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ɺɺɽɼɽʅʀɽ 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʘʢʪʠʚʥʦ ʚʝʜʫʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʚ ʦʙʣʘʩʪʠ ʵʣʝʢʪʨʦʥʠʢʠ, ʦʩʥʦʚʘʥʥʦʡ ʥʘ ʥʘʥʦʨʘʟʤʝʨʥʳʭ ʩʪʨʫʢʪʫʨʘʭ. ʕʪʦ 

ʩʚʷʟʘʥʦ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʩ ʥʘʣʠʯʠʝʤ ʨʘʟʤʝʨʥʳʭ ʵʬʬʝʢʪʦʚ, ʢʦʪʦʨʳʭ ʥʝʪ ʚ 

ʦʙʲʝʤʥʳʭ ʤʘʪʝʨʠʘʣʘʭ [1]. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʨʘʟʤʝʨʥʳʭ ʵʬʬʝʢʪʦʚ ʧʝʨʩʧʝʢʪʠʚʥʦ 

ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʫʤʝʥʴʰʝʥʠʷ ʨʘʟʤʝʨʦʚ ʧʨʠʙʦʨʦʚ. ʆʜʥʘʢʦ ʩʫʱʝʩʪʚʫʝʪ ʨʷʜ 

ʩʣʦʞʥʦʩʪʝʡ, ʧʝʨʚʘʷ ʠʟ ʢʦʪʦʨʳʭ ʩʚʷʟʘʥʘ ʩ ʪʨʫʜʦʝʤʢʦʩʪʴʶ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʪʘʢʠʭ ʩʪʨʫʢʪʫʨ, ʚʪʦʨʘʷ - ʩʦ ʩʣʦʞʥʦʩʪʴʶ ʫʧʨʘʚʣʝʥʠ ̫ ʠʭ ʩʚʦʡʩʪʚ [1]. 

ʉʦʚʨʝʤʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʬʠʟʠʢʝ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ ʧʨʦʚʦʜʷʪʩʷ ʩ ʮʝʣʴʶ 

ʨʘʟʨʘʙʦʪʢʠ ʵʬʬʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʬʦʨʤʠʨʦʚʘʥʠʷ ʥʘʥʦʨʘʟʤʝʨʥʳʭ ʩʪʨʫʢʪʫʨ ʩ 

ʚʦʟʤʦʞʥʦʩʪʴʶ ʫʧʨʘʚʣʝʥʠʷ ʠʭ ʩʚʦʡʩʪʚʘʤʠ. ʆʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʟʘʜʘʯ ʬʠʟʠʢʠ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ ʷʚʣʷʝʪʩʷ ʧʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʦʣʥʝʯʥʳʭ ʙʘʪʘʨʝʡ 

[2]. ʋʚʝʣʠʯʝʥʠʝ ʂʇɼ ʜʦʩʪʠʛʘʝʪʩʷ ʜʚʫʤʷ ʧʫʪʷʤʠ: ʩʦʟʜʘʥʠʝ ʢʦʥʮʝʥʪʨʘʪʦʨʦʚ 

ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʠ ʠ ʧʦʠʩʢ ʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʠʭ 

ʬʦʪʦʚʦʣʴʪʘʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ [2]. ʆʜʥʠʤ ʠʟ ʪʘʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʷʚʣʷʝʪʩʷ ʪʦʥʢʘʷ 

ʧʣʝʥʢʘ BaSi2 ʥʘ Si ʧʦʜʣʦʞʢʝ, ʂʇɼ ʢʦʪʦʨʦʡ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ 10% [3].  

ʆʜʥʦʡ ʠʟ ʦʩʦʙʝʥʥʦʩʪʝʡ ʙʘʨʠʷ ʠ ʙʦʣʴʰʠʥʩʪʚʘ ʩʦʝʜʠʥʝʥʠʡ ʙʘʨʠʷ (ʚ ʪʦʤ 

ʯʠʩʣʝ ʠ ʩʠʣʠʮʠʜʦʚ) ʷʚʣʷʝʪʩʷ ʙʳʩʪʨʦʝ ʠʭ ʦʢʠʩʣʝʥʠʝ ʥʘ ʚʦʟʜʫʭʝ [4]. ʆʜʥʘʢʦ 

ʜʠʩʠʣʠʮʠʜ ʙʘʨʠʷ ʷʚʣʷʝʪʩʷ ʫʩʪʦʡʯʠʚʳʤ ʢ ʦʢʠʩʣʝʥʠʶ ʚ ʘʪʤʦʩʬʝʨʝ [5-7] ʠ ʵʪʦ 

ʧʦʟʚʦʣʷʝʪ ʥʝ ʪʦʣʴʢʦ ʠʩʩʣʝʜʦʚʘʪʴ ʝʛʦ ʩʚʦʡʩʪʚʘ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ, ʥʦ ʠ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʘʢ ʦʩʥʦʚʫ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʥʘ ʝʛʦ ʦʩʥʦʚʝ ʥʘʥʦʨʘʟʤʝʨʥʳʭ 

ʩʪʨʫʢʪʫʨ ʠ ʧʣʝʥʦʢ. ʇʨʠ ʵʪʦʤ ʥʘʠʣʫʯʰʠʝ ʨʝʟʫʣʴʪʘʪʳ ʙʳʣʠ ʜʦʩʪʠʛʥʫʪʳ ʜʣʷ 

ʧʣʝʥʦʢ BaSi2 ʧʨʠ ʠʭ ʨʦʩʪʝ ʤʝʪʦʜʦʤ ʤʦʣʝʢʫʣʷʨʥʦ-ʣʫʯʝʚʦʡ ʵʧʠʪʘʢʩʠʠ [8], 

ʷʚʣʷʶʱʠʤʩʷ ʦʯʝʥʴ ʪʨʫʜʦʝʤʢʠʤ ʠ ʜʦʨʦʛʦʩʪʦʷʱʠʤ. ʇʦʵʪʦʤʫ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ 

ʥʘʧʨʘʚʣʝʥʠʠ ʵʧʠʪʘʢʩʠʘʣʴʥʦʛʦ ʠʣʠ ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʨʦʩʪʘ BaSi2 ʥʘ ʢʨʝʤʥʠʠ 

ʤʝʪʦʜʦʤ ʩʚʝʨʭʚʳʩʦʢʦʚʘʢʫʫʤʥʦʛʦ ʦʩʘʞʜʝʥʠʷ ʷʚʣʷʶʪʩʷ ʘʢʪʫʘʣʴʥʳʤʠ. 

ʆʙʦʩʥʦʚʘʥʠʝ ʚʳʙʦʨʘ ʤʘʪʝʨʠʘʣʘ. ʊʦʥʢʠʝ ʧʣʝʥʢʠ BaSi2 ʥʘ ʢʨʝʤʥʠʠ 

ʧʨʦʷʚʣʷʪʁ ʬʦʪʦʚʦʣʴʪʘʠʯʝʩʢʠʝ  ʩʚʦʡʩʪʚʘ, ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʝʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʬʦʪʦʚʦʣʴʪʘʠʢʝ. ʊʘʢ ʢʨʘʡ ʩʦʙʩʪʚʝʥʥʦʛʦ ʧʦʛʣʦʱʝʥʠʷ 

ʩʦʩʪʘʚʣʷʝʪ ~1.25 ʵɺ, ʘ ʤʘʢʩʠʤʫʤ ʚʥʝʰʥʝʡ ʢʚʘʥʪʦʚʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 
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ʥʘʭʦʜʠʪʩʷ ʚ ʦʙʣʘʩʪʠ 500-600 ʥʤ [3]. ʉ ʧʦʤʦʱʴʶ ʣʝʛʠʨʦʚʘʥʠʷ ʤʦʞʥʦ 

ʫʚʝʣʠʯʠʪʴ ʢʦʥʮʝʥʪʨʘʮʠʶ ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʘ ʜʦ 10
20

 ʩʤ
-3
 ʠ ʫʤʝʥʴʰʠʪʴ ʠʭ 

ʜʣʠʥʫ ʩʚʦʙʦʜʥʦʛʦ ʧʨʦʙʝʛʘ ʜʦ ʟʥʘʯʝʥʠʡ ʤʝʥʴʰʝ 1 ʤʢʤ [8]. 

ʎʝʣʴ ʁ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʦʧʪʠʤʘʣʴʥʳʭ 

ʫʩʣʦʚʠʡ ʬʦʨʤʠʨʦʚʘʥʠʷ ʪʝʢʩʪʫʨʠʨʦʚʘʥʥʳʭ ʧʣʝʥʦʢ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʦʛʦ 

ʜʠʩʠʣʠʮʠʜʘ ʙʘʨʠʷ ʥʘ ʧʦʜʣʦʞʢʘʭ ʢʨʝʤʥʠʷ ʩ ʦʨʠʝʥʪʘʮʠʝʡ (111), ʦʙʣʘʜʘʶʱʠʭ 

ʭʦʨʦʰʝʡ ʘʜʛʝʟʠʝʡ ʢ ʧʦʜʣʦʞʢʝ, ʨʘʩʰʠʨʝʥʥʳʤ ʩʧʝʢʪʨʘʣʴʥʳʤ ʬʦʪʦʦʪʚʝʪʦʤ ʠ  

ʩʪʘʙʠʣʴʥʦʩʪʴʶ ʧʨʠ ʦʙʣʫʯʝʥʠʠ ʩʚʝʪʦʚʳʤ ʧʫʯʢʦʤ. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʙʳʣʠ ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʠ ʨʝʰʝʥʳ 

ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

1) ʉʬʦʨʤʠʨʦʚʘʪ ɹ ʪʝʢʩʪʫʨʠʨʦʚʘʥʥʳʝ ʧʣʝʥʢʠ ʜʠʩʠʣʠʮʠʜʘ ʙʘʨʠʷ ʚ 

ʫʩʣʦʚʠʷʭ ʩʚʝʨʭʚʳʩʦʢʦʛʦ ʚʘʢʫʫʤʘ ʥʘ ʧʦʜʣʦʞʢʘʭ ʢʨʝʤʥʠʷ ʤʝʪʦʜʘʤʠ 

ʨʝʘʢʪʠʚʥʦʡ ʵʧʠʪʘʢʩʠʠ ʠ ʪʚʝʨʜʦʬʘʟʥʦʡ ʵʧʠʪʘʢʩʠʠ ʧʨʠ ʧʦʩʣʦʡʥʦʤ ʦʩʘʞʜʝʥʠʠ 

ʠ ʩʦʦʩʘʞʜʝʥʠʠ. 

2) ʆʧʨʝʜʝʣʠʪʴ ʢʨʠʩʪʘʣʣʠʯʝʩʢʫ  ʁʩʪʨʫʢʪʫʨʫ, ʨʘʟʤʝʨʳ ʠ ʦʨʠʝʥʪʘʮʠʶ 

ʢʨʠʩʪʘʣʣʠʪʦʚ ʚ ʧʣʝʥʢʘʭ ʜʠʩʠʣʠʮʠʜʘ ʙʘʨʠʷ ʥʘ ʢʨʝʤʥʠʠ, ʘ ʪʘʢʞʝ ï ʧʦʨʦʛ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʣʝʥʦʢ ʜʠʩʠʣʠʮʠʜʘ ʙʘʨʠʷ ʢ ʦʙʣʫʯʝʥʠʶ ʩʚʝʪʦʚʳʤ ʧʦʪʦʢʦʤ 

ʙʦʣʴʰʦʡ ʤʦʱʥʦʩʪʠ. 

3) ʀʩʩʣʝʜʦʚʘʪ ɹʬʦʥʦʥʥʫ  ʁʩʪʨʫʢʪʫʨʫ ʠ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

ʪʝʢʩʪʫʨʠʨʦʚʘʥʥʳʭ ʧʣʝʥʦʢ ʜʠʩʠʣʠʮʠʜʘ ʙʘʨʠʷ ʥʘ ʢʨʝʤʥʠʠ ʠ ʜʠʦʜʥʳʭ ʩʪʨʫʢʪʫʨ 

ʥʘ ʠʭ ʦʩʥʦʚʝ. 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʨʘʙʦʪʳ: 

1) ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʧʣʝʥʢʘʭ ʜʠʩʠʣʠʮʠʜʘ ʙʘʨʠʷ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ 

ʤʝʪʦʜʦʤ ʪʚʝʨʜʦʬʘʟʥʦʡ ʵʧʠʪʘʢʩʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʟʘʪʨʘʚʦʯʥʦʛʦ ʩʣʦʷ, 

ʵʣʝʤʝʥʪʘʨʥʘʷ ʷʯʝʡʢʘ ʜʠʩʠʣʠʮʠʜʘ ʙʘʨʠʷ ʥʘʭʦʜʠʪʩʷ ʧʦʜ ʜʝʬʦʨʤʘʮʠʝʡ ʩʞʘʪʠʷ 

ʜʦ 5 %. 

