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ɺɺɽɼɽʅʀɽ 

 ɸʢʪʫʘʣʴʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ  

ɺ ʧʦʩʣʝʜʥʝʝ ʜʝʩʷʪʠʣʝʪʠʝ ʥʘʙʣʶʜʘʝʪʩʷ ʨʝʟʢʠʡ ʨʦʩʪ ʠʥʪʝʨʝʩʘ ʢ 

ʤʫʣʴʪʠʬʝʨʨʦʠʢʘʤ ï ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʤʘʪʝʨʠʘʣʘʤ, ʚ ʢʦʪʦʨʳʭ ʦʜʥʦʚʨʝʤʝʥʥʦ 

ʧʨʦʷʚʣʷʶʪʩʷ ʬʝʨʨʦʤʘʛʥʠʪʥʳʝ (ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʳʝ), ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʠʝ 

(ʘʥʪʠʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʠʝ) ʠ ʩʝʛʥʝʪʦʵʣʘʩʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ [1ï4]. ʇʦʚʳʰʝʥʠʝ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʫʧʨʘʚʣʝʥʠʷ ʤʘʛʥʠʪʥʳʤʠ ʠ ʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ 

ʤʫʣʴʪʠʬʝʨʨʦʠʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʚʘʞʥʳʭ ʟʘʜʘʯ ʩʦʚʨʝʤʝʥʥʦʡ 

ʵʣʝʢʪʨʦʥʠʢʠ. ʆʩʦʙʳʡ ʠʥʪʝʨʝʩ ʚʳʟʳʚʘʶʪ ʤʫʣʴʪʠʬʝʨʨʦʠʢʠ ʚʪʦʨʦʛʦ ʨʦʜʘ [5], ʚ 

ʢʦʪʦʨʳʭ ʷʚʣʝʥʠʷ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʪʚʘ ʠ ʤʘʛʥʝʪʠʟʤʘ ʚʟʘʠʤʦʟʘʚʠʩʠʤʳ ʠ 

ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʪʚʦ ʚʦʟʥʠʢʘʝʪ ʪʦʣʴʢʦ ʚ ʤʘʛʥʠʪʦʫʧʦʨʷʜʦʯʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ.  

ɼʣʷ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʤʫʣʴʪʠʬʝʨʨʦʠʢʦʚ ʥʝʦʙʭʦʜʠʤʦ ʚʳʧʦʣʥʝʥʠʝ 

ʥʝʩʢʦʣʴʢʠʭ ʫʩʣʦʚʠʡ [4]: (1) ʧʨʦʷʚʣʝʥʠʝ ʤʫʣʴʪʠʬʝʨʨʦʠʜʥʳʭ ʩʚʦʡʩʪʚ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʘʭ, ʥʝ ʪʨʝʙʫʶʱʠʭ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ, (2) ʚʳʩʦʢʦʝ ʟʥʘʯʝʥʠʝ 

ʚʦʟʥʠʢʘʶʱʠʭ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʠ ʧʦʣʷʨʠʟʘʮʠʠ, (3) ʩʠʣʴʥʦʝ ʚʟʘʠʤʥʦʝ ʚʣʠʷʥʠʝ 

ʚʦʟʥʠʢʘʶʱʠʭ ʚ ʢʨʠʩʪʘʣʣʝ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʠ ʧʦʣʷʨʠʟʘʮʠʠ [4]. ɼʦʩʪʫʧʥʳʝ ʚ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʤʘʪʝʨʠʘʣʳ ʥʝ ʚʧʦʣʥʝ ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʚʩʝʤ ʵʪʠʤ ʪʨʝʙʦʚʘʥʠʷʤ, 

ʧʦʵʪʦʤʫ ʥʘʠʙʦʣʝʝ ʘʢʪʠʚʥʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʫʣʴʪʠʬʝʨʨʦʠʢʦʚ ʚʝʜʫʪʩʷ ʩ ʮʝʣʴʶ 

ʫʩʪʘʥʦʚʣʝʥʠʷ ʩʪʨʫʢʪʫʨʥʦʡ ʦʙʫʩʣʦʚʣʝʥʥʦʩʪʠ ʠʭ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʠ ʚʳʷʚʣʝʥʠʷ 

ʥʦʚʳʭ ʵʬʬʝʢʪʦʚ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ ʫʣʫʯʰʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

ʉʦʝʜʠʥʝʥʠʷ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʬʝʨʨʦʙʦʨʘʪʦʚ RFe3(BO3)4 (R ï ʨʝʜʢʦʟʝʤʝʣʴʥʳʡ 

ʵʣʝʤʝʥʪ), ʚ ʢʦʪʦʨʳʭ ʦʙʥʘʨʫʞʝʥʥʳ ʤʫʣʴʪʠʬʝʨʨʦʠʜʥʳʝ ʩʚʦʡʩʪʚʘ, ʰʠʨʦʢʦ 

ʠʩʩʣʝʜʫʶʪʩʷ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ [6, 7]. ʈʘʟʥʦʦʙʨʘʟʠʝ ʩʚʦʡʩʪʚ  ʬʝʨʨʦʙʦʨʘʪʦʚ  

RFe3(BO3)4 ʦʙʫʩʣʦʚʣʝʥʦ ʥʘʣʠʯʠʝʤ ʚ ʥʠʭ ʜʚʫʭ ʤʘʛʥʠʪʥʳʭ ʧʦʜʩʠʩʪʝʤ (ʠʦʥʦʚ ʞʝʣʝʟʘ 

ʠ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʠʦʥʦʚ) ʠ ʛʝʣʠʢʦʠʜʘʣʴʥʳʤ ʩʪʨʦʝʥʠʝʤ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ 

ʨʝʰʝʪʢʠ. ʊʠʧ ʤʘʛʥʠʪʥʦʛʦ ʠʦʥʘ R ʩʠʣʴʥʦ ʚʣʠʷʝʪ ʥʘ ʦʧʪʠʯʝʩʢʠʝ, ʤʘʛʥʠʪʥʳʝ, 
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ʤʘʛʥʠʪʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʠ ʤʘʛʥʠʪʦʫʧʨʫʛʠʝ ʩʚʦʡʩʪʚʘ  ʜʘʥʥʦʛʦ ʩʝʤʝʡʩʪʚʘ 

ʩʦʝʜʠʥʝʥʠʡ. 

ɹʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʨʘʙʦʪ ʧʦʩʣʝʜʥʝʛʦ 

ʚʨʝʤʝʥʠ ʩʚʷʟʘʥʦ ʩ ʦʙʥʘʨʫʞʝʥʠʝʤ ʤʘʛʥʠʪʥʳʭ ʠ ʩʪʨʫʢʪʫʨʥʳʭ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ ʚ 

ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʬʝʨʨʦʙʦʨʘʪʘʭ [7, 8]. ʇʨʠ ʵʪʦʤ ʤʥʦʛʠʝ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ 

ʚʦʧʨʦʩʳ, ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʧʨʠʨʦʜʝ ʵʪʠʭ ʵʬʬʝʢʪʦʚ, ʜʦ ʩʠʭ ʧʦʨ ʥʝ ʚʳʷʩʥʝʥʳ. 

ʉʠʩʪʝʤʘʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʜʘʥʥʦʛʦ ʩʝʤʝʡʩʪʚʘ ʥʘ 

ʤʦʥʦʢʨʠʩʪʘʣʣʘʭ ʥʝ ʧʨʦʚʦʜʠʣʦʩʴ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʦʩʦʙʳʡ ʠʥʪʝʨʝʩ 

ʢʦʤʧʣʝʢʩʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨʥʦʡ ʦʙʫʩʣʦʚʣʝʥʥʦʩʪʠ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

ʬʝʨʨʦʙʦʨʘʪʦʚ  RFe3(BO3)4  ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ. 

 ʎʝʣɹʁ  ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʫʩʪʘʥʦʚʣʝʥʠʝ ʦʩʦʙʝʥʥʦʩʪʝʡ 

ʩʪʨʦʝʥʠʷ ʠ ʟʘʢʦʥʦʤʝʨʥʳʭ ʩʚʷʟʝʡ ʤʝʞʜʫ ʭʠʤʠʯʝʩʢʠʤ ʩʦʩʪʘʚʦʤ ʠ ʘʪʦʤʥʦʡ 

ʩʪʨʫʢʪʫʨʦʡ  ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʬʝʨʨʦʙʦʨʘʪʦʚ RFe3(BO3)4, R = Gd, 

Y, Ho, ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ. 

 ɿʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ  

1. ʄʝʪʦʜʦʤ ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʦʛʦ ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ ʫʩʪʘʥʦʚʠʪʴ ʪʦʯʥʳʡ 

ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ RFe3(BO3)4, R = Gd, Y, Ho.  

2. ʄʝʪʦʜʦʤ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʦʧʨʝʜʝʣʠʪʴ ʘʪʦʤʥʫʶ ʩʪʨʫʢʪʫʨʫ 

ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ R1-xBixFe3(BO3)4, R = Gd, Y, Ho ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 11 ï 

500 ʂ. 

3. ʋʩʪʘʥʦʚʠʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʠ ʚʳʷʚʠʪʴ ʤʝʭʘʥʠʟʤʳ ʩʪʨʫʢʪʫʨʥʦʛʦ ʬʘʟʦʚʦʛʦ 

ʧʝʨʝʭʦʜʘ.  

4. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʠʟʤʝʥʝʥʠʝ ʘʪʦʤʥʦʡ ʩʪʨʫʢʪʫʨʳ R1-xBixFe3(BO3)4, R = Gd, 

Y, Ho, ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ.  

 ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʨʘʙʦʪʳ:  

1. ɺʧʝʨʚʳʝ ʤʝʪʦʜʦʤ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʥʘ ʤʦʥʦʢʨʠʩʪʘʣʣʘʭ 

ʚʳʧʦʣʥʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨʳ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʬʝʨʨʦʙʦʨʘʪʦʚ 
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(Gd0.95Bi0.05)Fe3(BO3)4, (Y0.95Bi0.05)Fe3(BO3)4, (Ho0.96Bi0.04)Fe3(BO3)4 ʚ 

ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 11 ï 500 ʂ. 

2. ɺʧʝʨʚʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʫʩʪʘʥʦʚʣʝʥʦ ʚʭʦʞʜʝʥʠʝ ʧʨʠʤʝʩʥʳʭ ʘʪʦʤʦʚ Bi ʚ 

ʩʪʨʫʢʪʫʨʫ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ RFe3(BO3)4, R = Gd, Y, Ho, ʚʳʨʘʱʝʥʥʳʭ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ Bi2Mo3O12 ʚ ʢʘʯʝʩʪʚʝ ʨʘʩʪʚʦʨʠʪʝʣʷ. ʇʨʠʤʝʩʴ Bi ʯʘʩʪʠʯʥʦ 

ʟʘʤʝʱʘʝʪ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʫʶ ʧʦʟʠʮʠʶ ʨʝʜʢʦʟʝʤʝʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ. 

3. ɺʧʝʨʚʳʝ ʥʘ ʦʩʥʦʚʝ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʭ ʜʘʥʥʳʭ ʜʣʷ ʢʨʠʩʪʘʣʣʦʚ 

(Y0.95Bi0.05)Fe3(BO3)4, (Ho0.96Bi0.04)Fe3(BO3)4 ʚʳʯʠʩʣʝʥʳ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʝ 

ʪʝʤʧʝʨʘʪʫʨʳ ɼʝʙʘʷ ʠ ʕʡʥʰʪʝʡʥʘ. 

4. ʄʝʪʦʜʦʤ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʥʘ ʤʦʥʦʢʨʠʩʪʘʣʣʘʭ ʧʦʜʪʚʝʨʞʜʝʥʦ 

ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨʥʦʛʦ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ, ʫʪʦʯʥʝʥʳ ʟʥʘʯʝʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨ ʠ ʭʘʨʘʢʪʝʨ ʧʝʨʝʭʦʜʘ ʜʣʷ ʢʨʠʩʪʘʣʣʦʚ (Gd0.95Bi0.05)Fe3(BO3)4, 

(Y0.95Bi0.05)Fe3(BO3)4, (Ho0.96Bi0.04)Fe3(BO3)4. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʠʟʤʝʥʝʥʠʷ 

ʭʘʨʘʢʪʝʨʥʳʭ ʨʘʩʩʪʦʷʥʠʡ, ʣʦʢʘʣʴʥʦʛʦ ʦʢʨʫʞʝʥʠʷ ʘʪʦʤʦʚ, ʧʘʨʘʤʝʪʨʦʚ 

ʘʪʦʤʥʦʛʦ ʩʤʝʱʝʥʠʷ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʬʝʨʨʦʙʦʨʘʪʦʚ 

(Gd0.95Bi0.05)Fe3(BO3)4, (Y0.95Bi0.05)Fe3(BO3)4, (Ho0.96Bi0.04)Fe3(BO3)4 ʧʦʜ 

ʜʝʡʩʪʚʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ. 

 ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʨʘʩʰʠʨʷʶʪ ʠʤʝʶʱʠʝʩʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʩʪʨʫʢʪʫʨʥʳʭ 

ʦʩʦʙʝʥʥʦʩʪʷʭ ʢʨʠʩʪʘʣʣʦʚ ʩʝʤʝʡʩʪʚʘ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʬʝʨʨʦʙʦʨʘʪʦʚ RFe3(BO3)4 ʠ 

ʧʝʨʩʧʝʢʪʠʚʘʭ ʠʭ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʤʝʪʦʜʠʢʘ 

ʤʥʦʛʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʤʦʥʦʢʨʠʩʪʘʣʴʥʳʭ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʭ ʠʟʤʝʨʝʥʠʡ ʚ 

ʩʦʯʝʪʘʥʠʠ ʩ ʜʨʫʛʠʤʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʤʝʪʦʜʘʤʠ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, 

ʤʘʛʥʠʪʦʯʫʚʩʪʚʠʪʝʣʴʥʳʤʠ, ʤʦʞʝʪ ʙʳʪʴ ʵʬʬʝʢʪʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ ʠʟʫʯʝʥʠʷ 

ʚʟʘʠʤʦʩʚʷʟʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʠ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

ʤʫʣʴʪʠʬʝʨʨʦʠʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. 

ʈʝʟʫʣʴʪʘʪʳ ʦʧʨʝʜʝʣʝʥʠʷ ʠ ʫʪʦʯʥʝʥʠʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ 

ʜʝʧʦʥʠʨʦʚʘʥʳ ʚ ʤʝʞʜʫʥʘʨʦʜʥʫʶ ʙʘʟʫ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ 
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ICSD ʠ ʂʝʤʙʨʠʜʞʩʢʫʶ ʩʪʨʫʢʪʫʨʥʫʶ ʙʘʟʫ ʜʘʥʥʳʭ CSD  ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ 

ʢʘʯʝʩʪʚʝ ʩʧʨʘʚʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. 

 

 ʄʝʪʦʜʦʣʦʛʠʷ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʊʝʤʧʝʨʘʪʫʨʥʳʝ ʩʪʨʫʢʪʫʨʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʤʝʪʦʜʦʤ 

ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʥʘ ʤʦʥʦʢʨʠʩʪʘʣʣʘʭ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʚʳʧʦʣʥʝʥʳ ʥʘ 

ʣʘʙʦʨʘʪʦʨʥʳʭ ʜʠʬʨʘʢʪʦʤʝʪʨʘʭ Rigaku Oxford Diffraction Xcalibur CCD ʩ 

ʪʝʤʧʝʨʘʪʫʨʥʳʤʠ ʧʨʠʩʪʘʚʢʘʤʠ CryoJetHT (Oxford Instruments) ʠ Cobra Plus (Oxford 

Cryosystems), Huber-5042 ʩʦ ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʳʤ ʪʦʯʝʯʥʳʤ ʜʝʪʝʢʪʦʨʦʤ ʠ 

ʛʝʣʠʝʚʳʤ ʢʨʠʦʩʪʘʪʦʤ ʟʘʤʢʥʫʪʦʛʦ ʮʠʢʣʘ Displex DE-202 (APD Cryogenics) ʠ CAD4 

(Enraf-Nonius) ʩʦ ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʳʤ ʪʦʯʝʯʥʳʤ ʜʝʪʝʢʪʦʨʦʤ ʠ ʪʝʤʧʝʨʘʪʫʨʥʦʡ 

ʧʨʠʩʪʘʚʢʦʡ CryoJetHT (Oxford Instruments), ʘ ʪʘʢʞʝ ʥʘ ʤʥʦʛʦʮʝʣʝʚʦʤ 

ʜʠʬʨʘʢʪʦʤʝʪʨʝ  PILATUS@SNBL ʩʪʘʥʮʠʠ SNBL (BM01) ɽʚʨʦʧʝʡʩʢʦʛʦ 

ʩʠʥʭʨʦʪʨʦʥʥʦʛʦ ʮʝʥʪʨʘ ESRF. ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

ʢʘʣʠʙʨʦʚʦʯʥʳʝ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʜʣʷ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʧʨʠʩʪʘʚʦʢ  ʩ 

ʦʪʢʨʳʪʳʤ ʧʦʪʦʢʦʤ ʘʟʦʪʘ, ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʥʘ ʣʘʙʦʨʘʪʦʨʥʳʝ ʜʠʬʨʘʢʪʦʤʝʪʨʳ. 

ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʩʦʝʜʠʥʝʥʠʡ ʘʥʘʣʠʟʠʨʦʚʘʣʩʷ ʤʝʪʦʜʦʤ ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʦʡ 

ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ. ɼʦʧʦʣʥʠʪʝʣʴʥʳʝ ʩʚʝʜʝʥʠʷ ʦ ʣʦʢʘʣʴʥʦʤ ʦʢʨʫʞʝʥʠʠ 

ʢʘʪʠʦʥʦʚ ʚ ʩʪʨʫʢʪʫʨʝ ʧʦʣʫʯʝʥʳ ʤʝʪʦʜʦʤ EXAFS-ʩʧʝʢʪʨʦʩʢʦʧʠʠ. 

 ʅʘ ʟʘʱʠʪʫ ʚʳʥʦʩʷʪʩʷ ʩʣʝʜʫʶʱʠʝ ʨʝʟʫʣʴʪʘʪʳ ʠ ʧʦʣʦʞʝʥʠʷ:  

1. ɸʪʦʤʥʦʝ ʩʪʨʦʝʥʠʝ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʚʠʩʤʫʪʦʩʦʜʝʨʞʘʱʠʭ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ 

ʬʝʨʨʦʙʦʨʘʪʦʚ R1-xBixFe3(BO3)4, R = Gd, Ho, Y, ʚ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʜʠʘʧʘʟʦʥʝ 

11ï500 ʂ.  

2. ʀʩʩʣʝʜʦʚʘʥʥʳʝ ʢʨʠʩʪʘʣʣʳ ʷʚʣʷʶʪʩʷ ʤʝʨʦʵʜʨʠʯʝʩʢʠʤʠ ʜʚʦʡʥʠʢʘʤʠ ʩ 

ʨʘʚʥʳʤ ʩʦʦʪʥʦʰʝʥʠʝʤ ʵʥʘʥʪʠʦʤʦʨʬʥʳʭ ʢʦʤʧʦʥʝʥʪ. 

3. ɿʥʘʯʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨ ʠ ʜʠʥʘʤʠʢʘ ʩʪʨʫʢʪʫʨʥʦʛʦ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ 

ʚʠʩʤʫʪʦʩʦʜʝʨʞʘʱʠʭ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʬʝʨʨʦʙʦʨʘʪʦʚ R1-xBixFe3(BO3)4, R = 

Gd, Ho, Y. ɺʭʦʞʜʝʥʠʝ Bi ʚ ʩʦʩʪʘʚ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʬʝʨʨʦʙʦʨʘʪʦʚ ʧʦʥʠʞʘʝʪ 

ʪʝʤʧʝʨʘʪʫʨʫ ʧʝʨʝʭʦʜʘ. 
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4. ʉʤʝʱʝʥʠʝ ʧʦʣʦʞʝʥʠʡ ʘʪʦʤʦʚ ʙʦʨʘ ʠ ʜʝʬʦʨʤʘʮʠʷ ʪʨʝʫʛʦʣʴʥʠʢʦʚ BO3 

ʷʚʣʷʶʪʩʷ ʦʧʨʝʜʝʣʷʶʱʠʤʠ ʬʘʢʪʦʨʘʤʠ ʠʟʤʝʥʝʥʠʷ ʩʠʤʤʝʪʨʠʠ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ ʧʨʠ ʩʪʨʫʢʪʫʨʥʦʤ ʬʘʟʦʚʦʤ ʧʝʨʝʭʦʜʝ ʚ 

ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʬʝʨʨʦʙʦʨʘʪʘʭ.  

5. ʇʦʥʠʞʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʬʘʟʝ R1-xBixFe3(BO3)4, R = 

Gd, Y, Ho, ʧʨʠʚʦʜʠʪ ʢ ʥʝʨʘʚʥʦʤʝʨʥʦʤʫ ʠʟʤʝʥʝʥʠʶ ʜʣʠʥ ʦʙʤʝʥʥʳʭ ʩʚʷʟʝʡ ʚ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʧʦʣʠʵʜʨʘʭ ʠ ʮʝʧʦʯʢʘʭ Fe.  

 ʃʠʯʥʳʡ ʚʢʣʘʜ ʜʠʩʩʝʨʪʘʥʪʘ  

 ʀʩʩʣʝʜʦʚʘʥʠʷ, ʩʦʩʪʘʚʣʷʶʱʠʝ ʦʩʥʦʚʫ ʨʘʙʦʪʳ, ʚʳʧʦʣʥʝʥʳ ʘʚʪʦʨʦʤ ʚ 

ʀʥʩʪʠʪʫʪʝ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʠ ʠʤ. ɸ. ɺ. ʐʫʙʥʠʢʦʚʘ ʌʅʀʎ çʂʨʠʩʪʘʣʣʦʛʨʘʬʠʷ ʠ 

ʬʦʪʦʥʠʢʘè ʈɸʅ. ɸʚʪʦʨʦʤ ʣʠʯʥʦ ʧʦʣʫʯʝʥʳ ʠ ʦʙʨʘʙʦʪʘʥʳ ʚʩʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ 

ʜʘʥʥʳʝ ʤʝʪʦʜʦʤ ʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠ ʩʠʥʭʨʦʪʨʦʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʧʨʦʚʝʜʝʥʘ 

ʢʘʣʠʙʨʦʚʢʘ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʧʨʠʩʪʘʚʦʢ, ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʥʘ ʨʝʥʪʛʝʥʦʚʩʢʠʡ 

ʜʠʬʨʘʢʪʦʤʝʪʨ. ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯ ʠ ʚʳʙʦʨ ʧʦʜʭʦʜʦʚ ʢ ʠʭ ʨʝʰʝʥʠʶ 

ʦʩʫʱʝʩʪʚʣʷʣʠʩʴ ʥʘʫʯʥʳʤ ʨʫʢʦʚʦʜʠʪʝʣʝʤ. ʀʩʧʦʣʴʟʦʚʘʥʥʳʝ ʚ ʜʠʩʩʝʨʪʘʮʠʠ ʜʘʥʥʳʝ 

ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʟʤʝʨʝʥʠʡ ʤʝʪʦʜʘʤʠ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʠ EXAFS-

ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʧʦʣʫʯʝʥʳ ʧʨʠ ʫʯʘʩʪʠʠ ʘʚʪʦʨʘ. ʆʙʩʫʞʜʝʥʠʝ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʷ 

ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʦʚʦʜʠʣʘʩʴ ʩʦʚʤʝʩʪʥʦ ʩ ʥʘʫʯʥʳʤ ʨʫʢʦʚʦʜʠʪʝʣʝʤ ʠ 

ʩʦʘʚʪʦʨʘʤʠ ʧʫʙʣʠʢʘʮʠʡ. 

 ɸʧʨʦʙʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʙʦʪʳ  

 ʇʦ ʤʘʪʝʨʠʘʣʘʤ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʦʧʫʙʣʠʢʦʚʘʥʦ 23 ʧʝʯʘʪʥʳʭ ʨʘʙʦʪʳ: 

ʠʟ ʥʠʭ 6 ʩʪʘʪʝʡ ʚ ʨʝʮʝʥʟʠʨʫʝʤʳʭ ʥʘʫʯʥʳʭ ʞʫʨʥʘʣʘʭ, ʠʥʜʝʢʩʠʨʫʝʤʳʭ 

ʤʝʞʜʫʥʘʨʦʜʥʳʤʠ ʙʘʟʘʤʠ (Scopus, Web of Science) ʠ ʚʢʣʶʯʝʥʥʳʭ ʚ ʧʝʨʝʯʝʥʴ 

ʚʝʜʫʱʠʭ ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʠʟʜʘʥʠʡ ɺɸʂ ʈʌ, ʠ ʪʝʟʠʩʳ 17 ʜʦʢʣʘʜʦʚ ʥʘ ʨʦʩʩʠʡʩʢʠʭ ʠ 

ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʥʘʫʯʥʳʭ ʢʦʥʬʝʨʝʥʮʠʷʭ. ʈʘʙʦʪʘ ʙʳʣʘ ʦʪʤʝʯʝʥʘ ʚʪʦʨʦʡ ʧʨʝʤʠʝʡ 

ʥʘ ʩʪʫʜʝʥʯʝʩʢʦʤ ʢʦʥʢʫʨʩʝ ʥʘʫʯʥʳʭ ʨʘʙʦʪ ʀʥʩʪʠʪʫʪʘ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʠ ʠʤ. ɸ. ɺ. 

ʐʫʙʥʠʢʦʚʘ 2014 ʛ., ʧʨʝʤʠʝʡ ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ ʅ. ɺ. ɹʝʣʦʚʘ ʥʘ ʤʦʣʦʜʝʞʥʦʤ 
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ʢʦʥʢʫʨʩʝ ʥʘʫʯʥʳʭ ʨʘʙʦʪ ʌʅʀʎ çʂʨʠʩʪʘʣʣʦʛʨʘʬʠʷ ʠ ʬʦʪʦʥʠʢʘè ʈɸʅ 2018 ʛ. ʠ 

ʩʪʠʧʝʥʜʠʝʡ ʇʨʘʚʠʪʝʣʴʩʪʚʘ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʥʘ 2017/18 ʫʯʝʙʥʳʡ ʛʦʜ.  

ʈʘʙʦʪʘ ʙʳʣʘ ʧʦʜʜʝʨʞʘʥʘ ʬʦʥʜʦʤ ʈʌʌʀ (ʛʨʘʥʪʳ ˉ 14-02-00483 ɸ ʠ 17-02-

00766 ɸ) ʠ ʬʦʥʜʦʤ ʈʅʌ (ʛʨʘʥʪ ˉ 14-12-00848). 

ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʜʠʩʩʝʨʪʘʮʠʠ ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʠ ʦʙʩʫʞʜʘʣʠʩʴ ʥʘ 

ʩʣʝʜʫʶʱʠʭ ʚʩʝʨʦʩʩʠʡʩʢʠʭ ʠ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʢʦʥʬʝʨʝʥʮʠʷʭ: 

¶ VII , VIII  ʠ IX ʅʘʮʠʦʥʘʣʴʥʘʷ ʢʨʠʩʪʘʣʣʦʭʠʤʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ (ʛ. 

ʉʫʟʜʘʣʴ, 2013, 2016, 2018). 

¶ European XFEL Userôs Meeting (ʛ. ɻʘʤʙʫʨʛ, 2014, 2015, 2018). 

¶ ʅʘʫʯʥʘʷ ʩʝʩʩʠʷ ʅʀʗʋ ʄʀʌʀ-2014 (ʛ. ʄʦʩʢʚʘ, 2014).  

¶ 23-rd Congress and General Assembly of the International Union of 

Crystallography (ʛ. ʄʦʥʨʝʘʣʴ, 2014). 

¶ ʉʦʚʝʱʘʥʠʝ ʠ ʄʦʣʦʜʝʞʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʧʦ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʨʘʩʩʝʷʥʠʷ 

ʥʝʡʪʨʦʥʦʚ ʠ ʩʠʥʭʨʦʪʨʦʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʚ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʭ ʩʨʝʜʘʭ ʈʅʉʀ-

ʂʉ-2014 (ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, 2014). 

¶ XXXIII  ʅʘʫʯʥʳʝ ʯʪʝʥʠʷ ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ ʅʠʢʦʣʘʷ ɺʘʩʠʣʴʝʚʠʯʘ ɹʝʣʦʚʘ (ʛ. 

ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, 2014). 

¶ ʐʝʩʪʘʷ ʤʝʞʜʫʥʘʨʦʜʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çʂʨʠʩʪʘʣʣʦʬʠʟʠʢʘ ʠ ʜʝʬʦʨʤʘʮʠʦʥʥʦʝ 

ʧʦʚʝʜʝʥʠʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʤʘʪʝʨʠʘʣʦʚè, ʧʦʩʚʷʱʝʥʥʘʷ 90-ʣʝʪʠʶ ʩʦ ʜʥʷ 

ʨʦʞʜʝʥʠʷ ʧʨʦʬʝʩʩʦʨʘ ʖ.ɸ. ʉʢʘʢʦʚʘ (ʛ. ʄʦʩʢʚʘ, 2015). 

¶ II  ʠ III  ɹʘʡʢʘʣʴʩʢʠʡ ʤʘʪʝʨʠʘʣʦʚʝʜʯʝʩʢʠʡ ʬʦʨʫʤè (ʛ. ʋʣʘʥ-ʋʜʵ ï ʦʟ. ɹʘʡʢʘʣ, 

2015, 2018). 

¶ XIII -ʷ ʂʫʨʯʘʪʦʚʩʢʘʷ ʤʦʣʦʜʝʞʥʘʷ ʥʘʫʯʥʘʷ ʰʢʦʣʘ (ʛ. ʄʦʩʢʚʘ, 2015). 

¶ 3rd European Crystallography School ECS3 (ʛ. ɹʦʣ, 2016). 

¶ ʇʝʨʚʳʡ ʈʦʩʩʠʡʩʢʠʡ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʡ ʢʦʥʛʨʝʩʩ (ʛ. ʄʦʩʢʚʘ, 2016) 

¶ 24
th
 Congress & General Assembly of the International Union of Crystallography 

2017 (ʛ. ʍʘʡʜʘʨʘʙʘʜ, 2017). 

¶ The International School of Crystallography (ʛ. ʕʨʠʯʝ, 2018). 

¶ LIII  ʐʢʦʣʘ ʇʀʗʌ ʧʦ ʬʠʟʠʢʝ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ (ʛ. ʉʘʥʢʪ-
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ʇʝʪʝʨʙʫʨʛ, 2019). 

¶ XIX International meeting on crystal chemistry, X-ray diffraction and 

spectroscopy of minerals. Dedicated to the memory of Academician E.S. 

Fedorov (ʛ. ɸʧʘʪʠʪʳ, 2019). 

 ʉʪʨʫʢʪʫʨʘ ʠ ʦʙʲʝʤ ʜʠʩʩʝʨʪʘʮʠʠ. ɼʠʩʩʝʨʪʘʮʠʦʥʥʘʷ ʨʘʙʦʪʘ ʩʦʩʪʦʠʪ ʠʟ 

ʚʚʝʜʝʥʠʷ, ʯʝʪʳʨʝʭ ʛʣʘʚ, ʦʩʥʦʚʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʠ ʚʳʚʦʜʦʚ, ʩʧʠʩʢʘ ʧʫʙʣʠʢʘʮʠʡ ʧʦ 

ʪʝʤʝ ʜʠʩʩʝʨʪʘʮʠʠ ʠʟ 23 ʥʘʠʤʝʥʦʚʘʥʠʡ, ʩʧʠʩʢʘ ʣʠʪʝʨʘʪʫʨʳ ʠʟ 102 ʥʘʠʤʝʥʦʚʘʥʠʡ ʠ 

ʧʨʠʣʦʞʝʥʠʷ. ʆʙʱʠʡ ʦʙʲʝʤ ʜʠʩʩʝʨʪʘʮʠʠ ï 143 ʩʪʨʘʥʠʮ,r ʚʢʣʶʯʘʷ 41 ʨʠʩʫʥʦʢ ʠ 24 

ʪʘʙʣʠʮ.r 
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ɻʃɸɺɸ 1. ʉɽʄɽʁʉʊɺʆ ʂʈʀʉʊɸʃʃʆɺ ʈɽɼʂʆɿɽʄɽʃʔʅʓʍ 

ʌɽʈʈʆɹʆʈɸʊʆɺ RFe3(BO3)4 

1.1. ʄʝʪʦʜʳ ʠ ʫʩʣʦʚʠʷ ʨʦʩʪʘ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ RFe3(BO3)4 

ɺʧʝʨʚʳʝ ʤʦʥʦʢʨʠʩʪʘʣʣʳ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʦʨʪʦʙʦʨʘʪʦʚ RAl 3(BO3)4 (R=Y, 

Sm, Eu, Gd, Dy, Er, Yb) ʠ RCr3(BO3)4 (R = Sm ʠ Gd) ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚ 1962 ʛ. 

ʤʝʪʦʜʦʤ ʠʟ ʨʘʩʪʚʦʨʘ ʚ ʨʘʩʧʣʘʚʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚ ʢʘʯʝʩʪʚʝ ʨʘʩʪʚʦʨʠʪʝʣʷ 

ʩʦʩʪʘʚʘ ʂ2SO4 ï 3MoO3 [9, 10]. ɺ ʜʘʣʴʥʝʡʰʝʤ, ʩ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʩʪʘʙʠʣʴʥʦʛʦ 

ʩʦʩʪʘʚʘ ʠ ʫʣʫʯʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʦʨʪʦʙʦʨʘʪʦʚ 

ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ ʩʦʩʪʘʚʦʚ RM3(BO3)4 (R = Y, La-Lu, Bi, In;  M=AI , Sc, Fe, Ga, Cr), 

ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʨʷʜ ʤʝʪʦʜʠʢ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʨʘʩʪʚʦʨʠʪʝʣʝʡ [11]. 

ʆʙʨʘʟʮʳ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʬʝʨʨʦʙʦʨʘʪʦʚ RFe3(BO3)4, ʛʜʝ R = Y, La, Nd, Sm, 

Eu, Gd, Tb, Dy, ʅʦ ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʠʟʛʦʪʘʚʣʠʚʘʣʠʩʴ ʧʦ ʢʝʨʘʤʠʯʝʩʢʦʡ ʪʝʭʥʦʣʦʛʠʠ, 

ʤʝʪʦʜʦʤ ʪʚʝʨʜʦʬʘʟʥʦʛʦ ʩʠʥʪʝʟʘ. ɺʧʝʨʚʳʝ ʦʥʠ ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʪʚʝʨʜʦʬʘʟʥʦʡ 

ʨʝʘʢʮʠʝʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʤʝʩʠ R2O3 ï 3Fʝ2O3 ï 8ɺ2ʆ3 ʩ 10% ʠʟʙʳʪʢʦʤ ʅ3ɺʆ3 

ʩʚʝʨʭ ʩʪʝʭʠʦʤʝʪʨʠʠ [12]. ʅʝʚʦʟʤʦʞʥʦʩʪʴ ʚʳʨʘʱʠʚʘʥʠʷ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ 

ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʬʝʨʨʦʙʦʨʘʪʦʚ ʧʦʜʭʦʜʷʱʝʛʦ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʢʘʯʝʩʪʚʘ ʠ ʨʘʟʤʝʨʘ ʜʦʣʛʦʝ ʚʨʝʤʷ ʦʛʨʘʥʠʯʠʚʘʣʘ ʚʦʟʤʦʞʥʦʩʪʠ ʚʩʝʩʪʦʨʦʥʥʝʛʦ 

ʠʟʫʯʝʥʠʷ ʫʧʨʫʛʠʭ, ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠ ʦʧʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʜʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʨʠʢʣʘʜʥʳʭ ʨʘʟʨʘʙʦʪʦʢ [13]. ʉ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ 

ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʬʝʨʨʦʙʦʨʘʪʦʚ ʩ ʪʨʝʙʫʝʤʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ 

ʧʨʦʚʦʜʠʣʠʩʴ ʧʦʠʩʢʦʚʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʧʦʜʙʦʨ ʥʘʠʙʦʣʝʝ 

ʵʬʬʝʢʪʠʚʥʦʛʦ ʨʘʩʪʚʦʨʠʪʝʣʷ. ɺ ʯʘʩʪʥʦʩʪʠ, ʚ ʢʘʯʝʩʪʚʝ ʨʘʩʪʚʦʨʠʪʝʣʝʡ 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ: ʤʦʣʠʙʜʘʪʳ ʠ ʚʘʥʘʜʘʪʳ ʱʝʣʦʯʥʳʭ ʤʝʪʘʣʣʦʚ, ʤʦʣʠʙʜʘʪʳ ʚʠʩʤʫʪʘ, 

ʘ ʪʘʢʞʝ ʩʠʩʪʝʤʳ PbF2 ï B2ʆ3 ʠ Bi2O3 ï B2O3. ʇʨʠ ʵʪʦʤ ʥʘʠʙʦʣʝʝ ʢʘʯʝʩʪʚʝʥʥʳʝ 

ʤʦʥʦʢʨʠʩʪʘʣʣʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʤʝʪʦʜʦʤ ʩʧʦʥʪʘʥʥʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʚ ʩʚʠʥʮʦʚʦ-

ʙʦʨʘʪʥʳʭ ʠ ʚʠʩʤʫʪʦʚʦ-ʙʦʨʘʪʥʳʭ ʨʘʩʪʚʦʨʘʭ-ʨʘʩʧʣʘʚʘʭ. ʉʧʦʥʪʘʥʥʦʡ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʝʡ ʤʦʥʦʢʨʠʩʪʘʣʣʳ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʬʝʨʨʦʙʦʨʘʪʦʚ ʫʜʘʣʦʩʴ 
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ʧʦʣʫʯʠʪʴ ʪʘʢʞʝ ʚ ʨʘʙʦʪʝ [11] ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʩʪʚʦʨ-ʨʘʩʧʣʘʚʘ 3Bi2O3 ï 5B2O3. 

ʕʪʦʪ ʨʘʩʪʚʦʨ-ʨʘʩʧʣʘʚ ʥʝ ʨʘʩʩʣʘʠʚʘʣʩʷ ʚʙʣʠʟʠ ʜʥʘ ʪʠʛʣʷ ʠ ʦʙʣʘʜʘʣ ʣʫʯʰʠʤʠ 

ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʚʠʩʤʫʪʦʚʦ-

ʙʦʨʘʪʥʳʤʠ ʩʦʩʪʘʚʘʤʠ. ʅʝʙʦʣʴʰʠʝ, ʩ ʨʘʟʤʝʨʘʤʠ ʜʦ 3-4 ʤʤ, ʤʦʥʦʢʨʠʩʪʘʣʣʳ 

YFe3(Bʆ3)4 ʠ GdFe3(Bʆ3)4 ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚ ʨʘʙʦʪʝ [14] ʤʝʪʦʜʦʤ ʩʧʦʥʪʘʥʥʦʡ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʨʘʩʪʚʦʨʠʪʝʣʝʡ Bi2O3 ï B2O3 ʠ ʈbʆ ï ɺ2ʆ3. 

ʇʦʟʞʝ ʚ ʨʘʩʪʚʦʨʘʭ-ʨʘʩʧʣʘʚʘʭ ʥʘ ʦʩʥʦʚʝ Bi2O3 ï B2O3 ʙʳʣʠ ʚʳʨʘʱʝʥʳ 

ʤʦʥʦʢʨʠʩʪʘʣʣʳ RFe3(Bʆ3)4 ʩ R = Nd, Y, (Gd,Er) [11, 15]. ʆʜʥʘʢʦ ʧʦʥʠʞʝʥʠʝ 

ʩʦʜʝʨʞʘʥʠʷ ɺ2ʆ3 ʚ ʨʘʩʧʣʘʚʝ ʜʦ 70-80 %ʤʦʣ. ʧʨʠʚʦʜʠʣʦ ʢ ʨʘʩʩʣʘʠʚʘʥʠʶ ʨʘʩʪʚʦʨʘ-

ʨʘʩʧʣʘʚʘ, ʘ ʚ ʩʣʫʯʘʝ, ʝʩʣʠ ʢʦʥʮʝʥʪʨʘʮʠʷ YFe3(BO3)4 ʧʨʠ ʩʠʥʪʝʟʝ ʜʘʥʥʦʛʦ 

ʢʨʠʩʪʘʣʣʘ ʧʨʝʚʳʰʘʣʘ 9ʤʦʣ.%, ʥʘʙʣʶʜʘʣʘʩʴ ʢʨʠʩʪʘʣʣʠʟʘʮʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ 

ʢʦʥʢʫʨʠʨʫʶʱʝʡ ʬʘʟʳ Ŭ-Fe2ʆ3. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʘʤʦʛʦ 

ʧʨʠʝʤʣʝʤʦʛʦ ʧʦ ʧʘʨʘʤʝʪʨʘʤ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʨʘʩʪʚʦʨʘ-ʨʘʩʧʣʘʚʘ ʥʘ ʦʩʥʦʚʝ Bi2O3 ï 

B2O3 ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʩʪʦʣʢʥʫʣʠʩʴ ʩ ʧʨʦʙʣʝʤʦʡ ʚʥʝʜʨʝʥʠʷ ʦʢʩʠʜʘ ʚʠʩʤʫʪʘ ʚ 

ʤʘʪʨʠʮʫ ʢʨʠʩʪʘʣʣʘ [16, 17]. 

 ɺ ʢʘʯʝʩʪʚʝ ʨʘʩʪʚʦʨʠʪʝʣʷ ʜʣʷ ʚʳʨʘʱʠʚʘʥʠʷ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʬʝʨʨʦʙʦʨʘʪʦʚ 

ʙʳʣ ʦʧʨʦʙʦʚʘʥ ʪʨʠʤʦʣʠʙʜʘʪ ʢʘʣʠʷ ʂ2Mo3O10. ʈʘʥʝʝ ʵʪʦʪ ʨʘʩʪʚʦʨʠʪʝʣʴ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʣʷ ʚʳʨʘʱʠʚʘʥʠʷ ʮʝʣʦʛʦ ʨʷʜʘ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʠʟ ʩʝʤʝʡʩʪʚʘ 

ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʘʣʶʤʦʙʦʨʘʪʦʚ RAl 3(BO3)4 [18ï24]. ʄʦʥʦʢʨʠʩʪʘʣʣʳ GdFe3(BO3)4 

ʨʘʟʤʝʨʦʤ 10ï15 ʤʤ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʠʟ ʨʘʩʪʚʦʨʘ-ʨʘʩʧʣʘʚʘ ʥʘ ʦʩʥʦʚʝ ʂ2Mo3O10 ï 

B2O3 ʥʘ ʟʘʪʨʘʚʢʫ ʚ ʫʩʣʦʚʠʷʭ ʛʨʫʧʧʦʚʦʛʦ ʚʳʨʘʱʠʚʘʥʠʷ [25]. ʉʦʩʪʘʚ ʨʘʩʪʚʦʨʠʪʝʣʷ 

ʧʦʟʚʦʣʠʣ ʠʟʙʝʞʘʪʴ ʚʥʝʜʨʝʥʠʷ ʚ ʢʨʠʩʪʘʣʣ ʧʨʠʤʝʩʥʳʭ ʘʪʦʤʦʚ. ʆʜʥʘʢʦ ʚʳʩʦʢʘʷ 

ʣʝʪʫʯʝʩʪʴ ʪʨʠʤʦʣʠʙʜʘʪʘ ʢʘʣʠʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʩʠʥʪʝʟʘ  ʢʨʠʩʪʘʣʣʦʚ ʯʘʩʪʦ 

ʧʨʠʚʦʜʠʣʘ ʢ ʥʝʢʦʥʪʨʦʣʠʨʫʝʤʦʤʫ ʠʟʤʝʥʝʥʠʶ ʩʦʩʪʘʚʘ. 

ʂʦʤʧʣʝʢʩʥrʝ ʠʩʩʣʝʜʦʚʘʥʠ ̫ʫʩʣʦʚʠʡ ʨʦʩʪʘ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ 

ʬʝʨʨʦʙʦʨʘʪʦʚ RFe3(Bʆ3)4 ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʛʨʫʧʧʦʡ ʃ. ʅ. ɹʝʟʤʘʪʝʨʥʳʭ ʠ ʀ. ɸ 

ɻʫʜʠʤ ʩ ʩʦʘʚʪʦʨʘʤʠ ʚ ʀʥʩʪʠʪʫʪʝ ʬʠʟʠʢʠ ʠʤ. ʃ. ʅ. ʂʠʨʝʥʩʢʦʛʦ ʉʆ ʈɸʅ (ʛ. 

ʂʨʘʩʥʦʷʨʩʢ) [26, 27, 13]. ʕʪʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʟʚʦʣʠʣʠ ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʪʴ ʠ 

ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʪʴ ʨʘʩʪʚʦʨ-ʨʘʩʧʣʘʚʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʧʦʣʫʯʝʥʠʷ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ 

ʜʘʥʥʦʛʦ ʩʝʤʝʡʩʪʚʘ. ʄʝʪʦʜʦʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʧʨʠʙʣʠʞʝʥʠʡ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 
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ʧʨʷʤʦʛʦ ʬʘʟʦʚʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ ʚ ʨʘʩʪʚʦʨʘʭ-ʨʘʩʧʣʘʚʘʭ Bi2Mo3O12 ï B2O3 ï Fe2O3 ï 

R2O3 (R = Y, Pr ï Er) ʙʳʣʠ ʥʘʡʜʝʥʳ ʦʙʣʘʩʪʠ ʩʪʘʙʠʣʴʥʦʩʪʠ ʪʨʠʛʦʥʘʣʴʥʳʭ ʬʘʟ 

RFe3(BO3)4 ʠ ʦʧʨʝʜʝʣʝʥʳ ʩʦʦʪʥʦʰʝʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʨʘʩʪʚʦʨʦʚ-ʨʘʩʧʣʘʚʦʚ, ʧʨʠ 

ʢʦʪʦʨʳʭ ʵʪʠ ʬʘʟʳ ʷʚʣʷʶʪʩʷ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʤʠ ʠ ʨʘʚʥʦʚʝʩʥʳʤʠ ʚ ʰʠʨʦʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʠʥʪʝʨʚʘʣʘʭ. ɺ ʢʘʯʝʩʪʚʝ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʘʩʪʚʦʨʠʪʝʣʷ ʙʳʣ ʚʳʙʨʘʥ 

ʪʨʠʤʦʣʠʙʜʘʪ ʚʠʩʤʫʪʘ Bi2Mo3O12. ɺʳʙʦʨ ʨʘʩʪʚʦʨʠʪʝʣʷ ʦʧʨʝʜʝʣʷʣʩʷ, ʧʨʝʞʜʝ ʚʩʝʛʦ, 

ʪʝʤ, ʯʪʦ ʧʦ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʬʝʨʨʦʙʦʨʘʪʦʚ ʠ ʩʪʘʙʠʣʴʥʦʩʪʠ ʩʚʦʡʩʪʚ ʨʘʩʪʚʦʨʳ-

ʨʘʩʧʣʘʚʳ ʥʘ ʝʛʦ ʦʩʥʦʚʝ ʧʨʝʚʦʩʭʦʜʷʪ ʠʟʚʝʩʪʥʳʝ ʥʘ ʦʩʥʦʚʝ ʪʨʠʤʦʣʠʙʜʘʪʘ ʢʘʣʠʷ. 

ɺʘʞʥʦ ʪʘʢʞʝ, ʯʪʦ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʦʢʩʠʜʘ ʞʝʣʝʟʘ Fe2O3 ʚ ʜʘʥʥʦʡ ʩʠʩʪʝʤʝ 

ʩʫʱʝʩʪʚʝʥʥʦ ʚʳʰʝ, ʯʝʤ ʚ ʢʘʣʠʝʚʦ-ʤʦʣʠʙʜʘʪʥʦʡ ʠ ʚʠʩʤʫʪʦʚʦ-ʙʦʨʘʪʥʦʡ ʩʠʩʪʝʤʘʭ. 

ɺ ʨʘʙʦʪʘʭ ʃ. ʅ. ɹʝʟʤʘʪʝʨʥʳʭ ʠ ʀ. ɸ ɻʫʜʠʤ ʩ ʩʦʘʚʪʦʨʘʤʠ [26, 27, 13] ʙʳʣʠ 

ʧʨʝʜʣʦʞʝʥʳ ʠ ʨʘʟʨʘʙʦʪʘʥʳ ʪʝʭʥʦʣʦʛʠʠ ʛʨʫʧʧʦʚʦʛʦ ʚʳʨʘʱʠʚʘʥʠʷ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ 

ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʬʝʨʨʦʙʦʨʘʪʦʚ ʚ ʩʠʩʪʝʤʝ Bi2Mo3O12 + (2õ3)B2O3 + (0.5õ0.6) R2O3 

(R = Y, Pr ï Er). ɹʳʣʘ ʦʪʨʘʙʦʪʘʥʘ ʪʝʭʥʦʣʦʛʠʷ ʛʨʫʧʧʦʚʦʛʦ ʚʳʨʘʱʠʚʘʥʠʷ 

ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ, ʧʦʟʚʦʣʷʶʱʘʷ ʧʦʣʫʯʘʪʴ ʢʨʫʧʥʳʝ ʤʦʥʦʢʨʠʩʪʘʣʣʳ ʩ ʤʠʥʠʤʘʣʴʥʳʤ 

ʢʦʣʠʯʝʩʪʚʦʤ ʜʝʬʝʢʪʦʚ ʟʘ ʩʯʝʪ ʧʦʜʜʝʨʞʘʥʠʷ ʦʜʠʥʘʢʦʚʳʭ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʭ ʠ 

ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʚʳʨʘʱʠʚʘʥʠʷ (ʨʠʩʫʥʦʢ 1.1). ɺʳʩʦʢʦʝ ʢʘʯʝʩʪʚʦ ʠ 

ʨʘʟʤʝʨ ʜʦ 15-20 ʤʤ ʧʦʣʫʯʝʥʥʳʭ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ RFe3(BO3)4 (R = Y, Pr ï Er) 

ʧʦʟʚʦʣʠʣʠ ʧʦʣʦʞʠʪʴ ʥʘʯʘʣʦ ʢʦʤʧʣʝʢʩʥʦʤʫ ʠʩʩʣʝʜʦʚʘʥʠʶ ʩʪʨʦʝʥʠʷ ʠ ʬʠʟʠʯʝʩʢʠʭ 

(ʤʘʛʥʠʪʥʳʭ, ʤʘʛʥʠʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ, ʤʘʛʥʠʪʦʫʧʨʫʛʠʭ ʠ ʦʧʪʠʯʝʩʢʠʭ) ʩʚʦʡʩʪʚ 

ʜʘʥʥʦʛʦ ʩʝʤʝʡʩʪʚʘ ʩʦʝʜʠʥʝʥʠʡ. ʄʦʥʦʢʨʠʩʪʘʣʣʳ GdFe3(BO3)4, YFe3(BO3)4, 

HoFe3(BO3)4, ʚʳʨʘʱʝʥʥʳʝ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʵʪʦʡ ʤʝʪʦʜʠʢʠ, ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʠ ʚ 

ʜʘʥʥʦʡ ʨʘʙʦʪʝ. ʄʦʥʦʢʨʠʩʪʘʣʣʳ GdFe3(BO3)4 ʙʳʣʠ ʚʳʨʘʱʝʥʳ ʠʟ ʨʘʩʪʚʦʨʦʚ-

ʨʘʩʧʣʘʚʦʚ ʚ ʧʨʠʩʫʪʩʪʚʠʠ Bi2Mo3O12 ʚ ʩʠʩʪʝʤʝ Bi2Mo3O12ïB2O3ïLi 2MoO4ïGd2O3ï

Fe2O3.  ʄʦʥʦʢʨʠʩʪʘʣʣʳ YFe3(BO3)4 ʙʳʣʠ ʚʳʨʘʱʝʥʳ ʨʘʩʪʚʦʨ-ʨʘʩʧʣʘʚʥʳʤ 

ʤʝʪʦʜʦʤ ʚ ʩʠʩʪʝʤʝ 77 mass% (Bi2Mo3O12 + 3
11

B2O3 + 0.5Y2O3) + 23 mass% 

YFe3(
11

BO3)4, ʘ ʤʦʥʦʢʨʠʩʪʘʣʣʳ HoFe3(BO3)4 ʚ ʩʠʩʪʝʤʝ  75 mass% (Bi2Mo3O12 + 

3
11

B2O3 + 0.5Ho2O3) + 25 mass% HoFe3(
11

BO3)4  ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʥʘʩʳʱʝʥʠʷ Tsat å 

940 ÁC (1213 ʂ). 
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ʈʠʩʫʥʦʢ 1.1.  (ʘ) ʂʨʠʩʪʘʣʣʳ  TbFe3(BO3)4, ʚʳʨʘʱʝʥʥʳʝ ʥʘ ʟʘʪʨʘʚʢʘʭ, ʠ (ʙ) 

ʤʦʥʦʢʨʠʩʪʘʣʣʳ Gd0.5Nd0.5Fe3(BO3)4, ʚʳʨʘʱʝʥʥʳʝ ʥʘ ʢʦʣʴʮʝʚʦʤ 

ʢʨʠʩʪʘʣʣʦʜʝʨʞʘʪʝʣʝ. 

1.2. ʆʩʦʙʝʥʥʦʩʪʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ RFe3(BO3)4 

ʇʝʨʚʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʳ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʦʨʪʦʙʦʨʘʪʦʚ RM3(BO3)4 

ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʚ 1962 ʛ. ʜʣʷ ʩʦʝʜʠʥʝʥʠʡ  RAl3(BO3)4 (R=Y, Sm, Eu, Gd, Dy, Er, 

Yb) ʠ RCr3(BO3)4 (R=Sm ʠ Gd) [9, 10]. ʉʪʨʫʢʪʫʨʳ ʦʪʥʦʩʷʪʩʷ ʢ ʪʠʧʫ ʧʨʠʨʦʜʥʦʛʦ 

ʤʠʥʝʨʘʣʘ ʭʘʥʪʠʪʘ CaMg3(CO3)4 (ʪʨʠʛʦʥʘʣʴʥʘʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʛʨʫʧʧʘ R32) [28]. 

ʇʦʟʜʥʝʝ ʫ ʘʣʶʤʦʙʦʨʘʪʦʚ RAl 3(BO3)4 ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʝ 

ʤʦʜʠʬʠʢʘʮʠʠ ʩ ʙʦʣʝʝ ʥʠʟʢʦʡ ʩʠʤʤʝʪʨʠʝʡ: ʉ2/ʩ ʠ ʉ2 [29, 30]. 

ʇʝʨʚʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ RFe3(BO3)4 ʙʳʣʦ 

ʚʳʧʦʣʥʝʥʦ ʥʘ ʤʦʥʦʢʨʠʩʪʘʣʣʘʭ (Nd0.5Bi0.5)Fe3(BO3)4 [17]. ɸʥʘʣʠʟ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʭ 

ʧʦʛʘʩʘʥʠʡ ʚʳʷʚʠʣ ʪʨʠ ʚʦʟʤʦʞʥʳʭ ʌʝʜʦʨʦʚʩʢʠʭ ʛʨʫʧʧʳ: R-3m, R3m, R32. ʇʦ 

ʘʥʘʣʦʛʠʠ ʩ ʨʘʥʝʝ ʠʩʩʣʝʜʦʚʘʥʥʳʤʠ ʢʨʠʩʪʘʣʣʘʤʠ ʤʠʥʝʨʘʣʘ ʭʘʥʪʠʪʘ CaMg3(CO3)4 

[28], ʥʝʦʜʠʤ-ʘʣʶʤʠʥʠʝʚʦʛʦ NdAl3(BO3)4 [18] ʠ ʥʝʦʜʠʤ-ʛʘʣʠʝʚʦʛʦ NdGa3(BO3)4 

[31] ʙʦʨʘʪʦʚ ʜʣʷ (Nd0.5Bi0.5)Fe3(BO3)4 ʙʳʣʘ ʚʳʙʨʘʥʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʛʨʫʧʧʘ R32, 

ʧʦʜʪʚʝʨʜʠʚʰʘʷʩʷ ʚ ʭʦʜʝ ʫʪʦʯʥʝʥʠʷ ʩʪʨʫʢʪʫʨʳ. ɼʘʥʥʳʝ ʥʝʦʜʠʤʦʚʳʝ ʢʨʠʩʪʘʣʣʳ 

ʙʳʣʠ ʚʳʨʘʱʝʥʳ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʨʘʩʪʚʦʨʠʪʝʣʷ Bi2O3 ï B2O3, ʯʪʦ ʧʨʠʚʝʣʦ ʢ 
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ʚʢʣʶʯʝʥʠʶ ʚ ʩʦʩʪʘʚ ʩʦʝʜʠʥʝʥʠʡ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʚʠʩʤʫʪʘ. ɺʧʦʩʣʝʜʩʪʚʠʠ 

ʩʪʨʫʢʪʫʨʘ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʬʝʨʨʦʙʦʨʘʪʦʚ RFe3(BO3)4, ʚʳʨʘʱʝʥʥʳʭ ʚ ʨʘʟʥʳʭ 

ʩʠʩʪʝʤʘʭ, ʠʟʫʯʘʣʘʩʴ ʤʝʪʦʜʦʤ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʘʪʤʦʩʬʝʨʥʦʤ ʜʘʚʣʝʥʠʠ ʥʘ ʤʦʥʦʢʨʠʩʪʘʣʣʘʭ LaFe3(BO3)4, 

NdFe3(BO3)4, (Y0.5Bi0.5)Fe3(BO3)4 [16], GdFe3(BO3)4 [32], ErFe3(BO3)4 [33]. 

ʉʪʨʫʢʪʫʨʘ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʙʳʣʘ ʦʪʥʝʩʝʥʘ ʢ ʪʨʠʛʦʥʘʣʴʥʦʡ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʝ  R32. ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʪʨʫʢʪʫʨʳ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ 

LaFe3(BO3)4, NdFe3(BO3)4 ʠ (Y0.5Bi0.5)Fe3(BO3)4 [16] ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ 

ʢʨʠʩʪʘʣʣʳ, ʚʳʨʘʱʝʥʥʳʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ Bi2O3. ʆʜʥʘʢʦ ʘʚʪʦʨʳ [16] ʫʩʪʘʥʦʚʠʣʠ 

ʧʨʠʩʫʪʩʚʠʝ ʧʨʠʤʝʩʥʳʭ ʘʪʦʤʦʚ ʚʠʩʤʫʪʘ ʪʦʣʴʢʦ ʚ ʠʪʪʨʠʝʚʦʤ ʦʙʨʘʟʮʝ. 

