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ɺɺɽɼɽʅʀɽ 

ʉʠʩʪʝʤʘ ʧʝʨʦʚʩʢʠʪʦʧʦʜʦʙʥʳʭ ʤʘʥʛʘʥʠʪʦʚ ʣʘʥʪʘʥʘ ʠʟʚʝʩʪʥʘ ʫʞʝ ʙʦʣʝʝ 

50 ʣʝʪ. ʆʜʥʘʢʦ ʪʦʣʴʢʦ ʚ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʫʚʝʣʠʯʠʣʩʷ ʠʥʪʝʨʝʩ ʢ ʪʘʢʠʤ 

ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʥʳʤ ʬʝʨʨʦʤʘʛʥʠʪʥʳʤ ʤʘʪʝʨʠʘʣʘʤ ʠʟ-ʟʘ ʧʨʦʷʚʣʝʥʠʷ ʚ ʥʠʭ ʪʘʢ 

ʥʘʟʳʚʘʝʤʦʛʦ ʢʦʣʦʩʩʘʣʴʥʦʛʦ ʤʘʛʥʝʪʦʩʦʧʨʦʪʠʚʣʝʥʠʷ (ʂʄʉ).  

ʉʫʪʴ ʷʚʣʝʥʠʷ ʂʉʄ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʚ ʤʘʥʛʘʥʠʪʘʭ (ʛʣʘʚʥʳʤ 

ʦʙʨʘʟʦʤ ʣʝʛʠʨʦʚʘʥʥʳʭ ʩ 0.16<x<0.4) ʧʨʦʠʩʭʦʜʠʪ ʬʘʟʦʚʳʡ ʧʝʨʝʭʦʜ 

ʜʠʵʣʝʢʪʨʠʢʘ ʩ ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠʟ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ 

ʧʘʨʘʤʘʛʥʠʪʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚ ʬʝʨʨʦʤʘʛʥʠʪʥʫʶ ʬʘʟʫ. ɺʙʣʠʟʠ ʪʝʤʧʝʨʘʪʫʨʳ 

ʧʝʨʝʭʦʜʘ ʧʨʦʠʩʭʦʜʠʪ ʩʠʣʴʥʦʝ ʧʘʜʝʥʠʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ. ʇʨʠʣʦʞʝʥʠʝ 

ʩʨʘʚʥʠʪʝʣʴʥʦ ʩʣʘʙʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ (5-6 ʊʝʩʣʘ) ʧʨʠʚʦʜʠʪ ʢ 

ʢʦʣʦʩʩʘʣʴʥʦʤʫ ʦʪʨʠʮʘʪʝʣʴʥʦʤʫ ʤʘʛʥʝʪʦʩʦʧʨʦʪʠʚʣʝʥʠʶ.  

ʉʦʝʜʠʥʝʥʠʷ, ʢʦʪʦʨʳʤ ʫʜʝʣʷʝʪʩʷ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʚ ʠʩʩʣʝʜʦʚʘʥʠʷʭ, 

ʠʤʝʁʪ ʩʪʨʫʢʪʫʨʥʫʶ ʬʦʨʤʫʣʫ T1-xDxMnO3, ʛʜʝ ʊ- ʪʨʝʭʚʘʣʝʥʪʥʳʡ ʢʘʪʠʦʥ 

ʣʘʥʪʘʥʦʠʜʘ (ʥʘʧʨʠʤʝʨ, La), ʘ D- ʜʚʫʭʚʘʣʝʥʪʥʳʡ ʢʘʪʠʦʥ  (ʥʘʧʨʠʤʝʨ, 

ʱʝʣʦʯʥʦʟʝʤʝʣʴʥʳʝ Ca, Sr, Ba). 

ɺʦʟʨʦʩʰʠʡ ʠʥʪʝʨʝʩ ʢ ʪʘʢʠʤ ʩʠʩʪʝʤʘʤ ʩʚʷʟʘʥ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʠʭ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʤʘʛʥʠʪʥʦʡ ʟʘʧʠʩʠ (ʟʘʧʠʩʳʚʘʶʱʠʝ ʛʦʣʦʚʢʠ) [1]. 

ʃʝʛʠʨʦʚʘʥʥʳʝ ʤʘʥʛʘʥʠʪʳ ʣʘʥʪʘʥʘ ʪʘʢʞʝ ʥʘʭʦʜʷʪ ʧʨʠʤʝʥʝʥʠʝ ʚ ʢʘʯʝʩʪʚʝ 

ʢʘʪʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʪʦʧʣʠʚʥʦʡ ʵʥʝʨʛʝʪʠʢʠ, ʛʜʝ ʜʦʣʞʥʘ ʙʳʪʴ ʦʙʝʩʧʝʯʝʥʘ 

ʚʦʟʤʦʞʥʦʩʪʴ ʩʚʦʙʦʜʥʦʛʦ ʚʭʦʞʜʝʥʠʷ ʠ ʚʳʭʦʜʘ ʢʠʩʣʦʨʦʜʘ, ʪ.ʝ. ʥʝʦʙʭʦʜʠʤʘ 

ʙʦʣʴʰʘʷ ʧʦʜʚʠʞʥʦʩʪʴ ʢʠʩʣʦʨʦʜʘ ï ʩʢʦʨʦʩʪʴ ʦʙʤʝʥʘ. ʊʨʝʙʫʝʤʦʤʫ 

ʧʦʚʳʰʝʥʠʶ ʧʦʜʚʠʞʥʦʩʪʠ ʘʥʠʦʥʦʚ ʜʦʣʞʥʳ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʢʦʤʧʦʟʠʮʠʠ ʩ 

ʤʘʢʩʠʤʘʣʴʥʳʤ ʠʟʙʳʪʢʦʤ ʢʠʩʣʦʨʦʜʘ. ʈʝʰʝʪʦʯʥʳʡ ʢʠʩʣʦʨʦʜ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʚ 

ʩʪʨʫʢʪʫʨʥʳʭ ʧʦʟʠʮʠʷʭ ʠ ʠʤʝʝʪ ʥʘʤʥʦʛʦ ʤʝʥʴʰʫʶ ʧʦʜʚʠʞʥʦʩʪʴ, ʯʝʤ 

ʠʟʙʳʪʦʯʥʳʝ ʢʠʩʣʦʨʦʜʥʳʝ ʘʥʠʦʥʳ, ʚʥʝʜʨʝʥʥʳʝ ʚ ʩʣʫʯʘʡʥʳʝ ʜʝʬʝʢʪʳ 

ʦʩʥʦʚʥʦʡ ʫʧʘʢʦʚʢʠ. ɺ ʩʚʷʟʠ ʩ ʦʪʢʨʳʚʘʶʱʝʡʩʷ ʚʦʟʤʦʞʥʦʩʪʴʶ ʰʠʨʦʢʦʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʘʥʛʘʥʠʪʦʚ ʣʘʥʪʘʥʘ ʥʘʯʘʣʠʩʴ ʠʥʪʝʥʩʠʚʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ 

ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʠʭ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ (ʤʘʛʥʠʪʥʳʭ, ʪʨʘʥʩʧʦʨʪʥʳʭ) [3-7], 

ʦʜʥʘʢʦ ʠʭ ʩʪʨʫʢʪʫʨʘ ʚ ʮʝʣʦʤ ʥʝ ʙʳʣʘ ʠʟʫʯʝʥʘ. 
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ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ 

ʤʘʛʥʘʥʠʪʦʚ ʣʘʥʪʘʥʘ La1-xCaxMn0.98Fe0.02O3, ʛʜʝ ʭ=0.05; 0.1; 0.2 ʤʝʪʦʜʘʤʠ 

ʤʸʩʩʙʘʫʵʨʦʚʩʢʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʠ ʚʳʷʚʣʝʥʠʝ ʚʦʟʤʦʞʥʦʛʦ ʬʘʟʦʚʦʛʦ 

ʨʘʩʩʣʦʝʥʠʷ ʚ ʵʪʠʭ ʩʪʨʫʢʪʫʨʘʭ. 
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ɻʃɸɺɸ 1. ʆɹɿʆʈ ʃʀʊɽʈɸʊʋʈʓ 

1.1.ʉʪʨʫʢʪʫʨʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʥʝʣʝʛʠʨʦʚʘʥʥʦʛʦ ʤʘʥʛʘʥʠʪʘ ʣʘʥʪʘʥʘ. 

ʏʪʦʙʳ ʧʦʥʷʪʴ ʧʦʚʝʜʝʥʠʝ ʣʝʛʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ, ʥʝʦʙʭʦʜʠʤʦ, ʚ ʧʝʨʚʫʶ 

ʦʯʝʨʝʜʴ, ʪʱʘʪʝʣʴʥʦ ʨʘʟʦʙʨʘʪʴʩʷ ʚ ʩʪʨʫʢʪʫʨʥʳʭ ʦʩʦʙʝʥʥʦʩʪʷʭ ʙʘʟʦʚʦʛʦ 

ʥʝʣʝʛʠʨʦʚʘʥʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ LaMnO3+d [8]. 

ʉʪʨʫʢʪʫʨʥʳʡ ʧʦʣʠʤʦʨʬʠʟʤ ʢʦʤʧʦʟʠʮʠʡ ʥʘ ʦʩʥʦʚʝ ʤʘʥʛʘʥʠʪʘ ʣʘʥʪʘʥʘ 

ʥʝʦʜʥʦʢʨʘʪʥʦ ʦʙʩʫʞʜʘʣʩʷ ʚ ʣʠʪʝʨʘʪʫʨʝ [9, 10]. ʈʘʟʣʠʯʥʳʝ ʫʩʣʦʚʠʷ ʩʠʥʪʝʟʘ 

ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʠʪʴ ʥʝʩʢʦʣʴʢʦ ʩʪʨʫʢʪʫʨʥʳʭ ʤʦʜʠʬʠʢʘʮʠʡ LaMnO3: 

ʨʦʤʙʦʵʜʨʠʯʝʩʢʫʶ ʬʘʟʫ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʳ R3c, ʜʚʝ ʦʨʪʦʨʦʤʙʠʯʝʩʢʠʝ 

ʬʘʟʳ (ʥʘʟʳʚʘʝʤʳʝ PnmaI ʠ PnmaII) ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʳ Pnma ʠ 

ʤʦʥʦʢʣʠʥʥʫʶ ʬʘʟʫ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʳ P1121 / a. 

ʆʩʦʙʝʥʥʦʩʪʴʶ ʩʪʨʫʢʪʫʨʥʳʭ ʧʨʝʚʨʘʱʝʥʠʡ ʚ ʩʝʤʝʡʩʪʚʝ ʦʢʩʠʜʦʚ (ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʦʙʳʯʥʳʤʠ ʤʝʪʘʣʣʠʯʝʩʢʠʤʠ ʩʠʩʪʝʤʘʤʠ) ʷʚʣʷʝʪʩʷ ʩʦʚʤʝʩʪʥʦʝ 

ʚʣʠʷʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʨʝʛʫʣʠʨʫʝʤʦʛʦ ʢʠʩʣʦʨʦʜʥʦʛʦ ʬʘʢʪʦʨʘ ʥʘ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʢʦʥʢʨʝʪʥʦʡ ʤʦʜʠʬʠʢʘʮʠʠ. ʉʦʛʣʘʩʥʦ ʦʜʥʦʡ ʠʟ ʪʦʯʝʢ ʟʨʝʥʠʷ 

[11, 12], ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʠʟʙʳʪʢʘ ʢʠʩʣʦʨʦʜʘ ʥʝʚʦʟʤʦʞʥʦ. ʉʯʠʪʘʝʪʩʷ, ʯʪʦ 

ʦʨʪʦʨʦʤʙʠʯʝʩʢʘʷ ʬʘʟʘ PnmaII ʠʤʝʝʪ ʩʪʘʥʜʘʨʪʥʳʡ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʡ ʩʦʩʪʘʚ 

ABO3, ʘ ʬʘʟʳ PnmaI ʠ R3c ʠʤʝʶʪ ʥʝʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʝ ʩʦʩʪʘʚʳ: ʚ 

ʧʦʣʦʞʝʥʠʷʭ La ʠ Mn ʧʨʠʩʫʪʩʪʚʫʶʪ ʢʘʪʠʦʥʥʳʝ ʚʘʢʘʥʩʠʠ (ʬʦʨʤʫʣʫ ʩʣʝʜʫʝʪ 

ʟʘʧʠʩʘʪʴ ʚ ʚʠʜʝ A1 - xB1 - xO3). ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ PnmaI ʢ R3c 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʠʦʥʦʚ ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʦʙʱʠʤ ʯʠʩʣʦʤ ʢʘʪʠʦʥʥʳʭ ʚʘʢʘʥʩʠʡ. 

ʅʘ ʨʠʩʫʥʢʘʭ 1 ʠ 2 ʧʦʢʘʟʘʥʳ ʨʝʰʝʪʢʠ ʜʚʫʭ ʬʘʟ: ʦʨʪʦʨʦʤʙʠʯʝʩʢʦʡ ʠ 

ʨʦʤʙʦʵʜʨʠʯʝʩʢʦʡ [10,8]. ɺʳʙʦʨ ʦʨʪʦʨʦʤʙʠʯʝʩʢʦʡ ʷʯʝʡʢʠ, ʝʝ ʦʨʠʝʥʪʘʮʠʷ ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ ʢʫʙʠʯʝʩʢʦʡ ʧʝʨʦʚʩʢʠʪʥʦʡ ʩʪʨʫʢʪʫʨʝ ʜʣʷ ʦʙʝʠʭ 

ʦʨʪʦʨʦʤʙʠʯʝʩʢʠʭ ʬʘʟ ʦʜʠʥʘʢʦʚʳʡ. ʉʦʛʣʘʩʥʦ ʯʠʩʣʝʥʥʳʤ ʟʥʘʯʝʥʠʷʤ 

ʧʘʨʘʤʝʪʨʦʚ ʨʝʰʝʪʢʠ ʜʣʷ ʦʙʝʠʭ ʬʘʟ, ʨʘʟʥʠʮʘ ʤʝʞʜʫ ʥʠʤʠ ʪʦʣʴʢʦ 

ʢʦʣʠʯʝʩʪʚʝʥʥʘʷ. 
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ʈʠʩʫʥʦʢ 1 - ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʨʝʰʝʪʢʘ ʦʨʪʦʨʦʤʙʠʯʝʩʢʦʡ ʬʘʟʳ. 

 

 

ʈʠʩʫʥʦʢ 2 - ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʨʝʰʝʪʢʘ ʨʦʤʙʦʵʜʨʠʯʝʩʢʦʡ ʬʘʟʳ. 
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ʉʫʱʝʩʪʚʝʥʥʳʤ ʨʘʟʣʠʯʠʝʤ ʜʣʷ ʬʘʟ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʧʨʠ ʧʦʥʠʞʝʥʠʠ 

ʪʝʤʧʝʨʘʪʫʨʳ ʬʘʟʘ PnmaI ʧʝʨʝʭʦʜʠʪ ʚ ʬʝʨʨʦʤʘʛʥʠʪʥʦʝ ʩʦʩʪʦʷʥʠʝ, PnmaII - ʚ 

ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʦʝ. ɺʦʟʥʠʢʥʦʚʝʥʠʝ ʤʘʛʥʠʪʥʦʛʦ ʫʧʦʨʷʜʦʯʝʥʠʷ ʚ 

ʨʦʤʙʦʵʜʨʠʯʝʩʢʦʡ ʬʘʟʝ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʳʤ ʧʘʜʝʥʠʝʤ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚ ʪʦʯʢʝ ʧʝʨʝʭʦʜʘ. ɼʣʷ ʬʘʟ PnmaI ʠ PnmaII ʩʦʭʨʘʥʷʝʪʩʷ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʡ ʭʘʨʘʢʪʝʨ ʧʨʦʚʦʜʠʤʦʩʪʠ ʧʨʠ ʧʝʨʝʭʦʜʘʭ ʚ ʬʝʨʨʦ- ʠ 

ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʦʝ ʩʦʩʪʦʷʥʠʝ. 

 ʇʝʨʝʭʦʜ ʯʘʩʪʠ ʠʦʥʦʚ Mn
3+

 ʚ Mn
4+

 ʚ ʬʘʟʘʭ PnmaI ʠ R3c ʧʨʠ ʦʢʠʩʣʝʥʠʠ 

ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʧʦʷʚʣʝʥʠʝʤ ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʟʙʳʪʢʘ 

ʢʠʩʣʦʨʦʜʘ, ʪ.ʝ. ʬʦʨʤʫʣʘ ʜʦʣʞʥʘ ʙʳʪʴ ʟʘʧʠʩʘʥʘ ʢʘʢ ABO3+d.[8]. ɺ ʵʪʦʤ 

ʩʦʦʙʨʘʞʝʥʠʠ ʨʦʤʙʦʵʜʨʠʯʝʩʢʘʷ ʬʘʟʘ, ʚ ʢʦʪʦʨʦʡ ʢʦʣʠʯʝʩʪʚʦ ʠʦʥʦʚ Mn
4+

 

ʤʘʢʩʠʤʘʣʴʥʦ, ʠʤʝʝʪ ʤʘʢʩʠʤʘʣʴʥʫʶ ʢʦʥʮʝʥʪʨʘʮʠʶ ʠʟʙʳʪʢʘ ʢʠʩʣʦʨʦʜʘ. 

ɺ [8] ʤʝʪʦʜʦʤ ʨʝʥʪʛʝʥʦʜʠʬʨʘʢʮʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ ʠ ʤʸʩʩʙʘʫʵʨʦʚʩʢʦʡ 

ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʠʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ ʫʩʣʦʚʠʡ ʨʘʟʣʠʯʥʦʡ ʪʝʨʤʠʯʝʩʢʦʡ 

ʦʙʨʘʙʦʪʢʠ ʥʘ ʬʘʟʦʚʳʝ ʧʝʨʝʭʦʜʳ ʤʝʞʜʫ ʩʪʨʫʢʪʫʨʥʳʤʠ ʤʦʜʠʬʠʢʘʮʠʷʤʠ 

ʩʦʝʜʠʥʝʥʠʷ LaMnO3+d , ʜʦʧʠʨʦʚʘʥʥʳʤʠ 
57

Fe. 

