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ɺɺɽɼɽʅʀɽ 

ɸʢʪyʘʣʴʥʦʩʪʴ ʪʝʤʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʉʨʝʜʠ ʟʘʜʘʯ ʬʠʟʠʢʠ 

ʢʦʥʜʝʥʩʠpʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʥʠʤʘʥʠʝ yʜʝʣʷʝʪʩʷ ʚʳʷʩʥʝʥʠʶ 

ʚʟʘʠʤʦʩʚʷʟʝʡ ʤʝʞʜy ʩʪʨʫʢʪʫʨʥʳʤʠ ʩʦʩʪʦʷʥʠʷʤʠ ʠ ʬʠʟʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ 

ʩʣʦʞʥʳʭ ʦʢʩʠʜʥʳʭ ʩʠʩʪʝʤ ʩʦ ʩʪʨʫʢʪʫʨʘʤʠ ʢʠʩʣʦpʦʜʥʦ-ʦʢʪʘʵʜpʠʯʝʩʢʦʛʦ ʪʠʧʘ 

ʧʝpʦʚʩʢʠʪʘ, ʠʣʴʤʝʥʠʪʘ, ʧʠpʦʭʣʦpʘ ʠ ʜpʫʛʠʭ. ɺ ʥʠʭ ʚʳʷʚʣʝʥʳ pʘʟʣʠʯʥʳʝ 

ʩʦʯʝʪʘʥʠʷ ʩʝʛʥʝʪʦʵʣʝʢʪpʠʯʝʩʢʠʭ, ʩʝʛʥʝʪʦʵʣʘʩʪʠʯʝʩʢʠʭ, ʩʝʛʥʝʪʦʤʘʛʥʠʪʥʳʭ, 

ʤʘʛʥʠʪʥʳʭ, ʧʦʣyʧpʦʚʦʜʥʠʢʦʚʳʭ ʠ ʩʚʝpʭʧpʦʚʦʜʥʠʢʦʚʳʭ ʩʚʦʡʩʪʚ, ʢʦʪʦpʳʝ 

ʚʘʞʥʳ ʧpʠ pʘʟpʘʙʦʪʢʝ ʤʘʪʝpʠʘʣʦʚ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ ʜʣʷ ʧpʠʤʝʥʝʥʠʷ ʚ 

ʩʦʚpʝʤʝʥʥʦʡ ʤʠʢpʦ- ʠ ʥʘʥʦʵʣʝʢʪpʦʥʠʢʝ. 

ʅʘʜʝʞʥʦ yʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧpʦʷʚʣʷʝʤʳʝ ʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

ʦʢʘʟʳʚʘʶʪʩʷ ʵʢʩʪpʝʤʘʣʴʥʳʤʠ ʧpʠ ʩʪʨʫʢʪʫʨʥʳʭ ʬʘʟʦʚʳʭ ʧʝpʝʭʦʜʘʭ, ʢʦʪʦpʳʝ 

ʧpʦʠʩʭʦʜʷʪ ʢʘʢ ʧpʠ ʠʟʤʝʥʝʥʠʷʭ ʪʝʤʧʝpʘʪʫʨʳ, ʜʘʚʣʝʥʠʷ, ʚ ʵʣʝʢʪpʠʯʝʩʢʠʭ ʠ 

ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ, ʪʘʢ ʠ ʧpʠ ʠʟʤʝʥʝʥʠʷʭ ʢʦʥʮʝʥʪpʘʮʠʡ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʩʣʦʞʥʳʭ 

ʪʚʝpʜʳʭ pʘʩʪʚʦpʘʭ ʥʘ ʙʘʟʝ ʠʟʚʝʩʪʥʳʭ ʬʝppʦʠʢʦʚ. ʇpʠ ʵʪʦʤ ʚ pʷʜʝ ʪʘʢʠʭ 

ʚʝʱʝʩʪʚ ʠʤʝʶʪ ʤʝʩʪʦ pʝʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʬʘʟʦʚʳʝ ʧʝpʝʭʦʜʳ. 

ɸʥʘʣʠʟ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʜʘʥʥʳʭ ʦ ʩʪʨʫʢʪʫʨʘʭ ʠ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚʘʭ 

ʜʚʦʡʥʳʭ ʠ ʪpʦʡʥʳʭ ʦʢʩʠʜʦʚ ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʪʠʧʘ ʧʝpʦʚʩʢʠʪʘ, ʢʦʪʦʨʳʭ 

ʥʘʩʯʠʪʳʚʘʝʪʩʷ ʦʢʦʣʦ ʪʳʩʷʯʠ, ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʝʩʣʠ ʩʪʨʫʢʪʫʨʥʳʝ 

ʩʝʛʥʝʪʦʵʣʘʩʪʠʯʝʩʢʠʝ ʠ ʩʝʛʥʝʪʦʵʣʝʢʪpʠʯʝʩʢʠʝ ʬʘʟʦʚʳʝ ʧʝpʝʭʦʜʳ ʦʙʥʘʨʫʞʝʥʳ 

ʧpʠʤʝpʥʦ ʚ ʩʪʘ ʠʟ ʥʠʭ, ʪʦ ʩʝʛʥʝʪʦʵʣʝʢʪpʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʦʙʣʘʜʘʶʪ ʦʢʦʣʦ 

50 ʪʘʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʠʟyʯʝʥʥʳʭ ʩ pʘʟʥʦʡ ʩʪʝʧʝʥʴʶ ʜʦʩʪʦʚʝpʥʦʩʪʠ. ʉpʝʜʠ 

ʧʝʨʦʚʩʢʠʪʦʚ ʤʘʛʥʠʪʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʦʙʣʘʜʘʶʪ ʝʱʸ ʤʝʥʴʰʝ ʩʦʝʜʠʥʝʥʠʡ. ʊʘʢʠʤ 

ʦʙpʘʟʦʤ, ʩpʝʜʠ ʩʦʝʜʠʥʝʥʠʡ ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʪʠʧʘ ʧʝpʦʚʩʢʠʪʘ ʦʢʘʟʳʚʘʝʪʩʷ 

ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʯʠʩʣʦ ʤyʣʴʪʠʬʝppʦʠʢʦʚ. Pʷʜ ʧʝpʦʚʩʢʠʪʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ 

ʭʘpʘʢʪʝpʠʟyʶʪʩʷ ʚʳʩʦʢʦʡ ʧpʦʚʦʜʠʤʦʩʪʴʶ ʠʣʠ ʧpʦʷʚʣʷʶʪ ʧʦʣyʧpʦʚʦʜʥʠʢʦʚʳʝ 

ʩʚʦʡʩʪʚʘ. ʂpʦʤʝ ʪʦʛʦ, ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʦʙpʘʱʝʥʦ ʥʘ 

ʧʝpʦʚʩʢʠʪʦʚʳʝ ʩʪʨʫʢʪʫʨʳ, ʧpʦʷʚʣʷʶʱʠʝ ʩʚʦʡʩʪʚʘ ʢʦʣʦʩʩʘʣʴʥʦʡ 

ʤʘʛʥʝʪʦpʝʟʠʩʪʠʚʥʦʩʪʠ (ʂʄP). 
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ʆʙʠɦʝ ʧpʝʜʩʪʘʚʣʝʥʠ ̫ʦʙ ʵʬʬʝʢʪʘʭ ʢʦʣʦʩʩʘʣʴʥʦʡ ʤʘʛʥʝʪʦpʝʟʠʩʪʠʚʥʦʩʪʠ 

ʩʚʦʜʷʪʩʷ ʢ ʦʙʩyʞʜʝʥʠʶ ʤʝʭʘʥʠʟʤʦʚ ʧʝpʝʥʦʩʦʚ ʟʘpʷʜʦʚ ʚ ʚʝʱʝʩʪʚʘʭ, ʚ ʢʦʪʦpʳʭ 

ʠʤʝʶʪ ʤʝʩʪʦ ʧʝpʝʭʦʜʳ ʤʝʪʘʣʣ - ʜʠʵʣʝʢʪpʠʢ ʚ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ. ɺ 

ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʦʙʟʦpʘʭ ʠ ʜʠʩʩʝpʪʘʮʠʷʭ ʜʝʪʘʣʴʥʦ pʘʩʩʤʦʪpʝʥʳ ʚʟʘʠʤʦʩʚʷʟʠ 

ʤʝʞʜy ʭʠʤʠʯʝʩʢʠʤ ʩʦʩʪʘʚʦʤ, ʢpʠʩʪʘʣʣʠʯʝʩʢʠʤ ʩʪpʦʝʥʠʝʤ ʠ ʬʠʟʠʯʝʩʢʠʤʠ 

ʩʚʦʡʩʪʚʘʤʠ ʪʘʢʠʭ ʚʝʱʝʩʪʚ. ɺʤʝʩʪʝ ʩ ʪʝʤ, ʭʦʪʷ ʠʤʝʶʪʩʷ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ 

ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ ʢʦʣʦʩʩʘʣʴʥʦʛʦ ʤʘʛʥʝʪʦpʝʟʠʩʪʠʚʥʦʛʦ ʵʬʬʝʢʪʘ ʚ ʪʚʝpʜʳʭ 

pʘʩʪʚʦpʘʭ ʥʘ ʦʩʥʦʚʝ Mn-ʩʦʜʝpʞʘʱʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʪʘʢʠʭ ʢʘʢ LaMnO3, YMnO3 ʠ 

ʥʝʢʦʪʦʨʳʭ ʜpʫʛʠʭ, ʜʦ ʥʘʩʪʦʷʱʝʛʦ ʚpʝʤʝʥʠ ʧpʘʢʪʠʯʝʩʢʠ ʥʝʪ ʩʪpʦʛʦʛʦ 

ʦʙʦʩʥʦʚʘʥʠʷ ʢʦʣʦʩʩʘʣʴʥʦʛʦ ʤʘʛʥʝʪʦpʝʟʠʩʪʠʚʥʦʛʦ ʵʬʬʝʢʪʘ ʚ ʪʚpyʜʳʭ pʘʩʪʚʦpʘʭ 

ʧpʠ ʟʘʤʝʱʝʥʠʷʭ ʪpʸʭʚʘʣʝʥʪʥʳʭ ʢʘʪʠʦʥʦʚ La ʠ Y ʥʘ ʜʚyʭʚʘʣʝʥʪʥʳʝ ʢʘʪʠʦʥʳ Ca, 

Sr ʠ ʜpʫʛʠʝ. ʆʙʱʠʝ ʩʦʦʙpʘʞʝʥʠʷ ʩʚʦʜʷʪʩʷ ʢ ʩʣʝʜyʶʱʝʤy: ʥʘʣʠʯʠʝ ʚ ʩʪʨʫʢʪʫʨʝ 

pʘʟʥʦʚʘʣʝʥʪʥʳʭ ʢʘʪʠʦʥʦʚ A ʧpʠʚʦʜʠʪ ʢ ʩyʱʝʩʪʚʦʚʘʥʠʶ ʚ ʩʪʨʫʢʪʫʨʘʭ ʢʘʪʠʦʥʦʚ 

Mn pʘʟʥʦʡ ʚʘʣʝʥʪʥʦʩʪʠ: Mn3+ ʠ Mn4+, ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜy ʢʦʪʦpʳʤʠ ʩ 

yʯʘʩʪʠʝʤ ʘʥʠʦʥʦʚ ʢʠʩʣʦpʦʜʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʝpʝʥʦʩ ʟʘpʷʜʦʚ. 

ɼʨʫʛʠʤ ʩʧʦʩʦʙʦʤ ʚʣʠʷʥʠʷ ʥʘ ʥʦʩʠʪʝʣʠ ʟʘpʷʜʦʚ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ 

ʥʝʩʪʝʭʠʦʤʝʪpʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ LaMnO3 ʠ YMnO3. ʇpʦʙʣʝʤʳ ʚʣʠʷʥʠʷ 

ʥʝʩʪʝʭʠʦʤʝʪpʠʠ ʧʦ ʩʦʩʪʘʚy ʥʘ ʩʪʨʫʢʪʫʨʳ, ʘ ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠ ʩʚʦʡʩʪʚʘ ʵʪʠʭ 

ʬʝppʦʠʢʦʚ ʧpʘʢʪʠʯʝʩʢʠ ʥʝ ʠʟyʯʝʥʳ. ʅʘʨʫʰʝʥʠʷ ʩʪʝʭʠʦʤʝʪpʠʠ ʦʧpʝʜʝʣʷʪʁʩʷ 

ʣʠʙʦ ʥʘʯʘʣʴʥʳʤ ʭʠʤʠʯʝʩʢʠʤ ʩʦʩʪʘʚʦʤ ʧpʝʢʫʨʩʦpʦʚ, ʣʠʙʦ ʢʦʥʮʝʥʪpʘʮʠʝʡ ʪʝʭ 

ʠʣʠ ʠʥʳʭ ʜʝʬʝʢʪʦʚ, ʚ pʝʟyʣʴʪʘʪʝ ʯʝʛʦ ʚ ʩʪʨʫʢʪʫʨʘʭ ʩʦʩyʱʝʩʪʚyʶʪ ʢʘʪʠʦʥʳ 

Mn3+ ʠ Mn4+. ʀʟʤʝʥʝʥʠʷ ʪʝʤʧʝpʘʪʫʨ ʩʠʥʪʝʟʘ ʠ ʩʧʝʢʘʥʠʷ, ʘ ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʧpʝʢʫʨʩʦpʦʚ, ʧpʠʛʦʪʦʚʣʝʥʥʳʭ ʚʣʘʞʥʳʤʠ ʤʝʪʦʜʘʤʠ, ʧʦʟʚʦʣʷʝʪ yʧpʘʚʣʷʪʴ 

ʧʘpʘʤʝʪpʘʤʠ ʥʝʩʪʝʭʠʦʤʝʪpʠʠ. 

ɸʥʘʣʠʟ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʦʙʟʦpʦʚ (ʥʘʧpʠʤʝp, [1 ï 5]) ʧʦ ʩʪʨʫʢʪʫʨʘʤ ʠ 

ʬʠʟʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ ʤʘpʛʘʥʝʮʩʦʜʝpʞʘʱʠʭ ʠ pʦʜʩʪʚʝʥʥʳʭ ʧʝpʦʚʩʢʠʪʦʚ 

ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ pʷʜ ʧpʦʙʣʝʤ ʬʠʟʠʢʠ ʢʦʥʜʝʥʩʠpʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚʩʸ ʝʱʸ 

ʞʜyʪ ʩʚʦʝʛʦ pʝʰʝʥʠʷ. ɺ ʯʘʩʪʥʦʩʪʠ, ʰʠpʦʢʦ ʦʙʩyʞʜʘʝʪʩʷ ʚʘʣʝʥʪʥʦʝ ʩʦʩʪʦʷʥʠʝ 

ʢʘʪʠʦʥʦʚ Mn ʚ Mn-ʩʦʜʝpʞʘʱʠʭ ʩʦʝʜʠʥʝʥʠʷʭ ʠ ʚ ʪʚʸpʜʳʭ pʘʩʪʚʦpʘʭ ʥʘ ʠʭ 

ʦʩʥʦʚʝ. ʇpʠ ʵʪʦʤ ʩʧʝʮʠʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧpʦʚʦʜʷʪʩʷ ʧʦ ʦʧpʝʜʝʣʝʥʠʶ pʦʣʠ 
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ʚʘʢʘʥʩʠʡ ʧpʠ ʦʪʢʣʦʥʝʥʠʷʭ ʦʪ ʩʪʝʭʠʦʤʝʪpʠʠ ʩʦʩʪʘʚʦʚ. ʕʪʠ ʧpʦʙʣʝʤʳ ʷʚʣʷʶʪʩʷ 

ʚʘʞʥʳʤʠ ʢʘʢ ʧpʠ ʩʦʟʜʘʥʠʠ ʙʘʟʦʚʳʭ ʬʝppʦʠʢʦʚ, ʥʘʧʨʠʤʝʨ, LaMnO3, YMnO3 ʠʣʠ 

BiFeO3, ʪʘʢ ʠ ʧpʠ ʧpʠʛʦʪʦʚʣʝʥʠʠ ʥʘ ʠʭ ʦʩʥʦʚʝ ʪʚʸpʜʳʭ pʘʩʪʚʦpʦʚ. 

Pʘʟʥʦʦʙpʘʟʠʝ ʢpʠʩʪʘʣʣʠʯʝʩʢʠʭ ʬʘʟ, ʦʙpʘʟyʶʱʠʭʩʷ ʧpʠ pʘʟʥʳʭ yʩʣʦʚʠʷʭ 

ʧpʠʛʦʪʦʚʣʝʥʠʷ, ʠ ʦʩʦʙʝʥʥʦʩʪʠ ʬʘʟʦʚʳʭ ʧʝpʝʭʦʜʦʚ ʪʘʢʠʭ ʩʦʩʪʦʷʥʠʡ ʜʦ ʩʠʭ ʧʦp 

ʷʚʣʷʶʪʩʷ ʧpʝʜʤʝʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʡ. ɺ Mn-ʩʦʜʝpʞʘʱʠʭ ʧʝpʦʚʩʢʠʪʘʭ ʬʘʟʦʚʳʝ 

ʧʝpʝʭʦʜʳ, ʢʘʢ ʧpʘʚʠʣʦ, ʭʘpʘʢʪʝpʠʟyʶʪʩʷ ʠʟʤʝʥʝʥʠʷʤʠ pʘʟʥʳʭ ʧʘpʘʤʝʪpʦʚ 

ʧʦpʷʜʢʘ: ʩʧʦʥʪʘʥʥʦʡ ʧʦʣʷpʠʟʘʮʠʠ, ʩʧʦʥʪʘʥʥʦʡ ʜʝʬʦpʤʘʮʠʠ, ʤʘʛʥʠʪʥʦʛʦ 

ʧʘpʘʤʝʪpʘ ʧʦpʷʜʢʘ-ʙʝʩʧʦpʷʜʢʘ, ʷʥ-ʪʝʣʣʝpʦʚʩʢʠʭ ʜʝʬʦpʤʘʮʠʡ. ɺ ʪʚʸpʜʳʭ 

pʘʩʪʚʦpʘʭ ʥʘ ʦʩʦʙʝʥʥʦʩʪʠ ʬʘʟʦʚʳʭ ʧʝpʝʭʦʜʦʚ ʚʣʠʷʶʪ ʧʘpʘʤʝʪpʳ 

ʥʝʩʪʝʭʠʦʤʝʪpʠʠ ʩʦʩʪʘʚʦʚ, ʢʦʪʦpʳʤ ʩʦʦʪʚʝʪʩʪʚyʶʪ pʘʟʥʳʝ ʢʦʥʮʝʥʪpʘʮʠʠ 

ʩʦʩʫʱʝʩʪʚʫʶʱʠʭ ʢʘʪʠʦʥʦʚ Mn3+ ʠ Mn4+. 

ɺʘʞʥʦʡ ʧpʦʙʣʝʤʦʡ ʚ ʬʠʟʠʢʝ ʢʦʥʜʝʥʩʠpʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʪʚʸpʜʳʭ 

pʘʩʪʚʦpʦʚ ʥʘ ʦʩʥʦʚʝ Mn-ʩʦʜʝpʞʘʱʠʭ ʩʦʝʜʠʥʝʥʠʡ ʷʚʣʷʝʪʩʷ yʩʪʘʥʦʚʣʝʥʠʝ 

ʟʘʢʦʥʦʤʝpʥʦʩʪʝʡ ʠʟʤʝʥʝʥʠʡ ʩʪʨʫʢʪʫʨʥʳʭ ʧʘpʘʤʝʪpʦʚ ʧpʠ ʢʦʥʮʝʥʪpʘʮʠʦʥʥʳʭ 

ʧʝpʝʭʦʜʘʭ ʦʪ ʛʝʢʩʘʛʦʥʘʣʴʥʦʛʦ ʪʠʧʘ ʩʪʨʫʢʪʫʨ ʢ ʧʝpʦʚʩʢʠʪʦʚʳʤ.  

ʊʘʢʠʤ ʦʙpʘʟʦʤ, ʘʢʪyʘʣʴʥʳʤʠ ʧpʦʙʣʝʤʘʤʠ ʬʠʟʠʢʠ ʢʦʥʜʝʥʩʠpʦʚʘʥʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ, ʩ pʝʰʝʥʠʝʤ ʢʦʪʦpʳʭ ʩʚʷʟʘʥʘ ʜʠʩʩʝpʪʘʮʠʷ, ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʥʦʚʳʭ 

ʪʚʸpʜʳʭ pʘʩʪʚʦpʦʚ ʥʘ ʦʩʥʦʚʝ ʢʣʘʩʩʠʯʝʩʢʠʭ ʬʝppʦʠʢʦʚ LaMnO3, YMnO3 ʠ 

BiFeO3, ʚ ʪʦʤ ʯʠʩʣʝ ʩ ʚʘpʠʘʮʠʷʤʠ ʦʪʢʣʦʥʝʥʠʡ ʦʪ ʩʪʝʭʠʦʤʝʪpʠʠ ʠ ʠʟyʯʝʥʠʝ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʠʭ ʩʪʨʫʢʪʫʨ ʠ ʬʘʟʦʚʳʭ ʧʝpʝʭʦʜʦʚ. 

ʎʝʣʴ ʨʘʙʦʪʳ: yʩʪʘʥʦʚʠʪʴ pʦʣɹ ʥʝʩʪʝʭʠʦʤʝʪpʠʠ LaMnO3 ʠ ʪʚpyʜʳʭ 

pʘʩʪʚʦpʦʚ ʥʘ ʝʛʦ ʦʩʥʦʚʝ ʥʘ ʩʪʨʫʢʪyʨʫ ʠ ʦʩʦʙʝʥʥʦʩʪʠ ʬʘʟʦʚʳʭ ʧpʝʚpʘʱʝʥʠʡ ʚ ʠʭ 

ʚʳʩʦʢʦʪʝʤʧʝpʘʪʫʨʥʦʡ ʦʙʣʘʩʪʠ ʠ ʟʘʢʦʥʦʤʝpʥʦʩʪʝʡ ʠʟʤʝʥʝʥʠʡ ʩʪʨʫʢʪʫʨʥʳʭ 

ʧʘpʘʤʝʪpʦʚ pʷʜʘ Mn-ʩʦʜʝpʞʘʱʠʭ ʩʦʝʜʠʥʝʥʠʡ ʧpʠ ʢʦʥʮʝʥʪpʘʮʠʦʥʥʳʭ 

ʧʝpʝʭʦʜʘʭ ʦʪ ʛʝʢʩʘʛʦʥʘʣʴʥʦʛʦ ʪʠʧʘ ʩʪʨʫʢʪʫʨ ʢ ʧʝpʦʚʩʢʠʪʦʚʳʤ. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʨʝʰʘʣʠʩʴ ʩʣʝʜʫʶʱʠʝ ʦʩʥʦʚʥʳʝ 

ʟʘʜʘʯʠ: 

- ʩʠʥʪʝʟʠpʦʚʘʪʴ ʩʦʩʪʘʚ rʪʚʝpʜʳʭ pʘʩʪʚʦpʦʚ (1-x)ABO3 ï xAǋBǋO3 (A ï La, 

Pr, ʠʣʠ Y; Aǋ ï Li , Ca, Cd, Pb ʠʣʠ Bi; B ï Mn ʠʣʠ Nb; Bǋ ï Fe); 
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- ʠʟyʯʠʪʴ ʦʩʦʙʝʥʥʦʩʪʠ ʩʪʨʫʢʪʫʨʦʦʙpʘʟʦʚʘʥʠʷ LaMnO3 ʠ ʪʚʝpʜʳʭ 

pʘʩʪʚʦpʦʚ ʥʘ ʝʛʦ ʦʩʥʦʚʝ ʤʝʪʦʜʦʤ çin situè ʠʟ pʘʟʥʳʭ ʧpʝʢʫʨʩʦpʦʚ, 

ʧʦʣyʯʝʥʥʳʭ ʠʟ ʩʤʝʩʝʡ ʠʩʭʦʜʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʘ ʪʘʢʞʝ ʤʝʪʦʜʘʤʠ ʟʦʣʴ-

ʛʝʣʴ, ʩʦpʙʮʠʠ ʠ ʩʦʚʤʝʩʪʥʦʛʦ ʦʩʘʞʜʝʥʠʷ; 

- ʩʠʥʪʝʟʠpʦʚʘʪʴ ʥʝʩʪʝʭʠʦʤʝʪpʠʯʝʩʢʠʡ La1-xMn1-yO3-z, ʢʦʪʦpʳʡ ʧʦ 

ʩʦʦʪʥʦʰʝʥʠʷʤ ʢʦʥʮʝʥʪpʘʮʠʡ ʠʦʥʦʚ Mn3+ ʠ Mn4+ ʧʦʜʦʙʝʥ ʪʚʝpʜʳʤ 

pʘʩʪʚʦpʘʤ ʪʠʧʘ La1-xAxMn3+
1-yMn4+

yO3-z ʩ pʘʟʥʦʚʘʣʝʥʪʥʳʤ ʟʘʤʝʱʝʥʠʝʤ 

ʠʦʥʦʚ La; 

- ʜʘʪʴ ʪʝʦpʝʪʠʯʝʩʢyʶ ʦʮʝʥʢy ʪʝʤʧʝpʘʪʫʨ ʥʘʯʘʣʘ ʪʚʝpʜʦʬʘʟʥʦʛʦ ʩʠʥʪʝʟʘ 

LaMnO3 ʠ ʪʚʝpʜʳʭ pʘʩʪʚʦpʦʚ ʥʘ ʝʛʦ ʦʩʥʦʚʝ ʧʦ ʪʝpʤʦʜʠʥʘʤʠʯʝʩʢʠʤ 

ʧʘpʘʤʝʪpʘʤ ʠʩʭʦʜʥʳʭ ʦʢʩʠʜʦʚ ʠ ʦʙpʘʟyʶʱʠʭʩʷ ʬʘʟ; 

- pʘʟpʘʙʦʪʘʪʴ ʤʝʪʦʜʳ ʢʦʥʪpʦʣʷ ʧʘpʘʤʝʪpʦʚ ʥʝʩʪʝʭʠʦʤʝʪpʠʠ ʚ  

La1-xMn1-yO3-z ʧʦ pʝʥʪʛʝʥʜʠʬpʘʢʮʠʦʥʥʳʤ ʜʘʥʥʳʤ, ʘ ʪʘʢʞʝ ʜʘʪʴ 

ʪʝʦpʝʪʠʯʝʩʢʠʝ ʦʮʝʥʢʠ ʧʘpʘʤʝʪpʦʚ ʥʝʩʪʝʭʠʦʤʝʪpʠʠ ʧʦ ʚʝʣʠʯʠʥʘʤ ʜʣʠʥ 

ʤʝʞʘʪʦʤʥʳʭ ʩʚʷʟʝʡ ʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʞʝʩʪʢʦʩʪʝʡ ʵʪʠʭ ʩʚʷʟʝʡ ʩ 

ʦʧpʝʜʝʣʝʥʠʝʤ ʢʦʥʮʝʥʪpʘʮʠʡ ʢʘʪʠʦʥʦʚ La ʠ ʠʦʥʦʚ Mn3+, Mn4+ ʚ 

ʦʙpʘʟʮʘʭ, ʧpʠʛʦʪʦʚʣʝʥʥʳʭ ʧpʠ pʘʟʥʳʭ ʪʝʤʧʝpʘʪʫʨʘʭ; 

- ʠʟyʯʠʪʴ ʪʝʤʧʝpʘʪʫʨʥʳʝ ʬʘʟʦʚʳʝ ʧʝpʝʭʦʜʳ ʥʝʩʪʝʭʠʦʤʝʪpʠʯʝʩʢʠʭ  

La1-xMn1-yO3-z; 

- ʚʳʷʚʠʪʴ ʚʣʠʷʥʠʷ pʘʟʥʳʭ ʪʝʤʧʝpʘʪʫʨ ʦʙʞʠʛʘ ʥʘ ʢʦʥʮʝʥʪpʘʮʠʦʥʥʳʝ 

ʟʘʚʠʩʠʤʦʩʪʠ ʩʪʨʫʢʪʫʨʥʳʭ ʭʘpʘʢʪʝpʠʩʪʠʢ ʪʚʝpʜʳʭ pʘʩʪʚʦpʦʚ (1-x)ABO3 ï

 xAǋBǋO3: ʩʦʩʪʘʚ ʠ ʩʠʤʤʝʪpʠʶ ʬʘʟ, ʦʙʣʘʩʪʠ ʠʭ ʩyʱʝʩʪʚʦʚʘʥʠʷ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ x (ʵʪʠ ʩʪʨʫʢʪʫʨʥʳʝ ʭʘpʘʢʪʝpʠʩʪʠʢʠ ʟʘʚʠʩʷʪ ʦʪ ʪʠʧʘ ʠ 

ʢʦʥʮʝʥʪpʘʮʠʡ ʜʝʬʝʢʪʦʚ, ʢʦʪʦpʳʝ ʩʦʟʜʘʶʪʩʷ ʧpʠ pʘʟʥʳʭ yʩʣʦʚʠʷʭ 

ʧpʠʛʦʪʦʚʣʝʥʠʷ ʦʙpʘʟʮʦʚ); 

- ʦʧpʝʜʝʣʠʪʴ ʬʘʟʦʚʳʝ ʜʠʘʛpʘʤʤʳ (x, T) ʪʚʝpʜʳʭ pʘʩʪʚʦpʦʚ  

(1-x)ABO3 ï xAǋBǋO3, ʛʜʝ A ï Bi; Aǋ ï K, Na; B ï Fe; Bǋ ï Nb); 

- ʚʳʷʚʠʪʴ ʦʩʦʙʝʥʥʦʩʪʠ ʢʦʥʮʝʥʪpʘʮʠʦʥʥʳʭ ʠʟʤʝʥʝʥʠʡ ʬʘʟ ʚ ʩʠʩʪʝʤʘʭ  

(1-x)ABO3 ï xLiNbO3 (A ï Bi ʠʣʠ La; B ï Mn ʠʣʠ Fe); 
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- pʘʟpʘʙʦʪʘʪʴ yʥʠʚʝpʩʘʣʴʥʳʡ ʧʘpʘʤʝʪp, ʭʘpʘʢʪʝpʠʟyʶʱʠʡ 

ʛʝʢʩʘʛʦʥʘʣʴʥʦʛʦ ʪʠʧʘ ʩʪʨʫʢʪʫʨr, yʯʠʪʳʚʘʶʱʠʡ ʜʣʠʥʳ ʤʝʞʘʪʦʤʥʳʭ 

ʩʚʷʟʝʡ (ʩyʤʤʘ ʠʦʥʥʳʭ pʘʜʠyʩʦʚ) ʠ ʧpʦʘʥʘʣʠʟʠpʦʚʘʪʴ ʠʟʤʝʥʝʥʠʷ ʜʘʥʥʦʛʦ 

ʬʘʢʪʦpʘ ʦʪ ʪʝʤʧʝpʘʪʫʨr, ʜʘʚʣʝʥʠʷ, ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ; 

- ʠʟyʯʠʪʴ pʝʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʢʦʥʮʝʥʪpʘʮʠʦʥʥʳʝ ʬʘʟʦʚʳʝ ʧʝpʝʭʦʜʳ 

ʩʠʩʪʝʤʳ (1-x)YMnO3 ï xLaMnO3. 

ʆʙʲʝʢʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ: ɺ pʘʙʦʪʝ ʧpʦʚʝʜʝʥʦ ʠʟyʯʝʥʠʝ ʪʚʸpʜʳʭ 

pʘʩʪʚʦpʦʚ ʥʘ ʦʩʥʦʚʝ ʢʣʘʩʩʠʯʝʩʢʠʭ ʬʝppʦʠʢʦʚ LaMnO3, YMnO3, BiFeO3, LiNbO3:  

AMnO3 ï AǋMnO3 (A ï La ʠʣʠ Pr; Aǋ ï Ca, Cd, Bi ʠʣʠ Y) ï 150 ʦʙpʘʟʮʦʚ; 

BiFeO3 ï ANbO3 (A ï Li , Na ʠʣʠ K) ï 30 ʦʙpʘʟʮʦʚ; 

LaBO3 ï LiNbO3 (B ï Mn ʠʣʠ Fe) ï 30 ʦʙpʘʟʮʦʚ; 

YMnO3 ï ABO3 (A ï Ca ʠʣʠ Bi; B ïY) ï 50 ʦʙpʘʟʮʦʚ. 

ʅʘyʯʥʘʷ ʥʦʚʠʟʥʘ.  

ɺ pʘʙʦʪʝ ʚʧʝpʚʳʝ ʩʠʥʪʝʟʠpʦʚʘʥʳ: 

- ʠʟ pʘʟʥʳʭ ʧpʝʢʫʨʩʦpʦʚ ʧpʠ pʘʟʥʳʭ ʪʝʤʧʝpʘʪʫʨʘʭ ʩʦʩʪʘʚʳ ʪʚʝpʜʳʭ 

pʘʩʪʚʦpʦʚ (1-x)ABO3ïxAǋBǋO3 (A ï La, Pr, Y; Aǋ ï Li , Ca, Cd, Bi; B ï Mn, 

Nb; Bǋ ï Fe); 

- ʥʝʩʪʝʭʠʦʤʝʪpʠʯʝʩʢʠʝ ʩʦʩʪʘʚʳ La1-xMnO3 ʩ 0.03 Ò x Ò 0.08. 

ɺʧʝpʚʳʝ yʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

- in situ ʩʠʥʪʝʟ LaMnO3 ʠ La1-xCaxMnO3 ʩ x = 0.3; 0.5; 0.7 ʠʟ ʧpʝʢʫʨʩʦpʦʚ, 

ʧpʠʛʦʪʦʚʣʝʥʥʳʭ ʚʣʘʞʥʳʤʠ ʤʝʪʦʜʘʤʠ: ʩʦpʙʮʠʠ, ʩʦʚʤʝʩʪʥʦʛʦ ʦʩʘʞʜʝʥʠ,̫ 

ʟʦʣʴ-ʛʝʣʴ ʤʝʪʦʜʦʤ, ʧpʠʚʦʜʠʪ ʢ ʦʙpʘʟʦʚʘʥʠʶ ʥʝʩʪʝʭʠʦʤʝʪpʠʯʝʩʢʦʡ R1c 

ʬʘʟʳ ʧpʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝpʘʪʫʨʝ; 

- ʚ ʪʚʸpʜʳʭ pʘʩʪʚʦpʘʭ (1-x)BiFeO3 ï xLiNbO3 ʚ ʰʠpʦʢʦʡ ʦʙʣʘʩʪʠ 

ʢʦʥʮʝʥʪpʘʮʠʡ ʤʝʞʜy ʧʝpʦʚʩʢʠʪʦʚʦʡ (ʧpʠ x Ò 0.2) ʠ ʠʣʴʤʝʥʠʪʦʧʦʜʦʙʥʦʡ 

(ʧpʠ x Ó 0.7) ʦʙʥʘʨʫʞʝʥʘ ʢyʙʠʯʝʩʢʘʷ ʧʠpʦʭʣʦpʦʧʦʜʦʙʥʘʷ ʬʘʟʘ ʩ 

ʧʘpʘʤʝʪpʦʤ pʝʰʝʪʢʠ a = 10.50 ¡; 

- ʚ ʪʚʝpʜʳʭ pʘʩʪʚʦpʘʭ (1-x)LaBO3 ï xLiNbO3 (B = Mn, Fe) ʧpʠ ʥʠʟʢʠʭ 

ʪʝʤʧʝpʘʪʫʨʘʭ ʩʠʥʪʝʟʘ (T = 650, 780 ÁC) ʦʙpʘʟyʶʪʩʷ ʧʝpʦʚʩʢʠʪʦʚʳʝ ʬʘʟʳ. 
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ʇpʠ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʪʝʤʧʝpʘʪʫʨʘʭ (T Ó 1000 ÁC) ʵʪʠ ʬʘʟʳ pʘʟʣʘʛʘʶʪʩʷ ʩ 

ʦʙpʘʟʦʚʘʥʠʝʤ ʬʘʟ ʪʠʧʘ LaNbO4; 

- ʚ ʰʠpʦʢʦʡ ʦʙʣʘʩʪʠ ʪʝʤʧʝpʘʪʫʨ 20 ¢ T ¢ 1100 ÁC ʦʧpʝʜʝʣʝʥʳ 

ʪʝʤʧʝpʘʪʫʨʥr ʝ ʟʘʚʠʩʠʤʦʩʪʠ ʩʪʨʫʢʪʫʨʥʳʭ ʧʘpʘʤʝʪpʦʚ ʩʦʩʪʘʚʦʚ ʩʠʩʪʝʤʳ 

ʪʚʝpʜʳʭ pʘʩʪʚʦpʦʚ La1-xCaxMnO3 (x = 0; 0.125; 0.3; 0.5); Pr0.7Cd0.3MnO3, 

Pr0.7Bi0.3MnO3 ʠ La0.7Bi0.3MnO3; 

- ʥʘpʷʜy ʩ pʘʥʝʝ ʠʟʚʝʩʪʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴʶ ʬʘʟ ʧpʠ yʚʝʣʠʯʝʥʠʠ 

ʪʝʤʧʝpʘʪʫʨr (ʦpʪʦpʦʤʙʠʯʝʩʢʘʷïpʦʤʙʦʵʜpʠʯʝʩʢʘʷïʢyʙʠʯʝʩʢʘʷ) ʚ 

ʩʦʩʪʘʚʘʭ La0.5Ca0.5MnO3 ʠ Pr0.7Cd0.3MnO3 ʦʙʥʘʨʫʞʠʚʘʝʪʩʷ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʬʘʟʦʚʳʭ ʩʦʩʪʦʷʥʠʡ: ʦpʪʦpʦʤʙʠʯʝʩʢʘʷï

pʦʤʙʦʵʜpʠʯʝʩʢʘʷïʦpʪʦpʦʤʙʠʯʝʩʢʘʷïʢyʙʠʯʝʩʢʘʷ; ʚ ʩʦʩʪʘʚʝ ʪʚʝpʜʦʛʦ 

pʘʩʪʚʦpʘ La0.7Bi0.3MnO3 pʦʤʙʦʵʜpʠʯʝʩʢʘʷ ʬʘʟʘ ʩyʱʝʩʪʚyʝʪ ʦʪ 20 ʜʦ 

1100 ÁC, ʜʣʷ ʘʥʘʣʦʛʠʯʥʦʛʦ ʩʦʩʪʘʚʘ Pr0.7Bi0.3MnO3 ʯʠʩʪʘʷ 

pʦʤʙʦʵʜpʠʯʝʩʢʘʷ ʬʘʟʘ ʚʦʟʥʠʢʘʝʪ ʪʦʣʴʢʦ ʧpʠ ʪʝʤʧʝpʘʪʫʨʘʭ ʚʳʰʝ 925 ÁC; 

- ʧpʠ ʬʘʟʦʚʳʭ ʧʝpʝʭʦʜʘʭ ʠʟ pʦʤʙʦʵʜpʠʯʝʩʢʠʭ ʬʘʟ ʚ ʦpʪʦpʦʤʙʠʯʝʩʢʠʝ ʩ 

yʤʝʥʴʰʝʥʠʝʤ ʪʝʤʧʝpʘʪʫʨr ʧpʦʠʩʭʦʜʠʪ pʘʟʜʝʣʝʥʠʝ ʜʣʠʥ ʩʚʷʟʝʡ MnïO 

ʥʘ yʢʦpʦʯʝʥʥʳʝ, yʜʣʠʥʝʥʥʳʝ ʠ ʩʣʘʙʦ ʠʟʤʝʥʷʶʱʠʝʩʷ. ʕʪʦ ʩʦʦʪʚʝʪʩʪʚyʝʪ 

ʟʘpʷʜʦʚʦʤy yʧʦpʷʜʦʯʝʥʠʶ Mn3+ ʠ Mn4+ (Mn4+ïO ï ʢʦpʦʪʢʘʷ, Mn3+ïO ï

ʜʣʠʥʥʘʷ). ʃʦʢʘʣʴʥʘʷ ʩʠʤʤʝʪpʠʷ ʢʠʩʣʦpʦʜʦʚʦʛʦ ʦʢʪʘʵʜpʠʯʝʩʢʦʛʦ 

ʦʢʨʫʞʝʥʠʷ Mn4+ ʦʩʪʘʝʪʩʷ ʢyʙʠʯʝʩʢʦʡ, ʘ y Mn3+ ʧʦʥʠʞʘʝʪʩʷ ʚʩʣʝʜʩʪʚʠʝ 

ʗʥ-ʊʝʣʣʝpʦʚʩʢʦʛʦ ʵʬʬʝʢʪʘ. ʇpʠ ʵʪʠʭ ʧʝpʝʭʦʜʘʭ, ʢʘʢ ʧpʘʚʠʣʦ, ʦʙʲʝʤ 

ʧʝpʦʚʩʢʠʪʦʚʦʡ ʧʦʜʲʷʯʝʡʢʠ ʩʢʘʯʢʦʤ yʚʝʣʠʯʠʚʘʝʪʩʷ; 

- ʚ ʩʠʩʪʝʤʝ ʪʚʝpʜʳʭ pʘʩʪʚʦpʦʚ (1-x)YMnO3ïxLaMnO3 ʢʦʥʮʝʥʪpʘʮʠʦʥʥʳʡ 

pʝʢʦʥʩʪʨʫʢʪʠʚʥʳʡ ʧʝpʝʭʦʜ ʚ ʦʪʣʠʯʠʝ ʦʪ ʘʥʘʣʦʛʠʯʥʦʛʦ ʧʝpʝʭʦʜʘ ʚ 

ʩʠʩʪʝʤʝ (1-x)YMnO3ïxʉaMnO3 (ʚ ʦʙʣʘʩʪʠ 0 Ò x Ò 0.25) ʠʤʝʝʪ ʤʝʩʪʦ ʚ 

ʰʠpʦʢʦʡ ʦʙʣʘʩʪʠ 0 Ò x Ò 0.7; 
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ɺʧʝpʚʳʝ ʧpʝʜʣʦʞʝʥʳ, pʘʟpʘʙʦʪʘʥʳ ʠ pʘʟʚʠʪʳ 

- ʤʝʪʦʜ ʦʧpʝʜʝʣʝʥʠʷ ʧʘpʘʤʝʪpʦʚ ʥʝʩʪʝʭʠʦʤʝʪpʠʠ LaMnO3 ʧʦ 

ʩʦʦʪʥʦʰʝʥʠʷʤ ʠʥʪʝʛpʘʣʴʥʳʭ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʛʦʤʦʣʦʛʠʯʝʩʢʠʭ ʧʘp 

ʜʠʬpʘʢʮʠʦʥʥʳʭ ʦʪpʘʞʝʥʠʡ; 

- ʤʦʜʝʣʴʥʘʷ ʦʮʝʥʢʘ ʙʣʠʞʥʝʛʦ ʧʦpʷʜʢʘ ʜʣʷ ʙʠʥʘpʥʦʡ ʩʠʩʪʝʤʳ Aǋ1-xAǌx ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʠʥʦʤʠʘʣʴʥʦʛʦ pʘʩʧpʝʜʝʣʝʥʠʷ ʚʝpʦʷʪʥʦʩʪʝʡ; 

- ʦʪʥʦʩʠʪʝʣʴʥʳʡ ʪʦʣʝpʘʥʩ-ʬʘʢʪʦp tx/tz ʜʣʷ ʛʝʢʩʘʛʦʥʘʣʴʥʳʭ ʩʪʨʫʢʪʫʨ 

ʩʦʩʪʘʚʘ RMnO3 (R ï pʝʜʢʦʟʝʤʝʣʴʥʳʝ ʠʦʥʳ Er, Tm, Yb, Lu ʠ Y), ʢʦʪʦpʳʡ 

ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʭʘpʘʢʪʝpʠʩʪʠʢʠ ʟʘʚʠʩʠʤʦʩʪʝʡ ʠʟʤʝʥʝʥʠʡ ʩʪʨʫʢʪʫʨ ʦʪ 

ʪʝʤʧʝpʘʪʫʨ, ʜʘʚʣʝʥʠʷ, ʦʪ ʢʦʥʮʝʥʪpʘʮʠʠ ʜʝʬʝʢʪʦʚ ʠ ʦʪ ʩʦʩʪʘʚʘ. 

ʊʝʦpʝʪʠʯʝʩʢʘʷ ʠ ʧpʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ. ʇpʠʤʝʥʝʥʠʝ ʤʝʪʦʜʦʚ 

pʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʜʣʷ yʪʦʯʥʝʥʠʷ ʩʪʨʫʢʪʫʨ ʪpʝʙyʝʪ yʯʝʪʘ 

ʧʘpʘʤʝʪpʦʚ pʝʘʣʴʥʦʛʦ ʩʪʨʫʢʪʫʨʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʦʙʲʝʢʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ. ɺ 

pʘʙʦʪʝ pʘʟʚʠʪ ʤʝʪʦʜ ʦʧpʝʜʝʣʝʥʠʷ ʦʪʢʣʦʥʝʥʠʡ ʦʪ ʩʪʝʭʠʦʤʝʪpʠʠ ʧʝpʦʚʩʢʠʪʦʚʳʭ 

ʩʪʨʫʢʪʫʨ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʢʩʧʝpʠʤʝʥʪʘʣʴʥʳʭ ʚʝʣʠʯʠʥ ʠʥʪʝʛpʘʣʴʥʳʭ 

ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʛʦʤʦʣʦʛʠʯʝʩʢʠʭ ʧʘp ʜʠʬpʘʢʮʠʦʥʥʳʭ ʦʪpʘʞʝʥʠʡ. ɼʣʷ ʦʮʝʥʢʠ 

ʧʘpʘʤʝʪpʦʚ ʙʣʠʞʥʝʛʦ ʢpʠʩʪʘʣʣʦʭʠʤʠʯʝʩʢʦʛʦ ʧʦpʷʜʢʘ ʜʚyʭ ʩʦpʪʦʚ ʠʦʥʦʚ ʚ 

ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʧʦʜpʝʰʝʪʢʝ ʚʧʝpʚʳʝ ʠʩʧʦʣʴʟʦʚʘʥʦ ʙʠʥʦʤʠʘʣʴʥʦʝ 

pʘʩʧpʝʜʝʣʝʥʠʝ ʚʝpʦʷʪʥʦʩʪʠ ʟʘʩʝʣʝʥʥʦʩʪʝʡ ʙʣʠʞʘʡʰʝʡ ʢʦʦpʜʠʥʘʮʠʦʥʥʦʡ ʩʬʝpʳ 

ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʥʮʝʥʪpʘʮʠʡ ʢʦʤʧʦʥʝʥʪʦʚ ʙʠʥʘpʥʦʛʦ ʪʚʝpʜʦʛʦ pʘʩʪʚʦpʘ. 

ʇpʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ pʝʟyʣʴʪʘʪʦʚ pʘʙʦʪʳ ʩʦʩʪʦʠʪ ʚ ʚʦʟʤʦʞʥʦʩʪʠ 

yʧpʘʚʣʝʥʠʷ ʧʘpʘʤʝʪpʘʤʠ ʥʝʩʪʝʭʠʦʤʝʪpʠʠ ʠ ʬʠʟʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʥʦʚʳʭ 

ʬyʥʢʮʠʦʥʘʣʴʥʳʭ ʤʘʪʝpʠʘʣʦʚ. 

ɺ pʘʙʦʪʝ pʘʟpʘʙʦʪʘʥʳ ʠ ʟʘʱʠʱʝʥʳ ʦʭpʘʥʥʳʤʠ ʜʦʢyʤʝʥʪʘʤʠ: ʩʧʦʩʦʙ 

ʦʧpʝʜʝʣʝʥʠʷ ʥʘʣʠʯʠʷ ʩʝʛʥʝʪʦʵʣʝʢʪpʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ (ʇpʠʢʘʟ ˉ 287-ʆɼ ʦʪ 

07.07.16 ʛ.) ʠ ʩʧʦʩʦʙ yʧpʘʚʣʝʥʠʷ ʤʘʛʥʠʪʥʳʤʠ ʠ ʜʠʵʣʝʢʪpʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ 

(ʇpʠʢʘʟ ˉ 288-ʆɼ ʦʪ 07.07.16 ʛ.) y ʤyʣʴʪʠʬʝpppʦʠʢʦʚ ʧʝpʦʚʩʢʠʪʦʚʦʛʦ ʪʠʧʘ, ʘ 

ʪʘʢʞʝ ʘʣʛʦpʠʪʤ pʘʩʯʝʪʘ ʪʝʤʧʝpʘʪʫʨr ʥʘʯʘʣʘ ʪʚʝpʜʦʬʘʟʥʦʛʦ ʩʠʥʪʝʟʘ 
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ʤyʣʴʪʠʬʝppʦʠʜʥʳʭ ʢʝpʘʤʠʯʝʩʢʠʭ ʤʘʪʝpʠʘʣʦʚ ʧʦ ʪʝpʤʦʜʠʥʘʤʠʯʝʩʢʠʤ 

ʧʘpʘʤʝʪpʘʤ ʠʩʭʦʜʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ (ʇpʠʢʘʟ ˉ 299-ʆɼ ʦʪ 08.07.16 ʛ.). 

ʆʩʥʦʚʥʳʝ ʥʘyʯʥʳʝ ʧʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪy 

1. ʉʦʚʦʢyʧʥʦʩʪʴ ʜʘʥʥʳʭ pʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʩ ʦʧpʝʜʝʣʝʥʠʝʤ 

ʩʠʤʤʝʪpʠʠ ʬʘʟ, ʪʝʤʧʝpʘʪʫʨʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʧʘpʘʤʝʪpʦʚ pʝʰʝʪʢʠ ʠ 

ʦʪʥʦʰʝʥʠʡ ʠʥʪʝʛpʘʣʴʥʳʭ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʛʦʤʦʣʦʛʠʯʝʩʢʠʭ ʧʘp ʜʠʬpʘʢʮʠʦʥʥʳʭ 

ʦʪpʘʞʝʥʠʡ, ʪʝʤʧʝpʘʪʫʨ ʦpʙʠʪʘʣʴʥʳʭ yʧʦpʷʜʦʯʝʥʠʡ; ʢpʠʩʪʘʣʣʦʬʠʟʠʯʝʩʢʠʡ 

ʘʥʘʣʠʟ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʤʦʜʝʣʠ yʧʨʫʛʠʭ ʢʘʪʠʦʥ-ʘʥʠʦʥʥʳʭ ʩʚʷʟʝʡ; ʘ ʪʘʢʞʝ 

ʦʮʝʥʢʘ ʠʟʤʝʥʝʥʠʡ ʪʝʤʧʝpʘʪʫʨ ʬʘʟʦʚʳʭ ʧʝpʝʭʦʜʦʚ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʪʝʦpʠʠ 

ʧʝpʢʦʣʷʮʠʠ, ʧʦʟʚʦʣʠʣʘ ʦʧpʝʜʝʣʠʪʴ ʢʘʪʠʦʥʥʳʡ ʩʦʩʪʘʚ ʧʦʣyʯʝʥʥʳʭ ʠ 

ʠʟyʯʝʥʥʳʭ ʚ ʜʠʩʩʝpʪʘʮʠʠ ʥʝʩʪʝʭʠʦʤʝʪpʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ. 

2. ɺ LaMnO3 ʩʦʜʝpʞʘʥʠʝʤ Mn3+ ʠ Mn4+ ʤʦʞʥʦ yʧpʘʚʣʷʪʴ ʥʝ ʪʦʣʴʢʦ 

ʥʝʠʟʦʚʘʣʝʥʪʥʳʤʠ ʟʘʤʝʱʝʥʠʷʤʠ ʠʦʥʦʚ La (ʚ ʩʦʩʪʘʚʘʭ La1-xAxMn3+
1-yMn4+

yO3), ʥʦ 

ʠ ʚʘpʠʘʮʠʷʤʠ ʧʘpʘʤʝʪpʦʚ ʥʝʩʪʝʭʠʦʤʝʪpʠʠ x ʠ y, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʧʦʣyʯʠʪʴ 

ʩʦʩʪʘʚʳ La1-x(Mn3+
1-yMn4+

y)O3 ʩ 0.03 < x < 0.06 ʠ 0.09 < y < 0.18, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʩʦʩʪʦʷʥʠʡ ʧpʝʢʫʨʩʦpʦʚ ʠ ʪʝpʤʦʜʠʥʘʤʠʯʝʩʢʦʡ ʧpʝʜʳʩʪʦpʠʠ ʧpʠʛʦʪʦʚʣʝʥʠʷ 

ʦʙpʘʟʮʦʚ. 

3. ʆʙʱʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʬʘʟʦʚʳʭ ʧʝpʝʭʦʜʦʚ ʧʨʠ ʧʦʥʠʞʝʥʠʠ 

ʪʝʤʧʝʨʘʪʫʨʳ Pm3m (C) Ÿ R3c (R) Ÿ Pnma (O') Ÿ Pnma (O) ʚ ʩʦʩʪʘʚʘʭ  

A¡1-xA±xMnO3, ʛʜʝ A¡ ï La, Pr; A± ï Ca, Cd, Bi ʧʦʜʦʙʥʘ ʬʘʟʦʚʳʤ ʧʝpʝʭʦʜʘʤ ʚ 

ʩʪʝʭʠʦʤʝʪpʠʯʝʩʢʦʤ LaMnO3, ʥʦ ʦʪʣʠʯʘʝʪʩʷ ʪʝʤʧʝpʘʪʫʨʥʳʤʠ ʦʙʣʘʩʪʷʤʠ 

ʩyʱʝʩʪʚʦʚʘʥʠʷ pʘʟʥʳʭ ʬʘʟ. ʋʚʝʣʠʯʝʥʠʝ ʩʦʜʝpʞʘʥʠʷ ʠʦʥʦʚ Mn4+ ʚ ʩʦʩʪʘʚʘʭ  

La1-xCaxMnO3 ʩ x = 0.125; 0,3; 0,5 ʧpʠʚʦʜʠʪ ʢ ʧʦʥʠʞʝʥʠʶ ʪʝʤʧʝpʘʪʫʨ 

ʠʟʦʩʠʤʤʝʪpʠʡʥʳʭ ʬʘʟʦʚʳʭ ʧʝpʝʭʦʜʦʚ Pnma (O') Ÿ Pnma (O). ʈʘʩʰʠpʝʥʠʝ 

ʪʝʤʧʝpʘʪʫʨʥʦʡ ʦʙʣʘʩʪʠ ʩyʱʝʩʪʚʦʚʘʥʠʷ ʬʘʟʳ R3c ʩʦʦʪʚʝʪʩʪʚyʝʪ ʫʤʝʥʴʰʝʥʠʶ 

ʪʝʤʧʝpʘʪʫʨr ʦpʙʠʪʘʣʴʥʦʛʦ yʧʦpʷʜʦʯʝʥʠʷ ʚ ʥʝʩʪʝʭʠʦʤʝʪpʠʯʝʩʢʠʭ ʩʦʩʪʘʚʘʭ  

La1-xAxMn3+
1-yMn4+

yO3. 

4. ɼʣʷ ʛʝʢʩʘʛʦʥʘʣʴʥʳʭ ʩʪʨʫʢʪʫʨ RMnO3, ʛʜʝ R ï pʝʜʢʦʟʝʤʝʣʴʥʳʝ ʠʦʥʳ Er, 

Tm, Yb, Lu ʠ Y ʚʚʝʜʝʥ ʦʪʥʦʩʠʪʝʣʴʥʳʡ ʪʦʣʝpʘʥʩ-ʬʘʢʪʦp tx/tz, yʯʠʪʳʚʘʶʱʠʡ 
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ʠʩʭʦʜʥyʶ ʘʥʠʟʦʪpʦʧʠʶ ʩʪʨʫʢʪʫʨr. ʋʩʪʘʥʦʚʣʝʥʘ ʢʦppʝʣʷʮʠʷ tx/tz ʩ ʠʟʤʝʥʝʥʠʷʤʠ 

ʩʧʦʥʪʘʥʥʦʡ ʧʦʣʷpʠʟʘʮʠʠ (ʜʝʬʦpʤʘʮʠʠ) ʦʪ ʪʝʤʧʝpʘʪʫʨr ʠ ʜʘʚʣʝʥʠʷ, ʩ 

ʠʟʤʝʥʝʥʠʷʤʠ ʧʘpʘʤʝʪpʦʚ pʝʰʝʪʢʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ pʘʜʠyʩʦʚ ʠʦʥʦʚ R ʠ ʩ 

ʢʦʥʮʝʥʪpʘʮʠʦʥʥʳʤʠ ʠʟʤʝʥʝʥʠʷʤʠ ʩʪʨʫʢʪʫʨʥʳʭ ʧʘpʘʤʝʪpʦʚ ʪʚʝpʜʳʭ pʘʩʪʚʦpʦʚ 

ʪʠʧʘ R1-xAxMnO3 (A ï Ca, La). ʇʦʢʘʟʘʥʦ, ʯʪʦ yʚʝʣʠʯʝʥʠʶ ʪʝʤʧʝpʘʪʫʨ ʅʝʝʣʷ TN 

ʩʦʦʪʚʝʪʩʪʚyʝʪ yʤʝʥʴʰʝʥʠʝ tx/tz; yʚʝʣʠʯʝʥʠʶ ʚʥʝʰʥʝʛʦ ʜʘʚʣʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚyʝʪ 

yʚʝʣʠʯʝʥʠʝ tx/tz; ʪʝʤʧʝpʘʪʫʨʥʳʤ ʬʘʟʦʚʳʤ ʧʝpʝʭʦʜʘʤ ʚ ʩʦʩʪʘʚʘʭ RMnO3 ʠ ʧpʠ 

ʢʦʥʮʝʥʪpʘʮʠʦʥʥʳʭ ʬʘʟʦʚʳʭ ʧʝpʝʭʦʜʘʭ Y1-xAxMnO3 (A ï Ca, La) ʩʦʦʪʚʝʪʩʪʚyʶʪ 

pʝʟʢʠʝ ʠʟʤʝʥʝʥʠʷ tx/tz. 

5. ʆʙpʘʟʦʚʘʥʠʝ ʘʥʠʦʥʜʝʬʠʮʠʪʥʦʡ ʧʠpʦʭʣʦpʦʧʦʜʦʙʥʦʡ ʬʘʟʳ A2B2O6 

ʤʝʞʜy ʧʝpʦʚʩʢʠʪʦʚʦʡ ʬʘʟʦʡ BiFeO3 ʠ ʧʩʝʚʜʦʠʣʴʤʝʥʠʪʦʚʦʡ ʬʘʟʦʡ LiNbO3 ʚ 

ʪʚʝpʜʦʤ pʘʩʪʚʦpʝ ʩʦʩʪʘʚʘ (Bi0.5Li0.5)(Fe0.5Nb0.5)O3 ʧpʠ x = 0.5 ʩʠʩʪʝʤʳ  

(1-x)BiFeO3 ï xLiNbO3 ʧpʦʠʩʭʦʜʠʪ ʧyʪʝʤ ʬʦpʤʠpʦʚʘʥʠʷ ʬʣʶʦpʠʪʦʧʦʜʦʙʥʦʡ 

ʩʪʨʫʢʪʫʨr Bi3NbO7 ʩ ʯʘʩʪʠʯʥʳʤʠ ʟʘʤʝʱʝʥʠʷʤʠ ʠʦʥʦʚ Bi ʥʘ ʠʦʥʳ Li  ʚ ʧʦʟʠʮʠʷʭ 

A ʠ ʥʘ ʠʦʥʳ Fe ʚ ʧʦʟʠʮʠʷʭ B. 

