
ʄʠʥʠʩʪʝʨʩʪʚʦ ʦʙʨʘʟʦʚʘʥʠʷ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ 

 

ʄʦʩʢʦʚʩʢʘʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʘʢʘʜʝʤʠʷ 

ʪʦʥʢʦʡ ʭʠʤʠʯʝʩʢʦʡ ʪʝʭʥʦʣʦʛʠʠ ʠʤ. ʄ.ɺ.ʃʦʤʦʥʦʩʦʚʘ 

 

ʂʘʬʝʜʨʘ ʬʠʟʠʢʠ ʠ ʭʠʤʠʠ ʪʚʝʨʜʦʛʦ ʪʝʣʘ 

 

ʜ.ʭ.ʥ., ʧʨʦʬ. ɻ.ʄ.ʂʫʟʴʤʠʯʝʚʘ 
 

ʉʪʨʫʢʪʫʨʥʘʷ ʦʙʫʩʣʦʚʣʝʥʥʦʩʪʴ ʩʚʦʡʩʪʚ  

ʏʘʩʪʴ IV 

 
ʂʨʠʩʪʘʣʣʦʭʠʤʠʷ ʤʘʪʝʨʠʘʣʦʚ ʥʝʣʠʥʝʡʥʦʡ ʦʧʪʠʢʠ 

ʂʨʠʩʪʘʣʣʦʭʠʤʠʷ ʧʴʝʟʦʵʣʝʢʪʨʠʢʦʚ 

ʂʨʠʩʪʘʣʣʦʭʠʤʠʷ ʶʚʝʣʠʨʥʳʭ ʢʨʠʩʪʘʣʣʦʚ 

 

ʋʯʝʙʥʦʝ ʧʦʩʦʙʠʝ 

 

 
 

 

ʄʦʩʢʚʘ, 2004 ʛ 

 

2 

ʋɼʂ 548.5 

ʂʫʟʴʤʠʯʝʚʘ ɻ.ʄ. çʉʪʨʫʢʪʫʨʥʘʷ ʦʙʫʩʣʦʚʣʝʥʥʦʩʪʴ 

ʩʚʦʡʩʪʚò. ʏʘʩʪʴ IV. ñʂʨʠʩʪʘʣʣʦʭʠʤʠʷ ʤʘʪʝʨʠʘʣʦʚ 

ʥʝʣʠʥʝʡʥʦʡ ʦʧʪʠʢʠè, çʂʨʠʩʪʘʣʣʦʭʠʤʠʷ 

ʧʴʝʟʦʵʣʝʢʪʨʠʢʦʚè, ñʂʨʠʩʪʘʣʣʦʭʠʤʠʷ ʶʚʝʣʠʨʥʳʭ 

ʢʨʠʩʪʘʣʣʦʚò - ʄ.: ʄʀʊʍʊ. 2004 ʛ. ʢʦʣ. ʩʪʨʘʥʠʮ 83 

 

 

ɺ ʫʯʝʙʥʦʤ ʧʦʩʦʙʠʠ ʨʘʩʩʤʦʪʨʝʥʘ ʩʚʷʟʴ ʩʦʩʪʘʚʘ ʩʦʝʜʠʥʝʥʠʡ 

ʩ ʠʭ ʩʪʨʦʝʥʠʝʤ, ʩʚʦʡʩʪʚʘʤʠ  ʠ ʤʝʪʦʜʘʤʠ ʧʦʣʫʯʝʥʠʷ ʥʘ 

ʧʨʠʤʝʨʝ ʤʘʪʝʨʠʘʣʦʚ ʥʝʣʠʥʝʡʥʦʡ ʦʧʪʠʢʠ ʠ ʧʴʝʟʦʵʣʝʢʪʨʠʢʦʚ, ʘ 

ʪʘʢʞʝ ʶʚʝʣʠʨʥʳʭ ʢʨʠʩʪʘʣʣʦʚ 

 

 

 

 

 

ʋʯʝʙʥʦʝ ʧʦʩʦʙʠʝ ʧʨʝʜʥʘʟʥʘʯʝʥʦ ʜʣʷ ʟʘʥʷʪʠʡ ʩʪʫʜʝʥʪʦʚ ʧʦ 

ʢʫʨʩʫ "ʂʨʠʩʪʘʣʣʦʭʠʤʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ", 

ʚʳʧʦʣʥʝʥʠʷ ʙʘʢʘʣʘʚʨʩʢʠʭ, ʤʘʛʠʩʪʝʨʩʢʠʭ ʠ ʢʘʥʜʠʜʘʪʩʢʠʭ 

ʨʘʙʦʪ. 

 

ʈʝʮʝʥʟʝʥʪ: ʜʦʮ., ʢ.ʭ.ʥ. ʉʘʬʦʥʦʚ ɺ.ɺ. (ʄʀʊʍʊ ʠʤ. 

ʄ.ɺ.ʃʦʤʦʥʦʩʦʚʘ) 

 

 

ʋʪʚʝʨʞʜʝʥʦ ɹʠʙʣʠʦʪʝʯʥʦ-ʠʟʜʘʪʝʣʴʩʢʦʡ ʢʦʤʠʩʩʠʝʡ 

ʄʀʊʍʊ ʠʤ. ʄ.ɺ.ʃʦʤʦʥʦʩʦʚʘ ʚ ʢʘʯʝʩʪʚʝ ʫʯʝʙʥʦʛʦ ʧʦʩʦʙʠʷ. 

 

 ʄʀʊʍʊ ʠʤ. ʄ.ɺ.ʃʦʤʦʥʦʩʦʚʘ, ʛʦʜ ʠʟʜʘʥʠʷ 2004 ʛ 

 
 



                                                           

3 

ʆʛʣʘʚʣʝʥʠʝ 

 

 
 ʉʪʨ. 

ɺʚʝʜʝʥʠʝ 

 

4 

I. ʂʨʠʩʪʘʣʣʦʭʠʤʠʷ ʢʨʠʩʪʘʣʣʦʚ ʥʝʣʠʥʝʡʥʦʡ 

ʦʧʪʠʢʠ 

4 

I.1. ʉʦʝʜʠʥʝʥʠʷ ʩʝʤʝʡʩʪʚʘ ʭʘʥʪʠʪʘ 5 

I.2. ʉʦʝʜʠʥʝʥʠʷ Lnʉa4O(BO3)3 

I.3 ʊʚʝʨʜʳʝ ʨʘʩʪʚʦʨʳ AgGa1-ʭInʭSe2 

I.4. ʉʦʝʜʠʥʝʥʠʝ Tl4HgI6 

17 

30 

34 

 

II. ʂʨʠʩʪʘʣʣʦʭʠʤʠʷ ʧʴʝʟʦʵʣʝʢʪʨʠʢʦʚ 

39 

II.1. ʉʦʝʜʠʥʝʥʠʷ ʩʝʤʝʡʩʪʚʘ ʣʘʥʛʘʩʠʪʘ 

 
41 

III. ʂʨʠʩʪʘʣʣʦʭʠʤʠʷ ʶʚʝʣʠʨʥʳʭ ʢʨʠʩʪʘʣʣʦʚ 57 

III.1. ʉʦʝʜʠʥʝʥʠʝ Y3Al 5O12 ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʛʨʘʥʘʪʘ  58 

III.1.1. ʇʨʠʯʠʥʳ ʦʢʨʘʩʢʠ ʢʨʠʩʪʘʣʣʦʚ 60 

III.1.2. ɺʳʨʘʱʠʚʘʥʠʝ ʶʚʝʣʠʨʥʳʭ ʛʨʘʥʘʪʦʚ ʥʘ ʦʩʥʦʚʝ 

Y3Al 5O12 
67 

III.1.3.ɻʝʤʤʦʣʦʛʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʧʦʣʫʯʝʥʥʳʭ ʶʚʝʣʠʨʥʳʭ ʢʨʠʩʪʘʣʣʦʚ Y3Al 5O12 

 

77 

ɿʘʢʣʶʯʝʥʠʝ 

 

79 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 81 

 

 

 
 

4 

ɺʚʝʜʝʥʠʝ 
ʂʨʠʩʪʘʣʣʦʭʠʤʠʷ ʫʩʪʘʥʘʚʣʠʚʘʝʪ ʩʚʷʟʴ ʤʝʞʜʫ ʩʦʩʪʘʚʦʤ, 

ʩʪʨʦʝʥʠʝʤ, ʩʚʦʡʩʪʚʘʤʠ ʠ ʫʩʣʦʚʠʷʤʠ ʧʦʣʫʯʝʥʠʷ. ʇʨʠʤʝʥʝʥʠʝ 

ʢʨʠʩʪʘʣʣʦʭʠʤʠʯʝʩʢʦʛʦ ʧʦʜʭʦʜʘ ʨʘʩʩʤʦʪʨʠʤ ʥʘ ʧʨʠʤʝʨʝ 

ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʥʝʩʢʦʣʴʢʠʭ ʩʪʨʫʢʪʫʨʥʳʭ ʩʝʤʝʡʩʪʚ, ʰʠʨʦʢʦ 

ʧʨʠʤʝʥʷʶʱʠʭʩʷ ʚ ʢʚʘʥʪʦʚʦʡ ʵʣʝʢʪʨʦʥʠʢʝ ʚ ʢʘʯʝʩʪʚʝ ʥʝʣʠʥʝʡʥʦ-

ʦʧʪʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ, ʚ ʧʴʝʟʦʪʝʭʥʠʢʝ ʠ ʶʚʝʣʠʨʥʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ɺʳʙʦʨ ʢʦʥʢʨʝʪʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩʚʷʟʘʥ, ʧʨʝʞʜʝ 

ʚʩʝʛʦ, ʩ ʪʝʤ, ʯʪʦ ʵʪʠ ʩʦʝʜʠʥʝʥʠʷ ʫʞʝ ʥʘʰʣʠ ʧʨʠʤʝʥʝʥʠʝ ʚ 

ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ ʪʝʭʥʠʢʠ ʠ ʷʚʣʷʶʪʩʷ ʢʦʤʤʝʨʯʝʩʢʠʤʠ 

