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ʄʠʥʠʩʪʝʨʩʪʚʦ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʥʘʫʢʠ ʈʌ 
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ʇʨʘʚʠʪʝʣʴʩʪʚʦ ʈʝʩʧʫʙʣʠʢʠ ʄʦʨʜʦʚʠʷ 

ʄʦʨʜʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʅ.ʇ. ʆʛʘʨʝʚʘ 
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ʅʠʞʝʛʦʨʦʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 
ʠʤ. ʅ.ʀ. ʃʦʙʘʯʝʚʩʢʦʛʦ 
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ʉʦʧʨʝʜʩʝʜʘʪʝʣʠ ʐʢʦʣʳ: 
ɽ.ʄ. ɼʠʘʥʦʚ - ʘʢʘʜʝʤʠʢ ʈɸʅ,  ʜʠʨʝʢʪʦʨ ʅʘʫʯʥʦʛʦ ʮʝʥʪʨʘ ʚʦʣʦʢʦʥʥʦʡ ʦʧʪʠʢʠ ʈɸʅ  
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ɺ.ɺ. ʗʢʫʙʘ - ʛʝʥʝʨʘʣʴʥʳʡ ʜʠʨʝʢʪʦʨ ɸʋ çʊʝʭʥʦʧʘʨʢ-ʄʦʨʜʦʚʠʷè  
ɺ.ɺ.  ʏʠʙʠʨʢʠʥ - ʛʝʥʝʨʘʣʴʥʳʡ ʜʠʨʝʢʪʦʨ ʆɸʆ çʕʣʝʢʪʨʦʚʳʧʨʷʤʠʪʝʣʴè 
ʇ.ɸ.  ʈʷʙʦʯʢʠʥʘ - ʫʯʝʥʳʡ ʩʝʢʨʝʪʘʨʴ 

ʇʨʦʛʨʘʤʤʥʳʡ ʢʦʤʠʪʝʪ: 
ʊ.ɺ. ɸʥʪʨʦʧʦʚʘ - ʜ.ʭ.ʥ. ʛ. ʉ.-ʇʝʪʝʨʙʫʨʛ 
ɺ.ɸ. ɻʦʨʶʥʦʚ - ʜ.ʬ.-ʤ.ʥ. ʛ. ʉʘʨʘʥʩʢ 
ʆ.ʅ. ɻʦʨʰʢʦʚ  - ʢ.ʬ.-ʤ.ʥ. ʛ. ʅ.-ʅʦʚʛʦʨʦʜ 
ɽ.ɺ. ɾʘʨʠʢʦʚ - ʜ.ʪ.ʥ.  ʛ. ʄʦʩʢʚʘ 
ɸ.ʄ. ɿʶʟʠʥ  - ʜ.ʬ.-ʤ.ʥ. ʛ. ʉʘʨʘʥʩʢ 
ɺ.ɼ. ʂʨʝʚʯʠʢ - ʜ.ʬ.-ʤ.ʥ. ʛ. ʇʝʥʟʘ 
ɸ.ʉ. ʂʫʨʢʦʚ - ʜ.ʬ.ʤ.ʥ. ʛ. ʄʦʩʢʚʘ 
ʌ.ɺ. ʂʫʩʤʘʨʮʝʚ - ʜ.ʬ.ʤ.ʥ., ɺʝʣʠʢʦʙʨʠʪʘʥʠʷ 
ʄ.ɺ. ʃʦʛʫʥʦʚ - ʜ.ʬ.-ʤ.ʥ. ʛ. ʉʘʨʘʥʩʢ 
ɻ.ɽ. ʄʘʣʘʰʢʝʚʠʯ - ʜ.ʬ.-ʤ.ʥ. ʛ. ʄʠʥʩʢ 
ɺ.ɸ. ʄʘʨʛʫʣʠʩ - ʜ.ʬ.-ʤ.ʥ. ʛ. ʉʘʨʘʥʩʢ 
ʂ.ʅ. ʅʠʱʝʚ - ʢ.ʬ.-ʤ.ʥ. ʛ. ʉʘʨʘʥʩʢ (ʧʨʝʜʩʝʜʘʪʝʣʴ) 
ʄ.ʅ. ʇʦʧʦʚʘ - ʜ.ʬ.-ʤ.ʥ. ʛ. ʊʨʦʠʮʢ 
ɺ.ʅ. ʉʠʛʘʝʚ - ʜ.ʭ.ʥ. ʛ. ʄʦʩʢʚʘ 
ʉ.ʅ. ʋʰʘʢʦʚ - ʢ.ʬ.-ʤ.ʥ. ʛ. ʄʦʩʢʚʘ 
ʅ.ɽ. ʌʦʤʠʥ - ʢ.ʬ.-ʤ.ʥ. ʛ. ʉʘʨʘʥʩʢ 
ʇ.ʇ. ʌʝʜʦʨʦʚ - ʜ.ʭ.ʥ. ʛ. ʄʦʩʢʚʘ 
 
 

ʃʦʢʘʣʴʥʳʡ ʢʦʤʠʪʝʪ: 
ʉ.ɸ. ɸʥʪʦʰʢʠʥʘ  ʅ.ɺ. ʄʦʠʩʝʝʚ 
ɸ.ɺ. ɻʦʣʫʙʴʝʚ ï ʧʨʝʜʩʝʜʘʪʝʣʴ ɾ.ɼ. ʄʷʛʢʦʚʘ 
ɸ.ʄ. ɻʦʨʠʥ ʆ.ɺ. ʇʦʟʜʥʷʢʦʚʘ 
ʀ.ʅ. ɽʚʪʝʝʚʘ ʄ.ɸ. ʇʷʪʘʝʚ 
ʃ.ɸ. ʂʫʣʠʢʦʚ ʅ.ɺ. ʑʫʯʢʠʥʘ 
ʆ.ʇ. ʃʘʟʘʨʝʚʘ  ʅ.ɺ. ʗʥʮʝʥ 
ʅ.ʅ. ʃʦʛʠʥʦʚ   

 

 

ʐʢʦʣʘ ʦʨʛʘʥʠʟʦʚʘʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʦʛʦ ʬʦʥʜʘ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ (ʢʦʜ ʧʨʦʝʢʪʘ ˉ 11-02-06817-ʤʦʙ_ʛ), ʌʝʜʝʨʘʣʴʥʦʡ 

ʮʝʣʝʚʦʡ ʧʨʦʛʨʘʤʤʳ çʅʘʫʯʥʳʝ ʠ ʥʘʫʯʥʦ-ʧʝʜʘʛʦʛʠʯʝʩʢʠʝ ʢʘʜʨʳ ʠʥʥʦʚʘʮʠʦʥʥʦʡ 

ʈʦʩʩʠʠè (ʤʝʨʦʧʨʠʷʪʠʝ 2.1, ʰʠʬʨ ʟʘʷʚʢʠ 2011-2.1-108-156). 
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ʉʆɼɽʈɾɸʅʀɽ 

 

 

ʕʃɽʂʊʈʆʅʅʓɽ ʗɺʃɽʅʀʗ ɺ ʅɸʅʆʉʊʈʋʂʊʋʈɸʍ 19 

ɼʦʢʣʘʜʳ  

ɸ.ɺ. ʂʘʣʠʥʠʥʘ, ɺ.ɼ. ʂʨʝʚʯʠʢ, ʄ.ɹ. ʉʝʤʸʥʦʚ, ʈ.ɺ. ɿʘʡʮʝʚ, ɺ.ɸ. ʈʫʜʠʥ, 
ʇ.ɺ. ʂʨʝʚʯʠʢ 
ʇʝʥʟʝʥʩʢʠʡ ɻʋ, ʇʝʥʟʘ 
ʇʨʦʙʣʝʤʘ ʫʩʪʦʡʯʠʚʦʩʪʠ 2D-ʪʫʥʥʝʣʴʥʳʭ ʙʠʬʫʨʢʘʮʠʡ ʚ ʤʘʪʨʠʮʘʭ  
ʩ ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʴʶ ʚ ʫʩʣʦʚʠʷʭ 
ʚʥʝʰʥʝʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ  20 

ɿ.ɸ. ɻʘʚʨʠʥʘ, ɺ.ɼ. ʂʨʝʚʯʠʢ 
ʇʝʥʟʝʥʩʢʠʡ ɻʋ, ʇʝʥʟʘ 
ʆʩʦʙʝʥʥʦʩʪʠ ʨʝʟʦʥʘʥʩʥʳʭ ʩʦʩʪʦʷʥʠʡ D--ʮʝʥʪʨʦʚ ʚ ʢʚʘʥʪʦʚʳʭ 
ʤʦʣʝʢʫʣʘʭ ʚʦ ʚʥʝʰʥʝʤ ʵʣʝʢʪʨʠʯʝʩʢʦʤ ʧʦʣʝ 21 

ʊ.ʄ. ɺʘʩʠʣʝʚʩʢʘʷ, ɼ.ʀ. ʉʝʤʝʥʮʦʚ, ɸ.ʄ. ʐʫʪʳʡ 
ʋʣʴʷʥʦʚʩʢʠʡ ɻʋ, ʋʣʴʷʥʦʚʩʢ 
ɹʠʬʫʨʢʘʮʠʦʥʥʳʡ ʨʝʟʦʥʘʥʩ 22 

ɸ.ʄ. ʐʫʪʳʡ 
ʋʣʴʷʥʦʚʩʢʠʡ ɻʋ, ʋʣʴʷʥʦʚʩʢ 
ʀʥʜʫʮʠʨʦʚʘʥʥʳʡ ʤʘʛʥʠʪʥʳʡ ʤʦʤʝʥʪ ʩʠʩʪʝʤʳ ʜʠʧʦʣʝʡ  23 

ʄ.ɸ. ʇʷʪʘʝʚ 
ʄʦʨʜʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʅ.ʇ. ʆʛʘʨʝʚʘ, ʉʘʨʘʥʩʢ 
ʕʥʝʨʛʝʪʠʯʝʩʢʠʡ ʩʧʝʢʪʨ ʦʜʥʦʤʝʨʥʦʡ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ 
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ɸ.ɸ. ɻʨʠʛʦʨʴʢʠʥ 
ʇʀʀʗʌ, ʉ-ʇʝʪʝʨʙʫʨʛ 
ʉʧʠʨʘʣʴʥʘʷ ʢʚʘʥʪʦʚʘʷ ʧʨʦʚʦʣʦʢʘ ʩʦ ʩʧʠʥ-ʦʨʙʠʪʘʣʴʥʳʤ 
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ʅ.ʉ. ʇʨʫʜʩʢʠʭ, ɸ.ɺ. ʐʦʨʦʭʦʚ 
ʄʦʨʜʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʅ.ʇ. ʆʛʘʨʝʚʘ, ʉʘʨʘʥʩʢ 
ʅʝʩʪʘʙʠʣʴʥʦʩʪʠ ʚʦʣʥ ʟʘʨʷʜʦʚʦʡ ʧʣʦʪʥʦʩʪʠ ʚ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʦʡ 
ʩʚʝʨʭʨʝʰʝʪʢʝ, ʥʘʭʦʜʷʱʝʡʩʷ ʚ ʪʝʨʘʛʝʨʮʝʚʳʭ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ 
ʧʦʣʷʭ 26 

ʆ.ɼ. ʇʦʟʜʥʷʢʦʚʘ, ɸ.ɺ. ʐʦʨʦʭʦʚ 
ʄʦʨʜʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʅ.ʇ. ʆʛʘʨʝʚʘ, ʉʘʨʘʥʩʢ 
ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʙʠʭʨʦʤʘʪʠʯʝʩʢʦʛʦ ʧʦʣʷ ʥʘʢʘʯʢʠ  
ʜʣʷ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʛʦ ʫʩʠʣʝʥʠʷ ʪʝʨʘʛʝʨʮʝʚʦʛʦ ʠʟʣʫʯʝʥʠʷ 
ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʦʡ ʩʚʝʨʭʨʝʰʝʪʢʦʡ 27 

ʉ.ɸ. ʉʫʜʦʨʛʠʥ, ʅ.ɻ. ʃʝʙʝʜʝʚ, ʄ.ɹ. ɹʝʣʦʥʝʥʢʦ 
ɺʦʣʛʦʛʨʘʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ɺʦʣʛʦʛʨʘʜ 
ʂʦʵʬʬʠʮʠʝʥʪ ʜʠʬʬʫʟʠʠ ʵʣʝʢʪʨʦʥʦʚ ʚ ʟʠʛʟʘʛʦʦʙʨʘʟʥʳʭ 
ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʪʨʫʙʢʘʭ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʩʠʣʴʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 
ʧʦʣʷ 28 
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ʅʆɺʓɽ ʌʋʅʂʎʀʆʅɸʃʔʅʓɽ ʄɸʊɽʈʀɸʃʓ 29 

ʃʝʢʮʠʠ  

ʃ.ʀ. ʀʚʣʝʚʘ 
ʀʥʩʪʠʪʫʪ ʦʙʱʝʡ ʬʠʟʠʢʠ ʠʤ. ɸ.ʄ. ʇʨʦʭʦʨʦʚʘ, ʄʦʩʢʚʘ 
ɺʳʨʘʱʠʚʘʥʠʝ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʢʨʠʩʪʘʣʣʦʚ 
ʥʠʦʙʘʪʘ ʙʘʨʠʷ-ʩʪʨʦʥʮʠʷ 30 

ʄ.ʅ. ʇʦʧʦʚʘ 
ʀʥʩʪʠʪʫʪ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʈɸʅ, ʊʨʦʠʮʢ, ʄʦʩʢʦʚʩʢʘʷ ʦʙʣʘʩʪʴ 
ʂʨʠʩʪʘʣʣʳ ʩ ʨʝʜʢʦʟʝʤʝʣʴʥʳʤʠ ʠʦʥʘʤʠ ʜʣʷ ʢʚʘʥʪʦʚʦʡ ʧʘʤʷʪʠ 31 

ʉ.ɸ. ʂʣʠʤʠʥ 
ʀʥʩʪʠʪʫʪ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʈɸʅ, ʊʨʦʠʮʢ 
ʉʧʝʢʪʨʦʩʢʦʧʠʷ ʂʈʉ ʠ ʀʂ ʦʪʨʘʞʝʥʠʷ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ 
ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʬʝʨʨʦʙʦʨʘʪʦʚ 32 

ɽ.ʇ. ʏʫʢʘʣʠʥʘ 
ʀʥʩʪʠʪʫʪ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʈɸʅ, ʊʨʦʠʮʢ 
ʄʫʣʴʪʠʬʝʨʨʦʠʢʠ 33 

 

ɼʦʢʣʘʜʳ  

ɼ.ʉ. ʇʳʪʘʣʝʚ 
ʀʥʩʪʠʪʫʪ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʈɸʅ, ʊʨʦʠʮʢ 
ʉʧʝʢʪʨʦʩʢʦʧʠʷ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ ʬʪʦʨʠʩʪʳʭ  ʵʣʴʧʘʩʦʣʠʪʦʚ  
ʩ ʨʝʜʢʦʟʝʤʝʣʴʥʳʤʠ ʠʦʥʘʤʠ 34 

ʂ.ʅ. ɹʦʣʜʳʨʝʚ 
ʀʥʩʪʠʪʫʪ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʈɸʅ, ʊʨʦʠʮʢ 
ʀʩʩʣʝʜʦʚʘʥʠʝ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʬʘʟʦʚʳʭ ʤʘʛʥʠʪʥʳʭ 
ʧʝʨʝʭʦʜʦʚ ʚ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʭʨʦʤʦʚʳʭ ʙʦʨʘʪʘʭ RCr3(BO3)4, R=Nd, 
Sm, Gd, Er  35 

ɸ.ʉ. ɻʘʣʢʠʥ 
ʀʥʩʪʠʪʫʪ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʈɸʅ, ʊʨʦʠʮʢ 
ʄʘʛʥʠʪʥʘʷ ʩʪʨʫʢʪʫʨʘ ʮʝʧʦʯʝʯʥʳʭ ʥʠʢʝʣʘʪʦʚ R2BaNiO 5: 
ʠʩʩʣʝʜʦʚʘʥʠʝ ʤʝʪʦʜʦʤ ʵʨʙʠʝʚʦʛʦ ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʦʛʦ ʟʦʥʜʘ  36 

ʄ.ɸ. ʂʘʱʝʥʢʦ 
ʀʥʩʪʠʪʫʪ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʈɸʅ, ʊʨʦʠʮʢ 
ʉʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʢʦʙʘʣʴʪʠʪʘ ʝʚʨʦʧʠʷ: ʧʝʨʝʭʦʜ 
ʤʝʪʘʣʣ-ʜʠʵʣʝʢʪʨʠʢ 37 

ʂ.ʅ. ɹʦʣʜʳʨʝʚ 
ʀʥʩʪʠʪʫʪ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʈɸʅ, ʊʨʦʠʮʢ 
ɸʥʘʣʠʟ ʧʨʠʤʝʩʝʡ III, IV ʠ V ʛʨʫʧʧ ʚ ʚʳʩʦʢʦʯʠʩʪʦʤ ʢʨʝʤʥʠʠ  
ʜʣʷ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʦʡ ʵʣʝʢʪʨʦʥʠʢʠ 38 

ʂ.ɸ. ʈʝʢʫʥʦʚ, ɸ.ɺ. ʍʦʤʷʢʦʚ, ʀ.ʍ. ɸʚʝʪʠʩʦʚ 
ʈʍʊʋ ʠʤ. ɼ.ʀ. ʄʝʥʜʝʣʝʝʚʘ, ʄʦʩʢʚʘ 
ɺʳʨʘʱʠʚʘʥʠʝ ʢʨʠʩʪʘʣʣʦʚ CdTe ʤʝʪʦʜʦʤ ɹʨʠʜʞʤʝʥʘ  
ʚ ʢʚʘʟʠʦʪʢʨʳʪʦʡ ʩʠʩʪʝʤʝ ʧʨʠ ʢʦʥʪʨʦʣʠʨʫʝʤʦʤ ʜʘʚʣʝʥʠʠ ʧʘʨʘ 
ʢʦʤʧʦʥʝʥʪʘ 39 
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ɼ.ɸ. ʉʘʣʢʠʥ, ɸ.ʄ. ɿʶʟʠʥ 
ʄʦʨʜʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʅ.ʇ. ʆʛʘʨʝʚʘ, ʉʘʨʘʥʩʢ 
ɺʣʠʷʥʠʝ ʩʨʝʜʳ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʦʪʞʠʛʘ ʥʘ ʪʨʘʥʩʬʦʨʤʘʮʠʶ 
ʩʧʝʢʪʨʦʚ ʕʇʈ Eu-ʩʦʜʝʨʞʘʱʠʭ ʣʶʤʠʥʦʬʦʨʦʚ 40 

ʉ.ɺ. ʂʨʘʩʠʣʴʥʠʢʦʚ, ɸ.ɽ. ʇʝʪʫʭʦʚʘ, ʅ.ɻ. ɻʦʨʘʱʝʥʢʦ 
ʈʍʊʋ ʠʤ. ɼ.ʀ. ʄʝʥʜʝʣʝʝʚʘ, ʄʦʩʢʚʘ 
ɿʘʚʠʩʠʤʦʩʪʴ ʩʪʝʢʦʣ ʚ ʩʠʩʪʝʤʝ Bi2O3-SiO2- GeO2 ʦʪ ʩʦʩʪʘʚʘ 41 

ɺ.ɺ. ɽʚʩʪʠʬʝʝʚʘ, ɸ.ɺ. ʄʦʩʢʚʠʯʝʚʘ, ɺ.ʅ. ʏʫʚʠʣʴʜʝʝʚ 
ʅʅɻʋ ʠʤ. ʅ.ʀ. ʃʦʙʘʯʝʚʩʢʦʛʦ, ʅ.ʅʦʚʛʦʨʦʜ 
ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨʳ ʠ ʤʝʭʘʥʠʯʝʩʢʠʭ 
ʩʚʦʡʩʪʚ ʪʫʛʦʧʣʘʚʢʠʭ ʧʩʝʚʜʦʩʧʣʘʚʦʚ W-Ni-Fe 42 

ʀ.ɺ. ʉʪʝʧʘʥʦʚʘ, ʅ.ɻ. ɻʦʨʘʱʝʥʢʦ 
ʈʍʊʋ ʠʤ. ɼ.ʀ. ʄʝʥʜʝʣʝʝʚʘ, ʄʦʩʢʚʘ 
ʂʨʠʩʪʘʣʣʠʟʘʮʠʷ ʩʪʝʢʦʣ ʩʦʩʪʘʚʘ Bi2O3ïGeO2-xFe2O3 43 

ʀ.ɸ.ʂʫʢʫʰʢʠʥ, ɺ.ɺ. ɼʤʠʪʨʠʝʚ, ʆ.ʀ. ɻʦʚʦʨʢʦʚ, 
ɸ.ɸ. ɽʥʘʣʝʝʚʘ, ɺ.ɸ. ʐʠʰʢʠʥ 
ʌɻʋʇ ʅʀʀ çʇʦʣʶʩè ʠʤ. ʄ.ʌ. ʉʪʝʣʴʤʘʭʘ, ʄʦʩʢʚʘ  
ʉʝʨʥʘʷ ʧʘʩʩʠʚʘʮʠʷ ʩʪʨʫʢʪʫʨ GaAs-AlxGa1-xAs ʚ ʚʘʢʫʫʤʝ 44 

ɽ.ɸ. ɾʘʨʢʦʚ, ɺ.ʅ. ʏʫʚʠʣʴʜʝʝʚ 
ʅʅɻʋ ʠʤ. ʅ.ʀ. ʃʦʙʘʯʝʚʩʢʦʛʦ, ʅ. ʅʦʚʛʦʨʦʜ 
ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʥʝʨʘʚʥʦʚʝʩʥʳʭ ʜʝʬʝʢʪʦʚ ʨʝʰʝʪʢʠ  
ʩ ʥʝʨʘʚʥʦʚʝʩʥʳʤʠ ʛʨʘʥʠʮʘʤʠ ʟʸʨʝʥ  
ʚ ʫʩʣʦʚʠʷʭ ʵʣʝʢʪʨʦʠʤʧʫʣʴʩʥʦʛʦ ʧʣʘʟʤʝʥʥʦʛʦ ʩʧʝʢʘʥʠʷ 45 

ɺ.ʅ. ʉʠʛʘʝʚ, ʉ.ɺ. ʃʦʪʘʨʝʚ, ɸ.ʉ. ɹʘʭʪʘʤʘʝʚʘ 
ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʣʘʙʦʨʘʪʦʨʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ 
ʩʪʝʢʣʘ ʈʍʊʋ ʠʤ. ɼ.ʀ. ʄʝʥʜʝʣʝʝʚʘ, ʄʦʩʢʚʘ  
ʂʨʠʩʪʘʣʣʠʟʘʮʠʷ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʢʘ LaBGeO5 ʚ ʩʪʝʢʣʘʭ  
ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ 46 

ʂ.ʅ. ʅʠʱʝʚ1, ʅ.ɽ. ʌʦʤʠʥ1, ɺ.ɸ. ʖʜʠʥ1, ʄ.ʀ. ʅʦʚʦʧʦʣʴʮʝʚ1, ɹ.ɺ. ʑʝʪʘʥʦʚ2 
1ʄʦʨʜʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʅ.ʇ. ʆʛʘʨʝʚʘ, ʉʘʨʘʥʩʢ 
2ʌɻʋʇ çɺʩʝʨʦʩʩʠʡʩʢʠʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪ 
ʘʚʠʘʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚè, ʄʦʩʢʚʘ 
ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨʳ ʠ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 
ʤʝʪʘʣʦʤʘʪʨʠʯʥʦʛʦ ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʩʠʩʪʝʤʳ AL-SIC 47 

ɽ.ʅ. ɹʫʪʫʩʦʚʘ, ɼ.ʅ. ʂʦʪʢʦʚ, ɸ.ɺ. ʅʦʭʨʠʥ, ɺ.ʅ. ʏʫʚʠʣʴʜʝʝʚ 
ʅʅɻʋ ʠʤ. ʅ.ʀ. ʃʦʙʘʯʝʚʩʢʦʛʦ, ʅ. ʅʦʚʛʦʨʦʜ 
ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʧʨʦʮʝʩʩʦʚ ʩʪʘʨʝʥʠʷ ʥʘ ʟʘʨʦʞʜʝʥʠʝ  
ʩʪʨʝʩʩ-ʢʦʨʨʦʟʠʦʥʥʳʭ ʪʨʝʱʠʥ 48 

ɺ.ɺ. ʂʦʚʘʣʝʥʢʦ, ʅ.ɺ. ʉʳʩʦʝʚʘ, ɺ.ʂ. ɼʫʙʦʚʳʡ, ɸ.ʀ. ɹʝʟʣʘʢʦʚʩʢʠʡ 
ʉʝʚʝʨʥʳʡ (ɸʨʢʪʠʯʝʩʢʠʡ) ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ɸʨʭʘʥʛʝʣʴʩʢ 
ʉʚʷʟʝʦʙʨʘʟʦʚʘʥʠʝ ʚ ʤʠʥʝʨʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʘʭ 50 

ɼ.ʉ. ʃʦʩʴ1, ʉ.ɺ. ʂʫʟʥʝʮʦʚ1, ʇ.ʇ. ʌʝʜʦʨʦʚ1, ɻ.ɺ. ɿʠʤʠʥʘ2, ɺ.ɺ. ɺʦʨʦʥʦʚ1,  
ʈ.ʇ. ɽʨʤʘʢʦʚ1, ɺ.ɺ. ʆʩʠʢʦ1 
1ʀʥʩʪʠʪʫʪ ʦʙʱʝʡ ʬʠʟʠʢʠ ʠʤ. ɸ.ʄ. ʇʨʦʭʦʨʦʚʘ ʈɸʅ, ʄʦʩʢʚʘ 
2ʄʦʩʢʦʚʩʢʘʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʘʢʘʜʝʤʠʷ ʪʦʥʢʦʡ ʭʠʤʠʯʝʩʢʦʡ ʪʝʭʥʦʣʦʛʠʠ 
ʠʤ. ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ, ʄʦʩʢʚʘ 
Cʠʥʪʝʟ ʩʫʙʤʠʢʨʦʥʥʳʭ ʧʦʨʦʰʢʦʚ ʬʪʦʨʠʜʦʚ NaYF4:Yb:R (R ï ʈɿʕ) 51 
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ʄ.ʅ. ʄʘʷʢʦʚʘ, ʉ.ɺ. ʂʫʟʥʝʮʦʚ, ʇ.ʇ. ʌʝʜʦʨʦʚ, ɺ.ɺ. ɺʦʨʦʥʦʚ,  
ʈ.ʇ. ɽʨʤʘʢʦʚ, ɺ.ɺ. ʆʩʠʢʦ  
ʀʥʩʪʠʪʫʪ ʦʙʱʝʡ ʬʠʟʠʢʠ ʠʤ. ɸ.ʄ. ʇʨʦʭʦʨʦʚʘ ʈɸʅ, ʄʦʩʢʚʘ 
ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʠʥʪʝʟʘ ʧʦʨʦʰʢʦʚ ʬʪʦʨʠʜʦʚ  
ʚ ʩʠʩʪʝʤʘʭ BaF2-RF3 (R = Y,Bi) 52 

ɼ.ɸ. ʉʘʣʢʠʥ, ɸ.ʄ. ɿʶʟʠʥ, ɸ.ʄ. ɻʨʷʟʥʦʚ 
ʄʦʨʜʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʅ.ʇ. ʆʛʘʨʝʚʘ, ʉʘʨʘʥʩʢ 
ʀʟʤʝʥʝʥʠʝ ʩʦʩʪʦʷʥʠʷ ʠʦʥʦʚ Eu ʚ ʣʶʤʠʥʦʬʦʨʘʭ  
ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ 53 

ɺ.ʇ. ʄʠʰʢʠʥ1, ɸ.ɺ.ɻʨʠʰʘʥʠʥ2, ɺ.ɸ. ʄʘʨʪʳʥʝʥʢʦ2, ʂ.ʅ ʅʠʱʝʚ1,  

ɽ.ʅ. ʋʩʢʦʚʘ1  
1ʄʦʨʜʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʅ.ʇ. ʆʛʘʨʝʚʘ, ʉʘʨʘʥʩʢ 
2ʆɸʆ çʕʣʝʢʪʨʦʚʳʧʨʷʤʠʪʝʣʴè, ʉʘʨʘʥʩʢ  
ʀʩʩʣʝʜʦʚʘʥʠʝ ʪʦʥʢʦʧʣʸʥʦʯʥʳʭ ʢʦʥʪʘʢʪʥʳʭ ʩʪʨʫʢʪʫʨ ʥʘ ʢʨʝʤʥʠʠ 
ʤʝʪʦʜʘʤʠ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʠ ʩʢʘʥʠʨʫʶʱʝʡ ʟʦʥʜʦʚʦʡ 
ʤʠʢʨʦʩʢʦʧʠʠ 54 

ʄ.ɸ. ɹʘʢʫʣʠʥ, ɸ.ʄ. ɿʶʟʠʥ, ɺ.ɺ. ʈʘʜʘʡʢʠʥ 
ʄʦʨʜʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʅ.ʇ.ʆʛʘʨʸʚʘ, ʉʘʨʘʥʩʢ 
ɺʦʟʙʫʞʜʝʥʠʝ ʩʧʝʢʪʨʦʚ ʉɺʈ ʚ ʧʣʸʥʢʘʭ ʩ ʦʨʪʦʨʦʤʙʠʯʝʩʢʦʡ 
ʘʥʠʟʦʪʨʦʧʠʝʡ 56 

 

ʃɸɿɽʈʅʓɽ ʄɸʊɽʈʀɸʃʓ ʀ ʊɽʍʅʆʃʆɻʀʀ 57 

ʃʝʢʮʠʠ  

ɸ.ʅ. ʂʦʣʝʨʦʚ, ɼ.ɺ. ʆʥʠʱʝʥʢʦ 
ʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʠʥʩʪʠʪʫʪ ʵʣʝʢʪʨʦʥʥʦʡ ʪʝʭʥʠʢʠ, ʄʦʩʢʚʘ 
ʃʘʟʝʨʥʳʡ TERS-ʤʠʢʨʦʩʢʦʧ ʙʣʠʞʥʝʛʦ ʧʦʣʷ ʩ ʟʦʥʜʦʤ ʠʟ ʫʛʣʝʨʦʜʥʦʡ 
ʥʘʥʦʪʨʫʙʢʠ 58 

ɺ.ɸ. ʇʦʩʪʥʠʢʦʚ1, ɸ.ɺ. ʂʨʘʡʩʢʠʡ2, ʊ.ʊ. ʉʫʣʪʘʥʦʚ2 

1ʌɻʋ ʅʀʀ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʦʡ ʤʝʜʠʮʠʥʳ ʌʄɹɸ ʈʦʩʩʠʠ, 
2ʌʠʟʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ʠʤ. ʇ.ʅ.ʃʝʙʝʜʝʚʘ ʈɸʅ, ʄʦʩʢʚʘ  
ɻʦʣʦʛʨʘʬʠʯʝʩʢʠʝ ʛʣʶʢʦʟʦʯʫʚʩʪʚʠʪʝʣʴʥʳʝ ʩʝʥʩʦʨʳ  66 

ʇ.ɸ. ʈʷʙʦʯʢʠʥʘ1, ɽ.ɸ. ɻʘʨʠʙʠʥ2, ɸ.ɸ. ʃʷʧʠʥ1, ɸ.ɺ. ʄʘʣʦʚ1, ɺ.ɺ. ʆʩʠʢʦ3, 
ʉ.ʅ. ʋʰʘʢʦʚ3, ʇ.ʇ. ʌʝʜʦʨʦʚ3 

1ʄʦʨʜʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʅ.ʇ. ʆʛʘʨʝʚʘ, ʉʘʨʘʥʩʢ 
2ɿɸʆ çʀʅʂʈʆʄè, ʉ.-ʇʝʪʝʨʙʫʨʛ 
3ʀʥʩʪʠʪʫʪ ʦʙʱʝʡ ʬʠʟʠʢʠ ʠʤ. ɸ.ʄ. ʇʨʦʭʦʨʦʚʘ, ʄʦʩʢʚʘ 
ʉʪʨʫʢʪʫʨʘ ʠ ʩʧʝʢʪʨʘʣʴʥʦ-ʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ʩʚʦʡʩʪʚʘ ʢʝʨʘʤʠʢʠ 
ʉaF2, ʘʢʪʠʚʠʨʦʚʘʥʥʦʡ ʠʦʥʘʤʠ Tm3+, Ho3+ 67 
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ɻ.ɽ. ʄʘʣʘʰʢʝʚʠʯ1, ɺ.ʅ. ʉʠʛʘʝʚ2, ʅ.ɺ. ɻʦʣʫʙʝʚ2, ɽ.ʍ. ʄʘʤʘʜʞʘʥʦʚʘ2,  
ɽ.ɺ. ʇʝʩʪʨʷʢʦʚ3, ɸ.ɸ.ʉʫʭʦʜʦʣʘ1, ʀ.ʀ.ʉʝʨʛʝʝʚ1 
1ʀʥʩʪʠʪʫʪ ʬʠʟʠʢʠ ʠʤʝʥʠ ɹ.ʀ.ʉʪʝʧʘʥʦʚʘ ʅʘʮʠʦʥʘʣʴʥʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ 
ɹʝʣʘʨʫʩʠ, ʄʠʥʩʢ 
2ʈʦʩʩʠʡʩʢʠʡ ʭʠʤʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ 
ɼ.ʀ.ʄʝʥʜʝʣʝʝʚʘ, ʄʦʩʢʚʘ 
3ʀʥʩʪʠʪʫʪ ʣʘʟʝʨʥʦʡ ʬʠʟʠʢʠ ʉʠʙʠʨʩʢʦʛʦ ʦʪʜʝʣʝʥʠʷ ʈʦʩʩʠʡʩʢʦʡ 
ʘʢʘʜʝʤʠʠ ʥʘʫʢ, ʅʦʚʦʩʠʙʠʨʩʢ 
ʉʧʝʢʪʨʘʣʴʥʦ-ʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ʩʚʦʡʩʪʚʘ ʠ ʧʝʨʩʧʝʢʪʠʚʳ 
ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʭʘʥʪʠʪʦʧʦʜʦʙʥʳʭ ʠ ʢʚʘʨʮʝʚʳʭ ʩʪʝʢʦʣ, 
ʘʢʪʠʚʠʨʦʚʘʥʥʳʭ ʠʦʥʘʤʠ ʩʘʤʘʨʠʷ 68 

ɸ.ɺ. ʂʨʘʡʩʢʠʡ1, ɺ.ɸ. ʇʦʩʪʥʠʢʦʚ2, ʊ.ʊ. ʉʫʣʪʘʥʦʚ1, ʊ.ɺ. ʄʠʨʦʥʦʚʘ1, 
ɸ.ɸ. ʂʨʘʡʩʢʠʡ1, ʄ.ɸ. ʐʝʚʯʝʥʢʦ1 
1ʌʠʟʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ʠʤ. ʇ.ʅ.ʃʝʙʝʜʝʚʘ ʈɸʅ, ʄʦʩʢʚʘ 
2ʌɻʋçʅʀʀ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʦʡ ʤʝʜʠʮʠʥʳè, ʌʄɹɸ ʈʦʩʩʠʠ, ʄʦʩʢʚʘ 
ʆʙ ʦʧʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚʘʭ ʛʦʣʦʛʨʘʬʠʯʝʩʢʠʭ ʩʝʥʩʦʨʦʚ ʥʘ ʦʩʥʦʚʝ 
ʩʝʨʝʙʨʷʥʳʭ ʵʤʫʣʴʩʠʡ  69 

ʇ.ɻ. ɿʚʝʨʝʚ, ʀ.ɸ. ɿʠʤʘ, ʃ.ʀ. ʀʚʣʝʚʘ 
ʀʥʩʪʠʪʫʪ ʦʙʱʝʡ ʬʠʟʠʢʠ ʠʤ. ɸ.ʄ. ʇʨʦʭʦʨʦʚʘ ʈɸʅ, ʄʦʩʢʚʘ 
ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʦʛʣʦʱʝʥʠʷ ɺʂʈ-ʘʢʪʠʚʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʚ ʙʣʠʞʥʝʤ ʋʌ 
ʩʧʝʢʪʨʘʣʴʥʦʤ ʜʠʘʧʘʟʦʥʝ 70 

ʂ.ɸ. ʉʫʙʙʦʪʠʥ1, ɺ.ɺ. ɺʦʨʦʥʦʚ1, ɺ.ɻ. ʉʝʥʠʥ2, ʉ.ʄ. ɸʨʘʢʝʣʷʥ3
, ʄ.ʅ. ɻʝʨʢʝ3, 

ɺ.ɸ. ʉʤʠʨʥʦʚ1, ɼ.ɸ. ʅʠʢʦʣʘʝʚ1, ɽ.ɺ. ɾʘʨʠʢʦʚ4,1, ʀ.ɸ. ʑʝʨʙʘʢʦʚ1 
1ʀʥʩʪʠʪʫʪ ʦʙʱʝʡ ʬʠʟʠʢʠ ʠʤ. ɸ.ʄ.ʇʨʦʭʦʨʦʚʘ ʈɸʅ, ʄʦʩʢʚʘ 

2ʀʥʩʪʠʪʫʪ ʛʝʦʭʠʤʠʠ ʠ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ɺ.ʀ.ɺʝʨʥʘʜʩʢʦʛʦ ʈɸʅ, 
ʄʦʩʢʚʘ 
3ɺʣʘʜʠʤʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ  
ʠʤ. ɸ.ɻ. ʠ ʅ.ɻ.ʉʪʦʣʝʪʦʚʳʭ, ɺʣʘʜʠʤʠʨ 
4ʈʦʩʩʠʡʩʢʠʡ ʭʠʤʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ɼ.ʀ.ʄʝʥʜʝʣʝʝʚʘ, 
ʄʦʩʢʚʘ 

ʉʠʥʪʝʟ ʧʨʦʟʨʘʯʥʦʡ ʥʘʥʦ-ʩʪʝʢʣʦʢʝʨʘʤʠʢʠ ʥʘ ʦʩʥʦʚʝ ʉr4+:LiGaSiO4 71 

ʖ.ɺ. ʆʨʣʦʚʩʢʠʡ 
ʀʆʌʈɸʅ, ʄʦʩʢʚʘ 
ʌʣʫʢʪʫʘʮʠʦʥʥʘʷ ʢʠʥʝʪʠʢʘ ʧʨʳʞʢʦʚʦʛʦ ʪʫʰʝʥʠʷ ʣʶʤʠʥʝʩʮʝʥʮʠʠ  
ʚ ʨʘʟʫʧʦʨʷʜʦʯʝʥʥʳʭ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʘʭ: ʪʝʦʨʝʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ  
ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʧʦʜʪʚʝʨʞʜʝʥʠʝ 72 

 

ɼʦʢʣʘʜʳ  

ʄ.ɽ. ɺʦʨʦʥʯʠʭʠʥʘ1, ʅ.ɻ. ɻʦʨʘʱʝʥʢʦ1, ɺ.ɹ. ʎʚʝʪʢʦʚ2 

1ʈʦʩʩʠʡʩʢʠʡ ʭʠʤʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ɼ.ʀ ʄʝʥʜʝʣʝʝʚʘ, 
ʄʦʩʢʚʘ 
2ʀʥʩʪʠʪʫʪ ʦʙʱʝʡ ʬʠʟʠʢʠ ʠʤ. ɸ.ʄ. ʇʨʦʭʦʨʦʚʘ ʈɸʅ, ʄʦʩʢʚʘ  
ʀʟʫʯʝʥʠʝ ʚʦʟʜʝʡʩʪʚʠʷ ɔ-ʣʫʯʝʡ ʥʘ ʚʠʩʤʫʪʩʦʜʝʨʞʘʱʠʝ ʩʪʝʢʣʘ 73 
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ɸ.ɺ. ʇʦʧʦʚ1, ʃ.ʅ. ɼʤʠʪʨʫʢ1, ʃ.ɺ. ʄʦʠʩʝʝʚʘ1, ʉ.ʍ. ɹʘʪʳʛʦʚ1, 
ʄ.ʅ. ɹʨʝʭʦʚʩʢʠʭ2, ʆ.ɹ. ʇʝʪʨʦʚʘ3, ʖ.ʂ. ɺʦʨʦʥʴʢʦ1 

1ʀʥʩʪʠʪʫʪ ʦʙʱʝʡ ʬʠʟʠʢʠ ʠʤ. ɸ.ʄ.ʇʨʦʭʦʨʦʚʘ ʈɸʅ, ʄʦʩʢʚʘ 
2ʀʥʩʪʠʪʫʪ ʦʙʱʝʡ ʠ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ʅ.ʉ. ʂʫʨʥʘʢʦʚʘ ʈɸʅ, 
ʄʦʩʢʚʘ 
3ʈʦʩʩʠʡʩʢʠʡ ʭʠʤʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ɼ.ʀ.ʄʝʥʜʝʣʝʝʚʘ, 
ʄʦʩʢʚʘ  
ʉʠʥʪʝʟ ʠ ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʩʪʝʢʦʣ ʚʦ ʬʪʦʨ-ʭʣʦʨʠʜʥʳʭ ʩʠʩʪʝʤʘʭ  
ʥʘ ʦʩʥʦʚʝ HfF4, ʘʢʪʠʚʠʨʦʚʘʥʥʳʭ ʈɿʕ 74 

ɸ.ʇ. ɻʘʞʫʣʠʥʘ, ʄ.ʆ. ʄʘʨʳʯʝʚ 
ʅʅɻʋ ʠʤ. ʅ.ʀ. ʃʦʙʘʯʝʚʩʢʦʛʦ, ʅ.ʅʦʚʛʦʨʦʜ 
ʇʩʝʚʜʦʩʠʤʤʝʪʨʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʠ ʥʝʣʠʥʝʡʥʦ-ʦʧʪʠʯʝʩʢʠʝ 
ʩʚʦʡʩʪʚʘ ʢʨʠʩʪʘʣʣʦʚ ʩʪʨʫʢʪʫʨʥʦʛʦ ʪʠʧʘ ʩʬʘʣʝʨʠʪʘ 75 

ʅ.ʖ. ʀʚʘʥʦʚ, ʄ.ʆ. ʄʘʨʳʯʝʚ 
ʅʅɻʋ ʠʤ. ʅ.ʀ. ʃʦʙʘʯʝʚʩʢʦʛʦ, ʅ.ʅʦʚʛʦʨʦʜ 
ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʠʤʝʩʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʪʠʪʘʥʠʣ-ʬʦʩʬʘʪʘ ʢʘʣʠʷ  
ʠ ʨʘʩʯʝʪ ʠʭ ʧʩʝʚʜʦʩʠʤʤʝʪʨʠʠ 76 