ʀʟʤʝʨʝʥʠʷ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʜʠʬʨʘʢʮʠʠ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʠʩʭʦʜʥʘʷ 

ʦʨʪʦʨʦʤʙʠʯʝʩʢʘʷ ʬʘʟʘ PnmaI ʩʦʝʜʠʥʝʥʠʷ LaMnO3+d, ʣʝʛʠʨʦʚʘʥʥʦʛʦ 
57

Fe, 

ʪʨʘʥʩʬʦʨʤʠʨʫʝʪʩʷ ʚ ʨʦʤʙʦʵʜʨʠʯʝʩʢʫʶ ʤʦʜʠʬʠʢʘʮʠʶ R3c ʧʨʠ ʦʪʞʠʛʝ ʥʘ 

ʚʦʟʜʫʭʝ ʧʨʠ T = 650 ʂ, ʟʘʪʝʤ ʚ ʦʨʪʦʨʦʤʙʠʯʝʩʢʫʶ ʬʘʟʫ PnmaII ʧʨʠ ʦʪʞʠʛʝ ʚ 

ʚʘʢʫʫʤʝ ʧʨʠ ʪʦʡ ʞʝ ʪʝʤʧʝʨʘʪʫʨʝ. ʉʣʝʜʫʶʱʠʡ ʦʪʞʠʛ ʚ ʚʦʟʜʫʭʝ ʦʧʨʝʜʝʣʷʝʪ 

ʩʣʝʜʫʶʱʫʶ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ: PnmaII - PnmaI - R3c. ʕʪʦ 

ʦʟʥʘʯʘʝʪ, ʯʪʦ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʫʩʣʦʚʠʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʦʪʞʠʛʘ ʚ ʚʘʢʫʫʤʝ ʠ 

ʥʘ ʚʦʟʜʫʭʝ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʚʟʘʠʤʥʳʝ ʧʝʨʝʭʦʜʳ ʫʢʘʟʘʥʥʳʭ ʬʘʟ ʚ ʦʜʥʦʤ ʠ ʪʦʤ 

ʞʝ ʦʙʨʘʟʮʝ. ʈʝʥʪʛʝʥʦʛʨʘʤʤʳ ʜʣʷ ʨʘʟʥʳʭ ʬʘʟ ʦʙʨʘʟʮʘ LaMnO3+d, 

ʣʝʛʠʨʦʚʘʥʥʦʛʦ 
57
Fe, ʧʦʣʫʯʝʥʥʦʛʦ ʧʦʩʣʝ ʩʝʨʠʠ ʪʝʨʤʦʦʙʨʘʙʦʪʦʢ, ʧʦʢʘʟʘʥʳ ʥʘ 

ʨʠʩʫʥʢʝ 3. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʬʘʟʦʚʳʝ 

ʧʝʨʝʭʦʜʳ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʪʝʨʤʦʦʙʨʘʙʦʪʢʘʭ ʷʚʣʷʶʪʩʷ ʦʙʨʘʪʠʤʳʤʠ. 

ʇʘʨʘʤʝʪʨʳ ʨʝʰʝʪʢʠ ʧʦʣʫʯʝʥʥʳʭ ʬʘʟ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 1.  



8 
 

 

ʈʠʩʫʥʦʢ 3 - ʈʝʥʪʛʝʥʦʛʨʘʤʤʳ ʨʘʟʣʠʯʥʳʭ ʬʘʟ ʦʙʨʘʟʮʘ LaMnO3+d. 

ʊʘʙʣʠʮʘ 1 - ʇʘʨʘʤʝʪʨʳ ʨʝʰʝʪʢʠ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʬʘʟ ʜʣʷ LaMnO3+ŭ, 

ʜʦʧʠʨʦʚʘʥʥʦʛʦ 
57

Fe ʧʦʩʣʝ ʦʪʞʠʛʘ ʧʨʠ 650 ʂ. 

ʌʘʟʘ a, ŀ b, ŀ c, ŀ 

R3c 5,523   13,326 

PnmaI 5,533 7,778 5,498 

PnmaII 5,709 7,714 5,531 

 

ʊʘʢ ʞʝ ʚʘʞʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʣʦʢʘʣʴʥʦʤ ʠʟʤʝʥʝʥʠʠ ʘʪʦʤʥʦʡ ʩʨʝʜʳ ʚ 

ʨʝʰʝʪʢʝ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʩ ʧʦʤʦʱʴʶ ʤʸʩʩʙʘʫʵʨʦʚʩʢʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ. 

ʆʜʥʘʢʦ ʵʪʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʯʝʥʴ ʨʝʜʢʠ [13-15]. ɺ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʩʣʫʯʘʝ ʚ 

ʦʩʥʦʚʥʦʤ ʦʪʨʘʞʘʶʪʩʷ ʦʩʦʙʝʥʥʦʩʪʠ ʢʠʩʣʦʨʦʜʥʦʡ ʩʨʝʜʳ ʘʪʦʤʦʚ Fe, 

ʟʘʤʝʱʘʶʱʝʡ Mn. ʂʘʪʠʦʥʥʳʝ ʚʘʢʘʥʩʠʠ (ʝʩʣʠ ʦʥʠ ʩʫʱʝʩʪʚʫʶʪ), ʢʦʪʦʨʳʝ 
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ʙʦʣʝʝ ʫʜʘʣʝʥʳ ʦʪ ʞʝʣʝʟʘ, ʯʝʤ ʠʦʥʳ ʢʠʩʣʦʨʦʜʘ, ʜʦʣʞʥʳ ʦʩʣʘʙʣʷʪʴ ʚʣʠʷʥʠʝ ʥʘ 

ʤʸʩʩʙʘʫʵʨʦʚʩʢʠʝ ʧʘʨʘʤʝʪʨʳ. ʍʘʨʘʢʪʝʨʥʳʝ ʩʧʝʢʪʨʳ, ʩʥʷʪʳʝ ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ʜʣʷ ʦʙʨʘʟʮʘ LaMnO3+d, ʣʝʛʠʨʦʚʘʥʥʦʛʦ 
57
Fe (4%), ʧʦʩʣʝ ʩʝʨʠʠ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʦʪʞʠʛʦʚ ʚ ʚʘʢʫʫʤʝ ʠ ʥʘ ʚʦʟʜʫʭʝ, ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩʫʥʢʝ 4. 

ʅʘ ʨʠʩʫʥʢʝ ʚʠʜʥʦ, ʯʪʦ ʧʨʠ ʨʘʟʥʳʭ ʫʩʣʦʚʠʷʭ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ ʥʘʙʣʶʜʘʝʪʩʷ 

ʦʙʨʘʪʠʤʦʩʪʴ ʩʪʨʫʢʪʫʨʥʳʭ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ. ɿʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʜʣʷ 

ʨʘʟʥʳʭ ʬʘʟ ʧʦʩʣʝ ʨʷʜʘ ʪʝʨʤʠʯʝʩʢʠʭ ʦʙʨʘʙʦʪʦʢ ʚ ʚʘʢʫʫʤʝ ʠ ʥʘ ʚʦʟʜʫʭʝ 

ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 2. ʇʦ ʟʥʘʯʝʥʠʷʤ ʠʟʦʤʝʨʥʳʭ ʩʜʚʠʛʦʚ ʠʦʥʳ 
57
Fe ʚ ʨʘʟʥʳʭ 

ʬʘʟʘʭ ʦʙʨʘʟʮʘ ʠʤʝʶʪ ʪʨʝʭʚʘʣʝʥʪʥʦʝ ʩʦʩʪʦʷʥʠʝ. 

 

ʈʠʩʫʥʦʢ 4 - ʄʸʩʩʙʘʫʵʨʦʚʩʢʠʝ ʩʧʝʢʪʨʳ ʨʘʟʣʠʯʥʳʭ ʬʘʟ ʦʙʨʘʟʮʘ LaMnO3+d , 

ʜʦʧʠʨʦʚʘʥʥʦʛʦ 
57

Fe ʧʦʩʣʝ ʦʪʞʠʛʘ ʧʨʠ 650 ʂ. 

ʊʘʙʣʠʮʘ 2 - ʄʸʩʩʙʘʫʵʨʦʚʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʧʘʨʮʠʘʣʴʥʳʭ ʩʧʝʢʪʨʦʚ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʨʘʟʣʠʯʥʳʤ ʬʘʟʘʤ. 

ʌʘʟʘ ɼʫʙʣʝʪ 1 ɼʫʙʣʝʪ 2 ɼʫʙʣʝʪ 3 

 

QS, ʤʤ/ʩ Is, ʤʤ/ʩ QS, ʤʤ/ʩ Is, ʤʤ/ʩ QS, ʤʤ/ʩ Is, ʤʤ/ʩ 

R3c 0,38 0,36 

    PnmaI 0,29 0,38 

    PnmaII 0,31 0,36 0,71 0,38 1,17 0,37 

 

ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʩʭʝʤʘ, ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʚ ʣʠʪʝʨʘʪʫʨʝ, ʩʦʛʣʘʩʥʦ 

ʢʦʪʦʨʦʡ ʩʦʦʪʥʦʰʝʥʠʝ ʤʝʪʘʣʣ / ʢʠʩʣʦʨʦʜ ʢʦʤʧʝʥʩʠʨʫʝʪʩʷ ʟʘ ʩʯʝʪ ʥʘʙʦʨʘ 

ʢʘʪʠʦʥʥʳʭ ʚʘʢʘʥʩʠʡ, ʷʚʣʷʝʪʩʷ ʨʝʘʣʴʥʦʡ ʠ ʩʦʝʜʠʥʝʥʠʝ ʠʤʝʝʪ 

ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʡ ʩʦʩʪʘʚ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʬʦʨʤʫʣʘ LaMnO3+ŭ ʟʘʤʝʥʷʝʪʩʷ ʥʘ 
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La1Ŀx Mn1Ŀx O3. ʉʦʛʣʘʩʥʦ ʵʪʦʤʫ ʧʨʝʜʩʪʘʚʣʝʥʠʶ ʦʧʨʝʜʝʣʷʶʱʘʷ ʘʢʪʠʚʥʘʷ ʨʦʣʴ 

ʧʨʠʥʘʜʣʝʞʠʪ ʢʘʪʠʦʥʥʳʤ ʚʘʢʘʥʩʠʷʤ. ʌʘʢʪʠʯʝʩʢʠ, ʚ ʵʪʦʡ ʩʭʝʤʝ ʜʠʥʘʤʠʯʝʩʢʠʝ 

ʠ ʧʦʚʪʦʨʷʝʤʳʝ ʧʨʦʮʝʩʩʳ ʪʠʧʘ:  

(a) ʧʦʷʚʣʝʥʠʷ ʚʘʢʘʥʩʠʡ (ʢʘʪʠʦʥ ʧʝʨʝʭʦʜʠʪ ʚ ʤʝʞʜʦʫʟʝʣʴʥʦʝ 

ʧʨʦʩʪʨʘʥʩʪʚʦ); 

(b) ʫʜʘʣʝʥʠʝ ʚʘʢʘʥʩʠʡ (ʢʘʪʠʦʥ ʜʠʬʬʫʥʜʠʨʫʝʪ ʠʟ ʩʪʘʥʜʘʨʪʥʦʡ 

ʧʦʟʠʮʠʠ). 

 ɽʩʣʠ ʪʘʢʘʷ ʤʦʜʝʣʴ ʨʝʘʣʠʟʫʝʪʩʷ, ʨʷʜ ʢʘʪʠʦʥʥʳʭ ʚʘʢʘʥʩʠʡ ʙʫʜʝʪ 

ʦʪʣʠʯʘʪʴʩʷ ʚ ʨʘʟʥʳʭ ʬʘʟʘʭ. ʄʘʢʩʠʤʘʣʴʥʦʝ ʯʠʩʣʦ ʢʘʪʠʦʥʥʳʭ ʚʘʢʘʥʩʠʡ ʙʫʜʝʪ 

ʧʨʠʩʫʪʩʪʚʦʚʘʪʴ ʚ ʨʦʤʙʦʵʜʨʠʯʝʩʢʦʡ ʬʘʟʝ. ʇʝʨʝʭʦʜ ʦʪ ʦʜʥʦʡ ʬʘʟʳ ʢ ʜʨʫʛʦʡ 

ʦʧʨʝʜʝʣʷʣʩʷ ʙʳ ʜʦʚʦʣʴʥʦ ʘʢʪʠʚʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ ʧʦʷʚʣʝʥʠʷ (ʫʜʘʣʝʥʠʷ) 

ʢʘʪʠʦʥʥʳʭ ʚʘʢʘʥʩʠʡ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʢʦʤʧʦʥʝʥʪʳ 

ʩʦʝʜʠʥʝʥʠʷ, ʪʦ ʝʩʪʴ ʜʦʚʦʣʴʥʦ ʪʷʞʝʣʳʝ ʵʣʝʤʝʥʪʳ, ʙʫʜʫʪ ʠʤʝʪʴ ʟʘʤʝʪʥʫʶ 

ʜʠʬʬʫʟʠʦʥʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʧʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʫʤʝʨʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ 

ʦʪʞʠʛʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʫʯʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ, 

ʢʘʩʘʶʱʠʝʩʷ ʦʙʨʘʪʠʤʦʩʪʠ ʩʪʨʫʢʪʫʨʥʳʭ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ, ʧʦʩʪʘʚʠʣʠ ʧʦʜ 

ʩʦʤʥʝʥʠʝ ʬʫʥʢʮʠʶ ʢʦʥʪʨʦʣʷ ʢʘʪʠʦʥʥʳʭ ʚʘʢʘʥʩʠʡ ʠ ʚʳʜʚʠʥʫʣʠ ʥʘ ʧʝʨʚʳʡ 

ʧʣʘʥ ʘʢʪʠʚʥʫʶ ʨʦʣʴ ʢʠʩʣʦʨʦʜʘ ʧʨʠ ʪʘʢʠʭ ʧʝʨʝʭʦʜʘʭ. ɿʜʝʩʴ ʥʝʦʙʭʦʜʠʤʦ 

ʨʘʩʩʤʦʪʨʝʪʴ ʜʚʝ ʚʦʟʤʦʞʥʳʝ ʚʝʨʩʠʠ.  

(a) ʉʦʝʜʠʥʝʥʠʝ ʠʤʝʝʪ ʬʦʨʤʫʣʫ LaMnO3+ŭ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ 

ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʦʤʙʦʵʜʨʠʯʝʩʢʦʡ ʬʘʟʝ, ʘ 

ʦʨʪʦʨʦʤʙʠʯʝʩʢʠʝ ʬʘʟʳ ʜʦʣʞʥʳ ʠʤʝʪʴ ʜʝʬʠʮʠʪ ʢʠʩʣʦʨʦʜʘ.  

(b) ʉʦʝʜʠʥʝʥʠʝ ʠʤʝʝʪ ʬʦʨʤʫʣʫ LaMnO3+ ŭ, ʪʦ ʝʩʪʴ ʩʪʨʫʢʪʫʨʘ ʤʦʞʝʪ 

ʠʤʝʪʴ ʠʟʙʳʪʦʢ ʢʠʩʣʦʨʦʜʘ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʡ ʩʦʩʪʘʚ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʨʪʦʨʦʤʙʠʯʝʩʢʦʡ ʬʘʟʝ PnmaII, ʘ ʨʦʤʙʦʵʜʨʠʯʝʩʢʘʷ ʬʘʟʘ ʜʦʣʞʥʘ 

ʠʤʝʪʴ ʤʘʢʩʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʠʟʙʳʪʢʘ ʢʠʩʣʦʨʦʜʘ. 

ʈʦʤʙʦʵʜʨʠʯʝʩʢʘʷ ʬʘʟʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʨʪʦʨʦʤʙʠʯʝʩʢʠʤʠ ʬʘʟʘʤʠ ʠʤʝʝʪ 

ʚʳʩʦʢʦʩʠʤʤʝʪʨʠʯʥʫʶ ʦʢʩʠʜʥʫʶ ʤʦʜʠʬʠʢʘʮʠʶ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʚʝʣʠʯʠʥʘ 

ʢʚʘʜʨʫʧʦʣʴʥʦʛʦ ʨʘʩʱʝʧʣʝʥʠʷ ʤʸʩʩʙʘʫʵʨʦʚʩʢʦʛʦ ʩʧʝʢʪʨʘ ʜʣʷ 
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ʨʦʤʙʦʵʜʨʠʯʝʩʢʦʡ ʬʘʟʳ ʜʦʣʞʥʘ ʙʳʪʴ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ, ʯʝʤ ʜʣʷ 

ʦʨʪʦʨʦʤʙʠʯʝʩʢʦʡ ʤʦʜʠʬʠʢʘʮʠʠ PnmʘI. ʆʥʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʚʘʨʠʘʥʪʫ, ʢʦʛʜʘ 

ʠʟʙʳʪʦʢ ʢʠʩʣʦʨʦʜʘ ʦʪʩʫʪʩʪʚʫʝʪ (ʪ.ʝ. ʈʦʤʙʦʵʜʨʠʯʝʩʢʘʷ ʬʘʟʘ ʠʤʝʝʪ 

ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʡ ʩʦʩʪʘʚ), ʘ ʘʪʦʤ Mn (Fe) ʠʤʝʝʪ ʩʠʤʤʝʪʨʠʯʥʫʶ 

ʢʠʩʣʦʨʦʜʥʫʶ ʩʨʝʜʫ. 

ɿʥʘʯʝʥʠʝ ʢʚʘʜʨʫʧʦʣʴʥʦʛʦ ʨʘʩʱʝʧʣʝʥʠʷ ʜʣʷ ʨʦʤʙʦʵʜʨʠʯʝʩʢʦʡ ʬʘʟʳ R3c 

ʟʥʘʯʠʪʝʣʴʥʦ ʚʦʟʨʘʩʪʘʝʪ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʚʝʣʠʯʠʥʦʡ ʜʣʷ PnmaI. ʇʦʣʫʯʝʥʥʳʡ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʨʝʟʫʣʴʪʘʪ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʨʦʤʙʦʵʜʨʠʯʝʩʢʘʷ 

ʬʘʟʘ ʥʝ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʤ ʩʦʩʪʘʚʦʤ. ʀʟʙʳʪʦʢ ʢʠʩʣʦʨʦʜʘ 

ʜʦʣʞʝʥ ʧʨʠʩʫʪʩʪʚʦʚʘʪʴ ʚ ʨʦʤʙʦʵʜʨʠʯʝʩʢʦʡ ʬʘʟʝ R3c. ʇʦʩʢʦʣʴʢʫ ʟʥʘʯʝʥʠʝ 

ʢʚʘʜʨʫʧʦʣʴʥʦʛʦ ʨʘʩʱʝʧʣʝʥʠʷ ʜʣʷ ʨʦʤʙʦʵʜʨʠʯʝʩʢʦʡ ʬʘʟʳ ʟʥʘʯʠʪʝʣʴʥʦ 

ʚʦʟʨʘʩʪʘʝʪ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʚʝʣʠʯʠʥʦʡ ʜʣʷ ʦʨʪʦʨʦʤʙʠʯʝʩʢʦʡ ʬʘʟʳ PnmaI, 

ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʢʠʩʣʦʨʦʜ ʧʨʠʥʘʜʣʝʞʠʪ 

ʙʣʠʞʘʡʰʝʡ ʩʨʝʜʝ ʠʦʥʦʚ Fe. ʀʤʝʥʥʦ ʚ ʵʪʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ʣʦʢʘʣʴʥʘʷ 

ʩʠʤʤʝʪʨʠʷ ʢʘʪʠʦʥʥʦʡ ʩʨʝʜʳ ʠʤʝʝʪ ʟʥʘʯʠʪʝʣʴʥʳʝ ʠʩʢʘʞʝʥʠʷ, ʧʨʠʚʦʜʷʱʠʝ ʢ 

ʫʚʝʣʠʯʝʥʠʶ ʚʝʣʠʯʠʥʳ ʢʚʘʜʨʫʧʦʣʴʥʦʛʦ ʨʘʩʱʝʧʣʝʥʠʷ.  

