
ʄʀʅʀʉʊɽʈʉʊɺʆ ʅɸʋʂʀ ʀ ɺʓʉʐɽɻʆ ʆɹʈɸɿʆɺɸʅʀʗ ʈʌ 

ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʘʚʪʦʥʦʤʥʦʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ  

ʫʯʨʝʞʜʝʥʠʝ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ 

çʖɾʅʓʁ ʌɽɼɽʈɸʃʔʅʓʁ ʋʅʀɺɽʈʉʀʊɽʊè 

 
 

ʅʘ ʧʨʘʚʘʭ ʨʫʢʦʧʠʩʠ 

 

 

ɸʣʝʢʩʘʥʜʨʦʚʘ ʀʥʛʘ ɸʥʜʨʝʝʚʥʘ 

 

ʄɽɾʌɸɿʅʓɽ ɺɿɸʀʄʆɼɽʁʉʊɺʀʗ ɺ ʆʂʉʀɼʅʓʍ ɻɽʊɽʈʆɻɽʅʅʓʍ 

ʄʋʃʔʊʀʌɽʈʈʆʀʏʅʓʍ ʉʀʉʊɽʄɸʍ ʂɸʂ ʂʈʀʊɽʈʀʁ 

ʕʌʌɽʂʊʀɺʅʆʉʊʀ ʄɸɻʅʀʊʆʕʃɽʂʊʈʀʏɽʉʂʆɻʆ ʇʈɽʆɹʈɸɿʆɺɸʅʀʗ 

 

 

1.4.1. ʅʝʦʨʛʘʥʠʯʝʩʢʘʷ ʭʠʤʠʷ 

 

ɼʠʩʩʝʨʪʘʮʠʷ ʥʘ ʩʦʠʩʢʘʥʠʝ ʫʯʝʥʦʡ ʩʪʝʧʝʥʠ ʢʘʥʜʠʜʘʪʘ ʭʠʤʠʯʝʩʢʠʭ ʥʘʫʢ 

 

 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ:  

ʜʦʢʪʦʨ ʭʠʤʠʯʝʩʢʠʭ ʥʘʫʢ, ʟʘʚʝʜʫʶʱʠʡ ʢʘʬʝʜʨʦʡ 

ʦʙʱʝʡ ʠ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʖʌʋ ʃʠʩʥʝʚʩʢʘʷ ʀ. ɺ. 

 

 

ʈʦʩʪʦʚ-ʥʘ-ɼʦʥʫ ï 2024  
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ɺɺɽɼɽʅʀɽ  

ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʅʘʯʘʣʦ ʠʟʫʯʝʥʠʷ ʤʫʣʴʪʠʬʝʨʨʦʠʢʦʚ ʚʦʩʭʦʜʠʪ ʢ 1950-ʤ ʛʦʜʘʤ, ʢʦʛʜʘ 

ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʤʘʛʥʠʪʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ (ʄʕ) ʵʬʬʝʢʪʘ ʚ Cr2O3 ʙʳʣʦ ʧʨʝʜʩʢʘʟʘʥʦ ʧʦ 

ʩʠʤʤʝʪʨʠʡʥʳʤ ʩʦʦʙʨʘʞʝʥʠʷʤ, ʘ ʚʩʢʦʨʝ ʧʦʩʣʝʜʦʚʘʣʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ 

ʧʦʜʪʚʝʨʞʜʝʥʠʝ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ, ʠʥʜʫʮʠʨʦʚʘʥʥʦʡ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʧʦʣʝʤ, ʠ 

ʠʥʜʫʮʠʨʦʚʘʥʥʦʡ ʤʘʛʥʠʪʥʳʤ ʧʦʣʝʤ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʦʣʷʨʠʟʘʮʠʠ1. ʉʝʛʦʜʥʷ 

ʤʫʣʴʪʠʬʝʨʨʦʠʢʠ ʚʳʟʳʚʘʶʪ ʚʦʟʨʘʩʪʘʶʱʠʡ ʥʘʫʯʥʳʡ ʠʥʪʝʨʝʩ ʚʩʣʝʜʩʪʚʠʝ 

ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʠʭ ʧʨʠʤʝʥʝʥʠʷ ʚ ʨʘʟʣʠʯʥʳʭ ʫʩʪʨʦʡʩʪʚʘʭ, 

ʧʨʠʥʮʠʧ ʜʝʡʩʪʚʠʷ ʢʦʪʦʨʳʭ ʟʘʢʣʶʯʘʝʪʩʷ ʚʦ ʚʟʘʠʤʥʦʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʠ ʤʘʛʥʠʪʥʦʡ ʠ 

ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʩʪʘʪʴ ʧʣʘʪʬʦʨʤʦʡ ʜʣʷ ʧʨʠʥʮʠʧʠʘʣʴʥʦ 

ʥʦʚʦʛʦ ʵʥʝʨʛʦʵʢʦʥʦʤʠʯʥʦʛʦ ʧʦʢʦʣʝʥʠʷ ʧʨʠʙʦʨʦʚ ʠ ʫʩʪʨʦʡʩʪʚ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ 

ʪʝʭʥʠʢʠ, ʵʥʝʨʛʝʪʠʢʠ, ʩʝʥʩʦʨʠʢʠ, ʵʢʦʣʦʛʠʠ, ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʠʩʪʝʤ ʤʦʥʠʪʦʨʠʥʛʘ 

ʚ ʠʥʞʝʥʝʨʥʳʭ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ, ʪʨʘʥʩʧʦʨʪʥʳʭ, ʙʠʦʤʝʜʠʮʠʥʩʢʠʭ ʠ ʜʨʫʛʠʭ 

ʦʙʣʘʩʪʷʭ2. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʢʪʫʘʣʴʥʦʡ ʤʘʪʝʨʠʘʣʦʚʝʜʯʝʩʢʦʡ ʟʘʜʘʯʝʡ ʷʚʣʷʝʪʩʷ 

ʨʘʟʨʘʙʦʪʢʘ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʭ ʤʫʣʴʪʠʬʝʨʨʦʠʢʦʚ ʨʘʟʣʠʯʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ.  

ʄʫʣʴʪʠʬʝʨʨʦʠʢʠ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʜʚʝ ʙʦʣʴʰʠʝ ʛʨʫʧʧʳ ï ʦʜʥʦʬʘʟʥʳʝ 

ʩʦʝʜʠʥʝʥʠʷ ʠʣʠ ʪʚʝʨʜʳʝ ʨʘʩʪʚʦʨʳ ʥʘ ʠʭ ʦʩʥʦʚʝ ʠ ʤʘʛʥʠʪʦʵʣʝʢʪʨʠʯʝʩʢʠʝ 

ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʩʦʙʦʡ ʛʝʪʝʨʦʛʝʥʥʳʝ 

ʤʫʣʴʪʠʬʝʨʨʦʠʯʥʳʝ ʩʠʩʪʝʤʳ, ʩʦʩʪʦʷʱʠʝ ʠʟ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠ 

ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʦʥʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ. ʄʘʛʥʠʪʦʵʣʝʢʪʨʠʯʝʩʢʠʡ (ʄʕ) ʵʬʬʝʢʪ ʚ 

ʢʦʤʧʦʟʠʪʘʭ ʚʦʟʥʠʢʘʝʪ ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʭʦʜʷʱʠʭ ʚ ʠʭ 

ʩʦʩʪʘʚ ʬʘʟ ʧʫʪʝʤ ʧʝʨʝʜʘʯʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʜʝʬʦʨʤʘʮʠʡ, ʚʦʟʥʠʢʘʶʱʠʭ ʧʦʜ 

ʜʝʡʩʪʚʠʝʤ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ, ʦʪ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʬʘʟʳ ʢ 

ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʦʥʥʦʡ, ʠ ʥʘʦʙʦʨʦʪ, ʧʨʠ ʵʪʦʤ ʥʠ ʦʜʥʘ ʠʟ ʬʘʟ ʢʦʤʧʦʟʠʪʘ ʧʦ 

ʦʪʜʝʣʴʥʦʩʪʠ ʄʕ ʵʬʬʝʢʪʦʤ ʥʝ ʦʙʣʘʜʘʝʪ. ʆʪʩʶʜʘ ʚʠʜʥʦ, ʯʪʦ ʘʢʪʫʘʣʴʥʳʤ ʷʚʣʷʝʪʩʷ 

ʚʩʝʩʪʦʨʦʥʥʝʝ ʠʟʫʯʝʥʠʝ ʚʦʧʨʦʩʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʩʦʩʪʦʷʥʠʝʤ ʛʨʘʥʠʮ ʨʘʟʜʝʣʘ ʬʘʟ 

                                                           
1 D.N. Astrov //  Soviet Physics JETP. ς1961. ς Vol. 13. ς Ѕ пΦ ς P. 729-733. 
2 J. Ma [et al.] // Advanced Materials. ς 2011. ς ±ƻƭΦ ноΦ Ѕ фΦ ς P. 1062-1087. 
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ʢʦʤʧʦʟʠʪʦʚ ʠ ʤʝʞʬʘʟʥʳʤʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤʠ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠ 

ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʦʥʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʤʝʞʜʫ ʩʦʙʦʡ, ʯʝʤʫ ʚ ʣʠʪʝʨʘʪʫʨʝ ʫʜʝʣʷʝʪʩʷ 

ʥʝʜʦʩʪʘʪʦʯʥʦʝ ʚʥʠʤʘʥʠʝ. 

ʉʪʝʧʝʥʴ ʨʘʟʨʘʙʦʪʘʥʥʦʩʪʠ ʪʝʤʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʄʝʞʬʘʟʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠ ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʦʥʥʳʭ 

ʢʦʤʧʦʥʝʥʪʦʚ ʤʝʞʜʫ ʩʦʙʦʡ, ʚʦʟʥʠʢʘʶʱʠʝ ʚ ʧʨʦʮʝʩʩʝ ʠʟʛʦʪʦʚʣʝʥʠʷ ʄʕ ʢʦʤʧʦʟʠʪʦʚ 

ʚʩʣʝʜʩʪʚʠʝ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʦʙʞʠʛʘ, ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʜʚʘ ʧʨʠʥʮʠʧʠʘʣʴʥʦ 

ʨʘʟʣʠʯʥʳʭ ʪʠʧʘ: (1) ʚʟʘʠʤʥʦʝ ʣʝʛʠʨʦʚʘʥʠʝ ʢʦʤʧʦʥʝʥʪʦʚ ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ ʠ (2) ʭʠʤʠʯʝʩʢʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʥʦʚʦʡ (ʧʦʩʪʦʨʦʥʥʝʡ) 

ʬʘʟʳ. 

ʋʞʝ ʚ ʧʝʨʚʳʭ ʨʘʙʦʪʘʭ ʧʦ ʄʕ ʢʦʤʧʦʟʠʪʘʤ CoFe2O4 - BaTiO3, ʥʝʩʤʦʪʨʷ ʥʘ 

ʵʚʪʝʢʪʠʯʝʩʢʠʡ ʭʘʨʘʢʪʝʨ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʢʦʤʧʦʥʝʥʪʘʤʠ, ʫʢʘʟʳʚʘʣʦʩʴ ʥʘ 

ʦʙʨʘʟʦʚʘʥʠʝ ʧʨʠʤʝʩʥʳʭ ʬʘʟ ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʛʝʢʩʘʬʝʨʨʠʪʘ3, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʠ ʚ 

ʙʦʣʝʝ ʧʦʟʜʥʠʭ ʨʘʙʦʪʘʭ4. ʅʘ ʢʘʬʝʜʨʝ ʦʙʱʝʡ ʠ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʖʌʋ, ʥʘ ʙʘʟʝ 

ʢʦʪʦʨʦʡ ʚʳʧʦʣʥʝʥʘ ʠ ʥʘʩʪʦʷʱʘʷ ʨʘʙʦʪʘ, ʥʘʢʦʧʣʝʥ ʦʙʰʠʨʥʳʡ ʬʘʢʪʠʯʝʩʢʠʡ 

ʤʘʪʝʨʠʘʣ ʧʦ ʤʝʞʬʘʟʥʳʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤ ʚ ʦʢʩʠʜʥʳʭ ʩʠʩʪʝʤʘʭ ʧʴʝʟʦʵʣʝʢʪʨʠʢ 

ʬʝʨʨʠʪ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʢʦʤʧʦʟʠʪʘʭ ʥʘ ʦʩʥʦʚʝ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʬʝʨʨʠʪʘ ʥʠʢʝʣʷ 

ʠ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ʮʠʨʢʦʥʘʪʘ-ʪʠʪʘʥʘʪʘ ʩʚʠʥʮʘ (ʎʊʉ) ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʧʨʦʪʝʢʘʝʪ ʥʘ ʫʨʦʚʥʝ ʣʝʛʠʨʦʚʘʥʠʷ, ʧʦʩʣʝʜʩʪʚʠʷ ʢʦʪʦʨʦʛʦ ʤʦʞʥʦ ʩʫʱʝʩʪʚʝʥʥʦ 

ʩʥʠʟʠʪʴ ʧʫʪʝʤ ʧʝʨʝʭʦʜʘ ʢ ʩʠʩʪʝʤʘʤ ʩʦ ʩʚʷʟʥʦʩʪʴʶ 0-3 (ʟʝʨʥʘ ʧʴʝʟʦʵʣʝʢʪʨʠʢʘ ʚ 

ʤʘʪʨʠʮʝ ʬʝʨʨʠʪʘ) ʠ ʩʥʠʞʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʩʧʝʢʘʥʠʷ ʟʘ ʩʯʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʧʦʨʦʰʢʘ ʬʝʨʨʠʪʘ, ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʛʦ ʛʝʣʴ-ʤʝʪʦʜʦʤ5. ɺ ʩʠʩʪʝʤʘʭ ʥʘ ʦʩʥʦʚʝ ʞʝʣʝʟʦ-

ʠʪʪʨʠʝʚʦʛʦ ʛʨʘʥʘʪʘ (YIG) ʠ ʩʚʠʥʝʮʩʦʜʝʨʞʘʱʠʭ ʧʴʝʟʦʵʣʝʢʪʨʠʢʦʚ (ʤʘʪʝʨʠʣʦʚ ʎʊʉ, 

ʪʠʪʘʥʘʪʘ ʩʚʠʥʮʘ, ʪʠʪʘʥʘʪʘ ʙʘʨʠʷ-ʩʚʠʥʮʘ ʩ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʧʦʩʣʝʜʥʝʛʦ) 

ʦʙʨʘʟʫʶʪʩʷ ʧʨʠʤʝʩʥʳʝ ʬʘʟʳ ʥʘ ʦʩʥʦʚʝ ʬʣʶʦʨʠʪʦʧʦʜʦʙʥʦʛʦ ZrO2
6 ʠʣʠ Y2Ti2O7 ʩʦ 

                                                           
3 Van den Boomgaard J. [et al.] //Journal of Materials Science. ς 1974. ς V. 9. ς P. 1705-1709. 
4 H. Wu [et al.] // Advanced Engineering Materials. ï 2021. ï Vol. 23. ï ˉ 10. ï P. 2100410. 
5 I.V. Lisnevskaya // Inorganic Materials. ï 2018. ï Vol. 54. ï  ̄12. ï P. 1277-1290. 
6 I.V. Lisnevskaya [et al.] // Inorganic Materials. ï 2006. ï Vol. 42. ï ˉ 10. ï P. 1147-1151. 
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ʩʪʨʫʢʪʫʨʦʡ ʧʠʨʦʭʣʦʨʘ7. ʇʨʝʜʣʦʞʝʥ ʨʷʜ ʧʦʜʭʦʜʦʚ, ʧʦʟʚʦʣʷʶʱʠʭ ʧʦʜʘʚʣʷʪʴ ʠʣʠ 

ʩʚʦʜʠʪʴ ʢ ʤʠʥʠʤʫʤʫ ʥʝʞʝʣʘʪʝʣʴʥʳʝ ʤʝʞʬʘʟʥʳʝ ʨʝʘʢʮʠʠ ʚ ʩʠʩʪʝʤʘʭ ʧʴʝʟʦʵʣʝʢʪʨʠʢ 

ï ʬʝʨʨʠʪ. ʇʦʤʠʤʦ ʫʞʝ ʫʧʦʤʷʥʫʪʦʛʦ ʩʧʦʩʦʙʘ ʧʦʣʫʯʝʥʠʷ ʄʕ ʢʝʨʘʤʠʢʠ ʧʨʠ 

ʧʦʥʠʞʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʩʧʝʢʘʥʠʷ ʟʘ ʩʯʝʪ ʧʨʠʤʝʥʝʥʠʷ ʪʦʥʢʦʜʠʩʧʝʨʩʥʳʭ 

ʧʦʨʦʰʢʦʚ ʢʦʤʧʦʥʝʥʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʟʦʣ-ɹʛʝʣʴ-ʤʝʪʦʜʘʤʠ8 ʵʬʬʝʢʪʠʚʥʳʤ ʦʢʘʟʘʣʩʷ 

ʤʝʪʦʜ ʚʘʨʴʠʨʦʚʘʥʠʷ ʩʦʩʪʘʚʘ ʢʦʤʧʦʥʝʥʪʦʚ ʢʦʤʧʦʟʠʪʘ7-8: ʪʘʢ, ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʢʦʤʧʦʟʠʪʳ ʙʝʟ ʧʦʩʪʦʨʦʥʥʠʭ ʬʘʟ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʥʘ ʦʩʥʦʚʝ ʪʠʪʘʥʘʪʘ ʙʘʨʠʷ-

ʩʚʠʥʮʘ ʩ ʤʘʣʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʧʦʩʣʝʜʥʝʛʦ (ʥʝ ʙʦʣʝʝ 10 ʤʦʣ.%). ʅʘʩʪʦʷʱʘʷ ʨʘʙʦʪʘ 

ʷʚʣʷʝʪʩʷ ʧʨʦʜʦʣʞʝʥʠʝʤ ʧʨʦʚʦʜʠʤʳʭ ʥʘ ʢʘʬʝʜʨʝ ʦʙʱʝʡ ʠ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ 

ʖʌʋ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʙʣʘʩʪʠ ʤʝʞʬʘʟʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʚ ʦʢʩʠʜʥʳʭ 

ʛʝʪʝʨʦʛʝʥʥʳʭ ʤʫʣʴʪʠʬʝʨʨʦʠʯʥʳʭ ʩʠʩʪʝʤʘʭ. 

ʎʝʣʴ ʨʘʙʦʪʳ - ʠʩʩʣʝʜʦʚʘʥʠʝ ʤʝʞʬʘʟʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʚ ʜʚʫʭʬʘʟʥʳʭ 

ʤʫʣʴʪʠʬʝʨʨʦʠʯʥʳʭ ʩʚʠʥʝʮʩʦʜʝʨʞʘʱʠʭ ʠ ʙʝʩʩʚʠʥʮʦʚʳʭ ʩʠʩʪʝʤʘʭ, ʩʦʩʪʦʷʱʠʭ ʠʟ 

ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʭ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠ ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʦʥʥʳʭ ʦʢʩʠʜʥʳʭ ʬʘʟ, ʠ 

ʢʦʤʧʣʝʢʩʥʦʤ ʠʟʫʯʝʥʠʠ ʠʭ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʭ, ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ, 

ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʭ, ʤʘʛʥʠʪʥʳʭ ʠ ʄʕ ʩʚʦʡʩʪʚ ʜʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʠʭ ʚʟʘʠʤʦʩʚʷʟʠ ʩ 

ʩʦʩʪʦʷʥʠʝʤ ʤʝʞʬʘʟʥʳʭ ʛʨʘʥʠʮ ʢʦʤʧʦʟʠʪʦʚ.  

ɿʘʜʘʯʠ: 

1. ʀʩʩʣʝʜʦʚʘʥʠʝ ʤʝʞʬʘʟʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʠ ʠʭ ʚʣʠʷʥʠʷ ʥʘ ʩʚʦʡʩʪʚʘ 

ʬʘʟ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʄʕ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʚ ʄʕ ʩʤʝʩʝʚʳʭ ʢʦʤʧʦʟʠʪʘʭ: 

- ʥʘ ʦʩʥʦʚʝ ʞʝʣʝʟʦ-ʠʪʪʨʠʝʚʦʛʦ ʛʨʘʥʘʪʘ ʠ ʠʟʚʝʩʪʥʳʭ ʠʟ ʣʠʪʝʨʘʪʫʨʳ 

ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʭ ʙʝʩʩʚʠʥʮʦʚʳʭ ʧʴʝʟʦʵʣʝʢʪʨʠʢʦʚ ʩ ʙʦʣʴʰʠʤʠ ʚʝʣʠʯʠʥʘʤʠ 

ʧʴʝʟʦʢʦʥʩʪʘʥʪ (ʥʠʦʙʘʪʘ ʣʠʪʠʷ-ʥʘʪʨʠʷ-ʢʘʣʠʷ (1)9, ʪʠʪʘʥʘʪʘ ʥʘʪʨʠʷ-ʚʠʩʤʫʪʘ (2), 

ʮʠʨʢʦʥʘʪʘ-ʪʠʪʘʥʘʪʘ ʙʘʨʠʷ-ʢʘʣʴʮʠʷ (3)), 

                                                           
7 I.V. Lisnevskaya [et al.] // Ferroelectrics. ï 2018. ï Vol. 531. ï ˉ 1. ï P. 131-142. 
8 I.V. Lisnevskaya [et al.] // Journal of Magnetism and Magnetic Materials. ï 2016. ï Vol. 405. ï P. 62-65. 
9  (1) (100-ʭ) ʤʘʩʩ.% [Li 0.06(Na0.52K0.48)1.04]NbO3 (KLNN) + ʭ ʤʘʩʩ.% Y3Fe5O12 (YIG), 

ʭ = 30-70 

(2) (100-ʭ) ʤʘʩʩ.%  [96 ʤʦʣ.% Bi0,5(Na0,84K0,16)0,5TiO3 +  4 ʤʦʣ.% SrTiO3 + 0.2 ʤʘʩʩ. % 

La2O3] (BNT) + ʭ ʤʘʩʩ.% Y3Fe5O12 (YIG), ʭ = 30-70 

(3) (100-ʭ) ʤʘʩʩ.% Ba0.85Ca0.15Ti0.9Zr0.1O3 (BCZT) + ʭ ʤʘʩʩ.% Y3Fe5O12 (YIG), ʭ = 30-70  
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- ʥʘ ʦʩʥʦʚʝ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʬʝʨʨʠʪʘ ʥʠʢʝʣʷ ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʰʧʠʥʝʣʠ ʠ 

ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʭ ʧʴʝʟʦʵʣʝʢʪʨʠʢʦʚ ʮʠʨʢʦʥʘʪʘ-ʪʠʪʘʥʘʪʘ ʙʘʨʠʷ-ʢʘʣʴʮʠʷ (4) ʠ 

ʬʝʨʨʦʥʠʦʙʘʪʘ-ʪʠʪʘʥʘʪʘ ʩʚʠʥʮʘ (5), 

- ʥʘ ʦʩʥʦʚʝ ʛʝʢʩʘʬʝʨʨʠʪʘ ʩʚʠʥʮʘ, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʠʦʥʘʤʠ ʮʠʥʢʘ ʠ 

ʣʘʥʪʘʥʘ, ʠ ʦʜʥʦʛʦ ʠʟ ʧʨʦʤʳʰʣʝʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩʠʩʪʝʤʳ ʮʠʨʢʦʥʘʪ-ʪʠʪʘʥʘʪ ʩʚʠʥʮʘ 

ʤʘʨʢʠ ʎʊʉʅɺ-1 (6). 

2. ʇʦʠʩʢ ʩʧʦʩʦʙʦʚ ʫʤʝʥʴʰʝʥʠʷ ʠʣʠ (ʚ ʠʜʝʘʣʝ) ʫʩʪʨʘʥʝʥʠʷ 

ʥʝʞʝʣʘʪʝʣʴʥʳʭ ʤʝʞʬʘʟʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʧʫʪʝʤ ʚʘʨʴʠʨʦʚʘʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʨʝʛʣʘʤʝʥʪʦʚ ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʦʟʠʮʠʦʥʥʦʡ ʢʝʨʘʤʠʢʠ (ʩʥʠʞʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ 

ʩʧʝʢʘʥʠʷ ʟʘ ʩʯʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʦʥʢʦʜʠʩʧʝʨʩʥʳʭ ʧʦʨʦʰʢʦʚ ʢʦʤʧʦʥʝʥʪʦʚ, 

ʚʚʝʜʝʥʠʝ ʩʪʝʢʣʦʦʙʨʘʟʫʶʱʝʡ ʜʦʙʘʚʢʠ, ʚʘʨʴʠʨʦʚʘʥʠʝ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ 

ʧʴʝʟʦʢʦʤʧʦʥʝʥʪʘ ʠ ʜʨ.). 

3. ʂʦʤʧʣʝʢʩʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ, ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʭ, 

ʤʘʛʥʠʪʥʳʭ ʠ ʄʕ ʩʚʦʡʩʪʚ ʢʦʤʧʦʟʠʪʦʚ ʚʩʝʭ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʪʠʧʦʚ, ʚʳʷʚʣʝʥʠʝ 

ʚʟʘʠʤʦʩʚʷʟʝʡ ʤʝʞʜʫ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʨʝʛʣʘʤʝʥʪʘʤʠ ʠʟʛʦʪʦʚʣʝʥʠʷ, ʩʚʦʡʩʪʚʘʤʠ 

ʢʦʤʧʦʟʠʪʦʚ ʠ ʠʤʝʶʱʠʤʠ ʤʝʩʪʦ ʤʝʞʬʘʟʥʳʤʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤʠ, ʚʳʜʝʣʝʥʠʝ 

ʢʦʤʧʦʟʠʮʠʡ ʩ ʥʘʠʙʦʣʴʰʝʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʄʕ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ. 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ: 

1) ɺʧʝʨʚʳʝ ʧʦʣʫʯʝʥʳ ʠ ʢʦʤʧʣʝʢʩʥʦ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʜʚʫʭʬʘʟʥʳʝ ʄʕ 

ʩʤʝʩʝʚʳʝ ʢʦʤʧʦʟʠʪʳ ʥʘ ʦʩʥʦʚʝ ʠʟʚʝʩʪʥʳʭ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʭ ʩʚʠʥʝʮʩʦʜʝʨʞʘʱʠʭ 

ʠ ʙʝʩʩʚʠʥʮʦʚʳʭ ʧʴʝʟʦʵʣʝʢʪʨʠʢʦʚ (ʥʠʦʙʘʪ ʣʠʪʠʷ-ʥʘʪʨʠʷ-ʢʘʣʠʷ, ʪʠʪʘʥʘʪ ʥʘʪʨʠʷ-

ʚʠʩʤʫʪʘ, ʮʠʨʢʦʥʘʪ-ʪʠʪʘʥʘʪ ʙʘʨʠʷ-ʢʘʣʴʮʠʷ, ʮʠʨʢʦʥʘʪ-ʪʠʪʘʥʘʪ ʩʚʠʥʮʘ) ʠ ʞʝʣʝʟʦ-

ʠʪʪʨʠʝʚʦʛʦ ʛʨʘʥʘʪʘ (ʩʠʩʪʝʤʳ (1), (2), (3)); ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʬʝʨʨʠʪʘ ʥʠʢʝʣʷ 

(ʩʠʩʪʝʤʳ (4) ʠ (5)) ʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʛʝʢʩʘʬʝʨʨʠʪʘ ʩʚʠʥʮʘ (ʩʠʩʪʝʤʘ (6)). 

                                                           

(4) (100-ʭ) ʤʘʩʩ.% Ba0.85Ca0.15Ti0.9Zr0.1O3 (BCZT) + ʭ ʤʘʩʩ.% NiCo0.02Cu0.02Mn0.1Fe1.8O4-d 

(NCCMF), ʭ = 10-90 

(5) (100-ʭ) ʤʘʩʩ.% Pb(Fe0.5Nb0.5)0.945Ti0.055O3 (PFNPT) + ʭ ʤʘʩʩ.% Ni0.9Co0.1Cu0.1Fe1.9O4-d 

(NCCF); , ʭ = 10-90 

(6) 50 ʤʘʩʩ. % ʎʊʉʅɺ-1 + 50 ʤʘʩʩ. % Pb1īxLaxFe12īxZnxO19, x = 0-0.5. 
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2) ʅʘ ʦʩʥʦʚʘʥʠʠ ʜʘʥʥʳʭ ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʠʟʘ (ʈʌɸ) ʫʩʪʘʥʦʚʣʝʥʦ, 

ʯʪʦ ʚ ʩʠʩʪʝʤʘʭ (1) ʠ (2) ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʡ ʦʙʞʠʛ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʧʦ 

ʛʨʘʥʠʮʘʤ ʟʝʨʝʥ ʥʦʚʳʭ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠ ʙʦʣʝʝ ʩʪʘʙʠʣʴʥʳʭ ʧʨʦʜʫʢʪʦʚ ï 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ YNbO4 ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʬʝʨʛʶʩʩʦʥʠʪʘ ʠ Y2Ti2O7 ʩʦ ʩʪʨʫʢʪʫʨʦʡ 

ʧʠʨʦʭʣʦʨʘ; ʦʧʨʝʜʝʣʝʥʳ ʢʠʥʝʪʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʠʤʝʶʱʠʭ ʤʝʩʪʦ ʤʝʞʬʘʟʥʳʭ 

ʨʝʘʢʮʠʡ ʠ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʩʚʦʡʩʪʚ ʢʦʤʧʦʟʠʪʦʚ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʩʠʩʪʝʤʝ (1) 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʬʘʟ ʠʤʝʝʪ ʧʨʠʟʥʘʢʠ ʚʩʪʨʝʯʥʦʛʦ, ʜʚʫʭʩʪʦʨʦʥʥʝʛʦ ʧʨʦʮʝʩʩʘ, ʘ 

ʦʙʨʘʟʦʚʘʥʠʝ ʧʦʩʪʦʨʦʥʥʠʭ ʬʘʟ ʚ ʩʠʩʪʝʤʝ (2) ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʦʜʥʦʩʪʦʨʦʥʥʠʡ ʧʨʦʮʝʩʩ, ʦʪ ʬʘʟʳ ʬʝʨʨʠʪʘ ʢ ʧʴʝʟʦʵʣʝʢʪʨʠʢʫ; ʚ 

ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʦʙʨʘʟʦʚʘʥʠʝ ʧʦʩʪʦʨʦʥʥʠʭ ʬʘʟ ʧʦ ʛʨʘʥʠʮʘʤ ʟʝʨʝʥ ʧʨʠʚʦʜʠʪ ʢ ʨʝʟʢʦʤʫ 

ʩʥʠʞʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʄʕ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʚʩʣʝʜʩʪʚʠʝ ʫʭʫʜʰʝʥʠʷ 

ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʤʝʞʬʘʟʥʦʛʦ ʢʦʥʪʘʢʪʘ.  

3) ɺ ʩʠʩʪʝʤʘʭ (3), (4) ʠ (5) ʬʘʟʳ ʢʦʤʧʦʟʠʪʦʚ ʚ ʧʨʦʮʝʩʩʝ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʦʙʞʠʛʘ ʚ ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʳʭ ʫʩʣʦʚʠʷʭ ʥʝ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ 

ʤʝʞʜʫ ʩʦʙʦʡ ʜʘʞʝ ʥʘ ʫʨʦʚʥʝ ʣʝʛʠʨʦʚʘʥʠʷ, ʧʨʠ ʵʪʦʤ, ʦʜʥʘʢʦ, ʚ ʩʠʩʪʝʤʝ (5) 

ʧʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʩʧʝʢʘʥʠʷ ʧʨʠʚʦʜʠʪ ʢ ʜʝʛʨʘʜʘʮʠʠ ʧʴʝʟʦʢʦʤʧʦʥʝʥʪʘ ʠ 

ʦʙʨʘʟʦʚʘʥʠʶ ʧʨʠʤʝʩʥʦʡ ʬʘʟʳ ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʧʠʨʦʭʣʦʨʘ, ʩʪʨʫʢʪʫʨʥʦ ʠʜʝʥʪʠʯʥʦʡ 

Pb2Nb2O7.  

4) ɺ ʩʠʩʪʝʤʝ (6) ʥʘʙʣʶʜʘʝʪʩʷ ʥʝʦʞʠʜʘʥʥʳʡ ʵʬʬʝʢʪ ʨʝʟʢʦʛʦ ʫʣʫʯʰʝʥʠʷ 

ʧʴʝʟʦʧʘʨʘʤʝʪʨʦʚ ʢʦʤʧʦʟʠʪʦʚ ʚʩʣʝʜʩʪʚʠʝ ʣʝʛʠʨʦʚʘʥʠʷ ʧʴʝʟʦʬʘʟʳ ʩʦʩʪʘʚʣʷʶʱʠʤʠ 

ʬʝʨʨʠʪʘ; ʧʨʝʜʣʦʞʝʥ ʤʝʭʘʥʠʟʤ, ʦʧʠʩʳʚʘʶʱʠʡ ʜʘʥʥʦʝ ʷʚʣʝʥʠʝ. 

5) ɺ ʩʠʩʪʝʤʘʭ (3)-(6) ʦʧʪʠʤʠʟʠʨʦʚʘʥʳ ʩʦʩʪʘʚʳ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ 

ʨʝʛʣʘʤʝʥʪʳ ʧʦʣʫʯʝʥʠʷ ʩʤʝʩʝʚʳʭ ʄʕ ʢʦʤʧʦʟʠʪʦʚ, ʧʦ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʄʕ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʥʝ ʫʩʪʫʧʘʶʱʠʭ (ʢʘʞʜʳʡ ʚ ʩʚʦʝʤ ʢʣʘʩʩʝ), ʘ ʧʦ ʧʴʝʟʦʧʘʨʘʤʝʪʨʘʤ ʚ 

ʨʷʜʝ ʩʣʫʯʘʝʚ ʜʘʞʝ ʥʝʩʢʦʣʴʢʦ ʧʨʝʚʦʩʭʦʜʷʱʠʭ ʦʧʠʩʘʥʥʳʝ ʚ ʣʠʪʝʨʘʪʫʨʝ ʥʘʠʙʦʣʝʝ 

ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʝ ʄʕ ʜʚʫʭʬʘʟʥʳʝ ʘʥʘʣʦʛʠ. 

6) ʅʘ ʧʨʠʤʝʨʝ ʩʠʩʪʝʤʳ (4) ʠʩʩʣʝʜʦʚʘʥʦ ʠ ʦʙʦʩʥʦʚʘʥʦ ʚʣʠʷʥʠʝ ʨʷʜʘ 

ʬʘʢʪʦʨʦʚ (ʩʥʠʞʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʩʧʝʢʘʥʠʷ ʟʘ ʩʯʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʪʦʥʢʦʜʠʩʧʝʨʩʥʳʭ ʧʦʨʦʰʢʦʚ ʢʦʤʧʦʥʝʥʪʦʚ, ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʩʧʝʮʠʘʣʴʥʦ 
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ʨʘʟʨʘʙʦʪʘʥʥʳʤʠ ʜʣʷ ʵʪʦʛʦ ʛʝʣʴ-ʤʝʪʦʜʘʤʠ, ʚʚʝʜʝʥʠʝ ʩʪʝʢʣʦʦʙʨʘʟʫʶʱʝʡ ʜʦʙʘʚʢʠ, 

ʚʘʨʴʠʨʦʚʘʥʠʝ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʧʴʝʟʦʢʦʤʧʦʥʝʥʪʘ ʠ ʥʝʢ. ʜʨ.) ʥʘ 

ʩʚʦʡʩʪʚʘ ʄʕ ʢʝʨʘʤʠʢʠ. 

ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ ʦʙʫʩʣʦʚʣʝʥʘ ʚʳʷʚʣʝʥʥʳʤʠ 

ʟʘʚʠʩʠʤʦʩʪʷʤʠ ʠʟʤʝʥʝʥʠʷ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʭ, ʤʘʛʥʠʪʥʳʭ ʠ ʄʕ ʩʚʦʡʩʪʚ 

ʢʦʤʧʦʟʠʪʦʚ ʠ ʚʭʦʜʷʱʠʭ ʚ ʠʭ ʩʦʩʪʘʚ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʬʘʟ ʦʪ ʧʨʦʮʝʩʩʦʚ ʤʝʞʬʘʟʥʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʧʨʦʪʝʢʘʶʱʠʭ ʧʦ ʛʨʘʥʠʮʘʤ ʨʘʟʜʝʣʘ ʠ ʠʤʝʶʱʠʭ ʟʘʨʘʥʝʝ 

ʪʨʫʜʥʦʧʨʦʛʥʦʟʠʨʫʝʤʳʝ, ʜʠʩʩʠʥʝʨʛʝʪʠʯʝʩʢʠʝ ʠʣʠ ʩʠʥʝʨʛʝʪʠʯʝʩʢʠʝ, ʧʦʩʣʝʜʩʪʚʠʷ; 

ʧʦʣʫʯʝʥʘ ʥʦʚʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʧʨʠʨʦʜʝ ʤʝʞʬʘʟʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʚ ʥʝ ʦʧʠʩʘʥʥʳʭ 

ʨʘʥʝʝ ʄʕ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʘʭ ʥʘ ʦʩʥʦʚʝ ʦʢʩʠʜʥʳʭ ʤʘʛʥʝʪʠʢʦʚ ʠ 

ʧʴʝʟʦʵʣʝʢʪʨʠʢʦʚ ʠ ʠʭ ʩʚʦʡʩʪʚʘʭ.  

ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ. ɺ ʨʘʤʢʘʭ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʟʨʘʙʦʪʘʥ ʢʦʤʧʣʝʢʩ ʭʠʤʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʤʝʨ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʧʦʣʫʯʝʥʠʝ ʄʕ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʙʝʩʩʚʠʥʮʦʚʳʭ ʠ 

ʩʚʠʥʝʮʩʦʜʝʨʞʘʱʠʭ ʦʢʩʠʜʥʳʭ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨ ʩ ʚʳʩʦʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʄʕ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʠ ʫʣʫʯʰʝʥʥʳʤʠ ʧʴʝʟʦʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʜʣʷ 

ʠʟʛʦʪʦʚʣʝʥʠʷ ʥʘ ʠʭ ʦʩʥʦʚʝ ʄʕ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʨʘʟʣʠʯʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ, ʯʪʦ 

ʧʦʜʪʚʝʨʞʜʝʥʦ ʜʚʫʤʷ ʦʙʲʝʢʪʘʤʠ ʥʦʫ-ʭʘʫ. ʇʦʣʫʯʝʥʘ ʥʦʚʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦ 

ʤʝʞʬʘʟʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʭ ʚ ʬʝʨʨʠʪ-ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʦʢʩʠʜʥʳʭ ʩʠʩʪʝʤʘʭ ʠ 

ʠʭ ʢʦʤʧʣʝʢʩʥʦʤ ʚʣʠʷʥʠʠ ʥʘ ʩʚʦʡʩʪʚʘ ʢʦʤʧʦʟʠʪʦʚ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ 

ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʨʝʛʣʘʤʝʥʪʳ ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʦʟʠʮʠʦʥʥʦʡ 

ʢʝʨʘʤʠʢʠ ʩ ʥʘʠʙʦʣʴʰʝʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʄʕ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ. ʇʝʨʩʧʝʢʪʠʚʥʦʩʪʴ 

ʧʨʠʤʝʥʝʥʠʷ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʢʦʤʧʦʟʠʪʦʚ ʚ ʢʘʯʝʩʪʚʝ ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ 

ʜʘʪʯʠʢʦʚ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ ʧʦʜʪʚʝʨʞʜʝʥʘ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤ ʫʩʪʨʦʡʩʪʚʝ, 

ʨʘʟʨʘʙʦʪʘʥʥʦʤ ʚ ʆʆʆ çɻʘʣʦʤʝʜʪʝʭè (ʛ. ʈʦʩʪʦʚ-ʥʘ-ɼʦʥʫ). ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ 

ʨʘʟʨʘʙʦʪʢʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʥʘ ʢʘʬʝʜʨʝ ʦʙʱʝʡ ʠ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʖʌʋ ʧʨʠ 

ʦʙʫʯʝʥʠʠ ʩʪʫʜʝʥʪʦʚ ʙʘʢʘʣʘʚʨʠʘʪʘ ʠ ʩʧʝʮʠʘʣʠʪʝʪʘ, ʯʪʦ ʦʪʨʘʞʝʥʦ ʚ ʨʘʙʦʯʠʭ 

ʧʨʦʛʨʘʤʤʘʭ ʜʠʩʮʠʧʣʠʥ çʅʝʦʨʛʘʥʠʯʝʩʢʠʝ ʤʘʪʝʨʠʘʣʳè, çʄʘʛʥʠʪʥʳʝ ʤʘʪʝʨʠʘʣʳ ʠ 
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ʤʫʣʴʪʠʬʝʨʨʦʠʢʠè ʠ ʥʝʢ. ʜʨ., ʘ ʪʘʢʞʝ ʧʨʠʤʝʥʝʥʳ ʚ ʧʨʦʝʢʪʥʳʭ ʠ ʚʳʧʫʩʢʥʳʭ 

ʢʚʘʣʠʬʠʢʘʮʠʦʥʥʳʭ ʨʘʙʦʪʘʭ ʩʪʫʜʝʥʪʦʚ ʭʠʤʠʯʝʩʢʦʛʦ ʬʘʢʫʣʴʪʝʪʘ ʖʌʋ. 

ʄʝʪʦʜʦʣʦʛʠʷ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʄʝʪʦʜʦʣʦʛʠʯʝʩʢʦʡ ʦʩʥʦʚʦʡ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʩʣʫʞʠʣʠ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʧʨʠʥʮʠʧʘʭ 

ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʚʦʡʩʪʚʘʭ ʘʢʪʠʚʥʳʭ ʢʦʤʧʦʟʠʪʦʚ ʠ ʤʝʞʬʘʟʥʳʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʭ ʚ ʥʠʭ. ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʦʚʨʝʤʝʥʥʳʭ 

ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʧʨʠʙʦʨʦʚ ʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ: 

ʨʝʥʪʛʝʥʦʬʘʟʦʚʳʡ ʘʥʘʣʠʟ, ʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟ, ʤʠʢʨʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ, 

ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʝ, ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʝ ʠ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʠʟʤʝʨʝʥʠʷ, 

ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʘʷ ʩʢʘʥʠʨʫʶʱʘʷ 

ʢʘʣʦʨʠʤʝʪʨʠʷ, ʤʘʛʥʠʪʥʳʝ ʠ ʤʘʛʥʠʪʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʠʟʤʝʨʝʥʠʷ. 

ʇʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ: 

1) ʆʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʧʨʦʮʝʩʩʳ, ʧʨʦʪʝʢʘʶʱʠʝ ʥʘ ʛʨʘʥʠʮʘʭ ʨʘʟʜʝʣʘ ʬʘʟ 

ʚ ʜʚʫʭʬʘʟʥʳʭ ʤʫʣʴʪʠʬʝʨʨʦʠʯʥʳʭ ʩʠʩʪʝʤʘʭ (1)-(6) ʚ ʭʦʜʝ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ 

ʦʙʞʠʛʘ, ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʳ ʧʨʦʜʫʢʪʳ ʤʝʞʬʘʟʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʠ ʚʳʷʚʣʝʥʳ 

ʢʠʥʝʪʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʠʭ ʬʦʨʤʠʨʦʚʘʥʠʷ. 

2) ʋʩʪʘʥʦʚʣʝʥʘ ʚʟʘʠʤʦʩʚʷʟʴ ʠ ʚʟʘʠʤʦʟʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ ʧʨʦʮʝʩʩʘʤʠ, 

ʧʨʦʠʩʭʦʜʷʱʠʤʠ ʥʘ ʛʨʘʥʠʮʘʭ ʨʘʟʜʝʣʘ ʬʘʟ, ʠ ʩʚʦʡʩʪʚʘʤʠ ʄʕ ʢʝʨʘʤʠʢ, 

ʧʨʦʷʚʣʷʶʱʘʷʩʷ ʚ ʩʠʥʝʨʛʝʪʠʯʝʩʢʠʭ ʠ ʜʠʩʩʠʥʝʨʛʝʪʠʯʝʩʢʠʭ ʵʬʬʝʢʪʘʭ ʚʟʘʠʤʥʦʛʦ 

ʤʝʞʬʘʟʥʦʛʦ ʚʣʠʷʥʠʷ, ʦʧʨʝʜʝʣʝʥʳ ʤʝʭʘʥʠʟʤʳ ʵʪʦʛʦ ʚʣʠʷʥʠʷ.  

3) ɺʳʷʚʣʝʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʠ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ 

ʠʟʤʝʥʝʥʠʷ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʭ, ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ, ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʭ, ʤʘʛʥʠʪʥʳʭ, 

ʄʕ ʩʚʦʡʩʪʚ ʦʪ ʩʦʩʪʘʚʘ ʢʦʤʧʦʟʠʪʦʚ, ʧʨʠʥʘʜʣʝʞʘʱʠʭ ʜʚʫʭʬʘʟʥʳʤ ʩʠʩʪʝʤʘʤ (1)-(6). 

4) ɺ ʩʠʩʪʝʤʘʭ (3)-(6) ʚʳʷʚʣʝʥʳ ʦʧʪʠʤʘʣʴʥʳʝ ʢʝʨʘʤʠʯʝʩʢʠʝ 

ʢʦʤʧʦʟʠʮʠʠ, ʧʦ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʄʕ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʥʝ ʫʩʪʫʧʘʶʱʠʝ (ʢʘʞʜʳʡ ʚ 

ʩʚʦʝʤ ʢʣʘʩʩʝ), ʘ ʧʦ ʧʴʝʟʦʧʘʨʘʤʝʪʨʘʤ ʜʘʞʝ ʥʝʩʢʦʣʴʢʦ ʧʨʝʚʦʩʭʦʜʷʱʠʝ ʠʟʚʝʩʪʥʳʝ ʠʟ 

ʣʠʪʝʨʘʪʫʨʳ ʘʥʘʣʦʛʠ, ʠ ʦʧʨʝʜʝʣʝʥʳ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʨʝʛʣʘʤʝʥʪʳ ʠʭ ʧʦʣʫʯʝʥʠʷ. 

5) ɺʳʷʚʣʝʥʦ ʠ ʦʙʦʩʥʦʚʘʥʦ ʚʣʠʷʥʠʝ ʨʘʟʣʠʯʥʳʭ ʬʘʢʪʦʨʦʚ (ʩʥʠʞʝʥʠʝ 

ʪʝʤʧʝʨʘʪʫʨʳ ʩʧʝʢʘʥʠʷ ʟʘ ʩʯʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʦʥʢʦʜʠʩʧʝʨʩʥʳʭ ʧʦʨʦʰʢʦʚ 
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ʢʦʤʧʦʥʝʥʪʦʚ, ʚʚʝʜʝʥʠʝ ʩʪʝʢʣʦʦʙʨʘʟʫʶʱʝʡ ʜʦʙʘʚʢʠ, ʚʘʨʴʠʨʦʚʘʥʠʝ 

ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʧʴʝʟʦʢʦʤʧʦʥʝʥʪʘ ʠ ʥʝʢ. ʜʨ.) ʥʘ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʝ, 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʝ, ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʝ, ʤʘʛʥʠʪʥʳʝ, ʄʕ ʩʚʦʡʩʪʚʘ ʙʝʩʩʚʠʥʮʦʚʳʭ 

ʢʦʤʧʦʟʠʪʦʚ ʩʠʩʪʝʤʳ (4). 

ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʠ ʚʳʚʦʜʦʚ ʦʙʫʩʣʦʚʣʝʥʘ 

ʩʦʛʣʘʩʦʚʘʥʠʝʤ ʧʦʣʫʯʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʩ ʧʨʝʜʩʪʘʚʣʝʥʥʳʤʠ ʨʘʥʝʝ 

ʚ ʨʘʟʣʠʯʥʳʭ ʣʠʪʝʨʘʪʫʨʥʳʭ ʠʩʪʦʯʥʠʢʘʭ. ɺʩʝ ʜʘʥʥʳʝ ʷʚʣʷʶʪʩʷ ʚʦʩʧʨʦʠʟʚʦʜʠʤʳʤʠ, 

ʧʦʣʫʯʝʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʤʧʣʝʢʩʥʳʭ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʥʘ 

ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤ ʦʙʦʨʫʜʦʚʘʥʠʠ. 

ʃʠʯʥʳʡ ʚʢʣʘʜ ʩʦʠʩʢʘʪʝʣʷ. ʉʦʠʩʢʘʪʝʣʝʤ ʦʙʦʙʱʝʥʳ ʣʠʪʝʨʘʪʫʨʥʳʝ ʜʘʥʥʳʝ 

ʧʦ ʪʝʤʘʪʠʢʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʚʳʧʦʣʥʝʥʳ ʩʠʥʪʝʟʳ ʧʨʝʢʫʨʩʦʨʦʚ, ʠʟʛʦʪʦʚʣʝʥʘ 

ʢʦʤʧʦʟʠʮʠʦʥʥʘʷ ʢʝʨʘʤʠʢʘ, ʧʨʦʚʝʜʝʥʳ ʨʝʥʪʛʝʥʦʬʘʟʦʚʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʣʫʯʝʥʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ, ʠʟʤʝʨʝʥʳ ʠʭ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʝ, ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʠ ʄʕ ʧʘʨʘʤʝʪʨʳ. 

ʌʦʨʤʫʣʠʨʦʚʢʘ ʮʝʣʝʡ ʠ ʟʘʜʘʯ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʜʘʥʥʳʭ, ʩʠʩʪʝʤʘʪʠʟʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʧʫʙʣʠʢʘʮʠʠ ʚʳʧʦʣʥʝʥʳ ʚ 

ʩʦʘʚʪʦʨʩʪʚʝ ʩ ʥʘʫʯʥʳʤ ʨʫʢʦʚʦʜʠʪʝʣʝʤ. ʄʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʤʘʪʝʨʠʘʣʦʚ ʠʟʫʯʝʥʳ 

ʥʘ ʦʙʦʨʫʜʦʚʘʥʠʠ ʄʝʞʜʫʥʘʨʦʜʥʦʛʦ ʠʥʩʪʠʪʫʪʘ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʖʌʋ; ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʦʙʨʘʟʮʦʚ ʦʩʫʱʝʩʪʚʣʝʥʳ ʚ ʎʝʥʪʨʝ 

ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʧʦʣʴʟʦʚʘʥʠʷ ʀʥʩʪʠʪʫʪʘ ʥʘʫʢ ʦ ʟʝʤʣʝ ʖʌʋ. 

ɸʧʨʦʙʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ. ʄʘʪʝʨʠʘʣʳ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʜʦʢʣʘʜʳʚʘʣʠʩʴ ʥʘ ʩʣʝʜʫʶʱʠʭ ʢʦʥʬʝʨʝʥʮʠʷʭ ʠ ʩʠʤʧʦʟʠʫʤʘʭ ʚʩʝʨʦʩʩʠʡʩʢʦʛʦ ʠ 

ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ ʫʨʦʚʥʷ: ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʳʡ ʤʦʣʦʜʝʞʥʳʡ 

ʩʠʤʧʦʟʠʫʤ çʌʠʟʠʢʘ ʙʝʩʩʚʠʥʮʦʚʳʭ ʧʴʝʟʦʘʢʪʠʚʥʳʭ ʠ ʨʦʜʩʪʚʝʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

ɸʥʘʣʠʟ ʩʦʚʨʝʤʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʠ ʧʝʨʩʧʝʢʪʠʚʳ ʨʘʟʚʠʪʠʷ (LFPM)è (ʈʦʩʩʠʷ, 2017, 

2018, 2019, 2020, 2022, 2023), XIX ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ 

çɸʢʪʫʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ: ʤʘʪʝʨʠʘʣʳ ʜʣʷ ʛʝʥʝʨʘʮʠʠ, 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʠ ʭʨʘʥʝʥʠʷ ʵʥʝʨʛʠʠ.è (2020), VIII ɽʞʝʛʦʜʥʘʷ ʤʦʣʦʜʝʞʥʘʷ ʥʘʫʯʥʘʷ 

ʢʦʥʬʝʨʝʥʮʠʷ çʅʘʫʢʘ ʖʛʘ ʈʦʩʩʠʠ: ɼʦʩʪʠʞʝʥʠʷ ʠ ʇʝʨʩʧʝʢʪʠʚʳè 2022, XIX 

ɽʞʝʛʦʜʥʘʷ ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʤʦʣʦʜʝʞʥʘʷ ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ 
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ʫʯʘʩʪʠʝʤ çʋʛʨʦʟʳ ʠ ʨʠʩʢʠ ʥʘ ʖʛʝ ʈʦʩʩʠʠ ʚ ʫʩʣʦʚʠʷʭ ʛʝʦʧʦʣʠʪʠʯʝʩʢʦʛʦ ʢʨʠʟʠʩʘ. 

ɼʦʩʪʠʞʝʥʠʷ ʠ ʧʝʨʩʧʝʢʪʠʚʳ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ ʖʛʘ ʈʦʩʩʠʠè, 

ʈʦʩʪʦʚ-ʥʘ-ɼʦʥʫ, 2023. 

ʇʫʙʣʠʢʘʮʠʠ. ʇʦ ʤʘʪʝʨʠʘʣʘʤ ʨʘʙʦʪʳ ʦʧʫʙʣʠʢʦʚʘʥʦ 15 ʨʘʙʦʪ, ʠʟ ʢʦʪʦʨʳʭ 4 

ʩʪʘʪʴʠ ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ ʞʫʨʥʘʣʘʭ, ʮʠʪʠʨʫʝʤʳʭ ʚ ʤʝʞʜʫʥʘʨʦʜʥʳʭ 

ʥʘʫʢʦʤʝʪʨʠʯʝʩʢʠʭ ʙʘʟʘʭ ʜʘʥʥʳʭ Scopus ʠ Web of Science, 2 ʦʙʲʝʢʪʘ ʥʦʫ-ʭʘʫ. 

ʉʪʨʫʢʪʫʨʘ ʨʘʙʦʪʳ. ɼʠʩʩʝʨʪʘʮʠʦʥʥʘʷ ʨʘʙʦʪʘ ʩʦʩʪʦʠʪ ʠʟ ʚʚʝʜʝʥʠʷ, 

ʣʠʪʝʨʘʪʫʨʥʦʛʦ ʦʙʟʦʨʘ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʯʘʩʪʠ, ʟʘʢʣʶʯʝʥʠʷ, ʩʧʠʩʢʘ ʮʠʪʠʨʫʝʤʦʡ 

ʣʠʪʝʨʘʪʫʨʳ, 2 ʧʨʠʣʦʞʝʥʠʡ, ʠʟʣʦʞʝʥʘ ʥʘ 173 ʩʪʨʘʥʠʮʘʭ ʤʘʰʠʥʦʧʠʩʥʦʛʦ ʪʝʢʩʪʘ, 

ʩʦʜʝʨʞʠʪ 5 ʪʘʙʣʠʮ, 56 ʨʠʩʫʥʢʦʚ. ɹʠʙʣʠʦʛʨʘʬʠʷ ʚʢʣʶʯʘʝʪ 236 ʥʘʠʤʝʥʦʚʘʥʠʷ ʨʘʙʦʪ 

ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʠ ʟʘʨʫʙʝʞʥʳʭ ʘʚʪʦʨʦʚ. 
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ɻʃɸɺɸ 1. ʃʀʊɽʈɸʊʋʈʅʓʁ ʆɹɿʆʈ  

1.1 ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʤʫʣʴʪʠʬʝʨʨʦʠʯʥʳʭ ʩʠʩʪʝʤ 

ʅʘʯʘʣʦ ʠʟʫʯʝʥʠ ̫ ʤʫʣʴʪʠʬʝʨʨʦʠʢʦʚ ʚʦʩʭʦʜʠʪ ʢ 1950-ʤ ʛʦʜʘʤ [1], ʢʦʛʜʘ 

ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʤʘʛʥʠʪʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ ʚ Cr2O3 ʙʳʣʦ ʧʨʝʜʩʢʘʟʘʥʦ ʧʦ 

ʩʠʤʤʝʪʨʠʡʥʳʤ ʩʦʦʙʨʘʞʝʥʠʷʤ. ɺʩʢʦʨʝ ʧʦʩʣʝʜʦʚʘʣʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ 

ʧʦʜʪʚʝʨʞʜʝʥʠʝ [2; 3] ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ, ʠʥʜʫʮʠʨʦʚʘʥʥʦʡ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʧʦʣʝʤ, ʠ 

ʠʥʜʫʮʠʨʦʚʘʥʥʦʡ ʤʘʛʥʠʪʥʳʤ ʧʦʣʝʤ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʦʣʷʨʠʟʘʮʠʠ. ɺ ʧʦʩʣʝʜʥʠʝ ʞʝ 

ʛʦʜʳ ʢʣʶʯʝʚʳʝ ʦʪʢʨʳʪʠʷ ʚ ʪʝʦʨʠʠ, ʤʝʪʦʜʘʭ ʩʠʥʪʝʟʘ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʧʨʠʚʝʣʠ ʢ 

ʥʦʚʦʤʫ ʚʩʧʣʝʩʢʫ ʠʥʪʝʨʝʩʘ ʢ ʵʪʠʤ ʤʘʪʝʨʠʘʣʘʤ. ʈʘʟʣʠʯʥʳʝ ʤʝʭʘʥʠʟʤʳ, ʪʘʢʠʝ ʢʘʢ 

ʵʬʬʝʢʪʳ ʥʝʧʦʜʝʣʝʥʥʦʡ ʧʘʨʳ, ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ, ʟʘʨʷʜʦʚʳʝ ʠ ʩʧʠʥʦʚʳʝ ʵʬʬʝʢʪʳ, 

ʤʦʛʫʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʫʣʫʯʰʝʥʠʶ ʤʫʣʴʪʠʬʝʨʨʦʠʯʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ. 

ʄʫʣʴʪʠʬʝʨʨʦʠʢʠ - ʵʪʦ ʢʣʘʩʩ ʫʥʠʢʘʣʴʥʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, 

ʢʦʪʦʨʳʝ ʦʙʣʘʜʘʶʪ ʜʚʫʤʷ ʠʣʠ ʙʦʣʝʝ ʧʘʨʘʤʝʪʨʘʤʠ ʧʦʨʷʜʢʘ, ʪʘʢʠʤʠ ʢʘʢ 

ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʪʚʦ, ʬʝʨʨʦʤʘʛʥʝʪʠʟʤ, ʩʝʛʥʝʪʦʵʣʘʩʪʠʯʥʦʩʪʴ ʠ 

ʬʝʨʨʦʪʦʨʦʠʜʘʣʴʥʦʩʪʴ. ɺʟʘʠʤʦʩʚʷʟʴ ʨʘʟʣʠʯʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʧʦʨʷʜʢʘ ʤʦʞʝʪ 

ʚʳʟʳʚʘʪʴ ʥʦʚʳʝ ʬʠʟʠʯʝʩʢʠʝ ʵʬʬʝʢʪʳ, ʪʘʢʠʝ ʢʘʢ ʫʧʨʘʚʣʝʥʠʝ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴʶ 

ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʧʦʣʝʤ ʠʣʠ ʥʘʦʙʦʨʦʪ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʫʣʴʪʠʬʝʨʨʦʠʯʥʳʝ 

ʤʘʪʝʨʠʘʣʳ, ʦʙʣʘʜʘʶʱʠʝ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʠ ʤʘʛʥʠʪʥʳʤʠ 

ʩʚʦʡʩʪʚʘʤʠ, ʘ ʪʘʢʞʝ ʵʬʬʝʢʪʦʤ ʤʘʛʥʠʪʦʵʣʝʢʪʨʠʯʝʩʢʦʡ (ʄʕ) ʩʚʷʟʠ, ʚʳʟʳʚʘʶʪ 

ʠʥʪʝʨʝʩ ʚ ʩʚʷʟʠ ʩ ʠʭ ʧʦʪʝʥʮʠʘʣʴʥʳʤ ʧʨʠʤʝʥʝʥʠʝʤ ʚ ʣʦʛʠʯʝʩʢʠʭ ʟʘʧʦʤʠʥʘʶʱʠʭ 

ʫʩʪʨʦʡʩʪʚʘʭ, ʤʘʛʥʠʪʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ, ʜʘʪʯʠʢʘʭ ʤʘʛʥʠʪʥʦʛʦ 

ʧʦʣʷ, ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʳʭ ʘʢʢʫʤʫʣʠʨʫʶʱʠʭ ʫʩʪʨʦʡʩʪʚʘʭ, ʨʝʟʦʥʘʪʦʨʘʭ, 

ʩʯʠʪʳʚʘʶʱʠʭ ʛʦʣʦʚʢʘʭ, ʫʩʪʨʦʡʩʪʚʘʭ ʩʧʠʥʪʨʦʥʠʢʠ ʠ ʤʥ. ʜʨ. [4ï7]. ɹʦʣʝʝ ʪʦʛʦ, 

ʧʨʠʤʝʥʝʥʠʝ ʄʕ ʢʦʤʧʦʟʠʪʦʚ ʚ ʙʠʦʣʦʛʠʠ ʠ ʤʝʜʠʮʠʥʝ ʪʘʢʞʝ ʧʦʪʝʥʮʠʘʣʴʥʦ 

ʚʦʟʤʦʞʥʦ. ɼʣʷ ʜʠʘʛʥʦʩʪʠʢʠ ʠ ʣʝʯʝʥʠʷ ʟʘʙʦʣʝʚʘʥʠʡ ʥʘ ʚʥʫʪʨʠʢʣʝʪʦʯʥʦʤ ʫʨʦʚʥʝ 

ʥʝʦʙʭʦʜʠʤʘ ʨʘʟʨʘʙʦʪʢʘ ʤʘʢʩʠʤʘʣʴʥʦ ʥʝʠʥʚʘʟʠʚʥʦʛʦ ʩʧʦʩʦʙʘ ʣʦʢʘʣʴʥʦʡ 

ʩʪʠʤʫʣʷʮʠʠ ʦʪʜʝʣʴʥʳʭ ʥʝʡʨʦʥʦʚ, ʥʘʚʠʛʘʮʠʠ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʙʠʦʤʦʣʝʢʫʣ ʚ 

ʧʦʚʨʝʞʜʝʥʥʳʭ ʢʣʝʪʢʘʭ ʩ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʠ ʘʜʝʢʚʘʪʥʳʤ 
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ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʠ ʚʨʝʤʝʥʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ. ɹʳʣʦ ʧʦʢʘʟʘʥʦ [8], ʯʪʦ 

ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʄʕ ʤʘʪʝʨʠʘʣʳ, ʩʦʯʝʪʘʶʱʠʝ ʫʧʨʫʛʦ ʩʚʷʟʘʥʥʳʝ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʫʶ 

ʠ ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʦʥʥʫʶ ʬʘʟʳ, ʷʚʣʷʶʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ 

ʨʝʰʝʥʠʷ ʤʥʦʛʠʭ ʟʘʜʘʯ ʩʦʚʨʝʤʝʥʥʦʡ ʤʝʜʠʮʠʥʳ.  

ʄʫʣʴʪʠʬʝʨʨʦʠʯʥʳʝ ʤʘʪʝʨʠʘʣʳ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʜʚʘ ʪʠʧʘ - ʦʜʥʦʬʘʟʥʳʝ 

(ʨʘʥʴʰʝ ʠʭ ʥʘʟʳʚʘʣʠ ʩʝʛʥʝʪʦʤʘʛʥʝʪʠʢʘʤʠ [9], ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʫʩʪʦʷʚʰʠʡʩʷ 

ʪʝʨʤʠʥ ï ʤʫʣʴʪʠʬʝʨʨʦʠʢʠ) ʠ ʜʚʫʭʬʘʟʥʳʝ (ʦʥʠ ʥʦʩʷʪ ʥʘʟʚʘʥʠʝ 

ʤʘʛʥʠʪʦʵʣʝʢʪʨʠʯʝʩʢʠʝ (ʄʕ) ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʧʦ-ʜʨʫʛʦʤʫ, 

ʤʫʣʴʪʠʬʝʨʨʦʠʯʥʳʝ ʛʝʪʝʨʦʬʘʟʥʳʝ ʩʠʩʪʝʤʳ). ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʠʟʚʝʩʪʥʦ ʙʦʣʝʝ 

ʜʝʩʷʪʢʘ ʨʘʟʣʠʯʥʳʭ ʩʝʤʝʡʩʪʚ ʦʜʥʦʬʘʟʥʳʭ ʤʫʣʴʪʠʬʝʨʨʦʠʢʦʚ, ʦʜʥʘʢʦ ʥʠʟʢʠʝ 

ʢʨʠʪʠʯʝʩʢʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ ʧʦʜʘʚʣʷʶʱʝʛʦ ʙʦʣʴʰʠʥʩʪʚʘ ʠʟ ʥʠʭ 

ʩʝʨʴʝʟʥʦ ʦʛʨʘʥʠʯʠʚʘʝʪ ʧʨʘʢʪʠʯʝʩʢʦʝ ʧʨʠʤʝʥʝʥʠʝ.  

ɸʣʴʪʝʨʥʘʪʠʚʦʡ ʦʜʥʦʬʘʟʥʳʤ ʤʫʣʴʪʠʬʝʨʨʦʠʢʘʤ, ʧʨʝʜʦʩʪʘʚʣʷʶʱʝʡ ʙʦʣʴʰʫʶ 

ʩʚʦʙʦʜʫ ʚ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʩʚʦʡʩʪʚ, ʷʚʣʷʶʪʩʷ ʜʚʫʭʬʘʟʥʳʝ ʤʫʣʴʪʠʬʝʨʨʦʠʯʥʳʝ 

ʩʠʩʪʝʤʳ - ʄʕ ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʧʦʣʫʯʘʝʤʳʝ ʧʫʪʝʤ ʢʦʤʙʠʥʠʨʦʚʘʥʠʷ 

ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠ ʬʝʨʨʦʤʘʛʥʠʪʥʳʭ ʬʘʟ. ɺ ʄʕ ʢʦʤʧʦʟʠʪʝ ʥʠ ʦʜʥʘ ʠʟ 

ʩʦʩʪʘʚʣʷʶʱʠʭ ʝʛʦ ʬʘʟ ʧʦ ʦʪʜʝʣʴʥʦʩʪʠ ʥʝ ʧʨʦʷʚʣʷʝʪ ʄʕ ʩʚʦʡʩʪʚ, ʥʦ ʠʭ 

ʧʝʨʝʢʨʝʩʪʥʳʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʧʫʪʝʤ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʢʦʥʪʘʢʪʘ ʤʦʞʝʪ ʙʳʪʴ ʚʳʟʚʘʥ 

ʟʥʘʯʠʪʝʣʴʥʳʡ ʄʕ ʦʪʢʣʠʢ. ʀʥʳʤʠ ʩʣʦʚʘʤʠ, ʦʜʥʦʚʨʝʤʝʥʥʦʝ ʧʨʠʩʫʪʩʪʚʠʝ 

ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʦʥʥʦʡ ʠ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʬʘʟ ʚ ʢʦʤʧʦʟʠʪʝ ʧʨʠʚʦʜʠʪ ʢ 

ʧʦʷʚʣʝʥʠʶ ʤʘʛʥʠʪʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ (ʄʕ) ʵʬʬʝʢʪʘ, ʢʦʪʦʨʳʡ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʧʦʷʚʣʝʥʠʠ ʩʧʦʥʪʘʥʥʦʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʚʦ ʚʥʝʰʥʝʤ ʵʣʝʢʪʨʠʯʝʩʢʦʤ ʧʦʣʝ ʠ 

ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʦʣʷʨʠʟʘʮʠʠ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʚʥʝʰʥʝʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ʂʦʤʧʦʟʠʪʳ 

ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʭʦʨʦʰʫʶ ʚʟʘʠʤʦʩʚʷʟʴ ʠ ʚʟʘʠʤʦʟʘʚʠʩʠʤʦʩʪʴ 

ʬʝʨʨʦ(ʬʝʨʨʠ)ʤʘʛʥʠʪʥʳʭ ʠ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ, ʯʪʦ ʜʝʣʘʝʪ ʠʭ 

ʧʦʪʝʥʮʠʘʣʴʥʦ ʧʨʠʛʦʜʥʳʤʠ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 

ʫʩʪʨʦʡʩʪʚʘʭ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʄʕ ʵʬʬʝʢʪ ʚ ʢʦʤʧʦʟʠʪʝ ʷʚʣʷʝʪʩʷ ʪʝʥʟʦʨʥʳʤ 

ʩʚʦʡʩʪʚʦʤ ʧʨʦʜʫʢʪʘ. ɺ ʢʦʤʧʦʟʠʪʘʭ ʤʦʞʝʪ ʙʳʪʴ ʜʦʩʪʠʛʥʫʪ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʠʡ 

ʄʕ ʵʬʬʝʢʪ, ʥʘ ʥʝʩʢʦʣʴʢʦ ʧʦʨʷʜʢʦʚ ʧʨʝʚʳʰʘʶʱʠʡ ʥʘʙʣʶʜʘʝʤʳʡ ʚ ʦʜʥʦʬʘʟʥʳʭ 
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ʤʫʣʴʪʠʬʝʨʨʦʠʢʘʭ, ʯʪʦ ʜʝʣʘʝʪ ʚʦʟʤʦʞʥʳʤ ʧʨʘʢʪʠʯʝʩʢʦʝ ʧʨʠʤʝʥʝʥʠʝ, ʙʣʘʛʦʜʘʨʷ 

ʯʝʤʫ ʄʕ ʢʦʤʧʦʟʠʪʳ ʨʘʟʣʠʯʥʳʭ ʢʦʥʬʠʛʫʨʘʮʠʡ ʘʢʪʠʚʥʦ ʠʩʩʣʝʜʫʶʪʩʷ ʚ ʥʘʩʪʦʷʱʠʝ 

ʜʥʠ.  

1.2 ʆʙʱʠʝ ʧʨʠʥʮʠʧʳ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʘʢʪʠʚʥʳʭ ʢʦʤʧʦʟʠʪʦʚ  

ʀʪʘʢ, ʢʦʤʧʦʟʠʪʥʳʡ ʤʘʪʝʨʠʘʣ ð ʵʪʦ ʥʝʦʜʥʦʨʦʜʥʳʡ ʪʚʝʨʜʳʡ ʤʘʪʝʨʠʘʣ, 

ʩʦʩʪʦʷʱʠʡ ʠʟ ʜʚʫʭ ʠ ʙʦʣʝʝ ʬʘʟ. ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʢʦʤʧʦʟʠʪʳ ʨʘʟʜʝʣʷʶʪ ʥʘ 

çʢʦʥʩʪʨʫʢʮʠʦʥʥʳʝè ʠ çʘʢʪʠʚʥʳʝè. ʂ ʧʝʨʚʦʡ ʛʨʫʧʧʝ ʦʪʥʦʩʷʪ ʤʘʪʝʨʠʘʣʳ, ʰʠʨʦʢʦ 

ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ. ʀʭ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʘʚʠʩʷʪ ʧʨʝʞʜʝ ʚʩʝʛʦ ʦʪ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʦʪ 

ʧʨʘʚʠʣʴʥʦʛʦ ʧʦʜʙʦʨʘ ʠʩʭʦʜʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʪʝʭʥʦʣʦʛʠʠ ʠʭ ʩʦʝʜʠʥʝʥʠʷ, ʢʦʪʦʨʘʷ 

ʧʨʠʟʚʘʥʘ ʦʙʝʩʧʝʯʠʪʴ ʧʨʦʯʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʤʝʞʜʫ ʢʦʤʧʦʥʝʥʪʘʤʠ ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʠʭ 

ʠʩʭʦʜʥʳʭ ʩʚʦʡʩʪʚ. ʉʚʦʡʩʪʚʘ ʤʘʪʨʠʮʳ ʦʧʨʝʜʝʣʷʶʪ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʨʠʝʤʳ 

ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʦʟʠʪʦʚ ʠ ʪʘʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʢʘʢ ʨʘʙʦʯʘʷ ʪʝʤʧʝʨʘʪʫʨʘ, 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʫʩʪʘʣʦʩʪʥʦʤʫ ʨʘʟʨʫʰʝʥʠʶ, ʘʪʤʦʩʬʝʨʦʩʪʦʡʢʦʩʪʴ, ʧʣʦʪʥʦʩʪʴ ʂʄ ʠ 

ʫʜʝʣʴʥʘʷ ʧʨʦʯʥʦʩʪʴ.  

ʊʘʢ ʥʘʟʳʚʘʝʤʳʝ çʘʢʪʠʚʥʳʝè ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʩʦʩʪʘʚʣʷʶʪ ʦʩʦʙʫʶ 

ʛʨʫʧʧʫ ʢʦʤʧʦʟʠʪʥʳʭ ʩʠʩʪʝʤ, ʚʝʩʴʤʘ ʨʘʟʥʦʦʙʨʘʟʥʫʶ ʧʦ ʩʦʚʦʢʫʧʥʦʩʪʠ ʧʨʠʩʫʱʠʭ ʠʤ 

ʩʚʦʡʩʪʚ ʠ ʦʙʣʘʩʪʷʤ ʧʨʠʤʝʥʝʥʠʷ, ʧʦʵʪʦʤʫ ʟʘʯʘʩʪʫʶ ʜʣʷ ʥʠʭ ʤʝʭʘʥʠʯʝʩʢʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʝ ʷʚʣʷʶʪʩʷ ʛʣʘʚʝʥʩʪʚʫʶʱʠʤʠ. ʆʩʦʙʝʥʥʦʩʪʴʶ ʤʥʦʛʠʭ ʘʢʪʠʚʥʳʭ 

ʢʦʤʧʦʟʠʪʦʚ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʦʯʝʪʘʥʠʷ ʬʘʟ ʨʘʟʣʠʯʥʦʡ ʧʨʠʨʦʜʳ ʫ 

ʢʦʤʧʦʟʠʪʘ ʩʦʟʜʘʝʪʩʷ ʢʦʤʧʣʝʢʩ ʩʚʦʡʩʪʚ, ʢʦʪʦʨʳʡ ʥʝ ʪʦʣʴʢʦ ʦʪʨʘʞʘʝʪ ʠʩʭʦʜʥʳʝ 

ʩʚʦʡʩʪʚʘ ʝʛʦ ʢʦʤʧʦʥʝʥʪʦʚ, ʥʦ ʠ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʩʚʦʡʩʪʚʘ, ʢʦʪʦʨʳʤʠ ʥʝ ʦʙʣʘʜʘʶʪ 

ʬʘʟʳ ʧʦ ʦʪʜʝʣʴʥʦʩʪʠ. ʊʘʢʠʤ ʩʚʦʡʩʪʚʦʤ, ʚ ʯʘʩʪʥʦʩʪʠ, ʷʚʣʷʝʪʩʷ ʫʧʦʤʷʥʫʪʳʡ ʚʳʰʝ 

ʄʕ ʵʬʬʝʢʪ ʚ ʛʝʪʝʨʦʬʘʟʥʳʭ ʤʫʣʴʪʠʬʝʨʨʦʠʯʥʳʭ ʩʠʩʪʝʤʘʭ, ʢʦʪʦʨʳʡ ʧʨʦʷʚʣʷʝʪʩʷ ʢʘʢ 

ʢʦʣʣʝʢʪʠʚʥʦʝ ʩʚʦʡʩʪʚʦ ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʦʥʥʦʡ ʠ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʬʘʟ ʢʦʤʧʦʟʠʪʘ 

ʧʦʩʨʝʜʩʪʚʦʤ ʧʝʨʝʜʘʯʠ ʜʝʬʦʨʤʘʮʠʡ ʤʝʞʜʫ ʥʠʤʠ. 

ʇʨʠʥʮʠʧʘʤ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʘʢʪʠʚʥʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʩʧʝʮʠʬʠʯʝʩʢʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʧʦʩʚʷʱʝʥʦ ʤʥʦʞʝʩʪʚʦ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʨʘʙʦʪ 



17 
 

 
 

[10ï14]. ʅʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʤʠ ʷʚʣʷʶʪʩʷ ʩʚʷʟʥʦʩʪʴ, ʩʠʤʤʝʪʨʠʡʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ, 

ʧʝʨʢʦʣʷʮʠʷ ʠ ʨʷʜ ʜʨʫʛʠʭ. 

ʉʚʷʟʥʦʩʪʴ - ʙʘʟʦʚʳʡ ʧʨʠʥʮʠʧ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʤʥʦʛʦʬʘʟʥʳʭ 

ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʩʠʩʪʝʤ. ʂʘʞʜʘʷ ʬʘʟʘ ʤʦʞʝʪ ʨʘʩʧʨʝʜʝʣʷʪɹʩ ̫ʚʜʦʣʴ ʦʜʥʦʛʦ, ʜʚʫʭ 

ʠʣʠ ʪʨʝʭ ʝʜʠʥʠʯʥʳʭ ʦʨʪʦʛʦʥʘʣʴʥʳʭ ʚʝʢʪʦʨʦʚ ʚ ʤʘʪʨʠʮʝ ʜʨʫʛʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʠʣʠ 

ʞʝ ʝʝ ʟʝʨʥʘ ʤʦʛʫʪ ʙʳʪʴ ʚʦʚʩʝ ʦʙʦʩʦʙʣʝʥʳ. ʇʨʠ ʨʘʟʥʦʤ ʪʠʧʝ ʩʦʝʜʠʥʝʥʠʷ ʬʘʟ 

ʢʦʤʧʦʟʠʪʘ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʷʶʪʩʷ ʝʛʦ ʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ. ɺ ʢʦʤʧʦʟʠʪʘʭ, 

ʩʦʩʪʦʷʱʠʭ ʠʟ ʜʚʫʭ ʬʘʟ, ʨʝʘʣʠʟʫʝʪʩʷ ʜʝʩʷʪʴ ʪʠʧʦʚ ʩʚʷʟʥʦʩʪʠ, ʢʦʪʦʨʳʝ ʠʟʦʙʨʘʞʝʥʳ 

ʥʘ ʈʠʩʫʥʢʝ 1. ʀʭ ʯʠʩʣʦ ʨʘʩʩʯʠʪʳʚʘʶʪ ʧʦ ʬʦʨʤʫʣʝ: 
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ʛʜʝ n ï ʯʠʩʣʦ ʬʘʟ ʢʦʤʧʦʟʠʪʘ. 

 

ʈʠʩʫʥʦʢ 1 ï ʊʠʧr ʩʚʷʟʥʦʩʪʠ ʚ ʜʚʫʭʬʘʟʥʳʭ ʢʦʤʧʦʟʠʪʘʭ 
 

ʉʚʦʡʩʪʚʘ ʢʦʤʧʦʟʠʪʦʚ ʜʝʣʷʪʩʷ ʥʘ ʪʨʠ ʢʘʪʝʛʦʨʠʠ: ʘʜʜʠʪʠʚʥʳʝ, 

ʢʦʤʙʠʥʘʮʠʦʥʥʳʝ ʠ ʥʦʚʳʝ. ʂʦʵʬʬʠʮʠʝʥʪʳ ʘʜʜʠʪʠʚʥʳʭ ʩʚʦʡʩʪʚ ʢʦʤʧʦʟʠʪʦʚ 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʩʫʤʤʦʡ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʬʘʟ ʚ ʩʦʩʪʘʚʝ ʤʘʪʝʨʠʘʣʘ. ʅʘʧʨʠʤʝʨ, 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʧʨʠ ʦʜʥʦʤ ʠ ʪʦʤ ʞʝ ʦʙʲʝʤʥʦʤ ʩʦʜʝʨʞʘʥʠʠ ʬʘʟ, ʥʦ 

ʧʨʠ ʧʘʨʘʣʣʝʣʴʥʦʤ ʠʣʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʤ ʠʭ ʩʦʝʜʠʥʝʥʠʠ, ʧʨʠʥʠʤʘʝʪ ʨʘʟʥʳʝ 

ʟʥʘʯʝʥʠʷ. 
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ʂʦʤʙʠʥʘʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ï ʵʪʦ ʪʘʢʠʝ, ʚʢʣʘʜ ʚ ʠʟʤʝʥʝʥʠʝ ʢʦʪʦʨʳʭ ʜʘʶʪ 

ʜʨʫʛʠʝ ʧʘʨʘʤʝʪʨʳ ʢʦʤʧʦʟʠʪʦʚ, ʠʟʤʝʥʷʶʱʠʝʩʷ ʧʦ ʩʚʦʠʤ ʟʘʢʦʥʘʤ. ʉʢʦʨʦʩʪʴ ʟʚʫʢʘ, 

ʟʘʚʠʩʷʱʘʷ ʦʪ ʧʣʦʪʥʦʩʪʝʡ ʬʘʟ, ʚʭʦʜʷʱʠʭ ʚ ʩʦʩʪʘʚ ʤʘʪʝʨʠʘʣʘ, ʠ ʦʪ ʤʦʜʫʣʝʡ ʖʥʛʘ, 

ʷʚʣʷʝʪʩʷ ʪʠʧʠʯʥʳʤ ʧʨʠʤʝʨʦʤ ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʩʚʦʡʩʪʚʘ. ɺ ʩʪʝʨʞʥʝʚʳʭ 

ʢʦʤʧʦʟʠʪʘʭ ʩ ʪʠʧʦʤ ʩʚʷʟʥʦʩʪʠ 1-1 ʩʢʦʨʦʩʪʴ ʟʚʫʢʘ ʚ ʧʨʦʜʦʣʴʥʦʤ ʠ ʚ ʧʦʧʝʨʝʯʥʦʤ 

ʥʘʧʨʘʚʣʝʥʠʠ ʩʪʝʨʞʥʝʡ ʠʤʝʝʪ ʨʘʟʥʳʝ ʟʥʘʯʝʥʠʷ.  

 çʅʦʚʦʝè ʩʚʦʡʩʪʚʦ ʚʦʟʥʠʢʘʝʪ ʧʫʪʝʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʨʘʟʣʠʯʥʳʭ ʩʚʦʡʩʪʚ 

ʦʪʜʝʣʴʥʳʭ ʬʘʟ ʢʦʤʧʦʟʠʪʘ. ʅʘʧʨʠʤʝʨ, ʝʩʣʠ ʥʝʢʦʪʦʨʘʷ ʬʘʟʘ Ŭ ʠʤʝʝʪ ʩʚʦʡʩʪʚʦ 

ʩʦʙʩʪʚʝʥʥʦʝ ʩʚʦʡʩʪʚʦ, ʚʳʨʘʞʝʥʥʦʝ dA=nCdX, ʘ ʬʘʟʘ ɓ ï ʩʚʦʡʩʪʚʦ, ʚʳʨʘʞʝʥʥʦʝ ʢʘʢ 

dV=nHdQ, ʪʦ ʠʟ ʢʦʤʙʠʥʘʮʠʠ ʩʚʦʡʩʪʚ ʦʪʜʝʣʴʥʳʭ ʬʘʟ Ŭ ʠ ɓ ʚ ʢʦʤʧʦʟʠʮʠʦʥʥʦʤ 

ʤʘʪʝʨʠʘʣʝ ʨʦʞʜʘʝʪʩʷ ʪʨʝʪʴʝ dM=nCnHdX, ʥʝ ʭʘʨʘʢʪʝʨʥʦʝ ʜʣʷ ʬʘʟ ʧʦ ʦʪʜʝʣʴʥʦʩʪʠ, 

ʥʦ ʜʣʷ ʦʙʨʘʟʦʚʘʥʥʦʛʦ ʠʤʠ ʢʦʤʧʦʟʠʪʘ. ɺ ʢʦʤʧʦʟʠʪʘʭ ʪʠʧʘ çʧʴʝʟʦʵʣʝʢʪʨʠʢ ï 

ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʦʥʥʳʡ ʬʝʨʨʠʪè ʨʝʘʣʠʟʫʝʪʩʷ ʤʘʛʥʠʪʦʵʣʝʢʪʨʠʯʝʩʢʠʡ (ʄʕ) ʵʬʬʝʢʪ, 

ʚʧʝʨʚʳʝ ʠʩʩʣʝʜʦʚʘʥʥʳʡ ʚ 70-ʭ ʛʦʜʘʭ ʍʍ ʚʝʢʘ ʫʯʝʥʳʤʠ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ 

ʣʘʙʦʨʘʪʦʨʠʠ ʬʠʨʤʳ Philips (ʅʠʜʝʨʣʘʥʜʳ) [15ï19]. ʄʕ ʵʬʬʝʢʪ - ʚʘʞʥʝʡʰʠʡ ʧʨʠʤʝʨ 

çʥʦʚʦʛʦè ʩʚʦʡʩʪʚʘ ʤʘʪʝʨʠʘʣʘ, ʢʦʪʦʨʳʤ ʥʝ ʦʙʣʘʜʘʝʪ ʥʠ ʧʴʝʟʦʤʘʪʝʨʠʘʣ, ʥʠ ʬʝʨʨʠʪ 

ʩʘʤʠ ʧʦ ʩʝʙʝ. 

ʉʚʦʡʩʪʚʘ ʢʦʤʧʦʟʠʪʦʚ, ʢʘʢ ʧʨʘʚʠʣʦ, ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʤ 

ʧʨʠʥʮʠʧʦʤ ʅʝʡʤʘʥʘ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʚʳʚʝʩʪʠ ʧʨʘʚʠʣʘ ʦʪʙʦʨʘ ʬʠʟʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ ʥʘ ʦʩʥʦʚʝ ʩʠʤʤʝʪʨʠʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʦʙʲʝʢʪʘ [20; 21]. ʇʨʠ ʵʪʦʤ 

ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʚʟʘʠʤʦʩʚʷʟʴ ʩʠʤʤʝʪʨʠʡ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʠʭ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

ʦʙʲʝʢʪʘ ʠ ʝʛʦ ʚʥʝʰʥʝʡ ʬʦʨʤʳ. ʌʠʟʠʯʝʩʢʦʝ ʩʚʦʡʩʪʚʦ ʤʦʞʝʪ ʦʙʣʘʜʘʪʴ ʙʦʣʝʝ ʚʳʩʦʢʦʡ 

ʩʠʤʤʝʪʨʠʝʡ, ʯʝʤ ʪʦʯʝʯʥʘʷ ʛʨʫʧʧʘ ʢʨʠʩʪʘʣʣʘ, ʪʘʢ ʢʘʢ ʛʨʫʧʧʘ ʩʠʤʤʝʪʨʠʠ 

ʬʠʟʠʯʝʩʢʦʛʦ ʩʚʦʡʩʪʚʘ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʚʩʝ ʵʣʝʤʝʥʪʳ ʪʦʯʝʯʥʦʡ ʛʨʫʧʧʳ ʩʠʤʤʝʪʨʠʠ 

ʢʨʠʩʪʘʣʣʘ. ʇʨʠʥʮʠʧ ʅʝʡʤʘʥʘ - ʥʝʦʙʭʦʜʠʤʦʝ, ʥʦ ʥʝʜʦʩʪʘʪʦʯʥʦʝ ʫʩʣʦʚʠʝ 

ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʢʦʥʢʨʝʪʥʦʛʦ ʬʠʟʠʯʝʩʢʦʛʦ ʩʚʦʡʩʪʚʘ ʫ ʢʨʠʩʪʘʣʣʘ, ʪʘʢ ʢʘʢ ʫʪʚʝʨʞʜʘʝʪ 

ʪʦʣʴʢʦ ʚʦʟʤʦʞʥʦʩʪʴ ʥʘʣʠʯʠʷ ʢʘʢʦʡ-ʣʠʙʦ ʢʘʯʝʩʪʚʝʥʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, 

ʫʜʦʚʣʝʪʚʦʨʷʶʱʝʡ ʫʢʘʟʘʥʥʦʤʫ ʫʩʣʦʚʠʶ, ʥʝ ʪʨʝʙʫʷ ʝʝ ʦʙʷʟʘʪʝʣʴʥʦʛʦ ʥʘʣʠʯʠʷ. 

ʇʨʠʥʮʠʧ ʅʝʡʤʘʥʘ ʜʘʥ ʜʣʷ ʧʦʣʥʦʩʪʴʶ ʩʠʤʤʝʪʨʠʯʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʪʦʯʝʯʥʦʡ 
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ʛʨʫʧʧʳ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʜʣʷ ʩʪʘʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʦʙʲʝʢʪʘ, ʪʦʛʜʘ ʢʘʢ ʧʨʠʥʮʠʧ 

ʂʶʨʠ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʩʠʤʤʝʪʨʠʶ ʢʨʠʩʪʘʣʣʘ, ʥʘʭʦʜʷʱʝʛʦʩʷ ʧʦʜ ʚʥʝʰʥʠʤ 

ʚʦʟʜʝʡʩʪʚʠʝʤ. ʈʠʩʫʥʦʢ 2 ʠʣʣʶʩʪʨʠʨʫʝʪ ʧʦʣʫʯʝʥʠʝ ʛʨʫʧʧʳ ʩʠʤʤʝʪʨʠʠ 

ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʄʕ ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʪʠʧʘ ʧʴʝʟʦʵʣʝʢʪʨʠʢ-

ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʦʥʥʳʡ ʢʦʤʧʦʥʝʥʪ, ʢʦʪʦʨʳʡ ʥʘʭʦʜʠʪʩʷ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ 

ʧʘʨʘʣʣʝʣʴʥʳʭ ʤʘʛʥʠʪʥʦʛʦ ʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʝʡ. 

