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ɺɺɽɼɽʅʀɽ 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʰʠʨʦʢʠʡ ʠʥʪʝʨʝʩ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʧʨʠʚʣʝʢʘʶʪ ʦʜʥʦ- ʠ ʜʚʫʭʬʘʟʥʳʝ 

ʤʫʣʴʪʠʬʝʨʨʦʠʯʥʳʝ ʩʠʩʪʝʤʳ, ʩʦʯʝʪʘʶʱʠʝ ʚ ʩʝʙʝ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʠ ʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ. ʕʪʦ 

ʦʙʫʩʣʦʚʣʝʥʦ ʢʘʢ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʤʠ ʧʨʦʙʣʝʤʘʤʠ ʚʟʘʠʤʦʩʚʷʟʠ ʩʦʩʫʱʝʩʪʚʫʶʱʠʭ ʚ ʦʜʥʦʡ 

ʤʘʪʨʠʮʝ ʫʧʦʨʷʜʦʯʝʥʥʦʩʪʝʡ ʨʘʟʣʠʯʥʦʡ ʧʨʠʨʦʜʳ, ʪʘʢ ʠ ʧʝʨʩʧʝʢʪʠʚʦʡ ʩʦʟʜʘʥʠʷ ʫʥʠʢʘʣʴʥʦʛʦ ʢʣʘʩʩʘ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʩʪʘʪʴ ʧʣʘʪʬʦʨʤʦʡ ʜʣʷ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ ʧʨʠʙʦʨʦʚ 

ʠ ʫʩʪʨʦʡʩʪʚ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ, ʵʥʝʨʛʝʪʠʢʠ, ʩʝʥʩʦʨʠʢʠ, ʵʢʦʣʦʛʠʠ, ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ 

ʩʠʩʪʝʤ ʤʦʥʠʪʦʨʠʥʛʘ ʚ ʠʥʞʝʥʝʨʥʳʭ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ, ʪʨʘʥʩʧʦʨʪʥʳʭ, ʙʠʦʤʝʜʠʮʠʥʩʢʠʭ ʠ ʜʨʫʛʠʭ 

ʦʙʣʘʩʪʷʭ.  

ɺ ʩʦʚʨʝʤʝʥʥʦʡ ʵʣʝʢʪʨʦʥʠʢʝ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʫʩʪʨʦʡʩʪʚʘ, ʠʩʧʦʣʴʟʫʶʱʠʝ ʚʟʘʠʤʥʦʝ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʵʥʝʨʛʠʠ ʧʝʨʝʤʝʥʥʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ. ʂ ʪʘʢʠʤ ʫʩʪʨʦʡʩʪʚʘʤ 

ʦʪʥʦʩʷʪʩʷ, ʥʘʧʨʠʤʝʨ, ʪʨʘʥʩʬʦʨʤʘʪʦʨʳ ʥʘʧʨʷʞʝʥʠʷ, ʛʝʥʝʨʘʪʦʨʳ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ, 

ʠʥʜʫʢʮʠʦʥʥʳʝ ʜʘʪʯʠʢʠ ʧʝʨʝʤʝʥʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ ʠ ʪ.ʜ. ʇʨʠʥʮʠʧ ʜʝʡʩʪʚʠʷ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʠ 

ʤʥʦʛʠʭ ʜʨʫʛʠʭ ʫʩʪʨʦʡʩʪʚ ʦʩʥʦʚʘʥ ʥʘ ʷʚʣʝʥʠʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ - ʛʝʥʝʨʘʮʠʠ 

ʵʣʝʢʪʨʦʜʚʠʞʫʱʝʡ ʩʠʣʳ ʚ ʟʘʤʢʥʫʪʦʤ ʧʨʦʚʦʜʥʠʢʝ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʪʦʢʘ, 

ʧʨʦʥʠʟʳʚʘʶʱʝʛʦ ʢʦʥʪʫʨ. ʋʩʪʨʦʡʩʪʚʘ, ʠʩʧʦʣʴʟʫʶʱʠʝ ʷʚʣʝʥʠʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ, ʢ 

ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʜʦʩʪʘʪʦʯʥʦ ʭʦʨʦʰʦ ʦʪʨʘʙʦʪʘʥʳ, ʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʦʩʪʠʛʣʠ ʧʨʘʢʪʠʯʝʩʢʠ 

ʧʨʝʜʝʣʴʥʳʭ ʟʥʘʯʝʥʠʡ. ɺʤʝʩʪʝ ʩ ʪʝʤ ʧʦʩʪʦʷʥʥʘʷ ʪʝʥʜʝʥʮʠʷ ʚ ʵʣʝʢʪʨʦʥʠʢʝ ʢ ʧʨʠʤʝʥʝʥʠʶ 

ʤʦʥʦʣʠʪʥʳʭ ʪʚʝʨʜʦʪʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʠʭ ʤʠʥʠʘʪʶʨʠʟʘʮʠʠ, ʨʘʩʰʠʨʝʥʠʶ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 

ʚʦʟʤʦʞʥʦʩʪʝʡ, ʦʙʝʩʧʝʯʝʥʠʶ ʩʦʚʤʝʩʪʠʤʦʩʪʠ ʩ ʠʥʪʝʛʨʘʣʴʥʦʡ ʪʝʭʥʦʣʦʛʠʝʡ ʪʨʝʙʫʝʪ ʧʦʠʩʢʘ ʥʦʚʳʭ 

ʩʧʦʩʦʙʦʚ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʵʥʝʨʛʠʠ ʧʝʨʝʤʝʥʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʚ ʤʘʛʥʠʪʥʦʝ ʠ ʥʘʦʙʦʨʦʪ.  

ʇʨʝʦʙʨʘʟʦʚʘʥʠʝ ʠʥʬʦʨʤʘʮʠʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʚ ʬʦʨʤʝ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ, ʚ ʵʣʝʢʪʨʠʯʝʩʢʦʝ 

ʥʘʧʨʷʞʝʥʠʝ ʠ ʦʙʨʘʪʥʦ ʷʚʣʷʝʪʩʷ ʪʘʢʞʝ ʦʩʥʦʚʥʦʡ ʟʘʜʘʯʝʡ ʩʧʠʥʪʨʦʥʠʢʠ - ʦʪʨʘʩʣʠ 

ʤʠʢʨʦʵʣʝʢʪʨʦʥʠʢʠ, ʠʩʧʦʣʴʟʫʶʱʝʡ ʪʨʘʥʩʧʦʨʪʥʳʝ ʩʚʦʡʩʪʚʘ ʩʧʠʥʧʦʣʷʨʠʟʦʚʘʥʥʳʭ ʵʣʝʢʪʨʦʥʦʚ. ɺ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʵʪʘ ʟʘʜʘʯʘ ʨʝʰʘʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʷʚʣʝʥʠʷ ʛʠʛʘʥʪʩʢʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

çʥʘ ʩʯʠʪʳʚʘʥʠʝè ʠ ʤʘʛʥʠʪʥʦʛʦ ʜʝʡʩʪʚʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ çʥʘ ʟʘʧʠʩʴè. ʆʙʘ ʷʚʣʝʥʠʷ ʪʨʝʙʫʶʪ 

ʩʦʟʜʘʥʠʷ ʩʣʦʞʥʳʭ ʠ ʜʦʨʦʛʦʩʪʦʷʱʠʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʭʝʤ, ʧʨʠ ʧʨʦʪʝʢʘʥʠʠ ʪʦʢʘ ʚ ʢʦʪʦʨʳʭ 

ʚʦʟʥʠʢʘʶʪ ʙʦʣʴʰʠʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʧʦʪʝʨʠ.  

ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʨʝʰʝʥʠʡ ʥʘʟʚʘʥʥʳʭ ʧʨʦʙʣʝʤ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʤʘʛʥʠʪʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ (ʄʕ) ʵʬʬʝʢʪʘ ʚ ʦʜʥʦʬʘʟʥʳʭ ʤʫʣʴʪʠʬʝʨʨʦʠʢʘʭ ʠʣʠ ʜʚʫʭʬʘʟʥʳʭ 

ʤʫʣʴʪʠʬʝʨʨʦʠʯʥʳʭ ʩʠʩʪʝʤʘʭ ʪʠʧʘ çʧʴʝʟʦʵʣʝʢʪʨʠʢ ï ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʦʥʥʳʡ ʬʝʨʨʠʪè 

(ʤʘʛʥʠʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ (ʄʕ) ʢʦʤʧʦʟʠʪʘʭ). ɼʘʥʥʳʝ ʦʙʲʝʢʪʳ ʥʘ ʫʨʦʚʥʝ ʤʘʪʝʨʠʘʣʘ ʦʙʣʘʜʘʶʪ 
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ʩʧʦʩʦʙʥʦʩʪʴʶ ʧʨʝʦʙʨʘʟʦʚʳʚʘʪʴ ʵʥʝʨʛʠʶ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʠʛʥʘʣʳ ʠ ʥʘʦʙʦʨʦʪ, 

ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʠʤ ʵʢʦʥʦʤʠʯʥʦʩʪʴ ʠ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ. 

ɺʧʝʨʚʳʝ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʩʦʩʫʱʝʩʪʚʦʚʘʥʠʷ ʤʘʛʥʠʪʥʦʛʦ ʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 

ʧʦʨʷʜʢʘ ʚ ʦʜʥʦʨʦʜʥʦʤ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʤ ʪʝʣʝ ʙʳʣʦ ʩʜʝʣʘʥʦ ʇʴʝʨʦʤ ʂʶʨʠ [1]. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ 

ʪʘʢʠʝ ʩʦʝʜʠʥʝʥʠʷ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʚ ʩʝʨʝʜʠʥʝ XX ʚʝʢʘ ʠ ʥʘʟʚʘʥʳ ʩʝʛʥʝʪʦʤʘʛʥʝʪʠʢʘʤʠ. ɺ 

1960 ʛʦʜʫ ɼ. ʅ. ɸʩʪʨʦʚʳʤ ʙʳʣ ʦʪʢʨʳʪ ʧʝʨʚʳʡ ʠʟ ʥʠʭ, ʦʢʩʠʜ ʭʨʦʤʘ (III) ʉr2ʆ3 [2, 3], ʢʦʪʦʨʳʡ ʠ 

ʧʦ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʩʪʘʝʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʭ ʦʜʥʦʬʘʟʥʳʭ 

ʤʫʣʴʪʠʬʝʨʨʦʠʢʦʚ. ʇʨʠʤʝʨʥʦ ʚ ʵʪʦ ʞʝ ʚʨʝʤʷ ɻ. ɸ. ʉʤʦʣʝʥʩʢʠʤ ʩ ʩʦʪʨ. ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ 

ʧʝʨʚʳʝ ʞʝʣʝʟʦʩʦʜʝʨʞʘʱʠʝ ʩʦʝʜʠʥʝʥʠʷ ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʧʝʨʦʚʩʢʠʪʘ [4], ʩʦʯʝʪʘʶʱʠʝ ʚ ʩʝʙʝ 

ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʠ ʬʝʨʨʦ(ʘʥʪʠʬʝʨʨʦ)ʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ. 

ʅʘ ʧʨʦʪʷʞʝʥʠʠ ʧʨʠʤʝʨʥʦ ʧʦʣʫʚʝʢʘ ʤʫʣʴʪʠʬʝʨʨʦʠʢʠ ʷʚʣʷʣʠʩʴ ʫʟʢʦʡ ʠ ʤʘʣʦʧʦʧʫʣʷʨʥʦʡ 

ʦʙʣʘʩʪʴʶ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʦʜʥʘʢʦ ʩ ʥʘʯʘʣʘ XXI ʚʝʢʘ ʠʥʪʝʨʝʩ ʢ ʥʠʤ ʟʥʘʯʠʪʝʣʴʥʦ ʚʦʟʨʦʩ ʚ ʩʚʷʟʠ ʩ 

ʩʦʦʙʱʝʥʠʷʤʠ ʦʙ ʦʙʥʘʨʫʞʝʥʠʠ ʛʠʛʘʥʪʩʢʠʭ ʤʘʛʥʠʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʵʬʬʝʢʪʦʚ 

ʚ ʤʘʥʛʘʥʠʪʝ ʪʝʨʙʠʷ [5] ʠ ʚ ʵʧʠʪʘʢʩʠʘʣʴʥʳʭ ʪʦʥʢʠʭ ʧʣʝʥʢʘʭ BiFeO3 [6], ʘ ʪʘʢʞʝ ʙʣʘʛʦʜʘʨʷ 

ʧʦʣʫʯʝʥʠʶ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʦʜʥʦʬʘʟʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʧʨʦʷʚʣʷʶʱʠʭ ʩʚʦʡʩʪʚʘ 

ʤʫʣʴʪʠʬʝʨʨʦʠʢʦʚ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʙʣʠʟʢʠʭ ʢ ʢʦʤʥʘʪʥʳʤ. ʅʝʩʤʦʪʨʷ ʥʘ ʩʫʱʝʩʪʚʝʥʥʳʡ ʧʨʦʛʨʝʩʩ, 

ʜʦʩʪʠʛʥʫʪʳʡ ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ ʦʜʥʦʬʘʟʥʳʭ ʤʫʣʴʪʠʬʝʨʨʦʠʯʥʳʭ ʩʠʩʪʝʤ, 

ʧʨʠʭʦʜʠʪʩʷ ʢʦʥʩʪʘʪʠʨʦʚʘʪʴ, ʯʪʦ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʠʟ ʥʠʭ ʄʕ ʩʚʦʡʩʪʚʘ ʧʨʦʷʚʣʷʶʪʩʷ ʧʨʠ ʥʠʟʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ, ʘ ʩʘʤʠ ʵʬʬʝʢʪʳ ʥʝʚʝʣʠʢʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ ʷʚʣʷʝʪʩʷ ʧʦʠʩʢ 

ʥʦʚʳʭ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʦʜʥʦʬʘʟʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ, ʩʦʯʝʪʘʶʱʠʭ ʚ ʩʝʙʝ 

ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʠ ʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʚ ʜʠʘʧʘʟʦʥʝ ʢʦʤʥʘʪʥʳʭ ʪʝʤʧʝʨʘʪʫʨ. 

ʅʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʚ ʧʣʘʥʝ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʩʣʝʜʫʝʪ ʧʨʠʟʥʘʪʴ ʜʚʫʭʬʘʟʥʳʝ ʤʫʣʴʪʠʬʝʨʨʦʠʯʥʳʝ ʩʠʩʪʝʤʳ - ʄʕ ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ. 

ʂʨʦʤʝ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ ʠ ʣʫʯʰʝʡ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʄʕ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʢ ʠʭ ʧʨʝʠʤʫʱʝʩʪʚʘʤ ʥʫʞʥʦ ʦʪʥʝʩʪʠ ʪʝʭʥʦʣʦʛʠʯʥʦʩʪʴ, ʚʦʟʤʦʞʥʦʩʪʴ 

ʧʨʦʠʟʚʦʣʴʥʦʛʦ ʚʳʙʦʨʘ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʠ ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʦʥʥʦʡ ʢʦʤʧʦʥʝʥʪ ʠ ʠʟʤʝʥʝʥʠʷ 

ʩʦʩʪʘʚʘ ʠ ʩʚʦʡʩʪʚ ʢʦʤʧʦʟʠʪʦʚ ʚ ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ, ʘ ʪʘʢʞʝ ʩʦʭʨʘʥʝʥʠʝ ʥʘ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʤ 

ʫʨʦʚʥʝ ʧʘʨʘʤʝʪʨʦʚ ʠʩʭʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʯʪʦ ʤʦʞʝʪ ʦʢʘʟʘʪʴʩʷ ʧʦʣʝʟʥʳʤ ʧʨʠ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʠ 

ʥʘ ʠʭ ʦʩʥʦʚʝ ʨʘʟʣʠʯʥʳʭ ʧʨʠʙʦʨʦʚ ʠ ʪʝʭʥʠʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚ.  

ʀʩʩʣʝʜʦʚʘʥʠʷ ʄʕ ʢʦʤʧʦʟʠʪʦʚ ʥʘʯʘʣʠʩʴ ʚ 1970-ʝ ʛʦʜʳ ʚ ɻʦʣʣʘʥʜʠʠ ʩʦʪʨʫʜʥʠʢʘʤʠ 

ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʣʘʙʦʨʘʪʦʨʠʠ ʬʠʨʤʳ "Philips" ʠ ʚ ʪʝʯʝʥʠʝ ʜʚʫʭ ʧʦʩʣʝʜʫʶʱʠʭ ʜʝʩʷʪʢʦʚ 

ʣʝʪ ʜʘʥʥʘʷ ʦʙʣʘʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʘ ʤʘʣʦʧʦʧʫʣʷʨʥʘ. ʅʘʨʘʩʪʘʶʱʘʷ ʚʦʣʥʘ ʥʘʫʯʥʦʛʦ ʠʥʪʝʨʝʩʘ ʢ 

ʜʘʥʥʳʤ ʦʙʲʝʢʪʘʤ ʥʘʯʘʣʘʩʴ ʚ 1990-ʝ ʛʦʜʳ, ʪʦʛʜʘ ʞʝ ʥʘʯʘʣʠʩʴ ʠʥʪʝʥʩʠʚʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʄʕ 

ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʦʜʥʦʡ ʠʟ ʥʘʫʯʥʳʭ ʛʨʫʧʧ ʢʦʣʣʝʢʪʠʚʘ ʢʘʬʝʜʨʳ ʦʙʱʝʡ ʠ 
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ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʈʦʩʪʦʚʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ (ʥʳʥʝ ʖʞʥʦʛʦ ʬʝʜʝʨʘʣʴʥʦʛʦ) 

ʫʥʠʚʝʨʩʠʪʝʪʘ ʩ ʫʯʘʩʪʠʝʤ ʘʚʪʦʨʘ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ.  

ɻʦʤʦ- ʠ ʛʝʪʝʨʦʬʘʟʥʳʝ ʤʫʣʴʪʠʬʝʨʨʦʠʯʥʳʝ ʩʠʩʪʝʤʳ, ʥʝʩʤʦʪʨʷ ʥʘ ʯʝʪʚʝʨʪʴʚʝʢʦʚʦʡ ʦʧʳʪ 

ʘʢʪʠʚʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʨʦʜʦʣʞʘʶʪ ʧʨʠʢʦʚʳʚʘʪʴ ʢ ʩʝʙʝ ʚʩʝ ʥʘʨʘʩʪʘʶʱʝʝ ʚʥʠʤʘʥʠʝ. ʊʘʢ, ʝʩʣʠ 

ʚ ʩʝʨʝʜʠʥʝ 1990-ʭ ʛʦʜʦʚ ʝʞʝʛʦʜʥʦʝ ʯʠʩʣʦ ʧʫʙʣʠʢʘʮʠʡ ʧʦ ʜʘʥʥʦʡ ʪʝʤʘʪʠʢʝ ʩʦʩʪʘʚʣʷʣʦ 2-3 ʜʝʩʷʪʢʘ, 

ʪʦ ʚ ʧʦʩʣʝʜʥʠʝ ʥʝʩʢʦʣʴʢʦ ʣʝʪ ʦʥʦ ʪʦʣʴʢʦ ʚ ʠʟʜʘʪʝʣʴʩʪʚʝ Elsevier ʠʩʯʠʩʣʷʝʪʩʷ ʩʦʪʥʷʤʠ ʠ ʠʤʝʝʪ 

ʩʪʦʡʢʫʶ ʪʝʥʜʝʥʮʠʶ ʢ ʫʚʝʣʠʯʝʥʠʶ.  

ʂʘʢ ʧʦʢʘʟʳʚʘʝʪ ʘʥʘʣʠʟ ʠʤʝʶʱʠʭʩʷ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ, ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʩʩʣʝʜʦʚʘʥ 

ʮʝʣʳʡ ʨʷʜ ʬʝʨʨʠʪ-ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʠʟʫʯʝʥʳ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʝ, ʤʘʛʥʠʪʥʳʝ ʠ 

ʄʕ ʩʚʦʡʩʪʚʘ ʤʥʦʞʝʩʪʚʘ ʜʚʫʭʬʘʟʥʳʭ ʢʦʤʧʦʟʠʪʦʚ, ʥʘʢʦʧʣʝʥ ʦʙʰʠʨʥʳʡ ʬʘʢʪʠʯʝʩʢʠʡ ʤʘʪʝʨʠʘʣ. ɺ 

ʪʦ ʞʝ ʚʨʝʤʷ, ʢʘʢ ʧʦʢʘʟʳʚʘʝʪ ʘʥʘʣʠʟ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʧʦ ʵʪʦʡ ʧʨʦʙʣʝʤʝ, ʦʩʥʦʚʥʦʝ ʚʥʠʤʘʥʠʝ 

ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʧʦʩʚʷʱʝʥʦ ʩʤʝʩʝʚʳʤ ʠ ʩʣʦʠʩʪʳʤ ʢʦʤʧʦʟʠʪʘʤ, ʘ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʳ ʩ ʜʨʫʛʠʤʠ 

ʪʠʧʘʤʠ ʩʚʷʟʥʦʩʪʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ; ʥʝ ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʥʦ ʚʣʠʷʥʠʝ ʨʘʟʣʠʯʥʳʭ 

ʬʘʢʪʦʨʦʚ (ʧʨʠʨʦʜʳ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠ ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʦʥʥʳʭ ʬʘʟ, ʠʭ ʦʙʲʝʤʥʦʛʦ 

ʩʦʦʪʥʦʰʝʥʠʷ, ʪʠʧʘ ʩʚʷʟʥʦʩʪʠ ʠ ʜʨ.) ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʄʕ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ, ʥʝ ʚʳʷʚʣʝʥʘ 

ʚʟʘʠʤʦʩʚʷʟʴ ʄʕ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʩ ʧʘʨʘʤʝʪʨʘʤʠ ʯʠʩʪʳʭ ʬʘʟ, ʧʦʵʪʦʤʫ ʚ ʦʧʠʩʘʥʥʳʭ ʚ ʣʠʪʝʨʘʪʫʨʝ 

ʄʕ ʢʦʤʧʦʟʠʪʘʭ ʚʝʣʠʯʠʥʳ ʢʦʵʬʬʠʮʠʝʥʪʘ ʄʕ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ Dɽ/Dʅ ʢʦʣʝʙʣʶʪʩʷ ʚ ʰʠʨʦʢʦʤ 

ʜʠʘʧʘʟʦʥʝ ï ʦʪ ʜʦʣʝʡ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʜʝʩʷʪʢʦʚ ʤɺ/(ʩʤÖʕ); ʥʝ ʫʜʝʣʷʝʪʩʷ ʜʦʣʞʥʦʛʦ ʚʥʠʤʘʥʠʷ 

ʚʦʧʨʦʩʘʤ ʭʠʤʠʯʝʩʢʦʛʦ ʤʝʞʬʘʟʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʧʨʦʙʣʝʤʘʤ ʧʦʜʛʦʪʦʚʢʠ ʠʩʭʦʜʥʳʭ 

ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠ ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʦʥʥʳʭ ʬʘʟ, ʭʦʪʷ ʚʦ ʤʥʦʛʠʭ ʩʠʩʪʝʤʘʭ çʧʴʝʟʦʵʣʝʢʪʨʠʢ ï 

ʬʝʨʨʠʪè ʠʤʝʥʥʦ ʵʪʠ ʤʦʤʝʥʪʳ ʷʚʣʷʶʪʩʷ ʢʣʶʯʝʚʳʤʠ. 

ʎʝʣʴ ʨʘʙʦʪʳ: 

ʈʘʟʨʘʙʦʪʢʘ ʄʕ ʢʦʤʧʦʟʠʪʥʳʭ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨ ʠ ʦʜʥʦʬʘʟʥʳʭ ʤʫʣʴʪʠʬʝʨʨʦʠʢʦʚ ʩ ʚʳʩʦʢʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʄʕ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ. 

ɿʘʜʘʯʠ: 

1. ʈʘʟʨʘʙʦʪʢʘ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʭ ʢʦʤʧʦʟʠʮʠʡ ʚ ʜʚʫʭʬʘʟʥʳʭ ʤʫʣʴʪʠʬʝʨʨʦʠʯʥʳʭ 

ʩʠʩʪʝʤʘʭ ʥʘ ʦʩʥʦʚʝ ʨʘʟʣʠʯʥʳʭ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠ ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʦʥʥʳʭ ʧʨʝʢʫʨʩʦʨʥʳʭ 

ʦʢʩʠʜʥʳʭ ʬʘʟ. 

2. ɺʳʷʩʥʝʥʠʝ ʬʘʢʪʦʨʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʠ ʄʕ ʧʘʨʘʤʝʪʨʳ 

ʢʦʤʧʦʟʠʪʥʳʭ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨ ʩʦ ʩʚʷʟʥʦʩʪʷʤʠ 3-3, 0-3, 3-0 (ʩʤʝʩʝʚʳʝ), 2-2 (ʩʣʦʠʩʪʳʝ), 1-3, 3-1, 1-1 

(ʩʪʝʨʞʥʝʚʳʝ) (ʚ ʠʭ ʯʠʩʣʝ ʧʨʠʨʦʜʘ ʧʴʝʟʦʵʣʝʢʪʨʠʢʘ ʠ ʬʝʨʨʠʪʘ, ʪʠʧ ʩʚʷʟʥʦʩʪʠ, ʩʦʦʪʥʦʰʝʥʠʝ ʬʘʟ, 

ʩʧʦʩʦʙ ʠʭ ʧʦʣʫʯʝʥʠʷ, ʣʝʛʠʨʦʚʘʥʠʝ, ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʡ ʦʙʞʠʛ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʠ 

ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʦʥʥʦʡ ʢʦʤʧʦʥʝʥʪ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʘʥʦʨʘʟʤʝʨʥʳʭ ʧʦʨʦʰʢʦʚ ʧʴʝʟʦʵʣʝʢʪʨʠʢʦʚ ʠ 

ʬʝʨʨʠʪʦʚ, ʠʟʤʝʥʝʥʠʝ ʪʦʣʱʠʥʳ ʩʣʦʝʚ ʠ ʩʪʝʨʞʥʝʡ ʠ ʜʨ.). 
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3. ʀʩʩʣʝʜʦʚʘʥʠʝ ʤʝʞʬʘʟʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʠ ʠʭ ʚʣʠʷʥʠʷ ʥʘ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʝ ʠ 

ʄʕ ʩʚʦʡʩʪʚʘ ʢʦʤʧʦʟʠʪʦʚ ʧʴʝʟʦʵʣʝʢʪʨʠʢ ï ʬʝʨʨʠʪ. 

4. ʂʦʤʧʣʝʢʩʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ, ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠ ʄʕ ʩʚʦʡʩʪʚ 

ʢʦʤʧʦʟʠʪʦʚ ʠ ʚʳʷʚʣʝʥʠʝ ʚʟʘʠʤʦʩʚʷʟʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʄʕ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʩ ʜʨʫʛʠʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ ʄʕ ʢʦʤʧʦʟʠʪʥʳʭ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨ, ʘ ʪʘʢʞʝ ʩʚʦʡʩʪʚʘʤʠ ʯʠʩʪʳʭ ʬʘʟ. 

5. ʈʘʟʨʘʙʦʪʢʘ ʠ ʦʧʪʠʤʠʟʘʮʠʷ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʟʦʣʴ-ʛʝʣʴ-ʤʝʪʦʜʦʚ ʩʠʥʪʝʟʘ 

ʤʘʛʥʠʪʥʳʭ, ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠ ʤʫʣʴʪʠʬʝʨʨʦʠʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚ ʩʫʙʤʠʢʨʦʥʥʦʤ ʩʦʩʪʦʷʥʠʠ. 

6. ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʦʟʤʦʞʥʦʩʪʝʡ ʠ ʦʧʪʠʤʠʟʘʮʠʷ ʫʩʣʦʚʠʡ ʩʠʥʪʝʟʘ ʦʜʥʦʬʘʟʥʳʭ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʤʫʣʴʪʠʬʝʨʨʦʠʢʦʚ ʩʦ ʩʪʨʫʢʪʫʨʘʤʠ ʧʝʨʦʚʩʢʠʪʘ ʠ ɸʫʨʠʚʠʣʣʠʫʩʘ ʠ 

ʢʦʤʧʣʝʢʩʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʭ ʠ ʄʕ ʩʚʦʡʩʪʚ. 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ 

1. ʅʘ ʦʩʥʦʚʝ ʚʩʝʩʪʦʨʦʥʥʝʛʦ ʠʟʫʯʝʥʠʷ ʧʨʦʮʝʩʩʦʚ ʤʝʞʬʘʟʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʚ 

ʩʠʩʪʝʤʘʭ çʧʴʝʟʦʵʣʝʢʪʨʠʢ - ʬʝʨʨʠʪè ʠ ʧʨʝʜʝʣʦʚ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʣʝʛʠʨʫʶʱʠʭ ʜʦʙʘʚʦʢ ʚ 

ʦʜʥʦʬʘʟʥʳʭ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʤʫʣʴʪʠʬʝʨʨʦʠʢʘʭ ʩʦ ʩʪʨʫʢʪʫʨʘʤʠ ɸʫʨʠʚʠʣʣʠʫʩʘ, 

ʢʦʤʧʣʝʢʩʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʬʘʢʪʦʨʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ ʠʭ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʝ, ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʠ 

ʄʕ ʩʚʦʡʩʪʚʘ, ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʨʠʛʠʥʘʣʴʥʳʭ ʤʝʪʦʜʦʚ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʜʚʫʭʬʘʟʥʳʭ 

ʛʝʪʝʨʦʩʪʨʫʢʪʫʨ ʩ ʨʘʟʣʠʯʥʳʤʠ ʪʠʧʘʤʠ ʩʚʷʟʥʦʩʪʠ ʨʘʟʨʘʙʦʪʘʥ ʢʦʤʧʣʝʢʩʥʳʡ 

ʭʠʤʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʦʜʭʦʜ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʧʦʣʫʯʝʥʠʝ ʛʦʤʦ- ʠ ʛʝʪʝʨʦʬʘʟʥʳʭ 

ʤʫʣʴʪʠʬʝʨʨʦʠʯʥʳʭ ʢʦʤʧʦʟʠʮʠʡ ʩ ʚʳʩʦʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʄʕ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ. 

2. ɺʧʝʨʚʳʝ ʧʦʣʫʯʝʥʳ ʩʤʝʩʝʚʳʝ ʢʦʤʧʦʟʠʪʳ ʩʦ ʩʚʷʟʥʦʩʪʷʤʠ 3-0, 0-3 ʠ 3-3 

çʧʴʝʟʦʵʣʝʢʪʨʠʢ ï ʬʝʨʨʠʪ-ʰʧʠʥʝʣʴè ʩ ʚʳʩʦʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʄʕ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ (Dɽ/Dʅ ʜʦ 

120-140 ʤɺ/(ʩʤÖʕ)) ʠ ʩʪʘʙʠʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʥʘ ʦʩʥʦʚʝ ʙʝʩʩʚʠʥʮʦʚʳʭ 

ʧʴʝʟʦʤʘʪʝʨʠʘʣʦʚ. ɺ ʩʠʩʪʝʤʘʭ çʧʴʝʟʦʵʣʝʢʪʨʠʢ ï ʞʝʣʝʟʦʠʪʪʨʠʝʚʳʡ ʛʨʘʥʘʪè ʜʦʩʪʠʛʥʫʪʳ ʨʝʢʦʨʜʥʳʝ 

ʚ ʜʘʥʥʦʤ ʢʣʘʩʩʝ ʢʦʤʧʦʟʠʪʦʚ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʄʕ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ~10 ʤɺ/(ʩʤÖʕ).  

3. ʈʘʟʨʘʙʦʪʘʥʳ ʥʦʚʳʝ ʩʧʦʩʦʙʳ ʧʦʣʫʯʝʥʠʷ ʩʪʝʨʞʥʝʚʳʭ ʠ ʩʣʦʠʩʪʳʭ ʢʦʤʧʦʟʠʪʦʚ: (1) 

ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨ ʩʦ ʩʚʷʟʥʦʩʪʴʶ 2-2 ʤʝʪʦʜʦʤ ʩʧʝʢʘʥʠʷ ʥʘ ʦʩʥʦʚʝ ʪʝʭʥʦʣʦʛʠʠ 

ʰʣʠʢʝʨʥʦʛʦ ʣʠʪʴʷ ʠ (2) ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʦʟʠʪʦʚ ʩʦ ʩʚʷʟʥʦʩʪʷʤʠ 2-2, 1-1, 1-3, 3-1 ʧʦʩʨʝʜʩʪʚʦʤ 

ʩʢʣʝʠʚʘʥʠʷ ʥʦʨʤʠʨʦʚʘʥʥʳʭ ʧʦ ʨʘʟʤʝʨʫ ʠ ʫʢʣʘʜʢʝ ʢʝʨʘʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ, ʧʨʝʠʤʫʱʝʩʪʚʦʤ 

ʢʦʪʦʨʦʛʦ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʦʣʷʨʠʟʦʚʘʥʥʦʡ ʚ ʦʧʪʠʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ 

ʧʴʝʟʦʢʝʨʘʤʠʢʠ. ʄʕ ʢʦʤʧʦʟʠʪʳ çʧʴʝʟʦʵʣʝʢʪʨʠʢ ï ʬʝʨʨʠʪ-ʰʧʠʥʝʣʴè, ʧʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʤʠ 

ʩʧʦʩʦʙʘʤʠ, ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʨʝʢʦʨʜʥʦ ʚʳʩʦʢʠʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ ʄʕ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ Dɽ/Dʅ 

ʥʘ ʯʘʩʪʦʪʝ 1 ʢɻʮ (ʚʜʘʣʠ ʦʪ ʯʘʩʪʦʪʳ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʦʛʦ ʨʝʟʦʥʘʥʩʘ): ʠʟʛʦʪʦʚʣʝʥʥʳʝ ʩʧʦʩʦʙʦʤ 

(1) ï ʜʦ 190 ʤɺ/(ʩʤÖʕ), ʩʧʦʩʦʙʦʤ (2) ï ʜʦ 500 ʤɺ/(ʩʤÖʕ). ɺʳʷʚʣʝʥʳ ʢʦʨʨʝʣʷʮʠʠ ʢʦʵʬʬʠʮʠʝʥʪʘ 

Dɽ/Dʅ ʠ ʧʴʝʟʦʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʝʡ gij ʢʦʤʧʦʟʠʪʦʚ ʠ ʯʠʩʪʳʭ ʧʴʝʟʦʤʘʪʝʨʠʘʣʦʚ. 
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4. ʈʘʟʨʘʙʦʪʘʥʳ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʝ ʟʦʣʴ-ʛʝʣʴ-ʤʝʪʦʜʳ ʩʠʥʪʝʟʘ ʤʘʛʥʠʪʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ (ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʬʝʨʨʠʪʘ ʥʠʢʝʣʷ Ni0.9Co0.1Cu0.1Fe1.9O4-d, ʞʝʣʝʟʦʠʪʪʨʠʝʚʦʛʦ 

ʛʨʘʥʘʪʘ (ɾʀɻ, Y3Fe5O12), ʤʘʥʛʘʥʠʪʘ ʩʚʠʥʮʘ-ʣʘʥʪʘʥʘ Pb0.35La0.65MnO3) ʠ ʤʫʣʴʪʠʬʝʨʨʦʠʢʘ BiFeO3 

ʩ ʨʘʟʤʝʨʘʤʠ ʯʘʩʪʠʮ 20-50 ʥʤ ʠʟ ʛʝʣʝʡ ʥʘ ʦʩʥʦʚʝ ʧʦʣʠʚʠʥʠʣʦʚʦʛʦ ʩʧʠʨʪʘ (ʇɺʉ), ʠʟʫʯʝʥʳ 

ʤʝʭʘʥʠʟʤʳ ʧʨʦʪʝʢʘʥʠʷ ʨʝʘʢʮʠʡ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʥʠʪʨʘʪʘ ʘʤʤʦʥʠʷ ʚ ʨʦʣʠ 

ʦʢʠʩʣʠʪʝʣʷ ʩʠʥʪʝʟ Ni0.9Co0.1Cu0.1Fe1.9O4-d ʠ BiFeO3 ʤʦʞʝʪ ʙʳʪʴ ʦʩʫʱʝʩʪʚʣʝʥ ʧʨʠ ʨʝʢʦʨʜʥʦ ʥʠʟʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ï ~120 ʠ ~200̄ ʉ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʊʝʤʧʝʨʘʪʫʨʳ ʩʠʥʪʝʟʘ Y3Fe5O12 ʠ Pb0.35La0.65MnO3 

ʩʦʩʪʘʚʣʷʶʪ 700 ʠ 600̄ ʉ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʨʠ ʵʪʦʤ ʚʚʝʜʝʥʠʝ ʥʠʪʨʘʪʘ ʘʤʤʦʥʠʷ ʥʝʮʝʣʝʩʦʦʙʨʘʟʥʦ. 

5. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʄʕ ʢʝʨʘʤʠʢʠ ʥʘ ʦʩʥʦʚʝ ʬʝʨʨʠʪʦʚ-ʰʧʠʥʝʣʝʡ, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʝ 

ʩʦʜʝʨʞʘʪ ʧʦʩʪʦʨʦʥʥʠʭ ʬʘʟ (ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʥʝʢʦʪʦʨʳʭ ʢʦʤʧʦʟʠʮʠʡ, ʩʦʜʝʨʞʘʱʠʭ ʪʚʝʨʜʳʝ 

ʨʘʩʪʚʦʨʳ ʥʘ ʦʩʥʦʚʝ ʪʠʪʘʥʘʪʘ ʥʘʪʨʠʷ-ʚʠʩʤʫʪʘ), ʥʦ ʧʨʠ ʵʪʦʤ ʠʤʝʝʪ ʤʝʩʪʦ ʩʠʣʴʥʦʝ ʣʝʛʠʨʦʚʘʥʠʝ 

ʧʴʝʟʦʬʘʟʳ ʢʦʤʧʦʟʠʪʦʚ ʢʘʪʠʦʥʘʤʠ, ʚʭʦʜʷʱʠʤʠ ʚ ʩʦʩʪʘʚ ʬʝʨʨʠʪʘ. ɺ ʩʠʩʪʝʤʘʭ ʧʴʝʟʦʣʝʢʪʨʠʢ ï ɾʀɻ 

(ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʢʦʤʧʦʟʠʪʦʚ ʥʘ ʦʩʥʦʚʝ Ba1-xPbxTiO3 c x = 0-0.2) ʤʝʞʬʘʟʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʥʦʚʳʭ ʬʣʶʦʨʠʪʦʧʦʜʦʙʥʳʭ ʬʘʟ ï ʢʫʙʠʯʝʩʢʦʛʦ ZrO2 ʠʣʠ Y2Ti2O7 ʩʦ 

ʩʪʨʫʢʪʫʨʦʡ ʧʠʨʦʭʣʦʨʘ. ɺ ʦʙʦʠʭ ʪʠʧʘʭ ʢʦʤʧʦʟʠʪʦʚ ʧʨʦʮʝʩʩʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʬʘʟ ʧʨʦʠʩʭʦʜʷʪ ʟʘ 

ʩʯʝʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦʡ ʜʠʬʬʫʟʠʠ ʢʘʪʠʦʥʦʚ, ʚʭʦʜʷʱʠʭ ʚ ʩʦʩʪʘʚ ʬʝʨʨʠʪʦʚ, ʚ ʩʪʦʨʦʥʫ 

ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ, ʠ ʠʭ ʫʜʘʝʪʩʷ ʧʦʣʥʦʩʪʴʶ (ʚ ʩʣʫʯʘʝ ʄʕ ʢʦʤʧʦʟʠʪʦʚ ʥʘ ʦʩʥʦʚʝ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʬʝʨʨʠʪʘ ʥʠʢʝʣʷ) ʠʣʠ ʧʦʯʪʠ ʧʦʣʥʦʩʪʴʶ (ʚ ʩʣʫʯʘʝ ʢʦʤʧʦʟʠʪʦʚ ʥʘ ʦʩʥʦʚʝ 

ɾʀɻ) ʧʨʝʦʜʦʣʝʪʴ ʧʨʠ ʧʝʨʝʭʦʜʝ ʢ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʘʤ ʩʦ ʩʚʷʟʥʦʩʪʴʶ 0-3 ʟʘ ʩʯʝʪ ʩʫʱʝʩʪʚʝʥʥʦʛʦ 

ʩʥʠʞʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨ ʩʧʝʢʘʥʠʷ ʄʕ ʢʝʨʘʤʠʢʠ ʚʩʣʝʜʩʪʚʠʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʣʷ ʝʝ ʧʦʣʫʯʝʥʠʷ 

ʥʘʥʦʧʦʨʦʰʢʦʚ ʤʘʛʥʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʇʨʦʮʝʩʩʳ ʤʝʞʬʘʟʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚ ʩʠʩʪʝʤʘʭ ʥʘ 

ʦʩʥʦʚʝ ʣʘʥʪʘʥʩʦʜʝʨʞʘʱʠʭ ʤʘʥʛʘʥʠʪʦʚ ʧʨʠʚʦʜʷʪ ʣʠʙʦ ʢ ʧʦʣʥʦʤʫ, ʣʠʙʦ ʯʘʩʪʠʯʥʦʤʫ ʚʟʘʠʤʥʦʤʫ 

ʨʘʩʪʚʦʨʝʥʠʶ ʬʘʟ ʚ ʨʝʟʫʣʴʪʘʪʝ ʜʚʫʭʩʪʦʨʦʥʥʝʡ ʜʠʬʬʫʟʠʠ ʢʘʪʠʦʥʦʚ, ʚʭʦʜʷʱʠʭ ʚ ʩʦʩʪʘʚ ʢʘʞʜʦʡ ʠʟ 

ʥʠʭ, ʠ ʥʠʢʘʢʠʝ ʩʧʦʩʦʙʳ ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʦʟʠʪʦʚ ʧʴʝʟʦʵʣʝʢʪʨʠʢ ï ʤʘʥʛʘʥʠʪ ʥʝ ʧʦʟʚʦʣʷʶʪ ʠʭ 

ʧʦʣʥʦʩʪʴʶ ʧʦʜʘʚʠʪʴ. 

6. ɺʧʝʨʚʳʝ ʥʘ ʦʩʥʦʚʝ ʠʟʚʝʩʪʥʦʡ ʧʦʣʫʵʤʧʠʨʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʦʙʦʩʥʦʚʘʥʦ, ʯʪʦ 

ʧʦʣʫʯʝʥʠʝ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʤʫʣʴʪʠʬʝʨʨʦʠʢʦʚ BiFe0.5ɺ0.5O3 (ʛʜʝ ɺ
3+ = Cr, Mn, Sc, Y, [Ni0.5Ti0.5], 

[Mg0.5Ti0.5], [Ni0.75W0.25], [Mg0.75W0.25], [Mg0.67Nb0.33], [Ni0.67Nb0.33]) ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʧʝʨʦʚʩʢʠʪʘ ʧʨʠ 

ʘʪʤʦʩʬʝʨʥʦʤ ʜʘʚʣʝʥʠʠ ʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʥʝʙʦʣʴʰʠʭ ʜʘʚʣʝʥʠʡ (20 ʄʇʘ) ʚ ʯʠʩʪʦʤ ʚʠʜʝ 

ʟʘʪʨʫʜʥʝʥʦ ʠʣʠ ʥʝʚʦʟʤʦʞʥʦ ʚʩʣʝʜʩʪʚʠʝ ʜʝʩʪʘʙʠʣʠʟʘʮʠʠ ʩʪʨʫʢʪʫʨ ʣʠʙʦ ʧʦ ʧʘʨʘʤʝʪʨʘʤ 

ʥʘʧʨʷʞʝʥʥʦʩʪʠ, ʣʠʙʦ ʧʦ ʧʘʨʘʤʝʪʨʘʤ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʩʚʷʟʝʡ. ʄʝʪʦʜʦʤ ʪʚʝʨʜʦʬʘʟʥʦʛʦ ʩʠʥʪʝʟʘ 

ʧʨʠ ʘʪʤʦʩʬʝʨʥʦʤ ʜʘʚʣʝʥʠʠ ʫʜʘʝʪʩʷ ʩʠʥʪʝʟʠʨʦʚʘʪʴ ʣʠʰʴ BiFe0.5Mn0.5O3 ʩ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʥʝʙʦʣʴʰʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʧʦʩʪʦʨʦʥʥʠʭ ʬʘʟ. 

7. ʀʩʩʣʝʜʦʚʘʥʳ ʚʦʟʤʦʞʥʦʩʪʠ ʛʝʪʝʨʦʚʘʣʝʥʪʥʦʛʦ ʣʝʛʠʨʦʚʘʥʠʷ ʬʘʟ ɸʫʨʠʚʠʣʣʠʫʩʘ 

ʤʘʛʥʠʪʥʳʤʠ ʢʘʪʠʦʥʘʤʠ ʧʦ ʧʦʟʠʮʠʷʤ ɺ, ʫʩʪʘʥʦʚʣʝʥʳ ʧʨʝʜʝʣʳ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ 
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ʚ ʩʠʩʪʝʤʘʭ Bi3Ti1-2.5xNb1+1.5x(Fe1/2Ni1/2)xO9, Na0,5-1,5xLa0,5+1,5xBi4Ti4-2xNixFexO15, 

Bi4Ti3-2.5x(Nb1/2Fe1/2)x(Nb2/3Ni1/3)1.5xO12, Bi5Ti2(TiFe)1-x(NiNb)xO15 ʠ 

Bim-1Bi2Fem-3Ti(3-ŭ)(Ni1/3Nb2/3)ŭO3m+3. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʙʦʣʴʰʠʥʩʪʚʦ ʧʦʣʫʯʝʥʥʳʭ ʦʜʥʦʬʘʟʥʳʭ 

ʧʨʦʜʫʢʪʦʚ (ʢʨʦʤʝ ʦʙʨʘʟʮʦʚ ʩʠʩʪʝʤʳ Bi3Ti1-2.5xNb1+1.5x(Fe1/2Ni1/2)xO9) ʜʝʤʦʥʩʪʨʠʨʫʝʪ 

ʧʴʝʟʦʘʢʪʠʚʥʦʩʪʴ (d33 º 1.5-7.5 ʧʂʣ/ʅ, g33 º 0.3-5 ʤɺÖʤ/ʅ). ʂʝʨʘʤʠʢʠ ʩʠʩʪʝʤ 

Bi5Ti2(TiFe)1-x(NiNb)xO15 ʠ Bim-1Bi2Fem-3Ti(3-ŭ)(Ni1/3Nb2/3)ŭO3m+3 ʧʨʝʪʝʨʧʝʚʘʶʪ ʬʘʟʦʚʳʝ ʧʝʨʝʭʦʜʳ ʚ 

ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 300-400̄ ʉ ʠ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʧʦʩʪʦʷʥʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ 

ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʚ ʬʝʨʨʠʤʘʛʥʠʪʥʦʡ ʪʦʯʢʝ ʂʶʨʠ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʤʘʛʥʠʪʦʜʠʵʣʝʢʪʨʠʯʝʩʢʠʡ 

ʵʬʬʝʢʪ, ʚʝʣʠʯʠʥʘ ʢʦʪʦʨʦʛʦ ʚ ʤʘʢʩʠʤʫʤʝ ʜʦʩʪʠʛʘʝʪ 50% ʧʨʠ ʧʨʠʣʦʞʝʥʠʠ ʧʦʩʪʦʷʥʥʦʛʦ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ 1 ʊʣ. 

ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ 

ʈʘʟʨʘʙʦʪʘʥ ʢʦʤʧʣʝʢʩ ʭʠʤʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʤʝʨ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʧʦʣʫʯʝʥʠʝ 

ʛʝʪʝʨʦʬʘʟʥʳʭ ʤʫʣʴʪʠʬʝʨʨʦʠʯʥʳʭ ʢʦʤʧʦʟʠʮʠʡ ʩ ʚʳʩʦʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʄʕ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 

ʠ ʟʘʜʘʥʥʳʤʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʠ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ. ʈʘʟʨʘʙʦʪʘʥʳ ʩʧʦʩʦʙʳ 

ʧʦʣʫʯʝʥʠʷ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʭ ʩʤʝʩʝʚʳʭ ʠ ʩʣʦʠʩʪʳʭ ʄʕ ʢʦʤʧʦʟʠʪʦʚ ʥʘ ʦʩʥʦʚʝ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʬʝʨʨʠʪʘ ʥʠʢʝʣʷ ʠ ʧʴʝʟʦʵʣʝʢʪʨʠʢʦʚ ʨʘʟʣʠʯʥʦʡ ʧʨʠʨʦʜʳ (ʚ ʪʦʤ ʯʠʩʣʝ 

ʙʝʩʩʚʠʥʮʦʚʳʭ ʧʴʝʟʦʤʘʪʝʨʠʘʣʦʚ) ʩ ʚʳʩʦʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʄʕ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʠ ʩʪʘʙʠʣʴʥʳʤʠ 

ʩʚʦʡʩʪʚʘʤʠ, ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʥʘ ʠʭ ʦʩʥʦʚʝ ʜʘʪʯʠʢʦʚ ʧʦʩʪʦʷʥʥʳʭ ʠ ʧʝʨʝʤʝʥʥʳʭ 

ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ, ʫʜʚʦʠʪʝʣʝʡ ʯʘʩʪʦʪʳ, ʧʨʠʙʦʨʦʚ ʜʣʷ ʙʝʩʢʦʥʪʘʢʪʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʩʠʣʳ ʪʦʢʘ ʚ 

ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʢʘʙʝʣʷʭ ʠ ʜʨ. ʇʨʝʜʣʦʞʝʥ ʣʘʙʦʨʘʪʦʨʥʳʡ ʩʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ ʩʪʝʨʞʥʝʚʳʭ 

ʢʦʤʧʦʟʠʪʦʚ ʩʦ ʩʚʷʟʥʦʩʪʷʤʠ 1-1, 1-3, 3-1 ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʣʝʝʚʦʛʦ ʩʚʷʟʫʶʱʝʛʦ, ʧʦʟʚʦʣʷʶʱʠʡ 

ʧʦʣʫʯʘʪʴ ʦʙʨʘʟʮʳ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩ ʮʝʣʴʶ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʧʨʦʚʝʨʢʠ 

ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ, ʦʧʠʩʳʚʘʶʱʠʭ ʠʭ ʩʚʦʡʩʪʚʘ. ʈʘʟʨʘʙʦʪʘʥʳ ʟʦʣʴ-ʛʝʣʴ-ʤʝʪʦʜʳ ʩʠʥʪʝʟʘ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʬʝʨʨʠʪʘ ʥʠʢʝʣʷ, ʞʝʣʝʟʦʠʪʪʨʠʝʚʦʛʦ ʛʨʘʥʘʪʘ, ʤʘʥʛʘʥʠʪʘ ʩʚʠʥʮʘ-ʣʘʥʪʘʥʘ, 

ʬʝʨʨʠʪʘ ʚʠʩʤʫʪʘ, ʧʦʟʚʦʣʷʶʱʠʝ ʧʦʣʫʯʘʪʴ ʧʨʦʜʫʢʪʳ ʚ ʚʠʜʝ ʥʘʥʦʨʘʟʤʝʨʥʳʭ ʧʦʨʦʰʢʦʚ, 

ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʧʦʢʨʳʪʠʷʭ, ʥʘʥʦʢʦʤʧʦʟʠʪʘʭ, ʬʝʨʨʦʞʠʜʢʦʩʪʷʭ ʠ ʪ.ʧ., ʘ ʪʘʢʞʝ 

ʠʥʪʝʨʝʩʥʳʭ ʢʘʢ ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʦʙʲʝʢʪʳ ʜʣʷ ʩʧʠʥʪʨʦʥʠʢʠ. ʇʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ 

ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚ ʢʘʯʝʩʪʚʝ ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʜʘʪʯʠʢʦʚ 

ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ ʧʦʜʪʚʝʨʞʜʝʥʘ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚʘʭ, ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʚ ʥʘʫʯʥʦ-

ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʤ ʮʝʥʪʨʝ çʄʘʛʥʠʪʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʤʘʪʝʨʠʘʣʳ ʠ ʫʩʪʨʦʡʩʪʚʘè ʄʀʈʕɸ (ʛ. ʄʦʩʢʚʘ) 

ʠ ʆʆʆ çʇʴʝʟʦʦʢʩʠʜè (ʛ.ʈʦʩʪʦʚ-ʥʘ-ɼʦʥʫ). 

ʇʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ 

1. ʅʦʚʳʝ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʝ ʟʦʣʴ-ʛʝʣʴ-ʤʝʪʦʜʳ ʩʠʥʪʝʟʘ ʧʦʨʦʰʢʦʚʳʭ ʤʘʛʥʠʪʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ (ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʬʝʨʨʠʪʘ ʥʠʢʝʣʷ Ni0.9Co0.1Cu0.1Fe1.9O4-d, ʞʝʣʝʟʦ-ʠʪʪʨʠʝʚʦʛʦ 
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ʛʨʘʥʘʪʘ Y3Fe5O12, ʤʘʥʛʘʥʠʪʘ ʩʚʠʥʮʘ-ʣʘʥʪʘʥʘ Pb0.35La0.65MnO3) ʠ ʤʫʣʴʪʠʬʝʨʨʦʠʢʘ BiFeO3 ʚ 

ʥʘʥʦʨʘʟʤʝʨʥʦʤ ʩʦʩʪʦʷʥʠʠ ʠʟ ʛʝʣʝʡ ʥʘ ʦʩʥʦʚʝ ʧʦʣʠʚʠʥʠʣʦʚʦʛʦ ʩʧʠʨʪʘ (ʇɺʉ). 

2. ɺʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʝ ʄʕ ʩʤʝʩʝʚʳʝ ʢʦʤʧʦʟʠʪʳ çʧʴʝʟʦʵʣʝʢʪʨʠʢ ï ʬʝʨʨʠʪ-ʰʧʠʥʝʣʴè 

ʠ çʧʴʝʟʦʵʣʝʢʪʨʠʢ ï ʬʝʨʨʠʪ-ʛʨʘʥʘʪè ʩʦ ʩʪʘʙʠʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʥʘ ʦʩʥʦʚʝ 

ʙʝʩʩʚʠʥʮʦʚʳʭ ʧʴʝʟʦʤʘʪʝʨʠʘʣʦʚ, ʜʝʤʦʥʩʪʨʠʨʫʶʱʠʝ ʥʘ ʯʘʩʪʦʪʘʭ ʧʦʨʷʜʢʘ 1 ʢɻʮ (ʚʜʘʣʠ ʦʪ ʯʘʩʪʦʪʳ 

ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʦʛʦ ʨʝʟʦʥʘʥʩʘ) ʚʝʣʠʯʠʥʳ ʄʕ ʢʦʵʬʬʠʮʠʝʥʪʘ Dɽ/Dʅ ʜʦ 120-140 ʤɺ/(ʩʤÖʕ) ʠ 

10 ʤɺ/(ʩʤÖʕ) ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  

3. ʍʠʤʠʯʝʩʢʠʝ ʤʝʞʬʘʟʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚ ʄʕ ʢʝʨʘʤʠʢʘʭ ʥʘ ʦʩʥʦʚʝ 

ʬʝʨʨʠʪʦʚ-ʰʧʠʥʝʣʝʡ (ʥʘ ʫʨʦʚʥʝ ʦʜʥʦʩʪʦʨʦʥʥʝʛʦ ʣʝʛʠʨʦʚʘʥʠʷ ʧʴʝʟʦʬʘʟʳ ʢʘʪʠʦʥʘʤʠ, ʚʭʦʜʷʱʠʤʠ 

ʚ ʩʦʩʪʘʚ ʬʝʨʨʠʪʘ), ʞʝʣʝʟʦʠʪʪʨʠʝʚʦʛʦ ʛʨʘʥʘʪʘ (ʧʨʠʚʦʜʷʱʠʝ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʧʦʩʪʦʨʦʥʥʠʭ 

ʬʣʶʦʨʠʪʦʧʦʜʦʙʥʳʭ ʬʘʟ) ʠ ʣʘʥʪʘʥʩʦʜʝʨʞʘʱʠʭ ʤʘʥʛʘʥʠʪʦʚ (ʢʘʢ ʜʚʫʭʩʪʦʨʦʥʥʠʡ ʧʨʦʮʝʩʩ 

ʚʟʘʠʤʥʦʛʦ ʣʝʛʠʨʦʚʘʥʠʷ ʬʘʟ ʢʦʤʧʦʟʠʪʦʚ ʚʧʣʦʪʴ ʜʦ ʧʦʣʥʦʛʦ ʚʟʘʠʤʥʦʛʦ ʨʘʩʪʚʦʨʝʥʠʷ), ʠ ʩʧʦʩʦʙʳ 

ʠʭ ʧʦʜʘʚʣʝʥʠʷ. 

4. ʂʦʤʧʣʝʢʩ ʭʠʤʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʠʝʤʦʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʧʦʚʳʰʝʥʠʝ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʄʕ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʩʤʝʩʝʚʦʡ ʄʕ ʢʝʨʘʤʠʢʠ. ɺ ʠʭ ʯʠʩʣʝ: ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʡ ʦʙʞʠʛ 

ʧʴʝʟʦʤʘʪʝʨʠʘʣʦʚ; ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʢʦʤʧʦʟʠʪʦʚ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʩʝʛʥʝʪʦʤʷʛʢʠʭ ʧʴʝʟʦʤʘʪʝʨʠʘʣʦʚ (ʎʊʉ-36, ʎʊʉ-19, ʎʊʉʅɺ-1 ʠ ʜʨ.); ʧʝʨʝʭʦʜ ʢ 

ʢʦʤʧʦʟʠʪʘʤ ʩʦ ʩʪʨʫʢʪʫʨʦʡ çʷʜʨʦ-ʦʙʦʣʦʯʢʘè ʩʦ ʩʚʷʟʥʦʩʪʴʶ 0-3. ʌʘʢʪʦʨʳ, ʦʢʘʟʳʚʘʶʱʠʝ 

ʥʝʛʘʪʠʚʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʄʕ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ: ʧʝʨʝʭʦʜ ʢ ʩʤʝʩʝʚʳʤ 

ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʘʤ ʩʦ ʩʚʷʟʥʦʩʪʷʤʠ 3-0 ʠ 3-3 (ʝʩʣʠ ʦʙʝ ʬʘʟʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʪʦʥʢʦʜʠʩʧʝʨʩʥʳʝ 

ʧʦʨʦʰʢʠ ʧʴʝʟʦʵʣʝʢʪʨʠʢʘ ʠ ʬʝʨʨʠʪʘ); ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʣʷ ʩʧʝʢʘʥʠʷ ʄʕ ʢʝʨʘʤʠʢʠ ʤʝʪʦʜʘ ʛʦʨʷʯʝʛʦ 

ʧʨʝʩʩʦʚʘʥʠʷ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʪʝʢʣʦ- ʠ ʨʷʜʘ ʜʨʫʛʠʭ ʜʦʙʘʚʦʢ.  

5. ʄʝʪʦʜ ʠʟʛʦʪʦʚʣʝʥʠʷ ʩʣʦʠʩʪʳʭ ʢʦʤʧʦʟʠʪʦʚ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʪʝʭʥʦʣʦʛʠʠ ʰʣʠʢʝʨʥʦʛʦ 

ʣʠʪʴʷ, ʧʦʟʚʦʣʷʶʱʠʡ ʧʦʣʫʯʘʪʴ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʳ ʩʦ ʩʚʷʟʥʦʩʪʴʶ 2-2 ʩ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ 

ʄʕ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʜʦ 190 ʤɺ/(ʩʤÖʕ). 

6. ʉʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ ʩʪʝʨʞʥʝʚʳʭ ʠ ʩʣʦʠʩʪʳʭ ʄʕ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨ 

çʧʴʝʟʦʵʣʝʢʪʨʠʢ - ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʦʥʥʳʡ ʬʝʨʨʠʪè ʩʦ ʩʚʷʟʥʦʩʪʷʤʠ 2-2, 1-3, 3-1, 1-1, 

ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʢʦʪʦʨʦʛʦ ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʢʝʨʘʤʠʢʠ, ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ 

ʧʦʣʷʨʠʟʦʚʘʥʥʦʡ ʚ ʦʧʪʠʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ. ʉʧʦʩʦʙ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʢʦʤʧʦʟʠʪʳ ʩ ʨʝʢʦʨʜʥʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʄʕ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʜʦ 500 ʠ 15 ʤɺ/(ʩʤĿʕ) ʚ ʩʠʩʪʝʤʘʭ çʎʊʉ ï 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ ʬʝʨʨʠʪ ʥʠʢʝʣʷè ʠ çʎʊʉ ï ʞʝʣʝʟʦʠʪʪʨʠʝʚʳʡ ʛʨʘʥʘʪè ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  

7. ʊʝʦʨʝʪʠʯʝʩʢʦʝ ʦʙʦʩʥʦʚʘʥʠʝ ʚʦʟʤʦʞʥʦʩʪʝʡ ʩʠʥʪʝʟʘ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ BiFe0.5ɺ0.5O3 

(ɺ = Cr, Mn, Sc, Y, [Ni0.5Ti0.5], [Mg0.5Ti0.5], [Ni0.75W0.25], [Mg0.75W0.25], [Mg0.67Nb0.33], [Ni0.67Nb0.33]) 

ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʧʝʨʦʚʩʢʠʪʘ. 
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8. ʆʜʥʦʬʘʟʥʳʝ ʤʫʣʴʪʠʬʝʨʨʦʠʢʠ ʩʦ ʩʪʨʫʢʪʫʨʘʤʠ ɸʫʨʠʚʠʣʣʠʫʩʘ ʚ ʩʠʩʪʝʤʘʭ 

Bi5Ti2(TiFe)1-x(NiNb)xO15 ʠ Bim-1Bi2Fem-3Ti(3-ŭ)(Ni1/3Nb2/3)ŭO3m+3, ʦʙʣʘʜʘʶʱʠʝ 

ʤʘʛʥʠʪʦʜʠʵʣʝʢʪʨʠʯʝʩʢʠʤ ʵʬʬʝʢʪʦʤ, ʚʝʣʠʯʠʥʘ ʢʦʪʦʨʦʛʦ ʚ ʤʘʢʩʠʤʫʤʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ~350̄ ʉ 

ʩʦʩʪʘʚʣʷʝʪ ~50% ʚ ʧʦʩʪʦʷʥʥʦʤ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ 1 ʊʣ.  

ɸʧʨʦʙʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ 

ʄʘʪʝʨʠʘʣʳ ʜʠʩʩʝʨʪʘʮʠʠ ʜʦʢʣʘʜʳʚʘʣʠʩʴ ʥʘ ʩʣʝʜʫʶʱʠʭ ʢʦʥʬʝʨʝʥʮʠʷʭ ʠ ʩʠʤʧʦʟʠʫʤʘʭ 

ʚʩʝʨʦʩʩʠʡʩʢʦʛʦ ʠ ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ ʫʨʦʚʥʷ: II and III International conferences on magnetoelectric 

interaction phenomena in crytalls (Askona (Switzerland), 1993 and Novgorod, 1996), International 

symposium and exibition çFerro-, piezoelectric materials and their applicationsè (Moscow, 1994), 12-ʡ 

ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʉʠʤʧʦʟʠʫʤ ODPO-12 çʇʦʨʷʜʦʢ, ʙʝʩʧʦʨʷʜʦʢ ʠ ʩʚʦʡʩʪʚʘ ʦʢʩʠʜʦʚè (ʃʦʦ, 2009), 

ʊʨʝʪʴʷ ʤʝʞʜʫʥʘʨʦʜʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʩʪʨʘʥ ʉʅɻ çɿʦʣʴ-ʛʝʣʴ-ʩʠʥʪʝʟ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʛʠʙʨʠʜʥʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʜʠʩʧʝʨʩʥʳʭ ʩʠʩʪʝʤè 

(ʉʫʟʜʘʣʴ, 2014), International Conference on ñPhysics and Mechanics of New Materials and Their 

Applicationsò (ɸʟʦʚ, 2015), ʊʨʝʪʠʡ ʤʝʞʜʫʥʘʨʦʜʥʳʡ ʤʦʣʦʜʝʞʥʳʡ ʩʠʤʧʦʟʠʫʤ ñʌʠʟʠʢʘ 

ʙʝʩʩʚʠʥʮʦʚʳʭ ʧʴʝʟʦʘʢʪʠʚʥʳʭ ʠ ʨʦʜʩʪʚʝʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. (ɸʥʘʣʠʟ ʩʦʚʨʝʤʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʠ 

ʧʝʨʩʧʝʢʪʠʚʳ ʨʘʟʚʠʪʠʷ)ò (ʊʫʘʧʩʝ, 2015), XII ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ 

ʫʯʘʩʪʠʝʤ çʇʨʦʙʣʝʤʳ ʩʦʣʴʚʘʪʘʮʠʠ ʠ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ ʚ ʨʘʩʪʚʦʨʘʭ. ʆʪ ʵʬʬʝʢʪʦʚ ʚ 

ʨʘʩʪʚʦʨʘʭ ʢ ʥʦʚʳʤ ʤʘʪʝʨʠʘʣʘʤè (ʀʚʘʥʦʚʦ, 2015), ʍʍ ʄʝʥʜʝʣʝʝʚʩʢʠʡ ʩʲʝʟʜ ʧʦ ʦʙʱʝʡ ʠ 

ʧʨʠʢʣʘʜʥʦʡ ʭʠʤʠʠ (ʛ. ɽʢʘʪʝʨʠʥʙʫʨʛ, 2016).  

ʇʫʙʣʠʢʘʮʠʠ 

ʇʦ ʤʘʪʝʨʠʘʣʘʤ ʜʠʩʩʝʨʪʘʮʠʠ ʦʧʫʙʣʠʢʦʚʘʥʦ 38 ʨʘʙʦʪ, ʚ ʪʦʤ ʯʠʩʣʝ 22 ʩʪʘʪʴʠ ʚ ʮʝʥʪʨʘʣʴʥʳʭ 

ʨʦʩʩʠʡʩʢʠʭ ʠ ʟʘʨʫʙʝʞʥʳʭ ʞʫʨʥʘʣʘʭ ʠʟ ʧʝʨʝʯʥʷ ɺɸʂ, 20 ʠʟ ʢʦʪʦʨʳʭ ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ ʞʫʨʥʘʣʘʭ, 

ʮʠʪʠʨʫʝʤʳʭ ʚ Scopus ʠ Web of Science, ʘ ʪʘʢʞʝ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʦ 2 ʦʙʲʝʢʪʘ ʥʦʫ-ʭʘʫ. 

ʉʪʨʫʢʪʫʨʘ ʠ ʦʙʲʝʤ ʜʠʩʩʝʨʪʘʮʠʠ 

ɼʠʩʩʝʨʪʘʮʠʷ ʩʦʩʪʦʠʪ ʠʟ ʚʚʝʜʝʥʠʷ, ʣʠʪʝʨʘʪʫʨʥʦʛʦ ʦʙʟʦʨʘ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʯʘʩʪʠ, 

ʟʘʢʣʶʯʝʥʠʷ, ʩʧʠʩʢʘ ʮʠʪʠʨʫʝʤʦʡ ʣʠʪʝʨʘʪʫʨʳ, ʧʨʠʣʦʞʝʥʠʷ. ʈʘʙʦʪʘ ʠʟʣʦʞʝʥʘ ʥʘ 327 ʩʪʨʘʥʠʮʘʭ 

ʤʘʰʠʥʦʧʠʩʥʦʛʦ ʪʝʢʩʪʘ, ʩʦʜʝʨʞʠʪ 44 ʪʘʙʣʠʮʳ, 149 ʨʠʩʫʥʢʦʚ. ɹʠʙʣʠʦʛʨʘʬʠʷ ʚʢʣʶʯʘʝʪ 

418 ʥʘʠʤʝʥʦʚʘʥʠʡ ʨʘʙʦʪ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʠ ʟʘʨʫʙʝʞʥʳʭ ʘʚʪʦʨʦʚ. 
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ʃʀʊɽʈɸʊʋʈʅʓʁ ʆɹɿʆʈ 

I . ʄʋʃʔʊʀʌɽʈʈʆʀʏʅʓɽ ʉʀʉʊɽʄʓ ʀ ʄɸɻʅʀʊʆʕʃɽʂʊʈʀʏɽʉʂʀɽ ʗɺʃɽʅʀʗ 

I.1. ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʠ ʪʝʨʤʠʥʦʣʦʛʠʷ ʤʫʣʴʪʠʬʝʨʨʦʠʯʥʳʭ ʩʠʩʪʝʤ 

ʄʫʣʴʪʠʬʝʨʨʦʠʢʠ ʜʝʣʷʪʩʷ ʥʘ ʜʚʝ ʙʦʣʴʰʠʝ ʛʨʫʧʧʳ ï ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʩʦʝʜʠʥʝʥʠʷ (ʠʣʠ 

ʪʚʝʨʜʳʝ ʨʘʩʪʚʦʨʳ) ʠ ʛʝʪʝʨʦʛʝʥʥʳʝ ʩʠʩʪʝʤʳ, ʩʦʩʪʦʷʱʠʝ ʠʟ ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʦʥʥʦʡ ʠ 

ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʬʘʟ (ʤʘʛʥʠʪʦʵʣʝʢʪʨʠʯʝʩʢʠʝ (ʄʕ) ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ). ɺ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʠ ʪʝ, ʠ ʜʨʫʛʠʝ ʧʨʠʥʷʪʦ ʥʘʟʳʚʘʪʴ ʤʫʣʴʪʠʬʝʨʨʦʠʯʥʳʤʠ ʩʠʩʪʝʤʘʤʠ, ʭʦʪʷ ʩʦʚʩʝʤ ʥʝʜʘʚʥʦ ʚ 

ʥʘʫʯʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʦʥʠ ʦʙʦʟʥʘʯʘʣʠʩʴ ʧʦʥʷʪʠʷʤʠ çʩʝʛʥʝʪʦʤʘʛʥʝʪʠʢè ʠʣʠ çʤʘʛʥʠʪʦʵʣʝʢʪʨʠʢè.  

ʊʝʨʤʠʥ çʤʫʣʴʪʠʬʝʨʨʦʠʢè (multiferroic) ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʙʳʣ ʚʚʝʜʸʥ ɻʘʥʩʦʤ ʐʤʠʜʦʤ [7] 

ʜʣʷ ʦʙʦʟʥʘʯʝʥʠʷ ʩʨʝʜʳ, ʚ ʢʦʪʦʨʦʡ ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʨʠʩʫʪʩʪʚʫʶʪ ʭʦʪʷ ʙʳ ʜʚʘ ʠʟ ʪʨʸʭ ʚʠʜʦʚ 

ʫʧʦʨʷʜʦʯʝʥʠʷ - ʬʝʨʨʦʤʘʛʥʠʪʥʦʝ (ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʦʝ) (ferro(antiferro)magnetics), 

ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʦʝ (ferroelectrics) ʠ ʩʝʛʥʝʪʦʵʣʘʩʪʠʯʝʩʢʦʝ (ferroelastics) (ʨʠʩ.I.1). ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʧʦʷʚʣʝʥʠʝ ʢʦʨʥʷ çʬʝʨʨʦʠʢè ʚ ʩʣʦʚʝ çʤʫʣʴʪʠʬʝʨʨʦʠʢè ʩʚʷʟʘʥʦ ʩ ʞʝʣʘʥʠʝʤ 

ʢʘʪʝʛʦʨʠʟʠʨʦʚʘʪʴ ʤʘʪʝʨʠʘʣʳ, ʚ ʢʦʪʦʨʳʭ ʧʦʟʚʦʣʝʥʦ ʬʦʨʤʠʨʦʚʘʥʠʝ ʫʧʦʨʷʜʦʯʝʥʥʳʭ 

ʧʝʨʝʢʣʶʯʘʝʤʳʭ ʦʙʣʘʩʪʝʡ. ʊʘʢ ʢʘʢ ʪʘʢʠʝ ʦʙʣʘʩʪʠ ʤʦʛʫʪ ʙʳʪʴ ʩʬʦʨʤʠʨʦʚʘʥʳ ʚ ʩʣʫʯʘʝ 

ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʢʘ, ʬʝʨʨʦʤʘʛʥʝʪʠʢʘ ʠʣʠ ʬʝʨʨʦʵʣʘʩʪʠʢʘ, ʧʝʨʚʠʯʥʳʝ ʬʝʨʨʦʠʢʠ ï ʩʨʝʜʳ, ʠʤʝʶʱʠʝ 

ʦʜʠʥ ʠʟ ʪʘʢʠʭ ʚʠʜʦʚ ʫʧʦʨʷʜʦʯʝʥʠʷ. 

ʇʦʥʷʪʠʝ çʩʝʛʥʝʪʦʤʘʛʥʝʪʠʢè (seignetomagnetic, ferroelectromagnetic) ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʨʫʩʩʢʦʷʟʳʯʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʠ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʘʢʪʠʯʝʩʢʠ ʚʳʪʝʩʥʝʥʦ 

ʪʝʨʤʠʥʦʤ çʤʫʣʴʪʠʬʝʨʨʦʠʢè, ʭʦʪʷ ʚ ʥʝʜʘʚʥʝʤ ʦʙʟʦʨʝ [8] ʘʚʪʦʨʳ ʠʩʧʦʣʴʟʫʶʪ ʠʭ ʢʘʢ 

ʨʘʚʥʦʟʥʘʯʥʳʝ.   

ɺ ʨʘʙʦʪʝ [9] ʧʨʝʜʧʨʠʥʷʪʘ ʧʦʧʳʪʢʘ ʨʘʟʛʨʘʥʠʯʝʥʠʷ ʪʝʨʤʠʥʦʚ çʩʝʛʥʝʪʦʤʘʛʥʝʪʠʢè, 

çʤʫʣʴʪʠʬʝʨʨʦʠʢè ʠʣʠ çʤʘʛʥʠʪʦʵʣʝʢʪʨʠʢè. ʇʦ ʤʥʝʥʠʶ ʘʚʪʦʨʦʚ [9], ʢ ʤʫʣʴʪʠʬʝʨʨʦʠʢʘʤ ʥʝ 

ʩʣʝʜʫʝʪ ʦʪʥʦʩʠʪʴ ʤʘʪʝʨʠʘʣʳ ʩ ʘʥʪʠʬʝʨʨʦʠʜʥʳʤ ʫʧʦʨʷʜʦʯʝʥʠʝʤ. ɸʥʪʠʬʝʨʨʦʠʢ ʤʦʞʥʦ 

ʦʧʨʝʜʝʣʠʪʴ ʢʘʢ ʚʩʪʘʚʣʝʥʥʳʝ ʜʨʫʛ ʚ ʜʨʫʛʘ ʬʝʨʨʦʠʜʥʳʝ ʧʦʜʨʝʰʝʪʢʠ, ʵʢʚʠʚʘʣʝʥʪʥʦʩʪʴ ʢʦʪʦʨʳʭ 

ʚʝʜʝʪ ʢ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʦʡ ʢʦʤʧʝʥʩʘʮʠʠ. ʊʘʢ ʢʘʢ ʚ ʩʣʫʯʘʝ ʘʥʪʠʬʝʨʨʦʠʜʥʳʭ ʜʦʤʝʥʥʳʭ ʦʙʣʘʩʪʝʡ 

ʧʨʷʤʦʝ ʧʝʨʝʢʣʶʯʝʥʠʝ ʥʝʚʦʟʤʦʞʥʦ ʠʟ-ʟʘ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʦʡ ʢʦʤʧʝʥʩʘʮʠʠ, ʘʥʪʠʬʝʨʨʦʠʢʠ ʚ 

ʩʪʨʦʛʦʤ ʩʤʳʩʣʝ ʥʝ ʧʨʠʥʘʜʣʝʞʘʪ ʢ ʜʘʥʥʦʡ ʛʨʫʧʧʝ ʩʦʝʜʠʥʝʥʠʡ. ʆʜʥʘʢʦ ʪʘʢʦʡ ʚʟʛʣʷʜ ʥʝ ʧʦʣʫʯʠʣ 

ʰʠʨʦʢʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ. 



15 

 

ʈʠʩ. I.1. ʊʨʠ ʢʣʘʩʩʘ çʬʝʨʨʦʫʧʦʨʷʜʦʯʝʥʥʳʭè ʚʝʱʝʩʪʚ, ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʧʝʪʣʷʤʠ ʛʠʩʪʝʨʝʟʠʩʘ: ʈ(ɽ) ï ʧʦʣʷʨʠʟʘʮʠʷ ï ʥʘʧʨʷʞʝʥʥʦʩʪʴ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ; ʄ(ʅ) ï ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ ï ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ; s(e) ï 

ʤʝʭʘʥʠʯʝʩʢʦʝ ʥʘʧʨʷʞʝʥʠʝ ï ʜʝʬʦʨʤʘʮʠʷ. ʄʫʣʴʪʠʬʝʨʨʦʠʢʠ ʣʝʞʘʪ ʥʘ ʧʝʨʝʩʝʯʝʥʠʠ ʵʪʠʭ 

ʤʥʦʞʝʩʪʚ: ʈ,ʄ ï ɽ,ʅ ï ʦʙʣʘʩʪʴ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʩʝʛʥʝʪʦʤʘʛʥʝʪʠʢʘʤ; 

ʈ,s - ɽ,e - ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʢʘʤ ʩ ʩʝʛʥʝʪʦʵʣʘʩʪʠʯʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ; ʄ,s - ʅ,e - ʚʝʱʝʩʪʚʘʤ ʩ 

ʤʘʛʥʠʪʥʳʤ ʠ ʩʝʛʥʝʪʦʵʣʘʩʪʠʯʝʩʢʠʤ ʫʧʦʨʷʜʦʯʝʥʠʝʤ [8]. 

I.2. ʄʘʛʥʠʪʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠ ʤʘʛʥʠʪʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʵʬʬʝʢʪʳ ʚ 

ʤʫʣʴʪʠʬʝʨʨʦʠʯʥʳʭ ʩʠʩʪʝʤʘʭ  

ʌʠʟʠʢʘ ʤʘʛʥʠʪʦʵʣʝʢʪʨʠʯʝʩʪʚʘ ʦʪʥʦʩʠʪʩʷ ʢ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʧʨʦʙʣʝʤʝ ʚʟʘʠʤʦʩʚʷʟʠ 

ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠ ʤʘʛʥʠʪʥʳʭ ʷʚʣʝʥʠʡ. ʅʝʩʤʦʪʨʷ ʥʘ ʚʥʝʰʥʶʶ ʩʭʦʞʝʩʪʴ, ʵʪʠ ʧʦʥʷʪʠʷ 

ʧʦʜʨʘʟʫʤʝʚʘʶʪ ʨʘʟʥʳʝ ʧʦ ʩʚʦʝʡ ʧʨʠʨʦʜʝ ʵʬʬʝʢʪʳ. ʕʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʷʚʣʝʥʠʷ ʪʝʩʥʦ ʩʚʷʟʘʥʳ ʩ 

ʵʣʝʢʪʨʦʜʠʥʘʤʠʢʦʡ, ʪ.ʝ. ʚʦʟʥʠʢʘʶʪ ʪʦʣʴʢʦ ʧʨʠ ʜʚʠʞʝʥʠʠ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʟʘʨʷʜʦʚ ʠʣʠ ʧʨʠ 

ʠʟʤʝʥʝʥʠʠ ʤʘʛʥʠʪʥʳʭ ʠ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʣʝʡ ʚʦ ʚʨʝʤʝʥʠ. ʄʕ ʵʬʬʝʢʪʳ ʥʝ ʦʛʨʘʥʠʯʠʚʘʶʪʩʷ 

ʜʠʥʘʤʠʯʝʩʢʠʤʠ ʷʚʣʝʥʠʷʤʠ: ʜʘʞʝ ʩʪʘʪʠʯʝʩʢʦʝ ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʧʦʣʝ ʧʦʨʦʞʜʘʝʪ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ, ʘ 

ʩʪʘʪʠʯʝʩʢʦʝ ʤʘʛʥʠʪʥʦʝ ð ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʧʦʣʷʨʠʟʘʮʠʶ. ʉ ʧʨʘʢʪʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʵʪʦ ʤʦʞʝʪ 

ʙʳʪʴ ʙʦʣʴʰʠʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ, ʧʦʩʢʦʣʴʢʫ ʧʦʟʚʦʣʷʝʪ ʠʟʙʝʞʘʪʴ ʪʝʧʣʦʚʳʭ ʧʦʪʝʨʴ, ʩʚʷʟʘʥʥʳʭ ʩ 

ʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʪʦʢʘʤʠ. ɺʦʟʥʠʢʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʟʜʘʥʠʷ ʤʘʛʥʠʪʦʚ, ʢʦʪʦʨʳʝ ʙʳ ʚʢʣʶʯʘʣʠʩʴ ʠ 
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ʚʳʢʣʶʯʘʣʠʩʴ ʧʦʜʘʯʝʡ ʥʝ ʪʦʢʘ, ʘ ʧʦʩʪʦʷʥʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʠ, ʧʦʜʦʙʥʦ 

ʧʦʩʪʦʷʥʥʳʤ ʤʘʛʥʠʪʘʤ, ʥʝ ʪʨʝʙʦʚʘʣʠ ʨʘʩʭʦʜʘ ʵʥʝʨʛʠʠ ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʥʘʤʘʛʥʠʯʝʥʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ [8]. 

ʄʕ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʚ ʚʝʱʝʩʪʚʘʭ ʧʦʨʦʞʜʘʝʪ ʤʥʦʞʝʩʪʚʦ ʵʬʬʝʢʪʦʚ, ʢʦʪʦʨʳʝ ʚ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʫʩʣʦʚʠʷʭ ʤʦʛʫʪ ʙʳʪʴ ʦʙʥʘʨʫʞʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ. ɺ ʦʙʟʦʨʝ [10] 

ʧʝʨʝʯʠʩʣʝʥʦ 17 ʵʬʬʝʢʪʦʚ, ʠʤʝʶʱʠʭ ʄʕ ʧʨʠʨʦʜʫ, ʤʥʦʛʠʝ ʠʟ ʢʦʪʦʨʳʭ ʞʜʫʪ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ 

ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʠ ʤʦʛʫʪ ʥʘʙʣʶʜʘʪʴʩʷ ʢʘʢ ʚ ʄʕ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʘʭ, ʪʘʢ ʠ ʚ ʦʜʥʦʬʘʟʥʳʭ 

ʤʫʣʴʪʠʬʝʨʨʦʠʢʘʭ. 

ʇʨʝʞʜʝ ʚʩʝʛʦ ʩʣʝʜʫʝʪ ʚʳʜʝʣʠʪʴ ʩʨʝʜʳ, ʩʠʤʤʝʪʨʠʷ ʢʦʪʦʨʳʭ ʜʦʧʫʩʢʘʝʪ ʩʫʱʝʩʪʚʦʚʘʥʠʝ 

ʣʠʥʝʡʥʦʛʦ ʄʕ ʵʬʬʝʢʪʘ, ʪ.ʝ. ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʦʣʷʨʠʟʘʮʠʠ, ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʡ 

ʤʘʛʥʠʪʥʦʤʫ ʧʦʣʶ, ʠ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ, ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʡ ʵʣʝʢʪʨʠʯʝʩʢʦʤʫ ʧʦʣʶ (ʦʙʨʘʪʥʳʡ 

ʄʕ-ʵʬʬʝʢʪ): 
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ʛʜʝ ʄ - ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ, ɽ ï ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ, ʈ - ʧʦʣʷʨʠʟʘʮʠʷ, ʅ ï 

ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, aij ð ʪʝʥʟʦʨ ʄʕ ʵʬʬʝʢʪʘ. ʇʨʠʚʝʜʝʥʥʳʝ ʬʦʨʤʫʣʳ ʩʚʷʟʳʚʘʶʪ 

ʚʝʢʪʦʨʳ ʩ ʨʘʟʣʠʯʥʳʤʠ ʪʨʘʥʩʬʦʨʤʘʮʠʦʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʧʝʨʘʮʠʡ ʠʥʚʝʨʩʠʠ 

ʧʨʦʩʪʨʘʥʩʪʚʘ (ʈ) ʠ ʚʨʝʤʝʥʠ (ʊ): ʧʦʣʷʨʥʳʝ ʚʝʢʪʦʨʳ ʈ ʠ ɽ, ʤʝʥʷʶʱʠʝ ʟʥʘʢ ʧʨʠ ʠʥʚʝʨʩʠʠ 

ʧʨʦʩʪʨʘʥʩʪʚʘ ʠ ʦʩʪʘʶʱʠʝʩʷ ʥʝʠʟʤʝʥʥʳʤʠ ʧʨʠ ʠʥʚʝʨʩʠʠ ʚʨʝʤʝʥʠ (ʪ.ʝ. ʈ-ʥʝʯʝʪʥʳʝ, ʊ-ʯʝʪʥʳʝ), ʠ 

ʘʢʩʠʘʣʴʥʳʝ ʚʝʢʪʦʨʳ ʄ ʠ ʅ (ʊ-ʥʝʯʝʪʥʳʝ, ʈ-ʯʝʪʥʳʝ). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʝʦʙʭʦʜʠʤʳʤ ʫʩʣʦʚʠʝʤ 

ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʣʠʥʝʡʥʦʛʦ ʄʕ ʵʬʬʝʢʪʘ ʚ ʚʝʱʝʩʪʚʝ ʷʚʣʷʝʪʩʷ ʥʘʨʫʰʝʥʠʝ ʈ- ʠ ʊ-ʯʝʪʥʦʩʪʠ ʧʦ 

ʦʪʜʝʣʴʥʦʩʪʠ, ʥʦ ʩʦʭʨʘʥʝʥʠʝ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʡ ʈʊ-ʯʝʪʥʦʩʪʠ, ʯʪʦ ʨʝʟʢʦ ʩʫʞʘʝʪ ʢʨʫʛ ʦʙʲʝʢʪʦʚ.  

ɺʧʝʨʚʳʝ ʪʝʦʨʝʪʠʯʝʩʢʦʝ ʧʨʝʜʩʢʘʟʘʥʠʝ ʣʠʥʝʡʥʦʛʦ ʄʕ ʵʬʬʝʢʪʘ ʙʳʣʦ ʩʜʝʣʘʥʦ 

ɼʟʷʣʦʰʠʥʩʢʠʤ ʚ 1959 ʛ. ʜʣʷ ʉʛ2ʆʟ [11], ʘ ʯʝʨʝʟ ʛʦʜ ɼ.ʅ. ɸʩʪʨʦʚ ʟʘʬʠʢʩʠʨʦʚʘʣ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ, 

ʥʘʚʝʜʝʥʥʫʶ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʧʦʣʝʤ [3]. ɺʩʢʦʨʝ ɺ. ʌʦʣʝʥ, ɻ. ʈʘʜʦ ʠ ʕ. ʉʪʘʣʜʝʨ [12] ʠʟʤʝʨʠʣʠ ʚ 

ʉr2ʆʟ ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʧʦʣʷʨʠʟʘʮʠʶ, ʥʘʚʝʜʝʥʥʫʶ ʤʘʛʥʠʪʥʳʤ ʧʦʣʝʤ. ɺ ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʵʬʬʝʢʪ 

ʷʚʣʷʣʩʷ ʧʨʦʜʦʣʴʥʳʤ, ʪ.ʝ. ʚʝʢʪʦʨʳ ʥʘʚʝʜʝʥʥʳʭ ʧʦʣʷʨʠʟʘʮʠʠ ʠ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʧʘʨʘʣʣʝʣʴʥʳ.  

 ɺ ʩʨʝʜʘʭ ʩ ʤʘʛʥʠʪʥʳʤ ʠ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʫʧʦʨʷʜʦʯʝʥʠʝʤ ʧʦʤʠʤʦ ʣʠʥʝʡʥʦʛʦ ʄʕ ʵʬʬʝʢʪʘ 

ʤʦʞʥʦ ʦʞʠʜʘʪʴ ʄʕ ʵʬʬʝʢʪʳ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʧʦʨʷʜʢʦʚ ʧʦ ʵʣʝʢʪʨʠʯʝʩʢʦʤʫ ʠ ʤʘʛʥʠʪʥʦʤʫ ʧʦʣʶ 

(ʢʚʘʜʨʘʪʠʯʥʳʭ, ʢʫʙʠʯʝʩʢʠʭ), ʘ ʪʘʢʞʝ ʧʝʨʝʢʣʶʯʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʦʣʷʨʠʟʘʮʠʠ ʤʘʛʥʠʪʥʳʤ 

ʧʦʣʝʤ ʠ ʥʘʦʙʦʨʦʪ. ʄʕ ɻ ʬʬʝʢʪʳ ʤʦʛʫʪ ʧʨʦʷʚʣʷʪʴʩʷ ʪʘʢʞʝ ʚ ʚʠʜʝ ʠʥʜʫʮʠʨʦʚʘʥʥʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʤ 

ʧʦʣʝʤ ʤʘʛʥʠʪʥʳʭ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ ʠ ʦʙʨʘʪʥʳʭ ʵʬʬʝʢʪʦʚ. 

ʍʘʨʘʢʪʝʨʥʳʤ ʩʚʦʡʩʪʚʦʤ ʤʫʣʴʪʠʬʝʨʨʦʠʢʦʚ ʷʚʣʷʝʪʩʷ ʪʘʢʞʝ ʤʘʛʥʠʪʦʜʠʵʣʝʢʪʨʠʯʝʩʢʠʡ 

ʵʬʬʝʢʪ, ʪ.ʝ. ʟʘʚʠʩʠʤʦʩʪʴ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʦʪ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ʆʪʥʦʩʠʪʝʣʴʥʳʝ 

ʠʟʤʝʥʝʥʠʷ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʧʨʠ ʧʨʠʣʦʞʝʥʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚʝʣʠʯʠʥʦʡ ~1 ʊʣ 



17 

ʜʦʩʪʠʛʘʶʪ ʥʝʩʢʦʣʴʢʠʭ ʜʝʩʷʪʢʦʚ ʠʣʠ ʩʦʪʝʥ ʧʨʦʮʝʥʪʦʚ ʚ ʦʨʪʦʨʦʤʙʠʯʝʩʢʠʭ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ 

ʤʘʥʛʘʥʠʪʘʭ RMnʆ3 (R = Eu, Gd, ʊʔ, Dy) [13]. ʄʘʛʥʠʪʦʜʠʵʣʝʢʪʨʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʪʘʢʞʝ 

ʧʨʦʷʚʣʷʝʪʩʷ ʢʘʢ ʠʟʤʝʥʝʥʠʝ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʧʨʠ ʫʩʪʘʥʦʚʣʝʥʠʠ ʤʘʛʥʠʪʥʦʛʦ 

ʫʧʦʨʷʜʦʯʝʥʠʷ ʠ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʦʣʷʨʠʟʘʮʠʠ ʚ ʤʫʣʴʪʠʬʝʨʨʦʠʢʘʭ. 

ʄʘʛʥʠʪʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʠ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʤʦʛʫʪ ʧʨʦʷʚʣʷʪʴʩʷ ʚ 

ʤʘʛʥʠʪʦʦʧʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚʘʭ ʤʘʪʝʨʠʘʣʦʚ. ʊʘʢ, ʣʠʥʝʡʥʳʝ ʠ ʢʚʘʜʨʘʪʠʯʥʳʝ ʄʕ-ʵʬʬʝʢʪʳ 

ʦʙʥʘʨʫʞʠʚʘʶʪ ʩʝʙʷ ʚ ʚʠʜʝ ʠʟʤʝʥʝʥʠʷ ʫʛʣʘ ʚʨʘʱʝʥʠʷ ʧʦʣʷʨʠʟʘʮʠʠ ʩʚʝʪʘ ʚ ʵʬʬʝʢʪʝ ʌʘʨʘʜʝʷ 

(ʵʣʝʢʪʨʦʤʘʛʥʠʪʦʦʧʪʠʯʝʩʢʠʡ ʵʬʬʝʢʪ) ʠʣʠ ʟʘʚʠʩʠʤʦʩʪʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʦʛʣʦʱʝʥʠʷ ʦʪ ʚʟʘʠʤʥʦʡ 

ʦʨʠʝʥʪʘʮʠʠ ʚʦʣʥʦʚʦʛʦ ʚʝʢʪʦʨʘ ʠ ʪʦʨʦʠʜʥʦʛʦ ʤʦʤʝʥʪʘ [14, 15]. 

ʆʙʰʠʨʥʫʶ ʛʨʫʧʧʫ ʤʫʣʴʪʠʬʝʨʨʦʠʢʦʚ ʦʙʨʘʟʫʶʪ ʩʨʝʜʳ ʩ ʥʝʦʜʥʦʨʦʜʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ 

ʤʘʛʥʠʪʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ʧʦʨʷʜʢʘ. ʇʝʨʠʦʜ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʤʦʜʫʣʷʮʠʠ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʝʡ 

ʧʦʜʨʝʰʸʪʦʢ ʚ ʪʘʢʠʭ ʚʝʱʝʩʪʚʘʭ ʤʦʞʝʪ ʥʘ ʥʝʩʢʦʣʴʢʦ ʧʦʨʷʜʢʦʚ ʧʨʝʚʦʩʭʦʜʠʪʴ ʨʘʟʤʝʨ ʵʣʝʤʝʥʪʘʨʥʦʡ 

ʷʯʝʡʢʠ. ʅʝʦʜʥʦʨʦʜʥʦʝ ʄʕ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʚʠʜʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ 

ʤʦʜʫʣʠʨʦʚʘʥʥʳʭ ʩʧʠʥʦʚʳʭ ʩʪʨʫʢʪʫʨ, ʥʘʚʝʜʸʥʥʳʭ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʦʣʷʨʠʟʘʮʠʝʡ, ʠʣʠ ʚ ʚʠʜʝ 

ʦʙʨʘʪʥʦʛʦ ʵʬʬʝʢʪʘ ï ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʦʣʷʨʠʟʘʮʠʠ, ʠʥʜʫʮʠʨʦʚʘʥʥʦʡ ʪʘʢʠʤʠ ʩʪʨʫʢʪʫʨʘʤʠ. 

ʇʦʩʣʝʜʥʠʡ ʩʮʝʥʘʨʠʡ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʪʚʘ ʥʘʩʪʦʣʴʢʦ ʨʘʩʧʨʦʩʪʨʘʥʸʥ ʩʨʝʜʠ 

ʤʫʣʴʪʠʬʝʨʨʦʠʢʦʚ, ʯʪʦ ʥʘʤʝʯʘʝʪʩʷ ʪʝʥʜʝʥʮʠʷ ʜʝʣʠʪʴ ʤʫʣʴʪʠʬʝʨʨʦʠʢʠ ʥʘ ʜʚʘ ʢʣʘʩʩʘ ʥʝ ʧʦ 

ʧʨʦʠʩʭʦʞʜʝʥʠʶ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʦʣʷʨʠʟʘʮʠʠ, ʘ ʧʦ ʪʠʧʫ ʜʦʤʠʥʠʨʫʶʱʠʭ ʄʕ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ: 

ʦʜʥʦʨʦʜʥʦʤʫ ʠʣʠ ʥʝʦʜʥʦʨʦʜʥʦʤʫ [16]. ʅʝʦʜʥʦʨʦʜʥʳʝ ʄʕ ʵʬʬʝʢʪʳ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʩʠʤʤʝʪʨʠʠ 

ʧʦʜʦʙʥʳ ʬʣʝʢʩʦʵʣʝʢʪʨʠʯʝʩʢʠʤ (ʦʪ ʣʘʪ. flexus ð ʠʟʦʛʥʫʪʳʡ) ʷʚʣʝʥʠʷʤ ʚ ʢʨʠʩʪʘʣʣʘʭ, ʩʦʩʪʦʷʱʠʤ 

ʚ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʦʣʷʨʠʟʘʮʠʠ, ʚʳʟʚʘʥʥʦʡ ʛʨʘʜʠʝʥʪʦʤ ʜʝʬʦʨʤʘʮʠʠ. 

ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʝʩʣʠ ʨʘʩʩʤʦʪʨʝʪʴ ʢʨʠʩʪʘʣʣ ʩ ʮʝʥʪʨʦʤ ʩʠʤʤʝʪʨʠʠ, ʧʦʜʚʝʨʛʥʫʪʳʡ ʚʥʝʰʥʝʤʫ 

ʤʝʭʘʥʠʯʝʩʢʦʤʫ ʚʦʟʜʝʡʩʪʚʠʶ, ʪʦ ʤʦʞʥʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʪʦʣʴʢʦ ʧʨʠ ʠʟʛʠʙʝ ʚ ʢʨʠʩʪʘʣʣʝ ʥʘʨʫʰʘʝʪʩʷ 

ʠʥʚʝʨʩʠʦʥʥʘʷ ʩʠʤʤʝʪʨʠʷ ʠ ʚʳʜʝʣʷʝʪʩʷ, ʩʦʛʣʘʩʥʦ ʧʨʠʥʮʠʧʫ ʂʶʨʠ, ʧʦʣʷʨʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʚʜʦʣʴ 

ʛʨʘʜʠʝʥʪʘ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ, ʯʪʦ ʩʦʟʜʘʸʪ ʥʝʦʙʭʦʜʠʤʦʝ ʫʩʣʦʚʠʝ ʜʣʷ ʚʦʟʥʠʢʥʦʚʝʥʠʷ 

ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʦʣʷʨʠʟʘʮʠʠ. ɺ ʩʣʫʯʘʝ ʩʨʝʜ ʩ ʤʘʛʥʠʪʥʳʤ ʫʧʦʨʷʜʦʯʝʥʠʝʤ ʪʦʪ ʞʝ ʨʝʟʫʣʴʪʘʪ 

ʧʦʣʫʯʘʝʪʩʷ ʧʨʠ ʥʘʣʠʯʠʠ ʩʧʠʥʦʚʦʡ ʮʠʢʣʦʠʜʳ, ʢʦʪʦʨʘʷ ʚ ʦʪʣʠʯʠʝ ʦʪ ʛʝʣʠʢʦʠʜʳ, ʷʚʣʷʶʱʝʡʩʷ 

ʘʥʘʣʦʛʦʤ ʜʝʬʦʨʤʘʮʠʠ ʢʨʫʯʝʥʠʷ, ʚʳʜʝʣʷʝʪ ʚ ʢʨʠʩʪʘʣʣʝ ʧʦʣʷʨʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ. ɼʘʥʥʳʡ ʤʝʭʘʥʠʟʤ 

ʦʙʨʘʟʦʚʘʥʠʷ ʧʦʣʷʨʠʟʘʮʠʠ (ʚ ʣʠʪʝʨʘʪʫʨʝ ʯʘʩʪʦ ʥʘʟʳʚʘʝʤʳʡ "ʩʧʠʨʘʣʴʥʳʤ") ʦʢʘʟʘʣʩʷ ʦʯʝʥʴ 

ʫʜʦʙʥʦʡ ʤʦʜʝʣʴʶ ʜʣʷ ʦʙʲʷʩʥʝʥʠʷ ʠ ʧʨʝʜʩʢʘʟʘʥʠʷ ʄʕ ʷʚʣʝʥʠʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʥʝʩʦʨʘʟʤʝʨʥʳʤʠ 

ʤʘʛʥʠʪʥʳʤʠ ʩʪʨʫʢʪʫʨʘʤʠ. ʇʦʣʫʯʠʣʠ ʝʩʪʝʩʪʚʝʥʥʦʝ ʦʙʲʷʩʥʝʥʠʝ ʩʢʘʯʢʠ ʧʦʣʷʨʠʟʘʮʠʠ ʚ 

ʩʦʝʜʠʥʝʥʠʷʭ BiFeʆ3 ʠ BaMnF4, ʘ ʪʘʢʞʝ ʥʘʙʣʶʜʘʝʤʳʝ ʵʬʬʝʢʪʳ ʚ ʦʨʪʦʨʦʤʙʠʯʝʩʢʠʭ ʤʘʥʛʘʥʠʪʘʭ 

ʪʠʧʘ RMnʆ3, ʪʘʢʠʝ ʢʘʢ ʧʦʚʦʨʦʪ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʦʣʷʨʠʟʘʮʠʠ ʥʘ 90Á ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʤʘʛʥʠʪʥʦʛʦ 

ʧʦʣʷ, ʦʧʨʦʢʠʜʳʚʘʶʱʝʛʦ ʧʣʦʩʢʦʩʪʴ ʩʧʠʨʘʣʠ, ʠ ʵʬʬʝʢʪ ʧʝʨʝʢʣʶʯʝʥʠʷ ʥʘʧʨʘʚʣʝʥʠʷ ʚʨʘʱʝʥʠʷ 

ʩʧʠʥʦʚʦʡ ʮʠʢʣʦʠʜʳ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ. ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʦʝʜʠʥʝʥʠʡ 
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ʄʕ-ʵʬʬʝʢʪʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ, ʨʘʟʨʫʰʝʥʠʝʤ, ʪʨʘʥʩʬʦʨʤʘʮʠʝʡ ʠʣʠ ʧʝʨʝʦʨʠʝʥʪʘʮʠʝʡ 

ʧʣʦʩʢʦʩʪʠ ʩʧʠʥʦʚʳʭ ʮʠʢʣʦʠʜ, ʥʘʙʣʶʜʘʶʪʩʷ ʧʨʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʠ ʙʦʣʴʰʠʭ ʤʘʛʥʠʪʥʳʭ 

ʧʦʣʷʭ (ʚ ʥʝʩʢʦʣʴʢʦ ʝʜʠʥʠʮ ʠʣʠ ʜʝʩʷʪʢʦʚ ʊʣ). 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʚ ʤʫʣʴʪʠʬʝʨʨʦʠʯʥʳʭ ʩʠʩʪʝʤʘʭ ʨʝʟʦʥʘʥʩʥʦʛʦ 

ʄʕ ʵʬʬʝʢʪʘ, ʢʦʪʦʨʳʡ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʩʤʝʱʝʥʠʠ ʣʠʥʠʠ ʬʝʨʨʦʤʘʛʥʠʪʥʦʛʦ ʨʝʟʦʥʘʥʩʘ (ʌʄʈ) ʧʨʠ 

ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʤʘʪʝʨʠʘʣ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ. 

ʅʘʠʙʦʣʴʰʝʝ ʯʠʩʣʦ ʧʫʙʣʠʢʘʮʠʡ ʧʦʩʚʷʱʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ʚ ʤʫʣʴʪʠʬʝʨʨʦʠʯʥʳʭ ʩʠʩʪʝʤʘʭ 

(ʚ ʦʩʦʙʝʥʥʦʩʪʠ ʚ ʄʕ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʘʭ) ʄʕ ɻ ʬʬʝʢʪʘ, ʩʫʱʥʦʩʪʴ ʢʦʪʦʨʦʛʦ ʟʘʢʣʶʯʘʝʪʩʷ 

ʚ ʧʨʝʦʙʨʘʟʦʚʘʥʠʠ ʵʥʝʨʛʠʠ ʧʝʨʝʤʝʥʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʠʛʥʘʣʳ. ʇʨʠ 

ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʄʕ ʢʦʤʧʦʟʠʪ ʧʝʨʝʤʝʥʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʯʘʩʪʠʮʳ ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʦʥʥʦʡ ʬʘʟʳ 

ʜʝʬʦʨʤʠʨʫʶʪʩʷ, ʚʳʟʳʚʘʷ ʚ ʢʦʤʧʦʟʠʪʝ ʤʝʭʘʥʠʯʝʩʢʠʝ ʥʘʧʨʷʞʝʥʠʷ. ʕʪʠ ʥʘʧʨʷʞʝʥʠʷ ʧʝʨʝʜʘʶʪʩʷ 

ʯʘʩʪʠʮʘʤ ʧʴʝʟʦʵʣʝʢʪʨʠʢʘ ʠ ʧʦʨʦʞʜʘʶʪ ʝʛʦ ʧʦʣʷʨʠʟʘʮʠʶ, ʪʦ ʝʩʪʴ ʧʦʷʚʣʝʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 

ʟʘʨʷʜʘ. ɺʝʣʠʯʠʥʘ ʟʘʨʷʜʘ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʥʘʧʨʷʞʸʥʥʦʩʪʠ ʧʝʨʝʤʝʥʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʧʨʠ 

ʫʩʣʦʚʠʠ, ʯʪʦ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʘʷ ʠ ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʦʥʥʘʷ ʬʘʟʳ ʢʦʤʧʦʟʠʪʘ ʥʘʭʦʜʷʪʩʷ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚ ʥʘʧʦʣʷʨʠʟʦʚʘʥʥʦʤ ʠ ʥʘʤʘʛʥʠʯʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ. ɺʦʟʤʦʞʝʥ ʠ ʦʙʨʘʪʥʳʡ ʵʬʬʝʢʪ, 

ʪʦ ʝʩʪʴ ʧʦʷʚʣʝʥʠʝ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʤʘʪʝʨʠʘʣ ʧʝʨʝʤʝʥʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 

ʧʦʣʷ. ʂʘʢ ʠʟʚʝʩʪʥʦ, ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʦʣʷʨʠʟʘʮʠʷ ʜʦʩʪʠʛʘʝʪʩʷ ʚʳʜʝʨʞʢʦʡ ʤʘʪʝʨʠʘʣʘ ʚ ʧʦʩʪʦʷʥʥʦʤ 

ʵʣʝʢʪʨʠʯʝʩʢʦʤ ʧʦʣʝ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʧʴʝʟʦʵʣʝʢʪʨʠʢ ʩʦʭʨʘʥʷʝʪ ʥʘʧʦʣʷʨʠʟʦʚʘʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʠ 

ʧʦʩʣʝ ʩʥʷʪʠʷ ʧʦʣʷ. ʏʪʦ ʢʘʩʘʝʪʩʷ ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʦʥʥʦʡ ʬʘʟʳ ʢʦʤʧʦʟʠʪʘ, ʪʦ ʦʥʘ ʤʦʞʝʪ ʥʘʭʦʜʠʪʴʩʷ 

ʚ ʥʘʤʘʛʥʠʯʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʪʦʣʴʢʦ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʚʥʝʰʥʝʛʦ ʧʦʩʪʦʷʥʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. 

ʇʦʵʪʦʤʫ ʚ ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʦʥʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷʭ ʦʙʳʯʥʦ ʠʤʝʝʪʩʷ ʣʠʙʦ ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ 

ʦʙʤʦʪʢʘ ʩ ʧʦʩʪʦʷʥʥʳʤ ʪʦʢʦʤ, ʣʠʙʦ ʧʦʩʪʦʷʥʥʳʡ ʤʘʛʥʠʪ, ʩʦʟʜʘʶʱʠʡ ʧʦʜʤʘʛʥʠʯʠʚʘʶʱʝʝ ʧʦʣʝ. 

ʇʨʠ ʩʦʙʣʶʜʝʥʠʠ ʵʪʠʭ ʫʩʣʦʚʠʡ ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʷ ʩʪʘʥʦʚʠʪʩʷ ʥʝʯʸʪʥʳʤ ʵʬʬʝʢʪʦʤ, ʧʨʠ ʵʪʦʤ 

ʩʧʨʘʚʝʜʣʠʚʳ ʣʠʥʝʡʥʳʝ ʩʦʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ ʧʘʨʘʤʝʪʨʘʤʠ ʤʘʛʥʠʪʥʦʛʦ ʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ, ʪʦ 

ʝʩʪʴ ʠʤʝʝʪ ʤʝʩʪʦ ʣʠʥʝʡʥʳʡ ʄʕ ʵʬʬʝʢʪ. ʇʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ʚ 

ʤʫʣʴʪʠʬʝʨʨʦʠʯʥʳʭ ʩʠʩʪʝʤʘʭ ʧʦʩʚʷʱʝʥʘ ʠ ʥʘʩʪʦʷʱʘʷ ʨʘʙʦʪʘ. 
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II. ɻɽʊɽʈʆɻɽʅʅʓɽ ʄʋʃʔʊʀʌɽʈʈʆʀʏʅʓɽ ʉʀʉʊɽʄʓ 

(ʄɸɻʅʀʊʆʕʃɽʂʊʈʀʏɽʉʂʀɽ ʂʆʄʇʆɿʀʊʓ) 

ʄʘʛʥʠʪʦʵʣʝʢʪʨʠʯʝʩʢʠʝ (ʄʕ) ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ï ʪʚʝʨʜʳʝ ʛʝʪʝʨʦʛʝʥʥʳʝ 

ʩʠʩʪʝʤʳ, ʩʦʩʪʦʷʱʠʝ ʠʟ ʜʚʫʭ ʘʢʪʠʚʥʳʭ ʬʘʟ, ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʠ ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʦʥʥʦʡ. ʇʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʦʜʥʦʬʘʟʥʳʤʠ ʤʫʣʴʪʠʬʝʨʨʦʠʢʘʤʠ ʄʕ ʢʦʤʧʦʟʠʪʳ ʦʙʣʘʜʘʶʪ ʮʝʣʳʤ ʨʷʜʦʤ 

ʧʨʝʠʤʫʱʝʩʪʚ. ʂʨʦʤʝ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ ʠ ʣʫʯʰʝʡ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʄʕ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʢ ʠʭ ʧʨʝʠʤʫʱʝʩʪʚʘʤ ʥʫʞʥʦ ʦʪʥʝʩʪʠ ʪʝʭʥʦʣʦʛʠʯʥʦʩʪʴ, 

ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʠʟʚʦʣʴʥʦʛʦ ʚʳʙʦʨʘ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʠ ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʦʥʥʦʡ ʢʦʤʧʦʥʝʥʪ ʠ 

ʠʟʤʝʥʝʥʠʷ ʩʦʩʪʘʚʘ ʠ ʩʚʦʡʩʪʚ ʢʦʤʧʦʟʠʪʦʚ ʚ ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ, ʘ ʪʘʢʞʝ ʩʦʭʨʘʥʝʥʠʝ ʥʘ ʜʦʩʪʘʪʦʯʥʦ 

ʚʳʩʦʢʦʤ ʫʨʦʚʥʝ ʧʘʨʘʤʝʪʨʦʚ ʠʩʭʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʯʪʦ ʤʦʞʝʪ ʦʢʘʟʘʪʴʩʷ ʧʦʣʝʟʥʳʤ ʧʨʠ 

ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʠ ʥʘ ʠʭ ʦʩʥʦʚʝ ʨʘʟʣʠʯʥʳʭ ʧʨʠʙʦʨʦʚ ʠ ʫʩʪʨʦʡʩʪʚ.  

ɺ ʦʩʥʦʚʝ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʄʕ ʢʦʤʧʦʟʠʪʦʚ ʣʝʞʠʪ ʢʦʤʧʣʝʢʩ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ 

ʧʨʠʥʮʠʧʦʚ, ʧʨʠʤʝʥʷʝʤʳʭ ʧʨʠ ʧʦʣʫʯʝʥʠʠ ʘʢʪʠʚʥʳʭ ʢʦʤʧʦʟʠʪʦʚ. 

II.1. ʇʨʠʥʮʠʧʳ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʘʢʪʠʚʥʳʭ ʢʦʤʧʦʟʠʪʦʚ 

ʇʨʠʥʮʠʧʳ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʘʢʪʠʚʥʳʭ ʢʦʤʧʦʟʠʪʦʚ ʰʠʨʦʢʦ ʦʩʚʝʱʝʥʳ ʚ ʣʠʪʝʨʘʪʫʨʝ, 

ʧʦʩʚʷʱʝʥʥʦʡ ʢʘʢ ʢʦʤʧʦʟʠʮʠʦʥʥʳʤ ʤʘʪʝʨʠʘʣʘʤ ʚ ʮʝʣʦʤ [17ï19], ʪʘʢ ʠ ʘʢʪʠʚʥʳʤ ʢʦʤʧʦʟʠʪʘʤ 

ʩʧʝʮʠʬʠʯʝʩʢʦʛʦ ʥʘʟʥʘʯʝʥʠʷ [20ï24]. ʂ ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʤ ʠʟ ʥʠʭ ʦʪʥʦʩʷʪʩʷ ʩʚʷʟʥʦʩʪʴ, 

ʩʠʤʤʝʪʨʠʡʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ, ʚʦʧʨʦʩʳ ʤʝʞʬʘʟʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʧʝʨʢʦʣʷʮʠʷ ʠ ʥʝʢʦʪʦʨʳʝ 

ʜʨʫʛʠʝ. 

II.1.1. ʉʚʷʟʥʦʩʪʴ 

ʉʚʷʟʥʦʩʪʴ ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʳʤ ʧʨʠʥʮʠʧʦʤ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʤʥʦʛʦʬʘʟʥʳʭ ʩʠʩʪʝʤ, ʪʘʢ ʢʘʢ 

ʠʭ ʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʤʦʛʫʪ ʠʟʤʝʥʷʪʴʩʷ ʥʘ ʥʝʩʢʦʣʴʢʦ ʧʦʨʷʜʢʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʦʛʦ, ʢʘʢʠʤ 

ʦʙʨʘʟʦʤ ʩʦʝʜʠʥʝʥʳ ʤʝʞʜʫ ʩʦʙʦʡ ʬʘʟʳ ʢʦʤʧʦʟʠʪʘ. ʂʘʞʜʘʷ ʬʘʟʘ ʢʦʤʧʦʟʠʪʘ ʤʦʞʝʪ 

ʨʘʩʧʨʦʩʪʨʘʥʷʪʴʩʷ ʚ ʦʜʥʦʤ, ʜʚʫʭ ʠʣʠ ʪʨʝʭ ʠʟʤʝʨʝʥʠʷʭ ʣʠʙʦ ʞʝ ʝʝ ʯʘʩʪʠʮʳ ʤʦʛʫʪ ʙʳʪʴ 

ʠʟʦʣʠʨʦʚʘʥʳ ʜʨʫʛ ʦʪ ʜʨʫʛʘ. ʉ ʫʯʝʪʦʤ ʵʪʦʛʦ ʢʦʣʠʯʝʩʪʚʦ ʪʠʧʦʚ ʩʚʷʟʥʦʩʪʠ ʚ ʜʚʫʭʬʘʟʥʳʭ ʢʦʤʧʦʟʠʪʘʭ 

ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʜʝʩʷʪʴʶ, ʚʩʝ ʦʥʠ ʥʘʛʣʷʜʥʦ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ.II.1.  

ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʯʠʩʣʦ ʚʦʟʤʦʞʥʳʭ ʚʘʨʠʘʥʪʦʚ ʩʚʷʟʥʦʩʪʠ ʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ ʧʦ ʬʦʨʤʫʣʝ 

!!3

)!3(

n

n
N

Ö

+
=   (II.1),  

ʛʜʝ n ï ʯʠʩʣʦ ʬʘʟ ʢʦʤʧʦʟʠʪʘ (ʯʝʤ ʦʥʦ ʙʦʣʴʰʝ, ʪʝʤ ʙʦʣʴʰʝ ʚʘʨʠʘʥʪʦʚ). 
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II.1.2. ʉʠʤʤʝʪʨʠʡʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ 

ʉʚʦʡʩʪʚʘ ʢʦʤʧʦʟʠʪʦʚ ʜʝʣʷʪʩʷ ʥʘ ʘʜʜʠʪʠʚʥʳʝ (sum properties), ʢʦʤʙʠʥʘʮʠʦʥʥʳʝ 

(combination properties) ʠ ʥʦʚʳʝ, ʠʣʠ ʩʚʦʡʩʪʚʘ ʧʨʦʜʫʢʪʘ (product properties). ʇʨʠ ʵʪʦʤ ʩʧʨʘʚʝʜʣʠʚ 

ʧʨʠʥʮʠʧ ʅʝʡʤʘʥʘ - ʧʦʩʪʫʣʘʪ, ʫʩʪʘʥʘʚʣʠʚʘʶʱʠʡ ʩʚʷʟʴ ʩʠʤʤʝʪʨʠʠ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʠʭ ʬʠʟʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ ʦʙʲʝʢʪʘ ʩ ʩʠʤʤʝʪʨʠʝʡ ʝʛʦ ʚʥʝʰʥʝʡ ʬʦʨʤʳ [25, 26]. ʉʦʛʣʘʩʥʦ ʧʨʠʥʮʠʧʫ ʅʝʡʤʘʥʘ, ʛʨʫʧʧʘ 

ʩʠʤʤʝʪʨʠʠ ʣʶʙʦʛʦ ʬʠʟʠʯʝʩʢʦʛʦ ʩʚʦʡʩʪʚʘ ʜʦʣʞʥʘ ʚʢʣʶʯʘʪʴ ʚ ʩʝʙʷ ʚʩʝ ʵʣʝʤʝʥʪʳ ʪʦʯʝʯʥʦʡ ʛʨʫʧʧʳ 

ʩʠʤʤʝʪʨʠʠ ʢʨʠʩʪʘʣʣʘ, ʪ. ʝ. ʬʠʟʠʯʝʩʢʦʝ ʩʚʦʡʩʪʚʦ ʤʦʞʝʪ ʦʙʣʘʜʘʪʴ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʩʠʤʤʝʪʨʠʝʡ, ʯʝʤ 

ʪʦʯʝʯʥʘʷ ʛʨʫʧʧʘ ʢʨʠʩʪʘʣʣʘ. ʇʨʠʥʮʠʧ ʅʝʡʤʘʥʘ ʫʪʚʝʨʞʜʘʝʪ ʣʠʰʴ ʚʦʟʤʦʞʥʦʩʪʴ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʫ 

ʢʨʠʩʪʘʣʣʘ ʩʚʦʡʩʪʚ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʭ ʫʢʘʟʘʥʥʦʤʫ ʫʩʣʦʚʠʶ, ʥʦ ʥʝ ʪʨʝʙʫʝʪ ʠʭ ʦʙʷʟʘʪʝʣʴʥʦʛʦ 

ʥʘʣʠʯʠʷ, ʪ. ʝ. ʦʥ ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʳʤ, ʥʦ ʥʝʜʦʩʪʘʪʦʯʥʳʤ ʫʩʣʦʚʠʝʤ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʫ ʢʨʠʩʪʘʣʣʘ 

ʢʦʥʢʨʝʪʥʳʭ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. 

ʅʘʨʷʜʫ ʩ ʧʨʠʥʮʠʧʦʤ ʅʝʡʤʘʥʘ ʚ ʢʨʠʩʪʘʣʣʦʬʠʟʠʢʝ ʩʫʱʝʩʪʚʫʝʪ ʝʱʸ ʦʜʠʥ ʩʠʤʤʝʪʨʠʡʥʳʡ 

ʧʦʩʪʫʣʘʪ ð ʧʨʠʥʮʠʧ ʂʶʨʠ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʧʨʠʥʮʠʧʘ ʅʝʡʤʘʥʘ, ʩʚʷʟʳʚʘʶʱʝʛʦ ʩʠʤʤʝʪʨʠʶ ʩʚʦʡʩʪʚ 

ʠ ʩʠʤʤʝʪʨʠʶ ʢʨʠʩʪʘʣʣʘ, ʥʝ ʠʩʧʳʪʳʚʘʶʱʝʛʦ ʚʥʝʰʥʠʭ ʚʦʟʜʝʡʩʪʚʠʡ, ʧʨʠʥʮʠʧ ʂʶʨʠ ʧʦʟʚʦʣʷʝʪ 

ʦʧʨʝʜʝʣʠʪʴ ʩʠʤʤʝʪʨʠʶ ʢʨʠʩʪʘʣʣʘ ʧʦʜ ʚʥʝʰʥʠʤ ʚʦʟʜʝʡʩʪʚʠʝʤ.  

ʅʘ ʨʠʩ.II.2 ʩʭʝʤʘʪʠʯʥʦ ʧʨʝʜʩʪʘʚʣʝʥ ʚʳʚʦʜ ʛʨʫʧʧʳ ʩʠʤʤʝʪʨʠʠ ʜʣʷ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ 

ʄʕ ʢʦʤʧʦʟʠʪʘ ʪʠʧʘ ʧʴʝʟʦʵʣʝʢʪʨʠʢ-ʬʝʨʨʠʪ ʚ ʧʘʨʘʣʣʝʣʴʥʳʭ ʤʘʛʥʠʪʥʦʤ ʠ ʵʣʝʢʪʨʠʯʝʩʢʦʤ ʧʦʣʷʭ. 

  

 

ʈʠʩ.II.1. ʊʠʧʳ ʩʚʷʟʥʦʩʪʠ ʚ ʜʚʫʭʬʘʟʥʳʭ ʢʦʤʧʦʟʠʪʘʭ 
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II.1.3. ʂʘʪʝʛʦʨʠʠ ʩʚʦʡʩʪʚ ʢʦʤʧʦʟʠʪʦʚ 

II.1.3.ʘ. ɸʜʜʠʪʠʚʥʳʝ ʩʚʦʡʩʪʚʘ (sum properties) 

ɺ ʩʣʫʯʘʝ ʘʜʜʠʪʠʚʥʳʭ ʩʚʦʡʩʪʚ ʢʦʤʧʦʟʠʪʦʚ ʢʦʵʬʬʠʮʠʝʥʪʳ, ʠʭ ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ, 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʩʫʤʤʦʡ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʩʦʩʪʘʚʣʷʶʱʠʭ ʬʘʟ. ʊʘʢ, ʞʝʩʪʢʦʩʪʴ ʢʦʤʧʦʟʠʪʘ 

ʨʝʛʫʣʠʨʫʝʪʩʷ ʫʧʨʫʛʠʤʠ ʞʝʩʪʢʦʩʪʷʤʠ ʝʛʦ ʩʦʩʪʘʚʣʷʶʱʠʭ, ʘ ʪʘʢʞʝ ʟʘʚʠʩʠʪ ʦʪ ʪʠʧʘ ʩʚʷʟʥʦʩʪʠ. 

ʂʦʵʬʬʠʮʠʝʥʪʳ ʞʝʩʪʢʦʩʪʠ ʢʦʤʧʦʟʠʪʘ ʙʫʜʫʪ ʧʨʠʥʠʤʘʪʴ ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʟʥʘʯʝʥʠʷ ʤʝʞʜʫ 

ʚʭʦʜʷʱʠʤʠ ʚ ʝʛʦ ʩʦʩʪʘʚ ʬʘʟʘʤʠ.  

ɼʣʷ ʠʣʣʶʩʪʨʘʮʠʠ sum properties ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʪʘʢʞʝ ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ 

ʧʨʦʥʠʮʘʝʤʦʩʪʴ (ʨʠʩ.II.3), ʢʦʪʦʨʘʷ ʧʨʠ ʧʘʨʘʣʣʝʣʴʥʦʤ ʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʤ ʩʦʝʜʠʥʝʥʠʠ ʜʚʫʭ ʬʘʟ 

ʢʦʤʧʦʟʠʪʘ ʤʦʞʝʪ ʙʳʪʴ ʨʘʩʩʯʠʪʘʥʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʦ ʬʦʨʤʫʣʘʤ: 

 

CoFe2O4: 
 BaTiO3: 

ʤʦʥʦʜʦʤʝʥʥʳʡ ʤʦʥʦʢʨʠʩʪʘʣʣ 

''
4

mm
m

 

 ʤʦʥʦʜʦʤʝʥʥʳʡ ʤʦʥʦʢʨʠʩʪʘʣʣ 

4mmlô 

®  ® 

ʤʫʣʴʪʠʜʦʤʝʥʥʳʡ ʤʦʥʦʢʨʠʩʪʘʣʣ 

m3mlô 

 ʤʫʣʴʪʠʜʦʤʝʥʥʳʡ ʤʦʥʦʢʨʠʩʪʘʣʣ 

m3mlô 

®  ® 

ʥʝʥʘʤʘʛʥʠʯʝʥʥʘʷ ʢʝʨʘʤʠʢʘ 

¤¤mlô 

 ʥʝʧʦʣʷʨʠʟʦʚʘʥʥʘʷ ʢʝʨʘʤʠʢʘ 

¤¤mlô 

®  ® 

ʥʘʤʘʛʥʠʯʝʥʥʘʷ ʢʝʨʘʤʠʢʘ 

'm
m

¤
 

 ʧʦʣʷʨʠʟʦʚʘʥʥʘʷ ʢʝʨʘʤʠʢʘ 

¤mlô 

 ®  

ʤʘʛʥʠʪʦʵʣʝʢʪʨʠʯʝʩʢʠʡ ʢʦʤʧʦʟʠʪ CoFe2O4 - BaTiO3 

¤mlô 

ʈʠʩ.II.2.  ɺr ʚʦʜ ʛʨʫʧʧr ʩʠʤʤʝʪʨʠʠ ʜʣ̫ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ  

ʄʕ ʢʦʤʧʦʟʠʪʘ CoFe2O4 - BaTiO3  

ʚ ʧʘʨʘʣʣʝʣʴʥʳʭ ʤʘʛʥʠʪʥʦʤ ʠ ʵʣʝʢʪʨʠʯʝʩʢʦʤ ʧʦʣʷʭ [24] 
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ʈʠʩ.II.3. ɼʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʢʘʢ ʧʨʠʤʝʨ ʘʜʜʠʪʠʚʥʳʭ ʩʚʦʡʩʪʚ ʢʦʤʧʦʟʠʪʦʚ 

e = nɸe ɸ + nɺe ɺ  (II.2) 

ɺ

ɺ

ɸ

ɸ

e

n

e

n

e
+=

1
  (II.3) 

ʛʜʝ n - ʦʙʲʝʤʥʳʝ ʜʦʣʠ ʬʘʟ. 

ʄʦʜʝʣʠ ʧʘʨʘʣʣʝʣʴʥʦʛʦ ʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʬʘʟ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʜʚʘ 

ʢʨʘʡʥʠʭ ʩʣʫʯʘʷ, ʧʨʠ ʵʪʦʤ ʤʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʘʜʜʠʪʠʚʥʦʛʦ ʩʚʦʡʩʪʚʘ ʧʦʣʫʯʘʶʪʩʷ ʧʨʠ 

ʧʘʨʘʣʣʝʣʴʥʦʤ, ʤʠʥʠʤʘʣʴʥʳʝ ð ʧʨʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʤ ʩʦʝʜʠʥʝʥʠʠ ʬʘʟ.  ʆʯʝʚʠʜʥʦ, ʯʪʦ ʜʨʫʛʠʝ 

ʧʨʘʚʠʣʘ ʩʦʝʜʠʥʝʥʠʷ ʬʘʟ ʙʫʜʫʪ ʣʝʞʘʪʴ ʤʝʞʜʫ ʵʪʠʤʠ ʜʚʫʤʷ ʢʨʘʡʥʦʩʪʷʤʠ.  

II.1.3.ʙ. ʂʦʤʙʠʥʘʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ (combination properties)  

ʇʨʠʤʝʨʦʤ ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʩʚʦʡʩʪʚʘ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʤ ʠʥʪʝʨʝʩ ʜʣʷ 

ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚ, ʷʚʣʷʝʪʩʷ ʩʢʦʨʦʩʪʴ ʟʚʫʢʘ, ʢʦʪʦʨʘʷ ʟʘʚʠʩʠʪ ʦʪ ʤʦʜʫʣʝʡ ʖʥʛʘ ʠ 

ʧʣʦʪʥʦʩʪʝʡ ʩʦʩʪʘʚʣʷʶʱʠʭ ʢʦʤʧʦʟʠʪ ʬʘʟ. ʅʘʧʨʠʤʝʨ, ʚ ʩʣʫʯʘʝ ʩʪʝʨʞʥʝʚʦʛʦ ʢʦʤʧʦʟʠʪʘ ʩʢʦʨʦʩʪʴ 

ʟʚʫʢʘ ʠʤʝʝʪ ʨʘʟʥʳʝ ʟʥʘʯʝʥʠʷ ʚ ʩʣʫʯʘʝ ʧʨʦʜʦʣʴʥʦʡ ʠ ʧʦʧʝʨʝʯʥʦʡ ʦʨʠʝʥʪʘʮʠʠ ʩʪʝʨʞʥʝʡ ʩʦʛʣʘʩʥʦ 

ʬʦʨʤʫʣʘʤ: 

mfmf

mfmf

L

EEE
V

rnrr

n

+-

+-
=

)(

)(
 ʧʨʠ ʧʨʦʜʦʣʴʥʦʡ ʦʨʠʝʥʪʘʮʠʠ ʩʪʝʨʞʥʝʡ (II.4) 
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)21(

fmfm
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n
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nrrr

n

--+

+
=  ʧʨʠ ʧʦʧʝʨʝʯʥʦʡ ʦʨʠʝʥʪʘʮʠʠ  (II.5),  
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ʛʜʝ 
2)/(

1)/(

+

-
=

mf

mf

EE

EE
n   (II.6). 

ɸʥʘʣʠʟ ʬʦʨʤʫʣ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʚ ʛʦʨʘʟʜʦ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʩʢʦʨʦʩʪʴ ʟʚʫʢʘ ʠʟʤʝʥʷʝʪʩʷ ʧʨʠ 

ʧʨʦʜʦʣʴʥʦʡ ʦʨʠʝʥʪʘʮʠʠ, ʯʝʤ ʚ ʩʣʫʯʘʝ ʧʦʧʝʨʝʯʥʦʡ (ʨʠʩ.II.4). ʊʘʢ ʢʘʢ ʧʣʦʪʥʦʩʪʴ ʠ ʞʝʩʪʢʦʩʪʴ 

ʧʦ-ʨʘʟʥʦʤʫ ʟʘʚʠʩʷʪ ʦʪ ʦʙʲʝʤʥʦʡ ʜʦʣʠ, ʵʪʦ ʨʘʟʣʠʯʠʝ ʠ ʚʳʟʳʚʘʝʪ ʢʦʤʙʠʥʘʮʠʦʥʥʦʝ ʩʚʦʡʩʪʚʦ, 

ʚʳʨʘʞʘʶʱʝʝʩʷ ʚ ʪʦʤ, ʯʪʦ ʫ ʢʦʤʧʦʟʠʪʘ ʦʥʦ ʣʝʞʠʪ ʚʥʝ ʜʠʘʧʘʟʦʥʘ, ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʧʘʨʘʤʝʪʨʘʤʠ 

ʯʠʩʪʳʭ ʬʘʟ. ʕʪʦ ʦʩʦʙʝʥʥʦ ʭʦʨʦʰʦ ʚʠʜʥʦ ʧʦ ʠʟʤʝʥʝʥʠʶ ʩʢʦʨʦʩʪʠ ʟʚʫʢʘ ʚ ʢʦʤʧʦʟʠʪʝ ʩ ʧʦʧʝʨʝʯʥʦʡ 

ʦʨʠʝʥʪʘʮʠʝʡ ʩʪʝʨʞʥʝʡ, ʧʨʠ ʵʪʦʤ ʢʦʤʧʦʟʠʪ ʩ ʧʨʦʜʦʣʴʥʦʡ ʦʨʠʝʥʪʘʮʠʝʡ ʚʝʜʝʪ ʩʝʙʷ ʙʦʣʝʝ 

çʥʦʨʤʘʣʴʥʦè.  

 

ʈʠʩ.II.4. ʉʢʦʨʦʩʪʴ ʟʚʫʢʘ ʢʘʢ ʧʨʠʤʝʨ ʢʦʤʙʠʥʘʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ ʢʦʤʧʦʟʠʪʦʚ 

II.1.3.ʚ. çʅʦʚʳʝè ʩʚʦʡʩʪʚʘ, ʠʣʠ ʩʚʦʡʩʪʚʘ ʧʨʦʜʫʢʪʘ (product properties) 

ʅʘʢʦʥʝʮ, ʥʦʚʳʝ ʩʚʦʡʩʪʚʘ ʝʱʝ ʩʣʦʞʥʝʝ ʠ ʠʥʪʝʨʝʩʥʝʝ. ɼʣʷ ʚʦʟʥʠʢʥʦʚʝʥʠʷ çʥʦʚʦʛʦè 

ʩʚʦʡʩʪʚʘ ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʩʚʦʡʩʪʚʘ ʜʚʫʭ ʬʘʟ ʢʦʤʧʦʟʠʪʘ ʩ ʧʦʣʫʯʝʥʠʝʤ ʪʨʝʪʴʝʛʦ ʯʝʨʝʟ ʠʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ, ʧʨʠ ʵʪʦʤ ʩʦʯʝʪʘʥʠʝ ʜʚʫʭ ʨʘʟʣʠʯʥʳʭ ʬʘʟ ʚ ʦʜʥʦʤ ʨʘʙʦʯʝʤ ʪʝʣʝ ʢʦʤʧʦʟʠʪʘ ʯʘʩʪʦ 

ʚʳʟʳʚʘʝʪ ʥʝʦʞʠʜʘʥʥʳʡ ʨʝʟʫʣʴʪʘʪ. ʂʦʤʙʠʥʠʨʫʷ ʨʘʟʣʠʯʥʳʝ ʩʚʦʡʩʪʚʘ ʜʚʫʭ ʠʣʠ ʙʦʣʝʝ ʬʘʟ, ʤʦʞʥʦ 

ʧʦʣʫʯʠʪʴ ʫʜʠʚʠʪʝʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʫ ʢʦʤʧʦʟʠʪʘ, ʥʝ ʧʨʠʩʫʱʠʝ ʚʭʦʜʷʱʠʤ ʚ ʠʭ ʩʦʩʪʘʚ ʬʘʟʘʤ ʧʦ 

ʦʪʜʝʣʴʥʦʩʪʠ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʝʩʣʠ ʬʘʟʘ ɸ ʦʙʣʘʜʘʝʪ ʩʚʦʡʩʪʚʦʤ dY=kAdX, ʘ ʬʘʟʘ ɺ - ʩʚʦʡʩʪʚʦʤ 

dZ=kBdY, ʪʦ ʢʦʤʙʠʥʘʮʠʷ ɸ ʠ ɺ ʚ ʦʜʥʦʤ ʨʘʙʦʯʝʤ ʪʝʣʝ ʧʨʠʚʦʜʠʪ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʥʦʚʦʛʦ ʩʚʦʡʩʪʚʘ 

dZ=kAkBdX. ɺ ʪʘʙʣʠʮʝ II.1 ʧʨʠʚʝʜʝʥʳ ʥʝʢʦʪʦʨʳʝ ʧʨʠʤʝʨʳ çʥʦʚʳʭè ʩʚʦʡʩʪʚ ʢʦʤʧʦʟʠʪʦʚ. 

ʇʦʜʨʦʙʥʝʝ ʦʭʘʨʘʢʪʝʨʠʟʫʝʤ ʥʝʢʦʪʦʨʳʝ ʠʟ ʥʠʭ. 

ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʤʦʞʥʦ ʧʨʠʚʝʩʪʠ ʠʩʧʦʣʴʟʫʝʤʳʡ ʚ ʪʝʭʥʠʢʝ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ 

ʵʚʪʝʢʪʠʯʝʩʢʠʡ ʩʧʣʘʚ ʘʥʪʠʤʦʥʠʜ ʠʥʜʠʷ ð ʘʥʪʠʤʦʥʠʜ ʥʠʢʝʣʷ (InSb ð NiSb), ʧʦʟʚʦʣʷʶʱʠʡ 
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ʫʩʠʣʠʪʴ ʤʘʛʥʠʪʦʨʝʟʠʩʪʠʚʥʳʡ ʵʬʬʝʢʪ ʚ ʛʘʣʴʚʘʥʦʤʘʛʥʠʪʥʳʭ ʜʘʪʯʠʢʘʭ ʚ ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʦʜʥʦʨʦʜʥʳʤʠ ʧʦʣʫʧʨʦʚʦʜʥʠʢʘʤʠ. ʕʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ 

ʘʥʪʠʤʦʥʠʜʘ ʥʠʢʝʣʷ ʥʘ ʜʚʘ ʧʦʨʷʜʢʘ ʙʦʣʴʰʝ ʩʦʙʩʪʚʝʥʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ ʩʣʘʙʦʣʝʛʠʨʦʚʘʥʥʦʛʦ 

ʘʥʪʠʤʦʥʠʜʘ ʠʥʜʠʷ n-ʪʠʧʘ. ʂʘʯʝʩʪʚʝʥʥʦ ʠʟʤʝʥʝʥʠʝ ʤʘʛʥʠʪʦʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚ ʩʧʣʘʚʝ InSb ð NiSb 

ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʪʝʤ, ʯʪʦ ʭʦʨʦʰʦ ʧʨʦʚʦʜʷʱʠʝ ʚʢʣʶʯʝʥʠʷ ʟʘʢʦʨʘʯʠʚʘʶʪ ʭʦʣʣʦʚʩʢʦʝ ʧʦʣʝ, 

ʠʩʢʨʠʚʣʷʷ ʣʠʥʠʠ ʪʦʢʘ ʚ ʤʘʪʨʠʮʝ. ʋʚʝʣʠʯʝʥʠʝ ʧʫʪʠ ʧʨʦʪʝʢʘʥʠʷ ʪʦʢʘ ʧʨʠʚʦʜʠʪ ʢ ʚʦʟʨʘʩʪʘʥʠʶ 

ʦʙʱʝʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʤʘʪʝʨʠʘʣʘ.  

ɼʨʫʛʦʡ ʧʨʠʤʝʨ çʥʦʚʦʛʦè ʩʚʦʡʩʪʚʘ ʠʩʧʦʣʴʟʦʚʘʥ ʚ ʨʘʙʦʪʝ ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ 

ʩʚʝʨʭʧʨʦʚʦʜʥʠʢʦʚʦʛʦ ʩʪʘʙʠʣʠʟʘʪʦʨʘ. ʉʚʝʨʭʧʨʦʚʦʜʷʱʠʡ ʢʘʙʝʣʴ ʠʟʛʦʪʦʚʣʝʥ ʠʟ Nb3Sn ʠ ʦʙʰʠʪ 

ʧʘʨʘʤʘʛʥʠʪʥʦʡ ʢʝʨʘʤʠʢʦʡ CdCr2O4. ʊʝʤʧʝʨʘʪʫʨʥʳʝ ʢʦʣʝʙʘʥʠʷ ʟʘʩʪʘʚʣʷʶʪ ʯʘʩʪʠ 

ʩʚʝʨʭʧʨʦʚʦʜʷʱʝʛʦ ʢʘʙʝʣʷ ʚʝʨʥʫʪʴʩʷ ʢ ʥʦʨʤʘʣʴʥʦʤʫ ʤʝʪʘʣʣʠʯʝʩʢʦʤʫ ʧʦʚʝʜʝʥʠʶ, ʪʝʤ ʩʘʤʳʤ 

ʫʤʝʥʴʰʘʷ ʩʚʝʨʭʧʨʦʚʦʜʥʠʢʦʚʳʡ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʪʦʢ, ʛʝʥʝʨʠʨʫʶʱʠʡ ʦʢʨʫʞʘʶʱʝʝ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ. 

ʋʤʝʥʴʰʝʥʠʝ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʨʘʟʤʘʛʥʠʯʠʚʘʝʪ ʧʘʨʘʤʘʛʥʠʪʥʦʝ ʩʦʝʜʠʥʝʥʠʝ CdCr2O4 ʠ ʩʥʠʞʘʝʪ ʝʛʦ 

ʪʝʤʧʝʨʘʪʫʨʫ. ʕʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʦʭʣʘʞʜʘʝʪ ʢʘʙʝʣʴ Nb3Sn, ʟʘʩʪʘʚʣʷʷ ʝʛʦ ʚʝʨʥʫʪʴʩʷ ʚ 

ʩʚʝʨʭʧʨʦʚʦʜʷʱʝʝ ʩʦʩʪʦʷʥʠʝ.  

ʅʘʢʦʥʝʮ, ʚʘʞʥʝʡʰʠʤ ʧʨʠʤʝʨʦʤ çʥʦʚʦʛʦè ʩʚʦʡʩʪʚʘ ʷʚʣʷʝʪʩʷ ʤʘʛʥʠʪʦʵʣʝʢʪʨʠʯʝʩʢʠʡ (ʄʕ) 

ʵʬʬʝʢʪ ʚ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʘʭ ʪʠʧʘ çʧʴʝʟʦʵʣʝʢʪʨʠʢ ï ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʦʥʥʳʡ ʬʝʨʨʠʪè. 

ɺʧʝʨʚʳʝ ʧʦʜʦʙʥʳʝ ʩʠʩʪʝʤʳ ʙʳʣʠ ʠʟʛʦʪʦʚʣʝʥʳ ʠ ʠʟʫʯʝʥʳ ʚ ʩʝʨʝʜʠʥʝ 70-ʭ ʛʦʜʦʚ ʍʍ ʚʝʢʘ ʫʯʝʥʳʤʠ 

ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʣʘʙʦʨʘʪʦʨʠʠ ʬʠʨʤʳ Philips (ʅʠʜʝʨʣʘʥʜʳ) [27ï32]. ʄʕ ʢʦʤʧʦʟʠʪʳ 

ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʤʝʪʦʜʦʤ ʥʘʧʨʘʚʣʝʥʥʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʠʟ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʢʘ BaTiO3 ʠ 

ʬʝʨʨʠʤʘʛʥʝʪʠʢʘ ʉʦFe2O4. ʇʨʠ ʧʨʠʣʦʞʝʥʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʢ ʢʦʤʧʦʟʠʪʫ ʬʝʨʨʠʪʦʚʳʝ ʟʝʨʥʘ 

ʤʝʥʷʶʪ ʩʚʦʶ ʬʦʨʤʫ ʚʩʣʝʜʩʪʚʠʝ ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʠ, ʜʝʬʦʨʤʘʮʠʠ ʧʝʨʝʜʘʶʪʩʷ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʤ 

ʟʝʨʥʘʤ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʚʦʟʥʠʢʘʝʪ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʦʣʷʨʠʟʘʮʠʷ. ʄʕ ɻ ʬʬʝʢʪ ʪʘʢʦʛʦ ʢʦʤʧʦʟʠʪʘ ʚ 

ʩʪʦ ʨʘʟ ʙʦʣʴʰʝ, ʯʝʤ ʫ Cr2O3.  

ʊʘʙʣʠʮʘ II.1. çʅʦʚʝrè ʩʚʦʡʩʪʚʘ ʜʚʫʭʬʘʟʥʳʭ ʢʦʤʧʦʟʠʪʦʚ 

ʩʚʦʡʩʪʚʦ ʬʘʟʳ ɸ ʩʚʦʡʩʪʚʦ ʬʘʟʳ ɺ çʥʦʚʦʝè ʩʚʦʡʩʪʚʦ ʢʦʤʧʦʟʠʪʘ 

ʊʝʨʤʠʯʝʩʢʦʝ ʨʘʩʰʠʨʝʥʠʝ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʪʝʤʧʝʨʘʪʫʨʥʳʡ 

ʢʦʵʬʬʠʮʠʝʥʪ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʷ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʪʚʦ ʤʘʛʥʠʪʦʵʣʝʢʪʨʠʯʝʩʪʚʦ 

ʵʬʬʝʢʪ ʍʦʣʣʘ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ ʤʘʛʥʠʪʦʨʝʟʠʩʪʠʚʥʳʡ ʵʬʬʝʢʪ 

ʬʦʪʦʧʨʦʚʦʜʠʤʦʩʪʴ ʵʣʝʢʪʨʦʩʪʨʠʢʮʠʷ ʬʦʪʦʩʪʨʠʢʮʠʷ 

ʩʚʝʨʭʧʨʦʚʦʜʠʤʦʩʪʴ ʘʜʠʘʙʘʪʠʯʝʩʢʦʝ 

ʨʘʟʤʘʛʥʠʯʠʚʘʥʠʝ 
ʵʣʝʢʪʨʦʪʝʨʤʠʯʝʩʢʠʡ ʵʬʬʝʢʪ 

ʪʝʨʤʠʯʝʩʢʦʝ ʨʘʩʰʠʨʝʥʠʝ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʪʚʦ ʧʠʨʦʵʣʝʢʪʨʠʯʝʩʪʚʦ 
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II.1.4. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʬʘʟ ʚ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʘʭ ʠ ʪʝʨʤʦʜʠʥʘʤʠʢʘ 

ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʩʠʩʪʝʤ 

ʆʩʥʦʚʥʘʷ ʩʣʦʞʥʦʩʪʴ ʯʘʩʪʦ ʟʘʢʣʶʯʘʝʪʩʷ ʥʝ ʚ ʩʙʦʨʢʝ ʦʪʜʝʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪ ʢʦʤʧʦʟʠʪʘ, ʘ ʚ 

ʦʙʨʘʟʦʚʘʥʠʠ ʤʝʞʜʫ ʥʠʤʠ ʧʨʦʯʥʦʛʦ ʠ ʩʧʝʮʠʬʠʯʝʩʢʦʛʦ ʩʦʝʜʠʥʝʥʠʷ. ʇʨʠ ʵʪʦʤ ʙʦʣʴʰʫʶ ʨʦʣʴ 

ʠʛʨʘʝʪ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʛʨʘʥʠʯʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʚ ʩʠʩʪʝʤʝ. ʄʝʞʬʘʟʥʦʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ʥʘ ʧʨʦʯʥʦʩʪʴ ʩʚʷʟʠ ʩʦʩʪʘʚʣʷʶʱʠʭ ʢʦʤʧʦʟʠʪʘ, ʚʦʟʤʦʞʥʦʩʪʴ 

ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ ʥʘ ʛʨʘʥʠʮʝ ʠ ʦʙʨʘʟʦʚʘʥʠʝ ʥʦʚʳʭ ʬʘʟ, ʬʦʨʤʠʨʫʷ ʪʘʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʢʦʤʧʦʟʠʪʘ, ʢʘʢ ʪʝʨʤʦʩʪʦʡʢʦʩʪʴ, ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʜʝʡʩʪʚʠʶ ʘʛʨʝʩʩʠʚʥʳʭ ʩʨʝʜ, ʧʨʦʯʥʦʩʪʴ ʠ ʜʨʫʛʠʝ 

ʚʘʞʥʳʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʦʚʦʛʦ ʤʘʪʝʨʠʘʣʘ. ʄʝʞʬʘʟʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʦʢʘʟʳʚʘʝʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʠʣʴʥʳʭ ʠʣʠ ʩʣʘʙʳʭ ʩʚʷʟʝʡ ʤʝʞʜʫ 

ʢʦʤʧʦʥʝʥʪʘʤʠ ʢʦʤʧʦʟʠʪʘ, ʯʪʦ ʦʧʨʝʜʝʣʷʝʪ ʝʛʦ ʧʨʦʯʥʦʩʪʴ, ʚʷʟʢʦʩʪʴ ʨʘʟʨʫʰʝʥʠʷ, ʪʝʨʤʦʩʪʦʡʢʦʩʪʴ ʠ 

ʜʨʫʛʠʝ ʩʚʦʡʩʪʚʘ. ʇʦʵʪʦʤʫ ʫʧʨʘʚʣʝʥʠʝ ʧʨʦʮʝʩʩʦʤ ʤʝʞʬʘʟʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ 

ʟʚʝʥʦʤ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʩʚʦʡʩʪʚ ʢʦʤʧʦʟʠʪʘ.  

ʇʨʠ ʩʦʟʜʘʥʠʠ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʨʫʢʦʚʦʜʩʪʚʫʶʪʩʷ ʫʩʣʦʚʠʷʤʠ ʩʦʚʤʝʩʪʠʤʦʩʪʠ 

ʬʘʟ ʠ ʩʪʘʙʠʣʴʥʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʟʜʝʣʘ [19]. ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʢʦʤʧʦʟʠʪ ʦʙʣʘʜʘʣ ʩʪʘʙʠʣʴʥʳʤʠ 

ʩʚʦʡʩʪʚʘʤʠ ʧʨʠ ʧʦʚʳʰʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʝʛʦ ʢʦʤʧʦʥʝʥʪʳ ʜʦʣʞʥʳ ʙʳʪʴ ʭʠʤʠʯʝʩʢʠ 

ʩʦʚʤʝʩʪʠʤʳ. ʇʦʥʷʪʠʝ ʭʠʤʠʯʝʩʢʦʡ ʩʦʚʤʝʩʪʠʤʦʩʪʠ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʧʦʥʷʪʠʝ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʡ 

ʠ ʢʠʥʝʪʠʯʝʩʢʦʡ ʩʦʚʤʝʩʪʠʤʦʩʪʠ. ʊʝʨʤʦʜʠʥʘʤʠʯʝʩʢʘʷ ʩʦʚʤʝʩʪʠʤʦʩʪʴ ï ɻʪʦ ʩʧʦʩʦʙʥʦʩʪʴ ʵʣʝʤʝʥʪʦʚ 

ʢʦʤʧʦʟʠʪʘ ʥʘʭʦʜʠʪʴʩʷ ʚ ʩʦʩʪʦʷʥʠʠ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʘʚʥʦʚʝʩʠʷ ʥʝʦʛʨʘʥʠʯʝʥʥʦʝ ʚʨʝʤʷ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʧʦʣʫʯʝʥʠʷ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʂʠʥʝʪʠʯʝʩʢʘʷ ʩʦʚʤʝʩʪʠʤʦʩʪʴ ï ʩʧʦʩʦʙʥʦʩʪʴ ʬʘʟ 

ʥʘʭʦʜʠʪʴʩʷ ʚ ʩʦʩʪʦʷʥʠʠ ʤʝʪʘʩʪʘʙʠʣʴʥʦʛʦ ʨʘʚʥʦʚʝʩʠʷ, ʢʦʥʪʨʦʣʠʨʫʝʤʦʛʦ ʪʘʢʠʤʠ ʬʘʢʪʦʨʘʤʠ, ʢʘʢ 

ʘʜʩʦʨʙʮʠʷ, ʩʢʦʨʦʩʪʴ ʜʠʬʬʫʟʠʠ, ʩʢʦʨʦʩʪʴ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ. ʉʦʩʪʘʚʣʷʶʱʠʝ ʢʦʤʧʦʟʠʪʘ, ʜʘʞʝ 

ʝʩʣʠ ʦʥʠ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠ ʥʝʩʦʚʤʝʩʪʠʤʳ, ʚ ʦʧʨʝʜʝʣʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʥʦ-ʚʨʝʤʝʥʥʳʭ 

ʠʥʪʝʨʚʘʣʘʭ ʤʦʛʫʪ ʙʳʪʴ ʩʦʚʤʝʩʪʠʤʳ ʢʠʥʝʪʠʯʝʩʢʠ ʠ ʜʦʩʪʘʪʦʯʥʦ ʥʘʜʝʞʥʦ ʨʘʙʦʪʘʪʴ. 

ʅʘʨʷʜʫ ʩ ʭʠʤʠʯʝʩʢʦʡ ʩʦʚʤʝʩʪʠʤʦʩʪʴʶ ʧʨʠ ʩʦʟʜʘʥʠʠ ʢʦʤʧʦʟʠʪʘ ʚʘʞʥʦ ʦʙʝʩʧʝʯʠʪʴ 

ʤʝʭʘʥʠʯʝʩʢʫʶ ʩʦʚʤʝʩʪʠʤʦʩʪʴ, ʪ.ʝ. ʩʦʦʪʚʝʪʩʪʚʠʝ ʫʧʨʫʛʠʭ ʢʦʥʩʪʘʥʪ, ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʪʝʨʤʠʯʝʩʢʦʛʦ 

ʨʘʩʰʠʨʝʥʠʷ ʠ ʧʦʢʘʟʘʪʝʣʝʡ ʧʣʘʩʪʠʯʥʦʩʪʠ ʩʦʩʪʘʚʣʷʶʱʠʭ ʢʦʤʧʦʟʠʪʘ, ʧʦʟʚʦʣʷʶʱʠʭ ʜʦʩʪʠʛʥʫʪʴ 

ʧʨʦʯʥʦʩʪʠ ʩʚʷʟʠ ʜʣʷ ʧʝʨʝʜʘʯʠ ʥʘʧʨʷʞʝʥʠʡ ʯʝʨʝʟ ʛʨʘʥʠʮʫ [19]. 

ɺʥʫʪʨʝʥʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʥʪʘʢʪʘ ʨʘʟʥʦʨʦʜʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʢʦʤʧʦʟʠʪʘ (ʧʝʨʝʭʦʜʥʘʷ 

ʦʙʣʘʩʪʴ, ʚ ʧʨʝʜʝʣʘʭ ʢʦʪʦʨʦʡ ʧʨʦʠʩʭʦʜʠʪ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʦʝ ʠ ʤʝʭʘʥʠʯʝʩʢʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʤʝʞʜʫ ʥʠʤʠ) ʠʛʨʘʶʪ ʦʩʦʙʫʶ, ʘ ʟʘʯʘʩʪʫʶ ʠ ʦʧʨʝʜʝʣʷʶʱʫʶ ʨʦʣʴ ʚ ʧʦʣʫʯʝʥʠʠ ʤʘʪʝʨʠʘʣʘ ʩ 

ʪʨʝʙʫʝʤʳʤ ʢʦʤʧʣʝʢʩʦʤ ʩʚʦʡʩʪʚ. 

ɹʦʣʴʰʠʥʩʪʚʦ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ï ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠ 

ʥʝʨʘʚʥʦʚʝʩʥʳʭ ʦʪʢʨʳʪʳʭ ʩʠʩʪʝʤ, ʜʣʷ ʢʦʪʦʨʳʭ ʭʘʨʘʢʪʝʨʥʦ ʥʘʣʠʯʠʝ ʨʘʟʚʠʪʦʡ ʩʝʪʠ ʚʥʫʪʨʝʥʥʠʭ 
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ʛʨʘʥʠʮ ʨʘʟʜʝʣʘ, ʛʨʘʜʠʝʥʪʦʚ ʭʠʤʠʯʝʩʢʠʭ ʧʦʪʝʥʮʠʘʣʦʚ ʵʣʝʤʝʥʪʦʚ ʚ ʤʘʪʨʠʮʝ ʠ ʥʘʧʦʣʥʠʪʝʣʝ. 

ɻʨʘʜʠʝʥʪʳ ʷʚʣʷʶʪʩʷ ʜʚʠʞʫʱʝʡ ʩʠʣʦʡ ʧʨʦʮʝʩʩʦʚ ʤʝʞʬʘʟʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚ ʩʠʩʪʝʤʝ, ʬʘʟʦʚʳʭ 

ʧʝʨʝʭʦʜʦʚ, ʚʟʘʠʤʥʦʡ ʜʠʬʬʫʟʠʠ, ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ ʠ ʜʨ. ʕʪʠ ʷʚʣʝʥʠʷ ʦʙʫʩʣʦʚʣʝʥʳ ʪʝʤ, ʯʪʦ ʚ 

ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʣʦʷʭ ʥʘ ʤʝʞʬʘʟʥʦʡ ʛʨʘʥʠʮʝ ʚʩʣʝʜʩʪʚʠʝ ʨʘʟʥʦʛʦ ʩʦʩʪʘʚʘ ʠ ʩʪʨʦʝʥʠʷ 

ʩʦʧʨʠʢʘʩʘʶʱʠʭʩʷ ʬʘʟ ʠ ʠʟ-ʟʘ ʨʘʟʣʠʯʠʷ ʚ ʩʚʷʟʷʭ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʘʪʦʤʦʚ ʠ ʤʦʣʝʢʫʣ ʦʜʥʦʡ ʠ ʜʨʫʛʦʡ 

ʬʘʟʳ ʩʫʱʝʩʪʚʫʝʪ ʥʝʥʘʩʳʱʝʥʥʦʝ ʧʦʣʝ ʤʝʞʘʪʦʤʥʳʭ, ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ ʩʠʣ. 

ɺ ʩʘʤʦʤ ʦʙʱʝʤ ʩʤʳʩʣʝ ʧʦʚʝʨʭʥʦʩʪʴ ï ʛʨʘʥʠʮʘ ʨʘʟʜʝʣʘ ʤʝʞʜʫ ʜʚʫʤʷ ʢʦʥʪʘʢʪʠʨʫʶʱʠʤʠ 

ʩʨʝʜʘʤʠ. ʂʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ï ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʩ ʨʘʟʚʠʪʦʡ ʩʝʪʴʶ ʛʨʘʥʠʮ, ʚ 

ʢʦʪʦʨʳʭ ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʷʚʣʝʥʠʷ ʠʤʝʶʪ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ. ʇʦʚʝʨʭʥʦʩʪʥʳʝ ʷʚʣʝʥʠʷ ʫʜʦʙʥʦ 

ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʦʙʲʝʜʠʥʝʥʥʳʤ ʫʨʘʚʥʝʥʠʝʤ ʧʝʨʚʦʛʦ ʠ ʚʪʦʨʦʛʦ ʥʘʯʘʣ 

ʪʝʨʤʦʜʠʥʘʤʠʢʠ, ʚ ʢʦʪʦʨʦʝ ʚʭʦʜʷʪ ʦʩʥʦʚʥʳʝ ʚʠʜʳ ʵʥʝʨʛʠʠ dG = -SdT + VdP + ůdA + Smi dNi + jdq, 

ʛʜʝ G   ï ɻ ʥʝʨʛʠʷ ɻʠʙʙʩʘ; S   ï ɻ ʥʪʨʦʧʠʷ; ʊ  ï ʪʝʤʧʝʨʘʪʫʨʘ; V ï ʦʙʲʝʤ; ʈ ï ʜʘʚʣʝʥʠʝ; ů ï 

ʧʦʚʝʨʭʥʦʩʪʥʦʝ ʥʘʪʷʞʝʥʠʝ; ɸ ï ʧʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ; midNi ï ʭʠʤʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ ʠ ʯʠʩʣʦ 

ʯʘʩʪʠʮ ʚ ʩʠʩʪʝʤʝ (ʘʪʦʤʦʚ, ʤʦʣʝʡ), i-ʡ ï ʢʦʤʧʦʥʝʥʪ; j  ï  ɻʣʝʢʪʨʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ; q  ï ʢʦʣʠʯʝʩʪʚʦ 

ʵʣʝʢʪʨʠʯʝʩʪʚʘ. ɺ ʩʠʩʪʝʤʘʭ ʩ ʚʳʩʦʢʦʨʘʟʚʠʪʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʚʢʣʘʜ ʩʣʘʛʘʝʤʦʛʦ ůdA ʚ ʦʙʱʫʶ 

ʵʥʝʨʛʠʶ ʙʦʣʴʰʦʡ ʠ ʝʛʦ ʫʤʝʥʴʰʝʥʠʝ ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʣʠʙʦ ʟʘ ʩʯʝʪ ʩʦʢʨʘʱʝʥʠʷ ʧʣʦʱʘʜʠ 

ʧʦʚʝʨʭʥʦʩʪʠ ɸ (ʚ ʩʣʫʯʘʝ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʧʣʝʥʢʠ ʟʘ ʩʯʝʪ ʢʦʘʣʝʩʮʝʥʮʠʠ ʟʝʨʝʥ ʧʨʠ ʤʠʛʨʘʮʠʠ 

ʛʨʘʥʠʮ), ʣʠʙʦ ʟʘ ʩʯʝʪ ʫʤʝʥʴʰʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʥʘʪʷʞʝʥʠʷ ů, ʪ.ʝ. ʦʙʨʘʟʦʚʘʥʠʷ 

ʥʠʟʢʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʨʘʟʜʝʣʘ. ʇʨʠ ʵʪʦʤ ʧʦʚʝʨʭʥʦʩʪʥʘʷ ʵʥʝʨʛʠʷ ʤʦʞʝʪ ʧʝʨʝʭʦʜʠʪʴ 

ʚ ʜʨʫʛʠʝ ʚʠʜʳ ʵʥʝʨʛʠʠ, ʯʪʦ ʦʪʚʝʯʘʝʪ ʦʧʨʝʜʝʣʝʥʥʳʤ ʧʦʚʝʨʭʥʦʩʪʥʳʤ ʷʚʣʝʥʠʷʤ, ʪʘʢʠʤ ʢʘʢ 

ʠʟʤʝʥʝʥʠʝ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ, ʠʟʤʝʥʝʥʠʝ ʜʠʬʬʫʟʠʦʥʥʦʡ ʠ ʢʠʥʝʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ, 

ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ, ʤʘʛʥʠʪʥʳʭ ʷʚʣʝʥʠʡ ʠ ʜʨ. 

ɺʘʞʥʫʶ ʛʨʫʧʧʫ ʩʦʩʪʘʚʣʷʶʪ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʷʚʣʝʥʠʷ: ʧʦʚʝʨʭʥʦʩʪʥʘʷ 

ʧʨʦʚʦʜʠʤʦʩʪʴ, ʧʦʚʝʨʭʥʦʩʪʥʳʡ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ, ʵʣʝʢʪʨʦʥʥʘʷ ʵʤʠʩʩʠʷ ʠ ʜʨ. [19]. ɺʩʝ ʦʥʠ 

ʩʚʷʟʘʥʳ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʥʘ ʤʝʞʬʘʟʥʦʡ ʛʨʘʥʠʮʝ ʜʚʦʡʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʣʦʷ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʵʤʠʩʩʠʠ ʵʣʝʢʪʨʦʥʦʚ ʠʣʠ ʩʧʝʮʠʬʠʯʝʩʢʦʡ ʵʤʠʩʩʠʠ ʠʦʥʦʚ, ʘ ʪʘʢʞʝ ʦʨʠʝʥʪʘʮʠʠ ʜʠʧʦʣʝʡ ʚ ʧʦʣʝ 

ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʠʣ. 

ʂ ʧʦʚʝʨʭʥʦʩʪʥʳʤ ʷʚʣʝʥʠʷʤ ʦʪʥʦʩʷʪʩʷ ʪʘʢʞʝ ʢʦʛʝʟʠʷ, ʘʜʛʝʟʠʷ, ʩʤʘʯʠʚʘʥʠʝ ʠ ʨʷʜ ʜʨʫʛʠʭ, 

ʠʛʨʘʶʱʠʭ ʚʘʞʥʫʶ ʨʦʣʴ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʢʦʤʧʦʟʠʪʦʚ. 

ʇʦʚʝʨʭʥʦʩʪʥʳʝ ʷʚʣʝʥʠʷ ʠʤʝʶʪ ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʚ ʬʘʟʦʚʳʭ ʧʨʦʮʝʩʩʘʭ, ʥʘ ʩʪʘʜʠʠ 

ʟʘʨʦʞʜʝʥʠʷ ʬʘʟ. ʆʥʠ ʩʦʟʜʘʶʪ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʙʘʨʴʝʨ, ʦʧʨʝʜʝʣʷʶʱʠʡ ʢʠʥʝʪʠʢʫ ʧʨʦʮʝʩʩʘ ʠ 

ʚʦʟʤʦʞʥʦʩʪʴ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʤʝʪʘʩʪʘʙʠʣʴʥʳʭ ʩʦʩʪʦʷʥʠʡ, ʘ ʧʨʠ ʢʦʥʪʘʢʪʝ ʤʘʩʩʠʚʥʳʭ ʬʘʟ 

ʨʝʛʫʣʠʨʫʶʪ ʩʢʦʨʦʩʪʴ ʪʝʧʣʦ ï ʠ ʤʘʩʩʦʦʙʤʝʥʘ ʤʝʞʜʫ ʥʠʤʠ. 

ʆʩʥʦʚʥʘʷ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʦʚʝʨʭʥʦʩʪʠ ï ʧʦʚʝʨʭʥʦʩʪʥʦʝ ʥʘʪʷʞʝʥʠʝ ů. 

ʈʘʚʥʦʚʝʩʠʝ, ʪ. ʝ. ʤʠʥʠʤʫʤ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʩʠʩʪʝʤʳ ʧʨʠ ʧʦʩʪʦʷʥʥʳʭ ʦʙʲʝʤʝ, 
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ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʭʠʤʠʯʝʩʢʠʭ ʧʦʪʝʥʮʠʘʣʘʭ ʢʦʤʧʦʥʝʥʪ, ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʵʢʩʪʨʝʤʫʤʫ ʧʣʦʱʘʜʠ 

ʧʦʚʝʨʭʥʦʩʪʠ ɸ: ʤʠʥʠʤʫʤʫ ʧʨʠ ů > 0 ʠ ʤʘʢʩʠʤʫʤʫ ʧʨʠ ů < 0. ʗʚʣʝʥʠʷ, ʚʦʟʥʠʢʘʶʱʠʝ ʥʘ ʛʨʘʥʠʮʘʭ 

ʨʘʟʜʝʣʘ ʬʘʟ, ʦʢʘʟʳʚʘʶʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʧʦʚʝʜʝʥʠʝ ʚʝʱʝʩʪʚʘ. ʀʟʙʳʪʦʯʥʘʷ ʵʥʝʨʛʠʷ, 

ʩʚʷʟʘʥʥʘʷ ʩ ʥʘʣʠʯʠʝʤ ʛʨʘʥʠʮ ʨʘʟʜʝʣʘ, ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʜʝʡʩʪʚʠʠ ʩʠʣ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʥʘʪʷʞʝʥʠʷ, 

ʢʦʪʦʨʳʝ ʟʘʩʪʘʚʣʷʶʪ ʢʦʥʪʘʢʪʠʨʫʶʱʠʝ ʬʘʟʳ ʠʟʤʝʥʷʪʴ ʧʣʦʱʘʜʠ ʦʙʱʠʭ ʛʨʘʥʠʮ ʨʘʟʜʝʣʘ. 

ʉʪʨʝʤʣʝʥʠʝ ʵʪʦʡ ʠʟʙʳʪʦʯʥʦʡ ʵʥʝʨʛʠʠ ʢ ʵʢʩʪʨʝʤʫʤʫ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʶ 

ʩʦʩʪʘʚʣʷʶʱʠʭ ʚʝʱʝʩʪʚʘ ʚʙʣʠʟʠ ʛʨʘʥʠʮʳ ï ʘʜʩʦʨʙʮʠʠ. ʂʨʠʚʠʟʥʘ ʛʨʘʥʠʮ ʨʘʟʜʝʣʘ ʦʧʨʝʜʝʣʷʝʪ 

ʫʩʣʦʚʠʝ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʨʘʚʥʦʚʝʩʠʷ, ʦʢʘʟʳʚʘʶʱʝʝ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʚʣʠʷʥʠʝ ʥʘ ʭʠʤʠʯʝʩʢʠʝ 

ʧʦʪʝʥʮʠʘʣʳ ʢʦʤʧʦʥʝʥʪ ʩʠʩʪʝʤʳ, ʤʠʛʨʘʮʠʶ ʛʨʘʥʠʮ, ʬʘʟʦʚʳʝ ʧʝʨʝʭʦʜʳ ʠ ʜʨ. 

ʅʘ ʦʩʥʦʚʝ ʪʝʨʤʦʭʠʤʠʯʝʩʢʠʭ ʟʘʢʦʥʦʚ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ ʧʨʦʮʝʩʩʦʚ, 

ʚʦʟʤʦʞʥʦʩʪʴ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ, ʦʧʨʝʜʝʣʠʪʴ ʚʣʠʷʥʠʝ ʣʝʛʠʨʫʶʱʠʭ ʜʦʙʘʚʦʢ ʥʘ 

ʤʝʞʬʘʟʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ, ʘ ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʦʮʝʥʠʪʴ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ 

ʠʟʫʯʘʝʤʦʡ ʩʠʩʪʝʤʳ. 