ɺ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʝ ʩʦʝʜʠʥʝʥʠʡ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʝ R32, ʯʠʩʣʦ 

ʩʪʨʫʢʪʫʨʥʳʭ ʝʜʠʥʠʮ Z=3 (ʨʠʩʫʥʦʢ 1.2 (ʘ), 1.3 (ʘ, ʙ)), ʩʦʜʝʨʞʘʪʩʷ ʠʩʢʘʞʝʥʥʳʝ 

ʪʨʠʛʦʥʘʣʴʥʳʝ ʧʨʠʟʤʳ RO6, ʤʝʥʴʰʠʝ ʧʦ  ʨʘʟʤʝʨʫ ʠʩʢʘʞʝʥʥʳʝ ʦʢʪʘʵʜʨʳ FeO6 ʠ ʜʚʘ 

ʪʠʧʘ ʪʨʝʫʛʦʣʴʥʳʭ ʛʨʫʧʧ BO3. ʊʨʝʫʛʦʣʴʥʠʢ ʧʝʨʚʦʛʦ ʪʠʧʘ B1O3 ʷʚʣʷʝʪʩʷ 

ʨʘʚʥʦʩʪʦʨʦʥʥʠʤ, ʘ ʪʨʝʫʛʦʣʴʥʠʢ B2O3 ï ʨʘʚʦʙʝʜʨʝʥʥʳʡ. ʊʨʝʛʦʣʴʥʳʝ ʛʨʫʧʧʳ BO3 

ʥʘʭʦʜʷʪʩʷ ʚ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʝ ʚ ʩʣʦʷʭ ʩ z/c  = 1/6, 1/2, ʠ 5/6, ʠ ʚ ʢʘʞʜʦʤ ʪʘʢʦʤ 

ʩʣʦʝ ʧʨʠʩʫʪʩʪʚʫʝʪ ʪʨʠ ʘʪʦʤʘ B2 ʠ ʦʜʠʥ ʘʪʦʤ B1. ʂʘʞʜʳʡ ʠʟ ʧʨʦʤʝʞʫʪʦʯʥʳʭ 

ʩʣʦʝʚ ʩʦʩʪʦʠʪ ʠʟ ʧʨʠʟʤ RO6 ʠ ʦʢʪʘʵʜʨʦʚ FeO6. ʊʨʝʫʛʦʣʴʥʠʢʠ B1O3 ʧʘʨʘʣʣʝʣʴʥʳ 

ʧʣʦʩʢʦʩʪʠ ab, ʘ ʪʨʝʫʛʦʣʴʥʠʢʠ B2O3 ï ʧʨʘʢʪʠʯʝʩʢʠ ʧʘʨʘʣʣʝʣʴʥʳ. ʆʢʪʘʵʜʨ FeO6 

ʩʚʷʟʘʥ ʩ ʧʨʠʟʤʘʤʠ RO6 ʠ ʪʨʝʫʛʦʣʴʥʠʢʘʤʠ B1O3 ʦʙʦʠʭ ʪʠʧʦʚ.  ʉʦʝʜʠʥʷʷʩʴ ʤʝʞʜʫ 

ʩʦʙʦʡ ʨʝʙʨʘʤʠ, ʦʢʪʘʵʜʨʳ FeO6 ʦʙʨʘʟʫʶʪ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʡ 

ʦʩʠ c ʛʝʣʠʢʦʠʜʘʣʴʥʳʝ ʮʝʧʦʯʢʠ, ʥʝ ʩʚʷʟʘʥʥʳʝ ʜʨʫʛ ʩ ʜʨʫʛʦʤ. ʊʨʠʛʦʥʘʣʴʥʳʝ 

ʧʨʠʟʤʳ RO6 ʥʝ ʠʤʝʶʪ ʦʙʱʠʭ ʚʝʨʰʠʥ ʠ ʛʨʘʥʝʡ. ʇʨʠʟʤʘ RO6, ʢʘʢ ʠ ʪʨʝʫʛʦʣʴʥʠʢ 

B1O3, ʦʙʲʝʜʠʥʷʝʪ ʪʨʠ ʮʝʧʦʯʢʠ FeO6 [16].  

ɺ ʨʘʙʦʪʝ [32]  ʙʳʣʘ ʦʧʨʝʜʝʣʝʥʘ ʩʪʨʫʢʪʫʨʘ ʤʦʥʦʢʨʠʩʪʘʣʣʘ GdFe3(BO3)4 ʧʨʠ 

297 ʂ ʠ ʚʧʝʨʚʳʝ ʧʦʜʨʦʙʥʦ ʦʧʠʩʘʥʘ ʩʪʨʫʢʪʫʨʘ ʚ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʦʙʣʘʩʪʠ 

(ʥʠʞʝ ʪʝʤʧʝʨʘʪʫʨʳ ʩʪʨʫʢʪʫʨʥʦʛʦ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ) ʧʨʠ 90 ʂ. ʉʪʨʫʢʪʫʨʘ 

GdFe3(BO3)4 ʚ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʤʦʜʠʬʠʢʘʮʠʠ ʙʳʣʘ ʦʪʥʝʩʝʥʘ ʢ ʪʨʠʛʦʥʘʣʴʥʦʡ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʝ P3121.  
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ʉʪʨʫʢʪʫʨʘ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʬʝʨʨʦʙʦʨʘʪʦʚ RFe3(BO3)4 ʚ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ 

ʪʨʠʛʦʥʘʣʴʥʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʝ P3121 (ʨʠʩʫʥʦʢ 1.3 (ʙ)), ʢʘʢ ʚ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʪʨʠʛʦʥʘʣʴʥʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʝ R32, 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʯʠʩʣʦʤ ʩʪʨʫʢʪʫʨʥʳʭ ʝʜʠʥʠʮ ʚ ʷʯʝʡʢʝ Z=3 ʠ ʩʦʩʪʦʠʪ ʠʟ 

ʠʩʢʘʞʝʥʥʳʭ ʪʨʠʛʦʥʘʣʴʥʳʭ ʧʨʠʟʤ RO6, ʠʩʢʘʞʝʥʥʳʭ ʦʢʪʘʵʜʨʦʚ FeO6 ʠ 

ʪʨʝʫʛʦʣʴʥʠʢʦʚ BO3. ʇʦʥʠʞʝʥʠʝ ʩʠʤʤʝʪʨʠʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʪʨʫʢʪʫʨʥʦʛʦ ʬʘʟʦʚʦʛʦ 

ʧʝʨʝʭʦʜʘ ʧʨʠʚʦʜʠʪ ʢ ʧʦʷʚʣʝʥʠʶ ʜʚʫʭ ʥʝʟʘʚʠʩʠʤʳʭ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʭ 

ʧʦʟʠʮʠʡ Fe ʚʤʝʩʪʦ ʦʜʥʦʡ ʠ ʪʨʝʭ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʭ ʧʦʟʠʮʠʡ B ʚʤʝʩʪʦ ʜʚʫʭ. 

ʏʠʩʣʦ ʥʝʟʘʚʠʩʠʤʳʭ ʧʦʟʠʮʠʡ ʘʪʦʤʦʚ ʢʠʩʣʦʨʦʜʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ ʪʨʝʭ ʜʦ ʩʝʤʠ. 

ʇʨʠʟʤʳ RO6   ʚ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʝ P3121 ʪʘʢʞʝ 

ʦʙʲʝʜʠʥʷʶʪ ʪʨʠ ʮʝʧʦʯʢʠ ʞʝʣʝʟʘ: ʧʝʨʚʘʷ ʮʝʧʦʯʢʘ ʩʦʜʝʨʞʠʪ ʘʪʦʤʳ Fe1 ʩ 

ʩʠʤʤʝʪʨʠʝʡ ʉ2, ʘ ʜʚʝ ʜʨʫʛʠʭ ï ʘʪʦʤʳ Fe2 ʚ ʦʙʱʝʡ ʧʦʟʠʮʠʠ. ɻʨʫʧʧʳ BO3, 

ʟʘʥʠʤʘʚʰʠʝ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʝ R32 ʜʚʝ ʥʝʵʢʚʠʚʘʣʝʥʪʥʳʭ ʧʦʟʠʮʠʠ: 

B1(D3) ʠ B2(ʉ2) ï ʧʨʠ 90 ʂ ʨʘʟʜʝʣʷʶʪʩʷ ʥʘ ʪʨʠ: ʩʠʤʤʝʪʨʠʷ ʘʪʦʤʘ B1 ʧʦʥʠʞʘʝʪʩʷ 

ʜʦ ʉ2, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʧʦʟʠʮʠʷ B2 ʨʘʟʜʝʣʷʝʪʩʷ ʥʘ B2b(ʉ2) ʠ B2a(ʉ1). ɺ 

ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʤ ʩʦʩʪʦʷʥʠʠ ʫʛʣʳ ʤʝʞʜʫ ʛʨʫʧʧʘʤʠ BO3 ʠ ʦʩʴʶ c ʤʝʥʷʶʪʩʷ. 

ʂʨʦʤʝ ʪʦʛʦ, ʚ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʬʘʟʝ ʪʨʝʫʛʦʣʴʥʠʢʠ BO3 ʚ ʧʦʟʠʮʠʠ ʉ1 ʟʘʤʝʪʥʦ 

ʠʩʢʘʞʝʥʳ [32]  .  

 ʆʩʥʦʚʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʜʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʢʘʢ ʚ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ, 

ʪʘʢ ʠ ʚ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʤʦʜʠʬʠʢʘʮʠʷʭ, ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʤʘʛʥʠʪʥʦ-

ʢʚʘʟʠʦʜʥʦʤʝʨʥʳʭ ʮʝʧʦʯʝʢ ʞʝʣʝʟʘ. ʇʨʝʦʙʣʘʜʘʶʱʠʤ ʘʚʪʦʨʳ [32] ʧʨʝʜʧʦʣʘʛʘʶʪ 

ʦʙʤʝʥʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʠʦʥʘʤʠ ʞʝʣʝʟʘ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ FeïFe ʠʣʠ 

ʩʚʝʨʭʦʙʤʝʥʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ FeïOïFe, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʩʩʪʦʷʥʠʡ FeïFe ʠ 

ʜʚʫʭ ʫʛʣʦʚ FeïOïFe (ʨʠʩʫʥʦʢ 1.2 (ʙ)). ʊʘʢʞʝ ʤʘʛʥʠʪʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʚʦʟʤʦʞʥʦ 

ʧʦ ʧʫʪʠ FeïOïRïOïFe [16]. ɸʥʘʣʠʟ ʩʪʨʫʢʪʫʨʥʳʭ ʠʟʤʝʥʝʥʠʡ ʜʣʷ GdFe3(BO3)4 ʚ 

[32] ʧʦʢʘʟʘʣ, ʯʪʦ ʥʘʠʙʦʣʴʰʠʝ ʩʤʝʱʝʥʠʷ, ʧʨʠʩʭʦʜʷʱʠʝ ʚ ʩʪʨʫʢʪʫʨʝ ʧʨʠ ʬʘʟʦʚʦʤ 

ʧʝʨʝʭʦʜʝ, ʩʚʷʟʘʥʳ ʩ ʪʨʝʫʛʦʣʴʥʠʢʘʤʠ BO3. ɺ ʯʘʩʪʥʦʩʪʠ, ʪʨʝʫʛʦʣʴʥʠʢʠ BO3, 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳʝ ʦʩʠ C3 ʚ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʝ R32, ʥʘʢʣʦʥʝʥʳ ʥʘ ʫʛʦʣ 

ʦʢʦʣʦ 7Á ʚ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʝ P3121. ɸʪʦʤʳ B1 ʩʤʝʱʘʶʪʩʷ ʥʘ 0.03 ¡ ʦʪ ʠʭ 

ʮʝʥʪʨʦʚ ʚ ʨʘʚʥʦʩʪʦʨʦʥʥʠʭ ʪʨʝʫʛʦʣʴʥʠʢʘʭ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʧʦʜʚʠʞʢʠ ʠʦʥʦʚ B 
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ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʦʩʝʜʥʠʭ ʘʪʦʤʦʚ O ʩʦʟʜʘʶʪ ʜʠʧʦʣʴʥʳʝ ʤʦʤʝʥʪʳ, ʪʨʝʫʛʦʣʴʥʦʝ 

ʨʘʩʧʦʣʦʞʝʥʠʝ ʢʦʪʦʨʳʭ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʘʥʪʠʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʦʤʫ ʫʧʦʨʷʜʦʯʝʥʠʶ 

ʥʠʞʝ ʪʝʤʧʝʨʘʪʫʨʳ ʩʪʨʫʢʪʫʨʥʦʛʦ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ. ʕʪʦ ʫʧʦʨʷʜʦʯʝʥʠʝ 

ʧʨʦʷʚʣʷʝʪʩʷ ʯʝʨʝʟ ʩʠʣʴʥʫʶ ʜʠʵʣʝʢʪʨʠʯʝʩʢʫʶ ʘʥʦʤʘʣʠʶ ʧʨʠ TS, ʥʘʙʣʶʜʘʝʤʫʶ ʚ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʷʭ [34]. 

ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ [32] ʧʘʨʘʤʝʪʨʳ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ 

ʢʨʠʩʪʘʣʣʘ ʫʚʝʣʠʯʠʚʘʣʠʩʴ ʧʨʠ ʧʦʥʠʞʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʦʪ a = 9.5203 (6) ¡, c = 

7.5439 (5) ¡ ʧʨʠ ʊ = 297 ʂ ʜʦ a = 9.5305 (3) ¡, c = 7.5479 (2) ¡  ʧʨʠ ʊ = 90 ʂ. 

ʆʙʨʘʟʮr  ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ GdFe3(BO3)4, ʠʩʧʦʣʴʟʦʚʘʚʰʠʝʩʷ ʚ ʨʘʙʦʪʝ [32], ʙʳʣʠ  

ʚr ʨʘʱʝʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʩʪʚʦʨʠʪʝʣʷ ʂ2Mo3O10 ʧʦ ʤʝʪʦʜʠʢʝ, ʦʧʠʩʘʥʥʦʡ ʚ 

[25]. 

 ɽʜʠʥʩʪʚʝʥʥʳʤʠ ʧʨʝʜʩʪʘʚʠʪʝʣʷʤʠ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʬʝʨʨʦʙʦʨʘʪʦʚ 

RFe3(BO3)4, ʚʳʨʘʱʝʥʥʳʤʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʚ ʢʘʯʝʩʪʚʝ ʨʘʩʪʚʦʨʠʪʝʣʷ Bi2Mo3O12, ʜʣʷ 

ʢʦʪʦʨʳʭ ʙʳʣʘ ʦʧʨʝʜʝʣʝʥʘ ʩʪʨʫʢʪʫʨʘ ʥʘ ʤʦʥʦʢʨʠʩʪʘʣʣʘʭ, ʜʦʣʛʦʝ ʚʨʝʤʷ ʦʩʪʘʚʘʣʠʩʴ 

ʦʙʨʘʟʮʳ ErFe3(BO3)4 [33]  ɺ 2019 ʛʦʜʫ ʚʳʰʣʘ ʨʘʙʦʪʘ, ʚ ʢʦʪʦʨʦʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʩʠʥʭʨʦʪʨʦʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ  ʠʟʫʯʝʥʦ ʩʪʨʦʝʥʠʝ ʩʝʨʠʠ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ RFe3(BO3)4 

(R = Eu, Sm, Gd, Ho, Nd), ʚʳʨʘʱʝʥʥʳʭ ʚ ʧʨʠʩʫʪʩʪʚʠʠ Bi2Mo3O12. ʉʪʨʫʢʪʫʨʘ 

RFe3(BO3)4 (R = Eu, Sm, Gd) ʙʳʣʘ ʦʧʨʝʜʝʣʝʥʘ ʚ ʜʠʘʧʘʟʦʥʝ 10 ï 300 ʂ, ʠ ʩʪʨʫʢʪʫʨʘ 

ʢʨʠʩʪʘʣʣʦʚ RFe3(BO3)4 (R = Ho, Nd) ʚ ʜʠʘʧʘʟʦʥʝ 10 ï 70 ʂ. ɸʚʪʦʨʳ [35] 

ʧʨʝʜʧʦʣʘʛʘʶʪ, ʯʪʦ ʦʪʢʣʦʥʝʥʠʷ ʪʨʝʫʛʦʣʴʥʠʢʦʚ BO3 ʠ ʧʨʠʟʤ RO6 ʦʪ ʧʣʦʩʢʦʩʪʠ ab 

ʤʦʛʫʪ ʚʳʟʳʚʘʪʴ ʦʩʣʘʙʣʝʥʠʝ ʚʟʘʠʤʦʟʘʚʠʩʠʤʦʩʪʠ ʩʝʛʥʝʪʦʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠ 

ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ ʚ ʢʨʠʩʪʘʣʣʘʭ ʩ R = Ho, Eu, Gd. ʊʘʢʞʝ, ʘʚʪʦʨʳ [35] 

ʚʳʩʢʘʟʳʚʘʶʪ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʧʨʠʣʦʞʝʥʠʝ ʦʜʥʦʦʩʪʥʦʛʦ ʜʘʚʣʝʥʠʷ ʢ 

ʢʨʠʩʪʘʣʣʘʤ RFe3(BO3)4 ʤʦʞʝʪ ʩʪʘʙʠʣʠʟʠʨʦʚʘʪʴ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʫʶ ʬʘʟʫ R32 ʠ 

ʫʩʠʣʠʪʴ ʧʦʣʷʨʠʟʘʮʠʶ, ʚʦʟʙʫʞʜʘʝʤʫʶ ʤʘʛʥʠʪʥʳʤ ʧʦʣʝʤ.  
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ʈʠʩʫʥʦʢ 1.2. (ʘ) ʆʙʱʠʡ ʚʠʜ ʩʪʨʫʢʪʫʨʳ RFe3(BO3)4 ʚ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ 

ʛʨʫʧʧʝ R32. ʇʦʢʘʟʘʥʳ ʪʨʠʛʦʥʘʣʴʥʳʝ ʧʨʠʟʤʳ RO6, ʦʢʪʘʵʜʨʳ  FeO6 ʠ ʪʨʝʫʛʦʣʴʥʠʢʠ 

BO3 [17] (ʙ) ɻʝʣʠʢʦʠʜʘʣʴʥʳʝ ʮʝʧʦʯʢʠ FeïFe, ʥʘʧʨʘʚʣʝʥʥʳʝ ʚʜʦʣʴ ʦʩʠ c, 

ʪʨʝʫʛʦʣʴʥʠʢʠ BO3 ʠ ʘʪʦʤʳ R ʚ ʩʪʨʫʢʪʫʨʝ RFe3(BO3)4. ʂʨʘʩʥʳʤʠ ʣʠʥʠʷʤʠ 

ʦʙʦʟʥʘʯʝʥ ʦʢʪʘʵʜʨ FeO6. ʅʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʝ ʦʙʤʝʥʥʳʝ ʧʫʪʠ ʚ ʩʪʨʫʢʪʫʨʝ 

ʧʦʢʘʟʘʥʳ ʣʠʥʠʷʤʠ: ʚʥʫʪʨʠʮʝʧʦʯʝʯʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʯʝʨʝʟ ʧʨʷʤʦʡ ʦʙʤʝʥ FeïFe 

ʠʣʠ ʢʦʩʚʝʥʥʳʡ ʦʙʤʝʥ FeïOïFe ʠ ʤʝʞʮʝʧʦʯʝʯʥʦʝ ʦʙʤʝʥʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʯʝʨʝʟ 

ʧʫʪʠ FeïOïRïOïFe ʠ FeïOïOïFe [36].  
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ʈʠʩʫʥʦʢ 1.3. ʉʪʨʫʢʪʫʨʘ GdFe3(BO3)4 ʚ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʝ R32 ʧʨʠ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ (ʨʠʩʫʥʢʠ ʘ ʠ ʙ ʩʣʝʚʘ) ʠ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʝ P3121 

ʧʨʠ 90 ʂ (ʨʠʩʫʥʢʠ ʚ ʠ ʛ ʩʧʨʘʚʘ) ʚ ʜʚʫʭ ʧʨʦʝʢʮʠʷʭ. ɺ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʝ R32 

ʚ ʩʪʨʫʢʪʫʨʝ ʧʨʠʩʫʪʩʪʚʫʝʪ ʦʜʠʥ ʪʠʧ ʮʝʧʦʯʝʢ ʞʝʣʝʟʘ (ʘʪʦʤʳ ʞʝʣʝʟʘ ʧʦʢʘʟʘʥʳ 

ʪʝʤʥʦ-ʩʝʨʳʤ), ʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʝ ʧʦʷʚʣʷʝʪʩʷ ʜʚʘ ʥʝʟʘʚʠʩʠʤʳʭ ʪʠʧʘ 

ʮʝʧʦʯʝʢ (ʧʦʢʘʟʘʥʳ ʪʝʤʥʦ-cʝʨʳʤ ʠ ʙʝʣʳʤ ʮʚʝʪʦʤ). ʊʨʝʫʛʦʣʴʥʠʢʠ  B1O3 ʚ ʦʙʝʠʭ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʛʨʫʧʧʘʭ ʧʦʢʘʟʘʥʳ ʪʝʤʥʦ-ʩʝʨʳʤ. ʊʨʝʫʛʦʣʴʥʠʢʠ  B2O3  (ʚ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʝ R32 ʧʦʢʘʟʘʥʳ ʩʚʝʪʣʦ-ʩʝʨʳʤ) ʨʘʟʜʝʣʷʶʪʩʷ ʥʘ ʜʚʘ ʪʠʧʘ ʚ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʝ P3121:  B2O3  (ʩʚʝʪʣʦ-ʩʝʨʳʝ) ʠ B3O3 (ʙʝʣʳʝ). 

ʊʨʝʫʛʦʣʴʥʠʢʠ B1O3 ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʦʩʠ c ʯʝʨʝʜʫʶʪʩʷ ʩ ʠʩʢʘʞʝʥʥʳʤʠ 

ʪʨʠʛʦʥʘʣʴʥʳʤʠ ʧʨʠʟʤʘʤʠ RO6 [32]. 
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ʆʪʣʠʯʠʪʝʣʴʥʘʷ ʦʩʦʙʝʥʥʦʩʪʴ ʭʠʨʘʣʴʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʛʨʫʧʧ P3121 ʠ 

P3221, ʦʙʨʘʟʫʶʱʠʭ ʧʘʨʫ, ʘ ʪʘʢʞʝ ʛʨʫʧʧʳ R32, ï ʥʘʣʠʯʠʝ ʚʠʥʪʦʚʳʭ ʦʩʝʡ 

ʩʠʤʤʝʪʨʠʠ ʪʨʝʪʴʝʛʦ ʧʦʨʷʜʢʘ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʭʠʨʘʣʴʥʦʩʪʴ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʦʡ 

ʧʦʷʚʣʝʥʠʷ ʪʘʢʠʭ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʢʨʠʩʪʘʣʣʦʚ ʢʘʢ ʚʨʘʱʝʥʠʝ ʧʣʦʩʢʦʩʪʠ 

ʧʦʣʷʨʠʟʘʮʠʠ ʩʚʝʪʘ [37], ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʪʚʘ ʚ ʤʫʣʴʪʠʬʝʨʨʦʠʢʘʭ 

[38]. ʇʦʵʪʦʤʫ ʠʩʩʣʝʜʦʚʘʥʠʝ ʭʠʨʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʳ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʬʝʨʨʦʙʦʨʘʪʦʚ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʦʩʦʙʳʡ ʠʥʪʝʨʝʩ. ʆʜʥʘʢʦ ʯʠʩʣʦ ʨʘʙʦʪ, ʧʦʩʚʷʱʝʥʥʳʭ ʠʟʫʯʝʥʠʶ 

ʭʠʨʘʣʴʥʦʩʪʠ ʬʝʨʨʦʙʦʨʘʪʦʚ, ʥʝʚʝʣʠʢʦ. 

ɺ ʨʘʙʦʪʝ [39] ʤʝʪʦʜʦʤ ʨʝʟʦʥʘʥʩʥʦʡ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʜʠʬʨʘʢʮʠʠ (RXD) 

ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʭʠʨʘʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʬʝʨʨʦʙʦʨʘʪʘ DyFe3(BO3)4, ʜʣʷ ʢʦʪʦʨʦʛʦ 

ʩʪʨʫʢʪʫʨʥʳʡ ʬʘʟʦʚʳʡ ʧʝʨʝʭʦʜ R32ŸP3121 ʩʫʱʝʩʪʚʫʝʪ ʧʨʠ Ts = 285 ʂ. ɹʳʣ 

ʧʨʝʜʣʦʞʝʥ ʥʦʚʳʡ ʧʦʜʭʦʜ ʢ ʠʩʩʣʝʜʦʚʘʥʠʶ ʭʠʨʘʣʴʥʦʩʪʠ ʚ ʢʨʠʩʪʘʣʣʘʭ ï 

ʭʠʨʘʣʴʥʦʩʪʴ ʦʨʠʝʥʪʘʮʠʠ ʢʚʘʜʨʫʧʦʣʴʥʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʦʤʝʥʪʦʚ ʚ ʩʪʨʫʢʪʫʨʝ 

DyFe3(BO3)4. ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʜʠʥ ʠʟ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʦʙʨʘʟʮʦʚ ʷʚʣʷʝʪʩʷ 

ʧʨʘʢʪʠʯʝʩʢʠ ʤʦʥʦʜʦʤʝʥʥʳʤ, ʘ ʚʦ ʚʪʦʨʦʤ ʧʨʠʩʫʪʩʪʚʫʶʪ  ʩʫʙʤʠʣʣʠʤʝʪʨʦʚʳʝ 

ʜʦʤʝʥʳ ʨʘʟʣʠʯʥʦʡ ʦʨʠʝʥʪʘʮʠʠ. ʍʠʨʘʣʴʥʦʩʪʴ ʠ ʜʦʤʝʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʚ ʬʝʨʨʦʙʦʨʘʪʝ 

DyFe3(BO3)4 ʠʩʩʣʝʜʦʚʘʣʘʩʴ ʪʘʢʞʝ ʚ ʨʘʙʦʪʝ [40] ʤʝʪʦʜʦʤ ʦʧʪʠʯʝʩʢʦʡ 

ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ ʩ ʧʨʠʚʣʝʯʝʥʠʝʤ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʚʳʯʠʩʣʝʥʠʡ 

ʚ ʧʨʠʙʣʠʞʝʥʠʠ ʪʝʦʨʠʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʧʦʣʷ. ʅʘʣʠʯʠʝ ʤʫʣʴʪʠʜʦʤʝʥʥʦʡ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʤʦʞʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʫʭʫʜʰʘʪʴ ʤʫʣʴʪʠʬʝʨʨʦʠʜʥʳʝ 

ʩʚʦʡʩʪʚʘ ʢʨʠʩʪʘʣʣʘ. ɺ ʯʘʩʪʥʦʩʪʠ, ʚʝʣʠʯʠʥʘ ʩʧʦʥʪʘʥʥʦʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʧʦʣʷʨʠʟʘʮʠʠ, ʚʦʟʥʠʢʘʶʱʝʡ ʚ ʢʨʠʩʪʘʣʣʘʭ SmFe3(BO3)4, ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʢ ʨʘʙʦʪʝ 

[41] ʦʱʫʪʠʤʦ ʟʘʚʠʩʝʣʘ ʦʪ ʚʳʙʦʨʘ ʦʙʨʘʟʮʘ. ʉʣʝʜʫʝʪ ʪʘʢʞʝ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʤʦʥʦʢʨʠʩʪʘʣʣʳ GdFe3(BO3)4, ʚʳʨʘʱʝʥʥʳʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʩʪʚʦʨʠʪʝʣʷ 

ʂ2Mo3O10[32],  ʩʦʜʝʨʞʘʣʠ ʜʚʝ ʢʦʤʧʦʥʝʥʪʳ ʜʚʦʡʥʠʢʘ ʚ ʨʘʚʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ. ɺ 

ʤʦʥʦʢʨʠʩʪʘʣʣʘʭ ErFe3(BO3)4, ʚʳʨʘʱʝʥʥʳʭ ʚ ʧʨʠʩʫʪʩʪʚʠʠ Bi2Mo3O12 [33] 

ʧʨʝʦʙʣʘʜʘʣʘ ʦʜʥʘ ʠʟ ʢʦʤʧʦʥʝʥʪ ʤʝʨʦʵʜʨʠʯʝʩʢʦʛʦ ʜʚʦʡʥʠʢʘ. 

 



 

21 

 

 
 

1.3. ʀʩʩʣʝʜʦʚʘʥʠʷ ʤʘʛʥʠʪʥʦʡ ʩʪʨʫʢʪʫʨʳ RFe3(BO3)4 

ɸʪʦʤʥʘʷ ʩʪʨʫʢʪʫʨʘ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʬʝʨʨʦʙʦʨʘʪʦʚ ʙʳʣʘ ʦʧʨʝʜʝʣʝʥʘ ʪʘʢʞʝ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʘʛʥʠʪʥʦʡ ʩʪʨʫʢʪʫʨʳ ʜʣʷ ʨʷʜʘ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ 

ʦʙʨʘʟʮʦʚ RFe3(BO3)4 (R = Tb [42], Y [43], Ho [43], Pr [44], Er [44], Dy [45], Sm [46], 

PrxY1īx [47]) ʤʝʪʦʜʦʤ ʥʝʡʪʨʦʥʥʦʡ ʜʠʬʨʘʢʮʠʠ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ ʠ ʚʳʩʦʢʦʡ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ. ʉʪʨʫʢʪʫʨʥʦʝ ʧʦʚʝʜʝʥʠʝ ʣʦʢʘʣʴʥʦʛʦ ʦʢʨʫʞʝʥʠʷ ʘʪʦʤʦʚ ʠ 

ʠʟʤʝʥʝʥʠʝ ʭʘʨʘʢʪʝʨʥʳʭ ʤʝʞʘʪʦʤʥʳʭ ʨʘʩʩʪʦʷʥʠʡ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ 

ʘʥʘʣʠʟʠʨʦʚʘʣʦʩʴ ʧʨʠ ʵʪʦʤ ʪʦʣʴʢʦ ʜʣʷ TbFe3(BO3)4 [42]. ɺʩʝ ʚʳʰʝʥʘʟʚʘʥʥʳʝ 

ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʦʙʨʘʟʮʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʫʪʝʤ ʜʨʦʙʣʝʥʠʷ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ, 

ʚʳʨʘʱʝʥʥʳʭ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʪʨʠʤʦʣʠʙʜʘʪʘ ʚʠʩʤʫʪʘ Bi2Mo3O12.  

ɸʪʦʤʥʘʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʚ ʭʦʜʝ ʵʪʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʣʷ TbFe3(BO3)4 ʧʨʠ 300 ʂ, 200 ʂ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʝ  R32 ʠ 

ʧʨʠ 100 ʂ, 40 ʂ, 30 ʂ, 2 ʂ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʝ P3121 [42] (ʨʠʩʫʥʦʢ 1.4). 

ɸʪʦʤʥʘʷ ʩʪʨʫʢʪʫʨʘ HoFe3(BO3)4 (ʨʠʩʫʥʦʢ 1.5) ʩ ʜʚʫʤʷ ʤʘʛʥʠʪʥʳʤʠ ʧʦʜʩʠʩʪʝʤʘʤʠ 

(ʨʝʜʢʦʟʝʤʝʣʴʥʦʡ ʠ ʞʝʣʝʟʥʦʡ) ʠ YFe3(BO3)4, ʢʦʪʦʨʳʡ cʦʜʝʨʞʠʪ ʪʦʣʴʢʦ ʦʜʥʫ 

ʤʘʛʥʠʪʥʫʶ ʧʦʜʩʠʩʪʝʤʫ ï Fe, ʙʳʣʘ ʦʧʨʝʜʝʣʝʥʘ ʧʨʠ 520 ʂ (ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ 

ʛʨʫʧʧʘ R32) ʠ ʧʨʠ 295 ʂ, 50 ʂ ʠ 2 ʂ (ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʛʨʫʧʧʘ P3121) [43]. 

ʉʪʨʫʢʪʫʨʘ PrFe3(BO3)4  ʠ ErFe3(BO3)4  ʦʧʨʝʜʝʣʝʥʘ ʧʨʠ 1.5 ʂ ʠ 300 ʂ [44]. ʇʨʠ 

ʦʙʝʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʢʨʠʩʪʘʣʣ PrFe3(BO3)4 ʧʨʠʥʘʜʣʝʞʠʪ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʝ 

P3121, ʘ ʢʨʠʩʪʘʣʣ ErFe3(BO3)4 ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʝ R32. ʉʪʨʫʢʪʫʨʘ 

ʩʦʝʜʠʥʝʥʠʷ DyFe3(BO3)4 ʧʨʠʥʘʜʣʝʞʠʪ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʝ P3121 ʧʨʠ 300 ʂ, 

50 ʂ ʠ 1.5 ʂ [45] ɸʪʦʤʥʘʷ ʩʪʨʫʢʪʫʨʘ SmFe3(BO3)4 [46] (ʨʠʩʫʥʦʢ 1.6) ʠ 

PrxY1īxFe3(BO3)4 ʩ x = 0.67; 0.55; 0.45 [47] ʫʪʦʯʥʝʥʘ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʝ  R32. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʝʨʠʠ ʵʪʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʤʘʛʥʠʪʥʳʝ 

ʩʪʨʫʢʪʫʨʳ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʬʝʨʨʦʙʦʨʘʪʦʚ, ʬʦʨʤʠʨʫʶʱʠʝʩʷ ʚ 

ʤʘʛʥʠʪʦʫʧʦʨʷʜʦʯʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʥʠʞʝ ʪʝʤʧʝʨʘʪʫʨʳ ʅʝʝʣʷ, ʨʘʟʣʠʯʘʶʪʩʷ ʜʣʷ 

ʩʦʝʜʠʥʝʥʠʡ ʩ ʨʘʟʥʳʤʠ ʨʝʜʢʦʟʝʤʝʣʴʥʳʤʠ ʠʦʥʘʤʠ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʫʧʦʨʷʜʦʯʝʥʠʝ 
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ʤʘʛʥʠʪʥʳʭ ʤʦʤʝʥʪʦʚ Fe ʥʠʞʝ ʪʝʤʧʝʨʘʪʫʨʳ ʅʝʝʣʷ ʧʨʠʚʦʜʠʪ ʢ ʧʦʣʷʨʠʟʘʮʠʠ R-

ʧʦʜʨʝʰʝʪʢʠ. ʇʨʠ ʜʘʣʴʥʝʡʰʝʤ ʧʦʥʠʞʝʥʠʠ ʪʝʤʧʝʨʘʪʨʳ ʩʪʘʥʦʚʠʪʩʷ ʩʫʱʝʩʪʚʝʥʥʳʤ 

ʥʝʧʨʷʤʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ R ï R, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʨʘʟʣʠʯʥʳʤ ʪʠʧʘʤ ʩʧʠʥʦʚʦʡ 

ʧʝʨʝʦʨʠʝʥʪʘʮʠʠ. ʆʜʥʘʢʦ ʘʚʪʦʨʳ [42] ʦʪʤʝʯʘʶʪ, ʯʪʦ ʧʦʥʠʞʝʥʠʝ ʩʠʤʤʝʪʨʠʠ 

R32ŸP3121 ʚ TbFe3(BO3)4 ʥʝ ʚʣʠʷʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʥʘ ʬʦʨʤʠʨʫʶʱʫʶʩʷ ʤʘʛʥʠʪʥʫʶ 

ʩʪʨʫʢʪʫʨʫ: ʜʚʝ ʥʝʵʢʚʠʚʘʣʝʥʪʥʳʝ ʢʦʤʧʦʥʝʥʪʳ Fe1 ʠ Fe2 ʚʝʜʫʪ ʩʝʙʷ ʧʦʭʦʞʠʤ 

ʦʙʨʘʟʦʤ ʠ ʩʫʱʝʩʪʚʝʥʥʳʝ ʜʣʷ ʤʘʛʥʠʪʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʜʣʠʥʳ ʩʚʷʟʝʡ ʠ 

ʚʘʣʝʥʪʥʳʝ ʫʛʣʳ ʧʦʯʪʠ ʠʜʝʥʪʠʯʥʳ. ɺʘʣʝʥʪʥʦʩʪʴ ʩʚʷʟʝʡ ʨʘʚʥʘ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ +3 

ʜʣʷ ʦʙʝʠʭ ʧʦʟʠʮʠʡ Fe. ʈʘʩʩʪʦʷʥʠʝ ʚ ʧʝʨʚʦʡ ʮʝʧʦʯʢʝ Fe1ïFe1 = 3.170(6) ¡, ʘ ʚʦ 

ʚʪʦʨʦʡ  Fe2ïFe2 = 3.186(6) ¡, ʪ.ʝ. ʦʪʣʠʯʘʶʪʩʷ ʪʦʣʴʢʦ ʥʘ 0.5%.  

ɺʣʠʷʥʠʝ ʨʝʜʢʦʟʝʤʝʣʴʥʦʛʦ ʠʦʥʘ ʥʘ ʫʩʪʘʥʦʚʣʝʥʠʝ ʜʘʣʴʥʝʛʦ ʤʘʛʥʠʪʥʦʛʦ 

ʧʦʨʷʜʢʘ ʙʳʣʦ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʦ ʜʣʷ ʜʚʫʭ ʩʦʝʜʠʥʝʥʠʡ ʩ ʙʣʠʟʢʠʤ ʠʦʥʥʳʤ 

ʨʘʜʠʫʩʦʤ R: HoFe3(BO3)4 ʩ ʜʚʫʤʷ ʤʘʛʥʠʪʥʳʤʠ ʧʦʜʩʠʩʪʝʤʘʤʠ (ʨʝʜʢʦʟʝʤʝʣʴʥʦʡ ʠ 

ʞʝʣʝʟʥʦʡ) ʠ YFe3(BO3)4, ʢʦʪʦʨʳʡ cʦʜʝʨʞʠʪ ʪʦʣʴʢʦ ʦʜʥʫ ʤʘʛʥʠʪʥʫʶ ʧʦʜʩʠʩʪʝʤʫ ï 

Fe [43]. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʦʚʝʜʝʥʠʝ ʤʘʛʥʠʪʥʳʭ ʤʦʤʝʥʪʦʚ ʚ ʩʪʨʫʢʪʫʨʘʭ 

ʨʘʟʣʠʯʘʝʪʩʷ. ʅʠʞʝ ʪʝʤʧʝʨʘʪʫʨʳ ʅʝʝʣʷ ʚ HoFe3(BO3)4 ʧʨʦʠʩʭʦʜʠʪ ʦʜʥʦʚʨʝʤʝʥʥʦʝ 

ʫʧʦʨʷʜʦʯʝʥʠʝ ʦʙʦʠʭ ʧʦʜʨʝʰʝʪʦʢ Fe ʠ Ho, ʠ ʠʭ ʢʦʥʢʫʨʝʥʮʠʷ ʚʳʟʳʚʘʝʪ ʵʬʬʝʢʪ 

ʩʧʠʥʦʚʦʡ ʧʝʨʝʦʨʠʝʥʪʘʮʠʠ ʧʨʠ 5 ʂ.  ʅʠʞʝ TN ʚʦʟʥʠʢʘʝʪ ʥʝʥʫʣʝʚʘʷ ʤʘʛʥʠʪʥʘʷ 

ʢʦʤʧʦʥʝʥʪʘ Fe2 ʚʜʦʣʴ ʦʩʠ c, ʘ ʩʧʠʥʳ Fe1 ʠ Ho ʧʨʠ ʵʪʦʤ ʫʧʦʨʷʜʦʯʝʥʳ ʚ ʧʣʦʩʢʦʩʪʠ 

ab. ʄʘʛʥʠʪʥʳʡ ʚʢʣʘʜ Fe2 ʚʜʦʣʴ ʦʩʠ ʩ ʫʚʝʣʠʯʠʚʘʝʪʩʷ c ʧʦʥʠʞʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʧʠʥʦʚʦʡ ʧʝʨʝʦʨʠʝʥʪʘʮʠʠ ʧʨʠ 5 ʂ ʦʙʝ ʢʦʤʧʦʥʝʥʪʳ Fe1 ʠ Fe2 

ʦʨʠʝʥʪʠʨʫʶʪʩʷ ʧʘʨʘʣʣʝʣʴʥʦ ʧʣʦʩʢʦʩʪʠ ab. ʇʨʠ ʵʪʦʤ ʚ ʠʪʪʨʠʝʚʦʤ ʬʝʨʨʦʙʦʨʘʪʝ 

YFe3(BO3)4 ʩʪʨʫʢʪʫʨʥʦ ʨʘʟʣʠʯʘʶʱʠʝʩʷ ʧʦʜʨʝʰʝʪʢʠ Fe1 ʠ Fe2 ʜʝʤʦʥʩʪʨʠʨʫʶʪ 

ʦʜʠʥʘʢʦʚʦʝ ʧʦʚʝʜʝʥʠʝ.  ʉʧʠʥ-ʧʝʨʝʦʨʠʝʥʪʘʮʠʦʥʥʳʡ ʧʝʨʝʭʦʜ ʦʪʩʫʪʩʪʚʫʝʪ. 

ɺ ʨʘʙʦʪʝ [42] ʙʳʣʦ ʚʳʩʢʘʟʘʥʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʨʘʟʣʠʯʥʳʝ ʪʠʧʳ 

ʤʘʛʥʠʪʥʳʭ ʩʪʨʫʢʪʫʨ ʚ ʬʝʨʨʦʙʦʨʘʪʘʭ ʨʝʘʣʠʟʫʶʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ 

ʨʝʜʢʦʟʝʤʝʣʴʥʦʛʦ ʠʦʥʘ, ʚʣʠʷʶʱʝʛʦ ʥʘ ʘʥʠʟʦʪʨʦʧʠʶ. ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʤʘʛʥʠʪʥʦʛʦ 

ʤʦʤʝʥʪʘ ʨʝʜʢʦʟʝʤʝʣʴʥʦʛʦ ʠʦʥʘ ʥʘʙʣʶʜʘʝʪʩʷ ʪʝʥʜʝʥʮʠʷ ʠʟʤʝʥʝʥʠʷ ʩʪʨʫʢʪʫʨʥʦʛʦ 

ʪʠʧʘ ʦʪ ʣʝʛʢʦʧʣʦʩʢʦʩʪʥʦʛʦ ʪʠʧʘ (ʥʝʤʘʛʥʠʪʥʳʡ Y) ʜʦ ʣʝʛʢʦʦʩʪʥʦʛʦ (Tb, ɛ Ḑ 8.6 

ɛB). ʆʜʥʘʢʦ ʧʨʠ ʜʘʣʴʥʝʡʰʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʤʘʛʥʠʪʥʦʡ ʩʪʨʫʢʪʫʨʳ ʜʨʫʛʠʭ 
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ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʬʝʨʨʦʙʦʨʘʪʦʚ [46], ʩʪʘʥʦʚʠʪʩʷ ʦʯʝʚʠʜʥʳʤ, ʯʪʦ 

ʤʘʛʥʠʪʥʘʷ ʩʪʨʫʢʪʫʨʘ ʬʝʨʨʦʙʦʨʘʪʦʚ ʥʝ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʪʦʣʴʢʦ ʣʝʛʢʦʧʣʦʩʢʦʩʪʥʳʤ 

ʠʣʠ ʣʝʛʢʦʦʩʥʳʤ ʫʧʦʨʷʜʦʯʝʥʠʝʤ. ɼʣʷ ʨʘʟʣʠʯʥʳʭ ʬʝʨʨʦʙʦʨʘʪʦʚ ʥʘʙʣʶʜʘʝʪʩʷ 

ʨʘʟʥʳʡ ʪʠʧ ʫʧʦʨʷʜʦʯʝʥʠʷ ʤʘʛʥʠʪʥʳʭ ʤʦʤʝʥʪʦʚ ï ʬʝʨʨʦʤʘʛʥʠʪʥʦʝ ʠʣʠ 

ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʦʝ, ʘ ʪʘʢʞʝ ʨʘʟʣʠʯʥʳʡ ʫʛʦʣ ʤʝʞʜʫ ʤʘʛʥʠʪʥʳʤʠ ʤʦʤʝʥʪʘʤʠ Fe 

ʠ R ʚ ʧʣʦʩʢʦʩʪʠ ab, ʠ ʜʘʥʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʥʫʞʥʦ ʫʯʠʪʳʚʘʪʴ ʧʨʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʠ 

ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ.  

ʇʝʨʚʳʝ ʧʦʧʳʪʢʠ ʩʠʥʪʝʟʘ ʬʝʨʨʦʙʦʨʘʪʦʚ ʩ ʟʘʜʘʥʥʳʤʠ ʤʘʛʥʠʪʥʳʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʧʨʠʚʝʣʠ ʢ ʠʥʪʝʨʝʩʥʳʤ, ʥʦ ʥʝʦʞʠʜʘʥʥʳʤ ʨʝʟʫʣʴʪʘʪʘʤ [46].  

ʇʦʩʢʦʣʴʢʫ ʠʦʥʳ Tb ʦʙʣʘʜʘʶʪ ʥʘʠʙʦʣʴʰʠʤ ʤʘʛʥʠʪʥʳʤ ʤʦʤʝʥʪʦʤ ʠ ʬʝʨʨʦʙʦʨʘʪ 

ʪʝʨʙʠʷ TbFe3(BO3)4 ʦʪʥʦʩʠʪʩʷ ʢ ʣʝʛʢʦʦʩʥʦʤʫ ʪʠʧʫ, ʦʞʠʜʘʣʦʩʴ, ʯʪʦ ʯʘʩʪʠʯʥʦʝ 

ʟʘʤʝʱʝʥʠʝ Tb ʥʘ ʠʦʥʳ Er ʩ ʤʝʥʴʰʠʤ ʤʘʛʥʠʪʥʳʤ ʤʦʤʝʥʪʦʤ ʧʨʠʚʝʜʝʪ ʢ 

ʠʟʤʝʥʝʥʠʶ ʪʠʧʘ ʫʧʦʨʷʜʦʯʝʥʠʷ ʤʘʛʥʠʪʳʭ ʤʦʤʝʥʪʦʚ. ʆʜʥʘʢʦ, ʚ ʩʦʝʜʠʥʝʥʠʠ 

Tb1īxErxFe3(BO3)4 ʥʘʙʣʶʜʘʝʪʩʷ ʣʝʛʢʦʦʩʥʦʝ ʫʧʦʨʷʜʦʯʝʥʠʝ ʚʧʣʦʪʴ ʜʦ 2 ʂ ʜʘʞʝ ʧʨʠ 

x=0.75 [48]. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʚ ʩʦʝʜʠʥʝʥʠʠ Nd1īxDyxFe3(BO3)4 [49] ʟʘʤʝʱʝʥʠʝ 25 % 

ʘʪʦʤʦʚ Nd ʥʘ ʘʪʦʤʳ Dy, ʢʘʢ ʠ ʦʞʠʜʘʣʦʩʴ, ʧʨʠʚʦʜʠʪ ʢ ʩʧʠʥʦʚʦʡ ʧʝʨʝʦʨʠʝʥʪʘʮʠʠ 

ʠʟ ʣʝʛʢʦʧʣʦʩʢʦʩʪʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʫʞʝ ʧʨʠ 25 ʂ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʦʞʠʜʘʣʦʩʴ, ʯʪʦ 

ʟʘʤʝʱʝʥʠʝ 50 % ʘʪʦʤʦʚ Nd ʚ NdFe3(BO3)4 (ʣʝʛʢʦʧʣʦʩʢʦʩʪʥʦʝ ʫʧʦʨʷʜʦʯʝʥʠʝ) ʥʘ 

ʘʪʦʤʳ Ho ʧʨʠʚʝʜʝʪ ʢ ʩʧʠʥʦʚʦʡ ʧʝʨʝʦʨʠʝʥʪʘʮʠʠ ʠʟ ʣʝʛʢʦʧʣʦʩʢʦʩʪʥʦʛʦ 

ʫʧʦʨʷʜʦʯʝʥʠʷ ʚ ʣʝʛʢʦʦʩʥʦʝ ʧʨʠ 5 ʂ. ʇʨʠ ʵʪʦʤ, ʢʘʢ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʚ [50], ʩʧʠʥ-

ʧʝʨʝʦʨʠʝʥʪʘʮʠʦʥʥʳʡ ʧʝʨʝʭʦʜ Ho0.5Nd0.5Fe3(BO3)4 ʥʘʙʣʶʜʘʝʪʩʷ ʫʞʝ ʧʨʠ 9 ʂ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʤʘʛʥʠʪʥʦʡ ʩʪʨʫʢʪʫʨʳ ʥʝʦʜʠʤʦʚʦʦʛʦ ʬʝʨʨʦʙʦʨʘʪʘ 

NdFe3(B
11

O3)4 ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʪʘʢʞʝ ʥʘ ʤʦʥʦʢʨʠʩʪʘʣʣʘʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʤʝʪʦʜʦʚ ʥʝʡʪʨʦʥʥʦʡ ʜʠʬʨʘʢʮʠʠ ʠ ʩʬʝʨʠʯʝʩʢʦʡ ʥʝʡʪʨʦʥʥʦʡ ʧʦʣʷʨʠʤʝʪʨʠʠ [51, 

52]. ʅʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʘʷ ʘʪʦʤʥʘʷ ʩʪʨʫʢʪʫʨʘ ʫʪʦʯʥʷʣʘʩʴ ʧʨʠ 6 ʂ ʠ 22 ʂ ʙʝʟ ʫʯʝʪʘ 

ʧʦʧʨʘʚʢʠ ʥʘ ʧʦʛʣʦʱʝʥʠʝ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ 

ʩʪʨʫʢʪʫʨʘ NdFe3(B
11

O3)4 ʭʦʨʦʰʦ ʦʧʠʩʳʚʘʝʪʩʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʦʡ R32, ʘ 

ʩʪʨʫʢʪʫʨʥʳʝ ʧʘʨʘʤʝʪʨʳ ʙʣʠʟʢʠ ʧʦ ʚʝʣʠʯʠʥʝ ʢ ʧʦʣʫʯʝʥʥʳʤ ʨʘʥʝʝ ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ʚ [16]. ʋʪʦʯʥʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʟʘʩʝʣʝʥʥʦʩʪʠ ʥʝ ʚʳʷʚʠʣʦ ʩʠʣʴʥʦʛʦ 

ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʩʪʝʭʠʦʤʝʪʨʠʠ. ʈʝʟʫʣʴʪʘʪʳ ʫʪʦʯʥʝʥʠʷ ʩʪʨʫʢʪʫʨʳ, ʧʦʣʫʯʝʥʥʳʝ ʚ 
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ʨʘʙʦʪʘʭ [51, 52] ʦʪʩʫʪʩʪʚʫʶʪ ʚ ʙʘʟʝ ʜʘʥʥʳʭ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ICSD [53]. ɺ 

ʨʘʙʦʪʝ [52] ʚ NdFe3(B
11

O3)4 ʙʳʣ ʦʙʥʘʨʫʞʝʥ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʳʡ ʤʘʛʥʠʪʥʳʡ 

ʧʝʨʝʭʦʜ ʠʟ ʩʦʨʘʟʤʝʨʥʦʡ ʚ ʥʝʩʦʨʘʟʤʝʨʫʶ ʬʘʟʫ. ɸʚʪʦʨʳ [52] ʫʩʪʘʥʦʚʠʣʠ ʪʘʢʞʝ, ʯʪʦ 

ʦʙʨʘʟʝʮ, ʠʟʫʯʝʥʥʳʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʠʬʨʘʢʮʠʠ ʧʦʣʷʨʠʟʦʚʘʥʥʳʭ ʥʝʡʪʨʦʥʦʚ, 

ʷʚʣʷʝʪʩʷ ʤʦʥʦʜʦʤʝʥʥʳʤ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʙʣʘʛʦʧʨʠʷʪʥʳʤ ʜʣʷ ʧʨʦʷʚʣʝʥʠʷ ʠʤ 

ʭʠʨʘʣʴʥʳʭ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. 

 

ʈʠʩʫʥʦʢ 1.4. (ʘ) ʄʘʛʥʠʪʥʘʷ ʩʪʨʫʢʪʫʨʘ TbFe3(BO3)4. ʉʧʠʥʳ Tb ʧʦʢʘʟʘʥʳ ʯʝʨʥʳʤ, 

ʩʧʠʥʳ Fe ʢʨʘʩʥʳʤ, ʧʨʷʤʦʝ ʦʙʤʝʥʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ FeïFe  ʚʜʦʣʴ 

ʛʝʣʠʢʦʠʜʘʣʴʥʳʭ ʮʝʧʦʯʝʢ Fe ʧʦʢʘʟʘʥʦ ʛʦʣʫʙʳʤʠ ʣʠʥʠʷʤʠ. (ʙ) ʉʪʨʫʢʪʫʨʥʳʝ 

ʦʩʦʙʝʥʥʦʩʪʠ ʤʘʛʥʠʪʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚ ʮʝʧʦʯʢʘʭ FeïOïFe. ʀʦʥʳ Fe ʧʦʢʘʟʘʥʳ 

ʢʨʘʩʥʳʤ, ʘʪʦʤʳ ʢʠʩʣʦʨʦʜʘ ʩʠʥʠʤ. ʇʦʢʘʟʘʥʦ ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʦʝ (ʘʪʦʤʳ ʞʝʣʝʟʘ 

1ï4 ʠ 2ï3), ʬʝʨʨʠʤʘʛʥʠʪʥʦʝ (ʘʪʦʤʳ ʞʝʣʝʟʘ 1ï2 ʠ 4ï3) ʠ ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʦʝ 

(ʘʪʦʤʳ ʞʝʣʝʟʘ 1ï3, 2ï4) ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʮʝʧʦʯʢʘʤʠ. ɼʣʠʥʳ ʩʚʷʟʝʡ ʠ 

ʚʘʣʝʥʪʥʳʝ ʫʛʣʳ ʧʦʢʘʟʘʥʳ ʜʣʷ ʜʚʫʭ ʩʦʩʝʜʥʠʭ ʧʦʟʠʮʠʡ Fe2. ɺ ʩʣʫʯʘʝ ʩʦʩʝʜʥʠʭ 

ʮʝʧʦʯʝʢ ʘʪʦʤʦʚ ʚ ʧʦʟʠʮʠʠ Fe1 ʠ Fe2 ʦʙʤʝʥʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʠ ʜʣʠʥʳ ʩʚʷʟʝʡ 

ʥʦʩʷʪ ʧʦʭʦʞʠʡ ʭʘʨʘʢʪʝʨ [42]. 
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ʈʠʩʫʥʦʢ 1.5. (ʘ) ʄʘʛʥʠʪʥʘʷ ʩʪʨʫʢʪʫʨʘ HoFe3(BO3)4 ʧʨʠ ʊ = 6 ʂ > ʊSR (ʊSR ï 

ʪʝʤʧʝʨʘʪʫʨʘ ʩʧʠʥ-ʧʝʨʝʦʨʠʝʥʪʘʮʠʦʥʥʦʛʦ ʧʝʨʝʭʦʜʘ). ʇʦʢʘʟʘʥʳ ʤʘʛʥʠʪʥʳʝ 

ʤʦʤʝʥʪʳ ʠʦʥʦʚ Fe (ʢʨʘʩʥʳʝ ʩʪʨʝʣʢʠ ï ʧʦʜ ʫʛʣʦʤ ʢ ʧʣʦʩʢʦʩʪʠ ab ʠ ʨʦʟʦʚʳʝ ï 

ʛʦʨʠʟʦʥʪʘʣʴʥʦ) ʠ ʠʦʥʦʚ Ho (ʞʝʣʪʳʝ ʩʪʨʝʣʢʠ); (ʙ) ʄʘʛʥʠʪʥʘʷ ʩʪʨʫʢʪʫʨʘ 

HoFe3(BO3)4 ʧʨʠ ʊ = 2 ʂ < ʊSR. ʇʦʢʘʟʘʥʳ ʤʘʛʥʠʪʥʳʝ ʤʦʤʝʥʪʳ ʠʦʥʦʚ Fe (ʢʨʘʩʥʳʝ 

ʩʪʨʝʣʢʠ), ʠʦʥʦʚ Ho
3+ 
(ʯʝʨʥʳʝ ʩʪʨʝʣʢʠ) ʠ ʧʦʟʠʮʠʠ ʘʪʦʤʦʚ ʢʠʩʣʦʨʦʜʘ (ʤʘʣʝʥʴʢʠʝ 

ʩʠʥʠʝ ʩʬʝʨʳ) [42]. 

 

ʈʠʩʫʥʦʢ 1.6. ʄʘʛʥʠʪʥʘʷ ʩʪʨʫʢʪʫʨʘ SmFe3(BO3)4. ʉʧʠʥʳ Sm ʧʦʢʘʟʘʥʳ ʟʝʣʝʥʳʤ, 

ʩʧʠʥʳ Fe ʢʨʘʩʥʳʤ. ʇʨʷʤʦʝ ʦʙʤʝʥʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ FeïFe ʚʜʦʣʴ 

ʛʝʣʠʢʦʠʜʘʣʴʥʳʭ ʮʝʧʦʯʝʢ Fe ʧʦʢʘʟʘʥʦ ʛʦʣʫʙʳʤʠ ʣʠʥʠʷʤʠ [46]. 
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1.4. ʉʪʨʫʢʪʫʨʥʳʡ ʬʘʟʦʚʳʡ ʧʝʨʝʭʦʜ ʚ ʬʝʨʨʦʙʦʨʘʪʘʭ 

ʂʘʢ ʫʞʝ ʙʳʣʦ ʩʢʘʟʘʥʦ ʚ ʧʘʨʘʛʨʘʬʝ 1.2, ʧʨʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚʩʝ 

ʢʨʠʩʪʘʣʣʳ ʩʝʤʝʡʩʪʚʘ RFe3(BO3)4 ʠʤʝʶʪ ʪʨʠʛʦʥʘʣʴʥʫʶ ʩʪʨʫʢʪʫʨʫ, ʢʦʪʦʨʘʷ 

ʧʨʠʥʘʜʣʝʞʘʪ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʝ R32. ɺ ʩʦʝʜʠʥʝʥʠʷʭ ʩ ʙʦʣʴʰʠʤ ʠʦʥʥʳʤ 

ʨʘʜʠʫʩʦʤ ʨʝʜʢʦʟʝʤʝʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ (R = La, Ce, Pr, Nd, Sm) ʵʪʘ ʩʠʤʤʝʪʨʠʷ 

ʦʩʪʘʝʪʩʷ ʥʝʠʟʤʝʥʥʦʡ ʚʧʣʦʪʴ ʜʦ 2-3 ʂ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚ ʩʦʝʜʠʥʝʥʠʷʭ ʩ ʤʝʥʴʰʠʤ 

ʠʦʥʥʳʤ ʨʘʜʠʫʩʦʤ ʨʝʜʢʦʟʝʤʝʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ (R = Eu, Gd, Tb, Dy, Ho, Er, Y) 

ʩʫʱʝʩʪʚʫʝʪ ʩʪʨʫʢʪʫʨʥʳʡ ʬʘʟʦʚʳʡ ʧʝʨʝʭʦʜ [7, 36]. ʉʪʨʫʢʪʫʨʥʳʡ ʧʝʨʝʭʦʜ 

ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʘʥʦʤʘʣʠʷʤʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ, ʪʝʧʣʦʚʦʛʦ ʨʘʩʰʠʨʝʥʠʷ ʠ 

ʤʘʛʥʠʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. ʇʨʠ ʬʘʟʦʚʦʤ ʧʝʨʝʭʦʜʝ ʩʠʤʤʝʪʨʠʷ ʦʩʪʘʝʪʩʷ 

ʪʨʠʛʦʥʘʣʴʥʦʡ, ʥʦ ʠʟʤʝʥʷʝʪʩʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʛʨʫʧʧʘ ʩʠʤʤʝʪʨʠʠ R32ŸP3121 

[32]. 

