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ʇʝʨʝʯʝʥʴ ʩʦʢʨʘʱʝʥʠʡ ʠ ʦʙʦʟʥʘʯʝʥʠʡ 

 

ɸʃʕ ï ʘʚʪʦʣʦʢʘʣʠʟʦʚʘʥʥʳʝ ʵʢʩʠʪʦʥʳ 

ɺʋʌ ï ʚʘʢʫʫʤʥʳʡ ʫʣʴʪʨʘʬʠʦʣʝʪ 

ɼʊɸ ï ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʡ ʪʝʨʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ 

ɼʉʂ ï ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʘʷ ʩʢʘʥʠʨʫʶʱʘʷ ʢʘʣʦʨʠʤʝʪʨʠʷ 

ʀʂ ï ʠʥʬʨʘʢʨʘʩʥʳʡ 

ʄʉ-ʀʉʇ ï ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʷ ʩ ʠʥʜʫʢʪʠʚʥʦ ʩʚʷʟʘʥʥʦʡ ʧʣʘʟʤʦʡ 

ʂʈʉ ï ʢʦʤʙʠʥʘʮʠʦʥʥʦʝ ʨʘʩʩʝʷʥʠʝ ʩʚʝʪʘ 

ʈɿʕ ï ʨʝʜʢʦʟʝʤʝʣʴʥʳʝ ʵʣʝʤʝʥʪʳ 

ʈʉɸ ï ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ 

ʈʌɸ ï ʨʝʥʪʛʝʥʦʬʘʟʦʚʳʡ ʘʥʘʣʠʟ 

ʈʉʌɸ ï ʨʝʥʪʛʝʥʦʩʧʝʢʪʨʘʣʴʥʳʡ ʬʣʫʦʨʝʩʮʝʥʪʥʳʡ ʘʥʘʣʠʟ  

ʈʕʄ ï ʨʝʥʪʛʝʥʦʚʩʢʘʷ ʵʣʝʢʪʨʦ-ʟʦʥʜʦʚʘʷ ʤʠʢʨʦʩʢʦʧʠʷ 

ʊɻ ï ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʷ ʠʣʠ ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟ 

ʊʉʃ ï ʪʝʨʤʦʩʪʠʤʫʣʠʨʦʚʘʥʥʘʷ ʣʶʤʠʥʝʩʮʝʥʮʠʷ 

ʋʌ ï ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʳʡ 

ʌʕʋ ï ʬʦʪʦʵʣʝʢʪʨʦʥʥʳʡ ʫʤʥʦʞʠʪʝʣʴ  

ʌʉʃ ï ʬʦʪʦʩʪʠʤʫʣʠʨʦʚʘʥʥʘʷ ʣʶʤʠʥʝʩʮʝʥʮʠʷ 

ʕɼʈʉ (EDX) ï ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʘʷ ʨʝʥʪʛʝʥʦʚʩʢʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ  

ODC ï çoxygen deficient centerè; ʢʠʩʣʦʨʦʜʥʦ-ʜʝʬʠʮʠʪʥʳʝ ʮʝʥʪʨʳ 

ʑɻʂ ï ʱʝʣʦʯʥʦʛʘʣʣʦʠʜʥʳʝ ʢʨʠʩʪʘʣʣʳ 

ʑɿʌ ï ʱʝʣʦʯʥʦʟʝʤʝʣʴʥʳʝ ʬʪʦʨʠʜʳ 
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ɺɺɽɼɽʅʀɽ 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ ʠʩʩʣʝʜʦʚʘʥʠʷ.  

ɺ ʫʩʣʦʚʠʷʭ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʦʛʨʘʥʠʯʝʥʠʡ ʩʪʘʥʦʚʷʪʩʷ ʚʘʞʥʳʤʠ ʟʘʜʘʯʠ ʧʦʠʩʢʘ 

ʥʦʚʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʧʨʠʢʣʘʜʥʦʝ ʟʥʘʯʝʥʠʝ ʚ ʩʬʝʨʘʭ 

ʷʜʝʨʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʢʦʥʪʨʦʣʷ, ʧʨʦʪʠʚʦʜʝʡʩʪʚʠʷ ʪʝʨʨʦʨʠʟʤʫ. ɺ 

ʥʘʰʝʡ ʩʪʨʘʥʝ ʙʦʣʴʰʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘʤ ʦʪʝʯʝʩʪʚʝʥʥʳʭ 

ʦʧʪʠʯʝʩʢʠʭ, ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʠ ʢʝʨʘʤʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ʫʥʠʢʘʣʴʥʦʛʦ 

ʧʦ ʩʚʦʠʤ ʩʚʦʡʩʪʚʘʤ ʢʚʘʨʮʝʚʦʛʦ ʩʳʨʴʷ ʨʦʩʩʠʡʩʢʠʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʜʣʷ ʥʫʞʜ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʦʙʦʨʦʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ. ʕʪʠ ʥʘʧʨʘʚʣʝʥʠʷ ʷʚʣʷʶʪʩʷ 

ʧʨʠʦʨʠʪʝʪʥʳʤʠ ʚ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʧʨʦʛʨʘʤʤʝ çʅʘʫʯʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ 

ʨʘʟʚʠʪʠ ̫ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠè ʠ ʦʙʦʟʥʘʯʝʥʳ ʚ çʉʪʨʘʪʝʛʠʠ ʥʘʮʠʦʥʘʣʴʥʦʡ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠè. ɺ ʜʘʥʥʦʤ ʢʦʥʪʝʢʩʪʝ ʱʝʣʦʯʥʦʟʝʤʝʣʴʥʳʝ ʠ 

ʛʘʣʦʠʜʥʳʝ ʢʨʠʩʪʘʣʣʳ, ʣʝʛʠʨʦʚʘʥʥʳʝ ʨʝʜʢʦʟʝʤʝʣʴʥʳʤʠ ʠʦʥʘʤʠ, ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʩʦʙʦʡ ʧʝʨʩʧʝʢʪʠʚʥʳʡ ʤʘʪʝʨʠʘʣ ʜʣʷ ʩʦʟʜʘʥʠʷ ʥʦʚʳʭ ʵʬʬʝʢʪʠʚʥʳʭ ʣʶʤʠʥʦʬʦʨʦʚ ʠ 

ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʳʭ ʜʝʪʝʢʪʦʨʦʚ ʩ ʢʦʨʦʪʢʠʤ ʚʨʝʤʝʥʝʤ ʟʘʪʫʭʘʥʠʷ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʠ 

ʚʳʩʦʢʠʤ ʩʚʝʪʦʚʳʭʦʜʦʤ [1-7]. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʥʝʜʦʩʪʘʪʦʯʥʘʷ 

ʨʘʟʨʘʙʦʪʢʘ ʪʝʭʥʦʣʦʛʠʡ ʧʦʣʫʯʝʥʠʷ ʪʘʢʠʭ ʤʘʪʝʨʠʘʣʦʚ, ʦʙʫʩʣʦʚʣʝʥʥʘʷ ʠʭ 

ʩʧʝʮʠʬʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʪʘʢʠʤʠ ʢʘʢ ʛʠʛʨʦʩʢʦʧʠʯʥʦʩʪʴ, ʧʦʨʦʞʜʘʝʪ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʧʦʠʩʢʝ ʥʦʚʳʭ ʧʦʜʭʦʜʦʚ ʠ ʤʝʪʦʜʠʢ ʜʣʷ ʚʳʨʘʱʠʚʘʥʠʷ 

ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʭʦʨʦʰʝʛʦ ʦʧʪʠʯʝʩʢʦʛʦ ʢʘʯʝʩʪʚʘ.  

ʆʩʦʙʳʡ ʘʢʮʝʥʪ ʚ ʣʘʟʝʨʥʦ-ʦʧʪʠʯʝʩʢʦʤ ʧʨʠʙʦʨʦʩʪʨʦʝʥʠʠ ʜʝʣʘʝʪʩʷ ʥʘ 

ʨʘʟʨʘʙʦʪʢʫ ʪʝʨʤʦʩʪʦʡʢʠʭ ʣʶʤʠʥʝʩʮʝʥʪʥʭr ʤʘʪʝʨʠʘʣʦʚ ʠ ʩʚʝʪʦʬʠʣʴʪʨʦʚ. 

ʇʦʩʪʘʚʣʝʥʥʳʝ ʟʘʜʘʯʠ ʤʦʞʥʦ ʫʩʧʝʰʥʦ ʨʝʰʘʪʴ, ʠʩʧʦʣʴʟʫʷ ʢʚʘʨʮʝʚʦʝ ʩʪʝʢʣʦ, 

ʣʝʛʠʨʦʚʘʥʥʦʝ ʨʝʜʢʦʟʝʤʝʣʴʥʳʤʠ ʠ ʧʝʨʝʭʦʜʥʳʤʠ ʠʦʥʘʤʠ [8-10]. 

ʄʦʜʠʬʠʮʠʨʦʚʘʥʥʦʝ ʢʚʘʨʮʝʚʦʝ ʩʪʝʢʣʦ, ʦʪʨʝʟʘʶʱʝʝ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʫʶ ʦʙʣʘʩʪʴ 

ʩʧʝʢʪʨʘ (çOzone-free glassè), ʠʩʧʦʣʴʟʫʝʪʩʷ, ʥʘʧʨʠʤʝʨ, ʜʣʷ ʩʠʩʪʝʤ ʥʘʢʘʯʢʠ ʤʦʱʥʳʭ 

ʣʘʟʝʨʦʚ ʠʣʠ ʚ ʢʘʯʝʩʪʚʝ ʘʢʪʠʚʥʳʭ ʩʚʝʪʦʚʦʜʦʚ ʚʦʣʦʢʦʥʥʳʭ ʣʘʟʝʨʦʚ, ʩʚʝʪʦʚʳʭ 

ʧʝʨʝʠʟʣʫʯʘʪʝʣʝʡ ʠ ʢʘʪʦʜʦʣʶʤʠʥʝʩʮʠʨʫʶʱʠʭ ʵʢʨʘʥʦʚ [11, 12]. ʇʦʵʪʦʤʫ ʥʦʚʳʝ 

ʤʝʪʦʜʠʢʠ ʣʝʛʠʨʦʚʘʥʠʷ ʢʚʘʨʮʝʚʦʛʦ ʩʪʝʢʣʘ ʨʝʜʢʦʟʝʤʝʣʴʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ 
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ʧʨʝʜʩʪʘʚʣʷʶʪ ʠʥʪʝʨʝʩ ʢʘʢ ʜʣʷ ʣʘʙʦʨʘʪʦʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʪʘʢ ʠ ʜʣʷ ʠʭ 

ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ. 

ɺ ʨʷʜʝ ʟʘʜʘʯ, ʚ ʪʦʤ ʯʠʩʣʝ ʚʳʜʚʠʛʘʝʤʳʭ ʚʦʝʥʥʦ-ʧʨʦʤʳʰʣʝʥʥʳʤ ʢʦʤʧʣʝʢʩʦʤ, 

ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʦʣʫʯʝʥʠ ̫ʪʝʨʤʦʩʪʦʡʢʦʡ ʢʚʘʨʮʝʚʦʡ ʢʝʨʘʤʠʢʠ, ʥʘʧʨʠʤʝʨ, 

ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʨʘʜʠʦʧʨʦʟʨʘʯʥʳʭ ʦʙʦʣʦʯʝʢ ʘʥʪʝʥʥʳʭ ʦʙʪʝʢʘʪʝʣʝʡ 

ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʳʭ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ ʠʣʠ ʧʨʦʠʟʚʦʜʩʪʚʦ ʢʚʘʨʮʝʚʳʭ ʪʠʛʣʝʡ ʜʣʷ 

ʚʳʧʣʘʚʢʠ ʩʚʝʨʭʯʠʩʪʦʛʦ ʢʨʝʤʥʠʷ. ʆʜʥʘʢʦ, ʠʩʧʦʣʴʟʫʷ ʢʚʘʨʮʝʚʳʝ ʤʘʪʝʨʠʘʣʳ ʧʨʠ 

ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʠ ʢʨʠʪʠʯʝʩʢʠʭ ʩʢʦʨʦʩʪʷʭ ʥʘʛʨʝʚʘ, ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ 

ʦʩʦʙʝʥʥʦʩʪʠ ʠʭ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ [13]. ʈʝʟʫʣʴʪʘʪʳ ʪʘʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʘʞʥʳ ʧʨʠ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʧʨʦʜʫʢʮʠʠ ʜʚʦʡʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ.  

ʉʪʝʧʝʥʴ ʨʘʟʨʘʙʦʪʘʥʥʦʩʪʠ ʪʝʤʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ɿʘʧʦʤʠʥʘʶʱʠʝ ʣʶʤʠʥʦʬʦʨʳ, ʩʧʦʩʦʙʥʳʝ ʟʘʧʘʩʘʪʴ ʵʥʝʨʛʠʶ ʠ ʦʩʚʦʙʦʞʜʘʪʴ ʝ y

ʚ ʚʠʜʝ ʩʚʝʪʘ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʠʟʣʫʯʝʥʠʷ ʠʥʬʨʘʢʨʘʩʥʦʛʦ ʠʣʠ ʚʠʜʠʤʦʛʦ ʜʠʘʧʘʟʦʥʦʚ, 

ʠʟʚʝʩʪʥʳ ʜʘʚʥʦ. August Ferretti ʚ 1974 ʛʦʜʫ ʟʘʧʘʪʝʥʪʦʚʘʣ ʧʦʣʫʯʝʥʠʝ ʣʶʤʠʥʦʬʦʨʦʚ, 

ʦʩʥʦʚʥʳʤ ʢʦʤʧʦʥʝʥʪʦʤ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʩʦʝʜʠʥʝʥʠʝ BaFCl, ʣʝʛʠʨʦʚʘʥʥʦʝ ʠʦʥʘʤʠ 

ʝʚʨʦʧʠʷ (ʧʘʪʝʥʪ US3988252 çProcess for the production of Ba(Sr)FCl:Eu phorphorsè).  

ʉʝʨʠʡʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʟʘʧʦʤʠʥʘʶʱʠʭ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ɻ ʢʨʘʥʦʚ (Imagining plate) 

ʠ ʩʠʩʪʝʤ ʩʯʠʪʳʚʘʥʠʷ ʠʟʦʙʨʘʞʝʥʠʷ ʜʣʷ ʮʠʬʨʦʚʦʡ ʨʘʜʠʦʛʨʘʬʠʠ ʥʘ ʦʩʥʦʚʝ ʤʘʪʝʨʠʘʣʘ 

BaFBr:Eu2+ ʙʳʣʦ ʥʘʯʘʪʦ ʢʦʤʧʘʥʠʝʡ Fuji (Japan) ʩ 1982 ʛʦʜʘ (ʧʘʪʝʥʪ US4535237A 

Kenji Takahashi çRadiation image recording and reproducing methodè). ɺʧʦʩʣʝʜʩʪʚʠʠ 

ʪʘʢʠʝ ʮʠʬʨʦʚʳʝ ʨʘʜʠʦʛʨʘʬʠʯʝʩʢʠʝ ʢʦʤʧʣʝʢʩʳ ʩʪʘʣʠ ʚʳʧʫʩʢʘʪʴʩʷ ʢʦʤʧʘʥʠʷʤʠ 

Siemens (ʧʘʪʝʥʪ DE3347207A1 çX-Ray image storage screenè, 1983), Kodak ʠ Agfa. 

ʂʦʤʤʝʨʯʝʩʢʠʝ ʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ʵʢʨʘʥʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʧʦʣʠʤʝʨʥʳʝ 

ʧʣʘʩʪʠʥʳ, ʧʦʢʨʳʪʳʝ ʛʨʘʥʫʣʠʨʦʚʘʥʥʳʤ ʣʶʤʠʥʦʬʦʨʦʤ. ɿʥʘʯʠʪʝʣʴʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ 

ʩʫʱʝʩʪʚʫʶʱʝʡ ʪʝʭʥʦʣʦʛʠʠ ʷʚʣʷʝʪʩʷ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʠʟʢʘʷ ʨʘʟʨʝʰʘʶʱʘʷ 

ʩʧʦʩʦʙʥʦʩʪʴ ʠʟʦʙʨʘʞʝʥʠʷ ï ʩʪʠʤʫʣʠʨʫʶʱʠʡ ʣʫʯ ʣʘʟʝʨʘ ʨʘʩʩʝʠʚʘʝʪʩʷ ʛʨʘʥʫʣʘʤʠ 

ʧʦʨʦʰʢʘ. ʕʪʦ ʥʝ ʧʦʟʚʦʣʷʝʪ ʧʨʠʤʝʥʷʪʴ ʩʫʱʝʩʪʚʫʶʱʫʶ ʪʝʭʥʦʣʦʛʠʶ ʚ ʪʘʢʦʡ ʦʙʣʘʩʪʠ 

ʢʘʢ ʤʘʤʤʦʛʨʘʬʠʷ, ʛʜʝ ʥʝʦʙʭʦʜʠʤʦ ʚʳʩʦʢʦʝ ʨʘʟʨʝʰʝʥʠʝ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʠʩʪʝʤ ʥʘ 

ʦʩʥʦʚʝ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ, ʚʦʟʤʦʞʥʦ, ʧʦʟʚʦʣʠʪ ʨʝʰʠʪʴ ʵʪʫ ʧʨʦʙʣʝʤʫ. 
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ʉʫʱʝʩʪʚʝʥʥʳʡ ʚʢʣʘʜ ʚ ʠʟʫʯʝʥʠʝ ʧʨʦʮʝʩʩʦʚ ʨʘʜʠʘʮʠʦʥʥʦʛʦ 

ʜʝʬʝʢʪʦʦʙʨʘʟʦʚʘʥʠʷ ʠ ʤʝʭʘʥʠʟʤʦʚ ʬʦʪʦʩʪʠʤʫʣʠʨʦʚʘʥʥʦʡ ʣʶʤʠʥʝʩʮʝʥʮʠʠ (ʌʉʃ) 

ʚ BaFBr:Eu2+ ʚʥʝʩʣʠ ʥʘʫʯʥʳʝ ʢʦʣʣʣʝʢʪʠʚʳ ʎʝʥʪʨʘ ʨʘʟʨʘʙʦʪʢʠ ʪʝʭʥʦʣʦʛʠʡ 

ʄʠʷʥʦʜʘʡ ʷʧʦʥʩʢʦʡ ʢʦʤʧʘʥʠʠ Fuji Photo Film (K. Takahashi, Y. Iwabuchi, N.Mori, 

M. Sonoda, H.Kato), ʎʝʥʪʨʘ ʢʦʨʧʦʨʘʪʠʚʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʨʘʟʨʘʙʦʪʦʢ ʢʦʤʧʘʥʠʠ  

Siemens (M. Thorns, H. Von Seggern, A. Winnacker), ʇʘʜʝʨʙʦʨʥʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ 

(S. Schweizer, J.-M. Spaeth, Th. Hangleiter, F. K. Koschnick). ʕʪʠ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʦʩʫʱʝʩʪʚʣʷʪʁʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʛʨʘʥʫʣʠʨʦʚʘʥʥʳʭ 

ʟʘʧʦʤʠʥʘʶʱʠʭ ʣʶʤʠʥʦʬʦʨʦʚ. ʄʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʦʙʨʘʟʮʳ ʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʧʨʠʤʝʥʪ̫ʴ ʤʝʪʦʜʳ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʢʨʠʩʪʘʣʣʦʚ. ʆʜʥʘʢʦ ʥʘ 

ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʜʝʪʘʣʴʥʳʝ ʤʝʪʦʜʠʢʠ ʚʳʨʘʱʠʚʘʥʠʷ ʦʙʲʝʤʥʳʭ ʢʨʠʩʪʘʣʣʦʚ BaFBr 

ʚ ʣʠʪʝʨʘʪʫʨʝ ʦʪʩʫʪʩʪʚʫʶʪ.  

ʕʚʦʣʶʮʠʷ ʧʦʠʩʢʘ ʵʬʬʝʢʪʠʚʥʳʭ ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʙʝʨʝʪ ʥʘʯʘʣʦ 

ʩ 1948 ʛʦʜʘ, ʢʦʛʜʘ ʈʦʙʝʨʪ ʍʦʬʰʪʘʜʪʝʨ ʦʪʢʨʳʣ ʠ ʟʘʧʘʪʝʥʪʦʚʘʣ ʧʝʨʚʳʡ 

ʩʠʥʪʝʪʠʯʝʩʢʠʡ ʩʮʠʥʪʠʣʣʷʪʦʨ NaI:Tl. ʕʪʦ ʦʪʢʨʳʪʠʝ ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ ʧʦʷʚʣʝʥʠʶ 

ʩʝʨʠʠ ʛʘʣʦʠʜʥʳʭ ʩʮʠʥʪʠʣʣʷʪʦʨʦʚ, ʪʘʢʠʭ ʢʘʢ CsI:Tl, CsI:Na, LiI :Eu. ɺ ʧʦʩʣʝʜʥʠʝ 

ʛʦʜʳ ʦʩʦʙʳʡ ʠʥʪʝʨʝʩ ʚʳʟʳʚʘʶʪ ʩʮʠʥʪʠʣʣ̫ ʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣ r ʩ ʚʳʩʦʢʠʤʠ 

ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʩʠʩʪʝʤʘʭ 

ʤʝʜʠʮʠʥʩʢʦʡ ʜʠʘʛʥʦʩʪʠʢʠ ʠ ʫʩʪʨʦʡʩʪʚʘʭ ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ. ʕʪʦʪ 

ʠʥʪʝʨʝʩ ʩʧʦʩʦʙʩʪʚʫʝʪ ʘʢʪʠʚʥʦʤʫ ʧʦʠʩʢʫ ʥʦʚʳʭ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʭ 

ʩʮʠʥʪʠʣʣʷʪʦʨʦʚ, ʢʦʪʦʨʳʝ ʜʦʣʞʥʳ ʦʙʣʘʜʘʪʴ ʪʘʢʠʤʠ ʢʣʶʯʝʚʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʢʘʢ 

ʚʳʩʦʢʠʡ ʩʚʝʪʦʚʳʭʦʜ (ʥʝ ʤʝʥʝʝ 50000 ʬʦʪʦʥʦʚ/ʤʵɺ), ʭʦʨʦʰʝʝ ʵʥʝʨʛʝʪʠʯʝʩʢʦʝ 

ʨʘʟʨʝʰʝʥʠʝ (2,5-3,5 % ʜʣʷ ʠʩʪʦʯʥʠʢʘ 137Cs), ʚʳʩʦʢʘʷ ʧʣʦʪʥʦʩʪʴ (ʦʙʫʩʣʦʚʣʝʥʥʘʷ 

ʚʳʩʦʢʠʤ ʘʪʦʤʥʳʤ ʥʦʤʝʨʦʤ Z) ʠ ʜʦʩʪʘʪʦʯʥʦʝ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ (10-100 ʥʩ). 

ʄʘʪʝʨʠʘʣʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʨʘʟʣʠʯʥʳʭ ʢʦʤʙʠʥʘʮʠʷʭ ɦʝʣʦʯʥʦʟʝʤʝʣʴʥʳʭ ʙʨʦʤʠʜʦʚ 

ʠ ʡʦʜʠʜʦʚ, ʘʢʪʠʚʠʨʦʚʘʥʥʳʭ ʮʝʨʠʝʤ ʠʣʠ ʝʚʨʦʧʠʝʤ, ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʵʪʠʤ ʪʨʝʙʦʚʘʥʠʷʤ. ʕʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʨʘʙʦʪʘʤʠ ʪʘʢʠʭ 

ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ, ʢʘʢ E. D. Bourret-Courchesne, G. Bizarri, P. Lecoq, A. Yoshikawa, P. 

Dorenbos, A. Gektin. ɺ ʅʘʮʠʦʥʘʣʴʥʦʡ ʣʘʙʦʨʘʪʦʨʠʠ ʃʦʫʨʝʥʮʘ ʚ ɹʝʨʢʣʠ (ʉʐɸ) 
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ʥʘʯʘʣʴʥʳʡ ʵʪʘʧ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʛʘʣʦʛʝʥʠʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚʢʣʶʯʘʝʪ 

ʵʢʩʧʨʝʩʩ-ʦʮʝʥʢʫ ʠʭ ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ 

ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʦʙʨʘʟʮʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʤʝʪʦʜʦʤ ʪʚʝʨʜʦʬʘʟʥʦʛʦ ʩʠʥʪʝʟʘ. 

ʇʦʩʣʝ ʦʪʙʦʨʘ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʢʘʥʜʠʜʘʪʦʚ ʩʣʝʜʫʶʱʠʤ ʰʘʛʦʤ ʷʚʣ̫ʝʪʩʷ ʦʪʨʘʙʦʪʢʘ 

ʤʝʪʦʜʠʢʠ ʚʳʨʘʱʠʚʘʥʠʷ ʢʨʠʩʪʘʣʣʦʚ ʥʘ ʠʭ ʦʩʥʦʚʝ. ʅʦ ʟʘʯʘʩʪʫʶ ʟʜʝʩʴ ʚʦʟʥʠʢʘʶʪ 

ʩʣʦʞʥʦʩʪʠ ʚʳʨʘʱʠʚʘʥʠʷ ʪʘʢʠʭ ʢʨʠʩʪʘʣʣʦʚ ʜʦʩʪʘʪʦʯʥʳʭ ʨʘʟʤʝʨʦʚ ʩ ʚʳʩʦʢʠʤ 

ʦʧʪʠʯʝʩʢʠʤ ʢʘʯʝʩʪʚʦʤ. ʕʪʠ ʪʨʫʜʥʦʩʪʠ ʩʚʷʟʘʥʳ ʩ ʩʠʣʴʥʦʡ ʛʠʛʨʦʩʢʦʧʠʯʥʦʩʪʴʶ 

ʤʘʪʝʨʠʘʣʘ ʠ ʥʠʟʢʠʤʠ ʩʢʦʨʦʩʪʷʤʠ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʦʚ ʜʘʥʥʦʛʦ ʪʠʧʘ. 

ɼʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʢʚʘʨʮʝʚʳʭ ʢʦʥʮʝʥʪʨʘʪʦʚ ʚʳʩʦʢʦʡ ʠ ʫʣʴʪʨʘʚʳʩʦʢʦʡ ʯʠʩʪʦʪʳ 

ʪʨʘʜʠʮʠʦʥʥʦ ʠʩʧʦʣʴʟʫʶʪ ʛʦʨʥʳʡ ʭʨʫʩʪʘʣʴ ʠ ʞʠʣʴʥʳʝ ʨʘʟʥʦʚʠʜʥʦʩʪʠ ʢʚʘʨʮʘ 

ʨʘʟʣʠʯʥʳʭ ʛʝʦʣʦʛʦ-ʧʨʦʤʳʰʣʝʥʥʳʭ ʪʠʧʦʚ. ʆʜʥʘʢʦ ʟʘʧʘʩʳ ʪʘʢʠʭ ʞʠʣ, ʢʘʢ ʧʨʘʚʠʣʦ, 

ʦʛʨʘʥʠʯʝʥʳ, ʘ ʠʭ ʩʪʨʫʢʪʫʨʘ ʦʪʣʠʯʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴʶ. ɺ ʩʚʷʟʠ ʩ 

ʨʘʩʪʫʱʝʡ ʚʦʩʪʨʝʙʦʚʘʥʥʦʩʪʴʶ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʦʛʦ ʩʳʨʴʷ ʠ ʠʩʪʦʱʝʥʠʝʤ 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʚʩ yʙʦʣʝʝ ʘʢʪʫʘʣʴʥʦʡ ʩʪʘʥʦʚʠʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʠ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʜʨʫʛʠʭ ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ ʢʚʘʨʮʝʚʳʭ 

ʧʦʨʦʜ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʀɻʍ ʉʆ ʈɸʅ ʧʦʟʚʦʣʠʣʠ ʚʳʷʚʠʪʴ ʥʦʚʳʡ ʪʠʧ ʦʩʦʙʦ ʯʠʩʪʦʛʦ 

ʢʚʘʨʮʝʚʦʛʦ ʩʳʨʴʷ, ʧʦʜʭʦʜʷʱʝʛʦ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʦʧʪʠʯʝʩʢʦʛʦ ʢʚʘʨʮʝʚʦʛʦ ʩʪʝʢʣʘ 

ʠ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʢʝʨʘʤʠʢʠ ï çʩʫʧʝʨʢʚʘʨʮʠʪʳè ʤʝʩʪʦʨʦʞʜʝʥʠʷ ɹʫʨʘʣ-

ʉʘʨʜʳʢ ʚ ɺʦʩʪʦʯʥʦʤ ʉʘʷʥʝ (ɽ.ʀ. ɺʦʨʦʙʴʝʚ, ɸ.ʀ. ʅʝʧʦʤʥʷʱʠʭ). ɺ ʦʪʣʠʯʠʝ ʦʪ 

ʞʠʣʴʥʳʭ ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ ʢʚʘʨʮʘ, ʢʚʘʨʮʠʪʳ ɺʦʩʪʦʯʥʦʛʦ ʉʘʷʥʘ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ 

ʩʪʝʧʝʥʴʶ ʦʜʥʦʨʦʜʥʦʩʪʠ ʠ ʯʠʩʪʦʪʳ. ɺʠʟʫʘʣʴʥʦ ʚʳʩʦʢʦʯʠʩʪʳʝ ʨʘʟʥʦʚʠʜʥʦʩʪʠ 

ʢʚʘʨʮʠʪʦʚ, ʥʘʟʚʘʥʥʳʝ ʨʘʥʝʝ çʩʫʧʝʨʢʚʘʨʮʠʪʘʤʠè (ɽ.ʀ. ɺʦʨʦʙʴʝʚ), ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʩʦʙʦʡ ʤʦʥʦʤʠʥʝʨʘʣʴʥʫʶ ʧʦʨʦʜʫ ʙʝʣʦʛʦ ʮʚʝʪʘ ʩ ʧʦʨʬʠʨʦʚʠʜʥʦʡ ʩʪʨʫʢʪʫʨʦʡ. 

ʅʝʜʦʩʪʘʪʦʯʥʦ ʠʩʩʣʝʜʦʚʘʥʥʳʤʠ ʦʩʪʘʶʪʩʷ ʪʘʢʠʝ ʚʘʞʥʳʝ ʠ ʚʦʩʪʨʝʙʦʚʘʥʥʳʝ ʜʣʷ 

ʚʳʩʦʢʦʯʠʩʪʦʛʦ ʢʚʘʨʮʝʚʦʛʦ ʩʳʨʴʷ ʧʦʢʘʟʘʪʝʣʠ, ʢʘʢ ʪʝʨʤʠʯʝʩʢʘʷ ʩʪʦʡʢʦʩʪʴ 

ʧʦʣʫʯʘʝʤʳʭ ʠʟ ʥʝʛʦ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʢʝʨʘʤʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʠ 

ʦʜʥʦʢʦʤʧʦʥʝʥʪʥʦʛʦ ʢʚʘʨʮʝʚʦʛʦ ʩʪʝʢʣʘ. ʊʝʨʤʠʯʝʩʢʘʷ ʩʪʦʡʢʦʩʪʴ ʢʚʘʨʮʝʚʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʨʝʞʜʝ ʚʩʝʛʦ ʠʭ ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʢ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ, ʯʪʦ 

ʠʤʝʝʪ ʢʣʶʯʝʚʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʦʜʫʢʮʠʠ ʠʟ ʢʚʘʨʮʝʚʦʛʦ ʩʳʨʴʷ ʚ 
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ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ. ʂʨʦʤʝ ʪʦʛʦ, ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʢʚʘʨʮʝʚʳʭ ʩʪʢyʦʣ ʚʘʞʥʦ ʜʣʷ ʧʦʥʠʤʘʥʠʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ ʩʪʝʢʣʦïʢʨʠʩʪʘʣʣ. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ 

ʠʟʚʝʩʪʥʳ ʠʩʩʣʝʜʦʚʘʥʠ,̫ ʦʩʚʝʱʘʶʱʠʝ ʠʟʫʯʝʥʠʝ ʤʝʭʘʥʠʟʤʦʚ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ 

ʢʚʘʨʮʝʚʦʛʦ ʩʪʝʢʣʘ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʤʦʪʠʚʠʨʦʚʘʥʳ ʚʦʟʤʦʞʥʦʩʪʴʶ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʠʟʜʝʣʠʡ ʠʟ ʥʝʛʦ ʧʨʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ (A. Kulesh, V. Marghussian). ʆʜʥʘʢʦ 

ʤʝʭʘʥʠʟʤʳ ʟʘʨʦʜʳʰʝʦʙʨʘʟʦʚʘʥʠʷ ʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʦʩʪʘʶʪʩʷ ʜʦ ʢʦʥʮʘ ʥʝ 

ʚʳʷʩʥʝʥʥʳʤʠ. ʊʘʢʞʝ ʚʘʞʥʝʡʰʠʤ ʚʦʧʨʦʩʦʤ ʷʚʣʷʝʪʩʷ ʚʣʠʷʥʠʝ ʩʚʦʡʩʪʚ ʠʩʭʦʜʥʦʛʦ 

ʢʚʘʨʮʝʚʦʛʦ ʩʳʨʴʷ ʥʘ ʩʧʝʢʪʨʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʧʨʦʟʨʘʯʥʦʩʪʴ ʠ ʧʨʦʮʝʩʩʳ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʧʦʣʫʯʝʥʥʦʛʦ ʠʟ ʥʝʛʦ ʩʪʝʢʣʘ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʩʧʝʢʪʨʘʣʴʥʳʭ ʠ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʩʚʦʡʩʪʚ ʢʚʘʨʮʝʚʦʛʦ ʩʪʝʢʣʘ 

ʜʘʝʪ ʮʝʥʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʪʝʨʤʦʩʪʦʡʢʠʭ ʦʧʪʠʯʝʩʢʠʭ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʄʦʜʠʬʠʮʠʨʦʚʘʥʥʦʝ ʢʚʘʨʮʝʚʦʝ ʩʪʝʢʣʦ ʩ ʧʨʠʤʝʩʷʤʠ 

ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʠ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ 

ʪʝʨʤʦʩʪʦʡʢʠʭ ʩʚʝʪʦʬʠʣʴʪʨʦʚ ʠ ʢʦʣʙ ʜʣʷ ʠʤʧʫʣʴʩʥʳʭ ʩʠʩʪʝʤ ʥʘʢʘʯʢʠ ʣʘʟʝʨʦʚ, 

ʥʝʧʨʦʟʨʘʯʥʳʭ ʚ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʡ ʦʙʣʘʩʪʠ ʩʧʝʢʪʨʘ. ʂʨʦʤʝ ʪʦʛʦ, ʢʚʘʨʮʝʚʳʝ ʩʪʢyʣʘ, 

ʣʝʛʠʨʦʚʘʥʥʳʝ ʨʝʜʢʦʟʝʤʝʣʴʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ, ʧʨʝʜʩʪʘʚʣʷʶʪ ʠʥʪʝʨʝʩ ʢʘʢ 

ʪʝʨʤʦʩʪʦʡʢʠʝ ʩʮʠʥʪʠʣʣʠʨʫʶʱʠʝ ʩʪʢyʣʘ ʠ ʣʶʤʠʥʦʬʦʨʳ, ʧʦʟʚʦʣʷʶʱʠʝ 

ʠʟʛʦʪʘʚʣʠʚʘʪʴ ʦʙʨʘʟʮʳ ʙʦʣʴʰʠʭ ʨʘʟʤʝʨʦʚ. ʉʫʱʝʩʪʚʝʥʥʳʡ ʚʢʣʘʜ ʚ ʨʘʟʚʠʪʠʝ 

ʜʘʥʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʚʥʝʩʣʠ ɸʨʙʫʟʦʚ ɺ.ʀ., ʊʨʫʭʠʥ ɸ.ʅ., ɹʦʡʢʦ ɸ.ɸ., 

ʄʝʣʴʥʠʯʝʥʢʦ ʀ.ʄ., ʊʨʫʩʦʚʘ ɽ.ɽ.  

ʎʝʣʴ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʨʘʟʨʘʙʦʪʢʝ ʬʠʟʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʩʥʦʚ 

ʧʦʣʫʯʝʥʠʷ ʵʬʬʝʢʪʠʚʥʳʭ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʠ ʘʤʦʨʬʥʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʩ ʧʨʦʛʥʦʟʠʨʫʝʤʳʤʠ ʩʚʦʡʩʪʚʘʤʠ.   

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʫʢʘʟʘʥʥʦʡ ʮʝʣʠ ʨʝʰʘʣʩʷ ʩʣʝʜʫʶʱʠʡ ʢʦʤʧʣʝʢʩ ʟʘʜʘʯ: 

- ʨʘʟʨʘʙʦʪʘʪʴ ʤʝʪʦʜ ʚʳʨʘʱʠʚʘʥʠʷ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ BaFBr:Eu2+ ʩ ʮʝʣʴʶ ʧʦʚʳʰʝʥʠʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʩʚʦʡʩʪʚ (ʨʦʩʪ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʠ 
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ʩʜʚʠʛ ʜʣʠʥʳ ʚʦʣʥʳ ʩʧʝʢʪʨʘ ʩʪʠʤʫʣʷʮʠʠ ʚ ʢʨʘʩʥʫʶ ʦʙʣʘʩʪʴ) ʧʫʪʤy ʣʝʛʠʨʦʚʘʥʠʷ 

ʣʶʤʠʥʦʬʦʨʘ ʠʦʥʘʤʠ ʱʝʣʦʯʥʳʭ ʤʝʪʘʣʣʦʚ. 

- ʨʘʟʨʘʙʦʪʘʪʴ ʤʝʪʦʜ ʚʳʨʘʱʠʚʘʥʠʷ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʥʘ ʦʩʥʦʚʝ ʩʦʣʝʡ BaXY (XY = Br, 

Cl, I), ʣʝʛʠʨʦʚʘʥʥʳʭ ʠʦʥʘʤʠ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʠʟʫʯʠʪʴ ʠʭ 

ʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ʩʚʦʡʩʪʚʘ, ʦʮʝʥʠʪʴ ʧʝʨʩʧʝʢʪʠʚʫ ʩʦʟʜʘʥʠʷ ʥʘ ʠʭ ʦʩʥʦʚʝ 

ʵʬʬʝʢʪʠʚʥʳʭ ʜʝʪʝʢʪʦʨʦʚ ʠʦʥʠʟʠʨʫʶʱʝʛʦ ʠʟʣʫʯʝʥʠʷ; 

- ʧʦʣʫʯʠʪʴ ʢʚʘʨʮʝʚʳʝ ʩʪʢyʣʘ ʠʟ ʢʚʘʨʮʠʪʦʚ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ɺʦʩʪʦʯʥʦʛʦ ʉʘʷʥʘ ʢʘʢ 

ʙʝʩʧʨʠʤʝʩʥʳʝ, ʪʘʢ ʠ ʣʝʛʠʨʦʚʘʥʥʳʝ ʨʝʜʢʦʟʝʤʝʣʴʥʳʤʠ ʠ ʧʝʨʝʭʦʜʥʳʤʠ ʠʦʥʘʤʠ.   

 - ʧʨʦʚʝʩʪʠ ʢʦʤʧʣʝʢʩʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʠ ʨʘʟʤʷʛʯʝʥʠʷ 

ʧʦʣʫʯʝʥʥʦʛʦ ʢʚʘʨʮʝʚʦʛʦ ʩʪʝʢʣʘ ʩ ʮʝʣʴʶ ʦʮʝʥʢʠ ʝʛʦ ʩʦʦʪʚʝʪʩʪʚʠʷ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ.  

- ʠʟʫʯʠʪʴ ʩʧʝʢʪʨʘʣʴʥʳʝ ʠ ʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ʩʚʦʡʩʪʚʘ ʢʚʘʨʮʝʚʳʭ ʩʪʢyʦʣ, 

ʣʝʛʠʨʦʚʘʥʥʳʭ ʠʦʥʘʤʠ ʮʝʨʠʷ ʠ ʪʠʪʘʥʘ, ʩ ʧʝʨʩʧʝʢʪʠʚʦʡ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʣʷ 

ʠʟʛʦʪʦʚʣʝʥʠʷ ʪʝʨʤʦʩʪʦʡʢʠʭ ʩʚʝʪʦʬʠʣʴʪʨʦʚ, ʣʶʤʠʥʦʬʦʨʦʚ, ʩʮʠʥʪʠʣʣʷʪʦʨʦʚ ʠ 

ʧʨʦʜʫʢʮʠʠ ʜʚʦʡʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ.  

ɼʠʩʩʝʨʪʘʮʠʷ ʧʦʩʚʷʱʝʥʘ ʧʦʣʫʯʝʥʠʶ ʵʬʬʝʢʪʠʚʥʳʭ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʠ 

ʘʤʦʨʬʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʧʨʦʛʥʦʟʠʨʫʝʤʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʧʫʪyʤ ʨʘʟʚʠʪʠʷ ʤʝʪʦʜʦʚ 

ʚʳʨʘʱʠʚʘʥʠʷ ʢʨʠʩʪʘʣʣʦʚ ʱʝʣʦʯʥʦʟʝʤʝʣʴʥʳʭ ʛʘʣʦʠʜʦʚ ʠ ʥʘʧʣʘʚʘ ʢʚʘʨʮʝʚʳʭ 

ʩʪʝʢʦʣ. ɺ ʧʨʦʮʝʩʩʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʟʫʯʘʝʪʩʷ ʚʟʘʠʤʦʩʚʷʟʴ ʩʪʨʫʢʪʫʨʳ ʢʨʠʩʪʘʣʣʦʚ ʠ 

ʩʪyʢʦʣ ʩ ʦʧʪʠʯʝʩʢʠʤʠ ʠ ʬʠʟʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʵʪʠʭ ʤʘʪʝʨʠʘʣʦʚ. 

ʈʘʩʩʤʘʪʨʠʚʘʝʤʳʝ ʛʨʫʧʧʳ ʢʨʠʩʪʘʣʣʦʚ ʜʠʛʘʣʦʠʜʦʚ ʙʘʨʠʷ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 

ʩʚʦʡʩʪʚʘʤʠ, ʢʦʪʦʨʳʝ ʩʚʷʟʘʥʳ ʩ ʨʘʟʣʠʯʠʝʤ ʠʭ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ, ʘ ʟʥʘʯʠʪ 

ʠ ʩ ʨʘʟʣʠʯʥʳʤʠ ʪʠʧʘʤʠ ʨʘʜʠʘʮʠʦʥʥʳʭ ʜʝʬʝʢʪʦʚ, ʤʝʭʘʥʠʟʤʘʤʠ ʠʭ ʦʙʨʘʟʦʚʘʥʠʷ ʠ 

ʧʨʦʮʝʩʩʘʤʠ ʧʝʨʝʥʦʩʘ ʵʥʝʨʛʠʠ. ɼʠʛʘʣʦʠʜʳ ʥʘ ʦʩʥʦʚʝ ʩʦʣʝʡ Baʍ2-BaY2 (XY=Br, Cl, 

I) ʷʚʣʷʶʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ ʩ ʚʳʩʦʢʠʤ 

ʩʚʝʪʦʚʳʭʦʜʦʤ ʣʶʤʠʥʝʩʮʝʥʮʠʠ. ɼʠʛʘʣʦʠʜʳ ʥʘ ʦʩʥʦʚʝ ʩʦʣʝʡ BaF2-BaX2 (X=Br, Cl) 

ʧʨʦʷʚʣʷʶʪ ʩʝʙʷ ʢʘʢ ʟʘʧʦʤʠʥʘʶʱʠʝ ʣʶʤʠʥʦʬʦʨʳ, ʧʨʠ ʨʘʜʠʘʮʠʦʥʥʦʤ ʦʙʣʫʯʝʥʠʠ 

ʢʦʪʦʨʳʭ ʵʬʬʝʢʪʠʚʥʦ ʩʦʟʜʘʶʪʩʷ ʵʣʝʢʪʨʦʥʥʳʝ ʮʝʥʪʨʳ, ʠʛʨʘʶʱʠʝ ʨʦʣʴ ʣʦʚʫʰʝʢ ʚ 

ʧʨʦʮʝʩʩʝ ʌʉʃ. ʌʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʢʚʘʨʮʝʚʦʛʦ ʩʪʝʢʣʘ, ʚʢʣʶʯʘʷ ʦʜʥʫ ʠʟ 
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ʢʣʶʯʝʚʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ï ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ, ʟʘʚʠʩʷʪ ʦʪ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʩʪʨʫʢʪʫʨʳ ʠ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʠʩʭʦʜʥʦʛʦ ʢʚʘʨʮʝʚʦʛʦ ʤʘʪʝʨʠʘʣʘ. 

ʕʪʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʧʨʝʜʝʣʷʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʚʘʨʮʝʚʳʭ ʠʟʜʝʣʠʡ 

ʧʨʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʠ ʟʥʘʯʠʪʝʣʴʥʳʭ ʩʢʦʨʦʩʪʷʭ ʥʘʛʨʝʚʘ. 

 ʇʦʥʠʤʘʥʠʝ ʵʪʠʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʚʘʞʥʳʝ ʩʚʝʜʝʥʠʷ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ 

ʜʦʩʪʠʞʝʥʠʷ ʟʘʜʘʥʥʳʭ ʩʚʦʡʩʪʚ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ. 

ɺʧʝʨʚʳʝ ʤʝʪʦʜʦʤ ʐʪʝʙʝʨʘ ʚ ʛʨʘʬʠʪʦʚʦʤ ʪʠʛʣʝ ʩ ʧʣʦʩʢʠʤ ʜʥʦʤ ʙʳʣʠ ʚʳʨʘʱʝʥʳ 

ʦʙʲyʤʥʳʝ ʢʨʠʩʪʘʣʣʳ BaFBr:Eu2+. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʢʨʠʩʪʘʣʣʘʭ BaFBr:Eu2+ ʧʨʠ 

ʣʝʛʠʨʦʚʘʥʠʠ ʧʨʠʤʝʩʷʤʠ ʱʝʣʦʯʥʳʭ ʤʝʪʘʣʣʦʚ Na, K, Rb ʧʨʦʠʩʭʦʜʠʪ ʩʜʚʠʛ ʩʧʝʢʪʨʘ 

ʩʪʠʤʫʣʷʮʠʠ ʚ ʜʣʠʥʥʦʚʦʣʥʦʚʫʶ ʩʪʦʨʦʥʫ ʠ ʟʥʘʯʠʪʝʣʴʥʳʡ ʨʦʩʪ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʬʦʪʦʩʪʠʤʫʣʠʨʦʚʘʥʥʦʡ ʣʶʤʠʥʝʩʮʝʥʮʠʠ. 

ɺʧʝʨʚʳʝ ʥʘ ʦʩʥʦʚʝ ʨʝʟʫʣʴʪʘʪʦʚ ʘʥʘʣʠʟʘ ʩʧʝʢʪʨʦʚ ɼʉʂ ʠ ʊɻ ʙʠʥʘʨʥʳʭ ʩʠʩʪʝʤ 

BaBr2-BaI2, BaCl2-BaI2 ʠ SrBr2-SrI2 ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʬʘʟʦʚʳʭ 

ʨʘʚʥʦʚʝʩʠʡ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ ʜʣʷ ʧʦʜʛʦʪʦʚʢʠ ʠʩʭʦʜʥʦʡ ʰʠʭʪʳ ʠ ʧʦʜʙʦʨʘ ʫʩʣʦʚʠʡ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ. ɹr ʣʘ ʚʧʝʨʚʳʝ ʧʦʣʫʯʝʥʘ ʬʘʟʦʚʘʷ ʜʠʘʛʨʘʤʤʘ ʩʠʩʪʝʤʳ BaBr2-BaI2, 

ʠʟ ʢʦʪʦʨʦʡ ʩʣʝʜʫʝʪ, ʯʪʦ ʢʦʤʧʦʥʝʥʪʳ BaBr2 ʠ BaI2 ʥʝʦʛʨʘʥʠʯʝʥʥʦ ʨʘʩʪʚʦʨʠʤʳ 

ʤʝʞʜʫ ʩʦʙʦʡ ʢʘʢ ʚ ʞʠʜʢʦʤ, ʪʘʢ ʠ ʚ ʪʚʨyʜʦʤ ʩʦʩʪʦʷʥʠʠ ʠ ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʥʝʧʨʝʨʳʚʥʳʡ ʨʷʜ ʪʚʨyʜʳʭ ʨʘʩʪʚʦʨʦʚ ʟʘʤʝʱʝʥʠʷ. 

ɺʧʝʨʚʳʝ ʙʳʣʠ ʚʳʨʘʱʝʥʳ ʢʨʠʩʪʘʣʣʳ BaBrI, BaClI ʠ SrBrI ʩ ʤʘʣʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʠʦʥʦʚ ʝʚʨʦʧʠʷ (ʤʝʥʝʝ ʦʜʥʦʛʦ ʧʨʦʮʝʥʪʘ) ʠ ʧʦ ʢʨʘʶ ʦʧʪʠʯʝʩʢʦʛʦ 

ʧʦʛʣʦʱʝʥʠʷ ʙʳʣʘ ʦʮʝʥʝʥʘ ʰʠʨʠʥʘ ʟʘʧʨʝʱʥyʥʦʡ ʟʦʥʳ ʵʪʠʭ ʢʨʠʩʪʘʣʣʦʚ, ʢʦʪʦʨʘʷ 

ʩʦʩʪʘʚʣʷʝʪ 5,58 ʵɺ, 6,26 ʵɺ ʠ 5,83 ʵɺ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɼʣʷ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ BaClI 

ʤʝʪʦʜʦʤ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʚʧʝʨʚʳʝ ʧʦʣʫʯʝʥʳ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ 

ʜʘʥʥʳʝ.   

ɺ ʢʨʠʩʪʘʣʣʘʭ BaClI ʠ SrBrI ʧʨʷʤʳʤ ʩʧʦʩʦʙʦʤ ʠʟʤʝʨʝʥ ʩʚʝʪʦʚʦʡ ʚʳʭʦʜ 

ʣʶʤʠʥʝʩʮʝʥʮʠʠ. ʈʘʥʝʝ ʪʘʢʠʝ ʦʮʝʥʢʠ ʚʳʧʦʣʥʷʣʠ ʪʦʣʴʢʦ ʥʘ ʧʦʨʦʰʢʦʚʳʭ ʦʙʨʘʟʮʘʭ.  
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ɺʧʝʨʚʳʝ ʜʣʷ ʢʚʘʨʮʝʚʳʭ ʩʪʝʢʦʣ, ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʠʟ ʚʳʩʦʢʦʯʠʩʪʳʭ ʢʚʘʨʮʠʪʦʚ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ɺʦʩʪʦʯʥʦʛʦ ʉʘʷʥʘ, ʧʦʜʦʙʨʘʥʦ ʦʧʪʠʤʘʣʴʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʧʨʠʤʝʩʝʡ 

Ti ʠ Ce (0,01 % ʠ 0,001 %, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ), ʧʨʠʚʦʜʷʱʝʝ ʢ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʤʫ 

ʧʦʛʣʦʱʝʥʠʶ ʚ ʋʌ ʦʙʣʘʩʪʠ, ʥʘʯʠʥʘʷ ʦʪ 320 ʥʤ.  

ɺʧʝʨʚʳʝ ʧʨʦʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʩʚʦʡʩʪʚ ʢʚʘʨʮʝʚʳʭ ʩʪʢyʦʣ, ʧʦʣʫʯʝʥʥʳʭ ʠʟ ʩʳʨʴʷ 

ʨʘʟʣʠʯʥʳʭ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʤʦʜʠʬʠʢʘʮʠʡ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʪʝʢʣʦ, ʧʦʣʫʯʝʥʥʦʝ 

ʠʟ ʢʦʥʮʝʥʪʨʘʪʘ ʢʨʠʩʪʦʙʘʣʠʪʘ, ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʩʪʦʡʢʠʤ ʢ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʧʨʠ 

ʪʝʨʤʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʷʭ, ʯʝʤ ʩʪʝʢʣʦ ʠʟ ʢʦʥʮʝʥʪʨʘʪʘ Ŭ-ʢʚʘʨʮʘ. 

ɺʧʝʨʚʳʝ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʨʘʟʣʠʯʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʧʦʣʦʩ ʩʠʥʛʣʝʪʥʦʡ ʠ 

ʪʨʠʧʣʝʪʥʦʡ ʣʶʤʠʥʝʩʮʝʥʮʠʠ Ge-ODC (II) ʮʝʥʪʨʦʚ ʟʘʚʠʩʠʪ ʦʪ ʪʠʧʘ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ 

ʬʘʟʳ SiO2, ʠʟ ʢʦʪʦʨʦʡ ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʢʚʘʨʮʝʚʦʝ ʩʪʝʢʣʦ. 

ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʠ ʧʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ. 

ʇʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʘ ʐʪʝʙʝʨʘ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʨʘʱʠʚʘʪʴ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʝ 

ʠ ʙʝʟʜʝʬʝʢʪʥʳʝ ʢʨʠʩʪʘʣʣʳ BaFBr:Eu2+, ʧʨʠʤʝʥʷʝʤʳʝ ʚ ʢʘʯʝʩʪʚʝ ʟʘʧʦʤʠʥʘʶʱʠʭ 

ʣʶʤʠʥʦʬʦʨʦʚ. ʃʝʛʠʨʦʚʘʥʠʝ ʢʨʠʩʪʘʣʣʦʚ BaFBr:Eu2+ ʧʨʠʤʝʩʴʶ Na+ ʧʨʠʚʦʜʠʪ ʢ 

ʨʦʩʪʫ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʬʦʪʦʩʪʠʤʫʣʠʨʦʚʘʥʥʦʡ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʚ ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʠ 

ʩʜʚʠʛʫ ʩʧʝʢʪʨʘ ʩʪʠʤʫʣʷʮʠʠ ʚ ʙʦʣʝʝ ʫʜʦʙʥʫʶ ʜʣʷ ʩʯʠʪʳʚʘʥʠʷ ʢʨʘʩʥʫʶ ʦʙʣʘʩʪʴ.  

ʅʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʧʨʦʮʝʩʩʦʚ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʦʚ ʠ ʠʩʩʣʝʜʦʚʘʥʠ ̫ ʬʘʟʦʚʳʭ 

ʨʘʚʥʦʚʝʩʠʡ ʙʠʥʘʨʥʳʭ ʩʠʩʪʝʤ ʛʘʣʦʛʝʥʠʜʦʚ ʨʘʟʨʘʙʦʪʘʥ r ʩʧʦʩʦʙʳ ʚʳʨʘʱʠʚʘʥʠʷ 

ʛʠʛʨʦʩʢʦʧʠʯʥʳʭ ʱʝʣʦʯʥʦʟʝʤʝʣʴʥʳʭ ʛʘʣʦʠʜʥʳʭ ʢʨʠʩʪʘʣʣʦʚ, ʠʤʝʶʱʠʭ ʚʘʞʥʦʝ 

ʥʘʫʯʥʦʝ ʠ ʧʨʠʢʣʘʜʥʦʝ ʟʥʘʯʝʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʩ ʚʳʩʦʢʠʤ ʩʚʝʪʦʚʳʭʦʜʦʤ.  

ʄʝʪʦʜʠʢʘ ʣʝʛʠʨʦʚʘʥʠʷ ʠʩʭʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠʟ ʢʚʘʨʮʠʪʦʚ ʤʝʩʪʦʨʦʞʜʝʥʠʷ 

ɹʫʨʘʣ-ʉʘʨʜʳʢ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʝ ʩʪʝʢʣʦ, ʦʪʨʝʟʘʶʱʝʝ ʋʌ-

ʩʦʩʪʘʚʣʷʶʱʫʶ ʩʧʝʢʪʨʘ ʧʦʛʣʦʱʝʥʠʷ, ʥʘʯʠʥʘʷ ʦʪ 230 ʥʤ, ʠʩʧʦʣʴʟʫʝʤʦʝ ʜʣʷ 

ʠʟʛʦʪʦʚʣʝʥʠʷ ʦʙʦʣʦʯʝʢ (ʢʦʣʙ) ʠʤʧʫʣʴʩʥʳʭ ʣʘʤʧ ʥʘʢʘʯʢʠ ʦʢʦʥʝʯʥʳʭ ʢʘʩʢʘʜʦʚ 

ʣʘʟʝʨʥʳʭ ʫʩʪʘʥʦʚʦʢ ʙʦʣʴʰʦʡ ʤʦʱʥʦʩʪʠ.  

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʪʝʢʣʦ, ʧʦʣʫʯʝʥʥʦʝ ʠʟ ʢʦʥʮʝʥʪʨʘʪʘ ʢʨʠʩʪʦʙʘʣʠʪʘ, ʷʚʣʷʝʪʩʷ 

ʙʦʣʝʝ ʫʩʪʦʡʯʠʚʳʤ ʢ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʧʨʠ ʪʝʨʤʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʷʭ, ʯʝʤ ʩʪʝʢʣʦ, 
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ʧʦʣʫʯʝʥʥʦʝ ʠʟ ʢʦʥʮʝʥʪʨʘʪʘ Ŭ-ʢʚʘʨʮʘ. ʕʪʦʪ ʬʘʢʪ ʤʦʞʝʪ ʙʳʪʴ ʚʘʞʥʳʤ ʧʨʠ 

ʠʟʛʦʪʦʚʣʝʥʠʠ ʠʟʜʝʣʠʡ ʠʟ ʢʚʘʨʮʝʚʦʛʦ ʩʪʝʢʣʘ ʠ ʢʝʨʘʤʠʢʠ ʜʣʷ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚ 

ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʠ ʙʦʣʴʰʠʭ ʩʢʦʨʦʩʪʷʭ ʥʘʛʨʝʚʘ.  

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʭʘʨʘʢʪʝʨ ʣʶʤʠʥʝʩʮʝʥʮʠʠ Ge-ODC (II) ʮʝʥʪʨʦʚ ʤʦʞʝʪ ʩʣʫʞʠʪʴ 

ʚ ʢʘʯʝʩʪʚʝ ʩʪʨʫʢʪʫʨʥʦ ʯʫʚʩʪʚʠʪʝʣʴʥʦʛʦ ʤʘʨʢʝʨʘ ʧʨʠ ʘʥʘʣʠʟʝ ʢʚʘʨʮʝʚʳʭ ʩʪʢyʦʣ. 

ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʧʦʜʪʚʝʨʞʜʝʥʘ ʘʢʪʘʤʠ 

ʚʥʝʜʨʝʥʠʷ ʝ yʨʝʟʫʣʴʪʘʪʦʚ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʫʶ ʜʝʷʪʝʣʴʥʦʩʪʴ ʆʧʳʪʥʦʛʦ ʫʯʘʩʪʢʘ 

ʀɻʍ ʉʆ ʈɸʅ ʠ ɸʆ çʂʚʘʨʮʝʚʳʝ ʤʘʪʝʨʠʘʣʳè, ʘ ʪʘʢʞʝ ʩʧʨʘʚʢʦʡ ʦʙ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʨʝʟʫʣʴʪʘʪʦʚ ʜʠʩʩʝʨʪʘʮʠʠ ʚ ʥʘʫʯʥʦʡ ʠ ʫʯʝʙʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʌɻɹʆʋ ɺʆ 

çʀʨʢʫʪʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè ʧʦ ʥʘʧʨʘʚʣʝʥʠʷʤ 11.03.04 

çʕʣʝʢʪʨʦʥʠʢʘ ʠ ʥʘʥʦʵʣʝʢʪʨʦʥʠʢʘè ʠ 03.03.02 çʌʠʟʠʢʘè.   

ʄʝʪʦʜʦʣʦʛʠʷ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ʆʩʥʦʚʥʘʷ ʯʘʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʳʧʦʣʥʷʣʘʩʴ ʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʙʘʟʝ 

ʣʘʙʦʨʘʪʦʨʠʠ ʬʠʟʠʢʠ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʀɻʍ ʉʆ ʈɸʅ, ʢʦʪʦʨʘʷ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʨʷʜ 

ʫʩʪʘʥʦʚʦʢ, ʧʦʟʚʦʣʷʶʱʠʭ ʚʳʨʘʱʠʚʘʪʴ ʢʨʠʩʪʘʣʣʳ ʠ ʠʩʩʣʝʜʦʚʘʪʴ ʠʭ ʦʧʪʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ ʚ ʜʠʘʧʘʟʦʥʝ ʜʣʠʥ ʚʦʣʥ ʦʪ ʚʘʢʫʫʤʥʦʛʦ ʫʣʴʪʨʘʬʠʦʣʝʪʘ (115 ʥʤ) ʜʦ 

ʠʥʬʨʘʢʨʘʩʥʦʡ ʦʙʣʘʩʪʠ (6000 ʥʤ) ʚ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʜʠʘʧʘʟʦʥʝ ʜʦ 7 ʂ. 

ɸʥʘʣʠʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʝʜʝʥʳ ʥʘ ʦʙʦʨʫʜʦʚʘʥʠʠ ʎʝʥʪʨʘ ʢʦʣʣʝʢʪʠʚʥʦʛʦ 

ʧʦʣʴʟʦʚʘʥʠʷ çʀʟʦʪʦʧʥʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡè ʀɻʍ ʉʆ ʈɸʅ.   

ɺʳʨʘʱʠʚʘʥʠʝ ʠʩʩʣʝʜʫʝʤʳʭ ʢʨʠʩʪʘʣʣʦʚ ʚʳʧʦʣʥʷʣʦʩʴ ʤʦʜʝʨʥʠʟʠʨʦʚʘʥʥʳʤʠ 

ʤʝʪʦʜʘʤʠ ʐʪʝʙʝʨʘ, ɹʨʠʜʞʤʝʥʘ ʠ ʏʦʭʨʘʣʴʩʢʦʛʦ ʥʘ ʨʦʩʪʦʚʳʭ ʫʩʪʘʥʦʚʢʘʭ ʈʝʜʤʝʪ-

10ʄ, ʆʂɹ-8118, ʋɺʂ ʠ ʥʘ ʤʥʦʛʦʟʦʥʥʦʡ ʪʝʨʤʠʯʝʩʢʦʡ ʫʩʪʘʥʦʚʢʝ. ʅʘʧʣʘʚ ʦʙʨʘʟʮʦʚ 

ʢʚʘʨʮʝʚʦʛʦ ʩʪʝʢʣʘ ʧʨʦʚʦʜʠʣʩʷ ʣʠʙʦ ʚ ʚʘʢʫʫʤʝ, ʣʠʙʦ ʚʘʢʫʫʤʥʦ-ʢʦʤʧʨʝʩʩʠʦʥʥʳʤ 

ʤʝʪʦʜʦʤ ʥʘ ʫʩʪʘʥʦʚʢʝ ʜʣʷ ʚʳʨʘʱʠʚʘʥʠʷ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʈʝʜʤʝʪ-8, ʨʘʙʦʯʘʷ ʢʘʤʝʨʘ 

ʢʦʪʦʨʦʡ ʙʳʣʘ ʩʫʱʝʩʪʚʝʥʥʦ ʜʦʨʘʙʦʪʘʥʘ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩ 

ʧʦʚʳʰʝʥʠʝʤ ʜʘʚʣʝʥʠʷ ʜʦ 6 ʙʘʨ ʚ ʘʨʛʦʥʝ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʚʳʧʦʣʥʷʣʠʩʴ ʥʘ ʧʦʨʦʰʢʦʚʦʤ 

ʜʠʬʨʘʢʪʦʤʝʪʨʝ Bruker D8 Advance (Bruker AXS Inc, ɻʝʨʤʘʥʠʷ) ʚ ʎʝʥʪʨʝ 

ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʧʦʣʴʟʦʚʘʥʠʷ çʀʟʦʪʦʧʥʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡè ʀɻʍ ʉʆ 
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ʈɸʅ (ʛ. ʀʨʢʫʪʩʢ) ʠ ʥʘ ʤʦʥʦʢʨʠʩʪʘʣʴʥʦʤ ʜʠʬʨʘʢʪʦʤʝʪʨʝ Bruker D8 Venture (Bruker 

AXS Inc, ɻʝʨʤʘʥʠʷ) ʚ ɹʘʡʢʘʣʴʩʢʦʤ ʘʥʘʣʠʪʠʯʝʩʢʦʤ ʮʝʥʪʨʝ ʢʦʣʣʝʢʪʠʚʥʦʛʦ 

ʧʦʣʴʟʦʚʘʥʠʷ ʀʨʀʍ ʉʆ ʈɸʅ (ʛ. ʀʨʢʫʪʩʢ). 

ʊʝʨʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʚʳʧʦʣʥʷʣʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʠʥʭʨʦʥʥʦʛʦ 

ʪʝʨʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘʪʦʨʘ STA 449 ʉ Jupiter (NETZSCH, ɻʝʨʤʘʥʠʷ) ʚ ʃʘʙʦʨʘʪʦʨʠʠ 

ʦʢʩʠʜʥʳʭ ʩʠʩʪʝʤ ɹʀʇ ʉʆ ʈɸʅ (ʛ. ʋʣʘʥ-ʋʜʵ). 

ʇʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʦʚ ʢʚʘʨʮʝʚʳʭ ʩʪʝʢʦʣ ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʤʝʪʦʜʦʤ ʵʣʝʢʪʨʦʥʥʦ-

ʟʦʥʜʦʚʦʡ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʥʘ ʤʠʢʨʦʘʥʘʣʠʟʘʪʦʨʝ JXA8200 (JEOL Ltd, 

ʗʧʦʥʠʷ), ʦʩʥʘʱʥyʥʦʤ ʧʷʪʴʶ ʚʦʣʥʦʚʳʤʠ ʩʧʝʢʪʨʦʤʝʪʨʘʤʠ ʠ ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʳʤ 

ʩʧʝʢʪʨʦʤʝʪʨʦʤ EX-84055MU (JEOL Ltd, ʗʧʦʥʠʷ) ʚ ʎʝʥʪʨʝ ʢʦʣʣʝʢʪʠʚʥʦʛʦ 

ʧʦʣʴʟʦʚʘʥʠʷ çʀʟʦʪʦʧʥʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡè ʀɻʍ ʉʆ ʈɸʅ (ʛ. ʀʨʢʫʪʩʢ). 

ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʦʙʣʫʯʝʥʠʶ ʢʨʠʩʪʘʣʣʦʚ ʙʳʩʪʨʳʤʠ ʪʷʞʣyʳʤʠ ʠʦʥʘʤʠ 

ʧʨʦʚʦʜʠʣʠʩʴ ʩʦʪʨʫʜʥʠʢʘʤʠ ʬʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʦʛʦ ʬʘʢʫʣʴʪʝʪʘ ɽʚʨʘʟʠʡʩʢʦʛʦ 

ʥʘʮʠʦʥʘʣʴʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʠʤ. ʃ.ʅ. ɻʫʤʠʣʚyʘ ʥʘ ʢʘʥʘʣʝ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʨʘʙʦʪ ʧʦ 

ʬʠʟʠʢʝ ʪʚʨyʜʦʛʦ ʪʝʣʘ ʫʩʢʦʨʠʪʝʣʷ ɼʎ-60 (ʂʘʟʘʭʩʪʘʥ, ʛ. ɸʩʪʘʥʘ).  

ʇʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ. 

1. ʃʝʛʠʨʦʚʘʥʠʝ ʢʨʠʩʪʘʣʣʦʚ BaFBr:Eu2+ ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʤʘʪʣʦʢʠʪʘ ʱʝʣʦʯʥʳʤʠ 

ʤʝʪʘʣʣʘʤʠ Na+, K+, Rb+ ʚ ʘʪʤʦʩʬʝʨʝ ʛʝʣʠʷ ʩ ʬʪʦʨʠʨʦʚʘʥʠʝʤ ʨʘʩʧʣʘʚʘ ʩʦ ʩʢʦʨʦʩʪʴʶ 

ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ ʢʨʠʩʪʘʣʣ-ʨʘʩʧʣʘʚ ʧʦʨʷʜʢʘ 5 ʤʤ/ʯʘʩ 

ʠ ʧʨʠ ʛʨʘʜʠʝʥʪʝ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ 4-6 ʛʨʘʜ/ʩʤ ʧʨʠʚʦʜʠʪ ʢ ʨʦʩʪʫ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʬʦʪʦʩʪʠʤʫʣʠʨʦʚʘʥʥʦʡ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʠ ʢ ʩʤʝʱʝʥʠʶ ʩʧʝʢʪʨʘ ʩʪʠʤʫʣʷʮʠʠ ʚ 

ʜʣʠʥʥʦʚʦʣʥʦʚʫʶ ʩʪʦʨʦʥʫ. 

2. ʇʨʝʜʚʘʨʠʪʝʣʴʥʘ ̫ʬʠʣʴʪʨʘʮʠ ̫ʨʘʩʧʣʘʚʘ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʬʠʣʴʪʨʘ ʠʟ ʢʚʘʨʮʝʚʦʛʦ 

ʢʦʥʮʝʥʪʨʘʪʘ, ʧʦ ʚʠʟʫʘʣʴʥʦʡ ʦʮʝʥʢʝ ʠ ʣʶʤʠʥʝʩʮʝʥʪʥʳʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ, 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʚʳʰʝʥʠʶ ʦʧʪʠʯʝʩʢʦʛʦ ʢʘʯʝʩʪʚʘ ʢʨʠʩʪʘʣʣʦʚ BaBrI, BaClI ʠ SrBrI 

ʧʨʠ ʠʭ ʚʳʨʘʱʠʚʘʥʠʠ ʥʘ ʤʥʦʛʦʟʦʥʥʦʡ ʪʝʨʤʠʯʝʩʢʦʡ ʫʩʪʘʥʦʚʢʝ ʩ ʪʝʤʧʝʨʘʪʫʨʥʳʤ 

ʛʨʘʜʠʝʥʪʦʤ ʥʝ ʧʨʝʚʳʰʘʶʱʝʤ 4 Áʉ/ʩʤ ʠ ʩʦ ʩʢʦʨʦʩʪʴʶ ʨʦʩʪʘ ʦʢʦʣʦ 1 ʤʤ/ʯʘʩ ʚ 

ʚʘʢʫʫʤʠʨʦʚʘʥʥʳʭ ʢʚʘʨʮʝʚʳʭ ʘʤʧʫʣʘʭ.  
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3. ʃʝʛʠʨʦʚʘʥʠʝ ʢʚʘʨʮʝʚʦʛʦ ʢʦʥʮʝʥʪʨʘʪʘ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʨʘʩʪʚʦʨʘ ʭʣʦʨʠʜʘ ʮʝʨʠʷ 

ʠ ʩʫʩʧʝʥʟʠʠ ʜʠʦʢʩʠʜʘ ʪʠʪʘʥʘ ʚ ʚʦʜʝ ʩ ʦʧʪʠʤʘʣʴʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʧʨʠʤʝʩʝʡ Ti ʠ Ce 

0,01 % ʠ 0,001 %, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʢʚʘʨʮʝʚʳʝ ʩʪyʢʣʘ ʠʟ 

ʚʳʩʦʢʦʯʠʩʪʳʭ ʢʚʘʨʮʠʪʦʚ ɺʦʩʪʦʯʥʦʛʦ ʉʘʷʥʘ ʩ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʳʤ ʧʦʛʣʦʱʝʥʠʝʤ 

ʠʟʣʫʯʝʥʠʷ ʚ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʡ ʦʙʣʘʩʪʠ ʦʪ 3,8 ʵɺ. 

4. ʉʪʝʢʣʦ, ʧʦʣʫʯʝʥʥʦʝ ʠʟ ʢʦʥʮʝʥʪʨʘʪʘ ʢʨʠʩʪʦʙʘʣʠʪʘ, ʦʙʣʘʜʘʝʪ ʙʦʣʴʰʝʡ 

ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʢ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ, ʯʝʤ ʩʪʝʢʣʦ, ʧʦʣʫʯʝʥʥʦʝ ʠʟ ʢʦʥʮʝʥʪʨʘʪʘ Ŭ-ʢʚʘʨʮʘ, 

ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʨʘʟʣʠʯʠʝʤ ʠʭ ʩʪʨʫʢʪʫʨ.r ʕʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʩʦʦʪʥʦʰʝʥʠʝʤ ʧʦʣʦʩ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʠʥʛʣʝʪ-ʩʠʥʛʣʝʪʥʳʤ ʠ ʩʠʥʛʣʝʪ-ʪʨʠʧʣʝʪʥʳʤ ʧʝʨʝʭʦʜʘʤ ʚ ʩʧʝʢʪʨʝ 

ʣʶʤʠʥʝʩʮʝʥʮʠʠ Ge-ODC(II) ʮʝʥʪʨʦʚ, ʢʦʪʦʨʦʝ ʤʝʥʷʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʩʦʦʪʥʦʰʝʥʠʷ ʬʘʟʳ Ŭ-ʢʚʘʨʮʘ ʠ ʬʘʟʳ ʢʨʠʩʪʦʙʘʣʠʪʘ ʚ ʠʩʭʦʜʥʦʤ ʤʘʪʝʨʠʘʣʝ ʜʣʷ 

ʥʘʧʣʘʚʘ ʢʚʘʨʮʝʚʦʛʦ ʩʪʝʢʣʘ. ʍʘʨʘʢʪʝʨ ʣʶʤʠʥʝʩʮʝʥʮʠʠ Ge-ODC (II) ʮʝʥʪʨʦʚ ʤʦʞʝʪ 

ʩʣʫʞʠʪʴ ʩʪʨʫʢʪʫʨʥʦ ʯʫʚʩʪʚʠʪʝʣʴʥʳʤ ʤʘʨʢʝʨʦʤ ʧʨʠ ʘʥʘʣʠʟʝ ʢʚʘʨʮʝʚʳʭ ʩʪʢyʦʣ.  

ʉʪʝʧʝʥʴ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʠ ʘʧʨʦʙʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ. 

ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʜʠʩʩʝʨʪʘʮʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ 

ʜʦʩʪʘʪʦʯʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʥʘʙʣʶʜʝʥʠʡ ʠ ʩʦʚʨʝʤʝʥʥʳʤ 

ʫʨʦʚʥʝʤ ʧʨʠʚʣʝʯʝʥʥʳʭ ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʢʦʪʦʨʳʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʮʝʣʷʤ 

ʨʘʙʦʪʳ ʠ ʧʦʩʪʘʚʣʝʥʥʳʤ ʟʘʜʘʯʘʤ. ʉʬʦʨʤʫʣʠʨʦʚʘʥʥʳʝ ʥʘʫʯʥʳʝ ʧʦʣʦʞʝʥʠʷ ʠ 

ʚʳʚʦʜʳ ʦʩʥʦʚʘʥʳ ʥʘ ʬʘʢʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ, ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ ʚ ʨʝʮʝʥʟʠʨʫʝʤʳʭ 

ʩʪʘʪʴʷʭ ʩ ʩʦʘʚʪʦʨʩʪʚʦʤ ʩʦʠʩʢʘʪʝʣʷ, ʦʪʨʘʞʝʥʳ ʚ ʦʪʯʝʪʘʭ ʧʦ ʪʝʤʘʤ ɻʦʩʟʘʜʘʥʠʷ 

ʀɻʍ ʉʆ ʈɸʅ, ʛʨʘʥʪʦʚ ʈʦʩʩʠʡʩʢʦʛʦ ʌʦʥʜʘ ʌʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʀʩʩʣʝʜʦʚʘʥʠʡ, 

ʈʦʩʩʠʡʩʢʦʛʦ ʅʘʫʯʥʦʛʦ ʌʦʥʜʘ, ʚ ʢʦʪʦʨʳʭ ʘʚʪʦʨ ʷʚʣʷʣʩ ̫ ʨʫʢʦʚʦʜʠʪʝʣʝʤ ʠ 

ʠʩʧʦʣʥʠʪʝʣʝʤ, ʘ ʪʘʢʞʝ ʠʥʳʭ ʥʘʫʯʥʳʭ ʧʨʦʝʢʪʦʚ. ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ʠʩʩʣʝʜʦʚʘʥʠʡ, ʠʟʣʦʞʝʥʥʳʝ ʚ ʜʠʩʩʝʨʪʘʮʠʠ, ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʦʠʩʢʘʪʝʣʝʤ ʥʘ 

ʨʦʩʩʠʡʩʢʠʭ ʠ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʥʘʫʯʥʳʭ ʢʦʥʬʝʨʝʥʮʠʷʭ: 

SSDC-12 (12th Int. Conference on Solid State Dosimetry), 1998, Burgos-SPAIN;  

SCINTô99 (Int. Conf. on Inorganic Scint. and Their Applications), 1999, Moscow;  

10-14 RPC (Int. conf. on rad. physics and chem. of inorganic mat.) 1999, 2000, 2003, 

2006, 2014ʛʛ. Tomsk;  
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ʃʃʌ (çʃʶʤʠʥʝʩʮ. ʠ ʣʘʟʝʨʥʘ ̫ʬʠʟʠʢʘè, ɺʩʝʨʦʩʩ. ʂʦʥʬ.), 1997-2023 ʛʛ., ʀʨʢʫʪʩʢ;  

SCINTô01 (VIth Int. Conf. on Inorganic Scint. and Their Applications), 2001, Chamonix, 

France;  

ʌʍʇ-8, ʌʍʇ-9 (ʤʝʞʜʫʥʘʨʦʜʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʚ 

ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʘʭè) 2001, 2004 ʛ. ʂʝʤʝʨʦʚʦ;  

SCINTMATô02 (III Ural Workshop on the advantaged scint. and storage opt.mat.), 2002, 

Ekaterinburg);  

EURODIMô02 (9th Conf. on Defects in Insulating Mat.), 2002, Wroclaw, Poland;  

ʅʂʈʂ-02 (10-ʷ ʥʘʮʠʦʥʘʣʴʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʧʦ ʨʦʩʪʫ ʢʨʠʩʪʘʣʣʦʚ), 2002, ʄʦʩʢʚʘ. 

LUMDETR 2003 (5th Int. Conf. on Luminescent Detectors and Transformers of Ionizing 

Radiation), 2003, Prague, Czech Republic 

ICCG-14 (The 14th Int. Conference on Crystal Growth), 2004, Grenoble, France 

SCINT-2005 (Conf. on Inorganic Scint. and their Applications), 2005, ɸʣʫʰʪʘ, ʂʨʳʤ. 

EURODIM-2010 (Europhysical Conf. on Defects in Insul. Mat.), 2010, P®cs, Hungary. 

ICCG-16 (The 16th International Conference on Crystal Growth), 2010, Beijing, China 

SCINT-2011 (Conf. on Inorganic Scintillators and their Appl.), 2011, Giessen, Germany 

 LUMDETR 2012 (8th Int. Conf. on Luminescent Detectors and Transformers of Ionizing 

Radiation), 2012, Halle, Germany 

SCINT 2013 (Conf. on Inorganic Scint. and their Applications), 2013, Shanghai, China 

ASM-2013 (Int. conference ñAdvanced Scintillation Materialsò), Kharkov, Ukraine 

LUMDETR 2015 (9th Int. Conf. on Luminescent Detectors and Transformers of Ionizing 

Radiation), 2015, Tartu, Estonia 

çɺʪʦʨʦʡ ɹʘʡʢʘʣʴʩʢʠʡ ʤʘʪʝʨʠʘʣʦʚʝʜʯʝʩʢʠʡ ʬʦʨʫʤè, 2015, ʛ. ʋʣʘʥ-ʋʜʵ 

IS-OM7 (7th International Symposium on Optical Materials), 2016, Lyon, France 

IWASOM-2017 (The Phosphor Safari and The Sixth International Workshop on 

Advanced Spectroscopy and Optical Materials) 2017, GdaŒsk, Poland 

GlasSP (ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʢʦʥʬ. çʉʪʝʢʣʦ: ʥʘʫʢʘ ʠ ʧʨʘʢʪʠʢʘè), 2017 ʠ 2021 ʛʛ, ʉ-ʇʙ. 

EFRE (Int. Congress on Energy Fluxes and Radiation Effects), 2016, 2018, 2020, ʊʦʤʩʢ 
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IFS-2018, (XVII International Feofilov Symposium on Spectroscopy of Crystals Doped 

with Rare Earth and Transition Metal Ions), 2018, ɽʢʘʪʝʨʠʥʙʫʨʛ 

REI-20 (20th Int. Conf. on Radiation Effects in Insulators). 2019 ɸʩʪʘʥʘ, ʂʘʟʘʭʩʪʘʥ.  

MGTF-2019 (Int. Conf. çMechanisms and non-linear problems of nucleation and growth 

of crystals and thin filmsè), 2019, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ.  

SCINT-2019 (15th Int. Conf. on Scint.Mat. and their Applications), 2019 Sendai, Japan. 

çʌʦʪʦʥʠʢʘ 2021è (ʈʦʩʩʠʡʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʠ ʰʢʦʣʘ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ ʧʦ 

ʘʢʪʫʘʣʴʥʳʤ ʧʨʦʙʣʝʤʘʤ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʦʡ ʬʦʪʦʵʣʝʢʪʨʦʥʠʢʠ), ʛ. ʅʦʚʦʩʠʙʠʨʩʢ 

 çɽʥʠʩʝʡʩʢʘʷ ʬʦʪʦʥʠʢʘè (ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ 

ʫʯʘʩʪʠʝʤ) ʚ 2020 ʠ 2022 ʛʛ., ʂʨʘʩʥʦʷʨʩʢ. 

ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ.  

ɼʠʩʩʝʨʪʘʮʠʦʥʥʘʷ ʨʘʙʦʪʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʨʝʟʫʣʴʪʘʪ ʦʙʦʙʱʝʥʠʷ 

ʤʥʦʛʦʣʝʪʥʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʘʚʪʦʨʘ (ʩ 1998 ʧʦ 2025 ʛʛ.). ʇʝʯʘʪʥʳʝ ʨʘʙʦʪʳ, 

ʢʘʩʘʶʱʠʝʩʷ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʦʚ BaFBr:Eu2+, ʩʧʝʢʪʨʘʣʴʥʳʭ ʠʟʤʝʨʝʥʠʡ ʠ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʣʠʷʥʠʷ ʧʨʠʤʝʩʠ ʱʝʣʦʯʥʳʭ ʤʝʪʘʣʣʦʚ ʥʘ ʦʧʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʵʪʠʭ 

ʢʨʠʩʪʘʣʣʦʚ, ʥʘʧʠʩʘʥʥʳʝ ʜʠʩʩʝʨʪʘʥʪʦʤ ʚ ʩʦʘʚʪʦʨʩʪʚʝ, ʦʩʥʦʚʘʥʳ ʥʘ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʨʝʟʫʣʴʪʘʪʘʭ, ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʨʝ ʧʦʣʫʯʝʥʥʳʭ ʠʤ ʣʠʯʥʦ. 

ɺʳʨʘʱʠʚʘʥʠʝ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʢʨʠʩʪʘʣʣʦʚ BaBrI, BaClI, SrBrI ʚʳʧʦʣʥʷʣʠʩʴ ʚ 

ʨʘʤʢʘʭ ʛʨʘʥʪʘ ʈʌʌʀ N15-02-06514 (2015-2017 ʛʛ) çʈʘʜʠʘʮʠʦʥʥʳʝ ʧʨʦʮʝʩʩʳ ʚ 

ʤʦʥʦʢʨʠʩʪʘʣʣʘʭ ʥʘ ʦʩʥʦʚʝ ʱʝʣʦʯʥʦʟʝʤʝʣʴʥʳʭ ʛʘʣʦʛʝʥʠʜʦʚ c ʨʝʜʢʦʟʝʤʝʣʴʥʳʤʠ 

ʧʨʠʤʝʩʷʤʠè (ʜʠʩʩʝʨʪʘʥʪ ʷʚʣʷʣʩʷ ʨʫʢʦʚʦʜʠʪʝʣʝʤ) ʠ ʛʨʘʥʪʘ ʈʅʌ ˉ 18-72-10085 

(2018-2021 ʛʛ) çʇʦʠʩʢ ʵʬʬʝʢʪʠʚʥʳʭ ʘʢʪʠʚʘʪʦʨʦʚ ʠ ʠʟʫʯʝʥʠʝ ʤʝʭʘʥʠʟʤʘ ʧʝʨʝʥʦʩʘ 

ʵʥʝʨʛʠʠ ʚ ʩʮʠʥʪʠʣʣʷʪʦʨʘʭ ʥʘ ʦʩʥʦʚʝ ʱʝʣʦʯʥʦʟʝʤʝʣʴʥʳʭ ʛʘʣʦʠʜʦʚè (ʜʠʩʩʝʨʪʘʥʪ 

ʷʚʣʷʣʩʷ ʦʪʚʝʪʩʪʚʝʥʥʳʤ ʠʩʧʦʣʥʠʪʝʣʝʤ). ʇʨʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʤ ʫʯʘʩʪʠʠ ʘʚʪʦʨʘ 

ʨʘʟʨʘʙʘʪʳʚʘʣʠʩʴ ʤʝʪʦʜ rʧʦʜʛʦʪʦʚʢʠ ʠʩʭʦʜʥʦʡ ʰʠʭʪʳ, ʚʳʧʦʣʥʷʣʠʩʴ ɻ ʢʩʧʝʨʠʤʝʥʪ r

ʧʦ ʚʳʨʘʱʠʚʘʥʠʶ ʢʨʠʩʪʘʣʣʦʚ ʱʝʣʦʯʥʦʟʝʤʝʣʴʥʳʭ ʛʘʣʦʛʝʥʠʜʦʚ, ʧʨʦʚʦʜʠʣʠʩʴ 

ʨʘʙʦʪʳ ʧʦ ʧʦʣʫʯʝʥʠʶ ʢʚʘʨʮʝʚʦʛʦ ʩʪʝʢʣʘ ʠ ʝʛʦ ʣʝʛʠʨʦʚʘʥʠʶ, ʠʟʫʯʝʥʠʝ ʧʨʦʮʝʩʩʦʚ 

ʝʛʦ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʪʝʨʤʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ. ɸʚʪʦʨʦʤ 
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ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʟʘʱʠʱʘʝʤʳʝ ʧʦʣʦʞʝʥʠ,̫ ʘʢʪʫʘʣʴʥʦʩʪʴ, ʥʘʫʯʥʘ ̫ ʥʦʚʠʟʥʘ ʠ 

ʧʨʘʢʪʠʯʝʩʢʘ ̫ʟʥʘʯʠʤʦʩʪʴ ʜʠʩʩʝʨʪʘʮʠʠ.  

ʈʷʜ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʪʨʘʢʪʦʚʢʘ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʦʚʝʜʝʥʳ ʩʦʚʤʝʩʪʥʦ ʩ ʜ.ʬ.-ʤ.ʥ. 

ɸ.ʀ. ʅʝʧʦʤʥʷʱʠʭ, ʜ.ʬ.-ʤ.ʥ. ɽ.ɸ. ʈʘʜʞʘʙʦʚʳʤ, ʢ.ʬ.-ʤ.ʥ. ʈ.ʖ. ʐʝʥʜʨʠʢʦʤ, ʢ.ʬ.-

ʤ.ʥ. ʊ.ʖ. ɻʘʨʤʳʰʝʚʦʡ, ʢ.ʬ.-ʤ.ʥ. ɸ.ʉ. ʄʷʩʥʠʢʦʚʦʡ, ʢ.ʛ.-ʤ.ʥ. ɽ.ɺ. ʂʘʥʝʚʦʡ, 

ɸ.ʀ. ʈʫʩʘʢʦʚʳʤ, ɸ.ʆ. ɺʘʩʠʣʴʢʦʚʩʢʠʤ, ɸ.ʉ. ʇʘʢʣʠʥʳʤ, ɸ.ɽ. ʈʫʧʘʩʦʚʳʤ, 

ʢ.ʭ.ʥ. ɸ.ʂ. ʉʫʙʘʥʘʢʦʚʳʤ, ʢ.ʭ.ʥ. ʖ.ɺ. ʉʦʢʦʣʴʥʠʢʦʚʦʡ, ʜ.ʬ.-ʤ.ʥ. ɽ.ʌ. ʇʦʣʠʩʘʜʦʚʦʡ, 

ʢ.ʬ.-ʤ.ʥ. ɼ.ʍ. ʂʝʥʙʘʝʚʳʤ, ʢ.ʪ.ʥ. ɸ.ʇ. ɾʘʙʦʝʜʦʚʳʤ, ʆ.ʅ. ʉʦʣʦʤʝʠʥʳʤ, ʜ.ʬ.-ʤ.ʥ. 

ɽ.ɺ. ʐʘʙʘʥʦʚʦʡ. ʂʦʥʬʣʠʢʪ ʠʥʪʝʨʝʩʦʚ ʦʪʩʫʪʩʪʚʫʝʪ. 

ʇʦʣʥʦʪʘ ʠʟʣʦʞʝʥʠʷ ʤʘʪʝʨʠʘʣʦʚ ʜʠʩʩʝʨʪʘʮʠʠ ʚ ʨʘʙʦʪʘʭ, ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ 

ʩʦʠʩʢʘʪʝʣʝʤ ʫʯʥyʦʡ ʩʪʝʧʝʥʠ. ʆʩʥʦʚʥʳʝ ʥʘʫʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʜʠʩʩʝʨʪʘʮʠʠ 

ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ 29 ʩʪʘʪʴʷʭ ʚ ʞʫʨʥʘʣʘʭ ʠʟ ʧʝʨʝʯʥʷ ɺɸʂ ʠ ʠʥʜʝʢʩʠʨʫʝʤʳʭ ʚ 

ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʙʘʟʘʭ SCOPUS ʠ Web of Science, ʙʦʣʝʝ ʯʝʤ ʚ 40 ʜʦʢʣʘʜʘʭ 

ʢʦʥʬʝʨʝʥʮʠʡ, 2 ʦʪʯʝʪʘʭ ʅʀʈ ʛʨʘʥʪʦʚ ʈʌʌʀ ʠ ʈʅʌ.  

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʦʛʨʘʤʤʦʡ ʧʨʠʦʨʠʪʝʪʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʈɸʅ ʚ ʣʘʙʦʨʘʪʦʨʠʠ ʌʠʟʠʢʠ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʀɻʍ 

ʉʆ ʈɸʅ: 

ʇʨʦʝʢʪ 5.2.2.8. ʈʦʩʪ ʠ ʩʚʦʡʩʪʚʘ ʰʠʨʦʢʦʟʦʥʥʳʭ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʠ ʢʨʝʤʥʠʷ 

(2007-2009, ʠʩʧʦʣʥʠʪʝʣʴ)  

ʇʨʦʝʢʪ 2.7.5.9. çʂʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʤʘʪʝʨʠʘʣʳ ʜʣʷ ʪʚʝʨʜʦʪʝʣʴʥʳʭ ʜʝʪʝʢʪʦʨʦʚ, 

ʩʦʣʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠ ʦʧʪʠʢʠ: ʩʠʥʪʝʟ, ʨʦʩʪ ʠ ʩʚʦʡʩʪʚʘè (2010-2012 ʛʛ, 

ʠʩʧʦʣʥʠʪʝʣʴ)  

ˉ 0350-2014-0001 çʂʦʤʧʣʝʢʩʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨʳ, ʦʧʪʠʯʝʩʢʠʭ, 

ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʦʚ ʚʳʨʘʱʠʚʘʥʠʷ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʧʨʦʛʥʦʟʠʨʫʝʤʳʤʠ ʩʚʦʡʩʪʚʘʤʠè (2013-2016 ʛʛ, 

ʠʩʧʦʣʥʠʪʝʣʴ) 

ˉ 0350-2016-0024 çʂʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʠ ʘʤʦʨʬʥʳʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ 

ʤʘʪʝʨʠʘʣʳ ʩ ʧʨʦʛʥʦʟʠʨʫʝʤʳʤʠ ʩʚʦʡʩʪʚʘʤʠè (2017-2020 ʛʛ, ʠʩʧʦʣʥʠʪʝʣʴ) 
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 ̄0284-2021-0004 çʄʘʪʝʨʠʘʣʳ ʠ ʪʝʭʥʦʣʦʛʠʠ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʨʘʜʠʘʮʠʦʥʥʳʭ 

ʜʝʪʝʢʪʦʨʦʚ, ʣʶʤʠʥʦʬʦʨʦʚ ʠ ʦʧʪʠʯʝʩʢʠʭ ʩʪʝʢʦʣè (2021-2025 ʛʛ, ʠʩʧʦʣʥʠʪʝʣʴ),  

ʘ ʪʘʢʞʝ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʦʚ ʈʌʌʀ N15-02-06514 çʈʘʜʠʘʮʠʦʥʥʳʝ 

ʧʨʦʮʝʩʩʳ ʚ ʤʦʥʦʢʨʠʩʪʘʣʣʘʭ ʥʘ ʦʩʥʦʚʝ ʱʝʣʦʯʥʦʟʝʤʝʣʴʥʳʭ ʛʘʣʦʛʝʥʠʜʦʚ c 

ʨʝʜʢʦʟʝʤʝʣʴʥʳʤʠ ʧʨʠʤʝʩʷʤʠè (2015-2017 ʛʛ, ʨʫʢʦʚʦʜʠʪʝʣʴ) ʠ ʈʅʌ ˉ 18-72-10085 

çʇʦʠʩʢ ʵʬʬʝʢʪʠʚʥʳʭ ʘʢʪʠʚʘʪʦʨʦʚ ʠ ʠʟʫʯʝʥʠʝ ʤʝʭʘʥʠʟʤʘ ʧʝʨʝʥʦʩʘ ʵʥʝʨʛʠʠ ʚ 

ʩʮʠʥʪʠʣʣʷʪʦʨʘʭ ʥʘ ʦʩʥʦʚʝ ʱʝʣʦʯʥʦʟʝʤʝʣʴʥʳʭ ʛʘʣʦʠʜʦʚè (2018-2021 ʛʛ, 

ʦʪʚʝʪʩʪʚʝʥʥʳʡ ʠʩʧʦʣʥʠʪʝʣʴ). ʀʩʩʣʝʜʦʚʘʥʠʷ ʚʳʧʦʣʥʝʥʳ ʥʘ ʙʘʟʝ ʎʝʥʪʨʘ 

ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʧʦʣʴʟʦʚʘʥʠʷ çʀʟʦʪʦʧʥʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡè ʀɻʍ ʉʆ 

ʈɸʅ.  

ʉʦʦʪʚʝʪʩʪʚʠʝ ʜʠʩʩʝʨʪʘʮʠʠ ʧʘʩʧʦʨʪʫ ʩʧʝʮʠʘʣʴʥʦʩʪʠ.  

ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʘʩʧʦʨʪʫ ʥʘʫʯʥʦʡ ʩʧʝʮʠʘʣʴʥʦʩʪʠ 1.3.8. ʌʠʟʠʢʘ 

ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ (ʪʝʭʥʠʯʝʩʢʠʝ ʥʘʫʢʠ) ʠ ʦʭʚʘʪʳʚʘʝʪ, ʚ ʯʘʩʪʥʦʩʪʠ, 

ʩʣʝʜʫʶʱʠʝ ʥʘʧʨʘʚʣʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ: 

ʧ.1. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʟʫʯʝʥʠʝ ʬʠʟʠʯʝʩʢʦʡ ʧʨʠʨʦʜʳ ʠ ʩʚʦʡʩʪʚ ʤʝʪʘʣʣʦʚ ʠ 

ʠʭ ʩʧʣʘʚʦʚ, ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʜʠʵʣʝʢʪʨʠʢʦʚ ʠ, ʚ ʪʦʤ 

ʯʠʩʣʝ, ʤʘʪʝʨʠʘʣʦʚ ʩʚʝʪʦʚʦʜʦʚ ʢʘʢ ʚ ʪʚʨyʜʦʤ (ʢʨʠʩʪʘʣʣʳ, ʧʦʣʠʢʨʠʩʪʘʣʣʳ), ʪʘʢ ʠ ʚ 

ʘʤʦʨʬʥʦʤ ʩʦʩʪʦʷʥʠʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʭ ʭʠʤʠʯʝʩʢʦʛʦ, ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ, 

ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʜʘʚʣʝʥʠʷ. 

ʧ.4. ʈʘʟʨʘʙʦʪʢʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʤʝʪʦʜʦʚ ʠʟʫʯʝʥʠʷ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʠ 

ʩʦʟʜʘʥʠʝ ʬʠʟʠʯʝʩʢʠʭ ʦʩʥʦʚ ʧʨʦʤʳʰʣʝʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʧʦʣʫʯʝʥʠʷ ʤʘʪʝʨʠʘʣʦʚ ʩ 

ʦʧʨʝʜʝʣʥyʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ.  

ʉʪʨʫʢʪʫʨʘ ʠ ʦʙʲʝʤ ʨʘʙʦʪʳ: ʜʠʩʩʝʨʪʘʮʠʷ ʩʦʩʪʦʠʪ ʠʟ ʚʚʝʜʝʥʠʷ, ʧʷʪʠ ʛʣʘʚ ʩ 

ʦʧʠʩʘʥʠʝʤ ʦʩʥʦʚʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ, ʚʢʣʶʯʘʷ ʚʳʚʦʜʳ, ʟʘʢʣʶʯʝʥʠʷ, ʘ ʪʘʢʞʝ ʩʧʠʩʦʢ 

ʣʠʪʝʨʘʪʫʨʳ ʠʟ 275 ʥʘʠʤʝʥʦʚʘʥʠʡ. ʆʙʱʠʡ ʦʙʲʝʤ ʜʠʩʩʝʨʪʘʮʠʠ ʩʦʩʪʘʚʣʷʝʪ 222 

ʩʪʨʘʥʠʮ,r ʚʢʣʶʯʘʷ 17 ʪʘʙʣʠʮ ʠ 83 ʨʠʩʫʥʢʘ. 
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ɹʣʘʛʦʜʘʨʥʦʩʪʠ: ʘʚʪʦʨ ʚʳʨʘʞʘʝʪ ʠʩʢʨʝʥʥʶʶ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʥʘʫʯʥʦʤʫ 

ʢʦʥʩʫʣʴʪʘʥʪʫ ʜ.ʬ.-ʤ.ʥ. ɸ.ʀ. ʅʝʧʦʤʥʷʱʠʭ ʟʘ ʥʝʦʮʝʥʠʤʫʶ ʧʦʤʦʱʴ ʚ ʨʘʙʦʪʝ ʥʘʜ 

ʜʠʩʩʝʨʪʘʮʠʝʡ, ʜ.ʬ.-ʤ.ʥ. ɽ.ɸ. ʈʘʜʞʘʙʦʚʫ ʟʘ ʦʙʩʫʞʜʝʥʠʝ ʨʘʙʦʪʳ ʠ ʮʝʥʥʳʝ ʩʦʚʝʪʳ, 

ʜ.ʬ.-ʤ.ʥ. ɸ.ɺ. ɽʛʨʘʥʦʚʫ ʟʘ ʧʝʨʝʜʘʥʥʳʡ ʦʧʳʪ ʠ ʦʧʪʠʤʠʟʤ, ʢ.ʬ.-ʤ.ʥ. ɹ.ʀ. ʈʦʛʘʣʚyʫ ʟʘ 

ʚʘʞʥʳʝ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʟʘʤʝʯʘʥʠʷ, ʢ.ʬ.-ʤ.ʥ. ʈ.ʖ. ʐʝʥʜʨʠʢʫ ʟʘ ʧʣʦʜʦʪʚʦʨʥʦʝ 

ʩʦʪʨʫʜʥʠʯʝʩʪʚʦ ʠ ʦʢʘʟʘʥʥʫʶ ʧʦʤʦʱʴ ʚ ʧʨʦʚʝʜʝʥʠʠ ʩʧʝʢʪʨʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, 

ʢ.ʬ.-ʤ.ʥ. ʊ.ʖ. ɻʘʨʤʳʰʝʚʦʡ ʟʘ ʘʢʪʠʚʥʦʝ ʩʦʜʝʡʩʪʚʠʝ ʚ ʨʘʙʦʪʝ, ʢ.ʬ.-ʤ.ʥ. 

ɸ.ʉ. ʄʷʩʥʠʢʦʚʦʡ ʟʘ ʮʝʥʥʳʝ ʢʦʥʩʫʣʴʪʘʮʠʠ, ʘ ʪʘʢʞʝ ʚʩʝʤʫ ʢʦʣʣʝʢʪʠʚʫ ʣʘʙʦʨʘʪʦʨʠʠ 

ʌʠʟʠʢʠ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʠ ʆʧʳʪʥʦʛʦ ʫʯʘʩʪʢʘ ʀɻʍ ʉʆ ʈɸʅ, ʠ ʦʩʦʙʘʷ 

ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʢ.ʭ.ʥ. ʖ.ɺ. ʉʦʢʦʣʴʥʠʢʦʚʦʡ ʟʘ ʧʦʩʪʦʷʥʥʫʶ ʠ ʚʩʝʩʪʦʨʦʥʥʶʶ 

ʧʦʜʜʝʨʞʢʫ. 
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ɻʃɸɺɸ 1. ʆɹʒɽʂʊʓ ʀʉʉʃɽɼʆɺɸʅʀʗ ʀ ɸʅɸʃʀɿ ʀʍ 

ʌʋʅʂʎʀʆʅɸʃʔʅʓʍ ʉɺʆʁʉʊɺ 

1.1. ʂʨʠʩʪʘʣʣʳ ʜʠʛʘʣʦʠʜʦʚ ʙʘʨʠʷ ʢʘʢ ʵʬʬʝʢʪʠʚʥʳʝ ʩʮʠʥʪʠʣʣʷʪʦʨʳ ʠ 

ʟʘʧʦʤʠʥʘʶʱʠʝ ʣʶʤʠʥʦʬʦʨr 

ʉʮʠʥʪʠʣʣʷʮʠʦʥʥʳʡ ʤʝʪʦʜ ʨʝʛʠʩʪʨʘʮʠʠ ʠʦʥʠʟʠʨʫʶʱʝʛʦ ʠʟʣʫʯʝʥʠʷ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʳʩʦʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴ  ʁ ʠ ʩʨʘʚʥʠʪʝʣʴʥʦʡ ʧʨʦʩʪʦʪʦʡ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʉʮʠʥʪʠʣʣʷʪʦʨʘʤʠ ʥʘʟʳʚʘʶʪ 

ʤʘʪʝʨʠʘʣʳ, ʩʧʦʩʦʙʥʳʝ ʧʨʝʦʙʨʘʟʦʚʳʚʘʪʴ ʵʥʝʨʛʠʶ, ʧʨʠʥʝʩʝʥʥʫʶ ʧʝʨʚʠʯʥʦʡ 

ʟʘʨʷʞʝʥʥʦʡ ʯʘʩʪʠʮʝʡ ʠʣʠ ʬʦʪʦʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʚ ʵʥʝʨʛʠʶ ʬʦʪʦʥʘ ʚʠʜʠʤʦʛʦ, 

ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʛʦ ʠʣʠ ʠʥʬʨʘʢʨʘʩʥʦʛʦ ʜʠʘʧʘʟʦʥʘ. 

ɽʱʝ ʚ ʢʦʥʮʝ 40-ʭ ʛʦʜʦʚ ʧʨʦʰʣʦʛʦ ʚʝʢʘ ʘʤʝʨʠʢʘʥʩʢʠʡ ʬʠʟʠʢ ʈʦʙʝʨʪ 

ʍʦʬʰʪʘʜʪʝʨ ʚʧʝʨʚʳʝ ʠʩʧʦʣʴʟʦʚʘʣ ʱʝʣʦʯʥʦʛʘʣʦʠʜʥʳʝ ʢʨʠʩʪʘʣʣʳ NaI:Tl ʠ CsI:Tl ʚ 

ʢʘʯʝʩʪʚʝ ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʳʭ ʜʝʪʝʢʪʦʨʦʚ [14-16]. ʕʪʠ ʢʨʠʩʪʘʣʣʳ ʩʯʠʪʘʶʪʩʷ 

çʪʨʘʜʠʮʠʦʥʥʳʤʠè ʩʮʠʥʪʠʣʣʷʪʦʨʘʤʠ, ʠ ʩʝʛʦʜʥʷ ʦʥʠ ʦʩʪʘʶʪʩʷ ʚʦʩʪʨʝʙʦʚʘʥʥʳʤʠ ʚʦ 

ʤʥʦʛʠʭ ʦʙʣʘʩʪʷʭ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠ ʧʨʠʢʣʘʜʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ [17]. ɺ ʧʦʩʣʝʜʥʝʝ 

ʚʨʝʤʷ ʚ ʩʚʷʟʠ ʩ ʙʫʨʥʳʤ ʨʘʟʚʠʪʠʝʤ ʤʝʜʠʮʠʥʩʢʠʭ ʧʨʠʤʝʥʝʥʠʡ (ʢʦʤʧʴʶʪʝʨʥʘʷ 

ʪʦʤʦʛʨʘʬʠʷ, ʇʕʊ), ʛʝʦʜʠʘʛʥʦʩʪʠʢʠ, ʩʠʩʪʝʤ ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʢʦʥʪʨʦʣʷ ʠ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʚʳʰʝʥʥʳʡ ʠʥʪʝʨʝʩ ʢ ʤʘʪʝʨʠʘʣʘʤ ʩ ʚʳʩʦʢʠʤʠ 

ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ [18]. ʄʥʦʛʦ ʚʥʠʤʘʥʠʷ ʫʜʝʣʷʝʪʩʷ ʧʦʠʩʢʫ ʥʦʚʳʭ 

ʛʘʣʦʠʜʥʳʭ ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʚʳʩʦʢʠʤ ʩʚʝʪʦʚʳʭʦʜʦʤ, ʢʦʪʦʨʳʝ 

ʧʦʟʚʦʣʷʶʪ ʨʝʛʠʩʪʨʠʨʦʚʘʪʴ ʠʟʣʫʯʝʥʠʝ ʩ ʨʘʟʨʝʰʝʥʠʝʤ ʧʦʨʷʜʢʘ 2,5-3,5 % (ʜʣʷ 

ʠʩʪʦʯʥʠʢʘ 137Cs) [6]. ʊʘʢ ʚʩʝ ʙʦʣʴʰʝʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʨʘʟʣʠʯʥʳʭ ʩʬʝʨʘʭ ʥʘʭʦʜʷʪ 

ʢʨʠʩʪʘʣʣʳ SrI2:Eu [4]. ʆʜʥʘʢʦ ʧʦʠʩʢʠ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʳʭ ʩʨʝʜ 

ʩ ʚʳʩʦʢʠʤ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤ ʨʘʟʨʝʰʝʥʠʝʤ ʠ ʜʦʩʪʫʧʥʦʡ ʮʝʥʦʡ ʧʨʦʜʦʣʞʘʶʪʩʷ. ɺ ʵʪʦʤ 

ʥʘʧʨʘʚʣʝʥʠʠ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʤʘʪʨʠʮʘʤʠ ʷʚʣʷʶʪʩʷ ʩʠʩʪʝʤʳ ʜʚʦʡʥʳʭ ʛʘʣʦʠʜʦʚ 

(ʜʠʛʘʣʦʠʜʦʚ) ʪʠʧʘ Baʍ2-BaY2 (XY=Br, Cl, I), ʘʢʪʠʚʠʨʦʚʘʥʥʳʝ ʨʝʜʢʦʟʝʤʝʣʴʥʳʤʠ 

ʠʦʥʘʤʠ.  

ʅʝʢʦʪʦʨʳʝ ʢʨʠʩʪʘʣʣʳ, ʪʘʢʠʝ ʢʘʢ ʱʝʣʦʯʥʳʝ ʛʘʣʦʠʜʳ RbBr:Tl ʠ CsI:Na, 

ʱʝʣʦʯʥʦʟʝʤʝʣʴʥʳʝ ʬʪʦʨʦʛʘʣʦʠʜʳ BaFX (X = Cl, Br, I), ʩʫʣʴʬʠʜʳ MeS (Me = Mg, 
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Ca, Sr, Ba), ʣʝʛʠʨʦʚʘʥʥʳʝ (ʉe, Sm), (Eu, Sm) ʠʣʠ Bi [1, 19-21], ʧʦʤʠʤʦ 

ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ, ʤʦʛʫʪ ʟʘʧʘʩʘʪ ɹʯʘʩʪʴ ʧʦʛʣʦʱʝʥʥʦʡ ʵʥʝʨʛʠʠ ʥʘ 

ʤʝʪʘʩʪʘʙʠʣʴʥʳʭ ʫʨʦʚʥʷʭ ʠ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʠʟʣʫʯʝʥʠʷ ʠʥʬʨʘʢʨʘʩʥʦʛʦ ʠʣʠ ʚʠʜʠʤʦʛʦ 

ʜʠʘʧʘʟʦʥʘ ʦʩʚʦʙʦʞʜʘʪʴ ʝʝ ʚ ʚʠʜʝ ʣʶʤʠʥʝʩʮʝʥʮʠʠ (ʬʦʪʦʩʪʠʤʫʣʠʨʦʚʘʥʥʘʷ 

ʣʶʤʠʥʝʩʮʝʥʮʠʷ). ʊʘʢʠʝ ʤʘʪʝʨʠʘʣʳ ʥʦʩʷʪ ʥʘʟʚʘʥʠʝ ʟʘʧʦʤʠʥʘʶʱʠʭ ʣʶʤʠʥʦʬʦʨʦʚ. 

ʐʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʤʳʡ ʩʝʛʦʜʥʷ ʣʶʤʠʥʦʬʦʨ BaFBr:Eu2+ ʚʧʝʨʚʳʝ ʙʳʣ 

ʧʨʝʜʣʦʞʝʥ ʚ 1983 ʛʦʜʫ ʚ ʢʘʯʝʩʪʚʝ ʟʘʧʦʤʠʥʘʶʱʝʛʦ ʣʶʤʠʥʝʩʮʝʥʪʥʦʛʦ ʵʢʨʘʥʘ 

(imagining plate) ʜʣʷ ʮʠʬʨʦʚʦʡ ʨʘʜʠʦʛʨʘʬʠʠ [22]. ɺ ʪʘʢʠʭ ʵʢʨʘʥʘʭ ʩʦʟʜʘʥʥʦʝ 

ʨʝʥʪʛʝʥʦʚʩʢʠʤ ʠʟʣʫʯʝʥʠʝʤ ʠʟʦʙʨʘʞʝʥʠʝ ʦʩʪʘʝʪʩʷ ʩʪʘʙʠʣʴʥʳʤ ʜʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ ʚ 

ʪʝʤʥʦʪʝ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʘ ʩʯʠʪʳʚʘʥʠʝ ʠʥʬʦʨʤʘʮʠʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʧʫʪʝʤ ʩʢʘʥʠʨʦʚʘʥʠʷ ʵʢʨʘʥʘ ʩʬʦʢʫʩʠʨʦʚʘʥʥʳʤ ʣʫʯʝʤ ʛʝʣʠʡ-ʥʝʦʥʦʚʦʛʦ ʣʘʟʝʨʘ [23-

30]. ɺ ʤʝʜʠʮʠʥʩʢʦʡ ʜʠʘʛʥʦʩʪʠʢʝ ʮʠʬʨʦʚʘʷ ʨʘʜʠʦʛʨʘʬʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʟʘʧʦʤʠʥʘʶʱʠʭ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʵʢʨʘʥʦʚ ʦʙʣʘʜʘʝʪ ʨʷʜʦʤ ʧʨʝʠʤʫʱʝʩʪʚ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʪʨʘʜʠʮʠʦʥʥʦʡ (ʬʦʪʦʧʣʝʥʦʯʥʦʡ) ʨʘʜʠʦʛʨʘʬʠʝʡ [31].   

ɺʦ-ʧʝʨʚʳʭ, ʙʦʣʴʰʦʡ ʜʠʥʘʤʠʯʝʩʢʠʡ ʜʠʘʧʘʟʦʥ ʟʘʧʦʤʠʥʘʶʱʠʭ ʵʢʨʘʥʦʚ 

ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʠʯʴ ʚʳʩʦʢʦʛʦ ʢʦʥʪʨʘʩʪʥʦʛʦ ʨʘʟʨʝʰʝʥʠʷ ʤʝʞʜʫ ʦʙʣʘʩʪʷʤʠ ʦʙʲʝʢʪʘ ʩ 

ʨʘʟʣʠʯʥʳʤ ʧʦʛʣʦʱʝʥʠʝʤ ʠʦʥʠʟʠʨʫʶʱʝʛʦ ʠʟʣʫʯʝʥʠʷ, ʘ ʪʘʢʞʝ ʫʤʝʥʴʰʘʝʪ ʨʠʩʢ 

ʧʦʣʫʯʝʥʠʷ ʥʝʢʘʯʝʩʪʚʝʥʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ ʠʟ-ʟʘ ʥʝʚʝʨʥʦ ʚʳʙʨʘʥʥʦʡ ʵʢʩʧʦʟʠʮʠʠ.  

ɺʦ-ʚʪʦʨʳʭ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʟʘʧʦʤʠʥʘʶʱʠʭ ʵʢʨʘʥʦʚ ʧʦʟʚʦʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦ 

ʫʤʝʥʴʰʠʪʴ ʣʫʯʝʚʫʶ ʥʘʛʨʫʟʢʫ ʥʘ ʧʘʮʠʝʥʪʘ ʧʨʠ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʜʠʘʛʥʦʩʪʠʢʝ.  

ɺ-ʪʨʝʪʴʠʭ, ʵʪʦ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʚʪʦʨʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʟʘʧʦʤʠʥʘʶʱʝʛʦ 

ʣʶʤʠʥʝʩʮʝʥʪʥʦʛʦ ʵʢʨʘʥʘ ʧʦʩʣʝ çʩʪʠʨʘʥʠʷè ʦʩʪʘʪʦʯʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ 

ʠʥʪʝʥʩʠʚʥʳʤ ʩʚʝʪʦʤ ʚʠʜʠʤʦʛʦ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʜʠʘʧʘʟʦʥʘ. 

ɹʣʘʛʦʜʘʨʷ ʩʚʦʠʤ ʧʨʝʠʤʫʱʝʩʪʚʘʤ, ʟʘʧʦʤʠʥʘʶʱʠʝ ʣʶʤʠʥʦʬʦʨʳ ʥʘʰʣʠ 

ʰʠʨʦʢʦʝ ʧʨʘʢʪʠʯʝʩʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʷʭ ʥʘʫʢʠ ʠ ʪʝʭʥʠʢʠ, ʪʘʢʠʭ 

ʢʘʢ ʜʦʟʠʤʝʪʨʠʷ [32], ɻ ʣʝʢʪʨʦʥʥʘ ̫ʤʠʢʨʦʩʢʦʧʠʷ [33], ʨʝʥʪʛʝʥʦʚʩʢʘ ̫ʜʠʬʨʘʢʮʠʷ [33]. 

ɹʦʣʴʰʦʡ ʧʨʘʢʪʠʯʝʩʢʠʡ ʠʥʪʝʨʝʩ ʚʳʟʳʚʘʶʪ ʟʘʧʦʤʠʥʘʶʱʠʝ ʣʶʤʠʥʦʬʦʨʳ ʚ ʢʘʯʝʩʪʚʝ 

ʜʝʪʝʢʪʦʨʦʚ ʜʣʷ ʨʝʛʠʩʪʨʘʮʠʠ ʪʝʧʣʦʚʳʭ ʥʝʡʪʨʦʥʦʚ ʚ ʥʝʡʪʨʦʥʦʛʨʘʬʠʠ [34]. 

ʅʝʡʪʨʦʥʥʦ-ʯʫʚʩʪʚʠʪʝʣʴʥʳʝ ʟʘʧʦʤʠʥʘʶʱʠʝ ʵʢʨʘʥʳ (neutron imaging plate ï NIP) 



23 

 

 

 

ʧʦʟʚʦʣʷʶʪ ʩ ʚʳʩʦʢʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʚ ʰʠʨʦʢʦʤ ʜʠʥʘʤʠʯʝʩʢʦʤ ʜʠʘʧʘʟʦʥʝ 

ʬʠʢʩʠʨʦʚʘʪʴ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʥʝʡʪʨʦʥʥʦʛʦ ʧʦʪʦʢʘ.  

ʉʫʱʝʩʪʚʝʥʥʳʡ ʧʨʦʛʨʝʩʩ ʵʪʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʧʦʟʚʦʣʷʝʪ ʨʘʟʚʠʚʘʪʴ ʵʬʬʝʢʪʠʚʥʳʝ 

ʤʝʪʦʜʳ ʜʠʘʛʥʦʩʪʠʢʠ ʚ ʨʘʜʠʦʛʨʘʬʠʠ ʠ ʪʦʤʦʛʨʘʬʠʠ.  

ʌʫʥʢʮʠʦʥʘʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʤʘʪʝʨʠʘʣʦʚ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʨʝ ʟʘʚʠʩʷʪ ʦʪ ʠʭ 

ʘʪʦʤʥʦʡ ʩʪʨʫʢʪʫʨ.r ʊʘʢʠʝ ʘʩʧʝʢʪʳ, ʢʘʢ ʪʠʧ ʭʠʤʠʯʝʩʢʦʡ ʩʚʷʟʠ, ʧʘʨʘʤʝʪʨʳ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ, ʥʘʣʠʯʠʝ ʜʝʬʝʢʪʦʚ ʠ ʬʘʟʦʚʳʡ ʩʦʩʪʘʚ ʦʧʨʝʜʝʣʷʶʪ 

ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʪʝʨʠʘʣʦʚ. ɺ ʜʘʥʥʦʤ ʢʦʥʪʝʢʩʪʝ 

ʧʨʦʘʥʘʣʠʟʠʨʫʝʤ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ ʬʪʦʨʛʘʣʦʠʜʦʚ ʠ ʡʦʜʛʘʣʦʠʜʦʚ ʙʘʨʠʷ. 

ʉʦʝʜʠʥʝʥʠʷ ʬʪʦʨʛʘʣʦʠʜʦʚ ʙʘʨʠʷ BaFX (X=Cl, Br, I) ʢʨʠʩʪʘʣʣʠʟʫʪʁʩʷ ʚ 

ʩʪʨʫʢʪʫʨʥʦʤ ʪʠʧʝ PbFCl ʠ ʦʪʥʦʩʷʪʩʷ ʢ ʪʝʪʨʘʛʦʥʘʣʴʥʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʝ 

P4/nmm [35, 36]. ʕʪʦ ʪʘʢ ʥʘʟʳʚʘʝʤʘʷ ʩʪʨʫʢʪʫʨʘ ʤʘʪʣʦʢʠʪʘ, ʢʦʪʦʨʘʷ ʩʦʩʪʦʠʪ ʠʟ ʩʣʦʝʚ 

ʠʦʥʦʚ ʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ F--Ba2+-X--X--Ba2+-F-, ʨʘʩʧʦʣʦʞʝʥʥʳʭ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʦʩʠ c (ʪ.ʝ. ʚʜʦʣʴ ʥʘʧʨʘʚʣʝʥʠʷ [001]) (ʈʠʩʫʥʦʢ 1-ʘ) [37-39]. ʏʠʩʣʦ 

ʠʦʥʦʚ ʚ ʩʣʦʝ F- ʚ ʜʚʘ ʨʘʟʘ ʙʦʣʴʰʝ, ʯʝʤ ʚ ʩʣʦʷʭ X- ʠ Ba2+. ʈʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʠʦʥʘʤʠ 

F- ʚ Ѝς ʨʘʟ ʤʝʥʴʰʝ ʨʘʩʩʪʦʷʥʠʡ ʤʝʞʜʫ Br- ʠ Ba2+ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʣʦʷʭ. 

ɺʳʨʘʱʝʥʥʳʝ ʢʨʠʩʪʘʣʣʳ ʦʙʣʘʜʘʶʪ ʭʦʨʦʰʝʡ ʙʘʟʘʣʴʥʦʡ ʩʧʘʡʥʦʩʪʴʶ, ʪʦ ʝʩʪʴ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʣʝʛʢʦ ʨʘʩʱʝʧʣʷʶʪʩʷ ʥʘ ʪʦʥʢʠʝ ʧʣʘʩʪʠʥʳ.  

ʌʪʦʨʛʘʣʦʠʜʳ ʙʘʨʠʷ ʭʦʨʦʰʦ ʣʝʛʠʨʫʶʪʩʷ ʜʚʫʭʚʘʣʝʥʪʥʳʤʠ ʠʦʥʘʤʠ 

ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʪʘʢʠʭ ʢʘʢ Eu2+, Sm2+. ʊʘʢʠʝ ʧʨʠʤʝʩʥʳʝ ʠʦʥʳ ʟʘʥʠʤʘʶʪ 

ʚ ʨʝʰʝʪʢʝ ʧʦʟʠʮʠʠ ʠʦʥʦʚ Ba2+, ʪ.ʢ. ʠʤʝʶʪ ʧʦʜʭʦʜʷʱʠʡ ʠʦʥʥʳʡ ʨʘʜʠʫʩ ʠ ʥʝ ʪʨʝʙʫʶʪ 

ʢʦʤʧʝʥʩʘʮʠʠ ʟʘʨʷʜʘ [40-43]. ʅʘ ʈʠʩʫʥʢʝ 1-ʘ ʧʦʢʘʟʘʥʦ ʦʢʨʫʞʝʥʠʝ ʠʦʥʘ Ba/Eu, 

ʢʦʪʦʨʳʡ ʨʘʩʧʦʣʦʞʝʥ ʚ ʮʝʥʪʨʝ ʢʚʘʜʨʘʪʥʦʡ ʘʥʪʠʧʨʠʟʤʳ ʠ ʦʢʨʫʞʸʥ ʘʪʦʤʘʤʠ 4F ʠ 5X.  

ɺ ʦʪʣʠʯʠʝ ʦʪ ʡʦʜʠʜʦʚ, ʩʦʝʜʠʥʝʥʠʷ ʬʪʦʨʛʘʣʦʠʜʦʚ ʥʝ ʛʠʛʨʦʩʢʦʧʠʯʥʳ ʠ ʤʦʛʫʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʠ ʦʙʨʘʙʘʪʳʚʘʪʴʩʷ ʚ ʫʩʣʦʚʠʷʭ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʙʝʟ ʧʨʠʤʝʥʝʥʠʷ 

ʩʧʝʮʠʘʣʴʥʳʭ ʟʘʱʠʪʥʳʭ ʤʝʨ.   

ɹʠʥʘʨʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʡʦʜʠʜʦʚ BaBr2-BaI2, BaCl2-BaI2, SrBr2-SrI2 

ʢʨʠʩʪʘʣʣʠʟʫʶʪʩʷ ʚ ʨʦʤʙʠʯʝʩʢʦʤ ʩʪʨʫʢʪʫʨʥʦʤ ʪʠʧʝ PbCl2 [44-46]. 
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ʅʘ ʈʠʩʫʥʢʝ 1-ʙ ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʪʨʫʢʪʫʨʘ ʢʨʠʩʪʘʣʣʦʚ BaBrI ʚʜʦʣʴ ʥʘʧʨʘʚʣʝʥʠʷ 

[010]. ʂʘʞʜʳʡ ʠʦʥ Ba ʦʢʨʫʞʝʥ ʜʝʚʷʪʴʶ ʘʥʠʦʥʘʤʠ Br- ʠ I-. ʇʨʠ ʣʝʛʠʨʦʚʘʥʠʠ 

ʢʨʠʩʪʘʣʣʦʚ ʠʦʥʳ ʙʘʨʠʷ (ʠʣʠ ʩʪʨʦʥʮʠʷ) ʟʘʤʝʱʘʶʪʩʷ ʠʦʥʘʤʠ ʝʚʨʦʧʠʷ ʤʘʣʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʠ ʥʘʭʦʜʷʱʠʤʠʩʷ ʚ ʜʚʫʭʚʘʣʝʥʪʥʦʤ ʩʦʩʪʦʷʥʠʠ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʝ ʛʨʫʧʧʳ ʢʨʠʩʪʘʣʣʦʚ ʜʠʛʘʣʦʠʜʦʚ ʙʘʨʠʷ 

ʦʙʣʘʜʘʶʪ ʨʘʟʣʠʯʥʳʤʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʢʦʪʦʨʳʝ ʩʚʟ̫ʘʥʳ ʩ 

ʨʘʟʣʠʯʠʝʤ ʠʭ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ (ʊʘʙʣʠʮʘ 1), ʘ ʟʥʘʯʠʪ ʠ ʩ ʨʘʟʣʠʯʥʳʤʠ 

ʪʠʧʘʤʠ ʨʘʜʠʘʮʠʦʥʥʳʭ ʜʝʬʝʢʪʦʚ, ʤʝʭʘʥʠʟʤʘʤʠ ʠʭ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʨʘʟʣʠʯʥʳʤʠ 

ʧʨʦʮʝʩʩʘʤʠ ʧʝʨʝʥʦʩʘ ʵʥʝʨʛʠʠ. ɼʠʛʘʣʦʠʜʳ ʥʘ ʦʩʥʦʚʝ ʩʦʣʝʡ Baʍ2-BaY2 (XY=Br, 

Cl, I) ʷʚʣʷʶʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ ʩ ʚʳʩʦʢʠʤ 

 

 

 

 

 

ʈʠʩʫʥʦʢ 1 ï ʉʪʨʫʢʪʫʨʘ ʢʨʠʩʪʘʣʣʦʚ. 

