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ɺɺɽɼɽʅʀɽ 

 ɸʢʪʫʘʣʴʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʨʘʩʪʸʪ ʧʦʪʨʝʙʥʦʩʪʴ ʚ 

ʧʦʣʠʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʘʭ ʜʣʷ ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʳʭ ʦʪʨʘʩʣʝʡ. ʂ ʠʭ ʯʠʩʣʫ 

ʦʪʥʦʩʷʪʩʷ ʨʝʜʢʦʟʝʤʝʣʴʥʳʝ ʤʦʣʠʙʜʘʪʳ ï ʦʙʰʠʨʥʳʡ ʢʣʘʩʩ ʩʦʝʜʠʥʝʥʠʡ, ʢʦʪʦʨʳʡ 

ʧʨʠʚʣʝʢʘʝʪ ʚʥʠʤʘʥʠʝ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʚʩʝʛʦ ʤʠʨʘ ʩ ʢʦʥʮʘ ʍʍ ʚʝʢʘ. 

ʌʫʥʜʘʤʝʥʪʘʣʴʥʳʡ ʠʥʪʝʨʝʩ ʩʚʷʟʘʥ ʩ ʨʘʟʨʘʙʦʪʢʦʡ ʥʦʚʳʭ ʠ ʦʧʪʠʤʠʟʘʮʠʝʡ 

ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʝʪʦʜʦʚ ʧʦʣʫʯʝʥʠʷ ʵʪʠʭ ʤʘʪʝʨʠʘʣʦʚ, ʠʟʫʯʝʥʠʝʤ ʬʘʟʦʦʙʨʘʟʦʚʘʥʠʷ 

ʠ ʩʪʨʦʝʥʠʷ ʬʘʟ. ʇʨʘʢʪʠʯʝʩʢʠʡ ʠʥʪʝʨʝʩ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʚʷʟʘʥ ʩ ʧʝʨʩʧʝʢʪʠʚʘʤʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʦʚʦʜʷʱʠʭ, ʦʧʪʠʯʝʩʢʠʭ, ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ, ʩʝʛʥʝʪʦ- ʠ 

ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. 

ʄʦʣʠʙʜʘʪʳ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʦʙʨʘʟʫʶʪʩʷ ʚ ʩʠʩʪʝʤʝ ʦʢʩʠʜʦʚ 

Ln2O3 ï MoO3 (Ln = La ï Lu) ʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʦʪʥʦʰʝʥʠʷ ʦʢʩʠʜʦʚ ʦʙʣʘʜʘʶʪ 

ʨʘʟʣʠʯʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʠ ʩʚʦʡʩʪʚʘʤʠ. ʄʥʦʛʠʝ ʩʦʝʜʠʥʝʥʠʷ ʵʪʦʡ ʩʠʩʪʝʤʳ, 

ʧʦʣʫʯʝʥʥʳʝ ʚ ʦʙʣʘʩʪʠ 25-50 ʤʦʣ. % Ln2O3, ʦʙʣʘʜʘʶʪ ʧʦʣʠʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ 

ʩʚʦʡʩʪʚʘʤʠ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʠʟʚʝʩʪʥʳ ʩʦʝʜʠʥʝʥʠʷ Gd2(MoO4)3 ʦʙʣʘʜʘʶʱʠʝ 

ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʠ ʣʶʤʠʥʝʩʮʝʥʪʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ; ʦʢʩʠʤʦʣʠʙʜʘʪʳ ʩʦʩʪʘʚʘ 

Ln2MoO6 ʩʦ ʩʣʦʞʥʳʤ ʧʦʣʠʤʦʨʬʠʟʤʦʤ, ʚʳʩʦʢʦʡ ʭʠʤʠʯʝʩʢʦʡ ʩʪʦʡʢʦʩʪʴʶ, 

ʣʶʤʠʥʝʩʮʝʥʪʥʳʤʠ, ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ; ʬʘʟʳ ʍʫʙʝʨʪʘ ï ʛʨʫʧʧʘ 