ɺ.ʀ. ʃʫʢʘʥʠʥ, ɼ.ʉ. ʏʫʥʘʝʚ, ɸ.ʗ. ʂʘʨʘʩʠʢ 
ʀʥʩʪʠʪʫʪ ʦʙʱʝʡ ʬʠʟʠʢʠ ʠʤ. ɸ.ʄ. ʇʨʦʭʦʨʦʚʘ, ʄʦʩʢʚʘ 
ɼʚʫʭʬʦʪʦʥʥʦʝ ʧʦʛʣʦʱʝʥʠʝ ʤʦʱʥʳʭ ʧʠʢʦʩʝʢʫʥʜʥʳʭ ʠʤʧʫʣʴʩʦʚ  
ʚ ʢʨʠʩʪʘʣʣʘʭ PbWO4, ZnWO4, PbMoO4 ʠ CaMoO4 77 

ɽ.ɺ. ɹʦʣʴʰʘʢʦʚʘ1, ɸ.ɺ. ʄʘʣʦʚ1, ʇ.ɸ. ʈʷʙʦʯʢʠʥʘ1, ʉ.ʅ. ʋʰʘʢʦʚ2, 
ɺ.ɺ. ʂʦʯʫʨʠʭʠʥ2 
1ʄʦʨʜʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʅ.ʇ. ʆʛʘʨʝʚʘ, ʉʘʨʘʥʩʢ 
2ʀʥʩʪʠʪʫʪ ʦʙʱʝʡ ʬʠʟʠʢʠ ʠʤ. ɸ. ʅ. ʇʨʦʭʦʨʦʚʘ ʈɸʅ, ʄʦʩʢʚʘ  
ʉʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʢʨʠʩʪʘʣʣʦʚ ʩʦ ʩʪʨʫʢʪʫʨʦʡ 
ʛʨʘʥʘʪʘ, ʘʢʪʠʚʠʨʦʚʘʥʥʳʭ ʠʦʥʘʤʠ Dy3+ 78 

ɸ.ʅ. ʏʘʙʫʰʢʠʥ1, ʇ.ɸ. ʈʷʙʦʯʢʠʥʘ1, ɽ.ɽ. ʃʦʤʦʥʦʚʘ2, ɸ.ɺ. ʂʫʣʝʙʷʢʠʥ2, 
ɸ.ɺ.ʄʘʣʦʚ1, ʉ.ʅ. ʋʰʘʢʦʚ2 

1ʄʦʨʜʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʅ.ʇ. ʆʛʘʨʝʚʘ, ʉʘʨʘʥʩʢ 
2ʀʥʩʪʠʪʫʪ ʦʙʱʝʡ ʬʠʟʠʢʠ ʠʤ. ɸ. ʅ. ʇʨʦʭʦʨʦʚʘ ʈɸʅ, ʄʦʩʢʚʘ  
ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʧʝʢʪʨʘʣʴʥʦ-ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʩʚʦʡʩʪʚ ʢʨʠʩʪʘʣʣʦʚ 
ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʦʛʦ ʜʠʦʢʩʠʜʘ ʮʠʨʢʦʥʠʷ, ʘʢʪʠʚʠʨʦʚʘʥʥʳʭ ʠʦʥʘʤʠ 
Tm3+ 79 

ʄ.ɺ. ʂʘʨʟʘʥʦʚʘ, ɽ.ɸ. ɽʚʨʦʧʝʡʮʝʚ, ɽ.ʉ. ɼʝʤʠʜʦʚ, ʖ.ʀ. ʏʠʛʠʨʠʥʩʢʠʡ 
ʅʅɻʋ ʠʤ. ʅ.ʀ. ʃʦʙʘʯʝʚʩʢʦʛʦ, ʅ. ʅʦʚʛʦʨʦʜ 
ɺʣʠʷʥʠʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʦʪʞʠʛʘ ʥʘ ʩʚʦʡʩʪʚʘ ʧʦʨʠʩʪʦʛʦ 
ʢʨʝʤʥʠʷ ʩ ʧʨʠʤʝʩʷʤʠ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʵʨʙʠʷ  
ʠ ʠʪʪʝʨʙʠʷ 80 

ʆ.ɸ. ʇʰʝʥʢʦ1, ʀ.ɺ. ʂʫʭʪʝʚʠʯ1, ʆ.ʅ. ʂʦʨʦʣʝʚʘ2, ɿ.ɻ. ʊʶʨʥʠʥʘ1 
1ʀʥʩʪʠʪʫʪ ʭʠʤʠʠ ʩʠʣʠʢʘʪʦʚ ʠʤʝʥʠ ʀ.ɺ. ɻʨʝʙʝʥʱʠʢʦʚʘ ʈɸʅ,  
ʉ.-ʇʝʪʝʨʙʫʨʛ 
2ʀʥʩʪʠʪʫʪ ʤʠʥʝʨʘʣʦʛʠʠ ʋʨʆ ʈɸʅ, ʄʠʘʩʩ 
ʆʧʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʜʚʫʭʬʘʟʥʳʭ ʩʪʝʢʦʣ ʩʠʩʪʝʤʳ R2O-B2O3-SiO2 
(R=Na,K) 81 
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ɸ.ɸ. ɺʝʙʝʨ, ʂ.ɸ. ʉʫʙʙʦʪʠʥ, ɺ.ɹ. ʎʚʝʪʢʦʚ 
ʀʥʩʪʠʪʫʪ ʦʙʱʝʡ ʬʠʟʠʢʠ ʠʤ ɸ.ʄ. ʇʨʦʭʦʨʦʚʘ ʈɸʅ, ʄʦʩʢʚʘ 
ʃʶʤʠʥʝʩʮʝʥʪʥʳʝ ʩʚʦʡʩʪʚʘ ʦʧʪʠʯʝʩʢʠʭ ʮʝʥʪʨʦʚ ʚ ʢʨʠʩʪʘʣʣʘʭ, 
ʣʝʛʠʨʦʚʘʥʥʳʭ ʚʠʩʤʫʪʦʤ 82 

ɸ.ʅ. ɻʦʨʙʘʯʝʚʘ1, ɻ.ɽ. ʄʘʣʘʰʢʝʚʠʯ1, ɼ.ʄ. ʌʨʝʠʢ2, ʈ.ʀ. ʅʠʢʠʨʫʡ2 
1ʀʥʩʪʠʪʫʪ ʬʠʟʠʢʠ  ʠʤ. ɹ.ʀ. ʉʪʝʧʘʥʦʚʘ ʅʘʮʠʦʥʘʣʴʥʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ 
ɹʝʣʘʨʫʩʠ, ʄʠʥʩʢ 
2ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ʇʨʠʢʘʨʧʘʪʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ 
ʠʤ. ɺ. ʉʪʝʬʘʥʠʢʘ, ʀʚʘʥʦ-ʌʨʘʥʢʦʚʩʢ  
ɺʣʠʷʥʠʝ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʠ ʠʤʧʫʣʴʩʥʦʛʦ ʥʘʛʨʝʚʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʥʫʶ 
ʩʪʨʫʢʪʫʨʫ, ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʠ ʀʂ-ʩʧʝʢʪʨʳ ʧʣʝʥʦʢ ʪʝʣʣʫʨʠʜʘ 
ʩʚʠʥʮʘ 83 

ʄ.ʄ. ʉʝʨʛʝʝʚ1, ɻ.ʂ. ʂʦʩʪʶʢ1, ʊ.ɺ. ɸʥʪʨʦʧʦʚʘ2 
1ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ 
ʪʝʭʥʦʣʦʛʠʡ, ʤʝʭʘʥʠʢʠ ʠ ʦʧʪʠʢʠ (ʊʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ),  
ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ 
2 ʀʥʩʪʠʪʫʪ ʭʠʤʠʠ ʩʠʣʠʢʘʪʦʚ ʠʤʝʥʠ ʀ.ɺ. ɻʨʝʙʝʥʱʠʢʦʚʘ ʈɸʅ,  
ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ  
ʃʘʟʝʨʥʦ-ʠʥʜʫʮʠʨʦʚʘʥʥʦʝ ʣʦʢʘʣʴʥʦʝ ʠʟʤʝʥʝʥʠʝ ʦʧʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 
ʧʦʨʠʩʪʳʭ ʩʠʣʠʢʘʪʥʳʭ ʩʪʝʢʦʣ 84 

ɸ.ɼ. ʃʷʰʝʜʴʢʦ, ɺ.ʌ. ʉʝʨʝʛʠʥ, ɺ.ɹ. ʎʚʝʪʢʦʚ 
ʀʥʩʪʠʪʫʪ ʦʙʱʝʡ ʬʠʟʠʢʠ ʠʤ. ɸ.ʄ. ʇʨʦʭʦʨʦʚʘ ʈɸʅ, ʄʦʩʢʚʘ 
ʃʘʟʝʨ ʥʘ ʦʩʥʦʚʝ ʧʣʘʩʪʠʥʯʘʪʦʛʦ ʘʢʪʠʚʥʦ ʵʣʝʤʝʥʪʘ  
ʩ ʟʠʛʟʘʛʦʦʙʨʘʟʥʳʤ ʭʦʜʦʤ ʧʫʯʢʘ ʩ ʚʳʭʦʜʥʦʡ ʤʦʱʥʦʩʪʴʶ  
ʙʦʣʝʝ 100 ɺʪ  85 

ɸ.ɽ. ɽʛʦʨʦʚʘ, ɺ.ɸ. ʀʚʘʥʦʚ, ʅ.ɺ. ʉʦʤʦʚ 
ʅʅɻʋ ʠʤ. ʅ.ʀ. ʃʦʙʘʯʝʚʩʢʦʛʦ, ʅ. ʅʦʚʛʦʨʦʜ 
ʈʦʩʪ ʢʨʠʩʪʘʣʣʦʚ ʩʝʛʥʝʪʦʚʦʡ ʩʦʣʠ ʩ ʧʨʠʤʝʩʴʶ ʪʘʨʪʨʘʪʘ ʤʝʜʠ  
ʠ ʂDP ʩ ʧʨʠʤʝʩʴʶ ʧʝʨʤʘʥʛʘʥʘʪʘ ʢʘʣʠʷ 86 

ɸ.ɸ. ʉʪʠʮʝʥʢʦ, ʄ.ʃ. ʃʘʙʫʪʠʥʘ, ʄ.ʆ. ʄʘʨʳʯʝʚ, ʅ.ɺ. ʉʦʤʦʚ 
ʅʅɻʋ ʠʤ. ʅ.ʀ. ʃʦʙʘʯʝʚʩʢʦʛʦ, ʅ. ʅʦʚʛʦʨʦʜ 
ʈʦʩʪ, ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ ʠ ʥʝʣʠʥʝʡʥʦ-ʦʧʪʠʯʝʩʢʠʝ 
ʩʚʦʡʩʪʚʘ ʩʤʝʰʘʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʪʘʨʪʨʘʪʦʚ 87 

ʀ.ɸ. ʐʝʩʪʘʢʦʚʘ, ɸ.ʄ. ʆʥʠʱʝʥʢʦ, ɸ.ɺ. ʐʝʩʪʘʢʦʚ 
ʌɻʋʇ çʅʀʀ çʇʦʣʶʩè ʠʤ. ʄ.ʌ. ʉʪʝʣʴʤʘʭʘ, ʆʆʆ ʅʇʎ çʕʃʉ-94è, ʄʦʩʢʚʘ 
ʂʨʠʩʪʘʣʣʳ ʀɸɻ:Nd,Ce ʩ ʧʦʚʳʰʝʥʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʛʝʥʝʨʘʮʠʠ 
ʚ ʣʘʟʝʨʘʭ ʩ ʣʘʤʧʦʚʦʡ ʥʘʢʘʯʢʦʡ 88 

ʄ.ɺ. ʅʘʨʦʞʥʳʡ 
ʀʥʩʪʠʪʫʪ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʈɸʅ, ʊʨʦʠʮʢ 
ʉʧʝʢʪʨʦʩʢʦʧʠʷ ʠʦʥʦʚ ʠʪʪʝʨʙʠʷ ʚ ʢʨʠʩʪʘʣʣʝ Yb:ZnWO4 89 

ʆ.ɹ. ʇʝʪʨʦʚʘ1, ɸ.ɺ. ʇʦʧʦʚ2, ɺ.ɽ. ʐʫʢʰʠʥ2 

1ʈʦʩʩʠʡʩʢʠʡ ʭʠʤʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ɼ.ʀ. ʄʝʥʜʝʣʝʝʚʘ, 
ʄʦʩʢʚʘ 
2ʀʥʩʪʠʪʫʪ ʦʙʱʝʡ ʬʠʟʠʢʠ ʠʤ. ɸ.ʄ. ʇʨʦʭʦʨʦʚʘ ʈɸʅ, ʄʦʩʢʚʘ 
ʇʦʣʫʯʝʥʠʝ ʩʪʝʢʦʣ ʠ ʩʪʝʢʣʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ  
ʚ ʩʚʠʥʮʦʚʦïʬʪʦʨʦ-ʙʦʨʘʪʥʦʡ ʩʠʩʪʝʤʝ ʚ ʦʙʣʘʩʪʠ, ʙʦʛʘʪʦʡ 
ʬʪʦʨʠʜʦʤ ʩʚʠʥʮʘ 90 
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ʊ.ɻ. ʍʦʪʯʝʥʢʦʚʘ1, ɻ.E. Mʘʣʘʰʢʝʚʠʯ1, ɺ. ʂʠʠʩʢ2 

1ʀʥʩʪʠʪʫʪ ʬʠʟʠʢʠ ʠʤʝʥʠ ɹ.ʀ. ʉʪʝʧʘʥʦʚʘ ʅʘʮʠʦʥʘʣʴʥʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ 
ɹʝʣʘʨʫʩʠ, ʄʠʥʩʢ, ɹʝʣʘʨʫʩʴ 
2ʀʥʩʪʠʪʫʪ ʬʠʟʠʢʠ ʊʘʨʪʫʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ, ʊʘʨʪʫ, ʕʩʪʦʥʠʷ  
ɺʣʠʷʥʠʝ ʦʪʞʠʛʘ ʚ ʚʦʜʦʨʦʜʝ ʥʘ ʩʧʝʢʪʨʘʣʴʥʦ-ʣʶʤʠʥʝʩʮʝʥʪʥʳʝ 
ʩʚʦʡʩʪʚʘ Ce-Eu-ʩʦʜʝʨʞʘʱʠʭ ʢʚʘʨʮʝʚʳʭ ʛʝʣʴ-ʩʪʸʢʦʣ 91 

ʀ.ʅ. ɻʣʫʱʝʥʢʦ1,2, ɹ.ʀ. ɻʘʣʘʛʘʥ1, ɹ.ʀ. ɼʝʥʢʝʨ1, ɽ.ɺ. ɾʘʨʠʢʦʚ1,2,  
ʉ.ɽ. ʉʚʝʨʯʢʦʚ1 

1ʀʥʩʪʠʪʫʪ ʦʙʱʝʡ ʬʠʟʠʢʠ ʠʤ. ɸ.ʄ.ʇʨʦʭʦʨʦʚʘ ʈɸʅ, ʄʦʩʢʚʘ 
2ʈʦʩʩʠʡʩʢʠʡ ʭʠʤʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʄʦʩʢʚʘ  
ʅʦʚʳʝ ʚʳʩʦʢʦʧʨʦʯʥʳʝ ʥʝʦʜʠʤʦʚʦʝ ʠ ʠʪʪʝʨʙʠʝʚʦʝ ʣʘʟʝʨʥʳʝ 
ʩʪʝʢʣʘ ʥʘ ʬʦʩʬʘʪʥʦʡ ʦʩʥʦʚʝ 92 

ʆ.ʅ. ɿʘʡʮʝʚʘ1, ʂ.ɸ. ʉʫʙʙʦʪʠʥ1, ɺ.ɹ. ɼʫʜʥʠʢʦʚʘ2, ɺ.ʄ. ʃʘʟʘʨʝʥʢʦ3, 
ɺ.ʅ. ʂʦʣʦʢʦʣʴʮʝʚ3, ɺ.ʀ. ʊʦʚʪʠʥ3, ɽ.ɺ. ɾʘʨʠʢʦʚ1 
1ʀʥʩʪʠʪʫʪ ʦʙʱʝʡ ʬʠʟʠʢʠ ʠʤ. ɸ.ʄ.ʇʨʦʭʦʨʦʚʘ ʈɸʅ, ʄʦʩʢʚʘ 
2ʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ 
ɻʝʦʣʦʛʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ, ʄʦʩʢʚʘ 
3ʀʥʩʪʠʪʫʪ ʤʝʪʘʣʣʫʨʛʠʠ ʠ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ ʠʤ ɸ.ɸ. ɹʘʡʢʦʚʘ ʈɸʅ, 
ʄʦʩʢʚʘ 
ɺʦʟʜʝʡʩʪʚʠʝ ʦʙʣʫʯʝʥʠʷ ʥʘ ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 
ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʬʦʨʩʪʝʨʠʪʘ 93 

ʖ.ɺ. ɸʢʩʝʥʦʚʘ1, ʈ.ʊ. ʂʫʟʥʝʮʦʚʘ1, ʉ.ʃ. ʖʪʘʥʦʚʘ2 

1ʊʦʤʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʊʦʤʩʢ 
2ʀʥʩʪʠʪʫʪ ʭʠʤʠʠ ʨʘʩʪʚʦʨʦʚ ʈɸʅ, ʀʚʘʥʦʚʦ 
ɹʦʨʬʪʦʨʠʜʥʳʝ ʢʦʤʧʣʝʢʩʳ ʜʠʧʠʨʨʦʣʠʣʤʝʪʝʥʦʚ ʢʘʢ ʘʢʪʠʚʥʳʝ 
ʣʘʟʝʨʥʳʝ ʩʨʝʜʳ 94 

ɼ.ɸ. ʃʠʩ1, ʂ.ɸ. ʉʫʙʙʦʪʠʥ1, ɽ.ɺ. ɾʘʨʠʢʦʚ1, ɺ.ɹ. ʈʳʙʘʢʦʚ2, 
ɻ.ʄ. ʂʫʟʴʤʠʯʝʚʘ3, ɼ.ɸ. ʅʠʢʦʣʘʝʚ1, ɺ.ɻ. ʉʝʥʠʥ4, ʆ. Zaharko5 

1ʀʥʩʪʠʪʫʪ ʦʙʱʝʡ ʬʠʟʠʢʠ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ 
2ʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʄ.ɺ.ʃʦʤʦʥʦʩʦʚʘ 
3ʄʦʩʢʦʚʩʢʘʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʘʢʘʜʝʤʠʷ ʪʦʥʢʦʡ ʭʠʤʠʯʝʩʢʦʡ ʪʝʭʥʦʣʦʛʠʠ 
4ʀʥʩʪʠʪʫʪ ʛʝʦʭʠʤʠʠ ʠ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʭʠʤʠʠ ʈɸʅ 
5Laboratory for Neutron Scattering, ETZ Zurich & Paul Scherrer Institute 
ɼʦʧʦʣʥʠʪʝʣʴʥʘʷ ʦʢʨʘʩʢʘ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʩʣʦʞʥʦʟʘʤʝʱʝʥʥʳʭ 
ʜʚʦʡʥʳʭ ʤʦʣʠʙʜʘʪʦʚ ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʰʝʝʣʠʪʘ 95 

ɽ.K. ʄʘʣʘʬʝʝʚʘ, ɸ.ɸ. ʉʪʠʮʝʥʢʦ 
ʅʅɻʋ ʠʤ. ʅ.ʀ. ʃʦʙʘʯʝʚʩʢʦʛʦ, ʅ. ʅʦʚʛʦʨʦʜ 
ɺʳʨʘʱʠʚʘʥʠʝ ʢʨʠʩʪʘʣʣʦʚ ʚ ʛʝʣʝ 96 

ʀ.ʅ. ʇʘʚʣʦʚ, ɹ.ʉ. ʈʠʥʢʝʚʠʯʶʩ 
ʄʕʀ, ʄʦʩʢʚʘ 
ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʠʩʪʝʥʦʯʥʳʭ 
ʧʨʦʮʝʩʩʦʚ ʚ ʞʠʜʢʦʩʪʷʭ 97 
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ʃʝʢʮʠʠ  

ɽ.ɺ. ɾʘʨʠʢʦʚ 
ʈʍʊʋ ʠʤ. ɼ.ʀ. ʄʝʥʜʝʣʝʝʚʘ, ʄʦʩʢʚʘ 
ʀʥʩʪʠʪʫʪ ʦʙʱʝʡ ʬʠʟʠʢʠ ʠʤ. ɸ.ʄ. ʇʨʦʭʦʨʦʚʘ ʈɸʅ, ʄʦʩʢʚʘ 
ʋʛʣʝʨʦʜʥʳʝ ʥʘʥʦʪʨʫʙʢʠ: ʧʦʣʫʯʝʥʠʝ ʢʘʪʘʣʠʪʠʯʝʩʢʠʤ ʧʠʨʦʣʠʟʦʤ 
ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʠ ʘʨʤʠʨʦʚʘʥʠʝ ʢʝʨʘʤʠʢʠ 100 

ʅ.ɻ. ʃʝʙʝʜʝʚ, ʄ.ɹ. ɹʝʣʦʥʝʥʢʦ 
ɺʦʣʛʦʛʨʘʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ɺʦʣʛʦʛʨʘʜ 
ʕʚʦʣʶʮʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʠʤʧʫʣʴʩʘ ʚ ʤʘʩʩʠʚʝ ʫʛʣʝʨʦʜʥʳʭ 
ʥʘʥʦʪʨʫʙʦʢ ʠ ʛʨʘʬʝʥʦʚʳʭ ʣʝʥʪ 101 

ʊ.ɺ. ɸʥʪʨʦʧʦʚʘ 
ʀʥʩʪʠʪʫʪ ʭʠʤʠʠ ʩʠʣʠʢʘʪʦʚ ʈɸʅ,  ʉ.-ʇʝʪʝʨʙʫʨʛ 
ʅʦʚʳʝ ʦʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʢʚʘʨʮʦʠʜʥʳʭ ʥʘʥʦʧʦʨʠʩʪʳʭ ʩʪʝʢʦʣ 
 
 102 

ɼʦʢʣʘʜʳ  

ɸ.ɺ. ʂʫʣʝʙʷʢʠʥ1, ʄ.ɸ. ɹʦʨʠʢ1, ɺ.ʊ. ɹʫʙʣʠʢ2, ɽ.ɽ. ʃʦʤʦʥʦʚʘ1, 
ʌ.ʆ. ʄʠʣʦʚʠʯ2, ɺ.ɸ. ʄʳʟʠʥʘ1, ʅ.ʖ. ʊʘʙʘʯʢʦʚʘ2 

1ʀʥʩʪʠʪʫʪ ʦʙʱʝʡ ʬʠʟʠʢʠ ʠʤ. ɸ.ʄ. ʇʨʦʭʦʨʦʚʘ ʈɸʅ, ʄʦʩʢʚʘ 
2ʄʦʩʢʦʚʩʢʠʡ ʠʥʩʪʠʪʫʪ ʩʪʘʣʠ ʠ ʩʧʣʘʚʦʚ, ʄʦʩʢʚʘ 
ɿʘʚʠʩʠʤʦʩʪʴ ʥʝʢʦʪʦʨʳʭ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʢʨʠʩʪʘʣʣʦʚ 
ʯʘʩʪʠʯʥʦ ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʦʛʦ ʜʠʦʢʩʠʜʘ ʮʠʨʢʦʥʠʷ ʦʪ ʭʘʨʘʢʪʝʨʘ  
ʠʭ ʥʘʥʦʩʪʨʫʢʪʫʨʳ  103 

ʀ.ɺ. ʇʝʨʠʥʩʢʘʷ, ɺ.ɺ. ʇʝʨʠʥʩʢʠʡ 
ʉʘʨʘʪʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʉʘʨʘʪʦʚ 
ʅʘʥʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ ʧʘʩʩʠʚʘʮʠʠ ʤʝʪʘʣʣʦʚ 
ʠʤʧʣʘʥʪʠʨʦʚʘʥʥʳʭ ʠʦʥʘʤʠ ʘʨʛʦʥʘ 104 

ʆ.ʉ. ʃʷʧʢʦʩʦʚʘ, ʅ.ɻ. ʃʝʙʝʜʝʚ 
ɺʦʣʛʦʛʨʘʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ɺʦʣʛʦʛʨʘʜ 
ʇʨʦʷʚʣʝʥʠʝ ʵʬʬʝʢʪʘ ʧʴʝʟʦʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚ ʛʨʘʬʝʥʦʚʳʭ ʣʝʥʪʘʭ 105 

ɸ.ɸ. ʉʪʘʨʦʚʦʡʪʦʚ, ɽ.ʅ. ʂʘʣʠʪʝʝʚʩʢʘʷ, ɺ.ʇ. ʂʨʫʪʷʢʦʚʘ, ʊ.ʂ. ʈʘʟʫʤʦʚʘ, 
ʅ.ɸ. ʊʦʨʦʧʦʚ 
ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʋʥʠʚʝʨʩʠʪʝʪ ʀʥʬʦʨʤʘʮʠʦʥʥʳʭ 
ʊʝʭʥʦʣʦʛʠʡ, ʄʝʭʘʥʠʢʠ ʠ ʆʧʪʠʢʠ, ʉ.-ʇʝʪʝʨʙʫʨʛ 
ʈʘʚʥʦʚʝʩʥʳʡ ʢʦʤʧʦʥʝʥʪʥʳʡ ʩʦʩʪʘʚ ʠ ʩʪʨʫʢʪʫʨʘ ʥʘʥʦʤʝʪʨʦʚʳʭ 
ʩʣʦʝʚ ʧʦʣʠʤʝʪʠʥʦʚʳʭ ʢʨʘʩʠʪʝʣʝʡ ʠ ʠʭ ʬʦʪʦʠʥʜʫʮʠʨʦʚʘʥʥʘʷ 
ʤʦʜʠʬʠʢʘʮʠʷ 106 

ɸ.ɸ. ʃʷʧʠʥ1, ɺ.ɺ. ʆʩʠʢʦ2, ʇ.ɸ. ʈʷʙʦʯʢʠʥʘ1, ʉ.ʅ. ʋʰʘʢʦʚ2, ʇ.ʇ. ʌʝʜʦʨʦʚ2, 
ɽ.ɸ.ɻʘʨʠʙʠʥ3 

1ʄʦʨʜʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʅ.ʇ. ʆʛʘʨʝʚʘ, ʉʘʨʘʥʩʢ 
2ʀʥʩʪʠʪʫʪ ʦʙʱʝʡ ʬʠʟʠʢʠ ʠʤ. ɸ.ʄ. ʇʨʦʭʦʨʦʚʘ ʈɸʅ, ʄʦʩʢʚʘ 
3ɿɸʆ ʀʅʂʈʆʄ, ʉ.-ʇʝʪʝʨʙʫʨʛ 

ʉʧʝʢʪʨʘʣʴʥʦ-ʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ʩʚʦʡʩʪʚʘ ʥʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʡ 
ʢʝʨʘʤʠʢʠ CaF2:Tm 107 
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ɼ.ʉ. ʂʦʨʦʣʝʚ, ɸ.ɹ. ʂʦʩʪʶʢ, ɸ.ʀ. ɹʝʣʦʚ, ʀ.ɸ. ʏʫʛʨʦʚ, ɸ.ɺ. ɽʨʰʦʚ, 
ɸ.ʅ. ʄʠʭʘʡʣʦʚ, ɼ.ʀ. ʊʝʪʝʣʴʙʘʫʤ 
ʅʅɻʋ ʠʤ. ʅ.ʀ. ʃʦʙʘʯʝʚʩʢʦʛʦ, ʅ.ʅʦʚʛʦʨʦʜ 
ʆʧʪʠʯʝʩʢʠʝ ʠ ʩʚʝʪʦʠʟʣʫʯʘʶʱʠʝ ʩʚʦʡʩʪʚʘ ʩʤʝʰʘʥʥʳʭ ʤʘʩʩʠʚʦʚ 
ʥʘʥʦʢʣʘʩʪʝʨʦʚ ʟʦʣʦʪʘ ʠ ʢʨʝʤʥʠʷ, ʧʦʣʫʯʝʥʥʳʭ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 
ʠʦʥʥʦʡ ʠʤʧʣʘʥʪʘʮʠʠ 108 

ɺ.ɺ.ʄʝʨʠʘʢʨʠ1, ʄ. ʇ. ʇʘʨʭʦʤʝʥʢʦ1,2, ɺ. ʌʘʥʛ2  
1ʀʥʩʪʠʪʫʪ ʨʘʜʠʦʪʝʭʥʠʢʠ ʠ ʵʣʝʢʪʨʦʥʠʢʠ ʠʤ. ɺ.ɸ. ʂʦʪʝʣʴʥʠʢʦʚʘ ʈɸʅ 
(ʌʨʷʟʠʥʩʢʠʡ ʬʠʣʠʘʣ), ʌʨʷʟʠʥʦ 
2ʅʘʮʠʦʥʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʎʟʳʥʛ ʍʫʘ, ʍʠʥʯʫ, ʊʘʡʚʘʥʴ  
ɼʠʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʣʝʥʢʠ ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ  
ʚ ʤʠʣʣʠʤʝʪʨʦʚʦʤ ʜʠʘʧʘʟʦʥʝ ʚʦʣʥ 109 

ɸ.ɺ.ʇʦʧʦʚ1, ɺ.ɸ.ʂʨʫʪʴʢʦ2, ʄ.ɻ.ʂʦʤʦʚʘ2, ʆ.ɹ.ʇʝʪʨʦʚʘ3, ɸ.ɺ.ʈʷʙʦʚʘ1, 
ɺ.ɹ.ʃʦʱʝʥʦʚ1, ʖ.ʂ.ɺʦʨʦʥʴʢʦ1 

1ʀʥʩʪʠʪʫʪ ʦʙʱʝʡ ʬʠʟʠʢʠ ʠʤ. ɸ.ʄ. ʇʨʦʭʦʨʦʚʘ ʈɸʅ, ʄʦʩʢʚʘ 
2ʀʥʩʪʠʪʫʪ ʦʙʱʝʡ ʠ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ  
ʠʤ. ʅ.ʉ. ʂʫʨʥʘʢʦʚʘ ʈɸʅ, ʄʦʩʢʚʘ 
3ʈʦʩʩʠʡʩʢʠʡ ʭʠʤʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ  
ʠʤ. ɼ.ʀ. ʄʝʥʜʝʣʝʝʚʘ, ʄʦʩʢʚʘ 
ʅʦʚʳʝ ʤʘʪʝʨʠʘʣʳ ʥʘ ʦʩʥʦʚʝ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʛʘʜʦʣʠʥʠʡ-ʙʦʨ-
ʩʦʜʝʨʞʘʱʠʭ ʩʠʩʪʝʤ, ʘʢʪʠʚʠʨʦʚʘʥʥʳʭ ʠʦʥʘʤʠ Nd3+, ʜʣʷ ʨʘʥʥʝʡ 
ʜʠʘʛʥʦʩʪʠʢʠ ʠ ʥʝʡʪʨʦʥ-ʟʘʭʚʘʪʥʦʡ ʪʝʨʘʧʠʠ ʨʘʢʘ 110 

ɺ.ɽ. ʐʫʢʰʠʥ, ʖ.ʂ. ɺʦʨʦʥʴʢʦ, ɸ.ʀ. ɿʘʛʫʤʝʥʥʳʡ, ɸ.ɸ. ʉʦʙʦʣʴ, ɼ.ʉ. ʏʫʥʘʝʚ, 
ʀʥʩʪʠʪʫʪ ʦʙʱʝʡ ʬʠʟʠʢʠ ʠʤ. ɸ.ʄ. ʇʨʦʭʦʨʦʚʘ ʈɸʅ, ʄʦʩʢʚʘ 
ɼʠʘʛʥʦʩʪʠʢʘ ʩʪʨʦʝʥʠʷ ʥʘʥʦʨʘʟʤʝʨʥʳʭ ʢʨʝʤʥʠʡ-ʢʠʩʣʦʨʦʜʥʳʭ 
ʢʦʤʧʣʝʢʩʦʚ ʠ ʩʪʨʫʢʪʫʨʥʳʭ ʠʟʤʝʥʝʥʠʡ ʚ ʩʠʣʠʢʘʪʘʭ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ 
ʵʣʝʤʝʥʪʦʚ 111 

ɺ.ɸ. ʇʘʥʦʚ, ɸ.ʅ. ɹʫʟʳʥʠʥ, ʃ.ɼ. ʀʩʭʘʢʦʚʘ, ɽ.ɽ. ʃʦʤʦʥʦʚʘ 
ʀʥʩʪʠʪʫʪ ʦʙʱʝʡ ʬʠʟʠʢʠ ʠʤ. ɸ.ʄ. ʇʨʦʭʦʨʦʚʘ ʈɸʅ, ʄʦʩʢʚʘ 
ʇʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʘ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʦʙʨʘʪʥʦ-ʨʘʩʩʝʷʥʥʳʭ 
ʵʣʝʢʪʨʦʥʦʚ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʜʣʦʞʝʢ ʠʟ ʢʨʠʩʪʘʣʣʦʚ ʥʘ ʦʩʥʦʚʝ 
ʜʠʦʢʩʠʜʘ ʮʠʨʢʦʥʠʷ ʜʣʷ ʦʧʪʦʵʣʝʢʪʨʦʥʠʢʠ 112 

ɸ.ɸ. ʇʳʥʝʥʢʦʚ, ɸ.ʄ. ɿʶʟʠʥ, ʂ.ʅ. ʅʠʱʝʚ, ʂ.ɺ. ʉʘʚʨʘʩʦʚ 
ʄʦʨʜʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʅ.ʇ. ʆʛʘʨʝʚʘ, ʉʘʨʘʥʩʢ 
ʀʩʩʣʝʜʦʚʘʥʠʝ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ ʢʨʠʩʪʘʣʣʦʚ ʜʠʦʢʩʠʜʘ ʮʠʨʢʦʥʠʷ, 
ʣʝʛʠʨʦʚʘʥʥʳʭ ʠʦʥʘʤʠ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ 113 

ʄ.ʅ. ʄʘʷʢʦʚʘ, ʉ.ɺ. ʂʫʟʥʝʮʦʚ, ʇ.ʇ. ʌʝʜʦʨʦʚ, ɺ.ɺ. ɺʦʨʦʥʦʚ, ʈ.ʇ. ɽʨʤʘʢʦʚ, 
ɺ.ɺ. ʆʩʠʢʦ  
ʀʥʩʪʠʪʫʪ ʦʙʱʝʡ ʬʠʟʠʢʠ ʠʤ. ɸ.ʄ. ʇʨʦʭʦʨʦʚʘ ʈɸʅ, ʄʦʩʢʚʘ 
ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʠʥʪʝʟʘ ʧʦʨʦʰʢʦʚ ʬʪʦʨʠʜʦʚ  
ʚ ʩʠʩʪʝʤʘʭ BaF2-ScF3 ʠ NaF-ScF3 114 

ʉ.ɺ. ʂʫʟʥʝʮʦʚ, ɸ.ɺ. ʈʷʙʦʚʘ, ɼ.ʉ. ʃʦʩʴ, ʇ.ʇ. ʌʝʜʦʨʦʚ, ɺ.ɹ. ʃʦʱʝʥʦʚ, 
ɺ.ɺ. ɺʦʣʢʦʚ, ɺ.ɺ. ʆʩʠʢʦ 
ʀʥʩʪʠʪʫʪ ʦʙʱʝʡ ʬʠʟʠʢʠ ʠʤ.ɸ.ʄ. ʇʨʦʭʦʨʦʚʘ ʈɸʅ, ʄʦʩʢʚʘ 
ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʧʝʢʪʨʘʣʴʥʦ-ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 
ʩʫʙʤʠʢʨʦʥʥʳʭ ʧʦʨʦʰʢʦʚ ʬʪʦʨʠʜʦʚ NaYF4:Yb:R (R ï ʈɿʕ). 115 
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ɺʆʃʆʂʆʅʅɸʗ ʆʇʊʀʂɸ ʀ ʆʇʊʆʕʃɽʂʊʈʆʅʀʂɸ 117 

ʃʝʢʮʠʠ  

ʄ.ɸ. ɽʨʦʥʴʷʥ, ʂ.ɺ. ɼʫʢʝʣʴʩʢʠʡ 
ʆɸʆ çʅʘʫʯʥʦ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ 
ʦʧʪʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ, ʉ.-ʇʝʪʝʨʙʫʨʛ 
ʈʘʟʨʘʙʦʪʢʠ ɺʅʎ çɻʆʀ ʠʤ. ʉ. ʀ. ɺʘʚʠʣʦʚʘè ʚ ʪʝʭʥʦʣʦʛʠʠ 
ʩʚʝʪʦʚʦʜʦʚ ʠʟ ʢʚʘʨʮʝʚʦʛʦ ʩʪʝʢʣʘ 118 

ɸ.ʉ. ʂʫʨʢʦʚ 
ʀʥʩʪʠʪʫʪ ʦʙʱʝʡ ʬʠʟʠʢʠ ʠʤ. ɸ.ʄ. ʇʨʦʭʦʨʦʚʘ, ʄʦʩʢʚʘ 
ʎʝʣʴʥʦʚʦʣʦʢʦʥʥʳʝ ʣʘʟʝʨʳ ʩ ʤʦʜʫʣʷʮʠʝʡ ʜʦʙʨʦʪʥʦʩʪʠ  
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ʉ.ʅ. ʉʠʛʘʝʚ, ɺ.ʀ. ʉʘʚʠʥʢʦʚ, ʅ.ɺ. ɻʦʣʫʙʝʚ, ʇ.ɼ. ʉʘʨʢʠʩʦʚ 
ʈʍʊʋ ʠʤ. ɼ.ʀ. ʄʝʥʜʝʣʝʝʚʘ, ʄʦʩʢʚʘ 
ʊʝʨʙʠʝʚʦʙʦʨʦʛʝʨʤʘʥʘʪʥʳʝ ʩʪʝʢʣʘ ʩ ʚʳʩʦʢʦʡ ʢʦʥʩʪʘʥʪʦʡ ɺʝʨʜʝ 123 

ɸ.ɸ. ʌʦʪʠʘʜʠ1,3,4 , ʆ.ʃ. ɸʥʪʠʧʦʚ2, P. M®gret1 

1University of  Mons, Belgium 
2ʀʥʩʪʠʪʫʪ ʧʨʠʢʣʘʜʥʦʡ ʬʠʟʠʢʠ ʈɸʅ, ʅ. ʅʦʚʛʦʨʦʜ 
3 ʋʣʴʷʥʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʋʣʴʷʥʦʚʩʢ 
4ʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ʠʤ. ɸ.ʌ.ʀʦʬʬʝ ʈɸʅ, ʉ. ʇʝʪʝʨʙʫʨʛ  
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1ʀʥʩʪʠʪʫʪ ʦʙʱʝʡ ʬʠʟʠʢʠ ʠʤ. ɸ.ʄ. ʇʨʦʭʦʨʦʚʘ ʈɸʅ 
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ʗ.ʕ. ʉʘʜʦʚʥʠʢʦʚʘ1, ɽ.ʄ. ʐʦʣʦʭʦʚ2, ɸ.ʉ. ʂʫʨʢʦʚ2 
1ʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʧʨʠʙʦʨʦʩʪʨʦʝʥʠʷ 
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ʆɸʆ "ʇʝʨʤʩʢʘʷ ʥʘʫʯʥʦ-ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʘʷ ʧʨʠʙʦʨʦʩʪʨʦʠʪʝʣʴʥʘʷ 
ʢʦʤʧʘʥʠʷ", ʇʝʨʤʴ 
ʀʩʩʣʝʜʦʚʘʥʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʧʘʨʘʤʝʪʨʘ ʩʦʭʨʘʥʝʥʠʷ ʧʦʣʷʨʠʟʘʮʠʠ 
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ʇʨʠʤʝʥʝʥʠʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʙʘʨʢʝʨʘ ʠ ʘʚʪʦʢʦʨʨʝʣʷʮʠʦʥʥʦʡ 
ʬʫʥʢʮʠʠ ʩʠʛʥʘʣʘ ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʜʠʘʧʘʟʦʥʘ 
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ɼ.ɻ. ʉʘʥʥʠʢʦʚ 
ʋʣʴʷʥʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʋʣʴʷʥʦʚʩʢ 
ɺʦʣʥʦʚʦʜʥʳʝ ʩʚʦʡʩʪʚʘ ʧʣʘʥʘʨʥʳʭ ʩʪʨʫʢʪʫʨ ʥʘ ʦʩʥʦʚʝ ʣʝʚʳʭ ʩʨʝʜ 132 

ɺ.ɸ. ʆʩʪʘʪʦʯʥʠʢʦʚ, ʉ.ɺ. ɽʣʠʩʝʝʚʘ, ɼ.ʀ. ʉʝʤʝʥʮʦʚ 
ʋʣʴʷʥʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʋʣʴʷʥʦʚʩʢ 
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ʅ.ʄ. ʂʘʨʘʪʫʥ1, ɺ.ʄ. ʄʘʰʠʥʩʢʠʡ1, ɺ.ɸ. ɹʦʛʘʪʳʨʸʚ1, ɽ.ʄ. ɼʠʘʥʦʚ1, 
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1ʅʘʫʯʥʳʡ ʮʝʥʪʨ ʚʦʣʦʢʦʥʥʦʡ ʦʧʪʠʢʠ ʈɸʅ, ʄʦʩʢʚʘ 
2ʈʦʩʩʠʡʩʢʠʡ ʭʠʤʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ɼ.ʀ. ʄʝʥʜʝʣʝʝʚʘ, 
ʄʦʩʢʚʘ 
ɺʦʣʦʢʦʥʥʳʡ ʩʚʝʪʦʚʦʜ ʩ ʩʝʨʜʮʝʚʠʥʦʡ ʠʟ ʛʘʣʣʠʡ-ʛʝʨʤʘʥʦʩʠʣʠʢʘʪʥʦʡ 
ʩʪʝʢʣʦʢʝʨʘʤʠʢʠ, ʣʝʛʠʨʦʚʘʥʥʦʡ ʥʠʢʝʣʝʤ 134 

ɽ.ʖ. ʋʪʢʠʥ, ʄ.ɸ. ɽʨʦʥʴʷʥ, ʀ.ʂ. ʄʝʰʢʦʚʩʢʠʡ 
ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ çʀʊʄʆè,           
ʉ.-ʇʝʪʝʨʙʫʨʛ 
ʆʧʪʠʤʠʟʘʮʠʷ ʦʧʪʠʯʝʩʢʠʭ ʧʦʪʝʨʴ ʘʥʠʟʦʪʨʦʧʥʳʭ  ʦʜʥʦʤʦʜʦʚʳʭ 
ʩʚʝʪʦʚʦʜʦʚ ʩ ʵʣʣʠʧʪʠʯʥʦʡ ʙʦʨʛʝʨʤʘʥʦʩʠʣʠʢʘʪʥʦʡ ʦʙʦʣʦʯʢʦʡ  135 