ʤʘʪʝʨʠʘʣʘʤʠ. ʉʣʦʞʥʳʝ ʦʢʩʠʜʳ ʩʦ ʩʪʨʫʢʪʫʨʘʤʠ ʭʘʥʪʠʪʘ, ʣʘʥʛʘʩʠʪʘ 

ʠ ʠʭ ʩʝʤʝʡʩʪʚ, ʘ ʪʘʢʞʝ ʨʝʜʢʦʟʝʤʝʣʴʥʳʝ ʢʘʣʴʮʠʝʚʳʝ ʦʢʩʦʙʦʨʘʪʳ ʠ 

ʠʪʪʨʠʡ ʘʣʶʤʠʥʠʝʚʳʭʡ ʛʨʘʥʘʪ ʠʟʚʝʩʪʥʳ ʢʘʢ ʧʝʨʩʧʝʢʪʠʚʥʳʝ 

ʤʘʪʝʨʠʘʣʳ ʥʝʣʠʥʝʡʥʦʡ ʦʧʪʠʢʠ ʠ ʧʴʝʟʦʵʣʝʢʪʨʠʢʠ, ʘ ʪʘʢʞʝ 

ʶʚʝʣʠʨʥʳʝ ʢʨʠʩʪʘʣʣʳ. ʂʨʦʤʝ ʪʦʛʦ ʥʘ ʠʭ ʧʨʠʤʝʨʝ ʤʦʞʥʦ 

ʨʘʩʩʤʦʪʨʝʪʴ ʨʘʟʣʠʯʥʳʝ ʧʨʦʷʚʣʝʥʠʷ ʚʟʘʠʤʦʩʚʷʟʠ ʩʪʨʫʢʪʫʨʳ ʩ 

ʚʦʧʨʦʩʘʤʠ ʚʳʨʘʱʠʚʘʥʠʷ, ʦʙʨʘʟʦʚʘʥʠʷ ʜʝʬʝʢʪʦʚ ʠ ʚʣʠʷʥʠʷ 
ʦʩʦʙʝʥʥʦʩʪʝʡ ʩʪʨʫʢʪʫʨʳ ʥʘ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʩʪʨʫʢʪʫʨʥʦ-
ʟʘʚʠʩʷʱʠʝ ʩʚʦʡʩʪʚʘ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʦʥʠ ʜʦʩʪʘʪʦʯʥʦ 

ʧʨʝʜʩʪʘʚʠʪʝʣʴʥʳ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʩʪʨʦʝʥʠʷ, ʧʦʩʢʦʣʴʢʫ ʧʨʠʥʘʜʣʝʞʘʪ 

ʢ ʨʘʟʣʠʯʥʦʡ ʩʠʤʤʝʪʨʠʠ ʠ ʠʤʝʶʪ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʨʘʟʥʳʝ ʩʪʨʫʢʪʫʨʳ.  

ɿʜʝʩʴ ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʨʦʙʣʝʤʳ ʚʳʨʘʱʠʚʘʥʠʷ ʦʜʥʦʨʦʜʥʳʭ 

ʥʦʤʠʥʘʣʴʥʦ-ʯʠʩʪʳʭ ʠ ʘʢʪʠʚʠʨʦʚʘʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʠ ʠʭ 

ʢʨʠʩʪʘʣʣʦʭʠʤʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ. ʈʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ 

ʢʨʠʩʪʘʣʣʦʭʠʤʠʯʝʩʢʦʛʦ ʧʦʜʭʦʜʘ ʧʦʜʪʚʝʨʞʜʝʥʘ ʥʝ ʪʦʣʴʢʦ 

ʫʣʫʯʰʝʥʠʝʤ ʢʘʯʝʩʪʚʘ ʠ ʦʧʪʠʤʠʟʘʮʠʝʡ ʩʚʦʡʩʪʚ ʠʟʚʝʩʪʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ, ʥʦ ʠ ʩʦʟʜʘʥʠʝʤ ʥʦʚʳʭ.   

 

I . ʂʨʠʩʪʘʣʣʦʭʠʤʠʷ ʢʨʠʩʪʘʣʣʦʚ ʥʝʣʠʥʝʡʥʦʡ 

ʦʧʪʠʢʠ 
 

ʂʨʠʩʪʘʣʣʦʭʠʤʠʯʝʩʢʠʡ ʧʦʜʭʦʜ ʵʬʬʝʢʪʠʚʝʥ ʜʣʷ ʦʪʙʦʨʘ ʥʘʠʙʦʣʝʝ 

ʧʝʨʩʧʝʢʪʠʚʥʳʭ  ʢʨʠʩʪʘʣʣʦʚ ʥʝʣʠʥʝʡʥʦʡ ʦʧʪʠʢʠ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ, ʢʘʢ  
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ʠ ʜʣʷ ʣʘʟʝʨʥʳʭ ʢʨʠʩʪʘʣʣʦʚ (ʏʘʩʪʴ III) ʥʝʦʙʭʦʜʠʤʦ ʪʘʢʞʝ 

ʨʘʩʩʤʦʪʨʝʪʴ ʪʨʠ ʘʩʧʝʢʪʘ: ʢʨʠʩʪʘʣʣʦʭʠʤʠʯʝʩʢʠʡ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʠ 

ʩʪʨʫʢʪʫʨʥʳʡ. ʆʜʥʘʢʦ ʚ ʦʪʣʠʯʠʝ ʦʪ ʣʘʟʝʨʥʳʭ ʢʨʠʩʪʘʣʣʦʚ, 

ʢʨʠʩʪʘʣʣʳ ʜʣʷ ʥʝʣʠʥʝʡʥʦʡ ʦʧʪʠʢʠ ʜʦʣʞʥʳ ʙʳʪʴ ʪʦʣʴʢʦ 

ʥʝʮʝʥʪʨʦʩʠʤʤʝʪʨʠʯʥʳʤʠ. 

 

I.1. ʉʦʝʜʠʥʝʥʠʷ ʩʝʤʝʡʩʪʚʘ ʭʘʥʪʠʪʘ. 
 
ʌʠʟʠʯʝʩʢʠʝ ʠ ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ 

ʘʣʶʤʦʙʦʨʘʪʦʚ ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʭʘʥʪʠʪʘ ʪʝʩʥʦ ʩʚʷʟʘʥʳ ʩ ʠʭ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʤ ʩʪʨʦʝʥʠʝʤ. ʕʪʠ ʢʨʠʩʪʘʣʣʳ ʜʝʤʦʥʩʪʨʠʨʫʶʪ 

ʘʥʦʤʘʣʴʥʦ ʥʠʟʢʦʝ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʦʝ ʪʫʰʝʥʠʝ ʣʶʤʠʥʝʩʮʝʥʮʠʠ 

ʥʝʦʜʠʤʘ, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʨʝʢʦʨʜʥʦ ʙʦʣʴʰʠʤ ʨʘʩʩʪʦʷʥʠʝʤ ʤʝʞʜʫ 

ʙʣʠʞʘʡʰʠʤʠ ʠʦʥʘʤʠ Nd
3+
, ʢʦʪʦʨʦʝ ʚ ʩʣʫʯʘʝ NdAl3(BO3)4 

ʩʦʩʪʘʚʣʷʝʪ 5.92 ¡. ʂʨʦʤʝ ʪʦʛʦ, ʢʨʠʩʪʘʣʣʳ ʘʣʶʤʦʙʦʨʘʪʦʚ 

ʚʩʣʝʜʩʪʚʠʝ ʥʝʮʝʥʪʨʦʩʠʤʤʝʪʨʠʯʥʦʡ ʩʪʨʫʢʪʫʨʳ ʦʙʣʘʜʘʶʪ 

ʥʝʣʠʥʝʡʥʦ-ʦʧʪʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʨʝʞʠʤ 

ʩʘʤʦʫʜʚʦʝʥʠʷ ʯʘʩʪʦʪʳ ʣʘʟʝʨʥʦʡ ʛʝʥʝʨʘʮʠʠ. ʋʢʘʟʘʥʥʳʝ ʩʚʦʡʩʪʚʘ ʚ 

ʩʦʚʦʢʫʧʥʦʩʪʠ ʩ ʭʠʤʠʯʝʩʢʦʡ ʩʪʦʡʢʦʩʪʴʶ, ʤʝʭʘʥʠʯʝʩʢʦʡ 

ʧʨʦʯʥʦʩʪʴʶ, ʪʝʭʥʦʣʦʛʠʯʥʦʩʪʴʶ ʦʙʨʘʙʦʪʢʠ ʜʝʣʘʶʪ ʢʨʠʩʪʘʣʣʳ 

ʘʣʶʤʦʙʦʨʘʪʦʚ ʦʜʥʠʤʠ ʠʟ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʤʘʣʦʛʘʙʘʨʠʪʥʳʭ ʧʦʣʠʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʣʘʟʝʨʦʚ. 

ɺʤʝʩʪʝ ʩ ʪʝʤ, ʩʝʨʴʝʟʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʩʦʝʜʠʥʝʥʠʡ LnAl3(BO3)4  

ʷʚʣʷʝʪʩʷ ʠʥʢʦʥʛʨʫʵʥʪʥʳʡ ʭʘʨʘʢʪʝʨ ʧʣʘʚʣʝʥʠʷ ʠ ʩʢʣʦʥʥʦʩʪʴ 

ʨʘʩʧʣʘʚʘ ʢ ʩʪʝʢʣʦʚʘʥʠʶ. ʇʦ ʵʪʠʤ ʧʨʠʯʠʥʘʤ ʚʳʨʘʱʠʚʘʪʴ ʢʨʠʩʪʘʣʣʳ 

ʤʦʞʥʦ ʪʦʣʴʢʦ ʨʘʩʪʚʦʨ-ʨʘʩʧʣʘʚʥʳʤ ʤʝʪʦʜʦʤ, ʧʨʠʯʝʤ ʩʢʦʨʦʩʪʠ 

ʨʦʩʪʘ ʦʙʳʯʥʦ ʥʝ ʧʨʝʚʳʰʘʶʪ 1 ʤʤ ʚ ʩʫʪʢʠ.   