ʘ) ʄʘʪʣʦʢʠʪʦʚʘʷ ʩʪʨʫʢʪʫʨʘ ʢʨʠʩʪʘʣʣʦʚ BaFX (X = Br, Cl, I) ʠ ʩʭʝʤʘ ʦʢʨʫʞʝʥʠʷ ʘʪʦʤʦʚ Ba ʚ 

ʩʪʨʫʢʪʫʨʝ BaFʍ: ʘʪʦʤʳ ʩʠʥʝʛʦ ʮʚʝʪʘ ʧʨʝʜʩʪʘʚʣʷʶʪ ʘʪʦʤʳ Ba/Eu, ʟʝʣʝʥʦʛʦ ʮʚʝʪʘ F ʠ 

ʦʨʘʥʞʝʚʦʛʦ ʮʚʝʪʘ ʍ (X = Br, Cl, I) [39] ;  

ʙ) ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ BaBrI ʠ ʩʭʝʤʘ ʦʢʨʫʞʝʥʠ ̫ʘʥʠʦʥʦʚ ʚʦʢʨʫʛ ʘʪʦʤʦʚ Ba (ʨʦʟʦʚʳʡ 

ʮʚʝʪ). ɿʝʣʝʥʳʝ ʪʨʝʫʛʦʣʴʥʠʢʠ ʩʦʝʜʠʥʷʶʪ ʘʪʦʤʳ ʦʜʥʦʡ ʧʣʦʩʢʦʩʪʠ [44] . 

ʘ ʙ 
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ʩʚʝʪʦʚʳʭʦʜʦʤ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʙʣʘʛʦʜʘʨʷ ʥʘʣʠʯʠʶ ʦʧʪʠʤʘʣʴʥʳʭ ʤʝʭʘʥʠʟʤʦʚ 

ʧʝʨʝʥʦʩʘ ʵʥʝʨʛʠʠ ʦʪ ʨʝʰʝʪʢʠ ʢ ʮʝʥʪʨʘʤ ʩʚʝʯʝʥʠʷ. ɼʠʛʘʣʦʠʜʳ ʥʘ ʦʩʥʦʚʝ ʩʦʣʝʡ BaF2-

BaX2 (X=Br, Cl) ʧʨʦʷʚʣʷʶʪ ʩʝʙʷ ʢʘʢ ʟʘʧʦʤʠʥʘʶʱʠʝ ʣʶʤʠʥʦʬʦʨ,r ʧʨʠ 

ʨʘʜʠʘʮʠʦʥʥʦʤ ʦʙʣʫʯʝʥʠʠ ʢʦʪʦʨʳʭ ʵʬʬʝʢʪʠʚʥʦ ʩʦʟʜʘʶʪʩʷ ʵʣʝʢʪʨʦʥʥʳʝ ʮʝʥʪʨʳ, 

ʠʛʨʘʶʱʠʝ ʨʦʣʴ ʣʦʚʫʰʝʢ ʚ ʧʨʦʮʝʩʩʝ ʬʦʪʦʩʪʠʤʫʣʠʨʦʚʘʥʥʦʡ ʣʶʤʠʥʝʩʮʝʥʮʠʠ. ʊʦ 

ʝʩʪʴ ʚ ʨʷʜʫ ʜʠʛʘʣʦʠʜʦʚ ʙʘʨʠʷ ʦʪ BaFBr ʜʦ BaBrI ʧʨʦʠʩʭʦʜʠʪ ʩʤʝʥʘ ʧʨʦʮʝʩʩʦʚ 

ʧʝʨʝʥʦʩʘ ʚʦʟʙʫʞʜʝʥʠʡ.  

ʊʘʙʣʠʮʘ 1. ɼʘʥʥʳʝ ʦ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʝ ʜʝʩʷʪʠ ʩʦʩʪʘʚʦʚ ʩʠʩʪʝʤʳ BaXY (X, Y = F, Cl, 

Br, I) [47]  

ʉʦʝʜʠʥʝʥʠʝ 
ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ 

ʩʪʨʫʢʪʫʨʘ 

ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ 

ʛʨʫʧʧʘ 

ʇʘʨʘʤʝʪʨʳ ʧʦʩʪʦʷʥʥʦʡ 

ʨʝʰʝʪʢʠ (¡) ʧʨʠ 300 K ʉʩʳʣʢʘ 

a b c 

BaF2 
ʂʫʙʠʯʝʩʢʘʷ 

(ʬʣʶʦʨʠʪ) 
Fm3m 6.2001 ï ï (a) 

BaCl2 
ʂʫʙʠʯʝʩʢʘʷ 

(ʬʣʶʦʨʠʪ) 
Fm3m 7.340 ï ï (b) 

BaCl2 
ʈʦʤʙʠʯʝʩʢʘʷ 

(PbCl2) 
Pbnm 9.333 7.823 4.705 (a) 

BaBr2 
ʈʦʤʙʠʯʝʩʢʘʷ 

(PbCl2) 
Pbnm 9.838 8.247 4.948 (a) 

BaI2 
ʈʦʤʙʠʯʝʩʢʘʷ 

(PbCl2) 
Pbnm 10.566 8.862 5.268 (a) 

BaFCl 
ʊʝʪʨʘʛʦʥʘʣʴʥʘʷ 

(PbFCl) 
P4/nmm 4.478 ï 7.303 (c) 

BaFBr 
ʊʝʪʨʘʛʦʥʘʣʴʥʘʷ 

(PbFCl) 
P4/nmm 4.503 ï 7.435 (d) 

BaFI 
ʊʝʪʨʘʛʦʥʘʣʴʥʘʷ 

(PbFCl) 
P4/nmm 4.654 ï 7.962 (e) 

BaClBr ʈʦʤʙʠʯʝʩʢʘʷ Pnma 8.167 4.825 7.498 (f) 

BaClI ʈʦʤʙʠʯʝʩʢʘʷ Pnma 17.841 8.441 5.642 (g) 

BaBrI ʈʦʤʙʠʯʝʩʢʘʷ P2221 13.667 12.012 10.871 (g) 

a
Wyckoff, R.G., Crystal Structures, 2nd Edition, Vol. 1, Interscience, 1965;  

bInternational Committee on Powder Diffraction Data, PDF No. 70-1076;  
cICDD ï PDF No. 84-0636; dICDD ï PDF No. 76-1288; eICDD ï PDF No. 76-0481; 

 fICDD ï PDF No. 76-1344; gJestin et al [48]  

ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʦʜʘʚʣʷʶʱʝʝ ʙʦʣʴʰʠʥʩʪʚʦ ʤʠʨʦʚʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʦʩʚʷʱʝʥʥʳʭ ʠʟʫʯʝʥʠʶ ʩʪʨʫʢʪʫʨʳ ʮʝʥʪʨʦʚ ʩʚʝʯʝʥʠʷ, ʤʝʭʘʥʠʟʤʘʤ 
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ʠʭ ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʦʧʨʝʜʝʣʝʥʠʶ ʠʭ ʨʦʣʠ ʚ ʧʨʦʮʝʩʩʝ ʌʉʃ, 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʛʨʘʥʫʣʠʨʦʚʘʥʥʳʭ 

ʟʘʧʦʤʠʥʘʶʱʠʭ ʣʶʤʠʥʦʬʦʨʦʚ. ɺ ʪʦ ʞʝ ʚʨʝʤ ̫ ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʦʙʨʘʟʮʳ 

ʛʦʨʘʟʜʦ ʙʦʣʝʝ ʧʨʠʛʦʜʥʳ ʜʣʷ ʧʦʜʦʙʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʪʘʢ ʢʘʢ ʦʥʠ ʧʦʟʚʦʣʷʶʪ ʚ 

ʧʦʣʥʦʡ ʤʝʨʝ ʧʨʠʤʝʥʠʪʴ ʤʝʪʦʜʳ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʢʨʠʩʪʘʣʣʦʚ. ɺ ʜʘʥʥʦʡ 

ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʟʘʧʦʤʠʥʘʶʱʠʭ 

ʣʶʤʠʥʦʬʦʨʦʚ ʤʦʞʝʪ ʙʳʪʴ ʜʦʩʪʠʛʥʫʪʦ ʟʘ ʩʯʝʪ ʣʝʛʠʨʦʚʘʥʠʷ ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ 

BaFBr:Eu2+ ʧʨʠʤʝʩʷʤʠ ʱʝʣʦʯʥʳʭ ʤʝʪʘʣʣʦʚ. ʕʪʦ ʧʦʟʚʦʣʠʣʦ ʫʚʝʣʠʯʠʪʴ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʠ ʩʜʚʠʥʫʪʴ ʩʧʝʢʪʨ ʝʝ ʚʦʟʙʫʞʜʝʥʠʷ ʚ ʙʦʣʝʝ ʫʜʦʙʥʫʶ 

ʜʣʷ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʢʨʘʩʥʫʶ ʦʙʣʘʩʪʴ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʪʘʢʞʝ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʧʦʠʩʢʦʚʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʧʦʣʫʯʝʥʠʝ 

ʥʦʚʳʭ ʵʬʬʝʢʪʠʚʥʳʭ ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ʙʠʥʘʨʥʳʭ ʩʠʩʪʝʤ 

BaXY (XY=Br, Cl, I), ʣʝʛʠʨʦʚʘʥʥʳʭ ʠʦʥʘʤʠ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ.   

1.2 ɿʘʧʦʤʠʥʘʶʱʠʡ ʣʶʤʠʥʦʬʦʨ BaFBr:Eu2+  

ɿʘʧʦʤʠʥʘʶʱʠʝ ʣʶʤʠʥʦʬʦʨʳ, ʦʙʣʘʜʘʶʱʠʝ ʩʧʦʩʦʙʥʦʩʪʴʶ ʥʘʢʘʧʣʠʚʘʪʴ 

ʵʥʝʨʛʠʶ ʠ ʚʳʩʚʦʙʦʞʜʘʪʴ ʝʝ ʚ ʚʠʜʝ ʩʚʝʪʘ ʧʨʠ ʚʦʟʙʫʞʜʝʥʠʠ ʚʠʜʠʤʳʤ ʠʣʠ 

ʠʥʬʨʘʢʨʘʩʥʳʤ ʠʟʣʫʯʝʥʠʝʤ, ʠʟʚʝʩʪʥʳ ʜʘʚʥʦ [49]. ʅʦ ʠʭ ʘʢʪʠʚʥʦʝ ʢʦʤʤʝʨʯʝʩʢʦʝ 

ʧʨʦʠʟʚʦʜʩʪʚʦ ʩʪʘʣʦ ʨʘʟʚʠʚʘʪʴʩʷ ʩ 80-ʭ ʛʦʜʦʚ ʧʨʦʰʣʦʛʦ ʚʝʢʘ, ʯʪʦ ʙʳʣʦ ʩʚʷʟʘʥʦ ʩ 

ʧʨʦʛʨʝʩʩʦʤ ʚ ʦʙʣʘʩʪʠ ʮʠʬʨʦʚʦʡ ʤʝʜʠʮʠʥʩʢʦʡ ʜʠʘʛʥʦʩʪʠʢʠ [50]. ɺ ʧʨʦʤʳʰʣʝʥʥʳʭ 

ʫʩʪʨʦʡʩʪʚʘʭ ʟʘʧʠʩʠ ʠ ʩʯʠʪʳʚʘʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʧʨʠʤʝʥʷʶʪʩʷ ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ 

ʟʘʧʦʤʠʥʘʶʱʠʝ ʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ʵʢʨʘʥʳ (Imaging Plate). ʆʥʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 

ʧʦʣʠʤʝʨʥʳʝ ʧʣʘʩʪʠʥʳ ʪʦʣʱʠʥʦʡ 250 ʤʢʤ, ʧʦʢʨʳʪʳʝ ʣʶʤʠʥʦʬʦʨʦʤ ʩ ʪʦʣʱʠʥʦʡ 

ʩʣʦʷ 150-300 ʤʢʤ. ʃʶʤʠʥʦʬʦʨ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʛʨʘʥʫʣʳ BaFBr:Eu2+ ʨʘʟʤʝʨʦʤ 

5 ʤʢʤ, ʩʤʝʰʘʥʥʳʝ ʩ ʢʣʝʝʚʳʤ ʩʦʩʪʘʚʦʤ ʠ ʧʦʢʨʳʪʳʝ ʩʚʝʨʭʫ ʧʨʦʟʨʘʯʥʦʡ ʟʘʱʠʪʥʦʡ 

ʧʣʝʥʢʦʡ ʪʦʣʱʠʥʦʡ 10 ʤʢʤ. ʂʘʞʜʳʡ ʧʠʢʩʝʣʴ ʟʘʧʦʤʠʥʘʶʱʝʛʦ ʣʶʤʠʥʝʩʮʝʥʪʥʦʛʦ 

ʵʢʨʘʥʘ ʩʯʠʪʳʚʘʝʪʩʷ ʜʚʠʞʫʱʠʤʩ ̫ ʣʘʟʝʨʥʳʤ ʣʫʯʦʤ, ʢʦʪʦʨʳʡ ʩʪʠʤʫʣʠʨʫʝʪ 

ʣʶʤʠʥʝʩʮʝʥʮʠʶ, ʧʨʝʦʙʨʘʟʫʝʤʫʶ ʚ ʮʠʬʨʦʚʦʡ ʩʠʛʥʘʣ. ʇʦʩʣʝ ʦʙʨʘʙʦʪʢʠ ʵʪʦʛʦ 

ʩʠʛʥʘʣʘ ʢʦʤʧʴʶʪʝʨʦʤ ʬʦʨʤʠʨʫʝʪʩʷ ʠʟʦʙʨʘʞʝʥʠʝ [51]. ʇʨʦʤʳʰʣʝʥʥʳʡ ʚʳʧʫʩʢ 

ʪʘʢʠʭ ʮʠʬʨʦʚʳʭ ʨʘʜʠʦʛʨʘʬʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ ʥʘʯʘʣʩʷ ʷʧʦʥʩʢʦʡ ʢʦʤʧʘʥʠʝʡ Fuji 
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ʚ 1985 ʛʦʜʫ [22, 52]. ɺʧʦʩʣʝʜʩʪʚʠʠ ʧʦʜʦʙʥʳʝ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʩʪʘʣʠ 

ʚʳʧʫʩʢʘʪʴʩʷ ʢʦʤʧʘʥʠʷʤʠ Siemens, Kodak ʠ Agfa [53]. 

ɼʣʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʩʚʦʡʩʪʚ ʣʶʤʠʥʦʬʦʨʘ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʪʘʢʠʝ ʧʘʨʘʤʝʪʨʳ, ʢʘʢ ʢʦʥʚʝʨʩʠʦʥʥʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ (CE) ʠ ʵʥʝʨʛʠʷ ʩʪʠʤʫʣʷʮʠʠ 

(SE) [54]. ʇʦʩʣʝ ʦʙʣʫʯʝʥʠʷ ʦʙʨʘʟʮʘ ʨʝʥʪʛʝʥʦʚʩʢʠʤʠ ʣʫʯʘʤʠ ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ʦʥ ʧʦʜʚʝʨʛʘʝʪʩʷ ʚʦʟʜʝʡʩʪʚʠʶ ʩʚʝʪʘ ʥʠʟʢʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠ 

ʬʠʢʩʠʨʫʝʪʩʷ ʌʉʃ. ɺ ʧʨʦʮʝʩʩʝ ʬʦʪʦʩʪʠʤʫʣʷʮʠʠ ʧʨʦʠʩʭʦʜʠʪ ʩʥʠʞʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ 

ʘʢʪʠʚʥʳʭ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʮʝʥʪʨʦʚ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʦʩʪʝʧʝʥʥʦʤʫ ʫʤʝʥʴʰʝʥʠʶ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʬʦʪʦʩʪʠʤʫʣʠʨʦʚʘʥʥʦʡ ʣʶʤʠʥʝʩʮʝʥʮʠʠ. ʇʣʦʱʘʜʴ ʧʦʜ ʢʨʠʚʦʡ 

ʚʳʩʚʝʯʠʚʘʥʠʷ ʌʉʃ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʧʦʛʣʦʱʝʥʥʦʡ ʜʦʟʝ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ 

ʠʟʣʫʯʝʥʠʷ (ʈʠʩʫʥʦʢ 2).  

 

ʈʠʩʫʥʦʢ 2 ï ʂʨʠʚʘʷ ʟʘʪʫʭʘʥʠʷ ʌʉʃ ʟʘʧʦʤʠʥʘʶʱʠʭ ʣʶʤʠʥʦʬʦʨʦʚ [54] . 

ʂʦʥʚʝʨʩʠʦʥʥʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʢʘʢ ʩʦʦʪʥʦʰʝʥʠʝ ʵʥʝʨʛʠʠ 

ʬʦʪʦʥʦʚ ʢ ʧʦʛʣʦʱʝʥʥʦʡ ʜʦʟʝ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ, 

ʜʦʟʘʷʧʦʛʣʦʱʝʥʥʘ

E
CE

ʦʙʱ
= ,                                                    (1) 

ʛʜʝ ɽʦʙ ɦï ʦʙʣʘʩʪʴ ʧʦʜ ʢʨʠʚʦʡ ʚʳʩʚʝʯʠʚʘʥʠʷ ʌʉʃ (ʈʠʩʫʥʦʢ 2). 
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ɺ ʧʨʦʩʪʝʡʰʝʤ ʩʣʫʯʘʝ ʚʨʝʤʝʥʥʘʷ ʜʠʥʘʤʠʢʘ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʌʉʃ ʤʦʞʝʪ ʙʳʪʴ 

ʚʳʨʘʞʝʥʘ ʤʦʥʦʵʢʩʧʦʪʝʥʮʠʘʣʴʥʳʤ ʨʘʟʣʦʞʝʥʠʝʤ, ʪʦ ʝʩʪʴ 

() ( )
t

tItI -= exp0  ,                                                     (2) 

ʛʜʝ I0 ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʌʉʃ ʚ ʥʘʯʘʣʝ ʚʦʟʙʫʞʜʝʥʠʷ, t ʦʙʦʟʥʘʯʘʝʪ 

ʚʨʝʤʷ ʬʦʪʦʩʪʠʤʫʣʷʮʠʠ, t ʷʚʣʷʝʪʩʷ ʚʨʝʤʝʥʥʦʡ ʢʦʥʩʪʘʥʪʦʡ, ʢʦʪʦʨʘʷ ʟʘʚʠʩʠʪ ʦʪ 

ʤʦʱʥʦʩʪʠ ʩʪʠʤʫʣʠʨʫʶʱʝʛʦ ʩʚʝʪʘ ʈ (ʩʤ. ʥʠʞʝ ʦʧʨʝʜʝʣʝʥʠʝ ʵʥʝʨʛʠʠ ʩʪʠʤʫʣʷʮʠʠ). 

ʕʪʘ ʢʦʥʩʪʘʥʪʘ ʦʛʨʘʥʠʯʝʥʘ ʭʘʨʘʢʪʝʨʥʳʤ ʚʨʝʤʝʥʝʤ ʟʘʪʫʭʘʥʠʷ ʩʚʝʯʝʥʠʷ ʜʣʷ ʜʘʥʥʦʛʦ 

ʣʶʤʠʥʝʩʮʝʥʪʥʦʛʦ ʘʢʪʠʚʘʪʦʨʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ɽʦʙ ɦʦʧʨʝʜʝʣʷʝʪʩʷ ʠʥʪʝʛʨʠʨʦʚʘʥʠʝʤ I(t) ʚ ʠʥʪʝʨʚʘʣʝ ʦʪ t = 0 ʜʦ 

t = Ð 

( ) ( ) ( ){ } ttttt 000

0

0 expexpexp IttIdttIEʦʙʱ =---=-= ¤

¤

ñ .            (3) 

ɺ ʠʪʦʛʝ, ʢʦʥʚʝʨʩʠʦʥʥʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʙʫʜʝʪ ʨʘʚʥʘ 

ʜʦʟʘʷʧʦʛʣʦʱʝʥʥʘ

I
CE

t0= .                                                          (4) 

ʕʥʝʨʛʠʷ ʩʪʠʤʫʣʷʮʠʠ (SE), ʪ.ʝ. ʵʥʝʨʛʠʷ, ʥʝʦʙʭʦʜʠʤʘʷ ʜʣʷ ʫʤʝʥʴʰʝʥʠʷ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʌʉʃ ʦʪ ʥʘʯʘʣʴʥʦʡ ʚʝʣʠʯʠʥʳ ʜʦ 1/ʝ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ 

SE = ŰP,                                                              (5) 

ʛʜʝ ʈ ï ʤʦʱʥʦʩʪʴ ʩʪʠʤʫʣʠʨʫʶʱʝʛʦ ʩʚʝʪʘ.  

ʏʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʟʘʧʦʤʠʥʘʶʱʝʛʦ ʣʶʤʠʥʦʬʦʨʘ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʟʘʧʘʩʝʥʥʦʡ 

ʵʥʝʨʛʠʠ ʠ ʦʙʨʘʪʥʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʵʥʝʨʛʠʠ, ʥʝʦʙʭʦʜʠʤʦʡ ʜʣʷ ʩʯʠʪʳʚʘʥʠʷ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʦʧʨʝʜʝʣʷʝʪʩʷ ʦʪʥʦʰʝʥʠʝʤ CE/SE. 

ʇʦʤʠʤʦ ʚʳʩʦʢʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ, ʟʘʧʦʤʠʥʘʶʱʠʝ ʣʶʤʠʥʦʬʦʨʳ ʜʣʷ 

ʢʦʤʤʝʨʯʝʩʢʠʭ ʨʝʥʪʛʝʥʦʛʨʘʬʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʜʦʣʞʥʳ ʦʙʣʘʜʘʪʴ ʩʣʝʜʫʶʱʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ [55, 56]:  

- ʬɻʬʝʢʪʠʚʥʦʝ ʧʦʛʣʦʱʝʥʠʝ ʠʦʥʠʟʠʨʫʶʱʝʛʦ ʠʟʣʫʯʝʥʠʷ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ 

ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʣʫʯʝʚʫ  ʁ ʥʘʛʨʫʟʢʫ ʥʘ ʧʘʮʠʝʥʪʘ ʚʦ ʚʨʝʤʷ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ 

ʦʙʣʫʯʝʥʠʷ. ʆʜʥʘʢʦ ʧʦʛʣʦʱʝʥʥʦʡ ʵʥʝʨʛʠʠ ʜʦʣʞʥʦ ʙʳʪʴ ʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʩʥʠʤʢʦʚ ʩ ʦʧʪʠʤʘʣʴʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ;  
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- ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʧʦʷʚʣʝʥʠʷ ʥʝʞʝʣʘʪʝʣʴʥʦʛʦ çʬʦʥʘè ʧʨʠ ʩʢʘʥʠʨʦʚʘʥʠʠ 

ʠʟʦʙʨʘʞʝʥʠʡ, ʥʝʦʙʭʦʜʠʤʦ ʦʙʝʩʧʝʯʠʪʴ ʯʝʪʢʦʝ ʨʘʟʜʝʣʝʥʠʝ ʤʝʞʜʫ ʩʪʠʤʫʣʠʨʫʶʱʠʤ 

ʩʚʝʪʦʤ ʠ ʣʶʤʠʥʝʩʮʝʥʮʠʝʡ. ʅʘʧʨʠʤʝʨ, ʚ BaFBr:Eu2+ ʚʦʟʙʫʞʜʝʥʠʝ ʧʨʦʠʟʚʦʜʠʪʩʷ ʚ 

ʢʨʘʩʥʦʡ ʦʙʣʘʩʪʠ ʩʧʝʢʪʨʘ ʩ ʵʥʝʨʛʠʝʡ ʦʢʦʣʦ 2 ʵɺ, ʪʦʛʜʘ ʢʘʢ ʩʚʝʯʝʥʠʝ ʥʘʙʣʶʜʘʝʪʩʷ ʚ 

ʩʠʥʝʤ ʜʠʘʧʘʟʦʥʝ ʩ ʵʥʝʨʛʠʝʡ 3,2 ʵɺ;  

- ʩʧʦʩʦʙʥʦʩʪʴ ʩʦʭʨʘʥʷʪʴ ʥʘʢʦʧʣʝʥʥʫʶ ʵʥʝʨʛʠʶ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ 

ʪʝʯʝʥʠʝ ʜʣʠʪʝʣʴʥʦʛʦ ʚʨʝʤʝʥʠ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʚʳʩʦʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ 

ʜʳʨʦʯʥʳʭ ʠ ʵʣʝʢʪʨʦʥʥʳʭ ʣʦʚʫʰʝʢ;  

- ʚʘʞʥʦ ʙʳʩʪʨʦʝ ʟʘʪʫʭʘʥʠʝ ʣʶʤʠʥʝʩʮʝʥʮʠʠ (ʤʝʥʝʝ 10 ʤʢʩ), ʪʘʢ ʢʘʢ ʜʣʠʪʝʣʴʥʦʝ 

ʚʨʝʤʷ ʟʘʪʫʭʘʥʠʷ ʟʘʤʝʜʣʷʝʪ ʧʨʦʮʝʩʩ ʩʯʠʪʳʚʘʥʠʷ ʜʘʥʥʳʭ;  

- ʚʦʟʤʦʞʥʦʩʪʴ ʤʥʦʛʦʢʨʘʪʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʣʶʤʠʥʦʬʦʨʦʚ ʚ ʮʠʢʣʘʭ ʟʘʧʠʩʠ, 

ʩʯʠʪʳʚʘʥʠʷ ʠ ʩʪʠʨʘʥʠʷ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʠʭ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʵʢʦʥʦʤʠʯʥʦʩʪʠ; 

- ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ, ʪʘʢʠʝ ʢʘʢ ʩʪʦʠʤʦʩʪʴ ʠʩʭʦʜʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ 

ʦʢʘʟʳʚʘʝʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʚʳʙʦʨ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʣʶʤʠʥʦʬʦʨʦʚ ʧʨʠ 

ʠʭ ʧʨʦʠʟʚʦʜʩʪʚʝ.  

ʉʝʛʦʜʥʷ ʤʥʦʞʝʩʪʚʦ ʟʘʧʦʤʠʥʘʶʱʠʭ ʣʶʤʠʥʦʬʦʨʦʚ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʩʝʨʠʡʥʦ 

ʚʳʧʫʩʢʘʝʤʳʭ ʩʠʩʪʝʤʘʭ ʭʨʘʥʝʥʠʷ ʜʘʥʥʳʭ: CaWO4, LaOBr:Tm, Gd2O2S:Tm, YTaO4, 

RbBr:Tl(In), CsBr:Ga(In,Eu2+) [1, 55, 57]. ʇʦʤʠʤʦ ʵʪʠʭ, ʫʞʝ ʠʟʚʝʩʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, 

ʢʦʤʧʘʥʠ ̫ KODAK ʟʘ ʧʦʩʣʝʜʥʝʝ ʜʝʩʷʪʠʣʝʪʠʝ ʨʘʟʨʘʙʦʪʘʣʘ ʥʝʩʢʦʣʴʢʦ ʥʦʚʳʭ 

ʟʘʧʦʤʠʥʘʶʱʠʭ ʣʶʤʠʥʦʬʦʨʦʚ, ʚʢʣʶʯʘʷ Mg4Ta2O6:Nb, HfO2:Ti, Li2HfO3:Sn ʠ 

HfGeO4:Ti [19]. ʅʝʩʤʦʪʨʷ ʥʘ ʵʪʦ, ʠʤʝʥʥʦ BaFBr:Eu2+ ʩʪʘʣ ʦʩʥʦʚʥʳʤ ʤʘʪʝʨʠʘʣʦʤ 

ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʟʘʧʦʤʠʥʘʶʱʠʭ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʵʢʨʘʥʦʚ, ʦʩʦʙʝʥʥʦ ʜʣʷ 

ʤʝʜʠʮʠʥʩʢʦʡ ʜʠʘʛʥʦʩʪʠʢʠ. ɼʘʥʥʳʡ ʣʶʤʠʥʦʬʦʨ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʙʦʣʴʰʠʥʩʪʚʫ 

ʪʨʝʙʦʚʘʥʠʡ, ʧʨʝʜʲʷʚʣʷʝʤʳʭ ʢ ʟʘʧʦʤʠʥʘʶʱʠʤ ʣʶʤʠʥʝʩʮʝʥʪʥʳʤ ʩʠʩʪʝʤʘʤ, ʦʜʥʘʢʦ 

ʩʫʱʝʩʪʚʫʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʫʣʫʯʰʝʥʠʠ ʥʝʢʦʪʦʨʳʭ ʝʛʦ ʧʘʨʘʤʝʪʨʦʚ, ʪʘʢʠʭ ʢʘʢ 

ʩʦʢʨʘʱʝʥʠʝ ʚʨʝʤʝʥʠ ʩʯʠʪʳʚʘʥʠʷ ʠ ʧʦʚʳʰʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʮʠʢʣʦʚ ʧʦʚʪʦʨʥʦʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠ.̫ ʉʫʱʝʩʪʚʝʥʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʩʫʱʝʩʪʚʫʶʱʝʡ ʪʝʭʥʦʣʦʛʠʠ ʷʚʣʷʝʪʩʷ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʘʷ ʨʘʟʨʝʰʘʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʠʟʦʙʨʘʞʝʥʠ ̫ʠʟ-ʟʘ ʨʘʩʩʝʠʚʘʥʠʷ 

ʩʪʠʤʫʣʠʨʫʶʱʝʛʦ ʣʘʟʝʨʥʦʛʦ ʣʫʯʘ ʛʨʘʥʫʣʘʤʠ ʧʦʨʦʰʢʘ. ʕʪʦ ʟʘʪʨʫʜʥʷʝʪ ʧʨʠʤʝʥʝʥʠʝ 
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ʜʘʥʥʳʭ ʩʠʩʪʝʤ ʚ ʦʙʣʘʩʪʷʭ, ʛʜʝ ʥʝʦʙʭʦʜʠʤʦ ʚʳʩʦʢʦʝ ʨʘʟʨʝʰʝʥʠʝ ʩʥʠʤʢʘ, ʥʘʧʨʠʤʝʨ, 

ʚ ʤʘʤʤʦʛʨʘʬʠʠ. ɺʦʟʤʦʞʥʦ, ʩʦʟʜʘʥʠʝ ʟʘʧʦʤʠʥʘʶʱʠʭ ʵʢʨʘʥʦʚ ʥʘ ʦʩʥʦʚʝ 

ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʧʦʤʦʞʝʪ ʨʝʰʠʪʴ ʵʪʫ ʧʨʦʙʣʝʤʫ [58, 59].  

ʆʜʥʠʤ ʠʟ ʚʦʟʤʦʞʥʳʭ ʧʫʪʝʡ ʫʣʫʯʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʟʘʧoʤʠʥaʁ ʱʠʭ 

ʣʶʤʠʥoʬʦʨoʚ ʷʚʣʷʝʪʩʷ ʩʤʝʱʝʥʠʝ ʜʣʠʥʳ ʚoʣʥʳ ʩʯʠʪʳʚaʁ ʱʝʛo ʩʚeʪa ʚ ʢʨaʩʥʫʶ 

ʩʧeʢʪʨaʣʴʥʫʶ ʦʙʣʘʩʪʴ. ʕʪo ʧʦʟʚʦʣʠʪ ʚ ʧʨʦʮʝʩʩʝ ʩʯʠʪʳʚʘʥʠʷ ʧʨʠʤʝʥʷʪʴ ʜʦʩʪʫʧʥʳʝ 

ʠ ʢoʤʧaʢʪʥʳe ʧoʣʫʧʨoʚoʜʥʠʢoʚer ʣaʟeʨ .r ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ 

ʣʝʛʠʨʦʚʘʥʠʝʤ ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʧʨʠʤʝʩʷʤʠ ʢʨʠʩʪʘʣʣʦʚ BaFBr:Eu2+ ʤʦʞʥʦ ʜʦʙʠʪʴʩʷ 

ʩʤʝʱʝʥʠʷ ʩʧʝʢʪʨʘ ʚʦʟʙʫʞʜʝʥʠʷ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʚ ʢʨʘʩʥʫʶ ʩʧʝʢʪʨʘʣʴʥʫʶ ʦʙʣʘʩʪʴ. 

ɺ ʥʝʢʦʪʦʨʳʭ ʨʘʙʦʪʘʭ [60, 61] ʘʚʪʦʨʳ ʦʪʤʝʯʘʣʠ ʢʨʘʩʥʳʡ ʩʜʚʠʛ ʩʧʝʢʪʨʘ ʚʦʟʙʫʞʜʝʥʠʷ 

ʚ ʛʨʘʥʫʣʠʨʦʚʘʥʥʳʭ ʦʙʨʘʟʮʘʭ BaFBr:Eu2+, ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʣʝʛʠʨʦʚʘʥʥʳʭ Ca2+ ʠ Sr2+. 

ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʘʠʣʫʯʰʠʡ ʵʬʬʝʢʪ çʢʨʘʩʥʦʛʦ ʩʜʚʠʛʘè ʥʘʙʣʶʜʘʣʩʷ ʧʨʠ 

ʣʝʛʠʨʦʚʘʥʠʠ ʠʦʥʘʤʠ Sr2+ ʠ ʧʨʠ ʠʟʙʳʪʢʝ ʬʪʦʨʘ ʚ ʩʦʩʪʘʚʝ ʣʶʤʠʥʦʬʦʨʘ.  

ʄʝʭʘʥʠʟʤʳ ʌʉʃ ʚ ʱʝʣʦʯʥʦʟʝʤʝʣʴʥʳʭ ʬʪʦʨʦʛʘʣʦʠʜʘʭ ʩʚʷʟʘʥʳ ʩ 

ʵʥʝʨʛʝʪʠʯʝʩʢʤʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤʠ ʤʝʞʜʫ ʜʝʬʝʢʪʘʤʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ. 

ʊʘʢʠʝ ʜʝʬʝʢʪʳ ʤʦʛʫʪ ʬʦʨʤʠʨʦʚʘʪʴʩʷ, ʢʘʢ ʚ ʧʨʦʮʝʩʩʝ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʘ (ʩʦʙʩʪʚʝʥʥʳʝ 

ʜʝʬʝʢʪʳ), ʪʘʢ ʠ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ (ʨʘʜʠʘʮʠʦʥʥʳʝ 

ʜʝʬʝʢʪʳ). ʀʭ ʭʘʨʘʢʪʝʨ ʧʦʜʦʙʝʥ ʭʦʨʦʰʦ ʠʟʫʯʝʥʥʳʤ ʪʦʯʝʯʥʳʤ ʜʝʬʝʢʪʘʤ 

ʱʝʣʦʯʥʦʛʘʣʦʠʜʥʳʭ ʢʨʠʩʪʘʣʣʦʚ [62-67].  

ɺ ʢʨʠʩʪʘʣʣʘʭ BaFBr ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʧʨʠ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʬʦʨʤʠʨʫʝʪʩʷ ʜʚʘ ʪʠʧʘ F-ʮʝʥʪʨʦʚ: F(Br-)-ʮʝʥʪʨʳ ʠ F(F-)-

ʮʝʥʪʨʳ, ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʚʘʢʘʥʩʠʠ Br- ʠʣʠ F-, ʟʘʭʚʘʪʠʚʰʠʝ ʵʣʝʢʪʨʦʥʳ 

[68-70]. ʊʘʢʠʝ ʮʝʥʪʨʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʩʠʤʤʝʪʨʠʝʡ ʉ4v ʠ D2d, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ [71].  

F-ʮʝʥʪʨʳ ʚ ʧʨʦʮʝʩʩʝ ʬʦʪʦʩʪʠʤʫʣʠʨʦʚʘʥʥʦʡ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʠʛʨʘʶʪ ʨʦʣʴ 

ʵʣʝʢʪʨʦʥʥʳʭ ʣʦʚʫʰʝʢ. ɼʳʨʦʯʥʳʤʠ Vk- ʠ ʅ- ʮʝʥʪʨʘʤʠ ʢʦʤʧʝʥʩʠʨʫʝʪʩʷ ʠʭ ʟʘʨʷʜ.  

Vk-ʮʝʥʪʨ ʷʚʣʷʝʪʩʷ ʘʚʪʦʣʦʢʘʣʠʟʦʚʘʥʦʡ ʜʳʨʢʦʡ, ʩʪʘʙʠʣʴʥr ʡ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 100-

200 ʂ. ʆʥ ʤʦʞʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʚ ʚʠʜʝ ʢʚʘʟʠʤʦʣʝʢʫʣʳ, ʟʘʥʠʤʘʶʱʝʡ ʜʚʘ 

ʘʥʠʦʥʥʳʭ ʫʟʣʘ ʨʝʰʝʪʢʠ ʠ ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʘʥʠʦʥ-ʘʥʠʦʥ <110>. ɺ 

ʨʘʙʦʪʘʭ [72, 73] ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʩʧʝʢʪʨʝ ʕʇʈ ʦʙʣʫʯʝʥʥʦʛʦ 
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ʨʝʥʪʛʝʥʦʚʩʢʠʤ ʠʟʣʫʯʝʥʠʝʤ BaFBr ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 4,2 ʂ ʨʝʛʠʩʪʨʠʨʫʶʪʩʷ ʧʦʣʦʩʳ 

Vk(Br2
-)-ʮʝʥʪʨʦʚ, ʢʦʪʦʨʳʝ ʠʩʯʝʟʘʶʪ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʜʦ 120 ʂ. ʅ-ʮʝʥʪʨʳ ʤʦʛʫʪ 

ʩʫʱʝʩʪʚʦʚʘʪʴ ʧʨʠ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʯʝʤ Vk-ʮʝʥʪʨʳ. ʅ-ʮʝʥʪʨ ʷʚʣʷʝʪʩʷ 

ʤʦʣʝʢʫʣʷʨʥʳʤ ʠʦʥʦʤ 
-

2X  ʩ ʣʦʢʘʣʠʟʦʚʘʥʥʦʡ ʚ ʦʜʥʦʤ ʫʟʣʝ ʜʳʨʢʦʡ ʥʘ ʘʥʠʦʥʝ 

ʨʝʰʝʪʢʠ ʠ ʤʝʞʜʦʫʟʝʣʴʥʦʤ ʘʥʠʦʥʝ. ɺ BaFBr ʩʫʱʝʩʪʚʫʶʪ ʅ(Br2
-)-ʮʝʥʪʨʳ, ʠʤʝʶʱʠʝ 

ʦʨʠʝʥʪʘʮʠʶ <111> ʠ ʅ(F2
-)-ʮʝʥʪʨ rʩ ʦʨʠʝʥʪʘʮʠʝʡ <110> [74]. ʇʦʤʠʤʦ ʫʢʘʟʘʥʥʳʭ 

ʨʘʜʠʘʮʠʦʥʥʳʭ ʜʝʬʝʢʪʦʚ ʩʣʝʜʫʝʪ ʪʘʢʞʝ ʫʯʠʪʳʚʘʪʴ ʵʣʝʢʪʨʦʥʳ ʠ ʜʳʨʢʠ, ʟʘʭʚʘʯʝʥʥʳʝ 

ʧʨʠʤʝʩʥʳʤʠ ʮʝʥʪʨʘʤʠ ʠ ʜʨʫʛʠʤʠ ʜʝʬʝʢʪʘʤʠ ʨʝʰʝʪʢʠ.  

ʍʘʡʥʮ ʬʦʥ ɿʝʛʛʝʨʥ [1] ʧʨʝʜʩʪʘʚʠʣ ʤʦʜʝʣʴ ʬʦʨʤʠʨʦʚʘʥʠʷ ʨʘʜʠʘʮʠʦʥʥʳʭ 

ʜʝʬʝʢʪʦʚ ʚ BaFBr:Eu2+, ʠʩʭʦʜʷ ʠʟ ʘʥʘʣʦʛʠʠ ʩ ʧʨʦʮʝʩʩʘʤʠ, ʧʨʦʠʩʭʦʜʷʱʠʤʠ ʚ 

ʱʸʣʦʯʥʦʛʘʣʦʠʜʥʳʭ ʢʨʠʩʪʘʣʣʘʭ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʜʘʥʥʦʡ ʤʦʜʝʣʴ ,ʁ ʵʬʬʝʢʪʠʚʥʦʝ 

ʦʙʨʘʟʦʚʘʥʠʝ ʬʦʪʦʩʪʠʤʫʣʠʨʫʝʤʳʭ ʮʝʥʪʨʦʚ ʥʘʯʠʥʘʝʪʩʷ ʧʨʠ ʵʥʝʨʛʠʠ ʦʢʦʣʦ 6,7 ʵɺ. 

ʕʪʦ ʤʠʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʵʥʝʨʛʠʠ, ʪʨʝʙʫʝʤʦʡ ʜʣʷ ʠʦʥʠʟʘʮʠʠ ʘʥʠʦʥʦʚ ʚ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʝ. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʠʦʥʠʟʠʨʫʶʝɦʡ ʯʘʩʪʠʮʳ ʩ ʢʨʠʩʪʘʣʣʦʤ 

ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʥʠʟʢʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ɻʣʝʢʪʨʦʥʥʳʭ ʚʦʟʙʫʞʜʝʥʠʡ, ʪʘʢʠʭ 

ʢʘʢ ʵʣʝʢʪʨʦʥʥʦ-ʜʳʨʦʯʥʳʝ ʧʘʨʳ ʠ ʵʢʩʠʪʦʥʳ. ʕʣʝʢʪʨʦʥʳ ʠ ʜʳʨʢʠ ʤʦʛʫʪ ʙʳʪʴ 

ʟʘʭʚʘʯʝʥʳ ʧʨʠʤʝʩʥʳʤʠ ʜʝʬʝʢʪʘʤʠ, ʘ ʢɻʩʠʪʦʥʳ ʩʧʦʩʦʙʥʳ ʙʝʟʠʟʣʫʯʘʪʝʣʴʥʦ 

ʨʘʩʧʘʜʘʪʴʩʷ, ʬʦʨʤʠʨʫʷ F- ʠ H-ʮʝʥʪʨ.r ɺ ʧʨʦʮʝʩʩʝ ʨʘʩʧʘʜʘ ʵʢʩʠʪʦʥʦʚ 

ʚʳʩʚʦʙʦʞʜʘʝʪʩʷ ʵʥʝʨʛʠʷ, ʧʝʨʝʤʝʱʘʶʱʘʷ ʘʪʦʤ ʙʨʦʤʘ ʠʟ ʝʛʦ ʨʝʛʫʣʷʨʥʦʡ ʧʦʟʠʮʠʠ ʚ 

ʤʝʞʜʦʫʟʣʠʝ. ʇʨʠ ʵʪʦʤ ʦʩʪʘʚʰʠʡʩʷ ʵʣʝʢʪʨʦʥ ʚʤʝʩʪʝ ʩ ʘʥʠʦʥʥʦʡ ʚʘʢʘʥʩʠʝʡ ʦʙʨʘʟʫʝʪ 

F(Br-)-ʮʝʥʪʨ, ʘ ʩʤʝʩʪʠʚʰʠʡʩʷ ʠʟ ʫʟʣʘ ʚ ʤʝʞʜʦʫʟʣʠʝ ʘʪʦʤ ʙʨʦʤʘ ʚ ʧʘʨʝ ʩ 

ʙʣʠʟʣʝʞʘʱʠʤ ʘʪʦʤʦʤ ʙʨʦʤʘ ʦʙʨʘʟʫʶʪ ʅ-ʮʝʥʪʨ (Br2
--ʮʝʥʪʨ). ɼʘʣʝʝ ʅ-ʮʝʥʪʨ, 

ʤʠʛʨʠʨʫʷ ʧʦ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʝ, ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʙʣʠʟʣʝʞʘʱʠʤ ʠʦʥʦʤ Eu2+, ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʦʙʨʘʟʫʝʪʩʷ ʪʘʢ ʥʘʟʳʚʘʝʤʳʡ ʣʶʤʠʥʝʩʮʝʥʪʥʳʡ ʢʦʤʧʣʝʢʩ Eu2+/ʅ, 

ʢʦʪʦʨʳʡ ʚʳʧʦʣʥʷʝʪ ʨʦʣʴ ʨʝʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʮʝʥʪʨʘ ʚ ʧʨʦʮʝʩʩʝ ʌʉʃ. ʉʭʝʤʘʪʠʯʥʦ 

ʜʘʥʥʳʡ ʧʨʦʮʝʩʩ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ [1]: 

hnx-ray ­ exciton, 

exciton ­ F-ʅ pair, 

F-ʅ pair ­ F+(ʅ/ɽu2+)-complex.  



32 

 

 

 

ʇʨʦʮʝʩʩʳ ʌʉʃ ʚʦ ʬʪʦʨʦʛʘʣʦʠʜʘʭ ʙʘʨʠʷ ʧʦʣʫʯʠʣʠ ʜʝʪʘʣʴʥʦʝ ʦʩʚʝʱʝʥʠʝ ʚ 

ʥʘʫʯʥʦʡ ʣʠʪʝʨʘʪʫʨʝ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʘʥʘʣʠʟʘ ʵʪʠʭ ʨʘʙʦʪ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʜʚʘ 

ʦʩʥʦʚʥʳʭ ʤʝʭʘʥʠʟʤʘ, ʦʙʲʷʩʥʷʶʱʠʭ ʜʘʥʥʦʝ ʷʚʣʝʥʠʝ: ʤʦʥʦʤʦʣʝʢʫʣʷʨʥʳʡ ʠ 

ʙʠʤʦʣʝʢʫʣʷʨʥʳʡ. ʄʦʥʦʤʦʣʝʢʫʣʷʨʥʳʡ ʨʝʢʦʤʙʠʥʘʮʠʦʥʥʳʡ ʤʝʭʘʥʠʟʤ (ʈʠʩʫʥʦʢ 3-ʘ) 

ʙʳʣ ʧʦʜʨʦʙʥʦ ʠʟʫʯʝʥ ʍʘʡʥʮʝʤ ʬʦʥ ɿʝʛʛʝʨʥʦʤ [1, 75, 76]. ʆʩʥʦʚʥʘʷ ʠʜʝʷ ʜʘʥʥʦʛʦ 

ʤʝʭʘʥʠʟʤʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʥʘʣʠʯʠʠ ʬʦʪʦʩʪʠʤʫʣʠʨʫʝʤʦʛʦ ʣʶʤʠʥʝʩʮʝʥʪʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ (photostimulable luminescence complex), ʧʨʝʜʩʪʘʚʣʷʶʱʝʛʦ ʩʦʙʦʡ 

ʚʟʘʠʤʦʩʚʷʟʘʥʥʫʶ ʩʠʩʪʝʤʫ, ʩʦʩʪʦʷʱʫʶ ʠʟ F-ʮʝʥʪʨʘ ʠ ʮʝʥʪʨʘ ʨʝʢʦʤʙʠʥʘʮʠʠ Eu2+-

ʜʳʨʢʘ. ʆʩʥʦʚʥʦʝ ʩʦʩʪʦʷʥʠʝ F-ʮʝʥʪʨʘ (1s), ʘ ʝʛʦ ʧʝʨʚʦʝ ʚʦʟʙʫʞʜʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ 

(2p). ɺʨʝʤʷ ʪʫʥʥʝʣʠʨʦʚʘʥʠʷ ʢ ʙʣʠʟʣʝʞʘʱʝʤʫ ʢʦʤʧʣʝʢʩʥʦʤʫ ʮʝʥʪʨʫ ʨʝʢʦʤʙʠʥʘʮʠʠ 

ʦʙʦʟʥʘʯʝʥʦ ttun, tEu* ï ʚʨʝʤʷ ʞʠʟʥʠ ʚʦʟʙʫʞʜʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ Eu2+, tFR* ï ʚʨʝʤʷ 

ʞʠʟʥʠ ʵʣʝʢʪʨʦʥʘ ʚ ʨʝʣʘʢʩʠʨʦʚʘʥʥʦʤ ʚʦʟʙʫʞʜʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ, tD ï ʧʦʩʪʦʷʥʥʘʷ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʝʨʝʭʦʜʘ ʚ ʟʦʥʫ ʧʨʦʚʦʜʠʤʦʩʪʠ.  

  

ʘ ʙ 

ʈʠʩʫʥʦʢ 3 ï ʄʦʥʦʤʦʣʝʢʫʣʷʨʥʘʷ ʠ ʙʠʤʦʣʝʢʫʣʷʨʥʘʷ ʤʦʜʝʣʠ ʧʨʦʮʝʩʩʘ ʌʉʃ ʚ BaFBr:Eu2+. 

(ʘ) ʄʦʥʦʤʦʣʝʢʫʣʷʨʥʘʷ ʨʝʢʦʤʙʠʥʘʮʠʦʥʥʘʷ ʤʦʜʝʣʴ ʩ ʢʦʤʧʣʝʢʩʥʳʤ ʮʝʥʪʨʦʤ ʨʝʢʦʤʙʠʥʘʮʠʠ 

(Eu3+ ʠʣʠ Eu2+/ʜʳʨʢʘ) [1, 76];  

(ʙ) ɹʠʤʦʣʝʢʫʣʷʨʥʘʷ ʨʝʢʦʤʙʠʥʘʮʠʦʥʥʘʷ ʤʦʜʝʣʴ [77]: ʩʧʣʦʰʥʳʝ ʩʪʨʝʣʢʠ ï ʚʦʟʙʫʞʜʝʥʠʝ, 

ʧʫʥʢʪʠʨʥʳʝ ï ʌʉʃ.  

ɹʠʤʦʣʝʢʫʣʷʨʥʳʡ ʨʝʢʦʤʙʠʥʘʮʠʦʥʥʳʡ ʤʝʭʘʥʠʟʤ, ʧʨʝʜʣʦʞʝʥʥʳʡ ʂʵʥʜʟʠ 

ʊʘʢʘʭʘʰʠ [52, 77, 78] ʠ ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʥʘ ʈʠʩʫʥʢʝ 3-ʙ, ʚ ʦʪʣʠʯʠʝ ʦʪ 
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ʤʦʥʦʤʦʣʝʢʫʣʷʨʥʦʛʦ ʤʝʭʘʥʠʟʤʘ, ʥʝ ʧʨʝʜʧʦʣʘʛʘʝʪ ʧʨʷʤʦʡ ʩʚʷʟʠ ʤʝʞʜʫ 

ʨʝʢʦʤʙʠʥʘʮʠʦʥʥʳʤ ʤʝʭʘʥʠʟʤʦʤ ʠ F- ʮʝʥʪʨʘʤʠ. ʇʨʠ ʨʝʥʪʛʝʥʦʚʩʢʦʤ ʦʙʣʫʯʝʥʠʠ 

ʯʘʩʪʴ ʠʦʥʦʚ Eu2+ ʟʘʭʚʘʪʳʚʘʝʪ ʜʳʨʢʫ, ʠʦʥʠʟʠʨʫʷʩʴ ʥʘ Eu3+, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ 

ʚʳʩʚʦʙʦʞʜʘʶʱʠʝʩʷ ʵʣʝʢʪʨʦʥʳ ʧʝʨʝʭʦʜʷʪ ʚ ʟʦʥʫ ʧʨʦʚʦʜʠʤʦʩʪʠ. ʕʪʠ ʵʣʝʢʪʨʦʥʳ 

ʤʦʛʫʪ ʙʳʪʴ ʣʠʙʦ ʟʘʭʚʘʯʝʥʳ F+-ʮʝʥʪʨʘʤʠ (ʘʥʠʦʥʥʳʤʠ ʚʘʢʘʥʩʠʷʤʠ), ʬʦʨʤʠʨʫʷ F-

ʮʝʥʪʨ, ʣʠʙʦ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʨʝʢʦʤʙʠʥʠʨʦʚʘʪʴ ʩ Eu3+, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʩʧʦʥʪʘʥʥʦʡ 

ʣʶʤʠʥʝʩʮʝʥʮʠʠ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ F+-ʮʝʥʪʨʳ ʬʦʨʤʠʨʫʶʪʩʷ ʝʱʝ ʥʘ ʵʪʘʧʝ ʨʦʩʪʘ 

ʢʨʠʩʪʘʣʣʘ ʠ ʫʞʝ ʩʫʱʝʩʪʚʫʶʪ ʜʦ ʦʙʣʫʯʝʥʠʷ ʦʙʨʘʟʮʘ. ʇʨʠ ʬʦʪʦʚʦʟʙʫʞʜʝʥʠʠ 

ʟʘʭʚʘʯʝʥʥʳʝ ʵʣʝʢʪʨʦʥʳ ʚʥʦʚʴ ʚʦʟʚʨʘʱʘʶʪʩʷ ʚ ʟʦʥʫ ʧʨʦʚʦʜʠʤʦʩʪʠ, ʚʦʩʩʪʘʥʘʚʣʠʚʘʷ 

ʠʦʥʳ ʝʚʨʦʧʠʷ ʠʟ ʪʨʝʭʚʘʣʝʥʪʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚ ʜʚʫʭʚʘʣʝʥʪʥʦʝ. ʆʜʥʘʢʦ ʚ 

ʧʨʝʜʣʦʞʝʥʥʦʡ ʙʠʤʦʣʝʢʫʣʷʨʥʦʡ ʤʦʜʝʣʠ ʦʪʩʫʪʩʪʚʫʝʪ ʦʙʲʷʩʥʝʥʠʝ ʤʝʭʘʥʠʟʤʘ 

ʟʘʨʷʜʦʢʦʤʧʝʥʩʘʮʠʠ F+-ʮʝʥʪʨʦʚ ʚ ʧʨʦʮʝʩʩʝ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʘ. ɺʦʟʤʦʞʥʦ, ʵʪʘ 

ʢʦʤʧʝʥʩʘʮʠʷ ʤʦʛʣʘ ʙʳ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʤʝʞʜʦʫʟʝʣʴʥʳʤʠ ʠʦʥʘʤʠ ʛʘʣʦʠʜʘ (I-

ʮʝʥʪʨ)r, ʥʦ ʠʭ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʜʦ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʦʙʣʫʯʝʥʠʷ ʥʝ ʙʳʣʦ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʜʦʢʘʟʘʥʦ. ɼʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʙʠʤʦʣʝʢʫʣʷʨʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʚ 

ʨʘʙʦʪʝ [77] ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʝʩʢʦʣʴʢʦ ʜʦʢʘʟʘʪʝʣʴʩʪʚ. ʆʪʤʝʯʘʝʪʩʷ ʩʦʚʧʘʜʝʥʠʝ 

ʧʦʣʦʞʝʥʠʷ ʧʦʣʦʩ F-ʮʝʥʪʨʦʚ ʚ ʩʧʝʢʪʨʝ ʧʦʛʣʦʱʝʥʠʷ ʠ ʚ ʩʧʝʢʪʨʝ ʚʦʟʙʫʞʜʝʥʠʷ. ʕʪʦ 

ʤʦʞʝʪ ʦʙʲʷʩʥʷʪʴʩʷ ʦʩʚʦʙʦʞʜʝʥʠʝʤ ʵʣʝʢʪʨʦʥʦʚ ʩ F-ʮʝʥʪʨʦʚ ʚ ʧʨʦʮʝʩʩʝ 

ʬʦʪʦʩʪʠʤʫʣʷʮʠʠ. ʅʘʣʠʯʠʝ ʬʦʪʦʧʨʦʚʦʜʠʤʦʩʪʠ ʚʦ ʚʨʝʤʷ ʬʦʪʦʩʪʠʤʫʣʷʮʠʠ 

ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʫʢʘʟʳʚʘʝʪ ʥʘ ʧʝʨʝʥʦʩ ʵʣʝʢʪʨʦʥʦʚ ʩ F-ʮʝʥʪʨʦʚ ʚ ʟʦʥʫ 

ʧʨʦʚʦʜʠʤʦʩʪʠ. ɺ ʣʶʤʠʥʦʬʦʨʘʭ BaFBr:Eu2+, ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʚ ʦʢʠʩʣʠʪʝʣʴʥʦʡ ʩʨʝʜʝ, 

ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʋʌ-ʠʟʣʫʯʝʥʠʷ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ 337 ʥʤ ʥʘʙʣʶʜʘʝʪʩʷ ʩʥʠʞʝʥʠʝ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʣʶʤʠʥʝʩʮʝʥʮʠʠ Eu2+ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʣʶʤʠʥʝʩʮʝʥʮʠʠ Eu3+. ʇʨʠ ʬʦʪʦʩʪʠʤʫʣʷʮʠʠ ʵʪʦ ʩʦʦʪʥʦʰʝʥʠʝ ʠʟʤʝʥʷʝʪʩʷ 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʤ ʦʙʨʘʟʦʤ: ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʣʶʤʠʥʝʩʮʝʥʮʠʠ Eu2+ ʚʦʟʨʘʩʪʘʝʪ, ʚ ʪʦ 

ʚʨʝʤʷ ʢʘʢ ʠʥʪʝʥʩʠʚʥʦʩʪʴ Eu3+ ʚʦʟʚʨʘʱʘʝʪʩʷ ʢ ʩʚʦʠʤ ʠʩʭʦʜʥʳʤ ʟʥʘʯʝʥʠʷʤ. 

ʉʭʝʤʘ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʫʨʦʚʥʝʡ BaFBr:Eu2+, ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ 

[77], ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʧʪʠʯʝʩʢʠʭ, 

ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠ ʕʇʈ ʠʟʤʝʨʝʥʠʡ. ɿʘʧʨʝʱʝʥʥʘ ̫ʟʦʥʘ BaFBr:Eu2+ ʠʤʝʝʪ ʰʠʨʠʥʫ 
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8,3 ʵɺ, ʯʪʦ ʪʠʧʠʯʥʦ ʜʣʷ ʱʝʣʦʯʥʳʭ ʠ ʱʝʣʦʯʥʦʟʝʤʝʣʴʥʳʭ ʛʘʣʦʛʝʥʠʜʦʚ. ʀʦʥʳ 

ʝʚʨʦʧʠʷ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʝ ʟʘʤʝʱʘʶʪ ʠʦʥʳ ʙʘʨʠʷ, ʘ ʦʩʥʦʚʥʦʝ ʩʦʩʪʦʷʥʠʝ 

ʠʦʥʘ ʝʚʨʦʧʠʷ ʥʘʭʦʜʠʪʩʷ ʥʘ 6,5 ʵɺ ʥʠʞʝ ʟʦʥʳ ʧʨʦʚʦʜʠʤʦʩʪʠ ʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʫʨʦʚʥ  ʁ4f7. ʇʝʨʚʦʝ ʚʦʟʙʫʞʜʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ, ʩʚʷʟʘʥʥʦʝ ʩ ʧʝʨʝʭʦʜʦʤ ʥʘ ʫʨʦʚʝʥʴ 

4f65d, ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʵʥʝʨʛʠʠ, ʧʨʝʚʳʰʘʶʱʝʡ ʦʩʥʦʚʥʦʝ ʩʦʩʪʦʷʥʠʝ ʥʘ 3,2 ʵɺ. ʇʨʠ 

ʧʝʨʝʭʦʜʝ ʩ ʫʨʦʚʥʷ 4f65d ʥʘ ʫʨʦʚʝʥʴ 4f7 ʧʨʦʠʩʭʦʜʠʪ ʠʟʣʫʯʝʥʠʝ ʩʚʝʪʘ.  

ʅʝʩʤʦʪʨʷ ʥʘ ʧʨʠʚʝʜʝʥʥʳʝ ʜʦʚʦʜʳ, ʙʠʤʦʣʝʢʫʣʷʨʥʘʷ ʤʦʜʝʣʴ ʩʪʘʣʢʠʚʘʝʪʩʷ ʩ 

ʩʝʨʴʝʟʥʦʡ ʢʨʠʪʠʢʦʡ ʚ ʨʷʜʝ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʅʘʧʨʠʤʝʨ, ʚ ʨʘʙʦʪʝ 

ɸ. ʄʝʡʝʨʠʥʢʘ [21] ʫʢʘʟʘʥʦ, ʯʪʦ ʚ ʠʭ ʦʙʨʘʟʮʘʭ BaFBr:Eu2+ ʥʝ ʦʙʥʘʨʫʞʝʥʦ ʠʟʤʝʥʝʥʠʡ 

ʚ ʭʘʨʘʢʪʝʨʝ ʣʶʤʠʥʝʩʮʝʥʮʠʠ Eu2+ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʦʙʣʫʯʝʥʠʷ ʠ 

ʚʳʟʳʚʘʝʪ ʩʦʤʥʝʥʠʝ ʚ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ Eu2+ ʚ Eu3+ ʚ ʪʘʢʠʭ ʫʩʣʦʚʠʷʭ. 

ʇʦʜʦʙʥʳʝ ʚʳʚʦʜʳ ʙʳʣʠ ʪʘʢʞʝ ʩʜʝʣʘʥʳ ɸ. ʃʘʢʰʤʘʥʘʥʦʤ [79], ʢʦʪʦʨʳʡ ʠʩʩʣʝʜʦʚʘʣ 

ʧʨʦʮʝʩʩʳ ʌʉʃ ʚ BaFBr:Eu2+ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʦʙʣʫʯʝʥʠʷ. ʂʨʦʤʝ ʪʦʛʦ, 

ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ, ʧʨʦʚʝʜʝʥʥʳʭ ʤʝʪʦʜʦʤ ʵʣʝʢʪʨʦʥʥʦʛʦ ʧʘʨʘʤʘʛʥʠʪʥʦʛʦ 

ʨʝʟʦʥʘʥʩʘ ʊʦʙʠʘʩʦʤ ʍʘʥʛʣʘʡʪʝʨʦʤ [74], ʪʘʢʞʝ ʧʦʜʪʚʝʨʞʜʘʶʪ, ʯʪʦ ʧʨʠ 

ʨʝʥʪʛʝʥʦʚʩʢʦʤ ʦʙʣʫʯʝʥʠʠ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʬʦʨʤʠʨʦʚʘʥʠʝ Eu3+ ʥʝ 

ʧʨʦʠʩʭʦʜʠʪ.  

ɺ ʠʩʩʣʝʜʦʚʘʥʠʠ ʍʘʡʥʮʘ ʬʦʥ ɿʝʛʛʝʨʥʘ [75] ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʌʉʃ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʟʤʝʥʷʝʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ ʦʪ 

ʛʝʣʠʝʚʦʡ ʜʦ ʢʦʤʥʘʪʥʦʡ. ɸʚʪʦʨ ʧʨʠʭʦʜʠʪ ʢ ʚʳʚʦʜʫ, ʯʪʦ ʧʨʦʮʝʩʩ ʌʉʃ ʩʣʘʙʦ ʟʘʚʠʩʠʪ 

ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʵʪʠʭ ʜʘʥʥʳʭ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʤʦʥʦʤʦʣʝʢʫʣʷʨʥʘʷ 

ʤʦʜʝʣʴ. ʇʦʜʦʙʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʨʝʜʩʪʘʚʣʝʥ r ʚ ʨʘʙʦʪʝ ʍ. ʈʶʪʝʨʘ [80], ʛʜʝ 

ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʤʦʥʦʤʦʣʝʢʫʣʷʨʥʘʷ ʨʝʢʦʤʙʠʥʘʮʠʦʥʥʘʷ ʤʦʜʝʣʴ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ 

ʤʝʭʘʥʠʟʤʝ ʬʦʨʤʠʨʦʚʘʥʠ ̫ F-H ʧʘʨ, ʩʦʩʪʦʷʱʠʭ ʠʟ F-ʮʝʥʪʨʘ ʠ ʤʝʞʜʦʫʟʝʣʴʥʦʛʦ 

ʛʘʣʦʠʜʘ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʠʟʣʫʯʝʥʠʝ ʚʳʟʳʚʘʝʪ ʦʙʨʘʟʦʚʘʥʠʝ ʩʚʦʙʦʜʥʳʭ 

ʵʢʩʠʪʦʥʦʚ, ʢʦʪʦʨʳʝ ʟʘʪʝʤ ʨʘʩʧʘʜʘʶʪʩʷ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʪʦʯʝʯʥʳʭ 

ʜʝʬʝʢʪʦʚ ʠ ʬʦʨʤʠʨʦʚʘʥʠʶ F-H ʧʘʨ.  

ɸʚʪʦʨʳ ʨʘʙʦʪʳ [81] ʧʨʝʜʩʪʘʚʠʣʠ ʨʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʩʧʠʥ-ʩʧʠʥʦʚʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʠʦʥʘʤʠ ʝʚʨʦʧʠʷ Eu2+, ʢʠʩʣʦʨʦʜʘ O- ʠ F-ʮʝʥʪʨʘʤʠ. ʕʪʠ 
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ʜʘʥʥʳʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʚ ʢʨʠʩʪʘʣʣʘʭ BaFBr:Eu2+ ʫʢʘʟʘʥʥʳʝ ʮʝʥʪʨʳ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ʢʦʨʨʝʣʠʨʫʶʪ, ʘ ʥʝ ʨʘʩʧʨʝʜʝʣʝʥʳ ʩʣʫʯʘʡʥʳʤ ʦʙʨʘʟʦʤ. ʇʨʠ ʵʪʦʤ 

ʦʞʠʜʘʝʪʩʷ, ʯʪʦ ʪʘʢʘʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʢʦʨʨʝʣʷʮʠʷ ʥʝ ʷʚʣʷʝʪʩʷ ʩʪʨʦʛʦʡ, ʘ 

ʜʦʧʫʩʢʘʝʪ ʥʝʢʦʪʦʨʳʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʦʪʢʣʦʥʝʥʠʷ.  

ʈʘʙʦʪ rʌ. ʂʦʰʥʠʢʘ [37, 82] ʪʘʢʞʝ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʥʝʚʦʟʤʦʞʥʦʩʪʴ ʨʝʘʣʠʟʘʮʠʠ 

ʙʠʤʦʣʝʢʫʣʷʨʥʦʛʦ ʤʝʭʘʥʠʟʤʘ, ʧʦʜʢʨʝʧʣʷʷ ʵʪʦʪ ʚʳʚʦʜ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ 

ʜʘʥʥʳʤʠ ʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʢʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ ʵʣʝʢʪʨʦʥʥʳʤʠ, ʜʳʨʦʯʥʳʤʠ ʠ 

ʝʚʨʦʧʠʝʚʳʤʠ ʮʝʥʪʨʘʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʦʧʪʠʯʝʩʢʠ 

ʜʝʪʝʢʪʠʨʫʝʤʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʨʝʟʦʥʘʥʩʘ (ʆɼʄʈ). ɺ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʘʢʮʝʥʪʠʨʫʝʪʩʷ 

ʚʥʠʤʘʥʠʝ ʥʘ ʚʦʟʜʝʡʩʪʚʠʠ ʥʝʠʟʙʝʞʥʦʡ ʧʨʠʤʝʩʠ ʢʠʩʣʦʨʦʜʘ ʥʘ ʧʨʦʮʝʩʩ ʌʉʃ. ɺ 

ʜʘʥʥʦʤ ʢʦʥʪʝʢʩʪʝ ʠʦʥʳ ʢʠʩʣʦʨʦʜʘ ʚʳʩʪʫʧʘʶʪ ʚ ʢʘʯʝʩʪʚʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ 

ʜʳʨʦʯʥʳʭ ʣʦʚʫʰʝʢ, ʯʪʦ ʩʦʜʝʡʩʪʚʫʝʪ ʬʦʨʤʠʨʦʚʘʥʠʶ F-ʮʝʥʪʨʦʚ. ɸʚʪʦʨʳ 

ʧʨʝʜʧʦʣʘʛʘʶʪ, ʯʪʦ ʵʪʦʪ ʤʝʭʘʥʠʟʤ ʬʦʨʤʠʨʦʚʘʥʠʷ ʵʣʝʢʪʨʦʥʥʦ-ʜʳʨʦʯʥʦ-ʝʚʨʦʧʠʝʚʳʭ 

ʮʝʥʪʨʦʚ ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʚʝʨʦʷʪʥʳʤ, ʯʝʤ ʪʨʘʜʠʮʠʦʥʥʦ ʧʨʠʥʷʪʳʡ ʜʣʷ 

ʱʝʣʦʯʥʦʛʘʣʦʠʜʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʤʝʭʘʥʠʟʤ ʬʦʨʤʠʨʦʚʘʥʠʷ F-H ʧʘʨ, ʧʨʝʜʣʦʞʝʥʥʳʡ 

ʍ. ʈʶʪʝʨʦʤ [80].  

ɺ ʨʘʙʦʪʘʭ ʉʪʝʬʘʥʘ ʐʚʝʡʮʝʨʘ [83-85] ʫʢʘʟʳʚʘʝʪʩʷ ʯʪʦ ʧʨʠʤʝʩʥʳʝ ʠʦʥʳ 

ʢʠʩʣʦʨʦʜʘ, ʟʘʥʠʤʘʶʱʠʝ ʧʦʟʠʮʠʠ ʬʪʦʨʘ ʆ2-
F, ʚr ʧʦʣʥʷʶʪ ʨʦʣʴ 

ʟʘʨʷʜʦʢʦʤʧʝʥʩʘʪʦʨʦʚ ʧʨʠ ʦʙʨʘʟʦʚʘʥʠʠ Br--ʚʘʢʘʥʩʠʡ ʚ ʧʨʦʮʝʩʩʝ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʦʚ. 

ʕʪʠ ʚʘʢʘʥʩʠʠ ʥʝʦʙʭʦʜʠʤʳ ʜʣʷ ʩʦʟʜʘʥʠʷ ʬʦʪʦʩʪʠʤʫʣʠʨʫʝʤʳʭ F(Br-)-ʮʝʥʪʨʦʚ. ʇʨʠ 

ʠʭ ʦʪʩʫʪʩʪʚʠʠ F-ʮʝʥʪʨʳ ʤʦʛʫʪ ʦʙʨʘʟʦʚʳʚʘʪʴʩʷ ʯʝʨʝʟ F-H ʧʨʦʮʝʩʩ. ʊʝʤ ʥʝ ʤʝʥʝʝ, 

ʘʚʪʦʨ ʥʝ ʩʤʦʛ ʚʳʷʚʠʪʴ ʅ-ʮʝʥʪʨʳ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʕʇʈ ʚ ʢʠʩʣʦʨʦʜʦʩʦʜʝʨʞʘʱʠʭ 

ʢʨʠʩʪʘʣʣʘʭ BaFBr. 

ʉʫʤʤʠʨʫʷ ʧʨʠʚʝʜʝʥʥʳʝ ʘʨʛʫʤʝʥʪʳ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʨʝʟʫʣʴʪʘʪʳ 

ʙʦʣʴʰʠʥʩʪʚʘ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʜʜʝʨʞʠʚʘʶʪ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʤʦʥʦʤʦʣʝʢʫʣʷʨʥʦʡ 

ʨʝʢʦʤʙʠʥʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ, ʦʜʥʦʚʨʝʤʝʥʥʦ ʩʪʘʚ ̫ʧʦʜ ʩʦʤʥʝʥʠʝ ʙʠʤʦʣʝʢʫʣʷʨʥʫ  ʁ

ʤʦʜʝʣʴ. ʄʦʥʦʤʦʣʝʢʫʣʷʨʥʳʡ ʨʝʢʦʤʙʠʥʘʮʠʦʥʥʳʡ ʤʝʭʘʥʠʟʤ, ʠʟʫʯʘʝʤʳʡ ʚ 

ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʨʘʙʦʪʘʭ, ʧʨʦʷʚʣʷʝʪ ʦʧʨʝʜʝʣʝʥʥʳʝ ʦʪʣʠʯʠ,̫ ʦʩʦʙʝʥʥʦ ʚ ʢʦʥʪʝʢʩʪʝ 

ʬʦʨʤʠʨʦʚʘʥʠʷ F-ʮʝʥʪʨʦʚ ʠ ʚʘʨʠʘʥʪʦʚ ʠʭ ʟʘʨʷʜʦʢʦʤʧʝʥʩʘʮʠʠ. 
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ʈʘʩʩʤʦʪʨʠʤ ʙʦʣʝʝ ʜʝʪʘʣʴʥʦ ʤʦʥʦʤʦʣʝʢʫʣʷʨʥʳʡ ʨʝʢʦʤʙʠʥʘʮʠʦʥʥʳʡ 

ʤʝʭʘʥʠʟʤ, ʩʦʩʨʝʜʦʪʦʯʠʚ ʚʥʠʤʘʥʠʝ ʥʘ ʩʣʝʜʫʶʱʠʭ ʘʩʧʝʢʪʘʭ: 

(1) ʂʘʢʠʝ ʠʟ ʚʦʟʤʦʞʥʳʭ F-ʮʝʥʪʨʦʚ ï ʬʪʦʨʠʜʥʳʝ ʠʣʠ ʙʨʦʤʠʜʥʳʝ ï ʫʯʘʩʪʚʫʶʪ ʚ 

ʧʨʦʮʝʩʩʝ ʌʉʃ? 

(2) ʂʘʢʠʝ ʫʢʘʟʘʥʥʳʝ F-ʮʝʥʪʨ rʢʦʨʨʝʣʠʨʫʶʪ ʩ ʠʦʥʘʤʠ ʝʚʨʦʧʠʷ? 

(3) ʉʫʱʝʩʪʚʫʶʪ ʣʠ ʜʨʫʛʠʝ ʪʠʧʳ ʵʣʝʢʪʨʦʥʥʳʭ ʣʦʚʫʰʝʢ, ʚʦʟʥʠʢʘʶʱʠʝ ʧʦʩʣʝ 

ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʦʙʣʫʯʝʥʠʷ, ʧʦʤʠʤʦ F-ʮʝʥʪʨʦʚ? ɽʩʣʠ ʩʫʱʝʩʪʚʫʶʪ, ʪʦ 

ʫʯʘʩʪʚʫʶʪ ʣʠ ʦʥʠ ʚ ʧʨʦʮʝʩʩʝ ʌʉʃ? 

ɺ ʩʧʝʢʪʨʝ ʚʦʟʙʫʞʜʝʥʠʷ ʌʉʃ ʢʨʠʩʪʘʣʣʦʚ BaFBr:Eu2+ (ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ Eu2+ 

0,005 mol %), ʦʙʣʫʯʝʥʥʳʭ ʨʝʥʪʛʝʥʦʚʩʢʠʤ ʠʟʣʫʯʝʥʠʝʤ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 270 ʂ, 

ʦʙʥʘʨʫʞʝʥʳ ʜʚʝ ʧʦʣʦʩʳ ʩ ʤʘʢʩʠʤʫʤʘʤʠ 495 ʥʤ ʠ 590 ʥʤ [86]. ʉʫʱʝʩʪʚʫʝʪ ʤʥʝʥʠʝ, 

ʯʪʦ ʜʘʥʥʳʝ ʧʦʣʦʩʳ ʤʦʛʫʪ ʙʳʪʴ ʩʚʷʟʘʥʳ ʣʠʙʦ ʩ ʦʜʥʠʤ ʠʟ ʜʚʫʭ ʚʦʟʤʦʞʥʳʭ ʪʠʧʦʚ F-

ʮʝʥʪʨʦʚ (F- ʠʣʠ Br-), ʣʠʙʦ ʩ ʠʭ ʦʜʥʦʚʨʝʤʝʥʥʳʤ ʧʨʠʩʫʪʩʪʚʠʝʤ. ɼʣʷ ʙʦʣʝʝ ʪʦʯʥʦʛʦ 

ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʠʨʦʜʳ ʵʪʠʭ ʧʦʣʦʩ ʙʳʣ ʧʨʦʚʝʜʝʥ ʵʢʩʧʝʨʠʤʝʥʪ ʧʦ ʠʭ ʚʳʩʚʝʯʠʚʘʥʠʶ 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʪʠʤʫʣʠʨʫʶʱʝʛʦ ʩʚʝʪʘ ʜʣʠʥʦʡ ʚʦʣʥʳ 625 ʥʤ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 

4 ʂ. ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʦʙʝʠʭ ʧʦʣʦʩ 

ʫʤʝʥʴʰʘʝʪʩʷ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʟʥʳʭ ʚʨʝʤʝʥʥʳʭ ʠʥʪʝʨʚʘʣʦʚ 

ʚʳʩʚʝʯʠʚʘʥʠʷ. ʕʪʦ ʥʘʙʣʶʜʝʥʠʝ ʜʘʣʦ ʦʩʥʦʚʘʥʠʝ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʦʙʝ ʧʦʣʦʩʳ 

ʦʙʫʩʣʦʚʣʝʥʳ ʝʜʠʥʳʤ ʪʠʧʦʤ F-ʮʝʥʪʨʦʚ. 

ʈʘʩʱʝʧʣʝʥʠʝ ʧʦʣʦʩʳ ʚʦʟʙʫʞʜʝʥʠʷ F-ʮʝʥʪʨʘ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʘʥʘʣʦʛʠʯʥʦ 

ʨʘʩʱʝʧʣʝʥʠ ʁ ʧʦʣʦʩ ʧʦʛʣʦʱʝʥʠʷ ʚ BaFCl ʠ SrFCl, ʛʜʝ ʵʪʦ ʷʚʣʝʥʠʝ ʩʚʷʟʘʥʦ ʩ 

ʦʪʩʫʪʩʪʚʠʝʤ ʢʫʙʠʯʝʩʢʦʡ ʩʠʤʤʝʪʨʠʠ (D2d ʠ C4v, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ) ʜʣʷ F(F-)- ʠ F(Br-)-

ʮʝʥʪʨʦʚ [86]. ʏʪʦʙʳ ʦʧʨʝʜʝʣʠʪʴ, ʢ ʢʘʢʦʤʫ ʪʠʧʫ F-ʮʝʥʪʨʦʚ ʦʪʥʦʩʷʪʩʷ ʜʘʥʥʳʝ 

ʧʦʣʦʩʳ, ʤʦʞʥʦ ʫʯʝʩʪʴ ʩʣʝʜʫʶʱʠʡ ʬʘʢʪ: ʚ BaFCl ʠ SrFCl ʧʨʠʩʫʪʩʪʚʫʶʪ ʦʙʘ ʪʠʧʘ F-

ʮʝʥʪʨʦʚ, ʨʘʟʤʝʱʘʶʱʠʭʩ ̫ ʚ ʛʘʣʦʠʜʥʳʭ ʚʘʢʘʥʩʠʷʭ. ʇʨʠ ʵʪʦʤ ʧʠʢʠ ʚ ʩʧʝʢʪʨʝ 

ʧʦʛʣʦʱʝʥʠʷ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʮʝʥʪʨʘʤ ʩ ʙʦʣʴʰʠʤ ʠʦʥʥʳʤ ʨʘʜʠʫʩʦʤ (ʚ ʜʘʥʥʦʤ 

ʩʣʫʯʘʝ F(Cl-)-ʮʝʥʪʨʳ), ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʙʦʣʴʰʝʡ ʜʣʠʥʦʡ ʚʦʣʥʳ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

F(F- )-ʮʝʥʪʨʘʤʠ [86]. ʕʪʦ ʥʘʙʣʶʜʝʥʠʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʦʦʪʥʦʰʝʥʠʶ ʄʦʣʣʴʚʦ, 

ʢʦʪʦʨʦʝ ʫʩʪʘʥʘʚʣʠʚʘʝʪ ʩʚʷʟʴ ʤʝʞʜʫ ʵʥʝʨʛʠʝʡ ʧʦʛʣʦʱʝʥʠʷ ʠ ʨʘʟʤʝʨʦʤ ʘʥʠʦʥʥʦʡ 
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ʚʘʢʘʥʩʠʠ [1]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʩʧʝʢʪʨʝ ʚʦʟʙʫʞʜʝʥʠʷ ʌʉʃ ʧʦʣʦʩʳ ʩ ʙʦʣʝʝ ʢʦʨʦʪʢʦʡ 

ʜʣʠʥʦʡ ʚʦʣʥʳ ʩʦʦʪʚʝʪʩʪʚʫʶʪ F(F-)-ʮʝʥʪʨʘʤ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʧʦʣʦʩʳ ʩ ʜʣʠʥʘʤʠ ʚʦʣʥ 

ʧʨʠ 495 ʥʤ ʠ 590 ʥʤ ʧʨʠʥʘʜʣʝʞʘʪ F(Br-)-ʮʝʥʪʨʘʤ [86]. 

ɼʘʣʝʝ ʥʝʦʙʭʦʜʠʤʦ ʙʳʣʦ ʚʳʷʩʥʠʪ,ɹ ʢʘʢʦʡ ʠʟ ʵʪʠʭ ʜʚʫʭ ʪʠʧʦʚ F-ʮʝʥʪʨʦʚ ï F(F- )- 

ʠʣʠ F(Br-)-ʮʝʥʪʨʳ ï ʷʚʣʷʝʪʩʷ ʬʦʪʦʩʪʠʤʫʣʠʨʫʝʤʳʤ. 

ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠ ̫ ʢʨʠʩʪʘʣʣʦʚ BaFBr:Eu2+, ʦʙʣʫʯʝʥʥʳʭ ʨʝʥʪʛʝʥʦʚʩʢʠʤ 

ʠʟʣʫʯʝʥʠʝʤ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʟʘʪʝʤ ʦʭʣʘʞʜʝʥʥʳʭ ʜʦ 4 ʂ, ʙʳʣʦ 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʦʟʙʫʞʜʝʥʠʝ ʚ ʦʙʣʘʩʪʠ ʧʦʣʦʩʳ F(Br-)-ʮʝʥʪʨʦʚ ʩʚʝʪʦʤ ʩ ʜʣʠʥʦʡ 

ʚʦʣʥʳ 590 ʥʤ ʤʦʞʝʪ ʚʳʟʚʘʪʴ ʣʠʙʦ ʌʉʃ, ʣʠʙʦ ʀʂ-ʠʟʣʫʯʝʥʠʝ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ 

1,38 ʤʢʤ. ʍʘʨʘʢʪʝʨ ʥʘʙʣʶʜʘʝʤʦʛʦ ʵʬʬʝʢʪʘ ʟʘʚʠʩʠʪ ʦʪ ʩʪʝʧʝʥʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ 

ʢʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ F(Br-)-ʮʝʥʪʨʦʤ ʠ ʨʝʢʦʤʙʠʥʘʮʠʦʥʥʳʤ ʮʝʥʪʨʦʤ Eu2+/ʜʳʨʢʘ. ʇʨʠ 

ʥʘʣʠʯʠʠ ʜʦʩʪʘʪʦʯʥʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʢʦʨʨʝʣʷʮʠʠ ʧʨʦʠʩʭʦʜʠʪ ʪʫʥʥʝʣʠʨʦʚʘʥʠʝ 

ʵʣʝʢʪʨʦʥʘ ʦʪ F-ʮʝʥʪʨʘ ʢ ʨʝʢʦʤʙʠʥʘʮʠʦʥʥʦʤʫ ʮʝʥʪʨʫ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʌʉʃ. ɺ 

ʦʪʩʫʪʩʪʚʠʝ ʪʘʢʦʡ ʢʦʨʨʝʣʷʮʠʠ ʠ ʧʨʠ ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʵʥʝʨʛʠʠ ʘʢʪʠʚʘʮʠʠ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 4 ʂ, ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʝʭʦʜ F(Br-)-ʮʝʥʪʨʘ ʠʟ ʚʦʟʙʫʞʜʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚ 

ʦʩʥʦʚʥʦʝ, ʯʪʦ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʠʩʧʫʩʢʘʥʠʝʤ ʀʂ-ʠʟʣʫʯʝʥʠʷ ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ 

1,38 ʤʢʤ. ʇʨʠ ʚʦʟʙʫʞʜʝʥʠʠ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʩʚʝʪʦʤ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ 519 ʥʤ ʙʳʣʠ 

ʟʘʬʠʢʩʠʨʦʚʘʥʳ ʜʚʝ ʧʦʣʦʩʳ ʠʟʣʫʯʝʥʠʷ ï ʥʘ 1,1 ʤʢʤ ʠ 1,6 ʤʢʤ. ɺ ʢʨʠʩʪʘʣʣʘʭ BaFBr, 

ʥʝ ʣʝʛʠʨʦʚʘʥʥʳʭ ʝʚʨʦʧʠʝʤ, ʧʨʠ ʘʥʘʣʦʛʠʯʥʦʤ ʚʦʟʙʫʞʜʝʥʠʠ ʥʘʙʣʶʜʘʣʦʩʴ ʠʟʣʫʯʝʥʠʝ 

ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʥʘ ʜʣʠʥʝ ʚʦʣʥ  r1,1 ʤʢʤ, ʢʦʪʦʨʦʝ ʘʩʩʦʮʠʠʨʫʝʪʩʷ ʩ F(F- )-ʮʝʥʪʨʘʤʠ. 

ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʧʦʣʦʩʘ ʠʟʣʫʯʝʥʠʷ ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ 1,6 ʤʢʤ, ʦʪʩʫʪʩʪʚʫʶʱʘʷ ʚ 

ʥʝʣʝʛʠʨʦʚʘʥʥʳʭ ʢʨʠʩʪʘʣʣʘʭ ʩ ʝʚʨʦʧʠʝʤ, ʙʳʣʘ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʥʘ ʢʘʢ ʨʝʟʫʣʴʪʘʪ 

ʥʘʣʠʯʠʷ FA-ʮʝʥʪʨʦʚ (F-ʮʝʥʪʨʳ, ʥʘʭʦʜʷʱʠʝʩʷ ʨʷʜʦʤ ʩ ʠʦʥʘʤʠ Eu2+). ʇʦʣʦʞʝʥʠʝ 

ʧʠʢʦʚ ʚ ʩʧʝʢʪʨʘʭ ʚʦʟʙʫʞʜʝʥʠʷ ʠ ʠʟʣʫʯʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʮʝʥʪʨʦʚ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 

4 ʂ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʊʘʙʣʠʮʝ 2 [86]. 

ɺ ʠʩʩʣʝʜʦʚʘʥʠʠ ʄ. ʊʦʤʩʘ [86] ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ 

ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ʥʘ BaFBr:Eu2+ ʬʦʨʤʠʨʫʶʪʩʷ ʢʘʢ F(Br-)-ʮʝʥʪʨʳ, ʪʘʢ ʠ 

F(F- )-ʮʝʥʪʨʳ ʩ ʧʨʠʤʝʨʥʦ ʦʜʠʥʘʢʦʚʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ (ʊʘʙʣʠʮʘ 3). 
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ʊʘʙʣʠʮʘ 2. ʇʠʢʠ ʚ ʩʧʝʢʪʨʘʭ ʚʦʟʙʫʞʜʝʥʠʷ ʠ ʠʟʣʫʯʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʮʝʥʪʨʦʚ  

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 4 ʂ [86]  

ʇʠʢʠ ʚʦʟʙʫʞʜʝʥʠʷ, 

l (ʥʤ) 

ʇʠʢʠ ʠʟʣʫʯʝʥʠʷ, 

l (ʤʢʤ) 
ʊʠʧ ʮʝʥʪʨʘ 

495 1,38 
F(Br-) 

590 1,38 

370 1,1 

F(F-) 512 1,1 

712 1,1 

445 1,6 
FA(Eu2+, F-) 

520 1,6 

680 1,6 MA(Eu2+, F-) 

 

ʊʘʙʣʠʮʘ 3. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʩʦʟʜʘʥʠʷ ʵʣʝʢʪʨʦʥʥʳʭ ʮʝʥʪʨʦʚ ʧʨʠ ʨʝʥʪʛʝʥʦʚʩʢʦʤ ʦʙʣʫʯʝʥʠʠ ʧʨʠ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ [86]  

ʊʠʧ ʮʝʥʪʨʘ 
ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʩʦʟʜʘʥʠʷ,  

% 

Fʥʝʢʦʨ(Br-) 13,9 

Fʢʦʨ(Br-) 4,1 

F(F-) 15,5 

FA(Eu2+, F-) 17,5 

M(F-) 43,7 

MA(Eu2+, F-) 5,3 

 

ʊʝʤ ʥʝ ʤʝʥʝʝ, F(F-)-ʮʝʥʪʨʳ ʥʝ ʫʯʘʩʪʚʫʶʪ ʚ ʧʨʦʮʝʩʩʝ ʌʉʃ ʜʘʞʝ ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ. ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʧʝʨʝʭʦʜ ʵʣʝʢʪʨʦʥʦʚ ʠʟ ʚʦʟʙʫʞʜʝʥʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ F(F-)-ʮʝʥʪʨʘ ʚ ʟʦʥʫ ʧʨʦʚʦʜʠʤʦʩʪʠ ʪʨʝʙʫʝʪ ʟʥʘʯʠʪʝʣʴʥʦʡ ʵʥʝʨʛʠʠ 

ʘʢʪʠʚʘʮʠʠ. ʇʨʠʥʠʤʘʷ ʚʦ ʚʥʠʤʘʥʠʝ, ʯʪʦ ʜʣʷ ʚʦʟʙʫʞʜʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ F-ʮʝʥʪʨʘ 

ʭʘʨʘʢʪʝʨʥʦ ʚʨʝʤʷ ʞʠʟʥʠ ʠʟʣʫʯʝʥʠʷ ʦʢʦʣʦ ʦʜʥʦʡ ʤʠʢʨʦʩʝʢʫʥʜʳ, ʧʨʠ ʬʦʪʦʥʥʦʡ 

ʯʘʩʪʦʪʝ 1012 ɻʮ ʵʥʝʨʛʠʷ ʘʢʪʠʚʘʮʠʠ ʩʦʩʪʘʚʣʷʝʪ ʧʨʠʤʝʨʥʦ 1 ʵɺ, ʠ ʷʚʣʷʝʪʩʷ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʠʤ ʟʥʘʯʝʥʠʝʤ. ɺ ʢʘʯʝʩʪʚʝ ʩʨʘʚʥʝʥʠʷ, ʧʦ ʨʘʩʯʝʪʘʤ ɪʩʠʭʘʨʫ 

ʀʚʘʙʫʯʠ ʚ ʨʘʙʦʪʝ [87] ʵʥʝʨʛʠʷ ʘʢʪʠʚʘʮʠʠ ʜʣʷ F(F-)-ʮʝʥʪʨʦʚ ʨʘʚʥʘ 1,3 ʤʵɺ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʠʟ-ʟʘ ʟʥʘʯʠʪʝʣʴʥʦʡ ʚʳʩʦʪʳ ʧʦʪʝʥʮʠʘʣʴʥʦʛʦ ʙʘʨʴʝʨʘ, ʧʨʦʮʝʩʩ 

ʪʫʥʥʝʣʠʨʦʚʘʥʠ ̫ʦʪ F(F-)-ʮʝʥʪʨʦʚ ʢ ʢʦʨʨʝʣʠʨʫʶʱʠʤ ʜʳʨʦʯʥʳʤ ʮʝʥʪʨʘʤ ʠʤʝʝʪ 

ʤʘʣʫʶ ʚʝʨʦʷʪʥʦʩʪʴ [86].   



39 

 

 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʄ. ʊʦʤʩ [86] ʧʨʠʰʸʣ ʢ ʚʳʚʦʜʫ, ʯʪʦ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ F(F-)-

ʮʝʥʪʨʦʚ ʥʘʭʦʜʷʪʩʷ ʥʘ ʤʝʥʴʰʠʭ ʜʣʠʥʘʭ ʚʦʣʥ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʦʣʦʩʘʤʠ 

ʬʦʪʦʩʪʠʤʫʣʷʮʠʠ ʧʨʠ 495 ʥʤ ʠ 590 ʥʤ . ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʧʦʣʦʩʳ ʥʘ 495 ʥʤ ʠ 590 ʥʤ 

ʤʦʞʥʦ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʪʴ ʢʘʢ ʨʝʟʫʣʴʪʘʪ ʧʦʛʣʦʱʝʥʠʷ F(Br-)-ʮʝʥʪʨʦʚ. ʊʘʢʞʝ ʩʣʝʜʫʝʪ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʠʥʬʨʘʢʨʘʩʥʦʝ ʠʟʣʫʯʝʥʠʝ F(Br-)-ʮʝʥʪʨʦʚ ʥʘʙʣʶʜʘʝʪʩʷ ʠʩʢʣʶʯʠʪʝʣʴʥʦ 

ʧʨʠ ʩʪʠʤʫʣʷʮʠʠ ʩʚʝʪʦʤ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ 590 ʥʤ ʠ ʪʦʣʴʢʦ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʥʠʞʝ 

100 ʂ. ɺ ʪʦ ʚʨʝʤʷ ʢʘʢ ʀʂ-ʠʟʣʫʯʝʥʠʝ F(F-)-ʮʝʥʪʨʦʚ ʬʠʢʩʠʨʫʝʪʩʷ ʜʘʞʝ ʧʨʠ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʝʛʦ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʨʠ ʵʪʦʤ ʟʥʘʯʠʪʝʣʴʥʦ ʫʤʝʥʴʰʘʝʪʩʷ.  

ɿʦʥʥʘʷ ʤʦʜʝʣʴ, ʠʣʣʶʩʪʨʠʨʫʶʱʘʷ ʧʨʦʮʝʩʩ ʌʉʃ ʠ ʩʦʧʫʪʩʪʚʫʶʱʝʝ 

ʠʥʬʨʘʢʨʘʩʥʦʝ ʠʟʣʫʯʝʥʠʝ F(Br-)-ʮʝʥʪʨʦʚ ʚ BaFBr:Eu2+, ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʈʠʩʫʥʢʝ 4 

[86]. 

ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʚʝʨʦʷʪʥʦʩʪʴ ʧʝʨʝʭʦʜʘ ʠʟ ʚʦʟʙʫʞʜʝʥʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʚ ʟʦʥʫ ʧʨʦʚʦʜʠʤʦʩʪʠ ʚʦʟʨʘʩʪʘʝʪ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠʥʬʨʘʢʨʘʩʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʧʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʫʚʝʣʠʯʝʥʠʠ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʌʉʃ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʈʠʩʫʥʢʝ 5. 

 

ʈʠʩʫʥʦʢ 4 ï ɿʦʥʥʘʷ ʤʦʜʝʣʴ ʜʣʷ ʬʦʪʦʩʪʠʤʫʣʠʨʦʚʘʥʥʦʡ ʣʶʤʠʥʝʩʮʝʥʮʠʠ (3,2 ʵɺ) ʠ 

ʠʥʬʨʘʢʨʘʢʨʘʩʥʦʛʦ ʠʟʣʫʯʝʥʠʷ F-ʮʝʥʪʨʦʚ (1,38 ʤʢʤ) ʚ BaFBr:Eu2+[86] .  
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ʈʠʩʫʥʦʢ 5 ï ʌʉʃ (ʩʚʝʯʝʥʠʝ Eu2+ - 400 ʥʤ) ʠ ʠʥʬʨʘʢʨʘʩʥʦʝ ʠʟʣʫʯʝʥʠʝ (1,38 ʤʢʤ) ʢʘʢ ʬʫʥʢʮʠʷ ʦʪ 

ʪʝʤʧʝʨʘʪʫʨʳ, ʧʨʠ ʢʦʪʦʨʦʡ ʧʨʦʚʦʜʠʣʘʩʴ ʩʪʠʤʫʣʷʮʠʷ (ɚ=600 ʥʤ) ʧʦʩʣʝ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ 

ʦʙʣʫʯʝʥʠʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʊ=270 ʂ [86] . 

ʌʦʪʦʩʪʠʤʫʣʠʨʦʚʘʥʥʘʷ ʣʶʤʠʥʝʩʮʝʥʮʠʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 4 ʂ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ 

ʘʩʩʦʮʠʠʨʫʝʪʩʷ ʩ Fʢʦʨʨ(Br-)-ʮʝʥʪʨʘʤʠ. ʕʥʝʨʛʠʷ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʘʢʪʠʚʘʮʠʠ, ʢʦʪʦʨʘʷ 

ʥʝʦʙʭʦʜʠʤʘ ʜʣʷ ʧʝʨʝʭʦʜʘ ʵʣʝʢʪʨʦʥʘ ʚ ʟʦʥʫ ʧʨʦʚʦʜʠʤʦʩʪʠ, ʩʦʩʪʘʚʣʷʝʪ 35°5 ʤʵɺ, 

ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʜʘʥʥʳʤʠ ɪʩʠʭʘʨʫ ʀʚʘʙʫʯʠ, ʢʦʪʦʨʳʡ ʫʢʘʟʳʚʘʝʪ ʥʘ ʟʥʘʯʝʥʠʝ 

ʵʥʝʨʛʠʠ ʘʢʪʠʚʘʮʠʠ ʜʣʷ F(Br-)-ʮʝʥʪʨʦʚ ʨʘʚʥʦʡ 37 ʤʵɺ [87]. ʇʨʠ ʧʦʚʳʰʝʥʠʠ 

ʪʝʤʧʝʨʘʪʫʨʳ ʜʦ 120 ʂ ʥʘʙʣʶʜʘʝʪʩʷ ʷʚʣʝʥʠʝ, ʠʟʚʝʩʪʥʦʝ ʢʘʢ ʥʘʩʳʱʝʥʠʝ ʌʉʃ. ɺ ʵʪʠʭ 

ʫʩʣʦʚʠʷʭ ʦʙʘ ʪʠʧʘ F(Br-)-ʮʝʥʪʨʦʚ ï ʢʘʢ ʢʦʨʨʝʣʠʨʫʶʱʠʝ, ʪʘʢ ʠ ʥʝʢʦʨʨʝʣʠʨʫʶʱʠʝ ï 

ʚʥʦʩʷʪ ʚʢʣʘʜ ʚ ʧʨʦʮʝʩʩ ʌʉʃ. ʀʭ ʜʦʣʠ ʨʘʩʧʨʝʜʝʣʷʶʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 23 % 

ʩʦʩʪʘʚʣʷʶʪ ʢʦʨʨʝʣʠʨʫʶʱʠʝ ʮʝʥʪʨʳ, ʘ 77 % ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʥʝʢʦʨʨʝʣʠʨʫʶʱʠʝ 

F(Br- )-ʮʝʥʪʨʳ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʘʩʯʝʪʘʤʠ ʄ. ʊʦʤʩʘ [86] ʣʠʰʴ 18 % ʦʪ ʚʩʝʭ 

ʦʙʨʘʟʦʚʘʚʰʠʭʩʷ ʮʝʥʪʨʦʚ ʷʚʣʷʶʪʩʷ ʬʦʪʦʩʪʠʤʫʣʠʨʫʝʤʳʤʠ (ʊʘʙʣʠʮʘ 3). 

ʊʘʢʞʝ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ, ʢʘʢ ʠ ʚ ʩʣʫʯʘʝ ʩ F(F-)-ʮʝʥʪʨʘʤʠ, ʵʥʝʨʛʠʷ ʘʢʪʠʚʘʮʠʠ 

ʜʣʷ ʧʝʨʝʭʦʜʘ ʠʟ ʚʦʟʙʫʞʜʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ FA(F-), M(F-) ʠ MA(F-)-ʮʝʥʪʨʦʚ ʚ ʟʦʥʫ 

ʧʨʦʚʦʜʠʤʦʩʪʠ ʦʩʪʘʝʪʩʷ ʩʣʠʰʢʦʤ ʚʳʩʦʢʦʡ. ʂʨʦʤʝ ʪʦʛʦ, ʚʳʩʦʢʠʡ ʧʦʪʝʥʮʠʘʣʴʥʳʡ 

ʙʘʨʴʝʨ ʧʨʝʧʷʪʩʪʚʫʝʪ ʪʫʥʥʝʣʠʨʦʚʘʥʠʶ ʠʟ ʚʦʟʙʫʞʜʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʵʪʠʭ ʮʝʥʪʨʦʚ ʢ 

Eu2+-VK ʢʦʤʧʣʝʢʩʫ, ʯʪʦ ʜʝʣʘʝʪ ʥʝʚʦʟʤʦʞʥʳʤ ʧʨʦʮʝʩʩ ʌʉʃ. ɿʦʥʥʘʷ ʤʦʜʝʣʴ ʜʣʷ 

ʥʝʬʦʪʦʩʪʠʤʫʣʠʨʫʝʤʳʭ ʮʝʥʪʨʦʚ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʈʠʩʫʥʢʝ 6. 
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ɺ ʩʚʦʝʡ ʨʘʙʦʪʝ ʌ. ʂʦʰʥʠʢ [71] ʦʪʤʝʯʘʝʪ, ʯʪʦ ʄ. ʊʦʤʩ ʚ ʩʪʘʪʴʝ [86] ʥʝ 

ʫʯʠʪʳʚʘʝʪ ʦʧʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ F-ʮʝʥʪʨʦʚ ʚ BaFBr. ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʤ ʂʦʰʥʠʢʦʤ [71, 88], ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ F(Br-)-ʮʝʥʪʨʦʚ 

ʦʙʥʘʨʫʞʠʚʘʶʪʩʷ ʧʨʠ ʵʥʝʨʛʠʷʭ ʦʢʦʣʦ 2,58 ʠ 2,15 ʵɺ ʜʣʷ ʦʨʠʝʥʪʘʮʠʠʠ ɽ||c ʠ ɽ̂ ʩ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺ ʩʣʫʯʘʝ F(F-)-ʮʝʥʪʨʦʚ ʘʥʘʣʦʛʠʯʥʳʝ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ 

ʨʝʛʠʩʪʨʠʨʫʶʪʩʷ ʧʨʠ ʵʥʝʨʛʠʷʭ 2,38 ʵɺ ʠ 2,65 ʵɺ ʜʣʷ ʪʝʭ ʞʝ ʦʨʠʝʥʪʘʮʠʡ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʬʦʪʦʩʪʠʤʫʣʷʮʠʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 10 ʂ 

ʧʨʠʚʦʜʠʪ ʢ ʣʶʤʠʥʝʩʮʝʥʮʠʠ F(Br-)-ʮʝʥʪʨʦʚ ʧʨʠ ʵʥʝʨʛʠʠ 0,92 ʵɺ ʠ F(F-)-ʮʝʥʪʨʦʚ ʧʨʠ 

1,147 ʵɺ. ɸʥʘʣʠʟ ʩʧʝʢʪʨʘʣʴʥʳʭ ʩʚʦʡʩʪʚ ʧʦʣʦʩ ʧʦʛʣʦʱʝʥʠʷ F-ʮʝʥʪʨʦʚ ʩ ʫʯʝʪʦʤ ʠʭ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʦʣʷʨʠʟʘʮʠʠ, ʘ ʪʘʢʞʝ ʟʘʬʠʢʩʠʨʦʚʘʥʥʦʝ ʩʤʝʱʝʥʠʝ ʫʨʦʚʥʝʡ 

ʚʦʟʙʫʞʜʝʥʠʷ ʚ ʩʪʦʨʦʥʫ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʩʦʩʪʦʷʥʠʡ ʧʦʜʪʚʝʨʞʜʘʶʪ, 

ʯʪʦ ʦʧʪʠʯʝʩʢʦʝ ʚʦʟʙʫʞʜʝʥʠʝ F(F-)-ʮʝʥʪʨʦʚ ʚ ʠʭ ʦʩʥʦʚʥʦʡ ʧʦʣʦʩʝ ʧʦʛʣʦʱʝʥʠʷ ʧʨʠ 

2,65 ʵɺ ʜʣʷ ɽ̂ ʩ ʪʘʢʞʝ ʚʳʟʳʚʘʝʪ ʚʦʟʙʫʞʜʝʥʠʝ F(Br-)-ʮʝʥʪʨʦʚ. 

ʕʪʦʪ ʬʘʢʪ ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʚ ʟʘʧʦʤʠʥʘʶʱʠʭ ʣʶʤʠʥʦʬʦʨʘʭ BaFBr:Eu2+ 

ʚʦʟʙʫʞʜʝʥʠʝ ʚ ʧʦʣʦʩʝ ʧʦʛʣʦʱʝʥʠʷ F(F-)-ʮʝʥʪʨʦʚ ʧʨʠʚʦʜʠʪ ʢ ʌʉʃ, ʘʥʘʣʦʛʠʯʥʦ 

ʚʦʟʙʫʞʜʝʥʠʶ ʚ ʧʦʣʦʩʝ ʧʦʛʣʦʱʝʥʠʷ F(Br-)-ʮʝʥʨʦʚ, ʥʝʩʤʦʪʨʷ ʥʘ ʫʪʚʝʨʞʜʝʥʠʷ 

ʚʳʩʢʘʟʘʥʥʳʝ ʚ ʨʘʙʦʪʝ ʄ. ʊʦʤʩʘ [86], ʛʜʝ ʵʪʦ ʦʧʨʦʚʝʨʛʘʣʦʩʴ. ɺʝʨʦʷʪʥʦ ʩʚʝʯʝʥʠʝ 

F(F- )-ʮʝʥʪʨʦʚ ʤʦʞʝʪ ʙʳʪʴ ʠʥʠʮʠʠʨʦʚʘʥʦ ʢʦʩʚʝʥʥʳʤ ʚʦʟʙʫʞʜʝʥʠʝʤ ʚ ʦʙʣʘʩʪʠ 

 

ʈʠʩʫʥʦʢ 6 ï ɿʦʥʥʘʷ ʤʦʜʝʣʴ ʜʣʷ ʥʝʬʦʪʦʩʪʠʤʫʣʠʨʫʝʤʳʭ ʮʝʥʪʨʦʚ ʚ BaFBr:Eu2+ [86] . 
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ʧʦʛʣʦʱʝʥʠʷ F(Br-)-ʮʝʥʪʨʦʚ ʜʣʷ ɽ||ʩ. ɼʘʥʥʦʝ ʷʚʣʝʥʠʝ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʧʨʦʮʝʩʩʘʤʠ 

ʧʝʨʝʜʘʯʠ ʵʥʝʨʛʠʠ ʤʝʞʜʫ ʜʚʫʤʷ ʪʠʧʘʤʠ F-ʮʝʥʪʨʦʚ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʥʘʣʠʯʠʝ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʢʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ ʥʠʤʠ. ʊʘʢʦʝ ʧʦʚʝʜʝʥʠʝ ʪʘʢʞʝ ʥʘʙʣʶʜʘʣʦʩʴ ʚ 

ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʧʦ ʢʨʦʩʩ-ʨʝʣʘʢʩʘʮʠʠ [37] ʠ ʦʙʩʫʞʜʘʣʦʩʴ ʚ ʨʘʙʦʪʝ [71], ʛʜʝ ʚʥʠʤʘʥʠʝ 

ʘʢʮʝʥʪʠʨʫʝʪʩʷ ʥʘ ʪʦʤ, ʯʪʦ ʚ ʧʨʦʮʝʩʩʝ ʩʯʠʪʳʚʘʥʠʷ ʟʘʧʦʤʠʥʘʶʱʠʭ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ 

ʵʢʨʘʥʦʚ BaFBr:Eu2+ ʚ ʌʉʃ ʘʢʪʠʚʠʨʫʶʪʩʷ ʦʙʘ ʪʠʧʘ F-ʮʝʥʪʨʦʚ. ʇʦʜʦʙʥʳʝ 

ʨʝʟʫʣʴʪʘʪʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʠ ʨʘʥʝʝ: ʌʉʃ ʚ BaFBr:Eu2+ ʤʦʞʝʪ ʙʳʪʴ ʚʳʟʚʘʥʘ ʧʨʠ 

ʚʦʟʙʫʞʜʝʥʠʠ ʚ ʦʙʣʘʩʪʠ ʧʦʛʣʦʱʝʥʠʷ F(F-)-ʮʝʥʪʨʦʚ ʧʨʠ 470 ʥʤ [89]. ɹʦʣʝʝ ʪʦʛʦ, ʚ 

ʨʘʙʦʪʝ [90] ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʌʉʃ ʚ ʦʙʨʘʟʮʘʭ BaFBr:Eu2+ ʩ ʠʟʙʳʪʢʦʤ 

ʙʨʦʤʘ ʠ ʬʪʦʨʘ ʧʨʠ ʝʸ ʚʦʟʙʫʞʜʝʥʠʠ Ar ʣʘʟʝʨʦʤ (514,5 ʥʤ) ʠ He-Ne ʣʘʟʝʨʦʤ 

(632,8 ʥʤ) ʚ ʧʦʣʦʩʘʭ F(F-)- ʠ F(Br-)-ʮʝʥʪʨʦʚ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  

ʀʩʩʣʝʜʦʚʘʥʠʝ ʃʘʢʰʤʘʥʘʥʘ [55] ʨʘʟʨʝʰʠʣʦ ʩʧʦʨ ʤʝʞʜʫ ʄ. ʊʦʤʩʦʤ [86] ʠ ʌ. 

ʂʦʰʥʠʢʦʤ [71] ʦ ʨʦʣʠ F(F-)- ʠ F(Br-)-ʮʝʥʪʨʦʚ ʚ ʧʨʦʮʝʩʩʝ ʌʉʃ ʣʶʤʠʥʦʬʦʨʦʚ ʥʘ 

ʦʩʥʦʚʝ BaFBr:Eu2+. ɺ ʜʘʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʟʘʧʦʤʠʥʘʶʱʠʭ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʵʢʨʘʥʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ FUJI ʥʘ 

ʦʩʥʦʚʝ BaFBr:Eu2+, ʧʦʩʣʝ 60g-ʦʙʣʫʯʝʥʠʷ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 77 ʂ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʩʦʦʪʥʦʰʝʥʠʝ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʚ ʫʢʘʟʘʥʥʳʭ ʫʩʣʦʚʠʷʭ ʩʦʩʪʘʚʣʷʝʪ 1:1,15, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʦʣʦʩʘ 

ʚʦʟʙʫʞʜʝʥʠʷ ʌʉʃ ʚ ʦʙʣʘʩʪʠ 588 ʥʤ ʩʦʚʧʘʜʘʝʪ ʩ ʧʦʣʦʩʦʡ ʚʦʟʙʫʞʜʝʥʠʷ F(Br-)-

ʮʝʥʪʨʦʚ ʥʘ 590 ʥʤ (ʈʠʩʫʥʦʢ 7).  

ɽʩʣʠ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ F(F-)-ʮʝʥʪʨʳ ʫʯʘʩʪʚʫʶʪ ʚ ʧʨʦʮʝʩʩʝ ʌʉʃ, ʢʘʢ ʫʢʘʟʘʥʦ 

ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ [37], ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʧʨʠ ʦʙʣʫʯʝʥʠʠ ʦʙʨʘʟʮʦʚ ʧʨʠ 77 ʂ 

F(F- )-ʮʝʥʪʨʳ ʥʝ ʬʦʨʤʠʨʫʶʪʩʷ. ʕʪʦ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʜʦʣʞʥʦ ʙʳʣʦ ʙʳ ʟʥʘʯʠʪʝʣʴʥʦ 

ʩʥʠʟʠʪʴ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʌʉʃ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʙʨʘʟʮʘʤʠ, ʦʙʣʫʯʝʥʥʳʤʠ ʧʨʠ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʙʳʣʦ ʦʪʤʝʯʝʥʦ ʠʥʪʝʨʝʩʥʦʝ ʷʚʣʝʥʠʝ: 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʌʉʃ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 77 ʂ ʦʢʘʟʳʚʘʝʪʩʷ ʧʦʯʪʠ ʥʘ 15 % ʚʳʰʝ, ʯʝʤ 

ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. 
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ʕʪʦʪ ʬʘʢʪ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʥʝʩʢʦʣʴʢʦ ʟʥʘʯʠʤʳʭ ʚʳʚʦʜʦʚ:  

¶ F(F-)-ʮʝʥʪʨʳ ʥʝ ʧʨʠʥʠʤʘʶʪ ʫʯʘʩʪʠ ̫ ʚ ʧʨʦʮʝʩʩʝ ʌʉʃ ʚ ʟʘʧʦʤʠʥʘʶʱʝʤ 

ʣʶʤʠʥʦʬʦʨʝ BaFBr:Eu2+; 

¶ ʈʘʩʧʘʜ F(Br-)-ʮʝʥʪʨʦʚ ʧʨʠ ʬʦʪʦʚʦʟʙʫʞʜʝʥʠʠ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʠʟʣʫʯʘʪʝʣʴʥʦʡ 

ʨʝʣʘʢʩʘʮʠʝʡ, ʯʪʦ ʚʝʜʝʪ ʢ ʌʉʃ ʟʘ ʩʯʝʪ ʨʝʢʦʤʙʠʥʘʮʠʠ ʵʣʝʢʪʨʦʥʘ ʩ Eu2+/VK-

ʮʝʥʪʨʦʤ; 

¶ ʅʝʬʦʪʦʩʪʠʤʫʣʠʨʫʝʤʳʝ ʮʝʥʪʨʳ, ʪʘʢʠʝ ʢʘʢ F(F-)-ʮʝʥʪʨ,r ʚ ʦʩʥʦʚʥʦʤ, ʚʦʟʥʠʢʘʶʪ 

ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʜʠʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʯʪʦ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʠʭ ʨʘʟʨʫʰʝʥʠʝ ʚ ʭʦʜʝ 

ʨʝʢʦʤʙʠʥʘʮʠʦʥʥʦʡ ʨʝʘʢʮʠʠ ʤʝʞʜʫ ʤʝʞʜʦʫʟʣʠʝʤ ʠ ʚʘʢʘʥʩʠʝʡ ʚʦ ʚʨʝʤʷ 

ʬʦʪʦʩʪʠʤʫʣʷʮʠʠ. ɹʝʟʳʟʣʫʯʘʪʝʣʴʥʳʡ ʭʘʨʘʢʪʝʨ ʨʘʩʧʘʜʘ ʵʪʠʭ ʮʝʥʪʨʦʚ ʫʢʘʟʳʚʘʝʪ 

ʥʘ ʦʪʩʫʪʩʪʚʠʠ ʢʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ Eu2+ ʠ F(F-)-ʮʝʥʪʨʘʤʠ;  

 

ʈʠʩʫʥʦʢ 7 ï Cʧʝʢʪʨ ʚʦʟʙʫʞʜʝʥʠʷ (ʘ) ʜʣʷ lʠʟʣ=400 ʥʤ ʠ (ʙ) ʩʧʝʢʪʨ ʠʟʣʫʯʝʥʠʷ ʜʣʷ lʩʪʠʤ=630 ʥʤ 

ʦʙʨʘʟʮʘ BaFBr:Eu2+ (FUJI), g-ʦʙʣʫʯʝʥʥʦʛʦ ʧʨʠ 77 ʂ (ʩʧʣʦʰʥʘʷ ʣʠʥʠʷ) ʠ ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ (ʧʫʥʢʪʠʨʥʘʷ ʣʠʥʠʷ). ɺ ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʜʦʟʘ g-ʦʙʣʫʯʝʥʠʷ ʩʦʩʪʘʚʣʷʣʘ 1 ɻʨ [55] . 
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¶ ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 77 ʂ, ʠʩʢʣʶʯʘʶʱʝʡ ʦʙʨʘʟʦʚʘʥʠʝ F(F-)-ʮʝʥʪʨʦʚ, ʥʘʙʣʶʜʘʝʤʦʝ 

ʫʚʝʣʠʯʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʌʉʃ ʥʘ 15 %, ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʨʦʩʪʦʤ ʯʠʩʣʘ 

ʦʙʨʘʟʫʶʱʠʭʩʷ F(Br-)-ʮʝʥʪʨʦʚ ʜʦ ʪʘʢʦʛʦ ʞʝ ʫʨʦʚʥ.̫ 

ʕʪʠ ʚʳʚʦʜʳ ʦʩʥʦʚʳʚʘʶʪʩʷ ʥʘ ʘʥʘʣʦʛʠʠ ʩ ʱʝʣʦʯʥʦʛʘʣʦʠʜʥʳʤʠ ʢʨʠʩʪʘʣʣʘʤʠ, 

ʛʜʝ ʚʝʨʦʷʪʥʦʩʪʴ ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʝʞʜʦʫʟʝʣʴʥʳʭ ʜʝʬʝʢʪʦʚ ʧʨʝʚʳʰʘʝʪ ʚʝʨʦʷʪʥʦʩʪʴ 

ʦʙʨʘʟʦʚʘʥʠʷ ʘʪʦʤʦʚ ʚʥʝʜʨʝʥʠʷ. ʇʦʜʦʙʥʳʝ ʜʝʬʝʢʪʳ ʤʦʛʫʪ ʚʳʩʪʫʧʘʪʴ ʚ ʨʦʣʠ 

ʜʳʨʦʯʥʳʭ ʣʦʚʫʰʢʝʢ ʜʘʞʝ ʧʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʟʥʘʯʠʪʝʣʴʥʦ 

ʧʨʝʚʳʰʘʶʱʠʭ ʢʦʤʥʘʪʥʫ .ʁ ɺʤʝʩʪʝ ʩ ʪʝʤ, ʚʦʟʤʦʞʥʦ ʦʙʨʘʟʦʚʘʥʠʝ F(F-)-ʮʝʥʪʨʦʚ ʚ 

ʧʨʦʮʝʩʩʝ ʦʙʣʫʯʝʥʠʷ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚʙʣʠʟʠ ʦʧʨʝʜʝʣʸʥʥʳʭ ʧʨʠʤʝʩʥʳʭ 

ʮʝʥʪʨʦʚ, ʦʙʨʘʟʦʚʘʥʥʳʭ ʝʱʸ ʥʘ ʵʪʘʧʝ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʣʶʤʠʥʦʬʦʨʘ. ʌʦʨʤʠʨʦʚʘʥʠʝ 

ʪʘʢʠʭ ʮʝʥʪʨʦʚ ʤʦʞʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʫʚʝʣʠʯʝʥʠʶ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʌʉʃ ʚ 

BaFBr:Eu2+ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ [91].  

ɺ ʧʨʦʮʝʩʩʘʭ ʬʦʨʤʠʨʦʚʘʥʠʷ ʵʣʝʢʪʨʦʥʥʳʭ ʠ ʜʳʨʦʯʥʳʭ ʮʝʥʪʨʦʚ ʚ 

ʩʪʝʭʠʦʤʝʪʨʠʯʥʳʭ ʢʨʠʩʪʘʣʣʘʭ, ʘ ʪʘʢʞʝ ʚ ʟʘʧʦʤʠʥʘʶʱʠʭ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʵʢʨʘʥʘʭ 

ʥʘ ʦʩʥʦʚʝ BaFBr, ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʠʛʨʘʝʪ ʥʘʣʠʯʠʝ ʢʠʩʣʦʨʦʜʥʦʡ ʧʨʠʤʝʩʠ [37]. ɺ 

ʩʪʨʫʢʪʫʨʝ BaFBr ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʳ ʜʚʘ ʦʩʥʦʚʥʳʭ ʪʠʧʘ ʢʠʩʣʦʨʦʜʥʳʭ ʮʝʥʪʨʦʚ: ʆBr
- 

ʮʝʥʪʨʳ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʩʦʙʦʡ ʠʦʥʳ ʆ- ʥʘ ʤʝʩʪʝ ʙʨʦʤʘ ʠ ʆF
- ʮʝʥʪʨʳ, ʚ ʢʦʪʦʨʳʭ 

ʠʦʥ ʆ- ʟʘʤʝʥʷʝʪ ʬʪʦʨ [90, 92, 93]. ʇʦʤʠʤʦ ʥʠʭ, ʉʪʝʬʘʥ ʐʚʝʡʮʝʨ [84, 85] ʚʳʷʚʠʣ 

ʜʚʘ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʪʠʧʘ ʢʠʩʣʦʨʦʜʥʳʭ ʮʝʥʪʨʦʚ. ʆʜʠʥ ʠʟ ʥʠʭ ʠʤʝʝʪ ʩʭʦʞʫʶ 

ʩʪʨʫʢʪʫʨʫ ʠ ʩʠʤʤʝʪʨʠ ʁʩ ʠʟʚʝʩʪʥʳʤ ʆBr
- ʮʝʥʪʨʦʤ, ʦʜʥʘʢʦ ʦʪʣʠʯʘʝʪʩʷ ʧʦ ʟʥʘʯʝʥʠʷʤ 

ʢʦʥʩʪʘʥʪ ʩʚʝʨʭʪʦʥʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ɺʪʦʨʦʡ ʪʠʧ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʤʦʣʝʢʫʣʷʨʥʳʡ ʠʦʥ ʆ2-, ʚ ʢʦʪʦʨʦʤ ʦʜʠʥ ʘʪʦʤ ʢʠʩʣʦʨʦʜʘ ʟʘʥʠʤʘʝʪ ʧʦʟʠʮʠ ʁʙʨʦʤʘ, ʘ 

ʜʨʫʛʦʡ ï ʩʦʩʝʜʥʝʝ ʤʝʩʪʦ ʬʪʦʨʘ. 

ɺ ʭʦʜʝ ʠʟʫʯʝʥʠʷ ʷʚʣʝʥʠʷ ʢʨʦʩʩ-ʨʝʣʘʢʩʘʮʠʠ ʤʝʪʦʜʦʤ ʦʧʪʠʯʝʩʢʠ 

ʜʝʪʝʢʪʠʨʫʝʤʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʨʝʟʦʥʘʥʩʘ (ʆɼʄʈ) ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʨʝʥʪʛʝʥʦʚʩʢʦʝ ʠʟʣʫʯʝʥʠʝ ʧʨʠʚʦʜʠʪ ʢ ʩʦʟʜʘʥʠʶ ʵʣʝʢʪʨʦʥʥʳʭ ʠ ʜʳʨʦʯʥʳʭ ʮʝʥʪʨʦʚ, 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ʢʦʨʨʝʣʠʨʫʶʱʠʭ ʩ ʠʦʥʘʤʠ Eu2+ [37]. ʄʝʪʦʜʠʢʘ ʠʟʫʯʝʥʠʷ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʢʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ ʜʝʬʝʢʪʘʤʠ ʚ ʜʠʵʣʝʢʪʨʠʢʘʭ ʧʫʪʝʤ ʠʟʤʝʨʝʥʠʷ 

ʢʨʦʩʩ-ʨʝʣʘʢʩʘʮʠʠ ʜʝʪʘʣʴʥʦ ʠʟʣʦʞʝʥʘ ʚ ʨʘʙʦʪʝ ɼʞ. ʄ. ʐʧʵʪʘ [94]. ɼʣʷ ʵʪʠʭ 
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ʠʩʩʣʝʜʦʚʘʥʠʡ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʢʨʠʩʪʘʣʣʳ BaFBr:Eu2+, ʚʳʨʘʱʝʥʥʳʝ ʤʝʪʦʜʦʤ 

ɹʨʠʜʞʤʝʥʘ ʚ ʛʨʘʬʠʪʦʚʦʤ ʪʠʛʣʝ. ʅʝʢʦʪʦʨʳʝ ʢʨʠʩʪʘʣʣʳ ʙʳʣʠ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦ 

ʣʝʛʠʨʦʚʘʥʳ ʧʨʠʤʝʩʴʶ ɺʘʆ (40 %), ʦʙʦʛʘʱʝʥʥʦʛʦ ʠʟʦʪʦʧʦʤ 17ʆ. ʂʠʩʣʦʨʦʜʥʘʷ 

ʧʨʠʤʝʩʴ ʚʳʧʦʣʥʷʝʪ ʬʫʥʢʮʠʶ ʜʳʨʦʯʥʳʭ ʣʦʚʫʰʝʢ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʠ 

ʩʣʫʞʠʪ ʠʩʪʦʯʥʠʢʦʤ ʚʘʢʘʥʩʠʡ Br- ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ F-ʮʝʥʪʨʦʚ. ʀʦʥʳ ʢʠʩʣʦʨʦʜʘ ʆ2- 

ʟʘʤʝʱʘʶʪ ʠʦʥʳ F-, ʧʦʩʢʦʣʴʢʫ ʠʭ ʠʦʥʥʳʝ ʨʘʜʠʫʩʳ ʧʨʘʢʪʠʯʝʩʢʠ ʠʜʝʥʪʠʯʥʳ. 