ɼ.ʉ. ʃʠʧʘʪʦʚ1, ʄ.ʄ. ɹʫʙʥʦʚ2, ɸ.ʅ. ɻʫʨʴʷʥʦʚ1, ʄ.ɽ. ʃʠʭʘʯʝʚ2  
1ʀʥʩʪʠʪʫʪ ʭʠʤʠʠ ʚʳʩʦʢʦʯʠʩʪʳʭ ʚʝʱʝʩʪʚ ʈɸʅ, ʅ. ʅʦʚʛʦʨʦʜ 
2ʅʘʫʯʥʳʡ ʮʝʥʪʨ ʚʦʣʦʢʦʥʥʦʡ ʦʧʪʠʢʠ ʈɸʅ, ʄʦʩʢʚʘ 
ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ AlPO4 ʛʨʫʧʧ ʥʘ ʨʘʩʪʚʦʨʠʤʦʩʪʴ Er2ʆ3  
ʚ ʢʚʘʨʮʝʚʦʤ ʩʪʝʢʣʝ 136 

ɸ.ɸ. ʇʘʥʦʚ, ʂ.ʅ. ʅʠʱʝʚ 
ʄʦʨʜʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʅ.ʇ. ʆʛʘʨʝʚʘ, ʉʘʨʘʥʩʢ 
ʉʠʥʪʝʟ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʦʧʪʠʯʝʩʢʠʭ ʩʪʝʢʦʣ, ʘʢʪʠʚʠʨʦʚʘʥʥʳʭ 
ʠʦʥʘʤʠ ʛʦʣʴʤʠʷ 137 

ʄ.ɺ. ɺʠʣʢʦʚʘ, ʊ.ʄ. ɿʦʨʠʥʘ, ʂ.ʅ. ʅʠʱʝʚ 
ʄʦʨʜʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʅ.ʇ. ʆʛʘʨʝʚʘ, ʉʘʨʘʥʩʢ 
ʇʨʠʤʝʥʝʥʠʝ ʵʣʝʤʝʥʪʦʚ ʟʦʣʴ-ʛʝʣʴ ʪʝʭʥʦʣʦʛʠʠ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 
ʘʢʪʠʚʠʨʦʚʘʥʥʳʭ ʦʧʪʠʯʝʩʢʠʭ ʩʪʸʢʦʣ 139 

ʀ.ɸ. ɺʦʣʢʦʚ, ʂ.ʅ. ʅʠʱʝʚ 
ʄʦʨʜʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʅ.ʇ. ʆʛʘʨʝʚʘ, ʉʘʨʘʥʩʢ 
ʉʠʥʪʝʟ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʛʝʨʤʘʥʘʪʥʳʭ 
ʦʧʪʠʯʝʩʢʠʭ ʩʪʝʢʦʣ, ʘʢʪʠʚʠʨʦʚʘʥʥʳʭ ʭʨʦʤʦʤ 140 

ɸ.ʀ. ɿʘʠʢʠʥ, ɺ.ʄ. ʂʷʰʢʠʥ, ʂ.ʅ. ʅʠʱʝʚ  
ʄʦʨʜʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ.ʅ.ʇ.ʆʛʘʨʝʚʘ, ʉʘʨʘʥʩʢ 
ʉʠʥʪʝʟ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʛʘʣʣʠʡ-ʩʦʜʝʨʞʘʱʠʭ 
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ɺ.ʀ. ʏʫʡʢʠʥ, ʂ.ʅ. ʅʠʱʝʚ 
ʄʦʨʜʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʅ.ʇ. ʆʛʘʨʝʚʘ, ʉʘʨʘʥʩʢ 
ʇʦʣʫʯʝʥʠʝ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʧʝʢʪʨʘʣʴʥʦ-ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʩʚʦʡʩʪʚ 
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ɺ.ɻ. ɸʨʠʩʢʠʥ, ɸ.ɸ. ʄʘʩʪʠʥ, ʉ.ɸ. ʉʤʠʨʥʦʚ 
ɸʋ çʊʝʭʥʦʧʘʨʢ-ʄʦʨʜʦʚʠʷè, ʉʘʨʘʥʩʢ 
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ʉ.ɺ. ʑʝʣʢʦʥʦʛʦʚ, ʄ.ʉ. ʄʫʭʘʤʝʜʟʷʥʦʚ 
ʋʨʘʣʴʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʧʫʪʝʡ ʩʦʦʙʱʝʥʠʷ, 
ɽʢʘʪʝʨʠʥʙʫʨʛ 
ʇʝʨʝʜʘʯʘ ʮʠʬʨʦʚʦʛʦ ʨʘʜʠʦʩʠʛʥʘʣʘ ʥʦʚʳʤ ʤʝʪʦʜʦʤ 147 

ɸ.ɺ. ʉʠʤʢʠʥ, ʌ.ɺ. ɺʠʣʴ, ɺ.ʇ. ʇʘʜʝʨʦʚ 
ʄʦʨʜʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʅ.ʇ. ʆʛʘʨʸʚʘ, ʉʘʨʘʥʩʢ 
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ʇʈʆɹʃɽʄɸ ʋʉʊʆʁʏʀɺʆʉʊʀ 2D-ʊʋʅʅɽʃʔʅʓʍ ɹʀʌʋʈʂɸʎʀʁ 

ɺ ʄɸʊʈʀʎɸʍ ʉ ʆʊʈʀʎɸʊɽʃʔʅʆʁ ɼʀʕʃɽʂʊʈʀʏɽʉʂʆʁ 

ʇʈʆʅʀʎɸɽʄʆʉʊʔʖ ɺ ʋʉʃʆɺʀʗʍ ɺʅɽʐʅɽɻʆ ʕʃɽʂʊʈʀʏɽʉʂʆɻʆ 

ʇʆʃʗ 

ɺ.ɼ. ʂʨʝʚʯʠʢ, ʄ.ɹ. ʉʝʤʸʥʦʚ, ʈ.ɺ. ɿʘʡʮʝʚ, ɸ.ɺ. ʂʘʣʠʥʠʥʘ, ɺ.ɸ. ʈʫʜʠʥ, 

ʇ.ɺ. ʂʨʝʚʯʠʢ 

ʇʝʥʟʝʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʀʩʩʣʝʜʦʚʘʥʘ ʧʨʦʙʣʝʤʘ ʫʧʨʘʚʣʷʝʤʦʩʪʠ ʜʚʫʤʝʨʥʦʛʦ ʜʠʩʩʠʧʘʪʠʚʥʦʛʦ 

ʪʫʥʥʝʣʠʨʦʚʘʥʠʷ ʚ ʩʠʩʪʝʤʝ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʢʚʘʥʪʦʚʳʭ ʤʦʣʝʢʫʣ, 

ʤʦʜʝʣʠʨʫʝʤʳʭ 2D - ʦʩʮʠʣʣʷʪʦʨʥʳʤ ʧʦʪʝʥʮʠʘʣʦʤ, ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʤ ʩ 

ʪʝʨʤʦʩʪʘʪʦʤ ʩ ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʴʶ, ʚʦ 

ʚʥʝʰʥʝʤ ʵʣʝʢʪʨʠʯʝʩʢʦʤ ʧʦʣʝ. ɺ ʢʘʯʝʩʪʚʝ ʪʘʢʦʡ ʤʘʪʨʠʮʳ ʤʦʛʫʪ ʚʳʩʪʫʧʘʪʴ 

ʠʩʢʫʩʩʪʚʝʥʥʳʝ ʢʦʤʧʦʟʠʪʥʳʝ ʩʨʝʜʳ, ʩʦʩʪʦʷʱʠʝ ʠʟ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠʣʠ 

ʧʨʦʚʦʜʷʱʠʭ ʵʣʝʤʝʥʪʦʚ, ʦʙʨʘʟʫʶʱʠʭ ʨʝʛʫʣʷʨʥʫʶ ʩʪʨʫʢʪʫʨʫ. ʄʝʪʦʜʦʤ 

ʠʥʩʪʘʥʪʦʥʦʚ ʨʘʩʩʯʠʪʘʥʘ ʚʝʨʦʷʪʥʦʩʪʴ 2D- ʪʫʥʥʝʣʴʥʦʛʦ ʧʝʨʝʥʦʩʘ ʠ 

ʠʩʩʣʝʜʦʚʘʥʘ ʝʝ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʚʝʣʠʯʠʥʳ ʚʥʝʰʥʝʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ, 

ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʚʝʣʠʯʠʥʳ ʦʪʥʦʩʠʪʝʣʴʥʦʡ (ʦʪʨʠʮʘʪʝʣʴʥʦʡ) ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʩʨʝʜʳ ï ʪʝʨʤʦʩʪʘʪʘ. ɺʳʷʚʣʝʥʳ ʦʙʣʘʩʪʠ ʨʝʘʣʠʟʘʮʠʠ 

ʫʩʪʦʡʯʠʚʦʛʦ ʵʬʬʝʢʪʘ 2D ï ʙʠʬʫʨʢʘʮʠʡ ʠ ʯʠʩʣʝʥʥʦ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʛʨʘʥʠʮʳ ʩʫʱʝʩʪʚʦʚʘʥʠʷ 2D ï ʙʠʬʫʨʢʘʮʠʡ ʧʨʠ ʠʟʤʝʥʝʥʠʠ 

ʧʘʨʘʤʝʪʨʦʚ ʫʧʨʘʚʣʝʥʠʷ (ʦʙʨʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ɓ, ʦʪʥʦʩʠʪʝʣʴʥʦʡ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʩʨʝʜʳ ï ʪʝʨʤʦʩʪʘʪʘ Ů, ʠ ʧʘʨʘʤʝʪʨʘ 

ʘʩʠʤʤʝʪʨʠʠ 2D ï ʧʦʪʝʥʮʠʘʣʘ ʩʠʩʪʝʤʳ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʢʚʘʥʪʦʚʳʭ 

ʤʦʣʝʢʫʣ b, ʩʣʘʙʦ ʥʝʣʠʥʝʡʥʦ ʟʘʚʠʩʷʱʝʛʦ ʦʪ ʚʝʣʠʯʠʥʳ ʥʘʧʨʷʞʝʥʥʦʩʪʠ 

ʚʥʝʰʥʝʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ). ʉʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʜʠʘʧʘʟʦʥʘ 

ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʧʦʣʷ, ʧʨʠ ʢʦʪʦʨʦʡ ʨʝʘʣʠʟʫʶʪʩʷ ʫʩʪʦʡʯʠʚʳʝ 2D-

ʙʠʬʫʨʢʘʮʠʠ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʝʣʠʯʠʥʳ ʦʙʨʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ. 
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ɺ ʦʪʣʠʯʠʝ ʦʪ ʦʙʳʯʥʳʭ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʘʪʨʠʮ ʚ ʩʣʫʯʘʝ ʩ 0e<  

ʦʙʣʘʩʪʴ ʫʩʪʦʡʯʠʚʳʭ 2D ï ʙʠʬʫʨʢʘʮʠʡ ʟʥʘʯʠʪʝʣʴʥʦ ʩʫʞʘʝʪʩʷ, ʯʪʦ ʚʝʨʦʷʪʥʦ 

ʩʚʷʟʘʥʦ ʩ ʠʥʚʝʨʩʠʝʡ ʟʥʘʢʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʪʫʥʥʝʣʠʨʫʶʱʠʭ ʯʘʩʪʠʮ. 



 

 

136 

ʆʉʆɹɽʅʅʆʉʊʀ ʈɽɿʆʅɸʅʉʅʓʍ ʉʆʉʊʆʗʅʀʁ D--ʎɽʅʊʈʆɺ 

ɺ ʂɺɸʅʊʆɺʓʍ ʄʆʃɽʂʋʃɸʍ ɺʆ ɺʅɽʐʅɽʄ  

ʕʃɽʂʊʈʀʏɽʉʂʆʄ ʇʆʃɽ 

ɺ.ɼ. ʂʨʝʚʯʠʢ, ɿ.ɸ. ɻʘʚʨʠʥʘ 

ʇʝʥʟʝʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ɺʳʧʦʣʥʝʥʳ ʨʘʩʯʸʪʳ ʩʨʝʜʥʝʡ ʵʥʝʨʛʠʠ ʩʚʷʟʠ ʠ ʰʠʨʠʥʳ ʫʨʦʚʥʷ 

ʨʝʟʦʥʘʥʩʥʦʛʦ D(ï)-ʩʦʩʪʦʷʥʠʷ ʚ ʢʚʘʥʪʦʚʦʡ ʤʦʣʝʢʫʣʝ ʧʨʠ ʥʘʣʠʯʠʠ ʚʥʝʰʥʝʛʦ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ. ʈʘʩʯʸʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʤʦʜʝʣʠ ʧʦʪʝʥʮʠʘʣʘ ʥʫʣʝʚʦʛʦ 

ʨʘʜʠʫʩʘ ʩ ʫʯʸʪʦʤ ʪʫʥʥʝʣʴʥʦʛʦ ʨʘʩʧʘʜʘ ʨʝʟʦʥʘʥʩʥʦʛʦ ʩʦʩʪʦʷʥʠʷ. ʇʦʢʘʟʘʥʦ, 

ʯʪʦ ʚʥʝʰʥʝʝ ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʧʦʣʝ ʩʪʠʤʫʣʠʨʫʝʪ ʨʘʩʧʘʜ ʨʝʟʦʥʘʥʩʥʳʭ D(ï)-

ʩʦʩʪʦʷʥʠʡ ʚ ʫʩʣʦʚʠʷʭ ʜʠʩʩʠʧʘʪʠʚʥʦʛʦ ʪʫʥʥʝʣʠʨʦʚʘʥʠʷ. ʅʘ ʨʠʩ. 1 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʩʨʝʜʥʝʡ ʵʥʝʨʛʠʠ ʩʚʷʟʠ ɽ ʨʝʟʦʥʘʥʩʥʦʛʦ D(ï)-

ʩʦʩʪʦʷʥʠʷ ʦʪ ʨʘʜʠʫʩʘ R0 InSb ʂʊ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʡ ɽ ʠ ʧʘʨʘʤʝʪʨʦʚ 

ʜʠʩʩʠʧʘʪʠʚʥʦʛʦ ʪʫʥʥʝʣʠʨʦʚʘʥʠʷ. ʄʦʞʥʦ ʚʠʜʝʪʴ, ʯʪʦ ʧʨʠ ʫʤʝʥʴʰʝʥʠʠ R0 

ʩʨʝʜʥʷʷ ʵʥʝʨʛʠʷ ʩʚʷʟʠ ʨʝʟʦʥʘʥʩʥʦʛʦ D(ï)-ʩʦʩʪʦʷʥʠʷ ʩʥʘʯʘʣʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ 

ʠʟ-ʟʘ ʚʩʸ ʙʦʣʝʝ ʩʠʣʴʥʦʡ ʣʦʢʘʣʠʟʘʮʠʠ ʚʦʣʥʦʚʦʡ ʬʫʥʢʮʠʠ ʵʣʝʢʪʨʦʥʘ ʧʦ ʪʨʸʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʥʘʧʨʘʚʣʝʥʠʷʤ. ʅʦ ʧʨʠ ʜʘʣʴʥʝʡʰʝʤ ʫʤʝʥʴʰʝʥʠʠ R0 

ʚʦʣʥʦʚʘʷ ʬʫʥʢʮʠʷ ʥʘʯʠʥʘʝʪ ñʚʳʞʠʤʘʪʴʩʷò ʠʟ ʂʊ, ʧʦʵʪʦʤʫ ʩʨʝʜʥʷʷ ʵʥʝʨʛʠʷ 

ʩʚʷʟʠ ʫʤʝʥʴʰʘʝʪʩʷ. ʅʘ ʨʠʩ. 2 ʧʨʠʚʝʜʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʰʠʨʠʥʳ ED  

ʨʝʟʦʥʘʥʩʥʦʛʦ ʫʨʦʚʥʷ ʦʪ ʢʦʦʨʜʠʥʘʪʳ D(ï)-ʮʝʥʪʨʘ ʚ ʭ-ʥʘʧʨʘʚʣʝʥʠʠ ʂʊ ʜʣʷ 

ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ ʜʠʩʩʠʧʘʪʠʚʥʦʛʦ ʪʫʥʥʝʣʠʨʦʚʘʥʠʷ. ʀʟ ʨʠʩ. 2 

ʚʠʜʥʦ, ʯʪʦ ʥʘʠʤʝʥʴʰʝʝ ʚʨʝʤʷ ʞʠʟʥʠ ʠʤʝʶʪ ʨʝʟʦʥʘʥʩʥʳʝ D(ï)-ʩʦʩʪʦʷʥʠʷ 

ʩʦʦʪʚʝʪʩʪʚʫ-ʶʱʠʝ D(ï)-ʮʝʥʪʨʘʤ, ʨʘʩʧʦʣʦʞʝʥʥʳʤ ʚʙʣʠʟʠ ʛʨʘʥʠʮ ʂʊ. ʈʦʩʪ 

ʧʘʨʘʤʝʪʨʘ *

ʉe  ʙʣʦʢʠʨʫʝʪ ʪʫʥʥʝʣʴʥʳʡ ʨʘʩʧʘʜ ʨʝʟʦʥʘʥʩʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʟʘ 

ʩʯʸʪ ʫʚʝʣʠʯʝʥʠʷ ñʚʷʟʢʦʩʪʠò ʢʦʥʪʘʢʪʥʦʡ ʩʨʝʜʳ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʨʦʩʪ 

ʧʘʨʘʤʝʪʨʦʚ *

Le ʠ *Te ʫʚʝʣʠʯʠʚʘʝʪ ʚʝʨʦʷʪʥʦʩʪʴ ʨʘʩʧʘʜʘ. 

 

  
                      ʈʠʩ. 1.                                                                    ʈʠʩ. 2. 
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ʊ.ʄ. ɺʘʩʠʣʝʚʩʢʘʷ, ɼ.ʀ. ʉʝʤʝʥʮʦʚ, ɸ.ʄ. ʐʫʪʳʡ 

ʋʣʴʷʥʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʋʣʴʷʥʦʚʩʢ 

ɺ ʜʦʢʣʘʜʝ ʥʘ ʦʩʥʦʚʝ ʯʠʩʣʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʜʠʥʘʤʠʢʠ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ 

ʚ ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʧʣʝʥʢʘʭ (100) ʩ ʢʫʙʠʯʝʩʢʦʡ ʘʥʠʟʦʪʨʦʧʠʝʡ ʧʦʢʘʟʘʥʦ, 

ʯʪʦ ʧʨʠ ʧʣʦʩʢʦʩʪʥʦʤ ʧʦʜʤʘʛʥʠʯʠʚʘʥʠʠ ʚʜʦʣʴ ʪʨʫʜʥʦʡ ʦʩʠ, ʥʘʨʷʜʫ ʩ ʜʚʫʤʷ 

ʨʝʟʦʥʘʥʩʘʤʠ, ʦʪʚʝʯʘʶʱʠʤʠ ʨʘʟʣʠʯʥʳʤ ʨʘʚʥʦʚʝʩʥʳʤ ʩʦʩʪʦʷʥʠʷʤ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ, ʠʤʝʝʪ ʤʝʩʪʦ ʦʙʣʘʩʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʨʝʟʦʥʘʥʩʘ. ʕʪʘ ʦʙ-

ʣʘʩʪʴ ʨʘʩʧʦʣʦʞʝʥʘ ʚʙʣʠʟʠ ʙʠʬʫʨʢʘʮʠʦʥʥʦʛʦ ʟʥʘʯʝʥʠʷ ʧʦʜʤʘʛʥʠʯʠʚʘʶʱʝʛʦ 

ʧʦʣʷ, ʦʪʚʝʯʘʶʱʝʛʦ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʜʚʫʭ ʩʠʤʤʝʪʨʠʯʥʳʭ ʨʘʚʥʦʚʝʩʥʳʭ ʧʦʣʦ-

ʞʝʥʠʡ (ʯʪʦ ʠ ʦʙʲʷʩʥʷʝʪ ʥʘʟʚʘʥʠʝ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʵʬʬʝʢʪʘ). ɺʦʟʥʠʢʥʦʚʝ-

ʥʠʝ ʙʠʬʫʨʢʘʮʠʦʥʥʦʛʦ ʨʝʟʦʥʘʥʩʘ ʦʙʫʩʣʦʚʣʝʥʦ ʩʪʘʪʠʯʝʩʢʦʡ ʙʠʩʪʘʙʠʣʴʥʦʩʪʴʶ 

ʠ ʙʣʠʟʢʠʤ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʨʘʚʥʦʚʝʩʥʳʭ ʧʦʣʦʞʝʥʠʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ: ʚ 

ʦʪʚʝʯʘʶʱʠʭ ʨʝʟʦʥʘʥʩʫ ʠʥʪʝʨʚʘʣʘʭ ʟʥʘʯʝʥʠʷ ʧʦʣʷ H ʫʩʪʦʡʯʠʚʳʤʠ ʩʪʘʥʦʚʷʪʩʷ 

ʨʝʞʠʤʳ ʩ ʪʨʘʝʢʪʦʨʠʷʤʠ, ʦʭʚʘʪʳʚʘʶʱʠʤʠ ʦʙʘ ʧʦʣʦʞʝʥʠʷ ʨʘʚʥʦʚʝʩʠʷ.   ɺ 

ʦʪʣʠʯʠʝ ʦʪ ʨʘʥʝʝ ʨʘʩʩʤʦʪʨʝʥʥʦʛʦ ʘʥʘʣʦʛʠʯʥʦʛʦ ʨʝʟʦʥʘʥʩʥʦʛʦ ʵʬʬʝʢʪʘ ʚ 

ʧʣʝʥʢʘʭ ʩ ʦʜʥʦʦʩʥʦʡ ʘʥʠʟʦʪʨʦʧʠʝʡ [1,2], ʛʜʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʪʦʣʴʢʦ ʭʘʦ-

ʪʠʯʝʩʢʠʝ ʨʝʞʠʤʳ, ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʚ ʦʙʣʘʩʪʠ ʙʠʬʫʨʢʘʮʠʦʥʥʦʛʦ ʨʝʟʦʥʘʥʩʘ 

ʦʙʥʘʨʫʞʝʥʳ ʪʘʢʞʝ ʛʘʨʤʦʥʠʯʝʩʢʠʝ ʨʝʞʠʤʳ. ʍʘʨʘʢʪʝʨʥʳʤ ʜʣʷ ʨʘʩʩʤʘʪʨʠʚʘ-

ʝʤʦʡ ʩʠʩʪʝʤʳ ʷʚʣʷʝʪʩʷ ʪʘʢʞʝ ʥʘʣʠʯʠʝ ʫʟʢʠʭ ʠʥʪʝʨʚʘʣʦʚ ʟʥʘʯʝʥʠʷ ʧʦʣʷ H, ʚ 

ʢʦʪʦʨʳʭ ʨʝʘʣʠʟʫʶʪʩʷ ʩʦʩʪʦʷʥʠʷ ʜʠʥʘʤʠʯʝʩʢʦʡ ʙʠʩʪʘʙʠʣʴʥʦʩʪʠ ʠ ʤʫʣʴʪʠ-

ʩʪʘʙʠʣʴʥʦʩʪʠ. ʅʘ ʨʠʩ.1. ʧʨʠʚʝʜʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ H ʧʘʨʘʤʝʪʨʘ 

2minmax
zzz mmm -=d , ʦʧʨʝʜʝʣʷʝʤʦʛʦ ʧʦʣʫʨʘʟʥʦʩʪʴʶ ʤʝʞʜʫ ʙʣʠʞʘʡʰʠʤʠ 

ʥʘ ʪʨʘʝʢʪʦʨʠʠ ʵʢʩʪʨʝʤʘʣʴʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʢʦʤʧʦʥʝʥʪʳ ʥʦʨʤʠʨʦʚʘʥʥʦʡ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʧʨʠ ʧʘʨʘʤʝʪʨʘʭ ʧʝʨʝʤʝʥʥʦʛʦ ʧʦʣʷ Oe 5.0=h , ,4.02 =pw  

GHz 0.24 0.3,  (ʢʨʠʚʳʝ 1-3) ʜʣʷ ʧʣʝʥʢʠ ʩ Mp4 G 6.214=  ʠ ʢʦʥʩʪʘʥʪʘʤʠ 

ʢʫʙʠʯʝʩʢʦʡ ʨʦʩʪʦʚʦʡ ʘʥʠʟʦʪʨʦʧʠʠ: 1K 33 erg/cm 10-= , 33 erg/cm 10-=uK .  

 

 

 

 
 

ʈʠʩ. 1. ʈʝʟʦʥʘʥʩʥʳʝ 

ʟʘʚʠʩʠʤʦʩʪʠ ʚ ʧʣʝʥ-

ʢʝ (100) ʧʨʠ ʚʦʟʥʠʢ-

ʥʦʚʝʥʠʠ ʙʠʬʫʨʢʘʮʠ-

ʦʥʥʦʛʦ ʨʝʟʦʥʘʥʩʘ.  
 
 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʟʚʦʣʷʶʪ ʩʜʝʣʘʪʴ ʧʨʝʜʧʦʣʦʞʝʥʠʷ, ʯʪʦ 

ʙʠʬʫʨʢʘʮʠʦʥʥʳʡ ʨʝʟʦʥʘʥʩʥʳʡ ʜʦʣʞʝʥ ʠʤʝʪʴ ʤʝʩʪʦ ʚ ʨʘʟʣʠʯʥʳʭ 

ʬʠʟʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ ʩ ʙʣʠʟʢʦʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʩʦʩʪʦʷʥʠʷʤʠ ʨʘʚʥʦʚʝʩʠʷ.  

 

1. ɺʘʩʠʣʝʚʩʢʘʷ ʊ.ʄ., ʉʝʤʝʥʮʦʚ ɼ.ʀ. ɾʕʊʌ 137, 861 (2010).  
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2. ɺʘʩʠʣʝʚʩʢʘʷ ʊ.ʄ., ʉʝʤʝʥʮʦʚ ɼ.ʀ. ʌʊʊ 53, 79 (2011).  
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ʀʅɼʋʎʀʈʆɺɸʅʅʓʁ ʄɸɻʅʀʊʅʓʁ ʄʆʄɽʅʊ ʉʀʉʊɽʄʓ ɼʀʇʆʃɽʁ  

ɸ.ʄ. ʐʫʪʳʡ 

ʋʣʴʷʥʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʋʣʴʷʥʦʚʩʢ 

ɺ ʜʦʢʣʘʜʝ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʯʠʩʣʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʩʠʩʪʝʤʳ ʪʨʝʭ ʠ 

ʯʝʪʳʨʝʭ ʰʘʨʦʦʙʨʘʟʥʳʭ ʪʝʣ, ʦʙʣʘʜʘʶʱʠʭ ʜʠʧʦʣʴʥʳʤ ʤʘʛʥʠʪʥʳʤ ʤʦʤʝʥʪʦʤ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʠʩʭʦʜʥʦʤ ʩʦʩʪʦʷʥʠʠ ʩ ʥʫʣʝʚʳʤ ʩʫʤʤʘʨʥʳʤ ʤʘʛʥʠʪʥʳʤ 

ʤʦʤʝʥʪʦʚ [1] ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʧʝʨʝʤʝʥʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣ̫ ʫʩʪʘʥʘʚʣʠʚʘ-

ʶʪʩ̫ ʨʘʟʣʠʯʥʳʝ ʨʝʞʠʤʳ ʠʥʜʫʮʠʨʦʚʘʥʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ, ʚ ʪʦʤ ʯʠʩʣʝ 

ʢʚʘʟʠʩʪʘʪʠʯʝʩʢʠʝ ʩʦʩʪʦʷʥʠ,̫ ʢʦʪʦʨʳʤʠ ʤʦʞʥʦ ɻʬʬʝʢʪʠʚʥʦ ʫʧʨʘʚʣʷʪʴ ʟʘ ʩʯʝʪ 

ʠʟʤʝʥʝʥʠʷ ʢʘʢ ʘʤʧʣʠʪʫʜʳ, ʪʘʢ ʠ ʯʘʩʪʦʪʳ ʧʦʣʷ. ɺʳʷʚʣʝʥʳ ʩʫʱʝʩʪʚʝʥʥʳʝ 

ʦʪʣʠʯʠʷ ʜʘʥʥʳʭ ʨʝʞʠʤʦʚ, ʦʪʚʝʯʘʶʱʠʭ ʨʘʟʥʳʤ ʩʠʩʪʝʤʘʤ. ɼʣʷ ʩʠʩʪʝʤ ʪʨʝʭ 

ʜʠʧʦʣʝʡ ʭʘʨʘʢʪʝʨʥʳʤ ʷʚʣʷʝʪʩʷ ʫʩʪʘʥʦʚʣʝʥʠʝ ʠʥʜʫʮʠʨʦʚʘʥʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ 

ʤʦʤʝʥʪʘ, ʚʝʣʠʯʠʥʘ ʢʦʪʦʨʦʛʦ ʙʣʠʟʢʘ ʢ ʧʦʩʪʦʷʥʥʦʡ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʢʦʥʢ-

ʨʝʪʥʳʤ ʧʘʨʘʤʝʪʨʘʤ ʧʦʣʷ, ʠ ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʦʙʣʘʜʘʝʪ ʩʦʩʪʘʚʣʷʶʱʘʷ, ʦʨʪʦ-

ʛʦʥʘʣʴʥʘʷ ʦʨʠʝʥʪʘʮʠʠ ʧʦʣʷ. ɼʣ̫ ʯʝʪʳʨʝʭʜʠʧʦʣʴʥʳʭ ʩʠʩʪʝʤ ʭʘʨʘʢʪʝʨʥʳ ʜʚʘ 

ʪʠʧʘ ʜʠʥʘʤʠʯʝʩʢʠʭ ʨʝʞʠʤʦʤ, ʧʨʠ ʢʦʪʦʨʳʭ ʩʫʤʤʘʨʥʳʡ ʤʘʛʥʠʪʥʳʡ ʤʦʤʝʥʪ 

ʧʘʨʘʣʣʝʣʝʥ ʧʦʣʷʨʠʟʘʮʠʠ ʧʝʨʝʤʝʥʥʦʛʦ ʧʦʣʷ. ɺ ʦʜʥʦʤ ʩʣʫʯʘʝ ʠʥʜʫʮʠʨʦʚʘʥ-

ʥʳʡ ʤʘʛʥʠʪʥʳʡ ʤʦʤʝʥʪ ʩʠʩʪʝʤʳ ʠʤʝʝʪ ʧʦʩʪʦʷʥʥʫʶ ʠ ʩʦʥʘʧʨʘʚʣʝʥʥʫʶ ʝʡ 

ʧʝʨʝʤʝʥʥʫʶ ʩʦʩʪʘʚʣʷʶʱʠʝ. ɺ ʨʝʞʠʤʘʭ ʚʪʦʨʦʛʦ ʪʠʧʘ (ʥʘ ʙ·ʣʴʰʠʭ ʯʘʩʪʦʪʘʭ) 

ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʢʦʣʝʙʘʥʠʷ ʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ ʩʠʩʪʝʤʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʫ-

ʣʝʚʦʛʦ ʟʥʘʯʝʥʠʷ, ʘʤʧʣʠʪʫʜʘ ʢʦʪʦʨʳʭ ʫʤʝʥʴʰʘʝʪʩʷ ʩ ʨʦʩʪʦʤ ʯʘʩʪʦʪʳ ʧʦʣʷ.  

ɸʥʘʣʠʟ ʪʘʢʞʝ ʧʦʢʘʟʘʣ, ʯʪʦ ʚ ʩʨʝʜʝ, ʩʦʩʪʦʷʱʝʡ ʠʟ ʜʘʥʥʳʭ ʜʠʧʦʣʴʥʳʭ 

ʩʠʩʪʝʤ, ʚ ʢʘʯʝʩʪʚʝ ʢʣʘʩʪʝʨʦʚ, ʚʣʠʷʥʠʝ ʩʦʩʝʜʥʠʭ ʢʣʘʩʪʝʨʦʚ ʥʘ ʜʠʥʘʤʠʢʫ 

ʤʘʛʥʠʪʥʳʭ ʤʦʤʝʥʪʦʚ ʠʩʯʝʟʘʝʪ ʫʞʝ ʧʨʠ ʨʘʩʩʪʦʷʥʠʠ ʤʝʞʜʫ ʥʠʤʠ, ʨʘʚʥʦʤ 

ʪʨʝʤ-ʯʝʪʳʨʝʤ ʨʘʟʤʝʨʘʤ ʢʣʘʩʪʝʨʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʟʘ ʩʯʝʪ  ʠʟʤʝʥʝʥʠʷ  ʯʘʩ-  

ʪʦʪʳ (ʠʣʠ ʘʤʧʣʠʪʫʜʳ) ʧʝʨʝʤʝʥ-

ʥʦʛʦ ʧʦʣʷ ʜʣʷ ʩʨʝʜ ʩ ʠʩʭʦʜʥʦʡ 

ʥʫʣʝʚʦʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ ʤʦʞʝʪ 

ʜʦʩʪʠʛʘʪʴʩʷ ʫʧʨʘʚʣʝʥʠʝ ʠʥʜʫʮʠ-

ʨʦʚʘʥʥʦʡ (ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ ʢʚʘʟʠ-

ʩʪʘʪʠʯʝʩʢʦʡ) ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴʶ.  

ʈʠʩ.1. ʆʨʠʝʥʪʘʮʠʷ ʤʘʛʥʠʪʥʳʭ ʤʦʤʝʥ-

ʪʦʚ ʩʠʩʪʝʤ ʜʠʧʦʣʝʡ, ʚʦʟʙʫʞʜʘʝʤʳʭ 

ʧʝʨʝʤʝʥʥʳʤ ʤʘʛʥʠʪʥʳʤ ʧʦʣʝʤ ʩ ʙʝʟ-

ʨʘʟʤʝʨʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ: ʘʤʧʣʠʪʫʜʦʡ 

50=f  ʠ ʯʘʩʪʦʪʦʡ 20 ,6=W  (a, b).  

ʈʠʩ.2. ɿʘʚʠʩʠʤʦʩʪʴ ʦʪ ʙʝʟʨʘʟʤʝʨʥʦʛʦ 

ʚʨʝʤʝʥʠ ʠʥʜʫʮʠʨʦʚʘʥʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ 

ʤʦʤʝʥʪʘ ʩʠʩʪʝʤʳ ʪʨʝʭ ʜʠʧʦʣʝʡ ʧʨʠ 

ʩʪʫʧʝʥʯʘʪʦʤ ʧʨʦʬʠʣʝ ʠʟʤʝʥʝʥʠʷ ʯʘʩ-

ʪʦʪʳ ʧʝʨʝʤʝʥʥʦʛʦ ʧʦʣʷ ʦʪ 6=W  ʜʦ 

20=W  ʧʨʠ 50=f .  
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ʕʅɽʈɻɽʊʀʏɽʉʂʀʁ ʉʇɽʂʊʈ ʆɼʅʆʄɽʈʅʆʁ ʇɽʈʀʆɼʀʏɽʉʂʆʁ 

ʉʀʉʊɽʄʓ ʂʆʈʆʊʂʆɼɽʁʉʊɺʋʖʑʀʍ ʉʇʀʅʆɺʓʍ 

ʈɸʉʉɽʀɺɸʊɽʃɽʁ 

ʄ.ɸ. ʇʷʪʘʝʚ 

ʄʦʨʜʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʅ.ʇ. ʆʛʘʨʝʚʘ, ʉʘʨʘʥʩʢ 

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʠʥʪʝʥʩʠʚʥʦ ʚʝʜʫʪʩʷ ʧʦʠʩʢʠ ʵʬʬʝʢʪʠʚʥʳʭ ʩʧʠʥʦʚʳʭ 

ʬʠʣʴʪʨʦʚ ʥʘ ʙʘʟʝ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʥʘʥʦʩʪʨʫʢʪʫʨ. ʆʜʥʠʤ ʠʟ ʤʝʪʦʜʦʚ 

ʧʦʣʫʯʝʥʠʷ ʩʧʠʥʦʚʦʡ ʧʦʣʷʨʠʟʘʮʠʠ ʷʚʣʷʝʪʩʷ ʨʘʩʩʝʷʥʠʝ ʵʣʝʢʪʨʦʥʦʚ ʥʘ 

ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʩʨʝʜ ʩ ʨʘʟʣʠʯʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʚʝʣʠʯʠʥʳ ʩʧʠʥ-

ʦʨʙʠʪʘʣʴʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ (ʉʆɺ) [1]. ʄʦʞʥʦ ʦʞʠʜʘʪʴ, ʯʪʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ʧʦʤʦʞʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʫʩʠʣʠʪʴ 

ʵʬʬʝʢʪ ʠ ʧʦʚʳʩʠʪʴ ʩʪʝʧʝʥʴ ʧʦʣʷʨʠʟʘʮʠʠ. ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʥʳ 

ʜʚʝ ʤʦʜʝʣʠ ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʦʜʥʦʤʝʨʥʳʭ ʩʪʨʫʢʪʫʨ, ʚ ʢʦʪʦʨʳʭ ʤʦʜʫʣʷʮʠʷ 

ʩʚʦʡʩʪʚ ʩʨʝʜʳ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝʤ ʠʣʠ ʦʪʩʫʪʩʪʚʠʝʤ ʚ ʩʤʝʞʥʳʭ 

ʦʙʣʘʩʪʷʭ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʠʣʠ ʉʆɺ. ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʦʨʝʤʳ ɹʣʦʭʘ ʠ 

ʫʩʣʦʚʠʡ ʥʝʧʨʝʨʳʚʥʦʩʪʠ ʜʣʷ ʚʦʣʥʦʚʦʡ ʬʫʥʢʮʠʠ ʠ ʩʢʦʨʦʩʪʠ ʵʣʝʢʪʨʦʥʘ ʥʘ 

ʛʨʘʥʠʮʘʭ ʦʙʣʘʩʪʝʡ [1] ʧʦʣʫʯʝʥʳ ʫʨʘʚʥʝʥʠʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʵʥʝʨʛʠʠ ʢʘʢ 

ʬʫʥʢʮʠʠ ʢʚʘʟʠʠʤʧʫʣʴʩʘ. 

ʇʦʜʨʦʙʥʦ ʨʘʩʩʤʦʪʨʝʥ ʩʣʫʯʘʡ, ʢʦʛʜʘ ʰʠʨʠʥʘ ʦʙʣʘʩʪʝʡ ʜʝʡʩʪʚʠʷ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʠʣʠ ʉʆɺ ʤʥʦʛʦ ʤʝʥʴʰʝ ʜʝʙʨʦʡʣʝʚʩʢʦʡ ʜʣʠʥʳ ʚʦʣʥʳ 

ʵʣʝʢʪʨʦʥʘ. ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ ʦʙʣʘʩʪʠ ʩ ʤʘʛʥʠʪʥʳʤ ʧʦʣʝʤ ʠʣʠ ʉʆɺ ʤʦʛʫʪ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ ʢʦʨʦʪʢʦʜʝʡʩʪʚʫʶʱʠʝ ʩʧʠʥʦʚʳʝ ʚʦʟʤʫʱʝʥʠʷ ʠ ʤʦʛʫʪ 

ʙʳʪʴ ʦʧʠʩʘʥʳ ʩ ʧʦʤʦʱʴʶ ʤʘʪʨʠʯʥʳʭ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ ʜʣʷ ʩʧʠʥʦʨʦʚ. 

ʂʦʨʦʪʢʦʜʝʡʩʪʚʫʶʱʠʝ ʨʘʩʩʝʠʚʘʪʝʣʠ, ʩʦʟʜʘʚʘʝʤʳʝ ʤʘʛʥʠʪʥʳʤ ʧʦʣʝʤ, 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ d-ʦʙʨʘʟʥʳʝ ʷʤʳ ʠʣʠ ʙʘʨʴʝʨʳ ʜʣʷ ʵʣʝʢʪʨʦʥʦʚ ʩ ʨʘʟʥʦʡ 

ʩʧʠʥʦʚʦʡ ʧʦʣʷʨʠʟʘʮʠʝʡ. ɺ ʩʣʫʯʘʝ ʢʦʨʦʪʢʦʜʝʡʩʪʚʫʶʱʠʭ ʦʙʣʘʩʪʝʡ ʉʆɺ 

ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʪʘʢ ʥʘʟʳʚʘʝʤʦʤʫ d¡ -ʧʦʪʝʥʮʠʘʣʫ [2]. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʩʧʝʢʪʨ ʠʤʝʝʪ ʤʠʥʠʟʦʥʥʫʶ ʩʪʨʫʢʪʫʨʫ, ʧʨʠʯʝʤ ʢʘʞʜʘʷ 

ʤʠʥʠʟʦʥʘ, ʨʘʩʱʝʧʣʝʥʘ ʥʘ ʜʚʝ ʧʦʜʟʦʥʳ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʨʘʟʥʦʤʫ 

ʥʘʧʨʘʚʣʝʥʠʶ ʩʧʠʥʘ (ʚ ʦʙʣʘʩʪʷʭ, ʚ ʢʦʪʦʨʳʭ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʠ ʉʆɺ 

ʦʪʩʫʪʩʪʚʫʶʪ). ʇʨʠ ʥʫʣʝʚʳʭ ʢʚʘʟʠʠʤʧʫʣʴʩʘʭ ʵʥʝʨʛʠʠ ʵʣʝʢʪʨʦʥʦʚ ʚ ʨʘʟʥʳʭ 

ʩʧʠʥʦʚʳʭ ʧʦʜʟʦʥʘʭ ʩʦʚʧʘʜʘʶʪ, ʥʦ ʠʟʛʠʙ ʟʦʥ ʠʤʝʝʪ ʨʘʟʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʜʣʷ 

ʨʘʟʥʳʭ ʩʧʠʥʦʚʳʭ ʧʦʣʷʨʠʟʘʮʠʡ. ʇʨʠ ʵʪʦʤ ʚ ʩʣʫʯʘʝ ʤʦʜʫʣʠʨʦʚʘʥʥʦʛʦ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ ʢʘʞʜʦʡ ʤʠʥʠʟʦʥʝ ʩʫʱʝʩʪʚʫʝʪ ʦʙʣʘʩʪʴ ʵʥʝʨʛʠʡ, ʚ ʢʦʪʦʨʦʡ 

ʨʘʟʨʝʰʝʥʳ ʩʦʩʪʦʷʥʠʷ ʪʦʣʴʢʦ ʩ ʦʜʥʠʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʩʧʠʥʘ, ʘ ʚ ʩʣʫʯʘʝ 

ʤʦʜʫʣʠʨʦʚʘʥʥʦʛʦ ʉʆɺ ï ʦʙʣʘʩʪʴ, ʚ ʢʦʪʦʨʦʡ ʨʘʟʥʳʤ ʥʘʧʨʘʚʣʝʥʠʷ ʜʚʠʞʝʥʠʷ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʘʟʥʘʷ ʩʧʠʥʦʚʘʷ ʧʦʣʷʨʠʟʘʮʠʷ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ 

ʠʟʫʯʘʝʤʳʝ ʩʪʨʫʢʪʫʨ rʢʘʢ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʢʘʥʜʠʜʘʪʦʚ ʥʘ ʨʦʣʴ ʩʧʠʥʦʚʦʛʦ 

ʬʠʣʴʪʨʘ. 
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ʉʇʀʈɸʃʔʅɸʗ ʂɺɸʅʊʆɺɸʗ ʇʈʆɺʆʃʆʂɸ ʉʆ ʉʇʀʅ-ʆʈɹʀʊɸʃʔʅʓʄ 

ɺɿɸʀʄʆɼɽʁʉʊɺʀɽʄ 

ɸ.ɸ. ɻʨʠʛʦʨʴʢʠʥ 

ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʠʥʩʪʠʪʫʪ ʷʜʝʨʥʦʡ ʬʠʟʠʢʠ ʠʤ. ɹ.ʇ. ʂʦʥʩʪʘʥʪʠʥʦʚʘ, 

ʉʘʥʢʪ-ʇʝʪʝʨʛʙʫʨʛ 

ʆʜʥʦʡ ʠʟ ʚʘʞʥʝʡʰʠʭ ʟʘʜʘʯ ʩʦʚʨʝʤʝʥʥʦʡ ʬʠʟʠʢʠ ʥʘʥʦʩʪʨʫʢʪʫʨ 

ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʵʬʬʝʢʪʠʚʥʳʭ ʫʩʪʨʦʡʩʪʚ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʩʧʠʥʦʤ 

ʵʣʝʢʪʨʦʥʘ. ɹʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʨʘʙʦʪ 

ʧʦʩʚʷʱʝʥʦ ʩʧʠʥʦʚʳʤ ʬʠʣʴʪʨʘʤ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʤ ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʧʦʣʷʨʠʟʦʚʘʥʥʳʭ ʩʧʠʥʦʚʳʭ ʪʦʢʦʚ.   

