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ʆɹʑɸʗ ʍɸʈɸʂʊɽʈʀʉʊʀʂɸ ʈɸɹʆʊʓ 

 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ. 

ʆʢʩʠʜʳ ʤʝʪʘʣʣʦʚ ʧʝʨʝʤʝʥʥʦʡ ʚʘʣʝʥʪʥʦʩʪʠ ʷʚʣʷʶʪʩʷ 

ʤʘʪʝʨʠʘʣʘʤʠ ʤʠʢʨʦʵʣʝʢʪʨʦʥʠʢʠ ʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʵʣʝʢʪʨʦʥʥʳʭ ʧʨʠʙʦʨʦʚ ʨʘʟʥʳʭ ʪʠʧʦʚ. ɺ ʵʪʦʤ ʢʣʘʩʩʝ ʤʘʪʝʨʠʘʣʦʚ 

ʥʘʙʣʶʜʘʶʪʩʷ ʧʝʨʝʭʦʜʳ ʤʝʪʘʣʣ-ʜʠʵʣʝʢʪʨʠʢ, ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʘʷ 

ʩʚʝʨʭʧʨʦʚʦʜʠʤʦʩʪʴ, ʤʘʛʥʝʪʠʟʤ ʨʘʟʣʠʯʥʦʡ ʧʨʠʨʦʜʳ, ʩʫʧʝʨʠʦʥʥʘʷ 

ʧʨʦʚʦʜʠʤʦʩʪʴ. ʇʨʠʨʦʜʘ ʵʪʠʭ ʷʚʣʝʥʠʡ ʜʦ ʢʦʥʮʘ ʥʝ ʚʳʷʩʥʝʥʘ, ʯʪʦ 

ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʠʥʪʝʥʩʠʚʥʦʝ ʠʟʫʯʝʥʠʝ ʨʘʟʣʠʯʥʳʭ ʤʝʪʘʣʣ-ʦʢʩʠʜʥʳʭ 

ʩʠʩʪʝʤ. ʉʚʦʡʩʪʚʘ ʦʢʩʠʜʦʚ ʤʝʪʘʣʣʦʚ ʧʝʨʝʤʝʥʥʦʡ ʚʘʣʝʥʪʥʦʩʪʠ 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʢʘʪʠʦʥʥʳʤ ʩʦʩʪʘʚʦʤ ʠ ʢʠʩʣʦʨʦʜʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ, 

ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʣʝʛʢʦ ʚʘʨʴʠʨʦʚʘʪʴʩʷ. ɺ ʦʩʥʦʚʝ ʪʝʭʥʦʣʦʛʠʠ 

ʧʦʣʫʯʝʥʠʷ ʦʢʩʠʜʦʚ ʣʝʞʘʪ ʬʘʟʦʚʳʝ ʜʠʘʛʨʘʤʤʳ ʤʝʪʘʣʣ-ʦʢʩʠʜʥʳʭ ʩʠʩʪʝʤ. 

ʈʦʜʩʪʚʝʥʥʳʝ ʩʠʩʪʝʤʳ Ba-Bi-O ʠ K-Ba-Bi-O, ʩʦʜʝʨʞʘʱʠʝ 

ʵʣʝʤʝʥʪ ʧʝʨʝʤʝʥʥʦʡ ʚʘʣʝʥʪʥʦʩʪʠ ʚʠʩʤʫʪ ʚ ʜʚʫʭ ʩʪʝʧʝʥʷʭ ʦʢʠʩʣʝʥʠʷ +3 

ʠ +5, ʧʨʠʚʣʝʢʘʶʪ ʥʘʫʯʥʳʡ ʠ ʧʨʘʢʪʠʯʝʩʢʠʡ ʠʥʪʝʨʝʩ ʚʩʣʝʜʩʪʚʠʝ 

ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʚ ʥʠʭ ʦʢʩʠʜʦʚ ʩ ʨʝʢʦʨʜʥʦ ʚʳʩʦʢʦʡ ʧʨʦʚʦʜʠʤʦʩʪʴ  ʁ

ʠʦʥʦʚ ʢʠʩʣʦʨʦʜʘ ʚ ʦʙʣʘʩʪʠ ʥʠʟʢʠʭ ʠ ʩʨʝʜʥʠʭ ʪʝʤʧʝʨʘʪʫʨ (ʩʫʧʝʨʠʦʥʥʘʷ 

ʧʨʦʚʦʜʠʤʦʩʪʴ) ʠ ʩʚʝʨʭʧʨʦʚʦʜʷʱʠʭ ʦʢʩʠʜʦʚ, ʥʘ ʦʩʥʦʚʝ ʢʦʪʦʨʳʭ ʩʦʟʜʘʥʳ 

ʵʣʝʢʪʨʦʥʥʳʝ ʧʨʠʙʦʨʳ, ʨʘʙʦʪʘʶʱʠʝ ʥʘ ʵʬʬʝʢʪʝ ɼʞʦʟʝʬʩʦʥʘ. ʀʟʚʝʩʪʥʳʝ 

ʜʘʥʥʳʝ ʦ ʩʪʨʫʢʪʫʨʘʭ ʦʢʩʠʜʦʚ ʩʠʩʪʝʤ Ba-Bi-O ʠ K-Ba-Bi-O [1-3], 

ʧʦʣʫʯʝʥʥʳʝ ʪʘʢʠʤʠ ʤʝʪʦʜʘʤʠ ʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ, ʢʘʢ ʨʝʥʪʛʝʥʦʚʩʢʘʷ 

ʠ ʥʝʡʪʨʦʥʥʘʷ ʧʦʨʦʰʢʦʚʘʷ ʜʠʬʨʘʢʮʠʷ, ʩʬʦʨʤʠʨʦʚʘʣʠ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʝ ʵʪʠʭ ʦʢʩʠʜʦʚ, ʢʘʢ ʦ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʘʭ 

ʟʘʤʝʱʝʥʠʷ ʙʘʨʠʷ ʚʠʩʤʫʪʦʤ (ʠʣʠ ʚʠʩʤʫʪʘ ʙʘʨʠʝʤ) ʚ ʦʢʩʠʜʘʭ ʩʠʩʪʝʤʳ 

Ba-Bi-O ʠʣʠ ʙʘʨʠʷ ʢʘʣʠʝʤ ʚ ʦʢʩʠʜʘʭ ʩʠʩʪʝʤʳ K-Ba-Bi-O. ʀʟ ʵʪʦʛʦ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʩʣʝʜʫʝʪ, ʯʪʦ ʩʚʝʨʭʧʨʦʚʦʜʷʱʠʝ KBaBiO-ʦʢʩʠʜʳ 

(ʚʠʩʤʫʪʘʪʥʳʝ ʩʚʝʨʭʧʨʦʚʦʜʥʠʢʠ) ʠʤʝʶʪ ʠʟʦʪʨʦʧʥʫʶ ʢʫʙʠʯʝʩʢʫʶ 

ʩʪʨʫʢʪʫʨʫ, ʯʪʦ ʧʦʨʦʞʜʘʝʪ ʠʭ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʝ ʧʨʦʪʠʚʦʧʦʩʪʘʚʣʝʥʠʝ 

ʤʝʜʴ-ʩʦʜʝʨʞʘʱʠʤ ʦʢʩʠʜʥʳʤ ʩʚʝʨʭʧʨʦʚʦʜʥʠʢʘʤ, ʦʙʣʘʜʘʶʱʠʤ 

ʘʥʠʟʦʪʨʦʧʥʦʡ ʩʣʦʝʚʦʡ ʩʪʨʫʢʪʫʨʦʡ. ʇʨʦʪʠʚʦʧʦʣʦʞʥʘʷ ʪʦʯʢʘ ʟʨʝʥʠʷ ʦ 

ʩʫʱʝʩʪʚʦʚʘʥʠʠ ʚ ʵʪʠʭ ʩʠʩʪʝʤʘʭ ʦʢʩʠʜʦʚ ʜʠʩʢʨʝʪʥʦʛʦ ʩʦʩʪʘʚʘ ʩ 

ʢʘʪʠʦʥʥʦ-ʫʧʦʨʷʜʦʯʝʥʥʦʡ ʩʪʨʫʢʪʫʨʦʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʩʫʱʝʩʪʚʦʚʘʥʠʝ 

ʩʚʝʨʭʧʨʦʚʦʜʷʱʠʭ KBaBiO-ʦʢʩʠʜʦʚ ʩʦ ʩʣʦʝʚʦʡ ʩʪʨʫʢʪʫʨʦʡ, ʙʳʣʘ 

ʚʳʩʢʘʟʘʥʘ ʚ ʨʘʙʦʪʘʭ [4-5]. 

ʇʨʝʜʩʪʘʚʣʝʥʠʝ ʦʙ ʠʩʪʠʥʥʦʡ ʩʪʨʫʢʪʫʨʝ ʦʢʩʠʜʦʚ ʩʠʩʪʝʤ Ba-Bi-O ʠ 

K-Ba-Bi-O ʥʝ ʤʦʛʣʦ ʙʳʪʴ ʧʦʣʫʯʝʥʦ ʙʝʟ ʧʨʠʚʣʝʯʝʥʠʷ ʧʨʦʩʚʝʯʠʚʘʶʱʝʡ 

ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʚ ʩʠʣʫ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʚʘʞʥʳʭ 

ʦʩʦʙʝʥʥʦʩʪʝʡ, ʧʨʠʩʫʱʠʭ ʵʪʦʡ ʤʝʪʦʜʠʢʝ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʠ 
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ʥʝʡʪʨʦʥʥʦʡ ʜʠʬʨʘʢʮʠʝʡ. ʇʨʦʩʚʝʯʠʚʘʶʱʘ ̫ ʵʣʝʢʪʨʦʥʥʘ ̫ ʤʠʢʨʦʩʢʦʧʠ ̫

ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʦʡ ʨʘʟʨʝʰʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʴ,ʁ ʯʪʦ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʥʦʛʦʬʘʟʥʳʭ ʦʙʨʘʟʮʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʤʘʣʳʝ, ʚʧʣʦʪʴ ʜʦ 

ʥʘʥʦʤʝʪʨʦʚʳʭ ʨʘʟʤʝʨʦʚ, ʢʨʠʩʪʘʣʣʠʪʳ ʨʘʟʣʠʯʥʳʭ ʬʘʟ. ɼʨʫʛʘʷ 

ʦʩʦʙʝʥʥʦʩʪʴ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʦʙʫʩʣʦʚʣʝʥʘ ʪʝʤ, ʯʪʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʵʣʝʢʪʨʦʥʦʚ ʩ ʚʝʱʝʩʪʚʦʤ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʝʝ ʩʠʣʴʥʦʝ (ʚ 

ʩʦʪʥʠ ʠ ʪʳʩʷʯʠ ʨʘʟ), ʯʝʤ ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʣʫʯʝʡ ʠ ʥʝʡʪʨʦʥʦʚ. ʕʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʧʦʷʚʣʝʥʠʶ ʠʥʪʝʥʩʠʚʥʳʭ ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʧʠʢʦʚ ʥʘ ʢʘʨʪʠʥʘʭ 

ʵʣʝʢʪʨʦʥʥʦʡ ʜʠʬʨʘʢʮʠʠ ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʵʣʝʢʪʨʦʥʦʚ ʜʘʞʝ ʯʝʨʝʟ ʦʯʝʥʴ 

ʪʦʥʢʠʝ ʦʙʨʘʟʮʳ. ʇʨʠ ʵʪʦʤ ʩʚʝʨʭʩʪʨʫʢʪʫʨʥʳʝ ʦʪʨʘʞʝʥʠʷ, ʠʟʥʘʯʘʣʴʥʦ 

ʩʣʘʙʳʝ ʚʩʣʝʜʩʪʚʠʝ ʤʘʣʦʩʪʠ ʠʭ ʩʪʨʫʢʪʫʨʥʦʡ ʘʤʧʣʠʪʫʜʳ, ʩʠʣʴʥʦ 

ʚʦʟʨʘʩʪʘʶʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʥʦʚʥʳʭ ʦʪʨʘʞʝʥʠʡ ʠ ʣʝʛʢʦ ʜʝʪʝʢʪʠʨʫʶʪʩʷ, 

ʧʦʵʪʦʤʫ, ʤʝʪʦʜ ʵʣʝʢʪʨʦʥʥʦʡ ʜʠʬʨʘʢʮʠʠ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʯʫʚʩʪʚʠʪʝʣʝʥ ʢ 

ʜʝʪʝʢʪʠʨʦʚʘʥʠʶ ʩʚʝʨʭʩʪʨʫʢʪʫʨʥʦʛʦ ʫʧʦʨʷʜʦʯʝʥʠʷ. ʉʦʛʣʘʩʥʦ ʨʘʙʦʪʝ [5] 

ʧʨʝʜʧʦʣʘʛʘʝʤʳʝ ʦʢʩʠʜʳ ʜʠʩʢʨʝʪʥʦʛʦ ʩʦʩʪʘʚʘ ʩʠʩʪʝʤ Ba-Bi-O ʠ K-Ba-

Bi-O ʧʨʠʥʘʜʣʝʞʘʪ ʝʜʠʥʦʤʫ ʧʝʨʦʚʩʢʠʪʦʧʦʜʦʙʥʦʤʫ ʛʦʤʦʣʦʛʠʯʝʩʢʦʤʫ 

ʨʷʜʫ ʠ ʦʪʣʠʯʘʶʪʩʷ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʪʠʧʦʤ ʩʚʝʨʭʩʪʨʫʢʪʫʨʥʦʛʦ 

ʫʧʦʨʷʜʦʯʝʥʠʷ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʵʪʠʭ ʩʠʩʪʝʤ 

ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʤʝʥʝʥʠʝ ʧʨʦʩʚʝʯʠʚʘʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ. 

ɺ ʧʨʦʮʝʩʩʝ ʚʳʧʦʣʥʝʥʠʷ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʦʪʢʨʳʪʦ ʙʦʣʴʰʦʝ ʯʠʩʣʦ 

ʦʢʩʠʜʦʚ ʩʠʩʪʝʤ Ba-Bi-O ʠ K-Ba-Bi-O ʩ ʫʧʦʨʷʜʦʯʝʥʥʦʡ ʩʪʨʫʢʪʫʨʦʡ. 

ʆʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʚ ʦʙʣʘʩʪʷʭ ʜʚʫʭʬʘʟʥʦʛʦ ʨʘʚʥʦʚʝʩʠʷ ʬʦʨʤʠʨʫʶʪʩʷ 

ʦʙʨʘʟʮʳ, ʩʦʜʝʨʞʘʱʠʝ ʥʘʥʦʤʝʪʨʦʚʳʝ ʢʨʠʩʪʘʣʣʠʪʳ ʨʘʟʥʳʭ ʬʘʟ, ʯʪʦ 

ʩʦʟʜʘʝʪ ʠʣʣʶʟʠʶ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ ʧʨʠ ʩʪʨʫʢʪʫʨʥʦʤ 

ʠʩʩʣʝʜʦʚʘʥʠʠ ʪʘʢʠʭ ʦʙʨʘʟʮʦʚ. ɺ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʥʳ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ 

ʩʪʨʫʢʪʫʨʳ ʨʷʜʘ ʦʢʩʠʜʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʩʪʨʫʢʪʫʨʘ ʩʚʝʨʭʧʨʦʚʦʜʷʱʠʭ 

KBaBiO-ʦʢʩʠʜʦʚ, ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʢʦʪʦʨʦʡ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʚʘʞʥʦ ʜʣʷ 

ʧʦʥʠʤʘʥʠʷ ʤʝʭʘʥʠʟʤʘ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʩʚʝʨʭʧʨʦʚʦʜʠʤʦʩʪʠ. ɺʩʝ 

ʵʪʦ ʩʪʘʣʦ ʚʦʟʤʦʞʥʳʤ ʙʣʘʛʦʜʘʨʷ ʚʧʝʨʚʳʝ ʧʨʠʤʝʥʝʥʥʦʤʫ ʚ ʧʨʘʢʪʠʢʝ 

ʠʟʫʯʝʥʠʷ ʤʝʪʘʣʣ-ʦʢʩʠʜʥʳʭ ʩʠʩʪʝʤ ʤʝʪʦʜʫ ʧʨʦʩʚʝʯʠʚʘʶʱʝʡ 

ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʥʘ ʚʩʝʭ ʵʪʘʧʘʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʚʢʣʶʯʘʷ 

ʢʦʥʪʨʦʣʴ ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ ʩʠʥʪʝʟʠʨʫʝʤʦʛʦ ʧʨʦʜʫʢʪʘ, ʧʦʩʪʨʦʝʥʠʝ 

ʜʠʘʛʨʘʤʤ ʬʘʟʦʚʳʭ ʨʘʚʥʦʚʝʩʠʡ, ʦʙʥʘʨʫʞʝʥʠʝ ʠ ʠʜʝʥʪʠʬʠʢʘʮʠʷ ʚ ʵʪʠʭ 

ʩʠʩʪʝʤʘʭ ʜʠʩʢʨʝʪʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨʳ ʜʠʩʢʨʝʪʥʳʭ 

ʬʘʟ ʠ ʜʚʫʭʬʘʟʥʳʭ ʦʢʩʠʜʦʚ ʤʝʪʦʜʘʤʠ ʜʠʬʨʘʢʮʠʦʥʥʦʡ ʠ 

ʚʳʩʦʢʦʨʘʟʨʝʰʘʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ. 

ʈʝʟʫʣʴʪʘʪ r ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʠʩʪʝʤ Ba-Bi-O ʠ K-Ba-Bi-O ʜʘʶʪ 

ʦʩʥʦʚʘʥʠʝ ʧʦʣʘʛʘʪʴ, ʯʪʦ ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʧʨʦʩʚʝʯʠʚʘʶʱʝʡ 

ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʨʫʛʠʭ, ʥʝ ʪʦʣʴʢʦ 

ʦʢʩʠʜʥʳʭ, ʩʠʩʪʝʤ ʥʘ ʦʩʥʦʚʝ ʵʣʝʤʝʥʪʦʚ ʧʝʨʝʤʝʥʥʦʡ ʚʘʣʝʥʪʥʦʩʪʠ ʪʘʢʞʝ 

ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʧʨʠʥʮʠʧʠʘʣʴʥʦʤʫ ʧʝʨʝʩʤʦʪʨʫ ʠʟʚʝʩʪʥʳʭ 
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ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʦ ʭʘʨʘʢʪʝʨʝ ʬʘʟʦʚʳʭ ʨʘʚʥʦʚʝʩʠʡ ʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ 

ʩʪʨʫʢʪʫʨʝ ʩʦʝʜʠʥʝʥʠʡ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʩʣʝʜʦʚʘʥʠʝ ʦʢʩʠʜʥʳʭ ʩʠʩʪʝʤ 

ʦʪʢʨʳʚʘʝʪ ʧʝʨʩʧʝʢʪʠʚʳ ʚ ʩʦʟʜʘʥʠʠ ʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʵʣʝʤʝʥʪʥʦʡ 

ʙʘʟʳ ʜʣʷ ʤʠʢʨʦ- ʠ ʥʘʥʦʵʣʝʢʪʨʦʥʠʢʠ, ʯʪʦ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʝʩʴʤʘ 

ʘʢʪʫʘʣʴʥʳʤ. 

 

ʎʝʣʴ ʨʘʙʦʪʳ ʩʦʩʪʦʷʣʘ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ ʠ 

ʩʪʨʫʢʪʫʨʳ ʦʢʩʠʜʦʚ ʩʠʩʪʝʤ Ba-Bi-O ʠ K-Ba-Bi-O ʤʝʪʦʜʘʤʠ 

ʘʥʘʣʠʪʠʯʝʩʢʦʡ, ʜʠʬʨʘʢʮʠʦʥʥʦʡ ʠ ʚʳʩʦʢʦʨʘʟʨʝʰʘʶʱʝʡ 

ʧʨʦʩʚʝʯʠʚʘʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʚ ʩʚʷʟʠ ʩ ʠʭ 

ʩʚʝʨʭʧʨʦʚʦʜʷʱʠʤʠ ʠ ʩʫʧʝʨʠʦʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. 

 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʥʝʦʙʭʦʜʠʤʦ ʙʳʣʦ ʨʝʰʠʪʴ 

ʩʣʝʜʫʶʱʠʝ ʥʘʫʯʥʳʝ ʟʘʜʘʯʠ: 

1. ʈʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʠʢʠ ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ ʠʩʩʣʝʜʫʝʤʳʭ 

ʩʠʩʪʝʤ ʚ ʧʨʦʩʚʝʯʠʚʘʶʱʝʤ ʵʣʝʢʪʨʦʥʥʦʤ ʤʠʢʨʦʩʢʦʧʝ ʧʦ 

ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʤʫ ʨʝʥʪʛʝʥʦʚʩʢʦʤʫ ʠʟʣʫʯʝʥʠʶ, ʢʦʪʦʨʘʷ 

ʦʙʝʩʧʝʯʠʚʘʣʘ ʙʳ ʪʨʝʙʫʝʤʫʶ ʚʳʩʦʢʫʶ ʪʦʯʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ 

ʢʘʪʠʦʥʥʦʛʦ ʩʦʩʪʘʚʘ. 

2. ʀʜʝʥʪʠʬʠʢʘʮʠʷ ʨʘʥʝʝ ʥʝʠʟʚʝʩʪʥʳʭ ʜʠʩʢʨʝʪʥʳʭ ʬʘʟ ʩ 

ʫʧʦʨʷʜʦʯʝʥʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʧʦ ʠʭ ʢʘʪʠʦʥʥʦʤʫ ʩʦʩʪʘʚʫ ʠ ʢʘʨʪʠʥʘʤ 

ʵʣʝʢʪʨʦʥʥʦʡ ʜʠʬʨʘʢʮʠʠ, ʩʦʜʝʨʞʘʱʠʤ ʫʥʠʢʘʣʴʥʳʝ ʪʠʧʳ 

ʩʚʝʨʭʩʪʨʫʢʪʫʨʥʳʭ ʦʪʨʘʞʝʥʠʡ. 

3. ɺr ʷʚʣʝʥʠʝ ʧʦ ʜʘʥʥʳʤ ʵʣʝʢʪʨʦʥʥʦ-ʜʠʬʨʘʢʮʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ 

ʦʙʣʘʩʪʝʡ ʦʜʥʦʬʘʟʥʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ, ʪʝʨʤʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ 

ʜʠʩʢʨʝʪʥʳʭ ʬʘʟ ʠ ʬʦʨʤ ʩʦʩʫʱʝʩʪʚʦʚʘʥʠʷ ʜʚʫʭ ʬʘʟ. 

4. ʀʩʩʣʝʜʦʚʘʥʠʝ ʦʙʥʘʨʫʞʝʥʥʳʭ ʬʘʟ ʚ ʚʳʩʦʢʦʨʘʟʨʝʰʘʶʱʝʤ 

ʵʣʝʢʪʨʦʥʥʦʤ ʤʠʢʨʦʩʢʦʧʝ ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʠʭ ʩʪʨʫʢʪʫʨ ʤʝʪʦʜʘʤʠ 

ʵʣʝʢʪʨʦʥʥʦʡ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʠ ʩ ʫʯʝʪʦʤ ʢʘʪʠʦʥʥʦʛʦ ʩʦʩʪʘʚʘ. 

5. ʕʣʝʢʪʨʦʥʥʦ-ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨʳ 

ʤʝʣʢʦʢʨʠʩʪʘʣʣʠʪʥʳʭ ʦʢʩʠʜʦʚ, ʬʦʨʤʠʨʫʶʱʠʭʩʷ ʚ ʫʩʣʦʚʠʷʭ 

ʜʚʫʭʬʘʟʥʦʛʦ ʨʘʚʥʦʚʝʩʠʷ; ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʜʠʬʨʘʢʮʠʠ ʵʣʝʢʪʨʦʥʦʚ ʚ 

ʩʨʝʜʝ, ʩʦʜʝʨʞʘʱʝʡ ʩʣʫʯʘʡʥʫʶ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʙʦʣʴʰʦʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʩʜʚʠʛʦʚʳʭ ʜʝʬʝʢʪʦʚ. 

 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ: 

1. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʩʠʩʪʝʤʝ Ba-Bi-O ʩʫʱʝʩʪʚʫʝʪ ʙʦʣʴʰʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʜʠʩʢʨʝʪʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩ ʫʥʠʢʘʣʴʥʦʡ ʜʣʷ ʢʘʞʜʦʛʦ 

ʩʦʝʜʠʥʝʥʠʷ ʫʧʦʨʷʜʦʯʝʥʥʦʡ ʩʪʨʫʢʪʫʨʦʡ, ʘ ʥʝ ʰʠʨʦʢʠʝ ʦʙʣʘʩʪʠ ʪʚʝʨʜʳʭ 

ʨʘʩʪʚʦʨʦʚ, ʢʘʢ ʵʪʦ ʩʯʠʪʘʣʦʩʴ ʨʘʥʝʝ. 
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2. ʅʘ ʦʩʥʦʚʝ ʠʩʩʣʝʜʦʚʘʥʠ̫ ʩʪʨʫʢʪʫʨʳ ʙʦʛʘʪʳʭ ʚʠʩʤʫʪʦʤ 

ʧʝʨʦʚʩʢʠʪʦʧʦʜʦʙʥʳʭ ʦʢʩʠʜʦʚ ʩʠʩʪʝʤʳ Ba-Bi-O ʤʝʪʦʜʦʤ 

ʚʳʩʦʢʦʨʘʟʨʝʰʘʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʧʦʩʪʨʦʝʥʳ ʤʦʜʝʣʠ 

ʫʧʦʨʷʜʦʯʝʥʥʳʭ ʩʪʨʫʢʪʫʨ ʦʢʩʠʜʦʚ, ʬʦʨʤʠʨʫʶʱʠʭʩʷ ʩʦʯʝʪʘʥʠʝʤ 

ʧʝʨʦʚʩʢʠʪʦʚʳʭ ʷʯʝʝʢ ʠ ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʢʘʞʜʦʛʦ ʦʢʩʠʜʘ ʩʪʨʫʢʪʫʨʥʳʭ 

ʙʣʦʢʦʚ. 

3. ʆʙʥʘʨʫʞʝʥʦ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʢʠʩʣʦʨʦʜʦʜʝʬʠʮʠʪʥʳʭ ʬʘʟ 

BaBiO3-x ʩ ʫʧʦʨʷʜʦʯʝʥʥʳʤ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʢʠʩʣʦʨʦʜʥʳʭ ʚʘʢʘʥʩʠʡ, 

ʩʦʩʪʘʚ ʢʦʪʦʨʳʭ ʤʦʞʝʪ ʙʳʪʴ ʘʧʧʨʦʢʩʠʤʠʨʦʚʘʥ ʨʷʜʦʤ 

Ba2nBi
3+

n+1Bi
5+

n-1O6n-1. 

4. ʆʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʚ ʩʠʩʪʝʤʝ Ba-Bi-O ʦʢʩʠʜʳ ʩ ʢʘʞʫʱʝʡʩʷ 

ʩʪʨʫʢʪʫʨʦʡ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ ʬʦʨʤʠʨʫʶʪʩʷ ʚ ʜʚʫʭʬʘʟʥʳʭ ʦʙʣʘʩʪʷʭ, 

ʦʙʨʘʟʦʚʘʥʥʳʭ ʙʦʛʘʪʳʤʠ ʙʘʨʠʝʤ ʦʢʩʠʜʘʤʠ ʩ ʧʝʨʦʚʩʢʠʪʦʧʦʜʦʙʥʦʡ 

ʩʪʨʫʢʪʫʨʦʡ ʠ ʧʝʨʦʚʩʢʠʪʦʤ BaBiO3, ʠ ʩʦʩʪʦʷʪ ʚ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ ʠʟ 

ʥʘʥʦʤʝʪʨʦʚʳʭ ʢʨʠʩʪʘʣʣʠʪʦʚ. 

5. ɺʳʜʚʠʥʫʪʘ ʛʠʧʦʪʝʟʘ ʦ ʪʦʤ, ʯʪʦ ʜʚʫʭʬʘʟʥʦʝ ʩʦʩʪʦʷʥʠʝ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʦʢʩʠʜʥʳʭ ʩʚʝʨʭʧʨʦʚʦʜʥʠʢʦʚ, ʚʢʣʶʯʘʷ ʠ 

ʩʚʝʨʭʧʨʦʚʦʜʥʠʢʠ ʩʠʩʪʝʤʳ K-Ba-Bi-O, ʦʙʫʩʣʦʚʣʝʥʦ ʩʦʩʫʱʝʩʪʚʦʚʘʥʠʝʤ ʚ 

ʥʠʭ ʥʘʥʦʤʝʪʨʦʚʳʭ ʢʨʠʩʪʘʣʣʠʪʦʚ ʩʚʝʨʭʧʨʦʚʦʜʷʱʝʡ (ʤʝʪʘʣʣʠʯʝʩʢʦʡ) ʠ 

ʩʦʧʫʪʩʪʚʫʶʱʝʡ ʥʝʩʚʝʨʭʧʨʦʚʦʜʷʱʝʡ (ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʦʡ) ʬʘʟ, 

ʦʙʨʘʟʫʶʱʠʭʩʷ ʧʨʠ ʩʠʥʪʝʟʝ ʚ ʦʙʣʘʩʪʷʭ ʜʚʫʭʬʘʟʥʦʛʦ ʨʘʚʥʦʚʝʩʠʷ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʬʘʟʦʚʳʭ ʜʠʘʛʨʘʤʤ. 

6. ʆʙʥʘʨʫʞʝʥʳ ʥʝʩʚʝʨʭʧʨʦʚʦʜʷʱʠʝ ʬʘʟʳ ʛʦʤʦʣʦʛʠʯʝʩʢʦʛʦ ʨʷʜʘ 

KBam-1Bim+nOy ʩ ʫʧʦʨʷʜʦʯʝʥʥʦʡ ʧʝʨʦʚʩʢʠʪʦʧʦʜʦʙʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʚ 

ʦʙʨʘʟʮʘʭ, ʧʦʣʫʯʝʥʥʳʭ ʤʝʪʦʜʦʤ ʪʚʝʨʜʦʬʘʟʥʦʛʦ ʩʠʥʪʝʟʘ. 

7. ɺr ʜʝʣʝʥʳ ʛʨʫʧʧʳ ʧʦʣʫʯʝʥʥʳʭ ʤʝʪʦʜʦʤ ʵʣʝʢʪʨʦʣʠʟʘ 

ʧʝʨʦʚʩʢʠʪʦʚʳʭ KBaBiO-ʦʢʩʠʜʦʚ, ʨʘʟʣʠʯʘʶʱʠʝʩʷ ʩʦʩʪʘʚʦʤ, ʪʠʧʦʤ 

ʩʚʝʨʭʩʪʨʫʢʪʫʨʥʳʭ ʦʪʨʘʞʝʥʠʡ ʠ ʩʚʝʨʭʧʨʦʚʦʜʷʱʠʤʠ ʩʚʦʡʩʪʚʘʤʠ. 

8. ʆʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʩʚʝʨʭʧʨʦʚʦʜʷʱʠʡ ʢʘʪʠʦʥʥʦ-ʫʧʦʨʷʜʦʯʝʥʥʳʡ 

KBaBiO-ʦʢʩʠʜ ʠʤʝʝʪ ʩʣʦʠʩʪʫʶ ʩʪʨʫʢʪʫʨʫ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʦʙʲʝʜʠʥʠʪʴ 

ʚʠʩʤʫʪʘʪʥʳʝ ʠ ʢʫʧʨʘʪʥʳʝ ʩʚʝʨʭʧʨʦʚʦʜʥʠʢʠ ʚ ʝʜʠʥʳʡ ʢʣʘʩʩ 

ʩʚʝʨʭʧʨʦʚʦʜʥʠʢʦʚ ʠ ʫʢʘʟʳʚʘʝʪ ʥʘ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʝʜʠʥʦʛʦ ʤʝʭʘʥʠʟʤʘ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʩʚʝʨʭʧʨʦʚʦʜʠʤʦʩʪʠ ʩ ʥʝʤʘʛʥʠʪʥʦʡ ʧʨʠʨʦʜʦʡ 

ʩʧʘʨʠʚʘʥʠʷ. 

9. ʆʙʥʘʨʫʞʝʥʳ ʥʦʚʳʝ ʥʝʧʝʨʦʚʩʢʠʪʦʧʦʜʦʙʥʳʝ ʬʘʟʳ ʚ ʩʠʩʪʝʤʝ 

Ba-Bi-O ʚ ʦʙʣʘʩʪʠ ʩʦʩʪʘʚʦʚ ʚʙʣʠʟʠ ʦʢʩʠʜʘ Bi2O3 ʠ ʠʩʩʣʝʜʦʚʘʥʘ ʠʭ 

ʩʪʨʫʢʪʫʨʘ. 

 

ʇʨʘʢʪʠʯʝʩʢʘʷ ʮʝʥʥʦʩʪʴ: 

1. ʇʨʝʜʣʦʞʝʥ ʢʦʤʧʣʝʢʩʥʳʡ ʧʦʜʭʦʜ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʬʘʟʦʚʳʭ 

ʩʦʦʪʥʦʰʝʥʠʡ ʠ ʧʦʩʪʨʦʝʥʠʷ ʬʘʟʦʚʳʭ ʜʠʘʛʨʘʤʤ ʩʣʦʞʥʳʭ ʤʝʪʘʣʣ-
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ʦʢʩʠʜʥʳʭ ʩʠʩʪʝʤ ʩ ʵʣʝʤʝʥʪʦʤ ʧʝʨʝʤʝʥʥʦʡ ʚʘʣʝʥʪʥʦʩʪʠ, ʚʢʣʶʯʘʶʱʠʡ 

ʥʘʨʷʜʫ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʤʝʪʦʜʘʤʠ (ʩʪʨʫʢʪʫʨʥʳʤ - ʨʝʥʪʛʝʥʦʚʩʢʘʷ 

ʧʦʨʦʰʢʦʚʘʷ ʜʠʬʨʘʢʮʠʷ, ʘʥʘʣʠʪʠʯʝʩʢʠʤ - ʣʦʢʘʣʴʥʳʡ ʨʝʥʪʛʝʥʦ-

ʩʧʝʢʪʨʘʣʴʥʳʡ ʘʥʘʣʠʟ, ʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤʠ - ʚʠʟʫʘʣʴʥʦ-

ʧʦʣʠʪʝʨʤʠʯʝʩʢʠʡ, ʜʠʬʬʝʨʠʥʮʠʘʣʴʥʦ-ʪʝʨʤʠʯʝʩʢʠʡ ʠ ʪʝʨʤʦʛʨʘʚʠʤʝʪ-

ʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟʳ) ʪʘʢʞʝ ʧʨʦʩʚʝʯʠʚʘʶʱʫ  ʁʵʣʝʢʪʨʦʥʥʫ  ʁʤʠʢʨʦʩʢʦʧʠ.ʁ 

ʊʘʢʦʡ ʧʦʜʭʦʜ ʷʚʣʷʝʪʩʷ ʥʘʫʯʥʦʡ ʦʩʥʦʚʦʡ ʧʦʣʫʯʝʥʠʷ ʢʘʢ ʦʙʨʘʟʮʦʚ 

ʦʢʩʠʜʦʚ ʜʣʷ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʪʘʢ ʠ ʩʦʟʜʘʥʠʷ ʪʝʭʥʦʣʦʛʠʠ 

ʧʦʣʫʯʝʥʠʷ ʧʨʦʤʳʰʣʝʥʥʳʭ ʦʢʩʠʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʅʘ ʦʩʥʦʚʝ ʵʪʦʛʦ 

ʧʦʜʭʦʜʘ, ʥʘʧʨʠʤʝʨ, ʤʦʞʝʪ ʙʳʪʴ ʨʝʰʝʥʘ ʧʨʦʙʣʝʤʘ ʜʚʫʭʬʘʟʥʦʩʪʠ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʤʝʪʘʣʣ-ʦʢʩʠʜʥʳʭ ʩʚʝʨʭʧʨʦʚʦʜʥʠʢʦʚ. 

2. ʇʦʩʪʨʦʝʥʘ  ʠʩʯʝʨʧʳʚʘʶʱʘʷ  ʬʘʟʦʚʘʷ  ʜʠʘʛʨʘʤʤʘ  ʩʠʩʪʝʤʳ 

Ba-Bi-O ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʧʘʨʮʠʘʣʴʥʳʭ ʜʘʚʣʝʥʠʷʭ ʢʠʩʣʦʨʦʜʘ, ʢʦʪʦʨʘʷ 

ʷʚʣʷʝʪʩʷ ʨʫʢʦʚʦʜʩʪʚʦʤ ʜʣʷ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦʛʦ ʩʠʥʪʝʟʘ ʜʚʦʡʥʳʭ ʙʘʨʠʡ-

ʚʠʩʤʫʪʦʚʳʭ ʦʢʩʠʜʦʚ ʟʘʜʘʥʥʦʛʦ ʩʦʩʪʘʚʘ ʠ ʩʪʨʫʢʪʫʨʳ. ɺ ʯʘʩʪʥʦʩʪʠ, 

ʩʚʝʜʝʥʠʷ ʦ ʭʘʨʘʢʪʝʨʝ ʬʘʟʦʚʳʭ ʩʦʦʪʥʦʰʝʥʠʡ ʚ ʦʙʣʘʩʪʠ ʩʦʩʪʘʚʦʚ ʚʙʣʠʟʠ 

ʦʢʩʠʜʘ Bi2O3 ʥʝʦʙʭʦʜʠʤʳ ʜʣʷ ʩʠʥʪʝʟʘ ʦʢʩʠʜʦʚ ʩ ʚʳʩʦʢʦʡ 

ʧʨʦʚʦʜʠʤʦʩʪʴʶ ʠʦʥʦʚ ʢʠʩʣʦʨʦʜʘ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ 

ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚʘʭ (ʪʦʧʣʠʚʥʳʝ ʵʣʝʤʝʥʪʳ, 

ʪʚʝʨʜʦʪʝʣʴʥʳʝ ʛʘʟʦʚʳʝ ʥʘʩʦʩʳ ʠ ʩʝʥʩʦʨʳ, ʩʠʩʪʝʤʳ ʫʪʠʣʠʟʘʮʠʠ 

ʚʳʭʣʦʧʥʳʭ ʛʘʟʦʚ ʠ ʪ.ʜ.). 

 

ʆʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ: 

1. ʉʫʱʝʩʪʚʦʚʘʥʠʝ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʫʧʦʨʷʜʦʯʝʥʥʳʭ ʬʘʟ 

ʜʠʩʢʨʝʪʥʦʛʦ ʢʘʪʠʦʥʥʦʛʦ ʩʦʩʪʘʚʘ ʚ ʜʚʦʡʥʦʡ ʩʠʩʪʝʤʝ Ba-Bi-O. 

2. ʄʦʜʝʣʠ ʫʧʦʨʷʜʦʯʝʥʥʳʭ ʩʪʨʫʢʪʫʨ ʧʝʨʦʚʩʢʠʪʦʚʳʭ ʦʢʩʠʜʦʚ 

ʩʠʩʪʝʤʳ Ba-Bi-O ʩʦʩʪʘʚʦʚ Ba:Bi=4:5-4:13. 

3. ʉʫʱʝʩʪʚʦʚʘʥʠʝ ʢʠʩʣʦʨʦʜʦʜʝʬʠʮʠʪʥʳʭ ʬʘʟ BaBiO3-x, 

ʩʦʜʝʨʞʘʱʠʭ ʫʧʦʨʷʜʦʯʝʥʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʢʠʩʣʦʨʦʜʥʳʭ ʚʘʢʘʥʩʠʡ. 

4. ɼʚʫʭʬʘʟʥʘ ̫ ʥʘʥʦʢʨʠʩʪʘʣʣʠʪʥʘ ̫ ʩʪʨʫʢʪʫʨʘ ʙʦʛʘʪʳʭ ʙʘʨʠʝʤ 

ʦʢʩʠʜʦʚ, ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʚ ʦʙʣʘʩʪʷʭ ʬʘʟʦʚʦʡ ʜʠʘʛʨʘʤʤʳ, 

ʦʙʨʘʟʦʚʘʥʥʳʭ ʜʠʩʢʨʝʪʥʳʤʠ ʙʦʛʘʪʳʤʠ ʙʘʨʠʝʤ ʦʢʩʠʜʘʤʠ ʠ ʧʝʨʦʚʩʢʠʪʦʤ 

BaBiO3. 

5. ɻʠʧʦʪʝʟʘ ʦ ʧʨʠʯʠʥʝ ʜʚʫʭʬʘʟʥʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʦʢʩʠʜʥʳʭ ʩʚʝʨʭʧʨʦʚʦʜʥʠʢʦʚ ʠ ʧʝʨʦʚʩʢʠʪʦʚʳʭ 

ʤʘʥʛʘʥʠʪʦʚ ʩ ʵʬʬʝʢʪʦʤ ʢʦʣʦʩʩʘʣʴʥʦʛʦ ʤʘʛʥʠʪʦʩʦʧʨʦʪʠʚʣʝʥʠʷ. 

6. ʉʫʱʝʩʪʚʦʚʘʥʠʝ ʥʝʩʚʝʨʭʧʨʦʚʦʜʷʱʠʭ ʬʘʟ ʨʷʜʘ KBam-1Bim+nOy ʩ 

ʫʧʦʨʷʜʦʯʝʥʥʦʡ ʧʝʨʦʚʩʢʠʪʦʧʦʜʦʙʥʦʡ ʩʪʨʫʢʪʫʨʦʡ. 

7. ʉʫɦ ʝʩʪʚʦʚʘʥʠʝ ʦʢʩʠʜʦʚ ʨʘʟʣʠʯʥʳʭ ʩʦʩʪʘʚʦʚ ʠ ʩʪʨʫʢʪʫʨʳ, 

ʧʦʣʫʯʝʥʥʳʭ ʵʣʝʢʪʨʦʣʠʟʦʤ ʨʘʩʧʣʘʚʘ ʩʠʩʪʝʤʳ KOH-Ba(OH)2-Bi2O3. 
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8. ʄʦʜʝʣʴ ʩʣʦʝʚʦʡ ʩʪʨʫʢʪʫʨʳ ʩʚʝʨʭʧʨʦʚʦʜʷʱʠʭ KBaBiO-

ʦʢʩʠʜʦʚ ʩ ʚʝʢʪʦʨʦʤ ʩʚʝʨʭʩʪʨʫʢʪʫʨʳ q=İ[001], ʦʙʲʝʜʠʥʷʶʱʘʷ 

ʚʠʩʤʫʪʘʪʥʳʝ ʠ ʢʫʧʨʘʪʥʳʝ ʦʢʩʠʜʥʳʝ ʩʚʝʨʭʧʨʦʚʦʜʥʠʢʠ ʚ ʝʜʠʥʳʡ ʢʣʘʩʩ 

ʩʚʝʨʭʧʨʦʚʦʜʥʠʢʦʚ, ʦʙʣʘʜʘʶʱʠʭ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠ ʩʭʦʜʥʦʡ 

ʩʪʨʫʢʪʫʨʦʡ. 

9. ʉʫʱʝʩʪʚʦʚʘʥʠʝ ʥʦʚʳʭ ʦʢʩʠʜʦʚ ʩ ʥʝʧʝʨʦʚʩʢʠʪʦʧʦʜʦʙʥʦʡ 

ʩʪʨʫʢʪʫʨʦʡ ʚ ʙʦʛʘʪʦʡ ʚʠʩʤʫʪʦʤ ʦʙʣʘʩʪʠ ʩʠʩʪʝʤʳ Ba-Bi-O. 

 

ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ ʩʦʩʪʦʠʪ ʚ ʧʦʩʪʘʥʦʚʢʝ ʟʘʜʘʯ ʵʣʝʢʪʨʦʥʥʦ-

ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʨʦʚʝʜʝʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʘʥʘʣʠʪʠʯʝʩʢʠʭ, ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʠ ʚʳʩʦʢʦʨʘʟʨʝʰʘʶʱʠʭ ʵʣʝʢʪʨʦʥʥʦ-

ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʚ ʪʨʘʢʪʦʚʢʝ ʠ ʘʥʘʣʠʟʝ ʧʦʣʫʯʝʥʥʳʭ 

ʜʘʥʥʳʭ, ʚʢʣʶʯʘʷ ʚʳʧʦʣʥʝʥʠʝ ʨʘʩʯʝʪʦʚ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʚʳʷʚʠʪʴ ʠ 

ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʬʘʟʦʚʳʡ ʩʦʩʪʘʚ ʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ 

ʠʩʩʣʝʜʦʚʘʚʰʠʭʩʷ ʦʙʨʘʟʮʦʚ. 

 

ɸʧʨʦʙʘʮʠʷ ʨʘʙʦʪʳ. ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʧʨʝʜʩʪʘʚʣʷʣʠʩʴ ʠ 

ʦʙʩʫʞʜʘʣʠʩʴ ʚ 40 ʜʦʢʣʘʜʘʭ ʥʘ ʩʣʝʜʫʶʱʠʭ ʢʦʥʬʝʨʝʥʮʠʷʭ: 

- XIII International Congress on Electron Microscopy, Paris, France, 1994. 

- 9
th
 Oxford Conference on Microscopy of Semiconducting Materials, 

Oxford, UK, 1995. 

- International Conference ñStripes, Lattice Instabilities and High-Tc 

Superconductivityò, Rome, Italy, 1996. 

- IX Thrilateral German-Russian-Ukrainian Seminar on High-Temperature 

Superconductivity, Gabelbach, Germany, 1996. 

- 5
th
 International Conference on Materials and Mechanisms of 

Superconductivity, and High-Temperature Superconductors, Beijing, China, 

1997. 

- VIII ʉʠʤʧʦʟʠʫʤ ʧʦ ʨʘʩʪʨʦʚʦʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʠ 

ʘʥʘʣʠʪʠʯʝʩʢʠʤ ʤʝʪʦʜʘʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʚʝʨʜʳʭ ʪʝʣ, ʏʝʨʥʦʛʦʣʦʚʢʘ, 

1997. 