ʩʦʝʜʠʥʝʥʠʡ Ln5Mo3O16+ŭ ʩʦ ʩʤʝʰʘʥʥʦʡ ʵʣʝʢʪʨʦʥʥʦ-ʠʦʥʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʴʶ ʠ 

ʜʨʫʛʠʝ. ʀʟ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʨʘʟʣʠʯʥʳʝ ʠʟʦ- ʠ ʛʝʪʝʨʦʚʘʣʝʥʪʥʳʝ 

ʟʘʤʝʱʝʥʠʷ ʚ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʤʦʣʠʙʜʘʪʘʭ ʤʦʛʫʪ ʧʨʠʚʦʜʠʪʴ ʢ ʠʟʤʝʥʝʥʠʶ ʠʭ 

ʩʪʨʫʢʪʫʨʳ ʠ ʩʚʦʡʩʪʚ.  

ʇʦʠʩʢ ʥʦʚʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ʩʦʝʜʠʥʝʥʠʡ ʩʠʩʪʝʤʳ 

Ln2O3 ï MoO3 (Ln = LaïLu) ʠ ʠʭ ʚʩʝʩʪʦʨʦʥʥʝʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʥʦʩʷʪ ʩʫʱʝʩʪʚʝʥʥʳʡ 

ʚʢʣʘʜ ʚ ʨʘʟʚʠʪʠʝ ʩʦʚʨʝʤʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ ʠ ʬʠʟʠʢʠ ʪʚʸʨʜʦʛʦ ʪʝʣʘ. 

ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ, ʩʪʨʦʝʥʠʝ ʠ ʩʪʨʫʢʪʫʨʥʘʷ ʦʙʫʩʣʦʚʣʝʥʥʦʩʪʴ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ ʦʪʣʠʯʘʶʪʩʷ ʠ ʚ ʢʘʞʜʦʤ ʢʦʥʢʨʝʪʥʦʤ ʩʣʫʯʘʝ ʪʨʝʙʫʶʪ ʜʝʪʘʣʴʥʦʛʦ 

ʨʘʩʩʤʦʪʨʝʥʠʷ ʜʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʟʘʢʦʥʦʤʝʨʥʳʭ ʩʚʷʟʝʡ ʤʝʞʜʫ ʩʪʨʫʢʪʫʨʦʡ ʠ ʠʭ 

ʬʠʟʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ.  
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ʎʝʣʴ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ï ʫʩʪʘʥʦʚʣʝʥʠʝ ʦʩʦʙʝʥʥʦʩʪʝʡ ʩʪʨʦʝʥʠʷ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ 

Nd5Mo3O16+ŭ, Pr5Mo3O16+ŭ, ʠ ʣʝʛʠʨʦʚʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʥʘ ʠʭ ʦʩʥʦʚʝ ï 

Nd5Mo3O16+ŭ:V, Nd5Mo3O16+ŭ:Ca, Nd5Mo3O16+ŭ:Pb ʠ Nd5Mo3O16+ŭ:W, ʤʦʥʦʢʣʠʥʥʦʡ 

ʤʦʜʠʬʠʢʘʮʠʠ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ Nd2MoO6, ʪʝʪʨʘʛʦʥʘʣʴʥʳʭ ʤʦʜʠʬʠʢʘʮʠʡ 

ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ La2MoO6, Pr2MoO6, Nd2MoO6 ʠ ʣʝʛʠʨʦʚʘʥʥʳʭ ʤʘʛʥʠʝʤ 

ʩʦʝʜʠʥʝʥʠʡ ʥʘ ʠʭ ʦʩʥʦʚʝ; ʚʳʷʚʣʝʥʠʝ ʟʘʢʦʥʦʤʝʨʥʳʭ ʩʚʷʟʝʡ ʤʝʞʜʫ ʠʭ ʭʠʤʠʯʝʩʢʠʤ 

ʩʦʩʪʘʚʦʤ ʠ ʘʪʦʤʥʦʡ ʩʪʨʫʢʪʫʨʦʡ. 

 ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʥʝʦʙʭʦʜʠʤʦ ʙʳʣʦ ʨʝʰʠʪʴ ʩʣʝʜʫʶʱʠʝ 

ʟʘʜʘʯʠ: 

ï ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠ ʩʠʥʭʨʦʪʨʦʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʧʨʦʚʝʩʪʠ ʧʨʠ 

ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʜʠʬʨʘʢʮʠʦʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʳ 

ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ Ln5Mo3O16+ŭ, Ln2MoO6 (Ln = La, Nd, Pr) ʠ ʣʝʛʠʨʦʚʘʥʥʳʭ ʥʘ ʠʭ 

ʦʩʥʦʚʝ ʩʦʝʜʠʥʝʥʠʡ;  

ï ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʩʪʨʦʝʥʠʝ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʩ ʫʯʸʪʦʤ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ 

ʤʝʪʦʜʘʤʠ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ, ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ, XANES- ʠ EXAFS-

ʩʧʝʢʪʨʦʩʢʦʧʠʠ; 

ï ʠʩʩʣʝʜʦʚʘʪʴ ʚʣʠʷʥʠʝ ʠʟʦ- ʠ ʛʝʪʝʨʦʚʘʣʝʥʪʥʳʭ ʟʘʤʝʱʝʥʠʡ ʢʘʪʠʦʥʦʚ La, Nd, Pr ʠ 

ʄʦ ʥʘ ʜʝʪʘʣʠ ʘʪʦʤʥʦʛʦ ʩʪʨʦʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʧʨʦʚʝʜʝʥʥʳʭ ʢʦʤʧʣʝʢʩʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ.  

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ. ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʚʧʝʨʚʳʝ ʧʨʦʚʝʜʝʥʦ ʢʦʤʧʣʝʢʩʥʦʝ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʪʨʦʝʥʠʷ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʜʚʫʭ ʩʝʤʝʡʩʪʚ ʩʦʝʜʠʥʝʥʠʡ Ln2MoO6  

(Ln = La, Pr, Nd) ʠ Ln5Mo3O16+ŭ (Ln = Pr, Nd). ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʤʧʣʝʤʝʥʪʘʨʥʳʭ 

ʤʝʪʦʜʦʚ ʭʠʤʠʯʝʩʢʦʛʦ, ʵʣʝʢʪʨʦʥʥʦʛʦ ʠ ʩʠʥʭʨʦʪʨʦʥʥʦʛʦ ʘʥʘʣʠʟʘ ʫʪʦʯʥʝʥʳ ʜʝʪʘʣʠ 

ʩʪʨʦʝʥʠʷ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ. ɺʧʝʨʚʳʝ ʜʣʷ ʩʦʝʜʠʥʝʥʠʡ ʩʝʤʝʡʩʪʚʘ Ln5Mo3O16+ŭ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʜʦʢʘʟʘʥ ʬʘʢʪ ʯʘʩʪʠʯʥʦʛʦ ʚʟʘʠʤʦʟʘʤʝʱʝʥʠʷ ʢʘʪʠʦʥʦʚ ʚ 

ʧʦʟʠʮʠʷʭ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʤʝʪʘʣʣʦʚ ʠ ʤʦʣʠʙʜʝʥʘ, ʨʘʩʱʝʧʣʝʥʠʷ ʦʩʥʦʚʥʳʭ ʧʦʟʠʮʠʡ 

ʘʪʦʤʦʚ ʢʠʩʣʦʨʦʜʘ ʠ ʧʨʠʩʫʪʩʪʚʠ ̫ʚ ʩʪʨʫʢʪʫʨʝ ʘʪʦʤʦʚ ʠʟʙʳʪʦʯʥʦʛʦ ʤʝʞʫʟʝʣʴʥʦʛʦ 

ʢʠʩʣʦʨʦʜʘ. ɺʧʝʨʚʳʝ ʥʘ ʤʦʥʦʢʨʠʩʪʘʣʣʘʭ ʠʟʫʯʝʥʦ ʚʣʠʷʥʠʝ ʣʝʛʠʨʫʶʱʠʭ ʧʨʠʤʝʩʝʡ 
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Pb, W, V, Ca ʥʘ ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ ʩʦʝʜʠʥʝʥʠʷ Nd5Mo3O16+ŭ. ʇʦʣʫʯʝʥʳ 