 

 

ʈʠʩʫʥʦʢ 2 ï ɺʳʚʦʜ ʛʨʫʧʧʳ ʩʠʤʤʝʪʨʠʠ ʜʣʷ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʄʕ 

ʢʦʤʧʦʟʠʪʘ CoFe2O4 ï BaTiO3 ʚ ʧʘʨʘʣʣʝʣʴʥʳʭ ʤʘʛʥʠʪʥʦʤ ʠ ʵʣʝʢʪʨʠʯʝʩʢʠʭ 

ʧʦʣʷʭ 

ʇʝʨʢʦʣʷʮʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʚʝʨʦʷʪʥʦʩʪʥʫʶ ʤʦʜʝʣʴ, ʢʦʪʦʨʘʷ 

ʠʣʣʶʩʪʨʠʨʫʝʪ ʧʝʨʝʭʦʜ ʬʘʟ ʤʝʞʜʫ ʩʦʙʦʡ. ʅʘʧʨʠʤʝʨ, ʚ ʛʝʦʣʦʛʠʠ ʷʚʣʝʥʠʝ 

ʧʝʨʢʦʣʷʮʠʠ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ ʬʠʣʴʪʨʘʮʠʠ ʚʦʜʳ ʯʝʨʝʟ ʧʦʯʚʫ ʠ ʧʨʦʥʠʮʘʝʤʳʝ 

ʧʦʨʦʜʳ. ʇʝʨʢʦʣʷʮʠʷ ʚ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʘʭ - ʩʦʝʜʠʥʝʥʠʝ ʤʝʞʜʫ ʟʝʨʥʘʤʠ 

ʦʜʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ, ʨʘʩʧʨʝʜʝʣʝʥʥʦʛʦ ʚ ʤʘʪʨʠʮʝ ʜʚʫʭ- ʠ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʦʡ 

ʩʠʩʪʝʤʳ, ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʪʨʘʥʩʧʦʨʪʥʳʝ ʩʚʦʡʩʪʚʘ. ʇʨʝʜʝʣʦʤ ʧʝʨʢʦʣʷʮʠʠ 
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ʥʘʟʳʚʘʝʪʩʷ ʥʝʢʦʪʦʨʘʷ ʤʠʥʠʤʘʣʴʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʢʦʤʧʦʥʝʥʪʘ, ʥʠʞʝ ʢʦʪʦʨʦʡ 

ʚʝʨʦʷʪʥʦʩʪʴ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʙʝʩʢʦʥʝʯʥʦʛʦ ʢʣʘʩʪʝʨʘ ʚʩʝʛʜʘ ʨʘʚʥʘ 0, ʘ ʚʳʰʝ - ʚʩʝʛʜʘ 

ʨʘʚʥʘ 1. ʅʘʧʨʠʤʝʨ, ʚ ʢʦʤʧʦʟʠʮʠʦʥʥʦʤ ʤʘʪʝʨʠʘʣʝ, ʩʦʩʪʦʷʱʝʤ ʠʟ ʪʦʢʦʧʨʦʚʦʜʷʱʝʡ 

ʬʘʟʳ ʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ, ʧʨʠ ʥʠʟʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʨʦʚʦʜʷʱʝʛʦ ʢʦʤʧʦʥʝʥʪʘ 

ʦʪʩʫʪʩʪʚʫʶʪ ʢʦʥʪʘʢʪ rʤʝʞʜʫ ʝʛʦ ʟʝʨʥʘʤʠ, ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ 

ʤʘʪʝʨʠʘʣʘ ʤʠʥʠʤʘʣʴʥʘʷ. ʇʨʠ ʜʦʩʪʠʞʝʥʠʠ ʧʨʝʜʝʣʘ ʧʝʨʢʦʣʷʮʠʠ ʪʦʢ ʠʜʝʪ ʧʦ ʧʫʪʠ 

ʩʦʝʜʠʥʝʥʥʳʭ ʟʝʨʝʥ ʪʦʢʦʧʨʦʚʦʜʷʱʝʡ ʬʘʟʳ çʩʢʚʦʟʴè ʤʘʪʝʨʠʘʣ, ʠ ʧʨʦʚʦʜʠʤʦʩʪʴ 

ʨʝʟʢʦ ʚʦʟʨʘʩʪʘʝʪ, ʚʳʭʦʜʷ ʥʘ ʧʣʘʪʦ, ʦʧʨʝʜʝʣʷʝʤʦʝ ʧʨʠʨʦʜʥʦʡ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴʶ 

ʪʦʢʦʧʨʦʚʦʜʷʱʝʛʦ ʢʦʤʧʦʥʝʥʪʘ.  

 

1.3 ʄʝʭʘʥʠʟʤ ʨʝʘʣʠʟʘʮʠʠ ʤʘʛʥʠʪʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ ʚ 

ʜʚʫʭʬʘʟʥʳʭ ʤʫʣʴʪʠʬʝʨʨʦʠʯʥʳʭ ʩʠʩʪʝʤʘʭ ʠ ʢʨʠʪʝʨʠʠ ʠʭ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʄʫʣʴʪʠʬʝʨʨʦʠʢʠ ʠʥʪʝʨʝʩʥʳ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʧʦ ʜʚʫʤ ʧʨʠʯʠʥʘʤ. ʉ ʦʜʥʦʡ 

ʩʪʦʨʦʥʳ, ʦʥʠ ʧʦʟʚʦʣʷʶʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʦʙʦʠʭ 

ʫʧʦʨʷʜʦʯʝʥʠʡ; ʥʘʧʨʠʤʝʨ, ʤʘʛʥʠʪʥʳʡ ʙʠʪ ʤʦʞʝʪ ʙʳʪʴ ʜʦʧʦʣʥʝʥ ʵʣʝʢʪʨʠʯʝʩʢʠʤ 

ʙʠʪʦʤ ʜʣʷ ʩʦʟʜʘʥʠʷ ʵʣʝʤʝʥʪʘ ʧʘʤʷʪʠ ʩ ʯʝʪʳʨʴʤʷ ʩʦʩʪʦʷʥʠʷʤʠ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, 

ʩʚʷʟʴ ʤʝʞʜʫ ʬʝʨʨʦʤʘʛʥʠʪʥʳʤ ʠ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʠʤ ʩʦʩʪʦʷʥʠʷʤʠ ʤʦʞʝʪ 

ʠʥʜʫʮʠʨʦʚʘʪʴ ʥʦʚʳʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ, ʢʦʪʦʨʳʭ ʥʝʪ ʥʠ ʚ ʦʜʥʦʤ ʠʟ 

ʩʦʩʪʦʷʥʠʡ ʧʦ ʦʪʜʝʣʴʥʦʩʪʠ. ʋʧʨʘʚʣʝʥʠʝ ʤʘʛʥʠʪʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʵʣʝʢʪʨʠʯʝʩʢʠʤʠ 

ʧʦʣʷʤʠ ʚʤʝʩʪʦ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʨʦʤ ʧʨʝʠʤʫʱʝʩʪʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ 

ʧʨʝʜʣʦʞʠʪʴ ʤʫʣʴʪʠʬʝʨʨʦʠʯʥʳʝ ʤʘʪʝʨʠʘʣʳ. ʇʨʠ ʯʪʝʥʠʠ ʠ ʟʘʧʠʩʠ ʤʘʛʥʠʪʥʦʛʦ ʙʠʪʘ, 

ʝʩʣʠ ʚʤʝʩʪʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ, ʛʝʥʝʨʠʨʫʶʱʝʛʦ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ, ʤʦʞʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʤʧʫʣʴʩ ʥʘʧʨʷʞʝʥʠʷ, ʤʦʞʥʦ ʠʟʙʝʞʘʪʴ ʧʦʪʝʨʴ ʪʝʧʣʘ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʜʣʠʪʝʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʥʘʨʘʩʪʘʥʠʷ, ʩʚʷʟʘʥʥʳʭ ʩ ʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʪʦʢʘʤʠ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʤʫʣʴʪʠʬʝʨʨʦʠʢʠ ʤʦʛʫʪ ʧʨʠʚʝʩʪʠ ʢ ʙʦʣʝʝ ʙʳʩʪʨʳʤ, ʢʦʤʧʘʢʪʥʳʤ ʠ 

ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʳʤ ʪʝʭʥʦʣʦʛʠʷʤ ʭʨʘʥʝʥʠʷ ʜʘʥʥʳʭ. 

ʅʘ ʦʩʥʦʚʝ ʤʝʭʘʥʠʟʤʦʚ, ʠʥʜʫʮʠʨʫʶʱʠʭ ʤʫʣʴʪʠʬʝʨʨʦʠʯʥʦʩʪʴ, ʚʳʜʝʣʷʶʪ 

ʯʝʪʳʨʝ ʦʩʥʦʚʥʳʭ ʢʣʘʩʩʘ ʤʘʪʝʨʠʘʣʦʚ. ʉʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʪʚʦ ʤʦʞʝʪ ʙʳʪʴ 

ʦʙʫʩʣʦʚʣʝʥʦ ʵʣʝʢʪʨʦʥʥʳʤʠ ʥʝʧʦʜʝʣʝʥʥʳʤʠ ʧʘʨʘʤʠ, ʛʝʦʤʝʪʨʠʯʝʩʢʠʤʠ ʵʬʬʝʢʪʘʤʠ, 
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ʧʦʨʷʜʢʦʤ ʟʘʨʷʜʘ ʠʣʠ ʤʘʛʥʝʪʠʟʤʦʤ. ɺ ʧʝʨʚʳʭ ʪʨʝʭ ʢʣʘʩʩʘʭ ʤʘʛʥʠʪʥʦʝ ʠ 

ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʦʝ ʫʧʦʨʷʜʦʯʝʥʠʷ ʚʦʟʥʠʢʘʶʪ ʥʝʟʘʚʠʩʠʤʦ, ʠ ʤʫʣʴʪʠʬʝʨʨʦʠʢ 

ʦʙʦʟʥʘʯʘʝʪʩʷ ʢʘʢ ʪʠʧ I. ɺ ʧʦʩʣʝʜʥʝʤ ʢʣʘʩʩʝ, ʢ ʢʦʪʦʨʦʤʫ ʦʪʥʦʩʷʪʩʷ ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ 

ʤʫʣʴʪʠʬʝʨʨʦʠʢʠ, ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʠʡ ʠ ʤʘʛʥʠʪʥʳʡ ʧʝʨʝʭʦʜʳ ʚʦʟʥʠʢʘʶʪ 

ʩʦʚʤʝʩʪʥʦ, ʠ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʤʫʣʴʪʠʬʝʨʨʦʠʢ ʦʪʥʦʩʠʪʩʷ ʢ ʪʠʧʫ II. 

ʄʕ ʵʬʬʝʢʪ ʚ ʢʦʤʧʦʟʠʪʝ ʷʚʣʷʝʪʩʷ ʪʝʥʟʦʨʥʳʤ ʩʚʦʡʩʪʚʦʤ ʧʨʦʜʫʢʪʘ. ʉʫʱʥʦʩʪʴ 

ʄʕ ʵʬʬʝʢʪʘ ʚ ʢʦʤʧʦʟʠʪʘʭ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʬʝʨʨʦʤʘʛʥʠʪʥʘʷ 

ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʦʥʥʘʷ ʠ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʘʷ ʩʦʩʪʘʚʣʷʶʱʠʝ 

ʦʙʲʝʜʠʥʝʥʳ ʚ ʟʝʨʥʠʩʪʦʤ ʠʣʠ ʩʣʦʠʩʪʦʤ ʚʠʜʝ. ɺ ʢʦʤʧʦʥʝʥʪʝ 1 ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʷ 

ʧʦʨʦʞʜʘʝʪ ʜʝʬʦʨʤʘʮʠʶ ʤʘʛʥʠʪʥʳʤ ʧʦʣʝʤ; ʢʦʪʦʨʘʷ ʧʝʨʝʜʘʝʪʩʷ ʯʝʨʝʟ 

ʜʝʬʦʨʤʘʮʠʦʥʥʫʶ ʩʚʷʟʴ ʤʝʞʜʫ ʩʦʩʪʘʚʣʷʶʱʠʤʠ ʢʦʤʧʦʟʠʪʘ ʥʘ ʢʦʤʧʦʥʝʥʪ 2, ʛʜʝ ʦʥʘ 

ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ ʥʘʧʨʷʞʝʥʠʝ ʧʦʩʨʝʜʩʪʚʦʤ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ [22]. 

ʈʝʟʫʣʴʪʠʨʫʶʱʘʷ ʤʘʛʥʠʪʦʵʣʝʢʪʨʠʯʝʩʢʘʷ ʩʚʷʟʴ ʤʦʞʝʪ ʙʳʪʴ ʚ 108 ʨʘʟ ʙʦʣʴʰʝ, ʯʝʤ ʫ 

ʦʜʥʦʬʘʟʥʳʭ ʤʫʣʴʪʠʬʝʨʨʦʠʢʦʚ [23].  

 

ʈʠʩʫʥʦʢ 3 ï ʉʭʝʤʘ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʄʕ ʵʬʬʝʢʪʘ ʚ ʢʦʤʧʦʟʠʪʘʭ 
 

ʀʪʘʢ, ʄʕ ʵʬʬʝʢʪ ʚ ʢʦʤʧʦʟʠʪʝ ʷʚʣʷʝʪʩʷ ʩʦʚʤʝʩʪʥʳʤ ʨʝʟʫʣʴʪʘʪʦʤ 

ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʠ ʚ ʬʘʟʝ ʤʘʛʥʝʪʠʢʘ ʠ ʧʴʝʟʦʵʬʬʝʢʪʘ ʚ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʢʝ, ʯʪʦ 
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ʜʦʩʪʠʛʘʝʪʩʷ ʟʘ ʩʯʝʪ ʧʝʨʝʜʘʯʠ ʫʧʨʫʛʠʭ ʜʝʬʦʨʤʘʮʠʡ ʦʪ ʦʜʥʦʡ ʬʘʟʳ ʢ ʜʨʫʛʦʡ. ɹʦʣʝʝ 

ʪʦʛʦ, ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʧʝʨʝʤʝʥʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʚ ʤʘʪʝʨʠʘʣʝ ʚʦʟʥʠʢʘʝʪ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ, ʪʦ ʝʩʪʴ ʠʤʝʝʪ ʤʝʩʪʦ ʦʙʨʘʪʥʳʡ ʄʕ ʵʬʬʝʢʪ.  

ʀʟ ʧʨʠʥʮʠʧʘ ʨʘʙʦʪʳ ʄʕ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʚʳʪʝʢʘʝʪ ʨʷʜ ʢʨʠʪʝʨʠʝʚ ʝʛʦ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʦʯʝʚʠʜʥʳʭ ʘʧʨʠʦʨʠ. ɺʦ-ʧʝʨʚʳʭ, ʄʕ ʩʚʦʡʩʪʚʘ ʢʦʤʧʦʟʠʪʦʚ ʩʠʣʴʥʦ 

ʟʘʚʠʩʷʪ ʠ ʤʦʛʫʪ ʙʳʪʴ ʦʧʪʠʤʠʟʠʨʦʚʘʥʳ ʧʫʪʝʤ ʚʳʙʦʨʘ ʧʦʜʭʦʜʷʱʠʭ 

ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʠ ʤʘʛʥʠʪʥʦʡ ʬʘʟ, ʪʦ ʝʩʪʴ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʩʠʣʴʥʦʡ ʄʕ ʩʚʷʟʠ 

ʞʝʣʘʪʝʣʴʥʳ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʠʡ ʤʘʪʝʨʠʘʣ ʩ ʙʦʣʴʰʠʤ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʤ 

ʦʪʢʣʠʢʦʤ ʠ ʤʘʛʥʠʪʥʳʡ ʤʘʪʝʨʠʘʣ ʩ ʙʦʣʴʰʠʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʠ. ɺʦ-

ʚʪʦʨʳʭ, ʄʕ ʵʬʬʝʢʪ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʙʫʜʝʪ ʟʘʚʠʩʝʪʴ ʦʪ 

ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʠ ʦʩʦʙʝʥʥʦʩʪʝʡ ʢʦʥʪʘʢʪʘ ʧʦʚʝʨʭʥʦʩʪʝʡ ʬʘʟ, ʪ.ʢ. ʦʥ ʨʝʘʣʠʟʫʝʪʩʷ ʟʘ 

ʩʯʝʪ ʧʝʨʝʜʘʯʠ ʜʝʬʦʨʤʘʮʠʡ ʦʪ ʦʜʥʦʡ ʬʘʟʳ ʢ ʜʨʫʛʦʡ. ɺ-ʪʨʝʪʴʠʭ, ʚ 

ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʦʥʥʦ-ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ ʜʦʣʞʥʳ ʦʪʩʫʪʩʪʚʦʚʘʪʴ 

ʤʝʞʬʘʟʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʧʨʠʚʦʜʷʱʠʝ ʢ ʜʝʛʨʘʜʘʮʠʠ ʦʜʥʦʡ ʠʣʠ ʦʙʝʠʭ ʬʘʟ 

ʢʦʤʧʦʟʠʪʦʚ. ɺ-ʯʝʪʚʝʨʪʳʭ, ʢʦʤʧʦʟʠʪ ʜʦʣʞʝʥ ʥʘʭʦʜʠʪʴʩʷ ʦʜʥʦʚʨʝʤʝʥʥʦ ʚ 

ʵʣʝʢʪʨʠʯʝʩʢʠ ʧʦʣʷʨʠʟʦʚʘʥʥʦʤ ʠ ʥʘʤʘʛʥʠʯʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ. ʕʣʝʢʪʨʠʯʝʩʢʠ 

ʧʦʣʷʨʠʟʦʚʘʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʜʦʩʪʠʛʘʝʪʩʷ ʧʫʪʝʤ ʚʳʜʝʨʞʢʠ ʤʘʪʝʨʠʘʣʘ ʚ ʧʦʩʪʦʷʥʥʦʤ 

ʵʣʝʢʪʨʠʯʝʩʢʦʤ ʧʦʣʝ, ʘ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʜʝʡʩʪʚʠʝʤ ʚʥʝʰʥʝʛʦ 

ʧʦʩʪʦʷʥʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ɺ-ʧʷʪʳʭ, ʤʘʢʩʠʤʫʤ ʢʦʵʬʬʠʮʠʝʥʪʘ ʄʕ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ ʦʧʪʠʤʘʣʴʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ ʬʘʟ ʢʦʤʧʦʟʠʪʘ. ɺ-

ʰʝʩʪʳʭ, ʢʦʤʧʦʟʠʪ ʜʦʣʞʝʥ ʦʙʣʘʜʘʪʴ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʠʤ ʫʜʝʣʴʥʳʤ ʵʣʝʢʪʨʠʯʝʩʢʠʤ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ, ʪ.ʢ. ʧʦʥʠʞʝʥʥʦʝ ʫʜʝʣʴʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʜʝʣʘʝʪ ʥʝʚʦʟʤʦʞʥʳʤ 

ʜʦʩʪʘʪʦʯʥʫʶ ʧʦʣʷʨʠʟʘʮʠʶ ʢʝʨʘʤʠʢʠ. 

 

1.4 ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʩʪʨʦʝʥʠʷ, ʩʚʦʡʩʪʚ ʠ ʩʧʦʩʦʙʦʚ ʧʦʣʫʯʝʥʠʷ 

ʧʨʝʢʫʨʩʦʨʦʚ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʤʘʛʥʠʪʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʢʦʤʧʦʟʠʮʠʦʥʥʦʡ 

ʢʝʨʘʤʠʢʠ  

ɺ ʢʘʯʝʩʪʚʝ ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʦʥʥʳʭ ʠ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʢʦʤʧʦʥʝʥʪʦʚ 

ʢʦʤʧʦʟʠʪʦʚ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʩʘʤʳʝ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʦʢʩʠʜʥʳʝ ʠ 
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ʥʝʦʢʩʠʜʥʳʝ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʢʠ ʠ ʤʘʛʥʝʪʠʢʠ. ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʚ ʢʘʯʝʩʪʚʝ 

ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʦʥʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʄʕ ʢʦʤʧʦʟʠʪʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ ʛʝʢʩʘʬʝʨʨʠʪ ʩʚʠʥʮʘ, ʞʝʣʝʟʦ-ʠʪʪʨʠʝʚʳʡ ʛʨʘʥʘʪ, ʘ ʪʘʢʞʝ 

ʣʝʛʠʨʦʚʘʥʥʳʡ ʬʝʨʨʠʪ ʥʠʢʝʣʷ ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʰʧʠʥʝʣʠ. ɺ ʢʘʯʝʩʪʚʝ 

ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʢʦʤʧʦʟʠʪʦʚ ʧʨʠʤʝʥʷʣʩʷ ʦʜʠʥ ʠʟ 

ʧʨʦʤʳʰʣʝʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ʮʠʨʢʦʥʘʪʘ-ʪʠʪʘʥʘʪʘ ʩʚʠʥʮʘ, ʤʘʪʝʨʠʘʣ ʥʘ 

ʦʩʥʦʚʝ ʪʠʪʘʥʘʪʘ-ʬʝʨʨʦʥʠʦʙʘʪʘ ʩʚʠʥʮʘ, ʦʜʥʘʢʦ ʥʘʠʙʦʣʴʰʝʝ ʚʥʠʤʘʥʠʝ ʙʳʣʦ ʫʜʝʣʝʥʦ 

ʢʦʤʧʦʟʠʪʘʤ ʥʘ ʦʩʥʦʚʝ ʙʝʩʩʚʠʥʮʦʚʳʭ ʧʴʝʟʦʵʣʝʢʪʨʠʢʦʚ ï ʮʠʨʢʦʥʘʪ-ʪʠʪʘʥʘʪ ʙʘʨʠʷ-

ʢʘʣʴʮʠʷ, ʥʠʦʙʘʪ ʣʠʪʠʷ-ʥʘʪʨʠʷ-ʢʘʣʠʷ, ʘ ʪʘʢʞʝ ʪʠʪʘʥʘʪ ʥʘʪʨʠʷ-ʚʠʩʤʫʪʘ. ɺ ʜʘʥʥʦʡ 

ʛʣʘʚʝ ʜʘʥʘ ʢʨʘʪʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʦʩʦʙʝʥʥʦʩʪʝʡ ʩʪʨʫʢʪʫʨʳ ʠ ʩʚʦʡʩʪʚ ʥʘʟʚʘʥʥʳʭ 

ʧʴʝʟʦʵʣʝʢʪʨʠʢʦʚ ʠ ʤʘʛʥʝʪʠʢʦʚ, ʘ ʪʘʢʞʝ ʫʜʝʣʝʥʦ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ 

ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʤ ʩʧʦʩʦʙʘʤ ʠʭ ʧʦʣʫʯʝʥʠʷ. 

1.τȢρ ˙̗̜́̄̎̉̓̏̒̓̑̉̋̉̏̎̎̆ ̜̏̋̒̉̅̎̆ ̍́̄̎̆̓̉̋̉ ɉ̜̆̑̑̉̓̕Ɋ 

1.4.1.1 ̠ ̘̠̑̉̒̓́̌̌̉̆̒̋́ ̉ ̠̍́̄̎̉̓̎́ ̒̓̑̔̋̓̔̑́ 

1.4.1.1.ʘ ɻʝʢʩʘʬʝʨʨʠʪʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʦʙʰʠʨʥʦʝ ʩʝʤʝʡʩʪʚʦ 

ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʦʢʩʠʜʥʳʭ ʤʘʛʥʝʪʠʢʦʚ. ɺʩʝ ʛʝʢʩʘʬʝʨʨʠʪʳ ʷʚʣʷʶʪʩʷ 

ʬʝʨʨʠʤʘʛʥʠʪʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ, ʠ ʠʭ ʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʥʝʨʘʟʨʳʚʥʦ ʩʚʷʟʘʥʳ ʩ 

ʠʭ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʦʡ. ɺʩʝ ʦʥʠ ʦʙʣʘʜʘʶʪ ʟʥʘʯʠʪʝʣʴʥʦʡ 

ʤʘʛʥʠʪʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʘʥʠʟʦʪʨʦʧʠʝʡ (ʄʂɸ), ʪʦ ʝʩʪʴ ʥʘʚʝʜʝʥʥʘʷ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ ʠʤʝʝʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʫʶ ʦʨʠʝʥʪʘʮʠʶ ʚʥʫʪʨʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ 

ʩʪʨʫʢʪʫʨʳ. ʉʣʦʞʥʳʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ ʛʝʢʩʘʬʝʨʨʠʪʦʚ ʤʦʞʥʦ 

ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʪʴ ʢʘʢ ʢʦʤʙʠʥʘʮʠʠ ʥʝʩʢʦʣʴʢʠʭ ʙʦʣʝʝ ʧʨʦʩʪʳʭ ʩʪʨʫʢʪʫʨʥʳʭ ʪʠʧʦʚ 

ï ʬʝʨʨʠʪʦʚ, ʦʙʦʟʥʘʯʘʝʤʳʭ ʢʘʢ S (ʰʧʠʥʝʣʴ, MeFe2O4), M (ʤʘʛʥʝʪʦʧʣʶʤʙʠʪ, 

BaFe12O19) ʠ Y (Ba2Me2Fe12O22). ʅʘʧʨʠʤʝʨ, W-ʬʝʨʨʠʪ, BaMe2Fe16O27, ʤʦʞʥʦ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʢʦʤʙʠʥʘʮʠʶ M+2S, ʍ-ʬʝʨʨʠʪ Ba2Me2Fe28O46 - W + M = 2M + 2S 

ʠ ʪ.ʜ.  

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʄʕ ʢʦʤʧʦʟʠʪ,r ʚ ʢʦʪʦʨʳʭ ʚ ʢʘʯʝʩʪʚʝ 

ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʦʥʥʦʡ ʬʘʟʳ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʛʝʢʩʘʬʝʨʨʠʪʳ ʩʦ ʩʪʨʫʢʪʫʨʦʡ 
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ʤʘʛʥʝʪʦʧʣʶʤʙʠʪʘ (ʛʝʢʩʘʬʝʨʨʠʪʳ ʪʠʧʘ ʄ ʩ ʦʙʱʝʡ ʬʦʨʤʫʣʦʡ ʄʝFe12O19), ʥʘ 

ʢʦʪʦʨʳʭ ʟʜʝʩʴ ʦʩʪʘʥʦʚʠʤʩʷ ʦʩʦʙʦ. ʉʫʱʝʩʪʚʫʝʪ ʧʨʠʨʦʜʥʳʡ ʤʘʛʥʠʪʥʳʡ ʤʠʥʝʨʘʣ 

ʤʘʛʥʝʪʦʧʣʶʤʙʠʪ PbFe7.5Mn3.5Al 0.5Ti0.5O19, ʚʩʪʨʝʯʘʶʱʠʡʩʷ ʚ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ 

ʞʠʣʘʭ ʚ ʘʩʩʦʮʠʘʮʠʷʭ ʩ ʛʝʤʘʪʠʪʦʤ, Mn-ʬʣʦʛʦʧʠʪʦʤ, ʢʝʥʪʨʦʣʠʪʦʤ; ʚ ʩʢʘʨʥʘʭ, 

ʩʚʷʟʘʥʥʳʭ ʩ ʤʝʪʘʤʦʨʬʠʟʦʚʘʥʥʳʤʠ Fe-Mn ʨʫʜʥʳʤʠ ʪʝʣʘʤʠ. ɺʧʝʨʚʳʝ ʦʥ ʙʳʣ 

ʦʙʥʘʨʫʞʝʥ ʚ 1925 ʛʦʜʫ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʐʚʝʮʠʠ ʠ ʧʦʜʨʦʙʥʦ ʦʧʠʩʘʥ ʚ 1938 ʛʛ. [24] 

[25]. ʇʦʟʞʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʠʟʦʩʪʨʫʢʪʫʨʥʳʝ ʩʠʥʪʝʪʠʯʝʩʢʠʝ ʛʝʢʩʘʬʝʨʨʠʪʳ - 

PbFe12O19, BaFe12O19 ʠ ʜʨ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʩʠʩʪʝʤʳ BaO ï Fe2O3 ʧʦʟʚʦʣʠʣʠ ʧʦʣʫʯʠʪʴ 

ʙʦʣʝʝ ʩʣʦʞʥʳʝ ʛʝʢʩʘʛʦʥʘʣʴʥʳʝ ʩʦʝʜʠʥʝʥʠʷ (ʚ ʯʘʩʪʥʦʩʪʠ, BaFe18O27) [26] [27], 

ʜʨʫʛʠʝ ʩʦʝʜʠʥʝʥʠʷ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʩʦʪʨʫʜʥʠʢʘʤʠ ʣʘʙʦʨʘʪʦʨʠʠ ʬʠʨʤʳ Philips ʚ 

1950-ʭ ʛʦʜʘʭ ʚ ʪʨʦʡʥʳʭ ʩʠʩʪʝʤʘʭ BaO ï Fe2O3 ï MeO, ʛʜʝ Me - ʥʝʙʦʣʴʰʦʡ ʧʦ 

ʨʘʟʤʝʨʘʤ ʜʚʫʭʚʘʣʝʥʪʥʳʡ ʢʘʪʠʦʥ [28]. 

ʇʦʜʨʦʙʥʝʝ ʨʘʩʩʤʦʪʨʠʤ ʩʪʨʫʢʪʫʨʫ ʤʘʛʥʝʪʦʧʣʶʤʙʠʪʘ (ʈʠʩʫʥʢʠ 4, 5). ɺ ʦʜʥʦʡ 

ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʝ ʛʝʢʩʘʬʝʨʨʠʪʘ ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʤʘʛʥʝʪʦʧʣʶʤʙʠʪʘ ʩʦʜʝʨʞʠʪʩʷ 

ʜʚʝ ʬʦʨʤʫʣʴʥʳʭ ʝʜʠʥʠʮʳ ʄʝFe12ʆ19 (ʛʜʝ ʄʝ ï ʢʨʫʧʥʳʡ ʜʚʫʭʟʘʨʷʜʥʳʡ ʢʘʪʠʦʥ, 

ʥʘʧʨʠʤʝʨ, ɺʘ2+, Sr2+, Pb2+ ʠ ʜʨ.). ɼʚʫʭʟʘʨʷʜʥʳʝ ʢʘʪʠʦʥʳ ʠʤʝʶʪ ʦʢʨʫʞʝʥʠʝ ʚ ʬʦʨʤʝ 

ʩʢʨʫʯʝʥʥʦʛʦ ʢʫʙʦʦʢʪʘʵʜʨʘ, ʘ ʢʘʪʠʦʥʳ ʞʝʣʝʟʘ ʥʘʭʦʜʷʪʩʷ ʚ ʧʷʪʠ ʥʝʵʢʚʠʚʘʣʝʥʪʥʳʭ 

ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʭ ʧʦʟʠʮʠʷʭ: Fe1 (2a), Fe4 (4f) ʠ Fe5 (12k) ʚ ʦʢʪʘʵʜʠʯʝʩʢʦʤ, Fe2 

(2b) ʠ Fe3 (4f) ï ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚ ʪʨʠʛʦʥʘʣʴʥʦ-ʙʠʧʠʨʘʤʠʜʘʣʴʥʦʤ ʠ 

ʪʝʪʨʘʵʜʨʠʯʝʩʢʦʤ ʢʠʩʣʦʨʦʜʥʦʤ ʦʢʨʫʞʝʥʠʠ. ʉʪʨʫʢʪʫʨʘ ʤʘʛʥʝʪʦʧʣʶʤʙʠʪʘ ʤʦʞʝʪ 

ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʦʤʙʠʥʘʮʠʝʡ ʰʧʠʥʝʣʴʥʳʭ ʠ ʛʝʢʩʘʛʦʥʘʣʴʥʳʭ ʙʣʦʢʦʚ. ɺ 

ʩʪʨʫʢʪʫʨʘʭ ʪʠʧʘ ʤʘʛʥʝʪʦʧʣʶʤʙʠʪʘ ʘʥʠʦʥʳ ʢʠʩʣʦʨʦʜʘ ʚʤʝʩʪʝ ʩ ʙʦʣʝʝ ʢʨʫʧʥʳʤʠ 

ʢʘʪʠʦʥʘʤʠ ʦʙʨʘʟʫʶʪ ʧʣʦʪʥʝʡʰʫʶ ʫʧʘʢʦʚʢʫ ʩ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴʶ ʯʝʨʝʜʦʚʘʥʠʷ 

ʜʝʩʷʪʠ ʩʣʦʝʚ ɸɺɸɺɸʉɺʉɺʉ ʚʜʦʣʴ ʦʩʠ ʩ, ʛʜʝ 3-ʡ ʠ 8-ʦʡ ʩʣʦʠ ʩʦʜʝʨʞʘʪ ʢʘʪʠʦʥʳ.  
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ʈʠʩʫʥʦʢ 4 ï ʇʦʣʠʵʜʨʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʄʝFe12O19 (ɾʝʣʪʳʤ ʠ ʬʠʦʣʝʪʦʚʳʤ ʮʚʝʪʦʤ 

ʦʙʦʟʥʘʯʝʥʳ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʧʦʣʠʵʜʨʳ Fe3+ ʠ  ʄʝ2+ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʂʨʘʩʥʳʝ 

ʰʘʨʳ ï ʘʪʦʤʳ ʆ  hhhcc, %h = 60) 

ɺ ʚʳʩʦʢʦʩʧʠʥʦʚʦʤ ʩʦʩʪʦʷʥʠʠ ʢʘʪʠʦʥʳ ʞʝʣʝʟʘ ʥʝ ʠʤʝʶʪ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ 

ʧʨʝʜʧʦʯʪʝʥʠʡ, ʚ ʧʦʣʝ ʣʶʙʦʡ ʩʠʤʤʝʪʨʠʠ ʵʥʝʨʛʠʷ ʩʪʘʙʠʣʠʟʘʮʠʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʤ 

ʧʦʣʝʤ ʕʉʂʇ =0. 

ʅʠʞʝ ʪʝʤʧʝʨʘʪʫʨʳ ʂʶʨʠ ʢʘʪʠʦʥʳ ʞʝʣʝʟʘ ʦʙʨʘʟʫʶʪ ʧʷʪʴ ʤʘʛʥʠʪʥʳʭ 

ʧʦʜʨʝʰʝʪʦʢ. ʆʩʥʦʚʥʦʡ ʚʢʣʘʜ ʚ ʩʫʤʤʘʨʥʫʶ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ ʜʘʶʪ ʤʘʛʥʠʪʥʳʝ 

ʤʦʤʝʥʪʳ ʠʦʥʦʚ ʞʝʣʝʟʘ, ʢʦʪʦʨʳʝ ʟʘʥʠʤʘʶʪ 12k, 2a ʠ 2b ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ 

ʧʦʟʠʮʠʠ. ʍʘʨʘʢʪʝʨ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ï ʬʝʨʨʦʤʘʛʥʠʪʥʦʝ ʠʣʠ ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʦʝ ï 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʜʣʠʥʦʡ ʠ ʫʛʣʦʤ ʩʚʷʟʠ Me-O-Me. 
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ʈʠʩʫʥʦʢ 5 ï ʂʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʛʨʫʧʧʳ ʢʘʪʠʦʥʦʚ ʠ ʘʥʠʦʥʦʚ ʚ ʩʪʨʫʢʪʫʨʝ 

ʤʘʛʥʝʪʦʧʣʶʤʙʠʪʘ 

ʄʘʛʥʠʪʥʳʡ ʤʦʤʝʥʪ ʬʦʨʤʫʣʴʥʦʡ ʝʜʠʥʠʮʳ ʚ MeFe12O19 ʨʘʚʝʥ ʩʫʤʤʝ 

ʤʘʛʥʠʪʥʳʭ ʤʦʤʝʥʪʦʚ ʩʝʤʠ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʠʦʥʦʚ ʠ ʤʦʤʝʥʪʘ ʠʦʥʘ, ʟʘʥʠʤʘʶʱʝʛʦ 

ʙʠʧʠʨʘʤʠʜʘʣʴʥʫʶ ʧʦʟʠʮʠʶ Fe2, ʠʟ ʢʦʪʦʨʦʡ ʚʳʯʠʪʘʶʪʩʷ ʤʘʛʥʠʪʥʳʝ ʤʦʤʝʥʪʳ ʜʚʫʭ 

ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʠ ʜʚʫʭ ʪʝʪʨʘʵʜʨʠʯʝʩʢʠʭ ʠʦʥʦʚ, ʥʘʭʦʜʷʱʠʭʩʷ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚ 

ʧʦʟʠʮʠʷʭ Fe4 ʠ Fe3 (ʩʤ. ʈʠʩʫʥʦʢ 5). ʌʝʨʨʠʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʣʝʛʠʨʦʚʘʥʥʳʭ 

ʛʝʢʩʘʬʝʨʨʠʪʦʚ ʦʧʨʝʜʝʣʷʶʪʩʷ ʩʚʝʨʭʦʙʤʝʥʥʳʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʚ Fe-O-Fe. 

ɿʘʤʝʱʝʥʠʝ ʠʦʥʦʚ M2+ ʭʦʪʷ ʠ ʚʣʠʷʝʪ ʥʘ ʤʘʛʥʠʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʬʝʨʨʠʪʦʚ ʧʫʪʝʤ 

ʠʩʢʘʞʝʥʠʷ ʫʛʣʘ ʠ ʜʣʠʥʳ ʩʚʷʟʝʡ, ʦʜʥʘʢʦ, ʥʝ ʧʨʠʚʦʜʠʪ ʢ ʠʭ ʟʥʘʯʠʪʝʣʴʥʦʤʫ 

 ͒ ͍  ͎ ͊  ͋

˴˻˻˾˨ˮ˹ˢ̇ˮ̒ ˴ˢ́ˮ˻˹˻ˤ ˬ˩˶˩˭ˢ ͊ ς CŜмΣ ͋ ς CŜпΣ ͍ ς CŜрΣ ͎ ς CŜоΣ ͒ ς CŜн 

˴˻˻˾˨ˮ˹ˢ̇ˮ̒ ˢ˹ˮ˻˹˻ˤ ͊ ς ˻мΣ ͋ ς ˻нΣ ͍ ς ˻оΣ ͎ ς ˻пΣ ͒ ς ˻р 

 ͒ ͍  ͎
 ͊  ͋

˴˻ ˻˾˨ˮ˹ˢ̇ˮ˻˹˹ˢ̒ ˥˾̂˽˽ˢ ̏
нҌ
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ʠʟʤʝʥʝʥʠʶ. ɿʘʤʝʱʝʥʠʝ ʞʝ ʠʦʥʦʚ ʞʝʣʝʟʘ ʧʦʟʚʦʣʷʝʪ ʫʞʝ ʩʫʱʝʩʪʚʝʥʥʦ ʠʭ 

ʚʘʨʴʠʨʦʚʘʪʴ. 

 

ʊʘʙʣʠʮʘ 1 ï ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʠʦʥʦʚ ʞʝʣʝʟʘ ʧʦ ʫʟʣʘʤ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʠ 

ʦʨʠʝʥʪʘʮʠʷ ʠʭ ʩʧʠʥʦʚ [29] 

 

 

ʈʠʩʫʥʦʢ 6 ï ɿʘʩʝʣʝʥʠʝ d-ʧʦʜʫʨʦʚʥʷ ʢʘʪʠʦʥʘ Fe3+ ʚ ʧʦʣʷʭ ʨʘʟʥʦʡ ʩʠʤʤʝʪʨʠʠ 

ɹʦʣʴʰʦʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʣʫʯʘʡ ʣʝʛʠʨʦʚʘʥʠʷ ʢʘʪʠʦʥʦʚ ʞʝʣʝʟʘ 

ʜʠʘʤʘʛʥʠʪʥʳʤʠ ʠʦʥʘʤʠ [30ï32], ʯʪʦ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʨʦʩʪʫ ʩʧʦʥʪʘʥʥʦʡ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ [33] ʠ ʩʧʦʩʦʙʥʦ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʩʠʪʴ ʫʜʝʣʴʥʦʝ 

ʵʣʝʢʪʨʦʩʦʧʨʦʪʠʚʣʝʥʠʝ ʛʝʢʩʘʬʝʨʨʠʪʘ [34] [35]. ʇʦʜʦʙʥʦʝ ʟʘʤʝʱʝʥʠʝ ʪʘʢʞʝ ʤʦʞʝʪ 

ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʢʦʥʢʫʨʝʥʮʠʠ ʦʙʤʝʥʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʠ ʚʦʟʥʠʢʥʦʚʝʥʠʶ 

ʢʦʥʫʩʥʳʭ ʤʘʛʥʠʪʥʳʭ ʩʪʨʫʢʪʫʨ [36].  

ʅʘʧʨʠʤʝʨ, ʠʦʥʥʳʝ ʨʘʜʠʫʩʳ Al3+, Ga3+ ʠ Cr3+ ʙʣʠʟʢʠ ʢ ʨʘʜʠʫʩʫ Fe3+, ʧʦʵʪʦʤʫ 

ʦʥʠ ʤʦʛʫʪ ʚ ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ ʟʘʤʝʱʘʪʴ ʞʝʣʝʟʦ ʚ ʩʪʨʫʢʪʫʨʝ ʛʝʢʩʘʬʝʨʨʠʪʘ. 

ʅʘʧʨʠʤʝʨ, ʜʣʷ SrFe12-xAl xO19 ʧʘʨʘʤʝʪʨʳ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʠ ʪʝʤʧʝʨʘʪʫʨʘ ʂʶʨʠ 
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ʣʠʥʝʡʥʦ ʫʤʝʥʴʰʘʶʪʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʣʝʛʠʨʫʶʱʝʡ ʜʦʙʘʚʢʠ, ʘ 

ʢʦʵʨʮʠʪʠʚʥʘʷ ʩʠʣʘ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʤʘʢʩʠʤʫʤ 18,1 ʢʕ ʧʨʠ x=4, ʘ ʟʘʪʝʤ ʙʳʩʪʨʦ 

ʫʤʝʥʴʰʘʝʪʩʷ, ʯʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʟʘʩʝʣʝʥʠʷ ʧʦʜʨʝʰʝʪʦʢ 

ʤʘʛʥʝʪʦʧʣʶʤʙʠʪʘ ʤʘʛʥʠʪʦʘʢʪʠʚʥʳʤʠ ʢʘʪʠʦʥʘʤʠ ʞʝʣʝʟʘ ʠ ʥʝʤʘʛʥʠʪʥʳʤʠ ʠʦʥʘʤʠ 

ʘʣʶʤʠʥʠʷ [37]. 

ʃʝʛʠʨʦʚʘʥʠʝ ʠʦʥʘʤʠ LaïCu [38] ʟʘʤʝʪʥʦ ʫʣʫʯʰʘʝʪ ʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ 

ʛʝʢʩʘʬʝʨʨʠʪʘ ʩʪʨʦʥʮʠ,̫ ʥʘʧʨʠʤʝʨ, ʦʩʪʘʪʦʯʥʘʷ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ ʚʦʟʨʘʩʪʘʝʪ ʥʘ 10% 

ʜʦ 0,243 ʊʣ, ʘ ʢʦʵʨʮʠʪʠʚʥʘʷ ʩʠʣʘ ʩʦʩʪʘʚʣʷʝʪ 164 ʢɸ/ʤ ʜʣʷ ʦʙʨʘʟʮʘ Sr1-xLaxFe12-

xCuxO19 ʩ x = 0,3. ɺ ʘʪʤʦʩʬʝʨʝ ʢʠʩʣʦʨʦʜʘ ʠ ʚ ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ 

ʦʙʞʠʛʘ ʤʝʜʴ ʤʦʞʝʪ ʠʤʝʪʴ ʧʝʨʝʤʝʥʥʫʶ ʚʘʣʝʥʪʥʦʩʪʴ, +1 ʠ +2. ʇʨʠ ʵʪʦʤ, ʠʩʭʦʜʷ ʠʟ 

ʩʧʦʩʦʙʥʦʩʪʠ ʨʘʟʣʠʯʥʳʭ ʠʦʥʦʚ ʚʭʦʜʠʪʴ ʚ ʦʢʪʘʵʜʨʠʯʝʩʢʫʶ ʧʦʟʠʮʠʶ (Fe3+ < Cu+ < 

Fe2+ < Cu2+), ʟʘʤʝʱʝʥʠʝ ʢʘʪʠʦʥʦʚ ʞʝʣʝʟʘ (III) ʠʦʥʘʤʠ Cu+ ʧʦ ʤʥʝʥʠʶ ʘʚʪʦʨʦʚ 

ʟʘʪʨʫʜʥʠʪʝʣʴʥʦ, ʪʘʢ ʢʘʢ ʨʘʜʠʫʩ Cu+ ʩʦʩʪʘʚʣʷʝʪ 0,96 ¡, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʳʰʘʝʪ 

Fe3+ (0,67 ¡). ʇʦʵʪʦʤʫ ʩʯʠʪʘʝʪʩʷ, ʯʪʦ ʠʦʥʳ Cu2+ ʟʘʤʝʱʘʶʪ Fe3+ ʚ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ 

ʫʟʣʘʭ ʨʝʰʝʪʢʠ ʬʝʨʨʠʪʘ, ʥʦ ʵʪʦ ʥʝ ʦʪʥʦʩʠʪʩʷ ʢ Cu+.  

ʀʩʩʣʝʜʦʚʘʥʳ ʤʘʛʥʠʪʥʳʝ ʠ ʤʠʢʨʦʩʪʨʫʢʪʫʨʥʳʝ ʩʚʦʡʩʪʚʘ ʛʝʢʩʘʬʝʨʨʠʪʘ ʙʘʨʠʷ, 

ʣʝʛʠʨʦʚʘʥʥʦʛʦ Ti4+ [39]. ɿʥʘʯʝʥʠʷ ʦʩʪʘʪʦʯʥʦʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʠ ʤʘʛʥʠʪʥʦʡ 

ʘʥʠʟʦʪʨʦʧʠʠ ʣʝʛʠʨʦʚʘʥʥʳʭ ʦʙʨʘʟʮʦʚ BaFe(12-(4/3)x)TixO19 ʤʝʥʴʰʝ ʟʥʘʯʝʥʠʡ ʯʠʩʪʦʛʦ 

ʬʝʨʨʠʪʘ. ʊʘʢʦʝ ʧʦʚʝʜʝʥʠʝ ʦʙʫʩʣʦʚʣʝʥʦ ʩʦʚʤʝʩʪʥʳʤ ʜʝʡʩʪʚʠʝʤ ʜʚʫʭ ʥʝʟʘʚʠʩʠʤʳʭ 

ʬʘʢʪʦʨʦʚ: ʦʛʨʘʥʠʯʝʥʠʝʤ ʚʨʘʱʝʥʠʷ ʤʘʛʥʠʪʥʦʛʦ ʜʦʤʝʥʘ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʚʜʦʣʴ 

ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʭ ʤʘʛʥʠʪʥʳʭ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʭ ʦʩʝʡ ʣʝʛʢʦʩʪʠ, ʠ 

ʥʝʦʜʠʥʘʢʦʚʳʤ ʟʘʤʝʱʝʥʠʝʤ Fe3+ ʠʦʥʘʤʠ Ti4+ ʚ ʦʢʪʘʵʜʨʠʯʝʩʢʦʡ (75%) ʠ 

ʪʝʪʨʘʵʜʨʠʯʝʩʢʦʡ ʧʦʟʠʮʠʷʭ (17%). 

ɺʣʠʷʥʠʝ ʣʝʛʠʨʦʚʘʥʠʷ ʜʠʘʤʘʛʥʠʪʥʳʤʠ ʢʘʪʠʦʥʘʤʠ ʘʣʶʤʠʥʠʷ ʥʘ 

ʩʪʨʫʢʪʫʨʥʳʝ, ʤʘʛʥʠʪʥʳʝ ʠ ʜʠʥʘʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ 

BaFe12īxAl xO19 x = 0.1-1.2 ʠʩʩʣʝʜʦʚʘʥʦ ʚ ʨʘʙʦʪʝ [40]. ʅʘʙʣʶʜʘʝʪʩʷ ʩʥʠʞʝʥʠʝ 

ʪʝʤʧʝʨʘʪʫʨʳ ʂʶʨʠ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʜʠʘʤʘʛʥʠʪʥʳʭ ʠʦʥʦʚ ʠʟ-ʟʘ 

ʦʩʣʘʙʣʝʥʠʷ ʦʙʤʝʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʄʝ-ʆ-ʄʝ, ʯʪʦ ʧʨʦʚʦʮʠʨʫʝʪ ʨʘʟʨʫʰʝʥʠʝ 

ʤʘʛʥʠʪʥʦʛʦ ʫʧʦʨʷʜʦʯʝʥʠʷ ʧʨʠ ʙʦʣʝʝ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. ʕʪʦ ʪʘʢʞʝ ʚʳʟʳʚʘʝʪ 
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ʫʤʝʥʴʰʝʥʠʝ ʫʜʝʣʴʥʦʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʩ 49,6 ʵʤʝ/ʛ (ʭ=0,1) ʜʦ 32 ʵʤʝ/ʛ (ʭ=1,2) ʧʨʠ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʦʥʦʚ ʘʣʶʤʠʥʠʷ [41] .  

ʀʦʥʳ ʤʘʨʛʘʥʮʘ ʟʘʤʝʱʘʶʪ ʠʦʥʳ Fe3+ ʚʦ ʚʩʝʭ ʧʷʪʠ ʧʦʟʠʮʠʷʭ ʩʪʨʫʢʪʫʨʳ 

ʤʘʛʥʝʪʦʧʣʶʤʙʠʪʘ, ʩʧʦʩʦʙʩʪʚʫʷ ʜʦʩʪʠʞʝʥʠʶ ʤʘʢʩʠʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ (Ms = 61,10 ʵʤʝ/ʛ), ʦʩʪʘʪʦʯʥʦʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ (Mr = 33,16 

ʵʤʝ/ʛ) ʠ ʢʦʵʨʮʠʪʠʚʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ (Hc = 0,430 ʊʣ) [42]. 

ɺʚʝʜʝʥʠʝ ʠʦʥʦʚ La+3 ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʥʘʩʳʱʝʥʠʷ 

ʛʝʢʩʘʬʝʨʨʠʪʦʚ ʄ-ʪʠʧʘ ʠʟ-ʟʘ ʫʩʠʣʝʥʠʷ ʩʚʝʨʭʪʦʥʢʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ ʫʟʣʘʭ 12k ʠ 

2b, ʠ ʢ ʨʦʩʪʫ ʢʦʵʨʮʠʪʠʚʥʦʡ ʩʠʣʳ ʤʘʪʝʨʠʘʣʘ ʚʚʠʜʫ ʙʦʣʝʝ ʚʳʩʦʢʦʡ 

ʤʘʛʥʠʪʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʘʥʠʟʦʪʨʦʧʠʠ [43; 44].  

ʐʠʨʦʢʦ ʠʩʩʣʝʜʫʝʪʩʷ ʣʝʛʠʨʦʚʘʥʠʝ ʛʝʢʩʘʬʝʨʨʠʪʘ ʩʚʠʥʮʘ ʢʘʪʠʦʥʘʤʠ Zn2+, ɻ ʪʠ 

ʠʦʥʳ ʠʤʝʶʪ ʥʘʠʙʦʣʝʝ ʚʳʨʘʞʝʥʥʳʝ ʪʝʪʨʘʵʜʨʠʯʝʩʢʠʝ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ 

ʧʨʝʜʧʦʯʪʝʥʠʷ, ʯʪʦ ʤʦʞʝʪ ʦʢʘʟʳʚʘʪʴ ʩʠʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʤʘʛʥʠʪʥʳʝ ʧʘʨʘʤʝʪʨʳ 

ʤʘʪʝʨʠʘʣʦʚ. ʇʨʠ ʵʪʦʤ ʥʝʦʙʭʦʜʠʤʦ ʚʚʝʜʝʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʢʘʪʠʦʥʦʚ La3+ ʜʣʷ 

ʢʦʤʧʝʥʩʘʮʠʠ ʟʘʨʷʜʘ. ɺ ʨʘʙʦʪʘʭ ɻʨʫʩʢʦʚʦʡ ʩ ʩʦʘʚʪ.[45] ʠ ʂʫʤʘʨʘ ʩ ʩʦʘʚʪ. [46] 

ʠʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ ʛʝʪʝʨʦʚʘʣʝʥʪʥʳʭ ʟʘʤʝʱʝʥʠʡ ʢʘʪʠʦʥʘʤʠ Zn2+/La3+ ʥʘ ʩʚʦʡʩʪʚʘ 

ʛʝʢʩʘʬʝʨʨʠʪʦʚ, ʛʜʝ ʚ ʩʠʩʪʝʤʝ Ba1ïxLaxFe12ïxZnxO19 ʚ ʜʠʘʧʘʟʦʥʝ ʭ = 0-0,4 ʩʫʱʝʩʪʚʫʝʪ 

ʥʝʧʨʝʨʳʚʥʳʡ ʨʷʜ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ. 

 

1.4.1.1.ʙ ɾʝʣʝʟʦ-ʠʪʪʨʠʝʚʳʡ ʛʨʘʥʘʪ Y3Fe5O12 (ɾʀɻ ʠʣʠ YIG) 

ʦʪʥʦʩʠʪʩʷ ʢ ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʦʤʫ ʢʣʘʩʩʫ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʬʝʨʨʠʪʦʚ ʩʦ ʩʪʨʫʢʪʫʨʦʡ 

ʛʨʘʥʘʪʘ. ʉʠʥʪʝʪʠʯʝʩʢʠʝ ʛʨʘʥʘʪʳ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠ ʞʝʣʝʟʘ ʚʧʝʨʚʳʝ 

ʧʦʣʫʯʝʥʳ ʕ. ʌ. ʃʝʚʠ-ɹʝʨʪʦ ʠ ʌ. ʌʦʨʨʘʪʦʤ ʚ 1956 ʛ. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʦʥʠ 

ʠʟʦʤʦʨʬʥʳ ʧʨʠʨʦʜʥʳʤ ʛʨʘʥʘʪʘʤ, ʥʘʧʨʠʤʝʨ, ʘʣʶʤʦʩʠʣʠʢʘʪʫ ʢʘʣʴʮʠʷ Ca3Al 2(SiO4)3, 

ʩʪʨʫʢʪʫʨʘ ʢʦʪʦʨʳʭ ʚʧʝʨʚʳʝ ʦʧʨʝʜʝʣʝʥʘ ɼʞ. ʄʝʥʟʝʨʦʤ ʚ 1927 ʛ. 
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ʈʠʩʫʥʦʢ 7 ï ʇʦʣʠʵʜʨʠʯʝʩʢʘʷ ʤʦʜʝʣʴ R3Fe5O12 (ɿʝʣʝʥʳʝ ʰʘʨʳ ï ʪʷʞʸʣʳʡ 

ʨʝʜʢʦʟʝʤʝʣʴʥʳʡ ʵʣʝʤʝʥʪ (ʦʪ ʩʘʤʘʨʠʷ ʜʦ ʣʶʪʝʮʠʷ) ʠʣʠ ʠʪʪʨʠʡ, ʨʦʟʦʚʳʝ ï 

ʢʘʪʠʦʥʳ ʞʝʣʝʟʘ, ʦʨʘʥʞʝʚʳʝ ï ʘʥʠʦʥʳ ʢʠʩʣʦʨʦʜʘ) 

ʂʨʠʩʪʘʣʣʳ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʬʝʨʨʠʪʦʚ-ʛʨʘʥʘʪʦʚ ʦʙʣʘʜʘʶʪ ʢʫʙʠʯʝʩʢʦʡ 

ʦʙʲʝʤʥʦ-ʮʝʥʪʨʠʨʦʚʘʥʥʦʡ ʨʝʰʝʪʢʦʡ, ʧʨʠʥʘʜʣʝʞʘʱʝʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʝ 

Ia3d ʩ ʚʦʩʝʤʴʶ ʬʦʨʤʫʣʴʥʳʤʠ ʝʜʠʥʠʮʘʤʠ R3Fe5O12 ʥʘ ʵʣʝʤʝʥʪʘʨʥʫʶ ʷʯʝʡʢʫ. ʈʘʟʤʝʨ 

ʷʯʝʡʢʠ ʩʦʩʪʘʚʣʷʝʪ 12,376 ¡ ʜʣʷ ɾʀɻ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ʉʪʨʫʢʪʫʨʘ 

ʛʨʘʥʘʪʘ ʜʦʩʪʘʪʦʯʥʦ ʨʳʭʣʘʷ, ʠʤʝʝʪ ʦʙʲʝʤ ʨʘʚʥʳʡ 236,9 ¡3 ʥʘ ʬʦʨʤʫʣʴʥʫʶ ʝʜʠʥʠʮʫ. 

ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʛʨʘʥʘʪʘ ʩʪʘʙʠʣʴʥʘ ʧʨʠ ʫʩʣʦʚʠʠ, ʢʦʛʜʘ ʦʪʥʦʰʝʥʠʝ 

ʠʦʥʥʳʭ ʨʘʜʠʫʩʦʚ r(R3+)/r(Fe3+) Ò 1.7. ɸʥʠʦʥʳ ʢʠʩʣʦʨʦʜʘ, ʦʙʨʘʟʫʶʱʠʝ ʆʎʂ, 

ʟʘʥʠʤʘʶʪ ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ h-ʧʦʣʦʞʝʥʠʷ [47], A- ʠ d-ʧʦʟʠʮʠʠ ʟʘʥʷʪʳ ʪʨʝʭʟʘʨʷʜʥʳʤʠ 

ʢʘʪʠʦʥʘʤʠ ʞʝʣʝʟʘ, ʧʨʠʯʝʤ 16 ʢʘʪʠʦʥʦʚ ʚ ʘ-ʧʦʣʦʞʝʥʠʠ ʠʤʝʶʪ ʦʢʪʘʵʜʨʠʯʝʩʢʫʶ, ʘ 24 

ʢʘʪʠʦʥʘ ʚ d-ʧʦʣʦʞʝʥʠʠ - ʪʝʪʨʘʵʜʨʠʯʝʩʢʫʶ  ʢʦʦʨʜʠʥʘʮʠʶ. 24 ʢʨʫʧʥʳʭ ʢʘʪʠʦʥʘ 

ʠʪʪʨʠʷ Y3+ ʠʣʠ ʜʨʫʛʦʛʦ ʪʷʞʸʣʦʛʦ ʨʝʜʢʦʟʝʤʝʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ ʦʪ ʩʘʤʘʨʠʷ ʜʦ ʣʶʪʝʮʠʷ 

ʨʘʩʧʦʣʦʞʝʥʳ ʚ c-ʧʦʟʠʮʠʷʭ ʠ ʠʤʝʶʪ ʪʨʠʛʦʥʘʣʴʥʦ-ʜʦʜʝʢʘʵʜʨʠʯʝʩʢʦʝ ʦʢʨʫʞʝʥʠʝ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʪʨʫʢʪʫʨʘ YIG ʠʤʝʝʪ ʪʨʠ ʪʠʧʘ ʧʦʣʠʵʜʨʦʚ: ʪʝʪʨʘʵʜʨʳ FeO4, 

ʦʢʪʘʵʜʨʳ FeO6 ʠ ʜʦʜʝʢʘʵʜʨʳ YO6. ʄʥʦʛʦʛʨʘʥʥʠʢʠ ʩʦʝʜʠʥʝʥʳ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 
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ʜʦʜʝʢʘʵʜʨ ʠʤʝʝʪ ʜʚʘ ʦʙʱʠʭ ʨʝʙʨʘ ʩ ʪʝʪʨʘʵʜʨʘʤʠ, ʯʝʪʳʨʝ ʩ ʦʢʪʘʵʜʨʘʤʠ ʠ ʯʝʪʳʨʝ ʩ 

ʜʨʫʛʠʤʠ ʜʦʜʝʢʘʵʜʨʘʤʠ, ʪʦ ʝʩʪʴ ʢʘʞʜʳʡ ʦʢʪʘʵʜʨ ʠʤʝʝʪ ʰʝʩʪʴ ʦʙʱʠʭ ʨʝʙʝʨ, ʘ 

ʢʘʞʜʳʡ ʪʝʪʨʘʵʜʨ ʠʤʝʝʪ ʜʚʘ ʦʙʱʠʭ ʨʝʙʨʘ ʩ ʜʦʜʝʢʘʵʜʨʘʤʠ, ʘ ʦʢʪʘʵʜʨʳ ʠ ʪʝʪʨʘʵʜʨʳ 

ʠʤʝʶʪ ʪʦʣʴʢʦ ʦʙʱʠʝ ʫʟʣʳ.  

ʅʝʥʫʣʝʚʦʡ ʨʝʟʫʣʴʪʠʨʫʶʱʠʡ ʤʘʛʥʠʪʥʳʡ ʤʦʤʝʥʪ ʬʝʨʨʠʪʦʚ-ʛʨʘʥʘʪʦʚ ʷʚʣʷʝʪʩʷ 

ʩʣʝʜʩʪʚʠʝʤ ʩʚʝʨʭʦʙʤʝʥʥʦʛʦ ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʠʦʥʘʤʠ 

ʪʨʝʭʚʘʣʝʥʪʥʦʛʦ ʞʝʣʝʟʘ, ʪʨʠ ʠʟ ʢʦʪʦʨʳʭ ʥʘʭʦʜʷʪʩʷ ʚ ʪʝʪʨʘʵʜʨʠʯʝʩʢʦʡ ʢʦʦʨʜʠʥʘʮʠʠ, 

ʘ ʜʚʘ ð ʚ ʦʢʪʘʵʜʨʠʯʝʩʢʦʡ, ʩ ʠʦʥʘʤʠ ʢʠʩʣʦʨʦʜʘ. ʂʘʞʜʳʡ ʠʦʥ Fe3+ ʥʘʭʦʜʠʪʩʷ ʚ 

ʵʣʝʢʪʨʦʥʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ 3d5 ʠ ʠʤʝʝʪ ʤʦʤʝʥʪ 5ɛB, ʪʘʢ ʯʪʦ ʨʘʟʥʠʮʘ ʤʦʤʝʥʪʦʚ 

ʧʦʜʨʝʰʝʪʦʢ ʞʝʣʝʟʘ ʩʦʩʪʘʚʣʷʝʪ 5 ɛB. ʋʛʦʣ ʩʚʷʟʠ Fe3+
(a) ï O

2-
(h) - Fe3+

(d) ʨʘʚʝʥ 125,9Á, 

ʪʦʛʜʘ ʢʘʢ ʜʣʠʥʘ Fe3+
(a) ï O

2-
(h) ʨʘʚʥʘ 2,01 ¡, ʘ Fe3+

(d) ï O
2-

(h) ʨʘʚʥʘ 1,87 ¡. ʍʦʪʷ ʩʚʷʟʴ 

(a)ï(d) ʚʥʦʩʠʪ ʥʘʠʙʦʣʴʰʠʡ ʚʢʣʘʜ ʚ ʩʫʧʝʨʦʙʤʝʥʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ, ʩʫʱʝʩʪʚʫʝʪ 

ʝʱʝ ʦʜʥʘ ʩʚʷʟʴ Fe3+
(a) ï O2-

(h) - Fe3+
(a) ʠ ʯʝʪʳʨʝ ʩʚʷʟʠ Fe3+

(d) ï O2-
(h) - Fe3+

(d), 

ʧʨʠʚʦʜʷʱʠʝ ʢ ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʳʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤ ʚ ʧʦʜʨʝʰʝʪʢʘʭ (ʘ) ʠ (d). ʕʪʠ 

ʚʥʫʪʨʠʧʦʜʨʝʰʝʪʦʯʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʪʘʥʦʚʷʪʩʷ ʙʦʣʝʝ ʟʥʘʯʠʪʝʣʴʥʳʤʠ, ʢʦʛʜʘ 

ʪʝʪʨʘʵʜʨʠʯʝʩʢʦʝ ʠʣʠ ʦʢʪʘʵʜʨʠʯʝʩʢʦʝ ʞʝʣʝʟʦ ʟʘʤʝʱʘʶʪ ʥʝʤʘʛʥʠʪʥʳʤʠ ʠʦʥʘʤʠ 

Ga3+, Al3+, Sc3+ ʠ ʜʨ.  

ʆʜʥʘʢʦ, ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ [48] ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʣʷ ʚʩʝʭ ʢʦʣʣʠʥʝʘʨʥʳʭ 

ʬʝʨʨʠʤʘʛʥʠʪʥʳʭ ʛʨʘʥʘʪʦʚ ʩ ʦʩʴʶ ʣʝʛʢʦʛʦ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ [111] ʚ ʢʫʙʠʯʝʩʢʦʡ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʝ ʜʦʣʞʥʘ ʙʳʪʴ ʧʨʠʤʝʥʠʤʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʛʨʫʧʧʘ Rσ. 

ɸʚʪʦʨʘʤʠ ʧʨʦʚʝʜʝʥʳ ʥʝʡʪʨʦʥʦʛʨʘʬʠʯʝʩʢʠʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʥʘ ʧʦʨʦʰʢʦʚʦʤ ʦʙʨʘʟʮʝ 

Y3Fe5O12 ʧʨʠ 10 ʠ 295 ʂ ʚ ʥʫʣʝʚʦʤ ʧʦʣʝ ʠ ʧʨʠ 295 ʂ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ɺ=0,2 ʊʣ ʜʣʷ 

ʠʟʫʯʝʥʠʷ ʤʘʛʥʠʪʥʦʡ ʩʪʨʫʢʪʫʨʳ. ʇʦʣʥʳʝ ʤʘʛʥʠʪʥʳʝ ʤʦʤʝʥʪʳ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ 

ʛʨʫʧʧʝ Ia3d ʥʘ ʬʦʨʤʫʣʴʥʫʶ ʝʜʠʥʠʮʫ ʚʦ ʚʩʝʭ ʩʣʫʯʘʷʭ ʧʨʝʚʳʰʘʣʠ 6 ɛB, ʪʦʛʜʘ ʢʘʢ ʚ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʝ Rσ ʠʤʝʣʠ ʤʝʥʴʰʝʝ ʟʥʘʯʝʥʠʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʙʳʣ ʩʜʝʣʘʥ 

ʚʳʚʦʜ, ʯʪʦ ʠʟʤʝʥʝʥʠʝ ʧʨʝʜʣʘʛʘʝʤʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʳ ʧʝʨʝʚʦʜʠʪ 

ʤʘʛʥʠʪʥʳʝ ʤʦʤʝʥʪʳ ʠʟ ʟʘʧʨʝʱʝʥʥʦʡ ʦʙʣʘʩʪʠ ʚʳʰʝ 5 ɛB ʚ ʢʫʙʠʯʝʩʢʦʡ ʩʠʤʤʝʪʨʠʠ ʚ 

ʨʘʟʨʝʰʝʥʥʫʶ ʦʙʣʘʩʪʴ ʥʠʞʝ 5 ɛB ʚ ʪʨʠʛʦʥʘʣʴʥʦʡ ʩʠʤʤʝʪʨʠʠ.  
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ɺ ʩʪʘʪʴʝ [49] ʦʧʫʙʣʠʢʦʚʘʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʟʘʠʤʦʟʘʚʠʩʠʤʦʩʪʠ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʠ ʤʘʛʥʠʪʥʦʡ ʩʪʨʫʢʪʫʨʳ ʠ ʚʣʠʷʥʠʷ ʩʨʝʜʥʝʛʦ ʨʘʟʤʝʨʘ ʯʘʩʪʠʮ 

ʛʨʘʥʘʪʘ Y3Fe5O12 ʥʘ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʤʘʛʥʠʪʦʪʝʨʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚ 

ʜʠʘʧʘʟʦʥʝ ʦʪ 35 ʜʦ 185 ʥʤ. ʄʘʢʩʠʤʫʤ ʢʦʵʨʮʠʪʠʚʥʦʡ ʩʠʣʳ Hc ʠ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ 

ʥʘʩʳʱʝʥʠʷ Ms ʥʘʙʣʶʜʘʣʩʷ ʜʣʷ 83 ʥʤ ʚ ʩʚʷʟʠ ʩ ʠʟʤʝʥʝʥʠʝʤ ʤʘʛʥʠʪʥʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʯʘʩʪʠʮ. ʋʚʝʣʠʯʝʥʠʝ ʩʨʝʜʥʝʛʦ ʨʘʟʤʝʨʘ ʯʘʩʪʠʮ ʧʨʠʚʝʣʦ ʢ ʫʤʝʥʴʰʝʥʠʶ ʤʘʛʥʠʪʥʦʡ 

ʘʥʠʟʦʪʨʦʧʠʠ ʧʦʚʝʨʭʥʦʩʪʠ, ʪʦ ʝʩʪʴ ʠʤʝʣ ʤʝʩʪʦ ʧʝʨʝʭʦʜ ʠʟ ʦʜʥʦʜʦʤʝʥʥʦʛʦ ʚ 

ʤʥʦʛʦʜʦʤʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ. ʅʘʣʠʯʠʝ ʩʫʧʝʨʧʘʨʘʤʘʛʥʠʪʥʳʭ ʟʝʨʝʥ, ʠʤʝʶʱʠʭ 

ʥʫʣʝʚʫʶ ʢʦʵʨʮʠʪʠʚʥʫʶ ʩʠʣʫ, ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ ʫʤʝʥʴʰʝʥʠ ʁʢʦʵʨʮʠʪʠʚʥʦʡ ʩʠʣʳ 

ʦʙʨʘʟʮʦʚ ʩ ʩʨʝʜʥʠʤ ʨʘʟʤʝʨʦʤ ʯʘʩʪʠʮ 35 ʥʤ ʠ 51 ʥʤ, ʧʦʩʢʦʣʴʢʫ ʢʨʠʪʠʯʝʩʢʠʡ 

ʜʠʘʤʝʪʨ ʟʝʨʥʘ YIG, ʧʨʠ ʢʦʪʦʨʦʤ ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʝʭʦʜ ʚ ʩʫʧʝʨʧʘʨʘʤʘʛʥʠʪʥʦʝ 

ʩʦʩʪʦʷʥʠʝ, ʨʘʚʝʥ 35 ʥʤ [50]. ɼʨʫʛʫʶ ʧʨʠʯʠʥʫ ʚʠʜʷʪ ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʜʝʬʠʮʠʪʥʦʡ ʧʦ 

ʢʠʩʣʦʨʦʜʫ ʩʪʨʫʢʪʫʨʳ ʧʨʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʩʠʥʪʝʟʘ. ʅʝʤʦʥʦʪʦʥʥʦʝ 

ʠʟʤʝʥʝʥʠʝ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʥʘʩʳʱʝʥʠʷ ʚ ʜʠʘʧʘʟʦʥʝ ʨʘʟʤʝʨʦʚ ʦʪ 80 ʜʦ 200 ʥʤ 

ʧʨʦʠʩʭʦʜʠʪ ʚʚʠʜʫ ʫʤʝʥʴʰʝʥʠʷ ʜʦʣʠ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʘʪʦʤʦʚ ʩ ʥʘʢʣʦʥʥʦʡ 

ʤʘʛʥʠʪʥʦʡ ʧʦʜʨʝʰʝʪʢʦʡ. ʃʦʢʘʣʴʥʳʡ ʤʠʥʠʤʫʤ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʥʘʩʳʱʝʥʠʷ 25.7 

ʵʤʝ/ʛ ʧʨʠ ʩʨʝʜʥʝʤ ʜʠʘʤʝʪʨʝ 138 ʥʤ ʦʙʲʷʩʥʷʶʪ ʥʘʣʠʯʠʝʤ ʠʟʤʝʥʝʥʠʡ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʢʘʪʠʦʥʦʚ ʤʝʞʜʫ ʧʦʜʨʝʰʝʪʢʘʤʠ. ʋʚʝʣʠʯʝʥʠʝ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʥʘʩʳʱʝʥʠʷ ʩ 

ʫʚʝʣʠʯʝʥʠʝʤ ʩʨʝʜʥʝʛʦ ʨʘʟʤʝʨʘ ʯʘʩʪʠʮ ʧʨʦʠʩʭʦʜʠʪ ʠʟ-ʟʘ ʫʤʝʥʴʰʝʥʠʷ ʜʦʣʠ 

ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʳʭ ʘʪʦʤʦʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʦʣʝʡ ʘʪʦʤʦʚ, ʩʦʜʝʨʞʘʱʠʭʩʷ ʚ ʦʙʲʝʤʝ 

ʯʘʩʪʠʮʳ. 

 

1.4.4.1.ʚ ʌʝʨʨʠʪʳ-ʰʧʠʥʝʣʠ. ʆʙʰʠʨʥʦʝ ʩʝʤʝʡʩʪʚʦ ʬʝʨʨʠʪʦʚ ʩʦ 

ʩʪʨʫʢʪʫʨʦʡ ʰʧʠʥʝʣʠ ʠʟʦʩʪʨʫʢʪʫʨʥʦ ʧʨʠʨʦʜʥʦʤʫ ʤʠʥʝʨʘʣʫ ʰʧʠʥʝʣʠ, 

ʧʨʝʜʩʪʘʚʣʷʶʱʝʤʫ ʩʦʙʦʡ ʩʤʝʰʘʥʥʳʡ ʦʢʩʠʜ ʤʘʛʥʠʷ ʠ ʘʣʶʤʠʥʠʷ ʩ ʬʦʨʤʫʣʦʡ 

MgAl 2O4. ʇʝʨʚʦʝ ʫʧʦʤʠʥʘʥʠʝ ʤʠʥʝʨʘʣʘ ʚʩʪʨʝʯʘʝʪʩʷ ʚ ʨʘʙʦʪʘʭ ʥʝʤʝʮʢʦʛʦ ʛʝʦʣʦʛʘ ʠ 

ʤʠʥʝʨʦʣʦʛʘ ɻ. ɸʛʨʠʢʦʣʘ ʚ 1546 ʛʦʜʫ.  
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ʈʠʩʫʥʦʢ 8 ï ʇʦʣʠʵʜʨʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʄʝFe2O4 (ɻʦʣʫʙʦʡ ï ʦʢʪʘʵʜʨʠʯʝʩʢʠʝ 

ʧʫʩʪʦʪʳ, ʦʨʘʥʞʝʚʳʡ ï ʪʝʪʨʘʵʜʨʠʯʝʩʢʠʝ ʧʫʩʪʦʪʳ, ʢʨʘʩʥʳʝ ʰʘʨʳ ï ʘʪʦʤʳ 

ʢʠʩʣʦʨʦʜʘ) 

ʌʝʨʨʠʪʳ-ʰʧʠʥʝʣʠ ʠʤʝʶʪ ʦʙʱʫʶ ʬʦʨʤʫʣʫ ɸɺ2O4, ʛʜʝ ɸ ï ʢʘʪʠʦʥʳ Me2+, ɺ ï 

ʢʘʪʠʦʥ Fe3+. ʅʘ ʈʠʩʫʥʢʝ 8 ʧʦʢʘʟʘʥʘ ʧʦʣʠʵʜʨʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ ʬʝʨʨʠʪʘ-ʰʧʠʥʝʣʠ. ʄʦʞʥʦ ʚʠʜʝʪʴ, ʯʪʦ ʢʘʪʠʦʥʳ Me2+ ʠ 

Fe3+ ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʧʫʩʪʦʪʘʭ, ʟʘʥʠʤʘʷ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 1/8 ʯʘʩʪʴ ʚʩʝʭ 

ʪʝʪʨʘʵʜʨʠʯʝʩʢʠʭ ʠ 1/2 ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʧʫʩʪʦʪ, ʘ ʘʥʠʦʥʳ ʢʠʩʣʦʨʦʜʘ ʨʘʩʧʦʣʦʞʝʥʳ ʚ 

ʫʟʣʘʭ ʛʨʘʥʝʮʝʥʪʨʠʨʦʚʘʥʥʦʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ ʠ ʦʙʨʘʟʫʶʪ ʧʣʦʪʥʝʡʰʫʶ 

ʫʧʘʢʦʚʢʫ. ʕʣʝʤʝʥʪʘʨʥʘʷ ʷʯʝʡʢʘ ʩʦʜʝʨʞʠʪ 8 ʬʦʨʤʫʣʴʥʳʭ ʝʜʠʥʠʮ ʄʝFe2O4.  

ʀʟʚʝʩʪʥʦ ʪʨʠ ʚʠʜʘ ʰʧʠʥʝʣʝʡ:  

-   ʥʦʨʤʘʣʴʥʳʝ ʠʣʠ ʥʝʦʙʨʘʱʝʥʥʳʝ, ʛʜʝ ʢʘʪʠʦʥʳ ʩ ʟʘʨʷʜʦʤ 2+ 

ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʪʝʪʨʘʵʜʨʠʯʝʩʢʠʭ, ʘ ʢʘʪʠʦʥʳ 3+ - ʚ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʧʫʩʪʦʪʘʭ; 

-  ʦʙʨʘʱʝʥʥʳʝ, ʛʜʝ, ʥʘʦʙʦʨʦʪ, ʪʝʪʨʘʵʜʨʠʯʝʩʢʠʝ ʟʘʥʷʪʳ ʢʘʪʠʦʥʘʤʠ ʩ 

ʟʘʨʷʜʦʤ 3+, ʘ ʦʢʪʘʵʜʨʠʯʝʩʢʠʝ ʧʫʩʪʦʪʳ ʟʘʥʷʪʳ ʢʘʪʠʦʥʘʤʠ ʩ ʟʘʨʷʜʦʤ 2+ ʠ 

ʦʩʪʘʚʰʠʤʠʩʷ ʢʘʪʠʦʥʘʤʠ 3+; 

-  ʩʤʝʰʘʥʥʳʝ. 
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ʂʘʢ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʚʳʰʝ, ʫ ʢʘʪʠʦʥʦʚ Fe3+ ʥʝʪ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ 

ʧʨʝʜʧʦʯʪʝʥʠʡ, ʪ.ʢ. ʕʉʂʇ = 0 ʚ ʣʶʙʦʡ ʢʦʦʨʜʠʥʘʮʠʠ. ʂʨʦʤʝ ʪʦʛʦ, ʪʨʝʭʟʘʨʷʜʥʳʝ 

ʢʘʪʠʦʥʳ ʞʝʣʝʟʘ, ʢʘʢ ʧʨʘʚʠʣʦ, ʠʤʝʶʪ ʤʝʥʴʰʠʡ ʨʘʜʠʫʩ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʜʚʫʭʟʘʨʷʜʥʳʤʠ ʢʘʪʠʦʥʘʤʠ, ʘ ʪʝʪʨʘʵʜʨʠʯʝʩʢʠʝ ʧʫʩʪʦʪʳ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʠʤʝʶʪ 

ʤʝʥʴʰʠʡ ʨʘʟʤʝʨ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʢʪʘʵʜʨʠʯʝʩʢʠʤʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʫ ʬʝʨʨʠʪʦʚ 

ʥʘʙʣʶʜʘʝʪʩʷ ʩʢʣʦʥʥʦʩʪʴ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʦʙʨʘʱʝʥʥʳʭ ʰʧʠʥʝʣʝʡ. ʆʜʥʘʢʦ, ʥʘ 

ʧʨʘʢʪʠʢʝ ʵʪʦ ʚʩʪʨʝʯʘʝʪʩʷ ʜʘʣʝʢʦ ʥʝ ʚʩʝʛʜʘ, ʪʘʢ ʢʘʢ ʢʘʪʠʦʥʳ ʠʤʝʶʪ ʧʨʝʜʧʦʯʪʝʥʠʷ ʢ 

ʦʧʨʝʜʝʣʝʥʥʳʤ ʪʠʧʘʤ ʢʦʦʨʜʠʥʘʮʠʠ. 

ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʚ ʬʝʨʨʠʪʝ ʥʠʢʝʣʷ NiFe2O4 ʜʚʫʭʟʘʨʷʜʥʳʝ ʢʘʪʠʦʥʳ 

ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʧʫʩʪʦʪʘʭ, ʪʘʢ ʢʘʢ ʕʉʂʇʦʢʪ. (Ni2+) = 122.7 ɼʞ/ʤʦʣʴ, 

ʘ ʕʉʂʇʪʝʪʨ. (Ni2+) = 27.2 ɼʞ/ʤʦʣʴ [51], ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʨʝʰʝʪʢʘ 

ʦʪʥʦʩʠʪʩʷ ʢ ʪʠʧʫ ʦʙʨʘʱʝʥʥʦʡ ʰʧʠʥʝʣʠ. ʆʜʥʘʢʦ, ʧʨʠ ʣʝʛʠʨʦʚʘʥʠʠ ʬʝʨʨʠʪʘ ʥʠʢʝʣʷ 

ʜʚʫʭʟʘʨʷʜʥʳʤʠ ʢʘʪʠʦʥʘʤʠ ʮʠʥʢʘ [52] ʦʙʨʘʟʫʝʪʩʷ ʫʞʝ ʩʤʝʰʘʥʥʘʷ ʰʧʠʥʝʣʴ, ʚ 

ʢʦʪʦʨʦʡ ʪʝʪʨʘʵʜʨʠʯʝʩʢʠʝ ʧʦʟʠʮʠʠ ʟʘʥʷʪʳ ʠʦʥʘʤʠ Zn2+ ʠ Fe3+, ʘ ʦʢʪʘʵʜʨʠʯʝʩʢʠʝ 

ʧʦʟʠʮʠʠ - ʠʦʥʘʤʠ Ni2+ ʠ Fe3+, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʧʨʝʜʧʦʯʪʝʥʠʝʤ ʢʘʪʠʦʥʦʚ ʮʠʥʢʘ ʢ 

ʪʝʪʨʘʵʜʨʠʯʝʩʢʦʤʫ ʦʢʨʫʞʝʥʠʶ. 

ʌʝʨʨʠʪʳ-ʰʧʠʥʝʣʠ ʦʙʣʘʜʘʶʪ ʬʝʨʨʠʤʘʛʥʠʪʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʚ ʥʠʭ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ ʥʠʞʝ ʪʝʤʧʝʨʘʪʫʨʳ ʂʶʨʠ ʤʘʛʥʠʪʥʳʝ ʢʘʪʠʦʥʳ ʦʙʨʘʟʫʶʪ ʜʚʝ ʤʘʛʥʠʪʥʳʝ 

ʧʦʜʨʝʰʝʪʢʠ, ʧʨʠʯʝʤ ʤʝʞʜʫ ʢʘʪʠʦʥʘʤʠ ʚ ʫʟʣʘʭ ʢʘʞʜʦʡ ʠʟ ʧʦʜʨʝʰʝʪʦʢ ʩʫʱʝʩʪʚʫʝʪ 

ʩʠʣʴʥʦʝ ʦʙʤʝʥʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʬʝʨʨʠʪʦʚ-

ʰʧʠʥʝʣʝʡ ʬʝʨʨʠʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʦʙʫʩʣʦʚʣʝʥʳ ʪʝʤ, ʯʪʦ ʤʘʛʥʠʪʥʳʝ ʤʦʤʝʥʪʳ 

ʠʦʥʦʚ ʜʚʫʭ ʧʦʜʨʝʰʸʪʦʢ ʦʨʠʝʥʪʠʨʫʶʪʩʷ ʘʥʪʠʧʘʨʘʣʣʝʣʴʥʦ, ʢʘʢ ʠ ʚ 

ʘʥʪʠʬʝʨʨʦʤʘʛʥʝʪʠʢʘʭ, ʥʦ ʤʦʤʝʥʪʳ ʧʦʜʨʝʰʸʪʦʢ ʥʝ ʨʘʚʥʳ, ʠ, ʪʝʤ ʩʘʤʳʤ, 

ʨʝʟʫʣʴʪʠʨʫʶʱʠʡ ʤʦʤʝʥʪ ʥʝ ʨʘʚʝʥ ʥʫʣʶ. ɼʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ʨʝʟʫʣʴʪʠʨʫʶʱʠʝ 

ʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʬʝʨʨʠʪʘ ʟʘʚʠʩʷʪ ʦʪ ʭʘʨʘʢʪʝʨʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʘʪʠʦʥʦʚ ʧʦ 

ʧʦʜʨʝʰʝʪʢʘʤ.  

ʅʘʧʨʠʤʝʨ, ʧʨʠ ʣʝʛʠʨʦʚʘʥʠʠ ʬʝʨʨʠʪʘ ʥʠʢʝʣʷ ʢʘʪʠʦʥʘʤʠ ʢʦʙʘʣʴʪʘ [53] 

ʧʨʦʠʩʭʦʜʠʪ ʨʝʟʢʦʝ ʫʚʝʣʠʯʝʥʠʝ ʦʩʪʘʪʦʯʥʦʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ (Mr) ʠ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʥʘʩʳʱʝʥʠʷ (Ms), ʘ ʪʘʢʞʝ ʢʦʵʨʮʠʪʠʚʥʦʡ ʩʠʣʳ, ʪ.ʢ. Co2+ -  ʵʪʦ 
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ʢʘʪʠʦʥ ʩ ʦʜʥʦʠʦʥʥʦʡ ʤʘʛʥʠʪʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʘʥʠʟʦʪʨʦʧʠʝʡ, ʢʦʪʦʨʘʷ ʚʦʟʥʠʢʘʝʪ 

ʚʩʣʝʜʩʪʚʠʝ ʥʝʨʘʚʥʦʤʝʨʥʦʛʦ ʟʘʩʝʣʝʥʠʷ dg-ʧʦʜʫʨʦʚʥʷ ʚ ʦʢʪʘʵʜʨʠʯʝʩʢʦʤ ʧʦʣʝ 

ʣʠʛʘʥʜʦʚ [54]. ʇʨʠ ʣʝʛʠʨʦʚʘʥʠʠ ʢʘʪʠʦʥʳ Co2+ ʟʘʤʝʥʷʝʪ Ni2+ ʚ ʦʢʪʘʵʜʨʠʯʝʩʢʦʡ 

ʧʦʟʠʮʠʠ, ʠ ʧʦʩʪʦʷʥʥʘʷ ʨʝʰʝʪʢʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʣʝʛʠʨʫʶʱʝʡ ʜʦʙʘʚʢʠ ʠʟ-ʟʘ ʙʦʣʴʰʝʛʦ ʠʦʥʥʦʛʦ ʨʘʜʠʫʩʘ Co2+ (0,745 ¡), ʟʘʤʝʱʘʶʱʝʛʦ 

ʥʠʢʝʣʴ ʩ ʤʝʥʴʰʠʤ ʨʘʜʠʫʩʦʤ (0,69 ¡) ʚ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʧʦʟʠʮʠʷʭ.   

ɺ ʩʣʫʯʘʝ ʞʝ ʣʝʛʠʨʦʚʘʥʠʷ ʢʘʪʠʦʥʘʤʠ ʮʠʥʢʘ ʠʟʤʝʥʝʥʠʝ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ 

ʬʝʨʨʠʪʘ ʧʨʦʠʩʭʦʜʠʪ ʥʝʤʦʥʦʪʦʥʥʦ. ʊʘʢ, ʚ ʨʘʙʦʪʝ [55] ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ Ni1-xZnxFe2O4 (ʭ = 0, 0,3, 0,7, 1). ʅʘʤʘʛʥʠʯʝʥʥʦʩʪʴ ʥʘʩʳʱʝʥʠʷ 

(Ms) ʥʝʣʝʛʠʨʦʚʘʥʥʦʛʦ ʬʝʨʨʠʪʘ ʩʦʩʪʘʚʠʣʘ 

28,19 ʵʤʝ/ʛ, ʪʦʛʜʘ ʢʘʢ ʧʨʠ ʟʘʤʝʱʝʥʠʠ ʮʠʥʢʦʤ ʜʦ ʭ=0,3 ʥʘʙʣʶʜʘʣʩ ̫ʨʦʩʪ ʜʦ 42,31 

ʵʤʝ/ʛ, ʘ ʟʘʪʝʤ ʫʤʝʥʴʰʝʥʠʝ ʜʦ 6,23 ʵʤʝ/ʛ ʜʣʷ ʯʠʩʪʦʛʦ ʬʝʨʨʠʪʘ ZnFe2O4. ʕʪʦ ʷʚʣʝʥʠʝ 

ʦʙʲʷʩʥʷʶʪ ʪʝʤ, ʯʪʦ ʥʝʣʝʛʠʨʦʚʘʥʥʳʡ ʬʝʨʨʠʪ ʥʠʢʝʣʷ ʠʤʝʝʪ ʩʪʨʫʢʪʫʨʫ ʦʙʨʘʱʝʥʥʦʡ 

ʰʧʠʥʝʣʠ, ʚ ʢʦʪʦʨʦʡ, ʢʘʢ ʠʟʚʝʩʪʥʦ, ʠʦʥʳ Fe3+ ʚ ʨʘʚʥʦʡ ʩʪʝʧʝʥʠ ʟʘʥʠʤʘʶʪ 

ʪʝʪʨʘʵʜʨʠʯʝʩʢʠʝ ʠ ʦʢʪʘʵʜʨʠʯʝʩʢʠʝ ʧʫʩʪʦʪʳ, ʪʦʛʜʘ ʢʘʢ ʠʦʥʳ Ni2+ ʟʘʥʠʤʘʶʪ 

ʦʢʪʘʵʜʨʠʯʝʩʢʠʝ. ʇʨʠ ʟʘʤʝʱʝʥʠʠ ʥʠʢʝʣʷ ʥʝʤʘʛʥʠʪʥʳʤʠ ʢʘʪʠʦʥʘʤʠ Zn2+, 

ʠʤʝʶʱʠʤʠ ʧʨʝʜʧʦʯʪʝʥʠʝ ʢ ʪʝʪʨʘʵʜʨʠʯʝʩʢʦʡ ʢʦʦʨʜʠʥʘʮʠʠ, ʥʦ ʟʘʥʠʤʘʶʱʠʤʠ 

ʦʢʪʘʵʜʨʠʯʝʩʢʠʝ ʧʦʟʠʮʠʠ ʧʦ ʜʘʥʥʳʤ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʠ 

ʤʝʩʩʙʘʫʵʨʦʚʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʝʭʦʜ ʢʘʪʠʦʥʦʚ Fe3+ ʚ 

ʪʝʪʨʘʵʜʨʠʯʝʩʢʠʝ ʧʦʟʠʮʠʠ ʠ ʩʥʠʞʘʝʪʩʷ ʩʪʝʧʝʥʴ ʢʦʤʧʝʥʩʘʮʠʠ ʤʘʛʥʠʪʥʳʭ ʤʦʤʝʥʪʦʚ 

ʢʘʪʠʦʥʦʚ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʨʘʟʣʠʯʥʳʭ ʧʦʜʨʝʰʝʪʢʘʭ. ʋʤʝʥʴʰʝʥʠʝ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ 

ʥʘʩʳʱʝʥʠʷ ʧʨʠ ʚʳʩʦʢʦʤ ʩʦʜʝʨʞʘʥʠʠ ʣʝʛʠʨʫʶʱʝʡ ʜʦʙʘʚʢʠ ʦʙʲʷʩʥʷʶʪ ʵʬʬʝʢʪʦʤ 

çʥʘʢʣʦʥʘ ʩʧʠʥʘè ʚ ʨʘʙʦʪʝ [52]. ʇʦ ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ Zn2+ ʦʙʤʝʥʥʳʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʦʩʣʘʙʝʚʘʶʪ, ʠ ʩʧʠʥʳ ʪʝʪʨʘʵʜʨʠʯʝʩʢʦʡ ʧʦʜʨʝʰʝʪʢʠ ʙʦʣʴʰʝ ʥʝ 

ʫʜʝʨʞʠʚʘʶʪʩʷ ʞʝʩʪʢʦ ʧʘʨʘʣʣʝʣʴʥʦ ʥʝʩʢʦʣʴʢʠʤ ʦʩʪʘʚʰʠʤʩʷ ʩʧʠʥʘʤ 

ʦʢʪʘʵʜʨʠʯʝʩʢʦʡ ʧʦʜʨʝʰʝʪʢʠ. ʋʤʝʥʴʰʝʥʠʝ ʤʦʤʝʥʪʘ B-ʧʦʜʨʝʰʝʪʢʠ, 

ʠʥʪʝʨʧʨʝʪʠʨʫʝʤʦʝ ʢʘʢ ʦʪʢʣʦʥʝʥʠʝ ʩʧʠʥʘ ʦʪ ʢʦʣʣʠʥʝʘʨʥʦʩʪʠ, ʚʳʟʳʚʘʝʪ ʵʬʬʝʢʪ, 

ʠʟʚʝʩʪʥʳʡ ʢʘʢ ʥʘʢʣʦʥ. 
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ʇʨʠ ʣʝʛʠʨʦʚʘʥʠʠ ʢʘʪʠʦʥʘʤʠ ʤʝʜʠ [56] ʚ ʦʙʨʘʟʮʘʭ ʬʝʨʨʠʪʦʚʦʡ ʢʝʨʘʤʠʢʠ, 

ʧʦʣʫʯʝʥʥʦʡ ʟʦʣʴ-ʛʝʣʴ ʤʝʪʦʜʦʤ ʩʠʥʪʝʟʘ, ʥʘʙʣʶʜʘʝʪʩʷ ʟʘʢʦʥʦʤʝʨʥʦʝ ʠʟʤʝʥʝʥʠʝ 

ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ. ʊʘʢ, ʟʥʘʯʝʥʠʷ Ms ʠ Mr ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʝ 

ʫʤʝʥʴʰʝʥʠʝ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ Cu2+. ɿʥʘʯʝʥʠʝ Hc ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ 

ʤʝʥʷʣʦʩʴ ʧʨʠ xÒ0,6, ʥʦ ʙʳʩʪʨʦ ʚʦʟʨʘʩʪʘʣʦ ʩ 0,18 ʢʕ ʜʦ 0,68 ʢʕ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ x ʩ 

0,6 ʜʦ 0,8, ʫʢʘʟʳʚʘʷ ʥʘ ʪʦ, ʯʪʦ ʣʝʛʠʨʦʚʘʥʠʝ Cu2+ ʤʦʞʝʪ ʧʦʚʳʰʘʪʴ ʤʘʛʥʠʪʦʪʚʝʨʜʳʝ 

ʩʚʦʡʩʪʚʘ CuxNi1-xFe2O4. ʇʨʠʯʠʥʫ ʵʪʦʛʦ ʘʚʪʦʨʳ ʚʠʜʷʪ ʚ ʪʦʤ, ʯʪʦ ʥʝʤʘʛʥʠʪʥʳʝ 

ʢʘʪʠʦʥʳ Cu2+ ʚʳʟʳʚʘʶʪ ʥʝ ʪʦʣʴʢʦ ʩʥʠʞʝʥʠʝ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ, ʥʦ ʠ ʫʤʝʥʴʰʝʥʠʝ 

ʦʙʤʝʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ʆʙʨʘʟʝʮ Cu0,2Ni0,8Fe2O4, ʩʧʝʯʝʥʥʳʡ ʧʨʠ 900 Áʉ, ʠʤʝʣ 

ʥʘʠʙʦʣʴʰʫʶ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ ʥʘʩʳʱʝʥʠʷ (34,61 ʵʤʝ/ʛ), ʦʩʪʘʪʦʯʥʫʶ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ (17,85 ʵʤʝ/ʛ) ʠ ʥʘʠʤʝʥʴʰʫʶ ʢʦʵʨʮʠʪʠʚʥʫʶ ʩʠʣʫ (0,17 ʢʕ). 

ɺ ʨʘʙʦʪʝ [57] ʠʩʩʣʝʜʦʚʘʣʠ ʩʚʦʡʩʪʚʘ ʢʝʨʘʤʠʯʝʩʢʠʭ ʦʙʨʘʟʮʦʚ ʬʝʨʨʠʪʘ ʥʠʢʝʣʷ, 

ʧʦʣʫʯʝʥʥʦʛʦ ʪʚʝʨʜʦʬʘʟʥʳʤ ʤʝʪʦʜʦʤ ʩʠʥʪʝʟʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 900 ÁC. ʂʝʨʘʤʠʢʫ 

ʩʧʝʢʘʣʠ ʧʨʠ 1000, 1100, 1150 ʠ 1200 ÁC ʚ ʪʝʯʝʥʠʝ 4 ʯʘʩʦʚ. ʅʘʙʣʶʜʘʣʦʩʴ ʫʚʝʣʠʯʝʥʠʝ 

ʩʨʝʜʥʝʛʦ ʨʘʟʤʝʨʘ ʟʝʨʝʥ ʦʪ ~0,3 ʤʢʤ ʜʣʷ ʦʙʨʘʟʮʦʚ, ʩʧʝʯʝʥʥʳʭ ʧʨʠ 1000 Áʉ, ʜʦ ~2-3 

ʤʢʤ ʜʣʷ ʦʙʨʘʟʮʦʚ, ʩʧʝʯʝʥʥʳʭ ʧʨʠ 1200 Áʉ, ʪʦʛʜʘ ʢʘʢ ʟʥʘʯʝʥʠʝ ʢʦʵʨʮʠʪʠʚʥʦʡ ʩʠʣʳ 

ʩʥʠʞʘʣʦʩʴ ʧʨʠʤʝʨʥʦ ʥʘ 90 %, ʧʨʠʙʣʠʞʘʷʩʴ ʢ ʩʫʧʝʨʧʘʨʘʤʘʛʥʠʪʥʳʤ ʟʥʘʯʝʥʠʷʤ. 

ɹʦʣʝʝ ʢʨʫʧʥʳʝ ʟʝʨʥʘ ʩʦʩʪʦʷʪ ʠʟ ʙʦʣʴʰʝʛʦ ʯʠʩʣʘ ʜʦʤʝʥʥʳʭ ʩʪʝʥʦʢ, ʘ 

ʥʘʤʘʛʥʠʯʠʚʘʥʠʝ, ʚʳʟʚʘʥʥʦʝ ʜʚʠʞʝʥʠʝʤ ʜʦʤʝʥʥʳʭ ʩʪʝʥʦʢ, ʟʘʪʨʘʯʠʚʘʝʪ ʤʝʥʴʰʝ 

ʵʥʝʨʛʠʠ, ʯʝʤ ʪʨʝʙʫʝʪʩʷ ʜʣʷ ʚʨʘʱʝʥʠʷ ʜʦʤʝʥʘ. ʇʦʩʢʦʣʴʢʫ ʢʦʣʠʯʝʩʪʚʦ ʩʪʝʥʦʢ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʪʦ ʚʢʣʘʜ ʜʚʠʞʝʥʠʷ ʩʪʝʥʦʢ ʚ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ ʙʦʣʴʰʝ, ʯʝʤ ʚʢʣʘʜ 

ʚʨʘʱʝʥʠʷ ʜʦʤʝʥʦʚ. ʂʨʦʤʝ ʪʦʛʦ, ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ ʥʘʩʳʱʝʥʠʷ ʫʚʝʣʠʯʠʚʘʣʘʩʴ ʩ 42 

ʜʦ 46 ʵʤʝ/ʛ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʩʧʝʢʘʥʠʷ ʚʩʣʝʜʩʪʚʠʝ ʨʘʟʣʠʯʥʳʭ ʩʪʝʧʝʥʝʡ 

ʦʢʠʩʣʝʥʠʷ (ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʞʝʣʝʟʘ ʦʪ Fe3+ ʜʦ Fe2+, ʚʝʨʦʷʪʥʦʝ ʦʙʨʘʟʦʚʘʥʠʝ Ni3+) ʠ 

ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʘʪʠʦʥʦʚ ʧʦ ʫʟʣʘʤ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ, ʥʘʧʨʠʤʝʨ, ʠʦʥʦʚ 

Ni2+ ʠʟ B- ʚ ɸ-ʧʦʟʠʮʠʠ. 
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1.4.1.2 ˚̉ ̜̈̋̏̓̆̍̐̆̑́̓̔̑̎̆ ̜̒̐̏̒̏̂ ̘̠̐̏̌̔̆̎̉ ̉ 

̐̑̉̍̆̎̆̎̉̆ ̆̑̑̉̓̏̃̕ 

ʌʝʨʨʠʪʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʠʥʪʝʨʝʩ ʦʪʥʶʜʴ ʥʝ ʪʦʣʴʢʦ ʚ ʢʘʯʝʩʪʚʝ 

ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʦʥʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʄʕ ʢʦʤʧʦʟʠʪʦʚ, ʥʦ ʤʥʦʛʠʝ ʠʟ ʥʠʭ ʫʞʝ ʜʘʚʥʦ 

ʠ ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ ʪʝʭʥʠʢʠ. ʊʘʢ, ʠʥʪʝʨʝʩ ʢ 

ʛʝʢʩʘʬʝʨʨʠʪʘʤ ʥʘʯʠʥʘʷ ʩ 1950-ʭ ʛʦʜʦʚ ʠ ʧʦ ʩʝʡ ʜʝʥʴ ʚʦʟʨʘʩʪʘʝʪ ʚ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ 

ʧʨʦʛʨʝʩʩʠʠ. ʇʦʤʠʤʦ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʧʦʩʪʦʷʥʥʳʭ ʤʘʛʥʠʪʦʚ, ʠʭ 

ʧʨʠʤʝʥʷʶʪ ʚ ʢʘʯʝʩʪʚʝ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʤʘʛʥʠʪʥʦʡ ʟʘʧʠʩʠ ʠ ʭʨʘʥʝʥʠʷ ʜʘʥʥʳʭ, ʘ 

ʪʘʢʞʝ ʚ ʢʘʯʝʩʪʚʝ ʢʦʤʧʦʥʝʥʪʦʚ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚ, ʦʩʦʙʝʥʥʦ ʪʝʭ, ʢʦʪʦʨʳʝ 

ʨʘʙʦʪʘʶʪ ʚ ʤʠʢʨʦ-ʛʠʛʘʛʝʨʮʦʚʦʤ ʜʠʘʧʘʟʦʥʝ. ɺ ʧʦʩʣʝʜʥʝʝ ʜʝʩʷʪʠʣʝʪʠʝ ʧʨʦʠʟʦʰʝʣ 

ʚʟʨʳʚ ʠʥʪʝʨʝʩʘ ʢ ʛʝʢʩʘʬʝʨʨʠʪʘʤ ʜʣʷ ʙʦʣʝʝ ʵʢʟʦʪʠʯʝʩʢʠʭ ʧʨʠʤʝʥʝʥʠʡ. ʕʪʦ 

ʦʩʦʙʝʥʥʦ ʚʝʨʥʦ ʚ ʦʪʥʦʰʝʥʠʠ ʵʣʝʢʪʨʦʥʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʜʣʷ ʤʦʙʠʣʴʥʦʡ ʠ 

ʙʝʩʧʨʦʚʦʜʥʦʡ ʩʚʷʟʠ ʥʘ ʯʘʩʪʦʪʘʭ ʤʠʢʨʦʚʦʣʥ/ɻɻʮ, ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ ʠ ʩʢʨʳʪʳʭ 

ʪʝʭʥʦʣʦʛʠʡ, ʘ ʪʘʢʞʝ ʚ ʢʘʯʝʩʪʚʝ ʢʦʤʧʦʥʝʥʪʦʚ ʢʦʤʧʦʟʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ɺ ʧʦʩʣʝʜʥʝʝ 

ʚʨʝʤʷ ʪʘʢʞʝ ʥʘʙʣʶʜʘʝʪʩʷ ʦʯʝʚʠʜʥʳʡ ʠʥʪʝʨʝʩ ʢ ʥʘʥʦʪʝʭʥʦʣʦʛʠʷʤ, ʨʘʟʨʘʙʦʪʢʝ 

ʥʘʥʦʚʦʣʦʢʦʥ ʠ ʵʬʬʝʢʪʦʚ ʦʨʠʝʥʪʘʮʠʠ ʠ ʚʳʨʘʚʥʠʚʘʥʠʷ ʚʦʣʦʢʦʥ ʚ ʛʝʢʩʘʬʝʨʨʠʪʥʳʭ 

ʢʦʤʧʦʟʠʪʦʚ ʩ ʫʛʣʝʨʦʜʥʳʤʠ ʥʘʥʦʪʨʫʙʢʘʤʠ (ʋʅʊ). ɻʝʢʩʘʬʝʨʨʠʪʳ ʚʳʟʳʚʘʶʪ 

ʘʢʪʠʚʥʳʡ ʠʥʪʝʨʝʩ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ, ʧʨʠʚʣʝʢʘʷ ʚʩʝ ʙʦʣʴʰʝʝ ʚʥʠʤʘʥʠʝ ʥʝ ʪʦʣʴʢʦ ʢʘʢ 

ʧʦʩʪʦʷʥʥʳʝ ʤʘʛʥʠʪʳ ʠ ʚʳʩʦʢʦʧʣʦʪʥʳʝ ʤʘʛʥʠʪʥʳʝ ʥʦʩʠʪʝʣʠ ʠʥʬʦʨʤʘʮʠʠ ʩ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴʶ, ʥʦ ʠ ʢʘʢ ʤʫʣʴʪʠʬʝʨʨʦʠʢʠ - ʤʘʪʝʨʠʘʣʳ ʩʦ 

ʟʥʘʯʠʪʝʣʴʥʦʡ ʚʟʘʠʤʦʩʚʷʟʴʶ ʤʝʞʜʫ ʤʘʛʥʠʪʥʳʤʠ ʠ ʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ. 

ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʠʥʪʝʨʝʩʥʳʭ ʜʦʩʪʠʞʝʥʠʡ ʩʪʘʣʦ ʦʪʢʨʳʪʠʝ ʦʜʥʦʬʘʟʥʳʭ 

ʤʘʛʥʠʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ/ʤʫʣʴʪʠʬʝʨʨʦʠʜʥʳʭ ʛʝʢʩʘʬʝʨʨʠʪʦʚ, ʩʥʘʯʘʣʘ ʬʝʨʨʠʪʘ 

Ba2Mg2Fe12O22 Y ʧʨʠ ʢʨʠʦʛʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʘ ʪʝʧʝʨʴ ʬʝʨʨʠʪʘ Sr3Co2Fe24O41 Z 

ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ.  

ɾʝʣʝʟʦ-ʠʪʪʨʠʝʚʳʡ ʛʨʘʥʘʪ [58] ʥʝ ʫʩʪʫʧʘʝʪ ʧʦ ʩʚʦʝʡ ʟʥʘʯʠʤʦʩʪʠ 

ʛʝʢʩʘʬʝʨʨʠʪʘʤ. ɽʛʦ ʫʥʠʢʘʣʴʥʳʝ ʤʘʛʥʠʪʥʳʝ ʠ ʨʝʟʦʥʘʥʩʥʳʝ ʩʚʦʡʩʪʚʘ ʦʧʨʝʜʝʣʷʶʪ 

ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʨʘʜʠʦ- ʠ ʤʠʢʨʦʵʣʝʢʪʨʦʥʠʢʝ [59; 60] ʄʥʦʞʝʩʪʚʦ 

ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʷʚʣʝʥʠʡ, ʪʘʢʠʭ ʢʘʢ ʵʬʬʝʢʪ ʌʘʨʘʜʝʷ, ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʘʛʥʦʥʥʦʛʦ 
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ʢʦʥʜʝʥʩʘʪʘ ɹʦʟʝ-ʕʡʥʰʪʝʡʥʘ ʚ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʥʘʤʘʛʥʠʯʝʥʥʦʡ ʧʣʝʥʢʝ ʛʨʘʥʘʪʘ, 

ʜʦʣʛʦʞʠʚʫʱʠʝ ʩʠʛʥʘʣʳ ʩʚʦʙʦʜʥʦʡ ʠʥʜʫʢʮʠʠ ʜʚʫʭ ʪʠʧʦʚ, ʜʝʣʘʶʪ ʞʝʣʝʟʦ-

ʠʪʪʨʠʝʚʳʡ ʛʨʘʥʘʪ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʠ ʚʘʞʥʳʤ ʜʣʷ ʧʨʠʢʣʘʜʥʳʭ ʧʨʠʤʝʥʝʥʠʡ [61ï63]. 

ʂʨʦʤʝ ʪʦʛʦ, ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʵʣʝʢʪʨʦʥʥʳʝ, ʤʘʛʥʠʪʥʳʝ ʠ ʩʪʨʫʢʪʫʨʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʬʝʨʨʠʪʘ ʢʨʘʡʥʝ ʚʘʞʥʳ ʜʣʷ ʠʟʫʯʝʥʠʷ ʩʪʨʦʝʥʠʷ ʩʠʣʴʥʦ 

ʢʦʨʨʝʣʠʨʦʚʘʥʥʳʭ ʵʣʝʢʪʨʦʥʥʳʭ ʩʠʩʪʝʤ ʠ ʩʚʦʡʩʪʚ ʚʥʫʪʨʝʥʥʠʭ ʩʣʦʝʚ ɿʝʤʣʠ, ʪʘʢ ʢʘʢ 

ʦʢʩʠʜʳ ʞʝʣʝʟʘ ʟʘʥʠʤʘʶʪ ʟʥʘʯʠʪʝʣʴʥʫʶ ʜʦʣʶ ʚ ʩʦʩʪʘʚʝ ʤʠʥʝʨʘʣʦʚ [64ï66]. 

Y3Fe5O12 ʚʳʟʳʚʘʝʪ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʪʝʨʝʩ ʠ ʠʤʝʝʪ ʰʠʨʦʢʦʝ ʧʨʘʢʪʠʯʝʩʢʦʝ 

ʧʨʠʤʝʥʝʥʠʝ ʚ ʉɺʏ-ʫʩʪʨʦʡʩʪʚʘʭ ʠ ʩʧʠʥʪʨʦʥʠʢʝ ʚ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʧʨʘʢʪʠʯʝʩʢʠ 

ʙʝʟʜʝʬʝʢʪʥʳʝ ʦʪʧʦʣʠʨʦʚʘʥʥʳʝ ʩʬʝʨʳ YIG ʦʙʣʘʜʘʶʪ ʩʘʤʳʤʠ ʥʠʟʢʠʤʠ 

ʤʠʢʨʦʚʦʣʥʦʚʳʤʠ ʧʦʪʝʨʷʤʠ ʠʟ ʚʩʝʭ ʠʟʚʝʩʪʥʳʭ ʤʘʛʥʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, 

ʚʳʨʘʞʘʝʤʳʤʠ ʰʠʨʠʥʦʡ ʣʠʥʠʠ ʬʝʨʨʦʤʘʛʥʠʪʥʦʛʦ ʨʝʟʦʥʘʥʩʘ (ʌʄʈ) ȹH = 0,5 ɸ/ʩʤ.  

ʅʠʢʝʣʝʚʳʝ ʬʝʨʨʠʪʳ - ʤʘʛʥʠʪʦʤʷʛʢʠʝ ʤʘʪʝʨʠʘʣʳ ʩ ʚʳʩʦʢʦʡ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴʶ ʥʘʩʳʱʝʥʠʷ, ʦʯʝʥʴ ʥʠʟʢʦʡ ʢʦʵʨʮʠʪʠʚʥʦʡ ʩʠʣʦʡ ʠ ʥʠʟʢʦʡ 

ʤʘʛʥʠʪʥʦʡ ʘʥʠʟʦʪʨʦʧʠʝʡ. ʌʝʨʨʠʪʳ-ʰʧʠʥʝʣʠ ʥʘʭʦʜʷʪ ʩʚʦʝ ʧʨʠʤʝʥʝʥʠʷ ʚ 

ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ, ʪʘʢʠʭ ʢʘʢ ʭʨʘʥʝʥʠʝ ʤʘʛʥʠʪʥʳʭ ʜʘʥʥʳʭ [67], ʛʠʙʨʠʜʥʳʝ 

ʵʣʝʢʪʨʦʤʦʙʠʣʠ [68], ʩʝʨʜʝʯʥʠʢ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ [69], ʨʘʜʠʦʯʘʩʪʦʪʥʳʝ ʩʭʝʤʳ ʠ 

ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʝ ʬʠʣʴʪʨʳ [70], ʙʠʦʩʦʚʤʝʩʪʠʤʳʝ ʤʘʛʥʠʪʥʳʝ ʞʠʜʢʦʩʪʠ [71], 

ʤʘʛʥʠʪʥʦ-ʨʝʟʦʥʘʥʩʥʘʷ ʪʦʤʦʛʨʘʬʠʷ ʠ ʢʦʥʪʨʦʣʠʨʫʝʤʘʷ ʜʦʩʪʘʚʢʘ ʣʝʢʘʨʩʪʚ [72]. ʆʥʠ 

ʪʘʢʞʝ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʜʨʫʛʠʭ ʦʙʣʘʩʪʷʭ, ʪʘʢʠʭ ʢʘʢ ʢʨʘʩʢʠ, ʧʦʛʣʦʱʘʶʱʠʝ 

ʤʠʢʨʦʚʦʣʥʦʚʦʝ ʠʟʣʫʯʝʥʠʝ [73], ʜʘʪʯʠʢʠ ʛʘʟʘ [74], ʢʘʪʘʣʠʟʘʪʦʨʳ [75]. ʆʥʠ ʦʙʣʘʜʘʶʪ 

ʚʳʩʦʢʠʤ ʫʜʝʣʴʥʳʤ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ, ʭʦʨʦʰʝʡ ʪʝʨʤʠʯʝʩʢʦʡ ʠ 

ʭʠʤʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʴʶ [76; 77]. ʅʝʜʦʩʪʘʪʢʦʤ ʪʘʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʷʚʣʷʝʪʩʷ 

ʩʨʘʚʥʠʪʝʣʴʥʦ ʙʦʣʴʰʠʝ ʥʝʨʝʟʦʥʘʥʩʥʳʝ ʧʦʪʝʨʠ. 

ʆʩʥʦʚʥʳʤ ʤʝʪʦʜʦʤ ʧʦʣʫʯʝʥʠʷ ʬʝʨʨʠʪʦʚ ʷʚʣʷʝʪʩʷ ʪʚʝʨʜʦʬʘʟʥʳʡ ʩʧʦʩʦʙ 

ʩʠʥʪʝʟʘ ʠʟ ʦʢʩʠʜʦʚ ʠ ʢʘʨʙʦʥʘʪʦʚ. ʆʜʥʘʢʦ ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʰʠʨʦʢʦ ʠʩʩʣʝʜʫʶʪʩʷ 

ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʝ ʤʝʪʦʜʳ ʩʠʥʪʝʟʘ ʬʝʨʨʠʪʦʚ. ʀʭ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʷʚʣʷʝʪʩʷ 

ʩʫʱʝʩʪʚʝʥʥʦʝ ʩʥʠʞʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨ ʩʠʥʪʝʟʘ ʠ ʩʧʝʢʘʥʠʷ ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ 

ʧʦʨʦʰʢʦʚ ʬʝʨʨʠʪʦʚ ʚ ʥʘʥʦʨʘʟʤʝʨʥʦʤ ʠʣʠ ʩʫʙʤʠʢʨʦʥʥʦʤ ʩʦʩʪʦʷʥʠʠ.  
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ʇʨʠ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʤ ʩʠʥʪʝʟʝ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʝ ʢʦʣʠʯʝʩʪʚʘ ʘʟʦʪʥʦʢʠʩʣʳʭ 

ʩʦʣʝʡ ʨʘʩʪʚʦʨʷʶʪ ʚ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʝ ʦʪʜʝʣʴʥʦ ʠ ʩʤʝʰʠʚʘʶʪ ʚ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʤʦʣʷʨʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ, ʢʦʥʪʨʦʣʠʨʫʷ pH ʨʘʩʪʚʦʨʘ ʜʦʙʘʚʣʝʥʠʝʤ 

ʵʪʠʣʝʥʛʣʠʢʦʣʷ ʠ NaOH, ʧʦʩʣʝ ʯʝʛʦ ʨʘʩʪʚʦʨ ʥʘʛʨʝʚʘʶʪ ʚ ʘʚʪʦʢʣʘʚʝ ʧʦʜ ʚʳʩʦʢʠʤ 

ʜʘʚʣʝʥʠʝʤ. ʇʨʠ ʟʦʣʴ-ʛʝʣʴ ʤʝʪʦʜʝ ʧʦʣʫʯʝʥʠʷ ʥʘʥʦʯʘʩʪʠʮ ʬʝʨʨʠʪʘ 

ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʝ ʢʦʣʠʯʝʩʪʚʘ ʥʠʪʨʘʪʦʚ ʤʝʪʘʣʣʦʚ ʠ ʭʝʣʘʪʠʨʫʶʱʠʭ ʘʛʝʥʪʦʚ 

ʨʘʩʪʚʦʨʷʶʪ ʚ ʧʦʜʭʦʜʷʱʝʤ ʨʘʩʪʚʦʨʠʪʝʣʝ, ʢʦʥʪʨʦʣʠʨʫʷ ʠ ʨʝʛʫʣʠʨʫʷ pH ʨʘʩʪʚʦʨʦʤ 

ʞʠʜʢʦʛʦ ʘʤʤʠʘʢʘ. ʇʦʣʫʯʝʥʥʳʡ ʛʝʣʴ ʩʫʰʘʪ, ʘ ʟʘʪʝʤ ʧʨʦʢʘʣʠʚʘʶʪ. ɺ ʨʘʙʦʪʝ [78] 

ʧʨʦʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʩʪʨʫʢʪʫʨʥʳʭ, ʤʘʛʥʠʪʥʳʭ ʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ NiFe2O4 

ʢʘʢ ʜʣʷ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʛʦ, ʪʘʢ ʠ ʜʣʷ ʟʦʣʴ-ʛʝʣʴ ʤʝʪʦʜʦʚ ʩʠʥʪʝʟʘ. ʉʨʝʜʥʠʡ ʨʘʟʤʝʨ 

ʯʘʩʪʠʮ NiFe2O4, ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʤ ʠ ʟʦʣʴ-ʛʝʣʴ ʤʝʪʦʜʘʤʠ, 

ʩʦʩʪʘʚʠʣ 29,39 ʠ 52,16 ʥʤ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʌʝʨʨʠʪ NiFe2O4, ʧʦʣʫʯʝʥʥʳʡ 

ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʤ ʤʝʪʦʜʦʤ, ʧʦʢʘʟʘʣ ʟʥʘʯʝʥʠʷ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʥʘʩʳʱʝʥʠʷ (Ms) ʠ 

ʢʦʵʨʮʠʪʠʚʥʦʡ ʩʠʣʳ (Hc) 48,63 ʵʤʝ/ʛ ʠ 77,70 ʕ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʪʦʛʜʘ ʢʘʢ Ms ʠ Hc 

ʬʝʨʨʠʪʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʟʦʣʴ-ʛʝʣʴ ʤʝʪʦʜʦʤ, 64,91 ʵʤʝ/ʛ ʠ 125,79 ʕ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ɺ ʤʝʪʦʜʝ ʩʦʦʩʘʞʜʝʥʠʷ ʦʩʘʜʠʪʝʣʴ (ʛʠʜʨʦʢʩʠʜ ʥʘʪʨʠʷ) ʩʤʝʰʠʚʘʶʪ ʩ 

ʨʘʩʪʚʦʨʘʤʠ ʩʦʣʝʡ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʤʝʪʘʣʣʦʚ ʠ ʦʣʝʠʥʦʚʦʡ ʢʠʩʣʦʪʦʡ ʚ ʢʘʯʝʩʪʚʝ 

ʧʦʚʝʨʭʥʦʩʪʥʦ-ʘʢʪʠʚʥʦʛʦ ʚʝʱʝʩʪʚʘ ʧʨʠ ʢʦʥʪʨʦʣʠʨʫʝʤʦʤ ʨʅ ʨʘʩʪʚʦʨʘ. ɿʘʪʝʤ ʦʩʘʜʦʢ 

ʥʘʛʨʝʚʘʶʪ ʠ ʧʨʦʤʳʚʘʶʪ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʦʡ ʠ ʵʪʘʥʦʣʦʤ ʧʦʩʣʝ ʦʭʣʘʞʜʝʥʠʷ. 

ʇʨʦʜʫʢʪ ʮʝʥʪʨʠʬʫʛʠʨʫʶʪ, ʧʦʣʫʯʝʥʥʦʝ ʚʝʱʝʩʪʚʦ ʟʘʪʝʤ ʠʟʤʝʣʴʯʘʶʪ ʚ ʤʝʣʢʠʡ 

ʧʦʨʦʰʦʢ ʠ ʦʪʞʠʛʘʶʪ. ʅʘʧʨʠʤʝʨ, ʚ ʨʘʙʦʪʝ [79] ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʧʦʣʫʯʝʥ ʬʝʨʨʠʪ 

ʥʠʢʝʣʷ ʩ ʩʨʝʜʥʠʤ ʨʘʟʤʝʨʦʤ ʟʝʨʝʥ 28 ʥʤ, ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴʶ ʥʘʩʳʱʝʥʠʷ ʧʨʠ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 40,5 ʵʤʝ/ʛ ʠ 45 ʵʤʝ/ʛ ʧʨʠ 77 ʂ, ʢʦʵʨʮʠʪʠʚʥʦʡ ʩʠʣʦʡ ʧʨʠ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 89 ʕ ʠ 175 ʕ ʧʨʠ 77 ʂ. ʆʪʥʦʩʠʪʝʣʴʥʦ ʙʦʣʴʰʫʶ 

ʢʦʵʨʮʠʪʠʚʥʫʶ ʩʠʣʫ ʠ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ ʥʘʩʳʱʝʥʠʷ ʧʨʠ 77 ʂ ʘʚʪʦʨʳ ʦʙʲʷʩʥʷʶʪ 

ʨʦʩʪʦʤ ʤʘʛʥʠʪʥʦʡ ʘʥʠʟʦʪʨʦʧʠʠ, ʧʨʝʧʷʪʩʪʚʫʶʱʝʡ ʚʳʨʘʚʥʠʚʘʥʠʶ ʤʘʛʥʠʪʥʦʛʦ 

ʤʦʤʝʥʪʘ ʚʜʦʣʴ ʥʘʧʨʘʚʣʝʥʠʷ ʧʨʠʣʦʞʝʥʥʦʛʦ ʧʦʣʷ. ʇʨʠ 8ï11 ʥʤ ʢʦʵʨʮʠʪʠʚʥʘʷ ʩʠʣʘ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ ʨʘʟʤʝʨʦʤ, ʜʦʩʪʠʛʘʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ 175 ʕ ʧʨʠ 11 ʥʤ, ʘ 

ʟʘʪʝʤ ʫʤʝʥʴʰʘʝʪʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʨʘʟʤʝʨʘ ʯʘʩʪʠʮ 12ï28 ʥʤ.  
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1.4.2 ˗̉̒̌̏̑̏̅̒̏̅̆̑̇́̉̆̚ ̝̞̐̆̈̏̌̆̋̓̑̉̋  ̉

1.τȢςȢρ ˗̘̠̑̉̒̓́̌̌̉̆̒̋́ ̒̓̑̔̋̓̔̑́ 

ɹʦʣʴʰʠʥʩʪʚʦ ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʭ ʧʴʝʟʦʵʣʝʢʪʨʠʢʦʚ ʠʤʝʝʪ 

ʩʪʨʫʢʪʫʨʫ ʪʠʧʘ ʧʝʨʦʚʩʢʠʪʘ. ʀʤʝʥʥʦ ʚ ʥʝʡ ʢʨʠʩʪʘʣʣʠʟʫʶʪʩʷ ʚʩʝ ʠʩʧʦʣʴʟʦʚʘʥʥʳʝ ʚ 

ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʴʝʟʦʤʘʪʝʨʠʘʣʳ. ʇʝʨʦʚʩʢʠʪ - ʤʠʥʝʨʘʣ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ ʩʦʙʦʡ 

ʦʢʩʠʜ ʢʘʣʴʮʠʷ ʠ ʪʠʪʘʥʘ, ʩ ʭʠʤʠʯʝʩʢʦʡ ʬʦʨʤʫʣʦʡ CaTiO3. ʄʠʥʝʨʘʣ ʙʳʣ ʦʙʥʘʨʫʞʝʥ 

ʥʘ ʋʨʘʣʝ ʥʝʤʝʮʢʠʤ ʤʠʥʝʨʦʣʦʛʦʤ ɻʫʩʪʘʚʦʤ ʈʦʟʝ ʚ 1839 ʛʦʜʫ ʠ ʥʘʟʚʘʥ ʚ ʯʝʩʪʴ 

ʨʫʩʩʢʦʛʦ ʤʠʥʝʨʘʣʦʛʘ ʃ. ɸ. ʇʝʨʦʚʩʢʦʛʦ (1792ï1856). 

 

ʈʠʩʫʥʦʢ 9 ï ʇʦʣʠʵʜʨʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʩʪʨʫʢʪʫʨʳ ʧʝʨʦʚʩʢʠʪʘ ɸɺʍ3 (ʉʠʥʠʝ ʰʘʨʳ ï 

ʢʘʪʠʦʥʳ Ba2+ ʠ Ca2+, ʙʝʣʳʝï ʢʘʪʠʦʥʳ Ti4+ ʠ Zr4+, ʢʨʘʩʥʳʝ ï ʘʥʠʦʥʳ ʢʠʩʣʦʨʦʜʘ) 

ʇʝʨʦʚʩʢʠʪʥʳʝ ʤʘʪʝʨʠʘʣʳ ʠʤʝʶʪ ʦʙʱʫʶ ʬʦʨʤʫʣʫ ABX3, ʛʜʝ çAè ʠ çBè ð 

ʢʘʪʠʦʥʳ ʨʘʟʥʦʛʦ ʨʘʟʤʝʨʘ, ʘ çXè ð ʘʥʠʦʥ. ʀʦʥʥʳʡ ʨʘʜʠʫʩ çɸè ʙʦʣʴʰʝ, ʯʝʤ çɺè. 

ʇʦʣʦʞʝʥʠʷ A ʠ B ʤʦʛʫʪ ʙʳʪʴ ʟʘʥʷʪʳ ʣʶʙʳʤ ʤʝʪʘʣʣʦʤ ʠʣʠ ʧʦʣʫʤʝʪʘʣʣʦʤ ʠʟ 

ʪʘʙʣʠʮʳ ʄʝʥʜʝʣʝʝʚʘ. ʉʪʨʫʢʪʫʨʘ ʧʝʨʦʚʩʢʠʪʘ ʦʧʠʩʳʚʘʝʪʩʷ ʢʘʢ ʢʫʙʠʯʝʩʢʘʷ. ɸʪʦʤʳ ʚ 

ʧʦʟʠʮʠʷʭ ɸ (ʈʠʩʫʥʦʢ 9) ʦʙʨʘʟʫʶʪ ʫʛʣʳ ʢʫʙʠʯʝʩʢʠʭ ʷʯʝʝʢ, ʘʪʦʤʳ ʚ ʧʦʟʠʮʠʷʭ ɺ 
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ʥʘʭʦʜʷʪʩʷ ʚ ʮʝʥʪʨʝ ʠ ʦʢʨʫʞʝʥʳ ʦʢʪʘʵʜʨʦʤ ʠʟ ʘʥʠʦʥʦʚ, ʘʪʦʤʳ ʢʠʩʣʦʨʦʜʘ 

ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʮʝʥʪʨʘʭ ʛʨʘʥʝʡ. ɸʪʦʤʳ ʚ ʧʦʟʠʮʠʷʭ ɺ ʠʤʝʶʪ ʂʏ=6, ʘ ʘʪʦʤʳ ʚ 

ʧʦʟʠʮʠʷʭ ɸ ʠʤʝʶʪ ʂʏ=12. ʉʪʨʫʢʪʫʨʫ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ ʪʨʝʭʤʝʨʥʦʡ ʩʝʪʠ 

ʧʨʘʚʠʣʴʥʳʭ ʦʢʪʘʵʜʨʦʚ BO6, ʩʦʝʜʠʥʝʥʥʳʭ ʤʝʞʜʫ ʩʦʙʦʡ ʚʝʨʰʠʥʘʤʠ ʫʛʣʦʚ. 

ʇʨʠ ʫʪʦʯʥʝʥʠʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ʨʘʟʣʠʯʥʳʭ ʧʝʨʦʚʩʢʠʪʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʨʘʟʣʠʯʥʳʭ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʠʩʪʝʤ 

(ʦʨʪʦʨʦʤʙʠʯʝʩʢʦʡ, ʨʦʤʙʦʵʜʨʠʯʝʩʢʦʡ, ʤʦʥʦʢʣʠʥʥʦʡ ʠ ʜʨ.) [80]. ʍʘʨʘʢʪʝʨ 

ʠʩʢʘʞʝʥʠʷ ʟʘʚʠʩʠʪ ʦʪ ʚʝʣʠʯʠʥʳ ʠʦʥʥʳʭ ʨʘʜʠʫʩʦʚ ʘʥʠʦʥʘ ʆ ʠ ʢʘʪʠʦʥʦʚ ʠ ʠʭ 

ʩʦʦʪʥʦʰʝʥʠʷ. ʉʪʘʙʠʣʴʥʦʩʪʴ ʩʪʨʫʢʪʫʨʳ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʪʦʣʝʨʘʥʮ-ʬʘʢʪʦʨ (t): 

t = (RA + Ro)/ã(2*(RB +Ro)) 

t - ʪʦʣʝʨʘʥʮ-ʬʘʢʪʦʨ; 

RA - ʨʘʜʠʫʩ ʙʦʣʴʰʝʛʦ ʢʘʪʠʦʥʘ A; 

RB - ʨʘʜʠʫʩ ʤʝʥʴʰʝʛʦ ʢʘʪʠʦʥʘ B; 

Ro - ʨʘʜʠʫʩ ʘʥʠʦʥʘ. 

 ʉʪʨʫʢʪʫʨʘ ʧʝʨʦʚʩʢʠʪʘ ʩʪʘʙʠʣʴʥʘ ʧʨʠ 0,89 Ò t Ò 1,06 (ʧʨʠ Ro = 0,14 ʥʤ). 

ʀʜʝʘʣʴʥʘʷ ʢʫʙʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʥʘʙʣʶʜʘʝʪʩʷ ʪʦʣʴʢʦ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, 

ʢʦʛʜʘ t ʙʣʠʟʢʘ ʢ 1. ɽʩʣʠ ʠʦʥʳ A ʤʘʣʳ, t < 1, ʪʦ ʥʘʙʣʶʜʘʶʪʩʷ ʪʝʪʨʘʛʦʥʘʣʴʥʳʝ, 

ʦʨʪʦʨʦʤʙʠʯʝʩʢʠʝ ʠ ʨʦʤʙʦʵʜʨʠʯʝʩʢʠʝ ʜʝʬʦʨʤʘʮʠʠ ʩʪʨʫʢʪʫʨʳ ʟʘ ʩʯʝʪ ʧʦʚʦʨʦʪʘ ʠ 

ʥʘʢʣʦʥʘ ʦʢʪʘʵʜʨʘ BO6. ʊʦʣʝʨʘʥʮ-ʬʘʢʪʦʨ ʪʘʢʞʝ ʩʚʷʟʘʥ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ ʂʶʨʠ ʜʣʷ 

ʧʝʨʦʚʩʢʠʪʥʳʭ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʢʦʚ [81]. ɺ ʩʠʩʪʝʤʝ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ ABO3 

ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʤʘʪʝʨʠʘʣ ʩ ʥʠʟʢʠʤ ʪʦʣʝʨʘʥʮ-ʬʘʢʪʦʨʦʤ ʠʤʝʝʪ ʚʳʩʦʢʫʶ 

ʪʝʤʧʝʨʘʪʫʨʫ ʂʶʨʠ. 

ʅʝʦʨʛʘʥʠʯʝʩʢʠʝ ʦʢʩʠʜʳ ʪʠʧʘ ʧʝʨʦʚʩʢʠʪʘ ʷʚʣʷʶʪʩʷ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʤʠ 

ʤʘʪʝʨʠʘʣʘʤʠ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʧʨʠʤʝʥʝʥʠʡ ʙʣʘʛʦʜʘʨʷ ʙʦʣʴʰʦʤʫ ʢʦʣʠʯʝʩʪʚʫ 

ʩʦʝʜʠʥʝʥʠʡ, ʦʯʝʥʴ ʩʪʘʙʠʣʴʥʦʡ ʩʪʨʫʢʪʫʨʝ ʠ ʨʘʟʥʦʦʙʨʘʟʠʶ ʩʚʦʡʩʪʚ.  

ʇʝʨʦʚʩʢʠʪʥʳʝ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʢʠ ʥʘʟʳʚʘʶʪ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʢʘʤʠ ʩʤʝʱʝʥʠʷ 

[82]. ʇʨʠ ʦʭʣʘʞʜʝʥʠʠ ʧʝʨʦʚʩʢʠʪʥʦʛʦ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ ʜʦ 

ʪʝʤʧʝʨʘʪʫʨʳ ʂʶʨʠ ʧʨʦʠʩʭʦʜʠʪ ʬʘʟʦʚʳʡ ʧʝʨʝʭʦʜ ʠʟ ʧʘʨʘʵʣʝʢʪʨʠʢʘ ʚ 

ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʢ, ʢʦʪʦʨʳʡ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʩʧʝʮʠʬʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʝʡ, 
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ʚʳʟʚʘʥʥʦʡ ʥʝʙʦʣʴʰʠʤ ʩʤʝʱʝʥʠʝʤ ʘʪʦʤʦʚ (ʦʩʦʙʝʥʥʦ ʩʤʝʱʝʥʠʝʤ ʢʘʪʠʦʥʘ ɺ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʠʩʣʦʨʦʜʥʦʡ ʦʢʪʘʵʜʨʠʯʝʩʢʦʡ ʩʝʪʢʠ).  

ʕʣʝʢʪʨʦʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʢʘʪʠʦʥʦʚ ʚ ʧʦʜʨʝʰʝʪʢʝ A ʥʝʦʪʲʝʤʣʝʤʦ ʩʚʷʟʘʥʘ ʩ 

ʫʨʦʚʥʝʤ ʩʠʣʳ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʪʚʘ.  

1.4.2.2 ʂʝʨʘʤʠʯʝʩʢʠʝ ʤʘʪʝʨʠʘʣʳ ʥʘ ʦʩʥʦʚʝ ʮʠʨʢʦʥʘʪʘ-ʪʠʪʘʥʘʪʘ 

ʩʚʠʥʮʘ 

ɹʦʣʝʝ ʧʦʣʫʚʝʢʘ ʦʢʩʠʜʥʳʝ ʩʚʠʥʝʮʩʦʜʝʨʞʘʱʠʝ ʧʴʝʟʦʤʘʪʝʨʠʘʣʳ ʩʦ ʩʪʨʫʢʪʫʨʦʡ 

ʧʝʨʦʚʩʢʠʪʘ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʧʨʠʥʘʜʣʝʞʘʱʠʝ ʩʠʩʪʝʤʝ ʮʠʨʢʦʥʘʪ-ʪʠʪʘʥʘʪ ʩʚʠʥʮʘ 

(ʎʊʉ, PZT), ʜʦʤʠʥʠʨʦʚʘʣʠ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʦʙʣʘʩʪʝʡ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ 

ʧʴʝʟʦʵʣʝʢʪʨʠʢʦʚ. ʇʦʣʫʯʝʥʠʝ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʠʩʪʝʤ (ʢʘʢ ʩʚʠʥʝʮʩʦʜʝʨʞʘʱʠʭ, 

ʪʘʢ ʠ ʙʝʩʩʚʠʥʮʦʚʳʭ) ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʦʠʩʢʝ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʛʨʘʥʠʮʘʭ 

ʩʦʩʫʱʝʩʪʚʦʚʘʥʠʷ ʬʘʟ ʩ ʨʘʟʣʠʯʥʳʤ ʭʘʨʘʢʪʝʨʦʤ ʠʩʢʘʞʝʥʠʡ ʵʣʝʤʝʥʪʘʨʥʳʭ ʷʯʝʝʢ (ʪʦ 

ʝʩʪʴ ʥʘ ʛʨʘʥʠʮʝ ʩʦʩʫʱʝʩʪʚʦʚʘʥʠʷ ʥʝʩʢʦʣʴʢʠʭ ʩʝʛʥʝʪʦʘʢʪʠʚʥʳʭ ʬʘʟ) ʣʠʙʦ ʥʘ 

ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʬʘʟ ʧʘʨʘʵʣʝʢʪʨʠʢ ï ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʢ. ʀʩʢʘʞʝʥʠʷ ʨʝʰʸʪʢʠ ʥʘ 

ʬʘʟʦʚʳʭ ʛʨʘʥʠʮʘʭ ʜʝʣʘʝʪ ʚʦʟʤʦʞʥʳʤ ʠʟʤʝʥʝʥʠʝ ʧʦʣʷʨʠʟʘʮʠʠ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ 

ʤʘʣʳʭ ʤʝʭʘʥʠʯʝʩʢʠʭ ʥʘʧʨʷʞʝʥʠʡ. 

ʎʊʉ ʧʨʠʥʘʜʣʝʞʠʪ ʢ ʩʝʤʝʡʩʪʚʫ ʧʝʨʦʚʩʢʠʪʦʚ ʩ ʦʙʱʝʡ ʬʦʨʤʫʣʦʡ ABO3, 

ʧʦʜʨʦʙʥʦ ʦʧʠʩʘʥʥʦʤʫ ʚ ʧʨʝʜʳʜʫʱʝʤ ʨʘʟʜʝʣʝ. ʇʦʟʠʮʠʶ çAè ʟʜʝʩʴ ʟʘʥʠʤʘʶʪ 

ʜʚʫʭʚʘʣʝʥʪʥʳʝ ʢʘʪʠʦʥʳ Pb2+, ʥʘʭʦʜʷʱʠʝʩʷ ʚ ʫʛʣʘʭ ʢʫʙʘ, çBè ð ʯʝʪʳʨʝʭʚʘʣʝʥʪʥʳʝ 

ʢʘʪʠʦʥʳ Zr4+ ʠʣʠ Ti4+, ʟʘʥʠʤʘʶʱʠʝ ʦʙʲʝʤʥʦʮʝʥʪʨʠʨʦʚʘʥʥʳʝ ʧʦʣʦʞʝʥʠʷ 

ʢʫʙʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ, ʘ çOè ð ʘʪʦʤʳ ʢʠʩʣʦʨʦʜʘ ʚ ʛʨʘʥʝʮʝʥʪʨʠʨʦʚʘʥʥʳʭ 

ʧʦʣʦʞʝʥʠʷʭ. ʀʦʥʥʳʝ ʨʘʜʠʫʩʳ ʩʚʠʥʮʘ ʠ ʢʠʩʣʦʨʦʜʘ ʩʦʩʪʘʚʣʷʶʪ 1,32 ¡ ʠ 1,4 ¡ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʠ ʚʤʝʩʪʝ ʦʙʨʘʟʫʶʪ ʛʨʘʥʝʮʝʥʪʨʠʨʦʚʘʥʥʫʶ ʢʫʙʠʯʝʩʢʫʶ ʨʝʰʝʪʢʫ ʩ 

ʧʘʨʘʤʝʪʨʦʤ ʨʝʰʝʪʢʠ ʦʢʦʣʦ 4,0 ¡ [83]. ʂʦʛʜʘ ʢ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʝ ʎʊʉ 

ʧʨʠʢʣʘʜʳʚʘʝʪʩʷ ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʧʦʣʝ, ʠʦʥʳ Ti4+ ʠʣʠ Zr4+ ʩʤʝʱʘʶʪʩʷ ʚ ʥʦʚʦʝ 

ʧʦʣʦʞʝʥʠʝ (ʚʚʝʨʭ ʠʣʠ ʚʥʠʟ) ʚʜʦʣʴ ʥʘʧʨʘʚʣʝʥʠʷ ʧʨʠʣʦʞʝʥʥʦʛʦ ʧʦʣʷ. 
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ʈʠʩʫʥʦʢ 10 ï ʌʘʟʦʚʘʷ ʜʠʘʛʨʘʤʤʘ ʎʊʉ 

 [88]: Pc- ʧʘʨʘʵʣʝʢʪʨʠʯʝʩʢʘʷ ʢʫʙʠʯʝʩʢʘʷ; Ao- ʘʥʪʠʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʘʷ 

ʦʨʪʦʨʦʤʙʠʯʝʩʢʘʷ; AT- ʘʥʪʠʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʘʷ ʪʝʪʨʘʛʦʥʘʣʴʥʘʷ; FR(HT)- 

ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʘʷ ʨʦʤʙʦʵʜʨʠʯʝʩʢʘʷ ʚʳʩʢʦʪʝʤʧʝʨʘʪʫʨʥʘʷ; FR(LT)- 

ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʘʷ ʨʦʤʙʦʵʜʨʠʯʝʩʢʘʷ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʘʷ; FT- 

ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʘʷ ʪʝʪʨʘʛʦʥʘʣʴʥʘʷ 

ʎʊʉ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʪʚʝʨʜʳʡ ʨʘʩʪʚʦʨ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʢʘ ʪʠʪʘʥʘʪʘ ʩʚʠʥʮʘ 

(PbTiO3) ʠ ʘʥʪʠʩʝʛʥʝʪʦʵʣʝʢʪʨʠʢʘ ʮʠʨʢʦʥʘʪʘ ʩʚʠʥʮʘ (PbZrO3). ʊʘʢ ʢʘʢ ʪʚʝʨʜʳʡ 

ʨʘʩʪʚʦʨ Pb(Zr1-xTix)ʆ3 ʷʚʣʷʝʪʩʷ ʜʚʫʭʢʦʤʧʦʥʝʥʪʥʳʤ, ʪʦ ʧʫʪʝʤ ʠʟʤʝʥʝʥʠʷ 

ʩʦʦʪʥʦʰʝʥʠʷ Zr:Ti ʦʪʢʨʳʚʘʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʟʜʘʥʠʷ ʰʠʨʦʢʦʛʦ ʨʷʜʘ ʩʦʩʪʘʚʦʚ. 

ʉʪʨʫʢʪʫʨʘ ʷʚʣʷʝʪʩʷ ʨʦʤʙʦʵʜʨʠʯʝʩʢʦʡ ʜʣʷ ʩʦʩʪʘʚʦʚ, ʙʦʛʘʪʳʭ Zr (Zr:Ti > 54:46), ʠ 

ʪʝʪʨʘʛʦʥʘʣʴʥʦʡ ʜʣʷ ʩʦʩʪʘʚʦʚ, ʙʦʛʘʪʳʭ Ti (Zr:Ti < 48:52). ɺ ʧʨʦʤʝʞʫʪʦʯʥʳʭ 

ʩʦʩʪʘʚʘʭ ʚ ʤʦʨʬʦʪʨʦʧʥʦʡ ʦʙʣʘʩʪʠ ʨʦʤʙʦʵʜʨʠʯʝʩʢʘʷ ʠ ʪʝʪʨʘʛʦʥʘʣʴʥʘʷ ʬʘʟʳ 

ʩʦʩʫʱʝʩʪʚʫʶʪ (ʈʠʩʫʥʦʢ 10). ʇʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʵʪʘ ʛʨʘʥʠʮʘ ʥʘʭʦʜʠʪʩʷ ʚ 

ʪʦʯʢʝ Zr:Ti > 53:47. ʍʦʪʷ ʤʦʨʬʦʪʨʦʧʥʘʷ ʛʨʘʥʠʮʘ ʥʘ ʬʘʟʦʚʦʡ ʜʠʘʛʨʘʤʤʝ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʣʠʥʠʝʡ, ʦʙʳʯʥʦ ʥʘʙʣʶʜʘʝʪʩʷ ʩʦʩʫʱʝʩʪʚʦʚʘʥʠʝ ʪʝʪʨʘʛʦʥʘʣʴʥʦʡ ʠ 

ʨʦʤʙʦʵʜʨʠʯʝʩʢʦʡ ʬʘʟ ʚ ʦʧʨʝʜʝʣʝʥʥʦʤ ʜʠʘʧʘʟʦʥʝ ʩʦʩʪʘʚʦʚ ʠ ʚʙʣʠʟʠ ʥʝʸ [84ï86]. 

ʄʦʨʬʦʪʨʦʧʥʘʷ ʛʨʘʥʠʮʘ ʚ ʎʊʉ ʦʙʫʩʣʘʚʣʠʚʘʝʪ 14 ʚʦʟʤʦʞʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ 
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ʧʦʣʷʨʠʟʘʮʠʠ ʚ ʦʯʝʥʴ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ ʩ ʥʠʟʢʠʤ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤ 

ʙʘʨʴʝʨʦʤ (6 ʦʪ ʪʝʪʨʘʛʦʥʘʣʴʥʦʡ ʠ 8 ʦʪ ʨʦʤʙʦʵʜʨʠʯʝʩʢʦʡ). ʕʪʦ ʦʪʯʘʩʪʠ ʦʙʲʷʩʥʷʝʪ, 

ʧʦʯʝʤʫ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʤʘʢʩʠʤʘʣʴʥʳ ʚʙʣʠʟʠ ʤʦʨʬʦʪʨʦʧʥʦʡ 

ʛʨʘʥʠʮʳ [87]. 

ʂʝʨʘʤʠʢʫ ʥʘ ʦʩʥʦʚʝ ʎʊʉ ʧʦʣʫʯʘʶʪ ʨʘʟʣʠʯʥʳʤʠ ʩʧʦʩʦʙʘʤʠ, ʪʘʢʠʤʠ ʢʘʢ 

ʧʨʷʤʦʡ ʩʠʥʪʝʟ ʠʟ ʦʢʩʠʜʦʚ, ʩʦʦʩʘʞʜʝʥʠʝ, ʟʦʣʴ-ʛʝʣʴ, ʨʘʩʧʳʣʠʪʝʣʴʥʳʡ ʧʠʨʦʣʠʟ, 

ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʡ ʩʠʥʪʝʟ, ʩʠʥʪʝʟ ʠʟ ʨʘʩʧʣʘʚʣʝʥʥʦʡ ʩʦʣʠ ʠ ʪ. ʜ. ʆʛʨʦʤʥʦʝ ʚʣʠʷʥʠʝ 

ʥʘ ʩʚʦʡʩʪʚʘ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ʎʊʉ ʦʢʘʟʳʚʘʶʪ ʣʝʛʠʨʫʶʱʠʝ ʜʦʙʘʚʢʠ, 

ʧʦʟʚʦʣʷʶʱʠʝ ʧʦʣʫʯʘʪʴ ʧʴʝʟʦʤʘʪʝʨʠʘʣʳ ʩ ʰʠʨʦʢʠʤ ʩʧʝʢʪʨʦʤ ʩʚʦʡʩʪʚ. 

 

1.4.2.3 ʊʠʪʘʥʘʪ-ʮʠʨʢʦʥʘʪ ʙʘʨʠʷ-ʢʘʣʴʮʠʷ 

ɹʝʩʩʚʠʥʮʦʚʳʡ ʢʝʨʘʤʠʯʝʩʢʠʡ ʤʘʪʝʨʠʘʣ 0.5Ba(Ti0,8Zr0,2)O3-0.5(Ba0,7Ca0,3)TiO3  

(BCZT) ʧʨʠʚʣʝʢʘʝʪ ʚʥʠʤʘʥʠʝ ʥʘʫʯʥʦʛʦ ʩʦʦʙʱʝʩʪʚʘ ʩ 2009 ʛʦʜʘ [89] ʙʣʘʛʦʜʘʨʷ 

ʦʙʥʘʨʫʞʝʥʥʦʤʫ ʚʳʩʦʢʦʤʫ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʦʤʫ ʢʦʵʬʬʠʮʠʝʥʪʫ (d33 > 500 ʧʂʣ/ʅ) ʠ, 

ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʚʳʩʦʢʦʡ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ, ʩʨʘʚʥʠʤʳʤʠ ʩ ʣʫʯʰʠʤʠ 

ʧʨʝʜʩʪʘʚʠʪʝʣʷʤʠ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ʎʊʉ ʠ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʝʝ ʚʳʩʦʢʠʤʠ, ʯʝʤ ʫ 

ʜʨʫʛʠʭ ʙʝʩʩʚʠʥʮʦʚʳʭ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ, ʪʘʢʠʭ ʢʘʢ (Bi0.5Na0.5)TiO3 

(d33 ~ 91 ʧʂʣ/ʅ) [90], BaZrxTi1-xO3 (BZT) (d33 ~ 236 ʧʂʣ/ʅ) [91], (K,Na)NbO3 (d33 ~ 

80  ʧʂʣ/ʅ) [92], Ba(Ti, Sn)O3 ï (Ba, Ca)TiO3 (d33 ~ 530 ʧʂʣ/ʅ) [93] ʠ Ba(Ti, Hf)O3 ï 

(Ba,Ca)TiO3 (d33 ~ 550 ʧʂʣ/ʅ) [94]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, Ba0.85Ca0.15Ti0.9Zr0.1O3 ʠʣʠ 

0,5BZT- 0,5BCT ʩʪʘʣ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʘʣʴʪʝʨʥʘʪʠʚʦʡ ʦʙʳʯʥʳʤ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʤ 

ʤʘʪʝʨʠʘʣʘʤ ʥʘ ʦʩʥʦʚʝ ʩʚʠʥʮʘ. ʅʝʜʦʩʪʘʪʢʦʤ BCZT ʷʚʣʷʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʥʝʚʳʩʦʢʘ ̫ʪʝʤʧʝʨʘʪʫʨʘ ʂʶʨʠ TC ~ 93ÁC, ʯʪʦ ʥʠʞʝ, ʯʝʤ ʫ BaTiO3 (Tc ~ 120ÁC). ʕʪʦ 

ʦʛʨʘʥʠʯʠʚʘʝʪ ʧʨʠʤʝʥʝʥʠʝ ʚ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʫʩʣʦʚʠʷʭ ʨʘʙʦʪʳ. 
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ʈʠʩʫʥʦʢ 11 ï ʌʘʟʦʚʘʷ ʜʠʘʛʨʘʤʤʘ ʧʩʝʚʜʦʙʠʥʘʨʥʦʡ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ 

Ba(Ti0.8Zr0.2)O3 - ʭ(Ba0.7Ca0.3)TiO3 

ʅʘ ʬʘʟʦʚʦʡ ʜʠʘʛʨʘʤʤʝ Ba(Zr0,2Ti0,8)O3 - x(Ba0,7Ca0,3)TiO3 (BZT-xBCT) 

ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠʩʫʪʩʪʚʠʝ ʪʨʦʡʥʦʡ ʪʦʯʢʠ ʢʫʙʠʯʝʩʢʠʭ-ʨʦʤʙʦʵʜʨʠʯʝʩʢʠʭ-

ʪʝʪʨʘʛʦʥʘʣʴʥʳʭ ʬʘʟ (C-R-T) ʧʨʠʤʝʨʥʦ ʧʨʠ x = 0,32 ʠ ʧʨʠ 57ÁC, ʢʦʪʦʨʘʷ ʭʘʨʘʢʪʝʨʥʘ 

ʜʣʷ ʤʥʦʛʠʭ ʚʳʩʦʢʦʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʥʘ ʦʩʥʦʚʝ ʩʚʠʥʮʘ, ʪʘʢʠʭ ʢʘʢ PZT ʠ 

PMN-PT [95]. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʦʩʪʘʚ 50BZT-50BCT ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʘʥʦʤʘʣʠʠ 

ʚʩʝʭ ʩʚʦʡʩʪʚ, ʪʘʢʠʝ ʢʘʢ ʚʳʩʦʢʘʷ ʩʧʦʥʪʘʥʥʘʷ ʧʦʣʷʨʠʟʘʮʠʷ, Ps å 20 ʤʢʂʣ /ʩʤ
2, ʩʘʤʘʷ 

ʚʳʩʦʢʘʷ ʦʩʪʘʪʦʯʥʘʷ ʧʦʣʷʨʠʟʘʮʠʷ Pr å 15 ʤʢʂʣ/ʩʤ
2, ʥʘʠʤʝʥʴʰʘʷ ʢʦʵʨʮʠʪʠʚʥʘʷ ʩʠʣʘ 

Ec å 0,168 ɺ/ʤʤ ʠ ʥʘʠʙʦʣʴʰʘʷ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ Ů å 

3060. ʋʪʚʝʨʞʜʘʝʪʩʷ, ʯʪʦ ʩʚʦʡʩʪʚʘ ʵʪʠʭ ʤʘʪʝʨʠʘʣʦʚ ʩʦʧʦʩʪʘʚʠʤʳ ʩʦ ʩʚʦʡʩʪʚʘʤʠ 

ʩʠʩʪʝʤ ʥʘ ʦʩʥʦʚʝ ʩʚʠʥʮʘ. 

ʆʜʥʘʢʦ ʥʘ ʦʩʥʦʚʝ ʨʝʟʫʣʴʪʘʪʦʚ ʩʠʥʭʨʦʪʨʦʥʥʦʡ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʜʠʬʨʘʢʮʠʠ 

ʙʳʣʘ ʦʙʥʘʨʫʞʝʥʘ ʧʨʦʤʝʞʫʪʦʯʥʘʷ ʦʨʪʦʨʦʤʙʠʯʝʩʢʘʷ ʬʘʟʘ [96], ʧʦʢʘʟʘʥʥʘʷ ʥʘ 

ʬʘʟʦʚʦʡ ʜʠʘʛʨʘʤʤʝ ʥʘ ʈʠʩʫʥʢʝ 11 ʇʨʠ ʧʦʚʳʰʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʩʠʩʪʝʤʝ 

ʥʘʙʣʶʜʘʝʪʩʷ ʩʣʝʜʫʶʱʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʬʘʟ: ʨʦʤʙʦʵʜʨʠʯʝʩʢʘʷ (R) ï 

ʦʨʪʦʨʦʤʙʠʯʝʩʢʘʷ (O) ï ʪʝʪʨʘʛʦʥʘʣʴʥʘʷ (T) ï ʢʫʙʠʯʝʩʢʘʷ (ʉ). 

ɺ ʮʝʣʦʤ, ʥʘʣʠʯʠʝ ʦʨʪʦʨʦʤʙʠʯʝʩʢʦʡ ʬʘʟʳ ʩʣʝʜʦʚʘʣʦ ʦʞʠʜʘʪʴ, ʪʘʢ ʢʘʢ 

ʣʝʛʠʨʦʚʘʥʠʝ ʪʠʪʘʥʘʪʘ ʙʘʨʠʷ BaTiO3 (BTO) ʮʠʨʢʦʥʠʝʤ [97] ʜʝʩʪʘʙʠʣʠʟʠʨʫʝʪ 
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ʪʝʪʨʘʛʦʥʘʣʴʥʫʶ ʬʘʟʫ, ʟʘʩʪʘʚʣʷʷ ʨʦʤʙʦʵʜʨʠʯʝʩʢʫʶ ʧʦʜʥʠʤʘʪʴʩʷ ʜʦ ʪʦʯʢʠ ʂʶʨʠ, ʚ 

ʪʦ ʚʨʝʤʷ ʢʘʢ ʜʦʙʘʚʣʝʥʠʝ ʢʘʣʴʮʠʷ [98] ʩʪʘʙʠʣʠʟʠʨʫʝʪ ʪʝʪʨʘʛʦʥʘʣʴʥʫʶ ʬʘʟʫ ʜʦ 

ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ. ʇʦʩʢʦʣʴʢʫ ʢʨʘʡʥʠʤʠ ʪʦʯʢʘʤʠ ʧʨʠʚʝʜʝʥʥʦʡ ʬʘʟʦʚʦʡ 

ʜʠʘʛʨʘʤʤʳ ʷʚʣʷʶʪʩʷ BaTi0,8Zr0,2O3 ʠ Ba0,7Ca0,3TiO3, ʤʦʞʥʦ ʜʫʤʘʪʴ ʦ ʪʚʝʨʜʦʤ 

ʨʘʩʪʚʦʨʝ BCZT ʢʘʢ ʦ ʩʧʦʩʦʙʝ ʧʝʨʝʭʦʜʘ ʦʪ BCT ʢ BZT ʙʝʟ ʥʝʦʙʭʦʜʠʤʦʩʪʠ BTO ʚ 

ʢʘʯʝʩʪʚʝ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʟʚʝʥʘ. ʇʨʠ ʵʪʦʤ ʩʢʦʨʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʥʝʩʪʘʙʠʣʴʥʦʩʪʠ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʩʪʘʚʘ, çʛʨʘʜʠʝʥʪ ʥʝʩʪʘʙʠʣʴʥʦʩʪʠè, ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʩʦʟʜʘʚʘʷ ʙʦʣʝʝ 

ʚʝʨʪʠʢʘʣʴʥʫʶ ʬʘʟʦʚʫʶ ʛʨʘʥʠʮʫ. ɺr ʩʦʢʠʡ çʛʨʘʜʠʝʥʪ ʥʝʩʪʘʙʠʣʴʥʦʩʪʠè ʫʚʝʣʠʯʠʚʘʝʪ 

ʢʦʣʠʯʝʩʪʚʦ ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ, ʜʦʩʪʫʧʥʳʭ ʩʠʩʪʝʤʝ, ʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʠʣʴʥʦ 

ʚʳʨʦʞʜʝʥʥʦʤʫ ʣʘʥʜʰʘʬʪʫ ʩʚʦʙʦʜʥʦʡ ʵʥʝʨʛʠʠ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʯʠʥʦʡ ʨʦʩʪʘ 

ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʚ ʵʪʦʤ ʜʠʘʧʘʟʦʥʝ ʩʦʩʪʘʚʦʚ.  

ʂʘʢ ʧʦʢʘʟʘʥʦ ʚ ʨʘʙʦʪʝ [99], ʫʚʝʣʠʯʝʥʠʶ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʦʪʢʣʠʢʘ 

ʦʪʚʝʯʘʝʪ ʫʤʝʥʴʰʝʥʠʝ ʘʥʠʟʦʪʨʦʧʠʠ ʧʦʣʷʨʠʟʘʮʠʠ. ʕʥʝʨʛʠʷ ʘʥʠʟʦʪʨʦʧʠʠ 

ʧʨʠʙʣʠʞʘʝʪʩʷ ʢ ʥʫʣʶ ʚʙʣʠʟʠ ʛʨʘʥʠʮʳ ʦʨʪʦʨʦʤʙʠʯʝʩʢʦʡ ʠ ʨʦʤʙʦʵʜʨʠʯʝʩʢʦʡ ʬʘʟ. 

ʇʨʠ ʧʨʠʤʝʥʝʥʠʠ ʩʦʩʪʘʚʘ BZT-45BCT d33 ʩʪʘʥʦʚʠʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʟʘʚʠʩʠʤʳʤ ʦʪ 

ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʠʥʪʝʨʚʘʣʝ 20-40 ʦ ʉ.  

ɺ ʨʘʙʦʪʝ [100] ʠʩʩʣʝʜʦʚʘʥʘ ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʠ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʝ ʧʦʪʝʨʠ BCZT, ʧʦʣʫʯʝʥʥʦʛʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʥʠʦʥʥʦʛʦ 

ʧʦʚʝʨʭʥʦʩʪʥʦ-ʘʢʪʠʚʥʦʛʦ ʚʝʱʝʩʪʚʘ, ʥʘ ʨʘʟʣʠʯʥʳʭ ʯʘʩʪʦʪʘʭ. ʇʦʢʘʟʘʥʘ ʦʩʪʘʪʦʯʥʘʷ 

ʧʦʣʷʨʠʟʘʮʠʷ Pr ~ 2,03 ʤʢʂʣ/ʩʤ2 ʠ ʢʦʵʨʮʠʪʠʚʥʦʝ ʧʦʣʝ Ὁὧ ~ 2,17 ʢɺ/ʩʤ ʧʨʠ 0 ÁC.  

ʇʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʩʧʝʢʘʥʠʷ ʚʳʟʳʚʘʝʪ ʧʦʩʪʝʧʝʥʥʦʝ ʫʚʝʣʠʯʝʥʠʝ 

ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ ʠ ʩʨʝʜʥʝʛʦ ʨʘʟʤʝʨʘ ʟʝʨʥʘ BCZT, ʘ ʪʘʢʞʝ ʫʣʫʯʰʝʥʠʝ 

ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ [101]. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʨʘʟʤʝʨ ʟʝʨʥʘ ʦʢʘʟʳʚʘʝʪ 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ BCZT, ʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠ 

ʪʝʤʧʝʨʘʪʫʨʘ ʝʛʦ ʩʧʝʢʘʥʠʷ. ɺ ʨʘʙʦʪʝ [102] ʧʦʢʘʟʘʥʦ, ʯʪʦ ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ 

ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʫʤʝʥʴʰʘʝʪʩʷ ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʨʘʟʤʝʨʘ ʟʝʨʥʘ. 

ɺ ʨʘʙʦʪʝ ʍ. ɼʞʠ. [103] ʧʴʝʟʦʤʘʪʝʨʠʘʣ ʧʦʣʫʯʝʥ ʟʦʣʴ-ʛʝʣʴ ʤʝʪʦʜʦʤ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ ʧʨʦʢʘʣʠʚʘʥʠʷ 800ÁC. ʇʦʩʣʝ ʩʧʝʢʘʥʠʷ ʧʨʠ 1400 ǓC ʙʳʣʘ ʧʦʣʫʯʝʥʘ 
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ʢʝʨʘʤʠʢʘ ʩ ʦʜʥʦʨʦʜʥʦʡ ʤʠʢʨʦʩʪʨʫʢʪʫʨʦʡ, ʧʣʦʪʥʦʩʪʴʶ 5,56 ʛ/ʩʤ3 ʠ ʩʣʝʜʫʶʱʠʤʠ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ: Ům = 8808, 2Pr = 24,48 ʤʢʂʣ/ʩʤ
2, d33 = 485 ʧʂʣ/ʅ. 

ɼʞ. ɺʘʥ ʩ ʩʦʘʚʪʦʨʘʤʠ [104] ʩʨʘʚʥʠʣʠ ʟʦʣʴ-ʛʝʣʴ ʤʝʪʦʜ ʠ ʪʚʝʨʜʦʬʘʟʥʳʡ ʤʝʪʦʜ 

ʩʠʥʪʝʟʘ ʮʠʨʢʦʥʘʪʘ-ʪʠʪʘʥʘʪʘ ʙʘʨʠʷ-ʢʘʣʴʮʠʷ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʢʦʥʮʝʥʪʨʘʮʠʷ Ti, 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ, ʪʝʤʧʝʨʘʪʫʨʘ ʚʳʩʫʰʠʚʘʥʠʷ ʟʦʣʷ ʚ ʨʘʟʥʦʡ ʩʪʝʧʝʥʠ 

ʚʣʠʷʶʪ ʥʘ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʢʝʨʘʤʠʢʠ BCZT. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʢʝʨʘʤʠʢʘ BCZT, ʧʦʣʫʯʝʥʥʘʷ ʟʦʣʴ-ʛʝʣʴ ʤʝʪʦʜʦʤ, ʧʨʝʚʦʩʭʦʜʠʪ ʧʦ 

ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʠ ʵʥʝʨʛʦʘʢʢʫʤʫʣʠʨʫʶʱʠʤ ʩʚʦʡʩʪʚʘʤ (d33 = 558 ʧʂʣ/ʅ, kp = 0,54, Pr 

= 12,15 ʤʢʂʣ/ʩʤ2, Ům = 16 480 ʠ W = 0,52 ɼʞ/ʩʤ3) ʢʝʨʘʤʠʢʫ, ʧʦʣʫʯʝʥʥʫʶ 

ʪʚʝʨʜʦʬʘʟʥʦ (d33 = 406 ʧʂʣ/ʅ, kp = 0,50, Pr = 9,5 ʤʢʂʣ/ʩʤ
2, Ům = 10 500 ʠ W = 0,31 

ɼʞ/ʩʤ3). 

 ʇʨʠ ʩʠʥʪʝʟʝ BCZT ʟʦʣʴ-ʛʝʣʴ ʤʝʪʦʜʦʤ, ʪʝʤʧʝʨʘʪʫʨʘ ʩʧʝʢʘʥʠʷ ʙʳʣʘ ʩʥʠʞʝʥʘ 

ʩ 1540 ʜʦ 1280 ÁC. ʂʝʨʘʤʠʢʘ (Ba0.85Ca0.15)(Ti0.90Zr0.10)O3 ʠʟ ʥʘʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ 

ʧʦʨʦʰʢʦʚ, ʩʧʝʯʝʥʥʳʭ ʜʚʫʭʩʪʫʧʝʥʯʘʪʳʤ ʤʝʪʦʜʦʤ ʧʨʠ T1 1300ÁC ʚ ʪʝʯʝʥʠʝ 1 ʤʠʥ ʠ 

T2 1150ÁC ʚ ʪʝʯʝʥʠʝ 20 ʯ, ʧʦʢʘʟʘʣʘ ʦʧʪʠʤʘʣʴʥʳʡ ʩʨʝʜʥʠʡ ʨʘʟʤʝʨ ʟʝʨʥʘ 700 ʥʤ ʠ 

ʚʳʩʦʢʫʶ ʦʪʥʦʩʠʪʝʣʴʥʫʶ ʧʣʦʪʥʦʩʪʴ 98%. ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʩʧʝʢʘʥʠʷ ʠ 

ʨʘʟʤʝʨʘ ʟʝʨʥʘ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʢʝʨʘʤʠʢʠ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʪʝʥʜʝʥʮʠʶ ʢ 

ʫʣʫʯʰʝʥʠʶ: d33 = 100 ʧʂʣ/ʅ, kp=53,3% ʜʣʷ ʦʙʨʘʟʮʘ, ʩʧʝʯʝʥʥʦʛʦ ʧʨʠ 1300ÁC ʚ 

ʪʝʯʝʥʠʝ 1 ʤʠʥ ʠ 1150ÁC ʚ ʪʝʯʝʥʠʝ 20 ʯʘʩʦʚ, d33 =310 ʧʂʣ/ʅ, kp=53,3% ʜʣʷ ʦʙʨʘʟʮʘ, 

ʩʧʝʯʝʥʥʦʛʦ ʧʨʠ 1350ÁC ʚ ʪʝʯʝʥʠʝ 2 ʯʘʩʦʚ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. [105]. ʋʜʘʣʦʩʴ ʩʥʠʟʠʪʴ 

ʪʝʤʧʝʨʘʪʫʨʫ ʩʠʥʪʝʟʘ ʠ ʩʧʝʢʘʥʠʷ ʢʝʨʘʤʠʢʠ ʧʨʠ ʪʚʝʨʜʦʬʘʟʥʦʤ ʤʝʪʦʜʝ ʟʘ ʩʯʝʪ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʤʝʭʘʥʦʘʢʪʠʚʘʮʠʠ ʠ ʛʦʤʦʛʝʥʠʟʘʮʠʠ ʧʫʪʝʤ ʠʩʪʠʨʘʥʠʷ ʠʩʭʦʜʥʦʛʦ 

ʩʳʨʴʷ [106]. ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʠʥʪʝʟʘ ʧʨʠ 700C̄ ʠ ʜʚʫʭʩʪʘʜʠʡʥʦʛʦ ʩʧʝʢʘʥʠʷ (900C̄ ʚ 

ʪʝʯʝʥʠʝ 3 ʯ ʠ 1280C̄ ʚ ʪʝʯʝʥʠʝ 6 ʯ) ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʯʠʩʪʘʷ ʪʝʪʨʘʛʦʥʘʣʴʥʘʷ ʬʘʟʘ 

ʧʝʨʦʚʩʢʠʪʘ BCZT ʩ ʦʜʥʦʨʦʜʥʦʡ ʤʠʢʨʦʩʪʨʫʢʪʫʨʦʡ (d33=455 ʧʂʣ/ʅ, kp = 35%). 

ɺ ʨʘʙʦʪʝ [107] ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʦʙʘʚʣʝʥʠʝ ʥʝʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ CuO ʧʨʠ 

ʟʦʣʴ-ʛʝʣʴ ʩʠʥʪʝʟʝ (Ba0.7Ca0.3)TiO3-Ba(Zr0.2Ti0.8)O3 ʩʥʠʞʘʝʪ ʝʛʦ ʪʝʤʧʝʨʘʪʫʨʫ 

ʩʧʝʢʘʥʠʷ ʜʦ 1350 ÁC, ʧʨʠʯʝʤ ʦʧʪʠʤʘʣʴʥʳʝ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ ʧʨʠ 0,04 ʤʘʩʩ.% CuO (d33 = 510 ʧʂʣ/ʅ, tg ŭ= 1,05, kp= 45%). 
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ɸ. ʃʠ ʩ ʩʦʘʚʪʦʨʘʤʠ [108] ʣʝʛʠʨʦʚʘʣʠ BCZT ʠʦʥʘʤʠ ʣʘʥʪʘʥʘ ʠ ʠʪʪʨʠʷ ʚ ʭʦʜʝ 

ʪʚʝʨʜʦʬʘʟʥʦʛʦ ʩʠʥʪʝʟʘ. ʀʦʥʳ La3+ ʠ ʠʦʥʳ Y3+ ʟʘʤʝʱʘʶʪ ʠʦʥʳ ʚ A- ʠ B-ʧʦʟʠʮʠʡ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʯʪʦʙʳ ʚʦʡʪʠ ʚ ʵʣʝʤʝʥʪʘʨʥʫʶ ʷʯʝʡʢʫ, ʩʦʭʨʘʥʷʷ ʩʪʨʫʢʪʫʨʫ 

ʧʝʨʦʚʩʢʠʪʘ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ. ʇʨʠ ʵʪʦʤ ʚʦʟʥʠʢʘʝʪ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ 

ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ, ʫʤʝʥʴʰʘʝʪʩʷ ʨʘʟʤʝʨ ʟʝʨʥʘ ʠ ʩʥʠʞʘʝʪʩʷ ʧʣʦʪʥʦʩʪʴ, ʯʪʦ ʧʨʠʚʦʜʠʪ 

ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʨʝʣʘʢʩʦʨʥʦʛʦ ʧʦʚʝʜʝʥʠʷ, 

ʫʩʠʣʠʚʘʶʱʝʛʦʩʷ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ Y3+. ʆʙʨʘʟʝʮ ʩ x = 0,1 

ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʚʳʩʦʢʫʶ ʜʠʵʣʝʢʪʨʠʯʝʩʢʫʶ ʧʨʦʥʠʮʘʝʤʦʩʪʴ (21 736) ʠ ʥʠʟʢʠʝ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʝ ʧʦʪʝʨʠ (tanŭ = 0,063).  

ʇʨʠ ʣʝʛʠʨʦʚʘʥʠʠ ʩʘʤʘʨʠʝʤ  [109] ʧʨʦʠʩʭʦʜʠʪ ʫʣʫʯʰʝʥʠʝ 

ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʙʝʟ ʩʥʠʞʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʂʶʨʠ. ɼʦʙʘʚʣʝʥʠʝ 

0,2 ʤʦʣ.% Sm2O3 ʫʚʝʣʠʯʠʚʘʝʪ d33 ʩ 500 ʜʦ  554 ʧʂʣ/ʅ, ʧʨʠ ʵʪʦʤ KP ʣʝʛʠʨʦʚʘʥʥʦʡ 

ʢʝʨʘʤʠʢʠ 53%, Ůr = 4958, tan ŭ= 1,8%.  

ɺ ʨʘʙʦʪʝ [110] ʪʚʝʨʜʦʬʘʟʥʳʤ ʤʝʪʦʜʦʤ ʧʦʣʫʯʝʥ BCZT, ʣʝʛʠʨʦʚʘʥʥʳʡ 

ʤʘʨʛʘʥʮʝʤ. ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ ʥʝʣʝʛʠʨʦʚʘʥʥʦʡ ʢʝʨʘʤʠʢʦʡ, ʜʦʙʘʚʣʝʥʠʝ 1,2 ʤʦʣ. % 

ʠʦʥʦʚ Mn ʫʣʫʯʰʘʝʪ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʩ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʠʤ 

ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ (Ůr = 1580) ʠ ʥʠʟʢʠʤʠ 

ʜʠɻʣʝʢʪʨʠʯʝʩʢʠʤʠ ʧʦʪʝʨʷʤʠ (tg ŭ = 2,94 %).  

ʇʨʠ ʜʦʙʘʚʣʝʥʠʠ V2O5 [111] ʪʝʤʧʝʨʘʪʫʨʘ ʩʧʝʢʘʥʠʷ BCZT ʪʚʝʨʜʦʬʘʟʥʦ 

ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʛʦ ʩʥʠʞʘʝʪʩʷ ʜʦ 1350ÁC. 0,20 ʤʦʣ. % V2O5 ʷʚʣʷʝʪʩʷ ʦʧʪʠʤʘʣʴʥʳʤ 

ʢʦʣʠʯʝʩʪʚʦʤ ʜʦʙʘʚʢʠ, ʢʦʛʜʘ ʩʦʩʫʱʝʩʪʚʫʶʪ ʪʝʪʨʘʛʦʥʘʣʴʥʘʷ ʠ ʨʦʤʙʦʵʜʨʠʯʝʩʢʘʷ 

ʬʘʟʳ, ʟʘ ʩʯʝʪ ʯʝʛʦ ʫʣʫʯʰʘʶʪʩʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʪʝʨʠʘʣʘ (d33 = 466 ʧʂʣ/ʅ, Pr = 

7,735 ʤʢʂʣ/ʩʤ2, Ůr = 3104 ʠ tgŭ = 0,03). ʆʜʥʘʢʦ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʢʝʨʘʤʠʢʠ 

BCZT ʙʳʩʪʨʦ ʫʭʫʜʰʘʶʪʩʷ ʧʨʠ ʩʦʜʝʨʞʘʥʠʠ V2O5 0,5 ʤʦʣ.%. 

ʊʘʢʞʝ ʧʨʠʤʝʥʷʣʠ ʤʝʪʦʜ ʩʤʝʰʠʚʘʥʠʷ ʦʢʩʠʜʦʚ [101], ʮʠʪʨʘʪʥʳʡ ʤʝʪʦʜ [95; 

100ï105; 107; 108; 108ï117], ʢʝʨʘʤʠʯʝʩʢʠʡ ʤʝʪʦʜ [116], ʤʝʪʦʜ ʩʤʝʰʘʥʥʳʭ ʦʢʩʠʜʦʚ 

ʠ ʢʘʨʙʦʥʘʪʦʚ [118ï120], ʤʝʪʦʜ ʠʩʢʨʦʚʦʛʦ ʧʣʘʟʤʝʥʥʦʛʦ ʩʧʝʢʘʥʠʷ [121] ʠ 

ʧʦʣʠʤʝʨʥʳʡ ʤʝʪʦʜ ʇʝʯʠʥʠ [122]. ʅʦ, ʩʨʝʜʠ ʧʝʨʝʯʠʩʣʝʥʥʳʭ, ʠʤʝʥʥʦ ʟʦʣʴ-ʛʝʣʴ 
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ʤʝʪʦʜ ʧʨʠʚʣʝʢʘʝʪ ʥʘʠʙʦʣʴʰʠʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʪʝʨʝʩ, ʪʘʢ ʢʘʢ ʦʙʣʘʜʘʝʪ ʨʷʜʦʤ 

ʧʨʝʠʤʫʱʝʩʪʚ:  

1) ʩʤʝʰʠʚʘʥʠʝ ʠʦʥʦʚ ʤʝʪʘʣʣʦʚ ʥʘ ʘʪʦʤʘʨʥʦʤ ʫʨʦʚʥʝ ʩ ʨʘʚʥʦʤʝʨʥʳʤ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʢʘʪʠʦʥʦʚ ʚ ʩʪʨʫʢʪʫʨʝ ʛʝʣʷ;  

2) ʙʦʣʝʝ ʥʠʟʢʘ ̫ʪʝʤʧʝʨʘʪʫʨʘ ʨʝʘʢʮʠʠ;  

3) ʩʚʝʨʭʛʦʤʦʛʝʥʥʘʷ ʤʦʱʥʦʩʪʴ ʩʤʝʰʠʚʘʥʠʷ, ʧʦʟʚʦʣʷʶʱʘʷ ʠʟʙʝʞʘʪʴ 

ʧʨʦʮʝʩʩʦʚ ʨʘʟʜʝʣʴʥʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʥʘ ʧʦʩʣʝʜʫʶʱʠʭ ʩʪʘʜʠʷʭ ʩʠʥʪʝʟʘ;  

4) ʣʫʯʰʘʷ ʧʣʦʪʥʦʩʪʴ ʵʥʝʨʛʠʠ ʟʘ ʩʯʝʪ ʤʝʥʴʰʝʛʦ ʨʘʟʤʝʨʘ ʟʝʨʥʘ ʠ ʦʜʥʦʨʦʜʥʦʡ 

ʩʪʨʫʢʪʫʨʳ ʯʘʩʪʠʮ.  

 

1.4.2.4 ʅʠʦʙʘʪ ʣʠʪʠʷ-ʥʘʪʨʠʷ-ʢʘʣʠʷ 

ɺ 1949 ʛ. ʩʪʘʣʦ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʥʠʦʙʘʪʳ ʥʘʪʨʠʷ ʠ ʢʘʣʠʷ, ʧʨʠʥʘʜʣʝʞʘʱʠʝ ʢ 

ʩʪʨʫʢʪʫʨʥʦʤʫ ʪʠʧʫ ʧʝʨʦʚʩʢʠʪʘ, ʧʨʦʷʚʣʷʶʪ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ [123]. ɺ 

ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʢʝʨʘʤʠʢʘ ʥʘ ʦʩʥʦʚʝ ʥʠʦʙʘʪʘ ʢʘʣʠʷ-ʥʘʪʨʠʷ (KNN) ʥʘʙʠʨʘʝʪ ʚʩʸ 

ʙʦʣʴʰʫʶ ʧʦʧʫʣʷʨʥʦʩʪʴ ʚ ʢʘʯʝʩʪʚʝ ʙʝʩʩʚʠʥʮʦʚʦʛʦ ʧʴʝʟʦʢʝʨʘʤʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ 

ʩʚ̫ʟʠ ʩ ʝʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʂʶʨʠ ~420ÁC.  

ʌʘʟʦʚʘʷ ʜʠʘʛʨʘʤʤʘ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ KxNa1-xNbO3 (ʈʠʩʫʥʦʢ 12) ʧʦʢʘʟʳʚʘʝʪ 

ʣʠʰʴ ʥʝʙʦʣʴʰʫʶ ʯʘʩʪʴ, ʩʚʷʟʘʥʥʫʶ ʩ ʩʠʤʤʝʪʨʠʝʡ ʥʠʦʙʘʪʘ ʥʘʪʨʠʷ. ʋʞʝ 2% ʢʘʣʠʷ ʚ 

ʩʦʩʪʘʚʝ ʜʦʩʪʘʪʦʯʥʦ, ʯʪʦʙʳ ʠʟʤʝʥʠʪʴ ʠʩʭʦʜʥʫʶ ʩʪʨʫʢʪʫʨʫ ʥʘ ʦʩʥʦʚʝ NaNbO3 ʥʘ 

ʩʪʨʫʢʪʫʨʫ ʥʘ ʦʩʥʦʚʝ KNbO3. ʉʦʩʪʘʚ (K0.5Na0.5)NbO3 ʥʘʭʦʜʠʪʩʷ ʚ ʤʦʨʬʦʪʨʦʧʥʦʡ 

ʦʙʣʘʩʪʠ ʠ ʦʙʣʘʜʘʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʝʝ ʚʳʩʦʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ. ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 158 

K ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʝʭʦʜ ʨʦʤʙʦʵʜʨʠʯʝʩʢʦʡ (R) ʬʘʟʳ ʚ ʦʨʪʦʨʦʤʙʠʯʝʩʢʫʶ (O), ʜʘʣʝʝ 

ʧʨʠ 470 K ʦʨʪʦʨʦʤʙʠʯʝʩʢʘʷ (O) ʬʘʟʘ ʧʝʨʝʭʦʜʠʪ ʚ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʫʶ 

ʪʝʪʨʘʛʦʥʘʣʴʥʫʶ (T) ʠ ʜʘʣʝʝ ʧʨʠ 690 K  ʦʙʨʘʟʫʝʪʩʷ ʢʫʙʠʯʝʩʢʘʷ ʬʘʟʘ [124] ɺʩʝ 

ʬʘʟʦʚʳʝ ʧʝʨʝʭʦʜʳ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʛʠʩʪʝʨʝʟʠʩ, ʩʘʤʳʡ ʟʥʘʯʠʪʝʣʴʥʳʡ (> 50%) ʧʨʠ 

ʧʝʨʝʭʦʜʝ R-O ʠ ʥʘʠʤʝʥʴʰʠʡ (~ 5 K) ʧʨʠ ʧʝʨʝʭʦʜʝ T-C. ɺ ʛʠʩʪʝʨʝʟʠʩʥʦʤ ʜʠʘʧʘʟʦʥʝ 

ʪʝʤʧʝʨʘʪʫʨ ʩʧʝʢʪʨʳ ʙʳʣʠ ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʙʦʣʝʝ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʬʘʟʳ ʧʨʠ 

ʧʦʥʠʞʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʜʣʷ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʬʘʟʳ ʧʨʠ ʧʦʚʳʰʝʥʠʠ 

ʪʝʤʧʝʨʘʪʫʨʳ. 
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ʈʠʩʫʥʦʢ 12 ï ʌʘʟʦʚʘʷ ʜʠʘʛʨʘʤʤʘ (Na,K)NbO3 [88] 

ʊʠʧʠʯʥʘʷ ʤʦʨʬʦʪʨʦʧʥʘʷ ʬʘʟʦʚʘʷ ʛʨʘʥʠʮʘ KxNa1-xNbO3, ʨʘʟʜʝʣʷʶʱʘʷ 

ʤʦʥʦʢʣʠʥʥʫʶ ʠ ʦʨʪʦʨʦʤʙʠʯʝʩʢʫʶ ʬʘʟʳ, ʩʫʱʝʩʪʚʫʝʪ ʧʨʠ x = 0,52ï0,525 [125]. 