ɺ ʧʨʘʢʪʠʯʝʩʢʠʭ ʧʨʠʤʝʥʝʥʠʷʭ ʫʧʨʘʚʣʝʥʠʝ ʩʧʠʥʦʤ ʧʨʠ ʧʦʤʦʱʠ 

ʣʦʢʘʣʴʥʳʭ  ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ  ʦʢʘʟʘʣʦʩʴ ʥʝɻʬʬʝʢʪʠʚʥʳʤ ʠʟ-ʟʘ ʩʣʦʞʥʦʩʪʝʡ 

ʪʝʭʥʠʯʝʩʢʦʛʦ ʭʘʨʘʢʪʝʨʘ  ʠ ʧʦ ʧʨʠʯʠʥʝ ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʩʢʦʨʦʩʪʠ  ʧʦʚʦʨʦʪʘ   

ʩʧʠʥʘ.  ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʙʦʣʴʰʦʝ ʚʥʠʤʘʥʠʝ ʧʨʠʚʣʝʢʘʶʪ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʝ 

ʢʚʘʟʠʦʜʥʦʤʝʨʥʳʝ ʧʨʦʚʦʣʦʢʠ ʩ ʩʠʣʴʥʳʤ ʩʧʠʥ-ʦʨʙʠʪʘʣʴʥʳʤ ʚʟʘʠʤʦ-

ʜʝʡʩʪʚʠʝʤ, ʫʧʨʘʚʣʝʥʠʝ ʩʧʠʥʘʤʠ ʚ ʢʦʪʦʨʳʭ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ  ʧʦʩʨʝʜʩʪʚʦʤ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ [1]. ʕʪʠ ʩʪʨʫʢʪʫʨʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʠʥʪʝʨʝʩ ʠ ʙʣʘʛʦʜʘʨʷ 

ʙʦʣʴʰʠʤ ʚʨʝʤʝʥʘʤ ʨʝʣʘʢʩʘʮʠʠ  ʵʣʝʢʪʨʦʥʥʦʛʦ ʩʧʠʥʘ ʚ ʥʠʭ [2]. 

ʉʧʠʥ-ʦʨʙʠʪʘʣʴʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩʤʝʰʠʚʘʝʪ  ʩʧʠʥʦʚʳʝ ʠ ʦʨʙʠ-  

ʪʘʣʴʥʳʝ ʩʪʝʧʝʥʠ ʩʚʦʙʦʜʳ ʵʣʝʢʪʨʦʥʘ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʫʧʨʘʚʣʷʪʴ ʩʧʠʥʦʚʦʡ 

ʧʦʣʷʨʠʟʘʮʠʝʡ, ʜʝʡʩʪʚʫʷ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʧʦʣʝʤ ʥʘ ʦʨʙʠʪʘʣʴʥʫʶ ʯʘʩʪʴ 

ʚʦʣʥʦʚʦʡ ʬʫʥʢʮʠʠ [3].  

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʪʫʥʥʝʣʠʨʦʚʘʥʠʝ ʵʣʝʢʪʨʦʥʘ  ʯʝʨʝʟ 

ʢʚʘʟʠʦʜʥʦʤʝʨʥʫʶ ʩʧʠʨʘʣʴʥʫʶ ʧʨʦʚʦʣʦʢʫ.  ɻʘʤʠʣʴʪʦʥʠʘʥ ʩʧʠʥ-ʦʨʙʠʪʘʣʴ-

ʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʟʷʪ ʚ ʬʦʨʤʝ ʈʘʰʙʳ.  ʉʧʝʢʪʨ ʧʨʦʚʦʣʦʢʠ ʩʦʩʪʦʠʪ ʠʟ 

ʜʚʫʭ ʩʧʠʥʦʚʦ-ʨʘʩʱʝʧʣʝʥʥʳʭ ʧʦʜʟʦʥ ʠ ʦʙʣʘʜʘʝʪ ʩʠʣʴʥʦʡ ʟʘʚʠʩʠʤʦʩʪʴʶ ʦʪ 

ʚʝʣʠʯʠʥʳ ʧʝʨʠʦʜʘ ʩʧʠʨʘʣʠ. ʕʪʦ ʦʪʢʨʳʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʠʟʤʝʥʷʪʴ ʩʧʠʥʦʚʫʶ 

ʧʦʣʷʨʠʟʘʮʠʶ ʪʦʢʘ, ʧʨʦʰʝʜʰʝʛʦ  ʯʝʨʝʟ ʧʨʦʚʦʣʦʢʫ,  ʧʨʠ ʧʦʤʦʱʠ 

ʤʝʭʘʥʠʯʝʩʢʦʛʦ  ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʩʧʠʨʘʣʴ  ï  ʠʟʤʝʥʷʷ ʝʝ ʧʝʨʠʦʜ ʧʫʪʝʤ 

ʨʘʩʪʷʞʝʥʠʷ ʠ ʩʞʘʪʠʷ. 
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ʅɽʉʊɸɹʀʃʔʅʆʉʊʀ ɺʆʃʅ ɿɸʈʗɼʆɺʆʁ ʇʃʆʊʅʆʉʊʀ  

ɺ ʇʆʃʋʇʈʆɺʆɼʅʀʂʆɺʆʁ ʉɺɽʈʍʈɽʐɽʊʂɽ, ʅɸʍʆɼʗʑɽʁʉʗ  

ɺ ʊɽʈɸɻɽʈʎɽɺʓʍ ʕʃɽʂʊʈʆʄɸɻʅʀʊʅʓʍ ʇʆʃʗʍ  

ʅ.ʉ. ʇʨʫʜʩʢʠʭ, ɸ.ɺ. ʐʦʨʦʭʦʚ 

ʄʦʨʜʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʅ.ʇ. ʆʛʘʨʝʚʘ, ʉʘʨʘʥʩʢ 

ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʨʘʩʪʝʪ ʯʠʩʣʦ ʨʘʙʦʪ, ʧʦʩʚʷʱʝʥʥʳʭ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʤ ʩʚʝʨʭʨʝʰʝʪʢʘʤ, ʚ ʪʦʤ ʯʠʩʣʝ ʙʦʣʴʰʦʝ ʚʥʠʤʘʥʠʝ 

ʧʨʠʚʣʝʢʘʝʪ ʚʦʧʨʦʩ ʦ ʥʝʩʪʘʙʠʣʴʥʦʩʪʠ ʚʦʣʥ ʟʘʨʷʜʦʚʦʡ ʧʣʦʪʥʦʩʪʠ [1], ʢʦʪʦʨʘʷ 

ʧʨʝʧʷʪʩʪʚʫʝʪ ʛʝʥʝʨʘʮʠʠ ʪʝʨʘʛʝʨʮʝʚʦʛʦ ʠʟʣʫʯʝʥʠʷ. 

ɺ ʥʝʣʠʥʝʡʥʳʭ ʥʝʦʜʥʦʨʦʜʥʳʭ ʩʨʝʜʘʭ ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ  ʧʨʦʥʠʮʘʝʤʦʩʪʴ 

ʦʙʣʘʜʘʝʪ ʚʨʝʤʝʥʥʦʡ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʜʠʩʧʝʨʩʠʝʡ ʠ ʫʜʦʚʣʝʪʚʦʨʷʝʪ 

ʜʠʩʧʝʨʩʠʦʥʥʦʤʫ ʫʨʘʚʥʝʥʠʶ 

Ů(ɤ, k)=0. 

ʂʦʨʥʠ ʜʠʩʧʝʨʩʠʦʥʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʢʦʤʧʣʝʢʩʥʳʤʠ, ʘ 

ʟʥʘʯʠʪ ʠ ʯʘʩʪʦʪʘ ɤ ʤʦʞʝʪ ʙʳʪʴ ʢʦʤʧʣʝʢʩʥʦʡ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʚ ʥʝʢʦʪʦʨʦʤ 

ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ ʚʦʣʥʘ ʚ ʩʚʝʨʭʨʝʰʝʪʢʝ ʙʫʜʝʪ ʨʘʩʪʠ ʩʦ ʚʨʝʤʝʥʝʤ, ʪ.ʝ. ʙʫʜʫʪ 

ʚʦʟʥʠʢʘʪʴ ʥʝʩʪʘʙʠʣʴʥʦʩʪʠ ʚʦʣʥ ʟʘʨʷʜʦʚʦʡ ʧʣʦʪʥʦʩʪʠ, ʧʨʦʷʚʣʷʶʱʠʝʩʷ ʚ 

ʬʦʨʤʠʨʦʚʘʥʠʠ ʜʦʤʝʥʦʚ ʩʠʣʴʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ. 

ɼʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʠ ʝʝ ʩʚʷʟʴ ʩ ʢʦʤʧʣʝʢʩʥʦʡ 

ʧʨʦʚʦʜʠʤʦʩʪʴʶ ʤʦʞʝʪ ʙʳʪʴ ʥʘʡʜʝʥʘ ʠʟ ʫʨʘʚʥʝʥʠʡ ʄʘʢʩʚʝʣʣʘ. 

ʂʦʤʧʣʝʢʩʥʫʶ ʧʨʦʚʦʜʠʤʦʩʪʴ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʥʘʭʦʜʠʤ, ʨʝʰʘʷ ʢʠʥʝʪʠʯʝʩʢʦʝ 

ʫʨʘʚʥʝʥʠʝ ɹʦʣʴʮʤʘʥʘ ʩ ʠʥʪʝʛʨʘʣʦʤ ʩʪʦʣʢʥʦʚʝʥʠʡ ɹʘʪʥʘʛʘʨʘ-ɻʨʦʩʩʘ-ʂʨʫʢʘ, 

ʦʧʠʩʳʚʘʶʱʝʝ ʜʚʠʞʝʥʠʝ ʵʣʝʢʪʨʦʥʘ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʩʠʩʪʝʤʝ, ʩʦʚʤʝʩʪʥʦ ʩ 

ʫʨʘʚʥʝʥʠʝʤ ʇʫʘʩʩʦʥʘ, ʜʘʶʱʠʤ ʧʨʘʚʠʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʟʘʨʷʜʦʚ ʚ 

ʩʠʩʪʝʤʝ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʥʘ ʦʩʥʦʚʝ ʨʝʟʫʣʴʪʘʪʦʚ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʡ, 

ʦʧʠʩʳʚʘʶʱʠʭ ʩʠʩʪʝʤʫ, ʧʦʣʫʯʝʥʦ ʜʠʩʧʝʨʩʠʦʥʥʦʝ ʫʨʘʚʥʝʥʠʝ ʜʣʷ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ. ʅʘʡʜʝʥʳ ʚʝʪʚʠ ʩʧʝʢʪʨʘ ʚʦʣʥ ʟʘʨʷʜʦʚʦʡ 

ʧʣʦʪʥʦʩʪʠ ʚ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʦʡ ʩʚʝʨʭʨʝʰʝʪʢʝ ʠ ʠʩʩʣʝʜʦʚʘʥʳ ʦʙʣʘʩʪʠ ʠʭ 

ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ. 
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ʀʉʇʆʃʔɿʆɺɸʅʀɽ ɹʀʍʈʆʄɸʊʀʏɽʉʂʆɻʆ ʇʆʃʗ ʅɸʂɸʏʂʀ  

ɼʃʗ ʇɸʈɸʄɽʊʈʀʏɽʉʂʆɻʆ ʋʉʀʃɽʅʀʗ ʊɽʈɸɻɽʈʎɽɺʆɻʆ 

ʀɿʃʋʏɽʅʀʗ ʇʆʃʋʇʈʆɺʆɼʅʀʂʆɺʆʁ ʉɺɽʈʍʈɽʐɽʊʂʆʁ  

ʆ.ɼ. ʇʦʟʜʥʷʢʦʚʘ, ɸ.ɺ. ʐʦʨʦʭʦʚ 

ʄʦʨʜʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʅ.ʇ. ʆʛʘʨʝʚʘ, ʉʘʨʘʥʩʢ 

ʇʦʣʫʧʨʦʚʦʜʥʠʢʦʚʘʷ ʩʚʝʨʭʨʝʰʝʪʢʘ ʷʚʣʷʝʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤ 

ʤʘʪʝʨʠʘʣʦʤ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʨʘʙʦʯʝʡ ʩʨʝʜʳ ʢʦʤʧʘʢʪʥʦʛʦ 

ʫʩʠʣʠʪʝʣʷ (ʜʝʪʝʢʪʦʨʘ) ʪʝʨʘʛʝʨʮʝʚʦʛʦ (ʊɻʮ) ʠʟʣʫʯʝʥʠʷ, ʨʘʙʦʪʘʶʱʝʛʦ ʧʨʠ 

ʢʦʤʥʘʪʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ [1]. ʆʜʥʘʢʦ ʧʨʘʢʪʠʯʝʩʢʘʷ ʨʝʘʣʠʟʘʮʠʷ ʧʦʜʦʙʥʦʛʦ 

ʨʦʜʘ ʫʩʪʨʦʡʩʪʚʘ ʦʩʣʦʞʥʝʥʘ ʩʫʱʝʩʪʚʦʚʘʥʠʝʤ ʵʣʝʢʪʨʠʯʝʩʢʠʭ 

ʥʝʩʪʘʙʠʣʴʥʦʩʪʝʡ, ʚʝʜʫʱʠʭ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʥʠʟʢʦ- ʠ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʭ 

ʜʦʤʝʥʦʚ ʚʥʫʪʨʠ ʥʘʥʦʩʪʨʫʢʪʫʨʳ ʚ ʨʝʞʠʤʝ ʛʝʥʝʨʘʮʠʠ [2]. 

ʅʝʜʘʚʥʦ ʙʳʣʘ ʪʝʦʨʝʪʠʯʝʩʢʠ ʧʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʛʦ 

ʫʩʠʣʝʥʠʷ ʊɻʮ ʠʟʣʫʯʝʥʠʷ ʙʣʘʛʦʜʘʨʷ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʤʫ ʨʝʟʦʥʘʥʩʫ, 

ʚʳʟʚʘʥʥʦʤʫ ʦʩʮʠʣʣʷʮʠʷʤʠ ʵʬʬʝʢʪʠʚʥʦʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʘʩʩʳ ʚʥʫʪʨʠ 

ʤʠʥʠʟʦʥʳ [3]. ʊʘʢʦʡ ʨʝʞʠʤ ʫʩʠʣʝʥʠʷ ʥʝ ʪʨʝʙʫʝʪ ʨʘʙʦʪʳ ʚ ʫʩʣʦʚʠʷʭ 

ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ (ʆɼʇ) ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʤʦʞʝʪ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥ ʙʝʟ ʬʦʨʤʠʨʦʚʘʥʠʷ ʜʦʤʝʥʦʚ ʚʥʫʪʨʠ ʩʚʝʨʭʨʝʰʝʪʢʠ 

[4]. ʆʜʥʘʢʦ ʠ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʚʥʫʪʨʠ ʩʚʝʨʭʨʝʰʝʪʢʠ ʤʦʛʫʪ ʚʦʟʥʠʢʘʪʴ 

ʥʝʩʪʘʙʠʣʴʥʦʩʪʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʘʙʩʦʣʶʪʥʦʡ ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʴʶ 

(ɸʆʇ), ʭʦʪʷ ʠʭ ʦʙʣʘʩʪʠ ʠ ʤʝʥʴʰʝ, ʯʝʤ ʦʙʣʘʩʪʠ ʫʩʠʣʝʥʠʷ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʤʳ ʧʨʝʜʣʘʛʘʝʤ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʪʴ ʵʪʦʪ ʨʝʞʠʤ 

ʫʩʠʣʝʥʠʷ ʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʤʝʩʪʦ ʤʦʥʦʭʨʦʤʘʪʠʯʝʩʢʦʛʦ ʧʦʣʷ ʥʘʢʘʯʢʠ 

ʧʝʨʝʤʝʥʥʦʝ ʙʠʭʨʦʤʘʪʠʯʝʩʢʦʝ ʧʦʣʝ ʩ ʩʦʠʟʤʝʨʠʤʳʤʠ ʯʘʩʪʦʪʘʤʠ. ʄʳ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤ ʩʣʫʯʘʡ, ʢʦʛʜʘ ʯʘʩʪʦʪʘ ʫʩʠʣʠʚʘʝʤʦʛʦ ʊɻʮ ʠʟʣʫʯʝʥʠʷ ʥʝ 

ʩʦʠʟʤʝʨʠʤʘ ʩ ʯʘʩʪʦʪʘʤʠ ʧʦʣʝʡ ʥʘʢʘʯʢʠ, ʠ ʧʨʝʜʧʦʣʘʛʘʝʤ, ʯʪʦ ʥʘʣʠʯʠʝ ʝʱʸ 

ʦʜʥʦʛʦ ʧʝʨʝʤʝʥʥʦʛʦ ʧʦʣʷ ʧʦʟʚʦʣʠʪ ʨʘʩʰʠʨʠʪʴ ʦʙʣʘʩʪʴ ʫʩʠʣʝʥʠʷ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʦʙʣʘʩʪʴʶ ʥʝʩʪʘʙʠʣʴʥʦʩʪʝʡ, ʯʪʦ ʜʝʣʘʝʪ ʜʘʥʥʳʡ ʨʝʞʠʤ ʫʩʠʣʝʥʠʷ 

ʙʦʣʝʝ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʤ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʨʘʢʪʠʯʝʩʢʦʡ ʨʝʘʣʠʟʘʮʠʠ. 

 

1. A. Wacker,  Phys.Rep. 357, 1 (2002). 

2. ɸ.ɸ. ʀʛʥʘʪʦʚ,ɺ.ʀ. ʐʘʰʢʠʥ, ɾʕʊʌ 93, 935 (1987). 

3. T. Hyart, A.V. Shorokhov, and K.N. Alekseev. Phys. Rev. Lett. 98, 

220404 (2007). 

4. K.N. Alekseev, M.V. Gorkunov, N.V. Demarina, T. Hyart, N.V. 

Alexeeva, A.V. Shorokhov, Europhys. Lett. 73, 934 (2006). 
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ʂʆʕʌʌʀʎʀɽʅʊ ɼʀʌʌʋɿʀʀ ʕʃɽʂʊʈʆɺʆɺ ɺ ɿʀɻɿɸɻʆʆɹʈɸɿʅʓʍ 

ʋɻʃɽʈʆɼʅʓʍ ʅɸʅʆʊʈʋɹʂɸʍ ɺ ʇʈʀʉʋʊʉʊɺʀʀ ʉʀʃʔʅʆɻʆ 

ʕʃɽʂʊʈʀʏɽʉʂʆɻʆ ʇʆʃʗ 

ʅ.ɻ. ʃʝʙʝʜʝʚ, ʉ.ɸ. ʉʫʜʦʨʛʠʥ, ʄ.ɹ. ɹʝʣʦʥʝʥʢʦ 

ɺʦʣʛʦʛʨʘʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ɺʦʣʛʦʛʨʘʜ 

ɺ ʨʘʙʦʪʝ ʚ ʨʘʤʢʘʭ ʢʚʘʟʠʢʣʘʩʩʠʯʝʩʢʦʛʦ ʧʨʠʙʣʠʞʝʥʠʷ ʚʨʝʤʝʥʠ 

ʨʝʣʘʢʩʘʮʠʠ ʧʦʣʫʯʝʥʦ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʜʠʬʬʫʟʠʠ ʵʣʝʢʪʨʦʥʦʚ ʚ 

ʟʠʛʟʘʛʦʦʙʨʘʟʥʳʭ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʥʘʥʦʪʨʫʙʢʘʭ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʩʠʣʴʥʦʛʦ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʘ ʝʛʦ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ 

ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʧʦʣʷ. ʕʣʝʢʪʨʦʥʥʘʷ ʧʦʜʩʠʩʪʝʤʘ ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ 

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚ ˊ-ʵʣʝʢʪʨʦʥʥʦʤ ʧʨʠʙʣʠʞʝʥʠʠ. ɼʣʷ ʟʠʛʟʘʛʦʦʙʨʘʟʥʳʭ ʋʅʊ 

ʪʠʧʘ (n, 0) ʜʠʩʧʝʨʩʠʦʥʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʠʤʝʝʪ ʚʠʜ [1]: 

( ) ( ) ( )2( ) 1 4cos cos / 4cos /xE ap s n s ng p p=° + +p
 

(1) 

ʛʜʝ p = (px, s) ï ʢʚʘʟʠʠʤʧʫʣʴʩ ʵʣʝʢʪʨʦʥʦʚ ʫʛʣʝʨʦʜʥʦʡ ʥʘʥʦʪʨʫʙʢʠ, 

px - ʧʘʨʘʣʣʝʣʴʥʘʷ ʦʩʠ ʥʘʥʦʪʨʫʙʢʠ ʢʦʤʧʦʥʝʥʪʘ ʢʚʘʟʠʠʤʧʫʣʴʩʘ, s = 1, 2, é, n 

ï ʥʫʤʝʨʫʝʪ ʢʚʘʥʪʦʚʘʥʠʝ ʢʦʤʧʦʥʝʥʪʳ ʠʤʧʫʣʴʩʘ ʧʦ ʦʢʨʫʞʥʦʩʪʠ ʥʘʥʦʪʨʫʙʢʠ. 

ʀʟ ʧʝʨʠʦʜʠʯʥʦʩʪʠ ʟʘʢʦʥʘ ʜʠʩʧʝʨʩʠʠ ʩʣʝʜʫʝʪ, ʯʪʦ ʝʛʦ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ 

ʚʠʜʝ ʨʷʜʘ ʌʫʨʴʝ [2]. ɺʳʨʘʞʝʥʠʝ ʜʣʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʜʠʬʬʫʟʠʠ ʵʣʝʢʪʨʦʥʦʚ ʚ 

ʟʠʛʟʘʛʦʦʙʨʘʟʥʦʡ ʫʛʣʝʨʦʜʥʦʡ ʥʘʥʦʪʨʫʙʢʝ ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ: 
2 2 2
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ʋʩʪʘʥʦʚʣʝʥʘ ʥʝʣʠʥʝʡʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ ʜʠʬʬʫʟʠʠ 

ʵʣʝʢʪʨʦʥʦʚ ʦʪ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ. ʇʨʠ ʩʠʣʴʥʳʭ ʧʦʣʷʭ ʜʘʥʥʳʡ 

ʢʦʵʬʬʠʮʠʝʥʪ ʘʩʠʤʧʪʦʪʠʯʝʩʢʠ ʩʪʨʝʤʠʪʩʷ ʢ ʥʘʩʳʱʝʥʠʶ. 

ʈʘʙʦʪʘ ʧʨʦʚʝʜʝʥʘ ʚ ʨʘʤʢʘʭ ʨʝʘʣʠʟʘʮʠʠ ʌʎʇ çʅʘʫʯʥʳʝ ʠ ʥʘʫʯʥʦ-

ʧʝʜʘʛʦʛʠʯʝʩʢʠʝ ʢʘʜʨʳ ʠʥʥʦʚʘʮʠʦʥʥʦʡ ʈʦʩʩʠʠè ʥʘ 2009 ï 2013 ʛʦʜʳ 

(ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʢʦʥʪʨʘʢʪ ˉ ʇ892), ʧʦʜʜʝʨʞʘʥʘ ʈʦʩʩʠʡʩʢʠʤ ʬʦʥʜʦʤ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ (ʛʨʘʥʪ ˉ 08-02-00663). 

 

1. ʍʘʨʨʠʩ ʇ. ʋʛʣʝʨʦʜʥʳʝ ʥʘʥʦʪʨʫʙʳ ʠ ʨʦʜʩʪʚʝʥʥʳʝ ʩʪʨʫʢʪʫʨʳ. ʅʦʚʳʝ 

ʤʘʪʝʨʠʘʣʳ XXI  ʚʝʢʘ. ʊʝʭʥʦʩʬʝʨʘ. ʄ. (2003). 336 c. 

2. ɹʝʣʦʥʝʥʢʦ ʄ.ɹ., ʃʝʙʝʜʝʚ ʅ.ɻ., ɼʝʤʫʰʢʠʥʘ ɽ.ɺ. ʌʊʊ. 50, 367 (2008). 
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ɺʓʈɸʑʀɺɸʅʀɽ ʀ ʀʉʉʃɽɼʆɺɸʅʀɽ ʉɽɻʅɽʊʆʕʃɽʊʈʀʏɽʉʂʀʍ 

ʂʈʀʉʊɸʃʃʆɺ ʅʀʆɹɸʊɸ ɹɸʈʀʗ-ʉʊʈʆʅʎʀʗ  

ʃ.ʀ. ʀʚʣʝʚʘ 

ʀʥʩʪʠʪʫʪ ʦʙʱʝʡ ʬʠʟʠʢʠ ʠʤ. ɸ.ʄ.ʇʨʦʭʦʨʦʚʘ ʈɸʅ, ʄʦʩʢʚʘ 

ɹʦʣʴʰʦʝ ʯʠʩʣʦ ʥʦʚʳʭ ʩʨʝʜ ʩ ʨʘʜʠʢʘʣʴʥʦ ʨʘʟʣʠʯʘʶʱʠʤʠʩʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʤʦʞʝʪ ʙʳʪʴ ʩʦʟʜʘʥʦ ʥʘ ʦʩʥʦʚʝ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ 

ʦʢʩʠʜʥʳʭ ʢʨʠʩʪʘʣʣʦʚ, ʩʚʦʡʩʪʚʘ ʢʦʪʦʨʳʭ ʤʦʛʫʪ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴʩʷ ʢʘʢ ʟʘ ʩʯʝʪ 

ʠʟʤʝʥʝʥʠʷ ʩʦʦʪʥʦʰʝʥʠʷ ʦʩʥʦʚʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʪʘʢ ʠ ʧʫʪʝʤ ʚʚʝʜʝʥʠʷ 

ʣʝʛʠʨʫʶʱʠʭ ʜʦʙʘʚʦʢ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʚ ʢʘʯʝʩʪʚʝ ʪʘʢʦʡ ʩʨʝʜʳ 

ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʨʠʩʪʘʣʣʳ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ ʥʠʦʙʘʪʘ ʙʘʨʠʷ-ʩʪʨʦʥʮʠʷ 

(SBN). ʈʘʟʨʘʙʦʪʢʘ  ʪʝʭʥʦʣʦʛʠʡ ʦʧʪʠʯʝʩʢʠ ʩʦʚʝʨʰʝʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʩ 

ʚʳʩʦʢʠʤʠ ʥʝʣʠʥʝʡʥʦ-ʦʧʪʠʯʝʩʢʠʤʠ ʠ ʵʣʝʢʪʨʦʦʧʪʠʯʝʩʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ 

ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʤʘʪʝʨʠʘʣʳ ʩ ʫʥʠʢʘʣʴʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʜʣʷ 

ʥʝʣʠʥʝʡʥʦʡ ʬʦʪʦʨʝʬʨʘʢʪʠʚʥʦʡ ʦʧʪʠʢʠ, ʫʧʨʘʚʣʝʥʠʷ ʣʘʟʝʨʥʳʤ ʠʟʣʫʯʝʥʠʝʤ, 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ. ʈʘʟʨʘʙʦʪʢʘ ʪʝʭʥʦʣʦʛʠʠ ʧʦʣʫʯʝʥʠʷ 

ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ SBN  ʙʘʟʠʨʦʚʘʣʘʩʴ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʜʚʫʭ ʤʝʪʦʜʦʚ ʚʳʨʘʱʠʚʘʥʠʷ: ʪʨʘʜʠʮʠʦʥʥʦʤ ʤʝʪʦʜʝ ʏʦʭʨʘʣʴʩʢʦʛʦ ʠ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʤ ʩʧʦʩʦʙʝ ʉʪʝʧʘʥʦʚʘ. ʃʝʛʠʨʦʚʘʥʥʳʝ ʧʨʠʤʝʩʷʤʠ Ce,Cr,Co 

ʢʨʠʩʪʘʣʣʳ SBN ʷʚʣʷʶʪʩʷ ʦʜʥʠʤʠ ʠʟ ʥʘʠʙʦʣʝʝ ʘʢʪʫʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ 

ʜʠʥʘʤʠʯʝʩʢʦʡ ʛʦʣʦʛʨʘʬʠʠ, ʚ ʯʘʩʪʥʦʩʪʠ ʜʣʷ ʦʙʨʘʱʝʥʠʷ ʚʦʣʥʦʚʦʛʦ ʬʨʦʥʪʘ ʠ 

ʩʨʝʜʳ ʜʣʷ ʦʧʪʠʯʝʩʢʦʡ ʧʘʤʷʪʠ. ɹʦʣʴʰʠʝ ʟʥʘʯʝʥʠʷ ʥʝʣʠʥʝʡʥʦ-ʦʧʪʠʯʝʩʢʠʭ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʠ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʠʟʢʠʝ ʢʦʵʨʮʠʪʠʚʥʳʝ ʧʦʣʷ  ʧʦʨʷʜʢʘ 1 

ʢɺ/ʩʤ, ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ SBN, ʩʪʠʤʫʣʠʨʦʚʘʣʠ ʧʦʠʩʢ ʧʫʪʝʡ ʩʦʟʜʘʥʠʷ ʥʘ ʙʘʟʝ 

ʵʪʠʭ ʤʘʪʝʨʠʘʣʦʚ ʨʝʛʫʣʷʨʥʳʭ ʜʦʤʝʥʥʳʭ ʩʪʨʫʢʪʫʨ ʜʣʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 

ʦʧʪʠʯʝʩʢʠʭ ʯʘʩʪʦʪ ʚ ʨʝʞʠʤʝ ʢʚʘʟʠʩʠʥʭʨʦʥʠʟʤʘ. ʇʨʠʚʣʝʢʘʶʪ ʚʥʠʤʘʥʠʝ 

ʩʝʛʦʜʥʷ ʠ ʧʨʦʙʣʝʤʳ ʵʬʬʝʢʪʠʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-

ʚʨʝʤʝʥʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʦʧʪʠʯʝʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ʩ ʧʦʤʦʱʴʶ 

ʵʣʝʢʪʨʦʦʧʪʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ. ʂʨʠʩʪʘʣʣʳ SBN ʧʨʝʜʩʪʘʚʣʷʶʪ ʪʘʢʞʝ  ʠʥʪʝʨʝʩ 

ʚ ʢʘʯʝʩʪʚʝ ʤʦʜʝʣʴʥʳʭ ʦʙʲʝʢʪʦʚ ʜʣʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʢʦʚ- ʨʝʣʘʢʩʦʨʦʚ. 

 



 

 

148 

ʂʈʀʉʊɸʃʃʓ ʉ ʈɽɼʂʆɿɽʄɽʃʔʅʓʄʀ ʀʆʅɸʄʀ 

ɼʃʗ ʂɺɸʅʊʆɺʆʁ ʇɸʄʗʊʀ 

ʄ.ʅ. ʇʦʧʦʚʘ 

ʀʥʩʪʠʪʫʪ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʈɸʅ, ʊʨʦʠʮʢ ʄʦʩʢʦʚʩʢʦʡ ʦʙʣʘʩʪʠ 

ʅʝʜʘʚʥʦ ʙʳʣʦ ʧʨʝʜʣʦʞʝʥʦ ʩʦʟʜʘʪʴ ʢʚʘʥʪʦʚʳʡ ʢʦʤʧʴʶʪʝʨ ʥʘ ʦʩʥʦʚʝ  

ʢʨʠʩʪʘʣʣʦʚ, ʘʢʪʠʚʠʨʦʚʘʥʥʳʭ ʨʝʜʢʦʟʝʤʝʣʴʥʳʤʠ (ʈɿ) ʠʦʥʘʤʠ [1]. ɼʚʘ 

ʩʚʝʨʭʪʦʥʢʠʭ ʫʨʦʚʥʷ ʈɿ ʠʦʥʘ ʚʳʙʠʨʘʶʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʢʚʘʥʪʦʚʦʛʦ ʙʠʪʘ 

(ʢʫʙʠʪʘ), ʤʘʥʠʧʫʣʠʨʦʚʘʥʠʝ ʩʦʩʪʦʷʥʠʷʤʠ ʢʫʙʠʪʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ 

ʦʧʪʠʯʝʩʢʦʛʦ ʚʦʟʙʫʞʜʝʥʠʷ ʯʝʨʝʟ ʥʝʢʦʪʦʨʳʡ ʪʨʝʪʠʡ ʫʨʦʚʝʥʴ. ʊʘʢʘʷ 

ʪʨʝʭʫʨʦʚʥʝʚʘʷ ȿ-ʩʠʩʪʝʤʘ ʙʳʣʘ ʫʩʧʝʰʥʦ ʨʝʘʣʠʟʦʚʘʥʘ ʜʣʷ ʥʝʩʢʦʣʴʢʠʭ 

ʢʨʠʩʪʘʣʣʦʚ, ʘʢʪʠʚʠʨʦʚʘʥʥʳʭ ʠʦʥʘʤʠ Tm3+, Pr3+, Eu3+ - ʦʥʘ ʩʦʩʪʘʚʣʷʝʪ ʦʩʥʦʚʫ 

ʜʣʷ ʩʦʟʜʘʥʠʷ ʢʚʘʥʪʦʚʦʡ ʧʘʤʷʪʠ. ʕʪʠ ʜʦʩʪʠʞʝʥʠʷ ʩʪʠʤʫʣʠʨʦʚʘʣʠ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʚʝʨʭʪʦʥʢʦʡ ʩʪʨʫʢʪʫʨʳ (ʉʊʉ) ʫʨʦʚʥʝʡ ʵʪʠʭ ʠʦʥʦʚ ʚ ʜʨʫʛʠʭ 

ʢʨʠʩʪʘʣʣʘʭ, ʘ ʪʘʢʞʝ ʉʊʉ ʜʨʫʛʠʭ ʠʦʥʦʚ ʚ ʨʘʟʣʠʯʥʳʭ ʢʨʠʩʪʘʣʣʘʭ, ʩ ʮʝʣʴʶ 

ʧʦʠʩʢʘ ʵʬʬʝʢʪʠʚʥʳʭ ȿ-ʩʠʩʪʝʤ. ʆʙʳʯʥʦ ʉʊʉ ʤʘʩʢʠʨʫʝʪʩʷ ʥʝʦʜʥʦʨʦʜʥʳʤ 

ʫʰʠʨʝʥʠʝʤ ʣʠʥʠʡ ʚ ʢʨʠʩʪʘʣʣʘʭ, ʯʪʦ ʦʩʣʦʞʥʷʝʪ ʝʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʠʟ-ʟʘ ʵʪʦʛʦ ʨʘʟʚʠʚʘʶʪʩʷ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʤʝʪʦʜʳ, 

ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʪʝʦʨʠʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʧʦʣʷ [2]. ɺ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ, 

ʦʜʥʘʢʦ, ʥʝʦʜʥʦʨʦʜʥʦʝ ʫʰʠʨʝʥʠʝ ʤʘʣʦ, ʠ ʉʊʉ ʚʠʜʥʘ ʚ ʦʧʪʠʯʝʩʢʠʭ ʩʧʝʢʪʨʘʭ 

ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ. ʕʪʦ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʚʝʨʠʪʴ ʪʝʦʨʝʪʠʯʝʩʢʠʝ 

ʧʦʜʭʦʜʳ, ʩʨʘʚʥʠʚʘʷ ʚʳʯʠʩʣʝʥʥʫʶ ʉʊʉ ʠ ʥʘʙʣʶʜʘʝʤʫʶ ʚ ʩʧʝʢʪʨʝ. 

ɺ ʜʦʢʣʘʜʝ ʧʨʠʚʦʜʷʪʩʷ ʧʨʠʤʝʨʳ ʚʳʧʦʣʥʝʥʥʳʭ ʚ ʥʘʰʝʡ ʣʘʙʦʨʘʪʦʨʠʠ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʉʊʉ ʚ ʦʧʪʠʯʝʩʢʠʭ ʩʧʝʢʪʨʘʭ Ho3+, Tm3+ [3], Pr3+, 167Er3+ ʚ 

ʢʨʠʩʪʘʣʣʘʭ, ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʜʣʷ ʢʚʘʥʪʦʚʦʡ ʧʘʤʷʪʠ. 

ɸʚʪʦʨ ʧʨʠʟʥʘʪʝʣʝʥ ʟʘ ʬʠʥʘʥʩʦʚʫʶ ʧʦʜʜʝʨʞʢʫ ʈʌʌʀ (ʛʨʘʥʪ  

ˉ  09-02-01067) ʠ ʈɸʅ (ʧʦ ʇʨʦʛʨʘʤʤʘʤ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ). 
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structures and application to quantum information. J. Alloys Comp. 451, 682 
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ʉʇɽʂʊʈʆʉʂʆʇʀʗ ʂʈʉ ʀ ʀʂ ʆʊʈɸɾɽʅʀʗ ʚ ʀʉʉʃɽɼʆɺɸʅʀʀ 

ʈɽɼʂʆɿɽʄɽʃʔʅʓʍ ʌɽʈʈʆɹʆʈɸʊʆɺ 

ʉ.ɸ. ʂʣʠʤʠʥ 

ʀʥʩʪʠʪʫʪ ʉʧʝʢʪʨʦʩʢʦʧʠʠ ʈɸʅ, ʛ. ʊʨʦʠʮʢ ʄʦʩʢʦʚʩʢʦʡ ʦʙʣ. 

ʈʝʜʢʦʟʝʤʝʣʴʥʳʝ ʬʝʨʨʦʙʦʨʘʪʳ RFe3(BO3)4 (R-ʨʝʜʢʘʷ ʟʝʤʣʷ) 

ʠʥʪʝʥʩʠʚʥʦ ʠʩʩʣʝʜʫʶʪʩʷ ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʨʘʟʣʠʯʥʳʤʠ ʬʠʟʠʯʝʩʢʠʤʠ 

ʤʝʪʦʜʘʤʠ. ʇʨʠʯʠʥʦʡ ʵʪʦʤʫ ʷʚʣʷʝʪʩʷ ʙʦʣʴʰʦʡ ʠʥʪʝʨʝʩ ʢ ʤʫʣʴʪʠʬʝʨʨʦʠʢʘʤ 

ʢʘʢ ʤʘʪʝʨʠʘʣʘʤ, ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʜʣʷ ʧʨʠʤʝʥʝʥʠʡ ʚ ʤʠʢʨʦʵʣʝʢʪʨʦʥʠʢʝ, 

ʩʧʠʥʪʨʦʥʠʢʝ ʠ ʩʝʥʩʦʨʥʦʡ ʪʝʭʥʠʢʝ. ʂʨʦʤʝ ʵʪʦʛʦ, ʧʨʠʚʣʝʢʘʶʪ ʚʥʠʤʘʥʠʝ 

ʥʝʣʠʥʝʡʥʳʝ ʦʧʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʬʝʨʨʦʙʦʨʘʪʦʚ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʷʜʘ 

ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʩʝʤʝʡʩʪʚʘ RFe3(BO3)4 ʤʝʪʦʜʘʤʠ ʩʧʝʢʪʨʦʩʢʦʧʠʠ 

ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ ʩʚʝʪʘ (ʂʈʉ) ʠ ʠʥʬʨʘʢʨʘʩʥʦʛʦ (ʀʂ) ʦʪʨʘʞʝʥʠʷ. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʣʫʯʝʥʘ ʠʥʬʦʨʤʘʮʠʷ ʦʙ ʠʟʤʝʥʝʥʠʠ 

ʩʪʨʫʢʪʫʨʳ ʩʝʨʠʠ ʬʝʨʨʦʙʦʨʘʪʦʚ (R=Gd, Tb, Nd, Er, Pr, Ho, Eu) ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ. ʇʨʠʩʫʪʩʪʚʠʝ ʤʷʛʢʦʡ ʤʦʜʳ ʚ ʩʧʝʢʪʨʘʭ ʂʈʉ, ʯʘʩʪʦʪʘ ʢʦʪʦʨʦʡ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ ʧʦʥʠʞʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ (ʦʪ 26 ʩʤ-1 ʜʦ ~55 ʩʤ-1, ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ R), ʧʨʦʠʥʪʝʨʧʨʝʪʠʨʦʚʘʥʦ ʢʘʢ ʧʦʜʪʚʝʨʞʜʝʥʠʝ 

ʘʥʪʠʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʠʨʦʜʳ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ. ʅʘʠʙʦʣʴʰʠʡ 

ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʟʘʤʝʪʥʦʝ ʚʣʠʷʥʠʝ ʤʘʛʥʠʪʥʦʛʦ ʫʧʦʨʷʜʦʯʝʥʠʷ ʥʘ 

ʬʦʥʦʥʥʳʡ ʩʧʝʢʪʨ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʦʙʨʘʟʮʦʚ. ʀʩʩʣʝʜʦʚʘʥʦ ʪʘʢʞʝ ʨʘʩʩʝʷʥʠʝ 

ʥʘ ʤʘʛʥʦʥʘʭ ʠ ʵʣʝʢʪʨʦʥʥʳʭ ʫʨʦʚʥʷʭ. 