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʩʪʘʚʘ ʠ ʫʩʣʦʚʠʡ ʧʦʣʫʯʝʥʠʷ cʦʝʜʠʥʝʥʠʷ 

ʩʦʩʪʘʚʘ LnM3(BO3)4 (M=Al,  Ga; Ln-ʨʝʜʢʦʟʝʤʝʣʴʥʳʝ ʵʣʝʤʝʥʪʳ) 

ʢʨʠʩʪʘʣʣʠʟʫʶʪʩʷ ʚ ʩʪʨʫʢʪʫʨʘʭ ʩ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤʠ ʛʨʫʧʧʘʤʠ (ʧʨ. 

ʛʨ.) R32, ʉ2/c ʠ C2 (ʪʘʙʣ.1) ʠ ʧʨʠʥʘʜʣʝʞʘʪ ʢ ʩʝʤʝʡʩʪʚʫ ʭʘʥʪʠʪʘ.  
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ʊʘʙʣʠʮʘ 1. ʈʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʴ ʬʘʟ ʩʝʤʝʡʩʪʚʘ ʭʘʥʪʠʪʘ 

(ʚʳʜʝʣʝʥʥʳʤ ʰʨʠʬʪʦʤ ʦʪʤʝʯʝʥʳ ʬʘʟʳ, ʠʟʫʯʝʥʥʳʝ ʤʝʪʦʜʦʤ 

ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ) 

Ln Al  Ga Sc 

La   C2/c, R32,   

Ce   C2/c, R32 

Pr R32, C2, C2/c  R32, C2 

Nd R32, C2/c R32 R32, 

P321 ʠʣʠ P3 

(ʩʚʝʨʭʩʪʨʫʢʪʫʨʘ)  

Sm R32, C2/c R32 R32 

Eu R32, C2/c R32  

Gd R32, C2 R32 R32 

Tb R32 R32 R 3* (ʥʝ ʧʨʠʥʘʜʣʝʞʠʪ ʢ 

ʩʝʤʝʡʩʪʚʫ ʭʘʥʪʠʪʘ) 

Dy R32 R32  

(Y) R32 R32 R32 

Ho R32   

Er R32   

Tm R32   

Yb R32   

Lu R32   

 

ɺ ʩʪʨʫʢʪʫʨʝ ʭʘʥʪʠʪʘ CaMg3(CO3)4 (ʧʨ. ʛʨ. R32; ahex, c hex) ʘʪʦʤʳ 

Ca ʟʘʥʠʤʘʶʪ ʮʝʥʪʨʳ ʠʩʢʘʞʝʥʥʳʭ ʪʨʠʛʦʥʘʣʴʥʳʭ ʧʨʠʟʤ, ʚʝʨʭʥʝʝ 

ʦʩʥʦʚʘʥʠʝ ʢʦʪʦʨʳʭ ʧʦʚʝʨʥʫʪʦ ʥʘ ʥʝʢʦʪʦʨʳʡ ʫʛʦʣ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 

ʥʠʞʥʝʤʫ (ʚ ʧʨʘʚʠʣʴʥʦʡ ʪʨʠʛʦʥʘʣʴʥʦʡ ʧʨʠʟʤʝ ʵʪʦʪ ʫʛʦʣ ʨʘʚʝʥ 

ʥʫʣʶ: =0 ), ʘʪʦʤʳ Mg ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʮʝʥʪʨʝ ʠʩʢʘʞʝʥʥʳʭ 

ʦʢʪʘʵʜʨʦʚ, ʘ ʘʪʦʤʳ B ʦʢʨʫʞʝʥʳ ʘʪʦʤʘʤʠ ʢʠʩʣʦʨʦʜʘ, ʟʘʥʠʤʘʶʱʠʭ  

ʚʝʨʰʠʥʳ ʧʨʘʚʠʣʴʥʦʛʦ (B1) ʠ ʨʘʚʥʦʙʝʜʨʝʥʥʦʛʦ (B2) ʪʨʝʫʛʦʣʴʥʠʢʦʚ 

(ʨʠʩ.1).  
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Sc 
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ʈʠʩ. 1 ʉʦʯʣʝʥʝʥʠʝ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʧʦʣʠʵʜʨʦʚ ʚ 

ʛʝʢʩʘʛʦʥʘʣʴʥʳʭ ʬʘʟʘʭ ʩʝʤʝʡʩʪʚʘ ʭʘʥʪʠʪʘ 

 
ɺ ʩʪʨʫʢʪʫʨʘʭ ʩʦʝʜʠʥʝʥʠʡ ʩʝʤʝʡʩʪʚʘ ʭʘʥʪʠʪʘ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ 

ʧʦʜʲʷʯʝʡʢʫ ʪʠʧʘ ʭʘʥʪʠʪʘ ʩ ʧʨ. ʛʨ. R32 ʠ ʧʘʨʘʤʝʪʨʘʤʠ ahex, chex.  

ʇʨʦʙʣʝʤʘ. ʇʨʦʙʣʝʤʘ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʩʪʨʫʢʪʫʨʳ ʭʘʥʪʠʪʘ 

ʧʨʠʦʙʨʝʪʘʝʪ ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ, ʧʦʩʢʦʣʴʢʫ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʣʝʛʢʦʩʪʴ 

ʧʝʨʝʭʦʜʘ ʩʪʨʫʢʪʫʨʳ ʠʟ ʦʜʥʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʳ ʚ ʜʨʫʛʫʶ ʩ 

ʧʦʪʝʨʝʡ (ʠʣʠ ʧʨʠʦʙʨʝʪʝʥʠʝʤ) ʮʝʥʪʨʘ ʩʠʤʤʝʪʨʠʠ ʥʝʨʘʟʨʳʚʥʦ 

ʩʚʷʟʘʥʘ ʩ ʧʨʠʦʙʨʝʪʝʥʠʝʤ (ʠʣʠ ʧʦʪʝʨʝʡ) ʣʘʟʝʨʥʳʤ ʢʨʠʩʪʘʣʣʦʤ 

ʥʝʣʠʥʝʡʥʦ-ʦʧʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. ʇʦʵʪʦʤʫ ʩʦʟʜʘʥʠʝ ʵʬʬʝʢʪʠʚʥʦʡ 

ʘʢʪʠʚʥʦ-ʥʝʣʠʥʝʡʥʦʡ ʩʨʝʜʳ ʥʘ ʦʩʥʦʚʝ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ ʥʝʚʦʟʤʦʞʥʦ 

ʙʝʟ ʫʩʪʘʥʦʚʣʝʥʠʷ ʢʨʠʩʪʘʣʣʦʭʠʤʠʯʝʩʢʠʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ 

ʩʪʨʫʢʪʫʨʥʳʭ ʧʝʨʝʭʦʜʦʚ. 

ɸʥʘʣʠʟ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʭʘʥʪʠʪʘ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʝʝ 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʤʦʞʥʦ ʧʦʚʳʩʠʪʴ, ʝʩʣʠ ʠʦʥʳ ʘʣʶʤʠʥʠʷ ʟʘʤʝʥʠʪʴ ʥʘ 

ʠʦʥʳ ʩ ʙʦʣʴʰʠʤ ʠʦʥʥʳʤ ʨʘʜʠʫʩʦʤ.  
 

 

8 
ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʧʦʣʥʘʷ ʠʣʠ ʯʘʩʪʠʯʥʘʷ ʟʘʤʝʥʘ ʘʣʶʤʠʥʠʷ ʥʘ 

ʩʢʘʥʜʠʡ (rSc>rAl) ʩʫʱʝʩʪʚʝʥʥʦ ʫʤʝʥʴʰʘʝʪ ʩʢʣʦʥʥʦʩʪʴ ʨʘʩʧʣʘʚʘ ʢ 

ʩʪʝʢʣʦʚʘʥʠʶ ʠ, ʙʦʣʝʝ ʪʦʛʦ, ʩʦʝʜʠʥʝʥʠʝ LaSc3(BO3)4 ʧʣʘʚʠʪʩʷ 

ʢʦʥʛʨʫʵʥʪʥʦ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʚʳʨʘʱʠʚʘʪʴ ʢʨʠʩʪʘʣʣʳ ʣʘʥʪʘʥ-

ʩʢʘʥʜʠʝʚʦʛʦ ʙʦʨʘʪʘ ʤʝʪʦʜʦʤ ʏʦʭʨʘʣʴʩʢʦʛʦ ʠʟ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʦʛʦ 

ʨʘʩʧʣʘʚʘ ʩʦ ʩʢʦʨʦʩʪʴʶ 1.0-1.5 ʤʤ/ʯʘʩ ʠʟ ʠʨʠʜʠʝʚʳʭ ʪʠʛʣʝʡ ʚ 

ʘʪʤʦʩʬʝʨʝ N2+1%ʦʙ.O2. ʆʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʘʷ ʪʝʤʧʝʨʘʪʫʨʘ 

ʧʣʘʚʣʝʥʠʷ LaSc3(BO3)4 (1500C) ʧʦʟʚʦʣʷʶʪ ʪʘʢʞʝ ʚʳʨʘʱʠʚʘʪʴ ʠʭ ʠʟ 

ʧʣʘʪʠʥʦʚʳʭ ʪʠʛʣʝʡ ʥʘ ʚʦʟʜʫʭʝ. ɺʘʞʥʳʤ ʜʦʩʪʦʠʥʩʪʚʦʤ LaSc3(BO3)4 

ʷʚʣʷʝʪʩʷ ʙʣʠʟʢʠʡ ʢ ʝʜʠʥʠʮʝ ʢʦʵʬʬʠʮʠʝʥʪ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʝʦʜʠʤʘ. 

ɹʝʟ ʟʘʤʝʪʥʦʛʦ ʪʫʰʝʥʠʷ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʚ ʢʨʠʩʪʘʣʣ ʤʦʞʥʦ ʚʚʦʜʠʪʴ 

ʚʳʩʦʢʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʝʦʜʠʤʘ ʚʧʣʦʪʴ ʜʦ 3ʭ10
21
ʩʤ

-3
. ɼʣʷ 

ʩʝʥʩʠʙʠʣʠʟʘʮʠʠ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʥʝʦʜʠʤʘ ʚ ʢʨʠʩʪʘʣʣʳ ʚʚʦʜʷʪ ʠʦʥʳ 

Cr
3+

 (ʢʦʵʬʬʠʮʠʝʥʪ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 0.7), ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠʚʘʶʪ 

ʚʳʩʦʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʝʨʝʜʘʯʠ ʵʥʝʨʛʠʠ CrNd, ʙʣʠʟʢʫʶ ʢ 0.8. 

ʉʦʛʣʘʩʥʦ ʨʝʟʫʣʴʪʘʪʘʤ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ, 

ʤʦʥʦʢʨʠʩʪʘʣʣ LaSc3(BO3)4, ʚʳʨʘʱʝʥʥʳʡ ʠʟ ʨʘʩʧʣʘʚʘ ʤʝʪʦʜʦʤ 

ʏʦʭʨʘʣʴʩʢʦʛʦ, ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʚ ʤʦʥʦʢʣʠʥʥʦʡ, ʘ ʥʝ ʚ 

ʛʝʢʩʘʛʦʥʘʣʴʥʦʡ, ʩʠʥʛʦʥʠʠ ʧʨ. ʛʨ. C2/c (ʨʠʩ. 2) ʠ ʠʟʦʩʪʨʫʢʪʫʨʝʥ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʤʦʜʠʬʠʢʘʮʠʠ NdAl3(BO3)4 (ʪʘʙʣ. 1). 

 
 

ʈʠʩ.2. ʉʦʯʣʝʥʝʥʠʝ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʧʦʣʠʵʜʨʦʚ ʚ 

ʤʦʥʦʢʣʠʥʥʳʭ ʬʘʟʘʭ ʩʝʤʝʡʩʪʚʘ ʭʘʥʪʠʪʘ 
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ɺ ʮʝʥʪʨʦʩʠʤʤʝʪʨʠʯʥʦʡ ʤʦʥʦʢʣʠʥʥʦʡ ʩʪʨʫʢʪʫʨʝ LaSc3(BO3)4 

ʘʪʦʤ La ʥʘʭʦʜʠʪʩʷ ʚ ʮʝʥʪʨʝ ʠʩʢʘʞʝʥʥʦʡ ʪʨʠʛʦʥʘʣʴʥʦʡ ʧʨʠʟʤʳ, 

ʘʪʦʤʳ Sc(1) ʠ Sc(2) ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʠʩʢʘʞʝʥʥʳʭ ʦʢʪʘʵʜʨʘʭ, ʘ ʘʪʦʤʳ 

B1 ʠ ɺ2 ʦʢʨʫʞʝʥʳ ʘʪʦʤʘʤʠ ʢʠʩʣʦʨʦʜʘ ʧʦ ʚʝʨʰʠʥʘʤ ʪʨʝʫʛʦʣʴʥʠʢʦʚ.  

ʄʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ ʪʚʝʨʜʳʡ ʨʘʩʪʚʦʨ (La0.5Nd0.5)Sc3(BO3)4, 

ʪʦʞʝ ʚʳʨʘʱʝʥʥʳʡ ʤʝʪʦʜʦʤ ʏʦʭʨʘʣʴʩʢʦʛʦ, ʤʦʞʝʪ ʠʤʝʪʴ ʠʣʠ ʧʨ. ʛʨ. 

R32, ʠʣʠ ʧʨ. ʛʨ. C2/c ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʠʜʘ ʟʘʪʨʘʚʢʠ. ɺʤʝʩʪʝ ʩ ʪʝʤ, 

LaSc3(BO3)4, ʘʢʪʠʚʠʨʦʚʘʥʥʳʡ ʪʦʣʴʢʦ ʭʨʦʤʦʤ - LaSc3(BO3)4:Cr
3+
, ʧʦ 

ʚʩʝʡ ʚʠʜʠʤʦʩʪʠ, ʧʨʠʥʘʜʣʝʞʠʪ ʢ ʪʨʠʢʣʠʥʥʦʡ ʩʠʤʤʝʪʨʠʠ  ʧʨ. ʛʨ. ʈ1 

ʠʣʠ ʈ 1 ʩ ʧʘʨʘʤʝʪʨʘʤʠ ʷʯʝʡʢʠ a~7.74, b~9.85, c=12.06¡, =89.98, 

=105.44, =90.05. ʂʘʪʠʦʥʳ Cr
3+
, ʚʝʨʦʷʪʥʝʝ ʚʩʝʛʦ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 

ʚʭʦʜʷʪ ʚ ʦʢʪʘʵʜʨʳ Sc(2)O6, ʧʨʠʚʦʜʷ ʢ ʧʦʟʠʮʠʦʥʥʦʡ 

ʥʝʫʧʦʨʷʜʦʯʝʥʥʦʩʪʠ ʢʨʠʩʪʘʣʣʦʚ, ʢʦʪʦʨʘʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʚ 

ʜʘʥʥʦʤ ʩʦʝʜʠʥʝʥʠʠ ʦʜʥʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʧʦʟʠʮʠʠ ʦʢʘʟʳʚʘʶʪʩʷ 

ʨʘʟʫʧʦʨʷʜʦʯʝʥʥʳʤʠ, ʘ ʜʨʫʛʠʝ ʦʩʪʘʶʪʩʷ ʫʧʦʨʷʜʦʯʝʥʥʳʤʠ. 

ʅʦʤʠʥʘʣʴʥʦ-ʯʠʩʪʳʡ ʢʨʠʩʪʘʣʣ LaSc3(BO3)4 ʠ ʘʢʪʠʚʠʨʦʚʘʥʥʳʡ 

ʘʢʪʠʚʠʨʦʚʘʥʥʳʡ ʠʦʥʘʤʠ ʭʨʦʤʘ ʠ ʥʝʦʜʠʤʘ - LaSc3(BO3)4:Cr
3+

, Nd
3+

 

ʪʘʢʞʝ ʢʨʠʩʪʘʣʣʠʟʫʶʪʩʷ ʚ ʤʦʥʦʢʣʠʥʥʦʡ ʩʠʥʛʦʥʠʠ ʧʨ. ʛʨ. C2/c. ʍʦʪʷ 

ʩʦʝʜʠʥʝʥʠʝ LaSc3(BO3)4 ʠ ʧʣʘʚʠʪʩʷ ʢʦʥʛʨʫʵʥʪʥʦ, ʥʦ ʦʥʦ ʥʝ ʤʦʞʝʪ 

ʙʳʪʴ ʤʘʪʝʨʠʘʣʦʤ ʥʝʣʠʥʝʡʥʦʡ ʦʧʪʠʢʠ ʠʟ-ʟʘ ʧʨʠʩʫʪʩʪʚʠʷ ʮʝʥʪʨʘ 

ʩʠʤʤʝʪʨʠʠ, ʘ ʤʦʞʝʪ ʙʳʪʴ ʤʘʪʨʠʮʝʡ ʜʣʷ ʣʘʟʝʨʥʳʭ ʢʨʠʩʪʘʣʣʦʚ. 

ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʧʨʦʚʝʜʝʥʥʳʡ ʮʠʢʣ ʩʨʘʚʥʠʪʝʣʴʥʳʭ ʛʝʥʝʨʘʮʠʦʥʥʳʭ 

ʠʩʧʳʪʘʥʠʡ ʧʦʢʘʟʘʣ, ʯʪʦ ʣʘʟʝʨʳ ʥʘ LaSc3(BO3)4:Cr
3+

,Nd
3+

 ʚ ʜʚʘ ʠ 

ʰʝʩʪʴ ʨʘʟ ʵʬʬʝʢʪʠʚʥʝʝ, ʯʝʤ ʣʘʟʝʨʳ ʥʘ (Y,Sc)3(Sc,Ga)2Ga3O12 ʠ 

Y3Al 5O12 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʉʦʝʜʠʥʝʥʠʷ LaSc3(BO3)4 ʠ ʉeSc3(BO3)4 ʠʟʦʩʪʨʫʢʪʫʨʥʳʝ ʠ 

ʢʨʠʩʪʘʣʣʠʟʫʶʪʩʷ ʚ ʧʨ. ʛʨ. ʉ2/c, ʘ PrSc3(BO3)4 ʠʤʝʝʪ 

ʥʝʮʝʥʪʨʦʩʠʤʤʝʪʨʠʯʥʫʶ ʤʦʥʦʢʣʠʥʥʫʶ ʷʯʝʡʢʫ (ʪʘʙʣ. 1), ʪʦ ʝʩʪʴ 

ʥʘʭʦʜʠʪʩʷ ʥʘ ʧʨʝʜʝʣʝ ʫʩʪʦʡʯʠʚʦʩʪʠ ʤʦʥʦʢʣʠʥʥʦʡ ʩʪʨʫʢʪʫʨʳ.  

 ʈʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ 

NdSc3(BO3)4, ʚr ʨʘʱʝʥʥʳʭ ʤʝʪʦʜʦʤ ʏʦʭʨʘʣʴʩʢʦʛʦ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ 

ʦ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʵʪʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʚ ʧʨ. ʛʨ P321 ʠʣʠ ʈ3 (ʦʪʥʝʩʪʠ 

ʜʘʥʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʢ ʦʜʥʦʡ ʠʟ ʵʪʠʭ ʜʚʫʭ ʛʨʫʧʧ ʥʝ ʫʜʘʣʦʩʴ) c 

ʧʘʨʘʤʝʪʨʘʤʠ A~19.53, C=15.84¡, ʩʚʷʟʘʥʥʳʤʠ ʩ ʧʘʨʘʤʝʪʨʘʤʠ 

ʛʝʢʩʘʛʦʥʘʣʴʥʦʡ ʷʯʝʡʢʠ ʧʨ. ʛʨ. R32 (ahex, chex) ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ:  
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A=2ahex, C=2chex. ʈʘʟʫʧʦʨʷʜʦʯʝʥʥʘʷ ʩʪʨʫʢʪʫʨʘ NdSc3(BO3)4 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʪʝʤ, ʯʪʦ ʚ ʥʝʡ ʢʘʞʜʘʷ ʘʪʦʤʥʘʷ ʧʦʟʠʮʠʷ ʩʣʘʙʦ 

ʩʤʝʱʝʥʘ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʧʦʟʠʮʠʠ ʦʩʥʦʚʥʦʡ ʩʪʨʫʢʪʫʨʳ ʭʘʥʪʠʪʘ, 

ʠʤʝʶʱʝʡ ʤʝʥʴʰʠʡ ʨʘʟʤʝʨ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʠ ʙʦʣʝʝ ʚʳʩʦʢʫʶ 

ʩʠʤʤʝʪʨʠʶ. 