ʆʙʨʘʟʝʮ ʚʙʣʠʟʠ x = 0,52 ʧʦʢʘʟʳʚʘʝʪ ʤʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 

ʢʦʵʬʬʠʮʠʝʥʪʘ d33 = 160 ʧʂʣ/ʅ. 

ʀʥʪʝʨʝʩʥʦ, ʯʪʦ ʨʦʩʪ d33 ʤʦʞʥʦ ʩʪʠʤʫʣʠʨʦʚʘʪʴ ʧʫʪʝʤ ʩʦʟʜʘʥʠʷ ʥʦʚʳʭ 

ʬʘʟʦʚʳʭ ʛʨʘʥʠʮ R-T ʠʣʠ R-O-T. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʠʥʮʠʧʘʤʠ ʢʨʠʩʪʘʣʣʦʭʠʤʠʠ ʚ 

ʢʘʯʝʩʪʚʝ ʣʝʛʠʨʫʶʱʠʭ ʜʦʙʘʚʦʢ ʚʳʙʠʨʘʶʪ ʢʘʪʠʦʥʳ ʩ ʙʣʠʟʢʠʤʠ ʢ ʠʩʭʦʜʥʳʤ 

ʵʣʝʤʝʥʪʘʤ ʠʦʥʥʳʤʠ ʨʘʜʠʫʩʘʤʠ ʠ ʚʘʣʝʥʪʥʳʤʠ ʩʦʩʪʦʷʥʠʷʤʠ. ɼʣʷ ʣʝʛʠʨʦʚʘʥʠʷ 

K0,5Na0,5NbO3 ʧʦ ɸ-ʧʦʣʦʞʝʥʠʷʤ ʦʙʳʯʥʦ ʠʩʧʦʣʴʟʫʶʪ ʘʪʦʤʳ ʦʜʥʦʚʘʣʝʥʪʥʳʭ 

ʵʣʝʤʝʥʪʦʚ (Li, Ag) , ʘ ʜʣʷ ʣʝʛʠʨʦʚʘʥʠʷ ʢʘʪʠʦʥʦʚ ʥʠʦʙʠʷ ʚ ʧʦʜʨʝʰʝʪʢʝ ɺ - 

ʯʝʪʳʨʝʭʚʘʣʝʥʪʥʳʝ (Zr, Hf, Sn) ʠ ʧʷʪʠʚʘʣʝʥʪʥʳʝ (Sb, Ta).  

ʊʝʦʨʝʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ [126] ʧʦʢʘʟʘʣʦ, ʯʪʦ Zr4+ ʩʦʟʜʘʝʪ ʣʦʢʘʣʴʥʦʝ 

ʥʘʧʨʷʞʝʥʠʝ ʚ ʦʢʪʘʵʜʨʘʭ BO6, ʘ Bi
3+ ʩʤʝʱʘʝʪ ʮʝʥʪʨ ʧʦʣʠʵʜʨʘ AO12 ʠʟ-ʟʘ 

ʥʝʧʦʜʝʣʝʥʥʳʭ 6s ʧʘʨ ʵʣʝʢʪʨʦʥʦʚ Bi, ʢʦʪʦʨʳʝ ʚʳʟʳʚʘʶʪ ʨʘʩʰʠʨʝʥʠʝ ʨʝʰʝʪʢʠ ʠ 

ʣʦʢʘʣʴʥʳʝ ʠʩʢʘʞʝʥʠʷ ʚ ʦʙʨʘʟʮʝ. 

ʈʝʢʦʨʜʥʦ ʚʳʩʦʢʦʝ ʟʥʘʯʝʥʠʝ d33=650 ʧʂʣ/ʅ ʧʦʣʫʯʝʥʦ ʚ 2019 ʛʦʜʫ [127] ʜʣʷ 

ʩʦʩʪʘʚʘ (0.96-x) K0.48Na0.52Nb0.95Sb0.05O3 ī 0.04 
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Bi0.5(Na0.82K0.18)0.5ZrO3ī0.4%Fe2O3īxAgSbO3 (KNNSī BNKZīFeīAS), ʛʜʝ 

ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʘʟʦʚʘʥʠʝ ʨʝʣʘʢʩʦʨʥʦʡ ʬʘʟʦʚʦʡ ʛʨʘʥʠʮʳ R-O-T, ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ 

ʣʝʛʢʦʝ ʚʨʘʱʝʥʠʝ ʧʦʣʷʨʠʟʘʮʠʠ ʩʨʝʜʠ ʩʦʩʫʱʝʩʪʚʫʶʱʠʭ ʤʥʦʞʝʩʪʚʝʥʥʳʭ ʥʘʥʦʬʘʟ ʩ 

ʥʠʟʢʠʤ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤ ʙʘʨʴʝʨʦʤ ʠ ʧʦʣʷʨʠʟʘʮʠʦʥʥʦʡ ʘʥʠʟʦʪʨʦʧʠʝʡ. 

ʊʘʢ, ʧʦ ʦʙʳʯʥʦʡ ʢʝʨʘʤʠʯʝʩʢʦʡ ʪʝʭʥʦʣʦʛʠʠ ʩʠʥʪʝʟʠʨʦʚʘʥʘ ʙʝʩʩʚʠʥʮʦʚʘʷ 

ʧʴʝʟʦʢʝʨʘʤʠʢʘ (1ïx)Na0,5K0,5NbO3 ï xLiNbO3 ʧʨʠ x =0,04ï0,20 [128]. 

ʆʨʪʦʨʦʤʙʠʯʝʩʢʘʷ ʬʘʟʘ ʥʘʙʣʶʜʘʣʘʩʴ ʧʨʠ xÒ0,05 ʠ ʧʝʨʝʭʦʜʠʣʘ ʚ ʪʝʪʨʘʛʦʥʘʣʴʥʫʶ 

ʬʘʟʫ ʧʨʠ xÓ0,07, ʬʘʟʘ K3Li2Nb5O15 ʩ ʪʝʪʨʘʛʦʥʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʚʦʣʴʬʨʘʤʦʚʦʡ 

ʙʨʦʥʟʳ ʦʙʨʘʟʦʚʳʚʘʣʘʩʴ ʧʨʠ x=0,08 ʠ ʩʪʘʥʦʚʠʣʘʩʴ ʜʦʤʠʥʠʨʫʶʱʝʡ ʩ ʫʚʝʣʠʯʝʥʠʝʤ 

ʩʦʜʝʨʞʘʥʠʷ LiNbO3. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʨʬʦʪʨʦʧʥʘʷ ʬʘʟʦʚʘʷ ʛʨʘʥʠʮʘ ʤʝʞʜʫ 

ʦʨʪʦʨʦʤʙʠʯʝʩʢʦʡ ʠ ʪʝʪʨʘʛʦʥʘʣʴʥʦʡ ʬʘʟʘʤʠ ʥʘʭʦʜʠʪʩʷ ʚ ʠʥʪʝʨʚʘʣʝ ʩʦʩʪʘʚʦʚ 0,05< 

ʭ <0,07. ʇɹʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʠ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʦʞʠʜʘʝʤʦ 

ʫʩʠʣʠʚʘʶʪʩʷ ʜʣʷ ʩʦʩʪʘʚʦʚ ʚʙʣʠʟʠ ʤʦʨʬʦʪʨʦʧʥʦʡ ʬʘʟʦʚʦʡ ʛʨʘʥʠʮʳ, ʥʘʧʨʠʤʝʨ, 

ʟʥʘʯʝʥʠʷ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ d33 ʜʦʩʪʠʛʘʶʪ 200ï235 ʧʂʣ/ʅ.  

 

1.4.2.5 ʊʠʪʘʥʘʪ ʥʘʪʨʠʷ-ʚʠʩʤʫʪʘ 

ʊʠʪʘʥʘʪ ʥʘʪʨʠʷ-ʚʠʩʤʫʪʘ (BNT) ʚʧʝʨʚʳʝ ʦʧʠʩʘʥ ʚ ʨʘʙʦʪʘʭ ʉʤʦʣʝʥʩʢʦʛʦ ʚ 

1960-ʭ ʛʦʜʘʭ. ʊʠʪʘʥʘʪ ʥʘʪʨʠʷ-ʚʠʩʤʫʪʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʠʩʢʘʞʝʥʥʳʡ ʧʝʨʦʚʩʢʠʪ, 

ʟʘʤʝʱʝʥʥʳʡ ʢʘʪʠʦʥʘʤʠ Bi3+ ʠ Na+ ʧʦ ʧʦʣʦʞʝʥʠʷʤ ʚ A-ʧʦʜʨʝʰʝʪʢʝ. ʉʦʝʜʠʥʝʥʠʷ 

ʧʝʨʦʚʩʢʠʪʘ, ʩ ʟʘʤʝʩʪʠʪʝʣʷʤʠ ʚ ʧʦʜʨʝʰʝʪʢʝ A, ʘ ʥʝ ʪʚʝʨʜʳʝ ʨʘʩʪʚʦʨʳ, ʚʩʪʨʝʯʘʶʪʩʷ 

ʛʦʨʘʟʜʦ ʨʝʞʝ, ʯʝʤ ʠʭ ʘʥʘʣʦʛʠ, ʟʘʤʝʱʝʥʥʳʝ ʧʦ B-ʧʦʣʦʞʝʥʠʷʤ. 

ʋʩʪʘʥʦʚʣʝʥʘ [129] ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ BNT ʦʪ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʢʫʙʠʯʝʩʢʦʡ ʬʘʟʳ (ʚʳʰʝ 813 ʂ) ʢ ʪʝʪʨʘʛʦʥʘʣʴʥʦʡ (673 - 773 

ʂ), ʘ ʟʘʪʝʤ ʢ ʨʦʤʙʦʵʜʨʠʯʝʩʢʦʡ (5 - 528 ʂ). ʊʘʢʞʝ ʩʦʩʫʱʝʩʪʚʦʚʘʥʠʝ 

ʪʝʪʨʘʛʦʥʘʣʴʥʦʡ/ʢʫʙʠʯʝʩʢʦʡ (773-813 ʂ) ʠ ʨʦʤʙʦʵʜʨʠʯʝʩʢʦʡ/ʪʝʪʨʘʛʦʥʘʣʴʥʦʡ (ʩ 

ʚʝʨʭʥʠʤ ʪʝʤʧʝʨʘʪʫʨʥʳʤ ʧʨʝʜʝʣʦʤ 145 ʂ ʤʝʞʜʫ 528 ʠ 673 ʂ) ʬʘʟ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʤʝʞʜʫ 5 ʠ 593 K ʬʘʟʘ ʷʚʣʷʝʪʩʷ ʨʦʤʙʦʵʜʨʠʯʝʩʢʦʡ (R3c) ʩ ʫʜʚʦʝʥʥʳʤʠ ʦʩʷʤʠ 

ʧʩʝʚʜʦʢʫʙʠʯʝʩʢʦʡ ʷʯʝʡʢʠ ʧʝʨʦʚʩʢʠʪʘ. ɺ ʵʪʦʡ ʬʘʟʝ ʘʪʦʤʳ Na/Bi ʠ Ti ʩʤʝʱʘʶʪʩʷ 

ʧʘʨʘʣʣʝʣʴʥʦ ʜʨʫʛ ʜʨʫʛʫ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʦʣʷʨʥʦʡ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʬʘʟʳ. ʇʨʠ 
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593 ʂ ʥʘʙʣʶʜʘʝʪʩʷ ʪʝʪʨʘʛʦʥʘʣʴʥʘʷ ʬʘʟʘ (P4bm), ʛʜʝ ʘʪʦʤʳ Na/Bi ʠ Ti ʩʤʝʱʘʶʪʩʷ ʚ 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷʭ ʚʜʦʣʴ ʧʦʣʷʨʥʳʭ ʦʩʝʡ. ʅʘʢʦʥʝʮ, ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 

ʦʢʦʣʦ 813 ʂ ʢʘʪʠʦʥʥʳʝ ʩʤʝʱʝʥʠʷ ʠ ʩʠʩʪʝʤʳ ʥʘʢʣʦʥʘ ʠʩʯʝʟʘʶʪ, ʦʙʨʘʟʫʷ ʠʜʝʘʣʴʥʫʶ 

ʢʫʙʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ ʧʝʨʦʚʩʢʠʪʘ.  

ʉʝʛʥʝʪʦʵʣʝʢʪʨʠʢʠ ʥʘ ʦʩʥʦʚʝ ʪʠʪʘʥʘʪʘ ʥʘʪʨʠʷ-ʚʠʩʤʫʪʘ ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʙʦʣʴʰʦʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʪʝʨʝʩ ʜʣʷ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʨʠʤʝʥʝʥʠʡ ʚ ʩʚʷʟʠ 

ʩ ʠʭ ʚʳʩʦʢʦʡ ʩʧʦʥʪʘʥʥʦʡ ʧʦʣʷʨʠʟʘʮʠʠ (~40 ʤʢʂʣ/ʩʤ2) ʠ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ 

ʂʶʨʠ. ʉʣʦʞʥʦʩʪʴ ʧʦʣʷʨʠʟʘʮʠʠ ʥʝʣʝʛʠʨʦʚʘʥʥʦʡ ʢʝʨʘʤʠʢʠ ʩʚʷʟʘʥʘ ʩ ʝʸ ʚʳʩʦʢʦʡ 

ʧʨʦʚʦʜʠʤʦʩʪʴʶ ʠ ʙʦʣʴʰʠʤ ʢʦʵʨʮʠʪʠʚʥʳʤ ʧʦʣʝʤ Ec, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʥʝʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦ ʥʠʟʢʦʤʫ ʟʥʘʯʝʥʠʶ ʧʴʝʟʦʤʦʜʫʣʷ d33 ~ 80 ʧʂʣ/ʅ [130]. 

ɺʳʩʦʢʘʷ ʧʨʦʚʦʜʠʤʦʩʪʴ ʦʙʲʷʩʥʷʝʪʩʷ ʚʳʩʦʢʦʡ ʧʦʜʚʠʞʥʦʩʪʴʶ ʠʦʥʦʚ ʢʠʩʣʦʨʦʜʘ ʚ 

ʨʝʰʝʪʢʝ, ʧʦʩʢʦʣʴʢʫ ʩʠʣʴʥʦ ʧʦʣʷʨʠʟʫʝʤʳʝ ʠʦʥʳ Bi3+ ʩ ʠʭ 6S2 ʥʝʧʦʜʝʣʝʥʥʦʡ ʧʘʨʦʡ 

ʵʣʝʢʪʨʦʥʦʚ ʠ ʩʣʘʙʳʤʠ ʩʚʷʟʷʤʠ BiïO ʦʙʝʩʧʝʯʠʚʘʶʪ ʧʫʪʠ ʜʣʷ ʤʠʛʨʘʮʠʠ ʠʦʥʦʚ 

ʢʠʩʣʦʨʦʜʘ ʩ ʥʠʟʢʠʤʠ ʜʠʬʬʫʟʠʦʥʥʳʤʠ ʙʘʨʴʝʨʘʤʠ. ʇʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 

ʢʘʪʠʦʥʳ Na+/Bi3+ ʠ Ti4+ ʩʤʝʱʝʥʳ ʧʘʨʘʣʣʝʣʴʥʦ ʜʨʫʛ ʜʨʫʛʫ ʚʜʦʣʴ [1 1 1], ʘ 

ʢʠʩʣʦʨʦʜʥʳʝ ʦʢʪʘʵʜʨʳ ʥʘʢʣʦʥʝʥʳ ʦʪʥʦʩʠʪʝʣʴʥʦ [1 1 1] ʩ ʧʨʦʪʠʚʦʬʘʟʥʳʤ 

ʥʘʢʣʦʥʦʤ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʜʚʦʝʥʠʶ ʦʩʝʡ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ [129]. ʅʘ 

ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʝʨʘʤʠʢʠ ʥʘ ʦʩʥʦʚʝ BNT ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʶʪ 

ʠʩʢʘʞʝʥʠʷ ʨʝʰʝʪʢʠ, ʩʤʝʱʝʥʠʝ ʠʦʥʦʚ, ʜʝʬʝʢʪʥʘʷ ʩʪʨʫʢʪʫʨʘ, ʨʘʟʤʝʨ ʟʝʨʥʘ ʠ 

ʧʣʦʪʥʦʩʪʴ.  ʊʘʢ, ʜʣʷ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʩʦʩʪʘʚʘ  0,93(Na0,5Bi0,5)TiO3ï0,07BaTiO3 [131] 

ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʠʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ d33=300Ñ5 ʧʂʣ/ʅ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʨʘʜʠʮʠʦʥʥʦ ʧʦʣʫʯʝʥʥʦʡ 

ʢʝʨʘʤʠʢʦʡ ʪʦʛʦ ʞʝ ʩʦʩʪʘʚʘ (d33=160Ñ5 ʧʂʣ/ʅ).  

ʇʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʢʝʨʘʤʠʢʠ BNT-BT ʚʙʣʠʟʠ ʤʦʨʬʦʪʨʦʧʥʦʡ 

ʬʘʟʦʚʦʡ ʛʨʘʥʠʮʳ ʤʦʞʝʪ ʙʳʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʫʣʫʯʰʝʥʘ ʟʘ ʩʯʝʪ ʠʦʥʥʦʛʦ 

ʣʝʛʠʨʦʚʘʥʠʷ. ʀʦʥʥʦʝ ʣʝʛʠʨʦʚʘʥʠʝ ʚ ʮʝʣʦʤ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʣʝʛʠʨʦʚʘʥʠʝ A-

ʧʦʜʨʝʰʝʪʢʠ (Ca2+ [132; 133], Sr2+ [134], Li+Sm3+ [135] ʠ ʪ. ʜ.), ʣʝʛʠʨʦʚʘʥʠʝ B-

ʧʦʜʨʝʰʝʪʢʠ (Zr4+ [136], Ta5+ [137] ʠ ʜʨ.), ʘ ʪʘʢʞʝ ʩʦʚʤʝʩʪʥʦʝ ʣʝʛʠʨʦʚʘʥʠʝ A/B-

ʧʦʟʠʮʠʡ (Sr2+Mn2+ [138], Ca2+Sn4+ [139] ʠ ʜʨ.). ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʚʘʣʝʥʪʥʦʩʪʠ 
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ʚʳʜʝʣʷʶʪ ʵʢʚʠʚʘʣʝʥʪʥʦʝ ʣʝʛʠʨʦʚʘʥʠʝ, ʣʝʛʠʨʦʚʘʥʠʝ ʘʢʮʝʧʪʦʨʦʤ ʠ ʣʝʛʠʨʦʚʘʥʠʝ 

ʜʦʥʦʨʦʤ. 

 

1.5 ʉʤʝʩʝʚʳʝ ʤʘʛʥʠʪʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʢʦʤʧʦʟʠʪʳ ʥʘ ʦʩʥʦʚʝ ʦʢʩʠʜʥʳʭ 

ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠ ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʦʥʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ 

ɼʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʩʤʝʩʝʚʳʭ (ʜʨʫʛʦʝ ʥʘʟʚʘʥʠʝ ï ʦʙʲʝʤʥʳʭ) ʄʕ 

ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʮʝʣʳʡ ʨʷʜ ʨʘʟʣʠʯʥʳʭ 

ʢʦʤʙʠʥʘʮʠʡ ʦʢʩʠʜʥʳʭ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʢʦʚ ʠ ʤʘʛʥʝʪʠʢʦʚ. ʀʩʩʣʝʜʦʚʘʥʦ ʤʥʦʞʝʩʪʚʦ 

ʜʚʫʭʬʘʟʥʳʭ ʩʠʩʪʝʤ ʥʘ ʦʩʥʦʚʝ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʢʦʚ ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʧʝʨʦʚʩʢʠʪʘ 

(Pb(Zr,Ti)O3, Pb(Mg,Nb)O3-PbTiO3, Pb(Zn,Nb)O3-PbTiO3, ʠ ʤʥ. ʜʨ.) ʠ ʬʝʨʨʠʪʦʚ ʩʦ 

ʩʪʨʫʢʪʫʨʦʡ ʰʧʠʥʝʣʠ (MFe2O4, ʛʜʝ M = Co, Ni), ʘ ʪʘʢʞʝ ʛʨʘʥʘʪʦʚ ʠ ʛʝʢʩʘʬʝʨʨʠʪʦʚ.  

ʇʨʠʤʝʨʘʤʠ ʛʝʪʝʨʦʬʘʟʥʳʭ ʤʫʣʴʪʠʬʝʨʨʦʠʯʥʳʭ ʩʠʩʪʝʤ, ʠʟʚʝʩʪʥʳʭ ʠʟ 

ʣʠʪʝʨʘʪʫʨʳ, ʷʚʣʷʶʪʩʷ PbMg1/3Nb2/3O3-PbTiO3 ï ʬʝʨʨʠʪ ʥʠʢʝʣʷ-ʮʠʥʢʘ [140], 

[Pb(Fe0.5Nb0.5)O3]1-x-[Co0.65Zn0.35Fe2O4]x [141], 0.9BaTiO3-0.1NixZn1-xFe2O4 [142], 

xPbTiO3- (1-x)SrFe12O19 [143], BiFeO3-PbTiO3 [144], (1-x)PbZr0.65Ti0.35O3-xBaFe12O19 

[145] ʠ ʤʥʦʞʝʩʪʚʦ ʜʨʫʛʠʭ.  

 

1.5.1 ̠ ̗̜̏̍̐̏̈̉̉̏̎̎̆ ̜̍́̓̆̑̉́̌ ̎́ ̏̒̎̏̃̆ ̄̆̋̒́̆̑̑̉̓̏̕  ̃

ʀʥʪʝʨʝʩ ʢ ʄʕ ʢʦʤʧʦʟʠʪʘʤ ʥʘ ʦʩʥʦʚʝ ʛʝʢʩʘʬʝʨʨʠʪʦʚ ʚʳʟʚʘʥ ʪʝʤ, ʯʪʦ ʚ ʩʠʣʫ 

ʤʘʛʥʠʪʦʪʚʝʨʜʦʩʪʠ ʧʦʩʣʝʜʥʠʭ ʄʕ ʢʝʨʘʤʠʢʘ ʥʘ ʠʭ ʦʩʥʦʚʝ ʤʦʞʝʪ ʧʦʩʣʝ ʚʳʜʝʨʞʢʠ ʚ 

ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʦʩʪʘʚʘʪʴʩʷ ʚ ʥʘʤʘʛʥʠʯʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ, ʘ ʵʪʦ ʟʥʘʯʠʪ, ʯʪʦ ʚ ʦʪʣʠʯʠʝ 

ʦʪ ʢʦʤʧʦʟʠʪʦʚ ʥʘ ʦʩʥʦʚʝ ʤʘʛʥʠʪʦʤʷʛʢʠʭ ʤʘʛʥʝʪʠʢʦʚ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʥʝ 

ʧʦʪʨʝʙʫʝʪʩʷ ʚʚʝʜʝʥʠʝ ʚ ʢʦʥʩʪʨʫʢʮʠʶ ʵʣʝʤʝʥʪʦʚ, ʩʦʟʜʘʶʱʠʭ ʧʦʜʤʘʛʥʠʯʠʚʘʶʱʝʝ 

ʧʦʣʝ (ʧʦʩʪʦʷʥʥʳʭ ʤʘʛʥʠʪʦʚ ʠʣʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʦʙʤʦʪʢʠ). 

ɺ ʣʠʪʝʨʘʪʫʨʝ ʠʤʝʝʪʩʷ ʥʝʤʥʦʛʦ ʩʚʝʜʝʥʠʡ ʦ ʄʕ ʢʦʤʧʦʟʠʪʘʭ ʥʘ ʦʩʥʦʚʝ 

ʛʝʢʩʘʬʝʨʨʠʪʦʚ ʚ ʢʘʯʝʩʪʚʝ ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʦʥʥʦʡ ʬʘʟʳ. ɺ ʨʘʙʦʪʝ [146] ʦʧʠʩʘʥʳ 

ʩʠʥʪʝʟ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ PbTiO3/PbFe12O19. ʀʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ 

ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʚʨʝʤʝʥʠ ʩʠʥʪʝʟʘ ʥʘ ʤʦʨʬʦʣʦʛʠʶ, ʨʘʟʤʝʨ ʯʘʩʪʠʮ, ʯʠʩʪʦʪʫ ʬʘʟ 

ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ. ʅʘʥʦʢʦʤʧʦʟʠʪʳ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʦʚ 
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XRD, SEM, TEM, EDS ʠ IR, ʠʟʫʯʝʥʳ ʠʭ ʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ. ʂ ʩʦʞʘʣʝʥʠʶ, ʘʚʪʦʨʳ 

ʥʝ ʧʨʠʚʦʜʷʪ ʩʚʝʜʝʥʠʡ ʦ ʄʕ ʩʚʦʡʩʪʚʘʭ ʧʦʣʫʯʝʥʥʳʭ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨ. 

ɺ ʨʘʙʦʪʝ [147] ʧʨʦʚʝʜʝʥʳ ʧʦʜʨʦʙʥʳʝ ʩʪʨʫʢʪʫʨʥʳʝ, ʦʧʪʠʯʝʩʢʠʝ, 

ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʠʝ, ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʝ ʠ ʤʘʛʥʠʪʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʚʦʡʩʪʚ 

ʢʦʤʧʦʟʠʪʦʚ PbFexTi1īxO3 - PbFe12O19 ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʞʝʣʝʟʘ. 

ɼʦʢʘʟʘʪʝʣʴʩʪʚʦʤ ʥʘʣʠʯʠʷ ʤʘʛʥʠʪʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʚʷʟʠ ʚ ʢʦʤʧʦʟʠʪʘʭ ʧʦʩʣʫʞʠʣʠ 

ʥʘʙʣʶʜʝʥʠʷ ʥʝʦʙʳʯʥʦʡ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʤʘʛʥʠʪʥʦʡ ʢʦʵʨʮʠʪʠʚʥʦʩʪʠ.  

ɺ ʨʘʙʦʪʝ [148] ʦʧʠʩʳʚʘʶʪʩʷ ʦʙʲʝʤʥʳʝ ʢʝʨʘʤʠʯʝʩʢʠʝ ʢʦʤʧʦʟʠʪʳ SrFe12O19-

BaTiO3 (SrM-BT), ʛʜʝ ʬʘʟr SrM ʠ BT ʥʝ ʨʝʘʛʠʨʫʶʪ ʤʝʞʜʫ ʩʦʙʦʡ ʚ ʧʨʦʮʝʩʩʝ 

ʩʧʝʢʘʥʠʷ ʢʦʤʧʦʟʠʮʠʦʥʥʦʡ ʢʝʨʘʤʠʢʠ. ʂʦʤʧʦʟʠʪʳ SrM-BT, ʩʧʝʯʝʥʥʳʝ ʧʨʠ 1175Áʉ, 

ʠʤʝʶʪ ʦʧʪʠʤʘʣʴʥʫʶ ʤʦʨʬʦʣʦʛʠʶ ʠ ʧʣʦʪʥʦʩʪʴ. ʅʘʤʘʛʥʠʯʝʥʥʦʩʪʴ ʠ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʷʚʣʷʶʪʩʷ ʬʫʥʢʮʠʷʤʠ ʩʦʩʪʘʚʘ, ʦʜʥʘʢʦ ʧʨʠ 

ʚʳʩʦʢʦʤ ʩʦʜʝʨʞʘʥʠʠ SrM Ó 80 ʤʦʣ.% ʦʙʨʘʟʮʳ ʩʪʘʥʦʚʠʣʠʩʴ ʙʦʣʝʝ ʧʨʦʚʦʜʷʱʠʤʠ, 

ʯʪʦ ʜʝʣʘʣʦ ʥʝʚʦʟʤʦʞʥʳʤʠ ʥʘʜʝʞʥʳʝ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʝ ʠʟʤʝʨʝʥʠʷ ʠ ʟʥʘʯʠʪʝʣʴʥʦ 

ʧʦʜʘʚʣʷʣʦ ʄʕ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ. 

ʀʟʫʯʝʥʳ ʩʪʨʫʢʪʫʨʥʳʝ, ʤʠʢʨʦʩʪʨʫʢʪʫʨʥʳʝ, ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʠ ʤʘʛʥʠʪʥʳʝ 

ʩʚʦʡʩʪʚʘ ʥʦʚʳʭ ʤʫʣʴʪʠʬʝʨʨʦʠʯʥʳʭ ʢʦʤʧʦʟʠʪʦʚ ʥʘ ʦʩʥʦʚʝ ʛʝʢʩʘʬʝʨʨʠʪʦʚ 

BaFe12O19, SrFe12O19 ʠ Ba3Co2Fe24O41 [149]. ʀʟʤʝʥʝʥʠʝ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ 

ʥʘʩʳʱʝʥʠʷ ʧʨʘʢʪʠʯʝʩʢʠ ʣʠʥʝʡʥʦ ʟʘʚʠʩʠʪ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʤʘʛʥʠʪʥʦʡ ʬʘʟʳ, ʪʦʛʜʘ ʢʘʢ 

ʢʦʵʨʮʠʪʠʚʥʘʷ ʩʠʣʘ ʦʙʨʘʟʮʦʚ ʩʥʘʯʘʣʘ ʫʤʝʥʴʰʘʝʪʩʷ, ʘ ʟʘʪʝʤ ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʩ 

ʫʤʝʥʴʰʝʥʠʝʤ ʜʦʣʠ ʤʘʛʥʠʪʥʦʡ ʬʘʟʳ ʚ ʩʦʩʪʘʚʘʭ BaFe12O19 - BaTiO3 ʠ SrFe12O19 - 

BaTiO3. ʇʨʦʪʠʚʦʧʦʣʦʞʥʦʝ ʥʘʙʣʶʜʘʣʦʩʴ ʜʣʷ ʩʦʩʪʘʚʘ Ba3Co2Fe24O41 - BaTiO3. ʂʘʢ 

ʠʟʚʝʩʪʥʦ, ʯʪʦ ʙʦʣʝʝ ʢʨʫʧʥʳʝ ʟʝʨʥʘ ʫʤʝʥʴʰʘʶʪ ʢʦʵʨʮʠʪʠʚʥʫʶ ʩʠʣʫ. ʊʘʢʦʝ 

ʧʦʚʝʜʝʥʠʝ ʤʦʛʣʦ ʙʳʪʴ ʦʜʥʠʤ ʠʟ ʩʣʝʜʩʪʚʠʡ ʘʛʣʦʤʝʨʘʮʠʠ ʬʘʟ. ɺʝʣʠʯʠʥʘ 

ʢʦʵʨʮʠʪʠʚʥʦʛʦ ʧʦʣʷ ʜʣʷ ʩʦʩʪʘʚʘ 10% - 90% ʦʯʝʥʴ ʙʣʠʟʢʘ ʢ ʪʘʢʦʚʦʡ ʜʣʷ ʯʠʩʪʦʡ ʬʘʟʳ 

(7,8 ʤʊʣ ʠ 6,72 ʤʊʣ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). ʇʦʣʫʯʝʥʥʳʡ ʨʝʟʫʣʴʪʘʪ ʜʣʷ ʦʙʨʘʟʮʦʚ 

BaFe12O19-BaTiO3 ʠ SrFe12O19-BaTiO3 (ʚ ʪʦʤ ʯʠʩʣʝ ʥʝʤʦʥʦʪʦʥʥʦʩʪʴ) ʤʦʞʝʪ ʙʳʪʴ 

ʦʙʫʩʣʦʚʣʝʥ ʠʟʤʝʥʝʥʠʝʤ ʤʘʛʥʠʪʥʦʡ ʘʥʠʟʦʪʨʦʧʠʠ ʠ ʯʘʩʪʠʯʥʳʤ ʚʳʨʘʚʥʠʚʘʥʠʝʤ 

ʤʘʛʥʠʪʥʳʭ ʤʦʤʝʥʪʦʚ ʚ 50%-ʥʳʭ ʩʦʩʪʘʚʘʭ. 



55 
 

 
 

ɺ ʩʠʩʪʝʤʘʭ (1 ╖x)K0.5Na0.5NbO3ï(x)BaFe12O19 [150] ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ 

ŬME, ʨʘʚʥʦʝ 4,08 ʤɺ/(ʩʤẗʕ), ʧʦʣʫʯʝʥʦ ʜʣʷ ʢʦʤʧʦʟʠʪʘ x = 30 ʤʘʩ.%, ʠ ʧʦʥʷʪʥʦ, ʯʪʦ 

ʩʦʜʝʨʞʘʥʠʝ ʬʝʨʨʠʪʘ ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʝʪ ʥʘ ʄʕ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

 

1.5.2 ̠ ̗̜̏̍̐̏̈̉̉̏̎̎̆ ̜̍́̓̆̑̉́̌ ̎́ ̏̒̎̏̃̆ ̇̆̌̆̈̏-̉̓̓̑̉̆̃̏̄̏ 

̄̑́̎́̓́ 

ʆʜʥʠʤ ʠʟ ʧʨʠʤʝʨʦʚ ʜʚʫʭʬʘʟʥʳʭ ʤʫʣʴʪʠʬʝʨʨʦʠʯʥʳʭ ʩʠʩʪʝʤ ʧʴʝʟʦʵʣʝʢʪʨʠʢ ï 

ʬʝʨʨʠʪ ʷʚʣʷʶʪʩʷ ʢʦʤʧʦʟʠʪʳ ʥʘ ʦʩʥʦʚʝ ʞʝʣʝʟʦʠʪʪʨʠʝʚʦʛʦ ʛʨʘʥʘʪʘ (YIG, Y3Fe5O12) 

ʠ ʨʦʜʩʪʚʝʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʚʧʝʨʚʳʝ ʦʧʠʩʥʳʝ ʚ 1980-ʝ ʛʦʜʳ ɹʠʯʫʨʠʥʳʤ ʄ. ʀ. ʩ 

ʩʦʘʚʪ. [151]. ʆʥʠ ʦʙʣʘʜʘʶʪ ʨʝʟʦʥʘʥʩʥʳʤ ʄʕ ʵʬʬʝʢʪʦʤ, ʢʦʪʦʨʳʡ ʧʨʦʷʚʣʷʝʪʩʷ ʚ 

ʩʤʝʱʝʥʠʠ ʣʠʥʠʠ ʬʝʨʨʦʤʘʛʥʠʪʥʦʛʦ ʨʝʟʦʥʘʥʩʘ (ʌʄʈ) ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʤʘʪʝʨʠʘʣ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ. ʇʨʠʤʝʥʝʥʠʝ YIG ʚ ʢʘʯʝʩʪʚʝ ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʦʥʥʦʛʦ 

ʢʦʤʧʦʥʝʥʪʘ ʵʪʠʭ ʢʦʤʧʦʟʠʪʦʚ ʦʙʦʩʥʦʚʘʥʦ ʪʝʤ, ʯʪʦ ʦʥ ʦʙʣʘʜʘʝʪ ʨʝʢʦʨʜʥʦ ʤʘʣʦʡ 

ʰʠʨʠʥʦʡ ʣʠʥʠʠ ʬʝʨʨʦʤʘʛʥʠʪʥʦʛʦ ʨʝʟʦʥʘʥʩʘ (ʌʄʈ). ʅʘ ʦʩʥʦʚʝ ʵʪʠʭ ʠ ʧʦʜʦʙʥʳʭ 

ʜʚʫʭʬʘʟʥʳʭ ʩʠʩʪʝʤ ʤʦʛʫʪ ʙʳʪʴ ʩʦʟʜʘʥʳ ʯʫʚʩʪʚʠʪʝʣʴʥʳʝ ʵʣʝʤʝʥʪʳ ʬʠʣʴʪʨʦʚ, 

ʨʝʟʦʥʘʪʦʨʦʚ ʠ ʜʨʫʛʠʭ ʫʩʪʨʦʡʩʪʚ ʜʣʷ ʨʘʙʦʪʳ ʚ ʜʠʘʧʘʟʦʥʝ ʉɺʏ. 

ʂʦʤʧʦʟʠʪʳ ʥʘ ʦʩʥʦʚʝ YIG ʠ ʩʚʠʥʝʮʩʦʜʝʨʞʘʱʠʭ ʧʴʝʟʦʵʣʝʢʪʨʠʦʢʚ ʷʚʣʷʶʪʩʷ 

ʧʨʠʤʝʨʦʤ ʩʠʩʪʝʤ ʩ ʚʳʨʘʞʝʥʥʳʤ ʤʝʞʬʘʟʥʳʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ, ʯʪʦ ʙʫʜʝʪ 

ʧʦʜʨʦʙʥʦ ʦʙʩʫʞʜʝʥʦ ʥʠʞʝ, ʧʦʵʪʦʤʫ ʜʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ ʥʝ ʫʜʘʚʘʣʦʩʴ ʧʦʣʫʯʠʪʴ 

ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʝ ʛʝʪʝʨʦʬʘʟʥʳʝ ʩʪʨʫʢʪʫʨʳ ʥʘ ʦʩʥʦʚʝ YIG. ʃʠʰʴ ʚ 2004 ʛ. by S. 

Shastry et al. [152], ʧʦʞʘʣʫʡ, ʚʧʝʨʚʳʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʳ YIG - 

ʧʴʝʟʦʵʣʝʢʪʨʠʢ, ʦʙʣʘʜʘʶʱʠʝ ʜʦʩʪʘʪʦʯʥʦ  ʚʳʩʦʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʄʕ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʜʣʷ ʚʦʟʤʦʞʥʳʭ ʧʨʘʢʪʠʯʝʩʢʠʭ ʧʨʠʤʝʥʝʥʠʡ. ʕʪʠ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʳ 

ʙʳʣʠ ʩʦʩʪʘʚʣʝʥʳ ʠʟ ʩʢʣʝʝʥʥʳʭ ʤʝʞʜʫ ʩʦʙʦʡ ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʧʣʘʩʪʠʥ YIG ʠ 

PMNPT (ʤʘʛʥʦʥʠʦʙʘʪʘ-ʪʠʪʘʥʘʪʘ ʩʚʠʥʮʘ), ʚʝʣʠʯʠʥʘ ʩʜʚʠʛʘ ʣʠʥʠʠ ʌʄʈ ʜʣʷ ʥʠʭ 

ʩʦʩʪʘʚʠʣʘ 40 ʕ ʚ ʧʦʣʝ 8 ʢɺ/ʩʤ ʧʨʠ ʰʠʨʠʥʝ ʣʠʥʠʠ ʌʄʈ 320 ɸ/ʤ. ɺʧʦʩʣʝʜʩʪʚʠʠ J. 

Das et al. [153] ʠʩʩʣʝʜʦʚʘʣʠ ʩʣʦʠʩʪʫʶ ʩʪʨʫʢʪʫʨʫ, ʧʦʣʫʯʝʥʥʫʶ ʤʝʪʦʜʦʤ ʣʘʟʝʨʥʦʛʦ 

ʥʘʧʳʣʝʥʠʷ, ʩʦʩʪʦʷʱʫʶ ʠʟ ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ YIG ʠ ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʩʣʦʷ 

ʪʠʪʘʥʘʪʘ ʙʘʨʠʷ-ʩʪʨʦʥʮʠʷ (BSTO), ʩ ʚʥʝʜʨʝʥʥʳʤ ʧʣʘʪʠʥʦʚʳʤ ʵʣʝʢʪʨʦʜʦʤ ʥʘ 
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ʧʦʜʣʦʞʢʝ ʠʟ ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʛʘʜʦʣʠʥʠʝʚʦ-ʛʘʣʣʠʝʚʦʛʦ ʛʨʘʥʘʪʘ. ʈʝʟʫʣʴʪʘʪʳ 

ʫʢʘʟʳʚʘʶʪ ʥʘ ʧʦʨʷʜʦʢ ʙʦʣʝʝ ʚʳʩʦʢʦʝ ʄʕ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ, ʯʝʤ ʜʣʷ ʩʢʣʝʝʥʥʳʭ 

ʥʝʤʦʥʦʣʠʪʥʳʭ ʩʪʨʫʢʪʫʨ. J. Lian et al. [154] ʠʩʩʣʝʜʦʚʘʥ ʨʝʟʦʥʘʥʩʥʳʡ ʄʕ ʵʬʬʝʢʪ ʚ 

ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʘʭ, ʩʦʩʪʦʷʱʠʭ ʠʟ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʧʣʝʥʢʠ YIG ʠ ʢʝʨʘʤʠʢʠ 

ʤʘʛʥʦʥʠʦʙʘʪʘ ï ʪʠʪʘʥʘʪʘ-ʮʠʨʢʦʥʘʪʘ ʩʚʠʥʮʘ (PMN-PZT). ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ 

ʜʝʬʦʨʤʘʮʠʷ ʦʢʦʣʦ 2,5 ă PMN-PZT ʠ ʣʝʛʢʦʝ ʧʝʨʝʢʣʶʯʝʥʠʝ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ YIG 

ʷʚʣʷʶʪʩʷ ʧʨʠʯʠʥʘʤʠ ʩʠʣʴʥʝʡʰʝʛʦ ʦʙʨʘʪʥʦʛʦ ʤʘʛʥʠʪʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚ ʢʦʤʧʦʟʠʪʝ ʧʨʠ ʤʘʣʦʤ ʵʣʝʢʪʨʠʯʝʩʢʦʤ ʢʦʵʨʮʠʪʠʚʥʦʤ ʧʦʣʝ PMN-

PZT (4,1  ʢɺ / ʩʤ) ʠ ʤʘʣʦʤ ʤʘʛʥʠʪʥʦʤ ʢʦʵʨʮʠʪʠʚʥʦʤ ʧʦʣʝ YIG (20 ʕ), ʛʜʝ ʤʘʛʥʠʪʥʘʷ 

ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʴ ʜʦʩʪʠʛʘʝʪ ʩʚʦʝʛʦ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ. ɺ ʩʠʩʪʝʤʝ ʩ ʧʣʝʥʢʦʡ 

YIG ʪʦʣʱʠʥʦʡ 600 ʥʤ ʧʦʣʫʯʝʥ ʦʙʨʘʪʥʳʡ ʤʘʛʥʠʪʦʵʣʝʢʪʨʠʯʝʩʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ 

3,1 Ĭ 10ï7 ʩ/ʤ. ɺ ʨʘʙʦʪʝ [155] ʩʢʦʥʩʪʨʫʠʨʦʚʘʥʘ ʚʝʨʪʠʢʘʣʴʥʦ ʦʨʠʝʥʪʠʨʦʚʘʥʥʘʷ 

ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʘ YIG-ʪʠʪʘʥʘʪ ʙʘʨʠʷ (ɺʊʆ) ʥʘ ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʧʦʜʣʦʞʢʘʭ 

ʪʠʪʘʥʘʪʘ ʩʪʨʦʥʮʠʷ STO(001) ʩ ʣʦʢʘʣʴʥʦʡ ʵʧʠʪʘʢʩʠʘʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʤʝʞʜʫ 

BTO ʠ YIG, ʛʜʝ ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʩʪʦʣʙʠʢʠ BTO ʚʩʪʨʦʝʥʳ ʚ ʤʘʪʨʠʮʫ YIG. 

ɿʥʘʯʠʪʝʣʴʥʳʡ ʵʬʬʝʢʪ ʤʘʛʥʠʪʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʚʷʟʠ ʜʦʩʪʠʛʘʝʪʩʷ ʟʘ ʩʯʝʪ 

ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʬʘʟʦʚʳʭ ʠʟʤʝʥʝʥʠʡ ʪʠʪʘʥʘʪʘ ʙʘʨʠʷ ʧʨʠ 295 ʠ 193 K ʠ 

ʧʨʠʚʦʜʠʪ ʢ ʩʜʚʠʛʫ ʣʠʥʠ ʌʄʈ YIG ʜʦ 512 ʠ 333 ʕ (ʥʘ 1ï2 ʧʦʨʷʜʢʘ ʙʦʣʴʰʝ, ʯʝʤ ʫ 

ʚʩʝʭ ʩʦʚʨʝʤʝʥʥʳʭ ʨʘʟʨʘʙʦʪʦʢ). 

1.5.3 ̠ ̗̜̏̍̐̏̈̉̉̏̎̎̆ ̜̍́̓̆̑̉́̌ ̎́ ̏̒̎̏̃̆ ̆̑̑̉̓̏̃̕-

̙̐̉̎̆̌̆̊ 

ʄʕ-ʵʬʬʝʢʪ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʧʦʩʨʝʜʦʚʘʥʥʫʶ ʜʝʬʦʨʤʘʮʠʝʡ ʩʚʷʟʴ ʤʝʞʜʫ 

ʬʝʨʨʦʤʘʛʥʠʪʥʦʡ ʠ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʬʘʟʘʤʠ ʚ ʤʘʪʝʨʠʘʣʝ. Pandey et al. [156] 

ʩʦʦʙʱʠʣʠ ʦ ʬʘʟʦʚʦʤ ʧʝʨʝʭʦʜʝ, ʢʦʪʦʨʳʡ ʚʳʟʳʚʘʝʪ ʜʝʬʦʨʤʘʮʠʶ 

ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʬʘʟʳ, ʦʙʝʩʧʝʯʠʚʘʷ ʣʫʯʰʫʶ ʩʚʷʟʴ ʤʝʞʜʫ ʜʚʫʤʷ ʬʘʟʘʤʠ ʚ 

ʢʦʤʧʦʟʠʪʘʭ (1īx)Bi(Ni1/2Ti1/2)O3ïPbTiO3/xNi0,6Zn0,4Fe2O4. ʅʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʝ 

ʩʧʝʢʘʥʠʝ ʢʦʤʧʦʟʠʪʦʚ ʫʤʝʥʴʰʘʝʪ ʦʙʨʘʟʦʚʘʥʠʝ ʚʪʦʨʠʯʥʳʭ ʧʨʠʤʝʩʥʳʭ ʬʘʟ, ʯʪʦ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʦʣʴʰʦʡ ʄʕ-ʦʪʢʣʠʢ, ʪʘʢʞʝ ʥʘʙʣʶʜʘʝʤʳʡ ʚ ʢʦʤʧʦʟʠʪʘʭ. Bangruwa et 

al. [157] ʠʩʩʣʝʜʦʚʘʣʠ ʢʦʤʧʦʟʠʪʳ ʧʝʨʦʚʩʢʠʪʦʚ ʠ ʬʝʨʨʠʪʦʚ-ʰʧʠʥʝʣʝʡ, ʢʦʪʦʨʳʝ ʜʘʶʪ 
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ʫʣʫʯʰʝʥʥʳʝ ʧʝʪʣʠ ʬʝʨʨʦʤʘʛʥʠʪʥʦʛʦ ʛʠʩʪʝʨʝʟʠʩʘ, ʭʦʨʦʰʠʝ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ ʠ ʫʤʝʥʴʰʝʥʥʳʡ ʪʦʢ ʫʪʝʯʢʠ. 

ʇʨʦʩʪʳʝ ʜʠʩʧʝʨʩʥʳʝ ʢʦʤʧʦʟʠʪʳ fNiFe2O4/(1- f) PbZr0,57Ti0,43O3 ʙʳʣʠ 

ʠʟʛʦʪʦʚʣʝʥʳ ʧʦ ʩʪʘʥʜʘʨʪʥʦʡ ʢʝʨʘʤʠʯʝʩʢʦʡ ʪʝʭʥʦʣʦʛʠʠ [158]. ʕʬʬʝʢʪʠʚʥʦʩʪʴ 

ʤʘʛʥʠʪʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʢʦʤʧʦʟʠʪʦʚ ʩʠʣʴʥʦ ʟʘʚʠʩʝʣʘ ʦʪ ʦʙʲʝʤʥʦʡ 

ʜʦʣʠ ʬʝʨʨʠʪʘ, ʘ ʤʘʢʩʠʤʘʣʴʥʳʡ ʄʕ ʵʬʬʝʢʪ ʦʢʦʣʦ 80 ʤɺ ʩʤ-1 ʕ-1 ʥʘʙʣʶʜʘʣʩʷ ʚ 

ʢʦʤʧʦʟʠʪʝ ʧʨʠ f = 0,32. 

ɽʱʝ ʦʜʠʥ ʚʘʞʥʳʡ ʚʳʚʦʜ, ʠʤʝʝʪ ʦʪʥʦʰʝʥʠʝ ʢ ʨʝʟʦʥʘʥʩʥʦʤʫ ʄʕ-ʵʬʬʝʢʪʫ ʚ 

ʦʙʲʝʤʥʳʭ ʢʦʤʧʦʟʠʪʘʭ ʬʝʨʨʠʪ-ʎʊʉ [159]. ʀʟ ʜʘʥʥʳʭ ʩʣʝʜʫʝʪ ʧʨʠ ʨʝʟʦʥʘʥʩʥʦʡ 

ʯʘʩʪʦʪʝ ʚ ʩʠʩʪʝʤʘʭ ʬʝʨʨʠʪ ʥʠʢʝʣʷ-ʎʊʉ ʧʨʦʠʩʭʦʜʠʪ ʨʝʟʢʦʝ ʫʩʠʣʝʥʠʝ ʄʕ-

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʠ ʄʕ ʢʦʵʬʬʠʮʠʝʥʪ ʧʦ ʥʘʧʨʷʞʝʥʠʶ ʜʦʩʪʠʛʘʝʪ 23000 ʤɺ/ʩʤ ʕ. 

ʆʙʱʝʝ ʫʚʝʣʠʯʝʥʠʝ ŬE,L ʧʨʠ ʨʝʟʦʥʘʥʩʝ ʚ ʦʙʲʝʤʥʳʭ ʦʙʨʘʟʮʘʭ ʙʳʣʦ ʥʘʤʥʦʛʦ ʚʳʰʝ, 

ʯʝʤ ʚ ʩʣʦʠʩʪʳʭ ʩʠʩʪʝʤʘʭ. 

ʆʜʥʘʢʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʚʳʩʦʢʠʝ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

ʩʚʠʥʝʮʩʦʜʝʨʞʘʱʠʭ ʧʴʝʟʦʵʣʝʢʪʨʠʢʦʚ, ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘ ʤʠʨʦʚʦʤ ʫʨʦʚʥʝ 

ʚʚʦʜʷʪʩʷ ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠʟ-ʟʘ ʪʦʢʩʠʯʥʦʩʪʠ ʩʚʠʥʮʘ10, ʚ ʩʚʷʟʠ ʩ 

ʯʝʤ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ ʷʚʣʷʝʪʩʷ ʧʦʠʩʢ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʙʝʩʩʚʠʥʮʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

ɺ ʵʪʦʤ ʩʤʳʩʣʝ ʦʩʦʙʳʡ ʠʥʪʝʨʝʩ ʚʳʟʳʚʘʶʪ ʢʦʤʧʦʟʠʪʳ ʥʘ ʦʩʥʦʚʝ ʪʠʪʘʥʘʪʘ-ʮʠʨʢʦʥʘʪʘ 

ʙʘʨʠʷ-ʢʘʣʴʮʠʷ, ʪ.ʢ. ʩʨʝʜʠ ʙʝʩʩʚʠʥʮʦʚʳʭ ʧʴʝʟʦʵʣʝʢʪʨʠʢʦʚ ʜʘʥʥʳʡ ʤʘʪʝʨʠʘʣ 

ʦʙʣʘʜʘʝʪ ʨʝʢʦʨʜʥʦ ʚʳʩʦʢʠʤʠ ʧʴʝʟʦʧʘʨʘʤʝʪʨʘʤʠ. 

ʇʦʵʪʦʤʫ ʧʨʝʜʧʨʠʥʠʤʘʶʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʝ ʫʩʠʣʠʷ ʧʦ ʧʦʣʫʯʝʥʠʶ 

ʤʫʣʴʪʠʬʝʨʨʦʠʯʥʳʭ ʤʘʛʥʠʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʙʝʩʩʚʠʥʮʦʚʳʭ ʢʦʤʧʦʟʠʪʦʚ. ʅʘʧʨʠʤʝʨ, 

ʠʤʝʝʪʩʷ ʥʝʩʢʦʣʴʢʦ ʧʫʙʣʠʢʘʮʠʡ ʦ ʙʝʩʩʚʠʥʮʦʚʳʭ ʤʫʣʴʪʠʬʝʨʨʦʠʯʥʳʭ ʢʦʤʧʦʟʠʪʘʭ ʠʟ 

                                                           
10 ʉʚʠʥʝʮ ʠ ʙʦʣʴʰʠʥʩʪʚʦ ʝʛʦ ʩʦʝʜʠʥʝʥʠʡ ʪʦʢʩʠʯʥʳ ʠ ʚ̫ʣʷʶʪʩʷ ʧʦʪʝʥʮʠʘʣʴʥʳʤʠ ʢʘʥʮʝʨʦʛʝʥʘʤʠ ʜʣʷ ʦʨʛʘʥʠʟʤʘ 

ʯʝʣʦʚʝʢʘ. ʆʩʦʙʝʥʥʦ ʷʜʦʚʠʪʳ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʝ ʠ ʣʝʪʫʯʠʝ ʤʝʪʘʣʣʦʦʨʛʘʥʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ. ʊʦʢʩʠʯʥʳ ʪʘʢʞʝ ʧʘʨʳ 

ʨʘʩʧʣʘʚʣʝʥʥʦʛʦ ʩʚʠʥʮʘ. ʇʨʠ ʦʩʪʨʦʤ ʦʪʨʘʚʣʝʥʠʠ ʥʘʩʪʫʧʘʶʪ ʙʦʣʠ ʚ ʞʠʚʦʪʝ, ʚ ʩʫʩʪʘʚʘʭ, ʩʫʜʦʨʦʛʠ, ʦʙʤʦʨʦʢʠ. ʉʚʠʥʝʮ 

ʤʦʞʝʪ ʥʘʢʘʧʣʠʚʘʪʴʩʷ ʚ ʢʦʩʪʷʭ, ʚʳʟʳʚʘʷ ʠʭ ʧʦʩʪʝʧʝʥʥʦʝ ʨʘʟʨʫʰʝʥʠʝ, ʢʦʥʮʝʥʪʨʠʨʫʝʪʩʷ ʚ ʧʝʯʝʥʠ ʠ ʧʦʯʢʘʭ. ʆʩʦʙʝʥʥʦ 

ʦʧʘʩʥʦ ʚʦʟʜʝʡʩʪʚʠʝ ʩʚʠʥʮʘ ʥʘ ʜʝʪʝʡ: ʧʨʠ ʜʣʠʪʝʣʴʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʦʥ ʚʳʟʳʚʘʝʪ ʫʤʩʪʚʝʥʥʫʶ ʦʪʩʪʘʣʦʩʪʴ ʠ 

ʭʨʦʥʠʯʝʩʢʠʝ ʟʘʙʦʣʝʚʘʥʠʷ ʤʦʟʛʘ. ɺ ɽʚʨʦʧʝʡʩʢʦʤ ʩʦʶʟʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʚʠʥʮʘ ʩʫʱʝʩʪʚʝʥʥʦ ʦʛʨʘʥʠʯʝʥʦ ʜʠʨʝʢʪʠʚʦʡ 

RoHS. ʇɼʂ ʩʦʝʜʠʥʝʥʠʡ ʩʚʠʥʮʘ ʚ ʘʪʤʦʩʬʝʨʥʦʤ ʚʦʟʜʫʭʝ ð 0,003 ʤʛ/ʤį, ʚ ʚʦʜʝ ð 0,03 ʤʛ/ʣ, ʧʦʯʚʝ ð 20,0 ʤʛ/ʢʛ. 

ɺʳʙʨʦʩ ʩʚʠʥʮʘ ʠ ʝʛʦ ʩʦʝʜʠʥʝʥʠʡ ʚ ʄʠʨʦʚʦʡ ʦʢʝʘʥ ʩʦʩʪʘʚʣʷʝʪ 430ð650 ʪʳʩʷʯ ʪʦʥʥ ʚ ʛʦʜ. 
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(1-x)(Bi0.5Na0.5)TiO3-xCoFe2O4 [160], Ba0.85Ca0.15Zr0.1Ti0.9O3-CoFe2O4 [161], NiFe2O4-

BaTiO3 [162], (x)Ba0.95Sr0.05TiO3-(1-x)BiFe0.90Dy0.10O3 [163] ʠ ʪ.ʜ.  

ʆʙʨʘʟʮʳ ʩʤʝʩʝʚʦʡ ʢʦʤʧʦʟʠʮʠʦʥʥʦʡ ʢʝʨʘʤʠʢʠ Ba0.85Ca0.15Zr0.1Ti0.9O3-CoFe2O4 

(BCZT-CFO) ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʷʜʨʦ-ʦʙʦʣʦʯʢʘ [164] ʩʦʯʝʪʘʶʪ ʤʘʛʥʠʪʥʳʝ ʠ 

ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ, ʧʨʠ ʵʪʦʤ ʄʕ ʢʦʵʬʬʠʮʠʝʥʪ ʩʦʩʪʘʚʣʷʝʪ 12.15 

ʤɺ/(ʩʤÖʕ). 

ɺ ʨʘʙʦʪʝ [165] ʠʩʩʣʝʜʦʚʘʥʳ ʩʤʝʩʝʚʳʝ ʢʦʤʧʦʟʠʪʳ x(Co0.9Ni0.1Fe2O4) - (1-x) 

[0.5(Ba0.7Ca0.3TiO3)-0.5(BaZr0.2Ti0.8O3)] ʩ ʨʘʟʣʠʯʥʳʤ ʩʦʦʪʥʦʰʝʥʠʝʤ ʬʘʟ ʅʘʠʙʦʣʴʰʝʝ 

ʟʥʘʯʝʥʠʝ ʣʠʥʝʡʥʦʛʦ ʄʕ ʢʦʵʬʬʠʮʠʝʥʪʘ ʩʦʩʪʘʚʣʷʣʦ 21.6 ʤɺ/(ʩʤÖʕ) ʥʘ ʯʘʩʪʦʪʝ 1 ʢɻʮ 

ʜʣʷ ʢʦʤʧʦʟʠʪʘ 40CNFO-60(BCT-BZT).  

ɺ ʨʘʙʦʪʝ [166] ʠʩʩʣʝʜʦʚʘʥʳ ʄʕ ʩʤʝʩʝʚʳʝ ʢʦʤʧʦʟʠʪʳ ʨʘʟʣʠʯʥʦʛʦ ʩʦʩʪʘʚʘ (1 - 

x) [0.5Ba(Zr0.2Ti0.8)O3-0.5 (Ba0.7Ca0.3)TiO3] - xNi0.8Zn0.2Fe2O4, x = 0; 0,15; 0,25; 0,35 ʠ 

0,45. ʄʘʢʩʠʤʘʣʴʥʳʡ ʄʕ ʢʦʵʬʬʠʮʠʝʥʪ ~12.95 ʤɺ/(ʩʤÖʕ) ʥʘ ʯʘʩʪʦʪʝ ʧʨʠʣʦʞʝʥʥʦʛʦ 

ʧʝʨʝʤʝʥʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ 1 ʢɻʮ ʠ 254 ʤɺ/(ʩʤÖʕ) ʥʘ ʨʝʟʦʥʘʥʩʥʦʡ ʯʘʩʪʦʪʝ 35 ʢɻʮ 

ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʥʘʡʜʝʥ ʜʣʷ ʢʦʤʧʦʟʠʪʦʚ ʩ x = 0.25. 

ɺ ʨʘʙʦʪʝ [161] ʘʚʪʦʨʳ ʩʦʦʙʱʘʶʪ ʦʙ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ 

ʩʪʨʫʢʪʫʨʳ, ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ, ʤʘʛʥʠʪʥʳʭ, ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠ 

ʤʘʛʥʠʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʩʤʝʩʝʚʳʭ ʙʝʩʩʚʠʥʮʦʚʳʭ ʢʦʤʧʦʟʠʪʦʚ (1-x) 

Ba0.85Ca0.15Ti0.90Zr0.10O3 - (x) CoFe2O4 (BCTZ-CFO) ʩ x = 0.1, 0.3 0,5, 0,7 ʠ 0,9. 

ʂʦʤʧʦʟʠʪ ʩ 10 ʤʘʩʩ. % CFO ʧʨʦʷʚʣʷʣ ʤʘʢʩʠʤʘʣʴʥʫʶ ʧʦʣʷʨʠʟʘʮʠʶ, ʦʩʪʘʪʦʯʥʫʶ 

ʧʦʣʷʨʠʟʘʮʠʶ ʠ ʢʦʵʨʮʠʪʠʚʥʦʝ ʧʦʣʝ Ps = 5.1 ʤʂʣ/ʩʤ
2, Pr = 1.4 ʤʂʣ/ʩʤ

2 ʠ Ec = 11.6 

ʢɺ/ʩʤ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʂʦʤʧʦʟʠʪ BCTZ-CFO ʩ 90 ʤʘʩʩ.% CFO ʜʝʤʦʥʩʪʨʠʨʫʝʪ 

ʫʣʫʯʰʝʥʥʳʝ ʬʝʨʨʦʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʩ Ms 32 ʵʤʫ/ʛ, Mr 11,7 ʵʤʫ/ʛ ʠ Hc = 504 ʕ. ʂ 

ʩʦʞʘʣʝʥʠʶ, ʚ ʨʘʙʦʪʝ ʥʝ ʧʨʠʚʦʜʷʪʩʷ ʜʘʥʥʳʝ ʦ ʄʕ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʢʦʤʧʦʟʠʪʦʚ. 

ʀʪʘʢ, ʩʤʝʩʝʚʳʝ ʢʦʤʧʦʟʠʪʳ ʥʘ ʦʩʥʦʚʝ ʮʠʨʢʦʥʘʪʘ-ʪʠʪʘʥʘʪʘ ʙʘʨʠʷ ʢʘʣʴʮʠʷ 

ʜʦʩʪʘʪʦʯʥʦ ʵʬʬʝʢʪʠʚʥʳ, ʦʜʥʘʢʦ ʙʦʣʝʝ ʚʧʝʯʘʪʣʷʶʱʠʭ ʨʝʟʫʣʴʪʘʪʦʚ ʫʜʘʝʪʩʷ 

ʜʦʙʠʪʴʩʷ ʚ ʩʣʫʯʘʝ ʩʵʥʜʚʠʯʝʚʳʭ ʠ ʪʦʥʢʦʧʣʝʥʦʯʥʳʭ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨ, ʥʘ ʢʦʪʦʨʳʭ 

ʜʘʣʝʝ ʦʩʪʘʥʦʚʠʤʩʷ ʯʫʪʴ ʧʦʜʨʦʙʥʝʝ. 
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ʊʘʢ, ʚ ʨʘʙʦʪʝ [167] ʧʦʣʫʯʝʥʳ ʙʝʩʩʚʠʥʮʦʚʳʝ ʤʫʣʴʪʠʬʝʨʨʦʠʯʥʳʝ ʢʦʤʧʦʟʠʪʳ 

(Ba0,85Ca0,15)(Zr0,1Ti0,9)O3 - CoFe2O4 ʜʚʫʭ ʚʠʜʦʚ ï ʩʤʝʩʝʚʳʝ ʠ ʩʵʥʜʚʠʯʝʚʳʝ ï ʠ 

ʧʨʦʚʝʜʝʥʦ ʠʭ ʩʨʘʚʥʝʥʠʝ. ɼʣʷ ʩʣʦʠʩʪʳʭ ʢʦʤʧʦʟʠʪʦʚ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚʳʩʦʢʠʝ 

ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʢʦʵʬʬʠʮʠʝʥʪʳ, d33 ~ 630 ʧʂʣ/ʅ, g33 ~ 11 ʤɺÖʤ/ʅ ʠ 

ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʷ ~ 183 ʤ.ʜ. ɺʳʩʦʢʠʡ ʄʕ ʢʦʵʬʬʠʮʠʝʥʪ ~ 803 ʤɺ/(ʩʤÖʕ) ʙʳʣ 

ʧʦʣʫʯʝʥ ʜʣʷ ʪʨʝʭʩʣʦʡʥʦʛʦ ʢʦʤʧʦʟʠʪʘ, ʯʪʦ ʚ 8 ʨʘʟ ʚʳʰʝ, ʯʝʤ ʫ ʩʤʝʩʝʚʦʛʦ ʢʦʤʧʦʟʠʪʘ, 

ʜʣʷ ʢʦʪʦʨʦʛʦ ʦʥ ʩʦʩʪʘʚʠʣ ~104 ʤɺ/(ʩʤÖʕ). ɼʚʫʭʩʣʦʡʥʘʷ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʘ ʧʦʢʘʟʘʣʘ 

ʤʘʢʩʠʤʘʣʴʥʳʡ ʄʕ ʢʦʵʬʬʠʮʠʝʥʪ ~615 ʤɺ/(ʩʤÖʕ). 

ɺ ʨʘʙʦʪʝ [168] ʠʩʩʣʝʜʦʚʘʥʳ ʪʦʥʢʦʧʣʝʥʦʯʥʳʝ ʩʪʨʫʢʪʫʨʳ ʩ ʨʘʟʥʦʡ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴʶ ʥʘʥʝʩʝʥʠʷ ʩʣʦʝʚ ʧʴʝʟʦʵʣʝʢʪʨʠʢʘ Ba0,8Sr0,2Ti0,9Zr0,1O3 (ɺ) ʠ 

ʬʝʨʨʠʪʘ Ni0,8Zn0,2Fe2O4 (N) - (BN) ʠ (NB) - ʥʘ ʧʦʜʣʦʞʢʠ Pt/Ti/SiO2/Si ʤʝʪʦʜʦʤ ʟʦʣʴ-

ʛʝʣʴ ʠ ʤʝʪʦʜʦʤ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʷ. ʄʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʄʕ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʩʦʩʪʘʚʣʷʝʪ 70.14 ʤɺ/(ʩʤÖʕ) ʜʣʷ ʢʦʤʧʦʟʠʪʘ NB ʚ ʩʤʝʱʘʶʱʝʤ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ 638 

ʕ. 

ɺ ʨʘʙʦʪʝ [169] ʠʩʩʣʝʜʦʚʘʥʳ ʦʨʠʝʥʪʘʮʠʦʥʥʳʝ ʤʦʜʫʣʠʨʦʚʘʥʥʳʝ 

ʤʫʣʴʪʠʬʝʨʨʦʠʯʥʳʝ ʩʚʦʡʩʪʚʘ ʜʚʫʭʩʣʦʡʥʳʭ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨ ʥʘ ʦʩʥʦʚʝ 

Ba0.85Ca0.15Zr0.1Ti0.9O3 (BCZT), ʛʜʝ ʚ ʢʘʯʝʩʪʚʝ ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʦʥʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʘʛʥʘʥʠʪ ʢʘʣʴʮʠʷ-ʣʘʥʪʘʥʘ La0.67Ca0.33MnO3 (LCMO). ʆʧʪʠʤʘʣʴʥʳʝ 

ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʦʙʥʘʨʫʞʝʥʳ ʫ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨ, 

ʚʳʨʘʱʝʥʥʳʭ ʥʘ (001)-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʧʦʜʣʦʞʢʘʭ. ʄʘʢʩʠʤʘʣʴʥʳʡ ʄʕ ɻʬʬʝʢʪ 

207 ʤɺ/(ʩʤÖʕ) ʧʦʣʫʯʝʥ ʜʣʷ (111)-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʳ. 

ɺ ʨʘʙʦʪʝ [170] ʘʚʪʦʨʳ ʩʦʦʙʱʘʶʪ ʦ ʤʫʣʴʪʠʬʝʨʨʦʠʯʥʳʭ ʩʚʦʡʩʪʚʘʭ 

ʥʘʥʦʢʦʤʧʦʟʠʪʘ M(1/4Mn,Co,Ni,Zn)Fe2O4/BaTiO3 (MFO/BTO) ʚ ʪʦʥʢʦʧʣʝʥʦʯʥʦʤ 

ʠʩʧʦʣʥʝʥʠʠ. ʊʦʥʢʠʝ ʧʣʝʥʢʠ MFO/BTO ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʤʝʪʦʜʦʤ 

ʤʝʪʘʣʣʦʦʨʛʘʥʠʯʝʩʢʦʛʦ ʨʘʟʣʦʞʝʥʠʷ. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʝʤʢʦʩʪʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʥʘʧʨʷʞʝʥʠʷ ʩʤʝʱʝʥʠʷ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʧʨʠʣʦʞʝʥʥʦʛʦ ʧʦʩʪʦʷʥʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ 

ʧʦʣʷ ʫʢʘʟʳʚʘʶʪ ʥʘ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʦʝ ʧʦʚʝʜʝʥʠʝ ʠ ʥʘʣʠʯʠʝ 

ʤʘʛʥʠʪʦʜʠʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ. ɼʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʫʤʝʥʴʰʘʝʪʩʷ 

ʩ ʧʨʠʣʦʞʝʥʠʝʤ ʧʦʩʪʦʷʥʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʢʦʪʦʨʦʝ ʦʪʚʝʯʘʝʪ ʟʘ ʦʪʨʠʮʘʪʝʣʴʥʳʡ 
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ʤʘʛʥʠʪʦʜʠʵʣʝʢʪʨʠʯʝʩʢʠʡ ʵʬʬʝʢʪ. ʅʘʠʙʦʣʝʝ ʚʳʩʦʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʦʜʦʣʴʥʦʡ 

ʤʘʛʥʠʪʦʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʚʷʟʠ ʧʦʣʫʯʝʥ ʚ ʥʘʥʦʢʦʤʧʦʟʠʪʝ 

M(1/4Mn,Co,Ni,Zn)FO/BTO ʠ ʦʥ ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʤ 

ʢʦʵʬʬʠʮʠʝʥʪʦʤ d33. 

ɺ ʨʘʙʦʪʝ [171] ʪʦʥʢʠʝ ʙʝʩʩʚʠʥʮʦʚʳʝ ʢʦʤʧʦʟʠʪʥʳʝ ʧʣʝʥʢʠ ʩʦʩʪʦʷʪ ʠʟ Ba1-

xCaxZr0,10Ti0,90O3 (BCZT, x = 0, 0.10 ʠ 0.15) ʚ ʢʘʯʝʩʪʚʝ 

ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʦʡ/ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʬʘʟʳ ʠ Ni0,92(Cu0,05Co0,03)Fe2O4 

(NCCFO) ʚ ʢʘʯʝʩʪʚʝ ʬʝʨʨʦʤʘʛʥʠʪʥʳʡ/ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʦʥʥʳʡ ʬʘʟʳ. ʀʩʩʣʝʜʦʚʘʥʳ 

ʠʭ ʤʫʣʴʪʠʬʝʨʨʦʠʯʥʳʝ, ʤʘʛʥʠʪʦʜʠʵʣʝʢʪʨʠʯʝʩʢʠʝ ʠ ʤʘʛʥʠʪʦʵʣʝʢʪʨʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ. ɼʣʷ ʢʦʤʧʦʟʠʪʥʦʡ ʧʣʝʥʢʠ NCCFO/BCZT10 ʧʦʣʫʯʝʥ ʤʘʢʩʠʤʘʣʴʥʳʡ 

ʢʦʵʬʬʠʮʠʝʥʪ ʤʘʛʥʠʪʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 22.4 ʤɺ/(ʩʤÖʕ).  

ʈʘʩʩʯʠʪʘʥʳ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʤʫʣʴʪʠʬʝʨʨʦʠʯʥʳʭ ʢʦʤʧʦʟʠʪʦʚ 

(BCTZ-CFO) ʠ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʩʦʜʝʨʞʘʥʠʝ 10 ʤʘʩʩ. % CFO ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʤʘʢʩʠʤʘʣʴʥʫʶ ʦʩʪʘʪʦʯʥʫʶ ʧʦʣʷʨʠʟʘʮʠʶ Pr ~ 1,4 ʤʢʂʣ/ʩʤ
2 [161]. ɺ ʨʘʙʦʪʝ [172] 

ʠʩʩʣʝʜʦʚʘʥ ʤʫʣʴʪʠʬʝʨʨʦʠʯʥʳʡ ʢʝʨʘʤʠʯʝʩʢʠʡ ʢʦʤʧʦʟʠʪ BCZT-CoFe2O4 ʠ 

ʦʙʥʘʨʫʞʝʥʘ ʚʳʩʦʢʘʷ ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ 2160 ʠ ʪʘʥʛʝʥʩ ʧʦʪʝʨʴ 0,6.  ɺ 

ʨʘʙʦʪʝ [173] ʠʟʫʯʠʣʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʤʫʣʴʪʠʬʝʨʨʦʠʯʥʦʛʦ ʢʦʤʧʦʟʠʪʘ 

BCZT-CFO (CoFe2O4) ʠ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʪʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʜʝʡʩʪʚʠʪʝʣʴʥʦʡ 

ʯʘʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ Ů ǋ(T) ʜʣʷ ʢʦʤʧʦʟʠʪʘ BCZT85-CFO15 ʠʤʝʝʪ 

ʧʠʢʦʚʦʝ ʟʥʘʯʝʥʠʝ ʦʢʦʣʦ 370 ʂ.  

ʀʩʩʣʝʜʦʚʘʥʳ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʠ ʬʝʨʨʦʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ 

ʤʫʣʴʪʠʬʝʨʨʦʠʯʥʦʛʦ ʢʦʤʧʦʟʠʪʘ 50BCZT-50NFO ʠ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʦʩʪʘʪʦʯʥʘʷ ʠ 

ʧʦʣʷʨʠʟʘʮʠʷ ʥʘʩʳʱʝʥʠʷ 8,34 ʠ 17,4 ʤʢʂʣ/ʩʤ2 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ [174]. 

ʄʝʪʦʜ ʩʧʝʢʘʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʠʢʨʦʚʦʣʥʦʚʦʛʦ ʣʫʯʝʚʦʛʦ ʥʘʛʨʝʚʘ 

(MARH) ʜʣʷ ʩʠʥʪʝʟʘ (BZT ï NFO) ʢʦʤʧʦʟʠʪʘ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʚ [175]. ɹʳʣʦ 

ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʤʦʱʥʦʩʪʠ ʤʠʢʨʦʚʦʣʥʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ. ɼʣʷ ʦʙʨʘʟʮʘ, ʩʧʝʯʝʥʥʦʛʦ ʩ 

ʤʦʱʥʦʩʪʴʶ ʤʠʢʨʦʚʦʣʥʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ 15%, ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ 
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ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʥʘ 35%, ʘ ʪʦʢ ʫʪʝʯʢʠ ʫʤʝʥʴʰʘʝʪʩʷ ʥʘ ʧʦʨʷʜʦʢ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ tgŭ 

ʫʚʝʣʠʯʠʣʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʤʦʱʥʦʩʪʠ ʤʠʢʨʦʚʦʣʥʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ. 

ɸʚʪʦʨʳ [176; 177] ʠʩʩʣʝʜʦʚʘʣʠ ʩʣʦʠʩʪʳʝ ʢʦʤʧʦʟʠʪʳ (1-x) 

Ba0.85Ca0.15Zr0.10Ti0.90O3-xLa0.67Ca0.33MnO3 ((1-x) BCZT-xLCMO) ʠ (BCZT / LCMO / 

BCZT) ʠ ʥʘʙʣʶʜʘʣʠ ʫʣʫʯʰʝʥʥʳʝ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʯʠʩʪʳʤ BCZT. ɼʠʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʠʟʤʝʨʷʣʠʩʴ ʢʘʢ ʜʣʷ ʨʘʟʥʳʭ ʪʝʤʧʝʨʘʪʫʨ 

(25ï200 ÁC), ʪʘʢ ʠ ʥʘ ʨʘʟʥʳʭ ʯʘʩʪʦʪʘʭ (20 ɻʮ ï 1 ʄɻʮ). ɺ ʦʙʦʠʭ ʢʦʤʧʦʟʠʪʘʭ ʩ 

ʫʚʝʣʠʯʝʥʠʝʤ ʯʘʩʪʦʪʳ ʥʘʙʣʶʜʘʣʦʩʴ ʥʝʧʨʝʨʳʚʥʦʝ ʫʤʝʥʴʰʝʥʠʝ Ůr, ʪʦʛʜʘ ʢʘʢ ʪʘʥʛʝʥʩ 

ʫʛʣʘ ʧʦʪʝʨʴ ʩʥʘʯʘʣʘ ʫʤʝʥʴʰʘʣʩʷ, ʘ ʟʘʪʝʤ ʫʚʝʣʠʯʠʚʘʣʩʷ. ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ 

ʩʦʜʝʨʞʘʥʠʷ LCMO Ůr ʠ tanŭ ʫʚʝʣʠʯʠʚʘʣʠʩʴ. ʅʘʠʙʦʣʴʰʝʝ ʟʥʘʯʝʥʠʝ Ům ʩʦʩʪʘʚʣʷʝʪ 

20280 ʜʣʷ x = 0,5, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʩʠʣʴʥʦ 

ʟʘʚʠʩʠʪ ʦʪ ʩʦʦʪʥʦʰʝʥʠʷ ʪʦʣʱʠʥ ʬʝʨʨʦʤʘʛʥʠʪʥʦʛʦ LCMO ʠ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 

BCZT ʩʣʦʝʚ. 

ɺ ʩʪʘʪʴʝ [130] ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʢʝʨʘʤʠʯʝʩʢʠʝ 

ʧʦʜʣʦʞʢʠ (BZT-BCT) ʜʣʷ ʦʩʘʞʜʝʥʠʷ ʬʝʨʨʦʤʘʛʥʠʪʥʳʭ (LSMO) 

ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʧʣʝʥʦʢ ʜʣʷ ʙʝʩʩʚʠʥʮʦʚʳʭ ʤʫʣʴʪʠʬʝʨʨʦʠʜʥʳʭ ʩʪʨʫʢʪʫʨ, 

ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʤʘʢʩʠʤʘʣʴʥʘ ʜʣʷ ʤʝʥʴʰʠʭ 

ʯʘʩʪʦʪ ʠ ʫʤʝʥʴʰʘʝʪʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʯʘʩʪʦʪʳ. 

ɹʳʣʠ ʧʦʣʫʯʝʥʳ ʤʫʣʴʪʠʬʝʨʨʦʠʯʥʳʝ ʥʘʥʦʢʦʤʧʦʟʠʪʳ x [Co0.9Ni0.1Fe2O4] - (1-x) 

[0.5(Ba0.7Ca0.3)TiO3) -0.5Ba(Zr0.2Ti0.8)O3], x = 0.1, 0.2, 0.3, 0,4, ʠ ʠʩʩʣʝʜʦʚʘʥʳ Ůr, tanŭ 

ʠ ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʪʝʨʴ ʢʘʢ ʬʫʥʢʮʠʷ ʯʘʩʪʦʪʳ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʢʦʤʧʦʟʠʪʦʚ.  

ʆʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʬʘʟʳ 

ʙʦʣʴʰʝ, ʯʝʤ ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʬʝʨʨʠʪʥʦʡ ʬʘʟʳ ʥʘ ʯʘʩʪʦʪʝ ʚʳʰʝ 1 

ʢɻʮ. ʋʚʝʣʠʯʝʥʥʘʷ ʤʘʛʥʠʪʦʝʤʢʦʩʪʴ ʠʟʤʝʨʷʣʘʩʴ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. 

ɼʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʫʤʝʥʴʰʘʣʘʩʴ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʯʘʩʪʦʪʳ, ʚ ʪʦ ʚʨʝʤʷ 

ʢʘʢ ʥʘ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʯʘʩʪʦʪʘʭ ʦʥʘ ʦʩʪʘʚʘʣʘʩʴ ʧʦʩʪʦʷʥʥʦʡ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʩ 

ʫʚʝʣʠʯʝʥʠʝʤ ʯʘʩʪʦʪʳ tgŭ ʫʤʝʥʴʰʘʣʩʷ. ʋʚʝʣʠʯʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʬʝʨʨʠʪʘ 

ʚʳʟʳʚʘʣʦ ʫʚʝʣʠʯʝʥʠʝ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ. ʄʘʢʩʠʤʘʣʴʥʘʷ 
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ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ 2264 ʙʳʣʘ ʦʙʥʘʨʫʞʝʥʘ ʜʣʷ 10CNFO-90 [50BCT-

BZT] [179]. 

ʆ ʤʘʛʥʠʪʦʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚʘʭ ʢʦʤʧʦʟʠʪʦʚ LSMO ʠ BCT-BZT ʪʘʢʞʝ 

ʩʦʦʙʱʠʣʠ ʚ ʨʘʙʦʪʝ [180]. ɼʣʷ ʠʟʤʝʨʝʥʠʷ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʙʳʣ ʚʳʙʨʘʥ 

ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʜʠʘʧʘʟʦʥ 30ï150 ÁC ʠ ʯʘʩʪʦʪʳ 1, 10, 100 ʢɻʮ ʠ 1 ʄɻʮ. ɹʳʣʦ 

ʟʘʤʝʯʝʥʦ, ʯʪʦ Tm ʥʝʤʥʦʛʦ ʩʜʚʠʛʘʝʪʩʷ ʚ ʩʪʦʨʦʥʫ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʧʨʠ 

ʫʚʝʣʠʯʝʥʠʠ ʯʘʩʪʦʪʳ ʩ 100 ɻʮ ʜʦ 1 ʄɻʮ. ɼʣʷ ʩʦʩʪʘʚʘ 0.5BCT ï 0.5BZT tgŭ ʦʢʘʟʘʣʩʷ 

ʤʘʢʩʠʤʘʣʴʥʳʤ ʧʨʠ Tm. ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʯʘʩʪʦʪʳ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʝ ʧʦʪʝʨʠ ʩʥʘʯʘʣʘ 

ʫʤʝʥʴʰʘʣʠʩʴ, ʘ ʟʘʪʝʤ ʧʦʯʪʠ ʜʦʩʪʠʛʣʠ ʧʦʩʪʦʷʥʥʦʛʦ ʟʥʘʯʝʥʠʷ. 

ɺ ʨʘʙʦʪʝ [181] ʠʩʩʣʝʜʦʚʘʣʠ ʚʣʠʷʥʠʝ ʜʦʙʘʚʢʠ LSMO ʥʘ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ ʢʝʨʘʤʠʢʠ BZT. ɼʦʙʘʚʣʝʥʠʝ LSMO ʚʳʟʳʚʘʣʦ ʠʟʤʝʥʝʥʠʝ ʢʨʠʚʳʭ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ. Tanŭ ʫʚʝʣʠʯʠʚʘʣʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʩʦʜʝʨʞʘʥʠʷ 

LSMO, ʠ ʙʳʣʦ ʚʳʩʢʘʟʘʥʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʚʚʝʜʝʥʠʝ LSMO ʦʢʘʟʳʚʘʝʪ ʩʠʣʴʥʦʝ 

ʚʣʠʷʥʠʝ ʥʘ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʢʦʤʧʦʟʠʪʘ. 

ʋʯʝʥʳʝ ʠʩʩʣʝʜʦʚʘʣʠ ʤʫʣʴʪʠʬʝʨʨʦʠʯʥʳʝ ʥʘʥʦʢʦʤʧʦʟʠʪʳ x 

[0.5Ba(Zr0.2Ti0.8)O3-0.5(Ba0.7Ca0.3)TiO3]-(1-x)CoFe1.8Cr0.2O4, ʛʜʝ x ʚʘʨʴʠʨʦʚʘʣʩʷ ʦʪ 

0,2, 0,4, 0,6, 0,8 . ʉ ʫʚʝʣʠʯʝʥʠʝʤ x ʚ ʩʠʩʪʝʤʝ ʤʫʣʴʪʠʬʝʨʨʦʠʯʥʳʭ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ 

ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʜʦ x = 0,6, ʘ ʟʘʪʝʤ ʫʤʝʥʴʰʘʶʪʩʷ. ɺ ʵʪʦʡ 

ʩʝʨʠʠ x = 0,6 ʦʢʘʟʘʣʦʩʴ ʦʧʪʠʤʘʣʴʥʳʤ ʧʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʦʡ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʠ ʥʠʟʢʠʭ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʪʝʨʷʭ [182]. ʉʨʘʚʥʝʥʠʝ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʨʘʟʣʠʯʥʳʭ ʤʫʣʴʪʠʬʝʨʨʦʠʯʥʳʭ ʢʦʤʧʦʟʠʪʦʚ ʦʧʠʩʘʥʦ ʚ 

ʊʘʙʣʠʮʝ 2. 

ɸʚʪʦʨʘʤʠ ʨʘʙʦʪʳ [194] ʠʩʩʣʝʜʦʚʘʥʘ ʄʕ ʢʝʨʘʤʠʢʘ (1-y) [Ba0.6-

xCaxSr0.4Zr0.25Ti0.75O3] ï (y) [(Li 0.5Fe0.5)0.4Ni0.18Cu0.12Zn0.3Fe2O4] (x = 0.0, 0.1, 0.2 ʠ y = 

0.2, 0.4, 0.6, 0.8), ʧʦʣʫʯʝʥʥʘʷ ʪʚʝʨʜʦʬʘʟʥʳʤ ʩʧʦʩʦʙʦʤ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ 

ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʬʘʟʳ BCSZTO ʠ ʬʝʨʨʠʪʘ LNCZFO ʦʙʞʠʛ ʧʦʨʦʰʢʦʚ 

ʧʨʦʚʦʜʠʣʩʷ ʧʨʠ ʩʥʠʞʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ï 900 ÁC ʚ ʪʝʯʝʥʠʝ 4 ʯʘʩʦʚ, ʢʦʤʧʦʟʠʪʳ 

ʩʧʝʢʘʣʠ ʧʨʠ 1200 ÁC ʚ ʪʝʯʝʥʠʝ 3 ʯ, ʦʜʥʘʢʦ ʤʝʪʦʜʦʤ ʈʌɸ ʚ ʦʙʨʘʟʮʘʭ ʙʳʣʦ 

ʦʙʥʘʨʫʞʝʥʦ ʧʨʠʩʫʪʩʪʚʠʝ ʧʦʩʪʦʨʦʥʥʝʡ ʬʘʟʳ Ba6Ti17O40.  
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ʊʘʙʣʠʮʘ 2 ï ʉʨʘʚʥʝʥʠʝ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʨʘʟʣʠʯʥʳʭ 

ʤʫʣʴʪʠʬʝʨʨʦʠʯʥʳʭ ʢʦʤʧʦʟʠʪʦʚ. 