ʂʘʢ ʠʟʚʝʩʪʥʦ, ʨʘʜʠʫʩ ʠʦʥʦʚ Mn
4+

 ʤʝʥʴʰʝ, ʯʝʤ ʨʘʜʠʫʩ ʠʦʥʦʚ Mn
3+
. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʥʘʨʫʰʘʝʪʩʷ ʩʠʤʤʝʪʨʠʷ ʢʠʩʣʦʨʦʜʥʦʡ ʩʨʝʜʳ, ʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ 

ʟʥʘʯʝʥʠʝ ʢʚʘʜʨʫʧʦʣʴʥʦʛʦ ʨʘʩʱʝʧʣʝʥʠʷ, ʯʪʦ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʤʸʩʩʙʘʫʵʨʦʚʩʢʠʭ 

ʩʧʝʢʪʨʘʭ.  

ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʬʘʟʘ PnmaII ʠʤʝʝʪ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʡ ʩʦʩʪʘʚ, ʚ ʢʦʪʦʨʦʤ 

ʧʨʠʩʫʪʩʪʚʫʶʪ ʪʦʣʴʢʦ ʷʥ-ʪʝʣʣʝʨʦʚʩʢʠʝ ʠʦʥʳ Mn
3+

 ʠ ʠʤʝʝʪ ʩʠʣʴʥʦ 

ʠʩʢʘʞʝʥʥʫʶ ʩʪʨʫʢʪʫʨʫ [6]. ʇʨʠ ʧʝʨʝʭʦʜʝ ʦʪ PnmaII ʢ PnmaI ʧʦʷʚʣʝʥʠʝ ʠʦʥʦʚ 

Mn
4+ 
ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʠʩʢʘʞʝʥʠʷ ʩʪʨʫʢʪʫʨʳ. ʆʜʥʘʢʦ ʤʝʭʘʥʠʟʤʳ ʵʪʠʭ 

ʠʩʢʘʞʝʥʠʡ ʨʝʰʝʪʢʠ ʨʘʟʣʠʯʥʳ ʜʣʷ ʨʘʟʥʳʭ ʬʘʟ - ʠʩʢʘʞʝʥʠʝ ʚ PnmaII ʩʚʷʟʘʥʦ ʩ 

ʷʥ-ʪʝʣʣʝʨʦʚʩʢʠʤ ʵʬʬʝʢʪʦʤ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʠʩʢʘʞʝʥʠʝ ʢʠʩʣʦʨʦʜʥʦʡ ʩʨʝʜʳ 

ʢʘʪʠʦʥʦʚ ʚ PnmaI ʠ R3c ʦʙʫʩʣʦʚʣʝʥʦ ʥʘʣʠʯʠʝʤ ʠʟʙʳʪʦʯʥʦʛʦ ʢʠʩʣʦʨʦʜʘ.  
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1.2.ʌʘʟʦʚʘʷ ʦʙʨʘʪʠʤʦʩʪʴ ʚ ʣʝʛʠʨʦʚʘʥʥʳʭ ʤʘʥʛʘʥʠʪʘʭ ʣʘʥʪʘʥʘ ʧʨʠ 

ʠʟʤʝʥʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ. 

ɺʩʝ ʤʘʥʛʘʥʠʪʳ ʣʘʥʪʘʥʘ ʠʤʝʶʪ ʢʘʢ ʦʙʱʠʝ ʯʝʨʪʳ ʩʪʨʫʢʪʫʨʥʳʭ 

ʧʨʝʚʨʘʱʝʥʠʡ, ʪʘʢ ʠ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʥʠʤʠ. ʇʝʨʚʳʡ ʦʙʱʠʡ ʩʠʤʚʦʣ, 

ʧʨʠʥʘʜʣʝʞʘʱʠʡ ʚʩʝʤ ʤʘʥʛʘʥʠʪʘʤ ʣʘʥʪʘʥʘ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʤʝʰʘʥʥʫʶ 

ʚʘʣʝʥʪʥʦʩʪʴ Mn: Mn
3+

 ʠ Mn
4+

.
 
ʀʦʥʳ Mn

3+
 ʷʚʣʷʶʪʩʷ ʷʥ-ʪʝʣʣʝʨʦʚʩʢʠʤʠ ʠʦʥʘʤʠ 

ʩ ʚʳʨʦʞʜʝʥʥʳʤʠ ʦʨʙʠʪʘʣʴʥʳʤʠ ʩʦʩʪʦʷʥʠʷʤʠ ʵʣʝʢʪʨʦʥʦʚ [15]. ɺ 

ʩʦʝʜʠʥʝʥʠʷʭ ʩ ʷʥ-ʪʝʣʣʝʨʦʚʩʢʠʤʠ ʠʦʥʘʤʠ ʩʫʱʝʩʪʚʫʝʪ ʦʨʙʠʪʘʣʴʥʦʝ 

ʫʧʦʨʷʜʦʯʝʥʠʝ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʩʠʣʴʥʳʤ ʠʩʢʘʞʝʥʠʷʤ ʨʝʰʝʪʢʠ ʠ ʫʤʝʥʴʰʝʥʠʶ 

ʩʠʤʤʝʪʨʠʠ ʢʨʠʩʪʘʣʣʘ. ʂʘʞʜʘʷ ʬʘʟʘ ʠʤʝʝʪ ʦʧʨʝʜʝʣʝʥʥʳʡ ʜʠʘʧʘʟʦʥ 

ʢʦʥʮʝʥʪʨʘʮʠʡ ʠʦʥʦʚ Mn
4+

 [16]. ʇʦʷʚʣʝʥʠʝ ʠʦʥʦʚ Mn
4+

 (ʥʝ ʷʥ-ʪʝʣʣʝʨʦʚʩʢʠʭ 

ʠʦʥʦʚ) ʧʨʠʚʦʜʠʪ ʢ ʥʘʨʫʰʝʥʠʶ ʦʨʙʠʪʘʣʴʥʦʛʦ ʫʧʦʨʷʜʦʯʝʥʠʷ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, 

ʢ ʫʤʝʥʴʰʝʥʠʶ ʠʩʢʘʞʝʥʠʡ ʨʝʰʝʪʢʠ ʠ ʫʩʠʣʝʥʠʶ ʩʠʤʤʝʪʨʠʠ ʢʨʠʩʪʘʣʣʘ [17-19].  

ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʩʪʨʫʢʪʫʨʘ ʩ ʫʤʝʥʴʰʝʥʥʦʡ ʩʠʤʤʝʪʨʠʝʡ ʢʨʠʩʪʘʣʣʘ (ʬʘʟʘ 

PnmaII, ʠʦʥʳ Mn
4+

 ʦʪʩʫʪʩʪʚʫʶʪ) ʧʝʨʝʭʦʜʠʪ ʚ ʩʪʨʫʢʪʫʨʫ ʩ ʙʦʣʝʝ ʚʳʩʦʢʦʡ 

ʩʠʤʤʝʪʨʠʝʡ ʢʨʠʩʪʘʣʣʘ (ʬʘʟʘ PnmaI, ʧʨʠʩʫʪʩʪʚʫʶʪ ʠʦʥʳ Mn
4+
). ɻʣʘʚʥʘʷ 

ʦʩʦʙʝʥʥʦʩʪʴ ʤʘʥʛʘʥʠʪʦʚ ʣʘʥʪʘʥʘ ʩ ʷʥ-ʪʝʣʣʝʨʦʚʩʢʠʤʠ ʠʦʥʘʤʠ ʩʚʷʟʘʥʘ ʩ 

ʩʠʣʴʥʦʡ ʢʦʨʨʝʣʷʮʠʝʡ ʤʝʞʜʫ ʨʝʰʝʪʯʘʪʦʡ ʠ ʵʣʝʢʪʨʦʥʥʦʡ ʧʦʜʩʠʩʪʝʤʘʤʠ, 

ʧʦʵʪʦʤʫ ʠʟʤʝʥʝʥʠʷ ʚ ʩʪʨʫʢʪʫʨʝ ʧʨʠʚʦʜʷʪ ʢ ʟʥʘʯʠʪʝʣʴʥʳʤ ʠʟʤʝʥʝʥʠʷʤ 

ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ (ʪʨʘʥʩʧʦʨʪʥʳʭ ʠ ʤʘʛʥʠʪʥʳʭ) [20]. 

ʀʩʢʘʞʝʥʠʷ, ʩʚʷʟʘʥʥʳʝ ʩ ʤʝʞʫʟʝʣʴʥʳʤ ʢʠʩʣʦʨʦʜʦʤ, ʦʪʯʝʪʣʠʚʦ 

ʦʙʥʘʨʫʞʠʚʘʶʪʩʷ ʚ ʬʘʟʝ R3c ʚ ʠʩʭʦʜʥʳʭ ʩʦʝʜʠʥʝʥʠʷʭ [16]. ɺ ʵʪʦʡ ʬʘʟʝ Mn 

ʠʤʝʝʪ ʩʠʤʤʝʪʨʠʯʥʫʶ ʢʠʩʣʦʨʦʜʥʫʶ ʩʨʝʜʫ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʚ 

ʤʸʩʩʙʘʫʵʨʦʚʩʢʦʤ ʩʧʝʢʪʨʝ ʧʦʢʘʟʘʥʘ ʦʜʥʘ ʣʠʥʠʷ ʠʣʠ, ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ, ʜʫʙʣʝʪ 

ʩ ʦʯʝʥʴ ʤʘʣʳʤ ʟʥʘʯʝʥʠʝʤ ʠʟʦʤʝʨʥʦʛʦ ʩʜʚʠʛʘ. ʕʪʦ ʩʧʨʘʚʝʜʣʠʚʦ ʜʣʷ 

ʤʦʜʝʣʴʥʦʡ ʩʪʨʫʢʪʫʨʳ ʙʝʟ ʢʘʢʦʛʦ-ʣʠʙʦ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʢʠʩʣʦʨʦʜʘ. ɺ 

ʨʝʘʣʴʥʦʤ ʩʣʫʯʘʝ ʟʥʘʯʝʥʠʝ ʠʟʦʤʝʨʥʳʡ ʩʜʚʠʛ ʜʦʩʪʘʪʦʯʥʦ ʚʝʣʠʢ, ʪʘʢ ʢʘʢ ʵʪʘ 

ʬʘʟʘ ʠʤʝʝʪ ʤʘʢʩʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʠʦʥʦʚ Mn
4+

 ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʤʝʞʫʟʝʣʴʥʳʡ ʢʠʩʣʦʨʦʜ, ʢʦʪʦʨʳʡ ʠʩʢʘʞʘʝʪ ʨʝʰʝʪʢʫ. 
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ʇʨʠʯʠʥʳ ʠʩʢʘʞʝʥʠʷ ʨʝʰʝʪʢʠ ʨʘʟʣʠʯʥʳ ʜʣʷ ʨʘʟʥʳʭ ʬʘʟ. ʈʝʰʝʪʦʯʥʳʝ 

ʠʩʢʘʞʝʥʠʷ ʩʚʷʟʘʥʳ ʩ ʤʝʞʜʦʫʟʝʣʴʥʳʤ ʢʠʩʣʦʨʦʜʦʤ ʚ ʨʦʤʙʦʵʜʨʠʯʝʩʢʦʡ ʠ 

ʦʨʪʦʨʦʤʙʠʯʝʩʢʦʡ ʬʘʟʝ PnmaI ʠ ʵʬʬʝʢʪʦʤ ʗʥʘ-ʊʝʣʣʝʨʘ ʚ ʬʘʟʝ PnmaII, ʪʘʢ ʢʘʢ 

ʚ ʵʪʦʡ ʬʘʟʝ ʦʪʩʫʪʩʪʚʫʝʪ ʤʝʞʫʟʝʣʴʥʳʡ ʢʠʩʣʦʨʦʜ ʠ ʠʦʥʳ Mn
3+

 .  

ʄʥʦʛʦʯʠʩʣʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʣʝʛʠʨʦʚʘʥʥʳʤ 

ʤʘʥʛʘʥʠʪʘʤ ʣʘʥʪʘʥʘ ʧʦʢʘʟʘʣʠ ʦʯʝʥʴ ʩʣʦʞʥʫʶ, ʘ ʠʥʦʛʜʘ ʠ ʧʨʦʪʠʚʦʨʝʯʠʚʫʶ 

ʢʘʨʪʠʥʫ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʟʘʨʷʜʘ, ʦʨʙʠʪʘʣʴʥʦʛʦ ʠ ʩʧʠʥʦʚʦʛʦ ʫʧʦʨʷʜʦʯʝʥʠʷ ʚ 

ʥʠʭ. ʇʨʠ ʣʝʛʠʨʦʚʘʥʠʠ ʜʚʫʭʚʘʣʝʥʪʥʳʡ ʵʣʝʤʝʥʪ ʟʘʤʝʱʘʝʪ ʪʨʝʭʚʘʣʝʥʪʥʳʡ ʠʦʥ 

La ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʚ ʨʝʰʝʪʢʝ ʧʦʷʚʣʷʶʪʩʷ ʩʚʦʙʦʜʥʳʝ ʢʠʩʣʦʨʦʜʥʳʝ ʮʝʥʪʨʳ.  

ʀʟ [21], ʯʪʦ ʯʘʩʪʴ ʠʦʥʦʚ Mn
3+

 ʚ ʜʦʧʠʨʦʚʘʥʥʳʭ ʤʘʥʛʘʥʠʪʘʭ ʣʘʥʪʘʥʘ 

ʧʝʨʝʭʦʜʠʪ ʚ Mn
4+

 ʚ ʧʨʦʮʝʩʩʝ ʩʠʥʪʝʟʘ ʥʘ ʚʦʟʜʫʭʝ, ʘ ʘʪʦʤʳ ʢʠʩʣʦʨʦʜʘ, ʠʜʫʱʠʝ 

ʩ Mn
4+
, ʩʥʘʯʘʣʘ ʟʘʥʠʤʘʶʪ ʵʪʠ ʩʚʦʙʦʜʥʳʝ ʢʠʩʣʦʨʦʜʥʳʝ ʮʝʥʪʨʳ ʚ ʨʝʰʝʪʢʝ, ʘ 

ʟʘʪʝʤ ʚ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʧʦʣʦʞʝʥʠʷʭ. ʂʦʣʠʯʝʩʪʚʦ ʤʝʞʫʟʝʣʴʥʦʛʦ ʢʠʩʣʦʨʦʜʘ 

ʩʚ̫ʟʘʥʦ ʩ ʢʦʣʠʯʝʩʪʚʦʤ ʠʦʥʦʚ Mn
4+
. ʂʦʣʠʯʝʩʪʚʦ ʠʦʥʦʚ Mn

4+
 ʜʦʣʞʥʦ 

ʫʚʝʣʠʯʠʚʘʪʴʩʷ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʢʦʣʠʯʝʩʪʚʘ ʣʝʛʠʨʫʶʱʝʛʦ ʜʚʫʭʚʘʣʝʥʪʥʦʛʦ 

ʵʣʝʤʝʥʪʘ, ʘ ʢʦʣʠʯʝʩʪʚʦ ʤʝʞʜʦʫʟʝʣʴʥʦʛʦ ʢʠʩʣʦʨʦʜʘ ʜʦʣʞʥʦ ʫʤʝʥʴʰʘʪʴʩʷ, ʪʘʢ 

ʢʘʢ ʯʘʩʪʴ ʠʦʥʦʚ ʢʠʩʣʦʨʦʜʘ, ʧʦʩʪʫʧʘʶʱʠʭ ʩ Mn
4+
, ʟʘʥʠʤʘʝʪ ʩʚʦʙʦʜʥʳʝ 

ʧʦʣʦʞʝʥʠʷ ʚ ʨʝʰʝʪʢʝ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʠʩʢʘʞʝʥʠʷ ʨʝʰʝʪʢʠ, ʩʚʷʟʘʥʥʳʝ ʩ 

ʚʥʫʪʨʠʪʢʘʥʝʚʳʤ ʢʠʩʣʦʨʦʜʦʤ, ʫʤʝʥʴʰʘʶʪʩʷ. 

ɺ ʣʝʛʠʨʦʚʘʥʥʳʭ ʤʘʥʛʘʥʠʪʘʭ ʣʘʥʪʘʥʘ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ, ʢʦʛʜʘ 

ʦʪʩʫʪʩʪʚʫʝʪ ʤʝʞʫʟʝʣʴʥʳʡ ʢʠʩʣʦʨʦʜ, ʢʦʣʠʯʝʩʪʚʦ ʠʦʥʦʚ Mn
4+

 ʨʘʚʥʦ 

ʢʦʣʠʯʝʩʪʚʫ ʣʝʛʠʨʫʶʱʝʛʦ ʵʣʝʤʝʥʪʘ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʥʝʣʴʟʷ ʬʦʨʤʠʨʦʚʘʪʴ 

ʦʪʜʝʣʴʥʫʶ ʬʘʟʫ PnmaII ʚ ʣʝʛʠʨʦʚʘʥʥʳʭ ʤʘʥʛʘʥʠʪʘʭ ʣʘʥʪʘʥʘ, ʪʘʢ ʢʘʢ ʵʪʘ ʬʘʟʘ 

ʜʦʣʞʥʘ ʠʤʝʪʴ ʪʦʣʴʢʦ ʠʦʥʳ Mn
3+

. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʣʝʛʠʨʦʚʘʥʠʝ ʧʦʟʚʦʣʷʝʪ ʚʘʨʴʠʨʦʚʘʪʴ ʦʪʥʦʰʝʥʠʝ Mn
3+

 / 

Mn
4+

 ʠ ʠʟʤʝʥʷʪʴ ʩʪʨʫʢʪʫʨʥʳʝ ʤʦʜʠʬʠʢʘʮʠʠ. ʇʨʠ ʣʝʛʠʨʦʚʘʥʠʠ ʧʦʷʚʣʷʝʪʩʷ 

ʝʱʝ ʦʜʠʥ ʚʘʞʥʳʡ ʬʘʢʪʦʨ ῐ ʠʦʥʥʳʡ ʨʘʜʠʫʩ ʣʝʛʠʨʫʶʱʝʛʦ ʵʣʝʤʝʥʪʘ, ʢʦʪʦʨʳʡ 

ʤʦʞʝʪ ʚʣʠʷʪʴ ʥʘ ʩʪʨʫʢʪʫʨʥʳʝ ʧʨʝʚʨʘʱʝʥʠʷ (ʠʦʥʥʳʡ ʨʘʜʠʫʩ La (1.15 ¡), 

ʠʦʥʥʳʡ ʨʘʜʠʫʩ Ca (0.99 ¡)) . 
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ʇʘʨʘʤʝʪʨʳ ʨʝʰʝʪʢʠ ʜʣʷ ʚʩʝʭ ʬʘʟ ʣʝʛʠʨʦʚʘʥʥʳʭ ʤʘʥʛʘʥʠʪʦʚ ʣʘʥʪʘʥʘ 

ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ. 3. ʊʠʧʠʯʥʳʝ ʨʝʥʪʛʝʥʦʛʨʘʤʤʳ ʬʘʟ PnmaI, PnmaII ʠ R3c 

ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩʫʥʢʝ 4. ʇʨʠʚʝʜʝʥʥʘʷ ʩʠʤʤʝʪʨʠʷ ʢʨʠʩʪʘʣʣʘ ʧʨʠʚʦʜʠʪ ʢ 

ʨʘʩʱʝʧʣʝʥʠʶ ʥʝʢʦʪʦʨʳʭ ʦʪʨʘʞʝʥʠʡ ʚ ʨʝʥʪʛʝʥʦʛʨʘʤʤʝ (PnmaII ʧʦ ʩʨʘʚʥʝʥʠʶ 

ʩ PnmaI). ɺ ʧʨʦʮʝʩʩʝ ʚʘʢʫʫʤʥʦʛʦ ʦʪʞʠʛʘ, ʢʦʛʜʘ ʤʝʞʜʦʫʟʝʣʴʥʳʡ ʢʠʩʣʦʨʦʜ 

ʧʦʢʠʜʘʝʪ ʨʝʰʝʪʢʫ ʠ Mn
4+

 ʧʝʨʝʥʦʩʠʪʩʷ ʚ Mn
3+
, ʩʠʥʪʝʟʠʨʦʚʘʥʥʘʷ ʬʘʟʘ 

ʧʝʨʝʭʦʜʠʪ ʚ PnmaI, ʘ ʟʘʪʝʤ ʚ ʩʤʝʩʴ ʜʚʫʭ ʦʨʪʦʨʦʤʙʠʯʝʩʢʠʭ ʬʘʟ PnmaII * ʠ 

PnmaI.  