- V ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ñʆʢʩʠʜʳ. ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘò, ɽʢʘʪʝʨʠʥʙʫʨʛ, 2000. 

- III ʅʘʮʠʦʥʘʣʴʥʘʷ ʢʨʠʩʪʘʣʣʦʭʠʤʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ, ʏʝʨʥʦʛʦʣʦʚʢʘ, 

2003. 

- Euro-Summer Schools on Electron Crystallography, Barcelona, Spain, 

2001, ʄʦʩʢʚʘ, 2003. 

- 4
th
, 5

th
, 6

th
 International Workshops ñHigh-temperature superconductors 

and novel inorganic materials engineeringò, ʄʦʩʢʚʘ, 1998, ʄʦʩʢʚʘ-ʉʘʥʢʪ-

ʇʝʪʝʨʙʫʨʛ, 2001, ʄʦʩʢʚʘ, 2004. 
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- Fifth International Conference on New Theories, Discoveries and 

Applications of Superconductors and Related Materials (New
3
SC-5), 

Chongqing, China, 2004. 

- VIII, IX, X, XI, XII ʅʘʮʠʦʥʘʣʴʥʳʝ ʢʦʥʬʝʨʝʥʮʠʠ ʧʦ ʨʦʩʪʫ ʢʨʠʩʪʘʣʣʦʚ, 

ʄʦʩʢʚʘ, 1998, 2000, 2002, 2004, 2006. 

- International Conference EUROMAT 2007, N¿rnberg, Germany. 

- ʄʝʞʜʫʥʘʨʦʜʥʳʝ ʢʦʥʬʝʨʝʥʮʠʠ "ʌʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʩʚʝʨʭʧʨʦʚʦʜʠʤʦʩʪʠ", ɿʚʝʥʠʛʦʨʦʜ, 2004, 2006, 

2008. 

- ʄʝʞʜʫʥʘʨʦʜʥʳʝ ʩʠʤʧʦʟʠʫʤʳ "ʇʦʨʷʜʦʢ, ʙʝʩʧʦʨʷʜʦʢ ʠ ʩʚʦʡʩʪʚʘ 

ʦʢʩʠʜʦʚ", ʉʦʯʠ, 2004, 2005, 2006, 2007, 2008. 

- XVI, XVII, XIX, XX, XXI , XXII  ʈʦʩʩʠʡʩʢʠʝ ʢʦʥʬʝʨʝʥʮʠʠ ʧʦ 

ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ, ʏʝʨʥʦʛʦʣʦʚʢʘ, 1996, 1998, 2002, 2004, 2006, 

2008. 

 

ʇʫʙʣʠʢʘʮʠʠ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʨʘʙʦʪʳ ʦʧʫʙʣʠʢʦʚʘʥʦ 37 ʩʪʘʪʝʡ ʠʟ 

ʩʧʠʩʢʘ ɺɸʂ, ʫʢʘʟʘʥʥʳʭ ʚ ʢʦʥʮʝ ʘʚʪʦʨʝʬʝʨʘʪʘ. 

 

ʆʙʲʝʤ ʠ ʩʪʨʫʢʪʫʨʘ ʨʘʙʦʪʳ. ɼʠʩʩʝʨʪʘʮʠʷ ʩʦʩʪʦʠʪ ʠʟ ʚʚʝʜʝʥʠʷ, 

6 ʛʣʘʚ, ʟʘʢʣʶʯʝʥʠʷ ʠ ʩʦʜʝʨʞʠʪ 270 ʩʪʨʘʥʠʮ ʪʝʢʩʪʘ, ʚʢʣʶʯʘʷ 88 

ʠʣʣʶʩʪʨʘʮʠʡ, 6 ʪʘʙʣʠʮ, ʙʠʙʣʠʦʛʨʘʬʠʶ ʠʟ 332 ʩʩʳʣʦʢ. 

 

ʉʆɼɽʈɾɸʅʀɽ ʈɸɹʆʊʓ 

 

ɺʚʝʜʝʥʠʝ. ɺʦ ʚʚʝʜʝʥʠʠ ʦʙʦʩʥʦʚʳʚʘʝʪʩʷ ʘʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ ʠ 

ʥʘʧʨʘʚʣʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʮʝʣʴ ʠ ʥʘʫʯʥʳʝ ʟʘʜʘʯʠ 

ʨʘʙʦʪʳ, ʧʦʢʘʟʘʥʘ ʥʦʚʠʟʥʘ ʠ ʧʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ 

ʨʝʟʫʣʴʪʘʪʦʚ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ, 

ʫʢʘʟʘʥ ʣʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ ʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʪʝʤʝ ʜʠʩʩʝʨʪʘʮʠʠ, 

ʧʨʠʚʦʜʠʪʩʷ ʩʧʠʩʦʢ ʢʦʥʬʝʨʝʥʮʠʡ, ʥʘ ʢʦʪʦʨʳʭ ʧʨʦʚʦʜʠʣʘʩʴ ʘʧʨʦʙʘʮʠʷ 

ʨʘʙʦʪʳ, ʠ ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ ʩʪʘʪʝʡ ʧʦ ʪʝʤʝ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ. 

 

ɻʣʘʚʘ 1. ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʠ ʩʚʦʡʩʪʚʘ ʦʢʩʠʜʦʚ ʩʠʩʪʝʤ 

Ba-Bi-O ʠ K-Ba-Bi-O (ʣʠʪʝʨʘʪʫʨʥʳʡ ʦʙʟʦʨ). 

ɺ Ä1.1 ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʣʠʪʝʨʘʪʫʨʥʳʝ ʜʘʥʥʳʝ ʦʙ ʦʢʩʠʜʝ 

ʚʠʩʤʫʪʘ Bi2O3 ʠ ʦʢʩʠʜʘʭ ʥʘ ʝʛʦ ʦʩʥʦʚʝ. ɻʣʘʚʥʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʝʥʦ 

ʘʥʘʣʠʟʫ ʜʘʥʥʳʭ, ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʤʦʜʠʬʠʢʘʮʠʠ ŭ-Bi2O3 ʩ ʚʳʩʦʢʦʡ 

ʠʦʥʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʴʶ. ɸʥʘʣʠʟʠʨʫʶʪʩʷ ʨʘʙʦʪʳ, ʧʦʩʚʷʱʝʥʥʝr 

ʠʩʩʣʝʜʦʚʘʥʠʶ ʬʘʟʦʚʳʭ ʨʘʚʥʦʚʝʩʠʡ ʜʚʦʡʥʳʭ ʠ ʪʨʦʡʥʳʭ ʚʠʩʤʫʪ-

ʩʦʜʝʨʞʘʱʠʭ ʤʝʪʘʣʣ-ʦʢʩʠʜʥʳʭ ʩʠʩʪʝʤ, ʩʪʨʫʢʪʫʨʝ ʦʢʩʠʜʦʚ ʵʪʠʭ ʩʠʩʪʝʤ. 

ɼʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʵʪʠʭ ʩʠʩʪʝʤ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʦʙʣʘʩʪʝʡ 
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ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ, ʦʙʨʘʟʫʶʱʠʭʩʷ, ʢʦʛʜʘ ʚʠʩʤʫʪ ʥʘ ʩʚʦʠʭ ʧʦʟʠʮʠʷʭ ʚ 

ʩʪʨʫʢʪʫʨʝ ʯʘʩʪʠʯʥʦ ʟʘʤʝʱʘʝʪʩʷ ʜʨʫʛʠʤʠ ʤʝʪʘʣʣʘʤʠ. 

ɺ Ä1.2 ʘʥʘʣʠʟʠʨʫʶʪʩʷ ʨʘʙʦʪʳ, ʧʦʩʚʷʱʝʥʥʳʝ ʨʦʤʙʦʵʜʨʠʯʝʩʢʠʤ 

ʦʢʩʠʜʘʤ ʩʠʩʪʝʤʳ Ba-Bi-O ʩʦʩʪʘʚʦʚ Ba:Bi=1:4-1:7.7, ʢʦʪʦʨʳʤ ʙʳʣʘ 

ʧʨʠʧʠʩʘʥʘ ʩʪʨʫʢʪʫʨʘ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ ʚ ʨʘʤʢʘʭ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ 

ʷʯʝʡʢʠ ʩ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʦʡ R3m. ʀʥʪʝʨʝʩ ʢ ʨʦʤʙʦʵʜʨʠʯʝʩʢʠʤ 

ʦʢʩʠʜʘʤ ʙʘʨʠʷ-ʚʠʩʤʫʪʘ ʦʙʫʩʣʦʚʣʝʥ ʪʝʤ, ʯʪʦ ʦʥʠ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʠʤʠ 

ʟʥʘʯʝʥʠʷʤʠ ʧʨʦʚʦʜʠʤʦʩʪʠ ʠʦʥʦʚ ʢʠʩʣʦʨʦʜʘ ʧʦʩʣʝ ʧʝʨʝʭʦʜʘ ʚ 

ʩʫʧʝʨʠʦʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʚ ʠʥʪʝʨʚʘʣʝ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ 560-580
ʦ
ʉ. 

ɺ Ä1.3 ʘʥʘʣʠʟʠʨʫʶʪʩʷ ʣʠʪʝʨʘʪʫʨʥʳʝ ʜʘʥʥʳʝ ʦ 

ʧʝʨʦʚʩʢʠʪʦʧʦʜʦʙʥʳʭ ʦʢʩʠʜʘʭ ʩʠʩʪʝʤ r ʂ-Ba-Bi-O ʠ ʝʝ ʨʦʜʠʪʝʣʴʩʢʦʡ 

ʩʠʩʪʝʤʳ Ba-Bi-O, ʩʦʧʦʩʪʘʚʣʷʶʪʩʷ ʩʚʦʡʩʪʚʘ ʚʠʩʤʫʪʘʪʥʳʭ ʠ ʢʫʧʨʘʪʥʳʭ 

ʩʚʝʨʭʧʨʦʚʦʜʥʠʢʦʚ. ʀʥʪʝʨʝʩ ʢ ʦʢʩʠʜʘʤ ʙʘʨʠʷ-ʚʠʩʤʫʪʘ ʠ ʚ ʮʝʣʦʤ ʢ 

ʩʠʩʪʝʤʝ Ba-Bi-O, ʩʦʜʝʨʞʘʱʝʡ ʦʢʩʠʜ BaBiO3 ʩ ʧʝʨʦʚʩʢʠʪʦʚʦʡ 

ʩʪʨʫʢʪʫʨʦʡ, ʧʦʚ̫ʠʣʩʷ ʚ ʩʚʷʟʠ ʩ ʦʪʢʨʳʪʠʝʤ ʚ 1975 ʛ. [6] 

ʩʚʝʨʭʧʨʦʚʦʜʠʤʦʩʪʠ ʩ Tc=12ʂ ʫ ʦʢʩʠʜʦʚ ʩʠʩʪʝʤʳ Ba-Pb-Bi-O. ʇʦʩʣʝ 

ʦʪʢʨʳʪʠ ̫ʚ 1986 ʛ. [7] ʩʚʝʨʭʧʨʦʚʦʜʠʤʦʩʪʠ ʚ ʧʝʨʦʚʩʢʠʪʦʧʦʜʦʙʥʳʭ ʤʝʜʴ-

ʩʦʜʝʨʞʘʱʠʭ ʦʢʩʠʜʘʭ ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ ʦʙʥʘʨʫʞʝʥʠʷ ʢʫʧʨʘʪʥʳʭ 

ʩʚʝʨʭʧʨʦʚʦʜʥʠʢʦʚ ʩ ʢʨʠʪʠʯʝʩʢʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ ʚʳʰʝ ʪʝʤʧʝʨʘʪʫʨʳ 

ʞʠʜʢʦʛʦ ʘʟʦʪʘ, ʩʚʝʨʭʧʨʦʚʦʜʷʱʠʝ ʦʢʩʠʜ rʥʘ ʦʩʥʦʚʝ ʧʝʨʦʚʩʢʠʪʘ BaBiO3 

ʠʟʫʯʘʶʪʩʷ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʢʘʢ ʤʦʜʝʣʴʥʳʝ ʦʙʲʝʢʪ r ʜʣʷ ʚʳʷʚʣʝʥʠʷ 

ʤʝʭʘʥʠʟʤʘ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʩʚʝʨʭʧʨʦʚʦʜʠʤʦʩʪʠ. ɹʳʣʦ 

ʦʙʥʘʨʫʞʝʥʦ [8], ʯʪʦ ʦʢʩʠʜʳ ʩʠʩʪʝʤ r K-Ba-Bi-O (KBaBiO-ʦʢʩʠʜʳ) 

ʦʙʣʘʜʘʶʪ ʩʚʝʨʭʧʨʦʚʦʜʷʱʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʩ ʢʨʠʪʠʯʝʩʢʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ 

Tc=30-32ʂ. ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʧʝʨʚʦʥʘʯʘʣʴʥʳʭ ʩʪʨʫʢʪʫʨʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ, ʩʪʨʫʢʪʫʨʘ ʩʚʝʨʭʧʨʦʚʦʜʷʱʠʭ KBaBiO-ʦʢʩʠʜʦʚ, ʘ ʪʘʢʞʝ 

ʜʨʫʛʠʭ ʩʚʝʨʭʧʨʦʚʦʜʷʱʠʭ ʚʠʩʤʫʪʘʪʦʚ, ʩʯʠʪʘʝʪʩʷ ʪʚʝʨʜʳʤ ʨʘʩʪʚʦʨʦʤ 

ʟʘʤʝʱʝʥʠʷ ʩ ʠʟʦʪʨʦʧʥʦʡ ʢʫʙʠʯʝʩʢʦʡ (ʠʣʠ ʧʩʝʚʜʦʢʫʙʠʯʝʩʢʦʡ ʜʣʷ ʜʨʫʛʠʭ 

ʚʠʩʤʫʪʘʪʦʚ) ʩʪʨʫʢʪʫʨʦʡ. ɺ ʩʠʩʪʝʤʝ Ba-Bi-O ʪʘʢʞʝ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ 

ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʰʠʨʦʢʠʭ ʦʙʣʘʩʪʝʡ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ, ʢʘʢ ʚ ʦʙʣʘʩʪʠ, 

ʙʦʛʘʪʦʡ ʚʠʩʤʫʪʦʤ, ʪʘʢ ʠ ʚ ʦʙʣʘʩʪʠ, ʙʦʛʘʪʦʡ ʙʘʨʠʝʤ. ʕʪʦ ʩʪʘʚʠʪ 

ʩʚʝʨʭʧʨʦʚʦʜʷʱʠʝ ʚʠʩʤʫʪʘʪʳ ʚ ʧʨʦʪʠʚʦʧʦʩʪʘʚʣʝʥʠʝ ʢʫʧʨʘʪʥʳʤ 

ʩʚʝʨʭʧʨʦʚʦʜʥʠʢʘʤ, ʠʤʝʶʱʠʤ ʘʥʠʟʦʪʨʦʧʥʳʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ 

ʩʪʨʫʢʪʫʨʳ ʩʦ ʩʣʦʝʚʳʤ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʤʝʪʘʣʣ-ʢʠʩʣʦʨʦʜʥʳʭ 

ʧʣʦʩʢʦʩʪʝʡ. ɸʥʘʣʠʟ ʣʠʪʝʨʘʪʫʨʳ ʚʳʷʚʠʣ, ʯʪʦ ʚ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʥʘʢʦʧʠʣʠʩʴ ʜʘʥʥʳʝ, ʧʦʢʘʟʳʚʘʶʱʠʝ ʦʛʨʘʥʠʯʝʥʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ 

ʤʦʜʝʣʠ ʠʟʦʪʨʦʧʥʦʡ ʢʫʙʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʜʣʷ KBaBiO-ʦʢʩʠʜʦʚ. ʊʘʢʞʝ 

ʙʳʣʦ ʚʳʷʚʣʝʥʦ, ʯʪʦ KBaBiO-ʩʚʝʨʭʧʨʦʚʦʜʥʠʢʠ ʠ ʢʫʧʨʘʪʥʳʝ 

ʩʚʝʨʭʧʨʦʚʦʜʥʠʢʠ ʩʭʦʜʥ  r ʚ ʦʪʥʦʰʝʥʠʠ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʚ ʥʠʭ 

ʩʪʨʫʢʪʫʨʥʦʡ ʠ ʵʣʝʢʪʨʦʥʥʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʚ ʤʘʩʰʪʘʙʝ ʥʝʩʢʦʣʴʢʠʭ 

ʥʘʥʦʤʝʪʨʦʚ. ɹr ʣʦ ʧʨʝʜʧʦʣʦʞʝʥʦ, ʯʪʦ ʩʫʱʝʩʪʚʫʝʪ ʚʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ 
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ʩʫʱʝʩʪʚʦʚʘʥʠʝʤ ʥʘʥʦʤʝʪʨʦʚʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʚ ʦʢʩʠʜʥʳʭ 

ʩʚʝʨʭʧʨʦʚʦʜʥʠʢʘʭ ʠ ʧʨʦʙʣʝʤʦʡ ʚʳʷʚʣʝʥʠʷ ʠʭ ʠʩʪʠʥʥʦʡ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ. 