ʆʜʥʦʚʨʝʤʝʥʥʦ ʧʨʦʠʩʭʦʜʠʪ ʢʦʤʧʝʥʩʘʮʠʷ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʠʦʥʥʳʭ ʚʘʢʘʥʩʠʡ  

(F+-ʮʝʥʪʨʦʚ), ʢʦʪʦʨʳʝ ʠʛʨʘʶʪ ʟʥʘʯʠʪʝʣʴʥʫʶ ʨʦʣʴ ʚ ʧʨʦʮʝʩʩʝ ʬʦʨʤʠʨʦʚʘʥʠʷ F-

ʮʝʥʪʨʦʚ.  

ʀʩʩʣʝʜʦʚʘʥʠʝ ʊʠʤʦʪʠ ɼʞ. ɹʘʩʪʦʫ [38] ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʬʦʨʤʠʨʦʚʘʥʠʝ 

O- _ʮʝʥʪʨʦʚ ʥʘ ʤʝʩʪʘʭ ʠʦʥʦʚ Cl ʠ Br ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ, 

ʩʚʷʟʘʥʦ ʥʝ ʩ ʥʘʣʠʯʠʝʤ ʠʦʥʦʚ O2-, ʘ ʩ ʧʨʠʩʫʪʩʪʚʠʝʤ ʛʠʜʨʦʢʩʠʣʴʥʦʡ ʛʨʫʧʧʳ ʆʅ-. ʇʦʜ 

ʚʣʠʷʥʠʝʤ ʠʟʣʫʯʝʥʠʷ ʛʠʜʨʦʢʩʠʣ ʨʘʩʧʘʜʘʝʪʩʷ ʥʘ ʠʦʥʳ ʆ- ʠ ʅ+. ʊʘʢʦʡ ʤʝʭʘʥʠʟʤ 

ʧʨʠʚʦʜʠʪ ʢ ʥʝʢʦʥʪʨʦʣʠʨʫʝʤʦʤʫ ʚʥʝʜʨʝʥʠʶ ʢʠʩʣʦʨʦʜʘ ʚ ʩʪʨʫʢʪʫʨʫ ʢʨʠʩʪʘʣʣʘ.  

ʌ. ʂʦʰʥʠʢ ʚ ʨʘʙʦʪʝ [37] ʦʪʤʝʯʘʣ, ʯʪʦ ʜʝʣʘʣʠʩʴ ʧʦʧʳʪʢʠ ʠʟʙʘʚʠʪʴʩʷ ʦʪ 

ʢʠʩʣʦʨʦʜʥʦʡ ʧʨʠʤʝʩʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʦʚ, ʪʨʘʜʠʮʠʦʥʥʦ ʧʨʠʤʝʥʷʝʤʳʭ ʜʣʷ 

ʵʪʦʡ ʮʝʣʠ ʚ ʩʣʫʯʘʝ ʱʝʣʦʯʥʳʭ ʠ ʱʝʣʦʯʥʦʟʝʤʝʣʴʥʳʭ ʛʘʣʦʠʜʦʚ. ʅʦ ʚʩʝ ʞʝ ʜʘʥʥʳʝ 

ʧʦʜʭʦʜʳ ʦʢʘʟʘʣʠʩʴ ʥʝʵʬʬʝʢʪʠʚʥʳʤʠ ʜʣʷ ʫʜʘʣʝʥʠ ̫ʢʠʩʣʦʨʦʜʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʚ 

ʢʨʠʩʪʘʣʣʘʭ BaFBr. ʇʦʩʣʝ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʦʙʣʫʯʝʥʠʷ ʵʪʠʭ ʦʙʨʘʟʮʦʚ ʚ ʩʧʝʢʪʨʘʭ 

ʧʨʦʜʦʣʞʘʣʠ ʬʠʢʩʠʨʦʚʘʪʴʩʷ ʠʥʪʝʥʩʠʚʥʳʝ ʧʦʣʦʩʳ ʆF
-, ʧʨʠʯʝʤ ʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷ 

ʩʦʩʪʘʚʣʷʣʘ ʦʢʦʣʦ 1018 ʩʤ-3. ʅʘʙʣʶʜʝʥʠʝ ʵʬʬʝʢʪʘ ʢʨʦʩʩ-ʨʝʣʘʢʩʘʮʠʠ ʤʝʞʜʫ ʆF
-, Eu2+ 

ʠ F(Br-)-ʮʝʥʪʨʘʤʠ ʫʢʘʟʳʚʘʝʪ ʥʘ ʥʘʣʠʯʠʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʢʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ 

ʥʠʤʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʦ, ʯʪʦ ʢʠʩʣʦʨʦʜʥʳʝ 

ʧʨʠʤʝʩʠ, ʚʳʧʦʣʥʷʶʱʠʝ ʨʦʣʴ ʜʳʨʦʯʥʳʭ ʣʦʚʫʰʝʢ, ʩʚʷʟʘʥʳ ʢʘʢ ʩ F(Br-)-ʮʝʥʪʨʘʤʠ, 

ʪʘʢ ʠ ʩ F(F- )-ʮʝʥʪʨʘʤʠ. ʂʣʶʯʝʚʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ F(F-)-ʮʝʥʪʨʦʚ ʷʚʣʷʝʪʩʷ 

ʦʪʩʫʪʩʪʚʠʝ ʵʬʬʝʢʪʘ ʥʘʩʳʱʝʥʠʷ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʚʳʩʦʢʠʭ ʜʦʟ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ 

ʠʟʣʫʯʝʥʠʷ ʥʘ ʣʶʤʠʥʦʬʦʨ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʧʦʚʝʜʝʥʠʷ 

F(Br-)-ʮʝʥʪʨʦʚ. ɺ ʯʠʩʣʝ ʧʨʝʜʧʦʣʦʞʝʥʠʡ ʦ ʤʝʭʘʥʠʟʤʘʭ ʬʦʨʤʠʨʦʚʘʥʠʷ F(F-)-ʮʝʥʪʨʦʚ 
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ʨʘʩʩʤʘʪʨʠʚʘʣʘʩ ɹ ʚʦʟʤʦʞʥʦʩʪʴ ʫʯʘʩʪʠ ̫ F-H ʧʨʦʮʝʩʩʘ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʥʝ ʙʳʣʦ 

ʧʦʣʫʯʝʥʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʧʦʜʪʚʝʨʞʜʝʥʠʡ ʦ ʧʨʠʩʫʪʩʪʚʠʠ ʅ-ʮʝʥʪʨʦʚ ʚ BaFBr 

ʢʘʢ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʪʘʢ ʠ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ ʞʠʜʢʦʛʦ 

ʛʝʣʠʷ. ʆʜʥʠʤ ʠʟ ʦʩʥʦʚʘʥʠʡ ʜʣʷ ʵʪʦʡ ʛʠʧʦʪʝʟʳ ʤʦʞʝʪ ʙʳʪʴ ʠʭ ʧʦʪʝʥʮʠʘʣʴʥʘʷ 

ʥʝʩʪʘʙʠʣʴʥʦʩʪʴ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ʀʩʭʦʜʷ ʠʟ ʘʥʘʣʦʛʠʠ ʩ 

ʱʝʣʦʯʥʦʛʘʣʦʠʜʥʳʤʠ ʢʨʠʩʪʘʣʣʘʤʠ, ʚʦʟʥʠʢʘʝʪ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʚ ʤʦʜʝʣʠ 

ʩʪʨʫʢʪʫʨʳ ʜʳʨʦʯʥʳʭ ʣʦʚʫʰʝʢ, ʧʦʤʠʤʦ F(F-)-ʮʝʥʪʨʦʚ, ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪ ɹʝʱʝ ʠ 

ʤʝʞʜʦʫʟʝʣʴʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ, ʢʦʪʦʨʳʝ ʦʩʪʘʶʪʩʷ ʩʪʘʙʠʣʴʥʳʤʠ ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ.  

ʋʯʠʪʳʚʘʷ, ʯʪʦ F(Br-)-ʮʝʥʪʨʳ ʚ BaFBr:Eu2+ ʚʳʧʦʣʥʷʶʪ ʬʫʥʢʮʠʶ ʣʦʚʫʰʝʢ, 

ʢʦʪʦʨʳʝ ʫʯʘʩʪʚʫʶʪ ʚ ʧʨʦʮʝʩʩʝ ʌʉʃ, ʜʘʞʝ ʩʣʫʯʘʡʥʦʝ ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ 

ʢʠʩʣʦʨʦʜʥʳʤʠ ʧʨʠʤʝʩʷʤʠ ʤʦʞʝʪ ʦʢʘʟʳʚʘʪʴ ʚʣʠʷʥʠʝ ʥʘ çʟʘʧʦʤʠʥʘʶʱʠʝè 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. 

ʉʦʜʝʨʞʘʥʠʝ ʢʠʩʣʦʨʦʜʥʳʭ ʧʨʠʤʝʩʝʡ ʚ ʢʨʠʩʪʘʣʣʘʭ BaFBr:Eu2+ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʦʙʨʘʟʦʚʘʥʠʶ ʙʦʣʴʰʝʛʦ ʯʠʩʣʘ F(Br-)-ʮʝʥʪʨʦʚ, ʯʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʨʠʚʦʜʠʪ ʢ 

ʫʚʝʣʠʯʝʥʠʶ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʌʉʃ, ʧʨʠ ʵʪʦʤ ʧʦʯʪʠ ʥʝʪ ʚʣʠʷʥʠʷ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʬʦʨʤʠʨʦʚʘʥʠʷ F(F-)-ʮʝʥʪʨʦʚ. ɼʣʷ ʦʙʨʘʟʦʚʘʥʠʷ F(F-)-ʮʝʥʪʨʦʚ ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ʥʝʦʙʭʦʜʠʤʳ ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʜʦʟʳ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʦʙʣʫʯʝʥʠʷ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ F(Br-)-ʮʝʥʪʨʘʤʠ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʧʨʦʮʝʩʩʝ ʬʦʨʤʠʨʦʚʘʥʠʷ 

F(F- )-ʮʝʥʪʨʦʚ ʧʨʠ ʫʚʝʣʠʯʝʥʥʳʭ ʜʦʟʘʭ ʦʙʣʫʯʝʥʠʷ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ "ʵʬʬʝʢʪ 

ʥʘʩʳʱʝʥʠʷ", ʢʦʪʦʨʳʡ ʭʘʨʘʢʪʝʨʝʥ ʜʣʷ F(Br-)-ʮʝʥʪʨʦʚ [71]. ʂʨʦʤʝ ʪʦʛʦ, F(F-)-ʮʝʥʪʨʳ 

ʠʤʝʶʪ ʤʝʥʴʰʫʶ ʪʝʤʧʝʨʘʪʫʨʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ, ʯʝʤ F(Br-)-ʮʝʥʪʨ r [37]. ʇʨʠ 

ʭʨʘʥʝʥʠʠ ʦʙʣʫʯʝʥʥʦʛʦ ʢʨʠʩʪʘʣʣʘ ʚ ʪʝʤʥʦʪʝ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʪʝʯʝʥʠʝ 

ʦʜʥʦʡ ʥʝʜʝʣʠ, ʙʳʣʦ ʟʘʬʠʢʩʠʨʦʚʘʥʦ ʧʦʣʥʦʝ ʠʩʯʝʟʥʦʚʝʥʠʝ F(Br-)-ʮʝʥʪʨʦʚ, ʚ ʪʦ ʚʨʝʤ̫  

ʢʘʢ ʦʢʦʣʦ 25 % F(F-)-ʮʝʥʪʨʦʚ ʩʦʭʨʘʥʠʣʠʩ.ɹ ʆʙʝʩʮʚʝʯʠʚʘʥʠʝ ʢʨʠʩʪʘʣʣʦʚ, 

ʦʙʣʫʯʝʥʥʳʭ ʨʝʥʪʛʝʥʦʚʩʢʠʤ ʠʟʣʫʯʝʥʠʝʤ ʚ ʦʙʣʘʩʪʠ ʧʦʛʣʦʱʝʥʠʷ F(Br-)-ʮʝʥʪʨʦʚ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 1,5 ʂ, ʧʨʠʚʝʣʦ ʢ ʩʥʠʞʝʥʠʶ ʢʦʣʠʯʝʩʪʚʘ F(Br-)-ʮʝʥʪʨʦʚ ʧʨʠʤʝʨʥʦ ʥʘ 

75 %, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʢʦʥʮʝʥʪʨʘʮʠʷ F(F-)-ʮʝʥʪʨʦʚ ʚʦʟʨʦʩʣʘ ʧʨʠʤʝʨʥʦ ʥʘ 10 %. 

ɼʘʥʥʦʝ ʥʘʙʣʶʜʝʥʠʝ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦ ʥʘʣʠʯʠʠ ʚ ʢʨʠʩʪʘʣʣʝ 
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ʚʘʢʘʥʩʠʡ ʬʪʦʨʘ, ʢʦʪʦʨʳʝ ʩʧʦʩʦʙʥʳ ʟʘʭʚʘʪʳʚʘʪʴ ʵʣʝʢʪʨʦʥʳ, ʚʩrʚʦʙʦʞʜʝʥʥʳʝ ʠʟ 

F(Br-)-ʮʝʥʪʨʦʚ. ʇʦʩʢʦʣʴʢʫ ʧʨʦʮʝʩʩ ʟʘʭʚʘʪʘ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʥʠʟʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 

(1,5 ʂ), ʜʚʠʞʝʥʠʝ ʵʣʝʢʪʨʦʥʦʚ ʧʦ ʟʦʥʝ ʧʨʦʚʦʜʠʤʦʩʪʠ ʥʝ ʧʨʦʠʩʭʦʜʠʪ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʜʣʷ ʪʫʥʥʝʣʴʥʦʛʦ ʧʝʨʝʭʦʜʘ ʬʦʪʦʩʪʠʤʫʣʠʨʦʚʘʥʥʳʭ ʵʣʝʢʪʨʦʥʦʚ ʩ F(Br-)-ʮʝʥʪʨʦʚ ʢ 

ʚʘʢʘʥʩʠʷʤ ʬʪʦʨʘ, ʥʝʦʙʭʦʜʠʤʦ ʠʭ ʙʣʠʟʢʦʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ. ʅʘ 

ʪʝʢʫʱʠʡ ʤʦʤʝʥʪ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʢʠʩʣʦʨʦʜʥʳʝ ʧʨʠʤʝʩʠ ʚʳʧʦʣʥʷʶʪ ʬʫʥʢʮʠʶ 

ʜʳʨʦʯʥʳʭ ʮʝʥʪʨʦʚ ʥʘʨʷʜʫ ʩ F(Br-)-ʮʝʥʪʨʘʤʠ. ʆʜʥʘʢʦ ʧʨʠʨʦʜʘ ʜʳʨʦʯʥʳʭ ʮʝʥʪʨʦʚ, 

ʩʚʷʟʘʥʥʳʭ ʩ F(F-)-ʮʝʥʪʨʘʤʠ, ʦʩʪʘʸʪʩʷ ʥʝʷʩʥʦʡ ʠ ʪʨʝʙʫʝʪ ʜʘʣʴʥʝʡʰʝʛʦ 

ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ɺ ʨʘʙʦʪʘʭ ɼʞ.ʄ. ʐʧʝʪʘ [53, 81, 95] ʨʘʩʩʤʘʪʨʠʚʘʣʩʷ ʚʦʧʨʦʩ ʦ ʨʦʣʠ 

ʢʠʩʣʦʨʦʜʥʳʭ ʧʨʠʤʝʩʝʡ ʚ ʤʝʭʘʥʠʟʤʝ ʌʉʃ. ʋʢʘʟʳʚʘʣʦʩʴ, ʯʪʦ ʚ ʢʨʠʩʪʘʣʣʘʭ, 

ʚʳʨʘʱʝʥʥʳʭ ʙʝʟ ʢʠʩʣʦʨʦʜʘ, F-ʮʝʥʪʨʳ ʥʝ ʥʘʙʣʶʜʘʶʪʩʷ, ʦʜʥʘʢʦ 

ʬʦʪʦʩʪʠʤʫʣʠʨʦʚʘʥʥʘʷ ʣʶʤʠʥʝʩʮʝʥʮʠʷ ʚʩʝ ʞʝ ʥʘʙʣʶʜʘʣʘʩʴ. ʇʨʠ ʵʪʦʤ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʥʝ ʜʘʝʪ ʷʩʥʦʛʦ ʦʪʚʝʪʘ ʥʘ ʚʦʧʨʦʩ ʦ ʪʦʤ, ʩʦʭʨʘʥʷʝʪʩʷ ʣʠ ʧʨʝʞʥʷʷ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʚ ʦʪʩʫʪʩʪʚʠʝ F-ʮʝʥʪʨʦʚ ʠʣʠ ʞʝ ʦʥʘ ʩʥʠʞʘʝʪʩʷ. 

ɺ ʥʘʰʠʭ ʦʙʨʘʟʮʘʭ [96] ʙʳʣʘ ʦʙʥʘʨʫʞʝʥʘ ʨ̫ʢʦ ʚʳʨʘʞʝʥʥʘʷ 

ʬʦʪʦʩʪʠʤʫʣʠʨʦʚʘʥʥʘʷ ʣʶʤʠʥʝʩʮʝʥʮʠʷ, ʥʝʩʤʦʪʨʷ ʥʘ ʧʦʯʪʠ ʧʦʣʥʦʝ ʦʪʩʫʪʩʪʚʠʝ 

ʢʠʩʣʦʨʦʜʥʳʭ ʧʨʠʤʝʩʝʡ. ʕʪʦ ʩʦʟʜʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʦʚʝʜʝʥʠ ̫ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʛʦ 

ʠʩʩʣʝʜʦʚʘʥʠʷ, ʮʝʣʴʶ ʢʦʪʦʨʦʛʦ ʩʪʘʥʝʪ ʚʳʷʩʥʝʥʠʝ ʚʣʠʷʥʠʷ ʢʠʩʣʦʨʦʜʘ ʥʘ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʌʉʃ ʚ ʟʘʧʦʤʠʥʘʶʱʝʤ ʣʶʤʠʥʦʬʦʨʝ BaFBr:Eu2+. 

ʈʘʩʩʤʘʪʨʠʚʘʷ ʦʩʥʦʚʥʳʝ ʘʩʧʝʢʪʳ ʜʘʥʥʦʛʦ ʦʙʟʦʨʘ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ 

ʤʦʥʦʤʦʣʝʢʫʣʷʨʥʘʷ ʤʦʜʝʣʴ, ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʚ ʨʘʙʦʪʘʭ ʌ. ʂʦʰʥʠʢʘ ʠ ʊ. ʍʘʥʛʣʘʡʪʝʨʘ 

[71, 74], ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʷʚʣʷʝʪʩʷ ʝʜʠʥʩʪʚʝʥʥʦʡ, ʧʦʜʪʚʝʨʞʜʝʥʥʦʡ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ ʦ ʥʘʣʠʯʠʠ ʢʦʥʢʨʝʪʥʳʭ ʜʳʨʦʯʥʳʭ ʣʦʚʫʰʝʢ ʥʘʨʷʜʫ 

ʩ ʵʣʝʢʪʨʦʥʥʳʤʠ ʣʦʚʫʰʢʘʤʠ F(Br-). ʆF
--ʮʝʥʪʨʳ, ʫʧʦʤʷʥʫʪʳʝ ʚ ʜʘʥʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʷʭ, ʧʦʢʘʟʳʚʘʶʪ ʩʪʘʙʠʣʴʥʦʩʪʴ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚʳʰʝ ʢʦʤʥʘʪʥʦʡ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʵʬʬʝʢʪʠʚʥʦ ʨʝʘhʪʴ ʟʘʜʘʯʫ ʟʘʨʷʜʦʢʦʤʧʝʥʩʘʮʠʠ. ʆʩʥʦʚʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ 

ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʤʦʜʝʣʝʡ ʦʩʪʘʝʪʩʷ ʥʝʭʚʘʪʢʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʧʦʜʪʚʝʨʞʜʝʥʠʡ. 

ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ, ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 
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ʬʦʪʦʩʪʠʤʫʣʠʨʦʚʘʥʥʦʡ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʚ BaFBr:Eu2+ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ 

ʧʦʚʳʰʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʠʩʣʦʨʦʜʥʳʭ ʧʨʠʤʝʩʝʡ. ʇʦ ʜʘʥʥʳʤ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʊʠʤʦʪʠ ɼʞ. ɹʘʩʪʦʫ [38] ʧʨʠ ʩʦʟʜʘʥʠʠ ʬʦʩʬʦʨʦʚ ʪʘʢʞʝ ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ 

ʧʨʠʩʫʪʩʪʚʠʝ ʛʠʜʨʦʢʩʠʣʴʥʳʭ ʟʘʛʨʷʟʥʝʥʠʡ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʦʢʘʟʳʚʘʪʴ ʚʣʠʷʥʠʝ ʥʘ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʝʥʪʛʝʥʦʟʘʧʦʤʠʥʘʶʱʠʭ ʣʶʤʠʥʦʬʦʨʦʚ ʥʘ ʦʩʥʦʚʝ BaFBr ʠʣʠ BaFCl. 

ʄʦʥʦʤʦʣʝʢʫʣʷʨʥʘʷ ʤʦʜʝʣʴ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʷʚʣʷʝʪʩʷ ʝʜʠʥʩʪʚʝʥʥʦʡ, ʩʧʦʩʦʙʥʦʡ 

ʦʙʲʷʩʥʠʪʴ ʩʧʝʮʠʬʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʥʘʩʳʱʝʥʠʷ ʚ ʧʨʦʮʝʩʩʝ ʌʉʃ, ʚ ʨʘʤʢʘʭ ʢʦʪʦʨʦʡ 

ʧʦʜʨʦʙʥʦ ʠʩʩʣʝʜʫʶʪʩʷ ʤʝʭʘʥʠʟʤʳ ʦʙʨʘʟʦʚʘʥʠʷ F(Br-)- ʠ F(F-)-ʮʝʥʪʨʦʚ. ʅʘ 

ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ F(Br-)-ʮʝʥʪʨʳ ʬʦʨʤʠʨʫʶʪʩʷ ʠʟ ʫʞʝ 

ʩʫʱʝʩʪʚʫʶʱʠʭ ʚʘʢʘʥʩʠʡ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ ʦʩʥʦʚʥʦʡ ʯʘʩʪʠ F(F-)-

ʮʝʥʪʨʦʚ ʪʨʝʙʫʝʪʩʷ ʪʝʤʧʝʨʘʪʫʨʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚ ʧʨʦʮʝʩʩʝ ʌʉʃ ʧʨʠʥʠʤʘʶʪ ʫʯʘʩʪʠʝ ʪʦʣʴʢʦ 

F(Br- )-ʮʝʥʪʨʳ, ʢʦʪʦʨʳʝ ʬʫʥʢʮʠʦʥʠʨʫʶʪ ʢʘʢ ʵʣʝʢʪʨʦʥʥʳʝ ʣʦʚʫʰʢʠ. ʊʝʤ ʥʝ ʤʝʥʝʝ, 

ʩʫʱʝʩʪʚʫʪʁ ʨʘʟʣʠʯʥʳʝ ʘʣʴʪʝʨʥʘʪʠʚʥʳʝ ʦʙʲʷʩʥʝʥʠʷ, ʧʦʯʝʤʫ F(F-)-ʮʝʥʪʨʳ ʥʝ 

ʫʯʘʩʪʚʫʶʪ ʚ ʵʪʦʤ ʧʨʦʮʝʩʩʝ [55, 86].  

ʇʨʠ ʘʥʘʣʠʟʝ ʤʦʥʦʤʦʣʝʢʫʣʷʨʥʦʡ ʤʦʜʝʣʠ ʚʦʟʥʠʢʘʶʪ ʚʦʧʨʦʩʳ ʦ ʪʦʤ, ʢʘʢ 

ʠʥʪʝʥʩʠʚʥʦʩʪ ɹ ʌʉʃ ʟʘʚʠʩʠʪ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ [87, 97]. ɺ ʱʝʣʦʯʥʦʛʘʣʦʠʜʥʳʭ 

ʢʨʠʩʪʘʣʣʘʭ ʧʨʦʮʝʩʩʳ ʜʝʬʝʢʪʦʦʙʨʘʟʦʚʘʥʠʷ, ʚʢʣʶʯʘʷ ʤʠʛʨʘʮʠʶ ʤʝʞʜʦʫʟʝʣʴʥʳʭ 

ʜʝʬʝʢʪʦʚ, ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʚʠʩʷʪ ʦʪ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʫʩʣʦʚʠʡ [55]. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʅ-ʮʝʥʪʨʳ ʚ BaFBr ʥʝʩʪʘʙʠʣʴʥʳ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ʆʜʥʘʢʦ ʅ-ʮʝʥʪʨʳ, 

ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʚʙʣʠʟʠ ʧʨʠʤʝʩʝʡ ʠʣʠ ʜʨʫʛʠʭ ʨʝʰʝʪʦʯʥʳʭ ʜʝʬʝʢʪʦʚ, ʤʦʛʫʪ 

ʩʦʭʨʘʥʷʪʴ ʩʚʦʶ ʩʪʘʙʠʣʴʥʦʩʪʴ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʚʳʧʦʣʥʷʪʴ ʬʫʥʢʮʠʶ 

ʜʳʨʦʯʥʳʭ ʮʝʥʪʨʦʚ. ɸʥʘʣʦʛʠʯʥʦʝ ʧʦʚʝʜʝʥʠʝ ʅ-ʮʝʥʪʨʦʚ ʥʘʙʣʶʜʘʝʪʩʷ ʠ ʚ ʥʝʢʦʪʦʨʳʭ 

ʜʨʫʛʠʭ ʱʝʣʦʯʥʦʛʘʣʦʠʜʥʳʭ ʢʨʠʩʪʘʣʣʘʭ [55]. 

ʄʝʭʘʥʠʟʤ ʠʦʥʠʟʘʮʠʠ ʠʦʥʦʚ Eu2+, ʧʨʝʜʣʦʞʝʥʥʳʡ ʂʵʥʜʟʠ ʊʘʢʘʭʘʰʠ ʚ ʢʦʥʪʝʢʩʪʝ 

ʙʠʤʦʣʝʢʫʣʷʨʥʦʡ ʨʝʢʦʤʙʠʥʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ [77], ʥʝ ʧʦʣʫʯʠʣ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ 

ʧʦʜʪʚʝʨʞʜʝʥʠʷ. ʀʩʩʣʝʜʦʚʘʥʠʷ, ʧʨʦʚʝʜʝʥʥʳʝ ʤʝʪʦʜʦʤ ʕʇʈ ʛʨʫʧʧʦʡ KODAK [86], 

ʘ ʪʘʢʞʝ ʜʘʥʥʳʝ ʜʨʫʛʠʭ ʥʝʟʘʚʠʩʠʤʳʭ ʥʘʫʯʥʳʭ ʨʘʙʦʪ [21, 55] ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, 

ʯʪʦ ʨʝʥʪʛʝʥʦʚʩʢʦʝ ʦʙʣʫʯʝʥʠʝ BaFBr:Eu2+ ʥʝ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʠʦʥʦʚ Eu3+. 
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ʇʦʥʠʤʘʥʠʝ ʦʩʦʙʝʥʥʦʩʪʝʡ ʚʦʟʤʦʞʥʦʡ ʨʝʢʦʤʙʠʥʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ ʚ 

BaFBr:Eu2+, ʘ ʪʘʢʞʝ ʦʧʨʝʜʝʣʝʥʠʝ ʭʘʨʘʢʪʝʨʘ ʠ ʨʦʣʠ ʜʝʬʝʢʪʦʚ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ 

ʧʨʦʮʝʩʩʝ ʌʉʃ, ʷʚʣʷʶʪʩʷ ʥʝʦʙʭʦʜʠʤʳʤʠ ʫʩʣʦʚʠʷʤʠ ʜʣʷ ʧʦʠʩʢʘ ʚʦʟʤʦʞʥʳʭ ʧʫʪʝʡ 

ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʵʪʦʛʦ ʟʘʧʦʤʠʥʘʶʱʝʛʦ ʣʶʤʠʥʦʬʦʨʘ. ɺʦʟʥʠʢʘʝʪ ʚʦʧʨʦʩ 

ʦ ʪʦʤ, ʢʘʢʠʤ ʦʙʨʘʟʦʤ ʚʦʟʤʦʞʥʦ ʤʦʜʠʬʠʮʠʨʦʚʘʪʴ ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ ʚ 

ʧʨʦʮʝʩʩʝ ʚʳʨʘʱʠʚʘʥʠʷ ʢʨʠʩʪʘʣʣʘ, ʯʪʦʙʳ ʫʣʫʯʰʠʪʴ ʥʝʢʦʪʦʨʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʬʦʪʦʩʪʠʤʫʣʠʨʦʚʘʥʥʦʡ ʣʶʤʠʥʝʩʮʝʥʮʠʠ, ʪʘʢʠʝ ʢʘʢ ʫʚʝʣʠʯʝʥʠʝ ʝʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠ 

ʩʜʚʠʛ ʩʧʝʢʪʨʘ ʩʪʠʤʫʣʠʨʫʶʱʝʛʦ ʩʚʝʪʘ ʚ ʙʦʣʝʝ ʫʜʦʙʥʫʶ, ʩ ʧʨʘʢʪʠʯʝʩʢʦʡ ʪʦʯʢʠ 

ʟʨʝʥʠʷ ʦʙʣʘʩʪʴ. ʂʘʢ ʧʦʢʘʟʘʥʦ ʚ ʧʨʠʚʝʜʝʥʥʦʤ ʦʙʟʦʨʝ, ʨʦʣʴ ʣʦʚʫʰʝʢ, ʥʘ ʢʦʪʦʨʳʭ 

ʧʨʦʠʩʭʦʜʠʪ ʟʘʧʘʩʘʥʠʝ ʵʥʝʨʛʠʠ ʚ ʧʨʦʮʝʩʩʝ ʌʉʃ, ʚʳʧʦʣʥʷʶʪ F(Br-)-ʮʝʥʪʨʳ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʫʚʝʣʠʯʠʚʘʷ ʢʦʣʠʯʝʩʪʚʦ ʪʘʢʠʭ ʮʝʥʪʨʦʚ ʠ ʠʟʤʝʥʷʷ ʠʭ ʢʦʥʬʠʛʫʨʘʮʠʶ, 

ʤʦʞʥʦ ʦʞʠʜʘʪʴ ʠʟʤʝʥʝʥʠ ̫ʠʥʪʝʨʝʩʫʶʱʠʭ ʥʘʩ ʩʚʦʡʩʪʚ ʣʶʤʠʥʦʬʦʨʘ. ʈʝʰʝʥʠʶ ʵʪʦʡ 

ʟʘʜʘʯʠ ʧʦʩʚʷʱʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ, ʨʝʟʫʣʴʪʘʪʳ ʢʦʪʦʨʦʛʦ ʠʟʣʦʞʝʥʳ ʚ ɻʣʘʚʝ 3.         

1.3 ʉʮʠʥʪʠʣʣʷʪʦʨʳ ʥʘ ʦʩʥʦʚʝ ʜʠʛʘʣʦʠʜʦʚ ʙʘʨʠʷ, ʣʝʛʠʨʦʚʘʥʥʳʭ 

ʨʝʜʢʦʟʝʤʝʣʴʥʳʤʠ ʠʦʥʘʤʠ  

ʀʥʪʝʥʩʠʚʥʦʝ ʨʘʟʚʠʪʠʝ ʩʠʩʪʝʤ ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʢʦʥʪʨʦʣʷ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʘ 

ʪʘʢʞʝ ʚʦʟʨʘʩʪʘʶʱʠʝ ʧʦʪʨʝʙʥʦʩʪʠ ʚ ʩʣʦʞʥʦʡ ʘʧʧʘʨʘʪʫʨʝ ʜʣʷ ʤʝʜʠʮʠʥʩʢʦʡ 

ʜʠʘʛʥʦʩʪʠʢʠ ʩʪʠʤʫʣʠʨʦʚʘʣʠ ʧʦʠʩʢ ʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʚʳʩʦʢʦʡ 

ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ [98, 99].  

ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ, ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʳʡ ʧʨʦʮʝʩʩ ʤʦʞʥʦ ʦʧʠʩʘʪʴ ʪʨʝʤʷ ʦʩʥʦʚʥʳʤʠ 

ʩʪʘʜʠʷʤʠ: 1) ʟʘʨʦʞʜʝʥʠʝ ʠ ʨʘʟʣʝʪ ʵʣʝʢʪʨʦʥʦʚ ʠ ʜʳʨʦʢ ʧʦʩʣʝ ʧʦʛʣʦʱʝʥʠʷ ʵʥʝʨʛʠʠ 

ʠʦʥʠʟʠʨʫʶʱʝʡ ʯʘʩʪʠʮʳ; 2) ʪʝʨʤʘʣʠʟʘʮʠʷ ʵʣʝʢʪʨʦʥʥʦ-ʜʳʨʦʯʥʳʭ ʧʘʨ, ʧʝʨʝʥʦʩ 

ʚʦʟʙʫʞʜʝʥʠʡ ʢ ʮʝʥʪʨʫ ʩʚʝʯʝʥʠʷ; 3) ʠʟʣʫʯʘʪʝʣʴʥʘ ̫ʨʝʣʘʢʩʘʮʠ,̫ ʩʦʧʨʦʚʦʞʜʘʶʱʘʩ̫ʷ 

ʵʤʠʩʩʠʝʡ ʬʦʪʦʥʘ [64, 100]. ʉʝʛʦʜʥʷ ʜʦʩʪʠʛʥʫʪʳ ʟʥʘʯʠʪʝʣʴʥʳʝ ʫʩʧʝʭʠ ʚ ʨʘʟʨʘʙʦʪʢʝ 

ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʚʳʩʦʢʦʡ ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʙʨʦʤʠʜʥʳʭ ʠ ʡʦʜʠʜʥʳʭ ʤʘʪʨʠʮ ʩ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʦʡ 

ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʦʡ (4-6 ʵɺ) ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʩ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʵʣʝʢʪʨʦʥʥʦ-

ʜr ʨʦʯʥʳʭ ʧʘʨ ʥʘ ʢʘʞʜʳʡ ʧʦʛʣʦʱʝʥʥʳʡ ʬʦʪʦʥ ʠʦʥʠʟʠʨʫʶʱʝʛʦ ʠʟʣʫʯʝʥʠʷ. 

ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʤʠʥʠʤʘʣʴʥʘʷ ʵʥʝʨʛʠʷ ʜʣʷ ʩʦʟʜʘʥʠʷ ʦʜʥʦʡ ʵʣʝʢʪʨʦʥʥʦ-
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ʜʳʨʦʯʥʦʡ ʧʘʨʳ ʩʦʩʪʘʚʣʷʝʪ ~ 2.2 ï 2.4 Eg (ʛʜʝ Eg ï h ʠʨʠʥʘ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ) [101-

105]. ɸʥʘʣʠʟ, ʧʨʦʚʝʜʝʥʥʳʡ ʇ. ɼʦʨʝʥʙʦʩʦʤ [106], ʧʦʜʪʚʝʨʞʜʘʝʪ ʢʦʨʨʝʢʪʥʦʩʪʴ ʪʘʢʠʭ 

ʦʮʝʥʦʢ (ʈʠʩʫʥʦʢ 8).  

 

ʈʠʩʫʥʦʢ 8 ï ʉʚʝʪʦʚʳʭʦʜ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʢʘʢ ʬʫʥʢʮʠʷ ʰʠʨʠʥʳ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ ʩʦʝʜʠʥʝʥʠʡ. 

ʉʧʣʦʰʥʘʷ ʢʨʠʚʘʷ ʧʦʢʘʟʳʚʘʝʪ ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʩʪʠʞʠʤʦʝ ʟʥʘʯʝʥʠʝ ʩʚʝʪʦʚʳʭʦʜʘ. ʊʦʯʢʠ ʜʘʥʥʳʭ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʦʮʝʥʝʥʥʫʶ ʚʝʣʠʯʠʥʫ ʩʚʝʪʦʚʳʭʦʜʘ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʩʦʝʜʠʥʝʥʠʡ: ʬʪʦʨʠʜʥʳʭ, 

ʭʣʦʨʠʜʥʳʭ, ʙʨʦʤʠʜʥʳʭ, ʠʦʜʠʜʥʳʭ, ʦʢʩʠʜʥʳʭ ʠ ʩʫʣʴʬʠʜʥʳʭ [106].  

ʇʦʵʪʦʤʫ ʚ ʭʦʜʝ ʧʦʠʩʢʘ ʥʦʚʳʭ ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ 

ʜʝʥʴ ʥʘʙʣʶʜʘʝʪʩʷ ʪʝʥʜʝʥʮʠʷ ʚʳʙʦʨʘ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʩʦʝʜʠʥʝʥʠʡ ʩ ʤʠʥʠʤʘʣʴʥʦʡ 

ʚʝʣʠʯʠʥʦʡ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ, ʚ ʢʦʪʦʨʳʭ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤʠ ʘʢʪʠʚʘʪʦʨʘʤʠ 

ʷʚʣʷʶʪʩʷ ʜʚʫʭʚʘʣʝʥʪʥʳʡ ʝʚʨʦʧʠʡ, ʪʨʝʭʚʘʣʝʥʪʥʳʝ ʮʝʨʠʡ ʠ ʧʨʘʟʝʦʜʠʤ. ɼʣʷ 

ʵʢʩʧʨʝʩʩ-ʦʮʝʥʢʠ ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʛʘʣʦʠʜʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʥʝʢʦʪʦʨʳʝ ʥʘʫʯʥʳʝ ʢʦʣʣʝʢʪʠʚʳ, ʥʘʧʨʠʤʝʨ, ʚ ʅʘʮʠʦʥʘʣʴʥʦʡ 

ʣʘʙʦʨʘʪʦʨʠʠ ʃʦʫʨʝʥʩʘ ʚ ɹʝʨʢʣʠ (ʉʐɸ), ʥʘ ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ ʦʛʨʘʥʠʯʠʚʘʶʪʩʷ 

ʘʥʘʣʠʟʦʤ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʦʙʨʘʟʮʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʪʚʝʨʜʦʬʘʟʥʳʤ 

ʩʠʥʪʝʟʦʤ [107]. ʇʦʩʣʝ ʦʪʙʦʨʘ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʢʘʥʜʠʜʘʪʦʚ ʩʣʝʜʫʶʱʠʤ ʰʘʛʦʤ 

ʩʪʘʥʦʚʠʪʩʷ ʦʪʨʘʙʦʪʢʘ ʤʝʪʦʜʠʢʠ ʚʳʨʘʱʠʚʘʥʠʷ ʢʨʠʩʪʘʣʣʦʚ ʥʘ ʠʭ ʦʩʥʦʚʝ [108]. ʅʦ 

ʟʜʝʩʴ ʟʘʯʘʩʪʫʶ ʚʦʟʥʠʢʘʶʪ ʪʨʫʜʥʦʩʪʠ ʚʳʨʘʱʠʚʘʥʠʷ ʵʪʠʭ ʢʨʠʩʪʘʣʣʦʚ ʜʦʩʪʘʪʦʯʥʦ 

ʙʦʣʴʰʠʭ ʨʘʟʤʝʨʦʚ ʩ ʭʦʨʦʰʠʤ ʦʧʪʠʯʝʩʢʠʤ ʢʘʯʝʩʪʚʦʤ.  
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ʉʝʨʴʝʟʥʦʡ ʧʨʦʙʣʝʤʦʡ ʧʨʠ ʚʳʨʘʱʠʚʘʥʠʠ ʢʨʠʩʪʘʣʣʦʚ ʱʝʣʦʯʥʦʟʝʤʝʣʴʥʳʭ 

ʡʦʜʠʜʦʚ ʷʚʣʷʝʪʩʷ ʠʭ ʩʢʣʦʥʥʦʩʪʴ ʢ ʨʘʩʪʨʝʩʢʠʚʘʥʠʶ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ ʧʦʩʣʝ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ. ʆʜʥʦʡ ʠʟ ʧʨʠʯʠʥ ʪʘʢʦʛʦ ʨʘʩʪʨʝʩʢʠʚʘʥʠʷ ʤʦʞʝʪ ʙʳʪʴ ʜʝʬʦʨʤʘʮʠʷ 

ʢʨʠʩʪʘʣʣʘ, ʩʚʷʟʘʥʥʘʷ ʩ ʘʥʠʟʦʪʨʦʧʠʝʡ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʩʰʠʨʝʥʠʷ, ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʦʛʦ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʝ ʥʘʢʘʧʣʠʚʘʶʪʩʷ ʥʘʧʨʷʞʝʥʠʷ, 

ʩʧʦʩʦʙʩʪʚʫʶʱʠʝ ʦʙʨʘʟʦʚʘʥʠʶ ʜʠʩʣʦʢʘʮʠʡ, ʙʣʦʢʦʚ ʠ ʜʨʫʛʠʭ ʜʝʬʝʢʪʦʚ, ʥʘʣʠʯʠʝ 

ʢʦʪʦʨʳʭ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪɹ ʢ ʨʘʟʨʫʰʝʥʠʶ ʢʨʠʩʪʘʣʣʘ. ʊʘʢʞʝ ʧʨʠʯʠʥʦʡ 

ʨʘʩʪʨʝʩʢʠʚʘʥʠʷ ʢʨʠʩʪʘʣʣʘ ʤʦʞʝʪ ʷʚʣʷʪɹʩ ̫ ʥʘʣʠʯʠʝ ʣʝʛʠʨʫʶʱʝʡ ʧʨʠʤʝʩʠ ʚ 

ʠʩʭʦʜʥʦʡ ʰʠʭʪʝ. ɺ ʨʘʙʦʪʝ [109] ʙʳʣʘ ʦʪʤʝʯʝʥʘ ʧʨʦʙʣʝʤʘ ʨʘʩʪʨʝʩʢʠʚʘʥʠʷ 

ʢʨʠʩʪʘʣʣʦʚ BaBrCl, ʣʝʛʠʨʦʚʘʥʥʳʭ 5 % Eu2+, ʚʦ ʚʨʝʤʷ ʠʭ ʦʭʣʘʞʜʝʥʠʷ ʧʦʩʣʝ 

ʚʳʨʘʱʠʚʘʥʠʷ ʤʝʪʦʜʦʤ ʏʦʭʨʘʣʴʩʢʦʛʦ. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʠʦʥʳ ʝʚʨʦʧʠʷ ʠʤʝʁʪ ʪʦ 

ʞʝ ʚʘʣʝʥʪʥʦʝ ʩʦʩʪʦʷʥʠʝ ʠ ʘʥʘʣʦʛʠʯʥʳʡ ʘʪʦʤʥʳʡ ʨʘʜʠʫʩ, ʯʪʦ ʠ ʟʘʤʝʥʷʝʤʳʡ ʠʤʠ ʠʦʥ 

ʙʘʨʠʷ, ʧʨʠ ʣʝʛʠʨʦʚʘʥʠʠ ʚʩʝ ʞʝ ʧʨʦʠʩʭʦʜʠʪ ʜʝʬʦʨʤʘʮʠʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ. 

ʕʪʦ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʟʘʩʪʘʚʠʣʦ ʘʚʪʦʨʦʚ [109] ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʨʦʩʪʦʚʦʡ ʢʘʤʝʨʝ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʪʝʧʣʦʚʳʝ ʵʢʨʘʥʳ ʜʣʷ ʩʦʟʜʘʥʠʷ ʠʟʦʪʝʨʤʠʯʝʩʢʦʡ ʟʦʥʳ, ʚ ʢʦʪʦʨʦʡ 

ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʦʭʣʘʞʜʝʥʠʝ ʚʳʨʘʱʝʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ.   

ɸʥʪʦʥ ʊʨʝʤʩʠʥ ʩ ʩʦʘʚʪʦʨʘʤʠ ʚ ʨʘʙʦʪʘʭ [110, 111] ʠʩʧʦʣʴʟʦʚʘʣʠ in situ ʤʝʪʦʜ 

ʜʠʘʛʥʦʩʪʠʢʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʥʝʡʪʨʦʥʥʦʡ ʨʘʜʠʦʛʨʘʬʠʠ ʜʣʷ ʚʠʟʫʘʣʴʥʦʛʦ 

ʦʧʨʝʜʝʣʝʥʠʷ ʚʣʠʷʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʦʥʦʚ Eu2+
 ʚ ʢʨʠʩʪʘʣʣʘʭ BaBrCl, ʚʳʨʘʱʝʥʥʳʭ 

ʤʝʪʦʜʦʤ ɹʨʠʜʞʤʝʥʘ, ʥʘ ʦʙʨʘʟʦʚʘʥʠʝ ʪʨʝʱʠʥ ʚ ʧʨʦʮʝʩʩʝ ʠʭ ʦʭʣʘʞʜʝʥʠʷ. ɺ ʭʦʜʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʝʨʦʷʪʥʝʝ ʚʩʝʛʦ ʪʨʝʱʠʥʳ ʚʦʟʥʠʢʘʶʪ ʚ 

ʦʙʣʘʩʪʷʭ, ʛʜʝ ʢʦʥʮʝʥʪʨʘʮʠʷ Eu2+ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʞʝʥʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʩʦʩʝʜʥʠʤʠ 

ʦʙʣʘʩʪʷʤʠ ʢʨʠʩʪʘʣʣʘ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʨʘʩʪʨʝʩʢʠʚʘʥʠʷ ʟʘʚʠʩʠʪ ʦʪ ʩʢʦʨʦʩʪʠ 

ʦʭʣʘʞʜʝʥʠʷ ʢʨʠʩʪʘʣʣʘ ʧʦʩʣʝ ʝʛʦ ʚʳʨʘʱʠʚʘʥʠʷ.  

ɺ ʨʘʙʦʪʝ ɼʨʶ ʆʥʢʝʥʘ [112] ʤʝʪʦʜʦʤ ʥʝʡʪʨʦʥʥʦʡ ʜʠʬʨʘʢʮʠʠ ʠʟʫʯʘʣʦʩʴ 

ʠʟʤʝʥʝʥʠʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʢʨʠʩʪʘʣʣʦʚ BaBrCl ʠ BaBrCl : 5 % Eu2+ ʧʨʠ 

ʥʘʛʨʝʚʝ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ 800 ʦʉ. ɸʚʪʦʨʘʤʠ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʨʘʩʪʨʝʩʢʠʚʘʥʠʝ 

ʜʘʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʩʚʷʟʘʥʦ ʩ ʘʥʠʟʦʪʨʦʧʠʝʡ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʪʝʨʤʠʯʝʩʢʦʛʦ 
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ʨʘʩʰʠʨʝʥʠʷ ʚ ʧʨʦʮʝʩʩʝ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ. ʇʨʠʯʝʤ ʪʝʨʤʠʯʝʩʢʘʷ ʜʝʬʦʨʤʘʮʠʷ 

ʚʜʦʣʴ ʦʩʠ b ʠ ʚʜʦʣʴ ʩʚʷʟʝʡ Ba-Br ʙʦʣʴʰʝ ʧʦʯʪʠ ʚ ʜʚʘ ʨʘʟʘ, ʯʝʤ ʚʜʦʣʴ ʦʩʝʡ a ʠ c.  

ʇʦʵʪʦʤʫ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʩʪʨʫʢʪʫʨʥʦʛʦ ʩʦʚʝʨʰʝʥʩʪʚʘ ʢʨʠʩʪʘʣʣʦʚ ʠ 

ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʨʘʩʪʨʝʩʢʠʚʘʥʠʷ ʚ ʧʨʦʮʝʩʩʝ ʠʭ ʚʳʨʘʱʠʚʘʥʠʷ ʥʝʦʙʭʦʜʠʤʦ 

ʦʙʝʩʧʝʯʠʪʴ ʩʦʟʜʘʥʠʝ çʤʷʛʢʠʭè ʪʝʧʣʦʚʳʭ ʫʩʣʦʚʠʡ ʩ ʥʠʟʢʠʤʠ ʛʨʘʜʠʝʥʪʘʤʠ 

ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʟʦʥʝ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʠ ʧʨʠʤʝʥʷʪʴ ʧʦʩʣʝʨʦʩʪʦʚʦʡ ʦʪʞʠʛ ʧʦʣʫʯʝʥʥʳʭ 

ʢʨʠʩʪʘʣʣʦʚ.  

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʦʪʝʥʮʠʘʣ ʙʦʣʴʰʠʥʩʪʚʘ ʥʦʚʳʭ ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʳʭ 

ʢʨʠʩʪʘʣʣʦʚ ʜʘʣʝʢʦ ʥʝ ʠʩʯʝʨʧʘʥ, ʠ ʧʦʢʘ ʦʥʠ ʜʘʣʝʢʠ ʦʪ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʧʨʝʜʝʣʦʚ 

ʩʚʝʪʦʚʦʛʦ ʚʳʭʦʜʘ. ʅʘʧʨʠʤʝʨ, ʥʘ ʵʪʘʧʝ ʦʪʢʨʳʪʠʷ ʚ 1968 ʛʦʜʫ ʈ. ʍʦʬʰʪʘʜʪʝʨʦʤ 

ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʦʛʦ ʢʨʠʩʪʘʣʣʘ SrI2:Eu ʚʝʣʠʯʠʥʘ ʝʛʦ ʩʚʝʪʦʚʳʭʦʜʘ ʦʮʝʥʠʚʘʣʘʩʴ 

~30,000 ʬʦʪʦʥ/ʄʵɺ [113]. ɺ ʪʝ ʛʦʜʳ ʠʟ-ʟʘ ʩʚʦʝʡ ʛʠʛʨʦʩʢʦʧʠʯʥʦʩʪʠ ʠ ʩʨʘʚʥʠʪʝʣʴʥʦ 

ʥʝʚʳʩʦʢʦʛʦ ʩʚʝʪʦʚʦʛʦ ʚʳʭʦʜʘ ʵʪʦʪ ʤʘʪʝʨʠʘʣ ʥʝ ʧʨʠʚʣʝʢ ʢ ʩʝʙʝ ʦʩʦʙʦʛʦ ʚʥʠʤʘʥʠʷ. 

ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʢʘʯʝʩʪʚʦ ʠʩʭʦʜʥʦʛʦ ʩʳʨʴʷ ʠ ʪʝʭʥʦʣʦʛʠʠ ʚʳʨʘʱʠʚʘʥʠʷ 

ʢʨʠʩʪʘʣʣʦʚ ʩʫʱʝʩʪʚʝʥʥʦ ʫʣʫʯʰʠʣʠʩʴ. ʀ ʩʝʛʦʜʥʷ ʫʞʝ ʧʦʣʫʯʝʥʳ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʦʙʨʘʟʮʳ ʢʨʠʩʪʘʣʣʦʚ SrI2:Eu ʩʦ ʩʚʝʪʦʚʳʤ ʚʳʭʦʜʦʤ ʜʦ 120 000 

ʬʦʪʦʥ/ʄʵɺ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤ ʨʘʟʨʝʰʝʥʠʝʤ 2,5 % [114-117], ʯʪʦ ʧʦʩʣʫʞʠʣʦ 

ʥʘʯʘʣʦʤ ʥʦʚʦʛʦ ʚʩʧʣʝʩʢʘ ʚʥʠʤʘʥʠʷ ʢ ʵʪʦʤʫ ʤʘʪʝʨʠʘʣʫ.  

ʅʦ ʥʝ ʪʦʣʴʢʦ ʦʪ ʢʘʯʝʩʪʚʘ ʠʩʭʦʜʥʦʛʦ ʩʳʨʴʷ ʠ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʟʘʚʠʩʷʪ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

ɺʘʞʥʫʶ ʨʦʣʴ ʚ ʧʦʠʩʢʝ ʵʬʬʝʢʪʠʚʥʳʭ ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʳʭ ʩʨʝʜ ʠʛʨʘʶʪ ʠʩʩʣʝʜʦʚʘʥʠ ̫

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʧʨʠ ʧʦʛʣʦʱʝʥʠʠ ʵʥʝʨʛʠʠ ʯʘʩʪʠʮʳ ʠ 

ʧʦʩʣʝʜʫʶʱʝʡ ʨʝʣʘʢʩʘʮʠʠ ʵʥʝʨʛʠʠ ʚʦʟʙʫʞʜʝʥʠʡ ʩ ʮʝʣʴʶ ʦʮʝʥʢʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ 

ʧʦʪʝʨʴ ʥʘ ʨʘʟʥʳʭ ʩʪʘʜʠʷʭ ʨʘʟʚʠʪʠʷ ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʦʛʦ ʧʨʦʮʝʩʩʘ. ʊʝʦʨʝʪʠʯʝʩʢʠʝ 

ʨʘʩʯʝʪʳ, ʧʦʩʪʨʦʝʥʠʝ ʤʦʜʝʣʝʡ ʵʚʦʣʶʮʠʠ ʵʣʝʢʪʨʦʥʥʦ-ʜʳʨʦʯʥʳʭ ʧʘʨ ʧʦʟʚʦʣʷʶʪ 

ʫʩʪʘʥʦʚʠʪʴ ʨʘʟʣʠʯʠʷ ʢʘʥʘʣʦʚ ʧʦʪʝʨʴ ʚ ʰʠʨʦʢʦʤ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʜʠʘʧʘʟʦʥʝ ʠ ʨʘʟʥʳʭ 

ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʘʢʪʠʚʘʪʦʨʘ [118, 119]. ʊʘʢʞʝ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʫʨʦʚʝʥʴ ʧʦʪʝʨʴ 

ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʚʠʩʠʪ ʦʪ ʪʠʧʘ ʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʝʢʦʥʪʨʦʣʠʨʫʝʤʳʭ ʧʨʠʤʝʩʝʡ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʪʝʦʨʠʷ ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʚʩʝ ʯʘʱʝ ʩʪʘʥʦʚʠʪʩʷ 
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ʧʨʝʜʩʢʘʟʘʪʝʣʴʥʦʡ, ʘ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʷʚʣʷʶʪʩʷ ʧʦʣʝʟʥʳʤʠ ʥʝ ʪʦʣʴʢʦ ʜʣʷ 

ʦʧʠʩʘʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ, ʥʦ ʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ 

ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠ ʚʳʙʦʨʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʘʢʪʠʚʘʪʦʨʘ.  

ʇʨʠ ʘʥʘʣʠʟʝ ʣʠʪʝʨʘʪʫʨʳ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʥʘʠʣʫʯʰʠʝ 

ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʠʤʝʶʪ ʤʘʪʝʨʠʘʣʳ ʥʘ ʦʩʥʦʚʝ ʨʘʟʣʠʯʥʳʭ ʢʦʤʙʠʥʘʮʠʡ 

ʱʝʣʦʯʥʦʟʝʤʝʣʴʥʳʭ ʡʦʜʠʜʦʚ (ʊʘʙʣʠʮʘ 4). ʅʠʞʥʠʝ ʩʪʨʦʢʠ, ʚʳʜʝʣʝʥʥʳʝ ʩʝʨʳʤ, 

ʦʪʥʦʩʷʪʩʷ ʢ çʪʨʘʜʠʮʠʦʥʥʳʤè ʱʝʣʦʯʥʦʛʘʣʦʠʜʥʳʤ ʩʮʠʥʪʠʣʣʷʪʦʨʘʤ. ɺʠʜʥʦ, ʯʪʦ 

ʩʚʝʪʦʚʳʭʦʜ çʥʦʚʳʭè ʩʮʠʥʪʠʣʣʷʪʦʨʦʚ (ʚʝʨʭʥʠʝ ʩʪʨʦʢʠ ʪʘʙʣʠʮʳ) ʚ ʜʚʘ-ʪʨʠ ʨʘʟʘ 

ʚʳʰʝ ʠ ʦʥʠ ʠʤʝʶʪ ʟʥʘʯʠʪʝʣʴʥʦ ʣʫʯʰʝʝ ʵʥʝʨʛʝʪʠʯʝʩʢʦʝ ʨʘʟʨʝʰʝʥʠʝ. ʕʪʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʥʳʤ ʧʦʢʘʟʘʪʝʣʝʤ ʜʣʷ ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʳʭ 

ʜʝʪʝʢʪʦʨʦʚ.  

ʊʘʙʣʠʮʘ 4. ʉʚʦʡʩʪʚʘ ʩʮʠʥʪʠʣʣʷʪʦʨʦʚ ʥʘ ʦʩʥʦʚʝ ʘʢʪʠʚʠʨʦʚʘʥʥʳʭ ʝʚʨʦʧʠʝʤ 

ʱʝʣʦʯʥʦʟʝʤʝʣʴʥʳʭ ʡʦʜʠʜʦʚ ʠ ʢʨʠʩʪʘʣʣʦʚ ʥʘ ʦʩʥʦʚʝ NaI ʠ CsI [120] 

 

ʂʘʢ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʚʳʰʝ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʥʝ ʷʚʣʷʶʪʩʷ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʤ ʧʨʝʜʝʣʦʤ ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ. ʆʜʥʠʤ ʠʟ ʧʫʪʝʡ 

ʤʦʜʠʬʠʢʘʮʠʠ ʩʚʦʡʩʪʚ, ʧʦʟʚʦʣʷʶʱʠʤ ʧʦʚʳʩʠʪʴ ʢʚʘʥʪʦʚʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʤʘʪʝʨʠʘʣʦʚ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʧʝʨʝʭʦʜ ʢ ʜʠʛʘʣʦʠʜʥʳʤ ʢʨʠʩʪʘʣʣʘʤ [102, 121]. 

ɺ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʤʝʰʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʢʘʪʠʦʥʦʚ (ʚ ʛʘʣʦʠʜʥʳʭ 

ʢʨʠʩʪʘʣʣʘʭ ï ʘʥʠʦʥʦʚ) ʪʚʝʨʜʳʝ ʨʘʩʪʚʦʨʳ ʫʩʪʦʡʯʠʚʳ, ʫʜʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦ 

ʧʦʚʳʩʠʪʴ ʚʳʭʦʜ ʩʚʝʯʝʥʠʷ [108]. ʅʘʧʨʠʤʝʨ, ʜʣʷ ʢʨʠʩʪʘʣʣʦʚ BaBr2:5 %Eu 

ʂʨʠʩʪʘʣʣ 
ɟ 

ʛ/ʩʤ3 

ʃʶʤʠʥ. 

ɚ, ʥʤ 

ʉʚʝʪʦʚʳʭʦʜ 

ʬʦʪʦʥ/ʄʵɺ 

R, % 

Cs137 

ɺʨʝʤʷ ʟʘʪʫʭʘʥʠʷ 

ʣʶʤʠʥʝʩʮʝʥʮʠʠ, 

ʥʩ 

ɻʠʛʨʦ-

ʩʢʦʧʠʯʥʦʩʪʴ 

CaI2:Eu2+ 3,96 467 110,000 5,2 1000 +++ 

SrI2:Eu2+ 4,55 435 115,000 2,6 1500 +++ 

CsBa2I5:Eu2+ 4,9 435 102,000 2,5 383; 1500 ++ 

BaBrI:Eu2+ 5,2 413 97,000 3,4 500 + 

NaI:Tl+  

3,67 

415 45,000 5,6 230  

++ NaI: Eu2+ 474 35,000 6,2 1100 

NaI: Eu2+,Tl2+ 415; 474 50,000 6,0 230; 1100 

CsI:Tl+  

4,53 

560 61,000 7,0 980 - 

CsI: Na+ 420 46,000 6,4 600 + 

CsI: Eu2+ 441; 474 8,000 14 1100 + 
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ʩʚʝʪʦʚʳʭʦʜ ʩʦʩʪʘʚʣʷʝʪ 58000 ʬʦʪʦʥ/ʄʵɺ, ʜʣʷ BaI2:5 %Eu ï 22000 ʬʦʪʦʥ/ʄʵɺ, 

ʪʦʛʜʘ ʢʘʢ ʜʣʷ ʜʠʛʘʣʦʠʜʥʦʛʦ ʢʨʠʩʪʘʣʣʘ BaBrI:5 %Eu ʩʚʝʪʦʚʳʭʦʜ ʩʦʩʪʘʚʣʷʝʪ ʫʞʝ 

97000 ʬʦʪʦʥ/ʄʵɺ. ʊʘʢʘʷ ʪʝʥʜʝʥʮʠʷ ʥʘʙʣʶʜʘʝʪʩʷ ʠ ʜʣʷ ʜʨʫʛʠʭ ʱʝʣʦʯʥʦʟʝʤʝʣʴʥʳʭ 

ʛʘʣʦʛʝʥʠʜʦʚ, ʢʦʪʦʨʳʝ ʦʙʣʘʜʘʶʪ ʦʧʪʠʤʘʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ 

ʠʟʣʫʯʘʪʝʣʴʥʦʡ ʨʝʢʦʤʙʠʥʘʮʠʠ ʵʣʝʢʪʨʦʥʥʳʭ ʚʦʟʙʫʞʜʝʥʠʡ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʚʝʜʫʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʚʳʷʩʥʝʥʠʝ ʦʧʪʠʤʘʣʴʥʳʭ ʩʦʦʪʥʦʰʝʥʠʡ 

ʢʦʤʧʦʥʝʥʪʦʚ ʜʠʛʘʣʦʠʜʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʠ ʦʙʩʫʞʜʘʶʪʩʷ ʚʘʨʠʘʥʪʳ ʚʦʟʤʦʞʥʳʭ 

ʤʝʭʘʥʠʟʤʦʚ ʜʘʥʥʦʛʦ ʵʬʬʝʢʪʘ [122, 123]. 

ʉʫʱʝʩʪʚʝʥʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʚʩʝʭ ʵʪʠʭ ʤʘʪʝʨʠʘʣʦʚ ʷʚʣʷʝʪʩʷ ʠʭ ʚʳʩʦʢʘʷ 

ʛʠʛʨʦʩʢʦʧʠʯʥʦʩʪʴ (ʊʘʙʣʠʮʘ 4). ʕʪʦ ʦʩʣʦʞʥʷʝʪ ʪʝʭʥʦʣʦʛʠʶ ʚʳʨʘʱʠʚʘʥʠʷ 

ʢʨʠʩʪʘʣʣʦʚ ʠ ʪʨʝʙʫʝʪ ʠʭ ɻʢʩʧʣʫʘʪʘʮʠʠ ʚ ʛʝʨʤʝʪʠʯʥʳʭ ʢʦʨʧʫʩʘʭ, ʢʘʢ ʚ ʩʣʫʯʘʝ 

ʧʨʦʤʳʰʣʝʥʥʳʭ ʩʮʠʥʪʠʣʣʷʪʦʨʦʚ ʥʘ ʦʩʥʦʚʝ NaI(Tl). ʂʨʦʤʝ ʪʦʛʦ, ʛʠʛʨʦʩʢʦʧʠʯʥʦʩʪʴ 

ʦʢʘʟʳʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʣʶʤʠʥʝʩʮʝʥʪʥʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪ ɹʛʘʣʦʠʜʥʳʭ 

ʩʮʠʥʪʠʣʣʷʪʦʨʦʚ. ɻʠʛʨʦʩʢʦʧʠʯʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʘʜʩʦʨʙʠʨʫʶʪ ʚʣʘʛʫ ʠʟ ʘʪʤʦʩʬʝʨʳ, 

ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʢʨʠʩʪʘʣʣʦʛʠʜʨʘʪʦʚ ʠ ʠʟʤʝʥʝʥʠʶ ʩʪʨʫʢʪʫʨʳ 

ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʢʨʠʩʪʘʣʣʘ. ɺʠʟʫʘʣʴʥʦ ʛʠʛʨʦʩʢʦʧʠʯʥʦʩʪʴ ʧʨʦʷʚʣʷʝʪʩʷ ʚ 

ʧʦʤʫʪʥʝʥʠʠ ʧʦʚʝʨʭʥʦʩʪʠ ʢʨʠʩʪʘʣʣʘ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʝʝ ʜʝʛʨʘʜʘʮʠʠ. ɺ 

ʩʦʝʜʠʥʝʥʠʷʭ ʱʝʣʦʯʥʦʟʝʤʝʣʴʥʳʭ ʡʦʜʠʜʦʚ ʚʩʣʝʜʩʪʚʠʝ ʛʠʜʨʦʣʠʟʘ ʤʦʞʥʦ ʦʞʠʜʘʪʴ 

ʧʦʷʚʣʝʥʠʷ ʥʝʞʝʣʘʪʝʣʴʥʳʭ ʧʨʠʤʝʩʝʡ ʚ ʚʠʜʝ ʦʢʩʠʜʦʚ MeO, ʦʢʩʠ-ʡʦʜʠʜʦʚ MeOI ʠ 

ʛʠʜʨʦʢʩʠʜʦʚ Me(OH)2. ʂʘʯʝʩʪʚʝʥʥʘʷ ʦʮʝʥʢʘ ʩʪʝʧʝʥʠ ʛʠʛʨʦʩʢʦʧʠʯʥʦʩʪʠ ʛʘʣʦʠʜʥʳʭ 

ʢʨʠʩʪʘʣʣʦʚ ʚʳʧʦʣʥʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʛʨʘʚʠʤʝʪʨʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ ʧʦ ʫʚʝʣʠʯʝʥʠʶ 

ʚʝʩʘ ʤʘʪʝʨʠʘʣʘ ʚ ʧʨʦʮʝʩʩʝ ʧʨʝʙʳʚʘʥʠʷ ʥʘ ʚʦʟʜʫʭʝ [124-126]. ʀʟ-ʟʘ ʚʳʩʦʢʦʡ 

ʛʠʛʨʦʩʢʦʧʠʯʥʦʩʪʠ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʱʝʣʦʯʥʦʟʝʤʝʣʴʥʳʭ ʛʘʣʦʛʝʥʠʜʦʚ ʦʩʦʙʫʶ ʨʦʣʴ 

ʠʛʨʘʝʪ ʧʨʦʮʝʜʫʨʘ ʦʙʝʟʚʦʞʠʚʘʥʠ ̫ ʠʩʭʦʜʥʳʭ ʩʦʣʝʡ ʧʝʨʝʜ ʚʳʨʘʱʠʚʘʥʠʝʤ 

ʢʨʠʩʪʘʣʣʦʚ. ʉʧʝʮʠʘʣʴʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʜʝʛʠʜʨʘʪʘʮʠʠ ʠʩʭʦʜʥʦʛʦ ʩʳʨʴʷ ʠ 

ʤʥʦʛʦʢʨʘʪʥʦʡ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʧʦʟʚʦʣʷʶʪ ʩʥʠʟʠʪʴ ʢʦʥʮʝʥʪʨʘʮʠʶ 

ʢʠʩʣʦʨʦʜʩʦʜʝʨʞʘʱʠʭ ʧʨʠʤʝʩʝʡ ʚ ʛʘʣʦʠʜʥʳʭ ʢʨʠʩʪʘʣʣʘʭ [127]. 

ʅʘ ʦʩʥʦʚʝ ʚʳʰʝʠʟʣʦʞʝʥʥʦʛʦ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜʳ, ʯʪʦ ʱʝʣʦʯʥʦʟʝʤʝʣʴʥʳʝ 

ʜʠʛʘʣʦʠʜʥʳʝ ʢʨʠʩʪʘʣʣʳ ʷʚʣʷʶʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʤʘʪʝʨʠʘʣʦʤ ʜʣʷ ʩʦʟʜʘʥʠʷ 
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ʵʬʬʝʢʪʠʚʥʳʭ ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʳʭ ʜʝʪʝʢʪʦʨʦʚ. ʉʝʛʦʜʥʷ ʘʢʪʫʘʣʴʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ 

ʥʘʧʨʘʚʣʝʥʠʠ ʧʦʠʩʢʘ ʩʧʦʩʦʙʦʚ ʧʦʚʳʰʝʥʠ ̫ ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʡʦʜʠʜʥʳʭ ʢʨʠʩʪʘʣʣʦʚ, ʘ ʪʘʢʞʝ ʧʦʠʩʢ ʥʦʚʳʭ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʙʠʥʘʨʥʳʭ ʩʠʩʪʝʤ 

ʛʘʣʦʛʝʥʠʜʦʚ ʠ ʘʢʪʠʚʘʪʦʨʦʚ, ʢʦʪʦʨʳʝ ʦʙʣʘʜʘʶʪ ʦʧʪʠʤʘʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʜʣʷ 

ʨʝʘʣʠʟʘʮʠʠ ʵʬʬʝʢʪʠʚʥʦʡ ʠʟʣʫʯʘʪʝʣʴʥʦʡ ʨʝʢʦʤʙʠʥʘʮʠʠ ʵʣʝʢʪʨʦʥʥʳʭ ʚʦʟʙʫʞʜʝʥʠʡ.  

ʉʝʨʴʝʟʥʦʡ ʧʨʦʙʣʝʤʦʡ ʧʨʠ ʚʳʨʘʱʠʚʘʥʠʠ ʢʨʠʩʪʘʣʣʦʚ ʱʝʣʦʯʥʦʟʝʤʝʣʴʥʳʭ 

ʡʦʜʠʜʦʚ ʷʚʣʷʝʪʩʷ ʠʭ ʩʢʣʦʥʥʦʩʪʴ ʢ ʨʘʩʪʨʝʩʢʠʚʘʥʠʶ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ ʧʦʩʣʝ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ. ʆʜʥʦʡ ʠʟ ʧʨʠʯʠʥ ʵʪʦʛʦ ʤʦʞʝʪ ʙʳʪʴ ʜʝʬʦʨʤʘʮʠʷ ʢʨʠʩʪʘʣʣʘ, 

ʩʚʷʟʘʥʥʘʷ ʩ ʘʥʠʟʦʪʨʦʧʠʝʡ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʩʰʠʨʝʥʠʷ, ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʢʦʪʦʨʦʛʦ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʝ ʥʘʢʘʧʣʠʚʘʶʪʩʷ ʥʘʧʨʷʞʝʥʠʷ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʝ 

ʦʙʨʘʟʦʚʘʥʠʶ ʜʝʬʝʢʪʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʨʠʚʦʜʠʪʴ ʢ ʨʘʩʪʨʝʩʢʠʚʘʥʠʶ ʢʨʠʩʪʘʣʣʘ. 

ʇʦʵʪʦʤʫ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʩʪʨʫʢʪʫʨʥʦʛʦ ʩʦʚʝʨʰʝʥʩʪʚʘ ʢʨʠʩʪʘʣʣʦʚ ʚ ʧʨʦʮʝʩʩʝ ʠʭ 

ʚʳʨʘʱʠʚʘʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʦʙʝʩʧʝʯʠʪʴ ʩʦʟʜʘʥʠʝ ʫʩʣʦʚʠʡ ʩ ʥʠʟʢʠʤʠ ʛʨʘʜʠʝʥʪʘʤʠ 

ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʟʦʥʝ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʠ ʧʨʦʚʦʜʠʪʴ ʧʦʩʣʝʨʦʩʪʦʚʦʡ ʦʪʞʠʛ ʧʦʣʫʯʝʥʥʳʭ 

ʢʨʠʩʪʘʣʣʦʚ. ʂʨʦʤʝ ʪʦʛʦ, ʜʘʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ 

ʛʠʛʨʦʩʢʦʧʠʯʥʳ, ʧʦʵʪʦʤʫ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʘʯʝʩʪʚʝʥʥʳʭ ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʳʭ 

ʢʨʠʩʪʘʣʣʦʚ ʥʝʦʙʭʦʜʠʤʦ ʧʦʜʦʙʨʘʪʴ ʤʝʪʦʜʠʢʫ ʧʦʜʛʦʪʦʚʢʠ ʠʩʭʦʜʥʦʡ ʰʠʭʪʳ ʠ 

ʨʘʟʨʘʙʦʪʘʪʴ ʪʝʭʥʦʣʦʛʠʶ ʚʳʨʘʱʠʚʘʥʠʷ ʩ ʫʯʝʪʦʤ ʛʠʛʨʦʩʢʦʧʠʯʥʦʩʪʠ ʪʘʢʠʭ 

ʤʘʪʝʨʠʘʣʦʚ.  

1.4 ʂʚʘʨʮʝʚʦʝ ʩʪʝʢʣʦ, ʣʝʛʠʨʦʚʘʥʥʦʝ ʨʝʜʢʦʟʝʤʝʣʴʥʳʤʠ ʠ ʧʝʨʝʭʦʜʥʳʤʠ 

ʠʦʥʘʤʠ 

ʆʩʦʙʦ ʯʠʩʪʳʡ ʧʨʠʨʦʜʥʳʡ ʢʚʘʨʮ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ 

ʙʣʘʛʦʜʘʨʷ ʫʥʠʢʘʣʴʥʦʤʫ ʩʦʯʝʪʘʥʠʶ ʬʠʟʠʯʝʩʢʠʭ ʠ ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. ʉʨʝʜʠ ʥʠʭ 

ʩʪʦʠʪ ʚʳʜʝʣʠʪʴ ʰʠʨʦʢʠʡ ʜʠʘʧʘʟʦʥ ʦʧʪʠʯʝʩʢʦʡ ʧʨʦʟʨʘʯʥʦʩʪʠ ʦʪ ʚʘʢʫʫʤʥʦʛʦ 

ʫʣʴʪʨʘʬʠʦʣʝʪʘ ʜʦ ʠʥʬʨʘʢʨʘʩʥʦʡ ʦʙʣʘʩʪʠ ʩʧʝʢʪʨʘ, ʚʳʩʦʢʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ 

ʪʝʨʤʠʯʝʩʢʠʤ ʠ ʭʠʤʠʯʝʩʢʠʤ ʚʦʟʜʝʡʩʪʚʠʷʤ, ʘ ʪʘʢʞʝ ʥʠʟʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʘʩʰʠʨʝʥʠʷ. ʋʢʘʟʘʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʝʣʘʶʪ ʜʘʥʥʳʡ ʤʘʪʝʨʠʘʣ 

ʦʩʥʦʚʥʳʤ ʩʳʨʴʝʤ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʚʘʨʮʝʚʳʭ ʢʦʥʮʝʥʪʨʘʪʦʚ ʩ ʚʳʩʦʢʦʡ ʠ 

ʫʣʴʪʨʘʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʯʠʩʪʦʪʳ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ 

ʦʧʪʠʯʝʩʢʦʛʦ ʢʚʘʨʮʝʚʦʛʦ ʩʪʝʢʣʘ ʜʣʷ ʚʠʜʠʤʦʡ ʠ ʙʣʠʞʥʝʡ ʠʥʬʨʘʢʨʘʩʥʦʡ ʦʙʣʘʩʪʝʡ 
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ʩʧʝʢʪʨʘ. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʠʨʦʜʥʳʡ ʢʚʘʨʮ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʩʦʟʜʘʥʠʷ ʪʝʨʤʦʩʪʦʡʢʦʡ 

ʢʚʘʨʮʝʚʦʡ ʢʝʨʘʤʠʢʠ, ʥʘʭʦʜʷʱʝʡ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʷʭ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ɺ ʫʩʣʦʚʠʷʭ ʨʘʩʪʫʱʝʛʦ ʩʧʨʦʩʘ ʥʘ ʚr ʩʦʢʦʢʘʯʝʩʪʚʝʥʥʦʝ ʢʚʘʨʮʝʚʦʝ 

ʩʪʝʢʣʦ ʥʘ ʨʦʩʩʠʡʩʢʦʤ ʨʳʥʢʝ ʠ ʩʫʱʝʩʪʚʫʶʱʠʭ ʦʛʨʘʥʠʯʝʥʠʡ, ʚʳʟʚʘʥʥʳʭ ʩʘʥʢʮʠʷʤʠ 

ʟʘʨʫʙʝʞʥʳʭ ʧʦʩʪʘʚʱʠʢʦʚ, ʦʩʦʙʝʥʥʦ ʘʢʪʫʘʣʴʥʳʤ ʩʪʘʥʦʚʠʪʩʷ ʨʘʟʚʠʪʠʝ 

ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʩʳʨʴʝʚʦʡ ʙʘʟʳ ʠ ʩʦʟʜʘʥʠʝ ʥʦʚʳʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʤʦʱʥʦʩʪʝʡ. 

ʂʚʘʨʮʠʪʳ ɺʦʩʪʦʯʥʦʛʦ ʉʘʷʥʘ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʚ ɹʫʨʷʪʠʠ, ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ 

ʩʪʝʧʝʥʴʶ ʦʜʥʦʨʦʜʥʦʩʪʠ ʠ ʯʠʩʪʦʪʳ, ʯʪʦ ʜʝʣʘʝʪ ʠʭ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʢʚʘʨʮʝʚʳʭ ʢʦʥʮʝʥʪʨʘʪʦʚ ʚʳʩʦʢʦʡ ʠ ʫʣʴʪʨʘʚʳʩʦʢʦʡ ʯʠʩʪʦʪʳ [128].  

ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʠʩʩʣʝʜʫʶʪʩʷ ʢʚʘʨʮʝʚʳʝ ʩʪʝʢʣʘ, 

ʧʦʣʫʯʝʥʥʳʝ ʠʟ ʩʫʧʝʨʢʚʘʨʮʠʪʦʚ ʆʢʘ-ʋʨʠʢʩʢʦʛʦ ʙʣʦʢʘ ɺʦʩʪʦʯʥʦ-ʉʘʷʥʩʢʦʡ 

ʢʚʘʨʮʝʥʦʩʥʦʡ ʧʨʦʚʠʥʮʠʠ. ʂʚʘʨʮʠʪʳ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ɹʫʨʘʣ-ʉʘʨʜʳʢ, ʦʙʦʟʥʘʯʝʥʥʳʝ 

ʨʘʥʝʝ ʪʝʨʤʠʥʦʤ çʩʫʧʝʨʢʚʘʨʮʠʪèr [129], ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʤʦʥʦʤʠʥʝʨʘʣʴʥʳʝ 

ʧʦʨʦʜʳ ʤʦʣʦʯʥʦ-ʙʝʣʦʛʦ ʮʚʝʪʘ ʩ ʧʦʨʬʠʨʦʚʠʜʥʦʡ ʩʪʨʫʢʪʫʨʦʡ. ɺ ʪʦʥʢʦ- ʠʣʠ 

ʤʠʢʨʦʟʝʨʥʠʩʪʦʡ ʦʩʥʦʚʝ ʚʳʜʝʣʷʶʪʩʷ ʧʨʦʟʨʘʯʥʳʝ ʙʝʩʮʚʝʪʥʳʝ ʫʜʣʠʥʝʥʥʳʝ 

ʢʨʠʩʪʘʣʣʳ ʢʚʘʨʮʘ ʨʘʟʤʝʨʘʤʠ ʜʦ 3 ʤʤ (ʈʠʩʫʥʦʢ 9).  

ʈʝʟʫʣʴʪʘʪʳ ʤʠʥʝʨʘʣʦʛʦ-ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʚʳʷʚʠʣʠ ʥʘʣʠʯʠʝ ʜʚʫʭ 

ʛʝʥʝʨʘʮʠʡ ʢʚʘʨʮʘ: ʧʝʨʚʘʷ ʛʝʥʝʨʘʮʠʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʨʝʣʠʢʪʦʚʳʤ ʢʚʘʨʮʝʤ 

(ʈʠʩʫʥʦʢ 10, ʦʙʣʘʩʪʴ 1), ʘ ʚʪʦʨʘʷ ʩʬʦʨʤʠʨʦʚʘʥʘ ʥʦʚʦʦʙʨʘʟʦʚʘʥʥʳʤ ʢʚʘʨʮʝʤ 

(ʈʠʩʫʥʦʢ 10, ʦʙʣʘʩʪʴ 2). ʈʝʣʠʢʪʦʚʳʡ ʢʚʘʨʮ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʢʨʫʧʥʳʤʠ 

ʫʜʣʠʥʝʥʥʳʤʠ ʟʝʨʥʘʤʠ ʨʘʟʤʝʨʦʤ ʜʦ 3 ʤʤ, ʦʪʣʠʯʘʶʱʠʤʠʩʷ ʙʣʦʯʥʦ-ʚʦʣʥʠʩʪʳʤ 

ʧʦʛʘʩʘʥʠʝʤ ʠ ʥʘʣʠʯʠʝʤ ʪʨʝʱʠʥʦʚʘʪʦʩʪʠ, ʩʚʷʟʘʥʥʦʡ ʩ ʧʨʦʷʚʣʝʥʠʷʤʠ ʧʣʘʩʪʠʯʝʩʢʦʡ 

ʠ ʭʨʫʧʢʦʡ ʜʝʬʦʨʤʘʮʠʠ. ɿʝʨʥʘ ʜʘʥʥʦʡ ʛʝʥʝʨʘʮʠʠ ʠʤʝʶʪ ʟʘʟʫʙʨʝʥʥʳʝ ʛʨʘʥʠʮʳ ʠ 

ʩʦʜʝʨʞʘʪ ʤʝʣʢʦʜʠʩʧʝʨʩʥʳʝ ʚʢʣʶʯʝʥʠʷ ʛʨʘʬʠʪʘ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 

ʚʜʦʣʴ ʪʨʝʱʠʥ ʠ ʤʝʞʟʝʨʝʥʥʳʭ ʛʨʘʥʠʮ. 
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ʈʠʩʫʥʦʢ 9 ï ʉʫʧʝʨʢʚʘʨʮʠʪ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ɹʫʨʘʣ-ʉʘʨʜʳʢ (ʥʘ ʬʦʪʦ: ʦʙʨʘʟʝʮ ʨʘʟʤʝʨʦʤ 7 ʩʤ 

ʚ ʧʦʧʝʨʝʯʥʦʤ ʩʝʯʝʥʠʠ). 

 

 

ʈʠʩʫʥʦʢ 10 ï ɻʝʥʝʨʘʮʠʠ ʢʚʘʨʮʘ ʚ ʩʫʧʝʨʢʚʘʨʮʠʪʝ: 1 ï ʧʝʨʚʘʷ ʛʝʥʝʨʘʮʠʷ (ʨʝʣʠʢʪʦʚʳʡ), 2 ï 

ʚʪʦʨʘʷ ʛʝʥʝʨʘʮʠʷ. 
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ɺ ʨʝʣʠʢʪʦʚʦʤ ʢʚʘʨʮʝ ʪʘʢʞʝ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʳ ʧʝʨʚʠʯʥʳʝ ʬʣʶʠʜʥʳʝ 

ʚʢʣʶʯʝʥʠʷ, ʢʦʪʦʨʳʝ ʧʨʠʫʨʦʯʝʥʳ ʢ ʟʦʥʘʤ ʨʦʩʪʘ, ʘ ʚʪʦʨʠʯʥʳʝ ʚʢʣʶʯʝʥʠʷ 

ʘʩʩʦʮʠʠʨʫʶʪʩʷ ʩ ʫʯʘʩʪʢʘʤʠ, ʟʘʧʦʣʥʝʥʥʳʤʠ ʤʘʪʝʨʠʘʣʦʤ ʧʦʩʣʝ ʟʘʣʝʯʠʚʘʥʠʷ 

ʪʨʝʱʠʥ. ʂʚʘʨʮ ʚʪʦʨʦʡ ʛʝʥʝʨʘʮʠʠ ʧʨʝʜʩʪʘʚʣʝʥ ʤʝʣʢʠʤʠ ʟʝʨʥʘʤʠ ʨʘʟʤʝʨʦʤ ʦʪ 0,3 ʜʦ 

0,7 ʤʤ, ʬʦʨʤʘ ʢʦʪʦʨʳʭ ʙʣʠʟʢʘ ʢ ʠʟʦʤʝʪʨʠʯʝʩʢʦʡ. ʕʪʠ ʟʝʨʥʘ ʥʝ ʜʝʤʦʥʩʪʨʠʨʫʶʪ 

ʩʣʝʜʦʚ ʧʣʘʩʪʠʯʝʩʢʦʡ ʠʣʠ ʭʨʫʧʢʦʡ ʜʝʬʦʨʤʘʮʠʠ. ʅʦʚʦʦʙʨʘʟʦʚʘʥʥʳʡ ʢʚʘʨʮ 

ʬʦʨʤʠʨʫʝʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʨʝʣʠʢʪʦʚʦʡ ʬʘʟʳ, 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚʜʦʣʴ ʛʨʘʥʠʮ ʟʝʨʝʥ ʠ ʚ ʦʙʣʘʩʪʠ ʪʨʝʱʠʥ. ʇʨʠ ʵʪʦʤ ʧʨʦʠʩʭʦʜʠʪ 

ʨʘʩʯʣʝʥʝʥʠʝ ʧʝʨʚʦʥʘʯʘʣʴʥʳʭ ʟʝʨʝʥ ʨʝʣʠʢʪʦʚʦʛʦ ʢʚʘʨʮʘ. 

ʆʩʥʦʚʦʡ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʦ ʩʠʩʪʝʤʝ ʢʨʝʤʥʝʟʝʤʘ ʧʨʠ ʥʦʨʤʘʣʴʥʦʤ ʜʘʚʣʝʥʠʠ 

ʷʚʣʷʝʪʩʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʘ ̫ʨʘʙʦʪʘ ʌʝʥʥʝʨʘ, ʦʧʫʙʣʠʢʦʚʘʥʥʘʷ ʚ 1912-1913 ʛʦʜʘʭ 

[130, 131]. ɺ ʭʦʜʝ ʵʪʦʡ ʨʘʙʦʪʳ ʙʳʣʠ ʩʜʝʣʘʥʳ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ: ʢʨʝʤʥʝʟʝʤ 

ʩʫʱʝʩʪʚʫʝʪ ʚ ʚʠʜʝ ʪʨʸʭ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʤʦʜʠʬʠʢʘʮʠʡ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ ï ʢʚʘʨʮʘ, 

ʪʨʠʜʠʤʠʪʘ ʠ ʢʨʠʩʪʦʙʘʣʠʪʘ. ʂʘʞʜʘʷ ʠʟ ʵʪʠʭ ʤʦʜʠʬʠʢʘʮʠʡ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʠʤʝʝʪ 

ʤʦʜʠʬʠʢʘʮʠʠ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ (Ŭ- ʠ ɓ-ʢʚʘʨʮ, Ŭ-, ɓ- ʠ ɔ-ʪʨʠʜʠʤʠʪ, Ŭ- ʠ ɓ-

ʢʨʠʩʪʦʙʘʣʠʪ). ʌʝʥʥʝʨ ʦʪʤʝʪʠʣ, ʯʪʦ ʭʘʨʘʢʪʝʨ ʧʨʝʚʨʘʱʝʥʠʡ ʩʚʷʟʘʥ ʩʦ 

ʟʥʘʯʠʪʝʣʴʥʳʤʠ ʨʘʟʣʠʯʠʷʤʠ ʚ ʩʪʨʫʢʪʫʨʘʭ ʤʦʜʠʬʠʢʘʮʠʡ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ ʠ 

ʩʭʦʜʩʪʚʦʤ ʤʝʞʜʫ ʩʪʨʫʢʪʫʨʘʤʠ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ.  

ɺ ʧʨʠʨʦʜʝ ʢʨʝʤʥʝʟʝʤ ʚʩʪʨʝʯʘʝʪʩʷ, ʢʘʢ ʧʨʘʚʠʣʦ, ʚ ʚʠʜʝ Ŭ-ʢʚʘʨʮʘ (ʈʠʩʫʥʦʢ 11). 

ʇʨʠ ʥʘʛʨʝʚʘʥʠʠ ʢʨʠʩʪʘʣʣʦʚ Ŭ-ʢʚʘʨʮʘ ʜʦ 573ʦʉ ʦʥʠ ʧʨʝʪʝʨʧʝʚʘʶʪ ʧʦʣʠʤʦʨʬʥʦʝ 

ʧʨʝʚʨʘʱʝʥʠʝ ʠ ʧʨʘʢʪʠʯʝʩʢʠ ʤʛʥʦʚʝʥʥʦ ʧʝʨʝʭʦʜʷʪ ʚ ɓ-ʢʚʘʨʮ. ʇʨʠ ʧʦʩʣʝʜʫʶʱʝʤ 

ʙʳʩʪʨʦʤ ʨʦʩʪʝ ʪʝʤʧʝʨʘʪʫʨ rʜʦ 1600ï1650 ʦʉ ʥʘʙʣʶʜʘʝʪʩʷ ʧʣʘʚʣʝʥʠʝ ʢʚʘʨʮʘ. ɽʩʣʠ 

ʞʝ ʢʨʠʩʪʘʣʣʳ ɓ-ʢʚʘʨʮʘ ʧʦʜʚʝʨʛʥʫʪʴ ʜʣʠʪʝʣʴʥʦʡ ʚʳʜʝʨʞʢʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 

ʧʦʨʷʜʢʘ 870 ʦʉ, ʪʦ ʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ ʧʝʨʝʭʦʜ ɓ-ʢʚʘʨʮʘ ʚ ɓ-ʪʨʠʜʠʤʠʪ. ɺʳʜʝʣʝʥʠʝ 

ʪʘʢʦʡ ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʬʘʟʳ ʤʝʞʜʫ ʢʚʘʨʮʝʤ ʠ ʢʨʠʩʪʦʙʘʣʠʪʦʤ ʢʘʢ Ŭ- ʠʣʠ ɓ- 

ʪʨʠʜʠʤʠʪ ʚʦʟʤʦʞʥʦ ʧʨʠ ʥʘʣʠʯʠʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʧʨʠʤʝʩʝʡ (ʦʢʩʠʜʦʚ ʱʝʣʦʯʥʳʭ 

ʤʝʪʘʣʣʦʚ ʠ ʜʨ.). ʂʘʢ ʙʫʜʝʪ ʧʦʢʘʟʘʥʦ ʚ ɻʣʘʚʝ 5, ʠʤʝʥʥʦ ʠʟ-ʟʘ ʦʪʩʫʪʩʪʚʠʷ ʵʪʠʭ 

ʧʨʠʤʝʩʝʡ ʚ ʢʚʘʨʮʠʪʘʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ɹʫʨʘʣ-ʉʘʨʜʳʢ ʬʘʟʘ ʪʨʠʜʠʤʠʪʘ ʚ ʵʪʦʤ 

ʤʘʪʝʨʠʘʣʝ ʥʝ ʦʙʥʘʨʫʞʝʥʘ. 
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ʈʠʩʫʥʦʢ 11 ï ʊʝʤʧʝʨʘʪʫʨʥʳʝ ʛʨʘʥʠʮʳ ʩʪʘʙʠʣʴʥʦʩʪʠ ʤʦʜʠʬʠʢʘʮʠʡ SiO2 ʧʦ ʌʝʥʥʝʨʫ [131]. 
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ʆʙʨʘʟʦʚʘʚʰʠʝʩʷ ʢʨʠʩʪʘʣʣʳ ʪʨʠʜʠʤʠʪʘ ʧʨʠ ʙʳʩʪʨʦʤ ʥʘʛʨʝʚʘʥʠʠ ʜʦ 

ʪʝʤʧʝʨʘʪʫʨʳ 1625 ʦʉ ʧʝʨʝʭʦʜʷʪ ʚ ʨʘʩʧʣʘʚ. ʆʜʥʘʢʦ ʜʣʠʪʝʣʴʥʳʡ ʥʘʛʨʝʚ ɓ-ʪʨʠʜʠʤʠʪʘ 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʧʦʨʷʜʢʘ 1470 ʦʉ ʧʨʠʚʦʜʠʪ ʢ ʧʝʨʝʭʦʜʫ ɓ-ʪʨʠʜʠʤʠʪʘ, ɓ-ʢʨʠʩʪʦʙʘʣʠʪ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʫʶ ʤʦʜʠʬʠʢʘʮʠʶ ʢʨʝʤʥʝʟʝʤʘ ʠ ʚʧʦʣʥʝ 

ʫʩʪʦʡʯʠʚ ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 1470ï1625 ʦʉ. ɼʠʘʛʨʘʤʤʘ ʌʝʥʥʝʨʘ (ʈʠʩʫʥʦʢ 11) 

ʯʝʨʝʟ ʥʝʢʦʪʦʨʦʝ ʚʨʝʤʷ ʙʳʣʘ ʫʪʦʯʥʝʥʘ ʌʝʨʛʶʩʦʥʦʤ [132] ʠ ɻʨʝʡʛʦʤ [133]. ʇʦ 

ʨʝʟʫʣʴʪʘʪʘʤ ʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʪʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʠʷ ʢʨʠʩʪʦʙʘʣʠʪʘ ʦʮʝʥʠʚʘʝʪʩʷ 

ʢʘʢ 1710-1713 ʦʉ. ʉʦʛʣʘʩʥʦ ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʧʨʘʢʪʠʯʝʩʢʦʡ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʰʢʘʣʝ 

ʪʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʠʷ ʢʨʠʩʪʦʙʘʣʠʪʘ ʩʦʩʪʘʚʣʷʝʪ 1723 ʦʉ [134].  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʫʪʦʯʥʝʥʥʦʡ ʜʠʘʛʨʘʤʤʦʡ ʌʝʥʥʝʨʘ ʚʦʟʤʦʞʥʳ 

ʪʨʠ ʧʨʦʮʝʩʩʘ ʧʦʣʫʯʝʥʠʷ ʢʚʘʨʮʝʚʦʛʦ ʩʪʝʢʣʘ: 

- ʙʳʩʪʨʦʝ ʧʣʘʚʣʝʥʠʝ ɓ-ʢʚʘʨʮʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1600-1630 ʦʉ; 

- ʙʳʩʪʨʦʝ ʧʣʘʚʣʝʥʠʝ ɓ-ʪʨʠʜʠʤʠʪʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1650 ʦʉ; 

- ʧʣʘʚʣʝʥʠʝ ʢʨʠʩʪʦʙʘʣʠʪʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1723 ʦʉ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʪʝʦʨʝʪʠʯʝʩʢʠ ʧʣʘʚʣʝʥʠʝ ʢʚʘʨʮʝʚʦʛʦ ʩʪʝʢʣʘ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 1600-1630 ʦʉ, ʥʦ ʥʘ ʧʨʘʢʪʠʢʝ ʪʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʠ ̫ ʢʚʘʨʮʝʚʦʡ 

ʢʨʫʧʢʠ ʩʦʪʘʚʣʷʝʪ 1723 ʦʉ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ 

ʤʦʜʠʬʠʢʘʮʠʠ ʢʨʝʤʥʝʟʝʤʘ [135].  

ɺ 1932 ʛʦʜʫ ʋʠʣʴʷʤ ɿʘʭʘʨʠʘʩʝʥ ʚ ʩʚʦʝʡ ʨʘʙʦʪʝ [136] ʧʨʝʜʣʦʞʠʣ ʢʣʘʩʩʠʯʝʩʢʫʶ 

ʤʦʜʝʣʴ ʩʪʨʫʢʪʫʨʳ ʢʚʘʨʮʝʚʦʛʦ ʩʪʝʢʣʘ ʚ ʚʠʜʝ ʪʨʝʭʤʝʨʥʦʡ ʥʝʧʨʝʨʳʚʥʦʡ ʩʣʫʯʘʡʥʦʡ 

ʩʝʪʢʠ, ʢʦʪʦʨʘʷ ʥʝ ʧʨʝʜʧʦʣʘʛʘʣʘ ʢʘʢʠʭ-ʣʠʙʦ ʦʪʣʠʯʠʡ ʠʟ-ʟʘ ʨʘʟʣʠʯʥʦʛʦ ʬʘʟʦʚʦʛʦ 

ʩʦʩʪʘʚʘ ʠʩʭʦʜʥʦʛʦ SiO2. ʉʯʠʪʘʣʦʩʴ, ʯʪʦ ʙʘʟʦʚʦʡ ʩʪʨʫʢʪʫʨʥʦʡ ʝʜʠʥʠʮʝʡ ʩʪʝʢʣʘ 

ʷʚʣʷʝʪʩʷ ʢʨʝʤʥʠʡ-ʢʠʩʣʦʨʦʜʥʳʡ ʪʝʪʨʘʵʜʨ (ʈʠʩʫʥʦʢ 12-ʘ), ʘ ʜʘʣʴʥʠʡ ʧʦʨʷʜʦʢ 

ʥʘʨʫʰʘʝʪʩʷ ʩʣʫʯʘʡʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʫʛʣʘ SiïOïSi ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ (ʦʪ 

120Á ʜʦ 180Á). ɺ ʨʘʙʦʪʝ ʋʦʨʨʝʥʘ [137], ʧʦʩʚʷʱʝʥʥʦʡ ʠʩʩʣʝʜʦʚʘʥʠ ʁʩʪʨʫʢʪʫʨʳ 

ʢʚʘʨʮʝʚʦʛʦ ʩʪʝʢʣʘ ʤʝʪʦʜʦʤ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʜʠʬʨʘʢʮʠʠ, ʵʪʘ ʤʦʜʝʣʴ ʧʦʜʪʚʝʨʜʠʣʘʩ.ɹ 

ʅʘ ʈʠʩʫʥʢʝ 12 ʩʭʝʤʘʪʠʯʥʦ ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʪʨʫʢʪʫʨʘ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʢʚʘʨʮʘ (ʙ) ʠ 

ʩʪʨʫʢʪʫʨʘ ʢʚʘʨʮʝʚʦʛʦ ʩʪʝʢʣʘ ʚ ʚʠʜʝ ʙʝʩʧʦʨʷʜʦʯʥʦʡ ʩʝʪʢʠ (ʚ) [138]. 
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ʇʝʨʝʭʦʜ ʦʪ ʠʜʝʘʣʴʥʦʛʦ ʢʨʠʩʪʘʣʣʘ ʢ ʩʪʝʢʣʫ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʦʩʫʱʝʩʪʚʣʝʥ ʣʠʰʴ 

ʟʘ ʩʯʝʪ ʜʝʬʦʨʤʘʮʠʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ: ʜʣʷ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʳ ʨʘʟʨʳʚ ʯʘʩʪʠ 

ʩʪʘʨʳʭ ʠ ʦʙʨʘʟʦʚʘʥʠʝ ʥʦʚʳʭ ʩʚʷʟʝʡ, ʪʦ ʝʩʪʴ ʪʨʝʙʫʝʪʩʷ ʠʟʤʝʥʝʥʠʝ ʪʦʧʦʣʦʛʠʠ 

ʢʨʝʤʥʝʢʠʩʣʦʨʦʜʥʦʡ ʩʝʪʢʠ. ʇʨʠ ʵʪʦʤ ʥʘʨʫʰʘʝʪʩʷ ʩʠʤʤʝʪʨʠʷ ʨʘʩʧʦʣʦʞʝʥʠʷ ʘʪʦʤʦʚ 

ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʦʧʨʝʜʝʣʷʶʱʘʷ ʜʘʣʴʥʠʡ ʧʦʨʷʜʦʢ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʝ, ʠ 

ʠʟʤʝʥʷʝʪʩʷ ʩʪʘʪʠʩʪʠʢʘ ʢʦʣʝʮ. ɽʩʣʠ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʤʦʜʠʬʠʢʘʮʠʷʭ ʢʨʝʤʥʝʟʝʤʘ, 

ʥʘʧʨʠʤʝʨ, ʚ ʢʚʘʨʮʝ ʠʣʠ ʢʨʠʩʪʦʙʘʣʠʪʝ, ʪʝʪʨʘʵʜʨʳ SiO4, ʩʦʯʝʪʘʷʩʴ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ, 

ʦʙʨʘʟʫʶʪ ʟʘʤʢʥʫʪʳʝ ʰʝʩʪʠʯʣʝʥʥʳʝ ʢʦʣʴʮʘ [139], ʪʦ ʚ ʢʨʝʤʥʝʢʠʩʣʦʨʦʜʥʦʡ ʩʝʪʢʝ 

ʩʪʝʢʣʦʦʙʨʘʟʥʦʛʦ ʢʨʝʤʥʝʟʝʤʘ ʤʦʛʫʪ ʧʨʠʩʫʪʩʪʚʦʚʘʪʴ ʢʦʣʴʮʘ ʩ ʨʘʟʣʠʯʥʳʤ ʯʠʩʣʦʤ 

ʪʝʪʨʘʵʜʨʦʚ SiO4 ʠ ʩʦʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ ʵʪʠʤʠ ʢʦʣʴʮʘʤʠ ʤʦʞʝʪ ʚʘʨʴʠʨʦʚʘʪʴʩʷ [140]. 

ʂʘʢ ʧʦʢʘʟʘʣʠ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʨʝʥʪʛʝʥʦʚʩʢʠʝ ʠ ʥʝʡʪʨʦʥʦʛʨʘʬʠʯʝʩʢʠʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ, ʥʘʣʠʯʠʝ ʥʝʫʧʦʨʷʜʦʯʝʥʥʦʡ ʩʝʪʢʠ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʩʪʨʫʢʪʫʨʦʡ 

ʦʜʥʦʢʦʤʧʦʥʝʥʪʥʳʭ ʩʪʝʢʦʣ, ʪʘʢʠʭ ʢʘʢ B2O3, SiO2, As2O3, Si, B ʠ ʥʝʢʦʪʦʨʳʭ ʜʨʫʛʠʭ 

[141]. ʆʜʥʘʢʦ ʜʣʷ ʩʪʝʢʦʣ, ʩʦʜʝʨʞʘʱʠʭ ʜʚʘ ʠʣʠ ʙʦʣʝʝ ʢʦʤʧʦʥʝʥʪʦʚ, ʭʘʨʘʢʪʝʨʥʘ 

ʭʠʤʠʯʝʩʢʘʷ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ. ʊʘʢ, ʧʨʠ ʚʚʝʜʝʥʠʠ ʚ SiO2 ʦʢʩʠʜʘ ʥʘʪʨʠʷ ʚ ʨʝʟʫʣʴʪʘʪʝ 

 

ʈʠʩʫʥʦʢ 12 ï ʊʵʪʨʘʵʜʨʠʯʝʩʢʘʷ ʛʨʫʧʧʠʨʦʚʢʘ (SiO4  )
4-(a) ʠ ʩʭʝʤʘʪʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʥʘ 

ʧʣʦʩʢʦʩʪʠ ʩʪʨʦʝʥʠ:̫ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʢʚʘʨʮʘ (ʙ), ʢʚʘʨʮʝʚʦʛʦ ʩʪʝʢʣʘ (ʚ), 

ʥʘʪʨʠʝʚʦʩʠʣʠʢʘʪʥʦʛʦ ʩʪʝʢʣʘ (ʛ) [138]. 
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ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʦʢʩʠʜʦʚ, ʥʝʩʤʦʪʨʷ ʥʘ ʩʦʭʨʘʥʝʥʠʝ ʢʦʦʨʜʠʥʘʮʠʠ ʘʪʦʤʦʚ ʢʨʝʤʥʠʷ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʠʩʣʦʨʦʜʘ, ʥʝʧʨʝʨʳʚʥʦʩʪʴ ʢʨʝʤʥʝʢʠʩʣʦʨʦʜʥʦʡ ʩʝʪʢʠ ʥʘʨʫʰʘʝʪʩʷ ʟʘ 

ʩʯʝʪ ʯʘʩʪʠʯʥʳʭ ʦʙʨʳʚʦʚ ʩʚʷʟʝʡ SiïOïSi, ʩʦʝʜʠʥʷʶʱʠʭ ʪʝʪʨʘʵʜʨʳ ʤʝʞʜʫ ʩʦʙʦʡ 

[141]. ʇʦʷʚʣʷʶʪʩʷ ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ ʥʝʤʦʩʪʠʢʦʚʳʝ ʘʪʦʤʳ ʢʠʩʣʦʨʦʜʘ (ʈʠʩʫʥʦʢ 12-ʛ), 

ʚ ʦʪʣʠʯʠʠ ʦʪ ʙʝʟʜʝʬʝʢʪʥʦʛʦ ʢʚʘʨʮʝʚʦʛʦ ʩʪʝʢʣʘ, ʚ ʢʦʪʦʨʦʤ ʩʫʱʝʩʪʚʫʶʪ ʪʦʣʴʢʦ 

ʤʦʩʪʠʢʦʚʳʝ ʘʪʦʤʳ ʢʠʩʣʦʨʦʜʘ (ʈʠʩʫʥʦʢ 12-ʚ). ɼʣʷ ʪʘʢʠʭ ʩʣʦʞʥʳʭ ʩʪʝʢʦʣ 

ʩʪʘʥʦʚʠʪʩʷ ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʛʠʧʦʪʝʟʘ ʥʝʫʧʦʨʷʜʦʯʝʥʥʦʡ ʩʝʪʢʠ ɿʘʭʘʨʠʘʩʝʥʘ ʠ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʠʭ ʦʙʱʝʡ ʩʪʨʫʢʪʫʨʳ ʥʝʜʦʩʪʘʪʦʯʥʦ ʟʥʘʪʴ ʪʦʣʴʢʦ ʙʣʠʞʥʠʡ ʧʦʨʷʜʦʢ. 

ʅʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ ʠʭ ʩʪʨʦʝʥʠʝ ʥʘ ʨʘʩʩʪʦʷʥʠʷʭ, ʧʨʝʚʳʰʘʶʱʠʭ ʤʝʞʘʪʦʤʥʳʝ, 

ʪʘʢ ʥʘʟʳʚʘʝʤʳʡ ʜʘʣʴʥʠʡ ʧʦʨʷʜʦʢ. 

ʈʝʟʫʣʴʪʘʪʳ ʧʦʩʣʝʜʥʠʭ ʨʘʙʦʪ ʥʘʰʝʛʦ ʢʦʣʣʝʢʪʠʚʘ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʩʪʝʢʣʘ, 

ʧʦʣʫʯʝʥʥʳʝ ʠʟ ʩʧʝʮʠʘʣʴʥʦ ʧʦʜʛʦʪʦʚʣʝʥʥʳʭ ʢʦʥʮʝʥʪʨʘʪʦʚ ʥʘ ʦʩʥʦʚʝ Ŭ-ʢʚʘʨʮʘ ʠ 

ʢʨʠʩʪʦʙʘʣʠʪʘ, ʨʘʟʣʠʯʥʳ. ɹʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʤʝʪʦʜʦʤ ʤʦʣʝʢʫʣʷʨʥʦʡ ʜʠʥʘʤʠʢʠ 

ʦʩʦʙʝʥʥʦʩʪʠ ʧʣʘʚʣʝʥʠʷ ʢʚʘʨʮʘ ʠ ʢʨʠʩʪʦʙʘʣʠʪʘ, ʫʩʪʘʥʦʚʣʝʥʳ ʨʘʟʣʠʯʠʷ ʚ ʤʦʜʝʣʷʭ 

ʘʤʦʨʬʥʳʭ ʩʪʨʫʢʪʫʨ [142]. ʅʘʙʣʶʜʘʶʪʩʷ ʦʪʣʠʯʠʷ ʚ ʧʘʨʘʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚʘʭ 

ʨʘʜʠʘʮʠʦʥʥʳʭ ʜʝʬʝʢʪʦʚ [143], ʚ ʩʧʝʢʪʨʘʭ ʦʧʪʠʯʝʩʢʦʛʦ ʧʦʛʣʦʱʝʥʠʷ ʠ 

ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʪʦʯʝʯʥʳʭ ʜʝʬʝʢʪʦʚ, ʦ ʢʦʪʦʨʳʭ ʧʦʡʜʝʪ ʨʝʯʴ ʚ ɻʣʘʚʝ 5 ʜʘʥʥʦʡ 

ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ. ʂʘʢ ʙʫʜʝʪ ʧʦʢʘʟʘʥʦ ʥʠʞʝ, ʢʚʘʨʮʝʚʦʝ ʩʪʝʢʣʦ, ʧʦʣʫʯʝʥʥʦʝ 

ʠʟ ʢʦʥʮʝʥʪʨʘʪʘ ʢʨʠʩʪʦʙʘʣʠʪʘ, ʙʦʣʝʝ ʩʪʦʡʢʦʝ ʢ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ, ʯʝʤ ʩʪʝʢʣʦ, 

ʧʦʣʫʯʝʥʥʦʝ ʠʟ ʢʦʥʮʝʥʪʨʘʪʦʚ Ŭ-ʢʚʘʨʮʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʟʫʯʝʥʠʝ ʩʪʨʫʢʪʫʨʥʳʭ 

ʨʘʟʣʠʯʠʡ ʠ ʩʚʦʡʩʪʚ ʩʪʝʢʦʣ, ʦʙʨʘʟʦʚʘʥʥʳʭ ʠʟ ʨʘʟʣʠʯʥʳʭ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ 

ʤʦʜʠʬʠʢʘʮʠʡ SiO2, ʩʪʘʥʦʚʠʪʩʷ ʢʨʘʡʥʝ ʚʘʞʥʳʤ ʩ ʧʨʘʢʪʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ. 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʩʧʝʢʪʨʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʚʘʨʮʝʚʦʛʦ ʩʪʝʢʣʘ, ʚ ʯʘʩʪʥʦʩʪʠ ʝʛʦ 

ʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ʩʚʦʡʩʪʚʘ, ʦʧʨʝʜʝʣʷʶʪʩʷ ʢʘʢ ʭʠʤʠʯʝʩʢʠʤ ʩʦʩʪʘʚʦʤ ʠʩʭʦʜʥʦʛʦ 

ʢʚʘʨʮʝʚʦʛʦ ʩʳʨʴʷ, ʪʘʢ ʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʙʣʠʞʘʡʰʝʛʦ ʦʢʨʫʞʝʥʠʷ ʧʨʠʤʝʩʥʳʭ 

ʵʣʝʤʝʥʪʦʚ [144]. ʅʘʧʨʠʤʝʨ, ʧʨʠʩʫʪʩʪʚʠʝ ʘʣʶʤʠʥʠʷ ʠ ʛʝʨʤʘʥʠʷ, ʥʝʠʟʤʝʥʥʦ 

ʩʦʧʫʪʩʪʚʫʶʱʠʭ ʧʨʠʨʦʜʥʳʤ ʢʚʘʨʮʠʪʘʤ, ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ 

ʢʠʩʣʦʨʦʜʥʦ-ʜʝʬʠʮʠʪʥʳʭ ʮʝʥʪʨʦʚ (ODC) ʚ ʢʚʘʨʮʝʚʦʤ ʩʪʝʢʣʝ. ʕʪʠ ʮʝʥʪʨʳ, 

ʚʦʟʥʠʢʘʶʱʠʝ ʚ ʩʪʨʫʢʪʫʨʝ ʢʚʘʨʮʝʚʦʛʦ ʩʪʝʢʣʘ, ʘʢʪʠʚʥʦ ʫʯʘʩʪʚʫʶʪ ʚ ʤʝʭʘʥʠʟʤʘʭ 
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ʨʝʢʦʤʙʠʥʘʮʠʦʥʥʦʡ ʣʶʤʠʥʝʩʮʝʥʮʠʠ, ʟʥʘʯʠʪʝʣʴʥʦ ʚʣʠʷʷ ʥʘ ʝʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

[145].  

ʂʠʩʣʦʨʦʜʥʦ-ʜʝʬʠʮʠʪʥʳʝ ʮʝʥʪʨ r ʦʙʨʘʟʫʶʪʩʷ, ʢʦʛʜʘ ʚ ʩʪʨʫʢʪʫʨʝ ʤʘʪʝʨʠʘʣʘ 

ʦʪʩʫʪʩʪʚʫʝʪ ʦʜʠʥ ʠʣʠ ʥʝʩʢʦʣʴʢʦ ʘʪʦʤʦʚ ʢʠʩʣʦʨʦʜʘ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʦʷʚʣʝʥʠʶ 

çʢʠʩʣʦʨʦʜʥʳʭ ʚʘʢʘʥʩʠʡè. ʉʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʪʠʧʦʚ ʪʘʢʠʭ ʮʝʥʪʨʦʚ, 

ʦʪʣʠʯʘʶʱʠʭʩʷ ʩʚʦʝʡ ʩʪʨʫʢʪʫʨʦʡ ʠ ʩʚʦʡʩʪʚʘʤʠ. ʅʘ ʈʠʩʫʥʢʝ 13 ʜʘʥʳ ʤʦʜʝʣʠ ʪʨʝʭ 

ʦʩʥʦʚʥʳʭ ʪʠʧʦʚ ʢʠʩʣʦʨʦʜʥʦ-ʜʝʬʠʮʠʪʥʳʭ ʮʝʥʪʨʦʚ ʚ ʢʚʘʨʮʝʚʦʤ ʩʪʝʢʣʝ: EË-ʮʝʥʪʨ, 

ODC(I) ʠ ODC(II) . 

E'-ʮʝʥʪʨ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʠʟʫʯʝʥʥʳʤ ʜʝʬʝʢʪʦʤ ʚ ʢʚʘʨʮʝ ʠ ʘʤʦʨʬʥʦʤ SiO2 

[146-151]. ʕʪʦʪ ʮʝʥʪʨ ʷʚʣʷʝʪʩʷ ʧʘʨʘʤʘʛʥʠʪʥʳʤ ʠ ʭʦʨʦʰʦ ʨʝʛʠʩʪʨʠʨʫʝʪʩʷ ʤʝʪʦʜʦʤ 

ʕʇʈ. ɺ ʧʨʦʩʪʝʡʰʝʤ ʩʣʫʯʘʝ ʮʝʥʪʨ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʜʳʨʢʫ, ʟʘʭʚʘʯʝʥʥʫʶ ʥʘ 

ʚʘʢʘʥʩʠʠ ʢʠʩʣʦʨʦʜʘ (EË1-ʮʝʥʪʨ). ʆʙʨʘʟʦʚʘʥʠʝ ʪʘʢʦʛʦ ʮʝʥʪʨʘ ʧʨʠʚʦʜʠʪ ʢ 

ʧʝʨʝʩʪʨʦʡʢʝ ʩʦʩʝʜʥʠʭ ʘʪʦʤʦʚ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʦʜʠʥ ʘʪʦʤ ʢʨʝʤʥʠʷ ʩʪʘʥʦʚʠʪʩʷ 

ʪʨʸʭʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʤ (ʩʚʷʟʘʥʥʳʤ ʩ ʪʨʝʤʷ ʘʪʦʤʘʤʠ ʢʠʩʣʦʨʦʜʘ), ʘ ʥʘ ʜʨʫʛʦʤ ʘʪʦʤʝ 

ʢʨʝʤʥʠʷ ʣʦʢʘʣʠʟʫʝʪʩʷ ʥʝʩʧʘʨʝʥʥʳʡ ʵʣʝʢʪʨʦʥ (ʈʠʩʫʥʦʢ 13-ʘ). ʉʫʱʝʩʪʚʫʶʪ 

ʨʘʟʣʠʯʥʳʝ ʨʘʟʥʦʚʠʜʥʦʩʪʠ E'-ʮʝʥʪʨʦʚ, ʢʦʪʦʨʳʝ ʟʘʚʠʩʷʪ ʦʪ ʣʦʢʘʣʴʥʦʛʦ ʦʢʨʫʞʝʥʠʷ 

ʜʝʬʝʢʪʘ. ʅʘʧʨʠʤʝʨ, ʚ ʘʤʦʨʬʥʦʤ SiO2 ʘʥʘʣʦʛʦʤ EË1-ʮʝʥʪʨʘ ʷʚʣʷʝʪʩʷ EËɔ-ʮʝʥʪʨ. 

ʉʫʱʝʩʪʚʫʝʪ ʪʘʢʞʝ ʠ ʚʝʩʴʤʘ ʭʦʨʦʰʦ ʠʟʫʯʝʥ EËS-ʮʝʥʪʨ ï ʧʦʚʝʨʭʥʦʩʪʥʳʡ ʚʘʨʠʘʥʪ 

EË- ʮʝʥʪʨʘ. ɽʛʦ ʕʇʈ ʩʧʝʢʪʨ ʠ ʦʧʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʘʥʘʣʦʛʠʯʥʳ ʩʚʦʡʩʪʚʘʤ 

EËɔ- ʮʝʥʪʨʘ [147].  

ODC(I) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʝʡʪʨʘʣʴʥʫʶ ʢʠʩʣʦʨʦʜʥʫʶ ʚʘʢʘʥʩʠʶ: ʜʚʘ ʘʪʦʤʘ 

ʢʨʝʤʥʠʷ, ʢʦʪʦʨʳʝ ʜʦʣʞʥʳ ʙʳʣʠ ʙʳʪʴ ʩʦʝʜʠʥʝʥʳ ʯʝʨʝʟ ʘʪʦʤ ʢʠʩʣʦʨʦʜʘ, ʥʦ ʚʤʝʩʪʦ 

ʵʪʦʛʦ ʦʙʨʘʟʫʶʪ ʧʨʷʤʫʶ ʩʚʷʟʴ ſSiīSiſ (ʈʠʩʫʥʦʢ 13-ʙ). ODC(I) ʜʠʘʤʘʛʥʠʪʝʥ ʠ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʦʛʣʦʱʝʥʠʝʤ ʚ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʡ ʦʙʣʘʩʪʠ ʩʧʝʢʪʨʘ ʚ ʨʘʡʦʥʝ 

ʦʢʦʣʦ 7,6 ʵɺ [152]. ɼʨʫʛʦʡ ʪʠʧ ʢʠʩʣʦʨʦʜʥʦ-ʜʝʬʠʮʠʪʥʳʭ ʮʝʥʪʨʦʚ ï ODC(II). ʆʥ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʜʚʫʭʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʡ ʘʪʦʤ ʢʨʝʤʥʠʷ (ʈʠʩʫʥʦʢ 13-ʚ). ɺ ʥʝʤ 

ʘʪʦʤ ʢʨʝʤʥʠʷ ʩʚʷʟʘʥ ʪʦʣʴʢʦ ʩ ʜʚʫʤʷ ʘʪʦʤʘʤʠ ʢʠʩʣʦʨʦʜʘ, ʘ ʥʝ ʩ ʯʝʪʳʨʴʤʷ, ʢʘʢ ʚ 

ʠʜʝʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʝ [148]. ɼʣʷ ODC(II) ʭʘʨʘʢʪʝʨʥʘ ʣʶʤʠʥʝʩʮʝʥʮʠʷ ʚ ʩʠʥʝʡ ʠ 

ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʡ ʦʙʣʘʩʪʷʭ ʩʧʝʢʪʨʘ [153]. 
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ʅʘʣʠʯʠʝ ʧʨʠʤʝʩʠ ʛʝʨʤʘʥʠʷ ʫʚʝʣʠʯʠʚʘʝʪ ʯʠʩʣʦ ʚʦʟʤʦʞʥʳʭ ʚʘʨʠʘʥʪʦʚ 

ʢʠʩʣʦʨʦʜʥʦ-ʜʝʬʠʮʠʪʥʳʭ ʮʝʥʪʨʦʚ. ɸʪʦʤ ʛʝʨʤʘʥʠʷ ʚ ʪʘʢʦʤ ʩʣʫʯʘʝ ʟʘʤʝʱʘʝʪ ʘʪʦʤ 

ʢʨʝʤʥʠʷ ʠ ʩʪʘʥʦʚʠʪʩʷ ʮʝʥʪʨʦʤ ʜʝʬʝʢʪʘ, ʦʙʨʘʟʫʷ ʨʷʜ ʛʝʨʤʘʥʠʝʚʳʭ EË-ʮʝʥʪʨʦʚ, 

ʥʝʡʪʨʘʣʴʥʫʶ ʢʠʩʣʦʨʦʜʥʫʶ ʚʘʢʘʥʩʠʶ ʥʘ ʘʪʦʤʝ ʛʝʨʤʘʥʠʷ (ʛʝʨʤʘʥʠʡ-ʢʨʝʤʥʠʝʚʫʶ 

ʩʚʷʟʴ) ʠ ʜʚʫʭʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʡ ʘʪʦʤ ʛʝʨʤʘʥʠʷ (ʥʘʟʳʚʘʝʤʳʡ ʪʘʢʞʝ GLPC ʠʣʠ 

Ge2
0).  GeEË-ʮʝʥʪʨ,r Ge-ODC(I) ʠ Ge-ODC(II)  ʚ ʮʝʣʦʤ ʦʙʣʘʜʘʶʪ ʧʦʭʦʞʠʤʠ 

ʩʧʝʢʪʨʘʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʩ ʠʭ ʘʥʘʣʦʛʘʤʠ ʚ ʙʝʩʧʨʠʤʝʩʥʳʭ ʢʚʘʨʮʝʚʳʭ ʩʪʝʢʣʘʭ 

[155, 156]. ʆʜʥʘʢʦ, ʯʝʤ ʙʦʣʴʰʝ ʢʦʥʮʝʥʪʨʘʮʠʷ ʛʝʨʤʘʥʠʷ ʚ ʩʪʝʢʣʝ, ʪʝʤ ʩʠʣʴʥʝʝ 

ʧʨʦʷʚʣʷʶʪʩʷ ʠʭ ʦʩʦʙʝʥʥʦʩʪʠ. ʂʨʦʤʝ ʪʦʛʦ, ʘʪʦʤʳ ʛʝʨʤʘʥʠʷ ʤʦʛʫʪ ʚʭʦʜʠʪʴ ʚ 

ʨʘʟʣʠʯʥʳʝ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʩʬʝʨʳ ʜʝʬʝʢʪʘ, ʫʩʣʦʞʥʷʷ ʠ ʚʠʜʦʠʟʤʝʥʷʷ ʝʛʦ ʩʧʝʢʪʨʳ. 

 ɺ ʦʙʟʦʨʥʦʡ ʨʘʙʦʪʝ ʉʠʣʴʚʝʥʘ ɾʠʨʘʨʜʘ [157] ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚʦʟʤʦʞʥʳʝ 

ʮʝʥʪʨ r ʦʢʨʘʩʢʠ ʚ ʙʝʩʧʨʠʤʝʩʥʦʤ ʢʚʘʨʮʝʚʦʤ ʩʪʝʢʣʝ ʠ ʧʨʠʚʦʜʷʪʩʷ ʠʭ ʩʧʝʢʪʨʳ 

ʧʦʛʣʦʱʝʥʠʷ (ʈʠʩʫʥʦʢ 14). ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ, ʬʠʦʣʝʪʦʚʘʷ, ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʘʷ ʠ 

ʚʘʢʫʫʤʥʦ-ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʘʷ ʦʙʣʘʩʪʠ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʜʠʘʧʘʟʦʥʘ ʚʝʩʴʤʘ ʧʣʦʪʥʦ 

ʧʝʨʝʢʨʳʪʳ ʧʦʣʦʩʘʤʠ ʧʦʛʣʦʱʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʮʝʥʪʨʦʚ ʦʢʨʘʩʢʠ, ʥʦ, ʢʘʢ ʧʨʘʚʠʣʦ, ɻ ʪʠ 

ʜʝʬʝʢʪʳ ʩʝʙʷ ʥʝ ʧʨʦʷʚʣʷʶʪ ʦʜʥʦʚʨʝʤʝʥʥʦ. 