ʊʘʙʣʠʮʘ 3- ʇʘʨʘʤʝʪʨʳ ʬʘʟ ʨʝʰʝʪʢʠ ʣʝʛʠʨʦʚʘʥʥʳʭ ʤʘʥʛʘʥʠʪʦʚ ʣʘʥʪʘʥʘ. 

ʉʦʜʝʨʞʘʥʠʝ Ca, % R3c 

 

a, ŀ b, ŀ c, ŀ 

5 5,519 

 

13,322 

10 5,519 

 

13,33 

 

PnmaI 

5 5,489 7,783 5,515 

10 5,492 7,78 5,523 

20 5,479 7,753 5,516 

30 5,449 7,751 5,482 

50 5,425 7,657 5,433 

 

PnmaII, Pnma II* 

5 5,681 7,718 5,534 

10 5,654 7,721 5,53 

20 5,543 7,783 5,53 

30 5,638 7,669 5,484 

50 5,521 7,721 5,51 
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ʈʠʩʫʥʦʢ 4 - ʊʠʧʠʯʥʳʝ ʨʝʥʪʛʝʥʦʛʨʘʤʤʳ ʬʘʟ ʣʝʛʠʨʦʚʘʥʥʳʭ ʤʘʥʛʘʥʠʪʦʚ 

ʣʘʥʪʘʥʘ. 

ʇʘʨʘʤʝʪʨʳ ʨʝʰʝʪʢʠ ʠ ʦʙʲʝʤ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʟʥʘʯʠʪʝʣʴʥʦ 

ʫʤʝʥʴʰʘʶʪʩʷ ʚ ʩʦʝʜʠʥʝʥʠʷʭ, ʣʝʛʠʨʦʚʘʥʥʳʭ Ca. ʌʘʟʳ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ 

ʧʦʜʘʚʣʷʶʪʩʷ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʣʝʛʠʨʫʶʱʝʛʦ ʵʣʝʤʝʥʪʘ; 

ʅʘʢʦʥʝʮ, ʦʧʨʝʜʝʣʝʥʥʘʷ ʦʪʜʝʣʴʥʘʷ ʬʘʟʘ ʬʦʨʤʠʨʫʝʪʩʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʥʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʣʝʛʠʨʫʶʱʝʛʦ ʵʣʝʤʝʥʪʘ. 

ʇʦʩʢʦʣʴʢʫ ʧʘʨʘʤʝʪʨʳ ʨʝʰʝʪʢʠ ʦʨʪʦʨʦʤʙʠʯʝʩʢʠʭ ʬʘʟ ʦʯʝʥʴ ʙʣʠʟʢʠ ʜʨʫʛ ʢ 

ʜʨʫʛʫ, ʜʦʚʦʣʴʥʦ ʩʣʦʞʥʦ ʦʪʜʝʣʠʪʴ ʦʜʥʫ ʬʘʟʫ ʦʪ ʜʨʫʛʦʡ ʩ ʧʦʤʦʱʴʶ 

ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʕʪʘ ʧʨʦʙʣʝʤʘ ʤʦʞʝʪ ʙʳʪʴ ʨʝʰʝʥʘ ʩ ʧʦʤʦʱʴʶ 

ʤʸʩʩʙʘʫʵʨʦʚʩʢʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ.  

ʀʟʤʝʨʝʥʠʷ ʤʸʩʩʙʘʫʵʨʦʚʩʢʠʭ ʩʧʝʢʪʨʦʚ ʧʨʦʚʦʜʠʣʠʩʴ ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ. ɺ ʪʘʙʣʠʮʝ 5 ʧʨʠʚʝʜʝʥʳ ʩʚʝʨʭʪʦʥʢʠʝ ʧʘʨʘʤʝʪʨʳ, ʧʦʣʫʯʝʥʥʳʝ ʠʟ 

ʤʸʩʩʙʘʫʵʨʦʚʩʢʠʭ ʩʧʝʢʪʨʦʚ ʜʣʷ ʬʘʟ PnmaI ʠ R3c.  

ʊʘʙʣʠʮʘ 5. ʄʸʩʩʙʘʫʵʨʦʚʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʧʘʨʮʠʘʣʴʥʳʭ ʩʧʝʢʪʨʦʚ ʨʘʟʣʠʯʥʳʭ 

ʬʘʟ. 

ʉʦʜʝʨʞʘʥʠʝ Ca, 

% R3c 

 

QS, ʤʤ/ʩ Is, ʤʤ/ʩ 

5 0,31 0,37 

10 0,28 0,37 

 

PnmaI 

5 0,2 0,37 

10 0,23 0,37 

20 0,21 0,37 

30 0,18 0,36 

50 0,14 0,36 
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ʀʟ ʠʟʦʤʝʨʥʳʭ ʩʜʚʠʛʦʚ ʩʣʝʜʫʝʪ, ʯʪʦ ʞʝʣʝʟʦ ʠʤʝʝʪ ʪʨʝʭʚʘʣʝʥʪʥʦʝ 

ʩʦʩʪʦʷʥʠʝ ʚʦ ʚʩʝʭ ʬʘʟʘʭ ʠʩʩʣʝʜʫʝʤʳʭ ʩʦʝʜʠʥʝʥʠʡ. Fe
3+ 
ʟʘʤʝʱʘʝʪ Mn

3+
. 

ʇʦʩʢʦʣʴʢʫ ʠʦʥʥʳʝ ʨʘʜʠʫʩʳ Mn
3+

 (0.62¡) ʠ Fe
3+ 
(0.62¡) ʦʯʝʥʴ ʙʣʠʟʢʠ ʜʨʫʛ ʢ 

ʜʨʫʛʫ, ʪʘʢʘʷ ʟʘʤʝʥʘ ʥʝ ʚʥʦʩʠʪ ʥʠʢʘʢʠʭ ʩʪʨʫʢʪʫʨʥʳʭ ʠʩʢʘʞʝʥʠʡ [22]. 

ʄʸʩʩʙʘʫʵʨʦʚʩʢʠʝ ʩʧʝʢʪʨʳ ʜʣʷ ʬʘʟ R3c (ʘ) ʠ PnmaI (b) ʩʭʦʞʠ ʜʣʷ ʚʩʝʭ 

ʠʟʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩʫʥʢʝ 5. 

 

ʈʠʩʫʥʦʢ 5 - ʊʠʧʠʯʥʳʝ ʤʸʩʩʙʘʫʵʨʦʚʩʢʠʝ ʩʧʝʢʪʨʳ ʬʘʟ PnmaI ʠ R3c. 

ʐʠʨʠʥʘ ʣʠʥʠʠ ʩʧʝʢʪʨʦʚ ʜʣʷ ʵʪʠʭ ʬʘʟ ʜʦʩʪʘʪʦʯʥʦ ʫʟʢʘʷ (ʪʘʙʣʠʮʘ 5), ʠ 

ʩʧʝʢʪʨʳ ʙʳʣʠ ʦʙʨʘʙʦʪʘʥʳ ʦʜʥʠʤ ʜʫʙʣʝʪʦʤ. 

ʂʘʢ ʫʧʦʤʠʥʘʣʦʩʴ ʚʳʰʝ, ʢʦʣʠʯʝʩʪʚʦ ʠʦʥʦʚ Mn
4+

 ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʘ 

ʢʦʣʠʯʝʩʪʚʦ ʤʝʞʫʟʝʣʴʥʦʛʦ ʢʠʩʣʦʨʦʜʘ ʫʤʝʥʴʰʘʝʪʩʷ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʣʝʛʠʨʫʶʱʝʛʦ ʵʣʝʤʝʥʪʘ. ʇʦʵʪʦʤʫ ʠʩʢʘʞʝʥʠʷ ʨʝʰʝʪʢʠ 

ʫʤʝʥʴʰʘʶʪʩʷ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʟʥʘʯʝʥʠʷ ʢʚʘʜʨʫʧʦʣʴʥʦʛʦ 

ʨʘʩʱʝʧʣʝʥʠʷ. 

ɼʣʷ ʠʩʭʦʜʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʫʚʝʣʠʯʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʦʥʦʚ Mn
4+

 

ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʢʦʣʠʯʝʩʪʚʘ ʤʝʞʜʦʫʟʝʣʴʥʦʛʦ ʢʠʩʣʦʨʦʜʘ ʠ 

ʫʚʝʣʠʯʝʥʠʶ ʩʚʷʟʘʥʥʳʭ ʩ ʥʠʤ ʠʩʢʘʞʝʥʠʡ ʨʝʰʝʪʢʠ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʠʩʭʦʜʥʦʛʦ 

ʩʦʝʜʠʥʝʥʠʷ, ʫʚʝʣʠʯʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʦʥʦʚ Mn
4+

 ʚ ʜʦʧʠʨʦʚʘʥʥʳʭ 

ʤʘʥʛʘʥʠʪʘʭ ʣʘʥʪʘʥʘ (ʩʚʷʟʘʥʥʦʝ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʣʝʛʠʨʫʶʱʝʛʦ 

ʵʣʝʤʝʥʪʘ) ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʢʦʣʠʯʝʩʪʚʘ ʤʝʞʜʦʫʟʝʣʴʥʦʛʦ ʢʠʩʣʦʨʦʜʘ ʠ, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʢ ʫʤʝʥʴʰʝʥʠʶ ʩʚʷʟʘʥʥʳʭ ʩ ʨʝʰʝʪʢʦʡ ʠʩʢʘʞʝʥʠʡ ʢ ʥʝʤʫ. ɺ 

ʦʪʣʠʯʠʝ ʦʪ ʬʘʟ PnmaI ʠ R3c, ʤʸʩʩʙʘʫʵʨʦʚʩʢʠʝ ʩʧʝʢʪʨʳ ʜʣʷ ʚʩʝʭ ʩʦʝʜʠʥʝʥʠʡ 

ʩʦ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʤ ʩʦʩʪʘʚʦʤ (ʤʝʞʫʟʝʣʴʥʳʡ ʢʠʩʣʦʨʦʜ ʦʪʩʫʪʩʪʚʫʝʪ), 

ʧʦʢʘʟʘʥʥʳʡ ʨʝʥʪʛʝʥʦʛʨʘʬʠʯʝʩʢʠʤʠ ʜʘʥʥʳʤʠ ʢʘʢ PnmaII *, ʠʣʠ ʩʤʝʩʴ ʜʚʫʭ 
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ʦʨʪʦʨʦʤʙʠʯʝʩʢʠʭ ʬʘʟ ʠʤʝʪʁ ʩʠʣʴʥʦ ʫʰʠʨʝʥʥʳʝ ʜʫʙʣʝʪʳ. ʋʰʠʨʝʥʠʝ ʣʠʥʠʡ 

ʩʧʝʢʪʨʘ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʩʧʝʢʪʨ ʩʦʩʪʦʠʪ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʧʦʜʩʧʝʢʪʨʦʚ. 
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ɻʃɸɺɸ 2. ʄɽʊʆɼʀʂɸ ʕʂʉʇɽʈʀʄɽʅʊɸ 

2.1 ʉʠʥʪʝʟ ʦʙʨʘʟʮʦʚ ʣʝʛʠʨʦʚʘʥʥʦʛʦ ʤʘʥʛʘʥʠʪʘ ʣʘʥʪʘʥʘ.  

ʆʙʨʘʟʮʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚ ʀʌʊʊ ʈɸʅ ʚ ʣʘʙʦʨʘʪʦʨʠʠ ʜʦʢʪʦʨʘ ʬʠʟʠʢʦ-

ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ ʉʝʜʳʭ ɺʝʨr  ɼʤʠʪʨʠʝʚʥr . 

ʇʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʦʙʨʘʟʮʳ ʧʦʣʫʯʝʥʳ ʟʦʣʴ-ʛʝʣʴ ʤʝʪʦʜʦʤ ʠʟ ʥʠʪʨʘʪʦʚ 

ʣʘʥʪʘʥʘ ʠ ʢʘʣʴʮʠʷ, ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ ʥʠʪʨʘʪʘ ʤʸʩʩʙʘʫʵʨʦʚʩʢʦʛʦ ʠʟʦʪʦʧʘ 
57

Fe 

ʠ ʘʮʝʪʘʪʘ ʤʘʨʛʘʥʮʘ. ɺʩʝ ʩʦʣʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʘʥʘʣʠʟʠʨʦʚʘʣʠʩʴ ʥʘ 

ʩʦʜʝʨʞʘʥʠʝ ʦʩʥʦʚʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʟʘʪʝʤ ʨʘʩʪʚʦʨʷʣʠʩʴ ʚ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʦʤ 

ʩʦʦʪʥʦʰʝʥʠʠ ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ (2%) ʧʦʣʠʚʠʥʠʣʦʚʦʛʦ ʩʧʠʨʪʘ ʩ ʜʦʙʘʚʣʝʥʠʝʤ 

ʣʠʤʦʥʥʦʡ ʢʠʩʣʦʪʳ ʚ ʠʟʙʳʪʢʝ ʜʦ ʧʦʣʥʦʛʦ ʨʘʩʪʚʦʨʝʥʠʷ ʦʙʨʘʟʦʚʘʚʰʠʭʩʷ 

ʦʩʘʜʢʦʚ. ʇʦʣʫʯʝʥʥʳʡ ʨʘʩʪʚʦʨ ʦʩʪʦʨʦʞʥʦ ʚʳʧʘʨʠʚʘʣʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 150-

180 ʂ ʜʦ ʨʘʟʣʦʞʝʥʠʷ ʦʨʛʘʥʠʯʝʩʢʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʩʤʝʩʠ. ʇʨʝʜʚʘʨʠʪʝʣʴʥʳʡ 

ʦʪʞʠʛ ʧʨʦʚʦʜʠʣʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 800 ʂ. ʆʩʥʦʚʥʦʡ ʩʠʥʪʝʟ ʧʨʦʠʩʭʦʜʠʣ ʥʘ 

ʚʦʟʜʫʭʝ ʧʨʠ 1100 ʂ ʚ ʪʝʯʝʥʠʝ 10-20ʯ. 

ʇʦʩʢʦʣʴʢʫ ʚ ʩʦʝʜʠʥʝʥʠʠ ʚʦʟʤʦʞʥʳ ʦʙʨʘʪʠʤʳʝ ʬʘʟʦʚʳʝ ʧʝʨʝʭʦʜʳ, ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʭ ʤʦʜʠʬʠʢʘʮʠʡ La1-xCaxMn0.98Fe0.02O3 ʦʙʨʘʟʮʳ 

ʦʪʞʠʛʘʣʠʩʴ ʧʨʠ ʊ=650 ʂ ʚ ʚʘʢʫʫʤʝ ʠʣʠ ʥʘ ʚʦʟʜʫʭʝ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʟʘʜʘʯʠ. 

ʇʦʩʣʝ ʧʨʦʚʝʜʝʥʥʦʛʦ ʩʠʥʪʝʟʘ ʜʣʷ ʢʘʞʜʦʛʦ ʠʟ ʦʙʨʘʟʮʦʚ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ 

ʨʝʥʪʛʝʥʦʚʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʨʝʟʫʣʴʪʘʪʳ ʢʦʪʦʨʳʭ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 6 

ʠ ʨʠʩʫʥʢʝ 7. 
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ʈʠʩʫʥʦʢ 6- ʈʝʥʪʛʝʥʪʦʛʨʘʤʤʘ ʥʝʦʪʦʞʞʝʥʥʳʭ ʦʙʨʘʟʮʦʚ La1-

xCaxMn0.98Fe0.02O3. 
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ʈʠʩʫʥʦʢ 7 - ʈʝʥʪʛʝʥʪʦʛʨʘʤʤʘ ʦʪʦʞʞʝʥʥʳʭ ʦʙʨʘʟʮʦʚ La1-xCaxMn0.98Fe0.02O3. 

ʈʝʟʫʣʴʪʘʪ rʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʠʟʘ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 6. 

ʊʘʙʣʠʮʘ 6 - ʈʝʟʫʣʴʪʘʪʳ ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʠʟʘ. 

ʆʙʨʘʟʝʮ 

 

ʌʘʟʘ 

La0.95Ca0.05Mn0.98Fe0.02O3 ʥʝʦʪʦʞʞʝʥʥʳʡ R3c 

La0.9Ca0.1Mn0.98Fe0.02O3 ʥʝʦʪʦʞʞʝʥʥʳʡ R3c 
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La0.8Ca0.2Mn0.98Fe0.02O3 ʥʝʦʪʦʞʞʝʥʥʳʡ PnmaI 

La0.95Ca0.05Mn0.98Fe0.02O3 ʦʪʦʞʞʝʥʥʳʡ PnmaI, PnmaII*, PnmaII 

La0.9Ca0.1Mn0.98Fe0.02O3 ʦʪʦʞʞʝʥʥʳʡ PnmaI, PnmaII*, PnmaII 

La0.8Ca0.2Mn0.98Fe0.02O3 ʦʪʦʞʞʝʥʥʳʡ PnmaI, PnmaII*, PnmaII 

2.2. ʄʸʩʩʙʘʫʵʨʦʚʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

2.2.1. ʉʫʱʥʦʩʪʴ ʵʬʬʝʢʪʘ ʄʸʩʩʙʘʫʵʨʘ.  