ɺ Ä1.4 ʩʜʝʣʘʥʳ ʚʳʚʦʜʳ ʠʟ ʘʥʘʣʠʟʘ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʧʦ 

ʩʠʩʪʝʤʘʤ K-Ba-Bi-O ʠ Ba-Bi-O. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʦʩʚʝʯʠʚʘʶʱʘʷ 

ʵʣʝʢʪʨʦʥʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʪʦʣʴʢʦ ʚ ʦʯʝʥʴ ʤʘʣʦʤ ʯʠʩʣʝ 

ʨʘʙʦʪ, ʧʦʩʚʷʱʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʶ ʦʢʩʠʜʦʚ ʦʪʜʝʣʴʥʳʭ ʩʦʩʪʘʚʦʚ, ʙʝʟ 

ʜʝʪʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʩʚʝʨʭʩʪʨʫʢʪʫʨʥʳʭ ʦʪʨʘʞʝʥʠʡ. ʅʘ ʦʩʥʦʚʘʥʠʠ 

ʚʳʚʦʜʦʚ ʩʬʦʨʤʫʣʠʨʦʚʘʥ r ʦʙʱʘʷ ʮʝʣʴ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʠ 

ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʧʨʦʩʚʝʯʠʚʘʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ 

ʜʣʷ ʨʝʰʝʥʠʷ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʟʘʜʘʯ ʠʩʩʣʝʜʦʚʘʥʠ ̫ʩʪʨʫʢʪʫʨʳ ʤʘʪʝʨʠʘʣʦʚ. 

 

ɻʣʘʚʘ 2. ʄʝʪʦʜʠʯʝʩʢʠʝ ʚʦʧʨʦʩʳ. 

ɺ ʛʣʘʚʝ ʠʟʣʘʛʘʶʪʩʷ ʪʝʭʥʦʣʦʛʠʷ ʧʦʣʫʯʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʥʳʭ 

ʦʢʩʠʜʦʚ, ʤʝʪʦʜʠʢʠ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʦʙʨʘʟʮʦʚ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʟʘʜʘʯ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʵʣʝʢʪʨʦʥʥʦʤ ʤʠʢʨʦʩʢʦʧʝ, ʤʝʪʦʜʠʢʘ ʦʧʨʝʜʝʣʝʥʠʷ 

ʢʘʪʠʦʥʥʦʛʦ ʩʦʩʪʘʚʘ ʚ ʧʨʦʩʚʝʯʠʚʘʶʱʝʤ ʵʣʝʢʪʨʦʥʥʦʤ ʤʠʢʨʦʩʢʦʧʝ ʧʦ 

ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʤʫ ʨʝʥʪʛʝʥʦʚʩʢʦʤʫ ʠʟʣʫʯʝʥʠʶ, ʤʝʪʦʜʳ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠ ̫ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ 

ʩʪʨʫʢʪʫʨʳ. 

ʆʙʨʘʟʮʳ ʦʢʩʠʜʦʚ ʩʠʥʪʝʟʠʨʦʚʘʣʠʩʴ ʚ ʣʘʙʦʨʘʪʦʨʠʠ ʭʠʤʠʯʝʩʢʠʭ 

ʦʩʥʦʚ ʪʝʭʥʦʣʦʛʠʠ ʩʣʦʞʥʳʭ ʦʢʩʠʜʦʚ ʀʥʩʪʠʪʫʪʘ ʬʠʟʠʢʠ ʪʚʝʨʜʦʛʦ ʪʝʣʘ 

ʈɸʅ (ʨʫʢ. ʣʘʙ. ʜ.ʭ.ʥ. ʂʣʠʥʢʦʚʘ ʃ.ɸ.). ʆʢʩʠʜʳ ʩʠʩʪʝʤʳ Ba-Bi-O 

ʧʨʠʛʦʪʘʚʣʠʚʘʣʠʩʴ ʢʝʨʘʤʠʯʝʩʢʠʤ ʩʧʦʩʦʙʦʤ ʚ ʜʚʫʭ ʚʘʨʠʘʥʪʘʭ: ʙʝʟ 

ʧʣʘʚʣʝʥʠʷ (ʤʝʪʦʜ çʩʥʠʟʫè) ʠ ʩ ʧʣʘʚʣʝʥʠʝʤ (ʤʝʪʦʜ çʩʚʝʨʭʫè). ɺ 

ʚʘʨʠʘʥʪʝ ʙʝʟ ʧʣʘʚʣʝʥʠʷ ʧʨʝʩʩʦʚʘʥʥʳʝ ʪʘʙʣʝʪʢʠ ʠʟ ʩʤʝʩʝʡ ʠʩʭʦʜʥʳʭ 

ʢʦʤʧʦʥʝʥʪʦʚ ʩʪʫʧʝʥʯʘʪʦ ʦʪʞʠʛʘʣʠʩʴ ʚ ʘʣʫʥʜʦʚʳʭ (Al 2O3) ʪʠʛʣʷʭ (ʣʠʰʴ 

ʚ ʦʛʨʘʥʠʯʝʥʥʦʤ ʯʠʩʣʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʨʠ ʩʠʥʪʝʟʝ ʙʦʛʘʪʳʭ ʚʠʩʤʫʪʦʤ 

ʦʢʩʠʜʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʧʣʘʪʠʥʦʚʳʝ ʪʠʛʣʠ) ʩ ʤʝʜʣʝʥʥʳʤ ʧʦʚʳʰʝʥʠʝʤ 

ʪʝʤʧʝʨʘʪʫʨʳ ʦʪ ʥʝʩʢʦʣʴʢʠʭ ʯʘʩʦʚ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʩʫʪʦʢ ʧʨʠ ʨʘʟʣʠʯʥʳʭ 

ʧʘʨʮʠʘʣʴʥʳʭ ʜʘʚʣʝʥʠʷʭ ʢʠʩʣʦʨʦʜʘ, ʠʩʧʦʣʴʟʫʷ ʘʨʛʦʥ, ʚʦʟʜʫʭ ʠʣʠ ʯʠʩʪʳʡ 

ʢʠʩʣʦʨʦʜ. ʇʨʠʤʝʥʷʣʠʩʴ ʨʘʟʣʠʯʥʳʝ ʩʧʦʩʦʙʳ ʦʭʣʘʞʜʝʥʠʷ 

ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʜʫʢʪʘ: ʦʭʣʘʞʜʝʥʠʝ ʥʘ ʚʦʟʜʫʭʝ ʚʤʝʩʪʝ ʩ 

ʚʳʢʣʶʯʝʥʥʦʡ ʧʝʯʴʶ, ʦʭʣʘʞʜʝʥʠʝ ʚ ʨʘʙʦʯʝʡ ʘʪʤʦʩʬʝʨʝ, ʟʘʢʘʣʢʘ ʥʘ 

ʤʝʜʥʳʡ ʙʣʦʢ, ʦʭʣʘʞʜʘʝʤʳʡ ʧʨʦʪʦʯʥʦʡ ʚʦʜʦʡ, ʟʘʢʘʣʢʘ ʚ ʞʠʜʢʠʡ ʘʟʦʪ. ɺ 

ʚʘʨʠʘʥʪʝ ʩʠʥʪʝʟʘ ʩ ʧʣʘʚʣʝʥʠʝʤ ʪʘʙʣʝʪʢʘ ʨʘʩʧʣʘʚʣʷʣʘʩʴ ʧʦʣʥʦʩʪʴʶ ʠʣʠ 

ʯʘʩʪʠʯʥʦ, ʚʳʜʝʨʞʠʚʘʣʘʩʴ ʚ ʩʦʩʪʦʷʥʠʠ ʧʣʘʚʣʝʥʠʷ ʚ ʪʝʯʝʥʠʝ ʢʦʨʦʪʢʦʛʦ 

ʚʨʝʤʝʥʠ ʜʣʷ ʛʦʤʦʛʝʥʠʟʘʮʠʠ, ʟʘʪʝʤ ʙʳʩʪʨʦ ʦʭʣʘʞʜʘʣʘʩʴ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ 

ʩʦʣʠʜʫʩʘ ʚʦ ʠʟʙʝʞʘʥʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʨʘʩʧʣʘʚʘ ʩ ʤʘʪʝʨʠʘʣʦʤ ʪʠʛʣʷ ʠ 

ʟʘʢʘʣʠʚʘʣʘʩʴ. ʆʢʩʠʜʳ ʩʠʩʪʝʤ K-Ba-Bi-O ʩʠʥʪʝʟʠʨʦʚʘʣʠʩʴ 
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ʢʝʨʘʤʠʯʝʩʢʠʤ ʩʧʦʩʦʙʦʤ ʠ ʤʝʪʦʜʦʤ ʵʣʝʢʪʨʦʣʠʟʘ ʨʘʩʧʣʘʚʘ 

ʂʆʅĀɺʘ(ʆʅ)2ĀBi2O3. 

ʇʨʦʮʝʜʫʨʘ ʧʨʠʛʦʪʦʚʣʝʥʠ ̫ ʦʙʨʘʟʮʦʚ ʜʣʷ ʧʨʦʩʚʝʯʠʚʘʶʱʝʛʦ 

ʵʣʝʢʪʨʦʥʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ ʷʚʣʷʝʪʩʷ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʦʡ, ʪ.ʢ. ʦʪ ʥʝʝ 

ʟʘʚʠʩʠʪ, ʙʫʜʝʪ ʣʠ ʧʦʣʫʯʝʥʘ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʥʝʦʙʭʦʜʠʤʘʷ 

ʠʥʬʦʨʤʘʮʠʷ. ʆʩʥʦʚʥʦʡ ʤʝʪʦʜʠʢʦʡ ʙʳʣʦ ʧʨʠʛʦʪʦʚʣʝʥʠʝ ʩʫʩʧʝʥʟʠʠ, 

ʩʦʜʝʨʞʘʱʝʡ ʚʟʚʝʰʝʥʥʳʝ ʯʘʩʪʠʮʳ ʦʢʩʠʜʦʚ ʤʠʢʨʦʥʥʳʭ ʨʘʟʤʝʨʦʚ. ɺ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʠʜʘ ʨʝʰʘʝʤʦʡ ʟʘʜʘʯʠ ʧʨʠʤʝʥʷʣʠʩʴ ʨʘʟʥʳʝ ʚʘʨʠʘʥʪʳ 

ʥʘʥʝʩʝʥʠʷ ʩʫʩʧʝʥʟʠʠ ʥʘ ʨʘʟʣʠʯʥʳʝ ʧʦʜʣʦʞʢʠ. 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʳ ʦʢʩʠʜʦʚ ʧʦ ʢʘʨʪʠʥʘʤ ʵʣʝʢʪʨʦʥʥʦʡ 

ʜʠʬʨʘʢʮʠʠ ʠ ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʢʘʪʠʦʥʥʦʛʦ ʩʦʩʪʘʚʘ ʧʦ 

ʩʧʝʢʪʨʘʤ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʛʦ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ʚ ʢʘʯʝʩʪʚʝ 

ʧʦʜʜʝʨʞʠʚʘʶʱʠʭ ʧʦʜʣʦʞʝʢ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʫʛʣʝʨʦʜʥʳʝ ʧʣʝʥʢʠ ʩ 

ʙʦʣʴʰʦʡ ʩʧʣʦʰʥʦʡ ʦʙʣʘʩʪʴʶ, ʢʦʪʦʨʘʷ ʬʦʨʤʠʨʦʚʘʣʘʩʴ ʚ ʮʝʥʪʨʝ ʤʝʜʥʦʡ 

ʧʦʜʜʝʨʞʠʚʘʶʱʝʡ ʩʝʪʢʠ ʚʳʩʚʝʨʣʠʚʘʥʠʝʤ ʦʪʚʝʨʩʪʠʷ ʙʦʣʴʰʦʛʦ ʨʘʜʠʫʩʘ. 

ʕʪʦ ʧʦʟʚʦʣʠʣʦ ʫʤʝʥʴʰʠʪʴ ʨʝʥʪʛʝʥʦʚʩʢʦʝ ʠʟʣʫʯʝʥʠʝ ʦʪ ʤʝʜʥʦʡ ʩʝʪʢʠ, 

ʚʳʟʳʚʘʶʱʝʝ ʵʬʬʝʢʪ ʧʘʨʘʟʠʪʥʦʡ ʬʣʫʦʨʝʩʮʝʥʮʠʠ, ʥʘʙʣʶʜʘʪʴ 

ʜʠʬʨʘʢʮʠʦʥʥʳʝ ʢʘʨʪʠʥ r ʚ ʨʘʟʥʳʭ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʭ ʟʦʥʘʭ ʚ 

ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʫʛʣʦʚ ʥʘʢʣʦʥʘ ʦʙʨʘʟʮʘ. ɹʳʣʘ ʨʝʰʝʥʘ ʟʘʜʘʯʘ 

ʠʟʛʦʪʦʚʣʝʥʠʷ ʧʦʜʣʦʞʝʢ ʙʦʣʴʰʦʛʦ ʨʘʟʤʝʨʘ, ʩʚʷʟʘʥʥʘʷ ʩ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʁ

ʪʦʯʥʦʛʦ ʧʦʜʙʦʨʘ ʪʦʣʱʠʥ ʫʛʣʝʨʦʜʥʦʡ ʧʣʝʥʢʠ ʠ ʚʳʙʦʨʘ ʚʝʱʝʩʪʚʘ 

ʞʠʜʢʦʛʦ ʥʦʩʠʪʝʣʷ ʜʣʷ ʩʦʟʜʘʥʠʷ ʩʫʩʧʝʥʟʠʠ. 