ʉʪʨʫʢʪʫʨʥʳʡ ʬʘʟʦʚʳʡ ʧʝʨʝʭʦʜ ʚʧʝʨʚʳʝ ʙʳʣ ʠʟʫʯʝʥ ʥʘ 

ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʦʙʨʘʟʮʘʭ ʜʣʷ ʩʝʨʠʠ ʢʨʠʩʪʘʣʣʦʚ RFe3(BO3)4 (R=Y, LaïNd, 

SmïHo) ʚ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʜʠʘʧʘʟʦʥʝ 1.8ï600 ʂ [54]. ɼʣʷ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʵʪʠʭ 

ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʦʙʨʘʟʮʦʚ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʩʠʩʪʝʤʘ Ln2O3 : Fe2O3 : H3BO3. 

ʊʝʤʧʝʨʘʪʫʨʘ ʩʪʨʫʢʪʫʨʥʦʛʦ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʦʧʨʝʜʝʣʷʣʘʩʴ ʥʘ ʦʩʥʦʚʝ ʨʝʟʫʣʴʪʘʪʦʚ 

ʠʟʤʝʨʝʥʠʷ ʫʜʝʣʴʥʦʡ ʪʝʧʣʦʝʤʢʦʩʪʠ ʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʪʝʨʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ 

(ɼʊɸ). ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʢʨʠʩʪʘʣʣʳ R = EuïHo, Y ʧʨʝʪʝʨʧʝʚʘʶʪ ʩʪʨʫʢʪʫʨʥʳʡ 

ʬʘʟʦʚʳʡ ʧʝʨʝʭʦʜ, ʪʝʤʧʝʨʘʪʫʨʘ ʢʦʪʦʨʦʛʦ ʣʠʥʝʡʥʦ ʫʤʝʥʴʰʘʝʪʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ 

ʠʦʥʥʦʛʦ ʨʘʜʠʫʩʘ R
3+

  ʦʪ 445 ʂ ʜʣʷ R = Y ʜʦ 88 ʂ ʜʣʷ R = Eu.  

ʆʜʥʘʢʦ ʜʘʣʴʥʝʡʰʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʨʠʩʪʘʣʣʦʚ ʜʘʥʥʦʛʦ ʩʝʤʝʡʩʪʚʘ ʚʳʷʚʠʣʠ 

ʨʘʩʭʦʞʜʝʥʠʷ ʚ ʟʥʘʯʝʥʠʷʭ ʪʝʤʧʝʨʘʪʫʨʳ ʩʪʨʫʢʪʫʨʥʦʛʦ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ, 

ʧʦʣʫʯʝʥʥʳʭ ʜʣʷ ʦʙʨʘʟʮʦʚ ʩ ʦʜʠʥʘʢʦʚʳʤ ʭʠʤʠʯʝʩʢʠʤ ʩʦʩʪʘʚʦʤ.  

ʍʘʨʘʢʪʝʨʥʦʡ ʯʝʨʪʦʡ, ʦʧʨʝʜʝʣʷʶʱʝʡ ʩʪʨʫʢʪʫʨʳʡ ʬʘʟʦʚʳʡ ʧʝʨʝʭʦʜ 

R32ŸP3121 ʚ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʬʝʨʨʦʙʦʨʘʪʘʭ, ʷʚʣʷʝʪʩʷ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʥʦʚʦʡ 

ʩʠʣʴʥʦʡ ʥʠʟʢʦʯʘʩʪʦʪʥʦʡ ʤʦʜʳ ʥʘ ʩʧʝʢʪʨʘʭ ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ (ʨʠʩ. 
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1.7(ʙ)) [6, 8, 34, 55]. ʉʧʝʢʪʨʳ ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ ʜʣʷ ʤʦʥʦʢʨʠʩʪʘʣʣʘ 

GdFe3(BO3)4 ʙʳʣʠ ʠʟʫʯʝʥʳ ʚ ʨʘʙʦʪʝ [8]. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʪʨʫʢʪʫʨʥʳʡ ʬʘʟʦʚʳʡ 

ʧʝʨʝʭʦʜ ʜʣʷ GdFe3(BO3)4 ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ 156 ʂ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ Ts, ʧʦʣʫʯʝʥʥʘʷ 

ʨʘʥʝʝ ʚ ʨʘʙʦʪʝ [54] ʧʨʠ ʠʟʫʯʝʥʠʠ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʦʙʨʘʟʮʘ GdFe3(BO3)4, 

ʩʦʩʪʘʚʠʣʘ 174 ʂ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʩʧʝʢʪʨʦʚ ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ ʣʠʥʝʡʢʠ 

ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʬʝʨʨʦʙʦʨʘʪʦʚ RFe3(BO3)4 (R= Gd, Tb, Nd, Er ʠ Y) 

ʚ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʜʠʘʧʘʟʦʥʝ 2.7 ï 500 ʂ [34], ʧʦʢʘʟʘʣʠ, ʯʪʦ NdFe3(BO3)4 ʩʦʭʨʘʥʷʝʪ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ ʛʨʫʧʧʫ R32 ʚʦ ʚʩʝʤ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʜʠʘʧʘʟʦʥʝ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ 

ʜʣʷ ʩʦʝʜʠʥʝʥʠʡ ʩ ʨʘʜʠʫʩʦʤ ʤʝʥʴʰʠʤ, ʯʝʤ ʫ Tb
3+

,  ʭʘʨʘʢʪʝʨʥʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ 

ʛʨʫʧʧʘ P3121 ʫʞʝ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ʊʝʤʧʝʨʘʪʫʨʘ ʩʪʨʫʢʪʫʨʥʦʛʦ 

ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʩʦʝʜʠʥʝʥʠʡ ʩ R = Er, Y, Tb, Gd, ʠʟʫʯʝʥʥʳʭ ʚ ʨʘʙʦʪʝ [34], ʢʘʢ ʠ 

ʦʞʠʜʘʣʦʩʴ, ʫʤʝʥʴʰʘʝʪʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʠʦʥʥʦʛʦ ʨʘʜʠʫʩʘ. ʆʜʥʘʢʦ ʜʘʥʥʳʝ ʜʣʷ 

ʢʨʠʩʪʘʣʣʦʚ ʩ R = Er, Y ʩʠʣʴʥʦ ʨʘʩʭʦʜʷʪʩʷ ʩ ʟʘʚʠʩʠʤʦʩʪʴʶ Ts(r ion), ʧʦʣʫʯʝʥʥʦʡ ʚ 

ʨʘʙʦʪʝ [54]. ɸʚʪʦʨʳ [34] ʧʨʝʜʧʦʣʘʛʘʶʪ, ʯʪʦ ʵʪʦ ʨʘʩʭʦʞʜʝʥʠʝ ʤʦʞʝʪ ʙʳʪʴ ʚʳʟʚʘʥʦ 

ʧʣʦʭʠʤ ʢʘʯʝʩʪʚʦʤ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʩ R = Er, Y.  

ʊʝʤʧʝʨʘʪʫʨʘ ʩʪʨʫʢʪʫʨʥʦʛʦ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʜʣʷ ʤʦʥʦʢʨʠʩʪʘʣʣʘ 

YFe3(BO3)4 ʙʳʣʘ ʦʧʨʝʜʝʣʝʥʘ ʪʘʢʞʝ ʚ ʨʘʙʦʪʝ [56]. ʄʘʢʩʠʤʫʤ ʥʘ ʪʝʤʧʝʨʘʪʫʨʥʦʡ 

ʟʘʚʠʩʠʤʦʩʪʠ ʪʝʧʣʦʝʤʢʦʩʪʠ, ʩʚʷʟʘʥʥʳʡ ʩ ʧʝʨʝʭʦʜʦʤ R32ŸP3121 ʥʘʙʣʶʜʘʣʩʷ ʜʣʷ 

ʢʨʠʩʪʘʣʣʘ ʧʨʠ 401 ʂ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʟʥʘʯʝʥʠʝ Tstr ʜʣʷ YFe3(BO3)4, ʥʘʡʜʝʥʥʦʝ ʚ 

ʨʘʙʦʪʝ [54], ʩʦʩʪʘʚʣʷʣʦ 445 ʂ, ʘ ʚ ʨʘʙʦʪʝ [34] ï 350 ʂ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʩʪʨʫʢʪʫʨʘ YFe3(BO3)4 ʜʦʣʞʥʘ 

ʦʧʠʩʳʚʘʪʴʩʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʦʡ P3121. ʀʥʪʝʨʝʩʥʦ, ʯʪʦ ʘʚʪʦʨʳ [16], 

ʠʩʩʣʝʜʦʚʘʚʰʠʝ ʩʪʨʫʢʪʫʨʫ ʤʦʥʦʢʨʠʩʪʘʣʣʘ (Y0.5Bi0.5)Fe3(BO3)4 ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ, ʦʪʥʝʩʣʠ ʝʝ ʢ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʝ R32. ɺʝʨʦʷʪʥʦ, ʚʢʣʶʯʝʥʠʝ 

ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʘʪʦʤʦʚ Bi ʚ ʩʪʨʫʢʪʫʨʫ ʧʨʠʚʝʣʦ ʢ ʩʫʱʝʩʪʚʝʥʥʦʤʫ 

ʧʦʥʠʞʝʥʠʶ ʪʝʤʧʝʨʘʪʫʨʳ ʩʪʨʫʢʪʫʨʥʦʛʦ ʧʝʨʝʭʦʜʘ. 

ʀʟʫʯʝʥʠʝ ʬʦʥʦʥʥʳʭ ʩʧʝʢʪʨʦʚ HoFe3(BO3)4 ʧʨʠ 1.7ï423 ʂ [57]  ʧʦʢʘʟʘʣʦ, ʯʪʦ 

ʜʘʥʥʳʡ ʢʨʠʩʪʘʣʣ ʧʨʝʪʝʨʧʝʚʘʝʪ ʩʪʨʫʢʪʫʨʥʳʡ ʬʘʟʦʚʳʡ ʧʝʨʝʭʦʜ ʚʙʣʠʟʠ 360 ʂ, ʚ ʪʦ 
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ʚʨʝʤʷ ʢʘʢ ʟʥʘʯʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʩʪʨʫʢʪʫʨʥʦʛʦ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ, ʧʦʣʫʯʝʥʥʦʡ ʚ 

[54] ʩʦʩʪʘʚʠʣʦ 427 ʂ. 

ʊʝʤʧʝʨʘʪʫʨʘ ʩʪʨʫʢʪʫʨʥʦʛʦ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ Tstr = 192 ʂ ʚ TbFe3(BO3)4 

ʙʳʣʘ ʦʧʨʝʜʝʣʝʥʘ ʚ ʨʘʙʦʪʝ [42] ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʤʘʛʥʠʪʥʦʡ ʩʪʨʫʢʪʫʨʳ 

ʩʦʝʜʠʥʝʥʠʷ. ɿʥʘʯʝʥʠʝ Tstr, ʦʧʫʙʣʠʢʦʚʘʥʥʦʝ ʨʘʥʝʝ ʜʣʷ TbFe3(BO3)4 ʚ [54], 

ʩʦʩʪʘʚʠʣʦ 241 ʂ. 

ʆʜʥʦʡ ʠʟ ʚʦʟʤʦʞʥʳʭ ʧʨʠʯʠʥ ʨʘʩʭʦʞʝʥʠʷ ʟʥʘʯʝʥʠʡ ʪʝʤʧʝʨʘʪʫʨʳ 

ʩʪʨʫʢʪʫʨʥʦʛʦ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʚ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʬʝʨʨʦʙʦʨʘʪʘʭ ʤʦʞʝʪ ʙʳʪʴ 

ʚʭʦʞʜʝʥʠʝ ʧʨʠʤʝʩʥʳʭ ʘʪʦʤʦʚ ʚ ʩʦʩʪʘʚ ʩʦʝʜʠʥʝʥʠʡ. ɺ ʦʙʩʫʞʜʘʝʤʳʭ ʚʳʰʝ ʨʘʙʦʪʘʭ 

ʧʦ ʠʟʫʯʝʥʠʶ ʦʧʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ HoFe3(BO3)4 [57], ʠʟʤʝʨʝʥʠʶ ʪʝʧʣʦʝʤʢʦʩʪʠ 

YFe3(BO3)4 [56], ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ [34] ʠ ʩʝʨʠʠ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʘʛʥʠʪʥʦʡ ʩʪʨʫʢʪʫʨʳ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʦʙʨʘʟʮʦʚ RFe3(BO3)4 

[42 ï 47] ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʙʨʘʟʮʦʚ, ʧʨʠʛʦʪʦʚʣʝʥʥʳʭ 

ʠʟ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ RFe3(BO3)4, ʚʳʨʘʱʝʥʥʳʭ ʚ ʧʨʠʩʫʪʩʪʚʠʠ Bi2Mo3O12. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʵʪʦʛʦ ʨʘʩʪʚʦʨʠʪʝʣʷ ʤʦʛʣʦ ʚʳʟʚʘʪʴ ʚʭʦʞʜʝʥʠʝ Bi ʚ ʩʦʩʪʘʚ 

ʢʨʠʩʪʘʣʣʦʚ, ʢʘʢ ʵʪʦ ʧʨʦʠʩʭʦʜʠʣʦ ʨʘʥʝʝ ʩ ʤʦʥʦʢʨʠʩʪʘʣʣʘʤʠ, ʚʳʨʘʱʝʥʥʳʤʠ ʚ 

ʧʨʠʩʫʪʩʚʠʝ ʜʨʫʛʠʭ ʚʠʩʤʫʪʦʩʦʜʝʨʞʘʱʠʭ ʨʘʩʪʚʦʨʠʪʝʣʝʡ [16, 17]. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, 

ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʦʙʨʘʟʮʳ RFe3(BO3)4, ʠʩʩʣʝʜʦʚʘʚʰʠʝʩʷ ʚ ʨʘʙʦʪʝ [54], ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ c ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʤʝʩʠ R2O3: Fe2O3: H3BO3 ʠ ʥʝ ʩʦʜʝʨʞʘʣʠ Bi. 

ɺʦʟʤʦʞʥʦʝ ʚʭʦʞʜʝʥʠʝ ʧʨʠʤʝʩʥʳʭ ʘʪʦʤʦʚ ʚ ʫʧʦʤʷʥʫʪʳʭ ʨʘʙʦʪʘʭ ʥʝ ʦʙʩʫʞʜʘʣʦʩʴ 

ʠ ʥʝ ʘʥʘʣʠʟʠʨʦʚʘʣʦʩʴ. 

ɺ ʦʜʥʦʡ ʠʟ ʧʦʩʣʝʜʥʠʭ ʨʘʙʦʪ [58] ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʚʣʠʷʥʠʷ ʧʨʠʤʝʩʠ Bi ʥʘ 

ʩʚʦʡʩʪʚʘ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ RFe3(BO3)4 ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʧʪʠʯʝʩʢʠʭ 

ʩʧʝʢʪʨʦʚ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ EuFe3(BO3)4, ʚʳʨʘʱʝʥʥʳʭ ʧʦ ʤʝʪʦʜʠʢʝ  [26, 27] ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚ ʢʘʯʝʩʪʚʝ ʨʘʩʪʚʦʨʠʪʝʣʝʡ (1) Bi2Mo3O12 ʠ (2) Li2WO4. ʉʧʝʢʪʨʳ 

ʷʚʥʦ ʜʝʤʦʥʩʪʨʠʨʫʶʪ, ʯʪʦ ʪʝʤʧʝʨʘʪʫʨʘ ʩʪʨʫʢʪʫʨʥʦʛʦ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ Ts = 58 ʂ 

ʜʣʷ ʦʙʨʘʟʮʘ (1) ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ Ts = 84 ʂ ʜʣʷ 

ʦʙʨʘʟʮʘ (2), ʧʨʠʯʝʤ Ts = 84 ʂ ʜʣʷ ʦʙʨʘʟʮʘ (2) ʙʣʠʟʢʘ ʢ ʨʘʥʝʝ ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʚ  [54] 

ʪʝʤʧʝʨʘʪʫʨʝ Ts = 88 ʂ. ɸʚʪʦʨʳ ʧʨʠʟʥʘʣʠ ʚʦʟʤʦʞʥʳʤ, ʯʪʦ ʨʘʟʥʠʮʘ ʩʚʷʟʘʥʘ ʩ 

ʚʭʦʞʜʝʥʠʝʤ ʚ ʩʦʩʪʘʚ ʦʙʨʘʟʮʦʚ (1) ʘʪʦʤʦʚ Bi. ɺʳʯʠʩʣʠʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 
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ʧʦʣʫʯʝʥʥʳʭ ʜʣʷ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʟʥʘʯʝʥʠʡ ʪʝʤʧʝʨʘʪʫʨʳ ʩʪʨʫʢʪʫʨʥʦʛʦ ʬʘʟʦʚʦʛʦ 

ʧʝʨʝʭʦʜʘ ʵʬʬʝʢʪʠʚʥʳʡ ʨʘʜʠʫʩ ʨʝʜʢʦʟʝʤʝʣʴʥʦʛʦ ʠʦʥʘ, ʘʚʪʦʨʳ [58] ʧʨʝʜʧʦʣʦʞʠʣʠ, 

ʯʪʦ ʚ ʩʦʩʪʘʚ ʢʨʠʩʪʘʣʣʦʚ (1) ʤʦʛʣʦ ʚʦʡʪʠ 5 Ñ 1 % ʘʪʦʤʦʚ Bi ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 

ʨʝʜʢʦʟʝʤʝʣʴʥʦʤʫ ʵʣʝʤʝʥʪʫ. ɹʳʣʦ ʦʪʤʝʯʝʥʦ ʪʘʢʞʝ, ʯʪʦ ʜʣʷ ʢʨʠʩʪʘʣʣʦʚ, 

ʚʳʨʘʱʝʥʥʳʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ Bi2Mo3O12, ʚ ʦʧʪʠʯʝʩʢʠʭ ʩʧʝʢʪʨʘʭ ʧʦʷʚʣʷʝʪʩʷ 

ʤʥʦʞʝʩʪʚʦ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʧʘʨʘʟʠʪʥʳʭ ʣʠʥʠʡ ʚʙʣʠʟʠ ʣʠʥʠʡ ʤʘʛʥʠʪʥʳʭ ʠ 

ʩʪʨʫʢʪʫʨʥʳʭ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ, ʯʝʛʦ ʥʝ ʥʘʙʣʶʜʘʣʦʩʴ ʜʣʷ ʢʨʠʩʪʘʣʣʦʚ, 

ʚʳʨʘʱʝʥʥʳʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ Li2WO4. 

1.5. ʈʘʟʥʦʦʙʨʘʟʠʝ ʩʚʦʡʩʪʚ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʬʝʨʨʦʙʦʨʘʪʦʚ 

 ʊʝʨʤʠʯʝʩʢʠ ʠ ʭʠʤʠʯʝʩʢʠ ʫʩʪʦʡʯʠʚʳʝ ʨʝʜʢʦʟʝʤʝʣʴʥʳʝ ʦʨʪʦʙʦʨʘʪʳ ʩ ʦʙʱʝʡ 

ʬʦʨʤʫʣʦʡ RM3(BO3)4 (R = Y, LaïLu; M = Al , Ga, Sc, Cr, Fe) ʧʨʝʞʜʝ ʚʩʝʛʦ ʚʳʟʚʘʣʠ 

ʠʥʪʝʨʝʩ ʩʚʦʠʤʠ ʣʘʟʝʨʥʳʤʠ ʠ ʥʝʣʠʥʝʡʥʦ-ʦʧʪʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ. 

ʈʝʜʢʦʟʝʤʝʣʴʥʳʝ ʬʝʨʨʦʙʦʨʘʪʳ RFe3(BO3)4 ʩ ʜʚʫʤʷ ʤʘʛʥʠʪʥʳʤʠ ʧʦʜʩʠʩʪʝʤʘʤʠ 

(ʨʝʜʢʦʟʝʤʝʣʴʥʦʡ ʠ ʞʝʣʝʟʥʦʡ) ʧʨʠʚʣʝʢʣʠ ʚʥʠʤʘʥʠʝ ʨʷʜʦʤ ʩʪʨʫʢʪʫʨʥʳʭ ʠ 

ʤʘʛʥʠʪʥʳʭ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ. ɺʧʝʨʚʳʝ ʩʣʦʞʥʦʝ ʤʘʛʥʠʪʥʦʝ ʧʦʚʝʜʝʥʠʝ 

ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʬʝʨʨʦʙʦʨʘʪʦʚ, ʧʦʟʚʦʣʠʚʰʝʝ ʦʪʥʝʩʪʠ ʢʨʠʩʪʘʣʣʳ ʵʪʦʛʦ ʩʝʤʝʡʩʪʚʘ 

ʢ ʢʣʘʩʩʫ ʤʫʣʴʪʠʬʝʨʨʦʠʢʦʚ, ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʚ GdFe3(BO3)4 [8] ʠ NdFe3(BO3)4 [59].  

ʂʘʩʢʘʜ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ (ʨʠʩ 1.7(ʘ)) ʙʳʣ ʚʧʝʨʚʳʝ ʦʙʥʘʨʫʞʝʥ ʚ 

ʬʝʨʨʦʙʦʨʘʪʝ GdFe3(BO3)4 ʧʨʠ ʊ = 9, 37 ʠ 156 ʂ ʧʨʠ ʠʟʤʝʨʝʥʠʠ ʪʝʧʣʦʝʤʢʦʩʪʠ [8]. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʤʝʪʦʜʦʤ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ (ʨʘʤʘʥʦʚʩʢʦʛʦ) 

ʨʘʩʩʝʷʥʠʷ ʩʚʝʪʘ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʝʨʝʭʦʜ ʧʨʠ ʊ = 37 ʂ ʷʚʣʷʝʪʩʷ ʬʘʟʦʚʳʤ ʧʝʨʝʭʦʜʦʤ 

ʤʘʛʥʠʪʥʦʛʦ ʫʧʦʨʷʜʦʯʝʥʠʷ ʚʪʦʨʦʛʦ ʨʦʜʘ, ʘ ʜʚʘ ʜʨʫʛʠʭ ʷʚʣʷʶʪʩʷ ʧʝʨʝʭʦʜʘʤʠ 

ʧʝʨʚʦʛʦ ʨʦʜʘ. ʇʦʷʚʣʝʥʠʝ ʧʨʠ ʊ = 156 ʂ ʥʦʚʳʭ ʨʘʤʘʥʦʚʩʢʠʭ ʤʦʜ 

ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʣʦ ʦʙ ʠʟʤʝʥʝʥʠʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʜʦ ʤʝʥʝʝ 

ʩʠʤʤʝʪʨʠʯʥʦʡ, ʘ ʚʙʣʠʟʠ 9 ʂ ʙʳʣʘ ʟʘʬʠʢʩʠʨʦʚʘʥʘ ʩʧʠʥʦʚʘʷ ʧʝʨʝʦʨʠʝʥʪʘʮʠʷ.  
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ʈʠʩʫʥʦʢ 1.7. (ʘ) ʊʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʪʝʧʣʦʝʤʢʦʩʪʠ ʬʝʨʨʦʙʦʨʘʪʦʚ 

RFe3(BO3)4 (R = Y, Y0.5Gd0.5, Gd, Er, Tb, Tm). ʂʨʠʚʳʝ ʩʜʚʠʥʫʪʳ ʦʜʥʘ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʜʨʫʛʦʡ ʥʘ 50 J/mol [60]; (ʙ) ʩʧʝʢʪʨʳ ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ GdFe3(BO3)4 

ʚʳʰʝ ʠ ʥʠʞʝ ʪʝʤʧʝʨʘʪʫʨʳ ʩʪʨʫʢʪʫʨʥʦʛʦ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ. ʅʘ ʚʩʪʘʚʢʝ (ʙ) 

ʧʦʢʘʟʘʥʘ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʥʠʟʢʦʯʘʩʪʦʪʥʦʡ ʤʦʜʳ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ ʠ ʥʘʛʨʝʚʘʥʠʠ [8]. 

 

ɿʘ ʦʙʥʘʨʫʞʝʥʠʝʤ ʢʘʩʢʘʜʘ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ ʚ ʛʘʜʦʣʠʥʠʝʚʦʤ ʬʝʨʨʦʙʦʨʘʪʝ 

ʧʦʩʣʝʜʦʚʘʣʦ ʙʦʣʴʰʦʝ ʯʠʩʣʦ ʨʘʙʦʪ, ʧʦʩʚʷʱʝʥʥʳʭ ʠʟʫʯʝʥʠʶ ʝʛʦ ʬʠʟʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ ʠ ʩʣʦʞʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʚʝʜʝʥʠʷ ʥʠʞʝ ʊN º 37 ʂ. ɺ ʪʦʤ ʯʠʩʣʝ, ʙʳʣʘ 

ʠʟʫʯʝʥʘ ʤʘʛʥʠʪʥʘʷ ʩʪʨʫʢʪʫʨʘ ʠ ʘʥʠʟʦʪʨʦʧʠʷ ʨʘʟʥʳʭ ʤʘʛʥʠʪʥʳʭ ʬʘʟ GdFe3(BO3)4 

ʢʘʢ ʬʫʥʢʮʠʡ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʚʥʝʰʥʝʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ [61]. ɹr ʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʥʠʞʝ ʪʝʤʧʝʨʘʪʫʨʳ ʅʝʝʣʷ ʊN = 38 ʂ ʧʨʦʠʩʭʦʜʠʪ ʫʧʦʨʷʜʦʯʝʥʠʝ ʧʦʜʩʠʩʪʝʤʳ ʠʦʥʦʚ 

ʞʝʣʝʟʘ, ʢʦʪʦʨʘʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʜʚʫʭʧʦʜʨʝʰʝʪʦʯʥʳʡ ʘʥʪʠʬʝʨʨʦʤʘʛʥʝʪʠʢ ʩ 

ʣʝʛʢʦʡ ʧʣʦʩʢʦʩʪʴʶ ʘʥʠʟʦʪʨʦʧʠʠ. ɻʘʜʦʣʠʥʠʝʚʘʷ ʧʦʜʩʠʩʪʝʤʘ ʪʘʢʞʝ ʤʦʞʝʪ ʙʳʪʴ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʚʠʜʝ ʜʚʫʭʧʦʜʨʝʰʝʪʦʯʥʦʛʦ ʘʥʪʠʬʝʨʨʦʤʘʛʥʝʪʠʢʘ ʩ ʣʝʛʢʦʡ ʦʩʴʶ 

ʘʥʠʟʦʪʨʦʧʠʠ. ɺʢʣʘʜ ʧʦʜʩʠʩʪʝʤʳ ʛʘʜʦʣʠʥʠʷ ʚ ʘʥʠʟʦʪʨʦʧʠʶ ʚʦʟʥʠʢʘʝʪ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʧʦʷʚʣʝʥʠʝʤ ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʨʷʜʢʘ ʚ ʧʦʜʩʠʩʪʝʤʝ ʞʝʣʝʟʘ 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʅʝʝʣʷ ʠʟ-ʟʘ ʦʙʤʝʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʠʦʥʘʤʠ Fe
3+

 ʠ 

Gd
3+
. ʈʘʟʣʠʯʠʝ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʚʢʣʘʜʦʚ ʧʦʜʩʠʩʪʝʤ ʚʳʟʳʚʘʝʪ 

ʩʧʦʥʪʘʥʥʫʶ ʩʧʠʥʦʚʫʶ ʧʝʨʝʦʨʠʝʥʪʘʮʠʶ ʚ GdFe3(BO3)4 ʧʨʠ T = 10 ʂ. ʇʝʨʝʭʦʜʳ 

ʤʝʞʜʫ ʣʝʛʢʦʧʣʦʩʢʦʩʪʥʳʤ ʠ ʣʝʛʢʦʦʩʥʳʤ ʩʦʩʪʦʷʥʠʝʤ ʧʨʦʠʩʭʦʜʷʪ ʥʝ ʪʦʣʴʢʦ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ,  ʥʦ ʠ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. 
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ʆʧʪʠʯʝʩʢʠʝ ʩʧʝʢʪʨʳ ʠ ʛʝʥʝʨʘʮʠʷ ʚʪʦʨʦʡ ʛʘʨʤʦʥʠʢʠ ʚ GdFe3(BO3)4 ʠʟʫʯʝʥʳ 

ʚ ʨʘʙʦʪʝ [62].  ʇʦʢʘʟʘʥʦ, ʯʪʦ ʢʨʠʩʪʘʣʣʳ GdFe3(BO3)4 ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʙʦʣʴʰʦʡ 

ʚʝʣʠʯʠʥʦʡ ʜʚʫʣʫʯʝʧʨʝʣʦʤʣʝʥʠʷ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʨʝʘʣʠʟʦʚʘʪʴ ʚ ʥʠʭ ʬʘʟʦʚʳʡ 

ʩʠʥʭʨʦʥʠʟʤ ʧʝʨʚʦʛʦ ʪʠʧʘ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʡ ʛʝʥʝʨʘʮʠʠ ʚʪʦʨʦʡ ʦʧʪʠʯʝʩʢʦʡ 

ʛʘʨʤʦʥʠʢʠ. ʆʧʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʠ ʵʣʝʢʪʨʦʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʬʝʨʨʦʙʦʨʘʪʦʚ ʩ ʠʦʥʦʤ 

Gd
3+

 ʠʩʩʣʝʜʦʚʘʥʳ ʚ ʨʘʙʦʪʝ [63], ʛʜʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʧʘʨʘʤʘʛʥʠʪʥʦʡ ʬʘʟʝ 

ʵʣʝʢʪʨʦʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʠ ʦʧʪʠʯʝʩʢʠʝ ʩʧʝʢʪʨʳ GdFe3(BO3)4 ʠ FeBO3 ʩʭʦʞʠ ʚ 

ʦʙʣʘʩʪʠ ʵʥʝʨʛʠʡ ʜʦ 4 ʵɺ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʵʥʝʨʛʠʠ ʌʝʨʤʠ, ʘ ʪʘʢʞʝ ʧʨʝʜʣʦʞʝʥʘ 

ʤʥʦʛʦʵʣʝʢʪʨʦʥʥʘʷ ʤʦʜʝʣʴ ʟʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ GdFe3(BO3)4. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʥʦʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ GdFe3(BO3)4 ʷʚʣʷʝʪʩʷ ʜʠʵʣʝʢʪʨʠʢʦʤ ʩ 

ʧʝʨʝʥʦʩʦʤ ʟʘʨʷʜʘ ʚ ʨʝʞʠʤʝ ʩʠʣʴʥʳʭ ʵʣʝʢʪʨʦʥʥʳʭ ʢʦʨʨʝʣʷʮʠʡ. ɺ ʨʘʤʢʘʭ 

ʤʥʦʛʦʵʣʝʢʪʨʦʥʥʦʡ ʤʦʜʝʣʠ ʩ ʨʦʩʪʦʤ ʜʘʚʣʝʥʠʷ ʜʣʷ GdFe3(BO3)4 ʧʨʝʜʩʢʘʟʘʥʳ 

ʢʨʦʩʩʦʚʝʨ ʚʳʩʦʢʦʩʧʠʥʦʚʦʛʦ ʠ ʥʠʟʢʦʩʧʠʥʦʚʦʛʦ ʩʦʩʪʦʷʥʠʡ ʠʦʥʘ Fe
3+
, ʢʦʣʣʘʧʩ 

ʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ, ʦʩʣʘʙʣʝʥʠʝ ʢʫʣʦʥʦʚʩʢʠʭ ʢʦʨʨʝʣʷʮʠʡ, ʨʝʟʢʦʝ ʫʤʝʥʴʰʝʥʠʝ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʱʝʣʠ, ʘ ʪʘʢʞʝ ʧʝʨʝʭʦʜ ʜʠʵʣʝʢʪʨʠʢ-ʧʦʣʫʧʨʦʚʦʜʥʠʢ. 

ʄʫʣʴʪʠʬʝʨʨʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʠ ʬʘʟʦʚʳʝ ʧʝʨʝʭʦʜʳ ʚ GdFe3(BO3)4 

ʠʟʫʯʘʣʠʩʴ ʧʨʠ ʧʨʠʣʦʞʝʥʠʠ ʚʥʝʰʥʠʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ [64]. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʵʪʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʙʣʘʩʪʠ ʩʪʨʫʢʪʫʨʥʦʛʦ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʧʨʠ ʊS = 156 ʂ 

ʦʙʥʘʨʫʞʝʥʦ ʩʢʘʯʢʦʦʙʨʘʟʥʦʝ ʫʤʝʥʴʰʝʥʠʝ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ Ů(T) 

ʧʨʠ ʧʦʥʠʞʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ. ʋʩʪʘʥʦʚʣʝʥʦ ʚʣʠʷʥʠʝ ʚʝʣʠʯʠʥʳ ʠ ʥʘʧʨʘʚʣʝʥʠʷ 

ʚʥʝʰʥʝʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʥʘ ʭʘʨʘʢʪʝʨ ʟʘʚʠʩʠʤʦʩʪʝʡ Ů(T) ʚ ʦʙʣʘʩʪʠ ʥʠʟʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨ, ʠʟ ʘʥʘʣʠʟʘ ʢʦʪʦʨʦʛʦ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʠʥʬʦʨʤʘʮʠʷ ʦʙ ʠʥʜʫʮʠʨʦʚʘʥʥʳʭ 

ʤʘʛʥʠʪʥʳʤ ʧʦʣʝʤ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʘʭ ʠ ʠʭ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʵʚʦʣʶʮʠʠ. 

ʊʘʢʞʝ ʚ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʚʳʩʦʢʠʭ ʜʘʚʣʝʥʠʡ ʥʘ ʩʪʨʫʢʪʫʨʫ ʠ 

ʦʧʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ GdFe3(BO3)4 [65ï67] ʚʙʣʠʟʠ 25 ɻʇʘ ʙʳʣ ʦʙʥʘʨʫʞʝʥ 

ʩʪʨʫʢʪʫʨʥʳʡ ʬʘʟʦʚʳʡ ʧʝʨʝʭʦʜ ʩʦ ʩʢʘʯʢʦʤ ʦʙʲʝʤʘ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʥʘ 8 %, ʘ 

ʚ ʦʙʣʘʩʪʠ 45 ï  53 ɻʇʘ ʦʙʥʘʨʫʞʝʥ ʩʧʠʥʦʚʳʡ ʵʣʝʢʪʨʦʥʥʳʡ ʧʝʨʝʭʦʜ. 

ʌʝʨʨʦʙʦʨʘʪ ʥʝʦʜʠʤʘ NdFe3(BO3)4, ʧʦʜʦʙʥʦ ʬʝʨʨʦʙʦʨʘʪʫ ʛʘʜʦʣʠʥʠʷ, 

ʷʚʣʷʝʪʩʷ ʤʫʣʴʪʠʬʝʨʨʦʠʢʦʤ, ʧʨʠʯʝʤ ʩʦ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʠʤʠ (ʩʚʳʰʝ 
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), ʟʥʘʯʝʥʠʷʤʠ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʦʣʷʨʠʟʘʮʠʠ, ʫʧʨʘʚʣʷʝʤʦʡ ʤʘʛʥʠʪʥʳʤ 

ʧʦʣʝʤ, ʠ ʛʠʛʘʥʪʩʢʠʤ ʢʚʘʜʨʘʪʠʯʥʳʤ ʤʘʛʥʠʪʦʵʣʝʢʪʨʠʯʝʩʢʠʤ ʵʬʬʝʢʪʦʤ  [59].  

 ɿʘ ʦʙʥʘʨʫʞʝʥʠʝʤ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʤʘʛʥʠʪʥʳʭ ʠ ʤʘʛʥʠʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ ʚ GdFe3(BO3)4 ʠ NdFe3(BO3)4 ʧʦʩʣʝʜʦʚʘʣ ʙʦʣʴʰʦʡ ʮʠʢʣ ʨʘʙʦʪ, 

ʧʦʩʚʷʱʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʶ ʤʘʛʥʠʪʥʳʭ, ʤʘʛʥʠʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠ ʤʘʛʥʠʪʦʫʧʨʫʛʠʭ 

ʩʚʦʡʩʪʚ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʬʝʨʨʦʙʦʨʘʪʦʚ RFe3(BO3)4. 

 ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʘʛʥʠʪʥʳʭ, ʤʘʛʥʠʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠ 

ʤʘʛʥʠʪʦʫʧʨʫʛʠʭ ʩʚʦʡʩʪʚ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʬʝʨʨʦʙʦʨʘʪʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʦʙʟʦʨʘʭ 

ɸ. ʅ. ɺʘʩʠʣʴʝʚʘ ʠ ɽ. ɸ. ʇʦʧʦʚʦʡ [6] ʠ ɸ. ʄ. ʂʘʜʦʤʮʝʚʦʡ ʩ ʩʦʘʚʪʦʨʘʤʠ [7]. ɺ ʭʦʜʝ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʘʛʥʠʪʥʦʡ ʩʪʨʫʢʪʫʨʳ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʦʙʨʘʟʮʦʚ ʬʝʨʨʦʙʦʨʘʪʦʚ 

RFe3(BO3)4 (R = Tb  [42], Y[43], Ho [43], Pr[44], Er [44], Dy[45], Sm[46], PrxY1īx[47]) 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʝʡʪʨʦʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʙʳʣʠ ʠʟʤʝʨʝʥʳ ʠʭ ʤʘʛʥʠʪʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ɼʣʷ ʨʷʜʘ ʬʝʨʨʦʙʦʨʘʪʦʚ RFe3(BO3)4 (R =Y, Nd, Gd, Pr, Er, Eu, Tb, 

Sm) ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʦʟʚʦʣʠʚʰʠʝ ʦʧʨʝʜʝʣʠʪʴ ʧʘʨʘʤʝʪʨʳ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʧʦʣʷ ʠ ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ, ʤʘʛʥʠʪʥʳʝ, 

ʤʘʛʥʠʪʦʫʧʨʫʛʠʝ ʠ ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ [68ï72]. ɺ ʨʘʤʢʘʭ ʪʝʦʨʠʠ 

ʬʫʥʢʮʠʦʥʘʣʘ ʧʣʦʪʥʦʩʪʠ ʙʳʣ ʧʨʦʚʝʜʝʥ ab initio ʨʘʩʯʝʪ ʩʪʨʫʢʪʫʨʳ ʠ ʜʠʥʘʤʠʢʠ 

ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʬʝʨʨʦʙʦʨʘʪʦʚ RFe3(BO3)4 (R = Ce ï Lu) ʚ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ 

ʛʨʫʧʧʝ R32 ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʩʝʚʜʦʧʦʪʝʥʮʠʘʣʦʚ ʜʣʷ ʦʧʠʩʘʥʠʷ ʚʥʫʪʨʝʥʥʠʭ 

ʦʙʦʣʦʯʝʢ ʨʝʜʢʦʟʝʤʝʣʴʥʦʛʦ ʠʦʥʘ [73].  

ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʟʚʦʣʠʣʠ ʩʜʝʣʘʪʴ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ 

ʧʨʠʩʫʪʩʪʚʠʝ ʜʚʫʭ ʩʚʷʟʘʥʥʳʭ f-d ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʤʘʛʥʠʪʥʳʭ ʧʦʜʩʠʩʪʝʤ ʚ 

ʬʝʨʨʦʙʦʨʘʪʘʭ RFe3(BO3)4 ʧʨʠʚʦʜʠʪ ʢ ʩʣʦʞʥʦʤʫ ʤʘʛʥʠʪʥʦʤʫ ʧʦʚʝʜʝʥʠʶ ʜʘʥʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ: ʨʘʟʥʳʤ ʪʠʧʘʤ ʩʧʠʥʦʚʦʡ  ʧʝʨʝʦʨʠʝʥʪʘʮʠʠ, ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʦʛʦ 

ʫʧʦʨʷʜʦʯʝʥʠʷ, ʚʟʘʠʤʥʳʤ ʢʦʨʨʝʣʷʮʠʷʤ ʷʚʣʝʥʠʡ ʧʝʨʝʥʦʩʘ ʠ ʤʘʛʥʠʪʥʦʛʦ 

ʫʧʦʨʷʜʦʯʝʥʠʷ. ʕʪʠ ʦʩʦʙʝʥʥʦʩʪʠ ʦʧʨʝʜʝʣʷʶʪʩʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʤʝʞʜʫ 

ʨʝʜʢʦʟʝʤʝʣʴʥʳʤʠ ʠʦʥʘʤʠ ʠ ʠʦʥʘʤʠ ʞʝʣʝʟʘ, ʢʦʪʦʨʦʝ ʥʦʩʠʪ ʷʚʥʦ ʚʳʨʘʞʝʥʥʳʡ 

ʘʥʠʟʦʪʨʦʧʥʳʡ ʭʘʨʘʢʪʝʨ [7]. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʧʨʷʤʦʡ ʦʙʤʝʥ FeïFe ʚ 

ʬʝʨʨʦʙʦʨʘʪʘʭ ʜʦʤʠʥʠʨʫʝʪ ʠ ʥʘʤʥʦʛʦ ʧʨʝʚʳʰʘʝʪ ʢʦʩʚʝʥʥʳʡ ʦʙʤʝʥ ʤʝʞʜʫ ʠʦʥʘʤʠ 

ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʦʩʫʱʝʩʪʚʣʷʶʱʠʡʩʷ ʧʦ ʧʫʪʠ RïOïBïOïR [31]. ʆʙ 
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ʵʪʦʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ, ʚ ʯʘʩʪʥʦʩʪʠ, ʙʣʠʟʦʩʪʴ ʪʝʤʧʝʨʘʪʫʨ ʅʝʝʣʷ ʜʣʷ ʬʝʨʨʦʙʦʨʘʪʦʚ 

ʩ ʨʘʟʣʠʯʥʳʤ ʪʠʧʦʤ ʨʝʜʢʦʟʝʤʝʣʴʥʦʛʦ ʠʦʥʘ [7]. ʕʪʦ ʜʘʝʪ ʦʩʥʦʚʘʥʠʷ ʧʦʣʘʛʘʪʴ, ʯʪʦ 

ʨʝʜʢʦʟʝʤʝʣʴʥʳʝ ʠʦʥʳ ʠʩʧʳʪʳʚʘʶʪ ʚ ʦʩʥʦʚʥʦʤ ʜʝʡʩʪʚʠʝ ʦʙʤʝʥʥʦʛʦ ʧʦʣʷ 

ʧʦʜʩʠʩʪʝʤʳ Fe ʠ ʚʥʝʰʥʝʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʠʥʜʫʮʠʨʫʶʱʠʭ ʤʘʛʥʠʪʥʳʡ ʧʦʨʷʜʦʢ 

ʚ ʧʦʜʩʠʩʪʝʤʝ R, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʜʘʥʥʳʤʠ ʠʟʤʝʨʝʥʠʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʠ 

ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʜʣʷ ʬʝʨʨʦʙʦʨʘʪʦʚ [74, 

50]. ɺʦʟʥʠʢʥʦʚʝʥʠʝ ʧʦʨʷʜʢʘ ʚ ʨʝʜʢʦʟʝʤʝʣʴʥʦʡ ʧʦʜʩʠʩʪʝʤʝ ʥʠʞʝ ʪʝʤʧʝʨʘʪʫʨʳ 

ʅʝʝʣʷ ʥʦʩʠʪ ʠʥʜʫʮʠʨʦʚʘʥʥʳʡ ʭʘʨʘʢʪʝʨ ʠ ʚʳʟʚʘʥʦ ʧʦʣʝʤ fïd-ʦʙʤʝʥʘ ʧʦʨʷʜʢʘ 

ʜʝʩʷʪʢʦʚ ʢʠʣʦʵʨʩʪʝʜ, ʜʝʡʩʪʚʫʶʱʠʤ ʚ ʧʦʜʩʠʩʪʝʤʝ R ʩʦ ʩʪʦʨʦʥʳ ʠʦʥʦʚ ʞʝʣʝʟʘ. 

ʉʣʘʙʦʩʪʴ ʦʙʤʝʥʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʚ ʨʝʜʢʦʟʝʤʝʣʴʥʦʡ ʧʦʜʩʠʩʪʝʤʝ ʥʝ ʦʟʥʘʯʘʝʪ, 

ʦʜʥʘʢʦ, ʯʪʦ ʨʦʣʴ ʨʝʜʢʦʡ ʟʝʤʣʠ ʥʝʟʥʘʯʠʪʝʣʴʥʘ. ʆʨʠʝʥʪʘʮʠʷ ʤʘʛʥʠʪʥʳʭ ʤʦʤʝʥʪʦʚ 

ʠʦʥʦʚ ʞʝʣʝʟʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʭ ʦʩʝʡ ʩʚʷʟʘʥʘ ʩ ʪʠʧʦʤ 

ʨʝʜʢʦʟʝʤʝʣʴʥʦʛʦ ʠʦʥʘ: ʧʨʠ ʨʘʟʥʳʭ ʨʝʟʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʘʭ ʨʝʘʣʠʟʫʶʪʩʷ 

ʨʘʟʥʳʝ ʪʠʧʳ ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʦʡ ʩʪʨʫʢʪʫʨʳ, ʥʘʧʨʠʤʝʨ, [42, 43, 50, 75]. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʢʦʤʧʣʝʢʩʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʘʛʥʠʪʥʳʭ, 

ʵʣʝʢʪʨʠʯʝʩʢʠʭ, ʤʘʛʥʠʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠ ʤʘʛʥʠʪʦʫʧʨʫʛʠʭ ʩʚʦʡʩʪʚ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ 

ʬʝʨʨʦʙʦʨʘʪʦʚ RFe3(BO3)4 (R = Pr, Nd, Sm, Eu, Gd, Tb, Dy, Ho, Er), ʘ ʪʘʢʞʝ 

ʬʝʨʨʦʙʦʨʘʪʘ ʠʪʪʨʠʷ YFe3(BO3)4 ʫʩʪʘʥʦʚʣʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʥʝ ʪʦʣʴʢʦ ʤʘʛʥʠʪʥʳʭ, ʥʦ 

ʠ ʤʘʛʥʠʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʦʪ ʪʠʧʘ ʨʝʜʢʦʟʝʤʝʣʴʥʦʛʦ ʠʦʥʘ [7]. ʕʪʦ 

ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʩʠʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʧʦʣʷʨʠʟʘʮʠʠ ʥʠʞʝ ʪʦʯʢʠ 

ʅʝʝʣʷ TN ʠ ʝʝ ʩʧʝʮʠʬʠʯʝʩʢʦʡ ʧʦʣʝʚʦʡ ʟʘʚʠʩʠʤʦʩʪʠ, ʢʦʪʦʨʘʷ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʢʦʥʢʫʨʝʥʮʠʝʡ ʚʥʝʰʥʝʛʦ ʠ ʦʙʤʝʥʥʦʛʦ fïd-ʧʦʣʝʡ. ɺʳʷʚʣʝʥʘ ʪʝʩʥʘʷ ʢʦʨʨʝʣʷʮʠʷ 

ʤʘʛʥʠʪʦʫʧʨʫʛʠʭ ʩʚʦʡʩʪʚ ʬʝʨʨʦʙʦʨʘʪʦʚ ʩ ʤʘʛʥʠʪʦʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʠ ʤʘʛʥʠʪʥʳʤʠ 

ʘʥʦʤʘʣʠʷʤʠ ʧʨʠ ʠʥʜʫʮʠʨʦʚʘʥʥʳʭ ʤʘʛʥʠʪʥʳʤ ʧʦʣʝʤ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʘʭ. 

ʆʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʚ ʣʝʛʢʦʧʣʦʩʢʦʩʪʥʳʭ ʬʝʨʨʦʙʦʨʘʪʘʭ ʥʘʨʷʜʫ ʩ ʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʧʦʣʷʨʠʟʘʮʠʝʡ, ʠʥʜʫʮʠʨʦʚʘʥʥʦʡ ʤʘʛʥʠʪʥʳʤ ʧʦʣʝʤ, ʥʠʞʝ ʪʦʯʢʠ ʅʝʝʣʷ ʚʦʟʥʠʢʘʝʪ ʠ 

ʩʧʦʥʪʘʥʥʘʷ ʧʦʣʷʨʠʟʘʮʠʷ. ɺ ʦʙʣʘʩʪʠ ʥʠʞʝ 10 ʂ ʜʣʷ ʨʷʜʘ ʩʦʝʜʠʥʝʥʠʡ RFe3(BO3)4 

ʙʳʣ ʦʙʥʘʨʫʞʝʥ ʩʧʠʥ-ʧʝʨʝʦʨʠʝʥʪʘʮʠʦʥʥʳʡ ʧʝʨʝʭʦʜ:  R = Gd [8], Nd [76], Ho [43], 

Dy [45], Er [44] ʠ Ho0.5Nd0.5[50]. ʂʦʣʦʩʩʘʣʴʥʳʡ ʤʘʛʥʠʪʦʵʣʝʢʪʨʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʙʳʣ 
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ʚʳʷʚʣʝʥ ʚ SmFe3(BO3)4 [77], ʠ ʤʝʥʴʰʠʡ ʧʦ ʧʦʨʷʜʢʫ ʚʝʣʠʯʠʥʳ ʘʥʘʣʦʛʠʯʥʳʡ 

ʵʬʬʝʢʪ ʙʳʣ ʦʙʥʘʨʫʞʝʥ ʚ HoFe3(BO3)4 [50]. 

1.6. ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʤʝʞʜʫ ʭʠʤʠʯʝʩʢʠʤ ʩʦʩʪʘʚʦʤ, ʘʪʦʤʥʦʡ 

ʩʪʨʫʢʪʫʨʦʡ ʠ ʬʠʟʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ, ʦʙʣʘʜʘʶʱʠʭ 

ʚʘʞʥʳʤʠ ʜʣʷ ʩʦʚʨʝʤʝʥʥʦʡ ʪʝʭʥʠʢʠ ʠ ʚʳʩʦʢʠʭ ʪʝʭʥʦʣʦʛʠʡ ʩʚʦʡʩʪʚʘʤʠ, ï 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʘʷ ʟʘʜʘʯʘ ʬʠʟʠʢʠ ʪʚʝʨʜʦʛʦ ʪʝʣʘ ʠ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ. ʇʨʠʚʝʜʝʥʥʳʡ 

ʦʙʟʦʨ ʠʩʩʣʝʜʦʚʘʥʠʡ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʬʝʨʨʦʙʦʨʘʪʦʚ RFe3(BO3)4 ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ, 

ʥʝʩʤʦʪʨʷ ʥʘ ʜʦʚʦʣʴʥʦ ʙʦʣʴʰʦʝ ʯʠʩʣʦ ʨʘʙʦʪ, ʧʦʩʚʷʱʝʥʥʳʭ ʠʟʫʯʝʥʠʶ 

ʤʫʣʴʪʠʬʝʨʨʦʠʜʥʳʭ ʩʚʦʡʩʪʚ ʜʘʥʥʦʛʦ ʢʣʘʩʩʘ ʩʦʝʜʠʥʝʥʠʡ, ʦ ʩʚʷʟʠ ʠʭ ʩʪʨʫʢʪʫʨʳ ʩʦ 

ʩʚʦʡʩʪʚʘʤʠ ʠʟʚʝʩʪʥʦ ʥʝʜʦʩʪʘʪʦʯʥʦ. ɿʥʘʯʠʪʝʣʴʥʦʝ ʯʠʩʣʦ ʧʫʙʣʠʢʘʮʠʡ ʧʦʩʚʷʱʝʥʦ 

ʠʩʩʣʝʜʦʚʘʥʠʶ ʤʘʛʥʠʪʥʦʛʦ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʚ ʦʙʣʘʩʪʠ 30ï40 ʂ ʠ ʤʘʛʥʠʪʥʦʛʦ 

ʫʧʦʨʷʜʦʯʝʥʠʷ, ʚʦʟʥʠʢʘʶʱʝʛʦ ʥʠʞʝ ʪʝʤʧʝʨʘʪʫʨʳ ʅʝʝʣʷ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ 

ʩʪʨʫʢʪʫʨʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚ ʦʙʣʘʩʪʠ ʩʪʨʫʢʪʫʨʥʦʛʦ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ, ʪʝʤʧʝʨʘʪʫʨʘ 

ʢʦʪʦʨʦʛʦ ʟʘʚʠʩʠʪ ʦʪ ʪʠʧʘ ʨʝʜʢʦʟʝʤʝʣʴʥʦʛʦ ʠʦʥʘ ʚ ʩʪʨʫʢʪʫʨʝ, ʜʣʷ ʙʦʣʴʰʝʡ ʯʘʩʪʠ 

ʢʨʠʩʪʘʣʣʦʚ RFe3(BO3)4 ʥʝ ʘʥʘʣʠʟʠʨʦʚʘʣʠʩʴ. ɼʘʥʥʳʝ ʦ ʪʝʤʧʝʨʘʪʫʨʝ ʩʪʨʫʢʪʫʨʥʦʛʦ 

ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʚ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʬʝʨʨʦʙʦʨʘʪʘʭ ʧʨʦʪʠʚʦʨʝʯʠʚʳ, ʯʪʦ ʛʦʚʦʨʠʪ ʦ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʜʘʣʴʥʝʡʰʝʛʦ ʠʭ ʠʟʫʯʝʥʠʷ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʩʪʨʫʢʪʫʨʥʳʤʠ 

ʤʝʪʦʜʘʤʠ. ɼʘʥʥʳʝ ʦ ʩʪʨʫʢʪʫʨʝ ʬʝʨʨʦʙʦʨʘʪʦʚ, ʧʦʣʫʯʝʥʥʳʝ ʥʘ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ, 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 1.1. ɺ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʬʘʟʝ ʩ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ 

ʛʨʫʧʧʦʡ R32 ʥʘ ʤʦʥʦʢʨʠʩʪʘʣʣʘʭ ʙʳʣʘ ʦʧʨʝʜʝʣʝʥʘ ʩʪʨʫʢʪʫʨʘ ʣʠʰʴ ʥʝʩʢʦʣʴʢʠʭ 

ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʩʝʤʝʡʩʪʚʘ, ʘ ʤʦʥʦʢʨʠʩʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʳ ʚ 

ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʦʙʣʘʩʪʠ ʩ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʦʡ P3121 ʧʨʦʚʦʜʠʣʠʩʴ 

ʪʦʣʴʢʦ ʜʣʷ GdFe3(BO3)4. ʇʨʠ ʵʪʦʤ ʤʦʥʦʢʨʠʩʪʘʣʣʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʨʘʟʥʳʭ ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʙʝʟ ʘʥʘʣʠʟʘ ʚʣʠʷʥʠʷ ʧʨʠʤʝʩʝʡ. ɼʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ ʥʝ 

ʘʥʘʣʠʟʠʨʦʚʘʣʦʩʴ ʚʦʟʤʦʞʥʦʝ ʚʭʦʞʜʝʥʠʝ ʧʨʠʤʝʩʠ Bi ʚ ʢʨʠʩʪʘʣʣʳ, ʚʳʨʘʱʝʥʥʳʝ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ Bi2Mo3O12, ʯʪʦ ʤʦʞʝʪ ʚʣʠʷʪʴ ʥʘ ʤʘʛʥʠʪʥʳʝ, ʤʘʛʥʠʪʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʠ 
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ʦʧʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʜʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. ʅʘʣʠʯʠʝ ʧʨʠʤʝʩʠ Bi ʚ ʢʨʠʩʪʘʣʣʘʭ, 

ʚʳʨʘʱʝʥʥʳʭ ʧʦ ʪʝʭʥʦʣʦʛʠʠ, ʦʧʠʩʘʥʥʦʡ ʚ [13, 26, 27] ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ ʪʦʣʴʢʦ 

ʢʦʩʚʝʥʥʦ ʜʣʷ ʢʨʠʩʪʘʣʣʘ EuFe3(BO3)4. ʇʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ ʠ ʘʥʘʣʠʟ ʜʚʦʡʥʠʢʦʚʦʡ 

ʩʪʨʫʢʪʫʨʳ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʬʝʨʨʦʙʦʨʘʪʦʚ, ʧʦʩʢʦʣʴʢʫ ʥʘʣʠʯʠʝ ʜʦʤʝʥʦʚ ʩ 

ʨʘʟʣʠʯʥʦʡ ʦʨʠʝʥʪʘʮʠʝʡ ʤʦʞʝʪ ʚʣʠʷʪʴ ʥʘ ʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʩʦʝʜʠʥʝʥʠʡ.  

ɺ ʯʘʩʪʥʦʩʪʠ, ʠʥʪʝʨʝʩ ʚʳʟʳʚʘʝʪ ʠʩʩʣʝʜʦʚʘʥʠʝ ʬʝʨʨʦʙʦʨʘʪʦʚ GdFe3(BO3)4 ʠ 

HoFe3(BO3)4, ʚ ʢʦʪʦʨʳʭ ʚʢʣʘʜ ʨʝʜʢʦʟʝʤʝʣʴʥʦʡ ʠ ʞʝʣʝʟʥʦʡ ʧʦʜʩʠʩʪʝʤ ʚ ʤʘʛʥʠʪʥʫʶ 

ʘʥʠʟʦʪʨʦʧʠʶ ʠʤʝʶʪ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʝ ʟʥʘʢʠ ʠ ʙʣʠʟʢʠ ʧʦ ʘʙʩʦʣʶʪʥʦʡ ʚʝʣʠʯʠʥʝ. 