 

ʈʠʩʫʥʦʢ 13 ï ʄʦʜʝʣʠ ʢʠʩʣʦʨʦʜʥʦ-ʜʝʬʠʮʠʪʥʳʭ ʮʝʥʪʨʦʚ ʚ ʢʚʘʨʮʝʚʦʤ ʩʪʝʢʣʝ [154]:  

EË-ʮʝʥʪʨ ï ʢʠʩʣʦʨʦʜʥʘʷ ʚʘʢʘʥʩʠʷ, ʟʘʭʚʘʪʠʚʰʘʷ ʜʳʨʢʫ (ʘ);  

ODC(I) ï ʨʝʣʘʢʩʠʨʦʚʘʚʰʘʷ ʢʠʩʣʦʨʦʜʥʘʷ ʚʘʢʘʥʩʠʷ (ʢʨʝʤʥʠʡ-ʢʨʝʤʥʠʝʚʘʷ ʩʚʷʟʴ) (ʙ);  

ODC(II) ï ʜʚʫʭʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʡ ʥʝʡʪʨʘʣʴʥʳʡ ʘʪʦʤ ʢʨʝʤʥʠʷ (ʚ).  
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ʈʠʩʫʥʦʢ 14 ï ʉʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ ʮʝʥʪʨʦʚ ʦʢʨʘʩʢʠ ʚ ʙʝʩʧʨʠʤʝʩʥʦʤ ʢʚʘʨʮʝʚʦʤ ʩʪʝʢʣʝ [157].  

ʇʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ POR, NBOHC, ODC ʦʙʫʩʣʦʚʣʝʥʳ ʧʝʨʦʢʩʠʜʥʳʤʠ ʨʘʜʠʢʘʣʘʤʠ, 

ʥʝʤʦʩʪʠʢʦʚʳʤʠ ʢʠʩʣʦʨʦʜʥʳʤʠ ʜʳʨʦʯʥʳʤʠ ʮʝʥʪʨʘʤʠ ʠ ʢʠʩʣʦʨʦʜʥʦ-ʜʝʬʠʮʠʪʥʳʤʠ ʮʝʥʪʨʘʤʠ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ STH ʠ STE ʦʙʫʩʣʦʚʣʝʥʳ ʘʚʪʦʣʦʢʘʣʠʟʦʚʘʥʥʳʤʠ ʜʳʨʢʘʤʠ 

ʠ ʘʚʪʦʣʦʢʘʣʠʟʦʚʘʥʳʤ ʵʢʩʠʪʦʥʦʤ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ɺ ʢʚʘʨʮʝʚʦʤ ʩʪʝʢʣʝ ʪʘʢʠʝ ʮʝʥʪʨʳ ʦʢʨʘʩʢʠ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʩʚʷʟʘʥʳ 

ʣʠʙʦ ʩ ʠʟʙʳʪʢʦʤ ʘʪʦʤʦʚ ʢʠʩʣʦʨʦʜʘ, ʣʠʙʦ ʩ ʠʭ ʥʝʜʦʩʪʘʪʢʦʤ. ʂʠʩʣʦʨʦʜʥʦ-

ʠʟʙʳʪʦʯʥʳʤʠ ʜʝʬʝʢʪʘʤʠ ʷʚʣʷʶʪʩʷ ʥʝʤʦʩʪʠʢʦʚʳʡ ʘʪʦʤ ʢʠʩʣʦʨʦʜʘ (non-bridging 

oxygen hole center ï NBOHC) ſSiïO, ʧʝʨʦʢʩʠʜʥʳʡ ʨʘʜʠʢʘʣ (peroxy radical POR) 

ſSiïOïO, ʤʝʞʜʦʫʟʝʣʴʥʘʷ ʤʦʣʝʢʫʣʘ ʢʠʩʣʦʨʦʜʘ ʠ ʤʝʞʜʦʫʟʝʣʴʥʘʷ ʤʦʣʝʢʫʣʘ ʦʟʦʥʘ. ʂ 

ʢʠʩʣʦʨʦʜʥʦ-ʜʝʬʠʮʠʪʥʳʤ ʮʝʥʪʨʘʤ ʢʚʘʨʮʝʚʦʛʦ ʩʪʝʢʣʘ, ʢʘʢ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʚʳʰʝ, 

ʦʪʥʦʩʷʪʩʷ EË-ʮʝʥʪʨ, ʥʝʡʪʨʘʣʴʥʘʷ ʢʠʩʣʦʨʦʜʥʘʷ ʚʘʢʘʥʩʠʷ ʠ ʜʚʫʭʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʡ 

ʘʪʦʤ ʢʨʝʤʥʠʷ (ʈʠʩʫʥʦʢ 13).  

ʃʝʛʠʨʦʚʘʥʠʝ ʢʚʘʨʮʝʚʦʛʦ ʩʪʝʢʣʘ ʨʝʜʢʦʟʝʤʝʣʴʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʦʪʢʨʳʚʘʝʪ 

ʰʠʨʦʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʩʦʟʜʘʥʠʷ ʤʘʪʝʨʠʘʣʦʚ, ʧʨʠʤʝʥʷʝʤʳʭ ʚ ʨʘʟʣʠʯʥʳʭ 

ʦʙʣʘʩʪʷʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. ʅʘʧʨʠʤʝʨ, ʜʦʙʘʚʣʝʥʠʝ 

ʩʦʝʜʠʥʝʥʠʡ ʮʝʨʠʷ ʠ ʪʠʪʘʥʘ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʩʚʝʪʦʧʨʦʧʫʩʢʘʥʠʷ ʚ 

ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʤ ʜʠʘʧʘʟʦʥʝ. ʕʪʦ ʷʚʣʝʥʠʝ ʩʚʷʟʘʥʦ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʚ ʩʪʨʫʢʪʫʨʝ 

ʩʪʝʢʣʘ ʫʩʪʦʡʯʠʚʦʛʦ ʦʢʩʠʜʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʉʝïʊiïʆ ʧʝʨʝʤʝʥʥʦʛʦ ʩʦʩʪʘʚʘ [158]. 

ʊʘʢʠʝ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʝ ʩʪʝʢʣʘ ʥʘʭʦʜʷʪ ʧʨʠʤʝʥʝʥʠʝ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ 

ʪʝʨʤʦʩʪʦʡʢʠʭ ʩʚʝʪʦʬʠʣʴʪʨʦʚ, ʥʘʧʨʠʤʝʨ, ʜʣʷ ʬʠʣʴʪʨʘʮʠʠ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʛʦ 

ʠʟʣʫʯʝʥʠʷ ʚ ʩʠʩʪʝʤʘʭ ʥʘʢʘʯʢʠ ʣʘʟʝʨʦʚ (Ozone Free Glass Tubes) [8, 159]. 
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ʂʨʦʤʝ ʪʦʛʦ, ʩʪʝʢʣʘ, ʣʝʛʠʨʦʚʘʥʥʳʝ ʮʝʨʠʝʤ, ʦʙʣʘʜʘʶʪ ʣʶʤʠʥʝʩʮʝʥʮʠʝʡ ʩ 

ʤʘʢʩʠʤʫʤʦʤ ʠʟʣʫʯʝʥʠʷ ʚ ʜʠʘʧʘʟʦʥʝ 420ï460 ʥʤ. ʕʪʘ ʰʠʨʦʢʘʷ ʧʦʣʦʩʘ ʩʚʝʯʝʥʠʷ 

ʧʨʦʷʚʣʷʝʪʩʷ ʭʘʨʘʢʪʝʨʥʳʤ ʛʦʣʫʙʦʚʘʪʦ-ʙʝʣʳʤ ʦʪʪʝʥʢʦʤ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʪʘʢʠʝ ʤʘʪʝʨʠʘʣʳ ʚ ʩʦʩʪʘʚʝ ʙʝʣʳʭ ʣʶʤʠʥʦʬʦʨʦʚ ʠʣʠ ʚ ʢʘʯʝʩʪʚʝ ʜʝʪʝʢʪʦʨʦʚ 

ʠʦʥʠʟʠʨʫʶʱʝʛʦ ʠʟʣʫʯʝʥʠʷ ʚ ʜʦʟʠʤʝʪʨʠʠ [160]. ʃʶʤʠʥʝʩʮʝʥʮʠʷ ʮʝʨʠʷ ʦʙʫʩʣʦʚʣʝʥʘ 

ʨʘʟʨʝʰʝʥʥʳʤ ʧʝʨʝʭʦʜʦʤ 5dï4f, ʚʨʝʤʷ ʟʘʪʫʭʘʥʠʷ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 

60 ʥʩ. ʆʜʥʘʢʦ ʧʨʠʤʝʥʝʥʠʝ ʩʪʝʢʦʣ ʚ ʨʦʣʠ ʩʮʠʥʪʠʣʣʷʪʦʨʦʚ ʯʘʩʪʦ ʦʛʨʘʥʠʯʝʥʦ 

ʩʪʨʫʢʪʫʨʥʳʤʠ ʥʝʦʜʥʦʨʦʜʥʦʩʪʷʤʠ, ʥʘʣʠʯʠʝʤ ʩʦʙʩʪʚʝʥʥʳʭ ʧʨʠʤʝʩʝʡ ʠ ʪʦʯʝʯʥʳʭ 

ʜʝʬʝʢʪʦʚ. ʊʘʢʠʝ ʥʝʩʦʚʝʨʰʝʥʩʪʚʘ ʚ ʩʪʨʫʢʪʫʨʝ ʩʪʝʢʣʘ ʚʳʧʦʣʥʷʶʪ ʨʦʣʴ ʣʦʚʫʰʝʢ, 

ʢʦʪʦʨʳʝ ʧʨʝʧʷʪʩʪʚʫʶʪ ʵʬʬʝʢʪʠʚʥʦʤʫ ʧʝʨʝʥʦʩʫ ʩʚʦʙʦʜʥʳʭ ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʘ ʦʪ 

ʤʘʪʨʠʮʳ ʢ ʣʶʤʠʥʝʩʮʝʥʪʥʳʤ ʮʝʥʪʨʘʤ ʠ ʩʧʦʩʦʙʩʪʚʫʶʪ ʦʙʨʘʟʦʚʘʥʠʶ ʢʘʥʘʣʦʚ ʜʣʷ 

ʙʝʟʳʟʣʫʯʘʪʝʣʴʥʳʭ ʨʝʢʦʤʙʠʥʘʮʠʡ. 

ʇʝʨʩʧʝʢʪʠʚʥʦʪʴ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʚʘʨʮʝʚʳʭ ʩʪʝʢʦʣ, 

ʣʝʛʠʨʦʚʘʥʥʳʭ ʠʦʥʘʤʠ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʪʘʢʠʭ ʢʘʢ Eu2+ ʠ Ce3+, ʧʦʢʘʟʘʣ ʚ 

ʩʚʦʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ɺ.ʀ. ɸʨʙʫʟʦʚ. ɺ ʭʦʜʝ ʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʡ [161-164] ʙʳʣʘ 

ʧʦʜʪʚʝʨʞʜʝʥʘ ʚʳʩʦʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʪʘʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʠʟʫʯʝʥʳ ʢʠʥʝʪʠʯʝʩʢʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ fïd ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʚʠʜʘʭ ʚʦʟʙʫʞʜʝʥʠʷ. ɺ ʨʘʙʦʪʘʭ 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʢʚʘʥʪʦʚʳʡ ʚʳʭʦʜ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʩʮʠʠ ʚ ʪʘʢʠʭ ʢʚʘʨʮʝʚʳʭ ʩʪʝʢʣʘʭ 

ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ ʟʥʘʯʝʥʠʡ, ʙʣʠʟʢʠʭ ʢ 100 %, ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʚʳʭʦʜ 

ʨʘʜʠʦʣʶʤʠʥʝʩʮʝʥʮʠʠ ï 5 %, ʘ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ ʠ ʨʘʟʨʝʰʘʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʩʪʝʢʦʣ 

ʩ Eu2+ ʠ Ce3+ ʧʨʠ ʜʝʪʝʢʪʠʨʦʚʘʥʠʠ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ ʧʨʠʚʳʰʘʝʪ ʪʘʢʦʚʳʝ ʜʣʷ 

ʪʨʘʜʠʮʠʦʥʥʳʭ ʧʦʨʦʰʢʦʦʙʨʘʟʥʳʭ ʨʘʜʠʦʣʶʤʠʥʦʬʦʨʦʚ. ʕʪʦ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʨʝʢʦʤʝʥʜʦʚʘʪʴ ʢʚʘʨʮʝʚʳʝ ʩʪʝʢʣʘ ʩ Eu2+ ʠ Ce3+ ʚ ʢʘʯʝʩʪʚʝ ʤʘʪʝʨʠʘʣʘ ʜʣʷ 

ʠʟʛʦʪʦʚʣʝʥʠʷ ʙʳʩʪʨʦʜʝʡʩʪʚʫʶʱʠʭ ʜʝʪʝʢʪʦʨʦʚ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ. 

ʀʟʚʝʩʪʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ [165-167], ʧʦʩʚʷʱʝʥʥʳʝ ʠʟʫʯʝʥʠʶ ʣʶʤʠʥʝʩʮʝʥʮʠʠ 

ʮʝʨʠʷ ʚ ʢʚʘʨʮʝʚʳʭ ʩʪʝʢʣʘʭ, ʩʦʟʜʘʥʥʳʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʟʦʣʴ-ʛʝʣʴ ʤʝʪʦʜʘ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʦʚʝʜʝʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ, ʪʘʢʠʭ ʢʘʢ 

ʪʱʘʪʝʣʴʥʘʷ ʦʯʠʩʪʢʘ ʠʩʭʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʦʧʪʠʤʠʟʘʮʠʷ ʩʦʩʪʘʚʘ ʰʠʭʪʳ ʠ 

ʧʦʩʣʝʜʫʶʱʘʷ ʪʝʨʤʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʩʪʝʢʦʣ, ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʫʱʝʩʪʚʝʥʥʦʤʫ 
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ʫʣʫʯʰʝʥʠʶ ʠʭ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʩʚʦʡʩʪʚ. ɺ ʨʝʟʫʣʴʪʘʪʝ, ʠʥʪʝʥʩʠʚʥʦʩʪʴ 

ʨʝʥʪʛʝʥʦʣʶʤʠʥʝʩʮʝʥʮʠʠ ʫ ʩʪʝʢʦʣ, ʘʢʪʠʚʠʨʦʚʘʥʥʳʭ 0,1 % ʉʝ, ʦʢʘʟʳʚʘʝʪʩʷ 

ʧʨʠʤʝʨʥʦ ʚ ʜʚʘ ʨʘʟʘ ʚʳʰʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ Bi3Ge4O12 [165]. 

ʆʜʥʦʡ ʠʟ ʢʣʶʯʝʚʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʚʘʨʮʝʚʦʛʦ ʩʪʝʢʣʘ, ʧʦʤʠʤʦ ʝʛʦ ʦʧʪʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ, ʷʚʣʷʝʪʩʷ ʚʳʩʦʢʘʷ ʩʪʦʡʢʦʩʪʴ ʢ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ. ʀʤʝʥʥʦ ʵʪʦʪ ʧʘʨʘʤʝʪʨ 

ʦʧʨʝʜʝʣʷʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʟʜʝʣʠʡ ʠʟ ʢʚʘʨʮʝʚʦʛʦ ʩʪʝʢʣʘ ʚ ʫʩʣʦʚʠʷʭ 

ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʠ ʟʥʘʯʠʪʝʣʴʥʳʭ ʩʢʦʨʦʩʪʝʡ ʥʘʛʨʝʚʘ. ʕʪʦ ʩʚʦʡʩʪʚʦ ʦʩʦʙʝʥʥʦ 

ʚʘʞʥʦ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ, ʥʘʧʨʠʤʝʨ, ʢʝʨʘʤʠʯʝʩʢʠʭ ʨʘʜʠʦʧʨʦʟʨʘʯʥʳʭ ʦʙʦʣʦʯʝʢ 

ʘʥʪʝʥʥʳʭ ʦʙʪʝʢʘʪʝʣʝʡ ʜʣʷ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʳʭ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ [168], 

ʦʙʦʣʦʯʝʢ ʦʧʪʦʚʦʣʦʢʦʥʥʳʭ ʩʠʩʪʝʤ [169], ʘ ʪʘʢʞʝ ʢʦʤʧʦʥʝʥʪʦʚ ʜʣʷ 

ʤʠʢʨʦʵʣʝʢʪʨʦʥʠʢʠ. ʂʨʦʤʝ ʪʦʛʦ, ʠʩʩʣʝʜʦʚʘʥʠʝ ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ 

ʢʚʘʨʮʝʚʦʤ ʩʪʝʢʣʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʚʘʞʥʫʶ ʟʘʜʘʯʫ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʦʥʠʤʘʥʠʷ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ ʩʪʝʢʣʦ-ʢʨʠʩʪʘʣʣ. 

ʉʢʣʦʥʥʦʩʪʴ ʩʪʝʢʣʘ ʢ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʭʠʤʠʯʝʩʢʠʤ ʩʦʩʪʘʚʦʤ ʠ 

ʚʥʝʰʥʠʤʠ ʫʩʣʦʚʠʷʤʠ, ʪʘʢʠʤʠ ʢʘʢ ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʜʘʚʣʝʥʠʝ. ʊʘʢʞʝ ʚʘʞʥʳʤʠ 

ʬʘʢʪʦʨʘʤʠ ʚ ʵʪʦʤ ʧʨʦʮʝʩʩʝ ʷʚʣʷʶʪʩʷ ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ ʬʘʟ, ʥʘʣʠʯʠʝ ʛʘʟʦʚʦ-

ʞʠʜʢʦʩʪʥʳʭ ʠ ʠʥʦʨʦʜʥʳʭ ʪʚʝʨʜʳʭ ʚʢʣʶʯʝʥʠʡ. ɺ ʤʝʭʘʥʠʟʤʝ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ 

ʩʪʝʢʦʣ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʜʚʝ ʦʩʥʦʚʥʳʝ ʩʪʘʜʠʠ: ʥʘʯʘʣʴʥʦʝ ʬʦʨʤʠʨʦʚʘʥʠʝ ʮʝʥʪʨʦʚ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ (ʟʘʨʦʜʳʰʝʡ) ʠ ʧʦʩʣʝʜʫʶʱʠʡ ʨʦʩʪ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʥʘ 

ʠʭ ʦʩʥʦʚʝ [170-172]. ʎʝʥʪʨʳ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 

ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʝ ʯʘʩʪʠʮʳ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝʩʷ ʫʧʦʨʷʜʦʯʝʥʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʠ 

ʭʠʤʠʯʝʩʢʠʤ ʩʦʩʪʘʚʦʤ, ʘ ʪʘʢʞʝ ʠʤʝʶʱʠʝ ʯʝʪʢʫʶ ʛʨʘʥʠʮʫ ʨʘʟʜʝʣʘ ʬʘʟ ʩ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʦʡ. 

ʂʨʠʩʪʘʣʣʠʟʘʮʠʷ ʩʪʝʢʣʘ ʤʦʞʝʪ ʧʨʦʪʝʢʘʪʴ ʚ ʜʚʫʭ ʬʦʨʤʘʭ: ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʠ 

ʦʙʲʝʤʥʦʡ. ʆʙʳʯʥʦ ʦʙʲʝʤʥʘʷ ʢʨʠʩʪʘʣʣʠʟʘʮʠʷ ʚʦʟʥʠʢʘʝʪ ʥʘ ʙʦʣʝʝ ʧʦʟʜʥʝʤ ʵʪʘʧʝ, 

ʧʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʧʨʦʮʝʩʩʘ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ.  

ʂʚʘʨʮʝʚʦʝ ʩʪʝʢʣʦ, ʢʘʢ ʧʨʘʚʠʣʦ, ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʥʠʞʝ 1000Áʉ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʟʦʥʘ ʝʛʦ ʘʢʪʠʚʥʦʡ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʜʠʘʧʘʟʦʥʘ ʦʪ 1000 ʜʦ 
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1650 Áʉ. ɺ ʵʪʦʤ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʠʥʪʝʨʚʘʣʝ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʢʚʘʨʮʝʚʦʛʦ ʩʪʝʢʣʘ 

ʦʙʨʘʟʫʝʪʩʷ ʢʨʠʩʪʦʙʘʣʠʪ. ʆʜʥʘʢʦ ʧʨʠʩʫʪʩʪʚʠʝ ʚ ʩʦʩʪʘʚʝ ʢʚʘʨʮʝʚʦʛʦ ʩʪʝʢʣʘ ʧʨʠʤʝʩʝʡ 

ʦʢʩʠʜʦʚ ʱʝʣʦʯʥʳʭ ʤʝʪʘʣʣʦʚ ʤʦʞʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʦʙʨʘʟʦʚʘʥʠʶ ʢʨʠʩʪʘʣʣʦʚ 

ʪʨʠʜʠʤʠʪʘ [173]. ʅʘʣʠʯʠʝ ʪʘʢʠʭ ʧʨʠʤʝʩʝʡ, ʘ ʪʘʢʞʝ ʦʢʩʠʜʘ ʘʣʶʤʠʥʠʷ, ʩʧʦʩʦʙʥʦ 

ʩʫʱʝʩʪʚʝʥʥʦ ʫʩʢʦʨʠʪʴ ʧʨʦʮʝʩʩʳ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʢʚʘʨʮʝʚʦʛʦ ʩʪʝʢʣʘ, ʯʪʦ 

ʧʦʜʪʚʝʨʞʜʝʥʦ ʜʘʥʥʳʤʠ ʠʩʩʣʝʜʦʚʘʥʠʡ [174]. 

ɼʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʢʚʘʨʮʝʚʳʭ ʢʦʥʮʝʥʪʨʘʪʦʚ ʚʳʩʦʢʦʡ ʠ ʫʣʴʪʨʘʚʳʩʦʢʦʡ ʯʠʩʪʦʪʳ 

ʪʨʘʜʠʮʠʦʥʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʛʦʨʥʳʡ ʭʨʫʩʪʘʣʴ ʠ ʞʠʣʴʥʳʝ ʨʘʟʥʦʚʠʜʥʦʩʪʠ ʢʚʘʨʮʘ 

ʨʘʟʣʠʯʥʳʭ ʛʝʦʣʦʛʦ-ʧʨʦʤʳʰʣʝʥʥʳʭ ʪʠʧʦʚ [175-177]. ʆʜʥʘʢʦ ʞʠʣʳ ʟʘʯʘʩʪʫʶ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʦʛʨʘʥʠʯʝʥʥʳʤʠ ʟʘʧʘʩʘʤʠ ʠ ʟʥʘʯʠʪʝʣʴʥʦʡ ʥʝʩʪʘʙʠʣʴʥʦʩʪʴʶ ʚ 

ʭʠʤʠʯʝʩʢʦʤ ʠ ʩʪʨʫʢʪʫʨʥʦʤ ʦʪʥʦʰʝʥʠʠ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʥʠʭ, ʢʚʘʨʮʠʪʳ ɺʦʩʪʦʯʥʦʛʦ 

ʉʘʷʥʘ ʦʪʣʠʯʘʶʪʩʷ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʦʜʥʦʨʦʜʥʦʩʪʠ ʠ ʚʳʩʦʢʦʡ ʯʠʩʪʦʪʦʡ 

ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ, ʯʪʦ ʜʝʣʘʝʪ ʠʭ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʩʳʨʴʝʤ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʭ ʢʦʥʮʝʥʪʨʘʪʦʚ [178]. 

ɺ ʠʩʩʣʝʜʦʚʘʥʠʠ ɽ.ʀ. ɺʦʨʦʙʴʝʚʘ [129] ʢʚʘʨʮʠʪʳ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ɹʫʨʘʣ-ʉʘʨʜʳʢ, 

ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʚ ɺʦʩʪʦʯʥʦʤ ʉʘʷʥʝ (ɹʫʨʷʪʠʷ), ʧʦʣʫʯʠʣʠ ʥʘʟʚʘʥʠʝ 

çʩʫʧʝʨʢʚʘʨʮʠʪʳè ʙʣʘʛʦʜʘʨʷ ʯʨʝʟʚʳʯʘʡʥʦ ʥʠʟʢʦʤʫ ʩʦʜʝʨʞʘʥʠʶ ʧʨʠʤʝʩʝʡ. ʕʪʦ 

ʩʳʨʴʝ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʡ ʤʦʥʦʤʠʥʝʨʘʣʴʥʦʩʪʴʶ, ʚʳʩʦʢʦʡ 

ʭʠʤʠʯʝʩʢʦʡ ʯʠʩʪʦʪʦʡ ʠ ʩʧʝʮʠʬʠʯʝʩʢʠʤ ʛʝʥʝʟʠʩʦʤ. ʇʨʠʨʦʜʥʳʡ ʢʚʘʨʮ ɻʪʦʛʦ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥ ʟʝʨʥʘʤʠ ʩʨʝʜʥʝʡ ʬʨʘʢʮʠʝʡ ʧʦʨʷʜʢʘ 100 ʤʢʤ ʠ, 

ʩʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʷʚʣʷʝʪʩʷ Ŭ-ʢʚʘʨʮʝʤ, ʧʦʣʥʦʩʪʴʶ ʣʠʰʝʥʥʳʤ 

ʧʨʠʤʝʩʝʡ ʛʠʜʨʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ ʠ ʚʦʜʳ. ʇʦʩʣʝ ʭʠʤʠʯʝʩʢʦʛʦ ʦʙʦʛʘʱʝʥʠʷ 

ʢʦʥʮʝʥʪʨʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʠʟ ʩʫʧʝʨʢʚʘʨʮʠʪʦʚ, ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʢʨʘʡʥʝ ʤʘʣʦʡ 

ʩʫʤʤʦʡ ʤʘʩʩʦʚʳʭ ʜʦʣʝʡ ʧʨʠʤʝʩʝʡ, ʢʦʪʦʨʘʷ ʥʝ ʧʨʝʚʳʰʘʝʪ 0,001 % [179]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʫʧʝʨʢʚʘʨʮʠʪʳ ɺʦʩʪʦʯʥʳʭ ʉʘʷʥ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 

ʧʦʪʝʥʮʠʘʣʴʥʦ ʧʝʨʩʧʝʢʪʠʚʥʳʡ ʤʘʪʝʨʠʘʣ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʦʧʪʠʯʝʩʢʦʛʦ ʢʚʘʨʮʝʚʦʛʦ 

ʩʪʝʢʣʘ ʠ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʢʚʘʨʮʝʚʦʡ ʢʝʨʘʤʠʢʠ. ʀʟʫʯʝʥʠʝ ʦʧʪʠʯʝʩʢʠʭ ʠ 

ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʵʪʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʥʘʨʷʜʫ ʩ ʢʦʤʧʣʝʢʩʥʳʤ ʘʥʘʣʠʟʦʤ 

ʩʪʨʫʢʪʫʨʳ ʢʚʘʨʮʝʚʦʛʦ ʩʪʝʢʣʘ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ, ʘ ʪʘʢʞʝ ʦʮʝʥʢʘ 
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ʝʛʦ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ ʧʨʦʮʝʩʩʫ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ, ʤʦʞʝʪ ʧʦʩʣʫʞʠʪʴ ʦʩʥʦʚʦʡ ʜʣʷ 

ʨʘʟʨʘʙʦʪʢʠ ʤʝʪʦʜʦʚ ʤʦʜʠʬʠʢʘʮʠʠ ʜʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. ʕʪʦ ʤʦʞʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ 

ʫʜʦʚʣʝʪʚʦʨʝʥʠʶ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʪʨʝʙʦʚʘʥʠʡ ʜʣʷ ʥʫʞʜ ʥʘʮʠʦʥʘʣʴʥʦʡ 

ʵʢʦʥʦʤʠʢʠ ʠ ʦʙʦʨʦʥʥʦ-ʧʨʦʤʳʰʣʝʥʥʦʡ ʦʪʨʘʩʣʠ. 

1.5. ʆʩʥʦʚʥʳʝ ʚʳʚʦʜʳ ʢ ʛʣʘʚʝ 1 

ɼʠʛʘʣʦʠʜʳ ʥʘ ʦʩʥʦʚʝ ʩʦʣʝʡ BaF2-BaX2 (X=Br, Cl) ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 

ʟʘʧʦʤʠʥʘʶʱʠʝ ʣʶʤʠʥʦʬʦʨʳ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʧʨʦʤʳʰʣʝʥʥʳʭ ʮʠʬʨʦʚʳʭ 

ʨʘʜʠʦʛʨʘʬʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ ʠ ʥʘʭʦʜʷʪ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʨʘʟʣʠʯʥʳʭ ʩʬʝʨʘʭ 

ʥʘʫʢʠ ʠ ʪʝʭʥʠʢʠ. ɸʥʘʣʠʟ ʠʤʝʶʱʠʭʩʷ ʣʠʪʝʨʘʪʫʨʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ 

ʚʳʚʦʜ, ʯʪʦ ʙʦʣʴʰʠʥʩʪʚʦ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʜʪʚʝʨʞʜʘʝʪ 

ʩʦʩʪʦʷʪʝʣʴʥʦʩʪʴ ʤʦʥʦʤʦʣʝʢʫʣʷʨʥʦʡ ʨʝʢʦʤʙʠʥʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ 

ʬʦʪʦʩʪʠʤʫʣʠʨʫʝʤʦʡ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʚ BaFBr:Eu2+. ʉʦʛʣʘʩʥʦ ʵʪʦʡ ʤʦʜʝʣʠ, ʧʨʠ 

ʨʘʜʠʘʮʠʦʥʥʦʤ ʦʙʣʫʯʝʥʠʠ ʟʘʧʦʤʠʥʘʶʱʝʛʦ ʣʶʤʠʥʦʬʦʨʘ ʥʘ ʦʩʥʦʚʝ ʫʞʝ ʠʤʝʶʱʠʭʩʷ 

ʚʘʢʘʥʩʠʡ ʬʪʦʨʘ ʠ ʙʨʦʤʘ ʵʬʬʝʢʪʠʚʥʦ ʬʦʨʤʠʨʫʶʪʩʷ F-ʮʝʥʪʨʳ, ʠʛʨʘʶʱʠʝ ʨʦʣʴ 

ʣʦʚʫʰʝʢ ʚ ʧʨʦʮʝʩʩʝ ʌʉʃ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʚ ʧʨʦʮʝʩʩʝ 

ʬʦʪʦʩʪʠʤʫʣʠʨʦʚʘʥʥʦʡ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʚ BaFBr:Eu2+ ʫʯʘʩʪʚʫʶʪ ʠʩʢʣʶʯʠʪʝʣʴʥʦ 

F(Br-)-ʮʝʥʪʨʳ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʫʚʝʣʠʯʠʚʘʷ ʢʦʣʠʯʝʩʪʚʦ ʪʘʢʠʭ ʣʦʚʫʰʝʢ ʠ 

ʤʦʜʠʬʠʮʠʨʫʷ ʠʭ ʢʦʥʬʠʛʫʨʘʮʠʶ, ʤʦʞʥʦ ʦʞʠʜʘʪʴ ʧʦʚʳʰʝʥʠ ̫ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʟʘʧʦʤʠʥʘʶʱʝʛʦ ʣʶʤʠʥʦʬʦʨʘ ï ʫʚʝʣʠʯʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʌʉʃ ʠ ʩʜʚʠʛ ʩʧʝʢʪʨʘ 

ʩʪʠʤʫʣʠʨʫʶʱʝʛʦ ʩʚʝʪʘ ʚ ʙʦʣʝʝ ʫʜʦʙʥʫʶ, ʩ ʧʨʘʢʪʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ, ʦʙʣʘʩʪʴ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʤʠʨʦʚʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʦʚʦʜʠʣʘʩʴ ʥʘ 

ʢʦʤʤʝʨʯʝʩʢʠʭ ʟʘʧʦʤʠʥʘʶʱʠʭ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʵʢʨʘʥʘʭ ʩ ʛʨʘʥʫʣʠʨʦʚʘʥʥʳʤ 

ʧʦʢʨʳʪʠʝʤ (Imaging Plate). ʆʜʥʘʢʦ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʙʦʣʝʝ ʜʝʪʘʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ 

ʩʪʨʫʢʪʫʨʝ ʮʝʥʪʨʦʚ ʩʚʝʯʝʥʠʷ ʠ ʤʝʭʘʥʠʟʤʘʭ ʌʉʃ ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʠʤʠ ʷʚʣʷʶʪʩʷ 

ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʦʙʨʘʟʮʳ, ʧʦʟʚʦʣʷʶʱʠʝ ʧʨʠʤʝʥʪ̫ʴ ʤʝʪʦʜʳ ʦʧʪʠʯʝʩʢʦʡ 

ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʚ ʧʦʣʥʦʤ ʦʙʲʝʤʝ. ʊʘʢʞʝ ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʨʘʟʨʘʙʦʪʢʘ 

ʟʘʧʦʤʠʥʘʶʱʠʭ ʵʢʨʘʥʦʚ ʥʘ ʦʩʥʦʚʝ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʙʫʜʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʫʚʝʣʠʯʠ ʁ

ʠʭ ʨʘʟʨʝʰʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ, ʦʛʨʘʥʠʯʝʥʥʦʡ ʨʘʩʩʝʠʚʘʥʠʝʤ ʩʪʠʤʫʣʠʨʫʶʱʝʛʦ 

ʣʘʟʝʨʥʦʛʦ ʣʫʯʘ ʛʨʘʥʫʣʘʤʠ ʧʦʨʦʰʢʘ, ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʫʤʝʥʴʰʝʥʠʶ ʚʨʝʤʝʥʠ 
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ʩʯʠʪʳʚʘʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʠ ʫʚʝʣʠʯʝʥʠ ʁʯʠʩʣʘ ʮʠʢʣʦʚ ʧʦʚʪʦʨʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʵʢʨʘʥʦʚ. 

ɼʠʛʘʣʦʠʜʥʳʝ ʢʨʠʩʪʘʣʣʳ ʥʘ ʦʩʥʦʚʝ ʙʨʦʤʠʜʥʳʭ ʠ ʡʦʜʠʜʥʳʭ ʤʘʪʨʠʮ ʷʚʣʷʶʪʩʷ 

ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʤʘʪʝʨʠʘʣʦʤ ʜʣʷ ʩʦʟʜʘʥʠʷ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʭ ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʳʭ 

ʜʝʪʝʢʪʦʨʦʚ. ʆʜʥʘʢʦ ʟʥʘʯʠʪʝʣʴʥʦʡ ʧʨʦʙʣʝʤʦʡ ʧʨʠ ʠʭ ʚʳʨʘʱʠʚʘʥʠʠ ʷʚʣʷʝʪʩʷ 

ʧʨʝʜʨʘʩʧʦʣʦʞʝʥʥʦʩʪʴ ʢ ʨʘʩʪʨʝʩʢʠʚʘʥʠʶ ʚ ʧʨʦʮʝʩʩʝ ʦʭʣʘʞʜʝʥʠ ̫ ʧʦʩʣʝ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ. ʆʜʥʦʡ ʠʟ ʧʨʠʯʠʥ ʜʘʥʥʦʛʦ ʷʚʣʝʥʠʷ ʤʦʞʝʪ ʙʳʪʴ ʜʝʬʦʨʤʘʮʠʷ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ, ʚʳʟʚʘʥʥʘʷ ʘʥʠʟʦʪʨʦʧʠʝʡ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʩʰʠʨʝʥʠʷ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʥʘʢʦʧʣʝʥʠʶ ʥʘʧʨʷʞʝʥʠʡ ʚ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʝ, ʯʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʩʧʦʩʦʙʩʪʚʫʝʪ ʦʙʨʘʟʦʚʘʥʠʶ 

ʜʝʬʝʢʪʦʚ, ʧʨʠʚʦʜʷʱʠʭ ʢ ʨʘʩʪʨʝʩʢʠʚʘʥʠʶ ʢʨʠʩʪʘʣʣʘ. ʇʦʵʪʦʤʫ ʜʣʷ ʧʦʚʳʰʝʥʠʷ 

ʩʪʨʫʢʪʫʨʥʦʛʦ ʩʦʚʝʨʰʝʥʩʪʚʘ ʢʨʠʩʪʘʣʣʦʚ ʚ ʧʨʦʮʝʩʩʝ ʠʭ ʚʳʨʘʱʠʚʘʥʠʷ ʚʘʞʥʦ ʩʦʟʜʘʪ ɹ

ʫʩʣʦʚʠ ̫ʩ ʥʠʟʢʠʤʠ ʛʨʘʜʠʝʥʪʘʤʠ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʟʦʥʝ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ, ʘ ʪʘʢʞʝ 

ʧʨʦʚʦʜʠʪʴ ʧʦʩʣʝʨʦʩʪʦʚʦʡ ʦʪʞʠʛ ʧʦʣʫʯʝʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ. 

ʂʨʦʤʝ ʪʦʛʦ, ʙʦʣʴʰʠʥʩʪʚʦ ʩʦʝʜʠʥʝʥʠʡ ʛʘʣʦʠʜʦʚ ʡʦʜʘ ʛʠʛʨʦʩʢʦʧʠʯʥʳ, ʯʪʦ 

ʟʘʪʨʫʜʥʷʝʪ ʨʘʟʨʘʙʦʪʢʫ ʤʝʪʦʜʦʚ ʧʦʜʛʦʪʦʚʢʠ ʠʩʭʦʜʥʦʡ ʰʠʭʪʳ ʠ ʪʝʭʥʦʣʦʛʠʡ 

ʚʳʨʘʱʠʚʘʥʠʷ ʪʘʢʠʭ ʢʨʠʩʪʘʣʣʦʚ. ɻʠʛʨʦʩʢʦʧʠʯʥʦʩʪʴ ʪʘʢʞʝ ʥʝʛʘʪʠʚʥʦ ʩʢʘʟʳʚʘʝʪʩʷ 

ʥʘ ʠʭ ʣʶʤʠʥʝʩʮʝʥʪʥʭr ʩʚʦʡʩʪʚʘʭ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʘʯʝʩʪʚʝʥʥʳʭ 

ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʥʘ ʦʩʥʦʚʝ ʛʘʣʦʠʜʦʚ ʡʦʜʘ ʪʨʝʙʫʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ 

ʩʧʝʮʠʘʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʜʝʛʠʜʨʘʪʘʮʠʠ ʠʩʭʦʜʥʦʛʦ ʩʳʨʴʷ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʠʣʘ ʙʳ 

ʩʥʠʟʠʪʴ ʢʦʥʮʝʥʪʨʘʮʠʶ ʢʠʩʣʦʨʦʜʩʦʜʝʨʞʘʱʠʭ ʧʨʠʤʝʩʝʡ ʚ ʚʳʨʘʱʠʚʘʝʤʳʭ 

ʢʨʠʩʪʘʣʣʘʭ. 

ʂʚʘʨʮʠʪʳ ɺʦʩʪʦʯʥʳʭ ʉʘʷʥ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʚʘʞʥʳʡ ʧʨʠʨʦʜʥʳʡ ʨʝʩʫʨʩ ʜʣʷ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʦʧʪʠʯʝʩʢʦʛʦ ʢʚʘʨʮʝʚʦʛʦ ʩʪʝʢʣʘ ʠ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʢʚʘʨʮʝʚʦʡ 

ʢʝʨʘʤʠʢʠ. ʆʥʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʡ ʤʦʥʦʤʠʥʝʨʘʣʴʥʦʩʪʴʶ, 

ʚʳʩʦʢʦʡ ʭʠʤʠʯʝʩʢʦʡ ʯʠʩʪʦʪʦʡ ʠ ʩʧʝʮʠʬʠʯʝʩʢʠʤ ʛʝʥʝʟʠʩʦʤ. 

ʌʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʢʚʘʨʮʝʚʦʛʦ ʩʪʝʢʣʘ, ʚʢʣʶʯʘʷ ʦʜʥʫ ʠʟ ʢʣʶʯʝʚʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ï ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ï ʟʘʚʠʩʷʪ ʦʪ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ 

ʠʩʭʦʜʥʦʛʦ ʢʚʘʨʮʝʚʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠ ʦʩʦʙʝʥʥʦʩʪʝʡ ʝʛʦ ʙʣʠʞʘʡʰʝʛʦ ʦʢʨʫʞʝʥʠʷ. ʕʪʠ 
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ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʧʨʝʜʝʣʷʪʁ ʧʦʪʝʥʮʠʘʣ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʚʘʨʮʝʚʳʭ ʠʟʜʝʣʠʡ ʧʨʠ 

ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʠ ʟʥʘʯʠʪʝʣʴʥʳʭ ʩʢʦʨʦʩʪʷʭ ʥʘʛʨʝʚʘ. ʀʟʫʯʝʥʠʝ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʢʚʘʨʮʝʚʳʭ ʩʪʝʢʣʘʭ ʠʤʝʝʪ ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ 

ʚʳʷʚʣʝʥʠʷ ʦʙʱʠʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ ʩʪʝʢʣʦ-ʢʨʠʩʪʘʣʣ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨʥʳʭ ʨʘʟʣʠʯʠʡ ʠ ʦʩʦʙʝʥʥʦʩʪʝʡ ʩʪʝʢʦʣ, 

ʧʦʣʫʯʝʥʥʳʭ ʠʟ ʨʘʟʥʳʭ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʤʦʜʠʬʠʢʘʮʠʡ SiO2, ʩʪʘʥʦʚʠʪʩʷ ʢʨʘʡʥʝ 

ʘʢʪʫʘʣʴʥʳʤ. ɸʥʘʣʠʟ ʦʧʪʠʯʝʩʢʠʭ ʠ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʩʚʦʡʩʪʚ ʜʘʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʘ 

ʪʘʢʞʝ ʢʦʤʧʣʝʢʩʥʦʝ ʠʟʫʯʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʢʚʘʨʮʝʚʦʛʦ ʩʪʝʢʣʘ ʧʨʠ ʚʳʩʦʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʠ ʦʮʝʥʢʘ ʝʛʦ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ, ʧʨʝʜʦʩʪʘʚʷʪ ʮʝʥʥʫʶ 

ʠʥʬʦʨʤʘʮʠʶ ʜʣʷ ʧʦʠʩʢʘ ʩʧʦʩʦʙʦʚ ʤʦʜʠʬʠʢʘʮʠʠ ʢʚʘʨʮʝʚʦʛʦ ʩʪʝʢʣʘ, ʯʪʦ ʧʦʟʚʦʣʠʪ 

ʫʜʦʚʣʝʪʚʦʨʠʪʴ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʪʨʝʙʦʚʘʥʠʷ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʥʫʞʜ 

ʥʘʮʠʦʥʘʣʴʥʦʡ ʵʢʦʥʦʤʠʢʠ ʠ ʦʙʦʨʦʥʥʦ-ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ.  
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ɻʃɸɺɸ 2. ɸʇʇɸʈɸʊʋʈɸ ʀ ʄɽʊʆɼʓ ʀʉʉʃɽɼʆɺɸʅʀʁ 

 

2.1 ɸʧʧʘʨʘʪʫʨʘ ʜʣʷ ʚʳʨʘʱʠʚʘʥʠʷ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ 

 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʢʨʠʩʪʘʣʣʦʚ ʱʝʣʦʯʥʦʟʝʤʝʣʴʥʳʭ ʛʘʣʦʛʝʥʠʜʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ 

ʢʣʘʩʩʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʚʳʨʘʱʠʚʘʥʠʷ: ɹʨʠʜʞʤʝʥʘ, ʏʦʭʨʘʣʴʩʢʦʛʦ ʠ ʐʪʝʙʝʨʘ. ʉʫʪʴ 

ʵʪʠʭ ʤʝʪʦʜʦʚ ʤʥʦʛʦʢʨʘʪʥʦ ʠ ʧʦʜʨʦʙʥʦ ʦʧʠʩʘʥʘ ʚ ʥʘʫʯʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʠ ʚ 

ʧʨʦʬʠʣʴʥʳʭ ʫʯʝʙʥʠʢʘʭ [180-184]. ʆʜʥʘʢʦ ʜʣʷ ʢʘʞʜʦʡ ʛʨʫʧʧʳ ʢʨʠʩʪʘʣʣʦʚ 

ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʫʥʠʢʘʣʴʥʳʝ ʧʨʘʢʪʠʯʝʩʢʠʝ ʤʝʪʦʜʠʢʠ ʚʳʨʘʱʠʚʘʥʠʷ, ʧʦʜʙʠʨʘʶʪʩʷ 

ʩʧʝʮʠʘʣʴʥʳʝ ʫʩʣʦʚʠʷ, ʤʦʜʠʬʠʮʠʨʫʝʪʩʷ ʨʦʩʪʦʚʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʩ ʫʯʝʪʦʤ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʤʘʪʝʨʠʘʣʘ.   

ɺ ʜʘʥʥʦʡ ʜʠʩʩʝʨʪʘʮʠʠ ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʥ ʤʥʦʛʦʣʝʪʥʠʡ ʦʧʳʪ ʚʳʨʘʱʠʚʘʥʠʷ 

ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʱʝʣʦʯʥʦʟʝʤʝʣʴʥʳʭ ʛʘʣʦʛʝʥʠʜʦʚ ʠ ʧʦʜʨʦʙʥʦ ʨʘʩʩʤʦʪʨʝʥʳ 

ʦʩʦʙʝʥʥʦʩʪʠ ʤʝʪʦʜʠʢ ʧʦ ʚʳʨʘʱʠʚʘʥʠʶ ʪʘʢʠʭ ʢʨʠʩʪʘʣʣʦʚ ʠʟ ʨʘʩʧʣʘʚʦʚ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʧʝʮʠʘʣʴʥʦ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʜʣʷ ʵʪʦʛʦ ʘʧʧʘʨʘʪʫʨʥʳʭ ʨʝʰʝʥʠʡ ʥʘ 

ʦʙʦʨʫʜʦʚʘʥʠʠ ʆʧʳʪʥʦʛʦ ʫʯʘʩʪʢʘ ʠ ʃʘʙʦʨʘʪʦʨʠʠ ʬʠʟʠʢʠ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʀɻʍ ʉʆ 

ʈɸʅ.  

ɼʣʷ ʚʳʨʘʱʠʚʘʥʠʷ ʬʪʦʨʠʜʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʩʦʚʝʪʩʢʠʝ, ʩʝʨʠʡʥʦ 

ʚʳʧʫʩʢʘʝʤʳʝ ʊʘʛʘʥʨʦʛʩʢʠʤ ʟʘʚʦʜʦʤ ʵʣʝʢʪʨʦʪʝʨʤʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ 

ʫʩʪʘʥʦʚʢʠ ʪʠʧʘ ʈʝʜʤʝʪ-10ʄ (ʈʠʩʫʥʦʢ 15-ʘ). ʕʪʠ ʫʩʪʘʥʦʚʢʠ ʚ ʟʘʚʦʜʩʢʦʤ 

ʠʩʧʦʣʥʝʥʠʠ ʙʳʣʠ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʚʳʨʘʱʠʚʘʥʠʷ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ 

ʢʨʠʩʪʘʣʣʦʚ ʛʝʨʤʘʥʠʷ ʠ ʢʨʝʤʥʠʷ ʤʝʪʦʜʦʤ ʂʠʨʦʧʫʣʫʩʘ. ʋʩʪʘʥʦʚʢʠ ʧʦʟʚʦʣʷʶʪ 

ʚʳʨʘʱʠʚʘʪʴ ʤʦʥʦʢʨʠʩʪʘʣʣʳ ʧʨʘʢʪʠʯʝʩʢʠ ʚ ʣʶʙʳʭ ʩʨʝʜʘʭ ï ʠʥʝʨʪʥʘʷ, 

ʦʢʠʩʣʠʪʝʣʴʥʘʷ, ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʘʷ ʘʪʤʦʩʬʝʨʳ ʜʦ 2,5ʭ105 ʇʘ. ʍʦʨʦʰʘʷ 

ʛʝʨʤʝʪʠʟʘʮʠʷ ʢʘʤʝʨʳ, ʘ ʪʘʢʞʝ ʥʘʣʠʯʠʝ ʤʦʱʥʳʭ ʜʠʬʬʫʟʠʦʥʥʳʭ ʥʘʩʦʩʦʚ ʧʦʟʚʦʣʷʝʪ 

ʩʦʟʜʘʚʘʪʴ ʚʘʢʫʫʤ ʧʦʨʷʜʢʘ 10-4 ʇʘ ʠ ʧʦʜʜʝʨʞʠʚʘʪʴ ʝʛʦ ʚ ʪʘʢʦʤ ʩʦʩʪʦʷʥʠʠ ʚ ʧʨʦʮʝʩʩʝ 

ʚʩʝʛʦ ʚʳʨʘʱʠʚʘʥʠʷ ʢʨʠʩʪʘʣʣʘ. ʋʩʪʘʥʦʚʢʠ ʠʤʝʶʪ ʰʠʨʦʢʠʡ ʜʠʘʧʘʟʦʥ ʨʝʛʫʣʠʨʦʚʘʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʩʢʦʨʦʩʪʝʡ ʜʚʠʞʝʥʠʷ ʪʠʛʣʝʡ ʠ ʟʘʪʨʘʚʢʠ. ʉʠʩʪʝʤʘ ʨʝʛʫʣʠʨʦʚʘʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨʳ ʩ ʦʙʨʘʪʥʦʡ ʩʚʷʟʴʶ ʦʪ ʜʘʪʯʠʢʘ ʪʝʤʧʝʨʘʪʫʨʳ (ʪʝʨʤʦʧʘʨʘ, ʧʠʨʦʤʝʪʨ ʠ 

ʪ.ʧ.) ʧʦʟʚʦʣʷʝʪ ʧʣʘʚʥʦ ʨʝʛʫʣʠʨʦʚʘʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ 0,5 ʦʉ.  



73 

 

 

 

 

ʘ  

ʙ 
ʈʠʩʫʥʦʢ 15 ï ʋʩʪʘʥʦʚʢʘ ʜʣʷ ʚʳʨʘʱʠʚʘʥʠʷ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʈʝʜʤʝʪ-10ʄ (ʘ); ʄʥʦʛʦʟʦʥʥʘʷ 

ʪʝʨʤʠʯʝʩʢʘʷ ʫʩʪʘʥʦʚʢʘ (ʄʊʋ) ʜʣʷ ʚʳʨʘʱʠʚʘʥʠʷ ʢʨʠʩʪʘʣʣʦʚ ʤʝʪʦʜʦʤ ɹʨʠʜʞʤʝʥʘ (ʙ). 

 

Uʫ1

Uc
Uʫ20

ʇʕɺʄ ʇʃʂ

ʄʦʜʫʣʠ 

ʚrʚʦʜʘ/ʎɸʇ

ʄʦʜʫʣʠ 

ʚʚʦʜʘ/ɸʎʇ

ʉʋʇʨ

BK1

BK16

ʊʉ1

ʊʉ9
h(t)

ʢʨʠʩʪʘʣʣ

ʨʘʩʧʣʘʚ

EK1

EK20ʋʄ-120

ʋʄ-11

VS1

VS20

Uc

 

ʘ ʙ 

ʈʠʩʫʥʦʢ 16 ï (ʘ) ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʭʝʤʘ ʫʧʨʘʚʣʷʶʱʝʛʦ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

ʤʥʦʛʦʟʦʥʥʦʡ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʚʳʨʘʱʠʚʘʥʠʷ ʢʨʠʩʪʘʣʣʦʚ.  

ʇʃʂ ï ʧʨʦʛʨʘʤʤʠʨʫʝʤʳʡ ʣʦʛʠʯʝʩʢʠʡ ʢʦʥʪʨʦʣʣʝʨ; ʉʋʇʨ ï ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʤʝʭʘʥʠʟʤʦʤ 

ʧʝʨʝʤʝʱʝʥʠʷ ʨʦʩʪʦʚʦʛʦ ʢʦʥʪʝʡʥʝʨʘ; Bʂ ï ʪʝʨʤʦʧʘʨʳ; ʊʉ ï ʪʝʨʤʦʩʪʘʪʳ; ʋʄ-1 ï ʫʩʠʣʠʪʝʣʠ 

ʤʦʱʥʦʩʪʠ; Uc ï ʪʝʢʫʱʝʝ ʥʘʧʨʷʞʝʥʠʝ ʩʝʪʠ; Uy ï ʫʧʨʘʚʣʷʶʱʠʝ ʩʠʛʥʘʣʳ; EK ï ʥʘʛʨʝʚʘʪʝʣʠ; 

VS ï ʩʠʤʠʩʪʦʨʳ. 

(ʙ) ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʨʘʙʦʯʝʤ ʦʙʲʝʤʝ ʨʦʩʪʦʚʦʡ ʫʩʪʘʥʦʚʢʠ. 
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ɼʣʷ ʚʳʨʘʱʠʚʘʥʠʷ ʢʨʠʩʪʘʣʣʦʚ BaFBr ʨʦʩʪʦʚʘʷ ʫʩʪʘʥʦʚʢʘ ʙʳʣʘ ʩʫʱʝʩʪʚʝʥʥʦ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʘ: ʨʘʟʨʘʙʦʪʘʥ ʪʝʧʣʦʚʦʡ ʫʟʝʣ ʠ ʘʜʘʧʪʠʨʦʚʘʥʳ ʜʣʷ ʜʘʥʥʳʭ ʮʝʣʝʡ 

ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʠ ʨʝʛʫʣʠʨʦʚʢʠ ʪʝʤʧʝʨʘʪʫʨʳ. ʅʘʛʨʝʚʘʪʝʣʴ ʨʝʟʠʩʪʠʚʥʦʛʦ ʪʠʧʘ ʠ 

ʪʝʧʣʦʚʳʝ ʵʢʨʘʥʳ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʠʟ ʛʨʘʬʠʪʘ ʤʘʨʢʠ ʄɻ-ʆʉʏ. ʊʠʛʣʠ 

ʠʟʛʦʪʘʚʣʠʚʘʣʠʩʴ ʠʟ ʚʳʩʦʢʦʧʣʦʪʥʦʛʦ ʛʨʘʬʠʪʘ ʤʘʨʦʢ ʄʇɻ-6 ʠ ʄʇɻ-7. 

ɺʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʛʨʘʬʠʪʘ ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʥʘʛʨʝʚʘʪʝʣʝʡ ʠ ʪʠʛʣʝʡ 

ʦʪʢʨʳʚʘʝʪ ʰʠʨʦʢʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ 

ʥʘʛʨʝʚʘʪʝʣʴʥʳʭ ʫʟʣʦʚ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʪʠʧʘ PbFCl. ʕʪʦ 

ʦʙʫʩʣʦʚʣʝʥʦ, ʚʦ-ʧʝʨʚʳʭ, ʝʛʦ ʭʠʤʠʯʝʩʢʦʡ ʠʥʝʨʪʥʦʩʪʴʶ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʨʘʩʧʣʘʚʫ 

ʜʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʪʦ ʝʩʪʴ ʦʪʩʫʪʩʪʚʠʝ ʩʤʘʯʠʚʘʝʤʦʩʪʠ ʛʨʘʬʠʪʦʚʳʭ ʪʠʛʣʝʡ 

ʨʘʩʧʣʘʚʦʤ ʚ ʧʨʦʮʝʩʩʝ ʚʳʨʘʱʠʚʘʥʠʷ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʩʚʦʙʦʜʥʦ ʚʳʥʠʤʘʪʴ 

ʢʨʠʩʪʘʣʣ ʠʟ ʪʠʛʣʷ ʧʦʩʣʝ ʝʛʦ ʚʳʨʘʱʠʚʘʥʠʷ. ɺʦ-ʚʪʦʨʳʭ, ʧʦʟʚʦʣʷʝʪ ʠʟʛʦʪʘʚʣʠʚʘʪʴ 

ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʦʤʥʳʝ ʨʝʟʠʩʪʠʚʥʳʝ ʥʘʛʨʝʚʘʪʝʣʠ, ʯʪʦ ʜʘʝʪ ʦʧʨʝʜʝʣʝʥʥʳʝ 

ʧʨʝʠʤʫʱʝʩʪʚʘ ʧʨʠ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʠ. ʊʦʣʱʠʥʘ ʩʪʝʥʦʢ ʪʠʛʣʷ ʚʳʙʠʨʘʣʘʩʴ ʪʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʪʝʧʣʦʚʦʤ ʫʟʣʝ ʥʝ ʩʠʣʴʥʦ ʠʩʢʘʞʘʣʦʩʴ 

ʠ ʧʨʠ ʵʪʦʤ ʩʦʭʨʘʥʷʣʘʩʴ ʜʦʩʪʘʪʦʯʥʘʷ ʤʝʭʘʥʠʯʝʩʢʘʷ ʧʨʦʯʥʦʩʪʴ ʪʠʛʣʷ.  

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʳʙʨʘʥʥʦʛʦ ʤʝʪʦʜʘ ʚʳʨʘʱʠʚʘʥʠʷ ʢʨʠʩʪʘʣʣʦʚ BaFBr (ʤʝʪʦʜ 

ɹʨʠʜʞʤʝʥʘ, ʏʦʭʨʘʣʴʩʢʦʛʦ ʠʣʠ ʐʪʝʙʝʨʘ), ʨʘʟʨʘʙʘʪʳʚʘʣʩʷ ʪʝʧʣʦʚʦʡ ʫʟʝʣ ʠ 

ʧʦʜʙʠʨʘʣʘʩʴ ʦʧʪʠʤʘʣʴʥʘʷ ʬʦʨʤʘ ʪʠʛʣʷ. ʆʩʦʙʝʥʥʦʩʪʠ ʚʳʨʘʱʠʚʘʥʠʷ ʢʨʠʩʪʘʣʣʦʚ 

BaFBr ʙʫʜʫʪ ʦʧʠʩʘʥʳ ʚ ɻʣʘʚʝ 3.  

ɺʳʨʘʱʠʚʘʥʠʝ ʢʨʠʩʪʘʣʣʦʚ ʡʦʜʠʜʦʚ ʙʘʨʠʷ ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʤʝʪʦʜʦʤ ɹʨʠʜʞʤʝʥʘ 

ʚ ʚʘʢʫʫʤʠʨʦʚʘʥʥʳʭ ʢʚʘʨʮʝʚʳʭ ʘʤʧʫʣʘʭ ʥʘ ʩʧʝʮʠʘʣʴʥʦ ʩʢʦʥʩʪʨʫʠʨʦʚʘʥʥʦʡ 

ʩʦʚʤʝʩʪʥʦ ʩ ʀʄʂʕʉ ʉʆ ʈɸʅ ʤʥʦʛʦʟʦʥʥʦʡ ʪʝʨʤʠʯʝʩʢʦʡ ʫʩʪʘʥʦʚʢʝ (ʄʊʋ) ʜʣʷ 

ʚʳʨʘʱʠʚʘʥʠʷ ʢʨʠʩʪʘʣʣʦʚ (ʈʠʩʫʥʦʢ 15-ʙ).  

ʋʩʪʘʥʦʚʢʘ ʩʦʩʪʦʠʪ ʠʟ 20 ʨʝʟʠʩʪʠʚʥʳʭ ʥʘʛʨʝʚʘʪʝʣʴʥʳʭ ʤʦʜʫʣʝʡ, ʩʦʦʩʥʦ 

ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʜʨʫʛ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛʘ ʠ ʨʘʟʜʝʣʝʥʥʳʭ ʪʝʧʣʦʠʟʦʣʠʨʫʶʱʠʤʠ 

ʧʨʦʢʣʘʜʢʘʤʠ, ʠ ʦʩʥʘʱʝʥʘ 16-ʶ ʪʝʨʤʦʧʘʨʘʤʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʤʦʜʝʣʠʨʦʚʘʪʴ 

ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʛʨʘʜʠʝʥʪ ʩʦ ʩʣʦʞʥʳʤ ʧʨʦʬʠʣʝʤ (ʈʠʩʫʥʦʢ 16-ʘ).  
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ʈʘʙʦʯʠʡ ʦʙʲʝʤ ʫʩʪʘʥʦʚʢʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʮʠʣʠʥʜʨ, ʦʛʨʘʥʠʯʝʥʥʳʡ ʚ 

ʨʘʜʠʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʚʥʫʪʨʝʥʥʠʤʠ ʧʦʚʝʨʭʥʦʩʪʷʤʠ ʢʦʣʴʮʝʚʳʭ ʥʘʛʨʝʚʘʪʝʣʴʥʳʭ 

ʤʦʜʫʣʝʡ (ʈʠʩʫʥʦʢ 16-ʙ).   

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤ ʥʘʟʥʘʯʝʥʠʝʤ ʫʩʪʘʥʦʚʢʠ ʝʝ ʨʘʙʦʯʠʡ ʦʙʲʤy 

ʨʘʟʜʝʣʝʥ ʥʘ ʪʨʠ ʪʝʧʣʦʚʳʝ ʟʦʥʳ: 

Å ʚʝʨʭʥʷʷ ʪʝʧʣʦʚʘʷ ʟʦʥʘ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʧʣʘʚʣʝʥʠʷ ʨʘʙʦʯʝʛʦ ʚʝʱʝʩʪʚʘ ʠ 

ʧʦʜʜʝʨʞʘʥʠʷ ʝʛʦ ʚ ʞʠʜʢʦʤ ʩʦʩʪʦʷʥʠʠ (çʛʦʨʷʯʘʷ ʟʦʥʘè); 

Å ʚ ʛʨʘʜʠʝʥʪʥʦʡ ʟʦʥʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʢʨʠʩʪʘʣʣʠʟʘʮʠʷ ʨʘʩʧʣʘʚʘ, ʪʦ ʝʩʪʴ ʧʨʦʠʩʭʦʜʠʪ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʡ ʨʦʩʪ ʢʨʠʩʪʘʣʣʘ; 

Å ʚ ʥʠʞʥʝʡ ʪʝʧʣʦʚʦʡ ʟʦʥʝ ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʨʝʞʠʤ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ 

ʪʝʧʣʦʦʪʚʦʜ ʦʪ ʚʳʨʘʱʝʥʥʦʛʦ ʢʨʠʩʪʘʣʣʘ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʥʝʦʙʭʦʜʠʤʦʛʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʛʨʘʜʠʝʥʪʥʦʡ ʟʦʥʝ (çʭʦʣʦʜʥʘʷ ʟʦʥʘè). 

ʇʝʨʝʤʝʱʝʥʠʝ ʰʪʦʢʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʰʘʛʦʚʳʤ ʜʚʠʛʘʪʝʣʝʤ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ 

ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʩʢʦʨʦʩʪʠ ʦʪ 0,001 ʤʤ/ʯ ʜʦ 15 ʤʤ/ʯ. ʐʪʦʢ ʠʟʛʦʪʦʚʣʝʥ ʠʟ ʤʘʪʝʨʠʘʣʘ ʩ 

ʚʳʩʦʢʦʡ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴʶ ʠ ʚʳʧʦʣʥʷʝʪ ʬʫʥʢʮʠʶ ʪʝʧʣʦʦʪʚʦʜʘ. ʅʝʧʦʩʨʝʜʩʪʚʝʥʥʦ 

ʢ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʰʪʦʢʘ ʧʦʜʚʝʜʝʥʘ ʢʦʥʪʨʦʣʴʥʘʷ ʪʝʨʤʦʧʘʨʘ ʜʣʷ ʦʪʩʣʝʞʠʚʘʥʠʷ 

ʨʝʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʚʥʫʪʨʠ ʧʝʯʠ. ʇʦʢʘʟʘʥʠʷ ʢʦʥʪʨʦʣʴʥʦʡ ʪʝʨʤʦʧʘʨʳ 

ʬʠʢʩʠʨʫʶʪʩʷ ʧʨʝʮʠʟʠʦʥʥʳʤ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʤ ʩʠʛʥʘʣʦʚ ʪʝʨʤʦʤʝʪʨʦʚ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠ ʪʝʨʤʦʧʘʨ çʊɽʈʂʆʅè, ʜʘʥʥʳʝ ʩ ʢʦʪʦʨʦʛʦ ʧʦʩʪʫʧʘʶʪ ʥʘ ʇʂ ʩʦ 

ʩʧʝʮʠʘʣʴʥʳʤ ʧʨʦʛʨʘʤʥʳʤ ʦʙʝʩʧʝʯʝʥʠʝʤ. ɺ ʧʨʦʮʝʩʩʝ ʚʳʨʘʱʠʚʘʥʠʷ ʢʨʠʩʪʘʣʣʘ 

ʢʚʘʨʮʝʚʘʷ ʘʤʧʫʣʘ ʩ ʨʘʩʧʣʘʚʦʤ ʧʝʨʝʤʝʱʘʝʪʩʷ ʠʟ ʚʝʨʭʥʝʡ ʪʝʧʣʦʚʦʡ ʟʦʥʳ ʚ ʥʠʞʥʶʶ. 

ʇʨʦʭʦʜʷ ʯʝʨʝʟ ʟʦʥʫ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʛʨʘʜʠʝʥʪʘ, ʚ ʘʤʧʫʣʝ ʧʨʦʠʩʭʦʜʠʪ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʷ ʨʘʩʧʣʘʚʘ. ʋʧʨʘʚʣʝʥʠʝ ʧʨʦʮʝʩʩʦʤ ʚʳʨʘʱʠʚʘʥʠʷ ʢʨʠʩʪʘʣʣʦʚ ʚ 

ʤʥʦʛʦʟʦʥʥʦʡ ʪʝʨʤʠʯʝʩʢʦʡ ʫʩʪʘʥʦʚʢʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʦʛʨʘʤʤʥʳʤ ʩʧʦʩʦʙʦʤ. 

ʇʨʦʛʨʘʤʤʘ ʫʧʨʘʚʣʝʥʠʷ ʧʦʟʚʦʣʷʝʪ ʦʪʩʣʝʞʠʚʘʪʴ ʧʦʢʘʟʘʥʠʷ ʪʝʨʤʦʧʘʨ ʢʘʞʜʦʡ 

ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʦʥʳ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ, ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʢʦʨʨʝʢʪʠʨʦʚʘʪʴ 

ʥʝʦʙʭʦʜʠʤʳʡ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʧʨʦʬʠʣʴ ʧʝʯʠ ʠ ʧʨʦʩʤʘʪʨʠʚʘʪʴ ʛʨʘʬʠʢʠ ʟʘʚʠʩʠʤʦʩʪʠ 

ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʤʦʱʥʦʩʪʠ ʢʘʞʜʦʛʦ ʥʘʛʨʝʚʘʪʝʣʴʥʦʛʦ ʤʦʜʫʣʷ ʦʪ ʚʨʝʤʝʥʠ. 
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ɺʳʨʘʱʠʚʘʥʠʝ ʢʨʠʩʪʘʣʣʦʚ ʤʝʪʦʜʦʤ ʏʦʭʨʘʣʴʩʢʦʛʦ ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʥʘ 

ʫʩʪʘʥʦʚʢʝ ʋɺʂ (ʈʠʩʫʥʦʢ 17-ʘ). ʆʥʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʨʦʩʪʦʚʫ  ʁ ʢʘʤʝʨʫ ʩ 

ʚʦʜʷʥʳʤ ʦʭʣʘʞʜʝʥʠʝʤ, ʚ ʢʦʪʦʨʦʡ ʨʘʩʧʦʣʦʞʝʥ ʥʘʛʨʝʚʘʪʝʣʴʥʳʡ ʫʟʝʣ, ʩʦʩʪʦʷʱʠʡ ʠʟ 

ʨʝʟʠʩʪʠʚʥʦʛʦ ʥʘʛʨʝʚʘʪʝʣʷ ʠ ʪʝʧʣʦʚʳʭ ʵʢʨʘʥʦʚ, ʚʳʧʦʣʥʝʥʥʳʭ ʠʟ ʛʨʘʬʠʪʘ. ɺʥʫʪʨʠ 

ʥʘʛʨʝʚʘʪʝʣʷ ʥʘ ʧʦʜʩʪʘʚʢʝ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʪʠʛʝʣʴ ʩ ʰʠʭʪʦʡ. ʊʠʛʣʠ ʤʦʛʫʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʛʨʘʬʠʪʦʚʳʝ, ʩʪʝʢʣʦʫʛʣʝʨʦʜʥʳʝ ʠʣʠ ʧʣʘʪʠʥʦʚʳʝ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʥʝʦʙʭʦʜʠʤʳʭ ʫʩʣʦʚʠʡ ʚʳʨʘʱʠʚʘʥʠʷ. ʈʘʙʦʯʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ 

ʧʣʘʪʠʥʘ-ʨʦʜʠʝʚʳʤʠ ʪʝʨʤʦʧʘʨʘʤʠ. ʋʧʨʘʚʣʝʥʠʝ ʥʘʛʨʝʚʦʤ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ 

 

ʘ 

 

 

ʙ 

ʈʠʩʫʥʦʢ 17 (ʘ) ï ʋʩʪʘʥʦʚʢʘ ʋɺʂ-1 ʜʣʷ ʚʳʨʘʱʠʚʘʥʠʷ ʢʨʠʩʪʘʣʣʦʚ ʤʝʪʦʜʦʤ ʏʦʭʨʘʣʴʩʢʦʛʦ;  

(ʙ) ï ʥʘʛʨʝʚʘʪʝʣʴʥʳʡ ʫʟʝʣ ʠ ʝʛʦ ʵʣʝʤʝʥʪʳ: 1 ï ʪʝʧʣʦʚʳʝ ʵʢʨʘʥʳ, 2 ï ʫʧʨʘʚʣʷʶʱʘʷ ʪʝʨʤʦʧʘʨʘ, 

3 ï ʢʦʥʪʨʦʣʴʥʘʷ ʪʝʨʤʦʧʘʨʘ, 4 ï ʜʝʨʞʘʪʝʣʴ ʟʘʪʨʘʚʢʠ, 5 ï ʩʪʝʢʣʦʫʛʣʝʨʦʜʥʳʡ ʪʠʛʝʣʴ, 6 ï 

ʛʨʘʬʠʪʦʚʳʡ ʥʘʛʨʝʚʘʪʝʣʴ ʨʝʟʠʩʪʠʚʥʦʛʦ ʪʠʧʘ. 
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ʧʦʤʦʱʴ ʁ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʨʦʛʨʘʤʤʘʪʦʨʘ çʇʨʦʪʝʨʤ-100è. ʉ ʧʦʤʦʱʴʶ 

ʬʦʨʚʘʢʫʫʤʥʦʛʦ ʠ ʜʠʬʬʫʟʠʦʥʥʦʛʦ ʥʘʩʦʩʦʚ ʚ ʢʘʤʝʨʝ ʜʦʩʪʠʛʘʝʪʩʷ ʚʘʢʫʫʤ ʧʦʨʷʜʢʘ 

10- 4 ʤʤ ʨʪ. ʩʪ. ʇʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚ ʨʦʩʪʦʚʦʡ ʢʘʤʝʨʝ ʤʦʞʝʪ ʙʳʪʴ ʩʦʟʜʘʥʘ ʠʥʝʨʪʥʘʷ 

ʘʪʤʦʩʬʝʨʘ ʜʦ ʜʘʚʣʝʥʠʷ ʧʦʨʷʜʢʘ 1,7 ʘʪʤ. 

ɿʘʪʨʘʚʢʘ ʧʨʠ ʧʦʤʦʱʠ ʛʨʘʬʠʪʦʚʦʛʦ ʮʘʥʛʦʚʦʛʦ ʟʘʞʠʤʘ ʢʨʝʧʠʪʩʷ ʢ ʚʝʨʭʥʝʤʫ 

ʦʭʣʘʞʜʘʝʤʦʤʫ ʰʪʦʢʫ. ʇʝʨʝʤʝʱʝʥʠʝ ʠ ʚʨʘʱʝʥʠʝ ʰʪʦʢʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʰʘʛʦʚʳʤʠ 

ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷʤʠ. ʉʢʦʨʦʩʪʴ ʧʝʨʝʤʝʱʝʥʠʷ ʨʝʛʫʣʠʨʫʝʪʩʷ ʩ ʧʦʤʦʱʴʶ 

ʧʨʝʮʠʟʠʦʥʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 0,1-10 ʤʤ/ʯʘʩ.       

ʇʨʠ ʚʳʙʦʨʝ ʤʝʪʦʜʘ ʚʳʨʘʱʠʚʘʥʠʷ ʢʨʠʩʪʘʣʣʦʚ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ 

ʘʧʧʘʨʘʪʫʨʥʦʛʦ ʨʝʰʝʥʠʷ ʤʳ ʦʪʪʘʣʢʠʚʘʣʠʩʴ ʦʪ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

ʢʦʥʢʨʝʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʦʪ ʫʩʣʦʚʠʡ, ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʦ ʩʦʟʜʘʪʴ ʚ ʪʦʤ ʠʣʠ ʠʥʦʤ 

ʩʣʫʯʘʝ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʘʯʝʩʪʚʝʥʥʳʭ ʙʝʟʜʝʬʝʢʪʥʳʭ ʢʨʠʩʪʘʣʣʦʚ, ʧʨʠʛʦʜʥʳʭ ʜʣʷ 

ʩʧʝʢʪʨʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʅʘʧʨʠʤʝʨ, ʨʘʩʧʣʘʚʳ ʬʪʦʨʠʜʥʳʭ ʩʠʩʪʝʤ ʘʢʪʠʚʥʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʩ ʢʚʘʨʮʝʚʳʤ ʩʪʝʢʣʦʤ, ʯʪʦ ʥʝ ʧʦʟʚʦʣʷʝʪ ʚʳʨʘʱʠʚʘʪʴ ʪʘʢʠʝ 

ʢʨʠʩʪʘʣʣʳ ʚ ʢʚʘʨʮʝʚʳʭ ʘʤʧʫʣʘʭ. ʅʦ ʟʘʪʦ ʢʨʠʩʪʘʣʣʳ ʪʠʧʘ PbFCl ʧʨʝʢʨʘʩʥʦ 

ʚʳʨʘʱʠʚʘʶʪʩʷ ʚ ʛʨʘʬʠʪʦʚʳʭ ʪʠʛʣʷʭ ʠʟ-ʟʘ ʭʠʤʠʯʝʩʢʦʡ ʠʥʝʨʪʥʦʩʪʠ ʛʨʘʬʠʪʘ ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ ʨʘʩʧʣʘʚʫ ʜʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. ɸ ʩʦʝʜʠʥʝʥʠ ̫ ʱʝʣʦʯʥʦʟʝʤʝʣʴʥʳʭ 

ʡʦʜʠʜʦʚ ʛʠʛʨʦʩʢʦʧʠʯʥʳ, ʧʦʵʪʦʤʫ ʧʝʨʝʜ ʚʳʨʘʱʠʚʘʥʠʝʤ ʪʘʢʠʭ ʢʨʠʩʪʘʣʣʦʚ 

ʥʝʦʙʭʦʜʠʤʘ ʪʱʘʪʝʣʴʥʘʷ ʠ ʤʥʦʛʦʩʪʫʧʝʥʯʘʪʘʷ ʩʫʰʢʘ ʠʩʭʦʜʥʦʡ ʰʠʭʪʳ. ʕʪʫ 

ʧʨʦʮʝʜʫʨʫ ʫʜʦʙʥʦ ʧʨʦʚʦʜʠʪʴ ʚ ʚʘʢʫʫʤʠʨʦʚʘʥʥʳʭ ʢʚʘʨʮʝʚʳʭ ʘʤʧʫʣʘʭ, ʢʦʪʦʨʳʝ 

ʧʦʩʣʝ ʩʫʰʢʠ ʟʘʧʘʠʚʘʶʪʩʷ. ʉʦʝʜʠʥʝʥʠʷ ʱʝʣʦʯʥʦʟʝʤʝʣʴʥʳʭ ʡʦʜʠʜʦʚ ʭʠʤʠʯʝʩʢʠ 

ʩʣʘʙʦ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʩ ʢʚʘʨʮʝʚʳʤ ʩʪʝʢʣʦʤ, ʧʦʵʪʦʤʫ ʚʳʨʘʱʠʚʘʥʠʝ ʢʨʠʩʪʘʣʣʦʚ 

ʪʠʧʘ PbCl ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʚ ʢʚʘʨʮʝʚʳʭ ʘʤʧʫʣʘʭ ʤʝʪʦʜʦʤ ɹʨʠʜʞʤʝʥʘ.  

ʅʘʧʣʘʚ ʦʙʨʘʟʮʦʚ ʢʚʘʨʮʝʚʦʛʦ ʩʪʝʢʣʘ ʧʨʦʚʦʜʠʣʩʷ ʣʠʙʦ ʚ ʚʘʢʫʫʤʝ, ʣʠʙʦ 

ʚʘʢʫʫʤʥʦ-ʢʦʤʧʨʝʩʩʠʦʥʥʳʤ ʤʝʪʦʜʦʤ ʥʘ ʫʩʪʘʥʦʚʢʝ ʜʣʷ ʚʳʨʘʱʠʚʘʥʠʷ 

ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʈʝʜʤʝʪ-8, ʨʘʙʦʯʘʷ ʢʘʤʝʨʘ ʢʦʪʦʨʦʡ ʙʳʣʘ ʩʫʱʝʩʪʚʝʥʥʦ ʜʦʨʘʙʦʪʘʥʘ 

ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩ ʧʦʚʳʰʝʥʠʝʤ ʜʘʚʣʝʥʠʷ ʜʦ 6 ʙʘʨ ʚ ʘʨʛʦʥʝ 

(ʈʠʩʫʥʦʢ 18-ʘ). ʅʘʛʨʝʚʘʪʝʣʴ ʠ ʪʝʧʣʦʚʳʝ ʵʢʨʘʥʳ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʠʟ ʛʨʘʬʠʪʘ ʤʘʨʢʠ 

ʄɻ-ʆʉʏ. ʊʠʛʣʠ ʠʟʛʦʪʘʚʣʠʚʘʣʠʩʴ ʠʟ ʚʳʩʦʢʦʧʣʦʪʥʦʛʦ ʛʨʘʬʠʪʘ ʤʘʨʦʢ ʄʇɻ-6 ʠ  
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ʄʇɻ-7 (ʈʠʩʫʥʦʢ 18-ʙ, ʚ). ʂʦʥʪʨʦʣʴ ʪʝʤʧʝʨʘʪʫʨʳ ʦʩʫʱʝʩʪʚʣʷʣʩʷ ɺʈ-ʪʝʨʤʦʧʘʨʦʡ ʠ 

ʵʣʝʢʪʨʦʥʥʳʤ ʧʠʨʦʤʝʪʨʦʤ.  

 

 

  

ʈʠʩʫʥʦʢ 18 ï (ʘ) ʋʩʪʘʥʦʚʢʘ ʜʣʷ ʚʳʨʘʱʠʚʘʥʠʷ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʈʝʜʤʝʪ-8, ʘʜʘʧʪʠʨʦʚʘʥʥʘʷ ʜʣʷ 

ʥʘʧʣʘʚʘ ʩʪʝʢʣʘ ʚʘʢʫʫʤʥʦ-ʢʦʤʧʨʝʩʩʠʦʥʥʳʤ ʩʧʦʩʦʙʦʤ; (ʙ) ʛʨʘʬʠʪʦʚʳʡ ʥʘʛʨʝʚʘʪʝʣʴ;  

(ʚ) ʩʭʝʤʘ ʪʝʧʣʦʚʦʛʦ ʫʟʣʘ: 1 ï ʦʭʣʘʞʜʘʝʤʘʷ ʩʪʝʥʢʘ ʨʘʙʦʯʝʡ ʢʘʤʝʨʳ; 2 ï ʥʘʙʦʨ ʛʨʘʬʠʪʦʚʳʭ 

ʵʢʨʘʥʦʚ; 3 ï ʥʘʛʨʝʚʘʪʝʣʴ; 4 ï ʪʠʛʝʣʴ.  

 

ʆʩʦʙʝʥʥʦʩʪʠ ʚʳʨʘʱʠʚʘʥʠʷ ʬʪʦʨʠʜʥʳʭ ʠ ʡʦʜʠʜʥʳʭ ʢʨʠʩʪʘʣʣʦʚ, ʘ ʪʘʢʞʝ 

ʧʨʦʮʝʜʫʨʘ ʥʘʧʣʘʚʘ ʢʚʘʨʮʝʚʦʛʦ ʩʪʝʢʣʘ ʜʣʷ ʩʧʝʢʪʨʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʧʠʩʘʥʳ ʚ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʛʣʘʚʘʭ ʜʘʥʥʦʡ ʜʠʩʩʝʨʪʘʮʠʠ.        

 

2.2. ʄʝʪʦʜʠʢʘ ʩʧʝʢʪʨʘʣʴʥʳʭ ʠʟʤʝʨʝʥʠʡ   

ʉʧʝʢʪʨʳ ʬʦʪʦʩʪʠʤʫʣʠʨʦʚʘʥʥʦʡ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʦʙʨʘʟʮʦʚ ʠʟʤʝʨʷʣʠʩʴ ʜʚʫʤʷ 

ʩʧʦʩʦʙʘʤʠ. ʉʭʝʤʘ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʬʦʪʦʩʪʠʤʫʣʠʨʦʚʘʥʥʦʡ 

ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʢʨʠʩʪʘʣʣʦʚ ʧʨʠʚʝʜʝʥʘ ʥʘ ʈʠʩʫʥʢʝ 19. ʀʩʩʣʝʜʫʝʤʳʡ ʦʙʨʘʟʝʮ 

ʧʦʤʝʱʘʣʩ ̫ ʚ ʢʨʠʦʩʪʘʪ ʠ ʦʙʣʫʯʘʣʩ ̫ʨʝʥʪʛʝʥʦʚʩʢʠʤ ʠʟʣʫʯʝʥʠʝʤ ʩ ʧʘʨʘʤʝʪʨʘʤʠ 

ʪʨʫʙʢʠ MR 615 30 ʢɺ, 10 ʤɸ. ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʦʙʣʫʯʝʥʠʷ ʚʘʨʴʠʨʦʚʘʣʘʩʴ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʮʝʣʠ ʠʟʤʝʨʝʥʠʡ: ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʩʧʝʢʪʨʦʚ ʌʉʃ ʦʙʨʘʟʮʳ ʦʙʣʫʯʘʣʠʩʴ 

ʚ ʪʝʯʝʥʠʝ 30 ʩʝʢʫʥʜ, ʪʦʛʜʘ ʢʘʢ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʩʧʝʢʪʨʦʚ ʧʦʛʣʦʱʝʥʠʷ ʦʙʨʘʟʮʳ 

ʦʙʣʫʯʘʣʠʩʴ 15 ʤʠʥʫʪ. ʊʦʣʱʠʥʘ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʦʚ ʩʦʩʪʘʚʣʷʣʘ 0,1-0,2 ʤʤ. ɼʣʷ 

ʫʩʪʨʘʥʝʥʠʷ ʥʠʟʢʦʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʢʦʤʧʦʥʝʥʪʳ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ 

ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʘʣʶʤʠʥʠʝʚʘʷ ʧʣʘʩʪʠʥʘ ʪʦʣʱʠʥʦʡ 1 ʤʤ ʚ ʢʘʯʝʩʪʚʝ ʬʠʣʴʪʨʘ. ʇʦʩʣʝ 

ʟʘʚʝʨʰʝʥʠʷ ʦʙʣʫʯʝʥʠʷ ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʨʘʟʮʘ ʨʝʛʠʩʪʨʠʨʦʚʘʣʘʩʴ 

ʬʦʪʦʩʪʠʤʫʣʠʨʦʚʘʥʥʘʷ ʣʶʤʠʥʝʩʮʝʥʮʠʷ. ʇʨʦʮʝʩʩ ʩʪʠʤʫʣʮ̫ʠʠ ʦʩʫ ʝɦʩʪʚʣ̫ʣʩ ̫ ʩ 

ʘ ʙ ʚ 
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ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʚʝʪʘ ʛʘʣʦʛʝʥʥʦʡ ʣʘʤʧʳ, ʧʨʦʧʫʩʢʘʝʤʦʛʦ ʯʝʨʝʟ ʤʦʥʦʭʨʦʤʘʪʦʨ 

ʄɼʈ-12, ʦʙʦʨʫʜʦʚʘʥʥʳʡ ʜʠʬʨʘʢʮʠʦʥʥʦʡ ʨʝʰʪyʢʦʡ ʩ ʧʣʦʪʥʦʩʪʴʶ 600 ʰʪʨʠʭʦʚ ʥʘ 

ʤʠʣʣʠʤʝʪʨ. ɼʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʚʦʟʜʝʡʩʪʚʠʷ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʡ ʯʘʩʪʠ ʩʧʝʢʪʨʘ 

ʧʨʠʤʝʥʷʣʠʩʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʩʚʝʪʦʬʠʣʴʪʨʳ. ʋʣʴʪʨʘʬʠʦʣʝʪʦʚʘʷ ʣʶʤʠʥʝʩʮʝʥʮʠʷ 

ʦʙʨʘʟʮʘ ʨʝʛʠʩʪʨʠʨʦʚʘʣʘʩʴ ʬʦʪʦʫʤʥʦʞʠʪʝʣʝʤ ʌʕʋ-106 ʯʝʨʝʟ ʩʚʝʪʦʬʠʣʴʪʨʳ, ʩ 

ʧʦʣʦʩʦʡ ʧʨʦʧʫʩʢʘʥʠʷ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʤʘʢʩʠʤʫ ʩʚʝʯʝʥʠʷ ɚmax=380 ʥʤ. 

ʇʦʣʫʯʝʥʥʳʝ ʩʧʝʢʪʨʳ ʬʠʢʩʠʨʦʚʘʣʠʩʴ ʩʘʤʦʧʠʩʮʝʤ. 

 

 

ʈʠʩʫʥʦʢ 19 ï ʉʭʝʤʘ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʩʧʝʢʪʨʦʚ ʌʉʃ ʢʨʠʩʪʘʣʣʦʚ BaFBr:Eu2+. 

 

ɺʦ ʚʪʦʨʦʤ ʩʣʫʯʘʝ ʠʟʤʝʨʝʥʠʷ ʩʧʝʢʪʨʦʚ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ (ʢʨʠʩʪʘʣʣ r

ʡʦʜʠʜʦʚ ʠ ʢʚʘʨʮʝʚʳʝ ʩʪʝʢʣʘ) ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʩʧʝʢʪʨʦʬʣʶʦʨʠʤʝʪʨʝ Perkin-

Elmer LS 55 ʦʙʦʨʫʜʦʚʘʥʥʦʤ ʌʕʋ R928.  

ʉʧʝʢʪʨʳ ʨʝʥʪʛʝʥʦʣʶʤʠʥʝʩʮʝʥʮʠʠ ʠ ʪʝʨʤʦʣʶʤʠʥʝʩʮʝʥʮʠʠ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠʩʴ 

ʧʨʠ ʦʙʣʫʯʝʥʠʠ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʪʨʫʙʢʦʡ 10-L-01 ʚ ʨʝʞʠʤʝ 50 ʢɺ, 1 ʤɸ. 

ʃʶʤʠʥʝʩʮʝʥʮʠʷ ʬʠʢʩʠʨʦʚʘʣʘʩʴ ʩ ʧʦʤʦʱʴʶ ʤʦʥʦʭʨʦʤʘʪʦʨʘ ʄɼʈ-2, ʦʩʥʘʱʝʥʥʦʛʦ 

ʜʠʬʨʘʢʮʠʦʥʥʦʡ ʨʝʰʝʪʢʦʡ ʩ ʧʣʦʪʥʦʩʪʴʶ 1200 ʰʪʨʠʭʦʚ ʥʘ ʤʠʣʣʠʤʝʪʨ, ʠ 

ʬʦʪʦʤʦʜʫʣ ̫ Hamamatsu H6780-04, ʨʘʙʦʪʘʚʰʝʛʦ ʚ ʨʝʞʠʤʝ ʩʯʝʪʘ ʬʦʪʦʥʦʚ. ɼʣʷ 

ʧʨʦʚʝʜʝʥʠʷ ʠʤʧʫʣʴʩʥʳʭ ʠʟʤʝʨʝʥʠʡ ʧʨʠʤʝʥʷʣʩʷ ʬʦʪʦʵʣʝʢʪʨʦʥʥʳʡ ʫʤʥʦʞʠʪʝʣʴ 

ʬʠʨʤʳ Enterprises 9814QSB, ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʠʡ ʫʩʠʣʠʪʝʣʴ Ortec 570 ʠ ʧʣʘʪʘ ɸʎʇ 

ɸʩʧʝʢʪ.  
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ʇʨʠ ʨʝʛʠʩʪʨʘʮʠʠ ʢʨʠʚʳʭ ʟʘʪʫʭʘʥʠʷ ʌʉʃ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʠʤʧʫʣʴʩʥʳʡ ʘʟʦʪʥʳʡ 

ʣʘʟʝʨ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ 337 ʥʤ. ʀʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʧʦʩʨʝʜʩʪʚʦʤ ʤʦʥʦʭʨʦʤʘʪʦʨʘ 

ʄɼʈ-2, ʬʦʪʦʤʦʜʫʣʷ Hamamatsu 6780-04 ʠ ʦʩʮʠʣʣʦʛʨʘʬʘ Rigol DS1202CA. ʇʨʠ 

ʨʝʥʪʛʝʥʦʚʩʢʦʤ ʚʦʟʙʫʞʜʝʥʠʠ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʧʨʠʤʝʥʷʣʘʩʴ ʠʤʧʫʣʴʩʥʘ ̫

ʨʝʥʪʛʝʥʦʚʩʢʘ ̫ʪʨʫʙʢʘ ʄʀʈɸ-2ɼ. 

ʀʟʤʝʨʝʥʠʷ ʘʤʧʣʠʪʫʜʥʳʭ ʩʧʝʢʪʨʦʚ ʠʤʧʫʣʴʩʦʚ ʧʨʦʚʦʜʠʣʠʩʴ ʩ ʧʦʤʦʱʴʶ 

ʬʦʪʦʫʤʥʦʞʠʪʝʣʷ Enterprises 9814QSB. ʌʕʋ ʨʘʙʦʪʘʣ ʦʪ ʮʝʧʠ ʥʘʧʨʷʞʝʥʠʷ 

ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʧʦʣʷʨʥʦʩʪʠ CSN638C1. ʇʨʝʜʧʦʣʘʛʘʣʦʩʴ, ʯʪʦ ʬʦʢʫʩʠʨʫʶʱʘʷ 

ʩʠʩʪʝʤʘ ʩ ʘʢʪʠʚʥʳʤ ʜʠʘʤʝʪʨʦʤ 46 ʤʤ ʠʤʝʝʪ 100 % ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʙʦʨʘ 

ʬʦʪʦʵʣʝʢʪʨʦʥʦʚ ʚ ʮʝʥʪʨʝ ʬʦʪʦʢʘʪʦʜʘ. ʆʙʨʘʟʝʮ ʦʙʣʫʯʘʣʩʷ ʛʘʤʤʘ-ʣʫʯʘʤʠ ʦʪ 

ʤʦʥʦʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʠʩʪʦʯʥʠʢʘ ɔ-ʢʚʘʥʪʦʚ 137Cs (662 ʂʵɺ). ɼʣʷ ʧʦʣʫʯʝʥʠʷ 

ʘʤʧʣʠʪʫʜʥʳʭ ʩʧʝʢʪʨʦʚ ʠʤʧʫʣʴʩʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʩʘʤʦʜʝʣʴʥʳʡ ʧʨʝʜʫʩʠʣʠʪʝʣʴ ʠ 

ʫʩʠʣʠʪʝʣʴ Ortec 570. 

ʉ ʧʦʤʦʱʴʶ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʦʚ Specord UV/VIS ʠ Lambda 950 UV/VIS/NIR 

ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩʧʝʢʪʨʳ ʦʧʪʠʯʝʩʢʦʛʦ ʧʦʛʣʦʱʝʥʠʷ. 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʩʧʝʢʪʨʘʣʴʥʳʭ ʠʟʤʝʨʝʥʠʡ ʢʨʠʩʪʘʣʣʦʚ 

ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʢʨʠʦʩʪʘʪ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʧʨʦʚʝʜʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʚ ʜʠʘʧʘʟʦʥʝ 

ʪʝʤʧʝʨʘʪʫʨ ʦʪ 80 ʂ ʜʦ 300 ʂ. ʂʨʠʩʪʘʣʣ ʧʦʤʝʱʘʣʠ ʚʥʫʪʨʴ ʢʨʠʦʩʪʘʪʘ, ʠʟ ʢʦʪʦʨʦʛʦ 

ʦʪʢʘʯʠʚʘʣʩʷ ʚʦʟʜʫʭ ʜʦ ʫʨʦʚʥʷ ʧʨʠʤʝʨʥʦ 2Ĭ10-2 ʪʦʨ. ɺʥʝʰʥʷʷ ʢʘʤʝʨʘ ʢʨʠʦʩʪʘʪʘ 

ʙʳʣʘ ʟʘʧʦʣʥʝʥʘ ʮʝʦʣʠʪʦʤ, ʢʦʪʦʨʳʡ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ ʞʠʜʢʦʛʦ ʘʟʦʪʘ 

ʘʜʩʦʨʙʠʨʦʚʘʣ ʦʩʪʘʚʰʠʡʩʷ ʚʦʟʜʫʭ, ʫʣʫʯʰʘʷ ʚʘʢʫʫʤ. ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʛʦ 

ʪʝʧʣʦʦʙʤʝʥʘ ʦʙʨʘʟʮʳ ʬʠʢʩʠʨʦʚʘʣʠʩʴ ʥʘ ʧʦʜʣʦʞʢʝ ʢʨʠʦʩʪʘʪʘ ʧʦʩʨʝʜʩʪʚʦʤ In-

Ga ʩʤʘʟʢʠ. ʆʙʣʫʯʝʥʠʝ ʢʨʠʩʪʘʣʣʦʚ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʪʨʫʙʢʦʡ (40 ʢɺ, 

40 ʤɸ) ʯʝʨʝʟ ʙʝʨʠʣʣʠʝʚʦʝ ʦʢʥʦ ʚ ʪʝʯʝʥʠʝ 30-60 ʤʠʥʫʪ, ʘ ʩʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ 

ʨʝʛʠʩʪʨʠʨʦʚʘʣʠʩʴ ʯʝʨʝʟ ʢʚʘʨʮʝʚʳʝ ʦʢʥʘ ʢʨʠʦʩʪʘʪʘ. ʅʘʛʨʝʚʘʥʠʝ ʦʙʨʘʟʮʦʚ 

ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʧʠʨʘʣʴʥʦʛʦ ʵʣʝʢʪʨʦʥʘʛʨʝʚʘʪʝʣʷ, ʢʦʪʦʨʳʡ 

ʦʙʝʩʧʝʯʠʚʘʣ ʥʘʜʝʞʥʳʡ ʪʝʧʣʦʦʙʤʝʥ ʙʣʘʛʦʜʘʨʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʤʫ ʨʘʩʧʦʣʦʞʝʥʠʶ 

ʥʘʛʨʝʚʘʪʝʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ ʚʙʣʠʟʠ ʦʙʨʘʟʮʘ. ʆʩʫʱʝʩʪʚʣʷʣʘʩʴ ʧʣʘʚʥʘʷ ʨʝʛʫʣʠʨʦʚʢʘ 
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ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʛʨʝʚʘ, ʢʦʪʦʨʘʷ ʢʦʥʪʨʦʣʠʨʦʚʘʣʘʩʴ ʧʨʠ ʧʦʤʦʱʠ ʭʨʦʤʝʣʴ-ʘʣʶʤʝʣʝʚʦʡ 

ʪʝʨʤʦʧʘʨʳ, ʢʦʥʝʮ ʢʦʪʦʨʦʡ ʙʳʣ ʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʤ ʢʦʥʪʘʢʪʝ ʩ ʢʨʠʩʪʘʣʣʦʤ. 

ʊʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʩʧʝʢʪʨʦʚ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ ʚ ʠʥʪʝʨʚʘʣʝ 

ʪʝʤʧʝʨʘʪʫʨ ʦʪ 10 ʂ ʜʦ 300 ʂ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʛʝʣʠʝʚʦʛʦ 

ʢʨʠʦʩʪʘʪʘ ʟʘʤʢʥʫʪʦʛʦ ʮʠʢʣʘ. ɺ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʚʦʟʙʫʞʜʝʥʠʷ ʧʨʠʤʝʥʷʣʘʩʴ 

ʜʝʡʪʝʨʠʝʚʘʷ ʣʘʤʧʘ Hamamatsu L7292 ʠ ʤʦʥʦʭʨʦʤʘʪʦʨ ɺʄʈ-2 (ʃʆʄʆ) ʩ 

ʜʠʬʨʘʢʮʠʦʥʥʦʡ ʨʝʰʝʪʢʦʡ, ʩ ʧʣʦʪʥʦʩʪʴʶ 1200 ʰʪʨʠʭʦʚ ʥʘ ʤʠʣʣʠʤʝʪʨ, ʧʨʠ ʰʠʨʠʥʝ 

ʚʭʦʜʥʦʡ ʠ ʚʳʭʦʜʥʦʡ ʱʝʣʝʡ 4 ʤʤ. ʈʝʛʠʩʪʨʘʮʠʷ ʠʟʣʫʯʝʥʠʷ ʣʶʤʠʥʝʩʮʝʥʮʠʠ 

ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʧʦʩʨʝʜʩʪʚʦʤ ʤʦʥʦʭʨʦʤʘʪʦʨʘ ʄɼʈ-2 ʩ ʘʥʘʣʦʛʠʯʥʦʡ 

ʜʠʬʨʘʢʮʠʦʥʥʦʡ ʨʝʰʝʪʢʦʡ (1200 ʰʪʨʠʭʦʚ/ʤʤ), ʥʦ ʩ ʰʠʨʠʥʦʡ ʱʝʣʝʡ, ʫʤʝʥʴʰʝʥʥʦʡ 

ʜʦ 2 ʤʤ. ɺ ʢʘʯʝʩʪʚʝ ʬʦʪʦʧʨʠʝʤʥʠʢʘ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʬʦʪʦʫʤʥʦʞʠʪʝʣʴʥʳʡ ʤʦʜʫʣʴ 

Hamamatsu H6780-04. 

ʊʝʨʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʚʳʧʦʣʥʷʣʩʷ ɸ.ʂ. ʉʫʙʘʥʘʢʦʚʳʤ ʚ ʃʘʙʦʨʘʪʦʨʠʠ ʦʢʩʠʜʥʳʭ 

ʩʠʩʪʝʤ ɹʀʇ ʉʆ ʈɸʅ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʠʥʭʨʦʥʥʦʛʦ ʪʝʨʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘʪʦʨʘ 

STA 449 ʉ Jupiter (NETZSCH, ɻʝʨʤʘʥʠʷ). ʅʘ ʜʘʥʥʦʤ ʧʨʠʙʦʨʝ ʤʦʞʥʦ ʚʳʧʦʣʥʷʪʴ ʢʘʢ 

ʘʥʘʣʠʟ ɼʉʂ (ʬʘʟʦʚʳʝ ʧʝʨʝʭʦʜʳ, ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʵʥʪʘʣʴʧʠʠ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ, 

ʪʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʠʷ, ʪʝʤʧʝʨʘʪʫʨʘ ʩʪʝʢʣʦʚʘʥʠʷ, ʢʠʥʝʪʠʢʘ ʨʝʘʢʮʠʡ), ʪʘʢ ʠ ʊɻ 

ʠʟʤʝʨʝʥʠ ̫ (ʠʟʤʝʥʝʥʠʝ ʤʘʩʩʳ, ʨʝʘʢʮʠʠ ʨʘʟʣʦʞʝʥʠʷ, ʪʝʨʤʠʯʝʩʢʘʷ ʩʪʘʙʠʣʴʥʦʩʪʴ, 

ʢʠʥʝʪʠʢʘ ʨʝʘʢʮʠʡ). ʊɻ ʠ ɼʉʂ ʠʟʤʝʨʷʶʪʩʷ ʥʘ ʦʜʥʦʤ ʦʙʨʘʟʮʝ ʟʘ ʦʜʥʦ ʠʟʤʝʨʝʥʠʝ ʚ 

ʦʜʥʦʡ ʩʠʩʪʝʤʝ. 

ʄʝʪʦʜʘʤʠ ɼʉʂ ʠ ʊɻ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʫʨʦʚʥʠ ʛʠʜʨʘʪʘʮʠʠ ʠ ʪʝʤʧʝʨʘʪʫʨʳ 

ʜʝʛʠʜʨʘʪʘʮʠʠ, ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʘʚʣʝʥʠʷ ʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʨʘʟʣʠʯʥʳʭ ʩʦʩʪʘʚʦʚ 

ʠʩʭʦʜʥʦʡ ʰʠʭʪʳ ʚʳʨʘʱʠʚʘʝʤʳʭ ʢʨʠʩʪʘʣʣʦʚ. ʅʘʚʝʩʢʫ ʠʟʤʝʣʴʯʝʥʥʦʛʦ ʦʙʨʘʟʮʘ 

ʤʘʩʩʦʡ 15 ʤʛ ʧʦʤʝʱʘʣʠ ʚ ʧʣʘʪʠʥʦʚʳʡ ʪʠʛʝʣʴ. ɺ ʢʘʯʝʩʪʚʝ ʵʪʘʣʦʥʘ ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʧʫʩʪʦʡ ʧʣʘʪʠʥʦʚʳʡ ʪʠʛʝʣʴ, ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʨʦʢʘʣʝʥʥʳʡ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1200 ʦʉ 

ʜʦ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʦʷʥʥʦʡ ʤʘʩʩʳ. ʂʘʞʜʦʝ ʠʟʤʝʨʝʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʜʚʘʞʜʳ ʚ 

ʘʪʤʦʩʬʝʨʝ ʘʨʛʦʥʘ. ʎʠʢʣ ʚʢʣʶʯʘʣ ʚ ʩʝʙʷ ʥʘʛʨʝʚ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ 950 Áʉ ʩ 

ʧʦʩʣʝʜʫʶʱʠʤ ʦʭʣʘʞʜʝʥʠʝʤ ʜʦ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ.  
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ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʠʟʘ ʙʳʣʘ ʠʟʫʯʝʥʘ ʜʠʥʘʤʠʢʘ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʮʝʥʪʨʦʚ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʚ ʢʚʘʨʮʝʚʳʭ ʩʪʝʢʣʘʭ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ 

ʠʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʨʝʥʪʛʝʥʦʚʩʢʦʤ ʜʠʬʨʘʢʪʦʤʝʪʨʝ D8 

ADVANCE, ʦʙʦʨʫʜʦʚʘʥʥʦʤ ʟʝʨʢʘʣʦʤ ɻʝʙʝʣʷ ʠ ʜʝʪʝʢʪʦʨʦʤ VANTEC-1 PSD. 

ʀʟʤʝʨʝʥʠʷ ʚʳʧʦʣʥʷʣʠʩʴ ʚ ʧʦʰʘʛʦʚʦʤ ʨʝʞʠʤʝ ʚ ʜʠʘʧʘʟʦʥʝ ʫʛʣʦʚ 2ɗ ʦʪ 10Á ʜʦ 60Á ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ Cu-KŬ ʠʟʣʫʯʝʥʠ.̫ ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʫʩʣʦʚʠʷ: ʥʘʧʨʷʞʝʥʠʝ ï 

40 ʢɺ, ʪʦʢ ï 40 ʤɸ, ʚʨʝʤʷ ʵʢʩʧʦʟʠʮʠʠ ï ʦʜʥʘ ʩʝʢʫʥʜʘ, ʘ hʘʛ ʩʢʘʥʠʨʦʚʘʥʠʷ 0,02Á ʧʦ 

ʰʢʘʣʝ 2ɗ. ʆʙʨʘʙʦʪʢʘ ʧʦʣʫʯʝʥʥʳʭ ʨʝʥʪʛʝʥʦʛʨʘʤʤ ʧʨʦʚʦʜʠʣʘʩʴ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʜʠʬʨʘʢʪʦʤʝʪʨʘ. ɼʣʷ 

ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʧʨʠʩʫʪʩʪʚʫʶʱʠʭ ʬʘʟ ʧʨʠʤʝʥʷʣʘʩʴ ʙʘʟʘ ʜʘʥʥʳʭ ʧʦʨʦʰʢʦʚʳʭ 

ʜʠʬʨʘʢʪʦʛʨʘʤʤ PDF-2. 

ʄʝʪʦʜʦʤ ʵʣʝʢʪʨʦʥʥʦ-ʟʦʥʜʦʚʦʡ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʙʳʣʠ 

ʠʩʩʣʝʜʦʚʘʥʳ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʦʚ ʩʪʝʢʦʣ, ʢʘʢ ʧʦʣʠʨʦʚʘʥʥʳʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʘʣʤʘʟʥʳʭ ʧʘʩʪ, ʪʘʢ ʠ ʥʝʧʦʣʠʨʦʚʘʥʥʳʭ ʦʙʨʘʟʮʦʚ, ʥʘʧʠʣʝʥʥʳʭ ʘʣʤʘʟʥʦʡ ʧʠʣʦʡ. ɼʣʷ 

ʧʨʦʚʝʜʝʥʠʷ ʘʥʘʣʠʟʘ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʤʠʢʨʦʘʥʘʣʠʟʘʪʦʨ JXA8200 (JEOL Ltd, ʗʧʦʥʠʷ), 

ʦʩʥʘʱʝʥʥʳʡ ʧʷʪʴʶ ʚʦʣʥʦʚʳʤʠ ʩʧʝʢʪʨʦʤʝʪʨʘʤʠ ʠ ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʳʤ 

ʩʧʝʢʪʨʦʤʝʪʨʦʤ EX-84055MU (JEOL Ltd, ʗʧʦʥʠʷ). ʀʩʩʣʝʜʦʚʘʥʠʷ ʚʳʧʦʣʥʷʣʠʩʴ ʧʨʠ 

ʫʩʢʦʨʷʶʱʝʤ ʥʘʧʨʷʞʝʥʠʠ 20 ʢɺ ʠ ʪʦʢʝ ʟʦʥʜʘ, ʨʘʚʥʦʤ 20 ʤɸ. ʆʧʨʝʜʝʣʝʥʠʝ 

ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʦʙʥʘʨʫʞʝʥʥʳʭ ʚʢʣʶʯʝʥʠʡ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʦʛʦ ʩʧʝʢʪʨʦʤʝʪʨʘ (ʕɼʉ). ʆʙʨʘʙʦʪʢʘ ʧʦʣʫʯʝʥʥʳʭ ʕɼʉ-ʩʧʝʢʪʨʦʚ 

ʧʨʦʚʦʜʠʣʘʩʴ ʩ ʧʦʤʦʱʴʶ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ 

ʤʠʢʨʦʘʥʘʣʠʟʘʪʦʨʘ. 

ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʦʙʣʫʯʝʥʠʶ ʢʨʠʩʪʘʣʣʦʚ BaFBr ʙr ʩʪʨʳʤʠ ʪʷʞʝʣʳʤʠ ʠʦʥʘʤʠ 

ʧʨʦʚʦʜʠʣʠʩʴ ɼ. ʍ. ʂʝʥʙʘʝʚʳʤ ʠ ʩʦʪʨʫʜʥʠʢʘʤʠ ʬʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʦʛʦ ʬʘʢʫʣʴʪʝʪʘ 

ɽʚʨʘʟʠʡʩʢʦʛʦ ʥʘʮʠʦʥʘʣʴʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʠʤ. ʃ.ʅ. ɻʫʤʠʣʚyʘ ʥʘ ʢʘʥʘʣʝ ʜʣʷ 

ʧʨʦʚʝʜʝʥʠʷ ʨʘʙʦʪ ʧʦ ʬʠʟʠʢʝ ʪʚʝʨʜʦʛʦ ʪʝʣʘ ʫʩʢʦʨʠʪʝʣʷ ɼʎ-60 (ɸʩʪʘʥʘ, ʂʘʟʘʭʩʪʘʥ). 

ʎʠʢʣʦʪʨʦʥ ɼʎ-60 ʧʦʟʚʦʣʷʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴ ʫʩʢʦʨʝʥʠʝ ʯʘʩʪʠʮ ʧʝʨʝʤʝʥʥʳʤ 

ʤʘʛʥʠʪʥʳʤ ʧʦʣʝʤ. ʋʩʢʦʨʠʪʝʣʴ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʦʥʳ ʦʪ 7Li ʜʦ 130Xe 

ʠ ʫʩʢʦʨʷʪʴ ʠʭ ʩʦ ʩʧʝʮʠʬʠʯʝʩʢʦʡ ʵʥʝʨʛʠʝʡ ʦʪ 0,4 ʜʦ 1,75 ʄʵɺ/ʥʫʢʣʦʥ ʚ ʚʘʢʫʫʤʝ ʧʨʠ 
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ʜʘʚʣʝʥʠʠ ~2ʭ10-6 ʇʘ. ʋʩʢʦʨʠʪʝʣʴʥʳʡ ʢʦʤʧʣʝʢʩ ɼʎ-60 ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʠʟʦʭʨʦʥʥʳʡ 

ʮʠʢʣʦʪʨʦʥ, ʠʩʪʦʯʥʠʢ ʤʥʦʛʦʟʘʨʷʜʥʳʭ ʪʷʞʝʣʳʭ ʠʦʥʦʚ, ʩʠʩʪʝʤʫ ʘʢʩʠʘʣʴʥʦʡ 

ʠʥʞʝʢʮʠʠ ʧʦʪʦʢʘ ʠʦʥʦʚ, ʢʘʥʘʣ ʧʦʪʦʢʘ ʠʦʥʦʚ ʥʠʟʢʦʡ ʵʥʝʨʛʠʠ, ʪʨʠ ʢʘʥʘʣʘ ʧʦʪʦʢʦʚ 

ʫʩʢʦʨʝʥʥʳʭ ʠʦʥʦʚ ʚʳʩʦʢʦʡ ʵʥʝʨʛʠʠ, ʥʘʫʯʥʦʝ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ. 

ʉʧʝʢʪʨʳ ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ ʩʚʝʪʘ ʠʟʤʝʨʷʣʠ ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ʥʘ ʩʧʝʢʪʨʦʤʝʪʨʝ Solver Spectrum (NT-MDT, ʉʐɸ). ʉʧʝʢʪʨʳ 

ʚʦʟʙʫʞʜʘʣʠʩʴ ʣʫʯʦʤ ʪʚʝʨʜʦʪʝʣʴʥʦʛʦ ʜʠʦʜʥʦʛʦ ʣʘʟʝʨʘ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ 473 ʥʤ 

ʩʧʝʢʪʨʘʣʴʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ 1 ʩʤ-1. ʃʘʟʝʨ ʬʦʢʫʩʠʨʦʚʘʣʩʷ ʩ ʧʦʤʦʱʴʶ ʦʙʲʝʢʪʠʚʘ 

x100. 

2.3. ʆʩʥʦʚʥʳʝ ʚʳʚʦʜʳ ʢ ʛʣʘʚʝ 2 

ɼʣʷ ʚʳʨʘʱʠʚʘʥʠʷ ʢʨʠʩʪʘʣʣʦʚ ʱʝʣʦʯʥʦʟʝʤʝʣʴʥʳʭ ʛʘʣʦʛʝʥʠʜʦʚ ʧʨʠʤʝʥʷʣʠʩʴ 

ʪʨʘʜʠʮʠʦʥʥʳʝ ʤʝʪʦʜʳ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ, ʪʘʢʠʝ ʢʘʢ ʤʝʪʦʜʳ ɹʨʠʜʞʤʝʥʘ, 

ʏʦʭʨʘʣʴʩʢʦʛʦ ʠ ʐʪʝʙʝʨʘ, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʝ ʩ ʫʯʝʪʦʤ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʚʳʨʘʱʠʚʘʝʤʳʭ ʢʨʠʩʪʘʣʣʦʚ. ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʧʨʠʤʝʥʷʣʩʷ ʤʥʦʛʦʣʝʪʥʠʡ 

ʦʧʳʪ ʚʳʨʘʱʠʚʘʥʠʷ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʠʟ ʨʘʩʧʣʘʚʦʚ ʠ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʩʧʝʮʠʘʣʴʥʦ 

ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʜʣʷ ʵʪʦʛʦ ʘʧʧʘʨʘʪʫʨʥʳʝ ʨʝʰʝʥʠʷ ʥʘ ʦʙʦʨʫʜʦʚʘʥʠʠ ʆʧʳʪʥʦʛʦ 

ʫʯʘʩʪʢʘ ʠ ʃʘʙʦʨʘʪʦʨʠʠ ʬʠʟʠʢʠ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʀɻʍ ʉʆ ʈɸʅ. ʆʩʦʙʝʥʥʦʩʪʠ 

ʚʳʨʘʱʠʚʘʥʠʷ ʬʪʦʨʠʜʥʳʭ ʠ ʡʦʜʠʜʥʳʭ ʢʨʠʩʪʘʣʣʦʚ, ʘ ʪʘʢʞʝ ʧʨʦʮʝʜʫʨʘ ʥʘʧʣʘʚʘ 

ʢʚʘʨʮʝʚʦʛʦ ʩʪʝʢʣʘ ʜʣʷ ʩʧʝʢʪʨʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʧʠʩʘʥʳ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʛʣʘʚʘʭ ʜʘʥʥʦʡ ʜʠʩʩʝʨʪʘʮʠʠ. 

ʉʧʝʢʪʨʘʣʴʥʳʝ ʠʟʤʝʨʝʥʠʷ ʚʳʧʦʣʥʷʣʠʩʴ ʥʘ ʦʙʦʨʫʜʦʚʘʥʠʠ ʎʝʥʪʨʦʚ 

ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʧʦʣʴʟʦʚʘʥʠʷ ʀɻʍ ʉʆ ʈɸʅ, ɹʀʇ ʉʆ ʈɸʅ, ʌʀʎ ʀʈʀʍ ʉʆ ʈɸʅ, 

ɽʅʋ ʠʤ. ʃ.ʅ. ɻʫʤʠʣʚyʘ.  
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ɻʃɸɺɸ 3. ʇʆʃʋʏɽʅʀɽ ʂʈʀʉʊɸʃʃʆɺ BaFBr:Eu2+ ʉ ɺʓʉʆʂʆʁ 

ʕʌʌɽʂʊʀɺʅʆʉʊʔʖ ʌʆʊʆʉʊʀʄʋʃʀʈʆɺɸʅʅʆʁ 

ʃʖʄʀʅɽʉʎɽʅʎʀʀ  

 

3.1 ʈʦʩʪ ʢʨʠʩʪʘʣʣʦʚ BaFBr  

ʄʝʪʦʜʳ ʧʦʣʫʯʝʥʠʷ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ BaFBr, BaFCl, BaFI ʠ ʪ.ʧ. ʠʟ-ʟʘ ʧʦʜʦʙʠʷ 

ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʠ ʩʪʨʫʢʪʫʨʳ (ʪʠʧ PbFCl) ʠʤʝʶʪ ʤʥʦʛʦ ʦʙʱʝʛʦ ʠ ʨʘʟʣʠʯʘʶʪʩʷ 

ʣʠʰʴ ʚ ʥʝʩʫʱʝʩʪʚʝʥʥʳʭ ʜʝʪʘʣʷʭ. ʀʟ ʘʥʘʣʠʟʘ ʣʠʪʝʨʘʪʫʨʳ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʜʚʘ 

ʦʩʥʦʚʥʳʭ ʩʧʦʩʦʙʘ ʧʦʣʫʯʝʥʠʷ ʪʘʢʦʛʦ ʪʠʧʘ ʢʨʠʩʪʘʣʣʦʚ. ʇʝʨʚʳʡ ï ʧʦʣʫʯʝʥʠʝ 

ʢʨʠʩʪʘʣʣʦʚ ʠʟ ʨʘʩʪʚʦʨʘ ʚ ʨʘʩʧʣʘʚʝ ʩʦʣʝʡ ʚ ʩʠʩʪʝʤʝ NaF + BaCl2 [185, 186] ʜʣʷ 

ʢʨʠʩʪʘʣʣʦʚ BaFCl ʠ ʚ ʩʠʩʪʝʤʝ NaF + BaBr2 ʜʣʷ ʢʨʠʩʪʘʣʣʦʚ BaFBr [187], 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɼʘʥʥʳʤ ʤʝʪʦʜʦʤ ʥʝʚʦʟʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʦʙʲʝʤʥʳʝ ʢʨʠʩʪʘʣʣʳ 

ʙʦʣʴʰʠʭ ʨʘʟʤʝʨʦʚ ï ʩʨʝʜʥʠʝ ʣʠʥʝʡʥʝr ʨʘʟʤʝʨʳ ʧʦʣʫʯʝʥʥrʭ ʢʨʠʩʪʘʣʣʦʚ 

ʩʦʩʪʘʚʣʷʣʠ 1 ï 10 ʤʤ. 

ɺʪʦʨʦʡ ʩʧʦʩʦʙ ï ʵʪʦ ʚʳʨʘʱʠʚʘʥʠʝ ʢʨʠʩʪʘʣʣʦʚ ʤʝʪʦʜʦʤ ʥʘʧʨʘʚʣʝʥʥʦʡ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ [188, 189]. ɺ ʨʘʙʦʪʘʭ [74, 190] ʢʨʠʩʪʘʣʣʳ BaFBr ʧʦʣʫʯʝʥʳ ʠʟ 

ʨʘʩʧʣʘʚʘ ʤʝʪʦʜʦʤ ɹʨʠʜʞʤʝʥʘ. 

ʅʘ ʈʠʩʫʥʢʝ 20 ʧʨʠʚʝʜʝʥʘ ʬʘʟʦʚʘʷ ʜʠʘʛʨʘʤʤʘ ʩʠʩʪʝʤʳ BaF2-BaBr2 [191]. 

ʇʦʤʠʤʦ ʢʨʘʡʥʠʭ ʯʣʝʥʦʚ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʦʝʜʠʥʝʥʠʷʤ BaF2 ʠ BaBr2, 

ʜʠʘʛʨʘʤʤʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʘʣʠʯʠʝʤ ʢʦʥʛʨʫʵʥʪʥʦ ʧʣʘʚʷʱʝʛʦʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 

1010 oC ʩʦʝʜʠʥʝʥʠʷ BaFBr ʠ ʜʚʫʭ ʵʚʪʝʢʪʠʯʝʩʢʠʭ ʪʦʯʝʢ: ʦʜʥʘ ʩʦ ʩʪʦʨʦʥʳ, ʙʦʛʘʪʦʡ 

ʙʨʦʤʦʤ (12 ʤʦʣ. % BaF2) ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 775 ÁC, ʘ ʜʨʫʛʘʷ ʩʦ ʩʪʦʨʦʥʳ, ʙʦʛʘʪʦʡ 

ʬʪʦʨʦʤ (73 ʤʦʣ. % BaF2) ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʪʝʤʧʝʨʘʪʫʨʝ 930 Áʉ. ʈʘʩʪʚʦʨʠʤʦʩʪʠ 

BaFBr ʚ ʬʘʟʝ BaF2 ʠʣʠ BaBr2 ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ ʠʟ-ʟʘ ʨʘʟʣʠʯʠʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ 

ʩʪʨʫʢʪʫʨ BaFBr, BaF2 ʠ BaBr2. ʕʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʢʨʠʚʦʡ ɼʊɸ ʜʣʷ ʦʙʨʘʟʮʘ ʩʦʩʪʘʚʘ 

BaF2:BaBr2 50:50 (ʈʠʩʫʥʦʢ 21), ʥʘ ʢʦʪʦʨʦʡ ʦʪʤʝʯʝʥʳ ʪʨʠ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʘ [191]. 
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ʈʠʩʫʥʦʢ 20 ï ʌʘʟʦʚʘʷ ʜʠʘʛʨʘʤʤʘ ʩʠʩʪʝʤʳ BaF2-BaBr2 [191]. 

 

 

ʈʠʩʫʥʦʢ 21 ï ʂʨʠʚʘʷ ɼʊɸ ʜʣʷ ʦʙʨʘʟʮʘ BaF2-BaBr2 ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ [191]. 
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ʊʝʤʧʝʨʘʪʫʨʳ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ E1 ʠ E2 ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʣʠʥʠʷʤ ʩʦʣʠʜʫʩʘ 

ʦʙʨʘʟʮʦʚ ʩ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʙʨʦʤʘ ʠ ʬʪʦʨʘ, ʘ ʪʝʤʧʝʨʘʪʫʨʫ E3 ʤʦʞʥʦ ʦʪʥʝʩʪʠ 

ʢ ʪʝʤʧʝʨʘʪʫʨʝ ʧʣʘʚʣʝʥʠʷ BaFBr. 

ɺ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʧʨʦʠʩʭʦʜʠʪ ʩʤʝʰʠʚʘʝʤʦʩʪʴ ʢʦʤʧʦʥʝʥʪʦʚ ʚʙʣʠʟʠ 

ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ BaFBr, ʪʝʤʧʝʨʘʪʫʨʳ ʧʝʨʝʭʦʜʘ E1 ʠ E2 ʙʫʜʫʪ 

ʦʪʣʠʯʘʪʴʩʷ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʣʠʥʠʡ ʩʦʣʠʜʫʩʘ ʥʘ ʩʪʦʨʦʥʝ, ʙʦʛʘʪʦʡ ʙʨʦʤʦʤ ʠ ʬʪʦʨʦʤ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʅʦ ʧʦʩʢʦʣʴʢʫ ʪʘʢʦʛʦ ʩʜʚʠʛʘ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ, ʤʦʞʥʦ ʟʘʢʣʶʯʠʪʴ, 

ʯʪʦ ʩʦʝʜʠʥʝʥʠʝ BaFBr ʠʤʝʝʪ ʬʠʢʩʠʨʦʚʘʥʥʳʡ ʩʦʩʪʘʚ ʚ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʤ 

ʨʘʚʥʦʚʝʩʠʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʜʣʷ ʚʳʨʘʱʠʚʘʥʠʷ ʢʨʠʩʪʘʣʣʦʚ BaFBr 

ʩʣʝʜʫʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʪʝʭʠʦʤʝʪʨʠʯʥʳʡ ʩʦʩʪʘʚ ʩʦʝʜʠʥʝʥʠʡ BaF2 ʠ BaBr2 ʚ 

ʩʦʦʪʥʦʰʝʥʠʠ 1:1. ʕʪʠ ʚʳʚʦʜʳ ʪʘʢʞʝ ʧʦʜʪʚʝʨʞʜʘʶʪʩʷ ʘʥʘʣʠʟʦʤ ʠʟʚʝʩʪʥʦʡ ʬʘʟʦʚʦʡ 

ʜʠʘʛʨʘʤʤʳ ʜʣʷ ʧʦʭʦʞʝʛʦ ʧʦ ʩʚʦʝʡ ʩʪʨʫʢʪʫʨʝ ʩʦʝʜʠʥʝʥʠʷ BaFCl [192]. 

ʅʘʜʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʦʦʪʥʦʰʝʥʠʝ ʠʩʭʦʜʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʢʨʠʩʪʘʣʣʘʭ BaFBr 

ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ʥʘ ʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ʩʚʦʡʩʪʚʘ ʵʪʦʛʦ ʤʘʪʝʨʠʘʣʘ. ʀʟʙʳʪʦʢ BaBr2 

ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʬʪʦʨʩʦʜʝʨʞʘʱʠʭ ʮʝʥʪʨʦʚ ʦʢʨʘʩʢʠ (F(Fī)) ʠ, ʥʘʦʙʦʨʦʪ, 

ʠʟʙʳʪʦʢ BaF2 ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ F(Br
ī)-ʮʝʥʪʨʦʚ [52].  