6. ʇʨʠ ʠʟʦʚʘʣʝʥʪʥʦʤ ʟʘʤʝʱʝʥʠʠ ʚ ʩʠʩʪʝʤʝ (1-x)YMnO3 ï xLaMnO3 ʢʘʢ ʠ 

ʧʨʠ ʛʝʪʝʨʦʚʘʣʝʥʪʥʦʤ ʟʘʤʝʱʝʥʠʠ ʚ ʩʠʩʪʝʤʝ (1-x)YMnO3 ï xCaMnO3 ʦʙʥʘʨʫʞʝʥʳ 

ʢʨʠʪʠʯʩʢʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ xc ʢʦʤʧʦʥʝʥʪʦʚ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ xc = 0.35 ʠ xc = 

0.22, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʜʦ ʢʦʪʦʨʳʭ ʦʙʲʸʤʳ ʠʭ ʛʝʢʩʘʛʦʥʘʣʴʥʳʭ ʠ ʧʝʨʦʚʩʢʠʪʦʚʳʭ 

ʷʯʝʝʢ ʫʚʝʣʠʯʠʚʘʶʪʩʷ, ʘ ʧʦʩʣʝ ʢʦʪʦʨʳʭ ï ʫʤʝʥʴʰʘʶʪʩʷ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ 

yʚʝʣʠʯʝʥʠʝʤ ʢʦʥʮʝʥʪpʘʮʠʷ ʠʦʥʦʚ Mn4+; ʛʝʢʩʘʛʦʥʘʣʴʥʳʝ ʬʘʟʳ P63cm ʠ P63/mmc 

ʩʫʱʝʩʪʚʫʶʪ ʜʦ ʢʦʥʮʝʥʪʨʘʮʠʠ x = 0.6 ʧʨʠ ʠʟʦʚʘʣʝʥʪʥʦʤ ʟʘʤʝʱʝʥʠʠ, 

ʛʝʪʝʨʦʚʘʣʝʥʪʥʦʤ ï ʜʦ x = 0.22, ʧʦʩʣʝ ʢʦʪʦʨʦʡ ʧʨʦʠʩʭʦʜʠʪ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʳʡ 

ʧʝʨʝʭʦʜ ʠʟ ʛʝʢʩʘʛʦʥʘʣʴʥʦʡ ʬʘʟʳ ʧʝʨʦʚʩʢʠʪʦʚʫʶ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʫʶʩʷ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʦʡ R3c ʧʨʠ ʠʟʦʚʘʣʝʥʪʥʦʤ ʘʤʝʱʝʥʠʠ, ʘ ʧʨʠ 

ʛʝʪʝʨʦʚʘʣʝʥʪʥʦʤ ï ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʦʡ Pnma.  

ɼʦʩʪʦʚʝpʥʦʩʪʴ ʧʦʣyʯʝʥʥʳʭ pʝʟyʣʴʪʘʪʦʚ. ɼʦʩʪʦʚʝpʥʦʩʪʴ ʥʦʚʳʭ 

ʧʦʣyʯʝʥʥʳʭ pʝʟyʣʴʪʘʪʦʚ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʢʚʘʣʠʬʠʮʠpʦʚʘʥʥʳʤ ʧpʠʤʝʥʝʥʠʝʤ 

ʩʦʚpʝʤʝʥʥʳʭ ʤʝʪʦʜʦʚ ʩʠʥʪʝʟʘ ʦʙʲʝʢʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʩʦʚpʝʤʝʥʥʳʭ ʤʝʪʦʜʦʚ 

pʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʠ ʩʧʦʩʦʙʦʚ ʦʙpʘʙʦʪʢʠ ʵʢʩʧʝpʠʤʝʥʪʘʣʴʥʳʭ 



 13 

ʜʘʥʥʳʭ. ɼʦʩʪʦʚʝpʥʦʩʪʴ pʝʟyʣʴʪʘʪʦʚ pʘʙʦʪʳ ʧʦʜʪʚʝpʞʜʘʝʪʩʷ ʠʭ ʭʦpʦʰʠʤ 

ʩʦʛʣʘʩʦʚʘʥʠʝʤ ʩ pʝʟyʣʴʪʘʪʘʤʠ, ʧʦʣyʯʝʥʥʳʤʠ ʜʨʫʛʠʤʠ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ ʥʘ 

ʘʥʘʣʦʛʠʯʥʳʭ ʦʙʲʝʢʪʘʭ. 

ɸʧpʦʙʘʮʠʷ ʦʩʥʦʚʥʳʭ pʝʟyʣʴʪʘʪʦʚ pʘʙʦʪʳ.  

ʆʩʥʦʚʥʳʝ pʝʟyʣʴʪʘʪʳ ʜʠʩʩʝpʪʘʮʠʦʥʥʦʡ pʘʙʦʪʳ ʜʦʢʣʘʜʳʚʘʣʠʩʴ ʠ 

ʦʙʩyʞʜʘʣʠʩʴ ʥʘ XIII  ʂʦʥʬʝpʝʥʮʠʠ ʧʦ ʬʠʟʠʢʝ ʩʝʛʥʝʪʦʵʣʝʢʪpʠʢʦʚ (ʛ. ʊʚʝpʴ, 

1992), ʄʝʞʜyʥʘpʦʜʥʦʡ ʥʘyʯʥʦïʧpʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝpʝʥʮʠʠ çʌyʥʜʘʤʝʥʪʘʣʴʥʳʝ 

ʧpʦʙʣʝʤʳ ʧʴʝʟʦʵʣʝʢʪpʠʯʝʩʢʦʛʦ ʧpʠʙʦpʦʩʪpʦʝʥʠʷè (ʇʴʝʟʦʪʝʭʥʠʢʘ-99) (ʛ. 

Pʦʩʪʦʚ-ʥʘ-ɼʦʥy, 1999), III , XII  ʄʝʞʜyʥʘpʦʜʥʦʤ ʩʠʤʧʦʟʠyʤʝ çYʧʦpʷʜʦʯʝʥʠʝ ʚ 

ʤʠʥʝpʘʣʘʭ ʠ ʩʧʣʘʚʘʭè (ʆʄɸï3, ʆʄɸï12) (ʛ. Pʦʩʪʦʚ-ʥʘ-ɼʦʥy, 2000; ʛ. ʃʦʦ, 

2009), X International Meeting on Ferroelectricity (Madrid, Spain, 2001), III , VI  

International Seminar on Ferroelastics Physics (Voronezh, Russia, 2000, 2009), IXX  

Congress and General Assembly of the International Union of Crystallography 

(Geneva, Switzerland, 2002), V, VI , IX, XIV ʄʝʞʜyʥʘpʦʜʥʦʤ ʩʠʤʧʦʟʠyʤʝ 

çʇʦpʷʜʦʢ-ʙʝʩʧʦpʷʜʦʢ ʠ ʩʚʦʡʩʪʚʘ ʦʢʩʠʜʦʚè (ODPOï5, ODPOï6, ODPOï9, 

ʆɼʇʆï14) (ʛ. ʉʦʯʠ, 2002, 2003, 2006, 2011), III  ʅʘʮʠʦʥʘʣʴʥʦʡ 

ʂpʠʩʪʘʣʣʦʭʠʤʠʯʝʩʢʦʡ ʢʦʥʬʝpʝʥʮʠʠ (ʛ. ʏʝpʥʦʛʦʣʦʚʢʘ, 2003), IXX  Conference on 

Applied Crystallography (KatowiceïKrakow, Poland, 2003), IV, V ʠ VII  

ʄʝʞʜyʥʘpʦʜʥʦʡ ʥʘyʯʥʦʡ ʢʦʥʬʝpʝʥʮʠʠ çʍʠʤʠʷ ʪʚʝpʜʦʛʦ ʪʝʣʘ ʠ ʩʦʚpʝʤʝʥʥʳʝ 

ʤʠʢpʦ- ʠ ʥʘʥʦʪʝʭʥʦʣʦʛʠʠ (ʛ. ʂʠʩʣʦʚʦʜʩʢ, 2004, 2005, 2007), V ʄʝʞʜyʥʘpʦʜʥʦʡ 

ʥʘyʯʥʦ-ʧpʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝpʝʥʮʠʠ (ʅʦʚʳʝ ʧʦʣʠʤʝpʥʳʝ ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ 

ʤʘʪʝpʠʘʣʳ) (ʛ. ʅʘʣʴʯʠʢ, 2009), XII  ʄʝʞʜyʥʘpʦʜʥʦʡ ʢʦʥʬʝpʝʥʮʠʠ (ɼʠʵʣʝʢʪpʠʢʠ 

ï 2011) (ʛ. ʉʘʥʢʪ-ʇʝʪʝpʙʫʨʛ, 2011), I ʄʝʞʜyʥʘpʦʜʥʳʤ ʤʝʞʜʠʩʮʠʧʣʠʥʘpʥʦʤ 

ʩʠʤʧʦʟʠyʤʝ çɹʝʩʩʚʠʥʮʦʚʘʷ ʩʝʛʥʝʪʦʧʴʝʟʦʢʝpʘʤʠʢʘ ʠ pʦʜʩʪʚʝʥʥʳʝ ʤʘʪʝpʠʘʣʳ: 

ʧʦʣyʯʝʥʠʝ, ʩʚʦʡʩʪʚʘ, ʧpʠʤʝʥʝʥʠʷ (Pʝʪpʦʩʧʝʢʪʠʚʘ ï ʉʦʚpʝʤʝʥʥʦʩʪʴ ï 

ʇpʦʛʥʦʟʳ)è (ʛ. ʃʦʦ, 2012), II , III , IV, V ʄʝʞʜyʥʘpʦʜʥʦʤ ʤʝʞʜʠʩʮʠʧʣʠʥʘpʥʦʤ 

ʩʠʤʧʦʟʠyʤʝ çʌʠʟʠʢʘ ʙʝʩʩʚʠʥʮʦʚʳʭ ʧʴʝʟʦʘʢʪʠʚʥʳʭ ʠ pʦʜʩʪʚʝʥʥʳʭ ʤʘʪʝpʠʘʣʦʚ 

(ɸʥʘʣʠʟ ʩʦʚpʝʤʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʠ ʧʝpʩʧʝʢʪʠʚʳ pʘʟʚʠʪʠʷ)è (ʛ. ʊyʘʧʩʝ, 2013, 

2014, 2015, 2016), XVII , XVIII , XIX, XX ɺʩʝpʦʩʩʠʡʩʢʦʡ ʢʦʥʬʝpʝʥʮʠʠ ʧʦ ʬʠʟʠʢʝ 

ʩʝʛʥʝʪʦʵʣʝʢʪpʠʢʦʚ (ɺʂʉ-XVII, ɺʂʉ-XVIII, ɺʂʉ-XIX, ɺʂʉ-XX) (ʛ. ʇʝʥʟʘ, 2005; 
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ʛ. ʉʘʥʢʪ-ʇʝʪʝpʙʫʨʛ, 2008; ʛ. ʄʦʩʢʚʘ, 2011; ʂpʘʩʥʦʷpʩʢ, 2014), XIV 

ʅʘʮʠʦʥʘʣʴʥʦʡ ʢʦʥʬʝpʝʥʮʠʠ ʧʦ pʦʩʪy ʢpʠʩʪʘʣʣʦʚ ʠ V ʄʝʞʜyʥʘpʦʜʥʦʡ 

ʢʦʥʬʝpʝʥʮʠʠ çʂpʠʩʪʘʣʣʦʬʠʟʠʢʘ XXI ʚʝʢʘè (ʄʦʩʢʚʘ, 2010), VIII , IX 

ɺʩʝpʦʩʩʠʡʩʢʦʡ ʢʦʥʬʝpʝʥʮʠʠ (ʂʝpʘʤʠʢʘ ʠ ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝpʠʘʣʳ) (ʛ. 

ʉʳʢʪʳʚʢʘp, 2013, 2016), II  ɺʩʝpʦʩʩʠʡʩʢʦʡ ʥʘyʯʥʦʡ ʢʦʥʬʝpʝʥʮʠʠ (ʄʝʪʦʜʳ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʩʪʘʚʘ ʠ ʩʪʨʫʢʪʫʨr ʬyʥʢʮʠʦʥʘʣʴʥʳʭ ʤʘʪʝpʠʘʣʦʚ) (ʅʦʚʦʩʠʙʠpʩʢ, 

2013), The second international workshop (MODERN NANOTECHNOLOGIES 

2016 (IWMN-2016)) (Ekaterinburg, 2016), ɺʩʝpʦʩʩʠʡʩʢʦʤ ʩʝʤʠʥʘpʝ ʩ 

ʤʝʞʜyʥʘpʦʜʥʳʤ yʯʘʩʪʠʝʤ (Pʘʜʠʘʮʠʦʥʥʘʷ ʠ ʧpʦʤʳʰʣʝʥʥʘʷ ʵʢʦʣʦʛʠʷ) (ʛ. 

ʊʘʛʘʥpʦʛ, 2016), International Conference on çPhysics and Mechanics of New 

Materials and Their Applicationsè (PHENMA 2016) (Indonesia, 2016).  

Pʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧpʠ ʯʘʩʪʠʯʥʦʡ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝpʞʢʝ ʛpʘʥʪʘʤʠ Pʌʌʀ 

(  ̄ 04-03-32039-ʘ, ̄ 10-03-00189-ʘ, ̄ 08-03-13504-ʦʬʠ_ʮ) ʠ ʛʦʩʢʦʥʪpʘʢʪʘʤ 

ʄʆʅ Pʌ (̄ 14.ɸ18.21.0740, ɿʘʜʘʥʠʝ ˉ 3.1246.2014/ʂ), ʄʠʥʠʩʪʝpʩʪʚʘ 

ʦʙpʘʟʦʚʘʥʠʷ ʠ ʥʘyʢʠ Pʦʩʩʠʡʩʢʦʡ ʌʝʜʝpʘʮʠʠ: ʧpʦʝʢʪʥʘʷ ʯʘʩʪʴ ʛʦʩyʜʘpʩʪʚʝʥʥʦʛʦ 

ʟʘʜʘʥʠʷ ï ɿʘʜʘʥʠʝ ˉ 3.1246.2014/ʂ (ʧʦ ʖʌY ˉ 213.01-11/2014-66ʇʏ) 

çʉʣʦʞʥʦʦʢʩʠʜʥʳʝ ʧpʦʩʪpʘʥʩʪʚʝʥʥʦ-ʥʝʦʜʥʦpʦʜʥʳʝ ʩʪʨʫʢʪʫʨr ʩ 

ʥʘʥʦʤʘʩʰʪʘʙʥʳʤʠ ʜʠʩʪʦpʩʠʷʤʠ: ʦʪ ʧʣʘʟʤʝʥʥʦʡ çʧʳʣʠè ï ʢ ʠʥʪʝʣʣʝʢʪyʘʣʴʥʳʤ 

ʤʘʪʝpʠʘʣʘʤè, ʥʘ ʦʙʦʨʫʜʦʚʘʥʠʠ ʎʝʥʪpʘ ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʧʦʣʴʟʦʚʘʥʠʷ 

çʕʣʝʢʪpʦʤʘʛʥʠʪʥʳʝ, ʵʣʝʢʪpʦʤʝʭʘʥʠʯʝʩʢʠʝ ʠ ʪʝʧʣʦʚʳʝ ʩʚʦʡʩʪʚʘ ʪʚʝpʜʳʭ ʪʝʣè 

ʅʀʀ ʬʠʟʠʢʠ ʖʞʥʦʛʦ ʬʝʜʝpʘʣʴʥʦʛʦ yʥʠʚʝpʩʠʪʝʪʘ ʠ ʚʳʧʦʣʥʷʣʘʩʴ ʧpʠ 

ʯʘʩʪʠʯʥʦʡ ʧʦʜʜʝpʞʢʝ. 

ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦpʘ  

ɺʩʝ ʦʩʥʦʚʥʳʝ pʝʟyʣʴʪʘʪʳ ʜʠʩʩʝpʪʘʮʠʠ ʧʦʣyʯʝʥʳ ʘʚʪʦpʦʤ: ʧpʠʛʦʪʦʚʣʝʥʠʝ 

ʦʙʲʝʢʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʦʙpʘʙʦʪʢʘ ʵʢʩʧʝpʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ, ʚ ʪʦʤ ʯʠʩʣʝ ʧʦ 

pʘʟpʘʙʦʪʘʥʥʳʤ ʝʶ ʤʝʪʦʜʠʢʘʤ, ʘʚʪʦʨʫ ʧpʠʥʘʜʣʝʞʘʪ ʬʦpʤyʣʠpʦʚʢʠ ʮʝʣʠ ʠ ʟʘʜʘʯ 

pʘʙʦʪʳ, ʚʳʙʦp ʦʙʲʝʢʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʠʥʪʝpʧpʝʪʘʮʠʷ ʧʦʣyʯʝʥʥʳʭ ʜʘʥʥʳʭ. ɺ 

ʧpʠʛʦʪʦʚʣʝʥʠʠ ʦʙʲʝʢʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ yʯʘʩʪʚʦʚʘʣʠ ʇyʩʪʦʚʘʷ ʃ.ɽ. ʠ ɺʣʘʩʝʥʢʦ 

ʄ.ʇ. ʉʲʝʤʢy pʝʥʪʛʝʥʜʠʬpʘʢʮʠʦʥʥʳʭ ʧpʦʬʠʣʝʡ ʧpʦʚʦʜʠʣʠ ʂyʣʴʙyʞʝʚ ɹ.ʉ. ʠ 

ʂʘʙʠpʦʚ ʖ.ɺ. ʍʠʤʠʯʝʩʢʠʝ ʩʦʩʪʘʚʳ ʦʙʲʝʢʪʦʚ ʦʧpʝʜʝʣʷʣ ʇʦʥʦʤʘpʝʥʢʦ ɺ.ʆ., 
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ʠʟʤʝpʝʥʠʷ ʕʇP ʩʧʝʢʪpʦʚ ʠ ʠʭ ʠʥʪʝpʧpʝʪʘʮʠʷ ʚʳʧʦʣʥʝʥʳ ɿʘʣʸʪʦʚʳʤ ɺ.ɻ., 

ʠʟʤʝpʝʥʠʷ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ ʯʘʩʪʠ ʦʙpʘʟʮʦʚ ʧpʦʚʝʜʝʥʳ ʂʦpʦʣʴʢʦʚʳʤ ɼ., 

ʜʠʵʣʝʢʪpʠʯʝʩʢʠʝ ʩʧʝʢʪpʳ ʠʟʤʝpʝʥʳ ʇʘʚʣʝʥʢʦ ɸ.ɺ. ɸʚʪʦp ʚ prʘʞʘʝʪ 

ʧpʠʟʥʘʪʝʣʴʥʦʩʪʴ ʟʘ ʧʣʦʜʦʪʚʦpʥʦʝ ʩʦʪʨʫʜʥʠʯʝʩʪʚʦ ʥʘyʯʥʦʤy ʢʦʥʩyʣʴʪʘʥʪy, 

ʧpʦʬʝʩʩʦʨʫ ʂyʧpʠʷʥʦʚy ʄ.ʌ. ʠ ʟʘ ʮʝʥʥʳʝ ʟʘʤʝʯʘʥʠʷ ʧpʦʬʝʩʩʦpʘʤ ʉʘʭʥʝʥʢʦ 

ɺ.ʇ., ʊʫʨʠʢy ɸ.ɺ., ɻyʬʘʥy ʖ.ʄ., Pʝʟʥʠʯʝʥʢʦ ʃ.ɸ., ʂʦʟʘʢʦʚy ɸ.ʊ. ʠ ʊʦpʛʘʰʝʚy 

ɺ.ʀ. ɺʩʝʤ ʧʝpʝʯʠʩʣʝʥʥʳʤ yʯʝʥʳʤ ʘʚʪʦp ʚ prʘʞʘʝʪ ʠʩʢpʝʥʥʶʶ ʙʣʘʛʦʜʘpʥʦʩʪʴ. 

ʇyʙʣʠʢʘʮʠʠ. ʇʦ ʪʝʤʝ ʜʠʩʩʝpʪʘʮʠʠ ʚ pʝʮʝʥʟʠʨʫʝʤʳʭ ʞʫʨʥʘʣʘʭ, 

pʝʢʦʤʝʥʜyʝʤʳʭ ɺɸʂ ʄʠʥʦʙpʥʘyʢʠ Pʌ ʦʧyʙʣʠʢʦʚʘʥʦ 16 ʩʪʘʪʝʡ (çʌʠʟʠʢʘ 

ʪʚʝpʜʦʛʦ ʪʝʣʘè, çɾʫʨʥʘʣ ʩʪʨʫʢʪʫʨʥʦʡ ʭʠʤʠʠè, çʇpʠʙʦpʳ ʠ ʪʝʭʥʠʢʘ 

ʵʢʩʧʝpʠʤʝʥʪʘè, ʀʟʚʝʩʪʠʷ Pɸʅ, ʩʝpʠʷ ʬʠʟʠʯʝʩʢʘʷ, ʀʥʞʝʥʝpʥʳʡ ʚʝʩʪʥʠʢ ɼʦʥʘ, 

ʅʘʥʦ- ʠ ʤʠʢpʦʩʠʩʪʝʤʥʘʷ ʪʝʭʥʠʢʘ, ʂʦʥʩʪʨʫʢʮʠʠ ʠʟ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ 

ʤʘʪʝpʠʘʣʦʚ, ʕʢʦʣʦʛʠʷ ʧpʦʤʳʰʣʝʥʥʦʛʦ ʧpʦʠʟʚʦʜʩʪʚʘ), ʛʣʘʚ rʚ ʤʦʥʦʛpʘʬʠ̫ʭ 

çPiezoceramic Materials and Devicesè, Series çMaterials Science and 

Technologiesè, New York: NOVA Science Publishers, 2012, P. 1-50. ʇʦ 

ʤʘʪʝpʠʘʣʘʤ ʜʠʩʩʝpʪʘʮʠʠ ʚ ʪʨʫʜʘʭ ʄʝʞʜyʥʘpʦʜʥʳʭ ʢʦʥʬʝpʝʥʮʠʡ ʦʧyʙʣʠʢʦʚʘʥʘ 

21 ʩʪʘʪʴʷ ʠ 5 ʩʪʘʪʝʡ ʚ ʵʣʝʢʪpʦʥʥʳʭ ʞʫʨʥʘʣʘʭ (çʀʩʩʣʝʜʦʚʘʥʦ ʚ Pʦʩʩʠʠè, 

çʌʘʟʦʚʳʝ ʧʝpʝʭʦʜʳ, yʧʦpʷʜʦʯʝʥʥʳʝ ʩʦʩʪʦʷʥʠʷ ʠ ʥʦʚʳʝ ʤʘʪʝpʠʘʣʳè). ʏʘʩʪʴ 

ʤʘʪʝpʠʘʣʘ ʜʠʩʩʝpʪʘʮʠʠ ʦʪpʘʞʝʥʘ ʚ 2-ʭ yʯʝʙʥʠʢʘʭ: çʉʦʚpʝʤʝʥʥʳʝ ʤʝʪʦʜʳ 

ʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʚʝʱʝʩʪʚè (2009, ʠʟʜ-ʚʦ ʖʌY) ʠ çʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ 

ʦʩʥʦʚʳ ʩʦʟʜʘʥʠʷ ʘʢʪʠʚʥʳʭ ʤʘʪʝpʠʘʣʦʚè (2011, ʠʟʜ-ʚʦ ʖʌY). 

ʉʪʨʫʢʪʫʨʘ ʠ ʦʙʲʝʤ ʜʠʩʩʝpʪʘʮʠʠ. Pʘʙʦʪʘ ʩʦʩʪʦʠʪ ʠʟ ʚʚʝʜʝʥʠʷ, 6 pʘʟʜʝʣʦʚ 

ʠ ʟʘʢʣʶʯʝʥʠʷ. ʉʦʜʝpʞʠʪ 355 ʩʪpʘʥʠʮ, ʙʠʙʣʠʦʛpʘʬʠʷ ʠʟ 360 ʥʘʠʤʝʥʦʚʘʥʠʡ. 

ʉʧʠʩʦʢ ʧyʙʣʠʢʘʮʠʡ ʘʚʪʦpʘ ï 77 ʥʘʠʤʝʥʦʚʘʥʠʡ: 72 ï ʤʦʥʦʛʨʘʬʠʠ ʠ ʩʪʘʪʴʠ, 2 

ʫʯʝʙʥʠʢʘ, 3 ʅʦʫ-ʭʘʫ.  
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1 ʉʪʨʫʢʪʫʨʘ ʠ ʩʚʦʡʩʪʚʘ ʦʢʩʠʜʥʳʭ ʬʝʨʨʦʠʢʦʚ ʠ ʠʭ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ 

(ʣʠʪʝʨʘʪʫʨʥʳʡ ʦʙʟʦʨ) 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʚʟʘʠʤʦʩʚʷʟʝʡ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʨʘʟʥʳʭ ʪʠʧʦʚ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʩ ʠʭ ʘʪʦʤʥʳʤ ʩʪʨʦʝʥʠʝʤ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʯʠʪʘʝʪʩʷ 

ʥʝʦʙʭʦʜʠʤʳʤ. ɼʣʷ ʘʥʘʣʠʟʘ ʩʪʨʫʢʪʫʨ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʢʘʢ 

ʜʠʬʨʘʢʮʠʦʥʥʳʝ, ʪʘʢ ʠ ʥʝʜʠʬʨʘʢʮʠʦʥʥʳʝ ʤʝʪʦʜʳ: ʜʠʬʨʘʢʮʠʷ ʨʝʥʪʛʝʥʦʚʩʢʠʭ 

ʣʫʯʝʡ, ʵʣʝʢʪʨʦʥʦʚ ʠ ʥʝʡʪʨʦʥʦʚ; ʧʘʨʘʤʘʛʥʠʪʥʳʡ (ʕʇʈ) ʠ ʷʜʝʨʥʳʡ ʤʘʛʥʠʪʥʳʡ 

(ʗʄʈ) ʨʝʟʦʥʘʥʩʳ, ʤʝʩʩʙʘʫʵʨʦʚʩʢʠʡ ɔïʨʝʟʦʥʘʥʩ; ʢʦʤʙʠʥʘʮʠʦʥʥʦʝ ʨʘʩʩʝʷʥʠʝ 

ʩʚʝʪʘ ʠ ʜʨ. ʎʝʣʷʤʠ ʵʪʠʭ ʤʝʪʦʜʦʚ ʷʚʣʷʶʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʩʠʤʤʝʪʨʠʠ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʧʨʦʩʪʨʘʥʩʪʚ, ʪʨʘʥʩʣʷʮʠʦʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʨʝʰʝʪʦʢ, 

ʧʦʟʠʮʠʦʥʥʳʭ ʠ ʪʝʧʣʦʚʳʭ ʧʘʨʘʤʝʪʨʦʚ ʘʪʦʤʦʚ, ʘ ʪʘʢʞʝ ʠʭ ʜʠʥʘʤʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

ʍʦʨʦʰʦ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʩʦʚʦʢʫʧʥʦʩʪʠ ʪʘʢʠʭ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʢʘʢ, ʢʘʢ 

ʫʧʨʫʛʦʩʪʴ, ʪʝʧʣʦʝʤʢʦʩʪʴ, ʵʣʝʢʪʨʦʧʨʦʚʦʜʠʤʦʩʪʴ, ʤʘʛʥʝʪʠʟʤ, ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʝ ʠ 

ʯʘʩʪʠʯʥʦ ʦʧʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ, ʷʚʣʷʶʪʩʷ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʠʤʠ (ʦʙʲʝʤʥʳʤʠ) 

ʠʥʪʝʛʨʘʣʴʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʬʘʟ. ʇʦʵʪʦʤʫ ʫʩʪʘʥʦʚʣʝʥʠʝ 

ʚʟʘʠʤʦʩʚʷʟʝʡ ʤʝʞʜʫ ʘʪʦʤʥʳʤ ʩʪʨʦʝʥʠʝʤ ʢʨʠʩʪʘʣʣʘ (ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ) ʠ ʬʠʟʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ (ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ) ʷʚʣʷʝʪʩʷ ʩʣʦʞʥʦʡ ʟʘʜʘʯʝʡ. ɼʠʬʨʘʢʮʠʦʥʥʳʝ ʤʝʪʦʜʳ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʪʨʫʢʪʫʨ ʢʨʠʩʪʘʣʣʦʚ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʩʧʦʩʦʙʥʳ ʨʝʰʘʪʴ ʟʘʜʘʯʫ 

ʦʧʨʝʜʝʣʝʥʠʷ ʩʪʨʫʢʪʫʨʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʢʨʠʩʪʘʣʣʘ ʚ ʨʘʟʥʳʭ ʤʘʩʰʪʘʙʘʭ: 

ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʦʤ (ʤʘʩʰʪʘʙ ʜʚʦʡʥʠʢʦʚ), ʤʝʟʦʩʢʦʧʠʯʝʩʢʦʤ (ʤʘʩʰʪʘʙ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʙʣʦʢʦʚ) ʠ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʦʤ (ʤʘʩʰʪʘʙ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ). 

ʂʘʢ ʩʧʨʘʚʝʜʣʠʚʦ ʦʪʤʝʪʠʣ ɸ. ɻʠʥʴʝ: çʂʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʥʝʩʦʚʝʨʰʝʥʩʪʚʘ ʯʘʩʪʦ 

ʷʚʣʷʶʪʩʷ ʬʘʢʪʦʨʦʤ 1-ʛʦ ʧʦʨʷʜʢʘ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʪʚʝʨʜʳʭ 

ʪʝʣ, ʠ ʚ ʪʦ ʞʝ ʚʨʝʤʷ, ʢ ʙʦʣʴʰʦʤʫ ʦʛʦʨʯʝʥʠʶ ʬʠʟʠʢʘ, ʠʟʫʯʘʶʱʝʛʦ ʪʚʝʨʜʦʝ ʪʝʣʦ, 

ʵʪʠ ʥʝʩʦʚʝʨʰʝʥʩʪʚʘ ʷʚʣʷʶʪʩʷ ʬʘʢʪʦʨʦʤ ʪʦʣʴʢʦ 2-ʛʦ ʧʦʨʷʜʢʘ ʚ ʷʚʣʝʥʠʷʭ 

ʜʠʬʨʘʢʮʠʠ. ʈʝʥʪʛʝʥʦʚʩʢʠʝ ʣʫʯʠ ʫʚʝʣʠʯʠʚʘʶʪ ʜʦ ʥʝʢʦʪʦʨʦʡ ʩʪʝʧʝʥʠ 

ʩʦʚʝʨʰʝʥʩʪʚʘ ʢʨʠʩʪʘʣʣʦʚ, ʠ ʩ ʠʭ ʧʦʤʦʱʴʶ ʦʙʳʯʥʦ ʙʳʚʘʝʪ ʪʨʫʜʥʦ ʦʙʥʘʨʫʞʠʪʴ 
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ʥʝʩʦʚʝʨʰʝʥʩʪʚʘ ʠ ʝʱʝ ʪʨʫʜʥʝʝ ʠʭ ʠʟʤʝʨʠʪʴ. ʕʪʘ ʬʫʥʜʘʤʝʥʪʘʣʴʥʘʷ ʦʩʦʙʝʥʥʦʩʪʴ 

ʦʢʘʟʘʣʘʩʴ ʚʝʩʴʤʘ ʙʣʘʛʦʧʨʠʷʪʥʦʡ ʜʣʷ ʢʨʠʩʪʘʣʣʦʭʠʤʠʠ, ʪʘʢ ʢʘʢ ʜʘʚʘʣʘ 

ʚʦʟʤʦʞʥʦʩʪʴ ʫʩʪʘʥʦʚʠʪʴ ʠʜʝʘʣʴʥʫʶ ʩʪʨʫʢʪʫʨʫ ʢʨʠʩʪʘʣʣʦʚ, ʠʩʭʦʜʷ ʠʟ ʨʝʘʣʴʥʳʭ 

ʥʝʩʦʚʝʨʰʝʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ, ʥʦ ʦʥʘ ʩʪʘʣʘ ʪʷʞʝʣʳʤ ʧʨʝʧʷʪʩʪʚʠʝʤ ʜʣʷ ʬʠʟʠʢʠ 

ʪʚʝʨʜʦʛʦ ʪʝʣʘ, ʚʳʚʦʜʳ ʢʦʪʦʨʦʡ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʦʣʞʥʳ ʚʩʝ ʝʱʝ 

ʦʩʥʦʚʳʚʘʪʴʩʷ ʥʘ ʩʪʨʫʢʪʫʨʘʭ, ʥʝ ʧʦʣʥʦʩʪʴʶ ʚʳʷʚʣʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦè [6]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʙʣʝʤʳ ʜʦʩʪʦʚʝʨʥʦʛʦ ʠ ʪʦʯʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʩʪʨʫʢʪʫʨʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ ʢʨʠʩʪʘʣʣʦʚ ʜʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʠʭ ʚʟʘʠʤʦʩʚʷʟʝʡ ʩ ʧʨʦʷʚʣʷʝʤʳʤʠ 

ʬʠʟʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʷʚʣʷʶʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʥʳʤʠ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʨʘʟʨʘʙʦʪʢʘʭ ʥʦʚʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ 

ʦʩʥʦʚʝ ʦʢʩʠʜʥʳʭ ʩʠʩʪʝʤ ʯʝʪʢʦ ʥʘʙʣʶʜʘʝʪʩʷ ʪʝʥʜʝʥʮʠʷ ʧʝʨʝʭʦʜʘ ʦʪ ʩʦʟʜʘʥʠʷ ʠ 

ʠʩʩʣʝʜʦʚʘʥʠʡ, ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʳʭ ʧʦ ʩʦʩʪʘʚʫ ʠ ʩʪʨʫʢʪʫʨʝ, ʦʙʲʝʢʪʦʚ ʢ ʩʦʟʜʘʥʠʶ 

ʩʠʣʴʥʦ ʥʝʦʜʥʦʨʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʉʯʠʪʘʝʪʩʷ, ʯʪʦ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ 

ʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʨʘʟʣʠʯʥʳʭ ʚʝʱʝʩʪʚ, ʪʘʢʠʭ ʢʘʢ ʩʚʝʨʭʧʨʦʚʦʜʠʤʦʩʪʴ, 

ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʪʚʦ, ʤʘʛʥʝʪʠʟʤ ʠ ʜʨ., ʫʞʝ ʜʦʩʪʘʪʦʯʥʦ ʭʦʨʦʰʦ ʧʦʥʷʪʳ ʠ 

ʦʧʠʩʘʥʳ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʙʣʠʟʢʠʭ ʢ ʠʜʝʘʣʴʥʳʤ 

ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ. ʆʩʥʦʚʥʘʷ ʤʘʩʩʘ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʩʝ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ 

ʧʨʦʚʦʜʠʪʩʷ ʥʘ ʥʝʦʜʥʦʨʦʜʥʳʭ ʠ ʥʝʨʘʚʥʦʚʝʩʥʳʭ ʩʠʩʪʝʤʘʭ, ʢʦʪʦʨʳʝ 

ʧʨʠʛʦʪʦʚʣʷʶʪʩʷ ʧʨʠ ʩʣʫʯʘʡʥʳʭ ʫʩʣʦʚʠʷʭ. ʇʨʝʜʝʣʴʥʳʤ ʧʨʠʤʝʨʦʤ ʪʘʢʠʭ 

ʦʙʲʝʢʪʦʚ ʷʚʣʷʶʪʩʷ ʩʦʩʪʘʚʳ ʩʤʝʩʝʡ Bi2O3 ʠ ʧʨʦʤʳʰʣʝʥʥʳʭ ʦʪʭʦʜʦʚ (çʢʨʘʩʥʦʡ 

ʛʨʷʟʠè), ʢʦʪʦʨʳʝ ʠʩʩʣʝʜʦʚʘʥʳ ʚ [7]. ɺ ʵʪʦʡ ʨʘʙʦʪʝ ʩʪʨʫʢʪʫʨʥʦʝ ʩʦʩʪʦʷʥʠʝ 

ʦʙʨʘʟʮʦʚ ʬʦʨʤʘʣʴʥʦ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʦ ʦʜʥʠʤʠ (çʵʬʬʝʢʪʠʚʥʳʤʠè) ʬʘʟʘʤʠ ʙʝʟ 

ʫʯʝʪʘ ʦʯʝʚʠʜʥʦʛʦ ʩʦʩʫʱʝʩʪʚʦʚʘʥʠʷ ʨʘʟʥʳʭ ʠʩʭʦʜʥʳʭ, ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʠ 

ʢʦʥʝʯʥʳʭ ʬʘʟ. ɺʤʝʩʪʝ ʩ ʪʝʤ ʘʚʪʦʨʳ [7] ʧʨʠʚʦʜʷʪ ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ, ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠ ʤʘʛʥʠʪʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʠʛʦʪʦʚʣʷʝʤʳʭ 

ʦʙʨʘʟʮʦʚ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʚʨʷʜ ʣʠ ʩʧʦʩʦʙʝʥ ʨʝʰʘʪʴ ʢʘʢ ʢʘʢʠʝ-ʣʠʙʦ ʟʘʜʘʯʠ 

ʫʩʪʘʥʦʚʣʝʥʠʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʦʩʥʦʚ ʧʨʦʷʚʣʷʝʤʳʭ ʩʚʦʡʩʪʚ, ʪʘʢ ʠ ʟʘʜʘʯʠ 

ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʳʭ ʧʦ ʩʚʦʡʩʪʚʘʤ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʧʨʘʢʪʠʯʝʩʢʠʭ 

ʧʨʠʤʝʥʝʥʠʡ. 
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ɹʦʣʝʝ ʦʩʤʳʩʣʝʥʥʳʝ (ʠ ʪʨʫʜʦʝʤʢʠʝ!) ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨ ʠ ʬʠʟʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ ʩʣʘʙʦʫʧʦʨʷʜʦʯʝʥʥʳʭ ʦʢʩʠʜʥʳʭ ʩʠʩʪʝʤ ʧʨʦʚʦʜʷʪʩʷ ʧʫʪʷʤʠ ʘʥʘʣʠʟʘ 

ʵʬʬʝʢʪʦʚ ʥʘʥʦʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ ʚ ʦʙʲʝʢʪʘʭ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʘʥʘʣʠʟʘ ʚʟʘʠʤʦʩʚʷʟʝʡ 

ʩʪʨʫʢʪʫʨʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʠ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ çʪʦʥʢʘʷ ʧʣʝʥʢʘ ï ʧʦʜʣʦʞʢʘè, 

ʛʝʪʝʨʦʩʪʨʫʢʪʫʨ, ʩʚʝʨʭʨʝʰʝʪʦʢ ʠ ʪ.ʜ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘʤ 

ʙʦʣʴʰʦʡ ʛʨʫʧʧʳ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ʦʢʩʠʜʥʳʭ ʩʠʩʪʝʤ 

(ʬʝʨʨʦʠʢʦʚ), ʢʦʪʦʨʳʝ ʦʙʣʘʜʘʶʪ ʨʘʟʣʠʯʥʳʤʠ ʩʦʯʝʪʘʥʠʷʤʠ ʵʣʝʢʪʨʠʯʝʩʢʠʭ, 

ʫʧʨʫʛʠʭ ʠ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ. ʉʨʝʜʠ ʥʠʭ ʦʩʦʙʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʚʝʱʝʩʪʚʘ ʩ ʢʦʣʦʩʩʘʣʴʥʦʡ (ʠʣʠ ʛʠʛʘʥʪʩʢʦʡ) ʤʘʛʥʝʪʦʨʝʟʠʩʪʠʚʥʦʩʪʴʶ. ʂʘʢ 

ʧʦʢʘʟʳʚʘʝʪ ʘʥʘʣʠʟ ʩʦʚʨʝʤʝʥʥʦʡ ʣʠʪʝʨʘʪʫʨʳ (ʥʘʧʨʠʤʝʨ, [8ï17]), ʥʘʠʙʦʣʝʝ 

ʰʠʨʦʢʦ ʠʟʫʯʘʶʪʩʷ ʩʦʩʪʘʚʳ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ ʥʘ ʦʩʥʦʚʝ LaMnO3. ɺ ʪʘʙʣʠʮʝ 1.1 

ʧʨʠʚʝʜʝʥʳ ʠʟʚʝʩʪʥʳʝ ʢ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʩʦʩʪʘʚʳ ʪʘʢʠʭ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ. 

ʊʘʙʣʠʮʘ 1.1 ï ʊʚʝʨʜʳʝ ʨʘʩʪʚʦʨʳ LaMnO3 ï ABO3 

ʊʚʝʨʜʳʝ ʨʘʩʪʚʦʨʳ ʂʘʪʠʦʥʳ 

La1-xA
3+

xMnO3 

La1-xA
2+

xMnO3 

La1-xA
1+

xMnO3 

A3+ ï Ln, Y, Bi, Sc, ...  

A2+ ï Ca, Sr, Ba, Pb, Cd 

A1+ ï K, Ag, Na 

LaMn1-xBxO3 B ï Cr, Co, Ni, ... 

La1-xAxMn1-yByO3 A ï Ln, Y, Bi, Sc, Ca, Sr, Ba, Pb, Cd, K, Ag, Na;  

B ï Fe, Co, Ni, Cr, Cu, Ga 

ɺʠʜʳ ʪʘʢʠʭ ʦʙʲʝʢʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ ʨʘʟʥʦʦʙʨʘʟʥʳ. ɺ ʦʩʥʦʚʥʦʤ ʵʪʦ 

ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʤʘʪʝʨʠʘʣʳ (ʧʦʨʦʰʢʠ ʠ ʢʝʨʘʤʠʢʘ), ʪʦʥʢʠʝ ʧʣʝʥʢʠ ʠ 

ʩʚʝʨʭʨʝʰʝʪʢʠ. ɺ ʝʜʠʥʠʯʥʳʭ ʩʣʫʯʘʷʭ ʠʩʧʦʣʴʟʫʶʪʩʷ ʤʦʥʦʢʨʠʩʪʘʣʣʳ. ɺ ʨʷʜʝ 

ʨʘʙʦʪ ʠʩʩʣʝʜʫʶʪʩʷ ʥʘʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʧʦʨʦʰʢʠ. ʊʘʢʦʡ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ 

ʨʝʘʣʴʥʳʭ ʩʪʨʫʢʪʫʨʥʳʭ ʩʦʩʪʦʷʥʠʡ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʨʘʙʦʪ ʥʝ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʜʦʩʪʦʚʝʨʥʳʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʜʝʪʘʣʝʡ ʩʪʨʫʢʪʫʨʥʳʭ 

ʩʦʩʪʦʷʥʠʡ. ʇʦʵʪʦʤʫ, ʢʘʢ ʧʨʘʚʠʣʦ, ʚʳʷʚʣʷʶʪʩʷ ʥʝʢʦʪʦʨʳʝ ʢʦʨʨʝʣʷʮʠʠ 

ʩʪʨʫʢʪʫʨʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʠ ʥʘʙʣʶʜʘʝʤʳʭ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ, ʯʪʦ 
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ʥʝʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʥʘʜʝʞʥʦʛʦ ʚʳʷʚʣʝʥʠʷ ʠʩʪʠʥʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʧʨʦʷʚʣʷʝʤʳʭ 

ʩʚʦʡʩʪʚ. 

ʉʯʠʪʘʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʦʯʝʚʠʜʥʳʤ, ʯʪʦ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴ ʟʘ ʧʨʦʷʚʣʝʥʠʝ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ, ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ ʦʢʩʠʜʥʳʭ ʩʠʩʪʝʤ ʥʝʩʝʪ 

ʵʣʝʢʪʨʦʥʥʘʷ ʧʦʜʩʠʩʪʝʤʘ ʩʪʨʫʢʪʫʨ. ɽʩʣʠ ʤʘʛʥʠʪʥʳʝ ʩʦʩʪʦʷʥʠʷ ʩʠʩʪʝʤ ʙʘʟʦʚʦ 

ʦʧʨʝʜʝʣʝʥʥʦ ʩʚʷʟʳʚʘʝʪʩʷ ʩ ʤʘʛʥʠʪʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʵʣʝʢʪʨʦʥʘ (ʩʧʠʥʘ) ʠ 

ʦʨʙʠʪʘʣʴʥʳʤʠ ʤʘʛʥʠʪʥʳʤʠ ʤʦʤʝʥʪʘʤʠ, ʪʦ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʩʚʷʟʘʥʳ ʚ 

ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʩ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʟʘʨʷʜʦʚʳʭ ʨʘʩʧʨʝʜʝʣʝʥʠʡ. ʕʣʝʢʪʨʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ ʩʠʩʪʝʤ ʦʧʨʝʜʝʣʷʶʪʩʷ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʧʝʨʝʥʦʩʘ ʟʘʨʷʜʦʚ (ʵʣʝʢʪʨʦʥʦʚ, 

ʜʳʨʦʢ, ʧʦʣʷʨʦʥʦʚ). 

ʋʧʨʘʚʣʝʥʠʝ ʜʘʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʦʙʳʯʥʦ ʵʬʬʝʢʪʠʚʥʦ ʜʦʩʪʠʛʘʝʪʩʷ ʚ 

ʦʢʨʝʩʪʥʦʩʪʷʭ ʨʘʟʣʠʯʥʳʭ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ, ʢʦʪʦʨʳʝ ʚ ʦʢʩʠʜʥʳʭ ʩʠʩʪʝʤʘʭ 

ʧʨʦʠʩʭʦʜʷʪ ʧʨʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʢʨʠʪʠʯʝʩʢʠʭ ʚʦʟʜʝʡʩʪʚʠʷʭ ʪʝʤʧʝʨʘʪʫʨʳ, 

ʜʘʚʣʝʥʠʷ, ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠʣʠ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ. ʆʩʦʙʳʝ çʬʘʟʦʚʳʝ ʧʝʨʝʭʦʜʳè 

ʠʤʝʶʪ ʤʝʩʪʦ ʧʨʠ ʠʟʤʝʥʝʥʠʷʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʘʭ 

ʠʣʠ ʧʨʠ ʠʟʤʝʥʝʥʠʷʭ ʩʪʝʭʠʦʤʝʪʨʠʠ ʩʦʩʪʘʚʘ ʤʘʪʝʨʠʘʣʘ (ʚ ʪʦʤ ʯʠʩʣʝ, ʠ ʧʨʠ 

ʠʟʤʝʥʝʥʠʷʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʚʘʢʘʥʩʠʡ). ʉ ʬʘʟʦʚʳʤʠ ʧʝʨʝʭʦʜʘʤʠ I-ʛʦ ʠʣʠ II -ʛʦ 

ʨʦʜʘ ʚ ʦʢʩʠʜʥʳʭ ʬʝʨʨʦʠʢʘʭ ʩʚʷʟʳʚʘʶʪʩʷ ʧʝʨʝʭʦʜʳ ʩ ʠʟʤʝʥʝʥʠʷʤʠ ʧʘʨʘʤʝʪʨʦʚ 

ʧʦʨʷʜʢʘ [18]. ʆʙʳʯʥʦ ʪʘʢʠʝ ʧʘʨʘʤʝʪʨʳ ʧʦʨʷʜʢʘ ʢʦʥʢʨʝʪʠʟʠʨʫʶʪʩʷ ʜʣʷ 

ʤʘʛʥʠʪʥʳʭ, ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ, ʩʝʛʥʝʪʦʵʣʘʩʪʠʯʝʩʢʠʭ ʧʝʨʝʭʦʜʦʚ ʣʠʙʦ ʢʘʢ 

ʩʧʠʥʦʚʳʝ, ʦʨʙʠʪʘʣʴʥʳʝ, ʣʠʙʦ ʢʘʢ ʧʦʣʷʨʠʟʘʮʠʦʥʥʳʝ, ʣʠʙʦ ʢʘʢ ʜʝʬʦʨʤʘʮʠʦʥʥʳʝ, 

ʠ ʦʧʠʩʳʚʘʶʪʩʷ ʩʦʦʪʚʝʪʩʪʚʝʥʥʳʤ ʦʙʨʘʟʦʤ ʚ ʨʘʤʢʘʭ ʬʝʥʦʤʝʥʦʣʦʛʠʯʝʩʢʦʡ ʪʝʦʨʠʠ 

ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ ʃʘʥʜʘʫ. 

ɺ ʩʪʨʫʢʪʫʨʥʦʤ ʦʪʥʦʰʝʥʠʠ ʬʘʟʦʚʳʝ ʧʝʨʝʭʦʜʳ ʚ ʦʢʩʠʜʥʳʭ ʬʝʨʨʦʠʢʘʭ 

ʧʨʦʷʚʣʷʶʪʩʷ ʚ ʨʘʟʣʠʯʥʳʭ ʠʟʤʝʥʝʥʠʷʭ ʜʝʬʦʨʤʘʮʠʡ ʩʪʨʫʢʪʫʨ: ʠʟʤʝʥʝʥʠʷʭ ʜʣʠʥ 

ʤʝʞʘʪʦʤʥʳʭ ʩʚʷʟʝʡ, ʚʘʣʝʥʪʥʳʭ ʫʛʣʦʚ ʤʝʞʜʫ ʥʠʤʠ, ʠʟʤʝʥʝʥʠʷʭ ʧʘʨʘʤʝʪʨʦʚ 

ʵʣʝʤʝʥʪʘʨʥʳʭ ʷʯʝʝʢ, ʠʟʤʝʥʝʥʠʷʤʠ ʥʝʦʜʥʦʨʦʜʥʳʭ ʤʠʢʨʦʜʝʬʦʨʤʘʮʠʡ ʠ 

ʨʘʟʤʝʨʦʚ ʦʙʣʘʩʪʝʡ ʢʦʛʝʨʝʥʪʥʦʛʦ ʨʘʩʩʝʷʥʠʷ, ʘ ʪʘʢʞʝ ʜʦʤʝʥʥʳʭ ʩʪʨʫʢʪʫʨ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʘʟʣʠʯʥʳʭ ʚʥʝʰʥʠʭ ʚʦʟʜʝʡʩʪʚʠʡ ʠʣʠ ʧʨʠ ʠʟʤʝʥʝʥʠʷʭ 

ʩʦʩʪʘʚʘ ʚ ʦʢʩʠʜʥʳʭ ʬʝʨʨʦʠʢʘʭ ʤʦʛʫʪ ʠʟʤʝʥʷʪʴʩʷ ʧʘʨʘʤʝʪʨʳ ʙʣʠʞʥʝʛʦ ʠ/ʠʣʠ 
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ʜʘʣʴʥʝʛʦ ʢʨʠʩʪʘʣʣʦʭʠʤʠʯʝʩʢʦʛʦ ʧʦʨʷʜʢʘ. ɺ Mn-ʩʦʜʝʨʞʘʱʠʭ ʬʝʨʨʦʠʢʘʭ 

ʩʧʝʮʠʘʣʴʥʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʟʘʨʷʜʦʚʦʤʫ ʫʧʦʨʷʜʦʯʝʥʠʶ Mn3+ ʠ Mn4+ [2]. 

ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʦʢʩʠʜʥʳʭ 

ʬʝʨʨʦʠʢʦʚ, ʚ ʦʩʥʦʚʥʦʤ, ʙʘʟʠʨʫʶʪʩʷ ʥʘ ʨʘʩʩʤʦʪʨʝʥʠʠ ʤʦʜʝʣʴʥʳʭ 

ʛʘʤʠʣʴʪʦʥʠʘʥʦʚ. ʇʨʠ ʵʪʦʤ ʛʣʘʚʥʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʫʯʝʪʫ ʜʚʦʡʥʦʛʦ 

ʦʙʤʝʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. 

1.1 ʌʝʨʨʦʠʢʠ ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʧʝʨʦʚʩʢʠʪʘ 

ʅʘʯʠʥʘʷ ʩ ʩʝʨʝʜʠʥʳ XX ʚʝʢʘ ʫʜʝʣʷʝʪʩʷ ʙʦʣʴʰʦʝ ʚʥʠʤʘʥʠʝ 

ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʢ ʢʠʩʣʦʨʦʜʥʦ-ʦʢʪʘʵʜʨʠʯʝʩʢʠʤ ʩʪʨʫʢʪʫʨʘʤ ʚ ʩʚʷʟʠ ʩ 

ʦʙʥʘʨʫʞʝʥʠʝʤ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʪʠʪʘʥʘʪʘ ʙʘʨʠʷ (BaTiO3), 

ʢʨʠʩʪʘʣʣʠʟʫʶʱʠʤʩʷ ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʪʠʧʘ ʧʝʨʦʚʩʢʠʪʘ. ʇʦʠʩʢʠ ʥʦʚʳʭ 

ʩʝʛʝʥʪʦʵʣʝʢʪʨʠʢʦʚ ʩ ʨʦʜʩʪʚʝʥʥʳʤʠ ʩʪʨʫʢʪʫʨʘʤʠ ʧʨʠʚʝʣʠ ʢ ʩʦʟʜʘʥʠʶ 

ʥʝʩʢʦʣʴʢʠʭ ʩʦʪʝʥ ʥʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ ʥʘ ʙʘʟʝ ʜʚʦʡʥʳʭ ʠ ʪʨʦʡʥʳʭ ʦʢʩʠʜʦʚ ʪʠʧʘ 

ABO3, A'A''BO3, AB'B''O3 ʩ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ ʤʝʞʜʫ ʥʠʤʠ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʝʛʝʥʪʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʩ ʨʘʟʥʦʡ ʩʪʝʧʝʥʴʶ 

ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʣʠʰʴ ʚ ʥʝʩʢʦʣʴʢʠʭ ʜʝʩʷʪʢʘʭ ʥʦʚʳʭ 

ʩʦʝʜʠʥʝʥʠʡ. ɺ ʨʷʜʝ ʜʨʫʛʠʭ ʧʝʨʦʚʩʢʠʪʦʚ ʥʘʙʣʶʜʘʣʠʩʴ ʣʠʰʴ 

ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʬʘʟʦʚʳʝ ʧʝʨʝʭʦʜʳ. ʇʨʘʢʪʠʯʝʩʢʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ 

ʠʟʫʯʝʥʠʝʤ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʷʚʣʝʥʠʡ ʚ ʧʝʨʦʚʩʢʠʪʦʚʳʭ ʩʪʨʫʢʪʫʨʘʭ ʰʣʠ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʭ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʭ, ʧʠʨʦʵʣʝʢʪʨʠʯʝʩʢʠʭ, ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ 

ʠ ʤʘʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. ɺʩʣʝʜ ʟʘ ʦʪʢʨʳʪʠʝʤ ʩʚʝʨʭʧʨʦʚʦʜʠʤʦʩʪʠ 

YBa2Cu3O3-y (YBCO), ʦʙʣʘʜʘʶʱʝʛʦ ʧʝʨʦʚʩʢʠʪʦʚʦʛʦ ʪʠʧʘ ʩʪʨʫʢʪʫʨʦʡ, ʙʳʣʠ 

ʩʦʟʜʘʥʳ ʠ ʠʟʫʯʝʥʳ ʩʦʪʥʠ ʥʦʚʳʭ ʨʦʜʩʪʚʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. ɺ ʧʦʩʣʝʜʥʠʝ ʜʚʘ 

ʜʝʩʷʪʠʣʝʪʠʷ ʦʙʦʩʪʨʠʣʦʩʴ ʚʥʠʤʘʥʠʝ ʢ ʧʝʨʦʚʩʢʠʪʦʚʦʛʦ ʪʠʧʘ ʩʪʨʫʢʪʫʨʘʤ, 

ʦʙʣʘʜʘʶʱʠʭ ʩʚʦʡʩʪʚʘʤʠ ʢʦʣʦʩʩʘʣʴʥʦʡ ʤʘʛʥʝʪʦʨʝʟʠʩʪʠʚʥʦʩʪʠ, ʘ ʪʘʢʞʝ 

ʷʚʣʷʶʱʠʭʩʷ ʤʫʣʴʪʠʬʝʨʨʦʠʢʘʤʠ. 

ʉʧʝʢʪʨ ʢʠʩʣʦʨʦʜʥʦ-ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ʥʝ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʪʦʣʴʢʦ 

ʩʪʨʫʢʪʫʨʘʤʠ ʪʠʧʘ ʧʝʨʦʚʩʢʠʪʘ. ʂ ʥʠʤ ʦʪʥʦʩʷʪʩʷ ʠ ʩʪʨʫʢʪʫʨʳ ʪʠʧʘ ʠʣʴʤʝʥʠʪʘ, 

ʧʠʨʦʭʣʦʨʘ, ʩʣʦʠʩʪʳʝ ʩʪʨʫʢʪʫʨʳ ʬʘʟ ɸʫʨʠʚʠʣʣʠʫʩʘ, ʢʘʣʠʝʚʦ-ʚʦʣʴʬʨʘʤʦʚʳʭ 
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ʙʨʦʥʟ ʠ ʜʨ. ʌʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʪʘʢʠʭ ʩʪʨʫʢʪʫʨ ʚʦ ʤʥʦʛʦʤ ʘʥʘʣʦʛʠʯʥʳ 

ʩʚʦʡʩʪʚʘʤ ʧʝʨʦʚʩʢʠʪʦʚʦʛʦ ʪʠʧʘ ʩʪʨʫʢʪʫʨ. 

ʉʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʪʚʦ ʚ ʧʝʨʦʚʩʢʠʪʘʭ. ɺ ʨʘʟʣʠʯʥʳʭ ʤʦʥʦʛʨʘʬʠʷʭ 

(ʥʘʧʨʠʤʝʨ, ʚ [19ï21]) ʧʨʠʚʦʜʷʪʩʷ ʩʚʝʜʝʥʠʷ ʦ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ, 

ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʭ, ʧʠʨʦʵʣʝʢʪʨʠʯʝʩʢʠʭ, ʦʧʪʠʯʝʩʢʠʭ ʠ ʜʨʫʛʠʭ ʩʚʦʡʩʪʚʘʭ 

ʧʝʨʦʚʩʢʠʪʦʚʳʭ ʩʪʨʫʢʪʫʨ ʨʘʟʣʠʯʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʠʭ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ. ʉʨʝʜʠ 

ʙʦʣʴʰʠʥʩʪʚʘ ʨʘʟʥʦʦʙʨʘʟʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠ 

ʩʦʧʫʪʩʪʚʫʶʱʠʭ ʷʚʣʝʥʠʡ ʚ ʧʝʨʦʚʩʢʠʪʦʚʳʭ ʩʪʨʫʢʪʫʨʘʭ ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʤʠ ʢʘʢ 

ʜʣʷ ʬʠʟʠʢʠ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ, ʪʘʢ ʠ ʜʣʷ ʧʨʘʢʪʠʯʝʩʢʦʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʷ: 1) ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʢʦʚï

ʨʝʣʘʢʩʦʨʦʚ; 2) ʧʦʠʩʢ ʠ ʨʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ ʙʝʩʩʚʠʥʮʦʚʳʭ (leedïfree) 

ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʢʦʚ; 3) ʠʟʫʯʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʳʭ ʤʦʨʬʦʪʨʦʧʥʳʭ ʬʘʟʦʚʳʭ 

ʧʝʨʝʭʦʜʦʚ ʚ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʘʭ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʨʝʢʦʥʩʪʨʫʢʪʠʚʥʳʭ; 4) 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʵʬʬʝʢʪʦʚ ʠʟʤʝʥʝʥʠʡ ʩʪʨʫʢʪʫʨ ʠ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʨʠ 

ʧʝʨʝʭʦʜʘʭ ʦʪ ʤʘʢʨʦï ʠ ʤʠʢʨʦʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ ʢ ʥʘʥʦʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ 

ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʢʦʚ. 