 

ɸʚʪʦʨ ʧʨʠʟʥʘʪʝʣʝʥ ʟʘ ʬʠʥʘʥʩʦʚʫʶ ʧʦʜʜʝʨʞʢʫ ʈʌʌʀ (ʛʨʘʥʪ  

ˉ  10-02-01071) ʠ ʈɸʅ (ʧʦ ʇʨʦʛʨʘʤʤʘʤ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ). 
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ʄʋʃʔʊʀʌɽʈʈʆʀʂʀ 

ɽ.ʇ. ʏʫʢʘʣʠʥʘ 

ʀʥʩʪʠʪʫʪ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʈɸʅ, ʊʨʦʠʮʢ, ʄʦʩʢʦʚʩʢʘʷ ʦʙʣʘʩʪʴ 

ɺʦʟʤʦʞʥʦʩʪʴ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʤʘʛʥʠʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ 

ʚʧʝʨʚʳʝ ʙʳʣʘ ʧʨʝʜʩʢʘʟʘʥʘ ʙʦʣʝʝ ʩʪʘ ʣʝʪ ʥʘʟʘʜ ʇ.ʂʶʨʠ. ʃʠʥʝʡʥʳʡ 

ʤʘʛʥʠʪʦʵʣʝʢʪʨʠʯʝʩʢʠʡ ʵʬʬʝʢʪ, ʧʦʜʨʦʙʥʦ ʨʘʩʩʤʦʪʨʝʥʥʳʡ ʪʝʦʨʝʪʠʯʝʩʢʠ ʚ 

ʨʘʙʦʪʘʭ ʃ.ɼ.ʃʘʥʜʘʫ, ɽ.ʄ.ʃʠʬʰʠʮʘ ʠ ʀ.ɽ.ɼʟʷʣʦʰʠʥʩʢʦʛʦ, ʙʳʣ ʦʙʥʘʨʫʞʝʥ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʚ ʘʥʪʠʬʝʨʨʦʤʘʛʥʝʪʠʢʝ Cr2O3 ɼ.ʅ.ɸʩʪʨʦʚʳʤ ʚ 1959 ʛ. 

ʇʨʠʤʝʨʥʦ ʚ ʵʪʦ ʞʝ ʚʨʝʤʷ ɻ.ɸ. ʉʤʦʣʝʥʩʢʠʡ ʦʪʢʨʳʣ ʷʚʣʝʥʠʝ 

ʩʝʛʥʝʪʦʤʘʛʥʝʪʠʟʤʘ. ʆʥ ʥʘʙʣʶʜʘʣ ʝʛʦ, ʚ ʯʘʩʪʥʦʩʪʠ, ʚ ʬʝʨʨʠʪʝ ʚʠʩʤʫʪʘ 

BiFeO3 (R3c). ʕʪʦ ʩʦʝʜʠʥʝʥʠʝ, ʦʙʣʘʜʘʶʱʝʝ ʚʳʩʦʢʠʤʠ ʪʝʤʧʝʨʘʪʫʨʘʤʠ ʂʶʨʠ 

(TC =1080 ʂ) ʠ ʅʝʝʣʷ (TN = 640 ʂ), ʘʢʪʠʚʥʦ ʠʩʩʣʝʜʫʝʪʩʷ ʜʦ ʩʠʭ ʧʦʨ. 

ʆʪʣʠʯʠʪʝʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ BiFeO3 ʷʚʣʷʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝ ʮʝʥʪʨʘ ʠʥʚʝʨʩʠʠ 

ʢʘʢ ʫ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ, ʪʘʢ ʠ ʫ ʤʘʛʥʠʪʥʦʡ ʩʪʨʫʢʪʫʨʳ.  

ʅʦʚʳʡ ʵʪʘʧ ʠʩʩʣʝʜʦʚʘʥʠ ̫ʧʨʠʨʦʜʳ ʤʘʛʥʠʪʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ 

ʦʟʥʘʤʝʥʦʚʘʣʩʷ ʦʪʢʨʳʪʠʝʤ ʤʘʛʥʠʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʚ 

ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ (ʈɿ) ʤʘʥʛʘʥʠʪʘʭ RMnO3 (Pbnm), ʚ ʢʦʪʦʨʳʭ ʵʣʝʢʪʨʠʯʝʩʢʘʷ 

ʧʦʣʷʨʠʟʘʮʠʷ ʚʦʟʥʠʢʘʝʪ ʧʨʠ ʮʠʢʣʦʠʜʘʣʴʥʦʤ ʤʘʛʥʠʪʥʦʤ ʫʧʦʨʷʜʦʯʝʥʠʠ, 

ʥʘʨʫʰʘʶʱʝʤ ʠʥʚʝʨʩʥʫʶ ʩʠʤʤʝʪʨʠʶ ʠ ʛʠʛʘʥʪʩʢʦʛʦ ʤʘʛʥʠʪʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 

ʵʬʬʝʢʪʘ ʚ ʩʦʝʜʠʥʝʥʠʷʭ RMn2O5 (Pbam). ʅʝʜʘʚʥʦ ʥʘʡʜʝʥ ʥʦʚʳʡ ʢʣʘʩʩ 

ʩʝʛʥʝʪʦʤʘʛʥʝʪʠʢʦʚ ð ʨʝʜʢʦʟʝʤʝʣʴʥʳʝ ʬʝʨʨʦʙʦʨʘʪʳ RFe3(BO3)4 (R32). 

ʆʙʥʘʨʫʞʝʥʥʳʝ ʚ ʩʝʛʥʝʪʦʤʘʛʥʝʪʠʢʘʭ ʵʬʬʝʢʪʳ (ʛʠʛʘʥʪʩʢʠʡ 

ʤʘʛʥʠʪʦʵʣʝʢʪʨʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʠ ʵʬʬʝʢʪ ʚʟʘʠʤʥʦʛʦ ʚʣʠʷʥʠʷ ʧʦʣʷʨʠʟʘʮʠʠ ʠ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ) ʧʨʝʜʩʪʘʚʣʷʶʪ ʧʨʘʢʪʠʯʝʩʢʠʡ ʠʥʪʝʨʝʩ ʜʣʷ ʨʝʰʝʥʠ ̫ʟʘʜʘʯ 

ʩʝʥʩʦʨʥʦʡ ʪʝʭʥʠʢʠ ʠ ʤʠʢʨʦʵʣʝʢʪʨʦʥʠʢʠ, ʩʦʟʜʘʥʠʷ ʤʘʛʥʠʪʥʦʡ ʧʘʤʷʪʠ. ɺ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʣʷ ʩʝʛʥʝʪʦʤʘʛʥʝʪʠʢʦʚ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʙʦʣʝʝ ʦʙʱʠʡ 

ʪʝʨʤʠʥ ð çʤʫʣʴʪʠʬʝʨʨʦʠʢè, ʚʚʝʜʝʥʥʳʡ ʍ.ʐʤʠʜʪʦʤ ʚ 1994 ʛ. ʜʣʷ ʚʝʱʝʩʪʚ, 

ʚ ʢʦʪʦʨʳʭ ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʨʠʩʫʪʩʪʚʫʶʪ ʭʦʪʷ ʙʳ ʜʚʘ ʠʟ ʪʨʝʭ ʧʘʨʘʤʝʪʨʦʚ 

ʧʦʨʷʜʢʘ: ʤʘʛʥʠʪʥʦʛʦ, ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʠ ʫʧʨʫʛʦʛʦ. 

ɺ ʥʘʰʝʡ ʣʘʙʦʨʘʪʦʨʠʠ ʧʨʦʚʦʜʷʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʫʣʴʪʠʬʝʨʨʦʠʢʦʚ 

ʤʝʪʦʜʘʤʠ ʦʧʪʠʯʝʩʢʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ. ɺ ʯʘʩʪʥʦʩʪʠ, 

ʤʳ ʚʳʧʦʣʥʠʣʠ ʨʷʜ ʨʘʙʦʪ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ʈɿ ʬʝʨʨʦʙʦʨʘʪʦʚ. ʉʝʡʯʘʩ ʤʳ 

ʠʩʩʣʝʜʫʝʤ ʩʦʝʜʠʥʝʥʠʷ ʠʟ ʩʝʤʝʡʩʪʚʘ RMn2O5, ʠ ʷ ʦʩʪʘʥʦʚʣʶʩʴ ʥʘ ʧʦʩʣʝʜʥʠʭ 

ʨʝʟʫʣʴʪʘʪʘʭ. 

ʈʘʙʦʪʘ ʧʦʜʜʝʨʞʘʥʘ ʌʎʇ çʅʘʫʯʥʳʝ ʠ ʥʘʫʯʥʦ-ʧʝʜʘʛʦʛʠʯʝʩʢʠʝ ʢʘʜʨʳ 

ʠʥʥʦʚʘʮʠʦʥʥʦʡ ʈʦʩʩʠʠè, ʛʨʘʥʪʘʤʠ ʈʌʌʀ (ˉ10-02-01071) ʠ ʈɸʅ (ʧʦ 

ʧʨʦʛʨʘʤʤʘʤ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ).  
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ʉʇɽʂʊʈʆʉʂʆʇʀʗ ɺʓʉʆʂʆɻʆ ʈɸɿʈɽʐɽʅʀʗ ʌʊʆʈʀʉʊʓʍ 

ʕʃʔʇɸʉʆʃʀʊʆɺ ʉ ʈɽɼʂʆɿɽʄɽʃʔʅʓʄʀ ʀʆʅɸʄʀ 

ɼ.ʉ. ʇʳʪʘʣʝʚ 

ʀʥʩʪʠʪʫʪ ʉʧʝʢʪʨʦʩʢʦʧʠʠ ʈɸʅ, ʛ. ʊʨʦʠʮʢ ʄʦʩʢʦʚʩʢʦʡ ʦʙʣ. 

ʂʨʠʩʪʘʣʣʳ ʬʪʦʨʠʩʪʳʭ ʵʣʴʧʘʩʦʣʠʪʦʚ ʩ ʦʙʱʝʡ ʬʦʨʤʫʣʦʡ Cs2NaMF6 (M 

ï ʨʝʜʢʘʷ ʟʝʤʣʷ) ʷʚʣʷʶʪʩʷ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʦʚʳʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ. ʂʫʙʠʯʝʩʢʘʷ 

ʩʠʤʤʝʪʨʠʷ ʧʦʟʠʮʠʡ, ʟʘʥʠʤʘʝʤʳʭ ʨʝʜʢʦʡ ʟʝʤʣʝʡ ʚ ʢʨʠʩʪʘʣʣʝ, ʜʝʣʘʝʪ ʠʭ 

ʠʥʪʝʨʝʩʥʦʡ ʩʠʩʪʝʤʦʡ ʜʣʷ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʘ ʙʣʘʛʦʜʘʨʷ 

ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʨʘʩʩʪʦʷʥʠʶ ʤʝʞʜʫ ʈɿ ʠʦʥʘʤʠ, ʚ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʷʭ ʦʯʝʥʴ 

ʩʣʘʙʦʝ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʦʝ ʪʫʰʝʥʠʝ ʣʶʤʠʥʝʩʮʝʥʮʠʠ, ʯʪʦ ʚʘʞʥʦ ʜʣʷ 

ʨʘʟʣʠʯʥʳʭ ʧʨʠʤʝʥʝʥʠʡ. 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʩ ʧʦʤʦʱʴʶ ʠʥʬʨʘʢʨʘʩʥʦʡ ʬʫʨʴʝ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ 

ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʩʧʝʢʪʨʳ ʈɿ ʠʦʥʦʚ  Yb3+, Er3+, Sm3+ 

ʠ Tm3+ ʚ ʢʨʠʩʪʘʣʣʘʭ Cs2NaYF6. 

ɺ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʩʧʝʢʪʨʘʭ ʙʳʣʠ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʳ ʣʠʥʠʠ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʵʣʝʢʪʨʦʥʥʳʤ ʧʝʨʝʭʦʜʘʤ ʚʥʫʪʨʠ 4fn ʦʙʦʣʦʯʢʠ, ʵʣʝʢʪʨʦʥ-

ʬʦʥʦʥʥʳʝ ʣʠʥʠʠ, ʘ ʪʘʢʞʝ ʩʣʘʙʳʝ ʩʧʫʪʥʠʢʠ, ʚʳʟʚʘʥʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ 

ʤʝʞʜʫ ʧʨʠʤʝʩʥʳʤʠ ʈɿ ʠʦʥʘʤʠ. ʇʨʠ ʛʝʣʠʝʚʳʭ  ʪʝʤʧʝʨʘʪʫʨʘʭ  ʦʙʥʘʨʫʞʝʥʦ 

ʥʝʦʙʳʯʥʦʝ ʨʘʩʱʝʧʣʝʥʠʝ ʩʧʝʢʪʨʘʣʴʥʳʭ ʣʠʥʠʡ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʝʨʝʭʦʜʘʤ 

ʩ ʦʩʥʦʚʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʈɿ ʠʦʥʘ ʥʘ ʰʪʘʨʢʦʚʩʢʠʝ ʧʦʜʫʨʦʚʥʠ ʚʦʟʙʫʞʜʝʥʥʳʭ 

ʤʫʣʴʪʠʧʣʝʪʦʚ. ʅʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʦʡ ʧʨʠʨʦʜʦʡ ʥʘʙʣʶʜʘʝʤʦʛʦ ʨʘʩʱʝʧʣʝʥʠʷ 

ʷʚʣʷʶʪʩʷ ʩʣʫʯʘʡʥʳʝ ʜʝʬʦʨʤʘʮʠʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ. 

ɸʚʪʦʨ ʧʨʠʟʥʘʪʝʣʝʥ ʟʘ ʬʠʥʘʥʩʦʚʫʶ ʧʦʜʜʝʨʞʢʫ ʧʦ ʛʨʘʥʪʫ ʇʨʝʟʠʜʝʥʪʘ 

ʈʌ (ˉ ʄʂ-1329.2010.2) ʠ ʛʨʘʥʪʫ ʈʌʌʀ (ˉ  09-02-01067). 
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ʀʉʉʃɽɼʆɺɸʅʀɽ ʅʀɿʂʆʊɽʄʇɽʈɸʊʋʈʅʓʍ ʌɸɿʆɺʓʍ 

ʄɸɻʅʀʊʅʓʍ ʇɽʈɽʍʆɼʆɺ ɺ ʈɽɼʂʆɿɽʄɽʃʔʅʓʍ ʍʈʆʄʆɺʓʍ 

ɹʆʈɸʊɸʍ RCr3(BO3)4, R=Nd, Sm, Gd, Er  

ʂ.ʅ. ɹʦʣʜʳʨʝʚ 

ʀʥʩʪʠʪʫʪ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʈɸʅ, ʊʨʦʠʮʢ, ʄʦʩʢʦʚʩʢʘʷ ʦʙʣʘʩʪʴ 

ʈʝʜʢʦʟʝʤʝʣʴʥʳʝ (ʈɿ) ʙʦʨʘʪʳ ʩ ʦʙʱʝʡ ʬʦʨʤʫʣʦʡ RM3(BO3)4 (R = Y, La-

Lu; ʄ = Al, Ga, Fe, Cr, Sc) ʠʤʝʶʪ ʩʪʨʫʢʪʫʨʫ ʪʠʧʘ ʭʘʥʪʠʪʘ (ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ 

ʛʨʫʧʧʘ R32, ʘ ʪʘʢʞʝ ʧʦʣʠʪʠʧʥʳʝ ʤʦʜʠʬʠʢʘʮʠʠ ʉ2/ʩ ʠ ʉ2), ʭʘʨʘʢʪʝʨʥʦʡ 

ʦʩʦʙʝʥʥʦʩʪʴʶ ʢʦʪʦʨʦʡ ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʩʧʠʨʘʣʴʥʳʭ ʮʝʧʦʯʝʢ ï ʄ ï ʆ ï ʄ 

ï ʚʜʦʣʴ ʚʳʜʝʣʝʥʥʦʛʦ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ. ʇʨʦʚʝʜʝʥʥʳʝ 

ʨʘʥʝʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚ ʢʨʠʩʪʘʣʣʘʭ ʈɿ ʬʝʨʨʦʙʦʨʘʪʦʚ RFe3(BO3)4  

ʥʘʙʣʶʜʘʝʪʩʷ ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʦʝ ʫʧʦʨʷʜʦʯʝʥʠʝ ʧʦʜʩʠʩʪʝʤʳ ʞʝʣʝʟʘ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʦʢʦʣʦ 40 ʂ. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʥʝʢʦʪʦʨʳʭ ʩʦʝʜʠʥʝʥʠʷʭ 

ʬʝʨʨʦʙʦʨʘʪʦʚ ʙʳʣ ʦʙʥʘʨʫʞʝʥ ʛʠʛʘʥʪʩʢʠʡ ʤʘʛʥʠʪʦʵʣʝʢʪʨʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʠ 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʘʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʦʪʥʦʩʷʪʩʷ ʢ ʢʣʘʩʩʫ ʤʫʣʴʪʠʬʝʨʨʦʠʢʦʚ. 

ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʩʚʦʡʩʪʚʘ ʈɿ ʙʦʨʘʪʦʚ ʩ ʜʨʫʛʠʤ ʤʘʛʥʠʪʥʳʤ ʠʦʥʦʤ M = Cr3+ ʜʦ 

ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ ʙʳʣʠ ʤʘʣʦ ʠʟʫʯʝʥʳ. ʀʟʚʝʩʪʥʳ ʨʘʙʦʪʳ, ʧʦʩʚʷʱʝʥʥʳʝ 

ʧʝʨʚʦʤʫ ʠʩʩʣʝʜʦʚʘʥʠʶ ʢʨʠʩʪʘʣʣʦʚ NdCr3(BO3)4 ʠ SmCr3(BO3)4 [1], ʘ ʪʘʢʞʝ 

ʨʘʙʦʪʘ ʧʦ ʢʦʤʧʣʝʢʩʥʦʤʫ ʠʩʩʣʝʜʦʚʘʥʠʶ ʢʨʠʩʪʘʣʣʦʚ NdCr3(BO3)4 [2]. 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʙʳʣ ʠʩʩʣʝʜʦʚʘʥ ʨʷʜ ʈɿ ʭʨʦʤʦʚʳʭ ʙʦʨʘʪʦʚ ʧʨʠ 

ʧʦʤʦʱʠ ʦʧʪʠʯʝʩʢʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ. ʆʙʨʘʟʮʳ ʙʳʣʠ 

ʚʳʨʘʱʝʥʳ ʤʝʪʦʜʦʤ ʩʧʦʥʪʘʥʥʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʠʟ ʨʘʩʪʚʦʨʦʚ ʚ ʨʘʩʧʣʘʚʘʭ ʩ 

ʨʘʟʣʠʯʥʳʤʠ ʨʝʜʢʠʤʠ ʟʝʤʣʷʤʠ: Nd, Sm, Gd, Er. ɺ ʯʘʩʪʴ ʠʩʩʣʝʜʫʝʤʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʙʳʣ ʚʚʝʜʝʥ Er ʚ ʥʝʙʦʣʴʰʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ (~ 1%), ʩʣʫʞʠʚʰʠʡ 

ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʤ ʟʦʥʜʦʤ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʘʥʘʣʠʟʘ ʩʧʝʢʪʨʦʚ ʦʩʥʦʚʥʳʭ 

ʠʦʥʦʚ ʠ ʟʦʥʜʦʚʦʛʦ ʠʦʥʘ Er3+ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʩʝ ʠʟʫʯʝʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ 

ʤʘʛʥʠʪʥʦ ʫʧʦʨʷʜʦʯʠʚʘʶʪʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʦʢʦʣʦ 8 ʂ. ɹʦʣʝʝ ʥʠʟʢʘʷ ʚ 

ʩʨʘʚʥʝʥʠʠ ʩ ʬʝʨʨʦʙʦʨʘʪʘʤʠ ʪʝʤʧʝʨʘʪʫʨʘ ʤʘʛʥʠʪʥʦʛʦ ʫʧʦʨʷʜʦʯʝʥʠʷ 

ʫʢʘʟʳʚʘʝʪ ʥʘ ʙʦʣʝʝ ʩʣʘʙʦʝ ʤʝʞʮʝʧʦʯʝʯʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʚ ʧʦʜʩʠʩʪʝʤʝ 

ʭʨʦʤʘ. ʂʨʦʤʝ ʪʦʛʦ, ʚ SmCr3(BO3)4 ʥʘʙʣʶʜʘʣʦʩʴ ʩʢʘʯʢʦʦʙʨʘʟʥʦʝ ʠʟʤʝʥʝʥʠʝ 

ʩʧʝʢʪʨʦʚ ʧʦʛʣʦʱʝʥʠʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʦʢʦʣʦ 4.5ʂ, ʢʦʪʦʨʦʝ ʤʳ ʩʚʷʟʳʚʘʝʤ 

ʩʦ ʩʧʠʥ-ʧʝʨʝʦʨʠʝʥʪʘʮʠʦʥʥʳʤ ʬʘʟʦʚʳʤ ʧʝʨʝʭʦʜʦʤ ʧʝʨʚʦʛʦ ʨʦʜʘ. 

ʈʘʙʦʪʘ ʧʦʜʜʝʨʞʘʥʘ ʌʎʇ çʅʘʫʯʥʳʝ ʠ ʥʘʫʯʥʦ-ʧʝʜʘʛʦʛʠʯʝʩʢʠʝ ʢʘʜʨʳ 

ʠʥʥʦʚʘʮʠʦʥʥʦʡ ʈʦʩʩʠʠè, ʛʨʘʥʪʘʤʠ ʈʌʌʀ (ˉ10-02-01071) ʠ ʈɸʅ (ʧʦ 

ʧʨʦʛʨʘʤʤʘʤ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ).  

 

1. ʂ.ʅ.ɹʦʣʜʳʨʝʚ, ɽ.ʇ. ʏʫʢʘʣʠʥʘ, ʅ.ʀ. ʃʝʦʥʶʢ, ʌʊʊ 50, 1617 (2008). 

2. E.A.Popova, N.I.Leonyuk, M.N.Popova, E.P.Chukalina, K.N.Boldyrev, 

N.Tristan, Phys. Rev. B 76, 054446 (2007). 
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ʄɸɻʅʀʊʅɸʗ ʉʊʈʋʂʊʋʈɸ ʎɽʇʆʏɽʏʅʓʍ ʅʀʂɽʃɸʊʆɺ  

R2BaNiO5: ʀʉʉʃɽɼʆɺɸʅʀɽ ʄɽʊʆɼʆʄ ʕʈɹʀɽɺʆɻʆ 

ʉʇɽʂʊʈʆʉʂʆʇʀʏɽʉʂʆɻʆ ɿʆʅɼɸ 

ɸ.ʉ. ɻʘʣʢʠʥ 

ʀʥʩʪʠʪʫʪ ʉʧʝʢʪʨʦʩʢʦʧʠʠ ʈɸʅ, ʛ. ʊʨʦʠʮʢ, ʄʦʩʢʦʚʩʢʘʷ ʦʙʣ. 

ʀʥʪʝʨʝʩ ʢ ʮʝʧʦʯʝʯʥʳʤ ʥʠʢʝʣʘʪʘʤ R2BaNiO5 (R = ʨʝʜʢʦʟʝʤʝʣʴʥʳʡ 

ʵʣʝʤʝʥʪ ʣʠʙʦ Y) ʩʚʷʟʘʥ ʩ ʪʝʤ, ʯʪʦ ʚ ʠʪʪʨʠʝʚʦʤ ʥʠʢʝʣʘʪʝ ʙʳʣʘ ʦʙʥʘʨʫʞʝʥʘ 

ʭʦʣʜʝʡʥʦʚʩʢʘʷ ʱʝʣʴ, ʠ ʥʘ ʦʩʥʦʚʘʥʠʠ ʜʘʣʴʥʝʡʰʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ Y2BaNiO5 

ʙʳʣ ʧʨʠʟʥʘʥ ʧʦʯʪʠ ʠʜʝʘʣʴʥʦʡ ʤʦʜʝʣʴʥʦʡ ʭʦʣʜʝʡʥʦʚʩʢʦʡ ʩʠʩʪʝʤʦʡ. 

ʄʘʛʥʠʪʥʳʝ ʠʦʥʳ R3+ ʦʩʫʱʝʩʪʚʣʷʶʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʩʧʠʥʦʚʳʤʠ 

ʮʝʧʦʯʢʘʤʠ ʠʦʥʦʚ Ni2+ (S=1), ʢʦʪʦʨʦʝ ʧʨʠʚʦʜʠʪ ʢ ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʦʤʫ 

ʫʧʦʨʷʜʦʯʝʥʠʶ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʤʘʛʥʠʪʥʦʝ ʫʧʦʨʷʜʦʯʝʥʠʝ ʙʳʣʦ ʠʟʫʯʝʥʦ 

ʤʝʪʦʜʦʤ ʵʨʙʠʝʚʦʛʦ ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʦʛʦ ʟʦʥʜʘ ʜʣʷ ʨʷʜʘ ʩʦʝʜʠʥʝʥʠʡ 

R2BaNiO5:Er 1%. 

ʅʘ ʧʨʠʤʝʨʝ ʩʦʝʜʠʥʝʥʠʡ R2Cu2O5 [1] ʠ RFe3(BO3)4 [2] ʙʳʣʦ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ, ʯʪʦ ʠʦʥ ʵʨʙʠʷ ʦʙʣʘʜʘʝʪ ʚʳʨʘʞʝʥʥʦʡ ʤʘʛʥʠʪʥʦʡ 

ʘʥʠʟʦʪʨʦʧʠʝʡ ʠ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʚ ʢʘʯʝʩʪʚʝ ʫʜʦʙʥʦʛʦ ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʦʛʦ 

ʟʦʥʜʘ ʤʘʛʥʠʪʥʳʭ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ ʠ ʤʘʛʥʠʪʥʳʭ ʩʪʨʫʢʪʫʨ. ʈʘʩʱʝʧʣʝʥʠʷ 

ʩʧʝʢʪʨʘʣʴʥʳʭ ʣʠʥʠʡ ʢʨʘʤʝʨʩʦʚʘ ʠʦʥʘ Er3+ ʩʣʫʞʘʪ ʭʦʨʦʰʠʤ ʠʥʜʠʢʘʪʦʨʦʤ 

ʥʘʣʠʯʠʷ ʚʥʫʪʨʝʥʥʝʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʢʦʪʦʨʦʝ ʚʦʟʥʠʢʘʝʪ ʧʨʠ ʤʘʛʥʠʪʥʦʤ 

ʫʧʦʨʷʜʦʯʝʥʠʠ. 

ʉ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʦ ʤʘʛʥʠʪʥʳʭ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʘʭ ʠ 

ʤʘʛʥʠʪʥʦʡ ʩʪʨʫʢʪʫʨʝ ʮʝʧʦʯʝʯʥʳʭ ʥʠʢʝʣʘʪʦʚ R2BaNiO5 ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʤʝʪʦʜʦʤ ʵʨʙʠʝʚʦʛʦ ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʦʛʦ ʟʦʥʜʘ. ʉʧʝʢʪʨʳ 

ʧʨʦʧʫʩʢʘʥʠʷ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʦʚ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʙʳʣʠ 

ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ ʚ ʦʙʣʘʩʪʠ ʧʝʨʝʭʦʜʘ 4I15/2Ÿ
4I13/2 ʚ ʠʦʥʝ Er3+ (ʩʧʝʢʪʨʘʣʴʥʘʷ 

ʦʙʣʘʩʪʴ 6200-6900 ʩʤ-1) ʩʦ ʩʧʝʢʪʨʘʣʴʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ ʦʪ 1 ʜʦ 0.1 ʩʤ-1 ʥʘ 

ʬʫʨʴʝ-ʩʧʝʢʪʨʦʤʝʪʨʘʭ BOMEM DA3.002 ʠ Bruker 125HR ʚ ʦʙʣʘʩʪʠ 

ʪʝʤʧʝʨʘʪʫʨ ʦʪ 2.2 ʜʦ 300 ʂ. ʆʙʩʫʞʜʘʝʪʩʷ ʠʥʬʦʨʤʘʪʠʚʥʦʩʪʴ ʩʧʝʢʪʨʦʚ 

ʵʨʙʠʝʚʦʛʦ ʟʦʥʜʘ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ ʮʝʧʦʯʝʯʥʳʭ ʥʠʢʝʣʘʪʦʚ ʠ ʦʩʦʙʝʥʥʦʩʪʠ ʚ 

ʩʧʝʢʪʨʘʭ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ Er2BaNiO5, ʩʚʷʟʘʥʥʳʝ, ʚʝʨʦʷʪʥʦ, 

ʩ ʤʝʞʠʦʥʥʳʤʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤʠ ʚ ʨʝʜʢʦʟʝʤʝʣʴʥʦʡ ʧʦʜʩʠʩʪʝʤʝ. 

ʈʘʙʦʪʘ ʧʦʜʜʝʨʞʘʥʘ ʈɸʅ (ʧʦ ʧʨʦʛʨʘʤʤʘʤ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ). 

 

1. M.N. Popova, J. Alloys Compd. 275-277, (1998) 142. 

2. ɽ. ʇ. ʏʫʢʘʣʠʥʘ, ʊ. ʅ. ʉʪʘʥʠʩʣʘʚʯʫʢ, ʄ. ʅ. ʇʦʧʦʚʘ,  

ʃ. ʅ. ɹʝʟʤʘʪʝʨʥʳʭ, ʀ. ɸ. ɻʫʜʠʤ, ʀʟʚʝʩʪʠʷ ʈɸʅ. ʉʝʨʠʷ ʬʠʟʠʯʝʩʢʘʷ 71, (2007) 

1606. 
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ʉʇɽʂʊʈʆʉʂʆʇʀʏɽʉʂʆɽ ʀʉʉʃɽɼʆɺɸʅʀɽ ʂʆɹɸʃʔʊʀʊɸ 

ɽɺʈʆʇʀʗ: ʇɽʈɽʍʆɼ ʄɽʊɸʃʃ-ɼʀʕʃɽʂʊʈʀʂ 

ʄ.ɸ. ʂʘʱʝʥʢʦ 

ʄʦʩʢʦʚʩʢʠʡ ʬʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ (ʅʘʮʠʦʥʘʣʴʥʳʡ 

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ), ɼʦʣʛʦʧʨʫʜʥʳʡ 

ʉʦʝʜʠʥʝʥʠʷ RCoO3 (R ï ʨʝʜʢʘʷ ʟʝʤʣʷ) ʧʨʠʚʣʝʢʘʶʪ ʚʥʠʤʘʥʠʝ 

ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʙʦʛʘʪʦʡ ʬʘʟʦʚʦʡ ʜʠʘʛʨʘʤʤʦʡ ʩʦʩʪʦʷʥʠʡ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʪʝʤʧʝʨʘʪʫʨʳ, ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʠ ʜʘʚʣʝʥʠʷ [1,2] (ʥʘʧʨʠʤʝʨ, ʬʘʟʦʚʳʡ 

ʧʝʨʝʭʦʜ ʤʝʪʘʣʣ-ʜʠʵʣʝʢʪʨʠʢ ʠ ʧʝʨʝʭʦʜ ʢʦʙʘʣʴʪʘ ʠʟ ʚʳʩʦʢʦʩʧʠʥʦʚʦʛʦ ʚ 

ʥʠʟʢʦʩʧʠʥʦʚʦʝ ʩʦʩʪʦʷʥʠʝ). ɿʥʘʯʠʪʝʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʧʨʦʚʦʜʠʤʦʩʪʠ ʤʦʛʫʪ 

ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʨʝʘʣʠʟʘʮʠʠ ʨʘʟʣʠʯʥʳʭ ʫʩʪʨʦʡʩʪʚ (ʜʘʪʯʠʢʠ 

ʪʝʤʧʝʨʘʪʫʨ, ʜʘʚʣʝʥʠʡ). 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʦʚʦʜʠʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʦʧʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʦʜʥʦʛʦ 

ʠʟ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʵʪʦʛʦ ʩʝʤʝʡʩʪʚʘ ï EuCoO3. ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʫʨʴʝ-

ʩʧʝʢʪʨʦʤʝʪʨʘ Bruker IFS 125HR  ʙʳʣʠ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ ʩʧʝʢʪʨʳ 

ʧʨʦʧʫʩʢʘʥʠʷ ʧʦʨʦʰʢʦʚʦʛʦ ʦʙʨʘʟʮʘ EuCoO3 ʚ ʰʠʨʦʢʦʤ ʩʧʝʢʪʨʘʣʴʥʦʤ (1500ï

6500 ʩʤ-1) ʠ ʪʝʤʧʝʨʘʪʫʨʥʦʤ (5ï673 ʂ) ʜʠʘʧʘʟʦʥʘʭ. ʀʩʩʣʝʜʫʝʤʦʝ ʩʦʝʜʠʥʝʥʠʝ 

ʠʤʝʝʪ ʤʘʢʩʠʤʫʤ ʧʨʦʧʫʩʢʘʥʠʷ ʧʨʠʤʝʨʥʦ ʥʘ 2000 ʩʤ-1. ɺ ʜʠʘʧʘʟʦʥʝ ʚʳʰʝ 

3000 ʩʤ-1 ʨʘʩʪʝʪ ʧʦʛʣʦʱʝʥʠʝ, ʦʙʫʩʣʦʚʣʝʥʥʦʝ d-d ʧʝʨʝʭʦʜʘʤʠ ʚ ʠʦʥʝ Co3+. 

ʆʙʥʘʨʫʞʝʥʳ ʫʟʢʠʝ ʣʠʥʠʠ, ʧʨʠʥʘʜʣʝʞʘʱʠʝ f-f ʧʝʨʝʭʦʜʘʤ ʚ ʠʦʥʝ Eu3+. ɼʣʷ 

ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ EuCoO3 ʧʦʩʪʨʦʝʥʘ ʩʭʝʤʘ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ 

ʫʨʦʚʥʝʡ ʠʦʥʘ Eu3+ ʜʣʷ ʤʫʣʴʪʠʧʣʝʪʦʚ 7FJ (J = 0ï6). ʇʨʠ ʧʦʚʳʰʝʥʠʠ 

ʪʝʤʧʝʨʘʪʫʨʳ (ʜʦ 400 0ʉ) ʥʘʙʣʶʜʘʝʪʩʷ ʫʤʝʥʴʰʝʥʠʝ ʧʨʦʧʫʩʢʘʥʠʷ ʦʙʨʘʟʮʘ. 

ʊʘʢʦʝ ʧʦʚʝʜʝʥʠʝ, ʢʘʢ ʩʣʝʜʫʝʪ ʠʟ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ, ʩʚʷʟʘʥʥʦ ʩ 

ʧʝʨʝʭʦʜʦʤ ʤʝʪʘʣʣ-ʜʠʵʣʝʢʪʨʠʢ.  

ɸʚʪʦʨ ʧʨʠʟʥʘʪʝʣʝʥ ʟʘ ʬʠʥʘʥʩʦʚʫʶ ʧʦʜʜʝʨʞʢʫ ʧʦ ʛʨʘʥʪʫ ʇʨʝʟʠʜʝʥʪʘ 

ʈʌ (ˉ ʄʂ-1329.2010.2). 

 

1. Tachibana M., et al., Phys. Rev. B., 77, 094402 (2008). 

2. Fujita T., et al., J. Phys. Soc. Japan, 73, 1987 (2004). 
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ɸʅɸʃʀɿ ʇʈʀʄɽʉɽʁ III, IV ʀ V ɻʈʋʇʇ ɺ ɺʓʉʆʂʆʏʀʉʊʆʄ 

ʂʈɽʄʅʀʀ ɼʃʗ ʇʆʃʋʇʈʆɺʆɼʅʀʂʆɺʆʁ ʕʃɽʂʊʈʆʅʀʂʀ 

ʂ.ʅ. ɹʦʣʜʳʨʝʚ 

ʀʥʩʪʠʪʫʪ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʈɸʅ, ʊʨʦʠʮʢ, ʄʦʩʢʦʚʩʢʘʷ ʦʙʣʘʩʪʴ 

ʉʦʚʨʝʤʝʥʥʳʝ ʠ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ 

(ʢʦʤʧʴʶʪʝʨʳ, ʵʣʝʢʪʨʦʥʠʢʘ, ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʠ ʠ ʪ.ʜ.) ʙʘʟʠʨʫʶʪʩʷ ʠ ʙʫʜʫʪ 

ʙʘʟʠʨʦʚʘʪʴʩʷ ʥʘ ʧʨʠʤʝʥʝʥʠʠ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʦʛʦ ʢʨʝʤʥʠʷ. ɼʨʫʛʠʝ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʠ (ʘʨʩʝʥʠʜ ʛʘʣʣʠʷ, ʬʦʩʬʠʜ ʠʥʜʠʷ, ʛʝʨʤʘʥʠʡ, ʩʝʣʝʥ ʠ ʪ.ʜ.) 

ʩʦʩʪʘʚʣʷʶʪ ʠ ʙʫʜʫʪ ʩʦʩʪʘʚʣʷʪʴ ʤʠʥʠʤʘʣʴʥʫʶ ʜʦʣʶ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʦʡ ʪʝʭʥʠʢʠ. ʄʠʨʦʚʦʡ ʨʳʥʦʢ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʦʛʦ 

ʢʨʝʤʥʠʷ ʨʘʩʪʝʪ ʚʧʝʯʘʪʣʷʶʱʠʤʠ ʪʝʤʧʘʤʠ (ʝʞʝʛʦʜʥʳʡ ʧʨʠʨʦʩʪ ʩʦʩʪʘʚʣʷʝʪ 

ʦʢʦʣʦ +15%, ʜʦʩʪʠʛʥʫʚ ʢ 2010 ʛʦʜʫ ʦʙʲʝʤʘ ʙʦʣʝʝ 30 ʪʳʩ.ʪ). ʇʨʦʠʟʚʦʜʩʪʚʦ 

ʚʳʩʦʢʦʯʠʩʪʦʛʦ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʦʛʦ ʢʨʝʤʥʠʷ ʷʚʣʷʝʪʩʷ ʦʯʝʥʴ 

ʜʦʨʦʛʦʩʪʦʷʱʠʤ ʠ ʪʨʫʜʦʝʤʢʠʤ. ʀ, ʢʨʦʤʝ ʧʨʦʙʣʝʤ ʩʠʥʪʝʟʘ, ʚʦʟʥʠʢʘʝʪ 

ʧʨʦʙʣʝʤʘ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʨʠʤʝʩʝʡ III  ʠ V ʛʨʫʧʧ (ʚ 

ʦʩʦʙʝʥʥʦʩʪʠ, ʙʦʨʘ ʠ ʬʦʩʬʦʨʘ), ʦʧʨʝʜʝʣʷʶʱʠʭ ʩʚʦʡʩʪʚʘ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʦʛʦ ʢʨʝʤʥʠʷ. 

ʅʘʠʙʦʣʝʝ ʪʦʯʥʳʤ ʤʝʪʦʜʦʤ ʷʚʣʷʝʪʩʷ ʤʝʪʦʜ ʠʟʤʝʨʝʥʠʷ ʩʧʝʢʪʨʘ 

ʧʨʦʧʫʩʢʘʥʠʷ ʩ ʚʳʩʦʢʠʤ ʨʘʟʨʝʰʝʥʠʝʤ ʚ ʜʘʣʴʥʝʡ ʠʥʬʨʘʢʨʘʩʥʦʡ ʦʙʣʘʩʪʠ 

ʩʧʝʢʪʨʘ ʩ ʥʝʡʪʨʘʣʠʟʘʮʠʝʡ ʢʦʤʧʝʥʩʠʨʫʝʤʳʭ ʧʨʠʤʝʩʝʡ ʬʦʪʦʥʘʤʠ ʙʦʣʴʰʦʡ 

ʵʥʝʨʛʠʠ. ʆʜʥʘʢʦ ʚ ʜʘʥʥʦʤ ʤʝʪʦʜʝ ʠʤʝʶʪʩʷ  ʩʣʦʞʥʦʩʪʠ, ʩʚʷʟʘʥʥʳʝ, ʚ 

ʯʘʩʪʥʦʩʪʠ, ʩʦ ʟʥʘʯʝʥʠʷʤʠ ʛʨʘʜʫʠʨʦʚʦʯʥʳʭ ʧʘʨʘʤʝʪʨʦʚ. ʊʘʢ, ʧʦ ʩʪʘʥʜʘʨʪʫ 

ɸʉʊʄ 1630, ʠʩʧʦʣʴʟʫʝʤʦʤʫ ʟʘ ʨʫʙʝʞʦʤ, ʜʘʥʥʳʝ ʧʘʨʘʤʝʪʨʳ ʠʤʝʶʪ ʧʨʝʜʝʣ 

ʪʦʯʥʦʩʪʠ 5-50% ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʩʩʣʝʜʫʝʤʦʛʦ ʵʣʝʤʝʥʪʘ (B, P, As, Sb, In ʠ 

ʪ.ʧ.). ʊʘʢʠʝ ʧʘʨʘʤʝʪʨʳ ʥʝ ʧʨʠʛʦʜʥʳ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚʳʩʦʢʦʯʠʩʪʦʛʦ 

ʢʨʝʤʥʠʷ ʜʣʷ ʩʦʚʨʝʤʝʥʥʦʡ ʵʣʝʢʪʨʦʥʠʢʠ. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʣʠʪʝʨʘʪʫʨʝ ʠʤʝʝʪʩʷ 

ʢʨʘʡʥʝ ʤʘʣʦ ʩʚʝʜʝʥʠʡ ʦ ʚʣʠʷʥʠʠ ʥʘʧʨʷʞʝʥʠʡ ʩʪʨʫʢʪʫʨʳ ʠ ʜʝʬʝʢʪʦʚ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ ʚ ʤʦʥʦʢʨʠʩʪʘʣʣʘʭ ʢʨʝʤʥʠʷ ʥʘ ʬʦʥʦʥʥʳʡ ʩʧʝʢʪʨ 

ʠʩʩʣʝʜʫʝʤʳʭ ʩʦʝʜʠʥʝʥʠʡ. 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʠ ʩʦʙʨʘʥʘ ʦʧʳʪʥʘʷ ʫʩʪʘʥʦʚʢʘ 

ʧʦ ʘʥʘʣʠʟʫ ʚʳʩʦʢʦʯʠʩʪʦʛʦ ʢʨʝʤʥʠʷ ʥʘ ʦʩʥʦʚʝ ʬʫʨʴʝ-ʩʧʝʢʪʨʦʤʝʪʨʘ ʚʳʩʦʢʦʛʦ 

ʨʘʟʨʝʰʝʥʠʷ Bruker IFS 125 HR, ʘ ʪʘʢʞʝ ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ 

ʵʣʝʢʪʨʦʘʢʪʠʚʥʳʭ ʧʨʠʤʝʩʝʡ III  ʠ V ʛʨʫʧʧʳ ʥʘ ʩʧʝʢʪʨ ʚʳʩʦʢʦʯʠʩʪʦʛʦ ʢʨʝʤʥʠʷ 

ʜʣʷ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʦʡ ʵʣʝʢʪʨʦʥʠʢʠ. ʂʨʦʤʝ ʪʦʛʦ, ʙʳʣ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ 

ʩʧʝʢʪʨʦʚ ʧʨʦʧʫʩʢʘʥʠʷ ʢʨʝʤʥʠʝʚʳʭ ʧʣʘʩʪʠʥ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʘʣʠʯʠʷ 

ʜʝʬʝʢʪʦʚ ʩʪʨʫʢʪʫʨʳ. ʊʘʢʞʝ ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʘʥʘʣʠʟʫ 

ʢʦʥʮʝʥʪʨʘʮʠʡ ʢʠʩʣʦʨʦʜʘ ʠ ʫʛʣʝʨʦʜʘ ʚ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʦʤ ʢʨʝʤʥʠʠ. 