ʥʦʚʳʝ ʩʚʝʜʝʥʠʷ ʦ ʧʦʣʠʤʦʨʬʥr ʭ ʤʦʜʠʬʠʢʘʮʠʷʭ ʦʢʩʠʤʦʣʠʙʜʘʪʦʚ Ln2MoO6 (Ln = 

La, Pr, Nd). ʋʩʪʘʥʦʚʣʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 

ʜʚʫʭ ʪʝʪʨʘʛʦʥʘʣʴʥʳʭ ʬʘʟ Nd2MoO6: ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʮʝʥʪʨʦʩʠʤʤʝʪʨʠʯʥʦʡ 

I41/acd ʚ ʤʝʪʘʩʪʘʙʠʣʴʥʦʤ ʩʦʩʪʦʷʥʠʠ ʠ ʥʝʮʝʥʪʨʦʩʠʤʤʝʪʨʠʯʥʦʡ I-4c2. ʇʦʥʠʞʝʥʠʝ 

ʩʠʤʤʝʪʨʠʠ ʧʨʠ ʧʦʥʠʞʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʩʯʸʪ ʩʤʝʱʝʥʠʷ 

ʢʠʩʣʦʨʦʜʥʳʭ ʧʦʟʠʮʠʡ ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʧʦʣʦʞʝʥʠʡ ʢʘʪʠʦʥʦʚ 

ʩʪʨʫʢʪʫʨʳ. ɺʧʝʨʚʳʝ ʠʟʫʯʝʥʦ ʩʪʨʦʝʥʠʝ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ 

ʤʦʥʦʢʣʠʥʥʦʡ ʤʦʜʠʬʠʢʘʮʠʠ Nd2MoO6 ʠ ʩʪʨʦʝʥʠʝ ʪʝʪʨʘʛʦʥʘʣʴʥʳʭ ʦʢʩʠʤʦʣʠʙʜʘʪʦʚ 

Ln2MoO6 (Ln = La, Pr, Nd), ʣʝʛʠʨʦʚʘʥʥʳʭ ʤʘʛʥʠʝʤ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʯʘʩʪʠʯʥʦʝ 

ʟʘʤʝʱʝʥʠʝ ʘʪʦʤʦʚ Mo
6+

 ʘʪʦʤʘʤʠ Mg
2+

 ʧʨʠʚʦʜʠʪ ʢ ʨʘʟʫʧʦʨʷʜʦʯʝʥʠʶ ʢʠʩʣʦʨʦʜʥʳʭ 

ʧʦʟʠʮʠʡ ʠ ʫʤʝʥʴʰʝʥʠʶ ʠʭ ʟʘʩʝʣʝʥʥʦʩʪʠ. 

ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʢʦʤʧʣʝʢʩʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʜʚʫʭ ʩʝʤʝʡʩʪʚ ʩʦʝʜʠʥʝʥʠʡ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʤʦʣʠʙʜʘʪʦʚ Ln2MoO6 

(Ln = La, Pr, Nd) ʠ Ln5Mo3O16+ŭ (Ln = Pr, Nd) ʧʦʣʫʯʝʥʳ ʥʦʚʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ 

ʜʘʥʥʳʝ ʦʙ ʠʭ ʩʪʨʦʝʥʠʠ ʠ ʩʪʨʦʝʥʠʠ ʣʝʛʠʨʦʚʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʥʘ ʠʭ ʦʩʥʦʚʝ. 

ʉʪʨʫʢʪʫʨʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʜʣʷ ʚʩʝʭ ʠʟʫʯʝʥʥʳʭ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ 

ʜʝʧʦʥʠʨʦʚʘʥʘ ʚ ʤʝʞʜʫʥʘʨʦʜʥʫʶ ʙʘʟʫ ʜʘʥʥʳʭ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ 

(ICSD/CCDC). ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʥʘʫʯʥʳʤʠ 

ʢʦʣʣʝʢʪʠʚʘʤʠ ʜʣʷ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʤʝʪʦʜʠʢʠ ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʩʠʥʪʝʟʘ 

ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʩʠʩʪʝʤʳ ʦʢʩʠʜʦʚ Ln2O3 ï MoO3 ʩ ʟʘʜʘʥʥʳʤʠ ʬʠʟʠʯʝʩʢʠʤʠ 

ʩʚʦʡʩʪʚʘʤʠ, ʘ ʪʘʢʞʝ ʜʣʷ ʨʘʟʚʠʪʠʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʤʦʣʠʙʜʘʪʦʚ. 
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ʅʘ ʟʘʱʠʪʫ ʚʳʥʦʩʷʪʩʷ ʩʣʝʜʫʶʱʠʝ ʧʦʣʦʞʝʥʠʷ: 

1. ɸʪʦʤʥʦʝ ʩʪʨʦʝʥʠʝ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʜʚʫʭ ʩʝʤʝʡʩʪʚ Ln5Mo3O16+ŭ  

(Ln = Pr, Nd) ʠ Ln2MoO6 (Ln = La, Pr, Nd) ʠ ʣʝʛʠʨʦʚʘʥʥʳʭ Pb, W, V, Ca ʠʣʠ Mg 

ʩʦʝʜʠʥʝʥʠʡ ʥʘ ʠʭ ʦʩʥʦʚʝ. 

2. ɺ ʩʪʨʫʢʪʫʨʘʭ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ Pr5Mo3O16+ŭ ʠ Nd5Mo3O16+ŭ ʠʤʝʝʪ ʤʝʩʪʦ 

ʯʘʩʪʠʯʥʦʝ ʚʟʘʠʤʦʟʘʤʝʱʝʥʠʝ ʢʘʪʠʦʥʦʚ ʚ ʧʦʟʠʮʠʷʭ Nd (Pr) ʠ ʄʦ, ʨʘʩʱʝʧʣʝʥʠʝ 

ʧʦʟʠʮʠʡ ʘʪʦʤʦʚ ʢʠʩʣʦʨʦʜʘ ʠ ʧʨʠʩʫʪʩʪʚʠʝ ʚ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʧʦʣʦʩʪʷʭ 

ʬʣʶʦʨʠʪʦʧʦʜʦʙʥʦʡ ʩʪʨʫʢʪʫʨʳ ʠʟʙʳʪʦʯʥʦʛʦ ʢʠʩʣʦʨʦʜʘ.  

3. ɸʪʦʤʳ ʢʘʣʴʮʠʷ ʠʣʠ ʩʚʠʥʮʘ ʚ ʣʝʛʠʨʦʚʘʥʥʳʭ ʵʪʠʤʠ ʵʣʝʤʝʥʪʘʤʠ ʤʦʥʦʢʨʠʩʪʘʣʣʘʭ 

Nd5Mo3O16+ŭ ʯʘʩʪʠʯʥʦ ʟʘʤʝʱʘʶʪ ʘʪʦʤʳ ʥʝʦʜʠʤʘ, ʘ ʘʪʦʤʳ ʚʘʥʘʜʠʷ ʠʣʠ ʚʦʣʴʬʨʘʤʘ 

ï ʘʪʦʤʳ ʤʦʣʠʙʜʝʥʘ. ɺʚʝʜʝʥʠʝ ʧʨʠʤʝʩʝʡ ʚʘʥʘʜʠʷ, ʢʘʣʴʮʠʷ ʠ ʩʚʠʥʮʘ ʚʣʠʷʝʪ ʥʘ 

ʢʦʥʮʝʥʪʨʘʮʠʶ ʠʟʙʳʪʦʯʥʦʛʦ ʢʠʩʣʦʨʦʜʘ ʚ ʩʪʨʫʢʪʫʨʝ. 

4. ʄʦʥʦʢʨʠʩʪʘʣʣʳ Nd2MoO6 ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʩʠʥʪʝʟʘ ʤʦʛʫʪ 

ʩʫʱʝʩʪʚʦʚʘʪʴ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʤʦʥʦʢʣʠʥʥʦʡ, 

ʧʨ. ʛʨ. I2/c ʠʣʠ ʚ ʤʝʪʘʩʪʘʙʠʣʴʥʦʡ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʪʝʪʨʘʛʦʥʘʣʴʥʦʡ ʬʘʟʝ, ʧʨ. 