ʉʝʛʥʝʪʦʵʣʝʢʪʨʠ

ʯʝʩʢʘʷ 

ʩʦʩʪʘʚʣʷʶʱʘʷ 

ʌʝʨʨʦʤʘʛʥ

ʠʪʥʘʷ 

ʩʦʩʪʘʚʣʷʶ

ʱʘ ̫

ʆʩʪʘʪʦʯ

ʥʘʷ 

ʧʦʣʷʨʠʟ

ʘʮʠʷ 

ɼʠʵʣʝʢʪʨʠʯ

ʝʩʢʘʷ 

ʧʨʦʥʠʮʘʝʤʦ

ʩʪʴ 

ɼʠʵʣʝʢʪʨʠʯ

ʝʩʢʠʝ 

ʧʦʪʝʨʠ 

ʉʩʳʣ

ʢʘ 

BZT LSM 15.7 10.516 

ʋʚʝʣʠʯʝʥʠʝ 

ʩ 

ʫʚʝʣʠʯʝʥʠʝʤ 

ʩʦʜʝʨʞʘʥʠʷ 

LSM 

[182] 

 

BCT-BZT CNFO - 2264 2.58 
[181] 

 

NBT NMF NBT 714 0.03 
[183] 

 

BCZT LCMO 9.4 20.280 0.04 
[176] 

 

BTO CFO 4.46 - - 
[184] 

 

NBT ZFO  

ʋʤʝʥʴʰʘʝʪʩ

ʷ ʥʘ ʙʦʣʝʝ 

ʥʠʟʢʠʭ 

ʯʘʩʪʦʪʘʭ 

ʋʤʝʥʴʰʘʝʪʩ

ʷ ʥʘ ʙʦʣʝʝ 

ʥʠʟʢʠʭ 

ʯʘʩʪʦʪʘʭ 

[185] 

 

BTO 

BTF, 

ʣʝʛʠʨʦʚʘʥʥ

ʳʡ Co ʠ Ni 

2Pr=7.23 

ʋʩʠʣʠʚʘʝʪʩʷ 

ʟʘ ʩʯʝʪ 

ʧʨʠʤʝʥʝʥʠʷ 

ʤʘʛʥʠʪʥʦʛʦ 

ʧʦʣʷ 

ʋʩʠʣʠʚʘʝʪʩʷ 

ʟʘ ʩʯʝʪ 

ʧʨʠʤʝʥʝʥʠʷ 

ʤʘʛʥʠʪʥʦʛʦ 

ʧʦʣʷ 

[186] 
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BZT-BCT LSMO 24 ~16.000 - 
[187] 

 

BCZT CFO - ~1800 - 
[179] 

 

BCZT NFO 8.34 - - 
[177] 

 

BCZT CFO ~1.4 ~678 0.093 
[174] 

 

BZT-BCT LSMO ~47 4900-5100 0.02 
[173] 

 

BZT NFO - ~11.000 

ʋʚʝʣʠʯʠʚʘʝʪ

ʩʷ ʩ 

ʫʚʝʣʠʯʝʥʠʝʤ 

ʪʝʤʧʝʨʘʪʫʨʳ 

ʠ 

ʧʨʦʮʝʥʪʥʦʡ 

ʜʦʣʠ 

ʤʦʱʥʦʩʪʠ ʚ 

ʄɺʪ 

[188] 

 

BZT-BCT CFO - 2489 0.0542 
[175] 

 

BTO CFO - ~3.3*10^4 ~0.19 
[189] 

 

BNT-BT NCZF - 

ʋʤʝʥʴʰʘʝʪʩ

ʷ ʩ 

ʫʚʝʣʠʯʝʥʠʝʤ 

ʯʘʩʪʦʪʳ 

ʋʤʝʥʴʰʘʝʪʩ

ʷ ʩ 

ʫʚʝʣʠʯʝʥʠʝʤ 

ʯʘʩʪʦʪʳ 

[190] 

 

BT NZF 30 2250 0.3 [191] 
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BCZT LCMO 7.444 ~10^4 

ʋʤʝʥʴʰʘʝʪʩ

ʷ ʥʘ ʥʠʟʢʦʡ 

ʯʘʩʪʦʪʝ ʠ 

ʫʚʝʣʠʯʠʚʘʝʪ

ʩʷ ʥʘ 

ʚʳʩʦʢʦʡ 

ʯʘʩʪʦʪʝ 

[172] 

 

BST NCF - 

ɼʠʵʣʝʢʪʨʠʯʝ

ʩʢʘʷ 

ʧʨʦʥʠʮʘʝʤʦʩ

ʪʴ 

ʫʤʝʥʴʰʘʝʪʩʷ 

ʋʤʝʥʴʰʘʝʪʩ

ʷ ʩ 

ʫʚʝʣʠʯʝʥʠʝʤ 

ʯʘʩʪʦʪʳ 

[192] 

 

BCT-BZT LSMO 1.57 ~2500 ~0.02 
[180] 

 

PZT CFO  ~540 
~0.01 ʧʨʠ 1 

MHz 

[193] 

 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘʙʠʨʘʶʪ ʧʦʧʫʣʷʨʥʦʩʪʴ ʠʥʥʦʚʘʮʠʦʥʥʳʝ ʤʝʪʦʜʳ 

ʩʧʝʢʘʥʠʷ, ʚ ʢʦʪʦʨʳʭ ʜʣʷ ʥʘʛʨʝʚʘ ʚʝʱʝʩʪʚʘ ʧʨʠʤʝʥʷʝʪʩʷ ʧʨʦʧʫʩʢʘʥʠʝ ʠʤʧʫʣʴʩʦʚ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ. ʂ ʜʘʥʥʦʡ ʛʨʫʧʧʝ ʤʝʪʦʜʦʚ ʦʪʥʦʩʠʪʩʷ ʠʩʢʨʦʚʦʝ ʧʣʘʟʤʝʥʥʦʝ 

ʩʧʝʢʘʥʠʝ ʠ ʩʧʝʢʘʥʠʝ ʘʢʪʠʚʠʨʦʚʘʥʥʦʡ ʧʣʘʟʤʦʡ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʘʪʴ 

ʢʝʨʘʤʠʢʫ ʭʦʨʦʰʝʡ ʧʣʦʪʥʦʩʪʠ ʠ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʠ ʛʦʤʦʛʝʥʥʦʩʪʠ ʧʨʠ ʙʦʣʝʝ ʥʠʟʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʠ ʤʝʥʴʰʝʤ ʚʨʝʤʝʥʠ ʚʳʜʝʨʞʢʠ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʚ ʨʘʙʦʪʝ [195] 

ʤʝʪʦʜʦʤ ʩʧʝʢʘʥʠʷ ʘʢʪʠʚʠʨʦʚʘʥʥʦʡ ʧʣʘʟʤʦʡ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩʣʦʠʩʪʳʝ ʢʦʤʧʦʟʠʪʳ 

(1-x) Ba0.85Ca0.15Zr0.10Ti0.90O3ïxLa0.67Ca0.33MnO3 ʩʦ ʩʚʷʟʥʦʩʪʴʶ 2-2 ʩ ʫʣʫʯʰʝʥʥʳʤʠ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʯʠʩʪʦʡ ʬʘʟʦʡ BCZT ʠ 

ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʄʕ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ŬE31 = 1.66 mV/cmĿOe. ʂ ʥʝʜʦʩʪʘʪʢʘʤ ʜʘʥʥʳʭ 

ʤʝʪʦʜʦʚ ʩʣʝʜʫʝʪ ʦʪʥʝʩʪʠ ʪʦ, ʯʪʦ ʦʥʠ ʪʨʝʙʫʶʪ ʜʦʨʦʛʦʩʪʦʷʱʝʛʦ ʠ ʩʣʦʞʥʦʛʦ ʚ 
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ʵʢʩʧʣʫʘʪʘʮʠʠ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʯʪʦ ʥʘ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʜʝʣʘʝʪ ʥʝʚʦʟʤʦʞʥʳʤ ʠʭ 

ʤʘʩʩʦʚʦʝ ʧʨʠʤʝʥʝʥʠʝ. 

ʐʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʠʟʛʦʪʦʚʣʝʥʠʠ ʢʝʨʘʤʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘʰʣʠ 

ʤʝʪʦʜʳ ñʤʦʢʨʦʡò ʭʠʤʠʠ - ʦʥʠ ʠʤʝʶʪ ʙʦʣʴʰʦʡ ʧʦʪʝʥʮʠʘʣ ʚ ʦʙʝʩʧʝʯʝʥʠʠ ʚʳʩʦʢʦʡ 

ʩʪʝʧʝʥʠ ʭʠʤʠʯʝʩʢʦʡ ʛʦʤʦʛʝʥʥʦʩʪʠ ʥʘ ʤʦʣʝʢʫʣʷʨʥʦʤ ʫʨʦʚʥʝ, ʯʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ 

ʜʣʷ ʵʣʝʢʪʨʦʢʝʨʘʤʠʢ, ʩʚʦʡʩʪʚʘ ʢʦʪʦʨʳʭ ʧʦ ʙʦʣʴʰʝʡ ʯʘʩʪʠ ʦʧʨʝʜʝʣʷʶʪʩʷ ʤʘʣʳʤʠ 

ʢʦʣʠʯʝʩʪʚʘʤʠ ʚʚʦʜʠʤʳʭ ʜʦʙʘʚʦʢ. ʂʨʦʤʝ ʪʦʛʦ, ʤʝʪʦʜʳ ñʤʦʢʨʦʡò ʭʠʤʠʠ ʪʨʝʙʫʝʪ 

ʤʝʥʴʰʠʭ ʪʝʤʧʝʨʘʪʫʨ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʬʘʟ, 

ʧʦʩʢʦʣʴʢʫ ʩʤʝʰʝʥʠʝ ʠʩʭʦʜʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʧʨʦʠʩʭʦʜʠʪ ʚ ʢʦʣʣʦʠʜʥʦʤ ʠʣʠ 

ʤʦʣʝʢʫʣʷʨʥʦʤ ʩʦʩʪʦʷʥʠʠ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʨʦʮʝʩʩʘʤ ʜʠʬʬʫʟʠʠ.  

ɺ ʨʘʙʦʪʝ [164] ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʦʟʠʪʦʚ 80 ʤʦʣ.%Ba0.85Ca0.15Zr0.1Ti0.9O3ï20 

ʤʦʣ.%CoFe2O4 ʩʦ ʩʪʨʫʢʪʫʨʦʡ çʷʜʨʦ-ʦʙʦʣʦʯʢʘè ʦʧʨʦʙʦʚʘʥ ʟʦʣʴ-ʛʝʣʴ ʤʝʪʦʜ: ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʟʦʣʷ BCZT ʥʘʚʝʩʢʠ ʘʮʝʪʘʪʦʚ ʙʘʨʠʷ ʠ ʢʘʣʴʮʠʷ ʨʘʩʪʚʦʨʷʣʠ ʚ ʫʢʩʫʩʥʦʡ 

ʢʠʩʣʦʪʝ, ʧʦʩʣʝ ʯʝʛʦ ʚ ʨʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʚʚʦʜʠʣʠ ʨʘʩʪʚʦʨ ZrOCl2 Ā 8H2O ʠ 

TiC12H28O4 ʚ ʤʝʪʘʥʦʣʝ, ʟʦʣʴ CFO ʧʦʣʫʯʘʣʠ ʧʫʪʝʤ ʨʘʩʪʚʦʨʝʥʠʷ Co(NO3)2 Ā 6H2O ʠ 

Fe(NO3)2 Ā 9H2O ʚ ʵʪʠʣʝʥʛʣʠʢʦʣʝ. ʇʦʣʫʯʝʥʥʳʝ ʟʦʣʠ BCZT ʠ CFO ʩʤʝʰʠʚʘʣʠ ʚ 

ʤʦʣʴʥʦʤ ʦʪʥʦʰʝʥʠʠ 4:1, ʧʦʩʣʝ ʯʝʛʦ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʚʳʛʦʨʘʥʠʷ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʦʩʪʘʪʢʦʚ ʩʤʝʩʴ ʥʘʛʨʝʚʘʣʠ ʜʦ 200 ÁC, ʦʙʞʠʛ ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʛʦ ʧʦʨʦʰʢʘ ʧʨʦʚʦʜʠʣʠ 

ʧʨʠ 850 ÁC.  

ʉʤʝʩʝʚʳʝ ʤʘʛʥʠʪʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʢʦʤʧʦʟʠʪʳ (x)[(0.5BZTï0.5BCT)] (BCZT) ï 

(100-x) NiFe2O4 (NFO) ʩ x = 90, 80, 70 ʤʘʩʩ.% ʚ ʨʘʙʦʪʝ [196] ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʛʝʣʴ-

ʤʝʪʦʜʦʤ. ɺ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ ʨʝʘʛʝʥʪʦʚ ʜʣʷ ʩʠʥʪʝʟʘ ʬʘʟʳ ʬʝʨʨʠʪʘ ʥʠʢʝʣʷ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʥʠʪʨʘʪʳ Ni(NO3)2Ā5H2O ʠ Fe(NO3)3Ā9H2O, ʠʭ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʝ 

ʢʦʣʠʯʝʩʪʚʘ ʩ ʤʦʣʴʥʳʤ ʦʪʥʦʰʝʥʠʝʤ [Ni2+] / [Fe3+] = 1:2 ʨʘʩʪʚʦʨʷʣʠ ʚ 

ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʝ. ɺ ʚʦʜʥʳʡ ʨʘʩʪʚʦʨ, ʩʦʜʝʨʞʘʱʠʡ ʢʘʪʠʦʥʳ Ni2+ ʠ Fe3+, 

ʚʚʦʜʠʣʠ ʣʠʤʦʥʥʫʶ ʢʠʩʣʦʪʫ ʚ ʤʦʣʴʥʦʤ ʦʪʥʦʰʝʥʠʠ ʣʠʤʦʥʥʦʡ ʢʠʩʣʦʪʳ ʥʘ ʢʘʞʜʳʡ 

ʢʘʪʠʦʥ ʤʝʪʘʣʣʘ = 1:1. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʧʨʝʢʫʨʩʦʨʘ NFO ʚ ʢʘʯʝʩʪʚʝ ʛʝʣʝʦʙʨʘʟʫʶʱʝʛʦ 

ʘʛʝʥʪʘ ʚ ʧʦʣʫʯʝʥʥʳʡ ʨʘʩʪʚʦʨ ʜʦʙʘʚʣʷʣʠ ʵʪʠʣʝʥʛʣʠʢʦʣʴ ʠ ʧʨʦʚʦʜʠʣʠ ʥʘʛʨʝʚ ʩʤʝʩʠ 

ʧʨʠ 80 ÁC ʚ ʪʝʯʝʥʠʝ 3 ʯ, ʦʙʞʠʛ ʧʦʣʫʯʝʥʥʳʭ ʪʦʥʢʦʜʠʩʧʝʨʩʥʳʭ ʧʦʨʦʰʢʦʚ 
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ʧʨʝʢʫʨʩʦʨʦʚ ʧʨʦʚʦʜʠʣʠ ʧʨʠ 800 ÁC ʚ ʪʝʯʝʥʠʝ 2 ʯ. ʌʘʟʫ BCZT ʧʦʣʫʯʘʣʠ ʟʦʣʴ-ʛʝʣʴ 

ʤʝʪʦʜʦʤ, ʘʥʘʣʦʛʠʯʥʳʤ ʦʧʠʩʘʥʥʦʤʫ ʚ ʨʘʙʦʪʝ [164] [36]. ʉʧʝʯʝʥʥʘʷ ʧʨʠ 1370 ÁC 

ʢʦʤʧʦʟʠʮʠʦʥʥʘʷ ʢʝʨʘʤʠʢʘ, ʩʦʜʝʨʞʘʱʘʷ 80 ʤʘʩʩ.% BCZT ʜʝʤʦʥʩʪʨʠʨʦʚʘʣʘ ʄʕ 

ʢʦʵʬʬʠʮʠʝʥʪ ŬE,31 = 13.3 ʤɺ/ʩʤĀʕ.  

 

1.6 ʉʦʩʪʦʷʥʠʝ ʛʨʘʥʠʮ rʤʝʞʜʫ ʬʘʟʘʤʠ ʢʘʢ ʢʨʠʪʝʨʠʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʤʘʛʥʠʪʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʚ ʛʝʪʝʨʦʛʝʥʥʳʭ ʤʫʣʴʪʠʬʝʨʨʦʠʯʥʳʭ 

ʩʠʩʪʝʤʘʭ 

1.6.1 ʄʝʞʬʘʟʥʳʝ ʭʠʤʠʯʝʩʢʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚ ʄʕ ʢʦʤʧʦʟʠʪʘʭ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʦʩʪʦʨʦʥʥʠʭ ʬʘʟ  

ɺ ʛʝʪʝʨʦʛʝʥʥʳʭ ʤʘʛʥʠʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʩʠʩʪʝʤʘʭ ʥʘ ʦʩʥʦʚʝ 

ʪʠʪʘʥʘʪʘ ʙʘʨʠʷ ʟʘʯʘʩʪʫʶ ʥʘʙʣʶʜʘʶʪʩʷ ʧʨʦʜʫʢʪʳ ʝʛʦ ʭʠʤʠʯʝʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʩ ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʦʥʥʳʤ ʢʦʤʧʦʥʝʥʪʦʤ. ʊʘʢ, ʚ ʨʘʙʦʪʝ [197] ʠʩʩʣʝʜʦʚʘʥ 

ʢʦʤʧʦʟʠʪʥʳʡ ʤʘʪʝʨʠʘʣ (100-x) CoFe2O4īxBaTiO3 (x = 0, 10, 20, 80, 90, ʠ 100 ʤʘʩʩ 

%), ʛʜʝ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠʩʫʪʩʪʚʠʝ ʧʨʠʤʝʩʥʦʡ ʬʘʟʳ ʚʦ ʚʩʝʤ ʜʠʘʧʘʟʦʥʝ ʩʦʩʪʘʚʦʚ. ɼʣʷ 

ʩʦʩʪʘʚʦʚ ʩ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʧʴʝʟʦʤʘʪʝʨʠʘʣʘ ʭʘʨʘʢʪʝʨʥʘ ʧʨʠʤʝʩʴ BaFe12O19 ʠ 

Ba2Fe2Ti4O13, ʘ ʧʨʠ ʝʛʦ ʥʠʟʢʦʤ ʩʦʜʝʨʞʘʥʠʠ ï ʪʦʣʴʢʦ BaFe12O19. ʂʨʦʤʝ ʪʦʛʦ, ʚ 

ʢʦʤʧʦʟʠʪʘʭ ʩ ʩʦʜʝʨʞʘʥʠʝʤ CoFe2O4 10% ʠ 20% ʥʘ ʜʠʬʨʘʢʪʦʛʨʘʤʤʘʭ ʦʙʨʘʟʮʦʚ 

ʦʪʩʫʪʩʪʚʦʚʘʣʠ ʧʠʢʠ ʬʝʨʨʠʪʘ ʢʦʙʘʣʴʪʘ ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʰʧʠʥʝʣʠ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ 

ʩʣʝʜʩʪʚʠʝʤ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʛʝʢʩʘʬʝʨʨʠʪʘ Ba(Fe,Co,Ti)12O19, ʧʦʜʪʚʝʨʞʜʘʶʱʝʝʩʷ ʠʟʤʝʨʝʥʠʷʤʠ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʂʶʨʠ. ʅʘʙʣʶʜʘʝʪʩʷ ʧʨʷʤʘʷ ʢʦʨʨʝʣʷʮʠʷ ʤʝʞʜʫ 

ʠʟʤʝʥʝʥʠʝʤ ʤʘʛʥʠʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʬʘʟʳ ʬʝʨʨʠʪʘ ʢʦʙʘʣʴʪʘ ʠ ʢʦʣʠʯʝʩʪʚʦʤ 

ʦʙʨʘʟʫʶʱʠʭʩʷ ʧʨʠʤʝʩʥʳʭ ʬʘʟ. 

ɺ ʩʠʩʪʝʤʘʭ xCo0.8Cu0.2Fe2O4 - y(0.8BaTiO3ï0.2BiAlO 3) [198; 199] ʙʣʠʟʦʩʪʴ 

ʠʦʥʥʳʭ ʨʘʜʠʫʩʦʚ Fe3+ (0.64 ¡) ʠ Ti4+ (0.76 ¡) ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʠʭ 

ʟʘʤʝʱʝʥʠʷ ʧʨʠ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʤ ʦʙʞʠʛʝ ʦʙʨʘʟʮʦʚ ʩ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʧʨʦʜʫʢʪʘ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚ ʚʠʜʝ ʧʨʠʤʝʩʠ BaFe12O19 ʠ Ba3Fe32O51. ʉ ʧʦʚʳʰʝʥʠʝʤ 
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ʪʝʤʧʝʨʘʪʫʨʳ ʩʧʝʢʘʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʷ Ba3Fe32O51 ʫʚʝʣʠʯʠʚʘʝʪʩʷ. ʆʩʪʘʪʦʯʥʘʷ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ Mr, ʚʦʧʨʝʢʠ ʦʞʠʜʘʥʠʷʤ, ʩʥʠʞʘʝʪʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʨʘʟʤʝʨʘ ʟʝʨʝʥ 

ʬʝʨʨʠʪʘ, ʯʪʦ ʚ ʪʦʤ ʯʠʩʣʝ ʩʚʷʟʳʚʘʶʪ ʩ ʥʘʣʠʯʠʝʤ ʧʨʠʤʝʩʥʦʡ ʬʘʟʳ ʠ ʜʝʬʝʢʪʦʚ ʚ 

ʦʙʨʘʟʮʘʭ. ʂʦʤʧʦʟʠʮʠʦʥʥʘʷ ʢʝʨʘʤʠʢʘ (0,8BaTiO3-0,2BiAlO3)-Co0,8Cu0,2Fe2O4 ʩ 

ʤʦʣʴʥʳʤ ʩʦʦʪʥʦʰʝʥʠʝʤ 6:1 ʙʳʣʘ ʩʧʝʯʝʥʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 1150ᴈ, 1200ᴈ ʠ 

1250ᴈ ʦʙʣʘʜʘʣʘ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ ʄʕ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 2.04, 4.407 ʠ 5.739 ɺ/(ʩʤÅʕ), 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  

ɺ ʦʙʨʘʟʮʘʭ (1 - x) Co0.8Cu0.2Fe2O4-xBa0.6Sr0.4TiO3 (x = 0, 0.4, 0.45, 0.475, 0.5, 

0.525, 0.55, 1) [200] ʚʩʪʨʝʯʘʶʪʩʷ ʧʨʠʤʝʩʥʳʝ ʬʘʟʳ BaFe12O19, BaCo2O3, BaCuO2 ʠ 

BaCo2O5, ʦʙʨʘʟʫʶʱʠʝʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʦʥʥʦʛʦ ʟʘʤʝʱʝʥʠʷ. ʅʘʤʘʛʥʠʯʝʥʥʦʩʪʴ 

ʦʙʨʘʟʮʦʚ ʥʝ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʤʘʩʩʦʚʦʡ ʜʦʣʝ ʬʝʨʨʠʪʘ ʚ ʢʦʤʧʦʟʠʪʘʭ. ʇʦʩʢʦʣʴʢʫ 

BaFe12O19 ʷʚʣʷʝʪʩʷ ʤʫʣʴʪʠʬʝʨʨʦʠʢʦʤ, ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʝʛʦ ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ 

ʥʘ ʧʦʣʷʨʠʟʫʝʤʦʩʪʴ ʤʘʪʝʨʠʘʣʘ. ʇʨʠ x > 0.5 ʧʘʨʘʤʝʪʨʳ ʨʝʰʝʪʢʠ ʬʝʨʨʠʪʦʚʦʡ ʬʘʟʳ 

ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʪʝʥʜʝʥʮʠʶ ʢ ʫʤʝʥʴʰʝʥʠʶ ʩ ʩʥʠʞʝʥʠʝʤ ʝʛʦ ʤʘʩʩʦʚʦʡ ʜʦʣʠ ʚ 

ʢʦʤʧʦʟʠʪʘʭ ʠʟ-ʟʘ ʠʦʥʥʦʛʦ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠ ʜʠʬʬʫʟʠʠ ʠʦʥʦʚ ʪʠʪʘʥʘ ʚ ʨʝʰʝʪʢʫ 

ʬʝʨʨʠʪʘ.  

ʆʢʘʟʘʣʦʩʴ, ʯʪʦ ʚ ʢʦʤʧʦʟʠʪʘʭ (1-x) BiFe0.9La0.1O3 + xNi0.6Zn0.4Fe1.94V0.06O4 [201] 

ʪʘʢʞʝ ʥʘʙʣʶʜʘʶʪʩʷ ʤʝʞʬʘʟʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ʊʘʢ, ʚ ʧʦʨʦʰʢʘʭ BiFe0.9La0.1O3 

ʥʘʙʣʶʜʘʶʪʩʷ ʧʨʠʤʝʩʥʳʝ ʬʘʟʳ ʪʠʧʘ Bi2Fe4O9 ʠ Bi25FeO3. ʇʨʠ ʜʦʙʘʚʣʝʥʠʠ 

Ni0,6Zn0,4Fe1,94V0,06O4 (NZVFO) ʧʨʦʠʩʭʦʜʠʪ ʫʩʪʨʘʥʝʥʠʝ Bi25FeO39 ʠʟ ʧʦʣʫʯʝʥʥʳʭ 

ʢʦʤʧʦʟʠʪʦʚ. ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʣʠʯʝʩʪʚʘ NZVFO ʦʪ x=0 ʜʦ 0,7 ʨʦʤʙʦʵʜʨʠʯʝʩʢʘʷ 

ʬʘʟʘ ʫʤʝʥʴʰʘʝʪʩʷ, ʠ ʢʫʙʠʯʝʩʢʘʷ ʬʘʟʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʳ Fd3m ʩʪʘʥʦʚʠʪʩʷ 

ʜʦʤʠʥʠʨʫʶʱʝʡ ʩ ʙʦʣʝʝ ʚʳʨʘʞʝʥʥʳʤʠ ʧʠʢʘʤʠ Bi2Fe4O9. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʤʘʢʩʠʤʘʣʴʥʘʷ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ ʩʦʩʪʘʚʣʷʝʪ 50,5 ʵʤʝ/ʛ ʧʨʠ 70%-ʥʦʤ ʩʦʜʝʨʞʘʥʠʠ 

NZVFO ʚ ʢʦʤʧʦʟʠʪʝ. ʄʘʢʩʠʤʘʣʴʥʘʷ ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ (‐') ʧʨʠ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ x = 0,1 (‐' = 2107,50), ʪʦʛʜʘ ʢʘʢ ʩʘʤʘʷ ʥʠʟʢʘʷ 

ʦʙʥʘʨʫʞʝʥʘ ʧʨʠ x = 0,5 (‐' = 12,54) ʥʘ ʯʘʩʪʦʪʝ 1 ʢɻʮ. 

ɺ ʩʠʩʪʝʤʘʭ ʩʦʩʪʘʚʘ (1-y)[Ba0.6-

xCaxSr0.4Zr0.25Ti0.75O3]+(y)[(Li 0.5Fe0.5)0.4Ni0.18Cu0.12Zn0.3Fe2O4] [194] ʪʘʢ ʞʝ 
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ʨʝʘʣʠʟʫʝʪʩʷ ʤʝʞʬʘʟʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ. ʀʩʭʦʜʥʳʡ ʧʴʝʟʦʤʘʪʝʨʠʘʣ ʩʦʜʝʨʞʠʪ 

ʧʨʠʤʝʩʥʫʶ ʬʘʟʫ Ba6Ti17O40 , ʢʦʣʠʯʝʩʪʚʦ ʢʦʪʦʨʦʡ ʩʥʠʞʘʝʪʩʷ ʚ ʢʦʤʧʦʟʠʮʠʦʥʥʦʡ 

ʢʝʨʘʤʠʢʝ. ʆʜʥʘʢʦ, ʚ ʧʨʝʜʝʣʘʭ ʨʘʟʨʝʰʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʚʩʝ ʞʝ ʠʜʝʥʪʠʬʠʮʠʨʫʶʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʧʠʢʠ, ʧʨʠʥʘʜʣʝʞʘʱʠʝ 

ʥʝʞʝʣʘʪʝʣʴʥʦʡ ʬʘʟʝ Ba6Ti17O40, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʭʠʤʠʯʝʩʢʘʷ ʨʝʘʢʮʠʷ ʠʣʠ 

ʚʟʘʠʤʥʘʷ ʜʠʬʬʫʟʠʷ ʧʨʦʠʟʦʰʣʠ ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʤʝʞʜʫ ʜʚʫʤʷ ʩʦʩʪʘʚʣʷʶʱʠʤʠ 

ʬʘʟʘʤʠ ʚ ʧʨʦʮʝʩʩʝ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʩʧʝʢʘʥʠʷ. ʄʘʛʥʠʪʦʵʣʝʢʪʨʠʯʝʩʢʠʡ 

ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʩʪʝʧʝʥʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʦ ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʬʝʨʨʠʪʘ, 

ʘ ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ 1,16 ɺ ʩʤ-1 ʕ-1 ʧʦʣʫʯʝʥʦ ʜʣʷ ʢʦʤʧʦʟʠʪʘ 0,80 

[(Li 0.5Fe0.5)0.4Ni0.18Cu0.12Zn0.3Fe2O4]-0,20 [Ba0,4Ca0,2Sr0,4Zr0,25Ti0,75O3]. 

ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʠ ʚ ʢʦʤʧʦʟʠʪʘʭ ʪʠʧʘ ʷʜʨʦ-ʦʙʦʣʦʯʢʘ 

Cu0.8Co0.2Fe2O4@Ba0.8Sr0.2TiO3 [202] ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʩʧʝʢʘʥʠʷ ʚʳʰʝ 700 Ǔʉ 

ʧʦʩʪʝʧʝʥʥʦ ʧʦʷʚʣʷʣʩʷ ʜʠʬʨʘʢʮʠʦʥʥʳʡ ʧʠʢ ʧʨʠʤʝʩʥʦʡ ʬʘʟʳ Ba2Fe30O46, 

ʜʦʩʪʠʛʘʶʱʠʡ ʤʘʢʩʠʤʫʤʘ ʧʨʠ 1000 ǓC. ʆʙʨʘʟʦʚʘʥʠʝ ʪʨʝʪʴʝʡ ʬʘʟʳ ʦʙʲʷʩʥʷʶʪ ʪʝʤ, 

ʯʪʦ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʦʙʞʠʛʘ ʧʦʨʦʰʢʘ ʬʝʨʨʠʪʘ ʨʘʚʥʦʡ 900 ǓC ʥʘʙʣʶʜʘʝʪʩʷ Fe2O3, 

ʨʝʘʛʠʨʫʶʱʠʡ ʜʘʣʝʝ ʩ ʧʴʝʟʦʢʦʤʧʦʥʝʥʪʦʤ ʢʦʤʧʦʟʠʪʘ ʧʨʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ 

ʧʨʦʢʘʣʠʚʘʥʠʷ.  

ʇʦʭʦʞʠʤ ʦʙʨʘʟʦʤ ʦʙʲʷʩʥʷʶʪ ʧʦʷʚʣʝʥʠʝ ʧʨʠʤʝʩʥʦʡ ʬʘʟʳ ʚ ʦʙʨʘʟʮʘʭ (1-

x)BaFe12O19ïx(K0.5Na0.5)NbO3 [203], ʛʜʝ ʬʝʨʨʠʪ ʩʠʥʪʝʟʠʨʦʚʘʥ ʚ ʪʦʤ ʯʠʩʣʝ ʟʦʣʴ-ʛʝʣʴ 

ʤʝʪʦʜʦʤ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ, ʢʨʦʤʝ ʛʝʤʘʪʠʪʘ, ʧʦʣʫʯʘʶʱʝʛʦʩʷ ʚ ʭʦʜʝ ʩʠʥʪʝʟʘ ʥʝ ʪʦʣʴʢʦ 

ʟʦʣʴ-ʛʝʣʴ ʤʝʪʦʜʦʤ, ʥʦ ʠ ʩʦʦʩʘʞʜʝʥʠʝʤ, ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠʩʫʪʩʪʚʠʝ Ba(NbO3) ï 

ʧʨʦʜʫʢʪʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʢʦʤʧʦʥʝʥʪʘ. ʀ ʟʝʨʥʘ BaM, ʠ KNN ʚ 

3-4 ʨʘʟʘ ʢʨʫʧʥʝʝ ʚ ʢʦʤʧʦʟʠʪʝ ʩ ʬʝʨʨʠʪʘʤʠ, ʠʟʛʦʪʦʚʣʝʥʥʳʤʠ ʤʝʪʦʜʦʤ ʟʦʣʴ-ʛʝʣʴ, 

ʥʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʩʠʥʪʝʟ ʬʘʟʳ KNN ʠ ʝʛʦ ʧʦʩʪʦʙʨʘʙʦʪʢʘ ʚʦ ʚʩʝʭ ʩʣʫʯʘʷʭ ʙʳʣʠ 

ʠʜʝʥʪʠʯʥʳʤʠ. ʅʠʢʘʢʠʭ ʧʨʠʟʥʘʢʦʚ ʦʪʯʝʪʣʠʚʳʭ ʠʛʦʣʴʯʘʪʳʭ ʟʝʨʝʥ Ŭ-Fe2O3 ʥʝ 

ʥʘʙʣʶʜʘʣʦʩʴ. ʅʝ ʠʩʢʣʶʯʝʥʦ, ʯʪʦ ʬʘʟʘ, ʢʨʠʩʪʘʣʣʠʟʫʶʱʘʷʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʥʠʞʝ 

500 Áʉ, ʤʦʛʣʘ ʩʪʠʤʫʣʠʨʦʚʘʪʴ ʨʦʩʪ ʟʝʨʝʥ, ʘ ʪʘʢʞʝ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʬʦʨʤʠʨʦʚʘʥʠʶ 

ʬʘʟʳ BaNbO3. ɹʦʣʝʝ ʢʨʫʧʥʳʝ ʟʝʨʥʘ ʬʝʨʨʠʪʘ ʚ ʢʦʤʧʦʟʠʪʝ, ʧʦʣʫʯʝʥʥʦʤ ʠʟ ʟʦʣʴ-ʛʝʣʷ, 
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ʦʙʝʩʧʝʯʠʚʘʶʪ ʙʦʣʝʝ ʣʝʛʢʦʝ ʜʚʠʞʝʥʠʝ ʜʦʤʝʥʥʳʭ ʩʪʝʥʦʢ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʙʦʣʝʝ 

ʥʠʟʢʦʤʫ ʟʥʘʯʝʥʠʶ ʢʦʵʨʮʠʪʠʚʥʦʡ ʩʠʣʳ (176 ʢɸ ʤ-1 ʠʣʠ 221 ʤʊʣ) ʤʘʪʝʨʠʘʣʘ. 

ʏʨʝʟʚʳʯʘʡʥʦ ʠʥʪʝʨʝʩʥʳ ʩ ʤʘʪʝʨʠʘʣʦʚʝʜʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʜʚʫʭʬʘʟʥʳʝ 

ʢʦʤʧʦʟʠʪʳ ʥʘ ʦʩʥʦʚʝ YIG, ʪ.ʢ. ʚ ʥʠʭ ʟʘʯʘʩʪʫʶ ʚ ʧʨʦʮʝʩʩʝ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ 

ʦʙʞʠʛʘ ʦʩʫʱʝʩʪʚʣʷʶʪʩʷ ʤʝʞʬʘʟʥʳʝ ʨʝʘʢʮʠʠ, ʧʨʦʪʝʢʘʶʱʠʝ ʥʝ ʪʦʣʴʢʦ ʥʘ ʫʨʦʚʥʝ 

ʚʟʘʠʤʥʦʛʦ ʣʝʛʠʨʦʚʘʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʢʦʤʧʦʟʠʪʦʚ, ʥʦ ʠ ʧʨʠʚʦʜʷʱʠʝ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 

ʧʨʦʜʫʢʪʦʚ ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ʊʘʢ, ʨʘʥʝʝ ʥʘʤʠ ʧʦʢʘʟʘʥʦ [204; 205] ʯʪʦ ʚ ʩʠʩʪʝʤʝ 

PbTiO3 - YIG ʚ ʧʨʦʮʝʩʩʝ ʩʧʝʢʘʥʠʷ ʢʦʤʧʦʟʠʮʠʦʥʥʦʡ ʢʝʨʘʤʠʢʠ ʦʙʨʘʟʫʝʪʩʷ 

ʧʨʠʤʝʩʥʘʷ ʬʘʟʘ ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʧʠʨʦʭʣʦʨʘ Y2Ti2O7. ɺ ʩʠʩʪʝʤʝ BaTiO3 - YIG 

ʭʠʤʠʯʝʩʢʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʦʪʩʫʪʩʪʚʫʝʪ ʚʧʣʦʪʴ ʜʦ 1200ʉ̄, ʦʜʥʘʢʦ ʧʦʚʳʰʝʥʠʝ 

ʪʝʤʧʝʨʘʪʫʨʳ ʜʦ 1300ʉ̄ ʩʧʦʩʦʙʩʪʚʫʝʪ ʯʘʩʪʠʯʥʦʤʫ ʨʘʟʣʦʞʝʥʠʶ Y3Fe5O12 ʜʦ 

ʦʨʪʦʬʝʨʨʠʪʘ ʠʪʪʨʠʷ YFeO3. ʉʠʩʪʝʤʳ, ʚ ʢʦʪʦʨʳʭ ʚ ʢʘʯʝʩʪʚʝ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 

ʢʦʤʧʦʥʝʥʪʘ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʴʝʟʦʤʘʪʝʨʠʘʣʳ ʥʘ ʦʩʥʦʚʝ ʮʠʨʢʦʥʘʪʘ-ʪʠʪʘʥʘʪʘ ʩʚʠʥʮʘ 

(ʎʊʉ ʨʘʟʣʠʯʥʳʭ ʤʘʨʦʢ, ʚ ʯʘʩʪʥʦʩʪʠ, ʎʊʉʅɺ-1, ʎʊʉ-36 ʠ ʜʨ.), ʪʘʢʞʝ ʷʚʣʷʶʪʩʷ 

ʧʨʠʤʝʨʦʤ ʄʕ ʢʝʨʘʤʠʢʠ, ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʡ ʦʙʞʠʛ ʢʦʪʦʨʦʡ ʧʨʠʚʦʜʠʪ ʢ 

ʦʙʨʘʟʦʚʘʥʠʶ ʧʦʩʪʦʨʦʥʥʝʡ ʬʘʟʳ ï ZrO2 ʩ ʬʣʶʦʨʠʪʦʧʦʜʦʙʥʦʡ ʩʪʨʫʢʪʫʨʦʡ, ʢʦʪʦʨʘʷ 

ʩʪʘʙʠʣʠʟʠʨʫʝʪʩʷ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʦʢʩʠʜʘ ʠʪʪʨʠʷ . 

ɺ ʣʠʪʝʨʘʪʫʨʝ ʦʧʠʩʘʥ ʨʷʜ ʧʦʜʭʦʜʦʚ, ʧʦʟʚʦʣʷʶʱʠʭ ʧʦʜʘʚʣʷʪʴ ʠʣʠ ʩʚʦʜʠʪʴ ʢ 

ʤʠʥʠʤʫʤʫ ʥʝʞʝʣʘʪʝʣʴʥʳʝ ʤʝʞʬʘʟʥʳʝ ʨʝʘʢʮʠʠ ʚ ʩʠʩʪʝʤʘʭ ʧʴʝʟʦʵʣʝʢʪʨʠʢ ï YIG. 

ʊʘʢ, ʚ ʨʘʙʦʪʝ [207] ʟʘ ʩʯʝʪ ʧʨʠʤʝʥʝʥʠʷ ʪʦʥʢʦʜʠʩʧʝʨʩʥʳʭ ʧʦʨʦʰʢʦʚ ʢʦʤʧʦʥʝʥʪʦʚ 

ʄʕ ʢʦʤʧʦʟʠʪʦʚ (100-ʭ) ʤʘʩʩ.% ʎʊʉʅɺ-1 + ʭ ʤʘʩʩ.% Y3Fe5O12, ʧʦʣʫʯʝʥʥʳʭ 

ʟʦʣʴ-ʛʝʣʴ-ʤʝʪʦʜʘʤʠ, ʠ ʩʥʠʞʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʩʧʝʢʘʥʠʷ ʦʙʨʘʟʮʦʚ ʥʘʤ ʫʜʘʣʦʩʴ 

ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʟʠʪʴ ʩʦʜʝʨʞʘʥʠʝ ʧʨʠʤʝʩʥʦʡ ʬʣʶʦʨʠʪʦʧʦʜʦʙʥʦʡ ʬʘʟʳ ʥʘ ʦʩʥʦʚʝ 

ʦʢʩʠʜʘ ʮʠʨʢʦʥʠʷ, ʧʨʠ ʵʪʦʤ ʢʦʵʬʬʠʮʠʝʥʪ ʄʕ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ Dɽ/Dʅ ʢʦʤʧʦʟʠʪʦʚ ʩ 

ʭ = 40-60 ʤʘʩʩ.% ʠ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʳʤ ʪʠʧʦʤ ʩʚʷʟʥʦʩʪʠ 0-3 ʩʦʩʪʘʚʠʣ 

~1.6 ʤɺ/(ʩʤĿʕ). ɺ ʨʘʙʦʪʘʭ [204; 205] ʚ ʩʠʩʪʝʤʘʭ Ba1-xPbxTiO3 - YIG ʧʫʪʝʤ 

ʚʘʨʴʠʨʦʚʘʥʠʷ ʩʦʩʪʘʚʘ ʧʴʝʟʦʢʦʤʧʦʥʝʥʪʘ ʧʨʠ ʟʥʘʯʝʥʠʷʭ ʭ ¢ 0.2 ʧʦʣʫʯʝʥʘ 

ʄʕ ʜʚʫʭʬʘʟʥʘʷ ʢʝʨʘʤʠʢʘ, ʚ ʢʦʪʦʨʦʡ ʦʪʩʫʪʩʪʚʫʶʪ ʧʦʩʪʦʨʦʥʥʠʝ ʬʘʟʳ, ʘ ʧʨʠ 

ʙʦʣɹ ʰʠʭ ʟʥʘʯʝʥʠʷʭ ʭ ʦʙʨʘʟʫʝʪʩʷ ʧʨʠʤʝʩʥʘʷ ʬʘʟʘ ï ʧʠʨʦʭʣʦʨʦʧʦʜʦʙʥʳʡ ʪʠʪʘʥʘʪ 
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ʠʪʪʨʠʷ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʠʤʠ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʠ, 

ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ ʄʕ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ Dɽ/DH~10 ʤɺ/(ʩʤĿʕ) 

ʦʙʣʘʜʘʶʪ ʢʦʤʧʦʟʠʪʳ (100-ʭ) ʤʘʩʩ.% Ba0.9Pb0.1TiO3 + ʭ ʤʘʩʩ.% YIG ʩ ʭ = 40-50 

ʤʘʩʩ.%. ʂʦʤʧʦʟʠʪʳ ʩʦ ʩʚʷʟʥʦʩʪʴʶ 2-2 ʥʘ ʦʩʥʦʚʝ BaTiO3 ʠ ʎʊʉ-36, ʦʧʠʩʘʥʥʳʝ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚ ʨʘʙʦʪʘʭ [208] ʠ [209], ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʢʦʵʬʬʠʮʠʝʥʪ 

ʄʕ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ Dɽ/DH ~ 15 ʤɺ/(ʩʤĿʕ). 

ʆʩʦʙʳʡ ʠʥʪʝʨʝʩ ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʧʨʠʦʙʨʝʪʘʶʪ ʄʕ ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ 

ʤʘʪʝʨʠʘʣʳ ʥʘ ʦʩʥʦʚʝ ʙʝʩʩʚʠʥʮʦʚʳʭ ʧʴʝʟʦʵʣʝʢʪʨʠʢʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʣʠ ʙʳ ʩʦʩʪʘʚʠʪʴ 

ʨʘʚʥʦʮʝʥʥʫʶ ʘʣʴʪʝʨʥʘʪʠʚʫ ʧʴʝʟʦʢʝʨʘʤʠʢʝ ʎʊʉ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʚʦʧʨʦʩʘʤʠ ʵʢʦʣʦʛʠʠ. 

ʆʜʥʘʢʦ ʧʦ YIG-ʩʦʜʝʨʞʘʱʠʤ ʛʝʪʝʨʦʛʝʥʥʳʤ ʙʝʩʩʚʠʥʮʦʚʳʤ ʤʫʣʴʪʠʬʝʨʨʦʠʯʥʳʤ 

ʩʠʩʪʝʤʘʤ ʧʦʜʦʙʥʦʛʦ ʨʦʜʘ ʚ ʣʠʪʝʨʘʪʫʨʝ ʧʦʢʘ ʥʝʤʥʦʛʦ ʠʥʬʦʨʤʘʮʠʠ. ʇʨʠʤʝʨʦʤ ʪʘʢʠʭ 

ʩʠʩʪʝʤ, ʚ ʢʦʪʦʨʳʭ ʦʪʩʫʪʩʪʚʫʶʪ ʤʝʞʬʘʟʥʳʝ ʨʝʘʢʮʠʠ, ʷʚʣʷʶʪʩʷ ʢʦʤʧʦʟʠʪʳ ʥʘ 

ʦʩʥʦʚʝ ʪʠʪʘʥʘʪʘ ʙʘʨʠʷ. ʊʘʢ, ʘʚʪʦʨʘʤʠ [152; 210; 211] ʫʩʧʝʰʥʦ ʧʦʣʫʯʝʥʳ ʢʦʤʧʦʟʠʪʳ 

BaTiO3 ï YIG, ʥʝ ʩʦʜʝʨʞʘʱʠʝ ʧʨʠʤʝʩʥʳʭ ʬʘʟ, ʯʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʜʘʥʥʳʤʠ ʫʞʝ 

ʫʧʦʤʷʥʫʪʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ [204], ʚ ʢʦʪʦʨʦʤ, ʦʜʥʘʢʦ, ʧʦʢʘʟʘʥʘ ʥʝʚʳʩʦʢʘʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʄʕ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʵʪʦʛʦ ʚʠʜʘ ʢʦʤʧʦʟʠʪʦʚ, ~1 ʤɺ/(ʩʤĿʕ). ɺ ʨʘʙʦʪʝ 

[212] ʠʩʩʣʝʜʫʶʪʩʷ ʩʤʝʩʝʚʳʝ ʢʦʤʧʦʟʠʪʳ BaTiO3 - BiY2Fe5O12, ʢʦʪʦʨʳʝ ʧʦʣʫʯʝʥʳ 

ʦʙʳʯʥʳʤ ʪʚʝʨʜʦʬʘʟʥʳʤ ʩʧʦʩʦʙʦʤ. ɺ ʥʠʭ ʧʦ ʜʘʥʥʳʤ PʌA ʬʘʟʳ BaTiO3 ʠ 

BiY 2Fe5O12 ʩʦʩʫʱʝʩʪʚʫʶʪ ʧʦ ʦʪʜʝʣʴʥʦʩʪʠ, ʧʦʩʪʦʨʦʥʥʠʭ ʬʘʟ ʥʝ ʦʙʥʘʨʫʞʝʥʦ, ʧʨʠ 

ʵʪʦʤ ʤʘʢʩʠʤʘʣʴʥʘʷ ʚʝʣʠʯʠʥʘ ʄʕ ʢʦʵʬʬʠʮʠʝʥʪʘ ʢʦʤʧʦʟʠʪʦʚ ʜʦʩʪʠʛʘʝʪ 

~0.21 ʤɺ/(ʩʤĿʕ).   

1.6.2 ʄʝʞʬʘʟʥʦʝ ʣʝʛʠʨʦʚʘʥʠʝ ʢʦʤʧʦʥʝʥʪʦʚ ʄʕ ʢʦʤʧʦʟʠʪʦʚ 

ʂʨʦʤʝ ʧʨʷʤʦʛʦ ʭʠʤʠʯʝʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʢʦʤʧʦʟʠʮʠʦʥʥʦʡ 

ʩʠʩʪʝʤʳ ʧʨʠ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʤ ʩʧʝʢʘʥʠʠ ʚ ʜʚʫʭʬʘʟʥʳʭ ʤʫʣʴʪʠʬʝʨʨʦʠʢʘʭ 

ʤʦʞʝʪ ʪʘʢ ʞʝ ʨʝʘʣʠʟʦʚʳʚʘʪʴʩʷ ʤʝʞʬʘʟʥʦʝ ʣʝʛʠʨʦʚʘʥʠʝ, ʦʢʘʟʳʚʘʶʱʝʝ ʚʣʠʷʥʠʝ ʥʘ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʤʘʛʥʠʪʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ, ʤʘʛʥʠʪʥʳʝ ʠ 

ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ, ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʠ ʤʠʢʨʦʩʪʨʫʢʪʫʨʫ ʤʘʪʝʨʠʘʣʘ.  ɹʦʣʴʰʦʡ 

ʠʥʪʝʨʝʩ ʜʣʷ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʚʣʠʷʥʠʝ ʣʝʛʠʨʦʚʘʥʠʷ ʢʘʪʠʦʥʘʤʠ, 
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ʚʭʦʜʷʱʠʤʠ ʚ ʩʦʩʪʘʚ ʠʩʧʦʣʴʟʫʶʱʠʭʩʷ ʤʘʛʥʠʪʠʩʪʨʠʢʮʠʦʥʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ (Fe3+, 

Co3+, Ni2+, Y3+) ʥʘ ʩʚʦʡʩʪʚʘ ʧʴʝʟʦʵʣʝʢʪʨʠʢʦʚ.  

ɺʣʠʷʥʠʝ ʣʝʛʠʨʫʶʱʠʭ ʜʦʙʘʚʦʢ ʥʘ ʩʚʦʡʩʪʚʘ ʮʠʨʢʦʥʘʪʘ-ʪʠʪʘʥʘʪʘ ʩʚʠʥʮʘ 

ʧʦʜʨʦʙʥʦ ʠʟʫʯʝʥʳ. ʇʨʠ ʤʦʜʠʬʠʢʘʮʠʠ ʎʊʉ ʦʙʳʯʥʦ ʠʩʧʦʣʴʟʫʶʪ ʪʨʠ ʪʠʧʘ ʜʦʙʘʚʦʢ: 

ʠʟʦʚʘʣʝʥʪʥʳʝ, ʜʦʥʦʨʥʳʝ ʠ ʘʢʮʝʧʪʦʨʥʳʝ. ʊʘʢ, ʧʨʠ ʩʦʚʤʝʩʪʥʦʤ ʣʝʛʠʨʦʚʘʥʠʠ 

ʢʘʪʠʦʥʘʤʠ ʚʠʩʤʫʪʘ ʠ ʞʝʣʝʟʘ (Pb0,96Bi0,04)((Zr0,53Ti0,47)0,96Fe0,04)O3 [213] ʢʦʵʬʬʠʮʠʝʥʪ 

d33 ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ 474 ʜʦ 527 ʧʂʣ/ʅ ʠʟ-ʟʘ ʫʚʝʣʠʯʝʥʠʷ ʨʘʟʤʝʨʘ ʟʝʨʝʥ ʠ ʫʤʝʥʴʰʝʥʠʷ 

ʠʩʢʘʞʝʥʠʷ ʨʝʰʝʪʢʠ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ Ů33, ʥʘʦʙʦʨʦʪ, 

ʫʤʝʥʴʰʘʝʪʩʷ. ʇʨʠ ʣʝʛʠʨʦʚʘʥʠʠ ʞʝ ʎʊʉ ʢʘʪʠʦʥʘʤʠ Ni [214] ʥʘʙʣʶʜʘʣʦʩʴ 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʩʥʠʞʝʥʠʝ ʧʴʝʟʦʢʦʵʬʬʠʮʠʝʥʪʘ d33, ʚʩʣʝʜʩʪʚʠʝ ʩʥʠʞʝʥʠʷ 

ʧʦʜʚʠʞʥʦʩʪʠ ʜʦʤʝʥʥʳʭ ʩʪʝʥʦʢ ʠʟ-ʟʘ ʩʦʟʜʘʚʘʝʤʦʛʦ ʢʠʩʣʦʨʦʜʥʳʤʠ ʚʘʢʘʥʩʠʷʤʠ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʟʘʨʷʜʘ ʠ ʤʘʣʦʛʦ ʨʘʟʤʝʨʘ ʢʨʠʩʪʘʣʣʠʪʦʚ. ʋʤʝʥʴʰʝʥʠʝ ʨʘʟʤʝʨʦʚ 

ʟʝʨʝʥ ʧʨʦʠʩʭʦʜʠʪ ʠ ʧʨʠ ʣʝʛʠʨʦʚʘʥʠʠ ʢʘʪʠʦʥʘʤʠ ʢʦʙʘʣʴʪʘ [215]. ʅʝʙʦʣʴʰʠʝ 

ʢʦʣʠʯʝʩʪʚʘ ʣʝʛʠʨʫʶʱʝʡ ʧʨʠʤʝʩʠ ʢʦʙʘʣʴʪʘ (ʜʦ 1 ʤʦʣ. %) ʥʝʩʢʦʣʴʢʦ ʩʥʠʞʘʣʠ ʢʘʢ 

ʦʪʥʦʩʠʪʝʣʴʥʫʶ ʜʠʵʣʝʢʪʨʠʯʝʩʢʫʶ ʧʨʦʥʠʮʘʝʤʦʩʪʴ, ʪʘʢ ʠ ʪʘʥʛʝʥʩ ʫʛʣʘ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʪʝʨʴ ʚ ʩʠʣʴʥʦʤ ʵʣʝʢʪʨʠʯʝʩʢʦʤ ʧʦʣʝ, ʦʜʥʘʢʦ, ʜʘʣʝʝ ʥʘʙʣʶʜʘʣʩʷ 

ʨʦʩʪ ʧʨʦʚʦʜʠʤʦʩʪʠ ʢʝʨʘʤʠʢʠ. ʇʨʝʜʝʣ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʢʦʙʘʣʴʪʘ ʠ ʞʝʣʝʟʘ, 

ʚʢʣʶʯʝʥʥʳʭ ʚ ʩʪʨʫʢʪʫʨʫ ʎʊʉ ʩʦʩʪʘʚʣʷʝʪ ʤʝʥʝʝ 3 ʤʦʣ.% ʠ 1 ʤʦʣ.%, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

[215; 216]. ʇʨʠ ʣʝʛʠʨʦʚʘʥʠʠ ʎʊʉ ʢʘʪʠʦʥʘʤʠ ʠʪʪʨʠʷ ʪʘʢ ʞʝ ʥʘʙʣʶʜʘʣʦʩʴ 

ʫʤʝʥʴʰʝʥʠʝ ʨʘʟʤʝʨʦʚ ʟʝʨʝʥ [217; 218], ʦʜʥʘʢʦ, ʢʘʢ ʪʦʥʢʠʝ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʠʝ 

ʧʣʝʥʢʠ, ʪʘʢ ʠ ʧʣʦʪʥʳʝ ʢʝʨʘʤʠʯʝʩʢʠʝ ʦʙʨʘʟʮʳ, ʣʝʛʠʨʦʚʘʥʥʳʝ ʠʪʪʨʠʝʤ, ʠʤʝʣʠ 

ʙʦʣʴʰʫʶ ʦʩʪʘʪʦʯʥʫʶ ʧʦʣʷʨʠʟʘʮʠʶ Pr (ʦʪ 11 ʜʦ 43.9 ʤʢʂʣ/ʩʤ
2), ʤʝʥʴʰʫʶ 

ʢʦʵʨʮʠʪʠʚʥʫʶ ʩʠʣʫ Ec, ʤʝʣʴʰʠʝ ʪʦʢʠ ʫʪʝʯʢʠ ʠ ʙʦʣʝʝ ʥʠʟʢʫʶ ʪʝʤʧʝʨʘʪʫʨʫ ʦʪʞʠʛʘ. 

ʇʦʣʥʘʷ ʨʘʩʪʚʦʨʠʤʦʩʪʴ Y ʜʦ 10 ʤʦʣ.% ʧʨʦʠʩʭʦʜʠʪ ʙʝʟ ʧʦʷʚʣʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ 

ʧʠʢʦʚ ʥʘ ʜʠʬʨʘʢʪʦʛʨʘʤʤʘʭ. 

ʋʤʝʥʴʰʝʥʠʝ ʩʨʝʜʥʝʛʦ ʨʘʟʤʝʨʘ ʟʝʨʝʥ ʧʨʦʠʩʭʦʜʠʪ ʠ ʧʨʠ ʣʝʛʠʨʦʚʘʥʠʠ 

ʙʝʩʩʚʠʥʮʦʚʦʡ ʢʝʨʘʤʠʢʠ Ba0.85Ca0.15Zr0.1(Ti1īxNix)0.9O3 [219], ʯʪʦ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ 

ʩʥʠʞʝʥʠʝʤ ʦʩʪʘʪʦʯʥʦʡ ʧʦʣʷʨʠʟʘʮʠʠ. ʎʠʨʢʦʥʘʪ-ʪʠʪʘʥʘʪ ʙʘʨʠʷ-ʢʘʣʴʮʠʷ, 

ʣʝʛʠʨʦʚʘʥʥʳʡ ʢʘʪʠʦʥʘʤʠ ʢʘʢ ʞʝʣʝʟʘ, ʪʘʢ ʠ ʢʦʙʘʣʴʪʘ ʠ ʥʠʢʝʣʷ [220] ʜʝʤʦʥʩʪʨʠʨʫʝʪ 
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ʛʠʩʪʝʨʝʟʠʩʥʳʝ ʢʨʠʚʳʝ M - H S-ʪʠʧʘ ʩ ʥʝʥʫʣʝʚʳʤʠ ʦʩʪʘʪʦʯʥʦʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴʶ 

ʠ ʢʦʵʨʮʠʪʠʚʥʦʡ ʩʠʣʦʡ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʬʝʨʨʦʤʘʛʥʠʪʥʦʛʦ 

ʫʧʦʨʷʜʦʯʝʥʠʷ ʜʘʣʴʥʝʛʦ ʧʦʨʷʜʢʘ. ʅʘʠʙʦʣʴʰʝʡ ʦʩʪʘʪʦʯʥʦʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴʶ ʠ 

ʢʦʵʨʮʠʪʠʚʥʦʡ ʩʠʣʦʡ 1,09 ʤʵʤʝ/ʛ ʠ 485 ʕ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʦʙʣʘʜʘʝʪ ʩʦʩʪʘʚ 

Ba0.85Ca0.15(Ti0.9Zr0.1)0.95Co0.05O3, ʪʦʛʜʘ ʢʘʢ ʝʛʦ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ ʥʘʩʳʱʝʥʠʷ 

ʩʦʩʪʘʚʣʷʝʪ 10.8 ʤʵʤʝ/ʛ. ʅʘʤʘʛʥʠʯʝʥʥʦʩʪʴ ʥʘʩʳʱʝʥʠʷ ʚ ʞʝʣʝʟʦʩʦʜʝʨʞʘʱʝʡ 

ʢʝʨʘʤʠʢʝ ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʰʝ (97.42 ʤʵʤʝ/ʛ) ʧʨʠ ʥʠʟʢʦʡ ʦʩʪʘʪʦʯʥʦʡ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʠ ʢʦʵʨʮʠʪʠʚʥʦʡ ʩʠʣʝ (0.56 ʤʵʤʝ/ʛ ʠ 20 ʕ). ʇʨʠ ʣʝʛʠʨʦʚʘʥʠʠ 

ʥʠʢʝʣʝʤ ʥʘʙʣʶʜʘʣʘʩʴ ʚʳʩʦʢʘʷ ʢʦʵʨʮʠʪʠʚʥʘʷ ʩʠʣʘ, ʥʦ ʥʠʟʢʠʝ ʟʥʘʯʝʥʠʷ ʢʘʢ 

ʦʩʪʘʪʦʯʥʦʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ, ʪʘʢ ʠ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʥʘʩʳʱʝʥʠʷ (0.25 ʠ 2.37 

ʤʵʤʝ/ʛ). ʇʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʢʝʨʘʤʠʢʠ ʟʥʘʯʠʪʝʣʴʥʦ ʫʭʫʜʰʘʶʪʩʷ ʧʨʠ 

ʜʦʙʘʚʣʝʥʠʠ ʢʘʪʠʦʥʦʚ ʢʘʢ ʞʝʣʝʟʘ, ʪʘʢ ʠ ʢʦʙʘʣʴʪʘ [221], ʘ ʦʧʪʠʤʘʣʴʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʠ ʧʴʝʟʦʤʦʜʫʣʷ d33 (4567 ʠ 276 ʧʂʣ/ʅ) ʦʙʣʘʜʘʣ 

ʩʦʩʪʘʚ BCZT-0.01Co. 

ʀʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʪʝʨʝʩ ʧʨʠʚʣʝʢʘʝʪ ʠ ʩʣʫʯʘʡ ʟʘʤʝʱʝʥʠʷ ʢʘʪʠʦʥʘʤʠ 

ʠʪʪʨʠʷ, ʪʘʢ ʢʘʢ ʦʥ ʚʭʦʜʠʪ ʚ ʩʦʩʪʘʚ ʞʝʣʝʟʦ-ʠʪʪʨʠʝʚʦʛʦ ʛʨʘʥʘʪʘ, ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʚ 

ʢʘʯʝʩʪʚʝ ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʦʥʥʦʡ ʜʦʙʘʚʢʠ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ. ʉ ʫʚʝʣʠʯʝʥʠʝʤ 

ʩʦʜʝʨʞʘʥʠʷ ʠʪʪʨʠʷ [222] ʧʝʨʝʭʦʜ ʠʟ ʦʨʪʦʨʦʤʙʠʯʝʩʢʦʡ ʬʘʟʳ ʚ ʪʝʪʨʘʛʦʥʘʣʴʥʫʶ 

ʩʤʝʱʘʝʪʩʷ ʚ ʩʪʦʨʦʥʫ ʙʦʣʝʝ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 

ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʫʤʝʥʴʰʘʶʪʩʷ ʩ 370 ʧʂʣ/ʅ ʫ ʯʠʩʪʦʛʦ 

(Ba0.99Ca0.01)(Ti0.98Zr0.02)O3 ʜʦ 360 ʠ 240 ʧʂʣ/ʅ ʧʨʠ ʜʦʙʘʚʢʝ 0.2 ʠ 0.8 ʤʦʣ.%, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  
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ɻʃɸɺɸ 2. ʕʂʉʇɽʈʀʄɽʅʊɸʃʔʅɸʗ ʏɸʉʊʔ 

2.1 ʆʙʲʝʢʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ɺ ʨʘʙʦʪʝ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʜʚʫʭʬʘʟʥʳʝ ʤʫʣʴʪʠʬʝʨʨʦʠʯʥʳʝ ʩʠʩʪʝʤʳ: 

1) ʉʤʝʩʝʚʳʝ ʤʘʛʥʠʪʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʢʦʤʧʦʟʠʪʳ ʥʘ ʦʩʥʦʚʝ ʞʝʣʝʟʦ-

ʠʪʪʨʠʝʚʦʛʦ ʛʨʘʥʘʪʘ (ɾʀɻ, YG, Y3Fe5O12) ʠ ʙʝʩʩʚʠʥʮʦʚʳʭ ʧʴʝʟʦʵʣʝʢʪʨʠʢʦʚ  

(100-ʭ) ʤʘʩʩ.% FE + ʭ ʤʘʩʩ.% Y3Fe5O12 (ʭ = 30-70 ʩ ʰʘʛʦʤ 10 ʤʘʩʩ.%), 

ʛʜʝ ʚ ʢʘʯʝʩʪʚʝ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ (FE) ʠʩʧʦʣʴʟʦʚʘʥʳ ʠʟʚʝʩʪʥʳʝ ʠʟ 

ʣʠʪʝʨʘʪʫʨʳ ʩʦʩʪʘʚʳ: 

¶ ʥʠʦʙʘʪ ʣʠʪʠʷ-ʥʘʪʨʠʷ-ʢʘʣʠʷ [Li 0.06(Na0.52K0.48)1.04]NbO3 (KLNN ) [223] 

¶ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ ʪʠʪʘʥʘʪ ʥʘʪʨʠʷ-ʚʠʩʤʫʪʘ [96 ʤʦʣ.% 

Bi0,5(Na0,84K0,16)0,5TiO3 + 4 ʤʦʣ.% SrTiO3 + 0.2 ʤʘʩʩ. % La2O3] (BNT) [224] 

¶ ʮʠʨʢʦʥʘʪ-ʪʠʪʘʥʘʪ ʙʘʨʠ-̫ʢʘʣʴʮʠʷ Ba0.85Ca0.15Ti0.9Zr0.1O3 (BCZT )[89]. 

2) ʉʤʝʩʝʚʳʝ ʤʘʛʥʠʪʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʢʦʤʧʦʟʠʪʳ ʥʘ ʦʩʥʦʚʝ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʬʝʨʨʠʪʘ ʥʠʢʝʣʷ ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʰʧʠʥʝʣʠ 

(Ni0.9Co0.1Cu0.1Fe1.9O4-d (NCCF) ʠ NiCo0.02Cu0.02Mn0.1Fe1.8O4-d (NCCMF) (ʬʝʨʨʠʪʳ 

ʜʘʥʥʳʭ ʩʦʩʪʘʚʦʚ ʙʳʣʠ ʨʘʥʝʝ ʫʩʧʝʰʥʦ ʧʨʠʤʝʥʝʥʳ ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʄʕ 

ʢʦʤʧʦʟʠʪʦʚ [225; 226]) ʠ ʠʟʚʝʩʪʥʳʭ ʠʟ ʣʠʪʝʨʘʪʫʨʳ ʩʚʠʥʮʦʚʳʭ ʧʴʝʟʦʵʣʝʢʪʨʠʢʦʚ) ʠ  

¶ ʮʠʨʢʦʥʘʪʘ-ʪʠʪʘʥʘʪʘ ʙʘʨʠʷ-ʢʘʣʴʮʠʷ Ba0.85Ca0.15Ti0.9Zr0.1O3 (BCZT) [89]  

(100-ʭ) ʤʘʩʩ.% BCZT + ʭ ʤʘʩʩ.% NCCMF (x=10-90 ʩ ʰʘʛʦʤ 10 ʤʘʩʩ.%) 

¶ ʬʝʨʨʦʥʠʦʙʘʪʘ-ʪʠʪʘʥʘʪʘ ʩʚʠʥʮʘ Pb(Fe0.5Nb0.5)0.945Ti0.055O3 (PFNPT) [227] 

(100-ʭ) ʤʘʩʩ.% PNFPT + ʭ ʤʘʩʩ.% NCCF (x=10-90 ʩ ʰʘʛʦʤ 10 ʤʘʩʩ.%) 

3) ʉʤʝʩʝʚʳʝ ʤʘʛʥʠʪʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʢʦʤʧʦʟʠʪʳ ʥʘ ʦʩʥʦʚʝ 

ʛʝʢʩʘʬʝʨʨʠʪʘ ʩʚʠʥʮʘ, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʠʦʥʘʤʠ ʮʠʥʢʘ ʠ ʣʘʥʪʘʥʘ, ʠ ʦʜʥʦʛʦ ʠʟ 

ʤʘʪʝʨʠʘʣʦʚ ʩʠʩʪʝʤʳ ʮʠʨʢʦʥʘʪ-ʪʠʪʘʥʘʪ ʩʚʠʥʮʘ ʧʨʦʤʳʰʣʝʥʥʦʡ ʤʘʨʢʠ ʎʊʉʅɺ-1 

50 ʤʘʩʩ. % ʎʊʉʅɺ-1 + 50 ʤʘʩʩ. % Pb1īxLaxFe12īxZnxO19, ʛʜʝ x=0-1. 

ʊʘʢʞʝ ʠʩʩʣʝʜʦʚʘʣʘʩʴ ʢʠʥʝʪʠʢʘ ʩʠʥʪʝʟʘ Pb1īxLaxFe12īxZnxO19 ʠ 
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Ba0.85Ca0.15Ti0.9Zr0.1O3 ʛʝʣʴ-ʤʝʪʦʜʦʤ. 

ɺ ʪʘʙʣʠʮʝ 3 ʧʨʠʚʝʜʝʥʳ ʩʚʦʡʩʪʚʘ ʧʴʝʟʦʤʘʪʝʨʠʘʣʦʚ, ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʚ ʨʘʙʦʪʝ. 

ʊʘʙʣʠʮʘ 3 ï ʉʨʘʚʥʝʥʠʝ ʩʚʦʡʩʪʚ ʧʴʝʟʦʤʘʪʝʨʠʘʣʦʚ, ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʚ ʨʘʙʦʪʝ. 

ʇʴʝʟʦʤʘʪʝʨʠʘʣ 

ʆ
ʙ
ʦ
ʟ
ʥ
ʘ
ʯ
ʝ
ʥ
ʠ
ʝ

 

e/e0 
d33, 

pC/N 

g33, 

mVĿm/N 
ʂʨ 

ʀ
ʩ
ʪ
ʦ
ʯ
ʥ
ʠ
ʢ

 

[Li 0.06(Na0.52K0.48)1.04]NbO3 KLNN 510 180 40 0.3 [223] 

[96 ʤʦʣ.% 

Bi0,5(Na0,84K0,16)0,5TiO3 + 4 

ʤʦʣ.% SrTiO3 + 0.2 ʤʘʩʩ. % 

La2O3] 

BNT 770 215 31.5 0.32 [224] 

Ba0.85Ca0.15Ti0.9Zr0.1O3 BCZT 3500 630 20 0.56 [89] 

Pb(Fe0.5Nb0.5)0.945Ti0.055O3 PFNPT  
500-

600 
 

0.4-

0.5 
[227] 

ʎʠʨʢʦʥʘʪ-ʪʠʪʘʥʘʪ ʩʚʠʥʮʘ, 

ʣʝʛʠʨʦʚʘʥʥʳʡ ʢʘʪʠʦʥʘʤʠ Na, 

Bi, Nb (ʩʦʩʪʘʚ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʢʦʤʤʝʨʯʝʩʢʫʶ ʪʘʡʥʫ) 

ʎʊʉʅɺ-1 1400 330 27 0.6 [225] 

 

2.2 ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʀʩʧʦʣʴʟʦʚʘʣʠʩʴ ʩʣʝʜʫʶʱʠʝ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ: 

1. ʈʝʥʪʛʝʥʦʬʘʟʦʚʳʡ ʘʥʘʣʠʟ  

ʈʝʥʪʛʝʥʦʬʘʟʦʚʳʡ ʘʥʘʣʠʟ (ʈʌɸ) ʚʳʧʦʣʥʷʣʩ ̫ ʧʦ ʤʝʪʦʜʫ ʧʦʨʦʰʢʘ ʥʘ 

ʜʠʬʨʘʢʪʦʤʝʪʨʝ ARL XôTRA ʚ CuKŬ-ʠʟʣʫʯʝʥʠʠ ʜʣʷ ʢʦʥʪʨʦʣʷ ʧʦʣʥʦʪʳ ʩʠʥʪʝʟʘ 

ʬʝʨʨʠʪʦʚ, ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ ʢʦʤʧʦʟʠʪʦʚ. ʉʲʝʤʢʠ ʧʨʦʚʦʜʠʣʠʩʴ ʩʦ 

ʩʢʦʨʦʩʪʴʶ 5-6Á/ʤʠʥ. ʚ ʠʥʪʝʨʚʘʣʝ ʫʛʣʦʚ 2Ū=20-80Á. 
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2. ɻʨʘʚʠʤʝʪʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟ 

ʄʝʪʦʜ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʜʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʪʦʯʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʦʢʩʠʜʘ ʚ 

ʝʜʠʥʠʮʝ ʤʘʩʩʳ ʮʠʪʨʘʪʦʚ ʞʝʣʝʟʘ ʠ ʪʠʪʘʥʘ ʠ ʥʠʪʨʘʪʘ ʮʠʨʢʦʥʠʷ, ʢʦʪʦʨʳʝ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʣʷ ʩʠʥʪʝʟʦʚ ʤʦʜʠʬʠʢʦʨʦʚʘʥʥʦʛʦ ʛʝʢʩʘʬʝʨʨʠʪʘ ʩʚʠʥʮʘ ʠ ʪʠʪʘʥʘʪʘ-

ʮʠʨʢʦʥʘʪʘ ʙʘʨʠʷ-ʢʘʣʴʮʠʷ ʛʝʣʴ-ʤʝʪʦʜʦʤ. ʄʝʪʦʜʠʢʘ ʟʘʢʣʶʯʘʣʘʩʴ ʚ ʩʣʝʜʫʶʱʝʤ. ɺ 

ʧʷʪʴ ʬʘʨʬʦʨʦʚʳʭ ʪʠʛʣʝʡ, ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʨʦʢʘʣʝʥʥʳʭ ʧʨʠ 400ʉ̄ ʜʦ ʧʦʩʪʦʷʥʥʦʡ 

ʤʘʩʩʳ ʠ ʚʟʚʝʰʝʥʥʳʭ ʥʘ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʚʝʩʘʭ ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ ʯʝʪʚʝʨʪʦʛʦ ʟʥʘʢʘ, 

ʧʦʤʝʱʘʣʠ ʘʥʘʣʠʟʠʨʫʝʤʳʡ ʧʦʨʦʰʦʢ ʮʠʪʨʘʪʘ ʞʝʣʝʟʘ ʠ ʚʟʚʝʰʠʚʘʣʠ ʥʘ ʪʝʭ ʞʝ ʚʝʩʘʭ. 

ɼʘʣʝʝ ʩʪʘʚʠʣʠ ʪʠʛʣʠ ʚ ʤʫʬʝʣʴʥʫʶ ʧʝʯʴ ʠ ʧʨʦʢʘʣʠʚʘʣʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 800ʉ̄ ʚ 

ʪʝʯʝʥʠʝ 2 ʯʘʩʦʚ ʜʦ ʧʦʩʪʦʷʥʥʦʡ ʤʘʩʩʳ. ʇʦʩʣʝ ʵʪʦʛʦ ʪʠʛʣʠ ʩ ʩʦʜʝʨʞʠʤʳʤ ʩʥʦʚʘ 

ʚʟʚʝʩʠʣʠ ʠ ʧʨʦʚʝʣʠ ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʦʙʨʘʙʦʪʢʫ ʨʝʟʫʣʴʪʘʪʦʚ. 

ʋʩʨʝʜʥʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʤʘʩʩʦʚʦʡ ʜʦʣʠ ʧʦʣʫʯʝʥʥʦʛʦ ʧʦʩʣʝ ʧʨʦʢʘʣʠʚʘʥʠʷ 

ʦʢʩʠʜʘ (Fe2O3) ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ  

xʩʨ = 
● ●  ●  ● ●

, 

ʘ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʦʝ ʧʦ ʬʦʨʤʫʣʝ 

╢▪

●̒ ̑ ●   ●̒ ̑ ●  ●̒ ̑ ●  ●̒ ̑ ● ●̒ ̑ ●

▪
 

ʛʜʝ n ï ʯʠʩʣʦ ʠʟʤʝʨʝʥʠʡ. 

ɼʦʚʝʨʠʪʝʣʴʥʳʡ ʠʥʪʝʨʚʘʣ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ 

‏
  

Ѝ
 , ʛʜʝ  ὸ ï ʢʦɻʬʬʠʮʠʝʥʪ ʉʪʴʶʜʝʥʪʘ, ʧʨʠ p = 0,95; n = 5; ὸ  = 2,78. 

3. ʄʠʢʨʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ 

ʇʨʠʤʝʥʷʣʩʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʬʦʨʤʳ ʠ ʨʘʟʤʝʨʦʚ ʯʘʩʪʠʮ ʬʘʟ ʢʦʤʧʦʟʠʪʦʚ ʠ 

ʧʨʦʚʦʜʠʣʩʷ ʥʘ ʦʙʦʨʫʜʦʚʘʥʠʠ ʀʥʩʪʠʪʫʪʘ ʚʳʩʦʢʠʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʧʴʝʟʦʪʝʭʥʠʢʠ ʖʌʋ 

ʧʨʠ ʧʦʤʦʱʠ ʧʨʦʩʚʝʯʠʚʘʶʱʝʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ ʕɺʄ-100 ɸʂ ʠ ʧʨʠ 

ʧʦʤʦʱʠ ʨʘʩʪʨʦʚʦʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ JEOL JSM 6390LA ʥʘ ʩʢʦʣʝ, ʘ ʪʘʢʞʝ 

ʤʠʢʨʦʩʪʨʫʢʪʫʨʫ ʢʦʤʧʦʟʠʪʦʚ ʠʩʩʣʝʜʦʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ʉʕʄ (ʵʣʝʢʪʨʦʥʥʳʡ 

ʤʠʢʨʦʩʢʦʧ VEGA II LMU ʩ ʩʠʩʪʝʤʦʡ ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʦʛʦ ʤʠʢʨʦʘʥʘʣʠʟʘ INCA 

ENERGY,450/XT, ʦʩʥʘʱʝʥʥʳʡ ʜʝʪʝʢʪʦʨʦʤ X Act ADD). 
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4. ʕʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʝ ʠʟʤʝʨʝʥʠʷ: 

1) ɸʤʧʣʠʪʫʜʥʦ-ʯʘʩʪʦʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (ʨʝʟʦʥʘʥʩ, ʘʥʪʠʨʝʟʦʥʘʥʩ ʠ 

ʧʝʨʚʳʡ ʦʙʝʨʪʦʥ) ʠʟʤʝʨʷʣʠ ʥʘ ʩʧʝʮʠʘʣʴʥʦʤ ʩʪʝʥʜʝ ɸʏʍ1-48.  

2) ʇʴʟʦʤʦʜʫʣʴ d33 ʠʟʤʝʨʷʣʠ ʢʚʘʟʠʩʪʘʪʠʯʝʩʢʠʤ ʩʧʦʩʦʙʦʤ ʥʘ d33-ʤʝʪʨʝ. 

3) ʄʘʛʥʠʪʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʢʝʨʘʤʠʢʠ ʠʟʤʝʨʷʣʠ ʥʘ ʯʘʩʪʦʪʝ 1ʢɻʮ 

ʧʨʠ ʧʦʤʦʱʠ ʩʧʝʮʠʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ, ʩʭʝʤʘ ʢʦʪʦʨʦʡ ʦʧʠʩʘʥʘ ʚ [109] ʚ ʫʩʣʦʚʠʷʭ 

ʩʦʚʧʘʜʝʥʠʷ ʚʝʢʪʦʨʦʚ ʧʝʨʝʤʝʥʥʦʛʦ (19.2 ʕ) ʠ ʧʦʩʪʦʷʥʥʦʛʦ (0-2 ʢʕ) ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ 

ʠ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʦʣʷʨʠʟʘʮʠʠ ʢʝʨʘʤʠʯʝʩʢʠʭ ʦʙʨʘʟʮʦʚ. 

4) ʋʜʝʣʴʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʠʟʤʝʨʷʣʠ ʩ ʧʦʤʦʱʴʶ ʪʝʨʘʦʤʤʝʪʨʘ ɽ6-13ɸ 

ʥʘ ʧʦʩʪʦʷʥʥʦʤ ʪʦʢʝ. 

5) ɼʠʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʢʦʤʧʦʟʠʪʦʚ ʠʟʤʝʨʷʣʠ ʩ ʧʦʤʦʱʴʶ 

ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ çʎʝʥʟʫʨʢʘ-ʄè ʥʘ ʯʘʩʪʦʪʝ 1 ʢɻʮ. 

ɼʣʷ ʨʘʩʯʸʪʘ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ, ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠ ʫʧʨʫʛʠʭ ʢʦʥʩʪʘʥʪ 

ʧʦʣʴʟʦʚʘʣʠʩʴ ʬʦʨʤʫʣʘʤʠ ʠʟ ɻʆʉʊ 12370-80. 

5. ʊʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ɼʣʷ ʠʟʫʯʝʥʠʷ ʧʨʦʮʝʩʩʦʚ ʬʘʟʦʦʙʨʘʟʦʚʘʥʠʷ ʚ ʭʦʜʝ ʩʠʥʪʝʟʘ ʨʷʜʘ ʤʘʪʝʨʠʘʣʦʚ 

ʧʨʦʚʦʜʠʣʠʩʴ ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʂʩʝʨʦʛʝʣʠ ʠʩʩʣʝʜʦʚʘʣʠ 

ʤʝʪʦʜʘʤʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʩʢʘʥʠʨʫʶʱʝʡ ʢʘʣʦʨʠʤʝʪʨʠʠ (ɼʉʂ) ʠ 

ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ (ʊɻɸ) ʥʘ ʜʝʨʠʚʘʪʦʛʨʘʬʝ NETZSCH STA 449 C. 

ʅʘʛʨʝʚ ʚʝʣʠ ʥʘ ʚʦʟʜʫʭʝ ʚ ʢʦʨʫʥʜʦʚʳʭ ʪʠʛʣʷʭ ʩʦ ʩʢʦʨʦʩʪʴʶ 5ᴈ/ʤʠʥ. ʚ ʠʥʪʝʨʚʘʣʝ 

ʪʝʤʧʝʨʘʪʫʨ ʦʪ 100 ʜʦ 1000ᴈ. 

6. ʄʘʛʥʠʪʥʳʝ ʠʟʤʝʨʝʥʠʷ 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ ʦʙʨʘʟʮʦʚ ʧʨʦʚʦʜʠʣʠ ʥʘ ʚʠʙʨʘʮʠʦʥʥʦʤ 

ʤʘʛʥʠʪʦʤʝʪʨʝ LakeShore VSM 7404 ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ.  

7. ʄʘʛʥʠʪʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʠʟʤʝʨʝʥʠʷ 

ʄʕ ʠʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʣʠ ʥʘ ʵʣʝʢʪʨʠʯʝʩʢʠ ʧʦʣʷʨʠʟʦʚʘʥʥʳʭ ʦʙʨʘʟʮʘʭ 

ʚʳʩʦʪʦʡ 0.8-1.0 ʤʤ. ʀʟʫʯʘʣʠ ʟʘʚʠʩʠʤʦʩʪʴ ʄʕ ʢʦʵʬʬʠʮʠʝʥʪʘ ʢʦʤʧʦʟʠʪʦʚ ʦʪ 

ʥʘʧʨʷʞʸʥʥʦʩʪʠ ʧʦʩʪʦʷʥʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʦʙʨʘʟʝʮ 

ʧʝʨʝʤʝʥʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. 
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ʅʘ ʈʠʩʫʥʢʝ 13 ʠʟʦʙʨʘʞʝʥʘ ʷʯʝʡʢʘ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʄʕ ʵʬʬʝʢʪʘ ʤʘʪʝʨʠʘʣʦʚ. 

ʆʜʥʦʨʦʜʥʦʝ ʧʝʨʝʤʝʥʥʦʝ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʚ ʥʝʡ ʩʦʟʜʘʶʪ ʩ ʧʦʤʦʱʴʶ ʢʘʪʫʰʝʢ 

ɻʝʣʴʤʛʦʣʴʮʘ (1), ʘ ʧʦʩʪʦʷʥʥʦʝ ʩ ʧʦʤʦʱʴʶ ʜʚʫʭ ʵʣʝʢʪʨʦʤʘʛʥʠʪʦʚ (2) 

(ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʥʘʤʘʛʥʠʯʠʚʘʶʱʝʝ ʫʩʪʨʦʡʩʪʚʦ ɻ-56). ʗʯʝʡʢʘ, ʚ ʢʦʪʦʨʫʶ ʧʦʤʝʱʘʶʪ 

ʦʙʨʘʟʝʮ (3), ʧʦʢʨʳʪʘ ʠʟʥʫʪʨʠ ʩʣʦʝʤ ʘʣʶʤʠʥʠʷ ʪʦʣʱʠʥʦʡ 200 ʤʢʤ. ʊʘʢʦʝ ʧʦʢʨʳʪʠʝ 

ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʚʘʪʴ ʵʢʨʘʥʠʨʦʚʢʫ ʦʙʨʘʟʮʘ ʠ ʠʩʢʣʶʯʠʪʴ 

ʠʟʤʝʥʝʥʠʷ ʘʤʧʣʠʪʫʜʳ ʧʝʨʝʤʝʥʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ʆʙʨʘʟʝʮ ʩʦʝʜʠʥʸʥ ʩ 

ʠʟʤʝʨʠʪʝʣʴʥʳʤ ʚʳʩʦʢʦʠʤʧʝʜʘʥʩʥʳʤ ʫʩʠʣʠʪʝʣʝʤ (6) ʢʦʘʢʩʠʘʣʴʥʳʤ ʢʘʙʝʣʝʤ (5). 

 

ʈʠʩʫʥʦʢ 13 ï ʉʭʝʤʘ ʷʯʝʡʢʠ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʄʕ ʵʬʬʝʢʪʘ ʤʘʪʝʨʠʘʣʦʚ. 

1 - ʢʘʪʫʰʢʠ ɻʝʣʴʤʛʦʣʴʮʘ, 2 - ʵʣʝʢʪʨʦʤʘʛʥʠʪʳ, ʩʦʟʜʘʶʱʠʝ ʧʦʩʪʦʷʥʥʦʝ ʤʘʛʥʠʪʥʦʝ 

ʧʦʣʝ, 3 - ʠʟʤʝʨʠʪʝʣʴʥʘʷ ʷʯʝʡʢʘ, 4 - ʦʙʨʘʟʝʮ, 5 - ʢʦʘʢʩʠʘʣʴʥʳʡ ʩʦʝʜʠʥʠʪʝʣʴʥʳʡ 

ʢʘʙʝʣʴ, 6 - ʚʭʦʜʥʦʡ ʫʩʠʣʠʪʝʣʴ ʥʘʧʨʷʞʝʥʠʷ 

ʄʕ ʢʦʵʬʬʠʮʠʝʥʪ (ʚ ʤɺ/(ʩʤÖʕ)) ʨʘʩʩʯʠʪʳʚʘʣʠ ʧʦ ʬʦʨʤʫʣʝ: 

ῳὉ
ῳὌ ᶻ Ȣz

 Ö Ö ρπππ, 

ʛʜʝ U ï ʥʘʧʨʷʞʝʥʠʝ (ɺ), h ïʚʳʩʦʪʘ ʦʙʨʘʟʮʘ (ʩʤ), ʉ ï ʝʤʢʦʩʪʴ ʦʙʨʘʟʮʘ (ʧʌ), 32, 19.2, 

100 - ʢʦʥʩʪʘʥʪʳ ʫʩʪʘʥʦʚʢʠ. 
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ɻʃɸɺɸ 3. ̋ ˒˔ˠ˘˩˟ˍ˟˨ ˕ ˕ˢ ˛ˎ˞ˠ˓ˑ˒˚˕˒ 

3.1 ˞ ̜̍̆̒̆̃̆ ̞̘̍́̄̎̉̓̏̌̆̋̓̑̉̆̒̋̉̆ ̜̋̏̍̐̏̈̉̓ ̎́ ̏̒̎̏̃̆ ̇̆̌̆̈̏-

̉̓̓̑̉̆̃̏̄̏ ̄̑́̎́̓́ ̉ ̗̜̖̂̆̒̒̃̉̎̏̃ ̝̞̐̆̈̏̌̆̋̓̑̉̋̏̃ 

ɺ ʜʘʥʥʦʡ ʛʣʘʚʝ ʦʙʩʫʞʜʘʶʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʫʣʴʪʠʬʝʨʨʦʠʯʥʳʭ 

ʩʠʩʪʝʤ ʥʘ ʦʩʥʦʚʝ YIG (Y3Fe5O12) ʠ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ 

ʙʝʩʩʚʠʥʮʦʚʳʭ ʧʴʝʟʦʵʣʝʢʪʨʠʢʦʚ, ʠʟʚʝʩʪʥʳʭ ʠʟ ʣʠʪʝʨʘʪʫʨʳ, ï ʥʠʦʙʘʪʘ ʣʠʪʠʷ-ʥʘʪʨʠʷ-

ʢʘʣʠʷ [223], ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʪʠʪʘʥʘʪʘ ʥʘʪʨʠʷ-ʚʠʩʤʫʪʘ [224] ʠ ʮʠʨʢʦʥʘʪʘ-

ʪʠʪʘʥʘʪʘ ʙʘʨʠʷ-ʢʘʣʴʮʠʷ [99]. ʀʥʪʝʨʝʩ ʢ ʤʫʣʴʪʠʬʝʨʨʦʠʯʥʳʤ ʩʠʩʪʝʤʘʤ ʥʘ ʦʩʥʦʚʝ 

YIG ʦʙʫʩʣʦʚʣʝʥ ʪʝʤ, ʯʪʦ ʦʥʠ ʦʙʣʘʜʘʶʪ ʨʝʟʦʥʘʥʩʥʳʤ ʄʕ ʵʬʬʝʢʪʦʤ, ʢʦʪʦʨʳʡ 

ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʩʤʝʱʝʥʠʠ ʣʠʥʠʠ ʬʝʨʨʦʤʘʛʥʠʪʥʦʛʦ ʨʝʟʦʥʘʥʩʘ (ʌʄʈ) ʧʨʠ 

ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʤʘʪʝʨʠʘʣ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ. ʇʨʠʤʝʥʝʥʠʝ YIG ʚ ʢʘʯʝʩʪʚʝ 

ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʦʥʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʵʪʠʭ ʢʦʤʧʦʟʠʪʦʚ ʦʙʦʩʥʦʚʘʥʦ ʪʝʤ, ʯʪʦ ʦʥ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʨʝʢʦʨʜʥʦ ʤʘʣʦʡ ʰʠʨʠʥʦʡ ʣʠʥʠʠ ʌʄʈ. ʅʘ ʦʩʥʦʚʝ ʵʪʠʭ ʠ ʧʦʜʦʙʥʳʭ 

ʜʚʫʭʬʘʟʥʳʭ ʩʠʩʪʝʤ ʤʦʛʫʪ ʙʳʪʴ ʩʦʟʜʘʥʳ ʯʫʚʩʪʚʠʪʝʣʴʥʳʝ ʵʣʝʤʝʥʪʳ ʬʠʣʴʪʨʦʚ, 

ʨʝʟʦʥʘʪʦʨʦʚ ʠ ʜʨʫʛʠʭ ʫʩʪʨʦʡʩʪʚ ʜʣʷ ʨʘʙʦʪʳ ʚ ʜʠʘʧʘʟʦʥʝ ʉɺʏ [228ï230]. 

3.1.1 ˜̏̅̄̏̓̏̃̋́ ̗̏̂̑́̈̏̃ 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʦʟʠʮʠʦʥʥʦʡ ʢʝʨʘʤʠʢʠ (100-ʭ) ʤʘʩʩ.% FE + ʭ ʤʘʩʩ.% YIG 

(ʭ = 30-70 ʩ ʰʘʛʦʤ 10 ʤʘʩʩ.%) ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʤʘʪʝʨʠʘʣʳ (FE) 

[Li 0.06(Na0.52K0.48)1.04]NbO3 (KLNN), [96 ʤʦʣ.% Bi0,5(Na0,84K0,16)0,5TiO3 + 4 ʤʦʣ.% 

SrTiO3 + 0.2 ʤʘʩʩ. % La2O3] (BNT) ʠ Ba0.85Ca0.15Ti0.9Zr0.1O3 (BCZT) ʩʠʥʪʝʟʠʨʦʚʘʣʠ 

ʪʚʝʨʜʦʬʘʟʥʳʤ ʩʧʦʩʦʙʦʤ ʠʟ ʦʢʩʠʜʦʚ ʥʠʦʙʠʷ, ʪʠʪʘʥʘ, ʮʠʨʢʦʥʠʷ, ʣʘʥʪʘʥʘ, ʚʠʩʤʫʪʘ, 

ʢʘʨʙʦʥʘʪʦʚ ʥʘʪʨʠʷ, ʢʘʣʠʷ, ʢʘʣʴʮʠʷ, ʩʪʨʦʥʮʠʷ, ʙʘʨʠʷ, ʚʟʷʪʳʭ ʚ ʵʢʚʠʤʦʣʷʨʥʳʭ 

ʦʪʥʦʰʝʥʠʷʭ. ʇʦʩʣʝ ʪʱʘʪʝʣʴʥʦʛʦ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʥʝʦʙʭʦʜʠʤʳʭ ʢʦʣʠʯʝʩʪʚ 

ʨʝʘʛʝʥʪʦʚ ʩʠʥʪʝʟ ʧʨʦʚʦʜʠʣʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 800-900, 900-1000 ʠ 

1200-1400̄ʉ ʚ ʪʝʯʝʥʠʝ 6-8 ʯʘʩʦʚ ʩ ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʧʝʨʝʰʠʭʪʦʚʢʦʡ.  