ʉʝʛʥʝʪʦʵʣʝʢʪʨʠʢʠïʨʝʣʘʢʩʦʨʳ. ɺ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʩʧʝʮʠʘʣʴʥʦʝ 

ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʣʦʩʴ ʦʩʦʙʦʡ ʛʨʫʧʧʝ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʢʦʚ: ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʢʦʚï

ʨʝʣʘʢʩʦʨʦʚ [22ï25]. ɼʣʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʘʟʣʠʯʠʡ ʤʝʞʜʫ ʥʦʨʤʘʣʴʥʳʤʠ 

ʢʣʘʩʩʠʯʝʩʢʠʤʠ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʢʘʤʠ ʠ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʢʘʤʠïʨʝʣʘʢʩʦʨʘʤʠ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʘʨʘʤʝʪʨʳ ʨʘʟʤʳʪʠʷ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ. ʕʬʬʝʢʪʳ ʨʘʟʤʳʪʠʷ 

ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ ʥʘʙʣʶʜʘʶʪʩʷ ʠ ʚ ʤʦʥʦʢʨʠʩʪʘʣʣʘʭ, ʠ ʚ ʢʝʨʘʤʠʢʘʭ, ʠ ʚ 

ʪʦʥʢʠʭ ʧʣʝʥʢʘʭ ʢʣʘʩʩʠʯʝʩʢʠʭ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʢʦʚ. ʈʘʟʤʳʪʠʝ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ 

ʚ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʢʘʭïʨʝʣʘʢʩʦʨʘʭ ʪʘʢʞʝ ʠʤʝʝʪ ʤʝʩʪʦ, ʥʦ ʦʥʦ ʠʤʝʝʪ ʨʷʜ 

ʩʫʱʝʩʪʚʝʥʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ.  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

ʨʘʟʣʠʯʥʳʭ ʧʝʨʦʚʩʢʠʪʦʚʳʭ ʩʪʨʫʢʪʫʨ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʨʝʣʘʢʩʦʨʥʳʝ 

ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʦʙʥʘʨʫʞʠʚʘʶʪʩʷ ʚ ʩʣʦʞʥʳʭ ʦʢʩʠʜʥʳʭ 

ʩʠʩʪʝʤʘʭ. ʕʪʦ, ʢʘʢ ʧʨʘʚʠʣʦ, ʩʦʩʪʘʚʳ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ ʥʘ ʦʩʥʦʚʝ ʢʣʘʩʩʠʯʝʩʢʠʭ 

ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʢʦʚ (ʥʘʧʨʠʤʝʨ, BaTiO3 ʠ PbTiO3), ʣʠʙʦ ʩʦʝʜʠʥʝʥʠʷ ʩʦ ʩʣʦʞʥʳʤʠ 
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ʟʘʤʝʱʝʥʠʷʤʠ ʘʪʦʤʘʤʠ ʨʘʟʥʦʛʦ ʩʦʨʪʘ ʵʢʚʠʚʘʣʝʥʪʥʳʭ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʭ 

ʧʦʟʠʮʠʡ (ʥʘʧʨʠʤʝʨ, PbMg1/3Nb2/3O3 (PMN) ʠ PbSc0.5Ta0.5O3 (PST)).  

ɺ ʨʷʜʝ ʨʘʙʦʪ ʧʦ ʠʟʫʯʝʥʠʶ ʩʪʨʫʢʪʫʨ ʩʚʠʥʝʮʩʦʜʝʨʞʘʱʠʭ ʧʝʨʦʚʩʢʠʪʦʚ 

ʧʨʦʚʦʜʠʣʩʷ ʪʱʘʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʬʘʢʪʦʨʦʚ ɼʝʙʘʷïɺʘʣʝʨʘ ʩʦʩʪʘʚʣʷʶʱʠʭ 

ʩʪʨʫʢʪʫʨʳ ʠʦʥʦʚ [26ï29]. ɺ ʯʘʩʪʥʦʩʪʠ, ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʣʷ 

ʩʚʠʥʝʮʩʦʜʝʨʞʘʱʠʭ ʦʢʩʠʜʦʚ ʩ ʧʝʨʦʚʩʢʠʪʦʚʦʛʦ ʪʠʧʘ ʩʪʨʫʢʪʫʨʘʤʠ ʚʳʧʦʣʥʷʝʪʩʷ 

ʩʦʦʪʥʦʰʝʥʠʝ B(Pb) > B(O) > B(B). ʊʦ ʝʩʪʴ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʳʝ ʘʪʦʤʥʳʝ 

ʩʤʝʱʝʥʠʷ ʠʦʥʦʚ Pb (ʩ ʥʘʠʙʦʣʴʰʝʡ ʤʘʩʩʦʡ ʠʦʥʘ!) ʦʢʘʟʳʚʘʶʪʩʷ ʙʦʣʴʰʠʤʠ, ʯʝʤ ʫ 

ʙʦʣʝʝ ʣʝʛʢʠʭ ʠʦʥʦʚ (ʠʦʥʦʚ ʪʠʧʘ B ʠ O). ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʵʪʘ ʦʩʦʙʝʥʥʦʩʪʴ 

ʩʚʷʟʘʥʘ ʩ ʣʦʢʘʣʴʥʳʤʠ ʥʝʫʧʦʨʷʜʦʯʝʥʥʳʤʠ ʩʤʝʱʝʥʠʷʤʠ ʠʦʥʦʚ Pb ʠʟ ʠʜʝʘʣʴʥʳʭ 

ʧʦʟʠʮʠʡ ʚ ʩʪʨʫʢʪʫʨʝ ʪʠʧʘ ʧʝʨʦʚʩʢʠʪʘ.  

ɹʝʩʩʚʠʥʮʦʚʳʝ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʢʠ. ʕʢʦʣʦʛʠʯʝʩʢʠʝ ʠ ʚʝʩʦʚʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ 

ʨʘʟʣʠʯʥʳʤ ʩʝʛʥʝʪʦ- ʧʴʝʟʦʵʣʝʤʝʥʪʘʤ ʦʙʫʩʣʦʚʠʣʠ ʨʘʟʚʠʪʠʝ ʨʘʟʨʘʙʦʪʦʢ 

ʙʝʩʩʚʠʥʮʦʚʳʭ (leedïfree) ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʢʦʚ ʩ ʧʝʨʦʚʩʢʠʪʦʚʦʛʦ ʪʠʧʘ 

ʩʪʨʫʢʪʫʨʘʤʠ. ɺ [30ï35] ʦʙʱʠʝ ʧʦʜʭʦʜʳ ʢ ʪʘʢʠʤ ʨʘʟʨʘʙʦʪʢʘʤ ʧʦʜʨʦʙʥʦ 

ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʥʳ. ʇʨʠ ʵʪʦʤ ʫʯʠʪʳʚʘʶʪʩʷ ʪʦʢʩʠʯʥʦʩʪʴ ʠ ʮʝʥʘ ʭʠʤʠʯʝʩʢʠʭ 

ʵʣʝʤʝʥʪʦʚ, ʠʭ ʧʦʣʷʨʠʟʫʝʤʦʩʪʠ, ʚʦʟʤʦʞʥʦʩʪʠ ʟʘʩʝʣʝʥʠʷ ʨʘʟʥʳʭ 

ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʭ ʧʦʟʠʮʠʡ ʚ ʩʪʨʫʢʪʫʨʘʭ ʪʠʧʘ ʧʝʨʦʚʩʢʠʪʘ (A, B, X). ʅʘ 

ʨʠʩʫʥʢʝ 1.1 (ʘ ï ʛ) ʧʨʠʚʝʜʝʥʳ ʧʨʠʤʝʨʳ ʩʨʘʚʥʝʥʠʷ ʦʩʥʦʚʥʳʭ ʬʠʟʠʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ ʜʣʷ ʩʚʠʥʝʮʩʦʜʝʨʞʘʱʠʭ ʠ ʙʝʩʩʚʠʥʮʦʚʳʭ ʦʢʩʠʜʥʳʭ ʩʠʩʪʝʤ. ʄʦʞʥʦ 

ʚʠʜʝʪʴ, ʯʪʦ ʩʚʠʥʝʮʩʦʜʝʨʞʘʱʠʝ ʩʠʩʪʝʤʳ (ʚ ʦʩʥʦʚʥʦʤ ʥʘ ʦʩʥʦʚʝ ʩʠʩʪʝʤʳ 

ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ PbZrO3 ï PbTiO3 (ʎʊʉ ï PZT)) ʦʙʣʘʜʘʶʪ ʙʦʣʝʝ ʚʳʩʦʢʠʤʠ 

ʟʥʘʯʝʥʠʷʤʠ ʬʠʟʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʦʩʦʙʝʥʥʦ ʚ ʦʙʣʘʩʪʷʭ ʤʦʨʬʦʪʨʦʧʥʳʭ 

ʧʝʨʝʭʦʜʦʚ (morphotropic phase boundary ï MPB). 
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ʘ ʙ 

  

ʚ ʛ 

ʈʠʩʫʥʦʢ 1.1 ï ʂʦʨʨʝʣʷʮʠʠ: ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ d33 (ʘ), 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʨʦʥʠʮʘʝʤʦʩʪʝʡ Ů (ʙ), ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʦʡ 

ʩʚʷʟʠ kp (ʚ) ʠ k33 (ʛ) ʩ ʪʝʤʧʝʨʘʪʫʨʘʤʠ ʂʶʨʠ TC ʨʘʟʥʳʭ ʧʴʝʟʦʢʝʨʘʤʠʢ ʧʨʠ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ [35] 

 

ʄʦʨʬʦʪʨʦʧʥʳʝ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʬʘʟʦʚʳʝ ʧʝʨʝʭʦʜʳ ʚ ʪʚʝʨʜʳʭ 

ʨʘʩʪʚʦʨʘʭ. ɺ ʩʠʩʪʝʤʘʭ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ ʩʦʝʜʠʥʝʥʠʡ ʩ 

ʦʜʠʥʘʢʦʚʦʛʦ ʪʠʧʘ ʩʪʨʫʢʪʫʨʘʤʠ ʩʫʱʝʩʪʚʫʶʪ, ʢʘʢ ʧʨʘʚʠʣʦ, ʦʙʣʘʩʪʠ 

ʤʦʨʬʦʪʨʦʧʥʳʭ ʧʝʨʝʭʦʜʦʚ (ʆʄʇ), ʚ ʢʦʪʦʨʳʭ ʥʘʙʣʶʜʘʝʪʩʷ ʩʦʩʫʱʝʩʪʚʦʚʘʥʠʝ 

ʨʘʟʥʳʭ ʧʦ ʩʠʤʤʝʪʨʠʠ ʬʘʟ. ɺ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʦʩʪʘʚʘʭ ʥʘʙʣʶʜʘʶʪʩʷ 

ʵʢʩʪʨʝʤʘʣʴʥʦʩʪʠ ʧʨʦʷʚʣʷʝʤʳʭ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. ʅʘʠʙʦʣʝʝ ʧʦʜʨʦʙʥʦ ʆʄʇ 

ʠʟʫʯʝʥʳ ʚ ʩʠʩʪʝʤʝ ʎʊʉ ʠ ʚ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ ʩʠʩʪʝʤʘʭ ʥʘ ʝʝ ʦʩʥʦʚʝ [36]. ɺ 



 24 

ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʘʢʪʠʚʥʦ ʠʟʫʯʘʶʪʩʷ ʪʚʝʨʜʳʝ ʨʘʩʪʚʦʨʳ ʩʦʝʜʠʥʝʥʠʡ ʩ 

ʧʝʨʦʚʩʢʠʪʦʚʦʛʦ ʪʠʧʘ ʩʪʨʫʢʪʫʨʘʤʠ ʠ ʩ ʛʝʢʩʘʛʦʥʘʣʴʥʳʤʠ ʩʪʨʫʢʪʫʨʘʤʠ [BiFeO3 ï 

YMnO3 (BFO ï YMO) [37], YMnO3 ï CaMnO3 (YMO ï CMO) [38], LiNbO3 ï 

BiFeO3 (LNO ï BFO) [39, 40]. 

ɺ ʪʘʢʠʭ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʘʭ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʳʝ ʧʝʨʝʭʦʜʳ ʠʤʝʶʪ ʤʝʩʪʦ 

ʤʝʞʜʫ ʨʘʟʥʳʤʠ ʩʪʨʫʢʪʫʨʥʳʤʠ ʪʠʧʘʤʠ ʠ ʧʝʨʝʭʦʜʥʳʝ ʦʙʣʘʩʪʠ ʷʚʣʷʶʪʩʷ 

ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʳʤʠ ʨʝʢʦʥʩʪʨʫʢʪʠʚʥʳʤʠ ʬʘʟʦʚʳʤʠ ʧʝʨʝʭʦʜʘʤʠ. 

ʄʦʞʥʦ ʚʳʜʝʣʠʪʴ ʩʣʝʜʫʶʱʠʝ ʧʨʦʙʣʝʤʳ, ʦʪʥʦʩʷʱʠʝʩʷ ʢ 

ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʠʤ ʪʚʝʨʜʳʤ ʨʘʩʪʚʦʨʘʤ ʩ ʆʄʇ, ʢʦʪʦʨʳʝ ʢ ʥʘʩʪʦʷʱʝʤʫ 

ʚʨʝʤʝʥʠ ʥʝ ʨʘʟʨʝʰʝʥʳ ʦʜʥʦʟʥʘʯʥʦ: 

1) ʩʫʱʝʩʪʚʫʝʪ ʣʠ ʚ ʆʄʇ ʤʦʥʦʢʣʠʥʥʘʷ ʬʘʟʘ ʚ ʩʠʩʪʝʤʝ ʎʊʉ? 

2) ʠʤʝʶʪ ʣʠ ʤʝʩʪʦ ʠʥʜʫʮʠʨʦʚʘʥʥʳʝ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʧʦʣʝʤ ʧʝʨʝʭʦʜʳ ʤʝʞʜʫ 

ʨʘʟʥʳʤʠ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʬʘʟʘʤʠ? 

3) ʧʨʦʠʩʭʦʜʷʪ ʣʠ ʤʦʥʦʪʦʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʠ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ, 

ʧʨʠ ʠʟʤʝʥʝʥʠʷʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʢʦʤʧʦʥʝʥʪʦʚ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ ʠʣʠ ʵʪʠ 

ʠʟʤʝʥʝʥʠʷ ʠʤʝʶʪ ʢʚʘʟʠʤʦʥʦʪʦʥʥʳʡ (ʜʠʩʢʨʝʪʥʳʡ) ʭʘʨʘʢʪʝʨ, ʨʘʟʙʠʚʘʷ 

ʦʙʣʘʩʪʠ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʦʜʥʦʡ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʬʘʟʳ ʥʘ ʙʣʠʟʢʠʝ 

ʬʘʟʦʚʳʝ ʩʦʩʪʦʷʥʠʷ, ʦʪʣʠʯʘʶʱʠʝʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʳʤʠ ʨʘʟʣʠʯʠʷʤʠ 

ʬʠʟʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ? 

4) ʠʤʝʶʪ ʣʠ ʤʝʩʪʦ ʵʬʬʝʢʪʳ ʙʣʠʞʥʝʛʦ ʧʦʨʷʜʢʘ ʚ ʨʘʟʤʝʱʝʥʠʠ ʘʪʦʤʦʚ ʨʘʟʥʦʛʦ 

ʩʦʨʪʘ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʠʜʝʥʪʠʯʥʳʭ ʧʦʟʠʮʠʷʭ ʧʦʜʨʝʰʝʪʦʢ ʩʪʨʫʢʪʫʨʳ, ʚ 

ʩʦʩʪʘʚʘʭ ʩ ʧʨʦʩʪʳʤʠ ʮʝʣʦʯʠʩʣʝʥʥʳʤʠ ʩʦʦʪʥʦʰʝʥʠʷʤʠ ʢʦʤʧʦʥʝʥʪʦʚ 

ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ (1:1, 1:2 ʠ ʪ.ʧ.)? 

5) ʢʘʢʦʚʳ ʩʪʨʫʢʪʫʨʥʳʝ ʧʨʠʯʠʥʳ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʵʬʬʝʢʪʳ ʨʘʟʤʳʪʠʷ 

ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʝʨʝʭʦʜʦʚ? 

ʉʣʦʞʥʦʩʪʠ ʨʘʟʨʝʰʝʥʠʷ ʜʘʥʥʳʭ ʧʨʦʙʣʝʤ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʙʦʣʴʰʠʥʩʪʚʦ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʧʦʣʫʯʝʥʦ ʥʘ ʦʙʨʘʟʮʘʭ, ʧʨʠʛʦʪʦʚʣʝʥʥʳʭ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʥʳʭ ʧʨʝʢʫʨʩʦʨʦʚ ʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. 

ʆʧʨʝʜʝʣʝʥʠʝ ʩʪʨʫʢʪʫʨʥʳʭ ʠ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʦʙʨʘʟʮʦʚ 

ʧʨʦʚʦʜʠʪʩʷ ʥʘ ʨʘʟʥʦʡ ʘʧʧʘʨʘʪʫʨʝ ʠ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ ʨʘʟʥʦʡ ʢʚʘʣʠʬʠʢʘʮʠʠ. 
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ʀʥʪʝʨʧʨʝʪʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʟʘʯʘʩʪʫʶ ʧʨʦʚʦʜʠʣʘʩʴ ʙʝʟ ʜʦʣʞʥʦʛʦ ʚʥʠʤʘʥʠʷ ʢ 

ʩʪʝʧʝʥʷʤ ʠʭ ʜʦʩʪʦʚʝʨʥʦʩʪʠ. 

ʆʩʥʦʚʥʦʡ ʧʨʠʯʠʥʦʡ ʦʪʤʝʯʝʥʥʳʭ ʟʘʪʨʫʜʥʝʥʠʡ ʷʚʣʷʝʪʩʷ ʚʳʩʦʢʘʷ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʦʩʪʦʷʥʠʡ (ʦʩʦʙʝʥʥʦ ʚ ʦʙʣʘʩʪʷʭ 

ʤʦʨʬʦʪʨʦʧʥʳʭ ʧʝʨʝʭʦʜʦʚ) ʢ ʧʘʨʘʤʝʪʨʘʤ ʨʝʘʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ 

ʬʘʟ. ʍʦʨʦʰʦ ʠʟʚʝʩʪʥʦ [41ï48], ʯʪʦ ʬʣʫʢʪʫʘʮʠʠ  ʩʦʩʪʘʚʘ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ, 

ʨʘʟʣʠʯʥʦʛʦ ʪʠʧʘ ʜʠʩʣʦʢʘʮʠʠ, ʜʦʤʝʥʥʳʝ ʛʨʘʥʠʮʳ [49], ʚʘʢʘʥʩʠʦʥʥʳʝ [50] ʠ 

ʧʨʦʯʠʝ ʪʦʯʝʯʥʳʝ ʜʝʬʝʢʪʳ ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʶʪ ʥʘ ʩʚʦʡʩʪʚʘ 

ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʢʨʠʩʪʘʣʣʦʚ ʠ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʢʝʨʘʤʠʢʠ, ʚ ʢʦʪʦʨʦʡ 

ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʨʦʣʴ ʠʛʨʘʶʪ  ʤʝʞʢʨʠʩʪʘʣʣʠʪʥʳʝ ʧʨʦʩʣʦʡʢʠ. 

ʇʦʵʪʦʤʫ (ʢʘʢ ʧʦʢʘʟʘʥʦ ʚ [42, 43]) ʚ ʨʝʘʣʴʥʦʡ ʢʝʨʘʤʠʢʝ ʤʦʛʫʪ 

ʩʦʩʫʱʝʩʪʚʦʚʘʪʴ (ʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʩʦʩʫʱʝʩʪʚʫʶʪ) ʢʨʠʩʪʘʣʣʠʪʳ ʩʦ ʩʣʝʛʢʘ 

ʦʪʣʠʯʘʶʱʠʤʠʩʷ ʩʪʨʫʢʪʫʨʘʤʠ ʠ ʬʠʟʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ. ʇʝʨʝʭʦʜ ʚ ʧʦʩʣʝʜʥʠʝ 

ʛʦʜʳ ʢ ʩʦʟʜʘʥʠʶ ʨʘʟʥʦʛʦ ʚʠʜʘ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʥʘʥʦʩʪʨʫʢʪʫʨ ʠ ʪʦʥʢʠʭ 

ʧʣʝʥʦʢ ʥʘ ʦʩʥʦʚʝ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʪʠʧʘ ʎʊʉ [51ï59], ʧʨʠʚʝʣ ʢ 

ʝʱʝ ʙʦʣʴʰʝʤʫ ʨʘʟʥʦʦʙʨʘʟʠʶ ʩʦʩʪʦʷʥʠʡ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʬʘʟ ʦʜʥʦʛʦ ʠ 

ʪʦʛʦ ʞʝ ʤʘʪʝʨʠʘʣʘ. 

ʅʘʨʫʰʝʥʠʷ ʩʪʝʭʠʦʤʝʪʨʠʠ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ ʥʘ ʦʩʥʦʚʝ ʎʊʉ. ɺ [A4, 

ɸ27, ɸ30, ɸ37, ɸ56, ɸ60] ʧʨʦʚʝʜʝʥʦ ʠʟʫʯʝʥʠʝ ʠʟʤʝʥʝʥʠʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ 

ʩʪʨʫʢʪʫʨʳ ʠ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʩʝʛʥʝʪʦʢʝʨʘʤʠʢ ʥʘ ʦʩʥʦʚʝ ʎʊʉ (ʇʂʈ-1, ʇʂʈ-

7M ʠ ʎʊʉ-83ʛ) ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʦʪʞʠʛʦʚ, ʧʨʠʚʦʜʷʱʠʭ ʢ 

ʥʘʨʫʰʝʥʠʶ ʩʪʝʭʠʦʤʝʪʨʠʠ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ. ʉʦʩʪʘʚʳ ʵʪʠʭ ʦʙʨʘʟʮʦʚ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʪʚʝʨʜʳʝ ʨʘʩʪʚʦʨʳ ʩ ʨʘʟʥʳʤ ʯʠʩʣʦʤ ʠ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ 

ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʨʘʟʣʠʯʥʳʤ ʫʯʘʩʪʢʘʤ ʦʙʣʘʩʪʠ ʤʦʨʬʦʪʨʦʧʥʦʛʦ 

ʧʝʨʝʭʦʜʘ. 

ɼʣʷ ʥʘʤʝʨʝʥʥʦʛʦ ʥʘʨʫʰʝʥʠʷ ʩʪʝʭʠʦʤʝʪʨʠʠ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ ʦʙʨʘʟʮʳ 

ʦʪʞʠʛʘʣʠʩʴ ʧʨʠ ʨʘʟʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʠʟ ʠʥʪʝʨʚʘʣʘ 600 ï 1000 ÁC ʚ ʪʝʯʝʥʠʠ 1 

ʯʘʩʘ. ʇʦʩʣʝ ʢʘʞʜʦʛʦ ʦʪʞʠʛʘ ʠʟʤʝʨʷʣʘʩʴ ʤʘʩʩʘ ʦʙʨʘʟʮʦʚ, ʧʨʦʚʦʜʠʣʠʩʴ 

ʧʨʝʮʠʟʠʦʥʥʳʝ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʠʟʫʯʘʣʠʩʴ ʪʝʤʧʝʨʘʪʫʨʥʳʝ 

ʟʘʚʠʩʠʤʦʩʪʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ. 
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ʅʘ ʨʠʩʫʥʢʘʭ 1.2 ï 1.4 ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ʩʪʨʫʢʪʫʨʥʳʭ ʧʘʨʘʤʝʪʨʦʚ (ʢʦʥʮʝʥʪʨʘʮʠʠ CR ʨʦʤʙʦʵʜʨʠʯʝʩʢʦʡ (R) 

ʬʘʟʳ, ʧʘʨʘʤʝʪʨʦʚ ʨʝʰʝʪʢʠ cT, aT1, aT2 ʪʝʪʨʘʛʦʥʘʣʴʥʳʭ ʬʘʟ), ʤʘʩʩʳ ʦʙʨʘʟʮʦʚ m 

(ʫʩʨʝʜʥʝʥʥʳʝ ʧʦ ʜʝʩʷʪʠ ʦʙʨʘʟʮʘʤ), ʧʘʨʘʤʝʪʨʦʚ ʨʘʟʤʳʪʠʷ 

ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ (K) ʠ ʧʘʨʘʤʝʪʨʦʚ ʨʘʟʤʳʪʠʷ ʬʘʟʦʚʦʛʦ 

ʧʝʨʝʭʦʜʘ æʇʌ, ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ Ů ʚ ʪʦʯʢʝ ʂʶʨʠ (TC), ʪʝʤʧʝʨʘʪʫʨ 

ʂʶʨʠ TC ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʦʪʞʠʛʘ (Tʦʪʞ) ʩʝʛʥʝʪʦʢʝʨʘʤʠʢʠ ʇʂʈ-7ʄ.  
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ʈʠʩʫʥʦʢ 1.2 ï ɿʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʦʪʞʠʛʘ ʩʝʛʥʝʪʦʢʝʨʘʤʠʢʠ ʇʂʈ-7ʄ 

ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ: a ï ʫʩʨʝʜʥʝʥʥʦʡ ʤʘʩʩʳ ʦʙʨʘʟʮʦʚ; b ï 

ʢʦʥʮʝʥʪʨʘʮʠʠ Rï ʬʘʟʳ; c ï ʧʘʨʘʤʝʪʨʦʚ ʨʝʰʝʪʢʠ cT, aT1, aT2 ʪʝʪʨʘʛʦʥʘʣʴʥʳʭ ʬʘʟ 

T1 ʠ T2 
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ʈʠʩʫʥʦʢ 1.3 ï ɿʘʚʠʩʠʤʦʩʪʠ ʧʘʨʘʤʝʪʨʘ ʨʘʟʤʳʪʠʷ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 

ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ (K) ʠ ʧʘʨʘʤʝʪʨʘ ʨʘʟʤʳʪʠʷ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ æʇʌ ʜʣʷ ʇʂʈ-

7ʄ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʦʪʞʠʛʘ 
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ʈʠʩʫʥʦʢ 1.4 ï ɿʘʚʠʩʠʤʦʩʪʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ Ů ʚ ʪʦʯʢʝ ʂʶʨʠ 

(TC) (a), ʪʝʤʧʝʨʘʪʫʨ ʂʶʨʠ TC (b) ʦʪ Tʦʪʞ ʩʝʛʥʝʪʦʢʝʨʘʤʠʢʠ ʇʂʈ-7ʄ 
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ʆʙʱʠʤ ʨʝʟʫʣʴʪʘʪʦʤ ʦʪʞʠʛʘ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʷʚʣʷʝʪʩʷ 

ʫʚʝʣʠʯʝʥʠʝ ʨʘʟʤʳʪʠʷ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ (ʨʠʩʫʥʦʢ 1.3) ʠ 

ʫʤʝʥʴʰʝʥʠʝ ʚʝʣʠʯʠʥʳ Ů ʚ ʪʦʯʢʝ ʂʶʨʠ ʧʦ ʤʝʨʝ ʚʦʟʨʘʩʪʘʥʠʷ Tʦʪʞ (ʨʠʩʫʥʦʢ 1.4, a). 

ʊʘʢʦʝ ʧʦʚʝʜʝʥʠʝ ʨʘʟʤʳʪʠʷ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ ʤʦʞʥʦ ʩʚʷʟʘʪʴ ʢʘʢ ʩ 

ʫʚʝʣʠʯʝʥʠʝʤ ʬʣʫʢʪʫʘʮʠʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʦʤʧʦʥʝʥʪʦʚ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ ʠʟ-ʟʘ 

ʨʘʟʣʠʯʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʨʦʪʝʢʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʨʘʩʧʘʜʘ ʧʝʨʦʚʩʢʠʪʦʚʦʡ 

ʩʪʨʫʢʪʫʨʳ ʚ ʨʘʟʥʳʭ ʤʠʢʨʦʦʙʣʘʩʪʷʭ, ʪʘʢ ʠ ʩ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʤ ʚʣʠʷʥʠʝʤ 

ʩʪʨʫʢʪʫʨʥʳʭ ʜʝʬʝʢʪʦʚ, ʦʙʨʘʟʫʝʤʳʭ ʠʟ-ʟʘ ʠʩʧʘʨʝʥʠʷ PbO ʚ ʢʝʨʘʤʠʢʘʭ ʧʨʠ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʦʪʞʠʛʘʭ.  

ʉʣʘʙʦʝ ʫʤʝʥʴʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʂʶʨʠ ʦʪ Tʦʪʞ (ʨʠʩʫʥʦʢ 1.4, b) ʧʨʠ Tʦʪʞ = 

950 ÁC, ʧʦ-ʚʠʜʠʤʦʤʫ, ʩʚʷʟʘʥʦ ʩ ʦʙʱʠʤ ʚʦʟʨʘʩʪʘʥʠʝʤ ʩʝʛʥʝʪʦʤʷʛʢʦʩʪʠ 

ʤʘʪʝʨʠʘʣʦʚ ʚ ʫʩʣʦʚʠʷʭ ʩʦʩʫʱʝʩʪʚʦʚʘʥʠʷ ʥʝʩʢʦʣʴʢʠʭ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʬʘʟ. 

ʂʘʢ ʫʢʘʟʳʚʘʣʦʩʴ ʚʳʰʝ, ʜʘʣʴʥʝʡʰʝʝ ʫʚʝʣʠʯʝʥʠʝ Tʦʪʞ ʧʨʠʚʦʜʠʪ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ 

ʨʦʩʪʫ ʩʦʜʝʨʞʘʥʠʷ Tïʬʘʟʳ ʩ ʙʦʣʴʰʦʡ ʩʧʦʥʪʘʥʥʦʡ ʜʝʬʦʨʤʘʮʠʝʡ ʵʣʝʤʝʥʪʘʨʥʦʡ 

ʷʯʝʡʢʠ, ʯʪʦ ʝʩʪʝʩʪʚʝʥʥʦ ʫʚʝʣʠʯʠʚʘʝʪ TC ʚ ʠʟʫʯʝʥʥʳʭ ʩʝʛʥʝʪʦʢʝʨʘʤʠʢʘʭ [36, 60]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʧʨʦʮʝʩʩʝ ʠʩʧʘʨʝʥʠʷ PbO ʠʟ ʦʙʲʝʤʘ ʢʝʨʘʤʠʯʝʩʢʠʭ ʟʝʨʝʥ ʧʨʠ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʦʪʞʠʛʘʭ ʩʪʨʫʢʪʫʨʥʳʝ ʧʘʨʘʤʝʪʨʳ ʟʥʘʯʠʪʝʣʴʥʦ 

ʠʟʤʝʥʷʶʪʩʷ. ʕʪʦ ʩʚʷʟʳʚʘʝʪʩʷ ʩ ʨʘʩʧʘʜʦʤ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ ʚ ʯʘʩʪʠ 

ʢʝʨʘʤʠʯʝʩʢʠʭ ʟʝʨʝʥ. 

ʈʘʟʤʝʨʥʳʝ ʵʬʬʝʢʪʳ ʚ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʢʘʭ [61]. ɼʘʚʥʦ ʠʟʚʝʩʪʥʳʝ 

ʵʬʬʝʢʪʳ ʟʘʚʠʩʠʤʦʩʪʠ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʨʘʟʣʠʯʥʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ (ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ, ʤʘʛʥʝʪʠʢʦʚ, ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʢʦʚ ʠ ʜʨ.) ʦʪ 

ʨʘʟʤʝʨʦʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʯʘʩʪʠʮ (ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʙʣʦʢʦʚ) ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ 

ʧʨʠʚʣʝʢʘʶʪ ʧʦʚʳʰʝʥʥʦʝ ʚʥʠʤʘʥʠʝ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʚ ʩʚʷʟʠ ʩ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʘʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʚ ʫʩʪʨʦʡʩʪʚʘʭ 

ʤʠʢʨʦʵʣʝʢʪʨʦʥʠʢʠ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ. ɺʤʝʩʪʝ ʩ ʪʝʤ ʥʝ ʤʝʥʝʝ ʘʢʪʫʘʣʴʥʦ 

ʨʘʟʚʠʪʠʝ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʦʙ ʠʟʤʝʥʝʥʠʷʭ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ 

ʩʪʨʫʢʪʫʨ ʠ ʩʚʦʡʩʪʚ, ʦʙʫʩʣʦʚʣʝʥʥʳʭ ʫʤʝʥʴʰʝʥʠʝʤ ʨʘʟʤʝʨʦʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ 

ʯʘʩʪʠʮ. 
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ɺʦʧʨʦʩʘʤ ʚʣʠʷʥʠʷ ʨʘʟʤʝʨʦʚ ʯʘʩʪʠʮ ʥʘ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʦʩʪʦʷʥʠʷ ʚ 

ʧʝʨʦʚʩʢʠʪʘʭ, ʥʘʯʠʥʘʷ ʩ ʧʠʦʥʝʨʩʢʦʡ ʨʘʙʦʪʳ [62], ʫʜʝʣʷʝʪʩʷ ʧʦʩʪʦʷʥʥʦʝ 

ʚʥʠʤʘʥʠʝ [63]. ʇʨʠʤʝʨʳ ʩʪʨʫʢʪʫʨʥʳʭ ʠʟʤʝʥʝʥʠʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʨʘʟʤʝʨʥʳʤʠ 

ʵʬʬʝʢʪʘʤʠ ʚ ʦʢʩʠʜʘʭ ʜʨʫʛʠʭ ʩʪʨʫʢʪʫʨʥʳʭ ʪʠʧʦʚ, ʧʨʠʚʝʜʝʥʳ ʚ [64, 65]. 

ʄʦʞʥʦ ʚʳʜʝʣʠʪʴ ʩʣʝʜʫʶʱʠʝ ʥʘʠʙʦʣʝʝ ʜʦʩʪʦʚʝʨʥʦ ʦʧʨʝʜʝʣʝʥʥʳʝ 

ʠʟʤʝʥʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʠ ʩʚʦʡʩʪʚ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʝʨʦʚʩʢʠʪʦʚʳʭ ʦʢʩʠʜʦʚ 

ʪʠʧʘ ɸɺʆ3, ʧʨʦʠʩʭʦʜʷʱʠʝ ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʨʘʟʤʝʨʦʚ ʯʘʩʪʠʮ: 

1. ʋʤʝʥʴʰʘʝʪʩʷ ʚʝʣʠʯʠʥʘ ʩʧʦʥʪʘʥʥʦʡ ʜʝʬʦʨʤʘʮʠʠ ʵʣʝʤʝʥʪʘʨʥʳʭ ʷʯʝʝʢ 

ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ʕʪʦʤʫ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʘʢʞʝ ʩʥʠʞʝʥʠʝ 

ʪʝʤʧʝʨʘʪʫʨ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ ʠʟ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʬʘʟ ʚ 

ʧʘʨʘʵʣʝʢʪʨʠʯʝʩʢʠʝ. 

2. ʋʚʝʣʠʯʠʚʘʝʪʩʷ ʦʙʲʝʤ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ (ʠʣʠ ʩʨʝʜʥʠʡ ʧʘʨʘʤʝʪʨ 

ʨʝʰʝʪʢʠ ʧʩʝʚʜʦʢʫʙʠʯʝʩʢʦʡ ʬʘʟʳ). 

3. ʅʘʙʣʶʜʘʶʪʩʷ ʨʘʟʨʳʭʣʝʥʠʷ ʩʪʨʫʢʪʫʨʳ, ʧʨʠʚʦʜʷʱʠʝ ʢ 

ʨʝʢʦʥʩʪʨʫʢʪʠʚʥʳʤ ʬʘʟʦʚʳʤ ʧʝʨʝʭʦʜʘʤ [65]. 

ʅʘ ʨʠʩʫʥʢʝ 1.5 ʧʦʢʘʟʘʥʳ ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ 

ɺʘʊiʆ3 ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʟʤʝʨʘ ʢʨʠʩʪʘʣʣʦʚ [66] 

(ʨʠʩʫʥʦʢ 1.5, ʘ), ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ [67] (ʨʠʩʫʥʦʢ 1.5, ʙ), ʦʪ ʜʦʟ 

ʦʙʣʫʯʝʥʠʷ ʥʝʡʪʨʦʥʘʤʠ [68] (ʨʠʩʫʥʦʢ 1.5, ʚ), ʘ ʪʘʢʞʝ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ [69] 

(ʨʠʩʫʥʦʢ 1.5, ʛ). 

ʆʙʨʘʱʘʝʪ ʥʘ ʩʝʙʷ ʚʥʠʤʘʥʠʝ ʫʚʝʣʠʯʝʥʠʝ ʚʦ ʚʩʝʭ ʩʣʫʯʘʷʭ ʦʙʲʝʤʘ 

ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʠ ʫʤʝʥʴʰʝʥʠʝ ʚʝʣʠʯʠʥ ʩʧʦʥʪʘʥʥʦʡ ʜʝʬʦʨʤʘʮʠʠ ʩ 

ʫʚʝʣʠʯʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ, ʧʨʠ ʚʦʟʨʘʩʪʘʥʠʠ ʯʠʩʣʘ ʨʘʜʠʘʮʠʦʥʥʳʭ ʜʝʬʝʢʪʦʚ ʠ 

ʧʨʠ ʫʤʝʥʴʰʝʥʠʠ ʨʘʟʤʝʨʦʚ ʢʨʠʩʪʘʣʣʦʚ. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʟʘʚʠʩʠʤʦʩʪʠ ʧʘʨʘʤʝʪʨʦʚ 

ʷʯʝʝʢ ɺʘʊiʆ3 ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʪʘʢʞʝ ʦʪʨʘʞʘʶʪ ʨʘʟʤʝʨʥʳʡ 

ʵʬʬʝʢʪ ï ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʚʳʨʘʩʪʘʶʪ ʢʨʠʩʪʘʣʣʠʪʳ 

ʙʦʣʴʰʝʛʦ ʨʘʟʤʝʨʘ. ʇʦʥʷʪʥʦ, ʯʪʦ ʚʦ ʚʩʝʭ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʩʣʫʯʘʷʭ ʚʦʟʜʝʡʩʪʚʠʡ ʥʘ 

ʩʪʨʫʢʪʫʨʫ ɺʘʊiʆ3 ʫʤʝʥʴʰʘʝʪʩʷ ʨʘʜʠʫʩ ʢʦʨʨʝʣʷʮʠʦʥʥʦʛʦ ʤʝʞʘʪʦʤʥʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ʄʦʞʥʦ ʧʨʝʜʧʦʣʘʛʘʪʴ, ʯʪʦ ʚʩʝʩʪʦʨʦʥʥʷʷ ʩʠʩʪʝʤʘʪʠʟʘʮʠʷ  
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ʈʠʩʫʥʦʢ 1.5 ï ʀʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ɺʘʊiʆ3: a ï ʩ 

ʫʤʝʥʴʰʝʥʠʝʤ ʨʘʟʤʝʨʦʚ ʯʘʩʪʠʮ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ (ʩʠʤʚʦʣʳ 

ǒ, ƺ, + ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʜʘʥʥʳʤ ʨʘʟʥʳʭ ʘʚʪʦʨʦʚ); ʙ ï ʧʨʠ ʨʘʟʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ; ʚ ï ʧʨʠ ʨʘʟʥʳʭ ʜʦʟʘʭ ʦʙʣʫʯʝʥʠʷ ʥʝʡʪʨʦʥʘʤʠ, ʥʝʡʪʨʦʥʦʚ/ʩʤ2; 

ʛ ï ʩ ʠʟʤʝʥʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ [61] 

 

ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʥʝʝ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʢʠʩʣʦʨʦʜʥʦ-ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ 

ʩʪʨʫʢʪʫʨ ʠ ʠʭ ʜʘʣʴʥʝʡʰʝʝ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦʝ ʠʟʫʯʝʥʠʝ ʚ ʙʣʠʞʘʡʰʝʤ ʙʫʜʫʱʝʤ 

ʧʦʟʚʦʣʠʪ ʙʦʣʝʝ ʜʝʪʘʣʴʥʦ ʦʙʩʫʜʠʪʴ ʨʦʣʴ ʨʘʟʤʝʨʥʳʭ ʵʬʬʝʢʪʦʚ ʚ ʠʟʤʝʥʝʥʠʷʭ 

ʩʚʦʡʩʪʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʥʘʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ. 

ʈʝʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʬʘʟʦʚʳʝ ʧʝʨʝʭʦʜʳ. ʄʥʦʛʦʯʠʩʣʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʨʦʮʝʩʩʦʚ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʢʠʩʣʦʨʦʜʥʦïʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ʧʦʢʘʟʳʚʘʶʪ, 

ʯʪʦ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʧʦʩʦʙʦʚ ʠʭ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʚ ʚʠʜʝ ʢʨʠʩʪʘʣʣʦʚ, ʧʦʨʦʰʢʦʚ, 

ʢʝʨʘʤʠʢʠ ʠ ʪʦʥʢʠʭ ʧʣʝʥʦʢ, ʘ ʪʘʢʞʝ ʦʪ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ (ʨ, T) 

ʧʨʦʮʝʩʩʳ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʠ ʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʯʘʩʪʦ ʧʨʦʭʦʜʷʪ ʧʦ-ʨʘʟʥʦʤʫ. ɺ 
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ʯʘʩʪʥʦʩʪʠ, ʜʘʚʥʦ ʠʟʚʝʩʪʥʳ (ʥʦ ʩʣʘʙʦ ʠʟʫʯʝʥʳ) ʨʝʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʬʘʟʦʚʳʝ 

ʧʝʨʝʭʦʜʳ ʢʠʩʣʦʨʦʜʥʦ-ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ. 

ʊʘʢ, ʢʫʙʠʯʝʩʢʠʡ ɺʘʊiʆ3 ʧʨʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ (1460 Áʉ) ʧʝʨʝʭʦʜʠʪ ʚ 

ʛʝʢʩʘʛʦʥʘʣʴʥʫʶ ʬʘʟʫ [70], ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʦʪʦʨʦʡ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ 

ʦʙʥʘʨʫʞʠʚʘʶʪ ʜʚʘ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʘ, ʚ ʪʦʤ ʯʠʩʣʝ, ʠ 

ʧʝʨʝʭʦʜ ʚ ʨʘʥʝʝ ʥʝʠʟʚʝʩʪʥʫʶ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʫʶ ʬʘʟʫ [71]. 

ʉʣʝʜʫʶʱʠʤ ʜʘʚʥʦ ʠʟʚʝʩʪʥʳʤ ʧʨʠʤʝʨʦʤ ʨʝʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʬʘʟʦʚʳʭ 

ʧʝʨʝʭʦʜʦʚ ʢʠʩʣʦʨʦʜʥʦ-ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ʷʚʣʷʝʪʩʷ ʉdʊiʆ3, ʢʦʪʦʨʳʡ ʧʨʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʦʙʨʘʟʫʝʪʩʷ ʚ ʠʣʴʤʝʥʠʪʦʧʦʜʦʙʥʦʡ ʬʘʟʝ, ʘ 

ʧʨʠ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ï ʥʝʦʙʨʘʪʠʤʦ ʧʝʨʝʭʦʜʠʪ ʚ ʧʝʨʦʚʩʢʠʪʦʚʫʶ ʬʘʟʫ [72, 73]. 

ʆʙʨʘʪʠʤ ʚʥʠʤʘʥʠʝ ʥʘ ʪʦ, ʯʪʦ ʨʝʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʬʘʟʦʚʳʝ ʧʝʨʝʭʦʜʳ ʚ ɺʘʊiʆ3 ʠ 

ʉdʊiʆ3 ʠʤʝʶʪ ʤʝʩʪʦ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʠ ʦʙʳʯʥʦ ʥʘʙʣʶʜʘʶʪʩʷ ʚ 

ʧʨʦʮʝʩʩʘʭ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʧʨʠ ʧʨʠʛʦʪʦʚʣʝʥʠʠ ʤʘʪʝʨʠʘʣʦʚ. ʂʘʢ ʧʦʢʘʟʘʥʦ ʚ 

ʨʘʙʦʪʝ [74], ʚ ʩʦʝʜʠʥʝʥʠʷʭ ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʪʠʧʘ ʢʦʨʫʥʜʘ (Fʝ2O3, ʊi2ʆ3) ʠ 

ʠʣʴʤʝʥʠʪʘ (Fʝʊiʆ3), ʨʝʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʬʘʟʦʚʳʝ ʧʝʨʝʭʦʜʳ ʚ ʧʝʨʦʚʩʢʠʪʦʚʳʝ 

ʬʘʟʳ ʠʤʝʶʪ ʤʝʩʪʦ ʧʨʠ ʙʦʣʴʰʠʭ ʜʘʚʣʝʥʠʷʭ. 

ɼʨʫʛʠʤʠ ʚʘʞʥʳʤʠ ʧʨʠʤʝʨʘʤʠ ʨʝʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ 

ʢʠʩʣʦʨʦʜʥʦ-ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ʷʚʣʷʶʪʩʷ ʧʝʨʝʭʦʜʳ ʧʠʨʦʭʣʦʨʥʳʭ ʬʘʟ 

(ʢʦʪʦʨʳʝ, ʢʘʢ ʧʨʘʚʠʣʦ, ʦʙʨʘʟʫʶʪʩʷ ʚ ʧʨʦʮʝʩʩʝ ʧʨʠʛʦʪʦʚʣʝʥʠʷ Pbʊiʆ3 ʠ ʪʚʝʨʜʳʭ 

ʨʘʩʪʚʦʨʦʚ ʥʘ ʝʛʦ ʦʩʥʦʚʝ ʚ ʚʠʜʝ ʪʦʥʢʠʭ ʧʣʝʥʦʢ) ʚ ʧʝʨʦʚʩʢʠʪʦʚʳʝ ʧʨʠ 

ʧʦʚʳʰʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʦʪʞʠʛʘ. ʕʪʠ ʧʝʨʝʭʦʜʳ ʷʚʣʷʶʪʩʷ ʥʝʦʙʨʘʪʠʤʳʤʠ 

(ʤʦʥʦʪʨʦʧʥʳʤʠ) [75]. ɸʥʘʣʦʛʠʯʥʳʡ ʨʝʢʦʥʩʪʨʫʢʪʠʚʥʳʡ ʧʝʨʝʭʦʜ ʦʧʠʩʘʥ ʚ 

ʨʘʙʦʪʝ [76]. ʊʠʪʘʥʘʪ ʚʠʩʤʫʪʘ-ʩʪʨʦʥʮʠʷ (SBT) ʚ ʚʠʜʝ ʘʤʦʨʬʥʦʡ ʧʣʝʥʢʠ, 

ʧʦʣʫʯʝʥʥʦʡ ʧʨʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʧʨʠ ʥʘʛʨʝʚʝ ʩʥʘʯʘʣʘ ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ 

ʜʝʬʠʮʠʪʥʫʶ ʬʣʶʦʨʠʪʦʚʫʶ ʬʘʟʫ, ʘ ʟʘʪʝʤ ï ʚ ʩʣʦʠʩʪʫʶ ʩʪʨʫʢʪʫʨʫ ʬʘʟʳ 

ɸʫʨʚʠʣʣʠʫʩʘ (Aurivillius phase). 

ʇʝʨʦʚʩʢʠʪʳïʤʫʣʴʪʠʬʝʨʨʦʠʢʠ. ʀʩʪʦʨʠʯʝʩʢʠ ʛʨʫʧʧʳ ʦʙʲʝʢʪʦʚ, ʚ ʢʦʪʦʨʳʭ 

ʚʥʝʰʥʠʤʠ ʚʦʟʜʝʡʩʪʚʠʷʤʠ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠʣʠ ʤʘʛʥʠʪʥʳʭ ʠʣʠ ʧʦʣʝʡ 

ʤʝʭʘʥʠʯʝʩʢʠʭ ʥʘʧʨʷʞʝʥʠʡ ʧʨʦʠʩʭʦʜʷʪ ʠʟʤʝʥʝʥʠʷ ʥʘʧʨʘʚʣʝʥʠʡ ʵʣʝʢʪʨʠʯʝʩʢʠʭ 

ʜʠʧʦʣʝʡ ʠʣʠ ʤʘʛʥʠʪʥʳʭ ʤʦʤʝʥʪʦʚ ʠʣʠ ʜʝʬʦʨʤʘʮʠʡ, ʥʘʟʳʚʘʶʪ çʬʝʨʨʦʠʢʘʤʠè 
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(ʬʝʨʨʦʵʣʝʢʪʨʠʢʘʤʠ, ʬʝʨʨʦʤʘʛʥʝʪʠʢʘʤʠ, ʬʝʨʨʦʵʣʘʩʪʠʢʘʤʠ). ʊʘʢʠʝ ʠʟʤʝʥʝʥʠʷ 

ʷʚʣʷʶʪʩʷ ʛʠʩʪʝʨʝʟʠʩʥʳʤʠ ʩ ʦʩʪʘʪʦʯʥʦʡ ʧʦʣʷʨʠʟʘʮʠʝʡ ʠʣʠ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴʶ 

ʠʣʠ ʜʝʬʦʨʤʘʮʠʝʡ ʧʨʠ ʥʫʣʝʚʳʭ ʧʦʣʷʭ. ʍʦʨʦʰʦ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʷʚʣʝʥʠʷ 

ʧʝʨʝʢʣʶʯʝʥʠʡ ʩʦʧʨʦʚʦʞʜʘʶʪʩʷ ʠʟʤʝʥʝʥʠʷʤʠ ʫʧʨʫʛʠʭ, ʪʝʧʣʦʚʳʭ, 

ʵʣʝʢʪʨʠʯʝʩʢʠʭ, ʤʘʛʥʠʪʥʳʭ ʠ ʦʧʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʬʝʨʨʦʠʢʦʚ [77]. 

ʄʫʣʴʪʠʬʝʨʨʦʠʢʘʤʠ [78] ʧʨʠʥʷʪʦ ʥʘʟʳʚʘʪʴ ʩʦʝʜʠʥʝʥʠʷ, ʚ ʢʦʪʦʨʳʭ ʩʦʯʝʪʘʶʪʩʷ 

ʩʚʦʡʩʪʚʘ ʨʘʟʥʳʭ ʬʝʨʨʦʠʢʦʚ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘʠʙʦʣʝʝ ʘʢʪʠʚʥʦ ʠʩʩʣʝʜʫʶʪʩʷ 

ʩʝʛʥʝʪʦïʬʝʨʨʦʤʘʛʥʝʪʠʢʠ. 

ɼʨʫʛʠʝ ʛʨʫʧʧʳ ʦʙʲʝʢʪʦʚ ʩʚʷʟʘʥʳ ʩ ʨʘʟʣʠʯʥʳʤʠ ʪʨʘʥʩʧʦʨʪʥʳʤʠ 

ʩʚʦʡʩʪʚʘʤʠ ʧʝʨʝʥʦʩʘ ʟʘʨʷʜʦʚ (ʥʘʧʨʠʤʝʨ, ʧʨʦʚʦʜʥʠʢʠ, ʩʚʝʨʭʧʨʦʚʦʜʥʠʢʠ, 

ʠʦʥʥʳʝ ʧʨʦʚʦʜʥʠʢʠ). ʂʘʢ ʧʦʢʘʟʳʚʘʶʪ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʚ 

ʬʝʨʨʦʠʢʘʭ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʩʪʘʚʘ ʠ ʨʝʘʣʴʥʦʛʦ ʩʪʨʫʢʪʫʨʥʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʨʘʟʣʠʯʥʳʝ ʚʘʨʠʘʥʪʳ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʚʦʡʩʪʚ ʤʦʛʫʪ ʧʨʦʷʚʣʷʪʴʩʷ. 

ʉʦʛʣʘʩʥʦ ʦʙʟʦʨʘʤ [79ï85] ʢ ʤʫʣʴʪʠʬʝʨʨʦʠʢʘʤ ʦʪʥʦʩʷʪ ʩʦʩʪʘʚʳ 

ʨʘʟʣʠʯʥʳʭ ʦʢʩʠʜʥʳʭ ʩʠʩʪʝʤ. ʉʨʝʜʠ ʥʠʭ ʚʳʜʝʣʷʶʪʩʷ ʩʪʨʫʢʪʫʨʳ ʪʠʧʘ 

ʧʝʨʦʚʩʢʠʪʘ, ʰʧʠʥʝʣʠ, ʛʝʢʩʘʬʝʨʨʠʪʘ, ʧʠʨʦʢʩʝʥʘ, ʬʦʣʴʬʨʘʤʠʪʘ, ʛʝʢʩʘʛʦʥʘʣʴʥʳʝ 

ʩʪʨʫʢʪʫʨʳ, ʩʪʨʫʢʪʫʨʳ ʪʠʧʘ ʬʘʟ ɸʫʨʠʚʠʣʣʠʫʩʘ, ʙʦʨʘʮʠʪʳ, ʩʪʨʫʢʪʫʨʳ ʪʠʧʘ 

ʚʦʣʴʬʨʘʤʦʚʳʭ ʙʨʦʥʟ, ʧʩʝʚʜʦʠʣʴʤʝʥʠʪʳ. 

ɺ ʪʘʙʣʠʮʝ 1.2 ʧʨʠʚʝʜʝʥʳ ʩʚʦʜʥʳʝ ʜʘʥʥʳʝ ʦ ʪʝʤʧʝʨʘʪʫʨʘʭ 

ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ (FE, AFE) ʠ ʤʘʛʥʠʪʥʳʭ (FM, AFM) ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʘʭ ʚ 

ʥʘʠʙʦʣʝʝ ʠʟʫʯʝʥʥʳʭ ʤʫʣʴʪʠʬʝʨʨʦʠʢʘʭ ʩʦʩʪʘʚʦʚ ABO3 ʩ ʧʝʨʦʚʩʢʠʪʦʚʦʛʦ (p) ʠ 

ʛʝʢʩʘʛʦʥʘʣʴʥʦʛʦ (H) ʪʠʧʘ ʩʪʨʫʢʪʫʨʘʤʠ. 
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ʊʘʙʣʠʮʘ 1.2 ï ʊʝʤʧʝʨʘʪʫʨʳ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ (FE, AFE) ʠ ʤʘʛʥʠʪʥʳʭ (FM, 

AFM) ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ ʚ ʤʫʣʴʪʠʬʝʨʨʦʠʢʘʭ ʩʦʩʪʘʚʦʚ ABO3  

 

ʉʦʩʪʘʚ ABO3 TFE, K TAFE, K TFM, K TAFM, K 

BiFeO3 (p) 
1103 

(1123) 
ï ï 

643 

(648) 

BiMnO3 (p) ï 
773 

(~ 800) 

103 

(~ 100) 
ï 

BiCrO3 (p) ï 410 123 ï 

BiCoO3 (p) 363 ï ï 113 

BiNiO3 (p) 343 ï ï 233 

EuTiO3 (p) 

(ʧʣʝʥʢʘ) 
250 ï 4.2 ï 

TbMnO3 (p) 28 ï ï 
TN' = 41 

TN'' = 28 

DyMnO3 (p) < 28 ï ï ï 

DyFeO3 (p) ~ 3.5 ï ï 
TN' = 3.5 

TN'' = ~ 645 

YCrO3 (p) ~ 475 ï ï ~ 140 

YMnO3 (p) ~ 28 ï ï ~ 28 

YMnO3 (H) ~ 950 ï ï ~ 77 

YbMnO3 (H) ~ 950 ï ï ~ 77 

InMnO3 (H) ~ 500 ï ï ~ 50 

HoMnO3 (H) ~ 900 ï ï ~ 70 

1.2 ʉʪʨʫʢʪʫʨʘ ʠ ʩʚʦʡʩʪʚʘ ʜʚʦʡʥʳʭ ʦʢʩʠʜʦʚ ABO3 (A ï La, Y, Bi) 

ʂ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʩʦʟʜʘʥʦ ʠ ʠʟʫʯʝʥʦ ʙʦʣʴʰʦʝ ʯʠʩʣʦ ʦʢʩʠʜʦʚ ʩʦ 

ʩʪʨʫʢʪʫʨʘʤʠ ʪʠʧʘ ʧʝʨʦʚʩʢʠʪʘ, ʠʣʴʤʝʥʠʪʘ, ʧʠʨʦʭʣʦʨʘ, ʨʷʜʘ ʛʝʢʩʘʛʦʥʘʣʴʥʳʭ 

ʩʪʨʫʢʪʫʨ ʠ ʜʨ. ʉʨʝʜʠ ʥʝʩʢʦʣʴʢʠʭ ʩʦʪʝʥ ʧʝʨʦʚʩʢʠʪʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ ABO3 ʣʠʰʴ 

ʚ ʥʝʩʢʦʣʴʢʠʭ ʜʝʩʷʪʢʘʭ ʦʙʥʘʨʫʞʝʥʳ ʬʝʨʨʦʠʜʥʳʝ (ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʠʝ, 
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ʤʘʛʥʠʪʥʳʝ ʠ ʩʝʛʥʝʪʦʤʘʛʥʠʪʥʳʝ) ʩʚʦʡʩʪʚʘ. ʂʘʢ ʧʦʢʘʟʳʚʘʝʪ ʘʥʘʣʠʟ, ʦʩʥʦʚʥʳʤʠ 

ʬʝʨʨʦʠʢʘʤʠ, ʥʘ ʙʘʟʝ ʢʦʪʦʨʳʭ ʩʦʟʜʘʶʪʩʷ ʠ ʠʩʩʣʝʜʫʶʪʩʷ ʥʦʚʳʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ 

ʤʘʪʝʨʠʘʣʳ, ʷʚʣʷʶʪʩʷ BiFeO3, LaMnO3 ʠ YMnO3 [86ï155]. BiFeO3 ʠ YMnO3 

ʦʪʥʦʩʷʪʩʷ ʢ ʢʣʘʩʩʠʯʝʩʢʠʤ ʤʫʣʴʪʠʬʝʨʨʦʠʢʘʤ, ʘ LaMnO3 ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʦʡ 

ʤʥʦʛʠʭ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ, ʦʙʣʘʜʘʶʱʠʭ ʵʬʬʝʢʪʦʤ ʢʦʣʦʩʩʘʣʴʥʦʡ 

ʤʘʛʥʝʪʦʨʝʟʠʩʪʠʚʥʦʩʪʠ. 

ʀʟʚʝʩʪʥʳʝ ʢ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʜʚʦʡʥʳʝ ʦʢʩʠʜʳ ABO3 ʩ A ï La, Y, Bi ʠ 

ʠʭ ʩʠʤʤʝʪʨʠʷ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 1.3. 

ʆʪʤʝʪʠʤ, ʯʪʦ ʩʦʩʪʘʚʳ YBO3 ʢʨʠʩʪʘʣʣʠʟʫʶʪʩʷ ʢʘʢ ʩ ʛʝʢʩʘʛʦʥʘʣʴʥʦʛʦ ʪʠʧʘ 

ʩʪʨʫʢʪʫʨʦʡ (YMnO3), ʪʘʢ ʠ ʩ ʧʝʨʦʚʩʢʠʪʦʚʦʛʦ ʪʠʧʘ ʩʪʨʫʢʪʫʨʘʤʠ. 