II.1.5. ʇʝʨʢʦʣʷʮʠʷ 

ʇʦʜ ʧʝʨʢʦʣʷʮʠʝʡ ʧʦʥʠʤʘʶʪ ʥʘʣʠʯʠʝ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʭ ʢʦʥʪʘʢʪʦʚ ʤʝʞʜʫ ʯʘʩʪʠʮʘʤʠ 

ʦʜʥʦʡ ʬʘʟʳ ʚ ʜʚʫʭï ʠ ʤʥʦʛʦʬʘʟʥʳʭ ʩʠʩʪʝʤʘʭ. ʊʘʢʠʝ ʢʦʥʪʘʢʪʳ ʦʙʝʩʧʝʯʠʚʘʶʪ ʪʨʘʥʩʧʦʨʪʥʳʝ 

ʩʚʦʡʩʪʚʘ ʢʦʤʧʦʟʠʪʘ, ʥʘʧʨʠʤʝʨ, ʪʝʧʣʦï ʠ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ. ɺʘʞʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʩʠʩʪʝʤʳ 

ʷʚʣʷʝʪʩʷ ʧʨʝʜʝʣ ʧʝʨʢʦʣʷʮʠʠ, ʪʦ ʝʩʪʴ ʪʘʢʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʩʦʩʪʘʚʣʷʶʱʠʭ ʢʦʤʧʦʟʠʪʘ, ʧʨʠ ʢʦʪʦʨʦʡ 

ʩʚʦʡʩʪʚʘ ʠʟʤʝʥʷʶʪʩʷ ʩ ʤʘʢʩʠʤʘʣʴʥʦʡ ʢʨʫʪʠʟʥʦʡ (ʨʠʩ.II.5). ʇʨʠ ʤʘʣʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʪʦʢʦʧʨʦʚʦʜʷʱʝʡ ʬʘʟʳ ʥʝʪ ʢʦʥʪʘʢʪʘ ʤʝʞʜʫ ʯʘʩʪʠʮʘʤʠ, ʠ ʧʨʦʚʦʜʠʤʦʩʪʴ ʤʘʣʘ. ʇʨʠ ʜʦʩʪʠʞʝʥʠʠ 

ʦʧʨʝʜʝʣʝʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ (ʧʨʝʜʝʣ ʧʝʨʢʦʣʷʮʠʠ) ʦʙʨʘʟʫʶʪʩʷ çʪʨʘʥʩʧʦʨʪʥʳʝ ʧʫʪʠè, ʠ 

ʧʨʦʚʦʜʠʤʦʩʪʴ ʨʝʟʢʦ ʚʦʟʨʘʩʪʘʝʪ, ʘ ʧʦʪʦʤ ʚʥʦʚʴ ʩʣʘʙʦ ʟʘʚʠʩʠʪ ʦʪ ʩʦʩʪʘʚʘ. ʉʦʯʝʪʘʥʠʝ ʚ 

ʄʕ ʢʦʤʧʦʟʠʪʝ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʠ ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʦʥʥʦʡ ʢʦʤʧʦʥʝʥʪ, ʦʙʣʘʜʘʶʱʠʭ ʩʠʣʴʥʦ 

ʦʪʣʠʯʘʶʱʠʤʠʩʷ ʚʝʣʠʯʠʥʘʤʠ ʫʜʝʣʴʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ 

ʧʦʷʚʣʝʥʠʶ ʧʝʨʢʦʣʷʮʠʦʥʥʦʛʦ ʵʬʬʝʢʪʘ. 

 

ʈʠʩ.II.5. ʇʝʨʢʦʣʷʮʠʷ ʚ ʜʚʫʭʬʘʟʥʦʡ ʩʠʩʪʝʤʝ 
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II .2. ʉʤʝʩʝʚʳʝ ʤʘʛʥʠʪʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʢʦʤʧʦʟʠʪʳ  

ʉʤʝʩʝʚʳʝ ʄʕ ʢʦʤʧʦʟʠʪʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʜʚʫʭʬʘʟʥʳʝ ʩʠʩʪʝʤʳ çʧʴʝʟʦʵʣʝʢʪʨʠʢ ï 

ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʦʥʥʳʡ ʬʝʨʨʠʪè ʩʦ ʩʚʷʟʥʦʩʪʷʤʠ 0-3 ʠ 3-0 (ʟʝʨʥʘ ʧʴʝʟʦʵʣʝʢʪʨʠʢʘ ʚ ʤʘʪʨʠʮʝ 

ʬʝʨʨʠʪʘ ʠ ʥʘʦʙʦʨʦʪ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ), ʘ ʪʘʢʞʝ 3-3 (ʚʟʘʠʤʦʧʨʦʥʠʢʘʶʱʠʝ ʢʘʨʢʘʩʳ ʜʚʫʭ ʬʘʟ). 

ɺʧʝʨʚʳʝ ʩʤʝʩʝʚʳʝ ʄʕ ʢʦʤʧʦʟʠʪʳ ʩ ʠʟʦʪʨʦʧʥʳʤ ʭʘʨʘʢʪʝʨʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʬʘʟ ʙʳʣʠ 

ʠʟʛʦʪʦʚʣʝʥʳ ʤʝʪʦʜʦʤ ʚʳʨʘʱʠʚʘʥʠʷ ʠʟ ʵʚʪʝʢʪʠʯʝʩʢʠʭ ʨʘʩʧʣʘʚʦʚ in situ ʚ ʩʠʩʪʝʤʝ ʉʦ-Fe-Ba-Ti-O 

[28, 33]. ɺʝʣʠʯʠʥʳ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʄʕ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʦʢʘʟʘʣʠʩʴ ʥʝʚʳʩʦʢʠ ʠ ʩʦʩʪʘʚʠʣʠ 

1-13 ʤɺ/(ʩʤÖʕ). ʂ ʜʘʥʥʳʤ ʦʙʲʝʢʪʘʤ ʩʦʭʨʘʥʷʝʪʩʷ ʠʥʪʝʨʝʩ, ʪʘʢ, ʚ ʥʝʜʘʚʥʝʡ ʨʘʙʦʪʝ [34] ʩʦʦʙʱʘʝʪʩʷ 

ʦ ʄʕ ʩʚʦʡʩʪʚʘʭ ʦʙʨʘʟʮʦʚ ʩʠʩʪʝʤʳ ɺʘʆ ï TiO2 ï CoO ï Fe2O3, ʜʣʷ ʢʦʪʦʨʳʭ Dɽ/Dʅ  = 

3 ï 5.6 ʤɺ/(ʩʤÖʕ), ʯʪʦ ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʜʘʥʥʳʤʠ ʨʘʙʦʪ [28, 33]. 

ʅʘʠʙʦʣʝʝ ʧʨʦʩʪʦʡ ʩʧʦʩʦʙ ʠʟʛʦʪʦʚʣʝʥʠʷ ʢʦʤʧʦʟʠʪʦʚ ʵʪʦʛʦ ʪʠʧʘ ï ʢʝʨʘʤʠʯʝʩʢʘʷ 

ʪʝʭʥʦʣʦʛʠʷ, ʠʤʝʶʱʘʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʤʝʪʦʜʦʤ ʚʳʨʘʱʠʚʘʥʠʷ ʠʟ ʨʘʩʧʣʘʚʦʚ ʨʷʜ ʙʝʩʩʧʦʨʥʳʭ 

ʧʨʝʠʤʫʱʝʩʪʚ. ɺʦ-ʧʝʨʚʳʭ, ʦʥʘ ʥʝ ʪʨʝʙʫʝʪ ʩʣʦʞʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʥʝ ʩʣʠʰʢʦʤ ʪʨʫʜʦʸʤʢʘ ʠ 

ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ ʤʘʩʩʦʚʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʢʦʤʧʦʟʠʪʦʚ. ɺʦ-ʚʪʦʨʳʭ, ʦʥʘ 

ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦʛʦ ʚʳʙʦʨʘ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʠ 

ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʦʥʥʦʡ ʬʘʟ ʠ ʚʘʨʴʠʨʦʚʘʥʠʷ ʚ ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ ʠʭ ʩʦʦʪʥʦʰʝʥʠʷ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʩʦʟʜʘʚʘʪʴ ʄʕ ʤʘʪʝʨʠʘʣʳ ʩ ʫʧʨʘʚʣʷʝʤʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. ɺ-ʪʨʝʪʴʠʭ, ʦʥʘ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ 

ʩʠʥʪʝʟ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʠ ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʦʥʥʦʡ ʢʦʤʧʦʥʝʥʪ ʥʝʟʘʚʠʩʠʤʦ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʚ 

ʦʧʪʠʤʘʣʴʥʳʭ ʜʣʷ ʥʠʭ ʫʩʣʦʚʠʷʭ ʠ ʠʟʛʦʪʘʚʣʠʚʘʪʴ ʢʦʤʧʦʟʠʮʠʦʥʥʫʶ ʢʝʨʘʤʠʢʫ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 

ʟʥʘʯʠʪʝʣʴʥʦ ʥʠʞʝ ʪʝʤʧʝʨʘʪʫʨ ʧʣʘʚʣʝʥʠʷ, ʙʣʘʛʦʜʘʨʷ ʯʝʤʫ ʤʦʞʥʦ ʠʩʢʣʶʯʠʪʴ ʧʦʣʥʦʩʪʴʶ ʠʣʠ 

ʯʘʩʪʠʯʥʦ ʥʝʞʝʣʘʪʝʣʴʥʳʝ ʤʝʞʬʘʟʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. 

II.2.1. ʄʘʛʥʠʪʦʵʣʝʢʪʨʠʯʝʩʢʘʷ ʢʦʤʧʦʟʠʮʠʦʥʥʘʷ ʢʝʨʘʤʠʢʘ ʥʘ ʦʩʥʦʚʝ 

ʬʝʨʨʠʪʦʚ-ʰʧʠʥʝʣʝʡ 

ʀʟʚʝʩʪʥʳʝ ʠʟ ʣʠʪʝʨʘʪʫʨʳ ʢʝʨʘʤʠʯʝʩʢʠʝ ʄʕ ʢʦʤʧʦʟʠʪʳ ʥʘ ʦʩʥʦʚʝ ʬʝʨʨʠʪʦʚ-ʰʧʠʥʝʣʝʡ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʤʝʩʠ ʧʴʝʟʦʵʣʝʢʪʨʠʢʘ ʠ ʬʝʨʨʠʪʘ, ʩʧʝʯʸʥʥʳʝ ʚ ʚʠʜʝ ʧʣʦʪʥʦʡ [35ï46] ʠʣʠ 

ʧʦʨʠʩʪʦʡ [47] ʢʝʨʘʤʠʢʠ; ʜʨʫʛʦʡ ʨʘʟʥʦʚʠʜʥʦʩʪʴʶ ʢʦʤʧʦʟʠʪʦʚ ʵʪʦʛʦ ʪʠʧʘ ʷʚʣʷʶʪʩʷ ʤʘʪʝʨʠʘʣʳ, ʚ 

ʢʦʪʦʨʳʭ ʢʦʥʪʘʢʪ ʤʝʞʜʫ ʯʘʩʪʠʮʘʤʠ ʧʴʝʟʦʵʣʝʢʪʨʠʢʘ ʠ ʬʝʨʨʠʪʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ 

ʧʦʣʠʤʝʨʥʦʛʦ ʩʚʷʟʫʶʱʝʛʦ [48]. ɺ ʨʘʤʢʘʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ [20ï24] ʪʨʝʭʬʘʟʥʳʝ ʄʕ ʩʠʩʪʝʤʳ 

çʧʴʝʟʦʵʣʝʢʪʨʠʢ ï ʬʝʨʨʠʪ ï ʚʦʟʜʫʭè ʠ çʧʴʝʟʦʵʣʝʢʪʨʠʢ ï ʬʝʨʨʠʪ ï ʧʦʣʠʤʝʨè ʤʦʛʫʪ ʙʳʪʴ ʦʧʠʩʘʥʳ 

ʢʘʢ ʢʦʤʧʦʟʠʪʳ ʩʦ ʩʚʷʟʥʦʩʪʴʶ 3-3-3, 3-0-3, 0-3-3, 3-3-0, 3-0-0, 0-3-0.  

ɺ ʨʘʥʥʠʭ ʨʘʙʦʪʘʭ ʚ ʢʘʯʝʩʪʚʝ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʢʦʤʧʦʟʠʪʦʚ ʠʩʧʦʣʴʟʦʚʘʣʩʷ, 

ʢʘʢ ʧʨʘʚʠʣʦ, ʪʠʪʘʥʘʪ ʙʘʨʠʷ [29, 35, 36, 41]. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʙʦʣʴʰʦʡ ʠʥʪʝʨʝʩ ʩʨʝʜʠ 

ʄʕ ʢʝʨʘʤʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʠʩʪʝʤʳ, ʚ ʢʦʪʦʨʳʭ ʚ ʢʘʯʝʩʪʚʝ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʩʦʩʪʘʚʣʷʶʱʝʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʝʨʘʤʠʢʘ ʪʠʧʘ ʮʠʨʢʦʥʘʪʘ-ʪʠʪʘʥʘʪʘ ʩʚʠʥʮʘ (ʎʊʉ) [38ï40, 42, 45ï49]. 
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ʂʘʢ ʧʦ ʚʝʣʠʯʠʥʝ ʧʨʦʜʦʣʴʥʦʛʦ ʧʴʝʟʦʤʦʜʫʣʷ d33, ʪʘʢ ʠ ʧʦ ʟʥʘʯʝʥʠʷʤ ʧʴʝʟʦʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ g33 

ʤʘʪʝʨʠʘʣʳ ʛʨʫʧʧʳ ʎʊʉ ʩʫʱʝʩʪʚʝʥʥʦ ʧʨʝʚʦʩʭʦʜʷʪ ʪʠʪʘʥʘʪ ʙʘʨʠʷ ʠ ʤʥʦʛʠʝ ʜʨʫʛʠʝ 

ʧʴʝʟʦʵʣʝʢʪʨʠʢʠ, ʧʦʵʪʦʤʫ ʄʕ ʢʦʤʧʦʟʠʪʳ ʥʘ ʠʭ ʦʩʥʦʚʝ ʰʠʨʦʢʦ ʠʩʩʣʝʜʫʶʪʩʷ. ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ 

ʥʘʤʝʪʠʣʘʩʴ ʪʝʥʜʝʥʮʠʷ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʚ ʢʘʯʝʩʪʚʝ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʦʩʪʘʚʣʷʶʱʠʭ 

ʢʦʤʧʦʟʠʪʦʚ ʙʝʩʩʚʠʥʮʦʚʳʭ ʧʴʝʟʦʵʣʝʢʪʨʠʢʦʚ. 

ʉʨʝʜʠ ʬʘʢʪʦʨʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ ʚʝʣʠʯʠʥʫ ʢʦʵʬʬʠʮʠʝʥʪʘ ʄʕ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ DE/DH 

ʩʤʝʩʝʚʳʭ ʢʦʤʧʦʟʠʪʦʚ, ʧʨʝʞʜʝ ʚʩʝʛʦ ʩʣʝʜʫʝʪ ʚʳʜʝʣʠʪʴ ʩʦʦʪʥʦʰʝʥʠʝ ʬʘʟ ʚ ʢʦʤʧʦʟʠʪʝ, ʢʦʪʦʨʦʝ 

ʤʦʞʥʦ ʧʨʦʠʟʚʦʣʴʥʦ ʤʝʥʷʪʴ ʧʨʠ ʠʭ ʠʟʛʦʪʦʚʣʝʥʠʠ ʢʝʨʘʤʠʯʝʩʢʠʤ ʩʧʦʩʦʙʦʤ. ʉʦʛʣʘʩʥʦ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʜʘʥʥʳʤ [29, 35, 36, 41], ʟʘʚʠʩʠʤʦʩʪʴ ʄʕ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʦʪ ʩʦʩʪʘʚʘ 

ʢʦʤʧʦʟʠʪʘ ʠʤʝʝʪ ʤʘʢʩʠʤʫʤ. ʆʜʥʘʢʦ ʝʛʦ ʧʦʣʦʞʝʥʠʝ ʠʟʤʝʥʷʝʪʩʷ ʚ ʚʝʩʴʤʘ ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ (ʦʪ 

40 [29] ʜʦ 80 [35, 36] ʤʦʣ.% ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʢʦʤʧʦʥʝʥʪ)r. ʉʦʛʣʘʩʥʦ [29], ʧʦʣʦʞʝʥʠʝ 

ʤʘʢʩʠʤʫʤʘ DE/DH ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʦʚʦʢʫʧʥʦʩʪʴʶ ʬʘʢʪʦʨʦʚ: ʤʝʭʘʥʠʯʝʩʢʠʤ ʢʦʥʪʘʢʪʦʤ ʤʝʞʜʫ 

ʯʘʩʪʠʮʘʤʠ ʬʘʟ, ʠʭ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʘʩʰʠʨʝʥʠʷ, ʜʝʧʦʣʷʨʠʟʫʶʱʠʤʠ ʠ 

ʨʘʟʤʘʛʥʠʯʠʚʘʶʱʠʤʠ ʧʦʣʷʤʠ. ɺ ʨʘʙʦʪʝ [43] ʦʪʤʝʯʘʝʪʩʷ ʚʣʠʷʥʠʝ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ 

ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʧʦʣʦʞʝʥʠʝ ʤʘʢʩʠʤʫʤʘ DE/DH. ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʩʦʜʝʨʞʘʥʠʷ 

ʬʝʨʨʠʪʘ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ ʚʦʟʨʘʩʪʘʝʪ, ʯʪʦ ʩʥʠʞʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʧʦʣʷʨʠʟʘʮʠʠ ʢʦʤʧʦʟʠʪʘ, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʤʘʢʩʠʤʫʤ DE/DH ʩʤʝʱʘʝʪʩʷ ʚ ʩʪʦʨʦʥʫ ʚʳʩʦʢʠʭ 

ʢʦʥʮʝʥʪʨʘʮʠʡ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʬʘʟʳ. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʢʦʣʠʯʝʩʪʚʝʥʥʘʷ ʦʮʝʥʢʘ ʙʦʣʴʰʠʥʩʪʚʘ ʠʟ 

ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʬʘʢʪʦʨʦʚ ʟʘʪʨʫʜʥʝʥʘ, ʧʦʵʪʦʤʫ ʦʧʪʠʤʘʣʴʥʳʡ ʩʦʩʪʘʚ ʢʦʤʧʦʟʠʪʦʚ ʥʝ ʤʦʞʝʪ ʙʳʪʴ 

ʪʦʯʥʦ ʧʨʝʜʩʢʘʟʘʥ ʠ ʚ ʢʘʞʜʦʤ ʢʦʥʢʨʝʪʥʦʤ ʩʣʫʯʘʝ ʜʦʣʞʝʥ ʦʧʨʝʜʝʣʷʪʴʩʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ. 

ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʤʠʢʨʦʩʪʨʫʢʪʫʨʘ ʄʕ ʢʝʨʘʤʠʢʠ ʦʙʨʘʟʦʚʘʥʘ ʟʸʨʥʘʤʠ ʧʴʝʟʦʵʣʝʢʪʨʠʢʘ ʠ 

ʬʝʨʨʠʪʘ. ʀʟʤʝʥʝʥʠʝ ʨʘʟʤʝʨʦʚ ʟʸʨʝʥ, ʭʘʨʘʢʪʝʨʘ ʠ ʩʪʝʧʝʥʠ ʨʘʟʥʦʟʝʨʥʠʩʪʦʩʪʠ ʚʣʝʯʸʪ ʟʘ ʩʦʙʦʡ 

ʠʟʤʝʥʝʥʠʝ ʬʠʟʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʢʝʨʘʤʠʢʠ. ɺ ʨʘʙʦʪʝ [29] ʠʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ ʨʘʟʤʝʨʘ 

ʢʨʠʩʪʘʣʣʠʪʦʚ BaTiO3 ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʄʕ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʢʦʤʧʦʟʠʪʦʚ 40 ʤʦʣ.% BaTiO3 + 

60 ʤʦʣ.% Ni(Co,Mn)Fe2O4. ɺ ʩʠʩʪʝʤʝ BaTiO3 ï Ni(Cʦ,Mn)Fe2O4 ʘʚʪʦʨʘʤʠ [29] ʧʦʣʫʯʝʥʘ 

ʄʕ ʢʝʨʘʤʠʢʘ, ʢʦʵʬʬʠʮʠʝʥʪ ʄʕ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʢʦʪʦʨʦʡ ʩʦʩʪʘʚʣʷʝʪ ~80 ʤɺ/(ʩʤÖʕ). 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʝʣʠʯʠʥʘ DE/DH ʤʘʢʩʠʤʘʣʴʥʘ ʧʨʠ ʨʘʟʤʝʨʝ ʯʘʩʪʠʮ BaTiO3 ~1-1.2 ʤʢʤ ʠ ʨʝʟʢʦ 

ʩʥʠʞʘʝʪʩʷ (ʚ 5-6 ʨʘʟ) ʧʨʠ ʝʛʦ ʪʨʸʭʢʨʘʪʥʦʤ ʫʚʝʣʠʯʝʥʠʠ ʠʣʠ ʫʤʝʥʴʰʝʥʠʠ. ʊʘʢʦʝ ʧʦʚʝʜʝʥʠʝ 

ʧʘʨʘʤʝʪʨʘ DE/DH ʘʚʪʦʨʳ ʩʚʷʟʳʚʘʶʪ ʩ ʯʨʝʟʚʳʯʘʡʥʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʩʚʦʡʩʪʚ ʢʝʨʘʤʠʢʠ 

ʪʠʪʘʥʘʪʘ ʙʘʨʠʷ ʢ ʨʘʟʤʝʨʘʤ ʟʸʨʝʥ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʫ ʩʚʝʨʭʤʝʣʢʦʟʝʨʥʠʩʪʦʡ ʢʝʨʘʤʠʢʠ BaTiO3 

ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʦʯʝʥʴ ʩʣʘʙʳ ʠʣʠ ʦʪʩʫʪʩʪʚʫʶʪ ʚʦʦʙʱʝ [50ï54]. ʂʨʦʤʝ ʵʪʦʛʦ, ʚ 

ʢʦʤʧʦʟʠʪʘʭ ʧʨʠ ʩʧʝʢʘʥʠʠ ʚʦʟʤʦʞʥʦ ʤʝʞʬʘʟʥʦʝ ʣʝʛʠʨʦʚʘʥʠʝ, ʧʨʠʚʦʜʷʱʝʝ ʢ ʠʟʤʝʥʝʥʠʶ 

ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʠ ʩʚʦʡʩʪʚ ʟʸʨʝʥ BaTiO3 ʚ ʦʙʣʘʩʪʠ ʢʦʥʪʘʢʪʘ ʩ ʬʝʨʨʠʪʦʤ. ʉʧʘʜ 

ʄʕ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʨʘʟʤʝʨʘ ʢʨʠʩʪʘʣʣʠʪʦʚ ʩʚʳʰʝ 1.2 ʤʢʤ ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ 

ʩʚʷʟʳʚʘʝʪʩʷ ʩ ʚʦʟʥʠʢʘʶʱʝʡ ʧʦʣʠʜʦʤʝʥʥʦʩʪʴʶ ʟʸʨʝʥ BaTiO3.  
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ʉʝʨʴʸʟʥʫʶ ʧʨʦʙʣʝʤʫ ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʭ ʄʕ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʧʨʝʜʩʪʘʚʣʷʝʪ ʭʠʤʠʯʝʩʢʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʠ 

ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʦʥʥʦʡ ʢʦʤʧʦʥʝʥʪʘʤʠ ʢʦʤʧʦʟʠʪʘ, ʧʨʠʚʦʜʷʱʝʝ ʢ ʯʘʩʪʠʯʥʦʡ ʠʣʠ ʧʦʣʥʦʡ 

ʜʝʛʨʘʜʘʮʠʠ ʩʚʦʡʩʪʚ ʠʩʭʦʜʥʳʭ ʬʘʟ (ʩʤ. ʨʘʟʜʝʣ II.2.5). ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʜʘʥʥʳʝ 

ʨʘʙʦʪʳ [29] ʦ ʚʣʠʷʥʠʠ ʥʝʙʦʣʴʰʦʡ ʜʦʙʘʚʢʠ ʦʢʩʠʜʘ ʪʠʪʘʥʘ ʥʘ ʚʝʣʠʯʠʥʳ ʄʕ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

ʢʦʤʧʦʟʠʮʠʦʥʥʦʡ ʢʝʨʘʤʠʢʠ BaTiO3 - Ni(Co,Mn)Fe2O4, ʯʪʦ ʧʨʠʚʦʜʠʣʦ ʢ ʠʩʯʝʟʥʦʚʝʥʠʶ ʚ ʤʘʪʝʨʠʘʣʝ 

ʥʝʞʝʣʘʪʝʣʴʥʳʭ ʧʨʠʤʝʩʝʡ ʜʨʫʛʠʭ ʬʘʟ (BaTiO3 ʩ ʛʝʢʩʘʛʦʥʘʣʴʥʦʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʦʡ ʠ 

BaFe12O19 ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʤʘʛʥʝʪʦʧʣʶʤʙʠʪʘ) ʠ ʫʣʫʯʰʘʣʦ ʤʝʭʘʥʠʯʝʩʢʠʡ ʢʦʥʪʘʢʪ ʤʝʞʜʫ 

ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʠ ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʦʥʥʦʡ ʢʦʤʧʦʥʝʥʪʘʤʠ. 

ʋʤʝʥʴʰʠʪʴ ʥʝʞʝʣʘʪʝʣʴʥʳʝ ʭʠʤʠʯʝʩʢʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʠ 

ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʦʥʥʦʡ ʢʦʤʧʦʥʝʥʪʘʤʠ ʤʦʞʥʦ ʧʫʪʸʤ ʧʨʦʚʝʜʝʥʠʷ ʩʧʝʢʘʥʠʷ ʄʕ ʢʝʨʘʤʠʢʠ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʞʠʜʢʦʡ ʬʘʟʳ, ʩʦʟʜʘʚʘʝʤʦʡ ʚʚʝʜʝʥʠʝʤ ʚ ʰʠʭʪʫ ʧʴʝʟʦʵʣʝʢʪʨʠʢ - ʬʝʨʨʠʪ ʣʝʛʢʦʧʣʘʚʢʠʭ 

ʭʠʤʠʯʝʩʢʠ ʥʝʡʪʨʘʣʴʥʳʭ ʢʦʤʧʦʟʠʮʠʡ. ʇʦʷʚʣʝʥʠʝ ʞʠʜʢʦʡ ʬʘʟʳ ʧʨʠʚʦʜʠʪ ʢ ʘʢʪʠʚʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ 

ʩʧʝʢʘʥʠʷ, ʩʥʠʞʝʥʠʶ ʝʛʦ ʦʧʪʠʤʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʫʤʝʥʴʰʝʥʠʶ ʚʝʨʦʷʪʥʦʩʪʠ 

ʧʨʦʪʝʢʘʥʠʷ ʥʝʞʝʣʘʪʝʣʴʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ ʤʝʞʜʫ ʬʘʟʘʤʠ ʢʦʤʧʦʟʠʪʘ. ʂʨʦʤʝ ʵʪʦʛʦ, 

ʧʨʠʩʫʪʩʪʚʠʝ ʞʠʜʢʦʡ ʬʘʟʳ ʧʨʠ ʩʧʝʢʘʥʠʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʟʘʣʝʯʠʚʘʥʠʶ ʤʠʢʨʦʪʨʝʱʠʥ, ʙʣʘʛʦʜʘʨʷ 

ʯʝʤʫ ʤʝʭʘʥʠʯʝʩʢʠʡ ʢʦʥʪʘʢʪ ʤʝʞʜʫ ʯʘʩʪʠʮʘʤʠ ʢʦʤʧʦʟʠʪʘ ʫʣʫʯʰʘʝʪʩʷ. ʇʨʠ ʩʧʝʢʘʥʠʠ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʞʠʜʢʦʡ ʬʘʟʳ ʠʤʝʝʪ ʤʝʩʪʦ ʜʨʫʛʦʡ ʤʝʭʘʥʠʟʤ ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ 

ʤʘʪʝʨʠʘʣʘ, ʯʝʤ ʙʝʟ ʥʝʸ. ʇʨʠ ʧʦʣʥʦʡ ʩʤʘʯʠʚʘʝʤʦʩʪʠ ʯʘʩʪʠʮ ʬʘʟ ʣʝʛʢʦʧʣʘʚʢʠʤ ʚʝʱʝʩʪʚʦʤ 

ʬʦʨʤʠʨʫʝʪʩʷ ʤʝʣʢʦʟʝʨʥʠʩʪʘʷ ʩʪʨʫʢʪʫʨʘ, ʪʘʢ ʢʘʢ ʦʙʨʘʟʫʶʱʘʷʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʯʘʩʪʠʮ ʠ ʧʦ 

ʛʨʘʥʠʮʘʤ ʟʸʨʝʥ ʞʠʜʢʘʷ ʧʣʸʥʢʘ ʧʨʠʚʦʜʠʪ ʢ ʠʭ ʠʟʦʣʷʮʠʠ ʜʨʫʛ ʦʪ ʜʨʫʛʘ, ʧʨʝʧʷʪʩʪʚʫʷ ʫʢʨʫʧʥʝʥʠʶ. 

ʕʪʦ ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ, ʧʨʠʥʠʤʘʷ ʚʦ ʚʥʠʤʘʥʠʝ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʄʕ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʦʪ ʨʘʟʤʝʨʘ ʢʨʠʩʪʘʣʣʠʪʦʚ. 

ʂʘʢ ʧʦʢʘʟʘʣʠ ʠʩʩʣʝʜʦʚʘʥʠʷ [38], ʚ ʩʣʫʯʘʝ ʩʠʩʪʝʤ ʧʴʝʟʦʵʣʝʢʪʨʠʢ - ʬʝʨʨʠʪ ʦʯʝʥʴ ʪʨʫʜʥʦ 

ʧʦʜʦʙʨʘʪʴ ʣʝʛʢʦʧʣʘʚʢʫ  ʁʜʦʙʘʚʢʫ, ʘʙʩʦʣʶʪʥʦ ʭʠʤʠʯʝʩʢʠ ʠʥʜʠʬʬʝʨʝʥʪʥʫ  ʁʢ ʦʙʝʠʤ ʬʘʟʘʤ. ʊʘʢ, 

ʚʚʝʜʝʥʠʝ ʚ ʩʠʩʪʝʤʫ BaTiO3 - CoFe2O4 ʣʝʛʢʦʧʣʘʚʢʠʭ ʩʚʠʥʝʮʩʦʜʝʨʞʘʱʠʭ ʢʦʤʧʦʥʝʥʪ ʧʨʠʚʦʜʠʣʦ ʢ 

ʦʙʨʘʟʦʚʘʥʠʶ ʧʦ ʛʨʘʥʠʮʘʤ ʟʸʨʝʥ BaTiO3 ʪʚʸʨʜʦʛʦ ʨʘʩʪʚʦʨʘ ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʧʝʨʦʚʩʢʠʪʘ (Pb,Ba)TiO3, 

ʯʪʦ ʩʤʝʱʘʣʦ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʫʶ ʪʦʯʢʫ ʂʶʨʠ ʚ ʦʙʣʘʩʪʴ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ (ʦʪ 130ʉ̄ 

ʜʦ 195ʉ̄). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʘʷ ʬʘʟʘ ʚ ʢʝʨʘʤʠʢʝ ʩʦʭʨʘʥʷʝʪʩʷ, ʥʦ ʠʟʤʝʥʷʝʪʩʷ ʝʸ 

ʩʦʩʪʘʚ, ʯʪʦ ʦʪʨʘʞʘʝʪʩʷ ʥʘ ʩʚʦʡʩʪʚʘʭ ʢʦʤʧʦʟʠʪʘ. ʏʪʦʙʳ ʠʩʢʣʶʯʠʪʴ ʥʝʞʝʣʘʪʝʣʴʥʳʝ ʭʠʤʠʯʝʩʢʠʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʄʕ ʢʦʤʧʦʟʠʪʦʚ ʢʦʤʧʦʥʝʥʪʳ ʩ 

ʤʠʥʠʤʘʣʴʥʳʤʠ ʨʘʟʣʠʯʠʷʤʠ ʚ ʭʠʤʠʯʝʩʢʦʤ ʩʦʩʪʘʚʝ, ʪʦ ʝʩʪʴ ʩ ʥʘʠʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʦʙʱʠʭ 

ʠʦʥʦʚ, ʥʘʧʨʠʤʝʨ, Pb(Co,Fe,Nb)O3 ʠ CoFe2O4. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʩʫʱʝʩʪʚʝʥʥʦ 

ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʯʠʩʣʦ ʚʦʟʤʦʞʥʳʭ ʢʦʤʙʠʥʘʮʠʡ ʩʦʩʪʘʚʦʚ ʧʴʝʟʦʵʣʝʢʪʨʠʢ - ʬʝʨʨʠʪ. ʆʜʥʘʢʦ 
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ʦʢʦʥʯʘʪʝʣʴʥʳʝ ʚʳʚʦʜʳ ʦʙ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʪʘʢʦʛʦ ʧʦʜʭʦʜʘ ʩʜʝʣʘʪʴ ʥʝʣʴʟʷ ʠʟ-ʟʘ ʦʪʩʫʪʩʪʚʠʷ ʚ 

ʨʘʙʦʪʝ [38] ʜʘʥʥʳʭ ʦ ʄʕ ʩʚʦʡʩʪʚʘʭ ʢʦʤʧʦʟʠʪʦʚ. 

ɺʘʞʥʳʤ ʚʦʧʨʦʩʦʤ ʧʦʣʫʯʝʥʠʷ ʄʕ ʢʝʨʘʤʠʯʝʩʢʠʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʷʚʣʷʝʪʩʷ 

ʫʧʨʘʚʣʝʥʠʝ ʧʦʨʠʩʪʦʩʪʴʶ. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʜʣʷ ʚʳʩʦʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʄʕ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʚ 

ʢʦʤʧʦʟʠʪʘʭ ʥʝʦʙʭʦʜʠʤ ʧʨʦʯʥʳʡ ʤʝʭʘʥʠʯʝʩʢʠʡ ʢʦʥʪʘʢʪ ʤʝʞʜʫ ʯʘʩʪʠʮʘʤʠ ʬʘʟ, ʧʦʵʪʦʤʫ 

ʥʘʠʙʦʣʴʰʠʭ ʚʝʣʠʯʠʥ DE/DH ʩʣʝʜʫʝʪ ʦʞʠʜʘʪʴ ʦʪ ʧʣʦʪʥʦʡ ʢʝʨʘʤʠʢʠ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʠʟʚʝʩʪʥʦ, 

ʯʪʦ ʧʦʨʠʩʪʘʷ ʧʴʝʟʦʢʝʨʘʤʠʢʘ ʦʙʣʘʜʘʝʪ ʨʝʢʦʨʜʥʦ ʚʳʩʦʢʦʡ ʧʴʝʟʦʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʢ 

ʤʝʭʘʥʠʯʝʩʢʦʤʫ ʥʘʧʨʷʞʝʥʠʶ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʧʨʝʜʩʪʘʚʣʷʶʪ ʠʥʪʝʨʝʩ ʨʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ [47]. 

ʀʟʫʯʝʥʠʝ ʚʣʠʷʥʠʷ ʧʦʨʠʩʪʦʩʪʠ ʥʘ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʝ ʠ ʄʕ ʩʚʦʡʩʪʚʘ ʢʦʤʧʦʟʠʪʦʚ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ 

ʦʙʨʘʟʮʘʭ ʩʦʩʪʘʚʘ 50 ʤʘʩʩ.% Ni0.9Co0.1Fe2O4 + 50 ʤʘʩʩ.% ʎʊʉ-36. ʇʨʦʜʦʣʴʥʘʷ 

ʧʴʝʟʦʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ g33 ʧʦʨʠʩʪʳʭ ʄʕ ʤʘʪʝʨʠʘʣʦʚ ʦʢʘʟʘʣʘʩʴ ʩʫʱʝʩʪʚʝʥʥʦ ʚʳʰʝ, ʯʝʤ ʫ ʧʣʦʪʥʦʡ 

ʢʦʤʧʦʟʠʮʠʦʥʥʦʡ ʢʝʨʘʤʠʢʠ, ʦʜʥʘʢʦ ʧʦ ʚʝʣʠʯʠʥʝ ʄʕ ʢʦʵʬʬʠʮʠʝʥʪʘ ʦʙʨʘʟʮʳ ʩ ʧʦʨʠʩʪʦʩʪʴʶ ʚʳʰʝ 

20 ʦʙ.% ʫʩʪʫʧʘʣʠ ʧʣʦʪʥʳʤ. ɺ ʠʥʪʝʨʚʘʣʝ ʦʪ 0 ʜʦ 20 ʦʙ.% ʧʦʨʠʩʪʦʩʪʠ ʟʥʘʯʝʥʠʷ ʄʕ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

ʩʣʘʙʦ ʚʦʟʨʘʩʪʘʣʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʧʦʨʠʩʪʦʩʪʠ ʭʦʪʷ ʠ ʨʘʩʪʸʪ 

ʧʴʝʟʦʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʄʕ ʤʘʪʝʨʠʘʣʘ, ʦʜʥʘʢʦ ʥʘʣʠʯʠʝ ʧʦʨ ʚ ʢʦʤʧʦʟʠʪʝ ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ 

ʯʘʩʪʠʮʳ ʢʘʞʜʦʡ ʬʘʟʳ ʧʦʣʫʯʘʶʪ ʙʦʣʴʰʫʶ ʩʚʦʙʦʜʫ ʜʝʬʦʨʤʠʨʦʚʘʪʴʩʷ, ʥʝ ʚʳʟʳʚʘʷ ʜʝʬʦʨʤʘʮʠʠ 

ʜʨʫʛʦʡ ʬʘʟʳ. ʕʪʦ ʠ ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʄʕ ʢʦʵʬʬʠʮʠʝʥʪʦʚ. 

ʆʩʦʙʦʝ ʤʝʩʪʦ ʚ ʪʝʭʥʦʣʦʛʠʠ ʄʕ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʟʘʥʠʤʘʝʪ ʵʣʝʢʪʨʠʯʝʩʢʘʷ 

ʧʦʣʷʨʠʟʘʮʠʷ, ʚ ʧʨʦʮʝʩʩʝ ʢʦʪʦʨʦʡ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʦʨʠʝʥʪʘʮʠʷ 

ʧʦʣʷʨʥʳʭ ʦʩʝʡ ʜʦʤʝʥʦʚ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʬʘʟʳ ʢʦʤʧʦʟʠʪʘ ʚʜʦʣʴ ʥʘʧʨʘʚʣʝʥʠʡ, ʨʘʟʨʝʰʸʥʥʳʭ 

ʩʠʤʤʝʪʨʠʝʡ ʠ ʥʘʠʙʦʣʝʝ ʙʣʠʟʢʠʭ ʢ ʥʘʧʨʘʚʣʝʥʠʶ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ 

ʧʦʢʘʟʘʥʦ [41], ʯʪʦ ʟʥʘʯʝʥʠʷ ʄʕ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʢʦʤʧʦʟʠʪʦʚ ʟʘʚʠʩʷʪ ʦʪ ʫʩʣʦʚʠʡ ʠʭ ʧʦʣʷʨʠʟʘʮʠʠ. 

ɸʚʪʦʨʘʤʠ [41] ʧʨʝʜʣʦʞʝʥʘ ʦʨʠʛʠʥʘʣʴʥʘʷ ʤʝʪʦʜʠʢʘ ʧʦʣʷʨʠʟʘʮʠʠ ʢʦʤʧʦʟʠʪʦʚ, ʩʦʩʪʦʷʱʘʷ ʚ 

ʩʣʝʜʫʶʱʝʤ: ʦʙʨʘʟʮʳ ʥʘʛʨʝʚʘʶʪ ʜʦ ʪʝʤʧʝʨʘʪʫʨ ʛʦʨʘʟʜʦ ʚʳʰʝ ʪʦʯʢʠ ʂʶʨʠ, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ 

ʥʦʩʠʪʝʣʠ ʟʘʨʷʜʦʚ ʩʪʘʥʦʚʷʪʩʷ ʧʦʜʚʠʞʥʳʤʠ, ʘ ʟʘʪʝʤ, ʧʨʠʣʦʞʠʚ ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʧʦʣʝ, ʦʭʣʘʞʜʘʶʪ ʜʦ 

ʪʝʤʧʝʨʘʪʫʨʳ, ʥʝʩʢʦʣʴʢʦ ʧʨʝʚʳʰʘʶʱʝʡ ʪʝʤʧʝʨʘʪʫʨʫ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ, ʠ ʦʪʢʣʶʯʘʶʪ ʧʦʣʝ. ʇʨʠ 

ʜʘʣʴʥʝʡʰʝʤ ʦʭʣʘʞʜʝʥʠʠ ʤʘʪʝʨʠʘʣ ʧʦʣʷʨʠʟʫʝʪʩʷ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʩʬʦʨʤʠʨʦʚʘʚʰʝʛʦʩʷ 

"ʚʥʫʪʨʝʥʥʝʛʦ" ʧʦʣʷ. ʇʦ ʜʘʥʥʳʤ ʨʘʙʦʪʳ [41], ʢʦʤʧʦʟʠʪʳ, ʥʘʧʦʣʷʨʠʟʦʚʘʥʥʳʝ ʪʘʢʠʤ ʩʧʦʩʦʙʦʤ, 

ʦʪʣʠʯʘʣʠʩʴ ʧʦʚʳʰʝʥʥʦʡ ʚʨʝʤʝʥʥʦʡ ʠ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʩʪʘʙʠʣʴʥʦʩʪʴʶ ʧʘʨʘʤʝʪʨʦʚ ʠ ʜʦʧʫʩʢʘʣʠ 

ʢʨʘʪʢʦʚʨʝʤʝʥʥʳʡ ʧʝʨʝʛʨʝʚ ʚʳʰʝ ʪʦʯʢʠ ʂʶʨʠ. ʀʭ ʢʦʵʬʬʠʮʠʝʥʪʳ ʄʕ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʙʳʣʠ ʚ 

1.5 ʨʘʟʘ ʚʳʰʝ, ʯʝʤ ʫ ʤʘʪʝʨʠʘʣʦʚ, ʥʘʧʦʣʷʨʠʟʦʚʘʥʥʳʭ ʪʨʘʜʠʮʠʦʥʥʳʤ ʩʧʦʩʦʙʦʤ (ʦʭʣʘʞʜʝʥʠʝ ʧʦʜ 

ʧʦʣʝʤ ʥʠʞʝ ʪʦʯʢʠ ʂʶʨʠ). 

ʆʩʥʦʚʥʳʤ ʬʘʢʪʦʨʦʤ, ʟʘʪʨʫʜʥʷʶʱʠʤ ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʧʦʣʷʨʠʟʘʮʠʶ ʄʕ ʢʦʤʧʦʟʠʪʦʚ ʠ 

ʩʥʠʞʘʶʱʠʤ ʝʸ ʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʷʚʣʷʝʪʩʷ ʧʦʚʳʰʝʥʥʘʷ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ ʵʪʠʭ ʤʘʪʝʨʠʘʣʦʚ, ʚ 

ʦʩʥʦʚʥʦʤ ʦʙʫʩʣʦʚʣʝʥʥʘʷ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʚʳʩʦʢʠʤ ʫʜʝʣʴʥʳʤ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ 
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ʬʝʨʨʠʪʦʚ, ʢʦʪʦʨʦʝ ʧʨʠ ʧʦʚʳʰʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʞʘʝʪʩʷ. ʕʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ 

ʬʝʨʨʠʪʦʚ ʦʙʫʩʣʦʚʣʝʥʘ ʥʘʣʠʯʠʝʤ ʚ ʵʢʚʠʚʘʣʝʥʪʥʳʭ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʭ ʧʦʣʦʞʝʥʠʷʭ 

ʦʜʥʦʠʤʸʥʥʳʭ ʠʦʥʦʚ ʩ ʧʝʨʝʤʝʥʥʦʡ ʚʘʣʝʥʪʥʦʩʪʴʶ (ʥʘʧʨʠʤʝʨ, Fe2+ ʠ Fe3+), ʤʝʞʜʫ ʢʦʪʦʨʳʤʠ 

ʚʩʣʝʜʩʪʚʠʝ ʥʝʚʳʩʦʢʦʡ ʵʥʝʨʛʠʠ ʘʢʪʠʚʘʮʠʠ ʧʨʦʮʝʩʩʘ ʧʨʦʠʩʭʦʜʠʪ ʦʙʤʝʥ ʵʣʝʢʪʨʦʥʘʤʠ: 

Fe2+ + Fe3+ Ú Fe3+ + Fe2+ (çʧʨʳʞʢʦʚʳʡè ʤʝʭʘʥʠʟʤ ʧʨʦʚʦʜʠʤʦʩʪʠ). ʇʨʠ ʥʘʣʦʞʝʥʠʠ ʚʥʝʰʥʝʛʦ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʚʦʟʥʠʢʘʝʪ ʥʘʧʨʘʚʣʝʥʥʳʡ ʜʨʝʡʬ ʵʣʝʢʪʨʦʥʦʚ, ʠ ʧʨʠ ʙʦʣʴʰʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʠʦʥʦʚ Fe2+ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ ʬʝʨʨʠʪʦʚ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ ʚʝʩʴʤʘ ʚʳʩʦʢʠʭ ʟʥʘʯʝʥʠʡ. 

ʇʦʚʳʰʝʥʥʘʷ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ ʬʝʨʨʠʪʦʚ ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʧʨʠ ʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʧʦʣʷʨʠʟʘʮʠʠ ʄʕ ʤʘʪʝʨʠʘʣʦʚ ʵʬʬʝʢʪʠʚʥʦʝ ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʧʦʣʝ ʚ ʢʦʤʧʦʟʠʮʠʦʥʥʦʤ ʦʙʨʘʟʮʝ 

ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʞʘʝʪʩʷ, ʠ ʝʩʪʴ ʚʝʨʦʷʪʥʦʩʪʴ ʥʝ ʜʦʩʪʠʛʥʫʪʴ ʥʘʩʳʱʝʥʠʷ ʧʦʣʷʨʠʟʘʮʠʠ ʧʴʝʟʦʬʘʟʳ. 

ʇʨʠ ʵʪʦʤ ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ ʧʦʚʳʰʝʥʥʫʶ ʩʝʛʥʝʪʦʞʸʩʪʢʦʩʪʴ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʢʦʤʧʦʥʝʥʪ,r 

ʚʦʟʥʠʢʘʶʱʫʶ ʚ ʨʝʟʫʣʴʪʘʪʝ ʤʝʞʬʘʟʥʦʛʦ ʣʝʛʠʨʦʚʘʥʠʷ (ʩʤ. ʨʘʟʜʝʣ II.2.5) ʠ ʪʘʢʞʝ ʟʘʪʨʫʜʥʷʶʱʫʶ 

ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʧʦʣʷʨʠʟʘʮʠʶ ʄʕ ʢʦʤʧʦʟʠʪʦʚ. 

ʆʜʥʠʤ ʠʟ ʩʧʦʩʦʙʦʚ ʧʦʥʠʞʝʥʠʷ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʬʝʨʨʠʪʦʚ ʷʚʣʷʝʪʩʷ ʠʭ ʦʪʞʠʛ ʚ 

ʦʢʠʩʣʠʪʝʣʴʥʦʡ ʘʪʤʦʩʬʝʨʝ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʦʛʦ ʦʙʨʘʟʦʚʘʚʰʠʝʩʷ ʧʨʠ ʩʧʝʢʘʥʠʠ ʠʦʥʳ Fe2+ 

ʧʝʨʝʭʦʜʷʪ ʚ Fe3+. ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ [43], ʦʪʞʠʛ ʄʕ ʢʦʤʧʦʟʠʪʦʚ ʚ ʘʪʤʦʩʬʝʨʝ ʢʠʩʣʦʨʦʜʘ ʪʘʢʞʝ 

ʜʘʚʘʣ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʧʨʠ ʵʪʦʤ ʠʭ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʚʦʟʨʘʩʪʘʣʦ ʜʦ 109 ʆʤÖʩʤ. 

ɺ 2001-2005 ʛʛ. ʙʣʘʛʦʜʘʨʷ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʛʨʫʧʧʳ ʠʟ ʫʥʠʚʝʨʩʠʪʝʪʘ ʚ ʐʠʚʘʡʷʭ 

(ʀʥʜʠʷ) ʩʧʠʩʦʢ ʩʤʝʩʝʚʳʭ ʄʕ ʢʦʤʧʦʟʠʪʦʚ ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʩʰʠʨʠʣʩʷ [55ï60]. ʅʘʨʷʜʫ ʩ 

ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʬʝʨʨʠʪʘʤʠ ʢʦʙʘʣʴʪʘ ʠ ʥʠʢʝʣʷ ʠ ʤʘʪʝʨʠʘʣʘʤʠ ʎʊʉ ʘʚʪʦʨʳ ʠʩʧʦʣʴʟʫʶʪ ʚ ʢʘʯʝʩʪʚʝ 

ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʦʥʥʳʭ ʢʦʤʧʦʥʝʥʪ ʬʝʨʨʠʪʳ ʥʘ ʦʩʥʦʚʝ CuFe2O4 ʩ ʜʦʙʘʚʢʘʤʠ ʭʨʦʤʘ, ʥʠʢʝʣʷ, 

ʢʦʙʘʣʴʪʘ, ʤʘʨʛʘʥʮʘ, ʘ ʚ ʢʘʯʝʩʪʚʝ ʧʴʝʟʦʬʘʟʳ ï ʪʠʪʘʥʘʪ ʙʘʨʠʷ-ʩʚʠʥʮʘ Ba0.8Pb0.2TiO3. ʀʥʪʝʨʝʩ ʢ 

ʬʝʨʨʠʪʫ ʤʝʜʠ ʚ ʢʘʯʝʩʪʚʝ ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʦʥʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʄʕ ʢʝʨʘʤʠʢʠ ʘʚʪʦʨʳ [55ï60] 

ʩʚʷʟʳʚʘʶʪ ʩ ʪʝʤ, ʯʪʦ ʚ ʦʪʣʠʯʠʝ ʦʪ ʬʝʨʨʠʪʦʚ ʢʦʙʘʣʴʪʘ, ʥʠʢʝʣʷ ʠ ʜʨ. ʬʝʨʨʠʪ ʤʝʜʠ ʠʤʝʝʪ 

ʪʝʪʨʘʛʦʥʘʣʴʥʦ ʠʩʢʘʞʝʥʥʫʶ ʵʣʝʤʝʥʪʘʨʥʫʶ ʷʯʝʡʢʫ ʚʩʣʝʜʩʪʚʠʝ ʪʦʛʦ, ʯʪʦ ʠʦʥʳ ʤʝʜʠ (2+) ʷʚʣʷʶʪʩʷ 

ʷʥ-ʪʝʣʣʝʨʦʚʩʢʠʤʠ ʢʘʪʠʦʥʘʤʠ. ʆʜʥʘʢʦ ʵʪʦ ʚʳʛʣʷʜʠʪ ʥʝ ʚʧʦʣʥʝ ʦʙʦʩʥʦʚʘʥʥʳʤ, ʪ.ʢ. ʠʟʚʝʩʪʥʦ [61], 

ʯʪʦ ʯʝʤ ʙʦʣʴʰʝ ʪʝʪʨʘʛʦʥʘʣʴʥʦʝ ʠʩʢʘʞʝʥʠʝ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʰʧʠʥʝʣʠ, ʪʝʤ ʤʝʥʴʰʝ 

ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʷ ʬʝʨʨʠʪʘ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʟʥʘʯʝʥʠʷ ʄʕ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʦʣʫʯʝʥʥʦʡ ʢʝʨʘʤʠʢʠ 

ʦʢʘʟʘʣʠʩʴ ʥʝʚʝʣʠʢʠ, ʤʝʥʝʝ 1 ʤɺ/(ʩʤÖʕ). ɺ ʙʦʣʝʝ ʧʦʟʜʥʠʭ ʨʘʙʦʪʘʭ [62ï65] ʜʦʙʠʪʴʩʷ ʩʫʱʝʩʪʚʝʥʥʦʛʦ 

ʫʣʫʯʰʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʄʕ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʥʝ ʫʜʘʣʦʩʴ. 

ʅʝʚʳʩʦʢʠʝ ʚʝʣʠʯʠʥʳ ʄʕ ʦʪʢʣʠʢʘ ʦʙʥʘʨʫʞʝʥʳ ʫ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, 

ʩʦʜʝʨʞʘʱʠʭ ʥʠʢʝʣʴ-ʮʠʥʢʦʚʳʝ ʬʝʨʨʠʪʳ. ʊʘʢ, ʄʕ ʢʦʵʬʬʠʮʠʝʥʪ ʜʚʫʭʬʘʟʥʳʭ ʢʝʨʘʤʠʢ 

Ba0.95Sr0.05TiO3 ï Ni0.7Zn0.2Co0.1Fe2O4 [66] ʠ Ni0.5Zn0.5Fe2O4 - Pb(Zr0.48Ti0.52)O3 [67] ʥʝ ʧʨʝʚʳʰʘʝʪ 

2.58 ʠ 12 ʤɺ/(ʩʤÖʕ) ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺ ʨʷʜʝ ʨʘʙʦʪ ʩʚʝʜʝʥʠʷ ʦ ʚʝʣʠʯʠʥʘʭ Dɽ/Dʅ ʥʝ ʩʦʜʝʨʞʘʪʩʷ 

ʚʦʦʙʱʝ [68],[69]. ʕʪʦ ʥʝʦʞʠʜʘʥʥʦ, ʪʘʢ ʢʘʢ ʠʟ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʠʟʚʝʩʪʥʦ [70], ʯʪʦ 
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ʥʠʢʝʣʴ-ʮʠʥʢʦʚʳʝ ʬʝʨʨʠʪʳ, ʥʘʧʨʠʤʝʨ, ʬʝʨʨʠʪ ʩʦʩʪʘʚʘ Ni0.36Zn0.64Fe2O4, ʦʙʣʘʜʘʶʪ ʵʢʩʪʨʝʤʘʣʴʥʦ 

ʚʳʩʦʢʦʡ ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʝʡ. ɺʦʟʤʦʞʥʦ, ʵʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʚʝʣʠʯʠʥʳ ʤʘʛʥʠʪʥʦʡ 

ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʠ ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʠ ʬʝʨʨʠʪʦʚ ʩʠʣʴʥʦ ʟʘʚʠʩʷʪ ʦʪ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʘʪʠʦʥʦʚ ʧʦ 

ɸ- ʠ ɺ-ʧʦʜʨʝʰʝʪʢʘʤ ʬʝʨʨʠʪʘ, ʘ ʵʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʝʞʠʤʘʤʠ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ 

ʤʘʪʝʨʠʘʣʦʚ. ʇʦ ʚʩʝʡ ʚʠʜʠʤʦʩʪʠ, ʘʚʪʦʨʘʤ ʮʠʪʠʨʫʝʤʳʭ ʨʘʙʦʪ ʥʝ ʫʜʘʣʦʩʴ ʧʦʜʦʙʨʘʪʴ ʦʧʪʠʤʘʣʴʥʳʝ 

ʨʝʞʠʤʳ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʢʦʤʧʦʟʠʮʠʦʥʥʦʡ ʢʝʨʘʤʠʢʠ. 

ɽʱʝ ʦʜʥʦ ʠʥʪʝʥʩʠʚʥʦ ʨʘʟʚʠʚʘʶʱʝʝʩʷ ʥʘʧʨʘʚʣʝʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʄʕ ʢʝʨʘʤʠʯʝʩʢʠʭ 

ʢʦʤʧʦʟʠʪʦʚ ʩʚʷʟʘʥʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚ ʢʘʯʝʩʪʚʝ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʬʘʟ ʙʝʩʩʚʠʥʮʦʚʳʭ 

ʧʴʝʟʦʤʘʪʝʨʠʘʣʦʚ, ʚ ʯʘʩʪʥʦʩʪʠ, ʥʠʦʙʘʪʦʚ ʱʝʣʦʯʥʳʭ ʤʝʪʘʣʣʦʚ (Li ,Na,K)NbO3 ʠ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ 

ʥʘ ʦʩʥʦʚʝ ʪʠʪʘʥʘʪʘ ʥʘʪʨʠʷ-ʚʠʩʤʫʪʘ Na0.5Bi0.5TiO3. ʇʦ ʢʦʤʧʣʝʢʩʫ ʧʨʠʩʫʱʠʭ ʠʤ 

ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʦʥʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʨʝʘʣʴʥʫʶ ʘʣʴʪʝʨʥʘʪʠʚʫ ʧʴʝʟʦʢʝʨʘʤʠʢʝ ʥʘ 

ʦʩʥʦʚʝ ʮʠʨʢʦʥʘʪʘ-ʪʠʪʘʥʘʪʘ ʩʚʠʥʮʘ (ʎʊʉ), ʪ.ʢ. ʠʤʝʶʪ ʚʳʩʦʢʠʝ ʪʦʯʢʠ ʂʶʨʠ, ʥʠʟʢʠʝ ʪʝʤʧʝʨʘʪʫʨʳ 

ʩʧʝʢʘʥʠʷ ʠ ʥʝ ʩʦʜʝʨʞʘʪ ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ ʩʚʠʥʮʘ, ʘ ʟʥʘʯʠʪ, ʥʝ ʷʚʣʷʶʪʩʷ ʪʦʢʩʠʯʥʳʤʠ. ʍʦʪʷ 

ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʘʷ ʢʝʨʘʤʠʢʘ Pb(Zr,Ti)O3 ʚ ʮʝʣʦʤ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʠʤʝʝʪ ʙʦʣʝʝ ʚʳʩʦʢʠʝ 

ʧʴʝʟʦʧʘʨʘʤʝʪʨʳ, ʚʦʧʨʦʩʳ ʦʭʨʘʥʳ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʤʦʛʫʪ ʧʦʪʨʝʙʦʚʘʪʴ ʟʘʤʝʥʳ ʤʘʪʝʨʠʘʣʦʚ ʥʘ 

ʩʚʠʥʮʦʚʦʡ ʦʩʥʦʚʝ. ɹʦʣʝʝ ʪʦʛʦ, ʦʧʪʠʤʠʟʘʮʠʷ ʩʦʩʪʘʚʘ ʠ ʣʝʛʠʨʦʚʘʥʠʝ (Li,Na,K)NbO3 

ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʜʦʙʘʚʢʘʤʠ ʫʞʝ ʧʦʟʚʦʣʠʣʠ ʧʦʣʫʯʠʪʴ ʩʨʘʚʥʠʤʳʝ ʧʦ ʩʚʦʡʩʪʚʘʤ ʩ ʎʊʉ 

ʧʴʝʟʦʤʘʪʝʨʠʘʣʳ [71, 72]. ʏʪʦ ʢʘʩʘʝʪʩʷ ʠʟʫʯʝʥʠʷ ʄʕ ʢʦʤʧʦʟʠʪʦʚ ʥʘ ʦʩʥʦʚʝ ʥʠʦʙʘʪʦʚ ʱʝʣʦʯʥʳʭ 

ʤʝʪʘʣʣʦʚ ʠ ʪʠʪʘʥʘʪʘ ʥʘʪʨʠʷ-ʚʠʩʤʫʪʘ, ʪʦ ʪʘʢʠʝ ʨʘʙʦʪʳ ʥʝʤʥʦʛʦʯʠʩʣʝʥʥʳ, ʠ, ʩʫʜʷ ʧʦ ʚʨʝʤʝʥʠ 

ʚʳʭʦʜʘ ʧʫʙʣʠʢʘʮʠʡ ʚ ʩʚʝʪ, ʜʘʥʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʥʘʭʦʜʠʪʩʷ ʚ ʩʘʤʦʤ ʥʘʯʘʣʝ ʩʚʦʝʛʦ ʨʘʟʚʠʪʠʷ. 

ʊʘʢ, ʚ ʨʘʙʦʪʘʭ [73, 74] ʠʩʩʣʝʜʫʶʪʩʷ ʄʕ ʢʦʤʧʦʟʠʪʳ x CoFe2O4 ï (1-x) 

[0.948(K0.5Na0.5)NbO3ï0.052LiSbO3]. ɹʝʩʩʚʠʥʮʦʚʘʷ ʢʝʨʘʤʠʢʘ 0.948(K0.5Na0.5)NbO3ï0.052LiSbO3 

ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʧʨʠʤʝʨʦʚ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʭ ʧʴʝʟʦʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ʥʠʦʙʘʪʦʚ 

ʱʝʣʦʯʥʳʭ ʤʝʪʘʣʣʦʚ. ʆʥʘ ʠʤʝʝʪ ʚʳʩʦʢʠʝ ʧʴʝʟʦʧʘʨʘʤʝʪʨʳ - ʢʦʵʬʬʠʮʠʝʥʪ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʦʡ 

ʩʚʷʟʠ k33 = 62%, ʧʴʝʟʦʤʦʜʫʣʴ d33 = 265 ʧʂʣ/ʅ. ɺ ʨʘʙʦʪʝ [73] ʢʦʤʧʦʟʠʪʳ ʥʘ ʝʝ ʦʩʥʦʚʝ c x = 0.15, 

0.3, 0.4, 0.5 ʠ 0.65 ʙʳʣʠ ʠʟʛʦʪʦʚʣʝʥʳ ʧʨʠ 950ęC ʠʟ ʧʦʨʦʰʢʘ ʧʴʝʟʦʵʣʝʢʪʨʠʢʘ, ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʛʦ 

ʪʚʝʨʜʦʬʘʟʥʳʤ ʩʧʦʩʦʙʦʤ, ʠ ʬʝʨʨʠʪʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʛʝʣʴ-ʤʝʪʦʜʦʤ. ʈʝʥʪʛʝʥʦʬʘʟʦʚʳʡ ʘʥʘʣʠʟ 

ʧʦʢʘʟʘʣ ʦʪʩʫʪʩʪʚʠʝ ʢʘʢʠʭ-ʣʠʙʦ ʧʨʠʤʝʩʥʳʭ ʬʘʟ ʚ ʢʦʤʧʦʟʠʪʘʭ ʧʦʩʣʝ ʩʧʝʢʘʥʠʷ. ʄʘʢʩʠʤʘʣʴʥʦʝ 

ʟʥʘʯʝʥʠʝ ʄʕ ʢʦʵʬʬʠʮʠʝʥʪʘ Dɽ/Dʅ ʦʢʘʟʘʣʦʩʴ ʨʘʚʥʳʤ 15.01 ʤɺ/(ʩʤĿʕ) ʥʘ ʯʘʩʪʦʪʝ 1 ʢɻʮ ʜʣʷ 

ʦʙʨʘʟʮʦʚ ʩ x = 0.4. ɻʦʨʘʟʜʦ ʙʦʣʴʰʝʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʄʕ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʫʜʘʣʦʩʴ ʜʦʙʠʪʴʩʷ ʚ 

ʨʘʙʦʪʝ [74] ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʦʛʦ ʞʝ ʧʴʝʟʦʤʘʪʝʨʠʘʣʘ ʥʘ ʤʥʦʛʦʩʣʦʡʥʳʭ ʤʫʣʴʪʠʬʝʨʨʦʠʯʥʳʭ 

ʧʣʝʥʢʘʭ 0.948(K0.5Na0.5)NbO3ï0.052LiSbO3/CoFe2O4/0.948(K0.5Na0.5)NbO3ï0.052LiSbO3, 

ʧʦʣʫʯʝʥʥʳʭ ʤʝʪʦʜʦʤ ʠʤʧʫʣʴʩʥʦʛʦ ʣʘʟʝʨʥʦʛʦ ʦʩʘʞʜʝʥʠʷ, ʜʣʷ ʢʦʪʦʨʳʭ ʤʘʢʩʠʤʫʤ ʄʕ ʵʬʬʝʢʪʘ ʥʘ 

ʯʘʩʪʦʪʝ ʨʝʟʦʥʘʥʩʘ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 1 ɺ/(ʩʤĿʕ). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʴʝʟʦʤʘʪʝʨʠʘʣʳ ʥʘ ʦʩʥʦʚʝ 
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(Li ,Na,K)NbO3 ʩʣʝʜʫʝʪ ʧʨʠʟʥʘʪʴ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʢʘʥʜʠʜʘʪʘʤʠ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ 

ʄʕ ʢʦʤʧʦʟʠʪʦʚ. 

ʆʪʥʦʩʠʪʝʣʴʥʦ ʢʦʤʧʦʟʠʪʦʚ ʥʘ ʦʩʥʦʚʝ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ ʪʠʪʘʥʘʪʘ ʥʘʪʨʠʷ-ʚʠʩʤʫʪʘ ʚ 

ʣʠʪʝʨʘʪʫʨʝ ʠʤʝʶʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʪʠʚʦʨʝʯʠʚʳʝ ʜʘʥʥʳʝ. ʊʘʢ, ʚ ʨʘʙʦʪʝ [75] ʦʧʠʩʳʚʘʶʪʩʷ 

ʢʦʤʧʦʟʠʪʳ ʭ Ni0.5Zn0.5Fe1.9O4-d - (1-ʭ) Na0.5Bi0.5TiO3 ʩ ʭ = 0.05, 0.15 ʠ 0.25 ʤʦʣʴʥʳʭ ʜʦʣʝʡ. ʄʝʪʦʜʦʤ 

ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʠʟʘ ʫʩʪʘʥʦʚʣʝʥʦ ʦʪʩʫʪʩʪʚʠʝ ʧʦʩʪʦʨʦʥʥʠʭ ʬʘʟ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʢʦʤʧʦʟʠʪʳ ʩ 

ʭ = 0.25 ʦʙʣʘʜʘʶʪ ʥʘʠʙʦʣʝʝ ʚʳʨʘʞʝʥʥʳʤʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ. ʄʘʢʩʠʤʫʤ 

ʄʕ ʢʦʵʬʬʠʮʠʝʥʪʘ ʥʝʚʝʣʠʢ ʠ ʩʦʩʪʘʚʣʷʝʪ ~870 mɺ/(ʩʤÖʕ). ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʜʣʷ ʢʦʤʧʦʟʠʪʦʚ ʩʠʩʪʝʤʳ 

x Ni0.83Co0.15Cu0.02Fe1.9O4-ŭ ï (1īx) Na0.5Bi0.5TiO3, ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʪʝʤʠ ʞʝ ʘʚʪʦʨʘʤʠ ʠ ʦʧʠʩʘʥʥʳʭ ʚ 

ʨʘʙʦʪʝ [76], ʚʝʣʠʯʠʥʘ ʄʕ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʦʯʪʠ ʥʘ ʪʨʠ ʧʦʨʷʜʢʘ ʙʦʣʴʰʝ ʠ ʜʣʷ ʩʦʩʪʘʚʘ ʩ ʭ = 0.5 

ʩʦʩʪʘʚʣʷʝʪ 663 ʤɺ/(ʩʤÖʕ), ʯʪʦ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʥʝ ʚʧʦʣʥʝ ʦʙʦʩʥʦʚʘʥʥʳʤ. 

ʇʦʤʠʤʦ ʢʦʤʧʦʟʠʪʦʚ ʥʘ ʦʩʥʦʚʝ ʥʠʦʙʘʪʦʚ ʱʝʣʦʯʥʳʭ ʤʝʪʘʣʣʦʚ ʠ ʪʠʪʘʥʘʪʘ ʥʘʪʨʠʷ-ʚʠʩʤʫʪʘ ʚ 

ʣʠʪʝʨʘʪʫʨʝ ʦʧʠʩʘʥʘ ʙʝʩʩʚʠʥʮʦʚʘʷ ʄʕ ʢʝʨʘʤʠʢʘ, ʚ ʢʦʪʦʨʦʡ ʚ ʢʘʯʝʩʪʚʝ ʧʴʝʟʦʬʘʟʳ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʜʨʫʛʠʝ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʢʠ. ʅʘʧʨʠʤʝʨ, ʚ ʨʘʙʦʪʝ [77] ʦʙʩʫʞʜʘʶʪʩʷ ʩʤʝʩʝʚʳʝ ʢʦʤʧʦʟʠʪʳ 

(1-ʭ) Ba0.5Sr0.5Zr0.5Ti0.5O3 + x Ni0.12Mg0.18Cu0.2Zn0.5Fe2O4 (x = 20, 40, 60 ʠ 80 ʤʘʩʩ.%), ʠʟʛʦʪʦʚʣʝʥʥʳʝ 

ʪʚʝʨʜʦʬʘʟʥʳʤ ʩʧʦʩʦʙʦʤ. ɸʚʪʦʨʳ ʦʪʤʝʯʘʶʪ ʜʚʫʭʬʘʟʥʳʡ ʩʦʩʪʘʚ ʢʝʨʘʤʠʢʠ ʧʦʩʣʝ ʩʧʝʢʘʥʠʷ, 

ʭʦʨʦʰʠʡ ʤʝʭʘʥʠʯʝʩʢʠʡ ʢʦʥʪʘʢʪ ʬʘʟ, ʩʠʣʴʥʫʶ ʯʘʩʪʦʪʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ. 

ʄʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʄʕ ʢʦʵʬʬʠʮʠʝʥʪʘ ʫ ʦʙʨʘʟʮʦʚ ʩ ʭ = 20 ʩʦʩʪʘʚʣʷʝʪ ~600 mɺ/(ʩʤÖʕ).  

ʆʪʥʦʩʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʄʕ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʦʙʣʘʜʘʶʪ ʠ 

ʄʕ ʢʦʤʧʦʟʠʪʳ x NiFe1.9Mn0.1O4 - (1 x) BaZr0.08Ti0.92O3, ʦʧʠʩʘʥʥʳʝ ʚ [78], ʜʣʷ ʢʦʪʦʨʳʭ 

Dɽ/Dʅ = 1.18 ʤɺ/(ʩʤÖʕ). 

ɺ ʪʘʙʣʠʮʝ II.2 ʧʨʝʜʩʪʘʚʣʝʥʳ ʠʟʚʝʩʪʥʳʝ ʠʟ ʣʠʪʝʨʘʪʫʨʳ ʩʦʩʪʘʚʳ ʄʕ ʢʦʤʧʦʟʠʪʦʚ ʥʘ ʦʩʥʦʚʝ 

ʬʝʨʨʠʪʦʚ-ʰʧʠʥʝʣʝʡ, ʠʟʛʦʪʦʚʣʝʥʥʳʝ ʢʝʨʘʤʠʯʝʩʢʠʤ ʧʫʪʝʤ. ʄʦʞʥʦ ʚʠʜʝʪʴ, ʯʪʦ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʧʨʠʨʦʜʳ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʠ ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʦʥʥʦʡ ʢʦʤʧʦʥʝʥʪ ʟʥʘʯʝʥʠʷ ʄʕ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

Dɽ/Dʅ ʢʦʤʧʦʟʠʮʠʦʥʥʦʡ ʢʝʨʘʤʠʢʠ ʠʟʤʝʥʷʶʪʩʷ ʚ ʜʦʚʦʣʴʥʦ ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ ï ʦʪ ʜʦʣʝʡ ʜʦ 

ʥʝʩʢʦʣʴʢʠʭ ʜʝʩʷʪʢʦʚ ʤɺ/(ʩʤÖʕ).  

II .2.2. ʀʩʧʦʣʴʟʦʚʘʥʠʝ çʤʦʢʨʳʭè ʤʝʪʦʜʦʚ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʤʘʛʥʠʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ 

ʢʦʤʧʦʟʠʪʦʚ ʥʘ ʦʩʥʦʚʝ ʬʝʨʨʠʪʦʚ-ʰʧʠʥʝʣʝʡ 

ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʧʨʝʜʧʨʠʥʠʤʘʶʪʩʷ ʘʢʪʠʚʥʳʝ ʧʦʧʳʪʢʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ çʤʦʢʨʳʭè 

ʤʝʪʦʜʦʚ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʄʕ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ʬʝʨʨʠʪʦʚ-ʰʧʠʥʝʣʝʡ [79ï

89],[90ï95]. ʇʨʠʤʝʥʝʥʠʝ ʪʘʢʠʭ ʤʝʪʦʜʦʚ ʦʙʝʱʘʝʪ ʨʷʜ ʧʨʝʠʤʫʱʝʩʪʚ, ʦʯʝʚʠʜʥʳʭ ʘʧʨʠʦʨʠ: (1) 

ʤʦʞʝʪ ʙʳʪʴ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʞʝʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʩʧʝʢʘʥʠʷ ʢʦʤʧʦʟʠʮʠʦʥʥʦʡ ʢʝʨʘʤʠʢʠ, ʯʪʦ 

ʫʤʝʥʴʰʘʝʪ ʚʝʨʦʷʪʥʦʩʪʴ ʦʙʨʘʟʦʚʘʥʠʷ ʧʨʠʤʝʩʠ Fe2+ ʠ ʧʦʥʠʞʘʝʪ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ ʦʙʨʘʟʮʦʚ; ʵʪʦ  
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ʊʘʙʣʠʮʘ II.2. ʄʕ ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʠʟʛʦʪʦʚʣʝʥʥʳʝ ʢʝʨʘʤʠʯʝʩʢʠʤ ʩʧʦʩʦʙʦʤ 

 
ʩʦʩʪʘʚ ʢʦʤʧʦʟʠʪʘ 

Dɽ/Dʅ, 

ʤɺ/(ʩʤÖʕ) 
ʠʩʪʦʯʥʠʢ 

1.  ʉʦ-Fe-Ba-Ti-O, ʥʘʧʨʘʚʣʝʥʥʘʷ ʢʨʠʩʪʘʣʣʠʟʘʮʠʷ 

ʵʚʪʝʢʪʠʯʝʩʢʠʭ ʨʘʩʧʣʘʚʦʚ 
1-13 [28, 33] 

2.  ɺʘʆ ï TiO2 ï CoO ï Fe2O3, ʪʦ ʞʝ 3-5.6 [34] 

3.  BaTiO3-NiFe2O4, 20:80 ʤʦʣ.% 12 [35, 36] 

4.  BaTiO3-NiFe2O4 0,2 [44] 

5.  ʎʊɹʉ - ʉʦFe2O4 (70:30) 

ʎʊɹʉ - NiFe2O4 

«12 

«60 

[45] 

[46] 

6.  ʎʊʉ-36 - Ni0,9ʉʦ0,1Fe2O4, ʩʧʝʢʘʥʠʝ ʧʦʨʠʩʪʳʭ  

ʢʝʨʘʤʠʯʝʩʢʠʭ ʢʘʨʢʘʩʦʚ 
30-45 [47] 

7.  ʎʊʉ-36 - Ni0,9ʉʦ0,1Fe2O4 + ʬʪʦʨʦʧʣʘʩʪ ʌ-2ʤ, 

ʧʨʝʩʩʦʚʘʥʠʝ ʩʤʝʩʝʡ ʬʝʨʨʠʪʘ, ʧʴʝʟʦʵʣʝʢʪʨʠʢʘ ʠ 

ʧʦʣʠʤʝʨʘ, ʦʧʪʠʤʘʣʴʥʳʡ ʩʦʩʪʘʚ 60:40 ʤʘʩʩ.% ʧʨʠ 

ʩʦʜʝʨʞʘʥʠʠ ʧʦʣʠʤʝʨʘ 25 ʦʙ.%,  

4-5 [48] 

8.  BaTiO3-NiFe2O4 c ʜʦʙʘʚʢʘʤʠ ʉʦ ʠ ʄn,  

40:60 ʤʦʣ.% 
20-80 [29] 

9.  Cu(Fe,Cr)O4 ï(Ba,Pb)(Ti,Zr)O3 0.1-0.25 [55ï60] 

10.  BaTiO3 + Ni0.93Co0.02Cu0.05Fe2O4 0.588 [62] 

11.  (Ni0.3Cu0.4Zn0.3Fe2O4) + [50% BaTiO3 + 50% PZT] 0.692 [63] 

12.  NiFe2O4 - Pb0.93La0.07(Zr0.60Ti0.40)ʆ3 8.9 [64] 

13.  Pb(Zr0.53Ti0.47)O3ï(Ni0.5Zn0.5)Fe2O4 0.537 [65] 

14.  Ba0.95Sr0.05TiO3 ï Ni0.7Zn0.2Co0.1Fe2O4   2.58 [66] 

15.  Ni0.5Zn0.5Fe2O4 - Pb(Zr0.48Ti0.52)O3 12 [67] 

16.  0.5Pb(Ni1/3Nb2/3)O3ï0.35PbTiO3ï0.15PbZrO3 -CoFe2O4 13.2 [96] 

17.  x CoFe2O4 ï (1-x) [0.948(K0.5Na0.5)NbO3ï0.052LiSbO3] 15.01 [73] 

18.  Ni0.5Zn0.5Fe1.9O4-d - Na0.5Bi0.5TiO3 0.87 [75] 

19.  Ni0.83Co0.15Cu0.02Fe1.9O4-ŭ ï Na0.5Bi0.5TiO3 0.375 [76] 

20.  Ba0.5Sr0.5Zr0.5Ti0.5O3 + Ni0.12Mg0.18Cu0.2Zn0.5Fe2O4 0.6 [77] 

21.  NiFe1.9Mn0.1O4 - BaZr0.08Ti0.92O3 1.18 [78] 

22.  BaTiO3 ï Ni0.7Zn0.3Fe2O4 0.124 [97] 

23.  Ni0.8Zn0.2Fe2O4 + PbZr0.52Ti0.48O3 0.769 [98] 
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ʤʦʞʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʦʣʷʨʠʟʘʮʠʠ; (2) ʫʤʝʥʴʰʝʥʠʝ 

ʢʦʥʮʝʥʪʨʘʮʠʠ Fe2+ (ʯʪʦ ʨʘʚʥʦʩʠʣʴʥʦ ʩʥʠʞʝʥʠʶ ʩʦʜʝʨʞʘʥʠʷ ʛʝʤʘʪʠʪʘ ʚ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʘʭ 

ʬʝʨʨʠʪʦʚ) ʤʦʞʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʫʚʝʣʠʯʝʥʠʶ ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʠ ʬʝʨʨʠʪʦʚʦʡ ʢʦʤʧʦʥʝʥʪ,r ʪʘʢ ʢʘʢ 

ʠʟʚʝʩʪʥʦ, ʯʪʦ ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʷ Fe3O4 ʠʤʝʝʪ ʟʥʘʢ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʡ ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʠ 

ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝʭ ʬʝʨʨʠʪʦʚ-ʰʧʠʥʝʣʝʡ [99]; (3) ʢʦʤʧʦʟʠʮʠʦʥʥʘʷ ʢʝʨʘʤʠʢʘ ʜʦʣʞʥʘ ʧʦʣʫʯʘʪʴʩʷ 

ʙʦʣʝʝ ʧʣʦʪʥʦʡ, ʯʪʦ ʦʙʝʱʘʝʪ ʫʣʫʯʰʝʥʠʝ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʢʦʥʪʘʢʪʘ ʬʘʟ ʢʦʤʧʦʟʠʪʘ ʠ ʙʦʣʴʰʫʶ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʝʨʝʜʘʯʠ ʜʝʬʦʨʤʘʮʠʡ ʦʪ ʬʝʨʨʠʪʘ ʢ ʧʴʝʟʦʵʣʝʢʪʨʠʢʫ; (4) ʧʨʠ ʧʦʣʫʯʝʥʠʠ çʤʦʢʨʳʤè 

ʤʝʪʦʜʦʤ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʢʦʤʧʦʟʠʪʦʚ ʤʦʞʝʪ ʙʳʪʴ ʧʦʚʳʰʝʥ ʧʨʝʜʝʣ 

ʧʝʨʢʦʣʷʮʠʠ ʯʘʩʪʠʮ ʬʝʨʨʠʪʘ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʢʦʤʧʦʟʠʪʦʚ, ʯʪʦ 

ʪʘʢʞʝ ʜʦʣʞʥʦ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʦʣʷʨʠʟʘʮʠʠ ʄʕ ʢʝʨʘʤʠʢʠ ʠ, 

ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʫʣʫʯʰʝʥʠʶ ʝʝ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ; (5) ʧʨʠʤʝʥʝʥʠʝ çʤʦʢʨʳʭè 

ʤʝʪʦʜʦʚ ʧʦʣʝʟʥʦ ʪʘʢʞʝ ʪʝʤ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʧʨʠ ʦʜʥʦʤ ʠ ʪʦʤ ʞʝ ʩʦʩʪʘʚʝ ʄʕ ʢʦʤʧʦʟʠʪʳ 

ʩ ʨʘʟʥʳʤʠ ʪʠʧʘʤʠ ʩʚʷʟʥʦʩʪʠ (ʝʩʣʠ ʦʙʲʝʤʥʳʝ ʜʦʣʠ ʬʘʟ ʚ ʢʦʤʧʦʟʠʪʝ ʙʣʠʟʢʠ) ï ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ 

ʩʪʨʫʢʪʫʨʳ çʷʜʨʦ-ʦʙʦʣʦʯʢʘè; ʵʪʦ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʫʥʠʢʘʣʴʥʫʶ ʚʦʟʤʦʞʥʦʩʪʴ ʠʟʫʯʝʥʠʷ ʚʣʠʷʥʠʷ ʪʠʧʘ 

ʩʚʷʟʥʦʩʪʠ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʄʕ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ (ʧʨʠ ʦʙʝʩʧʝʯʝʥʠʠ ʨʘʚʝʥʩʪʚʘ ʧʨʦʯʠʭ ʫʩʣʦʚʠʡ). 

ʆʙʨʘʱʘʝʪ ʥʘ ʩʝʙʷ ʚʥʠʤʘʥʠʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʤʝʪʦʜʦʚ ʠʟʛʦʪʦʚʣʝʥʠʷ ʄʕ ʢʝʨʘʤʠʢʠ ʩʦ 

ʩʪʨʫʢʪʫʨʦʡ çʷʜʨʦ-ʦʙʦʣʦʯʢʘè. ɺ ʨʘʙʦʪʝ [80] ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʢʦʤʧʦʟʠʪʦʚ BaTiO3 ï

(Ni0.5Zn0.5)Fe2O4 ʬʝʨʨʠʪ ʥʠʢʝʣʷ-ʮʠʥʢʘ ʧʦʣʫʯʘʶʪ ʩʦʦʩʘʞʜʝʥʠʝʤ ʩ ʧʦʤʦʱʴʶ ʛʠʜʨʦʢʩʠʜʘ ʥʘʪʨʠʷ ʚ 

ʨʘʩʪʚʦʨʝ, ʩʦʜʝʨʞʘʱʝʤ ʪʠʪʘʥʘʪ ʙʘʨʠʷ ʚ ʪʦʥʢʦʜʠʩʧʝʨʩʥʦʤ ʩʦʩʪʦʷʥʠʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ 

ʢʦʤʧʦʟʠʪʳ ʩʦ ʩʚʷʟʥʦʩʪʴʶ 3-0. ɺ ʨʘʙʦʪʝ [83] ʨʘʟʨʘʙʦʪʘʥ ʤʝʪʦʜ ʠʟʛʦʪʦʚʣʝʥʠʷ ʢʦʤʧʦʟʠʪʦʚ 

CoFe2O4 - BaTiO3 ʩʦ ʩʚʷʟʥʦʩʪʴʶ 0-3, ʜʣʷ ʵʪʦʛʦ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʡ ʬʝʨʨʠʪ ʚʚʦʜʷʪ ʚ ʙʘʨʠʡ- ʠ 

ʪʠʪʘʥʩʦʜʝʨʞʘʱʠʡ ʫʢʩʫʩʥʦʢʠʩʣʳʡ ʨʘʩʪʚʦʨ, ʠʟ ʢʦʪʦʨʦʛʦ ʟʘʪʝʤ ʧʦʣʫʯʘʶʪ ʛʝʣʴ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʯʘʩʪʠʮ ʬʝʨʨʠʪʘ. ɺ ʨʘʙʦʪʝ [87] ʦʙʝ ʬʘʟʳ ʢʦʤʧʦʟʠʪʦʚ BaTiO3 - Ni0.53Cu0.12Zn0.35Fe1.88O4 

ʛʦʪʦʚʷʪ ʤʝʪʦʜʦʤ ʩʦʦʩʘʞʜʝʥʠʷ, ʘ ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʢʦʤʧʦʟʠʮʠʦʥʥʦʡ ʢʝʨʘʤʠʢʠ ʠʩʧʦʣʴʟʫʶʪ 

ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʡ ʤʝʪʦʜ. ɺ ʨʘʙʦʪʘʭ [91] ʠ [92] ʧʦʨʦʰʢʠ ʬʝʨʨʠʪʘ ʠ ʪʠʪʘʥʘʪʘ ʙʘʨʠʷ ʛʦʪʦʚʷʪ ʧʦ 

ʦʪʜʝʣʴʥʦʩʪʠ - ʬʝʨʨʠʪʳ ʟʦʣʴ-ʛʝʣʴ-ʤʝʪʦʜʘʤʠ, BaTiO3 ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʤ [91] ʠʣʠ ʪʚʝʨʜʦʬʘʟʥʳʤ 

[92] ʩʧʦʩʦʙʦʤ. ɸʥʘʣʦʛʠʯʥʦ ʚ ʨʘʙʦʪʘʭ [90], [85] ʠ [95] ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʤʘʛʥʠʪʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ 

ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʢʝʨʘʤʠʢ CoFe2O4 ï Pb0.988(Zr0.52Ti0.48)0.976Nb0.024O3,  Pb(Zr0.47Ti0.53)O3 ï CoFe2O4 ʠ 

Pb(Zr0.52Ti0.48)O3 ï CoFe2O4 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʨʠʤʝʥʷʶʪ ʟʦʣʴ-ʛʝʣʴ-ʤʝʪʦʜʳ ʩʠʥʪʝʟʘ, ʘ ʟʘʪʝʤ ʢ 

ʧʦʣʫʯʝʥʥʦʤʫ ʨʘʩʪʚʦʨʫ ʜʦʙʘʚʣʷʶʪ ʪʦʥʢʦʠʩʪʝʨʪʳʝ ʧʦʨʦʰʢʠ ʧʴʝʟʦʤʘʪʝʨʠʘʣʦʚ, ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʝ 

ʪʚʝʨʜʦʬʘʟʥʳʤ ʩʧʦʩʦʙʦʤ; ʚ ʨʘʙʦʪʝ [95] ʜʣʷ ʩʠʥʪʝʟʘ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ 

ʠʩʧʦʣʴʟʫʶʪ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʡ ʤʝʪʦʜ. 

ɺ ʨʘʙʦʪʘʭ [81] ʠ [100] ʄʕ ʢʦʤʧʦʟʠʪʳ ʩʦʩʪʘʚʘ PbZr0.48(0.52)Ti0.52(0.48)O3 - CoFe2O4 ʧʦʣʫʯʘʶʪ 

ʠʟ ʩʦʚʤʝʩʪʥʦʛʦ ʛʝʣʷ. ʊʝʨʤʠʯʝʩʢʦʝ ʨʘʟʣʦʞʝʥʠʝ ʛʝʣʝʡ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 

ʮʠʨʢʦʥʘʪʘ-ʪʠʪʘʥʘʪʘ ʩʚʠʥʮʘ ʠ ʬʝʨʨʠʪʘ ʢʦʙʘʣʴʪʘ ʙʝʟ ʢʘʢʠʭ-ʣʠʙʦ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʬʘʟ. ʆʙʨʘʟʮʳ 
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ʜʦʩʪʠʛʘʶʪ ʧʨʘʢʪʠʯʝʩʢʠ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʧʣʦʪʥʦʩʪʠ ʧʦʩʣʝ ʩʧʝʢʘʥʠʷ ʚ ʪʝʯʝʥʠʝ 1 ʯʘʩʘ ʧʨʠ 1080C̄. 

ʂʘʢ ʧʦʢʘʟʘʣʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʢʦʤʧʦʟʠʪʦʚ, ʚ ʩʧʝʯʝʥʥʳʭ ʦʙʨʘʟʮʘʭ ʯʘʩʪʠʮʳ ʬʝʨʨʠʪʘ 

ʨʘʚʥʦʤʝʨʥʦ ʚʩʪʨʦʝʥʳ ʚ ʤʘʪʨʠʮʫ ʧʴʝʟʦʵʣʝʢʪʨʠʢʘ ʚ ʚʠʜʝ ʠʟʦʣʠʨʦʚʘʥʥʳʭ ʪʚʝʨʜʳʭ ʯʘʩʪʠʮ, ʪʦ ʝʩʪʴ 

ʢʦʤʧʦʟʠʪʳ ʠʤʝʶʪ ʩʚʷʟʥʦʩʪʴ 3-0.  

ɺ ʨʘʙʦʪʝ [101] ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʢʦʤʧʦʟʠʪʦʚ ʩʦ ʩʚʷʟʥʦʩʪʴʶ 0-3 ʚ ʩʠʩʪʝʤʝ  

CoFe2O4 - Pb0.9025La0.065(Zr0.58Ti0.42)0.975Nb0.02O3 ʠʩʧʦʣʴʟʦʚʘʥʘ ʩʣʦʞʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʞʠʜʢʦʬʘʟʥʦʛʦ 

ʩʧʝʢʘʥʠʷ ʚ ʧʨʠʩʫʪʩʪʚʠʠ LiF ʠ PbF2. ʉʣʦʡ ZrO2 ʙʳʣ ʥʘʥʝʩʝʥ ʥʘ ʯʘʩʪʠʮʳ ʬʝʨʨʠʪʘ 

ʟʦʣʴ-ʛʝʣʴ-ʤʝʪʦʜʦʤ, ʩ ʪʝʤ, ʯʪʦʙʳ ʠʥʛʠʙʠʨʦʚʘʪʴ ʜʠʬʬʫʟʠʶ ʠʦʥʦʚ Fe3+ ʠ ʠʦʥʦʚ Co2+ ʠʟ ʬʝʨʨʠʪʥʦʡ 

ʬʘʟʳ ʚ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʫʶ.  

ɸʚʪʦʨʳ [80], [83], [87], [91], [92] ʦʪʤʝʯʘʶʪ ʦʪʩʫʪʩʪʚʠʝ ʧʦʩʪʦʨʦʥʥʠʭ ʬʘʟ ʚ ʠʩʩʣʝʜʦʚʘʥʥʳʭ 

ʛʝʪʝʨʦʬʘʟʥʳʭ ʩʠʩʪʝʤʘʭ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʜʘʥʥʳʤʠ ʈʌɸ. ʏʪʦ ʢʘʩʘʝʪʩʷ ʢʦʤʧʦʟʠʪʦʚ, 

ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʚ ʨʘʙʦʪʘʭ [90] ʠ [85], ʪʦ ʧʦʩʣʝ ʩʧʝʢʘʥʠʷ ʢʝʨʘʤʠʢʠ ʧʨʠ 1250ʉ̄ ʦʙʨʘʟʮʳ ʩʦʜʝʨʞʘʣʠ 

ʥʝʙʦʣʴʰʠʝ ʧʨʠʤʝʩʠ ʧʦʩʪʦʨʦʥʥʝʡ ʬʘʟʳ ʥʘ ʦʩʥʦʚʝ ZrO2, ʯʝʛʦ ʥʝ ʥʘʙʣʶʜʘʣʦʩʴ ʧʦʩʣʝ ʝʝ ʦʙʞʠʛʘ ʧʨʠ 

1100̄ʉ.  

ɺ ʨʘʙʦʪʘʭ [82ï84], ʧʦʩʚʷʱʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʶ ʢʦʤʧʦʟʠʪʦʚ ʉʦFʝ2ʆ4 - BaTiO3, ʧʦʣʫʯʝʥʳ 

ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ çʤʦʢʨʳʭè ʤʝʪʦʜʦʚ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ 

ʄʕ ʢʦʤʧʦʟʠʪʦʚ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʥʘʠʙʦʣʴʰʝʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʄʕ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʦʙʣʘʜʘʶʪ 

ʢʦʤʧʦʟʠʪʳ 50 ʤʘʩʩ.% BaTiO3 + 50 ʤʘʩʩ.% ʉʦFʝ2ʆ4 ʩʦ ʩʪʨʫʢʪʫʨʦʡ çʷʜʨʦ-ʦʙʦʣʦʯʢʘè ʩʦ ʩʚʷʟʥʦʩʪʴʶ 

3-0, ʜʣʷ ʢʦʪʦʨʳʭ ʚʝʣʠʯʠʥʘ ʄʕ ʢʦʵʬʬʠʮʠʝʥʪʘ ʩʦʩʪʘʚʠʣʘ 3.4 ʤɺ/(ʩʤÖʕ). ʊʠʪʘʥʘʪ ʙʘʨʠʷ, ʠʤʝʷ 

ʚʳʩʦʢʦʝ ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʠ ʦʙʨʘʟʫʷ ʦʙʦʣʦʯʢʫ ʥʘ ʟʝʨʥʘʭ ʬʝʨʨʠʪʘ, ʩʧʦʩʦʙʩʪʚʫʝʪ ʪʦʤʫ, 

ʯʪʦ ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʢʦʤʧʦʟʠʪʦʚ ʦʢʘʟʳʚʘʝʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʪʘʢʠʤ ʞʝ, ʢʘʢ ʫ BaTiO3. 

ʂʘʢ ʩʣʝʜʩʪʚʠʝ, ʚʦʟʨʘʩʪʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʦʣʷʨʠʟʘʮʠʠ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʨʦʩʪʫ 

ʄʕ ʢʦʵʬʬʠʮʠʝʥʪʘ, ʢʦʪʦʨʳʡ ʧʦʯʪʠ ʚ 20 ʨʘʟ ʚʳʰʝ, ʯʝʤ ʫ ʦʙʨʘʟʮʦʚ ʩʦ ʩʚʷʟʥʦʩʪʴʶ 0-3.  

ɹʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʝ ʄʕ ʢʦʤʧʦʟʠʪʳ ʩʦ ʩʪʨʫʢʪʫʨʦʡ çʷʜʨʦ-ʦʙʦʣʦʯʢʘè ʠʟʛʦʪʦʚʣʝʥʳ ʚ ʨʘʙʦʪʝ 

[102] ʠʟ ʮʠʨʢʦʥʘʪʘ-ʪʠʪʘʥʘʪʘ ʙʘʨʠʷ-ʢʘʣʴʮʠʷ Ba0.85Ca0.15Zr0.1Ti0.9O3 ʠ ʬʝʨʨʠʪʘ ʢʦʙʘʣʴʪʘ CoFe2O4 ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʟʦʣʴ-ʛʝʣʴ-ʤʝʪʦʜʦʚ ʩʠʥʪʝʟʘ. ɼʣʷ ʣʫʯʰʠʭ ʢʦʤʧʦʟʠʮʠʡ ʢʦʵʬʬʠʮʠʝʥʪ 

ʄʕ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʩʦʩʪʘʚʠʣ 12.15 ʤɺ/(ʩʤÖʕ). ɼʦʩʪʘʪʦʯʥʦ ʵʬʬʝʢʪʠʚʥʦʡ ʷʚʣʷʝʪʩʷ ʦʧʠʩʘʥʥʘʷ ʚ 

[103] ʢʦʤʧʦʟʠʮʠʦʥʥʘʷ ʢʝʨʘʤʠʢʘ x CoMn0.2Fe1.8O4 ï (1-x) BaTiO3 ʩʦ ʩʚʷʟʥʦʩʪʴʶ 0-3, ʜʣʷ ʢʦʪʦʨʦʡ 

Dɽ/Dʅ = 8.51 ʤɺ/(ʩʤÖʕ).  

ɽʱʝ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʘʷ ʄʕ ʢʝʨʘʤʠʢʘ ʦʧʠʩʘʥʘ ʚ ʨʘʙʦʪʝ [104]. ʆʥʘ ʧʨʠʥʘʜʣʝʞʠʪ ʩʠʩʪʝʤʝ 

Ba0.9Sr0.1TiO3 - Ni0.9Zn0.1Fe1.98O4-ŭ, ʠʟʛʦʪʦʚʣʝʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʦʨʦʰʢʦʚ ʤʘʪʝʨʠʘʣʦʚ, 

ʪʦʥʢʦʠʩʪʝʨʪʳʭ ʚ ʰʘʨʦʚʦʡ ʤʝʣʴʥʠʮʝ, ʠ ʠʤʝʝʪ ʩʚʷʟʥʦʩʪʴ 0-3. ʅʘʠʚʳʩʰʠʝ ʟʥʘʯʝʥʠʷ Dɽ/Dʅ = 

144 ʤɺ/(ʩʤÖʕ) ʧʦʣʫʯʝʥʳ ʧʨʠ ʩʦʜʝʨʞʘʥʠʠ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʢʦʤʧʦʥʝʥʪ r80 ʤʘʩʩ.%. ɺ ʨʘʙʦʪʝ 

[101] ʜʣʷ ʢʦʤʧʦʟʠʪʦʚ ʩʦ ʩʚʷʟʥʦʩʪʴʶ 0-3 ʚ ʩʠʩʪʝʤʝ  CoFe2O4 - Pb0.9025La0.065(Zr0.58Ti0.42)0.975Nb0.02O3 
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ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʢʦʤʧʦʟʠʮʠʦʥʥʘʷ ʢʝʨʘʤʠʢʘ ʩ 20%-ʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʬʝʨʨʠʪʘ ʢʦʙʘʣʴʪʘ ʠʤʝʝʪ 

ʧʴʝʟʦʤʦʜʫʣʴ d33 = 80 ʧʂʣ/ʅ ʠ ʄʕ ʢʦʵʬʬʠʮʠʝʥʪ 102 ʤɺ/(ʩʤÖʕ) ʥʘ ʯʘʩʪʦʪʝ 215 ʢɻʮ.  

ɺ ʪʘʙʣʠʮʝ II.3 ʧʨʝʜʩʪʘʚʣʝʥʳ ʠʟʚʝʩʪʥʳʝ ʠʟ ʣʠʪʝʨʘʪʫʨʳ ʄʕ ʢʝʨʘʤʠʯʝʩʢʠʝ ʢʦʤʧʦʟʠʪʳ ʩʦ 

ʩʪʨʫʢʪʫʨʦʡ çʷʜʨʦ-ʦʙʦʣʦʯʢʘè. ʄʦʞʥʦ ʚʠʜʝʪʴ, ʯʪʦ ʢʦʵʬʬʠʮʠʝʥʪʳ ʄʕ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʠʟʤʝʥʷʶʪʩʷ 

ʚ ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ ʠ ʩʠʣʴʥʦ ʟʘʚʠʩʷʪ ʧʨʝʞʜʝ ʚʩʝʛʦ ʦʪ ʧʨʠʨʦʜʳ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʢʦʤʧʦʥʝʥʪ.r 

ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʦʙʩʫʞʜʘʝʤʳʭ ʨʘʙʦʪ, ʢʘʢ ʦʪʤʝʯʘʣʦʩʴ, ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ 

ʨʝʥʪʛʝʥʦʬʘʟʦʚʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʢʦʤʧʦʟʠʮʠʦʥʥʦʡ ʢʝʨʘʤʠʢʠ, ʥʦ, ʢ ʩʦʞʘʣʝʥʠʶ, ʥʝ ʩʦʦʙʱʘʝʪʩʷ ʦ ʝʝ 

ʄʕ ʩʚʦʡʩʪʚʘʭ ʠ ʥʝ ʩʦʜʝʨʞʠʪʩʷ ʩʚʝʜʝʥʠʡ ʦ ʪʦʤ, ʠʤʝʝʪ ʣʠ ʤʝʩʪʦ ʚʟʘʠʤʥʦʝ ʣʝʛʠʨʦʚʘʥʠʝ ʬʘʟ 

ʢʦʤʧʦʟʠʪʦʚ ʠ ʥʘʩʢʦʣʴʢʦ ʛʣʫʙʦʢʦ ʦʥʦ ʚ ʢʘʞʜʦʤ ʢʦʥʢʨʝʪʥʦʤ ʩʣʫʯʘʝ. ʄʝʞʜʫ ʪʝʤ ʵʪʦ ʤʦʞʝʪ ʩʪʘʪʴ 

ʩʝʨʴʝʟʥʦʡ ʧʨʦʙʣʝʤʦʡ ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʄʕ ʢʝʨʘʤʠʢʠ ʩʦ ʩʪʨʫʢʪʫʨʦʡ çʷʜʨʦ-ʦʙʦʣʦʯʢʘè, ʧʦʩʢʦʣʴʢʫ 

ʠʩʭʦʜʥʳʝ ʢʦʤʧʦʥʝʥʪʳ, ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʝ çʤʦʢʨʳʤʠè ʤʝʪʦʜʘʤʠ, ʥʘʭʦʜʷʩʴ ʚ ʪʦʥʢʦʜʠʩʧʝʨʩʥʦʤ, 

ʘʢʪʠʚʥʦʤ ʩʦʩʪʦʷʥʠʠ, ʚʝʩʴʤʘ ʩʧʦʩʦʙʥʳ ʢ ʤʝʞʬʘʟʥʦʤʫ ʚʟʘʠʤʦʜʝʡʩʪʚʠʶ, ʢʦʪʦʨʦʝ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ 

ʢ ʯʘʩʪʠʯʥʦʤʫ ʠʣʠ ʧʦʣʥʦʤʫ ʥʠʚʝʣʠʨʦʚʘʥʠʶ ʧʨʝʠʤʫʱʝʩʪʚ, ʦʞʠʜʘʝʤʳʭ ʦʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

çʤʦʢʨʳʭè ʤʝʪʦʜʦʚ. ɺ ʵʪʦʤ ʟʘʢʣʶʯʘʝʪʩʷ ʪʨʫʜʥʦʩʪʴ ʠ ʥʝʧʨʝʜʩʢʘʟʫʝʤʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ çʤʦʢʨʳʭè 

ʤʝʪʦʜʦʚ ʩʠʥʪʝʟʘ ʧʨʠ ʧʦʣʫʯʝʥʠʠ ʄʕ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

II.2.3. ʉʤʝʩʝʚʳʝ ʤʘʛʥʠʪʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʢʦʤʧʦʟʠʪʳ ʥʘ ʦʩʥʦʚʝ ʬʝʨʨʠʪʦʚ-ʛʨʘʥʘʪʦʚ 

ʄʕ ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʥʘ ʦʩʥʦʚʝ ʞʝʣʝʟʦʠʪʪʨʠʝʚʦʛʦ ʛʨʘʥʘʪʘ (ɾʀɻ, Y3Fe5O12) ʠ 

ʨʘʟʣʠʯʥʳʭ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʝʨʩʧʝʢʪʠʚʥʳ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ 

ʜʠʘʧʘʟʦʥʝ ʉɺʏ. ʆʥʠ ʦʙʣʘʜʘʶʪ ʨʝʟʦʥʘʥʩʥʳʤ ʄʕ ʵʬʬʝʢʪʦʤ, ʢʦʪʦʨʳʡ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʩʤʝʱʝʥʠʠ 

ʣʠʥʠʠ ʬʝʨʨʦʤʘʛʥʠʪʥʦʛʦ ʨʝʟʦʥʘʥʩʘ (ʌʄʈ) ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʤʘʪʝʨʠʘʣ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ. 

ʇʨʠʤʝʥʝʥʠʝ ɾʀɻ ʚ ʢʘʯʝʩʪʚʝ ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʦʥʥʦʡ ʢʦʤʧʦʥʝʥʪ rʵʪʠʭ ʢʦʤʧʦʟʠʪʦʚ ʦʙʦʩʥʦʚʘʥʦ 

ʊʘʙʣʠʮʘ II.3. ʄʕ ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ  

ʩʦ ʩʪʨʫʢʪʫʨʦʡ çʷʜʨʦ-ʦʙʦʣʦʯʢʘè 

 
ʩʦʩʪʘʚ ʢʦʤʧʦʟʠʪʘ ʩʚʷʟʥʦʩʪʴ 

Dɽ/Dʅ, 

ʤɺ/(ʩʤÖʕ) 
ʠʩʪʦʯʥʠʢ 

1.  50 ʤʘʩʩ.% BaTiO3 - 50 ʤʘʩʩ.% ʉʦFʝ2ʆ4 3-0 3.4 [82ï84] 

2.  Pb(Zr0.52Ti0.48)O3 ï CoFe2O4 - 226 (ʥʘ ʯʘʩʪʦʪʝ 
ʨʝʟʦʥʘʥʩʘ) 

[95] 

3.  CoFe2O4 - Pb0.9025La0.065(Zr0.58Ti0.42)0.975Nb0.02O3 3-0 102 [101] 

4.  Ba0.85Ca0.15Zr0.1Ti0.9O3 - CoFe2O4 3-0 12.5 [102] 

5.  CoMn0.2Fe1.8O4 ï BaTiO3 0-3 8.51 [103] 

6.  Ba0.9Sr0.1TiO3 - Ni0.9Zn0.1Fe1.98O4-ŭ 0-3 144 [104] 

7.  NiFe2O4/BaTiO3 - 72.49 [105] 
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ʪʝʤ, ʯʪʦ ʦʥ ʠʤʝʝʪ ʥʘʠʙʦʣʝʝ ʫʟʢʫʶ ʣʠʥʠʶ ʬʝʨʨʦʤʘʛʥʠʪʥʦʛʦ ʨʝʟʦʥʘʥʩʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʬʝʨʨʠʪʘʤʠ-ʰʧʠʥʝʣʷʤʠ [106]. ʈʝʟʦʥʘʥʩʥʳʡ ʄʕ ʵʬʬʝʢʪ ʷʚʣʷʝʪʩʷ çʥʦʚʳʤè ʩʚʦʡʩʪʚʦʤ ʢʦʤʧʦʟʠʪʘ, 

ʪʦ ʝʩʪʴ ʪʘʢʠʤ, ʢʦʪʦʨʳʤ ʥʝ ʦʙʣʘʜʘʶʪ ʢʦʤʧʦʥʝʥʪʳ ʢʦʤʧʦʟʠʪʘ ʚ ʦʪʜʝʣʴʥʦʩʪʠ. ʕʪʦ ʩʚʦʡʩʪʚʦ 

ʧʨʦʷʚʣʷʝʪʩʷ ʢʘʢ ʨʝʟʫʣʴʪʘʪ ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʝʛʦ ʬʘʟ ʧʫʪʝʤ ʧʝʨʝʜʘʯʠ ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʜʝʬʦʨʤʘʮʠʡ ʦʪ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʬʘʟʳ, ʚʦʟʥʠʢʘʶʱʠʭ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ, ʢ 

ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʦʥʥʦʡ, ʯʪʦ ʠ ʧʨʠʚʦʜʠʪ ʢ ʩʜʚʠʛʫ ʣʠʥʠʠ ʌʄʈ. 

ʀʟʫʯʝʥʠʝ ʨʝʟʦʥʘʥʩʥʦʛʦ ʄʕ ʵʬʬʝʢʪʘ ʚ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʘʭ ʥʘʯʘʣʦʩʴ ʩ 1985 ʛʦʜʘ 

ʢʦʣʣʝʢʪʠʚʦʤ ʢʘʬʝʜʨʳ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ ʅʦʚʛʦʨʦʜʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ 

ʠʤ. ʗʨʦʩʣʘʚʘ ʄʫʜʨʦʛʦ. ʂ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʥʘʢʦʧʣʝʥʳ ʩʚʝʜʝʥʠʷ ʦ ʨʝʟʦʥʘʥʩʥʦʤ ʄʕ ʵʬʬʝʢʪʝ 

ʚ ʨʷʜʝ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

ʊʘʢ, ʚ ʨʘʙʦʪʝ [107] ʠʩʩʣʝʜʦʚʘʥ ʨʝʟʦʥʘʥʩʥʳʡ ʄʕ ʵʬʬʝʢʪ ʚ ʢʦʤʧʦʟʠʮʠʦʥʥʦʤ ʤʘʪʝʨʠʘʣʝ 

ʩʦʩʪʘʚʘ 50% ɾʀɻ + 50% ʎʊʉʪɹʉ-2. ʄʘʢʩʠʤʘʣʴʥʳʡ ʩʜʚʠʛ ʣʠʥʠʠ ʌʄʈ ʜʣʷ ʦʜʥʦʛʦ ʠʟ ʦʙʨʘʟʮʦʚ 

ʩʦʩʪʘʚʠʣ 80 ʕ ʧʨʠ ʰʠʨʠʥʝ ʣʠʥʠʠ 100 ʕ ʠ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʚʥʝʰʥʝʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ 30 

ʢɺ/ʩʤ. ɺ ʨʘʙʦʪʝ ʦʙʩʫʞʜʘʝʪʩʷ ʩʪʨʠʢʮʠʦʥʥʘʷ ʤʦʜʝʣʴ, ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʡ ʚʝʣʠʯʠʥʘ ʩʜʚʠʛʘ ʣʠʥʠʠ 

ʌʄʈ ʜʦʣʞʥʘ ʩʦʩʪʘʚʣʷʪʴ 58 ʕ ʚ ʧʦʣʝ 30 ʢɺ/ʩʤ, ʯʪʦ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʣʫʯʝʥʥʦʡ ʚʝʣʠʯʠʥʦʡ. 

ɺ ʨʘʙʦʪʝ [108] ʧʨʝʜʣʘʛʘʝʪʩʷ ʤʦʜʝʣʴ óʥʝʟʘʚʠʩʠʤʳʭ ʟʝʨʝʥô ʜʣʷ ʨʘʩʯʝʪʘ ʚʝʣʠʯʠʥʳ 

ʨʝʟʦʥʘʥʩʥʦʛʦ ʄʕ ʵʬʬʝʢʪʘ. ʀʩʭʦʜʷ ʠʟ ʥʝʝ, ʚʝʣʠʯʠʥʘ ʢʦʵʬʬʠʮʠʝʥʪʘ ʄʕ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʜʦʣʞʥʘ 

ʩʦʩʪʘʚʣʷʪʴ 0.09 ʩʤÖʕ/ʢɺ. ʉʧʝʢʪʨ ʌʄʈ ʦʙʨʘʟʮʘ ʠʩʩʣʝʜʫʝʤʦʛʦ ʢʦʤʧʦʟʠʪʘ (ʩʦʜʝʨʞʘʥʠʝ 

ʧʴʝʟʦʢʝʨʘʤʠʢʠ ʥʝ ʙʦʣʝʝ 20%) ʩʦʩʪʦʠʪ ʠʟ ʦʜʠʥʦʯʥʦʡ ʨʝʟʦʥʘʥʩʥʦʡ ʣʠʥʠʠ. ʐʠʨʠʥʘ ʣʠʥʠʠ ʟʘʚʠʩʠʪ 

ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʴʝʟʦʬʘʟʳ ʠ ʜʣʷ ʦʙʨʘʟʮʘ ʩʦʩʪʘʚʘ 90% ɾʀɻ + 10% ʎʊʉʪɹʉ-2 ʧʨʠ ʥʦʨʤʘʣʴʥʦʤ 

ʥʘʤʘʛʥʠʯʠʚʘʥʠʠ ʨʘʚʥʘ 180 ʕ. ʀʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʯʘʩʪʦʪʝ 9.3 ɻɻʮ. ʇʨʠ ʧʨʠʣʦʞʝʥʠʠ ʢ 

ʦʙʨʘʟʮʫ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʧʨʦʠʩʭʦʜʠʣʦ ʩʤʝʱʝʥʠʝ ʣʠʥʠʠ ʌʄʈ, ʧʨʠʯʝʤ ʰʠʨʠʥʘ ʣʠʥʠʠ 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʟʤʝʥʷʣʘʩʴ. ɺ ʥʝʧʦʣʷʨʠʟʦʚʘʥʥʳʭ ʦʙʨʘʟʮʘʭ ʩʜʚʠʛ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʢʚʘʜʨʘʪʠʯʥʦʡ 

ʟʘʚʠʩʠʤʦʩʪʴʶ ʦʪ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ, ʘ ʚ ʧʦʣʷʨʠʟʦʚʘʥʥʳʭ - ʧʨʘʢʪʠʯʝʩʢʠ ʣʠʥʝʡʥʦʡ. ɼʣʷ 

ʥʝʧʦʣʷʨʠʟʦʚʘʥʥʦʛʦ ʦʙʨʘʟʮʘ ʩʜʚʠʛ ʨʝʟʦʥʘʥʩʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʨʘʚʝʥ 6 ʕ ʧʨʠ ʥʘʧʨʷʞʝʥʥʦʩʪʠ 

30 ʢɺ/ʩʤ. ʀʟʤʝʨʝʥʠʝ ʵʬʬʝʢʪʘ ʚ ʧʦʣʷʨʠʟʦʚʘʥʥʦʤ ʦʙʨʘʟʮʝ ʜʘʝʪ ʚʝʣʠʯʠʥʫ ʩʜʚʠʛʘ 10 ʕ ʚ 

ʵʣʝʢʪʨʠʯʝʩʢʦʤ ʧʦʣʝ 30 ʢɺ/ʩʤ, ʪ.ʝ. ʚʝʣʠʯʠʥʘ ʢʦʵʬʬʠʮʠʝʥʪʘ ʄʕ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʩʦʩʪʘʚʣʷʝʪ 

0.33 ʕÖʩʤ/ʢɺ, ʯʪʦ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʤʦʜʝʣʴʶ ʥʝʟʘʚʠʩʠʤʳʭ ʟʝʨʝʥ. 

ʉʝʨʴʝʟʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʄʕ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʷʚʣʷʝʪʩʷ ʯʨʝʟʤʝʨʥʘʷ ʰʠʨʠʥʘ 

ʣʠʥʠʠ ʌʄʈ, ʯʪʦ ʟʘʯʘʩʪʫʶ ʜʝʣʘʝʪ ʝʝ ʩʤʝʱʝʥʠʝ ʚ ʵʣʝʢʪʨʠʯʝʩʢʦʤ ʧʦʣʝ ʥʝʥʘʙʣʶʜʘʝʤʳʤ. ɺ ʩʚʷʟʠ ʩ 

ʵʪʠʤ ʚ ʨʘʙʦʪʝ [109] ʫʜʝʣʷʝʪʩʷ ʚʥʠʤʘʥʠʝ ʚʦʧʨʦʩʘʤ ʰʠʨʠʥʳ ʠ ʬʦʨʤʳ ʣʠʥʠʠ ʌʄʈ. ʀʩʩʣʝʜʦʚʘʥʠʷ 

ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʦʙʨʘʟʮʘʭ ʩʦʩʪʘʚʘ 1-30% ɾʀɻ + 99-70% ʎʊʉʅɺ-1. ʆʙʥʘʨʫʞʝʥʘ ʟʥʘʯʠʪʝʣʴʥʘʷ 

ʰʠʨʠʥʘ ʣʠʥʠʠ ʫ ʯʠʩʪʦʛʦ ʬʝʨʨʠʪʘ ʚ ʦʪʩʫʪʩʪʚʠʝ ʥʝʤʘʛʥʠʪʥʳʭ ʚʢʣʶʯʝʥʠʡ, ʯʪʦ ʦʙʲʷʩʥʷʝʪʩʷ 

ʥʘʣʠʯʠʝʤ ʚ ʦʙʨʘʟʮʝ ʙʳʩʪʨʦ ʨʝʣʘʢʩʠʨʫʶʱʠʭ ʠʦʥʦʚ. ʇʨʠ ʩʦʜʝʨʞʘʥʠʠ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʦʡ 
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ʢʦʤʧʦʥʝʥʪʳ 10% ʣʠʥʠʷ ʌʄʈ ʥʝʦʜʥʦʨʦʜʥʦ ʫʰʠʨʷʝʪʩʷ ʩ ʧʦʷʚʣʝʥʠʝʤ ʤʘʢʩʠʤʫʤʘ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʩʧʝʢʪʨʫ ʙʝʟʦʙʤʝʥʥʳʭ ʩʧʠʥʦʚʳʭ ʚʦʣʥ [109]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʦʙʨʘʟʮʦʚ ʩ ʫʟʢʦʡ ʣʠʥʠʝʡ ʌʄʈ ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʩʭʦʜʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʩ ʤʘʣʳʤ 

ʩʦʜʝʨʞʘʥʠʝʤ ʙʳʩʪʨʦ ʨʝʣʘʢʩʠʨʫʶʱʠʭ ʠʦʥʦʚ, ʘ ʪʘʢʞʝ ʞʝʣʘʪʝʣʴʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʬʝʨʨʠʪʦʚʫʶ 

ʢʦʤʧʦʥʝʥʪʫ ʩ ʥʝʙʦʣʴʰʦʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴʶ ʥʘʩʳʱʝʥʠʷ. 

ɺ ʨʘʙʦʪʝ [110] ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʨʝʟʦʥʘʥʩʥʳʝ ʠʟʤʝʨʝʥʠʷ ʜʣʷ ʦʙʨʘʟʮʦʚ, ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʥʘ 

ʦʩʥʦʚʝ ʥʠʢʝʣʴ-ʢʦʙʘʣʴʪʦʚʦʡ ʰʧʠʥʝʣʠ ʠ ʧʴʝʟʦʢʝʨʘʤʠʢʠ ʩʠʩʪʝʤʳ ʎʊʉ, ʘ ʪʘʢʞʝ ʥʘ ʢʦʤʧʦʟʠʪʘʭ 

ɾʀɻ - ʪʠʪʘʥʘʪ ʙʘʨʠʷ. ʆʙʨʘʟʮʳ ʩʦʩʪʘʚʘ BaTiO3 - Y3Fe5O12 ʧʦʣʫʯʘʣʠ ʤʝʪʦʜʦʤ ʩʧʝʢʘʥʠʷ ʥʘ ʚʦʟʜʫʭʝ 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1200ʦʉ ʚ ʪʝʯʝʥʠʝ 2 ʯ. ɼʣʷ ʫʣʫʯʰʝʥʠʷ ʩʧʝʢʘʥʠʷ ʚ ʩʤʝʩʠ ʜʦʙʘʚʣʷʣʠ 0.5 ʤʘʩʩ.% 

Bi2O3. ʆʙʨʘʟʮʳ ʧʦʣʷʨʠʟʦʚʘʣʠ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ʥʘʛʨʝʚʘʣʠ ʚ ʩʠʣʠʢʦʥʦʚʦʤ ʤʘʩʣʝ ʜʦ 

ʪʝʤʧʝʨʘʪʫʨʳ 130ʉ̄ (ʚʳʰʝ ʪʦʯʢʠ ʂʶʨʠ ʪʠʪʘʥʘʪʘ ʙʘʨʠʷ) ʠ ʦʭʣʘʞʜʘʣʠ ʚ ʧʦʣʝ 2 ʢɺ/ʤʤ ʜʦ 30-20̄ ʉ. 

ʈʝʥʪʛʝʥʦʬʘʟʦʚʳʡ ʘʥʘʣʠʟ ʢʦʤʧʦʟʠʪʦʚ, ʩʧʝʯʝʥʥʳʭ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1200ʉ̄, ʧʦʢʘʟʘʣ ʦʪʩʫʪʩʪʚʠʝ 

ʧʦʩʪʦʨʦʥʥʠʭ ʬʘʟ. ʐʠʨʠʥʘ ʣʠʥʠʠ ʧʦʛʣʦʱʝʥʠʷ ʜʣʷ ʦʙʨʘʟʮʦʚ ʥʘ ʦʩʥʦʚʝ BaTiO3 ï Y3Fe5O12 

ʩʦʩʪʘʚʠʣʘ 450 ʕ, ʘ ʚʝʣʠʯʠʥʘ ʢʦʵʬʬʠʮʠʝʥʪʘ ʄʕ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʦʢʘʟʘʣʘʩʴ ʢʨʘʡʥʝ ʥʠʟʢʦʡ. ʕʪʠ 

ʦʙʨʘʟʮʳ ʥʝ ʠʤʝʶʪ ʩʪʦʣʴ ʚʳʩʦʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʥʘ ʧʦʩʪʦʷʥʥʦʤ ʪʦʢʝ, ʢʘʢ ʤʦʞʥʦ ʙʳʣʦ ʙʳ 

ʦʞʠʜʘʪʴ ʠʩʭʦʜʷ ʠʟ ʩʦʙʩʪʚʝʥʥʳʭ ʩʦʧʨʦʪʠʚʣʝʥʠʡ ɾʀɻ ʠ BaTiO3. ʆʜʥʘ ʠʟ ʧʨʠʯʠʥ - ʪʦ, ʯʪʦ ʧʨʠ 

ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʦʪʞʠʛʘ ʚ ɾʀɻ ʚʦʟʤʦʞʥʦ ʦʙʨʘʟʦʚʘʥʠʝ ʠʦʥʦʚ Fe2+. ʅʘʣʠʯʠʝ Fe2+ ʤʦʞʝʪ 

ʦʙʲʷʩʥʠʪʴ ʠ ʤʘʣʦʝ ʚʨʝʤʷ ʨʝʣʘʢʩʘʮʠʠ, ʪʘʢ ʢʘʢ Fe2+ ʷʚʣʷʝʪʩʷ ʙʳʩʪʨʦ ʨʝʣʘʢʩʠʨʫʶʱʠʤ ʠʦʥʦʤ [110]. 

ʆʙʨʘʟʮʳ 90-50% ʎʊʉ-24 ï 10-50% NiCo0.02Cu0.02Mn0.1Fe1.8O4-d ʦʢʘʟʘʣʠʩʴ ʟʘʤʝʪʥʦ 

ʵʬʬʝʢʪʠʚʥʝʝ. ɼʣʷ ʥʠʭ ʚʝʣʠʯʠʥʘ ʢʦʵʬʬʠʮʠʝʥʪʘ ʄʕ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʩʦʩʪʘʚʠʣʘ 0.11-0.90 ʕÖʩʤ/ʢɺ 

ʥʘ ʯʘʩʪʦʪʝ 9.3 ɻɻʮ. ʇʨʠʚʝʜʝʥʥʳʝ ʜʘʥʥʳʝ ʛʦʚʦʨʷʪ ʦ ʪʦʤ, ʯʪʦ ʄʕ ʵʬʬʝʢʪ ʚ ʢʦʤʧʦʟʠʪʘʭ ʩʦʩʪʘʚʘ 

ɾʀɻ - BaTiO3 ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʧʦ ʚʝʣʠʯʠʥʝ ʤʝʥʴʰʝ, ʯʝʤ ʚ ʢʦʤʧʦʟʠʪʘʭ ʩʦʩʪʘʚʘ 

ʬʝʨʨʠʪ-ʰʧʠʥʝʣʴ - ʎʊʉ. 

ɺ ʨʘʙʦʪʝ [111] ʪʘʢʞʝ ʦʪʤʝʯʘʝʪʩʷ, ʯʪʦ ʩʪʨʫʢʪʫʨʘ ʬʝʨʨʠʪ ʥʠʢʝʣʷ - ʎʊʉ ʠʤʝʝʪ ʙʦʣʝʝ ʫʟʢʫʶ 

ʨʝʟʦʥʘʥʩʥʫʶ ʣʠʥʠʶ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʪʨʫʢʪʫʨʦʡ ɾʀɻ - ʎʊʉ. ʀʟʤʝʨʝʥʠʷ ʥʘ ʦʙʨʘʟʮʘʭ ʦʙʲʝʤʥʳʭ 

ʢʦʤʧʦʟʠʪʦʚ ʩʦʩʪʘʚʘ 90% ɾʀɻ- 10% ʎʊʉ ʧʦʢʘʟʘʣʠ ʩʣʘʙʦʝ ʄʕ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʠʟ-ʟʘ ʥʠʟʢʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʎʊʉ, ʥʦ ʢʦʛʜʘ ʢʦʥʮʝʥʪʨʘʮʠʷ ʎʊʉ ʫʚʝʣʠʯʠʚʘʣʘʩʴ, ʫʰʠʨʝʥʠʝ ʣʠʥʠʠ ʌʄʈ 

ʤʘʩʢʠʨʦʚʘʣʦ ʵʬʬʝʢʪ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ. 

ʊʘʢʦʝ ʫʰʠʨʝʥʠʝ ʣʠʥʠʡ, ʦʜʥʘʢʦ, ʤʦʞʝʪ ʙʳʪʴ ʫʩʪʨʘʥʝʥʦ ʚ ʩʣʦʠʩʪʦʡ ʩʪʨʫʢʪʫʨʝ. ɺ ʨʘʙʦʪʝ 

[112] ʧʨʠʚʦʜʷʪʩʷ ʜʘʥʥʳʝ ʧʦ ʠʟʫʯʝʥʠʶ ʩʣʦʠʩʪʳʭ ʩʪʨʫʢʪʫʨ Ni0.9Zn0.1Fe2O4 ï ʎʊʉ. ʄʘʢʩʠʤʘʣʴʥʦʝ 

ʟʥʘʯʝʥʠʝ ʩʜʚʠʛʘ ʣʠʥʠʠ ʌʄʈ ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ ʩʦʦʪʥʦʰʝʥʠʠ ʪʦʣʱʠʥ ʬʝʨʨʠʪ-ʧʴʝʟʦʵʣʝʢʪʨʠʢ 0.35 ʠ 

ʩʦʩʪʘʚʣʷʝʪ 25 ʕ ʚ ʧʦʣʝ 22 ʢɺ/ʩʤ. 

ʅʘʠʙʦʣʴʰʝʝ ʟʥʘʯʝʥʠʝ ʨʝʟʦʥʘʥʩʥʦʛʦ ʄʕ ʵʬʬʝʢʪʘ ʜʦʩʪʠʛʥʫʪʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʧʣʝʥʦʢ ɾʀɻ. ɺ ʨʘʙʦʪʝ [111] ʩʦʦʙʱʘʝʪʩʷ ʦ ʩʣʦʠʩʪʳʭ ʢʦʤʧʦʟʠʪʘʭ 

ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ ɾʀɻ ï ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ PMNPT, ʜʣʷ ʢʦʪʦʨʳʭ ʚʝʣʠʯʠʥʘ ʩʜʚʠʛʘ 
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ʣʠʥʠʠ ʌʄʈ ʩʦʩʪʘʚʠʣʘ 40 ʕ ʚ ʧʦʣʝ 8 ʢɺ/ʩʤ ʧʨʠ ʰʠʨʠʥʝ ʣʠʥʠʠ ʌʄʈ 320 ɸ/ʤ. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ 

ʜʝʥʴ ʵʪʦ ʨʝʢʦʨʜʥʦʝ ʟʥʘʯʝʥʠʝ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʟʚʦʣʷʶʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ 

ʨʝʟʦʥʘʥʩʥʦʛʦ ʄʕ ʵʬʬʝʢʪʘ ʦʙʲʝʤʥʘʷ ʜʦʣʷ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʬʘʟʳ ʜʦʣʞʥʘ ʙʳʪʴ ʜʦʩʪʘʪʦʯʥʦ 

ʚʳʩʦʢʘ. ʊʘʢʞʝ ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʫʶ ʢʦʤʧʦʥʝʥʪʫ ʩ ʙʦʣʴʰʠʤ 

ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ, ʘ ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʦʥʥʫʶ ʢʦʤʧʦʥʝʥʪʫ ʩ ʤʘʣʦʡ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴʶ ʥʘʩʳʱʝʥʠʷ ʠ ʚʳʩʦʢʦʡ ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʝʡ. 

ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʩʠʩʪʝʤ ʥʘ ʦʩʥʦʚʝ ʬʝʨʨʠʪʦʚ-ʛʨʘʥʘʪʦʚ ʫʜʝʣʷʝʪʩʷ ʚʥʠʤʘʥʠʝ ʠ 

ʄʕ ʵʬʬʝʢʪʫ, ʢʦʪʦʨʳʡ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʠʥʜʫʮʠʨʦʚʘʥʠʠ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʦʣʷʨʠʟʘʮʠʠ ʧʨʠ 

ʧʨʠʣʦʞʝʥʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ʊʘʢ, ʚ ʨʘʙʦʪʝ [113] ʠʩʩʣʝʜʫʶʪʩʷ ʩʤʝʩʝʚʳʝ ʢʦʤʧʦʟʠʪʳ 

BaTiO3 - BiY2Fe5O12, ʧʦʣʫʯʝʥʥʳʝ ʦʙʳʯʥʳʤ ʪʚʝʨʜʦʬʘʟʥʳʤ ʩʧʦʩʦʙʦʤ ʧʨʠ 1100ʉ̄. ɺ ʦʙʨʘʟʮʘʭ 

ʬʘʟʳ ʪʠʪʘʥʘʪʘ ʙʘʨʠʷ ʠ ʬʝʨʨʠʪʘ ʩʦʩʫʱʝʩʪʚʫʶʪ ʧʦ ʦʪʜʝʣʴʥʦʩʪʠ, ʧʦʩʪʦʨʦʥʥʠʭ ʬʘʟ ʥʝ ʦʙʥʘʨʫʞʝʥʦ. 

ʂʦʤʧʦʟʠʪʳ ʦʙʣʘʜʘʶʪ ʥʠʟʢʠʤ ʪʦʢʦʤ ʫʪʝʯʢʠ, ʠʭ ʄʕ ʧʦʚʝʜʝʥʠʝ ʩʠʣʴʥʦ ʟʘʚʠʩʠʪ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ 

BiY2Fe5O12 ʠ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʧʦʩʪʦʷʥʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ʄʘʢʩʠʤʘʣʴʥʘʷ ʚʝʣʠʯʠʥʘ 

ʄʕ ʢʦʵʬʬʠʮʠʝʥʪʘ ʢʦʤʧʦʟʠʪʦʚ ʜʦʩʪʠʛʘʝʪ ʧʨʠʤʝʨʥʦ 0.21 ʤɺ/(ʩʤĿʕ). ʕʬʬʝʢʪʠʚʥʦʩʪʴ 

ʄʕ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʫʜʘʝʪʩʷ ʟʘʤʝʪʥʦ ʧʦʚʳʩʠʪʴ ʧʨʠ ʧʝʨʝʭʦʜʝ ʢ ʩʣʦʠʩʪʳʤ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʘʤ 

BaTiO3 - BiY2Fe5O12 [114], ʜʣʷ ʢʦʪʦʨʳʭ ʚʝʣʠʯʠʥʘ Dɽ/Dʅ ʩʦʩʪʘʚʣʷʝʪ 14.36 ʤɺ/(ʩʤĿʕ). 

II.2.4. ʉʤʝʩʝʚʳʝ ʤʘʛʥʠʪʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʢʦʤʧʦʟʠʪʳ ʥʘ ʦʩʥʦʚʝ ʣʘʥʪʘʥʩʦʜʝʨʞʘʱʠʭ 

ʤʘʥʛʘʥʠʪʦʚ 

ʄʘʥʛʘʥʠʪʳ ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʧʝʨʦʚʩʢʠʪʘ Ln1-xAxMnO3 (ʛʜʝ Ln ï ʪʨʝʭʟʘʨʷʜʥʳʝ ʢʘʪʠʦʥʳ 

ʣʘʥʪʘʥʘ ʠʣʠ ʣʘʥʪʘʥʦʠʜʦʚ, A ï ʢʘʢ ʧʨʘʚʠʣʦ, ʜʚʫʭʟʘʨʷʜʥʳʝ ʢʘʪʠʦʥʳ ʱʝʣʦʯʥʦʟʝʤʝʣʴʥʳʭ ʤʝʪʘʣʣʦʚ) 

ʧʨʠʚʣʝʢʘʶʪ ʠʥʪʝʨʝʩ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʧʨʝʞʜʝ ʚʩʝʛʦ ʚ ʩʚʷʟʠ ʩ ʦʙʥʘʨʫʞʝʥʥʳʤ ʫ ʥʠʭ ʚ 1993 ʛʦʜʫ 

ʵʬʬʝʢʪʦʤ ʢʦʣʦʩʩʘʣʴʥʦʛʦ ʤʘʛʥʝʪʦʩʦʧʨʦʪʠʚʣʝʥʠʷ [115, 116] ʠ ʩʚʷʟʘʥʥʦʡ ʩ ʥʠʤ ʚʦʟʤʦʞʥʦʩʪʴʶ ʠʭ 

ʧʨʠʤʝʥʝʥʠʷ ʚ ʜʘʪʯʠʢʘʭ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʨʘʟʣʠʯʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ, ʩʯʠʪʳʚʘʶʱʠʭ ʛʦʣʦʚʢʘʭ 

ʤʘʛʥʠʪʥʦʡ ʟʘʧʠʩʠ ʚʳʩʦʢʦʡ ʧʣʦʪʥʦʩʪʠ, ʫʩʪʨʦʡʩʪʚʘʭ ʭʨʘʥʝʥʠʷ ʙʦʣʴʰʠʭ ʦʙʲʝʤʦʚ ʠʥʬʦʨʤʘʮʠʠ, 

ʤʝʪʘʣʣʦʜʝʪʝʢʪʦʨʘʭ, ʩʝʥʩʦʨʘʭ ʠ ʪ. ʜ. ʅʝʜʘʚʥʦ ʧʦʷʚʠʣʠʩʴ ʨʘʙʦʪʳ ʦʙ ʘʥʦʤʘʣʴʥʦ ʚʳʩʦʢʦʡ 

ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʠ ʤʘʥʛʘʥʠʪʦʚ Ln1-xAxMnO3 [117, 118], ʯʪʦ ʦʪʢʨʳʚʘʝʪ ʥʦʚʳʝ ʧʝʨʩʧʝʢʪʠʚʳ ʠʭ 

ʧʨʠʤʝʥʝʥʠʷ, ʚ ʯʘʩʪʥʦʩʪʠ, ʚ ʢʘʯʝʩʪʚʝ ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʦʥʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʄʕ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ.  

ʀʥʪʝʨʝʩ ʢ ʢʦʤʧʦʟʠʮʠʦʥʥʳʤ ʤʘʪʝʨʠʘʣʘʤ ʩ ʣʘʥʪʘʥʩʦʜʝʨʞʘʱʠʤʠ ʤʘʥʛʘʥʠʪʘʤʠ ʚʦʟʥʠʢ 

ʥʝʜʘʚʥʦ ʠ ʩʧʠʩʦʢ ʧʫʙʣʠʢʘʮʠʡ ʧʦ ʜʘʥʥʦʡ ʪʝʤʘʪʠʢʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʤʥʦʛʦʯʠʩʣʝʥ [119ï129]. ɺ 

ʙʦʣʴʰʠʥʩʪʚʝ ʨʘʙʦʪ ʠʩʩʣʝʜʫʶʪʩʷ ʩʚʦʡʩʪʚʘ ʩʠʩʪʝʤ, ʚ ʢʦʪʦʨʳʭ ʚ ʢʘʯʝʩʪʚʝ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʢʦʤʧʦʥʝʥʪ rʠʩʧʦʣʴʟʫʝʪʩʷ ʪʠʪʘʥʘʪ ʙʘʨʠʷ [119ï128]. ɼʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʢʦʤʧʦʟʠʪʦʚ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʢʘʢ ʪʨʘʜʠʮʠʦʥʥʳʝ ʪʚʝʨʜʦʬʘʟʥʳʝ ʤʝʪʦʜʳ [119ï125], ʪʘʢ ʠ ʤʝʪʦʜʳ çʤʦʢʨʦʡè ʭʠʤʠʠ [126, 127]. 
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ʊʝʤʧʝʨʘʪʫʨʳ ʩʧʝʢʘʥʠʷ ʄʕ ʢʝʨʘʤʠʢʠ ʠʟʤʝʥʷʶʪʩʷ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ï ʦʪ 900 [121, 123, 126] 

ʜʦ 1200ʉ̄ [119, 127].  

ʂʘʢ ʧʨʘʚʠʣʦ, ʚ ʦʙʩʫʞʜʘʝʤʳʭ ʨʘʙʦʪʘʭ [119ï123] ʥʘ ʦʩʥʦʚʘʥʠʠ ʜʘʥʥʳʭ ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ 

ʘʥʘʣʠʟʘ (ʈʌɸ), ʘ ʚ ʨʘʙʦʪʝ [122] ʪʘʢʞʝ ʥʘ ʦʩʥʦʚʘʥʠʠ ʦʪʩʫʪʩʪʚʠʷ ʠʟʤʝʥʝʥʠʡ ʪʝʤʧʝʨʘʪʫʨʳ ʂʶʨʠ ʠ 

ʢʦʵʨʮʠʪʠʚʥʦʛʦ ʧʦʣʷ ʬʘʟʳ ʤʘʥʛʘʥʠʪʘ ʚ ʩʦʩʪʘʚʝ ʄʕ ʢʝʨʘʤʠʢʠ, ʫʢʘʟʳʚʘʝʪʩʷ ʥʘ ʦʪʩʫʪʩʪʚʠʝ 

ʤʝʞʬʘʟʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʢʦʤʧʦʥʝʥʪ ʢʦʤʧʦʟʠʪʦʚ ʜʘʞʝ ʥʘ ʫʨʦʚʥʝ ʚʟʘʠʤʥʦʛʦ ʣʝʛʠʨʦʚʘʥʠʷ. 

ʆʜʥʘʢʦ ʚʥʠʤʘʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʧʨʠʚʝʜʝʥʥʳʭ ʚ ʨʷʜʝ ʨʘʙʦʪ ʨʝʥʪʛʝʥʦʛʨʘʤʤ ʧʦʟʚʦʣʷʝʪ ʟʘʤʝʪʠʪʴ 

ʩʤʝʱʝʥʠʷ ʨʝʬʣʝʢʩʦʚ ʬʘʟ ʢʦʤʧʦʟʠʪʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʠʢʦʚ ʯʠʩʪʳʭ 

ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʠ ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʦʥʥʦʡ ʢʦʤʧʦʥʝʥʪ, ʥʘ ʯʪʦ ʟʘʯʘʩʪʫʶ ʥʝ ʦʙʨʘʱʘʝʪʩʷ 

ʚʥʠʤʘʥʠʝ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʚ ʨʘʙʦʪʝ [125] ʥʘ ʨʝʥʪʛʝʥʦʛʨʘʤʤʘʭ ʦʙʨʘʟʮʦʚ ʩʠʩʪʝʤʳ 

Ba0.6Sr0.4TiO3 - La0.7Ca0.3MnO3, ʧʦʣʫʯʝʥʥʳʭ ʩʧʝʢʘʥʠʝʤ ʥʘ ʚʦʟʜʫʭʝ ʧʨʠ 1100ʉ̄ ʠʟ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ 

ʦʙʦʞʞʝʥʥʳʭ ʧʨʠ 1300-1350̄ʉ ʧʦʨʦʰʢʦʚ ʠʩʭʦʜʥʳʭ ʬʘʟ, ʥʘʙʣʶʜʘʝʪʩʷ ʥʝʙʦʣʴʰʦʡ ʩʜʚʠʛ ʣʠʥʠʡ 

ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʢʦʤʧʦʥʝʥʪʳ ʚ ʦʙʣʘʩʪʴ ʙʦʣʴʰʠʭ ʫʛʣʦʚ. ʕʪʦ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʟʥʘʢʦʤ 

ʣʝʛʠʨʦʚʘʥʠʷ ʬʘʟʳ ʪʠʪʘʥʘʪʘ ʢʘʪʠʦʥʘʤʠ, ʚʭʦʜʷʱʠʤʠ ʚ ʩʦʩʪʘʚ ʤʘʥʛʘʥʠʪʘ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ 

ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʘʷ ʠ ʬʝʨʨʦʤʘʛʥʠʪʥʘʷ ʪʝʤʧʝʨʘʪʫʨʳ ʂʶʨʠ ʬʘʟ ʚ ʢʦʤʧʦʟʠʪʝ ʨʘʚʥʳ ʪʘʢʦʚʳʤ ʜʣʷ 

ʯʠʩʪʳʭ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʠ ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʦʥʥʦʡ ʢʦʤʧʦʥʝʥʪ, ʯʪʦ ʪʠʧʠʯʥʦ ʜʣʷ ʄʕ ʢʦʤʧʦʟʠʪʦʚ 

ʥʘ ʦʩʥʦʚʝ ʣʘʥʪʘʥʩʦʜʝʨʞʘʱʠʭ ʤʘʥʛʘʥʠʪʦʚ ʠ ʦʪʤʝʯʘʝʪʩʷ ʚʦ ʤʥʦʛʠʭ ʮʠʪʠʨʫʝʤʳʭ ʧʫʙʣʠʢʘʮʠʷʭ 

[119ï122, 125].  

ɺ ʨʘʙʦʪʝ [127] ʜʣʷ ʢʦʤʧʦʟʠʪʦʚ La0.7Sr0.3MnO3 - BaTiO3 ʪʠʧʘ ʷʜʨʦ-ʦʙʦʣʦʯʢʘ, ʧʦʣʫʯʝʥʥʳʭ, 

ʢʘʢ ʠ ʢʦʤʧʦʟʠʪʳ ʙʣʠʟʢʦʛʦ ʩʦʩʪʘʚʘ La0.67Sr0.33MnO3 - BaTiO3 ʚ ʨʘʙʦʪʝ [119], ʧʨʠ 1200ʉ̄, ʥʦ ʥʝ 

ʪʚʝʨʜʦʬʘʟʥʳʤ ʩʧʦʩʦʙʦʤ, ʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʟʦʣʴ-ʛʝʣɹ-ʤʝʪʦʜʦʚ ʩʠʥʪʝʟʘ ʬʘʟ, ʩʦʦʙʱʘʝʪʩʷ ʦ 

ʩʫʱʝʩʪʚʝʥʥʳʭ ʠʟʤʝʥʝʥʠʷʭ ʧʘʨʘʤʝʪʨʦʚ ʵʣʝʤʝʥʪʘʨʥʳʭ ʷʯʝʝʢ ʬʘʟ. ʇʘʨʘʤʝʪʨʳ ʬʘʟʳ ʥʘ ʦʩʥʦʚʝ 

ʪʠʪʘʥʘʪʘ ʙʘʨʠʷ ʫʤʝʥʴʰʘʶʪʩʷ, ʘ ʥʘ ʦʩʥʦʚʝ ʤʘʥʛʘʥʠʪʘ ʩʪʨʦʥʮʠʷ-ʣʘʥʪʘʥʘ ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʚ ʩʨʝʜʥʝʤ 

ʥʘ 2-5%, ʯʪʦ ʷʚʥʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʠʤʝʶʱʝʤ ʤʝʩʪʦ ʚʟʘʠʤʥʦʤ ʣʝʛʠʨʦʚʘʥʠʠ 

ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʠ ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʦʥʥʦʡ ʢʦʤʧʦʥʝʥʪ ʢʦʤʧʦʟʠʪʘ. ʇʨʠ ʵʪʦʤ, ʥʝʩʤʦʪʨʷ ʥʘ ʷʚʥʳʝ 

ʧʨʠʟʥʘʢʠ ʤʝʞʬʘʟʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʧʦ ʜʘʥʥʳʤ [127] ʜʚʫʭʬʘʟʥʘʷ ʢʝʨʘʤʠʢʘ 

La0.7Sr0.3MnO3 - BaTiO3 ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʜʦʚʦʣʴʥʦ ʟʥʘʯʠʪʝʣʴʥʳʡ ʜʣʷ ʵʪʦʛʦ ʪʠʧʘ ʢʦʤʧʦʟʠʪʦʚ 

ʄʕ ʵʬʬʝʢʪ 54.5 ʤɺ/(ʩʤĿʕ); ʚ ʜʨʫʛʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʧʦʜʦʙʥʳʭ ʩʠʩʪʝʤ ʦ ʨʝʛʠʩʪʨʘʮʠʠ ʜʘʥʥʦʛʦ 

ʵʬʬʝʢʪʘ ʥʝ ʩʦʦʙʱʘʝʪʩʷ. ɺʝʨʦʷʪʥʦ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʨʘʙʦʪʝ [127] ʩʚʝʜʝʥʠʷ ʪʨʝʙʫʶʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ 

ʧʨʦʚʝʨʢʠ ʠ ʫʪʦʯʥʝʥʠʷ, ʪ.ʢ. ʜʘʞʝ ʚ ʪʨʝʭʩʣʦʡʥʦʡ ʢʦʤʧʦʟʠʪʥʦʡ ʩʪʨʫʢʪʫʨʝ 

La0.7Ba0.3MnO3-BaTiO3-La0.7Ba0.3MnO3, ʦʧʠʩʘʥʥʦʡ ʚ [128], ʤʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ 

ʄʕ ʢʦʵʬʬʠʮʠʝʥʪʘ ʥʘ ʜʚʘ ʧʦʨʷʜʢʘ ʤʝʥʴʰʝ ʠ ʩʦʩʪʘʚʣʷʶʪ ʚ ʧʨʦʜʦʣʴʥʦʤ ʠ ʧʦʧʝʨʝʯʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ 

0.55 ʠ 0.52 ʤɺ/(ʩʤÖʕ) ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʭʦʪʷ ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʩʣʦʠʩʪʳʝ ʄʕ ʩʪʨʫʢʪʫʨʳ ʦʙʳʯʥʦ 

ʦʙʣʘʜʘʶʪ ʙʦʣʝʝ ʚʳʨʘʞʝʥʥʳʤʠ ʄʕ ʩʚʦʡʩʪʚʘʤʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʤʝʩʝʚʳʤʠ ʢʦʤʧʦʟʠʪʘʤʠ. 
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ʇʨʠʩʫʪʩʪʚʠʝ ʚ ʩʦʩʪʘʚʝ ʤʘʥʛʘʥʠʪʩʦʜʝʨʞʘʱʠʭ ʢʦʤʧʦʟʠʪʦʚ ʦʜʥʦʚʨʝʤʝʥʥʦ 

ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʠ ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʦʥʥʦʡ ʢʦʤʧʦʥʝʥʪ ʧʨʠʚʦʜʠʪ ʢ ʧʦʷʚʣʝʥʠʶ ʥʦʚʳʭ 

ʠʥʪʝʨʝʩʥʳʭ ʩʚʦʡʩʪʚ. ʊʘʢ, ʩʦʛʣʘʩʥʦ ʠʩʩʣʝʜʦʚʘʥʠʷʤ [119ï121] ʪʝʤʧʝʨʘʪʫʨʘ ʧʝʨʝʭʦʜʘ 

ʜʠʵʣʝʢʪʨʠʢ - ʤʝʪʘʣʣ ʬʘʟʳ ʤʘʥʛʘʥʠʪʘ ʚ ʩʦʩʪʘʚʝ ʢʦʤʧʦʟʠʪʦʚ La0.67Sr0.33MnO3 - BaTiO3 ʠ 

La0.7Ca0.3MnO3 - BaTiO3 ʩʤʝʱʘʝʪʩʷ ʚ ʦʙʣʘʩʪʴ ʙʦʣʝʝ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ, ʘ ʩʦʧʨʦʪʠʚʣʝʥʠʝ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʚʝʜʝʥʠʷ BaTiO3 ʤʘʛʥʝʪʦʩʦʧʨʦʪʠʚʣʝʥʠʝ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʯʠʩʪʳʤʠ ʤʘʥʛʘʥʠʪʘʤʠ ʧʦʚʳʰʘʝʪʩʷ ʚʦ ʚʩʝʤ ʜʠʘʧʘʟʦʥʝ ʨʘʙʦʯʠʭ 

ʪʝʤʧʝʨʘʪʫʨ; ʤʘʢʩʠʤʘʣʴʥʦʝ ʪʨʝʭʢʨʘʪʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʤʘʛʥʝʪʦʩʦʧʨʦʪʠʚʣʝʥʠʷ ʥʘʙʣʶʜʘʝʪʩʷ ʚ 

ʩʠʩʪʝʤʝ (1-ʭ) La0.67Sr0.33MnO3 + ʭ BaTiO3 ʜʣʷ ʦʙʨʘʟʮʘ ʩ ʭ = 10 % [119]. ɺ ʨʘʙʦʪʝ [125] ʠʩʩʣʝʜʦʚʘʥʳ 

ʤʘʛʥʠʪʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʠ ʤʘʛʥʠʪʦʜʠʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʢʦʤʧʦʟʠʪʦʚ 

Ba0.6Sr0.4TiO3  -  La0.7Ca0.3MnO3. ʅʠʞʝ ʧʨʝʜʝʣʘ ʧʝʨʢʦʣʷʮʠʠ, ʧʨʠ ʭ = 0.05, ʘʚʪʦʨʳ ʥʘʙʣʶʜʘʣʠ 

ʩʥʠʞʝʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʦʣʷʨʠʟʘʮʠʠ ʠ ʫʚʝʣʠʯʝʥʠʝ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʩ ʩʠʣʴʥʦʡ 

ʯʘʩʪʦʪʥʦʡ ʟʘʚʠʩʠʤʦʩʪʴʶ ʚʙʣʠʟʠ ʬʝʨʨʦʤʘʛʥʠʪʥʦʡ ʪʦʯʢʠ ʂʶʨʠ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʥʘ ʯʘʩʪʦʪʥʳʭ 

ʟʘʚʠʩʠʤʦʩʪʷʭ ʧʨʠ 10 ʂ ʥʘʙʣʶʜʘʣʦʩʴ ʥʝʙʦʣʴʰʦʝ ʠʟʤʝʥʝʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʦʣʷʨʠʟʘʮʠʠ ʠ 

ʫʤʝʥʴʰʝʥʠʝ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʦʩʪʦʷʥʥʦʡ.  

ʈʘʙʦʪʘ [129] ï ʦʜʥʘ ʠʟ ʥʝʤʥʦʛʠʭ, ʚ ʢʦʪʦʨʦʡ ʠʩʩʣʝʜʫʶʪʩʷ ʜʚʫʭʬʘʟʥʳʝ ʩʠʩʪʝʤʳ ʥʘ ʦʩʥʦʚʝ 

ʣʘʥʪʘʥʩʦʜʝʨʞʘʱʠʭ ʤʘʥʛʘʥʠʪʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚ ʢʘʯʝʩʪʚʝ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ 

ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ʮʠʨʢʦʥʘʪʘ-ʪʠʪʘʥʘʪʘ ʩʚʠʥʮʘ (ʎʊʉ). ɺ ʥʝʡ ʩʦʦʙʱʘʝʪʩʷ ʦ ʢʦʤʧʦʟʠʪʘʭ 

La0.67Sr0.33MnO3 - PbZr0.52Ti0.48O3, ʢʦʪʦʨʳʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʤʝʪʦʜʘ ʤʠʢʨʦʚʦʣʥʦʚʦʡ 

ʦʙʨʘʙʦʪʢʠ ʧʨʠ 1100ʉ̄ ʠʟ ʠʩʭʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʚ ʚʠʜʝ ʥʘʥʦʨʘʟʤʝʨʥʳʭ ʧʦʨʦʰʢʦʚ 

ʧʦ ʮʠʪʨʘʪʥʦʡ ʟʦʣʴ-ʛʝʣʴ-ʪʝʭʥʦʣʦʛʠʠ. ʈʌɸ ʧʦʜʪʚʝʨʜʠʣ ʩʦʩʫʱʝʩʪʚʦʚʘʥʠʝ ʚ ʢʦʤʧʦʟʠʪʘʭ ʜʚʫʭ 

ʨʘʟʣʠʯʥʳʭ ʬʘʟ, La0.67Sr0.33MnO3 ʠ PbZr0.52Ti0.48O3, ʦʜʥʘʢʦ ʚʥʠʤʘʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʧʨʠʚʝʜʝʥʥʳʭ ʚ 

ʩʪʘʪʴʝ ʨʝʥʪʛʝʥʦʛʨʘʤʤ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʬʘʟʘ ʎʊʉ ʚ ʩʦʩʪʘʚʝ ʢʦʤʧʦʟʠʪʦʚ ʧʨʝʪʝʨʧʝʚʘʝʪ 

ʩʫʱʝʩʪʚʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ, ʚ ʯʘʩʪʥʦʩʪʠ, ʩʪʘʥʦʚʠʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʟʘʤʝʪʥʳʤ ʧʨʠʩʫʱʝʝ 

ʠʩʧʦʣʴʟʦʚʘʥʥʦʤʫ ʚ ʨʘʙʦʪʝ ʯʠʩʪʦʤʫ ʤʘʪʝʨʠʘʣʫ PbZr0.52Ti0.48O3 ʷʚʥʦ ʚʳʨʘʞʝʥʥʦʝ ʪʝʪʨʘʛʦʥʘʣʴʥʦʝ 

ʠʩʢʘʞʝʥʠʝ.  

II.2.5. ʇʨʦʙʣʝʤʘ ʤʝʞʬʘʟʥʦʛʦ ʣʝʛʠʨʦʚʘʥʠʷ ʚ ʩʤʝʩʝʚʳʭ ʤʘʛʥʠʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ 

ʢʦʤʧʦʟʠʪʘʭ 

ʂʘʢ ʤʦʞʥʦ ʚʠʜʝʪʴ ʠʟ ʨʘʟʜʝʣʦʚ II.2.1-II.2.4, ʠʟʛʦʪʦʚʣʝʥʠʝ ʄʕ ʢʦʤʧʦʟʠʪʦʚ ʚ ʙʦʣʴʰʠʥʩʪʚʝ 

ʩʣʫʯʘʝʚ ʧʨʝʜʧʦʣʘʛʘʝʪ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʡ ʦʙʞʠʛ ʩʤʝʩʝʡ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʠ 

ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʦʚ. ɺ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʚʝʩʴʤʘ ʚʝʨʦʷʪʥʳ ʧʨʦʮʝʩʩʳ ʭʠʤʠʯʝʩʢʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʢʦʤʧʦʥʝʥʪʘʤʠ ʢʦʤʧʦʟʠʪʘ. ɺ ʨʷʜʝ ʩʣʫʯʘʝʚ ʦʥʠ ʤʦʛʫʪ ʧʨʠʚʦʜʠʪʴ ʢ 

ʦʙʨʘʟʦʚʘʥʠʶ ʚ ʩʠʩʪʝʤʝ ʥʦʚʳʭ ʬʘʟ, ʯʪʦ ʨʝʟʢʦ ʩʥʠʞʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʄʕ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ. ʅʦ 

ʜʘʞʝ ʝʩʣʠ ʥʝ ʧʨʦʠʩʭʦʜʠʪ ʩʪʦʣʴ ʛʣʫʙʦʢʦʛʦ ʭʠʤʠʯʝʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʪʦ ʝʩʪʴ ʚ ʢʦʤʧʦʟʠʪʝ ʠ 
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ʧʦʩʣʝ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʧʨʠʩʫʪʩʪʚʫʶʪ ʪʦʣʴʢʦ ʬʘʟʳ ʧʴʝʟʦʵʣʝʢʪʨʠʢʘ ʠ ʬʝʨʨʠʪʘ, ʧʨʘʢʪʠʯʝʩʢʠ 

ʥʝʚʦʟʤʦʞʥʦ ʠʟʙʝʞʘʪʴ ʤʝʞʬʘʟʥʦʛʦ ʚʟʘʠʤʥʦʛʦ ʣʝʛʠʨʦʚʘʥʠʷ. ʕʪʦ ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ, ʪʘʢ ʢʘʢ 

ʠʟʚʝʩʪʥʦ, ʯʪʦ ʩʚʦʡʩʪʚʘ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠ ʤʘʛʥʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚʝʩʴʤʘ ʯʫʚʩʪʚʠʪʝʣʴʥʳ ʢ 

ʜʦʙʘʚʢʘʤ, ʚʚʦʜʠʤʳʤ ʜʘʞʝ ʚ ʦʯʝʥʴ ʥʝʟʥʘʯʠʪʝʣʴʥʳʭ ʢʦʣʠʯʝʩʪʚʘʭ (ʧʦʨʷʜʢʘ 0.1-1 ʤʦʣ.%).  

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʜʦʙʘʚʢʠ ʦʢʘʟʳʚʘʶʪ ʚʣʠʷʥʠʝ ʥʝ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʠ 

ʤʘʛʥʠʪʥʳʝ ʧʘʨʘʤʝʪʨʳ, ʘ ʥʘ ʢʨʠʩʪʘʣʣʦʭʠʤʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ (ʚʠʜ ʠ ʢʦʣʠʯʝʩʪʚʦ ʜʝʬʝʢʪʦʚ ʠ 

ʚʘʢʘʥʩʠʡ) ʠ ʤʠʢʨʦʩʪʨʫʢʪʫʨʫ (ʨʘʟʤʝʨ ʟʸʨʝʥ, ʧʦʨʠʩʪʦʩʪʴ) ʤʘʪʝʨʠʘʣʦʚ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ 

ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʮʝʣʝʩʦʦʙʨʘʟʥʳʤ ʨʘʩʩʤʦʪʨʝʥʠʝ ʚʣʠʷʥʠʷ ʜʦʙʘʚʦʢ ʥʝʢʦʪʦʨʳʭ ʠʦʥʦʚ ʥʘ ʩʚʦʡʩʪʚʘ 

ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠ ʤʘʛʥʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʄʕ ʢʦʤʧʦʟʠʪʦʚ. 

ɺʦʧʨʦʩʳ ʚʣʠʷʥʠʷ ʣʝʛʠʨʦʚʘʥʠʷ ʥʘ ʩʚʦʡʩʪʚʘ ʪʠʪʘʥʘʪʘ ʙʘʨʠʷ ʠ ʮʠʨʢʦʥʘʪʘ-ʪʠʪʘʥʘʪʘ ʩʚʠʥʮʘ 

(ʎʊʉ) ʜʦʩʪʘʪʦʯʥʦ ʭʦʨʦʰʦ ʠʟʫʯʝʥʳ [130, 131]. ʊʘʢ, ʠʟʚʝʩʪʥʦ, ʯʪʦ ʧʨʠ ʚʚʝʜʝʥʠʠ ʚ ʩʪʨʫʢʪʫʨʫ 

ʧʝʨʦʚʩʢʠʪʘ ɸɺʆ3 ʤʦʜʠʬʠʢʘʪʦʨʦʚ Aô ʠ ɺô, ʩʪʝʧʝʥʴ ʦʢʠʩʣʝʥʠʷ Z ʢʦʪʦʨʳʭ ʤʝʥʴʰʝ, ʯʝʤ ʫ 

ʟʘʤʝʱʘʝʤʳʭ ʘʪʦʤʦʚ (Zɸô(ɺô) < Zɸ(ɺ)), ʥʘʙʣʶʜʘʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ ʢʦʵʨʮʠʪʠʚʥʦʛʦ ʧʦʣʷ ɽʩ ʠ 

ʜʦʙʨʦʪʥʦʩʪʠ Qʄ, ʫʤʝʥʴʰʝʥʠʝ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ Ů33
T ʠ ʫʜʝʣʴʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ɟv. ʄʦʜʠʬʠʢʘʪʦʨʳ ʚ ʧʦʟʠʮʠʷʭ ɸ ʠ ɺ ʚ ʩʪʨʫʢʪʫʨʝ ʎʊʉ ʩ Zɸô = 1 ʠ Zɺô = 3, ʢʘʢ 

ʧʨʘʚʠʣʦ, ʫʤʝʥʴʰʘʶʪ ʪʘʥʛʝʥʩ ʫʛʣʘ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʪʝʨʴ tgŭ, ʘ ʤʦʜʠʬʠʢʘʪʦʨʳ ʚ ʧʦʟʠʮʠʷʭ ɺ 

ʩ Zɺô = 2 ʫʚʝʣʠʯʠʚʘʶʪ tgŭ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʥʝʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʤʠ ʩʦʩʪʘʚʘʤʠ. ʇʦ ʭʘʨʘʢʪʝʨʫ 

ʠʟʤʝʥʝʥʠʷ ɽʩ, Qʄ ʠ Ů33
T ʤʦʜʠʬʠʢʘʪʦʨʳ, ʫ ʢʦʪʦʨʳʭ Zɸô(ɺô) > Zɸ(ɺ) ʤʦʛʫʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʳ ʢʘʢ 

çʩʝʛʥʝʪʦʤʷʛʢʠʝè, ʘ ʝʩʣʠ Zɸô(ɺô) < Zɸ(ɺ) ï ʢʘʢ çʩʝʛʥʝʪʦʞʝʩʪʢʠʝè. 

ʇʨʠ ʛʝʪʝʨʦʚʘʣʝʥʪʥʦʤ ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʠ ʠʟʤʝʥʷʝʪʩʷ ʜʝʬʝʢʪʥʦʩʪʴ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ: 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʯʠʩʣʦ ʩʚʠʥʮʦʚʳʭ ʚʘʢʘʥʩʠʡ V''Pb, ʝʩʣʠ Zɸô(ɺô) > Zɸ(ɺ), ʠʣʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʯʠʩʣʦ 

ʢʠʩʣʦʨʦʜʥʳʭ ʚʘʢʘʥʩʠʡ V''ʆ, ʝʩʣʠ Zɸô(ɺô) < Zɸ(ɺ). ʇʨʠ ʚʚʝʜʝʥʠʠ çʩʝʛʥʝʪʦʤʷʛʢʠʭè ʤʦʜʠʬʠʢʘʪʦʨʦʚ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʦʙʨʘʟʫʶʱʠʝʩʷ ʚʘʢʘʥʩʠʠ ʩʚʠʥʮʘ ʫʤʝʥʴʰʘʶʪ ʚʝʣʠʯʠʥʫ ʩʧʦʥʪʘʥʥʦʡ ʜʝʬʦʨʤʘʮʠʠ. 

ʕʪʦ ʚ ʢʦʥʝʯʥʦʤ ʩʯʝʪʝ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʧʦʜʚʠʞʥʦʩʪʠ ʜʦʤʝʥʥʳʭ ʩʪʝʥʦʢ, ʦʙʣʝʛʯʝʥʠʶ 

ʜʦʤʝʥʥʳʭ ʧʝʨʝʦʨʠʝʥʪʘʮʠʡ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʢ ʧʦʚʳʰʝʥʠʶ ʩʝʛʥʝʪʦʤʷʛʦʩʪʠ. çʉʝʛʥʝʪʦʞʝʩʪʢʠʝè 

ʤʦʜʠʬʠʢʘʪʦʨʳ ʜʝʡʩʪʚʫʶʪ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʤ ʦʙʨʘʟʦʤ. 

 ʕʬʬʝʢʪʳ ʠʟʦʚʘʣʝʥʪʥʦʛʦ ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʷ ʥʝ ʩʚʷʟʘʥʳ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʢʘʪʠʦʥʥʳʭ ʠʣʠ 

ʘʥʠʦʥʥʳʭ ʚʘʢʘʥʩʠʡ. ʆʥʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʦʙʫʩʣʦʚʣʝʥʳ ʠʥʜʠʚʠʜʫʘʣʴʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ 

ʤʦʜʠʬʠʢʘʪʦʨʦʚ: ʨʘʟʤʝʨʘʤʠ ʘʪʦʤʦʚ, ʵʣʝʢʪʨʦʥʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʝʡ ʚʘʣʝʥʪʥʳʭ ʫʨʦʚʥʝʡ, 

ʭʘʨʘʢʪʝʨʦʤ ʭʠʤʠʯʝʩʢʠʭ ʩʚʷʟʝʡ.  

ɺʣʠʷʥʠʝ ʜʦʙʘʚʦʢ Fe3+, Co3+, Ni2+, Y3+ ʥʘ ʩʚʦʡʩʪʚʘ ʪʠʪʘʥʘʪʘ ʙʘʨʠʷ ʠ ʮʠʨʢʦʥʘʪʘ-ʪʠʪʘʥʘʪʘ 

ʩʚʠʥʮʘ ʦʧʠʩʘʥʦ ʚ ʨʘʙʦʪʘʭ [130ï134]. ʃʝʛʠʨʦʚʘʥʠʝ ʪʠʪʘʥʘʪʘ ʙʘʨʠʷ ʠ ʮʠʨʢʦʥʘʪʘ-ʪʠʪʘʥʘʪʘ ʩʚʠʥʮʘ 

(ɸɺʆ3) ʠʦʥʘʤʠ ʞʝʣʝʟʘ, ʢʦʙʘʣʴʪʘ ʠ ʥʠʢʝʣʷ, ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʚʭʦʜʷʱʠʤʠ ʚ ʩʦʩʪʘʚ 

ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʦʥʥʳʭ ʬʝʨʨʠʪʦʚ-ʰʧʠʥʝʣʝʡ, ʧʨʦʠʩʭʦʜʠʪ ʧʦ ʧʦʣʦʞʝʥʠʶ ɺ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʠʭ 
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ʨʘʜʠʫʩʘʤʠ. ɺʥʝʜʨʝʥʠʝ ʵʪʠʭ ʠʦʥʦʚ ʚ ʤʝʞʜʦʫʟʣʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʤʘʣʦʚʝʨʦʷʪʥʳʤ ʠʟ-ʟʘ ʙʦʣʴʰʦʡ 

ʧʣʦʪʥʦʩʪʠ ʫʧʘʢʦʚʢʠ ʧʝʨʦʚʩʢʠʪʘ. ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ Ti4+ ʠ Zr4+ ʵʪʠ ʠʦʥʳ ʠʤʝʶʪ ʙʦʣʝʝ ʥʠʟʢʫʶ 

ʩʪʝʧʝʥʴ ʦʢʠʩʣʝʥʠʷ ʠ ʷʚʣʷʶʪʩʷ ʟʘʤʝʩʪʠʪʝʣʷʤʠ, ʚʳʟʳʚʘʶʱʠʤʠ ʦʙʨʘʟʦʚʘʥʠʝ ʚʘʢʘʥʩʠʡ [a] ʚ 

ʧʦʣʦʞʝʥʠʠ ʆ, ʯʪʦ ʦʪʨʘʞʘʝʪʩʷ ʩʣʝʜʫʶʱʝʡ ʬʦʨʤʫʣʦʡ: ɸɺ1-mFem[a]0,5mO3-0,5m. 

ɺʚʝʜʝʥʠʝ ʚ Pb(Ti,Zr)O3 ʠʦʥʦʚ Fe
3+, Co3+, Ni2+ ʧʦʚʳʰʘʝʪ ʜʳʨʦʯʥʫʶ ʧʨʦʚʦʜʠʤʦʩʪʴ ʠ 

ʧʨʦʪʠʚʦʜʝʡʩʪʚʫʝʪ ʦʙʨʘʟʦʚʘʥʠʶ ʚʘʢʘʥʩʠʡ ʚ ʧʦʣʦʞʝʥʠʠ ɸ ʚʦ ʚʨʝʤʷ ʦʙʞʠʛʘ. ʕʪʦ ʚʳʟʳʚʘʝʪ 

ʟʘʪʨʫʜʥʝʥʠʷ ʚ ʧʝʨʝʢʣʶʯʝʥʠʠ ʜʦʤʝʥʦʚ, ʪʦ ʝʩʪʴ ʢʝʨʘʤʠʢʘ ʩʪʘʥʦʚʠʪʩʷ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʠ ʙʦʣʝʝ 

ʞʸʩʪʢʦʡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʥʝʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ. ʆʥʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʦʥʠʞʝʥʥʳʤʠ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʴʶ ʠ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ, ʚʳʩʦʢʠʤ ʢʦʵʨʮʠʪʠʚʥʳʤ 

ʧʦʣʝʤ, ʧʨʠ ʵʪʦʤ ʧʨʦʮʝʩʩʳ ʝʸ ʧʦʣʷʨʠʟʘʮʠʠ ʠ ʜʝʧʦʣʷʨʠʟʘʮʠʠ ʟʘʪʨʫʜʥʝʥʳ [130]. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʘʢʮʝʧʪʦʨʥʳʝ ʜʦʙʘʚʢʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʩʧʦʩʦʙʩʪʚʫʶʪ ʟʘʤʝʜʣʝʥʠʶ 

ʨʦʩʪʘ ʟʸʨʝʥ ʧʨʠ ʦʙʞʠʛʝ ʢʝʨʘʤʠʢʠ. ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʚ ʩʣʫʯʘʝ ʢʝʨʘʤʠʢʠ ʎʊʉ ʟʸʨʥʘ 

ʧʨʦʜʦʣʞʘʶʪ ʦʩʪʘʚʘʪʴʩʷ ʥʘʩʪʦʣʴʢʦ ʢʨʫʧʥʝʝ ʜʦʤʝʥʦʚ, ʯʪʦ ʵʪʦ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʦʪʨʘʞʘʝʪʩʷ ʥʘ 

ʩʚʦʡʩʪʚʘʭ ʤʘʪʝʨʠʘʣʘ. ʏʪʦ ʢʘʩʘʝʪʩʷ ʪʠʪʘʥʘʪʘ ʙʘʨʠʷ, ʣʝʛʠʨʦʚʘʥʥʦʛʦ ʪʘʢʠʤʠ ʜʦʙʘʚʢʘʤʠ, ʪʦ ʵʪʦʪ 

ʤʘʪʝʨʠʘʣ ʥʘʧʦʤʠʥʘʝʪ ʧʦ ʩʚʦʡʩʪʚʘʤ ʫʣʴʪʨʘʤʝʣʢʦʟʝʨʥʠʩʪʳʡ BaTiʆ3: ʦʯʝʥʴ ʩʣʘʙʳʡ 

ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʡ ʵʬʬʝʢʪ, ʥʠʟʢʠʝ ʟʥʘʯʝʥʠʷ ʦʩʪʘʪʦʯʥʦʡ ʧʦʣʷʨʠʟʘʮʠʠ ʠ ʢʦʵʨʮʠʪʠʚʥʦʛʦ ʧʦʣʷ, 

ʥʘʩrɦ ʝʥʥʘʷ ʧʝʪʣʷ ʛʠʩʪʝʨʝʟʠʩʘ, ʥʦ ʩ ʦʯʝʥʴ ʤʘʣʦʡ ʧʣʦʱʘʜʴʶ, ʧʦʜʘʚʣʝʥʥʳʡ ʠʣʠ ʦʪʩʫʪʩʪʚʫʶʱʠʡ 

ʧʠʢ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʚ ʪʦʯʢʝ ʂʶʨʠ. ʊʘʢʘʷ ʢʝʨʘʤʠʢʘ ʦʙʣʘʜʘʝʪ ʧʦʚʳʰʝʥʥʦʡ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʴʶ ʠ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴʶ [134]. ʉʣʝʜʫʝʪ ʪʘʢʞʝ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʜʦʙʘʚʢʠ Fe3+, Co3+, Ni2+ ʩʧʦʩʦʙʩʪʚʫʶʪ ʩʪʘʙʠʣʠʟʘʮʠʠ ʥʝʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʛʝʢʩʘʛʦʥʘʣʴʥʦʡ 

ʬʘʟʳ ɺʘʊiʆ3, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʤʝʪʘʩʪʘʙʠʣʴʥʦ ʩʫʱʝʩʪʚʦʚʘʪʴ ʚʧʣʦʪʴ ʜʦ ʢʦʤʥʘʪʥʳʭ ʪʝʤʧʝʨʘʪʫʨ. 