ʇʝʨʚʦʥʘʯʘʣʴʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʚʳʨʘʱʠʚʘʥʠʶ ʢʨʠʩʪʘʣʣʦʚ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ 

ʤʝʪʦʜʦʤ ɹʨʠʜʞʤʝʥʘ-ʉʪʦʢʙʘʨʛʝʨʘ (ʚ ʜʘʣʴʥʝʡʰʝʤ ʤʝʪʦʜ ɹʨʠʜʞʤʝʥʘ) ʥʘ ʫʩʪʘʥʦʚʢʘʭ 

ʆʂɹ-8118 (ʈʝʜʤʝʪ-10) ʠ ʆʂɹ-8093 (ʈʝʜʤʝʪ-8). ɺʳʨʘʱʠʚʘʥʠʝ ʢʨʠʩʪʘʣʣʦʚ ʵʪʠʤ 

ʤʝʪʦʜʦʤ ʧʨʦʚʦʜʠʣʠ ʚ ʧʝʯʠ, ʩʦʩʪʦʷʱʝʡ ʠʟ ʜʚʫʭ ʟʦʥ, ʚʝʨʭʥʷʷ ï 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʘʷ, ʥʠʞʥʷʷ ï ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʘʷ. ɹʳʣ ʩʧʨʦʝʢʪʠʨʦʚʘʥ ʠ 

ʠʟʛʦʪʦʚʣʝʥ ʛʨʘʬʠʪʦʚʳʡ ʪʝʧʣʦʚʦʡ ʫʟʝʣ ʩ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ, 

ʩʭʝʤʘʪʠʯʝʩʢʠ ʧʦʢʘʟʘʥʥʳʡ ʥʘ ʈʠʩʫʥʢʝ 22. ɺʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʫʶ ʟʦʥʫ ʬʦʨʤʠʨʫʝʪ 

ʪʝʧʣʦʚʦʡ ʫʟʝʣ, ʩʦʩʪʦʷʱʠʡ ʠʟ ʛʨʘʬʠʪʦʚʦʛʦ ʥʘʛʨʝʚʘʪʝʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ (1) ʠ ʩʠʩʪʝʤʳ 

ʛʨʘʬʠʪʦʚʳʭ ʵʢʨʘʥʦʚ (2). ʅʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʘʷ ʟʦʥʘ ʩʦʩʪʦʠʪ ʠʟ ʪʨʫʙʳ, 

ʠʟʛʦʪʦʚʣʝʥʥʦʡ ʠʟ ʦʛʥʝʫʧʦʨʥʦʛʦ ʤʘʪʝʨʠʘʣʘ (3), ʦʜʥʠʤ ʢʦʥʮʦʤ ʫʧʠʨʘʶʱʘʷʩʷ ʚ ʜʥʦ 

ʢʘʤʝʨʳ ʫʩʪʘʥʦʚʢʠ, ʜʨʫʛʠʤ ʚʧʣʦʪʥʫʶ ʧʦʜʭʦʜʠʪ ʢ ʥʘʛʨʝʚʘʪʝʣʴʥʦʤʫ ʵʣʝʤʝʥʪʫ. 
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ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʪʝʧʣʦʚʦʛʦ ʫʟʣʘ ʧʦʢʘʟʘʥʦ ʥʘ ʢʨʠʚʦʡ (5). ɻʨʘʜʠʝʥʪ 

ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʟʦʥʝ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʩʦʩʪʘʚʣʷʝʪ 30 ï 40 ʛʨʘʜ/ʩʤ.  

 

 

ʈʠʩʫʥʦʢ 22 ï ʉʭʝʤʘ ʪʝʧʣʦʚʦʛʦ ʫʟʣʘ ʜʣʷ ʚʳʨʘʱʠʚʘʥʠʷ ʢʨʠʩʪʘʣʣʦʚ ʤʝʪʦʜʦʤ ɹʨʠʜʞʤʝʥʘ-

ʉʪʦʢʙʘʨʛʝʨʘ: 1 ï ʛʨʘʬʠʪʦʚʳʡ ʥʘʛʨʝʚʘʪʝʣʴʥʳʡ ʵʣʝʤʝʥʪ; 2 ï ʩʠʩʪʝʤʘ ʛʨʘʬʠʪʦʚʳʭ ʵʢʨʘʥʦʚ;  

3 ï ʪʨʫʙʘ ʠʟ ʦʛʥʝʫʧʦʨʥʦʛʦ ʤʘʪʝʨʠʘʣʘ; 4 ï ʦʭʣʘʞʜʘʝʤʳʝ ʪʦʢʦʚʦʜʳ; 5 ï ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʪʝʤʧʝʨʘʪʫʨʳ ʪʝʧʣʦʚʦʛʦ ʫʟʣʘ. 

ɻʨʘʬʠʪʦʚʳʡ ʪʠʛʝʣʴ, ʠʤʝʶʱʠʡ ʬʦʨʤʫ ʮʠʣʠʥʜʨʘ ʩ ʢʦʥʠʯʝʩʢʠʤ ʜʥʦʤ, 

ʟʘʧʦʣʥʝʥʥʳʡ ʢʨʠʩʪʘʣʣʠʟʫʝʤʳʤ ʚʝʱʝʩʪʚʦʤ, ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʚ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʯʘʩʪʠ ʧʝʯʠ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʢʦʥʝʮ ʢʦʥʠʯʝʩʢʦʡ ʯʘʩʪʠ 

ʥʘʭʦʜʠʣʩʷ ʚ ʟʦʥʝ ʤʘʢʩʠʤʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ (ʈʠʩʫʥʦʢ 23-1). ʇʦʩʣʝ ʨʘʩʧʣʘʚʣʝʥʠʷ 

ʰʠʭʪʳ ʠ ʝʝ ʛʦʤʦʛʝʥʠʟʘʮʠʠ ʪʠʛʝʣʴ ʩ ʟʘʜʘʥʥʦʡ ʩʢʦʨʦʩʪʴʶ ʦʧʫʩʢʘʶʪ ʯʝʨʝʟ ʧʦʣʝ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʛʨʘʜʠʝʥʪʘ. ʇʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʯʝʨʝʟ ʠʟʦʪʝʨʤʫ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʚ 

ʥʦʩʠʢʝ ʪʠʛʣʷ ʦʙʨʘʟʫʶʪʩʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʟʘʨʦʜʳʰʠ, ʧʨʠ ʜʘʣʴʥʝʡʰʝʤ ʦʧʫʩʢʘʥʠʠ 

ʥʘʯʠʥʘʝʪ ʜʦʤʠʥʠʨʦʚʘʪʴ ʦʜʠʥ ʠʟ ʥʠʭ (ʟʘ ʩʯʝʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦʛʦ ʨʦʩʪʘ ʛʨʘʥʝʡ), 
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ʢʦʪʦʨʳʡ ʬʦʨʤʠʨʫʝʪʩʷ ʚ ʢʨʫʧʥʳʡ ʤʦʥʦʢʨʠʩʪʘʣʣ. ʇʦʩʣʝʜʫʶʱʝʝ ʦʧʫʩʢʘʥʠʝ ʪʠʛʣʷ 

ʧʨʠʚʦʜʠʪ ʢ ʧʦʣʥʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʨʘʩʧʣʘʚʘ ʩ ʪʘʢʦʡ ʦʨʠʝʥʪʘʮʠʝʡ ʩʣʦʝʚ, ʢʦʪʦʨʘʷ 

ʙʳʣʘ ʟʘʜʘʥʘ ʧʝʨʚʦʥʘʯʘʣʴʥʳʤ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʤ ʟʘʨʦʜʳʰʝʤ.  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʦʩʪʦʚʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʚ ʪʠʛʣʝ ʩ ʢʦʥʫʩʥʳʤ ʜʥʦʤ ʥʝ ʧʦʣʫʯʠʣʦʩʴ 

ʚʳʨʘʩʪʠʪʴ ʢʘʯʝʩʪʚʝʥʥʳʡ ʤʦʥʦʢʨʠʩʪʘʣʣ BaFBr. ʉʣʠʪʦʢ ʩʦʩʪʦʷʣ ʠʟ ʥʘʙʦʨʘ 

ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʙʣʦʢʦʚ, ʬʦʨʤʘ ʢʦʪʦʨʳʭ ʠʟʦʙʨʘʞʝʥʘ ʥʘ ʈʠʩʫʥʢʝ 23-1.   

 

 

  

 

 

 

ʈʠʩʫʥʦʢ 23 ï ʊʠʧʳ ʛʨʘʬʠʪʦʚʳʭ ʪʠʛʣʝʡ ʜʣʷ ʚʳʨʘʱʠʚʘʥʠʷ ʢʨʠʩʪʘʣʣʦʚ BaFBr ʠ ʚʳʨʘʱʝʥʥʳʝ ʚ 

ʥʠʭ ʦʙʨʘʟʮʳ: 1 ï ʪʠʛʝʣʴ ʩ ʢʦʥʠʯʝʩʢʠʤ ʜʥʦʤ; 2 ï ʪʠʛʝʣʴ ʩ ʧʣʦʩʢʠʤ ʜʥʦʤ; 3 ï ʤʥʦʛʦʩʪʚʦʣʴʥʳʡ 

ʪʠʛʝʣʴ  

 

ʀʟ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʠ ʘʥʘʣʠʟʘ ʬʘʟʦʚʦʡ ʜʠʘʛʨʘʤʤʳ ʤʦʞʥʦ ʩʜʝʣʘʪʴ 

ʚʳʚʦʜʳ, ʯʪʦ ʤʦʥʦʢʨʠʩʪʘʣʣʳ BaFBr ʨʘʩʪʫʪ ʩ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʠʤʠ ʩʢʦʨʦʩʪʷʤʠ ʠʟ 

ʩʦʙʩʪʚʝʥʥʦʛʦ ʨʘʩʧʣʘʚʘ (ʢʦʥʛʨʫʵʥʪʥʦʝ ʧʣʘʚʣʝʥʠʝ), ʧʦʣʫʯʘʝʤʦʛʦ ʧʨʠ ʩʧʣʘʚʣʝʥʠʠ 

ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʦʡ ʩʤʝʩʠ BaF2 ʠ BaBr2, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʝʘʢʮʠʝʡ 

BaF2 + BaBr2 ­ 2BaFBr 
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ʇʨʠ ʵʪʦʤ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʦʩʠ ʩʠʤʤʝʪʨʠʠ ʢʨʠʩʪʘʣʣʳ ʨʘʩʪʫʪ ʩ ʥʘʠʤʝʥʴʰʝʡ 

ʩʢʦʨʦʩʪʴʶ. ʇʦʣʫʯʝʥʥʳʝ ʢʨʠʩʪʘʣʣʳ ʨʘʩʪʨʝʩʢʠʚʘʶʪʩʷ ʧʨʠ ʨʝʟʢʠʭ ʩʢʘʯʢʘʭ 

ʪʝʤʧʝʨʘʪʫʨʳ ʠʣʠ ʧʨʠ ʧʦʧʘʜʘʥʠʠ ʚ ʟʦʥʫ ʩ ʚʳʩʦʢʠʤ ʛʨʘʜʠʝʥʪʦʤ ʪʝʤʧʝʨʘʪʫʨʳ. 

ʋʯʠʪʳʚʘʷ ʵʪʠ ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʠ ʚʳʨʘʱʠʚʘʥʠʠ, ʘ ʪʘʢʞʝ ʜʦʩʪʘʪʦʯʥʦ ʥʠʟʢʠʝ 

ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʘʚʣʝʥʠʷ, ʨʘʙʦʪʳ ʧʦ ʧʦʣʫʯʝʥʠʶ ʢʨʠʩʪʘʣʣʦʚ BaFBr ʧʨʦʜʦʣʞʠʣʠʩʴ 

ʤʝʪʦʜʦʤ ʐʪʝʙʝʨʘ [183, 184]. ɽʩʣʠ ʧʨʠ ʚʳʨʘʱʠʚʘʥʠʠ ʢʨʠʩʪʘʣʣʦʚ ʠʟ ʨʘʩʧʣʘʚʘ ʧʦ 

ʤʝʪʦʜʫ ɹʨʠʜʞʤʝʥʘ-ʉʪʦʢʙʘʨʛʝʨʘ ʪʠʛʝʣʴ ʧʝʨʝʤʝʱʘʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʟʦʥʳ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʛʨʘʜʠʝʥʪʘ, ʪʦ ʚ ʤʝʪʦʜʝ ʐʪʝʙʝʨʘ ʧʫʪʤy ʪʦʯʥʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ 

ʩʢʦʨʦʩʪʠ ʦʭʣʘʞʜʝʥʠʷ ʪʝʧʣʦʚʦʛʦ ʫʟʣʘ ʧʝʨʝʤʝʱʘʝʪʩʷ ʛʨʘʥʠʮʘ ʨʘʟʜʝʣʘ ʢʨʠʩʪʘʣʣ-

ʞʠʜʢʦʩʪʴ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʧʦʜʚʠʞʥʦʛʦ ʪʠʛʣʷ. ʊʦ ʝʩʪʴ, ʩʘʤ ʧʦ ʩʝʙʝ ʤʝʪʦʜ ʐʪʝʙʝʨʘ 

ʧʨʝʜʧʦʣʘʛʘʝʪ ʥʘʣʠʯʠʝ çʤʷʛʢʠʭè ʪʝʧʣʦʚʳʭ ʫʩʣʦʚʠʡ. ʂ ʪʦʤʫ ʞʝ ʤʝʪʦʜ ʐʪʝʙʝʨʘ 

ʟʥʘʯʠʪʝʣʴʥʦ ʫʧʨʦʱʘʝʪ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʚʳʨʘʱʠʚʘʥʠʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʤʝʪʦʜʦʤ ɹʨʠʜʞʤʝʥʘ-ʉʪʦʢʙʘʨʛʝʨʘ ï ʥʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʝʨʝʤʝʱʝʥʠʷ ʪʠʛʣʷ.   

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʠʛʣʷ ʩ 

ʧʣʦʩʢʠʤ ʜʥʦʤ (ʣʠʙʦ ʚ ʩʣʫʯʘʝ ʤʥʦʛʦʩʪʚʦʣʴʥʦʛʦ ʪʠʛʣʷ ʩ ʧʣʦʩʢʠʤ ʜʥʦʤ), ʚʳʷʚʠʣʘʩʴ 

ʧʦʣʝʟʥʘʷ ʜʣʷ ʧʨʘʢʪʠʢʠ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ. ɺ ʧʦʜʘʚʣʷʶʱʝʤ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ 

ʧʣʦʩʢʦʩʪʴ ʩʧʘʡʥʦʩʪʠ ʢʨʠʩʪʘʣʣʦʚ ʙʳʣʘ ʦʨʠʝʥʪʠʨʦʚʘʥʘ ʧʘʨʘʣʣʝʣʴʥʦ ʜʥʫ ʪʠʛʣʷ ʠ ʧʨʠ 

ʵʪʦʤ ʥʘʙʣʶʜʘʣʩʷ ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ ʨʦʩʪ (ʈʠʩʫʥʦʢ 23-2, 3).     

ʂʘʢ ʫʞʝ ʫʧʦʤʠʥʘʣʦʩʴ, ʥʝʦʙʭʦʜʠʤʳʤ ʫʩʣʦʚʠʝʤ ʚʳʨʘʱʠʚʘʥʠʷ ʢʨʠʩʪʘʣʣʦʚ ʢʘʢ 

ʤʝʪʦʜʦʤ ɹʨʠʜʞʤʝʥʘ, ʪʘʢ ʠ ʤʝʪʦʜʦʤ ʐʪʝʙʝʨʘ, ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʧʦʣʷ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʛʨʘʜʠʝʥʪʘ ʚ ʟʦʥʝ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʪʝʧʣʦʦʪʚʦʜʘ 

ʦʪ ʥʠʞʥʝʡ ʯʘʩʪʠ ʪʠʛʣʷ. ʊʠʛʝʣʴ ʫʩʪʘʥʘʚʣʠʚʘʣʩʷ ʥʘ ʦʭʣʘʞʜʘʝʤʳʡ ʰʪʦʢ, ʯʪʦ 

ʦʙʝʩʧʝʯʠʚʘʣʦ ʪʝʧʣʦʦʪʚʦʜ ʦʪ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʜʥʘ ʩ ʦʭʣʘʞʜʝʥʠʝʤ ʧʦ ʚʩʝʡ ʝʛʦ 

ʧʣʦʩʢʦʩʪʠ. ɺʝʨʦʷʪʥʦ, ʙʣʘʛʦʜʘʨʷ ʦʭʣʘʞʜʘʝʤʦʤʫ ʧʣʦʩʢʦʤʫ ʜʥʫ ʪʠʛʣʷ ʩ ʪʦʯʢʦʡ 

ʧʦʥʠʞʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʝʛʦ ʮʝʥʪʨʝ, ʩʦʟʜʘʚʘʣʠʩʴ ʙʣʘʛʦʧʨʠʷʪʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ 

ʟʘʨʦʞʜʝʥʠʷ ʢʨʠʩʪʘʣʣʘ ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʤʘʪʣʦʢʠʪʘ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʜʥʘ ʪʠʛʣʷ, 

ʨʘʜʠʘʣʴʥʦʛʦ ʝʛʦ ʨʘʟʨʘʱʠʚʘʥʠʷ ʧʦ ʧʣʦʩʢʦʩʪʠ ʠ ʜʘʣʴʥʝʡʰʝʛʦ ʧʦʩʣʦʡʥʦʛʦ ʨʦʩʪʘ ʧʦ 

ʤʝʨʝ ʧʝʨʝʤʝʱʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʛʨʘʜʠʝʥʪʘ ʚʚʝʨʭ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʧʦʜʚʠʞʥʦʛʦ 

ʪʠʛʣʷ.  
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ɽʱʝ ʦʜʥʠʤ ʬʘʢʪʦʨʦʤ, ʢʦʪʦʨʳʡ ʚʣʠʷʝʪ ʥʘ ʩʪʨʫʢʪʫʨʥʦʝ ʩʦʚʝʨʰʝʥʩʪʚʦ 

ʚʳʨʘʱʠʚʘʝʤʳʭ ʢʨʠʩʪʘʣʣʦʚ, ʷʚʣʷʝʪʩʷ ʬʦʨʤʘ ʬʨʦʥʪʘ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ [183]. ʌʨʦʥʪ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʛʨʘʜʠʝʥʪʦʤ ʪʝʤʧʝʨʘʪʫʨ ʥʘ ʬʨʦʥʪʝ ʨʦʩʪʘ (G, ʛʨʘʜ/ʤʤ) 

ʠ ʩʢʦʨʦʩʪʴʶ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ (R, ʤʤ/ʤʠʥ). ʕʪʠ ʧʘʨʘʤʝʪʨʳ ʧʦʜʙʠʨʘʶʪʩʷ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ, ʠʩʭʦʜʷ ʠʟ ʫʩʣʦʚʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʣʦʩʢʦʛʦ ʬʨʦʥʪʘ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ. ʆʪ ʬʦʨʤʳ ʬʨʦʥʪʘ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʟʘʚʠʩʠʪ ʜʝʬʝʢʪʥʦʩʪʴ ʢʨʠʩʪʘʣʣʘ 

ï ʧʣʦʪʥʦʩʪʴ ʜʠʩʣʦʢʘʮʠʡ, ʨʘʟʦʨʠʝʥʪʘʮʠʷ ʙʣʦʢʦʚ, ʤʦʟʘʠʯʥʦʩʪʴ ʠ ʜʨʫʛʠʝ.  

ʀʩʢʨʠʚʣʝʥʠʝ ʬʨʦʥʪʘ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʪʘʢʞʝ ʧʨʠʚʦʜʠʪ ʢ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʠ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʨʠʤʝʩʠ ʧʨʠ ʣʝʛʠʨʦʚʘʥʠʠ ʢʨʠʩʪʘʣʣʘ. ʊʘʢʘʷ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ 

ʦʙʫʩʣʦʚʣʝʥʘ ʪʝʤ, ʯʪʦ ʨʘʟʣʠʯʥʳʝ ʯʘʩʪʠ ʦʜʥʦʛʦ ʠ ʪʦʛʦ ʞʝ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ 

ʦʙʨʘʟʮʘ ʢʨʠʩʪʘʣʣʠʟʫʶʪʩʷ ʚ ʨʘʟʣʠʯʥʦʝ ʚʨʝʤʷ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʪʦʛʦ (ʧʨʠ 

ʢʦʵʬʬʠʮʠʝʥʪʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʝʥʴʰʝ 1), ʧʨʠ ʚʳʧʫʢʣʦʤ ʬʨʦʥʪʝ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʧʨʠʤʝʩʠ ʥʘ ʧʝʨʠʬʝʨʠʠ ʢʨʠʩʪʘʣʣʘ ʙʫʜʝʪ ʙʦʣʴʰʝ, ʯʝʤ ʚ ʮʝʥʪʨʘʣʴʥʦʡ 

ʯʘʩʪʠ ʟʘ ʩʯʝʪ ʦʪʪʝʩʥʝʥʠʷ ʧʨʠʤʝʩʠ. ʇʨʠ ʚʦʛʥʫʪʦʤ ʬʨʦʥʪʝ ï ʥʘʦʙʦʨʦʪ. ʕʪʘ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʚʦʟʨʘʩʪʘʝʪ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʢʨʫʪʠʟʥʳ ʬʨʦʥʪʘ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ.  

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʚʳʨʘʱʠʚʘʥʠʠ ʢʨʠʩʪʘʣʣʦʚ ʚ 

ʫʩʣʦʚʠʷʭ ʨʝʟʢʠʭ ʛʨʘʜʠʝʥʪʦʚ ʪʝʤʧʝʨʘʪʫʨ ʩ ʤʘʣʳʤʠ ʩʢʦʨʦʩʪʷʤʠ ʠʭ ʧʝʨʝʤʝʱʝʥʠʷ 

ʧʦʣʫʯʘʶʪ ʧʣʦʩʢʠʡ ʠʣʠ ʩʣʝʛʢʘ ʚʳʧʫʢʣʳʡ ʬʨʦʥʪ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ. ʕʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʧʦʣʫʯʝʥʠʶ ʙʝʟʜʝʬʝʢʪʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʚʳʩʦʢʦʛʦ ʢʘʯʝʩʪʚʘ. ɺʳʨʘʱʠʚʘʥʠʝ 

ʢʨʠʩʪʘʣʣʦʚ ʩ ʙʦʣʴʰʠʤʠ ʩʢʦʨʦʩʪʷʤʠ ʚ ʫʩʣʦʚʠʷʭ ʤʘʣʳʭ ʛʨʘʜʠʝʥʪʦʚ ʪʝʤʧʝʨʘʪʫʨ, 

ʢʦʛʜʘ ʧʦʚʝʨʭʥʦʩʪʴ ʨʘʟʜʝʣʘ ʠʤʝʝʪ ʚʦʛʥʫʪʫʶ ʬʦʨʤʫ, ʧʨʠʚʦʜʠʪ ʢ ʚʳʩʦʢʦʡ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʢʨʠʩʪʘʣʣʦʚ ʠ ʥʝʨʝʜʢʦ ï ʢ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʦʤʫ ʨʦʩʪʫ. 

ʊʝʨʤʠʯʝʩʢʠʝ ʥʘʧʨʷʞʝʥʠʷ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʦʜʥʦʡ ʠʟ ʧʨʠʯʠʥ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʜʠʩʣʦʢʘʮʠʦʥʥʳʭ ʩʪʨʫʢʪʫʨ, ʦʙʳʯʥʦ ʤʠʥʠʤʘʣʴʥʳ ʜʣʷ ʧʣʦʩʢʦʛʦ ʬʨʦʥʪʘ ʠ ʚʦʟʨʘʩʪʘʶʪ 

ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʢʨʫʪʠʟʥʳ ʬʨʦʥʪʘ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ.        

ʊʝʤʧʝʨʘʪʫʨʥʳʡ ʛʨʘʜʠʝʥʪ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʟʘʚʠʩʠʪ ʦʪ ʪʝʨʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʚ 

ʨʘʙʦʯʝʤ ʦʙʲʝʤʝ ʫʩʪʘʥʦʚʢʠ ʠ ʬʦʨʤʠʨʫʝʪʩʷ ʢʘʢ ʬʦʨʤʦʡ ʥʘʛʨʝʚʘʪʝʣʷ, ʪʘʢ ʠ ʩ 

ʧʦʤʦʱʴʶ ʪʝʧʣʦʚʳʭ ʵʢʨʘʥʦʚ. ʈʝʟʫʣʴʪʘʪ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʦʮʝʥʠʚʘʝʪʩʷ ʧʦ ʚʥʝʰʥʝʤʫ 

ʚʠʜʫ ʧʦʣʫʯʝʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ, ʚʳʨʘʱʝʥʥʳʭ ʚ ʨʘʟʣʠʯʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 
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ʫʩʣʦʚʠʷʭ. ʇʦʜʛʦʪʦʚʢʘ ʠ ʧʨʦʚʝʜʝʥʠʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʭ ʨʦʩʪʦʚʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ 

ʪʨʝʙʫʝʪ ʩʫʱʝʩʪʚʝʥʥʳʭ ʤʘʪʝʨʠʘʣʴʥʳʭ ʠ ʚʨʝʤʝʥʥʳʭ ʟʘʪʨʘʪ.  

ʋʯʠʪʳʚʘʷ ʚʳʰʝʠʟʣʦʞʝʥʥʦʝ, ʙʳʣ ʩʧʨʦʝʢʪʠʨʦʚʘʥ ʠ ʠʟʛʦʪʦʚʣʝʥ ʪʝʧʣʦʚʦʡ ʫʟʝʣ, 

ʦʙʱʠʡ ʚʠʜ ʢʦʪʦʨʦʛʦ ʩʭʝʤʘʪʠʯʝʩʢʠ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʈʠʩʫʥʢʝ 24. ʅʘʛʨʝʚʘʪʝʣʴ ʩ 

ʧʦʤʦʱʴʶ ʛʨʘʬʠʪʦʚʳʭ ʙʦʣʪʦʚ ʢʨʝʧʠʪʩʷ ʢ ʧʦʜʩʪʘʚʢʝ, ʢʦʪʦʨʘʷ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʠ 

ʟʘʢʨʝʧʣʷʝʪʩʷ ʥʘ ʪʦʢʦʚʦʜʘʭ. ʅʘʛʨʝʚʘʪʝʣʴ ʩ ʚʥʝʰʥʝʡ ʩʪʦʨʦʥʳ ʦʢʨʫʞʝʥ ʛʨʘʬʠʪʦʚʳʤʠ 

ʵʢʨʘʥʘʤʠ. ʊʠʛʝʣʴ ʩ ʧʦʤʦʱʴʶ ʩʧʝʮʠʘʣʴʥʦʡ ʮʝʥʪʨʠʨʫʶʱʝʡ ʥʘʩʘʜʢʠ ʢʨʝʧʠʪʩʷ ʥʘ 

ʦʭʣʘʞʜʘʝʤʳʡ ʰʪʦʢ, ʢʦʪʦʨʳʡ ʚʨʘʱʘʝʪʩʷ ʚ ʧʨʦʮʝʩʩʝ ʚʳʨʘʱʠʚʘʥʠʷ. ɻʨʘʜʠʝʥʪ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ ʥʘʛʨʝʚʘʪʝʣʴʥʦʛʦ ʫʟʣʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 4-6 ʛʨʘʜ/ʩʤ. ʊʝʤʧʝʨʘʪʫʨʘ 

ʧʣʘʚʣʝʥʠʷ BaFBr ʩʦʩʪʘʚʣʷʝʪ 1010ʦ ʉ. 

 

 

 

ʈʠʩʫʥʦʢ 24 ï ʉʭʝʤʘ ʪʝʧʣʦʚʦʛʦ ʫʟʣʘ ʠ ʝʛʦ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʧʨʦʬʠʣʴ ʜʣʷ ʚʳʨʘʱʠʚʘʥʠʷ 

ʢʨʠʩʪʘʣʣʦʚ ʤʝʪʦʜʦʤ ʐʪʝʙʝʨʘ  

ʅʘʛʨʝʚʘʪʝʣʴʥʳʡ ʫʟʝʣ ʚʤʝʩʪʝ ʩ ʪʠʛʣʝʤ ʧʝʨʝʜ ʚʳʨʘʱʠʚʘʥʠʝʤ ʢʨʠʩʪʘʣʣʦʚ 

ʦʪʞʠʛʘʝʪʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1500 ʦʉ. ʇʨʦʮʝʩʩ ʦʪʞʠʛʘ ʧʨʦʠʟʚʦʜʠʪʩʷ ʚ ʚʘʢʫʫʤʝ 
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ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʩʦʦʪʚʝʪʩʪʚʫʶ ʝɦʤ ʜʘʚʣʝʥʠʶ 10-4 ʤʤ.ʨʪ.ʩʪ. ʇʨʠ ʵʪʦʤ ʩʢʦʨʦʩʪʴ 

ʥʘʛʨʝʚʘ ʩʦʩʪʘʚʣʷʝʪ 100 ʛʨʘʜ/ʯʘʩ. ʇʦʩʣʝ ʜʦʩʪʠʞʝʥʠʷ ʪʨʝʙʫʝʤʦʡ ʪʝʤʧʝʨʘʪʫʨʳ 

ʧʨʦʠʟʚʦʜʠʪʩʷ ʚʳʜʝʨʞʢʘ ʚ ʪʝʯʝʥʠʠ 5-6 ʯʘʩʦʚ. ɿʘʪʝʤ ʥʘʛʨʝʚʘʪʝʣʴ ʦʪʢʣʶʯʘʝʪʩʷ. 

ʆʪʦʞʞʝʥʥʳʡ ʧʨʠ ʪʘʢʠʭ ʫʩʣʦʚʠʷʭ ʪʝʧʣʦʚʦʡ ʫʟʝʣ ʩ ʪʠʛʣʝʤ ʛʦʪʦʚʳ ʢ ʟʘʛʨʫʟʢʝ ʩʳʨʴʷ.  

ɼʘʣʴʥʝʡʰʝʝ ʧʨʦʚʝʜʝʥʠʝ ʦʧʳʪʦʚ ʙʳʣʦ ʩʣʝʜʫʶʱʠʤ: ʰʠʭʪʘ, ʩʦʩʪʦʷʱʘʷ ʠʟ 

ʥʝʦʙʭʦʜʠʤʦʡ ʩʤʝʩʠ ʬʪʦʨʠʜʦʚ ʠ ʙʨʦʤʠʜʦʚ ʙʘʨʠʷ, ʟʘʛʨʫʞʘʣʘʩʴ ʚ ʛʨʘʬʠʪʦʚʳʡ ʪʠʛʝʣʴ. 

ʀʩʭʦʜʥʳʤʠ ʨʝʘʢʪʠʚʘʤʠ ʙʳʣʠ BaF2 (ʌɹʋ, ʍʏ) ʠ BaBr2 
. 2H2ʆ (ʍʏ). 

ʈʝʘʢʪʠʚ BaBr2 
. 2H2ʆ ʧʦʤʝʱʘʣʩʷ ʚ ʛʨʘʬʠʪʦʚʦʤ ʪʠʛʣʝ ʚ ʫʩʪʘʥʦʚʢʫ. 

ʇʨʦʠʟʚʦʜʠʣʘʩʴ ʦʪʢʘʯʢʘ ʢʘʤʝʨʳ ʜʦ ʚʘʢʫʫʤʘ 10-4 ʤʤ ʨʪ. ʩʪ. ʠ ʩʦʜʝʨʞʠʤʦʝ ʧʣʘʚʥʦ 

ʥʘʛʨʝʚʘʣʦʩʴ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ 500 ʦʉ ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ ʪʠʛʣʷ. ʇʨʠ ʵʪʦʤ ʚʘʢʫʫʤ 

ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʫʭʫʜʰʘʣʩʷ, ʥʦ ʧʦʩʣʝ ʚʳʜʝʨʞʢʠ ʩʥʦʚʘ ʜʦʩʪʠʛʘʣ ʟʥʘʯʝʥʠʷ 

10 - 4 ʤʤ ʨʪ. ʩʪ. ʕʪʘ ʧʨʦʮʝʜʫʨʘ ʟʘʥʠʤʘʣʘ ʦʪ 10 ʯʘʩʦʚ ʠ ʙʦʣʝʝ, ʧʦʩʣʝ ʯʝʛʦ ʢʘʤʝʨʘ 

ʟʘʧʦʣʥʷʣʘʩʴ ʛʝʣʠʝʤ (ʆʉʏ). ʆʩʫʰʝʥʥʳʡ ʙʨʦʤʠʜ ʙʘʨʠʷ ʨʘʩʧʣʘʚʣʷʣʩʷ, ʧʦʩʣʝ 

ʦʩʪʳʚʘʥʠʷ ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʚʟʚʝʰʠʚʘʥʠʝ ʠ ʜʦʙʘʚʣʷʣʦʩʴ ʥʝʦʙʭʦʜʠʤʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʬʪʦʨʠʜʘ ʙʘʨʠʷ ʩ ʪʝʤ, ʯʪʦʙʳ ʩʦʩʪʘʚ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣ ʨʝʘʢʮʠʠ: 

BaF2 + BaBr2 ­ 2BaFBr, 

ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʚʟʚʝʰʠʚʘʥʠʷ ʚʩʝʭ ʢʦʤʧʦʥʝʥʪʦʚ ʪʦʯʥʦʩʪʴ ʠʩʧʦʣʴʟʫʝʤʳʭ ʚʝʩʦʚ 

ʙʳʣʘ ʥʝ ʭʫʞʝ 0,1 %. ʇʦʩʣʝ ʜʦʙʘʚʣʝʥʠʷ ʬʪʦʨʠʜʘ ʧʨʦʮʝʜʫʨʘ ʦʩʫʰʢʠ ʚ ʚʘʢʫʫʤʝ 

ʧʦʚʪʦʨʷʣʘʩʴ, ʧʨʠ ʵʪʦʤ ʚʨʝʤʷ ʫʜʘʣʝʥʠʷ ʦʩʪʘʪʦʯʥʦʡ ʚʦʜʳ ʩʦʢʨʘʱʘʣʦʩʴ ʜʦ ʪʨʸʭ-

ʯʝʪʳʨʸʭ ʯʘʩʦʚ. ʇʦʩʣʝ ʦʧʠʩʘʥʥʳʭ ʚʳʰʝ ʦʧʝʨʘʮʠʡ ʢʘʤʝʨʘ ʟʘʧʦʣʥʷʣʘʩʴ ʛʝʣʠʝʤ ʜʦ 

ʜʘʚʣʝʥʠʷ 1,1 ʘʪʤ. ʇʦʩʣʝ ʵʪʦʛʦ ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʜʥʠʤʘʣʘʩʴ ʜʦ ʚʝʣʠʯʠʥʳ ʪʝʤʧʝʨʘʪʫʨʳ 

ʧʣʘʚʣʝʥʠʷ ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ ʪʠʛʣʷ, ʪʘʢ, ʯʪʦ ʚʩʸ ʩʦʜʝʨʞʠʤʦʝ ʪʠʛʣʷ ʨʘʩʧʣʘʚʣʷʣʦʩʴ. 

ʊʠʛʝʣʴ ʚʳʜʝʨʞʠʚʘʣʠ ʚ ʪʝʯʝʥʠʠ ʦʜʥʦʛʦ-ʜʚʫʭ ʯʘʩʦʚ ʜʣʷ ʛʦʤʦʛʝʥʠʟʘʮʠʠ ʨʘʩʧʣʘʚʘ, 

ʧʦʩʣʝ ʯʝʛʦ ʧʨʦʚʦʜʠʣʦʩʴ ʤʝʜʣʝʥʥʦʝ ʩʥʠʞʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʪʘʢ, ʯʪʦʙʳ ʛʨʘʥʠʮʘ 

ʨʘʟʜʝʣʘ ʢʨʠʩʪʘʣʣ-ʨʘʩʧʣʘʚ ʧʦʜʥʠʤʘʣʘʩʴ ʚʚʝʨʭ ʩʦ ʩʢʦʨʦʩʪʴʶ 3-5 ʤʤ/ʯʘʩ. ʇʦʩʣʝ 

ʧʦʣʥʦʛʦ ʟʘʪʚʝʨʜʝʚʘʥʠʷ ʨʘʩʧʣʘʚʘ ʩʢʦʨʦʩʪʴ ʦʭʣʘʞʜʝʥʠʷ ʫʚʝʣʠʯʠʚʘʣʘʩʴ ʜʦ 1ʦ ʉ ʚ 

ʤʠʥʫʪʫ.  

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʘʪʤʦʩʬʝʨʳ ʠʥʝʨʪʥʳʭ ʛʘʟʦʚ ʚ ʧʨʦʮʝʩʩʝ ʚʳʨʘʱʠʚʘʥʠʷ 

ʬʪʦʨʠʜʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʧʨʝʧʷʪʩʪʚʫʝʪ ʠʥʪʝʥʩʠʚʥʦʤʫ ʠʩʧʘʨʝʥʠʶ ʨʘʩʧʣʘʚʘ ʠʟ-ʟʘ 
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ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʦʪʩʫʪʩʪʚʠʷ ʭʠʤʠʯʝʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʨʘʩʧʣʘʚʘ. 

ʇʨʠ ʵʪʦʤ ʪʨʝʙʫʝʪʩʷ ʦʯʠʩʪʢʘ ʠʥʝʨʪʥʦʡ ʘʪʤʦʩʬʝʨʳ ʦʪ ʢʠʩʣʦʨʦʜʘ ʠ ʚʣʘʛʠ, ʧʦʵʪʦʤʫ ʚ 

ʧʨʦʮʝʩʩʝ ʨʦʩʪʘ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʧʨʦʚʦʜʠʣʦʩʴ ʬʪʦʨʠʨʦʚʘʥʠʝ ʨʘʩʧʣʘʚʘ. ɼʣʷ ʵʪʦʛʦ ʚ 

ʢʘʤʝʨʫ, ʚ ʟʦʥʫ, ʛʜʝ ʪʝʤʧʝʨʘʪʫʨʘ ʙʳʣʘ ʥʝ ʥʠʞʝ 400ʦ ʉ, ʧʦʤʝʱʘʣʩʷ ʪʝʬʣʦʥ, ʯʪʦ 

ʧʨʠʚʦʜʠʣʦ ʢ ʦʙʨʘʟʦʚʘʥʠʶ CF4 ʠ ʫʜʘʣʝʥʠʝ ʢʠʩʣʦʨʦʜʘ ʧʨʦʭʦʜʠʣʦ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʨʝʘʢʮʠʝʡ: 

2BaO + CF4 ­ 2BaF2 + CO2. 

ʌʪʦʨʠʨʦʚʘʥʠʝ ʧʨʠʚʦʜʠʪ ʢ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʤʫ ʠʟʙʘʚʣʝʥʠʶ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ 

ʦʪ ʧʨʠʤʝʩʠ ʢʠʩʣʦʨʦʜʘ. 

ɺ ʭʦʜʝ ʥʘʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʙʨʘʟʮʳ ʢʨʠʩʪʘʣʣʦʚ BaFBr ʣʝʛʠʨʦʚʘʣʠʩʴ 

0,1 ʤʦʣ. % Eu ʚ ʚʠʜʝ ʩʦʝʜʠʥʝʥʠʷ EuF3.  

ʇʨʠ ʚʳʨʘʱʠʚʘʥʠʠ ʢʨʠʩʪʘʣʣʦʚ BaFBr ʩ ʧʨʠʤʝʩʴʶ ʱʝʣʦʯʥʳʭ ʤʝʪʘʣʣʦʚ 

ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʩʣʝʜʫʶʱʝʝ ʩʳʨʴʸ: NaF:2H2O, KF:2H2O ʠ RbF:2H2O. ʇʨʠ 

ʦʧʨʝʜʝʣʝʥʠʠ ʥʘʚʝʩʢʠ ʩʳʨʴʷ ʧʝʨʝʜ ʚʳʨʘʱʠʚʘʥʠʝʤ ʜʝʣʘʣʘʩʴ ʧʦʧʨʘʚʢʘ ʚ ʚʝʩʝ ʥʘ 

ʧʨʠʩʫʪʩʪʚʠʝ ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʦʡ ʚʦʜʳ (2ʅ2ʆ). ʇʦʩʣʝ ʵʪʦʛʦ ʛʦʪʦʚʘʷ ʥʘʚʝʩʢʘ 

ʜʦʙʘʚʣʷʣʘʩʴ ʚ ʩʧʣʘʚʣʝʥʥʫʶ ʰʠʭʪʫ BaFBr:Eu2+ ʠ ʧʦʣʫʯʝʥʥʘʷ ʩʤʝʩʴ ʧʦʤʝʱʘʣʘʩʴ ʚ 

ʛʨʘʬʠʪʦʚʳʡ ʪʠʛʝʣʴ, ʢʦʪʦʨʳʡ ʫʩʪʘʥʘʚʣʠʚʘʣʩʷ ʚ ʨʦʩʪʦʚʫʶ ʫʩʪʘʥʦʚʢʫ. ʉʫʰʢʘ 

ʧʨʦʚʦʜʠʣʘʩʴ ʚ ʪʝʯʝʥʠʝ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 5 ʯʘʩʦʚ. ʇʦʩʣʝ ʵʪʦʛʦ ʚʳʧʦʣʥʷʣʦʩʴ 

ʚʳʨʘʱʠʚʘʥʠʝ ʢʨʠʩʪʘʣʣʘ ʦʧʠʩʘʥʥʳʤ ʚʳʰʝ ʤʝʪʦʜʦʤ. ɺ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ RbF ʩʠʣʴʥʦ 

ʛʠʛʨʦʩʢʦʧʠʯʝʥ, ʝʛʦ ʪʨʝʙʦʚʘʣʦʩʴ ʩʫʰʠʪʴ ʚ ʚʘʢʫʫʤʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 

ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 150ʦ ʉ ʚ ʪʝʯʝʥʠʝ 2-3 ʩʫʪʦʢ ʜʣʷ ʧʦʣʥʦʛʦ ʠʩʧʘʨʝʥʠʷ ʚʦʜʳ. ɺ 

ʦʩʪʘʣʴʥʦʤ ʤʝʪʦʜʠʢʘ ʚʳʨʘʱʠʚʘʥʠʷ ʢʨʠʩʪʘʣʣʦʚ BaFBr:Eu2+ ʩ ʨʫʙʠʜʠʝʤ ʪʘʢʘʷ ʞʝ, ʢʘʢ 

ʩ ʧʨʠʤʝʩʷʤʠ ʥʘʪʨʠʷ ʠ ʢʘʣʠʷ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʤʠ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʩʧʦʩʦʙ, ʢʦʪʦʨʳʡ ʚʧʝʨʚʳʝ ʤʝʪʦʜʦʤ 

ʐʪʝʙʝʨʘ ʚ ʛʨʘʬʠʪʦʚʦʤ ʪʠʛʣʝ ʩ ʧʣʦʩʢʠʤ ʜʥʦʤ ʧʦʟʚʦʣʷʝʪ ʚʳʨʘʱʠʚʘʪʴ 

ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʝ ʠ ʙʝʟʜʝʬʝʢʪʥʳʝ ʢʨʠʩʪʘʣʣʳ BaFBr ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʚʚʝʜʝʥʠʷ 

ʢʦʥʪʨʦʣʠʨʫʝʤʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʧʨʠʤʝʩʝʡ [193].  
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3.2. ʆʧʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʢʨʠʩʪʘʣʣʦʚ BaFBr, ʣʝʛʠʨʦʚʘʥʥʳʭ ʠʦʥʘʤʠ Eu2+ 

 

ɹr ʣʠ ʧʨʦʚʝʜʝʥʳ ʠʟʤʝʨʝʥʠʷ ʩʧʝʢʪʨʦʚ ʦʧʪʠʯʝʩʢʦʛʦ ʧʦʛʣʦʱʝʥʠʷ ʢʨʠʩʪʘʣʣʦʚ 

BaFBr:Eu2+ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʜʦ ʠ ʧʦʩʣʝ ʠʭ ʦʙʣʫʯʝʥʠʷ ʨʝʥʪʛʝʥʦʚʩʢʠʤ 

ʠʟʣʫʯʝʥʠʝʤ (ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʦʙʣʫʯʝʥʠʷ ï 20 ʤʠʥ., I ï 40 ʤA, U ï 40 ʢɺ). ɺ 

ʠʩʭʦʜʥʳʭ, ʥʝʦʙʣʫʯʝʥʥʳʭ ʢʨʠʩʪʘʣʣʘʭ BaFBr:Eu2+ ʥʘʙʣʶʜʘʣʠʩʴ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ 

ʩ ʧʠʢʘʤʠ ʚ ʦʙʣʘʩʪʠ 4,6 ʠ 4,8 ʵɺ, ʢʦʪʦʨʳʝ ʦʙʫʩʣʦʚʣʝʥʳ ʟʘʧʨʝʱʝʥʥʳʤʠ ʧʝʨʝʭʦʜʘʤʠ 

ʚʥʫʪʨʠ 4f7 ʦʙʦʣʦʯʢʠ. ʇʦʩʣʝ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʦʙʣʫʯʝʥʠʷ ʚ ʚʠʜʠʤʦʡ ʯʘʩʪʠ ʩʧʝʢʪʨʘ 

ʧʦʷʚʣʷʶʪʩʷ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ, ʩʚʷʟʘʥʥʳʝ ʩ ʧʦʛʣʦʱʝʥʠʝʤ F-ʮʝʥʪʨʦʚ 

(ʈʠʩʫʥʦʢ 25). ɺ ʩʣʝʜʫʶʱʠʭ ʨʘʟʜʝʣʘʭ ʩʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ F-ʮʝʥʪʨʦʚ ʙʫʜʫʪ 

ʨʘʩʩʤʦʪʨʝʥʳ ʙʦʣʝʝ ʧʦʜʨʦʙʥʦ. ɺ ʨʘʤʢʘʭ ʪʝʢʫʱʝʛʦ ʘʥʘʣʠʟʘ ʘʢʮʝʥʪ ʩʜʝʣʘʥ ʥʘ 

ʠʟʫʯʝʥʠʝ ʚʣʠʷʥʠ ̫ʝʚʨʦʧʠʷ ʥʘ ʩʧʝʢʪʨʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʨʠʩʪʘʣʣʦʚ BaFBr. 

 

ʈʠʩʫʥʦʢ 25 ï ʆʧʪʠʯʝʩʢʦʝ ʧʦʛʣʦʱʝʥʠʝ ʢʨʠʩʪʘʣʣʦʚ BaFBr:Eu2+ ʜʦ (ʧʫʥʢʪʠʨʥʘʷ ʣʠʥʠʷ) ʠ ʧʦʩʣʝ 

(ʩʧʣʦʰʥʘʷ ʣʠʥʠʷ) ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʦʙʣʫʯʝʥʠʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 295 ʂ. 
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ɽʚʨʦʧʠʡ ʚʭʦʜʠʪ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ ʬʪʦʨʛʘʣʦʠʜʦʚ 

ʱʝʣʦʯʥʦʟʝʤʝʣʴʥʳʭ ʤʝʪʘʣʣʦʚ ʥʘ ʤʝʩʪʦ ʤʝʪʘʣʣʘ, ʯʴʝ ʣʦʢʘʣʴʥʦʝ ʦʢʨʫʞʝʥʠʝ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʠʤʤʝʪʨʠʝʡ ʪʦʯʝʯʥʦʡ ʛʨʫʧʧʳ c4v. ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʩʠʤʤʝʪʨʠʠ 

ʥʠʞʥʝʝ ʩʦʩʪʦʷʥʠʝ 4f65d ʜʦʣʞʥʦ ʨʘʟʜʝʣʷʪʴʩʷ ʥʘ ʪʨʠ ʩʠʥʛʣʝʥʪʥʳʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ 

ʫʨʦʚʥʷ ɺ1, ɺ2 ʠ ɸ ʠ ʦʜʠʥ ʜʚʘʞʜʳ ʚʳʨʦʞʜʝʥʥʳʡ ʫʨʦʚʝʥʴ ɽ. ʇʦʜʨʦʙʥʘʷ ʩʭʝʤʘ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʫʨʦʚʥʝʡ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʈʠʩʫʥʢʝ 26. 

ɺ ʩʨʘʚʥʝʥʠʠ ʩ ʝʚʨʦʧʠʝʚʳʤʠ ʮʝʥʪʨʘʤʠ ʚ ʢʨʠʩʪʘʣʣʘʭ ʪʠʧʘ ʬʣʶʦʨʠʪʘ ʠʣʠ ʑɻʂ, 

ʩʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʩʫʱʝʩʪʚʝʥʥʳʝ ʨʘʟʣʠʯʠʷ. ɺ ʯʘʩʪʥʦʩʪʠ, 

ʦʪʩʫʪʩʪʚʫʝʪ ʷʚʥʦʝ ʨʘʟʜʝʣʝʥʠʝ ʥʘ ʜʚʝ ʛʨʫʧʧʳ ʧʦʣʦʩ ʧʦʛʣʦʱʝʥʠʷ, ʩʚʷʟʘʥʥʳʭ ʩ 

ʨʘʩʱʝʧʣʝʥʠʝʤ d-ʩʦʩʪʦʷʥʠʷ Eu2+ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʤ ʧʦʣʝ ʥʘ t ʠ e ʫʨʦʚʥʠ. ɼʣʷ 

ʱʝʣʦʯʥʦʟʝʤʝʣʴʥʳʭ ʬʪʦʨʠʜʦʚ ʠ ʱʝʣʦʯʥʦʛʘʣʦʠʜʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʵʪʦ ʨʘʩʱʝʧʣʝʥʠʝ 

ʧʨʝʚʳʰʘʝʪ 1 ʵɺ. ɺ ʢʨʠʩʪʘʣʣʘʭ BaFBr ʚʝʣʠʯʠʥʘ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʧʦʣʷ ʦʢʘʟʳʚʘʝʪʩʷ 

 
ʈʠʩʫʥʦʢ 26 ï ʆʧʪʠʯʝʩʢʠʝ ʧʝʨʝʭʦʜʳ ʚ ʠʦʥʝ Eu2+ ʚʦ ʬʪʦʨʦʛʘʣʦʠʜʘʭ ʙʘʨʠʷ. 
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ʤʝʥʴʰʝ, ʯʝʤ ʚ ʑɿʌ ʠ ʑɻʂ. ʈʘʩʱʝʧʣʝʥʠʝ 4f65d ʩʦʩʪʦʷʥʠʷ ʚ ʢʨʠʩʪʘʣʣʘʭ 

ʬʪʦʨʦʛʘʣʦʠʜʦʚ ʙʘʨʠʷ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 0,33 ʵɺ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ, ʯʝʤ ʚ 

BaF2:Eu (1,74 ʵɺ) ʠʣʠ KCl:Eu (1,23 ʵɺ). ɸʥʘʣʦʛʠʯʥʳʡ ʵʬʬʝʢʪ ʥʘʙʣʶʜʘʝʪʩʷ ʠ ʚ 

ʩʧʝʢʪʨʘʭ ʕʇʈ. ʈʘʩʱʝʧʣʝʥʠʝ ʪʦʥʢʦʡ ʩʪʨʫʢʪʫʨʳ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʤ 

ʧʦʣʝʤ ʠ ʚ ʢʨʠʩʪʘʣʣʘʭ BaFBr ʦʥʦ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ, ʯʝʤ ʚʦ ʬʪʦʨʠʜʘʭ 

ʱʝʣʦʯʥʦʟʝʤʝʣʴʥʳʭ ʤʝʪʘʣʣʦʚ. 

ʇʨʠ ʬʦʪʦʚʦʟʙʫʞʜʝʥʠʠ ʠʦʥʦʚ Eu2+ ʚ ʩʧʝʢʪʨʘʭ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʢʨʠʩʪʘʣʣʦʚ 

BaFX:Eu2+ (X = Br, Cl, I) ʬʠʢʩʠʨʫʝʪʩʷ ʷʨʢʦ ʚʳʨʘʞʝʥʥʘʷ ʠʥʪʝʥʩʠʚʥʘʷ ʧʦʣʦʩʘ ʩ 

ʤʘʢʩʠʤʫʤʦʤ ʦʢʦʣʦ 3,2 ʵɺ, ʦʙʫʩʣʦʚʣʝʥʥʘʷ d-f ʧʝʨʝʭʦʜʘʤʠ ʚ ʠʦʥʝ Eu2+. ʉ 

ʢʦʨʦʪʢʦʚʦʣʥʦʚʦʡ ʩʪʦʨʦʥʳ ʵʪʦʡ ʧʦʣʦʩʳ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 295 ʂ ʦʪʯʝʪʣʠʚʦ 

ʚʳʜʝʣʷʝʪʩʷ ʫʟʢʘʷ ʧʦʣʦʩʘ ʩʚʝʯʝʥʠʷ ʩ ʤʘʢʩʠʤʫʤʦʤ ʥʘ 363 ʥʤ, ʩʚʷʟʘʥʥʘʷ ʩ 

ʟʘʧʨʝʱʝʥʥʳʤʠ ʧʦ ʩʧʠʥʫ 4f6P7/2Ÿ4f
8S7/2 ʧʝʨʝʭʦʜʘʤʠ (ʈʠʩʫʥʦʢ 26). ʇʨʠ ʦʭʣʘʞʜʝʥʠʠ 

ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ ʞʠʜʢʦʛʦ ʘʟʦʪʘ ʩʚʝʯʝʥʠʝ, ʚʩʣʝʜʩʪʚʠʝ d-f ʧʝʨʝʭʦʜʦʚ, ʧʨʘʢʪʠʯʝʩʢʠ 

ʧʦʣʥʦʩʪʴʶ ʧʦʜʘʚʣʷʝʪʩ ̫ ʠ ʥʘʙʣʶʜʘʝʪʩʷ ʪʦʣʴʢʦ ʫʟʢʘʷ ʣʠʥʠʷ ʥʘ 3,4 ʵɺ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʚ ʢʨʠʩʪʘʣʣʘʭ ʬʪʦʨʦʛʘʣʦʠʜʦʚ ʙʘʨʠʷ ʣʶʤʠʥʝʩʮʝʥʮʠʷ ʠʦʥʦʚ ʝʚʨʦʧʠʷ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʜʚʫʤʷ ʪʠʧʘʤʠ ʧʝʨʝʭʦʜʦʚ: ʨʘʟʨʝʰʝʥʥʳʝ ʜʠʧʦʣʴʥʳʝ ʧʝʨʝʭʦʜʳ dŸf ʠ 

ʟʘʧʨʝʱʝʥʥʳʝ ʧʦ ʩʧʠʥʫ fŸf ʧʝʨʝʭʦʜʳ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʣʶʤʠʥʝʩʮʝʥʮʠʷ ʠʦʥʦʚ Eu2+, ʦʙʫʩʣʦʚʣʝʥʥʘʷ fŸf 

ʧʝʨʝʭʦʜʘʤʠ, ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʚʳʩʦʢʦʩʠʤʤʝʪʨʠʯʥʳʭ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ, 

ʪʘʢʠʭ ʢʘʢ ʱʝʣʦʯʥʳʝ ʤʝʪʘʣʣ rʠ ʱʝʣʦʯʥʦʟʝʤʝʣʴʥʳʝ ʬʪʦʨʠʜ.r ɼʘʥʥʳʝ ʧʝʨʝʭʦʜʳ ʚ 

ʠʦʥʘʭ Eu2+ ʙʳʣʠ ʚʧʝʨʚʳʝ ʦʙʥʘʨʫʞʝʥʳ ʚ 1971 ʛ. [194] ʧʨʠ ʠʟʫʯʝʥʠʠ 

ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ ʩʠʩʪʝʤ ʩ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʤʠ ʩʪʨʫʢʪʫʨʘʤʠ ʙʦʣʝʝ ʥʠʟʢʦʡ 

ʩʠʤʤʝʪʨʠʠ. 

ʅʘ ʈʠʩʫʥʢʝ 27 ʧʨʝʜʩʪʘʚʣʝʥ cʧʝʢʪʨ ʚʦʟʙʫʞʜʝʥʠʷ ʠʦʥʦʚ ʝʚʨʦʧʠʷ ʚ ʢʨʠʩʪʘʣʣʘʭ 

BaFCl ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ɸʥʘʣʠʟ ʜʘʥʥʳʭ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʨʠ ʵʪʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ʩʚʝʯʝʥʠʝ, ʩʚʷʟʘʥʥʦʝ ʩ d-f ʧʝʨʝʭʦʜʘʤʠ, ʤʦʞʝʪ ʙʳʪʴ ʚʳʟʚʘʥʦ ʚ ʦʙʣʘʩʪʠ 

ʟʘʧʨʝʱʝʥʥʳʭ 6PJ ʠ 
6IJ ʧʝʨʝʭʦʜʦʚ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 295 ʂ 

ʵʣʝʢʪʨʦʥ ʠʟ ʚʦʟʙʫʞʜʝʥʥʳʭ ʩʦʩʪʦʷʥʠʡ 4f7 ʪʝʨʤʠʯʝʩʢʠ ʦʩʚʦʙʦʞʜʘʝʪʩʷ ʚ 4f65d 

ʩʦʩʪʦʷʥʠʝ, ʦʪʢʫʜʘ ʟʘʪʝʤ ʧʨʦʠʩʭʦʜʠʪ ʧʨʦʮʝʩʩ ʠʟʣʫʯʝʥʠ.̫ 
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ʈʠʩʫʥʦʢ 27 ï ʉʧʝʢʪʨʳ ʩʚʝʯʝʥʠʷ (1) ʠ ʚʦʟʙʫʞʜʝʥʠʷ (2) ʠʦʥʦʚ Eu2+ʚ ʢʨʠʩʪʘʣʣʘʭ BaFCl:Eu2+ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 295 ʂ. 

ʉʠʪʫʘʮʠʶ ʤʦʞʥʦ ʨʘʩʩʤʦʪʨʝʪʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʧʦ 

ʜʨʫʛʠʤ ʢʨʠʩʪʘʣʣʘʤ ʬʪʦʨʦʛʘʣʦʠʜʦʚ ʙʘʨʠʷ, ʩʪʨʦʥʮʠʷ ʠ ʢʘʣʴʮʠʷ. ɺ ʊʘʙʣʠʮʝ 5 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʟʥʘʯʝʥʠʷ ʧʦʣʦʞʝʥʠʡ ʤʘʢʩʠʤʫʤʦʚ ʧʦʣʦʩ ʩʚʝʯʝʥʠʷ ʝʚʨʦʧʠʷ, 

ʩʚʷʟʘʥʥʳʭ ʩ d­f (4f65d­4f7) ʠ f­f (4f7 6P7/2­4f7 8S7/2) ʧʝʨʝʭʦʜʘʤʠ, ʘ ʪʘʢʞʝ 

ʦʪʥʦʰʝʥʠʝ ʠʥʪʝʛʨʘʣʴʥʳʭ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʧʨʠ 

ʬʦʪʦʚʦʟʙʫʞʜʝʥʠʠ [195]. 

ʊʘʙʣʠʮʘ 5. ʇʦʣʦʞʝʥʠʷ ʤʘʢʩʠʤʫʤʦʚ ʧʦʣʦʩ ʩʚʝʯʝʥʠʷ ʠʦʥʦʚ ʝʚʨʦʧʠʷ ʠ ʦʪʥʦʰʝʥʠʝ ʠʥʪʝʛʨʘʣʴʥʳʭ 

ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʩʚʝʯʝʥʠʷ ʧʨʠ ʬʦʪʦʚʦʟʙʫʞʜʝʥʠʠ [195] 

ʂʨʠʩʪʘʣʣ 

ʄʘʢʩʠʤʫʤʳ ʧʦʣʦʩ ʩʚʝʯʝʥʠʷ, ʥʤ R=I(f-f)/I(d-f) 

78 ʂ 300 ʂ 
78 ʂ 300 ʂ 

d-f f-f d-f f-f 

BaFCl 388 363,2 387 362,2 5,7 6Ŀ10-2 

SrFCl 389 363,4 - 363,4 13,0 7Ŀ10-2 

CaFCl 397 - 392 364,5 6,4Ŀ10-3 - 

BaFBr 393 - 388 362,3 3,6Ŀ10-3 - 

SrFBr 390 - 387 363,4 6,0Ŀ10-3 - 

BaFI 409 - 406 - - - 
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ʈʘʩʧʦʣʦʞʝʥʠʝ ʫʨʦʚʥʷ 4f7(6P7/2) ʠʦʥʘ Eu2+ ʚ ʨʘʟʣʠʯʥʳʭ ʤʘʪʨʠʮʘʭ ʧʨʘʢʪʠʯʝʩʢʠ 

ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʪʠʧʘ ʬʪʦʨʦʛʘʣʦʠʜʘ ʱʝʣʦʯʥʦʟʝʤʝʣʴʥʦʛʦ ʤʝʪʘʣʣʘ, ʧʦʩʢʦʣʴʢʫ ʵʪʦ 

ʩʦʩʪʦʷʥʠʝ ʵʢʨʘʥʠʨʫʝʪʩʷ ʚʥʝʰʥʝʡ d-ʦʙʦʣʦʯʢʦʡ. ʆʜʥʘʢʦ ʨʘʩʱʝʧʣʝʥʠʝ ʠ ʧʦʣʦʞʝʥʠʝ 

d-ʫʨʦʚʥʝʡ ʧʨʦʷʚʣʷʶʪ ʟʥʘʯʠʪʝʣʴʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ 

ʬʪʦʨʦʛʘʣʦʠʜʘ, ʯʪʦ ʥʘʧʨʷʤʫʶ ʚʣʠʷʝʪ ʥʘ ʭʘʨʘʢʪʝʨ ʩʚʝʯʝʥʠʷ ʠʦʥʦʚ ʝʚʨʦʧʠʷ. 

ʆʩʥʦʚʥʳʤ ʬʘʢʪʦʨʦʤ ʷʚʣʷʝʪʩʷ ʪʦ, ʢʘʢ ʩʦʦʪʥʦʩʷʪʩʷ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʫʨʦʚʥʠ: ʥʠʞʥʠʡ 

ʫʨʦʚʝʥʴ ʩʦʩʪʦʷʥʠʷ 4f65d ʤʦʞʝʪ ʙʳʪʴ ʨʘʩʧʦʣʦʞʝʥ ʣʠʙʦ ʚʳʰʝ, ʣʠʙʦ ʥʠʞʝ 4f7(6P7/2) 

ʫʨʦʚʥʷ. 

ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʤʦʞʥʦ ʩʚʝʩʪʠ ʢ ʩʣʝʜʫʶʱʝʤʫ. ʀʥʪʝʥʩʠʚʥʦʩʪʴ 

ʧʝʨʝʭʦʜʦʚ, ʚʳʨʘʞʝʥʥʘʷ ʩʦʦʪʥʦʰʝʥʠʝʤ R=I(f-f)/I(d-f), ʦʧʨʝʜʝʣʷʝʪʩʷ ʦʪʥʦʰʝʥʠʝʤ 

ʠʦʥʥʳʭ ʨʘʜʠʫʩʦʚ ʤʝʪʘʣʣʘ ʠ ʛʘʣʦʠʜʘ, ʯʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʚʣʠʷʝʪ ʥʘ ʚʝʣʠʯʠʥʫ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʧʦʣʷ ʠ ʩʪʝʧʝʥʴ ʨʘʩʱʝʧʣʝʥʠʷ d-ʩʦʩʪʦʷʥʠʷ. 

ɺ ʨʷʜʫ ʬʪʦʨʦʭʣʦʨʠʜʦʚ ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ Ba ʢ Sr ʠ Ca ʥʘʙʣʶʜʘʝʪʩʷ ʩʥʠʞʝʥʠʝ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʟʘʧʨʝʱʸʥʥʳʭ f-f ʧʝʨʝʭʦʜʦʚ. ɸʥʘʣʦʛʠʯʥʦ ʚ ʨʷʜʫ ʬʪʦʨʦʛʘʣʦʠʜʦʚ 

ʙʘʨʠʷ ʧʦ ʤʝʨʝ ʧʝʨʝʭʦʜʘ ʦʪ Cl ʢ Br ʠ I ʚʝʨʦʷʪʥʦʩʪʴ ʪʘʢʠʭ ʟʘʧʨʝʱʝʥʥʳʭ ʧʝʨʝʭʦʜʦʚ 

ʪʘʢʞʝ ʧʘʜʘʝʪ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʧʘʨʘʤʝʪʨʦʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʧʦʣʷ, ʯʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʙʦʣʝʝ ʩʠʣʴʥʦʤʫ ʨʘʩʱʝʧʣʝʥʠʶ d-ʩʦʩʪʦʷʥʠʷ. ʇʨʠ ʜʦʩʪʠʞʝʥʠʠ 

ʦʧʨʝʜʝʣʝʥʥʦʡ ʚʝʣʠʯʠʥʳ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʧʦʣʷ d-ʫʨʦʚʝʥʴ ʩʪʘʥʦʚʠʪʩʷ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠ ʥʠʞʝ, ʯʝʤ 4f7(6P7/2) ʥʠʟʢʦʩʧʠʥʦʚʦʝ ʩʦʩʪʦʷʥʠʝ Eu2+. ɺ ʢʨʠʩʪʘʣʣʘʭ 

BaFCl ɸ-ʫʨʦʚʝʥʴ 4f65d ʩʦʩʪʦʷʥʠʷ ʥʘʭʦʜʠʪʩʷ ʚʳʰʝ 4f7(6P7/2) ʫʨʦʚʥʷ. ʆʜʥʘʢʦ ʫʞʝ ʧʨʠ 

ʧʝʨʝʭʦʜʝ ʢ BaFBr ʧʦʣʦʞʝʥʠʝ ʫʨʦʚʥʝʡ ʤʝʥʷʝʪʩʷ ʥʘ ʦʙʨʘʪʥʦʝ.   

ɺʨʝʤʝʥʘ ʟʘʪʫʭʘʥʠʷ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʥʘʧʨʷʤʫʶ ʩʚʷʟʘʥʳ ʩ ʦʪʥʦʰʝʥʠʷʤʠ 

ʚʝʨʦʷʪʥʦʩʪʝʡ ʧʝʨʝʭʦʜʦʚ d­f ʠ f­f. ʕʪʠ ʜʘʥʥʳʝ ʧʨʠʚʝʜʝʥʳ ʚ ʊʘʙʣʠʮʝ 6. ʂʨʠʩʪʘʣʣʳ 

BaFCl ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʥʘʠʙʦʣʝʝ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʝ ʚʨʝʤʷ ʟʘʪʫʭʘʥʠʷ ʩʚʝʯʝʥʠʷ 

ʝʚʨʦʧʠʷ. ɺ ʢʨʠʩʪʘʣʣʘʭ BaFBr:Eu2+ ʚʦʟʙʫʞʜʝʥʠʝ ʋʌ-ʠʟʣʫʯʝʥʠʝʤ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 

10 ʂ ʚʳʟʳʚʘʝʪ ʩʚʝʯʝʥʠʝ ʠʦʥʦʚ ʝʚʨʦʧʠʷ ʩ ʤʘʢʩʠʤʫʤʦʤ ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ 390 ʥʤ. ʇʨʠ 

ʵʪʦʤ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʝ ʫʜʘʚʘʣʦʩʴ ʦʙʥʘʨʫʞʠʪʴ ʩʚʝʯʝʥʠʝ, ʩʚʷʟʘʥʥʦʝ ʩ 

ʟʘʧʨʝʱʸʥʥʳʤʠ ʧʝʨʝʭʦʜʘʤʠ f­f ʚʧʣʦʪʴ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ 1,5 ʂ [196]. 
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ʊʘʙʣʠʮʘ 6. ɺʨʝʤʝʥʘ ʟʘʪʫʭʘʥʠʷ t ʠ ʢʚʘʥʪʦʚʳʡ ʚʳʭʦʜ ʩʚʝʯʝʥʠʷ ʠʦʥʦʚ Eu2+ 

ʂʨʠʩʪʘʣʣ 
d-f f-f 

T, K ʀʩʪʦʯʥʠʢ 
t, ʤʢʩ h t, ʤʢʩ h 

BaFCl 

5,7 - - - 295 [52] 

7,0 0,27 7,0 0,01 295 [197] 

- - 600 - 78 [197] 

BaFBr 
0,51 - - - 10 [196] 

0,7 - - - 295 [196] 

BaFI 0,6 - - - 295 [52] 

SrFCl 
5,0 0,2 5,0 0,01 295 [197] 

- - 340 - 78 [197] 

 

ɺ ʨʘʙʦʪʝ ɼʞ. ʉʧʫʥʭʘʫʵʨʘ [196] ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʚʨʝʤʝʥʘ ʞʠʟʥʠ 

ʚʦʟʙʫʞʜʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʠʦʥʦʚ Eu2+ ʚ BaFBr ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ (ʦʪ 

10 ʂ ʜʦ 506 ʂ). ɺʦ ʚʩʸʤ ʠʩʩʣʝʜʫʝʤʦʤ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ ʟʘʪʫʭʘʥʠʝ ʩʚʝʯʝʥʠʷ 

ʧʦʜʯʠʥʷʣʦʩʴ ʧʨʦʩʪʦʡ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ. ʕʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ 

ʩʚʝʯʝʥʠʝ ʧʨʦʠʩʭʦʜʠʣʦ ʩ ʦʜʥʦʛʦ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʫʨʦʚʥʷ. ʆʜʥʘʢʦ ʩ ʨʦʩʪʦʤ 

ʪʝʤʧʝʨʘʪʫʨʳ ʜʣʠʪʝʣʴʥʦʩʪʴ ʞʠʟʥʠ ʚʦʟʙʫʞʜʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʫʚʝʣʠʯʠʚʘʝʪʩʷ: ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 10 ʂ ʦʥʘ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 510 ʥʩ, ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ï ʦʢʦʣʦ 

700 ʥʩ, ʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 500 ʂ ʜʦʩʪʠʛʘʝʪ ʧʦʨʷʜʢʘ 950 ʥʩ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ 

ʚʳʰʝ ʫʨʦʚʥʷ, ʩ ʢʦʪʦʨʦʛʦ ʧʨʦʠʩʭʦʜʠʪ ʠʟʣʫʯʝʥʠʝ, ʨʘʩʧʦʣʦʞʝʥ 4f7(6P7/2) ʫʨʦʚʝʥʴ, 

ʢʦʪʦʨʳʡ ʥʘʯʠʥʘʝʪ ʟʘʩʝʣʷʪʴʩʷ ʧʨʠ ʧʦʚʳʰʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ, ʯʪʦ ʠ ʧʨʠʚʦʜʠʪ ʢ 

ʫʚʝʣʠʯʝʥʠʶ ʜʣʠʪʝʣʴʥʦʩʪʠ ʩʚʝʯʝʥʠʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʫʨʦʚʝʥʴ 

4f7(6P7/2) ʥʘʭʦʜʠʪʩʷ ʚʳʰʝ ʜʥʘ d-ʩʦʩʪʦʷʥʠʷ, ʦʥ ʨʘʩʧʦʣʦʞʝʥ ʜʦʩʪʘʪʦʯʥʦ ʙʣʠʟʢʦ ʢ 

ʥʝʤʫ, ʯʪʦʙʳ ʪʝʨʤʠʯʝʩʢʠ ʟʘʩʝʣʷʪʴʩʷ ʩ ɸ-ʫʨʦʚʥʷ d-ʩʦʩʪʦʷʥʠʷ.  

 

3.3. ʃʝʛʠʨʦʚʘʥʠʝ ʢʨʠʩʪʘʣʣʦʚ BaFBr:Eu 2+ʧʨʠʤʝʩʷʤʠ ʱʝʣʦʯʥʳʭ ʤʝʪʘʣʣʦʚ  

 

ʆʜʥʠʤ ʠʟ ʧʫʪʝʡ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ BaFBr:Eu2+ ʢʘʢ ʟʘʧʦʤʠʥʘʶʱʝʛʦ 

ʣʶʤʠʥʦʬʦʨʘ ʷʚʣʷʝʪʩʷ ʩʜʚʠʛ ʜʣʠʥʳ ʚʦʣʥʳ ʩʯʠʪʳʚʘʶʱʝʛʦ ʩʚʝʪʘ ʚ ʙʦʣʝʝ ʫʜʦʙʥʫʶ 

ʢʨʘʩʥʫʶ ʩʧʝʢʪʨʘʣʴʥʫʶ ʦʙʣʘʩʪʴ. ʄʳ ʧʦʧʳʪʘʣʠʩʴ ʜʦʙʠʪʴʩʷ ʢʨʘʩʥʦʛʦ ʩʜʚʠʛʘ ʩʧʝʢʪʨʘ 

ʚʦʟʙʫʞʜʝʥʠʷ ʚʚʝʜʝʥʠʝʤ ʚ ʤʦʥʦʢʨʠʩʪʘʣʣ BaFBr:Eu2+ ʧʨʠʤʝʩʠ ʱʝʣʦʯʥʳʭ ʤʝʪʘʣʣʦʚ 
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(Na, K ʠ Rb). ʂʦʥʮʝʥʪʨʘʮʠʠ ʜʦʙʘʚʣʷʝʤʳʭ ʧʨʠʤʝʩʝʡ ʚʘʨʴʠʨʦʚʘʣʠʩʴ ʦʪ 0,1 ʜʦ 5 % ʠ 

ʚʚʦʜʠʣʠʩʴ ʚ ʰʠʭʪʫ ʧʝʨʝʜ ʚʳʨʘʱʠʚʘʥʠʝʤ ʢʨʠʩʪʘʣʣʘ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ 

ʧʨʠʤʝʩʝʡ, ʚʦʰʝʜʰʠʭ ʚ ʢʨʠʩʪʘʣʣ, ʧʨʠʤʝʥʷʣʩʷ ʤʝʪʦʜ ʧʨʷʤʦʛʦ ʘʪʦʤʥʦ-ʵʤʠʩʩʠʦʥʥʦʛʦ 

ʘʥʘʣʠʟʘ (ɸʕɸ) [198]. ɸʥʘʣʠʟ ʧʨʦʚʦʜʠʣʩʷ ɽ.ɺ. ʐʘʙʘʥʦʚʦʡ ʚ ɸʥʘʣʠʪʠʯʝʩʢʦʤ ʦʪʜʝʣʝ 

ʀɻʍ ʉʆ ʈɸʅ. 

ʊʘʙʣʠʮʘ 7. ɸʥʘʣʠʪʠʯʝʩʢʠʝ ʣʠʥʠʠ ʵʣʝʤʝʥʪʦʚ, ʫʩʣʦʚʠʷ ʠʭ ʨʝʛʠʩʪʨʘʮʠʠ, ʚʘʨʠʘʥʪʳ ʘʥʘʣʠʪʠʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ, ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʳʝ ʦʙʣʘʩʪʠ ʩ ʫʯʝʪʦʤ ʠ ʙʝʟ ʫʯʝʪʘ ʢʦʥʪʨʦʣʴʥʦʛʦ ʦʧʳʪʘ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʠ ʤʥʦʛʦʤʝʨʥʦʛʦ ʄʅʂ 

ʕʣʝʤʝʥʪ,  

ʧʦʪʝʥʮʠʘʣ 

ʠʦʥʠʟʘʮʠʠ 

ɼʣʠʥʘ ʚʦʣʥʳ, 

ʥʤ 

ʋʩʣʦʚʠʷ ʨʝʛʠʩʪʨʘʮʠʠ 

ʩʠʛʥʘʣʘ; ʩʧʦʩʦʙ ʨʘʩʯʝʪʘ 

ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʧʘʨʘʤʝʪʨʘ 

ʂʦʥʮʝʥʪʨʘʮʠʦʥʥʳʡ ʠʥʪʝʨʚʘʣ, % 

ʄʅʂ 

ʄʥʦʛʦʤ. 

ʄʅʂ 
Na  

5,139 ʵɺ 

588,9953 ʅʘʢʦʧʣʝʥʠʷ 1-40;  

ʌʦʥ ʥʘ ʠʥʪʝʨʚʘʣʝ, 

ʧʣʦʱʘʜʴ 

ɹʝʟ ʫʯʝʪʘ 

ʦʩʥʦʚʳ 

ʩ ʫʯʝʪʦʤ 

ʦʩʥʦʚʳ 

589,5923 ʅʘʢʦʧʣʝʥʠʷ 1-40;  

ʌʦʥ ʥʘ ʠʥʪʝʨʚʘʣʝ, 

ʧʣʦʱʘʜʴ 

0,001-0,04  0,001-0,04 

330,234 ʅʘʢʦʧʣʝʥʠʷ 1-40;  

ʌʦʥ ʥʘ ʠʥʪʝʨʚʘʣʝ, 

ʧʣʦʱʘʜʴ 

0,001-0,3 0,004-0,3 0,001-0,3 

330,294 ʅʘʢʦʧʣʝʥʠʷ 1-40;  

ʌʦʥ ʥʘ ʠʥʪʝʨʚʘʣʝ, 

ʧʣʦʱʘʜʴ 

0,001-0,3 0,001-0,3 0,0005-0,3 

616,0747 ʅʘʢʦʧʣʝʥʠʷ 1-40; ʌʦʥ 

ʥʘ ʠʥʪʝʨʚʘʣʝ, ʠʥʪʝʛʨʘʣ 

3 ʜʠʦʜʘ 

0,001-1 0,004-1 0,0005-1 

615,4225 ʅʘʢʦʧʣʝʥʠʷ 1-40;  

ʌʦʥ ʥʘ ʠʥʪʝʨʚʘʣʝ, ʧʠʢ 

0,04-1 0,04-1 0,04-1 

285,2828 ʅʘʢʦʧʣʝʥʠʷ 1-40;  

ʌʦʥ ʥʘ ʠʥʪʝʨʚʘʣʝ, 

ʧʣʦʱʘʜʴ 

0,04-1 0,04-1 0,04-1 

285,3031 ʅʘʢʦʧʣʝʥʠʷ 1-40;  

ʌʦʥ ʥʘ ʠʥʪʝʨʚʘʣʝ, 

ʧʣʦʱʘʜʴ 

0,004-1 0,04-1 0,005-1 

K 

4,340 ʵɺ 

404,4145 ʅʘʢʦʧʣʝʥʠʷ 1-40;  

ʌʦʥ ʥʘ ʠʥʪʝʨʚʘʣʝ, ʧʠʢ 

0,04-1 0,04-1 0,01-1 

404,7214 ʅʘʢʦʧʣʝʥʠʷ 1-40;  

ʌʦʥ ʥʘ ʠʥʪʝʨʚʘʣʝ, ʧʠʢ 

0,01-1 0,01-1 0,005-0,3 

321,7151 ʅʘʢʦʧʣʝʥʠʷ 1-40;  

ʌʦʥ ʥʘ ʠʥʪʝʨʚʘʣʝ, 

ʧʣʦʱʘʜʴ 

0,01-1 0,01-1 0,01-1 

Ba 

5,211 ʵɺ 

278,5276 ʅʘʢʦʧʣʝʥʠʷ 1-250;  

ʌʦʥ ʥʘ ʠʥʪʝʨʚʘʣʝ, 

ʧʣʦʱʘʜʴ 

0,01-1 0,001-1 0,05-1 
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ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʷʣʦʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʠʬʨʘʢʮʠʦʥʥʦʛʦ ʩʧʝʢʪʨʦʛʨʘʬʘ 

ɼʌʉ-458 ʠ ʤʥʦʛʦʢʘʥʘʣʴʥʦʛʦ ʨʝʛʠʩʪʨʘʪʦʨʘ ʩʧʝʢʪʨʦʚ ʄɸʕʉ-10. ʀʩʪʦʯʥʠʢʦʤ 

ʚʦʟʙʫʞʜʝʥʠʷ ʩʧʝʢʪʨʦʚ ʩʣʫʞʠʣʘ ʜʫʛʘ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ, ʧʨʠʤʝʥʷʣʘʩʴ ʤʝʪʦʜʠʢʘ 

ʧʦʣʥʦʛʦ ʠʩʧʘʨʝʥʠʷ ʦʙʨʘʟʮʘ ʚ ʢʦʣʠʯʝʩʪʚʝ 10 ʤʛ ʠʟ ʢʘʥʘʣʘ ʫʛʦʣʴʥʦʛʦ ʵʣʝʢʪʨʦʜʘ 

(ʜʠʘʤʝʪʨ 3 ʤʤ, ʛʣʫʙʠʥʘ 4 ʤʤ, ʪʦʣʱʠʥʘ ʩʪʝʥʢʠ 0,8 ʤʤ). 

ʈʝʛʠʩʪʨʘʮʠʷ ʩʧʝʢʪʨʘ ʧʨʦʚʦʜʠʣʘʩʴ ʪʦʢʦ-ʚʨʝʤʝʥʥʦʡ ʨʘʟʚʝʨʪʢʦʡ ʚ ʪʨʠ ʵʪʘʧʘ 

ʵʢʩʧʦʟʠʮʠʠ: 1-40 ʩʝʢʫʥʜ ʧʨʠ ʪʦʢʝ 8-9 ɸ, 41-80 cʝʢʫʥʜ ʧʨʠ 18-20 ɸ, 81-140 cʝʢʫʥʜ 

ʧʨʠ 24 ɸ. ɺ ʊʘʙʣʠʮʝ 7 ʧʨʠʚʝʜʝʥʳ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʣʠʥʠʠ ʵʣʝʤʝʥʪʦʚ, ʫʩʣʦʚʠʷ ʠʭ 

ʨʝʛʠʩʪʨʘʮʠʠ, ʚʘʨʠʘʥʪʳ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʠ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʳʝ 

ʜʠʘʧʘʟʦʥʳ.  

ɼʣʷ ʚʳʧʦʣʥʝʥʠʷ ʛʨʘʜʫʠʨʦʚʢʠ ʤʝʪʦʜʠʢʠ ʙʳʣʠ ʧʦʜʛʦʪʦʚʣʝʥʳ ʢʦʥʪʨʦʣʴʥʳʝ 

ʦʙʨʘʟʮʳ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʥʘʪʨʠʷ ʠ ʢʘʣʠʷ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 0,00015 ʜʦ 1 %, ʧʦʣʫʯʝʥʥʳʝ 

ʧʫʪʝʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʨʘʟʙʘʚʣʝʥʠ.̫ ɺ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʳ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʢʨʠʩʪʘʣʣ 

BaFBr:Eu2+, ʚʳʨʘʱʝʥʥʳʡ ʙʝʟ ʜʦʙʘʚʣʝʥʠʷ ʱʝʣʦʯʥʳʭ ʤʝʪʘʣʣʦʚ. ʉʦʜʝʨʞʘʥʠʝ Na ʠ ʂ 

ʚ ʦʩʥʦʚʝ ʦʮʝʥʠʚʘʣʦʩʴ ʤʝʪʦʜʦʤ ʜʦʙʘʚʦʢ ʠ ʩʦʩʪʘʚʠʣʦ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 0,002 % ʠ 

0,01 %. ʕʪʠ ʟʥʘʯʝʥʠʷ ʙʳʣʠ ʧʨʠʥʷʪʳ ʟʘ ʙʘʟʦʚʳʝ ʚ ʢʦʥʪʨʦʣʴʥʦʤ ʦʧʳʪʝ. ɻʨʘʜʫʠʨʦʚʢʘ 

ʠ ʨʘʩʯʪy ʩʦʜʝʨʞʘʥʠʷ ʵʣʝʤʝʥʪʦʚ ʧʨʦʚʦʜʠʣʠʩʴ ʢʘʢ ʪʨʘʜʠʮʠʦʥʥʳʤ ʤʝʪʦʜʦʤ 

ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ (ʄʅʂ) ʜʣʷ ʢʘʞʜʦʡ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʣʠʥʠʠ, ʪʘʢ ʠ 

ʤʥʦʛʦʤʝʨʥʳʤ ʄʅʂ ʧʦ 2-ʤ ʘʥʘʣʠʪʠʯʝʩʢʠʤ ʣʠʥʠʷʤ ʦʧʨʝʜʝʣʷʝʤʦʛʦ ʵʣʝʤʝʥʪʘ ʠ 

ʣʠʥʠʠ ɺʘ (ʵʣʝʤʝʥʪʘ ʦʩʥʦʚʳ) ʢʘʢ ʚʥʫʪʨʝʥʥʝʛʦ ʩʪʘʥʜʘʨʪʘ. ʉʨʘʚʥʝʥʠʝ 

ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʳʭ ʠʥʪʝʨʚʘʣʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʛʨʘʜʫʠʨʦʚʦʯʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʩ 

ʫʯʝʪʦʤ ʠ ʙʝʟ ʫʯʝʪʘ ʢʦʥʪʨʦʣʴʥʦʛʦ ʦʧʳʪʘ, ʧʨʠʚʝʜʝʥʦ ʚ ʊʘʙʣʠʮʝ 7.  

ʕʪʦʪ ʧʨʠʤy ʥʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʨʠʥʮʠʧʠʘʣʴʥʦʛʦ ʫʣʫʯʰʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ, 

ʚʝʨʦʷʪʥʦ, ʠʟ-ʟʘ ʚʳʩʦʢʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʧʦʨʦʰʢʦʚʳʭ ʧʨʦʙ. ɺʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʴ 

ʠʟʤʝʨʝʥʠʡ ʩʦʩʪʘʚʣʷʝʪ ʦʪ 0,05 ʜʦ 0,70. ʄʥʦʛʦʤʝʨʥʳʡ ʄʅʂ ʩ ʫʯʪyʦʤ ʚʣʠʷʥʠʷ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ɺʘ ʨʘʩʰʠʨʷʝʪ ʧʨʝʜʩʢʘʟʘʪʝʣʴʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʠ ʩʥʠʞʘʝʪ ʥʠʞʥʶʶ 

ʛʨʘʥʠʮʫ ʦʧʨʝʜʝʣʷʝʤʳʭ ʩʦʜʝʨʞʘʥʠʡ. ʀʪʦʛʦʚʳʝ ʨʝʟʫʣʴʪʘʪʳ ʘʪʦʤʥʦ-ʵʤʠʩʩʠʦʥʥʦʛʦ 

ʘʥʘʣʠʟʘ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʧʨʠʤʝʩʝʡ ʚ ʚʳʨʘʱʝʥʥʳʭ ʢʨʠʩʪʘʣʣʘʭ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ 

ʊʘʙʣʠʮʝ 8.  
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ʊʘʙʣʠʮʘ 8. ʈʝʟʫʣʴʪʘʪʳ ʦʧʨʝʜʝʣʝʥʠ ̫ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʨʠʤʝʩʝʡ ʱʝʣʦʯʥʳʭ ʤʝʪʘʣʣʦʚ ʤʝʪʦʜʦʤ 

ʘʪʦʤʥʦ-ʵʤʠʩʩʠʦʥʥʦʡ ʩʧʝʢʪʨʦʤʝʪʨʠʠ ʚ ʢʨʠʩʪʘʣʣʘʭ BaFBr:Eu2+ 

ʉʦʜʝʨʞʘʥʠʝ ʚ ʰʠʭʪʝ ʉʦʜʝʨʞʘʥʠʝ ʚ ʢʨʠʩʪʘʣʣʝ  

K, % Na, % K, % Na, % 

0 0 0,001 0,0002 

0,1 0,1 < 0,005 < 0,0004 

2 1,5 0,007 0,0007 

4 5 0,01 0,0024 

 

ʉʦʛʣʘʩʥʦ ʨʝʟʫʣʴʪʘʪʘʤ ʘʥʘʣʠʟʘ, ʣʠʰʴ ʥʝʟʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʧʨʠʤʝʩʠ, 

ʜʦʙʘʚʣʷʝʤʦʡ ʚ ʰʠʭʪʫ, ʚʩʪʨʘʠʚʘʝʪʩʷ ʚ ʩʪʨʫʢʪʫʨʫ ʢʨʠʩʪʘʣʣʘ. ɽy ʢʦʥʮʝʥʪʨʘʮʠʷ 

ʦʢʘʟʳʚʘʝʪʩʷ ʤʝʥʴʰʝ ʚʚʦʜʠʤʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʥʘ ʪʨʠ-ʯʝʪʳʨʝ ʧʦʨʷʜʢʘ. ʆʩʥʦʚʥʘʷ ʯʘʩʪʴ 

ʧʨʠʤʝʩʠ ʚʳʪʝʩʥʷʝʪʩʷ ʠ ʬʦʨʤʠʨʫʝʪ ʙʝʣʫʶ çʰʘʧʢʫè ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʦʙʨʘʟʮʘ. ʂʘʣʠʡ 

ʣʫʯʰʝ ʚʥʝʜʨʷʝʪʩʷ ʚ ʢʨʠʩʪʘʣʣʳ BaFBr ï ʝʛʦ ʢʦʥʮʝʥʪʨʘʮʠʷ ʚ ʦʙʨʘʟʮʘʭ ʧʨʠʚʳʰʘʝʪ 

ʢʦʥʮʝʥʪʨʘʮʠ ʁʥʘʪʨʠʷ ʥʘ ʧʦʨʷʜʦʢ (ʊʘʙʣʠʮʘ 8). ʍʦʪʷ ʘʪʦʤʥʦ-ʵʤʠʩʩʠʦʥʥʳʡ ʘʥʘʣʠʟ 

ʦʙʨʘʟʮʦʚ, ʣʝʛʠʨʦʚʘʥʥʳʭ ʨʫʙʠʜʠʝʤ, ʥʘʤʠ ʥʝ ʧʨʦʚʦʜʠʣʩʷ, ʭʘʨʘʢʪʝʨ ʩʧʝʢʪʨʦʚ ʌʉʃ ʠ 

ʩʧʝʢʪʨʦʚ ʧʦʛʣʦʱʝʥʠʷ ʵʪʠʭ ʦʙʨʘʟʮʦʚ (ʧʨʠʚʝʜʝʥ rʥʠʞʝ) ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʧʦʣʦʞʠʪʴ, 

ʯʪʦ ʢʦʥʮʝʥʪʨʘʮʠʷ ʨʫʙʠʜʠʷ ʚ ʢʨʠʩʪʘʣʣʘʭ BaFBr ʥʘʭʦʜʠʪʩʷ ʥʘ ʫʨʦʚʥʝ, ʘʥʘʣʦʛʠʯʥʦʤ 

ʩʦʜʝʨʞʘʥʠʶ ʢʘʣʠʷ. 

ɺ ʠʩʩʣʝʜʦʚʘʥʠʠ [199] ʙʳʣʦ ʦʧʨʝʜʝʣʝʥʦ, ʯʪʦ ʢʦʣʠʯʝʩʪʚʦ ʬʦʪʦʥʦʚ, 

ʦʙʨʘʟʫʶʱʠʭʩʷ ʚ ʧʨʦʮʝʩʩʝ ʬʦʪʦʩʪʠʤʫʣʠʨʦʚʘʥʥʦʡ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʚ BaFBr:Eu2+, 

ʜʦʩʪʠʛʘʝʪ ʧʨʠʤʝʨʥʦ 1014 ʬʦʪʦʥʦʚ/ʩʤ3 ʧʨʠ ʨʝʥʪʛʝʥʦʚʩʢʦʤ ʦʙʣʫʯʝʥʠʠ ʩ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ 10 ʤɻʨ/ʩ. ʇʨʠʙʣʠʟʠʪʝʣʴʥʦ ʧʨʠʥʠʤʘʷ, ʯʪʦ ʯʠʩʣʦ ʠʩʧʫʱʝʥʥʳʭ 

ʬʦʪʦʥʦʚ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʢʦʣʠʯʝʩʪʚʫ ʬʦʪʦʩʪʠʤʫʣʠʨʫʝʤʳʭ ʮʝʥʪʨʦʚ (ʢʘʢ ʦʪʤʝʯʝʥʦ ʚ 

ʨʘʟʜʝʣʝ 1.2, ɻ ʪʦ F(Br-)-ʮʝʥʪʨʳ), ʤʦʞʥʦ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷ ʩʦʩʪʘʚʣʷʝʪ 

ʧʦʨʷʜʢʘ 10-6 ʤʦʣ. %. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʢʦʥʮʝʥʪʨʘʮʠ ̫ʧʨʠʤʝʩʝʡ ʱʝʣʦʯʥʳʭ ʤʝʪʘʣʣʦʚ ʚ 

ʥʘʰʠʭ ʦʙʨʘʟʮʘʭ ʦʢʘʟʳʚʘʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦʡ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʧʨʦʮʝʩʩ 

ʬʦʪʦʩʪʠʤʫʣʠʨʦʚʘʥʥʦʡ ʣʶʤʠʥʝʩʮʝʥʮʠʠ. 
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3.4. ʉʧʝʢʪʨʦʩʢʦʧʠʷ ʢʨʠʩʪʘʣʣʦʚ BaFBr:Eu2+ ʩ ʧʨʠʤʝʩʷʤʠ ʱʝʣʦʯʥʳʭ ʤʝʪʘʣʣʦʚ  

ʈʘʩʩʤʦʪʨʠʤ ʚʣʠʷʥʠʝ ʧʨʠʤʝʩʠ ɦ ʝʣʦʯʥʳʭ ʤʝʪʘʣʣʦʚ ʚ ʢʨʠʩʪʘʣʣʘʭ BaFBr:Eu2+ ʥʘ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʬʦʪʦʩʪʠʤʫʣʠʨʦʚʘʥʥʦʡ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 

[96, 198, 200, 201]. ʅʘ ʈʠʩʫʥʢʝ 28 ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʧʝʢʪʨʳ ʚʦʟʙʫʞʜʝʥʠʷ ʢʘʢ 

ʥʦʤʠʥʘʣʴʥʦ ʯʠʩʪʳʭ ʢʨʠʩʪʘʣʣʦʚ BaFBr:Eu2+, ʪʘʢ ʠ ʢʨʠʩʪʘʣʣʦʚ BaFBr:Eu2+, 

ʣʝʛʠʨʦʚʘʥʥʳʭ 2 % K+, 2 % Rb+ ʠ 1,5 % Na+. ɼʣʷ ʫʜʦʙʩʪʚʘ ʙʫʜʝʤ ʦʙʦʟʥʘʯʘʪʴ ʦʙʨʘʟʮʳ 

ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʧʨʠʤʝʩʝʡ, ʚʚʝʜʸʥʥʳʭ ʚ ʠʩʭʦʜʥʫʶ ʩʤʝʩʴ, ʘ ʥʝ ʩ 

ʬʘʢʪʠʯʝʩʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʚ ʢʨʠʩʪʘʣʣʝ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʘʥʘʣʠʟʘ. ɺ ʩʧʝʢʪʨʝ 

ʚʦʟʙʫʞʜʝʥʠʷ ʢʨʠʩʪʘʣʣʘ BaFBr:Eu2+ ʦʩʥʦʚʥʳʝ ʧʠʢʠ ʥʘʙʣʶʜʘʶʪʩʷ ʧʨʠ 2,18 ʵɺ ʠ 

2,45 ʵɺ. ʃʝʛʠʨʦʚʘʥʠʝ 2 % K+ ʠʣʠ 2 % Rb+ ʟʘʤʝʪʥʦ ʚʣʠʷʝʪ ʥʘ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʠʢʘ 

2,18 ʵɺ, ʫʚʝʣʠʯʠʚʘʷ ʝʝ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʚʜʚʦʝ.  

 

ʈʠʩʫʥʦʢ 28 ï ʉʧʝʢʪʨʳ ʚʦʟʙʫʞʜʝʥʠʷ ʌʉʃ ʢʨʠʩʪʘʣʣʦʚ BaFBr:Eu2+ ʠ BaFBr:Eu2+ʩ ʧʨʠʤʝʩʴʶ 

ʱʝʣʦʯʥʳʭ ʤʝʪʘʣʣʦʚ (2 % K+, 2 % Rb+ ʠ 1,5 % Na+), ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. 

ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʬʦʪʦʩʪʠʤʫʣʠʨʦʚʘʥʥʦʡ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʢʨʠʩʪʘʣʣʘ (ʢʨʘʩʥʘʷ ʢʨʠʚʘʷ, ʧʦʤʝʯʝʥʥʘʷ 

(ʭ), ʫʤʝʥʴʰʝʥʘ ʚ ʜʝʩʷʪʴ ʨʘʟ). 

ʇʦʤʠʤʦ ʫʚʝʣʠʯʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʬʦʪʦʩʪʠʤʫʣʠʨʦʚʘʥʥʦʡ ʣʶʤʠʥʝʩʮʝʥʮʠʠ 

ʦʪʤʝʯʘʝʪʩʷ ʪʘʢʞʝ ʩʤʝʱʝʥʠʝ ʧʠʢʘ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʚ ʩʪʦʨʦʥʫ ʜʣʠʥʦʚʦʣʥʦʚʦʛʦ 

ʜʠʘʧʘʟʦʥʘ ï ʩ 2,18 ʵɺ ʜʦ 2,09 ʵɺ. ʅʘʠʙʦʣʴʰʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʙʳʣʘ ʜʦʩʪʠʛʥʫʪʘ ʧʨʠ 
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ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʨʠʤʝʩʠ ʥʘʪʨʠʷ. ʇʨʠ ʣʝʛʠʨʦʚʘʥʠʠ ʢʨʠʩʪʘʣʣʘ BaFBr:Eu2+ ʧʨʠʤʝʩʴʶ 

ʥʘʪʨʠʷ ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ 1,5 %  ʥʘʙʣʶʜʘʝʪʩʷ ʨʦʩʪ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʌʉʃ 

ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʚ ʜʚʝʥʘʜʮʘʪʴ ʨʘʟ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʥʝʣʝʛʠʨʦʚʘʥʥʳʤ ʦʙʨʘʟʮʦʤ, ʘ 

ʪʘʢʞʝ ʥʘʙʣʶʜʘʝʪʩʷ ʩʤʝʱʝʥʠʝ ʧʠʢʘ ʚ ʩʪʦʨʦʥʫ ʢʨʘʩʥʦʡ ʦʙʣʘʩʪʠ ʩʧʝʢʪʨʘ ʜʦ 2,06 ʵɺ 

(ʈʠʩʫʥʦʢ 28). ʇʨʠ ʜʘʣʴʥʝʡʰʝʤ ʫʚʝʣʠʯʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘʪʨʠʷ ʜʦ 5 % ʚ 

ʠʩʭʦʜʥʦʤ ʩʦʩʪʘʚʝ ʰʠʭʪ r ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʌʉʃ ʚʳʨʘʩʪʘʝʪ ʙʦʣʝʝ ʯʝʤ ʚ 13 ʨʘʟ. 

ʆʙʦʙʱʝʥʥʳʝ ʜʘʥʥʳʝ ʜʣʷ ʩʧʝʢʪʨʦʚ ʚʦʟʙʫʞʜʝʥʠʷ ʢʨʠʩʪʘʣʣʦʚ BaFBr:Eu2+ ʧʨʠ 

ʨʘʟʣʠʯʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʱʝʣʦʯʥʳʭ ʤʝʪʘʣʣʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʊʘʙʣʠʮʝ 9. 

ʊʘʙʣʠʮʘ 9. ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʷ ʌʉʃ ʚ ʢʨʠʩʪʘʣʣʘʭ BaFBr:Eu2+, ʣʝʛʠʨʦʚʘʥʥʳʭ ʱʝʣʦʯʥʳʤʠ 

ʤʝʪʘʣʣʘʤʠ 

ɿʘʧʦʤʠʥʘʶʱʠʡ 

ʣʶʤʠʥʦʬʦʨ 

ʇʦʣʦʞʝʥʠʝ 

ʧʠʢʘ, 

ʵɺ 

ʂʨʘʩʥʦʝ ʩʤʝʱʝʥʠʝ 

ʩʧʝʢʪʨʘ 

ʩʪʠʤʫʣʷʮʠʠ, ɻ ɺ 

ʆʪʥʦʰʝʥʠʝ ʠʥʪʝʥʩʠʚ. 

ʌʉʃ ʣʝʛʠʨʦʚʘʥʥʳʭ 

ʦʙʨʘʟʮʦʚ ʢ 

ʥʝʣʝʛʠʨʦʚʘʥʥʳʤ 

BaFBr:0,1%Eu2+:5 %Na+ 2,06 0,08 13 

BaFBr:0,1%Eu2+:4 %K+ 2,06 0,04 4 

BaFBr:0,1%Eu2+:2 %Rb+ 2,09 0,06 2 

BaFBr:0,1 %Eu2+ 2,18 0 1 

 

ʅʘ ʈʠʩʫʥʢʝ 29 ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ ʠ ʥʦʨʤʠʨʦʚʘʥʥʳʝ ʩʧʝʢʪʨʳ 

ʚʦʟʙʫʞʜʝʥʠʷ ʜʣʷ ʢʨʠʩʪʘʣʣʦʚ BaFBr:Eu2+ ʠ BaFBr:Eu2+: 5 %Na+ ʧʦʩʣʝ ʠʭ 

ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʦʙʣʫʯʝʥʠʷ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ɺ ʩʧʝʢʪʨʘʭ ʧʦʛʣʦʱʝʥʠʷ 

ʦʙʥʘʨʫʞʝʥʳ ʧʠʢʠ ʧʨʠ 2,65 ʵɺ ʠ 2,3 ʵɺ, ʦʙʫʩʣʦʚʣʝʥʥʳʝ F(F-)- ʠ F(Br-)-ʮʝʥʪʨʘʤʠ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʃʝʛʠʨʦʚʘʥʠʝ ʥʘʪʨʠʝʤ ʠʣʠ ʘʥʘʣʦʛʠʯʥʳʤʠ ʱʝʣʦʯʥʳʤʠ ʤʝʪʘʣʣʘʤʠ 

ʧʨʠʚʦʜʠʪ ʢ ʨʘʩʰʠʨʝʥʠʶ ʩʧʝʢʪʨʘ ʩʪʠʤʫʣʷʮʠʠ ʩ 1,98 ʵɺ ʜʦ 1,9 ʵɺ. ʇʦʣʦʩʘ 

ʧʦʛʣʦʱʝʥʠʷ ʢʨʠʩʪʘʣʣʘ BaFBr:Eu2+: 5 %Na+ ʩ ʤʘʢʩʠʤʫʤʦʤ ʥʘ 2,3 ʵɺ ʪʘʢʞʝ 

ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʨʘʩʰʠʨʝʥʠʝ ʜʦ 1,99 ʵɺ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʨʘʩʥʳʡ ʩʜʚʠʛ ʚ ʩʧʝʢʪʨʝ 

ʚʦʟʙʫʞʜʝʥʠʷ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝʤ ʠ ʩʤʝʱʝʥʠʝʤ ʧʦʣʦʩʳ ʚ ʩʧʝʢʪʨʝ 

ʧʦʛʣʦʱʝʥʠʷ ʧʨʠ ʣʝʛʠʨʦʚʘʥʠʠ ʢʨʠʩʪʘʣʣʘ ʱʝʣʦʯʥʳʤʠ ʤʝʪʘʣʣʘʤʠ. ʕʪʦ 
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ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʟʥʘʯʠʪʝʣʴʥʦʤ ʠʟʤʝʥʝʥʠʠ ʩʪʨʫʢʪʫʨʳ ʬʦʪʦʩʪʠʤʫʣʠʨʫʝʤʳʭ 

ʮʝʥʪʨʦʚ. 

 

ʈʠʩʫʥʦʢ 29 ï ʅʦʨʤʠʨʦʚʘʥʥʳʝ ʩʧʝʢʪʨʳ ʚʦʟʙʫʞʜʝʥʠʷ ʌʉʃ ʢʨʠʩʪʘʣʣʦʚ BaFBr:Eu2+ 

BaFBr:Eu2+:5 %Na+ (ʢʨʠʚʳʝ 2 ʠ 1) ʠ ʩʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ BaFBr:Eu2+ ʠ BaFBr:Eu2+:5 % Na+ 

(ʢʨʠʚʳʝ 4 ʠ 3). ʉʧʝʢʪʨʳ ʠʟʤʝʨʝʥʳ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. 

 

ʋʚʝʣʠʯʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʨʠʤʝʩʠ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʵʥʝʨʛʠʠ 

ʩʪʠʤʫʣʷʮʠʠ, ʢʦʪʦʨʘʷ ʥʝʦʙʭʦʜʠʤʘ ʜʣʷ çʩʯʠʪʳʚʘʥʠʷè ʘʢʪʠʚʥʳʭ ʮʝʥʪʨʦʚ (ʩʤ. ʧ. 1.2). 

ʅʘ ʈʠʩʫʥʢʝ 30 ʧʨʝʜʩʪʘʚʣʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʬʦʪʦʩʪʠʤʫʣʠʨʦʚʘʥʥʦʡ 

ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʦʪ ʚʨʝʤʝʥʠ ʚʳʩʚʝʯʠʚʘʥʠʷ ʜʣʷ ʥʝʣʝʛʠʨʦʚʘʥʥʦʛʦ ʢʨʠʩʪʘʣʣʘ 

BaFBr:Eu2+ ʠ ʢʨʠʩʪʘʣʣʘ, ʣʝʛʠʨʦʚʘʥʥʦʛʦ 5 % Na+. ɺʦʟʙʫʞʜʝʥʠʝ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ 

ʩʚʝʪʦʤ ʥʠʟʢʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ 633 ʥʤ. ʉʚʝʪʦʩʫʤʤʘ ʟʘʪʫʭʘʥʠʷ ʌʉʃ 

ʚ ʥʦʤʠʥʘʣʴʥʦ ʯʠʩʪʦʤ ʢʨʠʩʪʘʣʣʝ BaFBr:Eu2+ ʩʦʩʪʘʚʣʷʝʪ 69,8, ʯʪʦ ʧʨʠʤʝʨʥʦ ʚ ʪʨʠ 

ʨʘʟʘ ʥʠʞʝ, ʯʝʤ ʫ ʣʝʛʠʨʦʚʘʥʥʦʛʦ 5 % Na+ ʦʙʨʘʟʮʘ (BaFBr:Eu2+:5 % Na+  ï 188,6). ʕʪʦ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʢʦʣʠʯʝʩʪʚʦ ʬʦʪʦʩʪʠʤʫʣʠʨʫʝʤʳʭ ʮʝʥʪʨʦʚ (ʢʘʢ ʫʢʘʟʘʥʦ ʚ 

ʧ.1.2, ʵʪʦ F(Br-)-ʮʝʥʪʨʳ) ʫ ʣʝʛʠʨʦʚʘʥʥʦʛʦ ʦʙʨʘʟʮʘ ʦʢʘʟʳʚʘʝʪʩʷ ʚ ʪʨʠ ʨʘʟʘ ʙʦʣʴʰʝ, 
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ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʥʝʣʝʛʠʨʦʚʘʥʥʳʤ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ 

ʣʝʛʠʨʦʚʘʥʠʝ ʱʝʣʦʯʥʳʤ ʤʝʪʘʣʣʦʤ ʧʦʚʳʰʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ BaFBr:Eu2+ ʢʘʢ 

ʟʘʧʦʤʠʥʘʶʱʝʛʦ ʣʶʤʠʥʦʬʦʨʘ.  

 

ʈʠʩʫʥʦʢ 30 ï ɿʘʚʠʩʠʤʦʩʪʴ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʬʦʪʦʩʪʠʤʫʣʠʨʦʚʘʥʥʦʡ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʦʪ ʚʨʝʤʝʥʠ 

ʚʳʩʚʝʯʠʚʘʥʠʷ ʥʝʣʝʛʠʨʦʚʘʥʥʦʛʦ BaFBr:Eu2+ (ʧʫʥʢʪʠʨʥʘʷ ʣʠʥʠʷ) ʠ ʣʝʛʠʨʦʚʘʥʥʦʛʦ 5 % Na+ 

(ʩʧʣʦʰʥʘʷ ʣʠʥʠʷ). 

ʂʘʢ ʫʞʝ ʫʧʦʤʠʥʘʣʦʩʴ ʚr ʰʝ, ʢʦʣʠʯʝʩʪʚʦ ʧʨʠʤʝʩʠ, ʚʭʦʜʷʱʝʡ ʚ ʢʨʠʩʪʘʣʣ, 

ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ ʪʦʛʦ, ʢʦʪʦʨʦʝ ʚʚʦʜʠʪʩʷ ʚ ʰʠʭʪʫ ʧʝʨʝʜ ʥʘʯʘʣʦʤ ʧʨʦʮʝʩʩʘ 

ʚʳʨʘʱʠʚʘʥʠʷ. ʈʝʘʣʴʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʧʨʠʤʝʩʠ ʩʦʩʪʘʚʣʷʝʪ ʧʦʨʷʜʢʘ 10-4 %. ʆʜʥʘʢʦ 

ʥʝʩʤʦʪʨʷ ʥʘ ʝʸ ʥʠʟʢʦʝ ʩʦʜʝʨʞʘʥʠʝ, ʥʘʙʣʶʜʘʝʪʩʷ ʟʘʤʝʪʥʦʝ ʫʚʝʣʠʯʝʥʠʝ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʬʦʪʦʩʪʠʤʫʣʠʨʦʚʘʥʥʦʡ ʣʶʤʠʥʝʩʮʝʥʮʠʠ. ʈʘʩʩʤʦʪʨʠʤ ʟʘʚʠʩʠʤʦʩʪʴ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʌʉʃ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʨʠʤʝʩʠ ʚ ʢʨʠʩʪʘʣʣʝ (ʈʠʩʫʥʦʢ 31). ɼʘʥʥʳʝ 

ʛʨʘʬʠʢʘ ʜʝʤʦʥʩʪʨʠʨʫʶʪ, ʯʪʦ ʢʘʣʠʡ ʚʩʪʨʘʠʚʘʝʪʩʷ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʨʝʰʝʪʢʫ ʙʦʣʝʝ 

ʵʬʬʝʢʪʠʚʥʦ, ʯʝʤ ʥʘʪʨʠʡ: ʧʨʠ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʨʘʚʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʚ ʠʩʭʦʜʥʦʡ 

ʰʠʭʪʝ ʩʦʜʝʨʞʘʥʠʝ ʢʘʣʠʷ ʚ ʚʳʨʘʱʝʥʥʦʤ ʢʨʠʩʪʘʣʣʝ ʦʢʘʟʳʚʘʝʪʩʷ ʥʘ ʧʦʨʷʜʦʢ ʚʳʰʝ 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʥʘʪʨʠʝʤ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʥʘʪʨʠʡ ʦʢʘʟʳʚʘʝʪ ʛʦʨʘʟʜʦ ʙʦʣʝʝ 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ʩʚʦʡʩʪʚʘ ʤʘʪʝʨʠʘʣʘ. ʇʨʠ ʣʝʛʠʨʦʚʘʥʠʠ 

ʥʘʪʨʠʝʤ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʬʦʪʦʩʪʠʤʫʣʠʨʦʚʘʥʥʦʡ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʚʦʟʨʘʩʪʘʝʪ 
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ʧʨʠʤʝʨʥʦ ʚ ʪʨʠ ʨʘʟʘ, ʘ ʢʨʘʩʥʦʝ ʩʤʝʱʝʥʠʝ ʫʩʠʣʠʚʘʝʪʩʷ ʚ ʜʚʘ ʨʘʟʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʣʝʛʠʨʦʚʘʥʠʝʤ ʢʘʣʠʝʤ. ʂʨʦʤʝ ʪʦʛʦ, ʫ ʢʨʠʩʪʘʣʣʦʚ ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʢʘʣʠʷ ʥʘʙʣʶʜʘʝʪʩʷ 

ʩʥʠʞʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʬʦʪʦʩʪʠʤʫʣʠʨʦʚʘʥʥʦʡ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʧʨʠ ʧʨʝʚʳʰʝʥʠʠ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʨʠʤʝʩʠ 0,005 %. 

 

ʈʠʩʫʥʦʢ 31 ï ɿʘʚʠʩʠʤʦʩʪʴ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʬʦʪʦʩʪʠʤʫʣʠʨʦʚʘʥʥʦʡ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʦʪ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʨʠʤʝʩʠ ʚ ʢʨʠʩʪʘʣʣʝ. ʈʷʜʦʤ ʩ ʪʦʯʢʘʤʠ ʥʘ ʛʨʘʬʠʢʘʭ ʫʢʘʟʘʥʦ ʢʦʣʠʯʝʩʪʚʦ ʧʨʠʤʝʩʠ, 

ʚʚʦʜʠʤʦʝ ʚ ʰʠʭʪʫ ʜʦ ʥʘʯʘʣʘ ʚʳʨʘʱʠʚʘʥʠʷ. 

ʄʠʨʦʩʣʘʚ ɹʘʪʝʥʯʫʢ (Institute for Material Science, Germany) ʩʨʘʚʥʠʣ 

ʩʚʝʪʦʚʳʭʦʜ ʌʉʃ ʚʳʨʘʱʝʥʥʳʭ ʥʘʤʠ ʥʦʤʠʥʘʣʴʥʦ ʯʠʩʪʳʭ (ʥʝʣʝʛʠʨʦʚʘʥʥʳʭ) 

ʢʨʠʩʪʘʣʣʦʚ BaFBr:Eu2+ ʩʦ ʩʚʝʪʦʚʳʭʦʜʦʤ ʧʨʦʤʳʰʣʝʥʥʳʭ ʟʘʧʦʤʠʥʘʶʱʠʭ 

ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʵʢʨʘʥʦʚ, ʧʨʦʠʟʚʦʜʠʤʳʭ ʥʝʤʝʮʢʦʡ ʢʦʤʧʘʥʠʝʡ ñSTARCKò ʥʘ 

ʦʩʥʦʚʝ BaFBr:Eu2+, ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʣʝʛʠʨʦʚʘʥʥʳʭ ʩʪʨʦʥʮʠʝʤ (BaSrFBr:Eu2+). ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʠʢ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʌʉʃ ʥʘʰʠʭ 

ʢʨʠʩʪʘʣʣʦʚ ʜʦʩʪʠʛʘʝʪ 75 % ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʤʤʝʨʯʝʩʢʠʤʠ ʣʶʤʠʥʝʩʮʝʥʪʥʳʤʠ 

ʵʢʨʘʥʘʤʠ ʬʠʨʤʳ ñSTARCKò. ʇʨʠ ʵʪʦʤ ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʚʦʟʤʦʞʥʘʷ 

ʧʦʛʨʝʰʥʦʩʪʴ ʠʟʤʝʨʝʥʠʡ ʤʦʛʣʘ ʩʦʩʪʘʚʣʷʪʴ ʜʦ 30 %. ɺ ʨʘʙʦʪʝ [202] ʙʳʣʦ 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʣʝʛʠʨʦʚʘʥʠʝ BaFBr:Eu2+ ʩʪʨʦʥʮʠʝʤ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʁ  

ʩʚʝʪʦʚʳʭʦʜʘ ʌʉʃ ʧʨʠʤʝʨʥʦ ʚ 2-3 ʨʘʟʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʙʨʘʟʮʘʤʠ ʙʝʟ ʣʝʛʠʨʦʚʘʥʠʷ. 
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ʋʯʠʪʳʚʘʷ ʵʪʠ ʨʝʟʫʣʴʪʘʪʳ, ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʢʨʠʩʪʘʣʣʳ BaFBr:EuĮ , 

ʣʝʛʠʨʦʚʘʥʥʳʝ ʠʦʥʘʤʠ ʥʘʪʨʠʷ, ʙʫʜʫʪ ʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ ʙʦʣʝʝ ʚʳʩʦʢʫʶ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚ ʢʘʯʝʩʪʚʝ ʟʘʧʦʤʠʥʘʶʱʠʭ ʣʶʤʠʥʦʬʦʨʦʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʩʝʨʠʡʥʦʡ 

ʢʦʤʤʝʨʯʝʩʢʦʡ ʧʨʦʜʫʢʮʠʝʡ.  

3.5. ʌʦʪʦʩʪʠʤʫʣʠʨʦʚʘʥʥʘ ̫ʣʶʤʠʥʝʩʮʝʥʮʠ ̫ʚ ʢʨʠʩʪʘʣʣʘʭ BaFBr:Eu2+ ʩ 

ʧʨʠʤʝʩʷʤʠ ʱʝʣʦʯʥʳʭ ʤʝʪʘʣʣʦʚ ʧʨʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ 

ʈʘʩʩʤʦʪʨʠʤ ʟʘʚʠʩʠʤʦʩʪʴ ʬʦʪʦʩʪʠʤʫʣʠʨʦʚʘʥʥʦʡ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʦʪ 

ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʢʨʠʩʪʘʣʣʘʭ BaFBr:Eu2+, ʣʝʛʠʨʦʚʘʥʥʳʭ ʧʨʠʤʝʩʷʤʠ ʱʝʣʦʯʥʳʭ 

ʤʝʪʘʣʣʦʚ [201, 203].  

ʅʘ ʈʠʩʫʥʢʝ 32 ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʦʨʤʠʨʦʚʘʥʥʳʝ ʩʧʝʢʪʨʳ ʚʦʟʙʫʞʜʝʥʠʷ 

ʢʨʠʩʪʘʣʣʦʚ BaFBr:Eu2+ ʠ BaFBr:Eu2+:Na+, ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʦʙʣʫʯʝʥʥʳʭ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 80 ʂ. ʀʟʤʝʨʝʥʠʷ ʪʘʢʞʝ ʧʨʦʚʦʜʠʣʠʩʴ ʧʨʠ 80 ʂ, ʧʦʩʣʝ ʯʝʛʦ 

ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʥʘʛʨʝʚ ʦʙʨʘʟʮʘ ʜʦ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʩ ʧʦʩʣʝʜʫʶʱʠʤ 

ʦʭʣʘʞʜʝʥʠʝʤ ʦʙʨʘʪʥʦ ʜʦ 80 ʂ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʧʦʚʪʦʨʥʳʭ ʠʟʤʝʨʝʥʠʡ 

ʬʦʪʦʩʪʠʤʫʣʠʨʦʚʘʥʥʦʡ ʣʶʤʠʥʝʩʮʝʥʮʠʠ. ɺ ʢʨʠʩʪʘʣʣʘʭ BaFBr:Eu2+ ʙʝʟ ʧʨʠʤʝʩʝʡ 

ʱʝʣʦʯʥʳʭ ʤʝʪʘʣʣʦʚ, ʦʙʣʫʯʝʥʥʳʭ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʚ ʩʧʝʢʪʨʝ 

ʩʪʠʤʫʣʷʮʠʠ ʥʘʙʣʶʜʘʝʪʩʷ ʜʚʝ ʧʦʣʦʩʳ: 2,18 ʵɺ ʠ 2,4 ʵɺ (ʈʠʩʫʥʦʢ 32-a). ʆʜʥʘʢʦ 

ʧʦʩʣʝ ʦʙʣʫʯʝʥʠʷ ʪʝʭ ʞʝ ʢʨʠʩʪʘʣʣʦʚ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 80 ʂ ʚ ʥʠʟʢʦʵʥʝʨʛʝʪʠʯʝʩʢʦʡ 

ʦʙʣʘʩʪʠ ʩʧʝʢʪʨʘ ʚʦʟʙʫʞʜʝʥʠʷ ʧʦʷʚʣʷʶʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʠʥʪʝʥʩʠʚʥʳʝ ʧʦʣʦʩʳ ʩ 

ʵʥʝʨʛʠʷʤʠ 1,4 ʵɺ ʠ 1,8 ʵɺ. ʕʪʠ ʧʦʣʦʩʳ ʧʦʣʥʦʩʪʴʶ ʠʩʯʝʟʘʶʪ ʚ ʪʝʯʝʥʠʝ 60 ʤʠʥʫʪ ʧʦʜ 

ʚʦʟʜʝʡʩʪʚʠʝʤ ʩʚʝʪʘ ʩ ʵʥʝʨʛʠʝʡ 1,7 ʵɺ (ʈʠʩʫʥʦʢ 32-a). ʇʦʜʦʙʥʦʝ ʷʚʣʝʥʠʝ ʫʞʝ 

ʦʪʤʝʯʘʣʦʩʴ ʚ ʨʘʙʦʪʝ [204] ʦʜʥʘʢʦ ʧʨʠʨʦʜʘ ʜʘʥʥʳʭ ʧʦʣʦʩ ʚʩʸ ʝʱʸ ʦʩʪʘʸʪʩʷ 

ʥʝʠʟʫʯʝʥʥʦʡ. ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʩʧʝʢʪʨʘ ʬʦʪʦʩʪʠʤʫʣʠʨʦʚʘʥʥʦʡ ʣʶʤʠʥʝʩʮʝʥʮʠʠ 

ʢʨʠʩʪʘʣʣʦʚ BaFBr:Eu2+, ʦʙʣʫʯʸʥʥʳʭ ʠ ʠʟʤʝʨʝʥʥʳʭ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 80 ʂ, 

ʧʨʠʤʝʨʥʦ ʚ 1,5 ʨʘʟʘ ʧʨʝʚʳʰʘʝʪ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʦʙʨʘʟʮʦʚ, 

ʧʦʜʚʝʨʛʘʚʰʠʭʩʷ ʦʙʣʫʯʝʥʠʶ ʠ ʠʟʤʝʨʝʥʠʶ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ʇʦʩʣʝ 

ʥʘʛʨʝʚʘ ʦʙʨʘʟʮʘ ʜʦ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ ʦʭʣʘʞʜʝʥʠʷ ʜʦ 80 ʂ ʚ 

ʩʧʝʢʪʨʝ ʚʦʟʙʫʞʜʝʥʠʷ ʧʨʦʜʦʣʞʘʶʪ ʥʘʙʣʶʜʘʪʴʩʷ ʧʦʣʦʩʳ ʥʘ ʵʥʝʨʛʠʷʭ 2,18 ʵɺ ʠ 

2,4 ɺɻ ʦʜʥʘʢʦ ʠʭ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʝʪʩʷ. 
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ʈʠʩʫʥʦʢ 32 ï ʅʦʨʤʠʨʦʚʘʥʥʳʝ ʩʧʝʢʪʨʳ ʚʦʟʙʫʞʜʝʥʠʷ ʌʉʃ ʢʨʠʩʪʘʣʣʦʚ BaFBr:Eu2+ (ʘ) ʠ 

BaFBr:Eu2+:Na+ (ʙ) ʙʝʟ ʢʠʩʣʦʨʦʜʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ. ʆʙʣʫʯʝʥʠʝ ʨʝʥʪʛʝʥʦʚʩʢʠʤ ʠʟʣʫʯʝʥʠʝʤ ʠ 

ʠʟʤʝʨʝʥʠʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 80 ʂ (ʢʨʠʚʘʷ 2), ʦʪʞʠʛ ʜʦ 300 ʂ ʠ ʠʟʤʝʨʝʥʠʝ ʧʨʠ 80 ʂ (ʨʠʩ. (ʘ) 

ʢʨʠʚʘʷ 3; ʨʠʩ. (ʙ) ʢʨʠʚʘʷ 4), ʦʙʣʫʯʝʥʠʝ ʠ ʠʟʤʝʨʝʥʠʝ ʧʨʠ 300 ʂ (ʢʨʠʚʘʷ 1). 

 

ɺ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ ʦʪ 430 ʜʦ 480 ʂ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʬʦʪʦʩʪʠʤʫʣʠʨʦʚʘʥʥʦʡ 

ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʥʘʯʠʥʘʝʪ ʩʪʨʝʤʠʪʝʣʴʥʦ ʩʥʠʞʘʪʴʩʷ ʚʩʣʝʜʩʪʚʠʝ ʨʘʩʧʘʜʘ 
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ʬʦʪʦʩʪʠʤʫʣʠʨʫʝʤʳʭ ʮʝʥʪʨʦʚ. ʇʨʠ ʜʦʩʪʠʞʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ, ʧʨʝʚʳʰʘʶʱʝʡ 480 ʂ, 

ʣʶʤʠʥʝʩʮʝʥʮʠʷ ʧʦʣʥʦʩʪʴʶ ʧʨʝʢʨʘʱʘʝʪʩʷ. ʇʦʩʣʝ ʫʢʘʟʘʥʥʦʛʦ ʥʘʛʨʝʚʘ ʦʙʨʘʟʝʮ 

ʧʦʚʪʦʨʥʦ ʦʭʣʘʞʜʘʣʠ ʜʦ 80 ʂ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʟʤʝʨʝʥʠʡ ʩʧʝʢʪʨʘ ʚʦʟʙʫʞʜʝʥʠʷ. 