ɺ ʢʘʯʝʩʪʚʝ ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʦʥʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʢʦʤʧʦʟʠʪʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʞʝʣʝʟʦʠʪʪʨʠʝʚʳʡ ʛʨʘʥʘʪ ʧʨʦʤʳʰʣʝʥʥʦʡ ʤʘʨʢʠ 10ʉʏ6 (YIG), ʠʤʝʶʱʠʡ ʦʯʝʥʴ 

ʫʟʢʫʶ ʣʠʥʠʶ ʬʝʨʨʦʤʘʛʥʠʪʥʦʛʦ ʨʝʟʦʥʘʥʩʘ (ʌʄʈ) ʠ ʯʨʝʟʚʳʯʘʡʥʦ ʚʳʩʦʢʦʝ ʫʜʝʣʴʥʦʝ 
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ʩʦʧʨʦʪʠʚʣʝʥʠʝ (ʜʦ 1013 ʆʤÅʩʤ) [231], ʯʪʦ ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʚʳʩʦʢʦʝ ʫʜʝʣʴʥʦʝ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʦʣʫʯʝʥʥʦʡ ʄʕ-ʢʝʨʘʤʠʢʠ, ʩʥʠʞʘʝʪ ʧʦʪʝʨʠ ʥʘ ʚʠʭʨʝʚʳʝ ʪʦʢʠ ʚ 

ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʫʚʝʣʠʯʠʚʘʝʪ ʧʦʣʷʨʠʟʫʝʤʦʩʪʴ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʬʘʟʳ.  

ʂʦʤʧʦʟʠʮʠʦʥʥʫʶ ʢʝʨʘʤʠʢʫ (100-ʭ) ʤʘʩʩ.% FE + ʭ ʤʘʩʩ.% YIG (ʭ = 30-70 ʩ 

ʰʘʛʦʤ 10 ʤʘʩʩ.%) ʩʧʝʢʘʣʠ ʚ ʪʝʯʝʥʠʝ 2 ʯʘʩʦʚ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 900, 1000-1050 ʠ 

1250-1280̄ʉ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʜʣʷ ʢʦʤʧʦʟʠʪʦʚ ʥʘ ʦʩʥʦʚʝ ʧʴʝʟʦʤʘʪʝʨʠʘʣʦʚ KLNN, 

BNT ʠ BCZT. ʇʦʣʫʯʝʥʥʳʝ ʦʙʨʘʟʮʳ ʨʝʟʘʣʠ ʥʘ ʜʠʩʢʠ, ʰʣʠʬʦʚʘʣʠ, ʥʘʥʦʩʠʣʠ 

ʵʣʝʢʪʨʦʜʳ ʩ ʧʦʤʦʱʴʶ ʩʝʨʝʙʨʦʩʦʜʝʨʞʘʱʝʡ ʧʘʩʪʳ, ʢʦʪʦʨʫʶ ʚʞʠʛʘʣʠ ʧʨʠ 600ʉ̄. 

ɼʘʣʝʝ ʦʙʨʘʟʮʳ ʧʦʣʷʨʠʟʦʚʘʣʠ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʩʨʝʜʝ ʭʣʦʨʦʬʦʨʤʘ ʚ 

ʠʤʧʫʣʴʩʥʦʤ ʨʝʞʠʤʝ ʧʦʣʝʤ 1.5-3 ʢɺ/ʤʤ ʚ ʪʝʯʝʥʠʝ 3 ʤʠʥʫʪ.  

3.1.2 ˍ̎́̌̉̈ ̝̑̆̈̔̌̓́̓̏̃ 

ʅʘ ʈʠʩʫʥʢʝ 14 ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʠʬʨʘʢʪʦʛʨʘʤʤʳ ʢʦʤʧʦʟʠʮʠʦʥʥʦʡ ʢʝʨʘʤʠʢʠ 

(100-ʭ) ʤʘʩʩ.% KLNN  +  ʭ ʤʘʩʩ.% YIG, ʘ ʪʘʢʞʝ ʨʝʥʪʛʝʥʦʚʩʢʠʝ ʧʨʦʬʠʣʠ ʯʠʩʪʳʭ ʬʘʟ. 

ɺ ʩʦʩʪʘʚʝ ʚʩʝʭ ʢʦʤʧʦʟʠʪʦʚ ʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ ʠʥʪʝʥʩʠʚʥʳʝ ʨʝʬʣʝʢʩʳ 

ʧʴʝʟʦʵʣʝʢʪʨʠʢʘ ʠ ʬʝʨʨʠʪʘ, ʥʦ ʢʨʦʤʝ ʥʠʭ ʥʝʪʨʫʜʥʦ ʟʘʤʝʪʠʪʴ ʜʦʚʦʣʴʥʦ ʷʨʢʠʝ 

ʧʦʩʪʦʨʦʥʥʠʝ ʧʠʢʠ, ʧʨʠʥʘʜʣʝʞʘʱʠʝ ʥʠʦʙʘʪʫ ʠʪʪʨʠʷ YNbO4 ʩʦ ʩʪʨʫʢʪʫʨʦʡ 

ʬʝʨʛʶʩʩʦʥʠʪʘ, ʩʫʜʷ ʧʦ ʚʩʝʤʫ ʦʙʨʘʟʫʶʱʝʤʫʩʷ ʚ ʤʝʩʪʘʭ ʢʦʥʪʘʢʪʘ ʟʝʨʝʥ ʬʘʟ 

ʢʦʤʧʦʟʠʪʘ. ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʭ ʧʨʠʥʮʠʧʠʘʣʴʥʳʭ ʠʟʤʝʥʝʥʠʡ ʚ ʩʦʩʪʘʚʝ ʄʕ ʢʝʨʘʤʠʢʠ 

ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ, ʧʨʦʠʩʭʦʜʠʪ ʣʠʰʴ ʟʘʢʦʥʦʤʝʨʥʦʝ ʠʟʤʝʥʝʥʠʝ ʩʦʦʪʥʦʰʝʥʠʷ 

ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʨʝʬʣʝʢʩʦʚ KLNN ʠ YIG ʚ ʧʦʣʴʟʫ ʧʦʩʣʝʜʥʝʛʦ. ʇʨʠ ʵʪʦʤ ʧʦʣʦʞʝʥʠʷ 

ʧʠʢʦʚ KLNN ʠ YIG ʚ ʩʦʩʪʘʚʝ ʢʦʤʧʦʟʠʪʦʚ ʥʝ ʩʤʝʱʘʶʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʪʝʭ ʞʝ 

ʨʝʬʣʝʢʩʦʚ ʯʠʩʪʳʭ ʬʘʟ, ʯʪʦ ʤʦʞʝʪ ʛʦʚʦʨʠʪʴ ʦ ʩʦʭʨʘʥʥʦʩʪʠ ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʦʥʥʦʛʦ 

ʠ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʩʝʨʜʮʝʚʠʥʝ ʟʝʨʝʥ, ʢʦʪʦʨʘʷ ʥʝ ʟʘʪʨʦʥʫʪʘ 

ʤʝʞʬʘʟʥʳʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ. 
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ʇʦʜʦʙʥʦ ʢʦʤʧʦʟʠʪʘʤ ʥʘ ʦʩʥʦʚʝ KLNN, ʚ ʩʠʩʪʝʤʝ (100-ʭ) ʤʘʩʩ.% BNT 

+ ʭ ʤʘʩʩ.% YIG ʚ ʧʨʦʮʝʩʩʝ ʩʧʝʢʘʥʠʷ ʢʦʤʧʦʟʠʮʠʦʥʥʦʡ ʢʝʨʘʤʠʢʠ ʦʙʨʘʟʫʝʪʩʷ 

ʧʦʩʪʦʨʦʥʥʷʷ ʬʘʟʘ ï ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʵʪʦ Y2Ti2O7 ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʧʠʨʦʭʣʦʨʘ. ʅʘ 

ʈʠʩʫʥʢʝ 15 (ʘ) ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʠʬʨʘʢʪʦʛʨʘʤʤʳ ʦʙʨʘʟʮʦʚ BNT-ʩʦʜʝʨʞʘʱʝʡ 

ʩʠʩʪʝʤʳ. ʄʦʞʥʦ ʚʠʜʝʪʴ, ʯʪʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʩʦʜʝʨʞʘʥʠʷ ʛʨʘʥʘʪʘ ʧʨʦʠʩʭʦʜʠʪ 

ʫʚʝʣʠʯʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʨʝʬʣʝʢʩʦʚ ʧʨʠʤʝʩʥʦʡ ʬʘʟʳ, ʧʨʠ ʵʪʦʤ ʧʨʠ ʚʩʝʭ 

ʟʥʘʯʝʥʠʷʭ ʭ ʚ ʦʙʨʘʟʮʘʭ ʩʦʭʨʘʥʷʶʪʩʷ ʪʘʢʞʝ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʘʷ ʠ 

ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʦʥʥʘʷ ʢʦʤʧʦʥʝʥʪʳ, ʪ.ʝ. ʧʨʦʜʫʢʪ ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʪʠʪʘʥʘʪ 

ʠʪʪʨʠʷ, ʠ ʟʜʝʩʴ ʦʙʨʘʟʫʝʪʩʷ ʧʦ ʛʨʘʥʠʮʘʤ ʨʘʟʜʝʣʘ ʬʘʟ.  

 

 

ʈʠʩʫʥʦʢ 14 ï ɼʠʬʨʘʢʪʦʛʨʘʤʤʳ ʄʕ ʢʦʤʧʦʟʠʪʦʚ (100 ʭ) ʤʘʩʩ.% KLNN + ʭ ʤʘʩʩ.% 

YIG, ʯʠʩʪʳʭ ʬʘʟ ʠ ʥʠʦʙʘʪʘ ʠʪʪʨʠʷ (ʠʟ ʙʘʟʳ ʜʘʥʥʳʭ ICDD, #pdf 231486) 

YNbO4 (   ), YIG (   ), KLNN (   ) 

YNbO
4 
 

YIG  

KLNN 

ʭ = 60 

ʭ = 50 

ʭ = 30 

ʭ = 70 

ʭ = 40 
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ʈʠʩʫʥʦʢ 15 ï ɼʠʬʨʘʢʪʦʛʨʘʤʤʳ (a) ʄʕ ʢʦʤʧʦʟʠʪʦʚ (100 ʭ) ʤʘʩʩ.% BNT + ʭ ʤʘʩʩ.% 

YIG, ʯʠʩʪʳʭ ʬʘʟ ʠ ʪʠʪʘʥʘʪʘ ʠʪʪʨʠʷ (ʠʟ ʙʘʟʳ ʜʘʥʥʳʭ ICDD, #pdf 851584) ʠ (b) 

ʩʤʝʱʝʥʠʝ ʨʝʬʣʝʢʩʘ (211) ʧʴʝʟʦʬʘʟʳ ʢʦʤʧʦʟʠʪʘ 

ʆʜʥʘʢʦ ʚ ʦʪʣʠʯʠʝ ʦʪ ʢʦʤʧʦʟʠʪʦʚ ʥʘ ʦʩʥʦʚʝ KLNN ʤʦʞʥʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʚ 

ʩʦʩʪʘʚʝ BNT-ʩʦʜʝʨʞʘʱʠʭ ʢʦʤʧʦʟʠʪʦʚ ʧʠʢʠ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʬʘʟʳ ʩʤʝʱʘʶʪʩʷ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʝʬʣʝʢʩʦʚ ʯʠʩʪʦʡ ʬʘʟʳ (ʈʠʩʫʥʦʢ 15 (b)), ʯʪʦ ʤʦʞʝʪ ʫʢʘʟʳʚʘʪʴ ʥʘ 

ʣʝʛʠʨʦʚʘʥʠʝ ʧʴʝʟʦʬʘʟʳ ʢʘʪʠʦʥʘʤʠ, ʚʭʦʜʷʱʠʤʠ ʚ ʩʦʩʪʘʚ ʬʝʨʨʠʪʘ, ʚ ʭʦʜʝ ʩʧʝʢʘʥʠʷ 

ʄʕ ʢʝʨʘʤʠʢʠ. ʉʫʜ ̫ ʧʦ ʚʩʝʤʫ, ʵʪʦʪ ʧʨʦʮʝʩʩ ʠʤʝʝʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 

ʦʜʥʦʩʪʦʨʦʥʥʠʡ ʭʘʨʘʢʪʝʨ, ʦʪ ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʦʥʥʦʡ ʬʘʟʳ ʢ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʦʡ, ʪ.ʢ. 

ʨʝʬʣʝʢʩʳ, ʧʨʠʥʘʜʣʝʞʘʱʠʝ YIG, ʥʝ ʩʤʝʱʘʶʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʠʢʦʚ ʠʩʭʦʜʥʦʛʦ 

Y2Ti2O7 (   ), YIG (   ), BNT (   ) ʭ = 30 

ʭ = 40 

ʭ = 50 

ʭ = 60 

ʭ = 70 

Y
2
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ʛʨʘʥʘʪʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʘʢ ʠ ʚ ʩʣʫʯʘʝ ʜʚʫʭʬʘʟʥʳʭ ʤʫʣʴʪʠʬʝʨʨʦʠʯʥʳʭ ʩʠʩʪʝʤ ʥʘ 

ʦʩʥʦʚʝ YIG ʠ ʩʚʠʥʝʮʩʦʜʝʨʞʘʱʠʭ ʧʴʝʟʦʵʣʝʢʪʨʠʢʦʚ, ʠʟʫʯʝʥʥʳʭ ʨʘʥʝʝ [207; 232; 

233], ʚ ʘʥʘʣʦʛʠʯʥʳʭ ʙʝʩʩʚʠʥʮʦʚʳʭ ʄʕ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʢʝʨʘʤʠʢʘʭ ʭʠʤʠʯʝʩʢʠʝ 

ʤʝʞʬʘʟʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʷʚʣʷʶʪʩʷ ʥʝʨ ʝʜʢʠʤ ʷʚʣʝʥʠʝʤ. 

ʂ ʩʠʩʪʝʤʘʤ ʩ YIG, ʚ ʢʦʪʦʨʳʭ ʦʪʩʫʪʩʪʚʫʶʪ ʤʝʞʬʘʟʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʢʘʢ 

ʠʟʚʝʩʪʥʦ ʠʟ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ  [232; 233], [234], [235], ʤʦʛʫʪ ʙʳʪʴ ʦʪʥʝʩʝʥʳ 

ʢʦʤʧʦʟʠʪʳ ʥʘ ʦʩʥʦʚʝ BaTiO3 ʠ Ba1-xPbxTiO3 (ʭ = 0.1-0.2), ʘ ʪʘʢʞʝ ʥʝ ʦʧʠʩʘʥʥʳʝ 

ʨʘʥʝʝ ʠ ʚʧʝʨʚʳʝ ʠʩʩʣʝʜʦʚʘʥʥʳʝ ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ 

ʥʘ ʦʩʥʦʚʝ ʪʠʪʘʥʘʪʘ-ʮʠʨʢʦʥʘʪʘ ʙʘʨʠʷ-ʢʘʣʴʮʠʷ (100-ʭ) ʤʘʩʩ.% BCZT + ʭ ʤʘʩʩ.% 

 

ʈʠʩʫʥʦʢ 16 ï ɼʠʬʨʘʢʪʦʛʨʘʤʤʳ ʄʕ ʢʦʤʧʦʟʠʪʦʚ (100 ʭ) ʤʘʩʩ.% BCZT + ʭ 

ʤʘʩʩ.% YIG ʠ ʯʠʩʪʳʭ ʬʘʟ 

YIG  

BCZT 

ʭ = 30 

ʭ = 40 

ʭ = 50 

ʭ = 60 

ʭ = 70 

YIG (   ), BCZT (   ) 
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YIG.ʅʘ ʈʠʩʫʥʢʝ 16 ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʠʬʨʘʢʪʦʛʨʘʤʤʳ ʦʙʨʘʟʮʦʚ ʩʠʩʪʝʤʳ 

(100-ʭ) ʤʘʩʩ.% BCZT + ʭ ʤʘʩʩ.% YIG. ʅʘ ʥʠʭ ʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ ʪʦʣʴʢʦ ʧʠʢʠ, 

ʧʨʠʥʘʜʣʝʞʘʱʠʝ BCZT ʠ YIG. ʉ ʨʦʩʪʦʤ ʩʦʜʝʨʞʘʥʠʷ ʬʝʨʨʠʪʘ ʧʨʦʠʩʭʦʜʠʪ 

ʟʘʢʦʥʦʤʝʨʥʦʝ ʠʟʤʝʥʝʥʠʝ ʩʦʦʪʥʦʰʝʥʠʷ ʠʭ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ, ʧʨʠ ʵʪʦʤ ʨʝʬʣʝʢʩʳ ʬʘʟ 

ʚ ʩʦʩʪʘʚʝ ʢʦʤʧʦʟʠʪʦʚ ʥʝ ʩʤʝʱʘʶʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʣʦʞʝʥʠʡ, ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ 

ʠʩʭʦʜʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʘ ʪʘʢʞʝ ʥʝ ʠʟʤʝʥʷʝʪʩʷ ʠʭ ʬʦʨʤʘ. ʕʪʦ ʛʦʚʦʨʠʪ ʦʙ 

ʦʪʩʫʪʩʪʚʠʠ ʚʳʨʘʞʝʥʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʤʝʞʬʘʟʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ. 

ʂʦʤʧʦʟʠʮʠʦʥʥʘʷ ʢʝʨʘʤʠʢʘ (100-ʭ) ʤʘʩʩ.% BCZT + ʭ ʤʘʩʩ.% YIG  ʦʙʣʘʜʘʝʪ 

ʚʳʩʦʢʦʡ ʧʣʦʪʥʦʩʪʴʶ r, ʢʦʪʦʨʘʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʭ ʟʘʢʦʥʦʤʝʨʥʦ ʩʥʠʞʘʝʪʩʷ (ʈʠʩʫʥʦʢ 

17), ʥʦ ʧʨʠ ʵʪʦʤ ʩʦʩʪʘʚʣʷʝʪ ʥʝ ʤʝʥʝʝ 95% ʦʪ ʨʝʥʪʛʝʥʦʚʩʢʦʡ  (ʨʘʩʯʝʪʥʳʝ ʟʥʘʯʝʥʠʷ 

ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʧʣʦʪʥʦʩʪʝʡ BCZT ʠ YIG ʩʦʩʪʘʚʣʷʶʪ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 5.716 ʠ 5.178 

ʛ/ʩʤ3, ʚ ʨʘʩʯʝʪʝ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʘʨʘʤʝʪʨʳ ʵʣʝʤʝʥʪʘʨʥʳʭ ʷʯʝʝʢ BCZT (ʘ = 4.015 ¡, ʩ 

= 4.019 ¡) ʠ YIG (a = 12.372 ¡)). 

 

ʈʠʩʫʥʦʢ 17 ï ʈʘʩʯʝʪʥʘʷ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʳʝ 

ʟʘʚʠʩʠʤʦʩʪʠ ʧʣʦʪʥʦʩʪʠ ʢʝʨʘʤʠʢʠ (100 ʭ) ʤʘʩʩ.% BCZT + ʭ ʤʘʩʩ.% YIG 
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ʈʠʩʫʥʦʢ 18 ï ʌʦʪʦʛʨʘʬʠʠ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʢʝʨʘʤʠʢʠ (100 ʭ) ʤʘʩʩ.% BCZT 

+ ʭ ʤʘʩʩ.% YIG 

ʅʝʩʤʦʪʨʷ ʥʘ ʚʳʩʦʢʫʶ ʧʣʦʪʥʦʩʪʴ ʦʙʨʘʟʮʦʚ, ʥʘ ʬʦʪʦʛʨʘʬʠʷʭ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ 

ʢʦʤʧʦʟʠʪʦʚ ʧʨʠ ʚʩʝʭ ʟʥʘʯʝʥʠʷʭ ʭ (ʈʠʩʫʥʦʢ 18,a-ʝ) ʟʘʤʝʪʥʦ ʥʘʣʠʯʠʝ ʧʦʨ. ʄʦʞʥʦ 

ʪʘʢʞʝ ʚʠʜʝʪʴ, ʯʪʦ ʢʝʨʘʤʠʢʘ ʩʦʩʪʦʠʪ ʠʟ ʜʦʚʦʣʴʥʦ ʦʙʰʠʨʥʳʭ ʦʙʣʘʩʪʝʡ ʩʨʦʩʰʠʭʩʷ 

x = 30 (a) x = 40 (b) 

x = 50 (c) x = 60 (d) 

x = 70 (e) 

x = 50 (f) 

x = 70 (g) 
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ʤʝʞʜʫ ʩʦʙʦʡ ʟʝʨʝʥ ʧʴʝʟʦʵʣʝʢʪʨʠʢʘ (ʙʦʣʝʝ ʪʝʤʥʳʝ ʦʙʣʘʩʪʠ) ʩʦ ʩʨʝʜʥʠʤʠ ʨʘʟʤʝʨʘʤʠ 

~10 ʤʢʤ (ʢʘʢ ʵʪʦ ʭʦʨʦʰʦ ʚʠʜʥʦ ʥʘ ʧʨʠʤʝʨʝ ʦʜʥʦʛʦ ʠʟ ʢʦʤʧʦʟʠʪʦʚ ʩ ʭ = 50 ʥʘ 

ʈʠʩʫʥʢʝ 18,f), ʤʝʞʜʫ ʢʦʪʦʨʳʤʠ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʧʨʦʩʣʦʡʢʠ ʬʘʟʳ ʬʝʨʨʠʪʘ (ʙʦʣʝʝ 

ʩʚʝʪʣʳʝ ʫʯʘʩʪʢʠ) ʩ ʨʘʟʤʝʨʘʤʠ ʯʘʩʪʠʮ ʧʨʠʤʝʨʥʦ ʥʘ ʧʦʨʷʜʦʢ ʤʝʥʴʰʝ (ʜʣʷ 

ʥʘʛʣʷʜʥʦʩʪʠ ʧʨʠʚʝʜʝʥʘ ʤʠʢʨʦʬʦʪʦʛʨʘʬʠʷ ʢʦʤʧʦʟʠʪʘ ʩ ʥʘʠʙʦʣʴʰʠʤ ʭ = 70, ʈʠʩʫʥʦʢ 

18,g). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʯʝʚʠʜʥʦ, ʯʪʦ ʩʧʝʢʘʥʠʝ ʢʦʤʧʦʟʠʮʠʦʥʥʦʡ ʢʝʨʘʤʠʢʠ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʟʘ ʩʯʝʪ ʧʨʦʮʝʩʩʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʩʥʠʞʝʥʠʝʤ 

ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʵʥʝʨʛʠʠ ʧʴʝʟʦʬʘʟʳ. 

ʅʘ ʈʠʩʫʥʢʝ 19,ʘ-b ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʝʪʣʠ ʤʘʛʥʠʪʥʦʛʦ ʛʠʩʪʝʨʝʟʠʩʘ ʄʕ ʢʝʨʘʤʠʢʠ 

(100-ʭ) ʤʘʩʩ.% BCZT + ʭ ʤʘʩʩ.% YIG. ʂʘʢ ʤʦʞʥʦ ʚʠʜʝʪʴ, ʚ ʠʩʩʣʝʜʦʚʘʥʥʦʤ 

ʜʠʘʧʘʟʦʥʝ ʭ ʟʥʘʯʝʥʠʷ ʦʩʪʘʪʦʯʥʦʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʄR ʠ ʢʦʵʨʮʠʪʠʚʥʦʡ ʩʠʣʳ ʅʉ 

ʤʘʣʦ ʟʘʚʠʩʷʪ ʦʪ ʩʦʩʪʘʚʘ ʢʦʤʧʦʟʠʪʦʚ ʠ ʚ ʩʨʝʜʥʝʤ ʩʦʩʪʘʚʣʷʶʪ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ~0.011 

emu/g ʠ ~5 Oe, ʧʨʠ ʵʪʦʤ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʩʦʜʝʨʞʘʥʠʷ ʛʨʘʥʘʪʘ ʧʨʦʠʩʭʦʜʠʪ 

ʟʘʢʦʥʦʤʝʨʥʳʡ, ʧʦʯʪʠ ʣʠʥʝʡʥʳʡ ʨʦʩʪ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʥʘʩʳʱʝʥʠʷ MS (ʈʠʩʫʥʦʢ 

19,ʩ).  

ʅʘ ʈʠʩʫʥʢʝ 20,ʘ-b ʧʨʠʚʝʜʝʥʳ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʣʦʛʘʨʠʬʤʘ 

ʫʜʝʣʴʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ lgR ʠ ʪʘʥʛʝʥʩʘ ʫʛʣʘ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ 

ʧʦʪʝʨʴ tgd ʜʣʷ ʦʙʩʫʞʜʘʝʤʦʡ ʄʕ ʢʝʨʘʤʠʢʠ (100-ʭ) ʤʘʩʩ.% BCZT + ʭ ʤʘʩʩ.% YIG.  

ʅʝʩʤʦʪʨʷ ʥʘ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʡ lgR ʥʘ ʧʦʩʪʦʷʥʥʦʤ ʪʦʢʝ, ʢʦʪʦʨʳʝ ʩ 

ʫʚʝʣʠʯʝʥʠʝʤ ʭ ʩʣʘʙʦ ʧʘʜʘʶʪ, ʟʥʘʯʝʥʠʷ tgd ʜʦʚʦʣʴʥʦ ʚʝʣʠʢʠ ʠ ʟʘʢʦʥʦʤʝʨʥʦ 

ʚʦʟʨʘʩʪʘʶʪ ʩ ʨʦʩʪʦʤ ʩʦʜʝʨʞʘʥʠʷ ʬʝʨʨʠʪʘ. ʇʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʵʪʦ ʩʚʷʟʘʥʦ ʩ 

ʩʦʩʪʦʷʥʠʝʤ ʤʝʞʬʘʟʥʳʭ ʛʨʘʥʠʮ, ʛʜʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʮʝʩʩʦʚ ʤʝʞʬʘʟʥʦʛʦ 

ʣʝʛʠʨʦʚʘʥʠʷ ʥʝʩʢʦʣʴʢʦ ʠʟʤʝʥʷʝʪʩʷ ʩʦʩʪʘʚ ʬʘʟ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʦʙʨʘʟʫʶʪʩʷ 

ʧʨʦʩʣʦʡʢʠ, ʦʙʣʘʜʘʶʱʠʝ ʧʦʥʠʞʝʥʥʳʤ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ. ʏʪʦ 

ʢʘʩʘʝʪʩʷ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ e33
ʊ/e0 (ʈʠʩʫʥʦʢ 20,c), ʪʦ ʦʥʘ ʜʦʚʦʣʴʥʦ 

ʚʝʣʠʢʘ ʧʨʝʞʜʝ ʚʩʝʛʦ ʚʩʣʝʜʩʪʚʠʝ ʚʳʩʦʢʠʭ ʟʥʘʯʝʥʠʡ ʜʘʥʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ʫ ʯʠʩʪʦʛʦ 

ʪʠʪʘʥʘʪʘ-ʮʠʨʢʦʥʘʪʘ ʙʘʨʠʷ-ʢʘʣʴʮʠʷ ʠ ʟʘʢʦʥʦʤʝʨʥʦ ʩʥʠʞʘʝʪʩʷ ʧʦ ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ 

ʩʦʜʝʨʞʘʥʠʷ ʛʨʘʥʘʪʘ.  
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ʈʠʩʫʥʦʢ 19 ï ʇʝʪʣʠ (ʘ), ʬʨʘʛʤʝʥʪʳ ʧʝʪʝʣʴ (b) ʤʘʛʥʠʪʥʦʛʦ ʛʠʩʪʝʨʝʟʠʩʘ ʄʕ 

ʢʝʨʘʤʠʢʠ (100 ʭ) ʤʘʩʩ.% BCZT + ʭ ʤʘʩʩ.% YIG ʠ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʘʷ 

ʟʘʚʠʩʠʤʦʩʪʴ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʥʘʩʳʱʝʥʠʷ (ʩ) 

ʅʘ ʈʠʩʫʥʢʝ 20,d-e ʧʨʠʚʦʜʷʪʩʷ ʛʨʘʬʠʢʠ ʠʟʤʝʥʝʥʠʷ ʧʨʦʜʦʣʴʥʳʭ 

ʧʴʝʟʦʢʦʥʩʪʘʥʪ - ʧʴʝʟʦʤʦʜʫʣʷ d33 ʠ ʧʴʝʟʦʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ g33 ʢʦʤʧʦʟʠʪʦʚ 

(100-ʭ) ʤʘʩʩ.% BCZT + ʭ ʤʘʩʩ.% YIG. ʄʦʞʥʦ ʚʠʜʝʪʴ, ʯʪʦ ʧʴʝʟʦʤʦʜʫʣʴ d33 

ʟʘʢʦʥʦʤʝʨʥʦ ʫʤʝʥʴʰʘʝʪʩʷ ʩ ʨʦʩʪʦʤ ʩʦʜʝʨʞʘʥʠʷ ʬʝʨʨʠʪʘ, ʘ ʧʴʝʟʦʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ 

g33 ʢʘʢ ʧʘʨʘʤʝʪʨ, ʟʘʚʠʩʷʱʠʡ ʦʜʥʦʚʨʝʤʝʥʥʦ ʦʪ d33 ʠ e33
ʊ, ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʰʠʨʦʢʠʡ 

ʤʘʢʩʠʤʫʤ ʧʨʠ ʭ = 40-60.  
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ʈʠʩʫʥʦʢ 20 ï ʂʦʥʮʝʥʪʨʘʮʠʦʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʣʦʛʘʨʠʬʤʘ ʫʜʝʣʴʥʦʛʦ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ lgR (a), ʪʘʥʛʝʥʩʘ ʫʛʣʘ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʪʝʨʴ 

tgd (b), ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ e33
ʊ/e0 (c), 

ʧʴʝʟʦʤʦʜʫʣʷ d33 (d), ʧʴʝʟʦʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ g33 (e) ʠ ʄʕ ʢʦʵʬʬʠʮʠʝʥʪʘ Dɽ/Dʅ 

(f) ʢʦʤʧʦʟʠʪʦʚ (100-ʭ) ʤʘʩʩ.% BCZT + ʭ ʤʘʩʩ.% YIG 
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ʆʙʨʘʟʮʳ ʦʙʩʫʞʜʘʝʤʦʡ ʩʠʩʪʝʤʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʡ ʚ 

ʢʣʘʩʩʝ ʢʦʤʧʦʟʠʪʦʚ ʥʘ ʦʩʥʦʚʝ YIG ɻ ʬʬʝʢʪʠʚʥʦʩʪʴʶ ʄʕ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ (ʈʠʩʫʥʦʢ 

20,f), ʤʘʢʩʠʤʫʤ ʢʦʪʦʨʦʡ ʥʘʙʣʶʜʘʝʪʩʷ ʫ ʩʦʩʪʘʚʘ 60 ʤʘʩʩ.% BCZT + 40 ʤʘʩʩ.% YIG ʠ 

ʜʦʩʪʠʛʘʝʪ ~5 ʤɺ/(ʩʤÖʕ).  

 

 

 

 

 
 

ʈʠʩʫʥʦʢ 21 ï ʇʝʪʣʠ ʤʘʛʥʠʪʥʦʛʦ ʛʠʩʪʝʨʝʟʠʩʘ ʠ ʠʭ ʬʨʘʛʤʝʥʪʳ ʜʣʷ ʄʕ 

ʢʝʨʘʤʠʢʠ (100 ʭ) ʤʘʩʩ.% FE + ʭ ʤʘʩʩ.% YIG: a, b ï KLNN; c, d ï BNT 
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ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ BCZT-ʩʦʜʝʨʞʘʱʠʤʠ ʢʦʤʧʦʟʠʪʘʤʠ ʄʕ ʢʝʨʘʤʠʢʘ ʩʠʩʪʝʤʳ 

(100-ʭ) ʤʘʩʩ.% KLNN  +  ʭ ʤʘʩʩ.% YIG, ʥʝʩʤʦʪʨʷ ʥʘ ʫʞʝ ʦʧʠʩʘʥʥʳʝ ʨʘʥʝʝ ʷʚʥʳʝ 

ʧʨʠʟʥʘʢʠ ʤʝʞʬʘʟʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ (ʈʠʩʫʥʦʢ 14), ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʜʘʞʝ ʙʦʣʝʝ 

ʚʳʩʦʢʠʝ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ, ʢʘʢ ʵʪʦ ʧʦʢʘʟʘʥʦ ʚ ʊʘʙʣʠʮʝ 4 ʜʣʷ ʦʙʨʘʟʮʦʚ 

ʩ ʭ = 40-60, ʛʜʝ ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʧʨʠʚʝʜʝʥʳ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʤʧʦʟʠʪʦʚ ʥʘ ʦʩʥʦʚʝ 

BCZT ʪʝʭ ʞʝ ʩʦʩʪʘʚʦʚ. ʕʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʭʦʨʦʰʫʶ ʩʦʭʨʘʥʥʦʩʪʴ 

ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʬʘʟʳ ʚ ʢʦʤʧʦʟʠʪʘʭ KLNN-ʩʦʜʝʨʞʘʱʝʡ ʩʠʩʪʝʤʳ, ʯʪʦ 

ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʜʘʥʥʳʤʠ ʈʌɸ (ʩʤ. ʚʳʰʝ). ʅʘ ʈʠʩʫʥʢʝ 21,ʘ-b ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʝʪʣʠ 

ʤʘʛʥʠʪʥʦʛʦ ʛʠʩʪʝʨʝʟʠʩʘ ʜʣʷ ʢʦʤʧʦʟʠʪʦʚ (100-ʭ) ʤʘʩʩ.% KLNN  +  ʭ ʤʘʩʩ.% YIG ʩ ʭ 

= 40-60, ʘ ʚ ʊʘʙʣʠʮʝ 4 ʧʨʠʚʦʜʷʪʩʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʤʘʛʥʠʪʥʳʝ ʧʘʨʘʤʝʪʨʳ MR, MS, 

HC. ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʩ ʢʝʨʘʤʠʢʦʡ ʥʘ ʦʩʥʦʚʝ BCZT ʧʦʟʚʦʣʷʝʪ ʫʚʠʜʝʪʴ, ʯʪʦ 

KLNN-ʩʦʜʝʨʞʘʱʠʝ ʢʦʤʧʦʟʠʪʳ ʧʨʠ ʦʜʥʠʭ ʠ ʪʝʭ ʞʝ ʟʥʘʯʝʥʠʷ ʭ ʷʚʣʷʶʪʩʷ ʙʦʣʝʝ 

ʤʘʛʥʠʪʦʞʝʩʪʢʠʤʠ, ʪ.ʝ. ʦʙʣʘʜʘʶʪ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʢʦʵʨʮʠʪʠʚʥʦʡ ʩʠʣʦʡ HC, ʘ ʪʘʢʞʝ 

ʙʦʣʴʰʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʥʘʩʳʱʝʥʠʷ MS ʠ ʦʩʪʘʪʦʯʥʦʡ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ MR. ʆʙʥʘʨʫʞʝʥʥʳʤ ʦʪʣʠʯʠʷʤ ʥʝ ʥʘʡʜʝʥʦ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʛʦ 

ʦʙʲʷʩʥʝʥʠʷ. ʇʨʠ ʵʪʦʤ ʚʦʟʤʦʞʥʦ, ʯʪʦ ʙʦʣʴʰʘʷ ʤʘʛʥʠʪʦʞʝʩʪʢʦʩʪʴ 

KLNN-ʩʦʜʝʨʞʘʱʝʡ ʢʝʨʘʤʠʢʠ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʧʨʠʯʠʥ ʪʦʛʦ, ʯʪʦ ʢʦʵʬʬʠʮʠʝʥʪʳ 

ʄʕ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ Dɽ/Dʅ ʫ ʵʪʠʭ ʢʦʤʧʦʟʠʪʦʚ ʥʝʚʝʣʠʢʠ ʠ ʥʝ ʧʨʝʚʳʰʘʶʪ 

1.2 ʤɺ/(ʩʤÖʕ). ɽʱʝ ʦʜʥʦʡ ʠ ʧʦ ʚʩʝʡ ʚʠʜʠʤʦʩʪʠ ʙʦʣʝʝ ʟʥʘʯʠʤʦʡ ʧʨʠʯʠʥʦʡ 

ʥʝʦʞʠʜʘʥʥʦ ʥʠʟʢʠʭ ʟʥʘʯʝʥʠʡ Dɽ/Dʅ ʢʦʤʧʦʟʠʪʦʚ ʥʘ ʦʩʥʦʚʝ KLNN ʤʦʞʝʪ ʙʳʪʴ ʪʦ, 

ʯʪʦ ʦʙʨʘʟʫʶʱʘʷʩʷ ʚ ʙʦʣʴʰʠʭ ʢʦʣʠʯʝʩʪʚʘʭ ʧʦ ʛʨʘʥʠʮʘʤ ʟʝʨʝʥ ʧʨʠʤʝʩʥʘʷ ʬʘʟʘ 

YNbO4 ʫʭʫʜʰʘʝʪ ʤʝʭʘʥʠʯʝʩʢʠʡ ʤʝʞʬʘʟʥʳʡ ʢʦʥʪʘʢʪ ʠ ʪʝʤ ʩʘʤʳʤ ʧʨʝʧʷʪʩʪʚʫʝʪ 

ʵʬʬʝʢʪʠʚʥʦʡ ʧʝʨʝʜʘʯʝ ʜʝʬʦʨʤʘʮʠʡ ʦʪ ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʦʥʥʦʡ ʬʘʟʳ ʢ 

ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʚ ʧʨʦʮʝʩʩʝ ʨʝʘʣʠʟʘʮʠʠ ʄʕ ʵʬʬʝʢʪʘ. 

ɺ ʊʘʙʣʠʮʝ 4 ʧʨʠʚʝʜʝʥʳ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʄʕ ʢʦʤʧʦʟʠʪʦʚ (100-ʭ) ʤʘʩʩ.% BNT 

+ ʭ ʤʘʩʩ.% YIG ʩ ʭ = 40-60. ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ BCZT- ʠ KLNN-ʩʦʜʝʨʞʘʱʠʤʠ 

ʢʦʤʧʦʟʠʪʘʤʠ ʪʦʛʦ ʞʝ ʩʦʩʪʘʚʘ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʧʴʝʟʦʩʚʦʡʩʪʚʘ ʟʘʤʝʪʥʦ ʭʫʞʝ. ʕʪʦʪ 

ʬʘʢʪ ʪʘʢʞʝ ʥʘʭʦʜʠʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʜʘʥʥʳʤʠ ʈʌɸ, ʧʦʜʪʚʝʨʞʜʘʶʱʠʤʠ 

ʣʝʛʠʨʦʚʘʥʠʝ ʬʘʟʳ BNT ʢʦʤʧʦʥʝʥʪʘʤʠ ʬʝʨʨʠʪʘ, ʯʪʦ ʠ ʧʨʠʚʦʜʠʪ ʢ ʫʭʫʜʰʝʥʠʶ ʝʝ 
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ʩʚʦʡʩʪʚ. ʅʘ ʈʠʩʫʥʢʝ 21,c-d ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʝʪʣʠ ʤʘʛʥʠʪʥʦʛʦ ʛʠʩʪʝʨʝʟʠʩʘ ʜʣʷ 

ʢʦʤʧʦʟʠʪʦʚ (100-ʭ) ʤʘʩʩ.% BNT +  ʭ ʤʘʩʩ.% YIG ʩ ʭ = 40-60, ʘ ʚ ʊʘʙʣʠʮʝ 9.1 

ʧʨʠʚʦʜʷʪʩʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʤʘʛʥʠʪʥʳʝ ʧʘʨʘʤʝʪʨʳ (MR, MS, HC). ʄʦʞʥʦ ʚʠʜʝʪʴ, 

ʯʪʦ ʚ ʦʪʣʠʯʠʝ ʦʪ ʢʦʤʧʦʟʠʪʦʚ ʥʘ ʦʩʥʦʚʝ KLNN ʄʕ ʢʝʨʘʤʠʢʘ, ʩʦʜʝʨʞʘʱʘʷ ʚ ʢʘʯʝʩʪʚʝ 

ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ BNT, ʦʢʘʟʘʣʘʩʴ ʜʘʞʝ ʙʦʣʝʝ ʤʘʛʥʠʪʦʤʷʛʢʦʡ, ʯʝʤ 

BCZT-ʩʦʜʝʨʞʘʱʠʝ ʦʙʨʘʟʮʳ. ʊʝʤ ʥʝ ʤʝʥʝʝ ɻ ʬʬʝʢʪʠʚʥʦʩʪʴ ʠʭ ʄʕ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʚ 

ʩʠʩʪʝʤʝ (100-ʭ) ʤʘʩʩ.% BNT +  ʭ ʤʘʩʩ.% YIG ʥʝ ʧʨʝʚʳʰʘʝʪ 0.2 ʤɺ/(ʩʤÖʕ), ʯʪʦ 

ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʜʝʛʨʘʜʘʮʠʝʡ ʧʴʝʟʦʬʘʟʳ ʚʩʣʝʜʩʪʚʠʝ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ 

ʤʝʞʬʘʟʥʳʭ ʨʝʘʢʮʠʡ. 

ʊʘʙʣʠʮʘ 4 ï ʉʚʦʡʩʪʚʘ ʄʕ ʢʝʨʘʤʠʢʠ  (100-ʭ) ʤʘʩʩ.% FE + ʭ ʤʘʩʩ.% YIG 

x e
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emu/g 
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Oe 

Dɽ/Dʅ, 

mV/(cmÖOe) 

KLNN 

40 850 0.87 33 5.0 0.20 0.49 10.1 23.5 1.2 

50 770 0.69 25 3.3 0.21 0.56 12.9 22.3 0.7 

60 580 0.63 16 3.1 0.18 0.59 15.1 22.3 0.2 

BNT 

40 120 0.41 3 2.9 - 0.0073 8.0 3.9 ~0.2 

50 70 0.38 2 2.9 - 0.0085 8.9 4.1 ~0 

60 60 0.46 1 1.6 - 0.0105 11.5 4.9 ~0 

BCZT 

40 480 0.52 12 2.6 0.08 0.0100 8.2 5.4 4.9 

50 300 0.71 10 3.8 0.07 0.0101 10.2 5.0 2.1 

60 200 0.97 8 4.1 0.05 0.0105 12.7 4.8 0.8 
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3.1.3 ˏ ̜̜̃̏̅ ̋ ̑́̈̅̆̌̔ 3.1 

1. ʀʩʩʣʝʜʦʚʘʥʳ ʤʝʞʬʘʟʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠ ʧʨʦʚʝʜʝʥʳ ʢʦʤʧʣʝʢʩʥʳʝ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʝ, ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʝ, ʤʘʛʥʠʪʥʳʝ ʠ ʤʘʛʥʠʪʦʵʣʝʢʪʨʠʯʝʩʢʠʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʫʣʴʪʠʬʝʨʨʦʠʯʥʳʭ ʩʠʩʪʝʤ (100-ʭ) ʤʘʩʩ.% FE +   ʭ ʤʘʩʩ.% YIG (ʭ = 

30-70 ʩ ʰʘʛʦʤ 10 ʤʘʩʩ.%), ʛʜʝ FE ï ʠʟʚʝʩʪʥʳʝ ʠʟ ʣʠʪʝʨʘʪʫʨʳ ʙʝʩʩʚʠʥʮʦʚʳʝ 

ʧʴʝʟʦʵʣʝʢʪʨʠʢʠ ʥʠʦʙʘʪ ʣʠʪʠʷ-ʥʘʪʨʠʷ-ʢʘʣʠʷ ([Li 0.06(Na0.52K0.48)]1.04NbO3, KLNN), 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ ʪʠʪʘʥʘʪ ʥʘʪʨʠʷ-ʚʠʩʤʫʪʘ ([96 ʤʦʣ.% Bi0,5(Na0,84K0,16)0,5TiO3 + 4 

ʤʦʣ.% SrTiO3 + 0.2 ʤʘʩʩ.% La2O3], BNT) ʠ ʮʠʨʢʦʥʘʪ-ʪʠʪʘʥʘʪ ʙʘʨʠʷ-ʢʘʣʴʮʠʷ 

(Ba0.85Ca0.15Ti0.9Zr0.1O3, BCZT). ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ KLNN- ʠ BNʊ-ʩʦʜʝʨʞʘʱʠʭ 

ʩʠʩʪʝʤʘʭ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʦʙʞʠʛʘ ʚ ʙʦʣʴʰʠʭ ʢʦʣʠʯʝʩʪʚʘʭ 

ʦʙʨʘʟʫʶʪʩʷ ʧʦʩʪʦʨʦʥʥʠʝ ʬʘʟʳ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, YNbO4 ʩʦ ʩʪʨʫʢʪʫʨʦʡ 

ʬʝʨʛʶʩʩʦʥʠʪʘ ʠ ʧʠʨʦʭʣʦʨʦʧʦʜʦʙʥʳʡ Y2Ti2O7, ʠ ʣʠʰʴ ʢʦʤʧʦʟʠʪʳ ʥʘ ʦʩʥʦʚʝ BCZT 

ʥʝ ʩʦʜʝʨʞʘʪ ʧʦʩʪʦʨʦʥʥʠʭ ʬʘʟ ʥʝʩʤʦʪʨʷ ʥʘ ʚʳʩʦʢʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʩʧʝʢʘʥʠʷ 

ʄʕ ʢʝʨʘʤʠʢʠ (1250-1280ʉ̄).  

2. ʅʘʠʙʦʣʴʰʝʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʄʕ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʦʙʣʘʜʘʶʪ 

ʦʙʨʘʟʮʳ, ʧʨʠʥʘʜʣʝʞʘʱʠʝ ʩʠʩʪʝʤʝ (100-ʭ) ʤʘʩʩ.% BCZT + ʭ ʤʘʩʩ.% YIG, ʜʣʷ 

ʢʦʪʦʨʳʭ ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʄʕ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ Dɽ/DH 

ʜʦʩʪʠʛʘʝʪ ~5 ʤɺ/(ʩʤÖʕ) ʧʨʠ ʭ = 40.  

3. ʅʝʩʤʦʪʨʷ ʥʘ ʤʝʞʬʘʟʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʢʝʨʘʤʠʢʘ 

(100-ʭ) ʤʘʩʩ.% KLNN  +   ʭ ʤʘʩʩ.% YIG ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʳʩʦʢʠʤʠ 

ʧʴʝʟʦʧʘʨʘʤʝʪʨʘʤʠʠ, ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ ʤʝʞʬʘʟʥʳʝ ʨʝʘʢʮʠʠ ʧʨʦʪʝʢʘʶʪ ʧʦ 

ʛʨʘʥʠʮʘʤ ʟʝʨʝʥ ʠ ʥʝ ʟʘʪʨʘʛʠʚʘʶʪ ʠʭ ʩʝʨʜʮʝʚʠʥʳ. ʆʜʥʘʢʦ ʢʦʵʬʬʠʮʠʝʥʪʳ 

ʄʕ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ Dɽ/DH ʢʦʤʧʦʟʠʪʦʚ ʥʘ ʦʩʥʦʚʝ KLNN  ʥʝʚʝʣʠʢʠ, ʦʥʠ ʥʝ 

ʧʨʝʚʳʰʘʶʪ 1.2 ʤɺ/(ʩʤÖʕ), ʪ.ʢ. ʧʦ ʚʩʝʡ ʚʠʜʠʤʦʩʪʠ ʦʙʨʘʟʫʶʱʘʷʩʷ ʚ ʙʦʣʴʰʠʭ 

ʢʦʣʠʯʝʩʪʚʘʭ ʧʦ ʛʨʘʥʠʮʘʤ ʟʝʨʝʥ ʧʨʠʤʝʩʥʘʷ ʬʘʟʘ YNbO4 ʫʭʫʜʰʘʝʪ ʤʝʭʘʥʠʯʝʩʢʠʡ 

ʤʝʞʬʘʟʥʳʡ ʢʦʥʪʘʢʪ ʠ ʪʝʤ ʩʘʤʳʤ ʧʨʝʧʷʪʩʪʚʫʝʪ ʵʬʬʝʢʪʠʚʥʦʡ ʧʝʨʝʜʘʯʝ ʜʝʬʦʨʤʘʮʠʡ 

ʦʪ ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʦʥʥʦʡ ʬʘʟʳ ʢ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʚ ʧʨʦʮʝʩʩʝ ʨʝʘʣʠʟʘʮʠʠ 

ʄʕ ʵʬʬʝʢʪʘ.  
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4. KLNN-ʩʦʜʝʨʞʘʱʘʷ ʄʕ ʢʝʨʘʤʠʢʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʙʦʣʝʝ ʚʳʩʦʢʦʡ, ʘ 

BNT-ʩʦʜʝʨʞʘʱʘʷ ï ʤʝʥʴʰʝʡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʤʧʦʟʠʪʘʤʠ ʥʘ ʦʩʥʦʚʝ BCZT 

ʤʘʛʥʠʪʦʞʝʩʪʢʦʩʪʴʶ; ʦʙʥʘʨʫʞʝʥʥʳʤ ʦʪʣʠʯʠʷʤ ʥʝ ʥʘʡʜʝʥʦ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʛʦ 

ʦʙʲʷʩʥʝʥʠʷ. ɺNʊ-ʩʦʜʝʨʞʘʱʘʷ ʄʕ ʢʝʨʘʤʠʢʘ ʦʙʣʘʜʘʝʪ ʦʯʝʥʴ ʩʣʘʙʦʡ 

ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʫʣʝʚʦʡ ʄʕ ʘʢʪʠʚʥʦʩʪʴʶ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ 

ʜʝʛʨʘʜʘʮʠʝʡ ʧʴʝʟʦʬʘʟʳ ʚʩʣʝʜʩʪʚʠʝ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʤʝʞʬʘʟʥʳʭ ʨʝʘʢʮʠʡ. 

 

3Ȣς ˞̜̍̆̒̆̃̆ ̞̘̍́̄̎̉̓̏̌̆̋̓̑̉̆̒̋̉̆ ̜̋̏̍̐̏̈̉̓ ̎́ ̏̒̎̏̃̆ 

̓̉̓́̎́̓́-̗̉̑̋̏̎́̓́ ̠̂́̑̉-̝̗̠̋́̌̉ ̉ ̗̍̏̅̉̉̉̑̏̃́̎̎̏̄̏̕ ̆̑̑̉̓́̕ 

̠̎̉̋̆̌ ̒̏ ̒̓̑̔̋̓̔̑̏̊ ̙̐̉̎̆̌̉ 

ɼʘʥʥʳʡ ʨʘʟʜʝʣ ʨʘʙʦʪʳ ʧʦʩʚʷʱʝʥ ʢʦʤʧʣʝʢʩʥʦʤʫ ʠʩʩʣʝʜʦʚʘʥʠʶ ʩʪʨʫʢʪʫʨʳ ʠ 

ʩʚʦʡʩʪʚ ʄʕ ʢʦʤʧʦʟʠʪʦʚ (100-ʭ) ʤʘʩʩ.% Ba0.85Ca0.15Ti0.9Zr0.1O3 (BCZT) + ʭ ʤʘʩʩ.% 

NiCo0.02Cu0.02Mn0.1Fe1.8O4-d, (NCCMF). 

ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ, ʬʝʨʨʠʪʳ ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʰʧʠʥʝʣʠ ʚ 

ʩʝʤʝʡʩʪʚʝ ʦʢʩʠʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʦʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʦʙʣʘʜʘʶʪ 

ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʠʤʠ ʢʦʥʩʪʘʥʪʘʤʠ ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʠ, ʧʦʵʪʦʤʫ ʢʦʤʧʦʟʠʪʳ ʥʘ ʠʭ 

ʦʩʥʦʚʝ ʠʤʝʶʪ, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʦʚʳʰʝʥʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʄʕ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ, ʚ ʥʠʭ 

ʩʨʘʚʥʠʪʝʣʴʥʦ ʨʝʜʢʠ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʝ ʨʝʘʢʮʠʠ, ʧʨʠʚʦʜʷʱʠʝ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 

ʧʦʩʪʦʨʦʥʥʠʭ ʬʘʟ, ʧʦʵʪʦʤʫ ʦʥʠ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳ ʜʣʷ ʩʦʟʜʘʥʠʷ ʘʢʪʠʚʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ʜʣʷ ʧʨʠʙʦʨʦʚ ʠ ʫʩʪʨʦʡʩʪʚ ʨʘʟʣʠʯʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ. ʉʨʝʜʠ ʬʝʨʨʠʪʦʚ ʩʦ 

ʩʪʨʫʢʪʫʨʦʡ ʰʧʠʥʝʣʠ ʫʣʫʯʰʝʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʚ ʜʠʥʘʤʠʯʝʩʢʦʤ ʨʝʞʠʤʝ ʦʙʣʘʜʘʝʪ 

ʬʝʨʨʠʪ ʥʠʢʝʣʷ ʠ ʪʚʝʨʜʳʝ ʨʘʩʪʚʦʨʳ ʥʘ ʝʛʦ ʦʩʥʦʚʝ [231], ʧʦʵʪʦʤʫ ʚ ʨʘʤʢʘʭ 

ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʙʳʣʘ ʠʟʫʯʝʥʘ ʄʕ ʢʝʨʘʤʠʢʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʬʝʨʨʠʪʘ ʥʠʢʝʣʷ ʜʚʫʭ ʩʦʩʪʘʚʦʚ, Ni0.9Co0.1Cu0.1Fe1.9O4-d (NCCF) 

ʠ NiCo0.02Cu0.02Mn0.1Fe1.8O4-d (NCCMF). ʌʝʨʨʠʪʳ ʫʢʘʟʘʥʥʳʭ ʩʦʩʪʘʚʦʚ ʧʦʜʪʚʝʨʜʠʣʠ 

ʩʚʦʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚ ʧʦʣʫʯʝʥʥʳʭ ʨʘʥʝʝ ʄʕ ʢʦʤʧʦʟʠʪʘʭ [225; 226; 236].  
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3.2.1 ̃ ̏̅̄̏̓̏̃̋́ ̗̏̂̑́̈̏̃ 

ʌʝʨʨʠʪ ʥʠʢʝʣʷ NiCo0.02Cu0.02Mn0.1Fe1.8O4-d (NCCMF) ʠ ʪʠʪʘʥʘʪ-ʮʠʨʢʦʥʘʪ 

ʙʘʨʠʷ-ʢʘʣʴʮʠʷ Ba0.85Ca0.15Ti0.9Zr0.1O3 (BCZT) ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʢʘʢ ʪʚʝʨʜʦʬʘʟʥʳʤ 

ʩʧʦʩʦʙʦʤ, ʪʘʢ ʠ ʛʝʣʴ-ʤʝʪʦʜʘʤʠ. 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʬʝʨʨʠʪʘ ʥʠʢʝʣʷ 

NiCo0.02Cu0.02Mn0.1Fe1.8O4-d (NCCMF) ʪʚʝʨʜʦʬʘʟʥʳʤ ʩʧʦʩʦʙʦʤ ʥʝʦʙʭʦʜʠʤʳʝ 

ʢʦʣʠʯʝʩʪʚʘ ʦʢʩʠʜʦʚ ʚʟʚʝʰʠʚʘʣʠ ʥʘ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʚʝʩʘʭ ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ ʯʝʪʚʝʨʪʦʛʦ 

ʟʥʘʢʘ ʠ ʜʚʘ ʨʘʟʘ ʧʝʨʝʪʠʨʘʣʠ ʚ ʩʪʫʧʢʝ ʩ ʵʪʠʣʦʚʳʤ ʩʧʠʨʪʦʤ: 

NiO + 0.02CoO + 0.02CuO + 0.1MnO2 + 0.9Fe2O3 = NiCo0.02Cu0.02Mn0.1Fe1.8O4-d 

ɿʘʪʝʤ ʜʦʙʘʚʣʷʣʠ ʚʦʜʥʳʡ ʨʘʩʪʚʦʨ ʧʦʣʠʚʠʥʠʣʦʚʦʛʦ ʩʧʠʨʪʘ (ʇɺʉ) ï ʦʜʥʫ 

ʢʘʧʣʶ ʥʘ ʦʜʠʥ ʛʨʘʤʤ ʰʠʭʪʳ, ʧʨʝʩʩʦʚʘʣʠ ʪʘʙʣʝʪʢʠ ʠ ʧʨʦʚʦʜʠʣʠ ʩʠʥʪʝʟ ʧʨʠ 900-

1000ÁC ʚ ʪʝʯʝʥʠʝ 4 ʯʘʩʦʚ. ɼʘʣʝʝ, ʧʦʩʣʝ ʧʦʚʪʦʨʥʦʛʦ ʧʦʤʦʣʘ, ʦʙʨʘʟʮʳ ʦʙʞʠʛʘʣʠ ʚ 

ʪʝʯʝʥʠʝ ʪʦʛʦ ʞʝ ʚʨʝʤʝʥʠ ʧʨʠ ʪʝʭ ʞʝ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʫʩʣʦʚʠʷʭ. ʇʝʨʝʜ 

ʠʟʛʦʪʦʚʣʝʥʠʝʤ ʢʦʤʧʦʟʠʪʦʚ ʧʦʨʦʰʦʢ ʬʝʨʨʠʪʘ ʠʟʤʝʣʴʯʘʣʠ ʠ ʧʨʦʧʫʩʢʘʣʠ ʯʝʨʝʟ ʩʠʪʦ 

ʩ ʨʘʟʤʝʨʦʤ ʦʪʚʝʨʩʪʠʡ 0.074 ʤʤ. 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʬʝʨʨʠʪʘ ʥʠʢʝʣʷ ʛʝʣʴ-ʤʝʪʦʜʦʤ 

ʚʟʚʝʰʠʚʘʣʠ ʥʘ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʚʝʩʘʭ ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ ʯʝʪʚʝʨʪʦʛʦ ʟʥʘʢʘ ʥʝʦʙʭʦʜʠʤʳʝ 

ʢʦʣʠʯʝʩʪʚʘ ʢʨʠʩʪʘʣʣʦʛʠʜʨʘʪʦʚ ʥʠʪʨʘʪʦʚ ʥʠʢʝʣʷ, ʤʝʜʠ, ʤʘʨʛʘʥʮʘ ʠ ʢʦʙʘʣʴʪʘ ʠ 

ʮʠʪʨʘʪʘ ʞʝʣʝʟʘ, ʨʘʩʪʚʦʨʷʣʠ ʠʭ ʚ ʚʦʜʝ ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʨʘʩʩʯʠʪʘʥʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ 

ʣʠʤʦʥʥʦʡ ʢʠʩʣʦʪʳ ʠ ʛʣʠʮʝʨʠʥʘ. ʇʦʩʣʝ ʫʧʘʨʠʚʘʣʠ ʧʨʠ 80-90Áʉ ʧʨʠ ʠʥʪʝʥʩʠʚʥʦʤ 

ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʥʘ ʤʘʛʥʠʪʥʦʡ ʤʝʰʘʣʢʝ ʚʳʩʫʰʠʚʘʣʠ, ʧʦʣʫʯʝʥʥʳʡ ʢʩʝʨʦʛʝʣʴ 

ʧʨʦʢʘʣʠʚʘʣʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 500-600Áʉ ʚ ʪʝʯʝʥʠʝ 2 ʯʘʩʦʚ.  

ʇʴʝʟʦʤʘʪʝʨʠʘʣ ʩʦʩʪʘʚʘ Ba0.85Ca0.15Ti0.9Zr0.1O3 (BCZT) ʪʘʢ ʞʝ ʩʠʥʪʝʟʠʨʦʚʘʣʠ 

ʪʚʝʨʜʦʬʘʟʥʳʤ ʩʧʦʩʦʙʦʤ. ɼʣʷ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʳʝ ʢʦʣʠʯʝʩʪʚʘ BaCO3, CaCO3, TiO2, 

ZrO2 ʚʟʚʝʰʠʚʘʣʠ ʥʘ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʚʝʩʘʭ ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ ʯʝʪʚʝʨʪʦʛʦ ʟʥʘʢʘ ʠ 

ʧʝʨʝʪʠʨʘʣʠ ʚ ʷʰʤʦʚʦʡ ʩʪʫʧʢʝ ʩ ʵʪʠʣʦʚʳʤ ʩʧʠʨʪʦʤ: 

0.85BaCO3 + 0.15CaCO3 + 0.9TiO2 + 0.1ZrO2 = Ba0.85Ca0.15Ti0.9Zr0.1O3 + 0.85CO2 
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ɿʘʪʝʤ ʜʦʙʘʚʣʷʣʠ ʚʦʜʥʳʡ ʨʘʩʪʚʦʨ ʧʦʣʠʚʠʥʠʣʦʚʦʛʦ ʩʧʠʨʪʘ (ʇɺʉ) ï ʦʜʥʫ 

ʢʘʧʣʶ ʥʘ ʦʜʠʥ ʛʨʘʤʤ ʰʠʭʪʳ, ʧʨʝʩʩʦʚʘʣʠ ʪʘʙʣʝʪʢʠ ʠ ʧʨʦʚʦʜʠʣʠ ʩʠʥʪʝʟ ʧʨʠ 1200-

1250ÁC ʚ ʪʝʯʝʥʠʝ 6-8 ʯʘʩʦʚ ʩ ʧʨʦʤʝʞʫʪʦʯʥʳʤ ʧʦʤʦʣʦʤ. ɼʘʣʝʝ, ʧʦʩʣʝ ʧʦʚʪʦʨʥʦʛʦ 

ʧʦʤʦʣʘ, ʦʙʨʘʟʮʳ ʦʙʞʠʛʘʣʠ ʧʨʠ 1400ϊʉ 8 ʯʘʩʦʚ. 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʧʴʝʟʦʤʘʪʝʨʠʘʣʘ ʩʦʩʪʘʚʘ Ba0.85Ca0.15Ti0.9Zr0.1O3 ʛʝʣʴ-ʤʝʪʦʜʦʤ 

ʚʟʚʝʰʠʚʘʣʠ ʩʪʝʭʝʦʤʝʪʨʠʯʝʩʢʠʝ ʢʦʣʠʯʝʩʪʚʘ ʢʘʨʙʦʥʘʪʘ ʙʘʨʠʷ ʠ ʢʘʣʴʮʠʷ, ʥʠʪʨʘʪ 

ʮʠʨʢʦʥʠʷ ʠ ʮʠʪʨʘʪ ʪʠʪʘʥʘ, ʩʦʜʝʨʞʘʥʠʝ ʢʘʪʠʦʥʦʚ Ti4+ ʠ Zr4+ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ 

ʦʧʨʝʜʝʣʷʣʠ ʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ. ʂʘʨʙʦʥʘʪʳ ʙʘʨʠʷ ʠ ʢʘʣʴʮʠʷ ʨʘʩʪʚʦʨʷʣʠ ʚ 

ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʝ, ʜʦʙʘʚʣʷʣʠ ʣʠʤʦʥʥʫʶ ʢʠʩʣʦʪʫ ʠʟ ʨʘʩʯʝʪʘ 1:3 ʥʘ ʤʦʣʴ ʢʘʪʠʦʥʦʚ; 

ʥʠʪʨʘʪ ʮʠʨʢʦʥʠʷ ʠ ʮʠʪʨʘʪ ʪʠʪʘʥʘ ʨʘʩʪʚʦʨʷʣʠ ʚ ʣʠʤʦʥʥʦʡ ʢʠʩʣʦʪʝ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ 

ʜʦ ʧʦʣʥʦʛʦ ʨʘʩʪʚʦʨʝʥʠʷ, ʜʦʙʘʚʠʚ ʥʝʦʙʭʦʜʠʤʦʝ ʢʦʣʠʯʝʩʪʚʦ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʛʦ 

ʨʘʩʪʚʦʨʘ ʘʤʤʠʘʢʘ ʜʦ ʨʅ = 6-7. ɼʘʣʝʝ ʧʦʣʫʯʝʥʥʳʝ ʨʘʩʪʚʦʨʳ ʩʣʠʚʘʣʠ ʚʤʝʩʪʝ, 

ʢʦʨʨʝʢʪʠʨʦʚʘʣʠ ʨʅ ʜʦ ʪʝʭ ʞʝ ʟʥʘʯʝʥʠʡ, ʫʩʪʘʥʘʚʣʠʚʘʣʠ ʥʘ ʤʘʛʥʠʪʥʫʶ ʤʝʰʘʣʢʫ ʩ 

ʥʘʛʨʝʚʦʤ ʜʣʷ ʚʳʧʘʨʠʚʘʥʠʷ ʧʨʠ ʠʥʪʝʥʩʠʚʥʦʤ ʧʝʨʝʤʝʰʠʚʘʥʠʠ., ʜʦʙʘʚʣʷʣʠ ʛʣʠʮʝʨʠʥ 

ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʣʠʤʦʥʥʦʡ ʢʠʩʣʦʪʝ ʠʟ ʨʘʩʯʝʪʘ 1:3. ʈʘʩʪʚʦʨ ʫʧʘʨʠʚʘʣʠ ʧʨʠ 80-90̄ ʉ, 

ʧʨʦʩʫʰʠʚʘʣʠ ʧʨʠ 120-150̄ ʉ.  

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʦʟʠʮʠʦʥʥʦʡ ʢʝʨʘʤʠʢʠ x ʤʘʩʩ.% BCZT + (100-x) ʤʘʩʩ.% 

NCCMF ʩ ʭ = 10-90 ʩ ʰʘʛʦʤ 10% ʧʦʨʦʰʢʠ ʧʴʝʟʦʵʣʝʢʪʨʠʢʘ ʠ ʬʝʨʨʠʪʘ ʩʤʝʰʠʚʘʣʠ ʚ 

ʥʝʦʙʭʦʜʠʤʳʭ ʤʘʩʩʦʚʳʭ ʩʦʦʪʥʦʰʝʥʠʷʭ: 

¶ ʉʧʦʩʦʙ 1 ï BCZT, ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʡ ʪʚʝʨʜʦʬʘʟʥʳʤ ʤʝʪʦʜʦʤ + NCCMF, 

ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʡ ʪʚʝʨʜʦʬʘʟʥʳʤ ʤʝʪʦʜʦʤ 

¶ ʉʧʦʩʦʙ 2 ï BCZT, ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʡ ʪʚʝʨʜʦʬʘʟʥʳʤ ʤʝʪʦʜʦʤ + NCCMF, 

ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʡ ʛʝʣʴ-ʤʝʪʦʜʦʤ 

¶ ʉʧʦʩʦʙ 3 - BCZT, ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʡ ʛʝʣʴ-ʤʝʪʦʜʦʤ + NCCMF, 

ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʡ ʪʚʝʨʜʦʬʘʟʥʳʤ ʤʝʪʦʜʦʤ 

ɼʘʣʝʝ ʧʦʨʦʰʢʠ ʧʨʝʩʩʦʚʘʣʠ ʠ ʩʧʝʢʘʣʠ ʧʨʠ 1200ʉ̄ ʚ ʪʝʯʝʥʠʝ 2 ʯʘʩʦʚ. ʀʟ 

ʧʦʣʫʯʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʠʟʛʦʪʘʚʣʠʚʘʣʠ ʪʘʙʣʝʪʢʠ ʚʳʩʦʪʦʡ 1 ʤʤ, ʥʘ ʢʦʪʦʨʳʝ ʥʘʥʦʩʠʣʠ 

ʵʣʝʢʪʨʦʜʳ ʧʫʪʸʤ ʚʞʠʛʘʥʠʷ ʩʝʨʝʙʨʦʩʦʜʝʨʞʘʱʝʡ ʧʘʩʪʳ ʧʨʠ 500ʉ̄ ʠ ʧʦʣʷʨʠʟʦʚʘʣʠ ʚ 
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ʠʤʧʫʣʴʩʥʦʤ ʨʝʞʠʤʝ ʚ ʩʨʝʜʝ CCl4 ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʪʝʯʝʥʠʝ 2-3 ʤʠʥʫʪ 

ʚ ʧʦʣʝ 3-4 ʢɺ/ʤʤ.  

ʉ ʮʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʜʦʙʘʚʢʠ SiO2 ʥʘ ʩʚʦʡʩʪʚʘ ʢʦʤʧʦʟʠʪʦʚ ʥʘ ʵʪʘʧʝ 

ʩʤʝʰʠʚʘʥʠʷ ʧʨʝʢʫʨʩʦʨʥʳʭ ʬʘʟ ʚ ʰʠʭʪʫ 40 ʤʘʩʩ.% Ba0.85Ca0.15Ti0.9Zr0.1O3 (BCZT) + 

60 ʤʘʩʩ.% NiCo0.02Cu0.02Mn0.1Fe1.8O4-d (NCCMF) ʚʚʦʜʠʣʠ ʦʧʨʝʜʝʣʝʥʥʳʝ ʦʙʲʝʤʳ (0.1, 

0.2, 0.3 ʠ 0.4 ʤʣ) ʨʘʩʪʚʦʨʘ ʧʦʣʠʩʠʣʦʢʩʘʥʦʚʦʡ ʞʠʜʢʦʩʪʠ (ʇʉɾ) ʚ CCl4 (3 ʤʣ ʇʉɾ ʚ 

30 ʤʣ CCl4) ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʨʘʩʪʚʦʨʘ ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ ʙʦʣʝʝ ʨʘʚʥʦʤʝʨʥʦʤʫ 

ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʣʝʛʢʦʧʣʘʚʢʦʡ ʜʦʙʘʚʢʠ ʚ ʦʙʲʝʤʝ ʦʙʨʘʟʮʘ. ɺ ʭʦʜʝ ʪʝʨʤʠʯʝʩʢʦʡ 

ʦʙʨʘʙʦʪʢʠ ʦʙʨʘʟʮʦʚ CCl4 ʠʩʧʘʨʷʣʩʷ, ʘ ʦʨʛʘʥʠʯʝʩʢʠʝ ʢʦʤʧʦʥʝʥʪʳ ʚʚʝʜʝʥʥʦʛʦ ʚ 

ʦʙʨʘʟʮʳ ʨʘʩʪʚʦʨʘ ʚʳʛʦʨʘʣʠ ʩʦʛʣʘʩʥʦ ʥʠʞʝʧʨʠʚʝʜʝʥʥʳʤ ʫʨʘʚʥʝʥʠʷʤ ʨʝʘʢʮʠʡ, ʠ ʚ 

ʦʙʨʘʟʮʘʭ ʦʩʪʘʚʘʣʩʷ ʣʠʰʴ SiO2: 

[SiO(CH3)2)n + 4nO2 ­ nSiO2 + 2nCO2 + 3nH2O  

3ȢςȢς ˍ̎́̌̉̈ ̝̑̆̈̔̌̓́̓̏̃ 

3.2.2.1 ˗̗̠̏̍̐̏̈̉̉̏̎̎́ ̋̆̑́̍̉̋́ x ʤʘʩʩ.% BCZT + 

(100-x) ʤʘʩʩ.% NCCMF, ʧʦʣʫʯʝʥʥʘʷ ʩʧʦʩʦʙʦʤ 1 

ʅʘ ʈʠʩʫʥʢʝ 22 ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʠʬʨʘʢʪʦʛʨʘʤʤʳ ʢʦʤʧʦʟʠʮʠʦʥʥʦʡ ʢʝʨʘʤʠʢʠ 

(100 x) ʤʘʩʩ.% BCZT + x ʤʘʩʩ.% NCCMF. ʄʦʞʥʦ ʚʠʜʝʪʴ, ʯʪʦ ʦʙʨʘʟʮʳ ʩʦʩʪʦʷʪ ʠʟ 

ʜʚʫʭ ʬʘʟ ï ʧʝʨʦʚʩʢʠʪʘ ʠ ʰʧʠʥʝʣʠ, ʧʦʩʪʦʨʦʥʥʠʭ ʬʘʟ ʥʝ ʦʙʥʘʨʫʞʝʥʦ. ʇʦʣʦʞʝʥʠʷ 

ʧʠʢʦʚ ʥʘ ʜʠʬʨʘʢʪʦʛʨʘʤʤʘʭ ʢʦʤʧʦʟʠʪʦʚ ʩʦʚʧʘʜʘʶʪ ʩ ʪʘʢʦʚʳʤʠ ʜʣʷ ʯʠʩʪʳʭ ʬʘʟ, ʯʪʦ 

ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʧʨʠʟʥʘʢʦʤ ʦʪʩʫʪʩʪʚʠʷ ʤʝʞʬʘʟʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ 

ʥʘ ʫʨʦʚʥʝ ʣʝʛʠʨʦʚʘʥʠʷ. ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʩʦʜʝʨʞʘʥʠʷ ʬʝʨʨʠʪʘ ʥʘʙʣʶʜʘʝʪʩʷ 

ʟʘʢʦʥʦʤʝʨʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʧʠʢʦʚ ʰʧʠʥʝʣʠ ʠ ʫʤʝʥʴʰʝʥʠʝ 

ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʨʝʬʣʝʢʩʦʚ ʧʝʨʦʚʩʢʠʪʘ.  

ʅʘ ʈʠʩʫʥʢʝ 23 ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʝʪʣʠ ʤʘʛʥʠʪʥʦʛʦ ʛʠʩʪʝʨʝʟʠʩʘ ʢʦʤʧʦʟʠʮʠʦʥʥʦʡ 

ʢʝʨʘʤʠʢʠ (100-x) ʤʘʩʩ.% BCZT + x ʤʘʩʩ.% NCCMF. ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʩʦʜʝʨʞʘʥʠʷ ʚ 

ʢʦʤʧʦʟʠʪʘʭ ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʦʥʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ ʟʘʢʦʥʦʤʝʨʥʦʝ 

ʫʚʝʣʠʯʝʥʠʝ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʥʘʩʳʱʝʥʠʷ (ʦʪ ~3.8 ʜʦ ~31 emu/g ʧʨʠ ʭ = 20 ʠ 80 
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ʤʘʩʩ.% ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ) ʧʨʠ ʩʣʘʙʦʤ ʠʟʤʝʥʝʥʠʠ ʦʩʪʘʪʦʯʥʦʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ 

ʢʦʤʧʦʟʠʪʦʚ (~0.4-0.5 emu/g) ʠ ʫʤʝʥʴʰʝʥʠʠ ʢʦʵʨʮʠʪʠʚʥʦʡ ʩʠʣʳ (ʦʪ ~45 ʜʦ ~15 ʢʕ). 

 

 

ʈʠʩʫʥʦʢ 22 ï ʇʦʨʦʰʢʦʚʳʝ ʜʠʬʨʘʢʪʦʛʨʘʤʤʳ ʢʦʤʧʦʟʠʪʦʚ (100-x) ʤʘʩʩ.% 

BCZT + x ʤʘʩʩ.% NCCMF  ʠ ʯʠʩʪʳʭ ʢʦʤʧʦʥʝʥʪʦʚ 
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ʈʠʩʫʥʦʢ 23 ï ʇʝʪʣʠ ʤʘʛʥʠʪʥʦʛʦ ʛʠʩʪʝʨʝʟʠʩʘ ʢʦʤʧʦʟʠʮʠʦʥʥʦʡ ʢʝʨʘʤʠʢʠ (100-

x) ʤʘʩʩ.% BCZT + x ʤʘʩʩ.% NCCMF 

ɼʘʣʝʝ ʥʘ ʈʠʩʫʥʢʝ 24 ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ 

ʧʣʦʪʥʦʩʪʠ r, ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ e/e0, ʣʦʛʘʨʠʬʤʘ ʫʜʝʣʴʥʦʛʦ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ lgR ʠ ʪʘʥʛʝʥʩʘ ʫʛʣʘ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʪʝʨʴ tgd 

ʢʦʤʧʦʟʠʪʦʚ (100-x) ʤʘʩʩ.% BCZT + x ʤʘʩʩ.% NCCMF.  

ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʩʦʜʝʨʞʘʥʠʷ ʬʝʨʨʠʪʘ ʟʘʢʦʥʦʤʝʨʥʦ ʫʤʝʥʴʰʘʶʪʩʷ ʟʥʘʯʝʥʠʷ r ʠ 

e/e0 (ʈʠʩʫʥʦʢ 24,a-b) ʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ tgd (ʈʠʩʫʥʦʢ 24,c). ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ 

ʩʦʙʩʪʚʝʥʥʘʷ ʧʣʦʪʥʦʩʪʴ ʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʧʴʝʟʦʤʘʪʝʨʠʘʣʘ ʚʳʰʝ, ʘ 

ʪʘʥʛʝʥʩ ʫʛʣʘ ʧʦʪʝʨʴ ʥʠʞʝ, ʯʝʤ ʫ ʬʝʨʨʠʪʘ. ʇʨʠ ʵʪʦʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʦʙʨʘʟʮʦʚ ʥʘ 

ʧʦʩʪʦʷʥʥʦʤ ʪʦʢʝ ʤʝʥʷʝʪʩʷ ʜʦʚʦʣʴʥʦ ʤʘʣʦ (ʈʠʩʫʥʦʢ 24,d). 
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ʈʠʩʫʥʦʢ 24 ï ʂʦʥʮʝʥʪʨʘʮʠʦʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʧʣʦʪʥʦʩʪʠ (ʘ), ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʧʨʦʥʠʮʘʝʤʦʩʪʠ (b), ʪʘʥʛʝʥʩʘ ʫʛʣʘ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʪʝʨʴ (c) ʠ ʣʦʛʘʨʠʬʤʘ 

ʫʜʝʣʴʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ (d) ʢʦʤʧʦʟʠʮʠʦʥʥʦʡ ʢʝʨʘʤʠʢʠ (100 x) 

ʤʘʩʩ.% BCZT + x ʤʘʩʩ.% NCCMF 
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ʈʠʩʫʥʦʢ 25 ï ʊʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ 

ʢʦʤʧʦʟʠʮʠʦʥʥʦʡ ʢʝʨʘʤʠʢʠ (100 x) ʤʘʩʩ.% BCZT + x ʤʘʩʩ.% NCCMF  ʥʘ ʯʘʩʪʦʪʝ 1 

ʄɻʮ 

ʅʘ ʈʠʩʫʥʢʝ 25 ʧʨʠʚʝʜʝʥʳ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪʥʦʩʠʪʝʣʴʥʦʡ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ e33
ʊ/e0 ʢʦʤʧʦʟʠʮʠʦʥʥʦʡ ʢʝʨʘʤʠʢʠ 

(100-x) ʤʘʩʩ.% BCZT + x ʤʘʩʩ.% NCCMF, ʠʟʤʝʨʝʥʥʳʝ ʚ ʧʝʨʝʤʝʥʥʦʤ 

ʵʣʝʢʪʨʠʯʝʩʢʦʤ ʧʦʣʝ ʥʘ ʯʘʩʪʦʪʝ 1 ʄɻʮ (ʚ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ ʜʦ 10 ʢɻʮ ʥʘ ʚʝʣʠʯʠʥʫ 

ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʩʠʛʥʘʣʘ ʙʦʣʴʰʦʝ ʚʣʠʷʥʠʝ ʦʢʘʟʳʚʘʝʪ ʧʦʚʳʰʝʥʥʘʷ 
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ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ ʦʙʨʘʟʮʦʚ, ʦʩʦʙʝʥʥʦ ʝʩʣʠ ʩʦʜʝʨʞʘʥʠʝ ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʦʥʥʦʛʦ 

ʢʦʤʧʦʥʝʥʪʘ ʚʝʣʠʢʦ, ʧʦʵʪʦʤʫ ʜʘʥʥʳʝ ʧʦʣʫʯʘʶʪʩʷ ʥʝʢʦʨʨʝʢʪʥʳʤʠ). ʄʦʞʥʦ ʚʠʜʝʪʴ, 

ʯʪʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʩʦʜʝʨʞʘʥʠʷ ʬʝʨʨʠʪʘ ʟʘʢʦʥʦʤʝʨʥʦ ʠ ʧʨʠ ʵʪʦʤ ʜʦʚʦʣʴʥʦ ʨʝʟʢʦ 

ʫʤʝʥʴʰʘʝʪʩʷ ʟʥʘʯʝʥʠʝ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʚ ʤʘʢʩʠʤʫʤʝ. ʇʨʠ ʵʪʦʤ 

ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʘʷ ʪʦʯʢʘ ʂʶʨʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʝʤʧʝʨʘʪʫʨʝ ~110̄ ʉ (ʯʪʦ ʙʣʠʟʢʦ 

ʢ ʪʦʯʢʝ ʂʶʨʠ ʯʠʩʪʦʛʦ BCZT) ʠ ʩʣʘʙʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ ʨʦʩʪʦʤ ʭ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ 

ʩʚʷʟʘʥʦ ʩ ʠʟʤʝʥʝʥʠʝʤ ʤʝʭʘʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʦʤʧʦʟʠʪʦʚ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʬʝʨʨʠʪʦʚʦʛʦ ʢʦʤʧʦʥʝʥʪʘ: ʚʩʣʝʜʩʪʚʠʝ ʙʦʣʴʰʝʡ ʫʧʨʫʛʦʡ ʞʝʩʪʢʦʩʪʠ 

ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʦʥʥʘʷ ʬʘʟʘ, ʦʙʞʠʤʘʷ ʟʝʨʥʘ ʧʴʝʟʦʵʣʝʢʪʨʠʢʘ, ʧʨʝʧʷʪʩʪʚʫʝʪ ʬʘʟʦʚʦʤʫ 

ʧʝʨʝʭʦʜʫ ʚ ʧʘʨʘʵʣʝʢʪʨʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ, ʯʪʦ ʠ ʧʨʠʚʦʜʠʪ ʢ ʧʦʚʳʰʝʥʠʶ 

ʪʝʤʧʝʨʘʪʫʨʳ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ. ɺ ʜʠʘʧʘʟʦʥʝ ʚʳʩʦʢʠʭ ʯʘʩʪʦʪ (50-1000 ʢɻʮ) ʚ 

ʠʩʩʣʝʜʦʚʘʥʥʦʤ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʠʥʪʝʨʚʘʣʝ (20-200̄ ʉ) ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ 

ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʢʦʤʧʦʟʠʪʦʚ ʠʟʤʝʥʷʝʪʩʷ ʩʣʘʙʦ, ʯʘʩʪʦʪʥʘʷ ʜʠʩʧʝʨʩʠʷ ʦʪʩʫʪʩʪʚʫʝʪ. 

ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚʳʰʝ 200-250̄ ʉ ʚʦʟʨʘʩʪʘʝʪ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ ʢʝʨʘʤʠʢʠ, ʯʪʦ 

ʜʝʣʘʝʪ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʝ ʠʟʤʝʨʝʥʠʷ ʥʝʢʦʨʨʝʢʪʥʳʤʠ. 

ʉ ʨʦʩʪʦʤ ʩʦʜʝʨʞʘʥʠʷ ʬʝʨʨʠʪʘ ʟʘʢʦʥʦʤʝʨʥʦ ʫʤʝʥʴʰʘʝʪʩʷ ʧʴʝʟʦʤʦʜʫʣʴ 

(ʈʠʩʫʥʦʢ 26,ʘ), ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʨʘʟʙʘʚʣʝʥʠʝʤ ʘʢʪʠʚʥʦʡ ʧʴʝʟʦʬʘʟʳ ʥʝʘʢʪʠʚʥʳʤ 

ʬʝʨʨʠʪʦʤ. ʇʴʝʟʦʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ g33 (ʈʠʩʫʥʦʢ 26,b) ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʤʘʢʩʠʤʫʤ, 

ʯʪʦ ʷʚʣʷʝʪʩʷ ʨʝʟʫʣʴʪʘʪʦʤ ʥʘʣʦʞʝʥʠʷ ʚʣʠʷʥʠʷ ʥʘ ʜʘʥʥʳʡ ʧʘʨʘʤʝʪʨ ʜʚʫʭ ʚʝʣʠʯʠʥ ï 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʠ ʧʴʝʟʦʤʦʜʫʣʷ (g33 = d33/e33
ʊ).  

ʂʘʢ ʩʣʝʜʩʪʚʠʝ, ʢʦʵʬʬʠʮʠʝʥʪ ʄʕ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ DE/DH (ʈʠʩʫʥʦʢ 27) ʪʘʢʞʝ 

ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʤʘʢʩʠʤʫʤ ʚ ʠʥʪʝʨʚʘʣʝ ʩʦʩʪʘʚʦʚ 60-70 ʤʘʩʩ. % NCCMF, ʪʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʦʙʥʘʨʫʞʠʚʘʝʪʩʷ ʟʘʢʦʥʦʤʝʨʥʘʷ ʢʦʨʨʝʣʷʮʠʷ ʧʘʨʘʤʝʪʨʦʚ g33 ʠ DE/DH 

ʩʤʝʩʝʚʳʭ ʢʦʤʧʦʟʠʪʦʚ ʥʘ ʦʩʥʦʚʝ Ba0.85Ca0.15Ti0.9Zr0.1O3 ʠ NiCo0.02Cu0.02Mn0.1Fe1.8O4-d. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʫʯʝʥʥʘʷ ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʙʝʩʩʚʠʥʮʦʚʘʷ ʄʕ ʢʝʨʘʤʠʢʘ ʧʦ 

ʧʴʝʟʦʧʘʨʘʤʝʪʨʘʤ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʄʕ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʥʝ ʫʩʪʫʧʘʝʪ, ʘ ʧʦ 

ʧʴʝʟʦʧʘʨʘʤʝʪʨʘʤ ʜʘʞʝ ʥʝʩʢʦʣʴʢʦ ʧʨʝʚʦʩʭʦʜʠʪ ʩʚʠʥʝʮʩʦʜʝʨʞʘʱʠʝ ʘʥʘʣʦʛʠ [225; 

226]. 
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ʈʠʩʫʥʦʢ 26 ï ʂʦʥʮʝʥʪʨʘʮʠʦʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʧʴʝʟʦʤʦʜʫʣʷ (ʘ), 

ʧʴʝʟʦʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ (b) 

 

ʈʠʩʫʥʦʢ 27 ïʂʦʥʮʝʥʪʨʘʮʠʦʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ ʄʕ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 

(ʩ) ʢʦʤʧʦʟʠʪʦʚ (100 x) ʤʘʩʩ.% BCZT + ʭ ʤʘʩʩ.% NCCMF 
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3.2.2.2 ˗̗̠̏̍̐̏̈̉̉̏̎̎́ ̋̆̑́̍̉̋́ x ʤʘʩʩ.% BCZT + 

(100-x) ʤʘʩʩ.% NCCMF, ʧʦʣʫʯʝʥʥʘʷ ʩʧʦʩʦʙʘʤʠ 2-3 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʦʟʠʪʦʚ ʩʧʦʩʦʙʘʤʠ 2-3 ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʧʦʨʦʰʢʠ 

ʧʴʝʟʦʵʣʝʢʪʨʠʢʘ ʠ ʬʝʨʨʠʪʘ ʛʝʣʴ-ʤʝʪʦʜʦʤ.  

ɺ ʦʩʥʦʚʫ ʤʝʪʦʜʘ ʩʠʥʪʝʟʘ ʧʴʝʟʦʵʣʝʢʪʨʠʢʘ Ba0.85Ca0.15Ti0.9Zr0.1O3 (BCZT) ʠ 

ʬʝʨʨʠʪʘ NiCo0.02Cu0.02Mn0.1Fe1.8O4-d (NCCMF) ʛʝʣʴ-ʤʝʪʦʜʦʤ ʙʳʣʘ ʧʦʣʦʞʝʥʘ ʠʜʝʷ 

ʇʝʯʠʥʠ, ʟʘʢʣʶʯʘʶʱʘʷʩʷ ʚ ʪʦʤ, ʯʪʦ ʚ ʭʦʜʝ ʩʠʥʪʝʟʘ ʩʦʣʠ ʠʣʠ ʘʣʢʦʢʩʠʜʳ ʤʝʪʘʣʣʦʚ 

ʚʥʦʩʷʪ ʚ ʚʦʜʥʳʡ ʨʘʩʪʚʦʨ ʣʠʤʦʥʥʦʡ ʢʠʩʣʦʪʳ ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʵʪʠʣʝʥʛʣʠʢʦʣʷ. 

ʆʙʨʘʟʦʚʘʥʠʝ ʮʠʪʨʘʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʝʪʘʣʣʦʚ, ʘ ʪʘʢʞʝ ʧʨʦʪʝʢʘʶʱʠʝ ʚ ʩʠʩʪʝʤʝ 

ʨʝʘʢʮʠʠ ʵʪʝʨʠʬʠʢʘʮʠʠ (ʨʠʩʫʥʦʢ 28) ʩʧʦʩʦʙʩʪʚʫʶʪ ʨʘʚʥʦʤʝʨʥʦʤʫ ʨʘʩʧʨʝʜʝʣʝʥʠʶ 

ʢʘʪʠʦʥʦʚ ʚ ʩʪʨʫʢʪʫʨʝ ʛʝʣʷ ʠ ʥʠʚʝʣʠʨʫʝʪ ʨʘʟʥʠʮʫ ʚ ʠʥʜʠʚʠʜʫʘʣʴʥʦʤ ʧʦʚʝʜʝʥʠʠ 

ʢʘʪʠʦʥʦʚ ʚ ʨʘʩʪʚʦʨʝ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʙʦʣʝʝ ʧʦʣʥʦʤʫ ʩʤʝʰʝʥʠʶ ʠ ʧʦʟʚʦʣʷʝʪ 

ʠʟʙʝʞʘʪʴ ʧʨʦʮʝʩʩʦʚ ʨʘʟʜʝʣʴʥʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʥʘ ʧʦʩʣʝʜʫʶʱʠʭ ʩʪʘʜʠʷʭ ʩʠʥʪʝʟʘ. 

ʅʘ ʈʠʩʫʥʢʝ 29 ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʨʠʚʳʝ ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʠ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʩʢʘʥʠʨʫʶʱʝʡ ʢʘʣʦʨʠʤʝʪʨʠʠ. ɺʠʜʥʦ, ʯʪʦ ʚ ʠʥʪʝʨʚʘʣʝ 

ʪʝʤʧʝʨʘʪʫʨ 550-600̄ ʉ ʚ ʩʠʩʪʝʤʝ ʧʨʦʪʝʢʘʶʪ ʧʨʦʮʝʩʩʳ, ʩʦʧʨʦʚʦʞʜʘʶʱʠʝʩʷ ʨʝʟʢʠʤ 

 

ʈʠʩʫʥʦʢ 28 ï ʆʙʨʘʟʦʚʘʥʠʝ ʛʝʣʷ ʚ ʭʦʜʝ ʧʨʦʚʝʜʝʥʠʷ ʨʝʘʢʮʠʡ 

ʵʪʝʨʠʬʠʢʘʮʠʠ 
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ʠʟʤʝʥʝʥʠʝʤ ʤʘʩʩʳ ʟʘ ʩʯʝʪ ʚʳʛʦʨʘʥʠʷ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʩʪʘʚʷʶʱʠʭ ʢʩʝʨʦʛʝʣʝʡ ʠ 

ʚʳʨʘʞʝʥʥʳʤ ʵʢʟʦʪʝʨʤʠʯʝʩʢʠʤ ʵʬʬʝʢʪʦʤ. 