ʉʪʨʫʢʪʫʨʘ ʢʨʠʩʪʘʣʣʦʚ (Tb0.25Sc0.75)BO3 ʩ ʧʘʨʘʤʝʪʨʘʤʠ a~4.77, 

c~15.48¡ ʥʝ ʦʪʥʦʩʠʪʩʷ ʢ ʩʝʤʝʡʩʪʚʫ ʭʘʥʪʠʪʘ, ʘ ʧʨʦʠʟʚʦʜʥʘ ʦʪ 

ʩʪʨʫʢʪʫʨʳ ʪʠʧʘ ʢʘʣʴʮʠʪʘ CaCO3 ʩʦ ʩʪʘʪʠʩʪʠʯʝʩʢʠʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ 

ʘʪʦʤʦʚ Tb ʠ Sc ʧʦ ʜʚʫʤ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʤ ʧʦʟʠʮʠʷʤ ʧʨ. ʛʨ. R3 

(ʨʠʩ. 3). 

 

 

 
 

ʈʠʩ. 3. ʇʨʦʝʢʮʠʷ ʩʪʨʫʢʪʫʨʳ (Tb0.25Sc0.75)BO3 

 
ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʦʤʠʥʘʣʴʥʦ-ʯʠʩʪʳʝ ʩʦʝʜʠʥʝʥʠʷ LnSc3(BO3)4 

ʦʙʨʘʟʫʶʪ ʤʦʨʬʦʪʨʦʧʥʳʡ ʨʷʜ ʩʪʨʫʢʪʫʨ (ʪʘʙʣ.1). 

ɺʦʟʥʠʢʘʝʪ ʚʦʧʨʦʩ, ʛʜʝ ʞʝ ʥʘʭʦʜʠʪʩʷ ʥʠʞʥʠʡ ʧʨʝʜʝʣ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʪʨʠʛʦʥʘʣʴʥʦʡ ʩʚʝʨʭʩʪʨʫʢʪʫʨʳ ʩ ʧʘʨʘʤʝʪʨʘʤʠ 

ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ A=2ahex, C=2chex.? ʂʨʠʩʪʘʣʣʳ ʪʚʝʨʜʳʭ 

ʨʘʩʪʚʦʨʦʚ ʩʦʩʪʘʚʘ (Ce0.80Gd0.20)Sc3(BO3)4 ʠʤʝʶʪ ʧʦʜʲʷʯʝʡʢʫ ʪʠʧʘ 

ʭʘʥʪʠʪʘ ʧʨ. ʛʨ. R32, ʘ ʠʩʪʠʥʥʘʷ ʞʝ ʷʯʝʡʢʘ ʦʢʘʟʘʣʘʩʴ 

ʧʩʝʚʜʦʦʨʪʦʛʦʥʘʣʴʥʦʡ ɸ-ʮʝʥʪʨʠʨʦʚʘʥʥʦʡ ʩ ʧʘʨʘʤʝʪʨʘʤʠ  ɸ'~7.90, 

B'~9.75,  ʉ'~16.82¡, ~90 , ~90 , ~90 . ʇʦʣʫʯʝʥʥʳʝ ʧʘʨʘʤʝʪʨʳ 

ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʩʚʷʟʘʥʳ ʩ ʛʝʢʩʘʛʦʥʘʣʴʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ  
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ʷʯʝʡʢʠ (ʘhex, chex) ʩʪʨʫʢʪʫʨʳ ʭʘʥʪʠʪʘ ʩʣʝʜʫʶʱʠʤʠ 

ʩʦʦʪʥʦʰʝʥʠʷʤʠ: ɸ'=chex, B'=ʘhex, ʉ'=2ʘhexcos30. ʊʚʝʨʜʳʡ 

ʨʘʩʪʚʦʨ ʩʦʩʪʘʚʘ (Ce0.70Gd0.30)Sc3(BO3)4 ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʚ ʩʪʨʫʢʪʫʨʝ 

ʧʨ. ʛʨ. P321 ʩ ʧʘʨʘʤʝʪʨʘʤʠ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ a=ahex, c=chex. 

ɺʦʟʤʦʞʥʦ, SmSc3(BO3)4 ʷʚʣʷʝʪʩʷ ʧʦʩʣʝʜʥʠʤ ʩʦʝʜʠʥʝʥʠʝʤ ʚ ʵʪʦʤ 

ʨʷʜʫ, ʠʤʝʶʱʠʤ ʩʚʝʨʭʩʪʨʫʢʪʫʨʫ A=2ahex, C=2chex, ʘ ʫʞʝ ʫ 

GdSc3(BO3)4 ʩʚʝʨʭʩʪʨʫʢʪʫʨʘ ʦʪʩʫʪʩʪʚʫʝʪ.  

ʅʘ ʨʠʩ. 4 ʧʨʝʜʩʪʘʚʣʝʥ ʧʝʨʝʭʦʜ ʦʪ ʩʪʨʫʢʪʫʨʳ ʪʠʧʘ ʭʘʥʪʠʪʘ (ʧʨ. 

ʛʨ. R32, ʧʘʨʘʤʝʪʨʳ ʷʯʝʡʢʠ ahex, chex), ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʚ ʚʠʜʝ 

ʧʨʦʝʢʮʠʠ ʥʘ ʧʣʦʩʢʦʩʪʴ 1010, ʢ ʧʨʦʠʟʚʦʜʥʳʤ ʩʪʨʫʢʪʫʨʘʤ ʩʝʤʝʡʩʪʚʘ 

ʭʘʥʪʠʪʘ:  

 

ʧʨ. ʛʨ. P321 (ʧʘʨʘʤʝʪʨʳ ʷʯʝʡʢʠ a'hex= ahex, c'hex=chex), 

ʧʨ. ʛʨ. P321 ʠʣʠ P32 (ʩʚʝʨʭʩʪʨʫʢʪʫʨʘ, ʧʘʨʘʤʝʪʨʳ ʷʯʝʡʢʠ 

ɸ=2ahex, ʉ=2chex), 

ʧʨ. ʛʨ. C2/c (ʧʘʨʘʤʝʪʨʳ ʷʯʝʡʢʠ  

a'mon=0.666 c2
hex+0.75b2

hex,  

b'mon=bhex,  

c'mon=0.666 4c2
hex+0.75b2

hex), 

ʧʨ. ʛʨ. ʉ2 (ʧʘʨʘʤʝʪʨʳ ʷʯʝʡʢʠ  

 a"mon=0.666 c2
hex+0.75b2

hex,  

b"mon=bhex,  

c" mon= 2.778c2
hex+1.778b2

hexcos230 ), 

ʧʨ.ʛʨ. ɸ2 (ʧʘʨʘʤʝʪʨʳ ʷʯʝʡʢʠ ɸ'=chex, B'=bhex,   

ʉ'=2ʘhexcos30, ~90 ). 
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<0001> 

<10-10> 

Ln M=Al, Ga, Sc 

Cômon=Ahexcos30=2ahexcos30 

O 

ahexcos30 

aômon=aòmon 

chex  cômon còmon 
 

 

Aômon

= 

Chex 

= 

2chex 

 
 

ʈʠʩ. 4. ʇʝʨʝʭʦʜ ʦʪ ʩʪʨʫʢʪʫʨʳ ʪʠʧʘ ʭʘʥʪʠʪʘ ʢ ʧʨʦʠʟʚʦʜʥʳʤ 

ʩʪʨʫʢʪʫʨʘʤ ʩʝʤʝʡʩʪʚʘ ʭʘʥʪʠʪʘ 

 
Cʫʱʝʩʪʚʫʶʱʘʷ ʩʚʷʟʴ ʤʝʞʜʫ ʭʘʥʪʠʪʦʧʦʜʦʙʥʳʤʠ ʩʪʨʫʢʪʫʨʘʤʠ 

ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʣʦʞʠʪʴ ʜʚʘ ʧʫʪʠ ʦʙʨʘʟʦʚʘʥʠʷ ʵʪʠʭ ʩʪʨʫʢʪʫʨ: 

 

I.  R32 C2/c C2 P1.         II.  R32 P321 P3 P1 

                                                                                                             

                     P1                                             A2 

 
ʇʝʨʚʳʡ ʧʫʪʴ ʧʨʝʜʧʦʣʘʛʘʝʪ, ʚ ʦʩʥʦʚʥʦʤ, ʧʝʨʝʩʪʨʦʡʢʫ ʩʪʨʫʢʪʫʨʳ 

ʭʘʥʪʠʪʘ, ʘ ʚʪʦʨʦʡ - ʝʝ ʨʘʟʫʧʦʨʷʜʦʯʝʥʠʝ. 