ɼʣʷ ʥʘʙʣʶʜʝʥʠʷ ʠʟʦʙʨʘʞʝʥʠʡ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ 

ʠʟʛʦʪʘʚʣʠʚʘʣʠʩʴ ʜʳʨʯʘʪʳʝ ʯʠʩʪʦ ʫʛʣʝʨʦʜʥʳʝ (ʙʝʟ ʦʨʛʘʥʠʯʝʩʢʦʛʦ 

ʥʦʩʠʪʝʣʷ) ʧʣʝʥʢʠ, ʢʦʪʦʨʳʝ ʠʤʝʣʠ ʙʦʣʴʰʫʶ ʧʨʦʯʥʦʩʪʴ ʠ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʠ ʦʙʝʩʧʝʯʠʚʘʣʠ ʚʳʩʦʢʫʶ ʤʝʭʘʥʠʯʝʩʢʫʶ 

ʫʩʪʦʡʯʠʚʦʩʪʴ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʳʤ ʜʣʷ ʵʪʦʛʦ ʨʦʜʘ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ɼʣʷ ʩʦʟʜʘʥʠʷ ʪʘʢʠʭ ʧʣʝʥʦʢ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʥʦʚʘʷ ʤʝʪʦʜʠʢʘ, 

ʚʢʣʶʯʘʶʱʘʷ ʩʪʘʜʠʠ ʠʟʛʦʪʦʚʣʝʥʠʷ ʜʳʨʯʘʪʳʭ ʧʣʝʥʦʢ ʠʟ ʮʘʧʦʥʦʚʦʛʦ 

ʣʘʢʘ, ʥʘʧʳʣʝʥʠʷ ʪʦʣʩʪʦʛʦ ʩʣʦ̫ ʫʛʣʝʨʦʜʘ ʠ ʨʘʩʪʚʦʨʝʥʠʷ ʣʘʢʘ. 

ʇʨʠʛʦʪʦʚʣʝʥʠʝ ʦʙʨʘʟʮʦʚ ʜʣʷ ʥʘʙʣʶʜʝʥʠʷ ʜʠʬʨʘʢʮʠʦʥʥʳʭ 

ʢʘʨʪʠʥ ʦʪ ʦʢʩʠʜʦʚ ʩ ʩʠʣʴʥʦ ʘʥʠʟʦʪʨʦʧʥʦʡ ʩʣʦʝʚʦʡ ʩʪʨʫʢʪʫʨʦʡ 

ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʧʦ ʦʨʠʛʠʥʘʣʴʥʦʡ ʤʝʪʦʜʠʢʝ. ʇʨʦʙʣʝʤʘ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʵʪʠʭ ʦʢʩʠʜʦʚ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʧʨʠ ʧʨʠʛʦʪʦʚʣʝʥʠʠ ʦʙʨʘʟʮʦʚ ʧʦ 

ʩʪʘʥʜʘʨʪʥʦʡ ʤʝʪʦʜʠʢʝ ʜʠʩʧʝʨʛʠʨʦʚʘʥʠʷ ʠ ʦʩʘʞʜʝʥʠʷ ʩʫʩʧʝʥʟʠʠ ʥʘ 

ʫʛʣʝʨʦʜʥʳʝ ʧʦʜʣʦʞʢʠ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ ʟʦʥr, ʧʦʢʘʟʳʚʘʶʱʠʝ ʪʠʧ 

ʩʣʦʝʚʦʡ ʫʧʘʢʦʚʢʠ (ʚ ʢʦʪʦʨʳʭ ʦʩʴ ʘʥʠʟʦʪʨʦʧʠʠ ʣʝʞʠʪ ʚ ʧʣʦʩʢʦʩʪʠ 

ʠʟʦʙʨʘʞʝʥʠʷ), ʥʝʜʦʩʪʫʧʥ r ʜʣʷ ʥʘʙʣʶʜʝʥʠʷ. ʏʪʦʙʳ ʥʘʙʣʶʜʘʪʴ ʪʘʢʠʝ 

ʟʦʥʳ ʚ ʨʘʙʦʪʝ ʛʦʪʦʚʠʣʘʩʴ ʵʤʫʣʴʩʠʷ ʩ ʙʦʣʴʰʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʯʘʩʪʠʮ, 

ʢʦʪʦʨʘʷ ʦʩʘʞʜʘʣʘʩʴ ʥʘ ʩʝʪʢʠ ʩ ʤʘʣʳʤ ʨʘʟʤʝʨʦʤ ʷʯʝʝʢ. ɺ ʭʦʜʝ 
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ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘ ʙʦʢʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩʝʪʦʢ ʦʙʥʘʨʫʞʠʚʘʣʠ ʯʘʩʪʠʮʳ ʩ 

ʥʝʦʙʭʦʜʠʤʦʡ ʦʨʠʝʥʪʘʮʠʝʡ ʦʩʠ ʘʥʠʟʦʪʨʦʧʠʠ. 

ʂʘʪʠʦʥʥʳʡ ʩʦʩʪʘʚ ʦʧʨʝʜʝʣʷʣʠ ʤʝʪʦʜʦʤ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ 

ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ. ɻʣʘʚʥʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ ʵʣʝʤʝʥʪʥʦʛʦ 

ʘʥʘʣʠʟʘ ʚ ʧʨʦʩʚʝʯʠʚʘʶʱʝʤ ʵʣʝʢʪʨʦʥʥʦʤ ʤʠʢʨʦʩʢʦʧʝ ï ʵʪʦ ʫʥʠʢʘʣʴʥʘʷ 

ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʷʤʦʛʦ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʠʟʦʙʨʘʞʝʥʠʷ ʠʣʠ ʜʠʬʨʘʢʮʠʦʥʥʦʡ 

ʢʘʨʪʠʥʳ ʠʩʩʣʝʜʫʝʤʦʡ ʦʙʣʘʩʪʠ ʦʙʨʘʟʮʘ ʩ ʵʣʝʤʝʥʪʥʳʤ ʩʦʩʪʘʚʦʤ. ʕʪʦ 

ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʚʘʞʥʦ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʝʦʜʥʦʨʦʜʥʳʭ ʠ ʤʥʦʛʦʬʘʟʥʳʭ 

ʦʙʨʘʟʮʦʚ. ʇʨʦʮʝʜʫʨʘ ʦʧʨʝʜʝʣʝʥʠʷ ʢʘʪʠʦʥʥʦʛʦ ʩʦʩʪʘʚʘ ʩʦʩʪʦʷʣʘ ʠʟ ʜʚʫʭ 

ʵʪʘʧʦʚ: 1) ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʥʘʙʦʨ ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʩʧʝʢʪʨʦʚ ʥʘ 

ʙʦʣʴʰʦʡ ʩʦʚʦʢʫʧʥʦʩʪʠ (10-60) ʠʩʩʣʝʜʫʝʤʳʭ ʯʘʩʪʠʮ; 2) ʨʘʩʯʝʪ ʘʪʦʤʥʦʛʦ 

ʩʦʦʪʥʦʰʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʜʣʷ ʢʘʞʜʦʛʦ ʩʧʝʢʪʨʘ ʠ ʠʭ ʫʩʨʝʜʥʝʥʠʝ ʜʣʷ 

ʦʜʠʥʘʢʦʚʦʛʦ ʪʠʧʘ ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʢʘʨʪʠʥ. ʇʨʦʮʝʜʫʨʘ ʫʩʨʝʜʥʝʥʠʷ 

ʧʦʟʚʦʣʷʣʘ ʫʯʝʩʪʴ ʨʘʟʙʨʦʩ ʠʟʤʝʨʷʝʤʳʭ ʟʥʘʯʝʥʠʡ ʩʦʩʪʘʚʘ ʥʘ ʦʜʥʦʪʠʧʥʳʭ 

ʯʘʩʪʠʮʘʭ. ʈʘʟʙʨʦʩ ʠʤʝʝʪ ʩʪʘʪʠʩʪʠʯʝʩʢʫʶ ʧʨʠʨʦʜʫ ʠ ʚʦʟʥʠʢʘʝʪ 

ʚʩʣʝʜʩʪʚʠʝ ʤʘʣʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʩʠʛʥʘʣʘ, 

ʜʝʪʝʢʪʠʨʫʝʤʦʛʦ ʚ ʧʨʦʩʚʝʯʠʚʘʶʱʝʤ ʵʣʝʢʪʨʦʥʥʦʤ ʤʠʢʨʦʩʢʦʧʝ (ʠʟ-ʟʘ 

ʤʘʣʦʛʦ ʟʥʘʯʝʥʠʷ ʪʦʢʘ ʵʣʝʢʪʨʦʥʥʦʛʦ ʧʫʯʢʘ ʠ ʤʘʣʦʛʦ ʦʙʲʝʤʘ ʦʙʣʘʩʪʠ 

ʚʦʟʙʫʞʜʝʥʠʷ), ʠ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʦʣʥʦʚʦʛʦ ʧʦʣʷ ʵʣʝʢʪʨʦʥʦʚ ʚʥʫʪʨʠ 

ʯʘʩʪʠʮʳ (ʪ.ʝ. ʦʪ ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʫʩʣʦʚʠʡ). 

ɺ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʨʘʟʣʠʯʥʳʝ ʤʝʪʦʜʠʢʠ ʜʣʷ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʠʬʨʘʢʮʠʠ ʵʣʝʢʪʨʦʥʦʚ ʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ 

ʠʩʩʣʝʜʫʝʤʳʭ ʦʢʩʠʜʦʚ. ʂʠʥʝʤʘʪʠʯʝʩʢʦʝ ʧʨʠʙʣʠʞʝʥʠʝ ʢ ʦʧʠʩʘʥʠʶ 

ʜʠʬʨʘʢʮʠʦʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʧʨʠʤʝʥʷʣʦʩʴ ʩ ʮʝʣʴʶ ʜʦʙʠʪʴʩʷ ʩʦʚʧʘʜʝʥʠʷ 

ʨʘʩʧʦʣʦʞʝʥʠʷ ʦʪʨʘʞʝʥʠʡ ʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠ ʨʘʩʯʝʪʥʳʭ 

ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʢʘʨʪʠʥʘʭ ʠ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʩʦʚʧʘʜʝʥʠʷ ʚʝʣʠʯʠʥ ʠʭ 

ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ. ɼʚʫʭʚʦʣʥʦʚʦʝ ʢʦʣʦʥʢʦʚʦʝ ʧʨʠʙʣʠʞʝʥʠʝ ʜʠʥʘʤʠʯʝʩʢʦʡ 

ʜʠʬʨʘʢʮʠʠ ʵʣʝʢʪʨʦʥʦʚ ʚ ʬʦʨʤʝ ʫʨʘʚʥʝʥʠʡ ʍʦʚʠ-ʋʣɻʘʥʘ ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ 

ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʠʬʨʘʢʮʠʠ ʵʣʝʢʪʨʦʥʦʚ ʚ ʨʘʟʫʧʦʨʷʜʦʯʝʥʥʦʡ ʩʨʝʜʝ. 

ʇʦʣʥʳʡ ʫʯʝʪ ʤʥʦʛʦʚʦʣʥʦʚʦʡ ʜʠʥʘʤʠʯʝʩʢʦʡ ʜʠʬʨʘʢʮʠʠ ʵʣʝʢʪʨʦʥʦʚ ʚ 

ʦʙʨʘʟʮʝ ʤʝʪʦʜʦʤ ʤʫʣʪɹʠ-ʩʣʘʡʩʘ ʠ ʫʯʝʪ ʬʫʥʢʮʠʠ ʧʨʦʧʫʩʢʘʥʠʷ 

ʤʠʢʨʦʩʢʦʧʘ ʧʨʦʚʦʜʠʣʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʳ NCEMSS. ʇʨʠ 

ʧʦʩʪʨʦʝʥʠʠ ʤʦʜʝʣʝʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ ʤʝʪʦʜʦʤ ʪʨʝʭʤʝʨʥʦʡ 

ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʧʨʦʛʨʘʤʤ r

CRISP ʠ XtalDraw. 

 

ɻʣʘʚʘ 3. ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʝʨʦʚʩʢʠʪʦʚʳʭ ʦʢʩʠʜʦʚ ʩʠʩʪʝʤʳ Ba-Bi-O. 

ɺ Ä3.1 ʠʟʣʘʛʘʶʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʦʛʘʪʳʭ ʚʠʩʤʫʪʦʤ 

ʦʢʩʠʜʦʚ. ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʧʝʨʦʚʩʢʠʪʦʚʳʭ ʦʢʩʠʜʦʚ ʜʠʩʢʨʝʪʥʦʛʦ ʩʦʩʪʘʚʘ ʚ ʠʥʪʝʨʚʘʣʝ Ba:Bi=1:1-1:4, 

ʜʝʤʦʥʩʪʨʠʨʫʶʱʠʭ ʫʥʠʢʘʣʴʥʳʝ ʪʠʧʳ ʩʚʝʨʭʩʪʨʫʢʪʫʨʥʳʭ ʦʪʨʘʞʝʥʠʡ 
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(ʨʠʩ.1), ʫʢʘʟʳʚʘʶʱʠʭ ʥʘ ʠʭ ʫʧʦʨʷʜʦʯʝʥʥʫʶ ʩʪʨʫʢʪʫʨʫ, ʘ ʥʝ ʩʪʨʫʢʪʫʨʫ 

ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ, ʢʘʢ ʵʪʦ ʤʦʞʥʦ ʙʳʣʦ ʙʳ ʦʞʠʜʘʪʴ ʠʟ ʢʘʨʪʠʥ 

ʧʦʨʦʰʢʦʚʦʡ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʜʠʬʨʘʢʮʠʠ, ʥʘ ʢʦʪʦʨʳʭ ʩʚʝʨʭʩʪʨʫʢʪʫʨʥʳʝ 

ʦʪʨʘʞʝʥʠʷ ʥʝ ʚʳʷʚʣʷʶʪʩʷ. ʆʜʥʦʚʨʝʤʝʥʥʦʝ ʠʟʤʝʨʝʥʠʝ ʩʦʩʪʘʚʘ ʦʢʩʠʜʦʚ 

ʧʦʟʚʦʣʠʣʦ ʫʩʪʘʥʦʚʠʪʴ, ʯʪʦ ʚʠʜ ʢʘʨʪʠʥʳ ʩʚʝʨʭʩʪʨʫʢʪʫʨʥʳʭ ʦʪʨʘʞʝʥʠʡ ʠ 

ʩʦʩʪʘʚ ʥʘʭʦʜʷʪʩʷ ʚ ʦʜʥʦʟʥʘʯʥʦʤ ʚʟʘʠʤʥʦʤ ʩʦʦʪʚʝʪʩʪʚʠʠ. 

ʋʧʦʨʷʜʦʯʝʥʥʳʝ ʦʢʩʠʜʳ ʧʨʠʥʘʜʣʝʞʘʪ ʝʜʠʥʦʤʫ ʧʝʨʦʚʩʢʠʪʦʧʦʜʦʙʥʦʤʫ 

ʛʦʤʦʣʦʛʠʯʝʩʢʦʤʫ ʨʷʜʫ ʠ ʦʪʣʠʯʘʶʪʩʷ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʪʠʧʦʤ 

ʩʚʝʨʭʩʪʨʫʢʪʫʨʥʦʛʦ ʫʧʦʨʷʜʦʯʝʥʠʷ. 
 