ʊʘʙʣʠʮʘ 1.3 ï ʉʠʤʤʝʪʨʠʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʬʘʟ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 

ʜʚʦʡʥʳʭ ʦʢʩʠʜʦʚ ABO3 

ABO3 

B 

BiBO3 LaBO3 YBO3 

Al  R3c, Pm3m R3c Pnma 

Sc C2/c Pnma ï 

Ti  Cc? ï Pbnm 

V Pnma? R3c Pbnm 

Cr  C2/c Pbnm Pnma 

Mn  C2/c Pnma, R3c P63cm, P63mmc 

Fe R3c Pm3m, Pbnm Pnma 

Co P4mm Pm3m Pbnm 

Ni P1 Pm3m, R3c ï 

Ga Pcca, Pm3m Pbnm ï 

Rh Pnma, Pbma ï ï 

In  Pna21 Pnma Pbnm 
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ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʚʦʡʥʳʭ ʦʢʩʠʜʦʚ BiBO3. ɸʥʘʣʠʟ ʣʠʪʝʨʘʪʫʨʥʳʭ 

ʜʘʥʥʳʭ ʧʦ ʩʦʝʜʠʥʝʥʠʷʤ BiBO3 (B ï Al, Sc, Cr, Mn, Fe, Co, Ni, Ga, Rh, In) ʩ 

ʧʝʨʦʚʩʢʠʪʦʚʳʤʠ ʪʠʧʘʤʠ ʩʪʨʫʢʪʫʨʘʤʠ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ʨʝʘʣʠʟʫʶʪʩʷ ʨʦʤʙʦʵʜʨʠʯʝʩʢʘʷ ʬʘʟʘ R3c (BiAlO 3, BiFeO3), 

ʤʦʥʦʢʣʠʥʥʘʷ ʬʘʟʘ C2/c (BiScO3, BiCrO3, BiMnO3), ʪʨʠʢʣʠʥʥʘʷ ʬʘʟʘ P1 

(BiNiO3), ʪʝʪʨʘʛʦʥʘʣʴʥʘʷ ʬʘʟʘ P4mm (BiCoO3), ʦʨʪʦʨʦʤʙʠʯʝʩʢʠʝ ʬʘʟʳ Pcca 

(BiGaO3), Pnma ʠʣʠ Pbnm (BiRhO3) ʠ Pna21 (BiInO3) (ʪʘʙʣʠʮʘ 1.4). ʆʪʤʝʪʠʤ, 

ʯʪʦ ʜʣʷ ʨʷʜʘ ʩʦʩʪʘʚʦʚ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʛʨʫʧʧʳ ʩʠʤʤʝʪʨʠʠ, ʦʧʨʝʜʝʣʝʥʥʳʝ 

ʨʘʟʥʳʤʠ ʘʚʪʦʨʘʤʠ, ʦʪʣʠʯʘʶʪʩʷ. ʅʘʧʨʠʤʝʨ, ʜʣʷ ʩʦʩʪʘʚʘ BiGaO3 ʦʧʨʝʜʝʣʝʥʘ ʠ 

ʢʫʙʠʯʝʩʢʘʷ ʬʘʟʘ Pm3m ʠ ʦʨʪʦʨʦʤʙʠʯʝʩʢʘʷ ʬʘʟʘ Pcca. ʕʪʦ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ 

ʩ ʚʘʨʠʘʮʠʝʡ ʩʪʨʫʢʪʫʨ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʣʦʚʠʡ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʦʙʨʘʟʮʦʚ. 

ʅʘ ʨʠʩʫʥʢʝ 1.6 ʧʦʢʘʟʘʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʦʙʲʝʤʦʚ ʧʝʨʦʚʩʢʠʪʦʚʳʭ ʧʦʜʲʷʯʝʝʢ 

BiBO3 ʠ ʪʝʤʧʝʨʘʪʫʨ ʅʝʝʣʷ ʦʪ ʩʦʨʪʘ ʠʦʥʦʚ ʪʠʧʘ B (Cr, Mn, Fe, Co, Ni). 

ɽʩʣʠ ʜʣʷ ʩʦʝʜʠʥʝʥʠʡ BiInO3, BiScO3, BiGaO3, BiAlO 3 ʦʙʲʝʤʳ 

ʧʝʨʦʚʩʢʠʪʦʚʳʭ ʧʦʜʲʷʯʝʝʢ ʤʦʥʦʪʦʥʥʦ ʫʤʝʥʴʰʘʶʪʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʪʦʣʝʨʘʥʩ-

ʬʘʢʪʦʨʘ, ʪʦ ʜʣʷ ʩʦʝʜʠʥʝʥʠʡ BiBO3 ʩ B ï Cr, Co, Ni, Mn, Fe ʪʘʢʦʡ ʢʦʨʨʝʣʷʮʠʠ ʥʝʪ 

(ʨʠʩʫʥʦʢ 1.7 a, b). ʋʚʝʣʠʯʝʥʥʳʝ ʦʙʲʝʤʳ ʧʝʨʦʚʩʢʠʪʦʚʳʭ ʧʦʜʲʷʯʝʝʢ ʩʦʝʜʠʥʝʥʠʡ 

BiCrO3, BiMnO3 ʠ BiFeO3 ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʥʘʣʠʯʠʝʤ ʩʧʦʥʪʘʥʥʦʡ ʜʝʬʦʨʤʘʮʠʠ, 

ʭʘʨʘʢʪʝʨʥʦʡ ʜʣʷ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʬʘʟ. 

ɺ ʩʦʝʜʠʥʝʥʠʷʭ, ʢʨʦʤʝ BiAlO 3, BiScO3, BiInO3, ʦʙʥʘʨʫʞʠʚʘʶʪʩʷ 

ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʳʝ ʩʦʩʪʦʷʥʠʷ ʩ ʪʝʤʧʝʨʘʪʫʨʘʤʠ ʅʝʝʣʷ ʦʪ 100 ʜʦ 643 K. 

ʊʦʣʴʢʦ ʚ BiMnO3 ʪʝʤʧʝʨʘʪʫʨʘ ʂʶʨʠ ʩʧʠʥ-ʨʝʦʨʠʝʥʪʘʮʠʦʥʥʦʛʦ ʧʝʨʝʭʦʜʘ ʚ 

ʬʝʨʨʦʤʘʛʥʠʪʥʦʝ ʩʦʩʪʦʷʥʠʝ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʨʘʚʥʘ 100 K (ʪʘʙʣʠʮʘ 1.5). 

ʉʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʘʷ ʩʧʦʥʪʘʥʥʘʷ ʧʦʣʷʨʠʟʘʮʠʷ ʠʟʤʝʨʝʥʘ ʣʠʰʴ ʚ BiAlO3 

(Tʉ = 820 K), ʚ BiFeO3 (Tʉ = 1098 K) ʠ ʚ BiCoO3 (Tʉ > 600 K) ʩ ʚʝʣʠʯʠʥʘʤʠ 

ʩʧʦʥʪʘʥʥʦʡ ʧʦʣʷʨʠʟʘʮʠʠ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 10, 100, 120 ʤʢKʣ/ʩʤ2, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 
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ʊʘʙʣʠʮʘ 1.4 ï ʉʪʨʫʢʪʫʨʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ BiBO3 [86ï129] ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ 

BiBO3 ʉʠʤʤʝʪʨʠʷ 

ʇʘʨʘʤʝʪʨʳ 

ʵʣʝʤʝʥʪʘʨʥʳʭ 

ʷʯʝʝʢ (¡) ʠ ʠʭ 

ʦʙʲʝʤʳ (¡3) 

ʆʙʲʝʤʳ 

ʧʝʨʦʚʩʢʠʪʦʚʳʭ 

ʧʦʜʲʷʯʝʝʢ, ¡3 

ʊʦʣʝʨʘʥʩ-

ʬʘʢʪʦʨ, t 

BiAlO 3 
R3c 

a = 5.375 

c = 13.393 

V = 335.15 

55.86 0.950 

Pm3m a = 3.724 51.65 0.950 

BiScO3 C2/c 

a = 9.890 

b = 5.822 

c = 10.046 

ɓ = 108.30Á 

V = 549.20 

68.65 0.857 

BiCrO3 C2/c 

a = 9.468 

b = 5.482 

c = 9.587 

ɓ = 108.57Á 

V = 471.68 

58.96 0.912 

BiMnO3 C2/c 

a = 9.542 

b = 5.613 

c = 9.863 

ɓ = 110.66Á 

V = 494.25 

61.78 0.929 

BiFeO3 R3c 

a = 5.574 

c = 13.858 

V = 372.87 

62.14 0.943 

BiCoO3 P4mm 

a = 3.729 

c = 4.724 

V = 65.70 

65.70 0.915 

BiNiO3 P1 

a = 5.385 

b = 5.650 

c = 7.708 

Ŭ = 91.25Á 

ɓ = 89.81Á 

ɔ = 91.54Á 

V = 234.29 

58.57 0.919 
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 1.4 

BiBO3 ʉʠʤʤʝʪʨʠʷ 

ʇʘʨʘʤʝʪʨʳ 

ʵʣʝʤʝʥʪʘʨʥʳʭ 

ʷʯʝʝʢ (¡) ʠ ʠʭ 

ʦʙʲʝʤʳ (¡3) 

ʆʙʲʝʤʳ 

ʧʝʨʦʚʩʢʠʪʦʚʳʭ 

ʧʦʜʲʷʯʝʝʢ, ¡3 

ʊʦʣʝʨʘʥʩ-

ʬʘʢʪʦʨ, t 

BiGaO3 
Pcca 

a = 5.416 

b = 5.134 

c = 9.937 

V = 276.29 

69.07 0.910 

Pm3m a = 5.810 65.36 0.910 

BiRhO3 

Pnma 

a = 5.810 

b = 7.772 

c = 5.351 

V = 241.62 

60.40 0.890 

Pbma 

a = 5.354 

b = 5.813 

c = 7.776 

V = 242.01 

60.50 0.890 

BiInO3 Pna21 

a = 5.955 

b = 5.602 

c = 8.386 

V = 279.74 

69.94 0.836 

ʊʘʙʣʠʮʘ 1.5 ï ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʚʦʡʩʪʚ BiBO3 [86ï129] 

BiBO3 

ʉʧʦʥʪʘʥʥʘʷ 

ʧʦʣʷʨʠʟʘʮʠʷ, 

ÕC*ʩm-2 

ʊʉ, K 
ʄʘʛʥʠʪʥʳʝ 

ʩʚʦʡʩʪʚʘ 
ʊN, TC, K 

BiAlO 3 10 820 ï ï 

BiScO3 ï 870 ï ï 

BiCrO3 ï ï AFM 109 ʠ 80  

BiMnO3 ï ï FM 99ï102 

BiFeO3 100 1098 AFM 643 

BiCoO3 120 >600 AFM 470 

BiNiO3 ï ï AFM 300 

BiGaO3 ï 300 AFM 140 

BiInO3 ï >870 ï ï 
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ʈʠʩʫʥʦʢ 1.6 ï ʂʦʨʨʝʣʷʮʠʷ ʦʙʲʝʤʦʚ ʧʝʨʦʚʩʢʠʪʦʚʳʭ ʧʦʜʲʷʯʝʝʢ BiBO3 ʠ 

ʪʝʤʧʝʨʘʪʫʨ ʤʘʛʥʠʪʥʳʭ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ 

 

ʂ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʠʟʫʯʝʥʦ ʥʝʩʢʦʣʴʢʦ ʩʦʪʝʥ ʩʦʩʪʘʚʦʚ ʙʠʥʘʨʥʳʭ 

ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ ʥʘ ʦʩʥʦʚʝ ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʤʫʣʴʪʠʬʝʨʨʦʠʢʘ BiFeO3. ɺ 

ʢʘʯʝʩʪʚʝ ʚʪʦʨʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʢʘʢ ʩʦʝʜʠʥʝʥʠʷ YBO3 ʠ LaBO3, 

ʪʘʢ ʠ ʜʨʫʛʠʝ ʩʦʝʜʠʥʝʥʠʷ ʩ ʢʠʩʣʦʨʦʜʥʦ-ʦʢʪʘʵʜʨʠʯʝʩʢʠʤʠ ʩʪʨʫʢʪʫʨʘʤʠ. 
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ʈʠʩʫʥʦʢ 1.7 ï ɿʘʚʠʩʠʤʦʩʪʠ ʦʙʲʝʤʦʚ ʧʝʨʦʚʩʢʠʪʦʚʳʭ ʧʦʜʲʷʯʝʝʢ BiBO3 ʦʪ 

ʪʦʣʝʨʘʥʩ-ʬʘʢʪʦʨʦʚ: (a) ï ʜʣʷ ʩʦʩʪʘʚʦʚ ʩ B ï Cr, Co, Ni, Mn, Fe (dï

ʵʣʝʤʝʥʪʳ); (b) ï ʜʣʷ ʩʦʩʪʘʚʦʚ ʩ B ï In, Sc, Ga, Al . 

 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʚʦʡʥʳʭ ʦʢʩʠʜʦʚ LaBO3. ɺ ʪʘʙʣʠʮʝ 1.6 ʧʨʠʚʦʜʷʪʩʷ 

ʩʠʤʤʝʪʨʠʷ, ʧʘʨʘʤʝʪʨʳ ʵʣʝʤʝʥʪʘʨʥʳʭ ʷʯʝʝʢ, ʦʙʲʝʤʳ ʧʝʨʦʚʩʢʠʪʦʚʳʭ ʧʦʜʲʷʯʝʝʢ 

ʠ ʪʦʣʝʨʘʥʩ-ʬʘʢʪʦʨʳ ʩʦʩʪʘʚʦʚ LaBO3 ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ [130ï149]. 
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ʊʘʙʣʠʮʘ 1.6 ï ʉʪʨʫʢʪʫʨʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ LaBO3 [130ï149] ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ 

LaBO3 ʉʠʤʤʝʪʨʠʷ 

ʇʘʨʘʤʝʪʨʳ 

ʵʣʝʤʝʥʪʘʨʥʳʭ 

ʷʯʝʝʢ (¡) ʠ ʠʭ 

ʦʙʲʝʤʳ (¡3) 

ʆʙʲʝʤʳ 

ʧʝʨʦʚʩʢʠʪʦʚʳʭ 

ʧʦʜʲʷʯʝʝʢ, ¡3 

ʊʦʣʝʨʘʥʩ-

ʬʘʢʪʦʨ, t 

LaAlO3 R3c 

a = 5.365 

c = 13.108 

V = 326.64 

54.44 0.956 

LaScO3 Pnma 

a = 5.765 

b = 8.056 

c = 5.651 

V = 262.43 

65.61 0.865 

LaVO3 R3c 

a = 5.562 

c = 13.747 

V = 368.28 

61.38 0.910 

LaCrO3 Pbnm 

a = 5.516 

b = 5.480 

c = 7.759 

V = 234.53 

58.63 0.922 

LaMnO3 Pnma 

a = 5.655 

b = 7.717 

c = 5.536 

V = 241.61 

60.40 0.909 

LaFeO3 

Pm3m a = 3.925 60.47 0.909 

Pbnm 

a = 5.554 

b = 5.565 

c = 7.853 

V = 242.73 

60.68 0.909 

LaCoO3 Pm3m a = 3.820 55.74 0.956 

LaNiO3 Pm3m a = 3.851 57.11 0.949 

LaGaO3 Pbnm 

a = 5.523 

b = 5.492 

c = 7.773 

V = 235.73 

58.93 0.920 

LaInO3 Pnma 

a = 5.937 

b = 8.210 

c = 5.719 

V = 278.71 

69.68 0.843 
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ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʨʷʜʫ LaInO3 (Pnma), LaScO3 (Pnma), LaVO3 (R3c), 

LaMnO3 (Pnma), LaGaO3 (Pbnm), LaFeO3 (Pbnm), LaCrO3 (Pbnm), LaNiO3 

(Pm3m), LaCoO3 (Pm3m), LaAlO3 (R3c) ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʪʦʣʝʨʘʥʩ-ʬʘʢʪʦʨʘ ʦʪ 0.84 

ʜʦ 0.96 ʦʙʲʝʤʳ ʧʝʨʦʚʩʢʠʪʦʚʳʭ ʧʦʜʲʷʯʝʝʢ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʫʤʝʥʴʰʘʶʪʩʷ 

(ʨʠʩʫʥʦʢ 1.8). ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʠʜʘ ʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʜʝʬʝʢʪʦʚ LaMnO3 ʠ 

LaFeO3 ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʣʠʙʦ ʦʨʪʦʨʦʤʙʠʯʝʩʢʠʤʠ 

ʬʘʟʘʤʠ (Pnma ʠʣʠ Pbnm), ʣʠʙʦ ʨʦʤʙʦʵʜʨʠʯʝʩʢʦʡ ʬʘʟʦʡ R3c. 
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ʈʠʩʫʥʦʢ 1.8 ï ɿʘʚʠʩʠʤʦʩʪʠ ʦʙʲʝʤʦʚ ʧʝʨʦʚʩʢʠʪʦʚʳʭ ʧʦʜʲʷʯʝʝʢ LaBO3 ʦʪ 

ʪʦʣʝʨʘʥʩ-ʬʘʢʪʦʨʦʚ 

 

LaMnO3 ʧʨʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ (~ 150 K) ʧʨʦʷʚʣʷʝʪ 

ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ. ʉʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʬʘʟ LaMnO3 ʜʦ ʩʠʭ ʧʦʨ 

ʥʝ ʦʙʥʘʨʫʞʝʥʦ ʚ ʰʠʨʦʢʦʤ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ. ʇʦʵʪʦʤʫ ʦʥ ʥʝ ʦʪʥʦʩʠʪʩʷ ʢ 

ʤʫʣʴʪʠʬʝʨʨʦʠʢʘʤ. ɺʤʝʩʪʝ ʩ ʪʝʤ, ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʪʚʝʨʜʳʝ ʨʘʩʪʚʦʨʳ ʥʘ ʦʩʥʦʚʝ 

LaMnO3 ʧʨʦʷʚʣʷʶʪ ʥʝ ʪʦʣʴʢʦ ʩʚʦʡʩʪʚʘ, ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʤʫʣʴʪʠʬʝʨʨʦʠʢʦʚ, ʥʦ 

ʠ ʩʚʦʡʩʪʚʘ ʢʦʣʦʩʩʘʣʴʥʦʡ ʤʘʛʥʝʪʦʨʝʟʠʩʪʠʚʥʦʩʪʠ. 
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ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʡ ʚʪʦʨʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʚ ʨʘʩʪʚʦʨʘʭ LaMnO3 

ï ABO3 (ʛʜʝ A ï ʦʜʥʦʚʘʣʝʥʪʥʳʝ, ʜʚʫʭʚʘʣʝʥʪʥʳʝ ʠʣʠ ʪʨʝʭʚʘʣʝʥʪʥʳʝ ʠʦʥʳ) ʥʘ 

ʬʘʟʦʚʳʭ ʜʠʘʛʨʘʤʤʘʭ ʪʠʧʘ (x, T) ʚʳʜʝʣʷʶʪʩʷ ʦʙʣʘʩʪʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʤʝʪʘʣʣʠʯʝʩʢʠʤ ʠʣʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʤ ʬʘʟʘʤ, ʦʙʣʘʜʘʶʱʠʭ ʩʚʦʡʩʪʚʘʤʠ 

ʧʘʨʘʤʘʛʥʝʪʠʟʤʘ, ʬʝʨʨʦʤʘʛʥʝʪʠʟʤʘ ʠʣʠ ʘʥʪʠʬʝʨʨʦʤʘʛʥʝʪʠʟʤʘ. 

ʕʪʠ ʦʩʦʙʝʥʥʦʩʪʠ, ʚʦ-ʧʝʨʚʳʭ, ʩʚʷʟʳʚʘʶʪʩʷ ʩ ʩʫʱʝʩʪʚʦʚʘʥʠʝʤ ʚ ʩʪʨʫʢʪʫʨʘʭ 

ʪʠʧʘ ʧʝʨʦʚʩʢʠʪʘ ʧʝʨʝʭʦʜʥʳʭ d-ʵʣʝʤʝʥʪʦʚ, ʢʦʪʦʨʳʝ ʟʘʥʠʤʘʶʪ ʧʦʟʠʮʠʠ ʚ 

ʢʠʩʣʦʨʦʜʥʳʭ ʦʢʪʘʵʜʨʘʭ ʩ ʥʝʨʘʚʥʦʮʝʥʥʳʤʠ ʩʚʷʟʷʤʠ çʢʠʩʣʦʨʦʜ ï ʠʦʥ Bè. 

ʅʝʨʘʚʥʦʮʝʥʥʦʩʪʴ ʪʘʢʠʭ ʩʚʷʟʝʡ ʦʙʲʷʩʥʷʶʪ ʵʬʬʝʢʪʦʤ ʗʥʘ-ʊʝʣʣʝʨʘ. ɺʦ-ʚʪʦʨʳʭ, 

ʬʘʟʳ LaBO3 ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʷʚʣʷʶʪʩʷ ʨʝʟʫʣʴʪʘʪʦʤ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʬʘʟʦʚʳʭ ʠʟʤʝʥʝʥʠʡ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʢʫʙʠʯʝʩʢʠʭ ʬʘʟ 

ʧʨʠ ʧʦʥʠʞʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨ ʢ ʢʦʤʥʘʪʥʦʡ ʟʘ ʩʯʝʪ ʜʝʡʩʪʚʠʷ ʨʘʟʥʳʭ ʧʘʨʘʤʝʪʨʦʚ 

ʧʦʨʷʜʢʘ, ʚ ʦʩʥʦʚʥʦʤ ʩʚʷʟʘʥʥʳʭ ʩ ʩʦʛʣʘʩʦʚʘʥʥʳʤʠ ʧʦʚʦʨʦʪʘʤʠ ʢʠʩʣʦʨʦʜʥʳʭ 

ʦʢʪʘʵʜʨʦʚ. 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʚʦʡʥʳʭ ʦʢʩʠʜʦʚ YBO3. ʆʧʨʝʜʝʣʝʥʦ, ʯʪʦ ʚ ʨʷʜʫ ʦʪ YAlO3 ʢ 

YInO3 ʩʠʤʤʝʪʨʠʷ ʬʘʟ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ï ʦʨʪʦʨʦʤʙʠʯʝʩʢʘʷ Pnma ʠʣʠ 

Pbnm. ʉʪʨʫʢʪʫʨʘ YMnO3 ʤʦʞʝʪ ʙʳʪʴ ʣʠʙʦ ʛʝʢʩʘʛʦʥʘʣʴʥʦʡ P63cm ʣʠʙʦ 

ʦʨʪʦʨʦʤʙʠʯʝʩʢʦʡ ʧʝʨʦʚʩʢʠʪʦʚʦʡ Pbnm ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ ʠ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʜʝʬʝʢʪʦʚ, ʦʧʨʝʜʝʣʷʝʤʳʭ ʫʩʣʦʚʠʷʤʠ ʧʨʠʛʦʪʦʚʣʝʥʠʷ. 

ʌʘʟʘ P63cm ʷʚʣʷʝʪʩʷ ʧʦʣʷʨʥʦʡ ʩʝʛʥʝʪʦʵʣʝʪʨʠʯʝʩʢʦʡ ʠ 

ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʦʡ. ʆʨʪʦʨʦʤʙʠʯʝʩʢʠʝ ʬʘʟʳ YBO3 (Pbnm ʠʣʠ Pnma) ʦʙʣʘʜʘʶʪ 

ʩʝʛʥʝʪʦʵʣʘʩʪʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʪʦ ʝʩʪʴ ʚ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʷʭ ʦʩʥʦʚʥʳʤ 

ʧʘʨʘʤʝʪʨʦʤ ʧʦʨʷʜʢʘ ʷʚʣʷʝʪʩʷ ʩʧʦʥʪʘʥʥʘʷ ʜʝʬʦʨʤʘʮʠʷ. 

ɻʝʢʩʘʛʦʥʘʣʴʥʘʷ ʬʘʟʘ ʤʘʥʛʘʥʠʪʘ ʠʪʪʨʠʷ (YMnO3) ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ʠʤʝʝʪ ʦʙʲʝʤ ʧʨʠʚʝʜʝʥʥʦʡ ABO3 ʷʯʝʡʢʠ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʠʡ, ʯʝʤ 

ʦʙʲʝʤ ʧʝʨʦʚʩʢʠʪʦʚʦʡ ʧʦʜʷʯʝʡʢʠ ʦʨʪʦʨʦʤʙʠʯʝʩʢʦʡ ʬʘʟʳ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ 

ʚ ʛʝʢʩʘʛʦʥʘʣʴʥʦʡ ʬʘʟʝ ʠʦʥʳ Mn ʦʢʨʫʞʝʥʳ ʧʷʪʴʶ ʢʠʩʣʦʨʦʜʘʤʠ, ʪʦ ʝʩʪʴ, 

ʥʘʭʦʜʷʪʩʷ ʚ ʢʠʩʣʦʨʦʜʦʚʦʡ ʙʠʧʠʨʘʤʠʜʝ ʩ ʝʝ ʩʝʯʝʥʠʝʤ ʚ ʚʠʜʝ ʪʨʝʫʛʦʣʴʥʠʢʘ, 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʛʦ ʦʩʠ z ʛʝʢʩʘʛʦʥʘʣʴʥʦʡ ʬʘʟʳ. ɺ ʧʝʨʦʚʩʢʠʪʦʚʦʡ ʩʪʨʫʢʪʫʨʝ 
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ʠʦʥʳ ʤʘʨʛʘʥʮʘ ʥʘʭʦʜʷʪʩʷ ʚʥʫʪʨʠ ʢʠʩʣʦʨʦʜʥʳʭ ʦʢʪʘʵʜʨʦʚ, ʩʦʛʣʘʩʦʚʘʥʥʳʭ 

ʚʝʨʰʠʥʘʤʠ. 

ɸʥʘʣʠʟ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʩʦʝʜʠʥʝʥʠʷ YCrO3, YMnO3 

ʠ YFeO3 ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʷʚʣʷʶʪʩʷ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʢʘʤʠ ʩ 

ʚʝʣʠʯʠʥʘʤʠ ʩʧʦʥʪʘʥʥʦʡ ʧʦʣʷʨʠʟʘʮʠʠ 2, 5.5 ʠ 0.15 ʤʢʂʣ/ʩʤ2, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʊʝʤʧʝʨʘʪʫʨʳ ʂʶʨʠ YTiO3 ï 30, YVO3 ï 200, YCrO3 ï 300, YMnO3 ï 914, 

YFeO3 ï 973 K. 

ɺ ʩʦʩʪʘʚʘʭ YBO3 ʦʙʥʘʨʫʞʝʥʳ ʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ: YTiO3 ï 

ʬʝʨʨʦʤʘʛʥʝʪʠʢ ʩ TC = 147 K; YVO3 ï ʬʝʨʨʦʤʘʛʥʝʪʠʢ ʩ TC = 116 K; YCrO3 ï 

ʘʥʪʠʬʝʨʨʦʤʘʛʥʝʪʠʢ TN = 140 K; YMnO3 ï ʘʥʪʠʬʝʨʨʦʤʘʛʥʝʪʠʢ TN = 70 K; YFeO3 

ï ʘʥʪʠʬʝʨʨʦʤʘʛʥʝʪʠʢ TN = 655 K. ʉʦʝʜʠʥʝʥʠʝ YCoO3 ʧʨʦʷʚʣʷʝʪ 

ʬʝʨʨʦʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ, ʘ YInO3 ï ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʳʝ. 

Cʠʤʤʝʪʨʠʷ, ʧʘʨʘʤʝʪʨʳ ʵʣʝʤʝʥʪʘʨʥʳʭ ʷʯʝʝʢ, ʦʙʲʝʤʳ ʧʝʨʦʚʩʢʠʪʦʚʳʭ 

ʧʦʜʲʷʯʝʝʢ, ʪʦʣʝʨʘʥʩ-ʬʘʢʪʦʨʳ, ʧʘʨʘʤʝʪʨʳ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠ ʤʘʛʥʠʪʥʳʭ 

ʩʚʦʡʩʪʚ ʩʦʩʪʘʚʦʚ YBO3 ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 1.7. 

ʆʙʨʘʱʘʝʪ ʥʘ ʩʝʙʷ ʚʥʠʤʘʥʠʝ ʦʩʦʙʝʥʥʦʩʪʴ YMnO3, ʢʦʪʦʨʳʡ 

ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʣʠʙʦ ʚ ʛʝʢʩʘʛʦʥʘʣʴʥʦʡ ʬʘʟʝ P63cm ʣʠʙʦ ʚ ʧʝʨʦʚʩʢʠʪʦʚʦʡ 

ʦʨʪʦʨʦʤʙʠʯʝʩʢʦʡ ʬʘʟʝ Pnma (ʠʣʠ Pbnm) ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʣʦʚʠʡ 

ʧʨʠʛʦʪʦʚʣʝʥʠʷ. 

ɿʘʚʠʩʠʤʦʩʪʠ ʦʙʲʝʤʦʚ ʧʝʨʦʚʩʢʠʪʦʚʳʭ ʧʦʜʲʷʯʝʝʢ YBO3 ʠ ʪʝʤʧʝʨʘʪʫʨ ʅʝʝʣʷ 

ʦʪ ʩʦʨʪʘ ʠʦʥʦʚ ʪʠʧʘ B (Ti, V, Cr, Mn, Fe) ʠ ʟʘʚʠʩʠʤʦʩʪʠ ʦʙʲʝʤʦʚ ʧʝʨʦʚʩʢʠʪʦʚʳʭ 

ʧʦʜʲʷʯʝʝʢ YBO3 ʦʪ ʪʦʣʝʨʘʥʩ-ʬʘʢʪʦʨʦʚ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʘʭ 1.9 ʠ 1.6, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 
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ʈʠʩʫʥʦʢ 1.9 ï ɺʟʘʠʤʦʩʚʷʟʴ ʦʙʲʝʤʦʚ ʧʝʨʦʚʩʢʠʪʦʚʳʭ ʧʦʜʲʷʯʝʝʢ YBO3 ʠ 

ʪʝʤʧʝʨʘʪʫʨ ʤʘʛʥʠʪʥʳʭ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ 

0.78 0.80 0.82 0.84 0.86 0.88 0.90 0.92

50

51

52

53

54

55

56

57

58

 

YTiO
3

YInO
3

YMnO
3

YFeO
3

YVO
3

YCrO
3

YCoO
3

YAlO
3

tolerance-factor, t

 
V

Y
B

O
3, 

Å
3

 

ʈʠʩʫʥʦʢ 1.10 ï ɿʘʚʠʩʠʤʦʩʪʠ ʦʙʲʝʤʦʚ ʧʝʨʦʚʩʢʠʪʦʚʳʭ ʧʦʜʲʷʯʝʝʢ YBO3 ʦʪ 

ʪʦʣʝʨʘʥʩ-ʬʘʢʪʦʨʦʚ 
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ʊʘʙʣʠʮʘ 1.7 ï ʉʪʨʫʢʪʫʨʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʩʚʦʡʩʪʚʘ YBO3 [149ï155] ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 

YBO3 ʉʠʤʤʝʪʨʠʷ 

ʇʘʨʘʤʝʪʨʳ 

ʵʣʝʤʝʥʪʘʨʥʳʭ ʷʯʝʝʢ (¡) 

ʠ ʠʭ ʦʙʲʝʤʳ (¡3) 

ʆʙʲʝʤʳ 

ʧʝʨʦʚʩʢʠʪʦʚʳʭ 

ʧʦʜʲʷʯʝʝʢ, ¡3 

ʊʦʣʝʨʘʥʩ-ʬʘʢʪʦʨ, t 

ʉʧʦʥʪʘʥʥʘʷ 

ʧʦʣʷʨʠʟʘʮʠʷ ʧʨʠ 

T = 20 ÁC, ÕCĿʩm-2; 

ʊʉ, K 

ʄʘʛʥʠʪʥʳʝ 

ʩʚʦʡʩʪʚʘ (AFM, 

FM); ʊN, TC, K 

YAlO 3 Pnma 

a = 5.330 

b = 7.375 

c = 5.180 

V = 203.62 

50.91 0.908 ï ; ï AFM; ï 

YTiO3 Pbnm 

a = 5.689 

b = 5.335 

c = 7.609 

V = 230.95 

57.74 0.848 ï ; 30 FM; 147 

YVO3 Pbnm 

a = 5.282 

b = 5.614 

c = 7.528 

V = 223.26 

55.81 0.861 ï : 200 FM; 116 

YCrO3 Pnma 

a = 5.330 

b = 7.372 

c = 5.781 

V = 227.14 

56.79 0.871 2; 300 AFM; 140 
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 1.7 

YBO3 ʉʠʤʤʝʪʨʠʷ 

ʇʘʨʘʤʝʪʨʳ 

ʵʣʝʤʝʥʪʘʨʥʳʭ ʷʯʝʝʢ (¡) 

ʠ ʠʭ ʦʙʲʝʤʳ (¡3) 

ʆʙʲʝʤʳ 

ʧʝʨʦʚʩʢʠʪʦʚʳʭ 

ʧʦʜʲʷʯʝʝʢ, ¡3 

ʊʦʣʝʨʘʥʩ-ʬʘʢʪʦʨ, t 

ʉʧʦʥʪʘʥʥʘʷ 

ʧʦʣʷʨʠʟʘʮʠʷ ʧʨʠ 

T = 20 ÁC, ÕCĿʩm-2; 

ʊʉ, K 

ʄʘʛʥʠʪʥʳʝ 

ʩʚʦʡʩʪʚʘ (AFM, 

FM); ʊN, TC, K 

YMnO3 P63cm 

a = 6.155 

c = 11.403 

V = 374.13 

62.34 0.858 5.5; 914 AFM; 70 

YFeO3 Pnma 

a = 5.595 

b = 7.604 

c = 5.279 

V = 224.58 

56.14 0.858 0.15; 973 AFM; 655 

YCoO3 Pbnm 

a = 5.123 

b = 5.414 

c = 7.346 

V = 203.74 

50.94 0.874 ï ; ï FM; ï 

YInO3 Pbnm 

a = 5.179 

b = 5.515 

c = 7.417 

V = 211.85 

52.96 0.797 ï ; ï AFM; ï 
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ʇʨʦʚʝʜʝʥʥʘʷ ʩʠʩʪʝʤʘʪʠʢʘ ʩʪʨʫʢʪʫʨʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ ʦʩʥʦʚʥʳʭ 

ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʩʦʩʪʘʚʦʚ ʜʚʦʡʥʳʭ ʦʢʩʠʜʦʚ ABO3 (A ïLa, Y, Bi; B ï Al , Sc, 

Ti, V, Cr, Mn, Fe, Co, Ni, Cu, Ga, Rh, In) ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʪʝ ʩʦʩʪʘʚʳ, ʥʘ 

ʙʘʟʝ ʢʦʪʦʨʳʭ ʨʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʦʙʣʘʜʘʶʱʠʭ 

ʢʦʤʙʠʥʘʮʠʝʡ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ, ʷʚʣʷʝʪʩʷ 

ʧʝʨʩʧʝʢʪʠʚʥʦʡ. 

1.3 ʊʚʝʨʜʳʝ ʨʘʩʪʚʦʨʳ ʥʘ ʦʩʥʦʚʝ BiFeO3, YMnO 3 ʠ LaMnO 3 

ʊʚʝʨʜʳʝ ʨʘʩʪʚʦʨʳ ʥʘ ʦʩʥʦʚʝ BiFeO3. ɺ ʨʘʙʦʪʝ [156] ʘʚʪʦʨʳ ʚʳʜʝʣʷʶʪ 

ʦʙʣʘʩʪʠ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʨʘʟʥʳʭ ʬʘʟ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʨʝʜʥʠʭ ʠʦʥʥʳʭ ʨʘʜʠʫʩʦʚ 

ʘʪʦʤʦʚ ʪʠʧʘ A ʚ ʩʠʩʪʝʤʘʭ BiFeO3 - SmFeO3, BiFeO3 - GdFeO3 ʠ BiFeO3 - DyFeO3 

c ʫʢʘʟʘʥʠʷʤʠ ʥʘʙʣʶʜʘʝʤʳʭ ʩʚʝʨʭʩʪʨʫʢʪʫʨʥʳʭ ʦʪʨʘʞʝʥʠʡ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʠʣʠ 

ʘʚʪʦʨʘʤ ʚʳʜʝʣʠʪʴ ʦʙʣʘʩʪʴ ʘʥʪʠʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʬʘʟʳ, ʧʦʜʦʙʥʦʡ ʬʘʟʝ 

PbZrO3. ɼʣʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʦʩʪʘʚʦʚ ʥʘʙʣʶʜʘʶʪʩʷ ʜʚʦʡʥʳʝ ʧʝʪʣʠ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʛʠʩʪʝʨʝʟʠʩʘ. ʕʪʠ ʞʝ ʘʚʪʦʨʳ ʚ ʨʘʙʦʪʝ [157] ʩʨʘʚʥʠʚʘʶʪ 

ʬʘʟʦʚʳʝ ʜʠʘʛʨʘʤʤʳ ʩʠʩʪʝʤ BiFeO3 - SmFeO3, BiFeO3 - DyFeO3 ʠ 

BiFeO3 - LaFeO3. ʆʥʠ ʧʦʣʘʛʘʶʪ, ʯʪʦ ʦʩʦʙʝʥʥʦʩʪʠ çʭʠʤʠʯʝʩʢʦʛʦè ʜʘʚʣʝʥʠʷ ʚ 

ʩʠʩʪʝʤʘʭ ʩ Sm ʠ Dy ʧʨʠʚʦʜʷʪ ʢ ʩʫʱʝʩʪʚʦʚʘʥʠʶ ʘʥʪʠʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʬʘʟʳ 

ʚ ʦʪʣʠʯʠʝ ʦʪ ʩʠʩʪʝʤʳ ʩ La, ʚ ʢʦʪʦʨʦʡ ʪʘʢʘʷ ʬʘʟʘ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ. 

ʀʟ ʦʧʠʩʘʥʥʳʭ ʚʳʰʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ: 

1) ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʡ ʚʪʦʨʳʭ ʢʦʤʧʦʥʝʥʪʦʚ RɽFeO3 (Rɽ ï La, 

Sm, Gd, Dy) ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ ʥʘ ʦʩʥʦʚʝ BiFeO3 ʪʝʤʧʝʨʘʪʫʨʳ 

ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ ʩʥʠʞʘʶʪʩʷ ʜʦ ʢʦʤʥʘʪʥʦʡ 

ʧʨʠ 0.15 Ò x Ò 0.25; 

2) ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʡ RɽFeO3 ʚ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʘʭ ʧʨʠ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʨʦʤʙʦʵʜʨʠʯʝʩʢʘʷ ʬʘʟʘ R3c ʧʝʨʝʭʦʜʠʪ ʚ 

ʦʨʪʦʨʦʤʙʠʯʝʩʢʠʝ ʩ ʨʘʟʥʳʤʠ ʤʫʣʴʪʠʧʣʠʢʘʮʠʷʤʠ ʧʝʨʦʚʩʢʠʪʦʚʳʭ 

ʧʦʜʲʷʯʝʝʢ; 

3) ʚ ʩʦʩʪʘʚʘʭ ʚʙʣʠʟʠ x = 0.15 ʥʘʙʣʶʜʘʝʪʩʷ ʬʘʟʘ, ʧʦʜʦʙʥʘʷ ʬʘʟʝ 

ʘʥʪʠʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ PbZrO3. 
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ʇʨʘʢʪʠʯʝʩʢʠ ʚʦ ʚʩʝʭ ʨʘʙʦʪʘʭ ʧʦ ʠʟʫʯʝʥʠʶ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ ʥʘ ʦʩʥʦʚʝ 

BiFeO3 ʚ ʚʠʜʝ ʧʦʨʦʰʢʦʚ, ʢʝʨʘʤʠʢʠ, ʪʦʥʢʠʭ ʧʣʝʥʦʢ ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʟʘʚʠʩʠʤʦʩʪʠ 

ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ ʦʪ ʩʦʩʪʘʚʘ, ʪʝʤʧʝʨʘʪʫʨ ʠ ʚʥʝʰʥʝʛʦ ʜʘʚʣʝʥʠʷ. ʇʦʣʥʘʷ 

ʩʠʩʪʝʤʘʪʠʟʘʮʠʷ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ ʥʘ ʦʩʥʦʚʝ BiFeO3 

ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʪʨʫʜʥʝʥʘ ʪʝʤ, ʯʪʦ ʨʘʟʥʳʤʠ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ ʧʨʦʚʦʜʠʪʩʷ 

ʠʟʫʯʝʥʠʝ ʨʘʟʥʳʭ ʩʦʩʪʘʚʦʚ. 

ɺ ʥʝʩʢʦʣʴʢʠʭ ʩʪʘʪʴʷʭ [158ï161] ʦʙʩʫʞʜʘʝʪʩʷ ʚʣʠʷʥʠʝ ʟʘʤʝʱʝʥʠʡ Bi ʚ 

BiFeO3 ʠʦʥʘʤʠ Y ʥʘ ʩʪʨʫʢʪʫʨʫ, ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʝ, ʤʘʛʥʠʪʥʳʝ ʠ ʦʧʪʠʯʝʩʢʠʝ  

ʩʚʦʡʩʪʚʘ. ɺ ʨʘʙʦʪʝ [159] ʧʨʠ ʟʘʤʝʱʝʥʠʠ ʠʪʪʨʠʝʤ ʠʦʥʦʚ ʚʠʩʤʫʪʘ ʜʦ 15 % 

ʥʘʙʣʶʜʘʶʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠ ʤʘʛʥʠʪʥʳʭ 

ʩʚʦʡʩʪʚ. ɺʚʝʜʝʥʠʝ ʜʦ 20 % ʠʪʪʨʠʷ [158] ʚʳʷʚʣʷʝʪ ʚ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʳʭ 

ʟʘʚʠʩʠʤʦʩʪʷʭ ʧʘʨʘʤʝʪʨʦʚ ʷʯʝʝʢ ʨʦʤʙʦʵʜʨʠʯʝʩʢʦʡ ʬʘʟʳ R3c ʦʩʦʙʝʥʥʦʩʪʴ 

ʩʦʩʪʘʚʘ ʩ 10 % Y: ʤʠʥʠʤʘʣʴʥʫʶ ʚʝʣʠʯʠʥʫ ʘH ʠ ʤʘʢʩʠʤʫʤ ʩH ʵʣʝʤʝʥʪʘʨʥʦʡ 

ʷʯʝʡʢʠ, ʧʨʠ ʵʪʦʤ ʦʙʥʘʨʫʞʠʚʘʝʪʩʷ ʩʣʘʙʳʡ ʤʘʛʥʝʪʠʟʤ. ʀʥʪʝʨʝʩʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʦʩʪʘʪʦʯʥʘʷ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ, ʠʟʤʝʨʝʥʥʘʷ ʧʦ ʧʝʪʣʷʤ ʛʠʩʪʝʨʝʟʠʩʘ, ʤʘʢʩʠʤʘʣʴʥʘ ʚ 

ʩʦʩʪʘʚʝ ʩ 20 % Y. ɸʥʘʣʦʛʠʯʥʳʝ ʩʦʩʪʘʚʳ Bi1-xYxFeO3 ʩ 0 Ò x Ò 0.20 ʠʟʫʯʘʣʠʩʴ 

[160]. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʥʘʙʣʶʜʘʣʠʩʴ ʘʥʦʤʘʣʠʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʚʙʣʠʟʠ 

ʪʝʤʧʝʨʘʪʫʨ ʤʘʛʥʠʪʥʳʭ ʧʝʨʝʭʦʜʦʚ. ɺ ʦʜʥʦʡ ʠʟ ʧʦʩʣʝʜʥʠʭ ʨʘʙʦʪ [161] ʠʟʫʯʝʥʳ 

ʩʦʩʪʘʚʳ ʩʠʩʪʝʤʳ Bi1-xYxFeO3 ʩ ʭ = 0.1, 0.2 ʠ 0.3. ɺ ʨʘʙʦʪʝ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ 

ʦʩʦʙʝʥʥʦʩʪʴ ʩʦʩʪʘʚʘ ʩ ʭ = 0.1, ʚ ʢʦʪʦʨʦʤ ʩH ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʤʘʢʩʠʤʘʣʝʥ. ɺ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʷʭ ʦʙʥʘʨʫʞʠʚʘʝʪʩʷ ʩʠʣʴʥʘʷ ʜʠʩʧʝʨʩʠʷ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʪʝʨʴ (tgŭ) ʧʨʠ ʥʠʟʢʠʭ 

ʯʘʩʪʦʪʘʭ ʦʪ 102 ʜʦ 104 ɻʮ. 

ʉʨʝʜʠ ʠʟʫʯʝʥʥʳʭ ʨʘʥʝʝ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ ʥʘ ʦʩʥʦʚʝ 

BiFeO3 ʥʘʠʙʦʣʴʰʠʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʩʪʘʚʳ ʩ ʟʘʤʝʱʝʥʠʷʤʠ ʠʦʥʦʚ Fe ʥʘ 

ʠʦʥʳ Mn, Co, Ni, Cu. ʅʘʧʨʠʤʝʨ, ʚ ʨʘʙʦʪʘʭ [162ï166] ʦʧʠʩʘʥʳ ʨʝʟʫʣʴʪʘʪʳ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ (1-ʭ)BiFeO3 ï xBiMnO3. ʇʨʠʚʣʝʢʘʪʝʣʴʥʦʩʪʴ 

ʵʪʦʡ ʩʠʩʪʝʤʳ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʧʨʝʜʩʪʘʚʣʝʥʠʷʭ ʦʙ ʦʩʦʙʳʭ ʣʦʢʘʣʴʥʳʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʭ ʠʦʥʦʚ Fe ʠ Mn (d-ʵʣʝʤʝʥʪʦʚ) ʚ ʩʪʨʫʢʪʫʨʝ ʪʠʧʘ ʧʝʨʦʚʩʢʠʪʘ. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʜʣʷ Fe3+ (3d5) ʧʷʪʴ ʩʧʠʥʦʚʳʭ ʩʦʩʪʦʷʥʠʡ ʨʘʩʧʨʝʜʝʣʷʶʪʩʷ ʧʦ 
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ʫʨʦʚʥʷʤ ( )23

2 gget , ʘ ʜʣʷ Mn3+ (3d4) ï ʧʦ ʫʨʦʚʥʷʤ ( )13

2 gget . ʕʪʠ ʠʦʥʳ ʥʘʭʦʜʷʪʩʷ ʚ 

ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʦʢʨʫʞʝʥʠʷʭ ʠʦʥʘʤʠ ʢʠʩʣʦʨʦʜʘ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʚ ʠʜʝʘʣʴʥʦʡ 

ʧʝʨʦʚʩʢʠʪʦʚʦʡ ʩʪʨʫʢʪʫʨʝ ʩʚʷʟʠ ʢʘʪʠʦʥ (ɺ) ï ʘʥʠʦʥ (O) ï ʢʘʪʠʦʥ (ɺ) ʦʙʨʘʟʫʶʪ 

180-ʛʨʘʜʫʩʥʳʝ ʩʚʷʟʠ, ʯʪʦ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʫʯʘʩʪʠʝ eg-ʦʨʙʠʪʘʣʝʡ ʚ ʩʚʷʟʠ ʩ 2ʨ-

ʦʨʙʠʪʘʣʷʤʠ ʢʠʩʣʦʨʦʜʦʚ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ t2g-ʦʨʙʠʪʘʣʠ ʚ ʩʚʷʟʷʭ ʥʝ ʫʯʘʩʪʚʫʶʪ. 

ʉʦʛʣʘʩʥʦ ɻʫʜʝʥʘʬʫ, ʜʣʷ ʩʚʝʨʭʦʙʤʝʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʜʣʷ ʪʚʝʨʜʳʭ 

ʨʘʩʪʚʦʨʦʚ BiFeO3 ï BiMnO3 ʚʦʟʤʦʞʥʳ ʩʣʝʜʫʶʱʠʝ ʢʦʤʙʠʥʘʮʠʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʩʦʨʪʘ ʠʦʥʦʚ ʚ ʩʦʩʝʜʥʠʭ ʦʢʪʘʵʜʨʘʭ: Fe3+ïO2-ïFe3+ (ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʠʣʴʥʳʡ 

ʘʥʪʠʬʝʨʨʦʤʘʛʥʝʪʠʟʤ); Mn3+ ï O2- ï Mn3+ (ʦʙʝʩʧʝʯʠʚʘʝʪ ʠʣʠ ʬʝʨʨʦ- ʠʣʠ 

ʘʥʪʠʬʝʨʨʦʤʘʛʥʝʪʠʟʤ); Fe3+ ï O2- ï Mn3+ (ʦʙʝʩʧʝʯʠʚʘʝʪ ʘʥʪʠʬʝʨʨʦʤʘʛʥʝʪʠʟʤ ʠʣʠ 

ʬʝʨʨʦʤʘʛʥʝʪʠʟʤ). ɽʩʣʠ Fe3+ ʠ Mn3+ ʯʘʩʪʠʯʥʦ ʫʧʦʨʷʜʦʯʝʥʳ ʚ B-ʧʦʟʠʮʠʷʭ 

ʩʪʨʫʢʪʫʨʳ, ʪʦ ʠʟ-ʟʘ ʨʘʟʣʠʯʠʷ ʤʦʤʝʥʪʦʚ Fe3+ ö
÷

õ
æ
ç

å
=

2

5
S  ʠ Mn3+ (S = 2) ʚʝʨʦʷʪʝʥ 

ʢʚʘʟʠʬʝʨʨʦʤʘʛʥʠʪʥʳʡ ʵʬʬʝʢʪ. 

ʊʚʝʨʜʳʝ ʨʘʩʪʚʦʨʳ ʥʘ ʦʩʥʦʚʝ YMn O3. ʊʚʝʨʜʳʝ ʨʘʩʪʚʦʨʳ Y1-xRExMnO3 ʩ 

ʟʘʤʝʱʝʥʠʝʤ ʠʦʥʦʚ ʠʪʪʨʠʷ ʨʝʜʢʦʟʝʤʝʣʴʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʠʥʪʝʨʝʩ 

ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʳʭ ʠʟʤʝʥʝʥʠʡ ʩʪʨʫʢʪʫʨ, 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ. ɺ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʡ ʠʜʝʠ ʚ ʵʪʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʢʨʦʤʝ ʨʝʟʢʠʭ ʠʟʤʝʥʝʥʠʡ ʩʪʨʫʢʪʫʨ ʧʨʠ 

ʧʝʨʝʭʦʜʘʭ ʦʪ ʛʝʢʩʘʛʦʥʘʣʴʥʦʛʦ ʪʠʧʘ ʩʪʨʫʢʪʫʨʳ, ʭʘʨʘʢʪʝʨʥʦʡ ʜʣʷ YMnO3 ʠ 

RɽMnO3 (RE ʦʪ Lu ʜʦ Dy ʚ ʨʷʜʫ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ), ʧʨʠʛʦʪʦʚʣʷʝʤʳʭ 

ʩʠʥʪʝʟʦʤ ʧʨʠ ʘʪʤʦʩʬʝʨʥʦʤ ʜʘʚʣʝʥʠʠ, ʢ ʧʝʨʦʚʩʢʠʪʦʚʦʛʦ ʪʠʧʘ ʩʪʨʫʢʪʫʨʘʤ  

RɽMnO3 (Rɽ ʦʪ Dy ʜʦ La) ʩ ʦʨʪʦʨʦʤʙʠʯʝʩʢʠʤʠ ʬʘʟʘʤʠ, ʚʦʟʤʦʞʥʳ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʵʬʬʝʢʪʳ ʨʘʟʥʦʛʦ ʚʠʜʘ ʫʧʦʨʷʜʦʯʝʥʠʷ (ʩʧʠʥʦʚʦʛʦ, 

ʦʨʙʠʪʘʣʴʥʦʛʦ ʠʣʠ ʟʘʨʷʜʦʚʦʛʦ), ʩʚʷʟʘʥʥʳʝ ʩ ʠʟʤʝʥʝʥʠʷʤʠ ʩʪʨʫʢʪʫʨʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ (ʜʣʠʥ ʤʝʞʘʪʦʤʥʳʭ ʩʚʷʟʝʡ ʠ ʫʛʣʦʚ ʤʝʞʜʫ ʥʠʤʠ). ɺ ʨʘʙʦʪʝ [167] 

ʠʟʫʯʝʥʳ ʧʝʨʝʭʦʜʳ ʛʝʢʩʘʛʦʥʘʣʴʥʳʭ ʬʘʟ ʚ ʦʨʪʦʨʦʤʙʠʯʝʩʢʠʝ ʚ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʘʭ 

Y1-xGdxMnO3, ʧʨʦʠʩʭʦʜʷʱʠʭ ʢʘʢ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʩʦʜʝʨʞʘʥʠʷ Gd (ʩʠʥʪʝʟ ʧʨʠ 

ʘʪʤʦʩʬʝʨʥʦʤ ʜʘʚʣʝʥʠʠ), ʪʘʢ ʠ ʧʨʠ ʩʠʥʪʝʟʝ ʧʦʜ ʜʘʚʣʝʥʠʝʤ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ 
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ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʩʪʨʦʝʥʘ ʬʘʟʦʚʘʷ ʜʠʘʛʨʘʤʤʘ (P, x), ʛʜʝ ʚ ʢʘʯʝʩʪʚʝ ʭ ʧʨʠʚʝʜʝʥʳ 

ʩʨʝʜʥʠʝ ʠʦʥʥʳʝ ʨʘʜʠʫʩʳ (Y1-xGdx). 

ʅʝʙʦʣʴʰʦʡ ʬʨʘʛʤʝʥʪ ʬʘʟʦʚʦʡ ʜʠʘʛʨʘʤʤʳ Er1-xYxMnO3 (x = 1; 0.95; 0.94; 

0.93; 0.90 ʠ 0.80) ʧʦʣʫʯʝʥ ʥʘ ʚʳʨʘʱʝʥʥʳʭ ʤʦʥʦʢʨʠʩʪʘʣʣʘʭ [168]. ʆʥʘ 

ʦʧʠʩʳʚʘʝʪ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʝ ʤʘʛʥʠʪʥʳʝ ʧʝʨʝʭʦʜʳ. ʄʘʛʥʠʪʥʳʝ ʠ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʦʨʪʦʨʦʤʙʠʯʝʩʢʠʭ ʠ ʛʝʢʩʘʛʦʥʘʣʴʥʳʭ ʬʘʟ ʠʟʫʯʝʥʳ ʜʣʷ 

ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ Tb1-xYxMnO3 (0 < x < 0.5) ʚ [169]. ʇʝʨʝʭʦʜ ʦʪ 

ʦʨʪʦʨʦʤʙʠʯʝʩʢʦʡ ʬʘʟʳ ʢ ʛʝʢʩʘʛʦʥʘʣʴʥʦʡ ʦʙʥʘʨʫʞʝʥ ʚ ʠʥʪʝʨʚʘʣʝ 0.2 < x < 0.4. 

ɺ ʨʘʙʦʪʘʭ [170ï173] ʠʟʫʯʘʣʠʩʴ ʨʘʟʥʳʝ ʩʦʩʪʘʚʳ ʩʠʩʪʝʤʳ ʪʚʝʨʜʳʭ 

ʨʘʩʪʚʦʨʦʚ Eu1-xYxMnO3. ʊʘʢ ʢʘʢ EuMnO3 ʧʨʠ ʦʙʳʯʥʳʭ ʫʩʣʦʚʠʷʭ ʩʠʥʪʝʟʘ 

ʫʩʪʦʡʯʠʚʦ ʦʙʨʘʟʫʝʪʩʷ ʩ ʦʨʪʦʨʦʤʙʠʯʝʩʢʦʡ ʬʘʟʦʡ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʪʦ 

ʚ [170] ʪʚʝʨʜʳʝ ʨʘʩʪʚʦʨʳ Eu1-xYxMnO3 ʩ 0 < x < 0.5 ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʠʩʴ ʪʘʢʦʡ ʞʝ 

ʬʘʟʦʡ, ʘ ʩʦʩʪʘʚʳ ʩ 0.9 < x < 1 ï ʛʝʢʩʘʛʦʥʘʣʴʥʦʡ. 

ɺ ʜʘʥʥʳʭ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʘʭ ʢʨʦʤʝ ʪʨʝʭ ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʳʭ ʬʘʟ 

ʚʳʜʝʣʷʝʪʩʷ ʦʙʣʘʩʪʴ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʬʘʟʳ ʩ ʧʦʣʷʨʠʟʘʮʠʝʡ ʚʜʦʣʴ ʦʩʠ Z 

ʦʨʪʦʨʦʤʙʠʯʝʩʢʦʡ ʬʘʟʳ Pbnm. ɼʨʫʛʠʝ ʘʚʪʦʨʳ [171] ʙʦʣʴʰʝʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʠʣʠ 

ʠʟʫʯʝʥʠʶ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ Eu1-xYxMnO3 

(0 < x < 0.4). ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʤʘʛʥʠʪʥʳʭ ʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ 

ʧʦʩʪʨʦʝʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʬʘʟʦʚʘʷ ʜʠʘʛʨʘʤʤʘ. ɺ ʵʪʠʭ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʘʭ 

ʧʨʦʠʩʭʦʜʠʪ ʩʤʝʥʘ ʥʘʧʨʘʚʣʝʥʠʷ ʧʦʣʷʨʠʟʘʮʠʠ ʚʜʦʣʴ ʦʩʠ X ʦʨʪʦʨʦʤʙʠʯʝʩʢʦʡ 

ʷʯʝʡʢʠ ʢ ʥʘʧʨʘʚʣʝʥʠʶ ʚʜʦʣʴ ʦʩʠ Z (ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʛʨʫʧʧʘ Pbnm) ʚ ʩʦʩʪʘʚʝ ʩ 

ʭ = 0.4 ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʧʦʨʷʜʢʘ 25 K ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ, ʧʘʨʘʣʣʝʣʴʥʦʤ ʦʩʠ ʍ. 

ɼʠʥʘʤʠʢʘ ʨʝʰʝʪʢʠ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ Eu1-xYxMnO3 (0 < x < 0.5) [173] ʠʟʫʯʝʥʘ 

ʤʝʪʦʜʘʤʠ ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ ʩʚʝʪʘ ʠ ʠʥʬʨʘʢʨʘʩʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ. 

ʆʧʨʝʜʝʣʝʥʦ, ʯʪʦ ʠʟʤʝʥʝʥʠʷ ʤʘʩʩʳ ʵʬʬʝʢʪʠʚʥʳʭ ʘʪʦʤʦʚ (Eu1-xYx) ʠ ʜʣʠʥ 

ʤʝʞʘʪʦʤʥʳʭ ʩʚʷʟʝʡ ʟʘʢʦʥʦʤʝʨʥʦ ʦʙʫʩʣʘʚʣʠʚʘʶʪ ʩʤʝʱʝʥʠʷ ʵʥʝʨʛʠʠ ʬʦʪʦʥʦʚ. ɺ 

ʪʦ ʞʝ ʚʨʝʤʷ Mn ʠ O ʧʦʟʠʮʠʠ ʥʝ ʠʟʤʝʥʷʶʪʩʷ ʠ ʥʝ ʚʣʠʷʶʪ ʥʘ ʬʦʪʦʥʳ. ɺ 

ʠʥʬʨʘʢʨʘʩʥʳʭ ʩʧʝʢʪʨʘʭ ʧʨʦʷʚʣʷʶʪʩʷ ʜʚʠʞʝʥʠʷ ʪʦʣʴʢʦ ʪʷʞʝʣʳʭ ʠʦʥʦʚ ɸ. 
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ɺ ʩʝʨʠʠ ʨʘʙʦʪ [174ï185] ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʪʚʝʨʜʳʭ 

ʨʘʩʪʚʦʨʦʚ ʥʘ ʦʩʥʦʚʝ YMnO3 ʩ ʨʘʟʣʠʯʥʳʤʠ ʟʘʤʝʱʝʥʠʷʤʠ ʠʦʥʦʚ Mn ʥʘ Al, Cr, 

Fe, Co, Ni, Zn, Cu. 