ʇʨʠ ʣʝʛʠʨʦʚʘʥʠʠ ʪʠʪʘʥʘʪʘ ʙʘʨʠʷ ʜʦʥʦʨʥʦʡ ʜʦʙʘʚʢʦʡ Y3+, ʠʤʝʶʱʝʡʩʷ ʚ ʩʦʩʪʘʚʝ 

ʞʝʣʝʟʦ-ʠʪʪʨʠʝʚʦʛʦ ʛʨʘʥʘʪʘ, ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʵʣʝʢʪʨʦʥʥʘʷ ʧʨʦʚʦʜʠʤʦʩʪʴ ʧʴʝʟʦʤʘʪʝʨʠʘʣʘ, ʯʪʦ ʧʨʠ 

ʤʘʣʳʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʜʦʙʘʚʢʠ (ʧʦʨʷʜʢʘ 0.1 ʘʪ.%) ʧʨʠʚʦʜʠʪ ʢ ʩʧʘʜʫ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ [130]. ʆʜʥʘʢʦ ʜʘʣʴʥʝʡʰʝʝ ʫʚʝʣʠʯʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ Y3+, ʘ ʪʘʢʞʝ ʧʦʚʳʰʝʥʠʝ 

ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʚʨʝʤʝʥʠ ʦʙʞʠʛʘ ʧʨʠʚʦʜʠʪ ʢ ʨʦʩʪʫ ʩʦʧʨʦʪʠʚʣʝʥʠʷ. ʇʦʩʢʦʣʴʢʫ ʧʨʠ ʩʦʚʤʝʩʪʥʦʤ 

ʩʧʝʢʘʥʠʠ ɺʘʊiʆ3 ʩ Y3Fe5O12 ʚʦʟʤʦʞʥʦ ʦʜʥʦʚʨʝʤʝʥʥʦʝ ʣʝʛʠʨʦʚʘʥʠʝ ʪʠʪʘʥʘʪʘ ʙʘʨʠʷ ʠʦʥʘʤʠ Y
3+ ʠ 

Fe3+ ʧʦ ʧʦʣʦʞʝʥʠʷʤ ɸ ʠ ɺ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʪʦ ʩʚʦʡʩʪʚʘ ʧʴʝʟʦʢʝʨʘʤʠʢʠ ʤʦʛʫʪ ʙʳʪʴ ʧʨʝʜʩʢʘʟʘʥʳ 

ʚ ʦʙʱʠʭ ʯʝʨʪʘʭ ʥʘ ʦʩʥʦʚʝ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʦʙ ʘʜʜʠʪʠʚʥʦʩʪʠ ʚʣʠʷʥʠʷ ʢʘʞʜʦʛʦ ʦʪʜʝʣʴʥʦʛʦ ʠʦʥʘ. 

ɺʣʠʷʥʠʝ ʜʦʙʘʚʦʢ Ba2+, Pb2+, Ti4+, Zr4+ ʥʘ ʩʚʦʡʩʪʚʘ ʬʝʨʨʠʪʦʚ-ʰʧʠʥʝʣʝʡ ʠ 

ʬʝʨʨʠʪʦʚ-ʛʨʘʥʘʪʦʚ ʨʘʩʩʤʦʪʨʝʥʦ ʚ ʨʘʙʦʪʘʭ [99, 106, 135ï140]. ɺ ʩʦʩʪʘʚ ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʦʥʥʳʭ 

ʬʝʨʨʠʪʦʚ-ʰʧʠʥʝʣʝʡ ʚʭʦʜʷʪ, ʢʘʢ ʧʨʘʚʠʣʦ, ʜʚʫʭ- ʠ ʪʨʸʭʟʘʨʷʜʥʳʝ ʠʦʥʳ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʬʦʨʤʫʣʦʡ 

ɸ2+(ɺ3+)2ʆ4, ʥʘʧʨʠʤʝʨ, NiFe2O4. ʇʨʠ ʟʘʤʝʱʝʥʠʠ Fe3+ (Ni2+) ʠʦʥʘʤʠ Ti4+ ʠ Zr4+, ʚ ʩʪʨʫʢʪʫʨʝ 

ʬʝʨʨʠʪʘ ʚʦʟʥʠʢʘʶʪ ʢʘʪʠʦʥʥʳʝ ʚʘʢʘʥʩʠʠ, ʯʪʦ ʤʦʞʥʦ ʦʪʨʘʟʠʪʴ ʩʣʝʜʫʶʱʝʡ ʬʦʨʤʫʣʦʡ: 

ɸɺ2-mTi0,75m[k] 0,25mO4. ʇʨʠ ʵʪʦʤ ʚʥʦʩʷʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʵʣʝʢʪʨʦʥʳ, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʯʘʩʪʴ 
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ʠʦʥʦʚ ʞʝʣʝʟʘ ʧʦʥʠʞʘʝʪ ʩʚʦʶ ʩʪʝʧʝʥʴ ʦʢʠʩʣʝʥʠʷ: Fe3+ + e- Ú Fe2+. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʨʦʩʪʫ 

ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʬʝʨʨʠʪʘ. 

ʄʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʬʝʨʨʠʪʦʚ-ʰʧʠʥʝʣʝʡ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʟʘʚʠʩʷʪ ʦʪ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠʦʥʦʚ ʧʦ ʧʦʜʨʝʰʸʪʢʘʤ. ʅʘʠʙʦʣʝʝ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʤʳʡ ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʦʥʥʳʡ 

ʬʝʨʨʠʪ ʥʠʢʝʣʷ ʠʤʝʝʪ ʩʪʨʫʢʪʫʨʫ ʦʙʨʘʱʸʥʥʦʡ ʰʧʠʥʝʣʠ ʩʦ ʩʣʝʜʫʶʱʠʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʢʘʪʠʦʥʦʚ 

ʧʦ ʧʦʜʨʝʰʸʪʢʘʤ: Fe3+[Ni 2+Fe3+]O4, ʛʜʝ ʠʦʥʳ ʚʥʝ ʩʢʦʙʦʢ ʠ ʠʦʥʳ, ʟʘʢʣʶʯʸʥʥʳʝ ʚ ʩʢʦʙʢʠ, ʟʘʥʠʤʘʶʪ 

ʪʝʪʨʘʵʜʨʠʯʝʩʢʠʝ ʠ ʦʢʪʘʵʜʨʠʯʝʩʢʠʝ ʧʦʣʦʞʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʦʩʢʦʣʴʢʫ ʤʘʛʥʠʪʥʳʝ ʤʦʤʝʥʪʳ 

ʧʦʜʨʝʰʸʪʦʢ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦ ʥʘʧʨʘʚʣʝʥʳ, ʪʦ ʨʝʟʫʣʴʪʠʨʫʶʱʠʡ ʤʘʛʥʠʪʥʳʡ ʤʦʤʝʥʪ 

ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ ʠʭ ʨʘʟʥʦʩʪʠ. ɺʚʝʜʝʥʠʝ ʥʝʤʘʛʥʠʪʥʳʭ ʠʦʥʦʚ Ti4+ ʠ Zr4+ ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ 

ʤʘʛʥʠʪʥʳʝ ʤʦʤʝʥʪʳ ʧʦʜʨʝʰʸʪʦʢ ʫʤʝʥʴʰʘʶʪʩʷ, ʘ ʨʝʟʫʣʴʪʠʨʫʶʱʠʡ ʤʘʛʥʠʪʥʳʡ ʤʦʤʝʥʪ ʙʫʜʝʪ 

ʦʧʨʝʜʝʣʷʪʴʩʷ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʵʪʠʭ ʠʦʥʦʚ ʧʦ ʧʦʜʨʝʰʸʪʢʘʤ. ʊʘʢ, ʩʦʛʣʘʩʥʦ [135], ʠʦʥʳ Ti4+ ʚ 

ʬʝʨʨʠʪʝ Ni1+mFe2-2mTimO4 ʯʘʩʪʠʯʥʦ ʥʘʭʦʜʷʪʩʷ ʚ ʪʝʪʨʘʵʜʨʠʯʝʩʢʠʭ, ʯʘʩʪʠʯʥʦ ʚ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ 

ʫʟʣʘʭ, ʧʨʠʯʸʤ ʭʘʨʘʢʪʝʨ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʟʘʚʠʩʠʪ ʦʪ ʫʩʣʦʚʠʡ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ. ʕʪʦ ʚʣʠʷʝʪ ʥʘ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ ʥʘʩʳʱʝʥʠʷ ʠ ʜʨʫʛʠʝ ʩʚʦʡʩʪʚʘ ʬʝʨʨʠʪʘ. 

ɺ ʬʝʨʨʠʪʘʭ ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʛʨʘʥʘʪʘ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʪʨʠ ʧʦʜʨʝʰʸʪʢʠ, ʧʨʠʯʸʤ ʠʦʥʳ 

ʨʝʜʢʦʟʝʤʝʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ ʟʘʥʠʤʘʶʪ ʜʦʜʝʢʘʵʜʨʠʯʝʩʢʠʝ ʧʫʩʪʦʪʳ, ʘ ʠʦʥʳ ʞʝʣʝʟʘ ʥʘʭʦʜʷʪʩʷ ʪʦʣʴʢʦ 

ʚ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʠ ʪʝʪʨʘʵʜʨʠʯʝʩʢʠʭ ʧʫʩʪʦʪʘʭ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʪʨʫʢʪʫʨʥʦʡ ʬʦʨʤʫʣʝ 

[R3+
3][Fe3+

2][Fe3+
3]O12, ʛʜʝ R - Y3+, Sm3+, Gd3+ ʠ ʜʨ. ʄʘʛʥʠʪʥʳʝ ʤʦʤʝʥʪʳ ʧʦʜʨʝʰʸʪʦʢ ʞʝʣʝʟʘ 

ʥʘʧʨʘʚʣʝʥʳ ʚ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʝ ʩʪʦʨʦʥʳ. ʀʦʥʳ-ʟʘʤʝʩʪʠʪʝʣʠ ʤʦʛʫʪ ʚʭʦʜʠʪʴ ʚʦ ʚʩʝ ʪʨʠ 

ʧʦʜʨʝʰʸʪʢʠ ʛʨʘʥʘʪʦʚ ʠ ʠʭ ʨʘʟʤʝʱʝʥʠʝ, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʝʠʟʚʝʩʪʥʦ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʟʘʪʨʫʜʥʷʝʪ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʦʚ. ʊʘʢ, ʧʨʠ ʟʘʤʝʱʝʥʠʠ ʯʘʩʪʠ ʠʦʥʦʚ ʞʝʣʝʟʘ ʮʠʨʢʦʥʠʝʤ ʚ 

ʞʝʣʝʟʦ-ʠʪʪʨʠʝʚʦʤ ʛʨʘʥʘʪʝ Y3ZrmFe5-mO12 ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ ʥʘʩʳʱʝʥʠʷ ʩʥʘʯʘʣʘ ʥʝʩʢʦʣʴʢʦ 

ʚʦʟʨʘʩʪʘʝʪ, ʘ ʧʨʠ m=0.4 ʨʝʟʢʦ ʧʘʜʘʝʪ. ʇʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʟʘʤʝʱʝʥʠʠ ʠʪʪʨʠʷ ʠ ʞʝʣʝʟʘ 

ʧʦʜʭʦʜʷʱʠʤʠ ʧʦ ʨʘʟʤʝʨʘʤ ʠʦʥʘʤʠ (ʥʘʧʨʠʤʝʨ, ʠʦʥʘʤʠ ʙʘʨʠʷ ʠ ʮʠʨʢʦʥʠʷ ʠʣʠ ʪʠʪʘʥʘ) ʭʘʨʘʢʪʝʨ 

ʟʘʚʠʩʠʤʦʩʪʠ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʫʩʣʦʞʥʷʝʪʩʷ. 

ʀʩʭʦʜʷ ʠʟ ʩʢʘʟʘʥʥʦʛʦ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʚ ʩʪʦʣʴ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ ʦʢʩʠʜʥʳʭ 

ʩʠʩʪʝʤʘʭ, ʢʘʢʦʚʤrʠ ʷʚʣʷʶʪʩʷ ʄʕ ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʘʥʘʣʠʟ ʚʟʘʠʤʥʦʛʦ ʚʣʠʷʥʠʷ ʬʘʟ 

ʢʦʤʧʦʟʠʪʘ ʧʨʠ ʩʧʝʢʘʥʠʠ ʷʚʣʷʝʪʩʷ ʦʯʝʥʴ ʩʣʦʞʥʦʡ ʟʘʜʘʯʝʡ. ʊʝʤ ʥʝ ʤʝʥʝʝ ʧʦʜʭʦʜ, ʠʟʣʦʞʝʥʥʳʡ ʚ 

ʥʘʩʪʦʷʱʝʤ ʨʘʟʜʝʣʝ, ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʨʘʩʩʫʞʜʝʥʠʷ ʥʘ ʢʘʯʝʩʪʚʝʥʥʦʤ ʫʨʦʚʥʝ. 

II .3. ʉʪʝʨʞʥʝʚʳʝ ʠ ʩʣʦʠʩʪʳʝ ʤʘʛʥʠʪʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʢʦʤʧʦʟʠʪʳ  

ʉʪʝʨʞʥʝʚʳʝ ʠ ʩʣʦʠʩʪʳʝ ʄʕ ʢʦʤʧʦʟʠʪʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʘʥʠʟʦʪʨʦʧʥʳʝ 

ʤʫʣʴʪʠʬʝʨʨʦʠʯʥʳʝ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʳ ʩʦ ʩʚʷʟʥʦʩʪʷʤʠ 1-3 ʠ 3-1 (ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʩʪʝʨʞʥʠ 

ʧʴʝʟʦʵʣʝʢʪʨʠʢʘ ʚ ʤʘʪʨʠʮʝ ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʦʥʥʦʡ ʬʘʟʳ ʠ ʥʘʦʙʦʨʦʪ), 1-1 (ʯʝʨʝʜʫʶʱʠʝʩʷ ʚ 

ʰʘʭʤʘʪʥʦʤ ʧʦʨʷʜʢʝ ʩʪʝʨʞʥʠ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʠ ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʦʥʥʦʡ ʢʦʤʧʦʥʝʥʪ), ʘ ʪʘʢʞʝ 
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2-2 (ʯʝʨʝʜʫʶʱʠʝʩʷ ʩʣʦʠ ʧʴʝʟʦʵʣʝʢʪʨʠʢʘ ʠ ʬʝʨʨʠʪʘ). ʆʥʠ ʦʪʥʦʩʷʪʩʷ ʢ ʘʥʠʟʦʪʨʦʧʥʳʤ ʜʚʫʭʬʘʟʥʳʤ 

ʩʠʩʪʝʤʘʤ çʧʴʝʟʦʵʣʝʢʪʨʠʢ ï ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʦʥʥʳʡ ʬʝʨʨʠʪè ʠ ʙʣʘʛʦʜʘʨʷ ʵʪʦʤʫ ʩʫʱʝʩʪʚʝʥʥʦ 

ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʩʤʝʩʝʚʳʭ ʄʕ ʢʦʤʧʦʟʠʪʦʚ, ʚ ʢʦʪʦʨʳʭ ʚʦ ʚʩʝʭ ʪʨʝʭ ʠʟʤʝʨʝʥʠʷʭ ʭʘʨʘʢʪʝʨ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʬʘʟ ʦʜʠʥʘʢʦʚ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʵʪʦʡ ʛʨʫʧʧʳ ʄʕ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘʯʘʣʠʩʴ ʚ 70-ʝ ʛʦʜʳ 

ʍʍ ʚʝʢʘ ʚ ɻʦʣʣʘʥʜʠʠ ʩʦʪʨʫʜʥʠʢʘʤʠ ʣʘʙʦʨʘʪʦʨʠʠ ʬʠʨʤʳ "ʌʠʣʠʧʩ", ʢʦʪʦʨʳʝ, ʠʩʧʦʣʴʟʫʷ 

ʵʚʪʝʢʪʠʯʝʩʢʠʡ ʭʘʨʘʢʪʝʨ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʪʠʪʘʥʘʪʦʤ ʙʘʨʠʷ ʠ ʬʝʨʨʠʪʦʤ ʢʦʙʘʣʴʪʘ-ʥʠʢʝʣʷ, 

ʚʧʝʨʚʳʝ ʠʟʛʦʪʦʚʠʣʠ ʄʕ ʢʦʤʧʦʟʠʪʳ ʤʝʪʦʜʦʤ ʥʘʧʨʘʚʣʝʥʥʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ in situ. ʕʪʦʪ ʤʝʪʦʜ 

ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʭ ʩʧʦʩʦʙʦʚ ʧʦʣʫʯʝʥʠʷ ʜʚʫʭʬʘʟʥʳʭ ʢʦʤʧʦʟʠʪʦʚ [141]. ʇʦ 

ʩʨʘʚʥʝʥʠʶ, ʥʘʧʨʠʤʝʨ, ʩ ʠʟʛʦʪʦʚʣʝʥʠʝʤ ʢʦʤʧʦʟʠʪʦʚ ʧʫʪʸʤ ʚʳʨʘʱʠʚʘʥʠʷ ʦʜʥʦʡ ʠʟ ʬʘʟ ʚ ʬʦʨʤʝ 

ʥʠʪʝʚʠʜʥʳʭ ʢʨʠʩʪʘʣʣʦʚ (ʫʩʦʚ) ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ ʚʥʝʜʨʝʥʠʷ ʠʭ ʚ ʚʷʟʢʫʶ ʤʘʪʨʠʮʫ ʤʝʪʦʜ in situ 

ʤʝʥʝʝ ʪʨʫʜʦʸʤʦʢ ʠ ʧʦʟʚʦʣʷʝʪ ʚʳʨʘʱʠʚʘʪʴ ʫʩʳ ʚ ʤʘʪʨʠʮʝ ʚ ʦʜʥʦʩʪʘʜʠʡʥʦʤ ʧʨʦʮʝʩʩʝ. 

ɺʳʨʘʱʠʚʘʥʠʝ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ in situ ʠʤʝʝʪ ʪʦʪ ʥʝʜʦʩʪʘʪʦʢ, ʯʪʦ ʧʨʠʭʦʜʠʪʩʷ 

ʨʘʙʦʪʘʪʴ ʪʦʣʴʢʦ ʩ ʩʠʩʪʝʤʘʤʠ, ʠʤʝʶʱʠʤʠ ʵʚʪʝʢʪʠʯʝʩʢʠʡ, ʤʦʥʦʪʝʢʪʠʯʝʩʢʠʡ ʠʣʠ ʵʚʪʝʢʪʦʠʜʥʳʡ 

ʭʘʨʘʢʪʝʨ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ʌʠʢʩʠʨʦʚʘʥʥʳʡ ʩʦʩʪʘʚ ʵʚʪʝʢʪʠʢʠ ʥʘʢʣʘʜʳʚʘʝʪ ʝʱʸ ʦʜʥʦ ʦʛʨʘʥʠʯʝʥʠʝ, 

ʭʦʪʷ ʠ ʤʝʥʝʝ ʩʪʨʦʛʦʝ, ʧʦʩʢʦʣʴʢʫ ʚʳʨʘʱʠʚʘʥʠʝ ʨʝʛʫʣʷʨʥʳʭ ʩʪʨʫʢʪʫʨ ʚʦʟʤʦʞʥʦ ʠ ʠʟ ʨʘʩʧʣʘʚʦʚ, 

ʩʦʩʪʘʚ ʢʦʪʦʨʳʭ ʥʝʩʢʦʣʴʢʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʵʚʪʝʢʪʠʯʝʩʢʦʛʦ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʦʩʪʘʚʣʷʶʱʠʝ ʩʠʩʪʝʤʫ ʬʘʟʳ ʠ ʩʦʩʪʘʚ ʢʦʤʧʦʟʠʪʘ ʥʝʣʴʟʷ ʚʳʙʠʨʘʪʴ 

ʧʨʦʠʟʚʦʣʴʥʦ. ʊʝʤ ʥʝ ʤʝʥʝʝ ʩʠʩʪʝʤʳ ʩ ʵʚʪʝʢʪʠʯʝʩʢʠʤ ʭʘʨʘʢʪʝʨʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʝʩʴʤʘ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ, ʠʟʚʝʩʪʥʳ ʦʥʠ ʠ ʩʨʝʜʠ ʛʝʪʝʨʦʛʝʥʥʳʭ ʩʠʩʪʝʤ ʧʴʝʟʦʵʣʝʢʪʨʠʢ - ʬʝʨʨʠʪ. ʉʦʛʣʘʩʥʦ 

ʜʘʥʥʳʤ ʨʘʙʦʪ [27, 28, 30, 31, 33, 142], ʵʚʪʝʢʪʠʯʝʩʢʠʡ ʭʘʨʘʢʪʝʨ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ 

ʢʦʤʧʦʥʝʥʪʘʤʠ ʦʙʥʘʨʫʞʝʥ ʚ ʩʠʩʪʝʤʘʭ ʥʠʦʙʘʪ ʣʠʪʠʷ - ʬʝʨʨʠʪ ʣʠʪʠʷ, ʪʘʥʪʘʣʘʪ ʣʠʪʠʷ - ʬʝʨʨʠʪ 

ʣʠʪʠʷ, ʪʠʪʘʥʘʪ ʙʘʨʠʷ - ʬʝʨʨʠʪ ʢʦʙʘʣʴʪʘ ʠ ʪʠʪʘʥʘʪ ʙʘʨʠʷ - ʬʝʨʨʠʪ ʥʠʢʝʣʷ. ʇʦ ʜʘʥʥʳʤ 

ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʠ ʤʠʢʨʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʧʝʨʚʳʝ ʜʚʝ ʩʠʩʪʝʤʳ ʤʦʛʫʪ ʙʳʪʴ ʦʪʥʝʩʝʥʳ ʢ 

ʧʩʝʚʜʦʙʠʥʘʨʥʳʤ LiNbO3 - Li 0,5Fe2,5O4 ʠ LiTaO3 - Li 0,5Fe2,5O4 ʩ ʵʚʪʝʢʪʠʯʝʩʢʠʤʠ ʪʦʯʢʘʤʠ 18 ʤʦʣ.% 

ʬʝʨʨʠʪʘ ʠ ʊ = 1180C̄ ʠ 44 ʤʦʣ.% ʬʝʨʨʠʪʘ ʠ ʊ = 1345ʉ̄ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʏʪʦ ʢʘʩʘʝʪʩʷ ʩʠʩʪʝʤ ʩ 

ʪʠʪʘʥʘʪʦʤ ʙʘʨʠʷ, ʪʦ ʧʨʘʚʠʣʴʥʝʝ ʙʳʣʦ ʙʳ ʧʨʝʜʩʪʘʚʠʪʴ ʠʭ ʧʷʪʠʢʦʤʧʦʥʝʥʪʥʳʤʠ Ni(Co)-Fe-Ba-Ti-O, 

ʚ ʢʦʪʦʨʳʭ ʠʤʝʝʪʩʷ ʙʦʣʴʰʦʝ ʯʠʩʣʦ ʵʚʪʝʢʪʠʯʝʩʢʠʭ ʩʦʩʪʘʚʦʚ. ɺ ʨʘʙʦʪʝ [27] ʩʜʝʣʘʥʘ ʧʦʧʳʪʢʘ 

ʧʨʝʜʩʪʘʚʠʪʴ ʵʪʠ ʩʠcʪʝʤʳ ʢʘʢ ʧʩʝʚʜʦʪʨʦʡʥʳʝ BaTiO3 - CoFe2O4 - Co2TiO4. ʆʜʥʘʢʦ ʚ ʧʦʣʫʯʝʥʥʳʭ 

ʦʙʨʘʟʮʘʭ, ʢʨʦʤʝ ʧʝʨʦʚʩʢʠʪʥʦʡ (BaTiO3) ʠ ʰʧʠʥʝʣʴʥʦʡ ((CoFe2O4)x(Co2TiO4)1-x) ʬʘʟ, ʦʙʥʘʨʫʞʝʥʘ 

ʬʘʟʘ ʤʘʛʥʝʪʦʧʣʶʤʙʠʪʘ BaFe12-2yCoyTiyO19. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʨʦʚʝʜʸʥʥʳʝ ʘʚʪʦʨʘʤʠ 

[142], ʥʝ ʧʦʜʪʚʝʨʞʜʘʶʪ ʥʘʣʠʯʠʝ ʚ ʪʘʢʠʭ ʢʦʤʧʦʟʠʪʘʭ ʤʘʛʥʝʪʦʧʣʶʤʙʠʪʥʦʡ ʬʘʟʳ. 

ʄʕ ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʧʦʣʫʯʝʥʥʳʝ ʤʝʪʦʜʦʤ ʥʘʧʨʘʚʣʝʥʥʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ, 

ʦʪʣʠʯʘʶʪʩʷ ʙʦʣʴʰʠʤ ʨʘʟʥʦʦʙʨʘʟʠʝʤ ʤʠʢʨʦʤʦʨʬʦʣʦʛʠʠ. ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʢʦʤʧʦʟʠʪʦʚ 

ʬʦʨʤʠʨʫʝʪʩʷ ʚ ʧʨʦʮʝʩʩʝ ʦʭʣʘʞʜʝʥʠʷ ʵʚʪʝʢʪʠʯʝʩʢʦʛʦ ʨʘʩʧʣʘʚʘ, ʧʦʵʪʦʤʫ ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ 
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ʬʘʢʪʦʨʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ ʤʠʢʨʦʩʪʨʫʢʪʫʨʫ, ʷʚʣʷʝʪʩʷ ʩʢʦʨʦʩʪʴ ʦʭʣʘʞʜʝʥʠʷ ʵʚʪʝʢʪʠʯʝʩʢʦʛʦ 

ʨʘʩʧʣʘʚʘ, ʠʣʠ ʩʢʦʨʦʩʪʴ ʬʦʨʤʠʨʦʚʘʥʠʷ (ʨʦʩʪʘ) ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ. ʊʘʙʣʠʮʘ II.4, ʩʦʩʪʘʚʣʝʥʥʘʷ ʥʘ 

ʦʩʥʦʚʘʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ [27, 28, 30, 31, 33, 142], ʠʣʣʶʩʪʨʠʨʫʝʪ ʟʘʚʠʩʠʤʦʩʪʴ 

ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʄʕ ʢʦʤʧʦʟʠʪʦʚ ʦʪ ʩʢʦʨʦʩʪʠ ʨʦʩʪʘ. ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʦʙʨʘʟʫʶʪʩʷ 

ʨʝʛʫʣʷʨʥʳʝ ʘʥʠʟʦʪʨʦʧʥʳʝ ʩʪʨʫʢʪʫʨʳ, ʧʨʠ ʵʪʦʤ ʧʣʘʩʪʠʥʳ, ʣʘʤʝʣʣʳ, ʜʝʥʜʨʠʪʳ ʨʘʩʧʦʣʦʞʝʥʳ 

ʧʘʨʘʣʣʝʣʴʥʦ ʥʘʧʨʘʚʣʝʥʠʶ ʨʦʩʪʘ. ɼʣʷ ʢʦʤʧʦʟʠʪʦʚ, ʧʨʠʥʘʜʣʝʞʘʱʠʭ ʩʠʩʪʝʤʘʤ Ni(Co)-Fe-Ba-Ti-O, 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʝ ʥʘʧʨʘʚʣʝʥʠʝ <100> ʢʘʢ ʧʝʨʦʚʩʢʠʪʥʦʡ, ʪʘʢ ʠ ʰʧʠʥʝʣʴʥʦʡ 

ʬʘʟ ʩʦʚʧʘʜʘʝʪ ʩ ʥʘʧʨʘʚʣʝʥʠʝʤ ʨʦʩʪʘ ʪʝʢʩʪʫʨ. ʇʝʨʠʦʜʠʯʥʦʩʪʴ ʣʘʤʝʣʣʘʨʥʦʡ (ʧʣʘʩʪʠʥʯʘʪʦʡ) 

ʩʪʨʫʢʪʫʨʳ ʪʘʢʞʝ ʟʘʚʠʩʠʪ ʦʪ ʩʢʦʨʦʩʪʠ ʨʦʩʪʘ R, ʪʘʢ ʯʪʦ ʩ ʝʸ ʫʚʝʣʠʯʝʥʠʝʤ ʨʘʩʩʪʦʷʥʠʝ l ʤʝʞʜʫ 

ʧʣʘʩʪʠʥʘʤʠ ʫʤʝʥʴʰʘʝʪʩʷ ʧʦ ʟʘʢʦʥʫ l=AR-1/2. ʊʘʢʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʧʝʨʠʦʜʘ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʦʪ 

ʩʢʦʨʦʩʪʠ ʨʦʩʪʘ, ʪʠʧʠʯʥʘʷ ʜʣʷ ʙʠʥʘʨʥʳʭ ʩʠʩʪʝʤ, ʥʘʙʣʶʜʘʣʘʩʴ ʪʘʢʞʝ ʚ ʩʠʩʪʝʤʘʭ 

LiNbO3 - Li 0,5Fe2,5O4 ʠ LiTaO3 - Li 0,5Fe2,5O4.  

ɺ ʨʘʙʦʪʘʭ [27, 28, 30, 31, 33] ʧʨʠʚʦʜʷʪʩʷ ʠʥʪʝʨʝʩʥʳʝ ʜʘʥʥʳʝ ʦ ʚʣʠʷʥʠʠ ʥʘ ʤʠʢʨʦʩʪʨʫʢʪʫʨʫ 

ʢʦʤʧʦʟʠʪʦʚ ʩʠʩʪʝʤʳ Co-Fe-Ba-Ti-O ʥʝʙʦʣʴʰʦʡ ʜʦʙʘʚʢʠ (ʦʢʦʣʦ 1.5 ʤʘʩʩ.%) ʦʢʩʠʜʘ ʪʠʪʘʥʘ. 

ɺʟʘʤʝʥ ʨʝʛʫʣʷʨʥʦʡ ʠʟʦʪʨʦʧʥʦʡ ʤʝʣʢʦʟʝʨʥʠʩʪʦʡ ʵʚʪʝʢʪʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ, ʭʘʨʘʢʪʝʨʥʦʡ ʜʣʷ 

ʦʙʨʘʟʮʦʚ ʙʝʟ ʜʦʙʘʚʢʠ, ʧʨʠ ʚʚʝʜʝʥʠʠ TiO2 ʧʦʷʚʣʷʝʪʩʷ ʘʥʠʟʦʪʨʦʧʥʘʷ ʜʝʥʜʨʠʪʥʘʷ, ʧʨʠ ʵʪʦʤ 

ʜʝʥʜʨʠʪʳ ʰʧʠʥʝʣʠ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʣʠʙʦ ʚ ʠʟʦʪʨʦʧʥʦʡ ʤʝʣʢʦʟʝʨʥʠʩʪʦʡ ʵʚʪʝʢʪʠʢʝ ʬʝʨʨʠʪʘ ʠ 

ʪʠʪʘʥʘʪʘ ʙʘʨʠʷ [142], ʣʠʙʦ ʚ ʣʘʤʝʣʣʘʨʥʦʡ ʵʚʪʝʢʪʠʯʝʩʢʦʡ ʤʘʪʨʠʮʝ [27]. ʍʘʨʘʢʪʝʨ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ 

ʦʢʘʟʳʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʝ ʠ ʄʕ ʩʚʦʡʩʪʚʘ ʢʦʤʧʦʟʠʪʦʚ, ʚ ʯʘʩʪʥʦʩʪʠ, ʚ 

ʊʘʙʣʠʮʘ II.4. ɿʘʚʠʩʠʤʦʩʪʴ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʦʪ ʩʢʦʨʦʩʪʠ ʨʦʩʪʘ 

R, 

ʩʤ/ʯ 

LiNbO3-Li 0,5Fe2,5O4  

[142] 

LiTaO3-Li 0,5Fe2,5O4  

[142] 

Ni(Co)-Fe-Ba-Ti-O  

[27, 28, 142] 

0.2 

ʬʘʩʝʪʦʯʥʘʷ ʩʪʨʫʢʪʫʨʘ, 

ʦʙʨʘʟʦʚʘʥʥʘʷ 

ʧʣʘʩʪʠʥʘʤʠ ʬʝʨʨʠʪʘ ʚ 

ʤʘʪʨʠʮʝ ʥʠʦʙʘʪʘ ʣʠʪʠʷ 

ʢʣʘʩʩʠʯʝʩʢʘʷ ʨʝʛʫʣʷʨʥʘʷ 

ʣʘʤʝʣʣʘʨʥʘʷ ʩʪʨʫʢʪʫʨʘ 

ʬʝʨʨʠʪ-ʪʘʥʪʘʣʘʪ 

ʜʘʥʥʳʭ ʥʝʪ 

0.3 

 
ʜʘʥʥʳʭ ʥʝʪ 

ʜʘʥʥʳʭ ʥʝʪ 

ʜʝʥʜʨʠʪʳ ʰʧʠʥʝʣʠ ʚ 

ʠʟʦʪʨʦʧʥʦʡ ʤʝʣʢʦʟʝʨʥʠʩʪʦʡ 

ʤʘʪʨʠʮʝ ʬʝʨʨʠʪ-ʪʠʪʘʥʘʪ ʙʘʨʠʷ 
 

0.4 

ʨʝʛʫʣʷʨʥʦ 

ʨʘʩʧʦʣʦʞʝʥʥʳʝ 

ʧʣʘʩʪʠʥʳ ʬʝʨʨʠʪʘ ʠ 

ʥʠʦʙʘʪʘ 

1.6 
ʬʝʨʨʠʪʦʚʳʝ ʣʘʤʝʣʣʳ ʚ 

ʤʘʪʨʠʮʝ ʥʠʦʙʘʪʘ 
ʜʘʥʥʳʭ ʥʝʪ ʜʘʥʥʳʭ ʥʝʪ 

1.8 ʜʘʥʥʳʭ ʥʝʪ ʜʘʥʥʳʭ ʥʝʪ 

ʠʟʦʪʨʦʧʥʘʷ ʨʝʛʫʣʷʨʥʘʷ 

ʤʝʣʢʦʟʝʨʥʠʩʪʘʷ ʵʚʪʝʢʪʠʯʝʩʢʘʷ 

ʩʪʨʫʢʪʫʨʘ 

2.0 ʜʘʥʥʳʭ ʥʝʪ ʵʚʪʝʢʪʠʯʝʩʢʠʝ ʢʦʣʦʥʠʠ ʜʘʥʥʳʭ ʥʝʪ 
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ʧʨʠʩʫʪʩʪʚʠʠ ʜʦʙʘʚʢʠ ʦʢʩʠʜʘ ʪʠʪʘʥʘ ʧʨʠ ʫʩʣʦʚʠʠ ʩʥʠʞʝʥʠʷ ʩʢʦʨʦʩʪʠ ʨʦʩʪʘ ʄʕ ʢʦʵʬʬʠʮʠʝʥʪ 

ʤʦʞʝʪ ʙʳʪʴ ʫʚʝʣʠʯʝʥ ʩ 10 ʜʦ 135 ʤɺ/(ʩʤÖʕ). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʤʝʥʴʰʝʥʠʝ ʩʢʦʨʦʩʪʠ ʨʦʩʪʘ 

ʪʝʢʩʪʫʨʳ ʠ ʚʚʝʜʝʥʠʝ ʜʦʙʘʚʢʠ TiO2, ʧʨʠʚʦʜʷʱʝʝ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʘʥʠʟʦʪʨʦʧʥʦʡ ʜʝʥʜʨʠʪʥʦʡ 

ʪʝʢʩʪʫʨʳ, ʩʧʦʩʦʙʩʪʚʫʝʪ ʪʦʤʫ, ʯʪʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʄʕ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʚʦʟʨʘʩʪʘʝʪ ʙʦʣʝʝ ʯʝʤ ʥʘ 

ʧʦʨʷʜʦʢ.  

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʝʣʠʯʠʥʘ ʄʕ ʢʦʵʬʬʠʮʠʝʥʪʘ, ʠʟʤʝʨʝʥʥʦʛʦ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʦʩʠ 

ʪʝʢʩʪʫʨʳ, ʧʨʠʤʝʨʥʦ ʚʯʝʪʚʝʨʦ ʚʳʰʝ, ʯʝʤ ʚ ʧʦʧʝʨʝʯʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ ʚʝʢʪʦʨʳ 

ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʦʣʷʨʠʟʘʮʠʠ ʠ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʥʘʧʨʘʚʣʝʥʳ ʧʦ ʣʠʥʠʷʤ ʥʘʧʨʷʞʸʥʥʦʩʪʠ 

ʧʝʨʝʤʝʥʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ [28]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʘʢʩʠʤʘʣʴʥʳʝ ʄʕ ʧʘʨʘʤʝʪʨʳ ʤʘʪʝʨʠʘʣʦʚ 

ʜʦʩʪʠʛʘʶʪʩʷ ʚ ʩʣʫʯʘʝ, ʝʩʣʠ ʚʝʢʪʦʨʳ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʧʝʨʝʤʝʥʥʦʛʦ ʠ ʧʦʩʪʦʷʥʥʦʛʦ ʤʘʛʥʠʪʥʳʭ 

ʧʦʣʝʡ ʧʘʨʘʣʣʝʣʴʥʳ ʚʝʢʪʦʨʫ ʧʦʣʷʨʠʟʘʮʠʠ. 

ʂʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʧʦʣʫʯʘʝʤʳʝ ʤʝʪʦʜʦʤ ʥʘʧʨʘʚʣʝʥʥʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ, 

ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝʛʜʘ ʠʤʝʶʪ ʜʝʬʝʢʪʥʫʶ ʩʪʨʫʢʪʫʨʫ [141]. ʕʪʦ ʩʚʷʟʘʥʦ ʧʨʝʞʜʝ ʚʩʝʛʦ ʩ ʨʘʟʣʠʯʥʳʤʠ 

ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʘʩʰʠʨʝʥʠʷ ʬʘʟ, ʦʙʨʘʟʫʶʱʠʭ ʢʦʤʧʦʟʠʪ. ʅʘʣʠʯʠʝ 

ʤʠʢʨʦʪʨʝʱʠʥ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʠ ʚ ʤʘʪʝʨʠʘʣʘʭ, ʧʦʣʫʯʝʥʥʳʭ ʚ [27, 28, 30, 31, 33, 142]. ʆʥʠ 

ʨʘʩʧʦʣʘʛʘʣʠʩʴ ʣʠʙʦ ʭʘʦʪʠʯʝʩʢʠ (ʢʘʢ ʚ ʦʙʨʘʟʮʘʭ ʩʠʩʪʝʤʳ Co-Fe-Ba-Ti-O ʩ ʠʟʦʪʨʦʧʥʦʡ 

ʵʚʪʝʢʪʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʦʡ), ʣʠʙʦ ʠʤʝʣʠ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʫʶ ʦʨʠʝʥʪʘʮʠʶ ʚʜʦʣʴ ʥʘʧʨʘʚʣʝʥʠʷ 

ʨʦʩʪʘ ʘʥʠʟʦʪʨʦʧʥʦʡ ʪʝʢʩʪʫʨʳ ʠ ʩʦʩʨʝʜʦʪʦʯʠʚʘʣʠʩʴ, ʢʘʢ ʧʨʘʚʠʣʦ, ʚʥʫʪʨʠ ʧʝʨʦʚʩʢʠʪʥʦʡ ʬʘʟʳ 

(LiNbO3, LiTaO3, BaTiO3). ʇʦʩʢʦʣʴʢʫ ʚ ʢʦʤʧʦʟʠʪʘʭ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʄʕ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʝʨʝʜʘʯʝʡ ʜʝʬʦʨʤʘʮʠʡ ʤʝʞʜʫ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʠ ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʦʥʥʦʡ 

ʬʘʟʘʤʠ, ʪʦ ʧʨʠ ʥʘʣʠʯʠʠ ʤʠʢʨʦʪʨʝʱʠʥ ʵʪʦʪ ʧʨʦʮʝʩʩ ʥʝ ʤʦʞʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʙʝʟ ʧʦʪʝʨʴ. 

ʀʪʘʢ, ʘʥʘʣʠʟ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʧʦ ʄʕ ʢʦʤʧʦʟʠʪʘʤ, ʧʦʣʫʯʝʥʥʳʤ ʤʝʪʦʜʦʤ 

ʥʘʧʨʘʚʣʝʥʥʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʵʚʪʝʢʪʠʯʝʩʢʠʭ ʨʘʩʧʣʘʚʦʚ in situ, ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ 

ʩʤʝʩʝʚʳʤʠ ʢʦʤʧʦʟʠʪʘʤʠ ʤʘʪʝʨʠʘʣʳ, ʠʤʝʶʱʠʝ ʘʥʠʟʦʪʨʦʧʥʫʶ ʤʠʢʨʦʩʪʨʫʢʪʫʨʫ ʠ ʩʦʚʧʘʜʘʶʱʫʶ ʩ 

ʥʘʧʨʘʚʣʝʥʠʝʤ ʪʝʢʩʪʫʨʳ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ ʠ ʧʦʣʷʨʠʟʘʮʠʶ, ʘ ʪʘʢʞʝ ʧʨʦʯʥʳʡ ʤʝʞʬʘʟʥʳʡ ʢʦʥʪʘʢʪ 

(ʦʪʩʫʪʩʪʚʠʝ ʤʠʢʨʦʪʨʝʱʠʥ), ʦʙʣʘʜʘʶʪ ʙʦʣʴʰʠʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʄʕ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ. 

ʂ ʘʥʘʣʦʛʠʯʥʦʤʫ ʟʘʢʣʶʯʝʥʠʶ ʧʨʠʚʦʜʠʪ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʩʤʝʩʝʚʳʭ ʠ ʩʣʦʠʩʪʳʭ 

ʄʕ ʢʝʨʘʤʠʯʝʩʢʠʭ ʢʦʤʧʦʟʠʪʦʚ, ʠʟʚʝʩʪʥʳʭ ʠʟ ʣʠʪʝʨʘʪʫʨʳ. ɺ ʥʝʜʘʚʥʠʭ ʨʘʙʦʪʘʭ ʥʘ ʧʨʠʤʝʨʝ 

ʙʝʩʩʚʠʥʮʦʚʳʭ ʩʤʝʩʝʚʳʭ ʠ ʩʣʦʠʩʪʳʭ ʄʕ ʢʦʤʧʦʟʠʪʦʚ BaTiO3/CoFe2O4  ʠ 

0.65BaTiO3-0.35Bi0.5Na0.5TiO3/CoFe2O4 [143],[144] ʪʘʢʞʝ ʧʦʢʘʟʘʥʘ ʛʦʨʘʟʜʦ ʙʦʣʝʝ ʚʳʩʦʢʘʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʄʕ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʘʥʠʟʦʪʨʦʧʥʳʭ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨ. ʊʘʢ, ʚ ʩʠʩʪʝʤʝ 

BaTiO3/CoFe2O4 ʥʘʠʙʦʣʴʰʘʷ ʚʝʣʠʯʠʥʘ ʢʦʵʬʬʠʮʠʝʥʪʘ ʄʕ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʫ ʩʣʦʠʩʪʳʭ 

ʢʦʤʧʦʟʠʪʦʚ ʜʦʩʪʠʛʘʝʪ 135 ʤɺ/(ʩʤÖʕ), ʯʪʦ ʧʨʠʤʝʨʥʦ ʚ ʯʝʪʳʨʝ ʨʘʟʘ ʙʦʣʴʰʝ, ʯʝʤ ʫ ʩʤʝʩʝʚʳʭ 

(35 ʤɺ/(ʩʤÖʕ)). ɽʱʝ ʙʦʣʴʰʠʝ ʨʘʟʣʠʯʠʷ ʥʘʙʣʶʜʘʶʪʩʷ ʧʨʠ ʩʨʘʚʥʝʥʠʠ ʩʣʦʠʩʪʳʭ ʠ ʩʤʝʩʝʚʳʭ 

ʢʦʤʧʦʟʠʪʦʚ ʩʠʩʪʝʤʳ 0.65BaTiO3-0.35Bi0.5Na0.5TiO3/CoFe2O4, ʜʣʷ ʢʦʪʦʨʳʭ Dɽ/Dʅ ʩʦʩʪʘʚʣʷʝʪ 
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~113 ʠ ~10 ʤɺ/(ʩʤÖʕ) ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺ ʩʠʩʪʝʤʝ x CoFe2O4 ï (1-x) [0.948(K0.5Na0.5)NbO3ï

0.052LiSbO3] ʘʚʪʦʨʘʤʠ [73, 74] ʠʟʛʦʪʦʚʣʝʥʳ ʩʤʝʩʝʚʳʝ ʠ ʩʣʦʠʩʪʳʝ ʢʦʤʧʦʟʠʪʳ ʠ ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʛʦʨʘʟʜʦ ʙʦʣʴʰʝʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʄʕ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʫʜʘʝʪʩʷ ʜʦʙʠʪʴʩʷ ʚ ʤʥʦʛʦʩʣʦʡʥʳʭ 

ʤʫʣʴʪʠʬʝʨʨʦʠʯʥʳʭ ʧʣʝʥʢʘʭ 0.948(K0.5Na0.5)NbO3ï0.052LiSbO3/CoFe2O4/0.948(K0.5Na0.5)NbO3ï

0.052LiSbO3, ʧʦʣʫʯʝʥʥʳʭ ʤʝʪʦʜʦʤ ʠʤʧʫʣʴʩʥʦʛʦ ʣʘʟʝʨʥʦʛʦ ʦʩʘʞʜʝʥʠʷ. ʄʘʢʩʠʤʫʤ ʄʕ ʵʬʬʝʢʪʘ 

ʥʘ ʯʘʩʪʦʪʝ ʨʝʟʦʥʘʥʩʘ ʜʣʷ ʩʣʦʠʩʪʳʭ ʩʪʨʫʢʪʫʨ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 1 ɺ/(ʩʤĿʕ).  

ɸʥʘʣʦʛʠʯʥʘʷ ʩʠʪʫʘʮʠʷ ʥʘʙʣʶʜʘʝʪʩʷ ʠ ʧʨʠ ʩʨʘʚʥʝʥʠʠ ʩʤʝʩʝʚʳʭ ʠ ʩʣʦʠʩʪʳʭ ʢʦʤʧʦʟʠʪʦʚ ʥʘ 

ʦʩʥʦʚʝ ʬʝʨʨʠʪʦʚ ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʛʨʘʥʘʪʘ. ʊʘʢ, ʚ ʩʣʫʯʘʝ ʩʤʝʩʝʚʳʭ ʢʦʤʧʦʟʠʪʦʚ BaTiO3 - BiY2Fe5O12 

ʤʘʢʩʠʤʘʣʴʥʘʷ ʚʝʣʠʯʠʥʘ ʄʕ ʢʦʵʬʬʠʮʠʝʥʪʘ ʢʦʤʧʦʟʠʪʦʚ ʜʦʩʪʠʛʘʝʪ ʧʨʠʤʝʨʥʦ 0.21 ʤɺ/(ʩʤĿʕ) [113], 

ʘ ʧʨʠ ʧʝʨʝʭʦʜʝ ʢ ʩʣʦʠʩʪʳʤ ʩʪʨʫʢʪʫʨʘʤ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʄʕ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʫʜʘʝʪʩʷ ʟʘʤʝʪʥʦ 

ʧʦʚʳʩʠʪʴ, ʠ ʚʝʣʠʯʠʥʘ Dɽ/Dʅ ʜʦʩʪʠʛʘʝʪ 14.36 ʤɺ/(ʩʤĿʕ) [114]. 

ʉʚʦʡʩʪʚʘ ʩʪʝʨʞʥʝʚʳʭ ʄʕ ʩʪʨʫʢʪʫʨ ʧʴʝʟʦʵʣʝʢʪʨʠʢ ï ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʦʥʥʳʡ ʬʝʨʨʠʪ ʩʦ 

ʩʚʷʟʥʦʩʪʷʤʠ 1-3, 3-1 ʠ 1-1 ʤʘʣʦ ʦʧʠʩʘʥʳ ʚ ʣʠʪʝʨʘʪʫʨʝ, ʯʪʦ, ʚʝʨʦʷʪʥʦ, ʩʚʷʟʘʥʦ ʩʦ ʩʣʦʞʥʦʩʪʷʤʠ ʚ 

ʠʭ ʠʟʛʦʪʦʚʣʝʥʠʠ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʠʭ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʥʝʩʦʤʥʝʥʥʳʡ ʠʥʪʝʨʝʩ. ʊʘʢ, 

ʥʘʧʨʠʤʝʨ, ʚ ʨʘʙʦʪʘʭ [145ï147] ʥʘ ʧʨʠʤʝʨʝ ʢʦʤʧʦʟʠʪʦʚ ʪʠʧʘ ʧʴʝʟʦʵʣʝʢʪʨʠʢ - ʧʦʣʠʤʝʨ ʩʦ 

ʩʚʷʟʥʦʩʪʴʶ 1-3 ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʴʝʟʦʢʝʨʘʤʠʢʦʡ ʪʘʢʠʝ ʢʦʤʧʦʟʠʪʳ ʦʙʣʘʜʘʶʪ ʨʷʜʦʤ 

ʧʨʝʠʤʫʱʝʩʪʚ. ɺ ʠʭ ʯʠʩʣʝ ʚʳʩʦʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʦʡ ʩʚʷʟʠ ʪʦʣʱʠʥʥʦʡ ʤʦʜʳ 

ʢʦʣʝʙʘʥʠʡ kt
comp ʠ ʚʳʩʦʢʦʝ ʟʥʘʯʝʥʠʝ ʧʨʦʜʦʣʴʥʦʛʦ ʧʴʝʟʦʤʦʜʫʣʷ d33

comp, ʢʦʪʦʨʳʝ ʧʨʘʢʪʠʯʝʩʢʠ 

ʩʦʚʧʘʜʘʶʪ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʯʠʩʪʳʭ ʧʴʝʟʦʤʘʪʝʨʠʘʣʦʚ k33
FE ʠ d33

FE. ɺ ʪʦ ʞʝ ʚʨʝʤʷ 

ʧʦʧʝʨʝʯʥʳʝ ʧʴʝʟʦʢʦʵʬʬʠʮʠʝʥʪʳ ʢʦʤʧʦʟʠʪʦʚ kp
comp, k31

comp ʠ d31
comp ʠʤʝʶʪ ʧʦʥʠʞʝʥʥʳʝ ʟʥʘʯʝʥʠʷ, 

ʯʪʦ ʜʝʣʘʝʪ ʢʦʤʧʦʟʠʪʳ ʧʴʝʟʦʵʣʝʢʪʨʠʢ - ʧʦʣʠʤʝʨ ʦʙʲʝʤʥʦʯʫʚʩʪʚʠʪʝʣʴʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ. ʕʪʦ 

ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʦʙʦʩʥʦʚʘʥʦ ʩ ʧʦʤʦʱʴʶ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ [147], ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʡ ʦʩʥʦʚʥʳʝ 

ʫʧʨʫʛʠʝ, ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʝ ʠ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʢʦʤʧʦʟʠʪʦʚ 1-3 ʤʦʛʫʪ ʙʳʪʴ ʦʧʠʩʘʥʳ 

ʩʣʝʜʫʶʱʠʤʠ ʩʦʦʪʥʦʰʝʥʠʷʤʠ:  
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ʛʜʝ n ï ʦʙʲʝʤʥʘʷ ʜʦʣʷ ʧʴʝʟʦʤʘʪʝʨʠʘʣʘ, ʘ eijʊ/e0, si,j
E, di,j, ʂ33 ï ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ 

ʧʨʦʥʠʮʘʝʤʦʩʪʴ, ʫʧʨʫʛʘʷ ʧʦʜʘʪʣʠʚʦʩʪʴ, ʧʴʝʟʦʤʦʜʫʣʴ ʠ ʢʦʵʬʬʠʮʠʝʥʪ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʦʡ ʩʚʷʟʠ 

ʧʴʝʟʦʤʘʪʝʨʠʘʣʘ (FE), ʧʦʣʠʤʝʨʘ (Pol) ʠʣʠ ʢʦʤʧʦʟʠʪʘ (comp). ɸʥʘʣʠʟ ʧʨʠʚʝʜʝʥʥʳʭ ʬʦʨʤʫʣ 

ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʜʠʵʣʝʢʪʨʠʯʝʩʢʫʶ ʧʨʦʥʠʮʘʝʤʦʩʪʴ e33
T/e0 ʢʦʤʧʦʟʠʪʦʚ 1-3 ʤʦʞʥʦ ʠʟʤʝʥʷʪʴ ʚ 

ʜʦʩʪʘʪʦʯʥʦ ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ ʧʦʩʨʝʜʩʪʚʦʤ ʧʦʜʙʦʨʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʧʴʝʟʦʤʘʪʝʨʠʘʣʘ ʠ 

ʠʟʤʝʥʝʥʠʷ ʝʛʦ ʢʦʥʮʝʥʪʨʘʮʠʠ. ʇʴʝʟʦʤʦʜʫʣʴ d33 ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʢʦʥʮʝʥʪʨʘʮʠʡ ʧʴʝʟʦʬʘʟʳ 

ʜʦʣʞʝʥ ʙʳʪʴ ʧʨʠʤʝʨʥʦ ʨʘʚʝʥ ʧʴʝʟʦʤʦʜʫʣʶ ʠʩʭʦʜʥʦʡ ʢʝʨʘʤʠʢʠ ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ 

ʧʴʝʟʦʢʝʨʘʤʠʯʝʩʢʘʷ ʬʘʟʘ ʟʥʘʯʠʪʝʣʴʥʦ ʞʝʩʪʯʝ, ʯʝʤ ʧʦʣʠʤʝʨ ((s33
E)FE<<(s11)

Pol). ɺ ʪʦ ʞʝ ʚʨʝʤʷ 

ʧʦʧʝʨʝʯʥʳʡ ʧʴʝʟʦʤʦʜʫʣʴ |d31| ʩ ʫʤʝʥʴʰʝʥʠʝʤ ɜ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʞʘʝʪʩʷ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʨʦʩʪʫ 

ʦʙʴʝʤʥʦʛʦ ʧʴʝʟʦʤʦʜʫʣʷ dV = d33 + 2d31. ʂʦʵʬʬʠʮʠʝʥʪ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʦʡ ʩʚʷʟʠ ʂ33 ʚʩʣʝʜʩʪʚʠʝ 

ʩʣʘʙʦʛʦ ʠʟʤʝʥʝʥʠʷ ʧʴʝʟʦʤʦʜʫʣʷ d33 ʠ ʫʤʝʥʴʰʝʥʠʷ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʢʦʤʧʦʟʠʪʘ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ ʨʦʩʪʦʤ ɜ. 

ʀʪʘʢ, ʥʘ ʧʨʠʤʝʨʝ ʦʧʠʩʘʥʥʳʭ ʚ ʣʠʪʝʨʘʪʫʨʝ ʢʦʤʧʦʟʠʪʦʚ ʧʴʝʟʦʵʣʝʢʪʨʠʢ - ʧʦʣʠʤʝʨ ʩʦ 

ʩʚʷʟʥʦʩʪʴʶ 1-3 ʤʦʞʥʦ ʚʠʜʝʪʴ, ʯʪʦ ʙʣʘʛʦʜʘʨʷ ʩʧʝʮʠʬʠʯʥʦʡ ʘʥʠʟʦʪʨʦʧʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʤʦʞʥʦ 

ʫʧʨʘʚʣʷʪʴ ʠʭ ʩʚʦʡʩʪʚʘʤʠ ʠ ʜʦʙʠʪʴʩʷ ʫʚʝʣʠʯʝʥʠʷ ʨʷʜʘ ʠʭ ʧʴʝʟʦʧʘʨʘʤʝʪʨʦʚ ʚ ʩʚʷʟʠ ʩ 

ʩʫʱʝʩʪʚʝʥʥʳʤʠ ʨʘʟʣʠʯʠʷʤʠ ʫʧʨʫʛʠʭ ʩʚʦʡʩʪʚ ʧʴʝʟʦʵʣʝʢʪʨʠʢʘ ʠ ʧʦʣʠʤʝʨʘ. ʆʜʥʘʢʦ ʚ ʩʣʫʯʘʝ 

ʄʕ ʢʦʤʧʦʟʠʪʦʚ ʪʠʧʘ ʧʴʝʟʦʵʣʝʢʪʨʠʢ - ʬʝʨʨʠʪ ʥʝ ʦʞʠʜʘʝʪʩʷ ʧʦʣʥʦʡ ʘʥʘʣʦʛʠʠ ʩ ʢʦʤʧʦʟʠʪʘʤʠ 

ʧʴʝʟʦʵʣʝʢʪʨʠʢ - ʧʦʣʠʤʝʨ, ʪʘʢ ʢʘʢ ʚ ʦʪʣʠʯʠʝ ʦʪ ʙʦʣʴʰʠʥʩʪʚʘ ʧʦʣʠʤʝʨʦʚ ʬʝʨʨʠʪʳ, ʢʘʢ ʧʨʘʚʠʣʦ, 

ʦʙʣʘʜʘʶʪ ʨʘʚʥʦʡ ʣʠʙʦ ʤʝʥʴʰʝʡ ʫʧʨʫʛʦʡ ʧʦʜʘʪʣʠʚʦʩʪʴʶ, ʯʝʤ ʧʴʝʟʦʤʘʪʝʨʠʘʣʳ.  

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʤʘʪʝʨʠʘʣ ʧʦ ʩʪʝʨʞʥʝʚʳʤ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʘʤ ʧʦʢʘ ʥʝʤʥʦʛʦʯʠʩʣʝʥ. 

ʊʘʢ, ʚ ʥʝʜʘʚʥʝʡ ʨʘʙʦʪʝ [148] ʠʩʩʣʝʜʫʶʪʩʷ ʄʕ ʢʦʤʧʦʟʠʪʳ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʩʦʙʦʡ ʨʝʛʫʣʷʨʥʦ 

ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʤʘʩʩʠʚʳ ʩʪʦʣʙʠʢʦʚ ʧʴʝʟʦʵʣʝʢʪʨʠʢʘ (K0.485Na0.515+0.02)0.914Li 0.086(Nb0.942Ta0.058)O3, 

ʧʨʦʩʪʨʘʥʩʪʚʦ ʤʝʞʜʫ ʢʦʪʦʨʳʤʠ ʟʘʧʦʣʥʝʥʦ ʩʤʝʩʴʶ CoFe2O4 ʩ ʵʧʦʢʩʠʜʥʦʡ ʩʤʦʣʦʡ. ʂʦʵʬʬʠʮʠʝʥʪ 

ʄʕ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʦʙʨʘʟʮʦʚ ʩʦʩʪʘʚʣʷʝʪ ʣʠʰʴ 0.6 ʤɺ/(cʤĿʕ), ʯʪʦ, ʦʯʝʚʠʜʥʦ, ʩʚʷʟʘʥʦ ʩ ʩʠʣʴʥʳʤ 

ʜʝʤʧʬʠʨʦʚʘʥʠʝʤ ʤʝʭʘʥʠʯʝʩʢʠʭ ʢʦʣʝʙʘʥʠʡ ʬʘʟʳ ʬʝʨʨʠʪʘ ʵʧʦʢʩʠʜʥʦʡ ʤʘʪʨʠʮʝʡ. ɺ ʨʘʙʦʪʝ [149] 

ʦʧʠʩʳʚʘʶʪʩʷ ʩʚʦʡʩʪʚʘ ʢʦʤʧʦʟʠʪʦʚ ʎʊʉ/CoFe2O4/ʵʧʦʢʩʠʜʥʘʷ ʩʤʦʣʘ, ʠʤʝʶʱʠʭ ʧʦʨʠʩʪʫʶ 

ʩʪʨʫʢʪʫʨʫ ʠ ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʣʦʞʥʦʡ ʤʥʦʛʦʵʪʘʧʥʦʡ ʪʝʭʥʦʣʦʛʠʠ. ʇʦʢʘʟʘʥʦ, ʯʪʦ 

ʦʙʨʘʟʮʳ ʦʙʣʘʜʘʶʪ ʚʳʨʘʞʝʥʥʳʤʠ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʦʜʥʘʢʦ ʢʦʵʬʬʠʮʠʝʥʪʳ 

ʄʕ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʥʝ ʧʨʝʚʳʰʘʶʪ 2.2 ʤɺ/(cʤĿʕ). ɸʚʪʦʨʘʤʠ [150] ʠʟʛʦʪʦʚʣʝʥʳ ʥʘʥʦʚʦʣʦʢʥʠʩʪʳʝ 

ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʳ CoFe2O4/Pb(Zr0.52Ti0.48)O3 ʩ ʜʠʘʤʝʪʨʦʤ ʚʦʣʦʢʦʥ ʦʢʦʣʦ 100 ʥʤ, ʦʜʥʘʢʦ ʚ ʨʘʙʦʪʝ 

ʥʝ ʩʦʦʙʱʘʝʪʩʷ ʦ ʄʕ ʩʚʦʡʩʪʚʘʭ ʧʦʣʫʯʝʥʥʳʭ ʢʦʤʧʦʟʠʪʦʚ. 

ɺ ʪʘʙʣʠʮʝ II.5 ʧʨʠʚʦʜʷʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪʳ ʄʕ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʘʥʠʟʦʪʨʦʧʥʳʭ ʩʪʝʨʞʥʝʚʳʭ 

ʠ ʩʣʦʠʩʪʳʭ ʩʪʨʫʢʪʫʨ, ʠʟʚʝʩʪʥʳʭ ʠʟ ʣʠʪʝʨʘʪʫʨʳ.  
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ʊʘʙʣʠʮʘ II.5. ʄʘʛʥʠʪʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʤʫʣʴʪʠʬʝʨʨʦʠʯʥʳʭ ʩʪʝʨʞʥʝʚʳʭ ʠ ʩʣʦʠʩʪʳʭ 

ʛʝʪʝʨʦʩʪʨʫʢʪʫʨ 

ʩʦʩʪʘʚ ʢʦʤʧʦʟʠʪʘ, 

ʩʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ ʠ ʩʪʨʫʢʪʫʨʘ 
Dɽ/Dʅ, ʤɺ/(ʩʤÖʕ) ʠʩʪʦʯʥʠʢ 

ʵʚʪʝʢʪʠʯʝʩʢʠʝ ʩʦʩʪʘʚʳ ʩʠʩʪʝʤʳ ʉʦ-Fe-Ba-Ti-O, 

ʥʘʧʨʘʚʣʝʥʥʘʷ ʢʨʠʩʪʘʣʣʠʟʘʮʠʷ ʵʚʪʝʢʪʠʯʝʩʢʠʭ ʨʘʩʧʣʘʚʦʚ;   

ʩʪʨʫʢʪʫʨʘ ʠʟʦʪʨʦʧʥʘʷ ʤʝʣʢʦʟʝʨʥʠʩʪʘʷ  

ʠ ʜʝʥʜʨʠʪʥʘʷ 

 

 

«1-10 

«50-135 

 

 

[27, 28, 30, 

31, 33] 

ʵʚʪʝʢʪʠʯʝʩʢʠʝ ʩʦʩʪʘʚʳ ʩʠʩʪʝʤ LiNbO3-Li 0,5Fe2,5O4, 

LTaO3-Li 0,5Fe2,5O4, Ni-Fe-Ba-Ti-O,  

ʥʘʧʨʘʚʣʝʥʥʘʷ ʢʨʠʩʪʘʣʣʠʟʘʮʠʷ ʵʚʪʝʢʪʠʯʝʩʢʠʭ ʨʘʩʧʣʘʚʦʚ;  

ʩʪʨʫʢʪʫʨʳ ʧʣʘʩʪʠʥʯʘʪʳʝ, ʣʘʤʝʣʣʘʨʥʳʝ, ʜʝʥʜʨʠʪʥʳʝ 

ʜʘʥʥʳʭ ʥʝʪ [142] 

0.948(K0.5Na0.5)NbO3ï

0.052LiSbO3/CoFe2O4/0.948(K0.5Na0.5)NbO3ï0.052LiSbO3,  

ʠʤʧʫʣʴʩʥʦʝ ʣʘʟʝʨʥʦʝ ʦʩʘʞʜʝʥʠʝ,  

ʤʥʦʛʦʩʣʦʡʥʳʝ ʩʪʨʫʢʪʫʨʳ 

~1000 (ʥʘ ʯʘʩʪʦʪʝ 

ʨʝʟʦʥʘʥʩʘ) 
[73, 74]   

BaTiO3 - BiY2Fe5O12, ʩʣʦʠʩʪʳʝ ʢʦʤʧʦʟʠʪʳ 14.36 [114] 

BaTiO3/CoFe2O4, 0.65BaTiO3-0.35Bi0.5Na0.5TiO3/CoFe2O4,  

ʪʚʝʨʜʦʬʘʟʥʳʡ ʩʧʦʩʦʙ,  

ʩʪʨʫʢʪʫʨʳ ʩʣʦʠʩʪʳʝ 

113-135 
[143], 

[144] 

(K0.485Na0.515+0.02)0.914Li 0.086(Nb0.942Ta0.058)O3 ï  

CoFe2O4 ʚ ʩʤʝʩʠ ʩ ʵʧʦʢʩʠʜʥʦʡ ʩʤʦʣʦʡ 
0.6 [148] 

ʎʊʉ/CoFe2O4/ʵʧʦʢʩʠʜʥʘʷ ʩʤʦʣʘ 2.2 [149] 

CoFe2O4/Pb(Zr0.52Ti0.48)O3, ʚʦʣʦʢʥʠʩʪʳʝ ʩʪʨʫʢʪʫʨʳ ʩ 

ʜʠʘʤʝʪʨʦʤ ʚʦʣʦʢʦʥ ʦʢʦʣʦ 100 ʥʤ 
ʥʝʪ ʜʘʥʥʳʭ [150] 
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III . ʂʈɸʊʂʀɽ ʉɺɽɼɽʅʀʗ ʆ ʇʔɽɿʆʕʃɽʂʊʈʀʏɽʉʂʀʍ ʀ 

ʄɸɻʅʀʊʆʉʊʈʀʂʎʀʆʅʅʓʍ ʆʂʉʀɼʅʓʍ ʄɸʊɽʈʀɸʃɸʍ 

III .1. ʇʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʤʘʪʝʨʠʘʣʳ ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʧʝʨʦʚʩʢʠʪʘ 

III .1.1. ʉʪʨʫʢʪʫʨʥʳʡ ʪʠʧ ʧʝʨʦʚʩʢʠʪʘ  

ʎʠʨʢʦʥʘʪ-ʪʠʪʘʥʘʪ ʩʚʠʥʮʘ, ʪʠʪʘʥʘʪ ʙʘʨʠʷ, ʪʠʪʘʥʘʪ ʥʘʪʨʠʷ-ʚʠʩʤʫʪʘ ʠ ʥʠʦʙʘʪʳ 

ʣʠʪʠʷ-ʥʘʪʨʠʷ-ʢʘʣʠʷ, ʠʩʧʦʣʴʟʦʚʘʥʥʳʝ ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʚ ʢʘʯʝʩʪʚʝ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʭ 

ʩʦʩʪʘʚʣʷʶʱʠʭ ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʄʕ ʢʦʤʧʦʟʠʪʦʚ, ʢʨʠʩʪʘʣʣʠʟʫʶʪʩʷ ʚ ʩʪʨʫʢʪʫʨʥʦʤ ʪʠʧʝ 

ʧʝʨʦʚʩʢʠʪʘ ɸɺʍ3. ʅʝʠʩʢʘʞʝʥʥʫʶ ʩʪʨʫʢʪʫʨʫ ʧʝʨʦʚʩʢʠʪʘ ʤʦʞʥʦ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʢʫʙʠʯʝʩʢʦʡ 

ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʦʡ, ʚ ʚʝʨʰʠʥʘʭ ʢʦʪʦʨʦʡ ʥʘʭʦʜʷʪʩʷ ʢʨʫʧʥʳʝ ʢʘʪʠʦʥʳ (ɸ), ʚ ʮʝʥʪʨʝ ʤʘʣʳʡ 

ʢʘʪʠʦʥ (ɺ), ʘ ʘʥʠʦʥʳ (ʍ) ʟʘʥʠʤʘʶʪ ʩʝʨʝʜʠʥʫ ʛʨʘʥʝʡ (ʨʠʩ.III.1). ʄʦʪʠʚ ʵʪʦʡ ʩʪʨʫʢʪʫʨʳ ʩʦʩʪʘʚʣʷʶʪ 

ʩʦʝʜʠʥʝʥʥʳʝ ʯʝʨʝʟ ʚʝʨʰʠʥʳ ʢʠʩʣʦʨʦʜʥʳʝ ʦʢʪʘʵʜʨʳ, ʧʨʠʯʸʤ ʤʘʣʳʝ ʢʘʪʠʦʥʳ ʟʘʥʠʤʘʶʪ 

ʦʢʪʘʵʜʨʠʯʝʩʢʠʝ ʧʫʩʪʦʪʳ, ʘ ʙʦʣʴʰʠʝ - ʜʦʜʝʢʘʵʜʨʠʯʝʩʢʠʝ.  

 

ʈʠʩ.III.1. ʉʪʨʫʢʪʫʨʘ ʧʝʨʦʚʩʢʠʪʘ ɸɺʍ3 

ʉʪʨʫʢʪʫʨʫ ʧʝʨʦʚʩʢʠʪʘ ʤʦʞʥʦ ʪʘʢʞʝ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʣʦʪʥʝʡʰʠʭ ʫʧʘʢʦʚʦʢ. 

ʊʘʢ ʢʘʢ ʘʥʠʦʥʳ X ʠ ʢʘʪʠʦʥʳ ɸ ʙʣʠʟʢʠ ʧʦ ʨʘʟʤʝʨʘʤ, ʢʫʙʠʯʝʩʢʫʶ ʧʣʦʪʥʝʡʰʫʶ ʫʧʘʢʦʚʢʫ ʤʦʞʥʦ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʦʙʨʘʟʦʚʘʥʥʦʡ ʘʥʠʦʥʘʤʠ X, ı ʢʦʪʦʨʳʭ ʟʘʤʝʥʝʥʘ ʢʘʪʠʦʥʘʤʠ ɸ. ɺ ʧʨʝʜʝʣʘʭ ʵʪʦʡ 

ʫʧʘʢʦʚʢʠ ʢʘʪʠʦʥʳ B ʟʘʥʠʤʘʶʪ ı ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʧʫʩʪʦʪ ʚ ʧʦʟʠʮʠʷʭ, ʥʝ ʩʦʧʨʠʢʘʩʘʶʱʠʭʩʷ ʩ 

ʢʘʪʠʦʥʘʤʠ ʪʠʧʘ ɸ (ʨʠʩ.III.2). ʆʩʥʦʚʳʚʘʷʩʴ ʥʘ ʵʪʠʭ ʧʨʝʜʩʪʘʚʣʝʥʠʷʭ, ʩʪʨʫʢʪʫʨʫ ʧʝʨʦʚʩʢʠʪʘ ʫʜʦʙʥʦ 

ʠʟʦʙʨʘʞʘʪʴ ʚ ʚʠʜʝ ʢʫʙʠʯʝʩʢʦʡ ʷʯʝʡʢʠ, ʚ ʢʦʪʦʨʦʡ ʘʥʠʦʥʳ X ʠ ʢʘʪʠʦʥʳ ɸ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʧʦ ʟʘʢʦʥʫ 

F-ʷʯʝʡʢʠ, ʧʨʠ ʵʪʦʤ ʢʘʪʠʦʥʳ ʪʠʧʘ ɸ ʮʝʥʪʨʠʨʫʶʪ ʪʦʣʴʢʦ ʜʚʝ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʝ ʛʨʘʥʠ, ʘ ʢʘʪʠʦʥʳ 

ʪʠʧʘ ɺ - 4 ʠʟ 12 ʨʝʙʝʨ ʷʯʝʡʢʠ (ʨʠʩ.III .3). 
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ʈʠʩ. III.2. ʇʣʦʪʥʦʫʧʘʢʦʚʘʥʥʳʡ ʩʣʦʡ ʚ ʩʪʨʫʢʪʫʨʝ ʧʝʨʦʚʩʢʠʪʘ 

  

ʈʠʩ. III.3. ʗʯʝʡʢʘ ɹʨʘʚʝ ʜʣʷ ʥʝʠʩʢʘʞʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʧʝʨʦʚʩʢʠʪʘ 

ɺ ʥʝʠʩʢʘʞʝʥʥʦʡ ʩʪʨʫʢʪʫʨʝ ʧʝʨʦʚʩʢʠʪʘ ʨʘʟʤʝʨ ʢʘʪʠʦʥʦʚ ɸ ʜʦʣʞʝʥ ʙʳʪʴ ʨʘʚʝʥ ʨʘʟʤʝʨʫ 

ʘʥʠʦʥʦʚ ʍ, ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʩʠʤʤʝʪʨʠʷ ʢʨʠʩʪʘʣʣʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʢʫʙʠʯʝʩʢʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ 

ʛʨʫʧʧʝ Pm3m. ʆʙʳʯʥʦ ʞʝ ʚ ʩʪʨʫʢʪʫʨʝ ʧʝʨʦʚʩʢʠʪʘ ʢʘʪʠʦʥ ɸ ʤʝʥʴʰʝ ʘʥʠʦʥʘ ʍ, ʨʘʜʠʫʩ RA ʥʝ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʘʟʤʝʨʘʤ ʢʫʙʦʦʢʪʘʵʜʨʠʯʝʩʢʦʛʦ ʧʦʣʠʵʜʨʘ, ʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ 

ʠʩʢʘʞʘʝʪʩʷ. ɼʘʥʥʦʝ ʥʝʩʦʦʪʚʝʪʩʪʚʠʝ ʚʳʨʘʞʘʝʪʩʷ ʪʦʣʝʨʘʥʮ-ʬʘʢʪʦʨʦʤ: 

 

ʇʝʨʦʚʩʢʠʪʳ, ʢʨʠʩʪʘʣʣʠʟʫʶʱʠʝʩʷ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʝ Pm3m, ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 

ʬʘʢʪʦʨʦʤ ʪʦʣʝʨʘʥʪʥʦʩʪʠ, ʙʣʠʟʢʠʤ ʢ ʝʜʠʥʠʮʝ (0.9-1.05). ʇʨʠ t º 0.8 ʙʦʣʝʝ ʩʪʘʙʠʣʴʥʦʡ ʦʢʘʟʳʚʘʝʪʩʷ 

ʩʪʨʫʢʪʫʨʘ ʠʣʴʤʝʥʠʪʘ, ʘ ʧʨʠ t º 1.11 ʩʪʨʫʢʪʫʨʘ ʧʝʨʦʚʩʢʠʪʘ ʟʘʤʝʥʷʝʪʩʷ ʛʝʢʩʘʛʦʥʘʣʴʥʦʡ 

ʤʦʜʠʬʠʢʘʮʠʝʡ. ʇʨʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʦʙʝ ʦʥʠ ʤʦʛʫʪ ʢʨʠʩʪʘʣʣʠʟʦʚʘʪʴʩʷ ʚ ʩʪʨʫʢʪʫʨʥʦʤ 

ʪʠʧʝ ʧʝʨʦʚʩʢʠʪʘ.  

ʉʫʱʝʩʪʚʫʝʪ 15 ʨʘʟʣʠʯʥʳʭ ʚʘʨʠʘʥʪʦʚ ʠʩʢʘʞʝʥʠʡ ʩʪʨʫʢʪʫʨʳ ʧʝʨʦʚʩʢʠʪʘ, ʠ ʢʘʞʜʳʡ ʚʘʨʠʘʥʪ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʧʨʝʜʝʣʝʥʥʦʤʫ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʤʫ ʦʢʨʫʞʝʥʠʶ ʢʘʪʠʦʥʦʚ ɸ [151]. ʉʪʘʥʜʘʨʪʥʳʝ 
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ʦʙʦʟʥʘʯʝʥʠʷ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʢʘʞʜʳʡ ʚʠʜ ʠʩʢʘʞʝʥʠʡ, ʙʳʣʠ ʚʧʝʨʚʳʝ ʧʨʝʜʣʦʞʝʥʳ ɻʣʝʡʟʝʨʦʤ 

[152]. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʵʪʠʤ ʢʘʞʜʦʤʫ ʠʟ 15 ʚʦʟʤʦʞʥʳʭ ʚʠʜʦʚ ʠʩʢʘʞʝʥʠʡ ʩʪʨʫʢʪʫʨʳ ʧʝʨʦʚʩʢʠʪʘ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʧʨʝʜʝʣʝʥʥʘʷ ʛʨʫʧʧʘ ʩʠʤʤʝʪʨʠʠ (ʨʠʩ.III.4). ʆʙʦʟʥʘʯʝʥʠʷ ʦʧʠʩʳʚʘʶʪ ʢʘʯʘʥʠʝ 

ʦʢʪʘʵʜʨʦʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʪʨʝʭ ʦʩʝʡ ʜʝʢʘʨʪʦʚʦʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ, ʩʦʚʧʘʜʘʶʱʠʭ ʩ 

ʢʦʦʨʜʠʥʘʪʥʳʤʠ ʦʩʷʤʠ ʵʣʝʤʝʥʪʘʨʥʦʡ ʢʫʙʠʯʝʩʢʦʡ ʷʯʝʡʢʠ. ɹʫʢʚʳ ʦʟʥʘʯʘʶʪ ʦʪʥʦʩʠʪʝʣʴʥʫʶ 

ʘʤʧʣʠʪʫʜʫ ʢʘʯʘʥʠʷ: ʥʘʧʨʠʤʝʨ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʙʫʢʚ a, b ʠ c ʦʟʥʘʯʘʝʪ ʥʝʨʘʚʥʳʝ ʘʤʧʣʠʪʫʜʳ ʢʘʯʘʥʠʷ 

ʧʦ ʚʩʝʤ ʪʨʝʤ ʦʩʷʤ. ʊʘʢʞʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚʝʨʭʥʠʝ ʠʥʜʝʢʩʳ, ʢʦʪʦʨʳʝ ʧʦʢʘʟʳʚʘʶʪ ʥʘʧʨʘʚʣʝʥʠʝ 

ʢʘʯʘʥʠʷ ʦʢʪʘʵʜʨʦʚ. ɽʩʣʠ ʩʦʩʝʜʥʠʝ ʦʢʪʘʵʜʨʳ ʢʘʯʘʶʪʩʷ ʚ ʦʜʥʫ ʩʪʦʨʦʥʫ, ʪʦ ʝʩʪʴ ʚ ʬʘʟʝ, ʪʦ ʥʘʜ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʙʫʢʚʦʡ ʩʪʘʚʠʪʩʷ ʟʥʘʢ ñ+ò, ʘ ʝʩʣʠ ʦʢʪʘʵʜʨʳ ʢʘʯʘʶʪʩʷ ʚ ʧʨʦʪʠʚʦʬʘʟʝ, ʪʦ ʩʪʘʚʠʪʩʷ 

ñ-ò. ʀʥʜʝʢʩ ñ0ò ʦʙʦʟʥʘʯʘʝʪ, ʯʪʦ ʚʜʦʣʴ ʜʘʥʥʦʡ ʦʩʠ ʥʝʪ ʥʠʢʘʢʦʛʦ ʢʘʯʘʥʠʷ.  

 

ʈʠʩ.III.4. ʉʚʷʟʴ ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ ʪʠʧʘʤʠ ʠʩʢʘʞʝʥʠʡ ʩʪʨʫʢʪʫʨʳ ʧʝʨʦʚʩʢʠʪʘ [153]. 

ʉʨʝʜʠ 15-ʪʠ ʪʠʧʦʚ ʠʩʢʘʞʝʥʠʡ ʩʪʨʫʢʪʫʨʳ ʧʝʨʦʚʩʢʠʪʘ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʣʠʰʴ 

ʰʝʩʪʴ (ʨʠʩ.III.5), ʥʘ ʦʩʪʘʣʴʥʳʝ ʪʠʧʳ ʧʨʠʭʦʜʠʪʩʷ ʚʩʝʛʦ ʦʢʦʣʦ 5% ʠʟʚʝʩʪʥʳʭ ʧʝʨʦʚʩʢʠʪʥʳʭ ʬʘʟ. 

ʅʘʠʙʦʣʝʝ ʯʘʩʪʦ ʚʩʪʨʝʯʘʶʱʠʤʩʷ ʷʚʣʷʝʪʩʷ ʪʠʧ a+b-c-, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʝ 

Pnma [151]. ʇʨʠ ʦʪʩʫʪʩʪʚʠʠ ʢʘʯʘʥʠʷ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʡ ʧʦʣʠʵʜʨ ʚʦʢʨʫʛ ʢʘʪʠʦʥʦʚ ʪʠʧʘ ɸ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʫʙʦʦʢʪʘʵʜʨ (ʨʠʩ.III.5,ʘ). ʇʨʠ ʠʩʢʘʞʝʥʠʠ ʪʠʧʘ a0b0c- ʥʘ ʙʦʣʝʝ ʙʣʠʟʢʦʝ 

ʨʘʩʩʪʦʷʥʠʝ ʧʦʜʭʦʜʷʪ ʯʝʪʳʨʝ ʘʪʦʤʘ, ʠ ʧʝʨʚʘʷ ʢʦʦʨʜʠʥʘʮʠʦʥʥʘʷ ʩʬʝʨʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʠʩʢʘʞʝʥʥʳʡ ʪʝʪʨʘʵʜʨ, ʝʱʝ ʯʝʪʳʨʝ ʘʥʠʦʥʘ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʥʘ ʙʦʣʝʝ ʜʘʣʴʥʝʤ ʨʘʩʩʪʦʷʥʠʠ ʚ ʦʜʥʦʡ 



56 

ʧʣʦʩʢʦʩʪʠ (ʨʠʩ. III.5,ʙ). ʏʝʤ ʙʦʣʴʰʝ ʫʛʦʣ ʢʘʯʘʥʠʷ ʦʢʪʘʵʜʨʦʚ, ʪʝʤ ʙʦʣʝʝ ʠʩʢʘʞʘʝʪʩʷ ʪʝʪʨʘʵʜʨ. ɺ 

ʩʠʩʪʝʤʝ a0a0c+ ʢʘʯʘʥʠʝ ʦʢʪʘʵʜʨʦʚ ʧʨʦʠʩʭʦʜʠʪ ʚ ʬʘʟʝ, ʠ ʧʝʨʚʘʷ ʢʦʦʨʜʠʥʘʮʠʦʥʥʘʷ ʩʬʝʨʘ ʧʦʭʦʞʘ 

ʥʘ ʧʨʝʜʳʜʫʱʠʡ ʩʣʫʯʘʡ, ʥʦ ʪʝʧʝʨʴ ʙʣʠʞʘʡʰʠʝ ʯʝʪʳʨʝ ʘʥʠʦʥʘ ʦʙʨʘʟʫʶʪ ʢʚʘʜʨʘʪ, ʘ ʥʝ ʪʝʪʨʘʵʜʨ 

(ʨʠʩ. III.5,ʚ). ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʫʛʣʘ ʢʘʯʘʥʠʷ ʦʢʪʘʵʜʨʦʚ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʯʝʪʳʨʴʤʷ ʙʣʠʞʘʡʰʠʤʠ 

ʩʦʩʝʜʷʤʠ ʠ ʢʘʪʠʦʥʦʤ ʪʠʧʘ ɸ ʫʤʝʥʴʰʘʶʪʩʷ. 

 

 

ʈʠʩ.III.5. ʂʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʦʢʨʫʞʝʥʠʝ ʢʘʪʠʦʥʦʚ ʪʠʧʘ ɸ ʚ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʚʩʪʨʝʯʘʝʤʳʭ ʪʠʧʘʭ 

ʠʩʢʘʞʝʥʥʳʭ ʧʝʨʦʚʩʢʠʪʦʚ. ʏʝʨʥʳʤ ʧʦʢʘʟʘʥʳ ʢʘʪʠʦʥʳ ɸ, ʩʝʨʳʤ ï ʧʝʨʚʘʷ ʢʦʦʨʜʠʥʘʮʠʦʥʥʘʷ 

ʩʬʝʨʘ ʠʟ ʘʥʠʦʥʦʚ, ʙʝʣʳʤ ï ʚʪʦʨʘʷ ʢʦʦʨʜʠʥʘʮʠʦʥʥʘʷ ʩʬʝʨʘ. 

ɺ ʩʠʩʪʝʤʝ a0b-b- (ʨʠʩ.III.5,ʛ) ʦʢʪʘʵʜʨʳ ʢʘʯʘʶʪʩʷ ʚʜʦʣʴ ʜʚʫʭ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʦʩʝʡ. ʇʝʨʚʘʷ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʘʷ ʩʬʝʨʘ ʦʙʨʘʟʦʚʘʥʘ ʩʝʤʴʶ ʘʥʠʦʥʘʤʠ, ʧʨʠ ʵʪʦʤ ʙʣʠʞʘʡʰʠʝ ʠʟ ʥʠʭ ʨʘʩʧʦʣʦʞʝʥʳ 

ʚ ʚʝʨʰʠʥʘʭ ʪʝʪʨʘʛʦʥʘʣʴʥʦʡ ʧʠʨʘʤʠʜʳ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʧʨʝʜʳʜʫʱʠʭ ʩʠʩʪʝʤ, ʚ ʜʘʥʥʦʡ ʧʦʷʚʣʷʝʪʩʷ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʧʘʨʘʤʝʪʨ ï ʦʜʥʘ ʩʪʝʧʝʥʴ ʩʚʦʙʦʜʳ ʚ ʨʘʩʧʦʣʦʞʝʥʠʠ ʢʘʪʠʦʥʘ ɸ. ʏʝʤ ʙʦʣʴʰʝ ʫʛʦʣ 

ʢʘʯʘʥʠʷ ʦʢʪʘʵʜʨʦʚ, ʪʝʤ ʙʦʣʝʝ ʢʘʪʠʦʥ ʩʤʝʱʘʝʪʩʷ ʚ ʩʪʦʨʦʥʫ ʦʩʥʦʚʘʥʠʷ ʧʠʨʘʤʠʜʳ, ʯʪʦʙʳ 

ʦʙʝʩʧʝʯʠʪʴ ʩʝʙʝ ʙʦʣʝʝ ʩʠʤʤʝʪʨʠʯʥʦʝ ʦʢʨʫʞʝʥʠʝ. 

ʉʠʩʪʝʤʘ ʢʘʯʘʥʠʷ ʦʢʪʘʵʜʨʦʚ a-a-a- (ʨʠʩ.III.5,ʜ) ʧʨʠʚʦʜʠʪ ʢ ʧʦʥʠʞʝʥʠʶ ʧʝʨʦʚʩʢʠʪʥʦʡ 

ʩʪʨʫʢʪʫʨʳ ʜʦ ʨʦʤʙʠʯʝʩʢʦʡ. ɿʜʝʩʴ ʠʩʢʘʞʝʥʠʝ ʤʦʞʥʦ ʩʚʝʩʪʠ ʢ ʝʜʠʥʦʤʫ ʢʘʯʘʥʠʶ ʦʢʪʘʵʜʨʦʚ ʚʜʦʣʴ 
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ʦʜʥʦʡ ʜʠʘʛʦʥʘʣʴʥʦʡ ʦʩʠ ʪʨʝʪʴʝʛʦ ʧʦʨʷʜʢʘ ʚ ʢʫʙʠʯʝʩʢʦʡ ʷʯʝʡʢʝ. ʂʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʦʢʨʫʞʝʥʠʝ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʜʝʚʷʪʴ ʘʥʠʦʥʦʚ, ʪʨʠ ʙʣʠʞʘʡʰʠʭ ʠʟ ʥʠʭ ʦʙʨʘʟʫʶʪ ʧʨʘʚʠʣʴʥʳʡ ʪʨʝʫʛʦʣʴʥʠʢ, 

ʜʨʫʛʠʝ ʰʝʩʪʴ ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʚʠʜʝ ʩʢʨʫʯʝʥʥʦʡ ʪʨʠʛʦʥʘʣʴʥʦʡ ʧʨʠʟʤʳ. 

ʊʠʧ ʠʩʢʘʞʝʥʠʷ ʦʢʪʘʵʜʨʦʚ a+a-a- (ʨʠʩ.III.5,ʝ) ʧʨʠʚʦʜʠʪ ʪʘʢʞʝ ʢ ʨʦʤʙʠʯʝʩʢʦʡ ʩʠʤʤʝʪʨʠʠ, 

ʢʦʪʦʨʳʡ ʦʙʳʯʥʦ ʩʦʦʪʥʦʩʷʪ ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʧʝʨʦʚʩʢʠʪʘ GdFeO3. ʂʦʦʨʜʠʥʘʮʠʦʥʥʘʷ ʩʬʝʨʘ ʢʘʪʠʦʥʘ 

ɸ ʩʦʩʪʦʠʪ ʠʟ ʚʦʩʴʤʠ ʘʥʠʦʥʦʚ, ʯʝʪʳʨʝ ʘʥʠʦʥʘ ʥʘ ʙʦʣʝʝ ʢʦʨʦʪʢʦʤ ʨʘʩʩʪʦʷʥʠʠ ʦʙʨʘʟʫʶʪ 

ʠʩʢʘʞʝʥʥʳʡ ʪʝʪʨʘʵʜʨ. ɺ ʵʪʦʤ ʪʠʧʝ ʠʩʢʘʞʝʥʠʷ ʫ ʢʘʪʠʦʥʘ ɸ ʝʩʪʴ ʜʚʝ ʩʪʝʧʝʥʠ ʩʚʦʙʦʜʳ (ʜʣʷ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʳ Pnma ʵʪʦ x ʠ z), ʠ ʵʪʦ ʜʘʝʪ ʝʤʫ ʚʦʟʤʦʞʥʦʩʪʴ ʩʤʝʱʘʪʴʩʷ ʩʦ ʩʚʦʝʡ 

ʧʦʟʠʮʠʠ, ʝʩʣʠ ʧʝʨʚʳʝ ʯʝʪʳʨʝ ʘʥʠʦʥʘ ʧʦʜʭʦʜʷʪ ʢ ʥʝʤʫ ʩʣʠʰʢʦʤ ʙʣʠʟʢʦ. ɺ ʮʝʣʦʤ ʘʥʠʦʥʥʘʷ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʘʷ ʩʬʝʨʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʠʩʢʘʞʝʥʥʫʶ ʪʝʪʨʘʛʦʥʘʣʴʥʫʶ ʧʨʠʟʤʫ. 

ɺ ʪʠʧʝ ʠʩʢʘʞʝʥʠʷ a-a-a- ʢʘʪʠʦʥ ʪʠʧʘ ɸ ʥʝ ʤʦʞʝʪ ʩʜʚʠʛʘʪʴʩʷ ʩʦ ʩʚʦʝʡ ʧʦʟʠʮʠʠ. ɺ ʮʝʣʦʤ ʪʠʧ 

ʠʩʢʘʞʝʥʠʷ a+a-a- ʩʪʘʙʠʣʝʥ ʧʨʠ ʚʳʩʦʢʦʡ ʢʦʚʘʣʝʥʪʥʦʩʪʠ ʩʚʷʟʠ ɸ-ʍ ʠ ʤʘʣʦʤ ʢʫʣʦʥʦʚʩʢʦʤ 

ʧʝʨʝʢʨʳʚʘʥʠʠ ʢʘʪʠʦʥʘ ɸ ʠ ʘʥʠʦʥʦʚ ʍ. ʇʦʵʪʦʤʫ ʜʘʥʥʳʡ ʪʠʧ ʧʝʨʦʚʩʢʠʪʥʦʡ ʩʪʨʫʢʪʫʨʳ 

ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ ʬʘʢʪʦʨʝ ʪʦʣʝʨʘʥʪʥʦʩʪʠ t < 0.975 ʠ ʧʨʠ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʡ 

ʵʣʝʢʪʨʦʦʪʨʠʮʘʪʝʣʴʥʦʩʪʠ ʢʘʪʠʦʥʘ, ʥʘʧʨʠʤʝʨ ʧʨʠ ɸ = ʉʘ. ʊʠʧ ʠʩʢʘʞʝʥʠʷ a-a-a- ʦʢʘʟʳʚʘʝʪʩʷ 

ʥʘʠʙʦʣʝʝ ʩʪʘʙʠʣʴʥʳʤ ʧʨʠ 0.975 < t < 1.02 ʠ ʧʨʠ ʚʳʩʦʢʦʤ ʟʘʨʷʜʝ ʢʘʪʠʦʥʘ ɸ. ɼʘʥʥʳʝ ʬʘʢʪʦʨʳ 

ʧʨʠʚʦʜʷʪ ʢ ʨʦʤʙʠʯʝʩʢʦʤʫ ʪʠʧʫ ʠʩʢʘʞʝʥʠʷ, ʪʘʢ ʢʘʢ ʜʘʥʥʳʡ ʪʠʧ ʢʘʯʘʥʠʷ ʦʢʪʘʵʜʨʦʚ ʫʚʝʣʠʯʠʚʘʝʪ 

ʠʦʥʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ɸ-ʍ ʠ ʚ ʪʦ ʞʝ ʚʨʝʤʷ ʥʝ ʧʨʠʚʦʜʠʪ ʢ ʩʠʣʴʥʦʤʫ ʧʝʨʝʢʨʳʚʘʥʠʶ ʵʣʝʢʪʨʦʥʥʳʭ 

ʦʙʦʣʦʯʝʢ ʠʦʥʦʚ. ʕʥʝʨʛʠʷ ʨʝʰʝʪʢʠ ʩʠʩʪʝʤʳ a0a0a0 ʦʢʘʟʳʚʘʝʪʩʷ ʚʳʰʝ, ʯʝʤ ʫ ʨʘʩʩʤʦʪʨʝʥʥʳʭ 

ʠʩʢʘʞʝʥʥʳʭ ʩʪʨʫʢʪʫʨ ʧʝʨʦʚʩʢʠʪʘ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʜʘʥʥʳʡ ʪʠʧ ʩʪʨʫʢʪʫʨʳ ʩʪʘʙʠʣʠʟʠʨʫʝʪʩʷ ʟʘ ʩʯʝʪ 

ʢʫʣʦʥʦʚʩʢʦʛʦ ʦʪʪʘʣʢʠʚʘʥʠʷ ʠʦʥʦʚ ʠ ʨʝʘʣʠʟʫʝʪʩʷ ʚ ʩʣʫʯʘʝ ʢʘʪʠʦʥʦʚ ʪʠʧʘ ɸ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʛʦ 

ʨʘʟʤʝʨʘ. ʊʘʢʞʝ ʩʪʘʙʠʣʴʥʦʩʪʴ ʵʪʦʛʦ ʪʠʧʘ ʧʦʚʳʰʘʝʪʩʷ ʟʘ ʩʯʝʪ ʢʦʚʘʣʝʥʪʥʦʛʦ ʧʝʨʝʢʨʳʚʘʥʠʷ 

p-ʦʨʙʠʪʘʣʝʡ ʠʦʥʦʚ ɺ ʠ ʍ, ʯʪʦ ʨʝʘʣʠʟʫʝʪʩʷ ʜʣʷ ʢʘʪʠʦʥʦʚ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ [154, 155]. 

ʀʟʤʝʥʝʥʠʝ ʚʥʝʰʥʠʭ ʫʩʣʦʚʠʡ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʠ ʢ ʠʟʤʝʥʝʥʠʶ ʭʘʨʘʢʪʝʨʘ ʠʩʢʘʞʝʥʠʷ 

ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʧʝʨʦʚʩʢʠʪʘ. ʊʘʢ, ʫʚʝʣʠʯʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʚʳʰʘʝʪ ʩʪʘʙʠʣʴʥʦʩʪʴ ʬʘʟʳ ʩ 

ʢʫʙʠʯʝʩʢʦʡ ʩʠʤʤʝʪʨʠʝʡ. ʅʘʧʨʠʤʝʨ, ʧʝʨʦʚʩʢʠʪ CaTiO3 ʧʨʠ ʥʦʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʨʦʤʙʠʯʝʩʢʠʡ, 

ʠʤʝʝʪ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ ʛʨʫʧʧʫ Pbnm. ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1512Ñ13 ʂ ʦʥ ʧʝʨʝʭʦʜʠʪ ʚ 

ʪʝʪʨʘʛʦʥʘʣʴʥʫʶ ʤʦʜʠʬʠʢʘʮʠʶ I4/mcm, ʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1635Ñ2 K ï ʚ ʢʫʙʠʯʝʩʢʫʶ 

ʥʝʠʩʢʘʞʝʥʥʫʶ ʤʦʜʠʬʠʢʘʮʠʶ Pm3m [156]. ɺʣʠʷʥʠʝ ʜʘʚʣʝʥʠʷ ʥʘ ʩʠʤʤʝʪʨʠʶ ʧʝʨʦʚʩʢʠʪʦʚ 

ʥʝʦʜʥʦʟʥʘʯʥʦ. ɼʘʚʣʝʥʠʝ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢʘʢ ʢ ʧʦʚʳʰʝʥʠʶ, ʪʘʢ ʠ ʢ ʧʦʥʠʞʝʥʠʶ ʩʠʤʤʝʪʨʠʠ ʚ 

ʨʘʟʥʳʭ ʩʣʫʯʘʷʭ, ʥʦ ʯʘʩʪʦ ʩʪʘʙʠʣʴʥʦʩʪʴ ʢʫʙʠʯʝʩʢʦʡ ʬʘʟʳ ʪʘʢʞʝ ʚʦʟʨʘʩʪʘʝʪ ʩ ʫʚʝʣʠʯʝʥʠʝʤ 

ʜʘʚʣʝʥʠʷ. ʅʘʧʨʠʤʝʨ, ʩʦʝʜʠʥʝʥʠʝ RbNiF3 ʧʨʠ ʥʦʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʚ 

ʧʩʝʚʜʦʧʝʨʦʚʩʢʠʪʥʦʡ ʛʝʢʩʘʛʦʥʘʣʴʥʦʡ ʤʦʜʠʬʠʢʘʮʠʠ ʩ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʦʡ P63/mmc, ʘ ʧʨʠ 

ʜʘʚʣʝʥʠʠ 2 ɻʇʘ ʠ ʪʝʤʧʝʨʘʪʫʨʝ 898 ʂ ʧʝʨʝʭʦʜʠʪ ʚ ʢʫʙʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ [157]. 
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III .1.2. ʊʠʪʘʥʘʪ ʙʘʨʠʷ 

ʊʠʪʘʥʘʪ ʙʘʨʠʷ ʦʪʥʦʩʠʪʩʷ ʢ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʢʘʤ ʢʠʩʣʦʨʦʜʥʦ-ʦʢʪʘʵʜʨʠʯʝʩʢʦʛʦ ʪʠʧʘ, ʠʤʝʝʪ 

ʩʪʨʫʢʪʫʨʫ ʧʝʨʦʚʩʢʠʪʘ. ɺʳʰʝ ʪʦʯʢʠ ʂʶʨʠ ʪʠʪʘʥʘʪ ʙʘʨʠʷ ʠʤʝʝʪ ʢʫʙʠʯʝʩʢʫʶ ʨʝʰʝʪʢʫ, ʧʨʠ 

ʊʩ = 120̄ ʉ ʦʥʘ ʧʝʨʝʭʦʜʠʪ ʚ ʪʝʪʨʘʛʦʥʘʣʴʥʫʶ (ʘ = 3.989, ʩ = 4.029 ɸ, ʩ/a = 1.010, [134]), ʧʨʠ ʥʫʣʝ ï 

ʚ ʨʦʤʙʠʯʝʩʢʫʶ, ʘ ʦʢʦʣʦ -80̄ ʉ ï ʚ ʨʦʤʙʦʵʜʨʠʯʝʩʢʫʶ. ʕʪʦ ʧʝʨʝʭʦʜʳ ʧʝʨʚʦʛʦ ʨʦʜʘ [50, 158ï160], 

ʪʘʢ ʯʪʦ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʤʝʥʷʝʪʩʷ ʚ ʪʦʯʢʘʭ ʵʪʠʭ 

ʧʝʨʝʭʦʜʦʚ ʩʢʘʯʢʘʤʠ, ʘ ʝʝ ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʜʦʩʪʠʛʘʝʪ 104. ɺʳʰʝ ʊʩ ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ 

ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʠʟʤʝʥʷʝʪʩʷ ʧʦ ʟʘʢʦʥʫ ʂʶʨʠ-ɺʝʡʩʩʘ. ʊʘʢ ʢʘʢ ʬʘʟʦʚʳʡ ʧʝʨʝʭʦʜ ʚ ʪʦʯʢʝ ʂʶʨʠ 

ʷʚʣʷʝʪʩʷ ʬʘʟʦʚʳʤ ʧʝʨʝʭʦʜʦʤ ʧʝʨʚʦʛʦ ʨʦʜʘ, ʩ ʥʠʤ ʜʦʣʞʥʘ ʙʳʪʴ ʩʚʷʟʘʥʘ ʥʝʢʦʪʦʨʘʷ ʩʢʨʳʪʘʷ 

ʪʝʧʣʦʪʘ ʧʝʨʝʭʦʜʘ, ʧʦ ʜʘʥʥʳʤ [50] ʦʥʘ ʩʦʩʪʘʚʣʷʝʪ ʙʦʣʝʝ 15 ʢʘʣ/ʤʦʣʴ. 

 

ʇʝʪʣʠ ʛʠʩʪʝʨʝʟʠʩʘ ʫ ʢʘʯʝʩʪʚʝʥʥʳʭ ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʦʙʨʘʟʮʦʚ BaTiO3 ʠʤʝʶʪ ʯʝʪʢʦ 

ʚʳʨʘʞʝʥʥʫʶ ʧʨʷʤʦʫʛʦʣʴʥʫʶ ʬʦʨʤʫ. ɿʥʘʯʝʥʠʝ ʢʦʵʨʮʠʪʠʚʥʦʛʦ ʧʦʣʷ, ʠʟʤʝʨʝʥʥʦʛʦ ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ, ʢʦʣʝʙʣʝʪʩʷ ʜʣʷ ʨʘʟʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʦʪ 500 ʜʦ 2000 ɺ/ʩʤ [50, 159]. BaTiO3 ʦʙʣʘʜʘʝʪ 

ʵʣʝʢʪʨʦʩʪʨʠʢʮʠʦʥʥʳʤʠ, ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʠ ʫʧʨʫʛʠʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʚʘʞʥʝʡʰʠʝ ʠʟ ʢʦʪʦʨʳʭ 

ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ III.1. ʆʥ ʠʤʝʝʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʠʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʦʡ 

ʩʚʷʟʠ ʠ ʚ ʦʩʥʦʚʥʦʤ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʢʦʥʜʝʥʩʘʪʦʨʦʚ. ʆʜʥʘʢʦ ʚʩʣʝʜʩʪʚʠʝ ʥʠʟʢʦʡ 

ʪʦʯʢʠ ʂʶʨʠ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʜʠʘʧʘʟʦʥ ʢʝʨʘʤʠʢʠ BaTiO3 ʚ ʫʩʣʦʚʠʷʭ ʵʢʩʧʣʫʘʪʘʮʠʠ ʜʦʩʪʘʪʦʯʥʦ 

ʫʟʦʢ. ʇʦʚʳʰʝʥʠʝ ʊʩ ʢʝʨʘʤʠʢʠ ʥʘ ʦʩʥʦʚʝ BaTiO3 ʚʦʟʤʦʞʥʦ ʧʨʠ ʚʚʝʜʝʥʠʠ ʣʝʛʠʨʫʶʱʠʭ ʜʦʙʘʚʦʢ, 

ʥʘʧʨʠʤʝʨ, ʚ ʧʩʝʚʜʦʙʠʥʘʨʥʦʡ ʩʠʩʪʝʤʝ BaTiO3 - (Bi0.5K0.5)TiO3, ʪʚʝʨʜʳʝ ʨʘʩʪʚʦʨʳ ʢʦʪʦʨʦʡ, ʢʘʢ 

ʩʦʦʙʱʘʝʪʩʷ ʚ [161], ʠʤʝʶʪ ʊʩ ʦʢʦʣʦ 380C̄.  

ʊʠʪʘʥʘʪ ʙʘʨʠʷ ʣʝʛʢʦ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥ ʢʝʨʘʤʠʯʝʩʢʠʤ ʩʧʦʩʦʙʦʤ, ʭʦʪʷ ʩʫʱʝʩʪʚʫʝʪ ʮʝʣʳʡ 

ʨʷʜ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʩʧʦʩʦʙʦʚ ʝʛʦ ʠʟʛʦʪʦʚʣʝʥʠʷ [162ï172]. ʊʘʢ, ʚ ʨʘʙʦʪʝ [168] ʪʠʪʘʥʘʪ ʙʘʨʠʷ 

ʧʦʣʫʯʝʥ ʧʫʪʝʤ ʦʩʘʞʜʝʥʠʷ ʩʤʝʩʠ ʛʠʜʨʦʢʩʠʜʦʚ. ʇʦʩʢʦʣʴʢʫ ʦʩʘʞʜʝʥʠʝ ʛʠʜʨʦʢʩʠʜʦʚ ʧʨʦʠʩʭʦʜʠʪ ʚ 

ʱʝʣʦʯʥʦʡ ʩʨʝʜʝ, ʚ ʩʣʫʯʘʝ ʪʠʪʘʥʘʪʘ ʙʘʨʠʷ ʚʘʞʥʝʡʰʠʤ ʫʩʣʦʚʠʝʤ ʧʨʦʚʝʜʝʥʠʷ ʨʝʘʢʮʠʠ ʷʚʣʷʝʪʩʷ 

ʦʪʩʫʪʩʪʚʠʝ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʚʦ ʚʩʝ ʚʨʝʤʷ ʧʨʦʚʝʜʝʥʠʷ ʧʨʦʮʝʩʩʘ ʚʦ ʠʟʙʝʞʘʥʠʝ ʧʦʷʚʣʝʥʠʷ 

ʥʝʞʝʣʘʪʝʣʴʥʦʡ ʧʨʠʤʝʩʠ ɺʘʉʆ3, ʦʪ ʢʦʪʦʨʦʡ ʚʧʦʩʣʝʜʩʪʚʠʠ ʢʨʘʡʥʝ ʩʣʦʞʥʦ ʠʟʙʘʚʠʪʴʩʷ. ɺ ʨʘʙʦʪʘʭ 

[164, 169, 170] ʜʣʷ ʩʠʥʪʝʟʘ ʪʠʪʘʥʘʪʘ ʙʘʨʠʷ ʧʨʠʤʝʥʷʝʪʩʷ ʩʧʦʩʦʙ ʦʩʘʞʜʝʥʠʷ ʦʢʩʘʣʘʪʥʦʛʦ 

ʊʘʙʣʠʮʘ III.1. ɼʠʵʣʝʢʪʨʠʯʝʩʢʠʝ, ʫʧʨʫʛʠʝ ʠ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʢʦʥʩʪʘʥʪʳ  
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ʧʨʝʢʫʨʩʦʨʘ ɺʘTiO(C2O4)2Ŀ4H2O, ʥʝ ʨʘʩʪʚʦʨʠʤʦʛʦ ʚ ʚʦʜʝ ʠ ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ ʢʦʣʠʯʝʩʪʚʝʥʥʦʝ 

ʦʩʘʞʜʝʥʠʝ ʢʘʪʠʦʥʦʚ ʙʘʨʠʷ ʠ ʪʠʪʘʥʘ ʠʟ ʨʘʩʪʚʦʨʘ. ɺʘʞʥʳʤ ʫʩʣʦʚʠʝʤ ʦʙʝʩʧʝʯʝʥʠʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ 

ʦʩʘʞʜʝʥʠʷ ʷʚʣʷʝʪʩʷ ʩʦʙʣʶʜʝʥʠʝ ʨʅ = 4.2 [169]. ɺ ʨʘʙʦʪʝ [165] ʜʣʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʦʩʘʞʜʝʥʠʷ 

ʙʘʨʠʡʪʠʪʘʥʠʣʦʢʩʘʣʘʪʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʘʤʦʧʦʜʜʝʨʞʠʚʘʶʱʘʷʩʷ ʫʧʨʘʚʣʷʝʤʘʷ ʢʠʩʣʦʪʥʦ-ʱʝʣʦʯʥʘʷ 

ʨʝʘʢʮʠʷ ʤʝʞʜʫ ʦʢʩʘʣʘʪʦʪʠʪʘʥʦʚʦʡ ʢʠʩʣʦʪʦʡ H2TiO(C2O4)2 ʠ ʛʠʜʨʦʢʩʠʜʦʤ ʙʘʨʠʷ ɺʘ(ʆʅ)2Ŀ8H2O 

ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ɼʣʷ ʵʪʦʡ ʮʝʣʠ ʧʦʣʫʯʘʶʪ ʧʨʦʤʝʞʫʪʦʯʥʳʡ ʨʘʩʪʚʦʨʠʤʳʡ 

ʪʠʪʘʥʦʢʩʘʣʘʪʥʳʡ ʢʠʩʣʦʪʥʳʡ ʧʨʝʢʫʨʩʦʨ ʧʫʪʝʤ ʨʝʘʢʮʠʠ ʨʘʩʪʚʦʨʘ ʪʝʪʨʘʙʫʪʦʢʩʠʜʘ ʪʠʪʘʥʘ ʚ 

ʠʟʦʧʨʦʧʘʥʦʣʝ ʩ ʨʘʩʪʚʦʨʦʤ ʱʘʚʝʣʝʚʦʡ ʢʠʩʣʦʪʳ ʚ ʠʟʦʧʨʦʧʘʥʦʣʝ. ʕʢʚʠʤʦʣʷʨʥʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʩʫʩʧʝʥʟʠʨʦʚʘʥʥʳʭ ʚ ʠʟʦʧʨʦʧʘʥʦʣʝ ʯʘʩʪʠʮ ʛʠʜʨʦʢʩʠʜʘ ʙʘʨʠʷ ʩʤʝʰʠʚʘʶʪ ʩ ʪʠʪʘʥʦʢʩʘʣʘʪʥʳʤ 

ʢʠʩʣʦʪʥʳʤ ʨʘʩʪʚʦʨʦʤ. ʉʘʤʦʧʦʜʜʝʨʞʠʚʘʶʱʘʷʩʷ ʢʠʩʣʦʪʥʦ-ʱʝʣʦʯʥʘʷ ʨʝʘʢʮʠʷ ʤʝʞʜʫ 

ʛʠʜʨʦʢʩʠʜʦʤ ʙʘʨʠʷ ʠ H2TiO(C2O4)2 ʥʘʯʠʥʘʝʪʩʷ, ʪʦʣʴʢʦ ʢʦʛʜʘ ʜʦʙʘʚʣʷʶʪ ʥʝʦʙʭʦʜʠʤʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʚʦʜʳ. ʕʪʦ ʠʟʤʝʥʝʥʠʝ ʦʪ ʥʝʚʦʜʥʦʛʦ ʜʦ ʧʦʣʫʚʦʜʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʪʨʝʙʫʝʤʫʶ 

ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʛʠʜʨʦʢʩʠʜʘ ʙʘʨʠʷ, ʯʪʦ ʜʝʣʘʝʪ ʠʦʥʳ Ba2+ ʜʦʩʪʫʧʥʳʤʠ ʜʣʷ ʦʙʤʝʥʥʦʡ ʨʝʘʢʮʠʠ. 

ʈʘʩʪʚʦʨʠʤʦʩʪʴ ʛʠʜʨʦʢʩʠʜʘ ʙʘʨʠʷ ʠ ʝʛʦ ʜʠʩʩʦʮʠʘʮʠʷ ʫʧʨʘʚʣʷʶʪ ʢʠʥʝʪʠʢʦʡ ʨʝʘʢʮʠʠ, ʚʝʜʫʱʝʡ ʢ 

ʦʩʘʞʜʝʥʠʶ ʙʘʨʠʡʪʠʪʘʥʠʣʦʢʩʘʣʘʪʘ ʩ ʚʳʭʦʜʦʤ 99 %. ʋʧʨʘʚʣʷʝʤʳʡ ʧʠʨʦʣʠʟ ʧʦʣʫʯʝʥʥʦʛʦ ʧʨʦʜʫʢʪʘ 

ʧʨʠ 750C̄ 4 ʯʘʩʘ ʥʘ ʚʦʟʜʫʭʝ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʧʦʨʦʰʢʠ BaTiO3 ʩ ʯʘʩʪʠʮʘʤʠ ʩʬʝʨʠʯʝʩʢʦʡ 

ʬʦʨʤʳ ʩʦ ʩʨʝʜʥʠʤ ʨʘʟʤʝʨʦʤ 100 ʥʤ. ʆʙʨʘʟʮʳ, ʩʧʝʯʝʥʥʳʝ ʧʨʠ 1300C̄ (4 ʯʘʩʘ), ʠʤʝʶʪ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʫʶ ʧʦʩʪʦʷʥʥʫʶ 1680, tgd ¢ 2 %, emax = 7780 ʚ TC = 121̄ C. 

ɿʦʣʴ-ʛʝʣʴ-ʤʝʪʦʜʳ ʩʠʥʪʝʟʘ ʪʠʪʘʥʘʪʘ ʙʘʨʠʷ ʚʝʩʴʤʘ ʨʘʟʥʦʦʙʨʘʟʥʳ. ɺ ʨʘʙʦʪʝ [173] 

ʥʘʥʦʧʦʨʦʰʢʠ BaTiO3 ʙʳʣʠ ʠʟʛʦʪʦʚʣʝʥʳ ʯʝʨʝʟ ʩʪʝʘʨʠʥʦʚʦʢʠʩʣʳʡ (SAG) ʠ ʫʢʩʫʩʥʦʢʠʩʣʳʡ (AAG) 

ʛʝʣʠ. ʈʝʟʫʣʴʪʘʪʳ ʫʢʘʟʳʚʘʶʪ, ʯʪʦ ʦʙʘ ʤʝʪʦʜʘ ʠʤʝʶʪ ʘʥʘʣʦʛʠʯʥʳʝ ʧʨʦʮʝʩʩʳ ʧʨʦʪʝʢʘʥʠʷ ʨʝʘʢʮʠʡ 

ʚ ʪʝʯʝʥʠʝ ʧʨʦʢʘʣʠʚʘʥʠʷ, ʥʦ ʢʨʠʩʪʘʣʣʠʪʳ BaTiO3 ʬʦʨʤʠʨʫʶʪʩʷ ʧʨʠ ʨʘʟʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ï ʧʨʠ 

550̄ C SAG ʠ 800C̄ AAG. ʆʙʘ ʤʝʪʦʜʘ ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʠʪʴ ʧʦʨʦʰʢʠ BaTiO3 ʩ ʢʫʙʠʯʝʩʢʦʡ 

ʩʪʨʫʢʪʫʨʦʡ ʧʝʨʦʚʩʢʠʪʘ, ʥʦ ʩ ʨʘʟʥʳʤ ʨʘʟʤʝʨʦʤ ʟʝʨʥʘ - ʚ ʧʨʝʜʝʣʘʭ 25-50 ʥʤ ʜʣʷ SAG ʠ 50-80 ʥʤ 

ʜʣʷ AAG. ʆʙʨʘʟʮʳ BaTiO3, ʧʦʣʫʯʝʥʥʳʝ ʤʝʪʦʜʦʤ SAG, ʠʤʝʶʪ ʙʦʣʝʝ ʥʠʟʢʫʶ ʘʛʣʦʤʝʨʘʮʠʶ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ AAG. ɺ ʨʘʙʦʪʝ [172] ʤʝʪʦʜʠʢʘ ʧʦʣʫʯʝʥʠʷ ʩʦʩʪʦʠʪ ʚ ʧʨʠʛʦʪʦʚʣʝʥʠʠ ʛʝʣʷ ʠʟ 

ʛʠʜʨʦʢʩʠʜʘ ʙʘʨʠʷ, ʧʨʦʧʦʢʩʠʜʘ ʪʠʪʘʥʘ ʠ ʵʪʠʣʝʥʛʣʠʢʦʣʷ ʚ ʩʨʝʜʝ ʵʪʘʥʦʣʘ ʧʨʠ ʨʝʛʫʣʠʨʫʝʤʦʤ 

ʟʥʘʯʝʥʠʠ ʨʅ. ɽʩʣʠ ʩʢʦʨʦʩʪʴ ʛʠʜʨʦʣʠʟʘ ʙʦʣʴʰʝ ʩʢʦʨʦʩʪʠ ʧʦʣʠʤʝʨʠʟʘʮʠʠ, ʦʥ ʟʘʚʝʨʰʘʝʪʩʷ ʙʳʩʪʨʝʝ 

ʧʦʣʠʤʝʨʠʟʘʮʠʠ. ʌʦʨʤʠʨʦʚʘʥʠʝ ʛʝʣʷ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ ʧʦʣʠʢʦʥʜʝʥʩʘʮʠʝʡ, ʪʘʢ 

ʯʪʦ ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʝ ʛʝʣ ̫ʦʧʪʠʤʘʣʴʥʦ ʟʥʘʯʝʥʠʝ ʨʅ ~ 9. ʇʦʣʫʯʝʥʥʳʝ ʧʨʠ ʜʘʥʥʦʤ ʨʅ ʧʦʨʦʰʢʠ 

ʛʦʤʦʛʝʥʥʳ ʠ ʤʝʣʢʦʟʝʨʥʠʩʪʳ. ɽʩʣʠ ʨʅ ʩʥʠʟʠʪʴ ʜʦ 7, ʩʢʦʨʦʩʪʴ ʧʦʣʠʢʦʥʜʝʥʩʘʮʠʠ ʚʳʰʝ ʛʠʜʨʦʣʠʟʘ, 

ʛʠʜʨʦʣʠʟ ʧʨʠʚʦʜʠʪ ʢ ʵʣʝʢʪʨʦʬʠʣʴʥʦʤʫ ʤʝʭʘʥʠʟʤʫ, ʧʦʣʠʢʦʥʜʝʥʩʘʮʠʷ ʥʘʯʠʥʘʝʪʩʷ ʧʦʩʣʝ 

ʟʘʚʝʨʰʝʥʠʷ ʛʠʜʨʦʣʠʟʘ, ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʦʙʨʘʟʫʝʪʩʷ ʛʠʜʨʘʪʠʨʦʚʘʥʥʳʡ TiO2 ʚʤʝʩʪʦ ʪʠʪʘʥʦʚʳʭ 

ʢʦʤʧʣʝʢʩʦʚ.  
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ʇʨʝʜʣʦʞʝʥʥʳʝ ʚ ʨʘʙʦʪʘʭ [162ï172] ʤʝʪʦʜʳ ʧʦʟʚʦʣʷʶʪ ʩʠʥʪʝʟʠʨʦʚʘʪʴ ʪʠʪʘʥʘʪ ʙʘʨʠʷ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʘʭ 500-700, ʯʪʦ ʥʘ 300-400̄  ʥʠʞʝ, ʯʝʤ ʪʚʝʨʜʦʬʘʟʥʳʤ ʩʧʦʩʦʙʦʤ. ʉʠʥʪʝʟʠʨʦʚʘʥʥʳʡ 

çʤʦʢʨʳʤʠè ʤʝʪʦʜʘʤʠ ʧʴʝʟʦʤʘʪʝʨʠʘʣ BaTiO3 ʠʤʝʝʪ ʤʝʣʢʦʟʝʨʥʠʩʪʫʶ ʤʠʢʨʦʩʪʨʫʢʪʫʨʫ ʩ 

ʥʘʥʦʨʘʟʤʝʨʥʳʤʠ ʯʘʩʪʠʮʘʤʠ. ɹʦʣʴʰʠʥʩʪʚʦ ʤʝʪʦʜʦʚ ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʠʟʢʫʶ ʩʪʝʧʝʥʴ ʘʛʣʦʤʝʨʘʮʠʠ 

ʯʘʩʪʠʮ ʧʦʨʦʰʢʦʚ. ʊʝʤʧʝʨʘʪʫʨʳ ʩʧʝʢʘʥʠʷ ʢʝʨʘʤʠʢʠ ʪʘʢʞʝ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʞʘʶʪʩʷ ʙʣʘʛʦʜʘʨʷ 

ʧʨʠʤʝʥʝʥʠʶ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʤʝʪʦʜʦʚ ʩʠʥʪʝʟʘ. ʕʪʦ ʚʘʞʥʦ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʚʳʩʦʢʦʧʣʦʪʥʦʡ 

ʢʝʨʘʤʠʢʠ ʪʠʪʘʥʘʪʘ ʙʘʨʠʷ, ʪʘʢ ʢʘʢ ʧʦʟʚʦʣʷʝʪ ʧʨʝʦʜʦʣʝʪʴ ʟʘʪʨʫʜʥʠʪʝʣʴʥʳʡ ʧʨʦʮʝʩʩ ʦʙʳʯʥʦʛʦ 

ʩʧʝʢʘʥʠʷ.  

ʂʝʨʘʤʠʢʘ, ʧʦʣʫʯʝʥʥʘʷ ʠʟ ʧʦʨʦʰʢʦʚ, ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʚʳʰʝʦʧʠʩʘʥʥʳʤʠ ʩʧʦʩʦʙʘʤʠ, 

ʟʘʯʘʩʪʫʶ ʠʤʝʝʪ ʩʚʦʡʩʪʚʘ, ʦʪʣʠʯʘʶʱʠʝʩʷ ʦʪ ʧʦʣʫʯʝʥʥʦʡ ʪʚʝʨʜʦʬʘʟʥʳʤ ʩʧʦʩʦʙʦʤ. ʊʘʢ, ʧʦ ʜʘʥʥʳʤ 

ʨʘʙʦʪʳ [171] ʢʝʨʘʤʠʢʘ ʪʠʪʘʥʘʪʘ ʙʘʨʠʷ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʝ ʧʦʚʝʜʝʥʠʝ ʩ ʨʘʟʤʳʪʳʤ 

ʬʘʟʦʚʳʤ ʧʝʨʝʭʦʜʦʤ, ʢʘʢ ʫ ʨʝʣʘʢʩʦʨʥʳʭ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʢʦʚ. ʇʦ ʜʘʥʥʳʤ ʨʘʙʦʪʳ [164] 

ʧʴʝʟʦʤʦʜʫʣʴ d33 ʢʝʨʘʤʠʢʠ ʪʠʪʘʥʘʪʘ ʙʘʨʠʷ, ʠʟʛʦʪʦʚʣʝʥʥʦʡ ʠʟ ʥʘʥʦʨʘʟʤʝʨʥʦʛʦ ʧʦʨʦʰʢʘ, 

ʩʦʩʪʘʚʣʷʝʪ 260 ʧʂʣ/ʅ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʚʳʰʝ, ʯʝʤ ʧʨʠ ʝʝ ʧʦʣʫʯʝʥʠʠ ʪʚʝʨʜʦʬʘʟʥʳʤ ʩʧʦʩʦʙʦʤ. 

III .1.3. ʊʠʪʘʥʘʪ ʩʚʠʥʮʘ ʠ ʪʚʝʨʜʳʝ ʨʘʩʪʚʦʨʳ Ba1-xPbxTiO 3 

ʊʠʪʘʥʘʪ ʩʚʠʥʮʘ ʠʤʝʝʪ ʪʦʯʢʫ ʂʶʨʠ 490ʉ̄ [134]. ʂʘʢ ʠ BaTiO3, ʦʥ ʠʤʝʝʪ ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ 

ʩʪʨʫʢʪʫʨʫ ʪʠʧʘ ʧʝʨʦʚʩʢʠʪʘ. ʇʨʠ ʥʘʛʨʝʚʘʥʠʠ ʚʳʰʝ ʪʦʯʢʠ ʂʶʨʠ ʢʨʠʩʪʘʣʣ ʧʝʨʝʭʦʜʠʪ ʠʟ 

ʪʝʪʨʘʛʦʥʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʳ ʚ ʢʫʙʠʯʝʩʢʫʶ. ʇʦʩʪʦʷʥʥʳʝ ʨʝʰʝʪʢʠ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 

ʩʣʝʜʫʶʱʠʝ: ʘ = 0.3891 ʥʤ, ʩ = 0.4141 ʥʤ, ʩ/ʘ = 1.064. ʕʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʝʤ 

ʪʝʪʨʘʛʦʥʘʣʴʥʦʤ ʠʩʢʘʞʝʥʠʠ, ʯʝʤ ʚ ʩʣʫʯʘʝ BaTiO3. ʊʘʢʦʝ ʩʠʣʴʥʦʝ ʠʩʢʘʞʝʥʠʝ ʦʙʫʩʣʦʚʣʠʚʘʝʪ 

ʜʦʚʦʣʴʥʦ ʩʫʱʝʩʪʚʝʥʥʦʝ ʠʟʤʝʥʝʥʠʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ ʧʨʠ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʦʤ 

ʧʝʨʝʭʦʜʝ. ʇʝʨʝʭʦʜ ʠʟ ʧʘʨʘʵʣʝʢʪʨʠʯʝʩʢʦʡ ʚ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʫʶ ʬʘʟʫ ʷʚʣʷʝʪʩʷ ʧʝʨʝʭʦʜʦʤ 

ʧʝʨʚʦʛʦ ʨʦʜʘ, ʠ ʦʪʥʦʰʝʥʠʝ ʩ/ʘ ʚ ʪʦʯʢʝ ʂʶʨʠ ʩʦʩʪʘʚʣʷʝʪ ʧʨʠʤʝʨʥʦ 2%.  

ʋ PbTiO3 ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʨʘʚʥʘ ~100. ɺʙʣʠʟʠ 

ʪʦʯʢʠ ʂʶʨʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʝ ʧʦʪʝʨʠ ʟʥʘʯʠʪʝʣʴʥʦ ʚʦʟʨʘʩʪʘʶʪ, ʠ ʪʦʯʥʦʝ ʠʟʤʝʨʝʥʠʝ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʨʝ ʟʘʪʨʫʜʥʝʥʦ. ʂʦʵʨʮʠʪʠʚʥʘʷ ʩʠʣʘ PbTiO3 

ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʝ, ʯʝʤ ʫ BaTiO3, ʯʪʦ ʟʘʪʨʫʜʥʷʝʪ ʟʘʧʠʩʴ ʧʝʪʝʣʴ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʛʠʩʪʝʨʝʟʠʩʘ. 

ʉʧʦʥʪʘʥʥʘʷ ʧʦʣʷʨʠʟʘʮʠʷ ʧʨʠʤʝʨʥʦ ʚ 4-5 ʨʘʟ ʙʦʣʴʰʝ, ʯʝʤ ʫ BaTiO3 [159]. ʀʟʫʯʝʥʠʝ 

ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʪʠʪʘʥʘʪʘ ʩʚʠʥʮʘ ʟʘʪʨʫʜʥʷʝʪʩʷ ʨʘʩʪʨʝʩʢʠʚʘʥʠʝʤ ʢʝʨʘʤʠʢʠ ʚ 

ʧʨʦʮʝʩʩʝ ʝʝ ʠʟʛʦʪʦʚʣʝʥʠʷ, ʘ ʪʘʢʞʝ ʪʝʤ, ʯʪʦ ʢʨʠʩʪʘʣʣʳ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴʶ 

[160]. ɺ ʯʠʩʪʦʤ ʚʠʜʝ ʪʠʪʘʥʘʪ ʩʚʠʥʮʘ ʥʝ ʠʩʧʦʣʴʟʫʝʪʩʷ. ʀʟʚʝʩʪʝʥ ʨʷʜ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ ʥʘ ʦʩʥʦʚʝ 

PbTiO3, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʢʘʯʝʩʪʚʝ ʩʝʛʥʝʪʦʞʝʩʪʢʠʭ ʧʴʝʟʦʤʘʪʝʨʠʘʣʦʚ. ɺ ʪʘʙʣʠʮʝ III.2 ʧʨʠʚʝʜʝʥʳ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʜʥʦʛʦ ʠʟ ʥʠʭ. 
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ʀʟʦʤʦʨʬʥʳʝ ʩʤʝʩʠ ʪʠʪʘʥʘʪʦʚ ʙʘʨʠʷ ʠ ʩʚʠʥʮʘ ʠʤʝʶʪ ʪʦʯʢʫ ʂʶʨʠ ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 

120-490̄ ʉ, ʪʦ ʝʩʪʴ ʜʦʙʘʚʢʘ PbTiO3 ʢ BaTiO3 ʩʤʝʱʘʝʪ ʪʦʯʢʫ ʂʶʨʠ ʚ ʩʪʦʨʦʥʫ ʙʦʣʝʝ ʚʳʩʦʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨ [158, 160], ʥʘʧʨʠʤʝʨ, ʧʨʠ 8 ʤʦʣ.% PbTiO3 ʨʘʚʥʘ 158ʉ̄. ɽʩʣʠ ʚʚʦʜʠʪʴ ʙʦʣʴʰʦʝ 

ʢʦʣʠʯʝʩʪʚʦ PbTiO3 (ʙʦʣʝʝ 8 ʤʦʣ.%), ʢʦʵʬʬʠʮʠʝʥʪ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʦʡ ʩʚʷʟʠ ʂp ʧʦʥʠʞʘʝʪʩʷ 

[160]. 

ɺ [134] ʩʦʜʝʨʞʘʪʩʷ ʥʝʦʞʠʜʘʥʥʳʝ ʩʚʝʜʝʥʠʷ ʦʙ ʦʩʦʙʝʥʥʦʩʪʷʭ ʚ ʠʟʤʝʥʝʥʠʠ ʧʘʨʘʤʝʪʨʦʚ 

ʵʣʝʤʝʥʪʘʨʥʳʭ ʷʯʝʝʢ, ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ, ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠ ʜʨʫʛʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʩʪʘʚʘ ʚ ʩʠʩʪʝʤʝ BaTiO3 - PbTiO3. ɻʦʚʦʨʠʪʩʷ ʦ ʪʦʤ, ʯʪʦ ʧʘʨʘʤʝʪʨʳ ʵʣʝʤʝʥʪʘʨʥʦʡ 

ʷʯʝʡʢʠ c ʠ a ʠ ʠʭ ʦʪʥʦʰʝʥʠʝ ʩ/ʘ ʠʟʤʝʥʷʶʪʩʷ ʚ ʠʟʫʯʝʥʥʦʤ ʠʥʪʝʨʚʘʣʝ ʢʦʥʮʝʥʪʨʘʮʠʡ (0-20% 

PbTiO3) ʥʝ ʥʝʧʨʝʨʳʚʥʦ - ʥʘʙʣʶʜʘʶʪʩʷ ʠʟʣʦʤʳ ʠʣʠ ʩʢʘʯʢʠ. ʆʙʥʘʨʫʞʝʥʳ ʪʘʢʞʝ ʤʘʢʩʠʤʫʤʳ ʥʘ 

ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʳʭ ʟʘʚʠʩʠʤʦʩʪʷʭ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʠ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 

ʤʦʜʫʣʷ d33 ʜʣ̫ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʬʘʟʳ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʜʣʷ ʧʘʨʘʵʣʝʢʪʨʠʯʝʩʢʦʡ ʬʘʟʳ ʧʨʠ 250ʉ̄ 

ʥʘ ʛʨʘʬʠʢʝ ʟʘʚʠʩʠʤʦʩʪʠ ʘ(ʭ) ʘʥʦʤʘʣʠʠ ʥʝ ʚʳʷʚʣʝʥʳ. ɺ ʦʙʣʘʩʪʠ ʭ = 12 %(ʤʦʣ.) PbTiO3 ʘʥʦʤʘʣʠʠ, 

ʧʦ ʤʥʝʥʠʶ ʘʚʪʦʨʦʚ, ʩʚʷʟʘʥʳ ʩʦ ʩʤʝʥʦʡ ʪʠʧʘ ʩʝʛʥʝʪʦʘʢʪʠʚʥʦʡ ʧʦʜʨʝʰʝʪʢʠ (ɺ ʥʘ ɸ), ʘ ʧʨʠ ʜʨʫʛʠʭ 

ʟʥʘʯʝʥʠʷʭ ʭ, ʚʦʟʤʦʞʥʦ, ʩʚʷʟʘʥʳ ʩ ʜʠʩʢʨʝʪʥʳʤʠ ʠʟʤʝʥʝʥʠʷʤʠ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʩʤʝʱʝʥʠʡ ʠʦʥʦʚ 

[134]. 

III .1.4. ʊʚʝʨʜʳʝ ʨʘʩʪʚʦʨʳ ʥʘ ʦʩʥʦʚʝ ʮʠʨʢʦʥʘʪʘ-ʪʠʪʘʥʘʪʘ ʩʚʠʥʮʘ 

ʅʘ ʧʨʦʪʷʞʝʥʠʠ ʤʥʦʛʠʭ ʜʝʩʷʪʠʣʝʪʠʡ ʢʝʨʘʤʠʢʘ ʮʠʨʢʦʥʘʪʘ-ʪʠʪʘʥʘʪʘ ʩʚʠʥʮʘ (Pb(Zr1-xTix)ʆ3, 

ʎʊʉ, PZT) ʷʚʣʷʝʪʩʷ ʜʦʤʠʥʠʨʫʶʱʠʤ ʧʨʦʜʫʢʪʦʤ ʥʘ ʨʳʥʢʝ ʧʴʝʟʦʤʘʪʝʨʠʘʣʦʚ ʙʣʘʛʦʜʘʨʷ ʩʚʦʠʤ 

ʧʨʝʚʦʩʭʦʜʥʳʤ ʩʚʦʡʩʪʚʘʤ. ɺʩʣʝʜʩʪʚʠʝ ʨʘʟʣʠʯʠʷ ʚ ʠʩʢʘʞʝʥʠʠ ʷʯʝʝʢ ʪʠʪʘʥʘʪʘ ʠ ʮʠʨʢʦʥʘʪʘ ʩʚʠʥʮʘ 

ʥʘ ʬʘʟʦʚʦʡ ʜʠʘʛʨʘʤʤʝ PbTiO3 - PbZrO3 ʠʤʝʝʪʩʷ ʤʦʨʬʦʪʨʦʧʥʘʷ ʪʝʪʨʘʛʦʥʘʣʴʥʦ-ʨʦʤʙʦʵʜʨʠʯʝʩʢʘʷ 

ʛʨʘʥʠʮʘ ʚ ʨʘʡʦʥʝ ʭ = 0.48 (ʨʠʩ.III.6). ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʠʤʠ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ ʦʙʣʘʜʘʶʪ ʩʦʩʪʘʚʳ ʚʙʣʠʟʠ ʵʪʦʡ ʛʨʘʥʠʮʳ. ʇʨʦʠʩʭʦʞʜʝʥʠʝ ʫʣʫʯʰʝʥʥʳʭ ʩʚʦʡʩʪʚ ʎʊʉ 

ʥʘ ʤʦʨʬʦʪʨʦʧʥʦʡ ʛʨʘʥʠʮʝ ʧʦʜʨʦʙʥʦ ʠʩʩʣʝʜʦʚʘʥʦ ʤʥʦʛʠʤʠ ʘʚʪʦʨʘʤʠ, ʥʦ ʜʦ ʩʠʭ ʧʦʨ ʷʚʣʷʝʪʩʷ 

ʧʨʝʜʤʝʪʦʤ ʧʦʚʳʰʝʥʥʦʛʦ ʠʥʪʝʨʝʩʘ. ʇʨʝʜʣʦʞʝʥʦ ʥʝʩʢʦʣʴʢʦ ʤʝʭʘʥʠʟʤʦʚ ʜʣʷ ʦʙʲʷʩʥʝʥʠʷ 

ʫʣʫʯʰʝʥʥʳʭ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʎʊʉ, ʥʦ ʧʦʢʘ ʥʝʪ ʝʜʠʥʦʛʦ ʤʥʝʥʠʷ ʚ ʣʠʪʝʨʘʪʫʨʝ ʧʦ 

ʜʘʥʥʦʤʫ ʚʦʧʨʦʩʫ. ɺ ʯʘʩʪʥʦʩʪʠ, ʩʯʠʪʘʝʪʩʷ, ʯʪʦ ʧʦʚʳʰʝʥʥʳʝ ʩʚʦʡʩʪʚʘ ʦʙʫʩʣʦʚʣʝʥʳ ʧʦʚʳʰʝʥʥʦʡ 

ʧʦʣʷʨʠʟʫʝʤʦʩʪʴʶ, ʚʦʟʥʠʢʘʶʱʝʡ ʠʟ ʵʢʚʠʚʘʣʝʥʪʥʦʛʦ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʤʝʞʜʫ 

ʊʘʙʣʠʮʘ III.2. ɼʠʵʣʝʢʪʨʠʯʝʩʢʠʝ, ʫʧʨʫʛʠʝ ʠ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʢʦʥʩʪʘʥʪʳ ʧʴʝʟʦʤʘʪʝʨʠʘʣʘ 

ʥʘ ʦʩʥʦʚʝ ʪʠʪʘʥʘʪʘ ʩʚʠʥʮʘ, ʣʝʛʠʨʦʚʘʥʥʦʛʦ  

2.5 ʤʦʣ.% La2O3 ʠ 1.0 ʤʦʣ.% MnO2 [174] 

e33
T/e0 Kp K33 K31 s Q ʊʉ, ʉ̄ 

170  0.07 0.46 0.04 0.20 1100 470 



62 

ʪʝʪʨʘʛʦʥʘʣʴʥʦʡ ʠ ʨʦʤʙʦʵʜʨʠʯʝʩʢʦʡ ʬʘʟʘʤʠ, ʯʪʦ ʣʝʞʠʪ ʚ ʦʩʥʦʚʝ ʦʧʪʠʤʘʣʴʥʦʛʦ ʚʨʘʱʝʥʠʷ 

ʜʦʤʝʥʦʚ.  

 

ʈʠʩ.III.6. ʌʘʟʦʚʘʷ ʜʠʘʛʨʘʤʤʘ ʩʠʩʪʝʤʳ PbTiO3-PbZrO3. 

1 - ʧʘʨʘʵʣʝʢʪʨʠʯʝʩʢʘʷ ʢʫʙʠʯʝʩʢʘʷ,  

2 - ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʘʷ ʪʝʪʨʘʛʦʥʘʣʴʥʘʷ,  

3 - ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʘʷ ʨʦʤʙʦʵʜʨʠʯʝʩʢʘʷ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʘʷ,  

4 - ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʘʷ ʨʦʤʙʦʵʜʨʠʯʝʩʢʘʷ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʘʷ,  

5 - ʘʥʪʠʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʘʷ ʬʘʟʘ 

ɺ ʯʠʩʪʦʤ ʚʠʜʝ ʢʝʨʘʤʠʢʘ ʎʊʉ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʧʨʠʤʝʥʷʝʪʩʷ. ʀʩʧʦʣʴʟʫʶʪʩʷ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʝ ʪʚʸʨʜʳʝ ʨʘʩʪʚʦʨʳ ʵʪʦʡ ʩʠʩʪʝʤʳ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝʩʷ ʙʦʣʴʰʠʤ 

ʨʘʟʥʦʦʙʨʘʟʠʝʤ ʩʚʦʡʩʪʚ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʣʝʛʠʨʫʶʱʠʭ ʜʦʙʘʚʦʢ ʚ ʵʪʦʡ ʩʠʩʪʝʤʝ ʤʦʞʥʦ 

ʧʦʣʫʯʠʪʴ ʤʘʪʝʨʠʘʣʳ ʩ ʰʠʨʦʢʦ ʠʟʤʝʥʷʶʱʠʤʠʩʷ ʩʚʦʡʩʪʚʘʤʠ, ʪʘʢʠʤʠ ʢʘʢ ʪʝʤʧʝʨʘʪʫʨʘ ʂʶʨʠ 

Tʉ, ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ Ů33
ʊ/Ů0, ʧʴʝʟʦʤʦʜʫʣʴ d33, ʢʦʵʬʬʠʮʠʝʥʪ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʦʡ 

ʩʚʷʟʠ Kp ʠ ʜʨ.  

ʇʴʝʟʦʢʝʨʘʤʠʯʝʩʢʠʝ ʤʘʪʝʨʠʘʣʳ ʥʘ ʦʩʥʦʚʝ ʎʊʉ ʧʨʠʥʷʪʦ ʜʝʣʠʪʴ ʥʘ ʩʝʛʥʝʪʦʤʷʛʢʠʝ ʠ 

ʩʝʛʥʝʪʦʞʝʩʪʢʠʝ. ʌʠʟʠʯʝʩʢʦʝ ʦʙʲʷʩʥʝʥʠʝ ʩʝʛʥʝʪʦʞʝʩʪʢʦʩʪʠ (ʩʝʛʥʝʪʦʤʷʛʢʦʩʪʠ) ʤʘʪʝʨʠʘʣʦʚ ʥʘ 

ʦʩʥʦʚʝ ʎʊʉ ʯʘʩʪʦ ʧʨʠʚʦʜʠʪʩʷ ʚ ʨʘʤʢʘʭ ʜʠʩʣʦʢʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ ʢʦʵʨʮʠʪʠʚʥʦʡ ʩʠʣʳ [175]. ʕʪʘ 

ʤʦʜʝʣʴ ʦʩʥʦʚʘʥʘ ʥʘ ʨʘʩʩʤʦʪʨʝʥʠʠ ʣʦʢʘʣʴʥʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʜʠʧʦʣʝʡ, ʚʦʟʥʠʢʘʶʱʠʭ ʧʨʠ 

ʥʘʢʦʧʣʝʥʠʠ ʩʦʙʩʪʚʝʥʥʳʭ ʟʘʨʷʞʝʥʥʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʜʝʬʝʢʪʦʚ ʠ ʧʨʠʤʝʩʥʳʭ ʘʪʦʤʦʚ ʚʦʢʨʫʛ 

ʜʠʩʣʦʢʘʮʠʡ ʠ ʜʨʫʛʠʭ ʧʨʦʪʷʞʝʥʥʳʭ ʜʝʬʝʢʪʦʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ. ʊʘʢʠʝ ʵʣʝʢʪʨʠʯʝʩʢʠʝ 

ʧʦʣʷ ʠʛʨʘʶʪ ʨʦʣʴ ʩʚʦʝʦʙʨʘʟʥʳʭ ʩʪʦʧʦʨʦʚ ʜʣʷ ʜʦʤʝʥʥʳʭ ʩʪʝʥʦʢ, ʩʤʝʱʘʶʱʠʭʩʷ ʚ ʢʨʠʩʪʘʣʣʠʪʘʭ 
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ʧʦʜ ʚʣʠʷʥʠʝʤ ʚʥʝʰʥʠʭ ʧʦʣʝʡ. ʀʟʤʝʥʝʥʠʝ ʠʭ ʯʠʩʣʘ ʧʨʠʚʦʜʠʪ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʩʝʛʥʝʪʦʞʝʩʪʢʦʡ ʠ 

ʩʝʛʥʝʪʦʤʷʛʢʦʡ ʧʴʝʟʦʢʝʨʘʤʠʢʠ. ʇʨʝʜʣʦʞʝʥʥʘʷ ʤʦʜʝʣʴ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʩʢʘʟʳʚʘʪʴ ʠʟʤʝʥʝʥʠʝ 

ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʴʝʟʦʢʝʨʘʤʠʢ ʧʦʜ ʚʣʠʷʥʠʝʤ ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʷ, ʜʝʬʝʢʪʥʦʩʪʠ, ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʚʦʟʜʝʡʩʪʚʠʡ ʠ ʜʨ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʚ ʩʠʩʪʝʤʝ Pb(TixZr1-x)O3 ʩʦʩʪʘʚʳ ʩ 0.1 < ʭ < 0.4 ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʦʡ 

ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʩʝʛʥʝʪʦʤʷʛʢʠʭ ʧʴʝʟʦʢʝʨʘʤʠʢ, ʜʣʷ ʥʠʭ ʭʘʨʘʢʪʝʨʥʘ ʤʘʣʘʷ ʩʧʦʥʪʘʥʥʘʷ ʜʝʬʦʨʤʘʮʠʷ 

ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ. ʉʦʩʪʘʚʳ ʩ 0.6 < ʭ < 1.0 ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʩʝʛʥʝʪʦʞʝʩʪʢʠʭ 

ʧʴʝʟʦʤʘʪʝʨʠʘʣʦʚ. ʇʨʦʤʝʞʫʪʦʯʥʘʷ ʦʙʣʘʩʪʴ ʩ 0.4 < ʭ < 0.6 ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʤʦʨʬʦʪʨʦʧʥʫʶ ʛʨʘʥʠʮʫ 

ʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʦʩʫʱʝʩʪʚʦʚʘʥʠʝʤ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʬʘʟ, ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʣʝʛʢʦʩʪʴʶ 

ʠʟʤʝʥʝʥʠʷ ʩʪʨʫʢʪʫʨʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ [176]. ʂʘʢ ʛʦʚʦʨʠʣʦʩʴ ʚ 

ʨʘʟʜʝʣʝ II.2.5, ʜʦʥʦʨʥʳʝ ʧʨʠʤʝʩʠ ʩʦʟʜʘʶʪ ʚʘʢʘʥʩʠʠ ʚ ʢʘʪʠʦʥʥʳʭ ʧʦʜʨʝʰʝʪʢʘʭ ʠ ʩʧʦʩʦʙʩʪʚʫʶʪ 

ʬʦʨʤʠʨʦʚʘʥʠʶ ʩʝʛʥʝʪʦʤʷʛʢʦʩʪʠ, ʪʦʛʜʘ ʢʘʢ ʘʢʮʝʧʪʦʨʥʳʝ ʩʦʟʜʘʶʪ ʢʠʩʣʦʨʦʜʥʳʝ ʚʘʢʘʥʩʠʠ, ʯʪʦ 

ʩʜʝʨʞʠʚʘʝʪ ʩʤʝʱʝʥʠʝ ʜʦʤʝʥʥʳʭ ʩʪʝʥʦʢ ʚ ʩʣʘʙʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʧʦʣʷʭ ʠ 

ʧʨʠʚʦʜʠʪ ʢ ʩʝʛʥʝʪʦʞʝʩʪʢʦʩʪʠ.  

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʤʧʣʝʢʩʘ ʧʨʠʩʫʱʠʭ ʩʚʦʡʩʪʚ ʠ ʦʩʥʦʚʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ 

ʧʴʝʟʦʢʝʨʘʤʠʯʝʩʢʠʝ ʤʘʪʝʨʠʘʣʳ ʥʘ ʦʩʥʦʚʝ ʎʊʉ ʧʦʜʨʘʟʜʝʣʷʶʪʩʷ ʥʘ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʛʨʫʧʧʳ ʠ 

ʧʦʜʛʨʫʧʧʳ [131, 177]. ʆʪʜʝʣʴʥʳʝ ʧʴʝʟʦʢʝʨʘʤʠʯʝʩʢʠʝ ʤʘʪʝʨʠʘʣʳ ʧʦʣʠʬʫʥʢʮʠʦʥʘʣʴʥʳ, ʧʦʵʪʦʤʫ 

ʠʭ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʢ ʥʝʩʢʦʣʴʢʠʤ ʛʨʫʧʧʘʤ.  

1) ʉʝʛʥʝʪʦʤʷʛʢʠʝ ʧʴʝʟʦʢʝʨʘʤʠʯʝʩʢʠʝ ʤʘʪʝʨʠʘʣʳ - ʵʪʦ ʤʘʪʝʨʠʘʣʳ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝʩʷ ʚʳʩʦʢʠʤʠ ʧʴʝʟʦʤʦʜʫʣʷʤʠ, ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʴʶ, 

ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʦʡ ʩʚʷʟʠ. ɺ ʪʦʞʝ ʚʨʝʤʷ ʵʪʠ ʤʘʪʝʨʠʘʣʳ ʦʙʣʘʜʘʶʪ ʤʘʣʦʡ 

ʤʝʭʘʥʠʯʝʩʢʦʡ ʜʦʙʨʦʪʥʦʩʪʴʶ ʠ ʠʤʝʶʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʦʣʴʰʠʝ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʝ ʧʦʪʝʨʠ. ʕʪʦ 

ʚr ʩʦʢʦʯʫʚʩʪʚʠʪʝʣʴʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʦʪʣʠʯʘʶʱʠʝʩʷ ʧʦʚʳʰʝʥʥʦʡ ʧʴʝʟʦʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ gij ʢ 

ʤʝʭʘʥʠʯʝʩʢʦʤʫ ʥʘʧʨʷʞʝʥʠʶ (ʎʊʉ-36, ʇʂʈ-1, ʎʊʉ-19 ʠ ʜʨ.). ʀʩʧʦʣʴʟʫʶʪʩʷ ʚ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷʭ, 

ʨʘʙʦʪʘʶʱʠʭ ʥʘ ʦʙʨʘʪʥʦʤ ʧʴʝʟʦʵʬʬʝʢʪʝ. ʂ ʧʴʝʟʦʢʝʨʘʤʠʯʝʩʢʠʤ ʵʣʝʤʝʥʪʘʤ, ʠʟʛʦʪʦʚʣʝʥʥʳʤ ʠʟ 

ʜʘʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʥʝ ʧʨʝʜʲʷʚʣʷʶʪʩʷ ʞʝʩʪʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʚʨʝʤʝʥʥʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ ʠʭ 

ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ. ʇʴʝʟʦʢʝʨʘʤʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ ʥʘ ʦʩʥʦʚʝ ʩʝʛʥʝʪʦʤʷʛʢʠʭ 

ʧʴʝʟʦʢʝʨʘʤʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʨʠʤʝʥʷʶʪʩʷ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ 

ʚʳʩʦʢʦʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʧʨʠʝʤʥʳʭ ʫʩʪʨʦʡʩʪʚ, ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʤʝʜʠʮʠʥʩʢʠʭ ʜʘʪʯʠʢʦʚ, 

ʪʝʣʝʬʦʥʦʚ, ʨʘʩʭʦʜʦʤʝʨʦʚ, ʘʢʪʶʘʪʦʨʦʚ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʣʘʙʳʭ ʠʟʣʫʯʘʪʝʣʝʡ ʠ ʧʨ.  

2) ʇʴʝʟʦʢʝʨʘʤʠʯʝʩʢʠʝ ʤʘʪʝʨʠʘʣʳ ʩʨʝʜʥʝʡ ʩʝʛʥʝʪʦʞʝʩʪʢʦʩʪʠ ʠ ʩʝʛʥʝʪʦʞʝʩʪʢʠʝ ï ʵʪʦ 

ʤʘʪʝʨʠʘʣʳ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝʩʷ ʚʳʩʦʢʦʡ ʤʝʭʘʥʠʯʝʩʢʦʡ ʜʦʙʨʦʪʥʦʩʪʴʶ, ʤʘʣʳʤʠ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʧʦʪʝʨʷʤʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʚ ʩʠʣʴʥʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʣʷʭ. ʂ ʧʴʝʟʦʢʝʨʘʤʠʯʝʩʢʠʤ 

ʵʣʝʤʝʥʪʘʤ, ʠʟʛʦʪʦʚʣʝʥʥʳʤ ʠʟ ʜʘʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʧʨʝʜʲʷʚʣʷʶʪʩʷ ʞʝʩʪʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʠʭ 

ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʤ ʧʘʨʘʤʝʪʨʘʤ ʚ ʫʩʣʦʚʠʠ ʠʭ ʨʘʙʦʪʳ ʚ ʩʠʣʴʥʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʣʷʭ ʠ ʧʨʠ 

ʙʦʣʴʰʠʭ ʤʝʭʘʥʠʯʝʩʢʠʭ ʥʘʧʨʷʞʝʥʠʷʭ. ʇʴʝʟʦʢʝʨʘʤʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ 
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ʧʴʝʟʦʢʝʨʘʤʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʨʠʤʝʥʷʶʪʩʷ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʛʠʜʨʦʣʦʢʘʪʦʨʦʚ, 

ʫʣʴʪʨʘʟʚʫʢʦʚʳʭ ʤʦʝʢ, ʨʘʩʧʳʣʠʪʝʣʝʡ ʞʠʜʢʦʩʪʝʡ, ʘʢʩʝʣʝʨʦʤʝʪʨʦʚ, ʛʠʨʦʩʢʦʧʦʚ, 

ʧʴʝʟʦʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ ʠ ʧʨ. ʇʨʠʤʝʨʘʤʠ ʷʚʣʷʶʪʩʷ ʤʘʪʝʨʠʘʣʳ ʩ ʚʳʩʦʢʦʡ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʧʨʦʥʠʮʘʝʤʦʩʪʴʶ, ʵʬʬʝʢʪʠʚʥʳʝ ʚ ʥʠʟʢʦʯʘʩʪʦʪʥʳʭ ʫʩʪʨʦʡʩʪʚʘʭ, ʠʩʧʦʣʴʟʫʶʱʠʭ ʧʨʷʤʦʡ 

ʧʴʝʟʦʵʬʬʝʢʪ (ʇʂʈ-7ʄ ʠ ʜʨ.).  

3) ɺʳʩʦʢʦʩʪʘʙʠʣʴʥʳʝ ʧʴʝʟʦʢʝʨʘʤʠʯʝʩʢʠʝ ʤʘʪʝʨʠʘʣʳ - ʵʪʦ ʤʘʪʝʨʠʘʣʳ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝʩʷ ʧʦʚʳʰʝʥʥʦʡ ʩʪʘʙʠʣʴʥʦʩʪʴʶ ʯʘʩʪʦʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʠ 

ʚʨʝʤʝʥʥʦʤ ʠʥʪʝʨʚʘʣʝ. ʇʴʝʟʦʢʝʨʘʤʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ ʥʘ ʦʩʥʦʚʝ ʚʳʩʦʢʦʩʪʘʙʠʣʴʥʳʭ 

ʧʴʝʟʦʢʝʨʘʤʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʧʨʠʤʝʥʷʶʪʩʷ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʯʘʩʪʦʪʥʦ-ʩʝʣʝʢʪʠʚʥʳʭ ʫʩʪʨʦʡʩʪʚ 

ʥʘ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʠ ʦʙʲʝʤʥʳʭ ʘʢʫʩʪʠʯʝʩʢʠʭ ʚʦʣʥʘʭ, ʬʠʣʴʪʨʦʚ, ʨʝʟʦʥʘʪʦʨʦʚ, ʛʠʨʦʩʢʦʧʦʚ ʠ ʧʨ. 

ʕʪʦ ʤʘʪʝʨʠʘʣʳ, ʫʩʪʦʡʯʠʚʳʝ ʢ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʠ ʤʝʭʘʥʠʯʝʩʢʠʤ ʚʦʟʜʝʡʩʪʚʠʷʤ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʝ 

ʜʣʷ ʨʘʙʦʪʳ ʚ ʩʠʣʦʚʳʭ ʨʝʞʠʤʘʭ (ʇʂʈ-8, ʎʊɹʉ-3 ʠ ʜʨ.). 

ɺ ʪʘʙʣʠʮʝ III.3 ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʝ, ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʠ ʫʧʨʫʛʠʝ ʧʘʨʘʤʝʪʨʳ 

ʧʴʝʟʦʤʘʪʝʨʠʘʣʦʚ ʎʊʉ, ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ.  

ʂʘʢ ʧʨʘʚʠʣʦ, ʧʴʝʟʦʤʘʪʝʨʠʘʣʳ ʎʊʉ ʩʠʥʪʝʟʠʨʫʶʪ ʪʚʝʨʜʦʬʘʟʥʳʤ ʩʧʦʩʦʙʦʤ. ʆʜʥʘʢʦ 

ʩʫʱʝʩʪʚʫʝʪ ʮʝʣʳʡ ʨʷʜ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʤʝʪʦʜʦʚ ʠʟʛʦʪʦʚʣʝʥʠʷ ʧʦʨʦʰʢʦʚ ʎʊʉ ʚ 

ʥʘʥʦʨʘʟʤʝʨʥʦʤ ʩʦʩʪʦʷʥʠʠ. ɺ ʨʘʙʦʪʘʭ [178ï181] ʮʠʨʢʦʥʘʪ-ʪʠʪʘʥʘʪ ʩʚʠʥʮʘ ʧʦʣʫʯʝʥ ʧʫʪʝʤ 

ʦʩʘʞʜʝʥʠʷ ʩʤʝʩʠ ʛʠʜʨʦʢʩʠʜʦʚ ʠʟ ʨʘʩʪʚʦʨʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʧʝʨʦʢʩʠʜʥʳʝ ʢʦʤʧʣʝʢʩʳ ʮʠʨʢʦʥʠʷ ʠ 

ʪʠʪʘʥʘ [179, 180]. ɺ ʨʘʙʦʪʝ [179] ʦʪʤʝʯʘʝʪʩʷ, ʯʪʦ ʚ ʱʝʣʦʯʥʦʡ ʩʨʝʜʝ ʚʦʟʤʦʞʝʥ ʧʝʨʝʭʦʜ ʩʚʠʥʮʘ ʠʟ 

ʩʦʩʪʦʷʥʠʷ ʩʦ ʩʪʝʧʝʥʴʶ ʦʢʠʩʣʝʥʠʷ +2 ʚ ʩʪʝʧʝʥʴ ʦʢʠʩʣʝʥʠʷ +4, ʠ ʚ ʩʤʝʩʴ ʛʠʜʨʘʪʠʨʦʚʘʥʥʳʭ 

ʦʢʩʠʜʦʚ, ʧʦʣʫʯʘʝʤʫʶ ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʩʘʞʜʝʥʠʷ, ʚʭʦʜʠʪ PbO2Ŀʭʅ2ʆ. 

ʉʫʱʝʩʪʚʫʝʪ ʮʝʣʘʷ ʛʨʫʧʧʘ ʟʦʣʴ-ʛʝʣʴ-ʤʝʪʦʜʦʚ, ʢʦʪʦʨʳʝ ʦʩʥʦʚʳʚʘʶʪʩʷ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʠ 

ʢʦʤʧʣʝʢʩʦʚ ʤʝʪʘʣʣʦʚ ʩ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʢʠʩʣʦʪʘʤʠ ʩ ʧʦʩʣʝʜʫʶʱʠʤʠ ʨʝʘʢʮʠʷʤʠ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʩ 

ʤʥʦʛʦʘʪʦʤʥʳʤʠ ʩʧʠʨʪʘʤʠ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʦʣʠʵʬʠʨʦʚ. ɺ ʣʠʪʝʨʘʪʫʨʝ ʦʥʠ ʧʦʣʫʯʠʣʠ ʥʘʟʚʘʥʠʝ 

ʤʝʪʦʜʦʚ Pechini. ʆʜʠʥ ʠʟ ʚʘʨʠʘʥʪʦʚ ʦʧʠʩʘʥ ʚ ʨʘʙʦʪʝ [182]. ʄʝʪʦʜʠʢʘ ʟʘʢʣʶʯʘʣʘʩʴ ʚ ʩʣʝʜʫʶʱʝʤ. 

ʎʠʪʨʘʪʳ ʪʠʪʘʥʘ ʠ ʮʠʨʢʦʥʠʷ ʙʳʣʠ ʧʨʠʛʦʪʦʚʣʝʥʳ ʧʦ ʦʪʜʝʣʴʥʦʩʪʠ ʧʫʪʝʤ ʨʘʩʪʚʦʨʝʥʠʷ 

ʠʟʦʧʨʦʧʦʢʩʠʜʦʚ ʪʠʪʘʥʘ ʠ ʮʠʨʢʦʥʠʷ ʚ ʣʠʤʦʥʥʦʡ ʢʠʩʣʦʪʝ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʠ ʧʦʩʪʦʷʥʥʦʤ 

ʧʝʨʝʤʝʰʠʚʘʥʠʠ. ʇʦʩʣʝ ʵʪʦʛʦ ʚ ʢʘʞʜʳʡ ʨʘʩʪʚʦʨ ʜʦʙʘʚʣʷʣʩʷ ʵʪʠʣʝʥʛʣʠʢʦʣʴ ʠ ʨʘʩʪʚʦʨʳ 

ʚʳʜʝʨʞʠʚʘʣʠ ʧʨʠ 120C̄ ʚ ʪʝʯʝʥʠʝ 3 ʯʘʩʦʚ. ɼʘʣʝʝ ʨʘʩʪʚʦʨʳ ʩʤʝʰʠʚʘʣʠ ʚ ʥʝʦʙʭʦʜʠʤʳʭ 

ʢʦʣʠʯʝʩʪʚʘʭ ʠ ʚʳʜʝʨʞʠʚʘʣʠ ʧʨʠ 90C̄. ɸʮʝʪʘʪ ʩʚʠʥʮʘ ʨʘʩʪʚʦʨʷʣʠ ʚ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʝ, 

ʜʦʙʘʚʣʷʣʠ ʢ ʩʤʝʩʠ, ʟʘʪʝʤ ʚʚʦʜʠʣʠ NH4OH ʜʦ pH = 6.5. ʈʘʩʪʚʦʨ ʚʳʜʝʨʞʠʚʘʣʠ ʧʨʠ 120C̄ ʜʦ 

ʦʙʨʘʟʦʚʘʥʠʷ ʛʝʣʷ. ɺ ʜʨʫʛʦʤ ʩʣʫʯʘʝ ʧʦʩʣʝ ʚʚʝʜʝʥʠʷ ʘʮʝʪʘʪʘ ʩʚʠʥʮʘ ʪʝʤʧʝʨʘʪʫʨʫ ʧʦʜʜʝʨʞʠʚʘʣʠ 

ʨʘʚʥʦʡ 90C̄ ʠ ʚʚʦʜʠʣʠ ʤʦʯʝʚʠʥʫ ʜʦ pH = 6.5. ʇʦʩʣʝ ʦʙʞʠʛʘ ʧʨʠ 400ʉ̄ ʥʘ ʜʠʬʨʘʢʪʦʛʨʘʤʤʘʭ 

ʦʙʥʘʨʫʞʠʚʘʣʠʩʴ ʧʠʢʠ ʎʊʉ. 

http://www.elpapiezo.ru/filtersresonators.shtml
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ʊʘʙʣʠʮʘ III.3. ɼʠʵʣʝʢʪʨʠʯʝʩʢʠʝ, ʫʧʨʫʛʠʝ ʠ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʢʦʥʩʪʘʥʪʳ ʧʴʝʟʦʤʘʪʝʨʠʘʣʦʚ ʎʊʉ 

 e33
T/e0 tgd, % Kp -d31, 

ʧʂʣ/ʅ 

d33, 

ʧʂʣ/ʅ 

-g31, 

ʤɺÖʤ/ʅ 

g33, 

ʤɺÖʤ/ʅ 

s11
EÖ1012, 

ʇʘ-1 

Y31
ʖÖ1010, 

ʇʘ 

v1
E, 

ʢʤ/ʩ 

ʎʊʉ-24 1000 0.6 0.52 100 250 11.3 28.2 10.4 7.5 3.1 

ʇʂʈ-8 1100 0.3 0.52 105 240 11.0 24.8 10.2 7.5 3.1 

ʎʊʉʪɹʉ-2 2150 0.5 0.75 170 370 8.7 19.2 10.2 7.1 3.1 

ʎʊʉʉʊ-2 3050 2.0 0.61 230 500 8.5 18.5 12.3 5.5 2.8 

ʎʊʉʅɺ-1 1400 2.0 0.59 150 330 12.1 26.6 11.7 6.1 2.9 

ʎʊʉ-83ʛ 1290 1.5 0.43 105 250 9.1 21.9 14.0 5.9 2.8 

ʎʊʉ-36 660 2.3 0.58 90 260 14.5 44.5 11.8 6.4 2.9 

ʎʊʉ-19 1900 1.6 0.63 190 400 11.0 24.0 11.5 5.6 2.7 

ʇʂʈ-7ʄ (ɻʇ) 5000 2.0 0.71 350 760 7.9 17.1 - - - 

ʎʊʉʉʊ 3300 2.2 0.48 - 520 - 17.8 - - - 

ʇʂʈ15 950 0.6 0.45 70 170 8.9 18.9 9.6 9.9 - 
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 e33
T/e0 tgdÖ102 Kp -d31, 

ʧʂʣ/ʅ 

d33, 

ʧʂʣ/ʅ 

-g31Ö103, 

ɺÖʤ/ʅ 

g33Ö103, 

ɺÖʤ/ʅ 

s11
EÖ1012, 

ʇʘ-1 

Y31
ʖÖ1010, 

ʇʘ 

v1
E, 

ʢʤ/ʩ 

ʥʎʊʉ1ʤ 3300 3 0.2 - 190 - 6.5 - - - 

ʎʊɹʉ3 2300 1.5 0.5 170 400 8.4 19.6 10 - 4 

 

e33
T/e0 ï ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʚʜʦʣʴ ʥʘʧʨʘʚʣʝʥʠʷ ʧʦʣʷʨʠʟʘʮʠʠ ʢʝʨʘʤʠʢʠ, 

Kp ï ʨʘʜʠʘʣʴʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʦʡ ʩʚʷʟʠ, 

-d31, d33 ï ʧʴʝʟʦʤʦʜʫʣʠ, 

-g31, g33 ï ʧʴʝʟʦʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ, 

s11
E ï ʫʧʨʫʛʘʷ ʧʦʜʘʪʣʠʚʦʩʪʴ. 

tgd ï ʪʘʥʛʝʥʩ ʫʛʣʘ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʪʝʨʴ, 

Y31
ʖ ï ʤʦʜʫʣʴ ʖʥʛʘ, 

v1
E ï ʩʢʦʨʦʩʪʴ ʟʚʫʢʘ, 

ɻʇ ï ʧʘʨʘʤʝʪʨʳ ʧʨʠʚʝʜʝʥʳ ʜʣʷ ʢʝʨʘʤʠʢʠ, ʠʟʛʦʪʦʚʣʝʥʥʦʡ ʤʝʪʦʜʦʤ ʛʦʨʷʯʝʛʦ ʧʨʝʩʩʦʚʘʥʠʷ.
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ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʟʚʦʣʠʣʠ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʧʨʝʢʫʨʩʦʨ-ʛʝʣʴ, ʧʦʣʫʯʝʥʥʳʡ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ NH4OH, ʩʦʜʝʨʞʠʪ ʩʤʝʩʴ ʤʦʥʦʜʝʥʪʘʪʥʳʭ ʠ ʤʦʩʪʠʢʦʚʳʭ ʮʠʪʨʘʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. 

ɻʝʣʴ, ʧʦʣʫʯʝʥʥʳʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʦʯʝʚʠʥʳ, ʩʦʩʪʘʚʣʝʥ ʧʨʘʢʪʠʯʝʩʢʠ ʠʟ ʤʦʥʦʜʝʥʪʘʪʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ. ʇʨʠʩʫʪʩʪʚʠʝ ʤʦʯʝʚʠʥʳ ʧʨʝʧʷʪʩʪʚʫʝʪ ʦʙʨʘʟʦʚʘʥʠʶ ʤʦʩʪʠʢʦʚʳʭ ʩʚʷʟʝʡ ʩ ʣʠʤʦʥʥʦʡ 

ʢʠʩʣʦʪʦʡ, ʯʪʦ ʦʪʨʘʞʘʝʪʩʷ ʥʘ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʧʦʨʦʰʢʦʚ ʠ ʧʨʠʚʦʜʠʪ ʢ 

ʦʙʨʘʟʦʚʘʥʠʶ ʛʦʤʦʛʝʥʥʳʭ ʩʫʙʤʠʢʨʦʥʥʳʭ ʩʬʝʨʠʯʝʩʢʠʭ ʯʘʩʪʠʮ ʨʘʟʤʝʨʦʤ 0.1 ʤʢʤ. ʀʟ ʜʘʥʥʳʭ 

ʨʘʙʦʪʳ [182] ʚʠʜʥʦ, ʯʪʦ ʤʝʭʘʥʠʟʤ ʛʝʣʝʦʙʨʘʟʦʚʘʥʠʷ ʜʘʞʝ ʚ ʨʘʤʢʘʭ ʦʜʥʦʛʦ ʤʝʪʦʜʘ ʤʦʞʝʪ ʩʠʣʴʥʦ 

ʟʘʚʠʩʝʪʴ ʦʪ ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ (ʚ ʯʘʩʪʥʦʩʪʠ, ʧʨʠʨʦʜʳ ʨʝʘʛʝʥʪʦʚ, ʩʦʟʜʘʶʱʠʭ ʩʨʝʜʫ ʚ ʨʘʩʪʚʦʨʝ). 