ʊʘʢʞʝ ʠʥʪʝʨʝʩʥʦ ʧʨʦʩʣʝʜʠʪʴ ʧʦʚʝʜʝʥʠʝ ʚ ʦʙʣʘʩʪʠ ʩʪʨʫʢʪʫʨʥʦʛʦ ʬʘʟʦʚʦʛʦ 

ʧʝʨʝʭʦʜʘ ʠ ʩʪʨʫʢʪʫʨʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʬʝʨʨʦʙʦʨʘʪʦʚ HoFe3(BO3)4 ʠ YFe3(BO3)4, 

ʧʦʩʢʦʣʴʢʫ  ʨʘʜʠʫʩʳ Y ʠ Ho ʦʯʝʥʴ ʙʣʠʟʢʠ (r ion (Y) = 0.9 ¡, r ion (Ho) = 0.901 ¡ ʜʣʷ 

ʂʏ=VI [78]) ʠ, ʩʦʛʣʘʩʥʦ ʣʠʪʝʨʘʪʫʨʥʳʤ ʜʘʥʥʳʤ, ʠʪʪʨʠʝʚʳʡ ʠ ʛʦʣʴʤʠʝʚʳʡ 

ʬʝʨʨʦʙʦʨʘʪʳ ʦʙʣʘʜʘʶʪ ʙʣʠʟʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʪʝʤʧʝʨʘʪʫʨʳ ʩʪʨʫʢʪʫʨʥʦʛʦ 

ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ [7]. ʇʨʠ ʵʪʦʤ ʚ ʠʪʪʨʠʝʚʦʤ ʢʨʠʩʪʘʣʣʝ ʦʪʩʫʪʩʚʫʝʪ ʩʠʣʴʥʳʡ 

ʤʘʛʥʠʪʥʳʡ ʚʢʣʘʜ ʨʝʜʢʦʟʝʤʝʣʴʥʦʡ ʧʦʜʩʠʩʪʝʤʳ. 
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ʊʘʙʣʠʮʘ 1.1. ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ, ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʦʧʨʝʜʝʣʝʥʥʘʷ 

ʥʘ ʪʝʢʫʱʠʡ ʤʦʤʝʥʪ ʜʣʷ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʬʝʨʨʦʙʦʨʘʪʦʚ RFe3(BO3)4: ʚ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʦʙʣʘʩʪʠ, ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ (ʧʨʠʚʝʜʝʥʥʦʝ ʚ 

ʩʪʘʪʴʷʭ ʟʥʘʯʝʥʠʝ ʠʣʠ RT, ʝʩʣʠ ʪʦʯʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʥʝ ʫʢʘʟʘʥʘ), ʧʨʠ ʥʠʟʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ. ʎʚʝʪʦʤ ʦʪʤʝʯʝʥʳ ʩʪʨʫʢʪʫʨʳ, ʦʧʨʝʜʝʣʷʚʰʠʝʩʷ ʥʘ ʤʦʥʦʢʨʠʩʪʘʣʣʘʭ, 

ʦʩʪʘʣʴʥʳʝ ʠʟʫʯʝʥʳ ʥʘ ʧʦʣʠʢʨʠʩʪʘʣʣʘʭ. ʇʦʜʯʝʨʢʠʚʘʥʠʝʤ ʚʳʜʝʣʝʥʳ 

ʵʢʩʧʝʨʠʤʝʥʪʳ, ʧʨʦʚʝʜʝʥʥʳʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʙʨʘʟʮʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʠʟ 

ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʚʳʨʘʱʝʥʳ c Bi2Mo3O12 ʚ ʢʘʯʝʩʪʚʝ ʨʘʩʪʚʦʨʠʪʝʣʷ. 

ʀʩʧʦʣʴʟʦʚʘʥʳ ʜʘʥʥʳʝ ʩʪʨʫʢʪʫʨʥʦʡ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʙʘʟʳ ʜʘʥʥʳʭ Fiz ʂarlsruhe 

ICSD [53] ʠ ʙʘʟʳ ʤʘʛʥʠʪʥʳʭ ʩʪʨʫʢʪʫʨ MAGNDATA [79]. * - ʜʘʥʥʳʝ  ʦʪʩʫʪʩʪʚʫʶʪ 

ʚ ʙʘʟʝ ICSD. 

R ʅʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʝ 

ʠʟʤʝʨʝʥʠʷ, T (ʂ) 

ʀʟʤʝʨʝʥʠʷ  

ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʪʫʨʝ, T (ʂ) 

ɺʳʩʦʢʦ-

ʪʝʤʧʝʨʘʪʫʨʥʳʝ 

ʠʟʤʝʨʝʥʠʷ, T (ʂ) 

Sc     

Y 2; 50 295 520 

La  295  

Ce    

Pr 1.5 300  

Nd 6*, 22* 295  

Pm     

Sm  RT  

Eu    

Gd 90 297  

Tb 2;  30;  40;  100;  200 300  

Dy 2; 50 300  

Ho 2;  50 295 520 

Er 1.5 300; RT  

Tm     

Yb    

Lu    

Y0.5Bi0.5  295  

Nd0.5Bi0.5  295  

PrxY1īx  RT  
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ɻʃɸɺɸ 2. ʕʂʉʇɽʈʀʄɽʅʊɸʃʔʅʓɽ ʄɽʊʆɼʀʂʀ 

2.1. ʈʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ 

ʈʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ (ʈʉɸ) ï ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʡ 

ʜʠʬʨʘʢʮʠʦʥʥʳʡ ʤʝʪʦʜ ʠʟʫʯʝʥʠʷ ʩʠʤʤʝʪʨʠʠ ʠ ʩʪʨʦʝʥʠʷ ʢʨʠʩʪʘʣʣʦʚ ʩ ʧʦʤʦʱʴʶ 

ʜʠʬʨʘʢʮʠʠ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ʵʣʝʢʪʨʦʥʘʤʠ ʘʪʦʤʦʚ. ʆʩʥʦʚʥʳʝ 

ʧʨʘʢʪʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʈʉɸ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʢʘʢ ʜʦʩʪʦʠʥʩʪʚʘ, ʪʘʢ ʠ ʥʝʜʦʩʪʘʪʢʠ 

ʤʝʪʦʜʘ ï ʥʝʙʦʣʴʰʠʝ ʨʘʟʤʝʨʳ ʦʙʨʘʟʮʘ (0.01ï0.5 ʤʤ), ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʩʪʴ 

ʘʪʦʤʥʦʛʦ ʬʘʢʪʦʨʘ ʘʪʦʤʥʦʤʫ ʥʦʤʝʨʫ Z [80]. ʅʘʠʙʦʣʝʝ ʪʦʯʥʳʤ ʤʝʪʦʜʦʤ 

ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʛʦ ʨʘʩʰʠʬʨʦʚʘʥʦ ʙʦʣʴʰʠʥʩʪʚʦ 

ʠʟʚʝʩʪʥʳʭ ʩʝʛʦʜʥʷ ʩʪʨʫʢʪʫʨ, ʜʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ ʦʩʪʘʝʪʩʷ ʘʥʘʣʠʟ 

ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʜʠʬʨʘʢʪʦʛʨʘʤʤ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ [81] . 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ 

ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʦʙʨʘʟʮʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʥʝʩʢʦʣʴʢʦ ʯʝʪʳʨʝʭʢʨʫʞʥʳʭ 

ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʜʠʬʨʘʢʪʦʤʝʪʨʦʚ ʩ  ʫʩʪʘʥʦʚʣʝʥʥʳʤʠ ʥʘ ʥʠʭ ʪʝʤʧʝʨʘʪʫʨʥʳʤʠ 

ʧʨʠʩʪʘʚʢʘʤʠ. ɺ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ʥʘ ʚʩʝʭ 

ʣʘʙʦʨʘʪʦʨʥʳʭ ʜʠʬʨʘʢʪʦʤʝʪʨʘʭ ʠʩʧʦʣʴʟʦʚʘʣʩʷ Mo-ʘʥʦʜ (Mo ʂŬ; ɚ=0.71073 ᴠ).  

ʄʦʥʦʢʨʠʩʪʘʣʴʥʳʡ ʨʝʥʪʛʝʥʦʚʩʢʠʡ ʜʠʬʨʘʢʪʦʤʝʪʨ Huber-5042 ʦʙʦʨʫʜʦʚʘʥ 

ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʳʤ ʪʦʯʝʯʥʳʤ ʜʝʪʝʢʪʦʨʦʤ ʠ ʛʝʣʠʝʚʳʤ ʢʨʠʦʩʪʘʪʦʤ ʟʘʤʢʥʫʪʦʛʦ 

ʮʠʢʣʘ Displex DE-202 (APD Cryogenics). ɼʚʫʭʩʪʫʧʝʥʯʘʪʳʡ ʛʝʣʠʝʚʳʡ ʢʨʠʦʩʪʘʪ 

ʟʘʤʢʥʫʪʦʛʦ ʮʠʢʣʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʪʘʙʠʣʴʥʦʩʪʴ ʪʝʤʧʝʨʘʪʫʨʳ Ñ0.05 ʂ ʚ ʜʠʘʧʘʟʦʥʝ 

20ï350 ʂ. ʆʙʨʘʟʝʮ ʫʩʪʘʥʘʚʣʠʚʘʣʩʷ ʥʘ ʭʦʣʦʜʥʳʡ ʧʘʣʝʮ ʜʚʫʭʩʪʫʧʝʥʯʘʪʦʛʦ 

ʢʨʠʦʩʪʘʪʘ ʟʘʤʢʥʫʪʦʛʦ ʮʠʢʣʘ. ɼʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ 

ʦʙʨʘʟʦʚʘʥʠ ʢʦʥʜʝʥʩʘʪʘ, ʢʨʠʩʪʘʣʣ ʠ ʦʭʣʘʞʜʘʝʤʘʷ ʯʘʩʪʴ ʢʨʠʦʩʪʘʪʘ ʧʦʤʝʱʘʣʠʩʴ ʚ 

ʜʚʘ ʛʝʨʤʝʪʠʯʥʳʭ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʩʪʘʢʘʥʘ, ʥʠʞʥʷʷ ʯʘʩʪʴ ʢʦʪʦʨʳʭ ʠʟʛʦʪʦʚʣʝʥʘ ʠʟ 

ʙʝʨʠʣʣʠʷ. ʆʙʲʝʤ ʤʝʥʴʰʝʛʦ ʩʪʘʢʘʥʘ (ʩ ʥʝʙʦʣʴʰʠʤ ʦʪʚʝʨʩʪʠʝʤ) ʠ ʦʙʲʝʤ ʤʝʞʜʫ 

ʜʚʫʤʷ ʩʪʘʢʘʥʘʤʠ ʙʳʣ ʦʪʢʘʯʘʥ ʜʦ ʜʘʚʣʝʥʠʷ 10
-4
-10

ï5
 ʤʙʘʨ. ʊʝʤʧʝʨʘʪʫʨʘ ʜʝʨʞʘʪʝʣʷ 

ʦʙʨʘʟʮʘ ʦʧʨʝʜʝʣʷʣʘʩʴ ʰʪʘʪʥʳʤ ʢʨʝʤʥʠʝʚʳʤ ʪʝʤʧʝʨʘʪʫʨʥʳʤ ʜʘʪʯʠʢʦʤ (ʜʠʦʜ DT-
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470), ʟʘʢʨʝʧʣʝʥʥʳʤ ʥʘ ʩʪʝʥʢʝ ʢʨʠʦʩʪʘʪʘ. ɼʣʷ ʢʦʥʪʨʦʣʷ ʪʝʤʧʝʨʘʪʫʨʳ 

ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʢʦʥʪʨʦʣʣʝʨ ʥʘʩʪʨʦʡʢʠ ʪʝʤʧʝʨʘʪʫʨʳ LakeShor 330. 

ʄʝʜʥʳʡ ʜʝʨʞʘʪʝʣʴ ʦʙʨʘʟʮʘ ʢʨʝʧʠʣʩʷ ʢ ʥʠʞʥʝʡ ʯʘʩʪʠ ʢʨʠʦʩʪʘʪʘ (ʢ ʭʦʣʦʜʥʦʤʫ 

ʧʘʣʴʮʫ) ï ʵʪʦʪ ʢʦʥʪʘʢʪ ʩʣʫʞʠʣ ʝʜʠʥʩʪʚʝʥʥʳʤ ʪʝʧʣʦʚʳʤ ʢʦʥʪʘʢʪʦʤ ʤʝʞʜʫ 

ʦʙʨʘʟʮʦʤ ʠ ʢʨʠʦʩʪʘʪʦʤ. ʊʘʢʘʷ ʩʠʩʪʝʤʘ ʢʨʝʧʣʝʥʠʷ ʧʦʟʚʦʣʷʝʪ ʢʨʠʩʪʘʣʣʫ ʥʘʭʦʜʠʪʴʩʷ 

ʚ ʨʘʚʥʦʚʝʩʥʦʤ ʪʝʧʣʦʚʦʤ ʩʦʩʪʦʷʥʠʠ. ɼʣʷ ʢʨʠʦʩʪʘʪʘ ʟʘʢʨʳʪʦʛʦ ʪʠʧʘ ʨʝʣʘʢʩʘʮʠʷ 

ʪʝʤʧʝʨʘʪʫʨʳ ʢʨʠʦʩʪʘʪʘ (ʠ ʜʝʨʞʘʪʝʣʷ ʦʙʨʘʟʮʘ) ʠʤʝʝʪ ʪʫ ʞʝ ʧʦʩʪʦʷʥʥʫʶ ʚʨʝʤʝʥʠ, 

ʯʪʦ ʠ ʜʣʷ ʦʙʨʘʟʮʘ [82]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʪʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʦʙʨʘʟʮʘ 

ʜʦʩʪʘʪʦʯʥʦ ʢʦʨʨʝʢʪʥʦ ʦʧʠʩʳʚʘʝʪʩʷ ʧʦʢʘʟʘʥʠʷʤʠ ʰʪʘʪʥʦʛʦ ʜʘʪʯʠʢʘ ʥʘ ʩʪʝʥʢʝ 

ʢʨʠʦʩʪʘʪʘ. 

ʄʦʥʦʢʨʠʩʪʘʣʴʥʳʡ ʨʝʥʪʛʝʥʦʚʩʢʠʡ ʜʠʬʨʘʢʪʦʤʝʪʨ Xcalibur (Rigaku Oxford 

Diffraction) ʦʩʥʘʱʝʥ ʜʚʫʤʝʨʥʳʤ CCD ʜʝʪʝʢʪʦʨʦʤ. ɺ ʠʩʩʣʝʜʦʚʘʥʠʷʭ 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʚʘ ʨʘʟʥʳʭ CCD-ʜʝʪʝʢʪʦʨʘ, ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʥʘ ʜʠʬʨʘʢʪʦʤʝʪʨ 

Xcalibur: Sapphire S3 ʠ EOS S2. ɺ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʩ ʥʠʟʢʠʤʠ ʠ ʚʳʩʦʢʠʤʠ 

ʪʝʤʧʝʨʘʪʫʨʘʤʠ ʥʘ ʜʠʬʨʘʢʪʦʤʝʪʨʝ  Xcalibur ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʚʝ ʪʝʤʧʝʨʘʪʫʨʥʳʭ 

ʧʨʠʩʪʘʚʢʠ ʩ ʦʭʣʘʞʜʝʥʠʝʤ ʦʪʢʨʳʪʳʤ ʧʦʪʢʦʚ ʘʟʦʪʘ: CryoJetHT (Oxford Instruments) 

ʠ Cobra Plus (Oxford Cryosystems).  

ʊʘʢʞʝ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʤʝʪʦʜʠʯʝʩʢʦʡ ʨʘʙʦʪʳ, ʧʦʟʚʦʣʠʚʰʝʡ ʦʮʝʥʠʪʴ 

ʪʦʯʥʦʩʪʴ ʧʦʢʘʟʘʥʠʡ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʰʪʘʪʥʳʭ ʜʘʪʯʠʢʘʭ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʧʨʠʩʪʘʚʦʢ 

ʦʪʢʨʳʪʦʛʦ ʪʠʧʘ, ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʜʠʬʨʘʢʪʦʤʝʪʨ CAD-4F Enraf-Nonius ʩ ʪʦʯʝʯʥʳʤ 

ʜʝʪʝʢʪʦʨʦʤ.  

ʈʝʥʪʛʝʥʦʜʠʬʨʘʢʮʠʦʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪ rʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʠʥʭʨʦʪʨʦʥʥʦʛʦ 

ʠʟʣʫʯʝʥʠʷ ʦʩʫʱʝʩʪʚʣʷʣʠʩʴ ʥʘ ʤʥʦʛʦʮʝʣʝʚʦʤ ʜʠʬʨʘʢʪʦʤʝʪʨʝ  PILATUS@SNBL 

ʩʪʘʥʮʠʠ SNBL (BM01) ɽʚʨʦʧʝʡʩʢʦʛʦ ʩʠʥʭʨʦʪʨʦʥʥʦʛʦ ʮʝʥʪʨʘ ESRF (ɚ=0.6742 ¡) 

[83]. ɼʣʷ ʦʭʣʘʞʜʝʥʠʷ ʠ ʥʘʛʨʝʚʘʥʠʷ ʦʙʨʘʟʮʘ ʥʘ ʜʠʬʨʘʢʪʦʤʝʪʨʝ PILATUS@SNBL ʚ 

ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʧʨʠʩʪʘʚʢʠ ʩ ʦʪʢʨʳʪʳʤ ʧʦʪʦʢʦʤ 

ʭʣʘʜʘʛʝʥʪʘ ESRF Heljet ʠ Oxford Cryostream700+. 

ʀʥʪʝʛʨʠʨʦʚʘʥʠʝ ʥʘʙʦʨʦʚ ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʥʘ 

ʣʘʙʦʨʘʪʦʨʥʳʭ ʜʠʬʨʘʢʪʦʤʝʪʨʘʭ ʧʨʦʚʦʜʠʣʦʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ CrysAlis(Pro) (Rigaku Oxford Diffraction) [84]. ɼʣʷ ʧʨʝʦʙʘʟʦʚʘʥʠʷ 
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ʬʦʨʤʘʪʘ ʬʨʝʡʤʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʝʪʝʢʪʦʨʘ Pilatus 2M ʥʘ 

ʜʠʬʨʘʢʪʦʤʝʪʨʝ PILATUS@SNBL, ʚ ʬʦʨʤʘʪ CrysAlis(Pro) ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʢʦʤʧʣʝʢʩ 

ʧʨʦʛʨʘʤʤ SNBL ToolBox[83]. ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʩʦʝʜʠʥʝʥʠʡ ʫʪʦʯʥʷʣʘʩʴ 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤ Jana2006 [85] ʠ ASTRA [86]. 

2.2. ʂʘʣʠʙʨʦʚʢʘ ʫʩʪʨʦʡʩʪʚ ʦʭʣʘʞʜʝʥʠʷ ʦʙʨʘʟʮʘ CryoJetHT ʠ Cobra PLUS 

ɺ ʵʢʩʧʝʨʠʤʝʥʪʘʭ, ʧʨʦʚʦʜʠʤʳʭ ʥʘ ʜʠʬʨʘʢʪʦʤʝʪʨʝ Xcalibur CCD, 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʚʝ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʧʨʠʩʪʘʚʢʠ.  

ʊʝʤʧʝʨʘʪʫʨʥʘʷ ʧʨʠʩʪʘʚʢʘ CryoJetHT (Oxford Instruments)  ʧʦʟʚʦʣʷʝʪ 

ʦʭʣʘʞʜʘʪʴ ʠʣʠ ʥʘʛʨʝʚʘʪʴ ʦʙʨʘʟʝʮ ʚ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ 90ï490 ʂ ʧʦʩʨʝʜʩʪʚʦʤ 

ʝʛʦ ʦʙʜʫʚʘ ʧʦʪʦʢʦʤ ʛʘʟʦʦʙʨʘʟʥʦʛʦ ʘʟʦʪʘ.  ɼʣʷ ʭʨʘʥʝʥʠʷ ʞʠʜʢʦʛʦ ʘʟʦʪʘ ʠ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʧʦʧʦʣʥʝʥʠʷ ʧʦ ʤʝʨʝ ʨʘʩʭʦʜʦʚʘʥʠʷ ʠʩʧʦʣʴʟʫʶʪʩʷ ʦʩʥʦʚʥʦʡ 75-

ʣʠʪʨʦʚʳʡ ʠ ʪʨʘʥʩʧʦʨʪʥʳʡ 160-ʣʠʪʨʦʚʳʡ ʛʝʨʤʝʪʠʯʥʳʝ ʜʴʶʘʨʳ. ɺ ʢʘʯʝʩʪʚʝ 

ʰʪʘʪʥʦʛʦ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʜʘʪʯʠʢʘ ʜʣʷ ʢʦʥʪʨʦʣʷ ʧʦʢʘʟʘʥʠʡ CryoJetHT 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʣʘʪʠʥʦʚʳʡ ʨʝʟʠʩʪʠʚʥʳʡ ʪʝʨʤʦʤʝʪʨ PT100, ʢʦʪʦʨʳʡ ʨʘʩʧʦʣʦʞʝʥ 

ʚʙʣʠʟʠ ʩʦʧʣʘ.  

ʊʝʤʧʝʨʘʪʫʨʥʘʷ ʧʨʠʩʪʘʚʢʘ Cobra Plus (Oxford Cryosystems) ï ʦʪʢʨʳʪʘʷ 

ʩʠʩʪʝʤʘ ʦʭʣʘʞʜʝʥʠʷ ʧʦʪʦʢʦʤ ʛʘʟʦʦʙʨʘʟʥʦʛʦ ʘʟʦʪʘ, ʧʦʟʚʦʣʷʶʱʘʷ, ʩʦʛʣʘʩʥʦ 

ʩʧʝʮʠʬʠʢʘʮʠʠ, ʧʨʦʚʦʜʠʪʴ ʠʟʤʝʨʝʥʠʷ ʚ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ 80 ï 500 ʂ. ʉʠʩʪʝʤʘ 

Cobra Plus ʩʦʜʝʨʞʠʪ ʨʝʬʨʠʞʝʨʘʪʦʨ, ʙʣʦʢ ʫʧʨʘʚʣʝʥʠʷ ʠ ʛʝʣʠʝʚʳʡ ʢʦʤʧʨʝʩʩʦʨ 

Cryodrive. ʀʩʪʦʯʥʠʢʦʤ ʘʟʦʪʘ ʜʣʷ ʩʠʩʪʝʤʳ Cobra Plus ʷʚʣʷʝʪʩʷ ʛʝʥʝʨʘʪʦʨ ʘʟʦʪʘ 

Parker. ɺʥʝʰʥʠʡ ʧʦʪʦʢ ʛʘʟʦʦʙʨʘʟʥʦʛʦ ʘʟʦʪʘ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʦʙʝʠʭ 

ʧʨʠʩʪʘʚʢʘʭ ʦʙʝʩʧʝʯʠʚʘʝʪ ʟʘʱʠʪʫ ʦʙʨʘʟʮʘ ʦʪ ʦʙʤʝʨʟʘʥʠʷ. ʂʦʥʪʨʦʣʴ ʪʝʤʧʝʨʘʪʫʨʳ ʚ 

ʩʠʩʪʝʤʝ Cobra Plus ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦ ʰʪʘʪʥʦʤʫ ʜʘʪʯʠʢʫ, ʨʘʩʧʦʣʦʞʝʥʥʦʤʫ 

ʚʙʣʠʟʠ ʩʦʧʣʘ. 

ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ ʨʘʟʥʳʤʠ ʤʝʪʦʜʘʤʠ ʥʝʦʙʭʦʜʠʤʘ 

ʪʦʯʥʘʷ ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʴ ʠ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʴ ʪʝʤʧʝʨʘʪʫʨʳ. ʇʣʦʭʘʷ 

ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʴ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʭ ʜʘʥʥʳʭ ʚʳʟʳʚʘʝʪ ʩʠʣʴʥʳʡ ʨʘʟʙʨʦʩ 
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ʧʘʨʘʤʝʪʨʦʚ ʷʯʝʡʢʠ ʥʘ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʟʘʚʠʩʠʤʦʩʪʷʭ, ʩʧʦʩʦʙʥʳʡ ʦʰʠʙʦʯʥʦ 

ʠʤʠʪʠʨʦʚʘʪʴ, ʣʠʙʦ ʩʢʨʳʪʴ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʬʘʟʦʚʳʡ ʧʝʨʝʭʦʜ, ʦʩʦʙʝʥʥʦ, ʝʩʣʠ 

ʠʩʪʠʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʧʨʠ ʬʘʟʦʚʦʤ ʧʝʨʝʭʦʜʝ ʥʝʚʝʣʠʢʠ. ʉ ʮʝʣʴʶ 

ʧʦʣʫʯʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦ ʢʦʨʨʝʢʪʥʳʭ ʜʘʥʥʳʭ ʦ ʪʝʤʧʝʨʘʪʫʨʝ ʦʙʨʘʟʮʘ ʧʨʠ 

ʧʨʦʚʝʜʝʥʠʠ ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ, ʚ 

ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʢʘʣʠʙʨʦʚʢʘ ʫʩʪʨʦʡʩʪʚ ʦʭʣʘʞʜʝʥʠʷ, 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʥʘ ʣʘʙʦʨʘʪʦʨʥʦʤ ʜʠʬʨʘʢʪʦʤʝʪʨʝ. 

ɼʣʷ ʦʮʝʥʢʠ ʧʦʛʨʝʰʥʦʩʪʠ ʟʥʘʯʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ, ʧʦʣʫʯʘʝʤʦʛʦ ʚ 

ʨʝʥʪʛʝʥʦʜʠʬʨʘʢʮʠʦʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʨʠʦʫʩʪʨʦʡʩʪʚ ʩ 

ʦʪʢʨʳʪʳʤ ʧʦʪʦʢʦʤ ʛʘʟʘ, ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʢʘʣʠʙʨʦʚʢʘ ʫʩʪʨʦʡʩʪʚ CryoJetHT (Oxford 

Instruments) ʠ Cobra Plus (Oxford Cryosystems) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʧʝʮʠʘʣʴʥʦʛʦ 

ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. ɼʣʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʢʦʥʪʨʦʣʷ ʨʝʟʫʣʴʪʘʪʦʚ 

ʢʘʣʠʙʨʦʚʢʠ ʚʳʰʝʥʘʟʚʘʥʥʳʭ ʫʩʪʨʦʡʩʪʚ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʪʝʤʧʝʨʘʪʫʨʥʘʷ 

ʟʘʚʠʩʠʤʦʩʪʴ ʧʘʨʘʤʝʪʨʦʚ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʤʦʥʦʢʨʠʩʪʘʣʣʘ GdFe3(BO3)4 ʚ 

ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ, ʙʣʠʟʢʠʭ ʢ ʪʝʤʧʝʨʘʪʫʨʝ ʩʪʨʫʢʪʫʨʥʦʛʦ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʠʟ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʳ R32 ʚ ʛʨʫʧʧʫ P3121 (ʩʤ. ʧʘʨʘʛʨʘʬ 3.1.2).  

 ʇʨʠ ʢʘʣʠʙʨʦʚʢʝ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʪʨʠ ʨʘʟʣʠʯʥʳʝ ʩʠʩʪʝʤʳ ʦʭʣʘʞʜʝʥʠʷ. 

ʋʩʪʨʦʡʩʪʚʦ CryoJetHT (Oxford Instruments) ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ ʥʘ ʜʠʬʨʘʢʪʦʤʝʪʨ 

CAD4 (Enraf-Nonius) ʩ ʪʦʯʝʯʥʳʤ ʜʝʪʝʢʪʦʨʦʤ. ʋʩʪʨʦʡʩʪʚʦ Cobra Plus (Oxford 

Cryosystems) ʙʳʣʦ ʨʘʟʤʝʱʝʥʦ ʥʘ ʜʠʬʨʘʢʪʦʤʝʪʨʝ Xcalibur ʩ ʜʚʫʤʝʨʥʳʤ CCD 

ʜʝʪʝʢʪʦʨʦʤ (Rigaku Oxford Diffraction). ɼʣʷ ʢʦʥʪʨʦʣʷ ʠʩʧʦʣʴʟʦʚʘʣʩʷ çʵʪʘʣʦʥʥʳʡè 

ʜʠʬʨʘʢʪʦʤʝʪʨ Huber-5042 ʩ ʪʦʯʝʯʥʳʤ ʜʝʪʝʢʪʦʨʦʤ ʠ ʛʝʣʠʝʚʳʤ ʢʨʠʦʩʪʘʪʦʤ 

ʟʘʤʢʥʫʪʦʛʦ ʮʠʢʣʘ Displex DE-202 (APD Cryogenics). 

ɹʳʣʘ ʦʮʝʥʝʥʘ ʩʪʘʙʠʣʴʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ 

ʥʘ ʜʠʬʨʘʢʪʦʤʝʪʨʝ Huber. ɼʣʷ ʵʪʦʛʦ ʧʘʨʘʤʝʪʨʳ ʷʯʝʡʢʠ ʧʝʨʠʦʜʠʯʝʩʢʠ ʠʟʤʝʨʷʣʠʩʴ 

ʧʨʠ 30 ʂ ʚ ʪʝʯʝʥʠʝ ʧʦʣʫʪʦʨʘ ʤʝʩʷʮʝʚ. ʉʪʘʙʠʣʴʥʦʩʪʴ ʧʘʨʘʤʝʪʨʦʚ ʦʢʘʟʘʣʘʩʴ ʚʝʩʴʤʘ 

ʚʳʩʦʢʦʡ (ʪʘʙʣʠʮʘ 2.1). ʈʘʟʙʨʦʩ ʚʝʣʠʯʠʥ ʧʘʨʘʤʝʪʨʦʚ ʧʦ ʚʨʝʤʝʥʠ ʩʫʱʝʩʪʚʝʥʥʦ 

ʤʝʥʴʰʝ, ʯʝʤ ʦʰʠʙʢʠ ʚ ʨʘʟʦʚʦʤ ʦʧʨʝʜʝʣʝʥʠʠ ʧʘʨʘʤʝʪʨʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʧʦʜʪʚʝʨʞʜʝʥʦ, ʯʪʦ ʢʨʠʦʫʩʪʨʦʡʩʪʚʘ ʟʘʢʨʳʪʦʛʦ ʪʠʧʘ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʘʢ 

ʵʪʘʣʦʥʥʳʝ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʠʟʤʝʨʝʥʠʡ [87].  
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 ʊʘʙʣʠʮʘ 2.1. ʊʦʯʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ 

ʢʨʠʩʪʘʣʣʘ Gd0.95Bi0.05Fe3(BO3)4 ʧʨʠ 30K ʠ ʩʨʝʜʥʷʷ ʚʝʣʠʯʠʥʘ ʟʘ 1.5 ʤʝʩʷʮʘ 

 ̄ a, ¡ c, ¡ 

1 9.54523(21) 7.56399 (123) 

2 9.54507(19) 7.56414 (111) 

3 9.54512(22) 7.56374(127)   

é é é 

7 9.54517(24) 7.56416(133) 

ʉʨʝʜʥʝʝ 9.5452(1) 7.5642(3) 

 

ʇʨʠ ʨʘʙʦʪʝ ʫʩʪʨʦʡʩʪʚ CryoJetHT ʠʣʠ Cobra Plus ʜʣʷ ʥʝʟʘʚʠʩʠʤʦʛʦ 

ʠʟʤʝʨʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʦʙʣʘʩʪʠ ʦʙʨʘʟʮʘ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʧʣʘʪʠʥʦʚʳʡ ʪʝʨʤʦʤʝʪʨ 

Jumo (Pt 100 ʆʤ). ʉʦʧʨʦʪʠʚʣʝʥʠʝ ʪʝʨʤʦʤʝʪʨʘ ʦʪʩʣʝʞʠʚʘʣʦʩʴ ʪʝʤʧʝʨʘʪʫʨʥʳʤ 

ʢʦʥʪʨʦʣʣʝʨʦʤ Cryotel TC77r. ɸʙʩʦʣʶʪʥʘʷ ʧʦʛʨʝʰʥʦʩʪʴ ʠʟʤʝʨʝʥʠʡ ʪʝʤʧʝʨʘʪʫʨʳ 

ʩʦʩʪʘʚʠʣʘ 0.3 ʂ (ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʣʘʪʠʥʦʚʳʤ ʪʝʨʤʦʤʝʪʨʦʤ), ʘ ʦʪʥʦʩʠʪʝʣʴʥʘʷ 

ʦʰʠʙʢʘ ʠʟʤʝʨʝʥʠʡ ʙʳʣʘ ʣʫʯʰʝ, ʯʝʤ 0.1 ʂ (ʦʧʨʝʜʝʣʷʝʪʩʷ ʵʣʝʢʪʨʦʥʠʢʦʡ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʢʦʥʪʨʦʣʣʝʨʘ). ʊʝʧʣʦʚʦʡ ʜʨʝʡʬ ʥʝ ʧʨʝʚʳʰʘʣ 0.01 % ʥʘ ʂ. ɼʣʷ 

ʫʤʝʥʴʰʝʥʠʷ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ ʦʪ ʜʝʨʞʘʪʝʣʷ ʠ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʢ 

ʧʣʘʪʠʥʦʚʦʤʫ ʪʝʨʤʦʤʝʪʨʫ ʪʝʨʤʦʤʝʪʨ ʙʳʣ ʧʦʜʩʦʝʜʠʥʝʥ ʧʨʠ ʧʦʤʦʱʠ ʤʘʥʛʘʥʠʪʦʚʳʭ 

ʧʨʦʚʦʜʦʚ ʜʠʘʤʝʪʨʦʤ 80 ʤʢʤ, ʦʙʣʘʜʘʶʱʠʭ ʥʠʟʢʦʡ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴʶ. 

ʉʦʧʣʘ ʦʙʦʠʭ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʫʩʪʨʦʡʩʪʚ CryoJetHT ʠ Cobra Plus 

ʮʝʥʪʨʠʨʦʚʘʣʠʩʴ ʦʪʥʦʩʠʪʝʣʴʥʦ ʮʝʥʪʨʘ ʛʦʥʠʦʤʝʪʨʘ ʩ ʧʦʤʦʱʴʶ ʩʧʝʮʠʘʣʴʥʳʭ 

ʶʩʪʠʨʦʚʦʯʥʳʭ ʧʨʠʩʧʦʩʦʙʣʝʥʠʡ, ʧʦʩʪʘʚʣʷʝʤʳʭ ʚ ʢʦʤʧʣʝʢʪʝ ʩ ʫʩʪʨʦʡʩʪʚʘʤʠ. ɿʘʪʝʤ 

ʢʘʣʠʙʨʦʚʦʯʥʳʡ Pt-ʪʝʨʤʦʤʝʪʨ Cryotel ʢʨʝʧʠʣʩʷ ʢ ʛʦʥʠʦʤʝʪʨʠʯʝʩʢʦʡ ʛʦʣʦʚʢʝ ʠ 

ʮʝʥʪʨʠʨʦʚʘʣʩʷ, ʢʘʢ ʦʙʳʯʥʳʡ ʦʙʨʘʟʝʮ, ʜʦ ʨʘʩʧʦʣʦʞʝʥʠʷ ʪʦʯʥʦ ʚ ʮʝʥʪʨʝ 

ʛʦʥʠʦʤʝʪʨʘ. ʇʦʢʘʟʘʥʠʷ ʧʣʘʪʠʥʦʚʦʛʦ ʪʝʨʤʦʤʝʪʨʘ ʢʦʥʪʨʦʣʠʨʦʚʘʣʠʩʴ ʧʦʩʣʝ ʢʘʞʜʦʛʦ 

ʰʘʛʘ ʫʩʪʘʥʦʚʢʠ ʪʝʤʧʝʨʘʪʫʨ. ɺʨʝʤʷ, ʪʨʝʙʫʝʤʦʝ ʥʘ ʪʝʤʧʝʨʘʪʫʨʥʫʶ ʨʝʣʘʢʩʘʮʠʶ, 

ʦʧʨʝʜʝʣʷʣʦʩʴ ʧʦ ʰʪʘʪʥʦʤʫ ʜʘʪʯʠʢʫ ʚ ʩʦʧʣʝ ʠ ʚ ʩʨʝʜʥʝʤ ʩʦʩʪʘʚʣʷʣʦ 10 ʤʠʥʫʪ. 
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ʆʭʣʘʞʜʝʥʠʝ ʦʙʨʘʟʮʘ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʧʨʠʩʪʘʚʢʠ Cobra Plus 

ʧʨʦʠʩʭʦʜʠʣʦ ʩʦ ʩʢʦʨʦʩʪʴʶ 12 ʂ ʚ ʯʘʩ ʠʣʠ 30 ʂ ʚ ʯʘc. 

 ʊʦʯʥʦʩʪʴ ʧʦʜʜʝʨʞʘʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʦʙʣʘʩʪʠ ʰʪʘʪʥʳʭ ʜʘʪʯʠʢʦʚ ʥʘ ʦʙʦʠʭ 

ʪʝʩʪʠʨʫʝʤʳʭ ʢʨʠʦʫʩʪʨʦʡʩʪʚʘʭ CryoJetHT ʠ Cobra Plus ʟʘ ʚʩʝ ʚʨʝʤʷ ʢʘʣʠʙʨʦʚʢʠ 

ʩʦʩʪʘʚʣʷʣʘ 0.1 ʂ, ʯʪʦ ʧʦʣʥʦʩʪʴʶ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʠʭ ʩʧʝʮʠʬʠʢʘʮʠʠ. ɺʝʣʠʯʠʥʳ 

ʦʭʣʘʞʜʘʶʱʝʛʦ ʠ ʟʘʱʠʪʥʦʛʦ ʧʦʪʦʢʦʚ ʪʘʢʞʝ ʥʘʭʦʜʠʣʠʩʴ ʚ ʧʨʝʜʝʣʘʭ ʥʦʨʤʳ. ɼʣʷ 

ʧʨʦʚʝʜʝʥʠʷ ʠʟʤʝʨʝʥʠʡ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʩʧʝʮʠʘʣʴʥʳʡ ʨʝʞʠʤ ʩʢʘʥʠʨʦʚʘʥʠʷ, 

ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʠ ʦʙʝʩʧʝʯʠʚʰʠʡ ʤʠʥʠʤʘʣʴʥʦʝ 

ʦʙʤʝʨʟʘʥʠʝ ʦʙʨʘʟʮʘ. ʆʩʥʦʚʥʳʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʵʪʦʛʦ ʫʩʣʦʚʠʷ 

ʷʚʣʷʶʪʩʷ ʦʛʨʘʥʠʯʝʥʠʝ ʚ 40Á ʥʘ ʥʘʢʣʦʥ ʧʦ ʦʩʠ ə ʠ ʧʝʨʠʦʜʠʯʝʩʢʦʝ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʝ 

ʚʨʘʱʝʥʠʝ ʦʙʨʘʟʮʘ ʚʦʢʨʫʛ ʦʩʠ ű. 

 

ʂʘʣʠʙʨʦʚʢʘ CryoJetHT  

 

ʈʠʩʫʥʦʢ 2.1. ɿʘʚʠʩʠʤʦʩʪʴ ʨʝʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʦʙʨʘʟʮʘ T' ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ 

T ʚ ʩʦʧʣʝ CryoJetHT, ʬʠʢʩʠʨʫʝʤʦʡ ʰʪʘʪʥʳʤ ʜʘʪʯʠʢʦʤ. ʉʧʣʦʰʥʘʷ ʣʠʥʠʷ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʠʜʝʘʣʴʥʦʤʫ ʩʣʫʯʘʶ T' = T, ʢʦʛʜʘ ʧʦʢʘʟʘʥʠʷ ʜʚʫʭ ʫʩʪʨʦʡʩʪʚ 

ʩʦʚʧʘʜʘʶʪ ʚʦ ʚʩʝʤ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʜʠʘʧʘʟʦʥʝ. 
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 ʅʘ ʨʠʩʫʥʢʝ 2.1 ʧʨʠʚʝʜʝʥʘ ʠʟʤʝʨʝʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʬʘʢʪʠʯʝʩʢʦʡ 

ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʦʙʣʘʩʪʠ ʦʙʨʘʟʮʘ (Pt-ʪʝʨʤʦʤʝʪʨ Jumo) ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ, 

ʧʦʢʘʟʳʚʘʝʤʦʡ ʰʪʘʪʥʳʤ ʜʘʪʯʠʢʦʤ ʚ ʩʦʧʣʝ ʢʨʠʦʫʩʪʨʦʡʩʪʚʘ CryoJetHT ʦʪʢʨʳʪʦʛʦ 

ʪʠʧʘ. ʍʦʨʦʰʝʝ ʩʦʚʧʘʜʝʥʠʝ ʧʦʢʘʟʘʥʠʡ ʥʘʙʣʶʜʘʣʦʩʴ ʚ ʜʠʘʧʘʟʦʥʝ 270 ï 300 ʂ. ʏʝʤ 

ʥʠʞʝ ʫʩʪʘʥʘʚʣʠʚʘʝʤʘʷ ʪʝʤʧʝʨʘʪʫʨʘ, ʪʝʤ ʨʝʘʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʦʙʨʘʟʮʝ ʚʳʰʝ 

ʪʦʡ, ʯʪʦ ʧʦʢʘʟʳʚʘʝʪ ʰʪʘʪʥʳʡ ʜʘʪʯʠʢ ʚ ʩʦʧʣʝ. ʅʘʦʙʦʨʦʪ, ʯʝʤ ʚʳʰʝ 

ʫʩʪʘʥʘʚʣʠʚʘʝʤʘʷ ʪʝʤʧʝʨʘʪʫʨʘ, ʪʝʤ ʨʝʘʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʦʙʨʘʟʮʝ ʥʠʞʝ ʪʦʡ, ʯʪʦ 

ʧʦʢʘʟʳʚʘʝʪ ʜʘʪʯʠʢ ʚ ʩʦʧʣʝ. ʇʨʠ ʤʠʥʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʡ ʟʘʜʘʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 90 

ʂ ʜʘʪʯʠʢ CryoTel ʧʦʢʘʟʘʣ 101.5 ʂ, ʪ.ʝ. ʨʘʟʥʠʮʘ ʩʦʩʪʘʚʣʷʝʪ å 11.5 ʂ.  

 

ʂʘʣʠʙʨʦʚʢʘ Cobra Plus 

 

ʈʠʩʫʥʦʢ 2.2. ɿʘʚʠʩʠʤʦʩʪʴ ʨʝʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʦʙʨʘʟʮʘ T ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ 

Tset ʚ ʩʦʧʣʝ Cobra Plus, ʬʠʢʩʠʨʫʝʤʦʡ ʰʪʘʪʥʳʤ ʜʘʪʯʠʢʦʤ. ʏʝʨʥʘʷ ʣʠʥʠʷ 



 

44 

 

 
 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʠʜʝʘʣʴʥʦʤʫ ʩʣʫʯʘʶ T = Tset, ʢʦʛʜʘ ʧʦʢʘʟʘʥʠʷ ʜʚʫʭ ʫʩʪʨʦʡʩʪʚ 

ʩʦʚʧʘʜʘʶʪ ʚʦ ʚʩʝʤ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʜʠʘʧʘʟʦʥʝ. ʎʚʝʪʥʳʤʠ ʣʠʥʠʷʤʠ ʧʦʢʘʟʘʥʳ 

ʢʘʣʠʙʨʦʚʦʯʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʭʦʜʝ ʥʝʩʢʦʣʴʢʠʭ ʧʨʦʮʝʜʫʨ ʠʟʤʝʨʝʥʠʷ.  

 

ʅʘ ʨʠʩʫʥʢʝ 2.2 ʧʨʠʚʝʜʝʥʘ ʠʟʤʝʨʝʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʬʘʢʪʠʯʝʩʢʦʡ 

ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʦʙʣʘʩʪʠ ʦʙʨʘʟʮʘ (Pt-ʪʝʨʤʦʤʝʪʨ Jumo) ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ, 

ʧʦʢʘʟʳʚʘʝʤʦʡ ʰʪʘʪʥʳʤ ʜʘʪʯʠʢʦʤ ʚ ʩʦʧʣʝ ʢʨʠʦʫʩʪʨʦʡʩʪʚʘ Cobra Plus. ʆʙʱʠʡ 

ʭʘʨʘʢʪʝʨ ʟʘʚʠʩʠʤʦʩʪʠ ʪʘʢʦʡ ʞʝ, ʢʘʢ ʠ ʜʣʷ CryoJetHT. ʏʝʤ ʥʠʞʝ ʫʩʪʘʥʘʚʣʠʚʘʝʤʘʷ 

ʪʝʤʧʝʨʘʪʫʨʘ, ʪʝʤ ʨʝʘʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʦʙʨʘʟʮʝ ʚʳʰʝ ʪʦʡ, ʯʪʦ ʧʦʢʘʟʳʚʘʝʪ 

ʰʪʘʪʥʳʡ ʜʘʪʯʠʢ ʚ ʩʦʧʣʝ ʠ ʥʘʦʙʦʨʦʪ. ʍʦʨʦʰʝʝ ʩʦʚʧʘʜʝʥʠʝ ʧʦʢʘʟʘʥʠʡ ʥʘʙʣʶʜʘʝʪʩʷ 

ʚ ʜʠʘʧʘʟʦʥʝ 230 ï 380 ʂ. ʄʠʥʠʤʘʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ, ʢʦʪʦʨʫʶ ʫʜʘʣʦʩʴ ʧʦʣʫʯʠʪʴ, 

ʩʦʩʪʘʚʣʷʝʪ 82 ʂ ʧʦ ʧʦʢʘʟʘʥʠʷʤ ʰʪʘʪʥʦʛʦ ʜʘʪʯʠʢʘ ʚ ʩʦʧʣʝ (ʧʦ ʩʧʝʮʠʬʠʢʘʮʠʠ ï 80 

ʂ), ʘ ʥʘ ʦʙʨʘʟʮʝ ʧʨʠ ʵʪʦʤ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʘ ʪʝʤʧʝʨʘʪʫʨʘ 90.4 ʂ, ʪ.ʝ. ʨʘʟʥʠʮʘ 

ʩʦʩʪʘʚʣʷʝʪ 8.4 ʂ, ʯʪʦ ʣʫʯʰʝ, ʯʝʤ ʜʣʷ CryoJetHT. ʄʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʳʝ 

ʪʝʤʧʝʨʘʪʫʨʳ, ʜʦʩʪʠʞʠʤʳʝ ʥʘ Cobra Plus, ʥʘʤʥʦʛʦ ʙʣʠʞʝ ʢ ʧʘʩʧʦʨʪʥʳʤ 

ʟʥʘʯʝʥʠʷʤ, ʯʝʤ ʵʪʦ ʥʘʙʣʶʜʘʣʦʩʴ ʜʣʷ CryoJetHT. ʄʘʢʩʠʤʘʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ 

ʜʘʪʯʠʢʝ ʚ ʩʦʧʣʝ ʩʦʩʪʘʚʣʷʝʪ 500 ʂ, ʧʨʠ ʵʪʦʤ ʥʘ ʦʙʨʘʟʮʝ ʨʝʛʠʩʪʨʠʨʫʝʪʩʷ 469-479 ʂ 

ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʦʣʦʞʝʥʠʷ ʜʘʪʯʠʢʘ ʥʘ ʛʦʥʠʦʤʝʪʨʠʯʝʩʢʦʡ ʛʦʣʦʚʢʝ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʝʟʫʣʴʪʘʪʳ ʢʘʣʠʙʨʦʚʢʠ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʜʣʷ ʧʨʠʩʪʘʚʢʠ 

CryoJetHT ʥʘʠʣʫʯʰʝʝ ʩʦʚʧʘʜʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ  ʦʙʨʘʟʮʝ ʠ ʥʘ ʚʩʪʨʦʝʥʥʦʤ 

ʜʘʪʯʠʢʝ ʜʦʩʪʠʛʘʝʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ 270 ï 300 ʂ. ʇʨʠ ʤʠʥʠʤʘʣʴʥʦ ʜʦʩʪʠʞʠʤʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ Tmin ʨʘʟʥʠʮʘ ʪʝʤʧʝʨʘʪʫʨ ʥʘ ʜʘʪʯʠʢʝ ʠ ʦʙʨʘʟʮʝ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ å 12 

ʂ, ʘ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ Tmax ʨʘʟʥʠʮʘ  å 16 ʂ. ʇʨʠʩʪʘʚʢʘ 

Cobra Plus ʧʦʢʘʟʳʚʘʝʪ ʭʦʨʦʰʝʝ ʩʦʚʧʘʜʝʥʠʝ ʧʦʢʘʟʘʥʠʡ ʚ ʦʙʣʘʩʪʠ 230 ï 380 ʂ. ʇʨʠ 

Tmin ʨʘʟʥʠʮʘ ʩʦʩʪʘʚʣʷʝʪ  å 8 ʂ, ʘ ʧʨʠ Tmax ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ å 20 ʂ. ʇʨʠ ʧʨʘʚʠʣʴʥʦ 

ʧʦʜʦʙʨʘʥʥʳʭ ʫʩʣʦʚʠʷʭ ʩʲʝʤʢʠ ʨʘʟʥʠʮʫ ʪʝʤʧʝʨʘʪʫʨ ʤʦʞʥʦ ʫʤʝʥʴʰʠʪʴ. 
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2.3. ʕʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʳʡ ʘʥʘʣʠʟ 

ʄʝʪʦʜ ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʦʛʦ ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ ʷʚʣʷʝʪʩʷ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʘʥʘʣʠʪʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ 

ʢʘʯʝʩʪʚʝʥʥʳʡ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʳʡ ʩʦʩʪʘʚ ʠʩʩʣʝʜʫʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ [88].  

ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʬʝʨʨʦʙʦʨʘʪʦʚ 

RFe3(BO3)4, R = Gd, Y, Ho ʦʧʨʝʜʝʣʷʣʩʷ ɺ. ɺ. ɸʨʪʝʤʦʚʳʤ ʚ ʣʘʙʦʨʘʪʦʨʠʠ 

ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʌʅʀʎ çʂʨʠʩʪʘʣʣʦʛʨʘʬʠʷ ʠ ʬʦʪʦʥʠʢʘè ʈɸʅ ʤʝʪʦʜʦʤ 

ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʦʛʦ ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʨʘʩʪʨʦʚʦʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ FEI Quanta 200 3D Dual Beam, ʦʩʥʘʱʝʥʥʦʛʦ 

ʤʠʢʨʦʘʥʘʣʠʟʘʪʦʨʦʤ EDAX. ʂʦʣʠʯʝʩʪʚʝʥʥʳʡ ʘʥʘʣʠʟ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ 

ʦʙʨʘʟʮʦʚ HoFe3(BO3)4 ʙʳʣ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʧʨʦʚʝʜʝʥ ɼ. ʅ. ʍʤʝʣʝʥʠʥʳʤ ʚ 

ʣʘʙʦʨʘʪʦʨʠʠ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʌʅʀʎ çʂʨʠʩʪʘʣʣʦʛʨʘʬʠʷ ʠ ʬʦʪʦʥʠʢʘè 

ʈɸʅ ʥʘ ʧʨʦʩʚʝʯʠʚʘʶʱʝʤ ʵʣʝʢʪʨʦʥʥʦʤ ʤʠʢʨʦʩʢʦʧʝ FEI Osiris ʩ  ʰʠʨʦʢʦʫʛʣʦʚʳʤ 

ʜʝʪʝʢʪʦʨʦʤ ʪʸʤʥʦʛʦ ʧʦʣʷ ʠ ʙʣʦʢʦʤ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ 

Bruker SuperX. EDX-ʘʥʘʣʠʟʘʪʦʨ (Super-X SDD) ʧʦʟʚʦʣʷʝʪ ʧʦʩʪʨʦʠʪʴ ʢʘʨʪʳ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʚ ʦʙʨʘʟʮʝ ʩ ʨʘʟʨʝʰʝʥʠʝʤ ʤʝʥʝʝ 1 ʥʤ.  
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2.4. EXAFS-ʩʧʝʢʪʨʦʩʢʦʧʠʷ 

 ʄʝʪʦʜ EXAFS-ʩʧʝʢʪʨʦʩʢʦʧʠʠ (Extended X-ray Absorption Fine Structure) 

ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʳ ʙʣʠʞʥʝʛʦ 

ʦʢʨʫʞʝʥʠʷ ʪʷʞʝʣʳʭ ʘʪʦʤʦʚ [89]. 

 ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʤʝʪʦʜ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʧʦʛʣʦʱʝʥʠʷ EXAFS ʠʩʧʦʣʴʟʦʚʘʣʩʷ 

ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʜʘʥʳʭ ʦ ʣʦʢʘʣʴʥʦʤ ʦʢʨʫʞʝʥʠʠ ʘʪʦʤʦʚ R = Y, Bi ʠ Fe ʚ ʩʪʨʫʢʪʫʨʝ 

Y1-xBixFe3(BO3)4. ʀʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʗ. ɺ. ɿʫʙʘʚʠʯʫʩʦʤ c ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʩʠʥʭʨʦʪʨʦʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʥʘ ʩʪʘʥʮʠʠ çʉʪʨʫʢʪʫʨʥʦʝ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʝè 

ʅʘʮʠʦʥʘʣʴʥʦʛʦ ʀʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʎʝʥʪʨʘ çʂʫʨʯʘʪʦʚʩʢʠʡ ʀʥʩʪʠʪʫʪè. ʆʙʨʘʟʮʳ 

ʙʳʣʠ ʠʟʤʝʣʴʯʝʥʳ ʚ ʩʪʫʧʢʝ, ʠ ʧʦʣʫʯʝʥʥʳʡ ʧʦʨʦʰʦʢ ʧʦʤʝʱʘʣʩʷ ʥʘ ʪʦʥʢʫʶ 

ʢʘʧʪʦʥʦʚʫʶ ʢʣʝʡʢʫʶ ʣʝʥʪʫ. ʃʝʥʪʘ ʩʢʣʘʜʳʚʘʣʘʩʴ ʚ ʥʝʩʢʦʣʴʢʦ ʩʣʦʝʚ ʜʦ ʜʦʩʪʠʞʝʥʠʷ 

ʩʢʘʯʢʦʦʙʨʘʟʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʵʥʝʨʛʠʠ ʢʨʘʷ ʧʦʛʣʦʱʝʥʠʷ Dm=0.5ï10. ʀʟ-ʟʘ ʥʠʟʢʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʠ Bi ʚ ʤʘʪʝʨʠʘʣʝ ʨʝʞʠʤ ʧʝʨʝʜʘʯʠ ʥʝ ʧʦʜʭʦʜʠʣ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʜʘʥʥʳʭ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʧʝʢʪʨʳ Bi ʠʟʤʝʨʷʣʠʩʴ ʚ ʨʝʞʠʤʝ ʚʳʭʦʜʘ ʨʝʥʪʛʝʥʦʚʩʢʦʡ 

ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʨʝʤʥʠʝʚʦʛʦ ʣʘʚʠʥʥʦʛʦ ʜʠʦʜʘ FMB Oxford 

(UK). ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʩʧʝʢʪʨʳ ʦʙʨʘʙʘʪʳʚʘʣʠʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤ 

Athena ʠ Artemis ʠʟ ʧʘʢʝʪʘ IFEFFIT [90]. ʅʝʣʠʥʝʡʥʘʷ ʧʦʜʛʦʥʢʘ ʢʨʠʚʦʡ ʙʳʣʘ 

ʚʳʧʦʣʥʝʥʘ ʥʘ ʦʩʥʦʚʝ ab initio ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʨʘʩʯʝʪʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʜʘ 

FEFF8 [91]. 
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ɻʃɸɺɸ 3. ʀʉʉʃɽʃɽɼʆɺɸʅʀɽ ʉʊʈʋʂʊʋʈʓ ʈɽɼʂʆɿʄɽʃʔʅʓʍ 

ʌɽʈʈʆɹʆʈɸʊʆɺ  R1-xBixFe3(BO3)4, R = Gd, Y, Ho 

3.1. ʉʪʨʦʝʥʠʝ Gd0.95Bi0.05Fe3(BO3)4 

3.1.1. ʆʧʨʝʜʝʣʝʥʠʝ ʵʣʝʤʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ 

ʇʝʨʚʳʤ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʬʝʨʨʦʙʦʨʘʪʦʚ ʙʳʣ ʚʳʙʨʘʥ 

ʤʦʥʦʢʨʠʩʪʘʣʣ GdFe3(BO3)4, ʩʪʨʫʢʪʫʨʘ ʠ ʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʢʦʪʦʨʦʛʦ ʥʘʠʙʦʣʝʝ 

ʰʠʨʦʢʦ ʠʟʫʯʘʣʠʩʴ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ. 

ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʤʦʥʦʢʨʠʩʪʘʣʣʘ GdFe3(BO3)4 ʙʳʣ ʫʪʦʯʥʝʥ ʤʝʪʦʜʦʤ 

ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʦʛʦ ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʨʘʩʪʨʦʚʦʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ FEI Quanta 200 3D Dual Beam, ʦʩʥʘʱʝʥʥʦʛʦ 

ʤʠʢʨʦʘʥʘʣʠʟʘʪʦʨʦʤ EDAX ʧʨʠ ʫʩʢʦʨʷʶʱʝʤ ʥʘʧʨʷʞʝʥʠʠ 5, 15 ʠ 30 ʢɺ (ʨʠʩʫʥʦʢ 

3.1).  

ʇʨʠ ʟʥʘʯʝʥʠʠ ʫʩʢʦʨʷʶʱʝʛʦ ʥʘʧʨʷʞʝʥʠʷ 30 ʢɺ ʥʘ ʩʧʝʢʪʨʘʭ ʙʳʣʠ ʚʳʷʚʣʝʥʳ 

ʦʪʯʝʪʣʠʚʳʝ ʧʠʢʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ, ʦʪʚʝʯʘʶʱʠʝ ʧʨʠʤʝʩʥʳʤ ʘʪʦʤʘʤ Bi (ʨʠʩʫʥʦʢ 3.1 

(ʚ)). ɺʭʦʞʜʝʥʠʝ ʘʪʦʤʦʚ ʚʠʩʤʫʪʘ ʚ ʩʪʨʫʢʪʫʨʫ ʫʜʘʣʦʩʴ ʟʘʬʠʢʩʠʨʦʚʘʪʴ ʠ ʧʨʠ 

ʟʥʘʯʝʥʠʠ ʫʩʢʦʨʷʶʱʝʛʦ ʥʘʧʨʷʞʝʥʠʷ 15 ʢɺ (ʨʠʩʫʥʦʢ 3.1 (ʙ)). ʋʩʪʘʥʦʚʣʝʥʥʦʝ 

ʧʨʠʩʫʪʩʪʚʠʝ ʚʠʩʤʫʪʘ ʚ ʢʨʠʩʪʘʣʣʘʭ ʦʙʫʩʣʦʚʣʝʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚ ʧʨʦʮʝʩʩʝ ʠʭ 

ʨʦʩʪʘ ʪʨʠʤʦʣʠʙʜʘʪʘ ʚʠʩʤʫʪʘ Bi2Mo3O12. ɼʨʫʛʠʭ ʧʨʠʤʝʩʥʳʭ ʘʪʦʤʦʚ ʚ ʩʪʨʫʢʪʫʨʝ 

ʩʦʝʜʠʥʝʥʠʷ ʥʝ ʦʙʥʘʨʫʞʝʥʦ. 
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ʈʠʩʫʥʦʢ 3.1. EDX-ʩʧʝʢʪʨʳ (Gd0.95Bi0.05)Fe3(BO3)4 ʧʨʠ ʟʥʘʯʝʥʠʠ 

ʫʩʢʦʨʷʶʱʝʛʦ ʥʘʧʨʷʞʝʥʠʷ (ʘ) 5 ʢɺ, (ʙ) 15 ʢɺ, (ʚ) 30 ʢɺ ʚ ʨʝʞʠʤʝ ʥʠʟʢʦʛʦ ʚʘʢʫʫʤʘ.  