     

     

ʈʠʩ.1. ʂʘʨʪʠʥʳ ʵʣʝʢʪʨʦʥʥʦʡ ʜʠʬʨʘʢʮʠʠ ʦʢʩʠʜʦʚ ʩʦʩʪʘʚʘ 

Ba:Bi=4:5 (ʘ), 3:5 (ʙ), 4:11 (ʚ) ʠ 1:3 (ʛ). ʆʩʴ ʟʦʥʳ [010] ï 

ʨʠʩʫʥʢʠ (ʘ), (ʛ); ʦʩʴ ʟʦʥʳ [001] ï ʨʠʩʫʥʢʠ (ʙ), (ʚ). 
 

ʕʤʧʠʨʠʯʝʩʢʠʝ ʦʪʥʦʰʝʥʠʷ ʢʘʪʠʦʥʥʦʛʦ ʩʦʩʪʘʚʘ ʦʢʩʠʜʦʚ ʙʳʣʠ 

ʧʦʜʦʙʨʘʥʳ ʩʨʝʜʠ ʤʠʥʠʤʘʣʴʥʳʭ ʮʝʣʦʯʠʩʣʝʥʥʳʭ ʦʪʥʦʰʝʥʠʡ, ʥʘʠʙʦʣʝʝ 

ʙʣʠʟʢʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤʫ ʩʦʩʪʘʚʫ. ʉʣʝʜʫʝʪ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʩʠʣʫ ʙʦʣʴʰʦʛʦ ʨʘʟʤʝʨʘ ʩʚʝʨʭʲʷʯʝʝʢ, ʩʦʜʝʨʞʘʱʠʭ 

ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʢʘʪʠʦʥʥʳʭ ʧʦʟʠʮʠʡ, ʨʝʘʣʴʥʳʝ ʮʝʣʦʯʠʩʣʝʥʥʳʝ 

ʩʦʦʪʥʦʰʝʥʠʷ ʢʘʪʠʦʥʥʦʛʦ ʩʦʩʪʘʚʘ ʦʢʩʠʜʦʚ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 

ʦʪʥʦʰʝʥʠʷ ʚʝʣʠʯʠʥ ʙʦʣʴʰʠʭ, ʯʝʤ ʵʤʧʠʨʠʯʝʩʢʠʝ. ʇʦ ʭʘʨʘʢʪʝʨʫ 
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ʨʘʩʧʦʣʦʞʝʥʠʷ ʩʚʝʨʭʩʪʨʫʢʪʫʨʥʳʭ ʦʪʨʘʞʝʥʠʡ ʜʠʬʨʘʢʮʠʦʥʥʳʝ ʢʘʨʪʠʥʳ 

ʙʦʛʘʪʳʭ ʚʠʩʤʫʪʦʤ ʦʢʩʠʜʦʚ ʙʳʣʠ ʨʘʟʜʝʣʝʥʳ ʥʘ ʥʝʩʢʦʣʴʢʦ ʪʠʧʦʚ. 

ʇʝʨʚʳʡ ʪʠʧ ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʢʘʨʪʠʥ ʫʢʘʟʳʚʘʝʪ ʥʘ 

ʪʝʪʨʘʛʦʥʘʣʴʥʫʶ ʩʠʤʤʝʪʨʠʶ ʨʝʰʝʪʢʠ. ʆʥ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʢʩʠʜʘʤ 

ʩʦʩʪʘʚʘ Ba:Bi=9:11, 4:5, 7:9, 2:3, 1:2 ʠ 1:4. ɺʠʜ ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʢʘʨʪʠʥ 

ʫʢʘʟʳʚʘʝʪ, ʯʪʦ ʩʪʨʫʢʪʫʨʘ ʦʢʩʠʜʦʚ ʷʚʣʷʝʪʩʷ ʤʦʜʫʣʷʮʠʦʥʥʦʡ ʩʦ ʩʜʚʠʛʦʤ, 

ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʩʦʩʝʜʥʠʝ ʦʙʣʘʩʪʠ ʨʝʰʝʪʢʠ ʤʝʞʜʫ ʛʨʘʥʠʮʘʤʠ ʩʜʚʠʛʘ 

ʩʤʝʱʝʥʳ ʜʨʫʛ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛʘ ʥʘ ʚʝʢʪʦʨ, ʥʝ ʷʚʣʷʶʱʠʡʩʷ 

ʪʨʘʥʩʣʷʮʠʦʥʥʳʤ ʚ ʨʝʰʝʪʢʝ. ʀʩʭʦʜʷ ʠʟ ʫʨʘʚʥʝʥʠʷ, ʦʧʠʩʳʚʘʶʱʝʛʦ 

ʜʠʬʨʘʢʮʠʦʥʥʫʶ ʢʘʨʪʠʥʫ, ʠ ʚʝʢʪʦʨʦʚ ʤʦʜʫʣʷʮʠʠ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʛʨʘʥʠʮʘʤʠ ʩʜʚʠʛʘ ʜʣʷ ʦʢʩʠʜʦʚ 9:11, 4:5, 7:9, 2:3, 1:2 ̫ʚʣʷʝʪʩʷ ʧʣʦʩʢʦʩʪ ɹ

(001) ʠ ʵʢʚʠʚʘʣʝʥʪʥʳʝ ʧʣʦʩʢʦʩʪʠ (110), (110), ʘ ʜʣʷ ʦʢʩʠʜʘ 1:4 ï 

ʧʣʦʩʢʦʩʪʠ (001), (530) ʠ (350). ɺʝʢʪʦʨ ʩʜʚʠʛʘ R ʥʘ ʛʨʘʥʠʮʘʭ ʨʘʚʝʥ 

İ[111], ʦʥ ʩʦʝʜʠʥʷʝʪ ʙʣʠʟʣʝʞʘʱʠʝ ʢʘʪʠʦʥʳ ʚ ʨʝʰʝʪʢʝ ʧʝʨʦʚʩʢʠʪʘ. ɺ 

ʧʝʨʦʚʩʢʠʪʦʚʦʡ ʩʪʨʫʢʪʫʨʝ ʧʣʦʩʢʦʩʪʠ (110) ʠ (110) ʷʚʣʷʶʪʩʷ 

ʧʣʦʩʢʦʩʪʷʤʠ ʤʘʢʩʠʤʘʣʴʥʦʡ ʫʧʘʢʦʚʢʠ. ʇʦʵʪʦʤʫ ʛʨʘʥʠʮʳ ʤʝʞʜʫ 

ʩʚʝʨʭʲʷʯʝʡʢʘʤʠ ʧʦ ʧʣʦʩʢʦʩʪʷʤ (110) ʠ (110) ʷʚʣʷʶʪʩʷ ʘʪʦʤʥʦ-

ʛʣʘʜʢʠʤʠ. ʄʦʞʥʦ ʦʞʠʜʘʪʴ, ʯʪʦ ʛʨʘʥʠʮʳ ʧʦ ʧʣʦʩʢʦʩʪʷʤ ʩ 

ʵʢʚʠʚʘʣʝʥʪʥʳʤʠ ʙʦʣʴʰʠʤʠ ʠʥʜʝʢʩʘʤʠ (530) ʠ (350) ʥʘ ʘʪʦʤʥʦʤ ʫʨʦʚʥʝ 

ʷʚʣʷʶʪʩʷ ʰʝʨʦʭʦʚʘʪʳʤʠ, ʦʙʨʘʟʦʚʘʥʥʳʤʠ ʠʟ ʩʪʫʧʝʥʝʢ ʩ ʦʨʠʝʥʪʘʮʠʝʡ 

(110) ʠ (110). 

ɺʪʦʨʦʡ ʪʠʧ ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʢʘʨʪʠʥ ʙʦʛʘʪʳʭ ʚʠʩʤʫʪʦʤ ʦʢʩʠʜʦʚ 

ʭʘʨʘʢʪʝʨʝʥ ʜʣʷ ʦʢʩʠʜʦʚ 3:5, 7:8 ʠ 3:4. ʕʪʦʪ ʪʠʧ ʪʘʢʞʝ ʫʢʘʟʳʚʘʝʪ ʥʘ 

ʩʜʚʠʛʦʚʫʶ ʩʪʨʫʢʪʫʨʫ ʦʢʩʠʜʦʚ ʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʦʤʙʠʯʝʩʢʦʡ ʩʠʤʤʝʪʨʠʠ 

ʨʝʰʝʪʢʠ. ʇʣʦʩʢʦʩʪʠ ʩʜʚʠʛʘ ʠʤʝʶʪ ʥʝʵʢʚʠʚʘʣʝʥʪʥʳʝ ʙʦʣʴʰʠʝ ʠʥʜʝʢʩʳ, 

ʨʘʟʣʠʯʥʳʝ ʜʣʷ ʨʘʟʥʳʭ ʦʢʩʠʜʦʚ. 

ʊʨʝʪʠʡ ʪʠʧ ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʢʘʨʪʠʥ ʭʘʨʘʢʪʝʨʝʥ ʜʣʷ ʦʢʩʠʜʦʚ 2:5, 

4:11 ʠ 4:13. ɻʣʘʚʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʪʨʝʪʴʝʛʦ ʪʠʧʘ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʚʠʜ 

ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʢʘʨʪʠʥ ʚʦ ʚʟʘʠʤʥʦ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳʭ ʟʦʥʘʭ [010] ʠ 

[001], ʚʢʣʶʯʘʷ ʜʝʪʘʣʠ ʨʘʩʧʦʣʦʞʝʥʠʷ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴ 

ʩʚʝʨʭʩʪʨʫʢʪʫʨʥʳʭ ʦʪʨʘʞʝʥʠʡ, ʧʨʘʢʪʠʯʝʩʢʠ ʦʜʠʥʘʢʦʚ ʜʣʷ ʦʢʩʠʜʦʚ 2:5 ʠ 

4:11 ʠ ʘʙʩʦʣʶʪʥʦ ʦʜʠʥʘʢʦʚ ʜʣʷ ʦʢʩʠʜʘ 4:13. ʕʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʦʯʝʥʴ 

ʙʣʠʟʢʫʶ ʢ ʢʫʙʠʯʝʩʢʦʡ ʩʠʤʤʝʪʨʠʶ ʩʪʨʫʢʪʫʨʳ ʦʢʩʠʜʦʚ 2:5 ʠ 4:11 ʠ 

ʠʩʪʠʥʥʦ ʢʫʙʠʯʝʩʢʫʶ ï ʦʢʩʠʜʘ 4:13, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʚʠʜʦʤ 

ʧʨʦʬʠʣʝʡ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʧʦʨʦʰʢʦʚʦʡ ʜʠʬʨʘʢʮʠʠ. 

ʏʝʪʚʝʨʪʳʡ ʪʠʧ ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʢʘʨʪʠʥ ʭʘʨʘʢʪʝʨʝʥ ʜʣʷ ʦʢʩʠʜʘ 

1:3. ɺʠʜ ʜʠʬʨʘʢʮʠʦʥʥʦʡ ʢʘʨʪʠʥʳ ʫʢʘʟʳʚʘʝʪ, ʯʪʦ ʩʪʨʫʢʪʫʨʘ ʦʢʩʠʜʘ 1:3 

ʷʚʣʷʝʪʩʷ ʤʦʥʦʢʣʠʥʥʦʡ, ʯʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʧʨʦʬʠʣʝʤ ʧʦʨʦʰʢʦʚʦʡ 

ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʜʠʬʨʘʢʮʠʠ, ʜʝʤʦʥʩʪʨʠʨʫʶʱʠʤ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʧʠʢʦʚ, ʯʪʦ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʩʪʨʫʢʪʫʨ ʩ ʥʠʟʢʦʡ ʩʠʤʤʝʪʨʠʝʡ. 
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ɼʣʷ ʚʳʷʚʣʝʥʠʷ ʩʪʨʫʢʪʫʨʥʳʭ ʵʣʝʤʝʥʪʦʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ 

ʠ ʧʦʥʠʤʘʥʠʷ ʧʨʠʨʦʜʳ ʩʚʝʨʭʩʪʨʫʢʪʫʨʥʦʛʦ ʫʧʦʨʷʜʦʯʝʥʠʷ ʙʳʣʠ 

ʠʩʩʣʝʜʦʚʘʥ r ʩʪʨʫʢʪʫʨʳ ʨʷʜʘ ʦʢʩʠʜʦʚ ʤʝʪʦʜʦʤ ʧʨʦʩʚʝʯʠʚʘʶʱʝʡ 

ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ (ʨʠʩ.2). ɹʳʣʦ 

ʚʳʷʚʣʝʥʦ, ʯʪʦ ʩʪʨʫʢʪʫʨʘ ʦʢʩʠʜʦʚ 9:11, 4:5, 7:9, 2:3, 1:2 ʷʚʣʷʝʪʩʷ 

ʩʣʦʝʚʦʡ, ʩʦʩʪʦʷʱʝʡ ʠʟ ʧʝʨʠʦʜʠʯʝʩʢʦʛʦ ʯʝʨʝʜʦʚʘʥʠʷ ʚʜʦʣʴ ʥʘʧʨʘʚʣʝʥʠʷ 

[001] ʜʚʦʡʥʳʭ ʚʠʩʤʫʪʦʚʳʭ ʩʣʦʝʚ ʠ ʧʝʨʦʚʩʢʠʪʦʚʳʭ ʷʯʝʝʢ, 

ʬʦʨʤʠʨʫʶʱʠʭ ʧʝʨʦʚʩʢʠʪʦʚʳʝ ʧʨʦʩʣʦʡʢʠ ʤʝʞʜʫ ʜʚʦʡʥʳʤʠ ʩʣʦʷʤʠ. 

ɺʩʣʝʜʩʪʚʠʝ ʥʘʣʠʯʠʷ ʤʦʜʫʣʷʮʠʠ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʥʘʧʨʘʚʣʝʥʠʶ [001] 

ʧʝʨʦʩʢʠʪʦʚʳʝ ʧʨʦʩʣʦʡʢʠ ʩʛʨʫʧʧʠʨʦʚʘʥʳ ʚ ʙʣʦʢʠ ʩ ʛʨʘʥʠʮʘʤʠ ʧʦ 

ʧʣʦʩʢʦʩʪʷʤ (110), (110) ʚ ʦʢʩʠʜʘʭ 9:11, 4:5, 7:9, 2:3, 1:2 ʠ ʧʦ ʧʣʦʩʢʦʩʪʷʤ 

(530), (350) ʚ ʦʢʩʠʜʝ 1:4. ʀʟ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʩʦʩʪʘʚʘ ʦʢʩʠʜʦʚ ʠ ʠʭ 

ʩʪʨʫʢʪʫʨ ʩʣʝʜʫʝʪ ʦʞʠʜʘʪʴ, ʯʪʦ ʜʚʦʡʥʳʝ ʩʣʦʠ ʦʙʨʘʟʦʚʘʥʳ ʠʟ ʚʠʩʤʫʪʘ. 

ʌʦʪʦʤʝʪʨʠʨʦʚʘʥʠʝ ʤʝʞʧʣʦʩʢʦʩʪʥʳʭ ʨʘʩʩʪʦʷʥʠʡ ʧʦʢʘʟʘʣʦ, ʯʪʦ 

ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʩʣʦʷʤʠ ʚʠʩʤʫʪʘ ʚ ʜʚʦʡʥʦʤ ʩʣʦʝ ʥʘ 10-15% ʙʦʣʴʰʝ, 

ʯʝʤ ʤʝʞʧʣʦʩʢʦʩʪʥʳʝ ʨʘʩʩʪʦʷʥʠʷ ʚ ʧʝʨʦʚʩʢʠʪʦʚʳʭ ʷʯʝʡʢʘʭ. ʉʦʛʣʘʩʥʦ 

ʨʝʟʫʣʴʪʘʪʘʤ ʭʠʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ, ʩʨʝʜʥʷʷ ʩʪʝʧʝʥʴ ʦʢʠʩʣʝʥʠʷ ʚʠʩʤʫʪʘ ʚ 

ʙʦʛʘʪʳʭ ʚʠʩʤʫʪʦʤ ʦʢʩʠʜʘʭ ʙʣʠʟʢʘ ʢ +3. 
 