ʇʦʣʫʯʝʥʥʳʡ ʩʧʝʢʪʨ ʚʥʦʚʴ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣ ʜʚʘ ʘʥʘʣʦʛʠʯʥʳʭ ʧʠʢʘ (2,06 ʵɺ ʠ 

2,4 ʵɺ), ʭʦʪʷ ʠʭ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʦʢʘʟʘʣʘʩʴ ʥʝʩʢʦʣʴʢʦ ʩʥʠʞʝʥʥʦʡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʧʝʨʚʦʥʘʯʘʣʴʥʳʤʠ ʠʟʤʝʨʝʥʠʷʤʠ [201]. 

ʉʣʝʜʫʝʪ ʘʢʮʝʥʪʠʨʦʚʘʪʴ ʚʥʠʤʘʥʠʝ ʥʘ ʪʦʤ, ʯʪʦ ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʩʧʝʢʪʨʳ 

(ʈʠʩʫʥʦʢ 32) ʦʪʥʦʩʷʪʩʷ ʢ ʩʧʝʢʪʨʘʤ ʢʨʠʩʪʘʣʣʦʚ, ʚʳʨʘʱʝʥʥʳʭ ʚ ʫʩʣʦʚʠʷʭ 

ʬʪʦʨʠʨʦʚʘʥʥʦʡ ʘʪʤʦʩʬʝʨʳ (ʩʤ. ʨʘʟʜʝʣ 3.1). ʇʨʠʩʫʪʩʪʚʠʝ ʫʢʘʟʘʥʥʦʡ ʘʪʤʦʩʬʝʨʳ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʝ ʚʳʪʝʩʥʝʥʠʝ ʧʨʠʤʝʩʠ ʢʠʩʣʦʨʦʜʘ ʠʟ ʤʘʪʝʨʠʘʣʘ. 

ʋʨʦʚʝʥʴ ʟʘʛʨʷʟʥʝʥʠʷ ʢʠʩʣʦʨʦʜʦʤ ʦʧʨʝʜʝʣʷʣʩʷ ʧʦ ʠʥʪʝʥʩʠʚʥʦʩʪʠ çʟʝʣʝʥʦʡè 

ʣʶʤʠʥʝʩʮʝʥʮʠʠ (ʠʣʠ ʝʸ ʦʪʩʫʪʩʪʚʠʠ), ʚʦʟʥʠʢʘʶʱʝʡ ʧʨʠ ʦʙʣʫʯʝʥʠʠ ʦʙʨʘʟʮʦʚ 

ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʳʤ ʩʚʝʪʦʤ. 

 

ʈʠʩʫʥʦʢ 33 ï ʉʧʝʢʪʨʳ ʚʦʟʙʫʞʜʝʥʠʷ ʢʨʠʩʪʘʣʣʦʚ BaFBr:Eu2+:Rb+ ʩ ʢʠʩʣʦʨʦʜʥʳʤ ʟʘʛʨʷʟʥʝʥʠʝʤ. 

ʆʙʣʫʯʝʥʠʝ ʨʝʥʪʛʝʥʦʚʩʢʠʤ ʠʟʣʫʯʝʥʠʝʤ ʠ ʠʟʤʝʨʝʥʠʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 80 ʂ (ʢʨʠʚʘʷ 1), ʦʪʞʠʛ ʜʦ 

300 ʂ ʠ ʠʟʤʝʨʝʥʠʝ ʧʨʠ 80 ʂ (ʢʨʠʚʘʷ2), ʦʙʣʫʯʝʥʠʝ ʠ ʠʟʤʝʨʝʥʠʝ ʧʨʠ 300 ʂ (ʢʨʠʚʘʷ 3). 
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ʈʠʩʫʥʦʢ 34 ï ʉʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ ʢʨʠʩʪʘʣʣʦʚ BaFBr:Eu2+:Rb+ ʩ ʢʠʩʣʦʨʦʜʥʳʤ ʟʘʛʨʷʟʥʝʥʠʝʤ. 

ʆʙʣʫʯʝʥʠʝ ʨʝʥʪʛʝʥʦʚʩʢʠʤ ʠʟʣʫʯʝʥʠʝʤ ʠ ʠʟʤʝʨʝʥʠʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 80 ʂ (ʢʨʠʚʘʷ 1), ʦʪʞʠʛ ʜʦ 

300 ʂ ʠ ʠʟʤʝʨʝʥʠʝ ʧʨʠ 80 ʂ (ʢʨʠʚʘʷ2), ʦʙʣʫʯʝʥʠʝ ʠ ʠʟʤʝʨʝʥʠʝ ʧʨʠ 300 ʂ (ʢʨʠʚʘʷ 3). 

ʅʘ ʈʠʩʫʥʢʝ 33 ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʧʝʢʪʨʳ ʚʦʟʙʫʞʜʝʥʠʷ ʢʨʠʩʪʘʣʣʦʚ BaFBr:Eu2+, 

ʣʝʛʠʨʦʚʘʥʥʳʭ ʱʝʣʦʯʥʳʤʠ ʤʝʪʘʣʣʘʤʠ ʠ ʚ ʢʦʪʦʨʳʝ ʙʳʣʘ ʧʨʝʜʥʘʤʝʨʝʥʥʦ ʚʚʝʜʝʥʘ 

ʢʠʩʣʦʨʦʜʥʘʷ ʧʨʠʤʝʩʴ ʚ ʧʨʦʮʝʩʩʝ ʚʳʨʘʱʠʚʘʥʠʷ. ɺ ʧʦʣʫʯʝʥʥʳʭ ʩʧʝʢʪʨʘʭ ʦʙʥʘʨʫʞʝʥ 

ʩʣʝʜʫʶʱʠʡ ʵʬʬʝʢʪ: ʚ ʦʙʨʘʟʮʝ, ʦʙʣʫʯʝʥʥʦʤ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 80 ʂ ʚ ʧʨʦʮʝʩʩʝ 

ʥʘʛʨʝʚʘ ʜʦ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨ,r ʧʠʢ ʩʧʝʢʪʨʘ ʩʪʠʤʫʣʷʮʠʠ ʩʤʝʱʘʝʪʩʷ ʥʘ 0,11 ʵɺ 

ʚ ʩʪʦʨʦʥʫ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʵʥʝʨʛʠʡ (ʩ 2,06 ʵɺ ʜʦ 2,17 ʵɺ). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʩʣʝ 

ʪʘʢʦʛʦ ʦʪʞʠʛʘ ʧʦʣʦʞʝʥʠʝ ʧʠʢʘ ʩʧʝʢʪʨʘ ʚʦʟʙʫʞʜʝʥʠʷ ʜʣʷ ʣʝʛʠʨʦʚʘʥʥʳʭ ʱʝʣʦʯʥʳʤʠ 

ʤʝʪʘʣʣʘʤʠ ʢʨʠʩʪʘʣʣʦʚ BaFBr:Eu2+ ʩʪʘʥʦʚʠʪʩʷ ʠʜʝʥʪʠʯʥr ʤ ʧʦʣʦʞʝʥʠʶ ʧʠʢʘ 

ʩʧʝʢʪʨʘ ʩʪʠʤʫʣʷʮʠʠ ʦʙʨʘʟʮʦʚ, ʥʝ ʩʦʜʝʨʞʘʱʠʭ ʧʨʠʤʝʩʝʡ ʱʝʣʦʯʥʳʭ ʤʝʪʘʣʣʦʚ 

(ʊʘʙʣʠʮʘ 9).  

ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʬʦʪʦʩʪʠʤʫʣʠʨʦʚʘʥʥʦʡ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʚʦ ʚʩʝʭ ʦʙʨʘʟʮʘʭ, 

ʦʙʣʫʯʝʥʥʳʭ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʞʠʜʢʦʛʦ ʘʟʦʪʘ, ʚʳʰʝ ʚ 1,5-2 ʨʘʟʘ, ʯʝʤ ʚ ʦʙʨʘʟʮʘʭ, 

ʦʙʣʫʯʝʥʥʳʭ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. 

ɸʥʘʣʦʛʠʯʥʳʡ ʵʬʬʝʢʪ ʩʤʝʱʝʥʠʷ ʧʠʢʦʚ ʥʘʙʣʶʜʘʝʪʩʷ ʠ ʚ ʩʧʝʢʪʨʘʭ ʧʦʛʣʦʱʝʥʠʷ 

ʦʙʨʘʟʮʦʚ BaFBr:Eu2+:Rb+, ʧʨʝʜʥʘʤʝʨʝʥʥʦ ʟʘʨʘʞʸʥʥʳʭ ʢʠʩʣʦʨʦʜʥʦʡ ʧʨʠʤʝʩʴʶ ʚ 

ʧʨʦʮʝʩʩʝ ʚʳʨʘʱʠʚʘʥʠʷ (ʈʠʩʫʥʦʢ 34). ɺ ʢʨʠʩʪʘʣʣʝ BaFBr:EuĮ :Rb , ʦʙʣʫʯʝʥʥʦʤ ʧʨʠ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʚ ʚʠʜʠʤʦʡ ʦʙʣʘʩʪʠ ʩʧʝʢʪʨʘ ʨʝʛʠʩʪʨʠʨʫʝʪʩʷ ʠʥʪʝʥʩʠʚʥʘʷ 
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ʧʦʣʦʩʘ ʧʦʛʣʦʱʝʥʠʷ ʧʨʠ ʵʥʝʨʛʠʠ 2,18 ʵɺ. ɺ ʪʘʢʦʤ ʦʙʨʘʟʮʝ, ʦʙʣʫʯʝʥʥʦʤ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 80 ʂ, ʜʘʥʥʳʡ ʧʠʢ ʩʤʝʱʘʝʪʩʷ ʚ ʥʠʟʢʦʵʥʝʨʛʝʪʠʯʝʩʢʫʶ ʦʙʣʘʩʪʴ ʩʧʝʢʪʨʘ 

ʜʦ ʟʥʘʯʝʥʠʷ 2,14 ʵɺ. ʇʨʠ ʧʦʩʣʝʜʫʶʱʝʤ ʥʘʛʨʝʚʝ ʜʘʥʥʦʛʦ ʢʨʠʩʪʘʣʣʘ ʜʦ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʳ ʧʠʢ ʧʦʛʣʦʱʝʥʠʷ ʩʤʝʱʘʝʪʩʷ ʢ 2,23 ʵɺ, ʪʦ ʝʩʪʴ ʩʤʝʱʝʥʠʝ ʚ 

ʚʳʩʦʢʦʵʥʝʨʛʝʪʠʯʝʩʢʫʶ ʩʪʦʨʦʥʫ ʩʦʩʪʘʚʣʷʝʪ 0,09 ʵɺ. ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʩʤʝʱʝʥʠʝ ʧʠʢʦʚ, ʧʨʦʷʚʣʷʶʱʝʝʩʷ ʢʘʢ ʚ ʩʧʝʢʪʨʘʭ 

ʚʦʟʙʫʞʜʝʥʠʷ, ʪʘʢ ʠ ʚ ʩʧʝʢʪʨʘʭ ʧʦʛʣʦʱʝʥʠʷ ʢʨʠʩʪʘʣʣʦʚ BaFBr:EuĮ  ʩ ʜʦʙʘʚʣʝʥʠʝʤ 

ʱʝʣʦʯʥʳʭ ʤʝʪʘʣʣʦʚ, ʩʚʷʟʘʥʦ ʩ ʧʨʠʩʫʪʩʪʚʠʝʤ ʦʜʥʦʪʠʧʥʳʭ ʜʝʬʝʢʪʦʚ ʚ ʠʭ ʩʪʨʫʢʪʫʨʝ. 

3.6. ʇʨʠʯʠʥʳ ʢʨʘʩʥʦʛʦ ʩʜʚʠʛʘ ʚ BaFBr:Eu2+ ʧʨʠ ʣʝʛʠʨʦʚʘʥʠʠ ʱʝʣʦʯʥʳʤʠ 

ʤʝʪʘʣʣʘʤʠ 

ɺ ʨʘʟʜʝʣʝ 1.2 ʙʳʣʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʩʫʱʝʩʪʚʫʶʱʠʝ ʤʦʜʝʣʠ, ʦʧʠʩʳʚʘʶʱʠʝ 

ʧʨʦʮʝʩʩʳ ʬʦʪʦʩʪʠʤʫʣʠʨʦʚʘʥʥʦʡ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʚ BaFBr:Eu2+. ʕʪʠ ʤʦʜʝʣʠ 

ʨʘʟʣʠʯʘʶʪʩʷ ʤʝʭʘʥʠʟʤʘʤʠ ʦʙʨʘʟʦʚʘʥʠʷ F-ʮʝʥʪʨʦʚ, ʧʫʪʷʤʠ ʧʝʨʝʥʦʩʘ ʵʣʝʢʪʨʦʥʦʚ ʠʟ 

ʵʪʠʭ ʮʝʥʪʨʦʚ ʢ ʜʳʨʦʯʥʳʤ ʣʦʚʫʰʢʘʤ, ʘ ʪʘʢʞʝ ʚ ʦʧʨʝʜʝʣʝʥʠʷʭ ʵʪʠʭ ʜʳʨʦʯʥʳʭ 

ʣʦʚʫʰʝʢ. ʆʜʥʘʢʦ ʚʩʝ ʦʥʠ ʩʭʦʜʷʪʩʷ ʚ ʪʦʤ, ʯʪʦ F-ʮʝʥʪʨʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 

ʵʣʝʢʪʨʦʥʥʳʝ ʣʦʚʫʰʢʠ, ʫʯʘʩʪʚʫʶʱʠʝ ʚ ʧʨʦʮʝʩʩʝ ʌʉʃ. ʇʨʠ ʚʦʟʜʝʡʩʪʚʠʠ 

ʠʦʥʠʟʠʨʫʶʱʝʛʦ ʠʟʣʫʯʝʥʠʷ ʥʘ ʵʪʦʪ ʤʘʪʝʨʠʘʣ ʦʙʨʘʟʫʶʪʩʷ ʩʚʦʙʦʜʥʳʝ ʵʣʝʢʪʨʦʥʥʦ-

ʜʳʨʦʯʥʳʝ ʧʘʨʳ. ʕʣʝʢʪʨʦʥʳ ʟʘʭʚʘʪʳʚʘʶʪʩʷ ʘʥʠʦʥʥʳʤʠ ʚʘʢʘʥʩʠʷʤʠ ʬʪʦʨʘ ʠ ʙʨʦʤʘ, 

ʬʦʨʤʠʨʫʷ F(F-)- ʠ F(Br-)-ʮʝʥʪʨʳ. F(F-)-ʮʝʥʪʨʳ ʥʝ ʧʨʠʥʠʤʘʶʪ ʫʯʘʩʪʠʷ ʚ 

ʬʦʪʦʩʪʠʤʫʣʠʨʦʚʘʥʥʦʡ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʠ ʩʯʠʪʘʶʪʩʷ ʥʝʬʦʪʦʩʪʠʤʫʣʠʨʫʝʤʳʤʠ 

(ʧʦʜʨʦʙʥʝʝ ʚ ʧ. 1.2), ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʨʘʟʨʫʰʝʥʠʝ F(Br-)-ʮʝʥʪʨʦʚ ʧʨʠ ʬʦʪʦʩʪʠʤʫʣʷʮʠʠ 

ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʣʶʤʠʥʝʩʮʝʥʮʠʝʡ. ʃʝʛʠʨʦʚʘʥʠʝ ʢʨʠʩʪʘʣʣʦʚ BaFBr:Eu2+ ʠʦʥʘʤʠ 

ʱʝʣʦʯʥʳʭ ʤʝʪʘʣʣʦʚ ʧʨʠʚʦʜʠʪ ʢ ʟʘʤʝʥʝ ʠʦʥʦʚ ɺʘ2+ ʠʦʥʘʤʠ Na+ ʤʘʣʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʟʘʨʷʜʦʢʦʤʧʝʥʩʠʨʫʶʱʠʭ ʚʘʢʘʥʩʠʡ. ɺ ʧʨʦʮʝʩʩʝ 

ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʦʙʣʫʯʝʥʠʷ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʬʦʨʤʠʨʫʶʪʩʷ FA(Br-)-

ʮʝʥʪʨʳ. ʇʦʣʦʩʘ ʧʦʛʣʦʱʝʥʠʷ FA(Br- , Na+)-ʮʝʥʪʨʦʚ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 

ʩʤʝʱʝʥʘ ʢ ʙʦʣʝʝ ʥʠʟʢʦʡ ʵʥʝʨʛʠʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʙʳʯʥʳʤʠ F(Br-)-ʮʝʥʪʨʘʤʠ ʥʘ 

0,12 ʵɺ (ʈʠʩʫʥʦʢ 29). ʆʯʝʚʠʜʥʦ, ʯʪʦ ʠʤʝʥʥʦ ʵʪʠ FA(Br-, Na+)-ʮʝʥʪʨʳ ʜʦʤʠʥʠʨʫʶʪ ʚ 

ʩʧʝʢʪʨʝ ʩʪʠʤʫʣʷʮʠʠ ʧʨʠ ʥʠʟʢʦʡ ʵʥʝʨʛʠʠ (ʈʠʩʫʥʦʢ 29). ʂʦʥʮʝʥʪʨʘʮʠ ̫
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ʬʦʪʦʩʪʠʤʫʣʠʨʫʝʤʳʭ ʮʝʥʪʨʦʚ ʧʦʨʷʜʢʘ 10-6 % ʦʢʘʟʳʚʘʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦʡ ʜʣʷ 

ʵʬʬʝʢʪʠʚʥʦʛʦ ʧʨʦʪʝʢʘʥʠʷ ʌʉʃ [199]. ʃʝʛʠʨʦʚʘʥʠʝ ʢʨʠʩʪʘʣʣʦʚ BaFBr:Eu2+ 

ʱʝʣʦʯʥʳʤʠ ʤʝʪʘʣʣʘʤʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʦʙʨʘʟʦʚʘʥʠʶ ʟʘʨʷʜʦʢʦʤʧʝʥʩʠʨʫʶʱʠʭ 

ʚʘʢʘʥʩʠʡ ʙʨʦʤʘ, ʯʪʦ ʫʚʝʣʠʯʠʚʘʝʪ ʢʦʣʠʯʝʩʪʚʦ F-ʮʝʥʪʨʦʚ ʧʨʠ ʨʝʥʪʛʝʥʦʚʩʢʦʤ 

ʦʙʣʫʯʝʥʠʠ. ʊʘʢʦʝ ʫʚʝʣʠʯʝʥʠʝ ʯʠʩʣʘ F-ʮʝʥʪʨʦʚ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʩʧʝʢʪʨʝ ʧʦʛʣʦʱʝʥʠʷ 

ï ʧʦʣʦʩʘ ʧʦʛʣʦʱʝʥʠʷ 2,3 ʵɺ ʢʨʠʩʪʘʣʣʘ BaFBr:Eu2+ ʧʨʠ ʣʝʛʠʨʦʚʘʥʠʠ ʥʘʪʨʠʝʤ 

ʩʜʚʠʛʘʝʪʩʷ ʚ ʩʪʦʨʦʥʫ ʜʦ 2,2 ʵɺ ʠ ʩʫʱʝʩʪʚʝʥʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʦ ʧʣʦʱʘʜʠ 

(ʈʠʩʫʥʦʢ 29, ʢʨʠʚʳʝ 3 ʠ 4). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʙʣʶʜʘʝʤʦʝ ʫʩʠʣʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʌʉʃ ʫ ʣʝʛʠʨʦʚʘʥʥʳʭ ʱʝʣʦʯʥʳʤʠ ʤʝʪʘʣʣʘʤʠ ʢʨʠʩʪʘʣʣʦʚ BaFBr:Eu2+ ʤʦʞʥʦ 

ʦʙʲʷʩʥʠʪʴ ʨʦʩʪʦʤ ʢʦʣʠʯʝʩʪʚʘ ʟʘʨʷʜʦʢʦʤʧʝʥʩʠʨʫʶʱʠʭ ʘʥʠʦʥʥʳʭ ʚʘʢʘʥʩʠʡ, 

ʢʦʪʦʨʳʝ ʠʛʨʘʶʪ ʨʦʣʴ ʵʣʝʢʪʨʦʥʥʳʭ ʣʦʚʫʰʝʢ ʚ ʧʨʦʮʝʩʩʝ ʬʦʪʦʩʪʠʤʫʣʷʮʠʠ.  

ʕʥʝʨʛʠʷ ʩʪʠʤʫʣʷʮʠʠ, ʪʨʝʙʫʝʤʘʷ ʜʣʷ çʩʯʠʪʳʚʘʥʠʷè ʘʢʪʠʚʥʳʭ ʮʝʥʪʨʦʚ, 

ʦʢʘʟʳʚʘʝʪʩʷ ʚʪʨʦʝ ʚʳʰʝ (ʈʠʩʫʥʦʢ 30) ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʥʝʣʝʛʠʨʦʚʘʥʥʳʤʠ 

ʢʨʠʩʪʘʣʣʘʤʠ BaFBr:Eu2+. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʢʦʣʠʯʝʩʪʚʦ FA(Br-, Na+)-

ʮʝʥʪʨʦʚ ʚ ʦʙʨʘʟʮʘʭ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʥʘʪʨʠʷ 0,0024 % ʚ ʪʨʠ ʨʘʟʘ ʧʨʝʚʳʰʘʝʪ ʯʠʩʣʦ 

ʨʝʛʫʣʷʨʥʳʭ F(Br-)-ʮʝʥʪʨʦʚ ʚ ʦʙʨʘʟʮʘʭ ʥʝʣʝʛʠʨʦʚʘʥʥʳʭ ʱʝʣʦʯʥʳʤʠ ʤʝʪʘʣʣʘʤʠ. 

ʇʨʠ ʵʪʦʤ FA-ʮʝʥʪʨʳ çʚʳʩʚʝʯʠʚʘʶʪʩʷè ʩ ʙʦʣʴʰʝʡ ʩʢʦʨʦʩʪʴʶ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʦʙʳʯʥʳʤʠ F-ʮʝʥʪʨʘʤʠ. ʆʜʥʘʢʦ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʥʠʤʘʪʴ ʚʦ ʚʥʠʤʘʥʠʝ ʚʟʘʠʤʦʩʚʷʟʴ 

ʣʦʚʫʰʝʯʥʳʭ ʮʝʥʪʨʦʚ ʠ ʨʝʢʦʤʙʠʥʘʮʠʦʥʥʳʭ ʮʝʥʪʨʦʚ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʧʨʦʮʝʩʩʘ 

ʬʦʪʦʩʪʠʤʫʣʠʨʦʚʘʥʥʦʡ ʣʶʤʠʥʝʩʮʝʥʮʠʠ. ʇʨʠʯʝʤ ʢʦʣʠʯʝʩʪʚʦ ʢʦʨʨʝʣʠʨʫʶʱʠʭ 

F(Br- )-ʮʝʥʪʨʦʚ ʧʨʠʤʝʨʥʦ ʚ ʪʨʠ ʨʘʟʘ ʤʝʥʴʰʝ, ʯʝʤ ʥʝʢʦʨʨʝʣʠʨʫʶʱʠʭ F(Br-)-ʮʝʥʪʨʦʚ 

(ʧ. 1.2, ʊʘʙʣʠʮʘ 3).     

ʉʦʛʣʘʩʥʦ ʨʝʟʫʣʴʪʘʪʘʤ ʘʪʦʤʥʦ-ʵʤʠʩʩʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ, ʢʦʥʮʝʥʪʨʘʮʠʷ ʥʘʪʨʠʷ 

ʩʦʩʪʘʚʣʷʝʪ ʧʦʨʷʜʢʘ 10-3 % (ʧ. 3.3). ʆʜʥʘʢʦ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʨʠʤʝʩʠ, 

ʥʘʧʨʠʤʝʨ, ʧʨʠ ʣʝʛʠʨʦʚʘʥʠʠ ʢʘʣʠʝʤ ʜʦ ʫʨʦʚʥʷ ʩʦʜʝʨʞʘʥʠʷ 10 Į % ʥʘʙʣʶʜʘʝʪʩʷ 

ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʦʝ ʪʫʰʝʥʠʝ ʣʶʤʠʥʝʩʮʝʥʮʠʠ (ʈʠʩʫʥʦʢ 31). ʂʘʢ ʧʦʢʘʟʳʚʘʶʪ ʜʘʥʥʳʝ 

ɸʕɸ (ʊʘʙʣʠʮʘ 8), ʢʘʣʠʡ ʣʫʯʰʝ ʚʩʪʨʘʠʚʘʝʪʩʷ ʚ ʩʪʨʫʢʪʫʨʫ ʢʨʠʩʪʘʣʣʘ BaFBr:Eu2+ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʥʘʪʨʠʝʤ. ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʠʦʥʥʳʝ ʨʘʜʠʫʩʳ ʢʘʣʠʷ ʠ ʨʫʙʠʜʠʷ 
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ʙʣʠʞʝ ʧʦ ʨʘʟʤʝʨʫ ʢ ʠʦʥʫ ʙʘʨʠʷ, ʢʦʪʦʨʳʡ ʦʥʠ ʟʘʤʝʱʘʶʪ, ʯʝʤ ʨʘʜʠʫʩ ʥʘʪʨʠʷ 

(ʊʘʙʣʠʮʘ 10).   

ʊʘʙʣʠʮʘ 10. ʀʦʥʥʳʝ ʨʘʜʠʫʩʳ ʥʝʢʦʪʦʨʳʭ ʵʣʝʤʝʥʪʦʚ [62]  

 

ɸʪʦʤʥʳʡ ʥʦʤʝʨ ʕʣʝʤʝʥʪ ʀʦʥʥʳʡ ʨʘʜʠʫʩ, ¡ 

8 O2- 1,36 

9 F- 1,33 

11 Na+ 0,98 

19 K+ 1,33 

35 Br- 1,96 

37 Rb+ 1,49 

56 Ba2+ 1,38 

63 Eu2+ 1,19 

ʀʦʥʥʳʡ ʨʘʜʠʫʩ ʥʘʪʨʠʷ ʥʘ 0,4 ¡ ʤʝʥʴʰʝ ʠʦʥʥʦʛʦ ʨʘʜʠʫʩʘ ʙʘʨʠʷ. ʇʦ ʵʪʦʡ 

ʧʨʠʯʠʥʝ ʧʨʠ ʟʘʤʝʱʝʥʠʠ ʙʘʨʠʷ ʠʦʥʦʤ ʥʘʪʨʠʷ ʧʨʦʠʩʭʦʜʠʪ ʨʝʰʝʪʦʯʥʘʷ ʨʝʣʘʢʩʘʮʠʷ: 

ʦʢʨʫʞʘʶʱʠʝ ʙʨʦʤʥʫʶ ʚʘʢʘʥʩʠʶ ʠʦʥʳ ʩʜʚʠʛʘʶʪʩʷ ʚʥʫʪʨʴ, ʫʤʝʥʴʰʘʷ ʝʸ ʜʠʘʤʝʪʨ 

(ʈʠʩʫʥʦʢ 35). ʇʦʩʣʝ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʦʙʣʫʯʝʥʠʷ ʪʘʢʘʷ ʚʘʢʘʥʩʠʷ ʟʘʭʚʘʪʳʚʘʝʪ 

ʵʣʝʢʪʨʦʥ, ʬʦʨʤʠʨʫʷ FA(Br-)-ʮʝʥʪʨ. ɼʣʷ ʜʘʥʥʦʛʦ ʮʝʥʪʨʘ ʭʘʨʘʢʪʝʨʥʘ ʧʦʣʦʩʘ 

ʧʦʛʣʦʱʝʥʠʷ, ʩʤʝʱʝʥʥʘʷ ʚ ʦʙʣʘʩʪʴ ʙʦʣʝʝ ʥʠʟʢʠʭ ʵʥʝʨʛʠʡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʨʝʛʫʣʷʨʥʳʤ F(Br-)-ʮʝʥʪʨʦʤ: ʝʩʣʠ ʫ F(Br-)-ʮʝʥʪʨʘ ʦʥʘ ʥʘʭʦʜʠʪʩʷ ʥʘ 2,3 ʵɺ, ʪʦ ʜʣʷ 

FA-ʮʝʥʪʨʘ ï ʥʘ 1,99 ʵɺ (ʈʠʩʫʥʦʢ 29). ʕʪʠ ʮʝʥʪʨʳ ʷʚʣʷʶʪʩʷ ʜʦʤʠʥʠʨʫʶʱʠʤʠ 

ʣʦʚʫʰʢʘʤʠ ʚ ʧʨʦʮʝʩʩʝ ʌʉʃ. ʀʤʝʥʥʦ ʠʟ-ʟʘ ʵʪʦʛʦ ʣʝʛʠʨʦʚʘʥʠʝ ʥʘʪʨʠʝʤ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʦʣʴʰʝʝ çʢʨʘʩʥʦʝ ʩʤʝʱʝʥʠʝè ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʣʝʛʠʨʦʚʘʥʠʝʤ ʢʘʣʠʝʤ 

ʠʣʠ ʨʫʙʠʜʠʝʤ. 

 

ʈʠʩʫʥʦʢ 35 ï ʉʭʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ F(Br-) ʮʝʥʪʨʘ ʠ FA(Br-, Na+) ʮʝʥʪʨʘ, ʦʙʲʷʩʥʷʶʱʘʷ ʢʨʘʩʥʦʝ 

ʩʤʝʱʝʥʠʝ ʩʧʝʢʪʨʘ ʩʪʠʤʫʣʷʮʠʠ. 
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ɺ ʠʩʩʣʝʜʦʚʘʥʠʠ ʂʠʸʩʠ ʀʥʦʫʵ [205] ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʘʥʥʳʝ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʭʦʜʝ 

ʠʟʤʝʨʝʥʠʡ ʬʦʪʦʩʪʠʤʫʣʠʨʦʚʘʥʥʦʡ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʢʨʠʩʪʘʣʣʦʚ BaFBr:Eu2+, 

ʣʝʛʠʨʦʚʘʥʥʳʭ Na+(0,5 %) ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʢʠʧʝʥʠʷ ʞʠʜʢʦʛʦ ʘʟʦʪʘ. ʋʩʪʘʥʦʚʣʝʥʦ, 

ʯʪʦ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʦʙʨʘʟʮʘ, ʧʦʜʚʝʨʛʥʫʪʦʛʦ ʨʝʥʪʛʝʥʦʚʩʢʦʤʫ ʦʙʣʫʯʝʥʠʶ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ ʞʠʜʢʦʛʦ ʘʟʦʪʘ, ʜʦ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʙʣʶʜʘʝʪʩʷ ʩʜʚʠʛ ʩʧʝʢʪʨʘ 

ʩʪʠʤʫʣʷʮʠʠ ʚ ʩʪʦʨʦʥʫ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʵʥʝʨʛʠʡ. ʊʘʢʦʝ ʷʚʣʝʥʠʝ ʘʚʪʦʨʳ ʩʚʷʟʳʚʘʶʪ ʩ 

ʧʨʝʚʨʘʱʝʥʠʝʤ FA(Br-)-ʮʝʥʪʨʦʚ ʚ ʠʟʦʣʠʨʦʚʘʥʥʳʝ F(Br-)-ʮʝʥʪʨʳ ʚ ʧʨʦʮʝʩʩʝ 

ʥʘʛʨʝʚʘʥʠʷ ʦʪ 80 ʂ ʜʦ 250 ʂ ʚʩʣʝʜʩʪʚʠʝ ʝʛʦ ʦʪʭʦʜʘ ʦʪ ʠʦʥʘ Na+. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ FA(Br )-ʮʝʥʪʨʳ ʩʦʭʨʘʥʷʶʪ ʩʪʘʙʠʣʴʥʦʩʪʴ ʪʦʣʴʢʦ ʧʨʠ 

ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʠ ʨʘʟʨʫʰʘʶʪʩʷ ʧʨʠ ʥʘʛʨʝʚʝ ʜʦ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ. 

ʇʨʦʚʝʜʝʥʥʳʝ ʥʘʤʠ ʪʘʢʠʝ ʞʝ ʠʟʤʝʨʝʥʠʷ ʬʦʪʦʩʪʠʤʫʣʠʨʦʚʘʥʥʦʡ 

ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʢʠʧʝʥʠʷ ʞʠʜʢʦʛʦ ʘʟʦʪʘ (ʩʤ. ʧ. 3.5) ʧʦʢʘʟʘʣʠ, ʯʪʦ 

ʵʬʬʝʢʪ ʩʤʝʱʝʥʠʷ ʩʧʝʢʪʨʘ ʩʪʠʤʫʣʷʮʠʠ, ʦʧʠʩʘʥʥʳʡ ʚ ʨʘʙʦʪʝ ʂʠʸʩʠ ʀʥʦʫʵ [205], 

ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʦʙʨʘʟʮʘʭ, ʟʘʛʨʷʟʥʝʥʥʳʭ ʢʠʩʣʦʨʦʜʦʤ ʚ ʧʨʦʮʝʩʩʝ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʦʚ 

(ʈʠʩʫʥʦʢ 33), ʠ ʦʪʩʫʪʩʪʚʫʝʪ ʚ ʦʙʨʘʟʮʘʭ, ʦʯʠʱʝʥʥʳʭ ʦʪ ʢʠʩʣʦʨʦʜʘ ʧʦʩʨʝʜʩʪʚʦʤ 

ʬʪʦʨʠʨʦʚʘʥʠ ̫ʘʪʤʦʩʬʝʨʳ ʚʦ ʚʨʝʤʷ ʚʳʨʘʱʠʚʘʥʠʷ (ʈʠʩʫʥʦʢ 32). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʥʘʣʠʯʠʝ ʢʠʩʣʦʨʦʜʘ ʚ ʤʘʪʝʨʠʘʣʝ ʚʣʠʷʝʪ ʥʘ ʝʛʦ ʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, 

ʧʨʦʷʚʣʷʷʩʴ ʚ ʚʠʜʝ ʩʤʝʱʝʥʠʷ ʩʧʝʢʪʨʘ ʩʪʠʤʫʣʷʮʠʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʞʠʜʢʦʛʦ ʘʟʦʪʘ. 

ɺ ʪʦ ʞʝ ʚʨʝʤʷ FA-ʮʝʥʪʨʳ ʩʦʭʨʘʥʷʶʪ ʩʪʘʙʠʣʴʥʦʩʪʴ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʠ 

ʠʭ ʧʨʠʩʫʪʩʪʚʠʝ ʦʙʲʷʩʥʷʝʪ çʢʨʘʩʥʦʝ ʩʤʝʱʝʥʠʝè ʚ ʩʧʝʢʪʨʝ ʩʪʠʤʫʣʷʮʠʠ ʚ ʵʪʠʭ 

ʫʩʣʦʚʠʷʭ. FA-ʮʝʥʪʨʳ ʥʘʯʠʥʘʶʪ ʨʘʟʨʫʰʘʪɹʩ̫  ʧʨʠ ʥʘʛʨʝʚʝ ʦʙʨʘʟʮʘ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ 

330 ʂ. ʇʦʣʥʦʝ ʨʘʟʨʫʰʝʥʠʝ ʨʝʛʫʣʷʨʥʳʭ F-ʮʝʥʪʨʦʚ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʥʘʛʨʝʚʝ ʦʙʨʘʟʮʘ 

ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ 480 ʂ [201].  

 

3.7. ʆʧʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʢʨʠʩʪʘʣʣʦʚ BaFBr, ʦʙʣʫʯʝʥʥʳʭ ʙʳʩʪʨʳʤʠ 

ʪʷʞʝʣʳʤʠ ʠʦʥʘʤʠ 

ʉʦʚʤʝʩʪʥʦ ʩ ʩʦʪʨʫʜʥʠʢʘʤʠ ʬʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʦʛʦ ʬʘʢʫʣʴʪʝʪʘ ɽʚʨʘʟʠʡʩʢʦʛʦ 

ʥʘʮʠʦʥʘʣʴʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʠʤ. ʃ.ʅ. ɻʫʤʠʣʚyʘ (ɸʩʪʘʥʘ, ʂʘʟʘʭʩʪʘʥ) ʠ ʀʥʞʝʥʝʨʥʦʡ 

ʰʢʦʣʳ ʥʦʚʳʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʊʦʤʩʢʦʛʦ ʧʦʣʠʪʝʭʥʠʯʝʩʢʦʛʦ 

ʫʥʠʚʝʨʩʠʪʝʪʘ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʨʘʜʠʘʮʠʦʥʥʦʛʦ 
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ʜʝʬʝʢʪʦʦʙʨʘʟʦʚʘʥʠʷ ʚ ʢʨʠʩʪʘʣʣʘʭ BaFBr, ʦʙʣʫʯyʥʥʳʭ ʙʳʩʪʨʳʤʠ ʪʷʞʣyʳʤʠ 

ʠʦʥʘʤʠ. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʟʣʦʞʝʥʳ ʚ ʨʘʙʦʪʘʭ [70, 206-208]. ʎʝʣʴ ʜʘʥʥʦʛʦ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʚʦʩʧʦʣʥʝʥʠʝ ʜʝʬʠʮʠʪʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʨʘʙʦʪ 

ʧʦʩʚʷʱʝʥʥʳʭ ʠʟʫʯʝʥʠʶ ʤʝʭʘʥʠʟʤʦʚ ʜʝʬʝʢʪʦʦʙʨʘʟʦʚʘʥʠʷ ʚ ʢʨʠʩʪʘʣʣʘʭ BaFBr ʧʨʠ 

ʚʳʩʦʢʠʭ ʫʨʦʚʥʷʭ ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ. ʆʯʝʚʠʜʥʘ ʠ ʧʨʘʢʪʠʯʝʩʢʘʷ 

ʟʥʘʯʠʤʦʩʪʴ ʵʪʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʪʘʢ ʢʘʢ ʧʦʣʫʯʝʥʥʳʝ ʚʳʚʦʜʳ ʦ ʨʘʜʠʘʮʠʦʥʥʦʡ 

ʩʪʦʡʢʦʩʪʠ ʤʘʪʝʨʠʘʣʘ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʝʟʥʳ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʥʦʚʳʭ ʧʨʠʣʦʞʝʥʠʡ 

ʟʘʧʦʤʠʥʘʶʱʠʭ ʣʶʤʠʥʦʬʦʨʦʚ ʥʘ ʦʩʥʦʚʝ BaFBr. 

ʅʘ ʈʠʩʫʥʢʝ 36 ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʧʝʢʪʨʳ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ ʢʨʠʩʪʘʣʣʦʚ 

BaFBr, ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʦʙʣʫʯʝʥʥʳʭ ʠʦʥʘʤʠ 84Kr ʩ ʵʥʝʨʛʠʝʡ 147 ʄʵɺ/ʥʫʢʣʦʥ ʧʨʠ 

ʬʦʪʦʚʦʟʙʫʞʜʝʥʠʠ ʚ ʦʙʣʘʩʪʠ 4,43 ʵɺ (280 ʥʤ). ʀʟʤʝʨʝʥʠʝ ʩʧʝʢʪʨʦʚ ʧʨʦʚʦʜʠʣʦʩʴ 

ʧʦʩʣʝ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʛʦ ʭʨʘʥʝʥʠʷ ʦʙʣʫʯʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʚ ʪʝʤʥʦʪʝ ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ [206].  

 

 

ʈʠʩʫʥʦʢ 36 ï ʉʧʝʢʪʨʳ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ ʢʨʠʩʪʘʣʣʦʚ BaFBr: (ʘ) ʦʙʣʫʯʝʥʥʳʭ ʠʦʥʘʤʠ 84Kr ʩ 

ʵʥʝʨʛʠʝʡ 147 ʄʵɺ;(ʙ) ʦʙʣʫʯʝʥʥʳʭ ʠʦʥʘʤʠ 14N ʩ ʵʥʝʨʛʠʝʡ 24,5 ʄʵɺ. ʇʣʦʪʥʦʩʪʴ ʧʦʪʦʢʘ 

(ʬʣʶʝʥʩ) ʩʦʩʪʘʚʣʷʝʪ 1Ĭ1010-1Ĭ1014 ʠʦʥ/ʩʤ2. ɺʦʟʙʫʞʜʝʥʠʝ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ ʧʨʠ 4,43 ʵɺ. 

ʀʟʤʝʨʝʥʠʷ ʚʳʧʦʣʥʝʥʳ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 300ʂ [207]. 

 

ɺ ʩʧʝʢʪʨʝ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ ʥʘʙʣʶʜʘʝʪʩʷ ʰʠʨʦʢʘʷ ʧʦʣʦʩʘ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 

1,5 ɻ ɺ ʜʦ 3,5 ʵɺ, ʢʦʪʦʨʘʷ ʧʨʠʩʫʪʩʪʚʫʝʪ ʠ ʚ ʥʝʦʙʣʫʯʝʥʥʦʤ ʢʨʠʩʪʘʣʣʝ, ʥʦ ʩ ʤʝʥʴʰʝʡ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ. ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʧʣʦʪʥʦʩʪʠ ʧʦʪʦʢʘ (ʬʣʶʝʥʩʘ) ʠʦʥʥʦʛʦ ʦʙʣʫʯʝʥʠʷ 

(ʌ =1Ĭ1010ï1Ĭ1012 ʠʦʥ/ʩʤ2) ʥʘʙʣʶʜʘʝʪʩʷ ʨʦʩʪ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ. 

ʆʜʥʘʢʦ ʧʨʠ ʜʘʣʴʥʝʡʰʝʤ ʫʚʝʣʠʯʝʥʠʝ ʬʣʶʝʥʩʘ ʧʨʦʠʩʭʦʜʠʪ ʪʫʰʝʥʠʝ 

ʘ ʙ 
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ʣʶʤʠʥʝʩʮʝʥʮʠʠ. ʂʨʦʤʝ ʪʦʛʦ, ʟʘʬʠʢʩʠʨʦʚʘʥ ʩʜʚʠʛ ʤʘʢʩʠʤʫʤʘ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʩ 

2,5 ʵɺ ʜʦ 2,62 ʵɺ.  

ɺ ʠʩʩʣʝʜʦʚʘʥʠʠ ɽ.ɸ. ʈʘʜʞʘʙʦʚʘ [209] ʥʘʙʣʶʜʘʝʤʘʷ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʷ 

ʩʚʷʟʳʚʘʝʪʩ ̫ ʩ ʥʝʢʦʥʪʨʦʣʠʨʫʝʤʦʡ ʧʨʠʤʝʩʴʶ ʢʠʩʣʦʨʦʜʘ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ 

ʩʪʨʫʢʪʫʨʝ, ʧʦʣʥʦʝ ʫʩʪʨʘʥʝʥʠʝ ʢʦʪʦʨʦʛʦ ʦʢʘʟʘʣʦʩʴ ʥʝʚʦʟʤʦʞʥʳʤ, ʜʘʞʝ ʧʨʠ 

ʚʳʨʘʱʠʚʘʥʠʠ ʢʨʠʩʪʘʣʣʦʚ ʚ ʘʪʤʦʩʬʝʨʝ ʬʪʦʨʘ. ʅʘʣʠʯʠʝ ʧʨʠʤʝʩʠ ʢʠʩʣʦʨʦʜʘ ʚ ʥʘʰʠʭ 

ʢʨʠʩʪʘʣʣʘʭ ʙʳʣʦ ʧʦʜʪʚʝʨʞʜʝʥʦ ʤʝʪʦʜʦʤ ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʦʛʦ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ 

ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ (ʩʤ. ʧ. 4.3). ʂʘʢ ʨʘʩʩʤʘʪʨʠʚʘʣʦʩʴ ʚ ʧ. 1.2 ʜʘʥʥʦʡ 

ʜʠʩʩʝʨʪʘʮʠʠ, ʚʢʣʶʯʝʥʠʝ ʢʠʩʣʦʨʦʜʘ ʚ ʩʪʨʫʢʪʫʨʫ ʢʨʠʩʪʘʣʣʦʚ BaFBr ʧʨʠʚʦʜʠʪ ʢ 

ʬʦʨʤʠʨʦʚʘʥʠʶ ʜʚʫʭ ʪʠʧʦʚ ʢʠʩʣʦʨʦʜʥʦ-ʚʘʢʘʥʩʠʦʥʥʳʭ ʮʝʥʪʨʦʚ. ʎʝʥʪʨʳ I ʪʠʧʘ 

ʬʦʨʤʠʨʫʶʪʩʷ ʟʘ ʩʯʝʪ ʟʘʤʝʱʝʥʠʷ ʘʪʦʤʦʚ ʬʪʦʨʘ ʢʠʩʣʦʨʦʜʦʤ ʚ ʩʦʩʝʜʥʠʭ ʧʦʟʠʮʠʷʭ ʩ 

ʚʘʢʘʥʩʠʝʡ ʠʦʥʘ ɺr-, ʪʦʛʜʘ ʢʘʢ ʮʝʥʪʨʳ II ʪʠʧʘ ʦʙʨʘʟʫʶʪʩʷ ʧʨʠ ʚʩʪʨʘʠʚʘʥʠʠ ʘʪʦʤʦʚ 

ʢʠʩʣʦʨʦʜʘ ʚ ʨʝʛʫʣʷʨʥʝr ʫʟʣ  rʙʨʦʤʘ. 

ʐʠʨʦʢʫʶ ʧʦʣʦʩʫ ʣʶʤʠʥʝʩʮʝʥʮʠʠ (ʈʠʩʫʥʦʢ 36) ʤʦʞʥʦ ʨʘʟʣʦʞʠʪʴ ʥʘ ʜʚʝ 

ʧʦʣʦʩʳ ʩ ʤʘʢʩʠʤʫʤʘʤʠ ʧʨʠ 2,5 ʵɺ ʠ 2,05 ʵɺ, ʢʦʪʦʨʳʝ ʘʩʩʦʮʠʠʨʫʶʪʩʷ ʩ 

ʢʠʩʣʦʨʦʜʥʳʤʠ ʜʝʬʝʢʪʘʤʠ I ʪʠʧʘ ʠ II ʪʠʧʘ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ 

ʧʣʦʪʥʦʩʪʠ ʧʦʪʦʢʘ ʬʣʶʝʥʩʘ ʜʦ 1011 ʠʦʥ/ʩʤ2 ʥʘʙʣʶʜʘʝʪʩʷ ʨʦʩʪ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʣʶʤʠʥʝʩʮʝʥʮʠʠ, ʩʚʷʟʘʥʥʦʡ ʢʘʢ ʩ ʜʝʬʝʢʪʘʤʠ ʧʝʨʚʦʛʦ ʪʠʧʘ, ʪʘʢ ʠ ʚʪʦʨʦʛʦ ʪʠʧʘ. 

ʆʜʥʘʢʦ ʧʨʠ ʜʦʩʪʠʞʝʥʠʠ ʬʣʶʝʥʩʘ ʥʘ ʫʨʦʚʥʝ 1012 ʠʦʥ/ʩʤ2 ʚʳʷʚʣʷʝʪʩʷ ʪʫʰʝʥʠʝ 

ʣʶʤʠʥʝʩʮʝʥʮʠʠ. ʇʨʠ ʜʘʣʴʥʝʡʰʝʤ ʫʚʝʣʠʯʝʥʠʠ ʬʣʶʝʥʩʘ, ʜʦʩʪʠʛʘʶʱʝʛʦ ʟʥʘʯʝʥʠʷ 

1014 ʠʦʥ/ʩʤ2, ʬʦʨʤʘ ʧʦʣʦʩʳ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʧʨʠʥʠʤʘʝʪ ʚʠʜ ʩʧʝʢʪʨʘ ʙʝʟ ʦʪʯʝʪʣʠʚʦ 

ʚʳʨʘʞʝʥʥʳʭ ʤʘʢʩʠʤʫʤʦʚ. ʉʥʠʞʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʤʦʞʥʦ 

ʦʙʲʷʩʥʠʪʴ ʵʬʬʝʢʪʘʤʠ ʨʝʘʙʩʦʨʙʮʠʠ ʚ ʦʙʣʫʯʝʥʥʦʤ ʩʣʦʝ ʦʙʨʘʟʮʘ ʠ ʫʚʝʣʠʯʝʥʠʝʤ 

ʨʘʩʩʝʷʥʠʷ ʩʚʝʪʘ, ʚʦʟʥʠʢʘʶʱʠʤʠ ʚ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʣʦʷʭ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ 

ʠʦʥʠʟʠʨʫʶʱʝʛʦ ʠʟʣʫʯʝʥʠʷ. ʅʘʙʣʶʜʘʝʤʦʝ ʢʨʘʩʥʦʝ ʩʤʝʱʝʥʠʝ ʧʦʣʦʩʳ ʩʚʝʯʝʥʠʷ 

ʤʦʞʝʪ ʙʳʪʴ ʦʙʫʩʣʦʚʣʝʥʦ ʠʟʙʠʨʘʪʝʣʴʥʦʡ ʨʝʘʙʩʦʨʙʮʠʝʡ ʣʶʤʠʥʝʩʮʝʥʮʠʠ. ɺʘʞʥʦ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʘʥʠʦʥʥʳʝ ʚʘʢʘʥʩʠʠ, ʚʭʦʜʷʱʠʝ ʚ ʩʦʩʪʘʚ ʢʠʩʣʦʨʦʜʥʳʭ ʮʝʥʪʨʦʚ, 

ʩʧʦʩʦʙʥʳ ʟʘʭʚʘʪʳʚʘʪʴ ʵʣʝʢʪʨʦʥ ,r ʪʨʘʥʩʬʦʨʤʠʨʫʷʩʴ ʚ F-ʮʝʥʪʨʳ, ʯʪʦ ʪʘʢʞʝ ʤʦʞʝʪ 

ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʪʴ ʥʘ ʦʧʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʙʣʫʯʝʥʥʦʛʦ ʦʙʨʘʟʮʘ.  
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ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʪʝʤʧʝʨʘʪʫʨʘ ʦʙʣʫʯʝʥʠʷ ʙʳʣʘ ʥʝʟʥʘʯʠʪʝʣʴʥʦʡ, F-ʮʝʥʪʨʳ 

ʥʝʩʪʘʙʠʣʴʥʳ ʠ ʨʘʩʧʘʜʘʶʪʩʷ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʜʠʤʝʨʥʳʭ ʮʝʥʪʨʦʚ ʠ ʢʦʣʣʦʠʜʦʚ 

ʤʝʪʘʣʣʦʚ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʚ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʢʨʠʩʪʘʣʣʦʚ CaF2 ʠ MgF2 [210, 211]. 

ʀʟʤʝʥʝʥʠʷ ʚ ʩʧʝʢʪʨʝ ʬʦʪʦʩʪʠʤʫʣʠʨʦʚʘʥʥʦʡ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʤʦʛʫʪ ʙʳʪʴ ʪʘʢʞʝ 

ʦʙʫʩʣʦʚʣʝʥʳ ʧʨʦʮʝʩʩʦʤ ʟʘʭʚʘʪʘ ʵʣʝʢʪʨʦʥʦʚ ʛʘʣʦʠʜʥʳʤʠ ʚʘʢʘʥʩʠʷʤʠ, 

ʨʘʩʧʦʣʘʛʘʶʱʠʤʠʩʷ ʚʙʣʠʟʠ ʠʦʥʦʚ ʢʠʩʣʦʨʦʜʘ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʜʘʥʥʳʤʠ ʨʘʙʦʪʳ 

[69], ʧʠʢ ʪʝʨʤʦʩʪʠʤʫʣʠʨʦʚʘʥʥʦʡ ʣʶʤʠʥʝʩʮʝʥʮʠʠ, ʩʚʷʟʘʥʥʳʡ ʩ F(F-)-ʮʝʥʪʨʘʤʠ, 

ʥʘʯʠʥʘʝʪ ʬʦʨʤʠʨʦʚʘʪʴʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 330 ʂ, ʜʦʩʪʠʛʘʷ ʤʘʢʩʠʤʫʤʘ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 360 ʂ.  

ʅʘ ʈʠʩʫʥʢʝ 37 ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ʮʝʥʪʨʦʚ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʚ 

ʢʨʠʩʪʘʣʣʝ BaFBr, ʦʙʣʫʯʝʥʥʦʤ ʠʦʥʘʤʠ 24,5 ʄʵɺ 14N [207]. 

 

 

ʈʠʩʫʥʦʢ 37 ï ʉʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ ʢʨʠʩʪʘʣʣʘ BaFBr, ʦʙʣʫʯʝʥʥʦʛʦ ʠʦʥʘʤʠ 24,5 ʄʵɺ 14N ʧʨʠ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ɼʠʘʧʘʟʦʥ ʬʣʶʝʥʩʘ 1Ĭ1010ï1Ĭ1013 ʠʦʥ/ʩʤ2 [207]. 

ɺ ʨʘʙʦʪʝ [209] ʧʦʛʣʦʱʝʥʠʝ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʝʩʷ ʧʦʣʦʩʘʤʠ ʩ ʤʘʢʩʠʤʫʤʘʤʠ ʧʨʠ 

7,0 ʵɺ, 6,3 ʵɺ ʠ 4,95 ʵɺ, ʩʚʷʟʳʚʘʝʪʩʷ ʩ ʢʠʩʣʦʨʦʜʥʳʤʠ ʮʝʥʪʨʘʤʠ ʧʝʨʚʦʛʦ ʪʠʧʘ. ɺ 

ʭʦʜʝ ʥʘʰʝʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʙʳʣʘ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʘ ʧʦʣʦʩʘ ʧʦʛʣʦʱʝʥʠʷ ʚ ʦʙʣʘʩʪʠ 

4,84 ʵɺ; ʦʩʪʘʣʴʥʳʝ ʧʦʣʦʩʳ ʥʝ ʫʜʘʣʦʩʴ ʟʘʬʠʢʩʠʨʦʚʘʪ ɹ ʠʟ-ʟʘ ʦʛʨʘʥʠʯʝʥʥʦʛʦ 
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ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʜʠʘʧʘʟʦʥʘ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʘ. ɼʣʷ ʮʝʥʪʨʦʚ ʚʪʦʨʦʛʦ ʪʠʧʘ ʭʘʨʘʢʪʝʨʥʳ 

ʧʦʣʦʩ rʧʦʛʣʦʱʝʥʠʷ ʩ ʵʥʝʨʛʠʷʤʠ 4,15 ʵɺ ʠ 5,3 ʵɺ, ʯʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʤʘʢʩʠʤʫʤʘʤʠ 

ʧʦʣʦʩ ʧʦʛʣʦʱʝʥʠʷ 6,35 ʵɺ; 5,28 ʵɺ; 4,2 ʵɺ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʤʠ ʚ ʨʘʙʦʪʝ [209]. 

ɺ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʭ ʢʨʠʩʪʘʣʣʘʭ BaFBr ʮʝʥʪʨ rʧʝʨʚʦʛʦ ʪʠʧʘ ʬʦʨʤʠʨʫʶʪʩʷ ʟʘ 

ʩʯʝʪ ʟʘʤʝʱʝʥʠʷ ʠʦʥʘ ʬʪʦʨʘ ʠʦʥʦʤ ʢʠʩʣʦʨʦʜʘ, ʢʦʪʦʨʳʡ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʨʷʜʦʤ ʩ 

ʚʘʢʘʥʩʠʝʡ Br , ʢʦʤʧʝʥʩʠʨʫʶʱʝʡ ʟʘʨʷʜ. ʕʪʦʪ ʪʠʧ ʮʝʥʪʨʘ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ 

ʈʠʩʫʥʢʝ 38-ʘ ʠ ʤʦʞʝʪ ʙʳʪʴ ʦʙʦʟʥʘʯʝʥ ʢʘʢ ὕ - ὺ . ʎʝʥʪʨ r ʚʪʦʨʦʛʦ ʪʠʧʘ 

ʦʙʨʘʟʫʶʪʩʷ, ʢʦʛʜʘ ʠʦʥ ʢʠʩʣʦʨʦʜʘ ʟʘʤʝʱʘʝʪ ʠʦʥ ʙʨʦʤʘ, ʥʘʭʦʜʷʩʴ ʚʙʣʠʟʠ ʩ ʚʘʢʘʥʩʠʝʡ 

ʙʨʦʤʘ, ʟʘʥʠʤʘʷ ʧʦʣʦʞʝʥʠʝ ὄὶ ὄὶ (ʈʠʩʫʥʦʢ 38-ʙ). ʊʘʢʘʷ ʢʦʥʬʠʛʫʨʘʮʠʷ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʘʢ ὕ - ὺ   [207]. 

ɺ ʩʧʝʢʪʨʘʭ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ ʠ ʚ ʩʧʝʢʪʨʘʭ ʧʦʛʣʦʱʝʥʠʷ ʥʘʙʣʶʜʘʶʪʩʷ ʧʦʣʦʩʳ 

ʦʙʦʠʭ ʪʠʧʦʚ ʮʝʥʪʨʦʚ ʜʘʞʝ ʚ ʥʝʦʙʣʫʯʝʥʥʦʤ ʢʨʠʩʪʘʣʣʝ (ʈʠʩʫʥʦʢ 36 ʠ ʈʠʩʫʥʦʢ 37). 

ʕʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʠʦʥʳ ʢʠʩʣʦʨʦʜʘ ʚʩʪʨʘʠʚʘʶʪʩʷ ʚ ʩʪʨʫʢʪʫʨʫ ʚʦ ʚʨʝʤʷ ʨʦʩʪʘ 

ʢʨʠʩʪʘʣʣʘ. ʇʨʠ ʦʙʣʫʯʝʥʠʠ ʠʦʥʘʤʠ 84Kr ʩ ʫʜʝʣʴʥʦʡ ʵʥʝʨʛʠʝʡ 147 ʄʵɺ ʥʘʙʣʶʜʘʝʪʩʷ 

ʣʠʥʝʡʥʦʝ ʚʦʟʨʘʩʪʘʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʦʙʦʠʭ ʮʝʥʪʨʦʚ ʜʦ ʟʥʘʯʝʥʠʷ 

ʬʣʶʝʥʩʘ 1011 ʠʦʥʦʚ/ʩʤ2 (ʈʠʩʫʥʦʢ 36-ʘ ʠ ʈʠʩʫʥʦʢ 39-ʘ). ʆʜʥʘʢʦ ʜʘʣʴʥʝʡʰʝʝ 

ʫʚʝʣʠʯʝʥʠʝ ʜʦʟʳ ʦʙʣʫʯʝʥʠʷ ʚʳʟʳʚʘʝʪ çʥʘʩʳʱʝʥʠʝè ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʩ 

ʧʦʩʣʝʜʫʶʱʠʤ ʫʤʝʥʴʰʝʥʠʝʤ ʝʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ. ʇʦʜʦʙʥʘʷ ʢʘʨʪʠʥʘ ʥʘʙʣʶʜʘʝʪʩʷ 

ʧʨʠ ʦʙʣʫʯʝʥʠʠ ʢʨʠʩʪʘʣʣʦʚ ʠʦʥʘʤʠ 14N ʩ ʵʥʝʨʛʠʝʡ 24,5 ʄʵɺ. ʀʥʪʝʥʩʠʚʥʦʩʪ ɹ

ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʜʝʬʝʢʪʦʚ ʦʙʦʠʭ ʪʠʧʦʚ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʣʠʥʝʡʥʦ ʚʧʣʦʪʴ ʜʦ ʬʣʶʝʥʩʘ 

 

ʈʠʩʫʥʦʢ 38 ï (ʘ) ʄʦʜʝʣʴ ʜʝʬʝʢʪʘ ὕ - ὺ ; (ʙ) ʄʦʜʝʣʴ ʜʝʬʝʢʪʘ ὕ /Ȥ- ὺ  [207]. 
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1012 ʠʦʥ/ʩʤ2, ʧʦʩʣʝ ʯʝʛʦ ʥʘʩʪʫʧʘʝʪ ʥʘʩʳʱʝʥʠʝ, ʩʦʧʨʦʚʦʞʜʘʝʤʦʝ ʩʧʘʜʦʤ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʈʠʩʫʥʢʘʭ 36-ʙ ʠ 39-ʙ [207]. 
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ʈʠʩʫʥʦʢ 39 ï ɿʘʚʠʩʠʤʦʩʪʴ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʢʠʩʣʦʨʦʜʥʦ-ʚʘʢʘʥʩʠʦʥʥʳʭ 

ʜʝʬʝʢʪʦʚ ʜʚʫʭ ʪʠʧʦʚ (2,5 ʵɺ ʠ 2,05 ʵɺ) ʦʪ ʬʣʶʝʥʩʘ:  

(ʘ) ʜʣʷ ʢʨʠʩʪʘʣʣʦʚ, ʦʙʣʫʯʝʥʥʳʭ ʠʦʥʘʤʠ 147 ʄʵɺ 84Kr;  

(ʙ) ʜʣʷ ʢʨʠʩʪʘʣʣʦʚ, ʦʙʣʫʯʝʥʥʳʭ ʠʦʥʘʤʠ 24,5 ʄʵɺ 14N [207]. 

ʆʙʣʫʯʝʥʠʝ ʢʨʠʩʪʘʣʣʦʚ BaFBr ʩʧʦʩʦʙʩʪʚʫʝʪ ʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦʤʫ 

ʬʦʨʤʠʨʦʚʘʥʠʶ ʚʘʢʘʥʩʠʡ ʙʨʦʤʘ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʩʦʦʪʥʦʰʝʥʠʝʤ ʧʦʣʦʩ 

ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʜʚʫʭ ʚʠʜʦʚ ʢʠʩʣʦʨʦʜʥʳʭ ʮʝʥʪʨʦʚ: ʦʪʥʦʰʝʥʠʝ ʯʠʩʣʘ ʚʘʢʘʥʩʠʡ 

ʙʨʦʤʘ ʢ ʯʠʩʣʫ ʚʘʢʘʥʩʠʡ ʬʪʦʨʘ ʩʦʩʪʘʚʣʷʝʪ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 3:1. ʊʝʤ ʥʝ ʤʝʥʝʝ, 

ʜʘʥʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʤʦʞʝʪ ʚʘʨʴʠʨʦʚʘʪʴʩʷ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʪʨʝʪʴʝʛʦ ʪʠʧʘ 

ʢʠʩʣʦʨʦʜʥʦ-ʚʘʢʘʥʩʠʦʥʥʦʛʦ ʮʝʥʪʨʘ ὕ -ὺ . ʉʦʛʣʘʩʥʦ ʠʩʩʣʝʜʦʚʘʥʠʷʤ 

ɽ.ɸ. ʈʘʜʞʘʙʦʚʘ [209], ʧʦʣʦʩʘ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʮʝʥʪʨʘ ʪʨʝʪʴʝʛʦ ʪʠʧʘ ʜʦʣʞʥʘ 

ʥʘʭʦʜʠʪʴʩʷ ʚ ʩʧʝʢʪʨʘʣʴʥʦʡ ʦʙʣʘʩʪʠ ʤʝʞʜʫ ʧʦʣʦʩʘʤʠ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʮʝʥʪʨʦʚ 

ʧʝʨʚʦʛʦ ʠ ʚʪʦʨʦʛʦ ʪʠʧʦʚ. ɺʝʨʦʷʪʥʦ, ʧʦʷʚʣʝʥʠʝ ʜʝʬʝʢʪʦʚ ʪʨʝʪʴʝʛʦ ʪʠʧʘ ʚʳʟʳʚʘʝʪ 

ʩʤʝʱʝʥʠʝ ʧʠʢʘ ʧʦʣʦʩʳ ʣʶʤʠʥʝʩʮʝʥʮʠʠ. ʕʪʦʪ ʵʬʬʝʢʪ ʜʦʣʞʝʥ ʙʳʪʴ ʩʠʣʴʥʝʝ 

ʚʳʨʘʞʝʥ ʧʨʠ ʦʙʣʫʯʝʥʠʠ ʠʦʥʘʤʠ ʘʟʦʪʘ. ʆʙʣʫʯʝʥʠʝ ʠʦʥʘʤʠ 14N ʩ ʵʥʝʨʛʠʝʡ 24,5 ʄʵɺ 

ʧʨʠʚʦʜʠʪ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʜʝʬʝʢʪʦʚ ʟʘ ʩʯʪy ʩʦʟʜʘʥʠʷ ʵʣʝʢʪʨʦʥʥʳʭ ʚʦʟʙʫʞʜʝʥʠʡ 

(e- , h, e--h, e0). ʈʘʩʧʘʜ ʘʚʪʦʣʦʢʘʣʠʟʦʚʘʥʥʳʭ ʵʢʩʠʪʦʥʦʚ ʩʧʦʩʦʙʩʪʚʫʝʪ ʦʙʨʘʟʦʚʘʥʠʶ 

ʧʘʨ ʌʨʝʥʢʝʣʷ (F-H, Ŭ-I), ʘʛʨʝʛʘʪʦʚ ʠ ʜʨʫʛʠʭ ʧʦʜʦʙʥʳʭ ʜʝʬʝʢʪʦʚ ʧʦ ʘʥʘʣʦʛʠʠ ʩ 

ʱʝʣʦʯʥʦʛʘʣʦʠʜʥʳʤʠ ʢʨʠʩʪʘʣʣʘʤʠ. ʄʝʭʘʥʠʟʤʳ ʨʘʜʠʘʮʠʦʥʥʦʛʦ 

ʜʝʬʝʢʪʦʦʙʨʘʟʦʚʘʥʠ ̫ ʚ ʢʨʠʩʪʘʣʣʘʭ BaFBr, ʣʝʛʠʨʦʚʘʥʥʳʭ Eu2+, ʜʝʪʘʣʴʥʦ 



121 

 

 

 

ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚ ʨʘʙʦʪʘʭ [1, 212] ʧʦ ʘʥʘʣʦʛʠʠ ʩ ɦ ʝʣʦʯʥʦʛʘʣʦʠʜʥʳʤʠ 

ʢʨʠʩʪʘʣʣʘʤʠ. 

 

ʈʠʩʫʥʦʢ 40 ï ɻʘʫʩʩʦʚʳ ʢʦʤʧʦʥʝʥʪʳ ʩʧʝʢʪʨʦʚ ʬʦʪʦʩʪʠʤʫʣʠʨʦʚʘʥʥʦʡ ʣʶʤʠʥʝʩʮʝʥʮʠʠ 

ʢʨʠʩʪʘʣʣʦʚ BaFBr, ʦʙʣʫʯʝʥʥʳʭ ʠʦʥʘʤʠ: (ʘ) 84Kr 147 ʄʵɺ ū = 1 Ĭ 1012 ʠʦʥ/ʩʤ2; (ʙ) 14N 24,5 ʄʵɺ.  

ʇʣʦʪʥʦʩʪʴ ʧʦʪʦʢʘ 1 Ĭ 1012 ʠʦʥ/ʩʤ2 [207]. 

ɼʝʢʦʤʧʦʟʠʮʠʷ ʩʧʝʢʪʨʦʚ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ ʢʨʠʩʪʘʣʣʦʚ BaFBr ʥʘ ʛʘʫʩʩʠʘʥ r

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʈʠʩʫʥʢʝ 40. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʣʶʤʠʥʝʩʮʝʥʮʠ ̫ʩ ʤʘʢʩʠʤʫʤʦʤ ʚ 

ʜʠʘʧʘʟʦʥʝ 2,31ï2,29 ʵɺ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʮʝʥʪʨʫ ʪʨʝʪʴʝʛʦ ʪʠʧʘ ʩʦ ʩʪʨʫʢʪʫʨʦʡ ὕ - ὺ  

[209]. ʄʘʢʩʠʤʫʤ ʧʦʣʦʩ rʣʶʤʠʥʝʩʮʝʥʮʠʠ ʮʝʥʪʨʘ ʧʝʨʚʦʛʦ ʪʠʧʘ ʩʤʝʱʘʝʪʩʷ ʜʦ 2,7 ʵɺ, 

ʪʦʛʜʘ ʢʘʢ ʮʝʥʪʨ ʚʪʦʨʦʛʦ ʪʠʧʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʤʘʢʩʠʤʫʤʦʤ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʚ 

ʠʥʪʝʨʚʘʣʝ 1,95-1,99 ʵɺ. ʉʣʝʜʫʝʪ ʪʘʢʞʝ ʧʦʜʯʝʨʢʥʫʪʴ, ʯʪʦ ʥʘʣʠʯʠʝ ʜʨʫʛʠʭ ʨʘʟʣʠʯʥʳʭ 

ʪʠʧʦʚ ʢʠʩʣʦʨʦʜʥʦ-ʚʘʢʘʥʩʠʦʥʥʳʭ ʜʝʬʝʢʪʦʚ ʪʘʢʞʝ ʙʫʜʝʪ ʦʢʘʟʳʚʘʪʴ ʚʣʠʷʥʠʝ ʥʘ 

ʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʨʠʩʪʘʣʣʦʚ. 

ʂʘʢ ʦʪʤʝʯʘʣʦʩʴ ʨʘʥʝʝ, ʫʤʝʥʴʰʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʣʶʤʠʥʝʩʮʝʥʮʠʠ 

ʦʙʫʩʣʦʚʣʝʥʦ ʥʝʩʢʦʣʴʢʠʤʠ ʬʘʢʪʦʨʘʤʠ: ʚʦ-ʧʝʨʚʳʭ, ʨʝʘʙʩʦʨʙʮʠʝʡ ʚ ʦʙʣʫʯʝʥʥʦʤ 

ʩʣʦʝ; ʚʦ-ʚʪʦʨʳʭ, ʨʘʩʩʝʷʥʠʝʤ ʩʚʝʪʘ ʥʘ ʤʘʢʨʦʜʝʬʝʢʪʘʭ, ʪʘʢʠʭ ʢʘʢ ʭʠʣʣʦʢʠ ʠ ʪʨʝʢʠ, 

ʦʙʨʘʟʫʶʱʠʝʩʷ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʠʦʥʥʦʛʦ ʦʙʣʫʯʝʥʠʷ. ʅʘʧʨʠʤʝʨ, ʪʨʝʢʠ 

ʬʦʨʤʠʨʫʶʪʩʷ ʧʨʠ ʦʙʣʫʯʝʥʠʠ ʢʨʠʩʪʘʣʣʦʚ ʠʦʥʘʤʠ 84Kr ʩ ʵʥʝʨʛʠʝʡ 147 ʄʵɺ ʠ 

ʧʣʦʪʥʦʩʪʴ ʁ ʧʦʪʦʢʘ 1011 ʠʦʥʦʚ/ʩʤ2. ɸʛʨʝʛʘʮʠʷ ʜʝʬʝʢʪʦʚ ʪʘʢʞʝ ʥʘʙʣʶʜʘʝʪʩʷ ʚ 

ʩʣʫʯʘʝ ʦʙʣʫʯʝʥʠʷ ʢʨʠʩʪʘʣʣʦʚ ʠʦʥʘʤʠ 14N ʩ ʵʥʝʨʛʠʝʡ 24,5 ʄʵɺ. ʅʘ ʈʠʩʫʥʢʝ 41 
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ʧʨʝʜʩʪʘʚʣʝʥʳ ʪʨʝʭʤʝʨʥʳʝ ʠʟʦʙʨʘʞʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʢʨʠʩʪʘʣʣʦʚ BaFBr, 

ʧʦʣʫʯʝʥʥʳʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʪʦʤʥʦ-ʩʠʣʦʚʦʡ ʤʠʢʨʦʩʢʦʧʠʠ [207]. ʕʪʠ ʜʝʬʝʢʪʳ 

ʟʘʤʝʪʥʦ ʩʢʘʟʳʚʘʶʪʩʷ ʥʘ ʧʘʨʘʤʝʪʨʘʭ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ. ʊʨʝʢʠ, ʚʦʟʥʠʢʘʶʱʠʝ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʚʦʟʜʝʡʩʪʚʠʷ ʚʳʩʦʢʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʠʦʥʦʚ, ʷʚʣʷʶʪʩʷ ʦʜʥʦʡ ʠʟ ʧʨʠʯʠʥ 

ʩʥʠʞʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʚʝʪʦʠʟʣʫʯʝʥʠʷ ʢʨʠʩʪʘʣʣʦʚ. 

 

 

ʈʠʩʫʥʦʢ 41 ï 3D-ʠʟʦʙʨʘʞʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʢʨʠʩʪʘʣʣʘ BaFBr, ʧʦʣʫʯʝʥʥʳʝ ʤʝʪʦʜʦʤ ʘʪʦʤʥʦ-

ʩʠʣʦʚʦʡ ʤʠʢʨʦʩʢʦʧʠʠ: (ʘ) ʥʝʦʙʣʫʯʝʥʥʳʡ ʠ (ʙ) ʦʙʣʫʯʝʥʥʳʡ ʠʦʥʘʤʠ 84Kr ʩ ʵʥʝʨʛʠʝʡ 147 ʄʵɺ ʜʦ 

ʬʣʶʝʥʩʘ 1011 ʠʦʥʦʚ/ʩʤ2 [207]. 

ɺʧʝʨʚʳʝ ʧʨʦʪʷʞʝʥʥʳʝ ʥʝʫʧʦʨʷʜʦʯʝʥʥʳʝ ʦʙʣʘʩʪʠ, ʠʜʝʥʪʠʬʠʮʠʨʫʝʤʳʝ ʢʘʢ 

ʪʨʝʢʠ, ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʧʦʩʣʝ ʭʠʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ 

ʪʚʝʨʜʦʪʝʣʴʥʳʭ ʜʝʪʝʢʪʦʨʦʚ, ʧʦʜʚʝʨʛʰʠʭʩʷ ʦʙʣʫʯʝʥʠʶ ʦʩʢʦʣʢʘʤʠ ʜʝʣʝʥʠʷ [213]. 

ɼʘʣʝʝ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ [214] ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʪʨʝʢʠ ʥʘʯʠʥʘʶʪ ʬʦʨʤʠʨʦʚʘʪʴʩʷ 

ʧʨʠ ʦʙʣʫʯʝʥʠʠ ʚʳʩʦʢʦʵʥʝʨʛʝʪʠʯʝʩʢʠʤʠ ʠʦʥʘʤʠ ʪʦʣʴʢʦ ʧʦʩʣʝ ʜʦʩʪʠʞʝʥʠʷ 

ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʧʦʨʦʛʘ ʧʦʪʝʨʴ ʵʣʝʢʪʨʦʥʥʦʡ ʵʥʝʨʛʠʠ Se. ʕʪʠ ʧʦʪʝʨʠ, 

ʩʦʧʨʦʚʦʞʜʘʶʱʠʝʩʷ ʨʘʜʠʘʣʴʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʵʥʝʨʛʠʠ, ʚʳʩʪʫʧʘʶʪ ʚ ʨʦʣʠ 

ʥʘʯʘʣʴʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ʜʣʷ ʘʥʘʣʠʟʘ ʪʨʝʢʦʚ. 

ʇʦ ʘʥʘʣʦʛʠʠ ʩ ʑɻʂ [215] ʪʨʝʢ ʫʩʣʦʚʥʦ ʧʦʜʨʘʟʜʝʣʷʝʪʩʷ ʥʘ ʪʨʠ ʟʦʥʳ: 

ʮʝʥʪʨʘʣʴʥʫʶ ʯʘʩʪʴ ʠʣʠ ʩʝʨʜʮʝʚʠʥʫ ʩ ʨʘʜʠʫʩʦʤ ʧʦʨʷʜʢʘ ʥʝʩʢʦʣʴʢʠʭ ʥʘʥʦʤʝʪʨʦʚ, 

ʧʨʦʤʝʞʫʪʦʯʥʫʶ ʦʙʣʘʩʪʴ (ʜʦ 10 ʥʤ ʚ ʨʘʜʠʫʩʝ) ʠ ʰʠʨʦʢʦʝ ʮʠʣʠʥʜʨʠʯʝʩʢʦʝ ʛʘʣʦ. 

ʈʘʟʤʝʨ ʧʦʩʣʝʜʥʝʡ ʟʦʥʳ ʟʘʚʠʩʠʪ ʦʪ ʧʘʨʘʤʝʪʨʦʚ ʥʘʣʝʪʘʶʱʝʛʦ ʠʦʥʘ. ɻʘʣʦ ʪʨʝʢʘ 

ʩʦʜʝʨʞʠʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ F-ʮʝʥʪʨʳ. ʇʨʦʤʝʞʫʪʦʯʥʘʷ ʦʙʣʘʩʪʴ ʚʳʜʝʣʷʝʪʩʷ ʚ 

ʦʪʜʝʣʴʥʫ  ʁ ʯʘʩʪʴ ʪʨʝʢʘ, ʥʘʯʠʥʘʷ ʩ ʧʦʨʦʛʦʚʦʛʦ ʫʨʦʚʥʷ ʵʣʝʢʪʨʦʥʥʦʡ ʧʦʪʝʨʠ Se 
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~5 ʢʵɺ/ʥʤ. ʇʨʠ ʵʪʦʤ, ʢʦʛʜʘ Se ʧʨʝʚʳʰʘʝʪ ʢʨʠʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ (ʦʢʦʣʦ 6 ʢʵɺ/ʥʤ), 

ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʥʝʢʦʪʦʨʳʭ ʢʨʠʩʪʘʣʣʦʚ ʧʦʷʚʣʷʶʪʩʷ ʚʳʩʪʫʧʳ, ʠʟʚʝʩʪʥʳʝ ʢʘʢ 

ʭʠʣʣʦʢʠ. ʊʘʢʠʝ ʦʙʨʘʟʦʚʘʥʠʷ ʠʟʫʯʘʣʠʩʴ ʩ ʧʦʤʦʱʴʶ ʘʪʦʤʥʦ-ʩʠʣʦʚʦʡ ʠ ʩʢʘʥʠʨʫʶʱʝʡ 

ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ [216, 217]. ɺ ʥʘʰʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʪʘʢʞʝ ʥʘʙʣʶʜʘʣʦʩʴ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʭʠʣʣʦʢʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʨʠʩʪʘʣʣʦʚ BaFBr, ʯʪʦ 

ʧʨʦʠʣʣʶʩʪʨʠʨʦʚʘʥʦ ʥʘ ʈʠʩʫʥʢʝ 41-b. ʇʦʷʚʣʝʥʠʝ ʪʘʢʠʭ ʭʠʣʣʦʢʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʢʨʠʩʪʘʣʣʘ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʯʠʥʦʡ ʩʥʠʞʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʣʶʤʠʥʝʩʮʝʥʮʠʠ 

ʢʨʠʩʪʘʣʣʦʚ, ʚʳʟʚʘʥʥʦʝ ʨʘʩʩʝʷʥʠʝʤ ʩʚʝʪʘ, ʦʩʦʙʝʥʥʦ ʧʨʠ ʨʦʩʪʝ ʬʣʶʝʥʩʘ. 

ʉʫʱʝʩʪʚʝʥʥʘʷ ʘʤʦʨʬʠʟʘʮʠʷ ʢʨʠʩʪʘʣʣʦʚ BaFBr, ʧʦʜʚʝʨʛʥʫʪʳʭ ʚʦʟʜʝʡʩʪʚʠʶ 

ʚʳʩʦʢʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʠʦʥʦʚ ʢʨʠʧʪʦʥʘ, ʙʳʣʘ ʚʳʷʚʣʝʥʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʘʥʘʣʠʟʘ 

ʩʧʝʢʪʨʦʚ ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ ʩʚʝʪʘ [206, 207]. 

ʅʘ ʈʠʩʫʥʢʝ 42-ʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʧʝʢʪʨʳ ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ 

ʢʨʠʩʪʘʣʣʦʚ, ʧʦʜʚʝʨʛʥʫʪʳʭ ʦʙʣʫʯʝʥʠʶ ʠʦʥʘʤʠ 84Kr ʩ ʵʥʝʨʛʠʝʡ 147 ʄʵɺ, ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʣʦʪʥʦʩʪʠ ʧʦʪʦʢʘ. ʆʩʥʦʚʥʘʷ ʧʦʣʦʩʘ ʩʧʝʢʪʨʘ ʧʨʠ 210 ʤï1 

ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʟʘʤʝʪʥʦʝ ʫʰʠʨʝʥʠʝ ʧʦ ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ ʬʣʶʝʥʩʘ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ 

ʧʨʦʮʝʩʩʳ ʘʤʦʨʬʠʟʘʮʠʠ ʤʘʪʝʨʠʘʣʘ, ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʦʙʨʘʟʦʚʘʥʠʝʤ ʪʨʝʢʦʚ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ. 

 
ʈʠʩʫʥʦʢ 42 ï ʉʧʝʢʪʨʳ ʂʈʉ ʢʨʠʩʪʘʣʣʦʚ BaFBr, ʦʙʣʫʯʝʥʥʳʭ ʙr ʩʪʨʳʤʠ ʪʷʞʝʣʳʤʠ ʠʦʥʘʤʠ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʣʦʪʥʦʩʪʠ ʧʦʪʦʢʘ: (ʘ) ʠʦʥʘʤʠ 147 ʄʵɺ 84Kr; (ʙ)ʠʦʥʘʤʠ 24,5 ʄʵɺ 14N.  

ʅʘ ʚʩʪʘʚʢʘʭ ʧʦʢʘʟʘʥʘ ʟʘʚʠʩʠʤʦʩʪʴ FWHM ʦʩʥʦʚʥʦʡ ʤʦʜʳ 210 ʩʤï1 ʦʪ ʬʣʶʝʥʩʘ [207]. 

ʇʨʠ ʚʳʩʦʢʠʭ ʟʥʘʯʝʥʠʷʭ ʧʣʦʪʥʦʩʪʠ ʧʦʪʦʢʘ, ʜʦʩʪʠʛʘʶʱʠʭ 1014 ʠʦʥʦʚ/ʩʤ2, 

ʧʨʦʠʩʭʦʜʠʪ ʜʝʛʨʘʜʘʮʠʷ ʩʧʝʢʪʨʘ ʚʩʣʝʜʩʪʚʠʝ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʧʝʨʝʢʨʳʪʠʷ ʪʨʝʢʦʚ 
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(ʈʠʩʫʥʦʢ 42-ʘ). ʇʨʠ ʦʙʣʫʯʝʥʠʠ ʢʨʠʩʪʘʣʣʦʚ ʠʦʥʘʤʠ ʘʟʦʪʘ ʫʰʠʨʝʥʠʝ ʧʦʣʦʩʳ ʧʨʠ 

210 ʩʤ-1 ʥʝ ʟʘʬʠʢʩʠʨʦʚʘʥʦ (ʈʠʩʫʥʦʢ 42-b). ʆʜʥʘʢʦ ʚ ʨʘʤʢʘʭ ʜʘʥʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ 

ʥʘʙʣʶʜʘʣʘʩʴ ʘʛʨʝʛʘʮʠʷ ʵʣʝʢʪʨʦʥʥʳʭ ʠ ʜʳʨʦʯʥʳʭ ʮʝʥʪʨʦʚ ʦʢʨʘʩʢʠ, ʥʘʯʠʥʘʷ ʩ 

ʬʣʶʝʥʩʘ ʚʝʣʠʯʠʥʦʡ 1012 ʠʦʥʦʚ/ʩʤ2. ɺ ʨʘʙʦʪʝ [206] ʤʳ ʧʨʦʚʝʣʠ ʩʨʘʚʥʝʥʠʝ 

ʨʘʤʘʥʦʚʩʢʠʭ ʩʧʝʢʪʨʦʚ ʢʨʠʩʪʘʣʣʦʚ KBr [218] ʠ BaFBr, ʦʙʣʫʯʝʥʥʳʭ ʨʝʥʪʛʝʥʦʚʩʢʠʤ 

ʠʟʣʫʯʝʥʠʝʤ, ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʚʢʣʘʜʘ V-ʮʝʥʪʨʦʚ (ʜʳʨʦʯʥʳʭ ʘʛʨʝʛʘʪʦʚ). ʀʩʩʣʝʜʫʝʤʳʡ 

ʩʧʝʢʪʨ ʚʢʣʶʯʘʝʪ ʧʦʣʦʩʳ 175 ʩʤ-1, 265 ʩʤ-1 ʠ 349 ʩʤ-1, ʛʜʝ ʧʦʩʣʝʜʥʠʝ ʜʚʝ ʧʦʣʦʩʳ 

ʠʥʪʝʨʧʨʝʪʠʨʫʶʪʩʷ ʢʘʢ ʧʝʨʚʳʝ ʦʙʝʨʪʦʥʳ ʤʦʜʳ ʧʨʠ 175 ʩʤ-1.  

ʅʘ ʈʠʩʫʥʢʝ 43 ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʦʣʦʩʳ ʜʣʷ ʢʨʠʩʪʘʣʣʦʚ, ʦʙʣʫʯʝʥʥʳʭ ʠʦʥʘʤʠ 84Kr 

ʩ ʵʥʝʨʛʠʝʡ 147 ʄʵɺ (ʈʠʩʫʥʦʢ 43-ʘ) ʠ ʠʦʥʘʤʠ 14N ʩ ʵʥʝʨʛʠʝʡ 24,5 ʄʵɺ (ʈʠʩʫʥʦʢ 43-

ʙ). 

 

ʈʠʩʫʥʦʢ 43 ï ʉʧʝʢʪʨ ʂʈʉ ʢʨʠʩʪʘʣʣʦʚ BaFBr ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʣʦʪʥʦʩʪʠ ʧʦʪʦʢʘ: (ʘ) 

ʦʙʣʫʯʝʥʠʝ ʠʦʥʘʤʠ 84Kr ʩ ʵʥʝʨʛʠʝʡ 147 ʄʵɺ; (ʙ) ʦʙʣʫʯʝʥʠʝ ʠʦʥʘʤʠ 14N ʩ ʵʥʝʨʛʠʝʡ 24,5 ʄʵɺ [207]. 
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ʕʪʠ ʤʦʜʳ ʩʚʷʟʘʥʳ ʩ V-ʮʝʥʪʨʘʤʠ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʤʠ ʩʦʙʦʡ ʜʳʨʦʯʥʳʝ 

ʘʛʨʝʛʘʪʳ, ʧʦʜʦʙʥʳʝ ʪʝʤ, ʢʦʪʦʨʳʝ ʦʙʨʘʟʫʶʪʩʷ ʚ ʢʨʠʩʪʘʣʣʘʭ KBr ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ 

ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠ ̫[219]. ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ ʈʠʩʫʥʢʘ 43, ʚ ʢʨʠʩʪʘʣʣʘʭ BaFBr, 

ʦʙʣʫʯʝʥʥʳʭ ʙʳʩʪʨʳʤʠ ʪʷʞʝʣʳʤʠ ʠʦʥʘʤʠ, ʬʦʨʤʠʨʫʶʪʩʷ ʘʥʘʣʦʛʠʯʥʳʝ ʮʝʥʪʨʳ. 

ɸʛʨʝʛʘʮʠʷ ʥʘʯʠʥʘʣʘʩʴ ʧʨʠ ʬʣʶʝʥʩʝ 1011 ʠʦʥ/ʩʤ2 ʜʣʷ ʠʦʥʦʚ 84Kr ʩ ʵʥʝʨʛʠʝʡ 147 ʄʵɺ, 

ʠ ʧʨʠ ʬʣʶʝʥʩʝ 1012 ʠʦʥ/ʩʤ2 ʜʣʷ ʠʦʥʦʚ 14N ʩ ʵʥʝʨʛʠʝʡ 24,5 ʄʵɺ.  

ɸʥʘʣʦʛʠʯʥʘʷ ʢʘʨʪʠʥʘ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ ʘʛʨʝʛʘʮʠʠ ʵʣʝʢʪʨʦʥʥʳʭ ʮʝʥʪʨʦʚ. 

ʈʠʩʫʥʦʢ 44 ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʩʧʝʢʪʨ ʧʦʛʣʦʱʝʥʠʷ ʄ-ʮʝʥʪʨʦʚ, ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʩʦʙʦʡ ʘʛʨʝʛʘʪʳ ʠʟ ʜʚʫʭ F-ʮʝʥʪʨʦʚ. 

 

ʈʠʩʫʥʦʢ 44 ï ʉʧʝʢʪʨ ʧʦʛʣʦʱʝʥʠʷ ʢʨʠʩʪʘʣʣʘ BaFBr, ʦʙʣʫʯʝʥʥʦʛʦ ʠʦʥʘʤʠ Kr ʩ ʵʥʝʨʛʠʝʡ 147 ʄʵɺ 

ʠ ʧʣʦʪʥʩʪʴʶ ʧʦʪʦʢʘ 1012 ʠʦʥ/ʩʤ2 [70] . 

 

ʉʣʝʜʫʝʪ ʧʦʜʯʝʨʢʥʫʪʴ, ʯʪʦ ʚ ʧʨʦʮʝʩʩʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 

ʞʠʜʢʦʛʦ ʛʝʣʠʷ, ʥʠ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʅ-ʮʝʥʪʨʳ ʥʝ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ. ʕʪʦ 

ʤʦʞʝʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦ ʥʝʩʪʘʙʠʣʴʥʦʩʪʠ H-ʮʝʥʪʨʦʚ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. 

ʂʦʩʚʝʥʥʦ ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ ʠʭ ʬʦʨʤʠʨʦʚʘʥʠʝ ʯʝʨʝʟ ʦʙʨʘʟʦʚʘʥʠʝ ʜʳʨʦʯʥʳʭ 

ʘʛʨʝʛʘʪʦʚ, ʠʟʚʝʩʪʥʳʭ ʢʘʢ V-ʮʝʥʪʨʳ. ʇʨʠ ʧʦʧʘʜʘʥʠʠ ʠʦʥʠʟʠʨʫʶʱʝʡ ʯʘʩʪʠʮʳ ʠʣʠ 

ʢʚʘʥʪʘ ʚ ʢʨʠʩʪʘʣʣ ʧʨʦʠʩʭʦʜʠʪ ʛʝʥʝʨʘʮʠʷ ʥʠʟʢʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʵʣʝʢʪʨʦʥʥʳʭ 

ʚʦʟʙʫʞʜʝʥʠʡ, ʪʘʢʠʭ ʢʘʢ ʵʣʝʢʪʨʦʥ-ʜʳʨʦʯʥʳʝ ʧʘʨʳ ʠ ʵʢʩʠʪʦʥʳ. ʇʨʠʤʝʩʥʳʝ ʜʝʬʝʢʪʳ 

ʚ ʩʪʨʫʢʪʫʨʝ ʢʨʠʩʪʘʣʣʘ ʩʧʦʩʦʙʥʳ ʟʘʭʚʘʪʳʚʘʪʴ ʢʘʢ ʵʣʝʢʪʨʦʥʳ, ʪʘʢ ʠ ʜʳʨʢʠ. ʂʨʦʤʝ 
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ʪʦʛʦ, ʘʚʪʦʣʦʢʘʣʠʟʦʚʘʥʥʳʝ ʵʢʩʠʪʦʥʳ ʤʦʛʫʪ ʨʘʩʧʘʜʘʪʴʩʷ ʙʝʟʳʟʣʫʯʘʪʝʣʴʥʦ, ʧʨʠʚʦʜʷ 

ʢ ʦʙʨʘʟʦʚʘʥʠʶ F-H ʧʘʨ. ʕʥʝʨʛʠʷ, ʚʳʩʚʦʙʦʞʜʘʶʱʘʷʩʷ ʚ ʭʦʜʝ ʨʘʩʧʘʜʘ ʵʢʩʠʪʦʥʦʚ, 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʤʝʱʝʥʠʶ ʘʪʦʤʘ ʙʨʦʤʘ ʠʟ ʝʛʦ ʧʦʟʠʮʠʠ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʝ ʚ 

ʤʝʞʜʦʫʟʣʠʝ ʠ ʦʩʪʘʚʣʷʝʪ ʵʣʝʢʪʨʦʥ, ʢʦʪʦʨʳʡ ʩ ʘʥʠʦʥʥʦʡ ʚʘʢʘʥʩʠʝʡ ʬʦʨʤʠʨʫʝʪ 

F(Br- )-ʮʝʥʪʨ. ʉʤʝʱʝʥʥʳʡ ʘʪʦʤ ʙʨʦʤʘ ʦʙʨʘʟʫʝʪ ʩ ʩʦʩʝʜʥʠʤ ʠʦʥʦʤ H-ʮʝʥʪʨ. 

ɺʧʦʩʣʝʜʩʪʚʠʠ H-ʮʝʥʪʨ ʤʦʞʝʪ ʜʠʬʬʫʥʜʠʨʦʚʘʪʴ ʧʦ ʨʝʰʝʪʢʝ ʠ ʨʝʣʘʢʩʠʨʦʚʘʪʴ ʩ 

ʠʦʥʦʤ Eu2+, ʩʦʟʜʘʚʘʷ ʪʘʢ ʥʘʟʳʚʘʝʤʳʡ ʣʶʤʠʥʝʩʮʝʥʪʥʳʡ ʢʦʤʧʣʝʢʩ Eu2+/H, ʢʦʪʦʨʳʡ 

ʬʫʥʢʮʠʦʥʠʨʫʝʪ ʢʘʢ ʨʝʢʦʤʙʠʥʘʮʠʦʥʥʳʡ ʮʝʥʪʨ ʚ ʧʨʦʮʝʩʩʝ ʌʉʃ. ʂʨʦʤʝ ʪʦʛʦ, 

ʩʯʠʪʘʝʪʩʷ, ʯʪʦ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʧʨʠʤʝʩʥʳʝ ʠʦʥʳ ʢʠʩʣʦʨʦʜʘ ʤʦʛʫʪ 

ʚʳʩʪʫʧʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʜʳʨʦʯʥʳʭ ʣʦʚʫʰʝʢ, ʩʧʦʩʦʙʩʪʚʫʷ ʬʦʨʤʠʨʦʚʘʥʠʶ F-ʮʝʥʪʨʦʚ. 

ʇʦʜʦʙʥʳʡ ʤʝʭʘʥʠʟʤ ʩʦʟʜʘʥʠʷ ʵʣʝʢʪʨʦʥ-ʜʳʨʦʯʥʦ-ʵʣʝʢʪʨʦʥʥʳʭ ʮʝʥʪʨʦʚ ʤʦʞʝʪ 

ʙʳʪʴ ʜʘʞʝ ʙʦʣʝʝ ʚʝʨʦʷʪʥʳʤ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʪʘʥʜʘʨʪʥʳʤ ʦʙʨʘʟʦʚʘʥʠʝʤ F-H ʧʘʨ, 

ʢʘʢ ʵʪʦ ʦʧʠʩʘʥʦ ʚ ʨʘʙʦʪʝ [80]. ʅʘʰʠ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦʜʪʚʝʨʞʜʘʶʪ, ʯʪʦ ʦʙʘ 

ʫʢʘʟʘʥʥʳʭ ʤʝʭʘʥʠʟʤʘ ʤʦʛʫʪ ʨʝʘʣʠʟʦʚʳʚʘʪʴʩʷ ʚ ʢʨʠʩʪʘʣʣʘʭ BaFBr ʧʦʩʣʝ ʠʭ 

ʦʙʣʫʯʝʥʠʷ ʙʳʩʪʨʳʤʠ ʪʷʞʝʣʳʤʠ ʠʦʥʘʤʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʢʨʠʩʪʘʣʣʘʭ BaFBr ʧʦʩʣʝ ʦʙʣʫʯʝʥʠ ̫ʠʦʥʘʤʠ 84Kr ʩ ʫʜʝʣʴʥʦʡ 

ʵʥʝʨʛʠʝʡ 147 ʄʵɺ ʠ ʧʦʩʣʝ ʦʙʣʫʯʝʥʠʷ ʠʦʥʘʤʠ 14N ʩ ʫʜʝʣʴʥʦʡ ʵʥʝʨʛʠʝʡ 25,5 ʄʵɺ ʚ 

ʩʧʝʢʪʨʝ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ ʥʘʙʣʶʜʘʝʪʩʷ ʰʠʨʦʢʘʷ ʢʦʤʧʣʝʢʩʥʘʷ ʧʦʣʦʩʘ ʚ 

ʜʠʘʧʘʟʦʥʝ ʦʪ 1,5 ʜʦ 3,5 ʵɺ. ʊʘʢʘʷ ʞʝ ʧʦʣʦʩʘ ʧʨʠʩʫʪʩʪʚʫʝʪ ʠ ʚ ʥʝʦʙʣʫʯʝʥʥʦʤ 

ʢʨʠʩʪʘʣʣʝ, ʦʜʥʘʢʦ ʩ ʤʝʥʴʰʝʡ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʪʘʢʘʷ 

ʣʶʤʠʥʝʩʮʝʥʮʠʷ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʘ ʩ ʥʘʣʠʯʠʝʤ ʧʨʠʤʝʩʝʡ ʢʠʩʣʦʨʦʜʘ. ʋʩʪʘʥʦʚʣʝʥʦ, 

ʯʪʦ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʜʘʥʥʦʡ ʧʦʣʦʩʳ ʫʯʘʩʪʚʫʶʪ ʥʝʩʢʦʣʴʢʦ ʪʠʧʦʚ ʢʠʩʣʦʨʦʜʥʦ-

ʚʘʢʘʥʩʠʦʥʥʳʭ ʮʝʥʪʨʦʚ, ʨʘʟʣʠʯʘʶʱʠʭʩʷ ʧʦ ʩʚʦʝʡ ʩʪʨʫʢʪʫʨʝ. ɼʣʷ ʥʝʦʙʣʫʯʝʥʥʳʭ 

ʢʨʠʩʪʘʣʣʦʚ ʭʘʨʘʢʪʝʨʥʘ ʜʦʤʠʥʠʨʫʶʱʘʷ ʣʶʤʠʥʝʩʮʝʥʮʠʷ ʩ ʤʘʢʩʠʤʫʤʦʤ ʧʨʠ 2,5 ʵɺ, 

ʧʨʠʥʘʜʣʝʞʘʱʘʷ ʮʝʥʪʨʫ ʧʝʨʚʦʛʦ ʪʠʧʘ, ʛʜʝ ʢʠʩʣʦʨʦʜ ʟʘʥʠʤʘʝʪ ʨʝʛʫʣʷʨʥʦʝ 

ʧʦʣʦʞʝʥʠʝ ʫʟʣʘ ʙʨʦʤʘ. ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʬʣʶʝʥʩʘ ʜʦ 1011 ʠʦʥ/ʩʤ2 ʥʘʙʣʶʜʘʝʪʩʷ 

ʫʩʠʣʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʢʘʢ ʮʝʥʪʨʦʚ ʧʝʨʚʦʛʦ ʪʠʧʘ (2,5 ʵɺ), ʪʘʢ ʠ 

ʮʝʥʪʨʦʚ ʚʪʦʨʦʛʦ ʪʠʧʘ (2,05 ʵɺ) ʠ ʪʨʝʪʴʝʛʦ ʪʠʧʘ (2,3 ʵɺ). ʆʙʨʘʟʦʚʘʥʠʝ ʮʝʥʪʨʦʚ 

ʪʨʝʪʴʝʛʦ ʪʠʧʘ ʚʳʟʳʚʘʝʪ ʩʤʝʱʝʥʠʝ ʤʘʢʩʠʤʫʤʦʚ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʮʝʥʪʨʦʚ ʦʩʪʘʣʴʥʳʭ 
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ʪʠʧʦʚ. ɹʳʣʦ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʢʠʩʣʦʨʦʜʥʦ-ʚʘʢʘʥʩʠʦʥʥʳʝ ʮʝʥʪʨʳ ʤʦʛʫʪ 

ʬʦʨʤʠʨʦʚʘʪʴʩʷ ʥʝ ʪʦʣʴʢʦ ʥʘ ʩʪʘʜʠʠ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʦʚ, ʥʦ ʠ ʚ ʧʨʦʮʝʩʩʝ ʦʙʣʫʯʝʥʠʷ 

ʙʳʩʪʨʳʤʠ ʪʷʞʝʣʳʤʠ ʠʦʥʘʤʠ. ʄʘʢʨʦʜʝʬʝʢʪʳ, ʪʘʢʠʝ ʢʘʢ ʭʠʣʣʦʢʠ ʠ ʪʨʝʢʠ, ʘ ʪʘʢʞʝ 

ʘʛʨʝʛʘʪʳ ʦʢʘʟʳʚʘʶʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʭʘʨʘʢʪʝʨ ʣʶʤʠʥʝʩʮʝʥʮʠʠ 

ʢʠʩʣʦʨʦʜʥʦ-ʚʘʢʘʥʩʠʦʥʥʳʭ ʜʝʬʝʢʪʦʚ. ɺʧʝʨʚʳʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʦʙʨʘʟʦʚʘʥʠʝ 

ʭʠʣʣʦʢʦʚ ʠ ʪʨʝʢʦʚ ʚ ʢʨʠʩʪʘʣʣʘʭ BaFBr ʧʨʠ ʦʙʣʫʯʝʥʠʠ ʠʦʥʘʤʠ 84Kr ʩ ʵʥʝʨʛʠʝʡ 

147 ʄʵɺ. ʍʠʣʣʦʢʠ ʤʦʛʫʪ ʩʥʠʞʘʪʴ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʚʩʣʝʜʩʪʚʠʝ 

ʨʘʩʩʝʷʥʠʷ ʩʚʝʪʘ. ɸʥʘʣʠʟ ʩʧʝʢʪʨʦʚ ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ ʩʚʝʪʘ ʧʦʜʪʚʝʨʜʠʣ 

ʟʥʘʯʠʪʝʣʴʥʫ  ʁ ʘʤʦʨʬʠʟʘʮʠʶ ʩʪʨʫʢʪʫʨʳ ʢʨʠʩʪʘʣʣʦʚ BaFBr, ʦʙʣʫʯʝʥʥʳʭ 

ʚʳʩʦʢʦʵʥʝʨʛʝʪʠʯʝʩʢʠʤʠ ʠʦʥʘʤʠ. ʂʨʦʤʝ ʪʦʛʦ, ʩʧʝʢʪʨʳ ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ 

ʩʚʝʪʘ ʠ ʦʧʪʠʯʝʩʢʦʛʦ ʧʦʛʣʦʱʝʥʠʷ ʫʢʘʟʘʣʠ ʥʘ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʜʳʨʦʯʥʳʭ ʠ 

ʵʣʝʢʪʨʦʥʥʳʭ ʘʛʨʝʛʘʪʥʳʭ ʮʝʥʪʨʦʚ ʧʨʠ ʦʙʣʫʯʝʥʠʠ ʙʳʩʪʨʳʤʠ ʪʷʞʝʣʳʤʠ ʠʦʥʘʤʠ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʩʰʠʨʷʶʪ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʨʦʣʠ 

ʢʠʩʣʦʨʦʜʥʦ-ʚʘʢʘʥʩʠʦʥʥʳʭ ʜʝʬʝʢʪʦʚ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʩʚʦʡʩʪʚ 

ʢʨʠʩʪʘʣʣʦʚ BaFBr, ʦʪʢʨʳʚʘʷ ʥʦʚʳʝ ʧʝʨʩʧʝʢʪʠʚʳ ʜʣʷ ʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

3.8. ʆʩʥʦʚʥʳʝ ʚʳʚʦʜʳ ʢ ʛʣʘʚʝ 3 

ʈʘʟʨʘʙʦʪʘʥ ʩʧʦʩʦʙ, ʢʦʪʦʨʳʡ ʚʧʝʨʚʳʝ ʤʝʪʦʜʦʤ ʐʪʝʙʝʨʘ ʚ ʛʨʘʬʠʪʦʚʦʤ ʪʠʛʣʝ ʩ 

ʧʣʦʩʢʠʤ ʜʥʦʤ ʧʦʟʚʦʣʠʣ ʚʳʨʘʱʠʚʘʪʴ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʝ ʠ ʙʝʟʜʝʬʝʢʪʥʳʝ ʢʨʠʩʪʘʣʣʳ 

BaFBr:Eu2+, ʧʨʠʤʝʥʷʝʤʳʝ ʚ ʢʘʯʝʩʪʚʝ ʟʘʧʦʤʠʥʘʶʱʠʭ ʣʶʤʠʥʦʬʦʨʦʚ.  

ʇʨʝʜʣʦʞʝʥ ʥʦʚʳʡ ʧʦʜʭʦʜ ʢ ʧʦʣʫʯʝʥʠʶ ʢʨʠʩʪʘʣʣʦʚ BaFBr:Eu2+, ʧʦʟʚʦʣʷʶʱʠʡ 

ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʵʪʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ ʢʘʯʝʩʪʚʝ ʟʘʧʦʤʠʥʘʶʱʝʛʦ ʣʶʤʠʥʦʬʦʨʘ 

ʟʘ ʩʯʝʪ ʫʚʝʣʠʯʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʬʦʪʦʩʪʠʤʫʣʠʨʦʚʘʥʥʦʡ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʠ 

ʩʤʝʱʝʥʠʷ ʩʧʝʢʪʨʘ ʩʪʠʤʫʣʷʮʠʠ ʚ ʙʦʣʝʝ ʫʜʦʙʥʫʶ ʜʣʷ ʩʯʠʪʳʚʘʥʠʷ ʢʨʘʩʥʫʶ ʦʙʣʘʩʪʴ. 

ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʜʘʥʥʦʛʦ ʧʦʜʭʦʜʘ ʢʨʠʩʪʘʣʣʳ BaFBr:Eu2+ ʙʳʣʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦ 

ʣʝʛʠʨʦʚʘʥ  rʧʨʠʤʝʩʷʤʠ ʱʝʣʦʯʥʳʭ ʤʝʪʘʣʣʦʚ, ʪʘʢʠʭ ʢʘʢ Na, K ʠ Rb. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʜʘʥʥʳʡ ʧʦʜʭʦʜ ʧʨʠ ʣʝʛʠʨʦʚʘʥʠʠ 5 % ʥʘʪʨʠʝʤ ʢʨʠʩʪʘʣʣʦʚ 

BaFBr:Eu2+ ʥʝ ʪʦʣʴʢʦ ʫʚʝʣʠʯʠʚʘʝʪ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʌʉʃ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 

ʙʦʣʝʝ ʯʝʤ ʥʘ ʧʦʨʷʜʦʢ ʚʝʣʠʯʠʥʳ, ʥʦ ʪʘʢʞʝ ʩʥʠʞʘʝʪ ʵʥʝʨʛʠʶ ʩʪʠʤʫʣʠʨʫʶʱʝʛʦ 

ʠʟʣʫʯʝʥʠʷ ʥʘ 0,12 ʵɺ.  
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ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʣʝʛʠʨʦʚʘʥʠʝ ʢʨʠʩʪʘʣʣʦʚ BaFBr:Eu2+ ʱʝʣʦʯʥʳʤʠ ʤʝʪʘʣʣʘʤʠ 

ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʟʘʨʷʜʦʢʦʤʧʝʥʩʠʨʫʶʱʠʭ ʚʘʢʘʥʩʠʡ ʙʨʦʤʘ. ʕʪʦ, ʚ ʩʚʦʶ 

ʦʯʝʨʝʜʴ, ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʚʝʣʠʯʝʥʠʶ ʢʦʣʠʯʝʩʪʚʘ F-ʮʝʥʪʨʦʚ ʧʨʠ ʨʝʥʪʛʝʥʦʚʩʢʦʤ 

ʦʙʣʫʯʝʥʠʠ, ʢʦʪʦʨʳʝ ʚʳʩʪʫʧʘʶʪ ʚ ʨʦʣʠ ʵʣʝʢʪʨʦʥʥʳʭ ʣʦʚʫʰʝʢ ʚ ʧʨʦʮʝʩʩʝ 

ʬʦʪʦʩʪʠʤʫʣʷʮʠʠ. ɼʘʥʥʳʡ ʬʘʢʪ ʦʙʲʷʩʥʷʝʪ ʚʦʟʨʘʩʪʘʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ ʚ ʣʝʛʠʨʦʚʘʥʥʳʭ ʱʝʣʦʯʥʳʤʠ ʤʝʪʘʣʣʘʤʠ ʢʨʠʩʪʘʣʣʘʭ 

BaFBr:Eu2+. 

ʆʧʨʝʜʝʣʝʥʦ, ʯʪʦ çʢʨʘʩʥʦʝ ʩʤʝʱʝʥʠʝè ʩʧʝʢʪʨʘ ʩʪʠʤʫʣʷʮʠʠ ʩʚʷʟʘʥʦ ʩ FA(Br-)-

ʮʝʥʪʨʘʤʠ, ʢʦʪʦʨʳʝ ʬʦʨʤʠʨʫʶʪʩʷ ʚ ʧʨʦʮʝʩʩʝ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʦʙʣʫʯʝʥʠʷ 

ʟʘʧʦʤʠʥʘʶʱʝʛʦ ʣʶʤʠʥʦʬʦʨʘ, ʣʝʛʠʨʦʚʘʥʥʦʛʦ ʱʝʣʦʯʥʳʤ ʤʝʪʘʣʣʦʤ. ʇʦʣʦʩʘ 

ʧʦʛʣʦʱʝʥʠʷ ʵʪʠʭ ʮʝʥʪʨʦʚ ʩʤʝʱʝʥʘ ʚ ʦʙʣʘʩʪʴ ʙʦʣʝʝ ʥʠʟʢʠʭ ʵʥʝʨʛʠʡ, ʧʦ ʩʨʘʚʥʝʥʠʶ 

ʩ ʦʙʳʯʥʳʤʠ ʬʦʪʦʩʪʠʤʫʣʠʨʫʝʤʳʤʠ F(Br-)-ʮʝʥʪʨʘʤʠ.  

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʢʨʠʩʪʘʣʣʘʭ BaFBr ʧʦʩʣʝ ʦʙʣʫʯʝʥʠ ̫ʠʦʥʘʤʠ 84Kr ʩ ʫʜʝʣʴʥʦʡ 

ʵʥʝʨʛʠʝʡ 147 ʄʵɺ ʠ ʠʦʥʘʤʠ 14N ʩ ʫʜʝʣʴʥʦʡ ʵʥʝʨʛʠʝʡ 25,5 ʄʵɺ ʚ ʩʧʝʢʪʨʝ 

ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ ʥʘʙʣʶʜʘʝʪʩʷ ʰʠʨʦʢʘʷ ʢʦʤʧʣʝʢʩʥʘʷ ʧʦʣʦʩʘ ʦʪ 1,5 ʜʦ 3,5 ʵɺ, 

ʢʦʪʦʨʘʷ ʪʘʢʞʝ ʧʨʠʩʫʪʩʪʚʫʝʪ ʚ ʥʝʦʙʣʫʯʝʥʥʦʤ ʢʨʠʩʪʘʣʣʝ, ʥʦ ʩ ʤʝʥʴʰʝʡ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʠ ʤʦʞʝʪ ʙʳʪʴ ʦʙʫʩʣʦʚʣʝʥʘ ʣʶʤʠʥʝʩʮʝʥʮʠʝʡ ʥʝʩʢʦʣʴʢʠʭ ʪʠʧʦʚ 

ʢʠʩʣʦʨʦʜʥʦ-ʚʘʢʘʥʩʠʦʥʥʳʭ ʮʝʥʪʨʦʚ ʨʘʟʣʠʯʥʦʡ ʩʪʨʫʢʪʫʨʳ. ɹʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ 

ʢʠʩʣʦʨʦʜʥʦ-ʚʘʢʘʥʩʠʦʥʥʳʝ ʮʝʥʪʨʳ ʦʙʨʘʟʫʶʪʩʷ ʥʝ ʪʦʣʴʢʦ ʚ ʧʨʦʮʝʩʩʝ ʨʦʩʪʘ 

ʢʨʠʩʪʘʣʣʦʚ, ʥʦ ʠ ʚ ʧʨʦʮʝʩʩʝ ʦʙʣʫʯʝʥʠʷ ʙʳʩʪʨʳʤʠ ʪʷʞʝʣʳʤʠ ʠʦʥʘʤʠ. ɺʧʝʨʚʳʝ 

ʧʦʢʘʟʘʥʦ ʦʙʨʘʟʦʚʘʥʠʝ ʭʠʣʣʦʢʦʚ ʠ ʪʨʝʢʦʚ ʚ ʢʨʠʩʪʘʣʣʘʭ BaFBr ʧʨʠ ʦʙʣʫʯʝʥʠʠ 

ʠʦʥʘʤʠ 84Kr ʩ ʵʥʝʨʛʠʝʡ 147 ʄʵɺ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʠʟ-ʟʘ ʨʘʩʩʝʷʥʠʷ ʩʚʝʪʘ.   
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ɻʃɸɺɸ 4. ʇʆʃʋʏɽʅʀɽ ʂʈʀʉʊɸʃʃʆɺ BaBrI , BaClI , SrBrI , 

ʃɽɻʀʈʆɺɸʅʅʓʍ ʈɽɼʂʆɿɽʄɽʃʔʅʓʄʀ ʀʆʅɸʄʀ  

 

4.1 ʈʦʩʪ ʢʨʠʩʪʘʣʣʦʚ BaBrI, BaClI, SrBrI 

 

ʂʨʠʩʪʘʣʣʳ BaBrI, BaClI ʠ SrBrI ʠʤʝʶʪ ʨʦʤʙʠʯʝʩʢʫ  ʁ ʢʨʠʩʪʘʣʣʠʯʝʩʢʫ  ʁ

ʩʪʨʫʢʪʫʨʫ ʪʠʧʘ PbCl2 [44], ʚ ʢʦʪʦʨʦʡ ʠʦʥʳ ʝʚʨʦʧʠʷ ʟʘʤʝʥʷʁʪ ʠʦʥʳ ʙʘʨʠʷ ʠ 

ʩʪʨʦʥʮʠʷ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺ ʩʚʷʟʠ ʩ ʚʳʩʦʢʦʡ ʛʠʛʨʦʩʢʦʧʠʯʥʦʩʪʴʶ ʠʩʭʦʜʥʦʡ ʩʤʝʩʠ 

ʥʝʦʙʭʦʜʠʤʦ ʦʙʝʩʧʝʯʠʪʴ ʧʨʦʮʝʩʩ ʚʳʨʘʱʠʚʘʥʠ ̫ ʢʨʠʩʪʘʣʣʦʚ ʚ ʫʩʣʦʚʠʷʭ, 

ʠʩʢʣʶʯʘʶʱʠʭ ʢʦʥʪʘʢʪ ʩ ʚʥʝʰʥʝʡ ʩʨʝʜʦʡ. ʂʨʦʤʝ ʪʦʛʦ, ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʨʘʚʥʦʛʦ 

ʩʦʦʪʥʦʰʝʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʥʘʜ ʨʘʩʧʣʘʚʦʤ ʥʝʦʙʭʦʜʠʤʦ ʩʦʟʜʘʪ ɹ ʘʪʤʦʩʬʝʨʫ, 

ʩʦʜʝʨʞʘʱʫ  ʁ ʣʝʪʫʯʠʝ ʬʨʘʢʮʠʠ ʢʨʠʩʪʘʣʣʠʟʫʝʤʦʛʦ ʚʝʱʝʩʪʚʘ. ɺ ʵʪʦʡ ʩʚʷʟʠ ʜʣʷ 

ʚʳʨʘʱʠʚʘʥʠʷ ʢʨʠʩʪʘʣʣʦʚ ʜʘʥʥʦʛʦ ʪʠʧʘ ʙʳʣ ʚʳʙʨʘʥ ʤʝʪʦʜ ɹʨʠʜʞʤʝʥʘ, ʧʨʠ ʢʦʪʦʨʦʤ 

ʰʠʭʪʘ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʛʦ ʧʨʦʮʝʩʩʘ ʚʳʨʘʱʠʚʘʥʠʷ ʥʘʭʦʜʠʪʩʷ ʚ ʟʘʧʘʷʥʥʦʡ 

ʢʚʘʨʮʝʚʦʡ ʘʤʧʫʣʝ [220]. 

ʇʨʠ ʧʣʘʥʠʨʦʚʘʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʚʳʨʘʱʠʚʘʥʠʶ ʡʦʜʠʜʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʤʳ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʠʟʫʯʠʣʠ ʬʘʟʦʚʳʝ ʧʝʨʝʭʦʜʳ ʚ ʩʤʝʩʷʭ BaBr2-BaI2, BaCl2-BaI2, SrBr2-

SrI2, ʚʟʷʪʳʭ ʚ ʩʦʦʪʥʦʰʝʥʠʠ 1:1 ʠ ʩʜʝʣʘʣʠ ʚʳʚʦʜʳ ʦ ʪʝʨʤʠʯʝʩʢʦʤ ʧʦʚʝʜʝʥʠʠ ʵʪʠʭ 

ʩʠʩʪʝʤ, ʦʩʥʦʚʳʚʘʷʩʴ ʥʘ ʜʘʥʥʳʭ ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ (ʊɻ) ʠ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʩʢʘʥʠʨʫʶʱʝʡ ʢʘʣʦʨʠʤʝʪʨʠʠ (ɼʉʂ).  

ʉʦʝʜʠʥʝʥʠʷ ʱʝʣʦʯʥʦʟʝʤʝʣʴʥʳʭ ʛʘʣʦʛʝʥʠʜʦʚ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʩʚʦʝʡ 

ʛʠʛʨʦʩʢʦʧʠʯʥʦʩʪʴʶ ʚ ʫʩʣʦʚʠʷʭ ʘʪʤʦʩʬʝʨʥʦʡ ʚʣʘʞʥʦʩʪʠ, ʯʪʦ ʜʝʣʘʝʪ ʩʫʰʢʫ 

ʠʩʭʦʜʥʦʛʦ ʩʳʨʴʷ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦʡ ʧʝʨʝʜ ʧʨʦʮʝʩʩʦʤ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ. ɺ ʵʪʦʤ 

ʢʦʥʪʝʢʩʪʝ ʥʝʦʙʭʦʜʠʤʦ ʫʩʪʘʥʦʚʠʪʴ ʫʨʦʚʥʠ ʛʠʜʨʘʪʘʮʠʠ, ʚʦʟʤʦʞʥʳʝ ʪʝʤʧʝʨʘʪʫʨʳ 

ʜʝʛʠʜʨʘʪʘʮʠʠ, ʠʥʪʝʨʚʘʣʳ ʪʝʤʧʝʨʘʪʫʨ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʩʦʩʪʘʚʦʚ ʰʠʭʪʳ. ɸʥʘʣʠʟ 

ʰʠʭʪʳ ʙʳʣ ʧʨʦʚʝʜʝʥ ʚ ʃʘʙʦʨʘʪʦʨʠʠ ʦʢʩʠʜʥʳʭ ʩʠʩʪʝʤ ɹʀʇ ʉʆ ʈɸʅ ʥʘ ʩʠʥʭʨʦʥʥʦʤ 

ʪʝʨʤʠʯʝʩʢʦʤ ʘʥʘʣʠʟʘʪʦʨʝ STA 449 ʉ Jupiter (NETZSCH), ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ 

ʧʦʣʫʯʘʪʴ ʢʨʠʚʳʝ ɼʉʂ ʠ ʊɻ [221]. 

ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʜʣʷ ʩʠʩʪʝʤʳ BaBr2-BaI2 ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʈʠʩʫʥʢʝ 45. ɺ 

ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 50-180 ʦʉ ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʪʝʨʷ ʤʘʩʩʳ ʚʦʜʳ ʚ ʦʙʲʝʤʝ 10,5 %, 

ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʜʚʫʤ ʧʠʢʘʤ (1 ʠ 2) ʥʘ ʢʨʠʚʦʡ ɼʉʂ. ʇʣʘʚʣʝʥʠʝ ʰʠʭʪʳ ʥʘʯʠʥʘʝʪʩʷ 
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ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 747 Üʉ ʠ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 781,7 Üʉ (ʧʠʢ 3). 

ʕʢʟʦʪʝʨʤʠʯʝʩʢʠʡ ʧʠʢ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʪʝʤʧʝʨʘʪʫʨʝ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ, 

ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ 754,6 ʦʉ (ʧʠʢ 4). ʇʠʢ 5 ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 724,2 Üʉ ʥʘ ɼʉʂ 

ʜʠʘʛʨʘʤʤʝ ʚʝʨʦʷʪʥʝʝ ʚʩʝʛʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʧʦʣʠʤʦʨʬʥʳʡ ʧʝʨʝʭʦʜ ʠʟ ʢʫʙʠʯʝʩʢʦʡ 

ʬʘʟʳ ʚ ʩʪʘʙʠʣʴʥʫʶ ʨʦʤʙʠʯʝʩʢʫʶ ʬʘʟʫ. ɺ ʨʘʙʦʪʝ [222] ʘʥʘʣʦʛʠʯʥʳʡ ʧʦʣʠʤʦʨʬʥʳʡ 

ʧʝʨʝʭʦʜ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʩʦʝʜʠʥʝʥʠʠ BaBr2 ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʦʢʦʣʦ 800 Üʉ. ɺ ʨʘʙʦʪʝ 

[109] ʪʘʢʞʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʦʭʦʞʠʡ ʬʘʟʦʚʳʡ ʧʝʨʝʭʦʜ ʚ ʩʠʩʪʝʤʝ BaCl2-BaBr2. ʇʨʠ 

ʵʪʦʤ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʥʝʙʦʣʴʰʦʡ ʧʝʨʝʠʟʙʳʪʦʢ ʙʨʦʤʘ ʤʦʞʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ 

ʩʪʘʙʠʣʠʟʘʮʠʠ ʨʦʤʙʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨ.r  

 

 

ʅʘ ʈʠʩʫʥʢʝ 46 ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʨʠʚʳʝ ʜʣʷ ʩʠʩʪʝʤʳ BaCl2-BaI2. ʇʦ ʢʨʠʚʦʡ ʊɻ 

ʬʠʢʩʠʨʫʝʪʩʷ ʧʦʪʝʨʷ ʤʘʩʩʳ ʥʘ ʫʨʦʚʥʝ 10,04 % ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ ʦʪ ʢʦʤʥʘʪʥʦʡ 

ʜʦ 220 ʦʉ. ʂʨʠʚʘ ̫ʥʘʛʨʝʚʘ ɼʉʂ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʥʘʯʘʣʦ ʧʣʘʚʣʝʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ 

 

ʈʠʩʫʥʦʢ 45 ï ʂʨʠʚʳʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦ-ʩʢʘʥʠʨʫʶʱʝʡ ʢʘʣʦʨʠʤʝʪʨʠʠ ʠ ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʠ 

BaBrI.  



131 

 

 

 

ʪʝʤʧʝʨʘʪʫʨʝ 807,5 ʦʉ. ʉʫʜʷ ʧʦ ʢʨʠʚʦʡ ʦʭʣʘʞʜʝʥʠʷ ɼʉʂ, ʵʢʟʦʪʝʨʤʠʯʝʩʢʠʡ ʧʠʢ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʝʤʧʝʨʘʪʫʨʝ 801,2 ʦʉ.  

ʅʘ ʈʠʩʫʥʢʝ 47 ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʨʠʚʳʝ ʜʣʷ ʩʠʩʪʝʤʳ SrBr2-SrI2. ɼʘʥʥʝr ʊɻ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʧʦʪʝʨʝ ʚʦʜr ʚ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʠʥʪʝʨʚʘʣʘʭ 110-150 Áʉ ʠ 160-

220 Áʉ ʩ ʦʙʝɦʡ ʧʦʪʝʨʝʡ ʤʘʩʩ rʧʦʨʷʜʢʘ 19,52 %. ʉʦʛʣʘʩʥʦ ʢʨʠʚʦʡ ʥʘʛʨʝʚʘ ɼʉʂ, 

ʪʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʠʷ ʩʦʩʪʘʚʣʷʝʪ 507,6 Üʉ, ʘ ʩ ʫʯʝʪʦʤ ʢʨʠʚʦʡ ʦʭʣʘʞʜʝʥʠʷ ɼʉʂ, 

ʪʝʤʧʝʨʘʪʫʨʘ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʨʘʚʥʘ 472,7 ʦʉ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʦʩʥʦʚʘʥʠʠ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦ-

ʩʢʘʥʠʨʫʶʱʝʡ ʢʘʣʦʨʠʤʝʪʨʠʝʡ ʠ ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʝʡ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ 

ʦʧʪʠʤʘʣʴʥʳʝ ʨʝʞʠʤʳ ʩʫʰʢʠ ʠʩʭʦʜʥʦʛʦ ʩʳʨʴʷ, ʘ ʪʘʢʞʝ ʫʩʪʘʥʦʚʣʝʥʳ ʪʝʤʧʝʨʘʪʫʨʳ 

ʥʘʯʘʣʘ ʧʣʘʚʣʝʥʠʷ ʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʠʩʩʣʝʜʫʝʤʳʭ ʩʠʩʪʝʤ.   