ʅʘ (ʙ) ʠ (ʚ) ʩʪʨʝʣʢʘʤʠ ʧʦʢʘʟʘʥʳ ʣʠʥʠʠ  ʘʪʦʤʦʚ Bi. ʅʝʧʦʜʧʠʩʘʥʥʳʝ ʧʠʢʠ ʷʚʣʷʶʪʩʷ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʤʠ ʣʠʥʠʷʤʠ ʘʪʦʤʦʚ Gd ʠ Fe.  
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3.1.2. ʊʝʤʧʝʨʘʪʫʨʥʦʝ ʩʢʘʥʠʨʦʚʘʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʨʝʰʝʪʢʠ 30 ï 295 ʂ 

ʀʟʤʝʨʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ Gd1-

xBixFe3(BO3)4  ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 30 ï 295 ʂ ʥʘ ʯʝʪʳʨʝʭʢʨʫʞʥʦʤ 

ʨʝʥʪʛʝʥʦʚʩʢʦʤ ʜʠʬʨʘʢʪʦʤʝʪʨʝ HUBER-5042, ʦʙʦʨʫʜʦʚʘʥʥʦʤ ʢʨʠʦʩʪʘʪʦʤ 

DISPLEX DE-202. ɺʨʝʤʷ ʨʝʣʘʢʩʘʮʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʢʘʞʜʦʡ ʪʦʯʢʝ ʠʟʤʝʨʝʥʠʷ 

ʩʦʩʪʘʚʣʷʣʦ 10 ʤʠʥ. ʇʘʨʘʤʝʪʨʳ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʙʳʣʠ ʠʟʤʝʨʝʥʳ ʧʨʠ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʟʘʪʝʤ ʩ ʰʘʛʦʤ 5-10 ʛʨʘʜʫʩʦʚ ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 

220 ï 30 ʂ. ʉʪʨʫʢʪʫʨʥʳʝ ʧʘʨʘʤʝʪʨʳ ʦʧʨʝʜʝʣʷʣʠʩʴ ʧʦ 32 ʜʠʬʨʘʢʮʠʦʥʥʳʤ 

ʦʪʨʘʞʝʥʠʷʤ ʚ ʫʛʣʦʚʦʤ ʜʠʘʧʘʟʦʥʝ 19 < ɗ < 22Ü. ʀʟʤʝʨʷʣʠʩʴ 4 ʦʩʝʚʳʭ ʨʝʬʣʝʢʩʘ (ʧʨʠ 

2ɗ = 45Ü) ʠ 12 ʨʝʬʣʝʢʩʦʚ (ʧʨʠ 2ɗ = 38Ü) ʚ ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʠ ʧʦʣʦʞʠʪʝʣʴʥʦʡ 

ʦʙʣʘʩʪʷʭ. ʇʘʨʘʤʝʪʨʳ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ GdFe3(BO3)4 ʚ 

ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 30 ï 295 ʂ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩʫʥʢʝ 3.2. 
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ʈʠʩʫʥʦʢ 3.2. ɿʘʚʠʩʠʤʦʩʪʠ ʧʘʨʘʤʝʪʨʦʚ (ʘ) a ʠ b, (ʙ) ʩ ʠ (ʚ) ʦʙʲʸʤʘ V 

ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʢʨʠʩʪʘʣʣʘ GdFe3(BO3)4 ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ. ʂʨʘʩʥʳʤʠ ʣʠʥʠʷʤʠ 

ʧʦʢʘʟʘʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʩʪʨʫʢʪʫʨʥʦʛʦ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ 155 ʂ. 

 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩ ʧʦʥʠʞʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʧʘʨʘʤʝʪʨʳ ʵʣʝʤʝʥʪʘʨʥʦʡ 

ʷʯʝʡʢʠ a ʠ b ʩʦʭʨʘʥʷʶʪ ʩʚʦʠ ʟʥʘʯʝʥʠʷ ʚʧʣʦʪʴ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ ʩʪʨʫʢʪʫʨʥʦʛʦ 

ʧʝʨʝʭʦʜʘ Tstr º 155 ʂ, ʘ ʟʘʪʝʤ ʨʝʟʢʦ ʫʤʝʥʴʰʘʶʪʩʷ. ʇʘʨʘʤʝʪʨ ʩ ʚʝʜʝʪ ʩʝʙʷ ʠʥʘʯʝ. ɺ 

ʠʥʪʝʨʚʘʣʝ 295ï160 ʂ ʦʥ ʧʣʘʚʥʦ ʫʤʝʥʴʰʘʝʪʩʷ ʦʪ 7.577(5) ¡ ʜʦ 7.567(4) ¡, ʘ ʟʘʪʝʤ 

ʧʨʝʪʝʨʧʝʚʘʝʪ ʥʝʙʦʣʴʰʦʝ ʨʝʟʢʦʝ ʧʘʜʝʥʠʝ ʧʨʠ 155 ʂ. ʇʨʠ ʜʘʣʴʥʝʡʰʝʤ ʩʥʠʞʝʥʠʠ 

ʪʝʤʧʝʨʘʪʫʨʳ T < 155 ʂ ʚʩʝ ʪʨʠ ʧʘʨʘʤʝʪʨʘ a, b ʠ c ʧʣʘʚʥʦ ʫʤʝʥʴʰʘʶʪʩʷ, ʦʜʥʘʢʦ ʚ 

ʪʦʯʢʝ 80 ʂ ʧʦʚʝʜʝʥʠʝ ʧʘʨʘʤʝʪʨʘ ʩ ʤʝʥʷʝʪʩʷ. ʆʥ ʥʘʯʠʥʘʝʪ ʨʘʩʪʠ, ʠ ʧʨʠ 30 ʂ ʝʛʦ 

ʚʝʣʠʯʠʥʘ ʚʦʟʚʨʘʱʘʝʪʩʷ ʢ ʟʥʘʯʝʥʠʶ, ʭʘʨʘʢʪʝʨʥʦʤʫ ʜʣʷ ʪʦʯʢʠ Tstr. ʇʦʚʝʜʝʥʠʝ 
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ʦʙʲʝʤʘ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ V(T) ʪʘʢʞʝ ʫʢʘʟʳʚʘʝʪ ʥʘ ʩʪʨʫʢʪʫʨʥʳʡ ʬʘʟʦʚʳʡ 

ʧʝʨʝʭʦʜ ʧʝʨʚʦʛʦ ʨʦʜʘ ʧʨʠ Tstr º 155 ʂ. ʇʨʠ ʜʘʣʴʥʝʡʰʝʤ ʦʭʣʘʞʜʝʥʠʠ ʜʦ 30 ʂ 

ʦʙʲʸʤ ʷʯʝʡʢʠ ʤʦʥʦʪʦʥʥʦ ʫʤʝʥʴʰʘʝʪʩʷ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʩʥʠʞʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʦʪ ʢʦʤʥʘʪʥʦʡ ʜʦ Tstr º 155 ʂ 

ʢʨʠʩʪʘʣʣ Gd1-xBixFe3(BO3)4  ʩʦʢʨʘʱʘʝʪʩʷ ʪʦʣʴʢʦ ʧʦ ʦʩʠ ʩ, ʪʦʛʜʘ ʢʘʢ ʦʩʠ a ʠ b 

ʦʩʪʘʶʪʩʷ ʥʝʠʟʤʝʥʥʳʤʠ. ʈʝʟʢʦʝ ʫʤʝʥʴʰʝʥʠʝ ʦʙʲʝʤʘ ʚ ʪʦʯʢʝ Tstr ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ 

ʩʚʷʟʘʥʦ ʩ ʩʦʢʨʘʱʝʥʠʝʤ ʦʩʝʡ a ʠ b, ʪʦʛʜʘ ʢʘʢ ʦʩʴ ʩ ʚ ʵʪʦʡ ʪʦʯʢʝ ʫʤʝʥʴʰʘʝʪʩʷ 

ʥʝʟʥʘʯʠʪʝʣʴʥʦ. ɺ ʠʥʪʝʨʚʘʣʝ 155ï80 ʂ ʦʙʲʝʤ ʢʨʠʩʪʘʣʣʘ ʨʘʚʥʦʤʝʨʥʦ ʫʤʝʥʴʰʘʝʪʩʷ 

ʧʦ ʚʩʝʤ ʪʨʝʤ ʦʩʷʤ. ʇʨʠ ʜʘʣʴʥʝʡʰʝʤ ʦʭʣʘʞʜʝʥʠʠ ʦʪ 80 ʜʦ 30 ʂ ʦʙʲʝʤ 

ʫʤʝʥʴʰʘʝʪʩʷ ʪʦʣʴʢʦ ʟʘ ʩʯʝʪ ʩʦʢʨʘʱʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ a ʠ b, ʪʦʛʜʘ ʢʘʢ ʧʘʨʘʤʝʪʨ ʩ, 

ʥʘʦʙʦʨʦʪ, ʨʘʩʪʝʪ.  

ɿʘʚʠʩʠʤʦʩʪʴ ʧʘʨʘʤʝʪʨʦʚ a, b ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʚ Gd1-xBixFe3(BO3)4 ʙʳʣʘ 

ʠʟʤʝʨʝʥʘ ʪʘʢʞʝ ʚ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʜʠʘʧʘʟʦʥʝ 90ï293 ʂ ʩ ʰʘʛʦʤ 30 ʂ ʥʘ 

ʜʠʬʨʘʢʪʦʤʝʪʨʝ CAD-4F Enraf-Nonius, ʦʙʦʨʫʜʦʚʘʥʥʦʤ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ 

ʧʨʠʩʪʘʚʢʦʡ CryoJetHT (Oxford Instruments). ʆʭʣʘʜʠʪʝʣʴ CryoJetHT ʙʳʣ 

ʫʩʪʘʥʦʚʣʝʥ ʥʘ ʜʠʬʨʘʢʪʦʤʝʪʨ CAD-4F Enraf-Nonius ʩ ʪʦʯʝʯʥʳʤ ʜʝʪʝʢʪʦʨʦʤ, ʯʪʦʙʳ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʜʝʥʪʠʯʥʫʶ ʩʦ ʩʣʫʯʘʝʤ ʜʠʬʨʘʢʪʦʤʝʪʨʘ Huber ʧʨʦʮʝʜʫʨʫ 

ʮʝʥʪʨʠʨʦʚʘʥʠʷ ʨʝʬʣʝʢʩʦʚ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʤʘʪʨʠʮʳ ʧʘʨʘʤʝʪʨʦʚ ʠ ʦʨʠʝʥʪʘʮʠʠ.  

ʇʦʣʫʯʝʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ a,b (T) ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʜʣʷ ʧʨʦʚʝʨʢʠ ʨʝʟʫʣʴʪʘʪʦʚ 

ʢʘʣʠʙʨʦʚʢʠ ʫʩʪʨʦʡʩʪʚʘ ʦʭʣʘʞʜʝʥʠʷ ʦʪʢʨʳʪʳʤ ʧʦʪʦʢʦʤ ʘʟʦʪʘ CryoJetHT (Oxford 

Instruments), ʦʧʠʩʘʥʥʳʭ ʚ ʧʘʨʘʛʨʘʬʝ 2.2, ʠ ʜʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʟʥʘʯʝʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨʳ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʚ GdFe3(BO3)4. 

ʍʘʨʘʢʪʝʨ ʟʘʚʠʩʠʤʦʩʪʠ a,b (T), ʫʩʪʘʥʦʚʣʝʥʥʳʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʜʠʬʨʘʢʪʦʤʝʪʨʦʚ CAD-4F Enraf-Nonius (ʨʠʩʫʥʦʢ. 3.3 (ʙ)) ʠ Huber (ʨʠʩʫʥʦʢ 3.3 (ʘ)) 

ʩʦʚʧʘʜʘʝʪ. ʅʘʙʣʶʜʘʣʦʩʴ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʩʠʩʪʝʤʘʪʠʯʝʢʦʝ ʨʘʟʣʠʯʠʝ ʧʘʨʘʤʝʪʨʦʚ 

ʷʯʝʡʢʠ, ʠʟʤʝʨʝʥʥʳʭ ʥʘ ʨʘʟʥʳʭ ʜʠʬʨʘʢʪʦʤʝʪʨʘʭ. ʆʜʥʘʢʦ ʵʪʦ ʨʘʟʣʠʯʠʝ ʥʝ ʚʣʠʷʝʪ ʥʘ 

ʪʦʯʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ. ʅʘ ʜʠʬʨʘʢʪʦʤʝʪʨʝ CAD-

4F Enraf-Nonius ʩ ʢʨʠʦʫʩʪʨʦʡʩʪʚʦʤ CryoJetHT ʩʪʨʫʢʪʫʨʥʳʡ ʬʘʟʦʚʳʡ ʧʝʨʝʭʦʜ ʙʳʣ 

ʟʘʬʠʢʩʠʨʦʚʘʥ ʥʠʞʝ 150 ʂ (ʨʠʩʫʥʦʢ. 3.3 (ʙ)), ʯʪʦ, ʩ ʫʯʝʪʦʤ ʪʝʤʧʝʨʘʪʫʨʥʦʡ 
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ʢʘʣʠʙʨʦʚʦʯʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ CryoJetHT, ʩʦʪʚʝʪʩʪʚʫʝʪ 155 ʂ ʥʘ çɻ ʪʘʣʦʥʥʦʤè 

ʜʠʬʨʘʢʪʦʤʝʪʨʝ Huber. 

 

ʈʠʩʫʥʦʢ 3.3. ʊʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʧʘʨʘʤʝʪʨʘ ʘ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ 

ʤʦʥʦʢʨʠʩʪʘʣʣʘ GdFe3(BO3)4, ʧʦʣʫʯʝʥʥʘʷ ʥʘ ʜʠʬʨʘʢʪʦʤʝʪʨʝ Huber ʩ ʢʨʠʦʩʪʘʪʦʤ 

ʟʘʤʢʥʫʪʦʛʦ ʮʠʢʣʘ (ʘ) ʠ CAD-4F Enraf-Nonius ʩ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʧʨʠʩʪʘʚʢʦʡ CryoJet 

HT.  
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3.1.3. ʆʧʨʝʜʝʣʝʥʠʝ ʘʪʦʤʥʦʡ ʩʪʨʫʢʪʫʨʳ Gd0.95Bi0.05Fe3(BO3)4 ʧʨʠ 293 ʂ ʠ 90 ʂ 

ʇʦʣʥʳʝ ʥʘʙʦʨʳ ʨʝʥʪʛʝʥʦʜʠʬʨʘʢʮʠʦʥʥʳʭ ʜʘʥʥʳʭ ʧʦʣʫʯʝʥʳ ʜʣʷ Gd1-

xBixFe3(BO3)4  ʥʘ ʨʝʥʪʛʝʥʦʚʩʢʦʤ ʜʠʬʨʘʢʪʦʤʝʪʨʝ CCD Xcalibur S3 ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʘʭ 293 ʠ 90 ʂ (ʧʦʢʘʟʘʥʠʷ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʜʘʪʯʠʢʘ CryoJetHT). ʇʨʠ 

90 ʂ ʙʳʣʠ ʠʟʤʝʨʝʥʳ ʜʚʘ ʥʘʙʦʨʘ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʦʪʨʘʞʝʥʠʡ ʧʨʠ ʨʘʟʥʦʡ 

ʦʨʠʝʥʪʘʮʠʠ ʦʙʨʘʟʮʘ ʧʨʠ ʚʳʩʦʢʦʤ ʨʘʟʨʝʰʝʥʠʠ ʤʝʞʧʣʦʩʢʦʩʪʥʦʛʦ ʨʘʩʩʪʦʷʥʠʷ. 

ʇʦʚʪʦʨʝʥʠʝ ʩʲʝʤʢʠ ʧʦʟʚʦʣʠʣʦ ʧʨʦʚʝʩʪʠ ʢʘʣʠʙʨʦʚʢʫ ʜʠʬʨʘʢʪʦʤʝʪʨʘ ʠ ʙʦʣʝʝ ʪʦʯʥʦ 

ʫʯʝʩʪʴ ʧʦʛʣʦʱʝʥʠʝ ʦʙʨʘʟʮʦʤ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ [87]. ɺ ʨʝʟʫʣʴʪʘʪʝ ʜʣʷ 

ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʙʳʣʦ ʩʫʱʝʩʪʚʝʥʥʦ ʫʚʝʣʠʯʝʥʦ ʯʠʩʣʦ 

ʥʝʟʘʚʠʩʠʤʳʭ ʨʝʬʣʝʢʩʦʚ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʫʪʦʯʥʝʥʠʠ ʩʪʨʫʢʪʫʨʳ.  

ɼʣʷ ʫʪʦʯʥʝʥʠʷ ʩʪʨʫʢʪʫʨʥʦʡ ʤʦʜʝʣʠ ʧʦ ʥʘʙʦʨʘʤ ʜʘʥʥʳʭ  Xʩalibur S3 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʧʘʨʘʤʝʪʨʳ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʭʦʜʝ ʠʟʤʝʨʝʥʠʷ 

çʵʪʘʣʦʥʥʦʡè ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʥʘ ʜʠʬʨʘʢʪʦʤʝʪʨʝ Huber: a = 9.5554(1), c 

= 7.5768(1) ¡ ʧʨʠ ʊ = 293 ʂ ʠ a = 9.5473(1) ¡, c = 7.5642(1) ¡ ʧʨʠ T = 90 ʂ. ɸʥʘʣʠʟ 

ʧʦʛʘʩʘʥʠʡ ʚʳʷʚʠʣ ʧʨʦʩʪʨʘʥʩʪʝʥʥʫʶ ʛʨʫʧʧʫ R32 ʧʨʠ 293 ʂ ʠ P3121 ʧʨʠ 90 ʂ. 

ʉʤʝʥʘ ʛʨʫʧʧʳ ʩʠʤʤʝʪʨʠʠ, ʚʧʝʨʚʳʝ ʚʳʷʚʣʝʥʥʘʷ ʚ [31], ʦʙʫʩʣʦʚʣʝʥʘ ʩʪʨʫʢʪʫʨʥʳʤ 

ʬʘʟʦʚʳʤ ʧʝʨʝʭʦʜʦʤ ʧʝʨʚʦʛʦ ʨʦʜʘ, ʢʦʪʦʨʳʡ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ T å 155 ʂ.  

ʉʪʨʫʢʪʫʨʳ ʫʪʦʯʥʝʥʳ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ Jana2006 [86] ʠ ASTRA [87] 

ʤʝʪʦʜʦʤ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ. ʋʪʦʯʥʝʥʳ ʧʘʨʘʤʝʪʨʳ ʵʢʩʪʠʥʢʮʠʠ ʠ ʌʣʵʢʘ. ʇʨʠ 

ʫʯʝʪʝ ʵʬʬʝʢʪʘ ʵʢʩʪʠʥʢʮʠʠ ʜʣʷ ʢʘʞʜʦʛʦ ʠʟ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦʜʦʙʨʘʥʘ ʥʘʠʣʫʯʰʘʷ 

ʤʦʜʝʣʴ ɹʝʢʢʝʨʘïʂʦʧʧʝʥʩʘ [92] ï ʨʘʟʦʨʠʝʥʪʘʮʠʷ ʙʣʦʢʦʚ ʤʦʟʘʠʢʠ (ʪʠʧ 1, 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʃʦʨʝʥʮʘ).  

ɺ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʦʡ ʤʦʜʝʣʠ ʜʣʷ ʫʪʦʯʥʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʛʘʜʦʣʠʥʠʝʚʦʛʦ 

ʬʝʨʨʦʙʦʨʘʪʘ ʧʨʠ ʊ = 293 ʠ 90 ʂ ʙʳʣʠ ʚʟʷʪʳ ʘʪʦʤʥʳʝ ʢʦʦʨʜʠʥʘʪʳ ʚ ʩʪʨʫʢʪʫʨʝ 

ʤʦʥʦʢʨʠʩʪʘʣʣʘ GdFe3(BO3)4, ʚʳʨʘʱʝʥʥʦʛʦ ʥʘ ʦʩʥʦʚʝ ʂ2Mo3O10-ʬʣʶʩʘ [31]. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʫʪʦʯʥʝʥʠʷ ʚʳʷʚʣʝʥʘ ʠʟʙʳʪʦʯʥʘʷ ʟʘʩʝʣʝʥʥʦʩʪʴ ʧʦʟʠʮʠʡ Gd ʧʨʠ ʦʙʝʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ. ʊʘʢ ʢʘʢ ʠʦʥʥʳʝ ʨʘʜʠʫʩʳ ʛʘʜʦʣʠʥʠʷ ʠ ʚʠʩʤʫʪʘ ʙʣʠʟʢʠ (r(Gd
3+

) = 

0.938 ¡, r(Bi
3+
) = 1.03 ¡) ʠ ʙʦʣʴʰʝ ʨʘʜʠʫʩʘ ʞʝʣʝʟʘ r(Fe

3+
) = 0.645 ¡ [78], ʩʜʝʣʘʥʦ 
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ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦ ʪʦʤ, ʯʪʦ ʥʘʡʜʝʥʥʳʝ ʚ ʭʦʜʝ ʘʥʘʣʠʟʘ ʵʣʝʤʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ ʘʪʦʤʳ 

ʚʠʩʤʫʪʘ ʥʘʭʦʜʷʪʩʷ ʧʦʟʠʮʠʷʭ ʘʪʦʤʦʚ ʛʘʜʦʣʠʥʠʷ. ʋʪʦʯʥʝʥʥʘʷ ʬʦʨʤʫʣʘ ʩʦʝʜʠʥʝʥʠʷ 

ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ Gd0.95Bi0.05Fe3(BO3)4.  

ʀʟʫʯʝʥʥʳʡ ʢʨʠʩʪʘʣʣ ʷʚʣʷʝʪʩʷ ʤʝʨʦʵʜʨʠʯʝʩʢʠʤ ʜʚʦʡʥʠʢʦʤ. ʉʦʦʪʥʦʰʝʥʠʝ 

ʢʦʤʧʦʥʝʥʪ ʜʚʦʡʥʠʢʘ ʚ ʧʨʝʜʝʣʘʭ ʧʦʛʨʝʰʥʦʩʪʠ ʩʦʚʧʘʜʘʝʪ ʜʣʷ T = 293 ʠ 90 ʂ ʠ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʘʨʘʤʝʪʨʦʤ ʌʣʵʢʘ 0.583(3). ɿʘʢʣʶʯʠʪʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ R-

ʬʘʢʪʦʨʦʚ ʩʦʩʪʘʚʠʣʠ 0.95 ʠ 0.94 % ʜʣʷ ʩʪʨʫʢʪʫʨ ʧʨʠ T = 293 ʠ 90 ʂ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʦʣʫʯʝʥʥʳʭ ʩʪʨʫʢʪʫʨʥʳʭ ʜʘʥʥʳʭ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ 

ʭʘʨʘʢʪʝʨʥʳʝ ʤʝʞʘʪʦʤʥʳʝ ʨʘʩʩʪʦʷʥʠʷ ʠ ʧʘʨʘʤʝʪʨʳ ʘʪʦʤʥʦʛʦ ʩʤʝʱʝʥʠʷ ʚ 

Gd0.95Bi0.05Fe3(BO3)4. ʆʩʥʦʚʥʳʝ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ, ʜʘʥʥʳʝ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʠ ʨʝʟʫʣʴʪʘʪʳ ʫʪʦʯʥʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʠʟʫʯʝʥʥʳʭ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ 

ʧʨʠʚʝʜʝʥʳ ʚ ʧʨʠʣʦʞʝʥʠʠ (ʪʘʙʣʠʮʘ ʇ1). ʆʪʥʦʩʠʪʝʣʴʥʳʝ ʢʦʦʨʜʠʥʘʪʳ ʘʪʦʤʦʚ ʚ 

ʵʣʝʤʝʥʪʘʨʥʳʭ ʷʯʝʡʢʘʭ ʜʘʥʳ ʚ ʪʘʙʣʠʮʘʭ ʇ6 ʠ ʇ7 ʆʩʥʦʚʥʳʝ ʤʝʞʘʪʦʤʥʳʝ 

ʨʘʩʩʪʦʷʥʠʷ ʩʦʜʝʨʞʘʪʩʷ ʚ ʪʘʙʣʠʮʘʭ ʇ12ïʇ14. CIF-ʬʘʡʣʳ, ʩʦʜʝʨʞʘʱʠʝ 

ʩʪʨʫʢʪʫʨʥʫʶ ʠʥʬʦʨʤʘʮʠʶ, ʜʝʧʦʥʠʨʦʚʘʥʳ ʚ ɹʘʥʢ ʜʘʥʥʳʭ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ 

ʩʪʨʫʢʪʫʨ ICSD (ˉ 431111, 431112). ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʩʪʨʫʢʪʫʨʳ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʚ ʩʣʝʜʫʶʱʝʡ ʛʣʘʚʝ.  
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3.1.4. ɿʘʢʣʶʯʝʥʠʝ ʢ ʧʦʜʛʣʘʚʝ 

¶ ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥ ʵʣʝʤʝʥʪʥʳʡ ʩʦʩʪʘʚ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ Gd1-xBixFe3(BO3)4. ɺ 

ʩʦʩʪʘʚʝ ʩʦʝʜʠʥʝʥʠʷ ʦʙʥʘʨʫʞʝʥʳ ʧʨʠʤʝʩʥʳʝ ʘʪʦʤʳ Bi, ʯʘʩʪʠʯʥʦ ʟʘʤʝʱʘʶʱʠʝ 

ʘʪʦʤʳ Gd ʚ ʩʦʦʪʥʦʰʝʥʠʠ x å 5 %. 

¶ ʋʩʪʘʥʦʚʣʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʧʘʨʘʤʝʪʨʦʚ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ 

(Gd0.95Bi0.05)Fe3(BO3)4 ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʜʠʘʧʘʟʦʥʝ 30 ï 293 ʂ.  

¶ ʋʪʦʯʥʝʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʩʪʨʫʢʪʫʨʥʦʛʦ ʬʘʟʦʛʦ ʧʝʨʝʭʦʜʘ Tstr å  155 ʂ. 

¶ ɸʪʦʤʥʘʷ ʩʪʨʫʢʪʫʨʘ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ (Gd0.95Bi0.05)Fe3(BO3)4 ʦʧʨʝʜʝʣʝʥʘ ʧʨʠ 

293  ʂ ʠ 90 ʂ. ʇʦʣʫʯʝʥʳ ʟʥʘʯʝʥʠʷ ʭʘʨʘʢʪʝʨʥʳʭ ʤʝʞʘʪʦʤʥʳʭ ʨʘʩʩʪʦʷʥʠʡ ʚ 

ʩʪʨʫʢʪʫʨʝ ʠ ʧʘʨʘʤʝʪʨʦʚ ʘʪʦʤʥʦʛʦ ʩʤʝʱʝʥʠʷ. 

¶ ɺ ʢʨʠʩʪʘʣʣʝ (Gd0.95Bi0.05)Fe3(BO3)4 ʦʙʥʘʨʫʞʝʥʦ ʤʝʨʦʵʜʨʠʯʝʩʢʦʝ 

ʜʚʦʡʥʠʢʦʚʘʥʠʝ ʩ ʩʦʦʪʥʦʰʝʥʠʝʤ ʢʦʤʧʦʥʝʥʪ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʤʩʷ ʧʘʨʘʤʝʪʨʦʤ 

ʌʣʵʢʘ  0.583(3). 
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3.2. ʉʪʨʦʝʥʠʝ Y0.95Bi0.05Fe3(BO3)4 

3.2.1. ʆʧʨʝʜʝʣʝʥʠʝ ʵʣʝʤʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ 

ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʤʦʥʦʢʨʠʩʪʘʣʣʘ YFe3(BO3)4 ʙʳʣ ʫʪʦʯʥʝʥ ʤʝʪʦʜʦʤ 

ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʦʛʦ ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʨʘʩʪʨʦʚʦʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ FEI Quanta 200 3D Dual Beam, ʦʩʥʘʱʝʥʥʦʛʦ 

ʤʠʢʨʦʘʥʘʣʠʟʘʪʦʨʦʤ EDAX ʧʨʠ ʫʩʢʦʨʷʶʱʝʤ ʥʘʧʨʷʞʝʥʠʠ 30 ʢɺ, ʧʦʩʢʦʣʴʢʫ ʨʘʥʝʝ 

ʧʨʠ ʵʪʦʤ ʟʥʘʯʝʥʠʠ ʫʩʢʦʨʷʶʱʝʛʦ ʥʘʧʨʷʞʝʥʠʷ ʚ ʛʘʜʦʣʠʥʠʝʚʦʤ ʢʨʠʩʪʘʣʣʝ ʙʳʣʠ 

ʦʙʥʘʨʫʞʝʥʳ ʧʨʠʤʝʩʥʳʝ ʘʪʦʤʳ. ʅʘ ʩʧʝʢʪʨʘʭ YFe3(BO3)4 ʪʘʢʞʝ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ 

ʣʠʥʠʠ ʘʪʦʤʦʚ Bi (ʨʠʩʫʥʦʢ. 3.4), ʧʨʠʩʫʪʩʪʚʠʝ ʢʦʪʦʨʳʭ ʦʙʫʩʣʦʚʣʝʥʦ ʦʩʦʙʝʥʥʦʩʪʷʤʠ 

ʧʨʦʮʝʩʩʘ ʩʠʥʪʝʟʘ ʢʨʠʩʪʘʣʣʦʚ. ɼʨʫʛʠʭ ʧʨʠʤʝʩʥʳʭ ʘʪʦʤʦʚ ʚ ʩʪʨʫʢʪʫʨʝ ʩʦʝʜʠʥʝʥʠʷ 

ʥʝ ʦʙʥʘʨʫʞʝʥʦ. 

 

 

ʈʠʩʫʥʦʢ 3.4. EDX-ʩʧʝʢʪʨ (Y0.95Bi0.05)Fe3(BO3)4 ʧʨʠ ʟʥʘʯʝʥʠʠ ʫʩʢʦʨʷʶʱʝʛʦ 

ʥʘʧʨʷʞʝʥʠʷ 30 ʢɺ ʚ ʨʝʞʠʤʝ ʥʠʟʢʦʛʦ ʚʘʢʫʫʤʘ. Cʪʨʝʣʢʘʤʠ ʧʦʢʘʟʘʥʳ ʣʠʥʠʠ  ʘʪʦʤʦʚ 

Bi.  
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 3.2.2. ʊʝʤʧʝʨʘʪʫʨʥʦʝ ʩʢʘʥʠʨʦʚʘʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʨʝʰʝʪʢʠ 30 ï 500 ʂ 

 ʇʘʨʘʤʝʪʨʳ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ Y1-xBixFe3(BO3)4 ʙʳʣʠ 

ʠʟʤʝʨʝʥʳ ʚ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʜʠʘʧʘʟʦʥʝ 30 ï 500 ʂ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʝʩʢʦʣʴʢʠʭ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʫʩʪʘʥʦʚʦʢ. ʀʟʤʝʨʝʥʠʷ ʚ ʜʠʘʧʘʟʦʥʝ 30 ï 220 ʂ ʧʨʦʚʦʜʠʣʠʩʴ ʩ 

ʰʘʛʦʤ 5-10 ʂ ʥʘ ʯʝʪʳʨʝʭʢʨʫʞʥʦʤ ʨʝʥʪʛʝʥʦʚʩʢʦʤ ʜʠʬʨʘʢʪʦʤʝʪʨʝ HUBER-5042. 

ʀʟʤʝʨʝʥʠʷ ʚ ʜʠʘʧʘʟʦʥʝ 110ï500 ʂ ʩ ʰʘʛʦʤ 10-20 ʂ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ 

ʜʠʬʨʘʢʪʦʤʝʪʨʝ PILATUS@SNBL. ʊʘʢʞʝ ʜʣʷ ʘʥʘʣʠʟʘ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ 

ʧʘʨʘʤʝʪʨʦʚ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʧʘʨʘʤʝʪʨʳ, ʧʦʣʫʯʝʥʥʳʝ ʚ 

ʜʠʘʧʘʟʦʥʝ 295 ï 500 ʂ ʠʟ ʧʦʣʥʳʭ ʥʘʙʦʨʦʚ ʜʘʥʥʳʭ ʥʘ ʨʝʥʪʛʝʥʦʚʩʢʦʤ 

ʜʠʬʨʘʢʪʦʤʝʪʨʝ CCD Xcalibur S3 (Rigaku Oxford Diffraction), ʦʩʥʘʱʝʥʥʳʤ 

ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʧʨʠʩʪʘʚʢʦʡ Cobra Plus (Oxford Cryosystems).  

ɺ ʧʨʦʮʝʩʩʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʷʚʣʝʥʦ ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʝ ʨʘʟʣʠʯʠʝ 

ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʢʨʠʚʳʭ, ʠʟʤʝʨʝʥʥʳʭ ʥʘ ʨʘʟʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʫʩʪʘʥʦʚʢʘʭ. 

ʊʝʤʧʝʨʘʪʫʨʥʳʝ ʢʨʠʚʳʝ, ʧʦʣʫʯʝʥʥʳʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʠʬʨʘʢʪʦʤʝʪʨʦʚ  

PILATUS@SNBL ʠ Xcalibur S3 ʙʳʣʠ ʧʨʠʚʝʜʝʥʳ ʢ ʟʥʘʯʝʥʠʷʤ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ 

ʢʨʠʚʦʡ, ʧʦʣʫʯʝʥʥʦʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ çɻ ʪʘʣʦʥʥʦʛʦè ʜʠʬʨʘʢʪʦʤʝʪʨʘ HUBER-5042 

(ʨʠʩʫʥʦʢ 3.5). 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʘʨʘʤʝʪʨʳ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ a, b ʤʦʥʦʪʦʥʥʦ 

ʚʦʟʨʘʩʪʘʶʪ ʚ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʜʠʘʧʘʟʦʥʝ 30 ï 360 ʂ. ʈʝʟʢʦʝ ʫʚʝʣʠʯʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ 

a, b ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ 360 ï 380 ʂ. ʈʦʩʪ ʧʘʨʘʤʝʪʨʦʚ a, b ʧʨʘʢʪʠʯʝʩʢʠ 

ʧʨʝʢʨʘʱʘʝʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ 400ï500 ʂ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʟʤʝʨʝʥʠʡ ʙʳʣʦ ʩʜʝʣʘʥʦ 

ʟʘʢʣʶʯʝʥʠʝ, ʯʪʦ ʢʨʠʩʪʘʣʣ ʧʨʝʪʝʨʧʝʚʘʝʪ ʩʪʨʫʢʪʫʨʥʳʡ ʬʘʟʦʚʳʡ ʧʝʨʝʭʦʜ ʚ 

ʠʥʪʝʨʚʘʣʝ 360 ï 380 ʂ, ʢʦʪʦʨʳʡ ʥʦʩʠʪ ʨʘʟʤʳʪʳʡ ʭʘʨʘʢʪʝʨ.  

ʇʘʨʘʤʝʪʨ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ c ʧʨʠ ʧʦʚʳʰʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʦʪ 30 ʂ 

ʫʤʝʥʴʰʘʝʪʩʷ ʥʘ å 0.002 ¡ ʠ ʜʦʩʪʠʛʘʝʪ ʩʚʦʝʛʦ ʤʠʥʠʤʫʤʘ ʧʨʠ 90 ʂ. ʇʨʠ 

ʜʘʣʴʥʝʡʰʝʤ ʧʦʚʳʰʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʚʧʣʦʪʴ ʜʦ 500 ʂ ʧʨʦʠʩʭʦʜʠʪ ʧʨʘʢʪʠʯʝʩʢʠ 

ʣʠʥʝʡʥʳʡ ʨʦʩʪ ʧʘʨʘʤʝʪʨʘ c ʠ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ ʷʚʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʜʘʞʝ ʚ ʦʙʣʘʩʪʠ 

ʩʪʨʫʢʪʫʨʥʦʛʦ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ (ʦʙʣʘʩʪʴ ʨʝʟʢʦʛʦ ʨʦʩʪʘ ʧʘʨʘʤʝʪʨʦʚ a, b). ʆʙʲʝʤ 
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ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʚ Y1-xBixFe3(BO3)4 ʤʦʥʦʪʦʥʥʦ ʨʘʩʪʝʪ ʩ ʫʚʝʣʠʯʝʥʠʝʤ 

ʪʝʤʧʝʨʘʪʫʨʳ. ɺ ʦʙʣʘʩʪʠ ʩʪʨʫʢʪʫʨʥʦʛʦ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ 360 ï 380 ʂ 

ʥʘʙʣʶʜʘʝʪʩʷ ʙʦʣʝʝ ʢʨʫʪʦʡ ʨʦʩʪ. 

 

 

ʈʠʩʫʥʦʢ 3.5. ɿʘʚʠʩʠʤʦʩʪʠ ʧʘʨʘʤʝʪʨʦʚ a, b (ʘ), ʩ (ʙ) ʠ ʦʙʲʸʤʘ V (ʚ) 

ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʢʨʠʩʪʘʣʣʘ Y0.95Bi0.05Fe3(BO3)4 ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ. ʇʫʥʢʪʠʨʥʦʡ 

ʣʠʥʠʝʡ ʦʙʦʟʥʘʯʝʥʘ ʦʙʣʘʩʪʴ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ. 

3.2.3. ʊʝʤʧʝʨʘʪʫʨʥʳʡ ʘʥʘʣʠʟ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʭ ʧʦʛʘʩʘʥʠʡ 

ʈʘʟʤʳʪʦʩʪʴ ʩʪʨʫʢʪʫʨʥʦʛʦ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʚ Y1-xBixFe3(BO3)4 ʥʝ ʧʦʟʚʦʣʠʣʘ 

ʦʜʥʦʟʥʘʯʥʦ ʦʧʨʝʜʝʣʠʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʧʝʨʝʭʦʜʘ. ɼʣʷ ʫʪʦʯʥʝʥʠʷ ʝʝ ʟʥʘʯʝʥʠʷ ʙʳʣ 

ʧʨʠʤʝʥʝʥ ʧʦʜʭʦʜ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʘʥʘʣʠʟʝ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʭ 
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ʧʦʛʘʩʘʥʠʡʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʳ R32 (ʨʝʬʣʝʢʩʦʚ, ʟʘʧʨʝʱʝʥʥʳʭ ʩʠʤʤʝʪʨʠʝʡ ʚ 

ʜʘʥʥʦʡ ʛʨʫʧʧʝ).  

ɿʥʘʯʝʥʠʷ Tstr, ʧʦʣʫʯʝʥʥʳʝ ʜʣʷ ʠʪʪʨʠʝʚʦʛʦ ʬʝʨʨʦʙʦʨʘʪʘ ʚ ʜʨʫʛʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʷʭ, ʧʨʦʪʠʚʦʨʝʯʠʚʳ: 350 ʂ [34], 401 ʂ [56] ʠ 445 ʂ [54]. ʉ ʫʯʝʪʦʤ ʵʪʠʭ 

ʟʥʘʯʝʥʠʡ Tstr ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʦʣʥʳʝ ʤʘʩʩʠʚʳ ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʜʠʬʨʘʢʮʠʦʥʥʳʭ 

ʜʘʥʥʳʭ ʧʨʠ 90 ʂ, 295 ʂ, 380 ʂ ʠ 500 ʂ (ʩʠʥʭʨʦʪʨʦʥʥʦʝ ʠʟʣʫʯʝʥʠʝ, ʜʠʬʨʘʢʪʦʤʝʪʨ 

PILATUS@SNBL). ɸʥʘʣʠʟ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʭ ʧʦʛʘʩʘʥʠʡ ʚʳʷʚʠʣ ʧʨʦʩʪʨʘʥʩʚʝʥʥʫʶ 

ʛʨʫʧʧʫ R32 ʧʨʠ 500 ʂ ʠ 380 ʂ ʠ ʧʨʦʩʪʨʘʥʩʚʝʥʥʫʶ ʛʨʫʧʧʫ P3121 ʧʨʠ 295 ʂ ʠ 90 ʂ, 

ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʚ ʠʪʪʨʠʝʚʦʤ ʬʝʨʨʦʙʦʨʘʪʝ ʩʪʨʫʢʪʫʨʥʦʛʦ 

ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʚ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʜʠʘʧʘʟʦʥʝ 295 ï 380 ʂ.  

ɼʣʷ ʫʪʦʯʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʠ ʘʥʘʣʠʟʘ ʩʪʨʫʢʪʫʨʥʳʭ 

ʠʟʤʝʥʝʥʠʡ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʦʣʥʳʝ ʤʘʩʩʠʚʳ 

ʨʝʥʪʛʝʥʦʜʠʬʨʘʢʮʠʦʥʥʳʭ ʜʘʥʥʳʭ ʧʨʠ 90, 295, 350, 360, 365, 370, 375, 380, 430 ʠ 

500 ʂ ʥʘ ʣʘʙʦʨʘʪʦʨʥʦʤ ʜʠʬʨʘʢʪʦʤʝʪʨʝ CCD Xcalibur S3 ʩ ʧʨʠʩʪʘʚʢʦʡ Cobra Plus. 

ɺʩʝ ʤʘʩʩʠʚʳ ʜʘʥʥʳʭ ʫʪʦʯʥʝʥʳ ʚ ʧʨʦʩʪʨʘʥʩʚʝʥʥʦʡ ʛʨʫʧʧʝ R32. ʇʦʣʫʯʝʥʳ ʩʧʠʩʢʠ 

ʠʥʜʝʢʩʦʚ ʄʠʣʣʝʨʘ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʭ ʧʦʛʘʩʘʥʠʡ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʳ  R32 (ʚ ʛʝʢʩʘʛʦʥʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʝ).  

ɺ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʜʠʘʧʘʟʦʥʝ 500 ï 380 ʂ ʪʘʢʠʝ ʦʪʨʘʞʝʥʠʷ ʦʪʩʫʪʩʪʚʫʶʪ, ʯʪʦ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʩʪʨʫʢʪʫʨʳ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʝ R32. 

ɺʦʧʨʝʢʠ ʟʘʢʦʥʘʤ ʧʦʛʘʩʘʥʠʷ, ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʪʘʢʠʭ ʨʝʬʣʝʢʩʦʚ ʩʪʘʥʦʚʠʪʩʷ ʦʪʣʠʯʥʦʡ 

ʦʪ ʥʫʣʷ ʥʠʞʝ 380 ʂ, ʠ ʯʠʩʣʦ ʧʨʠʩʫʪʩʪʚʫʶʱʠʭ ʚ ʜʠʬʨʘʢʮʠʦʥʥʦʡ ʢʘʨʪʠʥʝ 

ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʭ ʧʦʛʘʩʘʥʠʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʳ  R32 ʨʝʟʢʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ 

ʦʪ 76 ʧʨʠ 375 ʂ ʜʦ 1600 ʧʨʠ 350 ʂ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʧʝʨʝʭʦʜʝ ʚ 

ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʫʶ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ ʛʨʫʧʧʫ P3121. ʏʠʩʣʦ ʪʘʢʠʭ ʨʝʬʣʝʢʩʦʚ 

ʧʨʦʜʦʣʞʘʝʪ ʫʚʝʣʠʯʠʚʘʪʴʩʷ ʚʧʣʦʪʴ ʜʦ 15822 ʧʨʠ 90 ʂ (ʨʠʩʫʥʦʢ 3.6 (ʘ)). 
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ʈʠʩʫʥʦʢ 3.6. ɿʘʚʠʩʠʤʦʩʪʴ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʯʠʩʣʘ (ʘ) ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ (ʙ) 

ʨʝʬʣʝʢʩʦʚ, ʟʘʧʨʝʱʝʥʥʳʭ ʧʦ ʩʠʤʤʝʪʨʠʠ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʝ R32 ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 90 ï 500 ʂ. ʅʘ ʚʩʪʘʚʢʝ (ʘ) ʧʦʢʘʟʘʥʘ ʪʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ 

ʟʘʧʨʝʱʝʥʥʳʭ ʨʝʬʣʝʢʩʦʚ ʚ ʦʙʣʘʩʪʠ ʩʪʨʫʢʪʫʨʥʦʛʦ ʧʝʨʝʭʦʜʘ (ʚʳʜʝʣʝʥʘ ʧʫʥʢʪʠʨʦʤ). 

(ʚ) ʊʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʟʘʧʨʝʱʝʥʥʳʭ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ 

ʛʨʫʧʧʝ R32 ʨʝʬʣʝʢʩʦʚ ʚ ʦʙʣʘʩʪʠ ʩʪʨʫʢʪʫʨʥʦʛʦ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ, ʚʳʜʝʣʝʥʥʦʡ ʥʘ 

(ʙ) ʧʫʥʢʪʠʨʦʤ. 

 

ɼʣʷ ʘʥʘʣʠʟʘ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʟʘʧʨʝʱʝʥʥʳʭ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʝ R32 

ʨʝʬʣʝʢʩʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʠʟ ʥʘʙʦʨʘ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʭ ʧʦʛʘʩʘʥʠʡ 

ʙʳʣʠ ʚʳʙʨʘʥʳ ʢʦʥʪʨʦʣʴʥʳʝ ʦʪʨʘʞʝʥʠʷ ʩ ʠʥʜʝʢʩʘʤʠ hkl  1 0 6 ʠ σ π ψ, ʦʙʣʘʜʘʶʱʠʝ 

ʥʘʠʙʦʣʴʰʝʡ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʧʨʠ 90 ʂ (P3121). ʊʘʢʞʝ ʦʪʩʣʝʞʠʚʘʣʦʩʴ ʧʦʚʝʜʝʥʠʝ 
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ʨʝʬʣʝʢʩʦʚ ʩ ʤʝʥʴʰʝʡ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ (ʨʠʩʫʥʦʢ 3.6 (ʙ, ʚ)).  ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʧʨʠ ʧʦʚʳʰʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʦʪ 90 ʂ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʢʦʥʪʨʦʣʴʥʳʭ ʨʝʬʣʝʢʩʦʚ 

ʤʦʥʦʪʦʥʥʦ ʫʤʝʥʴʰʘʝʪʩʷ ʜʦ 350 ʂ, ʧʦʩʣʝ ʯʝʛʦ ʨʝʟʢʦ ʫʤʝʥʴʰʘʝʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ 350 

ï 380 ʂ. ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʩʣʘʙʳʭ ʨʝʬʣʝʢʩʦʚ ρχ ψ ρυ ʠ 0 ρς ρχ ʦʙʨʘʱʘʝʪʩʷ ʚ ʥʦʣʴ 

ʫʞʝ ʧʨʠ 350 ʂ ʧʨʠ ʧʦʚʳʰʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ. ʈʠʩʫʥʦʢ 3.6 (ʙ, ʚ) ʜʝʤʦʥʩʪʨʠʨʫʝʪ, 

ʯʪʦ ʨʝʬʣʝʢʩʳ ʩ ʨʘʟʣʠʯʥʳʤʠ ʠʥʜʝʢʩʘʤʠ ʧʦʛʘʩʘʶʪ ʧʨʠ ʨʘʟʥʳʭ ʟʥʘʯʝʥʠʷʭ 

ʪʝʤʧʝʨʘʪʫʨʳ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʛʨʘʤʤʳ, ʦʮʝʥʠʚʘʶʱʠʝ ʩʠʤʤʝʪʨʠʶ ʥʘ ʦʩʥʦʚʝ 

ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʭ ʧʦʛʘʩʘʥʠʡ, ʥʝ ʤʦʛʫʪ ʚ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ ʦʧʨʝʜʝʣʠʪʴ Tstr, 

ʧʦʩʢʦʣʴʢʫ ʨʝʰʝʥʠʝ ʦ ʚʳʙʦʨʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʳ ʟʘʚʠʩʠʪ ʦʪ ʚʳʙʨʘʥʥʳʭ 

ʘʚʪʦʨʘʤʠ ʧʦʨʦʛʦʚʳʭ ʟʥʘʯʝʥʠʡ ʠ ʢʨʠʪʝʨʠʝʚ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʘʥʘʣʠʟʘ ʯʠʩʣʘ ʠ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʭ ʧʦʛʘʩʘʥʠʡ ʙʳʣ ʩʜʝʣʘʥ ʚʳʚʦʜ, ʯʪʦ ʢʨʠʩʪʘʣʣ 

ʧʨʝʪʝʨʧʝʚʘʝʪ ʩʪʨʫʢʪʫʨʥʳʡ ʬʘʟʦʚʳʡ ʧʝʨʝʭʦʜ ʚ ʜʠʘʧʘʟʦʥʝ 350 ï 380 ʂ. ʏʠʩʣʦ ʠ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʪʘʢʠʭ ʨʝʬʣʝʢʩʦʚ ʩʪʘʥʦʚʷʪʩʷ ʟʥʘʯʠʤʳʤʠ ʥʠʞʝ 370 ʂ. ʀʩʭʦʜʷ ʠʟ 

ʵʪʦʛʦ, ʤʦʞʥʦ ʩʯʠʪʘʪʴ Tstr å 370 ʂ (å 368 ʂ ʩ ʫʯʝʪʦʤ ʢʘʣʠʙʨʦʚʢʠ 

ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʧʨʠʩʪʘʚʢʠ Cobra Plus).  

 3.2.4. ʆʧʨʝʜʝʣʝʥʠʝ ʘʪʦʤʥʦʡ ʩʪʨʫʢʪʫʨʳ Y0.95Bi0.05Fe3(BO3)4 ʧʨʠ 90 ï 500 ʂ 

ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ Y1-xBixFe3(BO3)4 ʙʳʣʘ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʘ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʘʩʩʠʚʦʚ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ 90 ʂ, 295 ʂ, 380 ʂ ʠ 500 ʂ  ʥʘ 

ʜʠʬʨʘʢʪʦʤʝʪʨʝ PILATUS@SNBL ʠ ʧʨʠ  90, 295, 350, 360, 365, 370, 375, 380, 430 ʠ 

500 ʂ ʥʘ ʤʦʥʦʢʨʠʩʪʘʣʴʥʦʤ ʜʠʬʨʘʢʪʦʤʝʪʨʝ CCD Xcalibur S3. ʆʪʦʙʨʘʥʥʳʡ ʜʣʷ 

ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʭ ʠʟʤʝʨʝʥʠʡ ʦʙʨʘʟʝʮ ʜʠʘʤʝʪʨʦʤ d = 0.18 ʤʤ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʚʦ 

ʚʩʝʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʥʘ ʜʠʬʨʘʢʪʦʤʝʪʨʘʭ PILATUS@SNBL ʠ CCD Xcalibur S3. 

ʉʦʛʣʘʩʥʦ ʧʦʣʫʯʝʥʥʳʤ ʚ ʧʘʨʘʛʨʘʬʝ 3.2.3 ʜʘʥʥʳʤ ʦ ʬʘʟʦʚʦʤ ʧʝʨʝʭʦʜʝ, ʩʪʨʫʢʪʫʨʘ 

ʙʳʣʘ ʫʪʦʯʥʝʥʘ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʝ R32 ʧʨʠ 375ï500 ʂ ʠ ʚ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʝ P3121 ʧʨʠ 90ï370 ʂ.  
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ʇʦʠʩʢ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʥʘ ʜʠʬʨʘʢʪʦʤʝʪʨʝ PILATUS@SNBL 

ʟʘʚʝʨʰʠʣʩʷ ʚʳʙʦʨʦʤ ʪʨʠʛʦʥʘʣʴʥʦʡ ʷʯʝʡʢʠ ʩ ʧʘʨʘʤʝʪʨʘʤʠ a = 9.5131 (1) ¡, c = 

7.5396 ¡ ʧʨʠ ʊ = 90 ʂ, a = 9.5217 (1) ¡, c = 7.5547 ¡  ʧʨʠ ʊ = 295 ʂ, a = 9.5282 (1) 

¡, c = 7.5609 ¡  ʧʨʠ ʊ = 380 ʂ ʠ a = 9.5254 (1) ¡, c = 7.5674 ¡  ʧʨʠ ʊ = 500 ʂ 

(ʪʘʙʣʠʮʘ ʇ2). ʇʘʨʘʤʝʪʨʳ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʫʤʝʥʴʰʘʶʪʩʷ ʩ ʧʦʥʠʞʝʥʠʝʤ 

ʪʝʤʧʝʨʘʪʫʨʳ. ʇʦ ʜʘʥʥʳʤ, ʧʦʣʫʯʝʥʥʳʤ ʥʘ ʜʠʬʨʘʢʪʦʤʝʪʨʝ CCD Xcalibur S3, 

ʧʘʨʘʤʝʪʨʳ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʫʤʝʥʴʰʘʶʪʩʷ ʦʪ a = 9.5394 (1) ¡, c = 7.5765 (1) ¡  

ʧʨʠ ʊ = 500 ʂ ʜʦ a = 9.5161 (1) ¡, c = 7.5441 (1)  ¡  ʧʨʠ ʊ = 90 ʂ (ʪʘʙʣʠʮʘ ʇ3).   

ɺ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʦʡ ʤʦʜʝʣʠ ʜʣʷ ʫʪʦʯʥʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʛʦʣʴʤʠʝʚʦʛʦ 

ʬʝʨʨʦʙʦʨʘʪʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʥʠʞʝ ʠ ʚʳʰʝ Tstr ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʘʪʦʤʥʳʝ 

ʢʦʦʨʜʠʥʘʪʳ ʚ ʩʪʨʫʢʪʫʨʝ ʤʦʥʦʢʨʠʩʪʘʣʣʘ (Gd0.95Bi0.05)Fe3(BO3)4 ʚ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ 

ʛʨʫʧʧʝ P3121 (90 ʂ) ʠ R32 (293 ʂ). 

ʉʪʨʫʢʪʫʨʳ ʙʳʣʠ ʫʪʦʯʥʝʥʳ ʚ ʧʨʦʛʨʘʤʤʝ Jana2006 ʤʝʪʦʜʦʤ ʥʘʠʤʝʥʴʰʠʭ 

ʢʚʘʜʨʘʪʦʚ. ʋʪʦʯʥʝʥʳ ʧʘʨʘʤʝʪʨʳ ʵʢʩʪʠʥʢʮʠʠ ʠ ʌʣʵʢʘ. ʇʨʠ ʫʯʝʪʝ ʵʬʬʝʢʪʘ 

ʵʢʩʪʠʥʢʮʠʠ ʧʦ ɹʝʢʢʝʨʫïʂʦʧʧʝʥʩʫ [92] ʜʣʷ ʢʘʞʜʦʛʦ ʠʟ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦʜʦʙʨʘʥʘ 

ʥʘʠʣʫʯʰʘʷ ʤʦʜʝʣʴ ï ʨʘʟʦʨʠʝʥʪʘʮʠʷ ʙʣʦʢʦʚ ʤʦʟʘʠʢʠ (ʪʠʧ 1, ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʃʦʨʝʥʮʘ).  

ɹʳʣʦ ʫʪʦʯʥʝʥʦ ʟʥʘʯʝʥʠʝ ʟʘʩʝʣʝʥʥʦʩʪʠ ʘʪʦʤʥʦʡ ʧʦʟʠʮʠʠ Y. ʆʙʥʘʨʫʞʝʥʦ, ʯʪʦ 

ʟʘʩʝʣʝʥʥʦʩʪʴ Y ʧʨʝʚʳʰʘʝʪ 1.  ɿʘʩʝʣʝʥʥʦʩʪʴ ʘʪʦʤʦʚ Fe ʧʨʠ ʫʪʦʯʥʝʥʠʠ ʦʩʪʘʚʘʣʘʩʴ 

ʥʘ ʧʨʝʞʥʝʤ ʫʨʦʚʥʝ ʠʣʠ ʥʝʩʫʱʝʩʪʚʝʥʥʦ ʫʤʝʥʴʰʘʣʘʩʴ. ɸʪʦʤʳ Bi, ʦʙʥʘʨʫʞʝʥʥʳʝ ʚ 

ʩʦʩʪʘʚʝ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ, ʠʤʝʶʪ ʙʦʣʴʰʫʶ ʨʘʩʩʝʠʚʘʶʱʫʶ ʩʧʦʩʦʙʥʦʩʪʴ, ʘ ʠʭ 

ʨʘʜʠʫʩ ʙʣʠʟʦʢ ʢ ʨʘʜʠʫʩʫ Y, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʨʘʜʠʫʩ r(Fe
3+
) = 0.645 ¡ ʤʝʥʴʰʝ, ʯʝʤ 

ʨʘʜʠʫʩ Y ʠ Bi. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʘʪʦʤʳ Bi ʯʘʩʪʠʯʥʦ 

ʟʘʤʝʱʘʶʪ ʘʪʦʤʳ Y ʚ ʧʦʟʠʮʠʠ 3a, ʘʥʘʣʦʛʠʯʥʦ ʟʘʤʝʱʝʥʠʶ ʘʪʦʤʦʚ ʛʘʜʦʣʠʥʠʷ 

ʘʪʦʤʘʤʠ ʚʠʩʤʫʪʘ ʚ Gd0.95Bi0.05Fe3(BO3)4. ʇʘʨʘʤʝʪʨ ʟʘʩʝʣʝʥʥʦʩʪʠ ʘʪʦʤʦʚ Bi, 

ʫʩʨʝʜʥʝʥʥʳʡ ʧʦ ʚʩʝʤ ʥʘʙʦʨʘʤ ʜʘʥʥʳʭ, ʩʦʩʪʘʚʠʣ 0.054(2). ʋʪʦʯʥʝʥʥʘʷ ʬʦʨʤʫʣʘ 

ʩʦʝʜʠʥʝʥʠʷ (Y0.95Bi0.05)Fe3(BO3)4.  

ʀʟʫʯʝʥʥʳʡ ʢʨʠʩʪʘʣʣ ʷʚʣʷʝʪʩʷ ʤʝʨʦʵʜʨʠʯʝʩʢʠʤ (ʨʘʮʝʤʠʯʝʩʢʠʤ) ʜʚʦʡʥʠʢʦʤ 

ʩ ʧʘʨʘʤʝʪʨʦʤ ʌʣʵʢʘ 0.507(3), ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʧʨʠʩʫʪʩʪʚʠʠ ʚ ʩʪʨʫʢʪʫʨʝ ʜʚʫʭ 

ʵʥʘʥʪʠʦʤʦʨʬʥʳʭ ʤʦʜʠʬʠʢʘʮʠʡ ʚ ʨʘʚʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ ʢʘʢ ʚʳʰʝ, ʪʘʢ  ʠ ʥʠʞʝ Tstr.  
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ɿʘʢʣʶʯʠʪʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʬʘʢʪʦʨʦʚ ʫʪʦʯʥʝʥʠʷ ʩʦʩʪʘʚʠʣʠ 1.0 ï 2.2 %. 