ɺʘʞʥʫʶ ʨʦʣʴ ʠʛʨʘʶʪ ʪʘʢʞʝ ʚʝʣʠʯʠʥʘ ʨʅ, ʧʨʠʨʦʜʘ ʣʠʛʘʥʜʦʚ, ʪʝʤʧʝʨʘʪʫʨʘ, ʜʣʷ ʪʠʪʘʥʘʪʘ ʙʘʨʠʷ ï 

ʩʦʩʪʘʚ ʘʪʤʦʩʬʝʨʳ (ʪʦʯʥʝʝ, ʦʪʩʫʪʩʪʚʠʝ ʠʣʠ ʥʘʣʠʯʠʝ ʉʆ2) ʠ ʤʥʦʛʦʝ ʜʨʫʛʦʝ. 

ʇʨʝʜʣʦʞʝʥʥʳʝ ʤʝʪʦʜʳ ʧʦʟʚʦʣʷʶʪ ʩʠʥʪʝʟʠʨʦʚʘʪʴ ʮʠʨʢʦʥʘʪ-ʪʠʪʘʥʘʪ ʩʚʠʥʮʘ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʘʭ 400-600̄ ʉ, ʯʪʦ ʥʘ 300-400̄  ʥʠʞʝ, ʯʝʤ ʪʚʝʨʜʦʬʘʟʥʳʤ ʩʧʦʩʦʙʦʤ. ʉʠʥʪʝʟ 

ʮʠʨʢʦʥʘʪʘ-ʪʠʪʘʥʘʪʘ ʩʚʠʥʮʘ ʠʥʦʛʜʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʯʝʨʝʟ ʧʝʨʝʭʦʜʥʫʶ ʬʘʟʫ ʩʦ ʩʪʨʫʢʪʫʨʦʡ 

ʧʠʨʦʭʣʦʨʘ [179]. ʉʠʥʪʝʟʠʨʦʚʘʥʥʳʝ çʤʦʢʨʳʤʠè ʤʝʪʦʜʘʤʠ ʧʴʝʟʦʤʘʪʝʨʠʘʣʳ ʠʤʝʶʪ 

ʤʝʣʢʦʟʝʨʥʠʩʪʫʶ ʤʠʢʨʦʩʪʨʫʢʪʫʨʫ ʩ ʥʘʥʦʨʘʟʤʝʨʥʳʤʠ ʯʘʩʪʠʮʘʤʠ. ɹʦʣʴʰʠʥʩʪʚʦ ʤʝʪʦʜʦʚ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʠʟʢʫʶ ʩʪʝʧʝʥʴ ʘʛʣʦʤʝʨʘʮʠʠ ʯʘʩʪʠʮ ʧʦʨʦʰʢʦʚ. ʊʝʤʧʝʨʘʪʫʨʳ ʩʧʝʢʘʥʠʷ ʢʝʨʘʤʠʢʠ 

ʪʘʢʞʝ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʞʘʶʪʩʷ ʙʣʘʛʦʜʘʨʷ ʧʨʠʤʝʥʝʥʠʶ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʤʝʪʦʜʦʚ ʩʠʥʪʝʟʘ. 

ʕʪʦ ʚʘʞʥʦ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʚʳʩʦʢʦʧʣʦʪʥʦʡ ʢʝʨʘʤʠʢʠ ʪʠʪʘʥʘʪʘ-ʮʠʨʢʦʥʘʪʘ ʩʚʠʥʮʘ, ʦʙʦʛʘʱʝʥʥʦʛʦ 

ʮʠʨʢʦʥʠʝʤ [178], ʪʘʢ ʢʘʢ ʧʦʟʚʦʣʷʝʪ ʧʨʝʦʜʦʣʝʪʴ ʟʘʪʨʫʜʥʠʪʝʣʴʥʳʡ ʧʨʦʮʝʩʩ ʦʙʳʯʥʦʛʦ ʩʧʝʢʘʥʠʷ.  

ʂʝʨʘʤʠʢʘ, ʧʦʣʫʯʝʥʥʘʷ ʠʟ ʧʦʨʦʰʢʦʚ, ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʚʳʰʝʦʧʠʩʘʥʥʳʤʠ ʩʧʦʩʦʙʘʤʠ, 

ʟʘʯʘʩʪʫʶ ʠʤʝʝʪ ʩʚʦʡʩʪʚʘ, ʦʪʣʠʯʘʶʱʠʝʩʷ ʦʪ ʧʦʣʫʯʝʥʥʦʡ ʪʚʝʨʜʦʬʘʟʥʳʤ ʩʧʦʩʦʙʦʤ. ʊʘʢ, ʚ ʨʘʙʦʪʝ 

[178] ʦʪʤʝʯʘʝʪʩʷ, ʯʪʦ ʢʝʨʘʤʠʢʘ ʮʠʨʢʦʥʘʪʘ-ʪʠʪʘʥʘʪʘ ʩʚʠʥʮʘ, ʧʦʣʫʯʝʥʥʘʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ 

ʦʩʘʞʜʝʥʠʷ ʛʠʜʨʦʢʩʠʜʦʚ, ʧʨʦʷʚʣʷʝʪ ʭʦʨʦʰʠʝ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ. ʉʦʛʣʘʩʥʦ [181], ʜʣʷ 

ʮʠʨʢʦʥʘʪʘ-ʪʠʪʘʥʘʪʘ ʩʚʠʥʮʘ ʤʘʨʢʠ PZT30 ʩ ʨʘʟʤʝʨʘʤʠ ʯʘʩʪʠʮ ʤʝʥʝʝ 25 ʥʤ ʪʦʯʢʘ ʂʶʨʠ ʩʤʝʱʘʝʪʩʷ 

ʚ ʦʙʣʘʩʪʴ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ, ʦʪ ʦʙʳʯʥʦʛʦ ʟʥʘʯʝʥʠʷ 400C̄ ʜʦ 280C̄. ʉ ʫʤʝʥʴʰʝʥʠʝʤ ʨʘʟʤʝʨʦʚ 

ʯʘʩʪʠʮ ʩʪʝʧʝʥʴ ʪʝʪʨʘʛʦʥʘʣʴʥʦʛʦ ʠʩʢʘʞʝʥʠʷ ʫʤʝʥʴʰʘʝʪʩʷ. ɼʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʢʦʥʩʪʘʥʪʘ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʨʘʟʤʝʨʦʚ ʯʘʩʪʠʮ. 

II I.1.5. ɹʝʩʩʚʠʥʮʦʚʳʝ ʧʴʝʟʦʤʘʪʝʨʠʘʣʳ ʥʘ ʦʩʥʦʚʝ ʪʠʪʘʥʘʪʘ ʥʘʪʨʠʷ-ʚʠʩʤʫʪʘ 

ʊʝʥʜʝʥʮʠʠ ʩʦʚʨʝʤʝʥʥʦʡ ʵʢʦʥʦʤʠʢʠ ʠ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ ʪʘʢʦʚʳ, ʯʪʦ ɽʚʨʦʩʦʶʟ ʧʣʘʥʠʨʫʝʪ 

ʦʛʨʘʥʠʯʠʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʧʘʩʥʳʭ ʚʝʱʝʩʪʚ, ʪʘʢʠʭ ʢʘʢ ʩʚʠʥʝʮʩʦʜʝʨʞʘʱʠʝ ʩʦʝʜʠʥʝʥʠʷ, ʘ ʪʘʢʞʝ 

ʩʦʝʜʠʥʝʥʠʷ ʜʨʫʛʠʭ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ. ʆʜʥʘʢʦ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʝ ʥʘʡʜʝʥʦ ʵʢʚʠʚʘʣʝʥʪʥʦʡ 

ʟʘʤʝʥʳ ʧʴʝʟʦʢʝʨʘʤʠʢʝ ʥʘ ʦʩʥʦʚʝ ʎʊʉ, ʠ ʝʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʩʝ ʝʱʝ ʧʨʦʜʦʣʞʘʝʪʩʷ. ʊʝʤ ʥʝ ʤʝʥʝʝ 

ʧʨʠʥʷʪʳʝ ʟʘʢʦʥʦʜʘʪʝʣʴʥʳʤʠ ʦʨʛʘʥʘʤʠ ɽʉ ʥʦʨʤʘʪʠʚʥʳʝ ʜʦʢʫʤʝʥʪʳ, ʙʝʟʫʩʣʦʚʥʦ, ʷʚʠʣʠʩʴ 

ʩʪʠʤʫʣʦʤ ʜʣʷ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ-ʨʘʟʨʘʙʦʪʯʠʢʦʚ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʙʝʩʩʚʠʥʮʦʚʳʭ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʭ 
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ʤʘʪʝʨʠʘʣʦʚ ʩ ʮʝʣʴʶ ʟʘʤʝʥʳ ʧʴʝʟʦʢʝʨʘʤʠʢʠ ʥʘ ʦʩʥʦʚʝ ʮʠʨʢʦʥʘʪʘ-ʪʠʪʘʥʘʪʘ ʩʚʠʥʮʘ. ʆʧʠʩʘʥʠʶ 

ʧʦʩʣʝʜʥʠʭ ʜʦʩʪʠʞʝʥʠʡ ʚ ʦʙʣʘʩʪʠ ʨʘʟʨʘʙʦʪʢʠ ʙʝʩʩʚʠʥʮʦʚʳʭ ʧʴʝʟʦʢʝʨʘʤʠʢ ʧʦʩʚʷʱʝʥ ʦʙʟʦʨ [183]. 

ʊʠʪʘʥʘʪ ʥʘʪʨʠʷ-ʚʠʩʤʫʪʘ, Bi0.5Na0.5TiO3 (BNT) ʷʚʣʷʝʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʢʘʥʜʠʜʘʪʦʤ ʜʣʷ 

ʟʘʤʝʥʳ ʩʚʠʥʝʮʩʦʜʝʨʞʘʱʝʡ ʧʴʝʟʦʢʝʨʘʤʠʢʠ. ʕʪʦ ʩʦʝʜʠʥʝʥʠʝ ʚʧʝʨʚʳʝ ʙʳʣʦ ʦʧʠʩʘʥʦ ʚ ʨʘʙʦʪʘʭ 

ʉʤʦʣʝʥʩʢʦʛʦ ʚ 60-ʭ ʛʦʜʘʭ ʍʍ ʚʝʢʘ. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʢʘʪʠʦʥʳ ʥʘʪʨʠʷ ʠ ʚʠʩʤʫʪʘ ʠʤʝʶʪ ʨʘʟʥʳʝ 

ʟʘʨʷʜʳ ʠ ʨʘʟʤʝʨʳ, ʦʥʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʨʘʟʤʝʱʝʥʳ ʚ ʧʦʟʠʮʠʷʭ ɸ, ʫʧʦʨʷʜʦʯʝʥʠʷ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ. 

Bi0.5Na0.5TiO3 ʷʚʣʷʝʪʩʷ ʨʝʣʘʢʩʦʨʥʳʤ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʢʦʤ [184] ʠ ʠʤʝʝʪ ʚʳʩʦʢʫʶ ʪʦʯʢʫ ʂʶʨʠ 

ʊʩ = 520̄ ʉ, ʥʠʞʝ ʢʦʪʦʨʦʡ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʝʨʝʭʦʜ ʠʟ ʧʘʨʘʵʣʝʢʪʨʠʯʝʩʢʦʡ ʢʫʙʠʯʝʩʢʦʡ ʬʘʟʳ ʩʦ 

ʩʪʨʫʢʪʫʨʦʡ ʧʝʨʦʚʩʢʠʪʘ ʚ ʧʦʣʷʨʥʫʶ ʪʝʪʨʘʛʦʥʘʣʴʥʫʶ, ʘ ʧʨʠ 260ʉ̄ ï ʚ ʧʦʣʷʨʥʫʶ ʨʦʤʙʦʵʜʨʠʯʝʩʢʫʶ 

(ʘ = 3.891 ɸ, a = 89̄ 36ô). ʆʙʘ ʧʝʨʝʭʦʜʘ ʷʚʣʷʶʪʩʷ ʧʝʨʝʭʦʜʘʤʠ I ʨʦʜʘ. ɺ ʯʠʩʪʦʤ ʚʠʜʝ BNT ʦʙʣʘʜʘʝʪ 

ʚʳʩʦʢʦʡ ʢʦʵʨʮʠʪʠʚʥʦʡ ʩʠʣʦʡ (ɽʩ = 73 ʢɺ/ʩʤ), ʥʠʟʢʠʤ ʧʴʝʟʦʤʦʜʫʣʝʤ (d33 =  57-64 ʧʂʣ/ʅ) ʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʦʣʴʰʦʡ ʧʨʦʚʦʜʠʤʦʩʪʴʶ, ʧʦʵʪʦʤʫ ʝʝ ʪʨʫʜʥʦ ʥʘʧʦʣʷʨʠʟʦʚʘʪʴ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʦʥʘ 

ʦʙʣʘʜʘʝʪ ʥʝʚʳʩʦʢʠʤʠ ʧʴʝʟʦʩʚʦʡʩʪʚʘʤʠ [134].  

ɼʣʷ ʨʝʰʝʥʠʷ ʵʪʦʡ ʧʨʦʙʣʝʤʳ ʠʩʩʣʝʜʫʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʪʚʝʨʜʳʝ ʨʘʩʪʚʦʨʳ ʥʘ ʦʩʥʦʚʝ BNT 

[185ï189]. ʉʨʝʜʠ ʥʠʭ ʥʘʠʙʦʣʴʰʝʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʩʠʩʪʝʤʝ (Na0.5Bi0.5)1-ʭɺaʭTiO3 (BNT-BT), ʚ 

ʢʦʪʦʨʦʡ ʠʤʝʝʪʩʷ ʤʦʨʬʦʪʨʦʧʥʳʡ ʧʝʨʝʭʦʜ ʠʟ ʨʦʤʙʦʵʜʨʠʯʝʩʢʦʡ ʚ ʪʝʪʨʘʛʦʥʘʣʴʥʫʶ ʬʘʟʫ ʚʙʣʠʟʠ 

ʭ = 0.06. ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ ʯʠʩʪʳʤ BNT ʢʦʤʧʦʟʠʮʠʠ (Na0.5Bi0.5)1-ʭɺaʭTiO3 ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʭ = 0.06 

ʧʦʢʘʟʳʚʘʶʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʫʤʝʥʴʰʝʥʠʝ ɽʩ ʠ ʩʫʱʝʩʪʚʝʥʥʦʝ ʫʣʫʯʰʝʥʠʝ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ [185]. ʆʙʰʠʨʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʜʘʣʴʥʝʡʰʝʝ ʫʣʫʯʰʝʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ ʩʠʩʪʝʤʳ BNT-BT ʧʦʩʨʝʜʩʪʚʦʤ ʤʠʢʨʦʩʪʨʫʢʪʫʨʥʳʭ ʠʣʠ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʦʜʠʬʠʢʘʮʠʡ 

[190, 191]. ʊʘʢ, ʩʯʠʪʘʝʪʩʷ, ʯʪʦ ʧʫʪʝʤ ʟʘʤʝʱʝʥʠʷ ʚ ɸ- ʠʣʠ B-ʧʦʜʨʝʰʝʪʢʘʭ ʟʘ ʩʯʝʪ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʢʘʪʠʦʥʥʳʭ ʠʣʠ ʢʠʩʣʦʨʦʜʥʳʭ ʚʘʢʘʥʩʠʡ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʩʝʛʥʝʪʦʤʷʛʢʠʝ ʠ ʩʝʛʥʝʪʦʞʝʩʪʢʠʝ 

ʤʘʪʝʨʠʘʣʳ. ɺ ʢʘʯʝʩʪʚʝ ʣʝʛʠʨʫʶʱʠʭ ʜʦʙʘʚʦʢ ʦʧʨʦʙʦʚʘʥʳ ʪʘʢʠʝ ʢʘʪʠʦʥʳ, ʢʘʢ La3+, Nb5+, Mn2+, 

ʉʦ3+ [192ï196]. ʉʦʦʙʱʘʣʦʩʴ, ʯʪʦ ʢʦʤʧʦʟʠʮʠʠ ʥʘ ʦʩʥʦʚʝ BNT, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʜʦʙʘʚʢʘʤʠ 

BaTiO3, Bi0.5K0.5TiO3, NaNbO3, BiFeO3, MnO2, Sc2O3, La2O3, CeO2 ʠ ʪ.ʜ., ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʙʦʣʝʝ 

ʩʪʘʙʠʣʴʥʦʝ ʧʦʚʝʜʝʥʠʝ ʧʨʠ ʧʦʣʷʨʠʟʘʮʠʠ ʠ ʫʣʫʯʰʝʥʥʳʝ ʩʚʦʡʩʪʚʘ, ʚ ʯʘʩʪʥʦʩʪʠ, ʧʴʝʟʦʤʦʜʫʣʴ d33 ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʥʝʣʝʛʠʨʦʚʘʥʥʳʤ Bi0.5Na0.5TiO3 ʦʢʘʟʳʚʘʝʪʩʷ ʚʳʰʝ ʚ 2-3 ʨʘʟʘ.  

ɺ ʩʠʩʪʝʤʝ BNT ʚʠʩʤʫʪ ʠ ʥʘʪʨʠʡ ʷʚʣʷʶʪʩʷ ʣʝʪʫʯʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʦʪʢʣʦʥʝʥʠʶ ʦʪ ʩʪʝʭʠʦʤʝʪʨʠʠ. ʉʦʦʙʱʘʣʦʩʴ, ʯʪʦ ʜʝʬʠʮʠʪ ʚʠʩʤʫʪʘ ʫʚʝʣʠʯʠʚʘʝʪ ʪʦʢʠ ʫʪʝʯʢʠ ʚ 

ʧʨʦʮʝʩʩʝ ʧʦʣʷʨʠʟʘʮʠʠ ʠ ʫʤʝʥʴʰʘʝʪ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ [190]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʜʦʙʘʚʣʝʥʠʝ ʠʟʙʳʪʦʯʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʦʢʩʠʜʘ ʚʠʩʤʫʪʘ ʠ ʢʘʨʙʦʥʘʪʘ ʥʘʪʨʠʷ ʚ ʧʨʦʮʝʩʩʝ ʠʟʛʦʪʦʚʣʝʥʠʷ 

ʢʝʨʘʤʠʢʠ ʥʘ ʦʩʥʦʚʝ (Na0.5Bi0.5)TiO3 ʷʚʣʷʝʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʤʝʪʦʜʦʤ ʢʦʤʧʦʟʠʮʠʦʥʥʦʡ 

ʢʦʤʧʝʥʩʘʮʠʠ. ɼʘʣʝʝ ʚ ʨʘʟʜʝʣʝ VII .5, ʪʘʙʣʠʮʘ VII .5.1 ʧʨʠʚʝʜʝʥʳ ʩʚʦʡʩʪʚʘ ʨʷʜʘ ʪʚʸʨʜʳʭ ʨʘʩʪʚʦʨʦʚ 

ʥʘ ʦʩʥʦʚʝ ʪʠʪʘʥʘʪʘ ʥʘʪʨʠʷ-ʚʠʩʤʫʪʘ, ʠʩʧʦʣʴʟʦʚʘʥʥʳʝ ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ 

ʙʝʩʩʚʠʥʮʦʚʦʡ ʄʕ ʢʝʨʘʤʠʢʠ. 
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III .1.6. ɹʝʩʩʚʠʥʮʦʚʳʝ ʧʴʝʟʦʤʘʪʝʨʠʘʣʳ ʥʘ ʦʩʥʦʚʝ ʥʠʦʙʘʪʦʚ ʱʝʣʦʯʥʳʭ ʤʝʪʘʣʣʦʚ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʥʪʝʥʩʠʚʥʦ ʠʩʩʣʝʜʫʶʪʩʷ ʙʝʩʩʚʠʥʮʦʚʳʝ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʝ 

ʤʘʪʝʨʠʘʣʳ ʥʘ ʦʩʥʦʚʝ ʥʠʦʙʘʪʦʚ ʱʝʣʦʯʥʳʭ ʤʝʪʘʣʣʦʚ (Na,K)NbO3 (KNN). ʇʦ ʢʦʤʧʣʝʢʩʫ ʧʨʠʩʫʱʠʭ 

ʠʤ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʦʥʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʨʝʘʣʴʥʫʶ ʘʣʴʪʝʨʥʘʪʠʚʫ ʧʴʝʟʦʢʝʨʘʤʠʢʝ 

ʎʊʉ, ʪ.ʢ. ʠʤʝʶʪ ʚʳʩʦʢʠʝ ʪʦʯʢʠ ʂʶʨʠ, ʥʠʟʢʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʩʧʝʢʘʥʠʷ ʠ ʥʝ ʩʦʜʝʨʞʘʪ ʚ ʩʚʦʝʤ 

ʩʦʩʪʘʚʝ ʩʚʠʥʮʘ, ʘ ʟʥʘʯʠʪ, ʥʝ ʷʚʣʷʶʪʩʷ ʪʦʢʩʠʯʥʳʤʠ. ʍʦʪʷ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʘʷ ʢʝʨʘʤʠʢʘ 

Pb(Zr,Ti)O3 ʚ ʮʝʣʦʤ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʠʤʝʝʪ ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʧʴʝʟʦʧʘʨʘʤʝʪʨʳ, ʚʦʧʨʦʩʳ ʦʭʨʘʥʳ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʤʦʛʫʪ ʧʦʪʨʝʙʦʚʘʪʴ ʟʘʤʝʥʳ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʩʚʠʥʮʦʚʦʡ ʦʩʥʦʚʝ. ɹʦʣʝʝ ʪʦʛʦ, 

ʦʧʪʠʤʠʟʘʮʠʷ ʩʦʩʪʘʚʘ ʠ ʣʝʛʠʨʦʚʘʥʠʝ (Na,K)NbO3 ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʜʦʙʘʚʢʘʤʠ ʫʞʝ ʧʦʟʚʦʣʠʣʠ 

ʧʦʣʫʯʠʪʴ ʩʨʘʚʥʠʤʳʝ ʧʦ ʩʚʦʡʩʪʚʘʤ ʩ ʎʊʉ ʧʴʝʟʦʤʘʪʝʨʠʘʣʳ [71, 72]. 

ʂʝʨʘʤʠʢʘ KNN ʠʥʪʝʥʩʠʚʥʦ ʠʩʩʣʝʜʫʝʪʩʷ ʚ ʪʝʯʝʥʠʝ ʧʦʩʣʝʜʥʠʭ ʥʝʩʢʦʣʴʢʠʭ ʜʝʩʷʪʠʣʝʪʠʡ. 

ʍʦʨʦʰʦ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʠʥʪʝʨʝʩʥʳʝ ʢʦʤʧʦʟʠʮʠʠ ʨʘʩʧʦʣʦʞʝʥʳ ʧʨʠ ʩʦʦʪʥʦʰʝʥʠʠ K/Na, 

ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʨʘʚʥʦʤ 1:1 [197ï199]. ʏʠʩʪʘʷ ʢʝʨʘʤʠʢʘ KNN ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʡ ʧʦʣʠʤʦʨʬʠʟʤ: 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʥʠʞʝ 123ʉ̄ ʨʦʤʙʦʵʜʨʠʯʝʩʢʘʷ (R) ʬʘʟʘ, ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 

ʦʨʪʦʨʦʤʙʠʯʝʩʢʘʷ (O) ʬʘʟʘ, ʜʘʣʝʝ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʘʷ ʪʝʪʨʘʛʦʥʘʣʴʥʘʷ ʬʘʟʘ (ʊ = 200 ~ 410ʉ̄ ʠ 

ʥʘʢʦʥʝʮ ʢʫʙʠʯʝʩʢʘʷ ʬʘʟʘ (ʊ > 410ʉ̄) [200]. ʊʝʤʧʝʨʘʪʫʨʳ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ ʤʦʛʫʪ ʙʳʪʴ 

ʠʟʤʝʥʝʥʳ ʧʫʪʝʤ ʚʚʝʜʝʥʠʷ ʣʝʛʠʨʫʶʱʠʭ ʜʦʙʘʚʦʢ, ʪʘʢʠʭ ʢʘʢ Li+, Ta5+, Sb5+ ʠ ʪ.ʜ. ʍʦʪʷ ʩʪʨʫʢʪʫʨʘ 

KNN ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʷʚʣʷʝʪʩʷ ʨʦʤʙʦʵʜʨʠʯʝʩʢʦʡ, ʧʝʨʦʚʩʢʠʪʥʘʷ ʧʦʜʲʷʯʝʡʢʘ ʦʙʣʘʜʘʝʪ 

ʤʦʥʦʢʣʠʥʥʦʡ ʩʠʤʤʝʪʨʠʝʡ ʩ ʧʘʨʘʤʝʪʨʘʤʠ ʨʝʰʝʪʢʠ ʘ = b > c, ɓ > 90.̄ ɼʣʷ ʢʦʤʧʦʟʠʮʠʠ 

(K0.5Na0.5)NbO3, ʢʦʪʦʨʘʷ ʣʝʞʠʪ ʚ ʤʦʨʬʦʪʨʦʧʥʦʡ ʦʙʣʘʩʪʠ ʠ ʦʙʣʘʜʘʝʪ ʥʘʠʣʫʯʰʠʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʥʝ 

ʥʘʡʜʝʥʳ ʥʠʢʘʢʠʝ ʩʚʝʨʭʩʪʨʫʢʪʫʨʥʳʝ ʦʪʨʘʞʝʥʠʷ [201].  

ʂʝʨʘʤʠʢʘ KNN ʦʙʣʘʜʘʝʪ ʥʠʟʢʦʡ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʴʶ ʠ ʚʳʩʦʢʠʤʠ 

ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʦʡ ʩʚʷʟʠ. ʏʠʩʪʘʷ ʢʝʨʘʤʠʢʘ KNN ʧʨʦʷʚʣʷʝʪ ʧʴʝʟʦʢʦʥʩʪʘʥʪʫ 

d33 ʥʝ ʙʦʣʝʝ 80 ʧʂʣ/ʅ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʪʨʫʜʥʦ ʠʟʛʦʪʦʚʠʪʴ ʢʝʨʘʤʠʢʫ KNN ʩ ʚʳʩʦʢʦʡ ʧʣʦʪʥʦʩʪʴʶ ʩ 

ʧʦʤʦʱʴʶ ʦʙʳʯʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʩʧʝʢʘʥʠʷ. ɺ ʨʘʙʦʪʘʭ [202, 203] ʦʙʨʘʟʮʳ KNN ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩ 

ʧʦʤʦʱʴʶ ʠʩʢʨʦʚʦʛʦ ʧʣʘʟʤʝʥʥʦʛʦ ʩʧʝʢʘʥʠʷ ʠ ʧʨʦʷʚʣʷʣʠ ʫʣʫʯʰʝʥʥʳʝ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʝ ʠ 

ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ (d33 = 148 ʧʂʣ/ʅ). ɺ ʨʘʙʦʪʝ [197] ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʚʳʩʦʢʦʧʣʦʪʥʦʡ 

ʢʝʨʘʤʠʢʠ KNN ʘʚʪʦʨʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʤʝʪʦʜ ʛʦʨʷʯʝʛʦ ʧʨʝʩʩʦʚʘʥʠʷ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

ʦʙʨʘʟʮʳ ʩ 99%-ʥʦʡ ʧʣʦʪʥʦʩʪʴʶ ʦʪ ʪʝʦʨʝʪʠʯʝʩʢʦʡ, ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ ʂʶʨʠ (420C̄), 

ʙʦʣʴʰʠʤʠ ʧʴʝʟʦʤʦʜʫʣʝʤ d33 = 160 ʧʂʣ/ʅ ʠ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʦʡ ʩʚʷʟʠ 

ʂʨ = 45 %. 

ɸʚʪʦʨʳ ʧʫʙʣʠʢʘʮʠʠ [204] ʦʙʥʘʨʫʞʠʣʠ, ʯʪʦ ʜʦʙʘʚʣʝʥʠʝ CuO ʩʥʠʞʘʝʪ ʪʝʤʧʝʨʘʪʫʨʫ 

ʩʧʝʢʘʥʠʷ KNN ʜʦ 1000̄ C ʠ ʥʠʞʝ, ʯʪʦ ʧʦʣʝʟʥʦ ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʠʩʧʘʨʝʥʠʷ Na2O ʠ ʚ ʢʦʥʝʯʥʦʤ 

ʠʪʦʛʝ ʤʦʞʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʫʣʫʯʰʝʥʠʶ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. ɺ ʨʘʙʦʪʝ [205] ʧʦʢʘʟʘʥʦ, 
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ʯʪʦ ʫʧʣʦʪʥʝʥʠʝ ʢʝʨʘʤʠʢʠ KNN ʤʦʞʝʪ ʙʳʪʴ ʜʦʩʪʠʛʥʫʪʦ ʠ ʟʘ ʩʯʝʪ ʜʦʙʘʚʣʝʥʠʷ ʥʝʙʦʣʴʰʠʭ 

ʢʦʣʠʯʝʩʪʚ (ʦʪ 0.5 ʜʦ 4 ʤʘʩʩ.%) ʦʢʩʠʜʘ ʛʝʨʤʘʥʠʷ. ʄʦʜʠʬʠʮʠʨʦʚʘʥʥʘʷ ʛʝʨʤʘʥʠʝʤ ʢʝʨʘʤʠʢʘ KNN, 

ʩʧʝʯʝʥʥʘʷ ʧʨʠ 1000C̄, ʠʤʝʝʪ ʧʣʦʪʥʦʩʪʴ 95.6 % ʦʪ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʙʝʟ ʫʭʫʜʰʝʥʠʷ 

ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ.  

ɺʣʠʷʥʠʝ ʣʝʛʠʨʫʶʱʝʡ ʜʦʙʘʚʢʠ LiTaO3 ʥʘ ʩʪʨʫʢʪʫʨʫ, ʬʘʟʦʚʳʝ ʧʝʨʝʭʦʜʳ ʠ ʵʣʝʢʪʨʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ KNN ʠʟʫʯʘʣʠʩʴ ʚ [206ï209]. ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʟʘʤʝʥʘ Nb ʥʘ ʊʘ ʧʨʠʚʦʜʠʪ ʢ 

ʫʣʫʯʰʝʥʠʶ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʢʝʨʘʤʠʢʠ KNN [210]. ʉʦʛʣʘʩʥʦ [211] ʢʝʨʘʤʠʢʘ KNN, 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʘʷ LiTaO3, ʜʘʝʪ ʭʦʨʦʰʠʡ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʡ ʦʪʢʣʠʢ d33 = 230 ʧʂʣ/ʅ. 

ɼʦʙʘʚʣʝʥʠʝ LiSbO3 ʫʚʝʣʠʯʠʚʘʝʪ d33 ʜʦ 373 ʧʂʣ/ʅ [212]. ʄʥʦʛʠʝ ʘʚʪʦʨʳ ʠʟʫʯʘʣʠ ʚʣʠʷʥʠʝ LiSbO3 

ʥʘ ʯʠʩʪʫʶ ʢʝʨʘʤʠʢʫ KNN [213, 214] ʠ ʦʪʤʝʯʘʣʠ ʨʦʩʪ d33 ʠ ʂʨ ʚ ʦʧʨʝʜʝʣʸʥʥʦʤ ʜʠʘʧʘʟʦʥʝ 

ʢʦʥʮʝʥʪʨʘʮʠʡ ʜʦʙʘʚʢʠ ʥʘ ʬʦʥʝ ʩʥʠʞʝʥʠʷ ʪʦʯʢʠ ʂʶʨʠ.   

ʊʘʢʞʝ ʤʥʦʛʠʤʠ ʘʚʪʦʨʘʤʠ ʠʟʫʯʘʣʦʩʴ ʚʣʠʷʥʠʝ ʜʨʫʛʠʭ ʠʦʥʦʚ (Ag, Nb, Ta, Bi, Cu, Ca ʠ ʪ.ʜ.) ʠ 

ʢʦʤʙʠʥʘʮʠʠ ʜʚʫʭ ʠʣʠ ʪʨʝʭ ʠʟ ʥʠʭ ʥʘ ʩʚʦʡʩʪʚʘ ʢʝʨʘʤʠʢʠ ʂNN [215ï221] ʠ ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

ʤʥʦʛʦʦʙʝʱʘʶʱʠʝ ʨʝʟʫʣʴʪʘʪʳ. ʊʘʢ, ʣʝʛʠʨʦʚʘʥʠʝ ʢʝʨʘʤʠʢʠ KNN - LiTaO3 ʠʦʥʘʤʠ ʩʝʨʝʙʨʘ 

ʧʦʚʳʰʘʣʦ ʪʝʤʧʝʨʘʪʫʨʫ ʂʶʨʠ ʜʦ 438C̄ ʠ ʧʴʝʟʦʤʦʜʫʣʴ d33 ʜʦ 252 ʧʂʣ/ʅ [218]. ɺʣʠʷʥʠʝ 

ʥʝʙʦʣʴʰʠʭ ʢʦʣʠʯʝʩʪʚ ʢʘʪʠʦʥʦʚ ʱʝʣʦʯʥʦʟʝʤʝʣʴʥʳʭ ʤʝʪʘʣʣʦʚ (0.5 ʘʪ.%) ʥʘ ʩʚʦʡʩʪʚʘ ʢʝʨʘʤʠʢʠ 

KNN ʙʳʣʦ ʠʟʫʯʝʥʦ ʨʘʟʣʠʯʥʳʤʠ ʘʚʪʦʨʘʤʠ [217, 219ï221]. ɺ [221] ʧʦʢʘʟʘʥʦ, ʯʪʦ ʜʦʙʘʚʣʝʥʠʝ ʉʘ2+ 

ʠ Sr2+ ʧʨʠʚʦʜʠʪ ʢ ʨʦʩʪʫ ʧʘʨʘʤʝʪʨʦʚ ʵʣʝʤʝʥʪʘʨʥʳʭ ʷʯʝʝʢ, ʩʧʦʩʦʙʩʪʚʫʶʪ ʧʦʣʫʯʝʥʠʶ ʧʣʦʪʥʦʡ 

ʢʝʨʘʤʠʢʠ, ʫʤʝʥʴʰʝʥʠʶ ʪʝʤʧʝʨʘʪʫʨʳ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ, ʘ ʪʘʢʞʝ ʫʣʫʯʰʝʥʠʶ ʵʣʝʢʪʨʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ. ɼʦʙʘʚʢʘ Mg2+ ʠʤʝʝʪ ʦʙʨʘʪʥʳʡ ʵʬʬʝʢʪ. ɼʦʙʘʚʣʝʥʠʝ Ba2+ ʢ KNN ʫʚʝʣʠʯʠʚʘʝʪ ʧʘʨʘʤʝʪʨʳ 

ʷʯʝʡʢʠ, ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʧʣʦʪʥʦʩʪʠ, ʩʥʠʞʝʥʠʶ ʪʝʤʧʝʨʘʪʫʨʳ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ, ʧʨʠ 

ʵʪʦʤ ʟʥʘʯʠʪʝʣʴʥʦ ʫʭʫʜʰʘʶʪʩʷ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ. 

ʀʪʘʢ, ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʧʦʜʭʦʜʦʤ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʩʚʦʡʩʪʚ KNN ʷʚʣʷʝʪʩʷ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ ʧʫʪʝʤ ʚʚʝʜʝʥʠʷ ʣʝʛʠʨʫʶʱʠʭ ʜʦʙʘʚʦʢ, ʪʘʢʠʭ ʢʘʢ LiNbO3 [222ï

224], LiTaO3 [225ï228], LiSbO3 [229ï231], BaTiO3 [232, 233], CaTiO3 [234], (Bi0.5Na0.5)TiO3 [235ï

237], ʠʣʠ ʩʦʯʝʪʘʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʜʦʙʘʚʦʢ [238ï240]. ʊʠʧʠʯʥʳʝ ʟʥʘʯʝʥʠʷ d33, ʧʦʣʫʯʝʥʥʳʝ ʚ ʵʪʦʤ 

ʩʣʫʯʘʝ, ʩʦʩʪʘʚʣʷʶʪ   ~200-300 ʧʂʣ/ʅ. ʈʝʢʦʨʜʥʳʝ ʟʥʘʯʝʥʠʷ ʧʴʝʟʦʤʦʜʫʣʷ d33 = 416 ʠ 496 ʧʂʣ/ʅ 

ʜʦʩʪʠʛʥʫʪʳ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʥʘ Li -,Ta-,Sb-ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ ʢʝʨʘʤʠʢʝ KNN ʩ ʪʝʢʩʪʫʨʠʨʦʚʘʥʥʦʡ 

ʩʪʨʫʢʪʫʨʦʡ [222] ʠ ʜʣʷ ʩʦʩʪʘʚʘ 0.96(K0.46Na0.54+x)Nb0.95Sb0.05O3ï0.04Bi0.5(Na0.82K0.18)0.5ZrO3 [71], 

ʯʪʦ ʩʨʘʚʥʠʤʦ ʩ ʩʝʛʥʝʪʦʤʷʛʢʦʡ ʢʝʨʘʤʠʢʦʡ ʎʊʉ.  

ɼʘʣʝʝ ʚ ʨʘʟʜʝʣʝ VII .4, ʪʘʙʣʠʮʘ VII.4.1 ʧʨʠʚʝʜʝʥʳ ʩʚʦʡʩʪʚʘ ʨʷʜʘ ʪʚʸʨʜʳʭ ʨʘʩʪʚʦʨʦʚ ʥʘ 

ʦʩʥʦʚʝ ʥʠʦʙʘʪʦʚ ʱʝʣʦʯʥʳʭ ʤʝʪʘʣʣʦʚ, ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ. 
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III .2. ʄʘʛʥʠʪʦʩʪʨʠʢʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ 

ʄʘʛʥʠʪʦʩʪʨʠʢʮʠʦʥʥʳʝ ʬʝʨʨʠʪʳ - ʜʘʚʥʦ ʠʟʚʝʩʪʥʳʡ ʠ ʚʩʝʩʪʦʨʦʥʥʝ ʠʩʩʣʝʜʦʚʘʥʥʳʡ ʢʣʘʩʩ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʦʧʠʩʘʥʥʳʡ ʚ ʮʝʣʦʤ ʨʷʜʝ ʤʦʥʦʛʨʘʬʠʡ [99, 135ï138, 140, 241, 242], 

ʩʧʨʘʚʦʯʥʳʭ ʠʟʜʘʥʠʡ [106, 139, 243ï245] ʠ ʤʥʦʞʝʩʪʚʝ ʦʨʠʛʠʥʘʣʴʥʳʭ ʨʘʙʦʪ [246ï253]. 

ʄʘʛʥʠʪʦʩʪʨʠʢʮʠʦʥʥʳʝ ʬʝʨʨʠʪʳ ʦʪʥʦʩʷʪʩʷ ʢ ʤʘʛʥʠʪʦʤʷʛʢʠʤ ʤʘʪʝʨʠʘʣʘʤ ʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 

ʤʘʣʦʡ ʢʦʵʨʮʠʪʠʚʥʦʡ ʩʠʣʦʡ ʠ ʚʳʩʦʢʦʡ ʤʘʛʥʠʪʥʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʴʶ. ʆʥʠ ʦʙʣʘʜʘʶʪ ʩʧʦʩʦʙʥʦʩʪʴʶ 

ʥʘʤʘʛʥʠʯʠʚʘʪʴʩʷ ʜʦ ʥʘʩʳʱʝʥʠʷ ʚ ʩʣʘʙʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ, ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʫʟʢʦʡ ʧʝʪʣʝʡ 

ʛʠʩʪʝʨʝʟʠʩʘ ʠ ʤʘʣʳʤʠ ʧʦʪʝʨʷʤʠ ʥʘ ʧʝʨʝʤʘʛʥʠʯʠʚʘʥʠʝ.  

ʄʘʛʥʠʪʦʩʪʨʠʢʮʠʷ ʦʪʥʦʩʠʪʩʷ ʢ ʪʘʢ ʥʘʟʳʚʘʝʤʳʤ ʯʸʪʥʳʤ ʵʬʬʝʢʪʘʤ, ʪ. ʢ. ʦʥʘ ʥʝ ʟʘʚʠʩʠʪ ʦʪ 

ʟʥʘʢʘ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ʂʘʢ ʩʣʝʜʩʪʚʠʝ, ʚ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʫʩʣʦʚʠʷʭ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ 

ʤʘʛʥʠʪʥʦʝ ʩʦʩʪʦʷʥʠʝ ʩʝʨʜʝʯʥʠʢʘ ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʦʥʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʦʜʥʦʚʨʝʤʝʥʥʳʤ ʚʦʟʜʝʡʩʪʚʠʝʤ ʧʝʨʝʤʝʥʥʦʛʦ (Bm) ʠ ʧʦʩʪʦʷʥʥʦʛʦ (B) ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ. ɽʩʣʠ 

ʚʳʧʦʣʥʷʝʪʩʷ ʩʦʦʪʥʦʰʝʥʠʝ Bm << B, ʪʦ ʤʝʞʜʫ ʘʤʧʣʠʪʫʜʘʤʠ ʧʝʨʝʤʝʥʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʠ 

ʤʝʭʘʥʠʯʝʩʢʠʭ ʢʦʣʝʙʘʥʠʡ ʩʫʱʝʩʪʚʫʝʪ ʣʠʥʝʡʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʦʥʥʳʝ ʢʦʣʝʙʘʥʠʷ ʥʝʙʦʣʴʰʦʡ ʘʤʧʣʠʪʫʜʳ ʚ ʥʘʤʘʛʥʠʯʝʥʥʦʡ 

(ʤʘʛʥʠʪʥʦ-ʧʦʣʷʨʠʟʦʚʘʥʥʦʡ) ʩʨʝʜʝ ʧʦ ʩʚʦʝʤʫ ʚʥʝʰʥʝʤʫ ʧʨʦʷʚʣʝʥʠʶ ʘʥʘʣʦʛʠʯʥʳ 

ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʤ, ʧʦʵʪʦʤʫ ʠʭ ʠʥʦʛʜʘ ʥʘʟʳʚʘʶʪ ʧʴʝʟʦʤʘʛʥʠʪʥʳʤʠ. 

ʌʝʨʨʠʪʳ ï ɻ ʪʦ ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʜʣʷ ʚʳʩʦʢʠʭ ʯʘʩʪʦʪ. ɹʣʘʛʦʜʘʨʷ ʚʳʩʦʢʦʤʫ 

ʫʜʝʣʴʥʦʤʫ ʩʦʧʨʦʪʠʚʣʝʥʠʶ ʚ ʥʠʭ ʧʨʝʥʝʙʨʝʞʠʤʦ ʤʘʣʳ ʧʦʪʝʨʠ ʥʘ ʚʠʭʨʝʚʳʝ ʪʦʢʠ, ʬʝʨʨʠʪʳ ʥʝ 

ʧʦʜʚʝʨʞʝʥʳ ʜʝʡʩʪʚʠʶ ʭʠʤʠʯʝʩʢʠ ʘʛʨʝʩʩʠʚʥʳʭ ʩʨʝʜ. ʅʘʢʦʥʝʮ, ʩ ʧʦʤʦʱʴʶ ʢʝʨʘʤʠʯʝʩʢʦʡ 

ʪʝʭʥʦʣʦʛʠʠ ʤʦʞʥʦ ʠʟʛʦʪʦʚʠʪʴ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ ʧʨʘʢʪʠʯʝʩʢʠ ʣʶʙʳʭ ʬʦʨʤ ʠ ʨʘʟʤʝʨʦʚ. 

ʇʦ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ ʬʝʨʨʠʪʳ ʦʪʥʦʩʷʪʩʷ ʢ ʢʣʘʩʩʫ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ ʠʣʠ ʜʘʞʝ 

ʜʠʵʣʝʢʪʨʠʢʦʚ. ʀʭ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ ʦʙʫʩʣʦʚʣʝʥʘ ʧʨʦʮʝʩʩʘʤʠ ʵʣʝʢʪʨʦʥʥʦʛʦ ʦʙʤʝʥʘ ʤʝʞʜʫ 

ʦʜʥʦʠʤʝʥʥʳʤʠ ʨʘʟʥʦʟʘʨʷʞʝʥʥʳʤʠ ʠʦʥʘʤʠ ("ʧʨʳʞʢʦʚʳʡ" ʤʝʭʘʥʠʟʤ). ʉʨʝʜʠ ʤʥʦʛʠʭ ʬʘʢʪʦʨʦʚ, 

ʚʣʠʷʶʱʠʭ ʥʘ ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʬʝʨʨʠʪʦʚ, ʦʩʥʦʚʥʳʤ ʷʚʣʷʝʪʩʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʚ ʥʠʭ 

ʠʦʥʦʚ ʜʚʫʭʚʘʣʝʥʪʥʦʛʦ ʞʝʣʝʟʘ Fe2+. ʇʦʜ ʚʣʠʷʥʠʝʤ ʪʝʧʣʦʚʦʛʦ ʜʚʠʞʝʥʠʷ ʵʣʝʢʪʨʦʥʳ ʧʝʨʝʩʢʘʢʠʚʘʶʪ 

ʦʪ ʠʦʥʦʚ Fe2+ ʢ ʠʦʥʘʤ Fe3+. ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʜʚʫʭʚʘʣʝʥʪʥʳʭ ʠʦʥʦʚ ʞʝʣʝʟʘ ʣʠʥʝʡʥʦ 

ʚʦʟʨʘʩʪʘʝʪ ʧʨʦʚʦʜʠʤʦʩʪʴ ʤʘʪʝʨʠʘʣʘ. ʋ ʬʝʨʨʠʪʦʚ-ʰʧʠʥʝʣʝʡ ʵʥʝʨʛʠʷ ʘʢʪʠʚʘʮʠʠ 

ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʦʙʳʯʥʦ ʣʝʞʠʪ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 0.1 ʜʦ 0.5 ʵɺ.  

ɺ ʢʘʯʝʩʪʚʝ ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʯʘʱʝ ʚʩʝʛʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʬʝʨʨʠʪ ʥʠʢʝʣʷ ʠ 

ʪʚʝʨʜʳʝ ʨʘʩʪʚʦʨʳ ʥʘ ʝʛʦ ʦʩʥʦʚʝ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʄʕ ʢʦʤʧʦʟʠʪʦʚ, ʨʘʙʦʪʘʶʱʠʭ 

ʥʘ ʨʝʟʦʥʘʥʩʥʦʤ ʄʕ ʵʬʬʝʢʪʝ, ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʞʝʣʝʟʦʠʪʪʨʠʝʚʳʡ ʛʨʘʥʘʪ (ɾʀɻ, 

Y3Fe5O12), ʦʙʣʘʜʘʶʱʠʡ ʥʘ ʧʦʨʷʜʦʢ ʤʝʥʴʰʝʡ ʰʠʨʠʥʦʡ ʣʠʥʠʠ ʬʝʨʨʦʤʘʛʥʠʪʥʦʛʦ ʨʝʟʦʥʘʥʩʘ, ʭʦʪʷ ʠ 

ʫʩʪʫʧʘʶʱʠʡ ʬʝʨʨʠʪʘʤ-h ʧʠʥʝʣʷʤ ʧʦ ʚʝʣʠʯʠʥʝ ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʠ. ʉ ʥʝʜʘʚʥʠʭ ʧʦʨ ʘʢʪʠʚʥʦ 
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ʠʟʫʯʘʶʪʩʷ ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʤʘʥʛʘʥʠʪʦʚ ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʧʝʨʦʚʩʢʠʪʘ Ln1-xAxMnO3 

(ʛʜʝ Ln ï ʪʨʝʭʟʘʨʷʜʥʳʝ ʢʘʪʠʦʥʳ ʣʘʥʪʘʥʘ ʠʣʠ ʣʘʥʪʘʥʦʠʜʦʚ, A ï ʢʘʢ ʧʨʘʚʠʣʦ, ʜʚʫʭʟʘʨʷʜʥʳʝ 

ʢʘʪʠʦʥʳ ʱʝʣʦʯʥʦʟʝʤʝʣʴʥʳʭ ʤʝʪʘʣʣʦʚ), ʙʦʣʝʝ ʠʟʚʝʩʪʥʳʭ ʢʘʢ ʤʘʪʝʨʠʘʣʳ ʩ ʢʦʣʦʩʩʘʣʴʥʳʤ 

ʤʘʛʥʝʪʦʩʦʧʨʦʪʠʚʣʝʥʠʝʤ, ʧʦʵʪʦʤʫ ʘʢʪʫʘʣʴʥʳʤ ʷʚʣʷʝʪʩʷ ʠʟʫʯʝʥʠʝ ʚʦʟʤʦʞʥʦʩʪʝʡ ʠʭ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʦʥʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ 

ʄʕ ʤʘʪʝʨʠʘʣʦʚ.  

ʅʠʞʝ ʧʨʠʚʦʜʷʪʩʷ ʢʨʘʪʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʤʘʛʥʝʪʠʢʦʚ. 

III .2.1. ʌʝʨʨʠʪʳ ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʰʧʠʥʝʣʠ 

ʉʪʨʫʢʪʫʨʘ ʰʧʠʥʝʣʠ ʭʘʨʘʢʪʝʨʥʘ ʜʣʷ ʤʥʦʛʠʭ ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʦʥʥʳʭ ʬʝʨʨʠʪʦʚ, ʥʘʰʝʜʰʠʭ 

ʰʠʨʦʢʦʝ ʧʨʘʢʪʠʯʝʩʢʦʝ ʧʨʠʤʝʥʝʥʠʝ. ʌʝʨʨʠʪʳ ʵʪʦʡ ʛʨʫʧʧʳ ʠʟʦʤʦʨʬʥʳ ʧʨʠʨʦʜʥʦʤʫ ʤʠʥʝʨʘʣʫ 

MgAl2O4 ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʠʤʝʶʪ ʭʠʤʠʯʝʩʢʫʶ ʬʦʨʤʫʣʫ ɸɺ2O4, ʛʜʝ ɸ ï ʜʚʫʭʟʘʨʷʜʥʳʝ ʢʘʪʠʦʥʳ 

Fe, Co, Ni, Mn, Zn, Cu, Cd, Mg ʠ ʥʝʢʦʪʦʨʳʝ ʜʨʫʛʠʝ, ɺ ï ʪʨʝʭʟʘʨʷʜʥʳʡ ʢʘʪʠʦʥ ʞʝʣʝʟʘ, ʢʦʪʦʨʳʡ 

ʤʦʞʝʪ ʙʳʪʴ ʯʘʩʪʠʯʥʦ ʠʟʦʚʘʣʝʥʪʥʦ ʟʘʤʝʱʝʥ ʢʘʪʠʦʥʘʤʠ ʭʨʦʤʘ, ʘʣʶʤʠʥʠʷ ʠ ʜʨ. ɺʦʟʤʦʞʥʳ ʠ 

ʛʝʪʝʨʦʚʘʣʝʥʪʥʳʝ ʟʘʤʝʱʝʥʠʷ ʢʘʢ ʚ ɸ-, ʪʘʢ ʠ ʚ ɺ-ʧʦʜʨʝʰʝʪʢʘʭ ʬʝʨʨʠʪʦʚ-ʰʧʠʥʝʣʝʡ. 

ʂʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ ʰʧʠʥʝʣʠ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʩ ʧʦʟʠʮʠʡ ʪʝʦʨʠʠ 

ʧʣʦʪʥʝʡʰʠʭ ʫʧʘʢʦʚʦʢ. ɸʥʠʦʥʳ O2- ʦʙʨʘʟʫʶʪ ʧʣʦʪʥʝʡʰʫʶ ʛʨʘʥʝʮʝʥʪʨʠʨʦʚʘʥʥʫʶ ʢʫʙʠʯʝʩʢʫʶ 

ʫʧʘʢʦʚʢʫ (ɻʎʂ), ʘ ʢʘʪʠʦʥʳ ɸ2+ ʠ ɺ3+ ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʦʢʪʘ- ʠ ʪʝʪʨʘʵʜʨʠʯʝʩʢʠʭ ʧʫʩʪʦʪʘʭ (ʨʠʩ.III .7-

8). ɺ ʩʦʩʪʘʚ ʦʜʥʦʡ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʰʧʠʥʝʣʝʡ ʚʭʦʜʠʪ 8 ʬʦʨʤʫʣʴʥʳʭ ʝʜʠʥʠʮ ɸɺ2O4, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 32 ʘʥʠʦʥʘ ʢʠʩʣʦʨʦʜʘ ʦʙʨʘʟʫʶʪ 64 ʪʝʪʨʘʵʜʨʠʯʝʩʢʠʭ ʠ 32 ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʧʫʩʪʦʪʳ. 

ɺ ʥʠʭ ʠ ʨʘʩʧʦʣʦʞʝʥʳ ɸ- ʠ ɺ-ʢʘʪʠʦʥʳ, ʟʘʥʠʤʘʶʱʠʝ 1/8 ʯʘʩʪʴ ʚʩʝʭ ʪʝʪʨʘʵʜʨʠʯʝʩʢʠʭ (8ʘ) ʠ 1/2 

ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ (16d) ʧʫʩʪʦʪ. 

ʈʘʩʩʤʦʪʨʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʰʧʠʥʝʣʠ ʩ ʧʦʟʠʮʠʡ ʪʝʦʨʠʠ ʧʣʦʪʥʝʡʰʠʭ ʫʧʘʢʦʚʦʢ ʥʝʩʢʦʣʴʢʦ 

ʠʜʝʘʣʠʟʠʨʦʚʘʥʦ, ʠʥʳʤʠ ʩʣʦʚʘʤʠ, ʫʪʚʝʨʞʜʝʥʠʝ, ʯʪʦ ʘʥʠʦʥʳ O2- ʦʙʨʘʟʫʶʪ ʧʣʦʪʥʝʡʰʫʶ 

ɻʎʂ-ʫʧʘʢʦʚʢʫ, ʩʧʨʘʚʝʜʣʠʚʦ ʣʠʰʴ ʚ ʧʝʨʚʦʤ ʧʨʠʙʣʠʞʝʥʠʠ. ʉʫʜʷ ʧʦ ʚʝʣʠʯʠʥʘʤ ʠʦʥʥʳʭ ʨʘʜʠʫʩʦʚ, 

ʢʘʪʠʦʥʳ, ʥʘʭʦʜʷʱʠʝʩʷ ʚ ʪʝʪʨʘʵʜʨʠʯʝʩʢʠʭ ʧʫʩʪʦʪʘʭ, ʢʘʢ ʧʨʘʚʠʣʦ, ʠʤʝʶʪ ʙʦʣʴʰʠʝ ʨʘʜʠʫʩʳ ʠ ʥʝ 

ʚʧʠʩʳʚʘʶʪʩʷ ʚ ʪʝʪʨʘʵʜʨʠʯʝʩʢʠʝ ʧʫʩʪʦʪʳ ɻʎʂ-ʫʧʘʢʦʚʢʠ ʠʟ ʘʥʠʦʥʦʚ ʢʠʩʣʦʨʦʜʘ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʨʘʟʜʚʠʛʘʥʠʶ ʯʝʪʳʨʝʭ O2- ʧʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʜʠʘʛʦʥʘʣʷʤ ʢʫʙʘ. ɺʦʟʥʠʢʘʝʪ ʥʘʨʫʰʝʥʠʝ 

ʧʣʦʪʥʝʡʰʝʡ ʫʧʘʢʦʚʢʠ, ʬʠʢʩʠʨʫʝʤʦʝ ʪʘʢ ʥʘʟʳʚʘʝʤʳʤ ʢʠʩʣʦʨʦʜʥʳʤ ʧʘʨʘʤʝʪʨʦʤ u, ʢʦʪʦʨʳʡ 

ʷʚʣʷʝʪʩʷ ʨʘʩʩʪʦʷʥʠʝʤ ʤʝʞʜʫ ʠʦʥʘʤʠ ʢʠʩʣʦʨʦʜʘ ʠ ʛʨʘʥʴʶ ʢʫʙʘ ʚ ʜʦʣʷʭ ʧʘʨʘʤʝʪʨʘ ʨʝʰʝʪʢʠ. ɼʣʷ 

ʠʜʝʘʣʴʥʦʡ ɻʎʂ-ʨʝʰʝʪʢʠ u = 3/8. ɺ ʩʣʫʯʘʝ ʬʝʨʨʠʪʦʚ-ʰʧʠʥʝʣʝʡ, ʢʘʢ ʧʨʘʚʠʣʦ, u > 3/8. 

ʈʘʟʣʠʯʘʶʪ ʪʨʠ ʚʠʜʘ ʰʧʠʥʝʣʝʡ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʭʘʨʘʢʪʝʨʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ɸ- ʠ 

ɺ-ʢʘʪʠʦʥʦʚ ʧʦ ʦʢʪʘ- ʠ ʪʝʪʨʘʵʜʨʠʯʝʩʢʠʤ ʧʦʟʠʮʠʷʤ: ʥʝʦʙʨʘʱʝʥʥʳʝ (ʢʦʛʜʘ ɸ-ʢʘʪʠʦʥʳ ʟʘʥʠʤʘʶʪ 

ʪʝʪʨʘʵʜʨʠʯʝʩʢʠʝ, ʘ ɺ-ʢʘʪʠʦʥʳ ï ʦʢʪʘʵʜʨʠʯʝʩʢʠʝ ʧʦʟʠʮʠʠ), ʦʙʨʘʱʝʥʥʳʝ (ʢʦʛʜʘ ʪʝʪʨʘʵʜʨʠʯʝʩʢʠʝ 

ʧʦʟʠʮʠʠ ʟʘʥʷʪʳ ɺ-ʢʘʪʠʦʥʘʤʠ, ʘ ʚ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʧʦʣʦʞʝʥʠʷʭ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʨʘʩʧʨʝʜʝʣʝʥʳ 
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ʦʩʪʘʚʰʠʝʩʷ ɺ- ʠ ʚʩʝ ɸ-ʢʘʪʠʦʥʳ) ʠ ʩʤʝʰʘʥʥʳʝ. ɺʘʞʥʳʤ ʬʘʢʪʦʨʦʤ, ʩʫʱʝʩʪʚʝʥʥʳʤ ʦʙʨʘʟʦʤ 

ʚʣʠʷʶʱʠʤ ʥʘ ʨʘʩʧʦʣʦʞʝʥʠʝ ʢʘʪʠʦʥʦʚ ʚ ʫʟʣʘʭ ʰʧʠʥʝʣʴʥʦʡ ʨʝʰʝʪʢʠ, ʷʚʣʷʝʪʩʷ ʨʘʜʠʫʩ ʢʘʪʠʦʥʦʚ. 

ʊʘʢ ʢʘʢ ʪʝʪʨʘʵʜʨʠʯʝʩʢʠʝ ʧʫʩʪʦʪʳ ʠʤʝʶʪ ʤʝʥʴʰʠʝ ʨʘʟʤʝʨʳ (0.227rO, ʛʜʝ rO ï ʨʘʜʠʫʩ ʘʥʠʦʥʘ 

ʢʠʩʣʦʨʦʜʘ), ʯʝʤ ʦʢʪʘʵʜʨʠʯʝʩʢʠʝ (0.414rO), ʚʝʩʴʤʘ ʚʝʨʦʷʪʥʳʤ ʷʚʣʷʝʪʩʷ ʨʘʟʤʝʱʝʥʠʝ ʚ ʥʠʭ ʠʦʥʦʚ ʩ 

ʤʝʥʴʰʠʤ ʨʘʜʠʫʩʦʤ. ʅʘʧʨʠʤʝʨ, ʪʨʝʭʟʘʨʷʜʥʳʝ ʢʘʪʠʦʥʳ ʞʝʣʝʟʘ ʦʙʳʯʥʦ ʤʝʥʴʰʝ ʜʚʫʭʟʘʨʷʜʥʳʭ 

ʢʘʪʠʦʥʦʚ ʜʨʫʛʠʭ ʤʝʪʘʣʣʦʚ, ʦʙʨʘʟʫʶʱʠʭ ʰʧʠʥʝʣʠ; ʵʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʠʭ ʨʘʩʧʦʣʦʞʝʥʠʶ ʚ 8a-ʫʟʣʘʭ 

ʠ ʦʙʨʘʟʦʚʘʥʠʶ ʦʙʨʘʱʝʥʥʳʭ ʰʧʠʥʝʣʝʡ.  

 

 ʈʠʩ.III.7. ʇʦʣʠʵʜʨʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʩʪʨʫʢʪʫʨʳ ʰʧʠʥʝʣʠ.  

 

ʈʠʩ.III.8. ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʬʝʨʨʠʪʦʚ-ʰʧʠʥʝʣʝʡ: ʘ ï ʵʣʝʤʝʥʪʘʨʥʘʷ ʷʯʝʡʢʘ, 

ʩʦʩʪʦʷʱʘʷ ʠʟ 8 ʦʢʪʘʥʪʦʚ; ʙ ï ʨʘʩʧʦʣʦʞʝʥʠʝ ʠʦʥʦʚ ʚ ʩʤʝʞʥʳʭ ʦʢʪʘʥʪʘʭ (ʙʝʣʳʝ ʠ ʯʝʨʥʳʝ 

ʢʨʫʞʢʠ ï ʠʦʥʳ ʢʠʩʣʦʨʦʜʘ ʠ ʤʝʪʘʣʣʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ); ʚ ï ʢʘʪʠʦʥ ʤʝʪʘʣʣʘ ʚ 

ʪʝʪʨʘʵʜʨʠʯʝʩʢʦʡ ʢʦʦʨʜʠʥʘʮʠʠ, ʛ - ʢʘʪʠʦʥ ʤʝʪʘʣʣʘ ʚ ʦʢʪʘʵʜʨʠʯʝʩʢʦʡ ʢʦʦʨʜʠʥʘʮʠʠ 

ʆʜʥʘʢʦ ʵʪʦ ʧʨʘʚʠʣʦ ʜʘʣʝʢʦ ʥʝ ʚʩʝʛʜʘ ʦʧʨʘʚʜʳʚʘʝʪʩʷ, ʥʘ ʧʨʘʢʪʠʢʝ ʯʘʩʪʦ ʥʘʙʣʶʜʘʝʪʩʷ 

ʦʙʨʘʪʥʘʷ ʢʘʨʪʠʥʘ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʧʨʝʜʧʦʯʪʝʥʠʝʤ ʨʷʜʘ ʢʘʪʠʦʥʦʚ ʢ ʦʧʨʝʜʝʣʝʥʥʦʤʫ ʪʠʧʫ 

ʢʦʦʨʜʠʥʘʮʠʠ. ʅʘʧʨʠʤʝʨ, ʠʦʥʘʤ Zn2+ ʠ Cd2+ ʵʥʝʨʛʝʪʠʯʝʩʢʠ ʚʳʛʦʜʥʝʝ ʟʘʥʠʤʘʪʴ ʪʝʪʨʘʵʜʨʠʯʝʩʢʠʝ 

ʫʟʣʳ, ʘ ʢʘʪʠʦʥʳ Ni2+ ʠ Cr3+ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʫʟʣʘʭ, ʯʪʦ ʩʚʷʟʘʥʦ 

ʩ ʵʣʝʢʪʨʦʥʥʳʤ ʩʪʨʦʝʥʠʝʤ ʪʝʭ ʠ ʜʨʫʛʠʭ. ʂʦʣʠʯʝʩʪʚʝʥʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʠʦʥʦʚ ʚ 
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ʪʦʤ ʠʣʠ ʠʥʦʤ ʦʢʨʫʞʝʥʠʠ ʷʚʣʷʝʪʩʷ ʵʥʝʨʛʠʷ ʩʪʘʙʠʣʠʟʘʮʠʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʤ ʧʦʣʝʤ (ʕʉʂʇ). ʆʥʘ 

ʤʦʞʝʪ ʙʳʪʴ ʦʮʝʥʝʥʘ ʩ ʧʦʟʠʮʠʡ ʪʝʦʨʠʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʧʦʣʷ ʢʘʢ ʕʉʂʇʦʢʪ. = 

ge nn ʦʢʪʦʢʪ ÖD-ÖD ..
5

3

5

2
 ʠ ʕʉʂʇʪʝʪʨ. = 

eg nn ʪʝʪʨʪʝʪʨ ÖD-ÖD ..
5

2

5

3
, ʛʜʝ D - ʧʘʨʘʤʝʪʨ ʨʘʩʱʝʧʣʝʥʠʷ, n ï 

ʯʠʩʣʦ ʵʣʝʢʪʨʦʥʦʚ ʥʘ de- ʠ dg-ʦʨʙʠʪʘʣʷʭ. ʈʘʟʥʦʩʪʴ ʤʝʞʜʫ ʵʥʝʨʛʠʷʤʠ ʩʪʘʙʠʣʠʟʘʮʠʠ ʢʘʪʠʦʥʘ ʚ 

ʦʢʪʘʵʜʨʠʯʝʩʢʦʤ ʠ ʪʝʪʨʘʵʜʨʠʯʝʩʢʦʤ ʫʟʣʘʭ ʩʣʫʞʠʪ ʤʝʨʦʡ ʧʨʝʜʧʦʯʪʝʥʠʷ ʢʘʪʠʦʥʘ ʢ ʪʦʤʫ ʠʣʠ ʠʥʦʤʫ 

ʦʢʨʫʞʝʥʠʶ ʠ ʥʘʟʳʚʘʝʪʩʷ ʵʥʝʨʛʠʝʡ ʧʨʝʜʧʦʯʪʝʥʠʷ.  

ɺ ʪʘʙʣʠʮʝ III.4 ʧʨʝʜʩʪʘʚʣʝʥʳ ʟʥʘʯʝʥʠʷ ʠʦʥʥʳʭ ʨʘʜʠʫʩʦʚ [254, 255], ʵʥʝʨʛʠʡ ʩʪʘʙʠʣʠʟʘʮʠʠ 

ʠ ʧʨʝʜʧʦʯʪʝʥʠʷ ʢ ʦʢʪʘʵʜʨʠʯʝʩʢʦʡ ʢʦʦʨʜʠʥʘʮʠʠ ʜʣʷ ʥʝʢʦʪʦʨʳʭ ʠʦʥʦʚ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ (ʧʦ 

ʜʘʥʥʳʤ ʨʘʙʦʪʳ [246]).  

ʊʘʙʣʠʮʘ III.4. ʀʦʥʥʳʝ ʨʘʜʠʫʩʳ, ʵʥʝʨʛʠʠ ʩʪʘʙʠʣʠʟʘʮʠʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʤ ʧʦʣʝʤ (ʕʉʂʇ) ʠ 

ʧʨʝʜʧʦʯʪʝʥʠʷ ʢ ʦʢʪʘʵʜʨʠʯʝʩʢʦʡ ʢʦʦʨʜʠʥʘʮʠʠ ʜʣʷ ʨʷʜʘ ʢʘʪʠʦʥʦʚ 
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ʪ
ʨ
ʦ
ʥ
ʥ
ʘ
ʷ
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ʦ
ʥ
ʬ
ʠ
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ʫ
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ʠ
ʷ

 ʀʦʥʥʳʡ ʨʘʜʠʫʩ, ʥʤ ɼʘʥʥʳʝ ʄʘʢ-ʂʣʶʨʘ 
ɼʘʥʥʳʝ ɼʫʥʠʪʮʘ ʠ 

ʆʨʛʝʣʷ 

ʦʢʪ.  ʪʝʪʨ. 
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ʦʢʪ. ʪʝʪʨ. ʦʢʪ. ʪʝʪʨ. 

Ti3+ d1 0.81 - 96.7 64.5 32.2 87.5 58.6 28.9 

V3+ d2 0.78 - 128.5 120.2 8.3 160.4 106.8 53.6 

V2+ d3 0.93 - 168.3 36.4 131.9 - - - 

Cr3+ d3 0.755 - 251.2 55.7 195.5 224.8 67.0 157.8 

Cr2+ d4 0.94(ʚʩ) - 100.5 29.3 71.2 - - - 

Mn3+ d4 0.785(ʚʩ) - 150.3 44.4 105.9 135.7 40.2 95.5 

Fe2+ d6 0.92(ʚʩ) 0.77 47.7 31.4 16.3 49.8 33.1 16.7 

Co2+ d7 0.885(ʚʩ) - 71.6 62.8 8.8 92.9 62.0 30.9 

Ni2+ d8 0.83 0.69 122.7 27.2 95.5 122.3 36.0 86.3 

Cu2+ d9 0.87 0.71 92.9 27.6 65.3 90.4 26.8 63.6 

1ʚʩ - ʚʳʩʦʢʦʩʧʠʥʦʚʳʡ 
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ɼʣʷ ʬʝʨʨʠʪʦʚ-ʰʧʠʥʝʣʝʡ ʭʘʨʘʢʪʝʨʥʳ ʬʝʨʨʠʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ. ʄʘʛʥʠʪʥʳʝ ʠʦʥʳ ʚ ɸ- ʠ 

ɺ-ʧʦʜʨʝʰʝʪʢʘʭ ʦʙʨʘʟʫʶʪ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʜʚʝ ʤʘʛʥʠʪʥʳʝ ʧʦʜʨʝʰʝʪʢʠ. ʄʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ 

ʬʝʨʨʠʪʦʚ ʦʧʨʝʜʝʣʷʶʪʩʷ ʥʝʩʢʦʤʧʝʥʩʠʨʦʚʘʥʥʳʤʠ ʤʘʛʥʠʪʥʳʤʠ ʩʧʠʥʘʤʠ d-ʵʣʝʢʪʨʦʥʦʚ ʠʦʥʦʚ 

ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ. ɺ ʨʝʰʝʪʢʝ ʰʧʠʥʝʣʠ ʦʥʠ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʯʝʨʝʟ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʵʣʝʢʪʨʦʥʥʦʡ ʦʙʦʣʦʯʢʦʡ ʠʦʥʦʚ ʢʠʩʣʦʨʦʜʘ (ʢʦʩʚʝʥʥʦʝ ʠʣʠ ʩʚʝʨʭʦʙʤʝʥʥʦʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ). ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʚʝʨʭʦʙʤʝʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʧʠʥʳ d-ʵʣʝʢʪʨʦʥʦʚ 

ʦʨʠʝʥʪʠʨʫʶʪʩʷ ʘʥʪʠʧʘʨʘʣʣʝʣʴʥʦ. ʄʝʞʜʫ ʢʘʪʠʦʥʘʤʠ, ʥʘʭʦʜʷʱʠʤʠʩʷ ʚ ʫʟʣʘʭ ʢʘʞʜʦʡ ʠʟ ʵʪʠʭ ʜʚʫʭ 

ʧʦʜʨʝʰʝʪʦʢ, ʩʫʱʝʩʪʚʫʝʪ ʩʠʣʴʥʦʝ ʦʙʤʝʥʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ. 

ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʬʝʨʨʠʪʦʚ ʠʦʥʳ ʨʘʟʥʳʭ ʩʦʨʪʦʚ ʚ ɺ-ʧʦʟʠʮʠʷʭ ʨʘʩʧʨʝʜʝʣʝʥʳ ʩʪʘʪʠʩʪʠʯʝʩʢʠ, 

ʧʨʠ ʵʪʦʤ ʤʘʛʥʠʪʥʳʝ ʤʦʤʝʥʪʳ ʜʚʫʭ ʢʘʪʠʦʥʥʳʭ ʧʦʜʨʝʰʝʪʦʢ ʪʦʞʝ ʥʝʦʜʠʥʘʢʦʚʳ, ʠ ʩʫʤʤʘʨʥʳʡ 

ʤʘʛʥʠʪʥʳʡ ʤʦʤʝʥʪ ʚ ʦʜʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʤʦʞʝʪ ʦʢʘʟʘʪʴʩʷ ʙʦʣʴʰʝ, ʯʝʤ ʚ ʘʥʪʠʧʘʨʘʣʣʝʣʴʥʦʤ 

ʥʘʧʨʘʚʣʝʥʠʠ. ʈʝʟʫʣʴʪʠʨʫʶʱʘʷ ʩʧʦʥʪʘʥʥʘʷ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ ʙʫʜʝʪ ʨʘʚʥʘ ʨʘʟʥʦʩʪʠ ʤʝʞʜʫ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʷʤʠ ɸ- ʠ ɺ-ʧʦʜʨʝʰʝʪʦʢ. ʕʪʦ ʧʨʦʩʪʝʡʰʠʡ ʩʣʫʯʘʡ ʬʝʨʨʠʤʘʛʥʝʪʠʟʤʘ. ʆʯʝʚʠʜʥʦ, 

ʯʪʦ ʜʣʷ ʦʙʨʘʱʝʥʥʦʡ ʰʧʠʥʝʣʠ ʨʝʟʫʣʴʪʠʨʫʶʱʘʷ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ ʨʘʚʥʘ ʤʘʛʥʠʪʥʦʤʫ ʤʦʤʝʥʪʫ 

ʠʦʥʘ ʜʚʫʭʚʘʣʝʥʪʥʦʛʦ ʤʝʪʘʣʣʘ ʚ ɺ-ʧʦʜʨʝʰʝʪʢʝ. 

ʍʘʨʘʢʪʝʨ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʘʪʠʦʥʦʚ ʧʦ ɸ- ʠ ɺ-ʧʦʟʠʮʠʷʤ (ʠ ʩʚʦʡʩʪʚʘ ʬʝʨʨʠʪʦʚ) ʟʘʚʠʩʠʪ ʦʪ 

ʪʝʭʥʦʣʦʛʠʠ ʠʟʛʦʪʦʚʣʝʥʠʷ ʬʝʨʨʠʪʦʚ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʢʘʪʠʦʥʦʚ ʧʦ ɸ- ʠ ɺ-ʧʦʟʠʮʠʷʤ 

ʩʫʱʝʩʪʚʝʥʥʳʤ ʦʙʨʘʟʦʤ ʚʣʠʷʝʪ ʥʘ ʩʚʦʡʩʪʚʘ ʤʘʪʝʨʠʘʣʦʚ. ʅʘʧʨʠʤʝʨ, ʩʦʩʪʘʚ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ 

Ni1-ʭZnxFe2O4 ʩ ʫʯʝʪʦʤ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʧʨʝʜʧʦʯʪʝʥʠʡ ʥʠʢʝʣʷ, ʮʠʥʢʘ ʠ ʞʝʣʝʟʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

ʢ ʦʢʪʘʵʜʨʠʯʝʩʢʠʤ, ʪʝʪʨʘʵʜʨʠʯʝʩʢʠʤ ʠ ʩʤʝʰʘʥʥʳʤ ʧʦʟʠʮʠʷʤ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʢʘʢ 

(Zn2+xFe3+1-x)[Ni2+1-xFe3+1+x]O4. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʚʭʦʞʜʝʥʠʝ ʮʠʥʢʘ (ʫʚʝʣʠʯʝʥʠʝ ʭ) ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ 

ʨʝʰʝʪʢʫ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʚʳʪʝʩʥʝʥʠʝʤ ʞʝʣʝʟʘ ʚ ʦʢʪʘʵʜʨʠʯʝʩʢʠʝ ʧʦʟʠʮʠʠ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ 

ʫʤʝʥʴʰʘʝʪʩʷ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ ʪʝʪʨʘʵʜʨʠʯʝʩʢʦʡ (ɸ) ʧʦʜʨʝʰʝʪʢʠ ʠ ʩʥʠʞʘʝʪʩʷ ʩʪʝʧʝʥʴ 

ʢʦʤʧʝʥʩʘʮʠʠ ʤʘʛʥʠʪʥʳʭ ʤʦʤʝʥʪʦʚ ʢʘʪʠʦʥʦʚ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʨʘʟʣʠʯʥʳʭ ʧʦʜʨʝʰʝʪʢʘʭ (ɸ ʠ ɺ). ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʚʦʟʥʠʢʘʝʪ ʦʯʝʥʴ ʠʥʪʝʨʝʩʥʳʡ ʵʬʬʝʢʪ: ʫʚʝʣʠʯʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʝʤʘʛʥʠʪʥʦʛʦ 

ʢʘʪʠʦʥʘ (Zn2+) ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʥʘʩʳʱʝʥʠʷ (ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠ ɺs) 

ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ. ʆʜʥʘʢʦ ʨʘʟʙʘʚʣʝʥʠʝ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ ʥʝʤʘʛʥʠʪʥʳʤ ʬʝʨʨʠʪʦʤ ʚʳʟʳʚʘʝʪ 

ʦʩʣʘʙʣʝʥʠʝ ʦʩʥʦʚʥʦʛʦ ʦʙʤʝʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʪʠʧʘ ɸ-ʆ-ɺ, ʯʪʦ ʚʳʨʘʞʘʝʪʩʷ ʚ ʤʦʥʦʪʦʥʥʦʤ 

ʩʥʠʞʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʂʶʨʠ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʤʦʣʴʥʦʡ ʜʦʣʠ ZnFe2O4. ʆʩʣʘʙʣʝʥʠʝ ʦʙʤʝʥʥʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʢʘʪʠʦʥʘʤʠ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʩʦʜʝʨʞʘʥʠʷ ʥʝʤʘʛʥʠʪʥʦʛʦ ʢʘʪʠʦʥʘ ʧʨʠʚʦʜʠʪ 

ʢ ʫʤʝʥʴʰʝʥʠʶ ʢʦʥʩʪʘʥʪ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʡ ʘʥʠʟʦʪʨʦʧʠʠ ʠ ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʠ. ɹʣʘʛʦʜʘʨʷ 

ʵʪʦʤʫ ʦʙʣʝʛʯʘʝʪʩʷ ʧʝʨʝʤʘʛʥʠʯʠʚʘʥʠʝ ʬʝʨʨʠʤʘʛʥʝʪʠʢʘ ʚ ʩʣʘʙʳʭ ʧʦʣʷʭ, ʪ.ʝ. ʚʦʟʨʘʩʪʘʝʪ ʥʘʯʘʣʴʥʘʷ 

ʤʘʛʥʠʪʥʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ. ʀʪʘʢ, ʬʝʨʨʠʪʳ ʩ ʚʳʩʦʢʦʡ ʥʘʯʘʣʴʥʦʡ ʤʘʛʥʠʪʥʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʴʶ 

ʜʦʣʞʥʳ ʦʙʣʘʜʘʪʴ ʥʝʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ ʂʶʨʠ. ʂʨʦʤʝ ʪʦʛʦ, ʟʥʘʯʝʥʠʷ ʥʘʯʘʣʴʥʦʡ ʤʘʛʥʠʪʥʦʡ 

ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʠ ʢʦʵʨʮʠʪʠʚʥʦʡ ʩʠʣʳ ʦʧʨʝʜʝʣʷʶʪʩʷ ʥʝ ʪʦʣʴʢʦ ʩʦʩʪʘʚʦʤ ʤʘʪʝʨʠʘʣʘ, ʥʦ ʠ ʝʛʦ 
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ʩʪʨʫʢʪʫʨʦʡ. ʇʨʝʧʷʪʩʪʚʠʷʤʠ, ʤʝʰʘʶʱʠʤʠ ʩʚʦʙʦʜʥʦʤʫ ʧʝʨʝʤʝʱʝʥʠʶ ʜʦʤʝʥʥʳʭ ʛʨʘʥʠʮ ʧʨʠ 

ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʬʝʨʨʠʪ ʩʣʘʙʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʷʚʣʷʶʪʩʷ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʝ ʧʦʨʳ, ʚʢʣʶʯʝʥʠʷ 

ʧʦʙʦʯʥʳʭ ʬʘʟ, ʫʯʘʩʪʢʠ ʩ ʜʝʬʝʢʪʥʦʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʦʡ ʠ ʜʨ. ʋʩʪʨʘʥʝʥʠʝ ʵʪʠʭ 

ʩʪʨʫʢʪʫʨʥʳʭ ʙʘʨʴʝʨʦʚ, ʪʘʢʞʝ ʟʘʪʨʫʜʥʷʶʱʠʭ ʧʨʦʮʝʩʩ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ, ʧʦʟʚʦʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʦ 

ʧʦʚʳʩʠʪʴ ʤʘʛʥʠʪʥʫʶ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʤʘʪʝʨʠʘʣʘ. ɹʦʣʴʰʦʝ ʚʣʠʷʥʠʝ ʥʘ ʟʥʘʯʝʥʠʝ ʥʘʯʘʣʴʥʦʡ 

ʤʘʛʥʠʪʥʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʬʝʨʨʠʪʦʚ ʦʢʘʟʳʚʘʝʪ ʨʘʟʤʝʨ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʟʝʨʝʥ.  

ɼʣʷ ʵʣʝʢʪʨʦʘʢʫʩʪʠʯʝʩʢʠʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʧʨʠʤʝʥʷʶʪ ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʦʥʥʳʝ 

ʬʝʨʨʠʪʳ-ʰʧʠʥʝʣʠ ʥʘ ʦʩʥʦʚʝ NiFe2O4, ʢʦʪʦʨʳʝ ʦʙʣʘʜʘʶʪ ʜʦʩʪʘʪʦʯʥʦ ʭʦʨʦʰʠʤʠ ʢʦʥʩʪʘʥʪʘʤʠ 

ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʦʥʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ, ʚʳʩʦʢʦʡ ʤʝʭʘʥʠʯʝʩʢʦʡ ʜʦʙʨʦʪʥʦʩʪʴʶ, ʢʦʨʨʦʟʠʦʥʥʦʡ 

ʩʪʦʡʢʦʩʪʴʶ. ɼʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʭ ʬʠʣʴʪʨʘʭ, ʨʝʟʦʥʘʪʦʨʘʭ ʧʫʪʸʤ 

ʤʦʜʠʬʠʢʘʮʠʠ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʬʝʨʨʠʪʘ ʥʠʢʝʣʷ ʩʦʟʜʘʥʳ ʦʙʨʘʟʮʳ ʢʝʨʘʤʠʯʝʩʢʠʭ ʬʝʨʨʠʪʦʚ ʩ 

ʜʦʙʨʦʪʥʦʩʪʴʶ ʙʦʣʝʝ 5000 ʠ ʚʝʩʴʤʘ ʤʘʣʳʤʠ ʪʝʤʧʝʨʘʪʫʨʥʳʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ ʨʝʟʦʥʘʥʩʥʦʡ 

ʯʘʩʪʦʪʳ ʩʝʨʜʝʯʥʠʢʦʚ. ʆʥʠ ʧʨʠʤʝʥʷʶʪʩʷ ʥʘ ʯʘʩʪʦʪʘʭ ʦʪ 104 ʜʦ 106 ɻʮ. 

ɺ ʪʘʙʣʠʮʘʭ III.5-III.6 ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʚʦʡʩʪʚʘ ʬʝʨʨʠʪʦʚ-h ʧʠʥʝʣʝʡ.  

ʊʘʙʣʠʮʘ III.5. ʉʪʘʪʠʯʝʩʢʠʝ ʢʦʥʩʪʘʥʪʳ ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʠ 

ʬʝʨʨʠʪʦʚ ʚ ʧʦʣʷʭ ʥʘʩʳʱʝʥʠʷ  

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 300ʂ̄ [99, 137] 

 lsĿ10
6 

Fe3O4 41 

NiFe2O4 -26 

CuFe2O4 -15 

MgFe2O4 -6 

MnFe2O4 -5 

Li 0,5Fe2,5O4 -8 

Co0,8Fe2,2O4 -210 

 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʚ ʢʘʯʝʩʪʚʝ ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʦʥʥʳʭ ʬʘʟ ʄʕ ʢʦʤʧʦʟʠʪʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ 

ʪʚʝʨʜʳʝ ʨʘʩʪʚʦʨʳ ʥʘ ʦʩʥʦʚʝ ʬʝʨʨʠʪʘ ʥʠʢʝʣʷ ʩ ʥʝʙʦʣʴʰʠʤʠ ʜʦʙʘʚʢʘʤʠ ʜʨʫʛʠʭ ʠʦʥʦʚ (ʢʦʙʘʣʴʪʘ, 

ʤʝʜʠ, ʤʘʨʛʘʥʮʘ). ʀʟʚʝʩʪʥʦ, ʯʪʦ ʜʦʙʘʚʢʘ ʬʝʨʨʠʪʘ ʢʦʙʘʣʴʪʘ ʥʝ ʙʦʣʝʝ 2 ʤʦʣ.% ʩʫʱʝʩʪʚʝʥʥʦ 

ʧʦʚʳʰʘʝʪ ʜʠʥʘʤʠʯʝʩʢʠʝ ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʦʥʥʳʝ ʧʘʨʘʤʝʪʨʳ ʬʝʨʨʠʪʘ ʥʠʢʝʣʷ ʟʘ ʩʯʝʪ ʢʦʤʧʝʥʩʘʮʠʠ 

ʤʘʛʥʠʪʦʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʡ ʘʥʠʟʦʪʨʦʧʠʠ, ʭʦʪʷ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʚʣʠʷʝʪ ʥʘ ʩʪʘʪʠʯʝʩʢʫʶ 

ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʶ [140]. ʋʚʝʣʠʯʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʦʙʘʣʴʪʘ ʧʨʠʚʦʜʠʪ ʢ ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʨʦʩʪʫ 

ʢʦʥʩʪʘʥʪʳ ʩʪʘʪʠʯʝʩʢʦʡ ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʠ, ʥʦ ʧʨʠ ʵʪʦʤ ʬʝʨʨʠʪ ʩʪʘʥʦʚʠʪʩʷ ʙʦʣʝʝ ʤʘʛʥʠʪʦʞʸʩʪʢʠʤ.  
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ʇʨʠ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʤ ʩʧʝʢʘʥʠʠ ʯʘʩʪʴ ʠʦʥʦʚ ʪʨʸʭʚʘʣʝʥʪʥʦʛʦ ʞʝʣʝʟʘ ʤʦʞʝʪ 

ʧʝʨʝʭʦʜʠʪʴ ʚ ʜʚʫʭʚʘʣʝʥʪʥʦʝ ʩʦʩʪʦʷʥʠʝ. ɺʦ ʠʟʙʝʞʘʥʠʝ ʵʪʦʛʦ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʩʥʠʞʘʪʴ ʢʦʣʠʯʝʩʪʚʦ 

Fe2O3 ʚ ʠʩʭʦʜʥʦʡ ʰʠʭʪʝ ʠ ʩʧʝʢʘʪʴ ʬʝʨʨʠʪʳ-h ʧʠʥʝʣʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʥʝ ʚʳʰʝ 1200-12500ʉ. 

ʇʦʷʚʣʝʥʠʝ ʠʦʥʦʚ ʞʝʣʝʟʘ (II) (ʠʥʳʤʠ ʩʣʦʚʘʤʠ, ʦʙʨʘʟʦʚʘʥʠʝ ʤʘʛʥʝʪʠʪʘ Fe3O4) ʩʧʦʩʦʙʩʪʚʫʝʪ ʪʘʢʞʝ 

ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʩʥʠʞʝʥʠʶ ʣʠʥʝʡʥʦʡ ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʠ ʥʘʩʳʱʝʥʠʷ ls ʬʝʨʨʠʪʦʚ, ʪʘʢ ʢʘʢ 

ʙʦʣʴʰʠʥʩʪʚʦ ʠʟ ʥʠʭ ʚ ʦʪʣʠʯʠʝ ʦʪ ʤʘʛʥʝʪʠʪʘ ʠʤʝʶʪ ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ls (ʪʘʙʣʠʮʘ III.5). 

ʅʝʜʦʩʪʘʪʦʢ ʞʝʣʝʟʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʤ ʩʦʩʪʘʚʦʤ ʠ ʟʘʤʝʱʝʥʠʝ ʯʘʩʪʠ ʠʦʥʦʚ 

ʞʝʣʝʟʘ ʢʦʙʘʣʴʪʦʤ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʣʫʯʝʥʠʶ ʬʝʨʨʠʪʘ ʥʠʢʝʣʷ ʩ ʫʜʝʣʴʥʳʤ ʵʣʝʢʪʨʠʯʝʩʢʠʤ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʙʦʣʝʝ 1010 ʆʤĿʩʤ [135]. ʉ ʮʝʣʴʶ ʧʦʚʳʰʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ʯʘʩʪʴ ʞʝʣʝʟʘ ʤʦʞʝʪ ʙʳʪʴ ʟʘʤʝʱʝʥʘ ʤʘʨʛʘʥʮʝʤ [140]. ʎʝʣʝʩʦʦʙʨʘʟʥʳʤ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʪʘʢʞʝ 

ʣʝʛʠʨʦʚʘʥʠʝ ʬʝʨʨʠʪʘ ʥʝʙʦʣʴʰʠʤʠ ʜʦʙʘʚʢʘʤʠ ʦʢʩʠʜʘ ʤʝʜʠ, ʩʥʠʞʘʶʱʝʛʦ ʪʝʤʧʝʨʘʪʫʨʫ ʩʧʝʢʘʥʠʷ ʠ 

ʫʣʫʯʰʘʶʱʝʛʦ ʄC ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʬʝʨʨʠʪʘ ʥʠʢʝʣʷ [140].  

ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʬʝʨʨʠʪʳ ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʰʧʠʥʝʣʠ ʫʞʝ ʜʘʚʥʦ ʥʘʰʣʠ ʰʠʨʦʢʦʝ 

ʧʨʠʤʝʥʝʥʠʝ ʚ ʤʦʱʥʳʭ ʩʠʩʪʝʤʘʭ ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʦʯʠʩʪʢʠ ʠ ʤʝʪʘʣʣʦʦʙʨʘʙʦʪʢʠ, ʘʧʧʘʨʘʪʘʭ ʜʣʷ 

ʩʚʘʨʠʚʘʥʠʷ ʧʦʣʠʤʝʨʦʚ, ʧʨʠʙʦʨʘʭ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ɻʕʉ ʠ ʊʕʎ, ʚ 

ʩʚʝʨʭʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʧʨʠʝʤʥʠʢʘʭ ʟʚʫʢʘ, ʤʝʭʘʥʠʟʤʘʭ ʤʠʢʨʦ- ʠ ʥʘʥʦʧʝʨʝʤʝʱʝʥʠʡ ʜʣʷ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ, ʥʘʫʯʥʦʛʦ ʠ ʤʝʜʠʮʠʥʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʜʨ., ʧʦʠʩʢ ʥʦʚʳʭ 

ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʭ ʩʦʩʪʘʚʦʚ ʧʨʦʜʦʣʞʘʝʪʩʷ. ʅʘʧʨʠʤʝʨ, ʘʚʪʦʨʘʤʠ [247] ʟʘʧʘʪʝʥʪʦʚʘʥ ʤʝʪʦʜ 

ʧʦʣʫʯʝʥʠʷ ʮʝʣʦʛʦ ʨʷʜʘ ʬʝʨʨʠʪʦʚ ʵʪʦʛʦ ʢʣʘʩʩʘ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʟʥʘʯʝʥʠʷ ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʠ, 

ʧʨʝʚʳʰʘʶʱʝʝ -26Ŀ10-6 (ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʷ NiFe2O4), ʨʘʙʦʯʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʦʪ -70 ʜʦ 600Áʉ, ʘ ʪʘʢʞʝ 

ʊʘʙʣʠʮʘ III.6. ʆʩʥʦʚʥʳʝ ʩʚʦʡʩʪʚʘ ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ʬʝʨʨʠʪʘ 

ʥʠʢʝʣʷ: Ni,Co,Cu-ʬʝʨʨʠʪʘ (1) [99], NiFe2O4 (2), Ni0,5Zn0,5Fe2O4 (3), Ni0,98Co0,02Fe2O4 (4) [136]. 

 1 2 3 4 

ʂʦʵʬʬʠʮʠʝʥʪ ʤʘʛʥʠʪʦʤʝʭʘʥʠʯʝʩʢʦʡ ʩʚʷʟʠ k 0.2-0.32 - - - 

ʄʘʛʥʠʪʥʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ m 20 44 330 73 

ʄʘʛʥʠʪʦʩʪʨʠʢʮʠʦʥʥʘʷ ʧʦʩʪʦʷʥʥʘʷ ʘ=(ds/dB)Ŀ107, 

ʅ/ʤ2 ʊʣ 

2.2 0.9-2.0 0.2-0.5 1.0-2.8 

ʄʘʛʥʠʪʦʩʪʨʠʢʮʠʦʥʥʘʷ ʧʦʩʪʦʷʥʥʘʷ L=(dB/ds)Ŀ103, 

ʤ2ʊʣ/ʅ 

- 2.2 3.9 5.8 

ʉʪʘʪʠʯʝʩʢʘʷ ʢʦʥʩʪʘʥʪʘ ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʠ lsĿ10
6 (-26)-(-30) -26 -9 -26 

ʂʦʵʨʮʠʪʠʚʥʘʷ ʩʠʣʘ ʅ, ɸ/ʤ - 20 30 60 

ʋʜʝʣʴʥʦʝ ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ r, ʆʤĿʩʤ 107 106 106 106 
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ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʚʳʩʦʢʦʡ ʥʘʛʨʫʟʦʯʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ. ʉʦʩʪʘʚʳ ʠ ʩʚʦʡʩʪʚʘ ʥʘʠʙʦʣʝʝ 

ʵʬʬʝʢʪʠʚʥʳʭ ʠʟ ʥʠʭ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ III.7.  

ʇʦʣʫʯʝʥʠʝ ʬʝʨʨʠʪʦʚ ʚ ʨʘʙʦʪʝ [247] ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʪʨʘʜʠʮʠʦʥʥʳʤ ʪʚʝʨʜʦʬʘʟʥʳʤ 

ʩʧʦʩʦʙʦʤ, ʧʨʠ ʵʪʦʤ ʩʤʝʰʝʥʠʝ ʦʢʩʠʜʦʚ ʠ ʧʝʨʚʳʡ ʧʦʤʦʣ ʧʨʦʚʦʜʷʪʩʷ ʚ ʰʘʨʦʚʦʡ ʤʝʣʴʥʠʮʝ ʚ ʪʝʯʝʥʠʝ 

4 ʯʘʩʦʚ. ʉʪʘʜʠʶ ʬʝʨʨʠʪʠʟʘʮʠʠ ʧʨʦʚʦʜʷʪ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1000Áʉ ʚ ʪʝʯʝʥʠʝ 4 ʯʘʩʦʚ. ɺʪʦʨʦʡ 

ʧʦʤʦʣ ʧʨʦʚʦʜʷʪ ʚ ʰʘʨʦʚʦʡ ʤʝʣʴʥʠʮʝ ʚ ʪʝʯʝʥʠʝ 10 ʯʘʩʦʚ. ɼʦʧʦʣʥʠʪʝʣʴʥʦʝ ʚʚʝʜʝʥʠʝ ʩʫʣʴʬʘʪʘ 

ʘʤʤʦʥʠʷ ʚ ʢʦʣʠʯʝʩʪʚʝ 5% ʦʪ ʤʘʩʩʳ ʧʦʨʦʰʢʘ ʧʦʟʚʦʣʷʝʪ ʘʢʪʠʚʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩ ʩʠʥʪʝʟʘ. 

ʌʝʨʨʠʪʦʚʳʝ ʠʟʜʝʣʠʷ ʧʦʣʫʯʘʶʪ ʠʟ ʦʪʩʠʥʪʝʟʠʨʦʚʘʥʥʦʛʦ ʧʦʨʦʰʢʘ ʧʫʪʝʤ ʦʭʣʘʞʜʝʥʠʷ ʚ ʧʦʩʪʦʷʥʥʦʤ 

ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʩʠʥʪʝʟʘ ʜʦ 100Áʉ. 

 III .2.2. ɾʝʣʝʟʦ-ʠʪʪʨʠʝʚʳʡ ʛʨʘʥʘʪ 

ɾʝʣʝʟʦ-ʠʪʪʨʠʝʚʳʡ ʛʨʘʥʘʪ (ɾʀɻ) ʧʨʠʥʘʜʣʝʞʠʪ ʢ ʩʝʤʝʡʩʪʚʫ ʩʦʝʜʠʥʝʥʠʡ ʩ ʦʙʱʝʡ ʬʦʨʤʫʣʦʡ 

R3M5O12, ʛʜʝ R ð ʢʨʫʧʥʳʝ ʜʚʫʭ- ʠ ʪʨʝʭʟʘʨʷʜʥʳʝ ʢʘʪʠʦʥʳ ʣʘʥʪʘʥʦʠʜʦʚ ʠʣʠ Y, M - Ga, Al, Fe ʠ 

ʜʨʫʛʠʝ ʪʨʝʭ- ʠʣʠ ʯʝʪʳʨʝʭʟʘʨʷʜʥʳʝ ʢʘʪʠʦʥʳ, ʩʢʣʦʥʥʳʝ ʢ ʦʢʪʘ- ʠ ʪʝʪʨʘʵʜʨʠʯʝʩʢʦʡ ʢʦʦʨʜʠʥʘʮʠʠ. 

ʆʥʠ ʠʟʦʤʦʨʬʥʳ ʧʨʠʨʦʜʥʦʤʫ ʤʠʥʝʨʘʣʫ - ʘʣʶʤʦʩʠʣʠʢʘʪʫ ʢʘʣʴʮʠʷ Ca3Al2(SiO4)3. 

ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʛʨʫʧʧʘ ʛʨʘʥʘʪʦʚ ʆh
10 = Ia3d, ʪʦʯʝʯʥʘʷ m3m. ʕʣʝʤʝʥʪʘʨʥʘʷ ʷʯʝʡʢʘ 

(ʨʠʩ.III.9-III.10) ʩʦʜʝʨʞʠʪ 8 ʬʦʨʤʫʣʴʥʳʭ ʝʜʠʥʠʮ R3Me5O12 (160 ʠʦʥʦʚ). ɺ ʝʝ ʩʦʩʪʘʚ ʚʭʦʜʠʪ 

ʊʘʙʣʠʮʘ III.7. ʌʝʨʨʠʪʳ-ʰʧʠʥʝʣʠ ʩ ʚʳʩʦʢʠʤʠ ʢʦʥʩʪʘʥʪʘʤʠ ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʠ  

(ʧʦ ʜʘʥʥʳʤ ʨʘʙʦʪʳ [247]) 

 ʉʦʩʪʘʚ ʰʠʭʪʳ (ʤʘʩʩ.%) lsĿ10
6 

ɼʠʘʧʘʟʦʥ ʨʘʙʦʯʠʭ 

ʪʝʤʧʝʨʘʪʫʨ 

1.  NiO ï 30.47, ZnO ï 0.49, Fe2O3 ï 69.04 28.5 0-570 

2.  CoO ï 25.64, Fe2O3 ï 74.56 -164 -40-500 

3.  NiO ï 31.87, Fe2O3 ï 68.13 25.2 -60-570 

4.  CuO ï 33.25, Fe2O3 ï 66.75 -20.18 -20-150 

5.  Li 2O ï 3.61, Fe2O3 ï 96.39 -12.65 -20-100 

6.  MnO ï 18.17, Fe2O3 ï 81.83 25 -40-120 

7.  ZnO ï 6.54, MnO ï 6.7, Fe2O3 ï 88.77 21.4 -40-120 

8.  MgO ï 13.42, MnO ï 38.01, Fe2O3 ï 48.57 18.14 -40-120 

9.  CoO ï 3.2, NiO ï 28.68, Fe2O3 ï 68.12 -66.76 -60-570 

10.  TiO2 ï 4.86, Fe2O3 ï 95.14 108.4 -20-100 

11.  TiO2 ï 22.3, Fe2O3 ï 77.7 123.2 -20-100 
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96 ʘʪʦʤʦʚ ʢʠʩʣʦʨʦʜʘ, ʢʦʪʦʨʳʝ ʦʙʨʘʟʫʶʪ ʆʎʂ ʜʚʫʭʩʣʦʡʥʫʶ ʫʧʘʢʦʚʢʫ ʠ ʟʘʥʠʤʘʶʪ ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ 

h-ʧʦʣʦʞʝʥʠʷ.  

 

ʈʠʩ.III.9. ʇʦʣʠʵʜʨʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʩʪʨʫʢʪʫʨʳ ʛʨʘʥʘʪʘ 

 

ʈʠʩ.III.10. ʌʨʘʛʤʝʥʪ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʛʨʘʥʘʪʘ. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʠʦʥʦʚ Fe3+ ʠ Y3+ 

ʚʦʢʨʫʛ ʘʥʠʦʥʘ ʢʠʩʣʦʨʦʜʘ ʚ ʛʨʘʥʘʪʝ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʫʩʪʦʪ ʚ 1/8 ʝʛʦ ʷʯʝʡʢʠ, ʙʝʣʳʝ ʰʘʨʳ ï 16d, 

ʯʝʨʥʳʝ ï 24ʘ, ʧʝʨʝʯʝʨʢʥʫʪʳʝ ï 24ʩ. ʂʦʦʨʜʠʥʘʮʠʷ Y (ʜʦʜʝʢʘʵʜʨʠʯʝʩʢʘʷ) ʠ Fe (ʪʝʪʨʘ- ʠ 

ʦʢʪʘʵʜʨʠʯʝʩʢʘʷ). 
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ɺ ʩʣʫʯʘʝ ʢʘʪʠʦʥʦʚ ʚʳʜʝʣʷʶʪ ʪʨʠ ʪʠʧʘ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠ ʥʝʵʢʚʠʚʘʣʝʥʪʥʳʭ ʧʦʟʠʮʠʡ (ʚ 

ʨʘʩʯʝʪʝ ʥʘ ʦʜʥʫ ʵʣʝʤʝʥʪʘʨʥʫʶ ʷʯʝʡʢʫ): 24 ʪʨʠʛʦʥʘʣʴʥʦ-ʜʦʜʝʢʘʵʜʨʠʯʝʩʢʠʭ (ʩ-ʧʦʣʦʞʝʥʠʷ) ʩ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʤ ʯʠʩʣʦʤ (ʢ.ʯ.) = 8, ʟʘʥʠʤʘʝʤʳʝ ʢʨʫʧʥʳʤʠ ʢʘʪʠʦʥʘʤʠ R, 16 ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ 

(ʘ-ʧʦʣʦʞʝʥʠʷ) ʩ ʢ.ʯ. = 6 ʠ 24 ʪʝʪʨʘʵʜʨʠʯʝʩʢʠʭ (d-ʧʦʣʦʞʝʥʠʷ) ʩ ʢ.ʯ. = 4, ʢʦʪʦʨʳʝ ʟʘʥʷʪʳ ʢʘʪʠʦʥʘʤʠ 

ʄ, ʩʢʣʦʥʥʳʤʠ ʢ ʦʢʪʘ- ʠ ʪʝʪʨʘʵʜʨʠʯʝʩʢʦʡ ʢʦʦʨʜʠʥʘʮʠʠ. ʂʘʪʠʦʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚ ʩʪʨʫʢʪʫʨʝ 

ʛʨʘʥʘʪʘ ʧʦ ʩ-, ʘ- ʠ d-ʧʦʟʠʮʠʷʤ ʧʨʠʥʷʪʦ ʦʙʦʟʥʘʯʘʪʴ ʬʦʨʤʫʣʦʡ {R3}[M2]ʦʢʪ.(M3)ʪʝʪʨ.O12. ɺʩʝ 

ʢʠʩʣʦʨʦʜʥʳʝ ʧʦʣʠʵʜʨʳ ʚ ʩʪʨʫʢʪʫʨʝ ʛʨʘʥʘʪʘ ʠʩʢʘʞʝʥʳ, ʣʦʢʘʣʴʥʘʷ ʩʠʤʤʝʪʨʠʷ ʚʦ ʚʩʝʭ a-, c- ʠ 

d-ʧʦʣʦʞʝʥʠʷʭ ʥʝ ʷʚʣʷʝʪʩʷ ʩʪʨʦʛʦ ʢʫʙʠʯʝʩʢʦʡ, ʜʣʠʥʳ ʩʚʷʟʝʡ ʄ-ʆ ʚ ʪʝʪʨʘʵʜʨʘʭ ʠ ʦʢʪʘʵʜʨʘʭ ʥʝ 

ʨʘʚʥʳ ʜʨʫʛ ʜʨʫʛʫ. ʊʘʢ, ʦʢʪʘʵʜʨʠʯʝʩʢʠʝ ʧʦʣʦʞʝʥʠʷ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʪʨʠʛʦʥʘʣʴʥʦʡ ʩʠʤʤʝʪʨʠʝʡ, 

ʧʨʠʯʝʤ ʠʤʝʝʪʩʷ ʜʚʘ ʪʠʧʘ ʠʩʢʘʞʝʥʥʳʭ ʦʢʪʘʵʜʨʦʚ, ʧʦʚʝʨʥʫʪʳʭ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʝʡ <111> ʥʘ ʫʛʦʣ 

Ñ28,6.̄ ʊʝʪʨʘʵʜʨʳ ʨʘʟʚʝʨʥʫʪʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʝʡ <100> ʥʘ ʫʛʣʳ Ñ15,4,̄ ʪʦ ʝʩʪʴ ʦʙʨʘʟʫʶʪʩʷ ʜʚʘ 

ʪʠʧʘ ʥʝʵʢʚʠʚʘʣʝʥʪʥʳʭ ʧʦʣʦʞʝʥʠʡ. ʉʪʝʧʝʥʴ ʜʝʬʦʨʤʘʮʠʠ ʢʠʩʣʦʨʦʜʥʳʭ ʤʥʦʛʦʛʨʘʥʥʠʢʦʚ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦʣʦʞʝʥʠʝʤ ʠʦʥʦʚ ʢʠʩʣʦʨʦʜʘ, ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ ʧʨʠʥʘʜʣʝʞʠʪ ʜʚʫʤ ʜʦʜʝʢʘʵʜʨʘʤ, 

ʦʢʪʘʵʜʨʫ ʠ ʪʝʪʨʘʵʜʨʫ. ɺʜʦʣʴ ʦʩʝʡ <111> ʙʣʠʞʘʡʰʠʝ ʦʢʪʘʵʜʨʳ ʩʚʷʟʘʥʳ ʢʦʣʴʮʦʤ ʠʟ ʜʚʫʭ 

ʜʦʜʝʢʘʵʜʨʦʚ, ʣʝʞʘʱʠʭ ʥʘ ʧʣʦʩʢʦʩʪʷʭ {111} ʠ ʧʦʚʝʨʥʫʪʳ ʥʘ ʫʛʣʳ, ʙʣʠʟʢʠʝ ʢ 30.̄ ɼʣʷ ʛʨʘʥʘʪʦʚ 

ʭʘʨʘʢʪʝʨʥʳ ʙʦʣʴʰʘʷ ʠʟʦʤʦʨʬʥʘʷ ʝʤʢʦʩʪʴ (ʩʧʦʩʦʙʥʦʩʪʴ ʟʘʤʝʱʝʥʠʷ ʨʘʟʣʠʯʥʳʤʠ ʢʘʪʠʦʥʘʤʠ ʚ 

ʧʦʣʦʞʝʥʠʷʭ ʩ, ʘ ʠ d) ʠ ʟʘʥʷʪʦʩʪʴ ʚʩʝʭ ʢʘʪʠʦʥʥʳʭ ʧʦʟʠʮʠʡ.  

ʂʨʠʪʝʨʠʝʤ ʩʪʘʙʠʣʴʥʦʩʪʠ ʩʪʨʫʢʪʫʨ R3Fe5O12 ̫ ʚʣʷʝʪʩʷ ʩʦʦʪʥʦʰʝʥʠʝ ʠʦʥʥʳʭ ʨʘʜʠʫʩʦʚ 

r(R3+)/r(Fe3+) Ò 1.7. ʕʪʦ ʫʩʣʦʚʠʝ ʚʳʧʦʣʥʷʝʪʩʷ ʜʣʷ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ 

ʇʝʨʠʦʜʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ ɼ.ʀ.ʄʝʥʜʝʣʝʝʚʘ ʧʨʘʚʝʝ Nd, ʘ ʙʦʣʝʝ ʢʨʫʧʥʳʝ - La, Ce, Pr - ʤʦʛʫʪ ʣʠʰʴ 

ʯʘʩʪʠʯʥʦ ʟʘʤʝʱʘʪʴ ʜʦʜʝʢʘʵʜʨʠʯʝʩʢʠʝ ʧʦʟʠʮʠʠ.  

ɼʣʷ ʟʘʧʦʣʥʝʥʠʷ ʘ- ʠ d-ʧʦʜʨʝʰʝʪʦʢ ʢʨʦʤʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʚʝʣʠʯʠʥʳ ʠʦʥʥʦʛʦ ʨʘʜʠʫʩʘ 

ʢʘʪʠʦʥ ʜʦʣʞʝʥ ʦʙʣʘʜʘʪʴ ʩʬʝʨʠʯʝʩʢʦʡ ʩʠʤʤʝʪʨʠʝʡ ʵʣʝʢʪʨʦʥʥʳʭ ʦʙʦʣʦʯʝʢ ʚ ʦʩʥʦʚʥʦʤ ʩʦʩʪʦʷʥʠʠ. 

ʀʟ 3d-ɻ ʣʝʤʝʥʪʦʚ ʪʦʣʴʢʦ Fe3+ ʤʦʞʝʪ ʧʦʣʥʦʩʪʴʶ ʟʘʥʠʤʘʪʴ ʦʙʝ ʧʦʜʨʝʰʝʪʢʠ, ʧʦʩʢʦʣʴʢʫ ʚ ʦʩʥʦʚʥʦʤ 

ʩʦʩʪʦʷʥʠʠ ʠʤʝʝʪ ʨʘʚʥʳʡ ʥʫʣʶ ʦʨʙʠʪʘʣʴʥʳʡ ʤʦʤʝʥʪ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʤ ʧʦʣʝ ʠ ʦʢʪʘ-, ʠ 

ʪʝʪʨʘʵʜʨʠʯʝʩʢʦʡ ʩʠʤʤʝʪʨʠʠ. ʂʘʞʜʳʡ ʠʦʥ Fe3+ ʥʘʭʦʜʠʪʩʷ ʚ 3d5-ɻ ʣʝʢʪʨʦʥʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ʠ 

ʠʤʝʝʪ ʤʦʤʝʥʪ 5ɛɹ. ɼʣʷ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʠʦʥʳ ʞʝʣʝʟʘ ʟʘʤʝʱʘʶʪ ʥʝʤʘʛʥʠʪʥʳʤʠ 

ʠʦʥʘʤʠ Ga3+, Al3+, Sc3+ ʠ ʜʨ. ʃʶʙʦʡ ʥʝʤʘʛʥʠʪʥʳʡ ʠʦʥ, ʟʘʤʝʱʘʶʱʠʡ ʠʦʥ ʞʝʣʝʟʘ ʚ 

ʪʝʪʨʘʵʜʨʠʯʝʩʢʦʡ ʧʦʜʨʝʰʝʪʢʝ, ʫʤʝʥʴʰʘʝʪ ʧʦʣʥʫʶ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ ʤʘʪʝʨʠʘʣʘ. 

ʏʪʦ ʢʘʩʘʝʪʩʷ ʤʘʛʥʠʪʥʦʡ ʩʪʨʫʢʪʫʨʳ {Y3}[Fe2](Fe3)O12, ʪʦ ʤʝʞʜʫ ʚʩʝʤʠ ʪʨʝʤʷ 

ʧʦʜʨʝʰʝʪʢʘʤʠ ɾʀɻ ʩʦʛʣʘʩʥʦ ʤʦʜʝʣʠ ʅʝʝʣʷ ʠ ʇʦʪʝʥʝ ʜʝʡʩʪʚʫʝʪ ʦʪʨʠʮʘʪʝʣʴʥʦʝ ʦʙʤʝʥʥʦʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ. ʅʘʠʙʦʣʝʝ ʩʠʣʴʥʳʤ ʷʚʣʷʝʪʩʷ ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʦʝ ʦʙʤʝʥʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʤʝʞʜʫ ʠʦʥʘʤʠ Fe3+, ʥʘʭʦʜʷʱʠʤʠʩʷ ʚ ʘ- ʠ d-ʧʦʜʨʝʰʝʪʢʘʭ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʪʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʛʨʘʥʘʪ Y3Fe5O12 ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʥʠʞʝ ʊʩ ~ 553 ʂ ʩʪʘʥʦʚʠʪʩʷ ʢʦʣʣʠʥʝʘʨʥʳʤ ʬʝʨʨʦʤʘʛʥʝʪʠʢʦʤ ʩ 

ʥʘʧʨʘʚʣʝʥʠʝʤ ʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ ʪʠʧʘ çʣʝʛʢʘʷ ʦʩʴè ʚʜʦʣʴ ʥʘʧʨʘʚʣʝʥʠʷ <111>. ʋʛʦʣ ʩʚʷʟʠ ʚ 
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ʮʝʧʦʯʢʝ Fe3+(a) - O2- - Fe3+(d) ʩʦʩʪʘʚʣʷʝʪ 127,̄ ʘ ʫʛʣʳ ʚ ʮʝʧʦʯʢʘʭ Y3+(c) - O2- - Fe3+(d) ʠ 

Y3+(c) - O2- - Fe3+(a) ʩʦʩʪʘʚʣʷʶʪ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 122 ̄ʠ 100,̄ ʧʦʵʪʦʤʫ ʠ ʵʥʝʨʛʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʟʜʝʩʴ ʤʝʥʴʰʝ. ʉʦʚʩʝʤ ʤʘʣʦ ʚʥʫʪʨʠʧʦʜʨʝʰʝʪʦʯʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʚ ʮʝʧʦʯʢʘʭ 

Fe3+(a) - O2- - Fe3+(ʘ) ʠ Fe3+(d) - O2- - Fe3+(d). ɺʥʫʪʨʠ ʘ- ʠ d-ʧʦʜʨʝʰʝʪʦʢ ʢʦʩʚʝʥʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʤʝʞʜʫ ʠʦʥʘʤʠ Fe3+ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʯʝʨʝʟ ʜʚʘ ʘʥʠʦʥʘ ʢʠʩʣʦʨʦʜʘ ʚ ʮʝʧʦʯʢʝ 

Fe3+(a) - O2- - ʆ2- - Fe3+(ʘ) ʠ Fe3+(d) - O2- - ʆ2- - Fe3+(d). 

ʅʘʤʘʛʥʠʯʝʥʥʦʩʪʴ ʥʘʩʳʱʝʥʠʷ ʬʝʨʨʠʪʦʚ-ʛʨʘʥʘʪʦʚ R3Fe5O12 ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴʶ ʜʦʜʝʢʘʵʜʨʠʯʝʩʢʦʡ ʧʦʜʨʝʰʝʪʢʠ ʠ ʨʘʟʥʦʩʪʴʶ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʝʡ ʪʝʪʨʘ- ʠ 

ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʧʦʜʨʝʰʝʪʦʢ ʞʝʣʝʟʘ, ʤʘʛʥʠʪʥʳʝ ʤʦʤʝʥʪʳ ʢʦʪʦʨʳʭ ʥʘʧʨʘʚʣʝʥʳ ʘʥʪʠʧʘʨʘʣʣʝʣʴʥʦ. 

ʆʨʠʝʥʪʘʮʠʷ ʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ ʚ ʨʝʜʢʦʟʝʤʝʣʴʥʦʡ ʧʦʜʨʝʰʝʪʢʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʠʧʦʤ 

ʨʝʜʢʦʟʝʤʝʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ, ʥʘʧʨʠʤʝʨ, ʜʣʷ Pr3+ ʠ Nd3+ ʦʥ ʧʘʨʘʣʣʝʣʝʥ ʤʘʛʥʠʪʥʦʤʫ ʤʦʤʝʥʪʫ 

d-ʧʦʜʨʝʰʝʪʢʠ, ʘ ʜʣʷ Gd3+ ʠ Yb3+ - ʤʘʛʥʠʪʥʦʤʫ ʤʦʤʝʥʪʫ ʘ-ʧʦʜʨʝʰʝʪʢʠ. ʅʘʤʘʛʥʠʯʝʥʥʦʩʪʴ ɾʀɻ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʦʣʴʢʦ ʨʘʟʥʦʩʪʴʶ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʝʡ ʪʝʪʨʘ- ʠ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʧʦʜʨʝʰʝʪʦʢ (ʠʦʥ 

Y3+ - ʥʝʤʘʛʥʠʪʝʥ) ʠ ʨʘʚʥʘ 140.6 ʢɸ/ʤ (1760 ɻʩ). 

ʇʨʘʢʪʠʯʝʩʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʬʝʨʨʠʪʦʚ ʉɺʏ ʦʩʥʦʚʘʥʦ ʥʘ: ʘ) ʤʘʛʥʠʪʦʦʧʪʠʯʝʩʢʦʤ ʵʬʬʝʢʪʝ 

ʌʘʨʘʜʝʷ; ʙ) ʵʬʬʝʢʪʝ ʌʄʈ; ʚ) ʠʟʤʝʥʝʥʠʠ ʚʥʝʰʥʠʤ ʤʘʛʥʠʪʥʳʤ ʧʦʣʝʤ ʟʥʘʯʝʥʠʷ ʤʘʛʥʠʪʥʦʡ 

ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʬʝʨʨʠʪʘ. ʄʘʛʥʠʪʦʦʧʪʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʌʘʨʘʜʝʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʦʚʦʨʦʪʝ 

ʧʣʦʩʢʦʩʪʠ ʧʦʣʷʨʠʟʘʮʠʠ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʭ ʢʦʣʝʙʘʥʠʡ ʚ ʥʘʤʘʛʥʠʯʝʥʥʦʤ ʟʘ ʩʯʝʪ ʚʥʝʰʥʝʛʦ ʧʦʣʷ 

ʬʝʨʨʠʪʝ. ʇʨʠ ʵʪʦʤ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʨʘʟʣʠʯʥʳʝ ʫʛʣʳ ʧʦʚʦʨʦʪʘ ʧʣʦʩʢʦʩʪʠ ʧʦʣʷʨʠʟʘʮʠʠ, ʘ 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠ ʢʦʤʤʫʪʠʨʦʚʘʥʠʝ ʵʥʝʨʛʠʠ ʚ ʨʘʟʥʳʝ ʢʘʥʘʣʳ. ʌʝʨʨʦʤʘʛʥʠʪʥʳʡ ʨʝʟʦʥʘʥʩ 

ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ ʩʦʚʧʘʜʝʥʠʠ ʯʘʩʪʦʪʳ ʚʥʝʰʥʝʛʦ ʚʦʟʙʫʞʜʘʶʱʝʛʦ ʧʦʣʷ ʩ ʩʦʙʩʪʚʝʥʥʦʡ ʯʘʩʪʦʪʦʡ 

ʧʨʝʮʝʩʩʠʠ ʩʧʠʥʦʚ ʵʣʝʢʪʨʦʥʦʚ. ʉʦʙʩʪʚʝʥʥʘʷ ʯʘʩʪʦʪʘ ʧʨʝʮʝʩʩʠʠ ʟʘʚʠʩʠʪ ʦʪ ʤʘʛʥʠʪʥʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʦʙʨʘʟʮʘ, ʘ ʧʦʪʦʤʫ ʝʝ ʤʦʞʥʦ ʠʟʤʝʥʷʪʴ ʩ ʧʦʤʦʱʴʶ ʧʦʩʪʦʷʥʥʦʛʦ ʧʦʜʤʘʛʥʠʯʠʚʘʶʱʝʛʦ 

(ʫʧʨʘʚʣʷʶʱʝʛʦ) ʧʦʣʷ. ʇʨʠ ʨʝʟʦʥʘʥʩʝ ʨʝʟʢʦ ʚʦʟʨʘʩʪʘʝʪ ʧʦʛʣʦʱʝʥʠʝ ʵʥʝʨʛʠʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ 

ʚʦʣʥʳ, ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʝʡʩʷ ʚ ʚʦʣʥʦʚʦʜʝ ʚ ʦʙʨʘʪʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ; ʜʣʷ ʚʦʣʥʳ ʧʨʷʤʦʛʦ 

ʥʘʧʨʘʚʣʝʥʠʷ ʧʦʛʣʦʱʝʥʠʝ ʦʢʘʟʳʚʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʠʤ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʘʝʪʩʷ 

ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʡ ʚʝʥʪʠʣʴ. ʈʘʩʩʤʦʪʨʝʥʥʳʡ ʵʬʬʝʢʪ ʥʘʠʙʦʣʝʝ ʩʠʣʴʥʦ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʪʦʤ ʩʣʫʯʘʝ, 

ʢʦʛʜʘ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʧʝʨʝʤʝʥʥʦʛʦ ʚʦʟʙʫʞʜʘʶʱʝʛʦ ʧʦʣʷ ʠ ʧʦʩʪʦʷʥʥʦʛʦ ʧʦʜʤʘʛʥʠʯʠʚʘʶʱʝʛʦ 

ʧʦʣʝʡ ʚʟʘʠʤʥʦ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳ. ɽʩʣʠ ʯʘʩʪʦʪʫ ʚʥʝʰʥʝʛʦ ʧʦʣʷ ʧʦʜʜʝʨʞʠʚʘʪʴ ʧʦʩʪʦʷʥʥʦʡ, ʘ 

ʠʟʤʝʥʷʪʴ ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʧʦʜʤʘʛʥʠʯʠʚʘʶʱʝʛʦ ʧʦʣʷ ʅ, ʪʦ ʚʝʥʪʠʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʬʝʨʨʠʪʘ ʙʫʜʫʪ 

ʧʨʦʷʚʣʷʪʴʩʷ ʚ ʜʦʚʦʣʴʥʦ ʫʟʢʦʤ ʠʥʪʝʨʚʘʣʝ ʥʘʧʨʷʞʝʥʥʦʩʪʝʡ ʧʦʩʪʦʷʥʥʦʛʦ ʧʦʣʷ ʅ, ʥʘʟʳʚʘʝʤʦʤ 

ʰʠʨʠʥʦʡ ʣʠʥʠʠ ʌʄʈ. ʏʝʤ ʤʝʥʴʰʝ ʟʥʘʯʝʥʠʝ ʅ, ʪʝʤ ʩʠʣʴʥʝʝ ʧʦʛʣʦʱʝʥʠʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ 

ʵʥʝʨʛʠʠ, ʯʪʦ ʙʣʘʛʦʧʨʠʷʪʥʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʨʷʜʘ ʉɺʏ-ʫʩʪʨʦʡʩʪʚ (ʘʥʪʝʥʥʳʝ 

ʧʝʨʝʢʣʶʯʘʪʝʣʠ ʠ ʮʠʨʢʫʣʷʪʦʨʳ, ʩʣʫʞʘʱʠʝ ʜʣʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʥʝʨʛʠʠ ʤʝʞʜʫ ʦʪʜʝʣʴʥʳʤʠ 

ʚʦʣʥʦʚʦʜʘʤʠ; ʬʘʟʦʚʨʘʱʘʪʝʣʠ; ʬʠʣʴʪʨʳ; ʤʦʜʫʣʷʪʦʨʳ; ʦʛʨʘʥʠʯʠʪʝʣʠ ʤʦʱʥʦʩʪʠ ʠ ʜʨ.).  
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ʆʜʥʦʡ ʠʟ ʚʘʞʥʝʡʰʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ɾʀɻ ʷʚʣʷʝʪʩʷ ʨʝʢʦʨʜʥʦ ʫʟʢʘʷ ʰʠʨʠʥʘ ʢʨʠʚʦʡ 

ʬʝʨʨʦʤʘʛʥʠʪʥʦʛʦ ʨʝʟʦʥʘʥʩʥʦʛʦ ʧʦʛʣʦʱʝʥʠʷ (ʌʄʈ), ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʝʛʦ ʚ ʉɺʏ-

ʫʩʪʨʦʡʩʪʚʘʭ. ʂʨʦʤʝ ʵʪʦʛʦ, ɾʀɻ ʧʦʣʥʦʩʪʴʶ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʠ ʜʨʫʛʠʤ ʪʨʝʙʦʚʘʥʠʷʤ, 

ʧʨʝʜʲʷʚʣʷʝʤʳʤ ʢ ʤʘʪʝʨʠʘʣʘʤ, ʧʨʠʤʝʥʷʝʤʳʤ ʚ ʪʝʭʥʠʢʝ ʉɺʏ: 1) ʚʳʩʦʢʘʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ 

ʤʘʪʝʨʠʘʣʘ ʢ ʫʧʨʘʚʣʷʶʱʝʤʫ ʧʦʣʶ (ʚʦʟʤʦʞʥʦʩʪʴ ʫʧʨʘʚʣʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʣʘʙʳʤ ʚʥʝʰʥʠʤ 

ʧʦʣʝʤ); 2) ʚʳʩʦʢʦʝ ʫʜʝʣʴʥʦʝ ʦʙʲʝʤʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ (106-108 ʆʤĿʤ) ʠ ʚʦʟʤʦʞʥʦ ʤʝʥʴʰʠʡ 

ʪʘʥʛʝʥʩ ʫʛʣʘ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʪʝʨʴ (10-3 - 10-4), ʘ ʪʘʢʞʝ ʚʦʟʤʦʞʥʦ ʤʝʥʴʰʝʝ ʟʥʘʯʝʥʠʝ ʤʘʛʥʠʪʥʳʭ 

ʧʦʪʝʨʴ ʚʥʝ ʦʙʣʘʩʪʠ ʨʝʟʦʥʘʥʩʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʝ ʤʘʣʦʝ ʟʘʪʫʭʘʥʠʝ ʚ ʬʝʨʨʠʪʝ; 3) ʪʝʤʧʝʨʘʪʫʨʥʘʷ 

ʩʪʘʙʠʣʴʥʦʩʪʴ ʩʚʦʡʩʪʚ ʠ ʚʦʟʤʦʞʥʦ ʙʦʣʝʝ ʚʳʩʦʢʦʝ ʟʥʘʯʝʥʠʝ ʪʦʯʢʠ ʂʶʨʠ.  

ʅʘ ʪʱʘʪʝʣʴʥʦ ʦʪʧʦʣʠʨʦʚʘʥʥʳʭ ʩʬʝʨʘʭ ɾʀɻ ʤʦʞʝʪ ʙʳʪʴ ʜʦʩʪʠʛʥʫʪʘ ʰʠʨʠʥʘ ʣʠʥʠʠ ʌʄʈ 

ʚ ʥʝʩʢʦʣʴʢʦ ʜʝʩʷʪʢʦʚ ɸ/ʤ, ʥʘ ʢʝʨʘʤʠʯʝʩʢʠʭ ʦʙʨʘʟʮʘʭ 2.4 ʢɸ/ʤ. ʇʨʦʯʠʝ ʩʚʦʡʩʪʚʘ ɾʀɻ ʧʨʠʚʝʜʝʥʳ 

ʚ ʪʘʙʣʠʮʝ III.8. ʂʨʠʩʪʘʣʣʳ Y3Fe5O12 ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʣʠʥʠʷʭ ʟʘʜʝʨʞʢʠ ʚ ʜʠʘʧʘʟʦʥʝ 

(10 - 1000 ʄɻʮ), ʚ ʪʦʤ ʯʠʩʣʝ ʩ ʫʩʠʣʝʥʠʝʤ ʩʠʛʥʘʣʦʚ ʠʟ-ʟʘ ʥʝʣʠʥʝʡʥʦʩʪʠ ʤʘʛʥʠʪʦʫʧʨʫʛʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ʇʨʠ ʵʪʦʤ ʦʩʥʦʚʥʳʤʠ ʜʦʩʪʦʠʥʩʪʚʘʤʠ ʵʪʦʛʦ ʤʘʪʝʨʠʘʣʘ ʷʚʣʷʶʪʩʷ ʚʳʩʦʢʠʝ 

ʟʥʘʯʝʥʠʷ ʤʝʭʘʥʠʯʝʩʢʦʡ (107) ʠ ʤʘʛʥʠʪʥʦʡ (30 - 35) ʜʦʙʨʦʪʥʦʩʪʝʡ ʚ ʉɺʏ-ʜʠʘʧʘʟʦʥʝ. 

ʊʘʙʣʠʮʘ III.8. ʆʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʣʝʥʦʢ ɾʀɻ 

ʆʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ɺʝʣʠʯʠʥʘ 

ʅʘʤʘʛʥʠʯʝʥʥʦʩʪʴ ʥʘʩʳʱʝʥʠʷ, ʢɸ/ʤ 140,60 

ʇʘʨʘʤʝʪʨ ʦʙʤʝʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʢɼʞ/ʤ 3,7 

ʂʦʥʩʪʘʥʪʳ ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʠ  

ɚ111  

ɚ100 

 

- (2,40Ā10-6 - 2,90Ā10-6) 

- 1,40Ā 10-6 

ʂʦʥʩʪʘʥʪʘ ʤʘʛʥʠʪʥʦʡ ʘʥʠʟʦʪʨʦʧʠʠ, ʢɼʞ/ʤ3:  

ʢʫʙʠʯʝʩʢʦʡ 

ʦʜʥʦʦʩʥʦʡ 

 

-5,7 

0,6 

ʊʝʤʧʝʨʘʪʫʨʘ ʅʝʝʣʷ, ʂ 553 

ʄʦʜʫʣʴ ʖʥʛʘ, ɻʇʘ 187 

ʂʦʵʬʬʠʮʠʝʥʪ ʇʫʘʩʩʦʥʘ 0,29 

ʇʣʦʪʥʦʩʪʴ, ʢʛ/ʤ3 5170 

ʆʪʥʦʩʠʪʝʣʴʥʘʷ ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ  

ʥʘ ʯʘʩʪʦʪʝ 10 ɻɻʮ 

15 

ʋʜʝʣʴʥʦʝ ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ, ʆʤĿʤ 1013  
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III .2.3. ʇʝʨʦʚʩʢʠʪʦʧʦʜʦʙʥʳʝ ʤʘʥʛʘʥʠʪʳ 

Mʘʥʛʘʥʠʪʳ ʩʝʤʝʡʩʪʚʘ Ln1-xAxMnO3 (ʛʜʝ Ln = Lʘ3+, Nd3+, Pr3+, A = Ba2+, Sr2+, Ca2+, Pb2+) 

ʦʙʣʘʜʘʶʪ ʩʪʨʫʢʪʫʨʦʡ ʠʩʢʘʞʝʥʥʦʛʦ ʧʝʨʦʚʩʢʠʪʘ. ʀʩʢʘʞʝʥʠʝ ʠʜʝʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʳ ʧʝʨʦʚʩʢʠʪʘ ʚ 

ʤʘʥʛʘʥʠʪʘʭ ʤʦʞʝʪ ʙʳʪʴ ʦʙʫʩʣʦʚʣʝʥʦ ʩʤʝʱʝʥʠʝʤ ʢʘʪʠʦʥʦʚ ʠʟ ʮʝʥʪʨʦʚ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ 

ʧʦʣʠʵʜʨʦʚ, ʠʩʢʘʞʝʥʠʝʤ ʦʢʪʘʵʜʨʦʚ Mn3+O6 ʚʩʣʝʜʩʪʚʠʝ ʵʬʬʝʢʪʘ ʗʥʘ-ʊʝʣʣʝʨʘ, ʢʦʦʧʝʨʘʪʠʚʥʳʤ 

ʚʨʘʱʝʥʠʝʤ ʦʢʪʘʵʜʨʦʚ ʚʦʢʨʫʛ ʪʦʡ ʠʣʠ ʠʥʦʡ ʦʩʠ ʠʣʠ ʥʝʩʢʦʣʴʢʠʤʠ ʚʨʘʱʝʥʠʷʤʠ ʚʦʢʨʫʛ ʨʘʟʣʠʯʥʳʭ 

ʦʩʝʡ. ʂʘʢ ʩʣʝʜʩʪʚʠʝ, ʠʩʭʦʜʥʘʷ ʢʫʙʠʯʝʩʢʘʷ ʩʠʥʛʦʥʠʷ ʩʪʨʫʢʪʫʨʳ ʧʝʨʦʚʩʢʠʪʘ ʤʦʞʝʪ ʠʩʧʳʪʳʚʘʪʴ 

ʨʘʟʣʠʯʥʳʝ ʚʠʜʳ ʠʩʢʘʞʝʥʠʡ (ʪʝʪʨʘʛʦʥʘʣʴʥʦʝ, ʨʦʤʙʠʯʝʩʢʦʝ, ʨʦʤʙʦʵʜʨʠʯʝʩʢʦʝ).  

ʊʚʝʨʜʳʝ ʨʘʩʪʚʦʨʳ Ln1-xAxMnO3 ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʩʣʦʞʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʪʠʧʘ ʤʘʛʥʠʪʥʦʛʦ 

ʫʧʦʨʷʜʦʯʝʥʠʷ ʦʪ ʚʝʣʠʯʠʥʳ ʭ. ʉʦʝʜʠʥʝʥʠʷ LnMnO3 ʠ AMnO3 ʷʚʣʷʶʪʩʷ ʘʥʪʠʬʝʨʨʦʤʘʛʥʝʪʠʢʘʤʠ 

(ɸʌʄ) ʩ ʣʦʢʘʣʠʟʦʚʘʥʥʳʤʠ ʥʘ ʫʟʣʘʭ, ʟʘʥʷʪʳʭ ʠʦʥʘʤʠ ʤʘʨʛʘʥʮʘ, ʩʧʠʥʘʤʠ, ʘ ʚ ʩʠʩʪʝʤʝ 

Ln1-xAxMnO3 ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʩʦʩʪʘʚʳ (0.2 Ò x Ò 0.5) ʩʪʘʥʦʚʷʪʩʷ ʥʝ ʪʦʣʴʢʦ ʩʠʣʴʥʳʤʠ 

ʬʝʨʨʦʤʘʛʥʝʪʠʢʘʤʠ (ʌʄ), ʥʦ ʠ ʧʨʦʷʚʣʷʶʪ ʧʨʦʚʦʜʠʤʦʩʪʴ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʪʠʧʘ, ʥʘʙʣʶʜʘʝʤʫʶ 

ʥʠʞʝ ʪʝʤʧʝʨʘʪʫʨʳ ʂʶʨʠ ʊʉ.  

ʆʩʥʦʚʥʳʝ ʪʠʧʳ ʤʘʛʥʠʪʥʦʛʦ ʫʧʦʨʷʜʦʯʝʥʠʷ ʠ ʚʦʟʥʠʢʘʶʱʠʭ ʤʘʛʥʠʪʥʳʭ ʩʪʨʫʢʪʫʨ ʧʦʢʘʟʘʥʳ 

ʥʘ ʨʠʩ.III .11. ɼʣʷ LnMnO3 ʥʘʠʙʦʣʝʝ ʫʩʪʦʡʯʠʚʦʡ ʷʚʣʷʝʪʩʷ ʩʪʨʫʢʪʫʨʘ ɸ-ʪʠʧʘ, ʧʨʝʜʩʪʘʚʣʷʶʱʘʷ 

ʩʦʙʦʡ ɸʌʄ ʫʧʦʨʷʜʦʯʝʥʥʳʝ ʌʄ ʧʣʦʩʢʦʩʪʠ. ʉʦʝʜʠʥʝʥʠʷ AMnO3 ʷʚʣʷʶʪʩʷ 

ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʳʤʠ ʠʟʦʣʷʪʦʨʘʤʠ, ʠ ʚ ʥʠʭ ʨʝʘʣʠʟʫʝʪʩʷ ʜʨʫʛʦʡ ʚʘʨʠʘʥʪ ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʦʡ 

ʩʪʨʫʢʪʫʨʳ (G-ʪʠʧʘ) [256, 257]. ɺʠʜʥʦ, ʯʪʦ ʧʦ ʤʝʨʝ ʣʝʛʠʨʦʚʘʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʟʥʘʯʠʪʝʣʴʥʦʝ 

ʠʟʤʝʥʝʥʠʝ ʤʘʛʥʠʪʥʦʛʦ ʧʦʨʷʜʢʘ ʧʦ ʪʠʧʫ ɸʌʄ ź ʌʄ ź ɸʌʄ. ʇʨʠ ʵʪʦʤ ʬʝʨʨʦʤʘʛʥʠʪʥʳʝ 

ʩʠʩʪʝʤʳ ʚ ʮʝʣʦʤ ʩʫʱʝʩʪʚʫʶʪ ʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʫʟʢʦʤ ʠʥʪʝʨʚʘʣʝ ʢʦʥʮʝʥʪʨʘʮʠʡ ʤʝʪʘʣʣʘ ʚ ʩʪʝʧʝʥʠ 

ʦʢʠʩʣʝʥʠʷ +2. 

ʄʘʛʥʠʪʥʳʝ, ʤʘʛʥʠʪʦʪʨʘʥʩʧʦʨʪʥʳʝ ʠ ʜʨʫʛʠʝ ʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʤʘʥʛʘʥʠʪʦʚ, ʠʥʪʝʨʝʩʥʳʝ 

ʜʣʷ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ, ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʦʧʨʝʜʝʣʷʶʪʩʷ ʩʧʦʩʦʙʥʦʩʪʴʶ ʤʘʨʛʘʥʮʘ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʥʘʭʦʜʠʪʴʩʷ ʚ ʩʪʨʫʢʪʫʨʝ ʚ ʨʘʟʣʠʯʥʳʭ ʩʪʝʧʝʥʷʭ ʦʢʠʩʣʝʥʠʷ, ʵʣʝʢʪʨʦʥʥʳʤ ʦʙʤʝʥʦʤ 

ʤʝʞʜʫ Mn3+ ʠ Mn4+ ʠ ʚʦʟʥʠʢʘʶʱʠʤ ʩʧʠʥʦʚʳʤ ʠ ʟʘʨʷʜʦʚʳʤ ʫʧʦʨʷʜʦʯʝʥʠʝʤ [256]. ʊʘʢ, ʚ ʩʣʫʯʘʝ 

ʤʘʥʛʘʥʠʪʦʚ R1-xAxMnO3 ʥʘʙʣʶʜʘʝʪʩʷ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʩʠʣʴʥʦʝ ʚʣʠʷʥʠʝ ʚʥʝʰʥʝʛʦ ʤʘʛʥʠʪʥʦʛʦ 

ʧʦʣʷ H ʥʘ ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ RH(T) ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʪʦʯʢʠ ʂʶʨʠ. ʕʪʦʪ ʵʬʬʝʢʪ ʧʦʣʫʯʠʣ 

ʥʘʟʚʘʥʠʝ ʢʦʣʦʩʩʘʣʴʥʦʛʦ ʤʘʛʥʝʪʦʩʦʧʨʦʪʠʚʣʝʥʠʷ (ʂʄʉ). ʄʘʛʥʝʪʦʩʦʧʨʦʪʠʚʣʝʥʠʝʤ (Mʉ) ʥʘʟʳʚʘʶʪ 

ʠʟʤʝʥʝʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʤʘʪʝʨʠʘʣʘ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʅ, ʪʘʢ ʯʪʦ 

MR=[R(ʅ)-R(0)]/R(0), ʛʜʝ R(H) ʠ R(0) - ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʨʠ ʜʘʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʧʨʠʤʝʥʷʝʤʦʤ 

ʠ ʥʫʣʝʚʦʤ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ ʦʧʨʝʜʝʣʝʥʠʷ, MR ʤʦʞʝʪ ʙʳʪʴ, ʢʘʢ 

ʦʪʨʠʮʘʪʝʣʴʥʦʡ, ʪʘʢ ʠ ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʚʝʣʠʯʠʥʦʡ. ʉ ʧʨʘʢʪʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʠʥʪʝʨʝʩʥʦ ʥʝ 

ʧʦʚʳʰʝʥʠʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʘ ʧʘʜʝʥʠʝ ʝʛʦ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ (Mʉ ʙʦʣʴʰʝ 0). ʇʦʵʪʦʤʫ ʙʦʣʝʝ 
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ʧʨʘʚʠʣʴʥʳʤ ʥʘʟʚʘʥʠʝʤ ʙʳʣʦ ʙʳ ï ʵʬʬʝʢʪ ʢʦʣʦʩʩʘʣʴʥʦʛʦ ʧʘʜʝʥʠʷ ʤʘʛʥʝʪʦʩʦʧʨʦʪʠʚʣʝʥʠʷ. 

ɺʝʣʠʯʠʥʘ ʂʄʉ ʚ ʧʣʝʥʢʘʭ La0.67Ca0.33MnO3 ʜʦʩʪʠʛʘʝʪ ~105% ʧʨʠ ʊ~100 ʂ [258].  

 

 

ʈʠʩ.III.11. ʆʙʦʙʱʝʥʥʘʷ ʬʘʟʦʚʘʷ ʜʠʘʛʨʘʤʤʘ ʤʘʥʛʘʥʠʪʦʚ R1-xAxMnO3: ɸʌʄ ʜʠʵʣʝʢʪʨʠʢ 

ʩʦ ʩʪʨʫʢʪʫʨʦʡ ɸ-ʪʠʧʘ (ʦʙʣʘʩʪʴ ɸ); ʌʄ ʜʠʵʣʝʢʪʨʠʢ ʩʦ ʩʪʨʫʢʪʫʨʦʡ ɺ-ʪʠʧʘ (BI); ɸʌʄ 

ʜʠʵʣʝʢʪʨʠʢ ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʉ-ʪʠʧʘ ʠ ʟʘʨʷʜʦʚʳʤ ʫʧʦʨʷʜʦʯʝʥʠʝʤ (ʉõʉʆ); ɸʌʄ 

ʜʠʵʣʝʢʪʨʠʢ ʩʦ ʩʪʨʫʢʪʫʨʦʡ G-ʪʠʧʘ (G).  

ɽʱʝ ʦʜʥʦ ʚʘʞʥʦʝ ʩʚʦʡʩʪʚʦ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ ʩʠʩʪʝʤʳ La1īxSrxMnO3 ʢʨʦʤʝ ʂʄʉ - ʵʪʦ 

ʛʠʛʘʥʪʩʢʘʷ ʦʙʲʝʤʥʘʷ ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʷ ʚ ʦʢʨʝʩʪʥʦʩʪʠ TC, ʥʦ ʟʜʝʩʴ ʦʥʘ ʥʘʙʣʶʜʘʝʪʩʷ ʥʠʞʝ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ, ʯʪʦ ʟʘʪʨʫʜʥʷʝʪ ʚʦʟʤʦʞʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʵʪʠʭ ʤʘʪʝʨʠʘʣʦʚ. ɿʘʪʦ ʚ 

ʤʦʥʦʢʨʠʩʪʘʣʣʘʭ La0.7Ba0.3MnO3 [118, 259] ʛʠʛʘʥʪʩʢʘʷ ʦʙʲʝʤʥʘʷ ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʷ ʥʘʙʣʶʜʘʝʪʩʷ 

ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʜʦʩʪʠʛʘʷ 2,54Ö10ī4 ʠ ʝʱʝ ʙʦʣʴʰʝʡ ʚʝʣʠʯʠʥʳ, 4Ö10ī4, ʚ ʪʦʯʢʝ ʂʶʨʠ 

TC = 310 K ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ 8.2 kOe. ʆʥʘ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʢʦʣʦʩʩʘʣʴʥʳʤ 

ʤʘʛʥʝʪʦʩʦʧʨʦʪʠʚʣʝʥʠʝʤ, ʜʦʩʪʠʛʘʶʱʠʤ ʧʨʠ ʪʝʭ ʞʝ ʪʝʤʧʝʨʘʪʫʨʘʭ ʠ ʧʦʣʷʭ 15.2 ʠ 22.7% 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  

ɺ ʪʘʙʣʠʮʝ III.9 ʧʨʠʚʦʜʷʪʩʷ ʟʥʘʯʝʥʠʷ ʦʙʲʝʤʥʦʡ ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʠ ʠ ʜʨʫʛʠʭ ʩʚʦʡʩʪʚ ʨʷʜʘ 

ʤʘʥʛʘʥʠʪʦʚ ʧʦ ʜʘʥʥʳʤ ʨʘʙʦʪʳ [118]. 
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III .2.4. ʅʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʝ ʤʝʪʦʜʳ ʩʠʥʪʝʟʘ ʤʘʛʥʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʅʘʥʦʭʠʤʠʷ ʤʘʛʥʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʧʨʠʚʣʝʢʘʝʪ ʚʩʝ ʙʦʣʴʰʝʝ ʚʥʠʤʘʥʠʝ 

ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʠʟ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʝʡ ʭʠʤʠʠ, ʬʠʟʠʢʠ, ʙʠʦʣʦʛʠʠ ʠ ʤʝʜʠʮʠʥʳ. ʇʦʚʳʰʝʥʥʳʡ 

ʠʥʪʝʨʝʩ ʢ ʧʦʜʦʙʥʳʤ ʦʙʲʝʢʪʘʤ ʩʚʷʟʘʥ ʩ ʦʙʥʘʨʫʞʝʥʠʝʤ ʫ ʥʠʭ ʥʝʦʙʳʯʥʳʭ ʬʠʟʠʯʝʩʢʠʭ ʠ 

ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʵʪʦ ʩʚʷʟʘʥʦ ʩ ʧʨʦʷʚʣʝʥʠʝʤ ʪʘʢ ʥʘʟʳʚʘʝʤʳʭ çʢʚʘʥʪʦʚʳʭ 

ʨʘʟʤʝʨʥʳʭ ʵʬʬʝʢʪʦʚè [260]. ʕʪʠ ʵʬʬʝʢʪʳ ʚʳʟʚʘʥʳ ʪʝʤ, ʯʪʦ ʩ ʧʝʨʝʭʦʜʦʤ ʢ ʤʘʩʰʪʘʙʘʤ ʥʝʩʢʦʣʴʢʠʭ 

ʩʦʪ ʠʣʠ ʪʳʩʷʯ ʘʪʦʤʦʚ ʧʣʦʪʥʦʩʪʴ ʩʦʩʪʦʷʥʠʡ ʚ ʚʘʣʝʥʪʥʦʡ ʟʦʥʝ ʠ ʚ ʟʦʥʝ ʧʨʦʚʦʜʠʤʦʩʪʠ ʨʝʟʢʦ 

ʠʟʤʝʥʷʝʪʩʷ, ʯʪʦ ʦʪʨʘʞʘʝʪʩʷ ʥʘ ʩʚʦʡʩʪʚʘʭ, ʦʙʫʩʣʦʚʣʝʥʥʳʭ ʧʦʚʝʜʝʥʠʝʤ ʵʣʝʢʪʨʦʥʦʚ, ʚ ʧʝʨʚʫʶ 

ʦʯʝʨʝʜʴ ʤʘʛʥʠʪʥʳʭ ʠ ʵʣʝʢʪʨʠʯʝʩʢʠʭ. ʀʤʝʚʰʘʷʩʷ ʚ ʤʘʢʨʦʤʘʩʰʪʘʙʝ çʥʝʧʨʝʨʳʚʥʘʷè ʧʣʦʪʥʦʩʪʴ 

ʩʦʩʪʦʷʥʠʡ ʟʘʤʝʥʷʝʪʩʷ ʥʘ ʜʠʩʢʨʝʪʥʳʝ ʫʨʦʚʥʠ ʩ ʨʘʩʩʪʦʷʥʠʷʤʠ ʤʝʞʜʫ ʥʠʤʠ, ʟʘʚʠʩʷʱʠʤʠ ʦʪ 

ʨʘʟʤʝʨʦʚ ʯʘʩʪʠʮ, ʧʦʵʪʦʤʫ ʤʘʪʝʨʠʘʣ ʧʝʨʝʩʪʘʝʪ ʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ ʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ, ʧʨʠʩʫʱʠʝ 

ʊʘʙʣʠʮʘ III.9. ʆʙʲʝʤʥʘʷ ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʷ lmax, ʤʘʛʥʝʪʦʩʦʧʨʦʪʠʚʣʝʥʠʝ |Dr/r|max ʠ 

ʪʝʤʧʝʨʘʪʫʨʳ ʂʶʨʠ TC ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ La1-xMyMnO3 [118] 

ʩʦʩʪʘʚ lmaxĿ104,  

ʅ = 8.2 ʢʕ 

Tlmax
, K |Dr/r|max, %, ʅ 

= 8.2 ʢʕ 

T|Dr/r|max
, K TC, K 

x y 

A = Ag 

0.2 0.1 1.7 268 31 259 197 

0.15 0.15 6.0 285 13.8 296 236 

0.2 0.2 4.23 275 14.6 285 194 

A = Ca 

0.15 0.15 8.6 131 18.5 169 175 

0.2 0.2 8.2 170 13.4 270 200 

0.3 0.3 8 180 7.5 225 225 

A = Ba 

0.15 0.15 4.15 198 25.4 202 228 

0.2 0.2 2.09 247 24.2 236 251 

0.25 0.25 4.8 245 42 245 269 

0.3 0.3 4 312 22.7 317 316 

A = Sr 

0.1 0.1 4.1 134 14.8 114 145 

0.15 0.15 0.82 230 10.5 210 238 

0.3 0.3 0.59 364 4.1 321 371 
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ʤʘʢʨʦʩʦʩʪʦʷʥʠʶ ʚʝʱʝʩʪʚʘ. ɼʨʫʛʠʤ ʬʘʢʪʦʨʦʤ, ʦʢʘʟʳʚʘʶʱʠʤ ʚʣʠʷʥʠʝ ʥʘ ʬʠʟʠʯʝʩʢʠʝ ʠ 

ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʤʘʣʳʭ ʯʘʩʪʠʮ, ʷʚʣʷʝʪʩʷ ʚʦʟʨʘʩʪʘʥʠʝ ʚ ʥʠʭ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʜʦʣʠ 

çʧʦʚʝʨʭʥʦʩʪʥʳʭè ʘʪʦʤʦʚ [261], ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʠʥʳʭ ʫʩʣʦʚʠʷʭ (ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʯʠʩʣʦ, 

ʩʠʤʤʝʪʨʠʷ ʣʦʢʘʣʴʥʦʛʦ ʦʢʨʫʞʝʥʠʷ ʠ ʪ.ʧ.), ʯʝʤ ʘʪʦʤʳ ʦʙʲʝʤʥʦʡ ʬʘʟʳ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʪʘʢʞʝ 

ʠʟʤʝʥʷʝʪʩʷ ʭʘʨʘʢʪʝʨ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʘʪʦʤʘʤʠ, ʥʘʭʦʜʷʱʠʤʠʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ, ʠ ʘʪʦʤʘʤʠ 

ʚʥʫʪʨʠ ʥʘʥʦʯʘʩʪʠʮʳ, ʯʪʦ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʢʘʨʜʠʥʘʣʴʥʦʤʫ ʠʟʤʝʥʝʥʠʶ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. ʉ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʫʤʝʥʴʰʝʥʠʝ ʨʘʟʤʝʨʦʚ ʯʘʩʪʠʮʳ ʧʨʠʚʦʜʠʪ ʢ ʚʦʟʨʘʩʪʘʥʠʶ ʜʦʣʠ 

ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʵʥʝʨʛʠʠ ʚ ʝʝ ʭʠʤʠʯʝʩʢʦʤ ʧʦʪʝʥʮʠʘʣʝ, ʯʪʦ ʜʝʣʘʝʪ ʝʝ ʭʠʤʠʯʝʩʢʠ ʘʢʪʠʚʥʦʡ. 

ɸʥʘʣʠʟ ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ ʟʘ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʨʘʙʦʪ ʧʦ ʩʠʥʪʝʟʫ ʤʘʛʥʠʪʥʳʭ ʥʘʥʦʯʘʩʪʠʮ [262ï

266] ʧʦʢʘʟʳʚʘʝʪ ʦʛʨʦʤʥʫʶ ʧʨʘʢʪʠʯʝʩʢʫʶ ʟʥʘʯʠʤʦʩʪʴ ʵʪʠʭ ʫʥʠʢʘʣʴʥʳʭ ʦʙʲʝʢʪʦʚ, ʯʪʦ 

ʦʙʫʩʣʦʚʣʝʥʦ ʢʘʢ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʤʠ ʚʦʧʨʦʩʘʤʠ ʬʠʟʠʢʠ ʥʘʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʤʘʛʥʝʪʠʢʦʚ, ʪʘʢ ʠ 

ʧʝʨʩʧʝʢʪʠʚʘʤʠ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʧʦʢʨʳʪʠʷʭ, ʥʘʥʦʢʦʤʧʦʟʠʪʘʭ, ʬʝʨʨʦʞʠʜʢʦʩʪʷʭ, ʚ ʩʠʩʪʝʤʘʭ 

ʟʘʧʠʩʠ ʠ ʭʨʘʥʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ, ʚ ʧʦʩʪʦʷʥʥʳʭ ʤʘʛʥʠʪʘʭ, ʩʠʩʪʝʤʘʭ ʤʘʛʥʠʪʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ, ʚ 

ʢʘʯʝʩʪʚʝ ʤʘʛʥʠʪʥʳʭ ʩʝʥʩʦʨʦʚ ʠ ʪ.ʧ. ɺ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʘʛʥʠʪʥʳʭ ʯʘʩʪʠʮ ʚ ʙʠʦʣʦʛʠʠ ʠ ʤʝʜʠʮʠʥʝ 

(ʧʨʝʞʜʝ ʚʩʝʛʦ ʜʣʷ ʣʝʯʝʥʠʷ ʨʘʢʘ) ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʥʘʤʝʪʠʣʩʷ ʟʥʘʯʠʪʝʣʴʥʳʡ ʧʨʦʛʨʝʩʩ. ʅʘʢʦʥʝʮ, 

ʨʘʟʚʠʪʠʝ ʵʣʝʢʪʨʦʥʠʢʠ ʚʦ ʤʥʦʛʦʤ ʩʚʷʟʘʥʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ ʥʘʥʦʯʘʩʪʠʮ, ʦ ʯʝʤ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʨʘʙʦʪʳ ʧʦ ʩʧʠʥʪʨʦʥʠʢʝ ï ʥʦʚʦʡ ʦʙʣʘʩʪʠ, ʚ ʢʦʪʦʨʦʡ ʤʘʛʥʠʪʥʳʝ 

ʠ ʵʣʝʢʪʨʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʥʘʥʦʦʙʲʝʢʪʦʚ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʪʝʩʥʦʡ ʚʟʘʠʤʦʩʚʷʟʠ. 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʥʘʥʦʧʦʨʦʰʢʦʚ ʤʘʛʥʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʤʝʪʦʜʳ 

çʤʦʢʨʦʡè ʭʠʤʠʠ - ʩʦʦʩʘʞʜʝʥʠʝ, ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʡ ʩʠʥʪʝʟ, ʤʝʭʘʥʦʩʠʥʪʝʟ, ʨʘʟʥʦʦʙʨʘʟʥʳʝ 

ʟʦʣʴ-ʛʝʣʴ-ʤʝʪʦʜʳ ʠ ʜʨ.  

ʉʦʦʩʘʞʜʝʥʠʝ ʧʨʝʜʧʦʣʘʛʘʝʪ ʧʨʠʛʦʪʦʚʣʝʥʠʝ ʨʘʩʪʚʦʨʦʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʦʣʝʡ ʠ 

ʧʦʩʣʝʜʫʶʱʝʝ ʦʩʘʞʜʝʥʠʝ ʩʤʝʰʘʥʥʦʛʦ ʛʠʜʨʦʢʩʠʜʘ ʠʟ ʧʦʣʫʯʝʥʥʦʛʦ ʨʘʩʪʚʦʨʘ. ʆʩʘʜʦʢ ʟʘʪʝʤ 

ʚʳʩʫʰʠʚʘʶʪ, ʘ ʚʧʦʩʣʝʜʩʪʚʠʠ ʧʨʦʢʘʣʠʚʘʶʪ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠʩʢʦʤʦʛʦ ʧʨʦʜʫʢʪʘ.  

ɺ ʨʘʙʦʪʘʭ [267ï270] ʠʩʩʣʝʜʫʶʪʩʷ ʚʦʟʤʦʞʥʦʩʪʠ ʩʠʥʪʝʟʘ ɾʀɻ ʤʝʪʦʜʦʤ ʩʦʦʩʘʞʜʝʥʠʷ 

ʛʠʜʨʦʢʩʠʜʦʚ. ɺ [267] ʜʣʷ ʧʦʣʫʯʝʥʠʷ Y3Fe5O12 ʠʟ ʨʘʩʪʚʦʨʦʚ ʥʠʪʨʘʪʦʚ ʠʪʪʨʠʷ ʠ ʞʝʣʝʟʘ ʦʩʘʞʜʘʶʪ 

ʩʤʝʰʘʥʥʳʡ ʛʠʜʨʦʢʩʠʜ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʤ ʨʘʩʪʚʦʨʦʤ ʘʤʤʠʘʢʘ, ʚʧʦʩʣʝʜʩʪʚʠʠ ʧʦʣʫʯʝʥʥʳʡ 

ʦʩʘʜʦʢ ʧʨʦʢʘʣʠʚʘʶʪ. ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʬʘʟʘ ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʛʨʘʥʘʪʘ ʬʦʨʤʠʨʫʝʪʩʷ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʠʟ ʘʤʦʨʬʥʦʛʦ ʦʩʘʜʢʘ ʙʝʟ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʵʪʘʧʘ ʦʙʨʘʟʦʚʘʥʠʷ ʬʘʟʳ YFeO3 ʫʞʝ 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʧʨʦʢʘʣʠʚʘʥʠʷ 650-750̄ ʉ. ʇʦʭʦʞʠʤ ʩʧʦʩʦʙʦʤ ʧʨʠ ʪʝʭ ʞʝ ʪʝʤʧʝʨʘʪʫʨʘʭ ʫʜʘʝʪʩʷ 

ʩʠʥʪʝʟʠʨʦʚʘʪʴ ʬʝʨʨʠʪ ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʛʨʘʥʘʪʘ ʚ ʨʘʙʦʪʝ [268], ʥʦ ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʇɸɺ ʠʟ ʨʘʩʪʚʦʨʘ 

ʩ ʨʅ = 9.5, ʧʨʠ ʵʪʦʤ ʚ ʢʘʯʝʩʪʚʝ ʦʩʘʜʠʪʝʣʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʛʠʜʨʦʢʩʠʜ ʥʘʪʨʠʷ. 

ɺ ʨʘʙʦʪʘʭ [271ï274] ʦʧʠʩʘʥʳ ʨʝʟʫʣʴʪʘʪʳ ʩʠʥʪʝʟʘ ʬʝʨʨʠʪʦʚ ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʰʧʠʥʝʣʠ 

ʤʝʪʦʜʦʤ ʩʦʦʩʘʞʜʝʥʠʷ. ʂʘʢ ʠ ʧʨʠ ʩʠʥʪʝʟʝ ɾʀɻ, ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʛʦʪʦʚʷʪ ʨʘʩʪʚʦʨʳ ʩʦʣʝʡ (ʦʙʳʯʥʦ 

ʥʠʪʨʘʪʦʚ, ʠʥʦʛʜʘ ʩʫʣʴʬʘʪʦʚ), ʩʦʜʝʨʞʘʱʠʝ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʝ ʢʦʣʠʯʝʩʪʚʘ ʢʘʪʠʦʥʦʚ ʞʝʣʝʟʘ, 



87 

ʥʠʢʝʣʷ, ʢʦʙʘʣʴʪʘ, ʮʠʥʢʘ ʠ ʜʨ., ʢʦʪʦʨʳʝ ʜʦʙʘʚʣʷʶʪ ʧʨʠ ʠʥʪʝʥʩʠʚʥʦʤ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʢ ʨʘʩʪʚʦʨʫ 

ʛʠʜʨʦʢʩʠʜʘ ʥʘʪʨʠʷ, ʠʥʦʛʜʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʩʫʨʬʘʢʪʘʥʪʦʚ [273]. ʌʦʨʤʠʨʦʚʘʥʠʝ ʧʨʦʜʫʢʪʦʚ ʩʦ 

ʩʪʨʫʢʪʫʨʦʡ ʰʧʠʥʝʣʠ ʠʟ ʧʦʣʫʯʝʥʥʳʭ ʦʩʘʜʢʦʚ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ 500-600̄ ʉ, ʯʪʦ ʥʘ 300-400̄  ʥʠʞʝ, 

ʯʝʤ ʪʚʝʨʜʦʬʘʟʥʳʤ ʩʧʦʩʦʙʦʤ. ʄʝʪʦʜʳ [271ï274] ʦʙʝʩʧʝʯʠʚʘʶʪ ʚʳʩʦʢʫʶ ʛʦʤʦʛʝʥʥʦʩʪʴ 

ʤʘʛʥʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʘ ʪʘʢʞʝ ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʘʪʴ ʥʘʥʦʨʘʟʤʝʨʥʳʝ ʧʦʨʦʰʢʠ ʬʝʨʨʠʪʦʚ ʩ 

ʢʦʥʪʨʦʣʠʨʫʝʤʳʤʠ ʨʘʟʤʝʨʘʤʠ ʯʘʩʪʠʮ.  

ʇʦʣʫʯʝʥʠʝ ʦʜʥʦʬʘʟʥʳʭ ʣʘʥʪʘʥʩʦʜʝʨʞʘʱʠʭ ʤʘʥʛʘʥʠʪʦʚ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʝʨʴʝʟʥʫʶ 

ʧʨʦʙʣʝʤʫ, ʚ ʩʚʷʟʠ ʩ ʯʝʤ ʨʘʟʨʘʙʦʪʢʘ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʤʝʪʦʜʦʚ ʩʠʥʪʝʟʘ ʵʪʠʭ ʦʙʲʝʢʪʦʚ 

ʧʨʠʦʙʨʝʪʘʝʪ ʦʩʦʙʫʶ ʘʢʪʫʘʣʴʥʦʩʪʴ. ʉʠʥʪʝʟ Ln1-xAxMnO3 ʦʙʳʯʥʦ ʦʩʣʦʞʥʝʥ ʧʨʦʙʣʝʤʦʡ 

ʩʪʘʙʠʣʠʟʘʮʠʠ Mn+4, ʥʝ ʫʩʪʦʡʯʠʚʦʛʦ ʧʨʠ ʧʦʚʳʰʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʘ ʚ ʩʣʫʯʘʝ Pb-ʩʦʜʝʨʞʘʱʠʭ 

ʤʘʥʛʘʥʠʪʦʚ ï ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʨʦʙʣʝʤʦʡ ʣʝʪʫʯʝʩʪʠ ʦʢʩʠʜʘ ʩʚʠʥʮʘ.  

ʄʝʪʦʜʳ ʩʦʦʩʘʞʜʝʥʠʷ ʠʩʧʦʣʴʟʫʶʪʩʷ ʠ ʜʣʷ ʩʠʥʪʝʟʘ ʤʘʥʛʘʥʠʪʦʚ. ʊʘʢ, ʚ ʨʘʙʦʪʝ [275] ʦʧʠʩʘʥʘ 

ʤʝʪʦʜʠʢʘ ʩʠʥʪʝʟʘ ʢʝʨʘʤʠʢʠ ʤʘʥʛʘʥʠʪʘ ʣʘʥʪʘʥʘ-ʩʚʠʥʮʘ La1-xPbxMnO3 ʧʫʪʝʤ ʩʦʦʩʘʞʜʝʥʠʷ 

ʦʢʩʘʣʘʪʦʚ, ʦʧʨʝʜʝʣʝʥʳ ʫʩʣʦʚʠʷ ʧʦʣʥʦʛʦ ʩʦʦʩʘʞʜʝʥʠʷ ʚʩʝʭ ʩʫʱʝʩʪʚʫʶʱʠʭ ʚ ʨʘʩʪʚʦʨʝ ʢʘʪʠʦʥʦʚ ʚ 

ʚʠʜʝ ʥʝʨʘʩʪʚʦʨʠʤʳʭ ʩʦʣʝʡ ʱʘʚʝʣʝʚʦʡ ʢʠʩʣʦʪʳ. ʇʨʦʮʝʜʫʨʘ ʜʚʫʭʩʪʘʜʠʡʥʦʛʦ ʦʙʞʠʛʘ - 12 ʯʘʩʦʚ 

ʧʨʠ 800ʉ̄ ʥʘ ʚʦʟʜʫʭʝ ʠ 12 ʯʘʩʦʚ ʧʨʠ 950ʉ̄ ʚ ʪʦʢʝ ʢʠʩʣʦʨʦʜʘ - ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʤʘʥʛʘʥʠʪ ʩ 

ʥʝʦʙʭʦʜʠʤʦʡ ʩʪʝʭʠʦʤʝʪʨʠʝʡ. 

ɹʦʣɹh ʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʬʝʨʨʠʪʦʚ ʩʦ ʩʪʨʫʢʪʫʨʘʤʠ ʰʧʠʥʝʣʠ ʠ ʛʨʘʥʘʪʘ 

ʧʨʠʦʙʨʝʣʘ ʟʦʣʴ-ʛʝʣʴ ʪʝʭʥʦʣʦʛʠʷ, ʦʙʲʝʜʠʥʷʶʱʘʷ ʙʦʣʴʰʫʶ ʛʨʫʧʧʫ ʤʝʪʦʜʦʚ ʩʠʥʪʝʟʘ ʤʘʪʝʨʠʘʣʦʚ ʠʟ 

ʨʘʩʪʚʦʨʦʚ, ʩʫʱʝʩʪʚʝʥʥʳʤ ʵʣʝʤʝʥʪʦʤ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝ ʛʝʣʷ ʥʘ ʦʜʥʦʡ ʠʟ ʩʪʘʜʠʡ 

ʧʨʦʮʝʩʩʘ [276]. ʅʘ ʧʝʨʚʦʡ ʩʪʘʜʠʠ ʨʝʘʢʮʠʠ ʛʠʜʨʦʣʠʟʘ ʠ ʧʦʣʠʢʦʥʜʝʥʩʘʮʠʠ ʧʨʠʚʦʜʷʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 

ʢʦʣʣʦʠʜʥʦʛʦ ʨʘʩʪʚʦʨʘ ʯʘʩʪʠʮ ʛʠʜʨʦʢʩʠʜʦʚ, ʨʘʟʤʝʨ ʢʦʪʦʨʳʭ ʥʝ ʧʨʝʚʳʰʘʝʪ ʥʝʩʢʦʣʴʢʦ ʜʝʩʷʪʢʦʚ 

ʥʘʥʦʤʝʪʨʦʚ (ʟʦʣʴ). ʋʚʝʣʠʯʝʥʠʝ ʦʙʲʝʤʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʜʠʩʧʝʨʩʥʦʡ ʬʘʟʳ ʠʣʠ ʠʥʦʝ ʠʟʤʝʥʝʥʠʝ 

ʚʥʝʰʥʠʭ ʫʩʣʦʚʠʡ (pH, ʟʘʤʝʥʘ ʨʘʩʪʚʦʨʠʪʝʣʷ) ʧʨʠʚʦʜʷʪ ʢ ʠʥʪʝʥʩʠʚʥʦʤʫ ʦʙʨʘʟʦʚʘʥʠʶ ʢʦʥʪʘʢʪʦʚ 

ʤʝʞʜʫ ʯʘʩʪʠʮʘʤʠ ʠ ʦʙʨʘʟʦʚʘʥʠʶ ʤʦʥʦʣʠʪʥʦʛʦ ʛʝʣʷ, ʚ ʢʦʪʦʨʦʤ ʤʦʣʝʢʫʣʳ ʨʘʩʪʚʦʨʠʪʝʣʷ 

ʟʘʢʣʶʯʝʥʳ ʚ ʛʠʙʢʫʶ, ʥʦ ʜʦʩʪʘʪʦʯʥʦ ʫʩʪʦʡʯʠʚʫʶ ʪʨʝʭʤʝʨʥʫʶ ʩʝʪʢʫ, ʦʙʨʘʟʦʚʘʥʥʫʶ ʯʘʩʪʠʮʘʤʠ 

ʛʠʜʨʦʢʩʠʜʦʚ. ɹʦʣʴʰʠʥʩʪʚʦ ʧʨʦʜʫʢʪʦʚ ʟʦʣʴ-ʛʝʣʴ ʩʠʥʪʝʟʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʧʨʝʢʫʨʩʦʨʦʚ 

ʧʨʠ ʧʦʣʫʯʝʥʠʠ ʦʢʩʠʜʥʳʭ ʥʘʥʦʧʦʨʦʰʢʦʚ, ʪʦʥʢʠʭ ʧʣʝʥʦʢ ʠʣʠ ʢʝʨʘʤʠʢʠ. 

ʅʘʠʙʦʣʴʰʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʨʠ ʩʠʥʪʝʟʝ ʬʝʨʨʠʪʦʚ ʧʦʣʫʯʠʣ ʤʝʪʦʜ Pechini, ʩʫʪʴ ʢʦʪʦʨʦʛʦ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʚ ʭʦʜʝ ʩʠʥʪʝʟʘ ʩʦʣʠ ʠʣʠ ʘʣʢʦʢʩʠʜʳ ʤʝʪʘʣʣʦʚ ʚʥʦʩʷʪ ʚ ʨʘʩʪʚʦʨ ʣʠʤʦʥʥʦʡ 

ʢʠʩʣʦʪʳ ʚ ʵʪʠʣʝʥʛʣʠʢʦʣʝ. ʆʙʨʘʟʦʚʘʥʠʝ ʮʠʪʨʘʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʝʪʘʣʣʦʚ, ʘ ʪʘʢʞʝ ʧʨʦʪʝʢʘʶʱʠʝ ʚ 

ʩʠʩʪʝʤʝ ʨʝʘʢʮʠʠ ʵʪʝʨʠʬʠʢʘʮʠʠ ʩʧʦʩʦʙʩʪʚʫʶʪ ʨʘʚʥʦʤʝʨʥʦʤʫ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʢʘʪʠʦʥʦʚ ʚ 

ʩʪʨʫʢʪʫʨʝ ʛʝʣʷ ʠ ʥʠʚʝʣʠʨʫʝʪ ʨʘʟʥʠʮʫ ʚ ʠʥʜʠʚʠʜʫʘʣʴʥʦʤ ʧʦʚʝʜʝʥʠʠ ʢʘʪʠʦʥʦʚ ʚ ʨʘʩʪʚʦʨʝ, ʯʪʦ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʙʦʣʝʝ ʧʦʣʥʦʤʫ ʩʤʝʰʝʥʠʶ ʠ ʧʦʟʚʦʣʷʝʪ ʠʟʙʝʞʘʪʴ ʧʨʦʮʝʩʩʦʚ ʨʘʟʜʝʣʴʥʦʡ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʥʘ ʧʦʩʣʝʜʫʶʱʠʭ ʩʪʘʜʠʷʭ ʩʠʥʪʝʟʘ. ɺ ʨʘʙʦʪʘʭ [277ï284] ʧʨʠ ʩʠʥʪʝʟʝ ɾʀɻ 
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ʤʝʪʦʜʦʤ Pechini ʠʩʭʦʜʥʳʤʠ ʚʝʱʝʩʪʚʘʤʠ ʷʚʣʷʶʪʩʷ ʥʠʪʨʘʪʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʤʝʪʘʣʣʦʚ, 

ʣʠʤʦʥʥʘʷ ʢʠʩʣʦʪʘ, ʩʠʥʪʝʟ ʧʨʦʚʦʜʷʪ ʙʝʟ [277ï281] ʠʣʠ ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʵʪʠʣʝʥʛʣʠʢʦʣʷ [87], 

ʛʣʠʮʝʨʠʥʘ [285], ʚ ʨʘʙʦʪʘʭ [277, 283, 284] ʜʦʙʘʚʣʷʶʪ ʨʘʩʪʚʦʨ ʘʤʤʠʘʢʘ ʜʣʷ ʢʦʥʪʨʦʣʷ pH 

ʨʘʩʪʚʦʨʦʚ. ʆʙʨʘʟʦʚʘʥʠʝ ʯʠʩʪʦʡ ʬʘʟʳ ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʛʨʘʥʘʪʘ ʧʨʦʠʩʭʦʜʠʪ ʢʘʢ ʙʝʟ ʦʙʨʘʟʦʚʘʥʠʷ 

ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʬʘʟʳ, ʪʘʢ ʠ ʯʝʨʝʟ ʩʪʘʜʠʶ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʨʪʦʬʝʨʨʠʪʘ ʠʪʪʨʠʷ ʩ ʧʨʠʤʝʩʷʤʠ 

ʦʢʩʠʜʦʚ ʞʝʣʝʟʘ ʠ ʠʪʪʨʠʷ, ʢʦʪʦʨʳʝ ʧʨʠ ʜʘʣʴʥʝʡʰʝʡ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ ʧʝʨʝʭʦʜʷʪ ʚ ʬʘʟʫ 

ɾʀɻ. ʇʦʨʦʰʢʠ ʛʨʘʥʘʪʘ ʩ ʥʘʥʦʨʘʟʤʝʨʥʳʤʠ ʯʘʩʪʠʮʘʤʠ ʫʜʘʝʪʩʷ ʧʦʣʫʯʠʪʴ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 

800-1100̄ʉ. 

ʀʟʚʝʩʪʝʥ ʨʷʜ ʧʫʙʣʠʢʘʮʠʡ, ʦʧʠʩʳʚʘʶʱʠʭ ʩʠʥʪʝʟ ʬʝʨʨʠʪʦʚ ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʰʧʠʥʝʣʠ 

ʤʝʪʦʜʦʤ Pechini ʠʟ ʣʠʤʦʥʥʦʢʠʩʣʳʭ ʛʝʣʝʡ [286ï296] ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʵʪʠʣʝʥʛʣʠʢʦʣʷ [294, 297], 

ʘʢʨʠʣʘʤʠʜʘ ʠ N,NO-ʤʝʪʠʣʝʥʜʠʘʢʨʠʣʘʤʠʜʘ [292], N,N-ʜʠʤʝʪʠʣʬʦʨʤʘʤʠʜʘ [293]. ʉʠʥʪʝʟ ʠʩʢʦʤʳʭ 

ʬʘʟ ʫʜʘʝʪʩʷ ʦʩʫʱʝʩʪʚʠʪʴ ʧʨʠ 500-700̄ ʉ. 

ʂ ʨʘʟʥʦʚʠʜʥʦʩʪʷʤ ʟʦʣʴ-ʛʝʣʴ-ʤʝʪʦʜʘ ʦʪʥʦʩʠʪʩʷ ʧʦʣʠʤʝʨ-ʛʝʣʴ-ʧʨʦʮʝʩʩ, ʚ ʢʦʪʦʨʦʤ 

ʦʙʨʘʟʦʚʘʥʠʝ ʛʝʣʷ ʜʦʩʪʠʛʘʝʪʩʷ ʚʚʝʜʝʥʠʝʤ ʚ ʠʩʭʦʜʥʳʡ ʨʘʩʪʚʦʨ ʚʦʜʦʨʘʩʪʚʦʨʠʤʦʛʦ ʧʦʣʠʤʝʨʘ ʩ 

ʧʦʩʣʝʜʫʶʱʠʤ ʫʧʘʨʠʚʘʥʠʝʤ. ʊʘʢ, ʚ ʨʘʙʦʪʝ [298] ʧʨʠ ʩʠʥʪʝʟʝ ɾʀɻ ʧʨʠʤʝʥʷʶʪ 

ʧʦʣʠʵʪʠʣʝʥʛʣʠʢʦʣʴ, ʬʘʟʘ ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʛʨʘʥʘʪʘ ʥʘʯʠʥʘʝʪ ʬʦʨʤʠʨʦʚʘʪʴʩʷ ʧʨʠ 850ʉ̄.  

ʀʟʚʝʩʪʝʥ ʨʷʜ ʧʫʙʣʠʢʘʮʠʡ, ʧʦʩʚʷʱʝʥʥʳʭ ʩʠʥʪʝʟʫ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ ʥʘ ʦʩʥʦʚʝ ʬʝʨʨʠʪʘ 

ʥʠʢʝʣʷ ʠ ɾʀɻ ʠʟ ʇɺʉ-ʩʦʜʝʨʞʘʱʠʭ ʛʝʣʝʡ [289ï291, 299ï302]. ʊʝʤʧʝʨʘʪʫʨʳ ʩʠʥʪʝʟʘ ʧʨʦʜʫʢʪʦʚ 

ʥʘ ʦʩʥʦʚʝ NiFe2O4 ʠʟʤʝʥʷʶʪʩʷ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ï ʦʪ 450 [299] ʜʦ 900ʉ̄ [291]. ʀʟ ʛʝʣʷ ʥʘ 

ʦʩʥʦʚʝ ʇɺʉ, ʩʦʛʣʘʩʥʦ [302], ʧʨʠ 800ʉ̄ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥ ʧʦʨʦʰʦʢ ɾʀɻ ʩʦ ʩʨʝʜʥʠʤ ʨʘʟʤʝʨʦʤ 

ʯʘʩʪʠʮ 61 ʥʤ. ʆʜʥʘʢʦ ʚ ʜʘʥʥʳʭ ʨʘʙʦʪʘʭ ʦʪʩʫʪʩʪʚʫʝʪ ʜʝʪʘʣʴʥʦʝ ʦʙʩʫʞʜʝʥʠʝ ʧʨʦʮʝʩʩʦʚ 

ʬʘʟʦʦʙʨʘʟʦʚʘʥʠʷ ʚ ʭʦʜʝ ʩʠʥʪʝʟʘ, ʚ ʯʘʩʪʥʦʩʪʠ, ʥʘ ʧʨʠʚʝʜʝʥʥʦʡ ʚ ʨʘʙʦʪʝ [302] ʜʠʬʨʘʢʪʦʛʨʘʤʤʝ 

Y3Fe5O12, ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʛʦ ʧʨʠ 800ʉ̄, ʤʦʞʥʦ ʟʘʤʝʪʠʪʴ ʥʝʙʦʣʴʰʦʡ ʧʦʩʪʦʨʦʥʥʠʡ ʨʝʬʣʝʢʩ ʧʨʠ 

2Qº33̄ , ʢʦʪʦʨʳʡ ʩ ʙʦʣʴʰʦʡ ʜʦʣʝʡ ʚʝʨʦʷʪʥʦʩʪʠ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʢ ʧʨʠʤʝʩʥʦʡ ʬʘʟʝ YFeO3, ʢʦʪʦʨʘʷ 

ʤʦʞʝʪ ʦʙʨʘʟʦʚʳʚʘʪʴʩʷ ʢʘʢ ʧʨʦʤʝʞʫʪʦʯʥʳʡ ʧʨʦʜʫʢʪ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʬʘʟʳ ʛʨʘʥʘʪʘ. 

ʄʝʭʘʥʦʩʠʥʪʝʟ ʷʚʣʷʝʪʩʷ ʝʱʝ ʦʜʥʠʤ ʩʧʦʩʦʙʦʤ ʧʦʣʫʯʝʥʠʷ ʧʦʨʦʰʢʦʚ ʬʝʨʨʠʪʦʚ ʚ 

ʥʘʥʦʨʘʟʤʝʨʥʦʤ ʩʦʩʪʦʷʥʠʠ [303ï306]. ʉʫʪʴ ʤʝʪʦʜʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʠʩʭʦʜʥʳʝ ʚʝʱʝʩʪʚʘ 

ʠʟʤʝʣʴʯʘʶʪʩʷ ʚ ʰʘʨʦʚʳʭ ʤʝʣʴʥʠʮʘʭ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʨʝʞʠʤʘʭ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʤʘʪʝʨʠʘʣʳ 

ʩ ʨʘʟʣʠʯʥʳʤʠ ʨʘʟʤʝʨʘʤʠ ʯʘʩʪʠʮ. ʅʘʧʨʠʤʝʨ, ʚ ʨʘʙʦʪʝ [305] ʧʦʣʫʯʝʥ ɾʀɻ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʤʝʭʘʥʦʭʠʤʠʯʝʩʢʦʡ ʘʢʪʠʚʘʮʠʠ ʧʦʨʦʰʢʦʚ ʠʩʭʦʜʥʳʭ ʦʢʩʠʜʦʚ ʩ ʜʘʣʴʥʝʡʰʠʤ ʤʠʢʨʦʚʦʣʥʦʚʳʤ 

ʩʠʥʪʝʟʦʤ. ʇʦʣʫʯʝʥʠʝ ɾʀɻ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʧʨʦʤʝʞʫʪʦʯʥʫʶ ʩʪʘʜʠʶ ʦʙʨʘʟʦʚʘʥʠʷ YFeO3. ʉʠʥʪʝʟ 

ʫʜʘʝʪʩʷ ʟʘʚʝʨʰʠʪʴ ʟʘ 5-10 ʤʠʥʫʪ ʧʨʠ 1300ʉ̄. ɺ ʨʘʙʦʪʝ [306] ʧʦʢʘʟʘʥʦ, ʯʪʦ ʤʝʭʘʥʦʩʠʥʪʝʟ ʩ 

ʧʦʩʣʝʜʫʶʱʠʤ ʦʪʞʠʛʦʤ ʧʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ɾʀɻ ʩ 

ʥʘʥʦʨʘʟʤʝʨʥʳʤʠ ʯʘʩʪʠʮʘʤʠ. ɺ ʧʨʦʮʝʩʩʝ ʠʟʤʝʣʴʯʝʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʘʟʦʚʘʥʠʝ ʦʨʪʦʬʝʨʨʠʪʘ 
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ʠʪʪʨʠʷ. ʅʝʟʥʘʯʠʪʝʣʴʥʳʝ ʢʦʣʠʯʝʩʪʚʘ ɾʀɻ ʚ ʩʤʝʩʠ ʥʘʙʣʶʜʘʣʠʩʴ ʣʠʰʴ ʧʦʩʣʝ 5 ʯʘʩʦʚ ʠʟʤʝʣʴʯʝʥʠʷ. 

ʏʠʩʪʘʷ ʬʘʟʘ ʛʨʘʥʘʪʘ ʦʙʨʘʟʫʝʪʩʷ ʧʦʩʣʝ ʦʙʞʠʛʘ ʧʨʠ 900ʉ̄.  

ɻʠʜʨʦʪʝʨʤʘʣʴʥʳʡ ʩʠʥʪʝʟ ï ʝʱʝ ʦʜʠʥ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʤʳʡ ʤʝʪʦʜ ʩʠʥʪʝʟʘ ʬʝʨʨʠʪʦʚ [307ï

312]. ɽʛʦ ʦʩʫʱʝʩʪʚʣʷʶʪ ʚ ʟʘʢʨʳʪʳʭ ʩʠʩʪʝʤʘʭ ʚ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʩʚʳʰʝ 

100̄ ʉ ʠ ʜʘʚʣʝʥʠʷʭ ʚʳʰʝ 1 ʘʪʤ. ʄʝʪʦʜ ʦʩʥʦʚʘʥ ʥʘ ʩʧʦʩʦʙʥʦʩʪʠ ʚʦʜʳ ʠ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ 

ʨʘʩʪʚʦʨʷʪʴ ʧʨʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ (ʜʦ 500ʉ̄) ʠ ʜʘʚʣʝʥʠʷʭ (10ï80 ʄʇʘ) ʚʝʱʝʩʪʚʘ, 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʨʘʩʪʚʦʨʠʤʳʝ ʚ ʦʙʳʯʥʳʭ ʫʩʣʦʚʠʷʭ. ɺ ʨʘʙʦʪʘʭ [307, 308] ʧʨʠʚʦʜʠʪʩʷ ʤʝʪʦʜʠʢʘ 

ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʛʦ ʩʠʥʪʝʟʘ ʬʝʨʨʠʪʘ ʥʠʢʝʣʷ, ʣʝʛʠʨʦʚʘʥʥʦʛʦ ʮʠʥʢʦʤ. ɺ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ 

ʨʝʘʛʝʥʪʦʚ ʠʩʧʦʣʴʟʫʶʪ ʩʦʣʠ ʤʝʪʘʣʣʦʚ, ʢʦʪʦʨʳʝ ʨʘʩʪʚʦʨʷʶʪ ʚ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʝ. ʂ 

ʧʦʣʫʯʝʥʥʦʤʫ ʨʘʩʪʚʦʨʫ ʜʦʙʘʚʣʷʶʪ ʨʘʩʪʚʦʨ NaOH ʜʦ ʨʅ=9-11. ʈʘʩʪʚʦʨ ʧʦʤʝʱʘʶʪ ʚ ʘʚʪʦʢʣʘʚ ʠ 

ʚʳʜʝʨʞʠʚʘʶʪ ʧʨʠ 120ʉ̄ [307] ʠʣʠ 180ʉ̄ [308]. ɺ ʨʘʙʦʪʝ [309] ʚ ʢʘʯʝʩʪʚʝ ʨʘʩʪʚʦʨʠʪʝʣʷ 

ʧʨʠʤʝʥʷʶʪ ʙʝʥʟʠʣʦʚʳʡ ʩʧʠʨʪ ʠ ʛʝʢʩʘʥʦʣ. ʇʦʚʳʩʠʪʴ ʩʢʦʨʦʩʪʴ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʛʦ ʩʠʥʪʝʟʘ, ʘ ʪʘʢʞʝ ʫʣʫʯʰʠʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʣʫʯʘʝʤʳʭ ʧʨʦʜʫʢʪʦʚ ʧʦʟʚʦʣʷʶʪ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʨʝʘʢʮʠʦʥʥʫʶ ʩʨʝʜʫ, ʥʘʧʨʠʤʝʨ, 

ʤʠʢʨʦʚʦʣʥʦʚʘʷ ʦʙʨʘʙʦʪʢʘ. ɺ ʨʘʙʦʪʘʭ [310, 311] ʧʨʝʜʩʪʘʚʣʝʥ ʩʠʥʪʝʟ ʥʘʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ 

ʬʝʨʨʠʪʦʚ ʢʦʙʘʣʴʪʘ ʠ ʥʠʢʝʣʷ, ʣʝʛʠʨʦʚʘʥʥʳʭ ʮʠʥʢʦʤ, ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʤʠʢʨʦʚʦʣʥʦʚʦʡ ʦʙʨʘʙʦʪʢʠ 

ʨʘʩʪʚʦʨʦʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʥʠʪʨʘʪʦʚ ʤʝʪʘʣʣʦʚ ʠ ʤʦʯʝʚʠʥʳ. ʄʝʭʘʥʠʟʤ ʥʘʛʨʝʚʘʥʠʷ ʚ 

ʤʠʢʨʦʚʦʣʥʦʚʦʡ ʧʝʯʠ ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʝʥ ʦʪ ʦʙʳʯʥʦʛʦ. ʄʠʢʨʦʚʦʣʥʦʚʦʝ ʠʟʣʫʯʝʥʠʝ ʧʦʛʣʦʱʘʝʪʩʷ 

ʠ ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ ʪʝʧʣʦʚʫʶ ʵʥʝʨʛʠʶ, ʪʘʢ ʯʪʦ ʚʳʩʦʢʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʥʠʢʘʝʪ ʚ ʩʘʤʦʤ ʤʘʪʝʨʠʘʣʝ, 

ʘ ʥʝ ʠʟʚʥʝ. ʕʪʦ çʚʥʫʪʨʝʥʥʝʝ ʥʘʛʨʝʚʘʥʠʝè ʧʦʟʚʦʣʷʝʪ ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʷ ʪʝʧʣʦʚʦʡ ʦʙʨʘʙʦʪʢʠ. 

ʅʠʪʨʘʪʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʤʝʪʘʣʣʦʚ ʠ ʧʦʩʪʦʷʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʤʦʯʝʚʠʥʳ ʨʘʩʪʚʦʨʷʶʪ ʚ 

ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʝ ʠ ʧʝʨʝʥʦʩʷʪ ʚ ʪʠʛʝʣʴ, ʢʦʪʦʨʳʡ ʧʦʤʝʱʘʶʪ ʚ ʤʠʢʨʦʚʦʣʥʦʚʫʶ ʧʝʯʴ ʧʨʠ 

ʤʘʢʩʠʤʘʣʴʥʦʡ ʤʦʱʥʦʩʪʠ 800 ɺʪ. ʈʘʩʪʚʦʨ ʩʥʘʯʘʣʘ ʢʠʧʷʪʷʪ ʜʣʷ ʦʙʝʟʚʦʞʠʚʘʥʠʷ, ʩʦʧʨʦʚʦʞʜʘʝʤʦʛʦ 

ʨʘʟʣʦʞʝʥʠʝʤ ʩ ʚʳʜʝʣʝʥʠʝʤ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʛʘʟʦʚ. ʂʦʛʜʘ ʨʘʩʪʚʦʨ ʜʦʩʪʠʛʘʝʪ ʪʝʤʧʝʨʘʪʫʨʳ 

ʚʦʩʧʣʘʤʝʥʝʥʠʷ, ʪʦ ʥʘʯʠʥʘʝʪ ʛʦʨʝʪʴ, ʠʟʣʫʯʘʷ ʤʥʦʛʦ ʪʝʧʣʘ, ʠʩʧʘʨʷʝʪʩʷ ʚʝʩʴ ʨʘʩʪʚʦʨ, ʧʨʝʚʨʘʱʘʷʩʴ 

ʚ ʪʚʝʨʜʦʝ ʚʝʱʝʩʪʚʦ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʬʦʨʤʠʨʫʝʪʩʷ ʠʩʢʦʤʳʡ ʧʨʦʜʫʢʪ. ʇʨʝʜʩʪʘʚʣʝʥʥʳʡ ʤʝʪʦʜ 

ʩʠʥʪʝʟʘ [310, 311] ʷʚʣʷʝʪʩʷ ʜʦʚʦʣʴʥʦ ʧʨʦʩʪʳʤ ʜʣʷ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʬʝʨʨʠʪʦʚʳʭ ʧʦʨʦʰʢʦʚ, 

ʧʦʟʚʦʣʷʷ ʧʦʣʫʯʘʪʴ ʤʘʪʝʨʠʘʣ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʠ ʯʠʩʪʦʪʳ. 

ʏʘʩʪʦ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʡ ʤʝʪʦʜ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʤʝʪʘʩʪʘʙʠʣʴʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ, ʢʘʢʦʚʳʤʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʷʚʣʷʶʪʩʷ ʤʥʦʛʠʝ ʤʘʥʛʘʥʠʪʳ [313, 314]. ɺ ʣʠʪʝʨʘʪʫʨʝ 

ʦʧʠʩʘʥʳ ʧʨʠʤʝʨʳ ʧʦʣʫʯʝʥʠʷ ʬʘʟ ʥʘ ʦʩʥʦʚʝ BaMnO3 ʚ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ [315], [316].   



90 

IV. ʆɼʅʆʌɸɿʅʓɽ ʄʋʃʔʊʀʌɽʈʈʆʀʂʀ 

IV.1. ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʦʜʥʦʬʘʟʥʳʭ ʤʫʣʴʪʠʬʝʨʨʦʠʢʦʚ 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʦʜʥʦʬʘʟʥʳʭ ʤʫʣʴʪʠʬʝʨʨʦʠʢʦʚ ʥʘʯʘʣʠʩʴ ʩ ʦʪʢʨʳʪʠʷ ʣʠʥʝʡʥʦʛʦ ʄʕ ɻ ʬʬʝʢʪʘ 

ʫ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʦʢʩʠʜʘ ʭʨʦʤʘ (III ) [3]. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʦʣʫʯʝʥʦ ʥʝʩʢʦʣʴʢʦ ʩʦʪʝʥ 

ʦʜʥʦʬʘʟʥʳʭ ʤʫʣʴʪʠʬʝʨʨʦʠʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʣʠʙʦ ʚ ʚʠʜʝ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʣʠʙʦ 

ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ. ʊʦʣʴʢʦ ʜʚʘ ʠʟ ʥʠʭ, ʘ ʠʤʝʥʥʦ Fe3B7O13Cl ʠ Mn3B7O13Cl, ʩʫʱʝʩʪʚʫʶʪ ʚ ʧʨʠʨʦʜʝ. 

ɹʦʣʴʰʠʥʩʪʚʦ ʠʟ ʦʜʥʦʬʘʟʥʳʭ ʤʫʣʴʪʠʬʝʨʨʦʠʢʦʚ ï ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʳʝ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʢʠ, ʘ 

ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʘʷ ʢʦʤʙʠʥʘʮʠʷ ʬʝʨʨʦʤʘʛʥʝʪʠʟʤʘ ʠ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʪʚʘ ʜʦʩʪʠʛʥʫʪʘ ʣʠʰʴ ʚ 

ʬʦʨʤʝ ʩʣʘʙʦʛʦ ʬʝʨʨʦʤʘʛʥʝʪʠʟʤʘ ʠʣʠ ʩʣʘʙʦʛʦ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʪʚʘ. 

ʅʘʠʙʦʣʝʝ ʧʦʣʥʦ ʩʦʚʨʝʤʝʥʥʘʷ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʤʫʣʴʪʠʬʝʨʨʦʠʢʦʚ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʦʙʟʦʨʝ 

[317]. ʉʨʝʜʠ ʥʠʭ: 

1) ʇʨʝʞʜʝ ʚʩʝʛʦ ʭʦʨʦʰʦ ʠʟʫʯʝʥʥʳʝ ʤʫʣʴʪʠʬʝʨʨʦʠʢʠ ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʧʝʨʦʚʩʢʠʪʘ 

(ʭʘʨʘʢʪʝʨʥʳʝ ʧʨʝʜʩʪʘʚʠʪʝʣʠ - Pb(Fe2/3W1/3)O3, ʷʚʣʷʶʱʠʡʩʷ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʢʦʤ (ʊʉ = 180 ʂ) ʠ 

ʘʥʪʠʬʝʨʨʦʤʘʛʥʝʪʠʢʦʤ (TN = 370 ʂ), Pb(Fe1/2Nb1/2)O3 (ʊʉ = 387 ʂ ʠ ʊN = 134 ʂ), ʘ ʪʘʢʞʝ ʮʝʣʳʡ ʨʷʜ 

ʩʦʝʜʠʥʝʥʠʡ, ʚʧʝʨʚʳʝ ʦʙʦʙʱʝʥʥʳʭ ʚ ʦʙʟʦʨʥʦʡ ʨʘʙʦʪʝ [318].  

2) ɹʦʨʘʮʠʪʳ M3B7ʆ13X (M = Mn, Fe, Co, Ni; X = F, ʉ1, Br, I) ʪʘʢʞʝ ʚʭʦʜʷʪ ʚ ʯʠʩʣʦ ʧʝʨʚʳʭ 

ʦʪʢʨʳʪʳʭ ʤʫʣʴʪʠʬʝʨʨʦʠʢʦʚ. ʆʥʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʠʝ 

ʬʝʨʨʦʵʣʘʩʪʠʢʠ-ʘʥʪʠʬʝʨʨʦʤʘʛʥʝʪʠʢʠ, ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʩʦ ʩʣʘʙʳʤ ʬʝʨʨʦʤʘʛʥʠʪʥʳʤ 

ʵʬʬʝʢʪʦʤ. ʊʘʢ, ʩʦʝʜʠʥʝʥʠʝ ʩʦʩʪʘʚʘ Ni3B7O13I ̫ ʚʣʷʝʪʩʷ ʧʴʝʟʦʵʣʝʢʪʨʠʢʦʤ ʠ ʘʥʪʠʬʝʨʨʦʤʘʛʥʝʪʠʢʦʤ 

ʥʠʞʝ 120 ʂ, ʘ ʥʠʞʝ 64 ʂ - ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʢʦʤ-ʬʝʨʨʦʤʘʛʥʝʪʠʢʦʤ ʩ ʟʘʚʠʩʠʤʦʩʪʴʶ ʥʘʧʨʘʚʣʝʥʠʷ 

ʧʦʣʷʨʠʟʘʮʠʠ ʦʪ ʚʝʢʪʦʨʘ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ.  

3) ʆʨʪʦʬʦʩʬʘʪʳ LiMPʆ4 (ʄ = Fe, ʉʦ, Ni, Mn) ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʦʣʠʚʠʥʘ. LiFePʆ4 ʠ ʝʛʦ 

ʘʥʘʣʦʛʠ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʩʪʘʣʠ ʧʨʠʤʝʥʷʪʴʩʷ ʢʘʢ ʵʬʬʝʢʪʠʚʥʳʝ ʢʘʪʦʜʥʳʝ ʤʘʪʝʨʠʘʣʳ ʜʣʷ 

ʣʠʪʠʝʚʳʭ ʘʢʢʫʤʫʣʷʪʦʨʦʚ, ʥʦ ʚ ʜʘʥʥʦʤ ʢʦʥʪʝʢʩʪʝ ʚʘʞʥʦ, ʯʪʦ ʦʨʪʦʬʦʩʬʘʪʳ ʪʘʢʞʝ ʷʚʣʷʶʪʩʷ 

ʘʥʪʠʬʝʨʨʦʤʘʛʥʝʪʠʢʘʤʠ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ ʅʝʝʣʷ 20-40 ʂ.  

4) ɻʝʢʩʘʛʦʥʘʣʴʥʳʝ ʠ ʧʝʨʦʚʩʢʠʪʦʧʦʜʦʙʥʳʝ ʤʘʥʛʘʥʠʪʳ ʠ ʬʝʨʨʠʪʳ ʈɿʕ, RMnʆ3 ʠ RFeʆ3 

(R = La-Lu), ʩ ʊʩ ʜʦ 900 ʂ ʠ ʊN ~ 100 ʂ.  

5) ʄʫʣʴʪʠʬʝʨʨʦʠʢʠ ʥʘ ʦʩʥʦʚʝ ʥʘʧʨʷʞʝʥʥʳʭ ʵʧʠʪʘʢʩʠʘʣʴʥʳʭ ʢʫʙʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ. ɺ 

ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʧʨʠʦʙʨʝʣ ʧʦʧʫʣʷʨʥʦʩʪʴ ʧʦʠʩʢ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʚ ʠʟʦʣʷʪʦʨʘʭ ʧʨʠ 

ʠʩʢʘʞʝʥʠʠ ʠʣʠ ʤʝʭʘʥʠʯʝʩʢʦʤ ʥʘʧʨʷʞʝʥʠʠ ʠʭ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʧʫʪʝʤ ʠʟʛʦʪʦʚʣʝʥʠʷ 

ʪʦʥʢʠʭ ʧʣʝʥʦʢ ʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʧʦʜʣʦʞʢʘʭ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʦ ʢʘʢ ʤʝʪʦʜ ʧʦʠʩʢʘ ʥʦʚʳʭ ʤʫʣʴʪʠʬʝʨʨʦʠʢʦʚ. ʊʘʢ, ʧʝʨʦʚʩʢʠʪ EuTiʆ3 ʚ ʦʙʲʝʤʥʦʤ ʚʠʜʝ 

ʷʚʣʷʝʪʩʷ ʢʚʘʥʪʦʚʳʤ ʧʘʨʘʵʣʝʢʪʨʠʢʦʤ ʠ ʘʥʪʠʬʝʨʨʦʤʘʛʥʝʪʠʢʦʤ, ʥʦ ʚ ʪʦʥʢʦʧʣʝʥʦʯʥʦʤ ʩʦʩʪʦʷʥʠʠ 

ʝʤʫ ʤʦʞʥʦ ʧʨʠʜʘʪʴ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ.  
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5) ʄʫʣʴʪʠʬʝʨʨʦʠʢʠ ʩ ʟʘʨʷʜʦʚʳʤ ʫʧʦʨʷʜʦʯʝʥʠʝʤ, ʚ ʢʦʪʦʨʳʭ ʧʨʦʠʩʭʦʞʜʝʥʠʝ ʧʦʣʷʨʠʟʘʮʠʠ 

ʠʤʝʝʪ ʵʣʝʢʪʨʦʥʥʳʡ ʭʘʨʘʢʪʝʨ ʠ ʩʚʷʟʘʥʦ ʩ ʩʠʣʴʥʳʤʠ ʢʦʨʨʝʣʷʮʠʦʥʥʳʤʠ ʵʬʬʝʢʪʘʤʠ. ʊʠʧʠʯʥʳʝ 

ʧʨʝʜʩʪʘʚʠʪʝʣʠ - ʬʝʨʨʠʪʳ ʪʨʝʭʚʘʣʝʥʪʥʳʭ ʤʝʪʘʣʣʦʚ (ʈɿʕ ʠ ʠʥʜʠʷ ʩʦʩʪʘʚʘ RFe2ʆ4, ʦʪʥʦʩʷʱʠʝʩʷ ʢ 

ʬʘʟʘʤ ʩʨʘʩʪʘʥʠʷ ʪʠʧʘ (RMʆ3)n(Mʆ)m. ʊʘʢ, ʚ ʬʝʨʨʠʪʝ LuFe2ʆ4 ʥʠʞʝ 500 ʂ ʧʦʷʚʣʷʝʪʩʷ ʟʘʨʷʜʦʚʦʝ 

ʫʧʦʨʷʜʦʯʝʥʠʝ, ʘ ʥʠʞʝ 330 ʂ ʦʥʦ ʧʨʠʦʙʨʝʪʘʝʪ ʪʨʝʭʤʝʨʥʳʡ ʭʘʨʘʢʪʝʨ ʠ ʧʦʨʦʞʜʘʝʪ ʧʦʣʷʨʠʟʘʮʠʶ. 

ʄʘʛʥʠʪʥʦʝ ʫʧʦʨʷʜʦʯʝʥʠʝ ʧʦʷʚʣʷʝʪʩʷ ʥʠʞʝ 240 ʂ. ɼʨʫʛʠʤ ʤʫʣʴʪʠʬʝʨʨʦʠʢʦʤ ʩ ʧʦʣʷʨʠʟʘʮʠʝʡ, 

ʚʳʟʚʘʥʥʦʡ ʟʘʨʷʜʦʚʳʤ ʫʧʦʨʷʜʦʯʝʥʠʝʤ, ʷʚʣʷʝʪʩʷ ʬʝʨʨʠʤʘʛʥʝʪʠʢ - ʤʘʛʥʝʪʠʪ Fe3ʆ4, ʦʙʣʘʜʘʶʱʠʡ 

ʩʪʨʫʢʪʫʨʦʡ ʦʙʨʘʱʝʥʥʦʡ ʰʧʠʥʝʣʠ. ʇʦʣʷʨʠʟʘʮʠʷ ʚʦʟʥʠʢʘʝʪ ʥʠʞʝ ʪʦʯʢʠ ɺʝʨʚʝʷ (120 ʂ).  

6) ʄʫʣʴʪʠʬʝʨʨʦʠʢʠ ʩ ʢʦʣʣʠʥʝʘʨʥʳʤ ʩʧʠʥʦʚʳʤ ʫʧʦʨʷʜʦʯʝʥʠʝʤ - ʵʪʦ ʤʘʥʛʘʥʠʪʳ ʩ ʦʙʱʝʡ 

ʬʦʨʤʫʣʦʡ RMn2ʆ5. ʆʥʠ ʦʙʣʘʜʘʶʪ ʩʣʦʞʥʳʤʠ ʤʘʛʥʠʪʥʳʤʠ ʫʧʦʨʷʜʦʯʝʥʠʷʤʠ ʠ 

ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʟʘʚʠʩʷʱʠʤʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ, ʜʘʚʣʝʥʠʷ ʠ ʧʨʠʣʦʞʝʥʥʦʛʦ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ.  

7) ʄʝʜʴʩʦʜʝʨʞʘʱʠʝ ʤʫʣʴʪʠʬʝʨʨʦʠʢʠ. ʉʨʝʜʠ ʤʫʣʴʪʠʬʝʨʨʦʠʢʦʚ ʩʫʱʝʩʪʚʫʝʪ ʨʷʜ 

ʩʦʝʜʠʥʝʥʠʡ ʥʘ ʦʩʥʦʚʝ ʤʝʜʠ ʩ ʬʨʫʩʪʨʠʨʦʚʘʥʥʦʡ ʩʧʠʥʦʚʦʡ ʩʪʨʫʢʪʫʨʦʡ, ʢʦʩʚʝʥʥʦ ʦʪʚʝʪʩʪʚʝʥʥʦʡ ʟʘ 

ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ. ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʠʟʚʝʩʪʥʳʭ ʷʚʣʷʝʪʩʷ ʩʦʝʜʠʥʝʥʠʝ LiCu2ʆ2 ʩ 

ʊʉ ~ 23 ʂ, ʧʨʠ ʵʪʦʤ ʧʝʨʝʭʦʜ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʤʘʛʥʠʪʥʳʤ ʫʧʦʨʷʜʦʯʝʥʠʝʤ ʚ ʚʠʜʝ ʩʧʠʨʘʣʴʥʦʡ 

ʩʧʠʥʦʚʦʡ ʩʪʨʫʢʪʫʨʳ. ʆʢʩʠʜ ʤʝʜʠ (ʇ) ʪʘʢʞʝ ʦʢʘʟʘʣʩʷ ʤʫʣʴʪʠʬʝʨʨʦʠʢʦʤ ʩ ʤʘʛʥʠʪʥʦʡ ʊʉ = 230 ʂ, 

ʧʨʠʯʝʤ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʪʚʦ ʚ ʥʝʤ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʥʝ ʥʠʞʝ 215 ʂ. 

ʄʫʣʴʪʠʬʝʨʨʦʠʯʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʦʙʣʘʜʘʶʪ ʠ ʜʨʫʛʠʝ ʩʦʝʜʠʥʝʥʠʷ ʤʝʜʠ.  

8) ɻʝʢʩʘʬʝʨʨʠʪʳ ʱʝʣʦʯʥʦʟʝʤʝʣʴʥʳʭ ʤʝʪʘʣʣʦʚ Y-, M- ʠ Z-ʪʠʧʦʚ ʧʨʦʷʚʣʷʶʪ ʩʚʦʡʩʪʚʘ 

ʤʫʣʴʪʠʬʝʨʨʦʠʢʦʚ. ʊʘʢ, ʜʣʷ Ba2Mg2Fe12ʆ22 (Y-ʪʠʧ, ʧʨʦʩʪʨ. ʛʨʫʧʧʘ ʂ3ʪ) ʩʚʦʡʩʪʚʝʥʥʦ 

ʬʝʨʨʠʤʘʛʥʠʪʥʦʝ ʫʧʦʨʷʜʦʯʝʥʠʝ ʥʠʞʝ 553 ʂ, ʘ ʥʠʞʝ 195 ʂ ð ʧʦʷʚʣʝʥʠʝ ʚʠʥʪʦʚʦʡ ʩʧʠʥʦʚʦʡ 

ʩʧʠʨʘʣʠ, ʟʘʧʨʝʱʘʶʱʝʡ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʧʦʣʷʨʠʟʘʮʠʠ, ʥʦ ʧʨʠ ʧʨʠʣʦʞʝʥʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚʩʝʛʦ 

ʣʠʰʴ 10-2 ʊʣ ʧʨʦʠʩʭʦʜʠʪ ʩʢʘʰʠʚʘʥʠʝ ʢʦʥʠʯʝʩʢʦʡ ʩʧʠʥʦʚʦʡ ʩʪʨʫʢʪʫʨʳ, ʥʝ ʦʙʣʘʜʘʶʱʝʡ ʮʝʥʪʨʦʤ 

ʠʥʚʝʨʩʠʠ, ʠ ʚʦʟʥʠʢʘʝʪ ʧʦʣʷʨʠʟʘʮʠʷ.  

9) ʄʫʣʴʪʠʬʝʨʨʦʠʢʠ ʥʘ ʦʩʥʦʚʝ ʬʪʦʨʠʜʦʚ ʨʘʩʩʤʦʪʨʝʥʳ ʚ ʦʙʟʦʨʥʦʡ ʨʘʙʦʪʝ [319]. ʕʪʦ 

ʧʨʝʞʜʝ ʚʩʝʛʦ ʩʦʝʜʠʥʝʥʠʷ ʩ ʦʙʱʝʡ ʬʦʨʤʫʣʦʡ BaMF4 (M = Mn, Ni, Fe, Co) ʩ ʪʝʤʧʝʨʘʪʫʨʘʤʠ ʂʶʨʠ 

ʚʳʰʝ ʪʦʯʝʢ ʧʣʘʚʣʝʥʠʷ ʩʦʝʜʠʥʝʥʠʡ (ʦʢʦʣʦ 1100-1300 ʂ) ʠ ʪʝʤʧʝʨʘʪʫʨʘʤʠ ʅʝʝʣʷ ʦʪ ~30 ʜʦ 80 ʂ, 

ʧʦʚʳʰʘʶʱʠʤʠʩʷ ʚ ʨʷʜʫ M = Mn, Fe, Co, Ni. ʀʟʚʝʩʪʥʳ ʠ ʜʨʫʛʠʝ ʬʪʦʨʩʦʜʝʨʞʘʱʠʝ 

ʤʫʣʴʪʠʬʝʨʨʦʠʢʠ.  

10) ʄʫʣʴʪʠʬʝʨʨʦʠʢʠ ʥʘ ʦʩʥʦʚʝ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ. ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʙʳʣʠ ʦʪʢʨʳʪʳ 

ʥʦʚʳʝ ʤʫʣʴʪʠʬʝʨʨʦʠʢʠ ʩʨʝʜʠ ʢʦʤʧʣʝʢʩʦʚ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʩ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʣʠʛʘʥʜʘʤʠ ʠ 

ʜʨʫʛʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʩʦʜʝʨʞʘʱʠʭ ʦʨʛʘʥʠʯʝʩʢʠʝ ʬʨʘʛʤʝʥʪʳ, ʛʜʝ ʧʦʣʷʨʠʟʘʮʠʷ ʚʦʟʥʠʢʘʝʪ ʠʟ-ʟʘ 

ʧʝʨʝʥʦʩʘ ʧʨʦʪʦʥʘ. ʊʘʢ, ʚ ʧʝʨʦʚʩʢʠʪʦʧʦʜʦʙʥʦʡ ʩʪʨʫʢʪʫʨʝ ʬʦʨʤʠʘʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

(Me2NH2)M(HCʆ2)3 ʥʠʞʝ 160-180 ʂ ʧʝʨʝʥʦʩ ʧʨʦʪʦʥʘ ʤʝʞʜʫ HCʆʆ- ʠ NH2-ʛʨʫʧʧʘʤʠ ʧʦʨʦʞʜʘʝʪ 
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ʘʥʪʠʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʪʚʦ, ʘ ʥʠʞʝ ~ 35 ʂ (ʜʣʷ M = Ni) ʥʝʮʝʥʪʨʦʩʠʤʤʝʪʨʠʯʥʳʝ ʤʦʩʪʠʢʦʚʳʝ 

ʛʨʫʧʧʳ p-HCʆ3, ʩʦʝʜʠʥʷʶʱʠʝ ʠʦʥʳ ʤʝʪʘʣʣʘ, çʩʢʘʰʠʚʘʶʪè ʩʧʠʥʳ Ni, ʠʟ-ʟʘ ʯʝʛʦ ʩʦʝʜʠʥʝʥʠʝ 

ʧʨʠʦʙʨʝʪʘʝʪ ʩʣʘʙʳʡ ʬʝʨʨʦʤʘʛʥʝʪʠʟʤ.  

ʉʪʨʫʢʪʫʨʥʦʝ ʙʦʛʘʪʩʪʚʦ ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʫʣʴʪʠʬʝʨʨʦʠʢʦʚ ʜʦʧʦʣʥʷʶʪ ʪʘʢʞʝ ʤʠʥʝʨʘʣ 

ʛʶʙʥʝʨʠʪ MnWʆ4, ʚʘʥʘʜʘʪʳ M3V2ʆ8 (M = Ni, Co, Mn, Zn, Cu), ʜʝʣʘʬʦʩʩʠʪʳ A+B3+ʆ2 (A = Ag, Cu, 

Pd, Pt; B = A1, Cr, Fe, Co, Ni, Ga, Rh, In), ʥʝʢʦʪʦʨʳʝ ʩʦʝʜʠʥʝʥʠʷ ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʰʧʠʥʝʣʠ ʠ ʛʨʘʥʘʪʘ, 

ʘ ʪʘʢʞʝ ʧʠʨʦʢʩʝʥʳ ʩ ʦʙʱʝʡ ʬʦʨʤʫʣʦʡ AMSi2ʆ6 (ʛʜʝ A - ʦʜʥʦ- ʠʣʠ ʜʚʫʭʚʘʣʝʥʪʥʳʡ, ʘ M ð 

ʜʚʫʭ- ʠʣʠ ʪʨʝʭʚʘʣʝʥʪʥʳʡ ʤʝʪʘʣʣʳ), ʩʦʝʜʠʥʝʥʠʷ Ba2LnFeNb4ʆ15 (Ln = Nd, Sm, Eu) ʩʦ ʩʪʨʫʢʪʫʨʦʡ 

ʪʝʪʨʘʛʦʥʘʣʴʥʳʭ ʚʦʣʴʬʨʘʤʦʚʳʭ ʙʨʦʥʟ ʠ ʨʷʜ ʜʨʫʛʠʭ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ. ɺʩʝ ʦʥʠ, ʢʘʢ ʠ ʧʦʜʘʚʣʷʶʱʝʝ 

ʙʦʣʴʰʠʥʩʪʚʦ ʦʧʠʩʘʥʥʳʭ ʚʳʰʝ ʤʫʣʴʪʠʬʝʨʨʦʠʢʦʚ, ʠʤʝʶʪ ʪʝʤʧʝʨʘʪʫʨʳ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠ 

(ʠʣʠ) ʤʘʛʥʠʪʥʳʭ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ ʩʫʱʝʩʪʚʝʥʥʦ ʥʠʞʝ ʢʦʤʥʘʪʥʳʭ, ʧʦʵʪʦʤʫ ʤʘʣʦ ʧʨʠʛʦʜʥʳ ʜʣʷ 

ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. 

IV.2. ʋʩʣʦʚʠʷ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʤʫʣʴʪʠʬʝʨʨʦʠʯʥʳʭ ʩʚʦʡʩʪʚ ʚ ʦʜʥʦʤ ʤʘʪʝʨʠʘʣʝ 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʤʘʪʝʨʠʘʣ, ʯʪʦʙʳ ʦʥ ʙʳʣ ʤʫʣʴʪʠʬʝʨʨʦʠʢʦʤ, ʜʦʣʞʝʥ ʙʳʪʴ ʦʜʥʦʚʨʝʤʝʥʥʦ 

ʬʝʨʨʦ(ʘʥʪʠʬʝʨʨʦ)ʤʘʛʥʝʪʠʢʦʤ ʠ ʩʝʛʥʝʪʦ(ʘʥʪʠʩʝʛʥʝʪʦ)ʵʣʝʢʪʨʠʢʦʤ. ʇʦʵʪʦʤʫ ʧʦʟʚʦʣʝʥʥʳʝ ʝʤʫ 

ʬʠʟʠʯʝʩʢʠʝ, ʩʪʨʫʢʪʫʨʥʳʝ, ʵʣʝʢʪʨʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʦʛʨʘʥʠʯʝʥʳ ʪʝʤʠ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʤʝʩʪʦ ʠ ʚ 

ʬʝʨʨʦʤʘʛʥʝʪʠʢʘʭ, ʠ ʚ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʘʭ ʦʜʥʦʚʨʝʤʝʥʥʦ. ɺ ʨʘʙʦʪʘʭ [320ï322] 

ʧʝʨʝʯʠʩʣʷʶʪʩʷ ʦʩʥʦʚʥʳʝ ʦʛʨʘʥʠʯʠʚʘʶʱʠʝ ʬʘʢʪʦʨʳ, ʧʨʝʜʦʧʨʝʜʝʣʷʶʱʠʝ ʩʫʱʝʩʪʚʦʚʘʥʠʝ (ʠʣʠ 

ʦʪʩʫʪʩʪʚʠʝ) ʬʝʨʨʦʤʘʛʥʝʪʠʟʤʘ ʠ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʪʚʘ ʚ ʦʜʥʦʤ ʤʘʪʝʨʠʘʣʝ. ɺʘʞʥʝʡʰʠʝ ʠʟ ʥʠʭ: 

1. ʉʠʤʤʝʪʨʠʷ. ʇʝʨʚʠʯʥʦʝ ʪʨʝʙʦʚʘʥʠʝ ʜʣʷ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 

ʧʦʚʝʜʝʥʠʷ ï ʩʪʨʫʢʪʫʨʥʦʝ ʠʩʢʘʞʝʥʠʝ ʚʳʩʦʢʦʩʠʤʤʝʪʨʠʯʥʦʡ ʷʯʝʡʢʠ, ʢʦʪʦʨʦʝ ʫʜʘʣʷʝʪ ʮʝʥʪʨ 

ʩʠʤʤʝʪʨʠʠ ʠ ʨʘʟʨʝʰʘʝʪ ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʧʦʣʷʨʠʟʘʮʠʶ. ʉʧʦʥʪʘʥʥʘʷ ʧʦʣʷʨʠʟʘʮʠʷ ʈ ʨʘʟʨʝʰʝʥʘ ʚ 

31 ʪʦʯʝʯʥʦʡ ʛʨʫʧʧʝ, ʩʧʦʥʪʘʥʥʘʷ ʤʘʛʥʠʪʥʘʷ ʧʦʣʷʨʠʟʘʮʠʷ ʄ ʪʦʞʝ ʚʦʟʤʦʞʥʘ ʚ 31 ʪʦʯʝʯʥʦʡ ʛʨʫʧʧʝ 

[322]. ʅʦ ʪʦʣʴʢʦ 13 ʠʟ ʥʠʭ ʷʚʣʷʶʪʩʷ ʦʙʱʠʤʠ (1, 2, 2ô, m, mô, 3, 3mô, 4, 4môm, môm2, mômô2, 6 ʠ 

6mômô), ʛʜʝ ʦʙʘ ʩʚʦʡʩʪʚʘ ʩʦʩʫʱʝʩʪʚʫʶʪ ʚ ʦʜʥʦʡ ʬʘʟʝ.  

2. ʕʣʝʢʪʨʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ. ʇʦ ʦʧʨʝʜʝʣʝʥʠʶ, ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʢ ʜʦʣʞʝʥ ʙʳʪʴ ʠʟʦʣʷʪʦʨʦʤ 

(ʠʥʘʯʝ ʙʳ ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʧʦʣʝ ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ ʩʪʝʢʘʥʠʶ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ, ʥʝ ʩʦʟʜʘʚʘʷ 

ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʧʦʣʷʨʠʟʘʮʠʶ). ʌʝʨʨʦʤʘʛʥʝʪʠʢʠ ʞʝ ʥʝ ʪʨʝʙʫʶʪ ʢʘʢʠʭ-ʪʦ ʦʩʦʙʝʥʥʳʭ 

ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. ʄʥʦʛʠʝ ʠʟ ʥʠʭ ʷʚʣʷʶʪʩʷ ʤʝʪʘʣʣʘʤʠ (Fe, Co, Ni) ʠ ʚ ʥʠʭ ʜʚʠʞʫʱʝʡ ʩʠʣʦʡ 

ʬʝʨʨʦʤʘʛʥʝʪʠʟʤʘ ʷʚʣʷʝʪʩʷ ʚʳʩʦʢʘʷ ʧʣʦʪʥʦʩʪʴ ʩʦʩʪʦʷʥʠʡ ʥʘ ʫʨʦʚʥʝ ʌʝʨʤʠ. ɹʦʣʴʰʠʥʩʪʚʦ ʞʝ 

ʦʢʩʠʜʥʳʭ ʬʝʨʨʠʤʘʛʥʝʪʠʢʦʚ ʠ ʘʥʪʠʬʝʨʨʦʤʘʛʥʝʪʠʢʦʚ ï ʜʠʵʣʝʢʪʨʠʢʠ ʠʣʠ ʧʦʣʫʧʨʦʚʦʜʥʠʢʠ.  

3. ʇʨʘʚʠʣʦ çd0è. ʇʦʥʷʪʥʦ, ʯʪʦ ʙʝʟ ʥʘʣʠʯʠʷ d-ʵʣʝʢʪʨʦʥʦʚ, ʩʦʟʜʘʶʱʠʭ ʣʦʢʘʣʴʥʳʝ ʤʘʛʥʠʪʥʳʝ 

ʤʦʤʝʥʪʳ, ʥʝʚʦʟʤʦʞʥʦ ʣʶʙʦʝ ʠʟ ʤʘʛʥʠʪʥʳʭ ʫʧʦʨʷʜʦʯʝʥʠʡ. ʅʦ ʢʦʛʜʘ, ʥʘʧʨʠʤʝʨ, ʚ ʩʪʨʫʢʪʫʨʝ 

ʧʝʨʦʚʩʢʠʪʘ d-ʧʦʜʫʨʦʚʝʥʴ ʢʘʪʠʦʥʘ ɺ ʟʘʥʷʪ ʧʦʣʥʦʩʪʴʶ ʠʣʠ ʯʘʩʪʠʯʥʦ, ʵʪʦ ʫʩʪʨʘʥʷʝʪ ʪʝʥʜʝʥʮʠʶ ʢ 
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ʠʩʢʘʞʝʥʠʶ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʧʦʣʠʵʜʨʦʚ, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʧʨʝʧʷʪʩʪʚʫʝʪ ʚʦʟʥʠʢʥʦʚʝʥʠʶ 

ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. ɺʝʜʴ ʜʣʷ ʩʝʛʥʝʪʦʘʢʪʠʚʥʳʭ ɺ-ʢʘʪʠʦʥʦʚ ʚ ʦʢʪʘʵʜʨʠʯʝʩʢʦʤ 

ʦʢʨʫʞʝʥʠʠ ʙʣʘʛʦʜʘʨʷ ʵʣʝʢʪʨʦʥʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʝʡ d0-1 ʧʦʷʚʣʷʝʪʩʷ ʩʢʣʦʥʥʦʩʪʴ ʢ ʘʩʠʤʤʝʪʨʠʯʥʦʤʫ 

p-ʩʚʷʟʳʚʘʥʠʶ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʩʤʝʱʝʥʠʶ ʠʟ ʮʝʥʪʨʦʚ ʦʢʪʘʵʜʨʦʚ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʧʦʷʚʣʝʥʠʶ 

ʜʠʧʦʣʴʥʦʛʦ ʤʦʤʝʥʪʘ ʫ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ. ʇʦ ʤʥʝʥʠʶ ʘʚʪʦʨʦʚ [320, 321], ʠʤʝʥʥʦ ʟʘʥʷʪʦʩʪʴ 

d-ʦʨʙʠʪʘʣʝʡ ʷʚʣʷʝʪʩʷ ʜʦʤʠʥʠʨʫʶʱʠʤ ʬʘʢʪʦʨʦʤ ʚ ʦʪʩʫʪʩʪʚʠʠ (ʠʣʠ ʥʘʣʠʯʠʠ) ʩʪʨʝʤʣʝʥʠʷ 

ʩʦʝʜʠʥʝʥʠʷ ʢ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʦʤʫ ʠʩʢʘʞʝʥʠʶ. ʊʦ ʝʩʪʴ ʜʣʷ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʬʝʨʨʦʤʘʛʥʝʪʠʟʤʘ 

ʥʝʦʙʭʦʜʠʤʦ ʥʘʣʠʯʠʝ ʵʣʝʢʪʨʦʥʦʚ ʥʘ d-ʧʦʜʫʨʦʚʥʝ ɺ-ʢʘʪʠʦʥʦʚ, ʘ ʜʣʷ ʧʨʦʷʚʣʝʥʠʷ 

ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʪʚʘ ï ʠʭ ʦʪʩʫʪʩʪʚʠʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠʨʦʜʘ ʤʘʛʥʠʪʦ- ʠ ʩʝʛʥʝʪʦʘʢʪʠʚʥʳʭ 

ʢʘʪʠʦʥʦʚ ʨʘʟʣʠʯʥʘ, ʠ ʯʪʦʙʳ ʤʘʪʝʨʠʘʣ ʦʙʣʘʜʘʣ ʤʫʣʴʪʠʬʝʨʨʦʠʯʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʥʝʦʙʭʦʜʠʤʦ 

ʧʨʠʩʫʪʩʪʚʠʝ ʚ ʝʛʦ ʩʦʩʪʘʚʝ ʠ ʪʝʭ, ʠ ʜʨʫʛʠʭ ʢʘʪʠʦʥʦʚ ʣʠʙʦ ʚ ʦʜʥʠʭ ʠ ʪʝʭ ʞʝ, ʣʠʙʦ ʚ ʨʘʟʣʠʯʥʳʭ 

ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʭ ʧʦʟʠʮʠʷʭ. ʊʘʢ, ʚ ʤʫʣʴʪʠʬʝʨʨʦʠʢʘʭ ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʧʝʨʦʚʩʢʠʪʘ BiMnO3 ʠ 

BiFeO3 ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʥʝʧʦʜʝʣʝʥʥʳʝ ʧʘʨʳ ʢʘʪʠʦʥʦʚ Bi3+ ʷʚʣʷʶʪʩʷ ʦʪʚʝʪʩʪʚʝʥʥʳʤʠ ʟʘ 

ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʪʚʦ, ʘ ʠʦʥʳ ʞʝʣʝʟʘ ʠ ʤʘʨʛʘʥʮʘ ʧʨʠʜʘʶʪ ʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ. ʂʘʢ ʠʟʚʝʩʪʥʦ, 

ʢʘʪʠʦʥʳ Bi3+ (ʘ ʪʘʢʞʝ Pb2+) ʦʙʣʘʜʘʶʪ 6s2-ʥʝʧʦʜʝʣʝʥʥʳʤʠ ʵʣʝʢʪʨʦʥʥʳʤʠ ʧʘʨʘʤʠ, ʢʦʪʦʨʳʝ ʚ 

ʭʠʤʠʯʝʩʢʠʭ ʩʚʷʟʷʭ ʫʯʘʩʪʠʷ ʥʝ ʧʨʠʥʠʤʘʶʪ. ʉ ʬʝʥʦʤʝʥʦʣʦʛʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʵʪʦ ʧʨʠʜʘʝʪ 

ʚʳʩʦʢʫʶ ʧʦʣʷʨʠʟʫʝʤʦʩʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʠʦʥʘʤ ʠ ʧʦʷʚʣʝʥʠʶ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʪʚʘ. ʉ 

ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʦʩʦʙʘʷ ʦʨʠʝʥʪʘʮʠʷ ʵʪʠʭ ʥʝʧʦʜʝʣʝʥʥʳʭ ʧʘʨ 

ʤʦʞʝʪ ʩʦʟʜʘʚʘʪʴ ʣʦʢʘʣʴʥʳʝ ʜʠʧʦʣʠ, ʢʦʪʦʨʳʝ ʚ ʢʦʥʮʝ ʢʦʥʮʦʚ ʤʦʛʫʪ ʫʧʦʨʷʜʦʯʠʪʴʩʷ ʚ 

ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʫʶ ʠʣʠ ʘʥʪʠʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʫʶ ʢʦʥʬʠʛʫʨʘʮʠʶ. ʄʘʛʥʠʪʥʦʝ ʫʧʦʨʷʜʦʯʝʥʠʝ 

ʚ ʬʝʨʨʠʪʝ ʠ ʤʘʥʛʘʥʠʪʝ ʚʠʩʤʫʪʘ ʧʦʷʚʣʷʝʪʩʷ ʧʨʠ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ - ʚ BiFeO3 

ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʘʷ ʠ ʘʥʪʠʬʝʨʨʦʤʘʛʥʪʠʥʘʷ ʪʝʤʧʝʨʘʪʫʨʳ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ ʩʦʩʪʘʚʣʷʶʪ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 1100 ʂ ʠ 643 ʂ; ʚ BiMnO3 ʦʥʠ ʨʘʚʥʳ 760 ʂ ʠ 105 ʂ. ʉʫʱʝʩʪʚʫʶʪ ʠ ʜʨʫʛʠʝ 

Bi-ʩʦʜʝʨʞʘʱʠʝ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʢʠ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʨʦʷʚʣʷʪʴ ʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ, 

ʧʨʠʯʝʤ ʚʳʰʝ ʢʦʤʥʘʪʥʳʭ ʪʝʤʧʝʨʘʪʫʨ (ʥʘʧʨʠʤʝʨ, ʬʘʟʳ ɸʫʨʠʚʠʣʣʠʫʩʘ). 

ʀʪʘʢ, ʤʫʣʴʪʠʬʝʨʨʦʠʯʥʳʝ ʩʚʦʡʩʪʚʘ ʚʦʚʣʝʢʘʝʪ ʤʥʦʞʝʩʪʚʦ ʪʦʥʢʠʭ ʢʦʥʢʫʨʠʨʫʶʱʠʭ 

ʬʘʢʪʦʨʦʚ ʩ ʟʘʩʝʣʝʥʥʦʩʪʴʶ ʵʣʝʢʪʨʦʥʘʤʠ d-ʦʨʙʠʪʘʣʝʡ ʚ ʢʘʯʝʩʪʚʝ ʛʣʘʚʥʦʡ ʢʨʠʪʠʯʝʩʢʦʡ 

ʧʝʨʝʤʝʥʥʦʡ.  

IV.3. ʈʘʟʣʠʯʥʳʝ ʩʧʦʩʦʙʳ ʢʦʤʙʠʥʠʨʦʚʘʥʠʷ ʤʘʛʥʝʪʠʟʤʘ ʠ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʪʚʘ 

ʇʝʨʚʳʡ, ʥʘʠʙʦʣʝʝ ʨʘʥʥʠʡ ʠ ʦʯʝʚʠʜʥʳʡ ʩʧʦʩʦʙ ʧʨʝʜʣʦʞʝʥ ʚ [323]. ʆʥ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʧʦʠʩʢʝ ʠ ʩʦʟʜʘʥʠʠ ʩʤʝʰʘʥʥʳʭ ʩʠʩʪʝʤ, ʩʦʜʝʨʞʘʱʠʭ ʢʘʢ ʤʘʛʥʠʪʥʳʝ, ʪʘʢ ʠ ʩʝʛʥʝʪʦʘʢʪʠʚʥʳʝ ʠʦʥʳ. 

ʂʘʞʜʳʡ ʠʟ ʥʠʭ ʪʦʛʜʘ ʤʦʞʝʪ ʜʝʣʘʪʴ ʪʦ, ʯʪʦ ʝʤʫ çʥʨʘʚʠʪʩʷè: ʤʘʛʥʠʪʥʳʝ ʠʦʥʳ ʧʨʝʜʦʩʪʘʚʣʷʶʪ 

ʥʝʢʦʪʦʨʦʝ ʤʘʛʥʠʪʥʦʝ ʫʧʦʨʷʜʦʯʝʥʠʝ, ʘ ʩʝʛʥʝʪʦʘʢʪʠʚʥʳʝ ʠʦʥʳ ʧʨʠʜʘʶʪ ʩʠʩʪʝʤʝ 

ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʩʨʝʜʠ ʩʦʝʜʠʥʝʥʠʡ ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʧʝʨʦʚʩʢʠʪʘ ʙʳʣʦ 



94 

ʦʙʥʘʨʫʞʝʥʦ ʤʥʦʞʝʩʪʚʦ ʪʘʢʠʭ ʢʦʤʙʠʥʘʮʠʡ ʪʠʧʘ ɸɺ1-ʭɺʭ̀ʆ3, ʥʘʧʨʠʤʝʨ, PbFe3+
1/2Nb5+

1/2O3 ʠ 

PbFe3+
2/3W

6+
1/3O3. ʋ ʥʝʢʦʪʦʨʳʭ ʠʟ ʥʠʭ ʝʩʪʴ ʫʧʦʨʷʜʦʯʝʥʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʠʦʥʦʚ ɺ ʠ ɺ`, ʚ ʜʨʫʛʠʭ 

ʦʥʠ ʨʘʟʫʧʦʨʷʜʦʯʝʥʳ. ɺ ʥʝʢʦʪʦʨʳʭ ʠʟ ʪʘʢʠʭ ʩʠʩʪʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʧʝʨʝʭʦʜʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʠ, 

ʢʘʢ ʥʘʧʨʠʤʝʨ, ʚ PbFe3+
1/2Nb5+

1/2O3. ʆʜʥʘʢʦ ʩʚʷʟʴ ʤʝʞʜʫ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʠ ʤʘʛʥʠʪʥʦʡ 

ʧʦʜʩʠʩʪʝʤʘʤʠ ʚ ʥʠʭ ʥʝ ʦʯʝʥʴ ʩʠʣʴʥʘ. ʊʝʤ ʥʝ ʤʝʥʝʝ ʜʦ ʩʠʭ ʧʦʨ ʵʪʦ ʦʩʪʘʝʪʩʷ ʦʯʝʥʴ ʧʦʣʝʟʥʳʤ 

ʧʦʜʭʦʜʦʤ ʚ ʧʦʠʩʢʝ ʤʫʣʴʪʠʬʝʨʨʦʠʢʦʚ. 

ɼʨʫʛʘʷ ʚʦʟʤʦʞʥʦʩʪʴ ʢʦʤʙʠʥʠʨʦʚʘʥʠʷ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʪʚʘ ʠ ʬʝʨʨʦʤʘʛʥʝʪʠʟʤʘ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʚ ʨʘʙʦʪʝ [324] ʥʘ ʧʨʠʤʝʨʝ ʧʝʨʦʚʩʢʠʪʦʚ ɸɺʆ3. ʂʘʢ ʠʟʚʝʩʪʥʦ, ʜʣʷ ʠʦʥʦʚ ɸ 

ʜʦʩʪʘʪʦʯʥʦ ʤʘʣʳʭ ʨʘʟʤʝʨʦʚ ʟʜʝʩʴ ʚʩʪʨʝʯʘʝʪʩʷ ʩʢʘʰʠʚʘʥʠʝ ʠ ʚʨʘʱʝʥʠʝ ʦʢʪʘʵʜʨʦʚ ɺʆ6, ʯʪʦ 

ʧʦʤʦʛʘʝʪ ʩʦʟʜʘʪʴ ʧʣʦʪʥʫʶ ʫʧʘʢʦʚʢʫ ʩʪʨʫʢʪʫʨʳ ʠ ʚʝʜʝʪ ʢ ʧʝʨʝʭʦʜʫ ʦʪ ʢʫʙʠʯʝʩʢʦʡ ʢ 

ʦʨʪʦʨʦʤʙʠʯʝʩʢʦʡ (ʠʣʠ ʠʥʦʛʜʘ ʨʦʤʙʦʵʜʨʠʯʝʩʢʦʡ) ʩʪʨʫʢʪʫʨʝ (ʪʘʢ ʥʘʟʳʚʘʝʤʦʝ ʠʩʢʘʞʝʥʠʝ ʪʠʧʘ 

GdFeO3). ʊʘʢʦʝ ʞʝ ʷʚʣʝʥʠʝ ʚʩʪʨʝʯʘʝʪʩʷ ʚ ʛʝʢʩʘʛʦʥʘʣʴʥʳʭ ʤʘʥʛʘʥʠʪʘʭ ʪʠʧʘ YMnO3: ʜʣʷ ʪʦʛʦ, 

ʯʪʦʙʳ ʜʦʩʪʠʛʥʫʪʴ ʧʣʦʪʥʦʡ ʫʧʘʢʦʚʢʠ, ʞʝʩʪʢʠʝ ʪʨʠʛʦʥʘʣʴʥʳʝ ʙʠʧʨʠʟʤʳ MnO5 ʪʘʢʞʝ ʥʘʢʣʦʥʷʶʪʩʷ. 

ʅʦ ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚ ʧʝʨʦʚʩʢʠʪʘʭ ʵʪʦʪ ʧʨʦʮʝʩʩ ʥʝ ʚʝʜʝʪ ʢ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʪʚʫ, ʚ ʛʝʢʩʘʛʦʥʘʣʴʥʦʡ 

ʩʪʨʫʢʪʫʨʝ YMnO3 ʪʘʢʦʡ ʥʘʢʣʦʥ ʚʝʜʝʪ ʢ ʩʥʠʞʝʥʠʶ ʩʠʤʤʝʪʨʠʠ ʠ ʢ ʧʦʷʚʣʝʥʠʶ 

ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʪʚʘ ʩ ʜʠʧʦʣʴʥʳʤʠ ʤʦʤʝʥʪʘʤʠ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʤʠ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʧʘʨʘʤʠ 

Y-O. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʩʦʝʜʠʥʝʥʠʷʭ, ʧʦʜʦʙʥʳʭ YMnO3, ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʪʚʦ ʜʦ ʠʟʚʝʩʪʥʦʡ 

ʩʪʝʧʝʥʠ ʷʚʣʷʝʪʩʷ ʧʦʯʪʠ çʩʣʫʯʘʡʥʳʤ ʧʦʙʦʯʥʳʤ ʧʨʦʜʫʢʪʦʤè ʩʢʣʦʥʥʦʩʪʠ ʩʪʨʫʢʪʫʨʳ ʢ ʧʣʦʪʥʝʡʰʝʡ 

ʫʧʘʢʦʚʢʝ. 

ʅʘʢʦʥʝʮ, ʘʚʪʦʨʘʤʠ [324] ʦʪʤʝʯʘʝʪʩʷ ʝʱʝ ʦʜʥʘ, ʧʦʞʘʣʫʡ, ʥʘʠʙʦʣʝʝ ʠʥʪʝʨʝʩʥʘʷ 

ʚʦʟʤʦʞʥʦʩʪʴ ï ʧʦʨʦʞʜʝʥʠʝ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʪʚʘ ʤʘʛʥʠʪʥʳʤ ʫʧʦʨʷʜʦʯʝʥʠʝʤ. ɺ ʥʝʢʦʪʦʨʳʭ 

ʩʠʩʪʝʤʘʭ ʤʦʞʥʦ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʩʦʟʜʘʪʴ ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʧʦʣʷʨʠʟʘʮʠʶ ʧʨʠʣʦʞʝʥʠʝʤ ʤʘʛʥʠʪʥʦʛʦ 

ʧʦʣʷ. ɽʩʣʠ ʚʥʝʰʥʝʝ ʧʦʣʝ ʤʦʞʝʪ ʵʪʦ ʩʜʝʣʘʪʴ, ʪʦ ʞʝ ʩʘʤʦʝ ʤʦʞʝʪ ʩʣʫʯʠʪʴʩʷ ʩʧʦʥʪʘʥʥʦ, ʙʣʘʛʦʜʘʨʷ 

ʚʥʫʪʨʝʥʥʝʤʫ ʧʦʣʶ ʠ ʙʣʘʛʦʜʘʨʷ ʦʧʨʝʜʝʣʝʥʥʦʤʫ ʤʘʛʥʠʪʥʦʤʫ ʫʧʦʨʷʜʦʯʝʥʠʶ. ʕʪʦ ʪʦ, ʯʪʦ, 

ʧʦ-ʚʠʜʠʤʦʤʫ, ʩʣʫʯʘʝʪʩʷ ʚ ʤʫʣʴʪʠʬʝʨʨʦʠʯʥʳʭ ʤʘʪʝʨʠʘʣʘʭ RMnO3 ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʧʝʨʦʚʩʢʠʪʘ (R = 

Tb, Gd), ʚ RMn2O5 (R ï ʨʘʟʣʠʯʥʳʝ ʨʝʜʢʦʟʝʤʝʣʴʥʳʝ ʠʦʥʳ, ʪʘʢʠʝ ʢʘʢ Tb, Y ʠ ʪ.ʜ.), ʚ Ni3V2O8 ʠ 

ʛʝʢʩʘʬʝʨʨʠʪʘʭ. ɺʦ ʚʩʝʭ ʵʪʠʭ ʩʠʩʪʝʤʘʭ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʪʚʦ ʧʦʷʚʣʷʝʪʩʷ, ʝʩʣʠ ʤʘʪʝʨʠʘʣ 

ʥʘʭʦʜʠʪʩʷ ʚ ʦʧʨʝʜʝʣʝʥʥʦʤ ʤʘʛʥʠʪʥʦʫʧʦʨʷʜʦʯʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʩʦ ʩʧʠʨʘʣʴʥʳʤ ʫʧʦʨʷʜʦʯʝʥʠʝʤ. 

ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʥʝʫʜʠʚʠʪʝʣʴʥʦ, ʯʪʦ ʩʚʷʟʴ ʤʝʞʜʫ ʤʘʛʥʠʪʥʦʡ ʠ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʦʜʩʠʩʪʝʤʘʤʠ ʚ 

ʥʠʭ ʷʚʣʷʝʪʩʷ ʦʩʦʙʝʥʥʦ ʩʠʣʴʥʦʡ, ʠ ʤʦʞʥʦ ʦʞʠʜʘʪʴ ʛʠʛʘʥʪʩʢʠʭ ʵʬʬʝʢʪʦʚ. ɺʝʨʦʷʪʥʦ, ʪʘʢʦʝ ʞʝ 

ʷʚʣʝʥʠʝ ʥʘʙʣʶʜʘʝʪʩʷ ʚ BiFeO3 ʠ ʠʤʝʝʪ ʤʥʦʛʦ ʦʙʱʝʛʦ ʩ ʵʪʠʤʠ ʩʠʩʪʝʤʘʤʠ. ʂʘʢʦʚ ʜʝʪʘʣʴʥʳʡ 

ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʡ ʤʝʭʘʥʠʟʤ ʛʝʥʝʨʠʨʦʚʘʥʠʷ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʪʚʘ ʤʘʛʥʠʪʥʳʤ ʫʧʦʨʷʜʦʯʝʥʠʝʤ ʚ 

ʜʘʥʥʳʭ ʩʠʩʪʝʤʘʭ, ʥʘ ʩʘʤʦʤ ʜʝʣʝ ʥʝʠʟʚʝʩʪʥʦ. ʅʦ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʜʘʥʥʘʷ ʠʜʝʷ ʷʚʣʷʝʪʩʷ ʚʧʦʣʥʝ 

ʧʨʘʚʜʦʧʦʜʦʙʥʦʡ. ʂ ʩʦʞʘʣʝʥʠʶ, ʩʧʠʨʘʣʴʥʳʝ ʤʘʛʥʠʪʥʳʝ ʩʪʨʫʢʪʫʨʳ ʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʚ 

ʤʝʪʘʣʣʘʭ, ʥʦ ʜʘʞʝ ʠ ʚ ʵʪʠʭ ʩʣʫʯʘʷʭ ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ ʠʥʪʝʨʝʩʥʳʝ ʵʬʬʝʢʪʳ, ʩʚʷʟʘʥʥʳʝ ʩ 
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ʚʳʟʚʘʥʥʳʤ ʠʩʢʘʞʝʥʠʝʤ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ, ʥʘʨʫʰʘʶʱʠʤ ʩʠʤʤʝʪʨʠʶ ʠʥʚʝʨʩʠʠ ï 

çʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʤʝʪʘʣʣʳè. ʅʦ ʤʦʞʝʪ ʩʫʱʝʩʪʚʦʚʘʪʴ ʪʘʢʞʝ ʤʥʦʞʝʩʪʚʦ ʠʟʦʣʷʪʦʨʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʩ ʪʘʢʠʤʠ ʤʘʛʥʠʪʥʳʤʠ ʩʪʨʫʢʪʫʨʘʤʠ. 

IV.4. ɺʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʝ ʤʫʣʴʪʠʬʝʨʨʦʠʢʠ 

IV.4.1. ʌʝʨʨʠʪ ʚʠʩʤʫʪʘ 

IV.4.1.a. ʉʪʨʫʢʪʫʨʘ 

BiFeO3 ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʠ ʭʦʨʦʰʦ ʠʟʫʯʝʥʥʳʤ ʤʫʣʴʪʠʬʝʨʨʦʠʢʦʤ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ BiFeO3 ʙʳʣʠ ʥʘʯʘʪʳ ʚ 1960 ʛʦʜʫ ʉʤʦʣʝʥʩʢʠʤ ʠ ʝʛʦ ʢʦʣʣʝʛʘʤʠ [4], ʢʦʪʦʨʳʝ 

ʧʦʣʫʯʠʣʠ ʜʘʥʥʳʡ ʧʨʦʜʫʢʪ ʚ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʦʤ ʩʦʩʪʦʷʥʠʠ, ʩʦʜʝʨʞʘʱʠʤ ʥʝʙʦʣʴʰʠʝ 

ʢʦʣʠʯʝʩʪʚʘ ʧʨʠʤʝʩʥʳʭ ʬʘʟ. ɺ 1967 ʛʦʜʫ ʘʚʪʦʨʘʤ ʨʘʙʦʪʳ [325] ʫʜʘʣʦʩʴ ʧʦʣʫʯʠʪʴ ʦʜʥʦʬʘʟʥʳʡ 

ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ BiFeO3 ʧʫʪʝʤ ʫʜʘʣʝʥʠʷ ʥʝʞʝʣʘʪʝʣʴʥʳʭ ʬʘʟ ʟʘ ʩʯʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ HNO3. 

ʆʜʥʘʢʦ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʢʝʨʘʤʠʢʘ BiFeO3 ʥʝ ʧʨʠʛʦʜʥʘ ʜʣʷ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʠʟ-ʟʘ 

ʝʝ ʚʳʩʦʢʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ [4]-[326], ʧʦʵʪʦʤʫ ʥʘ ʜʦʣʛʦʝ ʚʨʝʤʷ ʠʥʪʝʨʝʩ ʢ ʦʨʪʦʬʝʨʨʠʪʫ ʚʠʩʤʫʪʘ ʙʳʣ 

ʦʩʣʘʙʣʝʥ. ʆʪʢʨʳʪʠʝ ʚ 2003 ʛʦʜʫ [327] ʙʦʣʴʰʦʡ ʦʩʪʘʪʦʯʥʦʡ ʧʦʣʷʨʠʟʘʮʠʠ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʩʠʣʴʥʳʤ 

ʬʝʨʨʦʤʘʛʥʝʪʠʟʤʦʤ ʥʘ ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʪʦʥʢʠʭ ʧʣʝʥʢʘʭ BiFeO3 ʧʨʠʚʝʣʦ ʢ ʚʦʟʨʦʞʜʝʥʠʶ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ.  

ʆʨʪʦʬʝʨʨʠʪ ʚʠʩʤʫʪʘ ʠʤʝʝʪ ʨʦʤʙʦʵʜʨʠʯʝʩʢʠ ʠʩʢʘʞʝʥʥʫʶ ʩʪʨʫʢʪʫʨʫ ʧʝʨʦʚʩʢʠʪʘ, 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʛʨʫʧʧʘ R3c [328]-[329] (ʨʠʩ.IV.1). ʇʦʩʪʦʷʥʥʳʝ ʨʝʰʝʪʢʠ ʦʧʨʝʜʝʣʝʥʳ ʢʘʢ 

ʘ = 3.965 A, Ŭ = 89.35̄  ʜʣʷ ʧʩʝʚʜʦʢʫʙʠʯʝʩʢʦʡ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ, ʩʦʜʝʨʞʘʱʝʡ ʦʜʥʫ 

ʬʦʨʤʫʣʴʥʫʶ ʝʜʠʥʠʮʫ, ʠʣʠ ʘ = 5,6343 ɸ ʠ Ŭ = 59.348 ʜʣʷ ʨʦʤʙʦʵʜʨʠʯʝʩʢʦʡ ʷʯʝʡʢʠ, ʩʦʜʝʨʞʘʱʝʡ 

ʜʚʝ ʬʦʨʤʫʣʴʥʳʝ ʝʜʠʥʠʮʳ, ʠʣʠ a = 5.578 ɸ ʠ ʩ = 13,868 ɸ ʜʣʷ ʛʝʢʩʘʛʦʥʘʣʴʥʦʡ ʵʣʝʤʝʥʪʘʨʥʦʡ 

ʷʯʝʡʢʠ, ʩʦʜʝʨʞʘʱʝʡ ʰʝʩʪʴ ʬʦʨʤʫʣʴʥʳʭ ʝʜʠʥʠʮ [329].  

BiFeO3 ʷʚʣʷʝʪʩʷ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʢʦʤ ʠ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʩʧʦʥʪʘʥʥʫʶ ʧʦʣʷʨʠʟʘʮʠʶ ʚʜʦʣʴ 

ʦʜʥʦʛʦ ʠʟ ʚʦʩʴʤʠ ʧʩʝʚʜʦʢʫʙʠʯʝʩʢʠʭ ʥʘʧʨʘʚʣʝʥʠʡ <111>, ʪʝʤʧʝʨʘʪʫʨʘ ʂʶʨʠ 1100 ʂ [328]-[329]. 

ɺ BiFeO3 ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʦʣʷʨʠʟʘʮʠʷ ʦʙʫʩʣʦʚʣʝʥʘ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʢʘʪʠʦʥʘ 

Bi3+, ʠʤʝʶʱʝʛʦ 6s2-ʥʝʧʦʜʝʣʝʥʥʫʶ ʵʣʝʢʪʨʦʥʥʫʶ ʧʘʨʫ, ʦʙʣʘʜʘʶʱʫʶ ʩʪʝʨʝʦʭʠʤʠʯʝʩʢʦʡ 

ʘʢʪʠʚʥʦʩʪʴʶ, ʙʣʘʛʦʜʘʨʷ ʯʝʤʫ ʢʘʪʠʦʥ ʚʠʩʤʫʪʘ ʩʤʝʱʘʝʪʩʷ ʠʟ ʮʝʥʪʨʘ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʛʦ ʧʦʣʠʵʜʨʘ, 

ʠ ʫ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʚʦʟʥʠʢʘʝʪ ʥʝʥʫʣʝʚʦʡ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʤʦʤʝʥʪ ʜʠʧʦʣʷ.  

BiFeO3 ʷʚʣʷʝʪʩʷ ʘʥʪʠʬʝʨʨʦʤʘʛʥʝʪʠʢʦʤ (ɸʌʄ) G-ʪʠʧʘ (ʪʝʤʧʝʨʘʪʫʨʘ ʅʝʝʣʷ 643 ʂ). 

ʅʘʤʘʛʥʠʯʝʥʥʦʩʪʴ ʦʙʝʩʧʝʯʠʚʘʶʪ ʠʦʥʳ Fe3+, ʧʨʠ ʵʪʦʤ ʢʘʞʜʳʡ ʠʦʥ Fe3+ ʩʦ ʩʧʠʥʦʤ ʚʚʝʨʭ ʦʢʨʫʞʝʥ 

ʰʝʩʪʴʶ ʙʣʠʞʘʡʰʠʤʠ ʩʦʩʝʜʷʤʠ Fe3+ ʩʦ ʩʧʠʥʦʤ ʚʥʠʟ [330]. ɸʥʪʠʩʠʤʤʝʪʨʠʯʥʦʝ ʦʙʤʝʥʥʦʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ Fe-O-Fe ɼʟʷʣʦʰʠʥʩʢʦʛʦ - ʄʦʨʠʷ ʧʨʠʚʦʜʠʪ ʢ ʩʣʦʞʥʦʤʫ ʤʘʛʥʠʪʥʦʤʫ 

ʫʧʦʨʷʜʦʯʝʥʠʶ. 
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ʈʠʩ.IV.1. (ʘ) ʗʯʝʡʢʘ ʬʝʨʨʠʪʘ ʚʠʩʤʫʪʘ, ʧʨʝʜʩʪʘʚʣʷʶʱʘʷ ʩʦʙʦʡ ʨʦʤʙʦʵʜʨʠʯʝʩʢʠ ʠʩʢʘʞʸʥʥʫʶ 

ʧʝʨʦʚʩʢʠʪʥʫʶ ʷʯʝʡʢʫ, ʫʜʚʦʝʥʥʫʶ ʟʘ ʩʯʸʪ ʘʥʪʠʧʘʨʘʣʣʝʣʴʥʦʛʦ ʚʨʘʱʝʥʠʷ ʢʠʩʣʦʨʦʜʥʳʭ ʦʢʪʘʵʜʨʦʚ 

ʚʦʢʨʫʛ ʦʩʠ [111]. 

(ʙ) ʗʯʝʡʢʘ ʬʝʨʨʠʪʘ ʚʠʩʤʫʪʘ ʚ ʛʝʢʩʘʛʦʥʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʝ, [8] 

 

ʈʠʩ.IV.2. ʉʭʝʤʘʪʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʩʧʠʥʦʚʦʡ ʩʪʨʫʢʪʫʨʳ BiFeO3, [331] 
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ɸʌʄ-ʩʪʨʫʢʪʫʨʘ G-ʪʠʧʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʧʠʨʘʣʴʥʫʶ (ʮʠʢʣʦʠʜʘʣʴʥʫʶ) ʩʧʠʥʦʚʫʶ 

ʩʪʨʫʢʪʫʨʫ, ʚʝʢʪʦʨ ʤʦʜʫʣʷʮʠʠ ʢʦʪʦʨʦʡ ʠʤʝʝʪ ʜʣʠʪʝʣʴʥʳʡ ʧʝʨʠʦʜ l = 620-640 ɸ [332] (ʨʠʩ.IV.2). 

ʄʘʛʥʠʪʥʳʝ ʩʧʠʥʳ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳ ʦʩʠ <111> ʧʩʝʚʜʦʢʫʙʠʯʝʩʢʦʡ ʷʯʝʡʢʠ. ɺ ʧʣʦʩʢʦʩʪʠ { 111}  

ʤʘʛʥʠʪʥʳʝ ʩʧʠʥʳ ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʬʝʨʨʦʤʘʛʥʠʪʥʦ, ʘ ʚ ʩʦʩʝʜʥʠʭ ʧʣʦʩʢʦʩʪʷʭ {111}  

ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʦ. ʉʧʠʥʳ ʥʘ ʩʘʤʦʤ ʜʝʣʝ ʥʝ ʠʜʝʘʣʴʥʦ ʘʥʪʠʧʘʨʘʣʣʝʣʴʥʳ, ʯʪʦ ʚʳʟʚʘʥʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ɼʟʷʣʦʰʠʥʩʢʦʛʦ - ʄʦʨʠʷ [320],[333],[334].  

ʊʝʤʧʝʨʘʪʫʨʘ ʦʢʘʟʳʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʭʘʨʘʢʪʝʨ ʠʩʢʘʞʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʠ 

ʤʝʞʘʪʦʤʥʳʝ ʨʘʩʩʪʦʷʥʠʷ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʝ ʬʝʨʨʠʪʘ ʚʠʩʤʫʪʘ. ɺ ʮʝʣʦʤ ʧʦʚʳʰʝʥʠʝ 

ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʠʚʦʜʠʪ ʢ ʧʦʩʪʝʧʝʥʥʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ʜʣʠʥʳ ʩʚʷʟʠ Fe-Bi ʠ ʚʘʣʝʥʪʥʳʭ ʫʛʣʦʚ 

Fe-O-Fe, O-Fe-O ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʠ ʧʦʣʷʨʠʟʘʮʠʠ 

[335].  

IV.4.1.ʙ. ʄʝʪʦʜʳ ʩʠʥʪʝʟʘ ʠ ʩʧʝʢʘʥʠʷ BiFeO3 

ɽʩʪʴ ʥʝʤʘʣʳʝ ʩʣʦʞʥʦʩʪʠ ʚ ʧʨʦʮʝʩʩʝ ʠʟʛʦʪʦʚʣʝʥʠʷ BiFeO3. ɸʥʘʣʠʟ ʬʘʟʦʚʦʡ ʜʠʘʛʨʘʤʤʳ 

Bi2O3 - Fe2O3 (ʨʠʩ.IV.3) ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ BiFeO3 ʷʚʣʷʝʪʩʷ ʤʝʪʘʩʪʘʙʠʣʴʥʳʤ ʩʦʝʜʠʥʝʥʠʝʤ ʠ 

ʩʦʛʣʘʩʥʦ [336]-[337] ʫʩʪʦʡʯʠʚ ʣʠʰʴ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ ~930̄ ʉ, ʧʨʠ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʦʥ 

ʨʘʟʣʘʛʘʝʪʩʷ ʥʘ Bi2O3 ʠ Bi2Fe4O9. ʇʦ ʜʨʫʛʠʤ ʜʘʥʥʳʤ, ʦʥ ʩʪʘʙʠʣʝʥ ʣʠʰʴ ʜʦ 780ʉ̄ [338] ʠʣʠ 830ʉ̄ 

[339], ʘ ʧʨʠ ʜʘʣʴʥʝʡʰʝʤ ʧʦʚʳʰʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʜʚʝʨʛʘʝʪʩʷ ʧʝʨʠʪʝʢʪʠʯʝʩʢʦʤʫ ʨʘʟʣʦʞʝʥʠʶ 

ʥʘ ʪʝ ʞʝ ʧʨʦʜʫʢʪʳ. ʂʘʢ ʩʣʝʜʩʪʚʠʝ, ʧʦʣʫʯʝʥʠʝ ʯʠʩʪʦʛʦ, ʙʝʟ ʧʨʠʤʝʩʝʡ, ʧʨʦʜʫʢʪʘ ʪʚʝʨʜʦʬʘʟʥʳʤ 

ʩʧʦʩʦʙʦʤ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʚʦʟʤʦʞʥʦ, ʦ ʯʝʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʜʝʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʢʠʥʝʪʠʢʠ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʬʝʨʨʠʪʘ ʚʠʩʤʫʪʘ [339]. ʊʘʢ, ʧʨʠ ʩʠʥʪʝʟʝ BiFeO3 ʠʟ ʦʢʩʠʜʦʚ ʟʘʤʝʪʥʘʷ ʘʢʪʠʚʘʮʠʷ 

ʧʨʦʮʝʩʩʘ ʩʠʥʪʝʟʘ ʥʘʙʣʶʜʘʝʪʩʷ ʣʠʰʴ ʧʨʠ 700ʉ̄, ʥʦ ʜʘʞʝ ʤʥʦʛʦʯʘʩʦʚʳʝ ʚʳʜʝʨʞʢʠ ʧʨʠ ʵʪʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ, ʘ ʪʘʢʞʝ ʧʨʠ 730 ʠ 800ʉ̄ ʧʨʠʚʦʜʷʪ ʣʠʰʴ ʢ 50-80%-ʥʦʡ ʩʪʝʧʝʥʠ ʧʨʝʚʨʘʱʝʥʠʷ ʩʤʝʩʠ 

ʦʢʩʠʜʦʚ ʚ ʠʩʢʦʤʳʡ ʧʨʦʜʫʢʪ ʨʝʘʢʮʠʠ. ʉʪʝʧʝʥʴ ʧʨʝʚʨʘʱʝʥʠʷ ʧʨʠʙʣʠʞʘʝʪʩʷ ʢ 100% ʣʠʰʴ ʧʦʩʣʝ 

ʦʙʞʠʛʘ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʧʨʠ 850ʉ̄ ʚ ʪʝʯʝʥʠʝ 5-10 ʤʠʥʫʪ, ʙʦʣʝʝ ʜʣʠʪʝʣʴʥʘʷ ʪʝʨʤʦʦʙʨʘʙʦʪʢʘ 

ʧʨʠʚʦʜʠʪ ʢ ʨʘʟʣʦʞʝʥʠʶ BiFeO3 ʥʘ g-Bi2O3 ʠ Bi2Fe4O9.  

ʄʦʞʥʦ ʫʢʘʟʘʪʴ ʝʱʝ ʨʷʜ ʧʨʠʯʠʥ, ʧʨʠʚʦʜʷʱʠʭ ʢ ʧʦʣʫʯʝʥʠʶ ʥʝʢʘʯʝʩʪʚʝʥʥʳʭ ʦʙʨʘʟʮʦʚ 

BiFeO3: ʩʦʛʣʘʩʥʦ [340] ʵʪʦ ʠʩʧʘʨʝʥʠʝ ʦʢʩʠʜʘ ʚʠʩʤʫʪʘ, ʣʝʛʢʦ ʧʨʦʠʩʭʦʜʷʱʝʝ ʚ ʥʘʯʘʣʝ ʩʠʥʪʝʟʘ ʩ 

ʧʦʩʣʝʜʫʶʱʠʤ ʝʛʦ ʧʦʷʚʣʝʥʠʝʤ ʚʥʦʚʴ ʚ ʚʠʜʝ Bi2O3 ʚ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʩʠ ʚ ʢʦʥʝʯʥʦʤ ʧʨʦʜʫʢʪʝ; 

ʧʦʷʚʣʝʥʠʝ ʧʨʠʤʝʩʠ Fe2+ ʚ ʢʠʩʣʦʨʦʜ-ʜʝʬʠʮʠʪʥʦʡ ʘʪʤʦʩʬʝʨʝ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʙʦʣʴʰʠʤ ʪʦʢʘʤ 

ʫʪʝʯʢʠ ʚ BiFeO3; ʥʘʢʦʥʝʮ, ʧʨʦʙʣʝʤʘʪʠʯʥʦʩʪʴ ʜʦʩʪʠʞʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʩʧʝʯʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʙʦʣʝʝ 

90 % ʦʪ ʪʝʦʨʝʪʠʯʝʩʢʦʡ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʬʘʢʪʦʨʦʤ ʧʨʠ ʠʟʤʝʨʝʥʠʠ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ, 

ʪ.ʢ. ʚ ʮʝʣʦʤ ʧʦʨʠʩʪʦʩʪʴ ʩʥʠʞʘʝʪ ʧʨʦʥʠʮʘʝʤʦʩʪʴ.  

ɼʣʷ ʧʨʝʦʜʦʣʝʥʠʷ ʥʘʟʚʘʥʥʳʭ ʧʨʦʙʣʝʤ ʧʨʝʜʣʘʛʘʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʩʧʦʩʦʙʳ ʩʠʥʪʝʟʘ ʠ 

ʩʧʝʢʘʥʠʷ ʦʙʨʘʟʮʦʚ. ʉʨʝʜʠ ʧʦʩʣʝʜʥʠʭ ï ʠʩʢʨʦʚʦʝ ʧʣʘʟʤʝʥʥʦʝ ʩʧʝʢʘʥʠʝ [341]-[342], ʪʝʭʥʠʢʘ  
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ʙʳʩʪʨʦʛʦ ʞʠʜʢʦʬʘʟʥʦʛʦ ʩʧʝʢʘʥʠʷ [343] ʠ ʙʳʩʪʨʳʭ ʜʚʫʭʩʪʫʧʝʥʯʘʪʳʭ ʪʚʝʨʜʦʬʘʟʥʳʭ ʨʝʘʢʮʠʡ 

[344]. ʊʘʢ, ʘʚʪʦʨʳ [342] ʠʟʛʦʪʦʚʠʣʠ ʦʜʥʦʬʘʟʥʫʶ ʢʝʨʘʤʠʢʫ BiFeO3 ʩʧʦʩʦʙʦʤ ʠʩʢʨʦʚʦʛʦ 

ʧʣʘʟʤʝʥʥʦʛʦ ʩʧʝʢʘʥʠʷ ʩ ʧʣʦʪʥʦʩʪʴʶ ʚʳʰʝ 90% ʦʪ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 650ÁC, ʧʨʠ 

ʵʪʦʤ ʦʙʨʘʟʮʳ ʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʩʪʘʙʠʣʴʥʫʶ ʜʠʵʣʝʢʪʨʠʯʝʩʢʫʶ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʠ ʥʠʟʢʠʝ ʧʦʪʝʨʠ 

ʧʦʩʣʝ ʦʪʞʠʛʘ ʚ ʘʪʤʦʩʬʝʨʝ ʢʠʩʣʦʨʦʜʘ. ɺ [343] ʧʦʢʘʟʘʥʦ, ʯʪʦ ʙʳʩʪʨʦʝ ʞʠʜʢʦʬʘʟʥʦʝ ʩʧʝʢʘʥʠʝ 

BiFeO3 ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ 92%-ʥʦʡ ʧʣʦʪʥʦʩʪʠ, ʘ ʩʧʦʥʪʘʥʥʘʷ ʠ ʦʩʪʘʪʦʯʥʘʷ ʧʦʣʷʨʠʟʘʮʠʠ 

ʧʦʣʫʯʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʩʦʩʪʘʚʣʷʶʪ 8,9 ʠ 4,0 mC/cm2 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺ ʨʘʙʦʪʝ [344] ʩʦʦʙʱʘʝʪʩʷ ʦ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ, ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚʘʭ ʣʝʛʠʨʦʚʘʥʥʦʡ BiFeO3 ʢʝʨʘʤʠʢʠ, 

ʦʜʥʘʢʦ ʚ ʨʘʙʦʪʝ ʥʝ ʩʦʜʝʨʞʠʪʩʷ ʜʘʥʥʳʭ ʦʙ ʦʙʲʝʤʥʦʡ ʧʣʦʪʥʦʩʪʠ ʦʙʨʘʟʮʦʚ. 

ʐʠʨʦʢʦ ʠʩʩʣʝʜʫʶʪʩʷ ʚʦʟʤʦʞʥʦʩʪʠ ʩʠʥʪʝʟʘ BiFeO3 ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʤʠ ʩʧʦʩʦʙʘʤʠ, ʪ.ʢ. 

ʦʥʠ ʧʦʟʚʦʣʷʪʁ ʥʝ ʪʦʣʴʢʦ ʧʨʝʦʜʦʣʝʪʴ ʚʳʰʝʦʧʠʩʘʥʥʳʝ ʧʨʦʙʣʝʤʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʝʛʦ ʥʠʟʢʦʡ 

ʪʝʨʤʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʴʶ, ʥʦ ʠ ʩʧʦʩʦʙʩʪʚʫʪʁ ʫʣʫʯʰʝʥʠʶ ʝʛʦ ʤʘʛʥʠʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ʕʪʦ 

ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʫʤʝʥʴʰʝʥʠʝ ʨʘʟʤʝʨʦʚ ʯʘʩʪʠʮ ʥʠʞʝ ʧʝʨʠʦʜʠʯʥʦʩʪʠ ʩʧʠʨʘʣʴʥʦʛʦ ʧʦʨʷʜʢʘ ʤʦʞʝʪ 

ʧʨʠʚʝʩʪʠ ʢ ʝʛʦ ʧʦʜʘʚʣʝʥʠʶ [345]. ʈʘʟʣʠʯʘʶʪ ʥʫʣʴʤʝʨʥʳʝ (0D, ʥʘʥʦʯʘʩʪʠʮʳ), ʦʜʥʦʤʝʨʥʳʝ (1D, 

ʥʘʥʦʧʨʦʚʦʜʘ, ʥʘʥʦʩʪʝʨʞʥʠ, ʥʘʥʦʪʨʫʙʢʠ) ʠ ʜʚʫʤʝʨʥʳʝ (2D, ʪʦʥʢʠʝ ʧʣʝʥʢʠ) ʥʘʥʦʩʪʨʫʢʪʫʨʳ 

BiFeO3. ʂʘʢ ʧʦʢʘʟʳʚʘʶʪ ʧʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʥʘʥʦʩʪʨʫʢʪʫʨʳ BiFeO3 ʜʝʡʩʪʚʠʪʝʣʴʥʦ 

ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʧʦʚʳʰʝʥʥʫʶ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ ʠ ʩʫʧʝʨʧʘʨʘʤʘʛʥʝʪʠʟʤ, ʯʪʦ ʢʦʨʨʝʣʠʨʫʝʪ ʩ 

ʫʤʝʥʴʰʝʥʠʝʤ ʨʘʟʤʝʨʦʚ [326]. ʄʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʚ ʦʪʚʝʪ ʥʘ ʫʤʝʥʴʰʝʥʠʝ 

ʨʘʟʤʝʨʦʚ ʥʘʥʦʯʘʩʪʠʮ BiFeO3 ʠʟ-ʟʘ ʟʥʘʯʠʪʝʣʴʥʦʡ ʜʦʣʠ ʥʝʩʢʦʤʧʝʥʩʠʨʦʚʘʥʥʳʭ ʩʧʠʥʦʚ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʥʘʥʦʢʨʠʩʪʘʣʣʦʚ [346]. 

 

ʈʠʩ.IV.3. ʌʘʟʦʚʘʷ ʜʠʘʛʨʘʤʤʘ ʩʠʩʪʝʤʳ Bi2O3 ï Fe2O3, [326]. 
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ʅʫʣʴʤʝʨʥʳʝ ʠ ʦʜʥʦʤʝʨʥʳʝ ʥʘʥʦʩʪʨʫʢʪʫʨʳ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʩʘʤʳʤʠ ʨʘʟʣʠʯʥʳʤʠ 

ʩʧʦʩʦʙʘʤʠ, ʚʘʞʥʝʡʰʠʝ ʠʟ ʢʦʪʦʨʳʭ: 

1) ɿʦʣʴ-ʛʝʣʴ-ʤʝʪʦʜʳ - ʢʘʢ ʧʨʘʚʠʣʦ, ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ ʨʝʘʢʮʠʠ ʛʠʜʨʦʣʠʟʘ ʘʣʢʦʢʩʠʜʦʚ ʚ 

ʩʧʠʨʪʦʚʦʤ ʨʘʩʪʚʦʨʝ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʙʨʘʟʫʝʪʩʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʛʠʜʨʦʢʩʠʜ ʩ ʨʘʟʤʝʨʦʤ ʯʘʩʪʠʮ ʦʪ 

ʤʝʥʝʝ ʯʝʤ 15 ʥʤ ʜʦ ʙʦʣʝʝ ʯʝʤ 100 ʥʤ. ʕʪʦʪ ʤʝʪʦʜ ʠʤʝʝʪ ʨʷʜ ʧʨʝʠʤʫʱʝʩʪʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ 

ʤʝʪʦʜʘʤʠ. ʆʥ ʜʘʝʪ ʦʜʥʦʨʦʜʥʫʶ ʧʦʨʠʩʪʫʶ ʧʦʨʦʰʢʦʚʫʶ ʫʣʴʪʨʘʪʦʥʢʫʶ ʤʘʩʩʫ ʠ ʤʦʞʝʪ ʙʳʪʴ 

ʨʘʩʰʠʨʝʥ ʜʦ ʤʘʩʰʪʘʙʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ. ʍʠʤʠʯʝʩʢʠʝ ʠ ʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʢʦʥʝʯʥʦʛʦ ʧʨʦʜʫʢʪʘ 

BiFeO3 ʩʠʣʴʥʦ ʟʘʚʠʩʷʪ ʦʪ ʫʩʣʦʚʠʡ ʛʠʜʨʦʣʠʟʘ ʠ ʩʫʰʢʠ.  

ʊʘʢ, ʘʚʪʦʨʳ ʨʘʙʦʪʳ [347] ʩʠʥʪʝʟʠʨʦʚʘʣʠ ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʥʘʥʦʯʘʩʪʠʮʳ BiFeO3 ʠʟ 

ʛʝʣʷ ʥʘ ʦʩʥʦʚʝ ʛʣʠʢʦʣʷ. ʇʦʢʘʟʘʥʳ ʩʠʣʴʥʳʝ ʢʦʨʨʝʣʷʮʠʠ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʘ ʩ ʨʘʟʤʝʨʦʤ ʯʘʩʪʠʮ. ɺ 

[347] ʦʧʠʩʘʥ ʟʦʣʴ-ʛʝʣʴ-ʩʠʥʪʝʟ ʥʘʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʫʣʴʪʨʘʪʦʥʢʠʭ ʚʦʣʦʢʦʥ BiFeO3 ʜʣʠʥʦʡ ʦʪ 100 

ʜʦ 300 ʥʤ ʠ ʜʠʘʤʝʪʨʦʤ ʦʢʦʣʦ 20 ʥʤ. ʅʘʙʣʶʜʘʝʪʩʷ ʯʝʪʢʘʷ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʘʷ ʜʦʤʝʥʥʘʷ 

ʩʪʨʫʢʪʫʨʘ. ʋʜʘʝʪʩʷ ʧʨʦʧʠʩʘʪʴ ʧʝʪʣʠ ʛʠʩʪʝʨʝʟʠʩʘ, ʦʜʥʦʟʥʘʯʥʦ ʧʦʜʪʚʝʨʞʜʘʶʱʠʝ 

ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʪʚʦ ʫʣʴʪʨʘʪʦʥʢʠʭ ʚʦʣʦʢʦʥ BiFeO3. ʆʙʥʘʨʫʞʠʚʘʝʪʩʷ ʪʘʢʞʝ ʩʣʘʙʳʡ 

ʬʝʨʨʦʤʘʛʥʝʪʠʟʤ ʚʦʣʦʢʦʥ, ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ ʥʘʩʳʱʝʥʠʷ ʩʦʩʪʘʚʣʷʝʪ 4 emu/g ʚ ʧʦʣʝ 200 ʕ.  

2) ɻʠʜʨʦʪʝʨʤʘʣʴʥʳʡ ʩʧʦʩʦʙ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ 

ʥʘʥʦ- ʠ ʤʠʢʨʦʩʪʨʫʢʪʫʨ ʩ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ, ʚʳʩʦʢʦʡ ʯʠʩʪʦʪʳ ʠ ʩ ʫʟʢʠʤ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʯʘʩʪʠʮ ʧʦ ʨʘʟʤʝʨʘʤ, ʧʨʠ ʥʠʟʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʧʦʜ ʚʳʩʦʢʠʤ ʜʘʚʣʝʥʠʝʤ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʢʦʥʮʝʥʪʨʘʮʠʷ ʨʝʘʛʝʥʪʦʚ, ʪʝʤʧʝʨʘʪʫʨʘ, ʚʨʝʤʷ ʧʨʦʚʝʜʝʥʠʷ ʨʝʘʢʮʠʠ ʠ 

ʧʦʚʝʨʭʥʦʩʪʥʦ-ʘʢʪʠʚʥʳʝ ʚʝʱʝʩʪʚʘ ʷʚʣʷʶʪʩʷ ʚʘʞʥʳʤʠ ʬʘʢʪʦʨʘʤʠ, ʚʣʠʷʶʱʠʤʠ ʥʘ ʩʪʨʫʢʪʫʨʥʳʡ 

ʨʦʩʪ ʧʨʦʜʫʢʪʦʚ. ɻʠʜʨʦʪʝʨʤʘʣʴʥʳʡ ʉɺʏ-ʤʝʪʦʜ ʜʘʝʪ ʪʘʢʠʝ ʧʨʝʠʤʫʱʝʩʪʚʘ, ʢʘʢ ʙʳʩʪʨʦʪʘ, ʫʜʦʙʩʪʚʦ, 

ʤʘʣʦʟʘʪʨʘʪʥʦʩʪʴ. ʉɺʏ-ʠʟʣʫʯʝʥʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʧʦʩʪʦʷʥʥʳʤ ʜʠʧʦʣʝʤ ʤʦʣʝʢʫʣ ʨʘʩʪʚʦʨʠʪʝʣʷ 

ʠ ʠʥʠʮʠʠʨʫʝʪ ʙʳʩʪʨʳʡ ʥʘʛʨʝʚ ʟʘ ʩʯʝʪ ʚʨʘʱʝʥʠʷ ʤʦʣʝʢʫʣ. ʂʨʦʤʝ ʪʦʛʦ, ʧʦʩʪʦʷʥʥʳʝ ʠʣʠ 

ʠʥʜʫʮʠʨʦʚʘʥʥʳʝ ʜʠʧʦʣʠ ʜʠʩʧʝʨʩʥʦʡ ʬʘʟʳ ʚʳʟʳʚʘʝʪ ʙʳʩʪʨʳʡ ʥʘʛʨʝʚ ʯʘʩʪʠʮ. ʕʪʠʤ ʤʝʪʦʜʦʤ 

ʯʘʩʪʦ ʩʠʥʪʝʟʠʨʫʶʪ ʤʘʪʝʨʠʘʣʳ, ʢʦʪʦʨʳʝ ʤʘʣʦ ʨʘʩʪʚʦʨʠʤʳ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʜʘʚʣʝʥʠʠ 

[348]. ɺ ʨʘʙʦʪʝ [349] ʦʙʩʫʞʜʘʶʪʩʷ ʪʨʠ ʚʘʨʠʘʥʪʘ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ: ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʡ, ʩʠʥʪʝʟ ʚ 

ʤʠʢʨʦʚʦʣʥʦʚʳʭ ʧʝʯʘʭ ʠ ʢʦʤʙʠʥʘʮʠʷ ʵʪʠʭ ʜʚʫʭ ʤʝʪʦʜʦʚ. ʈʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʯʠʩʪʳʡ ʩ 

ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ BiFeO3 ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥ ʧʦʩʣʝʜʥʠʤ ʩʧʦʩʦʙʦʤ ʙʝʟ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʝʘʛʝʥʪʦʚ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʠ ʯʠʩʪʦʪʳ ʧʨʠ ʥʠʟʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ (200Áʉ) ʠ ʩ ʙʦʣʴʰʦʡ 

ʩʢʦʨʦʩʪʴʶ (30 ʤʠʥ.).  

3) ʉʦʥʦʭʠʤʠʯʝʩʢʠʡ ʤʝʪʦʜ. ʉʦʥʦʭʠʤʠʯʝʩʢʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʜʝʩʪʘʙʠʣʠʟʠʨʫʝʪ 

ʭʠʤʠʯʝʩʢʫʶ ʩʚʷʟʴ ʧʦʩʨʝʜʩʪʚʦʤ ʧʨʠʤʝʥʝʥʠʷ ʤʦʱʥʳʭ ʫʣʴʪʨʘʟʚʫʢʦʚʳʭ ʚʦʣʥ ʦʪ 20 ʢɻʮ ʜʦ 10 ʄɻʮ. 

ʉʦʥʦʭʠʤʠʯʝʩʢʠʡ ʤʝʪʦʜ ʦʩʥʦʚʘʥ ʥʘ ʘʢʫʩʪʠʯʝʩʢʦʡ ʢʘʚʠʪʘʮʠʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʥʝʧʨʝʨʳʚʥʦʛʦ 

ʦʙʨʘʟʦʚʘʥʠʷ, ʨʦʩʪʘ ʠ ʠʤʧʣʦʟʠʚʥʦʛʦ ʩʭʣʦʧʳʚʘʥʠʷ ʥʘʥʦʤʝʪʨʦʚʳʭ ʧʫʟʳʨʴʢʦʚ ʨʘʩʪʚʦʨʠʪʝʣʷ. ʇʘʨʳ 

ʨʘʩʪʚʦʨʝʥʥʳʭ ʚʝʱʝʩʪʚ ʜʠʬʬʫʥʜʠʨʫʶʪ ʚ ʧʫʟʳʨʝʢ ʨʘʩʪʚʦʨʠʪʝʣʷ, ʠ ʢʦʛʜʘ ʦʥ ʜʦʩʪʠʛʘʝʪ 
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ʢʨʠʪʠʯʝʩʢʦʛʦ ʨʘʟʤʝʨʘ, ʧʨʦʠʩʭʦʜʠʪ ʝʛʦ ʨʘʩʧʘʜ. ɺʦ ʚʨʝʤʷ ʨʘʩʧʘʜʘ, ʤʝʥʝʝ ʯʝʤ ʟʘ ʥʘʥʦʩʝʢʫʥʜʳ, 

ʨʘʟʚʠʚʘʶʪʩʷ ʦʯʝʥʴ ʚʳʩʦʢʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʵʪʦʛʦ ʜʦʩʪʘʪʦʯʥʦ, ʯʪʦʙʳ ʨʘʟʦʨʚʘʪʴ ʭʠʤʠʯʝʩʢʠʝ ʩʚʷʟʠ 

ʚ ʨʘʩʪʚʦʨʝʥʥʦʤ ʚʝʱʝʩʪʚʝ. ɺʨʝʤʷ ʨʝʘʢʮʠʠ ʩʦʩʪʘʚʣʷʝʪ ʥʘʥʦʩʝʢʫʥʜʳ, ʯʪʦ ʧʨʝʧʷʪʩʪʚʫʝʪ 

ʬʦʨʤʠʨʦʚʘʥʠʶ ʦʢʨʠʩʪʘʣʣʠʟʦʚʘʥʥʦʛʦ ʧʨʦʜʫʢʪʘ. ʕʪʠʤ ʤʝʪʦʜʦʤ ʚ [350] ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ 

ʥʘʥʦʩʪʝʨʞʥʠ BiFeO3 ʠ ʣʝʛʠʨʦʚʘʥʥʦʛʦ BiFeO3, ʦʙʣʘʜʘʶʱʠʝ ʤʘʛʥʠʪʥʳʤʠ ʠ 

ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ.  

4) ʉʦʦʩʘʞʜʝʥʠʝ. ɺ ʵʪʦʤ ʤʝʪʦʜʝ ʨʘʩʪʚʦʨ, ʩʦʜʝʨʞʘʱʠʡ ʥʠʪʨʘʪʳ ʚʠʩʤʫʪʘ ʠ ʞʝʣʝʟʘ, 

ʦʙʨʘʙʘʪʳʚʘʶʪ ʛʠʜʨʦʢʩʠʜʦʤ ʘʤʤʦʥʠʷ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʦʙʨʘʟʫʝʪʩʷ ʦʩʘʜʦʢ ʩʤʝʰʘʥʥʦʛʦ 

ʛʠʜʨʦʢʩʠʜʘ, ʢʦʪʦʨʳʡ ʧʨʦʢʘʣʠʚʘʶʪ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 550-750̄ C, ʠ ʦʙʨʘʟʫʝʪʩʷ ʯʠʩʪʘʷ ʬʘʟʘ BiFeO3 

[351]. ʆʜʥʠʤ ʠʟ ʥʝʜʦʩʪʘʪʢʦʚ ʵʪʦʛʦ ʤʝʪʦʜʘ ʷʚʣʷʝʪʩʷ ʪʨʫʜʥʦʩʪʴ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʨʘʟʤʝʨʦʚ ʯʘʩʪʠʮ. 

ʆʯʝʥʴ ʯʘʩʪʦ ʧʨʦʠʩʭʦʜʠʪ ʙʳʩʪʨʦʝ ʥʝʢʦʥʪʨʦʣʠʨʫʝʤʦʝ ʦʙʨʘʟʦʚʘʥʠʝ ʦʩʘʜʢʦʚ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ 

ʧʦʣʫʯʘʶʪʩʷ ʢʨʫʧʥʳʝ ʯʘʩʪʠʮʳ. ʅʝʜʘʚʥʦ [340] ʩʦʦʙʱʘʣʦʩʴ ʦ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʤ ʧʨʦʮʝʩʩʝ 

ʦʩʘʞʜʝʥʠʷ ʥʘʥʦʨʘʟʤʝʨʥʳʭ ʧʦʨʦʰʢʦʚ BiFeO3 ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʫʨʦʚʥʝ ʨʅ ʧʫʪʝʤ 

ʩʠʥʭʨʦʥʠʟʠʨʦʚʘʥʥʦʛʦ ʚʙʨʘʩʳʚʘʥʠʷ ʘʤʤʠʘʢʘ ʠ ʨʘʩʪʚʦʨʘ ʥʠʪʨʘʪʦʚ ʚ ʨʝʘʢʮʠʦʥʥʫʶ ʢʘʤʝʨʫ. 

ʈʘʟʤʝʨʳ ʟʝʨʝʥ ʧʦʨʦʰʢʦʚ BiFeO3, ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ 500 ʠ 550ʉ̄, ʩʦʩʪʘʚʣʷʶʪ 31 ʠ 38 ʥʤ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

5) ʄʝʪʦʜ ʦʙʨʘʪʥʳʭ ʤʠʮʝʣʣ. ʆʙʨʘʪʥʘʷ ʤʠʮʝʣʣʘ - ʤʠʮʝʣʣʘ, ʚ ʢʦʪʦʨʦʡ ʛʠʜʨʦʬʠʣʴʥʳʝ 

ʛʨʫʧʧʳ ʬʦʨʤʠʨʫʶʪ ʷʜʨʦ, ʘ ʛʠʜʨʦʬʦʙʥʳʝ - ʚʥʝʰʥʶʶ ʦʙʦʣʦʯʢʫ. ʆʙʨʘʪʥʳʝ ʤʠʮʝʣʣʳ ʤʦʞʥʦ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʨʝʘʢʪʦʨʳ ʥʘʥʦʤʝʪʨʦʚʦʛʦ ʨʘʟʤʝʨʘ, ʧʨʠ ʵʪʦʤ ʩʤʝʰʠʚʘʶʪʩʷ ʜʚʝ ʦʙʨʘʪʥʳʝ 

ʤʠʢʨʦʵʤʫʣʴʩʠʠ (ʪʠʧʘ ʚʦʜʘ ʚ ʤʘʩʣʝ), ʩʦʜʝʨʞʘʱʠʝ ʨʘʩʪʚʦʨʝʥʥʳʝ ʩʦʣʠ ʚʠʩʤʫʪʘ ʠ ʞʝʣʝʟʘ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʠ ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʳʝ ʧʦʚʝʨʭʥʦʩʪʥʦ-ʘʢʪʠʚʥʳʤʠ ʚʝʱʝʩʪʚʘʤʠ, ʠ ʧʨʦʠʩʭʦʜʠʪ 

ʩʦʦʩʘʞʜʝʥʠʝ ʛʠʜʨʦʢʩʠʜʦʚ ʚ ʚʦʜʥʳʭ ʙʘʩʩʝʡʥʘʭ, ʩʣʫʞʘʱʠʭ ʤʠʢʨʦʨʝʘʢʪʦʨʘʤʠ. ʀʭ ʨʘʟʤʝʨ, ʘ 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠ ʨʘʟʤʝʨ ʧʦʣʫʯʝʥʥʳʭ ʯʘʩʪʠʮ, ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ ʤʦʣʷʨʥʳʤ ʩʦʦʪʥʦʰʝʥʠʝʤ 

ʩʦʩʪʘʚʣʷʶʱʠʭ ʩʠʩʪʝʤʳ ʠ ʚʝʣʠʯʠʥʦʡ ʨʅ. ɺ ʨʘʙʦʪʝ [352] ʦʧʠʩʘʥ ʩʠʥʪʝʟ BiFeO3 ʠʟ ʤʠʢʨʦʵʤʫʣʴʩʠʠ 

ʩʦʣʠ/ʚʦʜʘ /ʠʟʦʦʢʪʘʥ/ʙʫʪʘʥʦʣ, ʦʜʥʘʢʦ ʧʨʦʜʫʢʪ ʩʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʈʌɸ ʩʦʜʝʨʞʠʪ ʦʧʨʝʜʝʣʝʥʥʳʝ 

ʢʦʣʠʯʝʩʪʚʘ ʧʨʠʤʝʩʥʳʭ ʬʘʟ.  

6) ʉʘʤʦʨʘʩʧʨʦʩʪʨʘʥʷʶʱʠʡʩʷ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʡ ʩʠʥʪʝʟ (ʉɺʉ). ʆʥ ʷʚʣʷʝʪʩʷ 

ʫʥʠʚʝʨʩʘʣʴʥʳʤ, ʧʨʦʩʪʳʤ ʠ ʙʳʩʪʨʳʤ ʧʨʦʮʝʩʩʦʤ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʵʬʬʝʢʪʠʚʥʦ ʧʨʦʚʦʜʠʪʴ 

ʩʠʥʪʝʟ ʨʘʟʣʠʯʥʳʭ ʥʘʥʦʨʘʟʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʕʪʦʪ ʤʝʪʦʜ ʦʩʥʦʚʘʥ ʥʘ ʩʘʤʦʧʦʜʜʝʨʞʠʚʘʶʱʠʭ, 

ʩʘʤʦʨʘʩʧʦʩʪʨʘʥʷʶʱʠʭʩʷ ʨʝʘʢʮʠʷʭ ʚ ʦʜʥʦʨʦʜʥʦʡ ʩʨʝʜʝ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʨʘʟʣʠʯʥʳʭ ʦʢʠʩʣʠʪʝʣʝʡ. 

ɺʥʝʰʥʠʡ ʠʩʪʦʯʥʠʢ ʪʝʧʣʘ ʠʥʠʮʠʠʨʫʝʪ ʚʦʩʧʣʘʤʝʥʝʥʠʝ ʩʤʝʩʠ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʨʦʪʝʢʘʥʠʶ 

ʩʘʤʦʨʘʩʧʨʦʩʪʨʘʥʷʶʱʝʡʩʷ ʵʢʟʦʪʝʨʤʠʯʝʩʢʦʡ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ ʨʝʘʢʮʠʠ. ɺ 

ʧʦʩʣʝʜʥʠʝ ʥʝʩʢʦʣʴʢʦ ʣʝʪ ʥʝʢʦʪʦʨʳʝ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʩʠʥʪʝʟʠʨʦʚʘʣʠ ʥʘʥʦʨʘʟʤʝʨʥʳʝ ʧʦʨʦʰʢʠ 

BiFeO3 ʤʝʪʦʜʦʤ ʉɺʉ. ʊʘʢ, ʘʚʪʦʨʳ ʨʘʙʦʪʳ [353] ʩʠʥʪʝʟʠʨʦʚʘʣʠ ʥʘʥʦʯʘʩʪʠʮʳ BiFeO3 ʠʟ 

ʚʠʥʥʦʢʠʩʣʦʛʦ ʨʘʩʪʚʦʨʘ ʧʨʠ ʥʠʟʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 450ʉ̄. ɺ ʨʘʙʦʪʝ [354] ʩʦʦʙʱʘʝʪʩʷ ʦ ʧʦʣʫʯʝʥʠʠ 
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ʥʘʥʦʧʦʨʦʰʢʦʚ BiFeO3 ʠʟ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ, ʩʦʜʝʨʞʘʱʝʡ ʩʘʭʘʨʦʟʫ, ʠ ʠʭ ʧʨʠʤʝʥʝʥʠʠ ʚ ʢʘʯʝʩʪʚʝ 

ʛʝʪʝʨʦʛʝʥʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʜʣʷ ʘʮʝʪʠʣʠʨʦʚʘʥʠʷ ʩʧʠʨʪʦʚ, ʬʝʥʦʣʦʚ ʠ ʘʤʠʥʦʚ. ɸʚʪʦʨʘʤʠ 

ʠʩʩʣʝʜʦʚʘʥʠʷ [355] ʧʨʝʜʣʦʞʝʥ ʩʠʥʪʝʟ ʧʦʨʦʰʢʦʚ BiFeO3 ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ 

ʤʝʪʦʜʘ Pechini, ʦʩʥʦʚʘʥʥʦʛʦ ʥʘ ʧʦʣʠʵʪʝʨʠʬʠʢʘʮʠʠ ʣʠʤʦʥʥʦʡ ʢʠʩʣʦʪʳ ʩ ʵʪʠʣʝʥʛʣʠʢʦʣʝʤ.  

IV.4.1.ʚ. ʃʝʛʠʨʦʚʘʥʠʝ BiFeO3 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ ʥʘ ʦʩʥʦʚʝ ʬʝʨʨʠʪʘ ʚʠʩʤʫʪʘ ʥʘʯʘʣʠʩʴ ʚ 1990-ʝ ʛʦʜʳ. 

ʉʦʩʪʘʚʳ ʥʘ ʦʩʥʦʚʝ ʬʝʨʨʠʪʘ ʚʠʩʤʫʪʘ ʤʦʞʥʦ ʨʘʟʙʠʪʴ ʥʘ ʜʚʝ ʦʩʥʦʚʥʳʝ ʛʨʫʧʧʳ: ʩ ʟʘʤʝʱʝʥʠʝʤ ʠʦʥʦʚ 

ʚʠʩʤʫʪʘ ʠ ʩ ʟʘʤʝʱʝʥʠʝʤ ʠʦʥʦʚ ʞʝʣʝʟʘ. ʉʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʨʘʙʦʪ, ʧʦʩʚʷʱʝʥʥʳʭ ʣʝʛʠʨʦʚʘʥʠʶ 

ʦʨʪʦʬʝʨʨʠʪʘ ʚʠʩʤʫʪʘ ʢʘʪʠʦʥʘʤʠ ʣʘʥʪʘʥʦʠʜʦʚ ʧʦ ʧʦʟʠʮʠʷʤ Bi3+ [356ï361] ʩ ʮʝʣʴʶ ʫʣʫʯʰʝʥʠʷ 

ʩʪʘʙʠʣʴʥʦʩʪʠ ʠ ʩʚʦʡʩʪʚ ʜʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʠ ʥʘ ʵʪʦʤ ʧʫʪʠ ʜʦʩʪʠʛʥʫʪ ʮʝʣʳʡ ʨʷʜ ʫʩʧʝʭʦʚ. ʊʘʢ, 

ʟʘʤʝʥʘ ʚʠʩʤʫʪʘ ʥʘ La3+ ʧʦʚʳʰʘʝʪ ʤʘʛʥʠʪʥʳʡ ʤʦʤʝʥʪ ʚ BiFeO3, ʧʦʜʘʚʣʷʷ ʝʛʦ ʮʠʢʣʦʠʜʘʣʴʥʫʶ 

ʩʪʨʫʢʪʫʨʫ, ʘ ʪʘʢʞʝ ʩʦʜʝʡʩʪʚʫʷ ʫʣʫʯʰʝʥʠʶ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʠʟ-ʟʘ ʩʪʘʙʠʣʠʟʘʮʠʠ 

ʬʘʟʳ ʧʝʨʦʚʩʢʠʪʘ ʟʘ ʩʯʝʪ ʧʦʜʘʚʣʝʥʠʷ ʦʙʨʘʟʦʚʘʥʠʷ ʧʨʠʤʝʩʥʳʭ ʬʘʟ [360]. ʄʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ 

Bi1-xAxFeO3 (ɸ = Ln3+) ʥʘʭʦʜʷʪʩʷ ʚ ʧʨʷʤʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʦʥʥʦʛʦ ʨʘʜʠʫʩʘ ʟʘʤʝʱʘʶʱʝʛʦ 

ʵʣʝʤʝʥʪʘ. ʋʚʝʣʠʯʝʥʠʝ ʨʘʜʠʫʩʘ ʠʦʥʘ ɸ ʧʨʠʚʦʜʠʪ ʢ ʧʦʜʘʚʣʝʥʠʶ ʩʧʠʨʘʣʴʥʦʡ ʩʧʠʥʦʚʦʡ ʩʪʨʫʢʪʫʨʳ 

BiFeO3 ʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʠʚʦʜʠʪ ʢ ʨʦʩʪʫ ʩʫʤʤʘʨʥʦʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ.  

ʇʦ ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ ʧʨʦʮʝʥʪʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʢʘʪʠʦʥʦʚ ʣʘʥʪʘʥʦʠʜʦʚ ʩʚʦʡʩʪʚʘ ʬʝʨʨʠʪʘ 

ʚʠʩʤʫʪʘ ʩʪʘʥʦʚʷʪʩʷ ʙʣʠʞʝ ʢ ʩʚʦʡʩʪʚʘʤ, ʭʘʨʘʢʪʝʨʥʳʤ ʜʣʷ ʦʨʪʦʬʝʨʨʠʪʦʚ ʣʘʥʪʘʥʦʠʜʦʚ [359]. ɽʩʣʠ 

ʛʦʚʦʨʠʪʴ ʦʙ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʧʨʠʤʝʩʠ (ʜʦ 30 %), ʪʦ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʚ [362, 

363], ʟʘʤʝʱʝʥʠʝ ʠʦʥʦʚ ʚʠʩʤʫʪʘ ʨʝʜʢʦʟʝʤʝʣʴʥʳʤʠ ʧʨʠʤʝʩʷʤʠ ʧʨʠʚʦʜʠʪ ʢ ʧʦʥʠʞʝʥʠʶ 

ʢʨʠʪʠʯʝʩʢʦʛʦ ʧʦʣʷ ʧʦʜʘʚʣʝʥʠʷ ʩʧʠʥʦʚʦʡ ʮʠʢʣʦʠʜʳ (ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ ʩʧʠʥʦʚʘʷ ʮʠʢʣʦʠʜʘ 

ʦʢʘʟʳʚʘʝʪʩʷ ʧʦʜʘʚʣʝʥʥʦʡ ʜʘʞʝ ʚ ʦʪʩʫʪʩʪʚʠʝ ʧʦʣʷ [363ï365]). ɿʘʤʝʱʝʥʠʝ ʚʠʩʤʫʪʘ ʠʦʥʘʤʠ 

ʝɦʣʦʯʥʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ (ʉʘ2+) ʧʨʠʚʦʜʠʪ ʢ ʧʦʜʘʚʣʝʥʠʶ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ʤʦʜʫʣʠʨʦʚʘʥʥʦʡ 

ʩʪʨʫʢʪʫʨʳ ʫʞʝ ʧʨʠ 3%-ʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʟʘʤʝʱʘʶʱʠʭ ʵʣʝʤʝʥʪʦʚ [366]. ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ 

ʯʘʩʪʦ ʚʩʪʨʝʯʘʶʱʠʭʩʷ ʚ ʣʠʪʝʨʘʪʫʨʝ ʩʦʩʪʘʚʦʚ ʷʚʣʷʝʪʩʷ ʬʝʨʨʠʪ ʚʠʩʤʫʪʘ ʩ ʟʘʤʝʱʝʥʠʝʤ ʠʦʥʦʚ 

ʚʠʩʤʫʪʘ ʥʝʦʜʠʤʦʤ Bi1-ʭNdxFeʆ3 (ʭ = 0-0.15), ʢʦʪʦʨʳʡ ʪʘʢʞʝ ʧʦʟʚʦʣʷʝʪ ʫʣʫʯʰʠʪʴ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʝ, ʧʴʝʟʦ- ʠ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʤʘʪʝʨʠʘʣʘ [367, 368]. ɺ ʩʦʩʪʘʚʘʭ ʩ 

14%-ʥʳʤ ʟʘʤʝʱʝʥʠʝʤ ʚʠʩʤʫʪʘ ʩʘʤʘʨʠʝʤ ʚʙʣʠʟʠ ʤʦʨʬʦʪʨʦʧʥʦʡ ʬʘʟʦʚʦʡ ʛʨʘʥʠʮʳ, ʛʜʝ 

ʧʨʦʷʚʣʷʝʪʩʷ ʩʪʨʫʢʪʫʨʥʘʷ ʥʝʫʩʪʦʡʯʠʚʦʩʪʴ, ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʫʩʠʣʠʚʘʝʪʩʷ [369]. 

ʉʫʱʝʩʪʚʝʥʥʦ ʫʚʝʣʠʯʠʪʴ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ ʥʘʩʳʱʝʥʠʷ (ʜʦ 4pʄS = 600 ɻʩ) ʧʦʟʚʦʣʷʝʪ ʟʘʤʝʱʝʥʠʝ 

ʠʦʥʘʤʠ ʊb3+ [370]. 

ɿʘʤʝʱʝʥʠʝ ʠʦʥʦʚ ʞʝʣʝʟʘ ʠʦʥʘʤʠ ʧʝʨʝʭʦʜʥʳʭ ʵʣʝʤʝʥʪʦʚ ʩ ʙʣʠʟʢʠʤʠ ʠʦʥʥʳʤʠ ʨʘʜʠʫʩʘʤʠ, 

Ti4+ ʠ Ni2+, ʥʘ ʥʝʩʢʦʣʴʢʦ ʧʦʨʷʜʢʦʚ ʠʟʤʝʥʷʝʪ ʫʜʝʣʴʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʤʘʪʝʨʠʘʣʘ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

ʫʚʝʣʠʯʠʚʘʷ ʠʣʠ ʫʤʝʥʴʰʘʷ ʝʛʦ. ʏʝʪʳʨʸʭʚʘʣʝʥʪʥʳʝ ʠʦʥʳ ʪʠʪʘʥʘ ʫʤʝʥʴʰʘʶʪ ʯʠʩʣʦ ʢʠʩʣʦʨʦʜʥʳʭ 
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ʚʘʢʘʥʩʠʡ ʠ ʫʩʠʣʠʚʘʶʪ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʚʝʱʝʩʪʚʘ, ʘ ʜʚʫʭʚʘʣʝʥʪʥʳʝ ʠʦʥʳ ʥʠʢʝʣʷ, ʥʘʧʨʦ-

ʪʠʚ, ʫʚʝʣʠʯʠʚʘʶʪ ʢʦʥʮʝʥʪʨʘʮʠʶ ʢʠʩʣʦʨʦʜʥʳʭ ʚʘʢʘʥʩʠʡ, ʩʧʦʩʦʙʩʪʚʫʷ ʚʦʟʨʘʩʪʘʥʠʶ 

ʧʨʦʚʦʜʠʤʦʩʪʠ [371]. ɿʘʤʝʱʝʥʠʝ ʠʦʥʦʚ ʞʝʣʝʟʘ ʠʦʥʘʤʠ ʪʠʪʘʥʘ ʧʨʠʚʦʜʠʪ ʪʘʢʞʝ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ 

ʩʣʘʙʦʛʦ ʬʝʨʨʦʤʘʛʥʝʪʠʟʤʘ [363] ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʢ ʧʦʜʘʚʣʝʥʠʶ ʩʧʠʥʦʚʦʡ ʮʠʢʣʦʠʜʳ. 

ɺ BiFeO3 ʩʫʱʝʩʪʚʫʶʪ ʥʝʙʦʣʴʰʠʝ ʢʦʣʠʯʝʩʪʚʘ ʠʦʥʦʚ Fe2+ ʠ ʢʠʩʣʦʨʦʜʥʳʭ ʚʘʢʘʥʩʠʡ [372], ʠ 

ʦʥ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʧʨʦʚʦʜʠʤʦʩʪʴ ʨ-ʪʠʧʘ [373]. ɽʩʣʠ ʞʝ ʧʨʦʚʦʜʠʪʩʷ ʛʝʪʝʨʦʚʘʣʝʥʪʥʦʝ ʣʝʛʠʨʦʚʘʥʠʝ 

ʢʨʫʧʥʳʤʠ ʠʦʥʘʤʠ A2+, ʦʥʠ ʛʝʥʝʨʠʨʫʶʪ ʢʠʩʣʦʨʦʜʥʳʝ ʚʘʢʘʥʩʠʠ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʫʤʝʥʴʰʝʥʠʝʤ 

ʧʨʦʚʦʜʠʤʦʩʪʠ [374]. ʇʨʠ ʚʚʝʜʝʥʠʠ ʚʳʩʦʢʦʟʘʨʷʜʥʳʭ ʠʦʥʦʚ, ʪʘʢʠʭ ʢʘʢ Nb5+, Zr4+ ʠ Ti4+ ʚ ʧʦʟʠʮʠʠ 

Fe3+, ʘʢʮʝʧʪʦʨʥʦʝ ʣʝʛʠʨʦʚʘʥʠʝ Fe3+ ʥʘ Fe2+ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʩʥʠʞʘʝʪʩʷ, ʪʝʤ ʩʘʤʳʤ ʫʤʝʥʴʰʘʷ 

ʧʨʦʚʦʜʠʤʦʩʪʴ [375]. ʂʨʦʤʝ ʪʦʛʦ, ʟʘʤʝʱʝʥʠʝ ʠʦʥʦʚ Fe3+ ʤʦʞʝʪ ʫʚʝʣʠʯʠʪʴ ʫʛʦʣ Fe-O-Fe ʠ, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʫʣʫʯʰʠʪʴ ʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ, ʪʘʢ ʢʘʢ ʫʚʝʣʠʯʝʥʠʝ ʫʛʣʘ ʩʚʷʟʠ ʤʦʞʝʪ ʫʩʠʣʠʚʘʪʴ 

ʩʚʝʨʭʦʙʤʝʥʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʠʦʥʘʤʠ ʞʝʣʝʟʘ [376].  

IV.4.2. ʌʘʟʳ ɸʫʨʠʚʠʣʣʠʫʩʘ 

IV.4.2.a. ʉʪʨʫʢʪʫʨʘ ʬʘʟ ɸʫʨʠʚʠʣʣʠʫʩʘ ʠ ʠʭ ʤʝʩʪʦ ʚ ʩʠʩʪʝʤʝ ʨʦʜʩʪʚʝʥʥʳʭ 

ʛʦʤʦʣʦʛʠʯʝʩʢʠʭ ʨʷʜʦʚ 

ʌʘʟʳ ɸʫʨʠʚʠʣʣʠʫʩʘ ʷʚʣʷʶʪʩʷ ʩʝʤʝʡʩʪʚʦʤ ʩʣʦʠʩʪʳʭ ʦʢʩʠʜʦʚ ʚʠʩʤʫʪʘ ʠ ʠʟʚʝʩʪʥʳ ʙʦʣʝʝ 

50 ʣʝʪ [377ï380]. ʉʪʨʫʢʪʫʨʘ ʜʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʦʙʳʯʥʦ ʦʧʠʩʳʚʘʝʪʩʷ ʢʘʢ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ 

ʧʨʘʚʠʣʴʥʦʡ ʫʢʣʘʜʢʠ ʧʣʘʩʪʦʚ [M2O2]
2+ ʠ ʧʝʨʦʚʩʢʠʪʦʧʦʜʦʙʥʳʭ ʙʣʦʢʦʚ [ɸn-1BnO3n+1]

2-. ʎʝʣʦʝ ʯʠʩʣʦ 

n ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʯʠʩʣʫ ʩʣʦʝʚ ʦʢʪʘʵʜʨʦʚ ɺʆ6, ʬʦʨʤʠʨʫʶʱʠʭ ʧʝʨʦʚʩʢʠʪʥʳʝ ʙʣʦʢʠ, ʛʜʝ ʧʦʟʠʮʠʠ ɸ 

ʤʦʛʫʪ ʙʳʪʴ ʟʘʥʷʪʳ ʙʦʣʴʰʠʤʠ ʢʘʪʠʦʥʘʤʠ ʩ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʤ ʯʠʩʣʦʤ 12, ʪʘʢʠʤʠ ʢʘʢ Na+, K+, 

Ca2+, Sr2+, Ba2+, Pb2+, Bi3+ ʠʣʠ Ln3+, ʘ ʧʦʟʠʮʠʷ ɺ ï 6-ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʤʠ ʢʘʪʠʦʥʘʤʠ, ʪʘʢʠʤʠ ʢʘʢ 

Fe3+, Cr3+, Ti4+, Nb5+ ʠʣʠ W6+. ɺ ʪʦ ʚʨʝʤʷ ʢʘʢ ʧʝʨʦʚʩʢʠʪʥʳʝ ʙʣʦʢʠ ʧʨʝʜʣʘʛʘʶʪ ʙʦʣʴʰʠʝ 

ʚʦʟʤʦʞʥʦʩʪʠ ʚ ʦʪʥʦʰʝʥʠʠ ʛʠʙʢʦʩʪʠ ʩʦʩʪʘʚʘ, ʢʘʪʠʦʥʥʳʝ ʧʦʟʠʮʠʠ ʚ ʤʝʞʩʣʦʡʥʳʭ ʧʣʘʩʪʠʥʘʭ 

[M2O2] ʧʦʯʪʠ ʚʩʝʮʝʣʦ ʟʘʥʷʪʳ ʢʘʪʠʦʥʘʤʠ Bi3+, ʦʙʨʘʟʫʶʱʠʤʠ ʧʣʘʩʪʳ [Bi2O2]
2+, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ 

ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʦʪʣʠʯʠʪʝʣʴʥʦʡ ʩʪʨʫʢʪʫʨʥʦʡ ʯʝʨʪʦʡ ʬʘʟ ɸʫʨʠʚʠʣʣʠʫʩʘ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ Bi3+ ʤʦʞʝʪ 

ʙʳʪʴ ʯʘʩʪʠʯʥʦ ʟʘʤʝʱʝʥ ʜʨʫʛʠʤʠ ʢʘʪʠʦʥʘʤʠ ʩ ʥʝʧʦʜʝʣʝʥʥʦʡ ʧʘʨʦʡ, ʪʘʢʠʤʠ ʢʘʢ Pb2+ ʠʣʠ Tl+. ʅʘ 

ʨʠʩ.IV.4 ʚ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʵʣʝʤʝʥʪʘʨʥʘʷ ʷʯʝʡʢʘ ʩʪʨʫʢʪʫʨʳ ɸʫʨʠʚʠʣʣʠʫʩʘ ʩ n=5. 

ʈʠʩ.IV.4. ʕʣʝʤʝʥʪʘʨʥʘʷ ʷʯʝʡʢʘ M2X2(Aôn-1BnX3n+1), n = 5 
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ɹʦʣʴʰʠʥʩʪʚʦ ʬʘʟ ɸʫʨʠʚʠʣʣʠʫʩʘ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʨʠ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʠ ʚʩʝ ʠʭ ʩʪʨʫʢʪʫʨʳ ʚʳʚʦʜʷʪʩʷ ʠʟ ʥʝʧʦʣʷʨʥʦʡ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ 

ʧʨʦʪʦʪʠʧʥʦʡ ʩʪʨʫʢʪʫʨʳ [381] (SG I4/mmm, ʜʣʷ ʦʪʜʝʣʴʥʳʭ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ap=bp~3.9 Ȕ). 

ʉʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʵʪʠʭ ʦʢʩʠʜʦʚ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʧʨʠʚʣʝʢʘʶʪ ʠʥʪʝʨʝʩ, ʚʳʧʦʣʥʝʥʦ 

ʦʙʰʠʨʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʙʦʪ ʩ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʪʦʥʢʠʭ ʧʣʝʥʦʢ, ʪʘʢ ʢʘʢ ʦʥʠ ʠʤʝʶʪ ʧʦʪʝʥʮʠʘʣʴʥʦʝ 

ʧʨʠʤʝʥʝʥʠʝ ʚ ʟʘʧʦʤʠʥʘʶʱʠʭ ʫʩʪʨʦʡʩʪʚʘʭ. ʆʪʥʦʩʠʪʝʣʴʥʦ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʠ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ 

ʙʳʣʦ ʩʦʦʙʱʝʥʦ ʦ ʩʝʨʠʠ ʧʨʝʮʠʟʠʦʥʥʳʭ ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘ ʤʦʥʦʢʨʠʩʪʘʣʣʘʭ 

ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʬʘʟ ɸʫʨʠʚʠʣʣʠʫʩʘ ʩ n = 1ï3 (5-8). ʉʧʦʥʪʘʥʥʘʷ ʧʦʣʷʨʠʟʘʮʠʷ, ʟʘʤʝʯʝʥʥʘʷ ʚ ʵʪʠʭ 

ʤʘʪʝʨʠʘʣʘʭ, ʢʘʢ ʧʦʣʘʛʘʶʪ, ʩʣʝʜʫʝʪ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʠʟ ʩʜʚʠʛʘ ʢʘʪʠʦʥʘ ʚ ɸ-ʧʦʟʠʮʠʠ ʚʥʫʪʨʠ 

ʙʣʦʢʦʚ ʧʝʨʦʚʩʢʠʪʘ. 

ʂʨʦʤʝ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʩ ʮʝʣʦʯʠʩʣʝʥʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ n, ʧʦʣʫʯʝʥʳ ʨʘʟʣʠʯʥʳʝ 

ʫʧʦʨʷʜʦʯʝʥʥʳʝ ʚʟʘʠʤʦʧʨʦʜʫʢʪʳ ʬʘʟ ɸʫʨʠʚʠʣʣʠʫʩʘ ʢʘʢ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʠ ʯʠʩʪʳʝ ʬʘʟʳ [381]. 

ʊʘʢʠʝ ʩʦʝʜʠʥʝʥʠʷ ʚʩʝʛʜʘ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʬʦʨʤʘʣʴʥʦʤʫ ʚʟʘʠʤʦʧʨʦʜʫʢʪʫ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ n ʠ n+1, 

ʥʘʧʨʠʤʝʨ, Bi7Ti4NbO21 (ʚʟʘʠʤʦʧʨʦʜʫʢʪ 2+3, ʪ.ʝ. Bi3TiNbO9 + Bi4Ti3O12) ʠʣʠ M IVBi8Ti7O27 

(ʚʟʘʠʤʦʧʨʦʜʫʢʪ 3+4, ʪ.ʝ. Bi4Ti3O12 + M IVBi4Ti4O15). ʉʪʨʫʢʪʫʨʳ ʪʘʢʠʭ ʚʟʘʠʤʦʧʨʦʜʫʢʪʦʚ ʯʘʩʪʦ 

ʦʙʥʘʨʫʞʠʚʘʶʪ ʜʝʬʝʢʪʳ ʫʧʘʢʦʚʢʠ ʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʩʣʦʝʚ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʥʘʜʝʷʪʴʩʷ ʥʘ 

ʧʦʣʫʯʝʥʠʝ ʜʨʫʛʠʭ ʧʦʜʦʙʥʳʭ ʬʘʟ ʩ ʙʦʣʴʰʠʤʠ ʧʝʨʠʦʜʘʤʠ ʚʜʦʣʴ ʥʘʧʨʘʚʣʝʥʠʷ ʫʢʣʘʜʢʠ. 

ɸʚʪʦʨʳ [382ï384] ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚʩʝ ʠʟʚʝʩʪʥʳʝ ʩʣʦʠʩʪʳʝ ʧʝʨʦʚʩʢʠʪʦʧʦʜʦʙʥʳʝ ʩʪʨʫʢʪʫʨʳ 

ʤʦʛʫʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʘʢ ʩʠʩʪʝʤʳ ʧʨʦʨʘʩʪʘʥʠʷ ʥʝʩʢʦʣʴʢʠʭ ʪʠʧʦʚ ʧʘʢʝʪʦʚ, ʩʦʜʝʨʞʘʱʠʭ 

n-ʩʣʦʝʚ (n = 1, 2, 3,é) ʦʢʪʘʵʜʨʦʚ ʠʣʠ ʠʭ ʦʩʪʘʪʢʦʚ, ʩ ʧʨʦʤʝʞʫʪʦʯʥʳʤʠ ʙʣʦʢʘʤʠ ʨʘʟʥʳʭ ʪʠʧʦʚ. ɺ 

ʨʘʙʦʪʘʭ [382ï384] ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ, ʢʘʢ ʧʨʘʚʠʣʦ, ʪʦʣʴʢʦ ʥʝʠʩʢʘʞʝʥʥʳʝ ʪʝʪʨʘʛʦʥʘʣʴʥʳʝ ʬʘʟʳ 

(ʧʨʘʬʘʟʳ) ʩ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʩʠʤʤʝʪʨʠʝʡ P4/mmm ʠʣʠ I4/mmm. ʈʝʘʣʴʥʳʝ ʢʨʠʩʪʘʣʣʳ ʥʝʨʝʜʢʦ 

ʠʤʝʶʪ ʠʩʢʘʞʝʥʥʳʝ ʩʪʨʫʢʪʫʨʳ ʟʘ ʩʯʝʪ ʤʥʦʛʠʭ ʧʨʠʯʠʥ. ɸʚʪʦʨʘʤʠ ʨʘʩʩʤʦʪʨʝʥʳ ʯʝʪʳʨʝ ʢʣʘʩʩʘ 

ʧʨʘʬʘʟ ʩʣʦʠʩʪʳʭ ʧʝʨʚʩʢʠʪʦʧʦʜʦʙʥʳʭ ʩʪʨʫʢʪʫʨ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʩʦʝʜʠʥʝʥʠʷ ʩʦ ʩʪʨʫʢʪʫʨʦʡ 

ɸʫʨʠʚʠʣʣʠʫʩʘ ʧʨʠʥʘʜʣʝʞʘʪ ʢ ʧʝʨʚʦʡ ʛʨʫʧʧʝ ʧʨʘʬʘʟ, ʥʝ ʩʦʜʝʨʞʘʱʠʭ çʚʘʢʘʥʩʠʡè ʥʘ ʚʥʝʰʥʠʭ 

ʧʦʚʝʨʭʥʦʩʪʷʭ ʧʘʢʝʪʦʚ ɸ ʠ ɺ (ʨʠʩ.IV.5). ʕʪʠ ʧʨʘʬʘʟʳ ʤʦʛʫʪ ʩʦʯʝʪʘʪʴʩʷ ʩ ʨʘʟʣʠʯʥʳʤʠ ʙʣʦʢʘʤʠ: 

R1, Cu1, Cu3, F1. F3, P1. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʬʘʟʳ ɸʫʨʠʚʠʣʣʠʫʩʘ A2X2(Aôn-1BnX3n+1) ʤʦʞʥʦ 

ʧʨʝʜʩʪʘʚʠʪʴ ʢʘʢ ʩʦʯʝʪʘʥʠʝ ʙʣʦʢʦʚ F3 ʩ ɸ-ʧʘʢʝʪʘʤʠ (n Ò 8) (ʨʠʩ.IV.5).  

ʂʨʦʤʝ ʬʘʟ ɸʫʨʠʚʠʣʣʠʫʩʘ, ʠʟʚʝʩʪʥʳ ʬʘʟʳ ʈʫʜʜʣʝʩʜʝʥʘ-ʇʦʧʧʝʨʘ An-1BnX3n+1, ʛʜʝ 

ʩʦʯʝʪʘʶʪʩʷ R1-ʙʣʦʢʠ ʠ ɸ-ʧʘʢʝʪʳ, n Ò 3 ʚ ʦʙʲʝʤʥʳʭ ʢʨʠʩʪʘʣʣʘʭ. ʉʫʱʝʩʪʚʫʝʪ ʠ ʨʷʜ ʩʦʝʜʠʥʝʥʠʡ ʩ 

ʦʜʥʦ-, ʜʚʫʭ ʠ ʪʨʝʭʩʣʦʡʥʳʤʠ ʧʘʢʝʪʘʤʠ ʪʠʧʘ ɸ ʠ F1-, F2- ʠ ʜʨʫʛʠʤʠ ʙʣʦʢʘʤʠ. ʅʘʢʦʥʝʮ, ʠʟʚʝʩʪʥʳ 

ʪʘʢʞʝ ʤʥʦʛʠʝ ʩʦʝʜʠʥʝʥʠʷ, ʩʦʜʝʨʞʘʱʠʝ ɸ- ʠ ɺ-ʧʘʢʝʪʳ ʠ ʙʣʦʢʠ Cu1, Cu2, Cu3. ʇʦʣʥʳʡ ʧʝʨʝʯʝʥʴ 

ʚʦʟʤʦʞʥʳʭ ʥʦʚʳʭ ʬʘʟ ʵʪʦʛʦ ʢʣʘʩʩʘ ʥʘʩʯʠʪʳʚʘʝʪ ʙʦʣʝʝ ʜʚʫʭʩʦʪ ʩʦʝʜʠʥʝʥʠʡ. 

ʉʦʝʜʠʥʝʥʠʷ ʩʦ ʩʪʨʫʢʪʫʨʦʡ ɸʫʨʠʚʠʣʣʠʫʩʘ A2X2(Anī1BnX3n+1) ʩ B = Ti, Zr, Nb, Ta, ʢʘʢ 

ʧʨʘʚʠʣʦ, ʠʤʝʶʪ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʠʩʢʘʞʝʥʥʳʝ ʠ ʯʘʱʝ ʚʩʝʛʦ ʧʦʣʷʨʥʳʝ ʩʪʨʫʢʪʫʨʳ, ʘ 
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ʪʘʢʞʝ ʦʜʠʥ ʠʣʠ ʥʝʩʢʦʣʴʢʦ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ ʧʨʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. 

ɼʣʷ ʢʨʠʩʪʘʣʣʦʚ ʩ ʧʘʨʘʤʘʛʥʠʪʥʳʤʠ ʠʦʥʘʤʠ ʠʟʚʝʩʪʥʳ ʪʘʢʞʝ ʬʘʟʦʚʳʝ ʧʝʨʝʭʦʜʳ, ʩʚʷʟʘʥʥʳʝ ʩ 

ʤʘʛʥʠʪʥʳʤ ʫʧʦʨʷʜʦʯʝʥʠʝʤ ʠ ʠʩʢʘʞʝʥʠʷʤʠ ʪʠʧʘ ʗʥʘ-ʊʝʣʣʝʨʘ. ʗʨʢʦ ʚʳʨʘʞʝʥʥʘʷ ʩʣʦʠʩʪʦʩʪʴ, 

ʦʩʦʙʝʥʥʦ ʚ ʤʥʦʛʦʩʣʦʡʥʳʭ ʧʨʝʜʩʪʘʚʠʪʝʣʷʭ ʵʪʦʛʦ ʨʷʜʘ, ʜʝʣʘʝʪ ʘʢʪʫʘʣʴʥʳʤʠ ʧʦʧʳʪʢʠ ʩʦʟʜʘʥʠʷ 

ʪʝʭʥʦʣʦʛʠʠ ʧʦʣʫʯʝʥʠʷ ʙʦʣʝʝ ʠʣʠ ʤʝʥʝʝ ʠʟʦʤʝʪʨʠʯʥʳʭ ʢʨʠʩʪʘʣʣʦʚ. 

ʈʠʩ.IV.5. ʊʠʧʳ ʧʘʢʝʪʦʚ ʠ ʙʣʦʢʦʚ ʠ ʚʦʟʤʦʞʥʳʝ ʢʦʤʙʠʥʘʮʠʠ ʤʝʞʜʫ ʥʠʤʠ [382]. 
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IV.4.2.ʙ. ʄʫʣʴʪʠʬʝʨʨʦʠʢʠ ʩʦ ʩʪʨʫʢʪʫʨʘʤʠ ɸʫʨʠʚʠʣʣʠʫʩʘ ʚ ʩʠʩʪʝʤʝ Bi4Ti3O12-BiFeO3 

ʠ ʨʦʜʩʪʚʝʥʥʳʝ ʬʘʟʳ 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʚ ʩʠʩʪʝʤʝ Bi4Ti3O12 - BiFeO3 (Bim+1Fem-3Ti3O3m+3) ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥʦ 

ʤʥʦʞʝʩʪʚʦ ʩʦʝʜʠʥʝʥʠʡ ʩʦ ʩʪʨʫʢʪʫʨʘʤʠ ɸʫʨʠʚʠʣʣʠʫʩʘ, ʦʪʣʠʯʘʶʱʠʭʩʷ ʢʦʣʠʯʝʩʪʚʦʤ ʩʣʦʝʚ ʚ 

ʧʝʨʦʚʩʢʠʪʦʧʦʜʦʙʥʳʭ ʧʘʢʝʪʘʭ ʠ ʦʙʣʘʜʘʶʱʠʭ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʠ 

ʬʝʨʨʦʤʘʛʥʠʪʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. ʀʭ ʩʦʯʝʪʘʥʠʝ ʦʙʫʩʣʦʚʣʝʥʦ ʪʝʤ, ʯʪʦ ɺi4Ti3O12 ï ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʢ 

ʩ ʤʦʥʦʢʣʠʥʥʦʡ ʩʠʤʤʝʪʨʠʝʡ ʠ ʪʦʯʢʦʡ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ 675C̄, ʘ 

BiFeO3 - ʘʥʪʠʬʝʨʨʦʤʘʛʥʝʪʠʢ ʠ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʢ ʩ ʨʦʤʙʦʵʜʨʠʯʝʩʢʦʡ ʩʠʤʤʝʪʨʠʝʡ ʠ 

ʮʠʢʣʦʠʜʘʣʴʥʳʤ ʩʧʠʨʘʣʴʥʳʤ ʤʘʛʥʠʪʥʳʤ ʫʧʦʨʷʜʦʯʝʥʠʝʤ (ʪʝʤʧʝʨʘʪʫʨʘ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 

ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ 850C̄ ʠ ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʅʝʝʣʷ 370C̄) [158].  

ʇʨʦʚʝʜʝʥʥʳʝ ʚ ʨʘʙʦʪʝ [385] ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʠʥʝʪʠʢʠ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʬʘʟ ɸʫʨʠʚʠʣʣʠʫʩʘ ʩʦ ʩʣʦʠʩʪʦʡ ʧʝʨʦʚʩʢʠʪʦʧʦʜʦʙʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʠ ʬʝʨʨʠʪʘ ʚʠʩʤʫʪʘ ʚ ʩʠʩʪʝʤʝ 

Bi4Ti3O12 - BiFeO3 ʧʦʢʘʟʘʣʠ, ʯʪʦ ʘʢʪʠʚʥʦʝ ʧʨʦʪʝʢʘʥʠʝ ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ ʥʘʯʠʥʘʝʪʩʷ ʪʦʣʴʢʦ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʘʭ, ʧʨʝʚʳʰʘʶʱʠʭ ʪʝʤʧʝʨʘʪʫʨʫ ʧʣʘʚʣʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʬʘʟʳ ʥʘ ʦʩʥʦʚʝ ʦʢʩʠʜʘ 

ʚʠʩʤʫʪʘ. ʇʨʠ ʩʠʥʪʝʟʝ ʩʦʝʜʠʥʝʥʠʡ ʩ ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʦʣʴʰʠʤ ʯʠʩʣʦʤ ʧʝʨʦʚʩʢʠʪʦʧʦʜʦʙʥʳʭ ʩʣʦʝʚ ʚ 

ʩʪʨʫʢʪʫʨʥʦʤ ʧʘʢʝʪʝ ʥʘ ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ ʬʘʟʦʦʙʨʘʟʦʚʘʥʠʷ ʬʦʨʤʠʨʫʶʪʩʷ ʩʣʦʠʩʪʳʝ ʩʪʨʫʢʪʫʨʳ, 

ʦʪʣʠʯʘʶʱʠʝʩʷ ʧʦ ʩʪʝʭʠʦʤʝʪʨʠʠ ʠ/ʠʣʠ ʧʦ ʫʧʦʨʷʜʦʯʝʥʥʦʩʪʠ ʚ ʯʝʨʝʜʦʚʘʥʠʠ ʩʣʦʝʚ ʦʪ ʢʦʥʝʯʥʦʡ 

ʬʘʟʳ.  

ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʨʘʙʦʪ [386, 387], ʚ ʩʠʩʪʝʤʝ Bi4Ti3O12 - BiFeO3 ʦʙʥʘʨʫʞʝʥ ʮʝʣʳʡ ʨʷʜ 

ʩʦʝʜʠʥʝʥʠʡ ʩ ʨʘʟʣʠʯʥʦʡ ʪʦʣʱʠʥʦʡ ʧʝʨʦʚʩʢʠʪʦʧʦʜʦʙʥʦʛʦ ʩʣʦʷ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ 

ʯʠʩʣʘ ʧʝʨʦʚʩʢʠʪʦʧʦʜʦʙʥʳʭ ʩʣʦʝʚ ʚ ʩʪʨʫʢʪʫʨʝ ʩʦʝʜʠʥʝʥʠʷ ʧʣʦʱʘʜʴ ʙʘʟʦʚʦʡ ʛʨʘʥʠ, 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʡ ʦʩʠ c, ʧʨʠʙʣʠʞʘʝʪʩʷ ʢ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤʫ ʟʥʘʯʝʥʠʶ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ 

BiFeO3. ʇʦ ʧʨʠʚʝʜʝʥʥʳʤ ʦʮʝʥʢʘʤ, ʤʘʢʩʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʝʨʦʚʩʢʠʪʦʧʦʜʦʙʥʳʭ ʩʣʦʝʚ ʚ 

ʩʪʨʫʢʪʫʨʝ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʩʦʝʜʠʥʝʥʠʡ ʥʝ ʤʦʞʝʪ ʧʨʝʚʳʰʘʪʴ ʟʥʘʯʝʥʠʝ m å 12-13. ʇʦ ʤʝʨʝ 

ʫʚʝʣʠʯʝʥʠʷ ʯʠʩʣʘ ʧʝʨʦʚʩʢʠʪʦʧʦʜʦʙʥʳʭ ʩʣʦʝʚ ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʥʠʞʝʥʠʝ ʪʝʨʤʠʯʝʩʢʦʡ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʦʝʜʠʥʝʥʠʡ Bim+1Fem-3Ti3O3m+3. ʇʨʠ ʵʪʦʤ ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ 

ʧʝʨʠʪʝʢʪʠʯʝʩʢʦʝ ʨʘʟʣʦʞʝʥʠʝ ʩʣʦʠʩʪʳʭ ʩʦʝʜʠʥʝʥʠʡ ʥʘ ʩʦʝʜʠʥʝʥʠʷ ʪʦʛʦ ʞʝ ʛʦʤʦʣʦʛʠʯʝʩʢʦʛʦ ʨʷʜʘ, 

ʥʦ ʩ ʤʝʥʴʰʠʤ m. ʉʠʤʙʘʪʥʦ ʩ ʪʝʨʤʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʠʟʤʝʥʷʝʪʩʷ ʠ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘʯʘʣʘ 

ʩʧʝʢʘʥʠʷ ʩʦʝʜʠʥʝʥʠʡ Bim+1Fem-3Ti3O3m+3. ʂʦʵʬʬʠʮʠʝʥʪ ʣʠʥʝʡʥʦʛʦ ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʩʰʠʨʝʥʠʷ 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʯʠʩʣʘ ʧʝʨʦʚʩʢʠʪʦʧʦʜʦʙʥʳʭ ʩʣʦʝʚ ʚ ʩʪʨʫʢʪʫʨʝ.  

ʅʘ ʨʠʩ.IV.6 ʧʨʠʚʝʜʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʪʝʤʧʝʨʘʪʫʨʳ ʂʶʨʠ ʦʪ ʯʠʩʣʘ ʧʝʨʦʚʩʢʠʪʦʧʦʜʦʙʥʳʭ 

ʩʣʦʝʚ m ʚ ʩʪʨʫʢʪʫʨʝ. ʇʦ ʤʥʝʥʠʶ ʘʚʪʦʨʦʚ [387], ʪʝʤʧʝʨʘʪʫʨʘ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʩʦʜʝʨʞʘʥʠʝʤ ʞʝʣʝʟʘ. ʊʘʢ, ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ ʩʦʝʜʠʥʝʥʠʷ Bi4Ti3O12, ʥʝ ʠʤʝʶʱʝʛʦ ʞʝʣʝʟʘ ʚ ʩʚʦʝʤ 

ʩʦʩʪʘʚʝ, ʢ ʩʦʝʜʠʥʝʥʠʷʤ, ʩʦʜʝʨʞʘʱʠʤ 50 ʤʦʣ.% BiFeO3 ʩ m = 4, ʪʝʤʧʝʨʘʪʫʨʘ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ 
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ʫʚʝʣʠʯʠʚʘʝʪʩʷ. ʇʨʠ ʜʘʣʴʥʝʡʰʝʤ ʫʚʝʣʠʯʝʥʠʠ ʩʦʜʝʨʞʘʥʠʷ ʞʝʣʝʟʘ ʪʝʤʧʝʨʘʪʫʨʘ ʂʶʨʠ ʧʦʩʪʝʧʝʥʥʦ 

ʩʥʠʞʘʝʪʩʷ, ʘ ʧʨʠ ʟʥʘʯʝʥʠʠ m = 6 ʢʨʠʚʘʷ ʚʳʭʦʜʠʪ ʥʘ ʥʘʩʳʱʝʥʠʝ. 

ɺ ʨʘʙʦʪʘʭ [388ï390] ʩʦʦʙʱʘʝʪʩʷ ʦ ʄʕ ʠʟʤʝʨʝʥʠʷʭ ʜʣʷ ʨʷʜʘ ʩʣʦʠʩʪʳʭ ʧʝʨʦʚʩʢʠʪʦʚ, 

ʧʨʠʥʘʜʣʝʞʘʱʠʭ ʢ ʦʙʩʫʞʜʘʝʤʦʡ ʩʠʩʪʝʤʝ. ʊʘʢ, ʯʝʪʳʨʝʭʩʣʦʡʥʳʡ Bi5FeTi3O15 ʧʨʦʷʚʣʷʝʪ ʧʨʠ 80 ʂ 

ʨʝʢʦʨʜʥʦ ʚʳʩʦʢʠʡ ʜʣʷ ʦʜʥʦʬʘʟʥʳʭ ʤʫʣʴʪʠʬʝʨʨʦʠʢʦʚ ʄʕ ʵʬʬʝʢʪ 16 ʤɺ/(ʩʤÖʕ). ʃʝʛʠʨʦʚʘʥʥʳʝ 

ʨʝʜʢʦʟʝʤʝʣʴʥʳʤʠ ʢʘʪʠʦʥʘʤʠ Gd, La, Sm, Dy ʧʦ ʧʦʣʦʞʝʥʠʷʤ Bi ʧʷʪʠʩʣʦʡʥʳʝ ʩʦʩʪʘʚʳ 

Bi6Fe2Ti3O18, ʘ ʪʘʢʞʝ SrBi5FeTi4O18 ʠ LaBi5FeTi3O18 ʧʨʦʷʚʣʷʶʪ ʠʥʪʝʨʝʩʥʳʝ ʤʘʛʥʠʪʥʳʝ ʠ 

ʄʕ ʩʚʦʡʩʪʚʘ. ʄʕ ʠʟʤʝʨʝʥʠʷ ʜʘʶʪ ʠʥʬʦʨʤʘʮʠʶ ʦ ʄʕ ʢʦʵʬʬʠʮʠʝʥʪʘʭ ʧʝʨʚʦʛʦ ʠ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ. 

ɼʨʫʛʘʷ ʚʘʞʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʠʟ ʄʕ ʜʘʥʥʳʭ - ʦ ʪʦʤ, ʯʪʦ ʠʟʤʝʥʝʥʠʷ ʥʘʢʣʦʥʘ, ʥʘʙʣʶʜʘʝʤʳʝ ʚ 

ʟʘʚʠʩʠʤʦʩʪʷʭ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ, ʤʦʛʫʪ ʥʘʙʣʶʜʘʪʴʩʷ ʚ ʚʠʜʝ ʧʠʢʦʚ ʚ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʄʕ ʢʨʠʚʳʭ, ʢʘʢ ʚʠʜʥʦ ʠʟ ʠʟʤʝʨʝʥʠʡ ʥʘ ʯʝʪʳʨʝʭ- ʠ ʧʷʪʠʩʣʦʡʥʳʭ ʩʦʩʪʘʚʘʭ 

Bi5FeTi3O15 ʠ Bi6Fe2Ti3O18. ʊʘʢʦʡ ʞʝ ʪʠʧ ʧʦʚʝʜʝʥʠʷ ʦʙʥʘʨʫʞʝʥ ʠ ʚ ʰʝʩʪʠʩʣʦʡʥʦʤ ʩʦʩʪʘʚʝ 

Bi7Ti3Fe3O21. ɺʦʩʴʤʠʩʣʦʡʥʳʡ ʩʦʩʪʘʚ ʚʝʜʝʪ ʩʝʙʷ ʢʘʢ ʩʫʧʝʨʧʘʨʘʤʘʛʥʝʪʠʢ ʠ ʧʝʨʝʭʦʜʠʪ ʠʟ ʵʪʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʚ ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʦʝ ʦʢʦʣʦ 400 K. 

ɺ ʨʘʙʦʪʝ [388] ʧʦʜʨʦʙʥʦ ʠʟʫʯʘʝʪʩʷ ʩʦʝʜʠʥʝʥʠʝ Bi7Ti3Fe3O21. ɼʣʷ ʥʝʛʦ ʠ ʜʨʫʛʠʭ ʧʦʜʦʙʥʳʭ 

ʧʨʦʜʫʢʪʦʚ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʩʫʱʝʩʪʚʫʝʪ ʢʦʨʨʝʣʷʮʠʷ ʤʝʞʜʫ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴʶ ʠ ʄʕ ʢʦʵʬʬʠʮʠʝʥʪʦʤ 

ʤʘʪʝʨʠʘʣʦʚ. ʊʘʢ, ʜʣʷ ʤʘʪʝʨʠʘʣʘ Bi7Ti3Fe3O21 ʪʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ 1/c ʠʤʝʝʪ ʠʟʣʦʤ ʧʨʠ 

220 ʂ, ʧʦʵʪʦʤʫ ʥʘ ʛʨʘʬʠʢʝ ʟʘʚʠʩʠʤʦʩʪʠ ʄʕ ʢʦʵʬʬʠʮʠʝʥʪʘ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʙʣʶʜʘʝʪʩʷ 

ʤʘʢʩʠʤʫʤ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʜʘʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ʏʝʤ ʤʝʥʴʰʝ ʯʠʩʣʦ ʩʣʦʝʚ ʚ ʧʝʨʦʚʩʢʠʪʥʳʭ 

ʧʘʢʝʪʘʭ, ʪʝʤ ʪʝʤʧʝʨʘʪʫʨʘ ʜʘʥʥʦʡ ʘʥʦʤʘʣʠʠ ʥʠʞʝ: ʜʣʷ Bi5FeTi3O15 ʧʨʠ 80 K, ʜʣʷ Bi6Fe2Ti3O18 ʧʨʠ 

 

ʈʠʩ.IV.6. ɿʘʚʠʩʠʤʦʩʪʴ ʪʝʤʧʝʨʘʪʫʨʳ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʦʪ ʯʠʩʣʘ ʧʝʨʦʚʩʢʠʪʦʧʦʜʦʙʥʳʭ ʩʣʦʝʚ 

m ʩʦʝʜʠʥʝʥʠʡ Bim+1Fem-3Ti3O3m+3, [387]. 
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160 ʂ, ʜʣʷ Bi7Fe3Ti3O21 ʧʨʠ 195 ʂ ʠ ʜʣʷ Bi9Fe5Ti3O27 - ʙʦʣʝʝ ʯʝʤ ʧʨʠ 300 ʂ. ʄʘʪʝʨʠʘʣ ʧʨʠ ʚʳʩʦʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʥʘʭʦʜʠʪʩʷ ʚ ʧʘʨʘʤʘʛʥʠʪʥʦʤ ʩʦʩʪʦʷʥʠʠ, ʘ ʧʨʠ ʫʤʝʥʴʰʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʫʩʪʘʥʦʚʣʝʥ 

ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʳʡ ʧʦʨʷʜʦʢ. ʇʨʠ 220 K ʤʘʪʝʨʠʘʣ ʚʝʜʝʪ ʩʝʙʷ ʢʘʢ ʘʥʪʠʬʝʨʨʦʤʘʛʥʝʪʠʢ, ʚ ʥʝʤ 

ʩʫʱʝʩʪʚʫʝʪ ʜʘʣʴʥʝʝ ʫʧʦʨʷʜʦʯʝʥʠʝ. 