ʉʦ ʚʨʝʤʝʥʠ ʦʪʢʨʳʪʠʷ ʵʬʬʝʢʪʘ ʄʸʩʩʙʘʫʵʨʘ ʧʨʦʰʣʦ ʙʦʣʝʝ 50 ʣʝʪ, ʦʜʥʘʢʦ 

ʤʝʪʦʜʳ ʤʸʩʩʙʘʫʵʨʦʚʩʢʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʧʨʦʜʦʣʞʘʶʪ ʨʘʟʚʠʚʘʪʴʩʷ ʠ ʰʠʨʦʢʦ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʨʘʟʣʠʯʥʳʭ ʥʘʫʢʘʭ. ʇʨʘʢʪʠʯʝʩʢʠ ʩʨʘʟʫ ʧʦʩʣʝ ʦʪʢʨʳʪʠʷ 

ʵʬʬʝʢʪʘ ʩʪʘʣʦ ʷʩʥʦ, ʯʪʦ ʤʸʩʩʙʘʫʵʨʦʚʩʢʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʷʚʣʷʝʪʩʷ ʤʦʱʥʳʤ 

ʷʜʝʨʥʳʤ ʤʝʪʦʜʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʝʱʝʩʪʚʘ ʚ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʤ ʩʦʩʪʦʷʥʠʠ. 

ʄʸʩʩʙʘʫʵʨʦʚʩʢʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʦʙʣʘʜʘʝʪ ʨʝʢʦʨʜʥʦʡ ʦʪʥʦʩʠʪʝʣʴʥʦʡ 

ʨʘʟʨʝʰʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʧʦ ʵʥʝʨʛʠʠ (ʜʦ 10
-22
!). ɹʣʘʛʦʜʘʨʷ ʝʡ ʚʧʝʨʚʳʝ 

ʫʜʘʣʦʩʴ ʠʟʤʝʨʠʪʴ ʛʨʘʚʠʪʘʮʠʦʥʥʦʝ ʢʨʘʩʥʦʝ ʩʤʝʱʝʥʠʝ ʯʘʩʪʦʪʳ ɔ ï ʢʚʘʥʪʘ ʚ 

ʟʝʤʥʳʭ ʫʩʣʦʚʠʷʭ [23, 24].  

ɺ ʦʩʥʦʚʝ ʤʝʪʦʜʠʯʝʩʢʠʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʤʸʩʩʙʘʫʵʨʦʚʩʢʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ 

ʣʝʞʠʪ ʚʧʝʨʚʳʝ ʧʦʷʚʠʚʰʘʷʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʥʘʙʣʶʜʘʪʴ ʩʚʝʨʭʪʦʥʢʫʶ ʩʪʨʫʢʪʫʨʫ 

ɔ-ʣʠʥʠʡ, ʚʳʟʚʘʥʥʫʶ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʷʜʨʘ ʩ ʚʥʝʷʜʝʨʥʳʤ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʠ 

ʤʘʛʥʠʪʥʳʤ ʧʦʣʷʤʠ. ʄʸʩʩʙʘʫʵʨʦʚʩʢʦʝ ʷʜʨʦ ʷʚʣʷʝʪʩʷ ʟʦʥʜʦʤ, ʥʘʭʦʜʷʱʠʤʩʷ ʚ 

ʪʚʝʨʜʦʤ ʪʝʣʝ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʛʦ ʤʦʞʥʦ ʠʟʫʯʘʪʴ ʜʠʥʘʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ, 

ʩʪʨʫʢʪʫʨʥʦʝ, ʚʘʣʝʥʪʥʦʝ ʠ ʟʘʨʷʜʦʚʦʝ ʩʦʩʪʦʷʥʠʷ ʤʸʩʩʙʘʫʵʨʦʚʩʢʦʛʦ ʘʪʦʤʘ, ʘ 

ʪʘʢʞʝ ʬʘʟʦʚʳʡ ʩʦʩʪʘʚ, ʦʩʦʙʝʥʥʦʩʪʠ ʘʪʦʤʥʦʡ, ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ, ʤʘʛʥʠʪʥʦʡ ʠ 

ʵʣʝʢʪʨʦʥʥʦʡ ʩʪʨʫʢʪʫʨ ʠʩʩʣʝʜʫʝʤʦʛʦ ʚʝʱʝʩʪʚʘ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʟʚʝʩʪʥʦ ʙʦʣʝʝ 110 

ʤʸʩʩʙʘʫʵʨʦʚʩʢʠʭ ʧʝʨʝʭʦʜʦʚ ʜʣʷ ʙʦʣʝʝ, ʯʝʤ 99 ʠʟʦʪʦʧʦʚ 45 ʵʣʝʤʝʥʪʦʚ, ʚ 

ʢʘʯʝʩʪʚʝ ʤʸʩʩʙʘʫʵʨʦʚʩʢʦʛʦ ʟʦʥʜʘ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʚʝʱʝʩʪʚ ʠʩʧʦʣʴʟʫʶʪʩʷ ʥʝ 

ʪʘʢ ʤʥʦʛʦ ʠʟʦʪʦʧʦʚ. ʅʘʠʙʦʣʝʝ ʫʜʦʙʥʳʝ ʠ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʠ ʵʬʬʝʢʪʠʚʥʦ 

ʠʩʧʦʣʴʟʫʝʤʳʝ ʜʚʘ ʠʟʦʪʦʧʘ ï 
57

Fe ʠ 
119

Sn.  

ʉʫʱʥʦʩʪʴ ʵʬʬʝʢʪʘ ʄʸʩʩʙʘʫʵʨʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʷʚʣʝʥʠʝ 

ʨʝʟʦʥʘʥʩʥʦʛʦ ʠʩʧʫʩʢʘʥʠʷ ʠʣʠ ʧʦʛʣʦʱʝʥʠʷ ɔ-ʢʚʘʥʪʦʚ ʷʜʨʘʤʠ ʚ ʪʚʝʨʜʦʤ ʪʝʣʝ 
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ʙʝʟ ʧʦʪʝʨʠ ʵʥʝʨʛʠʠ ʥʘ ʦʪʜʘʯʫ ʥʘʙʣʶʜʘʝʪʩʷ ʪʦʣʴʢʦ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʦʪʜʘʯʠ 

ʘʪʦʤʘ-ʠʩʪʦʯʥʠʢʘ ʠ ʘʪʦʤʘ-ʧʦʛʣʦʪʠʪʝʣʷ ʧʨʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʠʩʧʫʩʢʘʥʠʠ ʠ 

ʧʦʛʣʦʱʝʥʠʠ ɔ-ʢʚʘʥʪʘ. ɽʩʣʠ ʧʨʦʠʩʭʦʜʠʪ ʦʪʜʘʯʘ ʘʪʦʤʘ-ʠʩʪʦʯʥʠʢʘ, ʥʝ ʚʩʷ 

ʵʥʝʨʛʠʷ ʷʜʝʨʥʦʛʦ ʧʝʨʝʭʦʜʘ ʧʝʨʝʜʘʝʪʩʷ ɔ-ʢʚʘʥʪʫ.  

ɸʥʘʣʦʛʠʯʥʦ, ʧʨʠ ʧʦʛʣʦʱʝʥʠʠ ʯʘʩʪʴ ʵʥʝʨʛʠʠ ɔ-ʢʚʘʥʪʘ ʨʘʩʭʦʜʫʝʪʩʷ ʥʘ 

ʦʪʜʘʯʫ ʷʜʨʘ-ʧʦʛʣʦʪʠʪʝʣʷ. ʀʟ-ʟʘ ʵʪʦʛʦ ʧʨʦʠʩʭʦʜʠʪ ʩʜʚʠʛ ʣʠʥʠʡ ʩʧʝʢʪʨʘ 

ʠʩʧʫʩʢʘʥʠʷ ʠ ʧʦʛʣʦʱʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛ ʜʨʫʛʘ, ʠ ʨʝʟʦʥʘʥʩʥʦʝ 

ʧʦʛʣʦʱʝʥʠʝ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ (ʨʠʩʫʥʦʢ 8) [25]. ER ï ʵʥʝʨʛʠʷ ʦʪʜʘʯʠ 

ʩʚʦʙʦʜʥʦʛʦ ʘʪʦʤʘ ʧʨʠ ʠʩʧʫʩʢʘʥʠʠ ʠ ʧʦʛʣʦʱʝʥʠʠ. ʆʥʘ ʨʘʚʥʘ %  ʠ ʚ 

ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʙʦʣʴʰʝ ʰʠʨʠʥʳ ʣʠʥʠʠ ɔ-ʠʟʣʫʯʝʥʠʷ. ʆʥʘ ʥʝ ʟʘʚʠʩʠʪ ʦʪ 

ʥʘʯʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʷʜʨʘ. ɼʣʷ ʷʜʝʨ ʩ ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʦʣʴʰʠʤ ʚʨʝʤʝʥʝʤ 

ʞʠʟʥʠ Ű ʚ ʚʦʟʙʫʞʜʸʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʝʩʪʝʩʪʚʝʥʥʘʷ ʰʠʨʠʥʘ ʣʠʥʠʠ ɻ, 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʦʦʪʥʦʰʝʥʠʝʤ ɻ
Ű

ˊ
 ʠ ʠʤʝʝʪ ʧʦʨʷʜʦʢ ʚʝʣʠʯʠʥʳ 10

-9
 ʵɺ. 

 

ʈʠʩʫʥʦʢ 8 - ʈʝʟʦʥʘʥʩʥʦʝ ʧʦʛʣʦʱʝʥʠʝ ʥʝʚʦʟʤʦʞʥʦ, ʝʩʣʠ ʧʦʪʝʨʷ ʵʥʝʨʛʠʠ ʥʘ 

ʦʪʜʘʯʫ ʷʜʨʘ ʧʨʝʚʦʩʭʦʜʠʪ ʰʠʨʠʥʫ ʣʠʥʠʠ. 

2.2.2. ʄʸʩʩʙʘʫʵʨʦʚʩʢʠʡ ʩʧʝʢʪʨʦʤʝʪʨ. 

ʅʘ ʨʠʩʫʥʢʝ 9 ʧʨʝʜʩʪʘʚʣʝʥʘ ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʭʝʤʘ ʤʸʩʩʙʘʫʵʨʦʚʩʢʦʛʦ 

ʩʧʝʢʪʨʦʤʝʪʨʘ ʚ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʤʦʡ ʛʝʦʤʝʪʨʠʠ ï ʛʝʦʤʝʪʨʠʠ 

ʧʨʦʧʫʩʢʘʥʠʷ (ʧʦʛʣʦʱʝʥʠʷ, ʨʘʩʩʝʷʥʠʷ) [26].  
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ɿʜʝʩʴ S ï ʠʩʪʦʯʥʠʢ ɔ-ʢʚʘʥʪʦʚ ʤʸʩʩʙʘʫʵʨʦʚʩʢʦʛʦ ʧʝʨʝʭʦʜʘ 

(ʤʸʩʩʙʘʫʵʨʦʚʩʢʠʡ ʠʩʪʦʯʥʠʢ), ɸ ï ʧʦʛʣʦʪʠʪʝʣʴ (ʚ ʛʝʦʤʝʪʨʠʠ ʨʘʩʩʝʷʥʠʷ ï 

ʨʘʩʩʝʠʚʘʪʝʣʴ), ʢʘʢ ʧʨʘʚʠʣʦ ʠʩʩʣʝʜʫʝʤʳʡ ʦʙʨʘʟʝʮ. ʀʩʩʣʝʜʫʝʤʳʡ ʦʙʨʘʟʝʮ, 

ʩʦʜʝʨʞʘʱʠʡ ʤʘʪʝʨʠʥʩʢʠʝ ʷʜʨʘ, ʤʦʞʝʪ ʚʳʩʪʫʧʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ. ɺ 

ʵʪʦʤ ʩʣʫʯʘʝ ʧʦʛʣʦʪʠʪʝʣʴ ï ʵʪʘʣʦʥʥʳʡ ʦʙʨʘʟʝʮ. 

ʉʦʩʪʘʚʥʳʝ ʯʘʩʪʠ ʤʸʩʩʙʘʫʵʨʦʚʩʢʦʛʦ ʩʧʝʢʪʨʦʤʝʪʨʘ ʠ ʠʭ ʬʫʥʢʮʠʠ: 

- ʚʠʙʨʘʪʦʨ ï ʦʙʝʩʧʝʯʝʥʠʝ ʟʘʜʘʥʥʦʡ ʬʦʨʤʳ ʚʨʝʤʝʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ 

ʜʦʧʣʝʨʦʚʩʢʦʡ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʠʩʪʦʯʥʠʢʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʛʣʦʪʠʪʝʣʷ 

(ʦʙʨʘʪʥʘʷ ʩʚʷʟʴ ʩ ʕɺʄ); 

- ʜʝʪʝʢʪʦʨ ï ʜʝʪʝʢʪʠʨʦʚʘʥʠʝ ʘʢʪʦʚ ʨʝʟʦʥʘʥʩʥʦʛʦ ʧʦʛʣʦʱʝʥʠʷ (ʨʘʩʩʝʷʥʠʷ, 

ʠʩʧʫʩʢʘʥʠʷ) ɔ-ʢʚʘʥʪʦʚ ʠʣʠ ʠʩʧʫʩʢʘʥʠʷ ʵʣʝʢʪʨʦʥʦʚ ʢʦʥʚʝʨʩʠʠ (ʚʪʦʨʠʯʥʳʭ 

ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʢʚʘʥʪʦʚ) ʠ ʬʦʨʤʠʨʦʚʘʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠʤʧʫʣʴʩʦʚ; 

- ʘʥʘʣʠʟʘʪʦʨ ï ʜʠʩʢʨʠʤʠʥʘʮʠʷ, ʩʦʨʪʠʨʦʚʢʘ ʠ ʥʘʢʦʧʣʝʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʠʭ 

ʠʤʧʫʣʴʩʦʚ; 

- ʕɺʄ ï ʩʙʦʨ ʠʥʬʦʨʤʘʮʠʠ ʠ ʫʧʨʘʚʣʝʥʠʝ ʵʣʝʢʪʨʦʥʥʳʤʠ ʙʣʦʢʘʤʠ 

ʤʸʩʩʙʘʫʵʨʦʚʩʢʦʛʦ ʩʧʝʢʪʨʦʤʝʪʨʘ. 

ʅʘʠʙʦʣʝʝ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʤʘʷ ʬʦʨʤʘ ʜʚʠʞʝʥʠʷ ï ʪʨʝʫʛʦʣʴʥʘʷ. 

ʄʸʩʩʙʘʫʵʨʦʚʩʢʠʡ ʩʧʝʢʪʨ ï ʟʘʚʠʩʠʤʦʩʪʴ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʯʝʪʘ ʠʤʧʫʣʴʩʦʚ 

(ʯʠʩʣʘ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠʤʧʫʣʴʩʦʚ Ni, ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʚ ʪʝʯʝʥʠʝ ʩʪʨʦʛʦ 

ʟʘʜʘʥʥʦʛʦ ʠʥʪʝʨʚʘʣʘ ʚʨʝʤʝʥʠ) ʦʪ ʜʦʧʣʝʨʦʚʩʢʦʡ ʩʢʦʨʦʩʪʠ vi (i ïʥʦʤʝʨ ʢʘʥʘʣʘ) 

ʜʚʠʞʝʥʠʷ ʠʩʪʦʯʥʠʢʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʛʣʦʪʠʪʝʣʷ ï Ni. 

 

2.2.3.ɸʟʦʪʥʳʡ ʢʨʠʦʩʪʘʪ.  

ʄʘʣʦʛʘʙʘʨʠʪʥʳʡ ʢʨʠʦʛʝʥʥʳʡ ʢʦʤʧʣʝʢʩ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʡ ʜʣʷ 

ʧʨʦʚʝʜʝʥʠʷ ʛʘʤʤʘ- ʨʝʟʦʥʘʥʩʥʳʭ (ʤⱪʩʩʙʘʫʵʨʦʚʩʢʠʭ) ʠʟʤʝʨʝʥʠʡ ʚ ʜʠʘʧʘʟʦʥʝ 

ʈʠʩʫʥʦʢ  9- ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʩʧʝʢʪʨʦʤʝʪʨʘ. 

S A 
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ʪʝʤʧʝʨʘʪʫʨ 53 360 K, ʪʦʯʥʦʩʪʴ ʩʪʘʙʠʣʠʟʘʮʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʤʝʥʴʰʝ Ñ 0,1 K. 

ʊʝʤʧʝʨʘʪʫʨʳ ʚ ʜʠʘʧʘʟʦʥʝ 78 293 K ʜʦʩʪʠʛʘʶʪʩʷ ʩ ʧʦʤʦʱʴʶ ʪʝʨʤʦʢʣʶʯʘ, ʚ 

ʜʠʘʧʘʟʦʥʝ 53 78 K ï ʦʪʢʘʯʢʦʡ ʘʟʦʪʘ. ʂʦʥʩʪʨʫʢʮʠʷ ʢʨʠʦʩʪʘʪʘ ʧʦʟʚʦʣʷʝʪ 

ʧʨʝʜʝʣʴʥʦ ʫʧʨʦʩʪʠʪʴ ʧʨʦʮʝʜʫʨʫ ʩʤʝʥʳ ʦʙʨʘʟʮʦʚ. ʋʩʪʘʥʦʚʢʘ ʪʝʨʤʦʢʣʶʯʘ 

ʧʨʦʠʟʚʦʜʠʪʩʷ ʙʝʟ ʨʘʟʚʘʢʫʫʤʠʨʦʚʘʥʠʷ ʠ ʨʘʟʙʦʨʢʠ ʢʨʠʦʩʪʘʪʘ. ɺ ʦʪʣʠʯʠʝ ʦʪ 

ʧʨʦʪʦʯʥʳʭ, ʢʨʠʦʩʪʘʪ ʥʝ ʪʨʝʙʫʝʪ ʚʥʝʰʥʠʭ ʢʦʤʤʫʥʠʢʘʮʠʡ, ʭʦʪʷ, ʧʨʠ ʞʝʣʘʥʠʠ, 

ʤʦʞʝʪ ʵʢʩʧʣʫʘʪʠʨʦʚʘʪʴʩʷ ʚ ʧʨʦʪʦʯʥʦʤ ʨʝʞʠʤʝ. ʂʦʥʩʪʨʫʢʮʠʷ ʢʨʠʦʩʪʘʪʘ 

ʤʠʥʠʤʠʟʠʨʫʝʪ ʚʠʙʨʘʮʠʠ ʦʪ ʢʠʧʝʥʠʷ ʭʣʘʜʘʛʝʥʪʦʚ. 

2.2.4. ɻʝʣʠʝʚʳʡ ʢʨʠʦʩʪʘʪ. 