     
 

ʈʠʩ.2. ʀʟʦʙʨʘʞʝʥʠʷ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ 

ʦʢʩʠʜʦʚ ʩʦʩʪʘʚʘ (Ba:Bi): (ʘ) 4:5 ʚʜʦʣʴ 

ʥʘʧʨʘʚʣʝʥʠʷ [010]. ʉʚʝʨʭʲʷʯʝʡʢʘ ʚʳʜʝʣʝʥʘ 

ʧʨʷʤʦʫʛʦʣʴʥʠʢʦʤ. ɺʦʣʥʠʩʪʦʡ ʣʠʥʠʝʡ 

ʧʦʢʘʟʘʥʳ ʜʚʦʡʥʳʝ ʩʣʦʠ ʚʠʩʤʫʪʘ. (ʙ) 3:5 

ʚʜʦʣʴ ʥʘʧʨʘʚʣʝʥʠʷ [001]. ɺʳʜʝʣʝʥʳ 

ʩʪʫʧʝʥʯʘʪʳʝ ʛʨʘʥʠʮʳ ʤʝʞʜʫ ʙʣʦʢʘʤʠ 

ʨʘʟʤʝʨʦʤ ʨʘʚʥʳʤ 5Ā8d110. (ʚ) 4:11 ʚʜʦʣʴ 

ʥʘʧʨʘʚʣʝʥʠʷ [001]. ʐʪʨʠʭʦʚʳʝ ʣʠʥʠʠ 

ʦʙʦʟʥʘʯʘʶʪ ʛʨʘʥʠʮʳ ʙʣʦʢʦʚ ʨʘʟʤʝʨʘʤʠ 

4Ā4d110, 5Ā5d110, 4Ā5d110. ʇʝʨʦʚʩʢʠʪʦʚʳʝ 

ʷʯʝʡʢʠ ʧʦʢʘʟʘʥʳ ʤʘʣʳʤʠ ʢʚʘʜʨʘʪʘʤʠ. 
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ʈʝʟʫʣʴʪʘʪʳ ʵʣʝʤʝʥʪʥʦʛʦ ʠ ʭʠʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʦʚ ʧʦʟʚʦʣʷʶʪ 

ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʜʚʦʡʥʳʝ ʩʣʦʠ ʚ ʦʢʩʠʜʘʭ ʦʙʨʘʟʦʚʘʥʳ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 

ʩʣʦ̫ʤʠ BiO. ɺ ʧʝʨʦʚʩʢʠʪʦʚʳʭ ʧʨʦʩʣʦʡʢʘʭ ʩʦʭʨʘʥʷʶʪʩʷ ʦʜʠʥʘʨʥʳʝ ʩʣʦʠ 

BiO2 ʠ BaO. ʅʘ ʠʟʦʙʨʘʞʝʥʠʠ ʦʢʩʠʜʘ 3:5 (ʜʘʶʱʝʛʦ ʚʪʦʨʦʡ ʪʠʧ ʢʘʨʪʠʥ 

ʵʣʝʢʪʨʦʥʥʦʡ ʜʠʬʨʘʢʮʠʠ) ʚʠʜʥʘ ʙʣʦʯʥʘʷ ʧʨʷʤʦʫʛʦʣʴʥʘʷ ʩʪʨʫʢʪʫʨʘ ʩ 

ʛʨʘʥʠʮʘʤʠ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʤʠ ʧʦ ʧʣʦʩʢʦʩʪʷʤ (110), (110) ʠ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʩʜʚʠʥʫʪʳʤʠ ʥʘ ʦʜʥʫ ʘʪʦʤʥʫʶ ʩʪʫʧʝʥʴʢʫ ʚʜʦʣʴ 

ʥʘʧʨʘʚʣʝʥʠʷ [1 10], ʯʪʦ ʬʦʨʤʠʨʫʝʪ ʣʝʩʪʥʠʯʥʳʡ ʤʦʪʠʚ ʫʧʦʨʷʜʦʯʝʥʠʷ 

ʙʣʦʢʦʚ. ʉʫʱʝʩʪʚʦʚʘʥʠʝ ʚʳʜʝʣʝʥʥʦʡ, ʘʥʠʟʦʪʨʦʧʥʦ ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ 

ʛʨʘʥʠʮʳ ʩʜʚʠʛʘ, ʭʦʪʷ ʠ ʷʚʣʷʶʱʝʡʩʷ ʩʪʫʧʝʥʯʘʪʦʡ ʚ ʘʪʦʤʥʦʤ ʤʘʩʰʪʘʙʝ, 

ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʩʪʨʫʢʪʫʨʫ ʦʢʩʠʜʦʚ 7:8, 3:4 ʠ 3:5 ʪʘʢʞʝ ʤʦʞʥʦ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʜʚʫʤʝʨʥʫʶ. 

ʅʘʠʙʦʣʝʝ ʩʣʦʞʥʳʡ ʜʣʷ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʢʦʥʪʨʘʩʪ ʥʘʙʣʶʜʘʝʪʩʷ ʥʘ 

ʠʟʦʙʨʘʞʝʥʠʷʭ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ ʦʢʩʠʜʦʚ 2:5, 4:11, 4:13 ʠ 1:3. 

ʍʘʨʘʢʪʝʨ ʢʦʥʪʨʘʩʪʘ ʦʙʫʩʣʦʚʣʝʥ ʪʝʤ, ʯʪʦ ʩʪʨʫʢʪʫʨʳ ʵʪʠʭ ʦʢʩʠʜʦʚ ʧʦʯʪʠ 

ʠʣʠ ʪʦʯʥʦ ʠʟʦʪʨʦʧʥʳ, ʘ ʪ.ʢ. ʨʘʟʤʝʨʳ ʩʚʝʨʭʲʷʯʝʝʢ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʠʝ, 

ʪʦ ʧʦʟʠʮʠʠ ʙʘʨʠʷ ʠ ʚʠʩʤʫʪʘ ʧʝʨʝʢʨʳʚʘʶʪʩʷ ʚ ʣʶʙʦʤ ʥʘʧʨʘʚʣʝʥʠʠ 

ʥʘʙʣʶʜʝʥʠʷ. ʅʘʧʨʠʤʝʨ, ʩʪʨʫʢʪʫʨʘ ʦʢʩʠʜʘ 4:11 ʩʦʩʪʦʠʪ ʠʟ ʙʣʦʢʦʚ 

ʨʘʟʥʦʛʦ ʨʘʟʤʝʨʘ 4Ā4d110, 5Ā5d110, 4Ā5d110 ʩ ʛʨʘʥʠʮʘʤʠ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʤʠ 

ʧʦ ʧʣʦʩʢʦʩʪʷʤ (110), (110). ɹʣʦʢʠ ʨʘʩʧʦʣʦʞʝʥʳ ʫʧʦʨʷʜʦʯʝʥʥʦ, 

ʬʦʨʤʠʨʫʷ ʙʦʣʴʰʫʶ ʩʚʝʨʭʲʷʯʝʡʢʫ ʠ ʦʙʝʩʧʝʯʠʚʘʷ ʧʦʷʚʣʝʥʠʝ 

ʩʚʝʨʭʩʪʨʫʢʪʫʨʥʳʭ ʦʪʨʘʞʝʥʠʡ. ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʨʘʟʤʝʨʥʦʩʪʠ ʩʪʨʫʢʪʫʨʳ 

ʦʢʩʠʜʦʚ 2:5, 4:11, 4:13 ʠ 1:3 ʷʚʣʷʶʪʩʷ ʪʨʝʭʤʝʨʥʳʤʠ. 

ʀʜʝʘʣʠʟʠʨʦʚʘʥʥʳʝ ʤʦʜʝʣʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʦʢʩʠʜʦʚ ʩ 

ʜʚʫʤʝʨʥʦʡ ʩʪʨʫʢʪʫʨʦʡ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʝʨʚʦʤʫ ʪʠʧʫ 

ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʢʘʨʪʠʥ ʠ ʧʦʢʘʟʳʚʘʶʱʠʝ ʦʩʥʦʚʥʦʡ ʤʦʪʠʚ ʧʦʩʪʨʦʝʥʠʷ 

ʠʭ ʩʪʨʫʢʪʫʨ ʚ ʚʠʜʝ ʯʝʨʝʜʦʚʘʥʠʷ ʜʚʦʡʥʳʭ ʚʠʩʤʫʪʦʚʳʭ ʩʣʦʝʚ ʩ 

ʦʨʠʝʥʪʘʮʠʝʡ [001] ʠ ʧʝʨʦʚʩʢʠʪʦʚʳʭ ʙʣʦʢʦʚ, ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ.3. 

ɼʘʥʥʳʝ ʵʣʝʤʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ, ʜʝʪʘʣʠ ʢʘʨʪʠʥ ʵʣʝʢʪʨʦʥʥʦʡ ʜʠʬʨʘʢʮʠʠ ʠ 

ʠʟʦʙʨʘʞʝʥʠʡ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ ʧʦʟʚʦʣʠʣʠ ʫʪʦʯʥʠʪʴ ʵʪʠ ʤʦʜʝʣʠ. 

ɹʳʣʠ ʧʦʩʪʨʦʝʥʳ ʤʦʜʝʣʠ ʩʪʨʫʢʪʫʨ ʦʢʩʠʜʦʚ ʩ ʜʚʫʤʝʨʥʦʡ ʩʪʨʫʢʪʫʨʦʡ, 

ʜʘʶʱʠʝ ʚʪʦʨʦʡ ʪʠʧ ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʢʘʨʪʠʥ. 

ʊʨʝʭʤʝʨʥʘʷ ʤʦʜʝʣʴ ʩʪʨʫʢʪʫʨʳ ʦʢʩʠʜʘ 4:13 ʩ ʙʦʣʴʰʠʤ ʨʘʟʤʝʨʦʤ 

ʩʚʝʨʭʲʷʯʝʡʢʠ ʙʳʣʘ ʧʦʩʪʨʦʝʥʘ ʩ ʧʦʤʦʱʴʶ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʬʘʟ 

ʩʪʨʫʢʪʫʨʥʳʭ ʘʤʧʣʠʪʫʜ ʤʝʪʦʜʘʤʠ ʵʣʝʢʪʨʦʥʥʦʡ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʠ ʠ 

ʪʨʝʭʤʝʨʥʦʡ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ. ɺ ʦʪʣʠʯʠʝ ʦʪ 

ʩʪʘʥʜʘʨʪʥʦ ʠʩʧʦʣʴʟʫʝʤʦʡ ʧʨʦʮʝʜʫʨʳ, ʢʦʛʜʘ ʧʨʦʚʦʜʠʪʩʷ ʩʨʘʚʥʝʥʠʝ 

ʨʘʩʯʝʪʥʳʭ ʢʘʨʪʠʥ ʵʣʝʢʪʨʦʥʥʦʡ ʜʠʬʨʘʢʮʠʠ ʠ ʠʟʦʙʨʘʞʝʥʠʡ ʚʳʩʦʢʦʛʦ 

ʨʘʟʨʝʰʝʥʠʷ ʦʪ ʚʩʝʭ ʚʝʨʦʷʪʥʳʭ ʤʦʜʝʣʝʡ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ 

ʜʘʥʥʳʤʠ, ʚ ʨʘʤʢʘʭ ʵʪʦʛʦ ʧʦʜʭʦʜʘ (ʧʨʦʮʝʜʫʨʘ ab initio) ʥʝ ʪʨʝʙʫʝʪʩʷ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʭ ʟʥʘʥʠʡ ʦ ʩʪʨʫʢʪʫʨʝ ʩʦʝʜʠʥʝʥʠʷ. 
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ʈʠʩ.3. ʀʜʝʘʣʠʟʠʨʦʚʘʥʥʳʝ ʩʪʨʫʢʪʫʨʳ ʙʦʛʘʪʳʭ ʚʠʩʤʫʪʦʤ ʦʢʩʠʜʦʚ ʩʦ 

ʩʣʦʝʚʳʤ ʫʧʦʨʷʜʦʯʝʥʠʝʤ ʤʝʪʘʣʣ-ʦʢʩʠʜʥʳʭ ʧʣʦʩʢʦʩʪʝʡ ʚʜʦʣʴ 

ʥʘʧʨʘʚʣʝʥʠʷ [001], ʩʦʩʪʦʷʱʠʝ ʠʟ ʧʝʨʦʚʩʢʠʪʦʚʳʭ ʙʣʦʢʦʚ BaBiO3 ʠ 

ʩʜʚʦʝʥʥʳʭ ʩʣʦʝʚ BiO. (ʘ) 9-ʩʣʦʡʥʘʷ ʫʧʘʢʦʚʢʘ, ʠʜʝʘʣʠʟʠʨʦʚʘʥʥʳʡ 

ʩʦʩʪʘʚ Ba:Bi=4:5; (ʙ) 7-ʩʣʦʡʥʘʷ, ʠʜʝʘʣʠʟʠʨʦʚʘʥʥʳʡ ʩʦʩʪʘʚ 3:4; (ʚ) 5-

ʩʣʦʡʥʘʷ, ʠʜʝʘʣʠʟʠʨʦʚʘʥʥʳʡ ʩʦʩʪʘʚ 2:3. (ʘ)-(ʚ) ï ʧʨʦʝʢʮʠʷ ʚʜʦʣʴ 

ʥʘʧʨʘʚʣʝʥʠʷ [010]; (ʛ) ïʚʜʦʣʴ [001]. 
 

ʈʠʩ.4. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 

ʧʦʪʝʥʮʠʘʣʘ ʚ ʢʫʙʠʯʝʩʢʦʡ ʷʯʝʡʢʝ ʦʢʩʠʜʘ 

Ba:Bi=4:13 ʨʘʟʤʝʨʦʤ 8Ā8Ā8 ap (ap - ʧʘʨʘʤʝʪʨ 

ʷʯʝʡʢʠ ʧʝʨʦʚʩʢʠʪʘ) ʚ ʧʣʦʩʢʦʩʪʠ XYZ 

(Z=0), ʨʝʢʦʥʩʪʨʫʠʨʦʚʘʥʥʦʛʦ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʤʧʣʠʪʫʜ ʠ ʬʘʟ 

ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʧʫʯʢʦʚ. ʐʪʨʠʭʦʚʳʤʠ 

ʣʠʥʠʷʤʠ ʧʦʢʘʟʘʥʘ ʘʩʠʤʤʝʪʨʠʯʥʘʷ ʯʘʩʪʴ 

ʷʯʝʡʢʠ, ʠʟ ʢʦʪʦʨʦʡ ʧʨʠʤʝʥʝʥʠʝʤ 

ʵʣʝʤʝʥʪʦʚ ʩʠʤʤʝʪʨʠʠ ʬʦʨʤʠʨʫʝʪʩʷ ʚʩʷ 

ʷʯʝʡʢʘ. ʉʘʤʳʝ ʩʠʣʴʥʳʝ, ʩʘʤʳʝ ʩʣʘʙʳʝ ʠ 

ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʤʘʢʩʠʤʫʤʳ ʧʦʪʝʥʮʠʘʣʘ 

ʦʙʦʟʥʘʯʝʥʳ ʮʠʬʨʘʤʠ 1, 2 ʠ 3 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 