ɺʝʣʠʯʠʥʘ ʄʕ ʦʪʢʣʠʢʘ ʤʘʪʝʨʠʘʣʦʚ ʟʘʚʠʩʠʪ ʦʪ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ɺ 

ʦʙʩʫʞʜʘʝʤʦʡ ʨʘʙʦʪʝ [388] ʄʕ ʠʟʤʝʨʝʥʠʷ ʥʘ ʧʝʨʝʤʝʥʥʦʤ ʪʦʢʝ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʜʣʷ ʩʦʩʪʘʚʘ 

Bi7Ti3Fe3O21 ʧʨʠ 300 K ʠ ʧʨʠ 77 K. ʇʨʠ 300 K ʄʕ ʦʪʢʣʠʢ ʩʦʩʪʘʚʠʣ 6.32 ʤɺ/ʩʤ, ʧʨʠ 77 K - ʦʢʦʣʦ 

8.33 ʤɺ/ʩʤ. ʂʨʠʚʘʷ ʄʕ ʦʪʢʣʠʢʘ ʜʦʩʪʠʛʘʝʪ ʥʘʩʳʱʝʥʠʷ ʧʨʠ 4.5 ʢʕ ʢʘʢ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 300, ʠ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 77 K. ɺʝʣʠʯʠʥʘ ʄʕ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ, ʧʦʣʫʯʝʥʥʘʷ ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ, ʩʦʩʪʘʚʠʣʘ 0.35 ʤɺ/(ʩʤÖʕ) ʠ ʧʨʠ 77 K ʧʦʯʪʠ 0.48 ʤɺ/(ʩʤÖʕ). 

ɺ ʨʘʙʦʪʝ [391] ʠʟʫʯʘʣʠʩʴ ʧʷʪʠʩʣʦʡʥʳʝ ʟʘʤʝʱʝʥʥʳʝ ʩʦʩʪʘʚʳ Bi6Fe2Ti3O18 (BFT) (La, Sm. 

Gd ʠ Dy), ʠʟʛʦʪʦʚʣʝʥʥʳʝ ʪʚʝʨʜʦʬʘʟʥʳʤ ʩʧʦʩʦʙʦʤ. ʀʟ ʄʕ ʠʟʤʝʨʝʥʠʡ ʩʪʘʣʦ ʷʩʥʦ, ʯʪʦ ʫʤʝʥʴʰʝʥʠʝ 

ʨʘʟʤʝʨʦʚ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʢʘʪʠʦʥʦʚ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʦʛʦ 

ʫʧʦʨʷʜʦʯʝʥʠʷ, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʚʝʜʝʪ ʢ ʨʦʩʪʫ ʄʕ ʦʪʢʣʠʢʘ. ʀʟʫʯʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʥʳʭ 

ʟʘʚʠʩʠʤʦʩʪʝʡ ʄʕ ʢʦʵʬʬʠʮʠʝʥʪʘ ʜʘʣʦ ʠʥʬʦʨʤʘʮʠʶ ʦ ʤʘʛʥʠʪʥʦʡ ʧʨʠʨʦʜʝ ʦʙʨʘʟʮʦʚ, ʦʩʦʙʝʥʥʦ ʧʨʠ 

ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. ʂʘʢ ʠ ʚ ʨʘʙʦʪʝ [389], ʤʘʛʥʠʪʥʳʝ ʠ ʄʕ ʩʚʦʡʩʪʚʘ ʦʙʨʘʟʮʦʚ ʢʦʨʨʝʣʠʨʫʶʪ 

ʤʝʞʜʫ ʩʦʙʦʡ. ʇʨʠ ʫʤʝʥʴʰʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʠʩʤʫʪʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʝʛʦ ʟʘʤʝʥʳ ʥʘ ʢʘʪʠʦʥʳ 

ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʵʣʝʢʪʨʦʥʥʳʝ ʩʤʝʱʝʥʠʷ ʚʦʢʨʫʛ ʵʪʠʭ ʢʘʪʠʦʥʦʚ ʫʤʝʥʴʰʘʶʪʩʷ, ʯʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʪʝʤʧʝʨʘʪʫʨʳ ʂʶʨʠ ʠ ʩʧʘʜʫ ʄʕ ʦʪʢʣʠʢʘ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʥʝʣʝʛʠʨʦʚʘʥʥʳʤ 

Bi6Fe2Ti3O18. 
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ʕʂʉʇɽʈʀʄɽʅʊɸʃʔʅɸʗ ʏɸʉʊʔ 

V. ʆɹʒɽʂʊʓ ʀ ʄɽʊʆɼʓ ʀʉʉʃɽɼʆɺɸʅʀʗ 

(1) ɺ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʜʚʫʭʬʘʟʥʳʝ ʤʫʣʴʪʠʬʝʨʨʦʠʯʥʳʝ ʩʠʩʪʝʤʳ 

(ʤʘʛʥʠʪʦʵʣʝʢʪʨʠʯʝʩʢʠʝ (ʄʕ) ʢʦʤʧʦʟʠʪʳ) ʥʘ ʦʩʥʦʚʝ ʨʘʟʣʠʯʥʳʭ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠ 

ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʦʥʥʳʭ ʧʨʝʢʫʨʩʦʨʥʳʭ ʬʘʟ ʩ ʮʝʣʴʶ ʧʦʠʩʢʘ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʭ ʢʦʤʧʦʟʠʮʠʡ ʠ 

ʚʳʷʩʥʝʥʠʷ ʬʘʢʪʦʨʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʄʕ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ.  

¶ ʉʤʝʩʝʚʳʝ ʄʕ ʢʦʤʧʦʟʠʪʳ ʥʘ ʦʩʥʦʚʝ ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʦʥʥʳʭ ʬʝʨʨʠʪʦʚ-

ʰʧʠʥʝʣʝʡ (100-ʭ) ʤʘʩʩ.% ʧʴʝʟʦʤʘʪʝʨʠʘʣʘ + ʭ ʤʘʩʩ.% ʬʝʨʨʠʪʘ. ɺ ʢʘʯʝʩʪʚʝ ʧʴʝʟʦʘʢʪʠʚʥʳʭ ʬʘʟ 

ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ ʧʴʝʟʦʵʣʝʢʪʨʠʢʠ: ɺʘTiO3, ʤʘʪʝʨʠʘʣʳ ʎʊʉ ʨʘʟʣʠʯʥʳʭ 

ʧʨʦʤʳʰʣʝʥʥʳʭ ʤʘʨʦʢ (ʙʦʣʝʝ 10 ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ), ʙʝʩʩʚʠʥʮʦʚʳʝ ʧʴʝʟʦʤʘʪʝʨʠʘʣʳ 

[Li 0.06(Na0.52K0.48)0.94+ʫ]NbO3 (ʚ ʜʠʘʧʘʟʦʥʝ ʫ = 0-0.15) ʠ ʪʚʝʨʜʳʝ ʨʘʩʪʚʦʨʳ ʥʘ ʦʩʥʦʚʝ ʪʠʪʘʥʘʪʘ 

ʥʘʪʨʠʷ-ʚʠʩʤʫʪʘ (4 ʢʦʤʧʦʟʠʮʠʠ). ɺ ʢʘʯʝʩʪʚʝ ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʦʥʥʳʭ ʬʘʟ ʠʩʧʦʣʴʟʦʚʘʣʩʷ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ ʬʝʨʨʠʪ ʥʠʢʝʣʷ ʩʣʝʜʫʶʱʠʭ ʩʦʩʪʘʚʦʚ: NiCo0.02Fe1.9O4-d, Ni0,9Co0,1Fe2O4, 

Ni0,9Co0,1Cu0,1Fe1,9O4-d, NiCo0.02Cu0.02Mn0.1Fe1.8O4-d. ʄʕ ʢʝʨʘʤʠʢʫ ʧʦʣʫʯʘʣʠ ʪʨʘʜʠʮʠʦʥʥʳʤ 

ʪʚʝʨʜʦʬʘʟʥʳʤ ʩʧʦʩʦʙʦʤ ʧʫʪʝʤ ʦʙʳʯʥʦʛʦ ʩʧʝʢʘʥʠʷ ʥʘ ʚʦʟʜʫʭʝ, ʢʨʦʤʝ ʪʦʛʦ, ʤʝʪʦʜʦʤ ʛʦʨʷʯʝʛʦ 

ʧʨʝʩʩʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʟʦʣʴ-ʛʝʣʴ-ʤʝʪʦʜʦʚ ʩʠʥʪʝʟʘ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠ 

ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʦʥʥʳʭ ʬʘʟ. 

¶ ʉʤʝʩʝʚʳʝ ʄʕ ʢʦʤʧʦʟʠʪʳ ʥʘ ʦʩʥʦʚʝ ʞʝʣʝʟʦ-ʠʪʪʨʠʝʚʦʛʦ ʛʨʘʥʘʪʘ (100-ʭ) ʤʘʩʩ.% 

ʧʴʝʟʦʤʘʪʝʨʠʘʣʘ + ʭ ʤʘʩʩ.% Y3Fe5O12. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʄʕ ʢʝʨʘʤʠʢʠ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʛʨʘʥʘʪ 

ʧʨʦʤʳʰʣʝʥʥʦʡ ʤʘʨʢʠ 10ʉʏ6, ʘ ʪʘʢʞʝ ʧʦʨʦʰʦʢ Y3Fe5O12, ʠʟʛʦʪʦʚʣʝʥʥʳʡ ʪʚʝʨʜʦʬʘʟʥʳʤ ʠʣʠ 

ʟʦʣʴ-ʛʝʣʴ-ʤʝʪʦʜʦʤ. ɺ ʢʘʯʝʩʪʚʝ ʧʴʝʟʦʘʢʪʠʚʥʳʭ ʬʘʟ ʧʨʠʤʝʥʷʣʠʩʴ ʧʴʝʟʦʤʘʪʝʨʠʘʣʳ ʩʠʩʪʝʤʳ 

Ba1-xPbxTiO3 (ʭ = 0-1) ʠ ʎʊʉ (ʙʦʣʝʝ 10 ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ). ʆʙʨʘʟʮʳ ʄʕ ʢʦʤʧʦʟʠʮʠʦʥʥʦʡ ʢʝʨʘʤʠʢʠ 

ʧʦʣʫʯʘʣʠ ʤʝʪʦʜʦʤ ʦʙʳʯʥʦʛʦ ʩʧʝʢʘʥʠ ̫ʥʘ ʚʦʟʜʫʭʝ, ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʧʦʨʦʰʢʠ 

ʧʨʝʢʫʨʩʦʨʥʳʭ ʬʘʟ ʚ ʥʘʥʦʨʘʟʤʝʨʥʦʤ ʩʦʩʪʦʷʥʠʠ, ʠʟʛʦʪʦʚʣʝʥʥʳʝ ʟʦʣʴ-ʛʝʣʴ-ʤʝʪʦʜʘʤʠ, ʘ ʪʘʢʞʝ 

ʪʦʥʢʦʠʩʪʝʨʪʳʝ ʚ ʰʘʨʦʚʦʡ ʤʝʣʴʥʠʮʝ. 

¶ ʉʪʝʨʞʥʝʚʳʝ ʠ ʩʣʦʠʩʪʳʝ ʄʕ ʢʦʤʧʦʟʠʪʳ ʥʘ ʦʩʥʦʚʝ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ 

ʬʝʨʨʠʪʘ ʥʠʢʝʣʷ ʠ ʞʝʣʝʟʦʠʪʪʨʠʝʚʦʛʦ ʛʨʘʥʘʪʘ 

- n ʎʊʉ + (1-n) NiCo0.02Cu0.02Mn0.1Fe1.8O4-d ʩʦ ʩʚʷʟʥʦʩʪʴʶ 2-2 (ʎʊʉ - ʎʊʉ-36, ʎʊʉ-19, 

ʎʊʉʉʊ-2, ʎʊʅɺ-1, ʎʊʉʪɹʉ-2, ʎʊʉ83ɻ, ʎʊʉ-24, ʇʂʈ-8; n - ʦʙʲʝʤʥʘʷ ʜʦʣʷ ʧʴʝʟʦʵʣʝʢʪʨʠʢʘ), 

ʠʟʛʦʪʦʚʣʝʥʥʳʝ ʧʫʪʝʤ ʩʧʝʢʘʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʭʥʦʣʦʛʠʠ ʰʣʠʢʝʨʥʦʛʦ ʣʠʪʴʷ; 

- n ʎʊʉ + (1-n) NiCo0.02Cu0.02Mn0.1Fe1.8O4-d ʩʦ ʩʚʷʟʥʦʩʪʷʤʠ 1-3, 3-1, 1-1 ʠ 2-2 (ʛʜʝ ʎʊʉ ï 

ʵʪʦ ʎʊʉ-36, ʎʊʉ-19, ʎʊʉʉʊ-2, ʎʊʅɺ-1, ʎʊʉʪɹʉ-2), ʠʟʛʦʪʦʚʣʝʥʥʳʝ ʤʝʪʦʜʦʤ ʩʢʣʝʠʚʘʥʠʷ. 

- n ʎʊʉ-36 + (1-n) Y3Fe5O12 ʩʦ ʩʚʷʟʥʦʩʪʴʶ 2-2, ʠʟʛʦʪʦʚʣʝʥʥʳʝ ʤʝʪʦʜʦʤ ʩʢʣʝʠʚʘʥʠʷ. 
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¶ ʄʕ ʢʝʨʘʤʠʢʘ ʥʘ ʦʩʥʦʚʝ ʣʘʥʪʘʥʩʦʜʝʨʞʘʱʠʭ ʤʘʥʛʘʥʠʪʦʚ ʜʚʫʭ ʩʠʩʪʝʤ:  

(100-x) ʤʘʩʩ.% BaTiO3 + x ʤʘʩʩ.% La 0.7Ba0.3MnO 3 ʠ  

(100-x) ʤʘʩʩ.% ʎʊʉʅɺ-1 + x ʤʘʩʩ.% La 0.65Pb0.35MnO3. 

 

(2) ɺ ʨʷʜʝ ʩʣʫʯʘʝʚ ʧʨʠ ʩʦʟʜʘʥʠʠ ʄʕ ʜʚʫʭʬʘʟʥʳʭ ʢʦʤʧʦʟʠʪʦʚ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʠ 

ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʚ ʚʠʜʝ ʪʦʥʢʦʜʠʩʧʝʨʩʥʳʭ ʧʦʨʦʰʢʦʚ, ʯʪʦ 

ʧʦʪʨʝʙʦʚʘʣʦ ʨʘʟʨʘʙʦʪʢʠ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʤʝʪʦʜʦʚ ʠʭ ʩʠʥʪʝʟʘ. ʀʩʩʣʝʜʦʚʘʣʩʷ 

ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʡ ʩʠʥʪʝʟ ʤʘʛʥʠʪʥʳʭ ʠ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ:  

¶ ʠʟ ʛʝʣʝʡ ʥʘ ʦʩʥʦʚʝ ʧʦʣʠʚʠʥʠʣʦʚʦʛʦ ʩʧʠʨʪʘ  

- ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ ʬʝʨʨʠʪ ʥʠʢʝʣʷ Ni0,9Co0,1Cu0,1Fe1,9O4-d; 

- ʞʝʣʝʟʦ-ʠʪʪʨʠʝʚʳʡ ʛʨʘʥʘʪ Y3Fe5O12;  

- ʣʘʥʪʘʥʩʦʜʝʨʞʘʱʠʝ ʤʘʥʛʘʥʠʪʳ MʭLa1-ʭMnO3 (ʛʜʝ ʄ ï Pb, Ba ʠʣʠ Sr, ʭ = 0.3-0.35); 

¶ ʘʜʘʧʪʠʨʦʚʘʥʥʳʤ ʤʝʪʦʜʦʤ Pechini 

- ʪʠʪʘʥʘʪ ʙʘʨʠʷ ɺʘTiO3; 

- ʎʊʉʉʅɺ-1 (Pb0.813Sr0.044(Na0.419Bi0.527)0.143Zr0.5636Ti0.4364O3). 

 

(3) ʆʪʜʝʣʴʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʦʩʪʘʚʠʣ ʧʦʠʩʢ ʩʧʦʩʦʙʦʚ ʩʠʥʪʝʟʘ ʠ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʚʦʡʩʪʚ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʦʜʥʦʬʘʟʥʳʭ ʤʫʣʴʪʠʬʝʨʨʦʠʢʦʚ ï ʬʝʨʨʠʪʘ 

ʚʠʩʤʫʪʘ ʠ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ ʥʘ ʝʛʦ ʦʩʥʦʚʝ, ʘ ʪʘʢʞʝ ʩʦʝʜʠʥʝʥʠʡ ʩʦ ʩʪʨʫʢʪʫʨʘʤʠ ɸʫʨʠʚʠʣʣʠʫʩʘ. 

ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʦʙʲʝʢʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʩʣʝʜʫʶʱʠʤʠ: 

¶ ʦʨʪʦʬʝʨʨʠʪ ʠ ʬʝʨʨʦʤʘʥʛʘʥʠʪ ʚʠʩʤʫʪʘ BiFeO3 ʠ BiFe0.5Mn0.5O3 - ʩ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠ ̫

ʦʜʥʦʬʘʟʥʳʭ ʧʨʦʜʫʢʪʦʚ ʧʫʪʝʤ ʩʠʥʪʝʟʘ ʟʦʣʴ-ʛʝʣʴ-ʤʝʪʦʜʦʤ. 

¶ ʪʚʝʨʜʳʝ ʨʘʩʪʚʦʨʳ BiFe0.5ɺ0.5O3, ʛʜʝ ɺ3+ = Y, Cr, Sc, Mn, [Mg0.75W0.25], [Ni0.75W0.25], 

[Mg0.67Nb0.33], [Ni0.67Nb0.33], [Mg0.5Ti0.5], [Ni0.5Ti0.5] ʢʘʢ ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʦʙʲʝʢʪʳ ʜʣʷ 

ʧʨʦʚʝʜʝʥʠʷ ʗɻʈ-ʠʩʩʣʝʜʦʚʘʥʠʡ. 

¶ ʩʦʝʜʠʥʝʥʠʷ ʩʦ ʩʪʨʫʢʪʫʨʘʤʠ ɸʫʨʠʚʠʣʣʠʫʩʘ ʩ ʮʝʣʴʶ ʧʦʠʩʢʘ ʦʜʥʦʬʘʟʥʳʭ 

ʤʫʣʴʪʠʬʝʨʨʦʠʢʦʚ ʩ ʚʳʩʦʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʄʕ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ. 

- Bi5Ti2(TiFe)1-x(NiNb)xO15, x = 0-1 

- Bi4Ti3-2.5x(Nb1/2Fe1/2)x(Nb2/3Ni1/3)1.5xO12, x = 0-0.4 

- Bi3Ti1-2.5xNb1+1.5x(Fe1/2Ni1/2)xO9, x = 0-0.3 

- Na0,5-1,5xLa0,5+1,5xBi4Ti4-2xNixFexO15, ʭ = 0-0.3 

- Bim-1Bi2Fem-3Ti(3-ŭ)(Ni1/3Nb2/3)ŭO3m+3, m = 3-12, d = 0-0.2. 
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ɺ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʩʣʝʜʫʶʱʠʝ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ: 

1. ʈʝʥʪʛʝʥʦʬʘʟʦʚʳʡ ʘʥʘʣʠʟ  

ʀʩʧʦʣʴʟʦʚʘʣʩʷ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʬʘʟʦʦʙʨʘʟʦʚʘʥʠʷ ʚ ʭʦʜʝ ʩʠʥʪʝʟʘ ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʦʥʥʳʭ, 

ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠ ʤʫʣʴʪʠʬʝʨʨʦʠʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʢʦʥʪʨʦʣʷ ʧʦʣʥʦʪʳ ʧʨʦʪʝʢʘʥʠʷ ʩʠʥʪʝʟʘ 

ʧʴʝʟʦʤʘʪʝʨʠʘʣʦʚ ʠ ʬʝʨʨʠʪʦʚ, ʦʧʨʝʜʝʣʝʥʠʷ ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ ʢʦʤʧʦʟʠʮʠʦʥʥʦʡ ʄʕ ʢʝʨʘʤʠʢʠ, 

ʨʘʩʯʸʪʘ ʧʘʨʘʤʝʪʨʦʚ ʵʣʝʤʝʥʪʘʨʥʳʭ ʷʯʝʝʢ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠ ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʦʥʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʚ ʩʧʝʯʸʥʥʦʡ ʄʕ ʢʝʨʘʤʠʢʝ, ʦʧʨʝʜʝʣʝʥʠʷ ʨʘʟʤʝʨʦʚ ʯʘʩʪʠʮ ʧʦʨʦʰʢʦʚ 

ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʭ, ʤʘʛʥʠʪʥʳʭ ʠ ʤʫʣʴʪʠʬʝʨʨʦʠʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʛʝʣʴ-

ʤʝʪʦʜʘʤʠ. ɺʳʧʦʣʥʷʣʩʷ ʧʦ ʤʝʪʦʜʫ ʧʦʨʦʰʢʘ ʥʘ ʜʠʬʨʘʢʪʦʤʝʪʨʘʭ ɼʈʆʅ-2,0 ʠ ARL XôTRA ʚ CuKa-

ʠʟʣʫʯʝʥʠʠ. ʋʪʦʯʥʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʵʣʝʤʝʥʪʘʨʥʳʭ ʷʯʝʝʢ ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʧʦʤʦʱʠ ʢʦʤʧʴʶʪʝʨʥʦʡ 

ʧʨʦʛʨʘʤʤʳ CELREF [392]. ʉʦʜʝʨʞʘʥʠʝ ʧʨʠʤʝʩʥʦʡ ʧʠʨʦʭʣʦʨʥʦʡ ʬʘʟʳ ʚ ʢʦʤʧʦʟʠʪʘʭ 

(100-y) ʤʘʩʩ.% Ba1-xPbxTiO3 (ʎʊʉ) ï y ʤʘʩʩ.% Y3Fe5O12 ʧʦʩʣʝ ʩʧʝʢʘʥʠʷ ʦʧʨʝʜʝʣʷʣʠ ʩ ʧʦʤʦʱʴʶ 

ʢʘʣʠʙʨʦʚʦʯʥʦʡ ʢʨʠʚʦʡ. ɼʣʷ ʝʝ ʧʦʩʪʨʦʝʥʠʷ ʠʟʤʝʨʷʣʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʨʝʬʣʝʢʩʦʚ <420> ɾʀɻ ʠ 

<222> Y2Ti2O7 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʨʠʛʦʪʦʚʣʝʥʥʳʭ ʩʤʝʩʷʭ 

(100-ʭ) Y3Fe5O12 + x Y2Ti2O7 c x = 5 - 60 ʤʘʩʩ.%. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʨʝʜʥʠʭ ʨʘʟʤʝʨʦʚ ʯʘʩʪʠʮ 

ʧʨʦʚʦʜʠʣʠ ʩʲʝʤʢʫ ʧʨʦʢʘʣʝʥʥʳʭ ʧʨʠ ʨʘʟʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʧʦʨʦʰʢʦʚ ʤʘʥʛʘʥʠʪʦʚ ʚ ʩʤʝʩʠ ʩ 

ʢʨʫʧʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʤ Al2O3 ʚ ʢʘʯʝʩʪʚʝ ʵʪʘʣʦʥʘ, ʠ ʜʘʣʝʝ ʚʝʣʠ ʨʘʩʯʝʪ ʧʦ ʬʦʨʤʫʣʝ ɼʝʙʘʷï

ʐʝʨʨʝʨʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʩʪʘʥʜʘʨʪʥʦʡ ʤʝʪʦʜʠʢʦʡ [393]. 

2. ʄʠʢʨʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ 

ʇʨʠʤʝʥʷʣʩʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʬʦʨʤʳ ʠ ʨʘʟʤʝʨʦʚ ʯʘʩʪʠʮ ʬʘʟ ʢʦʤʧʦʟʠʪʦʚ ʠ ʧʨʦʚʦʜʠʣʩʷ ʥʘ 

ʦʙʦʨʫʜʦʚʘʥʠʠ ʀʥʩʪʠʪʫʪʘ ʚʳʩʦʢʠʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʧʴʝʟʦʪʝʭʥʠʢʠ ʖʌʋ ʧʨʠ ʧʦʤʦʱʠ 

ʧʨʦʩʚʝʯʠʚʘʶʱʝʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ ʕɺʄ-100 ɸʂ ʠ ʧʨʠ ʧʦʤʦʱʠ ʨʘʩʪʨʦʚʦʛʦ 

ʵʣʝʢʪʨʦʥʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ JEOL JSM 6390LA ʥʘ ʩʢʦʣʝ.  

3. ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʷ 

ʀʩʧʦʣʴʟʦʚʘʣʘʩʴ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʩʪʘʚʘ ʧʨʦʜʫʢʪʦʚ ʦʢʠʩʣʝʥʠʷ ʢʩʝʨʦʛʝʣʝʡ ʠ ʙʳʣʘ 

ʚʳʧʦʣʥʝʥʘ ʥʘ ʦʙʦʨʫʜʦʚʘʥʠʠ ʢʘʬʝʜʨʳ ʬʠʟʠʯʝʩʢʦʡ ʭʠʤʠʠ ʭʠʤʠʯʝʩʢʦʛʦ ʬʘʢʫʣʴʪʝʪʘ ʖʌʋ, 

ʩʧʝʢʪʨʦʤʝʪʨ Varian 1000 FT-IR Scimitar Series ʚ ʠʥʪʝʨʚʘʣʝ 400-4000 ʩʤ
-1
. 

4. ʀʟʤʝʨʝʥʠʷ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

ʕʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʦʙʨʘʟʮʦʚ ʠʟʤʝʨʷʣʠ ʠ ʨʘʩʩʯʠʪʳʚʘʣʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ɻʆʉʊ-

12370-80.  

ʀʟʤʝʨʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʥʘ ʧʦʩʪʦʷʥʥʦʤ ʪʦʢʝ ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʧʦʤʦʱʠ 

ʪʝʨʘʦʤʤʝʪʨʘ ɽ6-13ɸ.  
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ʕʣʝʢʪʨʠʯʝʩʢʫʶ ʸʤʢʦʩʪʴ ʠ ʪʘʥʛʝʥʩ ʫʛʣʘ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʪʝʨʴ ʠʟʤʝʨʷʣʠ ʥʘ ʤʦʩʪʘʭ 

ʸʤʢʦʩʪʠ ɽ8-2, E8-4 ʥʘ ʯʘʩʪʦʪʝ 1 ʠ 1.5 ʢɻʮ, ʘ ʪʘʢʞʝ ʧʨʠ ʧʦʤʦʱʠ ʢʦʤʧʴʶʪʝʨʠʟʠʨʦʚʘʥʥʦʛʦ 

ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ çʎʝʥʟʫʨʢʘ ʄè.  

ʈʝʟʦʥʘʥʩʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʙʨʘʟʮʦʚ ʠʟʫʯʘʣʠ ʧʨʠ ʧʦʤʦʱʠ ʧʨʠʙʦʨʘ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʘʤʧʣʠʪʫʜʥʦ-ʯʘʩʪʦʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ɸʏʍ ʍ1-48.  

ʊʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʠʩʩʣʝʜʦʚʘʣʠ ʚ ʨʝʞʠʤʝ 

ʦʭʣʘʞʜʝʥʠʷ ʚ ʧʝʨʝʤʝʥʥʦʤ ʵʣʝʢʪʨʠʯʝʩʢʦʤ ʧʦʣʝ ʧʦ ʩʭʝʤʝ ʉʦʡʝʨʘ-ʊʘʫʵʨʘ. ʈʷʜ ʠʟʤʝʨʝʥʠʡ 

ʧʨʦʚʦʜʠʣʠ ʥʘ ʦʙʦʨʫʜʦʚʘʥʠʠ ʅʀʀ ʌʠʟʠʢʠ ʖʌʋ ʧʨʠ ʧʦʤʦʱʠ ʠʟʤʝʨʠʪʝʣʷ ʠʤʤʠʪʘʥʩʘ ɽ7-20 ʚ 

ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʠʥʪʝʨʚʘʣʝ 20-900̄ ʉ ʠ ʯʘʩʪʦʪʥʦʤ ʜʠʘʧʘʟʦʥʝ ʦʪ 20 ɻʮ ʜʦ 20 ʄɻʮ. 

5. ʊʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʇʨʦʚʦʜʠʣʠʩʴ ʜʣʷ ʠʟʫʯʝʥʠʷ ʧʨʦʮʝʩʩʦʚ ʬʘʟʦʦʙʨʘʟʦʚʘʥʠʷ ʚ ʭʦʜʝ ʩʠʥʪʝʟʘ ʤʘʛʥʠʪʥʳʭ, 

ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠ ʤʫʣʴʪʠʬʝʨʨʦʠʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʂʩʝʨʦʛʝʣʠ ʠʩʩʣʝʜʦʚʘʣʠ ʤʝʪʦʜʘʤʠ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʩʢʘʥʠʨʫʶʱʝʡ ʢʘʣʦʨʠʤʝʪʨʠʠ (ɼʉʂ) ʠ ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ 

(ʊɻɸ) ʥʘ ʜʝʨʠʚʘʪʦʛʨʘʬʝ NETZSCH STA 449 C (ʦʙʦʨʫʜʦʚʘʥʠʝ ʎʝʥʪʨʘ ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʧʦʣʴʟʦʚʘʥʠʷ 

ɸʢʘʜʝʤʠʠ ʥʘʫʢ ʦ ʟʝʤʣʝ ʖʌʋ ʠʣʠ ʀʥʩʪʠʪʫʪʘ ʚʳʩʦʢʠʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʧʴʝʟʦʪʝʭʥʠʢʠ ʖʌʋ). ʅʘʛʨʝʚ 

ʚʝʣʠ ʥʘ ʚʦʟʜʫʭʝ ʚ ʢʦʨʫʥʜʦʚʳʭ ʪʠʛʣʷʭ ʩʦ ʩʢʦʨʦʩʪʴʶ 5 /̄ʤʠʥ. ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ ʦʪ 100 ʜʦ 

1000̄ʉ.  

6. ɻʨʘʚʠʤʝʪʨʠʯʝʩʢʠʡ ʠ ʪʠʪʨʠʤʝʪʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟ 

ʇʨʠ ʧʦʣʫʯʝʥʠʠ BaTiO3, ʮʠʨʢʦʥʘʪʘ-ʪʠʪʘʥʘʪʘ ʩʚʠʥʮʘ PbZr0,5636Ti0,4364O3, ʎʊʉʅɺ-1 (ʩʦʩʪʘʚʘ 

Pb0,813Sr0,044(Na0,419Bi0,527)0,143Zr0,5636Ti0,4364O3) ʠ ʬʝʨʨʠʪʘ Ni0,9Co0,1Cu0,1Fe1,9O4-d ʛʝʣʴ-ʤʝʪʦʜʦʤ 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʢʨʠʩʪʘʣʣʦʛʠʜʨʘʪʳ ʥʠʪʨʘʪʦʚ ʮʠʨʢʦʥʠʷ, ʥʠʢʝʣʷ, ʤʝʜʠ ʠ ʞʝʣʝʟʘ (III), 

ʢʨʠʩʪʘʣʣʦʛʠʜʨʘʪ ʮʠʪʨʘʪʘ ʪʠʪʘʥʘ (IV), ʦʢʩʠʜ ʚʠʩʤʫʪʘ, ʘ ʪʘʢʞʝ ʢʘʨʙʦʥʘʪʳ ʙʘʨʠʷ, ʩʪʨʦʥʮʠʷ ʠ 

ʥʘʪʨʠʷ. ʉ ʮʝʣʴʶ ʫʩʪʘʥʦʚʣʝʥʠʷ ʪʦʯʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʢʘʪʠʦʥʦʚ ʚ ʝʜʠʥʠʮʝ ʤʘʩʩʳ 

ʢʨʠʩʪʘʣʣʦʛʠʜʨʘʪʦʚ ʠʩʭʦʜʥʳʝ ʤʘʪʝʨʠʘʣʳ ʙʳʣʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ 

ʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʤ ʠ ʪʠʪʨʠʤʝʪʨʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ ʘʥʘʣʠʟʘ. ʀʩʧʦʣʴʟʦʚʘʣʠʩʴ ʩʣʝʜʫʶʱʠʝ ʤʝʪʦʜʳ 

ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʢʘʪʠʦʥʦʚ ʤʝʪʘʣʣʘ: 

1) ʆʧʨʝʜʝʣʝʥʠʝ ʥʠʢʝʣʷ ʩ ʧʠʨʦʢʘʪʝʭʠʥʦʚʳʤ ʬʠʦʣʝʪʦʚʳʤ. ɺ ʢʦʥʠʯʝʩʢʫʶ ʢʦʣʙʫ ʥʘ 250 

ʤʣ ʧʝʨʝʥʦʩʠʪʩʷ ʧʠʧʝʪʢʦʡ 10 ʤʣ ʘʥʘʣʠʟʠʨʫʝʤʦʛʦ ʨʘʩʪʚʦʨʘ ʥʠʪʨʘʪʘ ʥʠʢʝʣʷ, ʧʨʠʣʠʚʘʝʪʩʷ 10 ʤʣ 

ʙʫʬʝʨʥʦʛʦ ʨʘʩʪʚʦʨʘ (1 ʥ. ʨʘʩʪʚʦʨ ʭʣʦʨʠʜʘ ʘʤʤʦʥʠʷ ʠ 1 ʥ. ʨʘʩʪʚʦʨ ʘʤʤʠʘʢʘ ʚ ʦʪʥʦʰʝʥʠʠ 1:1) ʠ 

3-5 ʢʘʧʝʣʴ ʨʘʩʪʚʦʨʘ ʠʥʜʠʢʘʪʦʨʘ, ʨʘʟʙʘʚʣʷʝʪʩʷ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʦʡ ʜʦ 50 ʤʣ. ɼʘʣʝʝ ʪʠʪʨʫʝʪʩʷ 

0,1 ʄ ʨʘʩʪʚʦʨʦʤ ʕɼʊɸ ʜʦ ʧʝʨʝʭʦʜʘ ʦʢʨʘʩʢʠ ʠʟ ʟʝʣʝʥʦʚʘʪʦ-ʩʠʥʝʡ ʚ ʢʨʘʩʥʦ-ʬʠʦʣʝʪʦʚʫʶ. 

ʉʦʜʝʨʞʘʥʠʝ ʥʠʢʝʣʷ ʚ ʢʨʠʩʪʘʣʣʦʛʠʜʨʘʪʝ ʥʠʪʨʘʪʘ ʥʠʢʝʣʷ ʚ ʧʝʨʝʩʯʝʪʝ ʥʘ ʦʢʩʠʜ NiO ʩʦʩʪʘʚʠʣʦ 

25.736 ° 0.066 ʤʘʩʩ.%. 

2) ʆʧʨʝʜʝʣʝʥʠʝ ʞʝʣʝʟʘ ʩ ʩʘʣʠʮʠʣʦʚʦʡ ʢʠʩʣʦʪʦʡ. ɺ ʢʘʯʝʩʪʚʝ ʠʥʜʠʢʘʪʦʨʘ ʧʨʠʤʝʥʷʝʪʩʷ 

2%-ʥʳʡ ʩʧʠʨʪʦʚʦʡ ʨʘʩʪʚʦʨ ʩʘʣʠʮʠʣʦʚʦʡ ʢʠʩʣʦʪʳ. ɺ ʢʦʥʠʯʝʩʢʫʶ ʢʦʣʙʫ ʥʘ 250 ʤʣ ʧʝʨʝʥʦʩʠʪʩʷ 
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ʧʠʧʝʪʢʦʡ 10 ʤʣ ʧʨʠʛʦʪʦʚʣʝʥʥʦʛʦ ʨʘʩʪʚʦʨʘ ʥʠʪʨʘʪʘ ʞʝʣʝʟʘ, ʨʅ ʜʦʚʦʜʠʪʩʷ ʜʦ 2,5 (ʧʨʦʚʝʨʷʶʪ ʧʦ 

ʠʥʜʠʢʘʪʦʨʥʦʡ ʙʫʤʘʛʝ) 0,1 ʄ ʘʮʝʪʘʪʥʳʤ ʙʫʬʝʨʥʳʤ ʨʘʩʪʚʦʨʦʤ ʠ ʨʘʟʙʘʚʣʷʝʪʩʷ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ 

ʚʦʜʦʡ ʜʦ 100 ʤʣ. ʇʦʩʣʝ ʜʦʙʘʚʣʝʥʠʷ 2 ʤʣ ʠʥʜʠʢʘʪʦʨʘ ʨʘʩʪʚʦʨ ʥʘʛʨʝʚʘʝʪʩʷ ʜʦ 40-50̄ ʉ ʠ ʤʝʜʣʝʥʥʦ 

ʪʠʪʨʫʝʪʩʷ. ɺ ʪʦʯʢʝ ʵʢʚʠʚʘʣʝʥʪʥʦʩʪʠ ʠʩʯʝʟʘʝʪ ʩʠʥʷʷ ʦʢʨʘʩʢʘ ʢʦʤʧʣʝʢʩʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʞʝʣʝʟʘ ʩ 

ʩʘʣʠʮʠʣʦʚʦʡ ʢʠʩʣʦʪʦʡ. ʊʠʪʨʫʝʪʩʷ ʜʦ ʠʩʯʝʟʥʦʚʝʥʠʷ ʩʠʥʝʛʦ ʦʢʨʘʰʠʚʘʥʠʷ. ʉʦʜʝʨʞʘʥʠʝ ʞʝʣʝʟʘ ʚ 

ʢʨʠʩʪʘʣʣʦʛʠʜʨʘʪʝ ʥʠʪʨʘʪʘ ʞʝʣʝʟʘ (III ) ʚ ʧʝʨʝʩʯʝʪʝ ʥʘ ʦʢʩʠʜ Fe2O3 ʩʦʩʪʘʚʠʣʦ 20.008 ° 0,16 ʤʘʩʩ.%. 

3) ʆʧʨʝʜʝʣʝʥʠʝ ʪʠʪʘʥʘ ʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ. ɺ ʧʷʪʴ ʬʘʨʬʦʨʦʚʳʭ ʪʠʛʣʝʡ, 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʨʦʢʘʣʝʥʥʳʭ ʧʨʠ 400ʉ̄ ʜʦ ʧʦʩʪʦʷʥʥʦʡ ʤʘʩʩʳ ʠ ʚʟʚʝʰʝʥʥʳʭ ʥʘ ʘʥʘʣʠʪʠʯʝʩʢʠʭ 

ʚʝʩʘʭ ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ ʯʝʪʚʝʨʪʦʛʦ ʟʥʘʢʘ, ʧʦʤʝʱʘʝʪʩʷ ʧʦʨʦʰʦʢ ʣʠʤʦʥʥʦʢʠʩʣʦʛʦ ʪʠʪʘʥʘ ʠ 

ʚʟʚʝʰʠʚʘʝʪʩʷ ʥʘ ʪʝʭ ʞʝ ʚʝʩʘʭ. ɿʘʪʝʤ ʪʠʛʣʠ ʧʝʨʝʥʦʩʷʪʩʷ ʚ ʤʫʬʝʣʴʥʫʶ ʧʝʯʴ ʠ ʧʨʦʢʘʣʠʚʘʶʪʩʷ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 800-900̄ ʉ ʚ ʪʝʯʝʥʠʝ 2 ʯʘʩʦʚ ʜʦ ʧʦʩʪʦʷʥʥʦʡ ʤʘʩʩʳ. 

ɼʘʣʝʝ ʧʨʦʚʦʜʠʣʘʩʴ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʨʝʟʫʣʴʪʘʪʦʚ. ʋʩʨʝʜʥʝʥʥʦʝ ʟʥʘʯʝʥʠʝ 

ʤʘʩʩʦʚʦʡ ʜʦʣʠ ʦʢʩʠʜʘ ʪʠʪʘʥʘ ʨʘʩʩʯʠʪʳʚʘʣʦʩʴ ʧʦ ʬʦʨʤʫʣʝ 

ʭʩʨ. = 
5

54321 xxxxx ++++
 (V.2), 

ʘ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʦʧʨʝʜʝʣʷʣʦʩʴ ʧʦ ʬʦʨʤʫʣʝ 

sn = 
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n

xʭʭʭʭʭ nʩʨʩʨʩʨ  (V.3), 

ʛʜʝ n ï ʯʠʩʣʦ ʠʟʤʝʨʝʥʠʡ. ɼʦʚʝʨʠʪʝʣʴʥʳʡ ʠʥʪʝʨʚʘʣ ʨʘʩʩʯʠʪʳʚʘʣʩʷ  

d = 
n

tS npn ,
 (V.4), 

ʛʜʝ tp,n ï ʢʦʵʬʬʠʮʠʝʥʪ ʉʪʴʶʜʝʥʪʘ, ʧʨʠ p = 0.95, n = 5 tp,n = 2.78. 

ʉʦʜʝʨʞʘʥʠʝ ʦʢʩʠʜʘ ʪʠʪʘʥʘ ʚ ʢʨʠʩʪʘʣʣʦʛʠʜʨʘʪʝ ʮʠʪʨʘʪʘ ʪʠʪʘʥʘ ʩʦʩʪʘʚʠʣʦ 

30.85 ° 1.7 ʤʘʩʩ.%. 

4) ʆʧʨʝʜʝʣʝʥʠʝ ʮʠʨʢʦʥʠʷ ʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ. ʆʧʨʝʜʝʣʝʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʧʦ 

ʘʥʘʣʦʛʠʯʥʦʡ ʩʭʝʤʝ. ʀʩʧʦʣʴʟʦʚʘʣʩʷ ʢʨʠʩʪʘʣʣʦʛʠʜʨʘʪ ʥʠʪʨʘʪʘ ʮʠʨʢʦʥʠʷ ʩ ʫʩʣʦʚʥʦʡ ʬʦʨʤʫʣʦʡ 

ZrO(NO3)2
.2H2O. ʉʦʜʝʨʞʘʥʠʝ ʦʢʩʠʜʘ ʮʠʨʢʦʥʠʷ ʚ ʢʨʠʩʪʘʣʣʦʛʠʜʨʘʪʝ ʥʠʪʨʘʪʘ ʮʠʨʢʦʥʠʷ ʩʦʩʪʘʚʠʣʦ 

41.15 ° 0.89 ʤʘʩʩ.%. 

5) ʆʧʨʝʜʝʣʝʥʠʝ ʢʦʙʘʣʴʪʘ ʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ. ʊʘʢ ʞʝ ʢʘʢ ʠ ʚ ʩʣʫʯʘʝ 

ʦʧʨʝʜʝʣʝʥʠʷ ʪʠʪʘʥʘ ʠ ʮʠʨʢʦʥʠʷ, ʙʳʣ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥ ʥʠʪʨʘʪ ʢʦʙʘʣʴʪʘ. ʉʦʜʝʨʞʘʥʠʝ ʉʦʆ ʚ 

ʢʨʠʩʪʘʣʣʦʛʠʜʨʘʪʝ ʥʠʪʨʘʪʘ ʢʦʙʘʣʴʪʘ ʩʦʩʪʘʚʠʣʦ 27.564 ° 0.139 ʤʘʩʩ.%. 

6) ʆʧʨʝʜʝʣʝʥʠʝ ʤʝʜʠ ʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ. ɸʥʘʣʦʛʠʯʥʦ ʙʳʣʦ ʦʧʨʝʜʝʣʝʥʦ 

ʩʦʜʝʨʞʘʥʠʝ CuO ʚ ʥʠʪʨʘʪʝ. ʆʥʦ ʩʦʩʪʘʚʠʣʦ 64.526 ° 0.14 ʤʘʩʩ.%.  

7) ʆʧʨʝʜʝʣʝʥʠʝ ʤʘʨʛʘʥʮʘ ʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ. ʊʦʯʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʤʘʨʛʘʥʮʘ ʚ 

ʢʨʠʩʪʘʣʣʦʛʠʜʨʘʪʝ ʦʧʨʝʜʝʣʷʣʠ ʯʝʨʝʟ ʦʩʘʞʜʝʥʠʝ ʘʤʤʦʥʠʡʬʦʩʬʘʪʘ NH4MnPO4 ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʝʛʦ 
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ʧʨʦʢʘʣʠʚʘʥʠʝʤ ʜʦ Mn2P2O7 ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʤʝʪʦʜʠʢʦʡ [394] (ʩ.37). ʉʦʜʝʨʞʘʥʠʝ ʤʘʨʛʘʥʮʘ ʚ 

ʢʨʠʩʪʘʣʣʦʛʠʜʨʘʪʝ ʥʠʪʨʘʪʘ ʤʘʨʛʘʥʮʘ ʚ ʧʝʨʝʩʯʝʪʝ ʥʘ ʦʢʩʠʜ MnO2 ʩʦʩʪʘʚʠʣʦ 46.08 ° 0.17 ʤʘʩʩ.%.  

7. ʄʘʛʥʠʪʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʠʟʤʝʨʝʥʠʷ 

ʀʩʩʣʝʜʦʚʘʣʠ ʄʕ ʵʬʬʝʢʪ, ʟʘʢʣʶʯʘʶʱʠʡʩʷ ʚ ʧʨʝʦʙʨʘʟʦʚʘʥʠʠ ʵʥʝʨʛʠʠ ʧʝʨʝʤʝʥʥʦʛʦ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʠʛʥʘʣʳ. ʄʕ ʠʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʣʠ ʥʘ ʵʣʝʢʪʨʠʯʝʩʢʠ 

ʧʦʣʷʨʠʟʦʚʘʥʥʳʭ ʦʙʨʘʟʮʘʭ ʚʳʩʦʪʦʡ 0.8-1.0 ʤʤ. ʀʟʫʯʘʣʠ ʟʘʚʠʩʠʤʦʩʪʴ ʄʕ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʢʦʤʧʦʟʠʪʦʚ ʦʪ ʥʘʧʨʷʞʸʥʥʦʩʪʠ ʧʦʩʪʦʷʥʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʦʙʨʘʟʝʮ 

ʧʝʨʝʤʝʥʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ.  

 

ʈʠʩ.V.1. ʉʭʝʤʘ ʷʯʝʡʢʠ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʄʕ ʵʬʬʝʢʪʘ ʤʘʪʝʨʠʘʣʦʚ. 1 - ʢʘʪʫʰʢʠ ɻʝʣʴʤʛʦʣʴʮʘ, 2 - 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʳ, ʩʦʟʜʘʶʱʠʝ ʧʦʩʪʦʷʥʥʦʝ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ, 3 - ʠʟʤʝʨʠʪʝʣʴʥʘʷ ʷʯʝʡʢʘ, 4 - 

ʦʙʨʘʟʝʮ, 5 - ʢʦʘʢʩʠʘʣʴʥʳʡ ʩʦʝʜʠʥʠʪʝʣʴʥʳʡ ʢʘʙʝʣʴ, 6 - ʚʭʦʜʥʦʡ ʫʩʠʣʠʪʝʣʴ ʥʘʧʨʷʞʝʥʠʷ. 

ʅʘ ʨʠʩ. V.1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʷʯʝʡʢʘ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʄʕ ʵʬʬʝʢʪʘ ʤʘʪʝʨʠʘʣʦʚ [395]. 

ʆʜʥʦʨʦʜʥʦʝ ʧʝʨʝʤʝʥʥʦʝ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʚ ʥʝʡ ʩʦʟʜʘʶʪ ʩ ʧʦʤʦʱʴʶ ʢʘʪʫʰʝʢ ɻʝʣʴʤʛʦʣʴʮʘ (1), ʘ 

ʧʦʩʪʦʷʥʥʦʝ ʩ ʧʦʤʦʱʴʶ ʜʚʫʭ ʵʣʝʢʪʨʦʤʘʛʥʠʪʦʚ (2) (ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʥʘʤʘʛʥʠʯʠʚʘʶʱʝʝ ʫʩʪʨʦʡʩʪʚʦ 

ɻ-56). ʗʯʝʡʢʘ, ʚ ʢʦʪʦʨʫʶ ʧʦʤʝʱʘʶʪ ʦʙʨʘʟʝʮ (3), ʧʦʢʨʳʪʘ ʠʟʥʫʪʨʠ ʩʣʦʝʤ ʘʣʶʤʠʥʠʷ ʪʦʣʱʠʥʦʡ 200 

ʤʢʤ. ʊʘʢʦʝ ʧʦʢʨʳʪʠʝ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʚʘʪʴ ʵʢʨʘʥʠʨʦʚʢʫ ʦʙʨʘʟʮʘ ʠ 

ʠʩʢʣʶʯʠʪʴ ʠʟʤʝʥʝʥʠʷ ʘʤʧʣʠʪʫʜʳ ʧʝʨʝʤʝʥʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ʆʙʨʘʟʝʮ ʩʦʝʜʠʥʸʥ ʩ 

ʠʟʤʝʨʠʪʝʣʴʥʳʤ ʚʳʩʦʢʦʠʤʧ= ʝʜʘʥʩʥʳʤ ʫʩʠʣʠʪʝʣʝʤ (6) ʢʦʘʢʩʠʘʣʴʥʳʤ ʢʘʙʝʣʝʤ (5). 

ʄʕ ʢʦʵʬʬʠʮʠʝʥʪ (ʚ ʤɺ/(ʩʤÖʕ)) ʨʘʩʩʯʠʪʳʚʘʣʠ ʧʦ ʬʦʨʤʫʣʝ:  

H
E
D

D = 1000
100

2.1932
Ö

+
Ö

ÖÖ C

C

h

U
 (V.1),  

ʛʜʝ U ï ʥʘʧʨʷʞʝʥʠʝ (ɺ), h ïʚʳʩʦʪʘ ʦʙʨʘʟʮʘ (ʩʤ), ʉ ï ʝʤʢʦʩʪʴ ʦʙʨʘʟʮʘ (ʧʌ), 32, 19.2, 100 ï 

ʢʦʥʩʪʘʥʪʳ ʫʩʪʘʥʦʚʢʠ. 



114 

8. ʀʩʩʣʝʜʦʚʘʥʠʝ ʤʘʛʥʠʪʦʜʠɻʣʝʢʪʨʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ  

ʇʨʦʚʦʜʠʣʠ ʥʘ ʦʜʥʦʬʘʟʥʳʭ ʤʘʪʝʨʠʘʣʘʭ ʩʦ ʩʪʨʫʢʪʫʨʘʤʠ ɸʫʨʠʚʠʣʣʠʫʩʘ ʥʘ ʦʙʦʨʫʜʦʚʘʥʠʠ 

ʅʀʀ ʌʠʟʠʢʠ ʖʌʋ ʧʨʠ ʧʦʤʦʱʠ ʠʟʤʝʨʠʪʝʣʷ ʠʤʤʠʪʘʥʩʘ ɽ7-20 ʚ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʜʠʘʧʘʟʦʥʝ 20-

900̄ʉ ʠ ʯʘʩʪʦʪʥʦʤ ʜʠʘʧʘʟʦʥʝ ʦʪ 20 ɻʮ ʜʦ 20 ʄɻʮ ʚ ʧʦʩʪʦʷʥʥʦʤ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ 1 ʊʣ. 

9. ʇʦʣʫʵʤʧʠʨʠʯʝʩʢʠʡ ʤʝʪʦʜ ʦʮʝʥʢʠ ʧʘʨʘʤʝʪʨʦʚ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʠ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ 

ʩʚʷʟʝʡ ʚ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʢʘʭ ʢʠʩʣʦʨʦʜʥʦ-ʦʢʪʘʵʜʨʠʯʝʩʢʦʛʦ ʪʠʧʘ 

ɼʣʷ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʨʝʟʫʣʴʪʘʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʭʦʜʝ ʩʠʥʪʝʟʘ ʤʫʣʴʪʬʝʨʨʦʠʢʦʚ 

BiFe0.5B0.5O3, ʠʩʧʦʣʴʟʦʚʘʣʠ ʠʟʚʝʩʪʥʳʝ ʠʟ ʣʠʪʝʨʘʪʫʨʳ ʢʨʠʪʝʨʠʠ ʦʮʝʥʢʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʪʨʫʢʪʫʨʳ 

ʧʝʨʦʚʩʢʠʪʘ [177, 396]. ɻʝʦʤʝʪʨʠʯʝʩʢʠʤ ʢʨʠʪʝʨʠʝʤ ʝʝ ʫʩʪʦʡʯʠʚʦʩʪʠ ʷʚʣʷʝʪʩʷ ʪʦʣʝʨʘʥʮ-ʬʘʢʪʦʨ, 

ʨʘʩʩʯʠʪʳʚʘʝʤʳʡ ʧʦ ʬʦʨʤʫʣʝ: 

 
)(2

)(

OB

OA

RR

RR
t

+

+
=   (V.5), 

ʛʜʝ RA, RB, Rʆ ï ʠʦʥʥʳʝ ʨʘʜʠʫʩʳ ʢʘʪʠʦʥʦʚ ʚ ʧʦʜʨʝʰʝʪʢʘʭ ɸ ʠ ɺ ʠ ʘʥʠʦʥʘ ʢʠʩʣʦʨʦʜʘ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʉʪʨʫʢʪʫʨʥʳʡ ʪʠʧ ʧʝʨʦʚʩʢʠʪʘ ʫʩʪʦʡʯʠʚ, ʝʩʣʠ ʪʦʣʝʨʘʥʮ-ʬʘʢʪʦʨ ʥʘʭʦʜʠʪʩʷ ʚ 

ʧʨʝʜʝʣʘʭ ʦʪ 0.72 ʜʦ 1.06.  

ʆʜʥʘʢʦ ʚ [177, 396] ʧʦʢʘʟʘʥʦ, ʯʪʦ ʜʣʷ ʩʪʘʙʠʣʠʟʘʮʠʠ ʧʝʨʦʚʩʢʠʪʥʦʡ ʩʪʨʫʢʪʫʨʳ ʩʦʙʣʶʜʝʥʠʝ 

ʵʪʠʭ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʥʝʜʦʩʪʘʪʦʯʥʦ. ʊʨʝʙʫʝʪʩʷ ʫʯʝʪ ʪʘʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʭʠʤʠʯʝʩʢʠʭ 

ʩʚʷʟʝʡ, ʢʘʢ ʠʭ ʥʘʧʨʷʞʝʥʥʦʩʪʴ (m) ʠ ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ (n). ɼʘʥʥʳʡ ʧʦʜʭʦʜ ʙʳʣ ʫʩʧʝʰʥʦ ʧʨʠʤʝʥʝʥ 

ʜʣʷ ʦʮʝʥʢʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʥʝʢʦʪʦʨʳʭ Bi-ʩʦʜʝʨʞʘʱʠʭ ʧʝʨʦʚʩʢʠʪʦʚ [397]. 

ʈʘʩʯʝʪ ʧʘʨʘʤʝʪʨʘ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʩʚʷʟʝʡ. ʉʦʛʣʘʩʥʦ [177, 396] ʚ ʢʘʯʝʩʪʚʝ ʧʘʨʘʤʝʪʨʘ 

ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʩʚʷʟʝʡ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʘʪʦʤʘ ʧʨʠʥʠʤʘʝʪʩʷ ʚʳʨʘʞʝʥʠʝ:  

t

x
n

nS
='

  (V.6), 

ʛʜʝ ɕ - ʤʝʨʘ ʘʥʠʟʦʪʨʦʧʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ, S ï ʠʥʪʝʛʨʘʣ ʧʝʨʝʢʨʳʚʘʥʠʷ, n ï 

ʯʠʩʣʦ ʵʣʝʢʪʨʦʥʦʚ, t - ʤʝʨʘ ʚʦʟʤʫʱʝʥʠʷ ʘʪʦʤʥʳʭ ʦʨʙʠʪʘʣʝʡ. ʅʘʧʨʘʚʣʝʥʥʦʩʪʴ ʩʚʷʟʝʡ ʪʝʤ ʙʦʣʴʰʝ, 

ʯʝʤ ʙʦʣʴʰʝ ʩʪʝʧʝʥʴ ʘʥʠʟʦʪʨʦʧʠʠ, ʵʥʝʨʛʠʷ ʢʦʚʘʣʝʥʪʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠ ʯʝʤ ʤʝʥʴʰʝ 

ʚʦʟʤʫʱʝʥʥʦʩʪʴ ʚʘʣʝʥʪʥʳʭ ʦʨʙʠʪʘʣʝʡ. 

ɺ ʢʘʯʝʩʪʚʝ ʤʝʨʳ ʘʥʠʟʦʪʨʦʧʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʧʨʠʥʠʤʘʝʪʩʷ 

ʚʳʨʘʞʝʥʠʝ ɕ=|Ɋ|ʤʘʢʩ-|Ɋ|ʤʠʥ, ʛʜʝ |Ɋ|ʤʘʢʩ - ʘʙʩʦʣʶʪʥʦʝ ʟʥʘʯʝʥʠʝ ʚʦʣʥʦʚʦʡ ʬʫʥʢʮʠʠ ʚʘʣʝʥʪʥʳʭ 

ʵʣʝʢʪʨʦʥʦʚ ʥʘ ʨʘʩʩʪʦʷʥʠʠ ʤʘʢʩʠʤʫʤʘ ʨʘʜʠʘʣʴʥʦʡ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʜʣʷ ʥʘʧʨʘʚʣʝʥʠʷ ʝʝ 

ʥʘʠʙʦʣʴʰʝʡ ʢʦʥʮʝʥʪʨʘʮʠʠ, a |Ɋ|min - ʪʦ ʞʝ ʜʣʷ ʥʘʧʨʘʚʣʝʥʠʷ ʥʘʠʤʝʥʴʰʝʡ ʢʦʥʮʝʥʪʨʘʮʠʠ. ɼʣʷ s-

ʵʣʝʢʪʨʦʥʦʚ |Ɋ|ʤʘʢʩ= |Ɋ|ʤʠʥ ʠ ʩʪʝʧʝʥʴ ʘʥʠʟʦʪʨʦʧʠʠ ɕ=0, ʜʣʷ p- ʠ d-ʵʣʝʢʪʨʦʥʦʚ |Ɋ|ʤʠʥ= 0 ʠ, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ɕ=|Ǹ|ɒɆɐɗ. ɸʙʩʦʣʶʪʥʳʝ ʟʥʘʯʝʥʠʷ ʚʦʣʥʦʚʳʭ ʬʫʥʢʮʠʡ |Ɋm| ʵʣʝʢʪʨʦʥʦʚ ʪʨʝʭ 
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ʚʥʝʰʥʠʭ ʵʣʝʢʪʨʦʥʥʳʭ ʩʣʦʝʚ ʥʘ ʨʘʩʩʪʦʷʥʠʷʭ rm ʤʘʢʩʠʤʫʤʦʚ ʨʘʜʠʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ ʧʨʠʚʝʜʝʥʳ ʚ 

ʪʘʙʣʠʮʝ V.1.  

ʉʪʨʝʤʣʝʥʠʝ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʥʘʧʨʘʚʣʝʥʥʳʭ ʩʚʷʟʝʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʘʢʞʝ ʵʥʝʨʛʠʝʡ 

ʢʦʚʘʣʝʥʪʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʢʦʪʦʨʘʷ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʧʨʦʠʟʚʝʜʝʥʠʶ nS, ʛʜʝ 

n - ʯʠʩʣʦ ʵʣʝʢʪʨʦʥʦʚ: ʜʣʷ sp-ʘʪʦʤʦʚ ʵʪʦ ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ s- ʠ d-ʵʣʝʢʪʨʦʥʦʚ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ 

ʩʚʷʟʠ, ʜʣʷ ds-ʘʪʦʤʦʚ - ʯʠʩʣʦ d-ʵʣʝʢʪʨʦʥʦʚ, ʧʦʩʢʦʣʴʢʫ ʜʦʩʪʘʪʦʯʥʦ ʵʬʬʝʢʪʠʚʥʘʷ ʛʠʙʨʠʜʠʟʘʮʠʷ 

ʠʤʝʝʪ ʤʝʩʪʦ ʣʠʰʴ ʜʣʷ ʩʦʩʪʦʷʥʠʡ, ʧʨʠʥʘʜʣʝʞʘʱʠʭ ʦʜʥʦʤʫ ʛʣʘʚʥʦʤʫ ʢʚʘʥʪʦʚʦʤʫ ʯʠʩʣʫ, S - 

ʠʥʪʝʛʨʘʣ ʧʝʨʝʢʨʳʚʘʥʠʷ ʚʘʣʝʥʪʥʦʡ ʦʨʙʠʪʘʣʠ ʜʘʥʥʦʛʦ ʘʪʦʤʘ ʩ ʚʘʣʝʥʪʥʦʡ ʦʨʙʠʪʘʣʴʶ ʘʪʦʤʘ 

ʦʢʨʫʞʝʥʠʷ. ɺ ʪʘʙʣʠʮʝ V.2 ʧʨʠʚʝʜʝʥʳ ʠʥʪʝʛʨʘʣʳ ʧʝʨʝʢʨʳʚʘʥʠʷ S ʜʣʷ ʰʝʩʪʠ ʨʘʟʣʠʯʥʳʭ 

ʤʝʞʘʪʦʤʥʳʭ ʨʘʩʩʪʦʷʥʠʡ, ʠʩʧʦʣʴʟʦʚʘʥʥʳʝ ʚ ʨʘʩʯʝʪʘʭ. ɺʝʣʠʯʠʥʳ S ʜʣʷ ʢʦʥʢʨʝʪʥʳʭ ʤʝʞʘʪʦʤʥʳʭ 

ʨʘʩʩʪʦʷʥʠʡ ʨʘʩʩʯʠʪʳʚʘʣʠʩʴ ʠʥʪʝʨʧʦʣʷʮʠʝʡ. 

ɼʘʣʝʝ ʥʝʦʙʭʦʜʠʤʦ ʫʯʝʩʪʴ, ʯʪʦ ʩʚʷʟʠ ʚʜʦʣʴ ʥʘʧʨʘʚʣʝʥʠʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦʡ ʣʦʢʘʣʠʟʘʮʠʠ 

ʦʨʙʠʪʘʣʝʡ ʘʪʦʤʘ ʙʫʜʫʪ ʚʦʟʥʠʢʘʪʴ ʣʠʰʴ ʚ ʩʣʫʯʘʝ, ʝʩʣʠ ʧʦʩʣʝʜʥʠʝ ʥʝ ʩʣʠʰʢʦʤ ʩʠʣʴʥʦ ʚʦʟʤʫʱʝʥʳ 

(ʨʘʟʨʫʰʝʥʳ) ʧʦʣʝʤ ʘʪʦʤʦʚ ʦʢʨʫʞʝʥʠʷ. ɺ ʢʘʯʝʩʪʚʝ ʤʝʨʳ ʚʦʟʤʫʱʝʥʠʷ ʘʪʦʤʥʳʭ ʦʨʙʠʪʘʣʝʡ 

ʧʨʠʥʠʤʘʝʪʩʷ ʚʝʣʠʯʠʥʘ 

  

ʊʘʙʣʠʮʘ V.1. ɸʙʩʦʣʶʪʥʳʝ ʟʥʘʯʝʥʠʷ ʚʦʣʥʦʚʳʭ ʬʫʥʢʮʠʡ |Ɋm| ʵʣʝʢʪʨʦʥʦʚ ʪʨʝʭ ʚʥʝʰʥʠʭ 

ʵʣʝʢʪʨʦʥʥʳʭ ʩʣʦʝʚ ʥʘ ʨʘʩʩʪʦʷʥʠʷʭrmʤʘʢʩʠʤʫʤʦʚ ʨʘʜʠʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ 

ɸʪʦʤʳ 
rm |Ɋm| 

p d s p d s 

12 Mg 0.25 ð 1.25 1.236 ð 0.07 

13 Al 1.32 ð 1.04 0.107 ð 0.099 

21 Sc 0.48 0.525 1.55 0.535 0.434 0.054 

22 Ti 0.46 0.49 1.48 0.584 0.491 0.058 

24 Cr 0.42 0.425 1.49 0.695 0.584 0.006 

25 Mn 0.395 0.395 1.31 0.752 0.688 0.069 

26 Fe 0.38 0.36 1.25 0.808 0.751 0.074 

27 Co 0.36 0.35 1.18 0.868 0.825 0.079 

28 Ni 0.34 0.32 1.17 0.928 0.922 0.082 

31 Ga 1.29 0.28 0.96 0.111 1.175 0.112 

39 Y 0.65 0.84 1.7 0.378 0.239 0.049 

41 Nb 0.57 0.74 1.635 0.455 0.292 0.05 

74 W 0.59 0.74 1.48 0.457 0.316 0.06 
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f

f01+=t
  (V.7), 

ʛʜʝ f - ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʧʦʣʷ ʘʪʦʤʘ ʚ ʪʦʯʢʝ ʤʘʢʩʠʤʫʤʘ ʨʘʜʠʘʣʴʥʦʡ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʜʣʷ 

ʚʘʣʝʥʪʥʦʡ ʦʨʙʠʪʘʣʠ, ʩʪʝʧʝʥʴ ʚʦʟʤʫʱʝʥʠʷ ʢʦʪʦʨʦʡ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ, ʘ f0 - ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʧʦʣʷ, 

ʩʦʟʜʘʚʘʝʤʦʛʦ ʘʪʦʤʘʤʠ ʦʢʨʫʞʝʥʠʷ ʚ ʪʦʡ ʞʝ ʪʦʯʢʝ. ɽʩʪʝʩʪʚʝʥʥʦ, ʯʪʦ ʯʝʤ ʙʦʣʴʰʝ ʧʦʣʝ f, 

ʦʧʨʝʜʝʣʷʶʱʝʝ ʬʦʨʤʫ ʚʘʣʝʥʪʥʦʡ ʦʨʙʠʪʘʣʠ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʚʦʟʤʫʱʘʶʱʠʤ ʧʦʣʝʤ f0, ʪʝʤ ʤʝʥʴʰʝ 

ʚʦʟʤʫʱʝʥʘ ʵʪʘ ʦʨʙʠʪʘʣʴ. ʇʨʠ ʦʮʝʥʢʝ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʧʦʣʷ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ 

ʚ ʘʪʦʤʝ ʩʯʠʪʘʝʪʩʷ ʩʬʝʨʠʯʝʩʢʠ ʩʠʤʤʝʪʨʠʯʥʳʤ. ɺ ʢʘʯʝʩʪʚʝ ʢʦʥʢʨʝʪʥʳʭ ʚʳʨʘʞʝʥʠʡ ʜʣʷ f ʠ f0 

ʧʨʠʥʷʪʳ ʩʣʝʜʫʶʱʠʝ:  
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  (V.8), 

ʛʜʝ rm - ʨʘʜʠʫʩ ʤʘʢʩʠʤʫʤʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʘʜʠʘʣʴʥʦʡ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʜʣʷ ʚʘʣʝʥʪʥʦʡ 

ʦʨʙʠʪʘʣʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʘʪʦʤʘ; Zʵʬʬ - ʵʬʬʝʢʪʠʚʥʳʡ ʟʘʨʷʜ ʜʣʷ ʦʨʙʠʪʘʣʠ, ʨʘʩʩʯʠʪʳʚʘʝʤʳʡ ʧʦ 

ʧʨʘʚʠʣʘʤ ʉʣʝʡʪʝʨʘ; R- ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʷʜʨʘʤʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʘʪʦʤʘ ʠ ʘʪʦʤʘ ʦʢʨʫʞʝʥʠʷ: 

ʊʘʙʣʠʮʘ V.2. ɿʥʘʯʝʥʠʷ ʠʥʪʝʛʨʘʣʦʚ ʧʝʨʝʢʨʳʚʘʥʠʷ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʤʝʞʘʪʦʤʥʳʭ ʨʘʩʩʪʦʷʥʠʡ, ¡ 

ɸʪʦʤʳ 
B-O A-O 

1,85 2 2, 15 2,6 2,8 3 

ʀʥʪʝʛʨʘʣʳ ʧʝʨʝʢʨʳʚʘʥʠʷ p-ʦʨʙʠʪʘʣʝʡ ʢʠʩʣʦʨʦʜʘ ʠ d-ʦʨʙʠʪʘʣʝʡ ds-ʘʪʦʤʦʚ 

21 Sc 0.139 0.121 0.103 0.059 0.043 0.03 

22 Ti 0.127 0.106 0.087 0.045 0.039 0.021 

24 Cr 0.11 0.092 0.073 0.036 0.025 0.016 

25 Mn 0.088 0.068 0.058 0.022 0.014 0.009 

26 Fe 0.076 0.058 0.043 0.018 0.011 0.007 

27 Co 0.074 0.057 0.043 0.018 0.011 0.007 

28 Ni 0.058 0.043 0.031 0.012 0.007 0.004 

39 Y 0.169 0.162 0.149 0.104 0.082 0.063 

41 Nb 0.169 0.154 0.135 0.081 0.063 0.046 

74W  0.171 0.156 0.135 0.074 0.052 0.036 

ʀʥʪʝʛʨʘʣʳ ʧʝʨʝʢʨʳʚʘʥʠʷ ʨ-ʦʨʙʠʪʘʣʝʡ ʢʠʩʣʦʨʦʜʘ ʠ ʦʨʙʠʪʘʣʝʡ sp-ʘʪʦʤʦʚ 

13 ɸl 0.146 0.147 0.142 0.119 0.105 0.091 

31 Ga 0.151 0.154 0.151 0.127 0.113 0.097 

83 Bi 0.2 0.2 0.191 0.149 0.124 0.1 
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  (V.9), 

r0(r) - ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʚ ʘʪʦʤʘʭ ʦʢʨʫʞʝʥʠʷ. ʇʦʩʢʦʣʴʢʫ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ 

ʪʦʣʴʢʦ ʢʠʩʣʦʨʦʜʩʦʜʝʨʞʘʱʠʝ ʧʝʨʦʚʩʢʠʪʳ, ʘʪʦʤʘʤʠ ʦʢʨʫʞʝʥʠʷ ʚʩʝʛʜʘ ʷʚʣʷʶʪʩʷ ʘʪʦʤʳ ʢʠʩʣʦʨʦʜʘ. 

ɿʥʘʯʝʥʠʷ ʬʫʥʢʮʠʠ f0(r0) ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʡ r0, ʨʘʩʩʯʠʪʘʥʥʳʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʦʣʥʦʚʳʭ 

ʬʫʥʢʮʠʡ ʘʪʦʤʘ ʢʠʩʣʦʨʦʜʘ, ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ V.3.  

ɺʝʣʠʯʠʥʳ R ʦʧʨʝʜʝʣʷʣʠ ʧʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʜʘʥʥʳʤ ʠʣʠ ʨʘʩʩʯʠʪʳʚʘʣʠ ʧʦ ʬʦʨʤʫʣʝ:  

BA

BBAA

nn

LnLn
a

+

+
=

  (V.10) 

ʛʜʝ LA ʠ LB ï ɻ ʤʧʠʨʠʯʝʩʢʠ ʦʧʨʝʜʝʣʷʝʤʳʝ ʜʣʠʥʳ ʥʝʥʘʧʨʷʞʝʥʥʳʭ ʩʚʷʟʝʡ. ɺ ʪʘʙʣʠʮʝ V.4 ʧʨʠʚʝʜʝʥʳ 

ʜʣʠʥʳ ʥʝʥʘʧʨʷʞʝʥʥʳʭ ʩʚʷʟʝʡ (ʧʦ ʜʘʥʥʳʤ [177, 396]), ʠʩʧʦʣʴʟʦʚʘʥʥʳʝ ʜʣʷ ʨʘʩʯʝʪʦʚ ʚ ʥʘʩʪʦʷʱʝʡ 

ʚ ʨʘʙʦʪʝ. ɼʣʠʥʘ ʥʝʥʘʧʨʷʞʝʥʥʦʡ ʩʚʷʟʠ Bi-O ʧʦ ʜʘʥʥʳʤ ʪʦʡ ʞʝ ʨʘʙʦʪʳ ʨʘʚʥʘ 2.73 ɸ. 

ʉʫʤʤʘʨʥʦʝ ʚʣʠʷʥʠʝ ʥʘʧʨʘʚʣʝʥʥʦʩʪʝʡ ʚʩʝʭ ʩʚʷʟʝʡ ʥʘ ʫʩʪʦʡʯʠʚʦʩʪʴ ʩʪʨʫʢʪʫʨʳ ʧʝʨʦʚʩʢʠʪʘ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʣʠʥʝʡʥʦʡ ʢʦʤʙʠʥʘʮʠʝʡ ʧʘʨʘʤʝʪʨʦʚ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʩʚʷʟʝʡ ʘʪʦʤʦʚ, ʚʭʦʜʷʱʠʭ ʚ ʝʛʦ 

ʩʦʩʪʘʚ. ʉʣʝʜʫʝʪ ʫʯʝʩʪʴ, ʯʪʦ ʧʨʠ ʦʜʠʥʘʢʦʚʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʚʘʣʝʥʪʥʳʭ ʦʨʙʠʪʘʣʝʡ ʘʪʦʤʦʚ sp- ʠ 

ds-ʵʣʝʤʝʥʪʦʚ ʚʣʠʷʥʠʝ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʩʚʷʟʝʡ ʙʫʜʝʪ ʨʘʟʣʠʯʥʳʤ, ʧʦʩʢʦʣʴʢʫ d-ʦʨʙʠʪʘʣʠ ʷʚʣʷʶʪʩʷ 

ʚʥʫʪʨʝʥʥʠʤʠ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʩʘʤʦʤʫ ʚʥʝʰʥʝʤʫ ʚʘʣʝʥʪʥʦʤʫ ʩʣʦʶ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʩ ʘʪʦʤʘʤʠ 

ʦʢʨʫʞʝʥʠʷ ʣʠʰʴ "ʭʚʦʩʪʘʤʠ" ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚʘʣʝʥʪʥʳʝ 

ʊʘʙʣʠʮʘ V.3.  ʅʘʧʨʷʞʝʥʥʦʩʪʴ ʧʦʣʷ ʘʪʦʤʘ ʢʠʩʣʦʨʦʜʘ  

ʥʘ ʨʘʟʣʠʯʥʳʭ ʨʘʩʩʪʦʷʥʠʷʭ ʦʪ ʷʜʨʘ, ʘ. ʝ. ʤ. 

r0 f0 r0 f0 r0 f0 r0 f0 

0.6 

0.8 

1.0 

1.2 

13.73 

6.57 

3.37 

1.84 

1.4 

1.6 

1.8 

1.23 

0.59 

0.34 

2.0 

2.2 

2.4 

2.6 

0.21 

0.12 

0.070 

0.043 

2.8 

3.0 

0.025  

0.0165 

ʊʘʙʣʠʮʘ V.4. ɼʣʠʥʳ ʥʝʥʘʧʨʷʞʝʥʥʳʭ ʩʚʷʟʝʡ ɺ-ʢʘʪʠʦʥ-ʢʠʩʣʦʨʦʜ ʚ ʦʢʩʠʜʘʭ ʩʦ ʩʪʨʫʢʪʫʨʦʡ 

ʧʝʨʦʚʩʢʠʪʘ (ɸ) 

ʂʘʪʠʦʥ L0 ʂʘʪʠʦʥ L0 ʂʘʪʠʦʥ L0 ʂʘʪʠʦʥ L0 ʂʘʪʠʦʥ L0 

Ni2+ 2.12 Sc3+ 2.12 Ni3+ 2.07 Y3+ 2.28 Nb5+ 2.01 

Mg2+ 2.15 Cr3+ 1.99 Fe3+ 2.03 Ti4+ 1.97 W6+ 1.97 

Al 3+ 1.90 Co3+ 1.91 Mn3+ 2.04     
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ʦʨʙʠʪʘʣʠp-ʪʠʧʘ ʚʩʝʛʜʘ ʦʪʥʦʩʷʪʩʷ ʢ ʩʘʤʦʤʫ ʚʥʝʰʥʝʤʫ ʵʣʝʢʪʨʦʥʥʦʤʫ ʩʣʦʶ ʠ ʩ ʘʪʦʤʘʤʠ ʦʢʨʫʞʝʥʠʷ 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʩʠʣʴʥʦ. ʇʦʵʪʦʤʫ ʧʨʠ ʦʮʝʥʢʝ ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʪʨʫʢʪʫʨʳ ʧʘʨʘʤʝʪʨʳ 

ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʩʚʷʟʝʡ ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ ʩ ʨʘʟʣʠʯʥʳʤʠ ʚʝʩʘʤʠ, ʫʩʪʘʥʦʚʣʝʥʥʳʤʠ ʥʘ 

ʵʤʧʠʨʠʯʝʩʢʦʡ ʦʩʥʦʚʝ. ʂʘʢ ʵʬʬʝʢʪʠʚʥʳʡ ʧʘʨʘʤʝʪʨ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʩʚʷʟʝʡ ʧʨʠʥʠʤʘʝʪʩʷ 

ʚʳʨʘʞʝʥʠʝ 

ää +=
j

djdj

i

pipi CC '' nnn

  (V.11) 

ʛʜʝ ɜdj ʠ ɜpi - ʜʦʣʠ ɸ- ʠ ɺ-ʧʦʣʦʞʝʥʠʡ, ʟʘʥʷʪʳʭ ʘʪʦʤʘʤʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ds- ʠ sp-ʵʣʝʤʝʥʪʦʚ. 

ʂʦʵʬʬʠʮʠʝʥʪʳ Cp i  ʠ Cd j  ʠʤʝʶʪ ʩʣʝʜʫʶʱʫʶ ʩʪʨʫʢʪʫʨʫ:  

ppipi mʉ e10=
, djdjC e2=

 , 
)3(2,01 -+= ppp NNm
  (V.12) 

ʈʘʩʯʝʪ ʧʘʨʘʤʝʪʨʘ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʩʚʷʟʝʡ. ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʫʧʘʢʦʚʢʘ ʚ ʦʢʩʠʜʥʳʭ 

ʤʘʪʝʨʠʘʣʘʭ ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʧʝʨʦʚʩʢʠʪʘ ʟʘʤʝʪʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʧʣʦʪʥʝʡʰʝʡ. ɺ ʨʘʤʢʘʭ 

ʧʨʠʤʝʥʷʝʤʦʛʦ ʤʝʪʦʜʘ ʨʳʭʣʦʩʪʠ ʩʪʨʫʢʪʫʨʳ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʥʘʧʨʷʞʝʥʥʳʭ ʩʚʷʟʷʭ; 

ʦʙʳʯʥʦ ʨʘʩʪʷʥʫʪʳ ʩʚʷʟʠ AðO, ʘ ʩʚʷʟʠ BðO ʩʞʘʪʳ. ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʥʝʩʦʦʪʚʝʪʩʪʚʠʷ ʨʘʟʤʝʨʦʚ 

ʠʦʥʦʚ ʨʘʟʤʝʨʘʤ ʧʫʩʪʦʪ ʧʣʦʪʥʝʡʰʝʡ ʫʧʘʢʦʚʢʠ ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʩʚʷʟʝʡ ʚʦʟʨʘʩʪʘʝʪ. ʇʦʪʝʨʶ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʪʨʫʢʪʫʨʳ ʪʠʧʘ ʧʝʨʦʚʩʢʠʪʘ ʫʜʦʙʥʦ ʩʚʷʟʳʚʘʪʴ ʩ ʜʦʩʪʠʞʝʥʠʝʤ ʧʨʝʜʝʣʘ ʧʨʦʯʥʦʩʪʠ 

ʨʘʩʪʷʥʫʪʳʭ ʩʚʷʟʝʡ, ʩ ʨʘʟʨʳʚʦʤ ʠʭ ʧʨʠ ʥʝʢʦʪʦʨʦʡ ʢʨʠʪʠʯʝʩʢʦʡ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʜʝʬʦʨʤʘʮʠʠ ȹʢʨ/L0, 

ʛʜʝ ȹʢʨ - ʢʨʠʪʠʯʝʩʢʘʷ ʜʝʬʦʨʤʘʮʠʷ ʩʚʷʟʠ; L0- ʜʣʠʥʘ ʥʝʥʘʧʨʷʞʝʥʥʦʡ ʩʚʷʟʠ. ɺʝʣʠʯʠʥʳ 

ȹʢʨ/L0ʥʘʭʦʜʷʪ ʠʟ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ. ɽʩʣʠ ʩʦʝʜʠʥʝʥʠʝ ʥʝ ʩʫʱʝʩʪʚʫʝʪ ʚ ʩʪʨʫʢʪʫʨʝ ʪʠʧʘ 

ʧʝʨʦʚʩʢʠʪʘ, ʚʝʣʠʯʠʥʳ ȹʢʨ ʦʧʨʝʜʝʣʷʶʪ ʧʦ ʚʳʰʝʧʨʠʚʝʜʝʥʥʦʡ ʬʦʨʤʫʣʝ ʥʘ ʦʩʥʦʚʝ ʜʣʠʥ 

ʥʝʥʘʧʨʷʞʝʥʥʳʭ ʩʚʷʟʝʡ. ʆ ʩʪʝʧʝʥʠ ʙʣʠʟʦʩʪʠ ʨʘʩʪʷʥʫʪʳʭ ʩʚʷʟʝʡ ʢ ʢʨʠʪʠʯʝʩʢʦʤʫ ʩʦʩʪʦʷʥʠʶ 

ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʤʦʞʥʦ ʩʫʜʠʪʴ ʧʦ ʚʝʣʠʯʠʥʝ ʧʘʨʘʤʝʪʨʘ ʥʘʧʨʷʞʝʥʥʦʩʪʠ: 
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    (ʜʣʷ s-ʘʪʦʤʦʚ)   (V.13) 

0

2' )
2

9

2

7
()(

L
nn pssp

ʢʨ

sp

D
+=

D

D
=m

 (ʜʣʷ sʨ-ʘʪʦʤʦʚ)   (V.14) 

0

3' )62()(
L

nn dssd

ʢʨ

sd

D
+=

D

D
=m

   (ʜʣʷ sd-ʘʪʦʤʦʚ)   (V.15) 

ɽʩʣʠ ʚ ʩʪʨʫʢʪʫʨʝ ʠʤʝʝʪʩʷ ʥʝʩʢʦʣʴʢʦ ʘʪʦʤʦʚ ʩ ʨʘʩʪʷʥʫʪʳʤʠ ʩʚʷʟʷʤʠ, ʧʦʜ ʧʘʨʘʤʝʪʨʦʤ 

ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʩʚʷʟʝʡ ʧʦʥʠʤʘʝʪʩʷ ʩʨʝʜʥʝʝ ʚʟʚʝʰʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ä= '

iimem
 (V.16), ʛʜʝ Ůi (Ůdi ʠʣʠ 

Ůpi) - ʜʦʣʠ ɸ- ʠʣʠ ɺ-ʧʦʣʦʞʝʥʠʡ, ʟʘʥʷʪʳʭ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʘʪʦʤʘʤ. ʆʙʣʘʩʪʴ ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʩʪʨʫʢʪʫʨʳ ʧʝʨʦʚʩʢʠʪʘ, ʩʦʛʣʘʩʥʦ [177, 396], ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʟʥʘʯʝʥʠʷʤʠ m<1 ʠ ɜ<0.61. 
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VI . ʉʀʅʊɽɿ ʌʋʅʂʎʀʆʅɸʃʔʅʓʍ ʄɸʊɽʈʀɸʃʆɺ çʄʆʂʈʓʄʀè ʄɽʊʆɼɸʄʀ 

VI.1. ʉʠʥʪʝʟ ʤʘʛʥʠʪʥʳʭ ʠ ʤʫʣʴʪʠʬʝʨʨʦʠʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠʟ ʛʝʣʝʡ ʥʘ ʦʩʥʦʚʝ 

ʧʦʣʠʚʠʥʠʣʦʚʦʛʦ ʩʧʠʨʪʘ 

ʂʘʢ ʠʟʚʝʩʪʥʦ, ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʥʘʥʦʧʦʨʦʰʢʦʚ ʤʘʛʥʠʪʥʳʭ ʠ ʤʫʣʴʪʠʬʝʨʨʦʠʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʤʝʪʦʜʳ çʤʦʢʨʦʡè ʭʠʤʠʠ - ʩʦʦʩʘʞʜʝʥʠʝ, ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʡ ʩʠʥʪʝʟ, 

ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʟʦʣʴ-ʛʝʣʴ-ʤʝʪʦʜʳ ʠ ʜʨ. ʉʨʝʜʠ ʧʦʩʣʝʜʥʠʭ ʧʨʠʚʣʝʢʘʝʪ ʚʥʠʤʘʥʠʝ ʛʨʫʧʧʘ ʤʝʪʦʜʦʚ, 

ʠʩʧʦʣʴʟʫʶʱʠʭ ʚ ʢʘʯʝʩʪʚʝ ʛʝʣʝʦʙʨʘʟʫʶʱʝʛʦ ʘʛʝʥʪʘ ʧʦʣʠʚʠʥʠʣʦʚʳʡ ʩʧʠʨʪ (ʇɺʉ) ʠ ʜʨʫʛʠʝ 

ʥʝʜʦʨʦʛʦʩʪʦʷʱʠʝ ʨʝʘʢʪʠʚʳ ʠ ʧʦʟʚʦʣʷʶʱʠʭ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʟʠʪʴ ʪʝʤʧʝʨʘʪʫʨʳ ʩʠʥʪʝʟʘ ʠ 

ʩʧʝʢʘʥʠʷ ʤʘʪʝʨʠʘʣʦʚ, ʘ ʠʥʦʛʜʘ ʟʘ ʩʯʝʪ ʵʪʦʛʦ ʨʝʰʠʪʴ ʧʨʦʙʣʝʤʳ, ʚʦʟʥʠʢʘʶʱʠʝ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ 

ʪʚʝʨʜʦʬʘʟʥʳʭ ʨʝʘʢʮʠʡ, ʢʦʛʜʘ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʘʷ ʦʙʨʘʙʦʪʢʘ ʨʝʘʢʮʠʦʥʥʳʭ ʩʤʝʩʝʡ 

ʧʨʝʧʷʪʩʪʚʫʝʪ ʧʦʣʫʯʝʥʠʶ ʦʜʥʦʬʘʟʥʳʭ ʧʨʦʜʫʢʪʦʚ. 

ɺʦʜʥʳʝ ʨʘʩʪʚʦʨʳ ʇɺʉ ʩʣʫʞʘʪ ʙʣʘʛʦʧʨʠʷʪʥʦʡ ʛʝʣʝʦʙʨʘʟʥʦʡ ʩʨʝʜʦʡ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ 

ʟʦʣʴ-ʛʝʣʴ-ʩʠʥʪʝʟʦʚ. ʄʦʣʝʢʫʣʳ ʇɺʉ ʩʦʜʝʨʞʘʪ ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ ʛʠʜʨʦʬʠʣʴʥʳʝ ʆʅ-ʛʨʫʧʧʳ, 

ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʫʯʘʩʪʚʦʚʘʪʴ ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ ʩ ʤʦʣʝʢʫʣʘʤʠ ʨʘʩʪʚʦʨʠʪʝʣʷ ʠ ʪʝʤ 

ʩʘʤʳʤ ʩʧʦʩʦʙʩʪʚʫʶʪ ʩʪʘʪʠʩʪʠʯʝʩʢʦʤʫ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʛʠʜʨʘʪʠʨʦʚʘʥʥʳʭ ʢʘʪʠʦʥʦʚ ʚ ʩʪʨʫʢʪʫʨʝ 

ʛʝʣʷ, ʧʨʝʧʷʪʩʪʚʫʷ ʨʘʟʜʝʣʴʥʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʠʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʧʨʦʮʝʩʩʝ ʫʧʘʨʠʚʘʥʠʷ ʨʘʩʪʚʦʨʦʚ.  

ɺ ʢʘʯʝʩʪʚʝ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʦʢʠʩʣʠʪʝʣʷ ʦʨʛʘʥʠʯʝʩʢʠʭ ʦʩʪʘʪʢʦʚ ʢʩʝʨʦʛʝʣʝʡ, ʝʩʣʠ ʠʭ 

ʪʝʨʤʦʦʙʨʘʙʦʪʢʫ ʧʨʦʚʦʜʠʪʴ ʚ ʚʦʟʜʫʰʥʦʡ ʩʨʝʜʝ, ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʢʠʩʣʦʨʦʜ. ʆʜʥʘʢʦ ʙʦʣʝʝ 

ʵʬʬʝʢʪʠʚʥʳʤʠ ʤʦʛʫʪ ʦʢʘʟʘʪʴʩʷ ʠ ʜʨʫʛʠʝ ʦʢʠʩʣʠʪʝʣʴʥʳʝ ʘʛʝʥʪʳ, ʚ ʯʘʩʪʥʦʩʪʠ, ʥʠʪʨʘʪ ʘʤʤʦʥʠʷ, 

ʠʩʧʦʣʴʟʫʝʤʳʡ ʚ ʥʘʩʪʦʷʱʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ. ʂʘʢ ʠʟʚʝʩʪʥʦ [398], ʦʥ ʧʣʘʚʠʪʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 

169.6̄ʉ ʠ, ʧʝʨʝʭʦʜʷ ʧʨʠ ʵʪʦʤ ʚ ʘʢʪʠʚʥʦʝ ʩʦʩʪʦʷʥʠʝ, ʩʧʦʩʦʙʝʥ ʚʳʩʪʫʧʘʪʴ ʚ ʨʦʣʠ ʦʢʠʩʣʠʪʝʣʷ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʦʩʪʘʪʢʦʚ. ʆʢʠʩʣʠʪʝʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʥʠʪʨʘʪʘ ʘʤʤʦʥʠʷ ʩʚʷʟʘʥʳ ʩ ʪʝʤ, ʯʪʦ ʦʥ 

ʨʘʟʣʘʛʘʝʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʥʘ ʚʦʜʫ ʠ ʦʢʩʠʜ ʘʟʦʪʘ (I), ʯʪʦ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʚʳʨʘʞʝʥʥʳʤ 

ʵʢʟʦʪʝʨʤʠʯʝʩʢʠʤ ʵʬʬʝʢʪʦʤ (Dʅ = -36.8 ʢɼʞ/ʤʦʣʴ). ɺʳʜʝʣʷʶʱʝʝʩʷ ʪʝʧʣʦ ʠ ʦʢʠʩʣʠʪʝʣʴʥʳʝ 

ʩʚʦʡʩʪʚʘ N2O ʤʦʛʫʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦʤʫ ʦʢʠʩʣʝʥʠʶ. ɹʫʜʫʯʠ ʚʚʝʜʝʥʥʳʤ ʥʘ ʵʪʘʧʝ 

ʩʤʝʰʠʚʘʥʠʷ ʨʘʩʪʚʦʨʦʚ, ʥʠʪʨʘʪ ʘʤʤʦʥʠʷ ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʷʝʪʩʷ ʚ ʩʪʨʫʢʪʫʨʝ ʛʝʣʷ, 

ʦʙʝʩʧʝʯʠʚʘʷ ʚʧʦʩʣʝʜʩʪʚʠʠ ʵʬʬʝʢʪʠʚʥʦʝ ʧʨʦʪʝʢʘʥʠʝ ʧʨʦʮʝʩʩʘ ʦʢʠʩʣʝʥʠʷ ʚʦ ʚʩʝʤ ʦʙʲʝʤʝ 

ʢʩʝʨʦʛʝʣʝʡ. 

ɺ ʜʘʥʥʦʤ ʨʘʟʜʝʣʝ ʦʙʦʙʱʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʩʠʥʪʝʟʘ ʤʘʛʥʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ - 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʬʝʨʨʠʪʘ ʥʠʢʝʣʷ Ni0.9Co0.1Cu0.1Fe1.9O4-d, ʞʝʣʝʟʦ-ʠʪʪʨʠʝʚʦʛʦ ʛʨʘʥʘʪʘ (ɾʀɻ) 

Y3Fe5O12, ʣʘʥʪʘʥʩʦʜʝʨʞʘʱʠʭ ʤʘʥʛʘʥʠʪʦʚ MʭLa1-ʭMnO3 (ʛʜʝ ʄ ï Pb, Ba ʠʣʠ Sr, ʭ = 0.3-0.35), ʘ 

ʪʘʢʞʝ ʤʫʣʴʪʠʬʝʨʨʦʠʢʦʚ BiFeO3 ʠ BiFe0.5Mn0.5O3 - ʠʟ ʇɺʉ-ʩʦʜʝʨʞʘʱʠʭ ʛʝʣʝʡ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʠ ʙʝʟ 

ʥʠʪʨʘʪʘ ʘʤʤʦʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʦʢʠʩʣʠʪʝʣʷ.  
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ɼʣʷ ʧʦʣʫʯʝʥʠʷ 0.01 ʤʦʣʷ Ni0.9Co0.1Cu0.1Fe1.9O4-d, Y3Fe5O12, MʭLa1-ʭMnO3 (ʛʜʝ ʄ ï Pb, Ba 

ʠʣʠ Sr, ʭ = 0.3-0.35), BiFeO3 ʠʣʠ BiFe0.5Mn0.5O3 (ʩʧʦʩʦʙ 1) ʚʟʚʝʰʠʚʘʣʠ ʥʝʦʙʭʦʜʠʤʳʝ ʢʦʣʠʯʝʩʪʚʘ 

ʨʝʘʛʝʥʪʦʚ: ʦʢʩʠʜʦʚ ʩʚʠʥʮʘ, ʠʪʪʨʠʷ, ʣʘʥʪʘʥʘ ʠʣʠ ʚʠʩʤʫʪʘ, ʢʘʨʙʦʥʘʪʦʚ ʙʘʨʠʷ ʠʣʠ ʩʪʨʦʥʮʠʷ ʠ 

ʢʨʠʩʪʘʣʣʦʛʠʜʨʘʪʦʚ ʥʠʪʨʘʪʦʚ ʥʠʢʝʣʷ, ʢʦʙʘʣʴʪʘ, ʤʝʜʠ, ʞʝʣʝʟʘ (III) ʠʣʠ ʤʘʨʛʘʥʮʘ (II), ʪʦʯʥʦʝ 

ʩʦʜʝʨʞʘʥʠʝ ʢʘʪʠʦʥʦʚ ʚ ʢʦʪʦʨʳʭ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʦʧʨʝʜʝʣʷʣʠ ʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ. ɺ 

ʩʣʫʯʘʝ BiFeO3 ʠ BiFe0.5Mn0.5O3 ʩʠʥʪʝʟʠʨʦʚʘʣʠ ʧʨʦʜʫʢʪʳ ʩ ʠʟʙʳʪʦʯʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ Bi2O3 

(5 ʤʘʩʩ. %, ʩʧʦʩʦʙ 1ʘ) ʠ ʙʝʟ ʥʝʛʦ (ʩʧʦʩʦʙ 1ʙ). ʆʢʩʠʜʳ ʠ ʢʘʨʙʦʥʘʪʳ ʨʘʩʪʚʦʨʷʣʠ ʚ ʨʘʟʙʘʚʣʝʥʥʦʡ 

ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʝ, ʥʠʪʨʘʪʳ - ʚ ʤʠʥʠʤʘʣʴʥʦʤ ʢʦʣʠʯʝʩʪʚʝ ʚʦʜʳ. ʆʪʜʝʣʴʥʦ ʛʦʪʦʚʠʣʠ ʚʦʜʥʳʡ ʨʘʩʪʚʦʨ 

ʇɺʉ ʚ ʤʘʩʩʦʚʦʤ ʩʦʦʪʥʦʰʝʥʠʠ ʚʦʜʘ : ʇɺʉ º 45 : 1. ʀʩʭʦʜʷ ʠʟ ʥʠʞʝʧʨʠʚʝʜʝʥʥʳʭ ʦʙʦʙʱʝʥʥʳʭ 

ʫʨʘʚʥʝʥʠʡ, ʦʧʨʝʜʝʣʷʣʠ ʥʝʦʙʭʦʜʠʤʦʝ ʢʦʣʠʯʝʩʪʚʦ ʇɺʉ:  

0.9Ni
2+

 + 0.1ʉʦ
2+

 + 0.1Cu
2+

 + 1.9Fe
3+

 + 7.9NO3

- 
+ 

n

d-4

 
(CH2CHOH)n + (8.05-3d)O2 ­ é 

­ Ni0.9Co0.1Cu0.1Fe1.9O4-d + 7.9NO2 + 2(4-d )H2O + 2(4-d)ʉʆ2  (VI.1.1) 

 

3Y
3+

 + 5Fe
3+

 + 24NO3

- 
+ 

n

12

 
(CH2CHOH)n + 24O2 ­ é ­  

Y3Fe5ʆ12 + 24NO2 + 24H2O + 24ʉʆ2  (VI.1.2) 

 

0.65La
3+

 + 0.35Pb
2+

 + Mn
2+

 + 3.95NO3

- 
+ 

n

3

 
(CH2CHOH)n + 7.025O2 ­ é ­ 

La0.65Pb0.35MnO3 + 3.95NO2 + 6H2O + 6ʉʆ2  (VI.1.3) 

 

Bi
3+

 + Fe
3+

 + 6NO3

-

 + 
n

3
(CH2CHOH)n + 6O2 ­ é ­  

BiFeO3 + 6NO2 + 6H2O + 6ʉʆ2   (VI.1.4) 

 

Bi
3+

 + 0.5Fe
3+

 + 0.5Mn
2+

 + 5.5NO3

-

 + 
n

3
(CH2CHOH)n + 6.25O2 ­ é ­  

BiFe0.5Mn 0.5O3 + 5.5NO2 + 6H2O + 6ʉʆ2  (VI.1.5) 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʨʘʩʯʝʪʝ ʥʘ 0.01 ʤʦʣʴ Ni0.9Co0.1Cu0.1Fe1.9O4-d ʥʝʦʙʭʦʜʠʤʦʝ ʢʦʣʠʯʝʩʪʚʦ 

(CH2CHOH)n ʩʦʩʪʘʚʣʷʝʪ ~
n

4
 ʤʦʣʴ, ʥʘ ʪʦ ʞʝ ʢʦʣʠʯʝʩʪʚʦ Y3Fe5O12 - 

n

12
 ʤʦʣʴ, ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

0.01 ʤʦʣʴ MʭLa1-ʭMnO3, BiFeO3 ʠʣʠ BiFe0.5Mn0.5O3 - 
n

3
 ʤʦʣʴ. ɺ ʧʦʣʫʯʝʥʥʳʡ ʛʝʣʴ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 

80-90̄ ʉ ʚʚʦʜʠʣʠ ʨʘʩʪʚʦʨ ʥʠʪʨʘʪʦʚ, ʫʧʘʨʠʚʘʣʠ ʧʨʠ ʠʥʪʝʥʩʠʚʥʦʤ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʜʦ ʤʦʤʝʥʪʘ 
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ʚʩʧʫʯʠʚʘʥʠʷ ʨʝʘʢʮʠʦʥʥʦʡ ʤʘʩʩʳ ʟʘ ʩʯʝʪ ʙʫʨʥʦʛʦ ʛʘʟʦʚʳʜʝʣʝʥʠʷ ʠ ʜʘʣʝʝ ʚʳʩʫʰʠʚʘʣʠ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ ~100-120̄ ʉ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʘʣʠ ʢʩʝʨʦʛʝʣʴ 1.  

ɺ ʩʧʦʩʦʙʝ 2 ʩ ʮʝʣʴʶ ʯʘʩʪʠʯʥʦʡ ʟʘʤʝʥʳ ʢʠʩʣʦʨʦʜʘ ʥʘ ʥʠʪʨʘʪ ʘʤʤʦʥʠʷ ʥʘ ʵʪʘʧʝ ʩʤʝʰʠʚʘʥʠʷ 

ʨʘʩʪʚʦʨʦʚ ʥʠʪʨʘʪʦʚ ʠ ʇɺʉ ʚʚʦʜʠʣʠ NH4NO3, ʢʦʣʠʯʝʩʪʚʦ ʢʦʪʦʨʦʛʦ ʚ ʨʘʩʯʝʪʝ ʥʘ 0.01 ʤʦʣʴ 

ʠʩʢʦʤʦʛʦ ʧʨʦʜʫʢʪʘ ʩʦʩʪʘʚʣʷʣʦ ʚ ʩʣʫʯʘʝ Ni0.9Co0.1Cu0.1Fe1.9O4-d 0.04 ʤʦʣʴ, Y3Fe5O12 ï 0.12 ʤʦʣʴ, 

MʭLa1-ʭMnO3, BiFeO3 ʠ BiFe0.5Mn0.5O3 ï 0.03 ʤʦʣʴ. ʆʨʪʦʬʝʨʨʠʪ ʠ ʬʝʨʨʦʤʘʥʛʘʥʠʪ ʚʠʩʤʫʪʘ 

ʧʦʣʫʯʘʣʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 5%-ʥʦʛʦ ʠʟʙʳʪʢʘ ʦʢʩʠʜʘ ʚʠʩʤʫʪʘ. 

ʉʧʦʩʦʙʦʤ 3 ʩʠʥʪʝʟʠʨʦʚʘʣʠ Ni0.9Co0.1Cu0.1Fe1.9O4-d ʠ BiFeO3, ʧʨʠ ʵʪʦʤ ʧʨʦʚʦʜʠʣʠ ʧʦʣʥʫʶ 

ʟʘʤʝʥʫ ʢʠʩʣʦʨʦʜʘ ʥʘ ʥʠʪʨʘʪ ʘʤʤʦʥʠʷ, ʢʦʣʠʯʝʩʪʚʦ ʢʦʪʦʨʦʛʦ ʨʘʩʩʯʠʪʳʚʘʣʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʫʨʘʚʥʝʥʠʷʤʠ:  

0.9Ni
2+

 + 0.1ʉʦ
2+

 + 0.1Cu
2+

 + 1.9Fe
3+

 + (16.1-6d)NH4

+

 + 6(4-d)NO3

- 
+  

+ 
n

d-4

 
(CH2CHOH)n ­ é ­ Ni0.9Co0.1Cu0.1Fe1.9O4-d + 7.9NO2 + (40.2-14d)H2O + 

2(4-d)ʉʆ2 + (16.1-6d)N2 (VI.1.6) 

 

Bi
3+

 + Fe
3+

 + 12NH4

+

 + 18NO3

-

 + 
n

3
(CH2CHOH)n ­ é ­  

BiFeO3 + 6NO2 + 30H2O + 6ʉʆ2 + 12N2 (VI.1.7) 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʩʧʦʩʦʙʝ 3 ʚ ʨʘʩʯʝʪʝ ʥʘ 0.01 ʤʦʣʴ ʩʠʥʪʝʟʠʨʫʝʤʦʛʦ ʧʨʦʜʫʢʪʘ ʢʦʣʠʯʝʩʪʚʦ 

ʥʠʪʨʘʪʘ ʘʤʤʦʥʠʷ ʚ ʩʣʫʯʘʝ Ni0.9Co0.1Cu0.1Fe1.9O4-d ʩʦʩʪʘʚʣʷʝʪ ~0.16 ʤʦʣʴ, ʜʣʷ BiFeO3 ï 0.12 ʤʦʣʴ. 

ʂʩʝʨʦʛʝʣʠ, ʠʟʛʦʪʦʚʣʝʥʥʳʝ ʩʧʦʩʦʙʘʤʠ 1, 2 ʠ 3, ʧʨʦʢʘʣʠʚʘʣʠ ʧʨʠ 200-900̄ ʉ ʩ ʰʘʛʦʤ 100 ̄ʚ 

ʪʝʯʝʥʠʝ 1.5-2 ʯʘʩʦʚ ʠ ʧʦʣʫʯʝʥʥʳʝ ʧʦʨʦʰʢʠ ʠʟʫʯʘʣʠ ʤʝʪʦʜʦʤ ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʠʟʘ (ʈʌɸ) 

ʥʘ ʜʠʬʨʘʢʪʦʤʝʪʨʝ ARL-ʍôTRA ʚ CuKa-ʠʟʣʫʯʝʥʠʠ. ʉ ʮʝʣʴʶ ʦʧʨʝʜʝʣʝʥʠʷ ʩʨʝʜʥʠʭ ʨʘʟʤʝʨʦʚ 

ʯʘʩʪʠʮ ʧʨʦʚʦʜʠʣʠ ʩʲʝʤʢʫ ʨʷʜʘ ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʤʘʢʩʠʤʫʤʦʚ ʧʦʣʫʯʝʥʥʳʭ ʧʦʨʦʰʢʦʚ ʚ ʩʤʝʩʠ ʩ 

ʢʨʫʧʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʤ Al 2O3 ʚ ʢʘʯʝʩʪʚʝ ʵʪʘʣʦʥʘ ʠ ʜʘʣʝʝ ʚʝʣʠ ʨʘʩʯʝʪ ʧʦ ʬʦʨʤʫʣʝ 

ɼʝʙʘʷ-ʐʝʨʨʝʨʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʩʪʘʥʜʘʨʪʥʦʡ ʤʝʪʦʜʠʢʦʡ [393].  

ɼʣʷ ʠʟʫʯʝʥʠʷ ʬʘʟʦʦʙʨʘʟʦʚʘʥʠʷ ʚʳʩʫʰʝʥʥʳʝ ʧʨʠ 100-120̄ ʉ ʛʝʣʠ ʠʟʫʯʘʣʠ ʤʝʪʦʜʘʤʠ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʩʢʘʥʠʨʫʶʱʝʡ ʢʘʣʦʨʠʤʝʪʨʠʠ (ɼʉʂ) ʠ ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ 

(ʊɻɸ) ʥʘ ʜʝʨʠʚʘʪʦʛʨʘʬʝ PYRIS Dimond TG/DTA (Perkin Elmer). ʅʘʛʨʝʚ ʚʝʣʠ ʥʘ ʚʦʟʜʫʭʝ ʚ 

ʢʦʨʫʥʜʦʚʳʭ ʪʠʛʣʷʭ ʩʦ ʩʢʦʨʦʩʪʴʶ 3-5 /̄ʤʠʥ. ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ ʦʪ 100 ʜʦ 900ʉ̄. 

ʂʩʝʨʦʛʝʣʠ ʠʩʩʣʝʜʦʚʘʣʠ ʤʝʪʦʜʦʤ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʢʦʪʦʨʳʡ ʚʳʧʦʣʥʷʣʠ ʥʘ ʩʧʝʢʪʨʦʤʝʪʨʝ 

Varian 1000 FT-IR Scimitar Series ʚ ʠʥʪʝʨʚʘʣʝ 400-4000 ʩʤ-1. 
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ʈʠʩ.VI.1.1. ʀʂ-ʩʧʝʢʪʨʳ ʢʩʝʨʦʛʝʣʝʡ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʭʦʜʝ ʩʠʥʪʝʟʘ Pb0.35La0.65MnO3  

ʩʧʦʩʦʙʘʤʠ 1 (ʘ) ʠ 2 (ʙ) ʠ ʇɺʉ ʜʦ ʧʠʨʦʣʠʟʘ (ʚ).  

a 

ʙ 

ʚ 
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ʂʘʢ ʧʦʢʘʟʳʚʘʶʪ ʜʘʥʥʳʝ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʚʥʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʠʥʪʝʟʠʨʫʝʤʦʛʦ 

ʤʘʪʝʨʠʘʣʘ ʚʩʝ ʦʙʨʘʟʮʳ ʥʘ ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʙʦʣʴʰʦʝ ʩʭʦʜʩʪʚʦ ʤʝʞʜʫ ʩʦʙʦʡ. ʅʘ 

ʨʠʩ.VI.1.1.ʘ-ʙ ʚ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʀʂ-ʩʧʝʢʪʨʳ ʢʩʝʨʦʛʝʣʝʡ, ʧʦʣʫʯʝʥʥʳʭ ʩʧʦʩʦʙʘʤʠ 

1 ʠ 2 ʚ ʭʦʜʝ ʩʠʥʪʝʟʘ Pb0.35La0.65MnO3 ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ~120̄ ʉ, ʘ ʥʘ ʨʠʩ.VI.1.1.ʚ - ʀʂ-ʩʧʝʢʪʨ 

ʠʩʭʦʜʥʦʛʦ ʧʦʨʦʰʢʘ ʇɺʉ. ʄʦʞʥʦ ʚʠʜʝʪʴ, ʯʪʦ ʀʂ-ʩʧʝʢʪʨ ʇɺʉ ʜʦ ʧʠʨʦʣʠʟʘ ʫʢʘʟʳʚʘʝʪ ʣʠʰʴ ʥʘ 

ʥʘʣʠʯʠʝ ʆʅ-ʛʨʫʧʧ (ʰʠʨʦʢʘʷ ʧʦʣʦʩʘ ʚ ʨʘʡʦʥʝ n = 3400 ʩʤ-1). ɺ ʩʧʝʢʪʨʘʭ ʢʩʝʨʦʛʝʣʝʡ 1 ʠ 2 ʥʘʨʷʜʫ 

ʩ ʫʢʘʟʘʥʥʦʡ ʧʦʣʦʩʦʡ (ʢʦʪʦʨʘʷ ʪʝʧʝʨʴ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʧʠʩʘʥʘ ʥʘʣʠʯʠʶ ʚ ʧʨʦʜʫʢʪʘʭ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʦʡ ʚʦʜʳ ʠʣʠ ʥʝʜʦʦʢʠʩʣʝʥʥʦʛʦ ʇɺʉ) ʥʘʙʣʶʜʘʝʪʩʷ ʠʥʪʝʥʩʠʚʥʘʷ ʧʦʣʦʩʘ ʧʨʠ 

1650 ʩʤ-1, ʢʦʪʦʨʘʷ ʩʦʛʣʘʩʥʦ [399] ʧʨʠʧʠʩʳʚʘʝʪʩʷ ʘʩʠʤʤʝʪʨʠʯʥʳʤ ʢʦʣʝʙʘʥʠʷʤ ʉ=ʆ-ʛʨʫʧʧ. ɼʣʷ 

ʦʙʨʘʟʮʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʩʧʦʩʦʙʘʤʠ 1 ʠ 2, ʀʂ-ʩʧʝʢʪʨʳ ʚ ʮʝʣʦʤ ʠʜʝʥʪʠʯʥʳ, ʦʜʥʘʢʦ ʚ ʩʧʝʢʪʨʘʭ 

ʢʩʝʨʦʛʝʣʷ 2 ʤʦʞʥʦ ʟʘʤʝʪʠʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʧʦʣʦʩʫ ʚ ʨʘʡʦʥʝ n = 3250 ʩʤ-1, ʢʦʪʦʨʫʶ ʤʦʞʥʦ 

ʧʨʠʧʠʩʘʪʴ NH4
+, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʘʣʠʯʠʶ ʚ ʩʦʩʪʘʚʝ ʢʩʝʨʦʛʝʣʷ 2 ʥʠʪʨʘʪʘ ʘʤʤʦʥʠʷ. ɺ ʩʧʝʢʪʨʘʭ 

ʦʙʨʘʟʮʦʚ ʥʘʙʣʶʜʘʶʪʩʷ ʧʦʣʦʩʳ, ʦʪʚʝʯʘʶʱʠʝ ʥʠʪʨʘʪ-ʠʦʥʘʤ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʘʥʥʳʝ 

ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʫʢʘʟʳʚʘʶʪ ʥʘ ʪʦ, ʯʪʦ ʚ ʧʨʦʮʝʩʩʝ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʧʨʦʠʩʭʦʜʠʪ 

ʦʢʠʩʣʠʪʝʣʴʥʘʷ ʜʝʩʪʨʫʢʮʠʷ ʇɺʉ, ʩʦʧʨʦʚʦʞʜʘʶʱʘʷʩʷ ʟʘʤʝʥʦʡ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ ʆʅ ʥʘ 

ʢʘʨʙʦʢʩʠʣʴʥʳʝ ʛʨʫʧʧʳ. ʕʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʠ ʩ ʣʠʪʝʨʘʪʫʨʥʳʤʠ ʜʘʥʥʳʤʠ [400], ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʳʤ 

ʇɺʉ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʨʘʟʣʠʯʥʳʭ ʦʢʠʩʣʠʪʝʣʝʡ ʧʦʜʚʝʨʛʘʝʪʩʷ ʦʢʠʩʣʠʪʝʣʴʥʦʡ 

ʜʝʩʪʨʫʢʮʠʠ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʱʘʚʝʣʝʚʦʡ ʢʠʩʣʦʪʳ ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʛʦ ʧʨʦʜʫʢʪʘ.  

ʅʝʩʤʦʪʨʷ ʥʘ ʩʭʦʜʩʪʚʦ ʀʂ-ʩʧʝʢʪʨʦʚ ʢʩʝʨʦʛʝʣʝʡ, ʧʨʦʮʝʩʩʳ ʬʘʟʦʦʙʨʘʟʦʚʘʥʠʷ, ʠʪʦʛʦʚʳʝ 

ʪʝʤʧʝʨʘʪʫʨʳ ʩʠʥʪʝʟʘ ʦʙʩʫʞʜʘʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʘ ʪʘʢʞʝ ʨʦʣʴ ʥʠʪʨʘʪʘ ʘʤʤʦʥʠʷ ʢʘʢ ʦʢʠʩʣʠʪʝʣʷ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʢʩʝʨʦʛʝʣʝʡ ʦʢʘʟʘʣʠʩʴ ʚʝʩʴʤʘ ʨʘʟʣʠʯʥʳʤʠ. 

VI.1.1. ʄʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ ʬʝʨʨʠʪ ʥʠʢʝʣʷ 

ʅʘ ʨʠʩ.VI.1.2,ʘ-ʙ ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʘʥʥʳʝ ɼʉʂ ʠ ʊɻɸ ʜʣʷ ʢʩʝʨʦʛʝʣʝʡ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʭʦʜʝ 

ʩʠʥʪʝʟʘ Ni0.9Co0.1Cu0.1Fe1.9O4-d ʩʧʦʩʦʙʘʤʠ 1 ʠ 2. ʀʟ ʢʨʠʚʦʡ ɼʉʂ (ʨʠʩ.VI.1.2,ʘ) ʤʦʞʥʦ ʚʠʜʝʪʴ, ʯʪʦ 

ʧʨʦʮʝʩʩʳ ʦʢʠʩʣʝʥʠʷ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʢʠʩʣʦʨʦʜʘ ʚʦʟʜʫʭʘ ʢʩʝʨʦʛʝʣʷ 1 ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʟʘʚʝʨʰʘʶʪʩʷ 

ʢ ~300-320̄ ʉ. ɺ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ ~200-300̄ ʉ ʤʘʩʩʘ ʦʙʨʘʟʮʘ ʠʥʪʝʥʩʠʚʥʦ ʫʤʝʥʴʰʘʝʪʩʷ, ʯʪʦ 

ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʜʚʫʤʷ ʚʳʨʘʞʝʥʥʳʤʠ ʵʢʟʦʪʝʨʤʠʯʝʩʢʠʤʠ ʵʬʬʝʢʪʘʤʠ. ɺʳʰʝ 300ʉ̄ ʤʘʩʩʘ ʦʙʨʘʟʮʘ 

ʥʝ ʧʨʝʪʝʨʧʝʚʘʝʪ ʠʟʤʝʥʝʥʠʡ, ʠ ʥʘ ʢʨʠʚʦʡ ɼʉʂ ʪʘʢʞʝ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ ʥʠʢʘʢʠʭ ʪʝʧʣʦʚʳʭ ʵʬʬʝʢʪʦʚ. 

ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʦ ʜʘʥʥʳʤ ʈʌɸ (ʨʠʩ.VI.1.3) ʫʞʝ ʧʦʩʣʝ ʦʙʞʠʛʘ ʦʙʨʘʟʮʦʚ ʧʨʠ 300ʉ̄ ʥʘ 

ʜʠʬʨʘʢʪʦʛʨʘʤʤʘʭ ʧʦʷʚʣʷʶʪʩʷ ʨʘʟʤʳʪʳʝ ʨʝʬʣʝʢʩʳ (ʨʠʩ.VI.1.3, ʧʨʦʬʠʣʴ 1), ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ 

ʩʪʨʫʢʪʫʨʳ ʰʧʠʥʝʣʠ, ʧʨʠ ʵʪʦʤ ʟʘʤʝʪʥʳ ʣʠʰʴ ʥʘʠʙʦʣʝʝ ʷʨʢʠʝ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʳʝ ʤʘʢʩʠʤʫʤʳ. 

ʇʦʩʪʦʨʦʥʥʠʝ ʬʘʟʳ ʦʪʩʫʪʩʪʚʫʶʪ. ɸʥʘʣʦʛʠʯʥʘʷ ʢʘʨʪʠʥʘ ʩʦʭʨʘʥʷʝʪʩʷ ʠ ʧʦʩʣʝ ʦʙʞʠʛʘ ʧʨʠ ~400̄ ʉ 

(ʨʠʩ.VI.1.3, ʧʨʦʬʠʣʴ 2), ʭʦʪʷ ʠʤʝʝʪʩʷ ʪʝʥʜʝʥʮʠʷ ʢ ʩʫʞʝʥʠʶ ʧʠʢʦʚ, ʢʦʪʦʨʘʷ ʫʩʠʣʠʚʘʝʪʩʷ ʧʨʠ 
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ʜʘʣʴʥʝʡʰʝʤ ʧʦʚʳʰʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʫʚʝʣʠʯʝʥʠʠ ʩʨʝʜʥʠʭ ʨʘʟʤʝʨʦʚ 

ʯʘʩʪʠʮ ʬʝʨʨʠʪʘ.  
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ʈʠʩ.VI.1.2. ɼʘʥʥʳʝ ʊɻɸ (ʢʨʠʚʳʝ 1) ʠ ɼʉʂ (ʢʨʠʚʳʝ 2) ʜʣʷ ʢʩʝʨʦʛʝʣʝʡ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʭʦʜʝ ʩʠʥʪʝʟʘ 

Ni0.9Co0.1Cu0.1Fe1.9O4-d ʩʧʦʩʦʙʘʤʠ 1 (ʘ) ʠ 2 (ʙ). 

ʇʦʩʣʝ ʦʙʞʠʛʦʚ ʧʨʠ ~600-700̄ ʉ ʥʘ ʜʠʬʨʘʢʪʦʛʨʘʤʤʘʭ ʥʘʙʣʶʜʘʶʪʩʷ ʚʩʝ ʭʘʨʘʢʪʝʨʥʳʝ 

ʨʝʬʣʝʢʩʳ ʩʪʨʫʢʪʫʨʳ ʰʧʠʥʝʣʠ (ʨʠʩ.VI.1.3, ʧʨʦʬʠʣʴ 3), ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʩ ʤʘʣʳʤʠ ʠʥʪʝʥʩʠʚʥʦʩʪʷʤʠ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ ʬʝʨʨʠʪ ʥʠʢʝʣʷ ʫʜʘʝʪʩʷ ʩʠʥʪʝʟʠʨʦʚʘʪʴ ʩʧʦʩʦʙʦʤ 1 ʧʨʠ 

ʜʦʚʦʣʴʥʦ ʥʠʟʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ~300̄ . ʇʦ ʜʘʥʥʳʤ ɼʉʂ ʠ ʊɻɸ ʦʥ ʥʝ ʩʦʜʝʨʞʠʪ ʧʦʩʪʦʨʦʥʥʠʭ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʬʘʟ, ʢʦʪʦʨʳʝ ʪʨʝʙʦʚʘʣʠ ʙʳ ʜʣʷ ʩʚʦʝʛʦ ʫʜʘʣʝʥʠʷ ʦʙʞʠʛʦʚ ʚ ʚʦʟʜʫʰʥʦʡ ʘʪʤʦʩʬʝʨʝ 
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ʧʨʠ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ʕʪʦ ʥʘ ~150̄  ʥʠʞʝ, ʯʝʤ ʚ ʨʘʙʦʪʝ [401], ʛʜʝ ʬʝʨʨʠʪ ʥʠʢʝʣʷ 

ʥʘʯʠʥʘʝʪ ʦʙʨʘʟʦʚʳʚʘʪʴʩʷ ʫʞʝ ʧʨʠ ~250̄ ʉ, ʦʜʥʘʢʦ ʥʘʣʠʯʠʝ ʦʨʛʘʥʠʯʝʩʢʠʭ ʦʩʪʘʪʢʦʚ, 

ʩʦʭʨʘʥʷʶʱʠʭʩʷ ʚʧʣʦʪʴ ʜʦ 450ʉ̄, ʥʝ ʧʦʟʚʦʣʷʝʪ ʩʯʠʪʘʪʴ ʜʘʥʥʫʶ ʪʝʤʧʝʨʘʪʫʨʫ ʦʙʞʠʛʘ 

ʦʢʦʥʯʘʪʝʣʴʥʦʡ.  

 

ʈʠʩ.VI.1.3. ɼʠʬʨʘʢʪʦʛʨʘʤʤʳ ʧʦʨʦʰʢʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʧʨʦʢʘʣʠʚʘʥʠʠ ʢʩʝʨʦʛʝʣʷ 1. ʧʦʣʫʯʝʥʥʦʛʦ 

ʚ ʭʦʜʝ ʩʠʥʪʝʟʘ Ni0.9Co0.1Cu0.1Fe1.9O4-d, ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 300 (ʧʨʦʬʠʣʴ 1), 400 (ʧʨʦʬʠʣʴ 2) ʠ 

700̄ ʉ (ʧʨʦʬʠʣʴ 3), ʢʩʝʨʦʛʝʣʷ 2 ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 200ʉ̄ (ʧʨʦʬʠʣʴ 4) ʠ ʢʩʝʨʦʛʝʣʷ 3 ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 120ʉ̄ (ʧʨʦʬʠʣʴ 5). 

ʅʘ ʨʠʩ.VI.1.2,ʙ ʧʨʠʚʦʜʷʪʩʷ ʜʘʥʥʳʝ ɼʉʂ ʠ ʊɻɸ ʜʣʷ ʢʩʝʨʦʛʝʣʷ, ʧʦʣʫʯʝʥʥʦʛʦ ʩʧʦʩʦʙʦʤ 2. 

ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʩ ʨʠʩ.VI.1.2,ʘ ʫʢʘʟʳʚʘʝʪ, ʯʪʦ ʚʚʝʜʝʥʠʝ ʥʠʪʨʘʪʘ ʘʤʤʦʥʠʷ ʥʘ ʵʪʘʧʝ ʧʨʠʛʦʪʦʚʣʝʥʠʷ 

ʛʝʣʷ ʠʟʤʝʥʷʝʪ ʧʦʚʝʜʝʥʠʝ ʦʙʨʘʟʮʘ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʩʫʱʝʩʪʚʝʥʥʳʤ ʦʙʨʘʟʦʤ: ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 

~170̄ ʉ ʥʘʙʣʶʜʘʝʪʩʷ ʤʦʱʥʳʡ ʵʢʟʦʪʝʨʤʠʯʝʩʢʠʡ ʵʬʬʝʢʪ, ʩʦʧʨʦʚʦʞʜʘʶʱʠʡʩʷ ʨʝʟʢʦʡ ʧʦʪʝʨʝʡ 

ʤʘʩʩʳ ʦʙʨʘʟʮʘ; ʚʳʰʝ ʵʪʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʩʠʩʪʝʤʝ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ ʥʠʢʘʢʠʭ ʠʟʤʝʥʝʥʠʡ. 

ʈʝʥʪʛʝʥʦʬʘʟʦʚʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʦʙʨʘʟʮʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʩʧʦʩʦʙʦʤ 2 (ʨʠʩ.VI.1.3, ʧʨʦʬʠʣʴ 4), 

ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʠʩʢʦʤʘʷ ʬʘʟʘ ʬʝʨʨʠʪʘ ʦʙʨʘʟʫʝʪʩʷ ʚ ʧʨʦʮʝʩʩʝ ʥʘʛʨʝʚʘʥʠʷ ʢʩʝʨʦʛʝʣʷ ʜʦ 

ʪʝʤʧʝʨʘʪʫʨʳ 170-200̄ ʉ, ʯʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʜʘʥʥʳʤʠ ɼʉʂ ʠ ʊɻɸ. ʀʪʘʢ, ʚʚʝʜʝʥʠʝ ʥʠʪʨʘʪʘ ʘʤʤʦʥʠʷ 

ʥʘ ʵʪʘʧʝ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʛʝʣʷ ʧʦʟʚʦʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʦ (ʥʘ ~100-130̄  ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʧʦʩʦʙʦʤ 1 

ʠ ʥʘ ~250̄  ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ [401]) ʩʥʠʟʠʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʦʢʦʥʯʘʥʠʷ ʩʠʥʪʝʟʘ ʢʦʥʝʯʥʦʛʦ ʧʨʦʜʫʢʪʘ. 
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ʉʠʥʪʝʟ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʬʝʨʨʠʪʘ ʥʠʢʝʣʷ ʩʧʦʩʦʙʦʤ 3 ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʮʝʣʝʚʦʡ 

ʧʨʦʜʫʢʪ ʧʨʠ ʝʱʝ ʙʦʣʝʝ ʥʠʟʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ~100-120̄ ʉ. ʅʘ ʨʠʩ.VI.1.3, ʧʨʦʬʠʣʴ 5 ʧʨʠʚʝʜʝʥʘ 

ʜʠʬʨʘʢʪʦʛʨʘʤʤʘ ʧʦʣʫʯʝʥʥʦʛʦ ʧʨʠ ʜʘʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʤʘʪʝʨʠʘʣʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠʩʫʪʩʪʚʠʝ 

ʚ ʩʠʩʪʝʤʝ ʥʠʪʨʘʪʘ ʘʤʤʦʥʠʷ ʚ ʨʦʣʠ ʦʢʠʩʣʠʪʝʣʷ ʠ ʧʦʣʥʘʷ ʟʘʤʝʥʘ ʢʠʩʣʦʨʦʜʘ ʥʘ NH4NO3 ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʫʨʘʚʥʝʥʠʝʤ (VI.1.6) ʩʧʦʩʦʙʩʪʚʫʶʪ ʬʦʨʤʠʨʦʚʘʥʠʶ ʮʝʣʝʚʦʛʦ ʧʨʦʜʫʢʪʘ ʧʨʠ 

ʨʝʢʦʨʜʥʦ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. 

VI.1.2. ɾʝʣʝʟʦ-ʠʪʪʨʠʝʚʳʡ ʛʨʘʥʘʪ 

ʅʘ ʨʠʩ.VI.1.4 ʧʨʠʚʝʜʝʥʳ ʜʘʥʥʳʝ ʈʌɸ ʜʣʷ ʢʩʝʨʦʛʝʣʝʡ 1 ʠ 2, ʧʦʣʫʯʝʥʥʳʭ ʚ ʧʨʦʮʝʩʩʝ 

ʩʠʥʪʝʟʘ ɾʀɻ ʠ ʧʨʦʢʘʣʝʥʥʳʭ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. ɺ ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʧʦʨʦʰʢʠ ʦʩʪʘʶʪʩʷ 

ʨʝʥʪʛʝʥʦʘʤʦʨʬʥʳʤʠ ʚʧʣʦʪʴ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ 600ʉ̄. ʇʦʩʣʝ ʦʙʞʠʛʘ ʢʩʝʨʦʛʝʣʷ 1 ʧʨʠ 700ʉ̄, ʢʘʢ 

ʤʦʞʥʦ ʚʠʜʝʪʴ ʠʟ ʨʠʩ.VI.1.4,ʘ, ʧʨʦʬʠʣʴ 1, ʧʦʷʚʣʷʶʪʩʷ ʷʨʢʠʝ ʨʝʬʣʝʢʩʳ Y3Fe5O12, ʥʦ ʢʨʦʤʝ ʥʠʭ 

ʝʩʪʴ ʠ ʥʝʙʦʣʴʰʠʝ ʧʦ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʦʩʪʦʨʦʥʥʠʝ ʧʠʢʠ. ʀʭ ʫʜʘʝʪʩʷ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ, 

ʩʦʧʦʩʪʘʚʣʷʷ ʧʨʠʚʝʜʝʥʥʫʶ ʜʠʬʨʘʢʪʦʛʨʘʤʤʫ ʩ ʜʠʬʨʘʢʪʦʛʨʘʤʤʦʡ ʢʩʝʨʦʛʝʣʷ 2, ʧʨʦʢʘʣʝʥʥʦʛʦ ʧʨʠ 

ʪʦʡ ʞʝ ʪʝʤʧʝʨʘʪʫʨʝ (ʨʠʩ.VI.1.4,ʘ, ʧʨʦʬʠʣʴ 2). ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʨʝʥʪʛʝʥʦʚʩʢʘʷ ʢʘʨʪʠʥʘ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʝʫʩʪʦʡʯʠʚʦʡ ʛʝʢʩʘʛʦʥʘʣʴʥʦʡ ʤʦʜʠʬʠʢʘʮʠʠ ʦʨʪʦʬʝʨʨʠʪʘ ʠʪʪʨʠʷ, ʢʦʪʦʨʘʷ ʧʦ 

ʣʠʪʝʨʘʪʫʨʥʳʤ ʜʘʥʥʳʤ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʩʠʥʪʝʟʘ. ʅʘ 

ʨʠʩ.VI.1.4,ʘ ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʧʨʠʚʝʜʝʥʘ ʜʠʬʨʘʢʪʦʛʨʘʤʤʘ ʛʝʢʩʘʛʦʥʘʣʴʥʦʛʦ YFeO3, ʧʨʦʬʠʣʴ 3 

(ʜʘʥʥʳʝ ICSD). ʈʝʬʣʝʢʩʳ Fe2O3 ʥʘ ʜʠʬʨʘʢʪʦʛʨʘʤʤʝ 2 ʥʝ ʦʙʥʘʨʫʞʠʚʘʶʪʩʷ, ʚʝʨʦʷʪʥʦ, ʦʢʩʠʜ 

ʞʝʣʝʟʘ ʧʨʠʩʫʪʩʪʚʫʝʪ ʚ ʧʦʨʦʰʢʝ 2 ʚ ʘʤʦʨʬʥʦʤ ʩʦʩʪʦʷʥʠʠ. ʈʝʬʣʝʢʩʳ ɾʀɻ ʥʘ ʦʙʩʫʞʜʘʝʤʦʡ 

ʨʝʥʪʛʝʥʦʛʨʘʤʤʝ ʚ ʦʪʣʠʯʠʝ ʦʪ ʧʦʨʦʰʢʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʩʧʦʩʦʙʦʤ 1 ʧʨʠ ʪʦʡ ʞʝ ʪʝʤʧʝʨʘʪʫʨʝ, ʪʘʢʞʝ 

ʝʜʚʘ ʟʘʤʝʪʥʳ. 

ɺ ʩʣʫʯʘʝ ʢʩʝʨʦʛʝʣʷ 1 ʦʪ ʧʨʠʤʝʩʠ ʦʨʪʦʬʝʨʨʠʪʘ ʠʪʪʨʠʷ ʫʜʘʝʪʩʷ ʠʟʙʘʚʠʪʴʩʷ ʧʦʩʣʝ ʦʙʞʠʛʘ 

ʧʦʨʦʰʢʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 800ʉ̄ (ʨʠʩ.VI.1.4,ʙ, ʧʨʦʬʠʣʴ 1). ʅʘʧʨʦʪʠʚ, ʧʦʩʣʝ ʦʙʞʠʛʘ ʧʦʨʦʰʢʘ 2 

ʧʨʠ ʪʦʡ ʞʝ ʪʝʤʧʝʨʘʪʫʨʝ (ʨʠʩ.VI.1.4,ʙ, ʧʨʦʬʠʣʴ 2) ʚ ʦʙʨʘʟʮʝ ʥʘʨʷʜʫ ʩ ʧʦʷʚʠʚʰʝʡʩʷ ʬʘʟʦʡ ɾʀɻ 

ʩʦʭʨʘʥʷʝʪʩʷ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ YFeO3, ʢʦʪʦʨʳʡ ʧʨʠʩʫʪʩʪʚʫʝʪ ʪʝʧʝʨʴ ʚ ʙʦʣʝʝ ʩʪʘʙʠʣʴʥʦʡ 

ʦʨʪʦʨʦʤʙʠʯʝʩʢʦʡ ʤʦʜʠʬʠʢʘʮʠʠ, ʚ ʯʝʤ ʤʦʞʥʦ ʫʙʝʜʠʪʴʩʷ, ʩʨʘʚʥʠʚ ʦʙʩʫʞʜʘʝʤʫʶ ʜʠʬʨʘʢʪʦʛʨʘʤʤʫ 

ʩ ʜʠʬʨʘʢʪʦʛʨʘʤʤʦʡ ʦʨʪʦʨʦʤʙʠʯʝʩʢʦʛʦ YFeO3 (ʨʠʩ.VI.1.4,ʙ, ʧʨʦʬʠʣʴ 4). 

ʇʨʠ 900ʉ̄ (ʨʠʩ.VI.1.4,ʚ) ʥʘ ʜʠʬʨʘʢʪʦʛʨʘʤʤʝ ʧʦʨʦʰʢʘ 1 (ʧʨʦʬʠʣʴ 1), ʢʘʢ ʠ ʩʣʝʜʦʚʘʣʦ 

ʦʞʠʜʘʪʴ, ʫʞʝ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ ʥʠʢʘʢʠʭ ʬʘʟʦʚʳʭ ʠʟʤʝʥʝʥʠʡ, ʘ ʚ ʦʙʨʘʟʮʝ 2 (ʧʨʦʬʠʣʴ 2) ʩʠʥʪʝʟ 

ʠʩʢʦʤʦʡ ʬʘʟʳ ʟʘʚʝʨʰʘʝʪʩʷ ʥʝ ʧʦʣʥʦʩʪʴʶ, ʩʦʭʨʘʥʷʝʪʩʷ ʥʝʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʨʠʤʝʩʠ YFeO3. 

ʆʪ ʥʝʝ ʫʜʘʝʪʩʷ ʠʟʙʘʚʠʪʴʩʷ ʣʠʰʴ ʧʦʩʣʝ ʦʙʞʠʛʘ ʧʨʠ 1000ʉ̄. 
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   - YFeO3 (hex) 

   - YFeO3 (ort) 

ʈʠʩ.V.1.4. ɼʠʬʨʘʢʪʦʛʨʘʤʤʳ ʧʦʨʦʰʢʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʧʨʦʢʘʣʠʚʘʥʠʠ 

ʢʩʝʨʦʛʝʣʝʡ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʭʦʜʝ ʩʠʥʪʝʟʘ ɾʀɻ ʩʧʦʩʦʙʘʤʠ 1 (ʧʨʦʬʠʣʠ 1) ʠ 2 

(ʧʨʦʬʠʣʠ 2) ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 700 (ʘ), 800 (ʙ) ʠ 900ʉ̄ (ʚ) ʠ (ʜʣʷ 

ʩʨʘʚʥʝʥʠʷ) ʜʠʬʨʘʢʮʠʦʥʥʳʝ ʧʨʦʬʠʣʠ ʛʝʢʩʘʛʦʥʘʣʴʥʦʡ (3, ICSD, 

PDF#480529) ʠ ʦʨʪʦʨʦʤʙʠʯʝʩʢʦʡ (4, ICSD, PDF#860171) ʤʦʜʠʬʠʢʘʮʠʡ 

YFeO3. 

 

1 

3 

3 

3 

a    - YFeO3 (ʛʝʢʩ.) 

   - YFeO3 (ʦʨʪ.)  
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ʈʠʩ.VI.1.5. ɼʘʥʥʳʝ ʊɻɸ (ʢʨʠʚʳʝ 1) ʠ ɼʉʂ (ʢʨʠʚʳʝ 2) ʜʣʷ ʢʩʝʨʦʛʝʣʝʡ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʭʦʜʝ ʩʠʥʪʝʟʘ 

ɾʀɻ ʩʧʦʩʦʙʘʤʠ 1 (ʘ) ʠ 2 (ʙ). 

ʀʪʘʢ, ʧʨʠʩʫʪʩʪʚʠʝ ʚ ʩʦʩʪʘʚʝ ʢʩʝʨʦʛʝʣʷ 2 ʥʠʪʨʘʪʘ ʘʤʤʦʥʠʷ ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʪʘʙʠʣʠʟʘʮʠʠ 

ʦʨʪʦʬʝʨʨʠʪʘ ʠʪʪʨʠʷ, ʢʦʪʦʨʳʡ ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 700-1000̄ʉ ʨʝʘʛʠʨʫʝʪ ʩ ʦʢʩʠʜʦʤ ʞʝʣʝʟʘ, 

ʥʘʭʦʜʷʱʠʤʩʷ ʚ ʩʦʩʪʘʚʝ ʧʦʨʦʰʢʘ ʚ ʘʤʦʨʬʥʦʤ ʩʦʩʪʦʷʥʠʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʚʝʜʝʥʠʝ NH4NO3 ʚ 

ʢʘʯʝʩʪʚʝ ʦʢʠʩʣʠʪʝʣʷ ʧʨʠ ʩʠʥʪʝʟʝ ɾʀɻ ʩʣʝʜʫʝʪ ʧʨʠʟʥʘʪʴ ʥʝʮʝʣʝʩʦʦʙʨʘʟʥʳʤ. 

ɼʘʥʥʳʝ ʈʌɸ ʢʦʨʨʝʣʠʨʫʶʪ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦ-ʪʝʨʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ. ʅʘ 

ʨʠʩ.VI.1.5,ʘ-ʙ ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʨʠʚʳʝ ɼʉʂ ʠ ʊɻɸ ʜʣʷ ʢʩʝʨʦʛʝʣʝʡ 1 ʠ 2 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺ ʦʙʦʠʭ 

ʩʣʫʯʘʷʭ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ <400-450̄ ʉ ʥʘʙʣʶʜʘʝʪʩʷ ʠʥʪʝʥʩʠʚʥʦʝ ʫʤʝʥʴʰʝʥʠʝ ʤʘʩʩʳ ʦʙʨʘʟʮʦʚ, 

ʩʦʧʨʦʚʦʞʜʘʶʱʝʝʩʷ ʚʳʨʘʞʝʥʥʳʤʠ ʪʝʧʣʦʚʳʤʠ ʵʢʟʦʵʬʬʝʢʪʘʤʠ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʦʪʥʝʩʝʥʦ ʢ 
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ʚʳʛʦʨʘʥʠʶ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʢʩʝʨʦʛʝʣʝʡ. ʉʣʝʜʫʝʪ ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ, ʯʪʦ ʚ ʩʣʫʯʘʝ 

ʢʩʝʨʦʛʝʣʷ 2 ʚʙʣʠʟʠ 170ʉ̄ ʥʘ ʢʨʠʚʦʡ ɼʉʂ ʥʘʙʣʶʜʘʝʪʩʷ ʤʦʱʥʳʡ ʵʢʟʦʪʝʨʤʠʯʝʩʢʠʡ ʵʬʬʝʢʪ, 

ʩʦʧʨʦʚʦʞʜʘʶʱʠʡʩʷ ʨʝʟʢʠʤ ʩʥʠʞʝʥʠʝʤ ʤʘʩʩʳ ʦʙʨʘʟʮʘ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʧʨʠʩʫʪʩʪʚʠʝʤ ʚ ʩʦʩʪʘʚʝ 

ʢʩʝʨʦʛʝʣʷ 2 ʥʠʪʨʘʪʘ ʘʤʤʦʥʠʷ. ɺ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 400-700̄ ʉ ʥʘ ʢʨʠʚʳʭ ɼʉʂ ʠ ʊɻ ʥʠ ʚ 

ʧʝʨʚʦʤ, ʥʠ ʚʦ ʚʪʦʨʦʤ ʩʣʫʯʘʝ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʥʠʢʘʢʠʭ ʠʟʤʝʥʝʥʠʡ, ʥʦ ʜʣʷ ʢʩʝʨʦʛʝʣʷ 1 

ʚʙʣʠʟʠ 700ʉ̄, ʢʦʛʜʘ ʩʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʈʌɸ ʚ ʩʠʩʪʝʤʝ ʦʙʥʘʨʫʞʠʚʘʝʪʩʷ ɾʀɻ ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʡ 

ʬʘʟʳ, ʥʘ ʢʨʠʚʦʡ ɼʉʂ ʟʘʤʝʪʝʥ ʦʪʯʝʪʣʠʚʳʡ ʵʢʟʦʪʝʨʤʠʯʝʩʢʠʡ ʵʬʬʝʢʪ, ʘ ʜʘʣʝʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 

>700̄ ʉ ʫʞʝ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʥʠʢʘʢʠʭ ʘʥʦʤʘʣʠʡ. ʕʪʦ ʧʦʣʥʦʩʪʴʶ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʨʝʟʫʣʴʪʘʪʘʤ ʈʌɸ.  

ɺ ʦʪʣʠʯʠʝ ʦʪ ʢʩʝʨʦʛʝʣʷ 1 ʜʣʷ ʢʩʝʨʦʛʝʣʷ 2 ʥʘ ʢʨʠʚʦʡ ɼʉʂ ʚ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʜʠʘʧʘʟʦʥʝ 

700-900̄ ʉ ʥʘʙʣʶʜʘʝʪʩʷ ʰʠʨʦʢʠʡ ʤʘʢʩʠʤʫʤ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʱʠʡ ʦ ʙʦʣʝʝ ʩʣʦʞʥʳʭ ʧʨʦʮʝʩʩʘʭ, 

ʧʨʦʪʝʢʘʶʱʠʭ ʚ ʩʠʩʪʝʤʝ 2, ʠ ʦ ʪʦʤ, ʯʪʦ ʨʝʘʢʮʠʠ ʬʝʨʨʠʪʦʦʙʨʘʟʦʚʘʥʠʷ ʟʘʢʘʥʯʠʚʘʶʪʩʷ ʧʨʠ ʙʦʣʝʝ 

ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʯʝʤ ʚ ʩʠʩʪʝʤʝ 1, ʯʪʦ ʪʘʢʞʝ ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʈʌɸ. 

ʉʣʝʜʫʝʪ ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ, ʯʪʦ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʘʥʦʤʘʣʠʠ ʥʘ ʢʨʠʚʳʭ ɼʉʂ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʘʭ >450̄ ʉ, ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ɾʀɻ, ʢʘʢ ʚ ʧʝʨʚʦʤ, ʪʘʢ ʠ ʚʦ ʚʪʦʨʦʤ ʩʣʫʯʘʝ 

ʥʦʩʷʪ ʩʣʘʙʦʚʳʨʘʞʝʥʥʳʡ ʭʘʨʘʢʪʝʨ. ʕʪʦ ʤʦʞʝʪ ʙʳʪʴ ʦʙʦʩʥʦʚʘʥʦ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʤʠ ʨʘʩʯʝʪʘʤʠ, 

ʚʳʧʦʣʥʝʥʥʳʤʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʥʩʪʘʥʪ, ʧʨʠʚʝʜʝʥʥʳʭ ʚ ʪʘʙʣʠʮʝ VI.1.1 [398, 402], ʩʦʛʣʘʩʥʦ 

ʢʦʪʦʨʳʤ ʪʝʧʣʦʚʳʝ ʵʬʬʝʢʪʳ ʢʘʢ ʨʝʘʢʮʠʡ ʦʙʨʘʟʦʚʘʥʠʷ ʛʨʘʥʘʪʘ ʠ ʦʨʪʦʬʝʨʨʠʪʘ ʠʪʪʨʠʷ ʠʟ ʦʢʩʠʜʦʚ, 

ʪʘʢ ʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ɾʀɻ ʠʟ YFeO3 ʠ Fe2O3 ʩʦʧʨʦʚʦʞʜʘʶʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʳʤʠ ʪʝʧʣʦʚʳʤʠ 

ʵʬʬʝʢʪʘʤʠ, ʠ ʧʨʦʪʝʢʘʥʠʶ ʨʝʘʢʮʠʡ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʵʥʪʨʦʧʠʡʥʳʡ ʬʘʢʪʦʨ (ʜʣʷ 

ʚʦʟʤʦʞʥʦʩʪʠ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʚʩʝ ʨʝʘʢʮʠʠ ʫʨʘʚʥʝʥʳ ʥʘ 1 ʤʦʣʴ ʘʪʦʤʦʚ ʢʠʩʣʦʨʦʜʘ): 

6

1
Y2O3 + 

6

1
Fe2O3 = 

3

1
YFeO3  (VI.1.8),  

DH 2̄98 = -3.41 ʢɼʞ/ʤʦʣʴ, DS̄ 298 = 7.47 ɼʞ/(ʤʦʣʴĿʂ) 

8

1
Y2O3 + 

24

5
Fe2O3 = 

12

1
Y3Fe5O12  (VI.1.9),  

DH 2̄98 = -1.90 ʢɼʞ/ʤʦʣʴ, DS̄ 298 = 72.49 ɼʞ/(ʤʦʣʴĿʂ)
 

ʊʘʙʣʠʮʘ VI.1.1. ʉʪʘʥʜʘʨʪʥʳʝ ʪʝʧʣʦʪʳ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʵʥʪʨʦʧʠʠ 

ʩʦʝʜʠʥʝʥʠʝ Fe2O3 Y2O3 Bi2O3 Y3Fe5O12 YFeO3 BiFeO3 Bi2Fe4O9 

DfH 2̄98,15, 

ʢɼʞ/ʤʦʣʴ 
-822.2 -1905.0 -577.8 -4935.7 -1373.8 -768.4 -2476 

S̄ 298,15, 

ɼʞ/(ʤʦʣʴĿK) 
87.4 99.2 151.5 1237.3 115.7 269 757 

ʠʩʪʦʯʥʠʢ [398] [402] [403] 
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4

1
YFeO3 + 

12

1
Fe2O3 = 

12

1
Y3Fe5O12  (VI.1.10),  

DH 2̄98 = 0.65 ʢɼʞ/ʤʦʣʴ, DS̄ 298 = 66.89 ɼʞ/(ʤʦʣʴĿʂ)
  

ʅʘ ʨʠʩ.VI.1.6 ʧʨʠʚʝʜʝʥʳ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ DG  ̄ʜʣʷ ʧʨʠʚʝʜʝʥʥʳʭ ʨʝʘʢʮʠʡ. 

ʄʦʞʥʦ ʚʠʜʝʪʴ, ʯʪʦ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʨʪʦʬʝʨʨʠʪʦʤ ʠʪʪʨʠʷ (ʨʠʩ.VI.1.6, ʛʨʘʬʠʢ 1) ʦʙʨʘʟʦʚʘʥʠʝ ɾʀɻ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠ ʷʚʥʦ ʙʦʣʝʝ ʚʳʛʦʜʥʦ ʢʘʢ ʧʦ ʨʝʘʢʮʠʠ (VI.1.9), ʪʘʢ ʠ ʧʦ ʨʝʘʢʮʠʠ (VI.1.10) 

(ʨʠʩ.VI.1.6, ʛʨʘʬʠʢʠ 2 ʠ 3 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ), ʯʪʦ ʠ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʧʨʦʮʝʩʩʘʤʠ ʬʘʟʦʦʙʨʘʟʦʚʘʥʠʷ 

ʧʨʠ ʦʙʞʠʛʝ ʢʩʝʨʦʛʝʣʷ 1. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʪʘʙʠʣʠʟʘʮʠʶ ʬʘʟʳ YFeO3 ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʥʠʪʨʘʪʘ 

ʘʤʤʦʥʠʷ (ʢʩʝʨʦʛʝʣʴ 2) ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʦʙʦʩʥʦʚʘʪʴ ʣʠʰʴ ʢʠʥʝʪʠʯʝʩʢʠʤʠ ʧʨʠʯʠʥʘʤʠ. 

ʅʦ ʠ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʦʨʪʦʬʝʨʨʠʪ ʠʪʪʨʠʷ ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 700-900̄ ʉ ʜʦʚʦʣʴʥʦ ʙʳʩʪʨʦ 

ʚʩʪʫʧʘʝʪ ʚ ʨʝʘʢʮʠʶ ʩ Fe2O3 ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʠʩʢʦʤʦʛʦ ʧʨʦʜʫʢʪʘ, ʯʪʦ ʚʥʦʚʴ ʧʦʜʪʚʝʨʞʜʘʝʪ ʙʦʣʴʰʫʶ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ Y3Fe5O12. 
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ʈʠʩ.VI.1.6. ʊʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʵʥʝʨʛʠʠ ɻʠʙʙʩʘ ʜʣʷ ʨʝʘʢʮʠʡ ʩʠʥʪʝʟʘ  

YFeO3 (1) ʠ Y3Fe5O12 (2) ʠʟ ʦʢʩʠʜʦʚ ʠ Y3Fe5O12 ʠʟ ʦʢʩʠʜʘ ʞʝʣʝʟʘ ʠ ʦʨʪʦʬʝʨʨʠʪʘ ʠʪʪʨʠʷ (3). 

VI.1.3. ʃʘʥʪʘʥʩʦʜʝʨʞʘʱʠʝ ʤʘʥʛʘʥʠʪʳ 

ʇʦ ʜʘʥʥʳʤ ʈʌɸ ʥʘ ʜʠʬʨʘʢʪʦʛʨʘʤʤʘʭ ʢʘʢ ʢʩʝʨʦʛʝʣʷ 1, ʪʘʢ ʠ ʢʩʝʨʦʛʝʣʷ 2, ʧʦʣʫʯʝʥʥʳʭ ʚ 

ʭʦʜʝ ʩʠʥʪʝʟʘ La0.65Pb0.35MnO3 ʧʦʩʣʝ ʠʭ ʧʨʦʢʘʣʠʚʘʥʠʷ ʧʨʠ 200ʉ̄ (ʨʠʩ.VI.1.7, ʧʨʦʬʠʣʴ 1) 

ʥʘʙʣʶʜʘʶʪʩʷ ʷʨʢʠʝ ʨʝʬʣʝʢʩʳ ʥʠʪʨʘʪʘ ʩʚʠʥʮʘ. ɸʥʘʣʦʛʠʯʥʦ, ʥʘ ʜʠʬʨʘʢʪʦʛʨʘʤʤʘʭ Ba- ʠ 

Sr-ʩʦʜʝʨʞʘʱʠʭ ʢʩʝʨʦʛʝʣʝʡ ʧʦʩʣʝ ʠʭ ʧʨʦʢʘʣʠʚʘʥʠʷ ʧʨʠ ʪʦʡ ʞʝ ʪʝʤʧʝʨʘʪʫʨʝ ʦʙʥʘʨʫʞʠʚʘʶʪʩʷ 

ʣʠʰʴ ʧʠʢʠ ʥʠʪʨʘʪʦʚ ʙʘʨʠʷ ʠ ʩʪʨʦʥʮʠʷ. ʈʝʬʣʝʢʩʳ ʥʠʪʨʘʪʦʚ ʤʘʨʛʘʥʮʘ ʠ ʣʘʥʪʘʥʘ ʥʘ ʦʙʩʫʞʜʘʝʤʳʭ 

ʜʠʬʨʘʢʪʦʛʨʘʤʤʘʭ ʥʝ ʦʙʥʘʨʫʞʠʚʘʶʪʩʷ, ʯʪʦ ʩ ʫʯʝʪʦʤ ʜʘʥʥʳʭ ʀʂ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʵʪʠ 

ʢʘʪʠʦʥʳ ʥʘʭʦʜʷʪʩʷ ʚ ʩʦʩʪʘʚʝ ʘʤʦʨʬʥʦʛʦ ʧʨʦʜʫʢʪʘ ʨʘʟʣʦʞʝʥʠʷ ʇɺʉ.  
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 ʈʠʩ.VI.1.7. ɼʠʬʨʘʢʪʦʛʨʘʤʤʳ ʧʦʨʦʰʢʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʭʦʜʝ ʩʠʥʪʝʟʘ Pb0.35La0.65MnO3 ʠʟ 

ʢʩʝʨʦʛʝʣʷ 1. ʧʨʦʢʘʣʝʥʥʦʛʦ ʚ ʪʝʯʝʥʠʝ 2 ʯʘʩʦʚ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ: 1 ï 200. 2 ï 400. 3 ï 

500. 4 - 600̄ C, ʠ (ʜʣʷ ʩʨʘʚʥʝʥʠʷ) 5 ï Pb(NO3)2 (ICSD, PDF#7815260), 6 ï Pb3ʆ2(NO3)2 (ICSD, 

PDF#400614), 7 ï PbO (ICSD, PDF#850711). 

 

ʇʨʦʢʘʣʠʚʘʥʠʝ ʢʩʝʨʦʛʝʣʝʡ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʠʥʪʝʥʩʠʚʥʳʤʠ ʤʘʩʩʦʧʦʪʝʨʷʤʠ, ʯʪʦ 

ʠʣʣʶʩʪʨʠʨʫʝʪʩʷ ʜʘʥʥʳʤʠ ʊɻɸ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʤʠ ʥʘ ʨʠʩ.VI.1.8,ʘ-ʙ ʜʣʷ Pb-ʩʦʜʝʨʞʘʱʠʭ 

ʢʩʝʨʦʛʝʣʝʡ. ʄʦʞʥʦ ʚʠʜʝʪʴ, ʯʪʦ ʠʥʪʝʥʩʠʚʥʦʝ ʫʤʝʥʴʰʝʥʠʝ ʤʘʩʩʳ ʢʩʝʨʦʛʝʣʝʡ, ʩʦʧʨʦʚʦʞʜʘʶʱʝʝʩʷ 

ʚʳʨʘʞʝʥʥʳʤʠ ʵʢʟʦʪʝʨʤʠʯʝʩʢʠʤʠ ʵʬʬʝʢʪʘʤʠ, ʥʘʙʣʶʜʘʝʪʩʷ ʜʣʷ ʢʩʝʨʦʛʝʣʷ 1 ʚʙʣʠʟʠ ~250̄ ʉ 

(ʢʨʠʚʘʷ ɼʉʂ ʥʘ ʨʠʩ.VI.1.8,ʘ), ʘ ʜʣʷ ʢʩʝʨʦʛʝʣʷ 2 ʥʝʩʢʦʣʴʢʦ ʨʘʥʴʰʝ, ʦʢʦʣʦ 170-180̄ ʉ (ʢʨʠʚʘʷ ɼʉʂ 

ʥʘ ʨʠʩ.VI.1.8,ʙ). ɺ ʧʦʩʣʝʜʥʝʤ ʩʣʫʯʘʝ ʵʪʦ ʩʚʷʟʘʥʦ ʩ ʧʨʠʩʫʪʩʪʚʠʝʤ ʚ ʩʦʩʪʘʚʝ ʢʩʝʨʦʛʝʣʷ 2 ʥʠʪʨʘʪʘ 

ʘʤʤʦʥʠʷ. ʆʜʥʘʢʦ ʚ ʦʪʣʠʯʠʝ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʬʝʨʨʠʪʘ ʥʠʢʝʣʷ, ʩʠʥʪʝʟ ʢʦʪʦʨʦʛʦ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʥʠʪʨʘʪʘ ʘʤʤʦʥʠʷ ʩʧʦʩʦʙʘʤʠ 2 ʠ 3 ʧʦʣʥʦʩʪʴʶ ʟʘʚʝʨʰʘʝʪʩʷ ʚ ʭʦʜʝ ʥʘʛʨʝʚʘʥʠʷ ʢʩʝʨʦʛʝʣʷ ʜʦ ~200̄ ʉ 

ʠ 100-120̄ ʉ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʚʚʝʜʝʥʠʝ ʥʠʪʨʘʪʘ ʘʤʤʦʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʦʢʠʩʣʠʪʝʣʷ ʧʨʠ ʩʠʥʪʝʟʝ 

ʤʘʥʛʘʥʠʪʘ ʩʚʠʥʮʘ-ʣʘʥʪʘʥʘ ʧʨʠʚʦʜʠʪ ʣʠʰʴ ʢ ʫʩʢʦʨʝʥʥʦʡ ʜʝʩʪʨʫʢʮʠʠ ʇɺʉ, ʥʦ ʥʝ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʤʫ ʬʦʨʤʠʨʦʚʘʥʠʶ ʠʩʢʦʤʦʡ ʬʘʟʳ: ʧʦ ʜʘʥʥʳʤ ʈʌɸ, ʢʩʝʨʦʛʝʣʴ 2 ʧʦʩʣʝ 

ʧʨʦʢʘʣʠʚʘʥʠʷ ʧʨʠ 200-300̄ ʉ ʠʤʝʝʪ ʧʨʠʤʝʨʥʦ ʪʦʪ ʞʝ ʩʦʩʪʘʚ, ʯʪʦ ʠ ʢʩʝʨʦʛʝʣʴ 1. ʊʦ ʞʝ ʦʪʥʦʩʠʪʩʷ 

    - PbO 

    - Pb3O2(NO3)2 

    - Pb(NO3)2 

2Q 

7 

6 

5 

1 

2 

3 

4 
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ʠ ʢ Ba- ʠ Sr-ʩʦʜʝʨʞʘʱʠʤ ʢʩʝʨʦʛʝʣʷʤ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʩʠʥʪʝʟʝ ʤʘʥʛʘʥʠʪʦʚ, ʢʘʢ ʠ ʧʨʠ 

ʧʦʣʫʯʝʥʠʠ ɾʀɻ, ʚʚʝʜʝʥʠʝ NH4NO3 ʚ ʢʘʯʝʩʪʚʝ ʦʢʠʩʣʠʪʝʣʷ ʩʣʝʜʫʝʪ ʧʨʠʟʥʘʪʴ ʥʝʮʝʣʝʩʦʦʙʨʘʟʥʳʤ. 
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ʈʠʩ.VI.1.8. ɼʘʥʥʳʝ ʊɻɸ (ʢʨʠʚʳʝ 1) ʠ ɼʉʂ (ʢʨʠʚʳʝ 2) ʜʣʷ ʢʩʝʨʦʛʝʣʝʡ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʭʦʜʝ ʩʠʥʪʝʟʘ 

Pb0.35La0.65MnO3 ʩʧʦʩʦʙʘʤʠ 1 (ʘ) ʠ 2 (ʙ). 

ɺ ʭʦʜʝ ʧʦʩʣʝʜʫʶʱʝʛʦ ʧʨʦʢʘʣʠʚʘʥʠʷ ʢʩʝʨʦʛʝʣʝʡ ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 400-500̄ ʉ 

ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʦʪʝʢʘʥʠʝ ʜʚʫʭ ʧʘʨʘʣʣʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ - ʨʘʟʣʦʞʝʥʠʷ ʥʠʪʨʘʪʦʚ ʩʚʠʥʮʘ, ʙʘʨʠʷ ʠʣʠ 

ʩʪʨʦʥʮʠʷ ʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʬʘʟʳ ʧʝʨʦʚʩʢʠʪʘ. ʉʦʛʣʘʩʥʦ [398], ʥʠʪʨʘʪ ʩʚʠʥʮʘ ʨʘʟʣʘʛʘʝʪʩʷ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʚʳʰʝ 200ʉ̄ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ PbO, ʦʙʨʘʟʫʷ ʨʷʜ ʦʢʩʦʥʠʪʨʘʪʦʚ ʚ ʢʘʯʝʩʪʚʝ 

ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʜʘʥʥʳʤʠ ʈʌɸ, ʧʦʣʫʯʝʥʥʳʤʠ ʠ ʚ ʥʘʩʪʦʷʱʝʡ 

ʨʘʙʦʪʝ. ʅʘ ʨʠʩ.VI.1.7, ʧʨʦʬʠʣʠ 2-3 ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʠʬʨʘʢʪʦʛʨʘʤʤʳ Pb-ʩʦʜʝʨʞʘʱʝʛʦ ʢʩʝʨʦʛʝʣʷ 1, 

ʧʨʦʢʘʣʝʥʥʦʛʦ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 400 ʠ 500ʉ̄. ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʦʙʨʘʟʮʳ ʩʦʜʝʨʞʘʪ 
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ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʦʢʩʦʥʠʪʨʘʪ ʩʦʩʪʘʚʘ Pb3O2(NO3)2, ʚʦ ʚʪʦʨʦʤ ï ʦʢʩʠʜ ʩʚʠʥʮʘ (II). ɼʣʷ 

Pb-ʩʦʜʝʨʞʘʱʝʛʦ ʢʩʝʨʦʛʝʣʷ 2 ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʭʦʞʘʷ ʢʘʨʪʠʥʘ. ɺ ʩʣʫʯʘʝ Ba- ʠ Sr-ʩʦʜʝʨʞʘʱʠʭ 

ʢʩʝʨʦʛʝʣʝʡ ʧʦʩʣʝ ʠʭ ʦʙʞʠʛʘ ʧʨʠ 500ʉ̄ ʨʝʬʣʝʢʩʳ ʥʠʪʨʘʪʦʚ ʱʝʣʦʯʥʦʟʝʤʝʣʴʥʳʭ ʢʘʪʠʦʥʦʚ ʪʘʢʞʝ 

ʧʦʣʥʦʩʪʴʶ ʠʩʯʝʟʘʶʪ, ʥʦ ʧʦʷʚʣʷʶʪʩʷ ʧʠʢʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʢʘʨʙʦʥʘʪʦʚ. 

ʏʪʦ ʢʘʩʘʝʪʩʷ ʬʘʟʳ ʧʝʨʦʚʩʢʠʪʘ, ʪʦ ʦʥʘ ʚʧʝʨʚʳʝ ʦʙʥʘʨʫʞʠʚʘʝʪʩʷ ʚ ʦʙʨʘʟʮʘʭ ʣʠʰʴ ʧʦʩʣʝ ʠʭ 

ʧʨʦʢʘʣʠʚʘʥʠʷ ʧʨʠ 500ʉ̄ (ʨʠʩ.VI.1.7, ʧʨʦʬʠʣʴ 3), ʢʦʛʜʘ ʚ ʥʠʭ ʦʜʥʦʚʨʝʤʝʥʥʦ ʚ ʢʘʯʝʩʪʚʝ ʦʪʜʝʣʴʥʳʭ 

ʬʘʟ ʪʘʢʞʝ ʩʦʜʝʨʞʘʪʩʷ ʦʢʩʠʜ ʩʚʠʥʮʘ ʣʠʙʦ ʢʘʨʙʦʥʘʪʳ ʙʘʨʠʷ ʠ ʩʪʨʦʥʮʠʷ. ʕʪʦ ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ 

ʬʦʨʤʠʨʫʶʱʘʷʩʷ ʥʘ ʜʘʥʥʦʤ ʵʪʘʧʝ ʧʝʨʦʚʩʢʠʪʦʧʦʜʦʙʥʘʷ ʬʘʟʘ ʦʙʦʛʘʱʝʥʘ ʣʘʥʪʘʥʦʤ ʠ ʝʝ ʩʦʩʪʘʚ 

ʤʦʞʝʪ ʙʳʪʴ ʦʪʨʘʞʝʥ ʬʦʨʤʫʣʦʡ Lʘ1-xAxMnO3 (ɸ = Pb, Ba, Sr), ʛʜʝ ʭ << 0.35.  

ɺ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 500-600̄ ʉ ʠʤʝʶʱʠʡʩʷ ʚ Pb-ʩʦʜʝʨʞʘʱʠʭ ʩʠʩʪʝʤʘʭ ʦʢʩʠʜ ʩʚʠʥʮʘ 

ʨʝʘʛʠʨʫʝʪ ʩ ʧʝʨʚʠʯʥʦ ʦʙʨʘʟʫʶʱʝʡʩʷ ʧʝʨʦʚʩʢʠʪʦʧʦʜʦʙʥʦʡ ʬʘʟʦʡ. ʉʫʜʷ ʧʦ ʜʘʥʥʳʤ ɼʉʂ 

(ʨʠʩ.VI.1.8,ʘ-ʙ), ʵʪʦʪ ʧʨʦʮʝʩʩ ʥʝ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʚʳʨʘʞʝʥʥʳʤʠ ʪʝʧʣʦʚʳʤʠ ʵʬʬʝʢʪʘʤʠ, ʥʦ 

ʧʨʠʚʦʜʠʪ ʢ ʥʝʙʦʣʴʰʦʡ ʧʦʪʝʨʝ ʤʘʩʩʳ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʦʪʥʝʩʝʥʦ ʢ ʫʜʘʣʝʥʠʶ ʦʩʪʘʪʢʦʚ ʫʛʣʝʨʦʜʘ. ɺ 

ʭʦʜʝ ʦʙʞʠʛʘ Pb-ʩʦʜʝʨʞʘʱʝʛʦ ʢʩʝʨʦʛʝʣʷ 1 ʧʨʠ 600ʉ̄ ʚ ʪʝʯʝʥʠʝ 2 ʯʘʩʦʚ ʵʪʦʪ ʧʨʦʮʝʩʩ ʧʦʣʥʦʩʪʴʶ 

ʟʘʚʝʨʰʘʝʪʩʷ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʜʘʥʥʳʤʠ ʈʌɸ (ʨʠʩ.VI.1.7, ʧʨʦʬʠʣʴ 4).  

ʏʪʦ ʢʘʩʘʝʪʩʷ ʢʩʝʨʦʛʝʣʷ 2, ʪʦ ʧʦʩʣʝ ʦʙʞʠʛʘ ʚ ʘʥʘʣʦʛʠʯʥʦʤ ʨʝʞʠʤʝ ʧʨʦʜʫʢʪ ʩʦʜʝʨʞʠʪ 

ʥʝʙʦʣʴʰʠʝ ʢʦʣʠʯʝʩʪʚʘ ʥʝʧʨʦʨʝʘʛʠʨʦʚʘʚʰʝʛʦ ʦʢʩʠʜʘ ʩʚʠʥʮʘ, ʦʪ ʢʦʪʦʨʦʛʦ ʫʜʘʝʪʩʷ ʠʟʙʘʚʠʪʴʩʷ 

ʣʠʰʴ ʧʦʩʣʝ ʜʚʫʭʯʘʩʦʚʦʡ ʚʳʜʝʨʞʢʠ ʧʨʠ 700ʉ̄. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʘ ʜʠʬʨʘʢʪʦʛʨʘʤʤʘʭ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʜʘʥʥʳʤ ʪʝʤʧʝʨʘʪʫʨʘʤ ʦʙʞʠʛʘ, ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʨʦʤʙʦʵʜʨʠʯʝʩʢʦʛʦ ʠʩʢʘʞʝʥʠʷ 

ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ La0.65Pb0.35MnO3 ʨʘʩʱʝʧʣʝʥʠʷ ʨʝʬʣʝʢʩʦʚ ʦʪʩʫʪʩʪʚʫʶʪ, ʦʥʠ ʧʦʷʚʣʷʶʪʩʷ 

ʣʠʰʴ ʧʦʩʣʝ ʧʨʦʢʘʣʠʚʘʥʠʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ >700̄ ʉ.  

ɺ ʩʣʫʯʘʝ Ba- ʠ Sr-ʩʦʜʝʨʞʘʱʠʭ ʤʘʥʛʘʥʠʪʦʚ ʧʨʦʮʝʩʩ ʠʭ ʩʠʥʪʝʟʘ ʟʘʚʝʨʰʘʝʪʩʷ ʣʠʰʴ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 1000ʉ̄, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʚʳʩʦʢʦʡ ʪʝʨʤʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʴʶ BaCO3 ʠ 

SrCO3, ʩʦʭʨʘʥʷʶʱʠʭʩʷ ʚ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʩʥʳʭ ʬʘʟ ʚ ʟʘʤʝʪʥʳʭ ʢʦʣʠʯʝʩʪʚʘʭ ʚʧʣʦʪʴ ʜʦ 900ʉ̄. 