ɺ ʨʘʙʦʪʝ [175] ʠʟʫʯʝʥʳ ʩʦʩʪʘʚʳ YAlO3 ʩ ʤʘʣʳʤʠ (ʜʦ 5%) ʟʘʤʝʱʝʥʠʷʤʠ 

ʠʦʥʦʚ Al ʥʘ Mn. ʆʧʨʝʜʝʣʝʥʦ, ʯʪʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ Mn ʦʙʲʝʤ 

ʦʨʪʦʨʦʤʙʠʯʝʩʢʦʡ ʷʯʝʡʢʠ (Pbnm) ʣʠʥʝʡʥʦ (ʦʪ ʭ) ʫʚʝʣʠʯʠʚʘʝʪʩʷ. ʀʩʩʣʝʜʦʚʘʥʠʷ 

ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʦʙʨʘʟʮʦʚ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ YMn1-xAl xO3 (0.01 < x < 0.2) 

ʦʙʥʘʨʫʞʠʣʠ, ʯʪʦ ʚ ʦʙʣʘʩʪʠ 0 < x < 0.1 ʧʘʨʘʤʝʪʨʳ ʛʝʢʩʘʛʦʥʘʣʴʥʦʡ ʬʘʟʳ 

YMnO3 (H) ʤʦʥʦʪʦʥʥʦ ʫʤʝʥʴʰʘʶʪʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝ ʭ. ʇʨʠ x > 0.1 ʚ ʦʙʨʘʟʮʘʭ 

ʧʨʠʩʫʪʩʪʚʫʶʪ ʧʨʠʤʝʩʥʳʝ ʬʘʟʳ. ɺ ʨʘʙʦʪʘʭ [175, 176] ʢʘʢʠʝ-ʣʠʙʦ ʠʟʤʝʨʝʥʠʷ 

ʤʘʛʥʠʪʥʳʭ ʠ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʥʝ ʧʨʦʚʦʜʠʣʠʩʴ. 

ɺ ʨʘʙʦʪʝ [176] ʠʟʫʯʝʥʳ ʪʚʝʨʜʳʝ ʨʘʩʪʚʦʨʳ YCr1-xMnxO3 (0 < x < 0.8). ɺʩʝ 

ʩʦʩʪʘʚʳ ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʠʩʴ ʦʪʨʠʮʘʪʝʣʴʥʳʤ ʪʝʤʧʝʨʘʪʫʨʥʳʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ 

ʵʣʝʢʪʨʦʩʦʧʨʦʪʠʚʣʝʥʠʷ. ʉʪʨʫʢʪʫʨʘ ʦʙʨʘʟʮʦʚ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 

ʦʨʪʦʨʦʤʙʠʯʝʩʢʘʷ (Pnma). ɺ ʩʦʩʪʘʚʝ ʩ ʭ = 0.8 (ʚʙʣʠʟʠ YMnO3) ʵʪʘ ʬʘʟʘ 

ʩʦʩʫʱʝʩʪʚʫʝʪ ʩ ʛʝʢʩʘʛʦʥʘʣʴʥʦʡ ʬʘʟʦʡ P63cm. 

ʅʝʩʢʦʣʴʢʦ ʩʦʩʪʘʚʦʚ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ YMn1-xNixO3 (x = 0; 0.05; 0.1; 0.15) 

ʠ YMn1-xCoxO3 (0 < x < 0.7) ʠʟʫʯʝʥʳ ʚ [177]. ʆʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʧʨʠ ʥʠʟʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʩʠʥʪʝʟʘ (ʜʦ 960 Áʉ) ʚ ʩʦʩʪʘʚʘʭ YMn1-xNixO3 ʦʙʨʘʟʫʝʪʩʷ 

ʦʨʪʦʨʦʤʙʠʯʝʩʢʘʷ ʬʘʟʘ. ʇʨʠ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʦʥʘ ʧʝʨʝʭʦʜʠʪ ʚ 

ʛʝʢʩʘʛʦʥʘʣʴʥʫʶ. ʀʥʪʝʨʝʩʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʣʷ ʩʦʩʪʘʚʦʚ ʩ x < 0.1 ʬʘʟʘ Oǋ, ʘ ʧʨʠ x 

> 0.1 ï O (ʧʦ ɻʫʜʝʥʘʬʫ). ɸʥʘʣʦʛʠʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʣʫʯʝʥʳ ʠ ʜʣʷ ʩʦʩʪʘʚʦʚ 

ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ YMn1-xCoxO3 (0 < x < 0.6). ʇʝʨʝʭʦʜ Oǋ ï O ʠʤʝʝʪ ʤʝʩʪʦ ʚ 

ʩʦʩʪʘʚʝ ʩ ʭ = 0.15. ɺ ʨʘʙʦʪʝ [177] ʧʨʠʚʝʜʝʥʳ ʪʘʢʞʝ ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ 

ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ ʦʙʨʘʟʮʦʚ, ʢʦʪʦʨʳʝ ʚʳʷʚʠʣʠ ʬʝʨʨʦʤʘʛʥʠʪʥʳʝ ʧʝʨʝʭʦʜʳ ʚ 

ʦʙʣʘʩʪʠ ʪʝʤʧʝʨʘʪʫʨ 20 ï 60 K. 

ʉʦʩʪʘʚ YMn0.5Ni0.5O3 ʠʟʫʯʝʥ ʚ ʨʘʙʦʪʝ [178]. ʀʥʪʝʨʧʨʝʪʘʮʠʷ 

ʨʝʥʪʛʝʥʦʛʨʘʤʤʳ ʜʘʥʥʦʛʦ ʦʙʨʘʟʮʘ ʘʚʪʦʨʘʤʠ, ʚʦ-ʧʝʨʚʳʭ, ʚʳʷʚʠʣʘ ʫʧʦʨʷʜʦʯʝʥʠʝ 

Ni ʠ Mn ʧʦ ʧʦʟʠʮʠʷʤ ʪʠʧʘ ɺ ʧʝʨʦʚʩʢʠʪʦʚʦʡ ʩʪʨʫʢʪʫʨʳ. ɺʦ-ʚʪʦʨʳʭ, 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʛʨʫʧʧʘ ʩʠʤʤʝʪʨʠʠ ʦʧʨʝʜʝʣʝʥʘ ʢʘʢ ʤʦʥʦʢʣʠʥʥʘʷ P21/n. 
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ʀʟʤʝʨʝʥʠʷ ʯʘʩʪʦʪʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʨʦʥʠʮʘʝʤʦʩʪʝʡ Ů 

ʚʳʷʚʠʣʠ ʜʠʩʧʝʨʩʠʶ ʧʨʠ ʯʘʩʪʦʪʘʭ ʙʦʣʴʰʠʭ, ʯʝʤ 103 ɻʮ. 

ɺ ʨʘʙʦʪʝ [179] ʠʟʫʯʘʣʘʩʴ ʣʦʢʘʣʴʥʘʷ ʩʪʨʫʢʪʫʨʘ ʩʦʩʪʘʚʘ YMn0.9Zn0.1O3 ʩ 

ʛʝʢʩʘʛʦʥʘʣʴʥʦʡ ʬʘʟʦʡ, ʭʘʨʘʢʪʝʨʥʦʡ ʜʣʷ YMnO3 (H). ɺʳʷʚʣʝʥʦ ʫʤʝʥʴʰʝʥʠʝ 

ʜʣʠʥ ʩʚʷʟʝʡ ɺ ï ʆ ʚ ʪʨʠʛʦʥʘʣʴʥʦʡ ʙʠʧʠʨʘʤʠʜʝ ʦʪʥʦʩʠʪʝʣʴʥʦ Mn ï O ʩʚʷʟʷʤ ʚ 

YMnO3 (H). ʉʦʩʪʘʚʳ YMn1-xCuxO3 (x = 0; 0.05; 0.1; 0.15) ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʚ [180]. 

ɺʩʝ ʦʥʠ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʠʤʝʣʠ ʛʝʢʩʘʛʦʥʘʣʴʥʫʶ ʩʪʨʫʢʪʫʨʫ, 

ʭʘʨʘʢʪʝʨʥʫʶ ʜʣʷ ʯʠʩʪʦʛʦ YMnO3 (H). ʆʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʧʘʨʘʤʝʪʨ aH ʩ 

ʫʚʝʣʠʯʝʥʠʝʤ ʭ ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʘ ʩH ï ʫʤʝʥʴʰʘʝʪʩʷ. ʊʝʤʧʝʨʘʪʫʨʳ ʅʝʝʣʷ ʩ 

ʫʚʝʣʠʯʝʥʠʝʤ ʭ ʫʤʝʥʴʰʘʶʪʩʷ ʦʪ 70 K (x = 0) ʜʦ 49 K (ʭ = 0.15). ʇʨʠ ʵʪʦʤ 

ʧʘʨʘʤʘʛʥʠʪʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʂʶʨʠ-ɺʝʡʩʩʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʭ. 

ɸʚʪʦʨʳ [180] ʧʦʣʘʛʘʶʪ, ʯʪʦ ʚʚʝʜʝʥʠʝ ʚ ʩʪʨʫʢʪʫʨʫ ʠʦʥʦʚ Cu2+ ʦʙʫʩʣʘʚʣʠʚʘʝʪ 

ʧʝʨʝʭʦʜ Mn3+ ï Mn4+, ʯʪʦ ʠ ʷʚʣʷʝʪʩʷ ʧʨʠʯʠʥʦʡ ʥʘʙʣʶʜʘʝʤʳʭ ʵʬʬʝʢʪʦʚ.  

ʕʬʬʝʢʪʳ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʳʭ ʠʟʤʝʥʝʥʠʡ ʩʪʨʫʢʪʫʨʳ ʠ ʩʚʦʡʩʪʚ ʚ ʪʚʝʨʜʳʭ 

ʨʘʩʪʚʦʨʘʭ YMn1-xFexO3 ʠʟʫʯʘʣʠʩʴ ʚ [181ï185]. ʇʦ ʭʘʨʘʢʪʝʨʫ ʠʟʤʝʥʝʥʠʷ ʦʙʲʝʤʦʚ 

ʷʯʝʝʢ ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʜʣʷ x > 0.08 ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 

ʩʦʩʪʘʚʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʛʝʢʩʘʛʦʥʘʣʴʥʦʡ ʬʘʟʦʡ 

P63/mmc, ʘ ʩ x < 0.08 ï ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʧʦʣʷʨʥʦʡ ʬʘʟʦʡ P63cm. ʕʪʦʡ 

ʦʩʦʙʝʥʥʦʩʪʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʦʩʦʙʝʥʥʦʩʪʠ ʚ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʳʭ ʟʘʚʠʩʠʤʦʩʪʷʭ 

ʪʝʤʧʝʨʘʪʫʨ ʅʝʝʣʷ ʠ ʂʶʨʠ-ɺʝʡʩʩʘ ʠ ʵʬʬʝʢʪʠʚʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ. 

ɺ ʨʘʙʦʪʝ [184] ʦʧʠʩʘʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ YMn1-xFexO3 

(0.6 < x < 0.9). ɺʩʝ ʦʙʨʘʟʮʳ ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʠʩʴ ʦʨʪʦʨʦʤʙʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʦʡ ʩ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʦʡ ʩʠʤʤʝʪʨʠʠ Pnma. ɺ ʵʪʠʭ ʩʦʩʪʘʚʘʭ ʥʘʙʣʶʜʘʣʩʷ 

ʙʦʣʴʰʦʡ ʤʘʛʥʠʪʦ-ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʡ ʵʬʬʝʢʪ, ʦʙʫʩʣʦʚʣʝʥʥʳʡ (ʢʘʢ ʧʦʣʘʛʘʶʪ 

ʘʚʪʦʨʳ) ʩʧʠʥ-ʬʦʥʦʥʥʳʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ. 

ʊʚʝʨʜʳʝ ʨʘʩʪʚʦʨʳ ʥʘ ʦʩʥʦʚʝ LaMn O3. ɼʣʷ ʙʦʣʝʝ ʧʦʣʥʦʛʦ ʦʧʠʩʘʥʠʷ ʠ 

ʧʦʥʠʤʘʥʠʷ ʦʩʦʙʝʥʥʦʩʪʝʡ ʷʚʣʝʥʠʡ ʨʘʟʥʦʛʦ ʪʠʧʘ ʫʧʦʨʷʜʦʯʝʥʠʷ (ʟʘʨʷʜʦʚʦʛʦ, 

ʦʨʙʠʪʘʣʴʥʦʛʦ ʠ ʩʧʠʥʦʚʦʛʦ), ʢʘʢ ʧʨʠʯʠʥ ʢʦʣʦʩʩʘʣʴʥʦʡ ʤʘʛʥʝʪʦʨʝʟʠʩʪʠʚʥʦʩʪʠ ʚ 

ʩʦʩʪʘʚʘʭ ʩʠʩʪʝʤʳ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ La1-xCaxMnO3-d, ʠʟʫʯʝʥʠʝ ʩʪʨʫʢʪʫʨʥʳʭ 

ʩʦʩʪʦʷʥʠʡ ʵʪʠʭ ʦʙʲʝʢʪʦʚ ʚ ʰʠʨʦʢʦʤ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ ʧʨʝʜʩʪʘʚʣʷʝʪ 
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ʥʝʩʦʤʥʝʥʥʳʡ ʠʥʪʝʨʝʩ. ʆʜʥʘʢʦ, ʜʘʥʥʳʝ ʦ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʟʘʚʠʩʠʤʦʩʪʷʭ 

ʧʘʨʘʤʝʪʨʦʚ ʩʪʨʫʢʪʫʨʳ ʨʘʟʥʳʭ ʩʦʩʪʘʚʦʚ ʩʠʩʪʝʤʳ La1-xCaxMnO3 ʩʨʘʚʥʠʪʝʣʴʥʦ 

ʥʝʤʥʦʛʦ [186] ʠ ʦʥʠ ʯʘʩʪʠʯʥʦ ʧʨʦʪʠʚʦʨʝʯʠʚʳ. ʅʘʧʨʠʤʝʨ, Radaelli et. al. [187] 

ʦʙʥʘʨʫʞʠʣʠ ʩʪʨʫʢʪʫʨʥʳʡ ʬʘʟʦʚʳʡ ʧʝʨʝʭʦʜ ʠʟ ʦʨʪʦʨʦʤʙʠʯʝʩʢʦʡ Pnma ʚ 

ʨʦʤʙʦʵʜʨʠʯʝʩʢʫʶ R3c ʬʘʟʫ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ TS = 450 Áʉ (723 K) ʜʣʷ 

La0.7Ca0.3MnO3 ʧʦ ʥʝʟʥʘʯʠʪʝʣʴʥʦʤʫ ʚʥʝʟʘʧʥʦʤʫ ʧʨʦʚʘʣʫ ʚ ʪʝʤʧʝʨʘʪʫʨʥʦʡ 

ʟʘʚʠʩʠʤʦʩʪʠ ʫʜʝʣʴʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ. ʆʜʥʘʢʦ, ʠʟʫʯʘʷ ʘʥʘʣʦʛʠʯʥʳʝ 

ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ r (T) ʦʪ 4 ʜʦ 900 K ʜʣʷ ʩʠʩʪʝʤʳ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ 

La1-xCaxMnO3 (x = 0.48 ï 0.55) Kim et. al. [188] ʧʦʜʦʙʥʳʭ ʘʥʦʤʘʣʠʡ ʥʝ 

ʥʘʙʣʶʜʘʣʠ. ʕʪʠ ʧʨʦʪʠʚʦʨʝʯʠʷ, ʢʘʢ ʧʨʘʚʠʣʦ, ʦʙʫʩʣʦʚʣʝʥʳ, ʚʦ-ʧʝʨʚʳʭ, 

ʜʦʩʪʘʪʦʯʥʦ ʰʠʨʦʢʠʤʠ ʚʘʨʠʘʮʠʷʤʠ ʩʪʨʫʢʪʫʨʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʢʘʞʜʦʛʦ ʩʦʩʪʘʚʘ ʠ, 

ʚʦ-ʚʪʦʨʳʭ, ʥʝ ʚʩʝʛʜʘ ʥʘʜʝʞʥʳʤʠ ʤʝʪʦʜʠʢʘʤʠ ʵʢʩʧʝʨʠʤʝʥʪʘ ʠ ʩʧʦʩʦʙʘʤʠ 

ʦʙʨʘʙʦʪʢʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ.  

ɺ ʨʘʙʦʪʝ [189] ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʠʩʪʝʤʳ 

BixLa1īxMnO3 (0.2 Ò ʭ Ò 0.6). ʊʚʝʨʜʳʝ ʨʘʩʪʚʦʨʳ ʥʘ ʦʩʥʦʚʝ ʤʫʣʴʪʠʬʝʨʨʦʠʢʘ 

BiMnO3 ʠ ʘʥʪʠʬʝʨʨʦʤʘʛʥʝʪʠʢʘ (ɸʌʄ) LaMnO3 ʷʚʣʷʶʪʩʷ ʧʨʠʤʝʨʦʤ ʩʠʩʪʝʤ ʩ 

ʩʠʣʴʥʦʡ ʚʟʘʠʤʦʩʚʷʟʴʶ ʤʘʛʥʠʪʥʳʭ ʠ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. ʀʟʫʯʝʥʠʝ ʠʭ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʥʘʫʯʥʳʡ ʠ ʧʨʘʢʪʠʯʝʩʢʠʡ ʠʥʪʝʨʝʩ. ɼʦʧʠʨʦʚʘʥʥʳʡ ʠʦʥʘʤʠ La 

BiMnO3 ʤʦʞʝʪ ʙʳʪʴʧʨʠʤʝʥʝʥ ʢʘʢ ʤʘʛʥʠʪʥʳʡ ʠʟʦʣʠʨʫʶʱʠʡ ʙʘʨʴʝʨ ʩʧʠʥʦʚʳʭ 

ʬʠʣʴʪʨʦʚ [190]. ʆʙʘ ʤʘʥʛʘʥʠʪʘ ʦʙʣʘʜʘʶʪ ʩʪʨʫʢʪʫʨʦʡ ʧʝʨʦʚʩʢʠʪʘ, ʦʜʥʘʢʦ ʜʣʷ 

ʩʪʨʫʢʪʫʨʳ BiMnO3 ʭʘʨʘʢʪʝʨʥʳ ʤʦʥʦʢʣʠʥʥʳʝ, ʘ ʜʣʷ LaMnO3 ï ʦʨʪʦʨʦʤʙʠʯʝʩʢʠʝ 

(ʠʣʠ ʨʦʤʙʦʵʜʨʠʯʝʩʢʠʝ) ʠʩʢʘʞʝʥʠʷ. 

ʌʘʟʦʚʳʝ ʜʠʘʛʨʘʤʤʳ ʩʦʩʪʦʷʥʠʡ ʩʠʩʪʝʤ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ ʪʠʧʘ  

Lnǋ1-xAǌxMnO3, ʦʩʦʙʝʥʥʦ ʚ ʦʙʣʘʩʪʷʭ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ, 

ʥʝʦʜʥʦʢʨʘʪʥʦ ʠʟʫʯʘʣʠʩʴ (ʥʘʧʨʠʤʝʨ, [191ï198]). ʀʥʪʝʨʝʩʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ 

[195], ʦʧʫʙʣʠʢʦʚʘʥʥʦʡ ʝʱʝ ʚ 1955 ʛʦʜʫ ɻʫʜʝʥʘʬ ʦʙʦʩʥʦʚʘʣ ʤʠʥʠʤʘʣʴʥʦʝ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʠ ʤʘʢʩʠʤʘʣʴʥʫʶ ʪʝʤʧʝʨʘʪʫʨʫ ʂʶʨʠ ʚ  

La1-xMe2+
xMnO3 ʜʣʷ ʩʦʩʪʘʚʘ ʩ x = 0.31. 

ʈʘʥʝʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʦʩʦʙʝʥʥʦʩʪʠ ʬʘʟʦʚʳʭ ʜʠʘʛʨʘʤʤ ʩʠʩʪʝʤ Ln1-xA
2+

xMnO3 

ʩʠʣʴʥʦ ʟʘʚʠʩʷʪ ʦʪ ʩʧʦʩʦʙʦʚ (ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʫʪʝʡ) ʠʭ ʧʨʠʛʦʪʦʚʣʝʥʠʷ. 
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ʅʘʧʨʠʤʝʨ, ʚ [192] ʧʨʠʚʝʜʝʥʘ ʬʘʟʦʚʘʷ ʜʠʘʛʨʘʤʤʘ ʩʠʩʪʝʤʳ La1-xSrxMnO3+ŭ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ x ʠ ʦʪ ʜʘʚʣʝʥʠʷ ʢʠʩʣʦʨʦʜʘ ʧʨʠ ʩʠʥʪʝʟʝ. ɺ [198] ʵʣʝʢʪʨʦʥʥʘʷ 

ʬʘʟʦʚʘʷ ʜʠʘʛʨʘʤʤʘ ʜʘʥʥʦʡ ʩʠʩʪʝʤʳ ʧʦʢʘʟʳʚʘʝʪ ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ ʤʝʞʜʫ 

ʬʝʨʨʦʤʘʛʥʠʪʥʦʡ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ, ʬʝʨʨʦʤʘʛʥʠʪʥʦʡ ʤʝʪʘʣʣʠʯʝʩʢʦʡ, 

ʧʘʨʘʤʘʛʥʠʪʥʦʡ ʤʝʪʘʣʣʠʯʝʩʢʦʡ, ʧʘʨʘʤʘʛʥʠʪʥʦʡ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʠ ʩʧʠʥʦʚʦʡ 

ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʦʡ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʬʘʟʘʤʠ. ɼʝʪʘʣʴʥʘʷ ʬʘʟʦʚʘʷ ʜʠʘʛʨʘʤʤʘ 

ʵʪʦʡ ʞʝ ʩʠʩʪʝʤʳ La1-xSrxMnO3 [196] ʦʪʣʠʯʘʝʪʩʷ ʪʝʤ, ʯʪʦ ʥʘ ʥʝʡ ʧʦʜʨʦʙʥʦ 

ʧʦʢʘʟʘʥʳ ʦʙʣʘʩʪʠ ʦʨʪʦʨʦʤʙʠʯʝʩʢʦʡ ʠ ʨʦʤʙʦʵʜʨʠʯʝʩʢʦʡ ʬʘʟ ʚ ʦʢʨʝʩʪʥʦʩʪʠ x = 

0.15. ʆʩʦʙʝʥʥʦ ʠʥʪʝʨʝʩʥʦ, ʯʪʦ ʩʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʵʪʦʡ ʬʘʟʦʚʦʡ ʜʠʘʛʨʘʤʤʳ ʚ 

ʩʦʩʪʘʚʘʭ ʩ x @0.12 (!) ʩ ʧʦʚʳʰʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʠʤʝʶʪ ʤʝʩʪʦ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʝ ʬʘʟʦʚʳʝ ʧʝʨʝʭʦʜʳ: ʠʟ ʦʨʪʦʨʦʤʙʠʯʝʩʢʦʡ ʬʘʟʳ O* (ʩ 

ʧʘʨʘʤʝʪʨʘʤʠ aO å cO å bO/ 2) ʚ ʦʨʪʦʨʦʤʙʠʯʝʩʢʫʶ ʬʘʟʫ Oǋ (ʩ ʧʘʨʘʤʝʪʨʘʤʠ 

bO/ 2  < cO < aO)  ʠ ʧʨʠ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʩʥʦʚʘ ʚʦʟʥʠʢʘʝʪ ʬʘʟʘ O*. 

ʌʘʟʦʚʳʝ ʧʝʨʝʭʦʜʳ Pr1-xCaxMnO3 ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, 

ʠʟʫʯʝʥʥʳʝ ʚ [197], ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʬʘʟʘ ʟʘʨʷʜʦʚʦ-ʫʧʦʨʷʜʦʯʝʥʥʘʷ ʧʨʠ ʥʠʟʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʟʘʨʷʜʦʚʦ-

ʥʝʫʧʦʨʷʜʦʯʝʥʥʫʶ, ʘ ʧʨʠ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʩʥʦʚʘ ʩʪʘʥʦʚʠʪʩʷ 

ʟʘʨʷʜʦʚʦ-ʫʧʦʨʷʜʦʯʝʥʥʦʡ. ʆʙʦʙʱʝʥʠʝ ʬʘʟʦʚʳʭ ʜʠʘʛʨʘʤʤ ʩʠʩʪʝʤ Aǋ0.7Aǌ0.3MnO3 

(Aǋ ï La, Pr; Aǌ ï Ca, Sr, Ba), ʢʦʪʦʨʳʝ ʧʦʢʘʟʳʚʘʶʪ ʬʘʟʦʚʳʝ ʩʦʦʪʥʦʰʝʥʠʷ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʵʬʬʝʢʪʠʚʥʦʛʦ ʠʦʥʥʦʛʦ ʨʘʜʠʫʩʘ ʘʪʦʤʦʚ ʪʠʧʘ A, ʧʨʠʚʝʜʝʥʦ ʚ 

[193]. ʆʩʦʙʝʥʥʦʩʪʠ ʬʘʟʦʚʦʡ ʜʠʘʛʨʘʤʤʳ ʩʠʩʪʝʤʳ La1-xCaxMnO3 ʠʟʫʯʝʥʳ ʚ [191, 

194] ʚ ʦʙʣʘʩʪʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ï ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʤʘʛʥʝʪʦʨʝʟʠʩʪʠʚʥʦʛʦ 

ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ. 
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2 ʉʠʥʪʝʟ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʦʢʩʠʜʥʳʭ ʬʝʨʨʦʠʢʦʚ 

ʅʘ ʨʠʩʫʥʢʝ 2.1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʠʩʧʦʣʴʟʫʝʤʳʝ ʤʝʪʦʜʳ ʩʠʥʪʝʟʘ ʦʢʩʠʜʥʳʭ 

ʬʝʨʨʦʠʢʦʚ. ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʷʚʣʷʝʪʩʷ ʪʚʝʨʜʦʬʘʟʥʳʡ ʩʠʥʪʝʟ 

ʦʢʩʠʜʥʳʭ ʬʝʨʨʦʠʢʦʚ ʧʨʠ ʨʘʟʥʳʭ ʚʦʟʜʝʡʩʪʚʠʷʭ (ʪʝʤʧʝʨʘʪʫʨʘ, ʜʘʚʣʝʥʠʝ, ʚʨʝʤʷ 

ʩʠʥʪʝʟʘ, ʦʙʣʫʯʝʥʠʝ, ʫʣʴʪʨʘʟʚʫʢ, ʤʝʭʘʥʦʭʠʤʠʯʝʩʢʘʷ ʘʢʪʠʚʘʮʠʷ, ʩʠʥʪʝʟ ʚ 

ʨʘʟʣʠʯʥʳʭ ʘʪʤʦʩʬʝʨʘʭ). ʂʨʦʤʝ ʪʦʛʦ, ʠʩʧʦʣʴʟʫʶʪʩʷ ʚʟʨʳʚʥʦʡ ʩʠʥʪʝʟ, ʩʠʥʪʝʟ ʩ 

ʧʦʥʠʞʝʥʥʦʡ ʛʨʘʚʠʪʘʮʠʝʡ, ʘ ʪʘʢʞʝ ʚʣʘʞʥʳʝ ʭʠʤʠʯʝʩʢʠʝ ʤʝʪʦʜʳ, ʪʘʢʠʝ ʢʘʢ ʟʦʣʴ-

ʛʝʣʴʥʳʡ ʤʝʪʦʜ (ʠʟ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ, ʠʟ ʨʘʩʪʚʦʨʦʚ ʧʦʣʠʤʝʨʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʠ ʨʝʘʢʮʠʷʤʠ ʛʣʠʢʦʣʴʥʳʭ ʛʝʣʝʡ). 

 

ʈʠʩʫʥʦʢ 2.1 ï ʄʝʪʦʜʳ ʩʠʥʪʝʟʘ ʦʢʩʠʜʥʳʭ ʬʝʨʨʦʠʢʦʚ 

2.1 ʆʩʦʙʝʥʥʦʩʪʠ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʦʢʩʠʜʥʳʭ ʬʝʨʨʦʠʢʦʚ ʠ ʠʭ ʩʠʥʪʝʟ 

ʊʚʝʨʜʦʬʘʟʥʳʡ ʩʠʥʪʝʟ. ʅʘʯʘʣʴʥʳʤ ʧʨʦʮʝʩʩʦʤ ʪʚʝʨʜʦʬʘʟʥʦʛʦ ʤʝʪʦʜʘ 

ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʦʙʨʘʟʮʦʚ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʧʦʨʦʰʢʘ ʦʜʥʦʨʦʜʥʦʡ ʩʤʝʩʠ 

ʪʦʥʢʦʜʠʩʧʝʨʩʥʳʭ ʩʳʨʴʝʚʳʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʚ ʢʘʯʝʩʪʚʝ ʢʦʪʦʨʳʭ ʦʙʳʯʥʦ 

ʠʩʧʦʣʴʟʫʶʪ ʦʢʩʠʜʳ, ʢʘʨʙʦʥʘʪʳ, ʥʠʪʨʘʪʳ, ʦʢʩʘʣʘʪʳ ʠ ʥʝʢʦʪʦʨʳʝ ʜʨʫʛʠʝ, ʣʝʛʢʦ 
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ʨʘʟʣʘʛʘʶʱʠʝʩʷ ʩʦʣʠ ʨʘʟʣʠʯʥʳʭ ʤʝʪʘʣʣʦʚ. ʅʝʦʙʭʦʜʠʤʦ ʚʳʙʠʨʘʪʴ ʤʦʜʠʬʠʢʘʮʠʠ 

ʠʩʭʦʜʥʳʭ ʚʝʱʝʩʪʚ, ʠʤʝʶʱʠʝ ʥʘʠʤʝʥʴʰʫʶ ʵʥʝʨʛʠʶ ʘʢʪʠʚʘʮʠʠ. 

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʠʟʫʯʝʥʠʝ ʧʨʦʮʝʩʩʦʚ ʩʠʥʪʝʟʘ ʪʘʢʞʝ ʧʨʦʚʦʜʠʪʩʷ ʤʝʪʦʜʦʤ 

in situ, ʪʦ ʝʩʪʴ ʩ ʦʜʥʦʚʨʝʤʝʥʥʳʤ ʥʘʙʣʶʜʝʥʠʝʤ ʩʪʨʫʢʪʫʨʦʦʙʨʘʟʦʚʘʥʠʷ ʚʝʱʝʩʪʚʘ 

ʤʝʪʦʜʘʤʠ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʠʣʠ ʥʝʡʪʨʦʥʦʚʩʢʦʡ ʜʠʬʨʘʢʮʠʠ. 

ʉʧʦʩʦʙ ʩʠʥʪʝʟʘ ʙʳʩʪʨʳʤ ʞʠʜʢʦʬʘʟʥʳʤ ʦʙʞʠʛʦʤ ʥʘ ʧʝʨʚʦʡ ʩʪʘʜʠʠ ʪʘʢʦʡ 

ʞʝ, ʢʘʢ ʧʨʠ ʦʙʳʯʥʦʤ ʪʚʝʨʜʦʬʘʟʥʦʤ ʩʠʥʪʝʟʝ. ʅʘ ʚʪʦʨʦʡ ʩʪʘʜʠʠ ʦʙʨʘʟʮʳ 

ʦʙʞʠʛʘʶʪʩʷ ʢʨʘʪʢʦʚʨʝʤʝʥʥʦ (5-10 ʤʠʥ.) ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚʳʰʝ, ʯʝʤ 

ʪʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʠʷ ʭʦʪʷ ʙʳ ʦʜʥʦʛʦ ʠʟ ʢʦʤʧʦʥʝʥʪʦʚ. ʇʦʷʚʣʷʶʱʘʷʩʷ ʞʠʜʢʘʷ 

ʬʘʟʘ ʠʛʨʘʝʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʨʝʘʢʮʠʠ ʦʢʦʥʯʘʪʝʣʴʥʦʛʦ ʩʠʥʪʝʟʘ, ʫʩʢʦʨʷʷ ʝʛʦ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʪʘʢʦʛʦ ʩʠʥʪʝʟʘ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʚʳʩʦʢʦʧʣʦʪʥʫʶ ʢʝʨʘʤʠʢʫ. 

ʄʝʭʘʥʦʭʠʤʠʯʝʩʢʘʷ ʘʢʪʠʚʘʮʠʷ. ʄʝʭʘʥʦʭʠʤʠʯʝʩʢʘʷ ʘʢʪʠʚʘʮʠʷ ʧʨʦʚʦʜʠʪʩʷ 

ʧʦʤʦʣʦʤ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʭ ʩʤʝʩʝʡ ʠʩʭʦʜʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʤʝʣʴʥʠʮʘʭ. ʇʨʠ 

ʵʪʦʤ ʧʨʦʠʩʭʦʜʷʪ ʠʟʤʝʣʴʯʝʥʠʝ ʢʨʠʩʪʘʣʣʠʪʦʚ ʠ ʠʭ ʧʣʘʩʪʠʯʝʩʢʘʷ ʜʝʬʦʨʤʘʮʠʷ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʫʩʢʦʨʷʝʪʩʷ ʤʘʩʩʦʧʝʨʝʥʦʩ ʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʝʨʝʤʝʰʠʚʘʥʠʝ 

ʢʦʤʧʦʥʝʥʪʦʚ ʩʤʝʩʠ ʥʘ ʘʪʦʤʘʨʥʦʤ ʫʨʦʚʥʝ, ʘʢʪʠʚʠʨʫʝʪʩʷ ʭʠʤʠʯʝʩʢʦʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʪʚʝʨʜʳʭ ʨʝʘʛʝʥʪʦʚ. ʉʠʥʪʝʟ ʧʨʦʪʝʢʘʝʪ ʧʨʠ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʠʟʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ. 

ʇʦ ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʥʪʘʢʪʦʚ ʢʨʠʩʪʘʣʣʠʪʦʚ ʧʨʠ 

ʤʝʭʘʥʦʭʠʤʠʯʝʩʢʦʡ ʘʢʪʠʚʘʮʠʠ ʩʢʦʨʦʩʪʴ ʨʝʘʢʮʠʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʥʘʩʪʦʣʴʢʦ, ʯʪʦ 

ʪʝʧʣʦ ʥʝ ʦʪʚʦʜʠʪʴʩʷ ʠ ʨʝʘʢʮʠʷ ʧʝʨʝʭʦʜʠʪ ʚ ʨʝʞʠʤ ʩʘʤʦʫʩʢʦʨʝʥʠʷ. 

ɺʣʘʞʥʳʝ ʭʠʤʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʩʠʥʪʝʟʘ. ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʪʠʭ ʤʝʪʦʜʦʚ 

ʧʨʝʢʫʨʩʦʨʳ ʜʣʷ ʪʚʝʨʜʦʬʘʟʥʦʛʦ ʩʠʥʪʝʟʘ ʧʦʣʫʯʘʶʪ ʧʫʪʝʤ ʚʳʜʝʣʝʥʠʷ ʠʟ 

ʨʘʩʪʚʦʨʦʚ ʟʘ ʩʯʝʪ ʨʘʟʣʠʯʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ. ʇʨʝʠʤʫʱʝʩʪʚʘ ʭʠʤʠʯʝʩʢʠʭ 

ʤʝʪʦʜʦʚ ʩʦʩʪʦʷʪ ʚ ʩʣʝʜʫʶʱʝʤ: 

ï ʜʦʩʪʠʛʘʝʪʩʷ ʦʜʥʦʨʦʜʥʦʩʪʴ ʩʦʩʪʘʚʘ ʥʘ ʤʦʣʝʢʫʣʷʨʥʦʤ ʫʨʦʚʥʝ; 

ï ʨʝʛʫʣʠʨʫʝʪʩʷ ʜʠʩʧʝʨʩʥʦʩʪʴ ʧʨʦʢʘʣʝʥʥʳʭ ʧʦʨʦʰʢʦʚ ʩ ʫʤʝʥʴʰʝʥʠʝʤ 

ʢʨʠʩʪʘʣʣʠʪʦʚ ʜʦ ʩʫʙʤʠʢʨʦʥʥʳʭ ʨʘʟʤʝʨʦʚ; 
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ï ʚʳʜʝʣʝʥʥʳʝ ʠʟ ʨʘʩʪʚʦʨʦʚ ʩʦʝʜʠʥʝʥʠʷ ʦʪʣʠʯʘʶʪʩʷ ʧʦʚʳʰʝʥʥʦʡ 

ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʟʘʜʘʥʥʳʭ 

ʩʦʩʪʘʚʦʚ ʧʨʠ ʙʦʣʝʝ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ.  

ʆʩʥʦʚʥʳʝ ʚʣʘʞʥʳʝ ʭʠʤʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʩʠʥʪʝʟʘ: ʟʦʣʴ-ʛʝʣʴʥʳʡ, 

ʩʦʦʩʘʞʜʝʥʠʝ, ʩʦʨʙʮʠʷ.  

ʉʠʥʪʝʟ ʠʟ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ. ɺ ʤʝʪʦʜʝ ʩʠʥʪʝʟʘ ʠʟ ʤʝʪʘʣʣʠʯʝʩʢʠʭ 

ʢʦʤʧʣʝʢʩʦʚ, ʚʝʜʸʪʩʷ ʧʦʠʩʢ ʛʦʤʦʛʝʥʥʦʛʦ ʨʘʩʪʚʦʨʘ ʠ ʩʧʦʩʦʙʘ ʫʤʝʥʴʰʝʥʠʷ 

ʜʚʠʞʝʥʠʷ ʤʝʪʘʣʣʦʚ. ʕʪʦ ʜʦʩʪʠʛʘʶʪ ʧʫʪʸʤ ʭʝʣʘʪʠʨʦʚʘʥʠʷ ʤʝʪʘʣʣʦʚ. ʅʘʠʙʦʣʝʝ 

ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʤʳʝ ʭʝʣʘʪʠʨʫʶʱʠʝ ʨʝʘʛʝʥʪʳ ï ʣʠʤʦʥʥʘʷ, ʚʠʥʥʘʷ, ʱʘʚʝʣʝʚʘʷ ʠ 

ʷʙʣʦʯʥʘʷ ʢʠʩʣʦʪʳ. ʇʦʩʣʝ ʠʩʧʘʨʝʥʠʷ ʨʘʩʪʚʦʨʠʪʝʣʝʡ, ʧʦʣʫʯʘʝʤʳʡ ʧʦʨʦʰʦʢ 

ʥʘʭʦʜʠʪʩʷ ʚ ʘʤʦʨʬʥʦʡ ʬʘʟʝ. ʕʪʘʧ ʦʙʞʠʛʘ ʜʘʸʪ ʚʦʟʤʦʞʥʦʩʪʴ ʠʟʙʘʚʠʪʴʩʷ ʦʪ 

ʦʨʛʘʥʠʢʠ ʠ ʧʦʣʫʯʠʪʴ ʞʝʣʘʝʤʫʶ ʬʘʟʫ.  

ʄʝʪʦʜ ʇʝʯʠʥʠ. ʄʝʪʦʜ ʇʝʯʠʥʠ ʩʦʩʪʦʠʪ ʚ ʫʤʝʥʴʰʝʥʠʠ ʧʦʜʚʠʞʥʦʩʪʠ 

ʨʘʟʣʠʯʥʳʭ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʠʦʥʦʚ ʧʫʪʸʤ ʦʢʨʫʞʝʥʠʷ ʩʪʘʙʠʣʴʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

ʤʝʪʘʣʣʦ-ʭʝʣʘʪʦʚ, ʚʳʨʘʱʠʚʘʷ ʩʝʪʴ ʠʟ ʧʦʣʠʤʝʨʦʚ. ʆʙʝʟʜʚʠʞʠʚʘʥʠʝ ʤʝʪʘʣʣʦ-

ʭʝʣʘʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʚ ʪʘʢʦʡ ʞʸʩʪʢʦʡ ʦʨʛʘʥʠʯʝʩʢʦʡ ʧʦʣʠʤʝʨʥʦʡ ʩʝʪʠ ʤʦʞʝʪ 

ʫʤʝʥʴʰʠʪʴ ʩʝʛʨʝʛʘʮʠʠ ʦʧʨʝʜʝʣʸʥʥʳʭ ʤʝʪʘʣʣʦʚ ʚʦ ʚʨʝʤʷ ʧʨʦʮʝʩʩʘ ʨʘʟʣʦʞʝʥʠʷ 

ʧʦʣʠʤʝʨʘ ʧʨʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. 

ʄʝʪʦʜ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʦʩʘʞʜʝʥʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʦʚʤʝʩʪʥʦʤ ʦʩʘʞʜʝʥʠʠ 

ʛʠʜʨʦʢʩʠʜʦʚ ʠʟ ʨʘʩʪʚʦʨʦʚ ʚ ʚʠʜʝ ʥʝʨʘʩʪʚʦʨʠʤʳʭ ʩʦʣʝʡ ʤʝʪʘʣʣʦʚ. ʅʘʠʙʦʣʝʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʜʚʘ ʪʠʧʘ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʦʩʘʞʜʝʥʠʷ ï ʦʢʩʘʣʘʪʥʳʡ ʠ 

ʢʘʨʙʦʥʘʪʥʳʡ ʤʝʪʦʜʳ. ʀʟʚʝʩʪʥʳ ʠ ʜʨʫʛʠʝ ʤʝʪʦʜʳ, ʧʨʠʤʝʥʷʝʤʳʝ ʜʣʷ ʩʠʥʪʝʟʘ 

ʦʢʩʠʜʥʳʭ ʬʝʨʨʦʠʢʦʚ: ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʡ, ʩʦʨʙʮʠʠ, ʦʢʠʩʣʝʥʠʝ ʧʨʠ ʛʦʨʝʥʠʠ, ʘ 

ʪʘʢʞʝ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʤʠʢʨʦʚʦʣʥʦʚʳʭ ʚʦʟʜʝʡʩʪʚʠʡ ʠʣʠ ʘʢʫʩʪʠʯʝʩʢʠʭ 

ʢʦʣʝʙʘʥʠʡ. ʏʪʦʙʳ ʚʳʙʨʘʪʴ ʦʧʪʠʤʘʣʴʥʫʶ ʩʪʨʘʪʝʛʠʶ ʩʠʥʪʝʟʘ ʠ ʩʧʝʢʘʥʠʷ 

ʦʙʨʘʟʮʦʚ, ʥʝʦʙʭʦʜʠʤʦ ʙʳʣʦ ʜʝʪʘʣʴʥʦ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʠʟʚʝʩʪʥʳʝ ʧʨʠʝʤʳ ʠʭ 

ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʠ ʚʳʷʚʠʪʴ ʚʦʟʤʦʞʥʦʩʪʠ ʥʦʚʳʭ ʤʝʪʦʜʦʚ ʩʠʥʪʝʟʘ. 

ɼʣʷ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʦʙʨʘʟʮʦʚ ʤʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʫʭʠʝ ʠ ʚʣʘʞʥʳʝ ʤʝʪʦʜʳ 

ʩʠʥʪʝʟʘ: ʤʝʪʦʜ ʪʚʝʨʜʦʬʘʟʥʦʛʦ ʩʠʥʪʝʟʘ, ʩʦʨʙʮʠʠ, ʩʦʚʤʝʩʪʥʦʛʦ ʦʩʘʞʜʝʥʠʷ ʠ  
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ʩʠʥʪʝʟ ʠʟ ʟʦʣʴ-ʛʝʣʴ ʩʤʝʩʝʡ. ɺ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʳʭ ʦʙʲʝʢʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʠ 

ʚʳʙʨʘʥʳ ʩʦʩʪʘʚʳ ʩʠʩʪʝʤ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ. ʊʚʝʨʜʳʝ ʨʘʩʪʚʦʨʳ ʙʳʣʠ ʩʦʟʜʘʥʳ 

ʥʘ ʦʩʥʦʚʝ ʢʣʘʩʩʠʯʝʩʢʠʭ ʬʝʨʨʦʠʢʦʚ LaMnO3, YMnO3, BiFeO3, LiNbO3. 

AMnO3 ï AǋMnO3 (A ï La, Pr; Aǋ ï Ca, Cd, Bi, Y) ï ʦʢʦʣʦ 150 ʦʙʨʘʟʮʦʚ, 

BiFeO3 ï ANbO3 (A ï Li , Na, K) ï ʦʢʦʣʦ 30 ʦʙʨʘʟʮʦʚ, 

LaBO3 ï LiNbO3 (B ï Mn, Fe) ï ʦʢʦʣʦ 30 ʦʙʨʘʟʮʦʚ, 

YMnO3 ï ABO3 (A ï Ca, Bi; B ïY) ï ʦʢʦʣʦ 30 ʦʙʨʘʟʮʦʚ. 

ʂʨʦʤʝ ʪʦʛʦ, ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʧʨʦʮʝʩʩʳ ʩʠʥʪʝʟʘ ʜʚʦʡʥʳʭ ʦʢʩʠʜʦʚ AMnO3 (A 

ï La, Ca, Cd, Bi) ï ʦʢʦʣʦ 50 ʦʙʨʘʟʮʦʚ. ʇʨʦʚʝʜʝʥ in situ ʩʠʥʪʝʟ LaMnO3 ʠ ʪʚʝʨʜʳʭ 

ʨʘʩʪʚʦʨʦʚ ʥʘ ʝʛʦ ʦʩʥʦʚʝ (La1-xCaxMnO3; x = 0.3; 0.5; 0.7) ʠʟ ʧʨʝʢʫʨʩʦʨʦʚ, 

ʧʨʠʛʦʪʦʚʣʝʥʥʳʭ ʚʣʘʞʥʳʤʠ ʤʝʪʦʜʘʤʠ ï ʩʦʨʙʮʠʷ, ʩʦʚʤʝʩʪʥʦʝ ʦʩʘʞʜʝʥʠʝ 

ʛʦʜʨʦʢʩʠʜʦʚ ʠ ʠʟ ʟʦʣʴ-ʛʝʣʴ ʩʤʝʩʝʡ. 

ʀʩʭʦʜʥʳʤʠ ʚʝʱʝʩʪʚʘʤʠ ʜʣʷ ʪʚʝʨʜʦʬʘʟʥʦʛʦ ʩʠʥʪʝʟʘ ʩʣʫʞʠʣʠ: La(OH)3 

(ʯ.ʜ.ʘ.), La2O3 (ʯ.ʜ.ʘ.), CdO (ʦ.ʩ.ʯ.), CaO (ʯ.ʜ.ʘ.), CaʉO3 (ʯ.ʜ.ʘ.), Fe2O3 (ʯ.ʜ.ʘ.), 

MnO (ʦ.ʩ.ʯ.), MnO2 (ʦ.ʩ.ʯ.), Mn2O3 (ʦ.ʩ.ʯ.), Bi2O3 (ʯ.), Pr2O3 (ʦ.ʩ.ʯ.); Sm2O3 

(ʦ.ʩ.ʯ.), Nb2O5 (ʯ.ʜ.ʘ.), Li 2CO3 (ʯ.ʜ.ʘ.), KHCO3 (ʦ.ʩ.ʯ.), NaHCO3 (ʦ.ʩ.ʯ.), SrCO3 

(ʦ.ʩ.ʯ.), PbO (ʯ.ʜ.ʘ.), ZrO2 (ʯ.ʜ.ʘ.), TiO2 (ʯ.ʜ.ʘ.), NaCl (ʯ.). 

ɺ ʪʘʙʣʠʮʝ 2.1 ʧʨʠʚʝʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʧʦ ʪʚʝʨʜʦʬʘʟʥʦʤʫ 

ʩʠʥʪʝʟʫ ʠ ʩʧʝʢʘʥʠʶ ʚʩʝʭ ʧʦʣʫʯʝʥʥʳʭ ʦʙʨʘʟʮʦʚ: ʠʩʭʦʜʥʘʷ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʘʷ 

ʩʤʝʩʴ ʧʨʝʢʫʨʩʦʨʦʚ, ʪʝʤʧʝʨʘʪʫʨʳ ʩʠʥʪʝʟʘ (Tsyn), ʪʝʤʧʝʨʘʪʫʨʳ ʩʧʝʢʘʥʠʷ (Tʘnn), 

ʚʨʝʤʝʥʘ ʦʪʞʠʛʘ ʦʙʨʘʟʮʦʚ ʧʨʠ ʵʪʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ (tsyn, tʘnn), ʬʘʟʦʚʳʡ ʩʦʩʪʘʚ 

ʧʦʩʣʝ ʦʙʞʠʛʘ ʧʨʝʢʫʨʩʦʨʦʚ, ʢʦʣʠʯʝʩʪʚʦ ʧʝʨʦʚʩʢʠʪʦʚʦʡ ʬʘʟʳ (Cp). ɼʣʷ ʨʷʜʘ 

ʩʦʩʪʘʚʦʚ ʧʨʠʤʝʥʷʣʩʷ ʤʝʪʦʜ ʜʚʫʭʩʪʫʧʝʥʯʘʪʦʛʦ ʪʚʝʨʜʦʬʘʟʥʦʛʦ ʩʠʥʪʝʟʘ. ʉʣʝʜʫʝʪ 

ʦʪʤʝʪʠʪʴ ʦʪʥʦʩʠʪʝʣʴʥʫʶ ʙʣʠʟʦʩʪʴ ʫʩʣʦʚʠʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʦʙʨʘʟʮʦʚ ʠ, ʢʘʢ 

ʩʣʝʜʩʪʚʠʝ, ʙʣʠʟʦʩʪʴ ʠʭ ʦʧʪʠʤʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʧʨʠʛʦʪʦʚʣʝʥʠʷ. ɼʣʷ ʥʝʢʦʪʦʨʳʭ 

ʩʦʩʪʘʚʦʚ, ʚʳʙʨʘʥʥʳʭ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʠʟʫʯʝʥʠʷ ʩʪʨʫʢʪʫʨʥʳʭ ʬʘʟʦʚʳʭ 

ʧʝʨʝʭʦʜʦʚ, ʚ ʪʘʙʣʠʮʝ 2.2 ʧʨʠʚʝʜʝʥʳ ʦʧʪʠʤʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʩʠʥʪʝʟʘ ʠ ʩʧʝʢʘʥʠʷ.  
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ʊʘʙʣʠʮʘ 2.1 ï ʊʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʦʙʨʘʟʮʦʚ, ʢʦʥʮʝʥʪʨʘʮʠʷ ʧʝʨʦʚʩʢʠʪʦʚʳʭ ʬʘʟ, ʩʨʝʜʥʠʡ 

ʧʘʨʘʤʝʪʨ ʷʯʝʝʢ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 

ʆʙʨʘʟʝʮ 
ʀʩʭʦʜʥʳʝ 

ʧʨʝʢʫʨʩʦʨʳ 
Tsyn, ÁC tsyn, h 

Tʘnn, 

ÁC 

tʘnn, 

h 

ʇʨʠʤʝʩʥʳʝ 

ʬʘʟʳ 
Cp, % a, ¡ 

CdMnO3 CdO, MnO2 

600 

700 

800 

900 

1000 

750+900 

1 

1 

1 

1 

1 

2+2 

ï 

ï 

ï 

ï 

ï 

ï 

ï 

ï 

ï 

ï 

ï 

ï 

CdO, MnO2 

CdO, CdMn2O4 

CdO, CdMn2O4 

CdO, CdMn2O4 

CdO, CdMn2O4 

CdO, CdMn2O4 

ï 

ï 

ï 

ï 

ï 

ï 

ï 

ï 

ï 

ï 

ï 

ï 

CaMnO3 CaO, MnO2 

1100 

1100 

1100 

4 

8 

16 

ï 

ï 

ï 

ï 

ï 

ï 

CaMn3+O2.5 

CaMn3+O2.5 

CaMn3+O2.5 

100 

100 

100 

3.734 

3.743 

3.743 

(1-c)LaMnO3ïcLa2/3MnO3 

(c = 0.3; 0.42; 0.5; 0.7) 
La2O3, Mn2O3 

950 

950 

2 

5 

ï 

ï 

ï 

ï 

ï 

ï 

ï 

ï 

ï 

ï 

LaMnO3 La2O3, Mn2O3 1250 2 ï ï ï ï ï 

BiMnO3 Bi2O3, MnO2 750+900 2+2 ï ï BiMnO3, Bi2O3 50 3.910 

YMnO3 Y2O3, MnO2 

800 

800+1140 

800+1140+1280 

1280 

4 

4+4 

4+4+2.5 

2.5 

ï 

ï 

ï 

ï 

ï 

ï 

ï 

ï 

Y2O3, Mn2O3 

ï 

ï 

ï 

ï 

ï 

ï 

ï 

ï 

ï 

ï 

ï 

YMnO3 

Y2O3, MnO2, 

NaCl (1 mol 

%) 

850 7 ï ï ï ï ï 

YFeO3 Y2O3, Fe2O3 

800 

800+1140 

800+1140+1280 

1280 

4 

4+4 

4+4+2.5 

2.5 

ï 

ï 

ï 

ï 

ï 

ï 

ï 

ï 

Y2O3, Fe2O3 

Y2O3, Fe2O3 

Y2O3, Fe2O3 

Y3Fe5O12 

ï 

ï 

ï 

85 

ï 

ï 

ï 

3.835 
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ʊʘʙʣʠʮʘ 2.1 (ʇʨʦʜʦʣʞʝʥʠʝ) 

ʆʙʨʘʟʝʮ 
ʀʩʭʦʜʥʳʝ 

ʧʨʝʢʫʨʩʦʨʳ 
Tsyn, ÁC tsyn, h 

Tʘnn, 

ÁC 

tʘnn, 

h 

ʇʨʠʤʝʩʥʳʝ 

ʬʘʟʳ 
Cp, % a, ¡ 

YFeO3 

Y2O3, Fe2O3, 

NaCl (1 mol 

%) 

850 

1140 

7 

2 

ï 

ï 

ï 

ï 

Y3Fe5O12, Y2O3 

Y3Fe5O12 

58 

88 

3.780 

3.803 

Y3Fe5O12 Y2O3, Fe2O3 1140 2 ï ï YFeO3 67 3.827 

La0.7Cd0.3MnO3 
La2O3, CdO,  

Mn2O3 

600 

700 

750 

800 

900 

1000 

900 

900 

900 

900 

1 

1 

5 

1 

1 

1 

2 

2 

2 

2 

ï 

ï 

ï 

ï 

ï 

ï 

1100 

1150 

1150 

1180 

ï 

ï 

ï 

ï 

ï 

ï 

2 

2 

3 

2 

CdO, La2O3 

CdO, La2O3 

CdO, La2O3 

CdO, La2O3 

CdO, La2O3 

CdO, La2O3 

CdO, La2O3 

ï 

ï 

ï 

ï 

ï 

23 

24 

72 

85 

92 

100 

100 

100 

 

 

3.891 

3.882 

3.889 

3.892 

3.880 

3.863 

ï 

ï 

La0.7Bi0.3MnO3 
La2O3, 

Mn2O3, Bi2O3 

700 

750 

800 

900 

1000 

1000 

750+900 

750+900 

750+900 

750+900 

750+900 

1 

5 

1 

1 

1 

3 

2+2 

2+2 

2+2 

2+2 

2+2 

ï 

ï 

ï 

ï 

ï 

ï 

ï 

1100 

1130 

1150 

1250 

ï 

ï 

ï 

ï 

ï 

ï 

ï 

2 

2 

2 

2 

 

 

 

 

 

 

 

 

 

 

ʨʝʢʨʠʩʪ 

36 

41 

46 

74 

74 

100 

90 

 

 

 

 

3.884 

3.891 

3.901 

3.900 

3.915 

3.898 

3.888 
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ʊʘʙʣʠʮʘ 2.1 (ʇʨʦʜʦʣʞʝʥʠʝ) 

ʆʙʨʘʟʝʮ 
ʀʩʭʦʜʥʳʝ 

ʧʨʝʢʫʨʩʦʨʳ 
Tsyn, ÁC tsyn, h 

Tʘnn, 

ÁC 

tʘnn, 

h 

ʇʨʠʤʝʩʥʳʝ 

ʬʘʟʳ 
Cp, % a, ¡ 

La0.95Bi0.05MnO3 
La(OH)3, 

Mn2O3, Bi2O3 
950 4 ï ï La(OH)3 44 3.884 

La0.95Bi0.05MnO3 

La0.90Bi0.10MnO3 

La0.85Bi0.15MnO3 

La0.80Bi0.20MnO3 

La0.75Bi0.25MnO3 

La(OH)3, 

Mn2O3, Bi2O3 

1100 

1100 

1100 

1100 

1100 

4 

4 

4 

4 

4 

ï 

ï 

ï 

ï 

ï 

ï 

ï 

ï 

ï 

ï 

ï 

ï 

ï 

ï 

ï 

100 

100 

100 

100 

100 

3.885 

3.888 

3.888 

3.889 

3.896 

Y1-xLaxMnO3 

x = 0.2; 0.3; 0.4; 0.5; 0.6; 

0.7; 0.8; 0.9 

La(OH)3, 

Mn2O3, Y2O3 

1000 

1000+1100 

1150 

3 

3+3 

3 

ï 

ï 

ï 

ï 

ï 

ï 

ï 

ï 

ï 

ï 

ï 

ï 

ï 

ï 

ï 

Y1-xBixMn1-xFexO3 

x = 0; 0.05; 0.10; 0.15; 0.20; 

0.25 

Y2O3, Bi2O3, 

Fe2O3, Mn2O3 

950 

950+1100 

4 

4+4 

ï 

ï 

ï 

ï 

ï 

ï 

ï 

ï 

ï 

ï 

Pr0.7Cd0.3MnO3 
Pr2O3, CdO, 

Mn2O3 

700 

750 

800 

900 

1000 

900 

750+900 

750+900 

1 

5 

1 

1 

1 

2 

2+2 

2+2 

ï 

ï 

ï 

ï 

ï 

1150 

ï 

1180 

ï 

ï 

ï 

ï 

ï 

3 

ï 

2 

ï 

ï 

ï 

ï 

ï 

ï 

ï 

ï 

32 

35 

38 

43 

50 

100 

81 

ï 

3.884 

3.885 

3.884 

3.882 

3.877 

3.869 

3.891 

ï 
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ʊʘʙʣʠʮʘ 2.1 (ʇʨʦʜʦʣʞʝʥʠʝ) 