ʈʘʙʦʪʘ ʧʦʜʜʝʨʞʘʥʘ ʌʎʇ çʅʘʫʯʥʳʝ ʠ ʥʘʫʯʥʦ-ʧʝʜʘʛʦʛʠʯʝʩʢʠʝ ʢʘʜʨʳ 

ʠʥʥʦʚʘʮʠʦʥʥʦʡ ʈʦʩʩʠʠè.  
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ɺʓʈɸʑʀɺɸʅʀɽ ʂʈʀʉʊɸʃʃʆɺ CdTe ʄɽʊʆɼʆʄ ɹʈʀɼɾʄɽʅɸ  

ɺ ʂɺɸɿʀʆʊʂʈʓʊʆʁ ʉʀʉʊɽʄɽ ʇʈʀ ʂʆʅʊʈʆʃʀʈʋɽʄʆʄ 

ɼɸɺʃɽʅʀʀ ʇɸʈɸ ʂʆʄʇʆʅɽʅʊɸ 

ʂ.ɸ. ʈʝʢʫʥʦʚ, ɸ.ɺ. ʍʦʤʷʢʦʚ, ʀ.ʍ. ɸʚʝʪʠʩʦʚ 

ʈʦʩʩʠʡʩʢʠʡ ʍʠʤʠʢʦ-ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʋʥʠʚʝʨʩʠʪʝʪ ʠʤ. ɼ.ʀ. ʄʝʥʜʝʣʝʝʚʘ, 

ʄʦʩʢʚʘ 

ʂʨʠʩʪʘʣʣʳ CdTe ʠ ʤʘʪʝʨʠʘʣʳ ʥʘ ʠʭ ʦʩʥʦʚʝ ʥʘʭʦʜʷʪ ʰʠʨʦʢʦʝ 

ʧʨʠʤʝʥʝʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʜʝʪʝʢʪʦʨʦʚ ʠʦʥʠʟʠʨʫʶʱʝʛʦ ʠʟʣʫʯʝʥʠʷ ʠ  

ʬʦʪʦʧʨʠʝʤʥʠʢʦʚ ʀʂ ʜʠʘʧʘʟʦʥʘ.  ɺʳʨʘʱʠʚʘʥʠʝ ʢʨʠʩʪʘʣʣʦʚ CdTe ʤʝʪʦʜʦʤ 

ɹʨʠʜʞʤʝʥʘ ʩʦʧʨʷʞʝʥʦ ʩ ʨʷʜʦʤ ʩʣʦʞʥʦʩʪʝʡ, ʦʜʥʦʡ ʠʟ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ 

ʘʤʧʫʣʴʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʠ ʩʚʷʟʘʥʥʳʝ ʩ ʥʝʡ ʥʝʜʦʩʪʘʪʢʠ. ʂ ʯʠʩʣʫ ʪʘʢʠʭ 

ʥʝʜʦʩʪʘʪʢʦʚ ʦʪʥʦʩʷʪʩʷ: ʦʜʥʦʢʨʘʪʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʘʤʧʫʣ, ʦʪʩʫʪʩʪʚʠʝ 

ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʠ ʠʟʛʦʪʦʚʣʝʥʠʷ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʨʘʟʣʠʯʥʦʡ ʬʦʨʤʝ ʠ 

ʩʪʨʫʢʪʫʨʥʳʤ ʜʝʬʝʢʪʘʤ ʠʟʛʦʪʘʚʣʠʚʘʝʤʳʭ ʘʤʧʫʣ, ʩʣʦʞʥʦʩʪʴ ʨʘʚʥʦʤʝʨʥʦʛʦ ʠ 

ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʧʦʢʨʳʪʠʷ ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʘʤʧʫʣ ʟʘʱʠʪʥʳʤʠ ʩʣʦʷʤʠ 

[0]. 

ɺ ʨʘʙʦʪʝ ʙʳʣʘ ʧʨʝʜʣʦʞʝʥʘ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʘʷ ʩʭʝʤʘ ʚʳʨʘʱʠʚʘʥʠʷ 

ʢʨʠʩʪʘʣʣʦʚ, ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʡ ʦʪʢʨʳʪʘʷ ʘʤʧʫʣʘ ʩ ʠʩʭʦʜʥʦʡ ʰʠʭʪʦʡ 

ʨʘʟʤʝʱʘʝʪʩʷ ʚ ʩʪʘʣʴʥʦʤ ʢʦʥʪʝʡʥʝʨʝ, ʩʦʝʜʠʥʝʥʥʦʤ ʩ ʩʠʩʪʝʤʦʡ ʥʘʧʫʩʢʘ ʠ 

ʢʦʥʪʨʦʣʷ ʜʘʚʣʝʥʠʷ ʠʥʝʨʪʥʦʛʦ ʛʘʟʘ. ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʧʨʦʚʝʜʝʥʠʷ ʧʨʦʮʝʩʩʘ 

ʜʘʚʣʝʥʠʝ ʧʘʨʘ ʢʦʤʧʦʥʝʥʪʘ ʥʘʜ ʨʘʩʧʣʘʚʦʤ ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ ʤʝʪʦʜʦʤ ɺʘʥ-

ɼʦʦʨʥʘ [0]. ɺ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʩʠʩʪʝʤʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʤʥʦʛʦʨʘʟʦʚʳʝ ʘʤʧʫʣʳ 

ʫʧʨʦʱʝʥʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ. ʇʨʠ ʵʪʦʤ ʚ ʢʘʯʝʩʪʚʝ ʤʘʪʝʨʠʘʣʘ ʘʤʧʫʣʳ ʤʦʞʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʝ ʪʦʣʴʢʦ ʢʚʘʨʮʝʚʦʝ ʩʪʝʢʣʦ, ʥʦ ʠ ʩʪʝʢʣʦʫʛʣʝʨʦʜ, ʢʦʪʦʨʳʡ 

ʷʚʣʷʝʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʢʦʥʪʝʡʥʝʨʥʳʤ ʤʘʪʝʨʠʘʣʦʤ ʧʨʠ ʚʳʨʘʱʠʚʘʥʠʠ 

ʢʨʠʩʪʘʣʣʦʚ CdTe ʙʦʣʴʰʦʛʦ ʜʠʘʤʝʪʨʘ [0]. 

ʂʨʠʩʪʘʣʣʳ  CdTe ʚʳʨʘʱʠʚʘʣʠ ʚ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʝ ʧʨʠ 

ʜʘʚʣʝʥʠʷʭ ʧʘʨʘ ʢʘʜʤʠʷ ʚ ʠʥʪʝʨʚʘʣʝ ʦʪ 1 ʜʦ 3.5 ʘʪʤ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʀʉʇ-

ʄʉ ʯʠʩʪʦʪʘ ʚʳʨʘʱʝʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʩʦʩʪʘʚʣʷʣʘ 99.99994 ʤʘʩʩ.%. ɸʥʘʣʠʟ 

ʚʳʨʘʱʝʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʧʦʢʘʟʘʣ, ʯʪʦ ʧʨʠ ʧʦʚʳʰʝʥʠʠ ʜʘʚʣʝʥʠʷ ʧʘʨʘ ʢʘʜʤʠʷ 

ʧʨʦʠʩʭʦʜʠʪ ʠʟʤʝʥʝʥʠʝ ʪʠʧʘ ʧʨʦʚʦʜʠʤʦʩʪʠ ʩ p-ʪʠʧʘ ʥʘ n-ʪʠʧ, ʧʨʠ ʵʪʦʤ 

ʩʫʱʝʩʪʚʫʝʪ ʦʙʣʘʩʪʴ ʜʘʚʣʝʥʠʡ, ʢʦʛʜʘ ʢʨʠʩʪʘʣʣʳ, ʩʦʜʝʨʞʘʱʠʝ ʠʟʙʳʪʦʢ 

ʢʘʜʤʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʪʝʭʠʦʤʝʪʨʠʠ, ʦʙʣʘʜʘʣʠ  p-ʪʠʧʦʤ ʧʨʦʚʦʜʠʤʦʩʪʠ. 
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ɺʃʀʗʅʀɽ ʉʈɽɼʓ ɺʓʉʆʂʆʊɽʄʇɽʈɸʊʋʈʅʆɻʆ ʆʊɾʀɻɸ  

ʅɸ ʊʈɸʅʉʌʆʈʄɸʎʀʖ ʉʇɽʂʊʈʆɺ ʕʇʈ Eu-ʉʆɼɽʈɾɸʑʀʍ 

ʃʖʄʀʅʆʌʆʈʆɺ 

ɼ.ɸ. ʉʘʣʢʠʥ, ɸ.ʄ. ɿʶʟʠʥ 

ʄʦʨʜʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʅ.ʇ. ʆʛʘʨʝʚʘ, ʉʘʨʘʥʩʢ 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʥʘ ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʩʧʝʢʪʨʦʚ ʕʇʈ 

ʣʶʤʠʥʦʬʦʨʦʚ BaMg2Al 16O27:Eu2+ ʠ (Sr,Ba)5(PO4)3Cl:Eu2+ ʧʨʠ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʤ ʦʪʞʠʛʝ ʥʘ ʚʦʟʜʫʭʝ, ʚ ʘʪʤʦʩʬʝʨʝ ʘʨʛʦʥʘ ʠ ʚ ʚʘʢʫʫʤʝ. 

ʅʘʠʙʦʣʝʝ ʠʥʪʝʨʝʩʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʥʘʙʣʶʜʘʣʠʩʴ ʜʣʷ BaMg2Al 16O27:Eu2+ (ʨʠʩ. 

1). 

 
ʈʠʩ. 1. ʊʨʘʥʩʬʦʨʤʘʮʠʷ ʩʧʝʢʪʨʘ ʕʇʈ ʣʶʤʠʥʦʬʦʨʘ BaMg2Al 16O27:Eu2+ ʧʨʠ 

ʦʪʞʠʛʝ: ʘ) ï ʥʘ ʚʦʟʜʫʭʝ; ʙ) ï ʚ ʘʨʛʦʥʝ; ʩ) ï ʚ ʚʘʢʫʫʤʝ; ʯʠʩʣʘ ʫ ʢʨʠʚʳʭ ï ʪʝʤʧʝʨʘʪʫʨʳ 

ʦʪʞʠʛʘ. 

ɸʥʘʣʠʟ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʩʧʝʢʪʨʦʚ ʕʇʈ ʠʩʩʣʝʜʫʝʤʳʭ Eu-ʩʦʜʝʨʞʘʱʠʭ 

ʣʶʤʠʥʦʬʦʨʦʚ, ʧʨʦʠʩʭʦʜʷʱʝʡ ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʪʞʠʛʘ, ʧʦʟʚʦʣʠʣ ʚʳʷʩʥʠʪʴ 

ʧʨʠʨʦʜʫ ʣʠʥʠʡ ʧʦʛʣʦʱʝʥʠʷ ʠ ʫʩʪʘʥʦʚʠʪʴ, ʯʪʦ: 

ï ʧʨʠ ʦʪʞʠʛʝ ʥʘ ʚʦʟʜʫʭʝ ʦʢʠʩʣʝʥʠʝ ʝʚʨʦʧʠʷ ʫʩʢʦʨʷʝʪʩʷ ʜʠʬʬʫʟʠʝʡ 

ʢʠʩʣʦʨʦʜʘ ʚ ʦʩʥʦʚʘʥʠʷ ʣʶʤʠʥʦʬʦʨʦʚ ʚ ʧʨʦʮʝʩʩʝ ʦʪʞʠʛʘ; 

ï ʧʨʠ ʦʪʞʠʛʝ ʚ ʘʨʛʦʥʝ ʧʨʦʠʩʭʦʜʠʪ ʜʠʬʬʫʟʠʷ ʘʪʦʤʦʚ Ar ʚʥʫʪʨʴ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ ʣʶʤʠʥʦʬʦʨʦʚ, ʙʣʦʢʠʨʫʶɦ ʠʭ ʜʠʬʬʫʟʠʶ 

ʢʠʩʣʦʨʦʜʘ ʠʟ BaMg2Al 16O27:Eu2+ ʠ (Sr,Ba)5(PO4)3Cl:Eu2+, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʦʢʠʩʣʝʥʠʝ ʝʚʨʦʧʠʷ (Eu2+ Ÿ Eu3+); 

ï ʧʨʠ ʦʪʞʠʛʝ ʚ ʚʘʢʫʫʤʝ ʚ BaMg2Al 16O27:Eu2+ ʊʦʪʞ = 1173 ï 1273 ʂ 

ʧʨʦʠʩʭʦʜʠʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ Eu2+ ʚ ʧʦʟʠʮʠʷʭ ʩ 

ʩʠʤʤʝʪʨʠʝʡ ʦʢʨʫʞʝʥʠʷ Oh ʟʘ ʩʯʸʪ ʧʨʦʮʝʩʩʦʚ Eu3+ Ÿ Eu2+. 

 

 



 

 

158 

ɿɸɺʀʉʀʄʆʉʊʔ ʉɺʆʁʉʊɺ ʉʊɽʂʆʃ  

ɺ ʉʀʉʊɽʄɽ Bi2O3-SiO2-GeO2 ʆʊ ʉʆʉʊɸɺɸ 

ʉ.ɺ. ʂʨʘʩʠʣʴʥʠʢʦʚ, ɸ.ɽ. ʇʝʪʫʭʦʚʘ, ʅ.ɻ. ɻʦʨʘʱʝʥʢʦ 

ʈʦʩʩʠʡʩʢʠʡ ʭʠʤʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ  

ʠʤ. ɼ.ʀ. ʄʝʥʜʝʣʝʝʚʘ, ʄʦʩʢʚʘ 

ʇʨʦʟʨʘʯʥʳʝ ʩʪʝʢʣʦʢʝʨʘʤʠʯʝʩʢʠʝ ʤʘʪʝʨʠʘʣʳ ʥʘ ʦʩʥʦʚʝ ʩʪʝʢʦʣ 

ʩʦʩʪʘʚʦʚ 2Bi2O3ï3SiO2 ʠ 2Bi2O3ï3GeO2, ʦʙʣʘʜʘʶʪ ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʳʤʠ 

ʩʚʦʡʩʪʚʘʤʠ. ʇʦ ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʳʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʚʠʩʤʫʪʛʝʨʤʘʥʘʪʥʘʷ 

ʩʪʝʢʣʦʢʝʨʘʤʠʢʘ ʧʨʝʚʦʩʭʦʜʠʪ ʚʠʩʤʫʪʩʠʣʠʢʘʪʥʫʶ, ʥʦ ʦʪʣʠʯʘʝʪʩʷ ʟʘʤʝʪʥʦ 

ʙʦʣʝʝ ʥʠʟʢʦʡ  ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʢ ɔ - ʦʙʣʫʯʝʥʠʶ. ʇʦʩʢʦʣʴʢʫ ʫʢʘʟʘʥʥʳʝ 

ʩʠʩʪʝʤʳ ʦʙʨʘʟʫʶʪ ʥʝʦʛʨʘʥʠʯʝʥʥʳʝ ʪʚʝʨʜʳʝ ʨʘʩʪʚʦʨʳ,  ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ  

ʚʦʟʤʦʞʥʳʤ ʩʦʚʤʝʱʝʥʠʝ ʧʦʣʝʟʥʳʭ ʩʚʦʡʩʪʚ ʦʙʦʠʭ ʤʘʪʝʨʠʘʣʦʚ  ʚ ʦʜʥʦʤ. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʣʦʩʴ ʧʦʣʫʯʝʥʠʝ ʩʪʝʢʦʣ ʩʦʩʪʘʚʦʚ           

Bi4(SixGe1-x)3012, ʛʜʝ x = 0.5, 0.25, 0.75 ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʩʦʦʪʥʦʰʝʥʠʷ 

ʦʢʩʠʜʦʚ ʛʝʨʤʘʥʠʷ ʠ ʢʨʝʤʥʠʷ ʥʘ ʠʭ ʩʚʦʡʩʪʚʘ. ʉʪʝʢʣʘ ʧʦʣʫʯʘʣʠ ʦʪʣʠʚʢʦʡ 

ʨʘʩʧʣʘʚʘ (ʊ=1100ʦʉ) ʥʘ ʧʣʘʪʠʥʦʚʫʶ  ʧʦʜʣʦʞʢʫ. ʄʝʪʦʜʠʢʘ  ʬʦʨʤʦʚʘʥʠʷ 

ʩʪʝʢʦʣ ʧʦʟʚʦʣʠʣʘ  ʧʦʣʫʯʘʪʴ  ʦʙʨʘʟʮʳ ʩ ʟʘʜʘʥʥʳʤʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʚʠʩʤʫʪʛʝʨʤʘʥʘʪʥʳʭ, ʨʘʩʧʣʘʚʳ ʫʢʘʟʘʥʥʳʭ 

ʩʦʩʪʘʚʦʚ ʤʝʥʝʝ ʘʛʨʝʩʩʠʚʥʳ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ   ʤʘʪʝʨʠʘʣʫ ʪʠʛʣʷ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʚʨʝʤʷ ʚʳʜʝʨʞʢʠ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚʘʨʢʠ 

ʠ ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʧʦʷʚʣʝʥʠʝ ʪʠʧʠʯʥʳʭ ʜʣʷ ʩʪʝʢʣʘ ʜʝʬʝʢʪʦʚ ï ʩʚʠʣʝʡ. 

ʋʚʝʣʠʯʝʥʠʝ ʚʨʝʤʝʥʠ ʚʘʨʢʠ ʪʘʢ ʞʝ ʧʦʣʦʞʠʪʝʣʴʥʦ ʚʣʠʷʝʪ ʥʘ ʟʥʘʯʝʥʠʝ 

ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʩʪʝʢʦʣ. 

ʅʝʢʦʪʦʨʳʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʣʫʯʝʥʥʳʭ ʩʪʝʢʦʣ 

ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ.  

 

ʉʦʩʪʘʚ 

Bi4(Si0,66Ge0,33)301

2 

Bi4(Si0,5Ge0,5)301

2 

Bi4(Si0,33Ge0,66)301

2 

SiO2 : GeO2 2:1 1:1 1:2 

ʄʠʢʨʦʪʚʝʨʜʦʩʪʴ

, ʢʛ/ʤʤ2 
390 360 330 

ʇʦʢʘʟʘʪʝʣʴ 

ʧʨʝʣʦʤʣʝʥʠʷ 
2,95 3,55 3,05 

ʇʣʦʪʥʦʩʪʴ, ʛ/ʩʤ3 6,3 6,35 6,55 

Tg, 
oC 437 429 422 

Tf, 
oC 481 462 452 

ʇʦʩʪʨʦʝʥʳ  ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʫʜʝʣʴʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʠ ʪʘʥʛʝʥʩʘ ʫʛʣʘ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʪʝʨʴ. 

ʆʙʥʘʨʫʞʝʥʦ ʟʘʤʝʪʥʦʝ  ʠʟʤʝʥʝʥʠʝ ʦʢʨʘʩʢʠ ʩʪʝʢʦʣ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ  ʚ 

ʵʣʝʢʪʨʠʯʝʩʢʦʤ ʧʦʣʝ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ  ʩ 

ʠʟʤʝʥʝʥʠʝʤ ʚʘʣʝʥʪʥʦʩʪʠ ʠʦʥʦʚ ʚʠʩʤʫʪʘ. ʇʨʦʚʝʜʝʥʘ ʢʨʠʩʪʘʣʣʠʟʘʮʠʷ ʩʪʝʢʦʣ. 

ʇʨʦʠʟʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʬʘʟʳ ʧʨʠ ʧʦʤʦʱʠ ʈʌɸ ʠ 

ʘʪʦʤʥʦ-ʩʠʣʦʚʦʡ ʤʠʢʨʦʩʢʦʧʠʠ. 
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ʕʂʉʇɽʈʀʄɽʅʊɸʃʔʅʆɽ ʀʉʉʃɽɼʆɺɸʅʀɽ ʉʊʈʋʂʊʋʈʓ  

ʀ ʄɽʍɸʅʀʏɽʉʂʀʍ ʉɺʆʁʉʊɺ ʊʋɻʆʇʃɸɺʂʀʍ ʇʉɽɺɼʆʉʇʃɸɺʆɺ 

W-Ni-Fe 

ɺ.ɺ. ɽʚʩʪʠʬʝʝʚʘ, ɸ.ɺ. ʄʦʩʢʚʠʯʝʚʘ, ɺ.ʅ. ʏʫʚʠʣʴʜʝʝʚ 

ʅʅɻʋ ʠʤ.ʅ.ʀ. ʃʦʙʘʯʝʚʩʢʦʛʦ, ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ 

ɺ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʥʳ ʤʝʭʘʥʠʟʤʳ ʩʧʝʢʘʥʠʷ ʧʦʨʦʰʢʦʚ (95ʚʝʩ.%W-

3.5ʚʝʩ.%Ni-1.5ʚʝʩ.%Fe), ʧʦʜʚʝʨʛʥʫʪʳʭ ʚʳʩʦʢʦʵʥʝʨʛʝʪʠʯʝʩʢʦʡ 

ʤʝʭʘʥʦʘʢʪʠʚʘʮʠʠ, ʘ ʪʘʢʞʝ ʩʪʨʫʢʪʫʨʘ ʠ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

ʤʝʣʢʦʟʝʨʥʠʩʪʳʭ ʚʦʣʴʬʨʘʤʦʚʳʭ ʧʩʝʚʜʦʩʧʣʘʚʦʚ. ʉʧʝʢʘʥʠʝ ʥʘʥʦʜʠʩʧʝʨʩʥʳʭ 

ʧʦʨʦʰʢʦʚ ʦʩʫʱʝʩʪʚʣʷʣʠ ʤʝʪʦʜʘʤʠ ʩʚʦʙʦʜʥʦʛʦ ʩʧʝʢʘʥʠʷ ʠ 

ʵʣʝʢʪʨʦʠʤʧʫʣʴʩʥʦʛʦ ʧʣʘʟʤʝʥʥʦʛʦ ʩʧʝʢʘʥʠʷ (Spark Plasma Sintering)[1].  

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʟʘʚʠʩʠʤʦʩʪʴ ʧʣʦʪʥʦʩʪʠ ʚʦʣʴʬʨʘʤʦʚʦʛʦ ʧʩʝʚʜʦʩʧʣʘʚʘ 

ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʛʨʝʚʘ ʥʝ ʤʦʥʦʪʦʥʥʘʷ ʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʪʨʝʤʷ ʩʪʘʜʠʷʤʠ.  

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʤʠʢʨʦʪʚʝʨʜʦʩʪʴ ʧʩʝʚʜʦʩʧʣʘʚʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʩʧʝʢʘʥʠʝʤ 

ʧʦʨʦʰʢʦʚ ʧʦʜʚʝʨʛʥʫʪʳʭ ʤʝʭʘʥʦʘʢʪʠʚʘʮʠʠ, ʚʳʰʝ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ 

ʧʩʝʚʜʦʩʧʣʘʚʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʩʧʝʢʘʥʠʝʤ ʩʪʘʥʜʘʨʪʥʳʭ  

ʢʨʫʧʥʦʟʝʨʥʠʩʪʳʭ ʧʦʨʦʰʢʦʚ(d=10-20ʤʢʤ). 

ɼʘʥʥʳʡ ʵʬʬʝʢʪ ʧʦʚʳʰʝʥʠʷ 

ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

ʧʩʝʚʜʦʩʧʣʘʚʘ ʩʚʷʟʘʥ, ʚʦ-ʧʝʨʚʳʭ, ʩ 

ʫʤʝʥʴʰʝʥʠʝʤ ʩʨʝʜʥʝʛʦ ʨʘʟʤʝʨʘ 

ʟʝʨʥʘ ʩʧʣʘʚʘ ʜʦ 500 ʥʤ, ʯʪʦ, ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʫʨʘʚʥʝʥʠʝʤ 

ʍʦʣʣʘ-ʇʝʪʯʘ (HÕ= kÖd-1/2 + Ho) 

ʜʦʣʞʥʦ ʧʨʠʚʦʜʠʪʴ ʢ ʧʦʚʳʰʝʥʠʶ 

ʧʨʦʯʥʦʩʪʠ, ʚʦ-ʚʪʦʨʳʭ ʩ 

ʫʧʨʦʯʥʝʥʠʝʤ ʤʝʞʟʝʨʝʥʥʳʭ 

ʛʨʘʥʠʮ ʧʨʠ ʩʧʝʢʘʥʠʠ, ʯʪʦ 

ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʧʦʚʳʰʝʥʠʝʤ 

ʢʦʵʬʬʠʮʠʝʥʪʘ k, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʝ 

ʛʨʘʥʠʮʳ ʟʝʨʥʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʶ 

ʜʠʩʣʦʢʘʮʠʦʥʥʦʛʦ ʩʢʦʣʴʞʝʥʠʷ (ʨʠʩ.). 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʝʢʪʘ çʅʘʫʯʥʳʝ ʠ ʥʘʫʯʥʦ-

ʧʝʜʘʛʦʛʠʯʝʩʢʠʝ ʢʘʜʨʳ ʠʥʥʦʚʘʮʠʦʥʥʦʡ ʈʦʩʩʠʠè ʥʘ 2009-2013ʛʛ. 

 

1. ɻʝʛʫʟʠʥ ʗ.ɽ. ʌʠʟʠʢʘ ʩʧʝʢʘʥʠʷ. ʄ.: ʅʘʫʢʘ, 1967. 360 ʩ. 

 

 
ʈʠʩ.1. ɿʘʚʠʩʠʤʦʩʪʴ HÕ(d) ʜʣʷ 

ʢʨʫʧʥʦʟʝʨʥʠʩʪʦʛʦ ʠ ʤʝʭʘʥʦʘʢʪʠʚʠʨʦʚʘʥʥʦʛʦ 

ʩʧʣʘʚʘ W-Ni-Fe 
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ʂʈʀʉʊɸʃʃʀɿɸʎʀʗ ʉʊɽʂʆʃ ʉʆʉʊɸɺɸ Bi2O3ïGeO2-xFe2O3 

ʀ.ɺ. ʉʪʝʧʘʥʦʚʘ, ʅ.ɻ. ɻʦʨʘʱʝʥʢʦ 

ʈʦʩʩʠʡʩʢʠʡ ʭʠʤʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ɼ.ʀ. ʄʝʥʜʝʣʝʝʚʘ, 

ʄʦʩʢʚʘ 

ɺ ʩʠʩʪʝʤʝ Bi2O3ïGeO2 ʥʘʨʷʜʫ ʩʦ ʩʪʘʙʠʣʴʥʳʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ 

Bi12GeO20 ʠ Bi4Ge3O12 ʦʙʨʘʟʫʝʪʩʷ ʤʝʪʘʩʪʘʙʠʣʴʥʘʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʬʘʟʘ 

Bi2GeO5. ʂʨʠʩʪʘʣʣʳ Bi2GeO5 ʦʙʣʘʜʘʶʪ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ 

[1], ʘ ʩʪʝʢʣʦʢʝʨʘʤʠʢʘ, ʩʦʜʝʨʞʘʱʘʷ ʜʘʥʥʫʶ ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʬʘʟʫ, 

ʩʨʘʚʥʠʤʘ ʧʦ ʚʝʣʠʯʠʥʝ ʩʧʦʥʪʘʥʥʦʡ ʧʦʣʷʨʠʟʘʮʠʠ ʩ ʢʝʨʘʤʠʢʦʡ BaTiO3 [2]. 

ʇʨʝʜʚʘʨʠʪʝʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʩʪʝʢʦʣ ʚ ʜʘʥʥʦʡ ʩʠʩʪʝʤʝ, 

ʧʨʦʚʝʜʝʥʥʳʝ ʥʘʤʠ, ʧʦʢʘʟʘʣʠ ʚʣʠʷʥʠʝ ʠʦʥʦʚ ʞʝʣʝʟʘ ʥʘ ʨʘʟʤʝʨʳ 

ʦʙʨʘʟʫʶʱʠʭʩʷ ʢʨʠʩʪʘʣʣʠʪʦʚ. 

ʀʩʭʦʜʥʳʝ ʩʪʝʢʣʘ 1Bi2O3ï1GeO2, 1Bi2O3ï1GeO2ï0,0002Fe2O3, 1Bi2O3ï

1GeO2ï0,002Fe2O3 ʧʦʣʫʯʘʣʠ ʦʪʣʠʚʦʤ ʨʘʩʧʣʘʚʘ (ʊ=1100
ʦʉ) ʥʘ ʦʭʣʘʞʜʝʥʥʫʶ 

ʤʝʪʘʣʣʠʯʝʩʢʫʶ ʧʦʜʣʦʞʢʫ. ʊʝʨʤʠʯʝʩʢʫʶ ʦʙʨʘʙʦʪʢʫ ʩʪʝʢʦʣ ʧʨʦʚʦʜʠʣʠ ʚ 

ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 300-500ʦʉ. ʕʣʝʢʪʨʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʠʟʤʝʨʷʣʠ ʩ 

ʧʦʤʦʱʴʶ ʤʦʩʪʦʚʦʡ ʩʭʝʤʳ ɽ7-12 ʩ ʯʘʩʪʦʪʦʡ 1ʄɻʮ ʚ ʜʠʘʧʘʟʦʥʝ 25-500ʦʉ.  

ʇʨʠ ʥʘʛʨʝʚʘʥʠʠ ʩʪʝʢʦʣ ʜʦ ʊ=500ʦʉ (ʙʝʟ ʚʳʜʝʨʞʢʠ) ʦʙʨʘʟʮʳ ʧʦʯʪʠ 

ʧʦʣʥʦʩʪʴʶ ʢʨʠʩʪʘʣʣʠʟʫʶʪʩʷ. ʆʧʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʧʨʦʭʦʜʷʱʝʤ 

ʧʦʣʷʨʠʟʦʚʘʥʥʦʤ ʩʚʝʪʝ ʧʦʢʘʟʘʣʠ ʧʨʠʩʫʪʩʪʚʠʝ ʢʨʠʩʪʘʣʣʠʪʦʚ ʜʚʫʭ ʪʠʧʦʚ ï ʚ 

ʚʠʜʝ ʪʦʥʢʠʭ ʧʣʘʩʪʠʥ ʢʚʘʜʨʘʪʥʦʛʦ ʩʝʯʝʥʠʷ ʠ ʧʨʷʤʦʫʛʦʣʴʥʳʭ, ʩʠʣʴʥʦ 

ʚʳʪʷʥʫʪʳʭ ʚʜʦʣʴ ʦʜʥʦʡ ʠʟ ʦʩʝʡ. ʈʘʟʤʝʨʳ ʩʪʦʨʦʥʳ ʢʚʘʜʨʘʪʘ ʠ ʜʣʠʥʥʦʡ 

ʩʪʦʨʦʥʳ ʧʨʷʤʦʫʛʦʣʴʥʠʢʘ ʩʦʩʪʘʚʠʣʠ ʦʢʦʣʦ 70-80 ʤʢʤ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʚ 

ʩʢʨʝʱʝʥʥʳʭ ʧʦʣʷʨʦʠʜʘʭ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʦʙʘ ʪʠʧʘ ʢʨʠʩʪʘʣʣʠʪʦʚ ʘʥʠʟʦʪʨʦʧʥʳ 

ʠ, ʩ ʙʦʣʴʰʦʡ ʜʦʣʝʡ ʚʝʨʦʷʪʥʦʩʪʠ, ʧʨʠʥʘʜʣʝʞʘʪ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʬʘʟʝ Bi2GeO5, 

ʩ ʨʘʟʣʠʯʥʳʤʠ ʥʘʧʨʘʚʣʝʥʠʷʤʠ ʦʨʠʝʥʪʘʮʠʠ ʢʨʠʩʪʘʣʣʦʚ ʚ ʦʙʨʘʟʮʝ. ʇʦ ʜʘʥʥʳʤ 

[1], ʤʦʥʦʢʨʠʩʪʘʣʣʳ Bi2GeO5 ʧʨʦʟʨʘʯʥʳ, ʙʝʩʮʚʝʪʥʳ ʠ ʠʤʝʶʪ 

ʪʦʥʢʦʧʣʘʩʪʠʥʯʘʪʳʡ ʛʘʙʠʪʫʩ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠʩʭʦʜʥʳʭ ʩʪʝʢʦʣ 

ʧʦʢʘʟʘʣʦ, ʯʪʦ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 420-450ʦʉ ʧʨʦʠʩʭʦʜʠʪ ʨʝʟʢʦʝ ʫʚʝʣʠʯʝʥʠʝ 

ʟʥʘʯʝʥʠʡ ʧʨʦʚʦʜʠʤʦʩʪʠ ɢ (ʥʘ 1-3 ʧʦʨʷʜʢʘ), ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ 

Ů (ʚ 2-6 ʨʘʟ) ʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʪʝʨʴ tg ŭ (ʚ 4-20 ʨʘʟ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʢʦʥʮʝʥʪʨʘʮʠʠ Fe2O3). 

ɼʣʷ ʟʘʢʨʠʩʪʘʣʣʠʟʦʚʘʥʥʦʛʦ ʧʨʠ ʊ=500ʦʉ ʩʪʝʢʣʘ 1Bi2O3ï1GeO2ï

0,002Fe2O3 ʟʥʘʯʝʥʠʷ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʠ ʪʘʥʛʝʥʩʘ ʫʛʣʘ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʪʝʨʴ ʧʨʠ 25ʦʉ ʩʦʩʪʘʚʠʣʠ 20 ʠ 0.17, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

 

1. ʌʠʨʩʦʚ ɸ.ɺ., ʉʢʦʨʦʭʦʜʦʚ ʀ.ɽ., ɸʩʪʘʬʴʝʚ ɸ.ɺ., ɹʫʰ ɸ.ɸ., 

ʉʪʝʬʘʥʦʚʠʯ ʉ.ʖ., ɺʝʥʝʚʮʝʚ ʖ.ʅ. ʂʨʠʩʪʘʣʣʦʛʨʘʬʠʷ. 29, 3, 509-512 (1984) 

2. Pengpat K., Holland D. Journal of the European Ceramic Society 23, 

1599ï1607 (2003) 



 

 

162 

ʉɽʈʅɸʗ ʇɸʉʉʀɺɸʎʀʗ ʉʊʈʋʂʊʋʈ GaAs-AlXGa1-XAs ɺ ɺɸʂʋʋʄɽ 

ɺ.ɺ. ɼʤʠʪʨʠʝʚ, ʆ.ʀ. ɻʦʚʦʨʢʦʚ, ɸ.ɸ. ɽʥʘʣʝʝʚʘ, ʀ.ɸ. ʂʫʢʫʰʢʠʥ,  

ɺ.ɸ. ʐʠʰʢʠʥ 

ʌɻʋʇ ʅʀʀ çʇʦʣʶʩè ʠʤ. ʄ.ʌ. ʉʪʝʣʴʤʘʭʘ, ʄʦʩʢʚʘ 

ʇʨʠ ʩʝʛʦʜʥʷʰʥʝʤ ʚʳʩʦʢʦʤ ʢʘʯʝʩʪʚʝ ʵʧʠʪʘʢʩʠʘʣʴʥʳʭ ʩʪʨʫʢʪʫʨ 

ʤʦʱʥʦʩʪʴ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʣʘʟʝʨʦʚ ʯʘʩʪʦ ʣʠʤʠʪʠʨʫʝʪʩʷ ʨʘʟʨʫʰʝʥʠʝʤ 

ʟʝʨʢʘʣ ʠʭ ʩʦʙʩʪʚʝʥʥʳʤ ʠʟʣʫʯʝʥʠʝʤ [1]. ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʩʪʦʡʢʦʩʪʠ ʟʝʨʢʘʣ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʤʝʪʦʜʳ ʧʘʩʩʠʚʘʮʠʠ 

ʟʝʨʢʘʣʴʥʳʭ ʛʨʘʥʝʡ ʚ ʚʘʢʫʫʤʝ ʧʦʩʣʝ ʩʢʘʣʳʚʘʥʠʷ ʧʦʣʦʩʦʢ ʥʘ ʘʪʤʦʩʬʝʨʝ [2-3]. 

ʕʪʠ ʤʝʪʦʜʳ ʩʦʩʪʦʷʪ ʠʟ ʪʨʝʭ ʦʩʥʦʚʥʳʭ ʩʪʘʜʠʡ: ʦʯʠʩʪʢʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʢʦʣʘ, 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʙʘʨʴʝʨʥʦʛʦ ʩʣʦʷ ʠ ʥʘʥʝʩʝʥʠʝ ʟʘʱʠʪʥʦʛʦ ʧʦʢʨʳʪʠʷ. ʅʘʠʙʦʣʝʝ 

ʩʣʦʞʥʦʡ ʦʧʝʨʘʮʠʝʡ ʷʚʣʷʝʪʩʷ ʦʯʠʩʪʢʘ ʧʦʚʝʨʭʥʦʩʪʠ, ʦʩʦʙʝʥʥʦ ʦʪ ʢʠʩʣʦʨʦʜʘ 

ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʵʧʠʩʪʨʫʢʪʫʨ GaAs-Al xGa1-xAs [4]. ʂʘʢ ʧʦʢʘʟʘʥʦ ʝʱʝ ʚ 

ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʧʦ çʤʦʢʨʦʡè (ʩʝʨʥʦʡ) ʧʘʩʩʠʚʘʮʠʠ, ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʯʠʩʪʢʠ 

ʫʤʝʥʴʰʘʝʪʩʷ ʧʦ ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ ʤʦʣʴʥʦʡ ʜʦʣʠ XAl ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 0 ʜʦ 0,41.  

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣʘ ʦʮʝʥʢʘ ʵʬʬʝʢʪʘ ʧʘʩʩʠʚʘʮʠʠ ʧʨʠ 

ʦʙʨʘʙʦʪʢʝ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʜʠʢʘʣʘʤʠ ʩʝʨʳ ʚ ʚʘʢʫʫʤʝ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʟʘʱʠʪʦʡ 

in situ ʧʣʝʥʢʦʡ ZnSe. ʕʬʬʝʢʪ ʦʮʝʥʠʚʘʣʩʷ ʧʦ ʩʧʝʢʪʨʘʤ ʧʦʩʣʦʡʥʦʛʦ ʆʞʝ-

ʘʥʘʣʠʟʘ ʥʘ ʧʦʜʣʦʞʢʘʭ GaAs (100), ʟʘʨʘʱʝʥʥʳʭ ʧʣʝʥʢʘʤʠ Al xGa1-xAs. ɼʣʷ 

ʩʨʘʚʥʝʥʠʷ ʯʘʩʪʴ ʦʙʨʘʟʮʦʚ ʦʙʨʘʙʘʪʳʚʘʣʘʩʴ ʘʪʦʤʘʨʥʳʤ ʚʦʜʦʨʦʜʦʤ [2]. ʂʘʢ 

ʧʦʢʘʟʘʣʠ ʩʧʝʢʪʨʳ, ʧʨʠ XAl=0-0,05 ʦʙʘ ʤʝʪʦʜʘ ʦʙʝʩʧʝʯʠʚʘʶʪ ʧʦʣʥʦʝ 

ʫʜʘʣʝʥʠʝ ʢʠʩʣʦʨʦʜʘ, ʧʨʠʯʝʤ ʧʨʠ ʩʝʨʥʦʡ ʧʘʩʩʠʚʘʮʠʠ ʥʘ ʛʨʘʥʠʮʝ ZnSe-GaAs 

ʚʳʜʝʣʷʝʪʩʷ ʧʠʢ ʩʝʨʳ. ɸʥʘʣʦʛʠʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʨʠ ʩʝʨʥʦʡ 

ʦʙʨʘʙʦʪʢʝ ʦʙʨʘʟʮʘ Al0,24Ga0,76As. ɺ ʩʣʫʯʘʝ ʦʙʨʘʟʮʘ Al0,55Ga0.45As, 

ʦʙʨʘʙʦʪʘʥʥʦʛʦ ʚ ʪʦʤ ʞʝ ʧʨʦʮʝʩʩʝ, ʫʜʘʣʠʪʴ ʧʦʣʥʦʩʪʴʶ ʢʠʩʣʦʨʦʜ ʥʝ ʫʜʘʣʦʩʴ:  

ʧʠʢ ʢʠʩʣʦʨʦʜʘ ʫʤʝʥʴʰʠʣʩʷ ʚ 5-6 ʨʘʟ. 

ɼʣʷ ʢʦʤʧʣʝʢʩʥʦʡ ʧʨʦʚʝʨʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʙʦʠʭ ʠʩʩʣʝʜʦʚʘʥʥʳʭ 

ʤʝʪʦʜʦʚ ʙʳʣʠ ʠʟʛʦʪʦʚʣʝʥʳ ʦʜʥʦʤʦʜʦʚʳʝ ʣʘʟʝʨʳ (ɚ=0,65 ʤʢʤ) ʩ ʛʨʝʙʥʝʚʳʤ 

ʚʦʣʥʦʚʦʜʦʤ (ʩ ʰʠʨʠʥʦʡ w=2,5 ʤʢʤ) ʠʟ ʵʧʠʩʪʨʫʢʪʫʨ ʩ ʚʦʣʥʦʚʦʜʥʳʤʠ ʩʣʦʷʤʠ 

ʩʦʩʪʘʚʘ (Al0,58Ga0,42)0,5InP ʠ ʵʤʠʪʪʝʨʥʳʤʠ ʩʣʦʷʤʠ (Al0,96Ga0,04)0,5InP. ʅʘ 

ʧʘʩʩʠʚʠʨʦʚʘʥʥʳʝ ʧʦʣʦʩʢʠ ʚ ʜʨʫʛʦʡ ʫʩʪʘʥʦʚʢʝ ʥʘʧʳʣʷʣʠʩʴ ʟʝʨʢʘʣʘ ʩ 

R1/R2=0,04/0,96. ʇʦʩʣʝ ʨʘʟʜʝʣʝʥʠʷ ʧʦʣʦʩʦʢ ʘʢʪʠʚʥʳʝ ʵʣʝʤʝʥʪʳ ʥʘʧʘʠʚʘʣʠʩʴ 

ʥʘ ʤʝʜʥʳʝ ʪʝʧʣʦʦʪʚʦʜʳ ʠ ʤʦʥʪʠʨʦʚʘʣʠʩʴ ʚ ʜʝʨʞʘʪʝʣʷʭ ʩ ʧʨʠʞʠʤʥʳʤʠ 

ʢʦʥʪʘʢʪʘʤʠ. ʇʨʠ ʠʩʧʳʪʘʥʠʷʭ ʚ ʥʝʧʨʝʨʳʚʥʦʤ ʨʝʞʠʤʝ ʚʳʭʦʜʥʘʷ ʤʦʱʥʦʩʪʴ 

ʧʘʩʩʠʚʠʨʦʚʘʥʥʳʭ ʣʘʟʝʨʦʚ ʜʦʩʪʠʛʘʣʘ 70-80 ʤɺʪ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ 

ʥʝʧʘʩʩʠʚʠʨʦʚʘʥʥʳʝ ʠʟʣʫʯʘʪʝʣʠ ʜʝʛʨʘʜʠʨʦʚʘʣʠ ʧʨʠ 32-34 ʤɺʪ.  

 

1. ʊʘʨʘʩʦʚ ʀ.ʉ. ʂʚʘʥʪʦʚʘʷ ʵʣʝʢʪʨʦʥʠʢʘ 40(8), 661 (2010). 

2. Ressel P., Erbert G. et al. IEEE Photonics Technology Letters 17(5), 962 

(2005). 