ʂʨʠʦʩʪʘʪ ʟʘʤʢʥʫʪʦʛʦ ʮʠʢʣʘ (ɿʎ) ʬʠʨʤʳ Janis ʩʝʨʠʠ SHI ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʫʜʦʙʥʦʝ ʦʭʣʘʞʜʝʥʠʝ ʦʙʨʘʟʮʘ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ ʥʠʞʝ 4 K ʠ ʤʦʞʝʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʚ ʦʙʣʘʩʪʠ ʦʧʪʠʢʠ ʠ ʵʣʝʢʪʨʠʢʠ 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʦʪ 3,5 ʜʦ 300 K. ʉʠʩʪʝʤʳ ɿʎ ʥʝ ʪʨʝʙʫʶʪ ʥʠʢʘʢʦʛʦ ʞʠʜʢʦʛʦ 

ʛʝʣʠʷ ʠʣʠ ʞʠʜʢʦʛʦ ʘʟʦʪʘ ʢʘʢ ʠʩʪʦʯʥʠʢʘ ʦʭʣʘʞʜʝʥʠʷ. ɺʤʝʩʪʦ ʵʪʦʛʦ ʜʘʚʣʝʥʠʝ 

ʟʘʤʢʥʫʪʦʡ ʩʠʩʪʝʤʳ ʛʘʟʦʦʙʨʘʟʥʦʛʦ ʛʝʣʠʷ ʫʤʝʥʴʰʘʝʪʩʷ ʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʥʘ 

ʦʩʥʦʚʘʥʠʠ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʮʠʢʣʘ ɻʠʬʬʦʨʜʘ-ʄʘʢʄʘʭʦʥʘ. ɺʦ ʚʨʝʤʷ ʬʘʟʳ 

ʨʘʩʰʠʨʝʥʠʷ ʢʘʞʜʦʛʦ ʮʠʢʣʘ ʪʝʤʧʝʨʘʪʫʨʘ ʦʭʣʘʞʜʘʶʱʝʛʦ ʧʘʣʴʮʘ, ʥʘ ʢʦʪʦʨʦʤ 

ʫʩʪʘʥʦʚʣʝʥ ʦʙʨʘʟʝʮ, ʧʦʥʠʞʘʝʪʩʷ. ʅʘʛʨʝʚʘʪʝʣʴ ʠ ʪʝʨʤʦʤʝʪʨ ʫʩʪʘʥʦʚʣʝʥʳ ʥʘ 

ʦʭʣʘʞʜʘʶʱʝʤ ʧʘʣʴʮʝ ʜʣʷ ʪʦʯʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʦʡ ʥʘ ʦʙʨʘʟʮʝ. 

 

2.2.5. ʆʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ʤʸʩʩʙʘʫʵʨʦʚʩʢʦʛʦ ʩʧʝʢʪʨʘ. 

ʆʩʥʦʚʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʤʸʩʩʙʘʫʵʨʦʚʩʢʦʛʦ ʩʧʝʢʪʨʘ ʷʚʣʷʶʪʩʷ ʩʜʚʠʛ 

ʤʸʩʩʙʘʫʵʨʦʚʩʢʦʡ ʣʠʥʠʠ ŭ; ʢʚʘʜʨʫʧʦʣʴʥʦʝ ʩʤʝʱʝʥʠʝ ʢʦʤʧʦʥʝʥʪ ʩʚʝʨʭʪʦʥʢʦʡ 

ʩʪʨʫʢʪʫʨʳ ʩʧʝʢʪʨʘ Ů; ʩʚʝʨʭʪʦʥʢʦʝ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʚ ʦʙʣʘʩʪʠ ʨʘʩʧʦʣʦʞʝʥʠʷ 

ʷʜʨʘ ʅn [22]. 

ʉʜʚʠʛ ʤʸʩʩʙʘʫʵʨʦʚʩʢʦʡ ʣʠʥʠʠ ŭ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʫʤʤʫ ʠʟʦʤʝʨʥʦʛʦ 

(ʭʠʤʠʯʝʩʢʦʛʦ) ŭI ʠ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ŭT ʩʜʚʠʛʦʚ: 

ŭ = ŭI + ŭT                                                       (1) 

ʊʘʢ ʢʘʢ ʷʜʨʘ ʚʤʝʩʪʝ ʩ ʠʭ ʘʪʦʤʘʤʠ ʫʯʘʩʪʚʫʶʪ ʚ ʪʝʧʣʦʚʦʤ ʜʚʠʞʝʥʠʠ, ʪʦ 

ʠʟ-ʟʘ ʵʬʬʝʢʪʘ ɼʦʧʣʝʨʘ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ ʥʘʙʣʶʜʘʝʪʩʷ ʩʤʝʱʝʥʠʝ 
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ʤʸʩʩʙʘʫʵʨʦʚʩʢʦʡ ʣʠʥʠʠ, ʥʘʟʳʚʘʝʤʦʝ ʪʝʤʧʝʨʘʪʫʨʥʳʤ ʩʜʚʠʛʦʤ ŭT, ʢʦʪʦʨʳʡ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʦʣʝʙʘʪʝʣʴʥʳʤ ʩʧʝʢʪʨʦʤ ʷʜʝʨ. ʀʟʦʤʝʨʥʳʡ ʩʜʚʠʛ ŭI ʣʠʥʝʡʥʦ 

ʩʚʷʟʘʥ ʩ ʟʘʨʷʜʦʚʦʡ ʧʣʦʪʥʦʩʪʴʶ ʚ ʦʙʣʘʩʪʠ ʨʘʩʧʦʣʦʞʝʥʠʷ ʷʜʨʘ eɯɣ(0)ɯ
2
: 

ŭI = Ŭ0 + Ŭ ɯɣ(0)ɯ
2
                                               (2) 

ʇʨʠ ʵʪʦʤ ʵʣʝʢʪʨʦʥʥʘʷ ʧʣʦʪʥʦʩʪʴ ʥʘ ʷʜʨʝ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʚʷʟʘʥʘ ʩ 

ʵʣʝʢʪʨʦʥʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʝʡ ʘʪʦʤʘ ʠ ʵʣʝʢʪʨʦʥʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʩʠʩʪʝʤʳ, ʚ 

ʪʦʤ ʯʠʩʣʝ ʩ ʭʘʨʘʢʪʝʨʦʤ ʭʠʤʠʯʝʩʢʦʡ ʩʚʷʟʠ ʘʪʦʤʦʚ. ʉʜʚʠʛ ʣʠʥʠʠ ŭ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʙʣʠʞʘʡʰʠʤ ʘʪʦʤʥʳʤ ʦʢʨʫʞʝʥʠʝʤ.  

ʂʚʘʜʨʫʧʦʣʴʥʦʝ ʩʤʝʱʝʥʠʝ ʢʦʤʧʦʥʝʥʪ ʩʚʝʨʭʪʦʥʢʦʡ ʩʪʨʫʢʪʫʨʳ ʩʧʝʢʪʨʘ Ů 

ʚʦʟʥʠʢʘʝʪ ʧʨʠ ʥʘʭʦʞʜʝʥʠʠ ʷʜʨʘ ʚ ʥʝʦʜʥʦʨʦʜʥʦʤ ʵʣʝʢʪʨʠʯʝʩʢʦʤ ʧʦʣʝ, 

ʢʦʪʦʨʦʝ ʯʘʩʪʠʯʥʦ ʩʥʠʤʘʝʪ ʚʳʨʦʞʜʝʥʠʝ ʷʜʝʨʥʦʛʦ ʫʨʦʚʥʷ ʧʦ ʤʘʛʥʠʪʥʦʤʫ 

ʢʚʘʥʪʦʚʦʤʫ ʯʠʩʣʫ mj. ɺ ʩʣʫʯʘʝ ʷʜʝʨ ʩʦ ʩʧʠʥʘʤʠ 1/2 ʜʣʷ ʦʩʥʦʚʥʦʛʦ ʠ 3/2 ʜʣʷ 

ʚʦʟʙʫʞʜʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʡ (ʩʣʫʯʘʡ ʠʥʪʝʨʝʩʫʶʱʠʭ ʥʘʩ ʷʜʝʨ 
57

Fe ʠ 
119

Sn) ʚ 

ʦʪʩʫʪʩʪʚʠʝ ʤʘʛʥʠʪʥʦʛʦ ʩʚʝʨʭʪʦʥʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢʚʘʜʨʫʧʦʣʴʥʦʝ 

ʩʤʝʰʝʥʠʝ Ů ʨʘʚʥʦ: 

Ů

ɖ

                                                 (3) 

ʛʜʝ ʝQ - ʢʚʘʜʨʫʧʦʣʴʥʳʡ ʤʦʤʝʥʪ ʷʜʨʘ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʟʘʨʷʜʘ ʚ ʷʜʨʝ; ʝq - ʛʣʘʚʥʘʷ ʢʦʤʧʦʥʝʥʪʘ 

ʪʝʥʟʦʨʘ ʛʨʘʜʠʝʥʪʘ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ (ɻʕʇ), ɖ -ʧʘʨʘʤʝʪʨ ʘʩʠʤʤʝʪʨʠʠ 

ʪʝʥʟʦʨʘ ɻʕʇ. ʇʨʠ ʥʘʣʠʯʠʠ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ ʩʚʝʨʭʪʦʥʢʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ - ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʠ ʤʘʛʥʠʪʥʦʛʦ - ʝʩʣʠ ʵʥʝʨʛʠʷ ʩʚʝʨʭʪʦʥʢʦʛʦ 

ʤʘʛʥʠʪʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʟʘʤʝʪʥʦ ʤʝʥʴʰʝ ʵʥʝʨʛʠʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 

ʢʚʘʜʨʫʧʦʣʴʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʪʦ ʚ ʩʣʫʯʘʝ ʘʢʩʠʘʣʴʥʦ ʩʠʤʤʝʪʨʠʯʥʦʛʦ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ (ɖ = 0) ʢʚʘʜʨʫʧʦʣʴʥʦʝ ʩʤʝʰʝʥʠʝ Ů ʨʘʚʥʦ: 

Ů
ɗ

                                                        (4) 

ʛʜʝ ɗ - ʫʛʦʣ ʤʝʞʜʫ ʥʘʧʨʘʚʣʝʥʠʝʤ ʩʚʝʨʭʪʦʥʢʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ Hn ʠ 

ʛʣʘʚʥʦʡ ʦʩʴʶ ʪʝʥʟʦʨʘ ɻʕʇ, 
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ʂʚʘʜʨʫʧʦʣʴʥʦʝ ʩʤʝʱʝʥʠʝ ʢʦʤʧʦʥʝʥʪ ʩʚʝʨʭʪʦʥʢʦʡ ʩʪʨʫʢʪʫʨʳ ʤʦʞʝʪ 

ʜʘʪʴ ʧʦʣʝʟʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʢʘʢ ʦ ʩʠʤʤʝʪʨʠʠ ʙʣʠʞʘʡʰʝʛʦ ʦʢʨʫʞʝʥʠʷ 

ʤʸʩʩʙʘʫʵʨʦʚʩʢʠʭ ʷʜʝʨ (ʘʪʦʤʦʚ), ʪʘʢ ʠ ʦʙ ʵʣʝʢʪʨʦʥʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ʠ 

ʚʘʣʝʥʪʥʦʩʪʠ ʘʪʦʤʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʚʘʜʨʫʧʦʣʴʥʦʝ ʩʤʝʱʝʥʠʝ ʦʪʨʘʞʘʝʪ 

ʦʩʦʙʝʥʥʦʩʪʠ ʢʘʢ ʵʣʝʢʪʨʦʥʥʦʡ, ʪʘʢ ʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ 

ʚʝʱʝʩʪʚʘ. 

ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʤʘʛʥʠʪʦʫʧʦʨʷʜʦʯʝʥʥʳʭ ʩʠʩʪʝʤ ʩʨʝʜʠ ʧʘʨʘʤʝʪʨʦʚ 

ʤʸʩʩʙʘʫʵʨʦʚʩʢʦʛʦ ʩʧʝʢʪʨʘ ʥʘʠʙʦʣʝʝ ʯʫʚʩʪʚʠʪʝʣʴʥʳʤ ʢ ʣʦʢʘʣʴʥʦʡ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʩʚʝʨʭʪʦʥʢʦʝ (ʵʬʬʝʢʪʠʚʥʦʝ) ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʅn. 

ɽʛʦ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʩʘʤʠʤ ʘʪʦʤʦʤ, ʪʘʢ ʠ ʝʛʦ ʦʢʨʫʞʝʥʠʝʤ. 

ʇʦʣʝ ʅn ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ ʩʫʧʝʨʧʦʟʠʮʠʠ ʩʣʝʜʫʶʱʠʭ ʚʢʣʘʜʦʚ: 

( ( ( ( ( ( ( (                         (5) 

ɿʜʝʩʴ HFermi - ʧʦʣʝ, ʦʙʫʩʣʦʚʣʝʥʥʦʝ ʢʦʥʪʘʢʪʥʳʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʌʝʨʤʠ 

ʣʦʢʘʣʠʟʦʚʘʥʥʳʭ ʥʘ ʘʪʦʤʝ s-ʵʣʝʢʪʨʦʥʦʚ ʩ ʷʜʨʦʤ; HL, HS -ʧʦʣʷ, ʩʦʟʜʘʚʘʝʤʳʝ 

ʦʨʙʠʪʘʣʴʥʳʤ ʤʦʤʝʥʪʦʤ L ʠ ʩʧʠʥʦʤ S ʵʣʝʢʪʨʦʥʥʦʡ ʦʙʦʣʦʯʢʠ ʜʘʥʥʦʛʦ ʘʪʦʤʘ, 

Hdip - ʚʢʣʘʜ ʦʪ ʜʠʧʦʣʴ-ʜʠʧʦʣʴʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʷʜʨʘ ʩ ʦʢʨʫʞʘʶʱʠʤʠ 

ʘʪʦʤʘʤʠ, Hc - ʚʢʣʘʜ ʦʪ ʢʦʥʪʘʢʪʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʵʣʝʢʪʨʦʥʦʚ 

ʧʨʦʚʦʜʠʤʦʩʪʠ ʩ ʷʜʨʦʤ; HLo r ,  Hd e m -  ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʠʝ 

ʣʦʨʝʥʮʝʚʩʢʦʝ ʠ ʨʘʟʤʘʛʥʠʯʠʚʘʶʱʠʝ ʧʦʣʷ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ɼʘʥʥʳʝ ʦ ʩʚʝʨʭʪʦʥʢʦʤ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʅn ʚ ʤʘʛʥʠʪʦʫʧʦʨʷʜʦʯʝʥʥʳʭ 

ʩʠʩʪʝʤʘʭ ʤʦʛʫʪ ʜʘʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦ ʣʦʢʘʣʴʥʳʭ ʦʩʦʙʝʥʥʦʩʪʷʭ ʘʪʦʤʥʦʡ, 

ʤʘʛʥʠʪʥʦʡ ʠ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʘʭ ʠʩʩʣʝʜʫʝʤʦʛʦ ʚʝʱʝʩʪʚʘ. 

 

2.2.6.ʄʦʜʝʣʴʥʘʷ ʨʘʩʰʠʬʨʦʚʢʘ ʩʧʝʢʪʨʦʚ. 

ɿʘʜʘʯʘ ʤʦʜʝʣʴʥʦʡ ʨʘʩʰʠʬʨʦʚʢʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʩʧʝʢʪʨʘ ʩʚʷʟʘʥʘ ʩ 

ʧʦʠʩʢʦʤ ʦʧʪʠʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʬʠʟʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ὥ, ʢʦʪʦʨʳʝ 

ʦʜʥʦʟʥʘʯʥʦ ʦʧʨʝʜʝʣʷʶʪ ʦʛʠʙʘʶʱʫʶ ʩʧʝʢʪʨʘ. ɽʩʣʠ ʵʢʩʧʝʨʠʤʝʥʪ ʧʦ ʵʬʬʝʢʪʫ 

ʄʸʩʩʙʘʫʵʨʘ ʧʨʦʚʦʜʠʪʩʷ ʚ ʛʝʦʤʝʪʨʠʠ ʧʦʛʣʦʱʝʥʠʷ ʠ ʦʙʨʘʟʝʮ ʜʦʩʪʘʪʦʯʥʦ 

çʪʦʥʢʠʡè, ʪʦ ʦʛʠʙʘʶʱʘʷ ʩʧʝʢʪʨʘ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʚʠʜʝ 

ʩʫʧʝʨʧʦʟʠʮʠʠ ʦʪʜʝʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪ [20]: 
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ὔὺ=ὔ (ὺ) - ὡ ὺȠὍȟὺȟː    

ɿʜʝʩʴ ὔὺ ï ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʩʯʝʪʘ ɔ-ʢʚʘʥʪʦʚ ʧʨʠ ʜʦʧʣʝʨʦʚʩʢʦʡ ʩʢʦʨʦʩʪʠ 

ὺ ʜʚʠʞʝʥʠʷ ʠʩʪʦʯʥʠʢʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʙʨʘʟʮʘ; ὔÐ(ὺ) ï ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʩʯʝʪʘ ɔ-

ʢʚʘʥʪʦʚ ʚ ʦʪʩʫʪʩʪʚʠʝ ʨʝʟʦʥʘʥʩʘ (ʙʘʟʦʚʘʷ ʣʠʥʠʷ); p ï ʯʠʩʣʦ ʨʝʟʦʥʘʥʩʥʳʭ 

ʣʠʥʠʡ ʚ ʩʧʝʢʪʨʝ; ὡ ὺȠὍȟὺȟɻ   ïʣʠʥʠʷ ʨʝʟʦʥʘʥʩʥʦʛʦ ʧʦʛʣʦʱʝʥʠʷ; 

Ὅȟὺȟɻ   ï ʠʥʪʝʥʩʠʚʥʦʩʪʴ (ʧʣʦʱʘʜʴ), ʧʦʣʦʞʝʥʠʝ ʠ ʰʠʨʠʥʘ k-ʦʡ ʣʠʥʠʠ ʚ 

ʩʧʝʢʪʨʝ. 

ʉʫʱʝʩʪʚʫʝʪ ʨʷʜ ʬʘʢʪʦʨʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʨʠʚʝʩʪʠ ʢ ʠʟʤʝʥʝʥʠʶ ʬʦʨʤʳ 

ʨʝʟʦʥʘʥʩʥʦʡ ʣʠʥʠʠ. ʇʨʠ ʦʙʨʘʙʦʪʢʝ ʠ ʘʥʘʣʠʟʝ ʤʸʩʩʙʘʫʵʨʦʚʩʢʠʭ ʩʧʝʢʪʨʦʚ 

ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ ʬʦʨʤʳ ʨʝʟʦʥʘʥʩʥʦʡ ʣʠʥʠʠ: 

¶ ʬʫʥʢʮʠʷ ʃʦʨʝʥʮʘ ï  

ὡ ὺ~
+

; 

¶ ʬʫʥʢʮʠʷ ɻʘʫʩʩʘ ï  

ὡ ὺ~exp(-ὼĀln2), 

ʛʜʝ ὼ=
ɻȾ
 ; 

¶ ʬʫʥʢʮʠʷ ʧʩʝʚʜʦ-ʌʦʡʛʪʘ ï  

ὡ ὺ=(1-‌)ὡ ὺ+‌ὡ ὺ, 

ʛʜʝ Ŭ ï ʢʦʵʬʬʠʮʠʝʥʪ ʩʤʝʰʝʥʠʷ (0 ¢ Ŭ ¢ 1). 

ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʙʘʟʦʚʘʷ ʣʠʥʠʷ ʥʝ ʷʚʣʷʝʪʩʷ ʧʦʩʪʦʷʥʥʦʡ, ʘ ʟʘʚʠʩʠʪ ʦʪ 

ʜʦʧʣʝʨʦʚʩʢʦʡ ʩʢʦʨʦʩʪʠ ὺ. ʇʨʠ ʙʣʠʟʢʦʤ ʨʘʩʧʦʣʦʞʝʥʠʠ ʠʩʪʦʯʥʠʢʘ ʠ 

ʧʦʛʣʦʪʠʪʝʣʷ ʚʦʟʥʠʢʘʝʪ çʛʝʦʤʝʪʨʠʯʝʩʢʠʡè ʵʬʬʝʢʪ, ʧʨʠ ʢʦʪʦʨʦʤ ʬʦʨʤʘ 

ʙʘʟʦʚʦʡ ʣʠʥʠʠ ὔÐὺ ʚ ʧʝʨʚʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʤʦʞʝʪ ʙʳʪʴ ʦʧʠʩʘʥʘ ʧʘʨʘʙʦʣʦʡ: 

ὔÐὺ=ὔ+ὧὺ ὺ . 

ɿʜʝʩʴ ὔ  ï ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʩʯʝʪʘ ɔ-ʢʚʘʥʪʦʚ ʚ ʦʪʩʫʪʩʪʚʠʝ ʨʝʟʦʥʘʥʩʘ ʧʨʠ 

ʥʫʣʝʚʦʡ ʩʢʦʨʦʩʪʠ ὺ ʜʚʠʞʝʥʠʷ ʠʩʪʦʯʥʠʢʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʛʣʦʪʠʪʝʣʷ; ὧ ï 

ʩʪʝʧʝʥʴ ʢʨʠʚʠʟʥʳ ʧʘʨʘʙʦʣʳ, ʦʧʨʝʜʝʣʷʝʤʘʷ ʛʝʦʤʝʪʨʠʝʡ ʧʨʦʚʦʜʠʤʦʛʦ 

ʵʢʩʧʝʨʠʤʝʥʪʘ. 
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ʆʙʨʘʙʦʪʢʘ ʩʧʝʢʪʨʦʚ ʧʨʦʚʦʜʠʣʘʩʴ ʩ ʧʦʤʦʱʴʶ ʤʦʜʝʣʴʥʦʡ ʨʘʩʰʠʬʨʦʚʢʠ 

ʧʘʨʮʠʘʣʴʥʳʭ ʩʧʝʢʪʨʦʚ ʚ ʧʨʦʛʨʘʤʤʝ SpectrRelax [25]. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʤʦʜʝʣʴ ɻʘʤʠʣʴʪʦʥʘ, ʚ ʢʦʪʦʨʦʡ 

ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʝ ʜʠʧʦʣʴʥʦʝ ʠ ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʢʚʘʜʨʫʧʦʣʴʥʦʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʧʦʣʥʳʡ ʛʘʤʠʣʴʪʦʥʠʘʥ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚ ʚʠʜʝ: 

Ὄ Ὄ Ὄ , 

ʛʜʝ 

Ὄ σ_ )) ς _ _ , 

Ὄ Ç‘ῷ _ÃÏÓ— _Ὡ _Ὡ ÓÉÎ—, 

g ï ʛʠʨʦʤʘʛʥʠʪʥʦʝ ʦʪʥʦʰʝʥʠʝ, Ċ ï ʦʧʝʨʘʪʦʨ ʧʦʣʥʦʛʦ ʩʧʠʥʘ, ɛN ï ʷʜʝʨʥʳʡ 

ʤʘʛʥʝʪʦʥ, ῷ  ï ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʩʚʝʨʭʪʦʥʢʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, I ï ʩʧʠʥ, Ċ+ ʠ Ċï 

ï ʣʝʩʪʥʠʯʥʳʝ ʦʧʝʨʘʪʦʨʳ ʩʧʠʥʘ, Q ï ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʢʚʘʜʨʫʧʦʣʴʥʳʡ ʤʦʤʝʥʪ 

ʷʜʨʘ, e ï ʟʘʨʷʜ ʧʨʦʪʦʥʘ, Vzz ï ʥʘʠʙʦʣʴʰʘʷ ʠʟ ʢʦʤʧʦʥʝʥʪ ʛʨʘʜʠʝʥʪʘ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ, ɖ ï ʧʘʨʘʤʝʪʨ ʘʩʠʤʤʝʪʨʠʠ, ɗ ʠ ű ï ʧʦʣʷʨʥʳʡ ʠ 

ʘʟʠʤʫʪʘʣʴʥʳʡ ʫʛʣʳ, ʟʘʜʘʶʱʠʝ ʥʘʧʨʘʚʣʝʥʠʝ ʩʚʝʨʭʪʦʥʢʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ 

ʛʣʘʚʥʳʭ ʦʩʷʭ ʪʝʥʟʦʨʘ ʛʨʘʜʠʝʥʪʘ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷȢ 

 

3.1. ʄʝʪʦʜʠʢʘ ʤʘʛʥʠʪʥʳʭ ʠʟʤʝʨʝʥʠʡ. 

 ʀʩʩʣʝʜʦʚʘʥʠʷ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʬʠʟʠʯʝʩʢʦʤ 

ʬʘʢʫʣʴʪʝʪʝ ʄɻʋ ʠʤ. ʄ.ɺ.ʃʦʤʦʥʦʩʦʚʘ ʚ ʣʘʙʦʨʘʪʦʨʠʠ ʜʦʢʪʦʨʘ ʬʠʟʠʢʦ-

ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ ʧʨʦʬʝʩʩʦʨʘ ʇʝʨʦʚʘ ʅʠʢʦʣʘ̫ ʉʝʨʛʝʝʚʠʯʘ. ʀʟʤʝʨʝʥʠ̫ 

ʧʨʦʚʦʜʠʣʠʩɹ ʥʘ ʚʠʙʨʘʮʠʦʥʥʦʤ ʤʘʛʥʠʪʦʤʝʪʨʝ ʬʠʨʤʳ çLake Shoreè. 

ʀʩʧʦʣʴʟʫʝʤʘʷ ʧʨʦʤʳʰʣʝʥʥʘʷ ʫʩʪʘʥʦʚʢʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʩʦʢʫʶ ʩʪʝʧʝʥʴ 

ʩʪʘʙʠʣʠʟʘʮʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʠ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ 

ʠʟʤʝʨʝʥʠʷ ʚ ʰʠʨʦʢʦʤ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ ʠ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ. 

 ɺʠʙʨʘʮʠʦʥʥʳʡ ʤʘʛʥʠʪʦʤʝʪʨ ʩʦʩʪʦʠʪ ʠʟ ʯʝʪʳʨʸʭ ʦʩʥʦʚʥʳʭ ʙʣʦʢʦʚ 

(ʨʠʩʫʥʦʢ 10): ʵʣʝʢʪʨʦʤʘʛʥʠʪ, ʢʦʪʦʨʳʡ ʧʠʪʘʝʪʩʷ ʧʦʩʪʦʷʥʥʳʤ ʪʦʢʦʤ ʦʪ ʙʣʦʢʘ 
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ʧʠʪʘʥʠʷ; ʙʣʦʢ ʚʠʙʨʘʪʦʨʘ; ʙʣʦʢ ʨʝʛʫʣʠʨʦʚʦʢ ʠ ʠʟʤʝʨʝʥʠʷ ʩʠʛʥʘʣʦʚ 

(ʵʣʝʢʪʨʦʥʠʢʠ).  

 

 

ʈʠʩʫʥʦʢ 10- ʆʙʱʠʡ ʚʠʜ ʚʠʙʨʘʮʠʦʥʥʦʛʦ ʤʘʛʥʠʪʦʤʝʪʨʘ Lake Share. 
 

ʋʩʪʘʥʦʚʢʘ ʷʚʣʷʝʪʩʷ ʧʦʣʥʦʩʪʴʶ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʪʠʧʘ ʦʙʨʘʟʮʘ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʨʘʟʣʠʯʥʳʝ ʩʧʦʩʦʙʳ ʢʨʝʧʣʝʥʠʷ ʝʛʦ ʢ 

ʜʝʨʞʘʪʝʣʶ. ɺ ʩʣʫʯʘʝ ʢʘʣʠʙʨʦʚʦʯʥʦʛʦ ʦʙʨʘʟʮʘ ʠʣʠ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ 

ʧʦʨʦʰʢʦʚʳʭ ʦʙʨʘʟʮʦʚ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʧʝʮʠʘʣʴʥʘʷ ʢʘʧʩʫʣʘ ʩ ʨʝʟʴʙʦʡ, ʢʦʪʦʨʘʷ 

ʥʘʚʠʥʯʠʚʘʝʪʩʷ ʥʘ ʰʪʦʢ, ʚʳʧʦʣʥʝʥʥʳʡ ʠʟ ʬʘʡʙʝʨʛʣʘʩʩʘ. ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʷʭ 

ʨʘʟʣʠʯʥʳʭ ʦʙʲʸʤʥʳʭ ʦʙʨʘʟʮʦʚ (ʚ ʪʦʤ ʯʠʩʣʝ ʥʝʧʨʘʚʠʣʴʥʦʡ ʬʦʨʤʳ) ʪʦʥʢʠʭ 

ʧʣʝʥʦʢ ʠ ʪ.ʜ. ʩʣʝʜʫʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʚʘʨʮʝʚʳʡ ʰʪʦʢ ʩ ʧʣʦʩʢʦʡ ʧʣʦʱʘʜʢʦʡ ʜʣʷ 

ʢʨʝʧʣʝʥʠʷ ʦʙʨʘʟʮʘ. ʌʠʢʩʘʮʠʷ ʦʙʨʘʟʮʘ ʧʨʠ ʵʪʦʤ ʧʨʦʠʟʚʦʜʠʪʩʷ ʩ ʧʦʤʦʱʴʶ 

ʩʧʝʮʠʘʣʴʥʦʛʦ ʥʝʬʝʨʨʦʤʘʛʥʠʪʥʦʛʦ ʢʣʝʷ ʠʣʠ ʣʝʥʪʳ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ 

ʨʘʙʦʪʘʪʴ ʚ ʠhʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʜʦʩʪʦʚʝʨʥʳʭ 

ʨʝʟʫʣʴʪʘʪʦʚ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʩʪʠ ʪʱʘʪʝʣʴʥʦʝ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʝ ʦʙʨʘʟʮʘ ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ ʜʝʪʝʢʪʠʨʫʶʱʠʤ ʢʘʪʫʰʢʘʤ, ʢʦʪʦʨʳʝ ʨʘʩʧʦʣʦʞʝʥʳ ʥʘ ʧʦʣʶʩʘʭ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʘ. ʐʪʦʢ ʩ ʦʙʨʘʟʮʦʤ ʧʨʠʚʦʜʠʪʩʷ ʚ ʜʚʠʞʝʥʠʝ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 
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ʛʝʥʝʨʘʪʦʨʘ ʤʝʭʘʥʠʯʝʩʢʠʭ ʢʦʣʝʙʘʥʠʡ ʩ ʯʘʩʪʦʪʦʡ 80 ɻʮ. ʀʥʜʫʮʠʨʫʝʤʳʡ ʚ 

ʯʝʪʳʨʸʭ ʧʨʠʝʤʥʳʭ ʢʘʪʫʰʢʘʭ ʤʘʛʥʠʪʥʳʡ ʧʦʪʦʢ ʦʪ ʦʙʨʘʟʮʘ ʧʨʠʚʦʜʠʪ ʢ 

ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʕɼʉ ʠʥʜʫʢʮʠʠ. ʏʝʪʳʨʝ ʢʘʪʫʰʢʠ ʩʦʝʜʠʥʝʥʳ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ 

ʠ ʚʢʣʶʯʝʥʳ ʚʩʪʨʝʯʥʦ- ʧʦʧʘʨʥʦ ʜʨʫʛ ʜʨʫʛʫ. ʉʠʛʥʘʣ ʕɼʉ ʫʩʠʣʠʚʘʝʪʩʷ ʚ 

ʩʝʣʝʢʪʠʚʥʦʤ ʫʩʠʣʠʪʝʣʝ ʩʠʛʥʘʣʘ, ʟʘʪʝʤ ʩ ʧʦʤʦʱʴʶ ɸʎʇ (ʘʥʘʣʦʛʦʚʦ-ʮʠʬʨʦʚʦʡ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ), ʧʨʝʦʙʨʘʟʦʚʳʚʘʝʪʩʷ ʚ ʮʠʬʨʦʚʦʡ ʩʠʛʥʘʣ ʠ ʤʦʞʝʪ ʙʳʪʴ 

ʟʘʧʠʩʘʥ ʚ ʧʘʤʷʪʴ ʕɺʄ. ʕʪʦʪ ʩʠʛʥʘʣ ʧʨʦʧʦʨʮʠʦʥʘʣʝʥ ʚʝʣʠʯʠʥʝ ʤʘʛʥʠʪʥʦʛʦ 

ʤʦʤʝʥʪʘ ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʨʘʟʮʘ. 

ʄʘʛʥʠʪʥʦʝ ʧʦʣʝ, ʩʦʟʜʘʚʘʝʤʦʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʦʤ, ʠʟʤʝʨʷʝʪʩʷ ʧʨʠ 

ʧʦʤʦʱʠ ʜʘʪʯʠʢʘ ʍʦʣʣʘ, ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʙʣʠʟʦʩʪʠ ʦʪ 

ʦʙʨʘʟʮʘ ʤʝʞʜʫ ʧʦʣʶʩʘʤʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʘ. ʅʘʧʨʷʞʝʥʠʝ ʥʘ ʜʘʪʯʠʢʝ 

ʩʯʠʪʳʚʘʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ɸʎʇ (ʘʥʘʣʦʛʦ-ʮʠʬʨʦʚʦʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ) ʠ ʪʘʢʞʝ 

ʧʝʨʝʜʘʝʪʩʷ ʚ ʕɺʄ. 

ʇʨʠʝʤʥʳʝ ʢʘʪʫʰʢʠ, ʜʘʪʯʠʢ ʍʦʣʣʘ, ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʮʝʧʴ ʛʝʥʝʨʘʪʦʨʘ 

ʤʝʭʘʥʠʯʝʩʢʠʭ ʢʦʣʝʙʘʥʠʡ, ʠʩʪʦʯʥʠʢ ʧʠʪʘʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʘ, ʵʣʝʢʪʨʠʯʝʩʢʠʝ 

ʢʦʤʤʫʥʠʢʘʮʠʠ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʚʩʪʘʚʦʢ ʩʦʝʜʠʥʝʥʳ ʩʦ ʩʧʝʮʠʘʣʴʥʳʤ ʧʨʠʙʦʨʦʤ 

ð VSM controller, ʢʦʪʦʨʳʡ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʩʦʝʜʠʥʝʥ ʩ ʕɺʄ ʧʦʩʨʝʜʩʪʚʦʤ 

GPIB ʠʥʪʝʨʬʝʡʩʘ. ɺ ʠʪʦʛʝ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʠʣʠ ʩʯʠʪʳʚʘʥʠʷ ʢʘʢʠʭ-ʣʠʙʦ 

ʧʘʨʘʤʝʪʨʦʚ ʵʢʩʧʝʨʠʤʝʥʪʘ ʜʦʩʪʘʪʦʯʥʦ ʦʙʨʘʪʠʪʴʩʷ ʪʦʣʴʢʦ ʢ ʧʨʦʛʨʘʤʤʝ 

ʫʧʨʘʚʣʝʥʠʷ, ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʥʘ ʢʦʤʧʴʶʪʝʨʝ. 

ɹʣʦʢ ʧʠʪʘʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʘ ʤʦʞʝʪ ʚʳʨʘʙʘʪʳʚʘʪʴ ʧʦʩʪʦʷʥʥʳʡ 

ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʪʦʢ ʜʦ 100ɸ. ʋʧʨʘʚʣʝʥʠʝ ʙʣʦʢʦʤ ʧʠʪʘʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʘ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʎɸʇ- (ʮʠʬʨʦ-ʘʥʘʣʦʛʦʚʳʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ), 

ʧʦʜʢʣʶʯʝʥʥʦʛʦ ʢ ʢʦʤʧʴʶʪʝʨʫ.   

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʠʟʤʝʨʝʥʠʡ ʫʩʪʘʥʦʚʢʘ ʠʤʝʝʪ 

ʩʧʝʮʠʘʣʴʥʫʶ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʫʶ ʧʨʠʩʪʘʚʢʫ (ʧʨʦʜʫʚʥʦʡ ʢʨʠʦʩʪʘʪ). 

ʇʨʠʥʮʠʧ ʜʝʡʩʪʚʠʷ ʧʨʠʩʪʘʚʢʠ ʦʩʥʦʚʘʥ ʥʘ ʧʨʦʜʫʚʝ ʭʣʘʜʘʛʝʥʪʘ (ʧʘʨʦʚ ʞʠʜʢʦʛʦ 

ʛʝʣʠʷ ʠʣʠ ʘʟʦʪʘ) ʯʝʨʝʟ ʦʙʲʸʤ, ʚ ʢʦʪʦʨʦʤ ʥʘʭʦʜʠʪʩʷ ʠʩʩʣʝʜʫʝʤʳʡ ʦʙʨʘʟʝʮ. 

ʐʘʭʪʘ, ʚ ʢʦʪʦʨʦʡ ʨʘʩʧʦʣʦʞʝʥ ʦʙʨʘʟʝʮ, ʠʟʦʣʠʨʦʚʘʥʘ ʦʪ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ 

ʚʘʢʫʫʤʥʦʡ ʨʫʙʘʰʢʦʡ. ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʰʘʭʪʝ ʧʨʝʜʫʩʤʦʪʨʝʥ 
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ʥʘʛʨʝʚʘʪʝʣʴʥʳʡ ʵʣʝʤʝʥʪ, ʤʦʱʥʦʩʪʴ ʢʦʪʦʨʦʛʦ ʨʝʛʫʣʠʨʫʝʪʩʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʥʝʦʙʭʦʜʠʤʦʡ ʪʝʤʧʝʨʘʪʫʨʳ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʟʤʝʥʷʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʠʟʤʝʨʝʥʠʡ 

ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʧʘʨʦʚ ʛʘʟʘ (ʛʝʣʠʡ ʠʣʠ ʘʟʦʪ) ʜʦ 400 ʂ [27]. 

ɻʃɸɺɸ 3. ʆʉʅʆɺʅʓɽ ʈɽɿʋʃʔʊɸʊʓ ʀ ʀʍ ʆɹʉʋɾɼɽʅʀɽ 

3.1. ʄʸʩʩʙʘʫʵʨʦʚʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʣʝʛʠʨʦʚʘʥʥʳʭ ʤʘʥʛʘʥʠʪʦʚ ʣʘʥʪʘʥʘ 

La1-xCaxMn0.98Fe0.02O3+d ʥʝcʪʝʭʠʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʤʝʪʦʜʘʤʠ ʤʸʩʩʙʘʫʵʨʦʚʩʢʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʙʳʣʠ 

ʠʩʩʣʝʜʦʚʘʥʳ ʣʝʛʠʨʦʚʘʥʥʳʝ ʤʘʥʛʘʥʠʪʳ ʣʘʥʪʘʥʘ La1-xCaxMn0.98Fe0.02O3+d 

ʥʝʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ.  

ɼʣʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʙʳʣʠ ʠʟʤʝʨʝʥʳ ʩʧʝʢʪʨʳ ʦʙʨʘʟʮʦʚ ʩ 

x = 0.05,0.1 ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʩʢʦʨʦʩʪʝʡ 

(v = 32mm/s) (ʨʠʩʫʥʦʢ 11, ʨʠʩʫʥʦʢ 12). 

 

ʈʠʩʫʥʦʢ 11 - ʄʝʩʩʙʘʫʵʨʦʚʩʢʠʡ ʩʧʝʢʪʨ La0.95Ca0.05Mn0.98Fe0.02O3+d. 
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ʈʠʩʫʥʦʢ 12 - ʄʝʩʩʙʘʫʵʨʦʚʩʢʠʡ ʩʧʝʢʪʨ La0.9Ca0.1Mn0.98Fe0.02O3+d. 

ʉʧʝʢʪʨʳ ʦʙʨʘʟʮʦʚ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʫʰʠʨʝʥʥʳʝ ʢʚʘʜʨʫʧʦʣʴʥʳʝ 

ʜʫʙʣʝʪʳ, ʩʝʢʩʪʝʪʳ ʚ ʩʧʝʢʪʨʘʭ ʦʪʩʫʪʩʪʚʫʶʪ. ʇʦʵʪʦʤʫ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʙʦʣʝʝ 

ʜʝʪʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʣʝʛʠʨʦʚʘʥʥʳʭ ʤʘʥʛʘʥʠʪʦʚ ʣʘʥʪʘʥʘ La1-xCaxMn0.98Fe0.02O3+d 

ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩʧʝʢʪʨʳ ʜʣʷ x=0.05, 0.1, 0.2 ʚ ʙʦʣʝʝ ʫʟʢʦʤ ʜʠʘʧʘʟʦʥʝ 

ʩʢʦʨʦʩʪʝʡ (ʨʠʩʫʥʦʢ 13). 
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ʈʠʩʫʥʦʢ 13 - ʄʸʩʩʙʘʫʵʨʦʚʩʢʠʝ ʩʧʝʢʪʨʳ ʤʘʥʛʘʥʠʪʦʚ ʣʘʥʪʘʥʘ, ʩʥʷʪʳʝ ʧʨʠ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. 

ɼʣʷ ʦʙʨʘʙʦʪʢʠ ʩʧʝʢʪʨʦʚ ʦʙʨʘʟʮʦʚ, ʩʦʜʝʨʞʘʱʠʭ 5% ʠ 10% ʉʘ, ʙʳʣʘ 

ʠʩʧʦʣʴʟʦʚʘʥʘ ʤʦʜʝʣʴ, ʩʦʩʪʦʷʱʘʷ ʠʟ ʜʚʫʭ ʢʚʘʜʨʫʧʦʣʴʥʳʭ ʜʫʙʣʝʪʦʚ, 

ʧʘʨʘʤʝʪʨʳ ʢʦʪʦʨʳʭ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 6. 

ʊʘʙʣʠʮʘ 6 - ʇʘʨʘʤʝʪʨʳ ʧʘʨʮʠʘʣʴʥʳʭ ʩʧʝʢʪʨʦʚ ʷʜʝʨ 
57

Fe ʚ 

La0.95Ca0.05Mn0.98Fe0.02O3+d ʠ La0.9Ca0.1Mn0.98Fe0.02O3+d, ʠʟʤʝʨʝʥʥʳʭ ʧʨʠ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. 

 

ɼʫʙʣʝʪ ˉ1 ɼʫʙʣʝʪ ˉ2 

 

ŭ1, ʤʤ/c Ů1, ʤʤ/c I,% ŭ2, ʤʤ/c Ů2, ʤʤ/c I,% 

5% Ca 0.361Ñ0.001 0.113Ñ0.003 55.2Ñ2.3 0.370Ñ0.001 0.204Ñ0.040 44.8Ñ2.3 

10% ʉa 0.365Ñ0.001 0.095Ñ0.002 53.7Ñ1.3 0.373Ñ0.001 0.203Ñ0.002 46.3Ñ1.3 
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ɺ ʤʸʩʩʙʘʫʵʨʦʚʩʢʠʭ ʩʧʝʢʪʨʘʭ ʥʘʙʣʶʜʘʶʪʩʷ ʜʚʘ ʢʚʘʜʨʫʧʦʣʴʥʳʭ ʜʫʙʣʝʪʘ, 

ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʙʳʣʦ ʙʳ ʩʚʷʟʘʪʴ ʩ ʥʘʣʠʯʠʝʤ ʚ ʦʙʨʘʟʮʘʭ ʜʚʫʭ ʨʘʟʣʠʯʥʳʭ ʬʘʟ. 

ʆʜʥʘʢʦ ʧʦ ʜʘʥʥʳʤ ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʠʟʘ (ʨʠʩʫʥʦʢ 6) ʚʩʝ ʠʩʩʣʝʜʫʝʤʳʝ 

ʦʙʨʘʟʮʳ ʷʚʣʷʶʪʩʷ ʦʜʥʦʬʘʟʥʳʤʠ (ʨʦʤʙʦʵʜʨʠʯʝʩʢʘʷ ʬʘʟʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ 

ʛʨʫʧʧʳ R3c). ʅʘʣʠʯʠʝ ʜʚʫʭ ʧʘʨʮʠʘʣʴʥʳʭ ʩʧʝʢʪʨʦʚ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʩʚʷʟʘʥʦ ʩ 

ʧʨʠʩʫʪʩʪʚʠʝʤ ʜʚʫʭ ʥʝʵʢʚʠʚʘʣʝʥʪʥʳʭ ʧʦʟʠʮʠʡ ʘʪʦʤʦʚ ʞʝʣʝʟʘ ʚ ʩʪʨʫʢʪʫʨʝ 

ʤʘʥʛʘʥʠʪʦʚ ʣʘʥʪʘʥʘ, ʦʙʫʩʣʦʚʣʝʥʥʳʭ ʨʘʟʣʠʯʥʳʤ ʙʣʠʞʘʡʰʠʤ ʢʘʪʠʦʥʥʳʤ 

ʦʢʨʫʞʝʥʠʝʤ, ʘ ʪʘʢʞʝ ʩ ʧʨʠʩʫʪʩʪʚʠʝʤ ʤʝʞʫʟʝʣʴʥʦʛʦ ʢʠʩʣʦʨʦʜʘ ʚ ʩʪʨʫʢʪʫʨʝ, 

ʨʘʩʧʨʝʜʝʣʝʥʥʦʛʦ ʧʦ ʨʝʰʝʪʢʝ. ɺ La0.95Ca0.05Mn0.98Fe0.02O3+d ʠ 

La0.9Ca0.1Mn0.98Fe0.02O3+d ʤʝʞʫʟʝʣʴʥʳʡ ʢʠʩʣʦʨʦʜ ʩʠʣʴʥʦ ʠʩʢʘʞʘʝʪ ʨʝʰʝʪʢʫ. 

ʇʦ ʜʘʥʥʳʤ ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʠʟʘ ʦʙʨʘʟʝʮ, ʩʦʜʝʨʞʘʱʠʡ 20% 

ʢʘʣʴʮʠʷ, ʠʤʝʝʪ ʦʨʪʦʨʦʤʙʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ PnmaI. ʄʸʩʩʙʘʫʵʨʦʚʩʢʠʡ ʩʧʝʢʪʨ 

ʵʪʦʛʦ ʩʦʝʜʠʥʝʥʠʷ (ʨʠʩʫʥʦʢ 13) ʤʦʞʝʪ ʙʳʪʴ ʦʧʠʩʘʥ ʦʜʥʠʤ ʢʚʘʜʨʫʧʦʣʴʥʳʤ 

ʜʫʙʣʝʪʦʤ ʩ ʧʘʨʘʤʝʪʨʘʤʠ ŭ=0.366Ñ0.001 ʤʤ/c, Ů=0.126Ñ0.001 ʤʤ/c, ʢʦʪʦʨʳʡ, 

ʧʦ-ʚʠʜʠʤʦʤʫ, ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʬʘʟʝ PnmaI. 

ɼʣʷ ʙʦʣʝʝ ʜʝʪʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʧʨʦʠʟʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʜʘʥʥʳʭ ʦʙʨʘʟʮʦʚ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 80 ʂ. ʉʧʝʢʪʨ ʷʜʝʨ 
57

Fe ʚ ʩʪʨʫʢʪʫʨʝ 

La0.95Ca0.05Mn0.98Fe0.02O3   ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 14. ʄʸʩʩʙʘʫʵʨʦʚʩʢʠʡ ʩʧʝʢʪʨ 

ʠʤʝʝʪ ʨʝʣʘʢʩʘʮʠʦʥʥʳʡ ʭʘʨʘʢʪʝʨ. 
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ʈʠʩʫʥʦʢ 14 - ʄʸʩʩʙʘʫʵʨʦʚʩʢʠʡ ʩʧʝʢʪʨ La0.95Ca0.05Mn0.98Fe0.02O3+d, ʩʥʷʪʳʡ 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 80 ʂ. 

ɼʣʷ ʦʙʨʘʙʦʪʢʠ ʩʧʝʢʪʨʘ ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʤʦʜʝʣʴ, ʩʦʜʝʨʞʘʱʘʷ ʩʝʢʩʪʝʪ ʚ 

ʤʦʜʝʣʠ ʤʥʦʛʦʫʨʦʚʥʝʚʦʡ ʩʫʧʝʨʧʘʨʘʤʘʛʥʠʪʥʦʡ ʨʝʣʘʢʩʘʮʠʠ ʩ ʧʘʨʘʤʝʪʨʘʤʠ 

ŭ = 0.534Ñ0.012 ʤʤ/c, Ů = 0.048Ñ0.012 ʤʤ/c, Hn= 485Ñ3 ʢʕ ʠ ʢʚʘʜʨʫʧʦʣʴʥʳʡ 

ʜʫʙʣʝʪ ʩ ʧʘʨʘʤʝʪʨʘʤʠ ŭ = 0.446Ñ0.003 ʤʤ/c, Ů=0.206Ñ0.003 ʤʤ/c. ʅʘʣʠʯʠʝ 

ʜʫʙʣʝʪʘ ʤʦʞʝʪ ʙʳʪʴ ʦʙʫʩʣʦʚʣʝʥʦ ʧʨʠʩʫʪʩʪʚʠʝʤ ʚ ʦʙʨʘʟʮʝ ʤʝʣʢʠʭ 

ʩʫʧʝʨʧʘʨʘʤʘʛʥʠʪʥʳʭ ʯʘʩʪʠʮ, ʜʣʷ ʢʦʪʦʨʳʭ ʪʝʤʧʝʨʘʪʫʨʘ ʧʝʨʝʭʦʜʘ ʠʟ 

ʩʫʧʝʨʧʘʨʘʤʘʛʥʠʪʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚ ʬʝʨʨʦʤʘʛʥʠʪʥʦʝ (ʪʝʤʧʝʨʘʪʫʨʘ ʙʣʦʢʠʨʦʚʢʠ) 

ʣʝʞʠʪ ʥʠʞʝ 80 ʂ. ʆʜʥʘʢʦ ʩʧʝʢʪʨʘʣʴʥʳʝ ʣʠʥʠʠ ʚ ʨʝʥʪʛʝʥʦʛʨʘʤʤʝ ʜʦʩʪʘʪʦʯʥʦ 

ʫʟʢʠʝ, ʯʪʦ ʥʝ ʧʦʜʪʚʝʨʞʜʘʝʪ ʚʝʨʩʠʶ ʦ ʥʘʣʠʯʠʝ ʤʘʣʳʭ ʯʘʩʪʠʮ ʚ ʦʙʨʘʟʮʝ. 

ɺʦʟʤʦʞʥʦ, ʚ ʜʘʥʥʦʤ ʦʙʨʘʟʮʝ ʩʫʱʝʩʪʚʫʶʪ ʥʝʙʦʣʴʰʠʝ ʦʙʣʘʩʪʠ 

ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ (ʜʦʤʝʥʳ) ʨʘʟʥʳʭ ʨʘʟʤʝʨʦʚ ʩ ʨʘʟʥʳʤ ʫʧʦʨʷʜʦʯʝʥʠʝʤ 

ʤʘʛʥʠʪʥʳʭ ʤʦʤʝʥʪʦʚ, ʢʦʪʦʨʳʝ ʚʝʜʫʪ ʩʝʙʷ ʧʦʜʦʙʥʦ ʩʫʧʝʨʧʘʨʘʤʘʛʥʠʪʥʳʤ 

ʯʘʩʪʠʮʘʤ. 

ɼʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʘʥʘʣʠʟʘ ʥʘʤʠ ʙʳʣʠ ʧʨʦʠʟʚʝʜʝʥʳ ʤʝʩʩʙʘʫʵʨʦʚʩʢʠʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʘʥʥʦʛʦ ʦʙʨʘʟʮʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 5,5 ʂ. ʇʦʣʫʯʝʥʥʳʡ ʩʧʝʢʪʨ 

ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 15. 

 

ʈʠʩʫʥʦʢ 15 - ʄʸʩʩʙʘʫʵʨʦʚʩʢʠʡ ʩʧʝʢʪʨ La0.95Ca0.05Mn0.98Fe0.02O3+d, ʩʥʷʪʳʡ 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 5,5 ʂ. 
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ɼʘʥʥʳʡ ʩʧʝʢʪʨ ʠʤʝʝʪ ʪʘʢʞʝ ʨʝʣʘʢʩʘʮʠʦʥʥʳʡ ʭʘʨʘʢʪʝʨ. ɼʣʷ ʝʛʦ 

ʦʙʨʘʙʦʪʢʠ ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʤʦʜʝʣʴ ʤʥʦʛʦʫʨʦʚʥʝʚʦʡ ʩʫʧʝʨʧʘʨʘʤʘʛʥʠʪʥʦʡ 

ʨʝʣʘʢʩʘʮʠʠ, ʩʦʩʪʦʷʱʘʷ ʠʟ ʦʜʥʦʛʦ ʩʝʢʩʪʝʪʘ ʩ ʧʘʨʘʤʝʪʨʘʤʠ ŭ = 0.51Ñ0.01 ʤʤ/c, 

Ů = 0 ʤʤ/c, Hn= 514Ñ1 ʢʕ. ɺ ʜʘʥʥʦʤ ʩʧʝʢʪʨʝ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʩʧʝʢʪʨʘ, 

ʠʟʤʝʨʝʥʥʦʛʦ ʧʨʠ 80 ʂ, ʦʪʩʫʪʩʪʚʫʝʪ ʧʘʨʘʤʘʛʥʠʪʥʘʷ ʢʦʤʧʦʥʝʥʪʘ. ʆʜʥʘʢʦ, ʜʘʞʝ 

ʧʨʠ 5,5 ʂ ʩʧʝʢʪʨ ʦʩʪʘʝʪʩʷ ʨʝʣʘʢʩʘʮʠʦʥʥʳʤ.  

ɸʥʘʣʠʟʠʨʫʷ ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʤʦʞʥʦ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ, ʧʦ-

ʚʠʜʠʤʦʤʫ, ʥʘʣʠʯʠʝ ʤʘʣʳʭ ʯʘʩʪʠʮ ʚ ʦʙʨʘʟʮʝ ʥʘʠʤʝʥʝʝ ʚʝʨʦʷʪʥʦ, ʧʦʩʢʦʣʴʢʫ ʚ 

ʨʝʥʪʛʝʥʦʚʩʢʦʤ ʩʧʝʢʪʨʝ ʜʘʥʥʦʛʦ ʦʙʨʘʟʮʘ La0.95Ca0.05Mn0.98Fe0.02O3+d ʥʝ 

ʥʘʙʣʶʜʘʝʪʩʷ ʫʰʠʨʝʥʠʝ ʩʧʝʢʪʨʘʣʴʥʳʭ ʣʠʥʠʡ. ʅʘʣʠʯʠʝ ʜʦʤʝʥʦʚ ʨʘʟʥʦʛʦ 

ʨʘʟʤʝʨʘ ʚʦʟʤʦʞʥʦ, ʦʜʥʘʢʦ ʜʣʷ ʵʪʦʛʦ ʫʪʚʝʨʞʜʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʩʪʠ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ʄʸʩʩʙʘʫʵʨʦʚʩʢʠʝ ʩʧʝʢʪʨʳ ʤʘʥʛʘʥʠʪʦʚ ʣʘʥʪʘʥʘ La0.9Ca0.1Mn0.98Fe0.02O3+d ʠ 

La0.8Ca0.2Mn0.98Fe0.02O3+d ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 16. ʂʘʢ ʠ ʚ ʩʣʫʯʘʝ ʩʧʝʢʪʨʘ 

ʷʜʝʨ 
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Fe ʚ ʩʪʨʫʢʪʫʨʝ La0.95Ca0.05Mn0.98Fe0.02O3+d, ʜʘʥʥʳʝ ʩʧʝʢʪʨʳ ʠʤʝʶʪ 

ʨʝʣʘʢʩʘʮʠʦʥʥʳʡ ʚʠʜ. 
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ʈʠʩʫʥʦʢ 16 - ʄʸʩʩʙʘʫʵʨʦʚʩʢʠʝ ʩʧʝʢʪʨʳ La0.9Ca0.1Mn0.98Fe0.02O3+d ʠ 

La0.8Ca0.2Mn0.98Fe0.02O3+d, ʩʥʷʪʳʝ ʧʨʠ 80 ʂ. 

ɼʣʷ ʦʙʨʘʙʦʪʢʠ ʢʘʞʜʦʛʦ ʠʟ ʵʪʠʭ ʩʧʝʢʪʨʦʚ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʤʦʜʝʣʴ, 

ʩʦʜʝʨʞʘʱʘʷ ʢʚʘʜʨʫʧʦʣʴʥʳʡ ʜʫʙʣʝʪ ʠ ʜʚʘ ʨʝʣʘʢʩʘʮʠʦʥʥʳʭ ʩʝʢʩʪʝʪʘ, 

ʧʘʨʘʤʝʪʨʳ ʵʪʠʭ ʩʧʝʢʪʨʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 7.  

ʊʘʙʣʠʮʘ 7 - ʇʘʨʘʤʝʪʨʳ ʧʘʨʮʠʘʣʴʥʳʭ ʩʧʝʢʪʨʦʚ ʷʜʝʨ 
57

Fe ʚ 

La0.9Ca0.1Mn0.98Fe0.02O3+d ʠ La0.8Ca0.2Mn0.98Fe0.02O3+d, ʩʥʷʪʳʭ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 

80 ʂ.  

    10% ʉa 20% Ca 

ɼʫʙʣʝʪ 1 ŭ1, ʤʤ/c 0.230Ñ0.013 0.347Ñ0.015 

  Ů1, ʤʤ/c 0.183Ñ0.010 0.291Ñ0.013 

  I,% 6.1Ñ0.5 4.2Ñ0.4 

ʉʝʢʩʪʝʪ 1 ŭ2, ʤʤ/c 0.511Ñ0.005 0.539Ñ0.005 

  Ů2, ʤʤ/c 0.009Ñ0.005 0.003Ñ0.005 

  Hn, ʢʕ 482 Ñ2 532Ñ3 






