ʇʨʠ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʚʳʰʝ ʧʝʨʝʭʦʜʘʭ, ʦʙʫʩʣʦʚʣʝʥʥʳʭ ʣʠʙʦ 

ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤʠ ʫʩʣʦʚʠʷʤʠ (ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʜʘʚʣʝʥʠʝ), ʣʠʙʦ 

ʠʟʤʝʥʝʥʠʝʤ ʩʦʩʪʘʚʘ ʩʦʝʜʠʥʝʥʠʷ, ʜʦʣʞʥʘ ʠʟʤʝʥʠʪʴʩʷ ʧʨʝʞʜʝ ʚʩʝʛʦ 

ʩʠʤʤʝʪʨʠʷ ɺ-ʧʦʣʠʵʜʨʦʚ, ʢʘʢ ʥʘʠʙʦʣʝʝ "ʞʝʩʪʢʠʭ" ʬʨʘʛʤʝʥʪʦʚ 

ʩʪʨʫʢʪʫʨʳ, ʢʦʥʪʨʦʣʠʨʫʶʱʠʭ ʝʝ ʫʩʪʦʡʯʠʚʦʩʪʴ (ʩʠʤʤʝʪʨʠʷ ʧʦʟʠʮʠʡ  
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32 ʠ 2 ʚ ʩʪʨʫʢʪʫʨʝ ʧʨ. ʛʨ. R32; ʩʠʤʤʝʪʨʠʷ ʧʦʟʠʮʠʡ 3,2 ʠ 1 ʚ 

ʩʪʨʫʢʪʫʨʝ ʧʨ. ʛʨ. ʈ321; ʩʠʤʤʝʪʨʠʷ ʧʦʟʠʮʠʡ 3 ʠ 1 ʚ ʩʪʨʫʢʪʫʨʝ ʧʨ. ʛʨ. 

ʈ3 ʠ, ʥʘʢʦʥʝʮ, ʩʠʤʤʝʪʨʠʷ ʧʦʟʠʮʠʡ 1 ʚ ʧʦʣʥʦʩʪʴʶ 

ʨʘʟʫʧʦʨʷʜʦʯʝʥʥʦʡ ʩʪʨʫʢʪʫʨʝ ʧʨ. ʛʨ. P1) ʠ (ʠʣʠ) ʨʘʩʩʪʦʷʥʠʷ B-O ʚ 

ʵʪʠʭ ʧʦʣʠʵʜʨʘʭ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʚ ʩʪʨʫʢʪʫʨʝ ʭʘʥʪʠʪʘ (ʧʨ. ʛʨ. R32) ʚ 

ɺ(1)-ʧʦʣʠʵʜʨʝ ʚʩʝ ʨʘʩʩʪʦʷʥʠʷ ɺ-ʆ ʨʘʚʥʳ, ʚ ɺ(2)-ʧʦʣʠʵʜʨʝ - 

ʨʘʩʩʪʦʷʥʠʝ ɺ(2)-ʆ(2) ʙʦʣʴʰʝ ʜʚʫʭ ʦʜʠʥʘʢʦʚʳʭ ʨʘʩʩʪʦʷʥʠʡ ɺ(2)-

ʆ(3), ʘ ʚ ʤʦʥʦʢʣʠʥʥʦʡ ʤʦʜʠʬʠʢʘʮʠʠ ʧʨ. ʛʨ. C2/c ʚ ʜʚʫʭ ɺ-

ʧʦʣʠʵʜʨʘʭ ʚʩʝ ʨʘʩʩʪʦʷʥʠʷ ɺ-ʆ ʨʘʟʥʳʝ. ʇʦʵʪʦʤʫ, ʢʘʢ ʪʦʣʴʢʦ 

ʠʟʤʝʥʷʶʪʩʷ ʩʦʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ ʨʘʩʩʪʦʷʥʠʷʤʠ ʚ ɺ-ʧʦʣʠʵʜʨʘʭ 

ʩʪʨʫʢʪʫʨʳ ʭʘʥʪʠʪʘ (ʥʘʧʨʠʤʝʨ, ʟʘ ʩʯʝʪ ʠʟʤʝʥʝʥʠʷ ʩʦʩʪʘʚʦʚ 

ʧʨʠʟʤʘʪʠʯʝʩʢʦʡ ʠʣʠ ʦʢʪʘʵʜʨʠʯʝʩʢʦʡ ʧʦʟʠʮʠʡ), ʪʘʢ ʪʫʪ ʞʝ 

ʧʨʦʠʩʭʦʜʠʪ ʠʟʤʝʥʝʥʠʝ ʩʠʤʤʝʪʨʠʠ ɺ-ʧʦʣʠʵʜʨʦʚ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, 

ʧʝʨʝʭʦʜ ʢ ʜʨʫʛʦʡ ʛʨʫʧʧʝ ʩʠʤʤʝʪʨʠʠ. 

 

ʇʨʦʙʣʝʤʳ ʜʝʬʝʢʪʦʦʙʨʘʟʦʚʘʥʠʷ 

 
ɹʣʠʟʦʩʪʴ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ʩʝʤʝʡʩʪʚʘ ʭʘʥʪʠʪʘ ʥʝ 

ʠʩʢʣʶʯʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʠʭ ʢʦʛʝʨʝʥʪʥʦʛʦ ʩʨʘʩʪʘʥʠʷ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʩʤʝʰʘʥʥʦʩʣʦʡʥʳʭ ʩʪʨʫʢʪʫʨ. ʕʪʠ ʩʪʨʫʢʪʫʨʳ, ʦʧʨʝʜʝʣʷʶʱʠʝʩʷ 

ʫʩʣʦʚʠʷʤʠ ʧʦʣʫʯʝʥʠʷ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ ʩʦʩʪʘʚʦʚ 

(Ln',Ln")(M,Ln")3(BO3)4 (M=Al, Ga, Sc), ʚʠʜʦʤ ʠ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 
ʢʘʪʠʦʥʦʚ Ln', Ln'' ʠ ʄ, ʘ ʪʘʢʞʝ ʠʭ ʠʥʜʠʚʠʜʫʘʣʴʥʳʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ 

(ʨʘʜʠʫʩʘʤʠ, ʵʣʝʢʪʨʦʥʥʳʤ ʩʪʨʦʝʥʠʝʤ), ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʤʦʛʫʪ ʙʳʪʴ: 

- ʩʦʨʘʟʤʝʨʥʳʤʠ, ʥʝʩʦʨʘʟʤʝʨʥʳʤʠ ʠ ʩ ʦʪʩʫʪʩʪʚʠʝʤ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʚ ʨʘʩʧʦʣʦʞʝʥʠʠ ʩʪʨʫʢʪʫʨʥʳʭ ʬʨʘʛʤʝʥʪʦʚ, 

- ʜʝʬʝʢʪʥʳʤʠ (ʤʠʢʨʦʜʚʦʡʥʠʢʠ, ʧʦʣʠʪʠʧʳ, ʜʝʬʝʢʪʳ ʫʧʘʢʦʚʢʠ), 

- ʧʦʣʠʤʦʨʬʘʤʠ ʪʠʧʘ "ʧʦʨʷʜʦʢ-ʙʝʩʧʦʨʷʜʦʢ". 

ʇʦʥʠʞʝʥʠʝ ʩʠʤʤʝʪʨʠʠ ɺ-ʧʦʣʠʵʜʨʦʚ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʩʦʩʪʘʚʘ 

ʩʢʘʥʜʦʙʦʨʘʪʦʚ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ "ʨʘʩʱʝʧʣʝʥʠʝʤ" ʥʝʢʦʪʦʨʳʭ 

ʢʠʩʣʦʨʦʜʥʳʭ ʩʣʦʝʚ ʚ ʩʪʨʫʢʪʫʨʝ ʚʜʦʣʴ ʥʘʧʨʘʚʣʝʥʠʷ <1011> ʠʣʠ 

ʥʝʙʦʣʴʰʠʤ ʩʢʦʣʴʞʝʥʠʝʤ ʩʣʦʝʚ ʜʨʫʛ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛʘ (ʨʠʩ.5).  
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O(1), O(2) B(2)

B(1), B(2)

B(1), B(2) B(1), B(2)

O(1), O(2) O(1), O(2)

B(2)

<10-10>

B(2) B(1), B(2)

O(1), O(2)

<2-1-10>

<0001>

 
ʘ. 

<10-10>

<2-1-10>

B(2), B(4)

B(1), B(3)

O(1), O(3)

B(4)

Sc(1)Ln(1) Ln(1)

B(1), B(3)

O(1), O(3)

B(3)

<0001>

B(4)
B(2), B(4)

 
ʙ 

ʈʠʩ. 5. ʇʨʦʝʢʮʠʷ  ʩʪʨʫʢʪʫʨʳ ʧʨ. ʛʨ. R32 (ʘ) ʠ ʩʪʨʫʢʪʫʨʳ P321 

(ʙ)  
ʀʤʝʥʥʦ ʫʚʝʣʠʯʝʥʠʝ ʯʠʩʣʘ ʩʣʦʝʚ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʥʘʨʫʰʝʥʠʝʤ 

ʩʣʦʡʥʦʩʪʠ ʠ ʨʘʩʧʦʣʦʞʝʥʠʷ ʘʪʦʤʦʚ ʚ ʧʨʝʜʝʣʘʭ ʩʣʦʷ (ʠʣʠ ʩʣʦʝʚ) ʚ 

ʩʪʨʫʢʪʫʨʘʭ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ ʧʨʠʚʦʜʠʪ ʢ ʧʦʷʚʣʝʥʠʶ 

ʩʚʝʨʭʩʪʨʫʢʪʫʨ (ʥʘʧʨʠʤʝʨ, ʫ NdSc3(BO3)4), ʜʝʬʝʢʪʦʚ ʫʧʘʢʦʚʢʠ 
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(ʚʳʷʚʣʝʥʳ ʜʣʷ Ce(Lu0.17(1)Sc2.83)(BO3)4 ʠ NdSc3(BO3)4),  ʠ 

ʨʘʟʥʦʫʧʦʨʷʜʦʯʝʥʥʳʭ ʩʪʨʫʢʪʫʨ (ʥʘʡʜʝʥʘ ʜʣʷ  ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ 

(Nd1-xGdx)Sc3(BO3)4 c x 0.4-0.5). ʀʟ ʥʠʭ ʧʨʦʩʪʝʡʰʝʡ ʫʧʦʨʷʜʦʯʝʥʥʦʡ 

ʩʪʨʫʢʪʫʨʦʡ ʷʚʣʷʝʪʩʷ ʪʨʠʛʦʥʘʣʴʥʘʷ ʤʦʜʠʬʠʢʘʮʠʷ ʭʘʥʪʠʪʘ (ʧʨ. ʛʨ. 

R32). ʂ ʫʧʦʨʷʜʦʯʝʥʥʦʡ ʩʪʨʫʢʪʫʨʝ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʠ ʤʦʥʦʢʣʠʥʥʫʶ 

ʤʦʜʠʬʠʢʘʮʠʶ ʧʨ. ʛʨ. ʉ2/c.  