VI.1.4. ʆʨʪʦʬʝʨʨʠʪ ʠ ʬʝʨʨʦʤʘʥʛʘʥʠʪ ʚʠʩʤʫʪʘ 

ʅʘ ʨʠʩ.VI.1.9 ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʘʥʥʳʝ ʈʌɸ ʦʙʨʘʟʮʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʭʦʜʝ ʩʠʥʪʝʟʘ BiFeO3 

ʩʧʦʩʦʙʘʤʠ 1ʘ ʠ 1ʙ. ɺʧʣʦʪʴ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ 400ʉ̄ ʦʙʨʘʟʮʳ ʦʩʪʘʶʪʩʷ ʨʝʥʪʛʝʥʦʘʤʦʨʬʥʳʤʠ 

(ʨʠʩ.VI.1.9, ʧʨʦʬʠʣʴ 1) ʠ ʣʠʰʴ ʧʦʩʣʝ ʚʳʜʝʨʞʢʠ ʧʨʠ 500ʉ̄ ʧʦʷʚʣʷʶʪʩʷ ʷʨʢʠʝ ʨʝʬʣʝʢʩʳ BiFeO3, 

ʧʨʠ ʵʪʦʤ ʤʘʪʝʨʠʘʣ, ʠʟʛʦʪʦʚʣʝʥʥʳʡ ʩʧʦʩʦʙʦʤ 1ʘ, ʥʝ ʩʦʜʝʨʞʠʪ ʧʦʩʪʦʨʦʥʥʠʭ ʬʘʟ (ʨʠʩ.VI.1.9, 

ʧʨʦʬʠʣʴ 2), ʘ ʚ ʦʙʨʘʟʮʝ, ʧʦʣʫʯʝʥʥʦʤ ʩʧʦʩʦʙʦʤ 1ʙ (ʙʝʟ 5%-ʥʦʛʦ ʠʟʙʳʪʢʘ Bi2O3), ʧʨʠʩʫʪʩʪʚʫʝʪ 

ʧʨʠʤʝʩʴ Bi2Fe4O9 (ʧʦʩʪʦʨʦʥʥʠʡ ʨʝʬʣʝʢʩ 2Q º 28, ʨʠʩ.VI.1.9, ʧʨʦʬʠʣʴ 3), ʦʪ ʢʦʪʦʨʦʡ ʫʜʘʝʪʩʷ 

ʠʟʙʘʚʠʪʴʩʷ ʣʠʰʴ ʧʦʩʣʝ ʦʙʞʠʛʘ ʧʨʠ 600ʉ̄ (ʨʠʩ.VI.1.9, ʧʨʦʬʠʣʴ 4). ʕʪʠ ʜʘʥʥʳʝ ʢʦʨʨʝʣʠʨʫʶʪ ʩ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʙʦʣʝʝ ʧʦʟʜʥʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ [404], ʚ ʢʦʪʦʨʦʤ ʦʨʪʦʬʝʨʨʠʪ ʚʠʩʤʫʪʘ ʩʠʥʪʝʟʠʨʦʚʘʥ 

ʠʟ ʛʝʣʷ ʥʘ ʦʩʥʦʚʝ ʇɺʉ ʪʘʢʞʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ~600̄ ʉ.  
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ʈʠʩ.VI.1.9. ɼʠʬʨʘʢʪʦʛʨʘʤʤʳ BiFeO3, ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʛʦ ʠʟ ʢʩʝʨʦʛʝʣʷ 1ʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 

400̄ ʉ (ʧʨʦʬʠʣʴ 1), 500ʉ̄ (ʧʨʦʬʠʣʴ 2), ʠ ʢʩʝʨʦʛʝʣʷ 1ʙ ʧʨʠ 500ʉ̄ (ʧʨʦʬʠʣʴ 3) ʠ 600ʉ̄  

(ʧʨʦʬʠʣʴ 4). 

ʅʘ ʨʠʩ.VI.1.10.ʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʘʥʥʳʝ ɼʉʂ ʠ ʊɻɸ ʢʩʝʨʦʛʝʣʷ, ʠʟʛʦʪʦʚʣʝʥʥʦʛʦ ʚ ʭʦʜʝ 

ʩʠʥʪʝʟʘ BiFeO3 ʩʧʦʩʦʙʦʤ 1ʘ. ʄʦʞʥʦ ʚʠʜʝʪʴ, ʯʪʦ ʧʨʦʮʝʩʩʳ ʦʢʠʩʣʝʥʠʷ ʢʩʝʨʦʛʝʣʷ 1ʘ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʢʠʩʣʦʨʦʜʘ ʚʦʟʜʫʭʘ ʟʘʚʝʨʰʘʶʪʩʷ ʣʠʰʴ ʢ ~500̄ ʉ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʘʥʥʳʝ ɼʉʂ ʠ ʊɻɸ ʜʣʷ ʩʦʩʪʘʚʘ, 

ʧʦʣʫʯʝʥʥʦʛʦ ʩʧʦʩʦʙʦʤ 1ʘ, ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʈʌɸ. 

ʀʪʘʢ, ʟʘʤʝʪʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʬʘʟʳ ʦʨʪʦʬʝʨʨʠʪʘ ʚʠʩʤʫʪʘ ʦʢʘʟʳʚʘʝʪ ʚʚʝʜʝʥʠʝ 

ʠʟʙʳʪʦʯʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʦʢʩʠʜʘ ʚʠʩʤʫʪʘ. ʆʩʥʦʚʳʚʘʷʩʴ ʥʘ ʘʥʘʣʠʟʝ ʬʘʟʦʚʦʡ ʜʠʘʛʨʘʤʤʳ [338, 405, 

406], ʨʝʟʫʣʴʪʘʪʘʭ ʪʚʝʨʜʦʬʘʟʥʦʛʦ ʩʠʥʪʝʟʘ ʦʨʪʦʬʝʨʨʠʪʘ ʚʠʩʤʫʪʘ [339] ʠ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ, ʩ 

ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʤʦʞʥʦ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʧʨʠʤʝʩʥʘʷ ʬʘʟʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʬʝʨʨʠʪ ʚʠʩʤʫʪʘ Bi2Fe4O9. ʊʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʨʝʘʢʮʠʠ ʦʙʨʘʟʦʚʘʥʠʷ 

Bi2Fe4O9 ʠ BiFeO3 ʠʟ ʦʢʩʠʜʦʚ ʢʦʥʢʫʨʠʨʫʶʪ ʤʝʞʜʫ ʩʦʙʦʡ.  

ʅʘ ʨʠʩ.VI.1.11 ʧʨʝʜʩʪʘʚʣʝʥʳ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʵʥʝʨʛʠʠ ɻʠʙʙʩʘ ʜʣʷ 

ʜʘʥʥʳʭ ʨʝʘʢʮʠʡ (ʜʣʷ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʨʝʘʢʮʠʠ ʫʨʘʚʥʝʥʳ ʥʘ 1 ʤʦʣʴ ʘʪʦʤʦʚ ʢʠʩʣʦʨʦʜʘ; 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʜʣʷ ʨʘʩʯʝʪʦʚ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ VI.1.1): 

1/6Bi2O3 + 1/6Fe2O3 ­ 1/3BiFeO3  (VI.1.11) 

DH 2̄98 = -22.2 ʢɼʞ/ʤʦʣʴ, DS̄ 298 = 48 ɼʞ/(ʤʦʣʴĿʂ) 

1/9Bi2O3 + 2/9Fe2O3 ­ 1/9Bi2Fe4O9 (VI.1.12) 

DH 2̄98 = -27.5 ʢɼʞ/ʤʦʣʴ, DS̄ 298 = 51 ɼʞ/(ʤʦʣʴĿʂ) 
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*  - ʧʦʩʪʦʨʦʥʥʷ ̫ʬʘʟʘ Bi2Fe4O9 
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ʈʠʩ.VI.1.10. ɼʘʥʥʳʝ ʊɻɸ (ʢʨʠʚʳʝ 1) ʠ ɼʉʂ (ʢʨʠʚʳʝ 2) ʜʣʷ ʢʩʝʨʦʛʝʣʝʡ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʭʦʜʝ ʩʠʥʪʝʟʘ 

BiFeO3 ʩʧʦʩʦʙʘʤʠ 1ʘ (ʘ) ʠ 2 (ʙ). 

2/9BiFeO3 + 1/9Fe2O3 ­ 1/9Bi2Fe4O9 (VI.1.13) 

DH 2̄98 = -13.3 ʢɼʞ/ʤʦʣʴ, DS̄ 298 = 14.6 ɼʞ/(ʤʦʣʴĿʂ) 

1/12Bi2Fe4O9 + 1/12Bi2O3 ­ 1/3BiFeO3 (VI.1.14) 

DH 2̄98 = -1.4 ʢɼʞ/ʤʦʣʴ, DS̄ 298 = 14.0 ɼʞ/(ʤʦʣʴĿʂ) 

ʀʟ ʨʠʩ.VI.1.11 ʤʦʞʥʦ ʚʠʜʝʪʴ, ʯʪʦ ʚ ʰʠʨʦʢʦʤ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʠʥʪʝʨʚʘʣʝ ʦʙʨʘʟʦʚʘʥʠʝ 

Bi2Fe4O9 ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠ ʥʝʩʢʦʣʴʢʦ ʙʦʣʝʝ ʚʳʛʦʜʥʦ, ʯʝʤ BiFeO3. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʨʝʘʢʮʠʠ 

(VI.1.14) ʠʟʤʝʥʝʥʠʝ ʵʥʪʘʣʴʧʠʠ DH 2̄98 º 0, ʧʦʵʪʦʤʫ ʢʦʥʩʪʘʥʪʘ ʨʘʚʥʦʚʝʩʠʷ ʩʣʘʙʦ ʟʘʚʠʩʠʪ ʦʪ 

ʪʝʤʧʝʨʘʪʫʨʳ (ʥʘʧʨʠʤʝʨ, ʧʨʠ 273 ʠ 1000 ʂ ʦʥʘ ʩʦʩʪʘʚʣʷʝʪ 0.1 ʠ 0.157 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). ʉʤʝʩʪʠʪʴ 

ʨʘʚʥʦʚʝʩʠʝ ʚ ʩʪʦʨʦʥʫ ʦʙʨʘʟʦʚʘʥʠʷ BiFeO3 ʤʦʞʥʦ ʧʫʪʝʤ ʜʦʙʘʚʣʝʥʠʷ ʠʟʙʳʪʦʯʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ 

ʦʢʩʠʜʘ ʚʠʩʤʫʪʘ, ʯʪʦ ʠ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʨʦʚʝʜʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. 
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ʈʠʩ.VI.1.11. ʊʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʵʥʝʨʛʠʠ ɻʠʙʙʩʘ ʜʣʷ ʨʝʘʢʮʠʡ ʩʠʥʪʝʟʘ  

BiFeO3 (1) ʠ Bi2Fe4O9 (2) ʠʟ ʦʢʩʠʜʦʚ. 

ʅʘ ʨʠʩ.VI.1.10,ʙ ʧʨʠʚʦʜʷʪʩʷ ʜʘʥʥʳʝ ɼʉʂ ʠ ʊɻɸ ʜʣʷ ʢʩʝʨʦʛʝʣʷ, ʧʦʣʫʯʝʥʥʦʛʦ ʩʧʦʩʦʙʦʤ 2 

(ʚ ʧʨʠʩʫʪʩʪʚʠʠ 5%-ʥʦʛʦ ʠʟʙʳʪʢʘ Bi2O3 ʠ ʧʨʠ ʯʘʩʪʠʯʥʦʡ ʟʘʤʝʥʝ ʢʠʩʣʦʨʦʜʘ ʥʘ ʥʠʪʨʘʪ ʘʤʤʦʥʠʷ). 

ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʩ ʨʠʩ.VI.1.10,ʘ ʫʢʘʟʳʚʘʝʪ, ʯʪʦ ʚʚʝʜʝʥʠʝ NH4NO3 ʥʘ ʵʪʘʧʝ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʛʝʣʷ, ʢʘʢ 

ʠ ʧʨʠ ʧʦʣʫʯʝʥʠʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʬʝʨʨʠʪʘ ʥʠʢʝʣʷ, ʨʝʟʢʦ ʠʟʤʝʥʷʝʪ ʧʦʚʝʜʝʥʠʝ ʦʙʨʘʟʮʘ ʧʨʠ 

ʥʘʛʨʝʚʘʥʠʠ: ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ~170̄ ʉ ʥʘʙʣʶʜʘʝʪʩʷ ʤʦʱʥʳʡ ʵʢʟʦʪʝʨʤʠʯʝʩʢʠʡ ʵʬʬʝʢʪ, 

ʩʦʧʨʦʚʦʞʜʘʶʱʠʡʩʷ ʨʝʟʢʦʡ ʧʦʪʝʨʝʡ ʤʘʩʩʳ ʦʙʨʘʟʮʘ; ʚʳʰʝ ʵʪʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʩʠʩʪʝʤʝ ʥʝ 

ʥʘʙʣʶʜʘʝʪʩʷ ʥʠʢʘʢʠʭ ʠʟʤʝʥʝʥʠʡ. ʈʝʥʪʛʝʥʦʬʘʟʦʚʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʦʙʨʘʟʮʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʩʧʦʩʦʙʦʤ 

2, ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʠʩʢʦʤʘʷ ʬʘʟʘ BiFeO3 ʦʙʨʘʟʫʝʪʩʷ ʚ ʧʨʦʮʝʩʩʝ ʥʘʛʨʝʚʘʥʠʷ ʚʳʩʫʰʝʥʥʦʛʦ ʧʨʠ 

120̄ ʉ ʛʝʣʷ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ 200-250̄ ʉ (ʨʠʩ.VI.1.12, ʧʨʦʬʠʣʴ 1), ʯʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʜʘʥʥʳʤʠ ɼʉʂ 

ʠ ʊɻɸ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʨʦʤʙʦʵʜʨʠʯʝʩʢʦʝ ʠʩʢʘʞʝʥʠʝ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ BiFeO3, 

ʧʦʣʫʯʝʥʥʦʛʦ ʚ ʵʪʠʭ ʫʩʣʦʚʠʷʭ, ʚʳʨʘʞʝʥʦ ʝʱʝ ʥʝʯʝʪʢʦ ʠ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʣʠʰʴ ʚ ʬʦʨʤʝ ʫʰʠʨʝʥʠʷ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʨʝʬʣʝʢʩʦʚ. ʍʘʨʘʢʪʝʨʥʳʝ ʨʘʩʱʝʧʣʝʥʠʷ ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʤʘʢʩʠʤʫʤʦʚ 

ʧʦʷʚʣʷʶʪʩʷ ʣʠʰʴ ʧʦʩʣʝ ʦʙʞʠʛʦʚ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ >500ʉ̄. ɸʥʘʣʦʛʠʯʥʳʝ ʜʘʥʥʳʝ ʧʦʣʫʯʝʥʳ ʧʨʠ 

ʩʠʥʪʝʟʝ ʦʨʪʦʬʝʨʨʠʪʘ ʚʠʩʤʫʪʘ ʩʧʦʩʦʙʦʤ 3. ʆʙʞʠʛ ʦʙʨʘʟʮʦʚ BiFeO3, ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʣʶʙʳʤ ʠʟ 

ʦʙʩʫʞʜʘʝʤʳʭ ʩʧʦʩʦʙʦʚ, ʧʨʠ 800ʉ̄ ʠ ʚʳʰʝ ʠʥʠʮʠʠʨʫʝʪ ʨʘʟʣʦʞʝʥʠʝ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʧʨʦʜʫʢʪʦʚ. 

ʂʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ.VI.1.12, ʧʨʦʬʠʣʴ 2, ʥʘ ʜʠʬʨʘʢʪʦʛʨʘʤʤʘʭ ʥʘʨʷʜʫ ʩ ʦʩʥʦʚʥʳʤʠ ʨʝʬʣʝʢʩʘʤʠ 

ʧʦʷʚʣʷʶʪʩʷ ʧʠʢʠ Bi2Fe4O9 ʠ ʢʫʙʠʯʝʩʢʠʭ ʬʘʟ ʥʘ ʦʩʥʦʚʝ Bi2O3 (ʧʨʦʬʠʣʠ 3 ʠ 4 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ).  
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ʈʠʩ.VI.1.12. ɼʠʬʨʘʢʪʦʛʨʘʤʤʳ BiFeO3, ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʛʦ ʠʟ ʢʩʝʨʦʛʝʣʷ 2 ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 

300̄ ʉ (ʧʨʦʬʠʣʴ 1) ʠ 800ʉ̄ (ʧʨʦʬʠʣʴ 2) ʠ (ʜʣʷ ʩʦʧʦʩʪʘʚʣʝʥʠʷ) Bi2Fe4O9 (ʧʨʦʬʠʣʴ 3, ICSD, 

PDF#741098) ʠ Bi25.04Fe0.84O40 (ʧʨʦʬʠʣʴ 4, ICSD, PDF#821316). 

ʀʪʘʢ, ʚʚʝʜʝʥʠʝ ʥʠʪʨʘʪʘ ʘʤʤʦʥʠʷ ʥʘ ʵʪʘʧʝ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʛʝʣʷ ʧʦʟʚʦʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʦ (ʥʘ 

~300̄ ) ʩʥʠʟʠʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʩʠʥʪʝʟʘ ʦʨʪʦʬʝʨʨʠʪʘ ʚʠʩʤʫʪʘ, ʧʨʠ ʵʪʦʤ ʚ ʦʪʣʠʯʠʝ ʦʪ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʬʝʨʨʠʪʘ ʥʠʢʝʣʷ ʧʦʣʫʯʝʥʠʝ BiFeO3 ʩʧʦʩʦʙʦʤ 3 (ʧʨʠ ʧʦʣʥʦʡ ʟʘʤʝʥʝ 

ʢʠʩʣʦʨʦʜʘ ʥʘ ʥʠʪʨʘʪ ʘʤʤʦʥʠʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʫʨʘʚʥʝʥʠʝʤ (VI.1.7)) ʥʝ ʧʨʠʚʦʜʠʪ ʢ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʤʫ ʩʥʠʞʝʥʠʶ ʪʝʤʧʝʨʘʪʫʨʳ ʩʠʥʪʝʟʘ ʮʝʣʝʚʦʛʦ ʧʨʦʜʫʢʪʘ.  

ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ BiFeO3 ʚ ʩʣʫʯʘʝ BiFe0.5Mn0.5O3 ʟʘʤʝʥʘ ʧʦʣʦʚʠʥʳ ʞʝʣʝʟʘ ʥʘ ʤʘʨʛʘʥʝʮ 

ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʝʪ ʥʘ ʧʨʦʮʝʩʩʳ ʬʘʟʦʦʙʨʘʟʦʚʘʥʠʷ. ʅʘ ʨʠʩ.VI.1.13 ʧʨʠʚʝʜʝʥʳ ʜʘʥʥʳʝ ʈʌɸ ʜʣʷ 

ʧʦʨʦʰʢʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʟʦʣʴ-ʛʝʣʴ-ʤʝʪʦʜʦʤ ʚ ʭʦʜʝ ʩʠʥʪʝʟʘ BiFe0.5Mn0.5O3 ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʙʞʠʛʦʚ 

ʧʨʠ 850ʉ̄ ʢʩʝʨʦʛʝʣʷ 1 (ʨʠʩ.VI.1.13,ʘ) ʠ ʢʩʝʨʦʛʝʣʷ 2 (ʨʠʩ.VI.1.13,ʙ) ʠ (ʜʣʷ ʩʦʧʦʩʪʘʚʣʝʥʠʷ) 

ʜʠʬʨʘʢʪʦʛʨʘʤʤʳ BiFeO3 ʠ Bi24Mn2O40. ʄʦʞʥʦ ʚʠʜʝʪʴ, ʯʪʦ ʥʠʪʨʘʪ ʘʤʤʦʥʠʷ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʩʪʘʙʠʣʠʟʘʮʠʠ ʢʫʙʠʯʝʩʢʦʡ ʬʘʟʳ ʥʘ ʦʩʥʦʚʝ Bi2O3 ʠ ʩʦʭʨʘʥʝʥʠʶ ʝʝ ʚ ʙʦʣʴʰʠʭ ʢʦʣʠʯʝʩʪʚʘʭ ʜʘʞʝ 

ʧʦʩʣʝ ʦʙʞʠʛʘ ʧʦʨʦʰʢʘ ʧʨʠ 850ʉ̄. ʉʠʥʪʝʟ BiFe0.5Mn0.5O3 ʙʝʟ ʥʠʪʨʘʪʘ ʘʤʤʦʥʠʷ ʧʦʟʚʦʣʷʝʪ ʠʟʙʝʞʘʪʴ 

ʵʪʦʡ ʧʨʦʙʣʝʤʳ, ʥʦ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʚʝʨʜʦʬʘʟʥʳʤ ʩʠʥʪʝʟʦʤ ʥʝ ʧʨʠʚʦʜʠʪ ʢ ʧʦʣʫʯʝʥʠʶ ʙʦʣʝʝ 

ʯʠʩʪʦʛʦ ʧʨʦʜʫʢʪʘ.  
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ʈʠʩ.VI.1.13. ɼʠʬʨʘʢʪʦʛʨʘʤʤʳ BiFe0.5Mn0.5O3, ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʛʦ ʟʦʣʴ-ʛʝʣʴ-ʤʝʪʦʜʦʤ ʠʟ 

ʢʩʝʨʦʛʝʣʷ 1 (1) ʠ 2 (2) ʠ (ʜʣʷ ʩʨʘʚʥʝʥʠʷ) BiFeO3 (3, ICSD, PDF#821254) ʠ Bi24Mn2O40 (4, ICSD, 

PDF#821254). 

 

0 200 400 600 800 1000
0

100

200

300

400

D
,
 
ʥ
ʤ

T,
0
C

 

ʈʠʩ.VI.1.14. ɿʘʚʠʩʠʤʦʩʪʴ ʩʨʝʜʥʠʭ ʨʘʟʤʝʨʦʚ ʯʘʩʪʠʮ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʦʙʞʠʛʘ:  

ʘ ï Ni0.9Co0.1Cu0.1Fe1.9O4-d, ʙ ï BiFeO3, ʚ ï Y3Fe5O12, ʛ ï Pb0.35La0.65MnO3. 

 - ʧʝʨʦʚʩʢʠʪ 

 - ʢʫʙʠʯʝʩʢʠʝ ʬʘʟʳ ʥʘ ʦʩʥʦʚʝ Bi2O3  

 - ʥʝʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʥʳʝ ʬʘʟʳ 
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ʈʘʟʨʘʙʦʪʘʥʥʳʝ ʤʝʪʦʜʳ ʩʠʥʪʝʟʘ ʦʙʩʫʞʜʘʝʤʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʦʟʚʦʣʷʶʪ 

ʧʦʣʫʯʘʪʴ ʧʨʦʜʫʢʪʳ ʩ ʥʘʥʦʨʘʟʤʝʨʥʳʤʠ ʯʘʩʪʠʮʘʤʠ, ʩʨʝʜʥʠʝ ʨʘʟʤʝʨʳ ʢʦʪʦʨʳʭ ʧʦʩʣʝ ʩʠʥʪʝʟʘ ʧʨʠ 

ʤʠʥʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʧʦ ʜʘʥʥʳʤ ʈʌɸ ʩʦʩʪʘʚʣʷʶʪ ʚ ʩʣʫʯʘʝ 

Ni0.9Co0.1Cu0.1Fe1.9O4-d, ʧʦʣʫʯʝʥʥʦʛʦ ʩʧʦʩʦʙʦʤ 3 ʧʨʠ 100ʉ̄, ~50 ʥʤ, ʜʣʷ Y3Fe5O12 ʠ 

Pb0.35La0.65MnO3, ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʩʧʦʩʦʙʦʤ 1 ʧʨʠ 700 ʠ 600ʉ̄ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ~35 ʥʤ, ʚ ʩʣʫʯʘʝ 

BiFeO3, ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʛʦ ʩʧʦʩʦʙʦʤ 2 ʧʨʠ 250ʉ̄, ~20 ʥʤ. ʅʘ ʨʠʩ.VI.1.14,ʘ-ʛ ʧʦʢʘʟʘʥʳ 

ʟʘʚʠʩʠʤʦʩʪʠ ʩʨʝʜʥʠʭ ʨʘʟʤʝʨʦʚ ʯʘʩʪʠʮ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʦʙʞʠʛʘ. ʄʦʞʥʦ ʚʠʜʝʪʴ, ʯʪʦ ʧʨʠ 

ʧʦʚʳʰʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʨʘʟʤʝʨʳ ʯʘʩʪʠʮ ʫʚʝʣʠʯʠʚʘʶʪʩʷ, ʧʨʠʯʝʤ ʦʩʦʙʝʥʥʦ ʨʝʟʢʦ ʧʦʩʣʝ ʦʙʞʠʛʦʚ 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ >700̄ ʉ. 

VI .2. ʇʦʣʫʯʝʥʠʝ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʟʦʣ-ɹʛʝʣʴ-ʤʝʪʦʜʦʤ Pechini 

ɼʣʷ ʩʠʥʪʝʟʘ ʪʠʪʘʥʘʪʘ ʙʘʨʠʷ ʠ ʎʊʉʅɺ-1 ʚ ʨʘʤʢʘʭ ʥʘʩʪʦʷʱʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ 

ʨʘʟʨʘʙʦʪʘʥʳ ʤʝʪʦʜʳ, ʚ ʦʩʥʦʚʝ ʢʦʪʦʨʳʭ ʣʝʞʘʣʘ ʰʠʨʦʢʦ ʠʟʚʝʩʪʥʘʷ ʠʜʝʷ Pechini [407], 

ʟʘʢʣʶʯʘʶʱʘʷʩʷ ʚ ʪʦʤ, ʯʪʦ ʚ ʭʦʜʝ ʩʠʥʪʝʟʘ ʩʦʣʠ ʤʝʪʘʣʣʦʚ ʚʥʦʩʷʪ ʚ ʨʘʩʪʚʦʨ ʣʠʤʦʥʥʦʡ 

ʢʠʩʣʦʪʳ ʚ ʵʪʠʣʝʥʛʣʠʢʦʣʝ, ʠ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʚʳʰʝ 100Üʉ ʤʦʣʝʢʫʣʳ ʵʪʠʣʝʥʛʣʠʢʦʣʷ ʠ ʣʠʤʦʥʥʦʡ 

ʢʠʩʣʦʪʳ ʚʩʪʫʧʘʶʪ ʚ ʨʝʘʢʮʠʶ ʧʦʣʠʢʦʥʜʝʥʩʘʮʠʠ, ʢʦʪʦʨʘʷ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʧʦʣʠʤʝʨʥʦʛʦ 

ʛʝʣʷ. ʉʯʠʪʘʝʪʩʷ, ʯʪʦ ʦʙʨʘʟʦʚʘʥʠʝ ʮʠʪʨʘʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʝʪʘʣʣʦʚ ʥʠʚʝʣʠʨʫʝʪ ʨʘʟʥʠʮʫ ʚ 

ʠʥʜʠʚʠʜʫʘʣʴʥʦʤ ʧʦʚʝʜʝʥʠʠ ʢʘʪʠʦʥʦʚ ʚ ʨʘʩʪʚʦʨʝ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʙʦʣʝʝ ʧʦʣʥʦʤʫ ʩʤʝʰʝʥʠʶ ʠ 

ʧʦʟʚʦʣʷʝʪ ʠʟʙʝʞʘʪʴ ʧʨʦʮʝʩʩʦʚ ʨʘʟʜʝʣʴʥʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʥʘ ʧʦʩʣʝʜʫʶʱʠʭ ʩʪʘʜʠʷʭ ʩʠʥʪʝʟʘ. 

ʇʨʠ ʥʘʛʨʝʚʘʥʠʠ ʚʳʰʝ 400Üʉ ʥʘʯʠʥʘʶʪʩʷ ʧʨʦʮʝʩʩʳ ʦʢʠʩʣʝʥʠʷ ʠ ʧʠʨʦʣʠʟʘ ʧʦʣʠʤʝʨʥʦʡ ʤʘʪʨʠʮʳ, 

ʧʨʠʚʦʜʷʱʠʝ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʨʝʥʪʛʝʥʦʘʤʦʨʬʥʦʛʦ ʦʢʩʠʜʥʦʛʦ ʠ/ʠʣʠ ʢʘʨʙʦʥʘʪʥʦʛʦ ʧʨʝʢʫʨʩʦʨʘ. 

ʇʦʩʣʝʜʫʶʱʘʷ ʪʝʨʤʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʵʪʦʛʦ ʧʨʝʢʫʨʩʦʨʘ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʥʫʞʥʳʡ ʤʘʪʝʨʠʘʣ ʩ 

ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʦʜʥʦʨʦʜʥʦʩʪʠ ʠ ʜʠʩʧʝʨʩʥʦʩʪʠ. 

VI.2.1. ʊʠʪʘʥʘʪ ʙʘʨʠʷ 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ BaTiO3 (ʩʧʦʩʦʙ 1) ʚʟʚʝʰʠʚʘʣʠ ʥʝʦʙʭʦʜʠʤʳʝ ʢʦʣʠʯʝʩʪʚʘ ʣʠʤʦʥʥʦʢʠʩʣʦʛʦ 

ʪʠʪʘʥʘ, ʢʘʨʙʦʥʘʪʘ ʙʘʨʠʷ ʠ ʣʠʤʦʥʥʦʡ ʢʠʩʣʦʪʳ, ʨʘʩʪʚʦʨʷʣʠ ʚ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʝ ʧʨʠ 

ʥʘʛʨʝʚʘʥʠʠ, ʨʘʩʪʚʦʨʳ ʩʣʠʚʘʣʠ ʚʤʝʩʪʝ, ʜʦʚʦʜʠʣʠ ʨʅ ʜʦ 6-7. ɺ ʜʘʥʥʦʤ ʠʥʪʝʨʚʘʣʝ ʨʅ, ʩʦʛʣʘʩʥʦ 

[408], ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʘʟʦʚʘʥʠʝ ʮʠʪʨʘʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʙʘʨʠʷ ʠ ʪʠʪʘʥʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʫʨʘʚʥʝʥʠʷʤʠ ʨʝʘʢʮʠʡ: 

TiO2
.xH2O + 3H8C6O7 + 2NH4OH = (NH4)2[Ti(C6H5O6OH)3] + (x+7)H2O (VI.2.1),  

Kʥʝʩʪ.= 1,2.10-12, 

ɺʘ(ʆʅ) 2 + 3H8C6O7 + 4NH4OH = (NH4)4[Ba(C6H5O6OH)3] + 6H2O  (VI.2.2), 

Kʥʝʩʪ.= 1,3.10-3. 
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ɼʘʣʝʝ ʢ ʨʘʩʪʚʦʨʫ ʜʦʙʘʚʣʷʣʠ ʛʣʠʮʝʨʠʥ ʚ ʤʦʣʴʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ ʣʠʤʦʥʥʘʷ ʢʠʩʣʦʪʘ : 

ʤʥʦʛʦʘʪʦʤʥʳʡ ʩʧʠʨʪ = 3:1 ʠ ʨʘʩʪʚʦʨ ʚʳʧʘʨʠʚʘʣʠ. ɺ ʧʨʦʮʝʩʩʝ ʚʳʧʘʨʠʚʘʥʠʷ ʧʨʦʠʩʭʦʜʠʣʘ ʨʝʘʢʮʠʷ 

ʵʪʝʨʠʬʠʢʘʮʠʠ, ʦʙʨʘʟʦʚʳʚʘʣʩʷ ʧʦʣʠʤʝʨʥʳʡ ʢʘʨʢʘʩ, ʬʨʘʛʤʝʥʪ ʢʦʪʦʨʦʛʦ ʩʭʝʤʘʪʠʯʥʦ ʧʨʝʜʩʪʘʚʣʝʥ 

ʥʘ ʨʠʩ.VI.2.1, ʚʥʫʪʨʠ ʢʦʪʦʨʦʛʦ ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʷʣʠʩʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʢʘʪʠʦʥʳ: 

(NH4)4[Ba(C6H5O6OH)3] + (NH4)2[Ti(C6H5O6OH)3]  + 2ʉ3ʅ5(ʆʅ)3 ­   (VI.2.3). 

(NH4)6[BaTi(C6H5O7)6(ʉ3ʅ5O)2] + 6H2O   

 

 

 

 

 

 

 

 

ʉ ʮʝʣʴʶ ʦʧʪʠʤʠʟʘʮʠʠ ʛʝʣʴ-ʤʝʪʦʜʘ ʩʠʥʪʝʟʘ ʪʠʪʘʥʘʪʘ ʙʘʨʠʷ ʙʳʣʠ ʧʨʝʜʧʨʠʥʷʪʳ ʧʦʧʳʪʢʠ 

ʟʘʤʝʥʳ ʛʣʠʮʝʨʠʥʘ ʥʘ ʵʪʠʣʝʥʛʣʠʢʦʣʴ, ʘ ʪʘʢʞʝ ʚʘʨʴʠʨʦʚʘʣʦʩʴ ʩʦʜʝʨʞʘʥʠʝ ʣʠʤʦʥʥʦʡ ʢʠʩʣʦʪʳ 

ʧʫʪʝʤ ʝʝ ʟʘʤʝʥʳ ʥʘ ʘʟʦʪʥʫʶ ʢʠʩʣʦʪʫ. ɹʳʣʠ ʚʥʝʩʝʥʳ ʩʣʝʜʫʶʱʠʝ ʚʘʨʠʘʮʠʠ ʚ ʤʝʪʦʜʠʢʫ ʩʠʥʪʝʟʘ: 

ʩʧʦʩʦʙ 2 - ʤʦʣʴʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʣʠʤʦʥʥʘʷ ʢʠʩʣʦʪʘ : ʢʘʪʠʦʥ = 3:1, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʵʪʠʣʝʥʛʣʠʢʦʣʷ, ʩʧʦʩʦʙ 3 - ʤʦʣʴʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʣʠʤʦʥʥʘʷ ʢʠʩʣʦʪʘ : ʪʠʪʘʥ = 1:1 ʠ HNO3 : ʙʘʨʠʡ 

= 1:1, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʛʣʠʮʝʨʠʥʘ.  

ɼʣʷ ʠʟʫʯʝʥʠʷ ʬʘʟʦʦʙʨʘʟʦʚʘʥʠʷ ʚʳʩʫʰʝʥʥʳʝ ʛʝʣʠ ʚʳʜʝʨʞʠʚʘʣʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʦʪ 400 

ʜʦ 700ʉ̄ ʯʝʨʝʟ ʢʘʞʜʳʝ 100ʉ̄ ʚ ʪʝʯʝʥʠʝ 1.5 ʯʘʩʦʚ. ʂʘʞʜʫʶ ʧʦʨʮʠʶ ʧʦʩʣʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ 

ʦʙʞʠʛʘ ʠʟʫʯʘʣʠ ʤʝʪʦʜʦʤ ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʠʟʘ (ʈʌɸ) ʥʘ ʜʠʬʨʘʢʪʦʤʝʪʨʝ ɼʈʆʅ-2.0 ʚ 

Cuʂa-ʠʟʣʫʯʝʥʠʠ. 

ʉ ʮʝʣʴʶ ʩʨʘʚʥʝʥʠʷ ʩʚʦʡʩʪʚ ʪʠʪʘʥʘʪʘ ʙʘʨʠʷ, ʧʦʣʫʯʝʥʥʦʛʦ ʪʚʝʨʜʦʬʘʟʥʳʤ ʠ ʛʝʣʴ-ʤʝʪʦʜʘʤʠ, 

ʠʟ ʧʦʨʦʰʢʦʚ BaTiO3 ʧʨʝʩʩʦʚʘʣʠ ʚ ʪʘʙʣʝʪʢʠ ʠ ʩʧʝʢʘʣʠ ʥʘ ʚʦʟʜʫʭʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1150ʉ̄ 

(ʛʝʣʴ-ʤʝʪʦʜ) ʠ 1320ʉ̄ (ʪʚʝʨʜʦʬʘʟʥʳʡ ʤʝʪʦʜ) ʚ ʪʝʯʝʥʠʝ 2 ʯʘʩʦʚ. ʇʦʩʣʝ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ 

ʠ ʥʘʥʝʩʝʥʠʷ ʵʣʝʢʪʨʦʜʦʚ ʚʞʠʛʘʥʠʝʤ ʩʝʨʝʙʨʦʩʦʜʝʨʞʘʱʝʡ ʧʘʩʪʳ ʦʙʨʘʟʮʳ ʧʦʣʷʨʠʟʦʚʘʣʠ ʚ 

ʩʠʣʠʢʦʥʦʚʦʤ ʤʘʩʣʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 120ʉ̄ ʚ ʧʦʩʪʦʷʥʥʦʤ ʵʣʝʢʪʨʠʯʝʩʢʦʤ ʧʦʣʝ 2.8 ʢɺ/ʤʤ ʚ 

ʪʝʯʝʥʠʝ 20 ʤʠʥʫʪ ʠ ʦʭʣʘʞʜʘʣʠ ʧʦʜ ʧʦʣʝʤ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ ʙʣʠʟʢʦʡ ʢ ʢʦʤʥʘʪʥʦʡ ʚ ʪʝʯʝʥʠʝ 

15 ʤʠʥʫʪ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʦʙʨʘʟʮʳ ʙʳʣʠ ʧʦʜʛʦʪʦʚʣʝʥʳ ʢ ʠʟʤʝʨʝʥʠʶ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ.  

ʈʠʩ.V.2.1. ʆʙʨʘʟʦʚʘʥʠʝ ʛʝʣʷ ʚ ʭʦʜʝ 

ʧʨʦʚʝʜʝʥʠʷ ʨʝʘʢʮʠʡ ʵʪʝʨʠʬʠʢʘʮʠʠ 
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* - ʧʨʠʤʝʩʥʘʷ ʬʘʟʘ BaCO3 

 

 

 

 

 

 

 

2 theta  

ʈʠʩ.VI.2.2. ɼʠʬʨʘʢʪʦʛʨʘʤʤʳ, ʠʣʣʶʩʪʨʠʨʫʶʱʠʝ ʬʘʟʦʦʙʨʘʟʦʚʘʥʠʝ ʧʨʠ ʩʠʥʪʝʟʝ 

ʪʠʪʘʥʘʪʘ ʙʘʨʠʷ ʛʝʣʴ-ʤʝʪʦʜʦʤ, ʩʧʦʩʦʙ 1.  

 

 

* - ʧʨʠʤʝʩʥʘʷ ʬʘʟʘ BaCO3 

 

 

 

 

 

 

 

2 theta  

ʈʠʩ.VI.2.3. ɼʠʬʨʘʢʪʦʛʨʘʤʤʳ, ʠʣʣʶʩʪʨʠʨʫʶʰʠʝ ʬʘʟʦʦʙʨʘʟʦʚʘʥʠʝ ʧʨʠ ʩʠʥʪʝʟʝ 

ʪʠʪʘʥʘʪʘ ʙʘʨʠʷ ʛʝʣʴ-ʤʝʪʦʜʦʤ, ʩʧʦʩʦʙ 2. 
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ʅʘ ʨʠʩ.VI.2.2 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʥʪʛʝʥʦʛʨʘʤʤʳ, ʠʣʣʶʩʪʨʠʨʫʶʱʠʝ ʧʨʦʮʝʩʩ ʬʘʟʦʦʙʨʘʟʦʚʘʥʠʷ 

ʧʨʠ ʩʠʥʪʝʟʝ ʪʠʪʘʥʘʪʘ ʙʘʨʠʷ ʩʧʦʩʦʙʦʤ 1. ʋʞʝ ʧʨʠ 500ʉ̄ ʨʝʬʣʝʢʩʳ ʪʠʪʘʥʘʪʘ ʜʦʤʠʥʠʨʫʶʪ, ʦʜʥʘʢʦ 

ʧʨʠʩʫʪʩʪʚʫʝʪ ʪʘʢʞʝ ʠ ʧʨʠʤʝʩʴ BaCO3, ʦʪ ʢʦʪʦʨʦʛʦ ʧʦʩʣʝ ʦʙʞʠʛʘ ʧʨʠ 700ʉ̄ ʫʜʘʝʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ 

ʧʦʣʥʦʩʪʴʶ ʠʟʙʘʚʠʪʴʩʷ.  

ʏʫʪʴ ʭʫʜʰʠʭ ʨʝʟʫʣʴʪʘʪʦʚ ʫʜʘʝʪʩʷ ʜʦʙʠʪʴʩʷ ʧʨʠ ʟʘʤʝʥʝ ʛʣʠʮʝʨʠʥʘ ʥʘ ʵʪʠʣʝʥʛʣʠʢʦʣʴ 

(ʨʠʩ.VI.2.3). ʀʥʪʝʥʩʠʚʥʳʝ ʨʝʬʣʝʢʩʳ BaCO3, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʷʨʢʠʤʠ ʧʨʠ 400-500̄ ʉ, ʟʘʪʝʤ 

ʨʝʟʢʦ ʪʝʨʷʶʪ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʨʠ 600ʉ̄. ʋʞʝ ʧʨʠ 700ʉ̄ ʥʘ ʜʠʬʨʘʢʪʦʛʨʘʤʤʝ ʧʨʝʦʙʣʘʜʘʶʪ 

ʧʠʢʠBaTiO3. ʆʜʥʘʢʦ ʦʪ ʧʨʠʤʝʩʠ ʢʘʨʙʦʥʘʪʘ ʧʦʩʣʝ ʦʙʞʠʛʘ ʧʨʠ 700ʉ̄ ʠʟʙʘʚʠʪʴʩʷ ʧʦʣʥʦʩʪʴʶ ʥʝ 

ʫʜʘʝʪʩʷ, ʥʝʦʙʭʦʜʠʤʳ ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʦʙʞʠʛʘ. 

ʅʘʢʦʥʝʮ, ʧʨʠ ʩʠʥʪʝʟʝ ʪʠʪʘʥʘʪʘ ʙʘʨʠʷ ʩʧʦʩʦʙʦʤ 3, ʧʨʠ ʯʘʩʪʠʯʥʦʡ ʟʘʤʝʥʝ ʣʠʤʦʥʥʦʡ 

ʢʠʩʣʦʪʳ ʥʘ ʘʟʦʪʥʫʶ, ʢʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩ.VI.2.4, ʭʦʪʷ ʬʘʟʘ ʧʝʨʦʚʩʢʠʪʘ ʧʦʷʚʣʷʝʪʩʷ ʫʞʝ ʧʨʠ 400ʉ̄ ʚ 

ʥʝʙʦʣʴʰʠʭ ʢʦʣʠʯʝʩʪʚʘʭ, ʦʜʥʘʢʦ ʧʨʝʦʙʣʘʜʘʶʪ ʨʝʬʣʝʢʩʳ BaCO3. ʂʘʨʙʦʥʘʪ ʙʘʨʠʷ ʚ ʙʦʣʴʰʠʭ 

ʢʦʣʠʯʝʩʪʚʘʭ ʩʦʭʨʘʥʷʝʪʩʷ ʚʧʣʦʪʴ ʜʦ 700ʉ̄ ʠ ʚʳʰʝ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʩʥʦʚʥʦʡ ʧʨʦʙʣʝʤʦʡ ʧʨʠ ʩʠʥʪʝʟʝ BaTiO3 ʷʚʣʷʝʪʩʷ ʧʨʠʩʫʪʩʪʚʠʝ ʢʘʨʙʦʥʘʪʘ 

ʙʘʨʠʷ, ʢʦʪʦʨʳʡ ʬʦʨʤʠʨʫʝʪʩʷ ʚ ʩʦʩʪʘʚʝ ʛʝʣʷ ʧʨʠ ʝʛʦ ʚʳʩʫʰʠʚʘʥʠʠ ʟʘ ʩʯʝʪ ʧʦʛʣʦʱʝʥʠʷ ʉʆ2 ʠʟ 

ʚʦʟʜʫʭʘ. ʉʫʱʝʩʪʚʝʥʥʦ ʫʤʝʥʴʰʠʪʴ ʧʨʠʤʝʩʴ BaCO3 ʫʜʘʝʪʩʷ ʧʫʪʝʤ ʚʚʝʜʝʥʠʷ ʙʦʣʴʰʦʛʦ ʠʟʙʳʪʢʘ 

ʣʠʤʦʥʥʦʡ ʢʠʩʣʦʪʳ, ʢʦʪʦʨʘʷ ʩ ʢʘʪʠʦʥʘʤʠ ɺʘ2+ ʦʙʨʘʟʫʝʪ ʭʝʣʘʪʥʳʝ ʢʦʤʧʣʝʢʩʳ, ʢʦʪʦʨʳʝ, ʧʦ ʚʩʝʡ 
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ʚʠʜʠʤʦʩʪʠ, ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʯʥʦ ʫʜʝʨʞʠʚʘʶʪ ɺʘ2+ ʠ ʧʨʝʧʷʪʩʪʚʫʶʪ ʬʦʨʤʠʨʦʚʘʥʠʶ ʢʘʨʙʦʥʘʪʘ. ʇʨʠ 

ʟʘʤʝʥʝ ʛʣʠʮʝʨʠʥʘ ʥʘ ʵʪʠʣʝʥʛʣʠʢʦʣʴ ʩʪʨʫʢʪʫʨʘ ʛʝʣʷ ʧʦʣʫʯʘʝʪʩʷ ʤʝʥʝʝ ʨʘʟʚʝʪʚʣʝʥʥʦʡ, ʯʪʦ 

ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʦʙʨʘʟʦʚʘʥʠʶ ʧʨʠʤʝʩʠ ʢʘʨʙʦʥʘʪʘ. 

ʀʟ ʧʦʨʦʰʢʦʚ BaTiO3, ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʤʦʢʨʳʤ ʠ ʪʚʝʨʜʦʬʘʟʥʳʤ ʩʧʦʩʦʙʘʤʠ, ʙʳʣʘ 

ʧʦʣʫʯʝʥʘ ʢʝʨʘʤʠʢʘ BaTiO3 ʠ ʠʟʫʯʝʥʳ ʝʝ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʝ, ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʠ ʫʧʨʫʛʠʝ 

ʩʚʦʡʩʪʚʘ. ʈʝʟʫʣʴʪʘʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ VI.2.1, ʠʟ ʢʦʪʦʨʦʡ ʚʠʜʥʦ, ʯʪʦ ʩʝʨʴʝʟʥʳʤ 

ʧʨʝʠʤʫʱʝʩʪʚʦʤ çʤʦʢʨʦʛʦè ʩʧʦʩʦʙʘ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʩʧʝʢʘʥʠʷ ʢʝʨʘʤʠʢʠ ʧʨʠ ʛʦʨʘʟʜʦ ʙʦʣʝʝ 

ʥʠʟʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʥʝ ʤʝʰʘʝʪ ʧʦʣʫʯʘʪʴ ʝʝ ʩ ʧʣʦʪʥʦʩʪʴʶ, ʙʣʠʟʢʦʡ ʢ 

ʪʝʦʨʝʪʠʯʝʩʢʦʡ (95% ʦʪ ʨʝʥʪʛʝʥʦʚʩʢʦʡ). ʇʦ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʢʝʨʘʤʠʢʘ 

ʪʠʪʘʥʘʪʘ ʙʘʨʠʷ, ʧʦʣʫʯʝʥʥʘʷ ʠʟ ʧʦʨʦʰʢʘ BaTiO3, ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʛʦ ʤʦʢʨʳʤ ʩʧʦʩʦʙʦʤ, ʪʘʢʞʝ 

ʠʤʝʝʪ ʥʝʙʦʣʴʰʠʝ ʧʨʝʠʤʫʱʝʩʪʚʘ. 

 

VI.2.2. ʎʊʉʅɺ-1 

ɺ ʮʝʣʷʭ ʦʧʪʠʤʠʟʘʮʠʠ ʤʝʪʦʜʠʢʠ ʩʠʥʪʝʟʘ ʩʥʘʯʘʣʘ ʧʦʣʫʯʘʣʠ ʎʊʉ ʩʦʩʪʘʚʘ PbZr0.5636Ti0.4364O3 

ʙʝʟ ʣʝʛʠʨʫʶʱʠʭ ʜʦʙʘʚʦʢ. ɼʣʷ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʳʝ ʢʦʣʠʯʝʩʪʚʘ ʦʢʩʠʜʘ ʩʚʠʥʮʘ, ʥʠʪʨʘʪʘ ʮʠʨʢʦʥʠʷ, 

ʮʠʪʨʘʪʘ ʪʠʪʘʥʘ ʠ ʣʠʤʦʥʥʦʡ ʢʠʩʣʦʪʳ ʙʳʣʠ ʚʟʚʝʰʝʥʳ ʥʘ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʚʝʩʘʭ. PbO ʨʘʩʪʚʦʨʷʣʠ ʚ 

ʨʘʟʙʘʚʣʝʥʥʦʡ HNO3, ʘ ʥʠʪʨʘʪ ʠ ʮʠʪʨʘʪ ʨʘʩʪʚʦʨʷʣʠ ʚ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʝ, ʚ ʦʙʘ ʨʘʩʪʚʦʨʘ 

ʜʦʙʘʚʣʷʣʠ ʣʠʤʦʥʥʫʶ ʢʠʩʣʦʪʫ ʠʟ ʨʘʩʯʝʪʘ ʢʘʪʠʦʥ:ʢʠʩʣʦʪʘ = 1:3, ʜʦʙʘʚʣʷʣʠ ʚ ʢʘʞʜʳʡ ʠʟ ʨʘʩʪʚʦʨʦʚ 

ʛʣʠʮʝʨʠʥ ʠʟ ʨʘʩʯʝʪʘ ʣʠʤʦʥʥʘʷ ʢʠʩʣʦʪʘ : ʤʥʦʛʦʘʪʦʤʥʳʡ ʩʧʠʨʪ = 3:1, ʜʦʚʦʜʠʣʠ ʨʅ ʨʘʩʪʚʦʨʦʚ ʜʦ 

~7. ʈʘʩʪʚʦʨʳ ʚʳʜʝʨʞʠʚʘʣʠ ʧʨʠʤʝʨʥʦ 10 ʤʠʥʫʪ ʠ ʟʘʪʝʤ ʩʣʠʚʘʣʠ ʚʤʝʩʪʝ ʠ ʚʳʧʘʨʠʚʘʣʠ ʧʨʠ 

ʠʥʪʝʥʩʠʚʥʦʤ ʧʝʨʝʤʝʰʠʚʘʥʠʠ (ʩʧʦʩʦʙ 1). ɺ ʮʝʣʷʭ ʥʘʭʦʞʜʝʥʠʷ ʦʧʪʠʤʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʩʠʥʪʝʟʘ 

ʛʣʠʮʝʨʠʥ ʟʘʤʝʥʷʣʠ ʥʘ ʵʪʠʣʝʥʛʣʠʢʦʣʴ (ʩʧʦʩʦʙ 2). ɼʣʷ ʠʟʫʯʝʥʠʷ ʬʘʟʦʦʙʨʘʟʦʚʘʥʠʷ ʩ ʚʳʩʫʰʝʥʥʳʤ 

ʛʝʣʝʤ ʧʨʦʚʦʜʠʣʠʩʴ ʪʝ ʞʝ ʩʘʤʳʝ ʦʧʝʨʘʮʠʠ ʠ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʯʪʦ ʠ ʚ ʩʣʫʯʘʝ ʪʠʪʘʥʘʪʘ ʙʘʨʠʷ. ʇʦʩʣʝ 

ʦʧʪʠʤʠʟʘʮʠʠ ʤʝʪʦʜʠʢʠ ʙʳʣ ʧʦʣʫʯʝʥ ʧʴʝʟʦʤʘʪʝʨʠʘʣ ʤʘʨʢʠ ʎʊʉʅɺ-1, ʠʤʝʶʱʠʡ ʩʦʩʪʘʚ 

Pb0.813Sr0,044(Na0.419Bi0.527)0.143Zr0.5636Ti0.4364O3, ʧʫʪʝʤ ʚʚʝʜʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʜʦʙʘʚʦʢ, ʢʦʪʦʨʳʡ 

ʚ ʜʘʣʴʥʝʡʰʝʤ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ.  

ʊʘʙʣʠʮʘ VI.2.1. ʇʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʠ ʫʧʨʫʛʠʝ ʩʚʦʡʩʪʚʘ ʢʝʨʘʤʠʢʠ BaTiO3 

ʄʝʪʦʜ 

ʩʠʥʪʝʟʘ 

ʧʦʨʦʰʢʘ 

Tʩʧ., ̄ ʉ 
ɟ, 

ʛ/ʩʤ3 
tgd ʂʨ Ů33

ʪ/Ů0 
-d31, 

ʧʂʣ/ʅ 
Y31Ö10-10, ʇʘ 

s11
EÖ1012,  

ʤ2/ʅ 

ʪʚ.-ʬ. 1300 3.62 0.028 0.207 1180 46 6.7 1.42 

ʤʦʢʨʳʡ 1150 5.27 0.014 0.219 1150 43 8.4 1.12 
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ɼʣʷ ʦʮʝʥʢʠ ʩʚʦʡʩʪʚ ʧʦʣʫʯʝʥʥʦʛʦ ʧʨʦʜʫʢʪʘ ʠʟ ʧʦʨʦʰʢʘ ʎʊʉʅɺ-1, ʧʦʣʫʯʝʥʥʦʛʦ 

ʛʝʣʴ-ʤʝʪʦʜʦʤ, ʘ ʪʘʢʞʝ ʠʟ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʦʨʦʰʢʘ ʎʊʉʅɺ-1 ʛʦʪʦʚʠʣʠ ʪʘʙʣʝʪʢʠ, ʢʦʪʦʨʳʝ 

ʩʧʝʢʘʣʠ ʥʘ ʚʦʟʜʫʭʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1020ʉ̄ ʠ 1200ʉ̄ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚ ʪʝʯʝʥʠʝ 2 ʯʘʩʦʚ. ɼʘʣʝʝ 

ʛʦʪʦʚʠʣʠ ʦʙʨʘʟʮʳ ʢ ʠʟʤʝʨʝʥʠʷʤ ʪʘʢ ʞʝ, ʢʘʢ ʠ ʢʝʨʘʤʠʢʫ ɺʘTiO3.  

ʅʘ ʨʠʩ.VI.2.5,ʘ-ʙ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʥʪʛʝʥʦʛʨʘʤʤʳ, ʠʣʣʶʩʪʨʠʨʫʶʱʠʝ ʬʘʟʦʦʙʨʘʟʦʚʘʥʠʝ ʧʨʠ 

ʩʠʥʪʝʟʝ ʎʊʉ ʩʦʩʪʘʚʘ PbZr0.5636Ti0.4364O3 ʩʧʦʩʦʙʘʤʠ 1 ʠ 2. ɺ ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʩʠʥʪʝʟ ʥʘʯʠʥʘʝʪʩʷ ʚ 

ʠʥʪʝʨʚʘʣʝ 400-500̄ ʉ, ʪ.ʝ. ʧʨʠ 400ʉ̄ ʦʙʨʘʟʮʳ ʝʱʝ ʨʝʥʪʛʝʥʦʘʤʦʨʬʥʳ, ʘ ʧʨʠ 500ʉ̄ ʥʘ 

ʜʠʬʨʘʢʪʦʛʨʘʤʤʘʭ ʥʘʙʣʶʜʘʶʪʩʷ ʪʦʣʴʢʦ ʨʝʬʣʝʢʩʳ ʬʘʟʳ ʎʊʉ, ʧʦʩʪʦʨʦʥʥʠʭ ʬʘʟ ʥʝ ʦʙʥʘʨʫʞʝʥʦ. 

ʇʦ ʤʝʨʝ ʧʦʚʳʰʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʨʝʬʣʝʢʩʳ ʩʪʘʥʦʚʷʪʩʷ ʙʦʣʝʝ ʚʳʩʦʢʠʤʠ ʠ ʫʟʢʠʤʠ, ʯʪʦ ʛʦʚʦʨʠʪ ʦ 

ʨʦʩʪʝ ʨʘʟʤʝʨʦʚ ʯʘʩʪʠʮ.  

ʇʨʠ ʠʟʫʯʝʥʠʠ ʬʘʟʦʦʙʨʘʟʦʚʘʥʠʷ ʚ ʩʣʫʯʘʝ ʎʊʉʅɺ-1 ʠʟ ʢʩʝʨʦʛʝʣʝʡ, ʧʦʣʫʯʝʥʥʳʭ ʩʧʦʩʦʙʘʤʠ 

1 ʠ 2, ʚʳʷʩʥʠʣʦʩʴ, ʯʪʦ ʚʧʣʦʪʴ ʜʦ 600ʉ̄ ʥʘ ʨʝʥʪʛʝʥʦʛʨʘʤʤʘʭ ʩʦʭʨʘʥʷʶʪʩʷ ʷʨʢʦ ʚʳʨʘʞʝʥʥʳʝ 

ʨʝʬʣʝʢʩʳ ʧʦʩʪʦʨʦʥʥʠʭ ʬʘʟ. ʆʪ ʧʨʠʤʝʩʠ ʫʜʘʝʪʩʷ ʠʟʙʘʚʠʪʴʩʷ ʣʠʰʴ ʧʦʩʣʝ ʦʙʞʠʛʘ ʧʨʠ 700ʉ̄ 

(ʨʠʩ.VI.2.6).  

ʀʟ ʧʦʨʦʰʢʘ ʎʊʉʅɺ-1, ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʛʦ çʤʦʢʨʳʤè ʩʧʦʩʦʙʦʤ, ʠ ʧʨʦʤʳʰʣʝʥʥʦʛʦ 

ʧʦʨʦʰʢʘ ʪʦʡ ʞʝ ʤʘʨʢʠ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʢʝʨʘʤʠʯʝʩʢʠʝ ʦʙʨʘʟʮʳ ʠ ʠʟʫʯʝʥʳ ʠʭ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʝ, 

ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʠ ʫʧʨʫʛʠʝ ʩʚʦʡʩʪʚʘ. ʈʝʟʫʣʴʪʘʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ VI.2.2, ʠʟ ʢʦʪʦʨʦʡ 

ʚʠʜʥʦ, ʯʪʦ ʧʨʝʠʤʫʱʝʩʪʚʦʤ çʤʦʢʨʦʛʦè ʩʧʦʩʦʙʘ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʩʧʝʢʘʥʠʷ ʢʝʨʘʤʠʢʠ ʧʨʠ 

ʛʦʨʘʟʜʦ ʙʦʣʝʝ ʥʠʟʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ʇʦ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʢʝʨʘʤʠʢʘ, 

  

  

  

  
2 theta 2 theta 

ʘ - ʩʧʦʩʦʙ 1 ʙ - ʩʧʦʩʦʙ 2 

ʈʠʩ.VI.2.5. ɼʠʬʨʘʢʪʦʛʨʘʤʤʳ, ʠʣʣʶʩʪʨʠʨʫʶʱʠʝ ʬʘʟʦʦʙʨʘʟʦʚʘʥʠʝ ʧʨʠ ʩʠʥʪʝʟʝ ʮʠʨʢʦʥʘʪʘ-

ʪʠʪʘʥʘʪʘ ʩʚʠʥʮʘ ʛʝʣʴ-ʤʝʪʦʜʦʤ 

15 25 35 45 55

2 theta

15 25 35 45 55

2 theta

600̄ ʉ 

500̄ ʉ 

400̄ ʉ 

700̄ ʉ 
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ʧʦʣʫʯʝʥʥʘʷ ʠʟ ʧʦʨʦʰʢʘ ʎʊʉʅɺ-1, ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʛʦ ʤʦʢʨʳʤ ʩʧʦʩʦʙʦʤ, ʥʝ ʫʩʪʫʧʘʝʪ ʦʙʨʘʟʮʘʤ, 

ʠʟʛʦʪʦʚʣʝʥʥʳʤ ʪʚʝʨʜʦʬʘʟʥʳʤ ʩʧʦʩʦʙʦʤ. 

 

ɺʓɺʆɼʓ ʢ ʛʣʘʚʝ VI 

1. ʈʘʟʨʘʙʦʪʘʥʳ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʝ ʤʝʪʦʜʳ ʩʠʥʪʝʟʘ ʤʘʛʥʠʪʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ - ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʬʝʨʨʠʪʘ ʥʠʢʝʣʷ Ni0.9Co0.1Cu0.1Fe1.9O4-d, ʞʝʣʝʟʦʠʪʪʨʠʝʚʦʛʦ 

ʛʨʘʥʘʪʘ Y3Fe5O12, ʤʘʥʛʘʥʠʪʘ ʩʚʠʥʮʘ-ʣʘʥʪʘʥʘ Pb0.65La0.35MnO3, ʘ ʪʘʢʞʝ ʤʫʣʴʪʠʬʝʨʨʦʠʢʘ BiFeO3 - 

ʠʟ ʛʝʣʝʡ ʥʘ ʦʩʥʦʚʝ ʧʦʣʠʚʠʥʠʣʦʚʦʛʦ ʩʧʠʨʪʘ, ʠʟʫʯʝʥʳ ʤʝʭʘʥʠʟʤʳ ʧʨʦʪʝʢʘʥʠʷ ʨʝʘʢʮʠʡ. ɺ 

ʧʨʠʩʫʪʩʪʚʠʠ ʥʠʪʨʘʪʘ ʘʤʤʦʥʠʷ ʩʠʥʪʝʟ Ni0.9Co0.1Cu0.1Fe1.9O4-d ʠ BiFeO3 ʤʦʞʝʪ ʙʳʪʴ ʦʩʫʱʝʩʪʚʣʝʥ 

ʧʨʠ ʨʝʢʦʨʜʥʦ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ï 100 ʠ 250ʉ̄ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʯʪʦ ʥʘ 200-300̄ ʉ ʥʠʞʝ, ʯʝʤ ʚ 

ʪʝʭ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʚ ʨʦʣʠ ʦʢʠʩʣʠʪʝʣʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʠʩʣʦʨʦʜ ʚʦʟʜʫʭʘ. ʇʨʠ ʧʦʣʫʯʝʥʠʠ Y3Fe5O12, 

Pb0.65La0.35MnO3 (ʨʘʚʥʦ ʢʘʢ ʠ MʭLa1-ʭMnO3, ʛʜʝ ʄ = ɺʘ, Sr, ʭ = 0.3), ʘ ʪʘʢʞʝ BiFe0.5Mn0.5O3, 

ʥʘʧʨʦʪʠʚ, ʧʨʠʩʫʪʩʪʚʠʝ NH4NO3, ʩʧʦʩʦʙʩʪʚʫʶʱʝʝ ʫʩʢʦʨʝʥʥʦʡ ʜʝʩʪʨʫʢʮʠʠ ʦʨʛʘʥʠʯʝʩʢʠʭ 

 

 

* - ʧʨʠʤʝʩʥʳʝ ʬʘʟʳ 

 

 

 

 

 

 

2 theta  

ʈʠʩ.VI.2.6. ɼʠʬʨʘʢʪʦʛʨʘʤʤʳ, ʠʣʣʶʩʪʨʠʨʫʶʱʠʝ ʬʘʟʦʦʙʨʘʟʦʚʘʥʠʝ  

ʧʨʠ ʩʠʥʪʝʟʝ ʎʊʉʅɺ-1 ʛʝʣʴ-ʤʝʪʦʜʦʤ. 

ʊʘʙʣʠʮʘ VI.2.2. ʇʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʠ ʫʧʨʫʛʠʝ ʩʚʦʡʩʪʚʘ ʢʝʨʘʤʠʢʠ ʎʊʉʅɺ-1 

ʄʝʪʦʜ 

ʩʠʥʪʝʟʘ 

ʧʦʨʦʰʢʘ 

Tʩʧ., ̄ ʉ ɟ, 

ʛ/ʩʤ3 

tgd, % ʂʨ Ů33
ʪ/Ů0 -d31, 

ʧʂʣ/ʅ 

Y31Ö10-10, 

ʇʘ 

s11
EÖ1012,  

ʤ2/ʅ 

ʪʚ.-ʬ. 1250 - 2 0.59 1330 150 6,1 5.8 

ʤʦʢʨʳʡ 1020 7.2 2 0.59 1630 155 5.7 6 

15 25 35 45 55

2 theta

400̄ ʉ 

500̄ ʉ 

700̄ ʉ 

600̄ ʉ 

*  

*  

*  

*  
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ʩʦʩʪʘʚʣʷʶʱʠʭ ʢʩʝʨʦʛʝʣʝʡ, ʧʨʠʚʦʜʠʪ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʥʘ ʨʘʥʥʠʭ ʵʪʘʧʘʭ ʩʠʥʪʝʟʘ ʧʦʩʪʦʨʦʥʥʠʭ 

ʬʘʟ, ʯʪʦ ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʫʩʣʦʞʥʷʝʪ ʤʝʭʘʥʠʟʤʳ ʧʨʦʪʝʢʘʥʠʷ ʨʝʘʢʮʠʡ ʠ ʧʨʠʚʦʜʠʪ ʢ ʧʦʚʳʰʝʥʠʶ 

ʪʝʤʧʝʨʘʪʫʨʳ ʩʠʥʪʝʟʘ ʮʝʣʝʚʳʭ ʧʨʦʜʫʢʪʦʚ. BiFe0.5Mn0.5O3 ʥʝ ʫʜʘʝʪʩʷ ʩʠʥʪʝʟʠʨʦʚʘʪʴ ʙʝʟ ʧʨʠʤʝʩʥʳʭ 

ʬʘʟ. ʈʘʟʨʘʙʦʪʘʥʥʳʝ ʤʝʪʦʜʳ ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʘʪʴ ʤʘʛʥʠʪʥʳʝ ʠ ʤʫʣʴʪʠʬʝʨʨʦʠʯʥʳʝ ʤʘʪʝʨʠʘʣʳ ʚ 

ʥʘʥʦʩʦʩʪʦʷʥʠʠ ʩʦ ʩʨʝʜʥʠʤʠ ʨʘʟʤʝʨʘʤʠ ʯʘʩʪʠʮ: Ni0.9Co0.1Cu0.1Fe1.9O4-d ~50 ʥʤ, BiFeO3 ~20 ʥʤ, 

Y3Fe5O12 ʠ Pb0.35La0.65MnO3 ~35 ʥʤ.  

2. ʆʧʪʠʤʠʟʠʨʦʚʘʥʳ ʤʝʪʦʜʠʢʠ ʟʦʣʴ-ʛʝʣʴ-ʩʠʥʪʝʟʘ BaTiO3 ʠ ʎʊʉʅɺ-1, ʧʦʟʚʦʣʷʶʱʠʝ 

ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʟʠʪʴ ʪʝʤʧʝʨʘʪʫʨʳ ʩʠʥʪʝʟʘ ʜʘʥʥʳʭ ʬʘʟ ʠ ʧʦʣʫʯʘʪʴ ʥʘʥʦʤʘʪʝʨʠʘʣʳ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ~700̄ ʉ. ʂʝʨʘʤʠʢʘ BaTiO3 ʠ ʎʊʉʅɺ-1, ʠʟʛʦʪʦʚʣʝʥʥʘʷ ʠʟ ʧʦʣʫʯʝʥʥʳʭ ʛʝʣʴ-ʤʝʪʦʜʦʤ 

ʧʦʨʦʰʢʦʚ, ʥʝ ʫʩʪʫʧʘʝʪ ʠʣʠ ʜʘʞʝ ʥʝʩʢʦʣʴʢʦ ʧʨʝʚʦʩʭʦʜʠʪ ʧʦ ʩʚʦʡʩʪʚʘʤ ʢʝʨʘʤʠʢʫ, ʠʟʛʦʪʦʚʣʝʥʥʫʶ 

ʪʚʝʨʜʦʬʘʟʥʳʤ ʤʝʪʦʜʦʤ, ʧʨʠ ʵʪʦʤ ʤʦʞʝʪ ʙʳʪʴ ʩʧʝʯʝʥʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʧʨʠʤʝʨʥʦ ʥʘ 200 ̄ʥʠʞʝ 

ʠ ʠʤʝʪʴ ʧʣʦʪʥʦʩʪʴ ʙʣʠʟʢʫʶ ʢ ʨʝʥʪʛʝʥʦʚʩʢʦʡ. 

3. ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨ ʩʠʥʪʝʟʘ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʧʦʤʦʱʴʶ 

ʤʝʪʦʜʦʚ, ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʚ ʥʘʩʪʦʷʱʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ, ʩ ʫʩʣʦʚʠʷʤʠ ʩʠʥʪʝʟʘ ʘʥʘʣʦʛʠʯʥʳʭ ʠʣʠ 

ʨʦʜʩʪʚʝʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʠʟʚʝʩʪʥʳʤʠ ʠʟ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ, ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʚ ʮʝʣʦʤ ʨʷʜʝ 

ʩʣʫʯʘʝʚ ʫʜʘʣʦʩʴ ʦʩʫʱʝʩʪʚʠʪʴ ʩʠʥʪʝʟ ʧʨʠ ʨʝʢʦʨʜʥʦ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʢʘʢ ʦʙ ʵʪʦʤ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʜʘʥʥʳʝ ʥʠʞʝʩʣʝʜʫʶʱʝʡ ʪʘʙʣʠʮʳ: 

  

ʊʝʤʧʝʨʘʪʫʨʳ ʩʠʥʪʝʟʘ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ çʤʦʢʨʳʤʠè ʤʝʪʦʜʘʤʠ 

 ʃʠʪʝʨʘʪʫʨʥʳʝ ʜʘʥʥʳʝ ɼʘʥʥʳʝ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ 
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ʀʟ ʛʝʣʝʡ ʥʘ ʦʩʥʦʚʝ ʇɺʉ 
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ʌʝʨʨʠʪʳ-

ʰʧʠʥʝʣʠ 

500-700 500-600   450-900 - 300-

320 

170-

200 

100-

120 [271ï274]   [291],[299] - 

ɾʝʣʝʟʦʠʪʪʨʠ

ʝʚʳʡ ʛʨʘʥʘʪ 

800-1100 800   
800 (ʩ 
ʧʨʠʤʝʩʴʶ) 

- 
800 1000 - 

[277ï284] [267ï270]   [302] - 

ʃʘʥʪʘʥʩʦʜʝʨ

ʞʘʱʠʝ 

ʤʘʥʛʘʥʠʪʳ 

  950     - 

600 600 - 
  [275]     - 

ʌʝʨʨʠʪ 

ʚʠʩʤʫʪʘ 

  550-750 450 600 - 500-

600 
170-

200 

170-

200   [351] [353] [404] - 

ʊʠʪʘʥʘʪ 

ʙʘʨʠʷ 
550-800 750     700 - - - 

ʎʊʉ [173] [165]     700 - - - 
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VII . ʉʄɽʉɽɺʓɽ ʄɸɻʅʀʊʆʕʃɽʂʊʈʀʏɽʉʂʀɽ ʂʆʄʇʆɿʀʊʓ ʅɸ ʆʉʅʆɺɽ 

ʌɽʈʈʀʊʆɺ-ʐʇʀʅɽʃɽʁ 

VII .1. ʕʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʝ ʠ ʤʘʛʥʠʪʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʚʳʩʦʢʦʧʣʦʪʥʦʡ 

ʢʦʤʧʦʟʠʮʠʦʥʥʦʡ ʢʝʨʘʤʠʢʠ  

ʉ ʮʝʣʴʶ ʜʦʩʪʠʞʝʥʠʷ ʧʨʦʯʥʦʛʦ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʢʦʥʪʘʢʪʘ ʤʝʞʜʫ ʯʘʩʪʠʮʘʤʠ ʬʘʟ ʚ 

ʢʦʤʧʦʟʠʪʝ, ʥʝʦʙʭʦʜʠʤʦʛʦ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʡ ʧʝʨʝʜʘʯʠ ʜʝʬʦʨʤʘʮʠʡ, ʙʳʣʘ ʧʨʝʜʧʨʠʥʷʪʘ ʧʦʧʳʪʢʘ 

ʧʦʣʫʯʝʥʠʷ ʩʤʝʩʝʚʳʭ ʢʦʤʧʦʟʠʪʦʚ ʤʝʪʦʜʦʤ ʛʦʨʷʯʝʛʦ ʧʨʝʩʩʦʚʘʥʠʷ. ʕʪʦʪ ʤʝʪʦʜ, ʢʘʢ ʠʟʚʝʩʪʥʦ, 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʧʨʠʣʦʞʝʥʠʠ ʢ ʟʘʛʦʪʦʚʢʝ ʠʟ ʧʨʝʩʩ-ʧʦʨʦʰʢʘ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʠ 

ʜʘʚʣʝʥʠʡ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʢʝʨʘʤʠʢʫ ʩ ʧʣʦʪʥʦʩʪʴʶ, ʙʣʠʟʢʦʡ ʢ ʪʝʦʨʝʪʠʯʝʩʢʦʡ. ɼʣʷ 

ʧʦʣʫʯʝʥʠʷ ʦʙʨʘʟʮʦʚ ʵʪʦʛʦ ʪʠʧʘ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʬʝʨʨʠʪ Ni0.9Co0.1Fe2O4, ʧʴʝʟʦʤʘʪʝʨʠʘʣʳ ʎʊʉ-36 

ʠ ʇʂʈ-7ʄ, ʧʨʠʥʘʜʣʝʞʘʱʠʝ ʢ ʨʘʟʣʠʯʥʳʤ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤ ʛʨʫʧʧʘʤ, ʠ ʪʠʪʘʥʘʪ ʙʘʨʠʷ. ɺ ʦʩʥʦʚʝ 

ʠʟʛʦʪʦʚʣʝʥʠʷ ʩʤʝʩʝʚʳʭ ʢʦʤʧʦʟʠʪʦʚ ʣʝʞʘʣʘ ʪʨʘʜʠʮʠʦʥʥʘʷ ʢʝʨʘʤʠʯʝʩʢʘʷ ʪʝʭʥʦʣʦʛʠʷ.  

       40                        60               
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ʈʠʩ.VII.1.1. ɿʘʚʠʩʠʤʦʩʪʴ ʄʕ ʢʦʵʬʬʠʮʠʝʥʪʘ ʩʤʝʩʝʚʳʭ ʢʦʤʧʦʟʠʪʦʚ (100-ʉʬ) ʎʊʉ-36 ï ʉʬ 

NiCo0.02Fe1.9O4-d  ʦʪ ʩʦʩʪʘʚʘ. 1- ʎʊʉ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʦʙʦʞʞʝʥ ʧʨʠ 1200ʉ̄, 2 - ʙʝʟ ʦʙʞʠʛʘ. 

ʇʦʨʦʰʢʠ ʧʴʝʟʦʤʘʪʝʨʠʘʣʦʚ ʙʳʣʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʦʙʦʞʞʝʥʳ ʧʨʠ 1200 (ʤʘʪʝʨʠʘʣʳ ʎʊʉ) ʠ 

1300̄ʉ (BaTiO3) ʚ ʪʝʯʝʥʠʝ 2 ʯʘʩʦʚ ʩ ʮʝʣʴʶ ʫʢʨʫʧʥʝʥʠʷ ʨʘʟʤʝʨʦʚ ʯʘʩʪʠʮ. ʎʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʵʪʦʛʦ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʠʝʤʘ ʩʪʘʥʦʚʠʪʩʷ ʧʦʥʷʪʥʦʡ, ʝʩʣʠ ʫʯʝʩʪʴ, ʯʪʦ ʧʨʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʤ ʢʦʥʪʘʢʪʝ 

ʯʘʩʪʠʮ ʬʝʨʨʠʪʘ ʠ ʧʴʝʟʦʵʣʝʢʪʨʠʢʘ ʚ ʦʙʨʘʟʮʘʭ ʧʨʠ ʩʧʝʢʘʥʠʠ ʚʦʟʤʦʞʥʦ ʭʠʤʠʯʝʩʢʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʚ ʦʙʣʘʩʪʠ ʢʦʥʪʘʢʪʘ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ, ʯʝʤ ʢʨʫʧʥʝʝ ʯʘʩʪʠʮʳ, ʪʝʤ ʙʦʣʴʰʝ ʚʝʨʦʷʪʥʦʩʪʴ ʪʦʛʦ, ʯʪʦ ʧʦʩʣʝ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʦʙʞʠʛʘ ʩʦʭʨʘʥʷʪʩʷ ʦʙʣʘʩʪʠ, ʥʝ ʧʦʜʚʝʨʛʰʠʝʩʷ ʣʝʛʠʨʦʚʘʥʠʶ ʠ ʠʤʝʶʱʠʝ 

ʠʩʭʦʜʥʳʡ ʩʦʩʪʘʚ, ʘ ʟʥʘʯʠʪ, ʠ ʩʚʦʡʩʪʚʘ. ʆʙʦʩʥʦʚʘʥʥʦʩʪʴ ʪʘʢʦʛʦ ʧʦʜʭʦʜʘ ʧʦʜʪʚʝʨʜʠʣʘʩʴ 



148 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ (ʩʤ. ʨʠʩ.VII.1.1), ʛʜʝ ʥʘ ʧʨʠʤʝʨʝ ʢʦʤʧʦʟʠʪʦʚ ʎʊʉ-36 - NiCo0.02Fe1.9O4-d 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʦʙʦʞʞʝʥʥʦʛʦ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʩʧʝʢʘʥʠʷ 

ʧʦʨʦʰʢʘ ʎʊʉ ʟʥʘʯʝʥʠʷ ʄʕ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʚʦʟʨʘʩʪʘʶʪ ʚ 1.5-2 ʨʘʟʘ. 

ɺ ʦʙʨʘʟʮʳ ʜʦʙʘʚʣʷʣʠ 1-10 ʤʘʩʩ.% ʩʪʝʢʣʘ ʩʦʩʪʘʚʘ 0.4PbO+0.4B2O3+0.2GeO2 ʜʣʷ 

ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʨʘʩʪʨʝʩʢʠʚʘʥʠʷ ʠ ʩʥʠʞʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʩʧʝʢʘʥʠʷ. ʊʝʤʧʝʨʘʪʫʨʘ ʛʦʨʷʯʝʛʦ 

ʧʨʝʩʩʦʚʘʥʠʷ ʧʦʜ ʜʘʚʣʝʥʠʝʤ ~20 ʄʇʘ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʩʦʜʝʨʞʘʥʠʷ ʩʪʝʢʣʘ ʩʥʠʞʘʣʘʩʴ ʦʪ 

1100-1130̄ʉ ʜʣʷ ʩʦʩʪʘʚʦʚ ʩ 1 ʤʘʩʩ.% ʩʪʝʢʣʘ ʜʦ 900-930̄ ʉ ʜʣʷ ʩʦʩʪʘʚʦʚ ʩ 10 ʤʘʩʩ.% ʩʪʝʢʣʘ, ʚʨʝʤʷ 

ʠʟʦʪʝʨʤʠʯʝʩʢʦʡ ʚʳʜʝʨʞʢʠ ʩʦʩʪʘʚʣʷʣʦ 40 ʤʠʥ.  

ʆʙʨʘʟʮʳ, ʩʦʜʝʨʞʘʱʠʝ ʎʊʉ, ʧʦʣʷʨʠʟʦʚʘʣʠ ʚ ʩʠʣʠʢʦʥʦʚʦʤ ʤʘʩʣʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 100ʉ̄ 

ʧʦʣʝʤ 2-3 ʢɺ/ʤʤ ʚ ʪʝʯʝʥʠʝ 20-30 ʤʠʥ. ʆʙʨʘʟʮʳ ʩ BaTiO3 ʧʦʣʷʨʠʟʦʚʘʣʠ ʧʫʪʝʤ ʠʭ ʥʘʛʨʝʚʘ ʚ 

ʩʠʣʠʢʦʥʦʚʦʤ ʤʘʩʣʝ ʜʦ 140-150̄ ʉ ʙʝʟ ʧʨʠʣʦʞʝʥʠʷ ʧʦʣʷ ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ ʦʭʣʘʞʜʝʥʠʷ ʧʦʜ ʧʦʣʝʤ 

1-2 ʢɺ/ʤʤ ʜʦ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ. ʇʦʩʣʝ ʧʦʣʷʨʠʟʘʮʠʠ ʠʩʩʣʝʜʦʚʘʣʠ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʝ ʠ 

ʄʕ ʩʚʦʡʩʪʚʘ ʢʦʤʧʦʟʠʮʠʦʥʥʦʡ ʢʝʨʘʤʠʢʠ. ʀʟʫʯʘʣʠ ʤʠʢʨʦʩʪʨʫʢʪʫʨʫ ʦʙʨʘʟʮʦʚ ʭ ʤʘʩʩ.% ɺʘTiO3 + 

(100-ʭ) Ni0.9Co0.1Fe2O4  ʧʨʠ ʧʦʤʦʱʠ ʧʨʦʩʚʝʯʠʚʘʶʱʝʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ ʕɺʄ-100 ɸʂ.  

ʅʘ ʨʠʩ.VII. 1.2 ʧʨʠʚʝʜʝʥʳ ʤʠʢʨʦʬʦʪʦʛʨʘʬʠʠ ʪʨʘʚʣʝʥʦʛʦ ʰʣʠʬʘ ʠ ʩʢʦʣʘ ʄʕ ʢʦʤʧʦʟʠʪʘ ʠʟ 

BaTiO3 ʠ Ni0.9Co0.1Fe2O4. ʅʘ ʪʨʘʚʣʝʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʘ (ʨʠʩ.VII.1.2,ʘ) ʚʠʜʥʳ ʜʚʘ ʪʠʧʘ ʟʝʨʝʥ: 

ʧʝʨʚʳʝ, ʩ ʚʳʨʘʞʝʥʥʦʡ ʜʦʤʝʥʥʦʡ ʩʪʨʫʢʪʫʨʦʡ, ʷʚʣʷʶʪʩʷ ʪʠʪʘʥʘʪʦʤ ʙʘʨʠʷ, ʘ ʚʪʦʨʳʝ, ʩ ʛʣʘʜʢʦʡ 

ʧʦʚʝʨʭʥʦʩʪʴʶ, - ʬʝʨʨʠʪʦʤ. ʅʘ ʩʢʦʣʘʭ ʢʝʨʘʤʠʢʠ ʚʳʜʝʣʷʶʪʩʷ ʪʝ ʞʝ ʜʚʘ ʪʠʧʘ ʟʝʨʝʥ (ʨʠʩ.VII.1.2,ʙ): 

ʩʚʝʪʣʳʝ - ʪʠʪʘʥʘʪ ʙʘʨʠʷ, ʪʝʤʥʳʝ - ʬʝʨʨʠʪ. ʆʙ ʵʪʦʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʩʢʘʯʢʦʦʙʨʘʟʥʦʝ ʠʟʤʝʥʝʥʠʝ 

ʩʦʜʝʨʞʘʥʠʷ ʙʘʨʠʷ (ʨʠʩ.VII.1.2,ʛ) ʠ ʞʝʣʝʟʘ (ʨʠʩ.VII.1.2,ʜ) ʚʜʦʣʴ ʣʠʥʠʠ ʩʢʘʥʠʨʦʚʘʥʠʷ 

(ʨʠʩ.VII.1.2,ʚ). ʈʝʟʢʦʝ ʠʟʤʝʥʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʪʦʤʦʚ ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʬʘʟ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ 

ʪʘʢʞʝ ʩʢʘʥʦʛʨʘʤʤʦʡ (ʨʠʩ.VII.1.2,ʝ), ʧʦʣʫʯʝʥʥʦʡ ʚ ʩʦʙʩʪʚʝʥʥʦʤ ʠʟʣʫʯʝʥʠʠ ʞʝʣʝʟʘ.  

ʈʝʥʪʛʝʥʦʬʘʟʦʚʳʡ ʘʥʘʣʠʟ ʧʦʜʪʚʝʨʜʠʣ ʧʨʠʩʫʪʩʪʚʠʝ ʚ ʪʘʢʠʭ ʢʦʤʧʦʟʠʪʘʭ ʜʚʫʭ ʬʘʟ: ʩʦ 

ʩʪʨʫʢʪʫʨʦʡ ʧʝʨʦʚʩʢʠʪʘ ʠ ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʰʧʠʥʝʣʠ. ʈʝʬʣʝʢʩʳ ʦʙʝʠʭ ʬʘʟ ʭʦʨʦʰʦ ʨʘʟʨʝʰʝʥʳ, 

ʦʜʥʘʢʦ ʪʝʪʨʘʛʦʥʘʣʴʥʦʝ ʠʩʢʘʞʝʥʠʝ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʧʝʨʦʚʩʢʠʪʘ ʚ ʢʦʤʧʦʟʠʪʝ ʤʝʥʴʰʝ, ʯʝʤ ʚ 

ʢʝʨʘʤʠʢʝ ʯʠʩʪʦʛʦ BaTiO3. ʅʘ ʨʝʥʪʛʝʥʦʛʨʘʤʤʘʭ ʦʙʨʘʟʮʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʤʘʪʝʨʠʘʣʳ ʎʊʉ (ʎʊʉ-36 

ʠ ʇʂʈ-7ʄ), ʨʝʬʣʝʢʩʳ ʰʧʠʥʝʣʠ ʠʤʝʣʠ ʥʦʨʤʘʣʴʥʫʶ ʰʠʨʠʥʫ. ʇʨʠ ʵʪʦʤ ʨʝʬʣʝʢʩʳ ʧʝʨʦʚʩʢʠʪʥʦʡ 

ʬʘʟʳ ʙʳʣʠ ʨʘʟʤʳʪʳ (ʎʊʉ-36) ʠʣʠ ʠʤʝʣʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʦʨʤʘʣʴʥʫʶ ʰʠʨʠʥʫ (ʇʂʈ-7ʄ). ɼʣʷ 

ʢʦʤʧʦʟʠʪʦʚ ʩ ʎʊʉ, ʢʘʢ ʠ ʩ BaTiO3, ʭʘʨʘʢʪʝʨʥʦ ʫʤʝʥʴʰʝʥʠʝ ʩʧʦʥʪʘʥʥʦʡ ʜʝʬʦʨʤʘʮʠʠ 

ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʧʝʨʦʚʩʢʠʪʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʯʠʩʪʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ. ʊʘʢʦʡ ʭʘʨʘʢʪʝʨ 

ʠʟʤʝʥʝʥʠʡ ʥʘ ʨʝʥʪʛʝʥʦʛʨʘʤʤʘʭ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʭʠʤʠʯʝʩʢʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ 

ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʠ ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʦʥʥʦʡ ʢʦʤʧʦʥʝʥʪ, ʢʦʪʦʨʦʝ ʧʨʠʚʦʜʠʪ ʢ ʥʘʨʫʰʝʥʠʶ 

ʠʩʭʦʜʥʦʛʦ ʩʦʩʪʘʚʘ ʧʴʝʟʦʤʘʪʝʨʠʘʣʦʚ. 
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ʈʠʩ.VII.1.2. ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ 

ʢʝʨʘʤʠʯʝʩʢʦʛʦ ʢʦʤʧʦʟʠʪʘ 

(1-ʭ)BaTiO3+ʭNi0.9Co0.1Fe2O4 ʧʨʠ ʭ=0.2 (ʘ), 

0.5 (ʙ, ʚ); ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʙʘʨʠʷ (ʛ) ʠ ʞʝʣʝʟʘ 

(ʜ) ʚʜʦʣʴ ʣʠʥʠʠ ʩʢʘʥʠʨʦʚʘʥʠʷ 1-2 ʠ 

ʤʠʢʨʦʬʦʪʦʛʨʘʬʠʷ ʩʢʦʣʘ (ʝ) ʚ 

ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʤ ʠʟʣʫʯʝʥʠʠ ʞʝʣʝʟʘ 

  

ʘ 
ʙ 
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ʛ 

ʜ 

ʝ 

10 ʤʢʤ 
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ʅʘ ʨʠʩ.VII .1.3-VII .1.5 ʧʨʝʜʩʪʘʚʣʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʦʪ ʩʦʩʪʘʚʘ 

ʢʦʤʧʦʟʠʪʦʚ. ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩ.VII. 1.3,ʘ, ʛʨʘʬʠʢʠ ʟʘʚʠʩʠʤʦʩʪʠ ʫʜʝʣʴʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ r ʠʤʝʶʪ ʭʘʨʘʢʪʝʨʥʳʡ ʠʟʣʦʤ ʚ ʦʙʣʘʩʪʠ ʢʦʥʮʝʥʪʨʘʮʠʡ 20-30% Ni0.9Co0.1Fe2O4, 

ʧʦ-ʚʠʜʠʤʦʤʫ, ʦʪʚʝʯʘʶʱʠʡ ʧʨʝʜʝʣʫ ʧʝʨʢʦʣʷʮʠʠ ʯʘʩʪʠʮ ʬʝʨʨʠʪʘ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʘʙʩʦʣʶʪʥʳʝ ʟʥʘʯʝʥʠʷ r ʥʝʚʝʣʠʢʠ, ʯʪʦ ʦʪʨʘʞʘʝʪʩʷ ʥʘ ʟʥʘʯʝʥʠʷʭ ʪʘʥʛʝʥʩʘ ʫʛʣʘ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ 

ʧʦʪʝʨʴ ʠ ʚʝʣʠʯʠʥʘʭ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʦʙʨʘʟʮʦʚ. ʇʨʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʬʝʨʨʠʪʘ ʙʦʣʝʝ 

20-30% tgd ʨʝʟʢʦ ʚʦʟʨʘʩʪʘʝʪ, ʯʪʦ ʚʠʜʥʦ ʠʟ ʨʠʩ.VII. 1.3,ʙ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʠʟʤʝʨʷʝʤʳʝ ʚʝʣʠʯʠʥʳ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʥʝʣʴʟʷ ʩʯʠʪʘʪʴ ʜʦʩʪʦʚʝʨʥʳʤʠ, ʧʦʵʪʦʤʫ ʥʘ ʨʠʩ.VII. 1.3,ʚ ʥʝ 

ʧʨʠʚʦʜʷʪʩʷ ʟʥʘʯʝʥʠʷ e33
ʊ/e0 ʢʦʤʧʦʟʠʪʦʚ ʩ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʬʝʨʨʠʪʘ. 

 

ʈʠʩ.VII.1.3. ʂʦʥʮʝʥʪʨʘʮʠʦʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʫʜʝʣʴʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ r (a), 

ʪʘʥʛʝʥʩʘ ʫʛʣʘ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʪʝʨʴ tgd (ʙ), ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ e33
T/e0 (ʚ) ʜʣʷ 

ʢʦʤʧʦʟʠʪʦʚ ʩʦʩʪʘʚʘ: (100-cʬ)ʎʊʉ36+ʩʬNi0.9Co0.1Fe2O4+10%ʩʪʝʢʣʘ (1), (100-cʬ)ʇʂʈ7ʄ 

+ʩʬNi0.9Co0.1Fe2O4+10%ʩʪʝʢʣʘ (2), (100-cʬ)BaTiO3+ʩʬNi0.9Co0.1Fe2O4 +10%ʩʪʝʢʣʘ (3), 

(100-cʬ)ʇʂʈ7ʄ+ʩʬNi0.9Co0.1Fe2O4+5%ʩʪʝʢʣʘ (4), (100-cʬ)ʇʂʈ7ʄ +ʩʬNi0.9Co0.1Fe2O4 (5). 
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ʈʠʩ.VII.1.4. ʂʦʥʮʝʥʪʨʘʮʠʦʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʧʴʝʟʦʤʦʜʫʣʝʡ d33 ʠ - d31, ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʦʡ ʩʚʷʟʠ ʂʨ ʠ ʧʴʝʟʦʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ g33 ʜʣʷ ʢʦʤʧʦʟʠʪʦʚ ʩʦʩʪʘʚʘ: 

(100-cʬ)ʎʊʉ36+ ʩʬNi0.9Co0.1Fe2O4 +10%ʩʪʝʢʣʘ (1), (100-cʬ)ʇʂʈ7ʄ +ʩʬNi0.9Co0.1Fe2O4+ 10% 

ʩʪʝʢʣʘ (2), (100-cʬ)BaTiO3 + ʩʬNi0.9Co0.1Fe2O4 +10% ʩʪʝʢʣʘ (3), (100-ʢʬ)ʇʂʈ7ʄ 

+ʩʬNi0.9Co0.1Fe2O4 + 5%ʩʪʝʢʣʘ (4), (100-cʬ)ʇʂʈ7ʄ +ʩʬNi0.9Co0.1Fe2O4 (5). 

ʇʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʠ ʫʧʨʫʛʠʝ ʩʚʦʡʩʪʚʘ ʦʙʨʘʟʮʦʚ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩ.VII.1.4-VII.1.5. 

ʇʨʦʠʩʭʦʜʠʪ ʫʤʝʥʴʰʝʥʠʝ ʧʴʝʟʦʤʦʜʫʣʝʡ -d31 ʠ d33, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʨʘʟʙʘʚʣʝʥʠʝʤ ʧʴʝʟʦʘʢʪʠʚʥʦʡ ʬʘʟʳ 

ʥʝʘʢʪʠʚʥʦʡ ʠ ʩʥʠʞʝʥʠʝʤ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʦʣʷʨʠʟʘʮʠʠ ʚʩʣʝʜʩʪʚʠʝ ʧʦʚʳʰʝʥʥʦʡ 

ʧʨʦʚʦʜʠʤʦʩʪʠ ʦʙʨʘʟʮʦʚ. ʍʘʨʘʢʪʝʨ ʠʟʤʝʥʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʇʫʘʩʩʦʥʘ s, ʫʧʨʫʛʦʡ ʧʦʜʘʪʣʠʚʦʩʪʠ 

s11
E, ʤʦʜʫʣʝʡ ʖʥʛʘ Y31

ʖ, ʩʢʦʨʦʩʪʠ ʟʚʫʢʘ v1
ɽ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʧʦʜʯʠʥʷʝʪʩʷ ʟʘʢʦʥʫ ʘʜʜʠʪʠʚʥʦʩʪʠ ʠ 

ʷʚʣʷʝʪʩʷ ʪʠʧʠʯʥʳʤ ʜʣʷ ʩʠʩʪʝʤ ʩ ʩʠʣʴʥʦ ʦʪʣʠʯʘʶʱʠʤʠʩʷ ʫʧʨʫʛʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʬʘʟ.  
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ʈʠʩ.VII.1.5. ʂʦʥʮʝʥʪʨʘʮʠʦʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʇʫʘʩʩʦʥʘ s, ʫʧʨʫʛʦʡ 

ʧʦʜʘʪʣʠʚʦʩʪʠ s11
E, ʤʦʜʫʣʷ ʖʥʛʘ Y31

ʖ ʠ ʩʢʦʨʦʩʪʠ ʟʚʫʢʘ v1
ɽ ʜʣʷ ʢʦʤʧʦʟʠʪʦʚ ʩʦʩʪʘʚʘ: 

(100-cʬ)ʎʊʉ36+ʩʬNi0.9Co0.1Fe2O4 + 10% ʩʪʝʢʣʘ (1), 

(100-cʬ)ʇʂʈ7ʄ+ʩʬNi0.9Co0.1Fe2O4+10%ʩʪʝʢʣʘ (2), (100-cʬ)BaTiO3 + ʩʬNi0.9Co0.1Fe2O4 + 

10%ʩʪʝʢʣʘ (3), (100-ʩʬ)ʇʂʈ7ʄ+ ʩʬNi0.9Co0.1Fe2O4+5%ʩʪʝʢʣʘ (4). 

ɻʨʘʬʠʢʠ ʟʘʚʠʩʠʤʦʩʪʠ ʄʕ ʢʦʵʬʬʠʮʠʝʥʪʘ ʦʪ ʩʦʩʪʘʚʘ ʢʦʤʧʦʟʠʪʦʚ (ʨʠʩ.VII. 1.6) ʠʤʝʶʪ 

ʤʘʢʩʠʤʫʤ ʚ ʦʙʣʘʩʪʠ 35-50 ʤʘʩʩ.% ʬʝʨʨʠʪʘ. ʄʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʄʕ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʚ 

ʦʙʩʫʞʜʘʝʤʳʭ ʩʠʩʪʝʤʘʭ ʩʦʩʪʘʚʣʷʶʪ 40-45 ʤɺ/(ʩʤÖʕ). 

ɺʚʝʜʝʥʠʝ ʩʪʝʢʣʦʜʦʙʘʚʢʠ ʭʦʪʷ ʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʣʫʯʰʝʥʠʶ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʢʦʤʧʦʟʠʪʦʚ (r, tgd), ʦʜʥʘʢʦ, ʢʘʢ ʧʦʢʘʟʳʚʘʶʪ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ, ʧʨʠ ʵʪʦʤ ʥʝʩʢʦʣʴʢʦ 

ʫʭʫʜʰʘʶʪʩʷ ʧʴʝʟʦʩʚʦʡʩʪʚʘ ʠ ʟʘʤʝʪʥʦ ʧʘʜʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʄʕ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ (ʨʠʩ.VII. 1.6, 
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ʛʨʘʬʠʢʠ 1, 4, 5). ʊʘʢʦʝ ʧʦʚʝʜʝʥʠʝ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʣʝʛʠʨʦʚʘʥʠʝʤ ʬʝʨʨʠʪʘ ʠʦʥʘʤʠ, 

ʚʭʦʜʷʱʠʤʠ ʚ ʩʦʩʪʘʚ ʩʪʝʢʣʘ, ʘ ʪʘʢʞʝ ʩ ʫʭʫʜʰʝʥʠʝʤ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʢʦʥʪʘʢʪʘ ʤʝʞʜʫ 

ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʠ ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʦʥʥʦʡ ʢʦʤʧʦʥʝʥʪʘʤʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʪʨʝʪʴʝʡ ʬʘʟ,r ʢʦʪʦʨʘ ̫

ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ, ʦʩʦʙʝʥʥʦ ʧʨʠ ʙʦʣʴʰʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ, ʚʳʩʪʫʧʘʝʪ ʚ ʨʦʣʠ ʧʦʩʨʝʜʥʠʢʘ ʧʨʠ 

ʧʝʨʝʜʘʯʝ ʤʝʭʘʥʠʯʝʩʢʠʭ ʜʝʬʦʨʤʘʮʠʡ. 

ʉʨʘʚʥʝʥʠʝ ʄʕ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʢʦʤʧʦʟʠʪʦʚ ʥʘ ʦʩʥʦʚʝ ʨʘʟʣʠʯʥʳʭ ʧʴʝʟʦʤʘʪʝʨʠʘʣʦʚ 

(ʨʠʩ.VII. 1.6, ʛʨʘʬʠʢʠ 1-3) ʧʦʟʚʦʣʷʝʪ ʧʨʠʡʪʠ ʢ ʚʳʚʦʜʫ, ʯʪʦ ʠʟ ʯʠʩʣʘ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʥʘʠʙʦʣʝʝ 

ʵʬʬʝʢʪʠʚʥʳʤ ʧʴʝʟʦʤʘʪʝʨʠʘʣʦʤ ʷʚʣʷʝʪʩʷ ʎʊʉ-36. ʆʜʥʘʢʦ ʥʘ ʦʩʥʦʚʘʥʠʠ ʵʪʠʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʜʘʥʥʳʭ ʚʨʷʜ ʣʠ ʤʦʞʥʦ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʄʕ ʩʚʦʡʩʪʚʘ ʢʦʤʧʦʟʠʪʦʚ ʥʘ ʦʩʥʦʚʝ 

ʎʊʉ-36 ʦʙʫʩʣʦʚʣʝʥ rʠʥʜʠʚʠʜʫʘʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʵʪʦʛʦ ʤʘʪʝʨʠʘʣʘ. ɺʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʡ 

ʦʙʞʠʛ ʩʤʝʩʝʡ ʧʦʨʦʰʢʦʚ ʥʝʠʟʙʝʞʥʦ ʧʨʠʚʦʜʠʪ ʢ ʥʘʨʫʰʝʥʠʶ ʠʩʭʦʜʥʦʛʦ ʩʦʩʪʘʚʘ ʬʘʟ, ʠ ʵʪʦʪ ʧʨʦʮʝʩʩ 

ʝʱʝ ʙʦʣʝʝ ʫʩʠʣʠʚʘʝʪʩʷ ʚ ʫʩʣʦʚʠʷʭ ʩʧʝʢʘʥʠʷ ʧʦʜ ʜʘʚʣʝʥʠʝʤ. ʇʨʠ ʵʪʦʤ ʜʘʞʝ ʥʝʙʦʣʴʰʠʝ ʜʦʙʘʚʢʠ 

ʧʦʩʪʦʨʦʥʥʠʭ ʠʦʥʦʚ ʩʫʱʝʩʪʚʝʥʥʦ ʠʟʤʝʥʷʶʪ ʩʚʦʡʩʪʚʘ ʤʘʪʝʨʠʘʣʘ. ʄʦʞʥʦ ʣʠʰʴ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ 

ʚ ʩʣʫʯʘʝ ʎʊʉ-36 ʣʝʛʠʨʦʚʘʥʠʝ ʠʤʝʝʪ ʥʝ ʩʪʦʣʴ ʛʣʫʙʦʢʠʝ ʧʦʩʣʝʜʩʪʚʠʷ, ʯʝʤ ʜʣʷ ʇʂʈ-7ʄ. 

 

ʈʠʩ.VII.1.6. ʂʦʥʮʝʥʪʨʘʮʠʦʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʄʕ ʢʦʵʬʬʠʮʠʝʥʪʘ Dɽ/Dʅ ʜʣʷ ʢʦʤʧʦʟʠʪʦʚ: 

(100-cʬ)ʇʂʈ7ʄ +ʩʬNi0.9Co0.1Fe2O4+10%ʩʪʝʢʣʘ(1), 

(100-cʬ)ʎʊʉ36+ʩʬNi0.9Co0.1Fe2O4+10%ʩʪʝʢʣʘ (2), 

(100-cʬ)BaTiO3+ʩʬNi0.9Co0.1Fe2O4 +10% ʩʪʝʢʣʘ (3), 

(100-°ʬ)ʇʂʈ7ʄ+ʩʬNi0.9Co0.1Fe2O4+5%ʩʪʝʢʣʘ (4), 

(100-cʬ)ʇʂʈ7ʄ +ʩʬNi0.9Co0.1Fe2O4 (5), 

(100-cʬ)BaTiO3+ ʩʬNi0.9Co0.1Fe2O4 +1% ʩʪʝʢʣʘ (6).  
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VII .2. ɺʣʠʷʥʠʝ ʧʨʠʨʦʜʳ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʠ ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʦʥʥʦʡ ʬʘʟ ʠ 

ʣʝʛʠʨʫʶʱʠʭ ʜʦʙʘʚʦʢ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʤʘʛʥʠʪʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 

ɺ ʜʘʥʥʦʤ ʨʘʟʜʝʣʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʧʨʠʨʦʜʳ 

ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʦʥʥʳʭ ʠ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʬʘʟ, ʘ ʪʘʢʞʝ ʨʷʜʘ ʣʝʛʠʨʫʶʱʠʭ ʜʦʙʘʚʦʢ ʥʘ ʩʚʦʡʩʪʚʘ 

ʄʕ ʢʦʤʧʦʟʠʮʠʦʥʥʦʡ ʢʝʨʘʤʠʢʠ. ɼʣʷ ʵʪʠʭ ʮʝʣʝʡ ʧʨʠʤʝʥʷʣʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʝ ʬʝʨʨʠʪʳ ʥʠʢʝʣʷ 

NiCo0.02Fe1.9O4-d, NiCo0.02Cu0.02Mn0.1Fe1.8O4-d ʠ Ni0.9Co0.1Fe2O4. ɺʳʙʦʨ ʩʦʩʪʘʚʦʚ ʬʝʨʨʠʪʦʚ ʙʳʣ 

ʩʜʝʣʘʥ ʥʘ ʦʩʥʦʚʝ ʩʦʦʙʨʘʞʝʥʠʡ, ʠʟʣʦʞʝʥʥʳʭ ʚ ʨʘʟʜʝʣʝ III .2.1. ɺ ʢʘʯʝʩʪʚʝ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʩʦʩʪʘʚʣʷʶʱʝʡ ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʨʦʤʳʰʣʝʥʥʳʝ ʧʴʝʟʦʤʘʪʝʨʠʘʣʳ ʎʊʉ ʨʘʟʣʠʯʥʳʭ ʤʘʨʦʢ, ʩʚʦʡʩʪʚʘ 

ʢʦʪʦʨʳʭ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ III .3, ʠ ʪʠʪʘʥʘʪ ʙʘʨʠʷ. ʇʦʨʦʰʢʠ ʧʴʝʟʦʤʘʪʝʨʠʘʣʦʚ ʙʳʣʠ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʦʙʦʞʞʝʥʳ ʧʨʠ 1200 (ʤʘʪʝʨʠʘʣʳ ʎʊʉ) ʠ 1300ʉ̄ (ɺʘTiO3) ʚ ʪʝʯʝʥʠʝ 2 ʯʘʩʦʚ ʩ 

ʮʝʣʴʶ ʫʢʨʫʧʥʝʥʠʷ ʩʨʝʜʥʠʭ ʨʘʟʤʝʨʦʚ ʯʘʩʪʠʮ. ʉ ʮʝʣʴʶ ʫʤʝʥʴʰʝʥʠʷ ʤʝʞʬʘʟʥʦʛʦ ʭʠʤʠʯʝʩʢʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʙʳʣʘ ʧʨʝʜʧʨʠʥʷʪʘ ʧʦʧʳʪʢʘ ʚʚʝʜʝʥʠʷ ʜʦʙʘʚʦʢ, ʢʦʤʧʝʥʩʠʨʫʶʱʠʭ ʚʟʘʠʤʥʦʝ 

ʣʝʛʠʨʦʚʘʥʠʝ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʠ ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʦʥʥʦʡ ʢʦʤʧʦʥʝʥʪ ʢʦʤʧʦʟʠʪʘ ʧʨʠ ʩʦʚʤʝʩʪʥʦʤ 

ʩʧʝʢʘʥʠʠ. ʂʘʢ ʫʞʝ ʦʪʤʝʯʘʣʦʩʴ ʚ ʨʘʟʜʝʣʝ II.2.5, ʩʦʜʝʨʞʘʱʠʝʩʷ ʚ ʬʝʨʨʠʪʝ ʠʦʥʳ Fe3+ ʣʝʛʠʨʫʶʪ ʎʊʉ 

ʧʦ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʤ ʧʦʣʦʞʝʥʠʷʤ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʠʦʥʘʤ Ti4+ ʠ Zr4+, ʫʚʝʣʠʯʠʚʘʷ ʯʠʩʣʦ 

ʢʠʩʣʦʨʦʜʥʳʭ ʚʘʢʘʥʩʠʡ. ʇʨʠ ʵʪʦʤ ʩʥʠʞʘʝʪʩʷ ʫʜʝʣʴʥʦʝ ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ 

ʧʴʝʟʦʵʣʝʢʪʨʠʢʘ ʠ ʚʦʟʨʘʩʪʘʝʪ ʩʝʛʥʝʪʦʞʝʩʪʢʦʩʪʴ. ʕʪʦ ʚ ʝʱʝ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʧʨʝʧʷʪʩʪʚʫʝʪ 

ʵʬʬʝʢʪʠʚʥʦʡ ʧʦʣʷʨʠʟʘʮʠʠ ʄʕ ʢʝʨʘʤʠʢʠ, ʦʙʣʘʜʘʶʱʝʡ ʧʦʥʠʞʝʥʥʳʤ ʵʣʝʢʪʨʠʯʝʩʢʠʤ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ r ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʤʘʪʝʨʠʘʣʘʤʠ ʎʊʉ ʚʩʣʝʜʩʪʚʠʝ ʥʠʟʢʠʭ ʟʥʘʯʝʥʠʡ r 

ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʦʥʥʦʡ ʢʦʤʧʦʥʝʥʪ.r ʅʝʞʝʣʘʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʠʦʥʦʚ Fe3+ ʤʦʞʝʪ ʙʳʪʴ 

ʩʢʦʤʧʝʥʩʠʨʦʚʘʥʦ ʚʚʝʜʝʥʠʝʤ ʚ ʜʦʜʝʢʘʵʜʨʠʯʝʩʢʠʝ ʠ ʦʢʪʘʵʜʨʠʯʝʩʢʠʝ ʧʦʣʦʞʝʥʠʷ ʩʪʨʫʢʪʫʨʳ 

ʧʝʨʦʚʩʢʠʪʘ ʪʨʝʭ- ʠ ʧʷʪʠʟʘʨʷʜʥʳʭ ʠʦʥʦʚ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʉ ʵʪʦʡ ʮʝʣʴʶ ʚ ʩʤʝʩʠ ʬʝʨʨʠʪʘ ʠ 

ʧʴʝʟʦʵʣʝʢʪʨʠʢʘ ʧʝʨʝʜ ʩʧʝʢʘʥʠʝʤ, ʘ ʪʘʢʞʝ ʥʘ ʵʪʘʧʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʦʙʞʠʛʘ ʧʴʝʟʦʤʘʪʝʨʠʘʣʦʚ ʚ 

ʨʷʜʝ ʩʣʫʯʘʝʚ ʚʚʦʜʠʣʠʩʴ ʥʝʙʦʣʴʰʠʝ ʜʦʙʘʚʢʠ ʦʢʩʠʜʦʚ La2O3, Bi2O3, Nb2O5. 

ʄʕ ʢʝʨʘʤʠʢʫ ʧʦʣʫʯʘʣʠ ʪʨʘʜʠʮʠʦʥʥʳʤ ʪʚʝʨʜʦʬʘʟʥʳʤ ʩʧʦʩʦʙʦʤ. ʉʧʝʢʘʥʠʝ ʢʝʨʘʤʠʯʝʩʢʠʭ 

ʟʘʛʦʪʦʚʦʢ ʧʨʦʚʦʜʠʣʠ ʥʘ ʚʦʟʜʫʭʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1180-1200̄ʉ ʚ ʪʝʯʝʥʠʝ 2 ʯʘʩʦʚ. ɼʘʣʝʝ ʦʙʨʘʟʮʳ 

ʜʣʷ ʠʟʤʝʨʝʥʠʡ ʛʦʪʦʚʠʣʠ, ʢʘʢ ʦʧʠʩʘʥʦ ʚ ʧʨʝʜʳʜʫʱʝʤ ʨʘʟʜʝʣʝ VII .1. ʀʩʩʣʝʜʦʚʘʣʠ 

ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʝ ʠ ʄʕ ʩʚʦʡʩʪʚʘ ʢʦʤʧʦʟʠʮʠʦʥʥʦʡ ʢʝʨʘʤʠʢʠ. 

ɺ ʪʘʙʣʠʮʝ VII. 2.1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʝ, ʫʧʨʫʛʠʝ ʠ ʄʕ ʩʚʦʡʩʪʚʘ ʩʤʝʩʝʚʳʭ 

ʢʦʤʧʦʟʠʪʦʚ ʥʘ ʦʩʥʦʚʝ ʨʘʟʣʠʯʥʳʭ ʧʴʝʟʦʤʘʪʝʨʠʘʣʦʚ. ʀʟ ʜʘʥʥʳʭ ʪʘʙʣʠʮʳ ʚʠʜʥʦ, ʯʪʦ ʥʘʠʙʦʣʝʝ 

ʚʳʩʦʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʄʕ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʤʦʞʝʪ ʙʳʪʴ ʜʦʩʪʠʛʥʫʪʘ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚ 

ʢʘʯʝʩʪʚʝ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʢʦʤʧʦʟʠʪʦʚ ʧʴʝʟʦʤʘʪʝʨʠʘʣʦʚ ʎʊʉ-24 ʠ ʎʊʉ-36. 
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ʊʘʙʣʠʮʘ VII.2.1. ɼʠʵʣʝʢʪʨʠʯʝʩʢʠʝ, ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʝ, ʫʧʨʫʛʠʝ ʠ ʤʘʛʥʠʪʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

 ʩʤʝʩʝʚʳʭ ʢʦʤʧʦʟʠʪʦʚ ʩʦʩʪʘʚʘ 50 ʤʘʩʩ.% ʎʊʉ+50 ʤʘʩʩ.% NiCo0.02Cu0.02Mn0.1Fe1,8O4-d 

ʥʘ ʦʩʥʦʚʝ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʴʝʟʦʤʘʪʝʨʠʘʣʦʚ 

 

 e33
ʊ/e0 tgd, % ʂʨ -d31, 

ʧʂʣ/ʅ 

-g31, 

ʤɺÖʤ/ʅ 

Dɽ/Dʅ, 

ʤɺ/(ʩʤÖʕ) 

ʅʩʤ, 

ʢɸ/ʤ 

s s11
EÖ1012, 

ʇʘ-1 

Y31
ʖÖ10-10, 

ʇʘ-1 

v1
E, 

 ʢʤ/ʩ 

ʎʊʉ-24 135 16 0.12 6.8 5.6 110(ʜʦ135) 80 0.36 8.4 11.5 4.44 

ʎʊʉ-36 115 12 0.10 6.0 5.9 90(ʜʦ110) 80 0.35 9.5 10.4 4.20 

ʇʂʈ-8 135 14 0.10 5.6 4.7 80 80 0.37 8.3 11.5 4.44 

ʎʊʉ-19 135 16 0.095 5.9 5.0 75 80 0.34 9.8 9.8 4.20 

ʎʊʉʅɺ-1 145 13 0.13 8.8 7.0 60 80 0.34 10.2 9.6 4.12 

ʊʉ-21 90 15 0.11 5.3 7.0 45 75 0.29 8.5 11.9 4.49 

ʎʊʉʉʊ-2 255 7 0.09 6.8 3.0 25 80 0.37 8.8 11.1 4.37 

ʎʊɹʉ-3 260 11 0.05 4.0 1.8 12 80 0.36 7.8 12.5 4.66 
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ʅʘʜʝʞʥʦʡ ʢʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ Dɽ/Dʅ ʩʤʝʩʝʚʳʭ ʢʦʤʧʦʟʠʪʦʚ ʠ ʠʭ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ, ʘ ʪʘʢʞʝ ʧʘʨʘʤʝʪʨʘʤʠ ʯʠʩʪʳʭ ʧʴʝʟʦʢʝʨʘʤʠʢ ʥʝ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ, ʦʯʝʚʠʜʥʦ, ʩʚʷʟʘʥʦ 

ʩ ʚʟʘʠʤʥʳʤ ʣʝʛʠʨʦʚʘʥʠʝʤ ʬʘʟ ʢʦʤʧʦʟʠʪʘ ʧʨʠ ʩʦʚʤʝʩʪʥʦʤ ʩʧʝʢʘʥʠʠ. 

 

ʈʠʩ.VII.2.1. ʂʦʥʮʝʥʪʨʘʮʠʦʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ e33
ʊ/e0 (ʘ) ʠ 

ʪʘʥʛʝʥʩʘ ʫʛʣʘ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʪʝʨʴ tgd (ʙ) ʜʣʷ ʢʦʤʧʦʟʠʪʦʚ ʩʦʩʪʘʚʘ 

(ʤʘʩʩ.%):(100-cʬ)ʎʊʉ36+ʩʬNiCo0.02Fe1.9O4-d (1), (100-cʬ)ʎʊʉ-36+ ʩʬNiCo0.02Fe1.9O4-d  +1ʤʦʣ.% 

Bi2O3 (2), (100-cʬ)ʎʊʉ-36+ʩʬNiCo0.02Fe1.9O4-d+1ʤʦʣ.%La2O3 (3), 

(100-cʬ)ʎʊʉ-36+ʩʬNiCo0.02Cu0.02Mn0.02Fe1.9O4-d (4),(100-cʬ)ʎʊʉ-36+ ʩʬNi0.9Co0.1Fe2O4 (5).  
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ʈʠʩ.VII.2.2. ʂʦʥʮʝʥʪʨʘʮʠʦʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʦʡ ʩʚʷʟʠ ʂʨ, 

ʧʴʝʟʦʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ -g31 ʠ ʧʴʝʟʦʤʦʜʫʣʷ -d31 ʜʣʷ ʢʦʤʧʦʟʠʪʦʚ ʩʦʩʪʘʚʘ (ʤʘʩʩ.%): (100-cʬ) 

ʎʊʉ36 + ʩʬNiCo0.02Fe1.9O4-d  (1), (100-cʬ)ʎʊʉ-36+ ʩʬNiCo0.02Fe1.9O4-d + 1ʤʦʣ.% Bi2O3 (2), 

(100-cʬ)ʎʊʉ-36 + ʩʬNiCo0.02Fe1.9O4-d + 1ʤʦʣ.% La2O3 (3) , (100-cʬ)ʎʊʉ-36 + 

ʩʬNiCo0.02Cu0.02Mn0.02Fe1.9O4-d (4), (100-cʬ)ʎʊʉ-36 + ʩʬNi0.9Co0.1Fe2O4 (5). 
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ʈʠʩ.VII.2.3. ʂʦʥʮʝʥʪʨʘʮʠʦʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʫʧʨʫʛʦʡ ʧʦʜʘʪʣʠʚʦʩʪʠ s11
E, ʤʦʜʫʣʷ ʖʥʛʘ Y31

ʖ ʠ 

ʩʢʦʨʦʩʪʠ ʟʚʫʢʘ v1
ɽ ʜʣʷ ʢʦʤʧʦʟʠʪʦʚ ʩʦʩʪʘʚʘ (ʤʘʩʩ.%): (100-cʬ)ʎʊʉ36+ ʩʬNiCo0.02Fe1.9O4-d (1), 

(100-cʬ)ʎʊʉ-36+ʩʬNiCo0.02Fe1.9O4-d + 1ʤʦʣ.% Bi2O3 (2), (100-cʬ)ʎʊʉ-36 + ʩʬNi0.9Co0.1Fe2O4 (3), 

(100-cʬ)ʎʊʉ-36+ ʩʬNiCo0.02Cu0.02Mn0.02Fe1.9O4-d (4). 
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ɼʣʷ ʢʦʤʧʦʟʠʪʦʚ ʥʘ ʦʩʥʦʚʝ ʎʊʉ-36 ʥʘ ʨʠʩ.VII. 2.1-VII. 2.3 ʧʦʢʘʟʘʥʳ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʳʝ 

ʟʘʚʠʩʠʤʦʩʪʠ ʠʭ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ: ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ e33
T/e0 ʠ ʪʘʥʛʝʥʩʘ 

ʫʛʣʘ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʪʝʨʴ tgd ʥʘ ʯʘʩʪʦʪʝ 1 ʢɻʮ, ʢʦʵʬʬʠʮʠʝʥʪʘ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʦʡ ʩʚʷʟʠ ʂp 

ʠ ʧʴʝʟʦʤʦʜʫʣʷ -d31, ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʇʫʘʩʩʦʥʘ s, ʫʧʨʫʛʦʡ ʧʦʜʘʪʣʠʚʦʩʪʠ s11
E, ʤʦʜʫʣʝʡ ʖʥʛʘ Y31

ʖ, 

ʩʢʦʨʦʩʪʠ ʟʚʫʢʘ v1
ɽ. ʂʘʢ ʚʠʜʥʦ ʠʟ ʛʨʘʬʠʢʦʚ, ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʬʝʨʨʠʪʘ ʩʥʠʞʘʝʪʩʷ 

e33
T/e0 ʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ tgd, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʧʨʦʚʦʜʠʤʦʩʪʴʶ ʠ ʥʠʟʢʠʤʠ 

ʟʥʘʯʝʥʠʷʤʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʦʥʥʦʡ ʢʦʤʧʦʥʝʥʪ.r ɼʣʷ ʬʝʨʨʠʪʦʚ, 

ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʚ ʨʘʙʦʪʝ, ʟʥʘʯʝʥʠʷ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʠ ʪʘʥʛʝʥʩʘ ʫʛʣʘ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʪʝʨʴ ʩʦʩʪʘʚʣʷʶʪ 20-50 ʠ 0.1-0.5 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʜʣʷ ʎʊʉ-36 

e33
T/e0=650 ʠ tgd=0.02. ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʩʪʝʧʝʥʠ ʨʘʟʙʘʚʣʝʥʠʷ ʧʴʝʟʦʘʢʪʠʚʥʦʡ ʬʘʟʳ ʥʝʘʢʪʠʚʥʳʤ 

ʬʝʨʨʠʪʦʤ ʩʥʠʞʘʶʪʩʷ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʢʦʥʩʪʘʥʪʳ ʂp ʠ -d31. ʇʦ ʭʘʨʘʢʪʝʨʫ ʠʟʤʝʥʝʥʠʷ 

ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʬʝʨʨʠʪʘ ʢʦʤʧʦʟʠʪʳ ʩ ʜʦʙʘʚʢʘʤʠ La2O3, Nb2O5, 

Bi2O3 ʥʝ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʤʘʪʝʨʠʘʣʦʚ ʙʝʟ ʜʦʙʘʚʦʢ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠ ʣʝʛʠʨʦʚʘʥʠʠ 

ʩʝʛʥʝʪʦʤʷʛʢʠʤʠ ʜʦʙʘʚʢʘʤʠ La3+ ʠ Nb5+ ʢʦʵʬʬʠʮʠʝʥʪʳ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʦʡ ʩʚʷʟʠ ʂp ʠ 

ʧʴʝʟʦʤʦʜʫʣʠ -d31 ʦʩʪʘʶʪʩʷ ʥʝʠʟʤʝʥʥʳʤʠ, ʥʦ ʩʫʱʝʩʪʚʝʥʥʦ ʚʦʟʨʘʩʪʘʝʪ ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ 

ʧʨʦʥʠʮʘʝʤʦʩʪʴ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʩʥʠʞʝʥʠʠ ʩʝʛʥʝʪʦʞʝʩʪʢʦʩʪʠ ʧʴʝʟʦʵʣʝʢʪʨʠʢʘ. ɺ ʥʝʩʢʦʣʴʢʦ 

ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ ʵʪʦ ʦʪʥʦʩʠʪʩʷ ʠ ʢ Bi3+, ʟʘʥʠʤʘʶʱʝʤʫ ʧʨʦʤʝʞʫʪʦʯʥʦʝ ʧʦʣʦʞʝʥʠʝ ʩʨʝʜʠ 

ʩʝʛʥʝʪʦʤʷʛʢʠʭ ʠ ʩʝʛʥʝʪʦʞʝʩʪʢʠʭ ʜʦʙʘʚʦʢ. 

 

ʈʠʩ.VII.2.4. ʉʦʦʪʚʝʪʩʪʚʠʝ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʧʨʦʥʠʮʘʝʤʦʩʪʠ e33
ʊ/e0 ʜʣʷ ʩʦʩʪʘʚʦʚ (100-cʬ) ʎʊʉ36 + ʩʬ NiCo0.02Fe1.9O4-d (1),  

(100-cʬ) ʎʊʉ-36 + ʩʬ NiCo0.02Fe1.9O4-d  + 1ʤʦʣ.% Bi2O3 (2). 
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ʅʘ ʦʩʥʦʚʘʥʠʠ ʤʦʜʝʣʴʥʳʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ [409], ʦʧʠʩʳʚʘʶʱʠʭ ʩʚʦʡʩʪʚʘ ʩʤʝʩʝʚʳʭ 

ʢʦʤʧʦʟʠʪʦʚ ʧʴʝʟʦʵʣʝʢʪʨʠʢ ï ʧʦʣʠʤʝʨ, ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ ʟʥʘʯʝʥʠʷ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʧʦ ʬʦʨʤʫʣʝ V
ʢʦʤʧ

ʌ

ʇʕʌ

ʇʕ

ʢʦʤʧ

-=Ö
-

-
13

.

.

e

e

ee

ee
(ʛʜʝ eʬ, eʉʕ ʠ eʢʦʤʧ. ï ʦʪʥʦʩʠʪʝʣʴʥʳʝ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʝ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʢʦʤʧʦʟʠʪʘ, ʧʴʝʟʦʵʣʝʢʪʨʠʢʘ ʠ ʬʝʨʨʠʪʘ, V ï ʦʙʲʝʤʥʘʷ ʜʦʣʷ 

ʧʴʝʟʦʬʘʟʳ ʚ ʢʦʤʧʦʟʠʪʝ) ʜʣʷ ʢʦʤʧʦʟʠʪʦʚ ʥʘ ʦʩʥʦʚʝ ʎʊʉ-36 ʠ NiCo0.02Fe1.9O4-d ʩ ʜʦʙʘʚʢʦʡ Bi2O3 ʠ 

ʙʝʟ ʥʝʝ. ʂʘʢ ʚʠʜʥʦ ʠʟ ʛʨʘʬʠʢʘ ʥʘ ʨʠʩ.VII. 2.4, ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ e33
T/e0 

ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʶʪʩʷ ʤʝʞʜʫ ʩʦʙʦʡ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʵʪʠʭ 

ʢʦʤʧʦʟʠʪʦʚ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦ ʦʧʠʩʳʚʘʶʪʩʷ ʜʘʥʥʦʡ ʤʦʜʝʣʴʶ, ʯʪʦ ʪʘʢʞʝ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ 

ʜʘʥʥʳʤʠ ʨʘʙʦʪʳ [37]. 

        40                           60              

C   , ʤʘʩʩ.%ʬ

D D ,E/ H  ʤɺ/(ʩʤ ʕ)

40

 80

120

-1

-2
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ʈʠʩ.VII.2.5. ʂʦʥʮʝʥʪʨʘʮʠʦʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʄʕ ʢʦʵʬʬʠʮʠʝʥʪʘ Dɽ/Dʅ ʠ ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʦʣʷ 

ʧʦʜʤʘʛʥʠʯʠʚʘʥʠʷ ʅʩʤ ʜʣʷ ʢʦʤʧʦʟʠʪʦʚ ʩʦʩʪʘʚʘ (ʤʘʩʩ.%): (100-cʬ)ʎʊʉ36+ ʩʬNiCo0.02Fe1.9O4-d 

(1), (100-cʬ)ʎʊʉ-36+ ʩʬNiCo0.02Fe1.9O4-d + 1ʤʦʣ.% Bi2O3 (2), (100-cʬ)ʎʊʉ-36 + 

ʩʬNiCo0.02Fe1.9O4-d + 1ʤʦʣ.% La2O3 (3), (100-cʬ)ʎʊʉ-36 + ʩʬNiCo0.02Cu0.02Mn0.02Fe1.9O4-d (4), 

(100-cʬ)ʎʊʉ-36 + ʩʬNi0.9Co0.1Fe2O4 (5). 
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ʂʦʥʮʝʥʪʨʘʮʠʦʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʄʕ ʢʦʵʬʬʠʮʠʝʥʪʘ DE/DH ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ.VII. 2.5. 

ʄʘʢʩʠʤʫʤ DE/DH ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʩʦʩʪʘʚʳ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʬʝʨʨʠʪʘ 40-50 ʤʘʩʩ.%. ʂʘʢ ʚʠʜʥʦ ʠʟ 

ʛʨʘʬʠʢʦʚ, ʤʘʪʝʨʠʘʣʳ ʥʘ ʦʩʥʦʚʝ ʬʝʨʨʠʪʘ Ni0.9Co0.1Fe2O4 ʫʩʪʫʧʘʶʪ ʧʦ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʄʕ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʢʦʤʧʦʟʠʪʘʤ ʠʟ NiCo0.02Fe1.9O4-d. ʅʘʠʙʦʣʴʰʠʝ ʟʥʘʯʝʥʠʷ DE/DH ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʦʙʨʘʟʮʘʤ ʩ ʜʦʙʘʚʢʦʡ Bi2O3 ʠ ʢʦʤʧʦʟʠʪʘʤ ʥʘ ʦʩʥʦʚʝ ʬʝʨʨʠʪʘ, ʣʝʛʠʨʦʚʘʥʥʦʛʦ ʦʢʩʠʜʘʤʠ ʤʘʨʛʘʥʮʘ  

ʠ ʤʝʜʠ. ʏʪʦ ʢʘʩʘʝʪʩʷ ʢʦʤʧʦʟʠʪʦʚ ʩ La2O3 ʠ Nb2O5, ʪʦ ʣʫʯʰʠʝ ʟʥʘʯʝʥʠʷ ʄʕ ʢʦʵʬʬʠʮʠʝʥʪʘ ʜʣʷ ʥʠʭ 

ʥʝ ʧʨʝʚʳʩʠʣʠ 40-45 ʤɺ/(ʩʤÖʕ). ʇʨʠʯʠʥʘ ʪʘʢʦʛʦ ʧʦʚʝʜʝʥʠʷ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʚ 

ʦʪʣʠʯʠʝ ʦʪ Bi2O3, ʚʩʪʫʧʘʶʱʝʛʦ ʩ ʬʝʨʨʠʪʦʤ ʥʠʢʝʣʷ ʚ ʵʚʪʝʢʪʠʯʝʩʢʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ [410], ʦʢʩʠʜʳ 

ʥʠʦʙʠʷ ʠ ʣʘʥʪʘʥʘ ʣʝʛʠʨʫʶʪ ʬʝʨʨʠʪ, ʫʭʫʜʰʘʷ ʝʛʦ ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ.  

ɺ ʪʘʙʣʠʮʝ VII.2.2 ʜʣʷ ʣʫʯʰʠʭ ʩʦʩʪʘʚʦʚ ʧʨʠʚʝʜʝʥʳ ʟʥʘʯʝʥʠʷ ʄʕ ʢʦʵʬʬʠʮʠʝʥʪʦʚ DE/DH ʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʠʤ ʚʝʣʠʯʠʥʳ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʧʦʣʷ ʧʦʜʤʘʛʥʠʯʠʚʘʥʠʷ Hʩʤ, ʧʨʠ ʢʦʪʦʨʳʭ 

ʚʝʣʠʯʠʥʳ DE/DH ʤʘʢʩʠʤʘʣʴʥʳ. ɿʘʤʝʯʝʥʦ, ʯʪʦ ʚʚʝʜʝʥʠʝ ʚ ʬʝʨʨʠʪ ʠʦʥʦʚ ʤʝʜʠ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʩʥʠʞʝʥʠʶ ʦʧʪʠʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʧʦʣʷ ʧʦʜʤʘʛʥʠʯʠʚʘʥʠʷ ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʥʘ ʚʳʩʦʢʦʤ ʫʨʦʚʥʝ 

ʚʝʣʠʯʠʥ DE/DH. ʕʪʦ ʤʦʞʝʪ ʦʢʘʟʘʪʴʩʷ ʧʦʣʝʟʥʳʤ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ, 

ʨʘʙʦʪʘʶʱʠʭ ʧʨʠ ʫʩʣʦʚʠʠ ʧʦʩʪʦʷʥʥʦʛʦ ʧʦʣʷ ʧʦʜʤʘʛʥʠʯʠʚʘʥʠʷ, ʥʘʧʨʠʤʝʨ, ʜʘʪʯʠʢʦʚ ʧʝʨʝʤʝʥʥʳʭ 

ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ. 

ʊʘʙʣʠʮʘ VII.2.2. ʄʕ ʢʦʵʬʬʠʮʠʝʥʪʳ ʩʤʝʩʝʚʳʭ ʢʦʤʧʦʟʠʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʦʙʳʯʥʳʤ ʩʧʝʢʘʥʠʝʤ 

ʩʦʩʪʘʚ ʢʦʤʧʦʟʠʪʘ, ʤʘʩʩ.% 
DE/DH, 

ʤɺ/(ʩʤÖʕ) 

ʅʩʤ,  

ʢɸ/ʤ 

50%ʎʊʉ-36+50% NiCo0.02Fe1.9O4-d 110 80 

60%ʎʊʉ-36+40% NiCo0.02Fe1.9O4-d 100 90 

60%ʎʊʉ-36+40% NiCo0.02Fe1.9O4-d+1% Bi2O3 105 70 

50%ʎʊʉ-36+50% NiCo0.02Fe1.9O4-d+1% Bi2O3 120 80 

60%ʎʊʉ-36+40% NiCo0.02Cu0.02Mn0.02Fe1.9O4-d 105 50 

50%ʎʊʉ-36+50% NiCo0.02Cu0.02Mn0.02Fe1.9O4-d 110 55 

50%ʎʊʉ-24+50% NiCo0.02Cu0.02Mn0.02Fe1.9O4-d 125 55 

60%ʎʊʉ-24+40% NiCo0.02Cu0.02Mn0.02Fe1.9O4-d 135 75 
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VII .3. ɺʣʠʷʥʠʝ ʪʠʧʘ ʩʚʷʟʥʦʩʪʠ ʠ ʧʨʠʨʦʜʳ ʧʴʝʟʦʬʘʟʳ ʥʘ ʩʚʦʡʩʪʚʘ 

ʤʘʛʥʠʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʢʦʤʧʦʟʠʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʟʦʣʴ-ʛʝʣʴ-ʤʝʪʦʜʦʚ 

ʩʠʥʪʝʟʘ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʠ ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʦʥʥʦʡ ʬʘʟ 

ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʧʨʝʜʧʨʠʥʠʤʘʶʪʩʷ ʘʢʪʠʚʥʳʝ ʧʦʧʳʪʢʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ çʤʦʢʨʳʭè 

ʤʝʪʦʜʦʚ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʄʕ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ [79ï89]. ʆ ʧʨʝʠʤʫʱʝʩʪʚʘʭ 

ʧʨʠʤʝʥʝʥʠʷ ʜʘʥʥʳʭ ʤʝʪʦʜʦʚ ʩʢʘʟʘʥʦ ʚ ʨʘʟʜʝʣʝ II .2.2. ɺ ʜʘʥʥʦʤ ʨʘʟʜʝʣʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠ ̫ ʪʠʧʘ ʩʚʷʟʥʦʩʪʠ ʠ ʧʨʠʨʦʜʳ ʧʴʝʟʦʤʘʪʝʨʠʘʣʘ ʥʘ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʝ, 

ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʠ ʄʕ ʩʚʦʡʩʪʚʘ ʢʦʤʧʦʟʠʮʠʦʥʥʦʡ ʢʝʨʘʤʠʢʠ ʥʘ ʦʩʥʦʚʝ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ 

ʬʝʨʨʠʪʘ ʥʠʢʝʣʷ Ni0.9Co0.1Cu0.1Fe1.9O4-d ʠ ʧʴʝʟʦʤʘʪʝʨʠʘʣʦʚ ʎʊʉ ʨʘʟʣʠʯʥʳʭ ʧʨʦʤʳʰʣʝʥʥʳʭ ʤʘʨʦʢ, 

ʩʚʦʡʩʪʚʘ ʢʦʪʦʨʳʭ ʠʟʤʝʥʷʶʪʩʷ ʚ ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ (ʪʘʙʣʠʮʘ III.3). 

ʇʨʝʜʚʘʨʠʪʝʣʴʥʦ ʙʳʣʦ ʠʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ ʪʠʧʘ ʩʚʷʟʥʦʩʪʠ ʥʘ ʩʚʦʡʩʪʚʘ ʢʦʤʧʦʟʠʮʠʦʥʥʦʡ 

ʢʝʨʘʤʠʢʠ ʥʘ ʦʩʥʦʚʝ ʦʜʥʦʛʦ ʠʟ ʧʴʝʟʦʤʘʪʝʨʠʘʣʦʚ, ʘ ʠʤʝʥʥʦ ʎʊʉʅɺ-1. ɽʛʦ ʚʳʙʦʨ ʙʳʣ ʦʙʫʩʣʦʚʣʝʥ 

ʪʝʤ, ʯʪʦ ʵʪʦ ʦʜʠʥ ʠʟ ʥʝʤʥʦʛʠʭ ʧʴʝʟʦʵʣʝʢʪʨʠʢʦʚ ʛʨʫʧʧʳ ʎʊʉ, ʧʦʣʫʯʝʥʠʝ ʢʦʪʦʨʦʛʦ ʚʦʟʤʦʞʥʦ ʟʦʣʴ-

ʛʝʣʴ-ʤʝʪʦʜʦʤ Pechini, ʢʘʢ ʦʧʠʩʘʥʦ ʚ ʨʘʟʜʝʣʝ VI.2.2. ʇʦʣʫʯʝʥʠʝ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʭ ʤʘʩʩ.% ʎʊʉʅɺ-1 + (100-ʭ) ʤʘʩʩ.% Ni0.9Co0.1Cu0.1Fe1.9O4-d ʚ ʜʠʘʧʘʟʦʥʝ ʭ = 20-70 ʩ ʰʘʛʦʤ 

10 ʤʘʩʩ.% ʧʨʦʚʦʜʠʣʦʩʴ ʯʝʪʳʨʴʤʷ ʨʘʟʣʠʯʥʳʤʠ ʩʧʦʩʦʙʘʤʠ: 

ʉʧʦʩʦʙ 1 - ʠʟ ʧʦʨʦʰʢʦʚ ʎʊʉ ʠ ʬʝʨʨʠʪʘ, ʧʦʣʫʯʝʥʥʳʭ ʪʚʝʨʜʦʬʘʟʥʳʤ ʩʧʦʩʦʙʦʤ. ʇʨʠ ʵʪʦʤ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʨʦʤʳʰʣʝʥʥʳʡ ʧʦʨʦʰʦʢ ʎʊʉʅɺ-1, ʢʦʪʦʨʳʡ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʨʦʢʘʣʠʚʘʣʠ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 1180-1200̄ʉ ʚ ʪʝʯʝʥʠʝ 2 ʯʘʩʦʚ ʩ ʮʝʣʴʶ ʫʢʨʫʧʥʝʥʠʷ ʨʘʟʤʝʨʦʚ ʯʘʩʪʠʮ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ 

ʬʝʨʨʠʪʘ ʥʝʦʙʭʦʜʠʤʳʝ ʢʦʣʠʯʝʩʪʚʘ NiO, CoO, CuO ʠ Fe2O3 ʪʱʘʪʝʣʴʥʦ ʧʝʨʝʪʠʨʘʣʠ, ʬʦʨʤʠʨʦʚʘʣʠ 

ʪʘʙʣʝʪʢʠ ʠ ʧʨʦʚʦʜʠʣʠ ʩʠʥʪʝʟ ʧʨʠ 900-1000̄ʉ ʚ ʪʝʯʝʥʠʝ 8 ʯʘʩʦʚ ʩ ʧʨʦʤʝʞʫʪʦʯʥʳʤ ʧʦʤʦʣʦʤ. 

ʄʕ ʢʝʨʘʤʠʢʫ ʩʧʝʢʘʣʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1180-1200̄ʉ ʚ ʪʝʯʝʥʠʝ 2 ʯʘʩʦʚ. ʕʪʠʤ ʞʝ ʩʧʦʩʦʙʦʤ 

ʧʦʣʫʯʘʣʠ ʄʕ ʢʦʤʧʦʟʠʪʳ ʥʘ ʦʩʥʦʚʝ ʜʨʫʛʠʭ ʧʴʝʟʦʤʘʪʝʨʠʘʣʦʚ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʪʘʙʣʠʮʝ III.3. 

ʇʦʩʣʝ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʠ ʥʘʥʝʩʝʥʠʷ ʵʣʝʢʪʨʦʜʦʚ ʦʙʨʘʟʮʳ ʧʦʣʷʨʠʟʦʚʘʣʠ ʣʠʙʦ (1) ʚ 

ʩʠʣʠʢʦʥʦʚʦʤ ʤʘʩʣʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 120ʉ̄ ʚ ʧʦʩʪʦʷʥʥʦʤ ʵʣʝʢʪʨʠʯʝʩʢʦʤ ʧʦʣʝ 1.8-2.4 ʢɺ/ʤʤ ʚ 

ʪʝʯʝʥʠʝ 20 ʤʠʥʫʪ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʦʭʣʘʞʜʝʥʠʝʤ ʢʝʨʘʤʠʢʠ ʧʦʜ ʧʦʣʝʤ ʜʦ 40-30̄ ʉ; ʣʠʙʦ (2) ʧʨʠ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʩʨʝʜʝ ʭʣʦʨʦʬʦʨʤʘ ʚ ʠʤʧʫʣʴʩʥʦʤ ʨʝʞʠʤʝ ʚ ʧʦʣʝ 2-4 ʢɺ/ʤʤ ʚ ʪʝʯʝʥʠʝ 

3 ʤʠʥʫʪ. ʆʙʘ ʩʧʦʩʦʙʘ ʧʦʣʷʨʠʟʘʮʠʠ ʜʘʚʘʣʠ ʠʜʝʥʪʠʯʥʳʡ ʨʝʟʫʣʴʪʘʪ.  

ʉʧʦʩʦʙ 2 - ʠʟ ʧʦʨʦʰʢʘ ʎʊʉʅɺ-1, ʧʦʣʫʯʝʥʥʦʛʦ ʧʨʠ 700ʉ̄ ʟʦʣʴ-ʛʝʣʴ-ʤʝʪʦʜʦʤ Pechini ʠʟ 

ʣʠʤʦʥʥʦʢʠʩʣʦʛʦ ʛʣʠʮʝʨʠʥʩʦʜʝʨʞʘʱʝʛʦ ʛʝʣʷ, ʢʘʢ ʦʧʠʩʘʥʦ ʚ ʨʘʟʜʝʣʝ VI.2.2, ʠ ʧʦʨʦʰʢʘ ʬʝʨʨʠʪʘ, 

ʧʦʣʫʯʝʥʥʦʛʦ, ʢʘʢ ʠ ʚ ʩʧʦʩʦʙʝ 1, ʪʚʝʨʜʦʬʘʟʥʳʤ ʤʝʪʦʜʦʤ. ʄʕ ʢʦʤʧʦʟʠʮʠʦʥʥʫʶ ʢʝʨʘʤʠʢʫ ʩʧʝʢʘʣʠ 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1000ʉ̄ ʚ ʪʝʯʝʥʠʝ 1 ʯʘʩʘ. ɼʘʣʝʝ ʦʙʨʘʟʮʳ ʛʦʪʦʚʠʣʠ ʢ ʠʟʤʝʨʝʥʠʷʤ, ʢʘʢ ʵʪʦ ʦʧʠʩʘʥʦ 

ʚ ʩʧʦʩʦʙʝ 1. 
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ʉʧʦʩʦʙ 3 - ʠʟ ʪʦʥʢʦʜʠʩʧʝʨʩʥʦʛʦ ʧʦʨʦʰʢʘ ʬʝʨʨʠʪʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʧʨʠ 300ʉ̄ ʠʟ ʛʝʣʷ ʥʘ 

ʦʩʥʦʚʝ ʧʦʣʠʚʠʥʠʣʦʚʦʛʦ ʩʧʠʨʪʘ, ʢʘʢ ʦʧʠʩʘʥʦ ʚ ʨʘʟʜʝʣʝ VI.1.1, ʠ ʠʟ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʦʨʦʰʢʘ 

ʎʊʉʅɺ-1, ʧʦʣʫʯʝʥʥʦʛʦ ʪʚʝʨʜʦʬʘʟʥʳʤ ʩʧʦʩʦʙʦʤ ʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʨʦʢʘʣʝʥʥʦʛʦ ʧʨʠ 1200ʉ̄ ʚ 

ʪʝʯʝʥʠʝ 2 ʯʘʩʦʚ. ʄʕ ʢʦʤʧʦʟʠʪʳ ʩʧʝʢʘʣʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1000 ʉ̄, 1 ʯʘʩ. ʕʪʠʤ ʞʝ ʩʧʦʩʦʙʦʤ 

ʧʦʣʫʯʘʣʠ ʄʕ ʢʦʤʧʦʟʠʪʳ ʥʘ ʦʩʥʦʚʝ ʜʨʫʛʠʭ ʧʴʝʟʦʤʘʪʝʨʠʘʣʦʚ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʪʘʙʣʠʮʝ III. 3. 

ʅʝʩʤʦʪʨʷ ʥʘ ʨʘʟʥʠʮʫ ʚ ʪʝʤʧʝʨʘʪʫʨʘʭ ʩʧʝʢʘʥʠʷ ʚ 200,̄ ʧʣʦʪʥʦʩʪʠ ʢʦʤʧʦʟʠʪʦʚ, ʠʟʛʦʪʦʚʣʝʥʥʳʭ 

ʩʧʦʩʦʙʘʤʠ 1 ʠ 3, ʧʨʘʢʪʠʯʝʩʢʠ ʩʦʚʧʘʜʘʣʠ ʤʝʞʜʫ ʩʦʙʦʡ. 

ʉʧʦʩʦʙ 4 - ʩʠʥʪʝʟ ʠʟ ʩʦʚʤʝʩʪʥʦʛʦ ʛʝʣʷ. ɼʘʥʥʳʤ ʩʧʦʩʦʙʦʤ ʙʳʣ ʠʟʛʦʪʦʚʣʝʥ ʦʜʠʥ ʩʦʩʪʘʚ 

ʄʕ ʢʦʤʧʦʟʠʮʠʦʥʥʦʡ ʢʝʨʘʤʠʢʠ 50 ʤʘʩʩ.% ʎʊʉʅɺ-1 + 50 ʤʘʩʩ.% Ni0.9Co0.1Cu0.1Fe1.9O4-d. ɺ ʦʩʥʦʚʫ 

ʝʛʦ ʧʦʣʫʯʝʥʠʷ ʙʳʣ ʧʦʣʦʞʝʥ ʟʦʣʴ-ʛʝʣʴ-ʤʝʪʦʜ Pechini, ʠʩʧʦʣʴʟʦʚʘʥʥʳʡ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʪʦʥʢʦʜʠʩʧʝʨʩʥʦʛʦ ʧʦʨʦʰʢʘ ʎʊʉʅɺ-1, ʢʘʢ ʦʧʠʩʘʥʦ ʚ ʨʘʟʜʝʣʝ VI.2.2, ʥʦ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʢʨʦʤʝ 

ʨʘʩʪʚʦʨʦʚ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʎʊʉʅɺ-1, ʛʦʪʦʚʠʣʠ ʨʘʩʪʚʦʨ, ʩʦʜʝʨʞʘʱʠʡ ʢʦʤʧʦʥʝʥʪʳ 

ʜʣʷ ʩʠʥʪʝʟʘ ʬʝʨʨʠʪʘ. ɼʣʷ ʵʪʦʛʦ ʢʨʠʩʪʘʣʣʦʛʠʜʨʘʪʳ ʥʠʪʨʘʪʦʚ ʥʠʢʝʣʷ, ʢʦʙʘʣʴʪʘ, ʤʝʜʠ ʠ ʞʝʣʝʟʘ ʚ 

ʥʝʦʙʭʦʜʠʤʳʭ ʢʦʣʠʯʝʩʪʚʘʭ ʨʘʩʪʚʦʨʷʣʠ ʚ ʚʦʜʝ, ʜʦʙʘʚʣʷʣʠ ʣʠʤʦʥʥʫʶ ʢʠʩʣʦʪʫ ʠ ʛʣʠʮʝʨʠʥ ʚ ʪʝʭ ʞʝ 

ʧʨʦʧʦʨʮʠʷʭ, ʯʪʦ ʠ ʜʣʷ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʎʊʉʅɺ-1. ɼʘʣʝʝ ʚʩʝ ʨʘʩʪʚʦʨʳ ʩʤʝʰʠʚʘʣʠ, ʫʧʘʨʠʚʘʣʠ ʧʨʠ 

80-90̄ ʉ ʧʨʠ ʠʥʪʝʥʩʠʚʥʦʤ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʥʘ ʤʘʛʥʠʪʥʦʡ ʤʝʰʘʣʢʝ, ʚʳʩʫʰʠʚʘʣʠ, ʧʦʣʫʯʝʥʥʳʡ 

ʢʩʝʨʦʛʝʣʴ ʧʨʦʢʘʣʠʚʘʣʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 600ʉ̄ ʚ ʪʝʯʝʥʠʝ 2 ʯʘʩʦʚ. ʀʟ ʧʦʣʫʯʝʥʥʦʛʦ ʧʦʨʦʰʢʘ 

ʩʧʝʢʘʣʠ ʄʕ ʢʦʤʧʦʟʠʮʠʦʥʥʫʶ ʢʝʨʘʤʠʢʫ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1000ʉ̄ 1 ʯʘʩ, ʢʦʪʦʨʫʶ ʜʘʣʝʝ ʛʦʪʦʚʠʣʠ 

ʢ ʠʟʤʝʨʝʥʠʷʤ, ʢʘʢ ʦʧʠʩʘʥʦ ʚ ʩʧʦʩʦʙʝ 1. 

ʆʞʠʜʘʣʦʩʴ, ʯʪʦ ʦʧʠʩʘʥʥʳʝ ʩʧʦʩʦʙʳ ʠʟʛʦʪʦʚʣʝʥʠʷ ʢʦʤʧʦʟʠʪʦʚ, ʢʘʢ ʠ ʚ ʨʘʙʦʪʘʭ [82ï84, 88, 

89], ʧʨʠ ʦʜʥʦʤ ʠ ʪʦʤ ʞʝ ʩʦʩʪʘʚʝ ʧʦʟʚʦʣʷʪ ʧʦʣʫʯʠʪʴ ʦʙʨʘʟʮʳ ʩ ʨʘʟʣʠʯʥʳʤʠ ʪʠʧʘʤʠ ʩʚʷʟʥʦʩʪʠ: 

ʩʧʦʩʦʙʳ 1 ʠ 4 ï ʄʕ ʢʝʨʘʤʠʢʫ ʩ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʳʤ ʪʠʧʦʤ ʩʚʷʟʥʦʩʪʠ 3-3, ʩʧʦʩʦʙʳ 2 ʠ 3 ï 

ʢʦʤʧʦʟʠʪʳ ʩʦ ʩʪʨʫʢʪʫʨʦʡ çʷʜʨʦ-ʦʙʦʣʦʯʢʘè ʩʦ ʩʚʷʟʥʦʩʪʷʤʠ 3-0 (ʟʝʨʥʘ ʬʝʨʨʠʪʘ ʚ ʤʘʪʨʠʮʝ 

ʧʴʝʟʦʵʣʝʢʪʨʠʢʘ) ʠ 0-3 (ʥʘʦʙʦʨʦʪ) ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʌʘʟʦʚʳʡ ʩʦʩʪʘʚ ʄʕ ʢʦʤʧʦʟʠʪʦʚ ʧʦʩʣʝ ʩʧʝʢʘʥʠʷ, ʠʟʤʝʥʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʵʣʝʤʝʥʪʘʨʥʳʭ 

ʷʯʝʝʢ ʬʘʟ ʠʩʩʣʝʜʦʚʘʣʠ ʤʝʪʦʜʦʤ ʈʌɸ ʥʘ ʜʠʬʨʘʢʪʦʤʝʪʨʝ ARL XôTRA ʚ ʉuKŬ-ʠʟʣʫʯʝʥʠʠ. 

ʄʠʢʨʦʩʪʨʫʢʪʫʨʫ ʄʕ ʢʝʨʘʤʠʢʠ ʠʟʫʯʘʣʠ ʧʨʠ ʧʦʤʦʱʠ ʨʘʩʪʨʦʚʦʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ JEOL 

JSM 6390LA ʥʘ ʩʢʦʣʝ. ɼʠʵʣʝʢʪʨʠʯʝʩʢʠʝ ʠ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʠʟʤʝʨʷʣʠ ʩ ʧʦʤʦʱʴʶ 

ʢʦʤʧʴʶʪʝʨʠʟʠʨʦʚʘʥʥʦʛʦ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ çʎʝʥʟʫʨʢʘ ʄè. ʇʴʝʟʦʤʦʜʫʣʴ d33 ʠʟʤʝʨʷʣʠ 

ʢʚʘʟʠʩʪʘʪʠʯʝʩʢʠʤ ʩʧʦʩʦʙʦʤ ʧʨʠ ʧʦʤʦʱʠ d33-ʤʝʪʨʘ. ʄʕ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʧʦʤʦʱʠ 

ʫʩʪʘʥʦʚʢʠ, ʩʭʝʤʘ ʢʦʪʦʨʦʡ ʦʧʠʩʘʥʘ ʚ ʨʘʟʜʝʣʝ V ʠ ʘʥʘʣʦʛʠʯʥʘ [395], ʧʨʠ ʵʪʦʤ ʠʟʤʝʨʷʣʠ 

ʄʕ ʢʦʵʬʬʠʮʠʝʥʪ ʚʜʦʣʴ ʥʘʧʨʘʚʣʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʧʦʣʷʨʠʟʘʮʠʠ ʠ ʧʦʩʪʦʷʥʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ 

ʧʦʣʷ. 
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ʅʘ ʨʠʩ.VII .3.1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʤʠʢʨʦʬʦʪʦʛʨʘʬʠʠ ʦʙʨʘʟʮʦʚ 50 ʤʘʩʩ.% ʎʊʉʅɺ-1 + 50 ʤʘʩʩ.% 

Ni0.9Co0.1Cu0.1Fe1.9O4-d, ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʩʧʦʩʦʙʘʤʠ 1-4. ʂʘʢ ʠ ʩʣʝʜʦʚʘʣʦ ʦʞʠʜʘʪʴ, ʢʝʨʘʤʠʢʘ ʧʨʠ 

ʦʜʥʦʤ ʠ ʪʦʤ ʩʦʩʪʘʚʝ ʠʤʝʝʪ ʩʚʦʠ ʭʘʨʘʢʪʝʨʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ. ʆʙʨʘʟʮʳ, 

ʠʟʛʦʪʦʚʣʝʥʥʳʝ ʩʧʦʩʦʙʦʤ 1 (ʨʠʩ.VII .3.1,a), ʩʦʩʪʦʷʪ ʠʟ ʢʨʫʧʥʳʭ ʯʘʩʪʠʮ ʧʴʝʟʦʵʣʝʢʪʨʠʢʘ ʩ 

ʨʘʟʤʝʨʘʤʠ ʦʪ ~2 ʜʦ ~10 ʤʢʤ ʠ ʙʦʣʝʝ, ʠʤʝʶʱʠʭ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʦʢʪʘʵʜʨʠʯʝʩʢʫʶ ʬʦʨʤʫ, ʠ 

ʯʘʩʪʠʮ ʬʝʨʨʠʪʘ ʩʦ ʩʨʝʜʥʠʤʠ ʨʘʟʤʝʨʘʤʠ ~2 ʤʢʤ. ʄʕ ʢʝʨʘʤʠʢʘ, ʧʦʣʫʯʝʥʥʘʷ ʩʧʦʩʦʙʦʤ 2 

(ʨʠʩ.VII .3.1,ʙ), ʩʦʩʪʦʠʪ ʠʟ ʢʨʫʧʥʳʭ ʢʨʠʩʪʘʣʣʠʪʦʚ ʬʝʨʨʠʪʘ ʥʝʧʨʘʚʠʣʴʥʦʡ ʬʦʨʤʳ, ʤʝʞʜʫ 

ʢʦʪʦʨʳʤʠ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʤʝʣʢʠʝ ʯʘʩʪʠʮʳ ʎʊʉʅɺ-1, ʩʨʝʜʥʠʡ ʨʘʟʤʝʨ ʢʦʪʦʨʳʭ ʩʦʩʪʘʚʣʷʝʪ ~1 ʤʢʤ. 

ɺ ʢʝʨʘʤʠʢʝ, ʧʦʣʫʯʝʥʥʦʡ ʩʧʦʩʦʙʦʤ 3 (ʨʠʩ.VII .3.1,ʚ), ʢʘʢ ʠ ʚ ʠʟʛʦʪʦʚʣʝʥʥʦʡ ʩʧʦʩʦʙʦʤ 1, 

ʩʦʜʝʨʞʘʪʩʷ ʢʨʫʧʥʳʝ ʢʨʠʩʪʘʣʣʳ ʧʴʝʟʦʵʣʝʢʪʨʠʢʘ ʦʢʪʘʵʜʨʠʯʝʩʢʦʡ ʬʦʨʤʳ ʚ ʤʘʪʨʠʮʝ ʬʝʨʨʠʪʘ ʩ 

ʨʘʟʤʝʨʘʤʠ ʯʘʩʪʠʮ < 1 ʤʢʤ. ʅʘʢʦʥʝʮ, ʢʝʨʘʤʠʢʘ, ʧʦʣʫʯʝʥʥʘʷ ʩʧʦʩʦʙʦʤ 4 (ʨʠʩ.VII .3.1,ʛ), 

ʤʝʣʢʦʢʨʠʩʪʘʣʣʠʯʥʘ ʩ ʨʘʟʤʝʨʘʤʠ ʯʘʩʪʠʮ ʬʘʟ < 1 ʤʢʤ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʧʨʠʤʝʥʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʩʧʦʩʦʙʦʚ ʧʦʣʫʯʝʥʠʷ ʄʕ ʢʝʨʘʤʠʢʠ ʥʘʤ ʫʜʘʣʦʩʴ ʜʦʙʠʪʴʩʷ 

ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʩʚʷʟʥʦʩʪʠ ʧʨʠ ʦʜʥʦʤ ʠ ʪʦʤ ʞʝ ʩʦʩʪʘʚʝ ʦʙʨʘʟʮʦʚ ï 3-3 (ʚʟʘʠʤʦʧʨʦʥʠʢʘʶʱʠʝ 

ʢʘʨʢʘʩʳ ʜʚʫʭ ʬʘʟ) ʚ ʩʣʫʯʘʝ ʩʧʦʩʦʙʦʚ 1 ʠ 4; 3-0 (ʟʝʨʥʘ ʬʝʨʨʠʪʘ ʚ ʤʘʪʨʠʮʝ ʎʊʉ) ʠ 0-3 (ʥʘʦʙʦʨʦʪ) ʚ 

ʩʣʫʯʘʝ ʩʧʦʩʦʙʦʚ 2 ʠ 3 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  

ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʈʌɸ, ʄʕ ʢʦʤʧʦʟʠʮʠʦʥʥʘʷ ʢʝʨʘʤʠʢʘ ʥʘ ʦʩʥʦʚʝ ʎʊʉʅɺ-1, ʧʦʣʫʯʝʥʥʘʷ 

ʩʧʦʩʦʙʘʤʠ 1-4, ʥʝ ʩʦʜʝʨʞʠʪ ʧʦʩʪʦʨʦʥʥʠʭ ʬʘʟ, ʚ ʯʝʤ ʤʦʞʥʦ ʫʙʝʜʠʪʴʩʷ, ʩʦʧʦʩʪʘʚʠʚ 

ʜʠʬʨʘʢʪʦʛʨʘʤʤʳ ʦʙʨʘʟʮʦʚ 50 ʤʘʩʩ.% ʎʊʉʅɺ-1 + 50 ʤʘʩʩ.% Ni0.9Co0.1Cu0.1Fe1.9O4-d (ʨʠʩ.VII .3.2,ʘ, 

ʧʨʦʬʠʣʠ 1-4) ʩ ʨʝʥʪʛʝʥʦʚʩʢʠʤʠ ʧʨʦʬʠʣʷʤʠ ʯʠʩʪʳʭ ʧʴʝʟʦʵʣʝʢʪʨʠʢʘ ʠ ʬʝʨʨʠʪʘ (ʨʠʩ.VII .3.2,ʘ, 

ʧʨʦʬʠʣʠ 5-6). ʆʜʥʘʢʦ ʚ ʦʙʨʘʟʮʘʭ, ʧʦʣʫʯʝʥʥʳʭ ʩʧʦʩʦʙʦʤ 4, ʧʘʨʘʤʝʪʨ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ 

ʧʴʝʟʦʬʘʟʳ ʥʝʩʢʦʣʴʢʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʯʠʩʪʳʤ ʎʊʉʅɺ-1, ʯʪʦ ʦʪʯʝʪʣʠʚʦ 

ʧʨʦʩʤʘʪʨʠʚʘʝʪʩʷ ʥʘ ʨʠʩ.VII .3.2,ʙ-ʚ (ʧʨʦʬʠʣʠ 4) ʧʦ ʩʤʝʱʝʥʠʶ ʨʝʬʣʝʢʩʦʚ ʧʝʨʦʚʩʢʠʪʘ <200> ʠ 

<220> ʚ ʥʠʟʢʦʫʛʣʦʚʫʶ ʦʙʣʘʩʪʴ ʠ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʚ ʧʦʣʴʟʫ ʠʟʤʝʥʝʥʠʷ ʩʦʩʪʘʚʘ ʧʴʝʟʦʬʘʟʳ ʚ 

ʢʦʤʧʦʟʠʪʘʭ ʚʩʣʝʜʩʪʚʠʝ ʛʣʫʙʦʢʠʭ ʧʨʦʮʝʩʩʦʚ ʝʝ ʣʝʛʠʨʦʚʘʥʠʷ ʩʦʩʪʘʚʣʷʶʱʠʤʠ ʬʝʨʨʠʪʘ. ɺ ʩʣʫʯʘʝ 

ʢʦʤʧʦʟʠʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʩʧʦʩʦʙʘʤʠ 1 ʠ 3, ʧʦʣʦʞʝʥʠʝ ʨʝʬʣʝʢʩʦʚ ʧʴʝʟʦʵʣʝʢʪʨʠʢʘ ʥʝ ʠʟʤʝʥʷʝʪʩʷ, 

ʯʪʦ ʤʦʞʝʪ ʫʢʘʟʳʚʘʪʴ ʥʘ ʩʦʭʨʘʥʝʥʠʝ ʚ ʩʦʩʪʘʚʝ ʄʕ ʢʝʨʘʤʠʢʠ ʦʙʣʘʩʪʝʡ ʥʝʣʝʛʠʨʦʚʘʥʥʦʛʦ 

ʧʴʝʟʦʤʘʪʝʨʠʘʣʘ ʎʊʉʅɺ-1. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʬʦʨʤʘ ʧʠʢʦʚ ʥʘ ʜʠʬʨʘʢʪʦʛʨʘʤʤʘʭ ʥʝʩʢʦʣʴʢʦ 

ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʪʘʢʦʚʦʡ ʜʣʷ ʯʠʩʪʦʛʦ ʧʴʝʟʦʤʘʪʝʨʠʘʣʘ. ʅʘ ʨʠʩ.VII .3.2,ʙ-ʚ (ʧʨʦʬʠʣʠ 1 ʠ 3) ʫ 

ʨʝʬʣʝʢʩʦʚ <200> ʠ <220> ʬʘʟʳ ʧʝʨʦʚʩʢʠʪʘ ʤʦʞʥʦ ʚʠʜʝʪʴ çʰʣʝʡʬè, ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʠʡʩʷ ʚ 

ʤʘʣʦʫʛʣʦʚʫʶ ʦʙʣʘʩʪʴ, ʯʝʛʦ ʥʝʪ ʫ ʯʠʩʪʦʛʦ ʎʊʉʅɺ-1. ʊʘʢʦʝ ʞʝ ʨʘʟʤʳʪʠʝ ʥʘʙʣʶʜʘʝʪʩʷ ʠ ʜʣʷ 

ʜʨʫʛʠʭ ʨʝʬʣʝʢʩʦʚ ʬʘʟʳ ʧʝʨʦʚʩʢʠʪʘ ʚ ʩʦʩʪʘʚʝ ʄʕ ʢʝʨʘʤʠʢʠ, ʠʟʛʦʪʦʚʣʝʥʥʦʡ ʩʧʦʩʦʙʘʤʠ 1 ʠ 

ʦʩʦʙʝʥʥʦ 3. ʕʪʦ ʪʘʢʞʝ ʤʦʞʝʪ ʛʦʚʦʨʠʪʴ ʦ ʧʨʦʮʝʩʩʘʭ ʣʝʛʠʨʦʚʘʥʠʷ ʧʴʝʟʦʵʣʝʢʪʨʠʢʘ ʢʘʪʠʦʥʘʤʠ, 

ʚʭʦʜʷʱʠʤʠ ʚ ʩʦʩʪʘʚ ʬʝʨʨʠʪʘ. ʆʜʥʘʢʦ ʚ ʦʪʣʠʯʠʝ ʦʪ ʄʕ ʢʝʨʘʤʠʢʠ, ʧʦʣʫʯʝʥʥʦʡ ʩʧʦʩʦʙʦʤ 4,  
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ʈʠʩ.VII.3.1. ʄʠʢʨʦʬʦʪʦʛʨʘʬʠʠ ʄʕ ʢʝʨʘʤʠʢʠ 50 ʤʘʩʩ.% ʎʊʉʅɺ-1 + 50 ʤʘʩʩ.% ʬʝʨʨʠʪʘ,  

ʠʟʛʦʪʦʚʣʝʥʥʦʡ ʩʧʦʩʦʙʘʤʠ 1 (ʘ), 2 (ʙ), 3 (ʚ) ʠ 4 (ʛ)  
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ʈʠʩ.VII.3.2. ɼʠʬʨʘʢʪʦʛʨʘʤʤʳ ʦʙʨʘʟʮʦʚ 50 ʤʘʩʩ.% ʎʊʉʅɺ-1 + 50 ʤʘʩʩ.% 

Ni0.9Co0.1Cu0.1Fe1.9O4-d, ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʩʧʦʩʦʙʘʤʠ 1-4 (ʧʨʦʬʠʣʠ 1-4 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ), 

ʎʊʉʅɺ-1 (5) ʠ Ni0.9Co0.1Cu0.1Fe1.9O4-d (6). 

ʚ ʩʣʫʯʘʝ ʄʕ ʢʦʤʧʦʟʠʪʦʚ, ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʩʧʦʩʦʙʘʤʠ 1-3, ʤʝʞʬʘʟʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʨʦʪʝʢʘʶʪ 

ʣʠʰʴ ʚ ʤʝʩʪʘʭ ʢʦʥʪʘʢʪʘ ʬʘʟ ʢʦʤʧʦʟʠʪʘ, ʘ ʚʛʣʫʙʴ ʟʝʨʝʥ ʥʝ ʨʘʩʧʨʦʩʪʨʘʥʷʶʪʩʷ. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʚ 

ʢʦʤʧʦʟʠʪʘʭ, ʧʦʣʫʯʝʥʥʳʭ ʩʧʦʩʦʙʦʤ 1, ʜʘʥʥʳʡ ʧʨʦʮʝʩʩ ʘʢʪʠʚʠʨʫʝʪʩʷ ʚʩʣʝʜʩʪʚʠʝ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʦʙʞʠʛʘ ʄʕ ʢʝʨʘʤʠʢʠ, ʘ ʚ ʩʧʦʩʦʙʝ 3 ï ʚʩʣʝʜʩʪʚʠʝ ʧʨʠʤʝʥʝʥʠʷ 

ʪʦʥʢʦʜʠʩʧʝʨʩʥʦʛʦ ʧʦʨʦʰʢʘ ʬʝʨʨʠʪʘ ʠ ʥʝʩʤʦʪʨʷ ʥʘ ʩʫʱʝʩʪʚʝʥʥʦʝ ʩʥʠʞʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ 

ʩʧʝʢʘʥʠʷ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʦʙʨʘʟʮʦʚ. ʏʪʦ ʢʘʩʘʝʪʩʷ ʄʕ ʢʝʨʘʤʠʢʠ, ʠʟʛʦʪʦʚʣʝʥʥʦʡ ʩʧʦʩʦʙʦʤ 2, ʪʦ 

ʟʜʝʩʴ ʪʘʢʞʝ ʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ ʥʝʙʦʣʴʰʠʝ ʧʦ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʨʝʬʣʝʢʩʳ ʬʘʟʳ ʧʝʨʦʚʩʢʠʪʘ, 

ʧʦʣʦʞʝʥʠʝ ʢʦʪʦʨʳʭ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʯʠʩʪʦʤʫ ʎʊʉʅɺ-1, ʥʦ ʥʘʨʷʜʫ ʩ ʥʠʤʠ ʧʨʦʩʣʝʞʠʚʘʶʪʩʷ ʙʦʣʝʝ 

c <220> 
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ʠʥʪʝʥʩʠʚʥʳʝ ʧʠʢʠ ʬʘʟʳ ʧʝʨʦʚʩʢʠʪʘ ʩ ʤʝʥʴʰʠʤ ʧʘʨʘʤʝʪʨʦʤ. ɺʩʝ ʵʪʦ ʛʦʚʦʨʠʪ ʦ ʛʣʫʙʦʢʠʭ 

ʤʝʞʬʘʟʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʭ ʚ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʘʭ ʎʊʉʅɺ-1 - Ni0.9Co0.1Cu0.1Fe1.9O4-d, 

ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʩʧʦʩʦʙʦʤ 2, ʚʩʣʝʜʩʪʚʠʝ ʥʘʥʦʨʘʟʤʝʨʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʧʴʝʟʦʬʘʟʳ. 