 ɼʣʷ ʚʩʝʭ ʘʪʦʤʦʚ ʚ ʩʪʨʫʢʪʫʨʝ (Y0.95Bi0.05)Fe3(BO3)4 ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʧʨʦʛʨʘʤʤʳ ASTRA [86] ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʟʥʘʯʝʥʠʷ ʩʪʝʧʝʥʠ ʵʣʣʠʧʪʠʯʥʦʩʪʠ 

(ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʫʜʣʠʥʝʥʠʷ ʦʩʝʡ) Ů ʧʘʨʘʤʝʪʨʦʚ ʘʪʦʤʥʳʭ  ʩʤʝʱʝʥʠʡ ï ʩʪʘʥʜʘʨʥʳʝ 

ʦʪʢʣʦʥʝʥʠʷ ʛʣʘʚʥʳʭ ʦʩʝʡ ʵʣʣʠʧʩʦʠʜʘ ʦʪ ʨʘʜʠʫʩʘ ʵʢʚʠʚʘʣʝʥʪʥʦʡ ʧʦ ʦʙʲʝʤʫ ʩʬʝʨʳ 

ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ [93]. 

 ʆʩʥʦʚʥʳʝ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ, ʜʘʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʠ 

ʨʝʟʫʣʴʪʘʪʳ ʫʪʦʯʥʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʠʬʨʘʢʪʦʤʝʪʨʦʚ 

PILATUS@SNBL ʠ Xcalibur S3 ʧʨʠʚʝʜʝʥʳ ʚ ʧʨʠʣʦʞʝʥʠʠ (ʪʘʙʣʠʮʘ ʇ2 ʠ ʇ3). 

ʆʪʥʦʩʠʪʝʣʴʥʳʝ ʢʦʦʨʜʠʥʘʪʳ ʘʪʦʤʦʚ ʚ ʵʣʝʤʝʥʪʘʨʥʳʭ ʷʯʝʡʢʘʭ ʜʘʥʳ ʚ ʪʘʙʣʠʮʘʭ ʇ8 

ʠ ʇ9. ʆʩʥʦʚʥʳʝ ʤʝʞʘʪʦʤʥʳʝ ʨʘʩʩʪʦʷʥʠʷ ʩʦʜʝʨʞʘʪʩʷ ʚ ʪʘʙʣʠʮʘʭ ʇ15ïʇ17. CIF-

ʬʘʡʣʳ, ʩʦʜʝʨʞʘʱʠʝ ʩʪʨʫʢʪʫʨʥʫʶ ʠʥʬʦʨʤʘʮʠʶ, ʜʝʧʦʥʠʨʦʚʘʥʳ ʚ ɹʘʥʢ ʜʘʥʥʳʭ 

ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ICSD (ˉ 433864ï433873 ʜʣʷ ʜʘʥʥʳʭ Xcalibur ʠ ˉ 

433874ï433877 ʜʣʷ ʜʘʥʥʳʭ PILATUS@SNBL) ʠ ʂʝʤʙʨʠʜʞʩʢʫʶ ʩʪʨʫʢʪʫʨʥʫʶ 

ʙʘʟʫ ʜʘʥʥʳʭ CSD (CCDC  ̄ 1824825ï1824838). ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʩʪʨʫʢʪʫʨʳ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʩʣʝʜʫʶʱʝʡ ʛʣʘʚʝ. 

3.2.5. ɸʥʘʣʠʟ ʣʦʢʘʣʴʥʦʛʦ ʦʢʨʫʞʝʥʠʷ ʘʪʦʤʦʚ ʚ ʩʪʨʫʢʪʫʨʝ Y0.95Bi0.05Fe3(BO3)4  

ʤʝʪʦʜʦʤ EXAFS 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ ʣʦʢʘʣʴʥʦʤ ʦʢʨʫʞʝʥʠʠ 

ʢʘʪʠʦʥʦʚ ʚ ʩʪʨʫʢʪʫʨʝ  (Y0.95Bi0.05)Fe3(BO3)4 ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʤʝʪʦʜ ʩʧʝʢʪʨʦʩʢʦʧʠʠ 

EXAFS. ʇʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ 

ʩʧʝʢʨʪʨʳ Fe ʥʘ ʢʨʘʝ ʧʦʛʣʦʱʝʥʠʷ K-, Y ʥʘ ʢʨʘʝ ʧʦʛʣʦʱʝʥʠʷ K- ʠ Bi ʥʘ ʢʨʘʝ 

ʧʦʛʣʦʱʝʥʠʷ L3.  

ʉʧʝʢʪʨʳ ʥʘ ʢʨʘʝ K- ʠʟʤʝʨʷʣʠʩʴ ʚ ʨʝʞʠʤʝ ʧʨʦʧʫʩʢʘʥʠʷ ʚ ʠʦʥʠʟʘʮʠʦʥʥʳʭ 

ʢʘʤʝʨʘʭ ʩʦ ʩʤʝʩʴʶ N2/ʘʨʛʦʥʘ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʣʦ ʧʨʦʧʫʩʢʘʥʠʝ 20% ʠ 80% ʜʣʷ I0 ʠ 

I t, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʀʟ-ʟʘ ʥʠʟʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʠʩʤʫʪʘ ʚ ʤʘʪʝʨʠʘʣʝ ʨʝʞʠʤ 

ʧʨʦʧʫʩʢʘʥʠʷ ʥʝ ʧʦʜʭʦʜʠʣ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʘʯʝʩʪʚʝʥʥʳʭ ʜʘʥʥʳʭ ʦ ʣʦʢʘʣʴʥʦʤ 
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ʦʢʨʫʞʝʥʠʠ Bi. ʇʦʵʪʦʤʫ ʜʣʷ Bi ʩʧʝʢʪʨʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʥʘ L3-ʢʨʘʝ ʧʦʛʣʦʱʝʥʠʷ ʚ 

ʨʝʞʠʤʝ ʚʳʭʦʜʘ ʬʣʶʦʨʝʩʮʝʥʮʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʨʝʤʥʠʝʚʦʛʦ ʣʘʚʠʥʥʦʛʦ ʜʠʦʜʘ 

FMB Oxford (UK). ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʩʧʝʢʪʨʳ ʙʳʣʠ ʦʙʨʘʙʦʪʘʥʳ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʮʝʜʫʨ Athena ʠ Artemis ʠʟ ʢʦʤʧʣʝʢʩʘ IFEFFIT package [90]. 

ʅʝʣʠʥʝʡʥʘʷ ʘʧʧʨʦʢʩʠʤʘʮʠʷ ʢʨʠʚʳʭ ʙʳʣʘ ʚʳʧʦʣʥʝʥʘ ʥʘ ʦʩʥʦʚʝ ab initio 

ʚʳʯʠʩʣʝʥʠʡ ʬʘʟ ʠ ʘʤʧʣʠʪʫʜ ʬʫʥʢʮʠʡ ʦʙʨʘʪʥʦʛʦ ʨʘʩʩʝʷʥʠʷ ʬʦʪʦʵʣʝʢʪʨʦʥʦʚ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʜʘ FEFF8 [91]. ʅʦʨʤʠʨʦʚʘʥʥʳʝ ʢʨʠʚʳʝ EXAFS ʜʣʷ ʧʦʜʛʦʥʢʠ 

ʙʳʣʠ ʚʟʚʝʰʝʥʳ ʂ
3
-ʬʫʥʢʮʠʝʡ. ʂʦʵʬʬʠʮʠʝʥʪ ʫʤʝʥʴʰʝʥʠʷ ʘʤʧʣʠʪʫʜʳ ʚʥʝʰʥʠʭ 

ʧʦʪʝʨʴ S0
2
 ʙʳʣ ʟʘʬʠʢʩʠʨʦʚʘʥ ʥʘ ʫʨʦʚʥʝ 0.75. ɺʘʨʴʠʨʦʚʘʥʠʶ ʧʦʜʣʝʞʘʣʠ ʪʦʣʴʢʦ 

ʤʝʞʘʪʦʤʥʳʝ ʨʘʩʩʪʦʷʥʠʷ ʠ ʬʘʢʪʦʨ ɼʝʙʘʷ-ɺʘʣʣʝʨʘ. ʂʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʯʠʩʣʘ 

ʦʩʪʘʚʘʣʠʩʴ ʬʠʢʩʠʨʦʚʘʥʥʳʤʠ ʥʘ ʥʦʤʠʥʘʣʴʥʳʭ ʟʥʘʯʝʥʠʷʭ, ʧʦʣʫʯʝʥʥʳʭ ʠʟ 

ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʭ ʜʘʥʥʳʭ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʠ ʥʘʠʣʫʯʰʘʷ 

ʪʝʦʨʝʪʠʯʝʩʢʘʷ ʧʦʜʛʦʥʢʘ EXAFS ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʌʫʨʴʝ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩʫʥʢʘʭ 3.7 

ï 3.9, ʘ ʧʘʨʘʤʝʪʨʳ ʣʦʢʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʳ, ʧʦʣʫʯʝʥʥʳʝ ʠʟ ʧʦʜʛʦʥʢʠ EXAFS ʠ 

ʥʝʢʦʪʦʨʳʝ ʧʘʨʘʤʝʪʨʳ ʫʪʦʯʥʝʥʠʷ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 3.1.  

 

 ʊʘʙʣʠʮʘ 3.1. ʇʘʨʘʤʝʪʨʳ ʣʦʢʘʣʴʥʦʛʦ ʦʢʨʫʞʝʥʠʷ ʘʪʦʤʦʚ Bi, Fe ʠ Y ʘʪʦʤʦʚ ʚ 

(Y0.95Bi0.05)Fe3(BO3)4 ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʥʝʣʠʥʝʡʥʦ-ʘʧʧʨʦʢʩʠʤʠʨʦʚʘʥʥʦʡ ʢʨʠʚʦʡ 

EXAFS ʩʧʝʢʪʨʦʚ: ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʯʠʩʣʦ (N), ʤʝʞʘʪʦʤʥʳʝ ʘʨʩʩʪʦʷʥʠʷ (R) ʠ 

ʬʘʢʪʦʨʳ ɼʝʙʘʷ-ɺʘʣʣʝʨʘ (s
2
) 

ʂʨʘʡ 

ʧʦʛʣʦʱʝʥʠʷ 

Dk, ¡
-1

 DR, ¡ ʆʙʤʝʥʥʳʡ 

ʧʫʪʴ 

N R, 

¡ 

s
2
, ¡

2
 DE, eV Rf 

Bi L3 2.0-12.3 1.6-3.7 Bi-O1 

Bi-O2 

BiéB 

BiéFe 

6 

2 

6 

6 

2.46 

2.62 

3.21 

3.83 

0.00344 

0.00344 

0.01251 

0.00752 

8.3 0.067 

Fe ʂ 2.0-14.0 1.15-3.3 Fe-O 

FeéB 

FeéFe 

6 

6 

2 

2.01 

3.07 

3.19 

0.00488 

0.00267 

0.00379 

1.8 0.005 

Y ʂ 2.0-14.3 1.6-3.7 Y-O1 

Y-O2 

6 

2 

2.34 

2.90 

0.00579 

0.00579 

2.7 0.011 
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YéB 

YéFe 

6 

6 

3.08 

3.79 

0.01478 

0.01040 
 

 

 

ʈʠʩʫʥʦʢ. 3.7. ʌʫʨʴʝ-ʪʨʘʥʩʬʦʨʤʘʥʪʳ Bi ʥʘ L3-ʢʨʘʝ EXAFS-ʩʧʝʢʪʨʘ: 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʢʨʠʚʘʷ (ʩʧʣʦʰʥʘʷ ʣʠʥʠʷ) ʠ ʥʘʠʣʫʯʰʘʷ ʪʝʦʨʝʪʠʯʝʩʢʘʷ 

ʧʦʜʛʦʥʢʘ (ʢʨʫʞʢʠ). ʇʘʨʘʤʝʪʨʳ ʣʦʢʘʣʴʥʦʛʦ ʦʢʨʫʞʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʩʪʨʫʢʪʫʨʥʦʡ ʤʦʜʝʣʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʚ ʪʘʙʣʠʮʝ 3.1. 
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ʈʠʩʫʥʦʢ 3.8. ʌʫʨʴʝ-ʪʨʘʥʩʬʦʨʤʘʥʪʳ Fe ʥʘ ʂ-ʢʨʘʝ EXAFS-ʩʧʝʢʪʨʘ: 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʢʨʠʚʘʷ (ʩʧʣʦʰʥʘʷ ʣʠʥʠʷ) ʠ ʥʘʠʣʫʯʰʘʷ ʪʝʦʨʝʪʠʯʝʩʢʘʷ 

ʧʦʜʛʦʥʢʘ (ʢʨʫʞʢʠ). ʇʘʨʘʤʝʪʨʳ ʣʦʢʘʣʴʥʦʛʦ ʦʢʨʫʞʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʩʪʨʫʢʪʫʨʥʦʡ ʤʦʜʝʣʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʚ ʪʘʙʣʠʮʝ 3.1. 

 

ʈʠʩʫʥʦʢ. 3.9. ʌʫʨʴʝ-ʪʨʘʥʩʬʦʨʤʘʥʪʳ Y ʥʘ ʂ-ʢʨʘʝ EXAFS-ʩʧʝʢʪʨʘ: 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʢʨʠʚʘʷ (ʩʧʣʦʰʥʘʷ ʣʠʥʠʷ) ʠ ʥʘʠʣʫʯʰʘʷ ʪʝʦʨʝʪʠʯʝʩʢʘʷ 

ʧʦʜʛʦʥʢʘ (ʢʨʫʞʢʠ). ʇʘʨʘʤʝʪʨʳ ʣʦʢʘʣʴʥʦʛʦ ʦʢʨʫʞʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʩʪʨʫʢʪʫʨʥʦʡ ʤʦʜʝʣʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʚ ʪʘʙʣʠʮʝ 3.1. 
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 3.2.6. ʈʘʩʯʝʪ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ɼʝʙʘʷ ʠ ʕʡʥʰʪʝʡʥʘ 

ʅʘ ʦʩʥʦʚʝ ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʚ ʨʘʙʦʪʝ ʤʥʦʛʦʪʝʤʧʝʨʘʪʫʨʥʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʧʘʨʘʤʝʪʨʦʚ ʘʪʦʤʥʦʛʦ ʩʤʝʱʝʥʠʷ ʢʘʪʠʦʥʦʚ ʚ 

ʤʦʥʦʢʨʠʩʪʘʣʣʘʭ Y0.95Bi0.05Fe3(BO3)4 ʚ ʭʦʜʝ ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʮʝʜʫʨʳ ʨʘʩʯʝʪʘ 

ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʪʝʧʣʦʚʳʭ ʢʦʣʝʙʘʥʠʡ ʜʣʷ ʦʪʜʝʣʴʥʳʭ ʘʪʦʤʦʚ [94] 

ʧʦʩʪʨʦʝʥʳ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʢʨʠʚʳʝ ʚ ʨʘʩʰʠʨʝʥʥʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ɼʝʙʘʷ ʠ 

ʕʡʥʰʪʝʡʥʘ ʠ ʦʧʨʝʜʝʣʝʥʳ ʪʝʤʧʝʨʘʪʫʨʳ ɼʝʙʘʷ ʠ ʕʡʥʰʪʝʡʥʘ. 

ɼʣʷ ʧʦʩʪʦʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʥʘʙʦʨʳ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʝ ʥʘ 

ʜʠʬʨʘʢʪʦʤʝʪʨʝ CCD Xcalibur S3. ʄʦʜʝʣʴʥʳʝ ʢʨʠʚʳʝ ʩʪʨʦʠʣʠʩʴ ʦʪʜʝʣʴʥʦ ʜʣʷ 

ʥʘʙʦʨʦʚ ʜʘʥʥʳʭ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʝ P3121 (90 ʂ, 295 ʂ, 350 ʂ, 360 ʂ, 365 

ʂ, 370 ʂ) ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʝ R32 (375 ʂ, 380 ʂ, 430 ʂ, 500 ʂ). ʇʨʠ 

ʨʘʩʯʝʪʘʭ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʩʪʘʪʠʯʝʩʢʘʷ ʢʦʤʧʦʥʝʥʪʘ ʘʪʦʤʥʳʭ ʩʤʝʱʝʥʠʡ <u
2
>shift.  

ɼʣʷ ʫʣʫʯʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʧʦʜʛʦʥʢʠ ʧʨʠ ʫʪʦʯʥʝʥʠʠ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʪʝʤʧʝʨʘʪʫʨʥʳʝ 

ʧʦʧʨʘʚʢʠ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʢʘʣʠʙʨʦʚʢʝ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʧʨʠʩʪʘʚʢʠ Cobra Plus, 

ʢʦʪʦʨʘʷ ʦʧʠʩʘʥʘ ʚ ʧʘʨʘʛʨʘʬʝ 2.2. ʀʪʦʛʦʚʳʝ ʨʘʩʯʝʪʥʳʝ ʢʨʠʚʳʝ ʚ ʤʦʜʝʣʠ ɼʝʙʘʷ 

ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩʫʥʢʝ 3.10, ʨʘʩʯʝʪʥʳʝ ʢʨʠʚʳʝ ʚ ʤʦʜʝʣʠ ɼʝʙʘʷ ʥʘ ʨʠʩʫʥʢʝ 3.11 ʘ 

ʚʳʯʠʩʣʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨ ɼʝʙʘʷ ʠ ʕʡʥʰʪʝʡʥʘ ʠ ʩʪʘʪʠʯʝʩʢʠʝ ʢʦʤʧʦʥʝʥʪʳ 

ʧʘʨʘʤʝʪʨʦʚ ʘʪʦʤʥʦʛʦ ʩʤʝʱʝʥʠʷ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 3.2. ɿʥʘʯʝʥʠʝ ʬʘʢʪʦʨʦʚ 

ʩʭʦʜʠʤʦʩʪʠ ʜʣʷ ʚʩʝʭ ʢʘʪʠʦʥʦʚ ʚ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʤʦʜʝʣʠ (ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ 

ʛʨʫʧʧʘ R32) ʩʦʩʪʘʚʠʣʦ R = 0.46 ï 1.02 %. ɺ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʤʦʜʝʣʠ 

(ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʛʨʫʧʧʘ P3121) ʜʣʷ ʘʪʦʤʦʚ Y, Fe1, Fe2 ʠ B1 ʟʥʘʯʝʥʠʝ ʬʘʢʪʦʨʘ 

ʩʭʦʜʠʤʦʩʪʠ ʩʦʩʪʘʚʠʣʦ R = 0.46ï1.81 %, ʘ ʜʣʷ ʘʪʦʤʦʚ B2 ʠ B3 ʥʘʙʣʶʜʘʣʘʩʴ ʧʣʦʭʘʷ 

ʩʭʦʜʠʤʦʩʪʴ ʤʦʜʝʣʠ (R = 8.45ï15.50 %). 

 

 ʊʘʙʣʠʮʘ 3.2. ʊʝʤʧʝʨʘʪʫʨʘ ʕʡʥʰʪʝʡʥʘ ʠ ɼʝʙʘʷ, ʩʪʘʪʠʯʝʩʢʠʡ ʩʜʚʠʛ <u
2
>shift ʠ 

ʚʝʣʠʯʠʥʘ ʥʫʣʝʚʳʭ ʢʦʣʝʙʘʥʠʡ <u
2
>zero ʜʣʷ ʘʪʦʤʦʚ ʚ ʩʪʨʫʢʪʫʨʝ Y0.95Bi0.05Fe3(BO3)4, 

ʚʳʯʝʩʣʝʥʥʳʝ ʥʘ ʦʩʥʦʚʝ ʧʘʨʘʤʝʪʨʦʚ ʘʪʦʤʥʳʭ ʩʤʝʱʝʥʠʡ 

 P3121    R32    
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 TE, ʂ TD, ʂ <u
2
>shift ¡

2
 <u

2
>zero ¡

2
 TE, ʂ TD, ʂ <u

2
>shift ¡

2
 <u

2
>zero ¡

2
 

(Y.Bi) 153(2) 266(4) 0.0015(4) 0.0015406 151(3) 261(4) 0.0003(3) 0.0015681 

Fe1 243(2) 422(4) 0.0004(1) 0.0015422 272(11) 472(19) 0.0019(4) 0.0013809 

Fe2 239(3) 416(5) 0.0004(11) 0.0015657 272(11) 472(19) 0.0019(4) 0.0013809 

B1 525(9) 950(21) -0.0004(2) 0.0035435 561(17) 975(30) -0.0003(4) 0.0034512 

B2 492(60) 884.7(*) 0.0001 (15) 0.0038036 615(37) 1070(65) 0.0027870(6) 0.0031442 

B3 444(83) 792.1(*) -0.0007(28) 0.0042487 615(37) 1070(65) 0.0028(6) 0.0031442 

 

 

 ʈʠʩʫʥʦʢ 3.10. ʊʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʧʘʨʘʤʝʪʨʦʚ ʘʪʦʤʦʥʦʛʦ 

ʩʤʝʱʝʥʠʷ ʘʪʦʤʦʚ ʠʪʪʨʠʷ, ʞʝʣʝʟʘ ʠ ʙʦʨʘ ʚ ʩʪʨʫʢʪʫʨʝ Y0.95Bi0.05Fe3(BO3)4: 

ʠʟʤʝʨʝʥʥʳʝ ʟʥʘʯʝʥʠʷ Uobs (ʯʝʨʥʳʝ ʟʥʘʯʢʠ); ʨʝʟʫʣʴʪʘʪ ʤʦʜʝʣʠʨʦʚʘʥʷ ʚ 

ʨʘʩʰʠʨʝʥʥʦʡ ʤʦʜʝʣʠ ɼʝʙʘʷ ʜʣʷ ʥʘʙʦʨʦʚ ʜʘʥʥʳʭ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʝ R32 

(ʯʝʨʥʳʝ ʣʠʥʠʠ) ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʝ P3121 (ʩʠʥʠʝ ʠ ʢʨʘʩʥʳʝ ʣʠʥʠʠ). 
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 ʈʠʩʫʥʦʢ 3.11. ʊʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʧʘʨʘʤʝʪʨʦʚ ʘʪʦʤʦʥʦʛʦ 

ʩʤʝʱʝʥʠʷ ʘʪʦʤʦʚ ʠʪʪʨʠʷ, ʞʝʣʝʟʘ ʠ ʙʦʨʘ ʚ ʩʪʨʫʢʪʫʨʝ Y0.95Bi0.05Fe3(BO3)4: 

ʠʟʤʝʨʝʥʥʳʝ ʟʥʘʯʝʥʠʷ Uobs (ʯʝʨʥʳʝ ʟʥʘʯʢʠ); ʨʝʟʫʣʴʪʘʪ ʤʦʜʝʣʠʨʦʚʘʥʷ ʚ 

ʨʘʩʰʠʨʝʥʥʦʡ ʤʦʜʝʣʠ ʕʡʥʰʪʝʡʥʘ ʜʣʷ ʥʘʙʦʨʦʚ ʜʘʥʥʳʭ ʚ ʧʨʦʪʩʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʝ 

R32 (ʯʝʨʥʳʝ ʣʠʥʠʠ) ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʝ P3121 (ʩʠʥʠʝ ʠ ʢʨʘʩʥʳʝ ʣʠʥʠʠ). 
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3.2.7 ɿʘʢʣʶʯʝʥʠʝ ʢ ʧʦʜʛʣʘʚʝ 

¶ ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥ ʵʣʝʤʝʥʪʥʳʡ ʩʦʩʪʘʚ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ Y1-xBixFe3(BO3)4. ɺ 

ʩʦʩʪʘʚʝ ʩʦʝʜʠʥʝʥʠʷ ʦʙʥʘʨʫʞʝʥʳ ʧʨʠʤʝʩʥʳʝ ʘʪʦʤʳ Bi, ʯʘʩʪʠʯʥʦ ʟʘʤʝʱʘʶʱʠʝ 

ʘʪʦʤʳ Y ʚ ʩʦʦʪʥʦʰʝʥʠʠ x å 5 %. 

¶ ʋʩʪʘʥʦʚʣʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʧʘʨʘʤʝʪʨʦʚ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ 

(Y0.95Bi0.05)Fe3(BO3)4 ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʜʠʘʧʘʟʦʥʝ 30 ï 500 ʂ.  

¶ ʋʪʦʯʥʝʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʩʪʨʫʢʪʫʨʥʦʛʦ ʬʘʟʦʛʦ ʧʝʨʝʭʦʜʘ Tstr  å  370 ʂ. 

¶ ɸʪʦʤʥʘʷ ʩʪʨʫʢʪʫʨʘ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ (Y0.95Bi0.05)Fe3(BO3)4 ʦʧʨʝʜʝʣʝʥʘ ʧʨʠ 90, 

295, 350, 360, 365, 370, 375, 380, 430 ʠ 500 ʂ. ʇʦʣʫʯʝʥʳ ʟʥʘʯʝʥʠʷ ʭʘʨʘʢʪʝʨʥʳʭ 

ʤʝʞʘʪʦʤʥʳʭ ʨʘʩʩʪʦʷʥʠʡ ʚ ʩʪʨʫʢʪʫʨʝ ʠ ʧʘʨʘʤʝʪʨʦʚ ʘʪʦʤʥʦʛʦ ʩʤʝʱʝʥʠʷ. 

¶ ɺ ʢʨʠʩʪʘʣʣʝ (Y0.95Bi0.05)Fe3(BO3)4 ʦʙʥʘʨʫʞʝʥʦ ʤʝʨʦʵʜʨʠʯʝʩʢʦʝ 

(ʨʘʮʝʤʠʯʝʩʢʦʝ) ʜʚʦʡʥʠʢʦʚʘʥʠʝ ʩ ʩʦʦʪʥʦʰʝʥʠʝʤ ʢʦʤʧʦʥʝʥʪ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʤʩʷ 

ʧʘʨʘʤʝʪʨʦʤ ʌʣʵʢʘ  0.507(3). 

¶ ʃʦʢʘʣʴʥʦʝ ʦʢʨʫʞʝʥʠʝ ʘʪʦʤʦʚ Y, Bi ʠ Fe ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʦ ʤʝʪʦʜʦʤ 

ʩʧʝʢʪʨʦʩʢʦʧʠʠ EXAFS. 

¶ ɼʣʷ ʘʪʦʤʦʚ (Y,Bi), Fe, B ʚ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʠ ʥʠʟʢʦʪʝʤʧʝʨʘʪʨʥʦʡ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʛʨʫʧʧʘʭ ʧʦʩʪʨʦʝʥʳ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʢʨʠʚʳʝ ʚ ʨʘʩʰʠʨʝʥʥʳʭ 

ʤʦʜʝʣʷʭ ɼʝʙʘʷ ʠ ʕʡʥʰʪʝʡʥʘ. ɺʳʯʠʩʣʝʥʳ ʪʝʤʧʝʨʘʪʫʨʳ ɼʝʙʘʷ ʠ ʕʡʥʰʪʝʡʥʘ. 

 

  



 

71 

 

 
 

3.3. ʉʪʨʦʝʥʠʝ Ho0.96Bi0.04Fe3(BO3)4 

3.3.1. ʆʧʨʝʜʝʣʝʥʠʝ ʵʣʝʤʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ 

ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʤʦʥʦʢʨʠʩʪʘʣʣʘ Ho1-xBixFe3(BO3)4 ʙʳʣ ʫʪʦʯʥʝʥ ʤʝʪʦʜʦʤ 

ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʦʛʦ ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʨʘʩʪʨʦʚʦʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ FEI Quanta 200 3D Dual Beam, ʦʩʥʘʱʝʥʥʦʛʦ 

ʤʠʢʨʦʘʥʘʣʠʟʘʪʦʨʦʤ EDAX ʧʨʠ ʫʩʢʦʨʷʶʱʝʤ ʥʘʧʨʷʞʝʥʠʠ 30 ʢɺ. ʋʩʪʘʥʦʚʣʝʥʦ 

ʧʨʠʩʫʪʩʪʚʠʝ ʚʠʩʤʫʪʘ ʚ ʢʨʠʩʪʘʣʣʘʭ, ʦʙʫʩʣʦʚʣʝʥʥʦʝ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʧʨʦʮʝʩʩʘ ʠʭ 

ʚʳʨʘʱʠʚʘʥʠʷʤ (ʨʠʩʫʥʦʢ 3.12). 

 

 

 

ʈʠʩʫʥʦʢ 3.12. EDX-ʩʧʝʢʪʨ (Ho0.96Bi0.04)Fe3(BO3)4 ʧʨʠ ʟʥʘʯʝʥʠʠ ʫʩʢʦʨʷʶʱʝʛʦ 

ʥʘʧʨʷʞʝʥʠʷ 30 ʢɺ ʚ ʨʝʞʠʤʝ ʥʠʟʢʦʛʦ ʚʘʢʫʫʤʘ. Cʪʨʝʣʢʘʤʠ ʧʦʢʘʟʘʥʳ ʣʠʥʠʠ  ʘʪʦʤʦʚ 

Bi.  

 

ʏʪʦʙʳ ʥʝʟʘʚʠʩʠʤʦ ʦʮʝʥʠʪʴ ʢʦʣʠʯʝʩʪʚʝʥʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʘʪʦʤʦʚ Ho ʠ Bi ʚ 

ʩʪʨʫʢʪʫʨʝ ʩʦʝʜʠʥʝʥʠʷ ʠ ʩʪʝʧʝʥʴ ʨʘʚʥʦʤʝʨʥʦʩʪʠ ʚʭʦʞʜʝʥʠʷ ʚ ʩʦʩʪʘʚ ʘʪʦʤʦʚ Bi, 
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ʙʳʣʦ ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ ʧʨʦʚʝʩʪʠ ʙʦʣʝʝ ʜʝʪʘʣʴʥʳʡ ʵʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ. ʉ ʵʪʦʡ 

ʮʝʣʴʶ ʩʦʩʪʘʚ ʩʦʝʜʠʥʝʥʠʷ ʙʳʣ ʠʟʫʯʝʥ ʤʝʪʦʜʦʤ ʵʣʝʤʝʥʪʥʦʛʦ 

ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʩʚʝʯʠʚʘʶʱʝʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ 

ʤʠʢʨʦʩʢʦʧʘ FEI Osiris  ʩ ʫʩʢʦʨʷʶʱʠʤ ʥʘʧʨʷʞʝʥʠʝʤ 200 ʢɺ, ʰʠʨʦʢʦʫʛʣʦʚʳʤ 

ʜʝʪʝʢʪʦʨʦʤ ʪʸʤʥʦʛʦ ʧʦʣʷ ʠ ʙʣʦʢʦʤ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ 

Bruker SuperX. ʄʦʥʦʢʨʠʩʪʘʣʣʳ Ho1-xBixFe3(BO3)4 ʙʳʣʠ ʠʟʤʝʣʴʯʝʥʳ ʚ ʩʪʫʧʢʝ ʠ 

ʧʦʤʝʱʝʥʳ ʥʘ ʤʝʜʥʫʶ ʩʝʪʢʫ ʩ ʫʛʣʝʨʦʜʥʳʤ ʧʦʢʨʳʪʠʝʤ. ʉʦʩʪʘʚ ʩʦʝʜʠʥʝʥʠʷ 

ʦʧʨʝʜʝʣʷʣʩʷ ʚ ʜʚʫʭ ʨʝʞʠʤʘʭ. ɺ ʧʝʨʚʦʤ ʨʝʞʠʤʝ ʩʦʩʪʘʚ ʠʟʤʝʨʷʣʩʷ ʪʦʯʝʯʥʦ ʥʘ 

ʥʝʩʢʦʣʴʢʠʭ ʨʘʟʥʳʭ ʯʘʩʪʠʮʘʭ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ ʤʝʜʥʦʡ ʩʝʪʢʝ. ɺʦ ʚʪʦʨʦʤ ʨʝʞʠʤʝ 

ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʩʢʘʥʠʨʦʚʘʥʠʝ ʧʦ ʧʣʦʱʘʜʠ ʥʝʩʢʦʣʴʢʠʭ ʯʘʩʪʠʮ ʨʘʟʤʝʨʦʤ ~0.5ï10 

ʤʢʤ
2
 (ʨʠʩʫʥʦʢ 3.13). 

ʕʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ ʥʘʣʠʯʠʝ ʚʠʩʤʫʪʘ (ʨʠʩʫʥʦʢ 3.14) ʚʦ ʚʩʝʭ 

ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʯʘʩʪʠʮʘʭ. ʉʢʘʥʠʨʦʚʘʥʠʝ ʧʦ ʧʣʦʱʘʜʠ ʚʳʷʚʠʣʦ 4Ñ2 ʘʪʦʤʥʳʭ % Bi ʚ 

ʩʦʩʪʘʚʝ. ʊʦʯʝʯʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʩʦʩʪʘʚʘ ʦʙʥʘʨʫʞʠʣʦ ʦʪ 4 ʜʦ 6 ʘʪʦʤʥʳʭ % Bi. 

 

 

 ʈʠʩʫʥʦʢ 3.13. HAADF-STEM ʠʟʦʙʨʘʞʝʥʠʷ ʯʘʩʪʠʮ Ho1-xBixFe3(BO3)4, 

ʚʳʙʨʘʥʥʳʭ ʜʣʷ EDX ʘʥʘʣʠʟʘ. 
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ʈʠʩʫʥʦʢ 3.14 EDX-ʩʧʝʢʪʨ (Ho0.96Bi0.04)Fe3(BO3)4 ʧʨʠ ʟʥʘʯʝʥʠʠ ʫʩʢʦʨʷʶʱʝʛʦ 

ʥʘʧʨʷʞʝʥʠʷ 200 ʢɺ ʚ ʨʝʞʠʤʝ ʩʲʝʤʢʠ HAADF-STEM. ɺ ʩʧʝʢʪʨʘʭ ʧʨʠʩʫʪʩʚʫʝʪ 

ʣʠʥʠʷ ʘʪʦʤʦʚ Cu ʦʪ ʤʝʜʥʦʡ ʩʝʪʢʠ-ʜʝʨʞʘʪʝʣʷ. ʅʝʧʦʜʧʠʩʘʥʥʳʝ ʣʠʥʠʠ ʦʪʥʦʩʷʪʩʷ ʢ 

ʘʪʦʤʘʤ Ho ʠ Fe. 

 3.3.2. ʊʝʤʧʝʨʘʪʫʨʥʦʝ ʩʢʘʥʠʨʦʚʘʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʨʝʰʝʪʢʠ 11 ï 500 ʂ 

ʇʘʨʘʤʝʪʨʳ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ Ho1-xBixFe3(BO3)4 ʙʳʣʠ 

ʠʟʤʝʨʝʥʳ ʚ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʜʠʘʧʘʟʦʥʝ 11 ï 500 ʂ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʝʩʢʦʣʴʢʠʭ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʫʩʪʘʥʦʚʦʢ. ʀʟʤʝʨʝʥʠʷ ʚ ʜʠʘʧʘʟʦʥʝ 11 ï 500 ʂ ʧʨʦʚʦʜʠʣʠʩʴ ʩ 

ʰʘʛʦʤ 10ï20 ʂ ʥʘ ʜʠʬʨʘʢʪʦʤʝʪʨʝ PILATUS@SNBL. ʀʟʤʝʨʝʥʠʷ ʚ ʜʠʘʧʘʟʦʥʝ 90ï

500 ʂ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʨʝʥʪʛʝʥʦʚʩʢʦʤ ʜʠʬʨʘʢʪʦʤʝʪʨʝ  CCD Xcalibur EOS S2 

(Rigaku Oxford Diffraction), c ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʧʨʠʩʪʘʚʢʦʡ Cobra Plus. 

ɼʠʘʤʝʪʨ ʦʙʨʘʟʮʦʚ, ʚʳʙʨʘʥʥʳʭ ʜʣʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʥʘ ʩʠʥʭʨʦʪʨʦʥʥʦʤ ʠ 

ʣʘʙʦʨʘʪʦʨʥʦʤ ʜʠʬʨʘʢʪʦʤʝʪʨʘʭ, ʩʦʩʪʘʚʠʣ ʩʦʩʪʚʝʪʩʪʚʝʥʥʦ d = 0.17 ʤʤ ʠ d = 0.32 

ʤʤ. 

ʇʘʨʘʤʝʪʨʳ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ a, b ʩʣʘʙʦ ʣʠʥʝʡʥʦ ʫʤʝʥʴʰʘʶʪʩʷ ʩ 

ʧʦʥʠʞʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʦʪ 500 ʜʦ 370 ʂ. ɺ ʜʠʘʧʘʟʦʥʝ 370 ï 365 ʂ ʠʭ ʟʥʘʯʝʥʠʝ 
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ʧʘʜʘʝʪ ʩʢʘʯʢʦʤ ʥʘ å 0.02 ¡ ʩʦʛʣʘʩʥʦ ʜʘʥʥʳʤ PILATUS@SNBL ʠ ʥʘ  å 0.005 ¡ 

ʩʦʛʣʘʩʥʦ ʜʘʥʥʳʤ Xcalibur, ʘ ʜʘʣʝʝ ʧʘʨʘʤʝʪʨʳ a, b ʤʦʥʦʪʦʥʥʦ ʫʤʝʥʴʰʘʶʪʩʷ ʜʦ 11 

ʂ (ʨʠʩʫʥʦʢ 3.15 (ʘ)).  

ʇʘʨʘʤʝʪʨ c ʫʤʝʥʴʰʘʝʪʩʷ ʣʠʥʝʡʥʦ ʚ ʜʠʘʧʘʟʦʥʝ 500 ï 370 ʂ. ʋʛʦʣ ʥʘʢʣʦʥʘ 

ʧʨʷʤʦʡ ʜʣʷ ʧʘʨʘʤʝʪʨʘ c ʢʨʫʯʝ, ʯʝʤ ʜʣʷ  a ʠ b. ʇʨʠ 370 ʂ ʥʘ ʪʝʤʧʝʨʘʪʫʨʥʦʡ 

ʟʘʚʠʩʠʤʦʩʪʠ, ʧʦʣʫʯʝʥʥʦʡ ʥʘ ʜʠʬʨʘʢʪʦʤʝʪʨʝ PILATUS@SNBL, ʥʘʙʣʶʜʘʝʪʩʷ 

ʨʝʟʢʠʡ ʩʢʘʯʦʢ ʧʘʨʘʤʝʪʨʘ c ʥʘ å 0.01 ¡, ʧʦʩʣʝ ʢʦʪʦʨʦʛʦ ʧʘʨʘʤʝʪʨ c ʧʨʦʜʦʣʞʘʝʪ 

ʤʦʥʦʪʦʥʥʦ ʫʤʝʥʴʰʘʪʴʩʷ. ɿʘʚʠʩʠʤʦʩʪʴ c(T), ʧʦʣʫʯʝʥʥʘʷ ʥʘ ʜʠʬʨʘʢʪʦʤʝʪʨʝ 

Xcalibur EOS S2 ʩʦʭʨʘʥʷʝʪ ʦʧʠʩʘʥʥʳʡ ʭʘʨʘʢʪʝʨ, ʥʦ ʤʝʥʷʝʪʩʷ ʙʦʣʝʝ ʛʣʘʜʢʦ. ɺ 

ʜʠʘʧʘʟʦʥʝ 60 ï 30 ʂ ʥʘʙʣʶʜʘʝʪʩʷ ʩʣʘʙʳʡ ʵʬʬʝʢʪ ʘʥʦʤʘʣʴʥʦʛʦ ʫʚʝʣʠʯʝʥʠʷ 

ʧʘʨʘʤʝʪʨʘ ʩ ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ. ʇʨʠ ʜʘʣʴʥʝʡʰʝʤ ʧʦʥʠʞʝʥʠʠ 

ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʜʠʘʧʘʟʦʥʝ 30 ï 11 ʂ ʧʨʦʠʩʭʦʜʠʪ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʫʤʝʥʴʰʝʥʠʝ 

ʧʘʨʘʤʝʪʨʘ ʩ (ʨʠʩʫʥʦʢ 3.15 (ʙ)).  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʟʤʝʥʝʥʠʝ ʦʙʲʝʤʘ ʚʳʰʝ 370 ʂ ʧʨʦʠʩʭʦʞʠʪ ʟʘ ʩʯʝʪ 

ʫʤʝʥʴʰʝʥʠʷ ʚʩʝʭ ʪʨʝʭ ʧʘʨʘʤʝʪʨʦʚ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ, ʛʣʘʚʥʳʡ ʚʢʣʘʜ ʚ 

ʠʟʤʝʥʝʥʠʝ ʦʙʲʝʤʘ ʜʘʝʪ ʩʦʢʨʘʱʝʥʠʝ ʧʦ ʦʩʠ c. ʉʢʘʯʢʦʦʙʨʘʟʥʦʝ ʠʟʤʝʥʝʥʠʝ ʦʙʲʝʤʘ 

ʧʨʠ ʬʘʟʦʚʦʤ ʧʝʨʝʭʦʜʝ ʚʙʣʠʟʠ 365 ï 370 ʂ ʩʚʷʟʘʥʦ ʚ ʦʩʥʦʚʥʦʤ ʩ ʩʦʢʨʘʱʝʥʠʝʤ 

ʨʘʩʩʪʦʷʥʠʡ ʚ ʧʣʦʩʢʦʩʪʠ ab. ɺ ʜʘʣʴʥʝʡʰʝʝ ʧʦʥʠʞʝʥʠʝ ʦʙʲʝʤʘ ʚʥʦʩʷʪ ʚʢʣʘʜ ʚʩʝ ʪʨʠ 

ʨʘʚʥʦʤʝʨʥʦ ʫʤʝʥʴʰʘʶʱʠʭʩʷ ʧʘʨʘʤʝʪʨʘ (ʨʠʩʫʥʦʢ 3.15 (ʚ)).  

 



 

75 

 

 
 

 

ʈʠʩʫʥʦʢ 3.15. ɿʘʚʠʩʠʤʦʩʪʠ ʧʘʨʘʤʝʪʨʦʚ a, b (ʘ), ʩ (ʙ) ʠ ʦʙʲʝʤʘ V (ʚ) 

ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʢʨʠʩʪʘʣʣʘ Ho0.96Bi0.04Fe3(BO3)4 ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ. ɺ ʦʙʣʘʩʪʠ 

ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʥʘʙʣʶʜʘʝʪʩʷ ʩʢʘʯʦʢ ʟʥʘʯʥʝʠʡ a, b, V. ʅʘ ʚʢʣʘʜʢʝ (ʙ) ʧʦʢʘʟʘʥʦ 

ʠʟʤʝʥʝʥʠʝ ʧʘʨʘʤʝʪʨʘ ʩ  ʚ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʦʙʣʘʩʪʠ ʥʠʞʝ 150 ʂ. 

 

ʈʝʟʢʦʝ ʠʟʤʝʥʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ a, b ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʩʫʱʝʩʪʚʦʚʘʥʠʠ 

ʩʪʨʫʢʪʫʨʥʦʛʦ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʧʨʠ 365 ï 370 ʂ. ʕʪʦ ʟʥʘʯʝʥʠʝ ʦʢʘʟʘʣʦʩʴ ʙʣʠʟʢʦ 

ʢ ʪʝʤʧʝʨʘʪʫʨʝ ʩʪʨʫʢʪʫʨʥʦʛʦ ʧʝʨʝʭʦʜʘ ʚ Y0.95Bi0.05Fe3(BO3)4. ɺ ʦʪʣʠʯʠʝ ʦʪ 

ʠʪʪʨʠʝʚʦʛʦ ʩʦʝʜʠʥʝʥʠʷ, ʛʜʝ ʩʪʨʫʢʪʫʨʥʳʡ ʧʝʨʝʭʦʜ ʨʘʟʤʳʪ ʚ ʜʠʘʧʘʟʦʥʝ 350 ï 380 ʂ, 

ʩʪʨʫʢʪʫʨʥʳʡ ʧʝʨʝʭʦʜ ʚ Ho1-xBixFe3(BO3)4 ʠʤʝʝʪ ʙʦʣʝʝ ʨʝʟʢʠʡ ʭʘʨʘʢʪʝʨ, 

ʘʥʘʣʦʛʠʯʥʳʡ ʛʘʜʦʣʠʥʠʝʚʦʤʫ ʬʝʨʨʦʙʦʨʘʪʫ. 
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3.3.3. ʊʝʤʧʝʨʘʪʫʨʥʳʡ ʘʥʘʣʠʟ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʭ ʧʦʛʘʩʘʥʠʡ 

ɼʣʷ ʫʪʦʯʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʠ ʘʥʘʣʠʟʘ ʩʪʨʫʢʪʫʨʥʳʭ 

ʠʟʤʝʥʝʥʠʡ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʦʣʥʳʝ ʤʘʩʩʠʚʳ 

ʨʝʥʪʛʝʥʦʜʠʬʨʘʢʮʠʦʥʥʳʭ ʜʘʥʥʳʭ ʧʨʠ 90, 293, 350, 360, 365, 370, 380, 390 ʠ 500 ʂ  

ʥʘ ʤʦʥʦʢʨʠʩʪʘʣʴʥʦʤ ʜʠʬʨʘʢʪʦʤʝʪʨʝ CCD Xcalibur EOS S2.  

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ  Tstr ʧʦ ʜʘʥʥʳʤ, ʧʦʣʫʯʝʥʥʳʤ ʥʘ ʜʠʬʨʘʢʪʦʤʝʪʨʝ Xcalibur 

EOS S2, ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʤʝʪʦʜ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʘʥʘʣʠʟʝ ʯʠʩʣʘ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ 

ʨʝʬʣʝʢʩʦʚ, ʟʘʧʨʝʱʝʥʥʳʭ ʚ ʚʳʩʦʢʦʤʧʝʨʘʪʫʨʥʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʝ R32 (ʚ 

ʛʝʢʩʘʛʦʥʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʝ). ɺʩʝ ʤʘʩʩʠʚʳ ʜʘʥʥʳʭ ʫʪʦʯʥʝʥʳ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ 

ʛʨʫʧʧʝ R32. ʇʦʣʫʯʝʥʳ ʩʧʠʩʢʠ ʠʥʜʝʢʩʦʚ ʄʠʣʣʝʨʘ  ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ 

ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʭ ʧʦʛʘʩʘʥʠʡ R32.  

ɺ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʜʠʘʧʘʟʦʥʝ 500 ï 380 ʂ ʟʘʧʨʝʱʝʥʥʳʝ ʚ 

ʚʳʩʦʢʦʩʠʤʤʝʪʨʠʯʥʦʡ ʛʨʫʧʧʝ ʦʪʨʘʞʝʥʠʷ ʦʪʩʫʪʩʪʚʫʶʪ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ 

ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʩʪʨʫʢʪʫʨʳ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʝ R32. ɺʦʧʨʝʢʠ ʟʘʢʦʥʘʤ 

ʧʦʛʘʩʘʥʠʷ, ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʪʘʢʠʭ ʨʝʬʣʝʢʩʦʚ ʩʪʘʥʦʚʠʪʩʷ ʦʪʣʠʯʥʦʡ ʦʪ ʥʫʣʷ ʥʠʞʝ 370 

ʂ, ʠ ʯʠʩʣʦ ʧʨʠʩʫʪʩʪʚʫʶʱʠʭ ʚ ʜʠʬʨʘʢʮʠʦʥʥʦʡ ʢʘʨʪʠʥʝ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʭ 

ʧʦʛʘʩʘʥʠʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʳ R32 ʨʝʟʢʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʦʪ 12  ʧʨʠ 370 ʂ ʜʦ  

4734 ʧʨʠ 360 ʂ (ʨʠʩʫʥʦʢ 3.16 (ʘ)), ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʧʝʨʝʭʦʜʝ ʚ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʫʶ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ ʛʨʫʧʧʫ P3121. ʏʠʩʣʦ ʪʘʢʠʭ ʨʝʬʣʝʢʩʦʚ ʧʨʦʜʦʣʞʘʝʪ 

ʫʚʝʣʠʯʠʚʘʪʴʩʷ ʚʧʣʦʪʴ ʜʦ 22743  ʧʨʠ 90 ʂ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʦʪʣʠʯʠʝ ʦʪ 

ʠʪʪʨʠʝʚʦʛʦ ʢʨʠʩʪʘʣʣʘ, ʛʜʝ ʧʦʷʚʣʝʥʠʝ ʥʦʚʳʭ ʨʝʬʣʝʢʩʦʚ ʧʨʦʠʩʭʦʜʠʣʦ ʧʣʘʚʥʦ ʚ 

ʜʠʘʧʘʟʦʥʝ 350 ï 380 ʂ, ʚ ʛʦʣʴʤʠʝʚʦʤ ʢʨʠʩʪʘʣʣʝ ʧʦʷʚʣʝʥʠʝ ʟʘʧʨʝʱʝʥʥʳʭ ʧʠʢʦʚ 

ʧʨʦʠʩʭʦʜʠʪ ʙʦʣʝʝ ʨʝʟʢʦ, ʜʝʤʦʥʩʪʨʠʨʫʷ ʬʘʟʦʚʳʡ ʧʝʨʝʭʦʜ ʚ ʨʘʡʦʥʝ 365 ʂ.  
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ʈʠʩʫʥʦʢ 3.16. ɿʘʚʠʩʠʤʦʩʪʴ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʯʠʩʣʘ (ʘ) ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ (ʙ) 

ʨʝʬʣʝʢʩʦʚ, ʟʘʧʨʝʱʝʥʥʳʭ ʧʦ ʩʠʤʤʝʪʨʠʠ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʝ R32 ʚ 

ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʜʠʘʧʘʟʦʥʝ  90 ï 500 ʂ. 

 

ɼʣʷ ʘʥʘʣʠʟʘ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʟʘʧʨʝʱʝʥʥʳʭ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʝ R32 

ʨʝʬʣʝʢʩʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʠʟ ʥʘʙʦʨʘ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʭ ʧʦʛʘʩʘʥʠʡ 

ʙʳʣʠ ʚʳʙʨʘʥʳ ʢʦʥʪʨʦʣʴʥʳʝ ʦʪʨʘʞʝʥʠʷ ʩ  ʠʥʜʝʢʩʘʤʠ hkl   ρ ρ φ; τ π τ; 1 0 6, 

ʦʙʣʘʜʘʶʱʠʝ ʥʘʠʙʦʣʴʰʝʡ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʧʨʠ 90 ʂ (ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʛʨʫʧʧʘ 

P3121). ʊʘʢʞʝ ʦʪʩʣʝʞʠʚʘʣʦʩʴ ʧʦʚʝʜʝʥʠʝ ʨʝʬʣʝʢʩʦʚ ʩ ʤʝʥʴʰʝʡ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ 

(ʨʠʩʫʥʦʢ 3.16 (ʙ)).  ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʧʦʚʳʰʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʦʪ 90 ʂ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʢʦʥʪʨʦʣʴʥʳʭ ʨʝʬʣʝʢʩʦʚ ʤʦʥʦʪʦʥʥʦ ʫʤʝʥʴʰʘʝʪʩʷ ʜʦ 350 ʂ, ʧʦʩʣʝ 

ʯʝʛʦ ʧʘʜʘʝʪ ʩʢʘʯʢʦʤ ʚ ʜʠʘʧʘʟʦʥʝ 360 ï 380 ʂ. ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʩʣʘʙʳʭ ʨʝʬʣʝʢʩʦʚ 

0 17 12; ρσ ρχ ρτ ʧʨʠ ʧʦʚʳʰʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʦʙʨʘʱʘʝʪʩʷ ʚ ʥʦʣʴ ʧʨʠ 365 ʂ.  

ʅʘ ʦʩʥʦʚʘʥʠʠ ʘʥʘʣʠʟʘ ʯʠʩʣʘ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʭ ʧʦʛʘʩʘʥʠʡ 

ʙʳʣ ʩʜʝʣʘʥ ʚʳʚʦʜ, ʯʪʦ ʢʨʠʩʪʘʣʣ ʧʨʝʪʝʨʧʝʚʘʝʪ ʩʪʨʫʢʪʫʨʥʳʡ ʬʘʟʦʚʳʡ ʧʝʨʝʭʦʜ ʧʨʠ  

Tstrå 365 ʂ (å 363 ʂ ʩ ʫʯʝʪʦʤ ʢʘʣʠʙʨʦʚʢʠ ʥʠʟʢʦʪʝʤʧʝʨʘʪʨʥʦʡ ʧʨʠʩʪʘʚʢʠ Cobra 

Plus). 
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3.3.4. ʆʧʨʝʜʝʣʝʥʠʝ ʘʪʦʤʥʦʡ ʩʪʨʫʢʪʫʨʳ Ho0.96Bi0.04Fe3(BO3)4 ʧʨʠ 90 ï 500 ʂ 

 ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ Ho1-xBixFe3(BO3)4 ʙʳʣʘ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʘ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʘʩʩʠʚʦʚ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ 90, 293, 350, 360, 365, 370, 

380, 390 ʠ 500 ʂ ʥʘ ʤʦʥʦʢʨʠʩʪʘʣʴʥʦʤ ʜʠʬʨʘʢʪʦʤʝʪʨʝ CCD Xcalibur EOS S2. 

ʉʦʛʣʘʩʥʦ ʧʦʣʫʯʝʥʥʳʤ ʚ ʧʘʨʘʛʨʘʬʝ 3.3.3 ʜʘʥʥʳʤ ʦ ʬʘʟʦʚʦʤ ʧʝʨʝʭʦʜʝ, ʩʪʨʫʢʪʫʨʘ 

ʙʳʣʘ ʫʪʦʯʥʝʥʘ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʝ R32 ʧʨʠ 365ï500 ʂ ʠ ʚ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʝ P3121 ʧʨʠ 90ï360 ʂ.  

ʇʦ ʜʘʥʥʳʤ, ʧʦʣʫʯʝʥʥʳʤ ʥʘ ʜʠʬʨʘʢʪʦʤʝʪʨʝ CCD Xcalibur EOS S2, 

ʧʘʨʘʤʝʪʨʳ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʫʤʝʥʴʰʘʶʪʩʷ ʦʪ a = 9.5394 (2) ¡, c = 7.5693 (1) ¡  

ʧʨʠ ʊ = 500 ʂ ʜʦ a = 9.5177 (1) ¡, c = 7.538 (1)¡  ʧʨʠ ʊ = 90 ʂ (ʪʘʙʣʠʮʘ ʇ4).  

ɺ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʦʡ ʤʦʜʝʣʠ ʜʣʷ ʫʪʦʯʥʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʛʦʣʴʤʠʝʚʦʛʦ 

ʬʝʨʨʦʙʦʨʘʪʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʥʠʞʝ ʠ ʚʳʰʝ Tstr ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʘʪʦʤʥʳʝ 

ʢʦʦʨʜʠʥʘʪʳ ʚ ʩʪʨʫʢʪʫʨʝ ʤʦʥʦʢʨʠʩʪʘʣʣʘ (Y0.95Bi0.05)Fe3(BO3)4 ʚ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ 

ʛʨʫʧʧʘʭ P3121 ʠ R32. 

ʉʪʨʫʢʪʫʨʳ ʙʳʣʠ ʫʪʦʯʥʝʥʳ ʚ ʧʨʦʛʨʘʤʤʝ Jana2006 ʤʝʪʦʜʦʤ ʥʘʠʤʝʥʴʰʠʭ 

ʢʚʘʜʨʘʪʦʚ. ʋʪʦʯʥʝʥʳ ʧʘʨʘʤʝʪʨʳ ʵʢʩʪʠʥʢʮʠʠ ʠ ʌʣʵʢʘ. ʇʨʠ ʫʯʝʪʝ ʵʬʬʝʢʪʘ 

ʵʢʩʪʠʥʢʮʠʠ ʧʦ ɹʝʢʢʝʨʫïʂʦʧʧʝʥʩʫ [92]  ʜʣʷ ʢʘʞʜʦʛʦ ʠʟ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦʜʦʙʨʘʥʘ 

ʥʘʠʣʫʯʰʘʷ ʤʦʜʝʣʴ ï ʨʘʟʦʨʠʝʥʪʘʮʠʷ ʙʣʦʢʦʚ ʤʦʟʘʠʢʠ (ʪʠʧ 1, ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʃʦʨʝʥʮʘ).  

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʘʪʦʤʳ Bi ʯʘʩʪʠʯʥʦ ʟʘʤʝʱʘʶʪ ʘʪʦʤʳ Ho ʚ 

ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʡ ʧʦʟʠʮʠʠ 3a. ʋʪʦʯʥʝʥʠʝ ʚʝʣʠʯʠʥʳ ʟʘʩʝʣʝʥʥʦʩʪʠ 

ʧʦʣʥʦʤʘʪʨʠʯʥʳʤ ʄʅʂ ʚ ʧʨʦʛʨʘʤʤʝ Jana2006 ʜʣʷ ʦʜʥʦʛʦ ʠ ʪʦʛʦ ʞʝ ʦʙʨʘʟʮʘ ʧʨʠ 

ʩʤʝʥʝ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʨʠʚʦʜʠʣʦ ʢ ʟʥʘʯʠʪʝʣʴʥʦʡ ʨʘʟʥʠʮʝ 

ʚ ʟʥʘʯʝʥʠʠ ʟʘʩʝʣʝʥʥʦʩʪʠ ʠ ʥʝ ʧʦʟʚʦʣʠʣʦ ʦʜʥʦʟʥʘʯʥʦ ʦʧʨʝʜʝʣʠʪʴ ʚʝʣʠʯʠʥʫ 

ʧʘʨʘʤʝʪʨʘ ʟʘʩʝʣʝʥʥʦʩʪʠ Bi. ʇʨʠʯʠʥʦʡ ʵʪʦʛʦ ʤʦʛʣʘ ʩʪʘʪʴ ʢʦʨʨʝʣʷʮʠʷ ʤʝʞʜʫ 

ʚʝʣʠʯʠʥʦʡ ʟʘʩʝʣʝʥʥʦʩʪʠ ʠ ʧʘʨʘʤʝʪʨʘʤʠ ʘʪʦʤʥʳʭ ʩʤʝʱʝʥʠʡ ʠʟ-ʟʘ ʙʣʠʟʦʩʪʠ 

ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʦʚʝʜʝʥʠʷ ʙʦʣʴʰʝʡ ʯʘʩʪʠ ʵʢʩʧʝʨʠʤʝʪʨʦʚ ʢ ʪʦʯʢʝ ʬʘʟʦʚʦʛʦ 

ʧʝʨʝʭʦʜʘ. ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʪʦʯʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ʟʘʩʝʣʝʥʥʦʩʪʠ ʧʦʟʠʮʠʡ ʚʠʩʤʫʪʘ 
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ʙʳʣʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʧʨʠʚʣʝʯʝʥʳ ʜʚʝ ʤʝʪʦʜʠʢʠ: ʧʦʰʘʛʦʚʦʝ cʢʘʥʠʨʦʚʘʥʠʝ 

ʧʘʨʘʤʝʪʨʘ ʟʘʩʝʣʝʥʥʦʩʪʠ (ʄʫʨʘʜʷʥ-ʕʢʩʧʝʨʪ ʚ ʧʨʦʛʨʘʤʤʝ ASTRA [86]) ʠ ʩʨʘʚʥʝʥʠʝ 

ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʬʨʠʜʝʣʝʚʳʭ ʨʝʬʣʝʢʩʦʚ ʧʨʠ ʩʢʘʥʠʨʦʚʘʥʠʠ ʟʘʩʝʣʝʥʥʦʩʪʠ (ʕʢʩʧʝʨʪ 

ʘʥʦʤʘʣʴʥʦʛʦ ʨʘʩʩʝʷʥʠʷ ʚ ʧʨʦʛʨʘʤʤʝ ASTRA [95]). ʅʘʠʙʦʣʝʝ ʩʪʘʙʠʣʴʥʳʡ 

ʨʝʟʫʣʴʪʘʪ ʧʦʢʘʟʘʣ ʤʝʪʦʜ ʫʪʦʯʥʝʥʠʷ ʩ ʨʝʜʫʢʮʠʝʡ ʘʥʦʤʘʣʴʥʦʛʦ ʨʘʩʩʝʷʥʠʷ. ʀʪʦʛʦʚʦʝ 

ʟʥʘʯʝʥʠʝ ʟʘʩʝʣʝʥʥʦʩʪʠ ʜʣʷ ʘʪʦʤʦʚ ʚʠʩʤʫʪʘ ʦʢʘʟʘʣʦʩʴ ʨʘʚʥʳʤ Q(Bi) = 3.7Ñ0.7 %. 

ʅʘʡʜʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʟʘʩʝʣʝʥʥʦʩʪʠ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʚʝʣʠʯʠʥʦʡ  

Q(Bi) = 4Ñ2 %, ʧʦʣʫʯʝʥʥʦʡ ʤʝʪʦʜʦʤ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ 

ʵʣʝʤʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ ʧʦ ʧʣʦʱʘʜʠ ʦʙʨʘʟʮʦʚ. ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ, ʠʪʦʛʦʚʘʷ ʭʠʤʠʯʝʩʢʘʷ 

ʬʦʨʤʫʣʘ, ʠʩʧʦʣʴʟʦʚʘʚʰʘʷʩʷ ʚ ʧʨʦʮʝʩʩʝ ʫʪʦʯʥʝʥʠʷ ʩʪʨʫʢʪʫʨʳ, ʙʳʣʘ ʦʧʨʝʜʝʣʝʥʘ 

ʢʘʢ Ho0.96Bi0.04Fe3(BO3)4.  

ʀʟʫʯʝʥʥʳʡ ʤʦʥʦʢʨʠʩʪʘʣʣ ʷʚʣʷʝʪʩʷ ʤʝʨʦʵʜʨʠʯʝʩʢʠʤ (ʨʘʮʝʤʠʯʝʩʢʠʤ) 

ʜʚʦʡʥʠʢʦʤ ʩ ʧʘʨʘʤʝʪʨʦʤ ʌʣʵʢʘ 0.503 (4), ʪ.ʝ. ʚ ʩʪʨʫʢʪʫʨʝ ʚ ʨʘʚʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ 

ʧʨʠʩʫʪʩʪʚʫʝʪ ʜʚʝ ʵʥʘʥʪʠʦʤʦʨʬʥʳʭ ʤʦʜʠʬʠʢʘʮʠʠ ʢʘʢ ʚʳʰʝ, ʪʘʢ  ʠ ʥʠʞʝ Tstr. 

ɿʘʢʣʶʯʠʪʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʬʘʢʪʦʨʦʚ ʫʪʦʯʥʝʥʠʷ ʩʦʩʪʘʚʠʣʠ 2.1 ï 2.4 %.  

 ɼʣʷ ʚʩʝʭ ʘʪʦʤʦʚ ʚ ʩʪʨʫʢʪʫʨʝ Ho0.96Bi0.04Fe3(BO3)4 ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʟʥʘʯʝʥʠʷ 

ʩʪʝʧʝʥʠ ʵʣʣʠʧʪʠʯʥʦʩʪʠ (ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʫʜʣʠʥʝʥʠʷ ʦʩʝʡ) Ů ʧʘʨʘʤʝʪʨʦʚ ʘʪʦʤʥʳʭ  

ʩʤʝʱʝʥʠʡ ï ʩʪʘʥʜʘʨʥʳʝ ʦʪʢʣʦʥʝʥʠʷ ʛʣʘʚʥʳʭ ʦʩʝʡ ʵʣʣʠʧʩʦʠʜʘ ʦʪ ʨʘʜʠʫʩʘ 

ʵʢʚʠʚʘʣʝʥʪʥʦʡ ʧʦ ʦʙʲʝʤʫ ʩʬʝʨʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ [93]. 

ʆʩʥʦʚʥʳʝ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ, ʜʘʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʠ 

ʨʝʟʫʣʴʪʘʪʳ ʫʪʦʯʥʝʥʠʷ ʩʪʨʫʢʪʫʨʳ  Ho0.96Bi0.04Fe3(BO3)4 ʧʨʠʚʝʜʝʥʳ ʚ ʧʨʠʣʦʞʝʥʠʠ 

(ʪʘʙʣʠʮʘ ʇ4). ʆʪʥʦʩʠʪʝʣʴʥʳʝ ʢʦʦʨʜʠʥʘʪʳ ʘʪʦʤʦʚ ʚ ʵʣʝʤʝʥʪʘʨʥʳʭ ʷʯʝʡʢʘʭ ʜʘʥʳ ʚ 

ʪʘʙʣʠʮʘʭ ʇ10 ʠ ʇ11 ʆʩʥʦʚʥʳʝ ʤʝʞʘʪʦʤʥʳʝ ʨʘʩʩʪʦʷʥʠʷ ʩʦʜʝʨʞʘʪʩʷ ʚ ʪʘʙʣʠʮʘʭ 

ʇ18ïʇ20.  CIF-ʬʘʡʣʳ, ʩʦʜʝʨʞʘʱʠʝ ʩʪʨʫʢʪʫʨʥʫʶ ʠʥʬʦʨʤʘʮʠʶ, ʜʝʧʦʥʠʨʦʚʘʥʳ ʚ 

ʂʝʤʙʨʠʜʞʩʢʫʶ ʩʪʨʫʢʪʫʨʥʫʶ ʙʘʟʫ ʜʘʥʥʳʭ CSD (CCDC ˉ 1942518ï1942526). 

ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʩʪʨʫʢʪʫʨʳ ʩʦʚʤʝʩʪʥʦ ʩ ʘʥʘʣʠʟʦʤ ʩʪʨʫʢʪʫʨʳ ʛʘʜʦʣʠʥʠʝʚʦʛʦ ʠ 

ʠʪʪʨʠʝʚʦʛʦ ʬʝʨʨʦʙʦʨʘʪʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʩʣʝʜʫʶʱʝʡ ʛʣʘʚʝ. 
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3.3.5. ʈʘʩʯʝʪ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ɼʝʙʘʷ ʠ ʕʡʥʰʪʝʡʥʘ 

ʅʘ ʦʩʥʦʚʝ ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʚ ʨʘʙʦʪʝ ʤʥʦʛʦʪʝʤʧʝʨʘʪʫʨʥʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʧʘʨʘʤʝʪʨʦʚ ʘʪʦʤʥʦʛʦ ʩʤʝʱʝʥʠʷ ʜʣʷ ʢʘʪʠʦʥʦʚ ʚ 

ʤʦʥʦʢʨʠʩʪʘʣʣʘʭ Ho0.96Bi0.04Fe3(BO3)4 ʧʦʩʪʨʦʝʥʳ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʢʨʠʚʳʝ ʚ 

ʨʘʩʰʠʨʝʥʥʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ɼʝʙʘʷ ʠ ʕʡʥʰʪʝʡʥʘ [94] ʠ ʦʧʨʝʜʝʣʝʥʳ ʪʝʤʧʝʨʘʪʫʨʳ 

ɼʝʙʘʷ ʠ ʕʡʥʰʪʝʡʥʘ. 

ɼʣʷ ʧʦʩʪʦʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʥʘʙʦʨʳ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʝ ʥʘ 

ʜʠʬʨʘʢʪʦʤʝʪʨʝ CCD Xcalibur EOS S2. ʄʦʜʝʣʴʥʳʝ ʢʨʠʚʳʝ ʩʪʨʦʠʣʠʩʴ ʦʪʜʝʣʴʥʦ ʜʣʷ 

ʥʘʙʦʨʦʚ ʜʘʥʥʳʭ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʝ P3121 (90, 293, 350, 360 ʂ) ʠ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʝ R32 (365, 370, 380, 390 ʠ 500 ʂ). ʇʨʠ ʨʘʩʯʝʪʘʭ 

ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʩʪʘʪʠʯʝʩʢʘʷ ʢʦʤʧʦʥʝʥʪʘ ʘʪʦʤʥʳʭ ʩʤʝʱʝʥʠʡ <u
2
>shift.  ɺʠʜ 

ʠʪʦʛʦʚʳʭ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʢʨʠʚʳʭ ʚ ʨʘʩʰʠʨʝʥʥʦʡ ʤʦʜʝʣʠ ɼʝʙʘʷ ʧʦʢʘʟʘʥ ʥʘ ʨʠʩʫʥʢʝ 

3.17, ʚ ʨʘʩʰʠʨʝʥʥʦʡ ʤʦʜʝʣʠ ʕʡʥʰʪʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 3.18, ʘ ʟʥʘʯʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨ 

ɼʝʙʘʷ ʠ ʕʡʥʰʪʝʡʥʘ ʠ ʩʪʘʪʠʯʝʩʢʠʝ ʢʦʤʧʦʥʝʥʪʳ ʧʘʨʘʤʝʪʨʦʚ ʘʪʦʤʥʦʛʦ ʩʤʝʱʝʥʠʷ 

ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 3.3 ʋʪʦʯʥʝʥʠʝ ʟʘʚʝʨʰʠʣʦʩʴ ʩ ʭʦʨʦʰʝʡ ʩʭʦʜʠʤʦʩʪʴʶ ʤʦʜʝʣʠ 

ʜʣʷ ʚʩʝʭ ʢʘʪʠʦʥʦʚ ʚ ʦʙʝʠʭ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʛʨʫʧʧʘʭ (R32 ʠ P3121). ɿʥʘʯʝʥʠʝ 

ʬʘʢʪʦʨʦʚ ʨʘʩʭʦʜʠʤʦʩʪʠ ʩʦʩʪʘʚʠʣʦ R = 0.31 ï 2.82 %. 

 

ʊʘʙʣʠʮʘ 3.3. ʊʝʤʧʝʨʘʪʫʨʘ ʕʡʥʰʪʝʡʥʘ ʠ ɼʝʙʘʷ, ʩʪʘʪʠʯʝʩʢʠʡ ʩʜʚʠʛ <u
2
>shift ʠ 

ʚʝʣʠʯʠʥʘ ʥʫʣʝʚʳʭ ʢʦʣʝʙʘʥʠʡ <u
2
>zero ʜʣʷ ʘʪʦʤʦʚ ʚ ʩʪʨʫʢʪʫʨʝ Ho0.96Bi0.04Fe3(BO3)4, 

ʚʳʯʝʩʣʝʥʥʳʝ ʥʘ ʦʩʥʦʚʝ ʧʘʨʘʤʝʪʨʦʚ ʘʪʦʤʥʳʭ ʩʤʝʱʝʥʠʡ 

 P3121    R32    

 TE, ʂ TD, ʂ <u
2
>shift ¡

2
 <u

2
>zero ¡

2
 TE, ʂ TD, ʂ <u

2
>shift ¡

2
 <u

2
>zero ¡

2
 

(Ho.Bi) 119.3(8) 207(2) 0.0013(4) 0.00102 124(1) 215(2) 0.000014(5) 0.00119 

Fe1 252(2) 439(4) 0.0015(3) 0.00120 276(9) 478(15) 0.0002(3) 0.00157 

Fe2 246(30) 430(2) 0.0014(4) 0.00126 276(9) 478(15) 0.0002(3) 0.00157 

B1 536(15) 977(25) 0.0027(19) 0.00112 635(17) 1107(30) 0 0.00304 

B2 485(5) 875(10) 0.0012(6) 0.00277 628(17) 1094(31) 0.0007(3) 0.00308 

B3 521(17) 947(28) 0.0020(5) 0.00208 628(17) 1094(31) 0.0007(3) 0.00307 
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 ʈʠʩʫʥʦʢ 3.17. ʊʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʧʘʨʘʤʝʪʨʦʚ ʘʪʦʤʦʥʦʛʦ 

ʩʤʝʱʝʥʠʷ ʘʪʦʤʦʚ ʛʦʣʴʤʠʷ, ʞʝʣʝʟʘ ʠ ʙʦʨʘ ʚ ʩʪʨʫʢʪʫʨʝ Ho0.96Bi0.04Fe3(BO3)4: 

ʠʟʤʝʨʝʥʥʳʝ ʟʥʘʯʝʥʠʷ Uobs (ʯʝʨʥʳʝ ʟʥʘʯʢʠ); ʨʝʟʫʣʴʪʘʪ ʤʦʜʝʣʠʨʦʚʘʥʠ̫  ʚ 

ʨʘʩʰʠʨʝʥʥʦʡ ʤʦʜʝʣʠ ɼʝʙʘʷ ʜʣʷ ʥʘʙʦʨʦʚ ʜʘʥʥʳʭ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʝ R32 

(ʯʝʨʥʳʝ ʣʠʥʠʠ) ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʝ P3121 (ʩʠʥʠʝ ʠ ʢʨʘʩʥʳʝ ʣʠʥʠʠ). 
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 ʈʠʩʫʥʦʢ 3.18. ʊʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʧʘʨʘʤʝʪʨʦʚ ʘʪʦʤʦʥʦʛʦ 

ʩʤʝʱʝʥʠʷ ʘʪʦʤʦʚ ʛʦʣʴʤʠʷ, ʞʝʣʝʟʘ ʠ ʙʦʨʘ ʚ ʩʪʨʫʢʪʫʨʝ Ho0.96Bi0.04Fe3(BO3)4: 

ʠʟʤʝʨʝʥʥʳʝ ʟʥʘʯʝʥʠʷ Uobs (ʯʝʨʥʳʝ ʟʥʘʯʢʠ); ʨʝʟʫʣʴʪʘʪ ʤʦʜʝʣʠʨʦʚʘʥʷ ʚ 

ʨʘʩʰʠʨʝʥʥʦʡ ʤʦʜʝʣʠ ʕʡʥʰʪʝʡʥʘ ʜʣʷ ʥʘʙʦʨʦʚ ʜʘʥʥʳʭ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʝ 

R32 (ʯʝʨʥʳʝ ʣʠʥʠʠ) ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʝ P3121 (ʩʠʥʠʝ ʠ ʢʨʘʩʥʳʝ ʣʠʥʠʠ). 
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3.3.6. ɿʘʢʣʶʯʝʥʠʝ ʢ ʧʦʜʛʣʘʚʝ 

¶ ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥ ʵʣʝʤʝʥʪʥʳʡ ʩʦʩʪʘʚ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ Ho1-xBixFe3(BO3)4. ɺ 

ʩʦʩʪʘʚʝ ʩʦʝʜʠʥʝʥʠʷ ʦʙʥʘʨʫʞʝʥʳ ʧʨʠʤʝʩʥʳʝ ʘʪʦʤʳ Bi, ʯʘʩʪʠʯʥʦ ʟʘʤʝʱʘʶʱʠʝ 

ʘʪʦʤʳ Ho. 

¶ ʄʝʪʦʜʘʤʠ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʠ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʢʦʥʮʝʥʪʨʘʮʠʷ ʘʪʦʤʦʚ Bi ʩʦʩʪʘʚʣʷʝʪ  x å 4 %. 

¶ ʆʧʨʝʜʝʣʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʧʘʨʘʤʝʪʨʦʚ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ 

(Ho0.96Bi0.04)Fe3(BO3)4 ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʜʠʘʧʘʟʦʥʝ 11 ï 500 ʂ.  

¶ ʋʪʦʯʥʝʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʩʪʨʫʢʪʫʨʥʦʛʦ ʬʘʟʦʛʦ ʧʝʨʝʭʦʜʘ Tstr å  365 ʂ. 

¶ ɸʪʦʤʥʘʷ ʩʪʨʫʢʪʫʨʘ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ (Ho0.96Bi0.04)Fe3(BO3)4 ʦʧʨʝʜʝʣʝʥʘ ʧʨʠ 

90, 293, 350, 360, 365, 370, 380, 390 ʠ 500 ʂ. ʇʦʣʫʯʝʥʳ ʟʥʘʯʝʥʠʷ ʭʘʨʘʢʪʝʨʥʳʭ 

ʤʝʞʘʪʦʤʥʳʭ ʨʘʩʩʪʦʷʥʠʡ ʚ ʩʪʨʫʢʪʫʨʝ ʠ ʧʘʨʘʤʝʪʨʦʚ ʘʪʦʤʥʦʛʦ ʩʤʝʱʝʥʠʷ. 

¶ ɺ ʢʨʠʩʪʘʣʣʝ (Ho0.96Bi0.04)Fe3(BO3)4 ʦʙʥʘʨʫʞʝʥʦ ʤʝʨʦʵʜʨʠʯʝʩʢʦʝ 

(ʨʘʮʝʤʠʯʝʩʢʦʝ) ʜʚʦʡʥʠʢʦʚʘʥʠʝ ʩ ʩʦʦʪʥʦʰʝʥʠʝʤ ʢʦʤʧʦʥʝʥʪ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʤʩʷ 

ʧʘʨʘʤʝʪʨʦʤ ʌʣʵʢʘ  0.503 (4). 

¶ ɼʣʷ ʘʪʦʤʦʚ (Ho,Bi), Fe, B ʚ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʠ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʛʨʫʧʧʘʭ ʧʦʩʪʨʦʝʥʳ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʢʨʠʚʳʝ ʚ ʨʘʩʰʠʨʝʥʥʳʭ 

ʤʦʜʝʣʷʭ ɼʝʙʘʷ ʠ ʕʡʥʰʪʝʡʥʘ. ɺʳʯʠʩʣʝʥʳ ʪʝʤʧʝʨʘʪʫʨʳ ɼʝʙʘʷ ʠ ʕʡʥʰʪʝʡʥʘ. 
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ɻʃɸɺɸ 4.  ʆʩʦʙʝʥʥʦʩʪʠ ʩʪʨʦʝʥʠʷ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʤʫʣʴʪʠʬʝʨʨʦʠʢʦʚ  

R1-xBixFe3(BO3)4, R = Gd, Y, Ho, ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 11 ï 500 ʂ 

4.1. ʇʨʠʤʝʩʴ ʚʠʩʤʫʪʘ ʚ ʩʦʩʪʘʚʝ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ Gd0.95Bi0.05Fe3(BO3)4, 

Y0.95Bi0.05Fe3(BO3)4, Ho0.96Bi0.04Fe3(BO3)4 

ɸʥʘʣʠʟ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʠʟʫʯʝʥʥʳʭ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ R1-xBixFe3(BO3)4, R 

= Gd, Y, Ho, ʤʝʪʦʜʦʤ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʦʛʦ ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ 

ʧʦʢʘʟʘʣ, ʯʪʦ ʚ ʩʦʩʪʘʚ ʚʩʝʭ ʦʙʨʘʟʮʦʚ ʚʦʰʣʠ ʧʨʠʤʝʩʥʳʝ ʘʪʦʤʳ ʚʠʩʤʫʪʘ. ʇʦ 

ʨʝʟʫʣʴʪʘʪʘʤ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʘʪʦʤʳ ʚʠʩʤʫʪʘ 

ʯʘʩʪʠʯʥʦ ʟʘʤʝʱʘʶʪ ʘʪʦʤʳ ʨʝʜʢʦʟʝʤʝʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ R = Gd, Y, Ho ʚ 

ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʡ ʧʦʟʠʮʠʠ 3a. ʀʪʦʛʦʚʳʝ ʬʦʨʤʫʣʳ ʠʟʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʥʘ 

ʦʩʥʦʚʝ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʭ ʜʘʥʥʳʭ ʠ ʜʘʥʥʳʭ ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʦʛʦ 

ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ: Gd0.95Bi0.05Fe3(BO3)4, Y0.95Bi0.05Fe3(BO3)4, 

Ho0.96Bi0.04Fe3(BO3)4. 

 ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʜʪʚʝʨʞʜʝʥʦ, ʯʪʦ ʚ ʩʦʩʪʘʚ 

ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʬʝʨʨʦʙʦʨʘʪʦʚ RFe3(BO3)4, ʚʳʨʘʱʝʥʥʳʭ ʤʝʪʦʜʦʤ 

ʠʟ ʨʘʩʪʚʦʨʘ ʚ ʨʘʩʧʣʘʚʝ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʨʘʩʪʚʦʨʠʪʝʣʷ ʪʨʠʤʦʣʜʠʙʜʘʪʘ ʚʠʩʤʫʪʘ 

Bi2Mo3O12
 
ʧʦ ʩʪʘʥʜʘʨʪʥʦʡ ʤʝʪʦʜʠʢʝ [13, 26, 27], ʚ ʧʨʦʮʝʩʩʝ ʩʠʥʪʝʟʘ ʚʭʦʜʷʪ 

ʧʨʠʤʝʩʥʳʝ ʘʪʦʤʳ ʚʠʩʤʫʪʘ ʩ ʙʣʠʟʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʧʦʨʷʜʢʘ 4-5% ʜʣʷ ʨʘʟʥʳʭ 

ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ R = Gd, Y, Ho. 

4.2. ʊʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʧʘʨʘʤʝʪʨʦʚ ʨʝʰʝʪʢʠ Gd0.95Bi0.05Fe3(BO3)4, 

Y0.95Bi0.05Fe3(BO3)4, Ho0.96Bi0.04Fe3(BO3)4 

ɺʦ ʚʩʝʭ ʪʨʝʭ ʢʨʠʩʪʘʣʣʘʭ ʦʙʥʘʨʫʞʝʥʦ ʨʝʟʢʦʝ ʩʦʢʨʘʱʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ a, b 

ʧʨʠ ʧʦʥʠʞʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʱʝʝ ʦ ʩʫʱʝʩʪʚʦʚʘʥʠʠ ʩʪʨʫʢʪʫʨʥʦʛʦ 
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ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ (ʨʠʩʫʥʢʠ 3.2 (ʘ), 3.5 (ʘ), 3.15 (ʘ)). ʉʢʘʯʦʢ ʧʘʨʘʤʝʪʨʦʚ 

ʟʘʬʠʢʩʠʨʦʚʘʥ ʚ Gd0.95Bi0.05Fe3(BO3)4 ʧʨʠ Tstr å 155 ʂ, ʚ (Ho0.96Bi0.04)Fe3(BO3)4 ʧʨʠ 

365 ï 370 ʂ, ʘ ʚ Y0.95Bi0.05Fe3(BO3)4 ʚ ʜʠʘʧʘʟʦʥʝ 360 ï 380 ʂ. ɺ ʢʨʠʩʪʘʣʣʘʭ 

Gd0.95Bi0.05Fe3(BO3)4 ʠ Ho0.96Bi0.04Fe3(BO3)4 ʚ ʦʙʣʘʩʪʠ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ 

ʦʙʥʘʨʫʞʝʥʦ ʪʘʢʞʝ ʩʦʢʨʘʱʝʥʠʝ ʧʘʨʘʤʝʪʨʘ c (ʨʠʩʫʥʢʠ 3.2 (ʙ), 3.15 (ʙ)). ʇʨʠ ʵʪʦʤ 

ʧʘʨʘʤʝʪʨʳ a ʠ b ʠʟʤʝʥʷʶʪʩʷ ʙʦʣʝʝ ʩʫʱʝʩʪʚʝʥʥʦ, ʯʝʤ ʧʘʨʘʤʝʪʨ ʩ. ʌʘʟʦʚʳʡ 

ʧʝʨʝʭʦʜ ʚ Y0.95Bi0.05Fe3(BO3)4 ʬʝʨʨʦʙʦʨʘʪʝ ʥʦʩʠʪ ʙʦʣʝʝ ʨʘʟʤʳʪʳʡ ʭʘʨʘʢʪʝʨ.  

ɺ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʬʘʟʝ ʧʘʨʘʤʝʪʨʳ a, b, ʩ ʩ ʧʦʥʠʞʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ 

ʩʣʘʙʦ ʫʤʝʥʴʰʘʶʪʩʷ.  ʋʤʝʥʴʰʝʥʠʝ ʧʘʨʘʤʝʪʨʘ ʩ ʚʳʨʘʞʝʥʦ ʩʠʣʴʥʝʝ, ʠ ʠʤʝʥʥʦ ʦʥʦ ʚ 

ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʦʪʚʝʯʘʝʪ ʟʘ ʩʦʢʨʘʱʝʥʠʝ ʦʙʲʝʤʘ ʧʨʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ 

(ʨʠʩʫʥʢʠ 3.2, 3.5, 3.15). ʇʨʠ ʜʘʣʴʥʝʡʰʝʤ ʧʦʥʠʞʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ T < Tstr  ʚʩʝ ʪʨʠ 

ʧʘʨʘʤʝʪʨʘ a, b ʠ c ʧʣʘʚʥʦ ʫʤʝʥʴʰʘʶʪʩʷ. ʆʜʥʘʢʦ ʚ ʦʙʣʘʩʪʠ ʥʠʞʝ 80, 90 ʠ 60 ʂ ʜʣʷ 

ʬʝʨʨʦʙʦʨʘʪʘ ʩ Gd, Y ʠ Ho  ʧʦʚʝʜʝʥʠʝ ʧʘʨʘʤʝʪʨʘ ʩ ʤʝʥʷʝʪʩʷ: ʦʥ ʥʘʯʠʥʘʝʪ ʧʣʘʚʥʦ 

ʨʘʩʪʠ (ʨʠʩʫʥʢʠ 3.2 (ʙ), 3.5 (ʙ), 3.15 (ʙ)). ɺ Gd0.95Bi0.05Fe3(BO3)4 ʧʨʠ 30 ʂ ʩ = 

7.5659 (1) ¡, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʟʥʘʯʝʥʠʶ, ʭʘʨʘʢʪʝʨʥʦʤʫ ʜʣʷ ʪʦʯʢʠ Tstr (ʚ ʦʙʣʘʩʪʠ 

140 ï 150 ʂ). ʈʘʟʥʠʮʘ ʤʝʞʜʫ ʵʪʠʤ ʠ ʤʠʥʠʤʘʣʴʥʳʤ ʟʥʘʯʝʥʠʝʤ ʧʨʠ 80 ʂ ʩʦʩʪʘʚʣʷʝʪ 

ȹʩ å 0.002  ¡. ɺ Y0.95Bi0.05Fe3(BO3)4 ʧʨʠ 30 ʂ ʟʥʘʯʝʥʠʝ ʧʘʨʘʤʝʪʨʘ ʩ = 7.5429 (1) ¡, 

ʚ ʤʠʥʠʤʫʤʝ ʧʨʠ 90 ʂ ʧʨʦʠʩʭʦʜʠʪ ʫʤʝʥʴʰʝʥʠʝ ʥʘ ȹʩ å  0.002 ¡, ʠ ʢ 

ʧʝʨʚʦʥʘʯʘʣʴʥʦʤʫ ʟʥʘʯʝʥʠʶ ʩ ʚʦʟʚʨʘʱʘʝʪʩʷ ʧʨʠ T å 125 ʂ. ɺ Ho0.96Bi0.04Fe3(BO3)4 

ʥʘʙʣʶʜʘʝʤʳʡ ʵʬʬʝʢʪ ʘʥʦʤʘʣʴʥʦʛʦ ʫʚʝʣʠʯʝʥʠʷ ʧʘʨʘʤʝʪʨʘ ʩ ʚʳʨʘʞʝʥ ʩʣʘʙʝʝ: ʧʨʠ 

30 ʂ ʩ = 7.5388(1) ¡ ʠ ʚʦʟʚʨʘʱʘʝʪʩʷ ʢ ʵʪʦʤʫ ʟʥʘʯʝʥʠʶ ʚ ʦʙʣʘʩʪʠ 90 ï 145 ʂ, 

ʫʤʝʥʴʰʘʷʩʴ ʚ ʤʠʥʠʤʫʤʝ ʧʨʠ 60 ʂ ʥʘ ȹʩ å  0.001 ¡. ʇʨʠ ʧʦʥʠʞʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ 

ʚ ʜʠʘʧʘʟʦʥʝ 30 ï 11 ʂ, ʜʣʷ Ho0.96Bi0.04Fe3(BO3)4 ʥʘʙʣʶʜʘʝʪʩʷ ʫʤʝʥʴʰʝʥʠʝ 

ʧʘʨʘʤʝʪʨʘ ʩ ʥʘ ȹʩ å  0.001 ¡. ɼʘʥʥʳʝ ʵʬʬʝʢʪʳ ʚ ʠʩʩʣʝʜʫʝʤʳʭ ʤʦʥʦʢʨʠʩʪʘʣʣʘʭ 

ʤʦʛʫʪ ʙʳʪʴ ʩʚʷʟʘʥʳ ʩ ʘʥʦʤʘʣʠʷʤʠ ʪʝʧʣʦʚʦʛʦ ʨʘʩʰʠʨʝʥʠʷ, ʢʦʪʦʨʳʝ ʪʨʝʙʫʶʪ 

ʜʘʣʴʰʝʡʰʝʛʦ ʠʟʫʯʝʥʠʷ. ʊʘʢ, ʨʘʥʝʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ [96], ʯʪʦ ʚ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ 

ʬʝʨʨʦʙʦʨʘʪʘʭ ʧʨʠ T < 150 ʂ ʥʘʙʣʶʜʘʝʪʩʷ ʘʥʦʤʘʣʴʥʦʝ ʧʦʚʝʜʝʥʠʝ ʫʧʨʫʛʠʭ 

ʢʦʥʩʪʘʥʪ. ʕʪʠ ʘʥʦʤʘʣʠʠ ʩʚʷʟʘʥʳ ʩ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤ ʩʧʝʢʪʨʦʤ ʠ ʚʦʣʥʦʚʦʡ 

ʬʫʥʢʮʠʝʡ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʠʦʥʦʚ, ʩ ʩʠʤʤʝʪʨʠʝʡ ʣʦʢʘʣʴʥʦʛʦ ʦʢʨʫʞʝʥʠʷ ʠ f-d 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʚ ʧʦʜʩʠʩʪʝʤʝ Fe
3+
. ɺ ʩʣʫʯʘʝ ʬʝʨʨʦʙʦʨʘʪʘ YFe3(BO3)4 ʚ ʩʪʨʫʢʪʫʨʝ 
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ʦʪʩʫʪʩʪʚʫʝʪ ʤʘʛʥʠʪʥʳʡ ʚʢʣʘʜ ʨʝʜʢʦʟʝʤʝʣʴʥʦʛʦ ʠʦʥʘ, ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʩʚʷʟʠ 

ʘʥʦʤʘʣʠʡ ʩ ʦʩʦʙʳʤ ʭʘʨʘʢʪʝʨʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʥʫʪʨʠ ʞʝʣʝʟʥʦʡ ʧʦʜʩʠʩʪʝʤʳ. 

ʕʪʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʠʟʚʝʩʪʥʳʤ ʬʘʢʪʦʤ, ʯʪʦ ʤʘʛʥʠʪʥʦʝ 

ʩʫʧʝʨʦʙʤʝʥʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ Fe ï O ï Fe ʚ ʮʝʧʦʯʢʘʭ ʚʜʦʣʴ ʦʩʠ c ʟʥʘʯʠʪʝʣʴʥʦ 

ʩʠʣʴʥʝʝ, ʯʝʤ ʩʫʧʝʨʦʙʤʝʥʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʚ ʧʣʦʩʢʦʩʪʷʭ ab ʤʝʞʜʫ ʠʦʥʘʤʠ 

ʞʝʣʝʟʘ ʠ/ʠʣʠ ʤʝʞʜʫ ʠʦʥʘʤʠ Fe ʠ ʨʝʜʢʦʟʝʤʝʣʴʥʳʤʠ ʠʦʥʘʤʠ, ʦʩʫʱʝʩʪʚʣʷʶʱʝʝʩʷ 

ʧʦ ʦʙʤʝʥʥʳʤ ʧʫʪʷʤ Fe ï O ï O ï Fe, Fe ï O ï R, Fe ï O ï O ï R ʠ R ï O ï O ï R [35, 

7]. ɼʘʥʥʳʡ ʬʘʢʪ ʪʘʢʞʝ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʙʣʠʟʦʩʪʴʶ ʪʝʤʧʝʨʘʪʫʨ ʅʝʝʣʷ ʚ 

ʬʝʨʨʦʙʦʨʘʪʘʭ ʩ ʨʘʟʥʳʤʠ ʨʝʜʢʦʟʝʤʝʣʴʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ [7]. ʉʣʝʜʫʝʪ ʪʘʢʞʝ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʤʘʛʥʠʪʥʦʛʦ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ (ʚ ʦʙʣʘʩʪʠ 37 ï 

39 ʂ) ʟʘʤʝʪʥʳʭ ʩʪʨʫʢʪʫʨʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʥʘ ʛʨʘʬʠʢʘʭ  a, b, c (T) ʦʙʥʘʨʫʞʝʥʦ ʥʝ 

ʙʳʣʦ. 

ʊʝʤʧʝʨʘʪʫʨʫ ʩʪʨʫʢʪʫʨʥʦʛʦ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʚ Gd0.95Bi0.05Fe3(BO3)4 

Tstrå 155 ʂ ʫʜʘʣʦʩʴ ʦʧʨʝʜʝʣʠʪʴ ʠʟ ʘʥʘʣʠʟʘ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʧʘʨʘʤʝʪʨʦʚ 

a, b. ʕʪʦ ʟʥʘʯʝʥʠʝ ʩʦʛʣʘʩʫʝʪʩʷ ʩʦ ʟʥʘʯʝʥʠʝʤ Tstr å 156 ʂ ʜʣʷ GdFe3(BO3)4, 

ʚʳʨʘʱʝʥʥʦʛʦ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʪʨʠʤʦʣʠʙʜʘʪʘ ʚʠʩʤʫʪʘ Bi2Mo3O12 ʠ ʠʟʫʯʝʥʥʦʛʦ 

ʤʝʪʦʜʦʤ ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ [8]. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʦʥʦ ʥʠʞʝ Tstrå 174 ʂ, 

ʧʦʣʫʯʝʥʥʦʡ ʜʣʷ ʧʦʣʠʢʨʠʩʘʪʘʣʣʠʯʝʩʢʠʭ ʦʙʨʘʟʮʦʚ GdFe3(BO3)4, ʧʨʠʛʦʪʦʚʣʝʥʥʳʭ 

ʙʝʟ ʚʠʩʤʫʪʦʩʦʜʝʨʞʘʱʠʭ ʢʦʤʧʦʥʝʥʪʦʚ [54].  

4.3. ʊʝʤʧʝʨʘʪʫʨʘ ʩʪʨʫʢʪʫʨʥʦʛʦ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʚ Y0.95Bi0.05Fe3(BO3)4 ʠ 

Ho0.96Bi0.04Fe3(BO3)4 

ʀʪʦʛʦʚʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʩʪʨʫʢʪʫʨʥʦʛʦ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʜʣʷ 

Y0.95Bi0.05Fe3(BO3)4 ʠ Ho0.96Bi0.04Fe3(BO3)4 ʙʳʣʘ ʫʩʪʘʥʦʚʣʝʥʘ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ 

ʯʠʩʣʘ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʭ ʧʦʛʘʩʘʥʠʡ. ɸʥʘʣʠʟ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʭ 

ʧʦʛʘʩʘʥʠʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʳ R32 (ʚ ʛʝʢʩʘʛʦʥʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʝ) 

ʧʦʜʪʚʝʨʞʜʘʝʪ ʨʘʟʤʳʪʦʩʪʴ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʚ Y0.95Bi0.05Fe3(BO3)4 ʚ ʜʠʘʧʘʟʦʥʝ 350 

ï 380 ʂ. ʉʪʨʫʢʪʫʨʥʳʡ ʧʝʨʝʭʦʜ ʚ Ho0.96Bi0.04Fe3(BO3)4 ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʦʪʯʝʪʣʠʚʳʤ. 
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ʈʝʟʢʦʝ ʫʚʝʣʠʯʝʥʠʝ ʯʠʩʣʘ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʨʝʬʣʝʢʩʦʚ, ʷʚʣʷʶʱʠʭʩʷ 

ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʤʠ ʧʦʛʘʩʘʥʠʷʤʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʳ R32 (ʚ ʛʝʢʩʘʛʦʥʘʣʴʥʦʡ 

ʫʩʪʘʥʦʚʢʝ), ʢʦʪʦʨʦʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʧʝʨʝʭʦʜʝ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ ʛʨʫʧʧʫ 

P3121, ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ Tstrå 370 ʂ ʜʣʷ Y0.95Bi0.05Fe3(BO3)4 ʠ ʧʨʠ Tstr å 365 ʂ ʜʣʷ 

Ho0.96Bi0.04Fe3(BO3)4 (ʨʠʩʫʥʢʠ 3.6 ʠ 3.16). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʪʝʤʧʝʨʘʪʫʨʳ ʩʪʨʫʢʪʫʨʥʦʛʦ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʜʣʷ 

Ho0.96Bi0.04Fe3(BO3)4 (Tstr å 365 ʂ) ʠ Y0.95Bi0.05Fe3(BO3)4 (Tstr å 370 ʂ), ʧʦʣʫʯʝʥʥʳʝ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʘʥʘʣʠʟʘ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʭ ʧʦʛʘʩʘʥʠʡ, ʙʣʠʟʢʠ. ʀʭ ʙʣʠʟʦʩʪʴ 

ʧʦʜʪʚʝʨʞʜʘʝʪ ʟʘʚʠʩʠʤʦʩʪʴ ʪʝʤʧʝʨʘʪʫʨʳ ʩʪʨʫʢʪʫʨʥʦʛʦ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʦʪ 

ʨʘʜʠʫʩʘ ʨʝʜʢʦʟʝʤʝʣʴʥʦʛʦ ʠʦʥʘ [54] ʠ ʩʭʦʞʝʩʪʴ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ 

(ʢʦʥʮʝʥʪʨʘʮʠʶ ʘʪʦʤʦʚ Bi ʚ ʩʦʩʪʘʚʝ ʩʦʝʜʠʥʝʥʠʡ). ʇʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʙʣʠʟʢʠ 

ʪʘʢʞʝ ʟʥʘʯʝʥʠʷʤ, ʫʩʪʘʥʦʚʣʝʥʥʳʤ ʨʘʥʝʝ ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ   ʜʣʷ 

ʘʥʘʣʦʛʠʯʥʳʭ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ, ʚʳʨʘʱʝʥʥʳʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ Bi2Mo3O12: 

Tstrå 350 ʂ ʜʣʷ YFe3(BO3)4 [34], Tstrå 360 ʂ ʜʣʷ HoFe3(BO3)4 [57]. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, 

ʵʪʠ ʟʥʘʯʝʥʠʷ ʟʥʘʯʠʪʝʣʴʥʦ ʥʠʞʝ ʧʦʣʫʯʝʥʥʳʭ ʜʣʷ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʦʙʨʘʟʮʦʚ, 

ʥʝ ʩʦʜʝʨʞʘʱʠʭ ʚʠʩʤʫʪ: Tstrå 445 ʂ ʜʣʷ YFe3(BO3)4 ʠ Tstrå 427 ʂ ʜʣʷ 

HoFe3(BO3)4[54]. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʪʝʤʧʝʨʘʪʫʨʘ ʩʪʨʫʢʪʫʨʥʦʛʦ ʧʝʨʝʭʦʜʘ ʚ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ 

ʬʝʨʨʦʙʦʨʘʪʘʭ RFe3(BO3)4 ʦʙʨʘʪʥʦ ʟʘʚʠʩʠʪ ʦʪ ʠʦʥʥʦʛʦ ʨʘʜʠʫʩʘ ʨʝʜʢʦʟʝʤʣʴʥʦʛʦ 

ʵʣʝʤʝʥʪʘ [54].  ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʜʪʚʝʨʞʜʘʶʪ, ʯʪʦ ʚʢʣʶʯʝʥʠʝ ʚ ʩʦʩʪʘʚ 

ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʬʝʨʨʦʙʦʨʘʪʦʚ RFe3(BO3)4 (ʩ ʠʦʥʥʳʤ  ʨʘʜʠʫʩʦʤ ʨʝʜʢʦʟʝʤʝʣʴʥʦʛʦ 

ʵʣʝʤʝʥʪʘ r(Gd
3+
) = 0.938 ¡, r(Ho

3+
) = 0.901 ¡, r(Y

3+
) = 0.9 ¡ [98]) ʧʨʠʤʝʩʥʳʭ 

ʘʪʦʤʦʚ ʚʠʩʤʫʪʘ ʩ ʙʦʣʴʰʠʤ ʠʦʥʥʳʤ ʨʘʜʠʫʩʦʤ  r(Bi
3+
) = 1.03 ¡ ʧʨʠʚʦʜʠʪ ʢ 

ʧʦʥʠʞʝʥʠʶ ʪʝʤʧʝʨʘʪʫʨʳ ʩʪʨʫʢʪʫʨʥʦʛʦ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ Tstr. ʇʦʣʫʯʝʥʥʳʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʪʦʯʢʠ ʭʦʨʦʰʦ ʣʦʞʘʪʩʷ ʥʘ ʦʙʨʘʪʥʫʶ ʣʠʥʝʡʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ, 

ʚʳʷʚʣʝʥʥʫʶ ʚ [54] (ʨʠʩʫʥʦʢ 4.1). 
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 ʈʠʩʫʥʦʢ 4.1. ɿʘʚʠʩʠʤʦʩʪʴ ʪʝʤʧʝʨʘʪʫʨʳ ʩʪʨʫʢʪʫʨʥʦʛʦ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ Tstr 

ʚ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʬʝʨʨʦʙʦʨʘʪʘʭ RFe3(BO3)4 ʦʪ ʠʦʥʥʦʛʦ ʨʘʜʠʫʩʘ R
3+

. ɿʚʝʟʜʦʯʢʘʤʠ 

ʦʙʦʟʥʘʯʝʥʳ ʚʝʣʠʯʠʥʳ ʜʣʷ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʦʙʨʘʟʮʦʚ, ʥʝ ʩʦʜʝʨʞʘʱʠʭ ʚʠʩʤʫʪ 

ʚ [54]. ʂʨʫʞʢʘʤʠ ʧʦʢʘʟʘʥʳ ʟʥʘʯʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨr , ʧʦʣʫʯʝʥʥʳʝ ʚ [59] ʤʝʪʦʜʦʤ 

ʦʧʪʠʯʝʩʢʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʩ ʨʘʩʩʯʠʪʘʥʥʳʤ ʵʬʬʝʢʪʠʚʥʳʤ ʠʦʥʥʳʤ ʨʘʜʠʫʩʦʤ ʠʦʥʘ 

R
3+

 ʜʣʷ ʦʙʨʘʟʮʦʚ, ʚʳʨʘʱʝʥʥʳʭ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʨʘʟʥʳʭ ʨʘʩʪʚʦʨʠʪʝʣʝʡ: Bi2Mo3O12 ʠ 

Li 2WO4. ʈʦʤʙʘʤʠ ʦʙʦʟʥʘʯʝʥʳ ʟʥʘʯʝʥʠʷ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ. 

4.4. ʆʩʦʙʝʥʥʦʩʪʠ ʩʪʨʦʝʥʠʷ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ  (Gd0.95Bi0.05)Fe3(BO3)4, 

(Y0.95Bi0.05)Fe3(BO3)4, (Ho0.96Bi0.04)Fe3(BO3)4 ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 

 ɺʩʝ ʚʳʙʨʘʥʥʳʝ ʦʙʨʘʟʮʳ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ (Gd0.95Bi0.05)Fe3(BO3)4, 

(Y0.95Bi0.05)Fe3(BO3)4, (Ho0.96Bi0.04)Fe3(BO3)4 ʦʢʘʟʘʣʠʩʴ ʤʝʨʦʵʜʨʠʯʝʩʢʠʤʠ 

ʜʚʦʡʥʠʢʘʤʠ ʩ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʨʘʚʥʳʤ ʩʦʦʪʥʦʰʝʥʠʝʤ ʵʥʘʥʪʠʦʤʦʨʬʥʳʭ 

ʢʦʤʧʦʥʝʥʪ ʚ ʩʪʨʫʢʪʫʨʝ (ʪʘʙʣʠʮʳ ʚ ʧʨʠʣʦʞʝʥʠʠ ʇ1ïʇ4). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʚʳʨʘʱʝʥʥʳʝ ʢʨʠʩʪʘʣʣʳ ʥʝ ʷʚʣʷʶʪʩʷ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʠ ʤʦʥʦʜʦʤʝʥʥʳʤʠ, ʯʪʦ 

ʤʦʞʝʪ ʫʭʫʜʰʘʪʴ ʠʭ ʤʫʣʴʪʠʬʝʨʨʦʠʜʥʳʝ ʠ ʦʧʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ. ʅʝʦʙʭʦʜʠʤʦ 
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ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʡ ʚʳʨʘʱʠʚʘʥʠʷ ʤʫʣʴʪʠʬʝʨʨʦʠʜʥʳʭ ʤʦʥʦʢʨʠʩʪʣʣʦʚ 

ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʦʙʨʘʟʮʦʚ, ʚ ʢʦʪʦʨʳʭ ʩʪʘʙʠʣʴʥʦ ʙʫʜʫʪ ʧʨʦʷʚʣʷʪʴʩʷ ʬʠʟʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ, ʟʘʚʠʩʷʱʠʝ ʦʪ ʭʠʨʘʣʴʥʦʩʪʠ ʩʪʨʫʢʫʪʫʨʳ. 

ɺ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʬʘʟʝ ʩʪʨʫʢʪʫʨʘ ʚʩʝʭ ʠʟʫʯʝʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ 

ʧʨʠʥʘʜʣʝʞʠʪ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʝ R32, ʘ ʚ ʦʙʣʘʩʪʠ ʥʠʞʝ Tstr ï 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʝ P3121 (ʨʠʩʫʥʢʠ 4.2, 4.3).  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʩʪʨʫʢʪʫʨʘ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ 

(Gd0.95Bi0.05)Fe3(BO3)4 ʧʨʠʥʘʜʣʝʞʠʪ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʝ R32, ʘ ʩʪʨʫʢʪʫʨʘ 

ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ (Y0.95Bi0.05)Fe3(BO3)4 ʠ (Ho0.96Bi0.04)Fe3(BO3)4 ï ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ 

ʛʨʫʧʧʝ P3121. 

 

 

ʈʠʩʫʥʦʢ 4.2 ʆʙʱʠʡ ʚʠʜ ʩʪʨʫʢʪʫʨʳ (R1-xBix)Fe3(BO3)4 ʚ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ 

ʛʨʫʧʧʝ P3121(ʘ), ʠ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʝ R32 (ʙ). ʏʝʨʥʳʤʠ ʣʠʥʷʤʠ ʚʳʜʝʣʝʥʘ 

ʵʣʝʤʝʥʪʘʨʥʘʷ ʷʯʝʡʢʠ (ʚʠʜ ʩʙʦʢʫ ʠ ʩʚʝʨʭʫ). ʇʦʢʘʟʘʥʦ ʨʘʩʧʦʣʦʞʝʥʠʝ ʮʝʧʦʯʝʢ 

ʞʝʣʝʟʘ (ʢʨʘʩʥʳʡ, ʩʠʥʠʡ) ʚ ʩʪʨʫʢʪʫʨʝ ʠ ʠʭ ʩʚʷʟʴ ʩ ʧʨʠʟʤʦʡ RO6 (ʘʪʦʤʳ R 

ʦʙʦʟʥʘʯʝʥʳ ʩʝʨʳʤ ʮʚʝʪʦʤ) ʠ ʪʨʝʫʛʦʣʴʥʠʢʘʤʠ BO3 ʨʘʟʥʳʭ ʪʠʧʦʚ (ʦʪʪʝʥʢʠ 

ʟʝʣʝʥʦʛʦ ʠ ʙʠʨʶʟʦʚʦʛʦ). ʇʦʟʠʮʠʠ ʘʪʦʤʦʚ ʠ ʜʣʠʥʳ ʤʝʞʘʪʦʤʥʳʭ ʩʚʷʟʝʡ ʧʨʠʚʝʜʝʥʳ 

ʚ ʧʨʠʣʦʞʝʥʠʠ. 
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ʈʠʩʫʥʦʢ 4.3 ʆʙʱʠʡ ʚʠʜ ʩʪʨʫʢʪʫʨʳ (R1-xBix)Fe3(BO3)4 ʚ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ 

ʛʨʫʧʧʝ P3121(ʘ), ʠ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʝ R32 (ʙ). ʆʢʨʫʞʝʥʠʝ ʘʪʦʤʦʚ 

ʧʦʢʘʟʘʥʦ ʚ ʚʠʜʝ ʧʦʣʠʵʜʨʦʚ: ʠʩʢʘʞʝʥʥʘʷ ʪʨʠʛʦʥʘʣʴʥʘʷ ʧʨʠʟʤʘ RO6, ʠʩʢʘʞʝʥʥʳʝ 

ʦʢʪʘʵʜʨʳ FeO6 ʠ ʪʨʝʫʛʦʣʴʥʠʢʠ BO3.  

 

 ɺ ʦʙʝʠʭ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʛʨʫʧʧʘʭ ʩʪʨʫʢʪʫʨʘ ʢʨʠʩʪʘʣʣʦʚ ʩʦʩʪʦʠʪ ʠʟ 

ʯʝʨʝʜʫʶʱʠʭʩʷ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʦʩʠ c ʩʣʦʝʚ. ɺ ʧʝʨʚʦʤ ʩʣʦʝ ʥʘʭʦʜʷʪʩʷ ʘʪʦʤʳ (R,Bi) 

ʠ ʘʪʦʤʳ Fe. ɺʪʦʨʦʡ ʩʣʦʡ ʩʦʜʝʨʞʠʪ ʪʨʝʫʛʦʣʴʥʠʢʠ BO3, ʚʝʨʰʠʥʳ ʢʦʪʦʨʳʭ 

ʷʚʣʷʶʪʩʷ ʦʙʱʠʤʠ ʩ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʤʠ ʧʦʣʠʵʜʨʘʤʠ ʘʪʦʤʦʚ  (R,Bi) ʠ Fe. ɸʪʦʤʳ 

(R,Bi) ʥʘʭʦʜʷʪʩʷ ʚ ʪʨʠʛʦʥʘʣʴʥʳʭ ʧʨʠʟʤʘʭ (R,Bi)O6, ʘ ʘʪʦʤʳ Fe ʚ ʠʩʢʘʞʝʥʥʳʭ 

ʦʢʨʘʵʜʨʘʭ FeO6. ʆʢʪʘʵʜʨʳ FeO6 ʩʦʝʜʠʥʷʶʪʩʷ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʨʝʙʨʘʤʠ ʠ ʦʙʨʘʟʫʶʪ 

ʛʝʣʠʢʦʠʜʘʣʴʥʳʝ ʮʝʧʦʯʢʠ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʦʩʠ c. ʂʘʞʜʘʷ ʧʨʠʟʤʘ (R,Bi)O6 ʠ 

ʪʨʝʫʛʦʣʴʥʠʢ B1O3 ʦʙʲʝʜʠʥʷʶʪ ʪʨʠ ʪʘʢʠʝ ʮʝʧʦʯʢʠ. ɺ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʝ 

R32 ʩʫʱʝʩʪʚʫʝʪ ʦʜʠʥ ʪʠʧ ʧʨʠʟʤ (R,Bi)O6 ʠ ʦʢʪʘʵʜʨʦʚ FeO6 ʠ ʜʚʘ ʪʠʧʘ ʙʦʨʥʳʭ 

ʪʨʝʫʛʦʣʴʥʠʢʦʚ: B1O3 ʠ B2O3 (ʨʠʩʫʥʢʠ 4.2 (ʙ), 4.3 (ʙ)). ɺ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʝ 

P3121 ʧʦʷʚʣʷʝʪʩʷ ʜʚʘ ʪʠʧʘ ʦʢʪʘʵʜʨʦʚ FeO6 ʠ ʪʨʠ ʪʠʧʘ ʪʨʝʫʛʦʣʴʥʠʢʦʚ BO3 (ʨʠʩʫʥʢʠ 

4.2 (ʘ), 4.3 (ʘ)).  

ɸʪʦʤʳ ʨʝʜʢʦʟʝʤʝʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ (R,Bi), ʢʘʢ ʠ ʘʪʦʤʳ B1, ʚ ʩʪʨʫʢʪʫʨʝ ʩ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʦʡ R32 ʥʘʭʦʜʷʪʩʷ ʚ ʧʦʟʠʮʠʠ 3a ʥʘ ʦʩʠ ʪʨʝʪʴʝʛʦ ʧʦʨʷʜʢʘ, 
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ʧʘʨʘʣʣʝʣʴʥʦʡ ʦʩʠ c. ɸʪʦʤ (R,Bi) ʦʢʨʫʞʝʥ ʰʝʩʪʴʶ ʘʪʦʤʘʤʠ ʢʠʩʣʦʨʦʜʘ ʦʜʥʦʛʦ 

ʪʠʧʘ, ʨʘʩʩʪʦʷʥʠʷ (R,Bi) ï O ʦʜʠʥʘʢʦʚʳ. ʂʠʩʣʦʨʦʜʥʦʝ ʦʢʨʫʞʝʥʠʝ ʦʙʨʘʟʫʝʪ 

ʪʨʠʛʦʥʘʣʴʥʫʶ ʧʨʠʟʤʫ, ʦʩʥʦʚʘʥʠʷ ʢʦʪʦʨʦʡ ʧʘʨʘʣʣʝʣʴʥʳ ʧʣʦʩʢʦʩʪʠ ab ʠ 

ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʨʘʟʚʝʨʥʫʪʳ ʜʨʫʛ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛʘ. ɺ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʝ 

P3121 ʘʪʦʤʳ (R,Bi) ʚ ʧʦʟʠʮʠʠ 3a ʪʦʞʝ ʦʢʨʫʞʝʥʳ ʰʝʩʪʴʶ ʘʪʦʤʘʤʠ ʢʠʩʣʦʨʦʜʘ, 

ʦʜʥʘʢʦ ʦʥʠ ʥʘʭʦʜʷʪʩʷ ʚ ʪʨʝʭ ʥʝʟʘʚʠʩʠʤʳʭ ʧʦʟʠʮʠʷʭ. ʈʘʩʩʪʦʷʥʠʷ ʜʦ ʵʪʠʭ ʘʪʦʤʦʚ 

ʢʠʩʣʦʨʦʜʘ ʨʘʟʣʠʯʘʶʪʩʷ, ʪʨʠʛʦʥʘʣʴʥʘʷ ʧʨʠʟʤʘ ʠʩʢʘʞʝʥʘ. ʇʦʚʦʨʦʪʥʘʷ ʦʩʴ ʪʨʝʪʴʝʛʦ 

ʧʦʨʷʜʢʘ, ʧʨʦʭʦʜʷʱʘʷ ʯʝʨʝʟ ʘʪʦʤʳ (R,Bi) ʠ B1, ʠʩʯʝʟʘʝʪ. 

 ɸʪʦʤʳ ʞʝʣʝʟʘ ʥʘʭʦʜʷʪʩʷ ʚ ʦʢʪʘʵʜʨʘʭ FeO6, ʢʦʪʦʨʳʝ ʠʩʢʘʞʝʥʳ ʫʞʝ ʚ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʝ R32. ɺ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʝ R32 ʘʪʦʤʳ Fe1 

ʥʘʭʦʜʷʪʩʷ ʚ ʧʦʟʠʮʠʠ 9d ʠ ʦʢʨʫʞʝʥʳ ʘʪʦʤʘʤʠ ʢʠʩʣʦʨʦʜʘ ʪʨʝʭ ʪʠʧʦʚ. ɺ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʝ P3121 ʘʪʦʤʳ ʞʝʣʝʟʘ ʨʘʟʜʝʣʝʥʳ ʥʘ ʜʚʝ ʥʝʟʘʚʠʩʠʤʳʝ 

ʧʦʟʠʮʠʠ: Fe1 ʠ Fe2. ɸʪʦʤʳ Fe1 ʥʘʭʦʜʷʪʩʷ ʚ ʯʘʩʪʥʦʡ ʧʦʟʠʮʠʠ 3a ʠ ʦʢʨʫʞʝʥʳ 

ʘʪʦʤʘʤʠ ʢʠʩʣʦʨʦʜʘ ʪʨʝʭ ʪʠʧʦʚ, ʘ ʘʪʦʤʳ Fe2 ï ʚ ʦʙʱʝʡ ʧʦʟʠʮʠʠ 6ʩ ʠ ʦʢʨʫʞʝʥʳ 

ʰʝʩʪʴʶ ʘʪʦʤʘ ʢʠʩʣʦʨʦʜʘ ʨʘʟʥʦʛʦ ʪʠʧʘ.  