2) ʆʙʥʘʨʫʞʝʥʳ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʳʝ ʦʨʠʝʥʪʘʮʠʠ ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ 

ʢʨʠʩʪʘʣʣʠʪʦʚ BaSi2 ʥʘ Si(111): (211) ʠ (301), ʦʙʣʘʜʘʶʱʠʭ ʭʘʨʘʢʪʝʨʥʳʤʠ 

ʨʘʟʤʝʨʘʤʠ 200-300 ʥʤ. 
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3) ɺʧʝʨʚʳʝ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ ʧʠʢʠ ʦʪʨʘʞʝʥʠʷ ʧʨʠ ʵʥʝʨʛʠʷʭ 

ʬʦʪʦʥʦʚ 1,55, 2,26, 2,66, 3,50 ʠ 4,78 ʵɺ, ʩʚʷʟʘʥʥʳʝ ʩ ʤʝʞʟʦʥʥʳʤʠ ʧʝʨʝʭʦʜʘʤʠ 

ʚ ʪʝʢʩʪʫʨʠʨʦʚʘʥʥʳʭ ʧʣʝʥʢʘʭ BaSi2 ʠ ʦʙʥʘʨʫʞʝʥʳ ʜʣʠʥʥʦʚʦʣʥʦʚʳʝ ʩʜʚʠʛʠ 

ʧʠʢʦʚ ʚ ʩʧʝʢʪʨʘʭ ʂʈʉ ʠ ʀʂ ʩʧʝʢʪʨʘʭ ʥʘ 2-4 ʩʤ
-1
. 

4) ʀʟʛʦʪʦʚʣʝʥʳ ʠʟʦʪʠʧʥʳʝ ʤʝʟʘ-ʜʠʦʜʳ ʥʘ ʦʩʥʦʚʝ ʪʦʥʢʠʭ ʧʣʝʥʦʢ 

ʜʠʩʠʣʠʮʠʜʘ ʙʘʨʠʷ ʥʘ ʢʨʝʤʥʠʠ ʩ ʬʦʪʦʦʪʢʣʠʢʦʤ ʦʪ 1,0 ʜʦ 2,2 ʵɺ ʧʨʠ ʊ=300 ʂ ʠ 

ʨʘʩʰʠʨʝʥʠʝʤ ʬʦʪʦʦʪʢʣʠʢʘ ʜʦ 0,7 ʵɺ ʧʨʠ 80 ʂ. 

ʇʨʘʢʪʠʯʝʩʢʘʷ ʮʝʥʥʦʩʪʴ: 

1) ʈʘʟʨʘʙʦʪʘʥʘ ʦʧʪʠʤʘʣʴʥʘʷ ʤʝʪʦʜʠʢʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʪʦʥʢʠʭ ʧʣʝʥʦʢ 

ʜʠʩʠʣʠʮʠʜʘ ʙʘʨʠʷ ʥʘ ʢʨʝʤʥʠʠ, ʚʳʨʘʞʘʶʱʘʷʩʷ ʚ ʩʦʦʩʘʞʜʝʥʠʠ ʙʘʨʠʷ ʠ 

ʢʨʝʤʥʠʷ ʩ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʤ ʥʘʥʝʩʝʥʠʝʤ ʟʘʪʨʘʚʦʯʥʦʛʦ ʩʣʦʷ ʠ ʧʦʩʣʝʜʫʶʱʝʡ 

ʜʚʫʭʵʪʘʧʥʦʡ ʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʝʡ ʧʨʠ 600 Áʉ ʠ 800 Áʉ ʠ ʤʝʜʣʝʥʥʳʤ 

ʦʭʣʘʞʜʝʥʠʝʤ. ɼʘʥʥʘʷ ʤʝʪʦʜʠʢʘ ʧʦʟʚʦʣʷʝʪ ʬʦʨʤʠʨʦʚʘʪʴ ʪʝʢʩʪʫʨʠʨʦʚʘʥʥʳʝ 

ʧʣʝʥʢʠ BaSi2 ʥʘ Si, ʢʦʪʦʨʳʝ ʫʩʪʦʡʯʠʚʳ ʢ ʨʘʩʪʨʝʩʢʠʚʘʥʠʶ. 

2) ʇʨʠ  ʠʩʩʣʝʜʦʚʘʥʠʠ ʩʧʝʢʪʨʦʚ  ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ  ʨʘʩʩʝʷʥʠʷ  ʩʚʝʪʘ  

ʩ  ʠʟʤʝʥʷʝʤʦʡ  ʤʦʱʥʦʩʪʴʶ  ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʥʘʠʙʦʣʴʰʝʡ ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʦʙʣʘʜʘʶʪ ʪʝʢʩʪʫʨʠʨʦʚʘʥʥʳʝ  ʧʣʝʥʢʠ  BaSi2 ʩ 

ʤʘʢʩʠʤʘʣʴʥʳʤ ʚʨʝʤʝʥʝʤ ʦʭʣʘʞʜʝʥʠʷ (30 ʤʠʥ), ʢʦʪʦʨʳʝ ʧʝʨʩʧʝʢʪʠʚʥʳ ʜʣʷ 

ʩʦʟʜʘʥʠʷ ʩʦʣʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʥʘ ʢʨʝʤʥʠʠ. ʆʧʨʝʜʝʣʝʥʘ ʤʘʢʩʠʤʘʣʴʥʘʷ 

ʧʣʦʪʥʦʩʪʴ ʤʦʱʥʦʩʪʠ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ (3ϊ10
9
 ɺʪ/ʤ

2
), ʢʦʪʦʨʘʷ ʥʝ ʧʨʠʚʦʜʠʪ 

ʥʘ ʚʦʟʜʫʭʝ ʢ ʨʘʟʨʫʰʝʥʠ ʁʜʘʥʥʳʭ ʧʣʝʥʦʢ. 

3) ʅʘ ʦʩʥʦʚʝ ʪʝʢʩʪʫʨʠʨʦʚʘʥʥʳʭ ʧʣʝʥʦʢ ʜʠʩʠʣʠʮʠʜʘ ʙʘʨʠʷ ʥʘ 

ʢʨʝʤʥʠʠ ʠʟʛʦʪʦʚʣʝʥʳ ʬʦʪʦʨʝʟʠʩʪʦʨʳ ʠ ʠʟʦʪʠʧʥʳʝ ʤʝʟʘ-ʜʠʦʜʳ ʩ 

ʨʘʩʠhʨʝʥʥʳʤ ʩʧʝʢʪʨʘʣʴʥʳʤ ʬʦʪʦʦʪʢʣʠʢʦʤ. 

ʇʦʣʦʞʝʥʠʷ ʜʠʩʩʝʨʪʘʮʠʠ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ: 

1) ʋʩʪʦʡʯʠʚʳʝ ʢ ʚʥʝʰʥʠʤ ʚʦʟʜʝʡʩʪʚʠʷʤ ʪʦʥʢʠʝ ʧʣʝʥʢʠ BaSi2 

ʚʳʨʘʱʝʥʳ ʥʘ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʩʬʦʨʤʠʨʦʚʘʥʥʦʤ ʟʘʪʨʘʚʦʯʥʦʤ ʩʣʦʝ BaSi2 

ʤʝʪʦʜʦʤ ʪʚʝʨʜʦʬʘʟʥʦʛʦ ʩʦʦʩʘʞʜʝʥʠʷ Ba ʠ Si ʩ ʩʦʦʪʥʦʰʝʥʠʝʤ ʩʢʦʨʦʩʪʝʡ 

ʦʩʘʞʜʝʥʠʷ 3:2, ʜʚʫʤʷ ʵʪʘʧʘʤʠ ʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʧʨʠ 600 Áʉ ʠ 800 Áʉ ʠ 

ʦʭʣʘʞʜʝʥʠʠ ʥʝ ʤʝʥʝʝ 30 ʤʠʥʫʪ.  
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2) ʂʨʠʩʪʘʣʣʠʪʳ BaSi2 ʥʘ Si(111), ʩʬʦʨʤʠʨʦʚʘʥʥʳʝ ʦʧʪʠʤʘʣʴʥʦʡ 

ʤʝʪʦʜʠʢʦʡ,  ʠʤʝʶʪ ʜʚʝ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʳʭ ʦʨʠʝʥʪʘʮʠʠ (301) ʠ (211), ʯʪʦ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʥʘʣʠʯʠʠ ʪʝʢʩʪʫʨʳ ʚ ʧʣʝʥʢʝ. 

3) ʕʣʝʤʝʥʪʘʨʥʘʷ ʷʯʝʡʢʘ ʧʣʝʥʢʠ BaSi2, ʩʬʦʨʤʠʨʦʚʘʥʥʦʡ ʥʘ Si(111) 

ʦʧʪʠʤʘʣʴʥʦʡ ʤʝʪʦʜʠʢʦʡ, ʥʘʭʦʜʠʪʩʷ ʧʦʜ ʦʙʲʝʤʥʦʡ ʜʝʬʦʨʤʘʮʠʝʡ ʩʞʘʪʠʷ ʜʦ 

5%, ʯʪʦ ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʜʣʠʥʥʦʚʦʣʥʦʚʳʤ ʩʜʚʠʛʦʤ ʧʠʢʦʚ ʂʈʉ ʠ ʜʘʣʴʥʝʛʦ ʀʂ 

ʥʘ 2-4 ʩʤ
-1
. 

4) ʌʦʪʦʦʪʢʣʠʢ ʠʟʦʪʠʧʥʦʡ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʳ n-BaSi2/n-Si ʧʨʠ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʠʤʝʝʪ ʜʚʘ ʤʘʢʩʠʤʫʤʘ ʧʨʠ 1,2 ʵɺ ʠ 1,5-1,6 ʵɺ ʠ 

ʢʨʘʩʥʫʶ ʛʨʘʥʠʮʫ ʧʨʠ 1,04 ʵɺ. ʇʨʠ ʦʭʣʘʞʜʝʥʠʠ ʜʦ 80ʂ ʥʘʙʣʶʜʘʝʪʩʷ 

ʨʘʩʰʠʨʝʥʠʝ ʛʨʘʥʠʮʳ ʬʦʪʦʦʪʢʣʠʢʘ ʜʦ 0,7 ʵɺ. 

ʆʙʦʩʥʦʚʘʥʥʦʩʪʴ ʠ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʟʘʢʣʶʯʘʝʪʩʷ 

ʚ ʧʨʠʤʝʥʝʥʠʠ ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʦʚ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʪʦʥʢʦʧʣʝʥʦʯʥʳʭ ʩʪʨʫʢʪʫʨ ʥʘ ʢʨʝʤʥʠʠ, ʘ ʪʘʢʞʝ ʚ ʠʭ ʥʝʧʨʦʪʠʚʦʨʝʯʠʚʦʩʪʠ ʩ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʨʫʛʠʭ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ. 

ɸʧʨʦʙʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʙʦʪʳ. ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʜʦʢʣʘʜʳʚʘʣʠʩʴ ʠ ʦʙʩʫʞʜʘʣʠʩʴ ʥʘ ʨʘʟʣʠʯʥʳʭ 

ʢʦʥʬʝʨʝʥʮʠʷʭ, ʩʠʤʧʦʟʠʫʤʘʭ, ʥʘʫʯʥʳʭ ʰʢʦʣʘʭ ʠ ʩʝʤʠʥʘʨʘʭ ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ, 

ʚʩʝʨʦʩʩʠʡʩʢʦʛʦ ʠ ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʫʨʦʚʥʷ: Asian School-Conference on Physics 

and Technology of Nanostructured Materials 2016-2018 (ʛ. ɺʣʘʜʠʚʦʩʪʦʢ), 

Emerging Trends in Applied and Computational Physics 2019 (ʛ. ʉʘʥʢʪ-

ʇʝʪʝʨʙʫʨʛ), The 5th Asia-Pacific Conference on Semiconducting Silicides and 

Related Materials, 2019 (Miyazaki, Japan), ʌʠʟʠʢʘ: ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʠ 

ʧʨʠʢʣʘʜʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʦʙʨʘʟʦʚʘʥʠʝ 2014-2018 (ʛ. ɹʣʘʛʦʚʝʱʝʥʩʢ ʠ ʛ. 