  

ʈʠʩʫʥʦʢ 29 ï ʂʨʠʚʳʝ ʊɻɸ ʠ ɼʉʂ ʢʩʝʨʦʛʝʣʷ, ʧʦʣʫʯʝʥʥʦʛʦ ʚ ʭʦʜʝ ʟʦʣʴ-ʛʝʣʴ 

ʩʠʥʪʝʟʘ Ba0.85Ca0.15Ti0.9Zr0.1O3 

ɼʘʣʝʝ ʥʘ ʨʠʩʫʥʢʝ 30 ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʠʬʨʘʢʪʦʛʨʘʤʤʳ, ʠʣʣʶʩʪʨʠʨʫʶʱʠʝ 

ʧʨʦʮʝʩʩʳ ʬʘʟʦʦʙʨʘʟʦʚʘʥʠʷ ʚ ʭʦʜʝ ʩʠʥʪʝʟʘ Ba0.85Ca0.15Ti0.9Zr0.1O3. ʄʦʞʥʦ ʚʠʜʝʪʴ, ʯʪʦ 

ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 200-500̄ ʉ ʧʨʦʜʫʢʪʳ ʩʠʥʪʝʟʘ ʦʩʪʘʶʪʩʷ ʘʤʦʨʬʥʳʤʠ, ʥʦ 

ʧʦʩʣʝ ʦʙʞʠʛʘ ʧʨʠ 600ʉ̄ ʚ ʩʠʩʪʝʤʝ ʬʦʨʤʠʨʫʝʪʩʷ ʤʘʪʝʨʠʘʣ ʩʦ ʩʪʨʫʢʪʫʨʦʡ 

ʧʝʨʦʚʩʢʠʪʘ, ʥʝ ʩʦʜʝʨʞʘʱʠʡ ʥʠʢʘʢʠʭ ʧʦʩʪʦʨʦʥʥʠʭ ʬʘʟ (ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʥʘ ʨʠʩʫʥʢʝ 

ʧʨʠʚʝʜʝʥʘ ʜʠʬʨʘʢʪʦʛʨʘʤʤʘ Ba0.85Ca0.15Ti0.9Zr0.1O3, ʠʟʛʦʪʦʚʣʝʥʥʦʛʦ ʪʚʝʨʜʦʬʘʟʥʳʤ 

ʩʧʦʩʦʙʦʤ ʧʦʩʣʝ ʦʙʞʠʛʘ ʧʨʠ 1400ʉ̄. ɼʘʣʴʥʝʡʰʝʝ ʧʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ 

ʧʨʠʚʦʜʠʪ ʣʠʰʴ ʢ ʪʦʤʫ, ʯʪʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʨʘʟʤʝʨ ʯʘʩʪʠʮ ʧʦʣʫʯʝʥʥʦʛʦ ʧʦʨʦʰʢʘ, ʯʪʦ 

ʚʠʜʥʦ ʧʦ ʫʤʝʥʴʰʝʥʠʶ ʰʠʨʠʥʳ ʨʝʬʣʝʢʩʦʚ ʥʘ ʜʠʬʨʘʢʪʦʛʨʘʤʤʘʭ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʢʦʤʧʦʟʠʪʦʚ (ʩʧʦʩʦʙʦʤ 2) ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʧʴʝʟʦʤʘʪʝʨʠʘʣ 

Ba0.85Ca0.15Ti0.9Zr0.1O3, ʧʦʣʫʯʝʥʥʳʡ ʛʝʣʴ-ʤʝʪʦʜʦʤ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 600ʉ̄.  
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ʅʘ ʨʠʩʫʥʢʝ 31 ʧʨʠʚʝʜʝʥʳ ʜʠʬʨʘʢʪʦʛʨʘʤʤʳ, ʠʣʣʶʩʪʨʠʨʫʶʱʠʝ ʧʨʦʮʝʩʩʳ 

ʬʘʟʦʦʙʨʘʟʦʚʘʥʠʷ ʚ ʭʦʜʝ ʩʠʥʪʝʟʘ NiCo0.02Cu0.02Mn0.1Fe1.8O4-d. ʂʘʢ ʚʠʜʥʦ, ʜʦ 400̄ ʉ 

ʦʙʨʘʟʮʳ ʘʤʦʨʬʥʳ, ʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 500ʉ̄ ʠ ʚʳʰʝ ʧʦʷʚʣʷʶʪʩʷ ʰʠʨʦʢʠʝ ʨʝʬʣʝʢʩʳ 

ʰʧʠʥʝʣʠ; ʧʦʩʪʦʨʦʥʥʠʭ ʬʘʟ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ. ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ, ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ 

ʢʦʤʧʦʟʠʪʦʚ ʩʧʦʩʦʙʦʤ 3 ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ ʬʝʨʨʠʪ ʥʠʢʝʣʷ, 

ʧʦʣʫʯʝʥʥʳʡ ʛʝʣʴ-ʤʝʪʦʜʦʤ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 600ʉ̄.  

ʉʧʦʩʦʙʦʤ 2 (ʠʟ ʧʴʝʟʦʤʘʪʝʨʠʘʣʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʛʝʣʴ-ʤʝʪʦʜʦʤ, ʠ ʬʝʨʨʠʪʘ, 

ʧʦʣʫʯʝʥʥʦʛʦ ʪʚʝʨʜʦʬʘʟʥʳʤ ʩʧʦʩʦʙʦʤ) ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʄʕ ʢʝʨʘʤʠʢʘ ʘʥʘʣʦʛʠʯʥʦʛʦ 

ʩʦʩʪʘʚʘ ʭ ʤʘʩʩ.% Ba0.85Ca0.15Ti0.9Zr0.1O3 + (100-ʭ) ʤʘʩʩ.% NiCo0.02Cu0.02Mn0.1Fe1.8O4-d. 

ʆʥʘ ʥʝ ʩʦʜʝʨʞʘʣʘ ʧʦʩʪʦʨʦʥʥʠʭ ʬʘʟ (ʨʠʩʫʥʦʢ 32), ʦʜʥʘʢʦ ʦʥʘ ʦʙʣʘʜʘʣʘ ʥʫʣʝʚʳʤʠ 

 

ʈʠʩʫʥʦʢ 30 ï ɼʠʬʨʘʢʪʦʛʨʘʤʤʳ ʧʦʨʦʰʢʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʧʨʦʢʘʣʠʚʘʥʠʠ 

ʢʩʝʨʦʛʝʣʷ, ʧʦʣʫʯʝʥʥʦʛʦ ʚ ʭʦʜʝ ʩʠʥʪʝʟʘ Ba0.85Ca0.15Ti0.9Zr0.1O3, ʧʨʠ ʨʘʟʣʠʯʥʳʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ, ʠ (ʜʣʷ ʩʨʘʚʥʝʥʠʷ) Ba0.85Ca0.15Ti0.9Zr0.1O3, ʧʦʣʫʯʝʥʥʦʛʦ 

ʪʚʝʨʜʦʬʘʟʥʳʤ ʩʧʦʩʦʙʦʤ ʧʦʩʣʝ ʦʙʞʠʛʘ ʧʨʠ 1400ʉ̄ 
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ʧʴʝʟʦʧʘʨʘʤʝʪʨʘʤʠ ʠ ʥʫʣʝʚʦʡ ʄʕ ʘʢʪʠʚʥʦʩʪʴʶ. ʀʟ ʵʪʦʛʦ ʤʳ ʩʜʝʣʘʣʠ ʚʳʚʦʜ, ʯʪʦ 

ʩʚʦʡʩʪʚʘ ʪʠʪʘʥʘʪʘ-ʮʠʨʢʦʥʘʪʘ ʙʘʨʠʷ-ʢʘʣʴʮʠʷ ʚʝʩʴʤʘ ʯʫʚʩʪʚʠʪʝʣʴʥʳ ʢ ʨʘʟʤʝʨʘʤ 

ʢʨʠʩʪʘʣʣʠʪʦʚ. ʇʦʧʳʪʢʠ ʜʣʠʪʝʣʴʥʦʛʦ ʦʙʞʠʛʘ ʢʦʤʧʦʟʠʪʦʚ (ʚ ʪʝʯʝʥʠʝ 24-48 ʯʘʩʦʚ), ʘ 

ʪʘʢʞʝ ʚʚʝʜʝʥʠʝ ʣʝʛʢʦʧʣʘʚʢʠʭ ʜʦʙʘʚʦʢ (ɺ2ʆ3 ʠ Li 2CO3) ʩ ʮʝʣʴʶ ʫʢʨʫʧʥʝʥʠʷ 

ʨʘʟʤʝʨʦʚ ʯʘʩʪʠʮ ʧʴʝʟʦʬʘʟʳ ʢʦʤʧʦʟʠʪʦʚ ʥʝ ʧʨʠʚʝʣʦ ʢ ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʠʟʤʝʥʝʥʠʶ ʝʝ 

ʧʴʝʟʦʧʘʨʘʤʝʪʨʦʚ. 

 

 

ʈʠʩʫʥʦʢ 31 ï ɼʠʬʨʘʢʪʦʛʨʘʤʤʳ ʧʦʨʦʰʢʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʧʦʩʣʝ ʦʙʞʠʛʘ 

ʢʩʝʨʦʛʝʣʷ, ʧʦʣʫʯʝʥʥʦʛʦ ʚ ʭʦʜʝ ʩʠʥʪʝʟʘ ʬʝʨʨʠʪʘ ʛʝʣʴ-ʤʝʪʦʜʦʤ, ʧʨʠ 

ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ 

200-400̄ʉ 

500̄ʉ 

600̄ʉ 

700̄ʉ 
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ʈʠʩʫʥʦʢ 32 ï ɼʠʬʨʘʢʪʦʛʨʘʤʤʳ ʢʦʤʧʦʟʠʪʦʚ ʭ ʤʘʩʩ.% Ba0.85Ca0.15Ti0.9Zr0.1O3 + 

(100-ʭ) ʤʘʩʩ.% NiCo0.02Cu0.02Mn0.1Fe1.8O4-d, ʧʦʣʫʯʝʥʥʳʭ ʩʧʦʩʦʙʦʤ 2 

 

ʭ = 80 

ʭ = 70 

ʭ = 60 

ʭ = 50 

ʭ = 40 

ʭ = 30 

ʭ = 20 
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ʈʠʩʫʥʦʢ 33 ï ɼʠʬʨʘʢʪʦʛʨʘʤʤʳ ʢʦʤʧʦʟʠʪʦʚ ʭ ʤʘʩʩ.% ʭ ʤʘʩʩ.% 

Ba0.85Ca0.15Ti0.9Zr0.1O3 + (100-ʭ) ʤʘʩʩ.% NiCo0.02Cu0.02Mn0.1Fe1.8O4-d , 

ʧʦʣʫʯʝʥʥʳʭ ʩʧʦʩʦʙʦʤ 3 

ɼʘʣʝʝ ʥʘ ʨʠʩʫʥʢʝ 33 ʧʨʠʚʝʜʝʥʳ ʜʠʬʨʘʢʪʦʛʨʘʤʤʳ ʢʦʤʧʦʟʠʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ 

ʩʧʦʩʦʙʦʤ 3 (ʥʘ ʦʩʥʦʚʝ ʬʝʨʨʠʪʘ, ʠʟʛʦʪʦʚʣʝʥʥʦʛʦ ʛʝʣʴ-ʤʝʪʦʜʦʤ). ʆʙʨʘʟʮʳ 

ʜʚʫʭʬʘʟʥʳ, ʨʝʬʣʝʢʩʦʚ ʧʨʠʤʝʩʥʳʭ ʬʘʟ ʥʝ ʟʘʬʠʢʩʠʨʦʚʘʥʦ; ʩʦʦʪʥʦʰʝʥʠʝ ʧʠʢʦʚ 

ʧʴʝʟʦʵʣʝʢʪʨʠʢ-ʬʝʨʨʠʪ ʟʘʢʦʥʦʤʝʨʥʦ ʠʟʤʝʥʷʝʪʩʷ ʚ ʧʦʣʴʟʫ ʬʝʨʨʠʪʘ ʩ ʫʚʝʣʠʯʝʥʠʝʤ 

ʝʛʦ ʩʦʜʝʨʞʘʥʠʷ. 

ʅʘ ʨʠʩʫʥʢʘʭ 34 ʠ 35 ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ 

ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʭ ʠ ʄʕ ʧʘʨʘʤʝʪʨʦʚ ʢʦʤʧʦʟʠʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʩʧʦʩʦʙʘʤʠ 1 ʠ 3. 

ʄʦʞʥʦ ʚʠʜʝʪʴ, ʯʪʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʩʦʜʝʨʞʘʥʠʷ ʧʴʝʟʦʵʣʝʢʪʨʠʢʘ ʟʘʢʦʥʦʤʝʨʥʦ 

ʭ = 20 

ʭ = 30 

ʭ = 40 

ʭ = 50 

ʭ = 60 

ʭ = 70 

ʭ = 80 
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ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ (ʨʠʩʫʥʦʢ 34, ʘ), ʯʪʦ ʦʙʲʷʩʥʷʝʪʩʷ 

ʙʦʣʝʝ ʚʳʩʦʢʠʤ ʩʦʙʩʪʚʝʥʥʳʤ ʟʥʘʯʝʥʠʝʤ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ 

ʧʴʝʟʦʵʣʝʢʪʨʠʢʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʬʝʨʨʠʪʦʤ.  

 

ʈʠʩʫʥʦʢ 34 ï ʂʦʥʮʝʥʪʨʘʮʠʦʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ 

(ʘ) ʠ ʣʦʛʘʨʠʬʤʘ ʫʜʝʣʴʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ (ʙ) 

˿ͨͦͫͦ͋ м 

˿ͨͦͫͦ͋ о 
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ʈʠʩʫʥʦʢ 35 ï ʂʦʥʮʝʥʪʨʘʮʠʦʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʦʡ ʩʚʷʟʠ (ʘ), ʧʴʝʟʦʤʦʜʫʣʷ (ʙ) ʠ ʧʴʝʟʦʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ (ʚ) 

ʢʦʤʧʦʟʠʪʦʚ ʭ ʤʘʩʩ.% BCZT  + (100-ʭ) ʤʘʩʩ.% NCCMF 

 

˿ͨͦͫͦ͋ м 

˿ͨͦͫͦ͋ о 
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ɸʥʘʣʦʛʠʯʥʦ, ʩʦʙʩʪʚʝʥʥʳʝ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʯʠʩʪʳʭ ʬʘʟ ï 

ʧʴʝʟʦʵʣʝʢʪʨʠʢʘ ʠ ʬʝʨʨʠʪʘ ï ʩʠʣʴʥʦ ʦʪʣʠʯʘʶʪʩʷ ʤʝʞʜʫ ʩʦʙʦʡ ʚ ʧʦʣʴʟʫ ʧʝʨʚʦʛʦ, 

ʧʦʵʪʦʤʫ ʩ ʨʦʩʪʦʤ ʩʦʜʝʨʞʘʥʠʷ ʧʴʝʟʦʤʘʪʝʨʠʘʣʘ ʧʨʦʠʩʭʦʜʠʪ ʦʞʠʜʘʝʤʳʡ ʨʦʩʪ lgR 

(ʨʠʩʫʥʦʢ 34, ʙ). ɹʦʣʝʝ ʪʦʛʦ, ʜʣʷ ʢʦʤʧʦʟʠʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʩʧʦʩʦʙʦʤ 3, ʥʘ ʛʨʘʬʠʢʝ 

ʟʘʚʠʩʠʤʦʩʪʠ ʣʦʛʘʨʠʬʤʘ ʫʜʝʣʴʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʦʪ ʩʦʩʪʘʚʘ ʥʘʙʣʶʜʘʝʪʩʷ ʠʟʣʦʤ 

ʚʩʣʝʜʩʪʚʠʝ ʵʬʬʝʢʪʘ ʧʝʨʢʦʣʷʮʠʠ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʧʨʠ ʚʳʩʦʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ 

ʧʴʝʟʦʵʣʝʢʪʨʠʢʘ, ʚ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʦʤ ʜʠʘʧʘʟʦʥʝ ʭ = 60-70, ʯʘʩʪʠʮʳ ʬʝʨʨʠʪʘ 

ʧʝʨʝʩʪʘʶʪ ʢʦʥʪʘʢʪʠʨʦʚʘʪʴ ʤʝʞʜʫ ʩʦʙʦʡ, ʪ.ʝ. ʧʨʝʨʳʚʘʶʪʩʷ ʪʨʘʥʩʧʦʨʪʥʳʝ ʧʫʪʠ ʵʪʦʡ 

ʬʘʟʳ ʩʢʚʦʟʴ ʦʙʨʘʟʝʮ, ʯʪʦ ʠ ʧʨʠʚʦʜʠʪ ʢ ʩʢʘʯʢʦʦʙʨʘʟʥʦʤʫ ʫʤʝʥʴʰʝʥʠʶ 

ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ.  

ʅʘ ʨʠʩʫʥʢʝ 35 ʧʨʠʚʝʜʝʥʳ ʛʨʘʬʠʢʠ ʠʟʤʝʥʝʥʠʷ ʧʴʝʟʦʧʘʨʘʤʝʪʨʦʚ ʢʦʤʧʦʟʠʪʦʚ ï 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʩʚʷʟʠ, ʧʴʝʟʦʤʦʜʫʣʷ ʠ ʧʴʝʟʦʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ. ʉ ʨʦʩʪʦʤ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʴʝʟʦʤʘʪʝʨʠʘʣʘ ʥʘʙʣʶʜʘʝʪʩʷ ʫʣʫʯʰʝʥʠʝ ʧʝʨʚʳʭ ʜʚʫʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʢʦʤʧʦʟʠʪʦʚ (ʨʠʩʫʥʦʢ 35, ʘ-ʙ), ʯʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʫʤʝʥʴʰʝʥʠʝʤ ʩʪʝʧʝʥʠ ʨʘʟʙʘʚʣʝʥʠʷ 

ʧʴʝʟʦʬʘʟʳ ʥʝʘʢʪʠʚʥʳʤ ʬʝʨʨʠʪʦʤ. ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʧʴʝʟʦʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ g33 

ʦʪ ʩʦʩʪʘʚʘ ʢʦʤʧʦʟʠʪʦʚ (ʨʠʩʫʥʦʢ 35, ʚ) ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʤʘʢʩʠʤʫʤ, ʯʪʦ ʷʚʣʷʝʪʩʷ 

ʨʝʟʫʣʴʪʘʪʦʤ ʥʘʣʦʞʝʥʠʷ ʚʣʠʷʥʠʷ ʥʘ ʜʘʥʥʳʡ ʧʘʨʘʤʝʪʨ ʜʚʫʭ ʚʝʣʠʯʠʥ ï 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʠ ʧʴʝʟʦʤʦʜʫʣʷ (g33 = d33/e33). ʆʙʨʘʱʘʝʪ ʥʘ ʩʝʙʷ 

ʚʥʠʤʘʥʠʝ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʥʘʤ ʫʜʘʣʦʩʴ ʫʣʫʯʰʠʪʴ ʧʴʝʟʦʩʚʦʡʩʪʚʘ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʧʨʠʤʝʥʝʥʠʷ ʬʝʨʨʠʪʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʛʝʣʴ-ʤʝʪʦʜʦʤ.  

ʅʝʩʤʦʪʨʷ ʥʘ ʫʣʫʯʰʝʥʠʝ ʧʴʝʟʦʩʚʦʡʩʪʚ ʢʦʤʧʦʟʠʪʦʚ ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ ʧʦʨʦʰʢʘ 

ʬʝʨʨʠʪʘ, ʠʟʛʦʪʦʚʣʝʥʥʦʛʦ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʤ ʤʝʪʦʜʦʤ, ʄʕ ʢʦʵʬʬʠʮʠʝʥʪʳ 

ʢʦʤʧʦʟʠʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʦʙʦʠʤʠ ʤʝʪʦʜʘʤʠ, ʧʨʘʢʪʠʯʝʩʢʠ ʩʦʚʧʘʜʘʶʪ. ʕʪʦ ʜʦʚʦʣʴʥʦ 

ʥʝʦʞʠʜʘʥʥʳʡ ʨʝʟʫʣʴʪʘʪ. ɺʠʜʠʤʦ, ʵʪʦ ʩʚʷʟʘʥʦ ʩ ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʦʥʥʦʡ ʬʘʟʦʡ 

ʢʦʤʧʦʟʠʪʦʚ, ʩʚʦʡʩʪʚʘ ʢʦʪʦʨʦʡ ʠʩʩʣʝʜʦʚʘʪʴ ʤʳ ʥʝ ʠʤʝʝʤ ʚʦʟʤʦʞʥʦʩʪʠ. 

ʇʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʧʦʣʫʯʝʥʥʳʡ ʥʘʤʠ ʬʝʨʨʠʪ ʩʦʜʝʨʞʠʪ ʧʨʠʤʝʩʴ ʤʘʛʥʝʪʠʪʘ Fe3O4, 

ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʷ ʢʦʪʦʨʦʛʦ ʠʤʝʝʪ ʟʥʘʢ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʡ ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʠ 

ʬʝʨʨʠʪʘ ʥʠʢʝʣʷ, ʧʦʵʪʦʤʫ ʧʦʣʫʯʝʥʥʳʡ ʛʝʣʴ-ʤʝʪʦʜʦʤ ʬʝʨʨʠʪ ʦʙʣʘʜʘʝʪ ʧʦʥʠʞʝʥʥʦʡ 

ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʝʡ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʢʦʤʧʦʟʠʪʳ ʥʘ ʝʛʦ ʦʩʥʦʚʝ, ʥʝʩʤʦʪʨʷ ʥʘ 
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ʧʦʚʳʰʝʥʥʳʝ ʧʴʝʟʦʧʘʨʘʤʝʪʨʳ, ʦʙʣʘʜʘʶʪ ʧʨʠʤʝʨʥʦ ʪʦʡ ʞʝ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʄʕ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ, ʯʪʦ ʠ ʠʟʛʦʪʦʚʣʝʥʥʳʝ ʠʟ ʬʝʨʨʠʪʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʪʚʝʨʜʦʬʘʟʥʳʤ 

ʩʧʦʩʦʙʦʤ. ʆʜʥʘʢʦ, ʵʪʦ ʪʨʝʙʫʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

3.2.2.3 ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʨʷʜʘ ʬʘʢʪʦʨʦʚ (ʜʦʙʘʚʢʠ ʦʢʩʠʜʘ 

ʢʨʝʤʥʠʷ, ʠʟʛʦʪʦʚʣʝʥʠʷ ʧʨʝʩʩ-ʟʘʛʦʪʦʚʦʢ ʧʨʠ ʧʨʠʣʦʞʝʥʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, 

ʨʘʟʤʝʨʦʚ ʯʘʩʪʠʮ ʧʴʝʟʦʵʣʝʢʪʨʠʢʘ) ʥʘ ʩʚʦʡʩʪʚʘ ʢʦʤʧʦʟʠʪʦʚ  

ʅʘ ʨʠʩʫʥʢʘʭ 36-39 ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʦʤʧʦʟʠʪʦʚ 40 

ʤʘʩʩ.% BCZT + 60 ʤʘʩʩ.% NCCMF + v (ʤʣ) ʇʉɾ ʜʦʙʘʚʢʦʡ SiO2. ɽʸ ʚʚʝʜʝʥʠʝ 

ʦʙʫʩʣʦʚʣʝʥʦ ʩʧʦʩʦʙʥʦʩʪʴʶ ʜʦʙʘʚʦʢ ʦʙʣʝʛʯʘʪʴ ʤʝʞʬʘʟʥʳʡ ʢʦʥʪʘʢʪ, ʯʪʦ ʚ ʠʪʦʛʝ 

ʜʦʣʞʥʦ ʧʨʠʚʦʜʠʪʴ ʢ ʫʚʝʣʠʯʝʥʠʶ ʄʕ ʵʬʬʝʢʪʘ, ʢʦʪʦʨʳʡ ʨʝʘʣʠʟʫʝʪʩʷ ʧʫʪʸʤ 

ʧʝʨʝʜʘʯʠ ʫʧʨʫʛʠʭ ʜʝʬʦʨʤʘʮʠʡ ʦʪ ʦʜʥʦʡ ʬʘʟʳ ʢ ʜʨʫʛʦʡ. ʇʦ ʜʘʥʥʳʤ ʈʌɸ (ʨʠʩʫʥʦʢ 

36) ʚ ʦʙʨʘʟʮʘʭ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ ʥʠʢʘʢʠʭ ʠʟʤʝʥʝʥʠʡ: ʧʦʩʪʦʨʦʥʥʠʝ ʬʘʟʳ ʥʝ 

ʧʦʷʚʣʷʶʪʩʷ, ʧʦʣʦʞʝʥʠʝ ʠ ʬʦʨʤʘ ʧʠʢʦʚ ʧʴʝʟʦʵʣʝʢʪʨʠʢʘ ʠ ʬʝʨʨʠʪʘ ʥʝ ʠʟʤʝʥʷʶʪʩʷ.  

 

ʈʠʩʫʥʦʢ 36 ï ʧʦʨʦʰʢʦʚʳʝ ʜʠʬʨʘʢʪʦʛʨʘʤʤʳ ʩʤʝʩʝʚʳʭ ʢʦʤʧʦʟʠʪʦʚ 40 

ʤʘʩʩ.% BCZT + 60 ʤʘʩʩ.% NCCMF + v (ʤʣ) ʇʉɾ 
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ʈʠʩʫʥʦʢ 37 ï ʂʦʥʮʝʥʪʨʘʮʠʦʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

(ʧʣʦʪʥʦʩʪʠ (ʘ), ʪʘʥʛʝʥʩʘ ʫʛʣʘ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʪʝʨʴ (ʙ), ʣʦʛʘʨʠʬʤʘ ʫʜʝʣʴʥʦʛʦ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ (ʚ), ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʜʠʘʣʝʢʪʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ 

(ʛ) ʢʦʤʧʦʟʠʪʦʚ 40 ʤʘʩʩ.% BCZT + 60 ʤʘʩʩ.% 

ɺ ʧʨʠʩʫʪʩʪʚʠʠ ʜʦʙʘʚʢʠ ʦʢʩʠʜʘ ʢʨʝʤʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʫʚʝʣʠʯʝʥʠʝ ʧʣʦʪʥʦʩʪʠ 

ʢʝʨʘʤʠʯʝʩʢʠʭ ʦʙʨʘʟʮʦʚ, ʫʤʝʥʴʰʘʝʪʩʷ ʪʘʥʛʝʥʩ ʫʛʣʘ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʪʝʨʴ ʠ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ, ʨʘʩʪʝʪ ʩʦʧʨʦʪʠʚʣʝʥʠʝ (ʨʠʩʫʥʦʢ 37, ʘ-ʛ). ɺ ʪʦ ʞʝ 

ʚʨʝʤʷ, ʢ ʩʦʞʘʣʝʥʠʶ, ʨʝʟʢʦ ʫʭʫʜʰʘʶʪʩʷ ʧʴʝʟʦʧʘʨʘʤʝʪʨʳ ʢʦʤʧʦʟʠʪʦʚ (ʨʠʩʫʥʦʢ 38, 

ʘ-ʙ), ʢʘʢ ʩʣʝʜʩʪʚʠʝ ʫʤʝʥʴʰʘʝʪʩʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʄʕ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ, ʢʦʪʦʨʫʶ 

ʧʣʘʥʠʨʦʚʘʣʦʩʴ ʫʣʫʯʰʠʪʴ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʚʝʜʝʥʠʝ ʣʝʛʢʦʧʣʘʚʢʦʡ ʜʦʙʘʚʢʠ ʩʣʝʜʫʝʪ 

ʧʨʠʟʥʘʪʴ ʥʝʮʝʣʝʩʦʦʙʨʘʟʥʳʤ. 
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ʈʠʩʫʥʦʢ 38 ï ʂʦʥʮʝʥʪʨʘʮʠʦʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

(ʧʴʝʟʦʤʦʜʫʣʷ (ʘ) ʠ ʧʴʝʟʦʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ (ʙ)) ʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʄʕ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ (ʚ) ʢʦʤʧʦʟʠʮʠʦʥʥʦʡ ʢʝʨʘʤʠʢʠ 40 ʤʘʩʩ.% BCZT + 60 ʤʘʩʩ.% 

NCCMF + v (ʤʣ) ʇʉ 

ɽʱʝ ʦʜʥʦʡ ʟʘʜʘʯʝʡ ʨʘʙʦʪʳ ʙʳʣʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʨʘʟʤʝʨʦʚ ʯʘʩʪʠʮ 

ʧʴʝʟʦʵʣʝʢʪʨʠʢʘ ʥʘ ʩʚʦʡʩʪʚʘ ʄʕ ʢʝʨʘʤʠʢʠ. ɼʣʷ ʵʪʦʛʦ ʧʴʝʟʦʤʘʪʝʨʠʘʣ ʙʳʣ ʨʘʩʩʝʷʥ 

ʯʝʨʝʟ ʩʠʪʘ ʩ ʨʘʟʣʠʯʥʳʤʠ ʨʘʟʤʝʨʘʤʠ ʦʪʚʝʨʩʪʠʡ, ʚ ʠʥʪʝʨʚʘʣʝ 0,5-0,03 ʤʤ. ʂʦʤʧʦʟʠʪʳ 

ʧʦʣʫʯʘʣʠ ʤʝʪʦʜʦʤ ʛʦʨʷʯʝʛʦ ʧʨʝʩʩʦʚʘʥʠʷ ʧʨʠ ʚʳʜʝʨʞʢʝ 1 ʯʘʩ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 

1050 ʉ̄. ʆʢʘʟʘʣʦʩʴ, ʯʪʦ ʚ ʠʩʩʣʝʜʦʚʘʥʥʦʤ ʜʠʘʧʘʟʦʥʝ ʨʘʟʤʝʨʦʚ ʯʘʩʪʠʮ ʢʦʤʧʦʟʠʪʳ 

ʠʤʝʣʠ ʧʨʠʤʝʨʥʦ ʦʜʠʥʘʢʦʚʫʶ ʜʠʵʣʝʢʪʨʠʯʝʩʢʫʶ ʧʨʦʥʠʮʘʝʤʦʩʪʴ e/e0 º 220 ʠ ʙʣʠʟʢʠʝ 

ʟʥʘʯʝʥʠʷ ʧʴʝʟʦʧʘʨʘʤʝʪʨʦʚ: ʧʴʝʟʦʤʦʜʫʣʴ d33 º 30 ʧʂʣ/ʅ, ʧʴʝʟʦʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ g33 

º 16 ʤɺ ʤ/ʅ. ʉ ʫʤʝʥʴʰʝʥʠʝʤ ʨʘʟʤʝʨʦʚ ʯʘʩʪʠʮ ʥʘʙʣʶʜʘʝʪʩʷ ʨʦʩʪ ʢʦʵʬʬʠʮʠʝʥʪʘ ʄʕ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ (ʨʠʩʫʥʦʢ 39). ʇʦʩʢʦʣʴʢʫ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʄʕ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʚ 

ʢʦʤʧʦʟʠʪʘʭ ʧʴʝʟʦʵʣʝʢʪʨʠʢ-ʬʝʨʨʠʪ ʟʘʚʠʩʠʪ ʦʪ ʧʝʨʝʜʘʯʠ ʜʝʬʦʨʤʘʮʠʡ ʦʪ 

ʘ ʙ 

ʚ 
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ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʦʥʥʦʡ ʬʘʟʳ ʢ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʦʡ, ʪʦ ʯʝʤ ʙʦʣʴʰʝ ʧʣʦʱʘʜʴ 

ʤʝʞʬʘʟʥʦʛʦ ʢʦʥʪʘʢʪʘ, ʪʝʤ ʣʫʯʰʝ. ʇʦʵʪʦʤʫ ʚ ʮʝʣʦʤ ʛʨʘʬʠʢ ʥʘ ʨʠʩʫʥʢʝ 39 ʚ 

ʥʘʧʨʘʚʣʝʥʠʠ ʫʤʝʥʴʰʝʥʠʷ ʨʘʟʤʝʨʦʚ ʯʘʩʪʠʮ ʠʤʝʝʪ ʚʠʜ ʚʦʩʭʦʜʷʱʝʡ ʣʠʥʠʠ, ʠ ʦʙʣʘʩʪʴ 

ʩ ʨʘʟʤʝʨʘʤʠ ʯʘʩʪʠʮ ʤʝʥʴʰʝ 0.03 ʤʤ ʪʨʝʙʫʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

 

ʈʠʩʫʥʦʢ 39 -ï ɿʘʚʠʩʠʤʦʩʪʴ ʄʕ ʢʦʵʬʬʠʮʠʝʥʪʘ ʢʦʤʧʦʟʠʪʦʚ ʭ ʤʘʩʩ.% BCZT  + (100-

ʭ) ʤʘʩʩ.% NCCF ʦʪ ʨʘʟʤʝʨʦʚ ʯʘʩʪʠʮ ʧʴʝʟʦʵʣʝʢʪʨʠʢʘ 

ʅʝ ʧʨʠʚʝʣʠ ʢ ʧʦʣʦʞʠʪʝʣʴʥʦʤʫ ʨʝʟʫʣʴʪʘʪʫ ʪʘʢʞʝ ʠ ʧʦʧʳʪʢʠ ʧʨʝʩʩʦʚʘʥʠʷ ʄʕ 

ʢʝʨʘʤʠʢʠ ʧʨʠ ʧʨʠʣʦʞʝʥʠʠ ʚʥʝʰʥʝʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʚʝʨʦʷʪʥʦ, ʚʩʣʝʜʩʪʚʠʝ ʪʦʛʦ, 

ʯʪʦ ʝʛʦ ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʙʳʣʘ ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ 

ʬʦʨʤʠʨʦʚʘʥʠʶ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦʡ ʦʨʠʝʥʪʘʮʠʠ ʯʘʩʪʠʮ ʧʦʨʦʰʢʘ ʬʝʨʨʠʪʘ. 

3.2.3 ɺʳʚʦʜʳ ʢ ʨʘʟʜʝʣʫ 3.2 

1. ʊʚʝʨʜʦʬʘʟʥʳʤ ʩʧʦʩʦʙʦʤ ʧʦʣʫʯʝʥʘ ʙʝʩʩʚʠʥʮʦʚʘʷ ʄʕ 

ʢʦʤʧʦʟʠʮʠʦʥʥʘʷ ʢʝʨʘʤʠʢʘ (100-ʭ) ʤʘʩʩ.% Ba0.85Ca0.15Ti0.9Zr0.1O3 (BCZT) + ʭ ʤʘʩʩ.% 

NiCo0.02Cu0.02Mn0.1Fe1.8O4-d, (NCCMF), ʥʝ ʩʦʜʝʨʞʘʱʘʷ ʧʦʩʪʦʨʦʥʥʠʭ ʬʘʟ, ʘ ʪʘʢʞʝ 

ʧʨʠʟʥʘʢʦʚ ʤʝʞʬʘʟʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʥʘ ʫʨʦʚʥʝ ʣʝʛʠʨʦʚʘʥʠʷ. ʂʝʨʘʤʠʢʘ ʦʙʣʘʜʘʝʪ 

ʚʳʩʦʢʠʤ ʫʜʝʣʴʥʳʤ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʥʘ ʧʦʩʪʦʷʥʥʦʤ ʪʦʢʝ (~109 

ʆʤÖʩʤ) ʠ ʚʦ ʚʩʝʤ ʠʩʩʣʝʜʦʚʘʥʥʦʤ ʜʠʘʧʘʟʦʥʝ ʭ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʩʦʯʝʪʘʥʠʝ ʤʘʛʥʠʪʥʳʭ 

ʠ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ, ʢʦʪʦʨʳʝ ʠʟʤʝʥʷʶʪʩʷ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʠ 

ʟʘʢʦʥʦʤʝʨʥʦ ʟʘʚʠʩʷʪ ʦʪ ʩʦʩʪʘʚʘ ʢʦʤʧʦʟʠʪʦʚ. 

2. ʄʘʢʩʠʤʫʤ ʢʦʵʬʬʠʮʠʝʥʪʘ ʄʕ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ Dɽ/DH º 90 ʤɺ/(ʩʤÖʕ) 
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ʥʘʙʣʶʜʘʝʪʩʷ ʫ ʦʙʨʘʟʮʦʚ ʩ ʭ = 60-70 ʤʘʩʩ. %, ʜʣʷ ʥʠʭ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ ʥʘʩʳʱʝʥʠʷ 

ʠ ʦʩʪʘʪʦʯʥʘʷ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ ʩʦʩʪʘʚʣʷʝʪ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ~22 ʠ ~0.5 ʵʤʝ/ʛ, 

ʢʦʵʨʮʠʪʠʚʥʘʷ ʩʠʣʘ ~30 ʢʕ, ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ʥʘ ʯʘʩʪʦʪʝ 1 ʢɻʮ ʠ 1 ʄɻʮ ʨʘʚʥʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ~90 ʠ ~70 ʜʣʷ ʭ = 60 ʠ 

~55 ʠ ~40 ʜʣʷ ʭ = 70, ʪʘʥʛʝʥʩ ʫʛʣʘ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʪʝʨʴ ʥʘ ʫʢʘʟʘʥʥʳʭ ʯʘʩʪʦʪʘʭ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 0.4-0.5 ʠ ~0.03, ʧʴʝʟʦʤʦʜʫʣʴ ʜʣʷ ʦʙʨʘʟʮʦʚ ʩ x = 60 ʠ 70 ʩʦʩʪʘʚʣʷʝʪ 

16 ʠ 9 ʧʂʣ/ʅ, ʧʴʝʟʦʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ 16.3 ʠ 14.3 ʤɺÖʤ/ʅ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

3. ʂʦʤʧʦʟʠʪʳ ʭ ʤʘʩʩ.% BCZT ï (100-x) ʤʘʩʩ.% NCCMF, ʧʦʣʫʯʝʥʥʳʝ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʦʥʢʦʜʠʩʧʝʨʩʥʦʛʦ ʧʦʨʦʰʢʘ ʬʝʨʨʠʪʘ, ʦʙʣʘʜʘʶʪ ʫʣʫʯʰʝʥʥʳʤʠ 

ʧʴʝʟʦʩʚʦʡʩʪʚʘʤʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʘʥʘʣʦʛʠʯʥʳʤʠ ʩʦʩʪʘʚʘʤʠ, ʠʟʛʦʪʦʚʣʝʥʥʳʤʠ ʠʟ 

ʧʨʝʢʫʨʩʦʨʥʳʭ ʬʘʟ, ʧʦʣʫʯʝʥʥʳʭ ʪʚʝʨʜʦʬʘʟʥʳʤ ʩʧʦʩʦʙʦʤ, ʚʩʣʝʜʩʪʚʠʝ ʩʥʠʞʝʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨʳ ʩʧʝʢʘʥʠʷ ʄʕ ʢʝʨʘʤʠʢʠ ʠ ʫʤʝʥʴʰʝʥʠʷ ʧʦʩʣʝʜʩʪʚʠʡ ʤʝʞʬʘʟʥʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʘ ʪʘʢʞʝ ʧʝʨʝʭʦʜʘ ʢ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦʤʫ ʪʠʧʫ ʩʚʷʟʥʦʩʪʠ 0-3 (ʟʝʨʥʘ 

ʧʴʝʟʦʵʣʝʢʪʨʠʢʘ ʚ ʤʘʪʨʠʮʝ ʬʝʨʨʠʪʘ). ʅʝʩʤʦʪʨʷ ʥʘ ʵʪʦ, ʦʥʘ ʦʙʣʘʜʘʝʪ ʪʦʡ ʞʝ ʄʕ 

ʘʢʪʠʚʥʦʩʪʴʶ, ʯʪʦ ʠ ʧʦʣʫʯʝʥʥʘʷ ʠʟ ʪʚʝʨʜʦʬʘʟʥʦ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʧʨʝʢʫʨʩʦʨʦʚ. 

ʇʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʬʝʨʨʠʪ, ʧʦʣʫʯʝʥʥʳʡ ʛʝʣʴ-ʤʝʪʦʜʦʤ, ʩʦʜʝʨʞʠʪ ʧʨʠʤʝʩʴ 

ʤʘʛʥʝʪʠʪʘ Fe3O4, ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʷ ʢʦʪʦʨʦʛʦ ʠʤʝʝʪ ʟʥʘʢ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʡ 

ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʠ ʬʝʨʨʠʪʘ ʥʠʢʝʣʷ, ʧʦʵʪʦʤʫ ʧʦʣʫʯʝʥʥʳʡ ʛʝʣʴ-ʤʝʪʦʜʦʤ ʬʝʨʨʠʪ 

ʦʙʣʘʜʘʝʪ ʧʦʥʠʞʝʥʥʦʡ ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʝʡ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʢʦʤʧʦʟʠʪʳ ʥʘ ʝʛʦ ʦʩʥʦʚʝ, 

ʥʝʩʤʦʪʨʷ ʥʘ ʧʦʚʳʰʝʥʥʳʝ ʧʴʝʟʦʧʘʨʘʤʝʪʨʳ, ʦʙʣʘʜʘʶʪ ʧʨʠʤʝʨʥʦ ʪʦʡ ʞʝ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʄʕ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ, ʯʪʦ ʠ ʠʟʛʦʪʦʚʣʝʥʥʳʝ ʠʟ ʬʝʨʨʠʪʘ, 

ʧʦʣʫʯʝʥʥʦʛʦ ʪʚʝʨʜʦʬʘʟʥʳʤ ʩʧʦʩʦʙʦʤ. ʆʜʥʘʢʦ, ʵʪʦ ʪʨʝʙʫʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ. 

4. ʂʝʨʘʤʠʢʘ ʭ ʤʘʩʩ.% BCZT ï (100-x) ʤʘʩʩ.% NCCMF, ʧʦʣʫʯʝʥʥʳʝ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʦʥʢʦʜʠʩʧʝʨʩʥʦʛʦ ʧʦʨʦʰʢʘ ʧʴʝʟʦʵʣʝʢʪʨʠʢʘ, ʦʙʣʘʜʘʝʪ ʥʫʣʝʚʳʤʠ 

ʧʴʝʟʦʧʘʨʘʤʝʪʨʘʤʠ ʠ ʥʫʣʝʚʦʡ ʄʕ ʘʢʪʠʚʥʦʩʪʴʶ. ʕʪʦ ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʩʚʷʟʘʥʦ ʩ 

ʪʝʤ, ʯʪʦ ʩʚʦʡʩʪʚʘ ʪʠʪʘʥʘʪʘ-ʮʠʨʢʦʥʘʪʘ ʙʘʨʠʷ-ʢʘʣʴʮʠʷ ʚʝʩʴʤʘ ʯʫʚʩʪʚʠʪʝʣʴʥʳ ʢ 

ʨʘʟʤʝʨʘʤ ʢʨʠʩʪʘʣʣʠʪʦʚ.  

5. ɹʝʩʩʚʠʥʮʦʚʘʷ ʄʕ ʢʦʤʧʦʟʠʮʠʦʥʥʘʷ ʢʝʨʘʤʠʢʘ 40 ʤʘʩʩ.% 
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Ba0.85Ca0.15Ti0.9Zr0.1O3+ 60 ʤʘʩʩ.% NiCo0.02Cu0.02Mn0.1Fe1.8O4-d + v (ʤʣ) ʇʉɾ ʩ 

ʜʦʙʘʚʢʦʡ SiO2 ʥʝ ʩʦʜʝʨʞʠʪ ʧʦʩʪʦʨʦʥʥʠʭ ʬʘʟ, ʠʤʝʝʪ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʧʣʦʪʥʦʩʪʴ ʠ 

ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ, ʦʜʥʘʢʦ ʩʫʱʝʩʪʚʝʥʥʦ ʫʩʪʫʧʘʝʪ ʢʝʨʘʤʠʢʝ ʙʝʟ ʜʦʙʘʚʢʠ 

ʧʦ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʄʕ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʚʚʝʜʝʥʠʝ ʜʦʙʘʚʢʠ ʦʢʩʠʜʘ ʢʨʝʤʥʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʥʝʮʝʣʝʩʦʦʙʨʘʟʥʳʤ.  

3.3. ˗̏ ̗̠̍̐̏̈̉̉̏̎̎́ ̋̆̑́̍̉̋́ ̎́ ̏̒̎̏̃̆ ̏̂̏̄́̆̎̎̏̄̏̚ ̇̆̌̆̈̏̍ 

̝̞̐̆̈̏̌̆̋̓̑̉̋́ ̓̉̓́̎́̓́-̆̑̑̏̎̉̏̂́̓́̕ ̗̒̃̉̎́ ̉ ̗̍̏̅̉̉̉̑̏̃́̎̎̏̄̏̕ 

̆̑̑̉̓́̕ ̠̎̉̋̆̌ ̒̏ ̒̓̑̔̋̓̔̑̏̊ ̙̐̉̎̆̌̉ 

ɺ ʦʜʥʦʡ ʠʟ ʧʝʨʚʳʭ ʨʘʙʦʪ ʧʦ ʄʕ ʢʦʤʧʦʟʠʪʘʤ [25] ʩ ʮʝʣʴʶ ʠʩʢʣʶʯʝʥʠʷ 

ʥʝʞʝʣʘʪʝʣʴʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ 

ʠʟʛʦʪʦʚʣʝʥʠʷ ʄʕ ʢʦʤʧʦʟʠʪʦʚ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʠ ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʦʥʥʳʝ 

ʢʦʤʧʦʥʝʥʪʳ ʩ ʤʠʥʠʤʘʣʴʥʳʤʠ ʨʘʟʣʠʯʠʷʤʠ ʚ ʭʠʤʠʯʝʩʢʦʤ ʩʦʩʪʘʚʝ, ʪʦ ʝʩʪʴ ʩ 

ʥʘʠʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʦʙʱʠʭ ʠʦʥʦʚ. ɺ ʫʢʘʟʘʥʥʦʡ ʨʘʙʦʪʝ ʦʙʩʫʞʜʘʶʪʩʷ 

ʄʕ ʤʘʪʝʨʠʘʣʳ ʥʘ ʦʩʥʦʚʝ Pb(Co,Fe,Nb)O3 ʠ CoFe2O4, ʦʜʥʘʢʦ ʚr ʚʦʜʳ ʦʙ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʪʘʢʦʛʦ ʧʦʜʭʦʜʘ ʥʘ ʦʩʥʦʚʘʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʚ ʨʘʙʦʪʝ ʜʘʥʥʳʭ ʩʜʝʣʘʪʴ 

ʥʝʣʴʟʷ ʠʟ-ʟʘ ʦʪʩʫʪʩʪʚʠʷ ʚ ʨʘʙʦʪʝ ʠʥʬʦʨʤʘʮʠʠ ʦ ʄʕ ʩʚʦʡʩʪʚʘʭ ʢʦʤʧʦʟʠʪʦʚ. ʅʦ ʚ 

ʮʝʣʦʤ ʠʜʝʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʄʕ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʜʚʫʭʬʘʟʥʳʭ ʢʝʨʘʤʠʢ ʩ 

ʤʠʥʠʤʘʣʴʥʳʤʠ ʨʘʟʣʠʯʠʷʤʠ ʚ ʩʦʩʪʘʚʝ ʢʦʤʧʦʥʝʥʪʦʚ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʟʘʤʘʥʯʠʚʦʡ, 

ʭʦʪʷ ʠ ʪʨʫʜʥʦʨʝʘʣʠʟʫʝʤʦʡ, ʪ.ʢ. ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʩʫʱʝʩʪʚʝʥʥʦ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʯʠʩʣʦ 

ʚʦʟʤʦʞʥʳʭ ʢʦʤʙʠʥʘʮʠʡ ʩʦʩʪʘʚʦʚ ʧʴʝʟʦʵʣʝʢʪʨʠʢ ï ʬʝʨʨʠʪ, ʧʦʵʪʦʤʫ ʜʘʥʥʳʭ ʦ ʪʘʢʠʭ 

ʩʠʩʪʝʤʘʭ ʚ ʣʠʪʝʨʘʪʫʨʝ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʪ. ʊʝʤ ʥʝ ʤʝʥʝʝ ʦʯʝʚʠʜʥʦ ʘʧʨʠʦʨʠ, ʯʪʦ 

ʦʙʦʛʘʱʝʥʥʳʝ ʞʝʣʝʟʦʤ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʢʠ ʤʦʛʫʪ ʧʨʝʜʩʪʘʚʣʷʪʴ ʦʩʦʙʳʡ ʠʥʪʝʨʝʩ ʚ 

ʢʘʯʝʩʪʚʝ ʧʴʝʟʦʘʢʪʠʚʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʄʕ ʢʝʨʘʤʠʢʠ ʚ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʞʝʣʝʟʦ ʢʘʢ 

ʦʩʥʦʚʥʦʡ ʢʦʤʧʦʥʝʥʪ ʬʝʨʨʠʪʦʚ, ʚʪʦʨʦʡ ʬʘʟʳ ʄʕ ʢʦʤʧʦʟʠʪʦʚ, ʤʦʞʝʪ 

ʜʠʬʬʫʥʜʠʨʦʚʘʪʴ ʚ ʩʪʨʫʢʪʫʨʫ ʧʴʝʟʦʵʣʝʢʪʨʠʢʘ, ʚʳʟʳʚʘʷ ʜʝʛʨʘʜʘʮʠʶ ʝʛʦ ʩʚʦʡʩʪʚ. 

ɽʩʣʠ ʞʝ ʚ ʩʦʩʪʘʚʝ ʧʴʝʟʦʵʣʝʢʪʨʠʢʘ ʠ ʙʝʟ ʪʦʛʦ ʠʤʝʝʪʩʷ ʚ ʙʦʣʴʰʠʭ ʢʦʣʠʯʝʩʪʚʘʭ 

ʞʝʣʝʟʦ, ʪʦ ʪʘʢʦʡ ʧʨʦʮʝʩʩ ʥʝ ʤʦʞʝʪ ʚʳʟʚʘʪʴ ʥʝʛʘʪʠʚʥʳʭ ʧʦʩʣʝʜʩʪʚʠʡ. ʂʨʦʤʝ ʪʦʛʦ, 

ʠʩʧʦʣʴʟʫʷ ʞʝʣʝʟʦʦʩʦʜʝʨʞʘʱʠʝ ʧʴʝʟʦʵʣʝʢʪʨʠʢʠ, ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʦʨʦʰʢʠ ʩ 
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ʥʝʙʦʣʴʰʠʤʠ ʨʘʟʤʝʨʘʤʠ ʯʘʩʪʠʮ, ʪʝʤ ʩʘʤʳʤ ʫʚʝʣʠʯʠʚ ʧʣʦʱʘʜʴ ʢʦʥʪʘʢʪʘ ʬʘʟ 

ʢʦʤʧʦʟʠʪʘ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʧʦʚʳʩʠʚ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʄʕ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ. 

ʆʜʥʠʤ ʠʟ ʨʝʜʢʠʭ ʧʨʠʤʝʨʦʚ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʭ ʧʴʝʟʦʵʣʝʢʪʨʠʢʦʚ, 

ʦʙʦʛʘʱʝʥʥʳʭ ʞʝʣʝʟʦʤ, ʷʚʣʷʶʪʩʷ ʤʦʨʬʦʪʨʦʧʥʳʝ ʪʝʪʨʘʛʦʥʘʣʴʥʦ-ʨʦʤʙʦʵʜʨʠʯʝʩʢʠʝ 

ʩʦʩʪʘʚʳ ʩʠʩʪʝʤʳ ʬʝʨʨʦʥʠʦʙʘʪ - ʪʠʪʘʥʘʪ ʩʚʠʥʮʘ Pb(Fe0.5Nb0.5)1-xTixO3, ʭ = 0.06-0.08 

(PFNPT), ʦʧʠʩʘʥʥʳʝ ʚ [227]. ʇʦ ʚʝʣʠʯʠʥʝ ʧʨʦʜʦʣʴʥʦʛʦ ʧʴʝʟʦʤʦʜʫʣʷ d33, 

ʜʦʩʪʠʛʘʶʱʝʛʦ 600 ʧʂʣ/ʅ, ʵʪʠ ʤʘʪʝʨʠʘʣʳ ʥʝ ʫʩʪʫʧʘʶʪ ʣʫʯʰʠʤ ʧʨʝʜʩʪʘʚʠʪʝʣʷʤ 

ʩʠʩʪʝʤʳ ʮʠʨʢʦʥʘʪ-ʪʠʪʘʥʘʪ ʩʚʠʥʮʘ ʠ ʧʦʵʪʦʤʫ ʧʝʨʩʧʝʢʪʠʚʥʳ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʄʕ ʢʝʨʘʤʠʢʠ.  

ʅʘʩʪʦʷʱʘʷ ʛʣʘʚʘ ʧʦʩʚʷʱʝʥʘ ʠʩʩʣʝʜʦʚʘʥʠʶ ʄʕ ʢʝʨʘʤʠʯʝʩʢʠʭ ʢʦʤʧʦʟʠʪʦʚ 

(100-x) ʤʘʩʩ.% Pb(Fe0.5Nb0.5)0.935Ti0.065O3 (PFNPT) + x ʤʘʩʩ.% Ni0.9Co0.1Cu0.1Fe1.9O4-d 

(NCCF) ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ x = 10-90 ʩ ʰʘʛʦʤ 10 %. ʀʥʬʦʨʤʘʮʠʷ ʦ 

ʢʦʤʧʦʟʠʮʠʦʥʥʦʡ ʢʝʨʘʤʠʢʝ ʥʘ ʦʩʥʦʚʝ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʢʦʚ ʩʠʩʪʝʤʳ 

Pb(Fe0.5Nb0.5)O3 - PbTiO3 ʚ ʣʠʪʝʨʘʪʫʨʝ ʦʪʩʫʪʩʪʚʫʝʪ. ɺʳʙʦʨ ʩʦʩʪʘʚʘ ʬʝʨʨʠʪʘ 

Ni0.9Co0.1Cu0.1Fe1.9O4-d (NCCF) ʦʙʫʩʣʦʚʣʝʥ ʪʝʤ, ʯʪʦ ʚ ʨʷʜʝ ʥʘʰʠʭ ʙʦʣʝʝ ʨʘʥʥʠʭ ʨʘʙʦʪ 

[225, 226] ʥʘ ʝʛʦ ʦʩʥʦʚʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʄʕ ʢʝʨʘʤʠʢʠ ʩ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʄʕ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ. 

3ȢσȢρ ˜̏̅̄̏̓̏̃̋́ ̗̏̂̑́̈̏̃ 

ʄʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ ʬʝʨʨʠʪ ʥʠʢʝʣʷ Ni0.9Co0.1Cu0.1Fe1.9O4-d ʠ 

ʬʝʨʨʦʥʠʦʙʘʪ-ʪʠʪʘʥʘʪ ʩʚʠʥʮʘ ʦʜʥʦʛʦ ʠʟ ʩʦʩʪʘʚʦʚ, ʧʨʠʥʘʜʣʝʞʘʱʠʭ ʤʦʨʬʦʪʨʦʧʥʦʡ 

ʦʙʣʘʩʪʠ, Pb(Fe0.5Nb0.5)0.935Ti0.065O3 [227], ʧʦʣʫʯʘʣʠ ʪʚʝʨʜʦʬʘʟʥʳʤ ʩʧʦʩʦʙʦʤ ʠʟ 

ʦʢʩʠʜʦʚ ʩʦʛʣʘʩʥʦ ʫʨʘʚʥʝʥʠʷʤ ʨʝʘʢʮʠʡ:  

0.9NiO + 0.1CoO + 0.1CuO + 0.95Fe2O3 = Ni0.9Co0.1Cu0.1Fe1.9O4-d   (1) 

PbO+0.4675Fe2O3+0.4675Nb2O5+0.065TiO2 = Pb(Fe0.5Nb0.5)0.935Ti0.065O3 (2)  

ʇʦʨʦʰʢʠ ʦʢʩʠʜʦʚ ʚ ʟʘʜʘʥʥʳʭ ʧʨʦʧʦʨʮʠʷʭ ʪʱʘʪʝʣʴʥʦ ʩʤʝʰʠʚʘʣʠ, 

ʙʨʠʢʝʪʠʨʦʚʘʣʠ ʩ ʜʦʙʘʚʣʝʥʠʝʤ 3%-ʥʦʛʦ ʨʘʩʪʚʦʨʘ ʧʦʣʠʚʠʥʠʣʦʚʦʛʦ ʩʧʠʨʪʘ ʚ ʢʘʯʝʩʪʚʝ 

ʩʚʷʟʫʶʱʝʛʦ. ʉʠʥʪʝʟ ʬʝʨʨʠʪʘ ʠ ʬʝʨʨʦʥʠʦʙʘʪʘ-ʪʠʪʘʥʘʪʘ ʩʚʠʥʮʘ ʧʨʦʚʦʜʠʣʠ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 900-1000ÁC ʠ 900ÁC ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚ ʪʝʯʝʥʠʝ 8 ʯʘʩʦʚ ʩ 
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ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʧʝʨʝʰʠʭʪʦʚʢʦʡ. ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʨʝʞʠʤʘ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʧʦʜʛʦʪʦʚʢʠ ʧʴʝʟʦʵʣʝʢʪʨʠʢʘ ʥʘ ʩʚʦʡʩʪʚʘ ʄʕ ʢʦʤʧʦʟʠʮʠʦʥʥʦʡ 

ʢʝʨʘʤʠʢʠ ʧʦʨʦʰʦʢ Pb(Fe0.5Nb0.5)0.935Ti0.065O3 ʧʦʜʚʝʨʛʘʣʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʤʫ ʦʙʞʠʛʫ 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1050ÁC ʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1020ÁC ʩ ʜʦʙʘʚʢʦʡ 1 ʤʘʩʩ. % ʢʘʨʙʦʥʘʪʘ 

ʣʠʪʠʷ, ʚ ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʚ ʪʝʯʝʥʠʝ 3 ʯʘʩʦʚ.  

ʇʦʣʫʯʝʥʥʳʡ ʧʦʩʣʝ ʩʠʥʪʝʟʘ ʧʨʠ 900ÁC (PFNPT-ʧʨʝʢʫʨʩʦʨ 1), ʘ ʪʘʢʞʝ 

ʧʨʦʢʘʣʝʥʥʳʝ ʧʨʠ 1050ÁC (PFNPT-ʧʨʝʢʫʨʩʦʨ 2) ʠ ʧʨʠ 1020ÁC ʩ ʜʦʙʘʚʢʦʡ Li2CO3 

(PFNPT-ʧʨʝʢʫʨʩʦʨ 3) ʧʦʨʦʰʢʠ ʧʴʝʟʦʵʣʝʢʪʨʠʢʘ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ 

ʠʟʛʦʪʦʚʣʝʥʠʷ ʄʕ ʢʦʤʧʦʟʠʪʦʚ 50 ʤʘʩʩ.% Pb(Fe0.5Nb0.5)0.935Ti0.065O3 (PFNPT) + 50 

ʤʘʩʩ.% Ni0.9Co0.1Cu0.1Fe1.9O4-d (NCCF), ʢʦʪʦʨʳʝ ʩʧʝʢʘʣʠ ʧʨʠ 1050ÁC ʠ 1150ÁC ʚ 

ʪʝʯʝʥʠʝ 2 ʯʘʩʦʚ. ʀʟ ʧʦʣʫʯʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʠʟʛʦʪʘʚʣʠʚʘʣʠ ʪʘʙʣʝʪʢʠ ʚʳʩʦʪʦʡ 1 ʤʤ, 

ʥʘ ʢʦʪʦʨʳʝ ʥʘʥʦʩʠʣʠ ʵʣʝʢʪʨʦʜʳ ʧʫʪʝʤ ʚʞʠʛʘʥʠʷ ʩʝʨʝʙʨʦʩʦʜʝʨʞʘʱʝʡ ʧʘʩʪʳ ʧʨʠ 

500ÁC ʚ ʪʝʯʝʥʠʝ 3-5 ʤʠʥʫʪ. ʇʦʣʫʯʝʥʥʳʝ ʵʣʝʤʝʥʪʳ ʧʦʣʷʨʠʟʦʚʘʣʠ ʚ ʩʨʝʜʝ 

ʭʣʦʨʦʬʦʨʤʘ ʚ ʪʝʯʝʥʠʝ 2ï3 ʤʠʥʫʪ ʚ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʳʭ ʧʦʣʷʭ (3-4 ʢɺ/ʤʤ).  

ʈʝʟʫʣʴʪʘʪʳ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠ ʄʕ ʠʩʧʳʪʘʥʠʡ, ʢʘʢ ʙʫʜʝʪ ʧʦʢʘʟʘʥʦ ʥʠʞʝ, 

ʧʦʟʚʦʣʠʣʠ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʥʘʠʣʫʯʰʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʦʙʣʘʜʘʶʪ ʄʕ ʢʦʤʧʦʟʠʪʳ, 

ʧʦʣʫʯʝʥʥʳʝ ʠʟ ʧʦʨʦʰʢʘ ʧʴʝʟʦʵʣʝʢʪʨʠʢʘ ʩ ʜʦʙʘʚʢʦʡ Li2CO3 (PFNPT-ʧʨʝʢʫʨʩʦʨ 3). 

ʅʘ ʝʛʦ ʦʩʥʦʚʝ ʠʟʛʦʪʘʚʣʠʚʘʣʠ ʢʦʤʧʦʟʠʮʠʦʥʥʫʶ ʢʝʨʘʤʠʢʫ ʩʦʩʪʘʚʘ: (100-x) ʤʘʩʩ.% 

Pb(Fe0.5Nb0.5)0.935Ti0.065O3 (PFNPT) + x ʤʘʩʩ.% Ni0.9Co0.1Cu0.1Fe1.9O4-d (NCCF), ʛʜʝ 

x = 10-90 ʩ ʰʘʛʦʤ 10%. ʉʧʝʢʘʥʠʝ ʢʦʤʧʦʟʠʪʦʚ ʧʨʦʚʦʜʠʣʠ ʧʨʠ 1050ÁC ʚ ʪʝʯʝʥʠʝ 2 

ʯʘʩʦʚ. ɼʘʣʝʝ ʧʨʦʚʦʜʠʣʠ ʧʦʜʛʦʪʦʚʢʫ ʦʙʨʘʟʮʦʚ ʜʣʷ ʠʟʤʝʨʝʥʠʡ ʪʘʢ ʞʝ, ʢʘʢ ʠ 

ʄʕ ʢʝʨʘʤʠʢʫ ʩ ʩʦʦʪʥʦʰʝʥʠʝʤ ʬʘʟ 50:50. 

3ȢσȢς ˍ̎́̌̉̈ ̑ ̝̆̈̔̌̓́̓̏̃ 

ʈʌɸ ʦʙʨʘʟʮʦʚ 50 ʤʘʩʩ.% Pb(Fe0.5Nb0.5)0.935Ti0.065O3 (PFNPT) + 50 ʤʘʩʩ.% 

Ni0.9Co0.1Cu0.1Fe1.9O4-d (NCCF) ʧʦʢʘʟʘʣ, ʯʪʦ ʚʩʝ ʢʦʤʧʦʟʠʪʳ, ʩʧʝʯʝʥʥʳʝ ʧʨʠ 1050ʉ̄, 

ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʩʧʦʩʦʙʘ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʧʦʜʛʦʪʦʚʢʠ ʧʴʝʟʦʵʣʝʢʪʨʠʢʘ 

(PFNPT-ʧʨʝʢʫʨʩʦʨʳ 1-3), ʥʝ ʩʦʜʝʨʞʘʪ ʧʦʩʪʦʨʦʥʥʠʭ ʬʘʟ. ʅʘ ʨʠʩʫʥʢʝ 40, ʘ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʜʠʬʨʘʢʪʦʛʨʘʤʤʘ ʦʜʥʦʛʦ ʠʟ ʵʪʠʭ ʢʦʤʧʦʟʠʪʦʚ, ʧʦʣʫʯʝʥʥʦʛʦ ʠʟ 
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ʧʦʨʦʰʢʘ PFNPT-ʧʨʝʢʫʨʩʦʨʘ 3 (ʢʦʤʧʦʟʠʪʳ ʥʘ ʦʩʥʦʚʝ ʧʦʨʦʰʢʦʚ 

PFNPT-ʧʨʝʢʫʨʩʦʨʦʚ 1 ʠ 2, ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʠʯʝʤ ʥʝ ʦʪʣʠʯʘʶʪʩʷ). 

ʄʕ ʢʦʤʧʦʟʠʮʠʦʥʥʘʷ ʢʝʨʘʤʠʢʘ ʥʝ ʩʦʜʝʨʞʠʪ ʥʠʢʘʢʠʭ ʜʨʫʛʠʭ ʬʘʟ, ʢʨʦʤʝ PFNPT ʠ 

NCCF. ʆʙʩʫʞʜʘʝʤʳʝ ʦʙʨʘʟʮʳ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʩʧʦʩʦʙʘ ʧʦʣʫʯʝʥʠʷ ʠʤʝʶʪ ʙʣʠʟʢʫʶ 

ʧʣʦʪʥʦʩʪʴ (5.3-5.4 ʛ/ʩʤ3, ʪʘʙʣʠʮʘ 5), ʥʦ ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʦʥʘ ʥʝ 

ʧʨʝʚʳʰʘʝʪ ~80 % (ʧʨʠ ʦʮʝʥʢʝ ʜʘʥʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʠʩʧʦʣʴʟʦʚʘʥʳ ʨʝʥʪʛʝʥʦʚʩʢʠʝ 

ʧʣʦʪʥʦʩʪʠ PFNPT ʠ NCCF ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 8.446 ʠ 5.382 ʛ/ʩʤ3).  

ʇʨʠ ʧʦʧʳʪʢʝ ʧʦʚʳʰʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʩʧʝʢʘʥʠʷ (1150ʉ̄) ʩ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ 

ʙʦʣʝʝ ʧʣʦʪʥʦʡ ʢʝʨʘʤʠʢʠ ʚ ʦʙʨʘʟʮʘʭ 50 ʤʘʩʩ.% PFNPT + 50 ʤʘʩʩ.% NCCF 

ʥʘʙʣʶʜʘʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝ ʧʦʩʪʦʨʦʥʥʝʡ ʬʘʟʳ ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʧʠʨʦʭʣʦʨʘ, ʩʪʨʫʢʪʫʨʥʦ 

ʠʜʝʥʪʠʯʥʦʡ Pb2Nb2O7 (ʨʠʩʫʥʦʢ 40, ʙ). ʇʨʠ ʵʪʦʤ ʟʘʢʦʥʦʤʝʨʥʦ ʥʘʙʣʶʜʘʝʪʩʷ ʨʝʟʢʦʝ 

ʩʥʠʞʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʨʝʬʣʝʢʩʦʚ ʬʘʟʳ ʧʝʨʦʚʩʢʠʪʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʠʢʘʤʠ 

ʰʧʠʥʝʣʠ, ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʜʝʛʨʘʜʘʮʠʠ ʧʴʝʟʦʬʘʟʳ ʢʦʤʧʦʟʠʪʦʚ. ʅʝʩʤʦʪʨʷ ʥʘ ʵʪʦ, ʥʘ 

 
 

ʈʠʩʫʥʦʢ 40 ï ʇʦʨʦʰʢʦʚʳʝ ʜʠʬʨʘʢʪʦʛʨʘʤʤʳ ʄʕ ʢʦʤʧʦʟʠʪʦʚ 50 ʤʘʩʩ.% 

PFNPT + 50 ʤʘʩʩ.% NCCF, ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʥʘ ʦʩʥʦʚʝ PFNPT ʧʨʝʢʫʨʩʦʨʘ 3 

(ʩ ʜʦʙʘʚʢʦʡ ʢʘʨʙʦʥʘʪʘ ʣʠʪʠʷ) ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1050ʉ̄ (ʘ) ʠ 1150ʉ̄ (b) 

 

     PFNPT 

     NCCF 

     Pb2Nb2O7 

a 

b 
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ʜʠʬʨʘʢʪʦʛʨʘʤʤʘʭ ʥʘʙʣʶʜʘʶʪʩʷ ʪʘʢʞʝ ʨʝʬʣʝʢʩʳ ʦʙʝʠʭ ʠʩʭʦʜʥʳʭ ʬʘʟ, PFNPT ʠ 

NCCF, ʢʦʪʦʨʳʝ ʥʝ ʩʤʝʱʘʶʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʯʠʩʪʳʭ ʢʦʤʧʦʥʝʥʪʦʚ. ʕʪʦ ʦʟʥʘʯʘʝʪ, 

ʯʪʦ ʧʨʠ ʜʘʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ (1150ʉ̄) ʭʠʤʠʯʝʩʢʠʝ ʤʝʞʬʘʟʥʳʝ ʨʝʘʢʮʠʠ ʧʨʦʠʩʭʦʜʷʪ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʧʦ ʛʨʘʥʠʮʘʤ ʠʭ ʟʝʨʝʥ. 

ʊʘʙʣʠʮʘ 5. ʉʚʦʡʩʪʚʘ ʄʕ ʢʦʤʧʦʟʠʪʦʚ 50 ʤʘʩʩ.% PFNPT + 50 ʤʘʩʩ.% NCCF  
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1 5.27 9.8 0.20 733 0.057 24 7.4 3.7 1.1 0.66 22 48 29 

2 5.41 9.8 0.20 318 0.068 23 7.2 8.0 2.6 0.64 21 43 50 

3 5.32 10.7 0.07 234 0.076 21 7.3 10.1 3.5 0.66 20 45 75 

3ô 5.54 8.9 0.14 237 - 8 - 3.8 - 0.27 8 59 15 

ʅʘ ʨʠʩʫʥʢʝ 41 ʧʨʝʜʩʪʘʚʣʝʥʳ ʬʦʪʦʛʨʘʬʠʠ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʢʦʤʧʦʟʠʪʦʚ 

50 ʤʘʩʩ.% PFNPT + 50 ʤʘʩʩ.% NCCF, ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʥʘ ʦʩʥʦʚʝ 

PFNPT-ʧʨʝʢʫʨʩʦʨʦʚ 1-3 ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1050ʉ̄, ʘ ʪʘʢʞʝ ʦʙʨʘʟʮʘ ʪʦʛʦ ʞʝ ʩʦʩʪʘʚʘ, 

ʧʦʣʫʯʝʥʥʦʛʦ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1150ʉ̄ (3ô). ʄʦʞʥʦ ʚʠʜʝʪʴ, ʯʪʦ ʟʝʨʥʘ ʧʴʝʟʦʵʣʝʢʪʨʠʢʘ 

ʚ ʩʦʩʪʘʚʝ ʢʝʨʘʤʠʢʠ 1 ʦʞʠʜʘʝʤʦ ʙʦʣʝʝ ʤʝʣʢʦʢʨʠʩʪʘʣʣʠʯʥʳ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʦʙʨʘʟʮʘʤʠ 2 ʠ 3, ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʢʦʪʦʨʳʭ ʠʩʧʦʣʴʟʦʚʘʥ ʧʴʝʟʦʤʘʪʝʨʠʘʣ, 

ʧʦʜʚʝʨʞʝʥʥʳʡ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʤʫ ʦʙʞʠʛʫ, ʧʨʠʚʝʜʰʝʤʫ ʢ ʟʘʢʦʥʦʤʝʨʥʦʤʫ 

ʫʚʝʣʠʯʝʥʠʶ ʨʘʟʤʝʨʦʚ ʟʝʨʝʥ ʧʴʝʟʦʧʦʨʦʰʢʦʚ. ʀʪʘʢ, ʚ ʢʦʤʧʦʟʠʪʘʭ ʥʘ ʦʩʥʦʚʝ 

PFNPT-ʧʨʝʢʫʨʩʦʨʘ 1 ʠ PFNPT-ʧʨʝʢʫʨʩʦʨʦʚ 2 ʠ 3 ʩʨʝʜʥʠʡ ʨʘʟʤʝʨ ʟʝʨʝʥ ʩʦʩʪʘʚʣʷʝʪ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ~2 ʠ ~5 ʤʢʤ, ʚ ʧʦʩʣʝʜʥʝʤ ʩʣʫʯʘʝ ʨʘʟʤʝʨ ʥʝʢʦʪʦʨʳʭ ʯʘʩʪʠʮ 

ʧʴʝʟʦʢʦʤʧʦʥʝʥʪʘ ʜʦʩʪʠʛʘʝʪ 10 ʤʢʤ ʠ ʙʦʣʝʝ. ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʢʝʨʘʤʠʢʠ 3ô ʚ ʮʝʣʦʤ 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʢʝʨʘʤʠʢʠ 3, ʤʦʞʥʦ ʣʠʰʴ ʦʪʤʝʪʠʪʴ ʤʝʥʴʰʝʝ 

ʢʦʣʠʯʝʩʪʚʦ ʧʦʨ, ʘ ʪʘʢʞʝ ʥʝʢʦʪʦʨʫʶ ʦʧʣʘʚʣʝʥʥʦʩʪʴ ʟʝʨʝʥ ʧʴʝʟʦʵʣʝʢʪʨʠʢʘ, ʯʪʦ 

ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʦʩʪʦʨʦʥʥʝʡ ʬʘʟʳ ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʧʠʨʦʭʣʦʨʘ ʧʦ 

ʛʨʘʥʠʮʘʤ ʟʝʨʝʥ. ʏʪʦ ʢʘʩʘʝʪʩʷ ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʦʥʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ, ʪʦ ʦʥ ʚ ʩʦʩʪʘʚʝ 
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ʚʩʝʭ ʢʦʤʧʦʟʠʪʦʚ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʨʘʚʥʠʪʝʣʴʥʦ ʤʝʣʢʦʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʬʘʟʫ ʩʦ 

ʩʨʝʜʥʠʤʠ ʨʘʟʤʝʨʘʤʠ ʯʘʩʪʠʮ ~1 ʤʢʤ.  

ʈʠʩʫʥʦʢ 41 ï ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʄʕ ʢʝʨʘʤʠʢʠ 50 ʤʘʩʩ.% PFNPT + 50 ʤʘʩʩ.% NCCF, 

ʠʟʛʦʪʦʚʣʝʥʥʦʡ ʥʘ ʦʩʥʦʚʝ PFNPT ʧʨʝʢʫʨʩʦʨʦʚ 1 (a), 2 (b), 3 (c) ʠ 3ô (d) 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʦ ʚʩʝʭ ʩʣʫʯʘʷʭ ʩʧʝʢʘʥʠʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 

ʟʘ ʩʯʝʪ ʧʨʦʮʝʩʩʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʩʥʠʞʝʥʠʝʤ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʵʥʝʨʛʠʠ ʧʴʝʟʦʬʘʟʳ, 

ʪʦʛʜʘ ʢʘʢ ʯʘʩʪʠʮʳ ʬʘʟʳ ʬʝʨʨʠʪʘ ʚʩʣʝʜʩʪʚʠʝ ʝʛʦ ʙʦʣʴʰʝʡ ʪʫʛʦʧʣʘʚʢʦʩʪʠ, ʦʯʝʚʠʜʥʦ, 

ʥʝ ʫʢʨʫʧʥʷʶʪʩʷ, ʦʙʨʘʟʫʷ ʤʝʣʢʦʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʤʘʪʨʠʮʫ, ʚ ʢʦʪʦʨʫʶ ʚʩʪʨʦʝʥʳ 

ʟʝʨʥʘ ʧʴʝʟʦʵʣʝʢʪʨʠʢʘ. 

 
ʈʠʩʫʥʦʢ 42 ï ʇʝʪʣʠ ʤʘʛʥʠʪʥʦʛʦ ʛʠʩʪʝʨʝʟʠʩʘ ʄʕ ʢʦʤʧʦʟʠʪʦʚ 50 ʤʘʩʩ.% 

PFNPT + 50 ʤʘʩʩ.% NCCF, ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʥʘ ʦʩʥʦʚʝ PFNPT ʧʨʝʢʫʨʩʦʨʦʚ 1 

(a), 2 (b), 3 (c) ʠ 3ô (d) 

ʅʘ ʨʠʩʫʥʢʝ 42 ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʝʪʣʠ ʤʘʛʥʠʪʥʦʛʦ ʛʠʩʪʝʨʝʟʠʩʘ ʢʦʤʧʦʟʠʪʦʚ 

50 ʤʘʩʩ.% PFNPT + 50 ʤʘʩʩ.% NCCF ʥʘ ʦʩʥʦʚʝ PFNPT-ʧʨʝʢʫʨʩʦʨʦʚ 1-3 ʠ 3ô, ʘ ʚ 

ʪʘʙʣʠʮʝ 5  ʧʨʠʚʝʜʝʥʳ ʟʥʘʯʝʥʠʷ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʥʘʩʳʱʝʥʠʷ MS, ʦʩʪʘʪʦʯʥʦʡ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ MR ʠ ʢʦʵʨʮʠʪʠʚʥʦʡ ʩʠʣʳ HC. ʄʦʞʥʦ ʚʠʜʝʪʴ, ʯʪʦ ʜʣʷ ʄʕ ʢʝʨʘʤʠʢ 

1-3 ʦʥʠ ʧʨʘʢʪʠʯʝʩʢʠ ʩʦʚʧʘʜʘʶʪ ʤʝʞʜʫ ʩʦʙʦʡ, ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʩʦʭʨʘʥʥʦʩʪʠ 

ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʦʥʥʦʡ ʬʘʟʳ ʚ ʩʦʩʪʘʚʝ ʵʪʠʭ ʢʦʤʧʦʟʠʪʦʚ ʠ ʙʣʠʟʦʩʪʠ ʝʝ 

ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʜʣʷ ʦʙʨʘʟʮʦʚ 3ô ʙʦʣʝʝ ʯʝʤ ʚ ʪʨʠ 

ʨʘʟʘ ʩʥʠʞʘʶʪʩʷ MS ʠ MR, ʘ ʪʘʢʞʝ ʥʝʩʢʦʣʴʢʦ ʚʦʟʨʘʩʪʘʝʪ HC. ʋʯʠʪʳʚʘʷ ʜʘʥʥʳʝ ʈʌɸ, 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʱʠʝ ʦ ʩʦʭʨʘʥʥʦʩʪʠ ʬʘʟʳ ʬʝʨʨʠʪʘ ʚ ʩʦʩʪʘʚʝ ʢʝʨʘʤʠʢʠ 3ô, ʨʝʟʢʦʝ 
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ʠʟʤʝʥʝʥʠʝ ʝʝ ʤʘʛʥʠʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʤʦʞʝʪ ʙʳʪ ɹʩʚʷʟʘʥʦ 

ʧʨʝʞʜʝ ʚʩʝʛʦ ʩ ʠʟʤʝʥʠʚʰʠʤʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʦʚʳʰʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʩʧʝʢʘʥʠʷ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʢʘʪʠʦʥʦʚ ʧʦ ʧʦʜʨʝʰʝʪʢʘʤ ɸ ʠ ɺ ʩʪʨʫʢʪʫʨʳ ʰʧʠʥʝʣʠ, ʘ ʪʘʢʞʝ, 

ʚʦʟʤʦʞʥʦ, ʠ ʩ ʧʨʦʮʝʩʩʘʤʠ ʣʝʛʠʨʦʚʘʥʠʷ ʬʘʟʳ ʬʝʨʨʠʪʘ ʢʘʪʠʦʥʘʤʠ ʠʟ ʩʦʩʪʘʚʘ 

ʧʴʝʟʦʢʦʤʧʦʥʝʥʪʘ. 

ɺ ʪʘʙʣʠʮʝ 5 ʧʨʠʚʝʜʝʥʳ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʝ ʠ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

ʢʦʤʧʦʟʠʪʦʚ 50 ʤʘʩʩ.% PFNPT + 50 ʤʘʩʩ.% NCCF ʥʘ ʦʩʥʦʚʝ PFNPT-ʧʨʝʢʫʨʩʦʨʦʚ 

1-3, ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1050ʉ̄, ʘ ʪʘʢʞʝ ʦʙʨʘʟʮʘ ʥʘ ʦʩʥʦʚʝ 

PFNPT-ʧʨʝʢʫʨʩʦʨʘ 3 ʧʦʩʣʝ ʦʙʞʠʛʘ ʧʨʠ 1150ʉ̄ (3ô). ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ 

ʄʕ ʢʝʨʘʤʠʢʘ ʧʦʩʣʝ ʦʙʞʠʛʘ ʧʨʠ 1050ʉ̄ ʥʝ ʩʦʜʝʨʞʠʪ ʧʦʩʪʦʨʦʥʥʠʭ ʬʘʟ, ʦʙʨʘʟʮʳ ʥʘ 

ʦʩʥʦʚʝ PFNPT-ʧʨʝʢʫʨʩʦʨʦʚ 1 ʠ 2 ʠʤʝʶʪ ʙʦʣʝʝ ʥʠʟʢʠʝ ʵʣʝʢʪʨʠʯʝʩʢʠʝ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ lg R ʠ ʧʦʚʳʰʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʪʘʥʛʝʥʩʘ ʫʛʣʘ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʪʝʨʴ 

tan d ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʄʕ ʢʦʤʧʦʟʠʪʘʤʠ ʥʘ ʦʩʥʦʚʝ PFNPT-ʧʨʝʢʫʨʩʦʨʘ 3. ʇʦ ʚʩʝʡ 

ʚʠʜʠʤʦʩʪʠ ʵʪʦ ʩʚʷʟʘʥʦ ʩ ʩʦʩʪʦʷʥʠʝʤ ʤʝʞʬʘʟʥʳʭ ʛʨʘʥʠʮ, ʦʙʣʘʜʘʶʱʠʭ ʙʦʣʝʝ 

ʚʳʩʦʢʦʡ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴʶ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʟʝʨʥʘʤʠ ʦʩʥʦʚʥʳʭ ʬʘʟ. ɺ ʩʣʫʯʘʝ 

ʄʕ ʢʝʨʘʤʠʢʠ ʥʘ ʦʩʥʦʚʝ PFNPT-ʧʨʝʢʫʨʩʦʨʘ 1 ʚ ʩʠʣʫ ʪʦʛʦ, ʯʪʦ ʧʣʦʱʘʜʴ ʢʦʥʪʘʢʪʘ 

ʬʘʟ ʙʦʣʴʰʝ, ʥʘʙʣʶʜʘʝʪʩʷ ʟʘʚʳʰʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ 

e/e0, ʦʙʫʩʣʦʚʣʝʥʥʦʝ ʧʦʚʳʰʝʥʥʳʤ ʚʢʣʘʜʦʤ ʤʥʠʤʦʡ ʯʘʩʪʠ. ɼʦʙʘʚʢʘ ʢʘʨʙʦʥʘʪʘ ʣʠʪʠʷ 

ʚ PFNPT-ʧʨʝʢʫʨʩʦʨ 3, ʩʫʜʷ ʧʦ ʚʩʝʤʫ, ʫʣʫʯʰʘʝʪ ʩʦʩʪʦʷʥʠʝ ʤʝʞʬʘʟʥʳʭ ʛʨʘʥʠʮ: ʥʘ 

ʧʦʨʷʜʦʢ ʫʚʝʣʠʯʠʚʘʝʪʩʷ lg R ʠ ʧʦʯʪʠ ʚ 3 ʨʘʟʘ ʫʤʝʥʴʰʘʝʪʩʷ tan d. ʀʟ ʜʘʥʥʳʭ ʨʘʙʦʪʳ 

[227], ʢʘʢ ʩʢʘʟʘʥʦ ʨʘʥʝʝ, ʧʨʠ ʚʚʝʜʝʥʠʠ Li2CO3 ʩʫʱʝʩʪʚʝʥʥʦ (ʧʨʘʢʪʠʯʝʩʢʠ ʥʘ 

ʧʦʨʷʜʦʢ) ʫʣʫʯʰʘʶʪʩʷ ʠ ʧʴʝʟʦʩʚʦʡʩʪʚʘ ʤʦʨʬʦʪʨʦʧʥʳʭ ʩʦʩʪʘʚʦʚ PFNPT. ʂʦʤʧʦʟʠʪʳ 

50 ʤʘʩʩ.% PFNPT + 50 ʤʘʩʩ.% NCCF ʩ ʜʦʙʘʚʢʦʡ ʢʘʨʙʦʥʘʪʘ (ʥʘ ʦʩʥʦʚʝ 

PFNPT-ʧʨʝʢʫʨʩʦʨʘ 3) ʚ ʮʝʣʦʤ ʪʘʢʞʝ ʧʨʦʷʚʣʷʶʪ ʙʦʣʝʝ ʚʳʩʦʢʠʝ 

ʧʴʝʟʦʟʦʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʭʦʪʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʙʨʘʟʮʘʤʠ ʙʝʟ Li2CO3 (ʥʘ ʦʩʥʦʚʝ 

PFNPT-ʧʨʝʢʫʨʩʦʨʦʚ 1 ʠ 2) ʫʣʫʯʰʝʥʠʝ ʧʴʝʟʦʧʘʨʘʤʝʪʨʦʚ ʥʝ ʩʪʦʣʴ ʩʫʱʝʩʪʚʝʥʥʦʝ, ʢʘʢ 

ʫ ʯʠʩʪʦʛʦ PFNPT. ʊʘʢ, ʧʴʝʟʦʤʦʜʫʣʠ d
33

 ʠ -d31
 ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʟʘʚʠʩʷʪ ʦʪ ʩʧʦʩʦʙʘ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ PFNPT, ʚ ʪʦ ʞʝ ʚʨʝʤʷ ʟʘ ʩʯʝʪ ʩʥʠʞʝʥʠʷ e/e0 ʧʨʠ 
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ʧʝʨʝʭʦʜʝ ʢ ʦʙʨʘʟʮʘʤ ʥʘ ʦʩʥʦʚʝ PFNPT-ʧʨʝʢʫʨʩʦʨʘ 3 ʧʨʦʠʩʭʦʜʠʪ ʟʘʤʝʪʥʳʡ ʨʦʩʪ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʦʡ ʩʚʷʟʠ ʂʨ ʠ ʧʴʝʟʦʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʝʡ g
33

 ʠ -g31
. 

ʀʟ ʜʘʥʥʳʭ ʪʘʙʣʠʮʳ 5 ʪʘʢʞʝ ʩʣʝʜʫʝʪ, ʯʪʦ ʄʕ ʢʝʨʘʤʠʢʘ 50 ʤʘʩʩ.% PFNPT + 50 

ʤʘʩʩ.% NCCF ʥʘ ʦʩʥʦʚʝ PFNPT-ʧʨʝʢʫʨʩʦʨʘ 3 ʦʙʣʘʜʘʝʪ ʠ ʩʫʱʝʩʪʚʝʥʥʦ ʙʦʣʝʝ 

ʚʳʩʦʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʄʕ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ. ʏʪʦ ʢʘʩʘʝʪʩʷ ʦʙʨʘʟʮʦʚ, ʧʦʣʫʯʝʥʥʳʭ 

ʠʟ PFNPT-ʧʨʝʢʫʨʩʦʨʘ 3 ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1150ʉ̄ (ʦʙʦʟʥʘʯʝʥʠʝ ʚ ʪʘʙʣʠʮʝ 3ô), ʪʦ 

ʚʩʣʝʜʩʪʚʠʝ ʜʝʛʨʘʜʘʮʠʠ ʧʴʝʟʦʬʘʟʳ ʚ ʧʨʦʮʝʩʩʝ ʩʧʝʢʘʥʠʷ ʧʴʝʟʦʤʦʜʫʣʴ ʦʢʘʟʘʣʩʷ 

ʦʞʠʜʘʝʤʦ ʥʠʟʢʠʤ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʧʨʦʜʦʣʴʥʳʝ ʧʴʝʟʦʢʦʥʩʪʘʥʪʳ (ʂʨ, -d
31

, -g
31

) 

ʠʟʤʝʨʠʪʴ ʥʝ ʫʜʘʣʦʩʴ. ʂʨʦʤʝ ʪʦʛʦ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʙʨʘʟʮʘʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ 

ʩʧʦʩʦʙʘʤʠ 1-3, ʫ ʦʙʨʘʟʮʘ 3ô, ʢʘʢ ʫʞʝ ʦʪʤʝʯʝʥʦ ʚʳʰʝ, ʜʦʚʦʣʴʥʦ ʩʫʱʝʩʪʚʝʥʥʦ 

ʫʭʫʜʰʠʣʠʩʴ ʤʘʛʥʠʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʂʘʢ ʩʣʝʜʩʪʚʠʝ, ʄʕ ʢʝʨʘʤʠʢʘ 3ô ʦʙʣʘʜʘʝʪ 

ʥʝʚʳʩʦʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʄʕ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ, ʚ 2-5 ʨʘʟ ʥʠʞʝ, ʯʝʤ ʫ ʢʦʤʧʦʟʠʪʦʚ, 

ʧʦʣʫʯʝʥʥʳʭ ʩʧʦʩʦʙʘʤʠ 1-3 ʧʨʠ ʙʦʣʝʝ ʥʠʟʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʩʧʝʢʘʥʠʷ. 

ʉ ʮʝʣʴʶ ʠʟʫʯʝʥʠʷ ʚʣʠʷʥʠʷ ʩʦʩʪʘʚʘ ʢʦʤʧʦʟʠʪʦʚ ʥʘ ʠʭ ʩʚʦʡʩʪʚʘ ʥʘ ʦʩʥʦʚʝ 

PFNPT-ʧʨʝʢʫʨʩʦʨʘ 3 ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʢʦʤʧʦʟʠʮʠʦʥʥʘʷ ʢʝʨʘʤʠʢʘ (100-x) ʤʘʩʩ.% 

PFNPT + x ʤʘʩʩ.% NCCF ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ x = 10-90 ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1050ʉ̄. 