3. Silfvenius C., Blixt P. et al. Laser Focus World 39(11), 69 (2003). 

4. Lambert R.W., Ayling T. et al Journal of Lightwave Technology 24(2), 956 

(2006). 
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ɺɿɸʀʄʆɼɽʁʉʊɺʀɽ ʅɽʈɸɺʅʆɺɽʉʅʓʍ ɼɽʌɽʂʊʆɺ ʈɽʐɪʊʂʀ  

ʉ ʅɽʈɸɺʅʆɺɽʉʅʓʄʀ ɻʈɸʅʀʎɸʄʀ ɿɪʈɽʅ ɺ ʋʉʃʆɺʀʗʍ 

ʕʃɽʂʊʈʆʀʄʇʋʃʔʉʅʆɻʆ ʇʃɸɿʄɽʅʅʆɻʆ ʉʇɽʂɸʅʀʗ 

ɽ.ɸ. ɾʘʨʢʦʚ, ɺ.ʅ. ʏʫʚʠʣʴʜʝʝʚ 

ʅʠʞʝʛʦʨʦʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʅ.ʀ. ʃʦʙʘʯʝʚʩʢʦʛʦ, 

ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ 

ʆʩʥʦʚʥʘʷ ʠʜʝʷ ʤʝʪʦʜʘ ʵʣʝʢʪʨʦʠʤʧʫʣʴʩʥʦʛʦ ʧʣʘʟʤʝʥʥʦʛʦ ʩʧʝʢʘʥʠʷ 

ʩʦʩʪʦʠʪ ʚ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʤ ʥʘʛʨʝʚʝ ʧʦʨʦʰʢʦʚʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʫʪʸʤ 

ʧʨʦʧʫʩʢʘʥʠʷ ʠʤʧʫʣʴʩʥʦʛʦ ʪʦʢʘ ʩ ʦʜʥʦʚʨʝʤʝʥʥʳʤ ʧʨʠʣʦʞʝʥʠʝʤ 

ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʜʘʚʣʝʥʠʷ. ɻʣʘʚʥʦʡ ʦʪʣʠʯʠʪʝʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ 

ʷʚʣʷʝʪʩʷ ʥʝʨʘʚʥʦʚʝʩʥʦʩʪʴ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʧʨʠ ʩʧʝʢʘʥʠʠ. 

ʕʣʝʢʪʨʦʠʤʧʫʣʴʩʥʦʝ ʧʣʘʟʤʝʥʥʦʝ ʩʧʝʢʘʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʩ ʙʦʣʴʰʠʤ 

ʚʳʠʛʨʳʰʝʤ ʚʦ ʚʨʝʤʝʥʠ ʠ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝʛʜʘ ʥʘʙʣʶʜʘʝʪʩʷ ʩʥʠʞʝʥʠʝ 

ʪʝʤʧʝʨʘʪʫʨʳ ʩʧʝʢʘʥʠʷ. ʉʦʢʨʘʱʝʥʠʝ ʚʨʝʤʝʥʠ ʠ ʩʥʠʞʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ 

ʩʧʝʢʘʥʠʷ ʩʫʱʝʩʪʚʝʥʥʦ ʫʤʝʥʴʰʘʝʪ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʨʦʩʪʘ ʟʸʨʝʥ ʚ ʤʘʪʝʨʠʘʣʝ, 

ʯʪʦ ʠʤʝʝʪ ʧʨʠʥʮʠʧʠʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʩʧʝʢʘʥʠʷ ʥʘʥʦʩʪʨʫʢʪʫʨʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ.  

ɺʘʞʥʦʡ ʟʘʜʘʯʝʡ  ʪʝʦʨʠʠ ʷʚʣʷʝʪʩʷ ʦʧʠʩʘʥʠʝ ʢʠʥʝʪʠʢʠ ʫʩʘʜʢʠ ʚ 

ʧʨʦʮʝʩʩʝ ʩʧʝʢʘʥʠʷ. ʂʠʥʝʪʠʢʘ ʫʩʘʜʢʠ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʜʝʬʝʢʪʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʩʧʝʢʘʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠ ʧʘʨʘʤʝʪʨʘʤʠ ʪʝʭʥʦʣʦʛʠʠ. 

ʅʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʠʩʭʦʜʥʳʝ ʜʝʬʝʢʪʳ ʩʪʨʫʢʪʫʨʳ ʧʦʨʦʰʢʘ, ʠ ʜʝʬʝʢʪʳ, 

ʦʙʨʘʟʫʶʱʠʝʩʷ ʚ ʧʨʦʮʝʩʩʝ ʩʧʝʢʘʥʠʷ. ʇʨʠ ʵʪʦʤ ʜʝʬʝʢʪʳ ʤʦʛʫʪ ʙʳʪʴ 

ʨʘʚʥʦʚʝʩʥʳʤʠ ʠ ʥʝʨʘʚʥʦʚʝʩʥʳʤʠ. ʊʘʢʠʤʠ ʜʝʬʝʢʪʘʤʠ ʷʚʣʷʶʪʩʷ ʚʘʢʘʥʩʠʠ, 

ʜʠʩʣʦʢʘʮʠʠ ʠ ʛʨʘʥʠʮʳ ʟʸʨʝʥ. ʀʩʭʦʜʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʥʝʨʘʚʥʦʚʝʩʥʳʭ 

ʜʝʬʝʢʪʦʚ ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʝʭʥʦʣʦʛʠʝʡ ʠʟʛʦʪʦʚʣʝʥʠʷ ʧʦʨʦʰʢʘ. ʅʝʦʙʭʦʜʠʤʦ 

ʧʦʜʯʝʨʢʥʫʪʴ ʚʘʞʥʫʶ ʨʦʣʴ ʛʨʘʥʠʮ ʟʸʨʝʥ, ʪʘʢ ʢʘʢ ʜʠʬʬʫʟʠʷ ʧʦ ʛʨʘʥʠʮʘʤ 

ʟʸʨʝʥ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʩʧʝʢʘʥʠʷ. ɺ [1] ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʜʝʬʝʢʪʘʤʠ ʨʝʰʸʪʢʠ ʛʨʘʥʠʮʘ ʧʝʨʝʭʦʜʠʪ ʚ 

ʥʝʨʘʚʥʦʚʝʩʥʦʝ ʩʦʩʪʦʷʥʠʝ, ʧʨʠ ʵʪʦʤ ʧʦʥʠʞʘʝʪʩʷ ʵʥʝʨʛʠʷ ʘʢʪʠʚʘʮʠʠ 

ʟʝʨʥʦʛʨʘʥʠʯʥʦʡ ʜʠʬʬʫʟʠʠ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ [1], ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʤ 

ʧʘʨʘʤʝʪʨʦʤ, ʭʘʨʘʢʪʝʨʠʟʫʱʠʤ ʩʪʨʫʢʪʫʨʥʦʝ ʩʦʩʪʦʷʥʠʝ ʠ ʩʪʝʧʝʥʴ 

ʥʝʨʘʚʥʦʚʝʩʥʦʩʪʠ ʛʨʘʥʠʮʳ ʷʚʣʷʝʪʩʷ ʝʸ ʩʚʦʙʦʜʥʳʡ ʦʙʲʸʤ.  

ɺ ʨʘʙʦʪʝ ʦʧʠʩʘʥʘ ʢʠʥʝʪʠʢʘ ʧʨʦʮʝʩʩʘ ʩʧʝʢʘʥʠʷ ʚ ʩʣʫʯʘʷʭ ʥʠʟʢʦʡ ʠ 

ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʠ ʥʝʨʘʚʥʦʚʝʩʥʦʩʪʠ ʜʝʬʝʢʪʦʚ ʨʝʰʸʪʢʠ ʠ ʛʨʘʥʠʮ ʟʸʨʝʥ.  

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʥʝʨʘʚʥʦʚʝʩʥʦʝ ʩʦʩʪʦʷʥʠʝ ʛʨʘʥʠʮ ʟʸʨʝʥ ʧʨʠʚʦʜʠʪ ʢ 

ʭʘʨʘʢʪʝʨʥʳʤ çʚʩʧʣʝʩʢʘʤ è ʥʘ ʢʨʠʚʦʡ ʩʧʝʢʘʥʠʷ.  

 

1. ɺ.ʅ. ʏʫʚʠʣʴʜʝʝʚ. ʅʝʨʘʚʥʦʚʝʩʥʳʝ ʛʨʘʥʠʮʳ ʟʸʨʝʥ ʚ ʤʝʪʘʣʣʘʭ. 

ʊʝʦʨʠʷ ʠ ʧʨʠʣʦʞʝʥʠʷ. ʌʠʟʤʘʪʣʠʪ, ʄ. (2004). 304 ʩ. 
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ʂʈʀʉʊɸʃʃʀɿɸʎʀʗ ʉɽɻʅɽʊʆʕʃɽʂʊʈʀʂɸ LaBGeO5 ɺ ʉʊɽʂʃɸʍ  

ʇʆɼ ɼɽʁʉʊɺʀɽʄ ʃɸɿɽʈʅʆɻʆ ʀɿʃʋʏɽʅʀʗ  

ʉ.ɺ. ʃʦʪʘʨʝʚ, ɸ.ʉ. ɹʘʭʪʘʤʘʝʚʘ, ɺ.ʅ. ʉʠʛʘʝʚ  

ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʣʘʙʦʨʘʪʦʨʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ 

ʩʪʝʢʣʘ ʈʍʊʋ ʠʤ. ɼ.ʀ. ʄʝʥʜʝʣʝʝʚʘ, ʄʦʩʢʚʘ 

ʈʘʟʚʠʪʠʝ ʪʝʭʥʦʣʦʛʠʠ ʧʦʣʥʦʩʪʴʶ ʦʧʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʧʝʨʝʜʘʯʠ ʠ 

ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ ʥʘʨʷʜʫ ʩ ʦʙʱʝʡ ʪʝʥʜʝʥʮʠʝʡ ʢ ʤʠʥʠʘʪʶʨʠʟʘʮʠʠ 

ʧʨʠʙʦʨʥʦʡ ʙʘʟʳ ʩʪʠʤʫʣʠʨʫʝʪ ʧʦʠʩʢ ʥʦʚʳʭ ʧʦʜʭʦʜʦʚ ʢ ʩʦʟʜʘʥʠʶ ʫʩʪʨʦʡʩʪʚ 

ʠʥʪʝʛʨʘʣʴʥʦʡ ʠ ʚʦʣʦʢʦʥʥʦʡ ʦʧʪʠʢʠ. ʆʜʥʠʤ ʠʟ ʵʬʬʝʢʪʠʚʥʳʭ ʧʫʪʝʡ ʩʦʟʜʘʥʠʷ 

ʛʠʙʨʠʜʥʳʭ ʩʪʨʫʢʪʫʨ ʩ ʥʝʣʠʥʝʡʥʦ-ʦʧʪʠʯʝʩʢʠʤʠ (ʅʃʆ) ʩʚʦʡʩʪʚʘʤʠ ʷʚʣʷʝʪʩʷ 

ʚʳʜʝʣʝʥʠʝ ʚ ʩʪʝʢʣʘʭ ʅʃʆ ʢʨʠʩʪʘʣʣʦʚ. ʅʦʚʳʤ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʤʝʪʦʜʦʤ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʩʪʝʢʣʘ ʥʘ ʦʪʜʝʣʴʥʳʭ ʟʘʨʘʥʝʝ ʟʘʜʘʥʥʳʭ ʫʯʘʩʪʢʘʭ ʩ 

ʭʘʨʘʢʪʝʨʥʳʤ ʨʘʟʤʝʨʦʤ ʦʪ ʥʝʩʢʦʣʴʢʠʭ ʤʠʢʨʦʥʦʚ ʷʚʣʷʝʪʩʷ ʦʙʣʫʯʝʥʠʝ ʝʛʦ 

ʩʬʦʢʫʩʠʨʦʚʘʥʥʳʤ ʣʘʟʝʨʥʳʤ ʧʫʯʢʦʤ, ʧʦʟʚʦʣʷʶʱʠʤ ʬʦʨʤʠʨʦʚʘʪʴ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʠʣʠ ʚ ʦʙʲʝʤʝ ʩʪʝʢʣʘ ʪʦʯʢʠ, ʧʨʷʤʳʝ ʠ ʠʟʦʛʥʫʪʳʝ ʣʠʥʠʠ, 

ʧʝʨʠʦʜʠʯʝʩʢʠʝ ʨʝʰʝʪʢʠ, ʨʘʟʚʝʪʚʠʪʝʣʠ ʠ ʧʨ. ʃʘʟʝʨʥʳʡ ʤʝʪʦʜ ʦʪʢʨʳʚʘʝʪ 

ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʩʦʟʜʘʥʠʷ ʫʩʪʨʦʡʩʪʚ ʠʥʪʝʛʨʘʣʴʥʦʡ ʠ 

ʚʦʣʦʢʦʥʥʦʡ ʦʧʪʠʢʠ ʥʘ ʦʩʥʦʚʝ ʩʪʝʢʣʘ. ʇʦʵʪʦʤʫ ʦʩʦʙʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʧʦʠʩʢ ʩʪʝʢʣʦʦʙʨʘʟʫʶʱʠʭ ʩʠʩʪʝʤ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭʩʷ ʩʧʦʩʦʙʥʦʩʪʴʶ ʢ 

ʥʘʥʦʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʅʃʆ ʬʘʟ ʙʣʠʟʢʦʛʦ ʩʪʝʢʣʫ ʩʦʩʪʘʚʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʩʪʴʶ ʧʝʨʝʚʦʜʠʪʴ ʟʘʜʘʥʥʳʝ ʫʯʘʩʪʢʠ ʩʪʝʢʣʘ ʚ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʬʘʟʫ ʩ ʩʦʭʨʘʥʝʥʠʝʤ ʧʨʦʟʨʘʯʥʦʩʪʠ ʩʪʝʢʣʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ 

ʦʙʨʘʟʮʘ.  

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʥʳ ʚʦʟʤʦʞʥʦʩʪʠ ʣʦʢʘʣʴʥʦʡ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʣʘʥʪʘʥʦʙʦʨʦʛʝʨʤʘʥʘʪʥʦʛʦ ʩʪʝʢʣʘ ʩ ʙʘʟʦʚʳʤ ʩʦʩʪʘʚʦʤ 

25La2O3-25B2O3-50GeO2, ʚ ʢʦʪʦʨʦʤ ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʘʷ 

ʬʘʟʘ LaBGeO5 ʪʦʛʦ ʞʝ ʩʦʩʪʘʚʘ ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʩʪʠʣʚʝʣʣʠʪʘ. ʇʦʚʝʨʭʥʦʩʪʥʳʝ 

ʣʦʢʘʣʴʥʳʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ ʚ ʚʠʜʝ ʢʚʘʟʠʧʝʨʠʦʜʠʯʝʩʢʠʭ ʤʘʩʩʠʚʦʚ 

ʅʃʆ ʢʨʠʩʪʘʣʣʦʚ ʨʘʟʤʝʨʘʤʠ ʜʦ 10-15 ʤʢʤ ʩ ʫʟʢʠʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʧʦ 

ʨʘʟʤʝʨʘʤ ʧʦʣʫʯʝʥʳ ʩ ʧʦʤʦʱʴʶ ʦʙʨʘʙʦʪʢʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʥʘʛʨʝʪʦʛʦ ʜʣʷ 

ʫʤʝʥʴʰʝʥʠʷ ʪʝʨʤʦʤʝʭʘʥʠʯʝʩʢʠʭ ʥʘʧʨʷʞʝʥʠʡ ʩʪʝʢʣʘ ʩʬʦʢʫʩʠʨʦʚʘʥʥʳʤ 

ʠʟʣʫʯʝʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʣʘʟʝʨʦʚ ʀʂ, ʚʠʜʠʤʦʛʦ ʠ ʋʌ ʜʠʘʧʘʟʦʥʦʚ (ʦʩʥʦʚʥʘʷ 

ʯʘʩʪʦʪʘ Nd3+:ʀɸɻ-ʣʘʟʝʨʘ, ʣʘʟʝʨ ʥʘ ʧʘʨʘʭ ʤʝʜʠ, ʵʢʩʠʤʝʨʥʳʡ KrF-ʣʘʟʝʨ). 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʢʨʠʩʪʘʣʣʳ ʠʤʝʶʪ ʩʪʨʫʢʪʫʨʫ ʩʪʠʣʚʝʣʣʠʪʘ ʠ ʛʝʥʝʨʠʨʫʶʪ 

ʚʪʦʨʫʶ ʦʧʪʠʯʝʩʢʫʶ ʛʘʨʤʦʥʠʢʫ. ʈʘʩʧʦʣʦʞʝʥʠʝ ʦʙʨʘʟʦʚʘʚʰʠʭʩʷ ʚ ʩʪʝʢʣʝ 

ʢʨʠʩʪʘʣʣʦʚ ʩʫʱʝʩʪʚʝʥʥʦ ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʝ. ʀʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ ʨʘʟʣʠʯʥʳʭ 

ʜʦʙʘʚʦʢ (Cr3+, Nd3+ - ʧʨʠ ʦʙʣʫʯʝʥʠʠ ʣʘʟʝʨʦʤ ʥʘ ʧʘʨʘʭ ʤʝʜʠ, Sm3+, Ni2+
 - ʧʨʠ 

ʦʙʣʫʯʝʥʠʠ Nd3+:ʀɸɻ-ʣʘʟʝʨʦʤ), ʫʩʠʣʠʚʘʶʱʠʭ ʦʧʪʠʯʝʩʢʦʝ ʧʦʛʣʦʱʝʥʠʝ ʩʪʝʢʣʘ 

ʚ ʨʘʟʣʠʯʥʳʭ ʩʧʝʢʪʨʘʣʴʥʳʭ ʜʠʘʧʘʟʦʥʘʭ, ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʠ 

ʩʦʩʪʘʚ ʚʳʜʝʣʷʶʱʠʭʩʷ ʬʘʟ. ʆʧʨʝʜʝʣʝʥʳ ʦʧʪʠʤʘʣʴʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʜʦʙʘʚʦʢ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʣʦʢʘʣʴʥʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ LaBGeO5 ʠʟ 

ʣʘʥʪʘʥʦʙʦʨʦʛʝʨʤʘʥʘʪʥʦʛʦ ʩʪʝʢʣʘ.  
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ʀʉʉʃɽɼʆɺɸʅʀɽ ʉʊʈʋʂʊʋʈʓ ʀ ʌʀɿʀʏɽʉʂʀʍ ʉɺʆʁʉʊɺ 

ʄɽʊɸʃʃʆʄɸʊʈʀʏʅʆɻʆ ʂʆʄʇʆɿʀʎʀʆʅʅʆɻʆ ʄɸʊɽʈʀɸʃɸ 

ʉʀʉʊɽʄʓ AL-SIC 

ʂ.ʅ. ʅʠʱʝʚ1, ʅ.ɽ. ʌʦʤʠʥ1, ɺ.ɸ. ʖʜʠʥ1, ʄ.ʀ. ʅʦʚʦʧʦʣʴʮʝʚ1, ɹ.ɺ. ʑʝʪʘʥʦʚ2 
1ʄʦʨʜʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʅ.ʇ. ʆʛʘʨʝʚʘ, ʉʘʨʘʥʩʢ 

 2ʌɻʋʇ çɺʩʝʨʦʩʩʠʡʩʢʠʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪ 

ʘʚʠʘʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚè, ʄʦʩʢʚʘ 

ɺ ʜʦʢʣʘʜʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʳ ʠ 

ʦʩʥʦʚʥʳʭ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʭ ʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʤʝʪʘʣʣʦʤʘʪʨʠʯʥʦʛʦ 

ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʥʘ ʦʩʥʦʚʝ ʘʣʶʤʠʥʠʝʚʦʛʦ ʩʧʣʘʚʘ, 

ʘʨʤʠʨʦʚʘʥʥʦʛʦ ʯʘʩʪʠʮʘʤʠ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ (ʄʄʂʄ AlSiC). ʀʩʩʣʝʜʦʚʘʥʠʷ 

ʧʨʦʚʝʜʝʥʳ ʚ ʨʘʤʢʘʭ ʨʝʘʣʠʟʘʮʠʠ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʨʦʝʢʪʘ, ʚʳʧʦʣʥʷʝʤʦʛʦ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ  ʇʦʩʪʘʥʦʚʣʝʥʠʝʤ ʇʨʘʚʠʪʝʣʴʩʪʚʘ ʈʌ ˉ218  çʆ ʤʝʨʘʭ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʧʦʜʜʝʨʞʢʠ ʨʘʟʚʠʪʠʷ ʢʦʦʧʝʨʘʮʠʠ ʨʦʩʩʠʡʩʢʠʭ ʚʳʩʰʠʭ 

ʫʯʝʙʥʳʭ ʟʘʚʝʜʝʥʠʡ ʠ ʦʨʛʘʥʠʟʘʮʠʡ, ʨʝʘʣʠʟʫʶʱʠʭ ʢʦʤʧʣʝʢʩʥʳʝ ʧʨʦʝʢʪʳ ʧʦ 

ʩʦʟʜʘʥʠʶ ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘè. ɿʘʜʘʯʝʡ ʧʨʦʝʢʪʘ ʷʚʣʷʝʪʩʷ 

ʨʘʟʨʘʙʦʪʢʘ ʪʝʭʥʦʣʦʛʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʵʬʬʝʢʪʠʚʥʳʭ ʪʝʧʣʦʦʪʚʦʜʷʱʠʭ 

ʠʟʜʝʣʠʡ ʠʟ ʄʄʂʄ AlSiC ʜʣʷ ʧʨʠʙʦʨʦʚ ʩʠʣʦʚʦʡ ʵʣʝʢʪʨʦʥʠʢʠ ʠ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ.  

ʂʘʯʝʩʪʚʦ ʠʟʜʝʣʠʡ, ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʭ ʚ ʧʨʦʝʢʪʝ, ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʥʝʦʙʭʦʜʠʤʳʤ ʢʦʤʧʣʝʢʩʦʤ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʭ ʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

ʩʘʤʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʘ ʪʘʢʞʝ ʧʨʠʤʝʥʷʝʤʳʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ ʝʛʦ ʦʙʨʘʙʦʪʢʠ. 

ʊʝʭʥʠʯʝʩʢʠʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ ʢ ʩʚʦʡʩʪʚʘʤ ʤʘʪʝʨʠʘʣʘ ʪʝʧʣʦʦʪʚʦʜʷʱʠʭ 

ʠʟʜʝʣʠʡ, ʨʝʛʣʘʤʝʥʪʠʨʫʶʪʩʷ: ʦʙʲʸʤʥʦʝ ʩʦʜʝʨʞʘʥʠʝ Al  ʠ SiC ʚ ʢʦʤʧʦʟʠʪʝ, 

ʧʣʦʪʥʦʩʪʴ ʤʘʪʝʨʠʘʣʘ, ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʩʰʠʨʝʥʠʷ (ʂʊʈ), 

ʪʝʧʣʦʝʤʢʦʩʪʴ, ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ, ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ, ʧʨʦʯʥʦʩʪʴ ʧʨʠ ʠʟʛʠʙʝ, 

ʧʨʦʯʥʦʩʪʴ ʥʘ ʨʘʩʪʷʞʝʥʠʝ. 

ʀʩʩʣʝʜʫʝʤʳʝ ʦʙʨʘʟʮʳ ʄʄʂʄ AlSiC ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚ ʌɻʋʇ 

çɺʀɸʄè ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʭʥʦʣʦʛʠʠ ʚʘʢʫʫʤʥʦ-ʢʦʤʧʨʝʩʩʠʦʥʥʦʡ 

ʧʨʦʧʠʪʢʠ.   

ʀʩʩʣʝʜʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʳ ʦʙʨʘʟʮʦʚ ʄʄʂʄ AlSiC ʧʨʦʚʦʜʠʣʠʩʴ 

ʤʝʪʦʜʘʤʠ ʦʧʪʠʯʝʩʢʦʡ ʠ ʨʘʩʪʨʦʚʦʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠʤʝʥʷʝʤʘʷ ʪʝʭʥʦʣʦʛʠʷ 

ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʦʜʥʦʨʦʜʥʳʡ ʧʦ ʩʚʦʝʡ ʩʪʨʫʢʪʫʨʝ  ʤʝʪʘʣʣʦʤʘʪʨʠʯʥʳʡ 

ʤʘʪʝʨʠʘʣ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡʩʷ ʚʳʩʦʢʦʡ ʘʜʛʝʟʠʝʡ ʤʝʞʜʫ ʤʘʪʨʠʯʥʳʤ 

ʩʧʣʘʚʦʤ  ʠ ʯʘʩʪʠʮʘʤʠ ʥʘʧʦʣʥʠʪʝʣʝʤ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʜʪʚʝʨʞʜʝʥʦ, ʯʪʦ ʟʘʜʘʥʥʦʝ ʩʦʯʝʪʘʥʠʝ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʭ 

ʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʄʄʂʄ AlSiC ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʤ ʩʦʩʪʘʚʦʤ ʥʘʧʦʣʥʠʪʝʣʷ, ʩʦʩʪʘʚʦʤ ʤʘʪʨʠʯʥʦʛʦ ʩʧʣʘʚʘ, 

ʦʙʲʝʤʥʦʡ ʜʦʣʝʡ ʯʘʩʪʠʮ ʥʘʧʦʣʥʠʪʝʣʷ ʚ ʢʦʤʧʦʟʠʪʝ ʠ ʩʪʝʧʝʥʴʶ ʦʜʥʦʨʦʜʥʦʩʪʠ 

ʠʭ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚ ʤʘʪʨʠʮʝ ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. 
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ʀʉʉʃɽɼʆɺɸʅʀɽ ɺʃʀʗʅʀʗ ʇʈʆʎɽʉʉʆɺ ʉʊɸʈɽʅʀʗ 

ʅɸ ɿɸʈʆɾɼɽʅʀɽ ʉʊʈɽʉʉ-ʂʆʈʈʆɿʀʆʅʅʓʍ ʊʈɽʑʀʅ 

ɽ.ʅ. ɹʫʪʫʩʦʚʘ, ɼ.ʅ. ʂʦʪʢʦʚ, ɸ.ɺ. ʅʦʭʨʠʥ, ɺ.ʅ. ʏʫʚʠʣʴʜʝʝʚ  

ʅʠʞʝʛʦʨʦʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʅ.ʀ. ʃʦʙʘʯʝʚʩʢʦʛʦ, 

ʅ. ʅʦʚʛʦʨʦʜ 

ɺ ʧʨʦʮʝʩʩʝ ʜʣʠʪʝʣʴʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʨʦʠʩʭʦʜʠʪ ʠʟʤʝʥʝʥʠʝ 

ʩʪʨʫʢʪʫʨʳ, ʤʝʭʘʥʠʯʝʩʢʠʭ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ ʩʪʘʣʝʡ, ʯʪʦ 

ʦʢʘʟʳʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʥʘʜʝʞʥʦʩʪʴ ʠ ʨʝʩʫʨʩ ʙʝʟʦʧʘʩʥʦʡ 

ʨʘʙʦʪʳ ʤʝʪʘʣʣʦʢʦʥʩʪʨʫʢʮʠʡ. ʆʜʥʘʢʦ ʪʨʘʜʠʮʠʦʥʥʳʝ ʤʝʪʦʜʠʢʠ ʦʮʝʥʢʠ 

ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ (ʦʩʥʦʚʘʥʥʳʝ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʥʘ ʨʝʟʫʣʴʪʘʪʘʭ 

ʩʪʘʥʜʘʨʪʥʳʭ ʤʝʭʘʥʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ ʠ ʧʦʜʭʦʜʘʭ ʣʠʥʝʡʥʦʡ ʤʝʭʘʥʠʢʠ 

ʨʘʟʨʫʰʝʥʠʷ) ʜʘʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʥʝ ʫʯʠʪʳʚʘʶʪ, ʯʪʦ ʥʝ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʝʩʪʠ 

ʜʦʩʪʦʚʝʨʥʫʶ ʦʮʝʥʢʫ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʜʣʠʪʝʣʴʥʦ 

ʵʢʩʧʣʫʘʪʠʨʫʶʱʠʭʩʷ ʤʝʪʘʣʣʦʢʦʥʩʪʨʫʢʮʠʡ, ʢ ʢʦʪʦʨʳʤ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, 

ʦʪʥʦʩʷʪʩʷ ʤʘʛʠʩʪʨʘʣʴʥʳʝ ʥʝʬʪʝ- ʠ ʛʘʟʦʧʨʦʚʦʜʳ. 

ʉʪʘʨʝʥʠʝ ʩʪʘʣʠ ï ʧʨʦʮʝʩʩ, ʟʘʢʣʶʯʘʶʱʠʡʩʷ ʚ ʜʠʬʬʫʟʠʦʥʥʦʤ ʜʚʠʞʝʥʠʠ 

ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ, ʨʘʩʪʚʦʨʝʥʥʳʭ ʚ ʬʝʨʨʠʪʥʦʡ ʤʘʪʨʠʮʝ, ʢ ʜʝʬʝʢʪʘʤ ʨʝʰʝʪʢʠ 

ï ʜʠʩʣʦʢʘʮʠʷʤ ʠ ʛʨʘʥʠʮʘʤ ʟʝʨʝʥ ʠ ʚʳʜʝʣʝʥʠʠ ʥʘ ʥʠʭ ʯʘʩʪʠʮ ʢʘʨʙʠʜʦʚ. 

ʉʪʘʨʝʥʠʝ ʩʪʘʣʝʡ ʦʙʫʩʣʦʚʣʝʥʦ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʡ ʥʝʨʘʚʥʦʚʝʩʥʦʩʪʴʶ 

ʠʩʭʦʜʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʠ ʧʦʩʪʝʧʝʥʥʳʤ ʧʨʠʙʣʠʞʝʥʠʝʤ ʩʪʨʫʢʪʫʨʳ ʢ 

ʨʘʚʥʦʚʝʩʥʦʤʫ ʩʦʩʪʦʷʥʠʶ ʚ ʫʩʣʦʚʠʷʭ ʜʦʩʪʘʪʦʯʥʦʡ ʜʠʬʬʫʟʠʦʥʥʦʡ 

ʧʦʜʚʠʞʥʦʩʪʠ ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʪʘʨʝʥʠʷ ʩʥʠʞʘʝʪʩʷ ʩʪʦʡʢʦʩʪʴ 

ʩʪʘʣʝʡ ʢ ʢʦʨʨʦʟʠʦʥʥʦʤʫ ʠ ʩʪʨʝʩʩ-ʢʦʨʨʦʟʠʦʥʥʦʤʫ ʨʘʟʨʫʰʝʥʠʶ, ʧʦʚʳʰʘʝʪʩʷ 

ʩʢʣʦʥʥʦʩʪʴ ʩʪʘʣʝʡ ʢ ʟʘʨʦʞʜʝʥʠʶ ʠ ʨʦʩʪʫ ʭʨʫʧʢʠʭ ʪʨʝʱʠʥ ʠ ʪ.ʜ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʚ ʩʚʷʟʠ ʩ ʧʦʚʳʰʝʥʠʝʤ ʪʨʝʙʦʚʘʥʠʡ ʢ ʥʘʜʝʞʥʦʩʪʠ 

ʤʝʪʘʣʣʦʢʦʥʩʪʨʫʢʮʠʡ ʠ ʦʙʝʩʧʝʯʝʥʠʶ ʠʭ ʢʦʨʨʦʟʠʦʥʥʦ-ʫʩʪʘʣʦʩʪʥʦʡ 

ʧʨʦʯʥʦʩʪʠ ʚ ʪʝʯʝʥʠʝ ʜʣʠʪʝʣʴʥʦʛʦ ʩʨʦʢʘ ʵʢʩʧʣʫʘʪʘʮʠʠ ʥʝʦʙʭʦʜʠʤʘ 

ʨʘʟʨʘʙʦʪʢʘ ʠ ʚʥʝʜʨʝʥʠʝ ʥʦʚʳʭ ʧʦʜʭʦʜʦʚ ʠ ʤʝʪʦʜʠʢ ʦʮʝʥʢʠ ʩʦʩʪʦʷʥʠʷ 

ʤʝʪʘʣʣʘ. 

ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʩʪʫʧʘʣʠ ʦʙʨʘʟʮʳ ʩʪʨʦʠʪʝʣʴʥʳʭ 

ʩʪʘʣʝʡ, ʩʪʨʫʢʪʫʨʘ ʢʦʪʦʨʳʭ ʙʳʣʘ ʩʬʦʨʤʠʨʦʚʘʥʘ ʤʝʪʦʜʘʤʠ ʛʦʨʷʯʝʡ ʧʨʦʢʘʪʢʠ, 

ʥʦʨʤʘʣʠʟʘʮʠʠ ʠ ʢʦʥʪʨʦʣʠʨʫʝʤʦʡ ʧʨʦʢʘʪʢʠ. ɼʣʷ  ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʦʪʙʠʨʘʣʠʩʴ ʩʪʘʣʠ, ʠʤʝʶʱʠʝ ʦʜʠʥʘʢʦʚʳʡ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʠ ʦʜʠʥʘʢʦʚʳʝ 

ʩʪʘʥʜʘʨʪʥʳʝ ʧʘʨʘʤʝʪʨʳ ʬʝʨʨʠʪʦ-ʧʝʨʣʠʪʥʦʡ ʩʪʨʫʢʪʫʨʳ (ʨʘʟʤʝʨ ʟʝʨʥʘ, ʙʘʣʣ 

ʬʝʨʨʠʪʦ-ʧʝʨʣʠʪʥʦʡ ʧʦʣʦʩʯʘʪʦʩʪʠ, ʟʘʛʨʷʟʥʝʥʥʦʩʪʴ ʧʦ ʥʝʤʝʪʘʣʣʠʯʝʩʢʠʤ 

ʚʢʣʶʯʝʥʠʷʤ). ʉʪʨʫʢʪʫʨʥʦʝ ʩʦʩʪʦʷʥʠʝ ʩʪʘʣʝʡ ʚʘʨʴʠʨʦʚʘʣʦʩʴ ʧʫʪʝʤ 

ʠʟʤʝʥʝʥʠʷ ʦʙʲʝʤʥʦʡ ʜʦʣʠ ʯʘʩʪʠʮ ʢʘʨʙʠʜʦʚ (ʮʝʤʝʥʪʠʪʘ), ʚʳʜʝʣʠʚʰʠʭʩʷ ʧʦ 

ʛʨʘʥʠʮʘʤ ʟʝʨʝʥ ʬʝʨʨʠʪʘ. ʀʩʩʣʝʜʦʚʘʣʠʩʴ ʩʪʘʣʠ ʩ ʤʘʣʦʡ ʦʙʲʝʤʥʦʡ ʜʦʣʝʡ 

ʚʳʜʝʣʠʚʰʠʭʩʷ ʯʘʩʪʠʮ ʢʘʨʙʠʜʦʚ (ʩʦʩʪʦʷʥʠʝ S1), ʘ ʪʘʢʞʝ ʩʪʘʣʠ ʩ 

ʠʥʪʝʥʩʠʚʥʳʤ ʚʳʜʝʣʝʥʠʝʤ ʢʘʨʙʠʜʥʦʡ ʬʘʟʳ (S2), ʚ ʢʦʪʦʨʳʭ ʙɧʣʴʰʘʷ ʯʘʩʪʴ 

ʛʨʘʥʠʮ ʟʝʨʝʥ ʙʳʣʘ ʟʘʥʷʪʘ ʚʳʜʝʣʠʚʰʠʤʠʩʷ ʯʘʩʪʠʮʘʤʠ ʢʘʨʙʠʜʦʚ. 

ʄʘʢʩʠʤʘʣʴʥʘʷ ʦʙʲʝʤʥʘʷ ʜʦʣʷ ʚʳʜʝʣʠʚʰʠʭʩʷ ʯʘʩʪʠʮ ʥʝ ʧʨʝʚʳʰʘʣʘ 1%. 

ʂʦʨʨʦʟʠʦʥʥʦ-ʫʩʪʘʣʦʩʪʥʳʝ ʠʩʧʳʪʘʥʠʷ ʧʨʦʚʦʜʠʣʦʩʴ ʧʦ ʩʭʝʤʝ 

ñʢʦʥʩʦʣʴʥʳʡ ʠʟʛʠʙò ʥʘ ʦʙʨʘʟʮʘʭ 7.5³10³60 ʤʤ ʩ V-ʦʙʨʘʟʥʳʤ 



 

 

167 

ʢʦʥʮʝʥʪʨʘʪʦʨʦʤ ʛʣʫʙʠʥʦʡ 0.5 ʤʤ ʠ ʨʘʜʠʫʩʦʤ ʟʘʢʨʫʛʣʝʥʠʷ 0.25 ʤʤ. ɺ 

ʢʘʯʝʩʪʚʝ ʨʘʙʦʯʝʡ ʩʨʝʜʳ ʠʩʧʦʣʴʟʦʚʘʣʩʷ 3%-ʥʳʡ ʚʦʜʥʳʡ ʨʘʩʪʚʦʨ NaCl. 

ʀʩʧʳʪʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ  ʚ ʠʥʪʝʨʚʘʣʝ ʘʤʧʣʠʪʫʜ ʥʘʧʨʷʞʝʥʠʡ ʜʦ ʧʨʝʜʝʣʘ 

ʪʝʢʫʯʝʩʪʠ ʧʨʠ ʯʘʩʪʦʪʝ 50 ɻʮ. ɺ ʭʦʜʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʬʠʢʩʠʨʦʚʘʣʘʩʴ 

ʟʘʚʠʩʠʤʦʩʪʴ ʩʨʝʜʥʝʡ ʜʣʠʥʳ ʪʨʝʱʠʥʳ ʦʪ ʯʠʩʣʘ ʮʠʢʣʦʚ ʥʘʛʨʫʞʝʥʠʷ L(N) ʧʨʠ 

ʨʘʟʣʠʯʥʳʭ ʘʤʧʣʠʪʫʜʘʭ ʥʘʧʨʷʞʝʥʠʡ (ůʘ), ʘ ʪʘʢʞʝ ʯʠʩʣʦ ʮʠʢʣʦʚ ʜʦ 

ʟʘʨʦʞʜʝʥʠʷ ʪʨʝʱʠʥʳ (N0) ʠ ʜʦ ʨʘʟʨʫʰʝʥʠʷ ʦʙʨʘʟʮʘ (N
*). ʅʘ ʦʩʥʦʚʝ 

ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʩʯʠʪʳʚʘʣʠʩʴ ʟʘʚʠʩʠʤʦʩʪʠ ʣʠʥʝʡʥʦʡ ʩʢʦʨʦʩʪʠ 

ʨʦʩʪʘ ʪʨʝʱʠʥʳ ʦʪ ʥʘʧʨʷʞʝʥʠʷ ʚ ʚʝʨʰʠʥʝ ʢʦʥʮʝʥʪʨʘʪʦʨʘ Vʪʨ(ů). 

ʀʩʧʳʪʳʚʘʣʠʩʴ ʦʙʨʘʟʮʳ ʩ 

ʇʨʦʚʝʜʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʦʜʥʠʤ 

ʠʟ ʢʣʶʯʝʚʳʭ ʩʪʨʫʢʪʫʨʥʳʭ ʬʘʢʪʦʨʦʚ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʩʢʣʦʥʥʦʩʪʴ ʩʪʘʣʠ ʢ 

ʟʘʨʦʞʜʝʥʠʶ ʩʪʨʝʩʩ-ʢʦʨʨʦʟʠʦʥʥʳʭ ʪʨʝʱʠʥ, ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ, ʨʘʟʤʝʨ ʠ 

ʦʙʲʝʤʥʘʷ ʜʦʣʷ ʢʘʨʙʠʜʦʚ (ʮʝʤʝʥʪʠʪʘ), ʚʳʜʝʣʠʚʰʠʭʩʷ ʧʦ ʛʨʘʥʠʮʘʤ ʟʝʨʝʥ 

ʬʝʨʨʠʪʘ ʚ ʧʨʦʮʝʩʩʝ ʩʪʘʨʝʥʠʷ ʩʪʘʣʠ ʧʨʠ ʝʝ ʜʣʠʪʝʣʴʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ. 

ʆʪʤʝʯʝʥʦ, ʯʪʦ ʩʪʘʣʴ ʚ ʠʩʭʦʜʥʦʤ (ʥʝʩʦʩʪʘʨʝʥʥʦʤ) ʩʦʩʪʦʷʥʠʠ ʦʢʘʟʳʚʘʝʪʩʷ 

ʙʦʣʝʝ ʩʪʦʡʢʦʡ ʢ ʟʘʨʦʞʜʝʥʠʶ ʠ ʨʘʟʚʠʪʠʶ ʩʪʨʝʩʩ-ʢʦʨʨʦʟʠʦʥʥʳʭ ʪʨʝʱʠʥ, ʚ ʪʦ 

ʚʨʝʤʷ ʢʘʢ ʚ ʩʦʩʪʘʨʝʥʥʦʡ ʩʪʘʣʠ ʚʨʝʤʷ ʜʦ ʧʦʷʚʣʝʥʠʷ ʩʪʨʝʩʩ-ʢʦʨʨʦʟʠʠ 

ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʞʘʝʪʩʷ.  

ɼʣʷ ʦʙʲʷʩʥʝʥʠʷ ʥʘʙʣʶʜʘʝʤʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʧʨʝʜʣʦʞʝʥʘ ʬʠʟʠʯʝʩʢʘʷ 

ʤʦʜʝʣʴ ʟʘʨʦʞʜʝʥʠʷ ʩʪʨʝʩʩ-ʢʦʨʨʦʟʠʦʥʥʦʡ ʪʨʝʱʠʥʳ. ʅʘ ʦʩʥʦʚʝ 

ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʤʦʜʝʣʠ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʚʣʠʷʥʠʷ ʩʪʨʫʢʪʫʨʥʳʭ ʬʘʢʪʦʨʦʚ 

(ʦʙʲʝʤʥʦʡ ʜʦʣʠ ʠ ʨʘʟʤʝʨʘ ʯʘʩʪʠʮ ʢʘʨʙʠʜʦʚ) ʥʘ ʧʘʨʘʤʝʪʨʳ Űʠʥʢ ʠ N0. 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʩʦʧʦʩʪʘʚʣʝʥʳ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ.  