 

ʇʦʠʩʢ ʢʦʥʛʨʫʵʥʪʥʦ-ʧʣʘʚʷʱʝʛʦʩʷ ʩʦʩʪʘʚʘ 

 
ʇʨʦʙʣʝʤʘ ʧʦʣʫʯʝʥʠʷ ʩʦʝʜʠʥʝʥʠʷ ʠʣʠ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ ʩ 

ʢʦʥʛʨʫʵʥʪʥʦ-ʧʣʘʚʷʱʠʤʩʷ ʩʦʩʪʘʚʦʤ ʩʚʷʟʘʥʘ ʧʨʝʞʜʝ ʚʩʝʛʦ ʩ 

ʧʨʦʙʣʝʤʦʡ ʧʦʣʫʯʝʥʠʷ ʫʩʪʦʡʯʠʚʦʡ ʩ ʢʨʠʩʪʘʣʣʦʭʠʤʠʯʝʩʢʦʡ ʪʦʯʢʠ 

ʟʨʝʥʠʷ ʩʪʨʫʢʪʫʨʳ. ʋʩʪʦʡʯʠʚʦʩʪʴ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ 

ʭʘʥʪʠʪʘ ʦʧʨʝʜʝʣʷʝʪʩʷ "ʞʝʩʪʢʦʩʪʴʶ" ɺ-ʧʦʣʠʵʜʨʦʚ, ʪ.ʝ. ʩʪʘʙʠʣʴʥʦʩʪʴ 

ʜʘʥʥʦʡ ʩʪʨʫʢʪʫʨʳ (ʢʘʢ ʚʧʨʦʯʝʤ ʠ ʜʨʫʛʠʭ ʘʥʘʣʦʛʠʯʥʳʭ ʩʪʨʫʢʪʫʨ, 

ʩʦʜʝʨʞʘʱʠʭ ʧʦʜʦʙʥʳʝ ʛʨʫʧʧʠʨʦʚʢʠ ï CO3
2-
, PO4

3-
, SO4

2-
 ʠ ʪ.ʜ.), 

ʟʘʚʠʩʠʪ ʧʨʝʞʜʝ ʚʩʝʛʦ ʦʪ ʧʨʝʜʝʣʘ ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʦʣʠʵʜʨʘ BO3 

ʦʧʨʝʜʝʣʝʥʥʦʡ ʩʠʤʤʝʪʨʠʠ. ʅʘʧʨʠʤʝʨ, ʜʣʷ ʬʘʟ ʩʦʩʪʘʚʘ LnAl3(BO3)4 

ʚʝʨʭʥʠʡ ʧʨʝʜʝʣ ʫʩʪʦʡʯʠʚʦʩʪʠ ʬʘʟ ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʭʘʥʪʠʪʘ ʧʨ. ʛʨ. R32 

ʜʦʩʪʠʛʘʝʪʩʷ ʜʣʷ Ln=Pr. ɼʣʷ NdAl3(BO3)4 ʠʟ ʜʚʫʭ ʤʦʜʠʬʠʢʘʮʠʡ 

ʥʘʠʙʦʣʝʝ ʫʩʪʦʡʯʠʚʦʡ ʷʚʣʷʝʪʩʷ ʤʦʥʦʢʣʠʥʥʘʷ ʧʨ. ʛʨ. C2/c, ʘ 

ʪʨʠʛʦʥʘʣʴʥʘʷ ʧʨ. ʛʨ. R32 ʥʘʭʦʜʠʪʩʷ ʚʙʣʠʟʠ ʧʨʝʜʝʣʘ ʫʩʪʦʡʯʠʚʦʩʪʠ. 

ɼʣʷ GdAl3(BO3)4, ʥʘʦʙʦʨʦʪ, ʩʪʘʙʠʣʴʥʘ ʤʦʜʠʬʠʢʘʮʠʷ ʩ ʧʨ. ʛʨ. R32, ʘ 

ʤʦʜʠʬʠʢʘʮʠʷ ʩ ʧʨ. ʛʨ. C2/c ʤʝʥʝʝ ʫʩʪʦʡʯʠʚʘ. ʇʦʵʪʦʤʫ ʜʣʷ 

ʢʨʠʩʪʘʣʣʦʚ ʩʝʤʝʡʩʪʚʘ ʭʘʥʪʠʪʘ ʧʝʨʝʭʦʜ ʢ ʫʩʪʦʡʯʠʚʦʡ ʬʘʟʝ ʩ 

ʢʦʥʛʨʫʵʥʪʥʳʤ ʧʣʘʚʣʝʥʠʝʤ ʤʦʞʝʪ ʩʦʧʨʦʚʦʞʜʘʪʴʩʷ ʠʟʤʝʥʝʥʠʝʤ 

ʩʠʤʤʝʪʨʠʠ ʢʨʠʩʪʘʣʣʘ, ʢʘʢ ʵʪʦ ʠʤʝʝʪ ʤʝʩʪʦ ʚ ʩʣʫʯʘʝ LaSc3(BO3)4, ʩ 

ʧʦʪʝʨʝʡ ʣʘʟʝʨʥʳʤ ʢʨʠʩʪʘʣʣʦʤ ʥʝʣʠʥʝʡʥʦ-ʦʧʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ.   

ʇʦʣʫʯʝʥʠʝ ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ ʩ 

ʢʦʥʛʨʫʵʥʪʥʳʤ ʧʣʘʚʣʝʥʠʝʤ ʪʨʠʛʦʥʘʣʴʥʦʡ ʩʠʤʤʝʪʨʠʠ ʪʨʝʙʫʝʪ 

ʪʱʘʪʝʣʴʥʦʛʦ ʧʦʜʙʦʨʘ ʩʦʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ ʨʘʟʤʝʨʘʤʠ ʢʘʪʠʦʥʦʚ, 

ʧʦʟʚʦʣʷʶʱʝʛʦ ʠʩʢʣʶʯʠʪʴ ʦʙʨʘʟʦʚʘʥʠʝ ʩʚʝʨʭʩʪʨʫʢʪʫʨʳ.  

ʅʘ ʨʠʩ. 6 ʧʨʠʚʝʜʝʥʳ ʦʙʣʘʩʪʠ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʩʦʝʜʠʥʝʥʠʡ ʠ 

ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ ʩʝʤʝʡʩʪʚʘ ʭʘʥʪʠʪʘ ʨʘʟʣʠʯʥʦʡ ʩʠʤʤʝʪʨʠʠ ʚ  
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ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʩʪʘʚʘ ʚ ʪʨʦʡʥʦʡ ʩʠʩʪʝʤʝ CeSc3(BO3)4  - 

NdSc3(BO3)4 ï GdSc3(BO3)4
.  

 

 

CeSc  (BO  )  
3       3  4 

GdSc  (BO )  
3      3   4 

NdSc  (BO  )  
3      3   4  

 

ʈʠʩ. 6. ʆʙʣʘʩʪʠ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʬʘʟ ʨʘʟʥʦʡ ʩʠʤʤʝʪʨʠʠ ( - ʧʨ. 

ʛʨ. R32,   - ʧʨ. ʛʨ. ʉ2/c,  - ʧʨ. ʛʨ. P321 ʠʣʠ P3) ʚ ʩʠʩʪʝʤʝ 

CeSc3(BO3)4  - NdSc3(BO3)4 ï GdSc3(BO3)4
  

 

 

 

ɺ ʜʚʦʡʥʦʡ ʩʠʩʪʝʤʝ CeSc3(BO3)4  - NdSc3(BO3)4 ʪʚʝʨʜʳʝ ʨʘʩʪʚʦʨʳ 

ʩʦʩʪʘʚʦʚ (Ce0.7 0.5Nd0.3 0.5)Sc3(BO3)4 ʢʨʠʩʪʘʣʣʠʟʫʶʪʩʷ ʚ  

ʛʝʢʩʘʛʦʥʘʣʴʥʦʡ ʩʠʥʛʦʥʠʠ ʩʦ ʩʚʝʨʭʩʪʨʫʢʪʫʨʦʡ ʧʨ. ʛʨ. P321 ʠʣʠ P3 ʠ 

ʫʜʚʦʝʥʠʝʤ ʧʘʨʘʤʝʪʨʦʚ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ. ɸʥʘʣʦʛʠʯʥʘʷ 

ʩʚʝʨʭʩʪʨʫʢʪʫʨʘ ʦʙʥʘʨʫʞʝʥʘ ʜʣʷ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ 

(Nd0.90 0.70Gd0.10 0.30)Sc3(BO3)4 ʚ ʩʠʩʪʝʤʝ NdSc3(BO3)4 - GdSc3(BO3)4. 

ɺ ʩʠʩʪʝʤʝ CeSc3(BO3)4 - GdSc3(BO3)4 ʪʚʝʨʜʳʝ ʨʘʩʪʚʦʨʳ ʠʤʝʶʪ ʧʨ. 

ʛʨ. P321 ʠʣʠ ʩʦ ʩʚʝʨʭʩʪʨʫʢʪʫʨʦʡ ʧʨ. ʛʨ. A2 ʚ ʠʥʪʝʨʚʘʣʝ ʩʦʩʪʘʚʦʚ 



                                                           

17 

(Ce0.76 0.80Gd0.24 0.20)Sc3(BO3)4, ʠʣʠ ʙʝʟ ʦʙʨʘʟʦʚʘʥʠʷ 

ʩʚʝʨʭʩʪʨʫʢʪʫʨʳ ʜʣʷ (Ce0.70Gd0.30)Sc3(BO3)4.   