ʍʘʙʘʨʦʚʩʢ), ʕʥʝʨʛʝʪʠʢʘ: ʫʧʨʘʚʣʝʥʠʝ, ʢʘʯʝʩʪʚʦ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʥʝʨʛʦʨʝʩʫʨʩʦʚ 2015 (ʛ. ɹʣʘʛʦʚʝʱʝʥʩʢ), XIV  ʂʦʨʦʣʸʚʩʢʠʝ 

ʯʪʝʥʠʷ  2017 (ʛ. ʉʘʤʘʨʘ), ʕʥʝʨʛʝʪʠʢʘ: ʫʧʨʘʚʣʝʥʠʝ, ʢʘʯʝʩʪʚʦ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʥʝʨʛʦʨʝʩʫʨʩʦʚ ɹʣʘʛʦʚʝʱʝʥʩʢ 2015 (ʛ. ɹʣʘʛʦʚʝʱʝʥʩʢ), 

ʈʝʛʠʦʥʘʣʴʥʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çʄʦʣʦʜʝʞʴ XXI ʚʝʢʘ: ʰʘʛ 

ʚ ʙʫʜʫʱʝʝè 2014-2018 (ʛ. ɹʣʘʛʦʚʝʱʝʥʩʢ) 
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ʇʫʙʣʠʢʘʮʠʠ. ʇʦ ʪʝʤʝ ʜʠʩʩʝʨʪʘʮʠʠ ʦʧʫʙʣʠʢʦʚʘʥʦ 18 ʨʘʙʦʪ, ʚ ʪʦʤ ʯʠʩʣʝ 

4 ʩʪʘʪʴʠ ï ʚ ʚʝʜʫʱʠʭ ʨʝʮʝʥʟʠʨʫʝʤʳʭ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʠ ʟʘʨʫʙʝʞʥʳʭ ʞʫʨʥʘʣʘʭ, 

ʚʭʦʜʷʱʠʭ ʚ ʧʝʨʝʯʝʥʴ ɺɸʂ ʈʌ, 2 ʩʪʘʪʴʠ, ʚʭʦʜʷʱʠʭ ʚ ʙʘʟʫ Scopus, 1 ʩʪʘʪʴʷ, 

ʚʭʦʜʷʱʘʷ ʚ ʙʘʟʫ Web of Science, 13 ï ʚ ʞʫʨʥʘʣʘʭ, ʚʭʦʜʷʱʠʭ ʚ ʧʝʨʝʯʝʥʴ 

ʈʀʅʎ. 

ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ. ɸʚʪʦʨ ʩʬʦʨʤʠʨʦʚʘʣ ʚʩʝ ʦʙʨʘʟʮʳ, ʢʦʪʦʨʳʝ 

ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ. ɸʚʪʦʨʦʤ ʧʦʣʫʯʝʥʳ ʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ 

ʆʞʝ-ʵʣʝʢʪʨʦʥʥʳʝ ʩʧʝʢʪʨʳ ʠ ʩʧʝʢʪʨʳ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʭ ʧʦʪʝʨʴ ʵʥʝʨʛʠʠ 

ʵʣʝʢʪʨʦʥʘʤʠ. ʆʥ ʫʯʘʩʪʚʦʚʘʣ ʚ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʦʙʨʘʟʮʦʚ ʤʝʪʦʜʘʤʠ 

ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʠ ʨʘʩʪʨʦʚʦʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʠ 

ʦʙʨʘʙʦʪʢʝ ʠʭ ʨʝʟʫʣʴʪʘʪʦʚ. ʊʘʢʞʝ ʘʚʪʦʨ ʧʨʠʥʠʤʘʣ ʫʯʘʩʪʠʝ ʚ ʦʙʩʫʞʜʝʥʠʠ 

ʜʘʥʥʳʭ ʧʦʣʫʯʝʥʥʳʭ ʤʝʪʦʜʘʤʠ ʘʪʦʤʥʦ-ʩʠʣʦʚʦʡ ʤʠʢʨʦʩʢʦʧʠʠ, ʦʧʪʠʯʝʩʢʦʡ 

ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʠ ʬʦʪʦʦʪʢʣʠʢʘ ʠ ʥʘʧʠʩʘʥʠʠ ʚʩʝʭ ʩʪʘʪʝʡ. 

ʉʪʨʫʢʪʫʨʘ ʠ ʦʙʲʝʤ ʜʠʩʩʝʨʪʘʮʠʠ. ʂʘʥʜʠʜʘʪʩʢʘʷ ʜʠʩʩʝʨʪʘʮʠʷ ʩʦʩʪʦʠʪ ʠʟ 

ʚʚʝʜʝʥʠʷ, 4 ʛʣʘʚ ʠ ʩʧʠʩʢʘ ʮʠʪʠʨʫʝʤʦʡ ʣʠʪʝʨʘʪʫʨʳ. ʆʙʱʠʡ ʦʙʲʝʤ ʩʦʩʪʘʚʣʷʝʪ 

124 ʩʪʨʘʥʠʮ,r 57 ʨʠʩʫʥʢʦʚ, 5 ʪʘʙʣʠʮ ʠ 83 ʠʩʪʦʯʥʠʢʦʚ ʮʠʪʠʨʫʝʤʦʡ 

ʣʠʪʝʨʘʪʫʨʳ. 
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1 ɻʃɸɺɸ. ʄɽʊʆɼʓ ʌʆʈʄʀʈʆɺɸʅʀʗ ʀ ʉɺʆʁʉʊɺɸ ʊʆʅʂʀʍ 

ʇʃɽʅʆʂ ɼʀʉʀʃʀʎʀɼɸ ɹɸʈʀʗ ʅɸ ʈɸɿʃʀʏʅʓʍ ʇʆɼʃʆɾʂɸʍ 

 

 1.1 ʇʦʣʫʯʝʥʠʝ ʜʠʩʠʣʠʮʠʜʘ ʙʘʨʠʷ ʠ ʝʛʦ ʦʩʥʦʚʥʳʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ. ʆʩʥʦʚʥʳʝ ʧʨʦʙʣʝʤʳ ʧʨʠ ʨʘʙʦʪʝ ʩ ʩʦʝʜʠʥʝʥʠʷʤʠ ʙʘʨʠʷ ʠ ʢʨʝʤʥʠʷ 

 

ɼʠʩʠʣʠʮʠʜ ʙʘʨʠʷ ʧʨʠ ʫʩʣʦʚʠʷʭ ʜʦ ʜʘʚʣʝʥʠʷ 3Ŀ10
7
 ʊʦʨ ʠ ʪʝʤʧʝʨʘʪʫʨʳ 

1000ÁC ʩʫʱʝʩʪʚʫʝʪ ʚ ʪʨʝʭ ʨʘʟʣʠʯʥʳʭ ʧʦʣʠʤʦʨʬʥʳʭ ʤʦʜʠʬʠʢʘʮʠʷʭ. ʊʘʢ ʚ 

ʢʨʝʤʥʠʠ ʠ ʧʦʜʨʝʰʝʪʢʝ ʝʛʦ ʧʦʣʠʤʦʨʬʥʳʭ ʤʦʜʠʬʠʢʘʮʠʡ ʦʙʥʘʨʫʞʝʥʳ 

ʦʩʥʦʚʥʳʝ ʩʪʨʫʢʪʫʨʥʳʝ ʤʝʭʘʥʠʟʤʳ, ʢʦʪʦʨʳʝ ʚʩʪʨʝʯʘʶʪʩʷ ʚ ʜʠʩʠʣʠʮʠʜʘʭ 

ʜʚʫʭʚʘʣʝʥʪʥʳʭ ʤʝʪʘʣʣʦʚ MSi2 ʠ ʜʠʛʝʨʤʘʥʠʜʘʭ MGe2 (M = Yb, Ca, Eu, Sr, Ba). 

ʄʝʪʘʣʣʦʠʜʥʳʝ ʘʪʦʤʳ ʚ ʵʪʠʭ ʧʦʣʠʘʥʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʷʭ, ʚʩʝʛʜʘ ʩʚʷʟʘʥʥʳʝ ʩ 

ʪʨʝʤʷ ʜʨʫʛʠʤʠ ʘʪʦʤʘʤʠ ʤʝʪʘʣʣʦʠʜʘ, ʦʙʨʘʟʫʶʪ ʠʟʦʣʠʨʦʚʘʥʥʳʝ ʪʝʪʨʘʵʜʨʳ, 

ʩʣʦʠ ʠ ʪʨʝʭʤʝʨʥʳʝ ʩʝʪʠ. ʄʦʜʠʬʠʢʘʮʠʷ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ BaSi2I 

ʷʚʣʷʝʪʩʷ ʦʨʪʦʨʦʤʙʠʯʝʩʢʦʡ ʩ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʦʡ Ὀ ὖὲάὥ. 

ʅʘʠʙʦʣʝʝ ʟʘʤʝʪʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʵʪʦʡ ʩʪʨʫʢʪʫʨʳ ʷʚʣʷʶʪʩʷ ʚʳʜʝʣʝʥʥʳʝ Si-

ʪʝʪʨʘʵʜʨʳ, ʦʪʜʝʣʝʥʥʳʝ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʙʦʣʝʝ, ʯʝʤ ʚ ʧʦʣʪʦʨʘ ʨʘʟʘ ʨʘʩʩʪʦʷʥʠʝʤ 

ʩʚʷʟʠ Si-Si. ʕʪʠ ʪʝʪʨʘʵʜʨʳ ʩʣʘʙʦ ʠʩʢʘʞʝʥʳ ʦʪ ʠʜʝʘʣʴʥʳʭ. ʋʛʣʳ ʩʚʷʟʠ Si
Si
Si 

ʨʘʚʥʳ 60ÁρÁ, ʘ ʨʘʩʩʪʦʷʥʠʷ ʩʚʷʟʠ Si-Si ʣʝʞʘʪ ʤʝʞʜʫ 2,395 ʠ 2,435 ʘʥʛʩʪʨʝʤ 

[9-11]. 

ʉ ʨʦʩʪʦʤ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʜʘʚʣʝʥʠʷ BaSi2 ʧʨʦʠʩʭʦʜʠʪ ʠʥʪʝʨʝʩʥʦʝ 

ʧʦʣʠʤʦʨʬʥʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ. ʄʦʜʠʬʠʢʘʮʠʷ BaSi2II ʩ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ 

ʛʨʫʧʧʦʡ ɺʚ ὖσάρ, ʷʚʣʷʝʪʩʷ ʪʨʠʛʦʥʘʣʴʥʦʡ ʩʦ ʩʪʨʫʢʪʫʨʥʳʤ ʪʠʧʦʤ EuGe2. ɺ 

ʢʨʝʤʥʠʝʚʦʡ ʧʦʜʨʝʰʝʪʢʝ ʵʪʠʭ ʧʦʣʠʤʦʨʬʥʳʭ ʛʦʬʨʠʨʦʚʘʥʥʳʭ ʩʣʦʝʚ 

ʩʫʱʝʩʪʚʫʶʪ ʪʨʝʭʩʚʷʟʥʳʝ ʘʪʦʤʳ Si ʩ ʵʢʚʠʜʠʩʪʘʥʪʥʳʤʠ ʩʚʷʟʷʤʠ (2.43 

ʘʥʛʩʪʨʝʤ) ʠ ʨʘʚʥʳʤʠ ʫʛʣʘʤʠ ʩʚʷʟʠ (112Á). ʂʫʙʠʯʝʩʢʘʷ ʤʦʜʠʬʠʢʘʮʠʷ BaSi2III, 

ʠʤʝʶʱʘʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ ʛʨʫʧʧʫ ὕ ὖτσς ʩʦ ʩʪʨʫʢʪʫʨʦʡ SrSi2, 

ʩʪʘʙʠʣʴʥʘ ʧʨʠ ʙʦʣʝʝ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʠ ʜʘʚʣʝʥʠʷʭ, ʯʝʤ BaSi2II. 