 

ʈʠʩʫʥʦʢ 46 ï ʂʨʠʚʳʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦ-ʩʢʘʥʠʨʫʶʱʝʡ ʢʘʣʦʨʠʤʝʪʨʠʠ ʠ ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʠ 

BaClI . 
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ʈʠʩʫʥʦʢ 47 ï ʂʨʠʚʳʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦ-ʩʢʘʥʠʨʫʶʱʝʡ ʢʘʣʦʨʠʤʝʪʨʠʠ ʠ ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʠ 

SrBrI . 

ʏʪʦ ʢʘʩʘʝʪʩʷ ʬʘʟʦʚʳʭ ʜʠʘʛʨʘʤʤ ʧʦʜʦʙʥʳʭ ʩʠʩʪʝʤ ʱʝʣʦʯʥʦʟʝʤʝʣʴʥʳʭ 

ʛʘʣʦʛʝʥʠʜʦʚ, ʪʦ ʚ ʣʠʪʝʨʘʪʫʨʝ ʠʤʝʝʪʩʷ ʢʨʘʡʥʝ ʦʛʨʘʥʠʯʝʥʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʧʦ ʵʪʦʤʫ 

ʚʦʧʨʦʩʫ.  

ɺ ʨʘʙʦʪʝ [109] ʧʨʝʜʩʪʘʚʣʝʥʘ ʬʘʟʦʚʘʷ ʜʠʘʛʨʘʤʤʘ ʩʠʩʪʝʤʳ BaCl2-BaBr2, ʛʜʝ 

ʢɻʩʧʝʨʠʤʝʥʪʘʣʴʥʦ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʪʝʨʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ, 

ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʤʝʩʠ BaCl2 ʠ BaBr2 ʦʙʨʘʟʫʶʪ ʥʝʧʨʝʨʳʚʥʳʡ ʨʷʜ ʪʚʨyʜʳʭ 

ʨʘʩʪʚʦʨʦʚ ʧʨʠ ʣʶʙʳʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʵʪʠʭ ʢʦʤʧʦʥʝʥʪʦʚ. 

ɺ ʛʣʘʚʝ ʩʙʦʨʥʠʢʘ [223], ʧʦʩʚʷʱʸʥʥʦʡ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʠʩʩʣʝʜʦʚʘʥʠʷʤ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʨʝʘʢʮʠʡ ʦʙʤʝʥʘ ʚ ʪʨʦʡʥʳʭ ʚʟʘʠʤʥʳʭ ʩʠʩʪʝʤʘʭ, ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ, 

ʯʪʦ ʩʠʩʪʝʤʘ BaCl2-BaBr2 ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʝʧʨʝʨʳʚʥʳʤ ʨʷʜʦʤ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ. 

ʆʙʨʘʟʦʚʘʥʠʝ ʥʝʧʨʝʨʳʚʥʳʭ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ (ʅʊʈ) ʧʨʦʠʩʭʦʜʠʪ, ʢʦʛʜʘ ʜʚʘ 

ʠʣʠ ʙʦʣʝʝ ʢʦʤʧʦʥʝʥʪʘ ʧʦʣʥʦʩʪʴʶ ʨʘʩʪʚʦʨʠʤʳ ʜʨʫʛ ʚ ʜʨʫʛʝ ʚ ʪʚʝʨʜʦʤ ʩʦʩʪʦʷʥʠʠ, 

ʬʦʨʤʠʨʫʷ ʠʟʦʤʦʨʬʥʳʝ ʩʤʝʩʠ ʩ ʥʝʧʨʝʨʳʚʥʦ ʠʟʤʝʥʷʶʱʠʤʩʷ ʩʦʩʪʘʚʦʤ, ʯʪʦ 

ʚr ʧʦʣʥʠʤʦ ʙʣʘʛʦʜʘʨʷ ʩʭʦʞʝʩʪʠ ʠʭ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ, ʨʘʟʤʝʨʦʚ ʘʪʦʤʦʚ ʠ 



133 

 

 

 

ʚʘʣʝʥʪʥʦʩʪʠ (ʧʦ ʧʨʘʚʠʣʫ ʖʤ-ʈʦʟʝʨʠ) [224, 225]. ʊʘʢʠʝ ʨʘʩʪʚʦʨʳ ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʩʦʙʦʡ ʛʦʤʦʛʝʥʥʳʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʬʘʟʳ, ʛʜʝ ʘʪʦʤʳ ʦʜʥʦʛʦ ʵʣʝʤʝʥʪʘ ʟʘʥʠʤʘʶʪ 

ʫʟʣʳ ʨʝʰʪyʢʠ ʜʨʫʛʦʛʦ. ʉ ʫʯʪyʦʤ ʪʦʛʦ, ʯʪʦ ʩʠʩʪʝʤʳ BaBr2-BaI2, BaCl2-BaI2, SrBr2-

SrI2 ʚ ʮʝʣʦʤ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʧʨʘʚʠʣʫ ʖʤ-ʈʦʟʝʨʠ ʚ ʦʪʥʦʰʝʥʠʠ ʨʘʟʤʝʨʥʦʛʦ, 

ʩʪʨʫʢʪʫʨʥʦʛʦ ʠ ʚʘʣʝʥʪʥʦʛʦ ʬʘʢʪʦʨʦʚ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʢʘʞʜʘʷ ʠʟ ʥʠʭ 

ʦʙʨʘʟʫʝʪ ʥʝʧʨʝʨʳʚʥʳʝ ʪʚyʨʜʝr ʨʘʩʪʚʦʨ rʟʘʤʝʱʝʥʠʷ.  

ʅʘʤʠ ʙʳʣʘ ʧʦʩʪʨʦʝʥʘ ʜʠʘʛʨʘʤʤʘ ʧʣʘʚʢʦʩʪʠ ʩʠʩʪʝʤʳ BaBr2-BaI2. ʉ ʧʦʤʦʱʴʶ 

ʤʝʪʦʜʘ ɼʉʂ ʥʘ ʪʝʨʤʠʯʝʩʢʦʤ ʘʥʘʣʠʟʘʪʦʨʝ STA 449 F1 Jupiter (NETZSCH) ʙʳʣʠ 

ʦʧʨʝʜʝʣʝʥʳ ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʘʚʣʝʥʠʷ ʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʨʘʟʣʠʯʥʳʭ ʩʦʩʪʘʚʦʚ ʰʠʭʪʳ 

ʩʠʩʪʝʤʳ BaBr2-BaI2 ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 100 ʤʦʣ. % BaBr2 ʜʦ 100 ʤʦʣ. % BaI2 ʩ 

ʠʥʪʝʨʚʘʣʦʤ ʚ 10 ʤʦʣ. %. ʀʟʤʝʣʴʯʝʥʥʳʝ ʦʙʨʘʟʮʳ ʤʘʩʩʦʡ 15 ʤʛ ʧʦʤʝʱʘʣʠʩ ɹ ʚ 

ʧʣʘʪʠʥʦʚʳʡ ʪʠʛʝʣʴ. ɺ ʢʘʯʝʩʪʚʝ ʵʪʘʣʦʥʘ ʠʩʧʦʣʴʟʦʚʘʣʩ ̫ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ 

ʧʨʦʢʘʣʝʥʥʳʡ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1200 ʦʉ ʧʫʩʪʦʡ ʧʣʘʪʠʥʦʚʳʡ ʪʠʛʝʣʴ. ʂʘʞʜʳʡ ʩʦʩʪʘʚ 

 

ʈʠʩʫʥʦʢ 48 ï ɼʠʘʛʨʘʤʤʘ ʧʣʘʚʢʦʩʪʠ ʩʠʩʪʝʤʳ BaBr2-BaI2 ʠ ʠʟʤʝʥʝʥʠʝ ʦʙʲʤyʘ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ 

ʨʝʰyʪʢʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʦʪʥʦʰʝʥʠʷ BaBr2/BaI2. 
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ʠʩʩʣʝʜʦʚʘʣʩʷ ʜʚʘʞʜʳ ʚ ʘʪʤʦʩʬʝʨʝ ʘʨʛʦʥʘ, ʧʨʠ ʵʪʦʤ ʢʘʞʜʳʡ ʮʠʢʣ ʚʢʣʶʯʘʣ ʚ ʩʝʙʷ 

ʥʘʛʨʝʚ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ 950 ʦʉ ʠ ʧʦʩʣʝʜʫʶʱʝʝ ʦʭʣʘʞʜʝʥʠʝ ʜʦ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʳ.  

ʅʘ ʜʠʘʛʨʘʤʤʝ (ʈʠʩʫʥʦʢ 48) ʠʟʦʙʨʘʞʝʥʳ ʣʠʥʠʠ ʣʠʢʚʠʜʫʩʘ (ʢʨʘʩʥʘ)̫ ʠ ʩʦʣʠʜʫʩʘ 

(ʩʠʥʷ)̫. ʃʠʥʠʠ ʣʠʢʚʠʜʫʩʘ ʠ ʩʦʣʠʜʫʩʘ ʧʝʨʝʩʝʢʘʶʪʩʷ ʚ ʜʚʫʭ ʪʦʯʢʘʭ. ɼʘʥʥʳʝ ʪʦʯʢʠ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʘʚʣʝʥʠʷ ʯʠʩʪʳʭ ʢʦʤʧʦʥʝʥʪʦʚ BaBr2 (ʩʧʨʘʚʘ) ʠ 

BaI2 (ʩʣʝʚʘ). ʏʘʩʪʴ ʜʠʘʛʨʘʤʤʳ ʚʳʰʝ ʣʠʥʠʠ ʣʠʢʚʠʜʫʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʙʣʘʩʪʴ 

ʞʠʜʢʦʡ ʬʘʟʳ (ʨʘʩʧʣʘʚ). ʋʯʘʩʪʦʢ ʜʠʘʛʨʘʤʤʳ ʤʝʞʜʫ ʣʠʥʠʷʤʠ ʣʠʢʚʠʜʫʩ ʠ ʩʦʣʠʜʫʩ 

ʷʚʣʷʝʪʩʷ ʦʙʣʘʩʪʴʶ ʜʚʫʭʬʘʟʥʦʡ ʘʩʩʦʮʠʘʮʠʠ ï ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ Ŭ ʠ ʞʠʜʢʦʡ ʬʘʟʳ ɾ 

(ɾ+Ŭ). ʅʠʞʝ ʣʠʥʠʠ ʩʦʣʠʜʫʩʘ ʥʘʭʦʜʠʪʩʷ ʦʙʣʘʩʪʴ ʦʜʥʦʡ ʪʚʝʨʜʦʡ ʬʘʟʳ Ŭ, ʪʦ ʝʩʪʴ 

ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ. ʏʝʨʥʘʷ ʢʨʠʚʘʷ (ʈʠʩʫʥʦʢ 48) ʧʦʢʘʟʳʚʘʝʪ ʠʟʤʝʥʝʥʠʝ ʦʙʲʝʤʘ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʦʪʥʦʰʝʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ BaBr2-BaI2 

[45]. ʅʘʙʣʶʜʘʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ ʦʙʲʝʤʘ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ BaI2, ʧʨʠ ʵʪʦʤ 

ʨʝʟʢʠʭ ʠʟʤʝʥʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ ʥʝ ʬʠʢʩʠʨʫʝʪʩʷ. 

ʉʫʱʝʩʪʚʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʨʝʰʝʪʢʠ ʧʨʦʠʩʭʦʜʷʪ ʧʨʠ ʦʙʨʘʟʦʚʘʥʠʠ 

ʭʠʤʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʧʦʩʢʦʣʴʢʫ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʠʟʤʝʥʷʝʪʩʷ ʪʠʧ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ 

ʨʝʰʝʪʢʠ (ʝʩʣʠ ʦʥ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʨʝʰʝʪʢʠ ʠʩʭʦʜʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ). ɺ ʜʘʥʥʦʤ 

ʠʩʩʣʝʜʦʚʘʥʠʠ ʥʝ ʙʳʣʦ ʚʳʷʚʣʝʥʦ ʠʟʤʝʥʝʥʠʡ ʚ ʪʠʧʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ: 

ʤʦʥʦʢʨʠʩʪʘʣʣ BaBrI ʦʙʣʘʜʘʝʪ ʨʦʤʙʠʯʝʩʢʦʡ ʩʠʥʛʦʥʠʝʡ, ʘʥʘʣʦʛʠʯʥʦ ʠʩʭʦʜʥʳʤ 

ʩʦʝʜʠʥʝʥʠʷʤ BaBr2 ʠ BaI2. ɼʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʙʳʣ 

ʧʨʦʚʝʜʝʥ ʨʝʥʪʛʝʥʦʬʘʟʦʚʳʡ ʘʥʘʣʠʟ (ʈʌɸ) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʠʬʨʘʢʪʦʤʝʪʨʘ Bruker 

AXS D8VENTURE (ʩʤ. ʧ. 4.2). ɸʥʘʣʠʟ ʨʘʟʣʠʯʥʳʭ ʩʦʩʪʘʚʦʚ ʰʠʭʪʳ ʙʳʣ 

ʦʩʫʱʝʩʪʚʣʝʥ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʩʦʦʪʥʦʰʝʥʠʡ ʠʩʭʦʜʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʜʣʷ 

ʩʠʩʪʝʤʳ BaBr2-BaI2 ʠ ʨʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʧʦʜʪʚʝʨʞʜʘʶʪ ʥʘʰʠ ʚʳʚʦʜ.r 

ɺ ʭʦʜʝ ʧʨʦʚʝʜʥyʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʦʞʥʦ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʢʦʤʧʦʥʝʥʪʳ BaBr2 ʠ 

BaI2 ʥʝʦʛʨʘʥʠʯʝʥʦ ʨʘʩʪʚʦʨʠʤʳ ʤʝʞʜʫ ʩʦʙʦʡ ʢʘʢ ʚ ʞʠʜʢʦʤ, ʪʘʢ ʠ ʚ ʪʚʨyʜʦʤ 

ʩʦʩʪʦʷʥʠʷʭ, ʦʙʨʘʟʫʷ ʥʝʧʨʝʨʳʚʥʳʡ ʨʷʜ ʪʚʨyʜʳʭ ʨʘʩʪʚʦʨʦʚ ʟʘʤʝʱʝʥʠʷ. 

ʉʦʝʜʠʥʝʥʠʷ ʱʝʣʦʯʥʦʟʝʤʝʣʴʥʳʭ ʛʘʣʦʛʝʥʠʜʦʚ ʦʪʣʠʯʘʶʪʩʷ ʩʚʦʝʡ 

ʛʠʛʨʦʩʢʦʧʠʯʥʦʩʪʴʶ ʥʘ ʚʦʟʜʫʭʝ, ʧʦʵʪʦʤʫ ʙʦʣʴʰʦʝ ʚʥʠʤʘʥʠʝ ʧʝʨʝʜ ʚʳʨʘʱʠʚʘʥʠʝʤ 
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ʢʨʠʩʪʘʣʣʦʚ ʫʜʝʣʷʝʪʩʷ ʩʫʰʢʝ ʠʩʭʦʜʥʦʛʦ ʩʳʨʴʷ. ʋʨʦʚʥʠ ʛʠʜʨʘʪʘʮʠʠ ʠ ʚʦʟʤʦʞʥʳʝ 

ʪʝʤʧʝʨʘʪʫʨʳ ʜʝʛʠʜʨʘʪʘʮʠʠ, ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʘʚʣʝʥʠʷ ʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʩʦʩʪʘʚʦʚ 

ʰʠʭʪʳ ʫʩʪʘʥʘʚʣʠʚʘʣʠʩʴ ʤʝʪʦʜʘʤʠ ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʠ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʩʢʘʥʠʨʫʶʱʝʡ ʢʘʣʦʨʠʤʝʪʨʠʠ (ʈʠʩʫʥʦʢ 45). ʅʘ ʦʩʥʦʚʘʥʠʠ 

ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʨʝʞʠʤʳ ʩʫʰʢʠ ʩʳʨʴʷ ʜʣʷ ʚʳʨʘʱʠʚʘʥʠʷ 

ʢʨʠʩʪʘʣʣʦʚ BaBrI, BaClI ʠ SrBrI.  

ɺ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʙʝʟʚʦʜʥʳʝ ʩʦʝʜʠʥʝʥʠʷ 

ʢʚʘʣʠʬʠʢʘʮʠʠ ʆʉʏ (ʃɸʅʍʀʊ, ʄʦʩʢʚʘ). ɼʣʷ ʚʳʨʘʱʠʚʘʥʠʷ ʢʨʠʩʪʘʣʣʦʚ BaBrI 

ʧʨʠʤʝʥʷʣʠʩʴ ʩʦʝʜʠʥʝʥʠʷ BaBr2 ʠ BaI2, ʜʣʷ ʢʨʠʩʪʘʣʣʦʚ BaClI ï BaCl2 ʠ BaI2, ʜʣʷ 

SrBrI ï SrBr2 ʠ SrI2. ʉʦʝʜʠʥʝʥʠʷ ʩʤʝʰʠʚʘʣʠʩʴ ʚ ʤʦʣʷʨʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ 1:1. 

ʊʝʤʧʝʨʘʪʫʨʳ ʧʣʘʚʣʝʥʠʷ ʩʦʩʪʘʚʣʷʶʪ: ʜʣʷ BaBrI ï 782 oC, ʜʣʷ BaClI ï 815 oC, ʜʣʷ 

SrBrI ï 507 oC.  

ʊʝʤ ʥʝ ʤʝʥʝʝ, ʤʥʦʛʦʩʪʫʧʝʥʯʘʪʘʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʘʷ ʧʨʦʩʫʰʢʘ ʠʩʭʦʜʥʳʭ 

ʨʝʘʢʮʠʦʥʥʳʭ ʩʤʝʩʝʡ ʥʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʣʥʦʛʦ ʫʜʘʣʝʥʠʷ ʢʠʩʣʦʨʦʜʩʦʜʝʨʞʘʱʠʭ 

ʧʨʠʤʝʩʝʡ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʚʳʩʪʫʧʘʪʴ ʚ ʨʦʣʠ ʮʝʥʪʨʦʚ ʩʧʦʥʪʘʥʥʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ, 

ʩʦʟʜʘʚʘʷ ʤʥʦʞʝʩʪʚʦ ʜʝʬʝʢʪʦʚ ʠ ʩʧʦʩʦʙʩʪʚʫ ̫ʨʘʩʪʨʝʩʢʠʚʘʥʠʶ ʢʨʠʩʪʘʣʣʦʚ. ɺ ʩʚʷʟʠ 

ʩ ʵʪʠʤ, ʩʣʝʜʫʶʱʠʤ ʰʘʛʦʤ ʚ ʧʦʜʛʦʪʦʚʢʝ ʰʠʭʪʳ ʩʪʘʣʘ ʬʠʣʴʪʨʘʮʠʷ ʨʘʩʧʣʘʚʘ ʯʝʨʝʟ 

ʬʠʣʴʪʨ, ʠʟʛʦʪʦʚʣʝʥʥʳʡ ʠʟ ʢʚʘʨʮʝʚʦʛʦ ʢʦʥʮʝʥʪʨʘʪʘ ʢʨʠʩʪʦʙʘʣʠʪʘ ʩ ʨʘʟʤʝʨʦʤ ʛʨʘʥʫʣ 

ʦʢʦʣʦ 400-450 ʤʢʤ. ʇʨʦʰʝʜʰʠʡ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʡ ʦʪʞʠʛ ʢʚʘʨʮʝʚʳʡ 

ʢʦʥʮʝʥʪʨʘʪ ʘʢʪʠʚʥʦ ʘʜʩʦʨʙʠʨʫʝʪ ʥʘ ʩʚʦʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʢʠʩʣʦʨʦʜʥʳʝ ʠ ʚʦʜʦʨʦʜʥʳʝ 

ʧʨʠʤʝʩʠ. ʇʦʩʣʝ ʬʠʣʴʪʨʘʮʠʠ ʥʘʙʣʶʜʘʝʪʩʷ ʚʠʟʫʘʣʴʥʦʝ ʫʣʫʯʰʝʥʠʝ ʧʨʦʟʨʘʯʥʦʩʪʠ 

ʨʘʩʧʣʘʚʘ ʠ ʦʪʩʫʪʩʪʚʠʝ ʭʣʦʧʴʝʚ, ʚʳʟʚʘʥʥʳʭ ʦʢʩʠʜʥʳʤʠ ʠ ʛʠʜʨʦʢʩʠʜʥʳʤʠ 

ʚʢʣʶʯʝʥʠʷʤʠ.  

ɼʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʬʠʣʴʪʨʘʮʠʠ ʨʘʩʧʣʘʚʘ ʠʩʭʦʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʙʳʣʘ 

ʨʘʟʨʘʙʦʪʘʥʘ ʢʦʥʩʪʨʫʢʮʠʷ ʢʚʘʨʮʝʚʦʡ ʩʠʩʪʝʤʳ, ʩʦʩʪʦʷʱʘʷ ʠʟ ʜʚʫʭ ʨʘʙʦʯʠʭ ʦʙʲʸʤʦʚ, 

ʨʘʟʜʝʣʸʥʥʳʭ ʪʦʥʢʦʡ ʢʚʘʨʮʝʚʦʡ ʪʨʫʙʢʦʡ (ʈʠʩʫʥʦʢ 49-ʘ). ɺʝʨʭʥʠʡ ʦʙʲʸʤ 

ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʩʫʰʢʠ ʰʠʭʪʳ. ʄʝʞʜʫ ʚʝʨʭʥʠʤ ʠ ʥʠʞʥʠʤ 

ʦʙʲʝʤʦʤ ʩʠʩʪʝʤʳ ʫʩʪʘʥʦʚʣʝʥ ʢʚʘʨʮʝʚʳʡ ʬʠʣʴʪʨ, ʧʨʦʡʜʷ ʯʝʨʝʟ ʢʦʪʦʨʳʡ, 

ʨʘʩʧʣʘʚʣʝʥʥʦʝ ʩʳʨʴʸ ʧʦʩʪʫʧʘʝʪ ʚ ʥʠʞʥʶʶ ʯʘʩʪʴ ʩʠʩʪʝʤʳ. ʇʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ 
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ʬʠʣʴʪʨʘʮʠʠ ʥʠʞʥʠʡ ʦʙʲʸʤ ʦʪʧʘʠʚʘʝʪʩʷ ʠ ʧʦʤʝʱʘʝʪʩʷ ʚ ʨʦʩʪʦʚʫʶ ʫʩʪʘʥʦʚʢʫ ʜʣʷ 

ʚʳʨʘʱʠʚʘʥʠʷ ʤʦʥʦʢʨʠʩʪʘʣʣʘ. ʇʨʦʮʝʜʫʨʳ ʩʫʰʢʠ ʰʠʭʪʳ ʠ ʬʠʣʴʪʨʘʮʠʠ ʨʘʩʧʣʘʚʘ, 

ʚʧʣʦʪʴ ʜʦ ʤʦʤʝʥʪʘ ʦʪʧʘʠʚʘʥʠʷ ʘʤʧʫʣʳ, ʦʩʫʱʝʩʪʚʣʷʶʪʩʷ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ 

ʚʘʢʫʫʤʠʨʦʚʘʥʠʠ. 

 

ʆʜʥʦʡ ʠʟ ʥʘʠʙʦʣʝʝ ʩʣʦʞʥʳʭ ʟʘʜʘʯ ʧʨʠ ʧʦʣʫʯʝʥʠʠ ʢʨʠʩʪʘʣʣʦʚ ʜʘʥʥʦʛʦ ʪʠʧʘ 

ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʝʞʠʤʘ ʠʭ ʚʳʨʘʱʠʚʘʥʠʷ. ʂʘʢ ʙʳʣʦ ʧʦʢʘʟʘʥʦ 

ʚ ʧ. 1.3, ʩʝʨʴʝʟʥʦʡ ʧʨʦʙʣʝʤʦʡ ʧʨʠ ʚʳʨʘʱʠʚʘʥʠʠ ʢʨʠʩʪʘʣʣʦʚ ʱʝʣʦʯʥʦʟʝʤʝʣʴʥʳʭ 

ʡʦʜʠʜʦʚ ʷʚʣʷʝʪʩʷ ʠʭ ʧʨʝʜʨʘʩʧʦʣʦʞʝʥʥʦʩʪʴ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʪʨʝʱʠʥ ʚʦ ʚʨʝʤʷ 

ʦʭʣʘʞʜʝʥʠ ̫ʧʦʩʣʝ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ, ʦʩʦʙʝʥʥʦ ʧʨʠ ʥʘʣʠʯʠʠ ʣʝʛʠʨʫʶʱʝʡ ʧʨʠʤʝʩʠ ʚ 

ʠʩʭʦʜʥʦʡ ʰʠʭʪʝ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʜʥʦʡ ʠʟ ʚʦʟʤʦʞʥʳʭ ʧʨʠʯʠʥ ʜʘʥʥʦʛʦ ʷʚʣʝʥʠʷ 

ʩʣʫʞʠʪ ʘʥʠʟʦʪʨʦʧʠ ̫ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʩʰʠʨʝʥʠʷ ʚ ʧʨʦʮʝʩʩʝ 

ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ. ʇʨʠʯʝʤ ʪʝʨʤʠʯʝʩʢʘʷ ʜʝʬʦʨʤʘʮʠʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ 

ʨʝʰʝʪʢʠ ʚʜʦʣʴ ʦʩʠ b ʠ ʚʜʦʣʴ ʩʚʷʟʝʡ Ba-Br ʙʦʣʴʰʝ ʧʦʯʪʠ ʚ ʜʚʘ ʨʘʟʘ, ʯʝʤ ʚʜʦʣʴ ʦʩʝʡ 

a ʠ c [112].   

    

ʘ ʙ ʚ 
ʈʠʩʫʥʦʢ 49 (ʘ) ʢʦʥʩʪʨʫʢʮʠʷ ʩʠʩʪʝʤʳ ʜʣʷ ʬʠʣʴʪʨʘʮʠʠ ʨʘʩʧʣʘʚʘ ʠ ʬʠʣʴʪʨ ʠʟ ʢʚʘʨʮʝʚʦʡ ʢʨʫʧʢʠ;  

(ʙ) ʨʘʟʣʠʯʥʳʝ ʚʘʨʠʘʥʪʳ ʢʚʘʨʮʝʚʳʭ ʘʤʧʫʣ ʩ ʚʳʨʘʱʝʥʥʳʤʠ ʢʨʠʩʪʘʣʣʘʤʠ; (ʚ) ʧʦʜʛʦʪʦʚʣʝʥʥʳʝ 

ʦʙʨʘʟʮʳ ʢʨʠʩʪʘʣʣʦʚ BaFBr:Eu2+ ʜʣʷ ʩʧʝʢʪʨʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ.   
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ʇʦʵʪʦʤʫ ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʨʘʩʪʨʝʩʢʠʚʘʥʠʷ ʢʨʠʩʪʘʣʣʦʚ ʚ ʧʨʦʮʝʩʩʝ ʠʭ 

ʚʳʨʘʱʠʚʘʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʦʙʝʩʧʝʯʠʪʴ ʩʦʟʜʘʥʠʝ çʤʷʛʢʠʭè ʪʝʧʣʦʚʳʭ ʫʩʣʦʚʠʡ ʩ 

ʥʠʟʢʠʤʠ ʛʨʘʜʠʝʥʪʘʤʠ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʟʦʥʝ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʠ ʧʨʦʚʝʩʪʠ 

ʧʦʩʣʝʨʦʩʪʦʚʦʡ ʦʪʞʠʛ ʧʦʣʫʯʝʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ. 

ɺ ʩʚʷʟʠ ʩ ʚʳʰʝʠʟʣʦʞʝʥʥʳʤ, ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʨʠʩʪʘʣʣʦʚ ʱʝʣʦʯʥʦʟʝʤʝʣʴʥʳʭ 

ʡʦʜʠʜʦʚ ʥʘʤʠ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʩʧʝʮʠʘʣʴʥʦ ʩʢʦʥʩʪʨʫʠʨʦʚʘʥʥʘ ̫ ʤʥʦʛʦʟʦʥʥʘ ̫

ʪʝʨʤʠʯʝʩʢʘ ̫ ʫʩʪʘʥʦʚʢʘ ʜʣʷ ʚʳʨʘʱʠʚʘʥʠʷ ʢʨʠʩʪʘʣʣʦʚ ʤʝʪʦʜʦʤ ɹʨʠʜʞʤʝʥʘ. 

ʋʩʪʘʥʦʚʢʘ ʚʢʣʶʯʘʝʪ ʜʚʘʜʮʘʪʴ ʥʘʛʨʝʚʘʪʝʣʴʥʳʭ ʤʦʜʫʣʝʡ, ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ 

ʦʩʥʘʱʝʥ ʠʥʜʠʚʠʜʫʘʣʴʥʳʤʠ ʧʣʘʪʠʥʦ-ʧʣʘʪʠʥʦʨʦʜʠʝʚʳʤʠ ʪʝʨʤʦʧʘʨʘʤʠ (ʩʤ. ʧ. 2.1). 

ʉʧʝʮʠʘʣʴʥʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʧʦʟʚʦʣʷʝʪ ʟʘʜʘʚʘʪʴ ʠ ʧʨʝʮʠʟʠʦʥʥʦ 

ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʢʘʞʜʦʛʦ ʥʘʛʨʝʚʘʪʝʣʷ ʚ ʦʪʜʝʣʴʥʦʩʪʠ. ʕʪʦ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʛʨʘʜʠʝʥʪʘ ʩ ʨʘʟʣʠʯʥʳʤʠ ʧʨʦʬʠʣʷʤʠ, ʚʢʣʶʯʘʷ ʥʠʟʢʦʛʨʘʜʠʝʥʪʥʦʝ 

ʚʳʨʘʱʠʚʘʥʠʝ ʢʨʠʩʪʘʣʣʦʚ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʧʦʩʣʝʨʦʩʪʦʚʳʤ ʦʪʞʠʛʦʤ ʠ ʤʝʜʣʝʥʥʳʤ 

ʦʭʣʘʞʜʝʥʠʝʤ ʧʦʣʫʯʝʥʥʳʭ ʦʙʨʘʟʮʦʚ. ɺʳʨʘʱʠʚʘʥʠʝ ʢʨʠʩʪʘʣʣʦʚ ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʠʟ 

ʨʘʩʧʣʘʚʘ ʚʝʨʪʠʢʘʣʴʥʳʤ ʤʝʪʦʜʦʤ ɹʨʠʜʞʤʝʥʘ ʚ ʚʘʢʫʫʤʠʨʦʚʘʥʥʳʭ ʢʚʘʨʮʝʚʳʭ 

ʘʤʧʫʣʘʭ ʜʠʘʤʝʪʨʦʤ ʦʪ 10 ʜʦ 30 ʤʤ. ɼʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ 

ʢʨʠʩʪʘʣʣʦʦʙʨʘʟʦʚʘʥʠʷ ʙʳʣʠ ʦʧʨʦʙʦʚʘʥ rʨʘʟʣʠʯʥʳʝ ʬʦʨʤr ʘʤʧʫʣ ʩ ʠʟʤʝʥʝʥʥʦʡ 

ʢʦʥʬʠʛʫʨʘʮʠʝʡ ʥʦʩʦʚʦʡ ʯʘʩʪʠ (ʈʠʩʫʥʦʢ 49-ʙ).  

ʇʝʨʚʦʥʘʯʘʣʴʥʦ ʢʨʠʩʪʘʣʣʳ ʚʳʨʘʱʠʚʘʣʠʩʴ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʛʨʘʜʠʝʥʪʝ 10-

15Áʉ/ʩʤ, ʯʪʦ, ʢʘʢ ʠ ʦʞʠʜʘʣʦʩʴ, ʚʳʟʳʚʘʣʦ ʠʭ ʨʘʩʪʨʝʩʢʠʚʘʥʠʝ. ʇʦʵʪʦʤʫ ʜʣʷ 

ʧʦʩʣʝʜʫʶʱʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʙʳʣʠ ʚʳʙʨʘʥʳ ʧʘʨʘʤʝʪʨʳ ʩ ʙʦʣʝʝ ʥʠʟʢʠʤʠ 

ʛʨʘʜʠʝʥʪʘʤʠ ʪʝʤʧʝʨʘʪʫʨ ʠ ʩʢʦʨʦʩʪʴʶ ʥʝ ʙʦʣʝʝ 1 ʤʤ/ʯʘʩ. ʂʦʥʬʠʛʫʨʘʮʠʷ ʪʝʧʣʦʚʦʛʦ 

ʧʦʣ̫ ʧʝʯʠ ʙʳʣʘ ʦʨʛʘʥʠʟʦʚʘʥʘ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ʚʝʨʭʥʷʷ ʯʘʩʪʴ ʧʝʯʠ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʣʘ ʢʘʢ ʠʟʦʪʝʨʤʠʯʝʩʢʘ ̫ʟʦʥʘ ʥʘʛʨʝʚʘ, ʛʜʝ ʪʝʤʧʝʨʘʪʫʨʘ ʙʳʣʘ ʥʘ 20-

50 Áʉ ʚʳʰʝ ʪʝʤʧʝʨʘʪʫʨ rʧʣʘʚʣʝʥʠʷ ʩʦʝʜʠʥʝʥʠʷ (çʛʦʨʷʯʘʷ ʟʦʥʘè), ʘ ʥʠʞʥʷʷ ʯʘʩʪʴ 

ʧʝʯʠ ʚʳʧʦʣʥʷʣʘ ʨʦʣʴ çʭʦʣʦʜʥʦʡ ʟʦʥrè, ʥʘʭʦʜʷʩʴ ʥʘ 50-150 Áʉ ʥʠʞʝ ʪʝʤʧʝʨʘʪʫʨ r

ʧʣʘʚʣʝʥʠʷ ʩʦʝʜʠʥʝʥʠʷ. ʅʝʩʢʦʣʴʢʦ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʥʘʛʨʝʚʘʪʝʣʝʡ ʦʙʨʘʟʦʚʳʚʘʣʠ 

ʧʝʨʝʭʦʜʥʫ  ʁ ʠʟʦʪʝʨʤʠʯʝʩʢʫ  ʁ ʟʦʥʫ ʤʝʞʜʫ çʛʦʨʷʯʝʡè ʠ çʭʦʣʦʜʥʦʡè ʟʦʥʘʤʠ ʩ 
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ʪʝʤʧʝʨʘʪʫʨʥʳʤ ʛʨʘʜʠʝʥʪʦʤ ʥʝ ʙʦʣʝʝ 4 ʦʉ/ʩʤ. ɺ ʵʪʦʡ ʛʨʘʜʠʝʥʪʥʦʡ ʟʦʥʝ ʧʨʦʠʩʭʦʜʠʣʘ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʷ ʨʘʩʧʣʘʚʘ, ʪʦ ʝʩʪʴ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʡ ʨʦʩʪ ʢʨʠʩʪʘʣʣʘ. ʅʠʟʢʠʝ 

ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʛʨʘʜʠʝʥʪʳ ʧʨʠ ʚʳʨʘʱʠʚʘʥʠʠ ʢʨʠʩʪʘʣʣʦʚ ʩʧʦʩʦʙʩʪʚʦʚʘʣʠ 

ʫʤʝʥʴʰʝʥʠʶ ʢʦʣʝʙʘʥʠʡ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʨʘʩʧʣʘʚʝ, ʯʪʦ ʩʥʠʞʘʣʦ ʚʝʨʦʷʪʥʦʩʪʴ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ ʢʨʠʩʪʘʣʣʘ, ʫʤʝʥʴʰʘʣʦ ʪʝʨʤʠʯʝʩʢʠʝ ʥʘʧʨʷʞʝʥʠʷ 

ʜʦ ʫʨʦʚʥʷ, ʧʨʠ ʢʦʪʦʨʦʤ ʦʥʠ ʥʝ ʧʨʠʚʦʜʠʣʠ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʩʪʨʫʢʪʫʨʥʳʭ ʜʝʬʝʢʪʦʚ ʠ 

ʩʣʦʝʚʦʡ ʤʝʭʘʥʠʟʤ ʨʦʩʪʘ ʩʪʘʥʦʚʠʣʩʷ ʧʨʝʦʙʣʘʜʘʶʱʠʤ [226]. 

ʇʦʩʣʝ ʧʨʦʭʦʞʜʝʥʠʷ ʯʝʨʝʟ ʨʘʙʦʯʫ  ʁʟʦʥʫ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʛʨʘʜʠʝʥʪʘ ʘʤʧʫʣʘ ʩ 

ʚʳʨʘʱʝʥʥʳʤ ʢʨʠʩʪʘʣʣʦʤ ʦʩʪʘʚʘʣʘʩʴ ʚ çʭʦʣʦʜʥʦʡè ʟʦʥʝ ʨʦʩʪʦʚʦʡ ʫʩʪʘʥʦʚʢʠ ʥʘ 

ʧʨʦʪʷʞʝʥʠʠ 24 ʯʘʩʦʚ (ʧʦʩʣʝʨʦʩʪʦʚʦʡ ʦʪʞʠʛ). ɿʘʪʝʤ ʘʤʧʫʣʘ ʩ ʢʨʠʩʪʘʣʣʦʤ 

ʦʭʣʘʞʜʘʣʘʩʴ ʩʦ ʩʢʦʨʦʩʪʴʶ 5-10 Áʉ ʚ ʯʘʩ ʜʦ ʜʦʩʪʠʞʝʥʠʷ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ, ʙʳʣʠ ʚʳʨʘʱʝʥ r ʢʨʠʩʪʘʣʣ  r BaBrI, BaClI ʠ SrBrI, ʣʝʛʠʨʦʚʘʥʳʝ 

ʨʝʜʢʦʟʝʤʝʣʴʥʳʤʠ ʠʦʥʘʤʠ Eu2+, Ce3+ ʠ Sm2+ ʚ ʜʠʘʧʘʟʦʥʝ ʢʦʥʮʝʥʪʨʘʮʠʡ ʦʪ 0,01 % ʜʦ 

8 %, ʦʙʣʘʜʘʶʱʠʝ ʭʦʨʦʰʠʤ ʦʧʪʠʯʝʩʢʠʤ ʢʘʯʝʩʪʚʦʤ. 

ɺ ʩʚʷʟʠ ʩ ʛʠʛʨʦʩʢʦʧʠʯʥʦʩʪʴ  ʁʛʘʣʦʠʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʤʝʥʷʪʴ 

ʩʧʝʮʠʘʣʴʥʳʝ ʤʝʪʦʜʳ ʜʣʷ ʟʘʱʠʪʳ ʢʘʢ ʠʩʭʦʜʥʳʭ ʨʝʘʢʪʠʚʦʚ, ʪʘʢ ʠ ʚʳʨʘʱʝʥʥʳʭ 

ʦʙʨʘʟʮʦʚ ʢʨʠʩʪʘʣʣʦʚ ʦʪ ʚʦʟʜʝʡʩʪʚʠʷ ʘʪʤʦʩʬʝʨʳ. ɻʠʛʨʦʩʢʦʧʠʯʥʳʝ ʤʘʪʝʨʠʘʣʳ 

ʭʨʘʥʠʣʠʩʴ ʚ ʛʝʨʤʝʪʠʯʥʦʤ ʩʫʭʦʤ ʰʢʘʬʫ ʚ ʠʥʝʨʪʥʦʡ ʘʪʤʦʩʬʝʨʝ ʠ ʚ ʭʠʤʠʯʝʩʢʠʭ 

ʵʢʩʠʢʘʪʦʨʘʭ (ʈʠʩʫʥʦʢ 50-ʙ). ʀʟʚʣʝʯʝʥʠʝ ʚʳʨʘʱʝʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʠʟ ʘʤʧʫʣʳ ʠ ʠʭ 

ʦʙʨʘʙʦʪʢʘ ʧʨʦʚʦʜʠʣʘʩʴ ʚ ʩʫʭʦʤ ʧʝʨʯʘʪʦʯʥʦʤ ʙʦʢʩʝ (ʈʠʩʫʥʦʢ 50-ʘ). ɼʣʷ 

ʩʧʝʢʪʨʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠʟʛʦʪʘʚʣʠʚʘʣʠʩʴ ʣʠʙʦ ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʧʣʘʩʪʠʥ r

ʜʠʘʤʝʪʨʦʤ 10-15 ʤʤ ʠ ʪʦʣʱʠʥʦʡ 2-3 ʤʤ, ʣʠʙʦ ʢʫʙʠʯʝʩʢʠʝ ʦʙʨʘʟʮʳ ʨʘʟʤʝʨʦʤ 

10x10 ʤʤ (ʈʠʩʫʥʦʢ 50-ʚ, ʜ). ʇʦʜʛʦʪʦʚʣʝʥʥʳʝ ʦʙʨʘʟʮʳ ʩʨʘʟʫ ʧʦʤʝʱʘʣʠ ʚ 

ʢʦʥʪʝʡʥʝʨʳ ʩ ʚʘʟʝʣʠʥʦʚʳʤ ʤʘʩʣʦʤ ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʧʦʪʝʨʠ ʧʨʦʟʨʘʯʥʦʩʪʠ ʧʨʠ 

ʢʦʥʪʘʢʪʝ ʩ ʚʦʟʜʫʭʦʤ (ʈʠʩʫʥʦʢ 50-ʛ), ʣʠʙʦ ʫʧʘʢʦʚʳʚʘʣʠʩʴ ʚ ʩʧʝʮʠʘʣʴʥʦ 

ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʢʦʥʪʝʡʥʝʨʳ ʩ ʪʦʥʢʠʤ ʩʪʝʢʣʷʥʥʳʤ ʦʢʥʦʤ (ʈʠʩʫʥʦʢ 50-ʜ).  

ʇʘʨʘʣʣʝʣʴʥʦ ʩ ʚʳʧʦʣʥʝʥʠʝʤ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʚʳʨʘʱʠʚʘʥʠʶ ʜʘʥʥʳʭ 

ʢʨʠʩʪʘʣʣʦʚ ʤʝʪʦʜʦʤ ɹʨʠʜʞʤʝʥʘ, ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʚʳʨʘʱʠʚʘʥʠʶ 

ʢʨʠʩʪʘʣʣʦʚ BaBrI:Eu2+ ʤʝʪʦʜʦʤ ʏʦʭʨʘʣʴʩʢʦʛʦ ʥʘ ʫʩʪʘʥʦʚʢʝ ʋɺʂ [227]. 
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ʆʩʥʦʚʦʧʦʣʦʛʘʶʱʠʝ ʧʨʠʥʮʠʧʳ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ, ʘ ʪʘʢʞʝ ʢʣʶʯʝʚʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ 

ʧʦʜʭʦʜʳ ʢ ʚʳʨʘʱʠʚʘʥʠ ʁʢʨʠʩʪʘʣʣʦʚ ʵʪʠʤ ʤʝʪʦʜʦʤ ʜʝʪʘʣʴʥʦ ʨʘʩʩʤʦʪʨʝʥʳ ʚ ʨʷʜʝ 

ʠʩʪʦʯʥʠʢʦʚ [181-184]. ʈʘʥʝʝ ʥʘ ʫʢʘʟʘʥʥʦʡ ʫʩʪʘʥʦʚʢʝ ʫʩʧʝʰʥʦ ʚʳʨʘʱʠʚʘʣʠʩʴ 

ʢʨʠʩʪʘʣʣʳ ʬʪʦʨʠʜʘ ʣʠʪʠʷ, ʣʝʛʠʨʦʚʘʥʥʳʝ ʠʦʥʘʤʠ ʤʘʛʥʠʷ, ʤʝʜʠ ʠ ʪʠʪʘʥʘ [228]. ɺ 

ʜʘʥʥʦʤ ʢʦʥʪʝʢʩʪʝ ʙʫʜʫʪ ʨʘʩʩʤʦʪʨʝʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʚʳʨʘʱʠʚʘʥʠʷ ʢʨʠʩʪʘʣʣʦʚ BaBrI, 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʩʚʷʟʘʥʥʳʝ ʩ ʠʭ ʛʠʛʨʦʩʢʦʧʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ.  

 

  

ʘ ʙ 

    

ʚ ʛ ʜ 

ʈʠʩʫʥʦʢ 50 ï (ʘ) ʉʫʭʦʡ ʧʝʨʯʘʪʦʯʥʳʡ ʙʦʢʩ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʛʠʛʨʦʩʢʦʧʠʯʥʳʭ ʢʨʠʩʪʘʣʣʦʚ;  

(ʙ) ʰʢʘʬ ʩʫʭʦʛʦ ʭʨʘʥʝʥʠʷ ʚ ʠʥʝʨʪʥʦʡ ʘʪʤʦʩʬʝʨʝ; (ʚ) ʧʣʘʩʪʠʥʢʠ ʢʨʠʩʪʘʣʣʦʚ ʜʣʷ ʩʧʝʢʪʨʘʣʴʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ; (ʛ) ʛʠʛʨʦʩʢʦʧʠʯʥʳʝ ʦʙʨʘʟʮʳ ʢʨʠʩʪʘʣʣʦʚ ʥʘ ʭʨʘʥʝʥʠʠ ʚ ʚʘʟʝʣʠʥʦʚʦʤ ʤʘʩʣʝ;  

(ʜ) ʢʨʠʩʪʘʣʣ BaBrI:Eu2+ ʠ ʛʝʨʤʝʪʠʯʥʳʡ ʢʦʥʪʝʡʥʝʨ ʜʣʷ ʛʠʛʨʦʩʢʦʧʠʯʥʳʭ ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʳʭ 

ʢʨʠʩʪʘʣʣʦʚ. 
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ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ɼʉʂ ʠ ʊɻ ʘʥʘʣʠʟʘ, ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʜʦ 180 ÁC ʩʠʩʪʝʤʘ 

BaBr2-BaI2 ʪʝʨʷʝʪ ʦʢʦʣʦ 10 % ʩʚʦʝʡ ʤʘʩʩʳ. ʅʘ ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʦʡ ʢʨʠʚʦʡ 

ʥʘʙʣʶʜʘʶʪʩʷ ʜʚʘ ʧʠʢʘ: ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ 120 ÁC ʧʦʪʝʨʷ ʚʝʩʘ ʩʦʩʪʘʚʣʷʝʪ 5,1 %, ʘ ʜʦ 

ʪʝʤʧʝʨʘʪʫʨʳ 180 ÁC ï 5,4 % (ʈʠʩʫʥʦʢ 45). ʊʘʢʞʝ ʙʳʣʠ ʧʨʦʚʝʜʝʥ r ɼʉʂ ʠ ʊɻ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʰʠʭʪʳ BaI2 ʠ BaBr2 ʧʦ ʦʪʜʝʣʴʥʦʩʪʠ. ʅʘ ʦʩʥʦʚʝ 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʜʘʥʥʳʭ ʙʳʣ ʫʩʪʘʥʦʚʣʝʥ ʨʝʞʠʤ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʩʫʰʢʠ 

ʢʦʤʧʦʥʝʥʪʦʚ ʰʠʭʪʳ, ʢʦʪʦʨʳʡ ʧʨʦʚʦʜʠʣʩʷ ʜʦ ʜʦʩʪʠʞʝʥʠʷ 250 ÁC ʩ ʚʳʜʝʨʞʢʦʡ ʧʨʠ 

ʟʘʜʘʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚ ʢʚʘʨʮʝʚʳʭ ʘʤʧʫʣʘʭ, ʧʦʜʚʝʨʛʥʫʪʳʭ ʚʘʢʫʫʤʠʨʦʚʘʥʠ ʁʜʦ 

10ī4 ʤʤ ʨʪ. ʩʪ.  

ʆʜʥʦʚʨʝʤʝʥʥʦ ʩ ʧʦʜʛʦʪʦʚʢʦʡ ʰʠʭʪʳ ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʦʪʞʠʛ 

ʨʘʙʦʯʝʡ ʢʘʤʝʨʳ ʩ ʛʨʘʬʠʪʦʚʳʤ ʪʝʧʣʦʚʳʤ ʫʟʣʦʤ (ʈʠʩʫʥʦʢ 51). ʇʨʦʮʝʩʩ ʦʪʞʠʛʘ 

ʧʨʦʜʦʣʞʘʣʩʷ ʚ ʪʝʯʝʥʠʝ 24-48 ʯʘʩʦʚ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʚʘʢʫʫʤʠʨʦʚʘʥʠʠ ʩ 

ʧʦʩʪʝʧʝʥʥʳʤ ʫʚʝʣʠʯʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʜʦ 1000 ÁC. ʊʘʢʘʷ ʧʨʦʮʝʜʫʨʘ ʧʦʟʚʦʣʷʝʪ 

ʠʟʙʝʞʘʪʴ ʟʘʨʘʛʨʷʟʥʝʥʠʡ ʙʫʜʫʱʠʭ ʢʨʠʩʪʘʣʣʦʚ ʩʦʝʜʠʥʝʥʠʷʤʠ ʢʠʩʣʦʨʦʜʘ ʠ 

ʛʠʜʨʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ ʦʪ ʜʝʪʘʣʝʡ ʪʝʧʣʦʚʦʛʦ ʫʟʣʘ. ʇʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʧʨʦʮʝʩʩʘ 

ʦʙʝʟʚʦʞʠʚʘʥʠʷ ʰʠʭʪʘ ʚ ʩʦʦʪʥʦʰʝʥʠʠ ʢʦʤʧʦʥʝʥʪʦʚ 1:1 ʟʘʛʨʫʞʘʣʘʩʴ ʚ 

ʩʪʝʢʣʦʫʛʣʝʨʦʜʥʳʡ ʪʠʛʝʣʴ, ʢʦʪʦʨʳʡ ʟʘʪʝʤ ʧʦʤʝʱʘʣʩʷ ʚ ʨʘʙʦʯʫʶ ʢʘʤʝʨʫ ʫʩʪʘʥʦʚʢʠ 

ʋɺʂ (ʈʠʩʫʥʦʢ 52-ʘ). ʆʢʦʥʯʘʪʝʣʴʥʘʷ ʩʫʰʢʘ ʰʠʭʪʳ ʧʨʦʚʦʜʠʣʘʩʴ ʫʞʝ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʩʘʤʦʡ ʨʦʩʪʦʚʦʡ ʢʘʤʝʨʝ ʚ ʫʩʣʦʚʠʷʭ ʚʘʢʫʫʤʘ ʩ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤ 

ʧʦʚʳʰʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ. ʏʪʦʙʳ ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʠʩʧʘʨʝʥʠʝ ʨʘʩʧʣʘʚʘ, ʧʨʠ 

ʜʦʩʪʠʞʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ 500 ÁC ʢʘʤʝʨʘ ʟʘʧʦʣʥʷʣʘʩʴ ʘʟʦʪʦʤ (ʆʉʏ). ɺ ʵʪʦʡ 

ʘʪʤʦʩʬʝʨʝ ʧʨʦʠʩʭʦʜʠʣʦ ʧʣʘʚʣʝʥʠʝ ʰʠʭʪʳ ʠ ʧʦʩʣʝʜʫʶʱʠʡ ʨʦʩʪ ʢʨʠʩʪʘʣʣʦʚ. ʊʘʢʞʝ 

ʙʳʣʦ ʫʯʪʝʥʦ, ʯʪʦ ʥʝʜʦʩʪʘʪʦʯʥʦʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʝ ʦʙʝʟʚʦʞʠʚʘʥʠʝ ʩʦʝʜʠʥʝʥʠʷ BaI2 

ʧʨʠ ʥʘʛʨʝʚʝ ʚʳʰʝ ʪʝʤʧʝʨʘʪʫʨʳ 170 ÁC ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʨʝʘʢʮʠʠ ʟʘʤʝʱʝʥʠʷ, ʚ 

ʭʦʜʝ ʢʦʪʦʨʦʡ ʦʙʨʘʟʫʝʪʩʷ ʦʢʩʠʜ ʙʘʨʠʷ, ʘ ʡʦʜ ʚʳʜʝʣʷʝʪʩʷ ʚ ʛʘʟʦʙʨʘʟʥʦʡ ʬʦʨʤʝ. 

ʇʦʜʦʙʥʦʝ ʥʘʨʫʰʝʥʠʝ ʫʩʣʦʚʠʡ ʜʝʛʠʜʨʘʪʘʮʠʠ ʤʦʞʝʪ ʚʳʟʚʘʪʴ ʦʙʨʘʟʦʚʘʥʠʝ 

ʩʦʝʜʠʥʝʥʠʡ ʛʠʜʨʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ. ɺʠʟʫʘʣʴʥʦ ʨʝʟʫʣʴʪʘʪ ʪʘʢʦʡ ʨʝʘʢʮʠʠ ʧʨʦʷʚʣʷʝʪʩʷ 

ʚ ʧʦʤʫʪʥʝʥʠʠ ʚʳʨʘʱʝʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ.  
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ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʜʥʦʡ ʠʟ ʧʨʦʙʣʝʤ ʧʨʠ ʧʦʣʫʯʝʥʠʠ 

ʢʘʯʝʩʪʚʝʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʱʝʣʦʯʥʦʟʝʤʝʣʴʥʳʭ ʛʘʣʦʛʝʥʠʜʦʚ ʜʘʥʥʦʛʦ ʩʦʩʪʘʚʘ 

ʷʚʣʷʝʪʩʷ ʥʘʨʫʰʝʥʠʝ ʧʨʦʧʦʨʮʠʠ ʢʦʤʧʦʥʝʥʪʦʚ ʠʟ-ʟʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʰʠʭʪʳ ʩ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʦʡ ʠ ʧʦʷʚʣʝʥʠʷ ʥʝʞʝʣʘʪʝʣʴʥʳʭ ʧʨʠʤʝʩʝʡ. ɺ ʧʨʦʮʝʩʩʝ ʥʘʛʨʝʚʘ 

ʰʠʭʪʳ ʠ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʘ ʬʦʨʤʠʨʫʶʪʩʷ ʩʦʝʜʠʥʝʥʠʷ ʦʢʩʠʜʦʚ, ʛʠʜʨʦʢʩʠʜʦʚ ʠ 

ʧʨʦʜʫʢʪʦʚ ʧʦʙʦʯʥʳʭ ʨʝʘʢʮʠʡ. ʕʪʠ ʬʘʢʪʦʨʳ ʥʝʛʘʪʠʚʥʦ ʚʣʠʷʶʪ ʥʘ ʦʧʪʠʯʝʩʢʦʝ 

ʢʘʯʝʩʪʚʦ ʢʨʠʩʪʘʣʣʦʚ ʠ ʩʧʦʩʦʙʩʪʚʫʶʪ ʦʙʨʘʟʦʚʘʥʠ ʁʩʪʨʫʢʪʫʨʥʳʭ ʜʝʬʝʢʪʦʚ, ʢʦʪʦʨʳʝ 

ʤʦʛʫʪ ʚʳʟʚʘʪʴ ʤʝʭʘʥʠʯʝʩʢʠʝ ʥʘʧʨʷʞʝʥʠʷ ʚ ʢʨʠʩʪʘʣʣʝ, ʯʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, 

ʧʨʠʚʦʜʠʪ ʢ ʝʛʦ ʨʘʩʪʨʝʩʢʠʚʘʥʠʶ. 

 

ʈʠʩʫʥʦʢ 51 ï ʉʭʝʤʘ ʪʝʧʣʦʚʦʛʦ ʫʟʣʘ ʜʣʷ ʚʳʨʘʱʠʚʘʥʠʷ ʢʨʠʩʪʘʣʣʦʚ ʤʝʪʦʜʦʤ ʏʦʭʨʘʣʴʩʢʦʛʦ: 

1) ʛʨʘʬʠʪʦʚʳʡ ʨʝʟʠʩʪʠʚʥʳʡ ʥʘʛʨʝʚʘʪʝʣʴʥʳʡ ʵʣʝʤʝʥʪ; 2) ʩʠʩʪʝʤʘ ʛʨʘʬʠʪʦʚʳʭ ʵʢʨʘʥʦʚ; 

3) ʩʪʝʢʣʦʫʛʣʝʨʦʜʥʳʡ ʪʠʛʝʣʴ; 4) ʢʨʠʚʘʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦ ʚʳʩʦʪʝ ʪʝʧʣʦʚʦʛʦ 

ʫʟʣʘ.  

4 

4 
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ʛ 

ʈʠʩʫʥʦʢ 52 ï (ʘ) ʪʝʧʣʦʚʦʡ ʫʟʝʣ, ʪʠʛʝʣʴ ʩ ʰʠʭʪʦʡ ʠ ʢʚʘʨʮʝʚʘʷ ʪʨʫʙʢʘ ʩ ʟʘʢʨʝʧʣʝʥʥʳʤ 

ʢʨʠʩʪʘʣʣʦʤ ʚ ʢʘʯʝʩʪʚʝ ʟʘʪʨʘʚʢʠ ʜʣʷ ʚʳʨʘʱʠʚʘʥʠʷ ʢʨʠʩʪʘʣʣʦʚ BaBrI ʤʝʪʦʜʦʤ ʏʦʭʨʘʣʴʩʢʦʛʦ; 

(ʙ) ʢʚʘʨʮʝʚʳʡ ʢʘʧʠʣʣʷʨ ʚ ʢʘʯʝʩʪʚʝ ʟʘʪʨʘʚʢʠ ʠ ʚʳʨʘʱʝʥʥʳʡ ʥʘ ʥʝʡ ʢʨʠʩʪʘʣʣ BaBrI ʤʝʪʦʜʦʤ 

ʏʦʭʨʘʣʴʩʢʦʛʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ ʧʝʨʝʪʷʞʢʠ; (ʚ) ʩʪʘʣʴʥʘʷ ʪʨʫʙʢʘ ʩ ʟʘʢʨʝʧʣʝʥʥʳʤ 

ʢʨʠʩʪʘʣʣʦʤ BaBrI ʚ ʢʘʯʝʩʪʚʝ ʟʘʪʨʘʚʢʠ; (ʛ) ʧʨʦʮʝʩʩ ʚʳʨʘʱʠʚʘʥʠʷ ʢʨʠʩʪʘʣʣʦʚ BaBrI ʤʝʪʦʜʦʤ 

ʏʦʭʨʘʣʴʩʢʦʛʦ. 
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ɺ ʤʝʪʦʜʝ ʏʦʭʨʘʣʴʩʢʦʛʦ ʢʨʠʩʪʘʣʣ ʚʳʨʘʩʪʘʝʪ ʧʫʪyʤ ʚʳʪʷʛʠʚʘʥʠʷ ʠʟ ʨʘʩʧʣʘʚʘ ʥʘ 

ʦʭʣʘʞʜʘʝʤʫʶ ʟʘʪʨʘʚʢʫ. ʂʣʶʯʝʚʳʤ ʷʚʣʷʝʪʩʷ ʦʙʝʩʧʝʯʝʥʠʝ ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʠ ʤʝʞʜʫ 

ʩʢʦʨʦʩʪʴʶ ʚʳʪʷʛʠʚʘʥʠʷ ʠ ʪʝʧʣʦʚʳʤʠ ʫʩʣʦʚʠʷʤʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴ 

ʥʝʧʨʝʨʳʚʥʳʡ ʨʦʩʪ ʙʝʟ ʦʪʨʳʚʘ ʟʘʪʨʘʚʢʠ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʩʧʣʘʚʘ (ʈʠʩʫʥʦʢ 52-ʛ). ɺ 

ʢʘʯʝʩʪʚʝ ʟʘʪʨʘʚʢʠ, ʬʠʢʩʠʨʫʝʤʦʡ ʥʘ ʦʭʣʘʞʜʘʝʤʦʤ ʚʝʨʭʥʝʤ h ʪʦʢʝ, ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ 

ʥʝʩʢʦʣʴʢʦ ʚʘʨʠʘʥʪʦʚ: (1) ʢʚʘʨʮʝʚʘʷ ʪʨʫʙʢʘ ʩ ʧʨʠʢʨʝʧʣʝʥʥʳʤ ʢʨʠʩʪʘʣʣʦʤ, 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʦʣʫʯʝʥʥʳʤ ʤʝʪʦʜʦʤ ɹʨʠʜʞʤʝʥʘ, (2) ʩʪʘʣʴʥʘʷ ʪʨʫʙʢʘ ʩ 

ʟʘʢʨʝʧʣʝʥʥʳʤ ʢʨʠʩʪʘʣʣʦʤ, (3) ʢʚʘʨʮʝʚʳʡ ʢʘʧʠʣʣʷʨ (ʈʠʩʫʥʦʢ 52 ʘ-ʚ). 

ɺʘʨʠʘʥʪ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʥʝʝ ʚʳʨʘʱʝʥʥʦʛʦ ʢʨʠʩʪʘʣʣʘ ʚ ʢʘʯʝʩʪʚʝ ʟʘʪʨʘʚʢʠ 

ʦʢʘʟʘʣʩʷ ʫʩʧʝʰʥʳʤ, ʦʜʥʘʢʦ ʥʝ ʦʧʪʠʤʘʣʴʥʳʤ ʠʟ-ʟʘ ʟʥʘʯʠʪʝʣʴʥʳʭ ʪʨʫʜʦʟʘʪʨʘʪ. 

ʇʦʜʛʦʪʦʚʢʘ ʧʦʜʦʙʥʦʡ ʟʘʪʨʘʚʢʠ ʪʨʝʙʫʝʪ ʧʨʦʚʝʜʝʥʠʷ ʨʷʜʘ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʚʳʨʘʱʠʚʘʥʠʶ ʢʨʠʩʪʘʣʣʦʚ ʤʝʪʦʜʦʤ ɹʨʠʜʞʤʝʥʘ, ʯʪʦʙʳ ʧʦʣʫʯʠʪʴ 

ʢʨʠʩʪʘʣʣʳ ʧʦʜʭʦʜʷʱʝʛʦ ʢʘʯʝʩʪʚʘ. ʇʨʠʤʝʥʝʥʠʝ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʠʣʠ ʢʚʘʨʮʝʚʦʡ 

ʪʨʫʙʢʠ ʚ ʢʘʯʝʩʪʚʝ ʜʝʨʞʘʪʝʣʷ ʢʨʠʩʪʘʣʣʦʚ ʥʝ ʦʧʨʘʚʜʘʣʦ ʩʝʙʷ, ʪʘʢ ʢʘʢ ʚʦʟʥʠʢʣʠ 

ʩʣʦʞʥʦʩʪʠ ʩ ʬʠʢʩʘʮʠʝʡ ʟʘʪʨʘʚʦʯʥʦʛʦ ʢʨʠʩʪʘʣʣʘ ʧʨʠ ʟʥʘʯʠʪʝʣʴʥʳʭ ʪʝʤʧʝʨʘʪʫʨʥʳʭ 

ʢʦʣʝʙʘʥʠʷʭ ʚ ʭʦʜʝ ʵʢʩʧʝʨʠʤʝʥʪʘ.  

ʍʦʨʦʰʠʝ ʨʝʟʫʣʴʪʘʪʳ ʙʳʣʠ ʜʦʩʪʠʛʥʫʪʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʚʘʨʮʝʚʦʛʦ 

ʢʘʧʠʣʣʷʨʘ ʚ ʢʘʯʝʩʪʚʝ ʟʘʪʨʘʚʢʠ. ʇʦʩʣʝ ʨʘʩʧʣʘʚʣʝʥʠʷ ʧʦʜʛʦʪʦʚʣʝʥʥʦʡ ʰʠʭʪʳ ʠ ʝ y

ʧʝʨʝʛʨʝʚʘ ʥʘ 20-30 ÁC ʚʳʰʝ ʪʝʤʧʝʨʘʪʫʨʳ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʩʚʦʙʦʜʥʳʡ ʢʦʥʝʮ 

ʢʘʧʠʣʣʷʨʘ ʧʦʛʨʫʞʘʣʩʷ ʚ ʨʘʩʧʣʘʚ, ʢʦʪʦʨʳʡ ʧʨʦʥʠʢʘʝʪ ʚʥʫʪʨʴ. ʇʦʩʪʝʧʝʥʥʦʝ 

ʩʥʠʞʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʨʘʩʧʣʘʚʘ ʧʨʠʚʦʜʠʪ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ 

ʩʪʨʫʢʪʫʨʳ ʚ ʢʘʧʠʣʣʷʨʝ ʠ ʥʘ ʝʛʦ ʥʠʞʥʝʡ ʯʘʩʪʠ, ʯʪʦ ʩʣʫʞʠʪ ʥʘʯʘʣʦʤ ʜʣʷ ʨʦʩʪʘ 

ʦʙʲʝʤʥʦʛʦ ʢʨʠʩʪʘʣʣʘ ʧʨʠ ʚʳʪʷʛʠʚʘʥʠʠ ʝʛʦ ʩ ʟʘʜʘʥʥʦʡ ʩʢʦʨʦʩʪʴʶ. ɺ ʥʘʰʝʤ ʩʣʫʯʘʝ 

ʩʢʦʨʦʩʪʴ ʚʳʨʘʱʠʚʘʥʠʷ ʢʨʠʩʪʘʣʣʘ ʩʦʩʪʘʚʣʷʣʘ 1 ʤʤ/ʯʘʩ. ɼʣʷ ʫʩʨʝʜʥʝʥʠʷ ʨʘʜʠʘʣʴʥʦʡ 

ʘʩʠʤʤʝʪʨʠʠ ʪʝʧʣʦʚʦʛʦ ʧʦʣʷ ʠ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʘʢʪʠʚʘʪʦʨʘ ʰʪʦʢ ʩ 

ʟʘʪʨʘʚʢʦʡ ʠ ʨʘʩʪʫʱʠʤ ʢʨʠʩʪʘʣʣʦʤ ʚʨʘʱʘʣʩʷ ʩʦ ʩʢʦʨʦʩʪʴʶ 5 ʦʙʦʨʦʪʦʚ ʚ ʤʠʥʫʪʫ. 

ɼʣʷ ʚʳʨʘʱʠʚʘʥʠʷ ʢʨʠʩʪʘʣʣʦʚ ʩ ʥʠʟʢʦʡ ʧʣʦʪʥʦʩʪʴ  ʁʜʠʩʣʦʢʘʮʠʡ ʧʨʠʤʝʥʷʣʩʷ 

ʤʝʪʦʜ çʧʝʨʝʪʷʞʝʢè [229]. ɺ ʧʨʦʮʝʩʩʝ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʘ ʜʠʩʣʦʢʘʮʠʠ ʠʟ ʟʘʪʨʘʚʢʠ 

ʧʝʨʝʭʦʜʷʪ ʚ ʨʘʩʪʫʱʠʡ ʢʨʠʩʪʘʣʣ, ʛʜʝ ʜʠʩʣʦʢʘʮʠʦʥʥʳʝ ʣʠʥʠʠ ʨʘʩʧʨʦʩʪʨʘʥʷʶʪʩʷ ʦʪ 
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ʟʘʪʨʘʚʢʠ ʚʦ ʚʩʝ ʩʪʦʨʦʥʳ ʠ ʟʘʢʘʥʯʠʚʘʶʪʩʷ ʥʘ ʙʦʢʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʢʨʠʩʪʘʣʣʘ. 

ʇʦʵʪʦʤʫ ʩʥʘʯʘʣʘ ʠʟ ʨʘʩʧʣʘʚʘ ʥʘ ʟʘʪʨʘʚʢʝ ʚʳʪʷʛʠʚʘʝʪʩʷ ʥʝʙʦʣʴʰʦʡ ʢʨʠʩʪʘʣʣ, ʧʦʩʣʝ 

ʯʝʛʦ ʝʛʦ ʜʠʘʤʝʪʨ ʫʤʝʥʴʰʘʝʪʩʷ ʟʘ ʩʯʝʪ ʫʚʝʣʠʯʝʥʠʷ ʩʢʦʨʦʩʪʠ ʚʳʪʷʛʠʚʘʥʠʷ ʠ 

ʥʝʟʥʘʯʠʪʝʣʴʥʦʛʦ ʧʦʚʳʰʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫ ʚʳʨʘʱʠʚʘʝʤʦʛʦ 

ʢʨʠʩʪʘʣʣʘ ʦʙʨʘʟʫʝʪʩʷ ʪʘʢ ʥʘʟʳʚʘʝʤʘʷ çʰʝʡʢʘè, ʢʦʪʦʨʘʷ ʚʳʧʦʣʥʷʝʪ ʬʫʥʢʮʠʶ ʥʦʚʦʡ 

ʟʘʪʨʘʚʢʠ ʜʣʷ ʩʣʝʜʫʶʱʝʛʦ ʩʝʛʤʝʥʪʘ ʨʘʩʪʫʱʝʛʦ ʢʨʠʩʪʘʣʣʘ. ɺ ʫʟʢʦʡ çʰʝʡʢʝè 

ʧʣʦʪʥʦʩʪʴ ʜʠʩʣʦʢʘʮʠʡ ʥʠʞʝ, ʯʝʤ ʚ ʰʠʨʦʢʦʡ ʯʘʩʪʠ ʢʨʠʩʪʘʣʣʘ ʜʦ ʩʣʝʜʫʶʱʝʡ 

ʧʝʨʝʪʷʞʢʠ. ʇʨʠ ʪʘʢʦʤ ʩʪʫʧʝʥʯʘʪʦʤ ʚʳʨʘʱʠʚʘʥʠʠ ʥʘ ʢʘʞʜʦʤ ʵʪʘʧʝ ʧʝʨʝʪʷʞʢʠ 

ʩʥʠʞʘʝʪʩʷ ʢʦʣʠʯʝʩʪʚʦ ʜʠʩʣʦʢʘʮʠʦʥʥʳʭ ʣʠʥʠʡ. ʕʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʨʠʚʦʜʠʪ ʢ 

ʪʦʤʫ, ʯʪʦ ʚ ʧʦʩʣʝʜʫʶʱʠʝ ʩʝʛʤʝʥʪʳ ʢʨʠʩʪʘʣʣʘ ʧʝʨʝʭʦʜʠʪ ʤʝʥʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ 

ʜʠʩʣʦʢʘʮʠʡ (ʈʠʩʫʥʦʢ 52-ʙ).   

ɼʣʷ ʤʝʪʦʜʦʚ ɹʨʠʜʞʤʝʥʘ ʠ ʏʦʭʨʘʣʴʩʢʦʛʦ ʚʘʞʥʳʤ ʧʘʨʘʤʝʪʨʦʤ ʷʚʣʷʝʪʩʷ ʬʦʨʤʘ 

ʬʨʦʥʪʘ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ, ʢʦʪʦʨʘʷ ʟʘʚʠʩʠʪ ʦʪ ʩʦʦʪʥʦʰʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ 

ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʩʧʣʘʚʘ ʠ ʩʢʦʨʦʩʪʠ ʧʝʨʝʤʝʱʝʥʠʷ ʢʨʠʩʪʘʣʣʘ. ʌʦʨʤʘ ʬʨʦʥʪʘ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʠʛʨʘʝʪ ʟʥʘʯʠʪʝʣʴʥʫʶ ʨʦʣʴ ʚ ʨʘʜʠʘʣʴʥʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʧʨʠʤʝʩʝʡ 

ʚ ʢʨʠʩʪʘʣʣʝ. ʏʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ ʨʘʚʥʦʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʨʠʤʝʩʠ ʧʦ ʜʠʘʤʝʪʨʫ 

ʢʨʠʩʪʘʣʣʘ, ʬʨʦʥʪ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʜʦʣʞʝʥ ʙʳʪ ɹ ʧʣʦʩʢʠʤ, ʯʪʦ ʜʦʩʪʠʛʘʝʪʩʷ 

ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʟʦʥʳ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʚ ʦʙʣʘʩʪʠ ʧʣʦʩʢʦʡ ʠʟʦʪʝʨʤʳ ʪʝʧʣʦʚʦʛʦ ʧʦʣʷ 

ʥʘʛʨʝʚʘʪʝʣʷ.  

ʂʘʢ ʙʳʣʦ ʫʧʦʤʷʥʫʪʦ ʨʘʥʝʝ, ʬʦʨʤʘ ʠ ʢʘʯʝʩʪʚʦ ʧʦʣʫʯʘʝʤʦʛʦ ʢʨʠʩʪʘʣʣʘ ʪʘʢʞʝ 

ʟʘʚʠʩʷʪ ʦʪ ʪʝʧʣʦʚʳʭ ʛʨʘʜʠʝʥʪʦʚ ʧʦ ʜʠʘʤʝʪʨʫ ʪʠʛʣʷ ʚʙʣʠʟʠ ʟʘʪʨʘʚʢʠ ʠ ʛʨʘʜʠʝʥʪʦʚ, 

ʥʘʧʨʘʚʣʝʥʥʳʭ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʢ ʛʨʘʥʠʮʝ ʨʦʩʪʘ. ʊʝʤʧʝʨʘʪʫʨʥʳʡ ʛʨʘʜʠʝʥʪ, 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳʡ ʛʨʘʥʠʮʝ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʘ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʘʩʧʦʣʦʞʝʥʠʝʤ 

ʥʘʛʨʝʚʘʪʝʣʷ, ʪʝʧʣʦʚʳʭ ʵʢʨʘʥʦʚ, ʪʝʧʣʦʦʪʚʦʜʦʤ ʚ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ, ʛʣʫʙʠʥʦʡ 

ʨʘʩʧʣʘʚʘ ʚ ʪʠʛʣʝ, ʩʢʦʨʦʩʪʴʶ ʚʳʪʷʛʠʚʘʥʠʷ ʠ ʩʢʨʳʪʦʡ ʪʝʧʣʦʪʦʡ ʧʣʘʚʣʝʥʠʷ. ʕʪʠ 

ʬʘʢʪʦʨ rʚ ʮʝʣʦʤ ʚʣʠʷʶʪ ʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ. 

ʅʘ ʈʠʩʫʥʢʝ 51 ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʭʝʤʘ ʪʝʧʣʦʚʦʛʦ ʫʟʣʘ ʜʣʷ ʚʳʨʘʱʠʚʘʥʠʷ 

ʢʨʠʩʪʘʣʣʦʚ ʤʝʪʦʜʦʤ ʏʦʭʨʘʣʴʩʢʦʛʦ ʠ ʢʨʠʚʘʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚʜʦʣʴ 

ʚʳʩʦʪʳ ʪʝʧʣʦʚʦʛʦ ʫʟʣʘ. ɺ ʭʦʜʝ ʥʘʰʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʛʨʘʜʠʝʥʪ ʚ 
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ʟʦʥʝ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʩʦʩʪʘʚʣʷʣ ʧʨʠʤʝʨʥʦ 30 Áʉ/ʩʤ. ʂʘʢ ʙʳʣʦ ʦʪʤʝʯʝʥʦ ʨʘʥʝʝ, 

ʚʳʩʦʢʠʡ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʛʨʘʜʠʝʥʪ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪ ɹʢ ʨʘʩʪʨʝʩʢʠʚʘʥʠ ʁʢʨʠʩʪʘʣʣʦʚ 

ʠʟ-ʟʘ ʚʦʟʥʠʢʘʶʱʠʭ ʪʝʨʤʠʯʝʩʢʠʭ ʥʘʧʨʷʞʝʥʠʡ. ɺ ʙʫʜʫʱʝʤ ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ 

ʪʘʢʦʛʦ ʷʚʣʝʥʠʷ ʧʣʘʥʠʨʫʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʥʠʟʢʦʛʨʘʜʠʝʥʪʥʦʡ ʪʝʭʥʦʣʦʛʠʠ (2-3 Áʉ/ʩʤ) 

ʧʨʠ ʚʳʨʘʱʠʚʘʥʠʠ ʢʨʠʩʪʘʣʣʦʚ ʤʝʪʦʜʦʤ ʏʦʭʨʘʣʴʩʢʦʛʦ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʧʦʣʫʯʘʪʴ 

ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʝ ʢʨʠʩʪʘʣʣʳ ʙʦʣʴʰʠʭ ʨʘʟʤʝʨʦʚ [226, 230]. ʆʜʥʘʢʦ ʵʪʘ 

ʪʝʭʥʦʣʦʛʠʷ ʪʨʝʙʫʝʪ ʟʥʘʯʠʪʝʣʴʥʳʭ ʫʩʣʦʞʥʝʥʠʡ ʢʦʥʩʪʨʫʢʮʠʠ ʨʘʙʦʯʝʡ ʢʘʤʝʨʳ ʠ 

ʪʝʧʣʦʚʦʛʦ ʫʟʣʘ ʜʣʷ ʩʦʟʜʘʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʦʥʳ ʩ ʧʦʩʪʦʷʥʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʦʡ. ɺ ʧʨʦʮʝʩʩʝ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣ ʙʫʜʝʪ ʧʝʨʝʤʝʱʘʪʴʩʷ ʚ ʪʘʢʫʶ ʟʦʥʫ, ʚ 

ʢʦʪʦʨʦʡ ʙʫʜʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʤʝʜʣʝʥʥʦʝ ʝʛʦ ʦʭʣʘʞʜʝʥʠʝ. ʅʝʜʦʩʪʘʪʢʦʤ ʵʪʦʛʦ ʤʝʪʦʜʘ 

ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʦʣʥʦʛʦ ʵʢʨʘʥʠʨʦʚʘʥʠʷ ʪʝʧʣʦʚʦʛʦ ʫʟʣʘ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ 

ʠʩʯʝʟʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʚʠʟʫʘʣʴʥʦʛʦ ʥʘʙʣʶʜʝʥʠʷ ʚ ʧʨʦʮʝʩʩʝ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʘ.  

ʇʦ ʟʘʚʝʨʰʝʥʠʠ ʧʨʦʮʝʩʩʘ ʚʳʨʘʱʠʚʘʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʦʪʜʝʣʠʪʴ ʢʨʠʩʪʘʣʣ ʦʪ 

ʦʩʪʘʪʢʘ ʨʘʩʧʣʘʚʘ. ɼʣʷ ʵʪʦʛʦ, ʥʝ ʦʩʪʘʥʘʚʣʠʚʘʷ ʚʳʪʷʛʠʚʘʥʠʝ ʢʨʠʩʪʘʣʣʘ, ʜʝʣʘʝʪʩʷ 

ʥʝʙʦʣʴʰʦʡ ʧʝʨʝʛʨʝʚ ʨʘʩʧʣʘʚʘ. ʇʨʠ ʵʪʦʤ ʥʠʞʥʷʷ ʯʘʩʪʴ ʢʨʠʩʪʘʣʣʘ ʧʦʩʪʝʧʝʥʥʦ 

ʩʫʞʘʝʪʩʷ ʠ ʚ ʠʪʦʛʝ ʧʨʦʠʩʭʦʜʠʪ ʝʛʦ ʦʪʜʝʣʝʥʠʝ ʦʪ ʨʘʩʧʣʘʚʘ. ʆʜʥʘʢʦ ʧʨʠ ʨʝʟʢʦʤ 

ʧʝʨʝʤʝʱʝʥʠʠ ʢʨʠʩʪʘʣʣʘ ʚ ʭʦʣʦʜʥʫʶ ʟʦʥʫ ʠʟ-ʟʘ ʪʝʨʤʠʯʝʩʢʠʭ ʥʘʧʨʷʞʝʥʠʡ ʚʦʟʤʦʞʥʦ 

ʧʦʷʚʣʝʥʠʝ ʪʨʝʱʠʥ. ɺʦ ʠʟʙʝʞʘʥʠʝ ʨʘʩʪʨʝʩʢʨʠʚʘʥʠʷ, ʥʝʦʙʭʦʜʠʤʦ ʚʳʧʦʣʥʠʪʴ 

ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʦʪʞʠʛ ʚʳʨʘʱʝʥʥʦʛʦ ʦʙʨʘʟʮʘ. ɼʣ ̫ʵʪʦʛʦ ʢʨʠʩʪʘʣʣ ʨʘʩʧʦʣʘʛʘʶʪ ʚ 

ʟʦʥʝ ʥʘʛʨʝʚʘ. ɼʘʣʝʝ ʦʙʨʘʟʝʮ ʤʦʞʝʪ ʣʠʙʦ ʚʳʜʝʨʞʠʚʘʪʴʩʷ ʥʘ ʦʧʨʝʜʝʣʝʥʥʳʭ 

çʪʝʤʧʝʨʘʪʫʨʥʳʭ ʧʦʣʢʘʭè, ʣʠʙʦ ʦʭʣʘʞʜʘʪʴʩʷ ʩ ʥʠʟʢʦʡ ʩʢʦʨʦʩʪʴʶ ʜʣʷ ʩʥʷʪʠʷ 

ʪʝʨʤʠʯʝʩʢʠʭ ʥʘʧʨʷʞʝʥʠʡ. ɼʘʥʥʳʝ ʢʨʠʩʪʘʣʣʳ ʤʝʜʣʝʥʥʦ ʦʭʣʘʞʜʘʣʠʩʴ ʩʦ ʩʢʦʨʦʩʪʴ ʁ

ʤʝʥʝʝ 10 ʦC/ʯʘʩ. ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʩʢʦʨʦʩʪʠ ʦʭʣʘʞʜʝʥʠʷ ʜʦ 15 ʦC/ʯʘʩ ʢʨʠʩʪʘʣʣʳ ʚ 

ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʨʘʩʪʨʝʩʢʠʚʘʣʠʩʴ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʤʝʪʦʜʳ ʧʦʜʛʦʪʦʚʢʠ ʰʠʭʪʳ ʠ ʦʧʨʝʜʝʣʝʥʳ 

ʨʝʞʠʤʳ ʚʳʨʘʱʠʚʘʥʠʷ ʱʝʣʦʯʥʦʟʝʤʝʣʴʥʳʭ ʛʘʣʦʠʜʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʤʝʪʦʜʘʤʠ 

ɹʨʠʜʞʤʝʥʘ ʠ ʏʦʭʨʘʣʴʩʢʦʛʦ. ɺ ʭʦʜʝ ʨʦʩʪʦʚʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

ʢʨʠʩʪʘʣʣʳ BaBrI, BaClI ʠ SrBrI ʭʦʨʦʰʝʛʦ ʦʧʪʠʯʝʩʢʦʛʦ ʢʘʯʝʩʪʚʘ ʜʣʷ ʩʧʝʢʪʨʘʣʴʥʳʭ 

ʠʟʤʝʨʝʥʠʡ. 
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ʉʨʘʚʥʠʚʘʷ ʦʙʘ ʵʪʠ ʤʝʪʦʜʘ ʚʨrʘʱʠʚʘʥʠʷ, ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʤʝʪʦʜ 

ʏʦʭʨʘʣʴʩʢʦʛʦ ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʪʨʫʜʦʝʤʦʢʠʤ. ʆʥ ʪʨʝʙʫʝʪ ʧʦʩʪʦʷʥʥʦʛʦ ʫʯʘʩʪʠʷ 

ʚʳʩʦʢʦʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʦʧʝʨʘʪʦʨʘ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʜʣʠʪʝʣʴʥʦʛʦ ʚʨʝʤʝʥʠ 

ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʚʚʠʜʫ ʥʠʟʢʠʭ ʩʢʦʨʦʩʪʝʡ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʦʚ ʜʘʥʥʦʛʦ ʪʠʧʘ. 

ʂʨʦʤʝ ʪʦʛʦ, ʚʳʨʘʱʠʚʘʥʠʝ ʢʨʠʩʪʘʣʣʦʚ ʤʝʪʦʜʦʤ ʏʦʭʨʘʣʴʩʢʦʛʦ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ 

ʟʥʘʯʠʪʝʣʴʥʦʤ ʛʨʘʜʠʝʥʪʝ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʩʧʣʘʚʘ (ʪ.ʝ. ʚ ʟʦʥʝ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ), ʯʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʨʘʩʪʨʝʩʢʠʚʘʥʠ ʁʧʦʣʫʯʝʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ 

ʠʟ-ʟʘ ʘʥʠʟʦʪʨʦʧʠʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʩʰʠʨʝʥʠʷ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʜʣʷ 

ʚʳʨʘʱʠʚʘʥʠ ̫ ʦʙʲʝʤʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʤʝʪʦʜʦʤ ʏʦʭʨʘʣʴʩʢʦʛʦ ʧʦʪʨʝʙʦʚʘʣʠʩʴ ʙʳ 

ʟʥʘʯʠʪʝʣʴʥʳʝ ʤʦʜʠʬʠʢʘʮʠʠ ʢʦʥʩʪʨʫʢʮʠʠ ʪʝʧʣʦʚʦʛʦ ʫʟʣʘ ʠ ʨʦʩʪʦʚʦʡ ʫʩʪʘʥʦʚʢʠ, 

ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʩʥʠʞʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʛʨʘʜʠʝʥʪʘ ʚ ʟʦʥʝ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ. 

ʅʘʢʦʥʝʮ, ʦʧʨʝʜʝʣʝʥʥʳʝ ʪʨʫʜʥʦʩʪʠ ʚʦʟʥʠʢʘʶʪ ʪʘʢʞʝ ʠʟ-ʟʘ ʩʣʦʞʥʦʩʪʠ ʧʨʦʮʝʩʩʘ 

ʜʝʛʠʜʨʘʪʘʮʠʠ ʠʩʭʦʜʥʦʡ ʰʠʭʪʳ ʠ ʝʝ ʟʘʛʨʫʟʢʠ ʚ ʨʦʩʪʦʚʫʶ ʢʘʤʝʨʫ ʫʩʪʘʥʦʚʢʠ. ʄʝʪʦʜ 

ɹʨʠʜʞʤʝʥʘ ʧʦʟʚʦʣʷʝʪ ʧʦʜʛʦʪʘʚʣʠʚʘʪʴ ʩʳʨʴʝ ʠ ʩʫʰʠʪʴ ʰʠʭʪʫ ʚ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ 

ʘʤʧʫʣʝ, ʧʦʩʣʝ ʯʝʛʦ ʘʤʧʫʣʘ ʟʘʧʘʠʚʘʝʪʩʷ ʧʦʜ ʚʘʢʫʫʤʦʤ. ɺ ʵʪʦʡ ʞʝ ʘʤʧʫʣʝ 

ʧʨʦʠʩʭʦʜʠʪ ʚʳʨʘʱʠʚʘʥʠʝ ʢʨʠʩʪʘʣʣʘ. ʂʘʢ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʚʳʰʝ, ʤʥʦʛʦʟʦʥʥʘʷ 

ʪʝʨʤʠʯʝʩʢʘʷ ʫʩʪʘʥʦʚʢʘ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʨʘʱʠʚʘʪʴ ʢʨʠʩʪʘʣʣʳ ʩ ʥʠʟʢʠʤʠ 

ʛʨʘʜʠʝʥʪʘʤʠ ʪʝʤʧʝʨʘʪʫʨ. ɺʳʨʘʱʠʚʘʥʠʝ ʢʨʠʩʪʘʣʣʦʚ ʤʝʪʦʜʦʤ ɹʨʠʜʞʤʝʥʘ ʥʘ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʫʩʪʘʥʦʚʢʝ ʧʦʟʚʦʣʷʝʪ ʜʠʩʪʘʥʮʠʦʥʥʦ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʨʦʩʪʦʚʦʡ 

ʧʨʦʮʝʩʩ ʠ ʩʦʢʨʘʪʠʪʴ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʠʩʫʪʩʪʚʠʷ ʦʧʝʨʘʪʦʨʘ ʚ ʧʨʦʮʝʩʩʝ 

ʚʳʨʘʱʠʚʘʥʠʷ, ʯʪʦ ʘʢʪʫʘʣʴʥʦ ʧʨʠ ʨʦʩʪʦʚʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ, ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ 

ʢʦʪʦʨʳʭ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ ʥʝʩʢʦʣʴʢʠʭ ʥʝʜʝʣʴ. ʇʦʵʪʦʤʫ ʚʳʨʘʱʠʚʘʥʠʝ ʢʨʠʩʪʘʣʣʦʚ 

ʜʣʷ ʥʘʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚʳʧʦʣʥʷʣʦʩʴ ʤʝʪʦʜʦʤ ɹʨʠʜʞʤʝʥʘ.  
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4.2 ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʚʳʨʘʱʝʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ BaFBr, BaBrI ʠ 

BaClI   

ʕʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ ʚʳʨʘʱʝʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ BaFBr ʙʳʣ ʚʳʧʦʣʥʝʥ ʤʝʪʦʜʦʤ 

ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʦʡ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ (ʕɼʈʉ, EDX) ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʩʪʨʦʚʦʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ SEM Hitachi TM3030 ʩ 

ʧʨʠʩʪʘʚʢʦʡ Bruker ʠ ʧʨʦʛʨʘʤʤʥʳʤ ʦʙʝʩʧʝʯʝʥʠʝʤ Quantax 70. ɺ ʨʝʟʫʣʴʪʘʪʝ ʘʥʘʣʠʟʘ 

ʙʳʣʦ ʦʧʨʝʜʝʣʝʥʦ ʩʦʦʪʥʦʰʝʥʠʝ ʚʳʷʚʣʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ Ba, Br, F ʠ O (ʈʠʩʫʥʦʢ 53) 

[206-208]. ʆʢʦʥʯʘʪʝʣʴʥʦ ʠʟʙʘʚʠʪʴʩʷ ʦʪ ʢʠʩʣʦʨʦʜʥʦʛʦ ʟʘʨʘʞʝʥʠʷ ʥʝ ʫʜʘʣʦʩʴ ʜʘʞʝ 

ʧʨʠ ʬʪʦʨʠʨʦʚʘʥʠʠ ʨʘʩʧʣʘʚʘ ʚ ʧʨʦʮʝʩʩʝ ʨʦʩʪʘ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ï ʦʩʪʘʪʦʯʥʦʝ 

ʢʦʣʣʠʯʝʩʪʚʦ ʧʨʠʤʝʩʠ ʢʠʩʣʦʨʦʜʘ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʚʦ ʚʩʝʭ ʦʙʨʘʟʮʘʭ. 

ʅʝʟʥʘʯʠʪʝʣʴʥʘʷ ʧʨʠʤʝʩʴ ʫʛʣʝʨʦʜʘ ʚ ʦʙʨʘʟʮʘʭ (ʧʠʢ 0,3 ʢʵɺ) ʥʝ ʫʯʠʪʳʚʘʣʘʩʴ. ɽʝ 

ʠʩʪʦʯʥʠʢʘʤʠ ʷʚʣʷʣʠʩʴ ʪʝʧʣʦʚʦʡ ʫʟʝʣ ʠ ʪʠʛʝʣʴ ʠʟ ʛʨʘʬʠʪʘ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ 

ʚ ʧʨʦʮʝʩʩʝ ʚʳʨʘʱʠʚʘʥʠʷ ʢʨʠʩʪʘʣʣʦʚ. 

 

ʈʠʩʫʥʦʢ 53 ï ʈʝʟʫʣʴʪʘʪʳ ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ (EDX) ʢʨʠʩʪʘʣʣʦʚ BaFBr. ɺ ʣʝʚʦʤ ʥʠʞʥʝʤ 

ʫʛʣʫ ʧʦʢʘʟʘʥ ʧʨʠʤʝʨ ʧʦʚʝʨʭʥʦʩʪʠ ʦʜʥʦʛʦ ʠʟ ʚʳʨʘʱʝʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ [206]. 
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ʈʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ ʚʳʨʘʱʝʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ BaFBr ʙʳʣ ʚʳʧʦʣʥʝʥ 

ʥʘ ʜʠʬʨʘʢʪʦʤʝʪʨʝ D8 ADVANCE ECO, ʦʩʥʘʱʝʥʥʦʤ ʪʨʫʙʢʦʡ ʩ Cu-ʘʥʦʜʦʤ (CuKŬ-

ʠʟʣʫʯʝʥʠʝ, ɚ = 1,54056 ¡, 40 ʢɺ, 15 ʤɸ) ʚ ʜʠʘʧʘʟʦʥʝ ʫʛʣʦʚ ʜʠʬʨʘʢʮʠʠ 2ɗ (11,87ï

83,55ʦ) ʩ ʰʘʛʦʤ 0,01ʦ (ʈʠʩʫʥʦʢ 54). ɼʣʷ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʬʘʟ ʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ 

ʩʪʨʫʢʪʫʨʳ ʧʨʠʤʝʥʷʣʠʩʴ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ BrukerAXSDIFFRAC.EVAv.4.2 

ʠ ʤʝʞʜʫʥʘʨʦʜʥʘʷ ʙʘʟʘ ʜʘʥʥʳʭ ICDD PDF-2. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ (ʈʠʩʫʥʦʢ 54) ʧʨʠʚʝʜʝʥʳ ʚ ʊʘʙʣʠʮʝ 11 ʠ 

ʧʦʜʪʚʝʨʞʜʘʶʪ ʬʘʢʪ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʦʚ BaFBr ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ. 

ʊʘʙʣʠʮʘ 11. ʂʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʜʣʷ ʢʨʠʩʪʘʣʣʦʚ BaFBr, BaBrI, BaClI 

ʌʘʟʘ 

ʉʪʨʫʢʪʫʨʘ ʠ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ 

ʛʨʫʧʧʘ 

d, ¡ ʇʘʨʘʤʝʪʨʳ ʨʝʰʝʪʢʠ ʆʙʲʝʤ, ¡3 
ʧʣʦʪʥʦʩʪʴ, 

ʛ/ʩʤ3 

BaFBr 
ʊʝʪʨʘʛʦʥʘʣʴʥʘʷ 

P4/nmm (129) 
2.871 

a = 4.5109 

b = 4.5109 

c = 7.4430 

Ŭ = ɓ = Ɉ = 90Ǔ 

151.452 4.969 

BaBrI ʨʦʤʙʠʯʝʩʢʘʷ Pnma 1,41210 

a = 8.671 (3) 

b = 5.0496 (18) 

c = 10.020 (4) 

438.73 5,210 

BaClI ʨʦʤʙʠʯʝʩʢʘʷ Pnma 1,21170 

a = 8,4829(5) 

b = 4,9517(3) 

c = 9,6139(5) 

403,83 4,94 

ʂʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʚʳʨʘʱʝʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ BaBrI ʙʳʣʠ 

ʦʧʨʝʜʝʣʝʥʳ ʤʝʪʦʜʦʤ ʧʦʨʦʰʢʦʚʦʡ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʜʠʬʨʘʢʮʠʠ. ʀʥʬʦʨʤʘʮʠʷ ʦ 

ʧʦʣʦʞʝʥʠʠ ʘʪʦʤʦʚ ʚ ʢʨʠʩʪʘʣʣʝ BaBrI ʠ ʦ ʝʛʦ ʩʠʤʤʝʪʨʠʠ ʧʦʣʫʯʝʥʘ ʧʨʠ ʩʨʘʚʥʝʥʠʠ ʩ 

 

ʈʠʩʫʥʦʢ 54 ï ʈʝʥʪʛʝʥʦʛʨʘʤʤʤʘ ʤʦʥʦʢʨʠʩʪʘʣʣʘ BaFBr [206]. 
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ʙʘʟʦʡ ʜʘʥʥʳʭ ICSD (Inorganic Crystal Structure Database) [231] ʠ ʣʠʪʝʨʘʪʫʨʥʳʤʠ 

ʠʩʪʦʯʥʠʢʘʤʠ (ʈʠʩʫʥʦʢ 55-ʘ). ɼʠʬʨʘʢʪʦʛʨʘʤʤʳ ʚʳʨʘʱʝʥʥʳʭ ʥʘʤʠ ʢʨʠʩʪʘʣʣʦʚ 

BaBrI ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʨʘʥʝʝ ʦʧʫʙʣʠʢʦʚʘʥʥʳʤʠ ʜʘʥʥʳʤʠ ʚ ʨʘʙʦʪʝ ɻʘʫʪʘʤ 

ɻʘʥʜʠʘ [45]. ʇʦʣʦʞʝʥʠʝ ʨʝʬʣʝʢʩʦʚ ʤʦʥʦʢʨʠʩʪʘʣʣʘ BaBrI ʥʘ ʨʝʥʪʛʝʥʦʚʩʢʦʡ 

ʜʠʬʨʘʢʮʠʦʥʥʦʡ ʢʘʨʪʠʥʝ ʠ ʥʘ ʨʝʥʪʛʝʥʦʛʨʘʤʤʝ, ʧʦʩʪʨʦʝʥʥʦʡ ʠʟ ʜʘʥʥʳʭ ʦ ʩʪʨʫʢʪʫʨʝ, 

ʩʦʚʧʘʜʘʶʪ (ʈʠʩʫʥʦʢ 55-ʙ). 

  ʘ 

    ʙ 

ʈʠʩʫʥʦʢ 55 ï (ʘ) ʈʝʥʪʛʝʥʦʛʨʘʤʤʤʘ ʚʳʨʘʱʝʥʥʦʛʦ ʢʨʠʩʪʘʣʣʘ BaBrI (ʢʨʘʩʥʘʷ ʢʨʠʚʘʷ) ʚ 

ʩʨʘʚʥʝʥʠʠ ʩ ʨʝʥʪʛʝʥʦʛʨʘʤʤʦʡ, ʧʦʩʪʨʦʝʥʥʦʡ ʥʘ ʦʩʥʦʚʘʥʠʠ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ (ʯʝʨʥʘʷ 

ʢʨʠʚʘʷ) [45] ; 

(ʙ) ʩʦʚʧʘʜʝʥʠʝ ʨʝʬʣʝʢʩʦʚ ʤʦʥʦʢʨʠʩʪʘʣʣʘ BaBrI ʠ ʨʝʥʪʛʝʥʦʛʨʘʤʤʳ, ʧʦʩʪʨʦʝʥʥʦʡ ʠʟ ʜʘʥʥʳʭ 

ʦ ʩʪʨʫʢʪʫʨʝ.  
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ʇʨʠ ʫʪʦʯʥʝʥʠʠ ʬʘʟʦʚʦʡ ʜʠʘʛʨʘʤʤʳ ʩʠʩʪʝʤʳ BaBr2-BaI2, ʧʦʩʪʨʦʝʥʥʦʡ ʧʦ 

ʜʘʥʥʳʤ ɼʉʂ (ʩʤ. ʧ. 4.1), ʙʳʣʘ ʚʳʧʦʣʥʝʥʘ ʧʨʦʚʝʨʢʘ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ 

ʤʝʪʦʜʦʤ ʈʌɸ. ɹʳʣ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʨʘʟʣʠʯʥʳʭ ʩʦʩʪʘʚʦʚ ʠʩʭʦʜʥʦʡ ʰʠʭʪʳ ʚ 

ʰʠʨʦʢʦʤ ʠʥʪʝʨʚʘʣʝ ʩʦʦʪʥʦʰʝʥʠʡ ʠʩʭʦʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʜʣʷ ʩʠʩʪʝʤʳ BaBr2-BaI2 

(ʈʠʩʫʥʦʢ 56). ʈʝʥʪʛʝʥʦʛʨʘʤʤʘ ʢʨʠʩʪʘʣʣʘ BaBrI ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʨʝʥʪʛʝʥʦʛʨʘʤʤʳ 

ʠʩʭʦʜʥʦʡ ʰʠʭʪʳ ʧʨʠ ʨʘʚʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ ʢʦʤʧʦʥʝʥʪʦʚ. ʊʘʢʦʝ ʨʘʟʣʠʯʠʝ ʚ 

ʨʝʥʪʛʝʥʦʛʨʘʤʤʘʭ, ʚʦʟʤʦʞʥʦ, ʩʚʷʟʘʥʦ ʩ ʫʩʣʦʚʠʷʤʠ ʧʦʜʛʦʪʦʚʢʠ ʦʙʨʘʟʮʦʚ. ʉʧʝʢʘʥʠʝ 

ʩʤʝʩʝʡ ʜʣʷ ʘʥʘʣʠʟʘ ʧʨʦʚʦʜʠʣʦʩʴ ʚ ʤʫʬʝʣʝ ʥʘ ʦʪʢʨʳʪʦʤ ʚʦʟʜʫʭʝ, ʯʪʦ ʥʝ ʠʩʢʣʶʯʘʝʪ 

ʦʙʨʘʟʦʚʘʥʠʝ ʦʢʩʠʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʯʘʩʪʠʯʥʦʛʦ ʨʘʟʣʦʞʝʥʠʷ ʩʧʸʢʦʚ ʧʨʠ 

ʘʪʤʦʩʬʝʨʥʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʠʟ-ʟʘ ʛʠʛʨʦʩʢʦʧʠʯʥʦʩʪʠ ʤʘʪʝʨʠʘʣʦʚ. ʆʜʥʘʢʦ, 

ʨʝʟʫʣʴʪʘʪʳ ʈʌɸ ʧʦʜʪʚʝʨʜʠʣʠ ʢʦʨʨʝʢʪʥʦʩʪʴ ʚʳʚʦʜʘ ʦ ʪʦʤ, ʯʪʦ ʢʦʤʧʦʥʝʥʪʳ BaBr2 ʠ 

BaI2 ʥʝʦʛʨʘʥʠʯʝʥʥʦ ʨʘʩʪʚʦʨʠʤʳ ʤʝʞʜʫ ʩʦʙʦʡ ʢʘʢ ʚ ʞʠʜʢʦʤ, ʪʘʢ ʠ ʚ ʪʚʝʨʜʦʤ 

ʩʦʩʪʦʷʥʠʠ ʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʥʝʧʨʝʨʳʚʥʳʡ ʨʷʜ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ ʟʘʤʝʱʝʥʠʷ. 

 

ʈʠʩʫʥʦʢ 56 ï ʈʝʥʪʛʝʥʦʛʨʘʤʤʳ ʨʘʟʣʠʯʥʳʭ ʩʦʩʪʘʚʦʚ ʠʩʭʦʜʥʦʡ ʰʠʭʪʳ ʜʣʷ ʩʠʩʪʝʤʳ BaBr2-BaI2 

ʜʣʷ ʫʪʦʯʥʝʥʠʷ ʬʘʟʦʚʦʡ ʜʠʘʛʨʘʤʤʳ. 

ʂʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ BaClI ʦʪʩʫʪʩʪʚʫʶʪ ʚ 

ʣʠʪʝʨʘʪʫʨʝ ʠ ʨʝʟʫʣʴʪʘʪʳ, ʧʨʦʣʫʯʝʥʥʳʝ ʥʘʤʠ, ʷʚʣʷʶʪʩʷ ʥʦʚʳʤʠ [232, 233]. 
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ɹʳʣʦ ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʬʨʘʛʤʝʥʪʦʚ ʢʨʠʩʪʘʣʣʦʚ BaClI c ʫʩʣʦʚʥʳʤʠ 

ʦʙʦʟʥʘʯʝʥʠʷʤʠ BCI-1 ʠ BCI-4 ʥʘ ʤʦʥʦʢʨʠʩʪʘʣʴʥʦʤ ʜʠʬʨʘʢʪʦʤʝʪʨʝ AXSD8 

VENTURE Bruker ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʦʥʦʭʨʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ Mo-KŬ-ʠʟʣʫʯʝʥʠʷ. 

ʀʟʤʝʨʝʥʠʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 100 ʂ ʧʨʦʚʦʜʠʣʠʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʨʠʦʩʪʘʪʘ Bruker 

Cobranitrogen Cryostat. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʛʨʫʧʧʳ ʩʠʤʤʝʪʨʠʠ ʠ ʧʘʨʘʤʝʪʨʦʚ 

ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʧʨʦʚʦʜʠʣʠʩʴ ʪʨʠ ʩʝʪʘ ʧʦ 20 ʬʨʝʡʤʦʚ. ʇʦʣʥʳʡ ʩʙʦʨ ʜʘʥʥʳʭ 

ʙʳʣ ʦʩʫʱʝʩʪʚʣʝʥ ʧʫʪʝʤ ʩʢʘʥʠʨʦʚʘʥʠʷ ʧʦ ʫʛʣʘʤ ű ʠ ɤ ʩ ʚʨʘʱʝʥʠʝʤ ʥʘ 0,3Á ʠ 

ʵʢʩʧʦʟʠʮʠʝʡ 2 ʩʝʢʫʥʜʳ ʥʘ ʬʨʝʡʤ, ʧʨʠ ʨʘʩʩʪʦʷʥʠʠ ʤʝʞʜʫ ʢʨʠʩʪʘʣʣʦʤ ʠ ʜʝʪʝʢʪʦʨʦʤ 

40 ʤʤ, ʩ ʧʘʨʘʤʝʪʨʘʤʠ 50 ʢɺ ʠ 1 ʤɸ. ʉʪʨʘʪʝʛʠʷ ʩʙʦʨʘ ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʜʘʥʥʳʭ ʙʳʣʘ 

ʦʧʪʠʤʠʟʠʨʦʚʘʥʘ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʧʨʦʛʨʘʤʤʳ COSMO ʚ ʧʘʢʝʪʝ APEX2 (Bruker. 

APEX2, Bruker AXS Inc., Madison, Wisconsin, USA. 2003). ɼʣʷ ʠʟʚʣʝʯʝʥʠʷ 

ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʦʪʨʘʞʝʥʠʡ ʠ ʜʣʷ ʢʦʨʨʝʢʮʠʠ ʵʬʬʝʢʪʘ ʧʦʣʷʨʠʟʘʮʠʠ ʃʦʨʝʥʩʘ 

ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʦʙʨʘʙʦʪʢʘ ʜʘʥʥʳʭ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ SAINT (Bruker. SAINT, 

Bruker AXS Inc., Madison, Wisconsin, USA. 2007). ʇʦʣʫʵʤʧʠʨʠʯʝʩʢʘʷ ʢʦʨʨʝʢʮʠʷ 

ʧʦʛʣʦʱʝʥʠʷ ʙʳʣʘ ʚʳʧʦʣʥʝʥʘ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ SADABS [234].  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʠʩʩʣʝʜʫʝʤʳʝ 

ʦʙʨʘʟʮʳ ʢʨʠʩʪʘʣʣʠʟʫʶʪʩʷ ʚ ʨʦʤʙʠʯʝʩʢʦʡ ʩʠʥʛʦʥʠʠ. ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʳ 

XPREP ʙʳʣʘ ʦʧʨʝʜʝʣʝʥʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʛʨʫʧʧʘ (Pnma) ʠ ʧʨʦʚʝʜʝʥ ʨʘʩʯʝʪ 

ʩʪʘʪʠʩʪʠʢʠ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ. ʆʢʦʥʯʘʪʝʣʴʥʳʡ ʨʘʩʯʝʪ ʙʳʣ ʚʳʧʦʣʥʝʥ ʤʝʪʦʜʦʤ 

ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ ʩ ʧʨʠʤʠʥʝʥʠʝʤ ʧʨʦʛʨʘʤʤʳ CRYSTALS [235]. ʉʪʨʫʢʪʫʨʘ 

ʙʳʣʘ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʨʘʩʰʠʬʨʦʚʘʥʘ ʤʝʪʦʜʦʤ Charge Flipping [236], ʘ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʛʨʫʧʧʘ ʧʦʜʪʚʝʨʞʜʝʥʘ ʘʥʘʣʠʟʦʤ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʵʣʝʢʪʨʦʥʥʦʡ 

ʧʣʦʪʥʦʩʪʠ.  

ʐʢʘʣʴʥʳʝ ʬʘʢʪʦʨʳ, ʢʦʦʨʜʠʥʘʪʳ ʘʪʦʤʦʚ, ʟʘʩʝʣʝʥʥʦʩʪʴ ʧʦʟʠʮʠʡ ʠ ʬʘʢʪʦʨʳ 

ʩʤʝʱʝʥʠʷ ʘʪʦʤʦʚ ʷʚʣʷʣʠʩʴ ʫʪʦʯʥʷʝʤʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʨʘʩʰʠʬʨʦʚʢʠ ʩʪʨʫʢʪʫʨʳ ʚ ʘʥʠʟʦʪʨʦʧʥʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʟʥʘʯʝʥʠʝ 

R ʩʦʩʪʘʚʠʣʦ 4 % ʜʣʷ BCI-1 ʠ 5 % ʜʣʷ BCI-4. ʈʘʩʩʯʠʪʘʥʥʘʷ ʨʘʟʥʦʩʪʥʘʷ ʢʘʨʪʘ ʌʫʨʴʝ 

ʚʳʷʚʠʣʘ ʟʥʘʯʠʪʝʣʴʥʫʶ ʦʩʪʘʪʦʯʥʫʶ ʵʣʝʢʪʨʦʥʥʫʶ ʧʣʦʪʥʦʩʪʴ. ɼʣʷ ʦʙʨʘʟʮʘ BCI-1 

ʥʘʠʙʦʣʴʰʠʝ ʧʠʢʠ (~2 eï/¡3) ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʥʘ ʨʘʩʪʦʷʥʠʠ ʧʨʠʤʝʨʥʦ 1,2ï2,5 ¡ ʦʪ 
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ʧʦʟʠʮʠʡ Cl ʠ I. ɼʣʷ ʦʙʨʘʟʮʘ BCI-4 ʧʠʢʠ 2ï2,3 eï/¡3 ʥʘʙʣʶʜʘʣʠʩʴ ʥʘ ʨʘʩʪʦʷʥʠʠ 2-2,4 

¡ ʦʪ ʧʦʟʠʮʠʡ Ba ʠ I. ʕʪʠ ʧʠʢʠ ʪʨʝʙʫʶʪ ʜʘʣʴʥʝʡʰʝʡ ʠʥʪʝʨʧʨʝʪʘʮʠʠ.  

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʨʠʩʪʘʣʣʘ ʠ ʜʘʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʨʠʚʝʜʝʥʳ ʚ ʊʘʙʣʠʮʝ 12. 

ɺ ʨʦʤʙʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʝ (ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʛʨʫʧʧʘ Pnma) ʠʩʩʣʝʜʫʝʤʦʛʦ 

ʩʦʝʜʠʥʝʥʠʷ ʘʪʦʤʳ Ba, Cl ʠ I ʟʘʥʠʤʘʶʪ ʯʝʪʳʨʝʭʢʨʘʪʥʳʝ ʩʧʝʮʠʘʣʴʥʳʝ ʧʦʟʠʮʠʠ (4ʩ) 

ʠ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʥʘ ʟʝʨʢʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʡ ʦʩʠ b. ɸʪʦʤ ʙʘʨʠʷ 

ʢʦʦʨʜʠʥʠʨʦʚʘʥ 9 ʘʥʠʦʥʘʤʠ ʩ ʩʨʝʜʥʠʤʠ ʤʝʞʘʪʦʤʥʳʤʠ ʨʘʩʩʪʦʷʥʠʷʤʠ BaïCl~3,15 ¡ 

ʠ BaïI~3.59 ¡ (ʈʠʩʫʥʦʢ 57-b). 

ʊʘʙʣʠʮʘ 12. ʂʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʜʘʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʠ ʨʝʟʫʣʴʪʘʪʳ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʫʪʦʯʥʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʦʙʨʘʟʮʦʚ BCI-1 ʠ BCI-4 [233] 

ʉʠʥʛʦʥʠʷ, 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʛʨʫʧʧʘ 

BCl-1 BCl-4 

ʈʦʤʙʠʯʝʩʢʘʷ, Pnma 

a, ¡  

b, ¡  

c, ¡ 

V, ¡3  

Z 

Dx, ʛĿʩʤï3 

ʈʘʟʤʝʨʳ ʢʨʠʩʪʘʣʣʘ, ʤʤ 

8.4829(5)  

4.9517(3)  

9.6139(5)  

403.83(4) 

4  

5.23  

0.42Ĭ0.39Ĭ0.02 

8.4598(6)  

4.9331(4)  

9.5937(7)  

400.37(5) 

4  

4.94  

0.16Ĭ0.12Ĭ0.11 

T, K  

ɼʠʬʨʘʢʪʦʤʝʪʨ 

100  

AXSD8 VENTURE Bruker 

ʊʠʧ ʠʟʣʫʯʝʥʠʷ;  

ʜʣʠʥʘ ʚʦʣʥʳ, ¡ 

MoKŬ; 0.71073 

ʊʠʧ ʩʢʘʥʠʨʦʚʘʥʠʷ ű ʠ ɤ 

Tmin, Tmax 

ɗminïɗmax, ʛʨʘʜ 

0.1784, 1.000  

3.203ï30.538 

0.5714, 1.000  

3.211ï30.506 

ʄʝʪʦʜ ʫʪʦʯʥʝʥʠʷ ʄʅʂ ʧʦ F 
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ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʩʪʘʚʘ ʧʦʣʫʯʝʥʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʙʳʣ ʧʨʠʤʝʥʝʥ ʤʝʪʦʜ 

ʧʦʨʦʰʢʦʚʦʡ ʜʠʬʨʘʢʪʦʤʝʪʨʠʠ. ɺ ʩʫʭʦʤ ʙʦʢʩʝ ʠʟ ʚʳʨʘʱʝʥʥʦʛʦ ʢʨʠʩʪʘʣʣʘ ʙʳʣ 

ʚʳʨʝʟʘʥ ʦʙʨʘʟʝʮ, ʢʦʪʦʨʳʡ ʟʘʪʝʤ ʨʘʩʪʠʨʘʣʩʷ ʚ ʩʪʫʧʢʝ ʜʦ ʧʦʣʫʯʝʥʠʷ ʜʠʩʧʝʨʩʥʦʛʦ 

ʧʦʨʦʰʢʘ. ʈʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ ʧʦʨʦʰʢʘ ʙʳʣ ʚʳʧʦʣʥʝʥ ʥʘ ʜʠʬʨʘʢʪʦʤʝʪʨʝ 

D8 ADVANCE Bruker (CuKŬ-ʠʟʣʫʯʝʥʠʝ). ʈʝʛʠʩʪʨʘʮʠʷ ʜʠʬʨʘʢʪʦʛʨʘʤʤ 

ʧʨʦʚʦʜʠʣʘʩʴ ʚ ʜʠʘʧʘʟʦʥʝ ʫʛʣʦʚ ʜʠʬʨʘʢʮʠʠ 2ɗ ʦʪ 3 ʜʦ 80 Á ʧʨʠ ʩʣʝʜʫʶʱʠʭ ʫʩʣʦʚʠʷʭ: 

40 ʢɺ, 40 ʤɸ, ʚʨʝʤʷ ʰʘʛʘ ï 1 ʩ, ʨʘʟʤʝʨ ʰʘʛʘ ï 0,02 Á, ʟʝʨʢʘʣʦ ɻʫʙʝʣʷ. 

ʈʝʥʪʛʝʥʦʛʨʘʤʤʘ ʦʙʨʘʟʮʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʈʠʩʫʥʢʝ 57-ʘ ʠ ʘʥʘʣʦʛʠʯʥʘ ʪʦʡ, ʯʪʦ ʙʳʣʘ 

ʧʦʣʫʯʝʥʘ ʚ ʨʘʙʦʪʝ [48]. ʆʜʥʘʢʦ ʚ ʦʪʣʠʯʠʝ ʦʪ ʫʢʘʟʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʩʪʨʫʢʪʫʨʘ 

ʥʘʰʝʛʦ ʦʙʨʘʟʮʘ ʙʳʣʘ ʫʪʦʯʥʝʥʘ ʚ ʫʩʪʘʥʦʚʢʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʳ Pnma 

ʨʦʤʙʠʯʝʩʢʦʡ ʩʠʥʛʦʥʠʠ, ʘ ʥʝ Pbam [237]. 

 

ʈʠʩʫʥʦʢ 57 ï (a) ʈʝʥʪʛʝʥʦʛʨʘʤʤʘ ʧʦʨʦʰʢʦʚʦʛʦ ʦʙʨʘʟʮʘ BaClI. (b) ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ 

BaClI: ʨʘʩʧʦʣʦʞʝʥʠʝ ʘʥʠʦʥʦʚ Cl ʠ I ʚʦʢʨʫʛ ʢʘʞʜʦʛʦ ʘʪʦʤʘ Ba. (c) ʀʩʩʣʝʜʫʝʤʳʡ ʢʨʠʩʪʘʣʣ 

BaClI:0,1% Eu2+ [232]. 
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4.3 ʃʝʛʠʨʦʚʘʥʠʝ ʱʝʣʦʯʥʦʟʝʤʝʣʴʥʳʭ ʛʘʣʦʠʜʥʳʭ ʢʨʠʩʪʘʣʣʦʚ 

ʨʝʜʢʦʟʝʤʝʣʴʥʳʤʠ ʧʨʠʤʝʩʷʤʠ   

ɼʣʷ ʣʝʛʠʨʦʚʘʥʠʷ ʢʨʠʩʪʘʣʣʦʚ BaBrI ʠ SrBrI ʝʚʨʦʧʠʝʤ ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ 

ʩʦʝʜʠʥʝʥʠʝ EuBr3, ʘ ʜʣʷ ʢʨʠʩʪʘʣʣʦʚ BaClI ï EuCl3. ʀʟ-ʟʘ ʙʣʠʟʢʠʭ ʧʦ ʚʝʣʠʯʠʥʝ 

ʠʦʥʥʳʭ ʨʘʜʠʫʩʦʚ ʠ ʟʘʨʷʜʦʚ ʠʦʥʳ ʝʚʨʦʧʠʷ ʟʘʤʝʱʘʶʪ ʠʦʥʳ ʙʘʨʠʷ ʚ BaBrI ʠ BaClI, ʠ 

ʤʝʩʪʘ ʩʪʨʦʥʮʠʷ ʚ SrBrI. ʏʪʦʙʳ ʦʮʝʥʠʪʴ ʩʪʝʧʝʥʴ ʚʭʦʞʜʝʥʠʷ ʧʨʠʤʝʩʠ ʝʚʨʦʧʠʷ ʚ 

ʨʝʰʸʪʢʫ ʢʨʠʩʪʘʣʣʘ BaBrI, ʙʳʣ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥ ʨʷʜ ʦʙʨʘʟʮʦʚ ʩ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ 

Eu, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ 0,01 %, 0,05 %, 0,1 %, 5 % ʠ 7 %. ʆʧʨʝʜʝʣʝʥʠʝ ʩʦʜʝʨʞʘʥʠʡ 

ʘʥʘʣʠʪʘ ʚʳʧʦʣʥʝʥʦ ʤʝʪʦʜʦʤ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ ʩ ʠʥʜʫʢʪʠʚʥʦ ʩʚʷʟʘʥʥʦʡ ʧʣʘʟʤʦʡ 

(ʄʉ-ʀʉʇ) ʠʟ ʨʘʩʪʚʦʨʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʧʦʩʣʝ ʨʘʩʪʚʦʨʝʥʠʷ ʢʨʠʩʪʘʣʣʦʚ ʠ ʦʪʜʝʣʝʥʠʷ 

ʙʘʨʠʷ ʢʘʢ ʦʩʥʦʚʥʦʛʦ ʤʝʰʘʶʱʝʛʦ ʵʣʝʤʝʥʪʘ. ʀʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʣʠ ʥʘ ʤʘʩʩ-

ʩʧʝʢʪʨʦʤʝʪʨʝ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ Element 2 (Finnigan MAT, ɻʝʨʤʘʥʠʷ). ʂʨʦʤʝ 

ʪʦʛʦ, ʜʚʘ ʢʨʠʩʪʘʣʣʘ ʙʳʣʠ ʪʘʢʞʝ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʤʝʪʦʜʦʤ 

ʨʝʥʪʛʝʥʦʩʧʝʢʪʨʘʣʴʥʦʛʦ ʬʣʫʦʨʝʩʮʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ (ʈʉʌɸ), ʥʝ ʪʨʝʙʫʶʱʝʛʦ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʭʠʤʠʯʝʩʢʦʡ ʧʨʦʙʦʧʦʜʛʦʪʦʚʢʠ [221]. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʘʣʠ ʙʦʣʝʝ ʥʠʟʢʠʡ ʫʨʦʚʝʥʴ ʩʦʜʝʨʞʘʥʠʷ ʝʚʨʦʧʠʷ 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʚʚʦʜʠʤʳʤʠ ʜʦʙʘʚʢʘʤʠ. ʇʨʠ ʵʪʦʤ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʚʚʦʜʠʤʳʭ ʜʦʙʘʚʦʢ ʥʘʙʣʶʜʘʣʦʩʴ ʫʚʝʣʠʯʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʠʛʥʘʣʦʚ Eu ʚ 

ʨʘʩʪʚʦʨʘʭ. ʇʦ ʜʚʫʤ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʨʘʟʥʳʤ ʤʝʪʦʜʘʤ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʙʣʠʟʢʠʝ 

ʟʥʘʯʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ Eu: 3,1 % (ʄʉ-ʀʉʇ) ʠ 2,1 % (ʈʉʌɸ) ï ʜʣʷ ʦʙʨʘʟʮʘ ʩ 

ʜʦʙʘʚʢʦʡ 7 % Eu; ʘ ʪʘʢʞʝ 0,003 % (ʄʉ-ʀʉʇ) ʠ <0,01 % (ʈʉʌɸ) ï ʜʣʷ ʦʙʨʘʟʮʘ ʩ 

ʜʦʙʘʚʢʦʡ 0,05 % Eu. 

ɹʦʣʝʝ ʥʠʟʢʠʝ ʟʥʘʯʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʝʚʨʦʧʠʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʨʘʩʩʯʠʪʘʥʥʳʤʠ 

ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ ʚʚʦʜʠʤʳʭ ʜʦʙʘʚʦʢ ʦʙʲʷʩʥʷʶʪʩʷ ʚʳʪʝʩʥʝʥʠʝʤ ʧʨʠʤʝʩʠ ʝʚʨʦʧʠʷ ʚ 

ʚʝʨʭʥʶ  ʁ ʯʘʩʪ ɹ ʢʨʠʩʪʘʣʣʘ, ʘ ʪʘʢʞʝ ʤʦʛʫʪ ʙʳʪʴ ʦʙʲʷʩʥʝʥʳ ʧʦʪʝʨʷʤʠ, 

ʧʨʦʠʩʭʦʜʷʱʠʤʠ ʚ ʧʨʦʮʝʩʩʝ ʚʳʨʘʱʠʚʘʥʠʷ ʢʨʠʩʪʘʣʣʘ. ʄʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ 

ʜʣʷ ʢʨʠʩʪʘʣʣʦʚ BaClI ʠ SrBrI ʭʘʨʘʢʪʝʨ ʚʭʦʞʜʝʥʠʷ Eu ʙʫʜʝʪ ʘʥʘʣʦʛʠʯʥʳʤ.  

ʆʜʥʘʢʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʙʦʣʝʝ ʥʠʟʢʠʝ ʬʘʢʪʠʯʝʩʢʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʝʚʨʦʧʠʷ, ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ, ʠʟʥʘʯʘʣʴʥʦ ʚʚʦʜʠʤʳʤʠ ʚ ʰʠʭʪʫ, ʠʩʩʣʝʜʫʝʤʳʝ 

ʢʨʠʩʪʘʣʣʳ ʧʦʢʘʟʳʚʘʶʪ ʚʳʩʦʢʠʡ ʩʚʝʪʦʚʦʡ ʚʳʭʦʜ ʣʶʤʠʥʝʩʮʝʥʮʠʠ. 
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ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʳ ʪʘʢʞʝ ʠʟʫʯʘʣʠ ʢʨʠʩʪʘʣʣʳ BaBrI, ʣʝʛʠʨʦʚʘʥʥʳʝ 

ʠʦʥʘʤʠ ʮʝʨʠʷ ʠ ʩʘʤʘʨʠʷ [238, 239]. ʅʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʠʩʭʦʜʥʫʶ ʰʠʭʪʫ 

ʩʦʝʜʠʥʝʥʠʷ BaBr2īBaI2, ʩʤʝʰʘʥʥʫʶ ʚ ʤʦʣʷʨʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ 1:1, ʧʝʨʝʜ ʥʘʯʘʣʦʤ 

ʩʫʰʢʠ ʚʚʦʜʠʣʩʷ CeBr3 ʠʣʠ SmI2, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʀʥʬʦʨʤʘʮʠʷ ʦ ʩʦʜʝʨʞʘʥʠʠ 

ʧʨʠʤʝʩʠ Ce ʠʣʠ Sm ʚ ʢʨʠʩʪʘʣʣʘʭ BaBrI ʪʘʢʞʝ, ʢʘʢ ʠ ʚ ʩʣʫʯʘʝ ʣʝʛʠʨʦʚʘʥʠʷ 

ʝʚʨʦʧʠʝʤ, ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʤʝʪʦʜʦʤ ʄʉ-ʀʉʇ ʧʦʩʣʝ ʨʘʩʪʚʦʨʝʥʠʷ ʢʨʠʩʪʘʣʣʦʚ ʠ 

ʦʪʜʝʣʝʥʠʷ ʙʘʨʠʷ ʢʘʢ ʦʩʥʦʚʥʦʛʦ ʤʘʪʨʠʯʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ. ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ 

ʛʨʘʜʫʠʨʦʚʦʯʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʝʨʠʶ ʨʘʩʪʚʦʨʦʚ ʩ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ Ce 

(ʠʣʠ Sm) ʦʪ 0,005 ʜʦ 100 ʥʛ/ʤʣ, ʧʨʠʛʦʪʦʚʣʝʥʥʳʤʠ ʠʟ ʩʪʘʥʜʘʨʪʥʦʛʦ ʨʘʩʪʚʦʨʘ CLMS-

1 (Spex, ʉʐɸ). ɺʥʫʪʨʝʥʥʠʤ ʩʪʘʥʜʘʨʪʦʤ ʙʳʣ ʨʦʜʠʡ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʚ ʨʘʩʪʚʦʨʘʭ 

2 ʥʛ/ʤʣ. ɺ ʧʨʦʮʝʩʩʝ ʘʥʘʣʠʟʘ ʧʨʦʙ ʧʦʣʫʯʝʥʳ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʝʝ ʥʠʟʢʠʝ ʩʦʜʝʨʞʘʥʠʷ 

ʘʢʪʠʚʘʪʦʨʘ Ce (ʠʣʠ Sm) ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʨʘʩʯʝʪʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʚʚʦʜʠʤʳʭ 

ʜʦʙʘʚʦʢ. ʇʨʠ ʩʦʜʝʨʞʘʥʠʠ ʚ ʰʠʭʪʝ 0,5 ʤʦʣ. % CeBr3 ʚ ʢʨʠʩʪʘʣʣʝ ʦʙʥʘʨʫʞʝʥʘ 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʮʝʨʠʷ 10ī3 ʤʦʣ. %. ɺʦʟʤʦʞʥʦ, ʯʪʦ ʧʨʠ ʧʨʦʩʫʢhʝ ʰʠʭʪʳ ʧʨʦʠʩʭʦʜʠʪ 

ʦʙʨʘʟʦʚʘʥʠʝ ʬʘʟʳ CeOBr [240]. ʉʦʜʝʨʞʘʥʠʷ Sm ʚ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʘʭ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʨʘʩʯʝʪʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʚʚʦʜʠʤʳʭ ʚ ʥʠʭ ʜʦʙʘʚʦʢ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ 

ʊʘʙʣʠʮʝ 13. ʆʜʥʘʢʦ ʧʨʠ ʵʪʦʤ ʩ ʨʦʩʪʦʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʚʦʜʠʤʳʭ ʜʦʙʘʚʦʢ 

ʥʘʙʣʶʜʘʣʦʩʴ ʫʚʝʣʠʯʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʠʛʥʘʣʦʚ Sm. 

ʊʘʙʣʠʮʘ 13. ʈʝʟʫʣʴʪʘʪʳ ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ Sm ʚ ʢʨʠʩʪʘʣʣʘʭ BaBrI 

ɺʚʝʜʝʥʦ ʚ ʰʠʭʪʫ, % ʅʘʡʜʝʥʦ ʤʝʪʦʜʦʤ ʄʉ-ʀʉʇ, % 

0,1 0,00001 

1 0,0084 

5 0,034 

10 0,095 

ʇʨʘʚʠʣʴʥʦʩʪʴ ʄʉ-ʀʉʇ ʦʧʨʝʜʝʣʝʥʠ ̫ (0,095 %) ʦʮʝʥʠʣʠ ʜʣʷ ʦʙʨʘʟʮʘ ʩ 

ʥʘʠʙʦʣʴʰʝʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʜʦʙʘʚʢʠ Sm ʩʨʘʚʥʝʥʠʝʤ ʩ ʜʘʥʥʳʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ 

ʤʝʪʦʜʦʤ ʨʝʥʪʛʝʥʦʬʣʫʦʨʝʩʮʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ ʩ ʧʦʣʥʳʤ ʚʥʝʰʥʠʤ ʦʪʨʘʞʝʥʠʝʤ 

ʚʦʟʙʫʞʜʘʶʱʝʛʦ ʧʫʯʢʘ (ʈʌɸ ʇɺʆ), ʢʦʪʦʨʳʝ ʩʦʩʪʘʚʠʣʠ 0,1%.  

ʀʟʤʝʨʝʥʠʷ ʚʩʝʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚ ʢʨʠʩʪʘʣʣʘʭ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ 

ʩ ʤʘʨʢʠʨʦʚʢʦʡ ʨʘʩʯʝʪʥʳʭ ʟʥʘʯʝʥʠʡ ʚʚʦʜʠʤʳʭ ʜʦʙʘʚʦʢ ʘʢʪʠʚʘʪʦʨʘ, ʧʦʵʪʦʤʫ ʜʘʣʝʝ 
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ʧʦ ʪʝʢʩʪʫ ʠʩʩʣʝʜʫʝʤʳʝ ʦʙʨʘʟʮʳ ʦʙʦʟʥʘʯʝʥʳ ʩʦʛʣʘʩʥʦ ʢʦʥʮʝʥʪʨʘʮʠʷʤ ʚʚʦʜʠʤʳʭ ʚ 

ʰʠʭʪʫ ʧʨʠʤʝʩʝʡ, ʘ ʥʝ ʨʝʘʣʴʥʦ ʚʦʰʝʜʰʠʭ ʚ ʢʨʠʩʪʘʣʣ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʝʪʦʜʘʤʠ ʄʉ-ʀʉʇ ʠ ʈʌɸ ʇɺʆ ʙʳʣʠ ʦʮʝʥʝʥʳ ʬʘʢʪʠʯʝʩʢʠʝ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʨʠʤʝʩʝʡ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʨʝʘʣʴʥʦ ʚʦʰʝʜʰʠʝ ʚ 

ʚʳʨʘʱʝʥʥʳʝ ʢʨʠʩʪʘʣʣʳ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʘʣʠ ʙʦʣʝʝ ʥʠʟʢʠʡ ʫʨʦʚʝʥʴ 

ʩʦʜʝʨʞʘʥʠʷ ʧʨʠʤʝʩʝʡ ʚ ʢʨʠʩʪʘʣʣʘʭ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʚʚʦʜʠʤʳʤʠ ʚ ʰʠʭʪʫ 

ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ ʘʢʪʠʚʘʪʦʨʘ. ʅʝʩʤʦʪʨʷ ʥʘ ʵʪʦʪ ʬʘʢʪ, ʠʭ ʥʘʣʠʯʠʝ ʦʢʘʟʳʚʘʝʪ 

ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ʩʚʦʡʩʪʚʘ ʚʳʨʘʱʝʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʠ 

ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʷʚʥʘʷ ʢʦʨʨʝʣʷʮʠʷ ʤʝʞʜʫ ʚʚʦʜʠʤʦʡ ʚ ʰʠʭʪʫ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 

ʧʨʠʤʝʩʠ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʣʶʤʠʥʝʩʮʝʥʮʠʠ.  

4.4 ʆʧʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʢʨʠʩʪʘʣʣʦʚ BaBrI , BaClI  ʠ SrBrI , ʣʝʛʠʨʦʚʘʥʥʳʭ 

ʠʦʥʘʤʠ Eu2+ 

ɼʘʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʚ ʨʘʤʢʘʭ ʛʨʘʥʪʘ ʈʌʌʀ N15-02-06514 

çʈʘʜʠʘʮʠʦʥʥʳʝ ʧʨʦʮʝʩʩʳ ʚ ʤʦʥʦʢʨʠʩʪʘʣʣʘʭ ʥʘ ʦʩʥʦʚʝ ʱʝʣʦʯʥʦʟʝʤʝʣʴʥʳʭ 

ʛʘʣʦʛʝʥʠʜʦʚ c ʨʝʜʢʦʟʝʤʝʣʴʥʳʤʠ ʧʨʠʤʝʩʷʤʠè ʠ ʛʨʘʥʪʘ ʈʅʌ ˉ 18-72-10085 çʇʦʠʩʢ 

ʵʬʬʝʢʪʠʚʥʳʭ ʘʢʪʠʚʘʪʦʨʦʚ ʠ ʠʟʫʯʝʥʠʝ ʤʝʭʘʥʠʟʤʘ ʧʝʨʝʥʦʩʘ ʵʥʝʨʛʠʠ ʚ 

ʩʮʠʥʪʠʣʣʷʪʦʨʘʭ ʥʘ ʦʩʥʦʚʝ ʱʝʣʦʯʥʦʟʝʤʝʣʴʥʳʭ ʛʘʣʦʠʜʦʚè. ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʧʫʙʣʠʢʘʮʠʷʭ [221, 232, 233, 241, 242]. ʉʧʝʢʪʨʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʚʳʨʘʱʝʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʈ.ʖ. ʐʝʥʜʨʠʢʦʤ. 

ʅʘ ʈʠʩʫʥʢʝ 58-ʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʧʝʢʪʨ r ʧʦʛʣʦʱʝʥʠʷ ʥʝʣʝʛʠʨʦʚʘʥʥʳʭ 

ʢʨʠʩʪʘʣʣʦʚ BaBrI, BaClI ʠ SrBrI. ʀʟ ʧʨʠʚʝʜʝʥʥʳʭ ʩʧʝʢʪʨʦʚ ʚʠʜʥʦ, ʯʪʦ ʚ ʜʘʥʥʳʭ 

ʢʨʠʩʪʘʣʣʘʭ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ʦʪʩʫʪʩʪʚʫʶʪ, ʘ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʡ ʢʨʘʡ 

ʧʦʛʣʦʱʝʥʠʷ ʣʝʞʠʪ ʚ ʦʙʣʘʩʪʠ 5,5-6 ʵɺ. ɺ ʣʝʛʠʨʦʚʘʥʥʳʭ ʝʚʨʦʧʠʝʤ ʢʨʠʩʪʘʣʣʘʭ 

ʩʧʝʢʪʨ rʧʦʛʣʦʱʝʥʠʷ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʧʦʣʦʩʳ ʩ ʜʚʫʤʷ ʧʠʢʘʤʠ ʚ ʦʙʣʘʩʪʠ 4-4,5 ʵɺ 

(ʈʠʩʫʥʦʢ 58-ʙ), ʢʦʪʦʨʳʝ ʦʙʫʩʣʦʚʣʝʥʳ 4f7-5d14f6 ʧʝʨʝʭʦʜʘʤʠ ʚ ʠʦʥʘʭ ʝʚʨʦʧʠʷ. ɺ 

ʊʘʙʣʠʮʝ 14 ʧʨʝʜʩʪʘʚʣʝʥʳ ʟʥʘʯʝʥʠʷ ʰʠʨʠʥʳ ʟʘʧʨʝʱʸʥʥʦʡ ʟʦʥʳ ʠʩʩʣʝʜʫʝʤʳʭ 

ʢʨʠʩʪʘʣʣʦʚ, ʦʧʨʝʜʝʣʝʥʥʳʝ ʧʦ ʢʨʘʶ ʧʦʣʦʩʳ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʛʦ ʧʦʛʣʦʱʝʥʠʷ, 

ʢʦʪʦʨʳʝ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʜʘʥʥʳʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʥʝʵʤʧʠʨʠʯʝʩʢʠʭ ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ [232, 233].  
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ʈʠʩʫʥʦʢ 58 ï (ʘ) ʉʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ ʥʦʤʠʥʘʣʴʥʦ ʙʝʩʧʨʠʤʝʩʥʳʭ ʢʨʠʩʪʘʣʣʦʚ: (1) ï BaBrI,  

(2) ï SrBrI, (3) ï BaClI; (ʙ) ʉʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ ʢʨʠʩʪʘʣʣʦʚ, ʣʝʛʠʨʦʚʘʥʥʳʭ ʠʦʥʘʤʠ ʝʚʨʦʧʠʷ:  

(1) ï BaClI:0.1 % Eu2+ ʠ (2) ï BaBrI:0.05 % Eu2+[221].  

ʉʣʝʜʫʝʪ ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ, ʯʪʦ ʥʘ ʨʠʩʫʥʢʘʭ ʠ ʚ ʪʘʙʣʠʮʘʭ ʟʜʝʩʴ ʠ ʜʘʣʝʝ 

ʫʢʘʟʘʥʳ ʨʘʩʯʝʪʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʝʚʨʦʧʠʷ, ʚʚʦʜʠʤʳʝ ʚ ʰʠʭʪʫ ʧʝʨʝʜ 

ʚʳʨʘʱʠʚʘʥʠʝʤ ʢʨʠʩʪʘʣʣʦʚ, ʘ ʥʝ ʬʘʢʪʠʯʝʩʢʠ ʫʩʪʘʥʦʚʣʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ (ʧ. 4.3).  

ʉʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ ʠʦʥʦʚ Eu2+ ʚ ʢʨʠʩʪʘʣʣʘʭ BaBrI ʠ BaClI, ʠʟʤʝʨʝʥʥʳʝ ʧʨʠ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʘ ʪʘʢʞʝ ʥʦʨʤʠʨʦʚʘʥʥʳʝ ʩʧʝʢʪʨʳ ʩʚʝʯʝʥʠʷ ʠ ʚʦʟʙʫʞʜʝʥʠʷ, 

ʠʟʤʝʨʝʥʥʳʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 80 ʂ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʈʠʩʫʥʢʝ 59 ʠ ʈʠʩʫʥʢʝ 60. ʅʘ 

ʦʙʦʠʭ ʨʠʩʫʥʢʘʭ ʥʘʙʣʶʜʘʶʪʩʷ ʩʠʣʴʥʳʝ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ʦʪ ʦʩʥʦʚʥʦʛʦ ʩʦʩʪʦʷʥʠʷ 

4f 7 ʜʦ ʩʦʩʪʦʷʥʠʡ 4f65d1 (ʢʨʠʚʳʝ 1). ɼʣʷ ʢʨʠʩʪʘʣʣʘ BaBrI ʤʘʢʩʠʤʫʤ r ʧʦʣʦʩ 

ʧʦʛʣʦʱʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʪʁ 4,43 ʵɺ ʠ 4,25 ʵɺ, ʘ ʜʣʷ ʢʨʠʩʪʘʣʣʘ BaClI ï 4,46 ʵɺ ʠ 

4,27 ʵɺ. 

ʉʧʝʢʪʨʳ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʩ ʤʘʢʩʠʤʫʤʘʤʠ ʥʘ 2,99 ʵɺ ʚ BaBrI:Eu2+ ʠ 3,02 ʵɺ ʚ 

BaClI:Eu2+ ʧʨʠ ʚʦʟʙʫʞʜʝʥʠʠ ʩʚʝʪʦʤ 4,27 ʵɺ ʦʙʫʩʣʦʚʣʝʥʳ ʧʝʨʝʭʦʜʦʤ 5d-4f 

(ʈʠʩʫʥʦʢ 59 ʠ ʈʠʩʫʥʦʢ 60, ʢʨʠʚʳʝ 3) [44, 237].  

ʉʧʝʢʪʨ rʚʦʟʙʫʞʜʝʥʠʷ ʣʶʤʠʥʝʩʮʝʥʮʠʠ 5d-4f ʢʨʠʩʪʘʣʣʦʚ BaBrI-Eu2+ ʠ BaClI-

Eu2+ (ʈʠʩʫʥʦʢ 59 ʠ ʈʠʩʫʥʦʢ 60, ʢʨʠʚʘ ̫ 2), ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʶʪʩʷ ʩʦ ʩʧʝʢʪʨʘʤʠ 

ʦʧʪʠʯʝʩʢʦʛʦ ʧʦʛʣʦʱʝʥʠʷ. 

ʘ ʙ 
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ʈʠʩʫʥʦʢ 59 ï ʂʨʠʩʪʘʣʣʳ BaBrI, ʣʝʛʠʨʦʚʘʥʥʳʝ 0,05 ʤʦʣ. % Eu2+. ʉʧʝʢʪʨ ʦʧʪʠʯʝʩʢʦʛʦ 

ʧʦʛʣʦʱʝʥʠʷ (ʧʫʥʢʪʠʨʥʘʷ ʢʨʠʚʘʷ 1), ʩʧʝʢʪʨ ʚʦʟʙʫʞʜʝʥʠʷ (ʢʨʠʚʘʷ 2) ʥʘʙʣʶʜʘʝʤʳʡ ʚ ʧʦʣʦʩʝ 

ʩʚʝʯʝʥʠʷ 3 ʵɺ, ʠ ʩʧʝʢʪʨ ʩʚʝʯʝʥʠʷ ʧʨʠ ʚʥʫʪʨʝʮʝʥʪʨʦʚʦʤ 4f-5d ʚʦʟʙʫʞʜʝʥʠʠ ʚ ʦʙʣʘʩʪʠ 4,27 ʵɺ 

(ʢʨʠʚʘʷ 3) ʠ ʩʧʝʢʪʨ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʣʶʤʠʥʝʩʮʝʥʮʠʠ (ʪʦʯʝʯʥʘʷ ʢʨʠʚʘʷ 4) [232]. 

 

 

 

 

ʈʠʩʫʥʦʢ 60 ï ʂʨʠʩʪʘʣʣʳ BaClI, ʣʝʛʠʨʦʚʘʥʥʳʝ 0,1 ʤʦʣ. % Eu2+. ʉʧʝʢʪʨ ʦʧʪʠʯʝʩʢʦʛʦ 

ʧʦʛʣʦʱʝʥʠʷ (ʧʫʥʢʪʠʨʥʘʷ ʢʨʠʚʘʷ 1), ʩʧʝʢʪʨ ʚʦʟʙʫʞʜʝʥʠʷ (ʢʨʠʚʘʷ 2), ʥʘʙʣʶʜʘʝʤʳʡ ʚ ʦʙʣʘʩʪʠ 

3 ʵɺ, ʠ ʩʧʝʢʪʨʳ ʩʚʝʯʝʥʠʷ ʧʨʠ ʚʥʫʪʨʠʮʝʥʪʨʦʚʦʤ 4f-5d ʚʦʟʙʫʞʜʝʥʠʠ ʚ ʦʙʣʘʩʪʠ 4,27 ʵɺ  

(ʢʨʠʚʘʷ 3) ʠ ʩʧʝʢʪʨ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʣʶʤʠʥʝʩʮʝʥʮʠʠ (ʪʦʯʝʯʥʘʷ ʢʨʠʚʘʷ 4) [232]. 

BaClI - 0.1 mol.% Eu2+ 

BaBrI - 0.05 mol.% Eu2+ 
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ʈʠʩʫʥʦʢ 61 ï ʂʨʠʩʪʘʣʣʳ SrBrI, ʣʝʛʠʨʦʚʘʥʥʳʝ Eu2+. ʉʧʝʢʪʨ ʚʦʟʙʫʞʜʝʥʠʷ (ʢʨʠʚʘʷ 1), 

ʥʘʙʣʶʜʘʝʤʳʡ ʚ ʦʙʣʘʩʪʠ 3,0 ʵɺ, ʠ ʩʧʝʢʪʨ ʩʚʝʯʝʥʠʷ (ʢʨʠʚʘʷ 2) ʧʨʠ ʚʥʫʪʨʝʮʝʥʪʨʦʚʦʤ 4f-5d 

ʚʦʟʙʫʞʜʝʥʠʠ ʚ ʦʙʣʘʩʪʠ 4,27 ʵɺ.  

ɺ ʢʨʠʩʪʘʣʣʘʭ SrBrI ʧʦʣʦʩʘ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʝʚʨʦʧʠʷ 5d-4f ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ 

2,94 ʵɺ, ʪʦ ʝʩʪʴ ʦʥʘ ʥʝʩʢʦʣʴʢʦ ʩʜʚʠʥʫʪʘ ʚ ʦʙʣʘʩʪʴ ʙʦʣʝʝ ʥʠʟʢʠʭ ʵʥʝʨʛʠʡ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʧʦʣʦʩʦʡ ʠʟʣʫʯʝʥʠʷ Eu2+ ʚ ʢʨʠʩʪʘʣʣʘʭ BaBrI ʧʨʠ 3,0 ʵɺ. ʉʧʝʢʪʨ 

ʚʦʟʙʫʞʜʝʥʠʷ (ʢʨʠʚʘʷ 1), ʥʘʙʣʶʜʘʝʤʳʡ ʚ ʦʙʣʘʩʪʠ 3,0 ʵɺ, ʠ ʩʧʝʢʪʨ ʩʚʝʯʝʥʠʷ (ʢʨʠʚʘʷ 

2) ʧʨʠ ʚʥʫʪʨʝʮʝʥʪʨʦʚʦʤ 4f-5d ʚʦʟʙʫʞʜʝʥʠʠ ʚ ʦʙʣʘʩʪʠ 4,27 ʵɺ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ 

ʈʠʩʫʥʢʝ 61. ɺ ʢʨʠʩʪʘʣʣʘʭ SrBrI ʠʥʪʝʥʩʠʚʥʳʡ ʧʠʢ ʚʦʟʙʫʞʜʝʥʠʷ ʧʨʠ 3,5 ʵɺ 

ʦʙʫʩʣʦʚʣʝʥ ʧʝʨʝʭʦʜʦʤ 4f-5d ʚ ʠʦʥʘʭ Eu2+. ʕʥʝʨʛʠʷ ʧʝʨʝʭʦʜʘ 4f-5d ʚ SrBrI:Eu2 

ʥʝʩʢʦʣʴʢʦ ʥʠʞʝ, ʯʝʤ ʚ ʢʨʠʩʪʘʣʣʘʭ BaBrI:Eu2 [241].  

ʅʘ ʈʠʩʫʥʢʝ 62-ʘ ʧʦʢʘʟʘʥʳ ʥʦʨʤʠʨʦʚʘʥʥʳʝ ʩʧʝʢʪʨʳ ʨʝʥʪʛʝʥʦʣʶʤʠʥʝʩʮʝʥʮʠʠ 

ʢʨʠʩʪʘʣʣʦʚ BaBrI, BaClI ʠ SrBrI, ʣʝʛʠʨʦʚʘʥʥʳʭ ʠʦʥʘʤʠ Eu2+. ʐʠʨʦʢʠʝ ʧʦʣʦʩʳ ʚ 

ʦʙʣʘʩʪʠ 3 ʵɺ ʫʢʘʟʳʚʘʶʪ ʥʘ ʧʨʠʩʫʪʩʪʚʠʝ ʝʚʨʦʧʠʷ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʝ ʚ 

ʜʚʫʭʚʘʣʝʥʪʥʦʤ ʩʦʩʪʦʷʥʠʠ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʭʘʨʘʢʪʝʨʥʳʤ ʧʝʨʝʭʦʜʘʤ 5dī4f [44, 

243]. 

SrBr I - 0.3 mol. % Eu2+ 
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ʈʠʩʫʥʦʢ 62 ï (ʘ) ʅʦʨʤʠʨʦʚʘʥʥʳʝ ʩʧʝʢʪʨʳ ʨʝʥʪʛʝʥʦʣʶʤʠʥʝʩʮʝʥʮʠʠ ʢʨʠʩʪʘʣʣʦʚ, ʠʟʤʝʨʝʥʥʳʝ 

ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ: (1) BaClI:0.1 % Eu, (2) BaBrI:0.1 % Eu ʠ (3) SrBrI:0.1  % Eu [221]; 

(ʙ) ʩʧʝʢʪʨʳ ʨʝʥʪʛʝʥʦʣʶʤʠʥʝʩʮʝʥʮʠʠ ʢʨʠʩʪʘʣʣʦʚ BaBrI:0,01 % Eu2+ ʠ BaBrI:5 % Eu2+, 

ʠʟʤʝʨʝʥʥʳʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 80 ʂ ʠ 300 ʂ. ʅʘ ʚʢʣʘʜʢʝ ʠʟʦʙʨʘʞʝʥ ʧʠʢ ʵʢʩʠʪʦʥʥʦʡ 

ʣʶʤʠʥʝʩʮʝʥʮʠʠ, ʠʟʤʝʨʝʥʥʳʡ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 80 ʂ [242].  

ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʧʦʣʦʩ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʟʘʚʠʩʠʪ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʝʚʨʦʧʠʷ ʚ 

ʦʙʨʘʟʮʘʭ ʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ, ʧʨʠ ʢʦʪʦʨʦʡ ʧʨʦʚʦʜʠʣʦʩʴ ʠʟʤʝʨʝʥʠʝ (ʈʠʩʫʥʦʢ 62-ʙ) 

[242]. ʅʝʟʥʘʯʠʪʝʣʴʥʦʝ ʩʤʝʱʝʥʠʝ ʧʠʢʦʚ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʦʙʲʷʩʥʷʝʪʩʷ ʥʘʨʫʰʝʥʠʝʤ 

ʩʦʦʪʥʦʰʝʥʠʷ ʠʩʭʦʜʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʢʨʠʩʪʘʣʣʦʚ ʚ ʧʨʦʮʝʩʩʝ ʚʳʨʘʱʠʚʘʥʠʷ, ʪʦ ʝʩʪʴ 

ʨʘʟʣʠʯʥʳʤ ʩʦʦʪʥʦʰʝʥʠʝʤ ʢʦʤʧʦʥʝʥʪʦʚ BaBr2 ʠ BaI2 ʚ ʦʙʨʘʟʮʘʭ. ʉʦʝʜʠʥʝʥʠʷ ʩ 

ʠʟʙʳʪʢʦʤ ʙʨʦʤʘ ʠʤʝʶʪ ʧʠʢʠ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʩ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʵʥʝʨʛʠʝʡ, ʯʝʤ 

ʦʙʨʘʟʮʳ ʩ ʠʟʙʳʪʢʦʤ ʡʦʜʘ [44]. ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 80 ʂ ʠʥʪʝʥʩʠʚʥʦʩʪʴ 

ʨʝʥʪʛʝʥʦʣʶʤʠʥʝʩʮʝʥʮʠʠ ʚʳʰʝ ʚ 1,5 ʨʘʟʘ, ʯʝʤ ʠʟʤʝʨʝʥʥʘ ̫ ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ. ɺ ʢʨʠʩʪʘʣʣʘʭ ʩ ʤʘʣʳʤʠ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ Eu2+ (ʤʝʥʝʝ 0,1 ʤʦʣ. %) ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 80 ʂ ʚ ʦʙʣʘʩʪʠ 3,7-4 ʵɺ ʥʘʙʣʶʜʘʝʪʩʷ ʧʠʢ, ʦʙʫʩʣʦʚʣʝʥʥʳʡ ʵʢʩʠʪʦʥʥʦʡ 

ʣʶʤʠʥʝʩʮʝʥʮʠʝʡ (ʚʢʣʘʜʢʘ ʥʘ ʈʠʩʫʥʢʝ 62-ʙ).  

ʀʦʥ ʜʚʫʭʚʘʣʝʥʪʥʦʛʦ ʝʚʨʦʧʠ ̫ʚʩʪʨʘʠʚʘʝʪʩʷ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʨʝʰʝʪʢʫ ʥʘ 

ʤʝʩʪʦ ʠʦʥʘ ʙʘʨʠʷ ʠʣʠ ʩʪʨʦʥʮʠʷ. ʇʦʣʦʞʝʥʠʝ ʤʘʢʩʠʤʫʤʘ ʚ ʩʧʝʢʪʨʝ ʣʶʤʠʥʝʩʮʝʥʮʠʠ 

Eu2+ ʟʘʚʠʩʠʪ ʦʪ ʪʠʧʘ ʢʨʠʩʪʘʣʣʘ, ʠʟʤʝʥʝʥʠʷ ʦʢʨʫʞʝʥʠʷ ʝʚʨʦʧʠʷ, ʘ ʪʘʢʞʝ ʨʘʩʩʪʦʷʥʠʷ 

ʤʝʞʜʫ ʢʘʪʠʦʥʘʤʠ (Ba ʠʣʠ Sr) ʠ ʘʥʠʦʥʘʤʠ (Br, I, Cl). ɼʣʷ ʦʮʝʥʢʠ ʩʚʝʪʦʚʳʭʦʜʘ 

ʚʳʨʘʱʝʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʙʳʣʠ ʧʦʜʛʦʪʦʚʣʝʥʳ ʦʙʨʘʟʮʳ ʦʜʠʥʘʢʦʚʦʛʦ ʨʘʟʤʝʨʘ. 

ʀʥʪʝʛʨʘʣʴʥʫ  ʁʠʥʪʝʥʩʠʚʥʦʩʪʴ ʨʝʥʪʛʝʥʦʣʶʤʠʥʝʩʮʝʥʮʠʠ ʠʩʩʣʝʜʫʝʤʳʭ ʢʨʠʩʪʘʣʣʦʚ 
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ʩʨʘʚʥʠʚʘʣʠ ʩ ʣʶʤʠʥʝʩʮʝʥʮʠʝʡ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʤʦʛʦ ʩʮʠʥʪʠʣʣʷʪʦʨʘ CaF2:Eu2+ ʩ 

ʠʟʚʝʩʪʥʳʤ ʩʚʝʪʦʚʳʤ ʚʳʭʦʜʦʤ (21500 ʬʦʪʦʥ/ʄʵɺ). ʇʦʩʢʦʣʴʢʫ ʩʚʝʯʝʥʠʝ ʚʩʝʭ 

ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʦʚ ʥʘʙʣʶʜʘʣʦʩɹ ʚ ʦʜʥʦʡ ʦʙʣʘʩʪʠ, ʢʦʨʨʝʢʪʠʨʦʚʢʘ ʥʘ 

ʩʧʝʢʪʨʘʣʴʥʫʶ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʥʝ ʚʳʧʦʣʥʷʣʘʩʴ. 

ʊʘʙʣʠʮʘ 14. ʆʩʥʦʚʥʳʝ ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʚʳʨʘʱʝʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ 

ʇʦ ʘʤʧʣʠʪʫʜʥʦʤʫ ʩʧʝʢʪʨʫ ʠʤʧʫʣʴʩʘ ʧʨʠ ʚʦʟʙʫʞʜʝʥʠʠ ʛʘʤʤʘ-ʠʩʪʦʯʥʠʢʦʤ 137Cs 

ʙʳʣ ʨʘʩʩʯʠʪʘʥ ʩʚʝʪʦʚʦʡ ʚʳʭʦʜ ʢʨʠʩʪʘʣʣʘ BaClI:0,1 % Eu2+ (ʈʠʩʫʥʦʢ 63-ʙ), ʢʦʪʦʨʳʡ 

ʩʦʩʪʘʚʠʣ ʦʢʦʣʦ 9000 ʬʦʪʦʥʦʚ/ʄʵɺ ʧʨʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʤ ʨʘʟʨʝʰʝʥʠʠ ʧʠʢʘ ʧʦʣʥʦʛʦ 

ʧʦʛʣʦʱʝʥʠʷ, ʨʘʚʥʦʤ 11 %. ʉʚʝʪʦʚʦʡ ʚʳʭʦʜ ʢʨʠʩʪʘʣʣʦʚ BaBrI:Eu2+ ʩʦʩʪʘʚʠʣ ʦʢʦʣʦ 

45000 ʬʦʪʦʥʦʚ/ʄʵɺ ʧʨʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʤ ʨʘʟʨʝʰʝʥʠʠ ʧʠʢʘ ʧʦʣʥʦʛʦ ʧʦʛʣʦʱʝʥʠʷ 

11,4 %. ʈʘʟʥʠʮʘ ʚ ʟʥʘʯʝʥʠʷʭ ʩʚʝʪʦʚʳʭʦʜʘ, ʧʦʣʫʯʝʥʥʳʭ ʧʦ ʩʧʝʢʪʨʘʤ 

ʨʝʥʪʛʝʥʦʣʶʤʠʥʝʩʮʝʥʮʠʠ ʠ ʦʮʝʥʝʥʥʳʭ ʧʦ ʘʤʧʣʠʪʫʜʥʦʤʫ ʩʧʝʢʪʨʫ ʠʤʧʫʣʴʩʘ, 

ʦʙʲʷʩʥʷʝʪʩʷ ʨʘʟʤʝʨʘʤʠ ʦʙʨʘʟʮʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʠʟʤʝʨʝʥʠʡ ʵʪʠʤʠ ʤʝʪʦʜʘʤʠ. 

ʂʨʠʩʪʘʣʣ ʙʦʣʴʰʝʛʦ ʨʘʟʤʝʨʘ, ʧʨʠʤʝʥʷʝʤʳʡ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʘʤʧʣʠʪʫʜʥʦʛʦ 

ʩʧʝʢʪʨʘ ʠʤʧʫʣʴʩʘ, ʦʙʣʘʜʘʝʪ ʙʦʣʝʝ ʥʠʟʢʠʤ ʦʧʪʠʯʝʩʢʠʤ ʢʘʯʝʩʪʚʦʤ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʦʙʨʘʟʮʦʤ ʥʝʙʦʣʴʰʦʛʦ ʨʘʟʤʝʨʘ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʩʧʝʢʪʨʦʚ ʨʝʥʪʛʝʥʦʚʩʢʦʡ 

ʣʶʤʠʥʝʩʮʝʥʮʠʠ.  

ʂʨʠʚʳʝ ʟʘʪʫʭʘʥʠʷ ʣʶʤʠʥʝʩʮʝʥʮʠʠ, ʠʟʤʝʨʝʥʥʳʝ ʚ ʤʘʢʩʠʤʫʤʝ ʧʠʢʘ ʠʟʣʫʯʝʥʠʷ 

ʧʨʠ ʚʦʟʙʫʞʜʝʥʠʠ ʘʟʦʪʥʳʤ ʣʘʟʝʨʦʤ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ 337 ʥʤ, ʠʤʝʶʪ 

ʤʦʥʦʵʢʩʧʦʥʝʥʮʠʘʣʴʥʳʡ ʚʠʜ (ʈʠʩʫʥʦʢ 63-ʘ). ʀʟʤʝʨʝʥʥʳʝ ʧʦʩʪʦʷʥʥʳʝ ʚʨʝʤʝʥʠ 

ʢʠʥʝʪʠʢʠ ʟʘʪʫʭʘʥʠʷ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ ʩʦʩʪʘʚʠʣʠ Ű = 390 ʥʩ ʜʣʷ ʢʨʠʩʪʘʣʣʦʚ 

BaClI-Eu2+ (ʈʠʩʫʥʦʢ 63-ʘ, ʢʨʠʚʘʷ 1) ʠ Ű = 400 ʥʩ ʜʣʷ ʢʨʠʩʪʘʣʣʦʚ BaBrI-Eu2+ 

ʂʨʠʩʪʘʣʣ 
ʉʚʝʪʦʚʳʭʦʜ, 

ʬʦʪʦʥ/ʄʵɺ 

ʇʠʢ 

ʩʚʝʯʝʥʠʷ, 

ʥʤ 

ɺʨʝʤʷ 

ʟʘʪʫʭʘʥʠʷ, 

ʥc 

ʐʠʨʠʥʘ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ Eg, eV 

[232, 241, 243] 

ʕʢʩʧʝʨʠʤʝʥʪ PBE-GW0 

BaBrI:5 % Eu 74000 415 400 5,58 5,34 

BaClI:5 % Eu 25000 421 390 6,26 5,57 

SrBrI:0,1 % Eu 15000 418 320 5,83 5,5 
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(ʈʠʩʫʥʦʢ 63-ʘ, ʢʨʠʚʘʷ 2). ʕʪʠ ʟʥʘʯʝʥʠʷ ʘʥʘʣʦʛʠʯʥʳ ʧʦʩʪʦʷʥʥʳʤ ʚʨʝʤʝʥʠ, 

ʧʦʣʫʯʝʥʥʳʤ ʧʨʠ ʜʨʫʛʠʭ ʪʠʧʘʭ ʚʦʟʙʫʞʜʝʥʠʷ [243, 244].  

ɺ ʠʩʩʣʝʜʫʝʤʳʭ ʢʨʠʩʪʘʣʣʘʭ ʦʮʝʥʠʣʠ ʚʨʝʤ ̫ ʟʘʪʫʭʘʥʠʷ 

ʨʝʥʪʛʝʥʦʣʶʤʠʥʝʩʮʝʥʮʠʠ. ɺ ʢʨʠʩʪʘʣʣʘʭ BaBrI:Eu2+ ʚʨʝʤʷ ʟʘʪʫʭʘʥʠʷ ʙʳʩʪʨʦʡ 

ʢʦʤʧʦʥʝʥʪ r ʨʝʥʪʛʝʥʦʣʶʤʠʥʝʩʮʝʥʮʠʠ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 450 ʥʩ (70 %) ʠ ʚʨʝʤʷ 

ʟʘʪʫʭʘʥʠʷ ʤʝʜʣʝʥʥʦʡ ʢʦʤʧʦʥʝʥʪʳ ï 5 ʤʢʩ (30 %). ʆʪʤʝʯʝʥʦ, ʯʪʦ ʧʨʠ ʚʳʩʦʢʠʭ 

ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʘʢʪʠʚʘʪʦʨʘ (ʧʦʨʷʜʢʘ 5-7 % Eu) ʤʝʜʣʝʥʥʘʷ ʢʦʤʧʦʥʝʥʪʘ ʦʪʩʫʪʩʪʚʫʝʪ. 

ɺ ʢʨʠʩʪʘʣʣʘʭ BaʉlI:Eu2+ ʚʨʝʤ ̫ ʟʘʪʫʭʘʥʠʷ ʙʳʩʪʨʦʡ ʢʦʤʧʦʥʝʥʪʳ 

ʨʝʥʪʛʝʥʦʣʶʤʠʥʝʩʮʝʥʮʠʠ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 1,33 ʤʢʩ (69 %), ʘ ʚʨʝʤʷ ʟʘʪʫʭʘʥʠʷ 

ʤʝʜʣʝʥʥʦʡ ʢʦʤʧʦʥʝʥʪʳ ï 8 ʤʢʩ (31 %). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʦʩʥʦʚʥʳʝ ʦʧʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʢʨʠʩʪʘʣʣʦʚ BaBrI, BaClI ʠ SrBrI, ʣʝʛʠʨʦʚʘʥʥʳʭ ʠʦʥʘʤʠ Eu2+ (ʊʘʙʣʠʮʘ 14). ʇʦ ʢʨʘʶ 

ʦʧʪʠʯʝʩʢʦʛʦ ʧʦʛʣʦʱʝʥʠʷ ʚʧʝʨʚʳʝ ʙʳʣʘ ʦʮʝʥʝʥʘ ʰʠʨʠʥʘ ʟʘʧʨʝʱʸʥʥʦʡ ʟʦʥʳ 

ʠʟʫʯʘʝʤʳʭ ʢʨʠʩʪʘʣʣʦʚ. ɸʥʘʣʠʟ ʩʧʝʢʪʨʦʚ ʧʦʛʣʦʱʝʥʠʷ ʬʦʪʦʩʪʠʤʫʣʠʨʦʚʘʥʥʦʡ ʠ 

ʨʝʥʪʛʝʥʦʣʶʤʠʥʝʩʮʝʥʮʠʠ ʧʦʜʪʚʝʨʞʜʘʝʪ, ʯʪʦ ʝʚʨʦʧʠʡ ʚʭʦʜʠʪ ʚ ʨʝʰʝʪʢʫ ʚ 

ʜʚʫʭʚʘʣʝʥʪʥʦʤ ʩʦʩʪʦʷʥʠʠ ʩ ʭʘʨʘʢʪʝʨʥʳʤʠ ʜʣʷ ʥʝʛʦ ʧʝʨʝʭʦʜʘʤʠ 5d-4f. ʇʦ ʩʧʝʢʪʨʘʤ 

ʨʝʥʪʛʝʥʦʣʶʤʠʥʝʩʮʝʥʮʠʠ ʙʳʣ ʦʮʝʥʝʥ ʩʚʝʪʦʚʳʭʦʜ ʚʳʨʘʱʝʥʥʳʭ ʥʘʤʠ ʢʨʠʩʪʘʣʣʦʚ. 

ʘ ʙ 

ʈʠʩʫʥʦʢ 63 ï (ʘ) ʢʨʠʚʳʝ ʟʘʪʫʭʘʥʠʷ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʢʨʠʩʪʘʣʣʦʚ BaClI-0,1 ʤʦʣ. % Eu2+ 

(ʢʨʠʚʘʷ 1) ʠ BaBrI-0,05 ʤʦʣ. % Eu2+ (ʢʨʠʚʘʷ 2), ʠʟʤʝʨʝʥʥʳʝ ʧʨʠ ʚʦʟʙʫʞʜʝʥʠʠ ʘʟʦʪʥʳʤ 

ʣʘʟʝʨʦʤ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ 337 ʥʤ; (ʙ) ʘʤʧʣʠʪʫʜʥʳʡ ʩʧʝʢʪʨ ʠʤʧʫʣʴʩʦʚ ʧʨʠ ʚʦʟʙʫʞʜʝʥʠʠ ʛʘʤʤʘ-

ʠʩʪʦʯʥʠʢʦʤ 137Cs ʢʨʠʩʪʘʣʣʦʚ BaClI-0,1 ʤʦʣ. % Eu2+ (ʢʨʠʚʘʷ 1)ʠ NaI-Tl ʩʦ ʩʚʝʪʦʚʳʤ ʚʳʭʦʜʦʤ 

ʦʢʦʣʦ 41000 ʬʦʪʦʥʦʚ/ʄʵɺ (ʢʨʠʚʘʷ 2)[232]. 
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ʊʘʢʞʝ ʠʟʤʝʨʷʣʠʩʴ ʘʤʧʣʠʪʫʜʥʳʝ ʩʧʝʢʪʨʳ ʠʤʧʫʣʴʩʦʚ ʢʨʠʩʪʘʣʣʦʚ NaI-Tl, BaClI:Eu2+, 

BaBrI:Eu2+ ʧʨʠ ʚʦʟʙʫʞʜʝʥʠʠ ʛʘʤʤʘ-ʠʩʪʦʯʥʠʢʦʤ 137Cs. ɹʳʣʠ ʦʮʝʥʝʥʳ ʚʨʝʤʝʥʘ 

ʟʘʪʫʭʘʥʠʷ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʚ ʵʪʠʭ ʢʨʠʩʪʘʣʣʘʭ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ 

ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʘʥʥʳʭ 

ʢʨʠʩʪʘʣʣʦʚ ʚ ʢʘʯʝʩʪʚʝ ʵʬʬʝʢʪʠʚʥʳʭ ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

4.5. ʃʶʤʠʥʝʩʮʝʥʮʠʷ ʢʨʠʩʪʘʣʣʦʚ BaBrI, ʘʢʪʠʚʠʨʦʚʘʥʥʳʭ ʠʦʥʘʤʠ Ce3+ 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ ʣʶʤʠʥʝʩʮʝʥʮʠ ʢʨʠʩʪʘʣʣʦʚ BaBrI, 

ʘʢʪʠʚʠʨʦʚʘʥʥʳʭ ʠʦʥʘʤʠ Ce3+, ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʨʘʙʦʪʝ [238]. ʉʧʝʢʪʨʘʣʴʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʨʘʱʝʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʈ.ʖ. ʐʝʥʜʨʠʢʦʤ. 

ɼʣʷ ʭʘʨʘʢʪʝʨʠʟʘʮʠʠ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʩʚʦʡʩʪʚ ʢʨʠʩʪʘʣʣʦʚ BaBrI:10ī3 mol. % 

Ce3+ ʙʳʣʠ ʠʟʤʝʨʝʥʳ ʠʭ ʩʧʝʢʪʨʳ ʣʶʤʠʥʝʩʮʝʥʮʠʠ (ʈʠʩʫʥʦʢ 64).  

 

ʈʠʩʫʥʦʢ 64 ï ʉʧʝʢʪʨʳ ʩʚʝʯʝʥʠʷ (ʩʧʣʦʰʥʳʝ ʢʨʠʚʳʝ) ʠ ʚʦʟʙʫʞʜʝʥʠʷ (ʰʪʨʠʭʦʚʳʝ ʣʠʥʠʠ) 

ʢʨʠʩʪʘʣʣʦʚ BaBrI, ʘʢʪʠʚʠʨʦʚʘʥʥʳʭ 10ī3 mol. % (ʢʨʠʚʳʝ 1, 3) ʠ 5Ā10ī4 mol. % (ʢʨʠʚʘʷ 2) CeBr3. 

ʉʧʝʢʪʨʳ ʣʶʤʠʥʝʩʮʝʥʮʠʠ (ʢʨʠʚʳʝ 1 ʠ 2) ʠʟʤʝʨʝʥʳ ʧʨʠ ʚʦʟʙʫʞʜʝʥʠʠ ʚ ʦʙʣʘʩʪʠ 4 ʵɺ, ʩʧʝʢʪʨ 

ʚʦʟʙʫʞʜʝʥʠʷ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʥʘ ʢʨʠʚʦʡ 3, ʥʘʙʣʶʜʘʣʩʷ ʚ ʧʦʣʦʩʝ ʩʚʝʯʝʥʠʷ 3,3 ʵɺ, ʩʧʝʢʪʨ 

ʚʦʟʙʫʞʜʝʥʠʷ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʥʘ ʢʨʠʚʦʡ 4, ʨʝʛʠʩʪʨʠʨʦʚʘʣʩʷ ʚ ʧʦʣʦʩʝ ʩʚʝʯʝʥʠʷ 2,4 ʵɺ.  

ʂʨʠʚʘʷ 5 (ʰʪʨʠʭʦʚʘʷ ʣʠʥʠʷ) ï ʩʧʝʢʪʨ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʧʨʠ ʨʝʥʪʛʝʥʦʚʩʢʦʤ ʚʦʟʙʫʞʜʝʥʠʠ [238]. 

ʇʨʠ ʚʦʟʙʫʞʜʝʥʠʠ ʚ ʦʙʣʘʩʪʠ 4 ʵɺ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʥʘʙʣʶʜʘʣʠʩʴ 

ʜʚʝ ʧʦʣʦʩʳ ʩ ʤʘʢʩʠʤʫʤʘʤʠ 3,4 ʵɺ ʠ 3,1 ʵɺ, ʘ ʪʘʢʞʝ ʰʠʨʦʢʘʷ ʧʦʣʦʩʘ ʚ ʦʙʣʘʩʪʠ 
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2,5 ʵɺ. ɸʥʘʣʦʛʠʯʥʳʝ ʧʦʣʦʩʳ, ʦʙʥʘʨʫʞʝʥʥʳʝ ʚ ʢʨʠʩʪʘʣʣʘʭ ʩ ʧʦʭʦʞʝʡ ʩʪʨʫʢʪʫʨʦʡ, 

ʙʳʣʠ ʦʙʫʩʣʦʚʣʝʥʳ ʣʶʤʠʥʝʩʮʝʥʮʠʝʡ ʠʦʥʦʚ Ce3+ [117, 245, 246]. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʭʘʨʘʢʪʝʨ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʚ ʢʨʠʩʪʘʣʣʘʭ BaBrI ʟʘʚʠʩʠʪ ʦʪ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʮʝʨʠʷ. ʇʨʠ ʫʤʝʥʴʰʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʦʥʦʚ ʮʝʨʠʷ ʚ ʜʚʘ ʨʘʟʘ 

ʠʥʪʝʥʩʠʚʥʦʩʪ ɹʧʦʣʦʩʳ ʧʨʠ 2,5 ʵɺ ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʘ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʣʶʤʠʥʝʩʮʝʥʮʠʠ 

ʚ ʦʙʣʘʩʪʠ 3,4-3,1 ʵɺ ʫʤʝʥʴʰʘʝʪʩʷ (ʈʠʩʫʥʦʢ 64, ʢʨʠʚʳʝ 1, 2).  

ʅʘ ʈʠʩʫʥʢʝ 64 ʢʨʠʚʳʤʠ 3 ʠ 4 ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʧʝʢʪʨ r ʚʦʟʙʫʞʜʝʥʠʷ 

ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʚ ʦʙʣʘʩʪʠ 3,4-3,1 ʵɺ ʠ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʧʨʠ 2,5 ʵɺ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʅʘ ʢʨʠʚʦʡ 3 ʥʘʙʣʶʜʘʝʪʩʷ ʥʝʩʢʦʣʴʢʦ ʧʦʣʦʩ ʩ ʤʘʢʩʠʤʫʤʘʤʠ 5,2 ʵɺ, 4,7 ʵɺ, 4,5 ʵɺ, 

3,9 ʵɺ. ʇʦʣʦʩʳ ʩ ʤʘʢʩʠʤʫʤʘʤʠ 4,7 ʵɺ ʠ 3,9 ʵɺ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʥʘ ʢʨʠʚʦʡ 4, 

ʧʨʝʜʩʪʘʚʣʷʶʱʝʡ ʩʧʝʢʪʨ ʚʦʟʙʫʞʜʝʥʠʷ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʚ ʦʙʣʘʩʪʠ 2,5 ʵɺ. ʂʘʢ ʙʳʣʦ 

ʧʦʢʘʟʘʥʦ ʚ ʨʘʙʦʪʝ [238], ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʧʦʣʦʩʘʤʠ ʜʫʙʣʝʪʘ ʚ ʩʧʝʢʪʨʝ 

ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʚ ʦʙʣʘʩʪʠ 3,4-3,1 ʵɺ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʚʝʣʠʯʠʥʝ ʩʧʠʥ-ʦʨʙʠʪʘʣʴʥʦʛʦ 

ʨʘʩʱʝʧʣʝʥʠʷ ʥʘ ʪʝʨʤʳ 2F7/2 ʠ 
2F5/2 ʚ ʠʦʥʝ Ce

3+, ʘ ʧʦʣʦʩʳ ʚ ʩʧʝʢʪʨʝ ʚʦʟʙʫʞʜʝʥʠʷ 

ʪʘʢʦʡ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʩʚʷʟʘʥʳ ʩ ʧʝʨʝʭʦʜʘʤʠ ʩ ʦʩʥʦʚʥʦʛʦ 4f1-ʩʦʩʪʦʷʥʠʷ ʥʘ 

ʨʘʩʱʝʧʣʝʥʥʳʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʤ ʧʦʣʝʤ ʫʨʦʚʥʠ 5d-ʩʦʩʪʦʷʥʠʷ. 

ɺ ʨʘʙʦʪʝ ɼʞ. ʂʦʨʨʘʜʠ [245] ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʢʨʠʩʪʘʣʣʘʭ BaBr2:Ce3+ ʧʨʠ 

ʟʘʤʝʱʝʥʠʠ ʠʦʥʘʤʠ Ce3+ ʨʝʛʫʣʷʨʥʳʭ ʫʟʣʦʚ Ba2+ ʚʦʟʤʦʞʥʘ ʣʦʢʘʣʴʥʘʷ ʢʦʤʧʝʥʩʘʮʠʷ 

ʟʘʨʷʜʘ ʣʠʙʦ ʤʝʞʜʦʫʟʝʣʴʥʳʤ ʠʦʥʦʤ Brī, ʣʠʙʦ ʧʨʠʤʝʩʴʶ ʢʠʩʣʦʨʦʜʘ O2ī ʥʘ ʝʛʦ 

ʧʦʟʠʮʠʷʭ. ʇʦ ʘʥʘʣʦʛʠʠ ʩ ʵʪʠʤʠ ʚʳʚʦʜʘʤʠ ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ 

ʣʶʤʠʥʝʩʮʝʥʮʠʷ ʢʨʠʩʪʘʣʣʦʚ BaBrI:Ce2+ ʚ ʦʙʣʘʩʪʠ 3,4-3,1 ʵɺ ʦʙʫʩʣʦʚʣʝʥʘ ʠʦʥʘʤʠ 

Ce3+ ʥʘ ʤʝʩʪʘʭ ʠʦʥʦʚ Ba2+ ʩ ʟʘʨʷʜʦʢʦʤʧʝʥʩʘʮʠʝʡ ʤʝʞʜʦʫʟʝʣʴʥʳʤʠ ʠʦʥʘʤʠ Iī ʠʣʠ 

Brī, ʘ ʧʦʣʦʩ rʚ ʩʧʝʢʪʨʝ ʚʦʟʙʫʞʜʝʥʠʷ ʩʚʷʟʘʥ rʩ ʨʘʩʱʝʧʣʝʥʠʝʤ ʚʦʟʙʫʞʜʝʥʥʦʛʦ 5d-

ʩʦʩʪʦʷʥʠʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʤ ʧʦʣʝʤ.  

ʃʁ ʤʠʥʝʩʮʝʥʮʠʷ ʢʨʠʩʪʘʣʣʦʚ BaBrI:Ce2+ ʚ ʦʙʣʘʩʪʠ 2,5 ʵɺ, ʚʦʟʤʦʞʥʦ, 

ʦʙʫʩʣʦʚʣʝʥʘ ʠʦʥʘʤʠ ʮʝʨʠʷ, ʢʦʪʦʨʳʝ ʟʘʨʷʜʦʢʦʤʧʝʥʩʠʨʦʚʘʥʳ ʠʦʥʘʤʠ ʢʠʩʣʦʨʦʜʘ. 

ʈ. ɺʠʩʩʝʨʦʤ ʠ ʇ. ɼʦʨʝʥʙʦʩʦʤ [247] ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʢʨʠʩʪʘʣʣʘʭ BaF2:Ce3+ ʧʨʠ 

ʟʘʨʷʜʦʢʦʤʧʝʥʩʘʮʠʠ ʠʦʥʦʚ Ce3+ ʧʨʠʤʝʩʴʶ ʢʠʩʣʦʨʦʜʘ O2ī ʥʘ ʧʦʟʠʮʠʷʭ ʠʦʥʦʚ Fī 

ʬʦʨʤʠʨʫʶʪʩʷ ʤʦʣʝʢʫʣʷʨʥʳʝ ʮʝʥʪʨʳ, ʚ ʢʦʪʦʨʳʭ ʦʩʥʦʚʥʦʝ ʩʦʩʪʦʷʥʠʝ ʦʙʨʘʟʦʚʘʥʦ 
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4  f 1-ʫʨʦʚʥʷʤʠ ʠʦʥʘ Ce3+, ʘ ʚʦʟʙʫʞʜʝʥʥʦʝ ʷʚʣʷʝʪʩʷ ʩʫʧʝʨʧʦʟʠʮʠʝʡ 5d-ʫʨʦʚʥʝʡ ʠʦʥʘ 

Ce3+ ʠ 2p-ʫʨʦʚʥʝʡ ʠʦʥʘ ʢʠʩʣʦʨʦʜʘ. ʇʝʨʝʭʦʜ ʚ ʦʩʥʦʚʥʦʝ ʩʦʩʪʦʷʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʩ 

ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʙʣʠʟʢʦ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʫʨʦʚʥʝʡ, ʧʦʵʪʦʤʫ ʚ ʩʧʝʢʪʨʝ 

ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʢʨʠʩʪʘʣʣʦʚ BaBrI:Ce2+ ʥʘʙʣʶʜʘʝʪʩʷ ʰʠʨʦʢʘʷ ʧʦʣʦʩʘ ʚ ʦʙʣʘʩʪʠ 

2,5 ʵɺ. ʇʨʠ ʨʝʥʪʛʝʥʦʚʩʢʦʤ ʚʦʟʙʫʞʜʝʥʠʠ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʧʦʣʦʩʘ 

ʣʶʤʠʥʝʩʮʝʥʮʠʠ 2,5 ʵɺ ʦʪʩʫʪʩʪʚʫʝʪ, ʘ ʥʘʙʣʶʜʘʝʪʩʷ ʪʦʣʴʢʦ ʣʶʤʠʥʝʩʮʝʥʮʠʷ ʚ 

ʦʙʣʘʩʪʠ 3,4-3,1 ʵɺ (ʈʠʩʫʥʦʢ 64, ʢʨʠʚʘʷ 5). 

ɼʣʷ ʢʨʠʩʪʘʣʣʦʚ BaBrI:10ī3 % Ce3+ ʩʚʝʪʦʚʳʭʦʜ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʩʦʩʪʘʚʣʷʝʪ 

ʦʢʦʣʦ 15000 ʬʦʪʦʥ/ʄʵɺ. ʆʥ ʙʳʣ ʦʮʝʥʝʥ ʦʪʥʦʩʠʪʝʣʴʥʦ ʠʥʪʝʛʨʘʣʴʥʦʡ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʨʝʥʪʛʝʥʦʣʶʤʠʥʝʩʮʝʥʮʠʠ ʢʨʠʩʪʘʣʣʘ CaF2:Eu2+ ʩ ʠʟʚʝʩʪʥʳʤ 

ʩʚʝʪʦʚʳʤ ʚʳʭʦʜʦʤ (19000 ʬʦʪʦʥ/ʄʵɺ).  

ʅʘ ʈʠʩʫʥʢʝ 65-ʘ ʧʨʠʚʝʜʝʥʘ ʢʨʠʚʘʷ ʟʘʪʫʭʘʥʠʷ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ, 

ʠʟʤʝʨʝʥʥʘʷ ʚ ʧʦʣʦʩʝ 3,1 ʵɺ. ʆʥʘ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʢʦʤʧʦʥʝʥʪ ʩ ʧʦʩʪʦʷʥʥʳʤʠ 

ʟʘʪʫʭʘʥʠʷ 28 ʥʩ ʠ 230 ʥʩ. ʇʨʠ ʠʟʤʝʨʝʥʠʠ ʩʧʝʢʪʨʦʚ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʩ ʚʨʝʤʝʥʥʳʤ 

ʨʘʟʨʝʰʝʥʠʝʤ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʩʚʝʯʝʥʠʷ ʩ ʧʦʩʪʦʷʥʥʦʡ 

ʟʘʪʫʭʘʥʠʷ 230 ʥʩ ʚʳʰʝ ʚ ʦʙʣʘʩʪʠ 2,6 ɺɻ. ʆʪʩʶʜʘ ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ 

ʢʦʤʧʦʥʝʥʪʘ ʩ ʧʦʩʪʦʷʥʥʦʡ ʟʘʪʫʭʘʥʠʷ 230 ʥʩ ʦʙʫʩʣʦʚʣʝʥʘ ʠʦʥʘʤʠ ʮʝʨʠʷ, ʢʦʪʦʨʳʝ 

ʟʘʨʷʜʦʢʦʤʧʝʥʩʠʨʦʚʘʥʳ ʠʦʥʘʤʠ ʢʠʩʣʦʨʦʜʘ, ʪʦʛʜʘ ʢʘʢ ʢʦʤʧʦʥʝʥʪʘ ʩ ʟʘʪʫʭʘʥʠʝʤ 

 

ʘ ʙ 

ʈʠʩʫʥʦʢ 65 ï (ʘ) ʂʨʠʚʳʝ ʟʘʪʫʭʘʥʠʷ 5dī4f ʩʚʝʯʝʥʠʷ ʠʦʥʦʚ Ce3+ ʚ ʢʨʠʩʪʘʣʣʝ BaBrI ʧʨʠ 

ʚʦʟʙʫʞʜʝʥʠʠ ʚ ʦʙʣʘʩʪʠ 3,7 ʵɺ (337 ʥʤ); (ʙ) ʧʨʠ ʠʤʧʫʣʴʩʥʦʤ ʨʝʥʪʛʝʥʦʚʩʢʦʤ ʚʦʟʙʫʞʜʝʥʠʠ [238]. 
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28 ʥʩ ʩʚʷʟʘʥʘ ʩ ʠʦʥʘʤʠ Ce3+, ʢʦʪʦʨʳʝ ʟʘʨʷʜʦʢʦʤʧʝʥʩʠʨʦʚʘʥʳ ʤʝʞʜʦʫʟʝʣʴʥʳʤʠ 

ʠʦʥʘʤʠ Iī ʠʣʠ Brī.  

ʇʨʠ ʨʝʥʪʛʝʥʦʚʩʢʦʤ ʚʦʟʙʫʞʜʝʥʠʠ ʣʶʤʠʥʝʩʮʝʥʮʠ ̫ ʟʘʪʫʭʘʝʪ ʧʦ 

ʛʠʧʝʨʙʦʣʠʯʝʩʢʦʤʫ ʟʘʢʦʥʫ, ʘ ʥʝ ʧʦ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʤʫ (ʈʠʩʫʥʦʢ 65, b). ʆʩʥʦʚʥʦʡ 

ʚʢʣʘʜ ʚ ʢʨʠʚʫʶ ʟʘʪʫʭʘʥʠʷ ʜʘʶʪ ʢʦʤʧʦʥʝʥʪʳ 30 ʥʩ, 520 ʥʩ ʠ 5 ʤʢʩ ʩ ʚʢʣʘʜʦʤ ʚ 

ʩʫʤʤʘʨʥʫʶ ʠʥʪʝʥʩʠʚʥʦʩʪʴ 57 %, 24 % ʠ 18 %, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺʢʣʘʜ ʙʦʣʝʝ 

ʜʣʠʪʝʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʩʦʩʪʘʚʣʷʝʪ ʤʝʥʝʝ ʦʜʥʦʛʦ ʧʨʦʮʝʥʪʘ. 

ɺ ʨʘʙʦʪʝ [238] ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚʦʟʤʦʞʥʳʝ ʤʝʭʘʥʠʟʤ rʣʶʤʠʥʝʩʮʝʥʮʠʠ ʚ 

ʚʳʨʘʱʝʥʥʳʭ ʥʘʤʠ ʢʨʠʩʪʘʣʣʘʭ BaBrI:Ce3+: ʣʶʤʠʥʝʩʮʝʥʮʠʷ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʨʝʟʦʥʘʥʩʥʦʛʦ ʧʝʨʝʥʦʩʘ ʵʥʝʨʛʠʠ ʦʪ ʵʢʩʠʪʦʥʦʚ ʢ ʮʝʥʪʨʘʤ Ce3+ ʠ çʟʘʜʝʨʞʘʥʥʳʡè 

ʤʝʭʘʥʠʟʤ ʧʝʨʝʜʘʯʠ ʵʥʝʨʛʠʠ ʩ ʫʯʘʩʪʠʝʤ ʜʳʨʦʯʥʳʭ ʮʝʥʪʨʦʚ. ʅʘ ʢʨʠʚʦʡ ʟʘʪʫʭʘʥʠʷ 

ʨʝʥʪʝʛʥʦʣʶʤʠʥʝʩʮʝʥʮʠʠ ʢʦʤʧʦʥʝʥʪʘ ʜʣʠʪʝʣʴʥʦʩʪʴʶ 30 ʥʩ ʷʚʣʷʝʪʩʷ 

ʜʦʤʠʥʠʨʫʶʱʝʡ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʚʢʣʘʜʦʤ çʟʘʜʝʨʞʘʥʥʦʛʦè ʤʝʭʘʥʠʟʤʘ ʧʝʨʝʜʘʯʠ 

ʵʥʝʨʛʠʠ.  

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʨʦʚʝʜʝʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʧʨʠ 

ʘʢʪʠʚʘʮʠʠ ʠʦʥʘʤʠ ʮʝʨʠʷ ʚ ʢʨʠʩʪʘʣʣʘʭ BaBrI ʬʦʨʤʠʨʫʝʪʩʷ ʜʚʘ ʪʠʧʘ ʮʝʥʪʨʦʚ. ɺ 

ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʠʦʥ ʮʝʨʠʷ ʢʦʤʧʝʥʩʠʨʫʝʪʩʷ ʤʝʞʜʦʫʟʝʣʴʥʳʤ ʠʦʥʦʤ ʡʦʜʘ ʠʣʠ ʙʨʦʤʘ. 

ɺʪʦʨʦʡ ʪʠʧ ʮʝʥʪʨʦʚ ʩʚʷʟʘʥ ʩ ʠʦʥʘʤʠ Ce3+, ʢʦʪʦʨʳʝ ʢʦʤʧʝʥʩʠʨʫʶʪʩʷ ʠʦʥʘʤʠ 

ʢʠʩʣʦʨʦʜʘ O2ī. ʕʪʠ ʜʚʘ ʪʠʧʘ ʮʝʥʪʨʦʚ ʠʤʝʶʪ ʨʘʟʥʳʝ ʧʦʩʪʦʷʥʥʳʝ ʚʨʝʤʝʥʠ ʟʘʪʫʭʘʥʠʷ 

ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʧʨʠ ʬʦʪʦʚʦʟʙʫʞʜʝʥʠʠ: ʜʣʷ ʧʝʨʚʦʛʦ ʪʠʧʘ ʮʝʥʪʨʦʚ ʦʥʘ ʩʦʩʪʘʚʣʷʝʪ 

28 ʥʩ, ʜʣʷ ʚʪʦʨʦʛʦ ï 230 ʥʩ. ɺ ʢʨʠʩʪʘʣʣʘʭ BaBrI:Ce2+ ʤʦʛʫʪ ʜʝʡʩʪʚʦʚʘʪʴ ʜʚʘ 

ʤʝʭʘʥʠʟʤʘ ʧʝʨʝʜʘʯʠ ʵʥʝʨʛʠʠ ʦʪ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ ʢ ʠʦʥʘʤ ʘʢʪʠʚʘʪʦʨʘ: 

ʨʝʟʦʥʘʥʩʥʳʡ ʧʝʨʝʥʦʩ ʵʥʝʨʛʠʠ ʦʪ ʵʢʩʠʪʦʥʦʚ ʠ çʟʘʜʝʨʞʘʥʥʳʡè ʤʝʭʘʥʠʟʤ ʧʝʨʝʜʘʯʠ 

ʵʥʝʨʛʠʠ ʩ ʫʯʘʩʪʠʝʤ ʜʳʨʦʯʥʳʭ ʮʝʥʪʨʦʚ. ʉʫʜʷ ʧʦ ʢʨʠʚʳʤ ʟʘʪʫʭʘʥʠʷ 

ʨʝʥʪʝʛʥʦʣʶʤʠʥʝʩʮʝʥʮʠʠ, ʢʦʤʧʦʥʝʥʪʘ ʩ ʜʣʠʪʝʣʴʥʦʩʪʴʶ 30 ʥʩ ʷʚʣʷʝʪʩʷ 

ʧʨʝʦʙʣʘʜʘʶʱʝʡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʚʢʣʘʜʦʤ çʟʘʜʝʨʞʘʥʥʦʛʦè ʤʝʭʘʥʠʟʤʘ ʧʝʨʝʜʘʯʠ 

ʵʥʝʨʛʠʠ. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʣʶʤʠʥʝʩʮʥʮʠʠ ʚ BaBrI:Ce2+ [238] ʧʦʟʚʦʣʷʶʪ 

ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʜʘʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʜʣʷ ʩʦʟʜʘʥʠʷ ʥʦʚʳʭ 

ʵʬʬʝʢʪʠʚʥʳʭ ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʳʭ ʜʝʪʝʢʪʦʨʦʚ. 
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4.6. ʃʶʤʠʥʝʩʮʝʥʮʠʷ ʢʨʠʩʪʘʣʣʦʚ BaBrI, ʘʢʪʠʚʠʨʦʚʘʥʥʳʭ ʠʦʥʘʤʠ Sm2+ 

ɺ ʩʚʷʟʠ ʩ ʰʠʨʦʢʠʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʨʘʜʠʮʠʦʥʥʳʭ ʬʦʪʦʵʣʝʢʪʨʦʥʥʳʭ 

ʫʤʥʦʞʠʪʝʣʝʡ (ʌʕʋ) ʜʣʷ ʨʝʛʠʩʪʨʘʮʠʠ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʤʘʢʩʠʤʫʤ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ 

ʙʦʣʴʰʠʥʩʪʚʘ ʩʝʨʠʡʥʦ ʚʳʧʫʩʢʘʝʤʳʭ ʩʮʠʥʪʠʣʣʷʪʦʨʦʚ ʥʘʭʦʜʠʪʩʷ ʚ ʦʙʣʘʩʪʠ 400-

440 ʥʤ. ʆʜʥʘʢʦ ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʜʣʷ ʨʝʛʠʩʪʨʘʮʠʠ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʢʨʠʩʪʘʣʣʦʚ 

ʩʪʘʣʠ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʝ ʣʘʚʠʥʥʳʝ ʬʦʪʦʜʠʦʜʳ, 

ʨʘʙʦʪʘʶʱʠʝ ʚ ʜʠʘʧʘʟʦʥʝ 600-800 ʥʤ ʠ ʦʙʣʘʜʘʶʱʠʝ ʙʦʣʴʰʝʡ ʢʚʘʥʪʦʚʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ (80-90 %), ʯʝʤ ʪʨʘʜʠʮʠʦʥʥʳʝ ʌʕʋ (ʜʦ 35 %) [248]. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ 

ʩʝʛʦʜʥʷ ʘʢʪʠʚʥʦ ʚʝʜʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʥʦʚʦʛʦ ʢʣʘʩʩʘ ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʩ ʜʣʠʥʥʦʚʦʣʥʦʚʳʤ ʠʟʣʫʯʝʥʠʝʤ ʚ ʢʨʘʩʥʦʤ ʠʣʠ ʙʣʠʞʥʝʤ ʠʥʬʨʘʢʨʘʩʥʦʤ ʜʠʘʧʘʟʦʥʝ. 

ʇʝʨʩʧʝʢʪʠʚʥʳʤ ʘʢʪʠʚʘʪʦʨʦʤ ʜʣʷ ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ, 

ʣʶʤʠʥʝʩʮʠʨʫʶʱʠʭ ʚ ʵʪʦʡ ʩʧʝʢʪʨʘʣʴʥʦʡ ʦʙʣʘʩʪʠ, ̫ ʚʣʷʝʪʩʷ ʜʚʫʭʚʘʣʝʥʪʥʳʡ ʩʘʤʘʨʠʡ 

[249]. 

  

ʘ ʙ 
ʈʠʩʫʥʦʢ 66 ï (ʘ) ʢʨʠʩʪʘʣʣ BaBrI:1 % Sm2+ ʧʨʠ ʦʙʣʫʯʝʥʠʠ ʣʘʟʝʨʦʤ ɚ=405 ʥʤ, (ʙ) ï ʧʦʜʛʦʪʦʚʣʝʥʥʳʝ 

ʜʣʷ ʩʧʝʢʪʨʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʙʨʘʟʮʳ ʢʨʠʩʪʘʣʣʘ BaBrI:1 % Sm2+[239].    

ɺ ʣʠʪʝʨʘʪʫʨʝ ʥʝʪ ʜʘʥʥʳʭ ʦ ʢʨʠʩʪʘʣʣʘʭ BaBrI, ʣʝʛʠʨʦʚʘʥʥʳʭ ʩʘʤʘʨʠʝʤ. ʅʘʤʠ 

ʙʳʣʠ ʚʳʨʘʱʝʥʳ ʢʨʠʩʪʘʣʣʳ BaBrI:Sm2+ ʠ ʠʩʩʣʝʜʦʚʘʥʳ ʠʭ ʦʧʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ [239, 

250, 251]. ʉʧʝʢʪʨʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʨʘʱʝʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ BaBrI:Sm2+ 

ʚʳʧʦʣʥʝʥʳ ɼ.ʆ. ʉʦʬʠʯʝʤ.     

ɺ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʝ BaBrI ʧʨʠ ʣʝʛʠʨʦʚʘʥʠʠ ʠʦʥ Sm2+ ʟʘʤʝʱʘʝʪ 

ʢʘʪʠʦʥ Ba2+. ʊʘʢʠʝ ʢʨʠʩʪʘʣʣʳ ʧʦʛʣʦʱʘʶʪ ʩʚʝʪ ʚ ʚʠʜʠʤʦʡ ʦʙʣʘʩʪʠ ʩʧʝʢʪʨʘ, ʧʦʵʪʦʤʫ 

ʠʩʩʣʝʜʫʝʤʳʝ ʦʙʨʘʟʮʳ ʠʤʝʶʪ ʦʨʘʥʞʝʚʫʶ ʦʢʨʘʩʢʫ (ʈʠʩʫʥʦʢ 66).  
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ʅʘ ʈʠʩʫʥʢʝ 67 ʧʨʠʚʝʜʝʥʳ ʩʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ ʢʨʠʩʪʘʣʣʦʚ BaBrI:1 % Sm2+ ʠ 

BaBrI:5 % Sm2+. ʇ̫ ʪʴ ʨʘʩʱʝʧʣʝʥʥʳʭ ʠʥʪʝʥʩʠʚʥʳʭ ʧʦʣʦʩ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʦʙʣʘʩʪʠ 2-

4,5 ʵɺ. ʕʪʠ ʧʦʣʦʩʳ ʦʙʫʩʣʦʚʣʝʥʳ ʧʝʨʝʭʦʜʘʤʠ ʩ ʦʩʥʦʚʥʦʛʦ 4f6 ʩʦʩʪʦʷʥʠʷ Sm2+ ʥʘ 5d 

ʩʦʩʪʦʷʥʠʝ, ʨʘʩʱʝʧʣʝʥʥʦʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʤ ʧʦʣʝʤ ʥʘ ʧʷʪʴ ʫʨʦʚʥʝʡ [252-254]. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʩʧʠʥ-ʦʨʙʠʪʘʣʴʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢʘʞʜʘʷ ʠʟ ʧʦʣʦʩ ʜʦʧʦʣʥʠʪʝʣʴʥʦ 

ʨʘʩʱʝʧʣʷʝʪʩʷ. ʅʘ ʬʦʥʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʰʠʨʦʢʠʭ 4f5d ʧʦʣʦʩ ʧʦʛʣʦʱʝʥʠʷ ʪʘʢʞʝ 

ʥʘʙʣʶʜʘʶʪʩʷ ʫʟʢʠʝ ʧʦʣʦʩʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʧʝʨʝʭʦʜʘʤʠ ʚʥʫʪʨʠ 4f6 ʦʙʦʣʦʯʢʠ ʠʦʥʦʚ 

Sm2+. 

 
ʈʠʩʫʥʦʢ 67 ï ʉʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ ʢʨʠʩʪʘʣʣʦʚ BaBrI:1 % Sm2+ (ʩʧʣʦʰʥʘʷ ʣʠʥʠʷ) ʠ  

BaBrI:5 % Sm2+ (ʰʪʨʠʭʦʚʘʷ ʣʠʥʠʷ) [239]. 

 

ʅʘ ʈʠʩʫʥʢʝ 68-ʘ ʧʨʠʚʝʜʝʥ ʩʧʝʢʪʨ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ, ʠʟʤʝʨʝʥʥʳʡ ʧʨʠ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ɺ ʩʧʝʢʪʨʝ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʥʘʙʣʶʜʘʝʪʩʷ h ʠʨʦʢʘʷ ʧʦʣʦʩʘ ʩ 

ʤʘʢʩʠʤʫʤʦʤ ʚ ʦʙʣʘʩʪʠ 1,8 ʵɺ, ʢʦʪʦʨʘʷ ʩʚʷʟʘʥʘ ʩ ʧʝʨʝʭʦʜʘʤʠ 5dï4f ʚ ʠʦʥʝ Sm2+. 

ʊʘʢʞʝ ʚ ʩʧʝʢʪʨʝ ʦʪʯʝʪʣʠʚʦ ʥʘʙʣʶʜʘʝʪʩʷ ʨʷʜ ʫʟʢʠʭ ʣʠʥʠʡ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʧʝʨʝʭʦʜʘʤ 5D0 ʦʙʦʣʦʯʢʠ 4f ʩ ʥʘ ʫʨʦʚʥʠ ʦʩʥʦʚʥʦʛʦ ʤʫʣʴʪʠʧʣʝʪʘ 7FJ (J=0ï4) ʚ ʠʦʥʝ 

Sm2+. ʀʥʪʝʥʩʠʚʥʘʷ ʧʦʣʦʩʘ ʚ ʦʙʣʘʩʪʠ 1,7 ʵɺ, ʦʙʫʩʣʦʚʣʝʥʥʘʷ ʧʝʨʝʭʦʜʦʤ 5D0ï
7F2, 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʥʠʟʢʦʩʠʤʤʝʪʨʠʯʥʦʤ ʦʢʨʫʞʝʥʠʠ ʠʦʥʘ ʜʚʫʭʚʘʣʝʥʪʥʦʛʦ ʩʘʤʘʨʠʷ ʚ 

ʢʨʠʩʪʘʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʝ BaBrI [232, 233].  
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ʈʠʩʫʥʦʢ 68 ï (ʘ) ʉʧʝʢʪʨ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʢʨʠʩʪʘʣʣʦʚ BaBrI:1 % Sm2+, ʠʟʤʝʨʝʥʥʳʡ ʧʨʠ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʧʨʠ ʚʦʟʙʫʞʜʝʥʠʠ ʣʘʟʝʨʦʤ ʥʘ 3 ʵɺ. ɺʝʨʪʠʢʘʣʴʥʳʤʠ ʣʠʥʠʷʤʠ 

ʧʦʢʘʟʘʥʳ 4f-4f ʧʝʨʝʭʦʜʳ ʩ 5D0 ʥʘ 
7FJ (J=0-4) ʪʝʨʤʳ ʚ ʢʨʠʩʪʘʣʣʝ BaBr2 [253];  

(ʙ) ʉʧʝʢʪʨ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʢʨʠʩʪʘʣʣʘ BaBrI:5 % Sm2+(ʢʨʘʩʥʘʷ ʩʧʣʦʰʥʘʷ ʢʨʠʚʘʷ) ʧʨʠ 

ʨʝʥʪʛʝʥʦʚʩʢʦʤ ʚʦʟʙʫʞʜʝʥʠʠ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʢʨʠʩʪʘʣʣʦʤ CsI:Tl (ʯʨyʥʘʷ ʧʫʥʢʪʠʨʥʘʷ 

ʢʨʠʚʘʷ)[239]. 

ʅʘ ʈʠʩʫʥʢʝ 68-ʙ ʧʨʠʚʝʜʝʥʳ ʩʧʝʢʪʨʳ ʨʝʥʪʝʛʥʦʣʶʤʠʥʝʩʮʝʥʮʠʠ ʢʨʠʩʪʘʣʣʦʚ 

BaBrI:5 % Sm2+ ʠ ʢʨʠʩʪʘʣʣʘ CsI:Tl. ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʠʥʪʝʛʨʘʣʴʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʙʳʣʠ ʧʦʜʦʙʨʘʥ  rʦʙʨʘʟʮʳ, ʦʜʠʥʘʢʦʚʳʝ ʧʦ ʪʦʣʱʠʥʝ ʠ ʧʣʦʱʘʜʠ 

ʧʦʚʝʨʭʥʦʩʪʠ. ʂʘʢ ʚʠʜʥʦ ʠʟ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʩʧʝʢʪʨʦʚ (ʈʠʩʫʥʦʢ 68-ʙ), ʩʚʝʪʦʚʦʡ 

ʚʳʭʦʜ ʢʨʠʩʪʘʣʣʦʚ BaBrI:5 % Sm2+ ʧʦʯʪʠ ʨʘʚʥʦʟʥʘʯʝʥ ʩʚʝʪʦʚʦʤʫ ʚʳʭʦʜʫ ʢʨʠʩʪʘʣʣʘ 

CsI:Tl, ʢʦʪʦʨʳʡ, ʢʘʢ ʠʟʚʝʩʪʥʦ, ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 45000 ʬʦʪʦʥʦʚ/ʄʵɺ. ɺ ʥʘʰʠʭ 

ʦʙʨʘʟʮʘʭ, ʢʘʢ ʠ ʚ ʩʣʫʯʘʷʭ ʘʢʪʠʚʘʮʠʠ ʝʚʨʦʧʠʝʤ ʠ ʮʝʨʠʝʤ [238, 255], ʥʘʙʣʶʜʘʝʪʩʷ 

ʫʚʝʣʠʯʝʥʠʝ ʩʚʝʪʦʚʦʛʦ ʚʳʭʦʜʘ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʢʨʠʩʪʘʣʣʦʚ BaBrI ʧʨʠ ʨʦʩʪʝ 

ʢʦʥʮʝʥʪʨʘʮʠʠ Sm2+.  

ʅʘ ʈʠʩʫʥʢʝ 69 ʧʨʠʚʝʜʝʥʳ ʢʨʠʚʳʝ ʟʘʪʫʭʘʥʠʷ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʠʦʥʦʚ Sm2+ ʚ 

ʢʨʠʩʪʘʣʣʝ BaBrI ʧʨʠ 1,9 ʵɺ ʚ ʧʨʦʮʝʩʩʝ ʚʦʟʙʫʞʜʝʥʠ ̫ʘʟʦʪʥʳʤ ʣʘʟʝʨʦʤ (3,7 ʵɺ). 

ɺʨʝʤʷ ʟʘʪʫʭʘʥʠʷ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʢʦʤʧʦʥʝʥʪ: ʙʳʩʪʨʦʡ ï 18 ʥʩ ʠ 

ʤʝʜʣʝʥʥʦʡ ï 2,15 ʤʩ. ʂʘʢ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʚʳʰʝ, ʩʧʝʢʪʨ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʢʨʠʩʪʘʣʣʦʚ 

BaBrI, ʣʝʛʠʨʦʚʘʥʥʳʭ ʠʦʥʘʤʠ Sm2+, ʠʤʝʝʪ ʩʣʦʞʥʫʶ ʩʪʨʫʢʪʫʨʫ ʠʟ-ʟʘ ʢʦʤʧʣʝʢʩʥʳʭ 

ʧʝʨʝʭʦʜʦʚ ʤʝʞʜʫ 5d ʠ 4f ʦʙʦʣʦʯʢʘʤʠ. ɺ ʩʣʝʜʩʪʚʠʠ ʵʪʦʛʦ, ʚ ʢʨʠʩʪʘʣʣʘʭ BaBrI:Sm2+ 

ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʥʘʙʣʶʜʘʝʪʩʷ ʢʘʢ ʣʶʤʠʥʝʩʮʝʥʮʠʷ ʩ ʜʣʠʪʝʣʴʥʦʩʪʴʶ 
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18 ʥʩ, ʩʚʷʟʘʥʥʘʷ ʩ 4f55d1ï4f6 ʧʝʨʝʭʦʜʘʤʠ, ʪʘʢ ʠ ʣʶʤʠʥʝʩʮʝʥʮʠʷ, ʦʙʫʩʣʦʚʣʝʥʥʘʷ 4f6ï

4f6 ʧʝʨʝʭʦʜʘʤʠ, ʦʙʣʘʜʘʶʱʘʷ ʜʣʠʪʝʣʴʥʦʡ ʢʦʤʧʦʥʝʥʪʦʡ ʟʘʪʫʭʘʥʠ.̫ 

 

ʈʠʩʫʥʦʢ 69 ï ʂʨʠʚʳʝ ʟʘʪʫʭʘʥʠʷ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʠʦʥʦʚ Sm2+ (1,9 ʵɺ) ʚ ʢʨʠʩʪʘʣʣʝ BaBrI ʧʨʠ 

ʚʦʟʙʫʞʜʝʥʠʠ ʘʟʦʪʥʳʤ ʣʘʟʝʨʦʤ (3,7 ʵɺ) [251]. 

ɺ ʨʘʙʦʪʝ [251] ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʋʌ ʠʟʣʫʯʝʥʠʷ ʧʨʠ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚʳʨʘʱʝʥʥʳʝ ʥʘʤʠ ʢʨʠʩʪʘʣʣʳ BaBrI:Sm2+ ʦʢʨʘʰʠʚʘʶʪʩʷ, 

ʧʨʠʦʙʨʝʪʘʷ ʟʝʣʝʥʦʚʘʪʳʡ ʦʪʪʝʥʦʢ. ʆʙʣʫʯʝʥʥʳʡ ʢʨʠʩʪʘʣʣ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪ ʩʚʦʡ 

ʧʝʨʚʦʥʘʯʘʣʴʥʳʡ ʮʚʝʪ ʚ ʪʝʯʝʥʠʝ ʯʘʩʘ, ʥʦ ʧʨʠ ʵʪʦʤ ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʩʣʝʩʚʝʯʝʥʠʝ ʚ 

ʦʙʣʘʩʪʠ 1,6-2,1 ʵɺ. ʊʘʢʦʝ ʧʦʩʣʝʩʚʝʯʝʥʠʝ ʩʚʷʟʘʥʦ ʩ ʧʝʨʝʭʦʜʘʤʠ ʩ ʚʦʟʙʫʞʜʝʥʥʦʛʦ 

4f55d1 ʩʦʩʪʦʷʥʠʷ ʥʘ ʦʩʥʦʚʥʦʝ ʩʦʩʪʦʷʥʠʝ 4f6 (ʣʶʤʠʥʝʩʮʝʥʮʠʷ ʩ ʤʘʢʩʠʤʫʤʦʤ ʚ 

ʦʙʣʘʩʪʠ 1,9 ɻ ɺ) ʠ ʩ ʧʝʨʝʭʦʜʘʤʠ ʚʥʫʪʨʠ 4f6 ʦʙʦʣʦʯʢʠ ʠʦʥʦʚ Sm2+ (ʨʷʜ ʫʟʢʠʭ ʣʠʥʠʡ ʚ 

ʦʙʣʘʩʪʠ 1,6-1,9 ɻ ɺ). ʇʦʩʣʝʩʚʝʯʝʥʠʝ ʠʦʥʦʚ Sm2+ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ ʚʦʟʙʫʞʜʘʝʪʩʷ 

ʚ ʦʙʣʘʩʪʠ 3,5-5,3 ʵɺ, ʠʤʝʝʪ ʧʠʢ ʙʣʠʟʢʠʡ ʢ ʢʨʘʶ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʛʦ ʧʦʛʣʦʱʝʥʠʷ ʚ 

ʦʙʣʘʩʪʠ 4,7 ʵɺ, ʘ ʪʘʢʞʝ ʧʠʢ, ʨʘʩʧʦʣʦʞʝʥʥʳʡ ʚʙʣʠʟʠ ʢʨʘʷ ʢʦʨʦʪʢʦʚʦʣʥʦʚʦʛʦ 

ʧʦʛʣʦʱʝʥʠʷ ʠʦʥʦʚ Sm2+ʚ ʦʙʣʘʩʪʠ 4 ʵɺ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʟ-ʟʘ ʥʘʣʠʯʠʷ ʚ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʢʨʠʩʪʘʣʣʦʚ BaBrI:Sm2+ 

ʤʝʜʣʝʥʥʦʡ ʢʦʤʧʦʥʝʥʪʳ ʜʣʠʪʝʣʴʥʦʩʪʴʶ 2,15 ʤʩ, ʦʙʫʩʣʦʚʣʝʥʥʦʡ ʧʝʨʝʭʦʜʘʤʠ ʚʥʫʪʨʠ 

4f6 ʦʙʦʣʦʯʢʠ ʚ ʠʦʥʘʭ ʩʘʤʘʨʠʷ, ʜʘʥʥʳʡ ʤʘʪʝʨʠʘʣ ʥʝʚʦʟʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ 

ʢʘʯʝʩʪʚʝ ʵʬʬʝʢʪʠʚʥʦʛʦ ʩʮʠʥʪʠʣʣʷʪʦʨʘ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʜʘʥʥʘʷ ʩʠʩʪʝʤʘ ʤʦʞʝʪ ʥʘʡʪʠ 
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ʧʨʠʤʝʥʝʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʣʶʤʠʥʦʬʦʨʦʚ ʩʦ ʩʚʝʯʝʥʠʝʤ ʚ ʢʨʘʩʥʦʡ 

ʦʙʣʘʩʪʠ ʩʧʝʢʪʨʘ. 

4.7. ʆʩʥʦʚʥʳʝ ʚʳʚʦʜʳ ʢ ʛʣʘʚʝ 4 

ʈʘʟʨʘʙʦʪʘʥʳ ʤʝʪʦʜʳ ʧʦʜʛʦʪʦʚʢʠ ʰʠʭʪʳ, ʦʧʨʝʜʝʣʝʥʳ ʧʦʜʭʦʜʳ ʠ ʫʩʣʦʚʠʷ ʜʣʷ 

ʚʳʨʘʱʠʚʘʥʠʷ ʛʠʛʨʦʩʢʦʧʠʯʝʩʢʠʭ ʱʝʣʦʯʥʦʟʝʤʝʣʴʥʳʭ ʛʘʣʦʠʜʥʳʭ ʢʨʠʩʪʘʣʣʦʚ 

ʤʝʪʦʜʘʤʠ ɹʨʠʜʞʤʝʥʘ ʠ ʏʦʭʨʘʣʴʩʢʦʛʦ. ɺ ʭʦʜʝ ʨʦʩʪʦʚʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦʣʫʯʝʥʳ 

ʢʨʠʩʪʘʣʣʳ BaBrI, BaClI ʠ SrBrI ʢʘʢ ʙʝʩʧʨʠʤʝʩʥʳʝ, ʪʘʢ ʠ ʣʝʛʠʨʦʚʘʥʥʳʝ ʠʦʥʘʤʠ Eu2+ 

ʤʘʣʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ (ʦʪ 0,01 ʜʦ 8 %), ʘ ʪʘʢʞʝ ʢʨʠʩʪʘʣʣʳ BaBrI, ʣʝʛʠʨʦʚʘʥʥʳʝ Ce3+ 

ʠ Sm2+.  

ʇʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʬʘʟʦʚʳʭ ʨʘʚʥʦʚʝʩʠʡ ʠ ʘʥʘʣʠʟ ʩʪʨʫʢʪʫʨ r

ʚʳʨʘʱʝʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʤʝʪʦʜʘʤʠ ʧʦʨʦʰʢʦʚʦʡ ʠ ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ 

ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʜʠʬʨʘʢʮʠʠ. ɼʠʬʨʘʢʪʦʛʨʘʤʤʳ ʢʨʠʩʪʘʣʣʦʚ BaBrI 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʩʦʦʪʚʝʪʩʪʚʠʝ ʩ ʨʘʥʝʝ ʦʧʫʙʣʠʢʦʚʘʥʥʳʤʠ ʜʘʥʥʳʤʠ. ɹr ʣʠ 

ʦʧʨʝʜʝʣʝʥʳ ʧʘʨʘʤʝʪʨʳ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʢʨʠʩʪʘʣʣʦʚ BaClI ʠ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʠʩʩʣʝʜʫʝʤʳʝ ʦʙʨʘʟʮʳ ʢʨʠʩʪʘʣʣʠʟʫʶʪʩʷ ʚ ʨʦʤʙʠʯʝʩʢʦʡ ʩʠʥʛʦʥʠʠ ʩ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʦʡ (Pnma). ʕʪʠ ʨʝʟʫʣʴʪʘʪʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚʧʝʨʚʳʝ.  

ʆʧʨʝʜʝʣʝʥʳ ʦʩʥʦʚʥʳʝ ʦʧʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʨʠʩʪʘʣʣʦʚ BaBrI, BaClI ʠ 

SrBrI, ʣʝʛʠʨʦʚʘʥʥʳʭ ʠʦʥʘʤʠ Eu2+, ʘ ʪʘʢʞʝ ʢʨʠʩʪʘʣʣʦʚ BaBrI, ʣʝʛʠʨʦʚʘʥʥʳʭ Ce3+ ʠ 

Sm2+. ʇʦ ʢʨʘʶ ʦʧʪʠʯʝʩʢʦʛʦ ʧʦʛʣʦʱʝʥʠʷ ʚʧʝʨʚʳʝ ʙʳʣʘ ʦʮʝʥʝʥʘ ʰʠʨʠʥʘ 

ʟʘʧʨʝʱʸʥʥʦʡ ʟʦʥʳ ʠʟʫʯʘʝʤʳʭ ʢʨʠʩʪʘʣʣʦʚ. ɸʥʘʣʠʟ ʩʧʝʢʪʨʦʚ ʧʦʛʣʦʱʝʥʠʷ 

ʬʦʪʦʩʪʠʤʫʣʠʨʦʚʘʥʥʦʡ ʠ ʨʝʥʪʛʝʥʦʣʶʤʠʥʝʩʮʝʥʮʠʠ ʧʦʜʪʚʝʨʞʜʘʝʪ, ʯʪʦ ʝʚʨʦʧʠʡ 

ʚʩʪʨʘʠʚʘʝʪʩʷ ʚ ʨʝʰʝʪʢʫ ʚ ʜʚʫʭʚʘʣʝʥʪʥʦʤ ʩʦʩʪʦʷʥʠʠ ʩ ʭʘʨʘʢʪʝʨʥʳʤʠ ʜʣʷ ʥʝʛʦ 

ʧʝʨʝʭʦʜʘʤʠ 5d-4f. ʇʨʠ ʣʝʛʠʨʦʚʘʥʠʠ ʠʦʥʘʤʠ Ce3+ ʚ ʢʨʠʩʪʘʣʣʘʭ BaBrI ʦʙʨʘʟʫʶʪʩʷ 

ʜʚʘ ʪʠʧʘ ʮʝʥʪʨʦʚ: ʚ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʠʦʥ ʮʝʨʠʷ ʢʦʤʧʝʥʩʠʨʫʝʪʩʷ ʤʝʞʜʦʫʟʝʣʴʥʳʤ 

ʠʦʥʦʤ ʙʨʦʤʘ ʠʣʠ ʡʦʜʘ, ʚʦ ʚʪʦʨʦʤ ï ʠʦʥʘʤʠ ʢʠʩʣʦʨʦʜʘ O2ī. ʕʪʠ ʜʚʘ ʪʠʧʘ ʮʝʥʪʨʘ 

ʨʘʟʣʠʯʘʶʪʩʷ ʧʦ ʚʨʝʤʝʥʠ ʟʘʪʫʭʘʥʠʷ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʧʨʠ ʬʦʪʦʚʦʟʙʫʞʜʝʥʠʠ. 

ɹr ʩʪʨʘʷ ʢʦʤʧʦʥʝʥʪʘ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʮʝʥʪʨʦʚ ʧʝʨʚʦʛʦ ʪʠʧʘ ʷʚʣʷʝʪʩʷ 

ʧʨʝʦʙʣʘʜʘʶʱʝʡ ʠ ʩʦʩʪʘʚʣʷʝʪ 28 ʥʩ, ʜʣʷ ʚʪʦʨʦʛʦ ʪʠʧʘ ʮʝʥʪʨʦʚ ʦʥʘ ʨʘʚʥʘ 230 ʥʩ. ɺ 

ʩʧʝʢʪʨʝ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʢʨʠʩʪʘʣʣʦʚ BaBrI, ʣʝʛʠʨʦʚʘʥʥʳʭ ʠʦʥʘʤʠ ʩʘʤʘʨʠʷ 
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ʥʘʙʣʶʜʘʝʪʩʷ ʰʠʨʦʢʘʷ ʧʦʣʦʩʘ ʙʳʩʪʨʦʡ ʣʶʤʠʥʝʩʮʝʥʮʠʠ, ʩʚʷʟʘʥʥʘʷ ʩ ʧʝʨʝʭʦʜʘʤʠ 5d-

4f ʚ ʦʙʣʘʩʪʠ 1,8-1,9 ʵɺ, ʩ ʧʦʩʪʦʷʥʥʦʡ ʟʘʪʫʭʘʥʠʷ ʩʚʝʯʝʥʠʷ 18 ʥʩ ʠ ʣʶʤʠʥʝʩʮʝʥʮʠʷ, 

ʦʙʫʩʣʦʚʣʝʥʥʘʷ 4f6ï4f6 ʧʝʨʝʭʦʜʘʤʠ ʩ ʤʝʜʣʝʥʥʦʡ ʢʦʤʧʦʥʝʥʪʦʡ ʟʘʪʫʭʘʥʠʷ ʩʚʝʯʝʥʠʷ, 

ʩʦʩʪʘʚʣʷʶʱʝʡ 2,15 ʤʩ. 

ʇʦʣʫʯʝʥʳ ʘʤʧʣʠʪʫʜʥʳʝ ʩʧʝʢʪʨʳ ʠʤʧʫʣʴʩʦʚ ʚʳʨʘʱʝʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʧʨʠ 

ʚʦʟʙʫʞʜʝʥʠʠ ʛʘʤʤʘ-ʠʩʪʦʯʥʠʢʦʤ 137Cs. ʇʦ ʩʧʝʢʪʨʘʤ ʨʝʥʪʛʝʥʦʣʶʤʠʥʝʩʮʝʥʮʠʠ 

ʦʮʝʥʝʥ ʩʚʝʪʦʚʳʭʦʜ ʣʶʤʠʥʝʩʮʝʥʮʠʠ, ʥʘʠʙʦʣʴʰʝʝ ʝʛʦ ʟʥʘʯʝʥʠʝ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ 

ʣʝʛʠʨʦʚʘʥʠʠ ʜʘʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʠʦʥʘʤʠ ʝʚʨʦʧʠʷ. ɹʳʣʠ ʨʘʩʩʯʠʪʘʥʳ ʚʨʝʤʝʥʘ 

ʟʘʪʫʭʘʥʠʷ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʚ ʵʪʠʭ ʢʨʠʩʪʘʣʣʘʭ. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʫʢʘʟʳʚʘʶʪ ʥʘ 

ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʢʨʠʩʪʘʣʣʦʚ BaBrI:Eu2+, BaClI:Eu2+, SrBrI:Eu2+ ʠ 

BaBrI:Ce2+ ʚ ʢʘʯʝʩʪʚʝ ʵʬʬʝʢʪʠʚʥʳʭ ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ.  

ʈʝʥʪʛʝʥʦʣʶʤʠʥʝʩʮʝʥʮʠʷ ʢʨʠʩʪʘʣʣʦʚ BaBrI:Sm2+ ʧʦ ʩʚʦʝʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʩʦʧʦʩʪʘʚʠʤʘ ʩʦ ʩʚʝʪʦʚʳʭʦʜʦʤ ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʩʮʠʥʪʠʣʣʷʪʦʨʘ CsI:Tl 

(45000 ʬʦʪʦʥʦʚ/ʄʵɺ). ʊʝʤ ʥʝ ʤʝʥʝʝ, ʥʘʣʠʯʠʝ ʚ ʩʧʝʢʪʨʝ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʤʝʜʣʝʥʥʦʡ 

ʢʦʤʧʦʥʝʥʪʳ ʜʣʠʪʝʣʴʥʦʩʪʴʶ 2,15 ʤʩ, ʩʚʷʟʘʥʥʦʡ ʩ ʧʝʨʝʭʦʜʘʤʠ ʚʥʫʪʨʠ 4f6 ʦʙʦʣʦʯʢʠ 

ʠʦʥʦʚ ʩʘʤʘʨʠʷ, ʥʝ ʧʦʟʚʦʣʷʝʪ ʵʪʦʤʫ ʤʘʪʝʨʠʘʣʫ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʪʨʝʙʦʚʘʥʠʷʤ, 

ʧʨʝʜʲ̫ ʚʣʷʝʤʳʤ ʢ ʩʮʠʥʪʠʣʣʷʪʦʨʘʤ. ʆʜʥʘʢʦ ʜʘʥʥʘʷ ʩʠʩʪʝʤʘ ʤʦʞʝʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʘ ʚ ʢʘʯʝʩʪʚʝ ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʣʶʤʠʥʦʬʦʨʦʚ ʩ ʠʟʣʫʯʝʥʠʝʤ ʚ ʢʨʘʩʥʦʡ 

ʦʙʣʘʩʪʠ ʩʧʝʢʪʨʘ.   
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ɻʃɸɺɸ 5. ʇʆʃʋʏɽʅʀɽ ʀ ʉɺʆʁʉʊɺɸ ʂɺɸʈʎɽɺʓʍ ʉʊɽʂʆʃ  

5.1 ʇʦʣʫʯʝʥʠʝ ʢʚʘʨʮʝʚʦʛʦ ʩʪʝʢʣʘ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʝʛʦ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ  

ʀʩʩʣʝʜʦʚʘʥʠʷ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ ʚ ʢʚʘʨʮʝʚʦʤ ʩʳʨʴʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ɹʫʨʘʣ-

ʉʘʨʜʳʢ [256] ʚʳʷʚʠʣʠ ʥʝʢʦʪʦʨʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʵʪʦʛʦ ʤʘʪʝʨʠʘʣʘ. ʅʘ ʈʠʩʫʥʢʝ 70 ʚ 

ʛʨʘʬʠʯʝʩʢʦʤ ʚʠʜʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʫʪʦʯʥʝʥʥʳʝ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʛʨʘʥʠʮʳ 

ʩʪʘʙʠʣʴʥʦʩʪʠ ʧʦʣʠʤʦʨʬʥʳʭ ʧʨʝʚʨʘʱʝʥʠʡ ʢʨʝʤʥʝʟʝʤʘ. ʉʧʣʦʰʥʳʝ ʫʯʘʩʪʢʠ ʢʨʠʚʳʭ 

ʥʘ ʜʠʘʛʨʘʤʤʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʩʪʘʙʠʣʴʥʳʤ ʤʦʜʠʬʠʢʘʮʠʷʤ ʢʨʝʤʥʝʟʝʤʘ, ʘ 

ʧʫʥʢʪʠʨʥʳʝ ï ʤʝʪʘʩʪʘʙʠʣʴʥʳʤ. ʆʩʥʦʚʥʦʡ ʬʘʟʦʡ ʚ ʢʚʘʨʮʠʪʘʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷ 

ɹʫʨʘʣ-ʉʘʨʜʳʢ ʷʚʣʷʝʪʩʷ Ŭ-ʢʚʘʨʮ. ʇʨʠ ʥʘʛʨʝʚʘʥʠʠ ʢʨʠʩʪʘʣʣʦʚ Ŭ-ʢʚʘʨʮʘ ʜʦ ʪʦʯʢʠ 

ʠʥʚʝʨʩʠʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 573ʦʉ ʦʥʠ ʧʨʝʪʝʨʧʝʚʘʶʪ ʧʦʣʠʤʦʨʬʥʦʝ ʧʨʝʚʨʘʱʝʥʠʝ ʠ 

ʧʨʘʢʪʠʯʝʩʢʠ ʤʛʥʦʚʝʥʥʦ ʧʝʨʝʭʦʜʷʪ ʚ ɓ-ʢʚʘʨʮ. ʉʦʛʣʘʩʥʦ ʌʝʥʥʝʨʫ [131], ɓ-ʢʚʘʨʮ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 870Á ʉ ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʡ ʪʨʠʜʠʤʠʪ. ʆʜʥʘʢʦ ʪʘʢʦʝ 

ʧʨʝʚʨʘʱʝʥʠʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʪʦʣʴʢʦ ʧʨʠ ʥʘʣʠʯʠʠ ʤʠʥʝʨʘʣʠʟʘʪʦʨʦʚ ʚ ʢʚʘʨʮʝʚʦʤ 

ʩʳʨʴʝ, ʘ ʚ ʩʠʩʪʝʤʝ ʯʠʩʪʦʛʦ ʢʨʝʤʥʝʟʝʤʘ ʪʨʠʜʠʤʠʪ ʥʝ ʦʙʨʘʟʫʝʪʩʷ. ʊʦ ʝʩʪʴ, ʪʨʠʜʠʤʠʪ 

ʥʝ ʷʚʣʷʝʪʩʷ ʬʘʟʦʡ ʯʠʩʪʦʛʦ ʢʝʤʥʝʟʝʤʘ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʢʚʘʨʮʠʪʳ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ɹʫʨʘʣ-ʉʘʨʜʳʢ ʥʝ ʦʙʨʘʟʫʶʪ ʬʘʟʫ ʪʨʠʜʠʤʠʪʘ ʠʟ-ʟʘ ʥʠʟʢʦʛʦ 

ʩʦʜʝʨʞʘʥʠ ̫ʧʨʠʤʝʩʝʡ ʤʠʥʝʨʘʣʠʟʘʪʦʨʦʚ, ʘ ʬʘʟʦʚʳʡ ʧʝʨʝʭʦʜ ɓ-ʢʚʘʨʮ Ÿ ʢʨʠʩʪʦʙʘʣʠʪ 

ʧʨʦʪʝʢʘʝʪ ʤʝʜʣʝʥʥʦ. ʌʘʢʪʠʯʝʩʢʠ ʦʙʣʘʩʪʴ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ɓ-ʢʚʘʨʮʘ ʧʨʦʩʪʠʨʘʝʪʩʷ ʜʦ 

1400-1450Á ʉ, ʘ ʚʳʰʝ ʵʪʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʦʥ ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʘʤʦʨʬʥʫʶ ʬʘʟʫ ʠʣʠ ʚ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʡ ɓ-ʢʨʠʩʪʦʙʘʣʠʪ (ʊʘʙʣʠʮʘ 15). 

ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1400-1450 ʦʉ ʠ ʚʳʜʝʨʞʢʝ ʚ ʪʝʯʝʥʠʝ ʪʨʝʭ ʯʘʩʦʚ ɓ-ʢʚʘʨʮ 

ʧʝʨʝʭʦʜʠʪ ʚ ɓ-ʢʨʠʩʪʦʙʘʣʠʪ, ʢʦʪʦʨʳʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʫʶ 

ʤʦʜʠʬʠʢʘʮʠʶ ʢʨʝʤʥʝʟʝʤʘ ʠ ʚʧʦʣʥʝ ʫʩʪʦʡʯʠʚ ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 1470-1723 ʦʉ. 

ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʚʳʰʝ 1723 ʦʉ ʥʘʙʣʶʜʘʝʪʩʷ ʧʣʘʚʣʝʥʠʝ ʢʨʠʩʪʦʙʘʣʠʪʘ. 
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ʊʘʙʣʠʮʘ 15. ʅʝʢʦʪʦʨʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʦʙʣʘʩʪʠ ʩʪʘʙʠʣʴʥʦʩʪʠ ʨʘʟʣʠʯʥʳʭ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ 

ʤʦʜʠʬʠʢʘʮʠʡ ʢʨʝʤʥʝʟʝʤʘ 

ʌʘʟʳ 
ʇʣʦʪʥʦʩʪʴ, 

ʛ/ʩʤ3 
ʉʠʥʛʦʥʠʷ 

ʊʝʤʝʧʨʘʪʫʨʥʘʷ 

ʦʙʣʘʩʪʴ 

ʩʪʘʙʠʣʴʥʦʩʪʠ, ʦʉ 

ʇʦʢʘʟʘʪʝʣʴ 

ʧʨʝʣʦʤʣʝʥʠʷ 

ʂʚʘʨʮ (Ŭ) 2,65 ʊʨʠʛʦʥʘʣʴʥʘʷ < 573 1,544 

ʂʚʘʨʮ (ɓ) 2,51 ɻʝʢʩʘʛʦʥʘʣʴʥʘʷ 570-1470 - 

ʂʨʠʩʪʦʙʘʣʠʪ (ɓ) 2,21 ʂʫʙʠʯʝʩʢʘʷ > 1470 - 

ʂʨʠʩʪʦʙʘʣʠʪ (Ŭ) 2,27 ʊʨʠʛʦʥʘʣʴʥʘʷ < 268 1,487 

ʉʪʝʢʣʦ 2,2 ʈʝʥʪʛʝʥʦʘʤʦʨʬʥʳʡ - 1,46 

ʉʭʝʤʘ ʧʦʜʛʦʪʦʚʢʠ ʢʚʘʨʮʝʚʳʭ ʢʦʥʮʝʥʪʨʘʪʦʚ ʩʦʩʪʦʠʪ ʠʟ ʩʣʝʜʫʶʱʠʭ ʵʪʘʧʦʚ: 

ʨʫʯʥʦʝ ʜʨʦʙʣʝʥʠʝ ʢʫʩʢʘ ʜʦ ʬʨʘʢʮʠʠ 50 ʤʤ; ʧʨʦʤʳʚʢʘ ʢʫʩʢʘ; ʜʨʦʙʣʝʥʠʝ ʢʫʩʢʘ ʚ 

ʱʝʢʦʚʦʡ ʜʨʦʙʠʣʢʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʘʨʙʠʜ-ʚʦʣʴʬʨʘʤʦʚʳʭ ʱʝʢ ʜʦ ʬʨʘʢʮʠʠ 25 ʤʤ; 

ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʜʦ ʬʨʘʢʮʠʠ 5-25 ʤʤ; ʭʠʤʠʯʝʩʢʦʝ ʪʨʘʚʣʝʥʠʝ 10 %-ʥʳʤ ʨʘʩʪʚʦʨʦʤ 

HCl; ʩʫʰʢʘ; ʪʝʨʤʦʜʨʦʙʣʝʥʠʝ; ʨʫʯʥʦʝ ʜʨʦʙʣʝʥʠʝ ʚ ʢʚʘʨʮʝʚʦʡ ʩʪʫʧʢʝ ʜʦ ʬʨʘʢʮʠʠ 

5 ʤʢʤ; ʠʩʪʠʨʘʥʠʝ ʚ ʢʚʘʨʮʝʚʦʤ ʠʩʪʠʨʘʪʝʣʝ; ʚʳʜʝʣʝʥʠʝ ʬʨʘʢʮʠʠ 174-450 ʤʢʤ [257]. 

ɼʘʣʝʝ ʧʨʦʚʦʜʠʣʦʩʴ ʭʠʤʠʯʝʩʢʦʝ ʦʙʦʛʘʱʝʥʠʝ (ʍʆ) ʚ ʩʤʝʩʠ ʢʠʩʣʦʪ 20 % HCl:10 % HF 

ʧʨʠ ʩʦʦʪʥʦʰʝʥʠʠ ʞʠʜʢʦʛʦ ʢ ʪʚʨyʜʦʤʫ 2:1 ʠ ʩʫʰʢʘ ʢʚʘʨʮʝʚʦʡ ʢʨʫʧʢʠ. ʈʝʟʫʣʴʪʘʪʳ 

 

ʈʠʩʫʥʦʢ 70 ï ʊʝʤʧʝʨʘʪʫʨʥʳʝ ʛʨʘʥʠʮʳ ʩʪʘʙʠʣʴʥʦʩʪʠ ʤʦʜʠʬʠʢʘʮʠʡ SiO2 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ɹʫʨʘʣ-ʉʘʨʜʳʢ. 
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ʭʠʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʠʩʭʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠ ʢʚʘʨʮʝʚʦʛʦ ʢʦʥʮʝʥʪʨʘʪʘ, 

ʚʳʧʦʣʥʝʥʥʳʝ ʤʝʪʦʜʦʤ ʄʉ-ʀʉʇ [257] ʧʨʠʚʝʜʝʥʳ ʚ ʊʘʙʣʠʮʝ 16.  

ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʨʘʚʥʠʚʘʣʠʩʴ ʩʪʝʢʣʘ, ʧʦʣʫʯʝʥʥʳʝ ʠʟ ʭʠʤʠʯʝʩʢʠ 

ʦʙʦʛʘʱʸʥʥʦʛʦ ʢʦʥʮʝʥʪʨʘʪʘ ʜʚʫʭ ʪʠʧʦʚ: ʧʨʦʰʝʜʰʠʡ ʧʨʦʮʝʩʩ ʢʨʠʩʪʦʙʘʣʠʪʠʟʘʮʠʠ ʠ 

ʠʟ ʢʦʥʮʝʥʪʨʘʪʘ, ʥʝ ʧʨʦʰʝʜʰʝʛʦ ʪʘʢʫʶ ʧʨʦʮʝʜʫʨʫ (ʪ.ʝ. Ŭ-ʢʚʘʨʮ). ʇʝʨʝʚʦʜ Ŭ-ʢʚʘʨʮʘ 

ʚ ʢʨʠʩʪʦʙʘʣʠʪ ʧʨʦʚʦʜʠʣʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʪʞʠʛʘ ʥʘ ʚʦʟʜʫʭʝ ʢʚʘʨʮʝʚʦʛʦ ʢʦʥʮʝʥʪʨʘʪʘ 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1450 ʦʉ ʚ ʪʝʯʝʥʠʝ 24-48 ʯʘʩʦʚ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʨʝʤʝʥʠ 

ʧʨʦʢʘʣʢʠ ʩʦʜʝʨʞʘʥʠʝ ʬʘʟʳ ʢʨʠʩʪʦʙʘʣʠʪʘ ʚ ʠʩʭʦʜʥʦʡ ʰʠʭʪʝ ʩʦʩʪʘʚʣʷʣʦ ʦʪ ʥʫʣʷ ʜʦ 

80 %. ʉʦʜʝʨʞʘʥʠʝ ʬʘʟ Ŭ-ʢʚʘʨʮʘ ʠ ʢʨʠʩʪʦʙʘʣʠʪʘ ʚ ʢʦʥʮʝʥʪʨʘʪʝ ʢʦʥʪʨʦʣʠʨʦʚʘʣʦʩʴ 

ʤʝʪʦʜʦʤ ʈʌɸ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʩʣʝʜʦʚʘʣʠ ʩʪʝʢʣʘ, ʧʦʣʫʯʝʥʥʳʝ ʠʟ ʢʦʥʮʝʥʪʨʘʪʦʚ 

ʜʚʫʭ ʪʠʧʦʚ: Ŭ-ʢʚʘʨʮ (çʩʫʧʝʨʢʚʘʨʮʠʪè) ʠ ʢʨʠʩʪʦʙʘʣʠʪʘ (ʢʨʠʩʪʦʙʘʣʠʪ 

çʩʫʧʝʨʢʚʘʨʮʠʪʘè). 

ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʧʦʣʫʯʝʥʠʶ ʢʚʘʨʮʝʚʦʛʦ ʩʪʝʢʣʘ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʩʧʝʮʠʘʣʴʥʦ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʡ ʫʩʪʘʥʦʚʢʝ ʜʣʷ ʚʳʨʘʱʠʚʘʥʠʷ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ 

çʈʝʜʤʝʪ-8è (ʈʠʩʫʥʦʢ 18). ʅʘʧʣʘʚ ʦʙʨʘʟʮʦʚ ʩʪʝʢʣʘ ʧʨʦʠʟʚʦʜʠʣʩʷ ʢʘʢ ʚ ʚʘʢʫʫʤʝ, ʪʘʢ 

ʠ ʚʘʢʫʫʤʥʦ-ʢʦʤʧʨʝʩʩʠʦʥʥʳʤ ʤʝʪʦʜʦʤ (ʩ ʜʘʚʣʝʥʠʝʤ 5 ʙʘʨ ʚ ʘʨʛʦʥʝ). ʅʘʛʨʝʚʘʪʝʣʴ 

ʨʝʟʠʩʪʠʚʥʦʛʦ ʪʠʧʘ, ʵʣʝʤʝʥʪʳ ʪʝʧʣʦʚʦʛʦ ʫʟʣʘ ʠ ʪʠʛʝʣʴ ʙʳʣʠ ʠʟʛʦʪʦʚʣʝʥʳ ʠʟ 

ʛʨʘʬʠʪʘ. ʊʝʤʧʝʨʘʪʫʨʥʳʡ ʢʦʥʪʨʦʣʴ ʦʩʫʱʝʩʪʚʣʷʣʩʷ ɺʈ-ʪʝʨʤʦʧʘʨʦʡ ʠ ʵʣʝʢʪʨʦʥʥʳʤ 

ʧʠʨʦʤʝʪʨʦʤ. ʂʚʘʨʮʝʚʳʝ ʢʦʥʮʝʥʪʨʘʪʳ ʟʘʩʳʧʘʣʠʩʴ ʚ ʛʨʘʬʠʪʦʚʳʡ ʪʠʛʝʣʴ, ʧʦʩʣʝ ʯʝʛʦ 

ʢʘʤʝʨʘ ʫʩʪʘʥʦʚʢʠ ʦʪʢʘʯʠʚʘʣʘʩʴ ʬʦʨʚʘʢʫʫʤʥʳʤ ʠ ʜʠʬʬʫʟʠʦʥʥʳʤ ʥʘʩʦʩʘʤʠ. ʇʦʩʣʝ 

ʩʫʰʢʠ ʩʳʨʴʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʦʢʦʣʦ 150 ʦʉ ʚ ʪʝʯʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʯʘʩʦʚ 

ʪʝʤʧʝʨʘʪʫʨʫ ʧʦʚʳʰʘʣʠ. ʇʨʠ ʧʘʜʝʥʠʠ ʚʘʢʫʫʤʘ ʚ ʭʦʜʝ ʧʦʚʳʰʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ 

ʜʝʣʘʣʠ ʚʨʝʤʝʥʥʳʝ ʚʳʜʝʨʞʢʠ ʜʣʷ ʝʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ, ʧʦʩʣʝ ʯʝʛʦ ʟʘʧʫʩʢʘʣʘʩʴ 

ʧʨʦʛʨʘʤʤʘ ʧʦʚʳʰʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʜʦ ʤʦʤʝʥʪʘ ʧʣʘʚʣʝʥʠʷ ʩʦ ʩʢʦʨʦʩʪʴʶ ʦʢʦʣʦ 

ʊʘʙʣʠʮʘ 16. ʄʘʩʩʦʚʳʝ ʜʦʣʠ ʧʨʠʤʝʩʝʡ ʚ ʢʚʘʨʮʝʚʳʭ ʢʦʥʮʝʥʪʨʘʪʘʭ, ppm 

ʂʦʥʮʝʥʪʨʘʪ ʇʨʠʤʝʩʴ 

Fe Al  Ti Ca Mg Cu Mn Na K Li  Ɇ10 P B 

ʀʩʭʦʜʥʳʡ 6 27 1.7 0.8 1.0 0.17 0.020 3.5 6.3 0.13 46.6 0.2 0.20 

ʇʦʩʣʝ ʍʆ 0.9 4.5 0.8 0.4 0.2 0.14 0.005 2.5 0.5 0.12 10.1 0.1 0.18 

ʇʨʠʤʝʯʘʥʠʝ: ʪʝʭʥʦʣʦʛ ï ʆ.ʅ.ʉʦʣʦʤʝʠʥ, ʘʥʘʣʠʪʠʢ ɺ.ʖ.ʇʦʥʦʤʘʨʝʚʘ (ʀɻʍ ʉʆ ʈɸʅ). 
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300 ʦʉ/ʯʘʩ. ʇʨʠ ʜʦʩʪʠʞʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʘʚʣʝʥʠʷ ʢʚʘʨʮʘ ʜʝʣʘʣʩʷ ʧʝʨʝʛʨʝʚ 

ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʥʘ 100 ʦʉ ʠ ʢʘʤʝʨʘ ʟʘʧʦʣʥʷʣʘʩʴ ʘʨʛʦʥʦʤ ʜʦ 6 ʙʘʨ ʩʦ ʩʪʘʙʠʣʴʥʦʡ 

ʧʦʜʜʝʨʞʢʦʡ ʟʘʜʘʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ. ʈʘʩʧʣʘʚ ʚʳʜʝʨʞʠʚʘʣʠ ʧʦʜ ʵʪʠʤ ʜʘʚʣʝʥʠʝʤ ʚ 

ʪʝʯʝʥʠʝ ʯʘʩʘ, ʧʦʩʣʝ ʯʝʛʦ ʥʘʛʨʝʚʘʥʠʝ ʧʨʝʢʨʘʱʘʣʦʩʴ. ʇʨʠ ʪʘʢʦʤ ʨʝʞʠʤʝ ʧʣʘʚʢʠ 

ʧʦʪʝʨʷ ʤʘʩʩʳ ʩʦʩʪʘʚʠʣʘ 10-20 %. ʆʧʪʠʯʝʩʢʦʝ ʢʘʯʝʩʪʚʦ ʩʪʝʢʦʣ, ʧʦʣʫʯʝʥʥʳʭ ʠʟ 

ʢʦʥʮʝʥʪʨʘʪʦʚ Ŭ-ʢʚʘʨʮʘ ʠ ʢʨʠʩʪʦʙʘʣʠʪʘ ʚ ʚʘʢʫʫʤʝ, ʧʨʘʢʪʠʯʝʩʢʠ ʦʜʠʥʘʢʦʚʦ ï 

ʧʨʦʟʨʘʯʥʦʝ, ʥʦ ʩ ʥʘʣʠʯʠʝʤ ʤʝʣʢʠʭ ʧʫʟʳʨʝʡ, ʦʪ ʢʦʪʦʨʳʭ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʩʪʴʶ 

ʤʦʞʥʦ ʠʟʙʘʚʠʪʴʩʷ ʧʨʠ ʥʘʧʣʘʚʝ ʩʪʝʢʣʘ ʚʘʢʫʫʤʥʦ-ʢʦʤʧʨʝʩʩʠʦʥʥʳʤ ʤʝʪʦʜʦʤ. 

ʆʜʥʘʢʦ ʚʩʝ ʞʝ ʚʠʟʫʘʣʴʥʦ ʚʠʜʥʦ, ʯʪʦ ʦʙʨʘʟʮʳ ʩʪʝʢʣʘ, ʧʦʣʫʯʝʥʥʳʝ ʠʟ Ŭ-ʢʚʘʨʮʘ, 

ʧʨʦʰʝʜʰʝʛʦ ʢʨʠʩʪʦʙʘʣʠʪʠʟʘʮʠʶ, ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʩʦʜʝʨʞʘʪ ʧʫʟʳʨ,ɹ ʧʦ ʩʨʘʚʥʝʥʠʶ 

ʩ ʦʙʨʘʟʮʘʤʠ, ʧʦʣʫʯʝʥʥʤrʠ ʠʟ ʢʦʥʮʝʥʪʨʘʪʦʚ ʙʝʟ ʧʨʦʮʝʜʫʨʳ ʢʨʠʩʪʦʙʘʣʠʪʠʟʘʮʠʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʳʙʨʘʥʥʦʛʦ ʨʝʞʠʤʘ ʥʘʧʣʘʚʘ ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

ʧʨʦʟʨʘʯʥʳʝ ʙʝʩʮʚʝʪʥʳʝ ʦʙʨʘʟʮʳ ʢʚʘʨʮʝʚʦʛʦ ʩʪʝʢʣʘ ʙʝʟ ʚʠʜʠʤʳʭ ʧʫʟʳʨʝʡ 

(ʈʠʩʫʥʦʢ 71).   

ʄʝʪʦʜʠʢʘ ʠʩʧʳʪʘʥʠʷ ʥʘ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʟʘʢʣʶʯʘʣʘʩʴ ʚ 

ʩʣʝʜʫʶʱʠʭ ʦʧʝʨʘʮʠʷʭ: ʧʣʘʩʪʠʥʢʠ ʢʚʘʨʮʝʚʦʛʦ ʩʪʝʢʣʘ ʪʦʣʱʠʥʦʡ 3 ʤʤ ʩʪʫʧʝʥʯʘʪʦ 

ʯʝʨʝʟ ʢʘʞʜʳʝ 50 ʦʉ ʥʘʛʨʝʚʘʣʠʩʴ ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ ʦʪ 1000 ʜʦ 1250 Áʉ ʚ 

 

 

ʈʠʩʫʥʦʢ 71 ï ʆʙʨʘʟʮʳ ʢʚʘʨʮʝʚʦʛʦ ʩʪʝʢʣʘ, ʧʦʣʫʯʝʥʥʳʝ ʚʘʢʫʫʤʥʦ-ʢʦʤʧʨʝʩʩʠʦʥʥʳʤ ʤʝʪʦʜʦʤ  

(ʩ ʜʘʚʣʝʥʠʝʤ 5 ʙʘʨ ʚ ʘʨʛʦʥʝ) ʥʘ ʩʧʝʮʠʘʣʴʥʦ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ ʫʩʪʘʥʦʚʢʝ ʈʝʜʤʝʪ-8:  

ʘ) ʦʙʨʘʟʝʮ ʢʚʘʨʮʝʚʦʛʦ ʩʪʝʢʣʘ, ʠʟʚʣʝʯʝʥʥʳʡ ʠʟ ʛʨʘʬʠʪʦʚʦʛʦ ʪʠʛʣʷ;  

ʙ) ʚʳʨʝʟʘʥʥʘʷ ʧʣʘʩʪʠʥʘ ʢʚʘʨʮʝʚʦʛʦ ʩʪʝʢʣʘ ʪʦʣʱʠʥʦʡ 3 ʤʤ. 

ʘ ʙ 






























































