ʊʚʝʨʜʳʝ ʨʘʩʪʚʦʨʳ ʩʦʩʪʘʚʘ (Ce1-x-yNdyGdx)Sc3(BO3)4, ʣʝʞʘʱʠʭ 

ʚʥʫʪʨʠ ʪʨʝʫʛʦʣʴʥʠʢʘ ʜʠʘʛʨʘʤʤʳ, ʢʨʠʩʪʘʣʣʠʟʫʶʪʩʷ ʚ 

ʛʝʢʩʘʛʦʥʘʣʴʥʦʡ ʩʠʥʛʦʥʠʠ ʩʦ ʩʚʝʨʭʩʪʨʫʢʪʫʨʦʡ ʧʨ. ʛʨ. P321 ʠʣʠ P3 ʠ 

ʫʜʚʦʝʥʠʝʤ ʧʘʨʘʤʝʪʨʦʚ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ. ʆʜʥʘʢʦ, ʢʦʣʠʯʝʩʪʚʦ 

ʩʚʝʨʭʩʪʨʫʢʪʫʨʥʳʭ ʣʠʥʠʡ ʠ ʩʠʤʤʝʪʨʠʷ ʧʦʜʲʷʯʝʡʢʠ ʟʘʚʠʩʷʪ ʦʪ 

ʩʦʩʪʘʚʘ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ: ʜʣʷ (Ce0.41(4)Nd0.46Gd0.13)Sc3(BO3)4  

ʥʘʡʜʝʥʘ ʧʨ. ʛʨ. R32 ʩʦ ʩʣʘʙʦ ʚʳʨʘʞʝʥʥʦʡ ʩʚʝʨʭʩʪʨʫʢʪʫʨʦʡ, ʘ ʜʣʷ 

(Ce0.57Nd0.25Gd0.18)Sc3(BO3)4 ʚʳʷʚʣʝʥʘ ʧʨ. ʛʨ. P321 c ʙʦʣʴʰʠʤ 

ʢʦʣʠʯʝʩʪʚʦʤ ʩʚʝʨʭʩʪʨʫʢʪʫʨʥʳʭ ʦʪʨʘʞʝʥʠʡ. ɺʦʟʤʦʞʥʦ, ʙʦʣʝʝ 

ʪʱʘʪʝʣʴʥʳʡ ʧʦʜʙʦʨ ʩʦʩʪʘʚʘ ʨʘʩʧʣʘʚʘ ʧʦʟʚʦʣʠʪ ʠʩʢʣʶʯʠʪʴ 

ʦʙʨʘʟʦʚʘʥʠʝ ʩʚʝʨʭʩʪʨʫʢʪʫʨʳ ʠ ʧʦʣʫʯʠʪʴ ʢʨʠʩʪʘʣʣʳ ʚʳʩʦʢʦʛʦ 

ʩʪʨʫʢʪʫʨʥʦʛʦ ʠ ʦʧʪʠʯʝʩʢʦʛʦ ʩʦʚʝʨʰʝʥʩʪʚʘ. 

 

I.2. ʉʦʝʜʠʥʝʥʠʷ Lnʉa4O(BO3)3 
 

ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʚʥʠʤʘʥʠʝ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʦʙʨʘʱʝʥʦ ʥʘ 

ʢʨʠʩʪʘʣʣʳ ʦʙʱʝʛʦ ʩʦʩʪʘʚʘ LnCa4O(BO3)3. ʕʪʠ ʢʨʠʩʪʘʣʣʳ ʧʦ 

ʣʘʟʝʨʥʳʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʠ ʥʝʣʠʥʝʡʥʳʤ ʩʚʦʡʩʪʚʘʤ ʩʦʧʦʩʪʘʚʠʤʳ ʩ 

ʪʘʢʠʤʠ ʠʟʚʝʩʪʥʳʤʠ ʘʢʪʠʚʥʳʤʠ ʠ ʘʢʪʠʚʥʦ-ʥʝʣʠʥʝʡʥʳʤʠ ʩʨʝʜʘʤʠ, 

ʢʘʢ ʘʢʪʠʚʠʨʦʚʘʥʥʳʝ Nd ʜʦʧʠʨʦʚʘʥʥʳʝ ʥʝʦʜʠʤʦʤ Yal3(BO3)4, 

LaSc3(BO3)4 ʠ (ʉe,Gd)Sc3(BO3)4. ʆʥʠ ʠʤʝʶʪ ʩʪʦʡʢʦʩʪʴ ʢ 

ʦʜʥʦʤʠʢʨʦʥʥʦʤʫ ʣʘʟʝʨʥʦʤʫ ʠʟʣʫʯʝʥʠʶ ʥʘʥʦʩʝʢʫʥʜʥʦʛʦ ʜʠʘʧʘʟʦʥʘ 

ʜʣʠʪʝʣʴʥʦʩʪʠ ʥʘ ʫʨʦʚʥʝ 1 ɻɺʪ/ʩʤ
2
, ʵʬʬʝʢʪʠʚʥʫʶ ʥʝʣʠʥʝʡʥʫʶ 
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 ʤ/ɺ, ʜʦʧʫʩʢʘʶʪ ʚʚʝʜʝʥʠʝ 

ʘʢʪʠʚʘʪʦʨʥʳʭ ʠʦʥʦʚ ʚ ʚʳʩʦʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʠ, ʛʣʘʚʥʦʝ, 

ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʳ ʧʨʠ ʚʳʨʘʱʠʚʘʥʠʠ. 

ɺ ʣʘʟʝʨʥʳʭ ʤʘʪʝʨʠʘʣʘʭ, ʘʢʪʠʚʠʨʦʚʘʥʥʳʭ Er ʠ Yb, ʦʧʨʝʜʝʣʷʶʱʝʝ 

ʚʣʠʷʥʠʝ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʦʣʫʪʦʨʦʤʠʢʨʦʥʥʦʡ ʛʝʥʝʨʘʮʠʠ ʠʤʝʝʪ 

ʦʪʥʦʰʝʥʠʝ ʚʝʣʠʯʠʥʳ ʚʝʨʦʷʪʥʦʩʪʠ ʦʙʨʘʪʥʦʛʦ ʧʝʨʝʥʦʩʘ ʵʥʝʨʛʠʠ 

ʚʦʟʙʫʞʜʝʥʠʷ ʧʦ ʢʘʥʘʣʫ Er(
4

I11/2
4
I15/2) Yb(

2
F7/2

2
F5/2) ʢ 

ʚʝʣʠʯʠʥʝ ʚʝʨʦʷʪʥʦʩʪʠ ʤʥʦʛʦʬʦʥʦʥʥʦʡ ʙʝʟʳʟʣʫʯʘʪʝʣʴʥʦʡ 

ʨʝʣʘʢʩʘʮʠʠ Er(
4
I11/2

4
I13/2). ʅʝ ʤʘʣʫʶ ʨʦʣʴ ʠʛʨʘʶʪ ʠ ʪʘʢʠʝ  
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ʩʤ
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 ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʚʨʝʤʝʥʠ ʞʠʟʥʠ ʫʨʦʚʥʷ 

4
I11/2 

ʙʦʣʝʝ ʯʝʤ ʚʪʨʦʝ, ʙʣʘʛʦʜʘʨʷ ʵʬʬʝʢʪʫ ʬʦʥʦʥʥʦʡ ʨʝʣʘʢʩʘʮʠʠ, 

ʧʨʦʪʝʢʘʶʱʝʤʫ ʚ ʧʘʨʘʭ Ce-Er ʧʦ ʩʭʝʤʝ 
4
I11/2(Er), 

2
F5/2(Ce)

4
I13/2(Er), 

2
F7/2(Ce). ʅʝ ʠʩʢʣʶʯʝʥʦ, ʯʪʦ ʚʳʨʘʱʠʚʘʥʠʝ 

ʩʦʘʢʪʠʚʠʨʦʚʘʥʥʳʭ Ce, Er ʠ Yb ʢʨʠʩʪʘʣʣʦʚ YCa4O(BO3)3 ʫʜʘʩʪʩʷ 

ʢʘʨʜʠʥʘʣʴʥʦ ʩʥʠʟʠʪʴ ʧʦʨʦʛʦʚʫʶ ʧʣʦʪʥʦʩʪʴ ʤʦʱʥʦʩʪʠ ʥʘʢʘʯʢʠ.  

ʉʦʝʜʠʥʝʥʠʷ LnCa4O(BO3)3  (ʧʨ. ʛʨ. Cm) ʠʤʝʶʪ ʩʪʨʫʢʪʫʨʫ, 

ʧʦʜʦʙʥʫʶ Ca5(BO3)3F, ʠ ʠʟʚʝʩʪʥʳ ʜʣʷ ʚʩʝʛʦ ʨʷʜʘ Ln ʦʪ La ʜʦ Lu. 

ʈʝʜʢʦʟʝʤʝʣʴʥʳʝ ʤʝʪʘʣʣʳ ʠ ʢʘʣʴʮʠʡ ʟʘʥʠʤʘʶʪ ʪʨʠ 

ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ ʧʦʟʠʮʠʠ (ʨʠʩ. 7), ʧʦʵʪʦʤʫ ʧʦʣʥʘʷ 

ʢʨʠʩʪʘʣʣʦʭʠʤʠʯʝʩʢʘʷ ʬʦʨʤʫʣʘ ʜʚʦʡʥʳʭ ʙʦʨʘʪʦʚ LnCa4O(BO3)3 
ʤʦʞʝʪ ʙʳʪʴ ʟʘʧʠʩʘʥʘ ʚ ʚʠʜʝ (Lnx1Ca1-x1)(Lnx2Ca1-x2)Ca2O(BO3)3. 

"ɸʪʦʤʳ" (Ln,Ca)(1) ʠ (Ca,Ln)(2) ʠʤʝʶʪ ʦʢʪʘʵʜʨʠʯʝʩʢʦʝ ʦʢʨʫʞʝʥʠʝ 

(ʂʏ6); ʧʦʣʠʵʜʨ ʘʪʦʤʘ Ca(3) - ʩʠʣʴʥʦ ʠʩʢʘʞʝʥʥʘʷ ʜʚʫʭʰʘʧʦʯʥʘʷ 

ʪʨʠʛʦʥʘʣʴʥʘʷ ʧʨʠʟʤʘ (ʂʏ8); ʘʪʦʤʳ ʙʦʨʘ ʥʘʭʦʜʷʪʩʷ ʚ ʧʣʦʩʢʠʭ 

ʪʨʝʫʛʦʣʴʥʠʢʘʭ (ʂʏ3).   

 
ʈʠʩ. 7. ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ LnCa4O(BO3)3 