ʅʘ ʨʠʩʫʥʢʝ 43 ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʠʬʨʘʢʪʦʛʨʘʤʤʳ. ʄʦʞʥʦ ʚʠʜʝʪʴ, ʯʪʦ ʢʝʨʘʤʠʢʘ ʧʦʩʣʝ 

ʩʧʝʢʘʥʠʷ ʥʝ ʩʦʜʝʨʞʠʪ ʧʦʩʪʦʨʦʥʥʠʭ ʬʘʟ. ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʩʦʜʝʨʞʘʥʠʷ ʬʝʨʨʠʪʘ 

ʧʨʦʠʩʭʦʜʠʪ ʟʘʢʦʥʦʤʝʨʥʦʝ ʩʥʠʞʝʥʠʝ ʨʝʬʣʝʢʩʦʚ ʧʴʝʟʦʬʘʟʳ ʠ ʠʟʤʝʥʝʥʠʝ 

ʩʦʦʪʥʦʰʝʥʠʷ ʧʠʢʦʚ ʚ ʧʦʣʴʟʫ ʬʝʨʨʠʪʘ. ʇʦʣʦʞʝʥʠʝ ʨʝʬʣʝʢʩʦʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʠʢʦʚ 

ʠʩʭʦʜʥʳʭ ʬʘʟ ʥʝ ʠʟʤʝʥʷʝʪʩʷ, ʚ ʪʦ ʞʝ ʚʨʝʤʷ ʤʦʞʥʦ ʟʘʤʝʪʠʪʴ ʥʝʢʦʪʦʨʦʝ ʫʤʝʥʴʰʝʥʠʝ 

ʩʪʝʧʝʥʠ ʪʝʪʨʘʛʦʥʘʣʴʥʦʛʦ ʠʩʢʘʞʝʥʠʷ PFNPT ʚ ʩʦʩʪʘʚʝ ʢʦʤʧʦʟʠʪʦʚ ʜʘʞʝ ʚ ʪʝʭ 

ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʩʦʜʝʨʞʘʥʠʝ ʧʴʝʟʦʬʘʟʳ ʚ ʥʠʭ ʚʝʣʠʢʦ. 
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ʈʠʩʫʥʦʢ 43 ï ʇʦʨʦʰʢʦʚʳʝ ʜʠʬʨʘʢʪʦʛʨʘʤʤʳ ʄʕ ʢʦʤʧʦʟʠʪʦʚ (100 x) ʤʘʩʩ.% 

PFNPT + x ʤʘʩʩ.% NCCF, ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʥʘ ʦʩʥʦʚʝ PFNPT ʧʨʝʢʫʨʩʦʨʘ 3 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1050 ʉ ʠ ʜʠʬʨʘʢʮʠʦʥʥʳʝ ʧʨʦʬʠʣʠ ʯʠʩʪʳʭ ʬʘʟ (PFNPT ʠ 

NCCF) 
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ʈʠʩʫʥʦʢ 44 ï ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʄʕ ʢʝʨʘʤʠʢʠ (100 x) ʤʘʩʩ.% PFNPT + x ʤʘʩʩ.% 

NCCF, ʠʟʛʦʪʦʚʣʝʥʥʦʡ ʥʘ ʦʩʥʦʚʝ PFNPT ʧʨʝʢʫʨʩʦʨʘ 3 
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ʈʠʩʫʥʦʢ 45 ï ʇʝʪʣʠ ʤʘʛʥʠʪʥʦʛʦ ʛʠʩʪʝʨʝʟʠʩʘ ʄʕ ʢʦʤʧʦʟʠʪʦʚ ʄʕ ʢʝʨʘʤʠʢʠ (100 

x) ʤʘʩʩ.% PFNPT + x ʤʘʩʩ.% NCCF, ʠʟʛʦʪʦʚʣʝʥʥʦʡ ʥʘ ʦʩʥʦʚʝ PFNPT 

ʧʨʝʢʫʨʩʦʨʘ 3   

ʀʩʩʣʝʜʦʚʘʥʠʷ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʄʕ ʢʝʨʘʤʠʢʠ (100-x) ʤʘʩʩ.% PFNPT + x 

ʤʘʩʩ.% NCCF (ʨʠʩʫʥʦʢ 44) ʧʦʜʪʚʝʨʞʜʘʶʪ ʥʘʣʠʯʠʝ ʜʚʫʭ ʬʘʟ, ʬʝʨʨʠʪʘ ʠ 

ʧʴʝʟʦʵʣʝʢʪʨʠʢʘ ʩʦ ʩʨʝʜʥʠʤ ʨʘʟʤʝʨʦʤ ʯʘʩʪʠʮ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ~1 ʠ ~5 ʤʢʤ. ʉ 

ʫʚʝʣʠʯʝʥʠʝʤ ʩʦʜʝʨʞʘʥʠʷ ʬʝʨʨʠʪʘ ʧʨʦʠʩʭʦʜʠʪ ʟʘʢʦʥʦʤʝʨʥʳʡ ʧʝʨʝʭʦʜ ʦʪ ʢʝʨʘʤʠʢʠ 

ʩ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʳʤ ʪʠʧʦʤ ʩʚʷʟʥʦʩʪʠ 3-0 (ʟʝʨʥʘ ʬʝʨʨʠʪʘ ʚ ʤʘʪʨʠʮʝ 

ʧʴʝʟʦʵʣʝʢʪʨʠʢʘ ʧʨʠ ʭ = 10-40) ʢ 0-3 (ʟʝʨʥʘ ʧʴʝʟʦʵʣʝʢʪʨʠʢʘ ʚ ʤʘʪʨʠʮʝ ʬʝʨʨʠʪʘ ʧʨʠ 

ʭ = 70-90); ʧʨʠ ʩʨʝʜʥʠʭ ʟʥʘʯʝʥʠʷʭ ʭ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʳʡ ʪʠʧ ʩʚʷʟʥʦʩʪʠ 
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3-3 (ʚʟʘʠʤʦʧʨʦʥʠʢʘʶʱʠʝ ʢʘʨʢʘʩʳ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʠ ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʦʥʥʦʡ 

ʬʘʟ). 

 

ʈʠʩʫʥʦʢ 46 ï ʂʦʥʮʝʥʪʨʘʮʠʦʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʧʣʦʪʥʦʩʪʠ (ʘ), ʪʘʥʛʝʥʩʘ ʫʛʣʘ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʪʝʨʴ tan ŭ (b), ʣʦʛʘʨʠʬʤʘ ʫʜʝʣʴʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ lg R (ʩ), ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ (d) ʄʕ 

ʢʝʨʘʤʠʢʠ (100 x) ʤʘʩʩ.% PFNPT + x ʤʘʩʩ.% NCCF 

ʅʘ ʨʠʩʫʥʢʝ 45 ʧʦʢʘʟʘʥʳ ʧʝʪʣʠ ʤʘʛʥʠʪʥʦʛʦ ʛʠʩʪʝʨʝʟʠʩʘ ʄʕ ʢʝʨʘʤʠʢʠ (100-x) 

ʤʘʩʩ.% PFNPT + x ʤʘʩʩ.% NCCF. ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʩʦʜʝʨʞʘʥʠʷ ʚ ʢʦʤʧʦʟʠʪʘʭ 

ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʦʥʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ ʟʘʢʦʥʦʤʝʨʥʦʝ ʫʚʝʣʠʯʝʥʠʝ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʥʘʩʳʱʝʥʠʷ ʠ ʦʩʪʘʪʦʯʥʦʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ (ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʦʪ ~5 

ʜʦ ~37 emu/g ʠ ʦʪ ~0.15 ʜʦ ~0.75 emu/g) ʠ ʫʤʝʥʴʰʝʥʠʠ ʢʦʵʨʮʠʪʠʚʥʦʡ ʩʠʣʳ (ʦʪ ~48 

ʜʦ ~35 ʢʕ).ʅʘ ʨʠʩʫʥʢʝ 46, ʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ 
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ʧʣʦʪʥʦʩʪʠ ʦʙʨʘʟʮʦʚ, ʢʦʪʦʨʘʷ ʚʦ ʚʩʝʤ ʠʩʩʣʝʜʦʚʘʥʥʦʤ ʜʠʘʧʘʟʦʥʝ ʭ ʩʦʩʪʘʚʣʷʝʪ ʥʝ 

ʙʦʣʝʝ 80 % ʦʪ ʪʝʦʨʝʪʠʯʝʩʢʦʡ. ʊʘʥʛʝʥʩ ʫʛʣʘ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʪʝʨʴ (ʨʠʩʫʥʦʢ 46, b) 

ʚ ʠʥʪʝʨʚʘʣʝ ʭ = 10-50 ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʚʝʣʠʢ ʠ ʚʦʟʨʘʩʪʘʝʪ ʦʪ 2 (ʧʨʠ ʭ = 10) ʜʦ 7 (ʧʨʠ 

ʭ = 50) %, ʥʦ ʧʨʠ ʭ ² 60 ʥʘʙʣʶʜʘʝʪʩʷ ʨʝʟʢʦʝ ʝʛʦ ʫʚʝʣʠʯʝʥʠʝ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ 

ʧʦʚʳʰʝʥʠʝʤ ʩʦʜʝʨʞʘʥʠʷ ʬʘʟʳ ʬʝʨʨʠʪʘ ʚ ʢʦʤʧʦʟʠʪʘʭ, ʠʤʝʶʱʝʡ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʚ ʧʴʝʟʦʬʘʟʦʡ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ. ʅʘ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ  

ʣʦʛʘʨʠʬʤʘ ʫʜʝʣʴʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ (ʨʠʩʫʥʦʢ 46, c) ʚ ʠʥʪʝʨʚʘʣʝ ʭ 

= 50-60 ʤʦʞʥʦ ʜʘʞʝ ʟʘʤʝʪʠʪʴ ʥʝʷʨʢʦ ʚʳʨʘʞʝʥʥʳʡ ʭʘʨʘʢʪʝʨʥʳʡ ʩʢʘʯʦʢ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʧʦʨʦʛʫ ʧʝʨʢʦʣʷʮʠʠ. ʏʪʦ ʢʘʩʘʝʪʩʷ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʧʨʦʥʠʮʘʝʤʦʩʪʠ (ʨʠʩʫʥʦʢ 46, d), ʪʦ ʦʥʘ ʠʤʝʝʪ ʭʘʨʘʢʪʝʨʥʳʡ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʳʡ ʚʠʜ 

ʠ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦ ʦʧʠʩʳʚʘʝʪʩʷ ʫʨʘʚʥʝʥʠʝʤ e33/e0 = 4500e-0.06x, ʧʨʠ ʵʪʦʤ  

 

 
ʈʠʩʫʥʦʢ 47 ï  ʂʦʥʮʝʥʪʨʘʮʠʦʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʧʴʝʟʦʤʦʜʫʣʝʡ d33 ʠ -d31 (ʘ), 

ʧʨʦʜʦʣʴʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʦʡ ʩʚʷʟʠ ʂʨ (b) ʠ 

ʧʴʝʟʦʯʮʚʩʪʚʠʪʝʣʴʥʦʩʪʝʡ g33 ʠ -g31 (ʩ) ʄʕ ʢʦʤʧʦʟʠʪʦʚ (100-x) ʤʘʩʩ.% PFNPT + x 

ʤʘʩʩ.% NCCF, ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʥʘ ʦʩʥʦʚʝ PFNPT-ʧʨʝʢʫʨʩʦʨʘ 3 
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ʨʝʟʢʦʝ ʝʝ ʩʥʠʞʝʥʠʝ ʩ ʨʦʩʪʦʤ ʭ, ʦʯʝʚʠʜʥʦ, ʩʚʷʟʘʥʦ ʩ ʙʦʣʴʰʠʤʠ ʨʘʟʣʠʯʠʷʤʠ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʨʦʥʠʮʘʝʤʦʩʪʝʡ PFNPT ʠ NCCF. 

ɺ ʩʣʫʯʘʝ ʧʴʝʟʦʤʦʜʫʣʝʡ d33, -d31 (ʨʠʩʫʥʦʢ 47, a ʠ ʚʩʪʘʚʢʘ ʢ ʵʪʦʤʫ ʨʠʩʫʥʢʫ) ʠ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʦʡ ʩʚʷʟʠ ʂʨ (ʨʠʩʫʥʦʢ 47, b) ʪʘʢʞʝ ʥʘʙʣʶʜʘʝʪʩʷ 

ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʝ ʠʟʤʝʥʝʥʠʝ, ʯʪʦ ʭʦʨʦʰʦ ʦʧʠʩʳʚʘʝʪʩʷ ʫʨʘʚʥʝʥʠʷʤʠ 

d33 = 600e-0.077x, |d31| = 90e-0.051x ʠ ʂʨ = 0.24ʝ
-0.025ʭ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʠ ʩʦʛʣʘʩʫʝʪʩʷ ʩ 

ʨʘʟʙʘʚʣʝʥʠʝʤ ʧʴʝʟʦʵʣʝʢʪʨʠʢʘ ʥʝʘʢʪʠʚʥʳʤ ʬʝʨʨʠʪʦʤ. ʏʪʦ ʢʘʩʘʝʪʩʷ 

ʧʴʝʟʦʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʝʡ g33 ʠ -g31 (ʨʠʩʫʥʦʢ 47, ʩ), ʪʦ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʭ = 20-70 

ʦʥʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʟʤʝʥʷʶʪʩʷ ʠ ʩʦʩʪʘʚʣʷʶʪ ~8.5 ʠ ~3.5 ʤɺÖʤ/ʅ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 

ʯʪʦ ʷʚʣʷʝʪʩʷ ʨʝʟʫʣʴʪʘʪʦʤ ʚʟʘʠʤʥʦʛʦ ʥʘʣʦʞʝʥʠʷ ʫʤʝʥʴʰʘʶʱʠʭʩʷ ʚʝʣʠʯʠʥ, d33, -d31 

ʠ e/e0 (|gij| =  |e33/dij|). 

 
ʈʠʩʫʥʦʢ 48 ï ʂʦʥʮʝʥʪʨʘʮʠʦʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ ʄʕ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ DE/DH ʢʝʨʘʤʠʯʝʩʢʠʭ ʢʦʤʧʦʟʠʪʦʚ (100-x) ʤʘʩʩ.% PFNPT + 

x ʤʘʩʩ.% NCCF, ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʥʘ ʦʩʥʦʚʝ PFNPT-ʧʨʝʢʫʨʩʦʨʘ 3 

 

ɼʘʣʝʝ ʥʘ ʨʠʩʫʥʢʝ 48 ʧʨʝʜʩʪʘʚʣʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʄʕ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ DE/DH ʦʪ ʩʦʩʪʘʚʘ ʢʦʤʧʦʟʠʪʦʚ (100-x) ʤʘʩʩ.% PFNPT + x 

ʤʘʩʩ.% NCCF, ʢʦʪʦʨʘʷ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʤʘʢʩʠʤʫʤ ʧʨʠ ʭ = 60 ʠ ʜʦʩʪʠʛʘʝʪ 

75 ʤɺ/(ʩʤÖʕ), ʯʪʦ ʪʠʧʠʯʥʦ ʜʣʷ ʘʥʘʣʦʛʠʯʥʳʭ ʩʤʝʩʝʚʳʭ ʢʦʤʧʦʟʠʪʦʚ ʥʘ ʦʩʥʦʚʝ ʜʨʫʛʠʭ 

ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʭ ʧʴʝʟʦʵʣʝʢʪʨʠʢʦʚ . 
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3ȢσȢσ ˏ̜̜̃̏̅ ̋ ̑́̈̅̆̌̔ 3.3 

1. ʅʘ ʦʩʥʦʚʝ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʦʛʦ Fe-ʩʦʜʝʨʞʘʱʝʛʦ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʢʘ 

Pb(Fe0.5Nb0.5)0.935Ti0.065O3 (PFNPT) ʪʚʝʨʜʦʬʘʟʥʳʤ ʩʧʦʩʦʙʦʤ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 

ʩʧʝʢʘʥʠʷ 1050ʉ̄ ʧʦʣʫʯʝʥʘ ʥʝ ʩʦʜʝʨʞʘʱʘʷ ʧʦʩʪʦʨʦʥʥʠʭ ʬʘʟ ʄʕ ʢʦʤʧʦʟʠʮʠʦʥʥʘʷ 

ʢʝʨʘʤʠʢʘ (100-ʭ) ʤʘʩʩ.% Pb(Fe0.5Nb0.5)0.935Ti0.065O3 (PFNPT) + ʭ ʤʘʩʩ.% 

Ni0.9Co0.1Cu0.1Fe1.9O4-d (NCCF)  ʩ ʧʣʦʪʥʦʩʪʴʶ ~80 % ʦʪ ʪʝʦʨʝʪʠʯʝʩʢʦʡ.  

2. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʄʕ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ, 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʝ ʠ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʢʦʤʧʦʟʠʪʦʚ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ 

ʩʧʦʩʦʙ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ ʧʨʝʢʫʨʩʦʨʘ PFNPT: ʤʘʢʩʠʤʫʤ ʄʕ 

ʢʦʵʬʬʠʮʠʝʥʪʘ DE/DH = 75 ʤɺ/(ʩʤÖʕ) ʥʘʙʣʶʜʘʝʪʩʷ ʫ ʦʙʨʘʟʮʦʚ ʩ ʭ = 50-60, 

ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʠʟ ʧʦʨʦʰʢʘ PFNPT ʩ ʜʦʙʘʚʢʦʡ ʢʘʨʙʦʥʘʪʘ ʣʠʪʠʷ, ʯʪʦ ʚ 1.5-2.5 ʨʘʟʘ 

ʙʦʣʴʰʝ, ʯʝʤ ʫ ʦʙʨʘʟʮʦʚ ʙʝʟ ʜʦʙʘʚʢʠ Li2CO3, ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʥʘ ʦʩʥʦʚʝ ʧʦʨʦʰʢʦʚ 

PFNPT, ʦʪʣʠʯʘʶʱʠʭʩʷ ʩʨʝʜʥʠʤʠ ʨʘʟʤʝʨʘʤʠ ʟʝʨʝʥ.  

3. ʇʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʩʧʝʢʘʥʠʷ ʄʕ ʢʦʤʧʦʟʠʪʦʚ ʜʦ 1150ʉ̄ 

ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʧʦ ʛʨʘʥʠʮʘʤ ʟʝʨʝʥ ʧʦʩʪʦʨʦʥʥʝʡ ʬʘʟʳ Pb2Nb2O7 ʩʦ 

ʩʪʨʫʢʪʫʨʦʡ ʧʠʨʦʭʣʦʨʘ. ʄʕ ʢʦʵʬʬʠʮʠʝʥʪ ʪʘʢʠʭ ʢʦʤʧʦʟʠʪʦʚ DE/DH ʥʝ ʧʨʝʚʳʰʘʝʪ 

15 ʤɺ/(ʩʤÖʕ), ʧʨʠ ʵʪʦʤ ʥʘʙʣʶʜʘʝʪʩʷ ~3-ʢʨʘʪʥʦʝ ʧʘʜʝʥʠʝ ʧʴʝʟʦʧʘʨʘʤʝʪʨʦʚ 

ʢʦʤʧʦʟʠʪʦʚ (ʧʴʝʟʦʤʦʜʫʣʝʡ dij, gij), ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʜʝʛʨʘʜʘʮʠʝʡ ʧʴʝʟʦʬʘʟʳ, ʘ ʪʘʢʞʝ ʠʭ 

ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ (ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʝʡ MS, MR), ʯʪʦ ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ 

ʦʙʲʷʩʥʷʝʪʩʷ ʠʟʤʝʥʝʥʠʝʤ ʢʘʪʠʦʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦ ʧʦʜʨʝʰʝʪʢʘʤ ɸ ʠ ɺ 

ʩʪʨʫʢʪʫʨʳ ʰʧʠʥʝʣʠ ʟʘ ʩʯʝʪ ʧʦʚʳʰʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʩʧʝʢʘʥʠʷ. 
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3.4. ˞̜̍̆̒̆̃̆ ̞̘̍́̄̎̉̓̏̌̆̋̓̑̉̆̒̋̉̆ ̜̋̏̍̐̏̈̉̓ ̎́ ̏̒̎̏̃̆ 

̗̍̏̅̉̉̉̑̏̃́̎̎̏̄̏̕ ̄̆̋̒́̆̑̑̉̓́̕ ̗̒̃̉̎́ ̉  ̝̐ ̆̈̏̍́̓̆̑̉́̌́ ̗̉ ̑̋̏̎́̓-́

̓̉̓́̎́̓ ́̒ ̗̃̉̎́ ̐ ̜̙̑̏̍̌̆̎̎̏̊ ̍́̑̋̉ ˣ˟˞˚ˏ-1 

ɺ ʜʘʥʥʦʤ ʨʘʟʜʝʣʝ ʧʨʠʚʦʜʷʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʬʘʟʦʦʙʨʘʟʦʚʘʥʠʷ ʚ 

ʭʦʜʝ ʩʠʥʪʝʟʘ ʛʝʢʩʘʬʝʨʨʠʪʘ ʩʚʠʥʮʘ, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʠʦʥʘʤʠ ʮʠʥʢʘ ʠ ʣʘʥʪʘʥʘ, ʠ 

ʄʕ ʩʤʝʩʝʚʳʭ ʢʦʤʧʦʟʠʪʦʚ ʥʘ ʦʩʥʦʚʝ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʩʠʩʪʝʤʳ ʮʠʨʢʦʥʘʪ-

ʪʠʪʘʥʘʪ ʩʚʠʥʮʘ ʤʘʨʢʠ ʎʊʉʅɺ-1. ʆʯʝʚʠʜʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʪʘʢʠʭ ʢʦʤʧʦʟʠʪʦʚ ʚ 

ʦʪʣʠʯʠʝ, ʥʘʧʨʠʤʝʨ, ʦʪ ʘʥʘʣʦʛʠʯʥʳʭ ʩʠʩʪʝʤ ʥʘ ʦʩʥʦʚʝ ʤʘʛʥʠʪʦʤʷʛʢʠʭ ʬʝʨʨʠʪʦʚ 

(ʰʧʠʥʝʣʝʡ ʠʣʠ ʛʨʘʥʘʪʦʚ), ʷʚʣʷʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʩʦʟʜʘʥʠʷ 

ʧʦʜʤʘʛʥʠʯʠʚʘʶʱʝʛʦ ʧʦʣʷ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʄʕ ʵʬʬʝʢʪʘ, ʪ.ʢ. ʢʦʤʧʦʟʠʮʠʦʥʥʘʷ 

ʢʝʨʘʤʠʢʘ ʥʘ ʦʩʥʦʚʝ ʛʝʢʩʘʬʝʨʨʠʪʦʚ ʚ ʩʠʣʫ ʠʭ ʤʘʛʥʠʪʦʪʚʝʨʜʦʩʪʠ ʤʦʞʝʪ ʙʳʪʴ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʥʘʤʘʛʥʠʯʝʥʘ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʩʧʦʩʦʙʥʘ ʩʦʭʨʘʥʷʪʴ ʩʦʙʩʪʚʝʥʥʫʶ 

ʦʩʪʘʪʦʯʥʫʶ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ ʧʨʠ ʫʩʣʦʚʠʠ ʝʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚ ʧʝʨʝʤʝʥʥʳʭ 

ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ ʥʝʚʳʩʦʢʦʡ ʥʘʧʨʷʞʝʥʥʦʩʪʠ, ʥʝ ʜʦʩʪʘʪʦʯʥʦʡ ʜʣʷ ʨʘʟʤʘʛʥʠʯʠʚʘʥʠʷ. 

3.4.1 ̃ ̏̅̄̏̓̏̃̋́ ̗̏̂̑́̈̏̃ 

ɺ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʡ ʛʝʣʴ ʤʝʪʦʜ ʩʠʥʪʝʟʘ 

ʛʝʢʩʘʬʝʨʨʠʪʘ ʩʚʠʥʮʘ, ʯʪʦ ʦʙʦʩʥʦʚʘʥʦ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʩʦʭʨʘʥʝʥʠʷ ʩʪʝʭʠʦʤʝʪʨʠʠ 

ʢʦʥʝʯʥʦʛʦ ʧʨʦʜʫʢʪʘ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʥʘʨʫʰʘʪʴʩʷ ʧʨʠ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ 

ʦʙʨʘʙʦʪʢʝ ʚ ʩʚʷʟʠ ʩ ʣʝʪʫʯʝʩʪʴ  ʁʦʢʩʠʜʘ ʩʚʠʥʮʘ. 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ Pb1ïxLaxFe12ïxZnxO19, ʛʜʝ x = 0ï1, 

ʦʪʚʝʰʠʚʘʣʠ ʥʝʦʙʭʦʜʠʤʦʝ ʢʦʣʠʯʝʩʪʚʦ ʮʠʪʨʘʪʘ ʞʝʣʝʟʘ, ʩʦʜʝʨʞʘʥʠʝ ʞʝʣʝʟʘ ʚ 

ʢʦʪʦʨʦʤ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʦʧʨʝʜʝʣʷʣʠ ʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ, ʘ ʟʘʪʝʤ 

ʨʘʩʪʚʦʨʷʣʠ ʚ ʚʦʜʝ ʩ ʣʠʤʦʥʥʦʡ ʢʠʩʣʦʪʦʡ ʠ ʛʣʠʮʝʨʠʥʦʤ. ʈʘʩʪʚʦʨʳ ʥʠʪʨʘʪʦʚ ʩʚʠʥʮʘ, 

ʣʘʥʪʘʥʘ ʠ ʮʠʥʢʘ ʛʦʪʦʚʠʣʠ ʦʪʜʝʣʴʥʦ ʧʫʪʝʤ ʨʘʩʪʚʦʨʝʥʠʷ ʥʝʦʙʭʦʜʠʤʳʭ ʢʦʣʠʯʝʩʪʚ 

ʦʢʩʠʜʦʚ PbO, La2O3 ʠ ZnO, ʚ ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʝ ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʨʘʩʯʝʪʥʳʭ ʢʦʣʠʯʝʩʪʚ 

ʣʠʤʦʥʥʦʡ ʢʠʩʣʦʪʳ ʠ ʛʣʠʮʝʨʠʥʘ. ʆʢʩʠʜ ʩʚʠʥʮʘ ʙʳʣ ʚʟʷʪ ʩ ʠʟʙʳʪʢʦʤ 5 ʤʘʩʩ.% ʜʣʷ 

ʢʦʤʧʝʥʩʘʮʠʠ ʧʦʪʝʨʴ ʧʨʠ ʪʝʨʤʦʦʙʨʘʙʦʪʢʝ. ʄʦʣʷʨʥʳʝ ʩʦʦʪʥʦʰʝʥʠʷ ʢʘʪʠʦʥ: 
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ʣʠʤʦʥʥʘʷ ʢʠʩʣʦʪʘ : ʤʥʦʛʦʘʪʦʤʥʳʡ ʩʧʠʨʪ ʚ ʢʦʥʝʯʥʦʤ ʨʘʩʪʚʦʨʝ ʩʦʩʪʘʚʣʷʣʠ 1:3:1 ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʦʙʱʠʤ ʫʨʘʚʥʝʥʠʝʤ ʨʝʘʢʮʠʠ: 

(1īx) Pb2+ + x La3+ + (12īx) Fe3+ + x Zn2+ + 39 H7C6O7
ī + 13 C3H6O3 + 214.25 O2 Ÿ 

Ÿ Pb1īxLaxFe12īxZnxO19 + 273 CO2 + 175.5 H2O 

ʇʦʣʫʯʝʥʥʳʝ ʨʘʩʪʚʦʨʳ ʩʣʠʚʘʣʠ ʠ ʤʝʜʣʝʥʥʦ ʫʧʘʨʠʚʘʣʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ~90 

ǓC; ʧʨʠ ʫʧʘʨʠʚʘʥʠʠ ʧʦʣʫʯʘʣʠ ʧʨʦʟʨʘʯʥʳʝ ʧʦʣʠʤʝʨʥʳʝ ʛʝʣʠ. ɿʘʪʝʤ ʠʭ ʚʳʩʫʰʠʚʘʣʠ, 

ʤʝʜʣʝʥʥʦ ʧʦʚʳʰʘʷ ʪʝʤʧʝʨʘʪʫʨʫ ʜʦ ~120 ǓC. ɼʣʷ ʠʟʫʯʝʥʠʷ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʭ ʠ 

ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ Pb1īxLaxFe12īxZnxO19 ʢʩʝʨʦʛʝʣʠ ʧʨʦʢʘʣʠʚʘʣʠ 

ʧʨʠ 800 ǓC ʚ ʪʝʯʝʥʠʝ 3 ʯ; ʧʦʩʣʝ ʵʪʦʛʦ ʠʟ ʧʦʣʫʯʝʥʥʳʭ ʬʝʨʨʠʪʦʚʳʭ ʧʦʨʦʰʢʦʚ 

ʩʧʝʢʘʣʠʩʴ ʢʝʨʘʤʠʯʝʩʢʠʝ ʦʙʨʘʟʮʳ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1000 ǓC ʚ ʪʝʯʝʥʠʝ 2 ʯ, ʠʟ 

ʢʦʪʦʨʳʭ ʜʣʷ ʜʘʣʴʥʝʡʰʠʭ ʠʟʤʝʨʝʥʠʡ ʙʳʣʠ ʠʟʛʦʪʦʚʣʝʥʳ ʜʠʩʢʠ ʚʳʩʦʪʦʡ 1 ʤʤ. 

ʇʦʣʫʯʝʥʥʳʝ ʛʝʢʩʘʬʝʨʨʠʪʳ ʙʳʣʠ ʠʩʧʳʪʘʥʳ ʚ ʢʘʯʝʩʪʚʝ ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʦʥʥʳʭ 

ʬʘʟ ʜʣʷ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʄʕ ʢʦʤʧʦʟʠʮʠʦʥʥʦʡ ʢʝʨʘʤʠʢʠ 50 ʤʘʩʩ. % ʎʊʉʅɺ-1 + 50 

ʤʘʩʩ. % Pb1īxLaxFe12īxZnxO19. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʦʟʠʪʦʚ ʠʟ ʧʦʨʦʰʢʦʚ ʬʝʨʨʠʪʘ ʠ 

ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ ʙʳʣʠ ʠʟʛʦʪʦʚʣʝʥʳ ʧʨʝʩʩʦʚʘʥʥʳʝ ʟʘʛʦʪʦʚʢʠ, 

ʢʦʪʦʨʳʝ ʙʳʣʠ ʩʧʝʯʝʥʳ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1000 Ǔʉ ʚ ʪʝʯʝʥʠʝ 2 ʯʘʩʦʚ. ɼʘʣʝʝ ʙʳʣʠ 

ʠʟʛʦʪʦʚʣʝʥʳ ʪʘʙʣʝʪʢʠ ʚʳʩʦʪʦʡ 1 ʤʤ, ʥʘ ʢʦʪʦʨʳʝ ʥʘʥʦʩʠʣʠʩʴ ʵʣʝʢʪʨʦʜʳ ʦʙʞʠʛʦʤ 

ʩʝʨʝʙʨʦʩʦʜʝʨʞʘʱʝʡ ʧʘʩʪʳ ʧʨʠ 600 ǓC. ʕʣʝʤʝʥʪʳ ʧʦʣʷʨʠʟʦʚʘʣʠ ʚ ʠʤʧʫʣʴʩʥʦʤ 

ʨʝʞʠʤʝ ʚ ʩʨʝʜʝ ʯʝʪʳʨʝʭʭʣʦʨʠʩʪʦʛʦ ʫʛʣʝʨʦʜʘ ʩ ʧʦʣʝʤ 3ï4 ʢɺ/ʤʤ ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʪʝʯʝʥʠʝ 3 ʤʠʥ. 

3.4.2 ̱ ̎́̌̉̈ ̝̑̆̈̔̌̓́̓̏̃ 

3.4.2.1 ʀʩʩʣʝʜʦʚʘʥʠʝ ʬʘʟʦʦʙʨʘʟʦʚʘʥʠʷ ʧʨʠ ʩʠʥʪʝʟʝ ʛʝʢʩʘʬʝʨʨʠʪʦʚ 

Pb1ïxLaxFe12ïxZnxO19 ʛʝʣʴ-ʤʝʪʦʣʦʤ 

ʅʘ ʈʠʩʫʥʢʝ 49 ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʨʠʚʳʝ ʊɻɸ ʠ ɼʉʂ ʢʩʝʨʦʛʝʣʷ, ʧʦʣʫʯʝʥʥʦʛʦ ʧʨʠ 

ʩʠʥʪʝʟʝ PbFe12O19 (ʜʣʷ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ Pb1ïxLaxFe12ïxZnxO19 ʛʨʘʬʠʢʠ ʚ ʦʩʥʦʚʥʦʤ 

ʪʘʢʠʝ ʞʝ). ɺʠʜʥʦ, ʯʪʦ ʧʨʦʮʝʩʩʳ ʦʢʠʩʣʝʥʠʷ ʦʨʛʘʥʠʯʝʩʢʠʭ ʦʩʪʘʪʢʦʚ ʢʩʝʨʦʛʝʣʝʡ ʧʦʜ 

ʜʝʡʩʪʚʠʝʤ ʢʠʩʣʦʨʦʜʘ ʚʦʟʜʫʭʘ ʟʘʚʝʨʰʘʶʪʩʷ ʧʨʠ ~450 Ǔʉ, ʘ ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 

ʦʪ ~250 ʜʦ 450 Ǔʉ ʤʘʩʩʘ ʦʙʨʘʟʮʦʚ ʙʳʩʪʨʦ ʫʤʝʥʴʰʘʝʪʩʷ, ʯʪʦ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ 
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ʚʳʨʘʞʝʥʥʳʤ ʵʢʟʦʪʝʨʤʠʯʝʩʢʠʤ ʵʬʬʝʢʪʦʤ. ɺʳʰʝ 450 ǓC ʠʟʤʝʥʝʥʠʡ ʥʘ ʢʨʠʚʳʭ ʊɻɸ 

ʠ ɼʉʂ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ. 

 

ʈʠʩʫʥʦʢ 49 ï ʂʨʠʚʳʝ ʊɻɸ ʠ ɼʉʂ ʢʩʝʨʦʛʝʣʷ, ʧʦʣʫʯʝʥʥʦʛʦ ʧʨʠ ʩʠʥʪʝʟʝ 

PbFe12O19 

ʇʦ ʜʘʥʥʳʤ ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʠʟʘ, ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ ʦʪ 200 ʜʦ 500 

Ǔʉ ʛʝʣ-ɹʩʠʥʪʝʟ ʛʝʢʩʘʬʝʨʨʠʪʘ ʠ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ ʥʝʟʘʚʠʩʠʤʦ ʦʪ x ʧʨʦʭʦʜʠʪ ʩʪʘʜʠʶ 

ʦʙʨʘʟʦʚʘʥʠʷ ʤʘʛʥʝʪʠʪʘ Fe3O4 ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʰʧʠʥʝʣʠ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʈʠʩʫʥʢʝ 50,ʘ 

ʥʘ ʧʨʠʤʝʨʝ ʩʦʩʪʘʚʘ ʩ x = 0. Fe3O4 ʩʦʜʝʨʞʠʪ ʞʝʣʝʟʦ ʚ ʩʤʝʰʘʥʥʦʡ ʩʪʝʧʝʥʠ ʦʢʠʩʣʝʥʠʷ 

+2 ʠ +3. ɺʦʩʩʪʘʥʦʚʠʪʝʣʴʥʘʷ ʩʨʝʜʘ ʢʩʝʨʦʛʝʣʷ, ʚʝʨʦʷʪʥʦ, ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʪʘʙʠʣʠʟʘʮʠʠ 

ʵʪʦʡ ʬʘʟʳ, ʚ ʢʦʪʦʨʦʡ, ʧʦ ʜʘʥʥʳʤ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦ-ʪʝʨʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ, 

ʦʨʛʘʥʠʯʝʩʢʠʝ ʦʩʪʘʪʢʠ ʧʨʠʩʫʪʩʪʚʦʚʘʣʠ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ ~450 ǓC. ʆʙʨʘʟʦʚʘʥʠʝ ʬʘʟ 

ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʛʝʢʩʘʬʝʨʨʠʪʘ ʥʘʯʠʥʘʝʪʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 600 ǓC. ʅʘ ʵʪʦʤ ʵʪʘʧʝ 

ʩʠʥʪʝʟʘ ʦʙʨʘʟʮʳ ʩʦʜʝʨʞʘʪ ʧʨʠʤʝʩʥʳʝ ʬʘʟʳ ï Fe2O3 ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʛʝʤʘʪʠʪʘ ʠ PbO 

ʚ ʤʘʩʩʠʢʦʪʥʦʡ ʤʦʜʠʬʠʢʘʮʠʠ. ʀʭ ʧʠʢʠ ʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ ʥʘ ʜʠʬʨʘʢʪʦʛʨʘʤʤʘʭ 

ʧʨʦʜʫʢʪʦʚ ʩʠʥʪʝʟʘ. ʀʥʪʝʥʩʠʚʥʦʩʪʠ PbO ʙʳʣʠ ʯʨʝʟʚʳʯʘʡʥʦ ʤʘʣʳ (ʥʘ ʨʠʩʫʥʢʝ 50 

ʦʥʠ ʫʢʘʟʘʥʳ ʩʪʨʝʣʢʘʤʠ), ʯʪʦ, ʝʩʪʝʩʪʚʝʥʥʦ, ʩʚʷʟʘʥʦ ʩ ʤʘʣʦʡ ʜʦʣʝʡ ʩʚʠʥʮʘ ʚ 

ʦʙʨʘʟʮʘʭ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʠʭ ʩʪʝʭʠʦʤʝʪʨʠʝʡ. ʇʨʠʯʠʥʘ ʥʘʣʠʯʠʷ ʧʨʠʤʝʩʥʳʭ ʬʘʟ ʧʨʠ 

ʩʠʥʪʝʟʝ PbFe12O19 ʠ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ ʥʘ  
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ʈʠʩʫʥʦʢ 50 ï ɼʠʬʨʘʢʪʦʛʨʘʤʤʳ ʧʨʦʜʫʢʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʛʝʣʴ-ʤʝʪʦʜʦʤ: (ʘ) 

PbFe12O19 ʧʦʩʣʝ ʧʨʦʢʘʣʠʚʘʥʠʷ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, (ʙ) Pb1ï

xLaxFe12ïxZnxO19 ʧʦʩʣʝ ʧʨʦʢʘʣʠʚʘʥʠʷ ʧʨʠ 800 ǓC ʠ (ʚ) ʜʠʬʨʘʢʪʦʛʨʘʤʤʳ 

ʥʝʢʦʪʦʨʳʭ ʦʢʩʠʜʦʚ ʬʘʟʳ ʠʟ ʙʘʟʳ ICDD (ʜʣʷ ʩʨʘʚʥʝʥʠʷ) 

200-500̄ ʉ 

600̄ ʉ 

700̄ ʉ 

800 ʉ̄ 

Fe2O3, pdf#898104 

Fe3O4, pdf#894319 

LaFeO3, pdf#750541 
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x = 0.9 

x = 1.0 

a 

b 
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PbFe12O19, pdf#842046 c 
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ʝʛʦ ʦʩʥʦʚʝ ʚʠʜʠʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʧʨʠ ʠʭ ʩʠʥʪʝʟʝ ʛʝʣʴ-ʤʝʪʦʜʦʤ ʰʧʠʥʝʣʴ ʬʦʨʤʠʨʦʚʘʣʘʩʴ 

ʥʘ ʨʘʥʥʠʭ ʩʪʘʜʠʷʭ, ʪʦʛʜʘ ʢʘʢ ʩʠʥʪʝʟ ʮʝʣʝʚʳʭ ʬʘʟ ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʛʝʢʩʘʬʝʨʨʠʪʘ 

ʧʨʦʭʦʜʠʣ ʫʞʝ ʚ ʪʚʝʨʜʦʬʘʟʥʦʤ ʨʝʞʠʤʝ, ʢʦʛʜʘ ʦʢʩʠʜ ʩʚʠʥʮʘ ʧʨʠʩʫʪʩʪʚʦʚʘʣ ʚ 

ʩʠʩʪʝʤʝ ʚ ʚʠʜʝ ʦʪʜʝʣʴʥʦʡ ʬʘʟʳ, ʘ ʜʠʬʬʫʟʠʦʥʥʳʝ ʧʨʦʮʝʩʩʳ ʙʳʣʠ ʟʘʪʨʫʜʥʝʥʳ. ʉ 

ʧʦʚʳʰʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʦʙʞʠʛʘ ʜʦ 800ï900 Ǔʉ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʨʝʬʣʝʢʩʦʚ 

ʧʨʠʤʝʩʥʳʭ ʬʘʟ ʫʤʝʥʴʰʘʣʘʩʴ, ʪ.ʝ. ʦʜʥʘʢʦ ʜʘʞʝ ʧʦʩʣʝ ʠʟʦʪʝʨʤʠʯʝʩʢʦʡ ʚʳʜʝʨʞʢʠ 

ʧʨʠ 900ï1000 ǓC ʧʦʣʥʦʩʪʴʶ ʫʜʘʣʠʪʴ ʧʨʠʤʝʩʠ Fe2O3 ʚ ʦʙʨʘʟʮʘʭ ʩ x = 0ï0,5 ʥʝ 

ʫʜʘʣʦʩʴ. ʇʨʠ x < 0,5 Fe2O3 ʙʳʣ ʝʜʠʥʩʪʚʝʥʥʦʡ ʥʘʙʣʶʜʘʝʤʦʡ ʧʨʠʤʝʩʥʦʡ ʬʘʟʦʡ. 

 

ʈʠʩʫʥʦʢ 51 ï ʇʕʄ-ʠʟʦʙʨʘʞʝʥʠʝ ʥʘʥʦʯʘʩʪʠʮ Pb1-ʭLaʭFe12-xZnxO19 (x = 0,1), 

ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʛʝʣʴ-ʤʝʪʦʜʦʤ 

ʇʨʠ x = 0,5 ʧʨʠʤʝʩʠ ʧʝʨʦʚʩʢʠʪʦʧʦʜʦʙʥʦʡ ʬʘʟʳ LaFeO3 ʚ ʧʨʦʜʫʢʪʘʭ ʩʠʥʪʝʟʘ 

ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ ʧʨʘʢʪʠʯʝʩʢʠ ʦʪʩʫʪʩʪʚʫʶʪ, ʘ ʧʨʠ x = 0,7 ʦʥʘ ʩʪʘʥʦʚʠʪʩʷ 
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ʦʪʯʝʪʣʠʚʦ ʨʘʟʣʠʯʠʤʦʡ. ʅʘʢʦʥʝʮ, ʦʙʨʘʟʮʳ ʩ x = 0,9ï1 ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʩʦʜʝʨʞʘʣʠ ʬʘʟ 

ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʛʝʢʩʘʬʝʨʨʠʪʘ ʠ ʧʨʝʜʩʪʘʚʣʷʣʠ ʩʦʙʦʡ ʩʤʝʩʴ LaFeO3, Fe2O3 ʠ Fe3O4. 

ɺ ʦʙʣʘʩʪʠ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʦʜʥʦʬʘʟʥʳʭ ʧʨʦʜʫʢʪʦʚ Pb1-ʭLaʭFe12-xZnxO19 (0 ¢ ʭ ¢ 

0.5) ʠʭ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʠ ʤʘʛʥʠʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʣʘʙʦ ʟʘʚʠʩʷʪ ʦʪ ʭ ʠ ʠʤʝʶʪ 

ʩʣʝʜʫʶʱʠʝ ʫʩʨʝʜʥʝʥʥʳʝ ʟʥʘʯʝʥʠʷ: ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ 

e/e0 ~ 45, ʪʘʥʛʝʥʩ ʫʛʣʘ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʪʝʨʴ tgd ~ 0.6, ʫʜʝʣʴʥʦʝ ʵʣʝʢʪʨʠʯʝʩʢʦʝ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ R ~ 109 ʆʤÖʩʤ,  ʢʦʵʨʮʠʪʠʚʥʘʷ ʩʠʣʘ ʅʩ ~ 3 ʢʕ, ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ 

ʥʘʩʳʱʝʥʠʷ Ms ~ 50 emu/g, ʦʩʪʘʪʦʯʥʘʷ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ Mr ~ 25 emu/g. ʅʘ ʨʠʩʫʥʢʝ 

51 ʧʦʢʘʟʘʥʳ ʥʘʥʦʯʘʩʪʠʮʳ Pb1-ʭLaʭFe12-xZnxO19 (ʭ = 0,1), ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʝ 

ʦʙʨʘʙʦʪʢʦʡ ʛʝʣʷ (ʠʟʦʙʨʘʞʝʥʠʝ ʇʕʄ ʜʣʷ ʦʙʨʘʟʮʦʚ ʩ ʜʨʫʛʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʭ 

ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʝ ʦʪʣʠʯʘʶʪʩʷ). ʉʨʝʜʥʠʡ ʨʘʟʤʝʨ ʯʘʩʪʠʮ ʧʦʨʦʰʢʦʚ Pb1-ʭLaʭFe12-

xZnxO19 ʧʦʩʣʝ ʩʠʥʪʝʟʘ ʩʦʩʪʘʚʣʷʝʪ ~100 ʥʤ. 

3.4.2.2 ˗̗̠̏̍̐̏̈̉̉̏̎̎́ ̋̆̑́̍̉̋́ 50 ʤʘʩʩ. % ʎʊʉʅɺ-1 + 50 

ʤʘʩʩ. % Pb1ïxLaxFe12ïxZnxO19  

 ʊʝʧʝʨʴ ʦʙʩʫʜʠʤ ʨʝʟʫʣʴʪʘʪʳ ʧʦ ʢʦʤʧʦʟʠʮʠʦʥʥʦʡ ʢʝʨʘʤʠʢʝ 

50 ʤʘʩʩ. % ʎʊʉʅɺ-1 + 50 ʤʘʩʩ. % Pb1-ʭLaʭFe12-xZnxO19 ʥʘ ʦʩʥʦʚʝ ʦʜʥʦʬʘʟʥʳʭ 

ʛʝʢʩʘʬʝʨʨʠʪʦʚ ʩ ʭ = 0-0.5. ʅʘ ʈʠʩʫʥʢʝ 52 ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʠʬʨʘʢʪʦʛʨʘʤʤʳ 

ʢʦʤʧʦʟʠʮʠʦʥʥʦʡ ʢʝʨʘʤʠʢʠ 50 ʤʘʩʩ. % ʎʊʉʅɺ-1 + 50 ʤʘʩʩ. % Pb1ïxLaxFe12ïxZnxO19 

ʥʘ ʦʩʥʦʚʝ ʛʝʢʩʘʬʝʨʨʠʪʦʚ ʩ x = 0,1, ʘ ʪʘʢʞʝ ʨʝʥʪʛʝʥʦʚʩʢʠʝ ʧʨʦʬʠʣʠ ʬʘʟ, 

ʩʦʩʪʘʚʣʷʶʱʠʭ ʢʦʤʧʦʟʠʪ. ɺʠʜʥʦ, ʯʪʦ ʢʝʨʘʤʠʢʘ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʬʘʟ: ʧʝʨʦʚʩʢʠʪʘ 

(ʎʊʉʅɺ-1) ʠ ʤʘʛʥʝʪʦʧʣʶʤʙʠʪʘ (Pb1ïxLaxFe12ïxZnxO19). ʇʦʩʪʦʨʦʥʥʠʭ ʬʘʟ ʥʝ 

ʦʙʥʘʨʫʞʝʥʦ; ʙʦʣʝʝ ʪʦʛʦ, ʪʝ ʨʝʬʣʝʢʩʳ, ʢʦʪʦʨʳʝ ʧʨʠʥʘʜʣʝʞʘʣʠ ʤʘʣʦʡ ʧʨʠʤʝʩʠ 

ʛʝʤʘʪʠʪʘ ʚ ʬʝʨʨʠʪʘʭ, ʧʦʩʣʝ ʩʠʥʪʝʟʘ ʥʝ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʚ ʢʦʤʧʦʟʠʮʠʦʥʥʦʡ 

ʢʝʨʘʤʠʢʝ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʟʥʘʢʦʤ ʣʝʛʠʨʦʚʘʥʠʷ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʬʘʟʳ ʧʨʠ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʤ ʦʙʞʠʛʝ ʦʙʨʘʟʮʦʚ. ʇʨʠ ʵʪʦʤ ʬʘʟʦʚʳʝ ʨʝʬʣʝʢʩʳ ʚ ʩʦʩʪʘʚʝ 

ʢʦʤʧʦʟʠʪʦʚ ʥʝ ʙʳʣʠ ʩʤʝʱʝʥʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʠʢʦʚ ʯʠʩʪʳʭ ʢʦʤʧʦʥʝʥʪʦʚ; ʧʦʵʪʦʤʫ 

ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʤʝʞʬʘʟʥʦʝ ʣʝʛʠʨʦʚʘʥʠʝ ʧʨʦʠʩʭʦʜʠʣʦ ʪʦʣʴʢʦ ʧʦ 

ʛʨʘʥʠʮʘʤ ʟʝʨʝʥ. 
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ʅʘ ʈʠʩʫʥʢʝ 53, ʘ-c ʧʨʝʜʩʪʘʚʣʝʥʳ ʠʟʦʙʨʘʞʝʥʠʷ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʢʦʤʧʦʟʠʪʦʚ 

ʥʘ ʦʩʥʦʚʝ ʛʝʢʩʘʬʝʨʨʠʪʘ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʷʭ x. ʂʘʢ ʚʠʜʥʦ, ʥʝʟʘʚʠʩʠʤʦ ʦʪ 

ʩʦʩʪʘʚʘ ʛʝʢʩʘʬʝʨʨʠʪʘ ʢʦʤʧʦʟʠʮʠʦʥʥʘʷ ʢʝʨʘʤʠʢʘ ʠʤʝʝʪ ʦʜʠʥʘʢʦʚʳʝ ʩʪʨʫʢʪʫʨʥʳʝ 

ʦʩʦʙʝʥʥʦʩʪʠ: ʠʤʝʝʪ ʧʣʦʪʥʫʶ ʩʪʨʫʢʪʫʨʫ ʠ ʩʦʩʪʦʠʪ ʠʟ ʢʨʫʧʥʳʭ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʭ 

ʟʝʨʝʥ ʨʘʟʤʝʨʦʤ 2ï10 ʤʢʤ ʠ ʙʦʣʝʝ, ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʤʝʞʜʫ ʢʦʪʦʨʳʤʠ ʥʘʭʦʜʷʪʩʷ 

ʤʝʣʢʠʝ ʟʝʨʥʘ ʬʝʨʨʠʪʘ ʨʘʟʤʝʨʦʤ ʤʝʥʝʝ 2 ʤʢʤ. ʄʦʞʥʦ ʦʪʤʝʪʠʪʴ ʭʘʨʘʢʪʝʨʥʫʶ 

ʛʝʢʩʘʛʦʥʘʣʴʥʫʶ ʬʦʨʤʫ ʥʘʠʙʦʣʝʝ ʢʨʫʧʥʳʭ ʢʨʠʩʪʘʣʣʠʪʦʚ ʛʝʢʩʘʬʝʨʨʠʪʥʦʡ ʬʘʟʳ (ʩʤ. 

ʚʩʪʘʚʢʠ ʥʘ ʈʠʩʫʥʢʝ 53), ʘ ʪʘʢʞʝ ʦʪʩʫʪʩʪʚʠʝ ʠʭ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦʡ ʦʨʠʝʥʪʘʮʠʠ ʚ 

ʢʝʨʘʤʠʯʝʩʢʠʭ ʦʙʨʘʟʮʘʭ.  

 

ʈʠʩʫʥʦʢ 52 ï ʇʦʨʦʰʢʦʚʳʝ ʨʝʥʪʛʝʥʦʛʨʘʤʤʳ (a) ʢʦʤʧʦʟʠʮʠʦʥʥʦʡ ʢʝʨʘʤʠʢʠ 50 

ʤʘʩʩ. % ʎʊʉʅɺ-1 + 50 ʤʘʩʩ. % Pb1ïxLaxFe12ïxZnxO19 (x = 0,1) ʠ ʯʠʩʪʳʭ ʬʘʟ: (b) 

ʎʊʉʅɺ-1 ʠ (c) Pb0.9La0.1Fe11.9Zn0.1O19 

(c) 

(b) 

(a) 

PbFe12O19 (    ), ʎʊʉʅɺ-1 (    ), Fe2O3 (    ) 
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ʈʠʩʫʥʦʢ 53 ï ʉʕʄ-ʠʟʦʙʨʘʞʝʥʠʷ ʄʕ ʢʝʨʘʤʠʢʠ 50 ʤʘʩʩ. % ʎʊʉʅɺ-1 + 50 

ʤʘʩʩ. % Pb1ïxLaxFe12ïxZnxO19 ʩ (ʘ) x = 0, (b) x = 0,1, (c) x = 0,5 

ʅʘ ʈʠʩʫʥʢʝ 54, ʘïʩ ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ Ů33
T/Ů0, ʣʦʛʘʨʠʬʤʘ ʫʜʝʣʴʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ lgR ʠ 

ʪʘʥʛʝʥʩʘ ʫʛʣʘ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʪʝʨʴ tgŭ ʢʦʤʧʦʟʠʮʠʦʥʥʦʡ ʢʝʨʘʤʠʢʠ 50 ʤʘʩʩ. % 

ʎʊʉʅɺ-1 + 50 ʤʘʩʩ. % Pb1ïxLaxFe12ïxZnxO19. ɺʠʜʥʦ, ʯʪʦ ʚʚʝʜʝʥʠʝ ʣʝʛʠʨʫʶʱʠʭ 

ʜʦʙʘʚʦʢ ʚ ʮʝʣʦʤ ʫʣʫʯʰʘʝʪ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʢʦʤʧʦʟʠʪʦʚ, ʫʤʝʥʴʰʘʷ 

ʧʨʦʚʦʜʠʤʦʩʪʴ ʧʦ ʧʦʩʪʦʷʥʥʦʤʫ ʪʦʢʫ ʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʝ ʧʦʪʝʨʠ ʚ ʧʝʨʝʤʝʥʥʳʭ ʧʦʣʷʭ. 

ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʢʦʤʧʦʟʠʪʦʚ (106ï108 ʆʤ*ʩʤ) ʙʳʣʦ 

x = 0 

x = 0.1 

x = 0.5 

a 

b 

c 

2 mm 

2 mm 

2 mm 
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ʟʥʘʯʠʪʝʣʴʥʦ ʥʠʞʝ, ʯʝʤ ʫ ʯʠʩʪʳʭ ʬʘʟ (ʭʘʨʘʢʪʝʨʥʳʝ ʟʥʘʯʝʥʠʷ ~109 ʠ ~1011 ʆʤ*ʩʤ ʜʣʷ 

ʬʝʨʨʠʪʘ ʠ ʎʊʉʅɺ-1, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ), ʠʟ ʯʝʛʦ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ 

ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ ʦʙʨʘʟʮʦʚ ʙʳʣʘ ʦʙʫʩʣʦʚʣʝʥʘ ʩʦʩʪʦʷʥʠʝʤ ʤʝʞʬʘʟʥʳʭ ʛʨʘʥʠʮ, 

ʢʦʪʦʨʳʝ ʠʤʝʣʠ ʥʠʟʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʠʟ-ʟʘ ʧʨʦʮʝʩʩʦʚ ʤʝʞʬʘʟʥʦʛʦ ʣʝʛʠʨʦʚʘʥʠʷ. 

 

 

 

ʈʠʩʫʥʦʢ 54 ï ʂʦʥʮʝʥʪʨʘʮʠʦʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʧʨʦʥʠʮʘʝʤʦʩʪʠ (ʘ), ʣʦʛʘʨʠʬʤʘ ʫʜʝʣʴʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

(b) ʠ ʪʘʥʛʝʥʩʘ ʫʛʣʘ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʪʝʨʴ (c) ʢʦʤʧʦʟʠʮʠʦʥʥʦʡ ʢʝʨʘʤʠʢʠ 

50 ʤʘʩʩ. % ʎʊʉʅɺ-1 + 50 ʤʘʩʩ. % Pb1ïxLaxFe12ïxZnxO19 

ʇʦ-ʚʠʜʠʤʦʤʫ, ʧʨʦʮʝʩʩʳ ʤʝʞʬʘʟʥʦʛʦ ʣʝʛʠʨʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ ʧʨʠʯʠʥʦʡ ʨʝʟʢʦʡ 

ʟʘʚʠʩʠʤʦʩʪʠ ʤʘʛʥʠʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʄʕ ʢʦʤʧʦʟʠʪʦʚ ʦʪ x, ʪʦʛʜʘ ʢʘʢ ʩʚʦʡʩʪʚʘ ʩʘʤʠʭ 

ʬʝʨʨʠʪʦʚ, ʥʘ ʦʩʥʦʚʝ ʢʦʪʦʨʳʭ ʦʥʠ ʠʟʛʦʪʦʚʣʝʥʳ, ʜʦʩʪʘʪʦʯʥʦ ʙʣʠʟʢʠ ʜʨʫʛ ʢ ʜʨʫʛʫ. ʅʘ 

ʈʠʩʫʥʢʝ 55 ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʝʪʣʠ ʤʘʛʥʠʪʥʦʛʦ ʛʠʩʪʝʨʝʟʠʩʘ ʜʣʷ ʢʦʤʧʦʟʠʮʠʦʥʥʦʡ 

ʢʝʨʘʤʠʢʠ, ʘ ʪʘʢʞʝ (ʜʣʷ ʩʨʘʚʥʝʥʠʷ) ʚʠʜ ʧʝʪʣʠ ʛʠʩʪʝʨʝʟʠʩʘ ʜʣʷ ʦʜʥʦʛʦ ʠʟ ʬʝʨʨʠʪʦʚ 

(ʢʘʢ ʫʢʘʟʘʥʦ ʚʳʰʝ, ʤʘʛʥʠʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʬʝʨʨʠʪʦʚ Pb1ïxLaxFe12ïxZnxO19 ʚ 

ʜʠʘʧʘʟʦʥʝ x = 0ï 0,5 ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʬʦʨʤʳ ʧʝʪʝʣʴ ʛʠʩʪʝʨʝʟʠʩʘ ʤʘʣʦ ʦʪʣʠʯʘʶʪʩʷ 

ʜʨʫʛ ʦʪ ʜʨʫʛʘ). ɺʠʜʥʦ, ʯʪʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʣʝʛʠʨʫʶʱʠʭ ʜʦʙʘʚʦʢ ʚ 

ʩʦʩʪʘʚʝ ʬʝʨʨʠʪʘ ʚ ʜʠʘʧʘʟʦʥʝ ʭ = 0ï0,5 ʧʨʦʠʩʭʦʜʠʪ ʧʨʠʤʝʨʥʦ ʜʚʫʢʨʘʪʥʦʝ 

ʫʤʝʥʴʰʝʥʠʝ ʢʦʵʨʮʠʪʠʚʥʦʡ ʩʠʣʳ Hc, ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʥʘʩʳʱʝʥʠʷ Ms ʠ ʦʩʪʘʪʦʯʥʦʡ 
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ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ Mr ʢʦʤʧʦʟʠʪʦʚ ʥʘ ʠʭ ʦʩʥʦʚʝ; ʠʥʳʤʠ ʩʣʦʚʘʤʠ, 

ʤʘʛʥʠʪʦʤʷʛʢʦʩʪʴ ʢʦʤʧʦʟʠʮʠʦʥʥʦʡ ʢʝʨʘʤʠʢʠ 50 ʤʘʩʩ. % ʎʊʉʅɺ-1 + 50 ʤʘʩʩ. % Pb1ï

xLaxFe12ïxZnxO19 ʫʚʝʣʠʯʠʣʘʩʴ ʠ, ʚ ʪʦ ʞʝ ʚʨʝʤʷ, ʢʝʨʘʤʠʢʘ ʧʦ-ʧʨʝʞʥʝʤʫ ʦʩʪʘʚʘʣʘʩʴ 

ʤʘʛʥʠʪʦʪʚʝʨʜʦʡ, ʧʦʩʢʦʣʴʢʫ ʦʙʣʘʜʘʣʘ ʚʳʩʦʢʦʡ ʢʦʵʨʮʠʪʠʚʥʦʡ ʩʠʣʦʡ HC > 1 ʢʕ. 

 

ʈʠʩʫʥʦʢ 55 ï ʇʝʪʣʠ ʤʘʛʥʠʪʥʦʛʦ ʛʠʩʪʝʨʝʟʠʩʘ ʜʣʷ ʄʕ ʢʝʨʘʤʠʢʠ 50 ʤʘʩʩ. % 

ʎʊʉʅɺ-1 + 50 ʤʘʩʩ. % Pb1ïxLaxFe12ïxZnxO19ʠ ʯʠʩʪʦʛʦ ʬʝʨʨʠʪʘ ʩ x = 0,2 

(ʧʫʥʢʪʠʨʥʘʷ ʣʠʥʠʷ) 

ʂʦʥʮʝʥʪʨʘʮʠʦʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ 

ʢʦʤʧʦʟʠʪʦʚ 50 ʤʘʩʩ. % ʎʊʉʅɺ-1 + 50 ʤʘʩʩ. % Pb1ïxLaxFe12ïxZnxO19 - 

ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʢʦʵʬʬʠʮʠʝʥʪʳ d33 ʠ -d31, ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʢʦʵʬʬʠʮʠʝʥʪʳ 

ʥʘʧʨʷʞʝʥʠʷ g33 ʠ -g31, ʧʨʦʜʦʣʴʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʦʡ ʩʚʷʟʠ ʂʨ ð 

ʧʦʢʘʟʘʥʳ ʥʘ ʈʠʩʫʥʢʝ 56, ʘïd. ʇʨʠ ʦʜʠʥʘʢʦʚʦʤ ʤʘʩʩʦʚʦʤ ʩʦʜʝʨʞʘʥʠʠ ʢʦʤʧʦʟʠʪʦʚ 

ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʣʝʛʠʨʫʶʱʠʭ ʜʦʙʘʚʦʢ ʚ ʬʝʨʨʠʪʦʚʫʶ ʬʘʟʫ ʚ 

ʜʠʘʧʘʟʦʥʝ x = 0ï0,3 ʥʘʙʣʶʜʘʣʦʩʴ ʟʥʘʯʠʪʝʣʴʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʧʴʝʟʦʢʦʵʬʬʠʮʠʝʥʪʦʚ 

d33 ʠ īd31 ʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʩʚʷʟʠ Kp, ʠ ʪʦʣʴʢʦ ʧʨʠ ʧʝʨʝʭʦʜʝ ʢ ʦʙʨʘʟʮʘʤ ʩ x = 0,5 

ʥʝʙʦʣʴʰʦʡ ʩʧʘʜ ʚ ʥʠʭ. ʂʦʵʬʬʠʮʠʝʥʪʳ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ g33 ʠ īg31, 
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ʢʘʢ ʧʘʨʘʤʝʪʨʳ, ʟʘʚʠʩʷʱʠʝ ʦʜʥʦʚʨʝʤʝʥʥʦ ʦʪ d33 (īd31) ʠ Ů33
T, ʫʚʝʣʠʯʠʚʘʣʠʩʴ ʚʦ ʚʩʝʤ 

ʜʠʘʧʘʟʦʥʝ ʠʟʤʝʥʝʥʠʷ x. 

 

 

  
ʈʠʩʫʥʦʢ 56 ï ʂʦʥʮʝʥʪʨʘʮʠʦʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʭ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ d33 ʠ īd31 (ʘ), ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 

ʥʘʧʨʷʞʝʥʠʷ g33 ʠ īg31 (b), ʢʦʵʬʬʠʮʠʝʥʪʘ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʦʡ ʩʚʷʟʠ Kp (c) 

ʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʄʕ ȹE/ȹH (d) ʢʦʤʧʦʟʠʮʠʦʥʥʦʡ ʢʝʨʘʤʠʢʠ 50 ʤʘʩʩ. % 

ʎʊʉʅɺ-1 + 50 ʤʘʩʩ. % Pb1ïxLaxFe12ïxZnxO19 

ɿʥʘʯʠʪʝʣʴʥʦʝ ʫʣʫʯʰʝʥʠʝ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʢʦʤʧʦʟʠʪʦʚ 50 ʤʘʩʩ. % 

ʎʊʉʅɺ-1 + 50 ʤʘʩʩ. % Pb1ïxLaxFe12ïxZnxO19, ʢʦʪʦʨʦʝ ʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ ʧʨʠ 

ʫʚʝʣʠʯʝʥʠʠ ʩʦʜʝʨʞʘʥʠʷ ʣʝʛʠʨʫʶʱʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʩʦʩʪʘʚʝ ʛʝʢʩʘʬʝʨʨʠʪʘ, ʘ ʪʘʢʞʝ 

ʠʟʤʝʥʝʥʠʝ ʠʭ ʤʘʛʥʠʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʚ ʩʪʦʨʦʥʫ ʫʚʝʣʠʯʝʥʠʷ ʤʘʛʥʠʪʦʤʷʛʢʦʩʪʠ, 
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ʩʪʘʣʦ ʥʝʦʞʠʜʘʥʥʳʤ ʧʦʣʦʞʠʪʝʣʴʥʳʤ ʨʝʟʫʣʴʪʘʪʦʤ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥ ʩ 

ʧʨʦʮʝʩʩʘʤʠ ʤʝʞʬʘʟʥʦʛʦ ʣʝʛʠʨʦʚʘʥʠʷ. ʇʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʤʦʞʥʦ ʜʘʪʴ ʩʣʝʜʫʶʱʝʝ 

ʦʙʲʷʩʥʝʥʠʝ ʦʙʥʘʨʫʞʝʥʥʳʤ ʷʚʣʝʥʠʷʤ. ʂʘʢ ʦʪʤʝʯʘʣʦʩʴ ʨʘʥʝʝ, ʥʠʞʝ ʪʝʤʧʝʨʘʪʫʨʳ 

ʂʶʨʠ ʢʘʪʠʦʥʳ ʞʝʣʝʟʘ ʦʙʨʘʟʫʶʪ ʧʷʪʴ ʤʘʛʥʠʪʥʳʭ ʧʦʜʨʝʰʝʪʦʢ. ʄʘʛʥʠʪʥʳʝ ʤʦʤʝʥʪʳ 

ʠʦʥʦʚ ʞʝʣʝʟʘ ʚ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʭ ʧʦʟʠʮʠʷʭ 12k, 2a ʠ 2b ʜʘʁʪ ʦʩʥʦʚʥʦʡ ʚʢʣʘʜ 

ʚ ʦʙʱʫʶ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ, ʪʦʛʜʘ ʢʘʢ ʚʢʣʘʜ ʢʘʪʠʦʥʦʚ ʞʝʣʝʟʘ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ 

ʧʦʟʠʮʠʷʭ 4f1 ʠ 4f2 ʧʨʦʪʠʚʦʧʦʣʦʞʝʥ. ʃʝʛʠʨʦʚʘʥʠʝ Pb1ïxLaxFe12ïxZnxO19 

ʥʝʤʘʛʥʠʪʥʳʤʠ ʢʘʪʠʦʥʘʤʠ, ʚʭʦʜʷʱʠʤʠ ʚ ʩʦʩʪʘʚ ʎʊʉ (Zr4+, Ti4+) ʠ ʩʪʨʝʤʷʱʠʤʠʩʷ 

ʟʘʥʠʤʘʪʴ ʦʢʪʘʵʜʨʠʯʝʩʢʠʝ ʧʦʟʠʮʠʠ, ʤʦʞʝʪ ʩʠʣʴʥʦ ʚʣʠʷʪʴ ʥʘ ʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ 

ʛʝʢʩʘʬʝʨʨʠʪʦʚ. ʇʨʠ ʵʪʦʤ ʯʝʤ ʙʦʣʴʰʝ ʜʚʫʭʟʘʨʷʜʥʳʭ ʢʘʪʠʦʥʦʚ Zn2+ ʚ ʩʦʩʪʘʚʝ 

ʛʝʢʩʘʬʝʨʨʠʪʘ, ʪʝʤ ʘʢʪʠʚʥʝʝ ʧʨʦʮʝʩʩ ʣʝʛʠʨʦʚʘʥʠʷ, ʧʦʩʢʦʣʴʢʫ ʟʘʨʷʜ ʩʤʝʰʘʥʥʦʛʦ 

ʢʘʪʠʦʥʘ (Zn1/2(Ti,Zr)1/2)
3+ ʨʘʚʝʥ ʟʘʨʷʜʫ ʢʘʪʠʦʥʘ Fe3+. ʂʘʢ ʩʣʝʜʩʪʚʠʝ, ʵʪʦ ʜʦʣʞʥʦ 

ʦʙʣʝʛʯʠʪʴ ʧʨʦʮʝʩʩ ʣʝʛʠʨʦʚʘʥʠʷ ʧʴʝʟʦʬʘʟʳ ʢʘʪʠʦʥʘʤʠ La3+, ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʤʠ 

ʩ ʧʨʠʤʝʩʴʶ Fe2O3 (ʢʦʪʦʨʘʷ, ʢʘʢ ʦʪʤʝʯʘʣʦʩʴ, ʦʪʩʫʪʩʪʚʦʚʘʣʘ ʚ ʢʦʤʧʦʟʠʪʘʭ, ʚ ʦʪʣʠʯʠʝ 

ʦʪ ʩʘʤʠʭ ʬʝʨʨʠʪʦʚ) ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ LaFeO3, ʠʟʦʩʪʨʫʢʪʫʨʥʦʛʦ ʎʊʉ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʫʣʫʯʰʝʥʠʶ ʧʴʝʟʦʧʘʨʘʤʝʪʨʦʚ ʚ ʩʦʩʪʘʚʝ ʢʦʤʧʦʟʠʪʦʚ. 

ʅʘ ʈʠʩʫʥʢʝ 56,d ʧʨʝʜʩʪʘʚʣʝʥ ʛʨʘʬʠʢ ʠʟʤʝʥʝʥʠʷ ʣʠʥʝʡʥʦʛʦ ʄʕ-

ʢʦʵʬʬʠʮʠʝʥʪʘ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʠʟʤʝʨʝʥʥʳʡ ʥʘ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ 

ʥʘʤʘʛʥʠʯʝʥʥʳʭ ʦʙʨʘʟʮʘʭ ʚ ʦʪʩʫʪʩʪʚʠʝ ʚʥʝʰʥʝʛʦ ʧʦʩʪʦʷʥʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. 

ʄʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʄʕ-ʵʬʬʝʢʪʘ ȹE/ȹH ~ 1,75 ʤɺ/(ʩʤ ʕ) ʜʦʩʪʠʛʥʫʪʦ ʥʘ 

ʥʘʠʙʦʣʝʝ ʤʘʛʥʠʪʦʤʷʛʢʠʭ ʦʙʨʘʟʮʘʭ ʩ x = 0,5, ʦʙʣʘʜʘʚʰʠʭ ʤʘʢʩʠʤʘʣʴʥʦʡ 

ʧʴʝʟʦʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʩʨʝʜʠ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʚ ʜʘʥʥʦʡ ʛʣʘʚʝ ʢʦʤʧʦʟʠʪʦʚ. 

3.4.2.3 ˏ ̜̜̃̏̅ ̋ ̑́̈̅̆̌̔ 3.4 

1. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʭʦʜʝ ʩʠʥʪʝʟʘ ʛʝʢʩʘʬʝʨʨʠʪʦʚ Pb1ïxLaxFe12ïxZnxO19 

ʩ x = 0ï1 ʠʟ ʮʠʪʨʘʪʥʦ-ʛʣʠʮʝʨʠʥʦʚʦʛʦ ʛʝʣʷ ʧʨʦʮʝʩʩ ʬʘʟʦʦʙʨʘʟʦʚʘʥʠʷ ʧʨʦʠʩʭʦʜʠʪ 

ʯʝʨʝʟ ʩʪʘʜʠʶ ʬʦʨʤʠʨʦʚʘʥʠʷ Fe3O4. ʇʦʩʣʝ ʦʙʞʠʛʘ ʧʨʠ 800ï900 Ǔʉ ʩʦʩʪʘʚʦʚ ʩ 0 Ò x 

Ò 0,5 ʦʩʪʘʝʪʩʷ ʥʝʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʨʠʤʝʩʥʦʡ ʬʘʟʳ ʛʝʤʘʪʠʪʘ Fe2O3, ʪʦʛʜʘ ʢʘʢ 

ʧʨʠ x > 0,5 ʚ ʦʙʨʘʟʮʘʭ ʛʝʢʩʘʬʝʨʨʠʪʦʚ ʫʞʝ ʦʙʨʘʟʫʝʪʩʷ ʧʝʨʦʚʩʢʠʪʦʧʦʜʦʙʥʘʷ 
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ʧʨʠʤʝʩʥʘʷ ʬʘʟʘ LaFeO3, ʘ ʧʨʠ x = 0,9ï1 ʧʨʦʜʫʢʪʳ ʩʠʥʪʝʟʘ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʩʦʜʝʨʞʘʪ 

ʠʩʢʦʤʦʡ ʬʘʟr ʠ ʧʨʝʜʩʪʘʚʣʷʣʠ ʩʦʙʦʡ ʩʤʝʩʴ LaFeO3, Fe2O3 ʠ Fe3O4. 

2. ʇʦʣʫʯʝʥʘ ʤʘʛʥʠʪʦʵʣʝʢʪʨʠʯʝʩʢʘʷ (ʄʕ) ʢʝʨʘʤʠʢʘ 50 ʤʘʩʩ. % ʎʊʉʅɺ-

1 + 50 ʤʘʩʩ. % Pb1ïxLaxFe12ïxZnxO19 (x = 0ï0,5, ʎʊʉʅɺ-1 ð ʧʨʦʤʳʰʣʝʥʥʳʡ 

ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʡ ʤʘʪʝʨʠʘʣ ʥʘ ʦʩʥʦʚʝ ʮʠʨʢʦʥʘʪʘ-ʪʠʪʘʥʘʪʘ ʩʚʠʥʮʘ) ʥʝ 

ʩʦʜʝʨʞʘʱʘʷ ʧʨʠʤʝʩʥʳʭ ʬʘʟ, ʛʜʝ ʟʘ ʩʯʝʪ ʧʨʦʮʝʩʩʦʚ ʤʝʞʬʘʟʥʦʛʦ ʣʝʛʠʨʦʚʘʥʠʷ ʧʨʠ 

ʫʚʝʣʠʯʝʥʠʠ x ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 0 ʜʦ 0,5 ʥʘʙʣʶʜʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦʝ ʫʣʫʯʰʝʥʠʝ 

ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʢʦʤʧʦʟʠʪʦʚ, ʘ ʪʘʢʞʝ ʠʟʤʝʥʝʥʠʝ ʠʭ ʤʘʛʥʠʪʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ ʚ ʩʪʦʨʦʥʫ ʫʚʝʣʠʯʝʥʠʷ ʤʘʛʥʠʪʦʤʷʛʢʦʩʪʠ: ʇʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʝ 

ʢʦʵʬʬʠʮʠʝʥʪʳ d33 = 10ï60 ʠ īd31 = 2ï30 ʧʂʣ/ʅ, ʢʦʵʬʬʠʮʠʝʥʪʳ 

ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ g33 = 2ï13 ʠ īg31 = 1ï5 ʤɺĿʤ/ʅ, ʢʦʵʬʬʠʮʠʝʥʪ 

ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʦʡ ʩʚʷʟʠ Kp = 0,03ï0,13, ʢʦʵʨʮʠʪʠʚʥʦʩʪʴ Hc = 3 ï1 ʢʕ, 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ ʥʘʩʳʱʝʥʠʷ Ms = 50ï30, ʦʩʪʘʪʦʯʥʘʷ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ Mr = 25ï12 

ʵʤʝ/ʛ.  

3. ʇʨʝʜʚʘʨʠʪʝʣʴʥʦ ʥʘʤʘʛʥʠʯʝʥʥʘʷ ʠ ʵʣʝʢʪʨʠʯʝʩʢʠ ʧʦʣʷʨʠʟʦʚʘʥʥʘʷ ʄʕ 

ʢʝʨʘʤʠʢʘ 50 ʤʘʩʩ. % ʎʊʉʅɺ-1 + 50 ʤʘʩʩ. % Pb1ïxLaxFe12ïxZnxO19 (x = 0ï0,5) 

ʦʙʣʘʜʘʣʘ ʣʠʥʝʡʥʳʤ ʄʕ ʵʬʬʝʢʪʦʤ. ʄʘʢʩʠʤʘʣʴʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʄʕ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ȹE/ȹH ~ 1,75 ʤɺ /(ʩʤ ʕ) ʥʘʙʣʶʜʘʣʩʷ ʜʣʷ ʩʦʩʪʘʚʘ ʩ x = 0,5. 
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ɿɸʂʃʖʏɽʅʀɽ 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʜʝʣʝʥʦ ʪʨʠ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʨʘʟʣʠʯʥʳʭ ʪʠʧʘ 

ʩʠʩʪʝʤ, ʦʪʣʠʯʘʶʱʠʭʩʷ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʚ ʧʣʘʥʝ ʩʦʩʪʦʷʥʠʷ ʤʝʞʬʘʟʥʳʭ ʛʨʘʥʠʮ, 

ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʦʙʞʠʛʘ.  

I.  ʇʝʨʚʳʡ ʪʠʧ ʩʠʩʪʝʤ ï ʵʪʦ ʜʚʫʭʬʘʟʥʳʝ ʢʦʤʧʦʟʠʪʳ, ʧʨʠʥʘʜʣʝʞʘʱʠʝ 

ʩʠʩʪʝʤʘʤ (3), (4), (5). ɼʣʷ ʥʠʭ: 

1)  ʚʳʷʚʣʝʥʦ, ʯʪʦ ʚ ʢʝʨʘʤʠʯʝʩʢʠʭ ʦʙʨʘʟʮʘʭ ʧʦʩʣʝ ʩʧʝʢʘʥʠʷ ʦʪʩʫʪʩʪʚʫʶʪ 

ʧʨʠʟʥʘʢʠ ʤʝʞʬʘʟʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʜʘʞʝ ʥʘ ʫʨʦʚʥʝ ʣʝʛʠʨʦʚʘʥʠʷ; 

2)  ʧʫʪʝʤ ʚʘʨʴʠʨʦʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʬʘʢʪʦʨʦʚ (ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʪʦʥʢʦʜʠʩʧʝʨʩʥʳʭ ʧʦʨʦʰʢʦʚ ʧʨʝʢʫʨʩʦʨʦʚ, ʚʚʝʜʝʥʠʝ ʜʦʙʘʚʦʢ ʦʢʩʠʜʘ ʢʨʝʤʥʠʷ ʠ 

ʢʘʨʙʦʥʘʪʘ ʣʠʪʠʷ, ʠʟʤʝʥʝʥʠʝ ʩʦʦʪʥʦʰʝʥʠʷ ʬʘʟ ʠ ʥʝʢ. ʜʨ.) ʦʧʪʠʤʠʟʠʨʦʚʘʥʳ ʫʩʣʦʚʠʷ 

ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʦʟʠʮʠʦʥʥʦʡ ʢʝʨʘʤʠʢʠ; 

3)   ʧʦʢʘʟʘʥʦ, ʯʪʦ ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʳʭ 

ʩʦʩʪʘʚʦʚ, ʧʨʠʥʘʜʣʝʞʘʱʠʝ ʵʪʠʤ ʩʠʩʪʝʤʘʤ, ʦʙʣʘʜʘʶʪ ʢʘʞʜʳʡ ʚ ʩʚʦʝʤ ʢʣʘʩʩʝ 

ʥʘʠʙʦʣʴʰʝʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʄʕ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ (40-30 ʤʘʩʩ.% 

Ba0.85Ca0.15Ti0.9Zr0.1O3 (BCZT) + 60-70 ʤʘʩʩ.% NiCo0.02Cu0.02Mn0.1Fe1.8O4-d (NCCMF) 

Dɽ/DH º 80-90 ʤɺ/(ʩʤÖʕ), 60 ʤʘʩʩ.% Ba0.85Ca0.15Ti0.9Zr0.1O3 (BCZT) + 40 

ʤʘʩʩ.% Y3Fe5O12 (YIG) Dɽ/DH ~5 ʤɺ/(ʩʤÖʕ), 50-40 ʤʘʩʩ.% Pb(Fe0.5Nb0.5)0.945Ti0.055O3 

(PFNPT) + 50-60 ʤʘʩʩ.% Ni0.9Co0.1Cu0.1Fe1.9O4-d (NCCF) Dɽ/DH ~75 ʤɺ/(ʩʤÖʕ)), ʯʪʦ 

ʩʦʧʦʩʪʘʚʠʤʦ ʩ ʘʥʘʣʦʛʘʤʠ, ʠʟʚʝʩʪʥʳʤʠ ʠʟ ʣʠʪʝʨʘʪʫʨʳ. 

II .  ɺʪʦʨʦʡ ʪʠʧ ʩʠʩʪʝʤ ï ʵʪʦ ʛʝʪʝʨʦʬʘʟʥʳʝ ʤʫʣʴʪʠʬʝʨʨʦʠʯʥʳʝ ʩʠʩʪʝʤʳ 

(1) ʠ (2), ʚ ʢʦʪʦʨʳʭ ʧʦʩʣʝ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʦʙʞʠʛʘ ʦʙʨʘʟʫʶʪʩʷ ʥʦʚʳʝ, ʙʦʣʝʝ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠ ʩʪʘʙʠʣʴʥʳʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʩʭʦʜʥʳʤʠ ʬʘʟʘʤʠ, ʧʨʦʜʫʢʪʳ 

ʤʝʞʬʘʟʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ɼʣʷ ʥʠʭ: 

1)  ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʳ ʧʨʦʜʫʢʪʳ ʤʝʞʬʘʟʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʢʦʪʦʨʳʝ 

ʦʙʨʘʟʫʶʪʩʷ ʧʦ ʤʝʞʟʝʨʝʥʥʳʤ ʛʨʘʥʠʮʘʤ, ʥʝ ʟʘʪʨʘʛʠʚʘʷ ʠʭ ʩʝʨʜʮʝʚʠʥʫ: ʵʪʦ ʚ ʩʠʩʪʝʤʝ 

(1) YNbO4 ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʬʝʨʛʶʩʩʦʥʠʪʘ, ʚ ʩʠʩʪʝʤʝ (2) ʧʠʨʦʭʣʦʨʦʧʦʜʦʙʥʳʡ Y2Ti2O7.  



147 
 

 
 

2)  ʦʧʨʝʜʝʣʝʥʳ ʢʠʥʝʪʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʤʝʞʬʘʟʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ 

ʚ ʧʨʦʮʝʩʩʝ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʦʙʞʠʛʘ ʠ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʦʙʨʘʟʦʚʘʥʠʝ 

ʧʦʩʪʦʨʦʥʥʠʭ ʬʘʟ ʚ ʩʠʩʪʝʤʝ (2) ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 

ʦʜʥʦʩʪʦʨʦʥʥʠʡ ʧʨʦʮʝʩʩ, ʦʪ ʬʘʟʳ ʬʝʨʨʠʪʘ ʢ ʧʴʝʟʦʵʣʝʢʪʨʠʢʫ, ʥʘ ʯʪʦ ʫʢʘʟʳʚʘʝʪ 

ʩʦʭʨʘʥʥʦʩʪʴ ʩʚʦʡʩʪʚ ʧʝʨʚʦʛʦ ʠ ʜʝʛʨʘʜʘʮʠʷ ʧʦʩʣʝʜʥʝʛʦ, ʘ ʚ ʩʠʩʪʝʤʝ (2) 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʬʘʟ ʠʤʝʝʪ ʧʨʠʟʥʘʢʠ ʚʩʪʨʝʯʥʦʛʦ, ʜʚʫʭʩʪʦʨʦʥʥʝʛʦ ʧʨʦʮʝʩʩʘ, ʪʘʢ ʢʘʢ 

ʬʘʟʘ ʛʨʘʥʘʪʘ ʚ ʢʦʤʧʦʟʠʪʝ ʦʙʣʘʜʘʝʪ ʷʚʥʦ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʤʘʛʥʠʪʦʞʝʩʪʢʦʩʪʴʶ, ʧʨʠ 

ʵʪʦʤ ʥʘʙʣʶʜʘʝʪʩʷ ʥʝʦʞʠʜʘʥʥʦʝ ʫʣʫʯʰʝʥʠʝ ʧʴʝʟʦʧʘʨʘʤʝʪʨʦʚ ʢʦʤʧʦʟʠʪʦʚ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʘʥʘʣʦʛʠʯʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ ʩʠʩʪʝʤʳ (3), ʛʜʝ ʥʝʪ ʤʝʞʬʘʟʥʳʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ.  

3)  ʧʦʢʘʟʘʥʦ, ʯʪʦ ʢʦʤʧʦʟʠʪʳ ʩʠʩʪʝʤ (1) ʚʩʣʝʜʩʪʚʠʝ ʜʝʛʨʘʜʘʮʠʠ 

ʧʴʝʟʦʬʘʟʳ ʦʙʣʘʜʘʶʪ ʥʫʣʝʚʦʡ, ʘ ʢʦʤʧʦʟʠʪʳ ʩʠʩʪʝʤʳ (2) ʩʣʘʙʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ 

ʄʕ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ (~ 1 ʤɺ/(ʩʤÖʕ)), ʠʟ-ʟʘ ʥʘʣʠʯʠʷ ʧʨʦʩʣʦʝʢ YNbO4 ʧʦ ʛʨʘʥʠʮʘʤ 

ʟʝʨʝʥ, ʫʭʫʜʰʘʶʱʠʭ ʧʝʨʝʜʘʯʫ ʜʝʬʦʨʤʘʮʠʡ ʠ ʥʝʩʤʦʪʨʷ ʥʘ ʫʣʫʯʰʝʥʠʝ ʩʚʦʡʩʪʚ 

ʧʴʝʟʦʢʦʤʧʦʥʝʥʪʘ. 

III .  ʊʨʝʪʠʡ ʪʠʧ ʩʠʩʪʝʤ ï ʵʪʦ ʢʦʤʧʦʟʠʪʳ ʥʘ ʦʩʥʦʚʝ ʛʝʢʩʘʬʝʨʨʠʪʘ ʩʚʠʥʮʘ 

(ʩʠʩʪʝʤʘ (6)), ʜʣʷ ʢʦʪʦʨʳʭ ʜʦʩʪʠʛʥʫʪʳ ʩʠʥʝʨʛʝʪʠʯʝʩʢʠʝ ʵʬʬʝʢʪʳ ʚʟʘʠʤʥʦʛʦ 

ʚʣʠʷʥʠʷ ʬʘʟ ʚ ʧʨʦʮʝʩʩʝ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʦʙʞʠʛ. ɼʣʷ ʥʠʭ: 

1)  ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʜʦʣʠ ʣʝʛʠʨʫʶʱʝʡ ʜʦʙʘʚʢʠ ʧʨʦʠʩʭʦʜʠʪ ʥʝʦʞʠʜʘʥʥʦʝ 

ʠ ʟʥʘʯʠʪʝʣʴʥʦʝ ʫʣʫʯʰʝʥʠʝ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʢʦʤʧʦʟʠʪʦʚ, ʘ ʪʘʢʞʝ 

ʦʜʥʦʚʨʝʤʝʥʥʦʝ ʠʟʤʝʥʝʥʠʝ ʤʘʛʥʠʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʢʦʤʧʦʟʠʪʦʚ ʚ ʩʪʦʨʦʥʫ 

ʫʚʝʣʠʯʝʥʠʷ ʤʘʛʥʠʪʦʤʷʛʢʦʩʪʠ; 

2) ʧʨʝʜʣʦʞʝʥ ʤʝʭʘʥʠʟʤ, ʦʧʠʩʳʚʘʶʱʠʡ ʩʠʥʝʨʛʝʪʠʯʝʩʢʠʝ ʵʬʬʝʢʪʳ 

ʚʟʘʠʤʥʦʛʦ ʤʝʞʬʘʟʥʦʛʦ ʚʣʠʷʥʠʷ (ʩʤ. ʩʪʨ. 20);  

3) ʤʘʢʩʠʤʘʣʴʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʄʕ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ȹE/ȹH ~ 1.75 

ʤɺ/(ʩʤÖʕ) ʥʘʙʣʶʜʘʝʪʩʷ ʜʣʷ ʩʦʩʪʘʚʘ ʩ x = 0.5. 

ʀʪʘʢ, ʠʩʭʦʜʷ ʠʟ ʩʦʚʦʢʫʧʥʦʩʪʠ ʧʦʣʫʯʝʥʥʳʭ ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʨʝʟʫʣʴʪʘʪʦʚ ʠ 

ʥʘ ʦʩʥʦʚʝ ʤʘʩʩʠʚʘ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʵʬʬʝʢʪʠʚʥʳʡ 

ʄʕ ʢʝʨʘʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ï ʵʪʦ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʥʝ ʝʩʪʴ ʧʨʦʩʪʦ ʤʝʭʘʥʠʯʝʩʢʘʷ ʩʤʝʩʴ 
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ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʭ ʧʴʝʟʦʵʣʝʢʪʨʠʢʘ ʠ ʬʝʨʨʠʪʘ, ʥʘ ʦʩʥʦʚʝ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ 

ʩʚʦʡʩʪʚ ʢʦʪʦʨʳʭ ʤʦʞʥʦ ʩʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʩʚʦʡʩʪʚʘ ʢʦʤʧʦʟʠʪʘ. ɺ ʙʦʣʴʰʠʥʩʪʚʝ 

ʩʣʫʯʘʝʚ ʤʝʞʬʘʟʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʨʠʚʦʜʷʪ ʢ ʟʘʨʘʥʝʝ ʥʝʧʨʝʜʩʢʘʟʫʝʤʳʤ 

ʩʠʥʝʨʛʝʪʠʯʝʩʢʠʤ ʠ ʜʠʩʩʠʥʝʨʛʝʪʠʯʝʩʢʠʤ ʵʬʬʝʢʪʘʤ. 
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