ʆʙʨʘʟʝʮ 
ʀʩʭʦʜʥʳʝ 

ʧʨʝʢʫʨʩʦʨʳ 
Tsyn, ÁC tsyn, h 

Tʘnn, 

ÁC 

tʘnn, 

h 

ʇʨʠʤʝʩʥʳʝ 

ʬʘʟʳ 
Cp, % a, ¡ 

Pr0.7Bi0.3MnO3 
Pr2O3, Bi2O3, 

Mn2O3 

750+900 

750+900 

750+900 

750+900 

900 

900 

2+2 

2+2 

2+2 

2+2 

2 

2 

ï 

1100 

1130 

1180 

1100 

1250 

ï 

2 

2 

2 

3 

3 

ï 

ï 

ï 

ʧʝʨʝʧʝʢʣ 

ï 

ʨʝʢʨʠʩʪʘʣ 

75 

100 

100 

ï 

100 

ï 

3.879 

3.883 

3.883 

ï 

3.871 

ï 

La0.875Ca0.125MnO3  

900 

900 

900 

2 

2 

2 

ï 

1200 

1250 

ï 

2 

3 

ï 

ï 

ï 

70 

93 

100 

3.885 

3.873 

3.886 

La0.7Ca0.3MnO3  

900 

900 

900 

900 

900 

900 

2 

2 

2 

2 

2 

2 

ï 

1100 

1150 

1200 

1250 

1250 

ï 

2 

2 

2 

2 

3 

ï 

ï 

ï 

ï 

ï 

ï 

93 

95 

96 

96 

94 

100 

3.886 

3.876 

3.876 

3.877 

3.873 

3.868 

La0.5Ca0.5MnO3  

900 

900 

900 

900 

2 

2 

2 

2 

ï 

1200 

1250 

1250 

ï 

2 

2 

3 

ï 

ï 

ï 

ï 

54 

94 

98 

100 

3.880 

3.855 

3.853 

3.860 

Y1-xCaxMnO3 

(x=0; 0.3; 0.5; 0.7) 

Y2O3, MnO, 

MnO2, 

CaʉO3 

800 

 

800+1140 

4 

 

4+4 

ï 

 

1280 

ï 

 

2.5 

Y2O3, Mn2O3, 

CaʉO3 

ï 

ï 

 

ï 

ï 

 

ï 
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ʊʘʙʣʠʮʘ 2.1 (ʇʨʦʜʦʣʞʝʥʠʝ) 

ʆʙʨʘʟʝʮ 
ʀʩʭʦʜʥʳʝ 

ʧʨʝʢʫʨʩʦʨʳ 
Tsyn, ÁC tsyn, h 

Tʘnn, 

ÁC 

tʘnn, 

h 

ʇʨʠʤʝʩʥʳʝ 

ʬʘʟʳ 
Cp, % a, ¡ 

Y0.7Ca0.3MnO3 

Y2O3, MnO, 

MnO2, 

CaʉO3 

800 

 

800+1140 

800+1140+1280 

1280 

4 

 

4+4 

4+4+2.5 

2.5 

ï 

 

ï 

ï 

ï 

ï 

 

ï 

ï 

ï 

Y2O3, MnO, 

CaʉO3 

Y2O3, Mn2O3 

Y2O3, Mn2O3 

Y2O3, Mn2O3 

ï 

 

50 

90 

88 

ï 

 

3.801 

3.770 

3.767 

Y0.7Ca0.3MnO3 

Y2O3, MnO, 

MnO2, 

CaʉO3, NaCl 

(1 mol %) 

1140 4 ï ï Y2O3, Mn2O3 91 3.761 

Y0.5Ca0.5MnO3 

Y2O3, MnO, 

MnO2, 

CaʉO3 

800 

 

800+1140 

800+1140+1280 

1280 

4 

 

4+4 

4+4+2.5 

2.5 

ï 

 

ï 

ï 

ï 

ï 

 

ï 

ï 

ï 

Y2O3, MnO, 

CaʉO3 

Y2O3, Mn2O3 

Y2O3, Mn2O3 

Y2O3, Mn2O3 

ï 

 

50 

90 

87 

ï 

 

3.755 

3.756 

3.770 

Y0.5Ca0.5MnO3 

Y2O3, MnO, 

MnO2, 

CaʉO3, NaCl 

(1 mol %) 

1140 4 ï ï Y2O3, Mn2O3 91 3.776 

Y0.3Ca0.7MnO3 

Y2O3, MnO, 

MnO2, 

CaʉO3 

800 

 

800+1140 

800+1140+1280 

1280 

4 

 

4+4 

4+4+2.5 

2.5 

ï 

 

ï 

ï 

ï 

ï 

 

ï 

ï 

ï 

Y2O3, MnO, 

CaʉO3 

Y2O3, Mn2O3 

Y2O3, Mn2O3 

Y2O3, Mn2O3 

ï 

 

50 

90 

84 

ï 

 

3.748 

3.770 

3.757 
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ʊʘʙʣʠʮʘ 2.1 (ʇʨʦʜʦʣʞʝʥʠʝ) 

ʆʙʨʘʟʝʮ 
ʀʩʭʦʜʥʳʝ 

ʧʨʝʢʫʨʩʦʨʳ 
Tsyn, ÁC tsyn, h 

Tʘnn, 

ÁC 

tʘnn, 

h 

ʇʨʠʤʝʩʥʳʝ 

ʬʘʟʳ 
Cp, % a, ¡ 

Y0.3Ca0.7MnO3 

Y2O3, MnO, 

MnO2, 

CaʉO3, NaCl 

(1 mol %) 

1140 4 ï ï Y2O3, Mn2O3 91 3.761 

Y1-xCaxMnO3 

x = 0.15; 0.17; 0.19; 0.21; 

0.23; 0.25 

Y2O3, MnO, 

MnO2, 

CaʉO3 

1280 2 ï ï ï 100 ï 

Y1-xCaxMnO3 

x = 0; 0.15; 0.17; 0.19; 0.21; 

0.23; 0.25; 0.3; 0.5; 0.7 

Y2O3, MnO2, 

CaCO3 
1000 6 1150 6 ï 100 ï 

(1-x)LaMnO3ïxLiNbO3 

x = 0.3; 0.5; 0.7 

La(OH)3, 

Mn2O3, 

Nb2O5, 

Li 2CO3 

780 

780+1000 

4 

4+4 

ï 

ï 

ï 

ï 

ï 

ï 

ï 

ï 

ï 

ï 

(1-x)LaFeO3ïxLiNbO3 

x = 0.3; 0.5; 0.7 

La(OH)3, 

Fe2O3, Nb2O5, 

Li 2CO3 

650 

650+780 

650+780+1000 

1150 

4 

4+4 

4+4+4 

3 

ï 

ï 

ï 

ï 

ï 

ï 

ï 

ï 

ï 

ï 

ï 

ï 

ï 

ï 

ï 

ï 

ï 

ï 

ï 

ï 

(1-x)BiFeO3ïxLiNbO3 

x = 0.3; 0.5; 0.7 

Bi2O3, Fe2O3, 

Nb2O5, 

Li 2CO3 

780 

780+1000 

4 

4+4 

ï 

ï 

ï 

ï 

ï 

ï 

ï 

ï 

ï 

ï 

(1-x)BiFeO3ïxLiNbO3 

x = 0.05; 0.10; 0.15; 0.20; 

0.25 

Bi2O3, Fe2O3, 

Nb2O5, 

Li 2CO3 

780 

780+1000 

820 

4 

4+4 

4 

ï 

ï 

ï 

ï 

ï 

ï 

ï 

ï 

ï 

ï 

ï 

ï 

ï 

ï 

ï 
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ʊʘʙʣʠʮʘ 2.1 (ʇʨʦʜʦʣʞʝʥʠʝ) 

ʆʙʨʘʟʝʮ 
ʀʩʭʦʜʥʳʝ 

ʧʨʝʢʫʨʩʦʨʳ 
Tsyn, ÁC tsyn, h 

Tʘnn, 

ÁC 

tʘnn, 

h 

ʇʨʠʤʝʩʥʳʝ 

ʬʘʟʳ 
Cp, % a, ¡ 

(1-x)BiFeO3 ï xKNbO3 

(0 Ò x Ò 1; æx = 0.1) 

ʠʟ ʢʦʤʧʦʥʝʥʪʦʚ BiFeO3 ʠ 

KNbO3 

ʇʨʠʛʦʪʦʚʣʝʥʠʝ BiFeO3: 

 

ʇʨʠʛʦʪʦʚʣʝʥʠʝ KNbO3: 

Bi2O3, Fe2O3, 

KNbO3 

 

 

Bi2O3, Fe2O3 

 

KHCO3, 

Nb2O5 

800+900 

 

 

 

760+800 

 

900+920 

 

10+5 

 

 

 

10+10 

 

5+5 

 

ï 

 

 

 

ï 

 

ï 

 

ï 

 

 

 

ï 

 

ï 

 

ï 

 

 

 

Bi25FeO40, 

Bi2Fe4O9 

ï 

 

100 

 

 

 

95 

 

100 

 

ï 

 

 

 

ï 

 

ï 

 

(1-x)BiFeO3 ï xNaNbO3 

(0 Ò x Ò 0.3 ʠ 0.7 Ò x Ò 1.0 ʩ 

æx = 0.1; 0.35 Ò x Ò 0.65 ʩ 

æx = 0.05) 

ʇʨʠʛʦʪʦʚʣʝʥʠʝ NaNbO3: 

Bi2O3, Fe2O3, 

NaNbO3 

 

 

Nb2O5, 

NaHCO3 

800+900 

 

 

 

850+870 

10+10 

 

 

 

5+5 

950 

 

 

 

ï 

5 

 

 

 

ï 

ï 

 

 

 

ï 

100 

 

 

 

100 

ï 

 

 

 

ï 

SrFe0.5Nb0.5O3 
SrCO3, 

Nb2O5, Fe2O3 

1000 

1000+1100 

3 

3+3 

ï 

ï 

ï 

ï 

ï 

ï 

ï 

ï 

ï 

ï 

SrMn0.5Nb0.5O3 

SrCO3, 

Mn2O3, 

Nb2O5 

1000 

1000+1100 

3 

3+3 

ï 

ï 

ï 

ï 

ï 

ï 

ï 

ï 

ï 

ï 

0.7LaMnO3ï

0.3Sr(Fe0.5Nb0.5)O3 

Nb2O5, 

MnO2, Fe2O3, 

La(Oʅ)3, 

Sr2CO3 

1000 

1000+1100 

3 

3+3 

ï 

ï 

ï 

ï 

ï 

ï 

ï 

ï 

ï 

ï 
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ʊʘʙʣʠʮʘ 2.1 (ʇʨʦʜʦʣʞʝʥʠʝ) 

ʆʙʨʘʟʝʮ 
ʀʩʭʦʜʥʳʝ 

ʧʨʝʢʫʨʩʦʨʳ 
Tsyn, ÁC tsyn, h 

Tʘnn, 

ÁC 

tʘnn, 

h 

ʇʨʠʤʝʩʥʳʝ 

ʬʘʟʳ 
Cp, % a, ¡ 

(Pr0.9Sm0.1)0.875Ca0.125MnO3 

Pr2O3, 

Mn2O3, 

CaʉO3, 

Sm2O3 

900 

750+900 

750+900 

2 

1+1 

1+1 

ï 

1150 

1250 

ï 

2 

2 

ï 

ï 

ï 

76 

95 

100 

3.867 

3.862 

3.866 

(Pr0.78Sm0.22)0.875Ca0.125MnO3 

Pr2O3, 

Mn2O3, 

CaʉO3, 

Sm2O3 

900 

750+900 

750+900 

2 

1+1 

1+1 

1150 

1150 

1250 

3 

2 

2 

ʥʝ ʜʦʧʝʢʣ. 

ʥʝ ʜʦʧʝʢʣ. 

ï 

ï 

ï 

ï 

ï 

ï 

ï 

(La0.9Sm0.1)0.875Ca0.125MnO3 

La2O3, 

Mn2O3, 

CaʉO3, 

Sm2O3 

900 

750+900 

900 

2 

1+2 

2 

ï 

1150 

1250 

ï 

2 

2 

ï 

ï 

ï 

84 

96 

95 

3.881 

3.881 

3.885 

PbZr1-xTixO3 

(x=0.925; 0.900; 0.875) 

PbO, ZrO2, 

TiO2 
750 4 1060 1 ï 100 ï 
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ʊʘʙʣʠʮʘ 2.2. ï ʆʧʪʠʤʘʣʴʥʳʝ ʨʝʞʠʤʳ ʩʠʥʪʝʟʘ ʠ ʩʧʝʢʘʥʠʷ ʦʙʨʘʟʮʦʚ 

ʆʙʨʘʟʝʮ Tsyn, 
oC tsyn, h Tʘnn, 

oC tʘnn, h 

La0.875Ca0.125MnO3 900 2 1250 3 

La0.7Ca0.3MnO3 900 2 1250 3 

La0.5Ca0.5MnO3 900 2 1250 3 

La0.7Bi0.3MnO3 1000 3 ï ï 

Pr0.7Bi0.3MnO3 900 2 1100 3 

Pr0.7Cd0.3MnO3 900 2 1150 3 

2.2 ʈʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʆʩʦʙʦʝ ʤʝʩʪʦ ʚ ʠʟʫʯʝʥʠʠ ʦʢʩʠʜʥʳʭ ʧʝʨʦʚʩʢʠʪʦʚ ʟʘʥʠʤʘʶʪ ʤʝʪʦʜʳ 

ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʨʝʰʘʪʴ ʰʠʨʦʢʠʡ ʢʨʫʛ 

ʚʦʧʨʦʩʦʚ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʫʩʪʘʥʦʚʣʝʥʠʝ ʟʘʚʠʩʠʤʦʩʪʝʡ ʩʦʩʪʘʚïʪʝʭʥʦʣʦʛʠʷï

ʩʪʨʫʢʪʫʨʘïʩʚʦʡʩʪʚʘ [36, 199]. ʇʨʠ ʵʪʦʤ ʨʝʰʘʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

ʦʧʨʝʜʝʣʝʥʠʝ ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ ʢʘʢ ʠʩʭʦʜʥʳʭ ʨʝʘʢʪʠʚʦʚ, ʪʘʢ ʠ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʠ 

ʢʦʥʝʯʥʳʭ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʡ ʩʠʥʪʝʟʘ; ʫʩʪʘʥʦʚʣʝʥʠʝ ʩʠʤʤʝʪʨʠʠ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʬʘʟ; ʦʧʨʝʜʝʣʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʵʣʝʤʝʥʪʘʨʥʳʭ ʷʯʝʝʢ ʚʤʝʩʪʝ ʩ 

ʚʝʣʠʯʠʥʘʤʠ ʩʧʦʥʪʘʥʥʳʭ ʜʝʬʦʨʤʘʮʠʡ; ʠʩʩʣʝʜʦʚʘʥʠʝ ʜʦʤʝʥʥʦʡ ʪʝʢʩʪʫʨʳ ʚ 

ʢʝʨʘʤʠʢʝ; ʦʧʨʝʜʝʣʝʥʠʝ ʢʘʯʝʩʪʚʘ ʩʧʝʢʘʥʠʷ ʧʦ ʩʧʝʮʠʘʣʴʥʳʤ ʩʪʨʫʢʪʫʨʥʳʤ 

ʢʨʠʪʝʨʠʷʤ; ʠʟʫʯʝʥʠʝ ʚʣʠʷʥʠʷ ʨʘʟʣʠʯʥʳʭ ʚʥʝʰʥʠʭ ʚʦʟʜʝʡʩʪʚʠʡ ʥʘ ʩʪʨʫʢʪʫʨʥʦʝ 

ʩʦʩʪʦʷʥʠʝ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʦʙʨʘʟʮʦʚ ʠ ʪ.ʜ. 

ʉʪʨʫʢʪʫʨʥʳʝ ʤʝʪʦʜʳ ʭʘʨʘʢʪʝʨʠʟʘʮʠʠ ʨʘʟʣʠʯʥʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ (ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʢʦʚ, ʧʴʝʟʦʵʣʝʢʪʨʠʢʦʚ, ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ 

ʩʚʝʨʭʧʨʦʚʦʜʥʠʢʦʚ, ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ, ʠʦʥʥʳʭ ʧʨʦʚʦʜʥʠʢʦʚ ʠ ʪ.ʜ.) ʥʝʦʙʳʯʘʡʥʦ 

ʚʘʞʥʳ ʢʘʢ ʥʘ ʩʪʘʜʠʷʭ ʩʠʥʪʝʟʘ ʵʪʠʭ ʤʘʪʝʨʠʘʣʦʚ, ʪʘʢ ʠ ʚ ʧʨʦʮʝʩʩʝ ʠʭ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʨʘʟʣʠʯʥʳʭ ʫʩʪʨʦʡʩʪʚʘʭ. 

ʅʝʦʙʭʦʜʠʤʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʤʝʪʦʜʘʤ ʩʪʨʫʢʪʫʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ: 

ï ʥʘʜʝʞʥʦʩʪʴ ʠ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʩʪʨʫʢʪʫʨʳ; 

ï ʵʢʩʧʨʝʩʩʥʦʩʪʴ ʠ ʜʝʰʝʚʠʟʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘ. 
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ɺ ʥʘʰʝʡ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʥʘ ʩʠʩʪʝʤʘ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʜʠʬʨʘʢʪʦʤʝʪʨʘ 

ɼʈʆʅï3ʄ, ʧʦʟʚʦʣʷʶʱʘʷ ʚʝʩʪʠ ʨʝʛʠʩʪʨʘʮʠʶ ʜʠʬʨʘʢʮʠʦʥʥʦʡ ʢʘʨʪʠʥʳ 

ʨʘʩʩʝʷʥʠʷ ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʣʫʯʝʡ ʦʪ ʠʩʩʣʝʜʫʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ ʨʝʞʠʤʝ ʰʘʛʦʚʦʛʦ 

ʩʢʘʥʠʨʦʚʘʥʠʷ ʜʝʪʝʢʪʦʨʘ ʠ ʦʙʨʘʟʮʘ. 

ʇʦʣʫʯʝʥʠʝ ʨʝʥʪʛʝʥʜʠʬʨʘʢʮʠʦʥʥʳʭ ʧʨʦʬʠʣʝʡ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʥʘʤʠ 

ʦʙʨʘʟʮʦʚ ʧʨʦʚʦʜʠʣʦʩʴ ʥʘ ʜʠʬʨʘʢʪʦʤʝʪʨʝ ɼʈʆʅï3ʄ (U = 35 kB, I = 36 mA) ʥʘ 

CuKa ï ʠʟʣʫʯʝʥʠʠ (Ni ʬʠʣʴʪʨ) ʤʝʪʦʜʦʤ ɹʨʵʛʛʘ-ɹʨʝʥʪʘʥʦ (ɗï2ɗ) ʚ ʠʥʪʝʨʚʘʣʝ 

20 Ò 2ɗ Ò 75 ʛʨʘʜ. ʧʦʰʘʛʦʚʳʤ ʫʛʣʦʚʳʤ ʩʢʘʥʠʨʦʚʘʥʠʝʤ ʦʙʨʘʟʝʮ-ʜʝʪʝʢʪʦʨ 

(ʰʘʛ (2ɗ) = 0.02 ʛʨʘʜ., t = 1 ʩ.). ʊʝʤʧʝʨʘʪʫʨʥʳʝ ʠʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʧʨʠʩʪʘʚʢʠ ʋɺʈ-1200 ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ ʦʪ 

ʢʦʤʥʘʪʥʦʡ ʜʦ 700 ï 1180 Áʉ. ʊʝʤʧʝʨʘʪʫʨʘ ʧʦʜʜʝʨʞʠʚʘʣʘʩʴ ʨʝʛʫʣʷʪʦʨʦʤ 

ʪʝʤʧʝʨʘʪʫʨʳ ɺʈʊ ʩ ʪʦʯʥʦʩʪʴʶ °0.5 Áʉ. ɼʠʬʨʘʢʮʠʦʥʥʳʝ ʧʨʦʬʠʣʠ 

ʦʙʨʘʙʘʪʳʚʘʣʠʩʴ ʩ ʧʦʤʦʱʴʶ ʢʦʤʧʴʶʪʝʨʥʦʡ ʧʨʦʛʨʘʤʤʳ PowderCell, ʚʝʨʩʠʠ 2.4 ʠ 

2.3 [200]. ʊʦʯʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ʣʠʥʝʡʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʷʯʝʝʢ ʩʦʩʪʘʚʣʷʣʠ 

Ñ0.001 ¡, ʘ ʫʛʣʦʚʳʭ ï 0.05 ʛʨʘʜ. ʇʨʦʬʠʣʴʥʳʝ ʬʘʢʪʦʨʳ ʥʝʜʦʩʪʦʚʝʨʥʦʩʪʠ (Rp) 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʢʘʢ ʢʨʠʪʝʨʠʠ ʫʪʦʯʥʝʥʠʷ ʩʪʨʫʢʪʫʨʥʳʭ ʧʘʨʘʤʝʪʨʦʚ. 

2.3 ʍʘʨʘʢʪʝʨʠʟʘʮʠ ̫ʩʦʩʪʘʚʘ, ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʠ ʩʚʦʡʩʪʚ 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʵʣʝʤʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ ʧʦʣʫʯʝʥʥʳʭ ʥʘʤʠ ʦʙʨʘʟʮʦʚ 

ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʤʝʪʦʜ ʨʝʥʪʛʝʥʦʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ. ʀʩʩʣʝʜʦʚʘʥʠʷ 

ʧʦʨʦʰʢʦʚʳʭ ʦʙʨʘʟʮʦʚ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʨʝʥʪʛʝʥʦʬʣʫʦʨʝʩʮʝʥʪʥʦʤ ʩʧʝʢʪʨʦʤʝʪʨʝ 

ʪʨʝʪʠʯʥʳʭ ʩʧʝʢʪʨʦʚ (ʈʌʉ ï 002), ʨʘʟʨʘʙʦʪʘʥʥʦʤ ʠ ʠʟʛʦʪʦʚʣʝʥʥʦʤ ʚ ʥʘʫʯʥʦ ï 

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʤ ʠʥʩʪʠʪʫʪʝ ʖʞʥʦʛʦ ʬʝʜʝʨʘʣʴʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ (ʅʀʀʌ 

ʖʌʋ). ʈʝʥʪʛʝʥʦʦʧʪʠʯʝʩʢʘʷ ʩʭʝʤʘ ʩʧʝʢʪʨʦʤʝʪʨʘ çʈʌʉ-002è ʧʦʩʪʨʦʝʥʘ ʥʘ ʙʘʟʝ 

ʧʦʣʥʦʛʦ ʚʥʝʰʥʝʛʦ ʦʪʨʘʞʝʥʠʷ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ. ʉʧʝʢʪʨʦʤʝʪʨ çʈʌʉ-

002è ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʫʩʪʨʦʡʩʪʚʦ, ʚ ʢʦʪʦʨʦʤ ʧʝʨʚʠʯʥʦʝ ʨʝʥʪʛʝʥʦʚʩʢʦʝ 

ʠʟʣʫʯʝʥʠʝ (ʨʝʥʪʛʝʥʦʚʩʢʘʷ ʪʨʫʙʢʘ ɹʉ-11, Ag, ~ 7,5 ɺʪ) ʚʦʟʙʫʞʜʘʝʪ ʚ 

ʤʦʣʠʙʜʝʥʦʚʦʡ ʬʦʣʴʛʝ (ʪʦʣʱʠʥʘ ~ 300 ʤʢʤ) ʚʪʦʨʠʯʥʦʝ ʠʟʣʫʯʝʥʠʝ. ʉ ʧʦʤʦʱʴʶ 

ʦʨʠʛʠʥʘʣʴʥʦʛʦ ʢʦʣʣʠʤʘʪʦʨʘ, ʩʦʩʪʦʷʱʝʛʦ ʠʟ ʜʚʫʭ ʧʣʘʩʪʠʥ SiO2 ʤʘʨʢʠ ʂʋ-1, 

ʚʪʦʨʠʯʥʦʝ ʠʟʣʫʯʝʥʠʝ ʧʘʜʘʝʪ ʥʘ ʦʙʨʘʟʝʮ ʧʦʜ ʩʢʦʣʴʟʷʱʠʤʠ ʫʛʣʘʤʠ (ʤʝʥʝʝ 1Á) ʠ 
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ʚʦʟʙʫʞʜʘʝʪ ʨʝʥʪʛʝʥʦʚʩʢʫʶ ʬʣʫʦʨʝʩʮʝʥʮʠʶ ʚ ʦʙʨʘʟʮʝ. ɼʣʷ ʧʨʦʙʳ ʚʪʦʨʠʯʥʦʝ 

ʠʟʣʫʯʝʥʠʝ ʦʪ ʤʦʣʠʙʜʝʥʦʚʦʡ ʬʦʣʴʛʠ ʷʚʣʷʝʪʩʷ ʧʝʨʚʠʯʥʳʤ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ 

ʚʪʦʨʠʯʥʦʝ ʠʟʣʫʯʝʥʠʝ ʧʨʦʙʳ ʚ ʦʙʱʝʡ ʨʝʥʪʛʝʥʦʦʧʪʠʯʝʩʢʦʡ ʩʭʝʤʝ ʷʚʣʷʝʪʩʷ 

ʪʨʝʪʠʯʥʳʤ, ʩ ʯʝʤ ʠ ʩʚʷʟʘʥʦ ʥʘʟʚʘʥʠʝ ʩʧʝʢʪʨʦʤʝʪʨʘ. ʇʨʠ ʵʪʦʤ ʬʣʫʦʨʝʩʮʝʥʪʥʦʝ 

ʠʟʣʫʯʝʥʠʝ ʠʩʩʣʝʜʫʝʤʦʛʦ ʚʝʱʝʩʪʚʘ ʨʝʛʠʩʪʨʠʨʫʝʪʩʷ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʥʦʨʤʘʣʠ ʢ 

ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʘ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʤ ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʳʤ  ʜʝʪʝʢʪʦʨʦʤ 

(Si-Pin Si(Li ) 160 ʵɺ). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʵʪʦʡ ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʦʡ ʩʭʝʤʝ 

ʜʦʩʪʠʛʘʝʪʩʷ ʦʧʪʠʤʘʣʴʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ çʩʠʛʥʘʣ/ʰʫʤè, ʚʦʚʣʝʢʘʝʪʩʷ ʙʦʣʴʰʘʷ 

ʯʘʩʪʴ ʘʪʦʤʦʚ ʧʨʦʙʳ (ʟʘ ʩʯʝʪ ʰʠʨʦʢʦʛʦ ʧʫʯʢʘ ʠʟʣʫʯʝʥʠʷ ʠ ʩʢʦʣʴʟʷʱʝʛʦ ʫʛʣʘ 

ʧʘʜʝʥʠʷ) ʠ ʪʝʤ ʩʘʤʳʤ ʜʦʩʪʠʛʘʝʪʩʷ ʚʳʩʦʢʘʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʧʨʠʙʦʨʘ ʚ 

ʦʧʨʝʜʝʣʝʥʠʠ ʵʣʝʤʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ. 

ʂʦʣʠʯʝʩʪʚʝʥʥʳʝ ʩʦʦʪʥʦʰʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʜʣʷ ʥʝʢʦʪʦʨʳʭ ʦʙʨʘʟʮʦʚ 

ʧʦʜʪʚʝʨʞʜʝʥʳ ʤʝʪʦʜʦʤ ʨʝʥʪʛʝʥʦʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʥʘ ʨʝʥʪʛʝʥʦʚʩʢʦʤ 

ʩʧʝʢʪʨʦʤʝʪʨʝ EDAX-DX-95. 

ɼʣʷ ʚʠʟʫʘʣʴʥʦʛʦ ʢʦʥʪʨʦʣʷ ʜʦʤʝʥʥʳʭ ʩʪʨʫʢʪʫʨ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʩʦʟʜʘʥʥʘʷ 

ʥʘʤʠ ʪʝʨʤʦʢʘʤʝʨʘ ʢ ʧʦʣʷʨʠʟʘʮʠʦʥʥʦʤʫ ʤʠʢʨʦʩʢʦʧʫ [201 (ɸ69)]. 

ʕʇʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʷ Mn- ʠ Fe-ʩʦʜʝʨʞʘʱʠʭ ʬʝʨʨʦʠʢʦʚ. ʇʨʠʤʝʥʝʥʠʝ 

ʨʝʟʦʥʘʥʩʥʳʭ ʤʝʪʦʜʦʚ ʚ ʢʦʤʙʠʥʘʮʠʠ ʩ ʠʟʤʝʨʝʥʠʷʤʠ ʩʦʧʨʦʪʠʚʣʝʥʠʡ ʠ 

ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ ʜʘʝʪ ʚʘʞʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʩʧʠʥʦʚʦʡ ʜʠʥʘʤʠʢʝ ʚʙʣʠʟʠ ʠ 

ʚʳʰʝ ʪʝʤʧʝʨʘʪʫʨ ʂʶʨʠ. ʕʣʝʢʪʨʦʥʥʳʡ ʧʘʨʘʤʘʛʥʠʪʥʳʡ ʨʝʟʦʥʘʥʩ (ʕʇʈ) 

ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʷʪʴ ʠʟʤʝʥʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʠ ʰʠʨʠʥʳ ʣʠʥʠʡ ʨʝʟʦʥʘʥʩʦʚ, 

ʘ ʪʘʢʞʝ ʧʘʨʘʤʝʪʨʦʚ ʃʘʥʜʝ (g-ʬʘʢʪʦʨʳ) ʧʨʠ ʠʟʤʝʥʝʥʠʷʭ ʩʦʩʪʘʚʦʚ ʦʙʲʝʢʪʦʚ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʠʣʠ ʚʥʝʰʥʠʭ ʫʩʣʦʚʠʡ (ʥʘʧʨʠʤʝʨ, ʪʝʤʧʝʨʘʪʫʨʳ). ɺ ʯʘʩʪʥʦʩʪʠ, ʚ 

ʨʷʜʝ Mn-ʩʦʜʝʨʞʘʱʠʭ ʩʦʝʜʠʥʝʥʠʡ ʥʘʙʣʶʜʘʝʤʳʝ ʠʟʤʝʥʝʥʠʷ ʰʠʨʠʥ ʨʝʟʦʥʘʥʩʥʳʭ 

ʣʠʥʠʡ ʧʨʠ ʠʟʤʝʥʝʥʠʷʭ ʪʝʤʧʝʨʘʪʫʨʳ ʚʩʝ ʝʱʝ ʷʚʣʷʝʪʩʷ ʧʨʝʜʤʝʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʡ 

[202]. ʊʝʤʧʝʨʘʪʫʨʥʳʝ ʠʟʤʝʥʝʥʠʷ g-ʬʘʢʪʦʨʘ, ʰʠʨʠʥ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ 

ʨʝʟʦʥʘʥʩʥʳʭ ʣʠʥʠʡ ʕʇʈ ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʚ BaMnO3 [203], ʚ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʘʭ, 

La1-xPbxMnO3 [204], Y1-xCaxMnO3 [205], La1-xCaxMnO3 [206], Bi1-xDyxFeO3 [207]. 

ʉʧʝʢʪʨʳ ʕʇʈ ʧʦʨʦʰʢʦʚʳʭ ʦʙʨʘʟʮʦʚ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ (1-x)BiFeO3 ï x 

YMnO3 ʠ (1-x)BiFeO3 ï xNaNbO3 ʧʦʣʫʯʝʥʳ ʥʘ ʩʧʝʢʪʨʦʤʝʪʨʝ ER-9 (ʬʠʨʤʳ Zeiss) 
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ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ X-ʜʠʘʧʘʟʦʥʝ ʥʘ ʯʘʩʪʦʪʝ 9450 ʄɻʮ. ʄʘʛʥʠʪʥʦʝ 

ʧʦʣʝ ʩʧʝʢʪʨʦʤʝʪʨʘ ʢʘʣʠʙʨʦʚʘʣʦʩʴ ʩ ʧʦʤʦʱʴʶ ʧʨʦʪʦʥʥʦʛʦ ʨʝʟʦʥʘʥʩʘ. ɼʘʥʥʳʝ 

ʩʧʝʢʪʨʳ ʕʇʈ ʠʟʫʯʘʝʤʳʭ ʩʦʩʪʘʚʦʚ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ ʩʦʜʝʨʞʘʣʠ ʧʦ ʦʜʥʦʡ 

ʨʝʟʦʥʘʥʩʥʦʡ ʣʠʥʠʠ, ʧʦ ʢʦʪʦʨʦʡ ʦʧʨʝʜʝʣʷʣʦʩʴ ʟʥʘʯʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʛʦ g-

ʬʘʢʪʦʨʘ ʠ ʰʠʨʠʥʘ ʣʠʥʠʠ (ʦʪ ʧʠʢʘ ʜʦ ʧʠʢʘ). ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʩʧʝʢʪʨʦʚ 

ʧʦʟʚʦʣʠʣ ʚʳʷʚʠʪʴ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ g-ʬʘʢʪʦʨʦʚ ʜʣʷ ʩʠʩʪʝʤʳ  

(1-x)BiFeO3 ï xYMnO3 [208] ʠ ʦʧʨʝʜʝʣʠʪʴ ʚʝʣʠʯʠʥʳ g-ʬʘʢʪʦʨʦʚ ʜʣʷ ʩʠʩʪʝʤʳ  

(1-x)BiFeO3 ï xNaNbO3. 

ʀʟʤʝʨʝʥʠʷ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ Ů' ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʭʦʜʝ 

ʥʝʧʨʝʨʳʚʥʦʛʦ ʥʘʛʨʝʚʘ ʠʣʠ ʦʭʣʘʞʜʝʥʠʷ ʩʦ ʩʢʦʨʦʩʪʴʶ 3-6 K/ʤʠʥ ʧʨʠ ʯʘʩʪʦʪʘʭ ʦʪ 

1 ɻʮ ʜʦ 1 ʄɻʮ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʫʧʨʘʚʣʷʝʤʦʛʦ ʢʦʤʧʴʶʪʝʨʦʤ ʠʤʤʠʪʘʥʩʤʝʪʨʘ 

E7-20. 

ʄʘʛʥʠʪʥʳʝ ʠʟʤʝʨʝʥʠʷ ʧʨʦʚʝʜʝʥʳ Dr. Korolkov D. ʚ Forschungszentrum 

J¿lich ʥʘ ʤʘʛʥʠʪʦʤʝʪʨʝ MPMS (Quantum Design) ʚ ʦʙʣʘʩʪʠ ʪʝʤʧʝʨʘʪʫʨ ʦʪ 0 ʜʦ 

350 K. 

ʕʣʝʢʪʨʦʥʥʦ-ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʧʦʣʥʷʣʠʩʴ ʥʘ ʧʨʠʙʦʨʝ FE-

SEM Zeiss SUPRA 25 (ʦʩʥʘʱʝʥʥʳʤ ʘʚʪʦʵʤʠʩʩʠʦʥʥʳʤ ʢʘʪʦʜʦʤ). ʋʩʢʦʨʷʶʱʝʝ 

ʥʘʧʨʷʞʝʥʠʝ ʩʦʩʪʘʚʣʷʣʦ 20 ʢɺ. ʈʝʛʠʩʪʨʘʮʠʷ ʠʟʦʙʨʘʞʝʥʠʡ ʧʨʦʠʟʚʦʜʠʣʘʩʴ 

ʚʥʫʪʨʝʣʠʥʟʦʚʳʤ ʜʝʪʝʢʪʦʨʦʤ ʦʙʨʘʪʥʦ ʦʪʨʘʞʝʥʥʳʭ ʵʣʝʢʪʨʦʥʦʚ. 
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3 ʄʘʥʛʘʥʠʪ ʣʘʥʪʘʥʘ LaMnO 3 ï ʦʩʥʦʚʘ ʬʝʨʨʦʠʢʦʚ ʩ ʢʦʣʦʩʩʘʣʴʥʦʡ 

ʤʘʛʥʠʪʦʨʝʟʠʩʪʠʚʥʦʩʪʴʶ 

ʄʥʦʛʠʝ ʛʦʜʳ ʚʥʠʤʘʥʠʝ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʫʜʝʣʷʝʪʩʷ ʪʚʝʨʜʳʤ ʨʘʩʪʚʦʨʘʤ ʥʘ 

ʦʩʥʦʚʝ LaMnO3, ʩ ʟʘʤʝʱʝʥʠʝʤ La ʜʚʫʭʚʘʣʝʥʪʥʳʤʠ (Ca, Sr, Ba, Pb ʠ ʜʨ.) ʠʣʠ 

ʦʜʥʦʚʘʣʝʥʪʥʳʤʠ ʠʦʥʘʤʠ (K, Na, Ag ʠ ʜʨ.). ɺ ʪʘʢʠʭ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʘʭ ʧʨʠ 

ʠʟʤʝʥʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʙʣʶʜʘʶʪʩʷ ʬʘʟʦʚʳʝ ʧʝʨʝʭʦʜʳ ʪʠʧʘ ʧʘʨʘʤʘʛʥʠʪʥʳʡ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢ ï ʬʝʨʨʦʤʘʛʥʠʪʥʳʡ ʤʝʪʘʣʣ (ʇʄïʧʝʨʝʭʦʜ) ʠ ʵʬʬʝʢʪʳ 

ʢʦʣʦʩʩʘʣʴʥʦʛʦ ʤʘʛʥʠʪʦʩʦʧʨʦʪʠʚʣʝʥʠʷ (ʂʄʉ). ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʙʨʘʟʮʦʚ ʚ ʚʠʜʝ ʢʨʠʩʪʘʣʣʦʚ, ʢʝʨʘʤʠʢʠ ʠ ʪʦʥʢʠʭ ʧʣʝʥʦʢ 

ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʫʩʪʘʥʦʚʣʝʥʠʝ ʢʦʨʨʝʣʷʮʠʡ ʤʝʞʜʫ ʩʦʩʪʘʚʦʤ, ʚʘʣʝʥʪʥʳʤ 

ʩʦʩʪʦʷʥʠʝʤ Mn, ʚʠʜʘʤʠ ʠ ʩʪʝʧʝʥʷʤʠ ʧʦʨʷʜʢʘ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨʘʭ ʠ 

ʬʠʟʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ. ɺ ʯʘʩʪʥʦʩʪʠ, ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

ʩʠʩʪʝʤ ʰʠʨʦʢʦ ʚʘʨʴʠʨʫʶʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʣʦʚʠʡ ʧʨʠʛʦʪʦʚʣʝʥʠʷ 

ʦʙʨʘʟʮʦʚ, ʧʨʠ ʢʦʪʦʨʳʭ ʬʦʨʤʠʨʫʶʪʩʷ ʩʪʨʫʢʪʫʨʳ ʦʙʲʝʢʪʦʚ, ʩʦʜʝʨʞʘʱʠʝ ʨʘʟʥʳʝ 

ʪʠʧʳ ʜʝʬʝʢʪʦʚ ʠ ʠʭ ʢʦʥʮʝʥʪʨʘʮʠʠ. 

ɺ ʩʪʨʫʢʪʫʨʥʦʤ ʦʪʥʦʰʝʥʠʠ, Mnïʩʦʜʝʨʞʘʱʠʝ ʧʝʨʦʚʩʢʠʪʳ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʥʘ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʦʤ (ʚ ʤʘʩʰʪʘʙʝ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ), 

ʤʝʟʦʩʢʦʧʠʯʝʩʢʦʤ (ʚ ʤʘʩʰʪʘʙʝ ʢʨʠʩʪʘʣʣʠʪʘ ʠʣʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʙʣʦʢʘ) ʠ 

ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʦʤ (ʚ ʤʘʩʰʪʘʙʝ ʜʦʤʝʥʘ ʠʣʠ ʚʩʝʛʦ ʢʨʠʩʪʘʣʣʘ) ʫʨʦʚʥʷʭ. ʆʩʦʙʦʝ 

ʤʝʩʪʦ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʪʨʫʢʪʫʨʥʳʭ ʧʘʨʘʤʝʪʨʘʭ ʟʘʥʠʤʘʶʪ ʜʝʬʦʨʤʘʮʠʠ 

ʠʜʝʘʣʴʥʦʡ ʧʝʨʦʚʩʢʠʪʦʚʦʡ ʩʪʨʫʢʪʫʨʳ. ɺ Mnïʩʦʜʝʨʞʘʱʠʭ ʧʝʨʦʚʩʢʠʪʘʭ ʚ 

ʦʩʥʦʚʥʦʤ ʥʘʙʣʶʜʘʶʪʩʷ ʬʘʟʳ ʩ ʤʦʥʦʢʣʠʥʥʳʤʠ ʠ ʨʦʤʙʦʵʜʨʠʯʝʩʢʠʤʠ 

ʠʩʢʘʞʝʥʠʷʤʠ ʧʝʨʦʚʩʢʠʪʦʚʳʭ ʧʦʜʲʷʯʝʝʢ. 

ʈʦʣʴ ʧʝʨʝʤʝʥʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ Mn4+ ʚ Mn-ʩʦʜʝʨʞʘʱʠʭ ʧʝʨʦʚʩʢʠʪʦʚʳʭ 

ʩʪʨʫʢʪʫʨʘʭ ʚ ʠʟʤʝʥʝʥʠʷʭ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ ʚʧʝʨʚʳʝ ʠʟʫʯʝʥʦ [209]. ʀʤʠ 

ʦʧʨʝʜʝʣʝʥʦ, ʯʪʦ ʩʫʱʝʩʪʚʫʶʪ ʚ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʘʭ ʪʠʧʘ La1-xCaxMnO3 ʦʙʣʘʩʪʠ 

ʢʦʥʮʝʥʪʨʘʮʠʡ Mn4+, ʚ ʩʦʩʪʘʚʘʭ ʢʦʪʦʨʳʭ ʧʨʦʷʚʣʷʶʪʩʷ ʵʬʬʝʢʪʳ ʢʦʣʦʩʩʘʣʴʥʦʡ 

ʤʘʛʥʝʪʦʨʝʟʠʩʪʠʚʥʦʩʪʠ.  
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3.1 ʉʪʨʫʢʪʫʨʘ ʠ ʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ LaMnO 3 

LaMnO3, ʷʚʣʷʶʱʠʡʩʷ ʦʩʥʦʚʦʡ ʤʥʦʛʠʭ ʧʨʘʢʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʭ 

ʤʘʪʝʨʠʘʣʦʚ, ʦʙʣʘʜʘʶʱʠʭ ʬʝʨʨʦʠʯʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ (ʢʦʣʦʩʩʘʣʴʥʘʷ 

ʤʘʛʥʝʪʦʨʝʟʠʩʪʠʚʥʦʩʪʴ, ʬʝʨʨʦ- ʠ ʘʥʪʠʬʝʨʨʦʤʘʛʥʝʪʠʟʤ, ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʪʚʦ, 

ʩʝʛʥʝʪʦʵʣʘʩʪʠʯʥʦʩʪʴ), ʠʥʪʝʥʩʠʚʥʦ ʠʩʩʣʝʜʫʝʪʩʷ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ. ʇʦ ʩʚʦʠʤ 

ʬʠʟʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ LaMnO3 ï ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʳʡ ʜʠʵʣʝʢʪʨʠʢ, ʚ ʢʦʪʦʨʦʤ 

ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʦ ʦʨʙʠʪʘʣʴʥʦʝ ʫʧʦʨʷʜʦʯʝʥʠʝ, ʦʙʫʩʣʦʚʣʝʥʥʦʝ ʩʥʷʪʠʝʤ 

ʚʳʨʦʞʜʝʥʠʷ ʵʣʝʢʪʨʦʥʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ Mn3+ ( )13

2 gget  ï ʢʦʦʧʝʨʘʪʠʚʥʳʡ ʵʬʬʝʢʪ 

ʗʥʘ-ʊʝʣʣʝʨʘ [210, 211]. ʕʪʦ ʦʩʦʙʦʝ ʦʨʙʠʪʘʣʴʥʦʝ ʫʧʦʨʷʜʦʯʝʥʠʝ ʷʚʣʷʝʪʩʷ 

ʧʨʠʯʠʥʦʡ ʤʘʛʥʠʪʥʦʡ ʩʪʨʫʢʪʫʨʳ Aïʪʠʧʘ (ʨʠʩ. 3.1 ʠʟ ʨʘʙʦʪʳ [212]).  

ɺ ʨʘʙʦʪʝ [213] ʧʨʠʨʦʜʘ ʤʘʛʥʝʪʦʨʝʟʠʩʪʠʚʥʦʩʪʠ Mn-ʩʦʜʝʨʞʘʱʠʭ 

ʧʝʨʦʚʩʢʠʪʦʚ (ʪʘʢ ʞʝ, ʢʘʢ ʠ ʨʘʥʝʝ ʧʨʠʨʦʜʘ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʪʚʘ [214]) 

ʩʚʷʟʳʚʘʝʪʩʷ ʩ ʩʠʣʴʥʳʤ ʵʣʝʢʪʨʦʥ-ʬʦʥʦʥʥʳʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ, ʰʠʨʦʢʦ 

ʠʟʚʝʩʪʥʳʤ ʢʘʢ ʵʬʬʝʢʪ ʗʥʘ-ʊʝʣʣʝʨʘ. ʇʦʩʢʦʣʴʢʫ ʩʥʷʪʠʝ ʚʳʨʦʞʜʝʥʠʷ 

ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʤʘʣʳʤʠ ʩʤʝʱʝʥʠʷʤʠ ʠʦʥʦʚ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʢʠʩʣʦʨʦʜʥʳʭ 

ʦʢʪʘʵʜʨʘʭ, ʵʬʬʝʢʪ ʗʥʘ-ʊʝʣʣʝʨʘ ʷʚʣʷʝʪʩʷ ʩʪʨʫʢʪʫʨʥʦ-ʯʫʚʩʪʚʠʪʝʣʴʥʳʤ. 

ʄʥʦʛʦʯʠʩʣʝʥʥʳʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʩʠʩʪʝʤ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ  

La1-xAxMnO3 ʩ ʟʘʤʝʱʝʥʠʷʤʠ ʠʦʥʦʚ La ʥʘ ʱʝʣʦʯʥʳʝ ʵʣʝʤʝʥʪʳ ʥʘʡʜʝʥʳ 

ʤʘʪʝʨʠʘʣʳ, ʦʙʣʘʜʘʶʱʠʝ ʢʦʣʦʩʩʘʣʴʥʦʡ ʤʘʛʥʝʪʦʨʝʟʠʩʪʠʚʥʦʩʪʴʶ [209]. 

ɿʘʤʝʱʝʥʠʷ La ʥʘ ʜʚʫʭʚʘʣʝʥʪʥʳʝ A ʢʘʪʠʦʥʳ ʧʨʠʚʦʜʠʪ ʢ ʧʝʨʝʭʦʜʘʤ Mn3+ ʢ Mn4+ 

ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʜʳʨʦʢ ʚ ʟʦʥʝ Mn 3d, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʤʝʪʘʣʣʠʯʝʩʢʠʭ 

ʠ/ʠʣʠ ʬʝʨʨʦʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ. ɼʘʞʝ ʚ ʦʪʩʫʪʩʪʚʠʝ ʭʠʤʠʯʝʩʢʦʛʦ ʜʦʧʠʨʦʚʘʥʠʷ 

(x = 0) LaMnO3 ʜʦʧʫʩʢʘʝʪ, ʪʘʢ ʥʘʟʳʚʘʝʤʫʶ, ʢʠʩʣʦʨʦʜʥʫʶ ʥʝʩʪʝʭʠʦʤʝʪʨʠʯʥʦʩʪʴ, 

ʢʦʪʦʨʘʷ ʪʘʢʞʝ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʝʨʝʭʦʜʫ Mn3+ ʢ Mn4+. ɺ ʦʙʨʘʟʮʘʭ ʩʦʩʪʘʚʘ 

LaMnO3+ŭ. ʅʘ ʩʘʤʦʤ ʜʝʣʝ ʠʟʙʳʪʦʢ ʢʠʩʣʦʨʦʜʘ ʚ ʧʝʨʦʚʩʢʠʪʦʚʦʡ ʩʪʨʫʢʪʫʨʝ 

ʥʝʚʦʟʤʦʞʝʥ, ʘ ʥʝʩʪʝʭʠʦʤʝʪʨʠʷ ʠʤʝʝʪ ʤʝʩʪʦ ʧʦ ʢʘʪʠʦʥʘʤ La ʠ Mn. ʇʨʘʚʠʣʴʥʘʷ 

ʢʨʠʩʪʘʣʣʦʭʠʤʠʯʝʩʢʘʷ ʬʦʨʤʫʣʘ ʪʘʢʠʭ ʩʦʩʪʘʚʦʚ ʜʦʣʞʥʘ ʙʳʪʴ ʟʘʧʠʩʘʥʘ ʢʘʢ  

La1-xMn1-yO3. ʆʙʨʘʟʦʚʘʥʠʝ ʪʘʢʠʭ ʩʦʩʪʘʚʦʚ ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ ʦʪʞʠʛʘʭ ʦʙʨʘʟʮʦʚ ʥʘ 

ʚʦʟʜʫʭʝ ʠʣʠ ʢʠʩʣʦʨʦʜʥʦʡ ʘʪʤʦʩʬʝʨʝ, ʚʳʟʳʚʘʷ ʧʝʨʝʭʦʜ Mn3+ Ÿ Mn4+ + 1eï. 
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ʇʨʠʩʫʪʩʪʚʠʝ ʩʤʝʰʘʥʥʳʭ ʚʘʣʝʥʪʥʦʩʪʝʡ Mn3+ ʠ Mn4+ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ 

ʜʚʦʡʥʦʛʦ ʦʙʤʝʥʘ, ʧʦʜʦʙʥʦ ʥʘʙʣʶʜʘʝʤʦʤʫ ʚ ʧʝʨʦʚʩʢʠʪʘʭ ʩʦʩʪʘʚʘ La1-xAxMnO3 ʩ 

ʨʝʟʢʠʤ ʚʦʟʨʘʩʪʘʥʠʝʤ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʠ ʠʥʜʫʮʠʨʦʚʘʥʠʝʤ ʬʝʨʨʦʤʘʛʥʠʪʥʳʭ 

ʩʚʦʡʩʪʚ, ʠʤʝʶʱʠʭ ʩʧʠʥ-ʩʪʝʢʦʣʴʥʳʡ ʭʘʨʘʢʪʝʨ. ʆʪʤʝʪʠʤ, ʯʪʦ 

ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʡ LaMnO3 ʩ 100 % Mn3+ ʦʧʨʝʜʝʣʝʥ ʢʘʢ ʜʠʵʣʝʢʪʨʠʢ [130]. ɺ ʪʦ 

ʞʝ ʚʨʝʤʷ ʗʥ-ʊʝʣʣʝʨʦʚʩʢʠʡ ʭʘʨʘʢʪʝʨ Mn3+ ( )13

2 gget  ʩ ʤʦʥʦʫʨʦʚʥʝʤ eg ʟʘ ʩʯʝʪ 

ʩʥʷʪʠʷ ʚʳʨʦʞʜʝʥʠʷ ʩʧʦʩʦʙʝʥ ʚʳʟʚʘʪʴ ʩʪʘʪʠʯʝʩʢʫʶ ʜʝʬʦʨʤʘʮʠʶ ʗʥ-

ʊʝʣʣʝʨʦʚʩʢʦʛʦ ʭʘʨʘʢʪʝʨʘ, ʧʨʠʚʦʜʷ ʢ ʦʨʙʠʪʘʣʴʥʦʤʫ ʫʧʦʨʷʜʦʯʝʥʠʶ ʩ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʠʟʤʝʨʝʥʥʳʭ MnïO ʩʚʷʟʝʡ [213]. 

 

ʈʠʩʫʥʦʢ 3.1 ï ʇʨʠʤʝʨʳ ʤʘʛʥʠʪʥʳʭ ʩʪʨʫʢʪʫʨ ʨʘʟʥʦʛʦ ʪʠʧʘ ʠʟ ʨʘʙʦʪʳ [212] 
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ɸʥʘʣʠʟ ʧʝʨʦʚʩʢʠʪʦʚʳʭ ʩʪʨʫʢʪʫʨ RMnO3 (R ï ʨʝʜʢʦʟʝʤʝʣʴʥʳʝ ʵʣʝʤʝʥʪʳ ʠ 

Y) ʧʦʟʚʦʣʠʣ ʩʨʘʚʥʠʪʴ ʠʟʤʝʥʝʥʠʷ ʗʥ-ʊʝʣʣʝʨʦʚʩʢʠʭ ʠʩʢʘʞʝʥʠʡ MnO6 ʦʢʪʘʵʜʨʦʚ 

ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʟʤʝʨʦʚ Rïʠʦʥʦʚ [130]. ʕʪʦ ʧʦʟʚʦʣʠʣʦ ʨʘʩʩʤʦʪʨʝʪʴ ʵʬʬʝʢʪ 

çʭʠʤʠʯʝʩʢʦʛʦè ʜʘʚʣʝʥʠʷ ʧʨʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʤ ʫʤʝʥʴʰʝʥʠʠ ʨʘʟʤʝʨʦʚ Rï

ʠʦʥʦʚ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʫʤʝʥʴʰʝʥʠʠ ʨʘʟʤʝʨʦʚ Rïʠʦʥʦʚ ʜʝʬʦʨʤʘʮʠʠ 

ʧʝʨʦʚʩʢʠʪʦʚʦʡ ʩʪʨʫʢʪʫʨʳ ʫʚʝʣʠʯʠʚʘʶʪʩʷ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʝʨʦʚʩʢʠʪʦʚʳʭ 

ʩʪʨʫʢʪʫʨ RMnO3 ʧʦʜ ʚʥʝʰʥʠʤ ʜʘʚʣʝʥʠʝʤ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʜʣʠʥʳ ʩʚʷʟʝʡ MnïO 

ʫʢʦʨʘʯʠʚʘʶʪʩʷ, ʘ ʜʝʬʦʨʤʘʮʠʠ ʩʪʨʫʢʪʫʨ ʫʤʝʥʴʰʘʶʪʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʪʦʣʝʨʘʥʩ-

ʬʘʢʪʦʨʘ. 

ɺ [213] ʩ ʮʝʣʴʶ ʚʳʷʩʥʝʥʠʷ ʦʩʦʙʝʥʥʦʩʪʝʡ ʵʬʬʝʢʪʘ ʗʥʘ-ʊʝʣʣʝʨʘ ʚ 

ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʦʤ LaMnO3, ʢʘʢ ʦʙʫʩʣʘʚʣʠʚʘʶʱʝʛʦ ʧʝʨʝʭʦʜ ʦʨʙʠʪʘʣʴʥʦʛʦ 

ʧʦʨʷʜʢʘ-ʙʝʩʧʦʨʷʜʢʘ, ʧʨʦʚʝʜʝʥʦ ʥʝʡʪʨʦʥʦʛʨʘʬʠʯʝʩʢʦʝ ʠʟʫʯʝʥʠʝ ʩʪʨʫʢʪʫʨʥʳʭ 

ʠʟʤʝʥʝʥʠʡ LaMnO3 ʚ ʰʠʨʦʢʦʤ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ. ɼʠʬʬʝʨʝʥʮʠʘʣʴʥʳʡ 

ʪʝʨʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ (ɼʊɸ) ʦʙʥʘʨʫʞʠʣ ʜʚʘ ʵʥʜʦʪʝʨʤʠʯʝʩʢʠʭ ʧʝʨʝʭʦʜʘ ʧʨʠ  

T1 = 750 K ʠ T2 = 1010 K, ʯʪʦ ʠ ʦʧʨʝʜʝʣʠʣʦ ʧʨʦʚʝʜʝʥʠʝ ʧʨʝʮʠʟʠʦʥʥʳʭ 

ʩʪʨʫʢʪʫʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʵʪʠʭ ʪʝʤʧʝʨʘʪʫʨ. ɸʚʪʦʨʘʤʠ [213] 

ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ ʩʣʝʜʫʶʱʝʝ: 

1. ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʬʘʟʘ LaMnO3 ʧʨʠ ʧʦʚʳʰʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʜʦ T1 

ʷʚʣʷʝʪʩʷ ʦʨʪʦʨʦʤʙʠʯʝʩʢʦʡ ʩ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʦʡ Pbmn ʠ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʟʘʤʝʪʥʳʤʠ ʠʩʢʘʞʝʥʠʷʤʠ ʢʠʩʣʦʨʦʜʥʳʭ ʦʢʪʘʵʜʨʦʚ ï

ʠʩʢʘʞʝʥʠʷʤʠ ʗʥʘ-ʊʝʣʣʝʨʘ, ʦʧʨʝʜʝʣʷʝʤʳʤʠ ʢʘʢ: 

Q2 = 2(l-s)/ 2  

Q3 = 2(2m-l-s)/ 6 , 

ʛʜʝ l, m, s ð ʜʣʠʥʥʳʝ, ʩʨʝʜʥʠʝ ʠ ʢʦʨʦʪʢʠʝ ʩʚʷʟʠ Mn ʠ O, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʊʝʤʧʝʨʘʪʫʨʘ T1 = 750 K ʥʘʟʚʘʥʘ ʪʝʤʧʝʨʘʪʫʨʦʡ ʗʥ-ʊʝʣʣʝʨʦʚʩʢʦʛʦ ʬʘʟʦʚʦʛʦ 

ʧʝʨʝʭʦʜʘ TJT. 

2. ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʬʘʟʘ LaMnO3 ʚ ʠʥʪʝʨʚʘʣʝ TJT < T < T2 ʠʥʪʝʨʧʨʝʪʠʨʫʝʪʩʷ 

ʢʘʢ ʦʨʪʦʨʦʤʙʠʯʝʩʢʘʷ O¡, ʢʦʪʦʨʘʷ ʠʤʝʝʪ ʢʫʙʠʯʝʩʢʫʶ ʫʜʚʦʝʥʥʫʶ ʧʨʠʤʠʪʠʚʥʫʶ 

ʷʯʝʡʢʫ. ʇʦ ʤʥʝʥʠʶ ʘʚʪʦʨʦʚ [213], ʵʪʘ ʷʯʝʡʢʘ ʷʚʣʷʝʪʩʷ ʫʩʨʝʜʥʝʥʥʦʡ ʧʦ 

ʤʠʢʨʦʜʦʤʝʥʘʤ ʩ ʤʘʣʳʤʠ ʦʨʪʦʨʦʤʙʠʯʝʩʢʠʤʠ ʠʩʢʘʞʝʥʠʷʤʠ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, 
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ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʫʪʦʯʥʝʥʠʷ ʘʪʦʤʥʳʭ ʧʘʨʘʤʝʪʨʦʚ LaMnO3 ʚ ʰʠʨʦʢʦʤ ʠʥʪʝʨʚʘʣʝ 

ʪʝʤʧʝʨʘʪʫʨ ʦʧʨʝʜʝʣʷʶʪʩʷ ʫʛʣʳ ʧʦʚʦʨʦʪʦʚ ʦʢʪʘʵʜʨʦʚ (ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʚ ʦʙʣʘʩʪʠ 

O¡ (ʧʩʝʚʜʦʢʫʙʠʯʝʩʢʦʡ) ʬʘʟʳ), ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʩʪʨʫʢʪʫʨʥʦʡ ʤʦʜʝʣʠ ʄʝʛʦʫ-

ɻʣʘʟʝʨʘ [209, 215ï217]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʟʤʝʥʝʥʠʷ ʩʪʨʫʢʪʫʨʳ LaMnO3 ʧʨʠ TJT 

ʩʦʩʪʦʷʪ ʚ ʠʩʢʘʞʝʥʠʠ (ʧʨʠ ʧʦʥʠʞʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ) ʧʨʘʚʠʣʴʥʦʛʦ ʦʢʪʘʵʜʨʘ 

MnO6, ʢʦʪʦʨʦʝ ʦʧʠʩʳʚʘʝʪʩʷ ʧʘʨʘʤʝʪʨʦʤ D = ( ){ }ä -=D
=

6

1

2
/

1

N
N ddd

N
, ʛʜʝ d ï 

ʤʝʞʘʪʦʤʥʳʝ ʨʘʩʩʪʦʷʥʠʷ MnïO, ʘ <d> ï ʠʭ ʩʨʝʜʥʷʷ ʚʝʣʠʯʠʥʘ. 