ʂʨʝʤʥʠʝʚʘʷ ʧʦʜʨʝʰʝʪʢʘ ʵʪʦʛʦ ʪʠʧʘ ʩʪʨʫʢʪʫʨʳ ʦʢʘʟʳʚʘʝʪʩʷ ʣʠʰʴ ʩʣʝʛʢʘ 

ʠʩʢʘʞʝʥʥʦʡ ʦʪ ʝʝ ʠʜʝʘʣʴʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ. ʕʣʝʤʝʥʪʘʨʥʘʷ ʷʯʝʡʢʘ ʠʟ ʯʝʪʳʨʝʭ 
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ʵʢʚʠʜʠʩʪʘʥʪʥʳʭ (2.446 ¡) ʪʨʝʭʩʚʷʟʥʳʭ ʘʪʦʤʦʚ Si ʚ BaSi2III ʩʦʩʪʦʠʪ ʠʟ ʦʯʝʥʴ 

ʧʣʦʩʢʠʭ ʪʨʠʛʦʥʘʣʴʥʳʭ ʧʠʨʘʤʠʜ ʩ ʨʘʚʥʳʤʠ ʫʛʣʘʤʠ ʩʚʷʟʠ 118Á ʚʤʝʩʪʦ 

ʢʦʧʣʘʥʘʨʥʦʡ ʛʨʫʧʧʳ ʩ ʫʛʣʘʤʠ ʩʚʷʟʠ 120Á. ʅʘ ʈʠʩ. 1.1.1 (ʘ) ʧʦʢʘʟʘʥʳ Si 

ʪʝʪʨʘʵʜʨʳ BaSi2I; ʥʘ ʨʠʩ. 1.1.1(b) ʛʦʬʨʠʨʦʚʘʥʥʳʝ ʩʣʦʠ Si BaSi2II  ʠ ʥʘ 

ʈʠʩ.1.1.1 (ʩ) Si ʢʫʙʠʯʝʩʢʘʷ ʩʝʪʢʘ BaSi2III [ 9-11]. 

 

ʈʠʩʫʥʦʢ 1.1.1 - ʇʦʣʠʤʦʨʬʥʳʝ ʬʦʨʤʳ ʜʠʩʠʣʠʮʠʜʘ ʙʘʨʠʷ [9] 

 

ʊʘʙʣʠʮʘ 1.1.1 ʇʘʨʘʤʝʪʨʳ ʨʘʟʥʳʭ ʬʘʟ ʜʠʩʠʣʠʮʠʜʘ ʙʘʨʠʷ [9] 

ʜʘʚʣʝʥʠʝ ʅʠʟʢʦʝ ʜʘʚʣʝʥʠʝ(I) ɺʳʩʦʢʦʝ 

ʜʘʚʣʝʥʠʝ(II)  

ɺʳʩʦʢʦʝ 

ʜʘʚʣʝʥʠʝ(III)  

ʩʠʥʛʦʥʠʷ ʆʨʪʦʨʦʤʙʠʯʝʩʢʘʷ ʪʨʠʛʦʥʘʣʴʥʘʷ ʢʫʙʠʯʝʩʢʘʷ 

ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ 

ʛʨʫʧʧʘ 

Ὀ ὖὲάὥ Ὀ ὖσάρ ὕ ὖτσς 
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ʇʘʨʘʤʝʪʨʳ 

ʨʝʰʝʪʢʠ (A) 

a= 8.942(4) 

b =6.733(3)  

c = 11.555(5) 

a= 4.047(3) 

c = 5.330(5) 

a =6.715(3) 

ʆʙʲʝʤ ʷʯʝʡʢʠ 

(A
3
) 

695.7 = 8Ā86.96 75,60 302.8 = 4Ā75.70 

ʧʣʦʪʥʦʩʪʴ (g/cm
3
)  

ʠʟʤʝʨʝʥʥʘʷ 3,54 4.26 4.27 

ʨʘʩʩʯʠʪʘʥʥʘʷ 3,696 4,251 4,246 

ʄʦʣʷʨʥʳʡ ʦʙʲʝʤ 

(cm
3
/mole) 

52.37 45,53 45,58 

ʌʦʨʤʫʣʴʥʳʝ 

ʝʜʠʥʠʮʳ 

8 1 4 

ʇʦʟʠʮʠʠ ʘʪʦʤʦʚ 4 BaI in 4c 

4 BaII in 4c 

4 SiI in 4c 

4 SiII in 4c 

8 SiIII  in 8d 

1 Ba in la 

2 Si in 2d 

4 Ba in 4a 

8 Si in 8c 

 

 

ʈʠʩʫʥʦʢ 1.1.2 - ʌʘʟʦʚʘʷ ʜʠʘʛʨʘʤʤʘ ʧʦʣʠʤʦʨʬʥʳʭ ʬʦʨʤ ʜʠʩʠʣʠʮʠʜʘ 

ʙʘʨʠʷ [9] 
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ɼʠʩʠʣʠʮʠʜ ʙʘʨʠʷ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʫʩʪʦʡʯʠʚʳʤ ʩʦʝʜʠʥʝʥʠʝʤ ʠʟ 

ʩʝʤʝʡʩʪʚʘ ʩʠʣʠʮʠʜʦʚ ʙʘʨʠʷ [5-6]. ʅʘ ʈʠʩ. 1.1.3 ʧʨʠʚʝʜʝʥʘ ʬʘʟʦʚʘʷ ʜʠʘʛʨʘʤʤʘ 

ʜʣʷ ʩʠʣʠʮʠʜʦʚ ʙʘʨʠʷ. ʀʟ ʜʘʥʥʦʡ ʜʠʘʛʨʘʤʤʳ ʟʘʤʝʪʥʦ, ʯʪʦ ʯʝʤ ʚʳʰʝ 

ʩʦʜʝʨʞʘʥʠʝ ʙʘʨʠʷ, ʪʝʤ ʤʝʥʴʰʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʪʨʝʙʫʝʪʩʷ ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ 

ʩʠʣʠʮʠʜʘ. ɸ ʢʘʢ ʫʢʘʟʘʥʦ ʚ [5-6], ʠʟʫʯʝʥʠʝ ʩʠʣʠʮʠʜʦʚ ʙʘʨʠʷ ʩ ʙʦʣʴʰʠʤ 

ʩʦʜʝʨʞʘʥʠʝʤ Ba ʚʦʟʤʦʞʥʦ ʪʦʣʴʢʦ ʚ ʠʥʝʨʪʥʦʡ ʘʪʤʦʩʬʝʨʝ ʠʟ ʛʝʣʠʷ ʠʣʠ ʥʝʦʥʘ, 

ʪʘʢ ʢʘʢ ʙʘʨʠʡ ʘʢʪʠʚʥʦ ʨʝʘʛʠʨʫʝʪ ʩ ʘʪʤʦʩʬʝʨʥʳʤ ʢʠʩʣʦʨʦʜʦʤ ʠ ʩʠʣʠʮʠʜʳ 

ʙʳʩʪʨʦ ʨʘʟʣʘʛʘʶʪʩʷ ʥʘ ʦʢʩʠʜʳ ʙʘʨʠʷ ʠ ʢʨʝʤʥʠʷ. ʆʩʥʦʚʥʘʷ ʪʨʫʜʥʦʩʪʴ ʚ 

ʠʩʩʣʝʜʦʚʘʥʠʠ ʜʣʷ ʩʪʘʙʠʣʴʥʦʛʦ ʥʘ ʚʦʟʜʫʭʝ ʜʠʩʠʣʠʮʠʜʘ ʙʘʨʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʚʦʟʤʦʞʥʦʤ ʩʦʜʝʨʞʘʥʠʠ ʩʚʦʙʦʜʥʳʭ ʘʪʦʤʦʚ ʙʘʨʠʷ ʠʣʠ ʝʛʦ ʩʠʣʠʮʠʜʦʚ ʩ 

ʙʦʣʴʰʠʤ ʝʛʦ ʩʦʜʝʨʞʘʥʠʝʤ [6-7]. ʅʘʠʙʦʣʝʝ ʩʪʘʙʠʣʴʥʳʝ ʦʙʨʘʟʮʳ 

ʬʦʨʤʠʨʦʚʘʣʠʩʴ ʩ ʠʟʙʳʪʦʯʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʢʨʝʤʥʠʷ, ʯʪʦ ʧʨʠʚʦʜʠʣʦ ʢ 

ʦʙʨʘʟʦʚʘʥʠʶ ʟʝʨʝʥ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʢʨʝʤʥʠʷ ʚ ʩʣʠʪʢʘʭ BaSi2. 

 

ʈʠʩʫʥʦʢ 1.1.3 - ʌʘʟʦʚʘʷ ʜʠʘʛʨʘʤʤʘ ʩʠʣʠʮʠʜʦʚ ʙʘʨʠʷ [5] 
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ʅʘ ʈʠʩ. 1.1.4 ʧʨʠʚʝʜʝʥʳ ʬʦʪʦʛʨʘʬʠʠ ʩʣʠʪʢʘ ʜʠʩʠʣʠʮʠʜʘ ʙʘʨʠʷ, 

ʧʦʣʫʯʝʥʥʦʛʦ ʚʝʨʪʠʢʘʣʴʥʳʤ ʤʝʪʦʜʦʤ ɹʨʠʜʞʤʵʥʘ (Bridgman). 

ʉʬʦʨʤʠʨʦʚʘʥʥʳʡ ʜʠʩʠʣʠʮʠʜ ʙʘʨʠʷ ʠʤʝʝʪ ʟʝʨʥʠʩʪʫʶ ʩʪʨʫʢʪʫʨʫ (ʈʠʩ 1.1.5), ʠ  

ʥʝʧʨʷʤʦʡ ʠ ʧʨʷʤʦʡ ʤʝʞʟʦʥʥʳʡ ʧʝʨʝʭʦʜ rʩ ʵʥʝʨʛʠʷʤʠ 1,13 ʵɺ ʠ 1,23 ʵɺ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʈʠʩ 1.1.6). ʊʝʤʧʝʨʘʪʫʨʥʦʝ ʠʟʤʝʨʝʥʠʝ ʧʨʦʚʦʜʠʤʦʩʪʠ ʜʘʝʪ 

ʧʦʭʦʞʠʝ ʜʘʥʥʳʝ ʜʣʷ ʟʥʘʯʝʥʠʡ ʰʠʨʠʥʳ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ (1,1 ʵɺ) ʠ ʵʥʝʨʛʠʡ 

ʘʢʪʠʚʘʮʠʠ ʜʦʥʦʨʥʳʭ ʫʨʦʚʥʝʡ (0,13 ʠ 0,26 ʵɺ) [12]. ʂʘʢ ʚʠʜʥʦ ʠʟ ʧʨʠʚʝʜʝʥʥʳʭ 

ʩʧʝʢʪʨʘʣʴʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʜʠʩʠʣʠʮʠʜʘ ʙʘʨʠʷ, ʦʥ ʦʙʣʘʜʘʝʪ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʘ ʟʥʘʯʝʥʠʷ ʥʝʧʨʷʤʦʛʦ ʠ ʧʨʷʤʦʛʦ 

ʤʝʞʟʦʥʥʳʭ ʧʝʨʝʭʦʜʦʚ ʙʦʣʴʰʝ, ʯʝʤ ʫ ʢʨʝʤʥʠʷ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʦ 

ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʧʨʠʙʦʨʦʚ ʥʘ ʦʩʥʦʚʝ BaSi2 ʩʦ ʩʚʦʡʩʪʚʘʤʠ, 

ʦʪʣʠʯʘʶʱʠʤʠʩʷ ʦʪ ʩʚʦʡʩʪʚ ʧʨʠʙʦʨʦʚ ʥʘ ʦʩʥʦʚʝ ʢʨʝʤʥʠ.̫ 

 

 

ʈʠʩʫʥʦʢ 1.1.4 - ʉʣʠʪʦʢ ʜʠʩʠʣʠʮʠʜʘ ʙʘʨʠʷ, ʧʦʣʫʯʝʥʥʳʡ ʚʝʨʪʠʢʘʣʴʥʳʤ 

ʤʝʪʦʜʦʤ ɹʨʠʜʞʤʵʥʘ: a) ʠʟ ʧʝʯʠ b) ʧʦʩʣʝ ʰʣʠʬʦʚʢʠ [6] 
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ʈʠʩʫʥʦʢ 1.1.5 - ʈʕʄ ʠʟʦʙʨʘʞʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʩʣʠʪʢʘ ʜʠʩʠʣʠʮʠʜʘ 

ʙʘʨʠʷ [6] 

 

ʈʠʩʫʥʦʢ 1.1.5 - ʉʧʝʢʪʨʘʣʴʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʦʛʣʦʱʝʥʠʷ 

ʜʠʩʠʣʠʮʠʜʘ ʙʘʨʠʷ [6] 
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ʈʠʩʫʥʦʢ 1.1.6 - ɿʘʚʠʩʠʤʦʩʪʴ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʠʩʠʣʠʮʠʜʘ ʙʘʨʠʷ ʦʪ 

ʪʝʤʧʝʨʘʪʫʨʳ [12] 

 

1.2 ʊʝʦʨʝʪʠʯʝʩʢʦʝ ʠʟʫʯʝʥʠʝ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ BaSi2 

 

ʊʝʦʨʝʪʠʯʝʩʢʦʝ ʠʟʫʯʝʥʠʝ ʪʘʢʞʝ ʧʨʦʚʦʜʠʣʦʩʴ ʚ ʨʘʙʦʪʘʭ [12-15]. ʄʝʪʦʜʦʤ 

ʧʦʪʝʥʮʠʘʣʦʚ ʣʠʥʝʘʨʠʟʦʚʘʥʥʦʡ ʨʘʩʰʠʨʝʥʥʦʡ ʧʣʦʩʢʦʡ ʚʦʣʥʳ ʙʳʣʠ 

ʨʘʩʩʯʠʪʘʥʳ ʩʪʨʫʢʪʫʨʘ ʟʦʥʳ ɹʨʠʣʣʶʵʥʘ (ʈʠʩ. 1.2.1), ʧʣʦʪʥʦʩʪʴ ʵʣʝʢʪʨʦʥʥʳʭ 

(ʈʠʩ. 1.2.2) ʩʦʩʪʦʷʥʠʡ, ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ (ʈʠʩ. 1.2.3) ʠ 

ʦʧʪʠʯʝʩʢʠʝ ʬʫʥʢʮʠʠ (ʈʠʩ. 1.2.4) ʦʨʪʦʨʦʤʙʠʯʝʩʢʦʛʦ ʜʠʩʠʣʠʮʠʜʘ ʙʘʨʠʷ. 