ʆʙʨʘʱʘʝʪ ʥʘ ʩʝʙʷ ʚʥʠʤʘʥʠʝ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʧʘʨʘʤʝʪʨ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʬʝʨʨʠʪʘ ʚʦ ʚʩʝʭ 

ʦʙʩʫʞʜʘʝʤʳʭ ʩʧʦʩʦʙʘʭ ʠʟʛʦʪʦʚʣʝʥʠʷ ʢʦʤʧʦʟʠʪʦʚ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʟʤʝʥʷʝʪʩʷ, ʯʪʦ ʚʠʜʥʦ ʧʦ 

ʧʦʣʦʞʝʥʠʶ ʠ ʬʦʨʤʝ ʨʝʬʣʝʢʩʦʚ Ni0.9Co0.1Cu0.1Fe1.9O4-d ʥʘ ʜʠʬʨʘʢʪʦʛʨʘʤʤʘʭ ʢʦʤʧʦʟʠʪʦʚ, 

ʧʦʣʫʯʝʥʥʳʭ ʩʧʦʩʦʙʘʤʠ 1-4 (ʨʠʩ.VII.3.2). ʉʣʝʜʫʝʪ ʪʘʢʞʝ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʨʝʬʣʝʢʩʳ ʬʝʨʨʠʪʘ ʯʝʪʢʠʝ, 

ʭʦʨʦʰʦ ʦʯʝʨʯʝʥʥʳʝ. ɺ ʩʦʚʦʢʫʧʥʦʩʪʠ ʩ ʚʳʰʝʩʢʘʟʘʥʥʳʤ ʵʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʧʨʦʮʝʩʩʳ 

ʣʝʛʠʨʦʚʘʥʠʷ ʚ ʩʠʩʪʝʤʝ ʎʊʉʅɺ-1 ï ʬʝʨʨʠʪ ʥʦʩʷʪ ʦʜʥʦʩʪʦʨʦʥʥʠʡ ʭʘʨʘʢʪʝʨ, ʦʪ ʤʘʛʥʠʪʥʦʡ ʢ 

ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʬʘʟʝ. ʆʜʥʦʩʪʦʨʦʥʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʣʝʛʠʨʦʚʘʥʠʷ ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʤʦʞʝʪ 

ʙʳʪʴ ʦʙʲʷʩʥʝʥʘ ʜʝʬʝʢʪʥʦʩʪʴʶ ʮʠʨʢʦʥʘʪʘ-ʪʠʪʘʥʘʪʘ ʩʚʠʥʮʘ, ʚʦʟʥʠʢʘʶʱʝʡ ʟʘ ʩʯʝʪ ʠʩʧʘʨʝʥʠʷ PbO 

ʚ ʧʨʦʮʝʩʩʝ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ, ʘ ʪʘʢʞʝ ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʩʪʨʫʢʪʫʨ ʩʚʠʥʝʮʩʦʜʝʨʞʘʱʠʭ ʧʝʨʦʚʩʢʠʪʦʚ ʢ 

ʥʘʣʠʯʠʶ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʜʝʬʝʢʪʦʚ ʚ ɸ-ʧʦʜʨʝʰʝʪʢʝ, ʯʪʦ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʜʦʩʪʨʦʡʢʝ 

ɺ-ʧʦʜʨʝʰʝʪʢʠ ʧʝʨʦʚʩʢʠʪʘ ʢʘʪʠʦʥʘʤʠ, ʚʭʦʜʷʱʠʤʠ ʚ ʩʦʩʪʘʚ ʬʝʨʨʠʪʘ.  

ɺʦʧʨʦʩʳ ʚʣʠʷʥʠʷ ʣʝʛʠʨʦʚʘʥʠʷ ʥʘ ʩʚʦʡʩʪʚʘ ʮʠʨʢʦʥʘʪʘ-ʪʠʪʘʥʘʪʘ ʩʚʠʥʮʘ ʜʘʚʥʦ ʠ 

ʜʦʩʪʘʪʦʯʥʦ ʭʦʨʦʰʦ ʠʟʫʯʝʥʳ [130ï134] ʠ ʦʧʠʩʘʥʳ ʚ ʨʘʟʜʝʣʝ II.2.5. ʊʘʢ, ʠʟʚʝʩʪʥʦ, ʯʪʦ ʢʘʪʠʦʥʳ 

Fe3+, Co2+, Ni2+ ʠ ʜʨ., ʠʤʝʷ ʙʦʣʝʝ ʥʠʟʢʫʶ ʩʪʝʧʝʥʴ ʦʢʠʩʣʝʥʠʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ Ti4+ ʠ Zr4+, ʚʳʩʪʫʧʘʶʪ 

ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʎʊʉ ʚ ʨʦʣʠ ʘʢʮʝʧʪʦʨʥʳʭ ʜʦʙʘʚʦʢ ʠ ʷʚʣʷʶʪʩʷ ʟʘʤʝʩʪʠʪʝʣʷʤʠ, ʚʳʟʳʚʘʶʱʠʤʠ 

ʦʙʨʘʟʦʚʘʥʠʝ ʚʘʢʘʥʩʠʡ ʚ ʧʦʜʨʝʰʝʪʢʝ ʢʠʩʣʦʨʦʜʘ. ʀʭ ʚʚʝʜʝʥʠʝ ʩʪʨʫʢʪʫʨʫ ʎʊʉ ʧʦʚʳʰʘʝʪ 

ʩʝʛʥʝʪʦʞʝʩʪʢʦʩʪʴ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʢʝʨʘʤʠʢʠ, ʪ.ʝ. ʚʳʟʳʚʘʝʪ ʫʚʝʣʠʯʝʥʠʝ ʢʦʵʨʮʠʪʠʚʥʦʛʦ ʧʦʣʷ 

ʠ ʜʦʙʨʦʪʥʦʩʪʠ, ʫʤʝʥʴʰʝʥʠʝ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʠ ʫʜʝʣʴʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʧʦʚʳʰʘʝʪ ʜʳʨʦʯʥʫʶ ʧʨʦʚʦʜʠʤʦʩʪʴ, ʚʳʟʳʚʘʝʪ ʟʘʪʨʫʜʥʝʥʠʷ ʚ ʧʝʨʝʢʣʶʯʝʥʠʠ 

ʜʦʤʝʥʦʚ, ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʟʘʪʨʫʜʥʝʥʠʝ ʧʨʦʮʝʩʩʦʚ ʝʸ ʧʦʣʷʨʠʟʘʮʠʠ ʠ ʜʝʧʦʣʷʨʠʟʘʮʠʠ. ɺ ʦʪʥʦʰʝʥʠʠ 

ʤʫʣʴʪʠʬʝʨʨʦʠʯʥʭr ʩʠʩʪʝʤ ʧʴʝʟʦʵʣʝʢʪʨʠʢ ï ʬʝʨʨʠʪ ʵʪʦ ʤʦʞʝʪ ʦʟʥʘʯʘʪʴ, ʯʪʦ ʧʨʦʮʝʩʩʳ 

ʣʝʛʠʨʦʚʘʥʠʷ, ʜʘʞʝ ʝʩʣʠ ʦʥʠ ʠ ʧʨʦʪʝʢʘʶʪ ʣʠʰʴ ʧʦ ʛʨʘʥʠʮʘʤ ʨʘʟʜʝʣʘ ʬʘʟ, ʤʦʛʫʪ ʩʫʱʝʩʪʚʝʥʥʦ 

ʚʣʠʷʪʴ ʥʘ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʄʕ ʢʝʨʘʤʠʢʠ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʄʕ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ. 

ʀʟʤʝʨʝʥʠʷ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʄʕ ʢʝʨʘʤʠʢʠ ʧʦʣʥʦʩʪʴʶ ʩʦʛʣʘʩʫʶʪʩʷ ʩ 

ʜʘʥʥʳʤʠ ʈʌɸ. ʊʘʢ, ʥʘʧʦʣʷʨʠʟʦʚʘʪʴ ʠ ʠʟʤʝʨʠʪʴ ʩʚʦʡʩʪʚʘ ʦʙʨʘʟʮʦʚ, ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʩʧʦʩʦʙʘʤʠ 2 

ʠ 4, ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʥʝ ʫʜʘʣʦʩʴ ʚʩʣʝʜʩʪʚʠʝ ʤʘʣʦʡ ʚʝʣʠʯʠʥʳ ʪʝʪʨʘʛʦʥʘʣʴʥʦʛʦ ʠʩʢʘʞʝʥʠʷ 

ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʧʝʨʦʚʩʢʠʪʘ ʣʠʙʦ ʝʛʦ ʧʦʣʥʦʛʦ ʦʪʩʫʪʩʪʚʠʷ, ʘ ʪʘʢʞʝ ʧʦ ʧʨʠʯʠʥʝ ʥʠʟʢʦʛʦ 

ʫʜʝʣʴʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʦʙʩʫʞʜʘʝʤʳʭ ʢʦʤʧʦʟʠʪʦʚ (106-108 ʆʤĿʩʤ). ʅʘʧʨʦʪʠʚ, 

ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʠʟʛʦʪʦʚʣʝʥʥʳʝ ʩʧʦʩʦʙʘʤʠ 1 ʠ 3, ʦʙʣʘʜʘʶʪ ʛʦʨʘʟʜʦ ʙʦʣʝʝ ʚʳʩʦʢʠʤ 

ʫʜʝʣʴʥʳʤ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʥʘ ʧʦʩʪʦʷʥʥʦʤ ʪʦʢʝ (109 ʠ 1010 ʆʤĿʩʤ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ), 

ʜʦʩʪʘʪʦʯʥʳʤ ʜʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʡ ʧʨʦʮʝʜʫʨʳ ʧʦʣʷʨʠʟʘʮʠʠ ʢʦʤʧʦʟʠʮʠʦʥʥʦʡ 
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ʢʝʨʘʤʠʢʠ. ʉʣʝʜʫʝʪ ʦʩʦʙʦ ʧʦʜʯʝʨʢʥʫʪʴ, ʯʪʦ ʫ ʄʕ ʢʝʨʘʤʠʢʠ, ʧʦʣʫʯʝʥʥʦʡ ʩʧʦʩʦʙʦʤ 3, 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʚ ʩʨʝʜʥʝʤ ʥʘ ʧʦʨʷʜʦʢ ʚʳʰʝ, ʯʝʤ ʫ ʢʦʤʧʦʟʠʪʦʚ, ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʩʧʦʩʦʙʦʤ 1. ʕʪʦ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʦʞʠʜʘʝʤʦʤ ʩʥʠʞʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʨʠʤʝʩʠ Fe2+ ʚʩʣʝʜʩʪʚʠʝ ʩʫʱʝʩʪʚʝʥʥʦʛʦ 

ʩʥʠʞʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʩʧʝʢʘʥʠʷ ʢʦʤʧʦʟʠʪʦʚ ʟʘ ʩʯʝʪ ʧʨʠʤʝʥʝʥʠʷ ʥʘʥʦʧʦʨʦʰʢʘ ʬʝʨʨʠʪʘ. ʏʪʦ 

ʢʘʩʘʝʪʩʷ ʪʘʥʛʝʥʩʘ ʫʛʣʘ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʪʝʨʴ, ʪʦ ʜʣʷ ʦʙʨʘʟʮʦʚ, ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʩʧʦʩʦʙʘʤʠ 1 ʠ 

3, ʦʥ ʧʨʘʢʪʠʯʝʩʢʠ ʩʦʚʧʘʜʘʝʪ ʠ ʠʟʤʝʥʷʝʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ 0.2-0.5 ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʩʦʜʝʨʞʘʥʠʷ 

ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʦʥʥʦʡ ʢʦʤʧʦʥʝʥʪ.r  

ʅʘ ʨʠʩ.VII.3.3,ʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʦʪ ʩʦʩʪʘʚʘ 

ʢʦʤʧʦʟʠʪʦʚ (100-ʭ) ʎʊʉʅɺ-1 + ʭ ʤʘʩʩ.% Ni0.9Co0.1Cu0.1Fe1.9O4-d, ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʩʧʦʩʦʙʘʤʠ 1 ʠ 3. 

ɼʠʵʣʝʢʪʨʠʯʝʩʢʠʝ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʢʦʤʧʦʟʠʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʨʘʟʥʳʤʠ ʩʧʦʩʦʙʘʤʠ, ʙʣʠʟʢʠ ʤʝʞʜʫ 

ʩʦʙʦʡ, ʧʦʵʪʦʤʫ ʥʘ ʨʠʩʫʥʢʝ ʧʨʠʚʝʜʝʥ ʫʩʨʝʜʥʝʥʥʳʡ ʛʨʘʬʠʢ. ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʩʦʜʝʨʞʘʥʠʷ ʬʝʨʨʠʪʘ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʟʘʢʦʥʦʤʝʨʥʦ ʫʤʝʥʴʰʘʝʪʩʷ. ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʬʝʨʨʠʪ 

ʠʤʝʝʪ ʙʦʣʝʝ ʥʠʟʢʫʶ ʩʦʙʩʪʚʝʥʥʫʶ ʜʠʵʣʝʢʪʨʠʯʝʩʢʫʶ ʧʨʦʥʠʮʘʝʤʦʩʪʴ (e/e0 = 15-20), ʯʝʤ ʎʊʉʅɺ-1. 

ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʢʦʤʧʦʟʠʪʦʚ ʚ ʮʝʣʦʤ ʥʠʞʝ, ʯʝʤ, ʥʘʧʨʠʤʝʨ, 

ʨʘʩʩʯʠʪʘʥʥʘʷ ʚ ʨʘʤʢʘʭ ʤʦʜʝʣʠ [409] ʧʦ ʬʦʨʤʫʣʝ V
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ʥʘ ʨʠʩ.3,ʘ; ecomp., eFE ʠ eFM ï ʦʪʥʦʩʠʪʝʣʴʥʳʝ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʝ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʢʦʤʧʦʟʠʪʘ, 

ʧʴʝʟʦʵʣʝʢʪʨʠʢʘ ʠ ʬʝʨʨʠʪʘ, V ï ʦʙʲʝʤʥʘʷ ʜʦʣʷ ʧʴʝʟʦʬʘʟʳ ʚ ʢʦʤʧʦʟʠʪʝ), ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ 

ʧʦʥʠʞʝʥʥʦʡ ʧʣʦʪʥʦʩʪʴʶ ʧʦʣʫʯʝʥʥʳʭ ʦʙʨʘʟʮʦʚ, ʩʦʩʪʘʚʣʷʶʱʝʡ ʦʪ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ~80 %.  

ʅʘ ʨʠʩ.VII .3.3,ʙ-ʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ ʢʦʤʧʦʟʠʪʦʚ ʥʘ ʦʩʥʦʚʝ ʎʊʉʅɺ-1, ʧʦʣʫʯʝʥʥʳʭ ʩʧʦʩʦʙʘʤʠ 1 ʠ 3. ʉ ʨʦʩʪʦʤ ʩʦʜʝʨʞʘʥʠʷ 

ʬʝʨʨʠʪʘ ʢʦʵʬʬʠʮʠʝʥʪ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʦʡ ʩʚʷʟʠ ʂʨ (ʨʠʩ.VII .3.3,ʙ) ʠ ʧʴʝʟʦʤʦʜʫʣʠ -d31 ʠ d33 

(ʨʠʩ.VII .3.3,ʚ-ʛ) ʢʦʤʧʦʟʠʪʦʚ ʟʘʢʦʥʦʤʝʨʥʦ ʫʤʝʥʴʰʘʶʪʩʷ, ʯʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʨʘʟʙʘʚʣʝʥʠʝʤ 

ʧʴʝʟʦʘʢʪʠʚʥʦʡ ʢʦʤʧʦʥʝʥʪ rʥʝʘʢʪʠʚʥʳʤ ʬʝʨʨʠʪʦʤ. ʇʨʠ ʵʪʦʤ ʧʴʝʟʦʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ïg31 ʠ g33 

(ʨʠʩ.VII .3.3,ʜ-ʝ) ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʰʠʨʦʢʠʡ ʤʘʢʩʠʤʫʤ. ʉʨʘʚʥʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʚʝʣʠʯʠʥ 

ʧʴʝʟʦʤʦʜʫʣʝʡ ïd31 ʩ ʨʘʩʩʯʠʪʘʥʥʳʤʠ ʚ ʨʘʤʢʘʭ ʤʦʜʝʣʠ [409] ʧʦ ʬʦʨʤʫʣʝ 
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e  (ʧʫʥʢʪʠʨʥʘʷ ʢʨʠʚʘʷ ʥʘ ʨʠʩ.VII .3.3,ʚ) ʧʦʟʚʦʣʷʝʪ ʩʯʠʪʘʪʴ 

ʧʦʣʷʨʠʟʘʮʠʶ ʄʕ ʢʝʨʘʤʠʢʠ, ʠʟʛʦʪʦʚʣʝʥʥʦʡ ʩʧʦʩʦʙʦʤ 3, ʧʨʘʢʪʠʯʝʩʢʠ 100%-ʥʦʡ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ 

ʢʦʤʧʦʟʠʪʳ, ʠʟʛʦʪʦʚʣʝʥʥʳʝ ʩʧʦʩʦʙʦʤ 1, ʧʨʠʤʝʨʥʦ ʚ 1.5-2 ʨʘʟʘ ʫʩʪʫʧʘʶʪ ʧʦ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʤ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʦʙʨʘʟʮʘʤ, ʧʦʣʫʯʝʥʥʳʤ ʩʧʦʩʦʙʦʤ 3. ʕʪʦ ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ ʟʘ ʩʯʝʪ ʩʥʠʞʝʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨʳ ʩʧʝʢʘʥʠʷ ʢʦʤʧʦʟʠʪʦʚ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʫʤʝʥʴʰʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʧʨʠʤʝʩʠ Fe2+ 

ʄʕ ʢʝʨʘʤʠʢʫ, ʠʟʛʦʪʦʚʣʝʥʥʫʶ ʩʧʦʩʦʙʦʤ 3, ʫʜʘʝʪʩʷ ʥʘʠʙʦʣʝʝ ʢʘʯʝʩʪʚʝʥʥʦ ʥʘʧʦʣʷʨʠʟʦʚʘʪʴ.  
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ʈʠʩ.VII.3.3. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠ ʨʘʩʯʝʪʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʄʕ ʢʝʨʘʤʠʢʠ (100-ʭ) ʤʘʩʩ.% ʎʊʉʅɺ-1 + x 

ʤʘʩʩ.% Ni0.9Co0.1Cu0.1Fe1.9O4-d, ʠʟʛʦʪʦʚʣʝʥʥʦʡ ʩʧʦʩʦʙʘʤʠ 1 ʠ 3. 
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ʅʘ ʨʠʩ.VII.3.4 ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʄʕ ʢʦʵʬʬʠʮʠʝʥʪʘ ʜʣʷ 

ʢʦʤʧʦʟʠʪʦʚ ʥʘ ʦʩʥʦʚʝ ʎʊʉʅɺ-1, ʧʦʣʫʯʝʥʥʳʭ ʩʧʦʩʦʙʘʤʠ 1 ʠ 3. ʄʦʞʥʦ ʚʠʜʝʪʴ, ʯʪʦ ʟʘʚʠʩʠʤʦʩʪʠ 

ʧʨʦʭʦʜʷʪ ʯʝʨʝʟ ʤʘʢʩʠʤʫʤ ʚ ʨʘʡʦʥʝ 50 ʤʘʩʩ.% ʬʝʨʨʠʪʘ. ɺʩʣʝʜʩʪʚʠʝ ʙʦʣʝʝ ʚʳʩʦʢʠʭ 

ʧʴʝʟʦʧʘʨʘʤʝʪʨʦʚ ʄʕ ʢʝʨʘʤʠʢʘ, ʠʟʛʦʪʦʚʣʝʥʥʘʷ ʩʧʦʩʦʙʦʤ 3, ʦʙʣʘʜʘʝʪ ʙʦʣʝʝ ʷʨʢʦ ʚʳʨʘʞʝʥʥʳʤʠ 

ʄʕ ʩʚʦʡʩʪʚʘʤʠ ʚʦ ʚʩʝʤ ʜʠʘʧʘʟʦʥʝ ʢʦʥʮʝʥʪʨʘʮʠʡ. ɺʝʨʦʷʪʥʦ, ʵʪʦ ʩʚʷʟʘʥʦ ʪʘʢʞʝ ʩ ʫʣʫʯʰʝʥʠʝʤ 

ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʬʝʨʨʠʪʦʚʦʡ ʢʦʤʧʦʥʝʥʪ r ʚ ʦʙʨʘʟʮʘʭ, ʠʟʛʦʪʦʚʣʝʥʥʳʭ 

ʩʧʦʩʦʙʦʤ 3, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩʦ ʩʥʠʞʝʥʠʝʤ ʧʨʠʤʝʩʠ Fe2+ (ʘ ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠ ʛʝʤʘʪʠʪʘ) ʟʘ 

ʩʯʝʪ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʩʥʠʞʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʩʧʝʢʘʥʠʷ ʦʙʨʘʟʮʦʚ. 

 

ʈʠʩ.VII.3.4. ʂʦʥʮʝʥʪʨʘʮʠʦʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʧʨʦʜʦʣʴʥʦʛʦ ʄʕ ʢʦʵʬʬʠʮʠʝʥʪʘ Dɽ/Dʅ 

ʢʦʤʧʦʟʠʮʠʦʥʥʦʡ ʢʝʨʘʤʠʢʠ ʭ ʤʘʩʩ.% ʎʊʉʅɺ-1 + (1-ʭ) ʤʘʩʩ.% Ni0.9Co0.1Cu0.1Fe1.9O4-d, 

ʠʟʛʦʪʦʚʣʝʥʥʦʡ ʩʧʦʩʦʙʘʤʠ 1ʠ 3. 

ɼʣʷ ʫʜʦʙʩʪʚʘ ʩʨʘʚʥʝʥʠʷ ʪʘʙʣʠʮʝ VII.3.1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʝ, 

ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʠ ʄʕ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʙʨʘʟʮʦʚ 50 ʤʘʩʩ.% ʎʊʉʅɺ-1 + 50 ʤʘʩʩ.% 

Ni0.9Co0.1Cu0.1Fe1.9O4-d, ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʩʧʦʩʦʙʘʤʠ 1-4. ʄʦʞʥʦ ʚʠʜʝʪʴ, ʯʪʦ ʢʦʤʧʦʟʠʪʳ, 

ʠʟʛʦʪʦʚʣʝʥʥʳʝ ʩʧʦʩʦʙʘʤʠ 2 ʠ 4 ʢʘʢ ʧʦ ʧʴʝʟʦʧʘʨʘʤʝʪʨʘʤ, ʪʘʢ ʠ ʧʦ ʚʝʣʠʯʠʥʝ ʄʕ ʵʬʬʝʢʪʘ 

ʩʫʱʝʩʪʚʝʥʥʦ ʫʩʪʫʧʘʶʪ ʤʘʪʝʨʠʘʣʘʤ, ʧʦʣʫʯʝʥʥʳʤ ʩʧʦʩʦʙʘʤʠ 1 ʠ 3, ʧʦ ʚʳʰʝʦʧʠʩʘʥʥʳʤ ʧʨʠʯʠʥʘʤ.  
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 ʀʪʘʢ, ʥʘʠʙʦʣʴʰʝʡ ʄʕ ʘʢʪʠʚʥʦʩʪʴʶ ʦʙʣʘʜʘʶʪ ʢʦʤʧʦʟʠʪʳ ʩʦ ʩʪʨʫʢʪʫʨʦʡ ñʷʜʨʦ ï 

ʦʙʦʣʦʯʢʘè ʩ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʳʤ ʪʠʧʦʤ ʩʚʷʟʥʦʩʪʠ 0-3 (ʟʝʨʥʘ ʎʊʉ ʚ ʤʘʪʨʠʮʝ ʬʝʨʨʠʪʘ) ʩ ʨʘʚʥʳʤ 

ʤʘʩʩʦʚʳʤ ʩʦʦʪʥʦʰʝʥʠʝʤ ʬʘʟ, ʠʟʛʦʪʦʚʣʝʥʥʳʝ ʠʟ ʧʦʨʦʰʢʘ ʎʊʉʅɺ-1, ʧʦʣʫʯʝʥʥʦʛʦ ʪʚʝʨʜʦʬʘʟʥʳʤ 

ʩʧʦʩʦʙʦʤ ʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʨʦʢʘʣʝʥʥʦʛʦ ʧʨʠ 1180-1200̄ʉ, ʠ ʪʦʥʢʦʜʠʩʧʝʨʩʥʦʛʦ ʧʦʨʦʰʢʘ 

ʬʝʨʨʠʪʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʟʦʣʴ-ʛʝʣʴ-ʤʝʪʦʜʦʤ. ʉʣʝʜʫʶʱʠʤ ʰʘʛʦʤ, ʥʘʧʨʘʚʣʝʥʥʳʤ ʥʘ ʫʣʫʯʰʝʥʠʝ 

ʄʕ ʩʚʦʡʩʪʚ ʢʦʤʧʦʟʠʮʠʦʥʥʦʡ ʢʝʨʘʤʠʢʠ, ʤʦʞʝʪ ʙʳʪʴ ʦʧʪʠʤʠʟʘʮʠʷ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʩʦʩʪʘʚʣʷʶʱʝʡ ʛʝʪʝʨʦʬʘʟʥʳʭ ʩʪʨʫʢʪʫʨ. ɼʣʷ ʵʪʦʛʦ ʥʘ ʦʩʥʦʚʝ ʧʴʝʟʦʤʘʪʝʨʠʘʣʦʚ ʎʊʉ ʨʘʟʣʠʯʥʳʭ 

ʤʘʨʦʢ, ʨʝʟʢʦ ʦʪʣʠʯʘʶʱʠʭʩʷ ʧʦ ʩʚʦʡʩʪʚʘʤ (ʪʘʙʣʠʮʘ III .3), ʩʧʦʩʦʙʦʤ 3 ʠ ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʩʧʦʩʦʙʦʤ 1 

ʙʳʣʠ ʠʟʛʦʪʦʚʣʝʥʳ ʩʤʝʩʝʚʳʝ ʢʦʤʧʦʟʠʪʳ 50 ʤʘʩʩ.% ʎʊʉ+ 50 ʤʘʩʩ.% Ni0.9Co0.1Cu0.1Fe1.9O4-d. 

ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʈʌɸ, ʧʦʩʪʦʨʦʥʥʠʭ ʬʘʟ ʥʠ ʚ ʦʜʥʦʤ ʠʟ ʪʠʧʦʚ ʢʦʤʧʦʟʠʪʦʚ ʥʝ ʦʙʥʘʨʫʞʝʥʦ. 

ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʧʨʘʢʪʠʯʝʩʢʠ ʚʦ ʚʩʝʭ ʩʣʫʯʘʷʭ ʬʘʟʘ ʎʊʉ ʚ ʩʦʩʪʘʚʝ ʢʦʤʧʦʟʠʪʦʚ, ʠʟʛʦʪʦʚʣʝʥʥʳʭ 

ʩʧʦʩʦʙʦʤ 1, ʧʨʝʪʝʨʧʝʚʘʝʪ ʟʘʤʝʪʥʳʝ ʠʟʤʝʥʝʥʠʷ, ʘ ʠʤʝʥʥʦ ʥʘʙʣʶʜʘʝʪʩʷ ʫʤʝʥʴʰʝʥʠʝ ʠʣʠ 

ʠʩʯʝʟʥʦʚʝʥʠʝ ʠʩʢʘʞʝʥʠʡ ʵʣʝʤʝʥʪʘʨʥʳʭ ʷʯʝʝʢ ʧʝʨʦʚʩʢʠʪʘ, ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʯʠʩʪʳʭ ʬʘʟ, ʘ ʚ ʨʷʜʝ 

ʩʣʫʯʘʝʚ ʠ ʠʟʤʝʥʝʥʠʝ ʭʘʨʘʢʪʝʨʘ ʠʩʢʘʞʝʥʠʡ (ʨʠʩ.VII .3.5, ʧʨʦʬʠʣʠ 1). ɺ ʢʦʤʧʦʟʠʪʘʭ, 

ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʩʧʦʩʦʙʦʤ 3 (ʨʠʩ.5, ʧʨʦʬʠʣʠ 2), ʥʘʧʨʦʪʠʚ, ʬʘʟʘ ʎʊʉ ʚ ʮʝʣʦʤ ʩʦʭʨʘʥʷʝʪ ʠʩʢʘʞʝʥʠʷ, 

ʧʨʠʩʫʱʠʝ ʯʠʩʪʳʤ ʧʴʝʟʦʵʣʝʢʪʨʠʢʘʤ, ʧʨʝʞʜʝ ʚʩʝʛʦ ʙʣʘʛʦʜʘʨʷ ʩʥʠʞʝʥʠʶ ʪʝʤʧʝʨʘʪʫʨʳ ʩʧʝʢʘʥʠʷ 

ʄʕ ʢʝʨʘʤʠʢʠ ʟʘ ʩʯʝʪ ʧʨʠʤʝʥʝʥʠʷ ʪʦʥʢʦʜʠʩʧʝʨʩʥʦʛʦ ʧʦʨʦʰʢʘ ʬʝʨʨʠʪʘ. ʅʦ ʧʨʠ ʚʥʠʤʘʪʝʣʴʥʦʤ 

ʨʘʩʩʤʦʪʨʝʥʠʠ ʤʦʞʥʦ ʫʚʠʜʝʪʴ, ʢʘʢ ʠ ʚ ʩʣʫʯʘʝ ʄʕ ʢʝʨʘʤʠʢʠ ʥʘ ʦʩʥʦʚʝ ʎʊʉʅɺ-1, ʥʝʢʦʪʦʨʦʝ 

ʨʘʟʤʳʪʠʝ ʨʝʬʣʝʢʩʦʚ ʚ ʥʠʟʢʦʫʛʣʦʚʫʶ ʦʙʣʘʩʪʴ (ʥʘʧʨʠʤʝʨ, ʢʦʤʧʦʟʠʪʳ ʥʘ ʦʩʥʦʚʝ ʎʊʉ-36, 

ʎʊʉʉʊ-2) ʚʧʣʦʪʴ ʜʦ ʦʙʨʘʟʦʚʘʥʠʷ ʧʦ ʛʨʘʥʠʮʘʤ ʟʝʨʝʥ ʧʝʨʦʚʩʢʠʪʦʧʦʜʦʙʥʦʡ ʬʘʟʳ ʥʦʚʦʛʦ ʩʦʩʪʘʚʘ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʥʘ ʜʠʬʨʘʢʪʦʛʨʘʤʤʘʭ ʦʙʦʩʦʙʣʝʥʥʳʤʠ ʨʝʬʣʝʢʩʘʤʠ (ʄʕ ʢʦʤʧʦʟʠʪʳ ʥʘ ʦʩʥʦʚʝ 

ʎʊʉʉʊ, ʎʊʉʪɹʉ-2). ʀʥʦʛʜʘ ʧʨʦʠʩʭʦʜʠʪ ʥʝʙʦʣʴʰʦʝ ʫʤʝʥʴʰʝʥʠʝ ʩʪʝʧʝʥʠ ʪʝʪʨʘʛʦʥʘʣʴʥʦʛʦ 

ʠʩʢʘʞʝʥʠʷ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʄʕ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨ ʥʘ ʦʩʥʦʚʝ ʩʝʛʥʝʪʦʞʝʩʪʢʠʭ 

ʧʴʝʟʦʤʘʪʝʨʠʘʣʦʚ (ʄʕ ʢʝʨʘʤʠʢʠ ʥʘ ʦʩʥʦʚʝ ʎʊʉ-83ʛ, ʎʊʉɹ, ʎʊʉ-24).  

ʊʘʙʣʠʮʘ VII.3.1. ɼʠʵʣʝʢʪʨʠʯʝʩʢʠʝ, ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʝ, ʫʧʨʫʛʠʝ ʠ ʤʘʛʥʠʪʦʵʣʝʢʪʨʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ ʢʦʤʧʦʟʠʪʦʚ 50 ʤʘʩʩ.% ʎʊʉʅɺ-1 + 50 ʤʘʩʩ.% Ni0.9Co0.1Cu0.1Fe1.9O4-d,ʧʦʣʫʯʝʥʥʳʭ 

ʨʘʟʣʠʯʥʳʤʠ ʩʧʦʩʦʙʘʤʠ 

ʩ
ʧ
ʦ
ʩ
ʦ
ʙ

 

Ů/Ů0 tgd ʂʨ 
-d31, 

ʧʂʣʅ 

d33,  

ʧʂʣʅ 

-g31,  

ʤɺÖʤ/ʅ 

g33, 

ʤɺÖʤ/ʅ 

s11
EÖ1012, 

ʇa-1 

Dɽ/Dʅ, 

ʤɺ/(ʩʤĿʕ) 

ʅʩʤ., 

ʢɸ/ʤ 

1 150 0.14 0.10 9 18 7.1 14.7 10 70 60-80 

2 225 0.25 0.09 8.3 - 4.1 - 8.8 13 80-100 

3 180 0.09 0.12 15 32 12 26 12 110 70-90 

4 370 0.54 0.08 8.4 - 2.6 - 8.6 4 90-110 
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ʎʊʉ-19 ʎʊʉ-36 ʎʊʉʉʊ 

   
ʎʊʉʉʊ-2 ʎʊʉʊɹʉ-2 ʎʊʉ-83ʛ 

   
ʎʊʉɹ ʎʊʉ-24 ʇʂʈ-15 

ʈʠʩ.VII.3.5. ʌʨʘʛʤʝʥʪʳ ʜʠʬʨʘʢʪʦʛʨʘʤʤ ʢʦʤʧʦʟʠʪʦʚ 

50 ʤʘʩʩ.% ʎʊʉ + 50 ʤʘʩʩ.% Ni0.9Co0.1Cu0.1Fe1.9O4, ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʩʧʦʩʦʙʘʤʠ 1 ʠ 3 (ʧʨʦʬʠʣʠ 1 ʠ 2 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ), ʠ ʯʠʩʪʳʭ ʧʴʝʟʦʤʘʪʝʨʠʘʣʦʚ ʎʊʉʠ ʬʝʨʨʠʪʘ (ʧʨʦʬʠʣʠ 3 ʠ 4 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ) 
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ɺ ʪʘʙʣʠʮʝ VII .3.2 ʧʨʠʚʝʜʝʥʳ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʝ, ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʠ ʄʕ ʧʘʨʘʤʝʪʨʳ 

ʧʦʣʫʯʝʥʥʳʭ ʢʦʤʧʦʟʠʪʦʚ. ʂʘʢ ʠ ʚ ʩʣʫʯʘʝ ʄʕ ʢʦʤʧʦʟʠʪʦʚ ʥʘ ʦʩʥʦʚʝ ʎʊʉʅɺ-1, ʥʘʠʙʦʣʴʰʠʤ 

ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʄʕ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʦʙʣʘʜʘʝʪ ʄʕ ʢʝʨʘʤʠʢʘ, ʠʟʛʦʪʦʚʣʝʥʥʘʷ ʩʧʦʩʦʙʦʤ 3 ʠ 

ʠʤʝʶʱʘʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʳʡ ʪʠʧ ʩʚʷʟʥʦʩʪʠ 0-3, ʥʘ ʦʩʥʦʚʝ ʩʝʛʥʝʪʦʤʷʛʢʠʭ ʧʴʝʟʦʤʘʪʝʨʠʘʣʦʚ 

ʩʠʩʪʝʤʳ ʎʊʉ. ɺʦ ʚʩʝʭ ʩʣʫʯʘʷʭ ʢʦʤʧʦʟʠʪʳ, ʠʟʛʦʪʦʚʣʝʥʥʳʝ ʩʧʦʩʦʙʦʤ 3, ʠʤʝʶʪ ʙʦʣʝʝ ʚʳʩʦʢʠʝ 

ʧʴʝʟʦʧʘʨʘʤʝʪʨʳ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʦʣʫʯʝʥʥʳʤʠ ʩʧʦʩʦʙʦʤ 1, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʙʦʣʝʝ 

ʊʘʙʣʠʮʘ VII.3.2.  ɼʠʵʣʝʢʪʨʠʯʝʩʢʠʝ, ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʠ ʄʕ ʩʚʦʡʩʪʚʘ ʩʤʝʩʝʚʳʭ ʢʦʤʧʦʟʠʪʦʚ 

50 ʤʘʩʩ.% ʎʊʉ + 50 ʤʘʩʩ.% Ni0.9Co0.1Cu0.1Fe1.9O4-d 

ʄʘʨʢʘ ʎʊʉ 
ʩ
ʧ
ʦ
ʩ
ʦ
ʙ

 

DE/DH, 

ʤɺ/(ʩʤÖʕ) 
e/e0 Kp 

-d31, 

ʧʂʣ/ʅ 

d33, 

ʧʂʣ/H 

-g31, 

ʤɺÖʤ/ʅ 

g33, 

ʤɺÖʤ/ʅ 

ʎʊʉ-19 
1 60 150 0.055 3.5 4.3 2.6 3.3 

3 131 140 0.115 7.5 32.3 6.1 26.0 

ʎʊʉʅɺ1 
1 68 173 0.088 6.3 8.8 4.1 11.5 

3 113 197 0.112 8.8 34.3 5.1 19.9 

ʎʊʉ-36 
1 40 123 0.057 3.5 3.1 3.3 2.8 

3 104 143 0.090 6.3 25.0 5.0 19.9 

ʎʊʉʉʊ 
1 33 284 0.082 7.2 9.4 2.8 3.7 

3 98 170 0.106 5.5 36.5 4.1 18.2 

ʎʊʉʉʊ-2 
1 26 355 0.096 9.4 7.4 4.0 10.1 

3 96 190 0.106 8.8 35.7 5.2 21.3 

ʎʊʉʊɹʉ-2 
1 31 284 0.079 6.8 9.5 1.8 2.6 

3 83 163 0.091 7.0 31.7 4.9 21.9 

ʎʊʉ83ʛ 
1 19 135 0.057 3.6 2.7 3.1 2.8 

3 82 158 0.117 9.2 22.5 6.6 16.1 

ʥʎʊʉ1ʤ 
1 32 349 0.081 8.0 12.8 9.6 2.6 

3 74 278 0.088 7.5 20.3 3.1 8.3 

ʎʊʉɹ 
1 25 147 0.050 3.2 2.9 2.4 2.2 

3 60 124 0.114 6.6 12.0 6.2 11.2 

ʎʊʉ-24 
1 42 128 0.049 2.8 4.8 2.5 4.3 

3 50 167 0.073 5.5 15.0 3.2 9.0 

ʇʂʈ-15 
1 19 124 0.052 3.1 2.8 2.9 2.3 

3 41 132 0.115 8.7 35.5 7.3 26.8 
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ʢʘʯʝʩʪʚʝʥʥʦʡ ʧʦʣʷʨʠʟʘʮʠʠ ʄʕ ʢʝʨʘʤʠʢʠ. ʉʥʠʞʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʩʧʝʢʘʥʠʷ ʄʕ ʢʝʨʘʤʠʢʠ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʤʝʥʴʰʝʥʠʶ ʩʦʜʝʨʞʘʥʠʷ ʧʨʠʤʝʩʠ Fe2+ ʚ ʬʝʨʨʠʪʦʚʦʡ ʢʦʤʧʦʥʝʥʪʝ ʠ ʧʦʟʚʦʣʷʝʪ 

ʩʜʝʣʘʪʴ ʧʨʦʮʝʜʫʨʫ ʧʦʣʷʨʠʟʘʮʠʠ ʢʦʤʧʦʟʠʪʦʚ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʡ. 

ʀʪʘʢ, ʠʟ ʜʘʥʥʳʭ ʪʘʙʣʠʮʳ VII.3.2 ʚʠʜʥʦ, ʯʪʦ ʥʘʨʷʜʫ ʩ ʢʦʤʧʦʟʠʪʘʤʠ ʥʘ ʦʩʥʦʚʝ ʎʊʉʅɺ-1 

ʥʘʠʙʦʣʴʰʫʶ ʄʕ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʄʕ ʢʝʨʘʤʠʢʘ, ʚ ʩʦʩʪʘʚ ʢʦʪʦʨʦʡ ʚʭʦʜʷʪ 

ʩʝʛʥʝʪʦʤʷʛʢʠʝ ʧʴʝʟʦʵʣʝʢʪʨʠʢʠ ʎʊʉ-19 ʠ ʎʊʉ-36. ʂʦʤʧʦʟʠʪʳ ʥʘ ʦʩʥʦʚʝ ʵʪʠʭ ʧʴʝʟʦʤʘʪʝʨʠʘʣʦʚ 

ʙr ʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʙʦʣʝʝ ʜʝʪʘʣʴʥʦ ʩ ʮʝʣʴʶ ʚʳʷʩʥʝʥʠʷ ʚʣʠʷʥʠʷ ʤʘʩʩʦʚʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʬʘʟ ʥʘ ʠʭ 

ʩʚʦʡʩʪʚʘ. 

ʅʘ ʨʠʩ.VII .3.6 ʧʨʝʜʩʪʘʚʣʝʥʳ ʤʠʢʨʦʬʦʪʦʛʨʘʬʠʠ ʢʝʨʘʤʠʯʝʩʢʠʭ ʦʙʨʘʟʮʦʚ 

50 ʤʘʩʩ.% ʎʊʉ-36 + 50 ʤʘʩʩ.% Ni0.9Co0.1Cu0.1Fe1.9O4, ʧʦʣʫʯʝʥʥʳʭ ʩʧʦʩʦʙʘʤʠ 1 ʠ 3, ʘ ʜʘʣʝʝ ʥʘ 

ʨʠʩ.VII .3.7-VII .3.8  ï ʤʠʢʨʦʬʦʪʦʛʨʘʬʠʠ ʢʦʤʧʦʟʠʪʦʚ ʥʘ ʦʩʥʦʚʝ ʎʊʉ-19 ʚ ʰʠʨʦʢʦʤ 

ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʦʤ ʜʠʘʧʘʟʦʥʝ. ʄʦʞʥʦ ʚʠʜʝʪʴ, ʯʪʦ ʤʠʢʨʦʩʪʨʫʢʪʫʨʘ ʢʝʨʘʤʠʢʠ, ʠʟʛʦʪʦʚʣʝʥʥʦʡ 

ʩʧʦʩʦʙʘʤʠ 1 ʠ 3, ʟʘʤʝʪʥʦ ʦʪʣʠʯʘʝʪʩʷ. ɽʩʣʠ ʫ ʄʕ ʢʝʨʘʤʠʢʠ, ʠʟʛʦʪʦʚʣʝʥʥʦʡ ʩʧʦʩʦʙʦʤ 1, ʨʘʟʤʝʨ 

ʯʘʩʪʠʮ ʧʴʝʟʦʵʣʝʢʪʨʠʢʘ ʠ ʬʝʨʨʠʪʘ ʤʘʣʦ ʦʪʣʠʯʘʶʪʩʷ ʤʝʞʜʫ ʩʦʙʦʡ ʠ ʚʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ ʨʝʘʣʠʟʫʝʪʩʷ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʪʠʧ ʩʚʷʟʥʦʩʪʠ 3-3, ʪʦ ʚ ʢʦʤʧʦʟʠʪʘʭ, ʧʦʣʫʯʝʥʥʳʭ ʩʧʦʩʦʙʦʤ 3, ʟʘ ʩʯʝʪ 

ʤʝʣʢʦʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ ʬʘʟʳ ʬʝʨʨʠʪʘ ʩʚʷʟʥʦʩʪʴ 0-3 ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʧʨʝʦʙʣʘʜʘʶʱʝʡ.  

ʅʘ ʨʠʩ.VII.3.9,ʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʢʦʤʧʦʟʠʪʦʚ (100-ʭ) ʤʘʩʩ.% ʎʊʉ + ʭ ʤʘʩʩ.% Ni0.9Co0.1Cu0.1Fe1.9O4-d ʥʘ ʦʩʥʦʚʝ 

ʎʊʉ-19 ʠ ʎʊʉ-36, ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʩʧʦʩʦʙʘʤʠ 1 ʠ 3. ʂʘʢ ʠ ʚ ʩʣʫʯʘʝ ʢʦʤʧʦʟʠʪʦʚ ʥʘ ʦʩʥʦʚʝ 

ʎʊʉʅɺ-1 (ʨʠʩ.VII.3.3,ʘ), ʜʣʷ ʢʦʤʧʦʟʠʪʦʚ ʥʘ ʦʩʥʦʚʝ ʦʜʥʦʛʦ ʠ ʪʦʛʦ ʞʝ ʧʴʝʟʦʤʘʪʝʨʠʘʣʘ ʟʥʘʯʝʥʠʷ 

e/e0 ʩʣʘʙʦ ʟʘʚʠʩʷʪ ʦʪ ʩʧʦʩʦʙʘ ʠʟʛʦʪʦʚʣʝʥʠʷ, ʠ ʥʘ ʨʠʩʫʥʢʝ ʧʨʠʚʝʜʝʥʳ ʢʨʠʚʳʝ, ʫʩʨʝʜʥʷʶʱʠʝ 

ʟʥʘʯʝʥʠʷ e/e0 ʜʣʷ ʜʚʫʭ ʩʧʦʩʦʙʦʚ ʧʦ ʢʘʞʜʦʤʫ ʠʟ ʚʠʜʦʚ ʢʦʤʧʦʟʠʪʦʚ. ʂʘʢ ʠ ʩʣʝʜʦʚʘʣʦ ʦʞʠʜʘʪʴ, 

ʢʦʤʧʦʟʠʪʳ ʩ ʎʊʉ-19 ʠʤʝʶʪ ʥʝʩʢʦʣʴʢʦ ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ 

ʧʨʦʥʠʮʘʝʤʦʩʪʝʡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʝʨʘʤʠʢʦʡ ʥʘ ʦʩʥʦʚʝ ʎʊʉ-36, ʪ.ʢ. ʩʦʙʩʪʚʝʥʥʘʷ ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ 

ʎʊʉ-19 ʧʨʠʤʝʨʥʦ ʚ 3 ʨʘʟʘ ʚʳʰʝ, ʯʝʤ ʫ ʎʊʉ-36 (ʩʤ. ʪʘʙʣʠʮʫ III.3). ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ʢʦʤʧʦʟʠʪʳ ʥʘ 

ʦʩʥʦʚʝ ʎʊʉʅɺ-1 ʠʤʝʶʪ ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʟʥʘʯʝʥʠʷ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʨʦʥʠʮʘʝʤʦʩʪʝʡ, ʢʘʢ ʠ 

ʩʦʙʩʪʚʝʥʥʦ ʜʘʥʥʳʡ ʧʴʝʟʦʤʘʪʝʨʠʘʣ.  

ʅʘ ʨʠʩ.VII .3.9,ʙ-ʝ ʧʦʢʘʟʘʥʳ ʛʨʘʬʠʢʠ ʠʟʤʝʥʝʥʠʷ ʧʴʝʟʦʧʘʨʘʤʝʪʨʦʚ ʢʦʤʧʦʟʠʪʦʚ 

(100-ʭ) ʤʘʩʩ.% ʎʊʉ-19 + ʭ ʤʘʩʩ.% Ni0.9Co0.1Cu0.1Fe1.9O4-d ʥʘ ʦʩʥʦʚʝ ʎʊʉ-19 ʠ ʎʊʉ-36, 

ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʩʧʦʩʦʙʘʤʠ 1 ʠ 3. ʄʦʞʥʦ ʚʠʜʝʪʴ, ʯʪʦ ʥʝʩʤʦʪʨʷ ʥʘ ʨʘʟʣʠʯʠʷ ʚ ʩʚʦʡʩʪʚʘʭ ʯʠʩʪʳʭ 

ʧʴʝʟʦʤʘʪʝʨʠʘʣʦʚ, ʄʕ ʢʝʨʘʤʠʢʘ ʥʘ ʠʭ ʦʩʥʦʚʝ, ʠʟʛʦʪʦʚʣʝʥʥʘʷ ʦʜʥʠʤ ʠ ʪʝʤ ʞʝ ʩʧʦʩʦʙʦʤ, ʧʨʠ 

ʦʜʠʥʘʢʦʚʳʭ ʟʥʘʯʝʥʠʷʭ ʭ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʜʦʚʦʣʴʥʦ ʙʣʠʟʢʠʝ ʧʴʝʟʦʢʦʥʩʪʘʥʪʳ, ʧʦʵʪʦʤʫ ʚ 

ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʧʨʠʚʝʜʝʥʳ ʫʩʨʝʜʥʷʶʱʠʝ ʛʨʘʬʠʢʠ. ʆʜʥʘʢʦ ʩʧʦʩʦʙ ʠʟʛʦʪʦʚʣʝʥʠʷ 

ʄʕ ʢʦʤʧʦʟʠʪʦʚ ʠ ʜʦʩʪʠʛʘʝʤʳʡ ʧʨʠ ʵʪʦʤ ʪʠʧ ʩʚʷʟʥʦʩʪʠ ʦʢʘʟʳʚʘʶʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ 
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ʧʴʝʟʦʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʤʧʦʟʠʪʦʚ. ʆʪʯʝʪʣʠʚʦ ʚʠʜʥʦ, ʯʪʦ ʩʧʦʩʦʙ 3, ʢʘʢ ʠ ʚ ʢʦʤʧʦʟʠʪʘʭ ʥʘ ʦʩʥʦʚʝ 

ʎʊʉʅɺ-1, ʧʦʟʚʦʣʷʝʪ ʫʣʫʯʰʠʪʴ ʚʩʝ ʧʴʝʟʦʧʘʨʘʤʝʪʨʳ ʥʝ ʤʝʥʝʝ ʯʝʤ ʚ 2-3 ʨʘʟʘ.  

 

 

 

ʈʠʩ.VII.3.6. ʄʠʢʨʦʬʦʪʦʛʨʘʬʠʠ ʄʕ ʢʦʤʧʦʟʠʮʠʦʥʥʦʡ ʢʝʨʘʤʠʢʠ 

50 ʤʘʩʩ.% ʎʊʉ-19 + 50 ʤʘʩʩ.% Ni0.9Co0.1Cu0.1Fe1.9O4-d,  

ʠʟʛʦʪʦʚʣʝʥʥʦʡ ʩʧʦʩʦʙʘʤʠ 1 (a) ʠ 2 (ʙ). 
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ʘ, ʭ = 30 

 

ʙ, ʭ = 40 

 

ʚ, ʭ = 50 

 
 

ʛ, ʭ = 60 

 

 

ʜ, ʭ = 70 

 

 

 

 

ʈʠʩ.VII.3.7. 

ʄʠʢʨʦʬʦʪʦʛʨʘʬʠʠ ʄʕ ʢʝʨʘʤʠʢʠ 

(100-ʭ) ʤʘʩʩ.% ʎʊʉ-19 

+ ʭ ʤʘʩʩ.% Ni0.9Co0.1Cu0.1Fe1.9O4-d, 

ʧʦʣʫʯʝʥʥʦʡ ʩʧʦʩʦʙʦʤ 1 
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ʘ, ʭ = 30 

 

ʙ, ʭ = 40 

 

ʚ, ʭ = 50 

 
 

ʛ, ʭ = 60

 

 

ʜ, ʭ = 70 

 

 

 

ʈʠʩ.VII.3.8. 

ʄʠʢʨʦʬʦʪʦʛʨʘʬʠʠ ʄʕ ʢʝʨʘʤʠʢʠ 

(100-ʭ) ʤʘʩʩ.% ʎʊʉ-19 

+ ʭ ʤʘʩʩ.% Ni0.9Co0.1Cu0.1Fe1.9O4-d, 

ʧʦʣʫʯʝʥʥʦʡ ʩʧʦʩʦʙʦʤ 3 



178 

  

  

  

ʈʠʩ.VII.3.9. ʂʦʥʮʝʥʪʨʘʮʠʦʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

ʄʕ ʢʝʨʘʤʠʢʠ (100-ʭ) ʤʘʩʩ.% ʎʊʉ + ʭ ʤʘʩʩ.% Ni0.9Co0.1Cu0.1Fe1.9O4-d,  

ʠʟʛʦʪʦʚʣʝʥʥʦʡ ʩʧʦʩʦʙʘʤʠ 1 ʠ 3. 
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ʈʠʩ.VII.3.10. ʂʦʥʮʝʥʪʨʘʮʠʦʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʧʨʦʜʦʣʴʥʦʛʦ ʄʕ ʢʦʵʬʬʠʮʠʝʥʪʘ Dɽ/Dʅ 

ʢʦʤʧʦʟʠʮʠʦʥʥʦʡ ʢʝʨʘʤʠʢʠ (100-ʭ) ʤʘʩʩ.% ʎʊʉ + ʭ ʤʘʩʩ.% Ni0.9Co0.1Cu0.1Fe1.9O4-d, ʠʟʛʦʪʦʚʣʝʥʥʦʡ 

ʩʧʦʩʦʙʘʤʠ 1 ʠ 3, ʘ ï ʎʊʉ-36, ʙ ï ʎʊʉ-19. 
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ʈʠʩ.VII.3.11. ɿʘʚʠʩʠʤʦʩʪʴ ʄʕ ʢʦʵʬʬʠʮʠʝʥʪʘ ʦʪ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʧʦʜʤʘʛʥʠʯʠʚʘʶʱʝʛʦ ʧʦʣʷ 

ʄʕ ʢʦʤʧʦʟʠʮʠʦʥʥʦʡ ʢʝʨʘʤʠʢʠ 50 ʤʘʩʩ.% ʎʊʉ-19 + 50 ʤʘʩʩ.% Ni0.9Co0.1Cu0.1Fe1.9O4-d,  

ʠʟʛʦʪʦʚʣʝʥʥʦʡ ʩʧʦʩʦʙʘʤʠ 1 ʠ 3. 

ʉʣʝʜʩʪʚʠʝʤ ʫʣʫʯʰʝʥʠʷ ʧʴʝʟʦʧʘʨʘʤʝʪʨʦʚ ʷʚʣʷʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

ʄʕ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ Dɽ/Dʅ ʚ ʩʣʫʯʘʝ ʢʦʤʧʦʟʠʪʦʚ, ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʩʧʦʩʦʙʦʤ 3, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʄʕ ʢʝʨʘʤʠʢʦʡ, ʧʦʣʫʯʝʥʥʦʡ ʩʧʦʩʦʙʦʤ 1. ʅʘ ʨʠʩ.VII .3.10,a-ʙ ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʳʝ 

ʟʘʚʠʩʠʤʦʩʪʠ Dɽ/Dʅ ʜʣʷ ʠʩʩʣʝʜʫʝʤʳʭ ʎʊʉ-19- ʠ ʎʊʉ-36-ʩʦʜʝʨʞʘʱʠʭ ʢʦʤʧʦʟʠʪʦʚ. ʄʘʢʩʠʤʫʤʳ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʄʕ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʥʘʙʣʶʜʘʶʪʩʷ ʫ ʄʕ ʢʝʨʘʤʠʢʠ ʩ ʨʘʚʥʳʤ ʤʘʩʩʦʚʳʤ 

ʩʦʜʝʨʞʘʥʠʝʤ ʧʴʝʟʦʵʣʝʢʪʨʠʢʘ ʠ ʬʝʨʨʠʪʘ, ʧʨʠ ʵʪʦʤ ʜʣʷ ʦʙʨʘʟʮʦʚ ʩʦ ʩʚʷʟʥʦʩʪʴʶ 0-3 ʟʥʘʯʝʥʠʷ 

Dɽ/Dʅ ʚ 2-2.5 ʨʘʟʘ ʚʳʰʝ, ʯʝʤ ʜʣʷ ʢʦʤʧʦʟʠʪʦʚ ʩʦ ʩʚʷʟʥʦʩʪʴʶ 3-3. 

ʅʘ ʨʠʩ.VII .3.11 ʧʨʠʚʦʜʷʪʩʷ ʛʨʘʬʠʢʠ ʠʟʤʝʥʝʥʠʷ ʄʕ ʢʦʵʬʬʠʮʠʝʥʪʘ Dɽ/Dʅ ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʧʦʩʪʦʷʥʥʦʛʦ ʧʦʜʤʘʛʥʠʯʠʚʘʶʱʝʛʦ ʧʦʣʷ Hʩʤ. ʜʣʷ ʢʦʤʧʦʟʠʮʠʦʥʥʦʡ ʢʝʨʘʤʠʢʠ 

50 ʤʘʩʩ.% ʎʊʉ-19+ 50 ʤʘʩʩ.% Ni0.9Co0.1Cu0.1Fe1.9O4-d. ʆʥʠ ʧʨʦʭʦʜʷʪ ʯʝʨʝʟ ʤʘʢʩʠʤʫʤ, ʧʨʠ ʵʪʦʤ 

ʦʧʪʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʧʦʜʤʘʛʥʠʯʠʚʘʶʱʝʛʦ ʧʦʣʷ ʅʩʤ. ʤʘʣʦ ʦʪʣʠʯʘʶʪʩʷ ʜʣʷ ʦʙʨʘʟʮʦʚ, 

ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʩʧʦʩʦʙʘʤʠ 1 ʠ 3. ɸʥʘʣʦʛʠʯʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʧʦʣʫʯʝʥʳ ʠ ʜʣʷ ʄʕ ʢʦʤʧʦʟʠʪʦʚ ʥʘ 

ʦʩʥʦʚʝ ʎʊʉʅɺ-1 ʠ ʎʊʉ-36. 

VII .4. ɹʝʩʩʚʠʥʮʦʚʳʝ ʤʘʛʥʠʪʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʢʦʤʧʦʟʠʪʳ ʥʘ ʦʩʥʦʚʝ ʥʠʦʙʘʪʦʚ 

ʱʝʣʦʯʥʳʭ ʤʝʪʘʣʣʦʚ 

ɺ ʜʘʥʥʦʤ ʨʘʟʜʝʣʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʄʕ ʛʝʪʝʨʦʬʘʟʥʳʭ 

ʤʫʣʴʪʠʬʝʨʨʦʠʯʥʭr ʩʠʩʪʝʤ ʭ ʤʘʩʩ.% [Li 0.06(Na0.52K0.48)0.94+ʫ]NbO3 + (100-ʭ) ʤʘʩʩ.% 

Ni0.9Cʦ0.1Cu0.1Fe1.9O4-d (ʫ = 0.015, 0.05, 0.10; ʭ = 30, 40, 50, 60 ʠ 70 ʤʘʩʩ.%).  

ʇʨʝʜʚʘʨʠʪʝʣʴʥʦ ʙʳʣʠ ʠʟʫʯʝʥ  rʧʴʝʟʦʤʘʪʝʨʠʘʣʳ [Li 0.06(Na0.52K0.48)0.94+y]NbO3 (y = 0, 0.5, 1.0, 
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1.5, 2.0, ʠ 2.5 ʘʪ.%), ʦʧʠʩʘʥʥʳʝ ʚ ʨʘʙʦʪʝ [411]. ɺ ʜʘʥʥʦʡ ʩʠʩʪʝʤʝ ʠʤʝʝʪʩʷ ʤʦʨʬʦʪʨʦʧʥʳʡ ʬʘʟʦʚʳʡ 

ʧʝʨʝʭʦʜ ʠʟ ʪʝʪʨʘʛʦʥʘʣʴʥʳʭ ʚ ʦʨʪʦʨʦʤʙʠʯʝʩʢʠʝ ʪʚʝʨʜʳʝ ʨʘʩʪʚʦʨʳ ʧʨʠ ʫ = 1.0-1.5 ʘʪ.%, ʧʨʠ ʵʪʦʤ 

ʩʦʩʪʘʚʳ, ʧʨʠʥʘʜʣʝʞʘʱʠʝ ʤʦʨʬʦʪʨʦʧʥʦʡ ʦʙʣʘʩʪʠ, ʢʘʢ ʠ ʩʣʝʜʦʚʘʣʦ ʦʞʠʜʘʪʴ, ʜʝʤʦʥʩʪʨʠʨʫʶʪ 

ʤʘʢʩʠʤʘʣʴʥʳʝ ʧʴʝʟʦʩʚʦʡʩʪʚʘ, ʟʥʘʯʝʥʠʷ ʢʦʪʦʨʳʭ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ VII .4.1. ʉʨʝʜʠ 

ʧʨʠʚʝʜʝʥʥʳʭ ʚ ʪʘʙʣʠʮʝ ʧʘʨʘʤʝʪʨʦʚ ʥʝʦʙʭʦʜʠʤʦ ʦʙʨʘʪʠʪʴ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʥʘ ʪʦ, ʯʪʦ 

ʧʴʝʟʦʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ g33 ʦʙʩʫʞʜʘʝʤʳʭ ʧʴʝʟʦʤʘʪʝʨʠʘʣʦʚ ʩʦʩʪʘʚʣʷʝʪ ~40 ʤɺĿʤ/H, ʯʪʦ ʩʦʚʧʘʜʘʝʪ 

ʩ g33 ʩʚʠʥʝʮʩʦʜʝʨʞʘʱʝʡ ʢʝʨʘʤʠʢʠ ʤʘʨʢʠ ʎʊʉ-36, ʠʤʝʶʱʝʡ ʨʝʢʦʨʜʥʫʶ ʧʴʝʟʦʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ 

ʩʨʝʜʠ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ʎʊʉ (ʜʣʷ  ʩʨʘʚʥʝʥʠʷ ʩʚʦʡʩʪʚʘ ʎʊʉ-36 ʪʘʢʞʝ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 

VII .4.1). ʂʨʦʤʝ ʪʦʛʦ, ʢʝʨʘʤʠʢʘ [Li0.06(Na0.52K0.48)0.94+y]NbO3 ʠʤʝʝʪ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʚʳʩʦʢʠʝ 

ʪʝʤʧʝʨʘʪʫʨʳ ʩʧʝʢʘʥʠʷ (1020-1080̄ʉ), ʯʪʦ ʜʦʣʞʥʦ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʫʤʝʥʴʰʝʥʠʶ ʥʝʞʝʣʘʪʝʣʴʥʳʭ 

ʧʦʩʣʝʜʩʪʚʠʡ ʤʝʞʬʘʟʥʦʛʦ ʣʝʛʠʨʦʚʘʥʠʷ ʧʨʠ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʤ ʦʙʞʠʛʝ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ 

ʩʤʝʩʝʡ. 

ʇʴʝʟʦʤʘʪʝʨʠʘʣʳ [Li0.06(Na0.52K0.48)0.94+ʫ]NbO3 ʩ ʫ = 0.015; 0.05; 0.10 ʠ 0.15 ʠ ʬʝʨʨʠʪ 

Ni0.9Co0.1Cu0.1Fe1.9O4-d ʩʠʥʪʝʟʠʨʦʚʘʣʠ ʠʟ ʦʢʩʠʜʦʚ ʠ ʢʘʨʙʦʥʘʪʦʚ. ʅʝʦʙʭʦʜʠʤʳʝ ʢʦʣʠʯʝʩʪʚʘ 

ʨʝʘʛʝʥʪʦʚ ʧʦʩʣʝ ʪʱʘʪʝʣʴʥʦʛʦ ʧʝʨʝʪʠʨʘʥʠʷ ʠ ʙʨʠʢʝʪʠʨʦʚʘʥʠʷ ʧʨʦʢʘʣʠʚʘʣʠ ï 

[Li 0.06(Na0.52K0.48)0.94+ʫ]NbO3 ʧʨʠ 800, Ni0.9Co0.1Cu0.1Fe1.9O4-d ʧʨʠ 900-1000̄ʉ ʚ ʪʝʯʝʥʠʝ 7-8 ʯʘʩʦʚ (ʩ 

ʧʨʦʤʝʞʫʪʦʯʥʳʤ ʧʦʤʦʣʦʤ). ʇʦʣʥʦʪʫ ʧʨʦʪʝʢʘʥʠʷ ʩʠʥʪʝʟʘ ʢʦʥʪʨʦʣʠʨʦʚʘʣʠ ʤʝʪʦʜʦʤ ʈʌɸ. ʉ ʮʝʣʴʶ 

ʠʟʫʯʝʥʠʷ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʠʟ ʧʦʨʦʰʢʦʚ ʧʴʝʟʦʤʘʪʝʨʠʘʣʦʚ ʩʧʝʢʘʣʠ ʢʝʨʘʤʠʯʝʩʢʠʝ 

ʦʙʨʘʟʮʳ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1050̄ʉ ʚ ʪʝʯʝʥʠʝ 2 ʯʘʩʦʚ. 

ʇʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʢʦʤʧʦʟʠʮʠʦʥʥʦʡ ʢʝʨʘʤʠʢʠ ʭ ʤʘʩʩ.% [Li 0.06(Na0.52K0.48)0.94+ʫ]NbO3 + 

(100-ʭ) ʤʘʩʩ.% Ni0.9Cʦ0.1Cu0.1Fe1.9O4-d ʥʝʦʙʭʦʜʠʤʳʝ ʢʦʣʠʯʝʩʪʚʘ ʧʦʨʦʰʢʦʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʧʴʝʟʦʤʘʪʝʨʠʘʣʦʚ ʠ ʬʝʨʨʠʪʘ ʪʱʘʪʝʣʴʥʦ ʩʤʝʰʠʚʘʣʠ, ʧʨʝʩʩʦʚʘʣʠ ʠ ʩʧʝʢʘʣʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 

1000̄ʉ (ʫ = 0.05 ʠ 0.10) ʠ 1050̄ʉ (ʫ = 0.015) ʚ ʪʝʯʝʥʠʝ 2 ʯʘʩʦʚ. ʇʦʣʫʯʝʥʥʫʶ ʧʦʩʣʝ ʩʧʝʢʘʥʠʷ 

ʢʝʨʘʤʠʢʫ [Li 0.06(Na0.52K0.48)0.94+ʫ]NbO3 ʠ ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʦʙʨʘʟʮʳ ʭ ʤʘʩʩ.% 

[Li 0.06(Na0.52K0.48)0.94+ʫ]NbO3 + (100-ʭ) ʤʘʩʩ.% Ni0.9Cʦ0.1Cu0.1Fe1.9O4-d ʧʦʩʣʝ ʤʝʭʘʥʠʯʝʩʢʦʡ 

ʦʙʨʘʙʦʪʢʠ ʠ ʥʘʥʝʩʝʥʠʷ ʵʣʝʢʪʨʦʜʦʚ ʧʦʣʷʨʠʟʦʚʘʣʠ ʚ ʩʨʝʜʝ ʭʣʦʨʦʬʦʨʤʘ ʚ ʠʤʧʫʣʴʩʥʦʤ ʨʝʞʠʤʝ ʚ 

ʪʝʯʝʥʠʝ 3 ʤʠʥʫʪ ʚ ʧʦʣʷʭ 2-3 ʢɺ/ʤʤ.  

ʇʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʠ ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʠʩʩʣʝʜʦʚʘʣʠ ʤʝʪʦʜʦʤ ʈʌɸ, ʠʟʫʯʘʣʠ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʝ, ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʠ ʄʕ ʩʚʦʡʩʪʚʘ ʢʦʤʧʦʟʠʮʠʦʥʥʦʡ ʢʝʨʘʤʠʢʠ, ʢʘʢ ʵʪʦ 

ʦʧʠʩʘʥʦ ʚ ʨʘʟʜʝʣʝ V. 

ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʨʘʙʦʪʳ [411], ʥʘʠʣʫʯʰʠʤʠ ʧʴʝʟʦʩʚʦʡʩʪʚʘʤʠ ʦʙʣʘʜʘʶʪ ʧʴʝʟʦʤʘʪʝʨʠʘʣʳ 

[Li 0.06(Na0.52K0.48)0.94+ʫ]NbO3 ʩ ʫ = 0.01-0.015, ʦʜʥʘʢʦ ʚ ʨʘʤʢʘʭ ʥʘʩʪʦʷʱʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʭ 

ʧʴʝʟʦʧʘʨʘʤʝʪʨʳ, ʢ ʩʦʞʘʣʝʥʠʶ, ʚʦʩʧʨʦʠʟʚʝʩʪʠ ʥʝ ʫʜʘʣʦʩʴ. ʇʦʵʪʦʤʫ ʙʳʣʠ ʧʨʝʜʧʨʠʥʷʪʳ ʧʦʧʳʪʢʠ 

ʢʦʨʨʝʢʮʠʠ ʩʦʩʪʘʚʘ [Li0.06(Na0.52K0.48)0.94+ʫ]NbO3 ʧʦ ʟʥʘʯʝʥʠʶ ʫ. ɺ ʪʘʙʣʠʮʝ VII.4.1 ʧʨʝʜʩʪʘʚʣʝʥʳ 
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ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʦʧʠʩʘʥʥʦʛʦ ʚ ʨʘʙʦʪʝ [411] ʤʘʪʝʨʠʘʣʘ ʩ ʫ = 0.015, ʘ ʪʘʢʞʝ 

ʧʴʝʟʦʤʘʪʝʨʠʘʣʦʚ, ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʥʘʤʠ. ʀʟ ʧʨʠʚʝʜʝʥʥʳʭ ʜʘʥʥʳʭ ʚʠʜʥʦ, ʯʪʦ ʜʦ ʫ = 0.1 

ʥʘʙʣʶʜʘʝʪʩʷ ʫʣʫʯʰʝʥʠʝ ʧʴʝʟʦʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʦʚ, ʧʨʠ ʵʪʦʤ ʧʦ ʚʝʣʠʯʠʥʝ ʧʴʝʟʦʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ 

g33 ʤʘʪʝʨʠʘʣ KLNN10 ʙʣʠʟʦʢ ʢ ʦʧʠʩʘʥʥʦʤʫ ʚ ʨʘʙʦʪʝ [411] ʩʦʩʪʘʚʫ [Li0.06(Na0.52K0.48)0.94+ʫ]NbO3 ʩ 

ʫ = 0.015. ɼʘʣʴʥʝʡʰʝʝ ʧʦʚʳʰʝʥʠʝ ʫ (ʜʦ 0.15) ʧʨʠʚʦʜʠʪ ʢ ʫʭʫʜʰʝʥʠʶ ʢʘʯʝʩʪʚʘ ʩʧʝʯʝʥʥʳʭ 

ʦʙʨʘʟʮʦʚ (ʢʝʨʘʤʠʢʘ ʧʦʣʫʯʘʝʪʩʷ ʜʝʬʝʢʪʥʦʡ, ʨʳʭʣʦʡ) ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʝʝ ʧʴʝʟʦʧʘʨʘʤʝʪʨʦʚ.  

 
2Q 

ʈʠʩ.VII.4.1. ɼʠʬʨʘʢʪʦʛʨʘʤʤʳ ʧʴʝʟʦʤʘʪʝʨʠʘʣʦʚ [Li 0.06(Na0.52K0.48)0.94+ʫ]NbO3,  

ʘ ï ʫ = 0.015, b ï ʫ = 0.05, c ï ʫ = 0.1 

ʊʘʙʣʠʮʘ VII.4.1. ɼʠʵʣʝʢʪʨʠʯʝʩʢʠʝ ʠ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʴʝʟʦʤʘʪʝʨʠʘʣʦʚ 

[Li 0.06(Na0.52K0.48)0.94+ʫ]NbO3 

ʆʙʦʟʥʘʯʝʥʠʝ 

ʧʴʝʟʦʤʘʪʝʨʠʘʣʘ 
ʫ e/e0 Kp d33, ʧʂʣ/ʅ g33, ʤɺĿʤ/ʅ lgR 

ʎʊʉ-36 - 660 0.6 240 40 - 

KLNN1.5, [411] 0.015 780 0.45 275 40 - 

KLNN1.5 0.015 430 0.17 64 17 9.5 

KLNN5 0.05 390 0.25 105 30 11.2 

KLNN10 0.1 510 0.3 180 40 11.1 

       

      -  ʧʦʩʪʦʨʦʥʥʠʝ ʬʘʟʳ 

ʙ 

a 

ʚ 
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ʈʠʩ.VII.4.2. ɼʠʬʨʘʢʪʦʛʨʘʤʤʳ ʄʕ ʢʝʨʘʤʠʢʠ 

ʭ ʤʘʩʩ.% KLNN10 + (100-ʭ) ʤʘʩʩ.% Ni0.9Cu0.1Co0.1Fe1.9O4-d:  

ʘ - ʭ = 30, ʙ - ʭ = 40, ʚ - ʭ = 50, ʛ - ʭ = 60, ʜ - ʭ = 70; ʝ - KLNN10, ʞ ï ʬʝʨʨʠʪ; 

ʟ - 50 ʤʘʩʩ.% KLNN5 + 50 ʤʘʩʩ.% Ni0.9Cu0.1Co0.1Fe1.9O4-d; 

ʠ - 50 ʤʘʩʩ.% KLNN1,5 + 50 ʤʘʩʩ.% Ni0.9Cu0.1Co0.1Fe1.9O4-d 

ʈʌɸ ʧʦʢʘʟʘʣ, ʯʪʦ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʡ ʥʘʤʠ KLNN1.5 ʩʦʜʝʨʞʠʪ ʥʝʙʦʣʴʰʠʝ ʢʦʣʠʯʝʩʪʚʘ 

ʧʨʠʤʝʩʝʡ (ʨʠʩ.VII.4.1,ʘ), ʦʪ ʢʦʪʦʨʳʭ ʫʜʘʝʪʩʷ ʧʦʣʥʦʩʪʴʶ ʠʟʙʘʚʠʪʴʩʷ ʣʠʰʴ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ 

ʟʥʘʯʝʥʠʷ ʫ (ʨʝʥʪʛʝʥʦʛʨʘʤʤʳ ʩʦʩʪʘʚʦʚ KLNN5 ʠ KLNN10, ʨʠʩ.VII.4.1,ʙ-ʚ). ʉʨʘʚʥʝʥʠʝ ʭʘʨʘʢʪʝʨʘ 

ʨʘʩʱʝʧʣʝʥʠʷ ʨʝʬʣʝʢʩʦʚ ʩ ʜʘʥʥʳʤʠ ʈʌɸ, ʧʨʠʚʝʜʝʥʥʳʤʠ ʚ ʨʘʙʦʪʝ [411], ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ 

ʧʦʣʫʯʝʥʥʳʡ ʥʘʤʠ ʧʴʝʟʦʤʘʪʝʨʠʘʣ KLNN1.5, ʢʘʢ ʠ ʦʧʠʩʘʥʥʳʡ ʚ [411], ʧʨʠʥʘʜʣʝʞʠʪ ʢ 

   - KLNN,    - ʬʝʨʨʠʪ,    - ʧʦʩʪʦʨʦʥʥʠʝ ʬʘʟʳ 
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ʠ 
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ʪʝʪʨʘʛʦʥʘʣʴʥʦ-ʨʦʤʙʦʵʜʨʠʯʝʩʢʦʡ ʤʦʨʬʦʪʨʦʧʥʦʡ ʦʙʣʘʩʪʠ ʠʣʠ ʥʘʭʦʜʠʪʩʷ ʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ 

ʙʣʠʟʦʩʪʠ ʦʪ ʥʝʝ, ʘ KLNN5 ʠ KLNN10 ʠʤʝʶʪ ʦʨʪʦʨʦʤʙʠʯʝʩʢʦʝ ʠʩʢʘʞʝʥʠʝ. 

ʅʘ ʦʩʥʦʚʝ ʚʩʝʭ ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʴʝʟʦʤʘʪʝʨʠʘʣʦʚ ʙʳʣʘ ʧʦʣʫʯʝʥʘ 

ʄʕ ʢʦʤʧʦʟʠʮʠʦʥʥʘʷ ʢʝʨʘʤʠʢʘ ʭ ʤʘʩʩ.% KLNN (KLNN1.5, KLNN5 ʠ KLNN10) 

+ (100-ʭ) ʤʘʩʩ.% Ni0.9Cu0.1Co0.1Fe1.9O4-d ʩ ʭ = 30, 40, 50, 60, 70 ʤʘʩʩ.% ʠ ʠʟʫʯʝʥʳ ʝʝ 

ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʝ ʠ ʄʕ ʩʚʦʡʩʪʚʘ. ʅʘ ʨʠʩ.VII.4.2,ʘ-ʜ ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʠʬʨʘʢʪʦʛʨʘʤʤʳ 

ʢʦʤʧʦʟʠʪʦʚ ʨʘʟʣʠʯʥʦʛʦ ʩʦʩʪʘʚʘ ʥʘ ʦʩʥʦʚʝ KLNN10, ʟʜʝʩʴ ʞʝ ʜʣʷ ʫʜʦʙʩʪʚʘ ʩʨʘʚʥʝʥʠʷ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʥʪʛʝʥʦʛʨʘʤʤʳ ʯʠʩʪʳʭ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʠ ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʦʥʥʦʡ ʢʦʤʧʦʥʝʥʪ, 

KLNN10 ʠ ʬʝʨʨʠʪʘ (ʨʠʩ.VII.4.2,ʝ-ʞ), ʘ ʜʘʣʝʝ ʥʘ ʨʠʩ.VII.4.2,ʟ-ʠ - ʜʠʬʨʘʢʪʦʛʨʘʤʤʳ ʦʙʨʘʟʮʦʚ ʩ 

ʨʘʚʥʳʤ ʤʘʩʩʦʚʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʬʘʟ ʥʘ ʦʩʥʦʚʝ ʧʴʝʟʦʤʘʪʝʨʠʘʣʦʚ KLNN1.5 ʠ KLNN5.  

ʅʘ ʧʨʠʤʝʨʝ ʄʕ ʢʝʨʘʤʠʢʠ ʭ ʤʘʩʩ.% KLNN10 + (100-ʭ) ʤʘʩʩ.%  Ni0.9Cu0.1Co0.1Fe1.9O4-d 

ʦʪʯʝʪʣʠʚʦ ʚʠʜʥʦ, ʯʪʦ ʦʙʨʘʟʮʳ ʥʝ ʩʦʜʝʨʞʘʪ ʧʨʠʟʥʘʢʦʚ ʧʨʠʩʫʪʩʪʚʠʷ ʧʦʩʪʦʨʦʥʥʠʭ ʬʘʟ, ʧʠʢʠ 

ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʦʥʥʦʡ ʠ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʢʦʤʧʦʥʝʥʪ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʩʤʝʱʝʥʳ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʯʠʩʪʳʭ ʬʘʟ, ʩʦʦʪʥʦʰʝʥʠʝ ʨʝʬʣʝʢʩʦʚ ʧʴʝʟʦʵʣʝʢʪʨʠʢʘ ʠ ʬʝʨʨʠʪʘ ʠʟʤʝʥʷʝʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʠʟʤʝʥʝʥʠʝʤ ʩʦʩʪʘʚʘ ʦʙʨʘʟʮʦʚ, ʪ.ʝ. ʩ ʨʦʩʪʦʤ ʩʦʜʝʨʞʘʥʠʷ ʬʝʨʨʠʪʘ ʟʘʢʦʥʦʤʝʨʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʝʛʦ ʨʝʬʣʝʢʩʦʚ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʠʢʦʚ KLNN ʩʥʠʞʘʝʪʩʷ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʭʠʤʠʯʝʩʢʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʬʘʟʘʤʠ ʢʦʤʧʦʟʠʪʦʚ ʚʦ ʚʩʝʤ 

ʜʠʘʧʘʟʦʥʝ ʭ ʦʪʩʫʪʩʪʚʫʝʪ. ʊʦ ʞʝ ʦʪʥʦʩʠʪʩʷ ʢ ʄʕ ʢʝʨʘʤʠʢʝ ʥʘ ʦʩʥʦʚʝ KLNN1.5 ʠ KLNN5, ʩ ʪʦʡ 

ʣʠʰʴ ʨʘʟʥʠʮʝʡ, ʯʪʦ ʚ ʢʦʤʧʦʟʠʪʘʭ, ʩʦʜʝʨʞʘʱʠʭ KLNN1.5, ʩʦʭʨʘʥʷʶʪʩʷ ʪʝ ʞʝ ʧʨʠʤʝʩʥʳʝ ʬʘʟʳ, 

ʯʪʦ ʠ ʚ ʠʩʭʦʜʥʦʤ ʧʴʝʟʦʤʘʪʝʨʠʘʣʝ. 

ʅʘ ʨʠʩ.VII.4.3 ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

ʄʕ ʢʦʤʧʦʟʠʮʠʦʥʥʦʡ ʢʝʨʘʤʠʢʠ ʭ ʤʘʩʩ.% KLNN + (100-ʭ) ʤʘʩʩ.% Ni0.9Co0.1Cu0.1Fe1.9O4-d.  

ʉ ʨʦʩʪʦʤ ʩʦʜʝʨʞʘʥʠʷ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʟʘʢʦʥʦʤʝʨʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ 

ʫʜʝʣʴʥʦʝ ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ (ʨʠʩ.VII.4.3,ʘ) ʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ 

(ʨʠʩ.VII.4.3,ʙ), ʫʤʝʥʴʰʘʝʪʩʷ ʪʘʥʛʝʥʩ ʫʛʣʘ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʪʝʨʴ (ʨʠʩ.VII.4.3,ʚ), ʪ.ʢ. 

ʩʦʙʩʪʚʝʥʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ KLNN ʩʫʱʝʩʪʚʝʥʥʦ ʚʳʰʝ, ʯʝʤ ʫ 

ʬʝʨʨʠʪʘ, ʘ ʪʘʥʛʝʥʩ ʫʛʣʘ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʪʝʨʴ ʥʠʞʝ. ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʭ, ʢʘʢ ʠ ʩʣʝʜʦʚʘʣʦ ʦʞʠʜʘʪʴ, 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʴʝʟʦʤʦʜʫʣʴ d33 (ʨʠʩ.VII. 4.3,ʛ), ʧʨʠʯʝʤ ʧʨʠ ʭ < 50 ʚʩʝ ʯʝʪʳʨʝ ʛʨʘʬʠʢʘ d33(ʭ) 

ʧʨʘʢʪʠʯʝʩʢʠ ʩʦʚʧʘʜʘʶʪ ʤʝʞʜʫ ʩʦʙʦʡ. ʆʜʥʘʢʦ, ʢʦʛʜʘ ʩʦʜʝʨʞʘʥʠʝ KLNN ʚʝʣʠʢʦ, ʧʴʝʟʦʤʦʜʫʣʠ 

ʢʦʤʧʦʟʠʪʦʚ ʥʘʭʦʜʷʪʩʷ ʚ ʧʦʣʥʦʤ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʴʝʟʦʤʦʜʫʣʷʤʠ ʯʠʩʪʳʭ ʧʴʝʟʦʤʘʪʝʨʠʘʣʦʚ, ʪ.ʝ. ʫ 

ʢʦʤʧʦʟʠʪʦʚ ʥʘ ʦʩʥʦʚʝ KLNN10 ʦʥʠ ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʠ. ʇʴʝʟʦʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ g33 (ʨʠʩ.VII. 4.3,ʜ) 

ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʤʘʢʩʠʤʫʤ ʠ ʣʠʰʴ ʜʣʷ ʢʦʤʧʦʟʠʮʠʦʥʥʦʡ ʢʝʨʘʤʠʢʠ ʥʘ ʦʩʥʦʚʝ KLNN10 ʦʥʘ 

ʥʝʧʨʝʨʳʚʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʦ ʤʝʨʝ ʧʦʚʳʰʝʥʠʷ ʭ. ɺ ʮʝʣʦʤ ʧʴʝʟʦʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢʦʤʧʦʟʠʪʦʚ 

ʪʘʢʞʝ ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʧʴʝʟʦʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʯʠʩʪʳʭ ʧʴʝʟʦʤʘʪʝʨʠʘʣʦʚ, ʪ.ʝ. ʫ ʢʦʤʧʦʟʠʪʦʚ ʥʘ 

ʦʩʥʦʚʝ KLNN10 ʧʨʠ ʙʦʣʴʰʦʤ ʩʦʜʝʨʞʘʥʠʠ ʧʴʝʟʦʬʘʟʳ ʦʥʘ ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʘ.  
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ʈʠʩ.VII.4.3. ʂʦʥʮʝʥʪʨʘʮʠʦʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʣʦʛʘʨʠʬʤʘ ʫʜʝʣʴʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ lgR (a), ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ e/e0 (ʙ), ʪʘʥʛʝʥʩʘ ʫʛʣʘ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʪʝʨʴ tgd (ʚ), ʧʴʝʟʦʤʦʜʫʣʷ d33 (ʛ) ʠ ʧʴʝʟʦʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ g33 (ʜ) 

ʄʕ ʢʦʤʧʦʟʠʪʦʚ ʭ ʤʘʩʩ.% KLNN (KLNN1.5, KLNN5, KLNN10) 

+ (100-ʭ) ʤʘʩʩ.% Ni0.9Co0.1Cu0.1Fe1.9O4-d 
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ɼʘʣʝʝ ʥʘ ʨʠʩ.VII. 4.4 ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʄʕ ʢʦʬɻʬʠʮʠʝʥʪʘ 

Dɽ/Dʅ ʢʦʤʧʦʟʠʪʦʚ ʭ ʤʘʩʩ.% KLNN10 (KLNN1.5, KLNN5, KLNN10) 

+ (100-ʭ) ʤʘʩʩ.% Ni0.9Co0.1Cu0.1Fe1.9O4-d ʧʨʠ ʦʧʪʠʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʷʭ ʧʦʜʤʘʛʥʠʯʠʚʘʶʱʝʛʦ ʧʦʣʷ 

Hʩʤ. ɿʘʚʠʩʠʤʦʩʪʠ Dɽ/Dʅ (ʭ) ʧʨʦʭʦʜʷʪ ʯʝʨʝʟ ʤʘʢʩʠʤʫʤ ʧʨʠ ʭ = 40-60 ʤʘʩʩ.%. ʅʘʠʙʦʣʴʰʝʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʄʕ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ, ʢʘʢ ʠ ʩʣʝʜʦʚʘʣʦ ʦʞʠʜʘʪʴ, ʦʙʣʘʜʘʶʪ ʢʦʤʧʦʟʠʪʳ ʩʠʩʪʝʤʳ 

ʭ ʤʘʩʩ.% KLNN10 + (100-ʭ) ʤʘʩʩ.%, ʦʙʣʘʜʘʶʱʠʝ ʣʫʯʰʠʤʠ ʧʴʝʟʦʩʚʦʡʩʪʚʘʤʠ.  

  

ʈʠʩ.VII.4.4. ʂʦʥʮʝʥʪʨʘʮʠʦʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʄʕ ʢʦʵʬʬʠʮʠʝʥʪʘ Dɽ/DH ʢʦʤʧʦʟʠʪʦʚ 

ʭ ʤʘʩʩ.% KLNN (KLNN1.5, KLNN5, KLNN10) + (100-ʭ) ʤʘʩʩ.% Ni0.9Co0.1Cu0.1Fe1.9O4-d\ ʧʨʠ 

ʦʧʪʠʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʷʭ ʧʦʜʤʘʛʥʠʯʠʚʘʶʱʠʭ ʧʦʣʝʡ ʅʩʤ. 

  

ʈʠʩ.VII.4.5. ɿʘʚʠʩʠʤʦʩʪʠ ʄʕ ʢʦʵʬʬʠʮʠʝʥʪʘ Dɽ/DH ʦʪ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʧʦʩʪʦʷʥʥʦʛʦ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʢʦʤʧʦʟʠʪʦʚ ʭ ʤʘʩʩ.% KLNN10 + (100-ʭ) ʤʘʩʩ.% Ni0.9Co0.1Cu0.1Fe1.9O4-d,  

1 ï ʭ = 30, 2 ï ʭ = 40, 3 ï ʭ = 50, 4 ï ʭ = 60, 5 ï ʭ = 70. 
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ʅʘ ʨʠʩ.VII.4.5 ʧʨʠʚʦʜʷʪʩʷ ʛʨʘʬʠʢʠ ʠʟʤʝʥʝʥʠʷ ʄʕ ʢʦʵʬʬʠʮʠʝʥʪʘ Dɽ/Dʅ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʧʦʩʪʦʷʥʥʦʛʦ ʧʦʜʤʘʛʥʠʯʠʚʘʶʱʝʛʦ ʧʦʣʷ H ʜʣʷ ʢʦʤʧʦʟʠʮʠʦʥʥʦʡ ʢʝʨʘʤʠʢʠ 

ʭ ʤʘʩʩ.% KLNN10 + (100-ʭ) ʤʘʩʩ.%  Ni0.9Co0.1Cu0.1Fe1.9O4-d. ʆʥʠ ʧʨʠʭʦʜʷʪ ʯʝʨʝʟ ʤʘʢʩʠʤʫʤ, ʧʨʠ 

ʵʪʦʤ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʭ ʥʘʙʣʶʜʘʝʪʩʷ ʩʣʘʙʘʷ ʪʝʥʜʝʥʮʠʷ ʢ ʩʥʠʞʝʥʠʶ ʦʧʪʠʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ 

ʧʦʜʤʘʛʥʠʯʠʚʘʶʱʝʛʦ ʧʦʣʷ Hʩʤ. ɸʥʘʣʦʛʠʯʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʧʦʣʫʯʝʥʳ ʠ ʜʣʷ ʄʕ ʢʦʤʧʦʟʠʪʦʚ ʥʘ 

ʦʩʥʦʚʝ KLNN5 ʠ KLNN1.5, ʠ ʥʘ ʨʠʩ.VII.4.6 ʧʨʠʚʦʜʷʪʩʷ ʛʨʘʬʠʢʠ ʠʟʤʝʥʝʥʠʷ ʦʧʪʠʤʘʣʴʥʳʭ 

ʟʥʘʯʝʥʠʡ ʥʘʧʨʷʞʝʥʥʦʩʪʝʡ ʧʦʩʪʦʷʥʥʳʭ ʧʦʜʤʘʛʥʠʯʠʚʘʶʱʠʭ ʧʦʣʝʡ ʅmax ʦʪ ʩʦʩʪʘʚʘ 

ʢʦʤʧʦʟʠʮʠʦʥʥʦʡ ʢʝʨʘʤʠʢʠ.  

 

ʈʠʩ.VII.4.6. ʂʦʥʮʝʥʪʨʘʮʠʦʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʧʪʠʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʥʘʧʨʷʞʝʥʥʦʩʪʝʡ 

ʧʦʜʤʘʛʥʠʯʠʚʘʶʱʝʛʦ ʧʦʣʷ ʅmax, ʧʨʠ ʢʦʪʦʨʳʭ ʥʘʙʣʶʜʘʝʪʩʷ ʤʘʢʩʠʤʫʤ ʄʕ ʢʦʵʬʬʠʮʠʝʥʪʘ Dɽ/DH 

ʢʦʤʧʦʟʠʪʦʚ ʭ ʤʘʩʩ.% KLNN (KLNN1.5, KLNN5, KLNN10) 

+ (100-ʭ) ʤʘʩʩ.% Ni0.9Co0.1Cu0.1Fe1.9O4-d\ 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʦʪʣʠʯʠʝ ʦʪ ʄʕ ʢʦʤʧʦʟʠʪʦʚ 

ʭ ʤʘʩʩ.% ʎʊʉ + (100-ʭ) ʤʘʩʩ.%  Ni0.9Co0.1Cu0.1Fe1.9O4, ʦʧʠʩʘʥʥʳʭ ʚ ʨʘʟʜʝʣʝ VII .3, ʧʦʧʳʪʢʘ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʫʣʫʯʰʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʄʕ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʢʦʤʧʦʟʠʪʦʚ 

ʭ ʤʘʩʩ.% KLNN10 + (100-ʭ) ʤʘʩʩ.%  Ni0.9Co0.1Cu0.1Fe1.9O4-d ʟʘ ʩʯʝʪ ʧʝʨʝʭʦʜʘ ʢ ʩʪʨʫʢʪʫʨʘʤ ʩ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʳʤ ʪʠʧʦʤ ʩʚʷʟʥʦʩʪʠ 0-3, ʥʝ ʫʚʝʥʯʘʣʘʩʴ ʫʩʧʝʭʦʤ. ʊʨʝʙʫʶʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ. ʅʝʩʤʦʪʨʷ ʥʘ ʵʪʦ, ʧʦʣʫʯʝʥʥʘʷ ʄʕ ʙʝʩʩʚʠʥʮʦʚʘʷ ʢʝʨʘʤʠʢʘ ʠʤʝʝʪ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʄʕ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʠ ʥʝ ʫʩʪʫʧʘʝʪ ʩʤʝʩʝʚʳʤ ʢʦʤʧʦʟʠʪʘʤ ʥʘ ʦʩʥʦʚʝ 

ʩʚʠʥʝʮʩʦʜʝʨʞʘʱʠʭ ʧʴʝʟʦʤʘʪʝʨʠʘʣʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʠʦʙʘʪʳ ʣʠʪʠʷ-ʥʘʪʨʠʷ-ʢʘʣʠʷ ʤʦʞʥʦ 

ʧʨʠʟʥʘʪʴ ʙʝʩʩʚʠʥʮʦʚʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ, ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʄʕ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ. 

20

40

60

80

100

20 40 60 80

H
ʩ
ʤ
.,
 
ʢ

A
/ʤ

x

KLNN1.5

KLNN5

KLNN10



188 

VII .5. ɹʝʩʩʚʠʥʮʦʚʳʝ ʤʘʛʥʠʪʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʢʦʤʧʦʟʠʪʳ ʥʘ ʦʩʥʦʚʝ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʪʠʪʘʥʘʪʘ ʥʘʪʨʠʷ-ʚʠʩʤʫʪʘ 

ɺ ʜʘʥʥʦʤ ʨʘʟʜʝʣʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʝʩʩʚʠʥʮʦʚʳʭ 

ʄʕ ʢʝʨʘʤʠʯʝʩʢʠʭ ʩʤʝʩʝʚʳʭ ʢʦʤʧʦʟʠʪʦʚ, ʚ ʢʦʪʦʨʳʭ ʚ ʢʘʯʝʩʪʚʝ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʢʦʤʧʦʥʝʥʪ r

ʠʩʧʦʣʴʟʫʶʪʩʷ ʠʟʚʝʩʪʥʳʝ ʠʟ ʣʠʪʝʨʘʪʫʨʳ ʪʚʝʨʜʳʝ ʨʘʩʪʚʦʨʳ ʥʘ ʦʩʥʦʚʝ Na0.5Bi0.5TiO3. ʀʭ ʩʦʩʪʘʚʳ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ VII .5.1. ʉʦʛʣʘʩʥʦ ʣʠʪʝʨʘʪʫʨʥʳʤ ʜʘʥʥʳʤ ʧʝʨʝʯʠʩʣʝʥʥʳʝ ʤʘʪʝʨʠʘʣʳ 

ʦʙʣʘʜʘʶʪ ʧʦʚʳʰʝʥʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʧʴʝʟʦʧʘʨʘʤʝʪʨʦʚ, ʯʪʦ ʩʦʧʦʩʪʘʚʠʤʦ ʩ ʙʝʩʩʚʠʥʮʦʚʦʡ 

ʧʴʝʟʦʢʝʨʘʤʠʢʦʡ ʥʘ ʦʩʥʦʚʝ ʥʠʦʙʘʪʦʚ ʱʝʣʦʯʥʳʭ ʤʝʪʘʣʣʦʚ ʠ ʨʷʜʦʤ ʧʴʝʟʦʢʝʨʘʤʠʢ ʥʘ ʦʩʥʦʚʝ ʎʊʉ. 

ʊʘʢ, ʠʭ ʧʴʝʟʦʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ g33 ʥʘʭʦʜʠʪʩʷ ʥʘ ʫʨʦʚʥʝ ʙʦʣʴʰʠʥʩʪʘʚʘ ʤʘʨʦʢ ʧʴʝʟʦʤʘʪʝʨʠʘʣʦʚ 

ʩʠʩʪʝʤʳ ʎʊʉ (ʪʘʙʣʠʮʘ III .3). 

ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʪʘʙʣʠʮʝ VII .5.1 ʧʴʝʟʦʤʘʪʝʨʠʘʣʳ (ʦʙʦʟʥʘʯʝʥʥʳʝ ʢʘʢ ʇʄ1-ʇʄ4) ʙʳʣʠ 

ʠʟʛʦʪʦʚʣʝʥʳ ʪʚʝʨʜʦʬʘʟʥʳʤ ʩʧʦʩʦʙʦʤ ʠʟ ʥʝʦʙʭʦʜʠʤʳʭ ʢʦʣʠʯʝʩʪʚ ʦʢʩʠʜʦʚ ʠ ʢʘʨʙʦʥʘʪʦʚ. ʇʨʠ 

ʩʠʥʪʝʟʝ ʇʄ4 ʜʦʙʘʚʢʫ ʦʢʩʠʜʘ ʣʘʥʪʘʥʘ ʚʚʦʜʠʣʠ ʚ ʩʦʩʪʘʚʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʛʦ 

ʥʠʦʙʘʪʘ ʣʘʥʪʘʥʘ LaNbO4. ʇʴʝʟʦʤʘʪʝʨʠʘʣʳ ʩʠʥʪʝʟʠʨʦʚʘʣʠ ʧʨʠ 900-1000̄ʉ ʚ ʪʝʯʝʥʠʝ 6-8 ʯʘʩʦʚ ʩ 

ʧʨʦʤʝʞʫʪʦʯʥʳʤ ʧʦʤʦʣʦʤ ʰʠʭʪʳ.  

 ʅʘ ʦʩʥʦʚʝ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʧʴʝʟʦʤʘʪʝʨʠʘʣʦʚ ʙʳʣʘ ʠʟʛʦʪʦʚʣʝʥʘ ʪʨʘʜʠʮʠʦʥʥʳʤ 

ʪʚʝʨʜʦʬʘʟʥʳʤ ʩʧʦʩʦʙʦʤ ʄʕ ʢʦʤʧʦʟʠʮʠʦʥʥʘʷ ʢʝʨʘʤʠʢʘ (100-ʭ) ʤʘʩʩ.% ʇʄ1-4 + ʭ ʤʘʩʩ.% 

Ni0.9Co0.1Cu0.1Fe1.9O4-d, ʨʝʞʠʤ ʩʧʝʢʘʥʠʷ - 1050̄ ʉ (2 ʯʘʩʘ), ʭ = 30-70 ʩ ʰʘʛʦʤ 10%. ʇʨʠ ʵʪʦʤ 

ʊʘʙʣʠʮʘ VII.5.1. ɼʠʵʣʝʢʪʨʠʯʝʩʢʠʝ, ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʠ ʫʧʨʫʛʠʝ ʩʚʦʡʩʪʚʘ ʧʴʝʟʦʤʘʪʝʨʠʘʣʦʚ 

ʥʘ ʦʩʥʦʚʝ ʪʠʪʘʥʘʪʘ ʥʘʪʨʠʷ-ʚʠʩʤʫʪʘ 

ʩʦʩʪʘʚ 
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(Na0.5Bi0.5)0.92Ba0.08TiO3 + 0.5 ʤʦʣ.% 

Nb2O5 
ʇʄ1 1230 3.9 - 149 13.7 [185] 

Bi0.5(Na0.84K0.16)0.5TiO3 + 0.5 ʤʦʣ.% 

SrTiO3 
ʇʄ2 868 - - 185 24.1 [183] 

Bi0.49(Na0.755K0.15Li 0.075)0.5Ba0.02TiO3 ʇʄ3 1040 - - 205 22.3 [188] 

96 ʤʦʣ.% Bi0.5(Na0.84K0.16)0.5TiO3 +  

4 ʤʦʣ.% SrTiO3 + 0.2 ʤʘʩʩ.% La2O3 
ʇʄ4 768 1.95 0.32 215 31.5 [214] 
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ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʦʨʦʰʦʢ ʬʝʨʨʠʪʘ, ʧʦʣʫʯʝʥʥʳʡ ʪʚʝʨʜʦʬʘʟʥʳʤ ʩʧʦʩʦʙʦʤ ʠʟ ʦʢʩʠʜʦʚ ʥʠʢʝʣʷ, 

ʢʦʙʘʣʴʪʘ, ʤʝʜʠ ʠ ʞʝʣʝʟʘ (ʧʨʠ 1000ʉ̄ ʚ ʪʝʯʝʥʠʝ 8 ʯʘʩʦʚ). 

ʌʘʟʦʚʳʡ ʩʦʩʪʘʚ ʧʴʝʟʦʤʘʪʝʨʠʘʣʦʚ ʠ ʄʕ ʢʦʤʧʦʟʠʮʠʦʥʥʦʡ ʢʝʨʘʤʠʢʠ ʢʦʥʪʨʦʣʠʨʦʚʘʣʠ 

ʤʝʪʦʜʦʤ ʈʌɸ. ʀʩʩʣʝʜʦʚʘʣʠ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʝ ʠ ʄʕ ʩʚʦʡʩʪʚʘ ʢʦʤʧʦʟʠʪʦʚ. 

ʅʘ ʨʠʩ.VII .5.1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʠʬʨʘʢʪʦʛʨʘʤʤʳ ʢʦʤʧʦʟʠʪʦʚ 50 ʤʘʩʩ.% ʇʄ + 50 ʤʘʩʩ.% 

Ni0.9Co0.1Cu0.1Fe1.9O4-d, ʘ ʪʘʢʞʝ ʨʝʥʪʛʝʥʦʛʨʘʤʤʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʯʠʩʪʳʭ ʧʴʝʟʦʤʘʪʝʨʠʘʣʦʚ ʠ 

ʬʝʨʨʠʪʘ. ʄʦʞʥʦ ʚʠʜʝʪʴ, ʯʪʦ ʚ ʩʣʫʯʘʝ ʢʦʤʧʦʟʠʪʦʚ ʥʘ ʦʩʥʦʚʝ ʧʴʝʟʦʤʘʪʝʨʠʘʣʦʚ ʇʄ1 ʠ ʇʄ2 

ʥʘʙʣʶʜʘʝʪʩʷ ʥʝʙʦʣʴʰʦʡ ʩʜʚʠʛ ʨʝʬʣʝʢʩʦʚ ʧʴʝʟʦʢʦʤʧʦʥʝʥʪ r ʦʪʥʦʩʠʪʝʣʴʥʦ ʯʠʩʪʦʛʦ 

ʧʴʝʟʦʤʘʪʝʨʠʘʣʘ ʚ ʩʪʦʨʦʥʫ ʤʝʥʴʰʠʭ ʫʛʣʦʚ, ʦʩʦʙʝʥʥʦ ʚ ʩʣʫʯʘʝ ʢʦʤʧʦʟʠʪʦʚ ʥʘ ʦʩʥʦʚʝ ʇʄ2. 

ʇʨʠʯʠʥʦʡ ʵʪʦʛʦ ʤʦʞʝʪ ʙʳʪʴ ʣʝʛʠʨʦʚʘʥʠʝ ʧʴʝʟʦʬʘʟʳ ʢʦʤʧʦʟʠʪʦʚ ʩʦʩʪʘʚʣʷʶʱʠʤʠ ʬʝʨʨʠʪʘ. 

ʇʦʤʠʤʦ ʵʪʦʛʦ, ʚ ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʤʦʞʥʦ ʟʘʤʝʪʠʪʴ ʧʦʩʪʦʨʦʥʥʠʡ ʨʝʬʣʝʢʩ ʧʨʠ 2Q º 34.2 ,̄ ʥʘʠʙʦʣʝʝ 

ʚʳʨʘʞʝʥʥʳʡ ʚ ʜʠʬʨʘʢʮʠʦʥʥʦʡ ʢʘʨʪʠʥʝ ʢʦʤʧʦʟʠʪʦʚ ʥʘ ʦʩʥʦʚʝ ʇʄ2, ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʱʠʡ ʦʙ 

ʦʙʨʘʟʦʚʘʥʠʠ ʧʦʩʪʦʨʦʥʥʝʡ ʬʘʟʳ ʧʨʠ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʤ ʦʙʞʠʛʝ ʢʦʤʧʦʟʠʮʠʦʥʥʦʡ ʢʝʨʘʤʠʢʠ. 

ʏʪʦ ʢʘʩʘʝʪʩʷ ʢʦʤʧʦʟʠʪʦʚ ʥʘ ʦʩʥʦʚʝ ʇʄ3 ʠ ʇʄ4, ʪʦ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʧʦʩʪʦʨʦʥʥʠʭ ʨʝʬʣʝʢʩʦʚ ʥʝ 

ʦʙʥʘʨʫʞʝʥʦ, ʨʝʬʣʝʢʩʳ ʬʘʟ ʚ ʢʦʤʧʦʟʠʪʘʭ ʥʝ ʩʤʝʱʝʥʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʠʢʦʚ 

ʯʠʩʪʳʭ ʧʴʝʟʦʵʣʝʢʪʨʠʢʦʚ ʠ ʬʝʨʨʠʪʦʚ, ʯʪʦ ʛʦʚʦʨʠʪ ʦʙ ʦʪʩʫʪʩʪʚʠʠ ʚʟʘʠʤʥʦʛʦ ʤʝʞʬʘʟʥʦʛʦ 

ʣʝʛʠʨʦʚʘʥʠʷ.  

ʅʘ ʦʩʥʦʚʝ ʧʴʝʟʦʤʘʪʝʨʠʘʣʦʚ ʇʄ1, ʇʄ2, ʇʄ3 ʠ ʇʄ4 ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʄʕ ʢʝʨʘʤʠʢʘ ʭ ʤʘʩʩ.% 

ʇʄ1-4 + (100-ʭ) ʤʘʩʩ.% Ni0.9Co0.1Cu0.1Fe1.9O4-d ʩ ʨʘʟʣʠʯʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʦʥʥʦʡ 

ʠ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʢʦʤʧʦʥʝʥʪ (x = 30-70 ʩ ʰʘʛʦʤ 10%). ʂʦʥʮʝʥʪʨʘʮʠʦʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʝʝ 

ʩʚʦʡʩʪʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ.VII .5.2. 

ʀʟ ʛʨʘʬʠʢʦʚ ʥʘ ʨʠʩ.VII .5.2,ʘ-ʙ ʚʠʜʥʦ, ʯʪʦ ʟʥʘʯʝʥʠʷ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʨʦʥʠʮʘʝʤʦʩʪʝʡ ʠ 

ʪʘʥʛʝʥʩ ʫʛʣʘ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʪʝʨʴ ʫ ʢʦʤʧʦʟʠʪʦʚ ʥʘ ʦʩʥʦʚʝ ʨʘʟʥʳʭ ʇʄ ʤʘʣʦ ʦʪʣʠʯʘʶʪʩʷ 

ʤʝʞʜʫ ʩʦʙʦʡ ʚ ʠʟʫʯʝʥʥʦʤ ʜʠʘʧʘʟʦʥʝ ʭ, ʘ ʜʣʷ ʢʦʤʧʦʟʠʪʦʚ ʥʘ ʦʩʥʦʚʝ ʇʄ2 ʠ ʇʄ3 ʛʨʘʬʠʢʠ 

ʧʨʘʢʪʠʯʝʩʢʠ ʩʦʚʧʘʜʘʶʪ. ʇʨʠ ʵʪʦʤ ʩ ʨʦʩʪʦʤ ʭ ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʟʘʢʦʥʦʤʝʨʥʦ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʠ ʧʘʜʘʝʪ ʪʘʥʛʝʥʩ ʫʛʣʘ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʪʝʨʴ, ʪʘʢ ʢʘʢ ʫ ʯʠʩʪʳʭ ʇʄ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʙʦʣʴʰʝ, ʘ ʪʘʥʛʝʥʩ ʫʛʣʘ ʤʝʥʴʰʝ, ʯʝʤ ʫ ʬʝʨʨʠʪʘ.  

ɿʥʘʯʝʥʠʷ ʧʨʦʜʦʣʴʥʳʭ ʧʴʝʟʦʧʘʨʘʤʝʪʨʦʚ ʢʦʤʧʦʟʠʪʦʚ ï ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʦʡ ʩʚʷʟʠ ʂʨ, ʧʴʝʟʦʤʦʜʫʣʷ -d31 ʠ ʧʴʝʟʦʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ -g31 - ʪʘʢʞʝ ʩʣʘʙʦ 

ʟʘʚʠʩʷʪ ʦʪ ʧʨʠʨʦʜʳ ʧʴʝʟʦʤʘʪʝʨʠʘʣʘ (ʨʠʩ.VII .5.3,ʘ-ʚ), ʧʨʠʯʝʤ ʩ ʨʦʩʪʦʤ ʭ ʥʘʙʣʶʜʘʝʪʩʷ 

ʟʘʢʦʥʦʤʝʨʥʳʡ ʨʦʩʪ ʂʨ ʠ -d31 ʢʦʤʧʦʟʠʪʦʚ, ʘ -g31 ʤʝʥʷʝʪʩʷ ʩʣʘʙʦ, ʢʦʣʝʙʣʷʩʴ ʚ ʠʥʪʝʨʚʘʣʝ 4-6.5 

ʤɺÖʤ/ʅ. ʄʦʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʦ ʚʩʝʤ ʜʠʘʧʘʟʦʥʝ ʭ ʢʦʤʧʦʟʠʪʳ ʥʘ ʦʩʥʦʚʝ ʇʄ4 ʜʝʤʦʥʩʪʨʠʨʫʶʪ 

ʥʝʩʢʦʣʴʢʦ ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʧʴʝʟʦʢʦʥʩʪʘʥʪʳ ʂʨ ʠ -d31 ʢʦʤʧʦʟʠʪʦʚ, ʭʦʪʷ ʧʨʠ ʭ > 50 ʤʘʢʩʠʤʘʣʴʥʳʝ 

ʩʚʦʡʩʪʚʘ ʧʨʦʷʚʣʷʝʪ ʄʕ ʢʝʨʘʤʠʢʘ ʥʘ ʦʩʥʦʚʝ ʇʄ1. 
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ʈʠʩ.VII.5.1 ɼʠʬʨʘʢʪʦʛʨʘʤʤʳ ʢʦʤʧʦʟʠʪʦʚ 50 ʤʘʩʩ.% ʇʄ + 50 ʤʘʩʩ.% Ni0.9Co0.1Cu0.1Fe1.9O4-d  

ʘ ï ʇʄ1, ʙ ï ʇʄ2, ʚ ï ʇʄ3, ʛ ï ʇʄ4.
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ʈʠʩ.VII.5.2. ʂʦʥʮʝʥʪʨʘʮʠʦʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʠ ʪʘʥʛʝʥʩʘ 

ʫʛʣʘ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʪʝʨʴ ʄʕ ʢʦʤʧʦʟʠʪʦʚ ʭ ʤʘʩʩ.% ʇʄ + (100-ʭ) ʤʘʩʩ.% 

Ni0.9Co0.1Cu0.1Fe1.9O4-d 

ʏʪʦ ʢʘʩʘʝʪʩʷ ʧʴʝʟʦʧʘʨʘʤʝʪʨʦʚ ʢʦʤʧʦʟʠʪʦʚ ʚ ʥʘʧʨʘʚʣʝʥʠʠ, ʧʘʨʘʣʣʝʣʴʥʦʤ ʚʝʢʪʦʨʫ 

ʧʦʣʷʨʠʟʘʮʠʠ ʧʴʝʟʦʬʘʟʳ, ʪʦ ʟʜʝʩʴ ʫ ʢʦʤʧʦʟʠʪʦʚ ʥʘ ʦʩʥʦʚʝ ʨʘʟʣʠʯʥʳʭ ʧʴʝʟʦʤʘʪʝʨʠʘʣʦʚ 

ʧʨʦʩʣʝʞʠʚʘʶʪʩʷ ʩʫʱʝʩʪʚʝʥʥʳʝ ʨʘʟʣʠʯʠʷ.  

ʅʘ ʨʠʩ.VII .5.3,ʛ-ʜ ʧʨʝʜʩʪʘʚʣʝʥʳ ʛʨʘʬʠʢʠ ʠʟʤʝʥʝʥʠʷ ʧʴʝʟʦʤʦʜʫʣʷ d33 ʠ 

ʧʴʝʟʦʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ g33. ɺʦ ʜʠʘʧʘʟʦʥʝ ʭ = 40-60 ʤʘʩʩ.% ʄʕ ʢʝʨʘʤʠʢʘ ʥʘ ʦʩʥʦʚʝ ʇʄ4 

ʩʫʱʝʩʪʚʝʥʥʦ ʧʨʝʚʦʩʭʦʜʠʪ ʜʨʫʛʠʝ ʢʦʤʧʦʟʠʪʳ ʪʦʛʦ ʞʝ ʩʦʩʪʘʚʘ ʠ ʣʠʰʴ ʫ ʛʝʪʝʨʦʬʘʟʥʳʭ ʩʪʨʫʢʪʫʨ, 

ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʠʟ ʇʄ1, ʧʨʠ ʚʳʩʦʢʠʭ ʟʥʘʯʝʥʠʷʭ ʭ ʧʴʝʟʦʤʦʜʫʣʴ d33 ʦʢʘʟʳʚʘʝʪʩʷ ʚʳʰʝ. ɺ ʪʦ ʞʝ 

ʚʨʝʤʷ ʧʦ ʧʴʝʟʦʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ g33 ʦʙʨʘʟʮʳ ʥʘ ʦʩʥʦʚʝ ʇʄ1 ʫʩʪʫʧʘʶʪ ʧʨʦʯʠʤ ʢʦʤʧʦʟʠʪʘʤ 

(ʨʠʩ.VII .5.2,ʜ), ʯʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʧʨʝʞʜʝ ʚʩʝʛʦ ʠʭ ʧʦʚʳʰʝʥʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʧʨʦʥʠʮʘʝʤʦʩʪʠ (ʩʤ. ʨʠʩ.VII .5.2,ʘ). ʀʟ ʨʠʩ.VII .5.3,ʜ ʚʠʜʥʦ, ʯʪʦ ʟʘʚʠʩʠʤʦʩʪʠ g33(ʭ) ʣʠʙʦ ʧʨʦʭʦʜʷʪ 

ʯʝʨʝʟ ʤʘʢʩʠʤʫʤ, ʢʘʢ ʵʪʦ ʜʣʷ ʢʦʤʧʦʟʠʪʦʚ ʥʘ ʦʩʥʦʚʝ ʇʄ3 ʠ ʇʄ4, ʣʠʙʦ ʩʣʘʙʦ ʤʝʥʷʶʪʩʷ ʚ ʰʠʨʦʢʦʤ 

ʠʥʪʝʨʚʘʣʝ ʭ, ʢʘʢ ʜʣʷ ʢʦʤʧʦʟʠʪʦʚ ʠʟ ʇʄ1 ʠ ʇʄ2. ʇʦ ʧʘʨʘʤʝʪʨʫ g33 ʄʕ ʢʝʨʘʤʠʢʘ ʥʘ ʦʩʥʦʚʝ ʇʄ4 

ʦʢʘʟʘʣʘʩʴ ʩʫʱʝʩʪʚʝʥʥʦ ʣʫʯʰʝ. 
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ʅʘ ʨʠʩ.VII .5.4 ʧʦʢʘʟʘʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʄʕ ʢʦʵʬʬʠʮʠʝʥʪʘ ʦʪ ʩʦʩʪʘʚʘ ʢʦʤʧʦʟʠʪʦʚ. ʄʦʞʥʦ 

ʚʠʜʝʪʴ, ʯʪʦ ʢʦʤʧʦʟʠʪʳ ʥʘ ʦʩʥʦʚʝ ʇʄ3 ʠ ʇʄ4 ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʚʳʩʦʢʠʝ ʢʦʵʬʬʠʮʠʝʥʪʳ DE/DH ʠ 

 

  

  

ʈʠʩ.VII.5.3. ʂʦʥʮʝʥʪʨʘʮʠʦʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʄʕ ʢʦʤʧʦʟʠʪʦʚ 

ʭ ʤʘʩʩ.% ʇʄ + (100-ʭ) ʤʘʩʩ.% Ni0.9Co0.1Cu0.1Fe1.9O4-d 
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ʜʣʷ ʥʠʭ ʤʘʢʩʠʤʫʤ ʄʕ ʢʦʵʬʬʠʮʠʝʥʪʘ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʴʝʟʦʬʘʟʳ 40 ʤʘʩʩ.%. ɼʣʷ 

ʄʕ ʢʝʨʘʤʠʢʠ ʩ ʇʄ1 ʠ ʄʇ2 ʧʦʣʦʛʠʡ ʠ ʦʭʚʘʪʳʚʘʝʪ ʦʙʣʘʩʪʴ ʢʦʥʮʝʥʪʨʘʮʠʡ ʭ = 40-60 ʤʘʩʩ.%. ɼʣʷ 

ʫʜʦʙʩʪʚʘ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʩʚʦʡʩʪʚʘ ʦʙʨʘʟʮʦʚ ʩ ʤʘʩʩʦʚʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʧʴʝʟʦʵʣʝʢʪʨʠʢʘ 40 ʤʘʩʩ.% 

ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ VII .5.2. ʀʤʝʝʪ ʤʝʩʪʦ ʢʦʨʨʝʣʷʮʠʷ ʄʕ ʢʦʵʬʬʠʮʠʝʥʪʘ ʩ 

ʧʴʝʟʦʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʷʤʠ g33 ʢʦʤʧʦʟʠʪʦʚ (ʨʠʩ.VII .5.3,ʜ) ʠ ʯʠʩʪʳʭ ʧʴʝʟʦʤʘʪʝʨʠʘʣʦʚ (ʪʘʙʣʠʮʘ 

VII .5.1). ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʩ ʢʦʥʩʪʘʥʪʘʤʠ ʄʕ ʩʤʝʩʝʚʳʭ ʢʦʤʧʦʟʠʪʦʚ, ʚ ʩʦʩʪʘʚ 

ʢʦʪʦʨʦʡ ʚʭʦʜʷʪ ʤʘʪʝʨʠʘʣʳ ʎʊʉ, ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʙʝʩʩʚʠʥʮʦʚʘʷ ʄʕ ʢʝʨʘʤʠʢʘ ʥʘ ʦʩʥʦʚʝ ʪʚʝʨʜʳʭ 

ʨʘʩʪʚʦʨʦʚ Na0.5Bi0.5TiO3 ʤʦʞʝʪ ʩʦʩʪʘʚʠʪʴ ʨʝʘʣʴʥʫʶ ʘʣʴʪʝʨʥʘʪʠʚʫ ʩʚʠʥʝʮʩʦʜʝʨʞʘʱʠʤ 

ʄʕ ʢʦʤʧʦʟʠʪʘʤ. 

 

ʈʠʩ.VII.5.4. ʂʦʥʮʝʥʪʨʘʮʠʦʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʄʕ ʢʦʵʬʬʠʮʠʝʥʪʘ ʢʦʤʧʦʟʠʮʠʦʥʥʦʡ ʢʝʨʘʤʠʢʠ 

ʭ ʤʘʩʩ.% ʇʄ + (100-ʭ) ʤʘʩʩ.% Ni0.9Co0.1Cu0.1Fe1.9O4-d 
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40 ʤʘʩʩ.% ʇʄ + 60 ʤʘʩʩ.% Ni0.9Co0.1Cu0.1Fe1.9O4-d 
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ʇʄ1 94 10 0.057 1.6 3.04 1.96 3.67 4.66 23 

ʇʄ2 57 8 0.078 2.0 3.24 3.94 6.38 4.88 62 

ʇʄ3 58 5 0.067 2.3 2.74 4.54 5.33 4.66 83 

ʇʄ4 88 8 0.070 7.8 3.71 10.07 4.77 5.21 117 
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ɺʓɺʆɼʓ ʢ ʛʣʘʚʝ VII  

1. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʦʡ ʄʕ ʢʝʨʘʤʠʢʠ ʥʘ ʦʩʥʦʚʝ ʬʝʨʨʠʪʦʚ-ʰʧʠʥʝʣʝʡ ʠ 

ʤʘʪʝʨʠʘʣʦʚ ʩʠʩʪʝʤʳ ʎʊʉ ʥʝʦʙʭʦʜʠʤ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʡ ʦʙʞʠʛ ʧʴʝʟʦʧʦʨʦʰʢʦʚ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ, 

ʙʣʠʟʢʠʭ ʢ ʪʝʤʧʝʨʘʪʫʨʘʤ ʩʧʝʢʘʥʠʷ ʢʝʨʘʤʠʢʠ ʎʊʉ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʢʨʫʧʥʝʥʠʶ ʨʘʟʤʝʨʦʚ ʯʘʩʪʠʮ 

ʧʴʝʟʦʵʣʝʢʪʨʠʢʘ ʠ ʚ ʜʘʣʴʥʝʡʰʝʤ, ʧʨʠ ʦʙʞʠʛʝ ʜʚʫʭʬʘʟʥʳʭ ʩʤʝʩʝʡ ʚ ʧʨʦʮʝʩʩʝ ʧʦʣʫʯʝʥʠʷ 

ʄʕ ʢʦʤʧʦʟʠʮʠʦʥʥʦʡ ʢʝʨʘʤʠʢʠ, ʧʨʝʧʷʪʩʪʚʫʝʪ ʧʨʦʮʝʩʩʘʤ ʣʝʛʠʨʦʚʘʥʠʷ ʧʴʝʟʦʬʘʟʳ ʢʘʪʠʦʥʘʤʠ, 

ʚʭʦʜʷʱʠʤʠ ʚ ʩʦʩʪʘʚ ʬʝʨʨʠʪʘ. ʂʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʧʨʠʤʝʨʝ ʄʕ ʢʝʨʘʤʠʢʠ ʎʊʉ-36 - NiCo0.02Fe1.9O4-d, 

ʧʨʠ ʦʜʥʦʤ ʠ ʪʦʤ ʞʝ ʩʦʩʪʘʚʝ ʢʦʤʧʦʟʠʮʠʦʥʥʦʡ ʩʤʝʩʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʠʤʝʥʝʥʠʷ 

ʢʨʫʧʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʧʦʨʦʰʢʘ ʎʊʉ ʟʥʘʯʝʥʠʷ ʄʕ ʢʦʵʬʬʠʮʠʝʥʪʘ ʚʦʟʨʘʩʪʘʶʪ ʚ ~1.5-2 ʨʘʟʘ (ʦʪ 

~60 ʜʦ ~100 ʤɺ/(ʩʤÖʕ)) ʜʣʷ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ ʩʦʩʪʘʚʦʚ). ɺ ʩʣʫʯʘʝ ʢʦʤʧʦʟʠʪʦʚ ʥʘ ʦʩʥʦʚʝ 

ʥʠʦʙʘʪʦʚ ʣʠʪʠʷ-ʥʘʪʨʠʷ-ʢʘʣʠʷ ʠ ʪʠʪʘʥʘʪʘ ʥʘʪʨʠʷ-ʚʠʩʤʫʪʘ ʵʪʦ ʥʝ ʧʨʠʚʦʜʠʪ ʢ ʫʣʫʯʰʝʥʠʶ ʩʚʦʡʩʪʚ 

ʄʕ ʢʝʨʘʤʠʢʠ, ʚʝʨʦʷʪʥʦ, ʚʩʣʝʜʩʪʚʠʝ ʚʳʩʦʢʦʡ ʣʝʪʫʯʝʩʪʠ ʱʝʣʦʯʥʳʭ ʢʘʪʠʦʥʦʚ, ʚʭʦʜʷʱʠʭ ʚ ʩʦʩʪʘʚ 

ʜʘʥʥʳʭ ʢʝʨʘʤʠʢ; ʪʨʝʙʫʶʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

2. ɺr ʩʦʢʦʧʣʦʪʥʘʷ ʄʕ ʢʝʨʘʤʠʢʘ, ʧʦʣʫʯʝʥʥʘʷ ʤʝʪʦʜʦʤ ʛʦʨʷʯʝʛʦ ʧʨʝʩʩʦʚʘʥʠʷ, 

ʦʢʘʟʳʚʘʝʪʩʷ ʤʘʣʦʵʬʬʝʢʪʠʚʥʦʡ, ʥʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʚ ʥʝʡ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʧʨʦʯʥʳʡ ʤʝʭʘʥʠʯʝʩʢʠʡ 

ʢʦʥʪʘʢʪ ʤʝʞʜʫ ʯʘʩʪʠʮʘʤʠ ʬʘʟ, ʥʝʦʙʭʦʜʠʤʳʡ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʡ ʧʝʨʝʜʘʯʠ ʜʝʬʦʨʤʘʮʠʡ. ʆʩʥʦʚʥʦʡ 

ʧʨʠʯʠʥʦʡ ʷʚʣʷʝʪʩʷ ʫʭʫʜʰʝʥʠʝ ʩʚʦʡʩʪʚ ʬʘʟ ʢʦʤʧʦʟʠʪʦʚ ʚʩʣʝʜʩʪʚʠʝ ʧʨʦʮʝʩʩʦʚ ʛʣʫʙʦʢʦʛʦ 

ʤʝʞʬʘʟʥʦʛʦ ʣʝʛʠʨʦʚʘʥʠʷ, ʢʦʪʦʨʳʝ ʦʩʦʙʝʥʥʦʛʦ ʘʢʪʠʚʠʟʠʨʫʶʪʩʷ ʧʨʠ ʩʧʝʢʘʥʠʠ ʧʦʜ ʜʘʚʣʝʥʠʝʤ. 

ɿʥʘʯʝʥʠʷ ʄʕ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʥʝ ʧʨʝʚʳʰʘʶʪ 40-45 ʤɺ/(ʩʤÖʕ). 

3. ɺʩʣʝʜʩʪʚʠʝ ʠʤʝʶʱʠʭ ʤʝʩʪʦ ʧʨʦʮʝʩʩʦʚ ʤʝʞʬʘʟʥʦʛʦ ʣʝʛʠʨʦʚʘʥʠʷ 

ʚr ʩʦʢʦʵʬʬʝʢʪʠʚʥʳʡ ʄʕ ʩʤʝʩʝʚʦʡ ʢʦʤʧʦʟʠʪ ʩʣʝʜʫʝʪ ʧʨʠʟʥʘʪʴ ʠʥʜʠʚʠʜʫʘʣʴʥʳʤ ʤʘʪʝʨʠʘʣʦʤ, ʘ 

ʥʝ ʩʫʤʤʦʡ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʭ ʧʴʝʟʦʵʣʝʢʪʨʠʢʘ ʠ ʬʝʨʨʠʪʘ, ʪʘʢ ʢʘʢ ʚ ʩʣʫʯʘʝ ʩʤʝʩʝʚʳʭ ʢʦʤʧʦʟʠʪʦʚ 

ʚʝʣʠʢʘ ʫʜʝʣʴʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʩʦʧʨʠʢʦʩʥʦʚʝʥʠʷ ʬʘʟ ʠ ʥʘ ʠʭ ʩʚʦʡʩʪʚʘʭ ʚʟʘʠʤʥʦʝ ʣʝʛʠʨʦʚʘʥʠʝ 

ʩʢʘʟʳʚʘʝʪʩʷ ʥʘʠʙʦʣʝʝ ʩʠʣʴʥʦ. ʊʨʫʜʥʦ ʟʘʨʘʥʝʝ ʧʨʝʜʩʢʘʟʘʪʴ ʩʚʦʡʩʪʚʘ ʩʤʝʩʝʚʳʭ ʢʦʤʧʦʟʠʪʦʚ ʧʨʠ 

ʢʦʥʢʨʝʪʥʦʤ ʩʦʯʝʪʘʥʠʠ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʠ ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʦʥʥʦʡ ʢʦʤʧʦʥʝʥʪ ʠ ʦʧʨʝʜʝʣʠʪʴ, ʢʘʢ 

ʧʦʚʣʠʷʝʪ ʥʘ ʩʚʦʡʩʪʚʘ ʪʘ ʠʣʠ ʠʥʘʷ ʣʝʛʠʨʫʶʱʘʷ ʜʦʙʘʚʢʘ. ʀʟ ʯʠʩʣʘ ʠʟʫʯʝʥʥʳʭ ʜʦʙʘʚʦʢ (ʜʦʥʦʨʥʳʭ 

ʧʨʠʩʘʜʦʢ La2O3, Nb2O5, ʣʝʛʢʦʧʣʘʚʢʦʛʦ ʦʢʩʠʜʘ Bi2O3, ʚʩʪʫʧʘʶʱʝʛʦ ʩ ʬʝʨʨʠʪʦʤ ʥʠʢʝʣʷ ʚ 

ʵʚʪʝʢʪʠʯʝʩʢʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ, ʩʪʝʢʣʦʜʦʙʘʚʢʠ 0.4PbO+0.4B2O3+0.2GeO2) ʪʦʣʴʢʦ ʦʢʩʠʜ ʚʠʩʤʫʪʘ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʥʝʙʦʣʴʰʦʤʫ ʧʦʚʳʰʝʥʠʶ ʄʕ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʩʤʝʩʝʚʳʭ ʢʦʤʧʦʟʠʪʦʚ. ʋʩʪʘʥʦʚʣʝʥʦ, 

ʯʪʦ ʚʳʩʦʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʄʕ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʤʦʞʝʪ ʙʳʪʴ ʜʦʩʪʠʛʥʫʪʘ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚ 

ʢʘʯʝʩʪʚʝ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʢʦʤʧʦʟʠʪʦʚ ʧʴʝʟʦʤʘʪʝʨʠʘʣʘ ʎʊʉ-36 ʠ ʥʝʢʦʪʦʨʳʭ 

ʜʨʫʛʠʭ, ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʦʪʦʨʳʭ ʚ ʢʦʤʧʦʟʠʪʘʭ ʥʘ ʦʩʥʦʚʝ NiCo0.02Cu0.02Mn0.02Fe1.9O4-d 

ʢʦʵʬʬʠʮʠʝʥʪ Dɽ/Dʅ ʜʦʩʪʠʛʘʝʪ ʚʝʣʠʯʠʥ 100-110 ʤɺ/(ʩʤÖʕ) (ʥʘ ʣʫʯʰʠʭ ʦʙʨʘʟʮʘʭ ʜʦ 

130 ʤɺ/(ʩʤÖʕ)). ʂʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ Dɽ/Dʅ ʩʤʝʩʝʚʳʭ ʢʦʤʧʦʟʠʪʦʚ ʠ ʠʭ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʤʠ 
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ʧʘʨʘʤʝʪʨʘʤʠ, ʘ ʪʘʢʞʝ ʧʘʨʘʤʝʪʨʘʤʠ ʯʠʩʪʳʭ ʧʴʝʟʦʢʝʨʘʤʠʢ ʥʝ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʚʟʘʠʤʥʳʤ 

ʣʝʛʠʨʦʚʘʥʠʝʤ ʬʘʟ ʧʨʠ ʩʦʚʤʝʩʪʥʦʤ ʩʧʝʢʘʥʠʠ. ʅʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʄʕ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʦʢʘʟʳʚʘʝʪ 

ʪʘʢʞʝ ʦʯʝʚʠʜʥʦʝ ʚʣʠʷʥʠʝ ʩʦʩʪʘʚ ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʦʥʥʦʡ ʢʦʤʧʦʥʝʥʪ.r ʅʘʠʙʦʣʴʰʠʝ ʟʥʘʯʝʥʠʷ 

Dɽ/Dʅ ʧʦʣʫʯʝʥʳ ʥʘ ʄʕ ʢʝʨʘʤʠʢʝ ʥʘ ʦʩʥʦʚʝ ʬʝʨʨʠʪʦʚ Ni0.9Co0.1Cu0.1Fe1.9O4-d ʠ 

NiCo0.02Cu0.02Mn0.02Fe1.9O4-d. 

4. ʀʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ ʩʧʦʩʦʙʘ ʧʦʣʫʯʝʥʠʷ, ʪʠʧʘ ʩʚʷʟʥʦʩʪʠ ʠ ʤʘʩʩʦʚʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ 

ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʠ ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʦʥʥʦʡ ʢʦʤʧʦʥʝʥʪ ʥʘ ʬʘʟʦʚʳʡ ʩʦʩʪʘʚ ʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʝ, 

ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʠ ʄʕ ʩʚʦʡʩʪʚʘ ʩʤʝʩʝʚʳʭ ʢʦʤʧʦʟʠʪʦʚ ʥʘ ʦʩʥʦʚʝ ʤʘʪʝʨʠʘʣʦʚ ʎʊʉ ʨʘʟʣʠʯʥʳʭ 

ʧʨʦʤʳʰʣʝʥʥʳʭ ʤʘʨʦʢ ʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʬʝʨʨʠʪʘ ʥʠʢʝʣʷ Ni0.9Co0.1Cu0.1Fe1.9O4-d. 

ʈʘʟʨʘʙʦʪʘʥʥʳʝ ʤʝʪʦʜʳ ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʦʟʠʪʦʚ ʧʨʠ ʦʜʥʦʤ ʠ ʪʦʤ ʞʝ ʩʦʩʪʘʚʝ ʧʦʟʚʦʣʠʣʠ ʧʦʣʫʯʠʪʴ 

ʄʕ ʢʝʨʘʤʠʢʫ ʩ ʨʘʟʣʠʯʥʳʤʠ ʪʠʧʘʤʠ ʩʚʷʟʥʦʩʪʠ ï 3-3 (ʚʟʘʠʤʦʧʨʦʥʠʢʘʶʱʠʝ ʢʘʨʢʘʩʳ ʜʚʫʭ ʬʘʟ), 3-0 

(ʟʝʨʥʘ ʬʝʨʨʠʪʘ ʚ ʤʘʪʨʠʮʝ ʎʊʉ) ʠ 0-3 (ʥʘʦʙʦʨʦʪ), ʯʪʦ ʙʳʣʦ ʜʦʩʪʠʛʥʫʪʦ ʧʫʪʸʤ ʧʨʠʤʝʥʝʥʠʷ 

ʪʦʥʢʦʜʠʩʧʝʨʩʥʳʭ ʧʦʨʦʰʢʦʚ ʧʴʝʟʦʤʘʪʝʨʠʘʣʦʚ ʠ ʬʝʨʨʠʪʘ, ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʟʦʣʴ-ʛʝʣʴ-ʤʝʪʦʜʘʤʠ. 

ɺʥʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʧʦʩʦʙʘ ʧʦʣʫʯʝʥʠʷ ʄʕ ʢʦʤʧʦʟʠʪʳ ʎʊʉ - Ni0.9Co0.1Cu0.1Fe1.9O4-d ʥʝ ʩʦʜʝʨʞʘʪ 

ʧʦʩʪʦʨʦʥʥʠʭ ʬʘʟ. ʆʜʥʘʢʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʣʷ ʠʭ ʧʦʣʫʯʝʥʠʷ ʤʘʪʝʨʠʘʣʦʚ ʎʊʉ, ʠʟʛʦʪʦʚʣʝʥʥʳʭ 

ʟʦʣʴ-ʛʝʣʴ-ʤʝʪʦʜʦʤ, ʠʤʝʝʪ ʤʝʩʪʦ ʧʨʦʮʝʩʩ ʛʣʫʙʦʢʦʛʦ ʦʜʥʦʩʪʦʨʦʥʥʝʛʦ ʣʝʛʠʨʦʚʘʥʠʷ ʧʴʝʟʦʵʣʝʢʪʨʠʢʘ 

ʩʦʩʪʘʚʣʷʶʱʠʤʠ ʬʝʨʨʠʪʘ, ʧʨʠʚʦʜʷʱʠʡ ʢ ʩʫʱʝʩʪʚʝʥʥʦʡ ʜʝʛʨʘʜʘʮʠʠ ʧʴʝʟʦʬʘʟʳ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, 

ʨʝʟʢʦʤʫ ʩʥʠʞʝʥʠʶ ʄʕ ʢʦʵʬʬʠʮʠʝʥʪʦʚ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʦʟʠʪʦʚ 

ʢʨʫʧʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʧʦʨʦʰʢʦʚ ʎʊʉ ʠ ʬʝʨʨʠʪʘ, ʠʟʛʦʪʦʚʣʝʥʥʦʛʦ çʤʦʢʨʳʤè ʩʧʦʩʦʙʦʤ, 

ʧʨʦʮʝʩʩʳ ʥʝʞʝʣʘʪʝʣʴʥʦʛʦ ʣʝʛʠʨʦʚʘʥʠʷ ʧʨʦʪʝʢʘʶʪ ʣʠʰʴ ʧʦ ʛʨʘʥʠʮʘʤ ʨʘʟʜʝʣʘ ʬʘʟ, ʚ ʢʦʤʧʦʟʠʪʘʭ 

ʦʩʪʘʶʪʩʷ ʦʙʰʠʨʥʳʝ ʦʙʣʘʩʪʠ ʯʠʩʪʦʛʦ ʧʴʝʟʦʵʣʝʢʪʨʠʢʘ. ʂʨʦʤʝ ʪʦʛʦ, ʟʘ ʩʯʝʪ ʩʫʱʝʩʪʚʝʥʥʦʛʦ 

ʩʥʠʞʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʩʧʝʢʘʥʠʷ ʄʕ ʢʝʨʘʤʠʢʠ ʫʜʘʝʪʩʷ ʩʥʠʟʠʪʴ ʩʦʜʝʨʞʘʥʠʝ ʧʨʠʤʝʩʠ ʢʘʪʠʦʥʦʚ 

Fe2+, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʚʳʰʝʥʠʶ ʝʝ ʫʜʝʣʴʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠ ʫʣʫʯʰʝʥʠʶ 

ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ɼʘʥʥʳʡ ʪʠʧ ʢʦʤʧʦʟʠʪʦʚ ʩʦ ʩʪʨʫʢʪʫʨʦʡ çʷʜʨʦ-ʦʙʦʣʦʯʢʘè ʠ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʳʤ ʪʠʧʦʤ ʩʚʷʟʥʦʩʪʠ 0-3 (ʟʝʨʥʘ ʎʊʉ ʚ ʤʘʪʨʠʮʝ ʬʝʨʨʠʪʘ) ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʠʤ 

ʫʜʝʣʴʥʳʤ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ, ʫʣʫʯʰʝʥʥʳʤʠ ʧʴʝʟʦʧʘʨʘʤʝʪʨʘʤʠ ʠ ʥʘʠʙʦʣʴʰʝʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʄʕ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ. ɿʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʄʕ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ Dɽ/Dʅ 

ʢʦʤʧʦʟʠʮʠʦʥʥʦʡ ʢʝʨʘʤʠʢʠ ʎʊʉ - Ni0.9Co0.1Cu0.1Fe1.9O4-d ʥʘ ʦʩʥʦʚʝ ʩʝʛʥʝʪʦʤʷʛʢʠʭ 

ʧʴʝʟʦʤʘʪʝʨʠʘʣʦʚ ʧʨʠ ʨʘʚʥʦʤ ʤʘʩʩʦʚʦʤ ʩʦʜʝʨʞʘʥʠʠ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʠ ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʦʥʥʦʡ 

ʢʦʤʧʦʥʝʥʪ ʜʦʩʪʠʛʘʶʪ ʚʝʣʠʯʠʥ 110-130 ʤɺ/(ʩʤÖʕ), ʯʪʦ ʧʦʯʪʠ ʚ ʜʚʘ ʨʘʟʘ ʚʳʰʝ, ʯʝʤ ʜʣʷ ʦʙʨʘʟʮʦʚ 

ʪʦʛʦ ʞʝ ʩʦʩʪʘʚʘ ʩʦ ʩʚʷʟʥʦʩʪʴʶ 3-3. ɿʘʤʝʥʘ ʩʝʛʥʝʪʦʤʷʛʢʠʭ ʧʴʝʟʦʵʣʝʢʪʨʠʢʦʚ ʥʘ ʩʝʛʥʝʪʦʞʝʩʪʢʠʝ 

ʤʘʪʝʨʠʘʣʳ ʎʊʉ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʢʦʵʬʬʠʮʠʝʥʪʦʚ Dɽ/Dʅ ʚ 3 ʠ ʙʦʣʝʝ ʨʘʟ.  

5. ʀʟʫʯʝʥʳ ʚʦʟʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʙʝʩʩʚʠʥʮʦʚʳʭ ʧʴʝʟʦʤʘʪʝʨʠʘʣʦʚ 

[Li 0.06(Na0.52K0.48)0.94+ʫ]NbO3 ʠ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ ʥʘ ʦʩʥʦʚʝ Na0.5Bi0.5TiO3 ʚ ʢʘʯʝʩʪʚʝ 

ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʬʘʟ ʩʤʝʩʝʚʳʭ ʢʦʤʧʦʟʠʪʦʚ ʥʘ ʦʩʥʦʚʝ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʬʝʨʨʠʪʘ ʥʠʢʝʣʷ 
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Ni0.9Co0.1Cu0.1Fe1.9O4-d. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʥʘ ʦʩʥʦʚʝ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʧʴʝʟʦʤʘʪʝʨʠʘʣʦʚ ʤʦʞʝʪ ʙʳʪʴ 

ʧʦʣʫʯʝʥʘ ʄʕ ʢʝʨʘʤʠʢʘ ʙʝʟ ʧʦʩʪʦʨʦʥʥʠʭ ʬʘʟ. ʄʘʢʩʠʤʘʣʴʥʳʤʠ ʧʴʝʟʦʧʘʨʘʤʝʪʨʘʤʠ ʠ ʥʘʠʙʦʣʴʰʝʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʄʕ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʦʙʣʘʜʘʶʪ ʢʦʤʧʦʟʠʪʳ ʥʘ ʦʩʥʦʚʝ ʧʴʝʟʦʤʘʪʝʨʠʘʣʘ 

[Li 0.06(Na0.52K0.48)0.94+ʫ]NbO3 ʩ ʫ = 0.1, ʦʙʣʘʜʘʶʱʝʛʦ ʚʳʩʦʢʦʡ ʧʴʝʟʦʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ g33 = 

40 ʤɺĿʤ/H. ɼʣʷ ʢʦʤʧʦʟʠʪʦʚ ʥʘ ʝʛʦ ʦʩʥʦʚʝ ʧʨʠ ʩʦʜʝʨʞʘʥʠʠ ʧʴʝʟʦʵʣʝʢʪʨʠʢʘ 60 ʤʘʩʩ.% 

ʢʦʵʬʬʠʮʠʝʥʪ Dɽ/Dʅ ʩʦʩʪʘʚʣʷʝʪ 120 ʤɺ/(ʩʤĿʕ) ʚ ʧʦʩʪʦʷʥʥʦʤ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ 80-90 ʢɸ/ʤ, ʘ ʥʘ 

ʣʫʯʰʠʭ ʦʙʨʘʟʮʘʭ ʜʦʩʪʠʛʘʝʪ 140 ʤɺ/(ʩʤĿʕ). ɺ ʩʣʫʯʘʝ ʄʕ ʢʝʨʘʤʠʢʠ ʥʘ ʦʩʥʦʚʝ ʪʠʪʘʥʘʪʘ 

ʥʘʪʨʠʷ-ʚʠʩʤʫʪʘ ʥʘʠʙʦʣʴʰʠʝ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʄʕ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 

Dɽ/Dʅ = 110-120 ʤɺ/(ʩʤĿʕ) ʜʦʩʪʠʛʥʫʪʳ ʚ ʢʦʤʧʦʟʠʪʘʭ ʥʘ ʦʩʥʦʚʝ ʧʴʝʟʦʤʘʪʝʨʠʘʣʘ 

[96 ʤʦʣ.% Bi0.5(Na0.84K0.16)0.5TiO3 + 4 ʤʦʣ.% SrTiO3 + 0.2 ʤʘʩʩ.% La2O3], ʩʦʜʝʨʞʘʱʠʭ 60 ʤʘʩʩ.% 

ʬʝʨʨʠʪʘ. ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʩ ʢʦʥʩʪʘʥʪʘʤʠ ʄʕ ʩʤʝʩʝʚʳʭ ʢʦʤʧʦʟʠʪʦʚ, ʚ ʩʦʩʪʘʚ 

ʢʦʪʦʨʳʭ ʚʭʦʜʷʪ ʤʘʪʝʨʠʘʣʳ ʎʊʉ, ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʙʝʩʩʚʠʥʮʦʚʘʷ ʄʕ ʢʝʨʘʤʠʢʘ ʥʘ ʦʩʥʦʚʝ ʥʠʦʙʘʪʦʚ 

ʱʝʣʦʯʥʳʭ ʤʝʪʘʣʣʦʚ ʠ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ Na0.5Bi0.5TiO3 ʤʦʞʝʪ ʩʦʩʪʘʚʠʪʴ ʨʝʘʣʴʥʫʶ ʘʣʴʪʝʨʥʘʪʠʚʫ 

ʩʚʠʥʝʮʩʦʜʝʨʞʘʱʠʤ ʄʕ ʢʦʤʧʦʟʠʪʘʤ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʚ ʩʣʫʯʘʝ ʄʕ ʢʝʨʘʤʠʢ ʥʘ ʦʩʥʦʚʝ ʙʝʩʩʚʠʥʮʦʚʳʭ 

ʧʴʝʟʦʤʘʪʝʨʠʘʣʦʚ ʚ ʦʪʣʠʯʠʝ ʦʪ ʢʦʤʧʦʟʠʪʦʚ ʥʘ ʦʩʥʦʚʝ ʎʊʉ ʧʝʨʝʭʦʜ ʢ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʘʤ ʩʦ 

ʩʚʷʟʥʦʩʪʴʶ 0-3 ʥʝ ʧʨʠʚʦʜʠʪ ʢ ʜʦʧʦʣʥʠʪʝʣʴʥʦʤʫ ʫʣʫʯʰʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʄʕ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ; 

ʪʨʝʙʫʶʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

6. ɺʝʣʠʯʠʥʳ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʄʕ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ Dɽ/Dʅ = 120-140 ʤɺ/(ʩʤÖʕ) ʥʘ 

ʯʘʩʪʦʪʘʭ ʧʦʨʷʜʢʘ 1 ʢɻʮ (ʚʜʘʣʠ ʦʪ ʯʘʩʪʦʪʳ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʦʛʦ ʨʝʟʦʥʘʥʩʘ), ʧʦʣʫʯʝʥʥʳʝ ʚ 

ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʜʣʷ ʮʝʣʦʛʦ ʨʷʜʘ ʢʦʤʧʦʟʠʮʠʡ çʧʴʝʟʦʵʣʝʢʪʨʠʢ ï ʬʝʨʨʠʪ-ʰʧʠʥʝʣʴè, ʢʘʢ ʵʪʦ 

ʧʦʢʘʟʘʥʦ ʥʘ ʥʠʞʝʧʨʠʚʝʜʸʥʥʦʡ ʛʠʩʪʦʛʨʘʤʤʝ, ʚ ʜʘʥʥʦʤ ʢʣʘʩʩʝ ʢʦʤʧʦʟʠʪʦʚ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ 

ʷʚʣʷʝʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʧʨʝʜʝʣʴʥʳʤʠ. ʂʘʢ ʧʦʢʘʟʳʚʘʝʪ ʘʥʘʣʠʟ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ, ʚʧʝʨʚʳʝ 

ʜʘʥʥʳʡ ʫʨʦʚʝʥʴ ʄʕ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʙʳʣ ʜʦʩʪʠʛʥʫʪ ʚ ʨʘʟʨʘʙʦʪʢʘʭ ʢʘʬʝʜʨʳ ʦʙʱʝʡ ʠ 

ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʈʦʩʪʦʚʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ (ʥʳʥʝ ʖʞʥʦʛʦ ʬʝʜʝʨʘʣʴʥʦʛʦ) 

ʫʥʠʚʝʨʩʠʪʝʪʘ ʩ ʫʯʘʩʪʠʝʤ ʘʚʪʦʨʘ ʥʘʩʪʦʷʱʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ.  

 

ʠʩʪʦʯʥʠʢ [28] [46]    [102] [103] [101] [104]  

ʉʨʘʚʥʝʥʠʝ ʄʕ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʩʤʝʩʝʚʦʡ ʄʕ ʢʝʨʘʤʠʢʠ ʥʘ ʦʩʥʦʚʝ ʬʝʨʨʠʪʦʚ-ʰʧʠʥʝʣʝʡ 
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VIII . ʉʊɽʈɾʅɽɺʓɽ ʀ ʉʃʆʀʉʊʓɽ ʄɸɻʅʀʊʆʕʃɽʂʊʈʀʏɽʉʂʀɽ ʂʆʄʇʆɿʀʊʓ ʅɸ 

ʆʉʅʆɺɽ ʌɽʈʈʀʊʆɺ-ʐʇʀʅɽʃɽʁ 

 ʉʪʝʨʞʥʝʚʳʝ ʠ ʩʣʦʠʩʪʳʝ ʄʕ ʢʦʤʧʦʟʠʪʳ, ʠʩʩʣʝʜʦʚʘʥʠʶ ʢʦʪʦʨʳʭ ʧʦʩʚʷʱʝʥ ʜʘʥʥʳʡ ʨʘʟʜʝʣ, 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʘʥʠʟʦʪʨʦʧʥʳʝ ʤʫʣʴʪʠʬʝʨʨʦʠʯʥʳʝ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʳ ʩʦ ʩʚʷʟʥʦʩʪʷʤʠ 1-3 ʠ 3-1 

(ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʩʪʝʨʞʥʠ ʧʴʝʟʦʵʣʝʢʪʨʠʢʘ ʚ ʤʘʪʨʠʮʝ ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʦʥʥʦʡ ʬʘʟʳ ʠ ʥʘʦʙʦʨʦʪ), 1-1 

(ʯʝʨʝʜʫʶʱʠʝʩʷ ʚ ʰʘʭʤʘʪʥʦʤ ʧʦʨʷʜʢʝ ʩʪʝʨʞʥʠ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʠ ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʦʥʥʦʡ 

ʢʦʤʧʦʥʝʥʪ), ʘ ʪʘʢʞʝ 2-2 (ʯʝʨʝʜʫʶʱʠʝʩʷ ʩʣʦʠ ʧʴʝʟʦʵʣʝʢʪʨʠʢʘ ʠ ʬʝʨʨʠʪʘ). ʆʥʠ ʦʪʥʦʩʷʪʩʷ ʢ 

ʘʥʠʟʦʪʨʦʧʥʳʤ ʜʚʫʭʬʘʟʥʳʤ ʩʠʩʪʝʤʘʤ çʧʴʝʟʦʵʣʝʢʪʨʠʢ ï ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʦʥʥʳʡ ʬʝʨʨʠʪè ʠ 

ʙʣʘʛʦʜʘʨʷ ʵʪʦʤʫ ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʩʤʝʩʝʚʳʭ ʄʕ ʢʦʤʧʦʟʠʪʦʚ, ʚ ʢʦʪʦʨʳʭ ʚʦ ʚʩʝʭ ʪʨʝʭ 

ʠʟʤʝʨʝʥʠʷʭ ʭʘʨʘʢʪʝʨ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʬʘʟ ʦʜʠʥʘʢʦʚ. 

ɺ ʨʘʤʢʘʭ ʥʘʩʪʦʷʱʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʝʨʞʥʝʚʳʝ ʠ ʩʣʦʠʩʪʳʝ ʢʦʤʧʦʟʠʪʳ ʠʟʛʦʪʘʚʣʠʚʘʣʠ 

ʤʝʪʦʜʦʤ ʩʢʣʝʠʚʘʥʠʷ; ʩʣʦʠʩʪʳʝ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʳ ʧʦʣʫʯʘʣʠ ʪʘʢʞʝ ʧʫʪʝʤ ʩʧʝʢʘʥʠʷ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʭʥʦʣʦʛʠʠ ʰʣʠʢʝʨʥʦʛʦ ʣʠʪʴʷ. ɺ ʚʩʝʭ ʩʣʫʯʘʷʭ ʩʪʝʨʞʥʠ ʠ ʩʣʦʠ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨ 

ʨʘʩʧʦʣʘʛʘʣʠʩʴ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʧʦʚʝʨʭʥʦʩʪʠ ʵʣʝʢʪʨʦʜʦʚ. 

VIII .1. ɻʝʪʝʨʦʩʪʨʫʢʪʫʨʳ ʩʦ ʩʚʷʟʥʦʩʪʴʶ 2-2, ʠʟʛʦʪʦʚʣʝʥʥʳʝ ʤʝʪʦʜʦʤ ʩʧʝʢʘʥʠʷ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʭʥʦʣʦʛʠʠ ʰʣʠʢʝʨʥʦʛʦ ʣʠʪʴʷ 

ʇʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʢʦʤʧʦʟʠʪʦʚ ʵʪʦʛʦ ʪʠʧʘ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʧʨʦʤʳʰʣʝʥʥʳʝ 

ʧʴʝʟʦʤʘʪʝʨʠʘʣʳ ʠ ʬʝʨʨʠʪ ʩʦʩʪʘʚʘ NiCo0.02Cu0.02Mn0.1Fe1.8O4-d. ʆʙʨʘʟʮʳ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʦʣʫʯʘʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʭʥʦʣʦʛʠʠ ʰʣʠʢʝʨʥʦʛʦ ʣʠʪʴʷ. ʅʘ ʦʩʥʦʚʝ ʧʦʨʦʰʢʦʚ ʎʊʉ ʠ ʬʝʨʨʠʪʘ 

ʛʦʪʦʚʠʣʠ ʞʠʜʢʠʝ ʰʣʠʢʝʨʳ, ʚ ʢʘʯʝʩʪʚʝ ʦʨʛʘʥʠʯʝʩʢʦʡ ʩʚʷʟʢʠ ʠʩʧʦʣʴʟʦʚʘʣʠ ʵʬʠʨʥʦ-ʩʧʠʨʪʦʚʦʡ 

ʨʘʩʪʚʦʨ ʧʦʣʠʚʠʥʠʣʙʫʪʠʨʘʣʷ, ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʧʣʘʩʪʠʯʥʦʩʪʠ ʧʣʸʥʢʠ ʠ ʫʣʫʯʰʝʥʠʷ ʩʤʘʯʠʚʘʝʤʦʩʪʠ 

ʯʘʩʪʠʮ ʧʦʨʦʰʢʘ ʨʘʩʪʚʦʨʦʤ ʚ ʰʣʠʢʝʨʳ ʜʦʙʘʚʣʷʣʠ ʜʠʙʫʪʠʣʬʪʘʣʘʪ ʠ ʧʦʚʝʨʭʥʦʩʪʥʦ-ʘʢʪʠʚʥʦʝ 

ʚʝʱʝʩʪʚʦ ʤʘʨʢʠ ʆʇ7. ʆʜʥʦʨʦʜʥʳʡ ʰʣʠʢʝʨ ʛʦʪʦʚʠʣʠ ʧʫʪʸʤ ʪʱʘʪʝʣʴʥʦʛʦ ʧʝʨʝʤʝʰʠʚʘʥʠʷ 

ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʚ ʰʘʨʦʚʦʡ ʤʝʣʴʥʠʮʝ ʩ ʷʰʤʦʚʳʤʠ ʰʘʨʘʤʠ ʚ ʪʝʯʝʥʠʝ 4 ʯʘʩʦʚ, ʘ 

ʟʘʪʝʤ ʨʘʟʣʠʚʘʣʠ ʯʝʨʝʟ ʬʠʣʴʝʨʫ ʥʘ ʪʨʘʥʩʧʦʨʪʸʨʥʫʶ ʣʝʥʪʫ. ʐʣʠʢʝʨ ʚʳʩʳʭʘʣ ʠ ʩʥʠʤʘʣʩʷ ʩ ʥʝʸ ʚ 

ʚʠʜʝ ʪʦʥʢʦʡ ʵʣʘʩʪʠʯʥʦʡ ʧʣʸʥʢʠ. ʊʦʣʱʠʥʘ ʦʪʣʠʚʘʝʤʳʭ ʧʣʸʥʦʢ ʩʦʩʪʘʚʣʷʣʘ 80-300 ʤʢʤ. ʀʟ ʧʣʸʥʦʢ 

ʎʊʉ ʠ ʬʝʨʨʠʪʘ ʚʳʩʝʢʘʣʠ ʢʚʘʜʨʘʪʳ, ʢʦʪʦʨʳʝ ʫʢʣʘʜʳʚʘʣʠ ʚ ʧʨʝʩʩ-ʬʦʨʤʫ ʚ ʟʘʜʘʥʥʦʡ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʠ ʧʨʝʩʩʦʚʘʣʠ. ʇʨʝʩʩʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʠ ʩ ʧʦʜʦʛʨʝʚʦʤ ʧʨʝʩʩ-ʬʦʨʤʳ ʜʦ 

60-70̄ ʉ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʘʣʠʩʴ ʧʣʦʪʥʳʝ ʦʙʨʘʟʮʳ ʙʣʘʛʦʜʘʨʷ ʪʝʨʤʦʧʣʘʩʪʠʯʥʦʩʪʠ 

ʧʦʣʠʚʠʥʠʣʙʫʪʠʨʘʣʷ. ʉʧʨʝʩʩʦʚʘʥʥʳʝ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʟʘʛʦʪʦʚʢʠ ʚʳʜʝʨʞʠʚʘʣʠ ʧʦʜ ʛʨʫʟʦʤ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 120ʉ̄ ʥʝ ʤʝʥʝʝ ʩʫʪʦʢ, ʘ ʟʘʪʝʤ ʥʘʛʨʝʚʘʣʠ ʩʦ ʩʢʦʨʦʩʪʴʶ 50ʉ̄ ʚ ʯʘʩ ʜʦ 300-400̄ ʉ ʜʣʷ 

ʫʜʘʣʝʥʠʷ ʦʨʛʘʥʠʯʝʩʢʦʡ ʩʚʷʟʢʠ. ʇʦʩʣʝ ʵʪʦʛʦ ʦʙʨʘʟʮʳ ʩʧʝʢʘʣʠ ʧʨʠ 1180-1200̄ʉ ʚ ʪʝʯʝʥʠʝ 2 ʯʘʩʦʚ. 

ʀʟ ʩʧʝʯʸʥʥʦʡ ʢʝʨʘʤʠʢʠ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʩʣʦʷʤ ʚʳʨʝʟʘʣʠ ʜʠʩʢʠ ʠʣʠ ʧʨʷʤʦʫʛʦʣʴʥʠʢʠ 
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ʥʝʦʙʭʦʜʠʤʳʭ ʨʘʟʤʝʨʦʚ, ʦʙʪʘʯʠʚʘʣʠ ʠ ʥʘʥʦʩʠʣʠ ʵʣʝʢʪʨʦʜʳ ʚʞʠʛʘʥʠʝʤ ʩʝʨʝʙʨʦʩʦʜʝʨʞʘʱʝʡ ʧʘʩʪʳ 

ʠʣʠ ʭʠʤʠʯʝʩʢʠʤ ʦʩʘʞʜʝʥʠʝʤ ʥʠʢʝʣʷ ʠʟ ʨʘʩʪʚʦʨʘ. ʆʙʨʘʟʮʳ ʧʦʣʷʨʠʟʦʚʘʣʠ ʚ ʩʠʣʠʢʦʥʦʚʦʤ ʤʘʩʣʝ 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 90-100̄ ʉ ʚ ʪʝʯʝʥʠʝ 20-30 ʤʠʥʫʪ ʚ ʧʦʣʝ 2.6-3 ʢɺ/ʤʤ. ʀʟʤʝʨʷʣʠ 

ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʝ ʠ ʄʕ ʩʚʦʡʩʪʚʘ ʩʣʦʠʩʪʳʭ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨ, ʢʘʢ ʵʪʦ ʦʧʠʩʘʥʦ ʚ ʨʘʟʜʝʣʝ V. 

ʊʘʙʣʠʮʘ VIII .1.1. ɿʘʚʠʩʠʤʦʩʪʴ ʩʚʦʡʩʪʚ ʩʣʦʠʩʪʳʭ ʢʦʤʧʦʟʠʪʦʚ 

50 ʦʙ.% ʎʊʉ36 + 50 ʦʙ.% NiCo0.02Cu0.02Mn0.1Fe1,8O4-d 

ʦʪ ʪʦʣʱʠʥʳ ʩʣʦʸʚ 

h, ʤʢʤ e33
ʊ/e0 tgdÖ102 d33, 

ʧʂʣ/ʅ 

g33, 

ʤɺÖʤ/ʅ 

ʂt Dɽ/Dʅ, 

ʤɺ/(ʩʤÖʕ) 

ʅʩʤ, ʢɸ/ʤ 

80 280 1.5 70 28 0.52 170 55 

180 240 1.3 95 45 0.6 175 55 

270 195 1.2 120 70 0.73 150 60 
 

ʅʘ ʦʙʨʘʟʮʘʭ ʩʦʩʪʘʚʘ 50 ʦʙ.% ʎʊʉ-36 + 50 ʦʙ.% ʬʝʨʨʠʪʘ ʠʟʫʯʝʥʦ ʚʣʠʷʥʠʝ ʪʦʣʱʠʥʳ ʩʣʦʸʚ 

ʥʘ ɻʬʬʝʢʪʠʚʥʦʩʪʴ ʄʕ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʠ ʜʨʫʛʠʝ ʩʚʦʡʩʪʚʘ ʢʦʤʧʦʟʠʪʦʚ. ʀʩʭʦʜʷ ʠʟ ʧʦʣʫʯʝʥʥʳʭ 

ʜʘʥʥʳʭ (ʪʘʙʣʠʮʘ VIII .1.1), ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʠʤʠ ʚʝʣʠʯʠʥʘʤʠ Dɽ/Dʅ ʦʙʣʘʜʘʶʪ ʵʣʝʤʝʥʪʳ ʩ 

ʪʦʣʱʠʥʦʡ ʩʣʦʷ h=80-180 ʤʢʤ. ʋʤʝʥʴʰʝʥʠʝ ʪʦʣʱʠʥʳ ʩʣʦʷ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ 

ʄʕ ʢʦʵʬʬʠʮʠʝʥʪʦʚ. ʕʪʦ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʪʝʤ, ʯʪʦ ʧʨʠ ʩʧʝʢʘʥʠʠ ʧʨʦʠʩʭʦʜʠʪ ʜʠʬʬʫʟʠʷ ʢʘʪʠʦʥʦʚ 

ʠʟ ʩʣʦʷ ʬʝʨʨʠʪʘ ʚ ʩʣʦʡ ʎʊʉ, ʧʨʠʚʦʜʷʱʘʷ ʢ ʫʭʫʜʰʝʥʠʶ ʠʭ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ. ɽʩʣʠ 

ʪʦʣʱʠʥʘ ʩʣʦʸʚ ʥʝʜʦʩʪʘʪʦʯʥʦ ʚʝʣʠʢʘ (ʤʝʥʝʝ 80 ʤʢʤ), ʪʦ ʟʦʥʘ ʚʟʘʠʤʥʦʡ ʜʠʬʬʫʟʠʠ ʤʦʞʝʪ ʩʪʘʪʴ 

ʩʦʠʟʤʝʨʠʤʦʡ ʩ ʪʦʣʱʠʥʦʡ ʩʣʦʸʚ, ʯʪʦ ʚʝʜʸʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʄʕ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 

ʢʦʤʧʦʟʠʪʘ. ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʪʦʣʱʠʥʳ ʩʣʦʷ ʚʝʨʦʷʪʥʦʩʪʴ ʩʢʚʦʟʥʦʡ ʜʠʬʬʫʟʠʠ ʫʤʝʥʴʰʘʝʪʩʷ, ʪʘʢʠʤ 

ʦʙʨʘʟʦʤ ʚ ʢʦʤʧʦʟʠʪʝ ʦʙʨʘʟʫʶʪʩʷ ʦʙʣʘʩʪʠ ʯʠʩʪʳʭ ʬʘʟ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʤʘʢʩʠʤʘʣʴʥʫʶ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʵʥʝʨʛʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ ʤʝʭʘʥʠʯʝʩʢʫʶ ʠ ʤʝʭʘʥʠʯʝʩʢʦʡ 

ʵʥʝʨʛʠʠ ʚ ʵʣʝʢʪʨʠʯʝʩʢʫʶ. ʉ ʜʘʣʴʥʝʡʰʠʤ ʫʚʝʣʠʯʝʥʠʝʤ ʪʦʣʱʠʥʳ ʩʣʦʷ ʭʦʪʷ ʠ ʧʨʦʠʩʭʦʜʠʪ 

ʫʣʫʯʰʝʥʠʝ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʢʦʤʧʦʟʠʪʦʚ (ʚʦʟʨʘʩʪʘʶʪ ʢʦʵʬʬʠʮʠʝʥʪ 

ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʦʡ ʩʚʷʟʠ ʂt, ʧʴʝʟʦʤʦʜʫʣʴ d33 ʠ ʧʴʝʟʦʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ g33), ʦʜʥʘʢʦ 

ʨʦʩʪʘ Dɽ/Dʅ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ. ʇʦ-ʚʠʜʠʤʦʤʫ, ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʧʨʠ ʄʕ ʚʦʟʙʫʞʜʝʥʠʠ ʜʝʬʦʨʤʘʮʠʠ 

ʦʪ ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʦʥʥʦʡ ʬʘʟʳ ʢ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʝʨʝʜʘʶʪʩʷ ʪʦʣʴʢʦ ʧʨʠʛʨʘʥʠʯʥʳʤ ʦʙʣʘʩʪʷʤ 

ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʣʦʷ ʠ ʥʝ ʟʘʪʨʘʛʠʚʘʶʪ ʩʝʨʝʜʠʥʳ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʚ ʢʦʤʧʦʟʠʪʝ ʦʙʨʘʟʫʶʪʩʷ 

ʥʝʨʘʙʦʯʠʝ ʟʦʥʳ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʧʘʜʘʪʁ ʟʥʘʯʝʥʠʷ ʄʕ ʢʦʵʬʬʠʮʠʝʥʪʦʚ.  
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ʈʠʩ.VIII.1.1. ɿʘʚʠʩʠʤʦʩʪʴ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ e33
ʊ/e0, ʪʘʥʛʝʥʩʘ ʫʛʣʘ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʪʝʨʴ tgd, ʧʴʝʟʦʤʦʜʫʣʷ d33 ʠ ʧʴʝʟʦʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ g33 ʦʪ ʦʙʲʝʤʥʦʛʦ 

ʩʦʦʪʥʦʰʝʥʠʷ ʬʘʟ ʩʣʦʠʩʪʳʭ ʢʦʤʧʦʟʠʪʦʚ ʥʘ ʦʩʥʦʚʝ NiCo0.02Cu0.02Mn0.1Fe1,8O4-d ʠ 

ʧʴʝʟʦʤʘʪʝʨʠʘʣʦʚ (1 - ʎʊʉʉʊ-2, 2 - ʎʊʉ-36, 3 - ʎʊʉ-83ɻ, 4 - ʇʂʈ-8, 5 - ʎʊʉ-19). 

ʅʘ ʨʠʩ..VIII .1.1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʭ ʠ ʤʘʛʥʠʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ ʢʦʤʧʦʟʠʪʦʚ ʦʪ ʦʙʲʸʤʥʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ ʬʘʟ. ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʩʦʜʝʨʞʘʥʠʷ ʬʝʨʨʠʪʘ 

ʫʤʝʥʴʰʘʝʪʩʷ ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ e33
ʊ/e0 ʠ ʚʦʟʨʘʩʪʘʝʪ tgd, ʩʥʠʞʘʶʪʩʷ ʚʝʣʠʯʠʥʳ 

ʧʴʝʟʦʤʦʜʫʣʝʡ d33, ʯʪʦ ʪʠʧʠʯʥʦ ʜʣʷ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʧʴʝʟʦʵʣʝʢʪʨʠʢ - ʬʝʨʨʠʪ. ʆʜʥʘʢʦ ʚ 

ʦʪʣʠʯʠʝ ʦʪ ʘʥʘʣʦʛʠʯʥʳʭ ʩʚʦʡʩʪʚ ʩʤʝʩʝʚʳʭ ʢʦʤʧʦʟʠʪʦʚ ʩʣʦʠʩʪʳʝ ʩʪʨʫʢʪʫʨʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 

ʙʦʣʝʝ ʚʳʩʦʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ e33
ʊ/e0 ʠ d33, ʘ ʪʘʢʞʝ ʧʦʥʠʞʝʥʥʳʤ tgd. ʅʘ ʛʨʘʬʠʢʘʭ ʟʘʚʠʩʠʤʦʩʪʠ 

ʧʴʝʟʦʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ g33 ʦʪ ʦʙʲʸʤʥʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ ʬʘʟ ʩʣʦʠʩʪʳʭ ʢʦʤʧʦʟʠʪʦʚ ʦʙʥʘʨʫʞʠʚʘʝʪʩʷ 

ʰʠʨʦʢʠʡ ʤʘʢʩʠʤʫʤ, ʦʭʚʘʪʳʚʘʶʱʠʡ ʠʥʪʝʨʚʘʣ 35-50 ʦʙ.% ʬʝʨʨʠʪʘ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʦ 

ʚʝʣʠʯʠʥʝ g33 ʥʝʢʦʪʦʨʳʝ ʩʦʩʪʘʚʳ ʧʨʝʚʦʩʭʦʜʷʪ ʯʠʩʪʫʶ ʢʝʨʘʤʠʢʫ ʎʊʉ. 
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