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʌʝʜʝʨʘʣʴʥʦʡ ʮʝʣʝʚʦʡ ʧʨʦʛʨʘʤʤʳ 

çʅʘʫʯʥʳʝ ʠ ʥʘʫʯʥʦ-ʧʝʜʘʛʦʛʠʯʝʩʢʠʝ ʢʘʜʨʳ ʠʥʥʦʚʘʮʠʦʥʥʦʡ ʈʦʩʩʠʠè ʥʘ 2009-

2013 ʛʛ., ʘ ʪʘʢʞʝ ʌʦʥʜʘ ʩʦʜʝʡʩʪʚʠʷ ʨʘʟʚʠʪʠʶ ʤʘʣʳʭ ʬʦʨʤ ʧʨʝʜʧʨʠʷʪʠʡ ʚ 

ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʩʬʝʨʝ (ʧʨʦʛʨʘʤʤʘ çʋ.ʄ.ʅ.ʀ.ʂ.è). 
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ʉɺʗɿɽʆɹʈɸɿʆɺɸʅʀɽ ɺ ʄʀʅɽʈɸʃʔʅʓʍ ʄɸʊɽʈʀɸʃɸʍ 

ʅ.ɺ. ʉʳʩʦʝʚʘ, ɺ.ɺ. ʂʦʚʘʣʝʥʢʦ, ɺ.ʂ. ɼʫʙʦʚʳʡ, ɸ.ʀ. ɹʝʟʣʘʢʦʚʩʢʠʡ 

ʉʝʚʝʨʥʳʡ (ɸʨʢʪʠʯʝʩʢʠʡ) ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ɸʨʭʘʥʛʝʣʴʩʢ 

ɺ ʚʝʢ ʚʳʩʦʢʠʭ ʪʝʭʥʦʣʦʛʠʡ ʚʩʝ ʙʦʣʴʰʝʝ ʚʥʠʤʘʥʠʝ ʚ ʤʠʨʝ ʫʜʝʣʷʝʪʩʷ 

ʨʘʟʨʘʙʦʪʢʝ ʠ ʚʥʝʜʨʝʥʠʶ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʦʙʣʘʜʘʶʱʠʭ 

ʫʥʠʢʘʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. ʉʨʝʜʠ ʢʦʤʧʦʟʠʪʦʚ, ʚʦʩʪʨʝʙʦʚʘʥʥʳʭ ʥʘ ʨʳʥʢʝ, 

ʦʩʦʙʦʝ ʤʝʩʪʦ ʟʘʥʠʤʘʶʪ ʤʠʥʝʨʘʣʴʥʦ-ʚʦʣʦʢʥʠʩʪʳʝ ʤʘʪʝʨʠʘʣʳ, ʚ ʩʠʣʫ ʩʚʦʝʡ 

ʚʳʩʦʢʦʡ ʭʝʤʦʩʪʦʡʢʦʩʪʠ, ʚʧʠʪʳʚʘʝʤʦʩʪʠ ʠ ʩʦʨʙʮʠʦʥʥʦʡ ʝʤʢʦʩʪʠ. 

ʀʥʜʠʚʠʜʫʘʣʴʥʳʝ ʤʠʥʝʨʘʣʴʥʳʝ ʚʦʣʦʢʥʘ ʦʙʣʘʜʘʶʪ ʩʣʘʙʳʤʠ ʩʠʣʘʤʠ 

ʤʝʞʚʦʣʦʢʦʥʥʳʭ ʩʚʷʟʝʡ [1], ʧʦʵʪʦʤʫ ʚ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʢʘʯʝʩʪʚʝ 

ʩʚʷʟʫʶʱʝʛʦ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʧʦʣʠʛʠʜʨʦʢʩʦʢʦʤʧʣʝʢʩʳ ʘʣʶʤʠʥʠʷ ï 

ʧʨʦʜʫʢʪʳ ʛʠʜʨʦʣʠʟʘ ʩʫʣʴʬʘʪʘ ʘʣʶʤʠʥʠʷ. ʀʭ ʧʨʦʯʥʦʩʪʴ ʧʨʠ ʨʘʩʪʷʞʝʥʠʠ 

ʦʧʨʝʜʝʣʷʣʘʩʴ ʧʦʩʣʝ ʠʭ ʦʩʘʞʜʝʥʠʷ ʠʟ ʨʘʩʪʚʦʨʘ ʩʝʨʥʦʢʠʩʣʦʛʦ ʘʣʶʤʠʥʠʷ ʧʨʠ 

ʨʘʟʥʳʭ ʨʅ ʠ ʚʳʩʫʰʠʚʘʥʠʷ ʤʝʞʜʫ ʜʚʫʤʷ ʩʪʝʢʣʘʤʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 105 Áʉ, 

ʨʝʟʫʣʴʪʘʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 1. ɺʣʠʷʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʩʫʰʢʠ ʥʘ 

ʧʨʦʯʥʦʩʪʴ ʧʦʣʠʷʜʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʘʣʶʤʠʥʠʷ ʦʮʝʥʠʚʘʣʠʩʴ ʧʨʠ ʟʥʘʯʝʥʠʷʭ 

ʨʅ, ʙʣʠʟʢʠʭ ʢ ʤʘʢʩʠʤʫʤʫ, ʨʠʩʫʥʦʢ 2. ʊʝʤʧʝʨʘʪʫʨʘ ʚʘʨʴʠʨʦʚʘʣʘʩʴ ʦʪ 

ʢʦʤʥʘʪʥʦʡ ʜʦ 105 Áʉ (ʪʝʤʧʝʨʘʪʫʨʳ ʠʩʧʘʨʝʥʠʷ ʩʚʦʙʦʜʥʦʡ ʚʦʜʳ). 

  
ʈʠʩʫʥʦʢ 1 ï ɿʘʚʠʩʠʤʦʩʪʴ ʧʨʦʯʥʦʩʪʠ ʧʨʠ 

ʨʘʩʪʷʞʝʥʠʠ ʢʦʤʧʣʝʢʩʦʚ ʦʪ ʨʅ ʩʨʝʜʳ 

(ʊʩʫʰʢʠ=105 Áʉ) 

ʈʠʩʫʥʦʢ 2 ï ɿʘʚʠʩʠʤʦʩʪʴ ʧʨʦʯʥʦʩʪʠ 

ʢʦʤʧʣʝʢʩʦʚ ʘʣʶʤʠʥʠʷ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ 

ʩʫʰʢʠ 

ʇʦ ʧʦʣʫʯʝʥʥʳʤ ʨʝʟʫʣʴʪʘʪʘʤ ʙʳʣʠ ʩʜʝʣʘʥʳ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ: 

1) ʧʦʣʠʷʜʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʘʣʶʤʠʥʠʷ, ʦʩʘʞʜʝʥʥʳʝ ʚ ʜʠʘʧʘʟʦʥʝ 

ʨʅ 8,0é8,5, ʦʙʣʘʜʘʶʪ ʤʘʢʩʠʤʘʣʴʥʦʡ ʧʨʦʯʥʦʩʪʴʶ ʠ ʩʪʝʧʝʥʴʶ ʛʠʜʨʘʪʘʮʠʠ, 

ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʦʧʨʝʜʝʣʷʝʪ ʠʭ ʧʦʚʳʰʝʥʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʢ 

ʩʚʷʟʝʦʙʨʘʟʦʚʘʥʠʶ ʢ ʤʠʥʝʨʘʣʴʥʳʤ ʚʦʣʦʢʥʘʤ;  

2)  ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʥʘʠʣʫʯʰʠʭ ʨʝʟʫʣʴʪʘʪʦʚ ʪʝʤʧʝʨʘʪʫʨʘ ʢʦʤʧʣʝʢʩʦʚ ʚ 

ʧʨʦʮʝʩʩʝ ʩʫʰʢʠ ʜʦʣʞʥʘ ʙʳʪʴ  ʥʝ ʤʝʥʝʝ 90 Áʉ. 

 

1. ɼʫʙʦʚʳʡ, ɺ.ʂ. ʌʠʣʴʪʨʦʚʘʣʴʥʳʝ ʤʘʪʝʨʠʘʣʳ ʥʘ ʦʩʥʦʚʝ 

ʤʠʥʝʨʘʣʴʥʳʭ ʚʦʣʦʢʦʥ ʜʣʷ ʩʚʝʨʭʪʦʥʢʦʡ ʦʯʠʩʪʢʠ ʛʘʟʦʚʦʟʜʫʰʥʳʭ ʩʨʝʜ 

[ʊʝʢʩʪ]: ʜʠʩʩʝʨʪʘʮʠʷ ʥʘ ʩʦʠʩʢʘʥʠʝ ʫʯʝʥʦʡ ʩʪʝʧʝʥʠ ʢʘʥʜʠʜʘʪʘ 

ʪʝʭʥʠʯʝʩʢʦʡ ʥʘʫʢ / ɺ.ʂ. ɼʫʙʦʚʳʡ - ʃ.: ʃʊɸ, 1998. - 161ʩ. 
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ʌʊʆʈʀɼʆɺ NaYF4:Yb:R (R ï ʈɿʕ). 

ɼ.ʉ. ʃʦʩʴ1, ʉ.ɺ. ʂʫʟʥʝʮʦʚ1, ʇ.ʇ. ʌʝʜʦʨʦʚ1, ɻ.ɺ. ɿʠʤʠʥʘ2, ɺ.ɺ. ɺʦʨʦʥʦʚ1,  

ʈ.ʇ. ɽʨʤʘʢʦʚ1, ɺ.ɺ. ʆʩʠʢʦ1 
1ʋʯʨʝʞʜʝʥʠʝ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ  

ʀʥʩʪʠʪʫʪ ʦʙʱʝʡ ʬʠʟʠʢʠ ʠʤ.ɸ.ʄ.ʇʨʦʭʦʨʦʚʘ ʈɸʅ, ʛ.ʄʦʩʢʚʘ 
2ʄʦʩʢʦʚʩʢʘʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʘʢʘʜʝʤʠʷ ʪʦʥʢʦʡ 

ʭʠʤʠʯʝʩʢʦʡ ʪʝʭʥʦʣʦʛʠʠ ʠʤ.ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ 

ʉʦʟʜʘʥʠʝ ʢʦʤʧʦʟʠʪʥʳʭ ʩʫʙʤʠʢʨʦʥʥʳʭ ʧʦʨʦʰʢʦʚ ʬʪʦʨʠʜʦʚ ʷʚʣʷʝʪʩʷ 

ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʚ ʙʠʦʤʝʜʠʮʠʥʝ ʜʣʷ ʜʠʘʛʥʦʩʪʠʢʠ ʠ ʪʝʨʘʧʠʠ 

ʨʘʢʘ, ʜʣʷ ʠʩʪʦʯʥʠʢʦʚ ʙʝʣʦʛʦ ʩʚʝʪʘ ʠ ʧʨʠ ʩʦʟʜʘʥʠʠ 3D ʜʠʩʧʣʝʝʚ. ɺ ʢʘʯʝʩʪʚʝ 

ʪʘʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʣʶʤʠʥʦʬʦʨʳ ʩ ʚʳʩʦʢʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʀʂ ʩʚʝʪʘ ʚ ʚʠʜʠʤʳʡ ʧʦ ʤʝʭʘʥʠʟʤʫ ʘʧ-

ʢʦʥʚʝʨʩʠʠ. ʉʨʝʜʠ ʠʟʚʝʩʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʷʚʣʷʝʪʩʷ 

NaYF4, ʩʦʣʝʛʠʨʦʚʘʥʥʳʡ ʠʦʥʘʤʠ Yb-Er, Yb-Tm ʠ Yb-Ho. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʘʧ-

ʢʦʥʚʝʨʩʠʠ ʛʝʢʩʘʛʦʥʘʣʴʥʦʡ ʤʦʜʠʬʠʢʘʮʠʠ NaYF4 ʚ ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʚʳʰʝ, ʯʝʤ 

ʫ ʢʫʙʠʯʝʩʢʦʡ ʤʦʜʠʬʠʢʘʮʠʠ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʮʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣʦ 

ʦʧʨʝʜʝʣʝʥʠʝ ʫʩʣʦʚʠʡ ʩʠʥʪʝʟʘ ʛʝʢʩʘʛʦʥʘʣʴʥʦʡ  (Na3XR2-XF6) ʠ ʢʫʙʠʯʝʩʢʦʡ 

(Na0.5-XY0.5+XF2+2X) ʬʘʟ ʚ ʩʠʩʪʝʤʝ NaF-YF3. 

ʉʫʱʝʩʪʚʫʶʪ ʨʘʟʣʠʯʥʳʝ ʤʝʪʦʜʳ ʩʠʥʪʝʟʘ ʩʫʙʤʠʢʨʦʥʥʳʭ ʧʦʨʦʰʢʦʚ 

ʬʪʦʨʠʜʦʚ [1]. ɺ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʤʝʪʦʜ ʩʦʦʩʘʞʜʝʥʠʷ ʠʟ ʚʦʜʥʳʭ 

ʨʘʩʪʚʦʨʦʚ, ʧʦʜʨʦʙʥʦ ʦʧʠʩʘʥʥʳʡ ʚ [2]. ɺ ʨʷʜʝ ʩʠʥʪʝʟʦʚ ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ 

ʘʛʣʦʤʝʨʘʮʠʠ ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʦʙʘʚʢʠ ʧʦʣʠʵʪʠʣʝʥʠʤʠʥʘ. 

ɺ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʣʠ ʚʣʠʷʥʠʝ ʠʟʤʝʥʝʥʠ ̫ʢʦʥʮʝʥʪʨʘʮʠʡ ʠʩʭʦʜʥʳʭ 

ʨʘʩʪʚʦʨʦʚ, ʩʦʦʪʥʦʰʝʥʠʷ Na:R, ʧʦʨʷʜʢʘ ʩʤʝʰʝʥʠʷ ʨʘʩʪʚʦʨʦʚ ʠ ʇɸɺ ʥʘ 

ʬʘʟʦʚʳʡ ʩʦʩʪʘʚ ʧʦʨʦʰʢʦʚ.  

ɹr ʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʩʘʞʜʘʶʪʩʷ ʦʜʥʦʬʘʟʥʳʝ ʧʦʨʦʰʢʠ ʢʫʙʠʯʝʩʢʦʡ 

ʬʣʶʦʨʠʪʦʧʦʜʦʙʥʦʡ ʬʘʟʳ, ʘ ʪʘʢʞʝ ʜʚʫʭʬʘʟʥʳʝ ʦʙʨʘʟʮʳ, ʩʦʜʝʨʞʘʱʠʝ 

ʢʫʙʠʯʝʩʢʫʶ ʠ ʛʝʢʩʘʛʦʥʘʣʴʥʫʶ ʬʘʟʳ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʦʣʠʵʪʠʣʝʥʠʤʠʥʘ 

ʦʧʨʝʜʝʣʝʥʳ ʫʩʣʦʚʠʷ ʩʠʥʪʝʟʘ ʦʜʥʦʬʘʟʥʳʭ ʦʙʨʘʟʮʦʚ ʢʘʢ ʢʫʙʠʯʝʩʢʦʡ, ʪʘʢ ʠ 

ʛʝʢʩʘʛʦʥʘʣʴʥʦʡ ʬʘʟ.  

 

1. ʂʫʟʥʝʮʦʚ ʉ.ɺ., ʆʩʠʢʦ ɺ.ɺ., ʊʢʘʯʝʥʢʦ ɽ.ɸ., ʌʝʜʦʨʦʚ ʇ.ʇ. 

ʅʝʦʨʛʘʥʠʯʝʩʢʠʝ ʥʘʥʦʬʪʦʨʠʜʳ ʠ ʥʘʥʦʢʦʤʧʦʟʠʪʳ ʥʘ ʠʭ ʦʩʥʦʚʝ. // ʋʩʧʝʭʠ 

ʭʠʤʠʠ. 2006. ʊ.75. ˉ12. 1193-1211. 

2. ʌʝʜʦʨʦʚ ʇ.ʇ., ʂʫʟʥʝʮʦʚ ʉ.ɺ., ɺʦʨʦʥʦʚ ɺ.ɺ., ʗʨʦʮʢʘʷ ʀ.ɺ., 

ɸʨʙʝʥʠʥʘ ɺ.ɺ. ʉʠʥʪʝʟ ʧʦʨʦʰʢʘ NaYF4 ʤʝʪʦʜʦʤ ʤʷʛʢʦʡ ʭʠʤʠʠ. // ɾ. 

ʥʝʦʨʛʘʥ. ʭʠʤʠʠ. 2008. ʊ. 53. ˉ 11. ʉ.1802-1806. 
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ɺ ʉʀʉʊɽʄɸʍ BaF2-RF3 (R = Y,Bi) 

ʄ.ʅ. ʄʘʷʢʦʚʘ, ʉ.ɺ. ʂʫʟʥʝʮʦʚ, ʇ.ʇ. ʌʝʜʦʨʦʚ, ɺ.ɺ. ɺʦʨʦʥʦʚ,  

ʈ.ʇ. ɽʨʤʘʢʦʚ, ɺ.ɺ. ʆʩʠʢʦ  

ʋʯʨʝʞʜʝʥʠʝ ʈʦʩʩʠʡʩʢʦʡ ɸʢʘʜʝʤʠʠ ʥʘʫʢ  

ʀʥʩʪʠʪʫʪ ʦʙʱʝʡ ʬʠʟʠʢʠ ʠʤ. ɸ.ʄ. ʇʨʦʭʦʨʦʚʘ ʈɸʅ. ʄʦʩʢʚʘ. 

ʀʥʪʝʨʝʩ ʢ ʠʩʩʣʝʜʦʚʘʥʠʶ ʥʘʥʦʬʪʦʨʠʜʦʚ ʩʪʨʝʤʠʪʝʣʴʥʦ ʚʦʟʨʦʩ ʟʘ 

ʧʦʩʣʝʜʥʠʝ ʥʝʩʢʦʣʴʢʦ ʣʝʪ. ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʠʭ ʫʥʠʢʘʣʴʥʳʤ ʥʘʙʦʨʦʤ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ, ʘ ʪʘʢʞʝ ʩʚʦʡʩʪʚʘʤʠ, ʧʨʦʷʚʣʷʝʤʳʤʠ ʥʘʥʦʤʘʪʝʨʠʘʣʘʤʠ. 

ʅʘʥʦʬʪʦʨʠʜʳ ʧʝʨʩʧʝʢʪʠʚʥʳ ʜʣʷ ʩʦʟʜʘʥʠʷ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ 

ʩʮʠʥʪʠʣʣʷʪʦʨʦʚ, ʠʩʪʦʯʥʠʢʦʚ ʙʝʣʦʛʦ ʩʚʝʪʘ ʠ ʚ ʙʠʦʤʝʜʠʮʠʥʩʢʠʭ 

ʧʨʠʣʦʞʝʥʠʷʭ. ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʠʥʪʝʟʘ ʧʦʨʦʰʢʦʚ 

ʚ ʙʠʥʘʨʥʳʭ ʩʠʩʪʝʤʘʭ BaF2-BiF3 ʠ BaF2-YF3 ʤʝʪʦʜʦʤ ʩʦʦʩʘʞʜʝʥʠʷ ʠʟ ʚʦʜʥʳʭ 

ʨʘʩʪʚʦʨʦʚ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʩʠʩʪʝʤʳ BaF2-BiF3 ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʠ ʧʝʨʝʭʦʜʝ ʥʘ 

ʥʘʥʦʫʨʦʚʝʥʴ ʠʤʝʝʪ ʤʝʩʪʦ ʛʠʜʨʦʣʠʟ ʬʪʦʨʠʜʘ ʚʠʩʤʫʪʘ, ʯʪʦ ʥʝ ʥʘʙʣʶʜʘʣʦʩʴ 

ʨʘʥʝʝ ʜʣʷ ʦʙʲʸʤʥʳʭ ʦʙʨʘʟʮʦʚ. ʆʙʨʘʟʝʮ ʩ ʥʦʤʠʥʘʣʴʥʳʤ ʩʦʩʪʘʚʦʤ BiF3 ʧʦ 

ʜʘʥʥʳʤ EDX ʩʦʜʝʨʞʠʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʢʠʩʣʦʨʦʜʘ. ʆʜʥʘʢʦ, 

ʛʠʜʨʦʣʠʟ ʧʨʦʭʦʜʠʪ ʪʦʣʴʢʦ ʚ ʦʙʨʘʟʮʘʭ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʬʪʦʨʠʜʘ ʚʠʩʤʫʪʘ ʚ 

ʠʩʭʦʜʥʦʤ ʨʘʩʪʚʦʨʝ ʙʦʣʝʝ 43 ʤʦʣ.%. ɺ ʠʥʪʝʨʚʘʣʝ ʦʪ 35 ʜʦ 43 ʤʦʣ.% ʬʪʦʨʠʜʘ 

ʚʠʩʤʫʪʘ ʚ ʠʩʭʦʜʥʦʤ ʨʘʩʪʚʦʨʝ ʧʦʣʫʯʝʥʳ ʦʜʥʦʬʘʟʥʳʝ ʙʝʩʢʠʩʣʦʨʦʜʥʳʝ 

ʧʦʨʦʰʢʠ. ʇʦ ʜʘʥʥʳʤ EDX ʩʦʩʪʘʚ ʦʙʨʘʟʮʘ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʬʪʦʨʠʜʘ ʚʠʩʤʫʪʘ 

ʚ ʠʩʭʦʜʥʦʤ ʨʘʩʪʚʦʨʝ 40 ʤʦʣ.% ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʬʦʨʤʫʣʝ BaBiF5. ɸʥʘʣʠʟ ʉʕʄ 

ʠ ʇʕʄ ʠʟʦʙʨʘʞʝʥʠʡ, ʧʦʣʫʯʝʥʥʳʭ ʜʣʷ ʦʙʨʘʟʮʘ ʥʦʤʠʥʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ 

Ba4Bi3F17, ʧʨʠʚʦʜʠʪ ʢ ʚʳʚʦʜʫ ʦ ʨʝʘʣʠʟʘʮʠʠ ʤʝʭʘʥʠʟʤʘ ʨʦʩʪʘ 

ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʧʫʪʸʤ ʘʛʣʦʤʝʨʘʮʠʠ ʥʘʥʦʯʘʩʪʠʮ. 

ɺ ʩʠʩʪʝʤʝ BaF2-YF3 ʬʘʟʦʦʙʨʘʟʦʚʘʥʠʝ ʧʨʦʭʦʜʠʪ ʘʥʘʣʦʛʠʯʥʦ, ʟʘ 

ʠʩʢʣʶʯʝʥʠʝʤ ʛʠʜʨʦʣʠʟʘ ʦʙʨʘʟʮʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʙʦʣʝʝ 50 ʤʦʣ.% ʬʪʦʨʠʜʘ 

ʠʪʪʨʠʷ ʚ ʨʘʩʪʚʦʨʝ. ʆʜʥʦʬʘʟʥʳʝ ʙʝʩʢʠʩʣʦʨʦʜʥʳʝ ʧʦʨʦʰʢʠ ʧʦʣʫʯʝʥʳ ʚ 

ʠʥʪʝʨʚʘʣʝ ʦʪ 30 ʜʦ 80 ʤʦʣ.% ʬʪʦʨʠʜʘ ʠʪʪʨʠʷ ʚ ʨʘʩʪʚʦʨʝ. ʌʣʶʦʨʠʪʦʚʳʝ 

ʦʙʨʘʟʮʳ, ʦʩʘʞʜʝʥʥʳʝ ʠʟ ʨʘʩʪʚʦʨʘ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʬʪʦʨʠʜʘ ʠʪʪʨʠʷ 50-75 

ʤʦʣ.%, ʧʦ-ʚʠʜʠʤʦʤʫ, ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʩʪʨʫʢʪʫʨʥʦʤʫ ʪʠʧʫ KY 3F10 ʠ ʩʦʩʪʦʷʪ ʠʟ 

ʢʣʘʩʪʝʨʦʚ Y6F36, ʙʝʟ ʧʨʦʩʣʦʝʢ ʬʣʶʦʨʠʪʦʚʦʡ ʤʘʪʨʠʮʳ. ɼʨʫʛʦʡ ʪʠʧ ʢʣʘʩʪʝʨʦʚ 

Y6F32 ʷʚʣʷʝʪʩʷ ʩʪʨʫʢʪʫʨʥʦʡ ʝʜʠʥʠʮʝʡ ʩʦʝʜʠʥʝʥʠʷ (H3O)Y3F10ϊH2O, 

ʧʦʣʫʯʝʥʥʦʛʦ ʚ ʦʙʨʘʟʮʘʭ ʩʦʜʝʨʞʘʱʠʭ ʙʦʣʝʝ 75 ʤʦʣ.% ʬʪʦʨʠʜʘ ʠʪʪʨʠʷ ʚ 

ʠʩʭʦʜʥʦʤ ʨʘʩʪʚʦʨʝ. EDX ʧʦʢʘʟʘʣ ʚʳʩʦʢʦʝ ʩʦʦʪʚʝʪʩʪʚʠʝ ʥʦʤʠʥʘʣʴʥʦʛʦ 

ʩʦʩʪʘʚʘ ʩ ʩʦʩʪʘʚʦʤ ʧʦʣʫʯʝʥʥʳʭ ʧʦʨʦʰʢʦʚ: ʜʣʷ ʦʙʨʘʟʮʘ ʩ ʩʦʜʝʨʞʘʥʠʝʤ 

ʬʪʦʨʠʜʘ ʠʪʪʨʠʷ ʚ ʠʩʭʦʜʥʦʤ ʨʘʩʪʚʦʨʝ 60 ʤʦʣ.% ˈ 55 ʤʦʣ.% ʠ ʧʨʠ 

ʩʦʜʝʨʞʘʥʠʠ ʬʪʦʨʠʜʘ ʠʪʪʨʠʷ ʚ ʠʩʭʦʜʥʦʤ ʨʘʩʪʚʦʨʝ 95 ʤʦʣ.% ˈ 94 ʤʦʣ.%. 
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ʀɿʄɽʅɽʅʀɽ ʉʆʉʊʆʗʅʀʗ ʀʆʅʆɺ Eu ɺ ʃʖʄʀʅʆʌʆʈɸʍ  

ʇʆɼ ɺʆɿɼɽʁʉʊɺʀɽʄ ʈɽʅʊɽɻʅʆɺʉʂʆɻʆ ʀɿʃʋʏɽʅʀʗ 

ɼ.ɸ. ʉʘʣʢʠʥ, ɸ.ʄ. ɿʶʟʠʥ, ɸ.ʄ. ɻʨʷʟʥʦʚ 

ʄʦʨʜʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʅ.ʇ. ʆʛʘʨʝʚʘ, ʉʘʨʘʥʩʢ 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʤʝʪʦʜʦʤ ʕʇʈ ʠʩʩʣʝʜʦʚʘʣʦʩʴ ʠʟʤʝʥʝʥʠʝ 

ʩʦʩʪʦʷʥʠʷ ʠʦʥʦʚ ʝʚʨʦʧʠʷ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ʥʘ 

ʧʨʠʤʝʨʝ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʣʶʤʠʥʦʬʦʨʘ BaMg2Al 16O27:Eu2+. 

ʆʙʨʘʟʮʳ ʦʙʣʫʯʘʣʠʩʴ ʚ ʪʝʯʝʥʠʝ 30 ʤʠʥ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʤ 

ʨʝʥʪʛʝʥʦʚʩʢʠʤ ʠʟʣʫʯʝʥʠʝʤ ʤʝʜʥʦʡ ʪʨʫʙʢʠ (ɚ = 1,5406 ¡)  ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ 

ʜʠʬʨʘʢʪʦʤʝʪʨʘ ɼʈʆʅ-2. ʉʧʝʢʪʨʳ ʕʇʈ ʦʙʣʫʯʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʟʘʧʠʩʳʚʘʣʠʩʴ 

ʩʨʘʟʫ ʠ ʯʝʨʝʟ 1, 6, 12, 24, 50, 100, 200, 300 ʯʘʩʦʚ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʦʮʝʥʠʪʴ 

ʩʪʝʧʝʥʴ ʦʙʨʘʪʠʤʦʩʪʠ ʧʨʦʮʝʩʩʦʚ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʝ ʣʶʤʠʥʦʬʦʨʘ, 

ʧʨʦʠʩʭʦʜʷʱʠʭ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ. 

ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʦʜʥʘ ʠʟ ʥʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʳʭ ʧʨʠʯʠʥ ʧʦʷʚʣʝʥʠʷ 

ʥʦʚʳʭ ʣʠʥʠʡ ʚ ʩʧʝʢʪʨʝ ʕʇʈ ʦʙʣʫʯʝʥʥʦʛʦ ʣʶʤʠʥʦʬʦʨʘ ʩʚʷʟʘʥʘ ʩ ʠʦʥʘʤʠ 

Eu2+. ʉʣʦʞʥʘʷ ʩʪʨʫʢʪʫʨʘ ʩʧʝʢʪʨʘ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʢʘʢ ʩʫʧʝʨʧʦʟʠʮʠʷ ʜʚʫʭ 

ʛʨʫʧʧ ʩʦʩʪʦʷʱʠʭ ʠʟ ʰʝʩʪʠ ʣʠʥʠʡ ʩʚʝʨʭʪʦʥʢʦʡ ʩʪʨʫʢʪʫʨʳ, ʦʙʫʩʣʦʚʣʝʥʥʦʡ 

ʤʘʛʥʠʪʦʜʠʧʦʣʴʥʳʤ ʵʣʝʢʪʨʦʥ-ʷʜʝʨʥʳʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ. ɸʥʘʣʠʟ ʩʧʝʢʪʨʦʚ 

ʕʇʈ ʧʦʢʘʟʘʣ, ʯʪʦ ʧʦʩʪʦʷʥʥʘʷ ʩʚʝʨʭʪʦʥʢʦʡ ʩʪʨʫʢʪʫʨʳ ʜʣʷ ʠʟʦʪʦʧʘ 151Eu A å 

34 ɻʩ, ʘ ʜʣʷ ʠʟʦʪʦʧʘ 153Eu ɸ å 15 ɻʩ. 

ʇʦʩʢʦʣʴʢʫ ʧʨʠ ʩʠʥʪʝʟʝ ʣʶʤʠʥʦʬʦʨʘ BaMg2Al16O27:Eu2+ ʝʚʨʦʧʠʡ ʚ 

ʰʠʭʪʫ ʦʙʳʯʥʦ ʜʦʙʘʚʣʷʝʪʩʷ ʚ ʚʠʜʝ ʦʢʩʠʜʘ Eu2O3, ʪʦ ʯʘʩʪʴ ʠʦʥʦʚ ʝʚʨʦʧʠʷ ʧʨʠ 

ʩʠʥʪʝʟʝ ʤʦʞʝʪ ʥʝ ʚʦʩʩʪʘʥʘʚʣʠʚʘʪʴʩʷ ʠ ʦʩʪʘʚʘʪʴʩʷ ʚ ʪʨʝʭʚʘʣʝʥʪʥʦʤ 

ʩʦʩʪʦʷʥʠʠ [1]. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ʥʘ 

ʣʶʤʠʥʦʬʦʨ ʧʨʦʠʩʭʦʜʠʪ ʩʣʝʜʫʶʱʝʝ. ʇʦʩʣʝ ʧʦʛʣʦʱʝʥʠʷ ʣʶʤʠʥʦʬʦʨʦʤ 

ʬʦʪʦʥʘ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ʠʦʥ Eu3+ ʧʝʨʝʭʦʜʠʪ ʠʟ ʦʩʥʦʚʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ 7F0 ʚ ʩʦʩʪʦʥ̫ʠʝ ʧʝʨʝʥʦʩʘ ʟʘʨʷʜʘ [Eu3+ Ŷ ʆ2-]. ɿʘʪʝʤ ʵʣʝʢʪʨʦʥʳ 

ʦʩʚʦʙʦʞʜʝʥʥʳʝ ʩ ʚʘʢʘʥʩʠʡ ʚ ʨʝʟʫʣʴʪʘʪʝ ʜʝʡʩʪʚʠʷ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ 

ʠ ʟʘʭʚʘʯʝʥʥʳʝ ʘʥʠʦʥʥʳʤʠ ʛʨʫʧʧʘʤʠ (AlO4)
4-, ʧʝʨʝʭʦʜʷʪ ʢ ʠʦʥʫ Eu3+. ʇʨʠ 

ʵʪʦʤ ʦʙʨʘʟʫʝʪʩʷ ʠʦʥ Eu2+, ʢʦʪʦʨʳʡ ʙʫʜʝʪ ʥʘʭʦʜʠʪʴʩʷ ʚ ʤʝʪʘʩʪʘʙʠʣʴʥʦʤ 

ʩʦʩʪʦʷʥʠʠ. ɼʘʣʝʝ ʯʝʨʝʟ ʥʝʢʦʪʦʨʦʝ ʚʨʝʤʷ Eu2+ ʠʟ ʤʝʪʘʩʪʘʙʠʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʣʠʙʦ ʨʝʣʘʢʩʠʨʫʝʪ ʚ ʦʩʥʦʚʥʦʝ ʩʦʩʪʦʥ̫ʠʝ, ʣʠʙʦ ʟʘ ʩʯʝʪ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ 

ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʘʪʥʳʡ ʧʨʦʮʝʩʩ ʧʝʨʝʥʦʩʘ ʵʣʝʢʪʨʦʥʘ, ʪʦ ʝʩʪʴ ʥʘʙʣʶʜʘʝʪʩʷ 

ʠʦʥʠʟʘʮʠʷ ʝʚʨʦʧʠʷ Eu2+ Ÿ Eu3+. 

ɺ ʮʝʣʦʤ ʚʝʩʴ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʡ ʧʨʦʮʝʩʩ Eu3+ Ÿ Eu2+ ʤʦʞʥʦ 

ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ ʩʣʝʜʫʶʱʝʡ ʩʭʝʤʳ: 
eVV Ba

h

ɺʘ +½½ ³- n ; eVV ɺʘ

h

ɺʘ +½½ -- n2 ; 

 -- + 5

4

4

4 AlOeAlO  (1) 

[ ] ( ) +-+-+- +-+ 24

4

24

4

35

4 EuAlOEuAlOEuAlO Ba . 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ 

ʠʟʣʫʯʝʥʠʷ ʚʦʟʤʦʞʥʦ ʠʟʤʝʥʝʥʠʝ ʩʦʩʪʦʷʥʠʷ ʠʦʥʦʚ ʝʚʨʦʧʠʷ ʚ ʣʶʤʠʥʦʬʦʨʝ. 

 

1. Peng Mingying, Hong Guangyan. J. Lumin. 127, 735 (2007). 
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ʀʉʉʃɽɼʆɺɸʅʀɽ ʊʆʅʂʆʇʃɪʅʆʏʅʓʍ ʂʆʅʊɸʂʊʅʓʍ ʉʊʈʋʂʊʋʈ  

ʅɸ ʂʈɽʄʅʀʀ ʄɽʊʆɼɸʄʀ ʕʃɽʂʊʈʆʅʅʆʁ ʄʀʂʈʆʉʂʆʇʀʀ  

ʀ ʉʂɸʅʀʈʋʖʑɽʁ ɿʆʅɼʆɺʆʁ ʄʀʂʈʆʉʂʆʇʀʀ 

ɺ.ʇ. ʄʠʰʢʠʥ1, ɸ.ɺ. ɻʨʠʰʘʥʠʥ2, ɺ.ɸ. ʄʘʨʪʳʥʝʥʢʦ2, ʂ.ʅ. ʅʠʱʝʚ1, 

ɽ.ʅ. ʋʩʢʦʚʘ1 

1ʄʦʨʜʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʅ.ʇ. ʆʛʘʨʝʚʘ, ʉʘʨʘʥʩʢ 
2ʆɸʆ çʕʣʝʢʪʨʦʚʳʧʨʷʤʠʪʝʣʴè, ʉʘʨʘʥʩʢ 

ʂʦʥʩʪʨʫʢʮʠʠ ʩʠʣʦʚʳʭ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʧʨʠʙʦʨʦʚ ʚʢʣʶʯʘʪʁ ʚ 

ʩʝʙʷ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʡ ʢʨʠʩʪʘʣʣ ʩʦ ʩʬʦʨʤʠʨʦʚʘʥʥʳʤʠ ʚ ʥʸʤ ʘʢʪʠʚʥʳʤʠ 

ʦʙʣʘʩʪʷʤʠ ʠ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʵʣʝʤʝʥʪʳ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʬʫʥʢʮʠʠ 

ʧʦʜʢʣʶʯʝʥʠʷ ʧʨʠʙʦʨʘ ʢ ʠʩʪʦʯʥʠʢʘʤ ʪʦʢʘ, ʦʪʚʦʜʘ ʪʝʧʣʘ ʠ ʜʨ. ʅʝʨʘʟʲʝʤʥʳʝ  

ʢʦʥʪʘʢʪʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʦʙʝʩʧʝʯʠʚʘʶʪ ʥʘʜʝʞʥʦʩʪʴ ʠ ʚʳʩʦʢʫʶ 

ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʴ ʧʘʨʘʤʝʪʨʦʚ ʧʨʠʙʦʨʦʚ. ʉʦʚʨʝʤʝʥʥʳʤ ʤʝʪʦʜʦʤ ʩʦʟʜʘʥʠʷ 

ʢʦʥʪʘʢʪʥʳʭ ʩʠʩʪʝʤ ʚ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʧʨʠʙʦʨʘʭ ʷʚʣʷʝʪʩʷ 

ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʝ ʩʧʝʢʘʥʠʝ (Low-Temperature Joint Technique) ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʩʝʨʝʙʨʦʩʦʜʝʨʞʘʱʠʭ ʧʘʩʪ. ɼʘʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʧʨʠʤʝʥʷʝʪʩʷ 

ʧʨʠ ʩʦʟʜʘʥʠʠ ʢʦʥʪʘʢʪʦʚ: ʜʠʩʢʨʝʪʥʳʭ ʩʠʣʦʚʳʭ ʙʠʧʦʣʷʨʥʳʭ ʢʣʶʯʝʡ, ʪʘʢʠʭ 

ʢʘʢ ʪʠʨʠʩʪʦʨʳ ʠ ʜʠʦʜʳ ʥʘ ʦʩʥʦʚʝ ʢʨʝʤʥʠʷ; ʘʢʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʉʇʇ 

ʤʦʜʫʣʴʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ IGBT; ʩʠʣʦʚʳʭ ʧʨʠʙʦʨʦʚ ʥʘ ʦʩʥʦʚʝ 

ʰʠʨʦʢʦʟʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ (SiC, GaN); ʠʥʪʝʛʨʘʣʴʥʳʭ ʤʠʢʨʦʩʭʝʤ. ʕʪʘ 
ʪʝʭʥʦʣʦʛʠʷ ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʩʧʝʢʘʥʠʠ ʤʠʢʨʦ- ʠʣʠ ʥʘʥʦ-ʨʘʟʤʝʨʥʳʭ ʯʘʩʪʠʮ 

ʩʝʨʝʙʨʘ. ʉʦʝʜʠʥʷʝʤʳʝ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʠ ʵʪʦʤ ʜʦʣʞʥʳ ʙʳʪʴ ʧʦʢʨʳʪʳ 

ʤʝʪʘʣʣʦʤ ʙʝʟ ʦʢʠʩʣʘ, ʪʠʧʘ ʟʦʣʦʪʘ ʠʣʠ ʩʝʨʝʙʨʘ.  

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʩʪʨʦʚʦʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ 

ʤʠʢʨʦʩʢʦʧʘ Quanta 200 i 3D FEI ʠ ʩʢʘʥʠʨʫʶʱʝʛʦ ʟʦʥʜʦʚʦʛʦ ʤʠʢʨʦʩʢʦʧʘ 

SPM 9600 SHIMADZU ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʪʦʥʢʦʧʣʸʥʦʯʥʳʝ ʢʦʥʪʘʢʪʥʳʝ 

ʩʪʨʫʢʪʫʨʳ, ʥʘʧʳʣʝʥʥʳʝ  ʥʘ ʧʦʜʣʦʞʢʝ ʢʨʝʤʥʠʷ Si.  

ʀʟʫʯʝʥʳ ʤʦʨʬʦʣʦʛʠʷ ʠ ʩʪʨʫʢʪʫʨʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ 

ʠʩʩʣʝʜʫʝʤʳʭ ʢʦʥʪʘʢʪʥʳʭ ʩʪʨʫʢʪʫʨ. ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʫʥʢʮʠʠ 

ʩʬʦʢʫʩʠʨʦʚʘʥʥʦʛʦ ʠʦʥʥʦʛʦ ʧʫʯʢʘ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʪʦʨʮʝʚʳʭ ʩʨʝʟʦʚ 

ʦʧʨʝʜʝʣʝʥʘ ʪʦʣʱʠʥʘ ʩʪʨʫʢʪʫʨ ʥʘ ʧʦʜʣʦʞʢʝ Si. ʄʝʪʦʜʦʤ ʭʠʤʠʯʝʩʢʦʛʦ 

ʩʝʣʝʢʪʠʚʥʦʛʦ ʪʨʘʚʣʝʥʠʷ ʚʳʷʚʣʝʥʘ ʩʣʦʠʩʪʘʷ ʩʪʨʫʢʪʫʨʘ ʥʘʥʝʩʝʥʥʳʭ ʧʣʸʥʦʢ 

(ʨʠʩ.1). ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʬʫʥʢʮʠʠ ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʦʛʦ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ 

ʤʠʢʨʦʘʥʘʣʠʟʘ ʧʦʩʣʦʡʥʦ ʦʧʨʝʜʝʣʝʥ ʠʭ  ʵʣʝʤʝʥʪʥʳʡ ʩʦʩʪʘʚ. ʄʝʪʦʜʦʤ ʉɿʄ 

ʦʧʨʝʜʝʣʝʥʘ ʪʦʣʱʠʥʘ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʧʣʸʥʢʠ ʩʝʨʝʙʨʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʩʪʨʫʢʪʫʨʳ, ʧʦʜʚʝʨʛʥʫʪʦʡ ʩʝʣʝʢʪʠʚʥʦʤʫ ʭʠʤʠʯʝʩʢʦʤʫ ʪʨʘʚʣʝʥʠʶ (ʨʠʩ.2).  

ʈʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʜʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦʙ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʦʚʤʝʩʪʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʝʪʦʜʦʚ ʈʕʄ, ʉɿʄ ʠ 

ʭʠʤʠʯʝʩʢʦʛʦ ʩʝʣʝʢʪʠʚʥʦʛʦ ʪʨʘʚʣʝʥʠʷ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʦʥʢʦʧʣʸʥʦʯʥʳʭ 

ʢʦʥʪʘʢʪʥʳʭ ʩʪʨʫʢʪʫʨ ʥʘ ʢʨʝʤʥʠʠ.  
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ʈʠʩ. 1. ʈʕʄ-ʠʟʦʙʨʘʞʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʪʦʥʢʦʧʣʸʥʦʯʥʦʡ ʩʪʨʫʢʪʫʨʳ ʧʦʩʣʝ 

ʩʝʣʝʢʪʠʚʥʦʛʦ ʭʠʤʠʯʝʩʢʦʛʦ ʪʨʘʚʣʝʥʠʷ.  

ʋʚʝʣʠʯʝʥʠʝ 600ʭ, ʫʩʢʦʨʷʶʱʝʝ ʥʘʧʨʷʞʝʥʠʝ 30 ʢɺ. 

 
 

  

ʈʠʩ. 2. ʉɿʄ-ʠʟʦʙʨʘʞʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ  ʢʦʥʪʘʢʪʥʦʡ ʩʪʨʫʢʪʫʨʳ, ʧʦʣʫʯʝʥʥʳʝ 

ʚ ʨʝʞʠʤʝ ʩʠʣʦʚʦʡ ʤʦʜʫʣʷʮʠʠ. ʈʘʟʤʝʨ ʩʢʘʥʘ 120Ĭ120 ʤʢʤ.  

 