ʉʦʛʣʘʩʥʦ ʨʘʩʩʯʠʪʘʥʥʳʤ ʜʘʥʥʳʤ ʜʠʩʠʣʠʮʠʜ ʙʘʨʠʷ ʷʚʣʷʝʪʩʷ ʥʝʧʨʷʤʦʟʦʥʥʳʤ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʤ ʩ ʰʠʨʠʥʦʡ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ 1,1 ʵɺ [12-15]. 

 

ʈʠʩʫʥʦʢ 1.2.1 - ʉʪʨʫʢʪʫʨʘ ʟʦʥ ɹʨʠʣʣʶʵʥʘ ʠ ʧʣʦʪʥʦʩʪʴ ʵʣʝʢʪʨʦʥʥʳʭ 

ʩʦʩʪʦʷʥʠʡ ʦʨʪʦʨʦʤʙʠʯʝʩʢʦʛʦ ʜʠʩʠʣʠʮʠʜʘ ʙʘʨʠʷ [14] 
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ʅʘ ʈʠʩ. 1.2.2 ʧʦʢʘʟʘʥʘ ʧʣʦʪʥʦʩʪʴ ʵʣʝʢʪʨʦʥʥʳʭ ʩʦʩʪʦʷʥʠʡ BaSi2. 

ʉʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʦʜʠʥʦʯʥʳʭ ʧʦʣʦʩ ʚʦʢʨʫʛ -6,8 ʵɺ, ʢʦʪʦʨʳʝ ʩʦʩʪʦʷʪ ʠʟ 

Ba(l, 2) 5p ʠ Si(l, 2) 3s, ʧʦʢʘʟʳʚʘʶʱʠʭ ʛʠʙʨʠʜʠʟʘʮʠʶ ʤʝʞʜʫ Ba(l, 2) 5p ʠ Si (l, 

2) 3s ʦʨʙʠʪʘʣʷʤʠ. ʆʯʝʥʴ ʤʘʣʘʷ ʜʠʩʧʝʨʩʠʷ ʵʪʠʭ ʧʦʣʦʩ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʝʝ 

ʣʦʢʘʣʠʟʦʚʘʥʥʳʡ ʭʘʨʘʢʪʝʨ. ʉʣʝʜʫʶʱʠʝ ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʧʦʣʦʩʳ ʦʪ -4,0 ʵɺ ʜʦ -1 

ʵɺ, ʩʦʩʪʦʷʪ ʚ ʦʩʥʦʚʥʦʤ ʠʟ 4d-ʩʦʩʪʦʷʥʠʡ ʘʪʦʤʘ Ba(1,2) ʠ 3p-ʩʦʩʪʦʷʥʠʡ ʘʪʦʤʘ 

Si(1, 2, 3), ʢʦʪʦʨʳʡ ʧʦʢʘʟʳʚʘʝʪ p-d ʛʠʙʨʠʜʠʟʘʮʠʶ. ʇʦʣʦʩʳ ʧʨʦʚʦʜʠʤʦʩʪʠ 

ʩʦʩʪʦʷʪ ʚ ʦʩʥʦʚʥʦʤ ʠʟ 4d-ʩʦʩʪʦʷʥʠʡ ʘʪʦʤʦʚ Ba(l, 2) ʠ 3p-ʩʦʩʪʦʷʥʠʡ ʘʪʦʤʦʚ 

Si(1, 2, 3), ʯʪʦ ʪʘʢʞʝ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʛʠʙʨʠʜʠʟʘʮʠʷ ʤʝʞʜʫ Ba ʠ Si 

ʥʘʙʣʶʜʘʝʪʩʷ ʚʳʰʝ ʫʨʦʚʥʷ ʌʝʨʤʠ. ʂʨʦʤʝ ʪʦʛʦ, ʩʚʷʟʠ ʤʝʞʜʫ Ba ʠ Si 

ʧʦʣʫʯʘʶʪʩʷ ʚʘʣʝʥʪʥʳʤʠ [14].  

 

 

ʈʠʩʫʥʦʢ 1.2.2 - ʇʣʦʪʥʦʩʪʴ ʵʣʝʢʪʨʦʥʥʳʭ ʩʦʩʪʦʷʥʠʡ ʦʨʪʦʨʦʤʙʠʯʝʩʢʦʛʦ 

ʜʠʩʠʣʠʮʠʜʘ ʙʘʨʠʷ [14] 
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ʇʦʩʢʦʣʴʢʫ ʦʧʪʠʯʝʩʢʠʝ ʩʧʝʢʪʨʳ ʧʦʣʫʯʝʥʳ ʠʟ ʤʝʞʟʦʥʥʳʭ ʧʝʨʝʭʦʜʦʚ, 

ʧʠʢʦʚʳʝ ʩʪʨʫʢʪʫʨʳ ʥʘ ʈʠʩ. 1.2.3 ʤʦʛʫʪ ʙʳʪʴ ʦʙʲʷʩʥʝʥʳ ʟʦʥʥʦʡ ʩʪʨʫʢʪʫʨʦʡ. 

ʅʘ ʈʠʩ. 1.2.3  ʧʦʢʘʟʘʥʘ ʨʘʩʩʯʠʪʘʥʥʘʷ ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʬʫʥʢʮʠʷ ʩ ʵʥʝʨʛʠʝʡ 

ʬʦʪʦʥʦʚ ʜʦ 13 ʵɺ. ɸʥʠʟʦʪʨʦʧʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʵʪʠʭ ʬʫʥʢʮʠʡ 

ʜʝʤʦʥʩʪʨʠʨʫʶʪʩʷ ʨʘʟʥʦʩʪʴʶ ʚʜʦʣʴ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʭ ʦʩʝʡ x, y ʠ z, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʆʙʱʠʝ ʯʝʨʪʳ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʬʫʥʢʮʠʠ BaSi2 ʦʢʘʟʳʚʘʶʪʩʷ 

ʦʜʠʥʘʢʦʚʳʤʠ ʧʦ ʪʨʝʤ ʥʘʧʨʘʚʣʝʥʠʷʤ, ʥʦ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʪʦʥʢʠʝ ʨʘʟʣʠʯʠʷ ʚ 

ʩʪʨʫʢʪʫʨʝ. ʅʘʙʣʶʜʘʝʪʩʷ, ʯʪʦ ʘʥʠʟʦʪʨʦʧʠʷ ʚ ʤʥʠʤʦʡ ʯʘʩʪʠ ʦʧʪʠʯʝʩʢʦʛʦ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʝʥʟʦʨʘ Ů2(ɤ) ʧʨʦʠʩʭʦʜʠʪ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʥʘ ʩʘʤʳʭ 

ʚʳʩʦʢʠʭ ʧʠʢʘʭ, ʘ ʧʦʣʦʞʝʥʠʷ ʧʝʨʚʳʭ ʧʠʢʦʚ ʨʘʟʣʠʯʥʳ ʜʣʷ Ů2x (ɤ) (1,920 eV), 

Ů2y(ɤ) (2.194 ʵɺ) ʠ Ů2z (ɤ) (1.985 ʵɺ), ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɼʣʷ ʚʝʱʝʩʪʚʝʥʥʦʡ ʯʘʩʪʠ 

ʦʧʪʠʯʝʩʢʦʛʦ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʝʥʟʦʨʘ Ů1(ɤ): Ů1x(0), Ů1y(0) ʠ Ů1z(0)  ʨʘʚʥʳ 

14.165, 12.98 ʠ 13.57, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʂʨʦʤʝ ʪʦʛʦ, ʥʘʙʣʶʜʘʝʪʩʷ, ʯʪʦ 

ʧʦʣʦʞʝʥʠʷ ʥʘʠʚʳʩʰʠʭ ʧʠʢʦʚ Ů1x(ɤ), Ů1y(ɤ) ʠ Ů1z(ɤ) ʨʘʚʥʳ 1,153 ʵɺ, 1,455 ʵɺ ʠ 

1,642 ʵɺ. ʅʘ ʈʠʩ. 1.2.3 ʨʘʟʥʠʮʘ ʚ ʦʩʥʦʚʥʦʤ ʚʦʟʥʠʢʘʝʪ ʥʠʞʝ 7 ʵɺ. ʇʦ ʤʝʨʝ 

ʫʚʝʣʠʯʝʥʠʷ ʵʥʝʨʛʠʠ ʨʘʟʥʦʩʪʴ ʚʝʱʝʩʪʚʝʥʥʦʡ ʯʘʩʪʠ ʦʧʪʠʯʝʩʢʦʛʦ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʝʥʟʦʨʘ ʧʦʩʪʝʧʝʥʥʦ ʫʤʝʥʴʰʘʝʪʩʷ [14]. 

 

 

ʈʠʩʫʥʦʢ 1.2.3 - ɼʠʵʣʝʢʪʨʠʯʝʩʢʠʝ ʬʫʥʢʮʠʠ ʦʨʪʦʨʦʤʙʠʯʝʩʢʦʛʦ 

ʜʠʩʠʣʠʮʠʜʘ ʙʘʨʠʷ [14] 
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ʉʧʝʢʪʨʳ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʦʛʣʦʱʝʥʠʷ I(ɤ), ʢʦʵʬʬʠʮʠʝʥʪʘ ʦʪʨʘʞʝʥʠʷ 

R(ɤ), ʧʦʢʘʟʘʪʝʣ ̫ ʧʨʝʣʦʤʣʝʥʠʷ n(ɤ), ʢʦʵʬʬʠʮʠʝʥʪʘ ʵʢʩʪʠʥʢʮʠʠ K(ɤ) ʠ 

ʬʫʥʢʮʠʠ ʧʦʪʝʨʠ ʵʥʝʨʛʠʠ ʵʣʝʢʪʨʦʥʘʤʠ L(ɤ) ʧʨʠʚʝʜʝʥʳ ʥʘ ʈʠʩ. 1.2.4. ʅʘ 

ʩʧʝʢʪʨʝ ʧʦʪʝʨʴ ʵʥʝʨʛʠʠ, ʤʳ ʥʝ ʚʠʜʠʤ ʢʘʢʠʭ-ʣʠʙʦ ʦʪʜʝʣʴʥʳʭ ʤʘʢʩʠʤʫʤʦʚ ʧʨʠ 

ʥʠʟʢʠʭ ʵʥʝʨʛʠʷʭ. ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʵʥʝʨʛʠʠ Ů2(ɤ) ʫʤʝʥʴʰʘʝʪʩʷ. ʆʜʥʘʢʦ ʧʨʠ 

ʙʦʣʴʰʠʭ ʵʥʝʨʛʠʷʭ Ů2(ɤ) ʫʤʝʥʴʰʘʝʪʩʷ ʧʣʘʚʥʝʝ, ʠ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʤʧʣʠʪʫʜʘ 

ʧʦʪʝʨʴ ʵʥʝʨʛʠʠ ʩʪʘʥʦʚʠʪʩʷ ʙʦʣʴʰʦʡ. ʆʢʦʣʦ 13 ʵɺ ʚ ʩʧʝʢʪʨʘʭ ʧʦʪʝʨʴ ʵʥʝʨʛʠʠ 

ʠʤʝʝʪʩʷ ʙʦʣʴʰʦʡ ʧʠʢ. ʀʥʪʝʨʝʩʥʦ, ʯʪʦ ʧʨʦʬʠʣʠ ʦʙʦʠʭ K(ɤ) ʠ I(ɤ)  ʚʝʩʴʤʘ 

ʩʭʦʞʠ ʧʦ ʬʦʨʤʝ. ɼʣʷ K(ɤ) ʠ I(ɤ) ʝʩʪʴ ʪʘʢʞʝ ʠ ʙʳʩʪʨʦʝ ʫʚʝʣʠʯʝʥʠʝ ʥʘ ʫʨʦʚʥʝ 

1 ʵɺ. 