3. ɸʚʪʦʨʳ [213] ʧʦʣʘʛʘʶʪ, ʯʪʦ ʢʫʙʠʯʝʩʢʘʷ ʬʘʟʘ ʧʨʠ TJT < T < T2 ʝʩʪɹ 

ʨʝʟʫʣʴʪʘʪ ʙʘʣʘʥʩʘ ʤʝʞʜʫ ʧʦʚʦʨʦʪʘʤʠ ʦʢʪʘʵʜʨʦʚ ʠ ʠʭ ʥʝʧʨʘʚʠʣʴʥʦʩʪʴʶ, ʠ ʦʥʘ 

ʤʦʞʝʪ ʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴʩʷ ʜʠʥʘʤʠʯʝʩʢʠʤ ʬʣʫʢʪʫʘʮʠʦʥʥʳʤ ʵʬʬʝʢʪʦʤ ʗʥʘ-

ʊʝʣʣʝʨʘ. 

ʅʘ ʨʠʩʫʥʢʝ 3.2 ʧʨʠʚʝʜʝʥʳ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʧʘʨʘʤʝʪʨʦʚ 

ʷʯʝʡʢʠ ʠʟ ʨʘʙʦʪʳ [213]. ɺ ʥʘʰʝʡ ʨʘʙʦʪʝ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʧʨʦʚʝʨʢʘ ʵʪʠʭ 

ʟʘʚʠʩʠʤʦʩʪʝʡ (ʤʝʪʦʜʦʤ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ), ʦʩʦʙʝʥʥʦ ʚ ʯʘʩʪʠ 

ʚʳʷʩʥʝʥʠʷ ʦʩʦʙʝʥʥʦʩʪʝʡ ʩʪʨʫʢʪʫʨʳ LaMnO3 ʧʨʠ TJT < T < T2, ʧʦʩʢʦʣʴʢʫ ʨʘʙʦʪʘ 

[213] ʚʳʧʦʣʥʷʣʘʩʴ ʤʝʪʦʜʦʤ ʥʝʡʪʨʦʥʦʚʩʢʦʡ ʧʦʨʦʰʢʦʚʦʡ ʜʠʬʨʘʢʮʠʠ. 

 

ʈʠʩʫʥʦʢ 3.2 ï ɿʘʚʠʩʠʤʦʩʪʠ ʧʘʨʘʤʝʪʨʦʚ ʷʯʝʡʢʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ LaMnO3 ʠʟ 

ʨʘʙʦʪʳ [213] 
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ʈʠʩʫʥʦʢ 3.3 ï ʊʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ: ʘ ï ʧʘʨʘʤʝʪʨʦʚ ʵʣʝʤʝʥʪʘʨʥʳʭ ʷʯʝʝʢ 

a, b ʠ ʩ/ã2; ʙ ï ʜʣʠʥ ʤʝʞʘʪʦʤʥʳʭ ʩʚʷʟʝʡ MnïO ʠ ʚ ï ʦʙʲʝʤʦʚ ʷʯʝʝʢ PrMnO3 

[218] 
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ʆʧʠʩʘʥʥʳʡ ʜʣʷ LaMnO3 ʵʬʬʝʢʪ ʗʥʘ-ʊʝʣʣʝʨʘ (JT) ʧʨʦʷʚʣʷʝʪʩʷ ʠ ʚ ʜʨʫʛʠʭ 

ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʭ ʧʝʨʦʚʩʢʠʪʘʭ RMnO3, ʛʜʝ R ï ʨʝʜʢʦʟʝʤʝʣʴʥʳʝ ʵʣʝʤʝʥʪʳ. ɺ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʟʤʝʨʘ ʠʦʥʦʚ R ʪʝʤʧʝʨʘʪʫʨʘ ʗʥʘ-ʊʝʣʣʝʨʘ ʠʟʤʝʥʷʝʪʩʷ. ɺ [218] ʩ 

ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʥʝʡʪʨʦʥʦʚʩʢʦʡ ʜʠʬʨʘʢʮʠʠ ʠʩʩʣʝʜʦʚʘʣʠ ʧʝʨʝʭʦʜ JT ʜʣʷ R = Pr. 

ʕʪʦʪ ʧʝʨʝʭʦʜ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʦʢʦʣʦ 1050 K, ʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʩʠʣʴʥʳʤ ʫʤʝʥʴʰʝʥʠʝʤ ʦʢʪʘʵʜʨʦʚ MnO6 ʠ ʨʝʟʢʠʤ ʠʟʤʝʥʝʥʠʝʤ ʧʘʨʘʤʝʪʨʦʚ 

ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʠ ʜʣʠʥ ʩʚʷʟʝʡ MnïO (ʨʠʩ. 3.3, ʘ, ʙ ʠ ʚ). ʇʨʠ T < TJT 

ʩʪʨʫʢʪʫʨʘ PrMnO3 ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʦʨʪʦʨʦʤʙʠʯʝʩʢʦʡ ʬʘʟʦʡ O' c ʩʦʦʪʥʦʰʝʥʠʝʤ 

ʧʘʨʘʤʝʪʨʦʚ ʩ/ã2 < ʘ < bʯʪʦ ʦʪʨʘʞʘʝʪ , ʩʠʣʴʥʳʤ ʠʩʢʘʞʝʥʠʝʤ ʢʠʩʣʦʨʦʜʥʳʭ 

ʦʢʪʘʵʜʨʦʚ MnO6 ʠ ʨʘʟʣʠʯʠʝʤ ʤʝʞʘʪʦʤʥʳʭ ʨʘʩʩʪʦʷʥʠʡ MnïO, ʯʪʦ ʦʪʨʘʞʘʝʪ 

ʥʘʣʠʯʠʝ ʦʨʙʠʪʘʣʴʥʦʛʦ ʫʧʦʨʷʜʦʯʝʥʠʷ ʙʣʘʛʦʜʘʨʷ JT. ʇʨʠ T > TJT ʥʘʙʣʶʜʘʝʪʩʷ 

ʦʨʪʦʨʦʤʙʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʫ Oïʪʠʧʘ, ʩ ʛʦʨʘʟʜʦ ʤʝʥʴʰʠʤ ʠʩʢʘʞʝʥʠʝʤ ʦʢʪʘʵʜʨʦʚ 

MnO6 ʠ ʩʦʦʪʥʦʰʝʥʠʝʤ ʧʘʨʘʤʝʪʨʦʚ a < ʩ/ã2 < b.  

3.2 ʄʝʪʦʜʳ ʩʠʥʪʝʟʘ LaMnO3 

LaMnO3 ʤʥʦʛʦʢʨʘʪʥʦ ʩʠʥʪʝʟʠʨʦʚʘʣʩʷ ʨʘʟʥʳʤʠ ʘʚʪʦʨʘʤʠ ʠ ʨʘʟʥʳʤʠ 

ʤʝʪʦʜʘʤʠ. 

ʊʚʝʨʜʦʬʘʟʥʳʡ ʩʠʥʪʝʟ. ɺ ʨʘʙʦʪʝ [133] ʦʙʨʘʟʮʳ LaMnO3-x ʧʨʠʛʦʪʘʚʣʠʚʘʣʠ 

ʩʤʝʰʠʚʘʥʠʝʤ La2O3 ʠ MnCO3 ʚ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʭ ʧʨʦʧʦʨʮʠʷʭ ʩ ʧʦʩʣʝʜʫʶʱʠʤ 

ʥʘʛʨʝʚʘʥʠʝʤ ʩʤʝʩʠ. ʋʩʣʦʚʠʷ ʧʦʣʫʯʝʥʠʷ, ʩʠʤʤʝʪʨʠʷ ʠ ʧʘʨʘʤʝʪʨʳ ʵʣʝʤʝʥʪʘʨʥʳʭ 

ʷʯʝʝʢ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 3.1. ʅʝʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʡ LaMnO3.006 ʧʦʣʫʯʘʣʠ 

ʪʚʝʨʜʦʬʘʟʥʳʤ ʩʠʥʪʝʟʦʤ ʠʟ ʦʢʩʠʜʦʚ La2O3 ʠ MnO2 [219], ʧʦʨʦʰʢʠ ʙʳʣʠ 

ʠʟʤʝʣʴʯʝʥʳ ʠ ʩʧʨʝʩʩʦʚʘʥʳ, ʘ ʟʘʪʝʤ ʧʨʦʢʘʣʠʚʘʣʠʩʴ ʚ ʧʦʪʦʢʝ ʢʠʩʣʦʨʦʜʘ ʧʨʠ 

1200 Áʉ. ʈʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʦʣʫʯʝʥʥʳʝ 

ʦʙʨʘʟʮʳ ʠʤʝʣʠ ʦʨʪʦʨʦʤʙʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ (Pbnm). 

ʆʙʨʘʟʮʳ LaMnO3+ŭ (ŭ = 0 ï 0.154) ʧʨʠʛʦʪʘʚʣʠʚʘʣʠʩʴ ʚ ʪʨʠ ʵʪʘʧʘ. ʅʘ ʧʝʨʚʦʤ 

ʵʪʘʧʝ ʧʨʠʤʝʥʝʥʘ ʩʪʘʥʜʘʨʪʥʘʷ ʪʚʝʨʜʦʬʘʟʥʘʷ ʨʝʘʢʮʠʷ. ʆʢʩʠʜ ʣʘʥʪʘʥʘ 

ʛʠʛʨʦʩʢʦʧʠʯʝʥ ʠ ʧʦʜʚʝʨʛʘʣʩʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʤʫ ʦʙʞʠʛʫ. ʉʤʝʩʠ ʧʦʨʦʰʢʦʚ 

La2O3 ʠ MnO2 ʦʪʞʠʛʘʣʠʩʴ ʥʘ ʚʦʟʜʫʭʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1320 Áʉ ʚ ʪʝʯʝʥʠʝ 40 

ʯʘʩʦʚ ʩ ʧʨʦʤʝʞʫʪʦʯʥʳʤ ʠʟʤʝʣʴʯʝʥʠʝʤ. ʇʦʣʫʯʝʥʥʳʡ ʧʦʨʦʰʦʢ ʧʨʝʩʩʦʚʘʣʩʷ ʚ 
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ʪʘʙʣʝʪʢʠ ʧʦʜ ʜʘʚʣʝʥʠʝʤ, ʟʘʪʝʤ ʪʘʙʣʝʪʢʠ ʦʪʞʠʛʘʣʠʩʴ ʥʘ ʚʦʟʜʫʭʝ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 1370 Áʉ ʚ ʪʝʯʝʥʠʝ 22 ʯʘʩʦʚ. ʇʦʣʫʯʝʥʥʳʝ ʦʙʨʘʟʮʳ 

ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʠʩʴ ʢʘʢ ʧʩʝʚʜʦʢʫʙʠʯʝʩʢʠʝ ʩ ʥʝʙʦʣʴʰʠʤ ʨʦʤʙʦʵʜʨʠʯʝʩʢʠʤ 

ʠʩʢʘʞʝʥʠʝʤ, ʠ ʧʨʝʜʩʪʘʚʣʷʣʠ ʩʦʙʦʡ LaMnO3+ŭ ʛʜʝ ŭ = 0.065. ʅʘ ʚʪʦʨʦʤ ʵʪʘʧʝ 

ʧʦʣʫʯʝʥʥʳʝ ʦʙʨʘʟʮʳ ʦʪʞʠʛʘʣʠ ʚ ʧʦʪʦʢʝ ʘʨʛʦʥʘ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʯʠʩʪʦʛʦ 

LaMnO3.00. ʅʘ ʪʨʝʪʴʝʤ ʵʪʘʧʝ ʦʙʨʘʟʮʳ ʦʪʞʠʛʘʣʠʩʴ ʚ ʘʨʛʦʥʝ, ʢʠʩʣʦʨʦʜʝ ʠ ʥʘ 

ʚʦʟʜʫʭʝ [220]. 

ɺ [221] ʪʚʝʨʜʦʬʘʟʥʳʡ ʩʠʥʪʝʟ ʤʘʥʛʘʥʠʪʘ ʣʘʥʪʘʥʘ ʧʨʦʚʝʜʝʥ ʧʨʠ ʜʝʡʩʪʚʠʠ 

ʧʣʘʟʤʝʥʥʦʡ ʚʩʧʳʰʢʠ. ɺ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ 

Mn2O3 ʠ La(OH)3. ʉʠʥʪʝʟʠʨʦʚʘʥʥʳʡ ʦʙʨʘʟʝʮ ʠʤʝʣ ʦʨʪʦʨʦʤʙʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ 

ʩ ʧʘʨʘʤʝʪʨʘʤʠ ʷʯʝʡʢʠ: a = 5.534(9), b = 5.739(5), c = 7.693(4) ¡. 

ʄʝʭʘʥʦʭʠʤʠʯʝʩʢʘʷ ʘʢʪʠʚʘʮʠʠ. ɺ [222] ʥʝʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʝ ʦʙʨʘʟʮʳ 

ʤʘʥʛʘʥʠʪʘ ʣʘʥʪʘʥʘ ʧʨʠʛʦʪʦʚʣʝʥʳ ʤʝʪʦʜʦʤ ʤʝʭʘʥʦʭʠʤʠʯʝʩʢʦʡ ʘʢʪʠʚʘʮʠʠ. 

ʉʤʝʩʴ La2O3 ʠ Mn3O4 ʩʦ ʩʨʝʜʥʠʤ ʨʘʟʤʝʨʦʤ ʯʘʩʪʠʮ 500 ʠ 700 ʥʤ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

(ʤʦʣʷʨʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ La2O3 : Mn3O4 = 3 : 2) ʧʦʤʝʱʘʣʠ ʚ ʤʝʣʴʥʠʮʫ ʠ 

ʧʝʨʝʤʘʣʳʚʘʣʠ ʩʦ ʩʢʦʨʦʩʪʴʶ 3000 ʦʙ/ʤʠʥ. ʚ ʪʝʯʝʥʠʝ 30 ʤʠʥʫʪ. ɸʢʪʠʚʘʮʠʶ 

ʧʨʦʚʦʜʠʣʠ ʚʦ ʚʣʘʞʥʦʤ ʠʣʠ ʩʫʭʦʤ ʚʦʟʜʫʭʝ. ɸʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʦʙʘ ʦʙʨʘʟʮʘ 

ʧʦʩʣʝ ʩʠʥʪʝʟʘ ʠʤʝʶʪ ʦʨʪʦʨʦʤʙʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ. ʍʦʪʷ ʤʝʭʘʥʦʭʠʤʠʯʝʩʢʘʷ 

ʦʙʨʘʙʦʪʢʘ ʠʩʭʦʜʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʜʣʷ ʩʠʥʪʝʟʘ LaMnO3 ʚ [223] ʧʨʦʚʦʜʠʣʘʩʴ ʠʟ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʦʪʦʞʞʝʥʥʦʛʦ ʦʢʩʠʜʘ ʣʘʥʪʘʥʘ, ʚ ʦʙʨʘʟʮʝ ʧʝʨʝʜ ʦʪʞʠʛʦʤ 

ʦʙʥʘʨʫʞʝʥ ʛʠʜʨʦʢʩʠʜ ʣʘʥʪʘʥʘ.  
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ʊʘʙʣʠʮʘ 3.1 ï ʋʩʣʦʚʠʷ ʧʨʠʛʦʪʦʚʣʝʥʠʷ, ʩʠʤʤʝʪʨʠʷ, ʧʘʨʘʤʝʪʨʳ ʵʣʝʤʝʥʪʘʨʥʳʭ ʷʯʝʝʢ LaMnO3 ʠʟ ʨʘʙʦʪʳ [133] 

ʆʙʨʘʟʝʮ 

ʊʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ 

ʫʩʣʦʚʠʷ 

ʧʨʠʛʦʪʦʚʣʝʥʠʷ 

ʊ, K 
ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ 

ʛʨʫʧʧʘ ʩʠʤʤʝʪʨʠʠ 

ʇʘʨʘʤʝʪʨʳ ʷʯʝʡʢʠ 

a, ¡ b, ¡ c, ¡ ɔ, (o) 

LaMnO3 ï I 
1350 Áʉ 

48 ʯʘʩʦʚ ʥʘ ʚʦʟʜʫʭʝ 

10 
P1121/a (15 %) 

Pnma (85 %) 

5.4623(7) 

5.4780(2) 

7.751(1) 

7.7587(1) 

5.5225(7) 

5.5218(2) 

90.97(1) 

ï 

120 
P1121/a (16 %) 

Pnma (84 %) 

5.4645(6) 

5.4794(2) 

7.753(1) 

7.7606(3) 

5.5244(7) 

5.5237(2) 

90.926(9) 

ï 

350 
R3c (80 %) 

Pnma (20 %) 

5.5285(2) 

5.4955(6) 

ï 

7.7804(9) 

13.3348(4) 

5.5358(5) 

ï 

ï 

450 
R3c (90 %) 

Pnma (10 %) 

5.5316(1) 

5.503(1) 

ï 

7.788(1) 

13.3539(3) 

5.5431(9) 

ï 

ï 

LaMnO3 ï II  
1450 ÁC (1 ʯ), ʚ N2 

ʧʨʠ 900 ÁC (2 ʯ) 

10 
Pnma ï1 (20 %) 

Pnma ï2 (80 %) 

5.5345(8) 

5.6685(2) 

7.719(1) 

7.6882(3) 

5.6094(6) 

5.5325(3) 

ï 

ï 

300 
Pnma ï1 (20 %) 

Pnma ï2 (80 %) 

5.5387(8) 

5.6688(2) 

7.746(1) 

7.7238(3) 

5.6093(6) 

5.5355(3) 

ï 

ï 

LaMnO3 ï

 IIa 

ʆʙʨʘʟʝʮ II, ʚ 

ʘʪʤʦʩʬʝʨʝ N2 ʧʨʠ 

900 ÁC (5 ʯ) 

14 Pnma 5.7400(1) 7.6738(2) 5.5328(1) ï 

300 Pnma 5.7385(3) 7.7024(3) 5.5378(1) ï 

LaMnO3 ï

 IIb 

ʆʙʨʘʟʝʮ II, ʥʘ 

ʚʦʟʜʫʭʝ ʧʨʠ 1000 ÁC 

(12 ʯ) 

15 Pnma 5.4913(2) 7.7748(3) 5.5268(2) ï 

300 
R3c (12 %) 

Pnma (88 %) 

5.5316(6) 

5.4954(3) 

ï 

7.7854(4) 

13.330(1) 

5.5355(3) 
ï 

LaMnO3 ï

 III  

1350 Áʉ (2 ʜʥʷ) ʥʘ 

ʚʦʟʜʫʭʝ 

10 Pnma 5.4947(2) 7.7745(3) 5.5251(2) ï 

300 Pnma 5.4975(2) 7.7867(3) 5.5341(2) ï 

LaMnO3 ï

 IV 

1350 Áʉ (2 ʜʥʷ), 

1450 ÁC (1 ʯ) ʥʘ 

ʚʦʟʜʫʭʝ, ʚ ʘʨʛʦʥʝ 

ʧʨʠ 1000 ÁC (10 ʯ) 

10 
Pnma ï1 (22 %) 

Pnma ï2 (78 %) 

5.526(1) 

5.6692(2) 

7.742(1) 

7.6850(4) 

5.6081(8) 

5.5322(3) 
ï 

300 
Pnma ï1 (24 %) 

Pnma ï2 (76 %) 

5.5316(9) 

5.6590(2) 

7.755(1) 

7.7194(3) 

5.6037(8) 

5.5344(3) 

ï 

ï 



 80 

ʄʝʪʦʜ ʭʠʤʠʯʝʩʢʦʛʦ ʦʩʘʞʜʝʥʠʷ. ɺ ʨʘʙʦʪʝ [224] ʧʨʠ ʩʠʥʪʝʟʝ LaMnO3 

ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʛʠʜʨʦʢʩʠʜ ʥʘʪʨʠʷ ʜʣʷ ʦʩʘʞʜʝʥʠʷ. ʄʝʪʦʜʠʢʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʩʣʝʜʫʶʱʝʤ: ʩʥʘʯʘʣʘ ʦʢʩʠʜ ʣʘʥʪʘʥʘ ʨʘʩʪʚʦʨʷʶʪ ʚ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʝ, ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʝʛʦ ʭʣʦʨʠʜʘ, ʟʘʪʝʤ ʢ ʨʘʩʪʚʦʨʫ ʧʨʠʙʘʚʣʷʶʪ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʭʣʦʨʠʜʘ ʤʘʨʛʘʥʮʘ, ʘ ʧʦʩʣʝ ï ʱʝʣʦʯʴ ʜʦ pH å 12. ʉʫʩʧʝʥʟʠʶ 

ʧʝʨʝʤʝʰʠʚʘʶʪ 6 ʯʘʩʦʚ ʧʨʠ 70-100 Áʉ, ʦʙʨʘʟʦʚʘʚʰʠʡʩʷ ʦʩʘʜʦʢ 

ʦʪʬʠʣʴʪʨʦʚʳʚʘʶʪ ʠ ʧʨʦʤʳʚʘʶʪ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʦʡ. ʇʨʝʢʫʨʩʦʨ 

ʧʨʦʢʘʣʠʚʘʶʪ ʧʨʠ 500 Áʉ ʚ ʪʝʯʝʥʠʝ 6 ʯʘʩʦʚ. ʇʦʣʫʯʝʥʥʳʡ ʦʙʨʘʟʝʮ 

ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʩʷ ʦʨʪʦʨʦʤʙʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʦʡ ʩ a = 5.527, b = 5.723, 

c = 7.695 ¡. 

ʉʠʥʪʝʟ LaMnO3 ʚ ʨʘʙʦʪʝ [225] ʧʨʦʚʝʜʝʥ ʦʩʘʞʜʝʥʠʝʤ ʠʟ ʤʠʢʨʦʵʤʫʣʴʩʠʠ, 

ʢʦʪʦʨʘʷ ʩʦʩʪʦʷʣʘ ʠʟ ʩʤʝʩʠ ʥʠʪʨʘʪʦʚ ʣʘʥʪʘʥʘ ʠ ʤʘʨʛʘʥʮʘ, 

ʮʝʪʠʣʪʨʠʤʝʪʠʣʘʤʤʦʥʠʷ ʙʨʦʤʠʜʘ, 1-ʙʫʪʘʥʦʣʘ ʠ ʥ-ʦʢʪʘʥʘ. ʆʩʘʞʜʝʥʠʝ 

ʧʨʦʚʦʜʠʣʦʩʴ ʜʨʫʛʦʡ ʤʠʢʨʦʵʤʫʣʴʩʠʝʡ, ʩʦʜʝʨʞʘʱʝʡ ʮʝʪʠʣʪʨʠʤʝʪʠʣʘʤʤʦʥʠʷ 

ʙʨʦʤʠʜ, 1-ʙʫʪʘʥʦʣ ʠ ʥ-ʦʢʪʘʥ ʚʦʜʥʳʡ ʘʤʤʠʘʢ. ɺʳʧʘʚʰʠʡ ʦʩʘʜʦʢ 

ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ, ʚʳʩʫʰʠʚʘʣʠ ʠ ʧʨʦʢʘʣʠʚʘʣʠ ʧʨʠ 800 Áʉ ʚ ʪʝʯʝʥʠʝ 4 ʯʘʩʦʚ. 

ʈʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʦʙʨʘʟʮʳ ʠʤʝʶʪ ʩʪʨʫʢʪʫʨʫ 

ʧʝʨʦʚʩʢʠʪʘ, ʦʜʥʘʢʦ ʚ ʥʠʭ ʩʦʜʝʨʞʠʪʩʷ ʧʨʠʤʝʩʴ ʦʢʩʠʜʘ ʣʘʥʪʘʥʘ La2O3. 

ɿʦʣʴ-ʛʝʣʴ ʤʝʪʦʜ. ʄʝʪʦʜ ʦʩʥʦʚʘʥ ʥʘ ʩʧʦʩʦʙʥʦʩʪʠ ʥʝʢʦʪʦʨʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʚʝʱʝʩʪʚ ʦʙʨʘʟʦʚʳʚʘʪʴ ʭʝʣʘʪʥʳʝ ʢʦʤʧʣʝʢʩʳ ʩ ʠʦʥʘʤʠ ʤʝʪʘʣʣʦʚ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ 

(100ï140 Áʉ). ʇʨʠ ʙʦʣʴʰʝʤ ʥʘʛʨʝʚʝ ʧʨʦʠʩʭʦʜʠʪ ʜʘʣʴʥʝʡʰʘʷ ʧʦʣʠʤʝʨʠʟʘʮʠʷ ʠ 

ʦʙʨʘʟʫʝʪʩʷ ʚʷʟʢʘʷ ʩʤʦʣʘ (ʛʝʣʴ), ʧʨʠ ʨʘʟʣʦʞʝʥʠʠ ʢʦʪʦʨʦʡ ʧʦʣʫʯʘʝʪʩʷ ʦʢʩʠʜʥʳʡ 

ʧʦʨʦʰʦʢ. ʕʪʦʪ ʤʝʪʦʜ ʧʨʠʤʝʥʝʥ ʜʣʷ ʧʦʣʫʯʝʥʠʷ LaMnO3 ʩ ʙʦʣʴʰʦʡ 

ʧʦʚʝʨʭʥʦʩʪʴʶ [226]. ʂ ʨʘʩʪʚʦʨʫ ʥʠʪʨʘʪʦʚ ʤʝʪʘʣʣʦʚ ʜʦʙʘʚʣʝʥ ʥʠʪʨʘʪ ʘʤʤʦʥʠʷ 

NH4NO3, ʪʘʢ ʢʘʢ ʝʛʦ ʜʦʙʘʚʢʘ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʦʙʨʘʟʮʳ ʩ ʙʦʣʴʰʦʡ 

ʧʦʚʝʨʭʥʦʩʪʴʶ. ʈʘʩʪʚʦʨ ʚʳʜʝʨʞʠʚʘʣʩʷ ʧʨʠ 55 Áʉ, ʧʦʢʘ ʝʛʦ ʦʙʲʝʤ ʥʝ ʫʤʝʥʴʰʠʣʩʷ 

ʥʘ 20 %. ʇʦʣʫʯʝʥʥʳʡ ʟʦʣʴ ʚʳʩʫʰʠʚʘʣʩʷ ʧʨʠ 60 Áʉ ʚ ʚʘʢʫʫʤʝ, ʧʨʠ ʵʪʦʤ 

ʦʙʨʘʟʦʚʘʣʩʷ ʛʝʣʴ. ʇʦʩʣʝ ʵʪʦʛʦ, ʛʝʣʴ ʚʳʜʝʨʞʠʚʘʣʠ ʚ ʤʫʬʝʣʝ ʩʥʘʯʘʣʘ 1 ʯʘʩ ʧʨʠ 
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300 ÁC, ʧʦʩʣʝ ʯʝʛʦ ʧʨʦʢʘʣʠʚʘʣʠ ʧʨʠ T = 500 Áʉ ʚ ʪʝʯʝʥʠʝ 3 ʯʘʩʦʚ, ʯʪʦʙʳ 

ʧʦʣʫʯʠʪʴ LaMnO3 ʩ ʨʘʟʣʠʯʥʳʤʠ ʨʘʟʤʝʨʘʤʠ ʯʘʩʪʠʮ. 

ɻʠʜʨʦʪʝʨʤʘʣʴʥʳʡ ʤʝʪʦʜ. ʉʠʥʪʝʟ ʤʘʥʛʘʥʠʪʘ ʣʘʥʪʘʥʘ ʵʪʠʤ ʤʝʪʦʜʦʤ 

ʦʧʠʩʘʥ ʚ [227]. ɸʤʦʨʬʥʳʡ ʧʨʝʢʫʨʩʦʨ ʤʘʥʛʘʥʠʪʘ ʣʘʥʪʘʥʘ LaMnO3+ŭ ʧʦʣʫʯʘʣʠ ʚ 

ʘʚʪʦʢʣʘʚʝ ʧʨʠ 150 Áʉ ʚ ʪʝʯʝʥʠʝ 20 ʯʘʩʦʚ, ʠʟʙʳʪʦʯʥʦʝ ʜʘʚʣʝʥʠʝ ʩʦʟʜʘʚʘʣʦʩʴ ʧʨʠ 

ʠʩʧʘʨʝʥʠʠ ʚʦʜʳ ʠʟ ʩʤʝʩʠ ʩʦʩʪʦʷʱʝʡ ʠʟ ʨʘʩʪʚʦʨʦʚ ʥʠʪʨʘʪʦʚ La(NO3)3 ʠ 

Mn(NO3)2, ʣʠʤʦʥʥʦʡ ʢʠʩʣʦʪʳ ʠ ʘʤʤʠʘʢʘ. ɼʘʣʝʝ ʧʨʝʢʫʨʩʦʨ ʦʙʞʠʛʘʣʠ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʦʪ 200 ʜʦ 1000 Áʉ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʬʘʟʘ ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʧʝʨʦʚʩʢʠʪʘ 

ʦʙʨʘʟʫʝʪʩʷ ʧʨʠ 550ï700 Áʉ. 

ʉʠʥʪʝʟ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʤʠʢʨʦʚʦʣʥʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ. ɺʦʟʤʦʞʝʥ ʩʠʥʪʝʟ 

LaMnO3 ʩ ʧʦʤʦʱʴʶ ʤʠʢʨʦʚʦʣʥʦʚʦʡ ʧʣʘʟʤʳ [228]. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʦʙʨʘʟʝʮ 

LaMnO3 ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥ ʠʟ ʘʮʝʪʠʣʘʮʝʪʦʥʘʪʦʚ ʠʣʠ ʥʠʪʨʘʪʦʚ ʤʝʪʘʣʣʦʚ. 

ʉʤʝʩʴ ʩʦʣʝʡ ʧʦʤʝʱʘʶʪ ʚʦ ʚʨʘʱʘʶʱʫʶʩʷ ʢʚʘʨʮʝʚʫʶ ʪʨʫʙʢʫ ʠ ʧʦʜʚʝʨʛʘʶʪ 

ʚʦʟʜʝʡʩʪʚʠʶ ʤʠʢʨʦʚʦʣʥʦʚʦʡ ʧʣʘʟʤʳ ʚ ʩʧʝʮʠʘʣʴʥʦʤ ʧʨʠʙʦʨʝ. ʇʨʠʙʦʨ 

ʠʟʦʣʠʨʦʚʘʥ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʜʦʟʠʨʦʚʘʪʴ ʢʦʣʠʯʝʩʪʚʦ ʢʠʩʣʦʨʦʜʘ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʦʢʩʠʜʥʳʭ ʧʨʝʢʫʨʩʦʨʦʚ. ɿʘʪʝʤ ʚʦ ʚʨʝʤʷ ʧʣʘʟʤʝʥʥʦʡ ʦʙʨʘʙʦʪʢʠ ʧʨʝʢʫʨʩʦʨʦʚ 

ʧʨʦʠʩʭʦʜʠʪ ʠʩʧʘʨʝʥʠʝ ʠ ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʤʝʰʘʥʥʳʭ ʦʢʩʠʜʦʚ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʨʝʘʢʮʠʠ ʩ ʢʠʩʣʦʨʦʜʦʤ. ʇʦʣʫʯʝʥʥʳʡ ʦʙʨʘʟʝʮ, ʧʦʩʣʝ ʦʙʞʠʛʘ ʧʨʠ 730ï780 Áʉ 

ʠʤʝʣ ʨʦʤʙʦʵʜʨʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ. 

ʈʘʩʧʳʣʠʪʝʣʴʥʘʷ ʩʫʰʢʘ. ʉʫʪʴ ʤʝʪʦʜʘ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʩʤʝʩʴ ʨʘʩʪʚʦʨʦʚ 

ʩʦʣʝʡ La ʠ Mn, ʧʝʨʝʚʝʜʝʥʥʘʷ ʧʦʩʨʝʜʩʪʚʦʤ ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʨʘʩʧʳʣʠʪʝʣʷ ʚ 

ʩʦʩʪʦʷʥʠʝ ʘʵʨʦʟʦʣʷ ʩ ʨʘʟʤʝʨʦʤ ʯʘʩʪʠʮ 0.5ï0.8 ʤʢʤ, ʧʝʨʝʥʦʩʠʪʩʷ ʛʘʟʦʤï

ʥʦʩʠʪʝʣʝʤ ʚ ʛʦʨʷʯʫʶ ʢʘʤʝʨʫ, ʛʜʝ ʧʨʦʠʩʭʦʜʠʪ ʤʛʥʦʚʝʥʥʦʝ (ʧʦʣʥʦʝ ʠʣʠ 

ʯʘʩʪʠʯʥʦʝ) ʨʘʟʣʦʞʝʥʠʝ ʯʘʩʪʠʮ; ʦʙʨʘʟʦʚʘʚʰʠʡʩʷ ʦʢʩʠʜʥʦïʩʦʣʝʚʦʡ ʧʨʦʜʫʢʪ 

ʩʦʙʠʨʘʶʪ ʥʘ ʬʠʣʴʪʨʝ. 

ʕʪʦʪ ʤʝʪʦʜ (ʪʘʙʣʠʮʘ 3.2) ʧʦʟʚʦʣʠʣ ʧʦʣʫʯʠʪʴ ʥʝʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʝ 

ʦʙʨʘʟʮʳ LaMnO3+ŭ [229]. ʉʠʥʪʝʟ ʟʘʢʣʶʯʘʣʩʷ ʚ ʩʣʝʜʫʶʱʝʤ: La2O3 ʧʨʦʢʘʣʠʣʠ ʚ 

ʧʦʪʦʢʝ ʢʠʩʣʦʨʦʜʘ ʥʝʩʢʦʣʴʢʦ ʯʘʩʦʚ ʧʨʠ 1000 ÁC, ʜʣʷ ʫʜʘʣʝʥʠʷ ʢʘʨʙʦʥʘʪʦʚ, MnO2 

ï ʧʨʠ 425 ÁC. ɿʘʪʝʤ MnO2 ʨʘʩʪʚʦʨʠʣʠ ʚ HCl ʠ ʫʧʘʨʠʣʠ, ʧʦʣʫʯʝʥʥʳʡ ʭʣʦʨʠʜ 
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ʨʘʩʪʚʦʨʠʣʠ ʚ ʤʠʥʠʤʫʤʝ ʚʦʜʳ, ʜʦʙʘʚʠʣʠ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʫʶ ʘʟʦʪʥʫʶ ʢʠʩʣʦʪʫ 

ʠ ʩʥʦʚʘ ʫʧʘʨʠʣʠ. ʇʦʣʫʯʝʥʥʳʡ ʨʦʟʦʚʳʡ ʥʠʪʨʘʪ ʤʘʨʛʘʥʮʘ ʨʘʩʪʚʦʨʠʣʠ ʚ 

ʤʠʥʠʤʫʤʝ ʚʦʜʳ. ʆʪʜʝʣʴʥʦ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʫʶ ʘʟʦʪʥʫʶ ʢʠʩʣʦʪʫ ʤʝʜʣʝʥʥʦ 

ʧʨʠʙʘʚʣʷʣʠ ʢ ʦʢʩʠʜʫ La2O3. ʕʪʦʪ ʨʘʩʪʚʦʨ ʜʦʙʘʚʠʣʠ ʢ ʨʘʩʪʚʦʨʫ ʥʠʪʨʘʪʘ 

ʤʘʨʛʘʥʮʘ ʠ ʢ ʧʦʣʫʯʝʥʥʦʡ ʩʤʝʩʠ ʤʝʜʣʝʥʥʦ ʧʨʠʙʘʚʣʷʣʠ ʨʘʩʪʚʦʨ (NH4)2CO3 ʜʦ pH 

7ï8. ʋʧʘʨʠʚʘʥʠʝʤ ʩ ʨʘʩʧʳʣʝʥʠʝʤ ʧʦʣʫʯʠʣʠ ʧʦʨʦʰʦʢïʧʨʝʢʫʨʩʦʨ, ʢʦʪʦʨʳʡ 

ʧʨʦʢʘʣʠʚʘʣʠ ʚ ʧʦʪʦʢʝ ʢʠʩʣʦʨʦʜʘ ʜʣʷ ʫʜʘʣʝʥʠʷ ʚʦʜʳ, ʘ ʟʘʪʝʤ ʛʨʝʣʠ ʧʨʠ 

T = 1000 Áʉ ʚ ʪʝʯʝʥʠʝ 10 ʯʘʩʦʚ. ʇʦʣʫʯʠʣʠ ʯʝʨʥʳʡ ʧʦʨʦʰʦʢ. ʇʨʦʢʘʣʠʚʘʥʠʝ 

ʧʦʣʫʯʝʥʥʦʛʦ ʧʨʝʢʫʨʩʦʨʘ ʧʨʦʚʦʜʠʣʠ ʩ ʨʘʟʣʠʯʥʳʤ ʜʘʚʣʝʥʠʝʤ ʢʠʩʣʦʨʦʜʘ, ʯʪʦ 

ʧʨʠʚʝʣʦ ʢ ʨʘʟʣʠʯʥʳʤ ʢʘʪʠʦʥʥʳʤ ʚʘʢʘʥʩʠʷʤ. 

ʊʘʙʣʠʮʘ 3.2 ï ʋʩʣʦʚʠʷ ʧʦʣʫʯʝʥʠʷ ʦʙʨʘʟʮʦʚ ʠ ʧʘʨʘʤʝʪʨʳ ʵʣʝʤʝʥʪʘʨʥʳʭ ʷʯʝʝʢ 

ʦʙʨʘʟʮʦʚ LaMnO3+ŭ, ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʨʘʟʥʳʭ ʜʘʚʣʝʥʠʷʭ ʢʠʩʣʦʨʦʜʘ ʠʟ [229] 

p (O2) 
ʇʘʨʘʤʝʪʨʳ ʷʯʝʡʢʠ 

a, ¡ b, ¡ c, ¡ ɓ, (o) 

1 ʘʪʤ. 5.5245(1) ï 13.3446(1) ï 

0.195 ʘʪʤ. 5.5347(2) 7.753(1) 13.3521(3) ï 

9.1 Ŀ 10 -3 ʘʪʤ. 5.5414(2) 5.5827(2) 7.7557(3) ï 

1 Ŀ 10 -3 ʘʪʤ. 7.9416(5) 7.7112(2) 7.9910(5) 91.480(2) 

2.1 Ŀ 10 -4 ʘʪʤ. 7.9610(5) 7.7000(2) 7.9564(5) 91.884(2) 

ɻʣʠʮʠʥ-ʥʠʪʨʘʪʥʳʡ ʤʝʪʦʜ. ʄʝʪʦʜ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʞʠʛʘʥʠʠ (ʯʘʩʪʦ 

ʧʨʦʠʩʭʦʜʠʪ ʩʘʤʦʚʦʩʧʣʘʤʝʥʝʥʠʝ ʟʘ ʩʯʝʪ ʪʦʛʦ, ʯʪʦ ʩʤʝʩʴ ʩʦʜʝʨʞʠʪ ʥʠʪʨʘʪʳ ʠ 

ʚʳʩʦʢʦ ʛʦʨʶʯʝʝ ʦʨʛʘʥʠʯʝʩʢʦʝ ʚʝʱʝʩʪʚʦ ï ʛʣʠʮʠʥ) ʧʨʝʢʫʨʩʦʨʘ, ʩʦʩʪʦʷʱʝʛʦ ʠʟ 

ʥʠʪʨʘʪʦʚ La ʠ Mn, ʘ ʪʘʢʞʝ ʙʦʣʴʰʦʛʦ ʠʟʙʳʪʢʘ ʛʣʠʮʠʥʘ. ʕʪʠʤ ʤʝʪʦʜʦʤ ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ ʥʝʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʝ ʦʙʨʘʟʮʳ LaMnO3+y [230]. ɼʣʷ ʩʠʥʪʝʟʘ ʩʥʘʯʘʣʘ 

ʛʦʪʦʚʠʣʠ ʨʘʩʪʚʦʨʳ ʥʠʪʨʘʪʦʚ ʣʘʥʪʘʥʘ ʠ ʤʘʨʛʘʥʮʘ ʚ ʤʠʥʠʤʫʤʝ ʚʦʜʳ, ʟʘʪʝʤ 

ʩʤʝʰʠʚʘʣʠ ʵʪʠ ʨʘʩʪʚʦʨʳ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʦʡ ʩʤʝʩʠ La/Mn. ɿʘʪʝʤ 

ʜʦʙʘʚʣʷʣʠ ʥʝʦʙʭʦʜʠʤʦʝ ʢʦʣʠʯʝʩʪʚʦ ʛʣʠʮʠʥʘ. ʇʦʣʫʯʝʥʥʳʡ ʨʘʩʪʚʦʨ ʧʦʤʝʱʘʣʠ ʚ 

ʨʘʟʦʛʨʝʪʫʶ ʧʝʯʴ ʠ ʚʳʜʝʨʞʠʚʘʣʠ ʧʨʠ 700 ÁC. ʈʝʘʢʮʠʷ ʧʨʦʭʦʜʠʣʘ ʟʘ ʥʝʩʢʦʣʴʢʦ 

ʤʠʥʫʪ ʩ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʚʳʜʝʣʷʝʤʦʛʦ ʛʘʟʘ: 
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La(NO3)Ŀ6H2O(s) + Mn(NO3)2(aq) + nC2H5NO2(s) + (9/4n ï 6)O2(g) Ÿ 

LaMnO3(s) + 2nCO2 + (5/2n + 6)H2O(g) + (1/2n + 5/2)N2(g) [230] 

ʄʝʪʦʜ ʇʝʯʠʥʠ. ʎʠʪʨʘʪʥʳʡ ʤʝʪʦʜ ʩʠʥʪʝʟʘ (ʤʝʪʦʜ ʇʝʯʠʥʠ), ʦʪʣʠʯʘʝʪʩʷ ʦʪ 

ʛʣʠʮʠʥ-ʥʠʪʨʘʪʥʦʛʦ ʤʝʪʦʜʘ ʪʝʤ, ʯʪʦ ʚ ʢʘʯʝʩʪʚʝ ʛʦʨʶʯʝʡ ʦʨʛʘʥʠʯʝʩʢʦʡ ʜʦʙʘʚʢʠ ʢ 

ʩʤʝʩʠ ʩʦʣʝʡ ʤʝʪʘʣʣʦʚ ʠʩʧʦʣʴʟʫʶʪ ʣʠʤʦʥʥʫʶ ʢʠʩʣʦʪʫ. ɺ [231] ʵʪʦʪ ʤʝʪʦʜ 

ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʥʝʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʭ ʦʙʨʘʟʮʦʚ LaMnO3+ŭ ʩ 

ʙʦʣʴʰʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ (ʜʦ 20 ʤ2/ʛ). ʉʠʥʪʝʟ ʟʘʢʣʶʯʘʣʩʷ ʚ ʩʣʝʜʫʶʱʝʤ: ʢ 

ʨʘʩʪʚʦʨʫ ʣʠʤʦʥʥʦʡ ʢʠʩʣʦʪʳ ʜʦʙʘʚʣʝʥʳ ʦʢʩʠʜ ʣʘʥʪʘʥʘ ʠ ʢʘʨʙʦʥʘʪ ʤʘʨʛʘʥʮʘ, 

ʩʤʝʩʴ ʧʝʨʝʤʝʰʠʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 2 ʯ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 60 ÁC (ʟʘ ʵʪʦ ʚʨʝʤʷ 

ʦʙʨʘʟʦʚʳʚʘʣʠʩʴ ʢʦʤʧʣʝʢʩʳ ʢʘʪʠʦʥʦʚ ʤʝʪʘʣʣʦʚ ʩ ʢʠʩʣʦʪʦʡ), ʟʘʪʝʤ ʧʨʠʙʘʚʣʷʣʠ 

ʵʪʠʣʝʥʛʣʠʢʦʣʴ ʠ ʧʝʨʝʤʝʰʠʚʘʣʠ ʝʱʝ 5 ʯʘʩʦʚ ʧʨʠ T = 90 ÁC. ʇʦʣʫʯʠʚʰʠʡʩʷ ʧʨʠ 

ʵʪʦʤ ʧʨʦʜʫʢʪ ʵʪʝʨʠʬʠʢʘʮʠʠ ʩʞʠʛʘʣʠ ʧʨʠ 450 ÁC 2 ʯʘʩʘ ʜʦ ʧʦʣʫʯʝʥʠʷ ʯʝʨʥʦʛʦ 

ʧʦʨʦʰʢʘ, ʢʦʪʦʨʳʡ ʥʘ ʧʦʩʣʝʜʥʝʡ ʩʪʘʜʠʠ ʦʙʞʠʛʘʣʠ ʧʨʠ 900 ÁC ʚ ʪʝʯʝʥʠʝ 6 ʯʘʩʦʚ. 

ɺ [232] ʜʣʷ ʩʠʥʪʝʟʘ ʤʘʥʛʘʥʠʪʘ ʣʘʥʪʘʥʘ ʠʩʧʦʣʴʟʫʶʪ ʨʘʩʪʚʦʨ La2O3 ʚ 

ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʝ, ʥʠʪʨʘʪ ʤʘʨʛʘʥʮʘ ʠ ʪʨʝʭʢʨʘʪʥʳʡ ʠʟʙʳʪʦʢ ʣʠʤʦʥʥʦʡ ʢʠʩʣʦʪʳ. 

ʉʤʝʩʴ ʥʘʛʨʝʚʘʶʪ ʩʥʘʯʘʣʘ ʜʦ 800 K ʜʦ ʦʙʨʘʟʦʚʘʥʠʷ ʧʦʨʦʰʢʦʦʙʨʘʟʥʦʛʦ 

ʧʨʝʢʫʨʩʦʨʘ, ʘ ʟʘʪʝʤ ʦʙʞʠʛʘʶʪ ʧʨʠ 1273 K ʚ ʪʝʯʝʥʠʝ 1 ʯʘʩʘ. ʀʩʩʣʝʜʦʚʘʥʠʝ 

ʧʦʢʘʟʘʣʦ, ʯʪʦ ʧʦʣʫʯʝʥʥʳʡ ʦʙʨʘʟʝʮ ʠʤʝʝʪ ʩʪʨʫʢʪʫʨʫ ʧʝʨʦʚʩʢʠʪʘ ʠ ʩʦʩʪʘʚ 

La0.96MnO2.94 + ŭ. 

ɺ ʨʘʙʦʪʝ [233] ʩʠʥʪʝʟ LaMnO3 ʧʨʦʚʦʜʠʣʠ ʧʦʭʦʞʠʤ ʦʙʨʘʟʦʤ. ʆʜʥʘʢʦ 

ʚʳʩʫʰʠʚʘʥʠʝ ʩʤʝʩʠ ʧʨʦʭʦʜʠʣʦ ʧʨʠ 373 K, ʘ ʟʘʪʝʤ ʧʨʦʢʘʣʠʚʘʣʠ ʧʨʠ 873 K 1 ʯʘʩ. 

ɸʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʦʙʨʘʟʝʮ ʠʤʝʝʪ ʩʪʨʫʢʪʫʨʫ ʧʝʨʦʚʩʢʠʪʘ ʩ a = 5.520(1), c = 

13.559(4) ɽ, Ŭ = ɓ = 90 Á ʠ ɔ = 120 Á. ʈʝʟʫʣʴʪʘʪʳ ʩʠʥʪʝʟʘ LaMnO3 ʤʝʪʦʜʦʤ 

ʇʝʯʠʥʠ ʪʘʢʞʝ ʧʨʠʚʝʜʝʥʳ ʚ ʨʘʙʦʪʘʭ [234ï240]. 

ʇʠʨʦʣʠʟ ʧʦʣʠʤʝʨʥʦ-ʩʦʣʝʚʳʭ ʢʦʤʧʦʟʠʮʠʡ. ʕʪʦʪ ʤʝʪʦʜ ʠʥʪʝʨʝʩʝʥ ʪʝʤ, ʯʪʦ 

ʧʨʠ ʝʛʦ ʧʨʦʚʝʜʝʥʠʠ ʥʘʙʣʶʜʘʝʪʩʷ ʩʘʤʦʚʦʩʧʣʘʤʝʥʝʥʠʝ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʦʣʫʯʝʥʥʦʛʦ ʧʨʝʢʫʨʩʦʨʘ. ɺ ʨʘʙʦʪʘʭ [241ï245] ʥʠʪʨʘʪʳ ʣʘʥʪʘʥʘ 

ʠ ʤʘʨʛʘʥʮʘ ʨʘʩʪʚʦʨʷʣʠ ʚ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʝ, ʜʦʙʘʚʣʷʣʠ ʧʦʣʠʘʢʨʠʣʦʚʫʶ 

ʢʠʩʣʦʪʫ ʠ ʘʟʦʪʥʫʶ ʢʠʩʣʦʪʫ ʜʦ pH 1. ɼʘʣʝʝ ʧʦʣʫʯʝʥʥʫʶ ʩʤʝʩʴ ʧʝʨʝʤʝʰʠʚʘʣʠ ʥʘ 
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ʤʘʛʥʠʪʥʦʡ ʤʝʰʘʣʢʝ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʚ ʪʝʯʝʥʠʝ 5-10 ʤʠʥʫʪ 

ʦʙʨʘʟʦʚʳʚʘʣʩʷ ʛʝʣʴ. ɿʘʪʝʤ ʛʝʣʴ ʚʳʩʫʰʠʚʘʣʠ ʧʨʠ 100 ÁC ʚ ʪʝʯʝʥʠʝ 12 ʯʘʩʦʚ, ʘ 

ʧʦʩʣʝ ʧʨʦʢʘʣʠʚʘʣʠ ʧʨʠ 1200 ÁC 6 ʯʘʩʦʚ. ɹʳʣʠ ʧʦʣʫʯʝʥʳ ʦʙʨʘʟʮʳ LaMnO3+ŭ, 

ʩʪʨʫʢʪʫʨʘ ʢʦʪʦʨʳʭ ʤʦʛʣʘ ʙʳʪʴ ʠʟʤʝʥʝʥʘ ʦʪ ʛʝʢʩʘʛʦʥʘʣʴʥʦʡ ʜʦ 

ʦʨʪʦʨʦʤʙʠʯʝʩʢʦʡ (ʪʘʙʣʠʮʘ 3.3) ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʦʣʠʘʢʨʠʣʦʚʦʡ 

ʢʠʩʣʦʪʳ. ʕʪʠʤ ʤʝʪʦʜʦʤ ʩʠʥʪʝʟʘ ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʛʦʪʦʚʣʝʥʳ ʢʘʢ 

ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʝ ʪʘʢ ʠ ʥʝʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʝ ʦʙʨʘʟʮʳ [243].  

ʊʘʙʣʠʮʘ 3.3 ï ʇʘʨʘʤʝʪʨʳ ʵʣʝʤʝʥʪʘʨʥʳʭ ʷʯʝʝʢ ʥʝʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʭ 

ʦʙʨʘʟʮʦʚ LaMnO3, ʧʦʣʫʯʝʥʥʳʭ ʤʝʪʦʜʦʤ ʧʠʨʦʣʠʟʘ ʧʦʣʠʤʝʨʥʦ-ʩʦʣʝʚʳʭ 

ʢʦʤʧʦʟʠʮʠʡ ʧʦ ʜʘʥʥʳʤ ʨʘʙʦʪʳ [243] 

ʆʙʨʘʟʝʮ ʊʠʧ ʨʝʰʝʪʢʠ 
ʇʨʦʩʪʨʘʥʩʪ-

ʚʝʥʥʘʷ ʛʨʫʧʧʘ 

ʇʘʨʘʤʝʪʨʳ ʷʯʝʡʢʠ 

a, ¡ ʩ, ¡ 

La0.9MnO3  ʈʦʤʙʦʵʜʨʠʯʝʩʢʘʷ R3c 5.530 13.364 

LaMnO3  ʈʦʤʙʦʵʜʨʠʯʝʩʢʘʷ R3c 5.531 13.357 

LaMn0.9O3  ʇʩʝʚʜʦʢʫʙʠʯʝʩʢʘʷ Pnma 5.531 13.359 

ɹʦʣʝʝ ʧʦʜʨʦʙʥʦ ʤʝʪʦʜ ʧʠʨʦʣʠʟʘ ʧʦʣʠʤʝʨʥʦ-ʩʦʣʝʚʳʭ ʢʦʤʧʦʟʠʮʠʡ ʦʧʠʩʘʥ 

ʚ ʨʘʙʦʪʘʭ [244, 245]. ɼʣʷ ʩʠʥʪʝʟʘ ʧʨʝʢʫʨʩʦʨʘ (ʧʦʣʠʤʝʨʥʦ-ʩʦʣʝʚʦʡ ʢʦʤʧʦʟʠʮʠʠ) 

ʩʤʝʰʘʣʠ MnCl2Ŀ4H2O, La(NO3)3Ŀ6H2O ʩ ʠʟʙʳʪʢʦʤ ʩʪʝʘʨʠʥʦʚʦʡ ʢʠʩʣʦʪʳ. ʇʦʩʣʝ 

ʵʪʦʛʦ, ʧʦʣʫʯʠʚʰʘʷʩʷ ʩʤʝʩʴ ʥʝʧʨʝʨʳʚʥʦ ʨʘʟʤʝʰʠʚʘʣʘʩʴ ʠ ʚʳʜʝʨʞʠʚʘʣʘʩʴ ʧʨʠ 

118 ÁC ʜʦ ʦʙʨʘʟʦʚʘʥʠʷ ʩʪʝʘʨʠʥʦʚʦʛʦ LaïMnïʩʦʜʝʨʞʘʱʝʛʦ ʢʠʩʣʦʪʥʦʛʦ ʛʝʣʷ. 

ʇʦʩʣʝ ʯʝʛʦ ʦʙʨʘʟʝʮ ʙʳʣ ʧʦʤʝʱʝʥ ʥʘ ʛʦʨʷʯʫʶ ʧʣʘʩʪʠʥʫ, ʥʘʛʨʝʪʫʶ ʜʦ 500 ÁC. ʅʘ 

ʜʘʥʥʦʤ ʵʪʘʧʝ ʧʨʦʠʩʭʦʜʠʣʦ ʠʩʧʘʨʝʥʠʝ ʣʠʰʥʝʡ ʞʠʜʢʦʩʪʠ ʩ ʧʦʩʣʝʜʫʶʱʠʤ 

ʚʦʟʛʦʨʘʥʠʝʤ. ʇʨʠ ʛʦʨʝʥʠʠ ʧʨʝʢʫʨʩʦʨʘ ʚʳʜʝʣʷʝʪʩʷ ʙʦʣʴʰʦʡ ʦʙʲʝʤ ʛʘʟʘ, ʯʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʧʦʣʫʯʝʥʠʶ ʤʝʣʢʦʜʠʩʧʝʨʩʥʦʛʦ ʧʦʨʦʰʢʘ. ʇʦʩʣʝ ʵʪʦʛʦ, ʧʦʣʫʯʠʚʰʠʡʩʷ 

ʧʦʨʦʰʦʢ ʧʨʦʢʘʣʠʚʘʣʠ ʧʨʠ 700 ÁC ʚ ʪʝʯʝʥʠʝ 1 ʯʘʩʘ. ʇʦʣʫʯʝʥʥʳʡ ʦʙʨʘʟʝʮ 

LaMnO3 ʠʤʝʣ ʩʪʨʫʢʪʫʨʫ ʪʠʧʘ ʧʝʨʦʚʩʢʠʪʘ.  

ɼʝʡʩʪʚʠʝ ʥʘ ʨʝʘʢʮʠʦʥʥʫʶ ʤʘʩʩʫ ʫʣʴʪʨʘʟʚʫʢʘ ʧʨʠ ʦʙʨʘʟʦʚʘʥʠʠ 

ʦʨʛʘʥʠʯʝʩʢʦïʩʦʣʝʚʦʛʦ ʧʨʝʢʫʨʩʦʨʘ ʧʨʠʚʝʣʦ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʢʨʠʩʪʘʣʣʠʪʦʚ 

ʤʘʥʛʘʥʠʪʘ ʣʘʥʪʘʥʘ ʨʘʟʤʝʨʦʤ ʦʪ 19 ʜʦ 50 ʥʤ. ʉʠʥʪʝʟ ʧʨʦʚʦʜʠʣʠ ʠʟ ʥʠʪʨʘʪʘ 
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ʣʘʥʪʘʥʘ, ʘʮʝʪʘʪʘ ʤʘʨʛʘʥʮʘ ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʨʘʩʪʚʦʨʠʪʝʣʷ ʜʝʢʘʣʠʥʘ 

ʠ ʱʘʚʝʣʝʚʦʡ ʢʠʩʣʦʪʳ. ʇʦʩʣʝ ʩʞʠʛʘʥʠʷ ʧʨʝʢʫʨʩʦʨʘ ʩʧʝʢʘʥʠʝ ʧʨʦʚʦʜʠʣʠ ʧʨʠ 

700ï800 ÁC. 

ʅʝʦʙʳʯʥʳʡ ʩʧʦʩʦʙ ʩʠʥʪʝʟʘ ʤʘʥʛʘʥʠʪʘ ʣʘʥʪʘʥʘ ʧʨʝʜʣʦʞʝʥ ʚ [246]. 

ʆʙʨʘʟʮʳ LaMnO3 ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʧʝʨʦʚʩʢʠʪʘ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʠʟ ʥʠʪʨʘʪʦʚ 

ʣʘʥʪʘʥʘ ʠ ʤʘʨʛʘʥʮʘ ʚ ʵʚʪʝʢʪʠʯʝʩʢʠʭ ʨʘʩʧʣʘʚʘʭ NaCl/KCl ʠ LiCl /KCl. 

ʈʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʚʳʜʝʨʞʠʚʘʣʠ ʚ ʨʝʘʢʪʦʨʝ, ʟʘʧʦʣʥʝʥʥʦʤ ʘʨʛʦʥʦʤ, 

ʧʦʩʪʝʧʝʥʥʦ ʧʦʚʳʰʘʷ ʪʝʤʧʝʨʘʪʫʨʫ ʦʪ 500 ʜʦ 800 ÁC (ʩʦ ʩʢʦʨʦʩʪʴʶ 5 ÁC ʚ 

ʤʠʥʫʪʫ), ʧʦʩʣʝ ʯʝʛʦ ʚʳʜʝʨʞʠʚʘʣʠ ʧʨʠ 600, 700 ʠʣʠ 800 ÁC ʝʱʝ 3 ʯʘʩʘ. ʇʦʩʣʝ 

ʦʭʣʘʞʜʝʥʠʷ, ʨʝʘʢʮʠʦʥʥʫʶ ʤʘʩʩʫ ʧʨʦʤʳʚʘʣʠ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʦʡ ʜʦ 

ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʪʝʩʪʘ ʥʘ ʭʣʦʨʠʜʳ (ʧʦ ʥʠʪʨʘʪʫ ʩʝʨʝʙʨʘ). ʄʝʪʦʜ ʧʦʟʚʦʣʠʣ 

ʧʦʣʫʯʠʪʴ ʯʘʩʪʠʮʳ ʥʘʥʦʤʝʪʨʦʚʳʭ ʨʘʟʤʝʨʦʚ. 