 ʊʨʝʫʛʦʣʴʥʠʢʠ BO3 ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʩʣʦʷʭ, ʧʘʨʘʣʣʝʣʴʥʳʭ ʧʣʦʩʢʦʩʪʠ ab. ɺ 

ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʝ ʩʫʱʝʩʪʚʫʝʪ ʪʨʠ ʪʘʢʠʭ ʩʣʦʷ, ʯʝʨʝʜʫʶʱʠʭʩʷ ʩʦ ʩʣʦʷʤʠ, 

ʩʦʜʝʨʞʘʱʠʤʠ ʘʪʦʤʳ (R,Bi) ʠ Fe. ɺ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʝ R32 ʧʨʠʩʫʪʩʪʚʫʶʪ 

ʜʚʝ ʥʝʟʘʚʠʩʠʤʳʭ ʧʦʟʠʮʠʠ ʘʪʦʤʦʚ ʙʦʨʘ: B1 (3b) ʠ B2 (9e). ʈʘʚʥʦʩʪʦʨʦʥʥʠʡ 

ʪʨʝʫʛʦʣʴʥʠʢ B1O3 ʧʘʨʘʣʣʝʣʝʥ ʧʣʦʩʢʦʩʪʠ ab, ʘ ʨʘʚʥʦʙʝʜʨʝʥʥʳʡ ʪʨʝʫʛʦʣʴʥʠʢ B2O3 

ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʦʪʢʣʦʥʝʥ ʦʪ ʥʝʝ. ɸʪʦʤʳ B1 ʥʘʭʦʜʷʪʩʷ ʥʘ ʧʦʚʦʨʦʪʥʦʡ ʦʩʠ ʪʨʝʪʴʝʛʦ 

ʧʦʨʷʜʢʘ ʚʜʦʣʴ ʦʩʠ c ʠ ʯʝʨʝʜʫʶʪʩʷ ʚ ʥʘʧʨʘʚʣʝʥʠʠ c ʩ ʘʪʦʤʘʤʠ (R,Bi). ʊʨʝʫʛʦʣʴʥʠʢ 

B1O3, ʢʘʢ ʠ ʧʨʠʟʤʘ (R,Bi)O6, ʦʙʲʝʜʠʥʷʝʪ ʪʨʠ ʮʝʧʦʯʢʠ ʞʝʣʝʟʘ. ʊʨʝʫʛʦʣʴʥʠʢ B2O3 

ʩʦʝʜʠʥʷʝʪʩʷ ʦʜʥʦʡ ʚʝʨʰʠʥʦʡ ʩ ʜʚʫʤʷ ʘʪʦʤʘʤʠ Fe, ʘ ʢʘʞʜʦʡ ʠʟ ʜʚʫʭ ʜʨʫʛʠʭ ʩ 

ʘʪʦʤʦʤ (R,Bi) ʠ ʘʪʦʤʦʤ Fe. ɺ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʝ P3121 ʧʦʚʦʨʦʪʥʘʷ ʦʩʴ 

ʪʨʝʪʴʝʛʦ ʧʦʨʷʜʢʘ, ʥʘ ʢʦʪʦʨʦʡ ʥʘʭʦʜʷʪʩʷ ʘʪʦʤʳ B1 (3b), ʠʩʯʝʟʘʝʪ. ʊʨʝʫʛʦʣʴʥʠʢ 

B2O3 ʧʨʠ ʧʝʨʝʭʦʜʝ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ ʛʨʫʧʧʫ P3121 ʨʘʟʜʝʣʷʝʪʩʷ ʥʘ ʜʚʘ ʪʠʧʘ: 

B2O3 ʠ B3O3. ɸʪʦʤ B2 ʥʘʭʦʜʠʪʩʷ ʚ ʦʙʱʝʡ ʧʦʟʠʮʠʠ 6c, ʘ ʘʪʦʤ B3 ʚ ʯʘʩʪʥʦʡ 

ʧʦʟʠʮʠʠ 3b. ʊʨʝʫʛʦʣʴʥʠʢ B3O3 ʦʩʪʘʝʪʩʷ ʨʘʚʥʦʙʝʜʨʝʥʥʳʤ,  ʪʨʝʫʛʦʣʴʥʠʢ B2O3 
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ʠʩʢʘʞʘʝʪʩʷ. ɺʩʝ ʪʨʠ ʪʠʧʘ ʪʨʝʫʛʦʣʴʥʠʢʦʚ BO3 ʚ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʝ P3121 

ʦʪʢʣʦʥʝʥʳ ʦʪ ʧʣʦʩʢʦʩʪʠ ab. 

4.5. ʆʩʦʙʝʥʥʦʩʪʠ ʩʪʨʦʝʥʠʷ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ (Gd0.95Bi0.05)Fe3(BO3)4, 

(Y0.95Bi0.05)Fe3(BO3)4, (Ho0.96Bi0.04)Fe3(BO3)4 ʧʨʠ ʧʦʥʠʞʝʥʠʠ  

ʪʝʤʧʝʨʘʪʫʨʳ ʦʪ 500 ʂ ʜʦ 90 ʂ 

4.5.1. ʂʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʦʢʨʫʞʝʥʠʝ  ʘʪʦʤʦʚ (R,Bi) 

ʇʨʠ ʧʦʥʠʞʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʚ (Y0.95Bi0.05)Fe3(BO3)4 ʠ (Ho0.96Bi0.04)Fe3(BO3)4 

ʦʪ 500 ʂ ʚʧʣʦʪʴ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ ʩʪʨʫʢʪʫʨʥʦʛʦ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ (ʜʦ 375 ʂ ʜʣʷ 

R = Y ʠ 370 ʜʣʷ R = Ho) ʨʘʩʩʪʦʷʥʠʷ (R,Bi)ïO (ʨʠʩʫʥʦʢ 4.4) ʩʣʘʙʦ ʫʤʝʥʴʰʘʶʪʩʷ ʥʘ 

å 0.004 ¡ (ʠʟʤʝʥʝʥʠʝ ʨʘʩʩʪʦʷʥʠʡ ʚʦ ʚʩʝʤ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʜʠʘʧʘʟʦʥʝ ʧʦʢʘʟʘʥʦ ʥʘ 

ʨʠʩʫʥʢʘʭ 4.8 (ʘ), 4.9 (ʘ), 4.10 (ʘ)). ʉʨʝʜʥʝʝ ʨʘʩʩʪʦʷʥʠʝ (R,Bi)ïO ʧʨʦʜʦʣʞʘʝʪ 

ʫʤʝʥʴʰʘʪʴʩʷ ʠ ʥʠʞʝ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ (ʥʘ å 0.003 ¡ ʜʣʷ R = Y ʚ ʜʠʘʧʘʟʦʥʝ 370 ï 

90 ʂ ʠ ʥʘ å 0.005 ¡ ʜʣʷ R = Ho ʚ ʜʠʘʧʘʟʦʥʝ 360 ï 90 ʂ). ʆʜʥʘʢʦ ʠʩʢʘʞʝʥʠʝ 

ʪʨʠʛʦʥʘʣʴʥʦʡ ʧʨʠʟʤʳ (R,Bi)O6 ʩ ʧʦʥʠʞʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʦʪ Tstr ʜʦ 90 ʂ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ. ʅʘʠʙʦʣʴʰʝʝ ʨʘʩʩʪʦʷʥʠʝ (R,Bi)ïO4 ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʥʘ 

å 0.022 ¡ ʜʣʷ R = Y ʠ ʥʘ å 0.010 ¡ ʜʣʷ R = Ho, ʘ ʥʘʠʤʝʥʴʰʝʝ ʨʘʩʩʪʦʷʥʠʝ (R,Bi)ïO7 

ʫʤʝʥʴʰʘʝʪʩʷ (ʥʘ å 0.016-0.017 ¡) (ʪʘʙʣʠʮʳ ʚ ʧʨʠʣʦʞʝʥʠʠ ʇ15, ʇ18).  ʇʨʠ 

ʧʦʥʠʞʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʚ (Gd0.95Bi0.05)Fe3(BO3)4 ʦʪ 293 ʂ (ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ 

ʛʨʫʧʧʘ R32) ʜʦ 90 ʂ (ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʛʨʫʧʧʘ P3121) ʩʨʝʜʥʝʝ ʨʘʩʩʪʦʷʥʠʝ (Gd,Bi)ï

O ʫʤʝʥʴʰʘʝʪʩʷ ʥʘ å 0.014 ¡, ʘ ʨʘʟʙʨʦʩ ʨʘʩʩʪʦʷʥʠʡ (Gd,Bi)ïO ʧʨʠ ʵʪʦʤ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʜʦ å 0.036 ¡ (ʪʘʙʣʠʮʘ ʚ ʧʨʠʣʦʞʝʥʠʠ ʇ12). ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ 

[32] ʨʘʟʙʨʦʩ ʨʘʩʩʪʦʷʥʠʡ GdïO ʙʳʣ ʘʥʘʣʦʛʠʯʥʳʤ, ʦʜʥʘʢʦ ʥʘʙʣʶʜʘʣʦʩʴ ʫʚʝʣʠʯʝʥʠʝ 

ʩʨʝʜʥʝʛʦ ʨʘʩʩʪʦʷʥʠʷ. 
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 ʈʠʩʫʥʦʢ 4.4. ɸʪʦʤʥʦʝ ʦʢʨʫʞʝʥʠʝ ʘʪʦʤʦʚ (Y,Bi) ʚ ʩʪʨʫʢʪʫʨʝ 

Y0.95Bi0.05Fe3(BO3)4: ʚ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʝ P3121 ʧʨʠ 90K (ʘ) ʠ  ʚ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʝ R32 ʧʨʠ 500 ʂ (ʙ). ʇʦʢʘʟʘʥʦ ʙʣʠʞʘʡʰʝʝ ʦʢʨʫʞʝʥʠʝ ʠʟ 

ʘʪʦʤʦʚ ʢʠʩʣʦʨʦʜʘ, ʬʦʨʤʠʨʫʶʱʠʭ ʧʨʠʟʤʫ (Y,Bi)O6, ʙʣʠʞʘʡʰʠʝ ʘʪʦʤʳ ʙʦʨʘ ʠ 

ʮʝʧʦʯʢʠ ʞʝʣʝʟʘ ʚ ʩʪʨʫʢʪʫʨʝ. ʈʘʩʩʪʦʷʥʠʷ (Y,Bi)ïFe ʜʦ ʙʣʠʞʘʡʰʠʭ ʱʝʩʪʠ ʘʪʦʤʦʚ 

Fe ʠʟ ʩʣʦʷ ʚʳʰʝ ʠ ʥʠʞʝ ʘʪʦʤʘ (Y,Bi) ʚ ʩʪʨʫʢʪʫʨʝ ʧʦʢʘʟʘʥʳ ʯʝʨʥʳʤʠ ʣʠʥʠʷʤʠ ʠ 

ʧʨʠʚʝʜʝʥʳ ʚ ¡. 

 

ʇʨʠʟʤʘ (R,Bi)O6 ʢʘʞʜʦʡ ʚʝʨʰʠʥʦʡ ʩʚʷʟʘʥʘ ʩ ʦʢʪʘʵʜʨʦʤ FeO6 ʠ ʦʙʲʝʜʠʥʷʝʪ 

ʪʨʠ ʮʝʧʦʯʢʠ FeïFe (ʨʠʩʫʥʢʠ 4.3, 4.4, 4.5). ʈʘʩʩʪʦʷʥʠʷ ʦʪ ʘʪʦʤʘ (R,Bi) ʜʦ 

ʙʣʠʞʘʡʰʠʭ ʰʝʩʪʠ ʘʪʦʤʦʚ Fe ʠʟ ʧʣʦʩʢʦʩʪʠ ʚʳʰʝ ʠ ʥʠʞʝ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ 

ʛʨʫʧʧʝ R32 ʦʜʠʥʘʢʦʚʳ ʠ ʫʤʝʥʴʰʘʶʪʩʷ ʧʨʠ ʧʦʥʠʞʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ å 0.006 ¡ 

ʜʣʷ R = Y ʠ ʥʘ å 0.002 ¡ ʜʣʷ R = Ho. ʇʦʩʣʝ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʧʦʷʚʣʷʝʪʩʷ ʜʚʘ 

ʥʝʟʘʚʠʩʠʤʳʭ ʪʠʧʘ ʮʝʧʦʯʝʢ ʞʝʣʝʟʘ ʩ ʩʦʦʪʥʦʰʝʥʠʝʤ Fe1 : Fe2 = 1 : 2. ʈʘʩʩʪʦʷʥʠʝ ʦʪ 



 

94 

 

 
 

ʘʪʦʤʦʚ (R,Bi) ʜʦ ʜʚʫʭ ʙʣʠʞʘʡʰʠʭ ʘʪʦʤʦʚ ʞʝʣʝʟʘ ʠʟ ʮʝʧʦʯʢʠ Fe1ïFe1 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʨʠ ʧʦʥʠʞʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʜʦ 90 ʂ ʥʘ å 0.006 ¡ ʜʣʷ R = Y ʠ ʥʘ å 

0.001 ¡ ʜʣʷ R = Ho. ʈʘʩʩʪʦʷʥʠʷ ʦʪ ʘʪʦʤʘ (R,Bi) ʜʦ ʘʪʦʤʦʚ Fe2, ʧʨʠʥʘʜʣʝʞʘʱʠʭ 

ʦʜʥʦʡ ʮʝʧʦʯʢʝ Fe2ïFe2, ʨʘʟʥʳʝ (ʨʠʩʫʥʦʢ 4.5 (ʙ)). ʇʝʨʚʦʝ ʨʘʩʩʪʦʷʥʠʝ (R,Bi)ïFe2 

ʧʨʠ ʧʦʥʠʞʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʥʘ å 0.033 ¡ ʜʣʷ R = Y ʠ 

ʥʘ å 0.021 ¡ ʜʣʷ R = Ho. ɺʪʦʨʦʝ ʨʘʩʩʪʦʷʥʠʝ (R,Bi)ïFe2 ʟʘʤʝʪʥʦ ʫʤʝʥʴʰʘʝʪʩʷ ʥʘ å 

0.055 ¡ ʜʣʷ R = Y ʠ ʥʘ å 0.047 ¡ ʜʣʷ R = Ho (ʠʟʤʝʥʝʥʠʝ ʨʘʩʩʪʦʷʥʠʡ ʧʦʢʘʟʘʥʦ ʥʘ 

ʨʠʩʫʥʢʘʭ 4.8 (ʙ), 4.9 (ʙ), 4.10 (ʙ)). ʈʘʩʩʪʦʷʥʠʝ (Gd,Bi)ïFe1 ʚ (Gd0.95Bi0.05)Fe3(BO3)4 

ʫʤʝʥʴʰʘʝʪʩʷ ʧʨʠ ʧʦʥʠʞʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʦʪ 293 ʂ (R32) ʜʦ 90 ʂ (P3121) ʥʘ å 

0.002 ¡, ʧʝʨʚʦʝ ʨʘʩʩʪʦʷʥʠʝ  (Gd,Bi)ïFe2 ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʥʘ å 0.051¡, ʘ 

ʚʪʦʨʦʝ ʨʘʩʩʪʦʷʥʠʝ (Gd,Bi)ïFe2 ʟʘʤʝʪʥʦ ʫʤʝʥʴʰʘʝʪʩʷ ʥʘ å 0.063 ¡. 

 

 

 ʈʠʩʫʥʦʢ 4.5. ɹʣʠʞʘʡʰʠʝ ʢ ʘʪʦʤʫ (Ho,Bi) ʘʪʦʤʳ Fe1 ʠ Fe2 ʚ ʩʪʨʫʢʪʫʨʝ 

(Ho0.96Bi0.04)Fe3(BO3)4. (ʘ) ʂʨʘʩʥʳʤ ʮʚʝʪʦʤ ʧʦʢʘʟʘʥʳ ʦʢʪʘʵʜʨʳ Fe1O6 ʠʟ ʦʜʥʦʡ 

ʮʝʧʦʯʢʠ Fe1 ï Fe1, ʠʤʝʶʱʠʝ ʩ ʧʨʠʟʢʦʡ HoO6 ʦʙʱʫʶ ʚʝʨʰʠʥʫ O3 ʠ ʩʠʥʠʤ ʮʚʝʪʦʤ 

ʧʦʢʘʟʘʥʳ ʦʢʪʘʵʜʨʳ Fe2O6 ʠʟ ʦʜʥʦʡ ʮʝʧʦʯʢʠ Fe2 ï Fe2, ʠʤʝʶʱʠʝ ʩ ʧʨʠʟʢʦʡ HoO6 

ʦʙʱʠʝ ʚʝʨʰʠʥʳ O4 ʠ O7. ʆʢʪʘʵʜʨʳ Fe2O6 ʠʟ ʚʪʦʨʦʡ ʮʝʧʦʯʢʠ Fe2 ï Fe2, 

ʩʦʝʜʠʥʷʶʱʠʝʩʷ ʩ ʚʝʨʰʠʥʘʤʠ O7 ʠ O4 ʥʝ ʧʦʢʘʟʘʥʳ ʜʣʷ ʥʘʛʣʷʜʥʦʩʪʠ. (ʙ) 

ʈʘʩʩʪʦʷʥʠʷ ʦʪ ʘʪʦʤʦʚ Ho ʜʦ ʙʣʠʞʘʡʰʠʭ ʘʪʦʤʦʚ Fe1 ʠ Fe2 ʚ ʩʪʨʫʢʪʫʨʝ 

(Ho0.96Bi0.04)Fe3(BO3)4 ʧʨʠ 90 ʂ (ʚ ¡). ʉʠʥʠʤ ʧʦʢʘʟʘʥʦ ʧʦ ʪʨʠ ʦʢʪʘʵʜʨʘ ʠʟ ʢʘʞʜʦʡ 

ʮʝʧʦʯʢʠ Fe2 ï Fe2 ʠ ʢʨʘʩʥʳʤ ʧʦʢʘʟʘʥ ʦʜʠʥ ʦʢʪʘʵʜʨ ʠʟ ʮʝʧʦʯʢʠ  Fe1 ï Fe1. 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʦ ʚʩʝʭ ʪʨʝʭ ʢʨʠʩʪʘʣʣʘʭ ʨʘʟʥʠʮʘ ʨʘʩʩʪʦʷʥʠʡ (R,Bi)ïFe1 ʚ 

ʧʝʨʚʦʡ ʞʝʣʝʟʥʦʡ ʮʝʧʦʯʢʝ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦʡ (R32) ʠ ʤʠʥʠʤʘʣʴʥʦʡ (P3121) 

ʪʝʤʧʝʨʘʪʫʨʝ ʠʟʤʝʨʝʥʠʡ ʩʣʘʙʦ ʚʳʨʘʞʝʥʘ (ʫʤʝʥʴʰʝʥʠʝ ʨʘʩʩʪʦʯʥʠʡ ʥʘ å 0 ï 0.002 

¡), ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚʦ ʚʪʦʨʦʡ ʮʝʧʦʯʢʝ ʥʘʙʣʶʜʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦʝ ʫʚʝʣʠʯʝʥʠʝ 

ʧʝʨʚʦʛʦ ʨʘʩʩʪʦʷʥʠʷ  (R,Bi)ïFe2 ʧʨʠ ʧʦʥʠʞʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ (ʥʘ å 0.027ï0.051 ¡) 

ʠ ʫʤʝʥʴʰʝʥʠʝ  ʚʪʦʨʦʛʦ ʨʘʩʩʪʦʷʥʠʷ (R,Bi)ïFe2 (ʥʘ å 0.049ï0.063 ¡). ʊʘʢʦʝ 

ʠʩʢʘʞʝʥʠʝ ʨʘʩʩʪʦʷʥʠʡ ʦʪ ʨʝʟʢʦʟʤʝʣʴʥʦʛʦ ʠʦʥʘ ʜʦ ʘʪʦʤʦʚ ʞʝʣʝʟʘ  ʤʦʞʝʪ ʚʣʠʷʪʴ ʥʘ 

ʤʫʣʴʪʠʬʝʨʨʦʠʜʥʳʝ ʩʚʦʡʩʪʚʘ ʢʨʠʩʪʘʣʣʦʚ ʧʨʠ ʜʘʣʴʥʝʡʰʝʤ ʧʦʥʠʞʝʥʠʠ 

ʪʝʤʧʝʨʘʪʫʨʳ ʥʠʞʝ ʪʝʤʧʝʨʘʪʫʨʳ ʅʝʝʣʷ. 

ʉʨʝʜʥʝʝ ʨʘʩʩʪʦʷʥʠʝ YïO ʜʦ ʙʣʠʞʘʡʰʠʭ ʰʝʩʪʠ ʘʪʦʤʦʚ ʢʠʩʣʦʨʦʜʘ, 

ʧʦʣʫʯʝʥʥʦʝ ʤʝʪʦʜʦʤ EXAFS-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʜʣʷ 

(Y0.95Bi0.05)Fe3(BO3)4, ʨʘʚʥʦ 2.34(1) ¡ ʠ ʩʦʦʪʚʝʩʪʚʫʝʪ ʧʦʣʫʯʝʥʥʦʤʫ ʤʝʪʦʜʦʤ 

ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ. ʈʘʩʩʪʦʷʥʠʝ YïO ʜʦ ʜʚʫʭ ʙʦʣʝʝ ʫʜʘʣʝʥʥʳʭ ʘʪʦʤʦʚ 

ʢʠʩʣʦʨʦʜʘ ʧʦ ʜʘʥʥʳʤ EXAFS (ʨʠʩʫʥʦʢ 3.9, ʪʘʙʣʠʮʘ 3.1) ʨʘʚʥʦ 2.90(1) ¡, ʩʨʝʜʥʝʝ 

ʨʘʩʩʪʦʷʥʠʝ YïB ʜʦ ʙʣʠʞʘʡʰʠʭ ʘʪʦʤʦʚ ʙʦʨʘ ʨʘʚʥʦ 3.08(1) ¡, ʘ ʩʨʝʜʥʝʝ ʨʘʩʩʪʦʷʥʠʝ 

YïFe ʜʦ ʰʝʩʪʠ ʙʣʠʞʘʡʰʠʭʘʪʦʤʦʚ ʞʝʣʝʟʘ ʨʘʚʥʦ 3.79(1) ¡. ɼʘʥʥʳʝ ʟʥʘʯʝʥʠʷ ʪʘʢʞʝ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʟʥʘʯʝʥʠʷʤ, ʧʦʣʫʯʝʥʥʳʤ ʤʝʪʦʜʦʤ ʈʉɸ.  

ʃʦʢʘʣʴʥʦʝ ʦʢʨʫʞʝʥʠʝ ʘʪʦʤʦʚ Bi ʧʦ ʜʘʥʥʳʤ ʩʧʝʢʪʨʦʩʢʦʧʠʠ EXAFS 

ʥʝʩʢʦʣʴʢʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʦʢʨʫʞʝʥʠʷ ʘʪʦʤʦʚ Y (ʨʠʩʫʥʦʢ 3.7, ʪʘʙʣʠʮʘ 3.1). 

ʈʘʩʩʪʦʷʥʠʝ BiïO ʜʦ ʙʣʠʞʘʡʰʠʭ ʰʝʩʪʠ ʘʪʦʤʦʚ ʢʠʩʣʦʨʦʜʘ ʠ ʜʦ ʜʚʫʭ ʙʦʣʝʝ 

ʫʜʘʣʝʥʥʳʭ ʩʦʩʪʘʚʣʷʝʪ ʜʣʷ ʥʝʛʦ 2.46(1) ¡ ʠ 2.62(1) ¡. ʆʜʥʘʢʦ ʨʘʩʩʪʦʷʥʠʝ  BiïFe, 

ʨʘʚʥʦʝ 3.83(1) ¡, ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʟʥʘʯʝʥʠʶ YïFe. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʪʦʤʳ ʚʠʩʤʫʪʘ ʠ 

ʘʪʦʤʳ ʠʪʪʨʠʷ ʥʘʭʦʜʷʪʩʷ ʚ ʦʜʥʦʡ ʧʦʟʠʮʠʠ, ʥʦ ʠʭ ʢʠʩʣʦʨʦʜʥʦʝ ʦʢʨʫʞʝʥʠʝ 

ʨʘʟʣʠʯʘʝʪʩʷ. ʄʘʣʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʧʨʠʤʝʩʠ Bi ʥʝ ʧʦʟʚʦʣʠʣʘ ʦʜʥʦʟʥʘʯʥʦ ʨʘʟʜʝʣʠʪʴ 

ʢʠʩʣʦʨʦʜʥʦʝ ʦʢʨʫʞʝʥʠʝ  RïO ʠ  BiïO. 
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4.5.2. ɸʥʘʣʠʟ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʛʦ ʦʢʨʫʞʝʥʠʷ  ʘʪʦʤʦʚ  Fe ʠ ʮʝʧʦʯʝʢ 

ʞʝʣʝʟʘ 

ʉʨʝʜʥʝʝ ʨʘʩʩʪʦʷʥʠʝ Fe1ïO ʚ (Y0.95Bi0.05)Fe3(BO3)4 (ʨʠʩʫʥʦʢ 4.6) ʩʣʘʙʦ 

ʫʤʝʥʴʰʘʝʪʩʷ ʧʨʠ ʧʦʥʠʞʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʦʪ 500 ʂ ʜʦ ʪʦʯʢʠ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ 

ʥʘ å 0.001ï0.004 ¡ ʠ ʥʝ ʠʟʤʝʥʷʝʪʩʷ ʜʣʷ (Ho0.96Bi0.04)Fe3(BO3)4 . 

ʉʨʝʜʥʝʝ ʨʘʩʩʪʦʷʥʠʝ Fe1ïO ʚ ʦʢʪʘʵʜʨʝ Fe1O6 ʧʨʦʜʦʣʞʘʝʪ ʫʤʝʥʴʰʘʪʴʩʷ ʥʠʞʝ 

Tstr ʧʨʠ ʧʦʥʠʞʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʜʦ 90 ʂ ʥʘ å 0.004ï0.005 ¡, ʘ ʩʨʝʜʥʝʝ ʨʘʩʩʪʦʷʥʠʝ 

Fe2ïO ʚ ʦʢʪʘʵʜʨʝ Fe2O6 ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʥʘ å 0.006 ¡ ʚ (Y0.95Bi0.05)Fe3(BO3)4 (ʧʨʠ 

ʧʦʥʠʞʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʦʪ 370 ʂ ʜʦ 90 ʂ) ʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʤʝʥʷʝʪʩʷ ʚ 

(Ho0.96Bi0.04)Fe3(BO3)4 (ʧʨʠ ʧʦʥʠʞʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʦʪ 360 ʂ ʜʦ 90 ʂ) (ʠʟʤʝʥʝʥʠʝ 

ʨʘʩʩʪʦʷʥʠʡ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʘʭ 4.8 (ʚ, ʛ), 4.9 (ʚ, ʛ), 4.10 (ʚ, ʛ)).  

ʈʘʟʥʠʮʘ ʤʝʞʜʫ ʥʘʠʙʦʣʴʰʠʤ ʠ ʥʘʠʤʝʥʴʰʠʤ ʨʘʩʩʪʦʷʥʠʝʤ Fe1ïO (ʪʘʙʣʠʮʳ 

ʇ13, ʇ16, ʇ19 ʚ ʧʨʠʣʦʞʝʥʠʠ) ʧʨʠ 500 ʂ ʩʦʩʪʘʚʣʷʝʪ 0.0673 (7) ¡ ʜʣʷ R = Y ʠ 

0.0657(9) ¡ ʜʣʷ R=Ho. ʇʨʠ ʧʦʥʠʞʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʜʦ 375 ʂ ʜʣʷ R = Y ʠ ʜʦ 370 ʂ 

ʜʣʷ R = Ho ʵʪʘ ʨʘʟʥʠʮʘ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʫʤʝʥʴʰʘʝʪʩʷ ʜʦ 0.0650 (6) ¡ ʠ 0.0653(7) ¡. 

ʇʦʩʣʝ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ (ʧʨʠ 370 ʂ ʜʣʷ R=Y ʠ 360 ʂ ʜʣʷ R=Ho) ʨʘʟʙʨʦʩ 

ʨʘʩʩʪʦʷʥʠʡ Fe1ïO ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʜʦ 0.0725 (14) ¡ ʠ 0.0661(20) ¡ ʠ ʧʨʠ 

ʜʘʣʴʥʝʡʰʝʤ ʧʦʥʠʞʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʜʦ 90 ʂ ʤʝʥʷʝʪʩʷ ʩʣʘʙʦ. ʈʘʟʥʠʮʘ ʤʝʞʜʫ 

ʥʘʠʙʦʣʴʰʠʤ ʠ ʥʘʠʤʝʥʴʰʠʤ ʨʘʩʩʪʦʷʥʠʝʤ Fe2ïO ʚ ʦʢʪʘʵʜʨʝ Fe2O6 ʥʠʞʝ Tstr 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ ʧʦʥʠʞʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʦʪ 0.0692(17) ¡ (ʧʨʠ 370 ʂ ʜʣʷ R = Y) 

ʠ 0.0794(24) ¡ (ʧʨʠ 360 ʂ ʜʣʷ R = Ho) ʜʦ 0.0926(8) ¡ ʠ 0.0940(8) ¡ ʜʣʷ R=Y ʠ Ho 

ʧʨʠ 90 ʂ.  

ʉʨʝʜʥʝʝ ʨʘʩʩʪʦʷʥʠʝ Fe1ïO ʚ (Gd0.95Bi0.05)Fe3(BO3)4 ʧʨʠ 90 ʂ (P3121) ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ 293 ʂ (R32) ʫʤʝʥʴʰʘʝʪʩʷ ʥʘ å 0.005 ¡, ʘ ʩʨʝʜʥʝʝ ʨʘʩʩʪʦʷʥʠʝ Fe2ïO 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʥʘ å 0.004 ¡. ʆʙʘ ʦʢʪʘʵʜʨʘ ʟʥʘʯʠʪʝʣʴʥʦ (ʥʘ å 0.029 ï 0.031 ¡) 

ʠʩʢʘʞʘʶʪʩʷ ʟʘ ʩʯʝʪ ʫʚʝʣʠʯʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʠ ʫʤʝʥʴʰʝʥʠʷ ʤʠʥʠʤʘʣʴʥʦʛʦ 

ʨʘʩʩʪʦʷʥʠʡ.  
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 ʈʠʩʫʥʦʢ 4.6. ɸʪʦʤʥʦʝ ʦʢʨʫʞʝʥʠʝ ʘʪʦʤʦʚ Fe ʚ ʩʪʨʫʢʪʫʨʝ 

Y95Bi0.05Fe3(BO3)4: ʚ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʝ P3121 (ʘ) ʠ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ 

ʛʨʫʧʧʝ R32(ʙ). ʇʦʢʘʟʘʥʦ ʙʣʠʞʘʡʰʝʝ ʦʢʨʫʞʝʥʠʝ ʠʟ ʘʪʦʤʦʚ ʢʠʩʣʦʨʦʜʘ, 

ʬʦʨʤʠʨʫʶʱʠʭ ʠʩʢʘʞʝʥʥʳʝ ʦʢʪʘʵʜʨʳ FeO6, ʙʣʠʞʘʡʰʠʝ ʘʪʦʤʳ Gd ʠ B ʚ ʩʪʨʫʢʪʫʨʝ.  

 

ʆʧʠʩʘʥʥʦʝ ʚʳʰʝ ʠʩʢʘʞʝʥʠʝ ʧʦʣʠʵʜʨʦʚ ʠ ʫʚʝʣʠʯʝʥʠʝ ʨʘʩʩʪʦʷʥʠʡ ʚ ʦʢʪʘʵʜʨʝ 

Fe2O6 ʚʦ ʚʩʝʭ ʠʟʫʯʝʥʥʳʭ ʢʨʠʩʪʘʣʣʘʭ (ʨʠʩʫʥʢʠ 4.8 (ʚ, ʛ), 4.9 (ʚ, ʛ), 4.10 (ʚ, ʛ)) ʤʦʞʝʪ 

ʚʣʠʷʪʴ ʥʘ ʤʫʣʴʪʠʬʝʨʨʦʠʜʥʳʝ ʩʚʦʡʩʪʚʘ ʢʨʠʩʪʘʣʣʦʚ ʧʨʠ ʧʦʥʠʞʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ 

ʥʠʞʝ ʪʝʤʧʝʨʘʪʫʨʳ ʤʘʛʥʠʪʥʦʛʦ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ. 

ʈʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʘʪʦʤʘʤʠ ʞʝʣʝʟʘ ʚ ʮʝʧʦʯʢʝ FeïFe ʚ (Y0.95Bi0.05)Fe3(BO3)4 ʠ 

(Ho0.96Bi0.04)Fe3(BO3)4 ʚ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʝ R32  (ʨʠʩʫʥʦʢ 4.2 (ʙ)) ʩʣʘʙʦ 

ʫʤʝʥʴʰʘʝʪʩʷ ʧʨʠ ʧʦʥʠʞʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʜʦ Tstr (ʠʟʤʝʥʝʥʠʝ ʨʘʩʩʪʦʷʥʠʡ ʧʦʢʘʟʘʥʦ 

ʥʘ ʨʠʩʫʥʢʘʭ 4.8 (ʜ), 4.9 (ʜ), 4.10 (ʜ)). ʅʠʞʝ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ (ʨʠʩʫʥʦʢ 4.2 (ʘ)) 

ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʘʪʦʤʘʤʠ ʞʝʣʝʟʘ ʚ ʮʝʧʦʯʢʝ Fe1ïFe1 ʧʨʦʜʦʣʞʘʝʪ ʫʤʝʥʴʰʘʪʴʩʷ 

ʚʧʣʦʪʴ ʜʦ 90 ʂ (ʥʘ å 0.012 ¡). ʈʘʩʪʦʷʥʠʝ ʤʝʞʜʫ ʘʪʦʤʘʤʠ ʞʝʣʝʟʘ ʚʦ ʚʪʦʨʦʡ 

ʮʝʧʦʯʢʝ Fe2ïFe2 ʥʘʯʠʥʘʶʪ ʨʘʩʪʠ ʠ ʢ 90 ʂ ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʥʘ å 0.009 ¡ ʜʣʷ R=Y ʠ 
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ʥʘ å0.002 ¡ ʜʣʷ R=Ho. ʈʘʩʩʪʦʷʥʠʝ Fe1ïFe1  ʚ (Gd0.95Bi0.05)Fe3(BO3)4 ʧʨʠ ʧʝʨʝʭʦʜʝ 

ʦʪ 293 ʂ (R32) ʢ 90 ʂ (P3121)  ʪʘʢʞʝ ʫʤʝʥʴʰʘʝʪʩʷ ʥʘ å 0.019 ¡, ʘ ʨʘʩʩʪʦʷʥʠʝ Fe2ï

Fe2 ʨʘʩʪʝʪ ʥʘ å 0.009 ¡.   

ʆʢʪʘʵʜʨʳ FeO6 ʠ ʮʝʧʦʯʢʠ Fe ï Fe ʠʩʢʘʞʘʶʪʩʷ ʥʝ ʪʦʣʴʢʦ ʟʘ ʩʯʝʪ ʠʟʤʝʥʝʥʠʷ 

ʤʝʞʘʪʦʤʥʳʭ ʨʘʩʩʪʦʷʥʠʡ, ʥʦ ʠ ʚʩʣʝʜʩʪʚʠʝ ʠʟʤʝʥʝʥʠʷ ʫʛʣʦʚ FeïOïFe ʚ ʮʝʧʦʯʢʘʭ ʩ 

ʧʦʥʠʞʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ. ʆʜʥʘʢʦ ʵʪʠ ʠʟʤʝʥʝʥʠʷ ʥʝ ʧʨʝʚʳʰʘʶʪ 1-2
 o

 (ʨʠʩʫʥʦʢ 

4.11). 

ɼʘʥʥʳʝ ʦ ʣʦʢʘʣʴʥʦʤ ʦʢʨʫʞʝʥʠʠ ʘʪʦʤʦʚ Fe ʚ (Y0.95Bi0.05)Fe3(BO3)4 ʧʦ 

ʨʝʟʫʣʴʪʘʪʘʤ ʩʧʝʢʪʨʦʩʪʨʦʩʢʦʧʠʠ EXAFS (ʨʠʩʫʥʦʢ 3.8, ʪʘʙʣʠʮʘ 3.1) ʭʦʨʦʰʦ 

ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ. ʉʨʝʜʥʝʝ ʨʘʩʩʪʦʷʥʠʝ 

FeïO ʨʘʚʥʦ 2.01(1) ¡, ʨʘʩʩʪʦʷʥʠʝ FeïB (ʜʦ ʰʝʩʪʠ ʘʪʦʤʦʚ ʙʦʨʘ ʠʟ ʪʨʝʫʛʦʣʴʥʠʢʦʚ 

BO3, ʠʤʝʶʱʠʭ ʦʙʱʠʝ ʚʝʨʰʠʥʳ ʩ ʦʢʪʘʵʜʨʘʤʠ FeO6 ʠʟ ʮʝʧʦʯʝʢ) ʨʘʚʥʦ 3.07(1) ¡, ʠ 

ʩʨʝʜʥʝʝ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʘʪʦʤʠ ʞʝʣʝʟʘ ʠʟ ʦʜʥʦʡ ʮʝʧʦʯʢʠ ʩʦʩʪʘʚʣʷʝʪ 3.19(1) ¡. 

ʀʩʭʦʜʷ ʠʟ ʧʨʦʚʝʜʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʨʘʩʩʪʦʷʥʠʡ ʠ ʫʛʣʦʚ, ʧʨʠ ʧʦʥʠʞʝʥʠʠ 

ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʙʣʶʜʘʝʪʩʷ ʟʘʤʝʪʥʦʝ ʨʘʟʣʠʯʠʝ ʚ ʧʦʚʝʜʝʥʠʠ ʮʝʧʦʯʝʢ ʞʝʣʝʟʘ Fe1 ʠ 

Fe2 (ʨʠʩʫʥʢʠ 4.8 (ʜ), 4.9 (ʜ), 4.10 (ʜ)). 

 ʅʝʩʤʦʪʨʷ ʥʘ ʚʳʷʚʣʝʥʥʦʝ ʤʝʪʦʜʦʤ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʥʦʛʦ ʘʥʘʣʠʟʘ ʥʘ 

ʤʦʥʦʢʨʠʩʪʘʣʣʘʭ ʨʘʟʣʠʯʠʝ ʚ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʧʦʚʝʜʝʥʠʠ ʮʝʧʦʯʝʢ ʞʝʣʝʟʘ Fe1 ʠ Fe2, 

ʥʘʙʣʶʜʘʝʤʳʝ ʠʟʤʝʥʝʥʠʷ ʨʘʩʩʪʦʷʥʠʡ ʚ ʮʝʧʦʯʢʘʭ ʦʢʪʘʵʜʨʦʚ FeO6 ʠ ʫʛʣʦʚ ʤʝʞʜʫ 

ʦʙʤʝʥʥʳʤʠ ʩʚʷʟʷʤʠ  Fe ï O ï Fe ʧʨʠ ʧʝʨʝʭʦʜʝ ʠʟ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʳ R32 ʚ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ ʛʨʫʧʧʫ P3121 ʠ ʚ ʨʘʟʥʳʭ ʮʝʧʦʯʢʘʭ Fe1ïOïFe1 ʠ Fe2ïOïFe2 ʚ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʝ P3121 ʜʦʩʪʘʪʦʯʥʦ ʤʘʣʳ ʧʦ ʚʝʣʠʯʠʥʝ (ʪʘʙʣʠʮʳ 13, ʇ16, 

ʇ19 ʚ ʧʨʠʣʦʞʝʥʠʠ). ʕʪʦ ʦʙʲʷʩʥʷʝʪ ʥʝʚʦʟʤʦʞʥʦʩʪʴ ʨʘʟʜʝʣʝʥʠʷ ʤʝʪʦʜʦʤ 

ʤʸʩʩʙʘʫʵʨʦʚʩʢʦʡ ʘʙʩʦʨʙʮʠʦʥʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʥʘ ʷʜʨʘʭ 
57

Fe ʤʘʛʥʠʪʥʳʭ 

ʧʦʜʨʝʰʝʪʦʢ Fe1 ʠ Fe2 ʧʨʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʠ ʩʣʦʞʥʦʩʪʴ ʠʭ ʨʘʟʜʝʣʝʥʠʷ 

ʥʠʞʝ ʪʝʤʧʝʨʘʪʫʨʳ  TN ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʦʛʦ ʧʝʨʝʭʦʜʘ ʜʣʷ ʛʘʜʦʣʠʥʠʝʚʦʛʦ [97], 

ʠʪʪʨʠʝʚʦʛʦ [98] ʠ ʛʦʣʴʤʠʝʚʦʛʦ [99] ʬʝʨʨʦʙʦʨʘʪʦʚ. ʇʨʠ ʵʪʦʤ ʩʣʦʞʥʘʷ 

ʪʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʢʚʘʜʨʫʧʦʣʴʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ȹ ʤʸʩʩʙʘʫʵʨʦʚʩʢʠʭ 

ʩʧʝʢʪʨʦʚ ʚ (Gd0.95Bi0.05)Fe3(BO3)4, (Y0.95Bi0.05)Fe3(BO3)4 ʠ (Ho0.96Bi0.04)Fe3(BO3)4 

ʧʦʜʪʚʝʨʞʜʘʝʪ ʩʣʦʞʥʫʶ ʜʠʥʘʤʠʢʫ ʧʝʨʝʩʪʨʦʝʥʠʡ ʦʢʪʘʵʜʨʦʚ FeO6 ʧʨʠ ʠʟʤʝʥʝʥʠʠ 
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ʪʝʤʧʝʨʘʪʫʨʳ.  ɺ ʦʙʣʘʩʪʠ ʩʪʨʫʢʪʫʨʥʦʛʦ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʥʘ ʢʨʠʚʳʭ ȹ (T) 

ʥʘʭʦʜʠʪʩʷ ʣʦʢʘʣʴʥʳʡ ʤʘʢʩʠʤʫʤ. 

 ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʦʙʱʝʝ ʠʟʤʝʥʝʥʠʝ ʩʠʤʤʝʪʨʠʠ ʚ 

(Gd0.95Bi0.05)Fe3(BO3)4, (Y0.95Bi0.05)Fe3(BO3)4 ʠ (Ho0.96Bi0.04)Fe3(BO3)4 ʩʣʘʙʦ ʚʣʠʷʝʪ ʥʘ 

ʣʦʢʘʣʴʥʦʝ ʦʢʨʫʞʝʥʠʝ ʘʪʦʤʦʚ ʞʝʣʝʟʘ. ʂʨʦʤʝ ʪʦʛʦ, ʙʣʠʟʦʩʪʴ ʨʘʩʩʪʦʷʥʠʡ ʠ ʫʛʣʦʚ ʚ 

ʮʝʧʦʯʢʘʭ ʞʝʣʝʟʘ ʦʙʲʷʩʥʷʝʪ ʧʦʭʦʞʝʝ ʤʘʛʥʠʪʦʝ ʧʦʚʝʜʝʥʠʝ ʧʦʜʨʝʰʝʪʦʢ ʞʝʣʝʟʘ ʚ 

ʠʪʪʨʠʝʚʦʤ ʬʝʨʨʦʙʦʨʘʪʝ, ʠʩʩʣʝʜʦʚʘʥʥʦʤ ʤʝʪʦʜʦʤ ʥʝʡʪʨʦʥʥʦʡ ʜʠʬʨʘʢʮʠʠ [43]. 

ʆʜʥʘʢʦ ʤʘʛʥʠʪʥʦʝ ʧʦʚʝʜʝʥʠʝ ʤʘʛʥʠʪʥʳʭ ʧʦʜʩʠʩʪʝʤ ʞʝʣʝʟʘ ʚ ʛʦʣʴʤʠʝʚʦʤ 

ʬʝʨʨʦʙʦʨʘʪʝ, ʚ ʢʦʪʦʨʦʤ ʧʨʠʩʫʪʩʪʚʫʝʪ ʪʘʢʞʝ ʩʠʣʴʥʘʷ ʤʘʛʥʠʪʥʘʷ ʧʦʜʨʝʰʝʪʢʘ Ho, ʠ 

ʚ ʠʪʪʨʠʝʚʦʤ, ʩʦʜʝʨʞʘʱʝʤ ʪʦʣʴʢʦ ʦʜʥʫ ʩʠʣʴʥʫʶ ʤʘʛʥʠʪʥʫʶ ʧʦʜʨʝʰʝʪʢʫ (Fe) 

ʨʘʟʣʠʯʘʝʪʩʷ [43]. ʊʘʢʦʝ ʨʘʟʣʠʯʠʝ ʤʘʛʥʠʪʥʦʛʦ ʧʦʚʝʜʝʥʠʷ ʚ ʜʚʫʭ ʩʪʨʫʢʪʫʨʥʦ 

ʧʦʭʦʞʠʭ ʢʨʠʩʪʘʣʣʘʭ ʛʦʚʦʨʠʪ ʦ ʟʘʚʠʩʠʤʦʩʪʠ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ ʞʝʣʝʟʥʦʡ 

ʧʦʜʨʝʰʝʪʢʠ ʦʪ ʪʠʧʘ ʨʝʜʢʦʟʝʤʝʣʴʥʦʛʦ ʠʦʥʘ.  

4.5.3. ʂʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʦʢʨʫʞʝʥʠʝ  ʘʪʦʤʦʚ  ʙʦʨʘ 

ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʧʨʠ ʧʝʨʝʭʦʜʝ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ ʛʨʫʧʧʫ P3121 

ʩʠʤʤʝʪʨʠʷ ʧʦʥʠʞʘʝʪʩʷ ʠ ʠʩʯʝʟʘʝʪ ʧʦʚʦʨʦʪʥʘʷ ʦʩʴ ʪʨʝʪʴʝʛʦ ʧʦʨʷʜʢʘ, ʥʘ ʢʦʪʦʨʦʡ 

ʥʘʭʦʜʷʪʩʷ ʘʪʦʤʳ B1 (3b), ʪʨʝʫʛʦʣʴʥʠʢ B1O3 (ʨʠʩʫʥʦʢ 4.7) ʚ (Ho0.96Bi0.04)Fe3(BO3)4 

ʠ (Y0.95Bi0.05)Fe3(BO3)4 ʧʦʯʪʠ ʥʝ ʠʩʢʘʞʘʝʪʩʷ ʩ ʧʦʥʠʞʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ 

(ʠʟʤʝʥʝʥʠʝ ʨʘʩʩʪʦʷʥʠʡ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʘʭ 4.8 (ʝ), 4.9 (ʝ), 4.10 (ʝ)). ʇʦʩʣʝ 

ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʦʥ ʦʩʪʘʝʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʨʘʚʥʦʩʪʦʨʦʥʥʠʤ, ʘ ʨʘʩʪʦʷʥʠʝ B1ïO 

ʧʨʠ ʧʦʥʠʞʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʦʪ 500 ʂ ʜʦ 90 ʂ ʥʝ ʠʟʤʝʥʷʝʪʩʷ ʚ 

(Ho0.96Bi0.04)Fe3(BO3)4 ʠ ʩʣʘʙʦ ʨʘʩʪʝʪ ʚ (Y0.95Bi0.05)Fe3(BO3)4 (ʥʘ å0.002 ¡ ʠ 0.006 ¡ 

ʧʦ ʜʘʥʥʳʤ, ʧʦʣʫʯʝʥʥʳʤ ʥʘ ʜʠʬʨʘʢʪʦʤʝʪʨʝ Xcalibur S3 ʠ PILATUS@SNBL, 

ʨʠʩʫʥʢʠ 4.9 (ʝ) ʠ 4.10 (ʝ)). ʇʨʠ ʧʦʥʠʞʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ 

ʛʨʫʧʧʝ P3121 ʪʨʝʫʛʦʣʴʥʠʢ  B1O3 ʩʣʘʙʦ ʦʪʢʣʦʥʷʝʪʩʷ ʦʪ ʧʣʦʩʢʦʩʪʠ ab (ʜʦ ~3Á ʧʨʠ 90 

ʂ). 
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 ʈʠʩʫʥʦʢ 4.7. ɸʪʦʤʥʦʝ ʦʢʨʫʞʝʥʠʝ ʘʪʦʤʦʚ B ʚ ʩʪʨʫʢʪʫʨʝ                             

R1-xBixFe3(BO3)4: ʚ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʝ P3121 (ʘ) ʠ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ 

ʛʨʫʧʧʝ R32 (ʙ). ʇʦʢʘʟʘʥʦ ʙʣʠʞʘʡʰʝʝ ʢʠʩʣʦʨʦʜʥʦʝ ʦʢʨʫʞʝʥʠʝ ʘʪʦʤʦʚ ɺ, ʘ ʪʘʢʞʝ 

ʙʣʠʞʘʡʰʠʝ ʢ ʘʪʦʤʘʤ B ʘʪʦʤʳ R ʠ Fe ʚ ʩʪʨʫʢʪʫʨʝ. 

 

ʊʨʝʫʛʦʣʴʥʠʢ B2O3 ʧʨʠ ʧʝʨʝʭʦʜʝ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ ʛʨʫʧʧʫ P3121 

ʨʘʟʜʝʣʷʝʪʩʷ ʥʘ ʜʚʘ ʪʠʧʘ: B2O3 ʠ B3O3 (ʨʠʩʫʥʦʢ 4.7). ɺ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʝ R32 ʩʨʝʜʥʝʝ ʨʘʩʩʪʦʷʥʠʝ B2ïO ʚ ʪʨʝʫʛʦʣʴʥʠʢʝ B2O3 ʧʨʠ 

ʧʦʥʠʞʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʦʪ 500 ʂ ʜʦ Tstr (ʜʦ 375 ʂ ʜʣʷ R=Y ʠ 370 ʜʣʷ R=Ho)  

ʫʤʝʥʴʰʘʝʪʩʷ ʥʘ å 0.002 ¡. ʆʜʥʘʢʦ ʧʦʩʣʝ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʧʨʠ ʧʦʥʠʞʝʥʠʠ 

ʪʝʤʧʝʨʘʪʫʨʳ ʜʦ 90 ʂ ʩʨʝʜʥʝʝ ʨʘʩʩʪʦʷʥʠʝ B2ïO ʩʥʦʚʘ ʨʘʩʪʝʪ ʥʘ å 0.002 ï 0.003 ¡. 
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ʉʨʝʜʥʝʝ ʨʘʩʩʪʦʷʥʠʝ B3ïO ʧʦʩʣʝ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʥʘ å 0.004 ï 

0.006 ¡. ʆʙʘ ʪʨʝʫʛʦʣʴʥʠʢʘ B2O3 (ʠʟʤʝʥʝʥʠʝ ʨʘʩʩʪʦʷʥʠʡ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʘʭ 4.8 

(ʞ), 4.9 (ʞ), 4.10 (ʞ)) ʠ B3O3 (ʨʠʩʫʥʢʠ 4.8 (ʟ), 4.9 (ʟ), 4.10 (ʟ)) ʠʩʢʘʞʘʶʪʩʷ ʧʦʩʣʝ 

ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ  ʠ ʦʪʢʣʦʥʷʶʪʩʷ ʦʪ ʧʣʦʩʢʦʩʪʠ ab ʧʨʠ ʧʦʥʠʞʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ. 

ʊʨʝʫʛʦʣʴʥʠʢ B2O3 ʧʨʠ 500 ʂ ʨʘʩʧʦʣʦʞʝʥ ʧʦʜ ʫʛʣʦʤ ~ 5Á ʢ ʧʣʦʩʢʦʩʪʠ ab. ʇʨʠ 90 ʂ 

ʪʨʝʫʛʦʣʴʥʠʢ B2O3 ʦʪʢʣʦʥʝʥ ʦʪ ʧʣʦʩʪʢʦʩʪʠ ab ʥʘ ~ 8 ï 10Á, ʘ ʪʨʝʫʛʦʣʴʥʠʢ B3O3 ʥʘ 

~ 6ï7Á. ʄʠʥʠʤʘʣʴʥʦʝ ʠ ʤʘʢʩʠʤʘʣʴʥʦʝ ʨʘʩʩʪʦʷʥʠʷ B2 ï O ʚ (Y0.95Bi0.05)Fe3(BO3)4 ʚ 

ʜʠʘʧʘʟʦʥʝ 350 ʂï370 ʂ ʤʝʥʷʶʪʩʷ ʥʝʨʘʚʥʦʤʝʨʥʦ, ʯʪʦ ʜʦʧʦʣʥʠʪʝʣʴʥʦ 

ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʨʘʟʤʳʪʦʩʪʴ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʚ ʜʘʥʥʦʤ ʢʨʠʩʪʘʣʣʝ ʧʦ 

ʪʝʤʧʝʨʘʪʫʨʝ.  

ɺ (Gd0.95Bi0.05)Fe3(BO3)4 ʨʘʩʩʪʦʷʥʠʷ ʚ ʪʨʝʫʛʦʣʴʥʠʢʝ ɺ1O3 ʪʦʞʝ ʥʝ ʤʝʥʷʶʪʩʷ 

ʧʨʠ ʧʦʥʠʞʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʦʪ 293 ʂ (R32) ʜʦ 90 ʂ (P3121), ʪʨʝʫʛʦʣʴʥʠʢ ɺ2O3 

ʟʘʤʝʪʥʦ ʠʩʢʘʞʘʝʪʩʷ (ʨʘʟʙʨʦʩ ʨʘʩʩʪʦʷʥʠʡ ʩʦʩʪʘʚʣʷʝʪ å 0.001 ¡ ʧʨʠ 293 ʂ ʠ å 0.012 

¡ ʧʨʠ 90 ʂ), ʠ ʪʨʝʫʛʦʣʴʥʠʢ ɺ2O3 ʠʩʢʘʞʘʝʪʩʷ ʚ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ (ʨʘʟʙʨʦʩ ʧʨʠ 90 

ʂ å 0.004 ¡). ʉʨʝʜʥʝʝ ʨʘʩʩʪʦʷʥʠʝ B2 ï O ʥʝ ʤʝʥʷʝʪʩʷ, ʘ ʨʘʩʩʪʦʷʥʠʝ B3 ï O ʨʘʩʪʝʪ 

ʥʘ å 0.005 ¡ (ʪʘʙʣʠʮʘ ʚ ʧʨʠʣʦʞʝʥʠʠ ʇ14). ʈʘʩʩʪʦʷʥʠʝ Gd ï B1 ʫʤʝʥʴʰʘʝʪʩʷ ʧʨʠ 

ʧʦʥʠʞʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ å 0.006 ¡. 

ʀʩʢʘʞʝʥʠʝ ʪʨʝʫʛʦʣʴʥʠʢʦʚ B2O3 ʠ  B3O3 ʠ ʠʭ ʦʪʢʣʦʥʝʥʠʝ ʦʪ ʧʣʦʩʢʦʩʪʠ ab 

ʤʦʞʝʪ ʚʣʠʷʪʴ ʥʘ ʩʪʝʧʝʥʴ ʧʦʣʷʨʠʟʘʮʠʠ, ʚʦʟʥʠʢʘʶʱʝʡ ʧʨʠ ʤʘʛʥʠʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʭ ʚ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʬʝʨʨʦʙʨʘʪʘʭ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʟʤʝʥʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ 

(Gd0.95Bi0.05)Fe3(BO3)4, (Y0.95Bi0.05)Fe3(BO3)4 ʠ (Ho0.96Bi0.04)Fe3(BO3)4, ʚ ʢʦʪʦʨʳʭ 

ʩʫʱʝʩʪʚʫʝʪ ʩʪʨʫʢʪʫʨʥʳʡ ʬʘʟʦʚʳʡ ʧʝʨʝʭʦʜ ʠʟ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʳ R32 ʚ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ ʛʨʫʧʧʫ P3121, ʘʥʘʣʦʛʠʯʥʳ ʧʨʠ ʬʘʟʦʚʦʤ ʧʝʨʝʭʦʜʝ ʠ ʠʟʤʝʥʝʥʠʠ 

ʪʝʤʧʝʨʘʪʫʨʳ. ʂʨʦʤʝ ʪʦʛʦ,  ʙʣʠʟʢʠ ʚʝʣʠʯʠʥʳ ʭʘʨʘʢʪʝʨʥʳʭ ʤʝʞʘʪʦʤʥʳʭ 

ʨʘʩʩʪʦʷʥʠʡ ʠ ʫʛʣʦʚ ʚ ʩʪʨʫʢʪʫʨʝ ʢʨʠʩʪʘʣʣʦʚ  (Y0.95Bi0.05)Fe3(BO3)4 ʠ 

(Ho0.96Bi0.04)Fe3(BO3)4 ʩ ʙʣʠʟʢʠʤ ʠʦʥʥʳʤ ʨʘʜʠʫʩʦʤ ʈɿʕ ((r ion (Y) = 0.9 ¡, r ion (Ho) = 

0.901 ¡), ʥʦ ʨʘʟʣʠʯʥʳʤʠ ʤʘʛʥʠʪʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʠʦʥʦʚ Y
3+ 
ʠ  Ho

3+
. 
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 ʈʠʩʫʥʦʢ. 4.8. ʊʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʤʝʞʘʪʦʤʥʳʭ ʨʘʩʩʪʦʷʥʠʡ ʚ 

ʩʪʨʫʢʪʫʨʝ (Ho0.96Bi0.04)Fe3(BO3)4: (a) HoïO ʚ ʧʨʠʟʤʝ (Ho,Bi)O6; (ʙ) HoïFe ʦʪ ʘʪʦʤʘ 

Ho ʜʦ ʙʣʠʞʘʡʰʠʭ ʘʪʦʤʦʚ Fe; (ʚ) Fe1ïO ʚ ʦʢʪʘʵʜʨʝ Fe1O6; (ʛ) Fe2ïO ʚ ʦʢʪʘʵʜʨʝ 

Fe2O6; (ʜ) FeïFe ʤʝʞʜʫ ʘʪʦʤʘʤʠ Fe ʚʥʫʪʨʠ ʮʝʧʦʩʢʠ; (ʝ) B1ïO ʚ ʪʨʝʫʛʦʣʴʥʠʢʝ 

B1O3; (ʞ) B2ïO ʚ ʪʨʝʫʛʦʣʴʥʠʢʝ B2O3; (ʟ) B3ïO ʚ ʪʨʝʫʛʦʣʴʥʠʢʝ B3O3. ʅʘʟʚʘʥʠʷ 

ʘʪʦʤʦʚ ʧʨʠʚʝʜʝʥʳ ʚ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʝ P3121 ʠ ʚ 

ʩʢʦʙʢʘʭ ʧʦʢʘʟʘʥʳ ʠʭ ʵʢʚʠʚʘʣʝʪʥʳ ʚ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʨʥʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ 

ʛʨʫʧʧʝ R32.  
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ʈʠʩʫʥʦʢ 4.9 ʊʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʤʝʞʘʪʦʤʥʳʭ ʨʘʩʩʪʦʷʥʠʡ ʚ ʩʪʨʫʢʪʫʨʝ 

(Y0.95Bi0.05)Fe3(BO3)4, ʧʦʣʫʯʝʥʥʘʷ ʥʘ ʣʘʙʦʨʘʪʦʨʥʦʤ ʜʠʬʨʘʢʪʦʤʝʪʨʝ: (a) YïO ʚ 

ʧʨʠʟʤʝ (Y,Bi)O6; (ʙ) YïFe ʦʪ ʘʪʦʤʘ Y ʜʦ ʙʣʠʞʘʡʰʠʭ ʘʪʦʤʦʚ Fe; (ʚ) Fe1ïO ʚ 

ʦʢʪʘʵʜʨʝ Fe1O6; (ʛ) Fe2ïO ʚ ʦʢʪʘʵʜʨʝ Fe2O6; (ʜ) FeïFe ʤʝʞʜʫ ʘʪʦʤʘʤʠ Fe ʚʥʫʪʨʠ 

ʮʝʧʦʩʢʠ; (ʝ) B1ïO ʚ ʪʨʝʫʛʦʣʴʥʠʢʝ B1O3; (ʞ) B2ïO ʚ ʪʨʝʫʛʦʣʴʥʠʢʝ B2O3; (ʟ) B3ïO 

ʚ ʪʨʝʫʛʦʣʴʥʠʢʝ B3O3. ʅʘʟʚʘʥʠʷ ʘʪʦʤʦʚ ʧʨʠʚʝʜʝʥʳ ʚ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʝ P3121 ʠ ʚ ʩʢʦʙʢʘʭ ʧʦʢʘʟʘʥʳ ʠʭ ʵʢʚʠʚʘʣʝʪʥʳ ʚ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʨʥʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʝ R32. 


























