 

 

ʈʠʩʫʥʦʢ 1.2.4 - ʉʧʝʢʪʨʳ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʦʛʣʦʱʝʥʠʷ I(ɤ), ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʦʪʨʘʞʝʥʠʷ R(ɤ), ʧʦʢʘʟʘʪʝʣʷ ʧʨʝʣʦʤʣʝʥʠʷ n(ɤ), ʢʦʵʬʬʠʮʠʝʥʪʘ ʵʢʩʪʠʥʢʮʠʠ 

K(ɤ) ʠ ʬʫʥʢʮʠʠ ʧʦʪʝʨʠ ʵʥʝʨʛʠʠ ʵʣʝʢʪʨʦʥʘʤʠ L(ɤ) ʜʣʷ ʦʨʪʦʨʦʤʙʠʯʝʩʢʦʛʦ 

ʜʠʩʠʣʠʮʠʜʘ ʙʘʨʠʷ [14] 

 

ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʨʘʙʦʪʘʭ [12-15] ʫʢʘʟʳʚʘʶʪ ʥʘ 

ʚʦʟʤʦʞʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʜʠʩʠʣʠʮʠʜʘ ʙʘʨʠʷ ʚ ʢʘʯʝʩʪʚʝ ʤʘʪʝʨʠʘʣʘ ʜʣʷ 
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ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʠʟ-ʟʘ ʙʦʣʴʰʝʡ ʰʠʨʠʥʳ ʟʘʧʨʝʱʝʥʥʦʡ 

ʟʦʥʳ, ʯʝʤ ʫ ʢʨʝʤʥʠʷ, ʠ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʧʦʛʣʦʱʝʥʠʷ ʚ ʦʙʣʘʩʪʠ ʟʝʣʝʥʦʡ ʯʘʩʪʠ 

ʚʠʜʠʤʦʛʦ ʩʧʝʢʪʨʘ. 

 

1.3 ʆʩʥʦʚʥʳʝ ʤʝʪʦʜʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʪʦʥʢʠʭ ʧʣʝʥʦʢ ʩʠʣʠʮʠʜʘ ʙʘʨʠʷ ʥʘ 

ʨʘʟʣʠʯʥʳʭ ʧʦʜʣʦʞʢʘʭ 

 

ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʩʫʱʝʩʪʚʫʶʪ ʜʚʘ ʦʩʥʦʚʥʳʭ ʤʝʪʦʜʘ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʪʦʥʢʠʭ ʧʣʝʥʦʢ ʜʠʩʠʣʠʮʠʜʘ ʙʘʨʠʷ ʥʘ ʨʘʟʣʠʯʥʳʭ ʧʦʜʣʦʞʢʘʭ: ʭʠʤʠʯʝʩʢʦʝ 

ʦʩʘʞʜʝʥʠʝ ʠʟ ʧʘʨʦʚʦʡ ʬʘʟʳ [16-17] ʠ ʤʝʪʦʜ ʤʦʣʝʢʫʣʷʨʥʦ-ʣʫʯʝʚʦʡ ʵʧʠʪʘʢʩʠʠ 

[18-19]. 

ʋʩʧʝʰʥʳʡ ʩʠʥʪʝʟ ʠʟ ʧʘʨʦʚʦʡ ʬʘʟʳ BaSi2 ʧʨʦʚʦʜʠʣʩʷ ʚʥʫʪʨʠ ʫʩʪʘʥʦʚʢʠ 

CVD ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʨʫʙʯʘʪʦʡ ʧʝʯʠ Lindberg Blue, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʈʠʩ. 

1.3.1. ɺ ʪʠʧʠʯʥʦʡ ʨʝʘʢʮʠʠ ʩʠʥʪʝʟʘ ~ 58 ʤʛ ʛʨʘʥʫʣʳ Ba (ʨʘʟʤʝʨ ʯʘʩʪʠʮ 2,0 ʤʤ, 

ʩ ʯʠʩʪʦʪʦʡ 99%) ʧʦʤʝʱʘʣʠ ʚ ʪʠʛʣʴ ʩ ʦʙʲʝʤʦʤ 1 ʤʣ (CoorsTek) ʚʥʫʪʨʠ 

ʟʘʧʦʣʥʝʥʥʦʛʦ ʘʟʦʪʦʤ ʧʝʨʯʘʪʦʯʥʦʛʦ ʙʦʢʩʘ. ʊʠʛʣʴ ʙʳʣ ʟʘʪʝʤ ʟʘʧʝʯʘʪʘʥ ʚ 

ʩʪʝʢʣʷʥʥʳʡ ʬʣʘʢʦʥ ʦʙʲʝʤʦʤ 15 ʤʣ, ʚʳʚʝʜʝʥ ʠʟ ʧʝʨʯʘʪʦʯʥʦʛʦ ʙʦʢʩʘ ʠ ʙʳʩʪʨʦ 

ʧʝʨʝʥʝʩʝʥ ʚ ʮʝʥʪʨ ʪʨʫʙʥʦʡ ʧʝʯʠ ʍʆɻʌ ʨʝʘʢʪʦʨʘ, ʚ ʢʦʪʦʨʦʡ Si ʧʦʜʣʦʞʢʠ ʫʞʝ 

ʙʳʣʠ ʨʘʟʤʝʱʝʥʳ ʧʨʠʤʝʨʥʦ ʥʘ 4,5 ʩʤ ʥʠʞʝ ʧʦ ʪʝʯʝʥʠʶ ʦʪ ʮʝʥʪʨʘ ʧʝʯʠ. ɿʘʪʝʤ 

ʧʨʦʙʠʨʢʫ ʙʳʩʪʨʦ ʛʝʨʤʝʪʠʟʠʨʦʚʘʣʠ, ʚʘʢʫʫʤʠʨʦʚʘʣʠ ʜʦ ʙʘʟʦʚʦʛʦ ʜʘʚʣʝʥʠʷ, 

ʧʦʪʦʤ ʧʦʜ ʜʘʚʣʝʥʠʝʤ ʧʦʪʦʢʘ He ʜʦ 700 ʊʦʨʨ ʥʘʛʨʝʚʘʣʠ ʜʦ 1000ÁC ʠ 

ʚʳʜʝʨʞʠʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 2 ʯʘʩʦʚ. ʈʘʟʣʠʯʥʳʝ ʧʦʜʣʦʞʢʠ ʙʳʣʠ ʨʘʩʧʦʣʦʞʝʥʳ ʚ 

ʨʘʟʥʳʭ ʧʦʣʦʞʝʥʠʷʭ ʚʜʦʣʴ ʪʨʫʙʯʘʪʦʡ ʧʝʯʠ, ʥʦ ʦʧʪʠʤʘʣʴʥʘʷ ʢʦʥʚʝʨʩʠʷ 

ʧʨʦʚʦʜʠʣʘʩʴ, ʢʦʛʜʘ ʪʝʤʧʝʨʘʪʫʨʘ Si ʧʦʜʣʦʞʢʠ ʩʦʩʪʘʚʣʷʣʘ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 

930ÁC, ʘ ʰʘʨʠʢʠ Ba ʥʘʭʦʜʠʣʠʩʴ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1000ÁC ʚ ʮʝʥʪʨʝ ʧʝʯʠ. 

ʇʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʨʝʘʢʮʠʠ ʪʨʫʙʯʘʪʫʶ ʧʝʯʴ ʝʩʪʝʩʪʚʝʥʥʦ ʦʭʣʘʞʜʘʣʠ ʜʦ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʜ ʧʦʪʦʢʦʤ ʛʘʟʘ ʅʝ, ʠ ʧʨʦʜʫʢʪʳ ʩʦʙʠʨʘʣʠ ʠʟ ʧʝʯʠ 

ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʠʟʫʯʝʥʠʷ [16].  

ʋʩʧʝʰʥʦʝ ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʣʝʥʦʢ ʜʠʩʠʣʠʮʠʜʘ ʙʘʨʠʷ ʙʳʣʦ ʚʳʧʦʣʥʝʥʦ 

ʚʥʫʪʨʠ ʫʩʪʘʥʦʚʢʠ ʍʆɻʌ (ʈʠʩ. 1.3.1 (a)). ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ, ʢʘʢ ʦʩʥʦʚʘ ʜʣʷ 
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ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʣʝʥʦʢ, ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠ ʚʳʪʨʘʚʣʝʥʥʳʝ, 

ʧʣʦʪʥʳʝ, ʭʦʨʦʰʦ ʫʧʦʨʷʜʦʯʝʥʥʳʝ ʤʘʩʩʠʚʳ ʢʨʝʤʥʠʝʚʳʭ ʥʘʥʦʨʘʟʤʝʨʥʳʭ ʥʠʪʝʡ 

(Si NW-ʤʘʪʨʠʮʳ), ʧʨʠʢʨʝʧʣʝʥʥʳʝ ʢ Si-ʧʦʜʣʦʞʢʝ (ʈʠʩ. 1.3.1 (b)), ʜʣʠʥʦʡ 

ʧʨʠʤʝʨʥʦ 5 ʤʢʤ (ʈʠʩ. 1.3.1 (d)) ʠ ʩʨʝʜʥʠʤ ʜʠʘʤʝʪʨʦʤ 123 Ñ 34 ʥʤ [16]. 

ʄʦʨʬʦʣʦʛʠʶ ʢʦʥʚʝʨʪʠʨʦʚʘʥʥʳʭ NW-ʤʘʪʨʠʮ ʠ ʧʣʝʥʦʢ ʠʩʩʣʝʜʦʚʘʣʠ ʩ 

ʧʦʤʦʱʴʶ ʉʕʄ (ʈʠʩ. 1.3.1 (b), (c), (d), ). ʇʨʝʦʙʨʘʟʦʚʘʥʥʳʝ NWs (ʨʠʩ. 1.3.1c) 

ʦʢʘʟʘʣʠʩʴ ʦʯʝʥʴ ʧʦʭʦʞʠʤʠ ʥʘ ʠʩʭʦʜʥʳʝ ʥʘʥʦʩʪʨʫʢʪʫʨʳ ʩ ʜʣʠʥʦʡ 

ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 5 ʤʢʤ (ʈʠʩ. 1.3.1 (e)) ʠ ʩʨʝʜʥʠʤ ʜʠʘʤʝʪʨʦʤ 130 Ñ 52 ʥʤ. 

ʅʝʢʦʪʦʨʦʝ ʩʨʘʱʠʚʘʥʠʝ ʥʘʥʦʩʪʨʫʢʪʫʨʥʳʭ ʥʠʪʝʡ ʥʘʙʣʶʜʘʣʦʩʴ ʚ ʦʙʨʘʟʮʘʭ, ʥʦ 

ʧʦ ʙʦʣʴʰʝʡ ʯʘʩʪʠ ʧʨʝʦʙʨʘʟʦʚʘʥʥʳʝ ʥʘʥʦʩʪʨʫʢʪʫʨʳ ʚʳʛʣʷʜʝʣʠ 

ʚʝʨʪʠʢʘʣʴʥʳʤʠ ʠ ʨʘʟʜʝʣʝʥʥʳʤʠ. ʉʬʦʨʤʠʨʦʚʘʥʥʳʝ ʧʣʝʥʢʠ ʠʤʝʶʪ ʪʦʣʱʠʥʫ 

ʧʨʠʤʝʨʥʦ 10 ʤʢʤ (ʈʠʩ. 1.3.1 (g)), ʢʦʪʦʨʳʝ ʨʘʚʥʦʤʝʨʥʦ ʧʦʢʨʳʚʘʶʪ ʚʩʶ 

ʢʨʝʤʥʠʝʚʫʶ ʧʦʜʣʦʞʢʫ (ʈʠʩ. 1.3.1 (f)) [16].  