3.3 ʆʩʦʙʝʥʥʦʩʪʠ in situ ʩʠʥʪʝʟʘ LaMnO3  

ɺ ʥʘʰʝʡ ʨʘʙʦʪʝ ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʩʠʥʪʝʟʘ LaMnO3 ʠʟ 

ʨʘʟʥʳʭ ʧʨʝʢʫʨʩʦʨʦʚ [ɸ7, ɸ21, ɸ29, ɸ35, ɸ39]. ʇʨʠʛʦʪʦʚʣʝʥʥʳʝ ʧʨʝʢʫʨʩʦʨʳ 

ʧʦʤʝʱʘʣʠʩʴ ʚ ʪʝʤʧʝʨʘʪʫʨʥʫʶ ʢʘʤʝʨʫ ʥʘ ʨʝʥʪʛʝʥʦʚʩʢʦʤ ʜʠʬʨʘʢʪʦʤʝʪʨʝ ʠ 

ʥʘʛʨʝʚʘʣʠʩʴ ʦʪ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʜʦ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ (700 ï 1180 Áʉ) 

ʩ ʟʘʧʠʩʴʶ ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʧʨʦʬʠʣʝʡ ʧʨʠ ʨʘʟʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ Ti. ʈʝʞʠʤ 

ʥʘʛʨʝʚʘ ʦʙʨʘʟʮʦʚ ʙʳʣ ʩʣʝʜʫʶʱʠʤ: ʥʘʛʨʝʚ (20 ÁC/ʤʠʥ.) ʜʦ T1 Ÿ ʩʪʘʙʠʣʴʥʘʷ 

ʪʝʤʧʝʨʘʪʫʨʘ (10 ʤʠʥ.) Ÿ ʧʦʣʫʯʝʥʠʝ ʨʝʥʪʛʝʥʜʠʬʨʘʢʮʠʦʥʥʦʛʦ ʧʨʦʬʠʣʷ (Powder 

X-Ray Diffraction ï PXRD) (15 ʤʠʥ.) Ÿ ʥʘʛʨʝʚ ʜʦ ʩʣʝʜʫʶʱʝʡ ʧʦʩʪʦʷʥʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʳ T2 ʠ ʪ.ʜ. ʜʦ ʤʘʢʩʠʤʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʛʨʝʚʘ ʠ PXRD 

ʨʝʛʠʩʪʨʘʮʠʠ ʜʠʬʨʘʢʮʠʦʥʥʦʛʦ ʧʨʦʬʠʣʷ. ʇʦʩʣʝ ʦʭʣʘʞʜʝʥʠʷ ʦʙʨʘʟʮʘ ʜʦ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʦʚʦʜʠʣʩʷ PXRD ʦʙʨʘʟʦʚʘʚʰʝʛʦʩʷ LaMnO3. 

3.3.1 ʊʚʝʨʜʦʬʘʟʥʳʡ ʩʠʥʪʝʟ LaMnO 3 ʠʟ ʩʤʝʩʠ La(OH)3 ʠ MnO 2 

ʉʠʥʪʝʟ LaMnO3 ʧʨʦʚʦʜʠʣʩʷ ʥʘʤʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʪʝʤʧʝʨʘʪʫʨʥʦʡ 

ʢʘʤʝʨʝ ʥʘ ʨʝʥʪʛʝʥʦʚʩʢʦʤ ʜʠʬʨʘʢʪʦʤʝʪʨʝ ʤʝʪʦʜʦʤ in situ.  
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ʇʨʠ ʪʚʝʨʜʦʬʘʟʥʦʤ ʩʠʥʪʝʟʝ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʘʷ ʩʤʝʩʴ La(OH)3 ʠ MnO2, 

ʥʘʛʨʝʚʘʣʘʩʴ ʦʪ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ (ʊ = 24 ÁC) ʜʦ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʡ 

ʚ ʫʩʣʦʚʠʷʭ ʥʘʰʝʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ (ʊ = 1180 ÁC). ʊʝʤʧʝʨʘʪʫʨʥʦ-ʚʨʝʤʝʥʥʳʝ 

ʫʩʣʦʚʠʷ ʩʠʥʪʝʟʘ ʥʘ ʨʝʥʪʛʝʥʦʚʩʢʦʤ ʜʠʬʨʘʢʪʦʤʝʪʨʝ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩʫʥʢʝ 3.4. 

ʇʦʩʪʝʧʝʥʥʦʝ ʧʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʦʪ ʢʦʤʥʘʪʥʦʡ ʜʦ 400 ÁC ʧʨʦʭʦʜʠʣʦ ʩʦ 

ʩʢʦʨʦʩʪʴʶ 15 ÁC ʚ ʤʠʥʫʪʫ, ʟʘʪʝʤ ʧʨʠ ʧʦʩʪʦʷʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʩʤʝʩʴ 

ʧʨʝʢʫʨʩʦʨʦʚ ʚʳʜʝʨʞʠʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 10 ʤʠʥʫʪ ʜʣʷ ʩʪʘʙʠʣʠʟʘʮʠʠ ʪʝʤʧʝʨʘʪʫʨʳ, 

ʜʘʣʝʝ ʧʦʣʫʯʘʣʠ ʨʝʥʪʛʝʥʜʠʬʨʘʢʮʠʦʥʥʳʡ ʧʨʦʬʠʣʴ ʧʨʠ T = const ʚ ʪʝʯʝʥʠʝ 15 

ʤʠʥ. ʅʘʛʨʝʚʘʥʠʝ ʜʦ ʩʣʝʜʫʶʱʝʡ T = const ʧʨʦʭʦʜʠʣʦ ʩʦ ʩʢʦʨʦʩʪʴʶ 10 ÁC ʚ 

ʤʠʥʫʪʫ ʩʦ ʩʪʘʙʠʣʠʟʘʮʠʝʡ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʧʦʣʫʯʝʥʠʷ ʨʝʥʪʛʝʥʜʠʬʨʘʢʮʠʦʥʥʦʛʦ 

ʧʨʦʬʠʣʷ ʠ ʜʘʣʝʝ ʧʨʦʮʝʩʩ ʧʦʚʪʦʨʷʝʪʩʷ ʧʨʠ ʩʣʝʜʫʶʱʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʥʘʛʨʝʚʘ. 
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ʈʠʩʫʥʦʢ 3.4 ï ʊʝʤʧʝʨʘʪʫʨʥʦ-ʚʨʝʤʝʥʥʳʝ ʫʩʣʦʚʠʷ in situ ʪʚʝʨʜʦʬʘʟʥʦʛʦ ʩʠʥʪʝʟʘ 

LaMnO3 

ʇʦ ʨʝʥʪʛʝʥʜʠʬʨʘʢʮʠʦʥʥʳʤ ʧʨʦʬʠʣʷʤ (ʨʠʩ. 3.5), ʧʦʣʫʯʝʥʥʳʤ ʧʨʠ ʨʘʟʥʳʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʦʪʞʠʛʘ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʦʡ ʩʤʝʩʠ La(OH)3 ʠ MnO2, ʧʦʜʨʦʙʥʦ 

ʠʟʫʯʝʥʳ ʧʨʦʮʝʩʩʳ ʩʪʨʫʢʪʫʨʦʦʙʨʘʟʦʚʘʥʠʷ LaMnO3. ʇʨʠʤʝʨ ʫʪʦʯʥʝʥʠʷ 

ʨʝʥʪʛʝʥʜʠʬʨʘʢʮʠʦʥʥʦʛʦ ʧʨʦʬʠʣʷ, ʧʦʣʫʯʝʥʥʦʛʦ ʧʨʠ T = 1000 ÁC ʥʘ ʨʠʩʫʥʢʝ 3.6. 
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 ʈʠʩʫʥʦʢ 3.5 ï ɼʠʬʨʘʢʮʠʦʥʥʳʝ ʧʨʦʬʠʣʠ ʧʨʠ ʩʠʥʪʝʟʝ LaMnO3 ʤʝʪʦʜʦʤ 

ʪʚʝʨʜʦʬʘʟʥʳʭ ʨʝʘʢʮʠʡ (400 Ò Ti Ò 1180 ÁC). ʉʠʤʚʦʣʘʤʠ ʦʙʦʟʥʘʯʝʥʳ: + ï 

La(OH)3; ǒ ï MnO2; * ï LaMnO3; o ï La2O3; RT1 ï ʜʠʬʨʘʢʮʠʦʥʥʳʡ ʧʨʦʬʠʣʴ 

ʠʩʭʦʜʥʳʭ ʧʨʝʢʫʨʩʦʨʦʚ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ; RT2 ï ʜʠʬʨʘʢʮʠʦʥʥʳʡ 

ʧʨʦʬʠʣʴ ʦʙʨʘʟʮʘ ʧʦʩʣʝ ʦʭʣʘʞʜʝʥʠʷ ʜʦ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ 

 

1
0
0

1
1
0

1
1
1

2
0
0

2
1
0

2
1
1

2
2
0

3
0
0

1
0
0

0
0
2

0
1
1

1
0
2

0
0
3

1
1
1

1
0
3

2
0
0

1
1
2

0
2
1

0
0
4

0
2
2

1
1
3

0
1
4

0
2
3

2
1
0

 

ʈʠʩʫʥʦʢ 3.6 ï ʇʨʠʤʝʨ ʫʪʦʯʥʝʥʠʷ ʜʠʬʨʘʢʮʠʦʥʥʦʛʦ ʧʨʦʬʠʣʷ (ʯʝʨʥʳʡ ʮʚʝʪ), 

ʧʦʣʫʯʝʥʥʦʛʦ ʧʨʠ T = 1000 ÁC: ʩʠʥʠʡ ʮʚʝʪ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʘʩʯʝʪʥʦʤʫ 

ʜʠʬʨʘʢʮʠʦʥʥʦʤʫ ʧʨʦʬʠʣʶ LaMnO3, ʢʨʘʩʥʳʡ ï ʨʘʩʯʝʪʥʦʤʫ ʜʠʬʨʘʢʮʠʦʥʥʦʤʫ 

ʧʨʦʬʠʣʶ La2O3, ʟʝʣʝʥʳʡ ï ʨʘʟʥʦʩʪʥʦʤʫ ʜʠʬʨʘʢʮʠʦʥʥʦʤʫ ʧʨʦʬʠʣʶ 

ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʝ T = 1000 ÁC ʥʘ ʨʝʥʪʛʝʥʦʛʨʘʤʤʝ ʧʨʠʩʫʪʩʪʚʫʶʪ 

ʦʪʨʘʞʝʥʠʷ, ʭʘʨʘʢʪʝʨʥʳʝ ʢʫʙʠʯʝʩʢʦʡ ʧʝʨʦʚʩʢʠʪʦʚʦʡ ʬʘʟʝ LaMnO3 ʩ ʧʘʨʘʤʝʪʨʦʤ 

ʘ = 3.941 ¡ ʠ ʛʝʢʩʘʛʦʥʘʣʴʥʦʡ ʬʘʟʝ La2O3 ʩ ʧʘʨʘʤʝʪʨʘʤʠ ʘ = 3.936 ʠ ʩ = 6.134 ¡. 

2ɗ, ʛʨʘʜ. 
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ɺ ʨʘʙʦʪʝ ʧʨʦʚʝʜʝʥʦ ʫʪʦʯʥʝʥʠʝ ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʧʨʦʬʠʣʝʡ, ʧʦʣʫʯʝʥʥʳʭ ʜʣʷ 

ʢʘʞʜʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʦʪʞʠʛʘ.  

ɺʳʙʦʨ ʚ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ La(OH)3 ʠ MnO2 ʜʣʷ ʩʠʥʪʝʟʘ LaMnO3 

ʦʙʦʩʥʦʚʘʥ ʪʝʤ, ʯʪʦ ʧʨʠ ʨʘʟʣʦʞʝʥʠʠ ʛʠʜʨʦʢʩʠʜʘ ʣʘʥʪʘʥʘ La(OH)3 ʧʨʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʦʙʨʘʟʫʝʪʩʷ La2O3 ʚ ʘʢʪʠʚʠʨʦʚʘʥʥʦʤ 

ʩʦʩʪʦʷʥʠʠ, ʘ MnO2 ʧʨʠ ʝʛʦ ʧʝʨʝʭʦʜʝ ʚ Mn2O3 (T ~ 530ï540 ÁC) ʚʳʜʝʣʷʝʪ 

ʩʚʦʙʦʜʥʳʡ ʢʠʩʣʦʨʦʜ O2. ɺʳʜʝʣʠʚʰʠʡʩʷ ʢʠʩʣʦʨʦʜ ʩʦʟʜʘʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ 

ʦʢʠʩʣʠʪʝʣʴʥʫʶ ʘʪʤʦʩʬʝʨʫ, ʩʧʦʩʦʙʩʪʚʫʶʱʫʶ ʩʪʝʭʠʦʤʝʪʨʠʯʥʦʩʪʠ ʧʦ ʢʠʩʣʦʨʦʜʫ 

LaMnO3 ʚ ʧʝʨʦʚʩʢʠʪʦʚʦʡ ʬʘʟʝ. 

ʇʨʝʚʨʘʱʝʥʠʝ La(OH)3 ʚ La2O3ïI (ʛʝʢʩʘʛʦʥʘʣʴʥʳʡ, aH = 4.06, cH = 6.41 ¡) 

ʟʘʚʝʨʰʘʝʪʩʷ ʜʦ 400 ÁC. ʇʨʠ ʜʘʣʴʥʝʡʰʝʤ ʥʘʛʨʝʚʝ La2O3ïI ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 

700ï750 ÁC ʠʟʦʩʪʨʫʢʪʫʨʥʦ ʧʝʨʝʭʦʜʠʪ ʚ La2O3ïII  (ʛʝʢʩʘʛʦʥʘʣʴʥʳʡ, aH = 3.94, cH 

= 6.13 ¡), ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʫʧʣʦʪʥʝʥʠʶ ʝʛʦ ʩʪʨʫʢʪʫʨʳ. ʆʢʦʥʯʘʪʝʣʴʥʦʝ 

ʩʚʷʟʳʚʘʥʠʝ La2O3 ʚ ʦʙʨʘʟʫʶʱʝʡʩʷ ʧʝʨʦʚʩʢʠʪʦʚʦʡ ʬʘʟʝ LaMnO3 ʥʘʙʣʶʜʘʝʪʩʷ 

ʧʨʠ 950 Ò T Ò 1000 ÁC. 

ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ ʪʝʤʧʝʨʘʪʫʨ ʥʘʯʘʣʘ 

ʨʝʘʢʮʠʠ ʧʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʵʥʪʨʦʧʠʡ ʠ ʠʟʤʝʥʝʥʠʡ ʵʥʪʘʣʴʧʠʡ (ʪʘʙʣʠʮʘ 3.4) 

[247] ʧʦ ʬʦʨʤʫʣʘʤ, ʧʨʠʚʝʜʝʥʥʳʤ ʥʠʞʝ ʤʳ ʦʮʝʥʠʣʠ ʪʝʤʧʝʨʘʪʫʨʫ ʥʘʯʘʣʘ 

ʨʝʘʢʮʠʠ ʠʟ ʢʦʥʝʯʥʳʭ ʦʢʩʠʜʦʚ La2O3 ʠ Mn2O3. 

La2O3 + Mn2O3 = 2LaMnO3 

æHÁp = 2æHÁ(LaMnO3) ï (æHÁ(La2O3)+æHÁ(Mn2O3)) 

æSÁp = 2SÁ(LaMnO3) ï (SÁ(La2O3)+ SÁ(Mn2O3)) 

Tʥʨ=æHÁp/æSÁp= 1030 K = 757 ÁC 

 

ʊʘʙʣʠʮʘ 3.4 ï ʕʥʪʨʦʧʠʠ ʠ ʠʟʤʝʥʝʥʠʷ ʵʥʪʘʣʴʧʠʡ LaMnO3, La2O3, Mn2O3 ʠʟ 

ʨʘʙʦʪʳ [247] 

 LaMnO3 La2O3 Mn2O3 

ȹHÁ, kJmol-1 -1438 -1793 -958 

SÁ, Jmol-1K-1 116.7 128.1 110.5 
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ʅʘ ʨʠʩʫʥʢʝ 3.7 ʧʨʝʜʩʪʘʚʣʝʥʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʦʙʨʘʟʦʚʘʥʠʷ 

ʧʝʨʦʚʩʢʠʪʦʚʦʡ ʬʘʟʳ LaMnO3 ʧʨʠ ʧʦʚʳʰʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ. ʆʙʥʘʨʫʞʝʥʦ, ʯʪʦ 

ʧʨʠ ʤʠʥʠʤʘʣʴʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʦʙʞʠʛʘ (400 ÁC) ʟʘʨʦʞʜʘʝʪʩʷ ʢʫʙʠʯʝʩʢʘʷ 

ʧʝʨʦʚʩʢʠʪʦʚʘʷ ʬʘʟʘ (P0) ʩ ʘʥʦʤʘʣʴʥʦ ʙʦʣʴʰʠʤ ʧʘʨʘʤʝʪʨʦʤ ʷʯʝʡʢʠ (ac = 4.09 ¡) 

(ʪʘʙʣʠʮʘ 3.5). ɼʠʬʨʘʢʮʠʦʥʥʳʝ ʤʘʢʩʠʤʫʤʳ ʬʘʟʳ P0 ʧʨʠ 400 ÁC ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 

ʙʦʣʴʰʦʡ ʧʦʣʫʰʠʨʠʥʦʡ (ʜʦ 1 ʛʨʘʜ), ʯʪʦ ʤʦʞʝʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦ 

ʟʥʘʯʠʪʝʣʴʥʦʤ ʥʝʩʦʚʝʨʰʝʥʩʪʚʝ ʩʪʨʫʢʪʫʨʳ ʢʨʠʩʪʘʣʣʠʪʦʚ ʠ ʦ ʤʘʣʦʩʪʠ ʦʙʣʘʩʪʝʡ 

ʢʦʛʝʨʝʥʪʥʦʛʦ ʨʘʩʩʝʷʥʠʷ (ʆʂʈ). ʉʨʝʜʥʠʡ ʨʘʟʤʝʨ ʆʂʈ (D) ʬʘʟʳ P0 ʧʨʠ 400 ÁC 

ʨʘʚʝʥ 150Ñ50 ¡. ʄʳ ʙʝʨʝʤ ʟʘʥʠʞʝʥʥʫʶ ʪʦʯʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ D (~ 30%) ʚ 

ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʨʝʬʣʝʢʩʦʚ P0 ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʘʣʳ, ʠ ʢʦʨʨʝʢʪʥʦʝ 

ʚʳʜʝʣʝʥʠʝ ʠʭ ʥʘʜ ʫʨʦʚʥʝʤ ʬʦʥʘ ʜʣʷ ʙʦʣʝʝ ʪʦʯʥʦʛʦ ʠʟʤʝʨʝʥʠʷ ʧʦʣʫʰʠʨʠʥʳ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʣʦʞʥʫʶ ʟʘʜʘʯʫ. 
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ʈʠʩʫʥʦʢ 3.7 ï ɿʘʚʠʩʠʤʦʩʪʠ ʧʘʨʘʤʝʪʨʦʚ ʢʫʙʠʯʝʩʢʠʭ ʷʯʝʝʢ LaMnO3 ʦʪ 

ʪʝʤʧʝʨʘʪʫʨʳ in situ ʪʚʝʨʜʦʬʘʟʥʦʛʦ ʩʠʥʪʝʟʘ ʧʝʨʦʚʩʢʠʪʦʚʳʭ ʬʘʟ P0, P1 ʠ P2 

ʌʘʟʘ P0 ʧʨʠ 700 < Tsyn < 750 ÁC ʧʦʣʥʦʩʪʴʶ ʧʝʨʝʭʦʜʠʪ ʚ ʬʘʟʫ (ʠʣʠ ʬʘʟʳ) 

ʢʨʠʩʪʘʣʣʠʪʦʚ ʩ ʨʘʟʤʝʨʘʤʠ ʆʂʈ ʙʦʣʴʰʠʤʠ, ʯʝʤ ʢʨʠʪʠʯʝʩʢʠʝ. ɺ ʠʥʪʝʨʚʘʣʝ ʦʪ 

400 ʜʦ 700 ÁC ʧʨʦʠʩʭʦʜʠʪ ʩʫʞʝʥʠʝ ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʦʪʨʘʞʝʥʠʡ ʬʘʟʳ P0, ʯʪʦ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʨʦʩʪʝ ʆʂʈ ʵʪʦʡ ʬʘʟʳ ʜʦ ʚʝʣʠʯʠʥ ʧʦʨʷʜʢʘ 500ï600 ɽ. 

ʌʘʟʦʚʦʝ ʧʨʝʚʨʘʱʝʥʠʝ MnO2 ʚ Mn2O3 ʧʨʠ 530ï540 ÁC ʧʨʦʠʩʭʦʜʠʪ ʙʝʟ 
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ʨʘʟʨʫʰʝʥʠʷ ʦʢʪʘʵʜʨʠʯʝʩʢʦʛʦ ʦʢʨʫʞʝʥʠʷ ʘʪʦʤʘʤʠ ʢʠʩʣʦʨʦʜʘ ʘʪʦʤʦʚ Mn. ɺ 

ʥʘʰʝʤ ʵʢʩʧʝʨʠʤʝʥʪʝ ʵʪʦʪ ʧʝʨʝʭʦʜ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʧʨʦʠʩʭʦʜʠʪ ʥʝʧʦʣʥʦʩʪʴʶ.  ɺ 

ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ ʦʪ 500 ʜʦ 600 ÁC ʥʘʯʠʥʘʶʪ ʦʙʨʘʟʦʚʳʚʘʪʴʩʷ ʬʘʟʳ P1 

(LaMn3+O3), ʠ P2 (La2/3Mn4+O3). ʆʙ ʵʪʦʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʠ ʧʘʨʘʤʝʪʨʳ 

ʢʫʙʠʯʝʩʢʠʭ ʷʯʝʝʢ ʬʘʟ P1 ʠ P2 (a1 = 3.855 ¡, a2 = 3.762 ¡, T = 600 ÁC). 

ʊʘʙʣʠʮʘ 3.5 ï ʇʘʨʘʤʝʪʨʳ ʢʫʙʠʯʝʩʢʠʭ ʷʯʝʝʢ ʧʝʨʦʚʩʢʠʪʦʚʳʭ ʬʘʟ P0, P1 ʠ P2 

LaMnO3 

T, ÁC a0, ¡ a1, ¡ a2, ¡ 

400 4.085* ) ï ï 

500 4.092 ï ï 

600 4.095 3.762 3.855 

700 4.094 3.759 3.866 

750 ï 3.758 3.868 

800 ï 3.811 3.900 

850 ï 3.864 3.913 

900 ï 3.871 3.915 

950 ï 3.907 3.930 

1000 ï 3.929 3.929 

1050 ï 3.934 3.934 

1050**) ï 3.940 3.940 

1100 ï 3.946 3.946 

1100**) ï 3.946 3.946 

1150 ï 3.953 3.953 

1180 ï 3.954 3.954 

* ) ʊʦʯʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ æa = Ñ0.003 ¡. 

** ) ʇʦʚʪʦʨʥʘʷ ʩʲʝʤʢʘ LaMnO3 ʧʨʦʚʝʜʝʥʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 1050 ʠ 1100 ÁC. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʜʣʠʥʳ ʩʚʷʟʝʡ l(Mn4+ïO2-) ʚ MnO2 å 1.88 ¡, ʘ l(Mn3+ïO2-) ʚ 

Mn2O3 å 2.00 ¡. ʕʪʠ ʨʘʟʣʠʯʠʷ (ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʦʢʪʘʵʜʨʠʯʝʩʢʦʛʦ ʦʢʨʫʞʝʥʠʷ 

Mn3+ ʠ Mn4+ ʢʠʩʣʦʨʦʜʦʤ ʚ ʧʨʦʮʝʩʩʝ ʦʙʨʘʟʦʚʘʥʠʷ ʧʝʨʦʚʩʢʠʪʦʚʳʭ ʬʘʟ P1 ʠ P2) 
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ʥʘʭʦʜʷʪ ʩʚʦʝ ʦʪʨʘʞʝʥʠʝ ʚ ʚʝʣʠʯʠʥʘʭ ʘ1 ʠ ʘ2. ʂʘʢ ʤʦʞʥʦ ʚʠʜʝʪʴ ʥʘ ʨʠʩʫʥʢʝ 3.6, 

ʧʘʨʘʤʝʪʨ ʷʯʝʡʢʠ ʬʘʟʳ P1 (ʘ1) ʠʟʤʝʥʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʤʦʥʦʪʦʥʥʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ 

ʪʝʤʧʝʨʘʪʫʨʳ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʷ ʦʙ ʦʙʳʯʥʦʤ, ʧʨʘʢʪʠʯʝʩʢʠ ʣʠʥʝʡʥʦʤ, ʪʝʧʣʦʚʦʤ 

ʨʘʩʰʠʨʝʥʠʠ, ʘ ʧʘʨʘʤʝʪʨ ʘ2 ʬʘʟʳ P2 ʨʝʟʢʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ ʠʥʪʝʨʚʘʣʝ 750 < ʊ < 

850 ÁC. ʕʪʦʪ ʬʘʢʪ ʥʘʤʠ ʠʥʪʝʨʧʨʝʪʠʨʫʝʪʩʷ ʢʘʢ ʨʝʟʫʣʴʪʘʪ ʫʚʝʣʠʯʝʥʠʷ 

ʟʘʩʝʣʝʥʥʦʩʪʠ ʢʫʙʦʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʧʦʟʠʮʠʡ ʧʝʨʦʚʩʢʠʪʦʚʦʡ ʩʪʨʫʢʪʫʨʳ P2 

ʘʪʦʤʘʤʠ La ʠ ʧʝʨʝʭʦʜʦʤ Mn4+ ʚ Mn3+. ʇʨʠ ʵʪʦʤ ʥʘ ʨʝʥʪʛʝʥʦʛʨʘʤʤʘʭ 

ʥʘʙʣʶʜʘʝʪʩʷ ʟʘʤʝʪʥʦʝ ʫʤʝʥʴʰʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʦʪʨʘʞʝʥʠʡ 

La2O3-II, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʝʛʦ ʩʚʷʟʳʚʘʥʠʠ ʚ ʧʝʨʦʚʩʢʠʪʦʚʦʡ ʩʪʨʫʢʪʫʨʝ P2. 

ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 950 < ʊ < 1000 ÁC ʠʟ ʬʘʟʳ P2 ʦʢʦʥʯʘʪʝʣʴʥʦ ʦʙʨʘʟʫʝʪʩʷ ʬʘʟʘ 

P1. ʇʨʠ ʦʭʣʘʞʜʝʥʠʠ ʦʙʨʘʟʮʘ ʜʦ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʩʦʭʨʘʥʷʝʪʩʷ 

ʦʜʥʦʬʘʟʥʳʡ LaMn3+O3.  

ɸʥʘʣʠʟ ʨʝʥʪʛʝʥʦʛʨʘʤʤʳ ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʛʦ LaMnO3 ʧʦʟʚʦʣʠʣ ʫʩʪʘʥʦʚʠʪʴ, 

ʯʪʦ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʩʠʤʤʝʪʨʠʷ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʷʚʣʷʝʪʩʷ 

ʦʨʪʦʨʦʤʙʠʯʝʩʢʦʡ ʩ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʦʡ Pnma ʠ ʧʘʨʘʤʝʪʨʘʤʠ ʷʯʝʡʢʠ:  

aO = 5.479(3), bO = 7.763(4), cO = 5.523(3) ¡. ʋʪʦʯʥʝʥʥʳʝ ʩʪʨʫʢʪʫʨʥʳʝ ʠ 

ʧʦʟʠʮʠʦʥʥʳʝ ʧʘʨʘʤʝʪʨʳ ʘʪʦʤʦʚ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʣʠʪʝʨʘʪʫʨʥʳʤʠ 

ʜʘʥʥʳʤʠ. ʇʦʣʫʯʝʥʥʳʡ LaMnO3 ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʠʟʫʯʝʥʠʷ ʝʛʦ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ.  

ɼʣʷ ʦʙʣʘʩʪʠ ʪʝʤʧʝʨʘʪʫʨ 1000 < T < 1180 ÁC ʧʨʠʚʝʜʝʥʳ ʚʝʣʠʯʠʥʳ 

ʧʦʣʫʰʠʨʠʥ ʧʝʨʦʚʩʢʠʪʦʚʳʭ ʦʪʨʘʞʝʥʠʡ 200 ʠ 111, ʘ ʪʘʢʞʝ ʚʝʣʠʯʠʥʳ 

ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ I200/I111 (ʪʘʙʣ. 3.6). 

ʊʘʙʣʠʮʘ 3.6 ï ʇʦʣʫʰʠʨʠʥʳ B111 ʠ B200 ʠ ʦʪʥʦʰʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ I200/I111 

ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʦʪʨʘʞʝʥʠʡ LaMnO3, ʧʨʠʛʦʪʦʚʣʝʥʥʦʛʦ ʤʝʪʦʜʦʤ ʪʚʝʨʜʦʬʘʟʥʦʛʦ 

ʩʠʥʪʝʟʘ 

T, ÁC B111, ʛʨʘʜ B200, ʛʨʘʜ I200/I111 

1000 0.64 0.41 1.643 

1050 0.59 0.43 1.644 

1100 0.48 0.29 2.255 

1150 0.47 0.29 1.329 

1180 0.45 0.28 2.316 
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ʈʠʩʫʥʦʢ 3.8 ï ʊʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʧʘʨʘʤʝʪʨʦʚ a ʠ ʧʦʣʫʰʠʨʠʥ 

ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʦʪʨʘʞʝʥʠʡ B200 ʧʝʨʦʚʩʢʠʪʦʚʦʡ ʬʘʟʳ LaMnO3, ʧʨʠʛʦʪʦʚʣʝʥʥʦʛʦ 

ʤʝʪʦʜʦʤ ʪʚʝʨʜʦʬʘʟʥʦʛʦ ʩʠʥʪʝʟʘ 

ʅʘ ʨʠʩʫʥʢʝ 3.8 ʧʦʢʘʟʘʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʧʘʨʘʤʝʪʨʘ ʢʫʙʠʯʝʩʢʦʡ ʷʯʝʡʢʠ (ʨʠʩ. 

3.8, ʘ) ʠ ʧʦʣʫʰʠʨʠʥʳ ʙʨʝʛʛʦʚʩʢʦʛʦ ʦʪʨʘʞʝʥʠʷ 200 ʢʫʙʠʯʝʩʢʦʡ ʬʘʟʳ LaMnO3 

(ʨʠʩ. 3.8, ʙ) ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʦʙʞʠʛʘ ʚ ʦʙʣʘʩʪʠ ʪʝʤʧʝʨʘʪʫʨ ʦʪ 1000 ʜʦ 1180 Áʉ. 

ʂʦʵʬʬʠʮʠʝʥʪ ʣʠʥʝʡʥʦʛʦ ʨʘʩʰʠʨʝʥʠʷ LaMnO3, ʧʨʠʛʦʪʦʚʣʝʥʥʦʛʦ ʤʝʪʦʜʦʤ 

ʪʚʝʨʜʦʬʘʟʥʦʛʦ ʩʠʥʪʝʟʘ ʨʘʚʝʥ aa = 3.53Ŀ10-5. ɺʠʜʥʦ, ʯʪʦ ʦʪʨʘʞʝʥʠʝ 200 ʚ 

ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ ʦʪ 1050 ʜʦ 1100 Áʉ ʩʫʞʘʝʪʩʷ ʧʦʯʪʠ ʚ 1.5 ʨʘʟʘ, ʯʪʦ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʨʦʩʪʝ ʆʂʈ ʵʪʦʡ ʬʘʟʳ. 

3.3.2 ʉʠʥʪʝʟ LaMnO 3 ʠʟ ʧʨʝʢʫʨʩʦʨʦʚ, ʧʨʠʛʦʪʦʚʣʝʥʥʳʭ ʚʣʘʞʥʳʤʠ 

ʤʝʪʦʜʘʤʠ 

ʉʠʥʪʝʟ LaMnO3 ʠʟ ʧʨʝʢʫʨʩʦʨʘ, ʧʨʠʛʦʪʦʚʣʝʥʦʛʦ ʤʝʪʦʜʦʤ ʩʦʨʙʮʠʠ. 

ʇʨʝʢʫʨʩʦʨ La[Mn(OH)3(NO3)3] ʜʣʷ in situ ʩʠʥʪʝʟʘ LaMnO3 ʧʦʣʫʯʘʣʠ ʤʝʪʦʜʦʤ 

ʩʦʨʙʮʠʠ ʧʨʠ ʊ=0ęʉ ʧʦ ʩʭʝʤʝ: ʨʘʩʪʚʦʨʦʤ ʛʠʜʨʦʢʩʠʜʘ ʘʤʤʦʥʠʷ ʦʩʘʞʜʘʣʠ ʠʟ 

ʨʘʩʪʚʦʨʘ ʥʠʪʨʘʪʘ ʤʘʨʛʘʥʮʘ (II) ʛʠʜʨʦʢʩʠʜ ʤʘʨʛʘʥʮʘ, ʢʦʪʦʨʳʡ ʟʘʪʝʤ ʦʢʠʩʣʷʣʠ ʚ 
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ʛʠʜʨʦʢʩʠʜ ʤʘʨʛʘʥʮʘ (III) ʩ ʧʦʤʦʱʴʶ ʧʝʨʝʢʠʩʠ ʚʦʜʦʨʦʜʘ. ʇʨʦʤʳʪʳʡ ʦʩʘʜʦʢ 

ʛʠʜʨʦʢʩʠʜʘ ʤʘʨʛʘʥʮʘ (III) ʩʦʝʜʠʥʷʣʠ ʩ ʨʘʩʪʚʦʨʦʤ ʥʠʪʨʘʪʘ ʣʘʥʪʘʥʘ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʚ ʪʝʯʝʥʠʝ 

ʯʘʩʘ. ʆʩʘʜʦʢ ʩʦʟʨʝʚʘʣ ʚ ʪʝʯʝʥʠʝ ʩʫʪʦʢ, ʟʘʪʝʤ ʧʨʦʩʫʰʠʚʘʣʩʷ.  

ʉʭʝʤʘ ʧʨʦʮʝʩʩʘ ʦʙʨʘʟʦʚʘʥʠʷ ʢʦʥʝʯʥʦʛʦ ʧʨʦʜʫʢʪʘ La[Mn(OH)3(NO3)3] ʧʨʠ 

ʦʭʣʘʞʜʝʥʠʠ ʠ ʧʦʩʪʦʷʥʥʦʤ ʧʝʨʝʤʝʰʠʚʘʥʠʠ: 

1. Mn(NO3)2+2NH4OHŸMn(OH)2Ź+2NH4NO3; 

2. 4Mn(OH)2+4ʅ2ʆ2Ÿ4Mn(OH)3Ź+2ʅ2ʆŹ+ʆ2; 

3. Mn(OH)3+La(NO3)3ŸLa[Mn(OH)3(NO3)3]. 

In situ ʩʠʥʪʝʟ LaMnO3 ʠʟ ʧʨʝʢʫʨʩʦʨʘ La[Mn(OH)3(NO3)3], 

ʧʨʠʛʦʪʦʚʣʝʥʥʦʛʦ ʤʝʪʦʜʦʤ ʩʦʨʙʮʠʠ, ʧʨʦʭʦʜʠʣ ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 20 < T < 

900 ÁC. ʈʝʥʪʛʝʥʦʬʘʟʦʚʳʡ ʘʥʘʣʠʟ ʧʦʨʦʰʢʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʧʨʠ ʚʳʩʫʰʠʚʘʥʠʠ 

ʦʩʘʜʢʘ ʧʦʩʣʝ ʩʠʥʪʝʟʘ ʤʝʪʦʜʦʤ ʩʦʨʙʮʠʠ ʧʦʢʘʟʘʣ, ʯʪʦ ʦʥ ʷʚʣʷʝʪʩʷ 

ʨʝʥʪʛʝʥʦʘʤʦʨʬʥʳʤ.  

ɸʥʘʣʠʟ ʨʝʥʪʛʝʥʜʠʬʨʘʢʮʠʦʥʥʳʭ ʧʨʦʬʠʣʝʡ (ʨʠʩ. 3.9) ʧʦʢʘʟʘʣ, ʯʪʦ 

ʦʙʨʘʟʦʚʘʥʠʝ ʧʝʨʦʚʩʢʠʪʦʚʦʡ ʬʘʟʳ LaMnO3 ʥʘʯʠʥʘʝʪʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚʳʰʝ T 

= 500 Áʉ. ʅʘ ʨʠʩʫʥʢʝ 3.10 ʧʦʢʘʟʘʥ ʧʨʠʤʝʨ ʫʪʦʯʥʝʥʠʷ ʩʪʨʫʢʪʫʨʳ LaMnO3 ʧʨʠ T 

= 900 Áʉ. ʅʘ ʨʠʩʫʥʢʝ 3.11 ʧʦʢʘʟʘʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʧʘʨʘʤʝʪʨʘ ʢʫʙʠʯʝʩʢʦʡ ʷʯʝʡʢʠ 

(ʨʠʩ. 3.11, ʘ) ʠ ʧʦʣʫʰʠʨʠʥʳ ʙʨʝʛʛʦʚʩʢʦʛʦ ʦʪʨʘʞʝʥʠʷ 200 ʢʫʙʠʯʝʩʢʦʡ ʬʘʟʳ 

LaMnO3 (ʨʠʩ. 3.11 ʙ) ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʦʙʞʠʛʘ ʚ ʦʙʣʘʩʪʠ ʪʝʤʧʝʨʘʪʫʨ ʦʪ 550 ʜʦ 

900 Áʉ. ʂʦʵʬʬʠʮʠʝʥʪ ʣʠʥʝʡʥʦʛʦ ʨʘʩʰʠʨʝʥʠʷ LaMnO3, ʧʨʠʛʦʪʦʚʣʝʥʥʦʛʦ 

ʤʝʪʦʜʦʤ ʩʦʨʙʮʠʠ ʨʘʚʝʥ aa = 3.54Ŀ10-5. ɺʠʜʥʦ (ʨʠʩ. 3.11, b), ʯʪʦ ʦʪʨʘʞʝʥʠʝ 200 

ʚʦ ʚʩʝʤ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ ʩʫʞʘʝʪʩʷ ʙʦʣʝʝ ʯʝʤ ʚ 2 ʨʘʟʘ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ 

ʦ ʨʦʩʪʝ ʆʂʈ ʵʪʦʡ ʬʘʟʳ. ɼʣʷ ʦʙʣʘʩʪʠ ʪʝʤʧʝʨʘʪʫʨ 550 < T < 900 ÁC ʧʨʠʚʝʜʝʥʳ 

ʚʝʣʠʯʠʥʳ ʧʦʣʫʰʠʨʠʥ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʧʝʨʦʚʩʢʠʪʦʚʳʭ ʦʪʨʘʞʝʥʠʡ 200 ʠ 111, ʘ 

ʪʘʢʞʝ ʚʝʣʠʯʠʥʳ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ I200/I111 (ʪʘʙʣ. 3.7). 
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ʈʠʩʫʥʦʢ 3.9 ï ʈʝʥʪʛʝʥʜʠʬʨʘʢʮʠʦʥʥʳʝ ʧʨʦʬʠʣʠ ʧʨʠ ʨʘʟʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʦʙʞʠʛʘ 

ʧʨʝʢʫʨʩʦʨʘ La[Mn(OH)3(NO3)3], ʧʨʠʛʦʪʦʚʣʝʥʥʦʛʦ ʤʝʪʦʜʦʤ ʩʦʨʙʮʠʠ. RT ï 

ʜʠʬʨʘʢʮʠʦʥʥʳʡ ʧʨʦʬʠʣʴ ʠʩʭʦʜʥʳʭ ʧʨʝʢʫʨʩʦʨʦʚ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ; RT2 ï 

ʜʠʬʨʘʢʮʠʦʥʥʳʡ ʧʨʦʬʠʣʴ ʦʙʨʘʟʮʘ ʧʦʩʣʝ ʦʭʣʘʞʜʝʥʠʷ ʜʦ T =20 ÁC 

 

ʈʠʩʫʥʦʢ 3.10 ï ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ, ʪʝʦʨʝʪʠʯʝʩʢʠʡ ʠ ʨʘʟʥʦʩʪʥʳʡ ʜʠʬʨʘʢʮʠʦʥʥʳʝ 

ʧʨʦʬʠʣʠ LaMnO3 ʠʟ ʧʨʝʢʫʨʩʦʨʘ, ʧʨʠʛʦʪʦʚʣʝʥʥʦʛʦ ʤʝʪʦʜʦʤ ʩʦʨʙʮʠʠ (ʪʝʤʧʝʨʘʪʫʨʘ 

T = 900 ÁC). ʇʨʠʚʝʜʝʥʳ ʠʥʜʝʢʩʳ ʜʠʬʨʘʢʮʠʠ hkl ʠ ʧʨʦʬʠʣʴʥʳʡ ʬʘʢʪʦʨ 

ʥʝʜʦʩʪʦʚʝʨʥʦʩʪʠ ʩʪʨʫʢʪʫʨʳ Rp 
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ʈʠʩʫʥʦʢ 3.11 ï ʊʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʧʘʨʘʤʝʪʨʦʚ a ʠ ʧʦʣʫʰʠʨʠʥ 

ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʦʪʨʘʞʝʥʠʡ B200 ʧʝʨʦʚʩʢʠʪʦʚʦʡ ʬʘʟʳ LaMnO3, ʧʨʠʛʦʪʦʚʣʝʥʥʦʛʦ 

ʤʝʪʦʜʦʤ ʩʦʨʙʮʠʠ 

ʊʘʙʣʠʮʘ 3.7 ï ʇʘʨʘʤʝʪʨʳ ʢʫʙʠʯʝʩʢʠʭ ʷʯʝʝʢ a, ʧʦʣʫʰʠʨʠʥʳ B111 ʠ B200 ʠ 

ʦʪʥʦʰʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ I200/I111 ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʦʪʨʘʞʝʥʠʡ LaMnO3, 

ʧʨʠʛʦʪʦʚʣʝʥʥʦʛʦ ʤʝʪʦʜʦʤ ʩʦʨʙʮʠʠ 

T, ÁC a, ¡ B111, ʛʨʘʜ B200, ʛʨʘʜ I200/I111 

550 3,9101 0,76 0,69 1,604 

600 3,9137 0,53 0,5 1,855 

700 3,9224 0,48 0,425 1,904 

800 3,9346 0,49 0,37 1,900 

900 3,9469 0,39 0,3 1,920 

 

ʉʠʥʪʝʟ LaMnO3 ʠʟ ʧʨʝʢʫʨʩʦʨʘ, ʧʨʠʛʦʪʦʚʣʝʥʥʦʛʦ ʤʝʪʦʜʦʤ ʩʦʚʤʝʩʪʥʦʛʦ 

ʦʩʘʞʜʝʥʠʷ. LaMnO3 ʤʝʪʦʜʦʤ ʩʦʚʤʝʩʪʥʦʛʦ ʦʩʘʞʜʝʥʠʷ ʧʦʣʫʯʘʣʠ ʧʦ ʩʣʝʜʫʶʱʝʡ 

ʩʭʝʤʝ ʧʨʠ ʊ = 0ęʉ: ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʝ ʩʦʦʪʥʦʰʝʥʠʷ ʨʘʩʪʚʦʨʦʚ ʥʠʪʨʘʪʦʚ 

ʤʘʨʛʘʥʮʘ ʠ ʣʘʥʪʘʥʘ ʩʦʝʜʠʥʷʣʠ ʩ ʛʠʜʨʦʢʩʠʜʦʤ ʘʤʤʦʥʠʷ. ʆʙʨʘʟʦʚʘʚʰʠʡʩʷ ʦʩʘʜʦʢ 

ʦʙʨʘʙʘʪʳʚʘʣʠ ʧʝʨʝʢʠʩʴʶ ʚʦʜʦʨʦʜʘ ʠ ʧʨʦʢʘʣʠʚʘʣʠ.  

1. Mn(NO3)2+2NH4OHŸMn(OH)2Ź+2NH4NO3; 
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2. La(NO3)3+3NH4OHŸLa(OH)3Ź+3NH4NO3; 

3. Mn(OH)2+ʅ2ʆ2ŸMn(OH)3Ź+ʅ2ʆ; 

4. La(OH)3+ Mn(OH)3. 

ʇʦʣʫʯʝʥʥʫʶ ʩʤʝʩʴ ʛʠʜʨʦʢʩʠʜʦʚ ʧʨʦʩʫʰʠʚʘʣʠ ʧʨʠ ʊ = 120 Áʉ. 

ɼʠʬʨʘʢʮʠʦʥʥʳʝ ʧʨʦʬʠʣʠ LaMnO3 ʧʨʠ 20 Ò T Ò 900 ÁC, ʧʦʣʫʯʝʥʥʦʛʦ 

ʤʝʪʦʜʦʤ ʩʦʚʤʝʩʪʥʦʛʦ ʦʩʘʞʜʝʥʠʷ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 3.12. ɺʠʜʥʦ, ʯʪʦ ʚ 

ʦʙʨʘʟʮʝ ʧʦʤʠʤʦ LaMnO3, ʧʨʠʩʫʪʩʪʚʫʝʪ ʥʝʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʨʠʤʝʩʥʳʭ ʬʘʟ 

(~ 10ï15 %), ʚ ʦʩʥʦʚʥʦʤ ʚ ʚʠʜʝ ʧʨʦʜʫʢʪʦʚ ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʟʣʦʞʝʥʠʷ 

ʛʠʜʨʦʢʩʠʜʦʚ.  

 

ʈʠʩʫʥʦʢ  3.12 ï ʈʝʥʪʛʝʥʜʠʬʨʘʢʮʠʦʥʥʳʝ ʧʨʦʬʠʣʝʡ LaMnO3, ʧʨʠʛʦʪʦʚʣʝʥʥʦʛʦ 

ʤʝʪʦʜʦʤ ʩʦʚʤʝʩʪʥʦʛʦ ʦʩʘʞʜʝʥʠʷ, ʧʨʠ ʨʘʟʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ (25 ÁC (ʚʥʠʟʫ) ï

 ʢʦʤʥʘʪʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʜʦ ʥʘʛʨʝʚʘʥʠʷ ʧʨʝʢʫʨʩʦʨʘ, 25 ÁC (ʚʚʝʨʭʫ) ï ʢʦʤʥʘʪʥʘʷ 

ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʩʣʝ ʥʘʛʨʝʚʘʥʠʷ ʦʙʨʘʟʮʘ) 

 

ʅʘ ʨʠʩʫʥʢʝ 3.13 ʧʦʢʘʟʘʥ ʧʨʠʤʝʨ ʫʪʦʯʥʝʥʠʷ ʩʪʨʫʢʪʫʨʳ LaMnO3 ʧʨʠ T = 

900 Áʉ. ɿʘʚʠʩʠʤʦʩʪʠ ʧʘʨʘʤʝʪʨʘ ʢʫʙʠʯʝʩʢʦʡ ʷʯʝʡʢʠ (ʨʠʩ. 3.14 ʘ) ʠ ʧʦʣʫʰʠʨʠʥʳ 

ʙʨʝʛʛʦʚʩʢʦʛʦ ʦʪʨʘʞʝʥʠʷ 200 ʢʫʙʠʯʝʩʢʦʡ ʬʘʟʳ LaMnO3 (ʨʠʩ. 3.14 ʙ) ʦʪ 
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ʪʝʤʧʝʨʘʪʫʨʳ ʦʙʞʠʛʘ ʚ ʦʙʣʘʩʪʠ ʪʝʤʧʝʨʘʪʫʨ ʦʪ 550 ʜʦ 900 Áʉ ʦʙʥʘʨʫʞʠʚʘʶʪ 

ʣʠʥʝʡʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʧʘʨʘʤʝʪʨʘ a ʧʝʨʦʚʩʢʠʪʦʚʦʡ ʧʦʜʲʷʯʝʡʢʠ ʠ ʫʤʝʥʴʰʝʥʠʝ 

ʧʦʣʫʰʠʨʠʥʳ ʦʪʨʘʞʝʥʠʷ 200 ʙʦʣʝʝ ʯʝʤ ʚ ʜʚʘ ʨʘʟʘ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʷ ʦ ʧʦʚʳʰʝʥʠʠ 

ʦʜʥʦʨʦʜʥʦʩʪʠ ʩʪʨʫʢʪʫʨʥʦʛʦ ʩʦʩʪʦʷʥʠʷ LaMnO3. ʆʪʤʝʪʠʤ, ʯʪʦ ʦʙʨʘʟʦʚʘʥʠʝ 

ʧʝʨʦʚʩʢʠʪʦʚʦʡ ʤʦʥʦʬʘʟʳ LaMnO3 ʚ ʤʝʪʦʜʝ ʩʦʚʤʝʩʪʥʦʛʦ ʦʩʘʞʜʝʥʠʷ ʥʘʯʠʥʘʝʪʩʷ 

ʩ T = 600 Áʉ. 

 

ʈʠʩʫʥʦʢ  3.13 ï ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ, ʪʝʦʨʝʪʠʯʝʩʢʠʡ ʠ ʨʘʟʥʦʩʪʥʳʡ 

ʨʝʥʪʛʝʥʜʠʬʨʘʢʮʠʦʥʥʳʝ ʧʨʦʬʠʣʠ LaMnO3, ʧʨʠʛʦʪʦʚʣʝʥʥʦʛʦ ʤʝʪʦʜʦʤ 

ʩʦʚʤʝʩʪʥʦʛʦ ʦʩʘʞʜʝʥʠʷ, ʧʨʠ T = 900 Áʉ 
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ʈʠʩʫʥʦʢ 3.14 ï ʊʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʧʘʨʘʤʝʪʨʦʚ a ʠ ʧʦʣʫʰʠʨʠʥ 

ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʦʪʨʘʞʝʥʠʡ B200 ʧʝʨʦʚʩʢʠʪʦʚʦʡ ʬʘʟʳ LaMnO3, ʧʨʠʛʦʪʦʚʣʝʥʥʦʛʦ 

ʤʝʪʦʜʦʤ ʩʦʚʤʝʩʪʥʦʛʦ ʦʩʘʞʜʝʥʠʷ 

ʉʠʥʪʝʟ LaMnO3 ʠʟ ʧʨʝʢʫʨʩʦʨʘ, ʧʨʠʛʦʪʦʚʣʝʥʥʦʛʦ ʠʟ ʟʦʣʴ-ʛʝʣʴ ʩʤʝʩʠ. 

ʇʨʝʢʫʨʩʦʨ LaMnO3 ʙʳʣ ʩʠʥʪʝʟʠʨʦʚʘʥ ʟʦʣʴ-ʛʝʣʴ ʤʝʪʦʜʦʤ ʠʟ ʥʠʪʨʘʪʦʚ La(NO3)3 

ʠ Mn(NO3)2 ʩ ʜʦʙʘʚʢʦʡ ʛʣʠʮʝʨʠʥʘ ʚ ʢʘʯʝʩʪʚʝ ʦʨʛʘʥʠʯʝʩʢʦʡ ʤʘʪʨʠʮʳ. ɻʣʠʮʝʨʠʥ 

ʦʙʨʘʟʫʝʪ ʩ ʣʘʥʪʘʥʦʤ ʢʦʤʧʣʝʢʩʳ (ʛʣʠʮʝʨʘʪʳ), ʩʭʦʜʥʳʝ ʧʦ ʩʪʨʦʝʥʠʶ ʩ 

ʥʝʟʘʤʢʥʫʪʳʤʠ ʢʨʘʫʥ-ʵʬʠʨʘʤʠ, ʢʨʦʤʝ ʪʦʛʦ, ʠʟ-ʟʘ ʙʦʣʴʰʦʡ ʢʠʩʣʦʪʥʦʩʪʠ, 

ʛʣʠʮʝʨʠʥ ʦʙʣʘʜʘʝʪ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʭʝʣʘʪʠʨʫʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʴʶ. LaMnO3 ʠʟ 

ʟʦʣʴ-ʛʝʣʴ ʩʤʝʩʠ ʧʦʣʫʯʘʣʠ ʧʦ ʩʣʝʜʫʶʱʝʡ ʩʭʝʤʝ: ʥʠʪʨʘʪʳ ʤʝʪʘʣʣʦʚ ʨʘʩʪʚʦʨʷʣʠ ʚ 

ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʝ, ʟʘʪʝʤ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʧʨʠʙʘʚʣʷʣʠ 

ʛʣʠʮʝʨʠʥ. ʇʨʠ ʥʘʛʨʝʚʘʥʠʠ ʧʨʦʠʩʭʦʜʠʣʘ ʧʦʣʠʤʝʨʠʟʘʮʠʷ ʠ ʦʙʨʘʟʦʚʳʚʘʣʩʷ ʛʝʣʴ, ʚ 

ʢʦʪʦʨʦʤ ʢʘʪʠʦʥʳ ʤʝʪʘʣʣʦʚ ʞʝʩʪʢʦ ʟʘʬʠʢʩʠʨʦʚʘʥʳ ʭʠʤʠʯʝʩʢʠʤʠ ʩʚʷʟʷʤʠ ʠ 

ʥʘʭʦʜʷʪʩʷ ʜʘʣʝʢʦ ʜʨʫʛ ʦʪ ʜʨʫʛʘ, ʵʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʦʣʴʰʫʶ ʦʜʥʦʨʦʜʥʦʩʪʴ ʠ 
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ʩʦʭʨʘʥʷʝʪ ʢʘʪʠʦʥʳ ʦʪ ʩʣʠʧʘʥʠʷ. ʇʦʣʫʯʝʥʥʳʡ ʛʝʣʴ ʚʳʩʫʰʠʚʘʣʩʷ ʧʨʠ 70 Áʉ ʚ 

ʪʝʯʝʥʠʝ ʩʫʪʦʢ. ʇʦʨʦʰʢʦʚʳʡ ʦʙʨʘʟʝʮ, ʧʨʠʛʦʪʦʚʣʝʥʥʳʡ ʟʦʣʴ-ʛʝʣʴʥʳʤ ʤʝʪʦʜʦʤ, 

ʦʢʘʟʘʣʩʷ ʨʝʥʪʛʝʥʦʘʤʦʨʬʥʳʤ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. 

ɼʠʬʨʘʢʮʠʦʥʥʳʝ ʧʨʦʬʠʣʠ LaMnO3 ʧʨʠ ʨʘʟʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʠʟ 

ʧʨʝʢʫʨʩʦʨʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʟʦʣʴ-ʛʝʣʴʥʳʤ ʤʝʪʦʜʦʤ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 3.15. 

ʆʙʨʘʟʦʚʘʥʠʝ ʧʝʨʦʚʩʢʠʪʦʚʦʡ ʢʫʙʠʯʝʩʢʦʡ ʬʘʟʳ LaMnO3 ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ  

T = 600 ÁC. ʇʘʨʘʤʝʪʨʳ ʧʝʨʦʚʩʢʠʪʦʚʳʭ ʷʯʝʝʢ ʧʨʠ T = 600 ʠ T = 700 ÁC ʨʘʚʥʳ 

3.908 ʠ 3.916 ¡, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʂʨʦʤʝ ʦʩʥʦʚʥʦʡ ʬʘʟʳ LaMnO3, ʥʘ 

ʨʝʥʪʛʝʥʦʛʨʘʤʤʘʭ ʧʨʠʩʫʪʩʪʚʫʶʪ ʨʝʥʪʛʝʥʜʠʬʨʘʮʠʦʥʥʳʝ ʦʪʨʘʞʝʥʠʷ, 

ʩʦʦʪʚʝʪʩʪʫʶʱʠʝ ʦʢʩʠʜʫ ʤʘʨʛʘʥʮʘ MnO2 (~ 10 %). ʇʨʠʤʝʨ ʫʪʦʯʥʝʥʠʷ ʩʪʨʫʢʪʫʨʳ 

LaMnO3, ʧʨʠʛʦʪʦʚʣʝʥʥʦʛʦ ʠʟ ʟʦʣʴ-ʛʝʣʴ ʩʤʝʩʠ ʧʨʠ T = 700 Áʉ ʧʦʢʘʟʘʥ ʥʘ 

ʨʠʩʫʥʢʝ 3.16. 

 

ʈʠʩʫʥʦʢ. 3.15 ï ʌʨʘʛʤʝʥʪʳ ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʧʨʦʬʠʣʝʡ LaMnO3 ʧʨʠ ʨʘʟʥʳʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ, ʠʟ ʧʨʝʢʫʨʩʦʨʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʟʦʣʴïʛʝʣʴʥʳʤ ʤʝʪʦʜʦʤ 
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ʈʠʩʫʥʦʢ  3.16 ï ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ, ʪʝʦʨʝʪʠʯʝʩʢʠʡ ʠ ʨʘʟʥʦʩʪʥʳʡ 

ʨʝʥʪʛʝʥʜʠʬʨʘʢʮʠʦʥʥʳʝ ʧʨʦʬʠʣʠ LaMnO3, ʧʨʠʛʦʪʦʚʣʝʥʥʦʛʦ ʠʟ ʟʦʣʴ-ʛʝʣʴ ʩʤʝʩʠ, 

ʧʨʠ T = 700 Áʉ 

ɺ ʪʘʙʣʠʮʝ 3.8 ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʪʨʫʢʪʫʨʥʳʝ ʧʘʨʘʤʝʪʨʳ LaMnO3, 

ʧʨʠʛʦʪʦʚʣʝʥʥʦʛʦ ʨʘʟʥʳʤʠ ʤʝʪʦʜʘʤʠ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ (ʨʝʟʫʣʴʪʘʪʳ 

ʪʚʝʨʜʦʬʘʟʥʦʛʦ ʩʠʥʪʝʟʘ LaMnO3 ʨʘʥʝʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ [248]). ʆʙʨʘʟʮʳ, 

ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʝ ʠʟ ʧʨʦʩʪʳʭ ʦʢʩʠʜʥʳʭ ʧʨʝʢʫʨʩʦʨʦʚ ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʦʨʪʦʨʦʤʙʠʯʝʩʢʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʦʡ 

ʩʠʤʤʝʪʨʠʠ Pnma. ʆʙʨʘʟʮʳ, ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʝ ʤʝʪʦʜʦʤ ʩʦʨʙʮʠʠ ʠ ʦʩʘʞʜʝʥʠʷ 

ʛʠʜʨʦʢʩʠʜʦʚ ï ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʦʡ ʩʠʤʤʝʪʨʠʠ R3c. ʇʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ʦʙʨʘʟʮʳ LaMnO3, ʧʨʠʛʦʪʦʚʣʝʥʥʳʝ ʤʝʪʦʜʦʤ ʩʦʚʤʝʩʪʥʦʛʦ 

ʦʩʘʞʜʝʥʠʷ ʠʤʝʶʪ ʙʦʣʝʝ ʨʳʭʣʫʶ ʩʪʨʫʢʪʫʨʫ, ʦ ʯʝʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʙʦʣʴʰʠʡ 

ʦʙʲʝʤ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ Vp. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʦʮʝʩʩʳ ʩʪʨʫʢʪʫʨʦʦʙʨʘʟʦʚʘʥʠʷ LaMnO3 ʧʨʦʪʝʢʘʶʪ ʚ 

ʙʦʣʝʝ ʫʟʢʦʤ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʠʥʪʝʨʚʘʣʝ (550-600 Áʉ) ʚ ʦʙʨʘʟʮʘʭ, ʧʦʣʫʯʝʥʥʳʭ 

ʤʝʪʦʜʦʤ ʩʦʚʤʝʩʪʥʦʛʦ ʦʩʘʞʜʝʥʠʷ. ʉʠʥʪʝʟ ʦʙʨʘʟʮʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʤʝʪʦʜʦʤ 
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