 

 

ʈʠʩʫʥʦʢ 1.3.1 - a) ʩʭʝʤʘ ʫʩʪʘʥʦʚʢʠ ʍʆɻʌ ʠ b-g) ʩʬʦʨʤʠʨʦʚʘʥʥʳʝ 

ʪʦʥʢʠʝ ʧʣʝʥʢʠ ʜʠʩʠʣʠʮʠʜʘ ʙʘʨʠʷ ʥʘ ʢʨʝʤʥʠʝʚʦʡ ʧʦʜʣʦʞʢʝ [16] 

 

ʄʝʪʦʜ ʭʠʤʠʯʝʩʢʦʛʦ ʦʩʘʞʜʝʥʠʷ ʠʟ ʧʘʨʦʚʦʡ ʬʘʟʳ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ 

ʧʣʝʥʢʠ ʜʠʩʠʣʠʮʠʜʘ ʙʘʨʠʷ ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʥʘʥʦʨʘʟʤʝʨʥʳʭ ʥʠʪʝʡ, ʦʜʥʘʢʦ 



23 
 

ʥʘʣʠʯʠʝ ʦʢʩʠʜʘ ʚ ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʦʙʨʘʟʮʘʭ ʩʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʨʝʥʪʛʝʥʥʦ-

ʬʘʟʥʦʛʦ ʘʥʘʣʠʟʘ, ʚʦʟʤʦʞʥʦ, ʦʢʘʞʝʪ ʚʣʠʷʥʠʝ ʥʘ ʬʦʪʦʚʦʣʴʪʘʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

ʜʘʥʥʳʭ ʧʣʝʥʦʢ [16]. ɼʘʣʴʥʝʡʰʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʬʦʨʤʠʨʦʚʘʥʠʶ ʪʦʥʢʠʭ 

ʧʣʝʥʦʢ ʜʠʩʠʣʠʮʠʜʘ ʙʘʨʠʷ ʤʝʪʦʜʦʤ ʭʠʤʠʯʝʩʢʦʛʦ ʦʩʘʞʜʝʥʠʷ ʠʟ ʧʘʨʦʚʦʡ ʬʘʟʳ 

ʥʝ ʧʨʦʚʦʜʠʣʦʩʴ. 

ʏʘʱʝ ʚʩʝʛʦ ʜʣʷ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʦʚ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʩʠʩʪʝʤʘ ʤʦʣʝʢʫʣʷʨʥʦ-

ʣʫʯʝʚʦʡ ʵʧʠʪʘʢʩʠʠ (ʄʃʕ), ʦʩʥʘʱʝʥʥʘʷ ʩʪʘʥʜʘʨʪʥʦʡ ʷʯʝʡʢʦʡ ʂʥʫʜʩʝʥʘ (ʂ-

ʷʯʝʡʢʦʡ) ʜʣʷ Ba ʠ Si (ʈʠʩ. 1.3.2). ʂ ʧʨʠʤʝʨʫ, ʚ ʨʘʙʦʪʝ [18] ʚ ʢʘʯʝʩʪʚʝ 

ʧʦʜʣʦʞʢʠ ʠʩʧʦʣʴʟʦʚʘʣʩʷ n-ʪʠʧ Si(111), ʘ Ba ʠ Si ʩ ʯʠʩʪʦʪʦʡ 99% ʠ 99,999 % 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʚ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʉʢʦʨʦʩʪʴ ʦʩʘʞʜʝʥʠʷ Si ʠ 

Ba ʢʦʥʪʨʦʣʠʨʦʚʘʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʚʘʨʮʝʚʦʛʦ ʜʘʪʯʠʢʘ. ɹʘʟʦʚʦʝ ʜʘʚʣʝʥʠʝ 

ʩʠʩʪʝʤʳ ʄʃʕ ʫʤʝʥʴʰʘʣʦʩʴ ʤʝʥʝʝ, ʯʝʤ ʜʦ 10
-8
 ʊʦʨʨ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʪʫʨʙʦʤʦʣʝʢʫʣʷʨʥʦʛʦ ʥʘʩʦʩʘ ʠ ʢʦʞʫʭʘ ʦʭʣʘʞʜʝʥʠʷ ʩ ʞʠʜʢʠʤ ʘʟʦʪʦʤ. ɺʦ 

ʚʨʝʤʷ ʨʦʩʪʘ ʜʘʚʣʝʥʠʝ ʧʦʜʜʝʨʞʠʚʘʣʦʩʴ ʥʠʞʝ 10
-7
 ʊʦʨʨ. ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ, 

ʩʢʦʨʦʩʪʴ ʦʩʘʞʜʝʥʠʷ Ba ʬʠʢʩʠʨʦʚʘʣʘʩʴ ʨʘʚʥʳʤ 10 ʥʤ/ʤʠʥ; ʟʘʪʝʤ 

ʵʧʠʪʘʢʩʠʘʣʴʥʫʶ ʧʣʝʥʢʫ BaSi2 ʪʦʣʱʠʥʦʡ 30 ʥʤ ʚʳʨʘʱʠʚʘʣʠ ʧʨʠ 550Áʉ ʩ 

ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʨʝʘʢʪʠʚʥʦʡ ʵʧʠʪʘʢʩʠʠ, ʠ ʵʪʘ ʧʣʝʥʢʘ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʚ 

ʢʘʯʝʩʪʚʝ ʟʘʪʨʘʚʦʯʥʦʛʦ ʩʣʦʷ ʜʣʷ ʢʦʥʪʨʦʣʷ ʦʨʠʝʥʪʘʮʠʠ ʢʨʠʩʪʘʣʣʘ BaSi2 ʜʣʷ 

ʧʦʩʣʝʜʫʶʱʝʛʦ ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʨʦʩʪʘ. ɿʘʪʝʤ Si ʠ Ba ʩʦʦʩʘʞʜʘʣʠ ʥʘ 

ʩʬʦʨʤʠʨʦʚʘʥʥʳʡ ʟʘʪʨʘʚʦʯʥʳʡ ʩʣʦʡ BaSi2 ʚ ʪʝʯʝʥʠʝ 20-ʤʠʥʫʪ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʦʪ 450Áʉ ʜʦ 700Áʉ. ʊʦʣʱʠʥʘ ʧʣʝʥʢʠ ʙʳʣʘ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ 

ʚʨʝʤʝʥʠ ʨʦʩʪʘ ʜʣʷ ʚʳʨʘʱʝʥʥʳʭ ʦʙʨʘʟʮʦʚ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ 600ÁC ʥʝ 

ʧʨʦʠʩʭʦʜʠʪ ʫʭʫʜʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʧʦʚʝʨʭʥʦʩʪʝʡ ʧʣʝʥʢʠ ʠʣʠ ʢʨʠʩʪʘʣʣʘ. 

ʉʢʦʨʦʩʪʠ ʦʩʘʞʜʝʥʠʷ Ba ʠ Si ʬʠʢʩʠʨʦʚʘʣʠʩʴ 1,2 ʥʤ/ʤʠʥ ʜʣʷ Ba ʠ 0,8 ʥʤ/ʤʠʥ 

ʜʣʷ Si, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʪʘʢ ʯʪʦ ʙʳʣʘ ʚʳʧʦʣʥʝʥʘ ʩʪʝʭʠʦʤʝʪʨʠʷ BaSi2. 

ʉʬʦʨʤʠʨʦʚʘʥʥʳʝ ʧʣʝʥʢʠ ʧʦʢʘʟʘʥʳ ʥʘ ʈʠʩ. 1.3.3 [18].  
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ʈʠʩʫʥʦʢ 1.3.2 - ʉʭʝʤʘ ʫʩʪʘʥʦʚʢʠ ʤʦʣʝʢʫʣʷʨʥʦ-ʣʫʯʝʚʦʡ ʵʧʠʪʘʢʩʠʠ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʪʦʥʢʠʭ ʧʣʝʥʦʢ ʥʘ ʨʘʟʣʠʯʥʳʭ ʧʦʜʣʦʞʢʘʭ [20] 

 

 

ʈʠʩʫʥʦʢ 1.3.3 - ɸʉʄ-ʠʟʦʙʨʘʞʝʥʠʷ ʠ ʧʨʦʬʠʣʴ ʪʦʥʢʦʡ ʧʣʝʥʢʠ 

ʜʠʩʠʣʠʮʠʜʘ ʙʘʨʠʷ ʥʘ ʢʨʝʤʥʠʠ, ʩʬʦʨʤʠʨʦʚʘʥʥʦʡ ʤʝʪʦʜʦʤ ʤʦʣʝʢʫʣʷʨʥʦ-

ʣʫʯʝʚʦʡ ʵʧʠʪʘʢʩʠʠ [18] 
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1.4 ʌʦʨʤʠʨʦʚʘʥʠʝ p-n ʠ n-p ʧʝʨʝʭʦʜʦʚ ʥʘ ʦʩʥʦʚʝ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʳ 

BaSi2/Si 

 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ p-n ʧʝʨʝʭʦʜʘ ʥʘ ʦʩʥʦʚʝ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʳ BaSi2/Si 

ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʧʨʠʤʝʩʠ. ʊʘʢ ʚ ʨʘʙʦʪʘʭ [3, 21-23] ʩ 

ʧʦʤʦʱʴʶ ʩʠʩʪʝʤʳ ʄʃʕ ʩ ʠʦʥʥʦʡ ʦʪʢʘʯʢʦʡ, ʩʥʘʙʞʝʥʥʦʡ ʵʣʝʢʪʨʦʥʥʦ-

ʣʫʯʝʚʳʤ ʠʩʧʘʨʠʪʝʣʝʤ Si, ʘ ʪʘʢʞʝ ʩʪʘʥʜʘʨʪʥʳʤʠ ʷʯʝʡʢʘʤʠ ʂʥʫʜʩʝʥʘ ʜʣʷ Ba ʠ 

B (ʙʦʨʘ), ʩʬʦʨʤʠʨʦʚʘʣʠ p-n ʧʝʨʝʭʦʜ ʥʘ ʦʩʥʦʚʝ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʳ p-BaSi2/n-

BaSi2 (ʈʠʩ. 1.4.1) [3, 21-22]. ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʝʧʝʥʠ ʘʢʪʠʚʘʮʠʠ ʘʪʦʤʦʚ B, 

ʚʩʪʨʦʝʥʥʳʭ ʚ BaSi2 [3, 21-22], ʙʳʣʠ ʚʳʨʘʱʝʥʳ ʧʨʠ 600-650ÁC 

ʵʧʠʪʘʢʩʠʘʣʴʥʳʝ ʧʣʝʥʢʠ p-BaSi2 ʪʦʣʱʠʥʦʡ ʜʦ 200 ʥʤ ʥʘ ʧʦʜʣʦʞʢʘʭ n-Si. 

ɿʘʱʠʪʥʳʝ ʩʣʦʠ ʠʟ ʘʤʦʨʬʥʦʛʦ Si (a-Si) ʩ ʪʦʣʱʠʥʦʡ ʚ ʥʝʩʢʦʣʴʢʦ ʥʘʥʦʤʝʪʨʦʚ 

ʙʳʣʠ ʩʬʦʨʤʠʨʦʚʘʥʳ ʥʘ ʚʩʝʭ ʦʙʨʘʟʮʘʭ ʧʨʠ T <200ÁC, ʯʪʦʙʳ ʧʨʝʜʦʪʚʨʘʪʠʪʴ 

ʦʢʠʩʣʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ BaSi2 ʠ ʧʘʩʩʠʚʠʨʦʚʘʪʴ ʧʦʚʝʨʭʥʦʩʪʴ BaSi2. ʅʘʢʦʥʝʮ, 

ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʧʣʝʥʢʠ ʥʘʧʳʣʷʣʠʩʴ ʵʣʝʢʪʨʦʜʳ ʠʟ ʦʢʩʠʜʘ ʠʥʜʠʷ ʠ ʦʣʦʚʘ (ITO) 

ʜʠʘʤʝʪʨʦʤ 1 ʤʤ ʠ ʪʦʣʱʠʥʦʡ 70 ʥʤ, ʘ ʥʘ ʦʙʨʘʪʥʦʡ ʩʪʦʨʦʥʝ ʧʦʜʣʦʞʢʠ n-Si 

ʦʩʘʞʜʘʣʠʩʴ ʵʣʝʢʪʨʦʜʳ Al. [21] 

 

ʈʠʩʫʥʦʢ 1.4.1 - ʇʨʦʬʠʣʴ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʳ BaSi2/Si [21] 
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ɺ ʨʘʙʦʪʝ [23] ʬʦʨʤʠʨʦʚʘʣʘʩʴ p-n-p ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʘ ʠʟ ʧʣʝʥʦʢ 

ʣʝʛʠʨʦʚʘʥʥʦʡ ʙʦʨʦʤ BaSi2 (0.7 ʤʢʤ)/ ʥʝʣʝʛʠʨʦʚʘʥʥʦʡ n-BaSi2 (1.7 ʤʢʤ)/ 

ʣʝʛʠʨʦʚʘʥʥʘʷ ʙʦʨʦʤ ʧʦʜʣʦʞʢʘ Si. ʀʩʩʣʝʜʦʚʘʥʠʷ ʤʝʪʦʜʦʤ ʚʪʦʨʠʯʥʦʡ ʠʦʥʥʦʡ 

ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʘʪʦʤʳ ʙʦʨʘ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ 

ʜʠʬʬʫʥʜʠʨʫʶʪ ʠʟ p-BaSi2 ʚ n- BaSi2. 

ɺʦ ʚʩʝʭ ʩʣʫʯʘʷʭ ʠʟ ʨʘʙʦʪ [3, 21-23] ʣʝʛʠʨʦʚʘʥʠʝ ʙʦʨʦʤ ʧʦʟʚʦʣʠʣʦ 

ʧʦʣʫʯʠʪʴ ʢʦʥʮʝʥʪʨʘʮʠʶ ʜʳʨʦʢ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 10
16

 ʜʦ 10
21
, ʵʪʦʛʦ ʟʥʘʯʝʥʠʷ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʩʦʟʜʘʥʠʷ ʥʘ ʦʩʥʦʚʝ ʪʘʢʠʭ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨ 

ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ. 

ʅʘ ʢʨʝʤʥʠʠ p-ʪʠʧʘ ʬʦʨʤʠʨʦʚʘʣʠ ʢʘʢ ʥʝʣʝʛʠʨʦʚʘʥʥʳʝ ʧʣʝʥʢʠ n-BaSi2, 

ʪʘʢ ʠ ʣʝʛʠʨʦʚʘʥʥʳʝ ʩʫʨʴʤʦʡ [8, 24-25] ʜʣʷ ʧʦʣʫʯʝʥʠʷ n-p ʛʝʪʝʨʦʧʝʨʝʭʦʜʘ. 

ʄʝʪʦʜʠʢʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʘʥʘʣʦʛʠʯʥʘ ʤʝʪʦʜʠʢʝ [3, 21-23]. ʃʝʛʠʨʦʚʘʥʠʝ 

ʩʫʨʴʤʦʡ ʧʦʟʚʦʣʠʣʦ ʫʚʝʣʠʯʠʪʴ ʢʦʥʮʝʥʪʨʘʮʠʶ ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʘ ʩ 10
15

 ʫ 

ʥʝʣʝʛʠʨʦʚʘʥʥʦʛʦ BaSi2 ʜʦ 10
21

 ʫ ʣʝʛʠʨʦʚʘʥʥʦʛʦ. 

ɺ [8] ʧʨʦʚʦʜʠʪʴʩʷ ʩʨʘʚʥʝʥʠʝ ʧʦʜʚʠʞʥʦʩʪʠ ʵʣʝʢʪʨʦʥʦʚ ʠ ʜʳʨʦʢ ʜʣʷ 

ʨʘʟʥʦʛʦ ʪʠʧʘ ʣʝʛʠʨʦʚʘʥʠʷ ʧʣʝʥʦʢ ʜʠʩʠʣʠʮʠʜʘ ʙʘʨʠʷ: ʧʦʜʚʠʞʥʦʩʪʴ 

ʵʣʝʢʪʨʦʥʦʚ ʚʩʝʛʜʘ ʚʳʰʝ, ʯʝʤ ʧʦʜʚʠʞʥʦʩʪʴ ʜʳʨʦʢ. ʕʪʦ ʩʚʷʟʘʥʦ, ʩʢʦʨʝʝ ʚʩʝʛʦ, 

ʩ ʤʝʥʴʰʝʡ ʵʬʬʝʢʪʠʚʥʦʡ ʤʘʩʩʦʡ ʵʣʝʢʪʨʦʥʦʚ. 

ɺ ʣʠʪʝʨʘʪʫʨʝ ʥʘʤʠ ʥʝ ʥʘʡʜʝʥʳ ʜʘʥʥʳʝ ʦ ʬʦʨʤʠʨʦʚʘʥʠʠ ʠʟʦʪʠʧʥʳʭ 

ʛʝʪʝʨʦʧʝʨʝʭʦʜʦʚ ʥʘ ʦʩʥʦʚʝ BaSi2/Si ʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʠʭ ʩʚʦʡʩʪʚ. 

 

1.5 ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨʳ ʠ ʧʦʚʝʨʭʥʦʩʪʠ ʪʦʥʢʠʭ ʧʣʝʥʦʢ BaSi2 

 

ɺ ʨʘʙʦʪʝ [18] ʩʨʘʚʥʠʚʘʶʪʩʷ ʩʧʝʢʪʨʳ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʜʠʬʨʘʢʮʠʠ 

ʦʙʲʝʤʥʦʛʦ ʜʠʩʠʣʠʮʠʜʘ ʙʘʨʠʷ, ʪʝʦʨʝʪʠʯʝʩʢʠ ʨʘʩʩʯʠʪʘʥʥʦʛʦ ʠʟ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ, ʠ ʪʦʥʢʠʭ ʧʣʝʥʦʢ BaSi2 ʥʘ ʨʘʟʣʠʯʥʳʭ ʧʦʜʣʦʞʢʘʭ. 

ʅʘ ʈʠʩ. 1.5.1 ʈʌɸ-ʩʧʝʢʪʨ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʦʙʨʘʟʮʘ ʦʙʲʝʤʥʦʛʦ 

ʧʦʨʦʰʢʦʦʙʨʘʟʥʦʛʦ BaSi2 ʩʨʘʚʥʠʚʘʝʪʩʷ ʩ ʚʳʯʠʩʣʝʥʥʳʤ  ʩʧʝʢʪʨʦʤ ʠʟ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʦʨʪʦʨʦʤʙʠʯʝʩʢʦʛʦ BaSi2. ʇʦʣʦʞʝʥʠʝ ʠ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʧʠʢʦʚ ʦʙʨʘʟʮʘ ʧʦʨʦʰʢʦʦʙʨʘʟʥʦʛʦ BaSi2 
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ʩʦʚʧʘʜʘʶʪ ʩ ʪʝʦʨʝʪʠʯʝʩʢʠ ʨʘʩʩʯʠʪʘʥʥʳʤʠ. ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʜʠʬʨʘʢʮʠʦʥʥʳʭ 

ʧʠʢʦʚ ʪʦʥʢʦʡ ʧʣʝʥʢʠ  ʜʠʩʠʣʠʮʠʜʘ ʙʘʨʠʷ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ ʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ 

400ÁC ʷʚʣʷʝʪʩʷ ʥʠʟʢʦʡ. ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʚʳʰʝ 500ÁC 

ʦʙʨʘʟʫʝʪʩʷ ʦʨʪʦʨʦʤʙʠʯʝʩʢʠʡ BaSi2. ʆʜʥʘʢʦ, ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ 

ʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʜʦ 800Áʉ ʠ 900Áʉ, ʧʦʷʚʣʷʶʪʩʷ ʧʠʢʠ Si (220) ʠ (311), ʯʪʦ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʥʘʯʘʣʝ ʧʨʦʮʝʩʩʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ Si. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʵʪʠʭ ʨʝʟʫʣʴʪʘʪʦʚ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʪʝʤʧʝʨʘʪʫʨʳ ʚ 

ʠʥʪʝʨʚʘʣʝ ʦʪ 600 
ʦ
ʉ ʜʦ 700Áʉ ʙʳʣʠ ʧʨʠʛʦʜʥʳ ʜʣʷ ʪʚʝʨʜʦʬʘʟʥʦʡ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʦʨʪʦʨʦʤʙʠʯʝʩʢʦʛʦ BaSi2. ʊʘʢʞʝ ʦʙʥʘʨʫʞʝʥʦ ʚʣʠʷʥʠʝ 

ʧʦʚʝʨʭʥʦʩʪʠ Si(111) ʠ ʧʦʢʨʳʚʘʶʱʝʛʦ ʩʣʦʷ Si3N4 ʥʘ ʦʨʠʝʥʪʘʮʠʶ 

ʢʨʠʩʪʘʣʣʠʪʦʚ BaSi2. ɼʠʬʨʘʢʮʠʦʥʥʘʷ ʢʘʨʪʠʥʘ ʜʣʷ BaSi2, ʦʙʨʘʟʦʚʘʥʥʦʛʦ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʘʤʦʨʬʥʦʛʦ Si3N4 (ʦʙʨʘʟʝʮ J), ʷʚʣʷʝʪʩʷ ʧʦʯʪʠ ʪʘʢʦʡ ʞʝ, ʢʘʢ ʜʣʷ 

BaSi2, ʩʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ Si(111) (ʦʙʨʘʟʝʮ E). ɺ ʨʘʙʦʪʘʭ [3, 26-

8] ʧʦʢʘʟʘʥʦ, ʯʪʦ ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʦʢʘʟʳʚʘʝʪ ʙʦʣʴʰʝʝ 

ʚʣʠʷʥʠʝ ʥʘ ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʦʨʠʝʥʪʘʮʠʶ ʚʳʨʘʱʠʚʘʝʤʦʛʦ BaSi2, ʯʝʤ 

ʟʘʪʨʘʚʦʯʥʳʡ ʘʤʦʨʬʥʳʡ ʩʣʦʡ. 

ʉʢʘʥʠʨʦʚʘʥʠʝ ʩ ʧʦʤʦʱʴʶ ʨʘʩʪʨʦʚʦʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ (ʈʕʄ) 

ʦʙʨʘʟʮʘ ʚ ʨʘʙʦʪʝ [29-30] ʧʦʟʚʦʣʠʣʦ ʫʩʪʘʥʦʚʠʪʴ, ʯʪʦ ʪʝʤʧʝʨʘʪʫʨʘ 

ʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ 400ÁC ʩʣʠʰʢʦʤ ʥʠʟʢʘ ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ ʢʨʠʩʪʘʣʣʘ. ʂʦʛʜʘ 

ʪʝʤʧʝʨʘʪʫʨʘ ʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʜʦʩʪʠʛʘʝʪ 500ÁC, ʦʙʨʘʟʝʮ Ba/Si ʥʘʯʠʥʘʝʪ 

ʢʨʠʩʪʘʣʣʠʟʦʚʘʪʴʩʷ. ʇʦʚʝʨʭʥʦʩʪʴ ʧʦʢʨʳʪʘ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʤʠ ʟʝʨʥʘʤʠ ʚ 

ʦʙʨʘʟʮʝ B. ɸ ʚ ʦʙʨʘʟʮʘʭ C, D ʠ E ʠʤʝʝʪʩʷ ʤʥʦʛʦ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʟʝʨʝʥ. 

ʉʨʝʜʥʠʝ ʨʘʟʤʝʨ rʟʝʨʥʘ ʩʦʩʪʘʚʣʷʪʁ 100 ʥʤ ʚ ʦʙʨʘʟʮʝ C, 200 ʥʤ - ʚ ʦʙʨʘʟʮʝ D 

ʠ 1000 ʥʤ - ʚ ʦʙʨʘʟʮʝ E. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʨʘʟʤʝʨ ʟʝʨʥʘ ʤʠʥʠʤʘʣʝʥ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ ʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʥʠʞʝ 500Áʉ, ʘ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ 

ʦʪʞʠʛʘ ʦʪ 600ÁC ʜʦ 800ÁC ʨʘʟʤʝʨ ʟʝʨʥʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ [29]. 
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ʈʠʩʫʥʦʢ 1.5.1 - ʊʝʦʨʝʪʠʯʝʩʢʠ ʨʘʩʩʯʠʪʘʥʥʳʝ, ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ 

ʩʧʝʢʪʨʳ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʜʠʬʨʘʢʮʠʠ ʜʣʷ ʦʙʲʝʤʥʦʛʦ ʜʠʩʠʣʠʮʠʜʘ ʙʘʨʠʷ ʠ 

ʪʦʥʢʠʭ ʧʣʝʥʦʢ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʥʘ Si(111) (ʦʙʨʘʟʮʳ A-I) ʠ Si3N4/Si(111) 

(ʦʙʨʘʟʝʮ J) [26] 

 

 

 

ʈʠʩʫʥʦʢ 1.5.2 - ʈʕʄ ʠʟʦʙʨʘʞʝʥʠʷ ʪʦʥʢʠʭ ʧʣʝʥʦʢ ʜʠʩʠʣʠʮʠʜʘ ʙʘʨʠʷ, 

ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʤʝʪʦʜʦʤ ʤʘʛʥʝʪʨʦʥʥʦʛʦ ʨʘʩʧʳʣʝʥʠʷ ʩ ʨʘʟʣʠʯʥʳʤʠ 

ʪʝʤʧʝʨʘʪʫʨʘʤʠ ʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ [29] 