ʛʨ. I41/acd.  

5. ʄʦʥʦʢʨʠʩʪʘʣʣʳ La2MoO6 ʠ Pr2MoO6, ʩʫʱʝʩʪʚʫʶʱʠʝ ʧʨʠ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 

ʚ ʮʝʥʪʨʦʩʠʤʤʝʪʨʠʯʥʦʡ ʧʨ. ʛʨ. I41/acd, ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʥʝʮʝʥʪʨʦʩʠʤʤʝʪʨʠʯʥʦʡ ʧʨ. ʛʨ. I-4c2. ʇʦʥʠʞʝʥʠʝ ʩʠʤʤʝʪʨʠʠ ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʩʯʸʪ 

ʩʤʝʱʝʥʠʷ ʢʠʩʣʦʨʦʜʥʳʭ ʧʦʟʠʮʠʡ ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʧʦʣʦʞʝʥʠʡ 

ʢʘʪʠʦʥʦʚ ʩʪʨʫʢʪʫʨʳ. 

6. ɺ ʣʝʛʠʨʦʚʘʥʥʳʭ ʤʘʛʥʠʝʤ ʩʦʝʜʠʥʝʥʠʷʭ Ln2MoO6 (Ln = La, Pr, Nd) ʘʪʦʤʳ 

ʧʨʠʤʝʩʠ ʯʘʩʪʠʯʥʦ ʟʘʤʝʱʘʶʪ ʚ ʩʪʨʫʢʪʫʨʘʭ ʘʪʦʤʳ ʤʦʣʠʙʜʝʥʘ ʠ ʥʘʭʦʜʷʪʩʷ ʚʙʣʠʟʠ 

ʝʛʦ ʦʩʥʦʚʥʳʭ ʧʦʟʠʮʠʡ. ɺʥʝʜʨʝʥʠʝ ʚ ʩʪʨʫʢʪʫʨʫ ʘʪʦʤʦʚ ʤʘʛʥʠʷ ʧʨʠʚʦʜʠʪ ʢ 

ʨʘʩʱʝʧʣʝʥʠʶ ʦʩʥʦʚʥʳʭ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʠ ʢʠʩʣʦʨʦʜʥʳʭ ʧʦʟʠʮʠʡ. 
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ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ 

ʨʘʙʦʪʝ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʤʧʣʝʢʩʘ ʩʦʚʨʝʤʝʥʥʦʛʦ 

ʚʳʩʦʢʦʪʦʯʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʛʦ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, ʘ ʪʘʢʞʝ ʥʘʣʠʯʠʝʤ ʧʫʙʣʠʢʘʮʠʡ ʚ ʚʝʜʫʱʠʭ 

ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʠ ʟʘʨʫʙʝʞʥʳʭ ʨʝʮʝʥʟʠʨʫʝʤʳʭ ʥʘʫʯʥʳʭ ʠʟʜʘʥʠʷʭ ʠ ʜʦʢʣʘʜʘʤʠ ʥʘ 

ʨʘʟʣʠʯʥʳʭ ʪʝʤʘʪʠʯʝʩʢʠʭ ʢʦʥʬʝʨʝʥʮʠʷʭ. 

ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ. ʆʩʥʦʚʫ ʨʘʙʦʪʳ ʩʦʩʪʘʚʣʷʶʪ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʤʝʪʦʜʦʤ ʧʨʝʮʠʟʠʦʥʥʦʛʦ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ, 

ʚʳʧʦʣʥʝʥʥʳʝ ʘʚʪʦʨʦʤ ʚ ʀʥʩʪʠʪʫʪʝ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʠ ʠʤ. ɸ. ɺ. ʐʫʙʥʠʢʦʚʘ ʌʅʀʎ 

çʂʨʠʩʪʘʣʣʦʛʨʘʬʠʷ ʠ ʬʦʪʦʥʠʢʘè ʈɸʅ. ʇʦʣʫʯʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ 

ʦʙʨʘʙʦʪʘʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʤʧʣʝʢʩʘ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ, ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʥʳ ʠ ʩʦʧʦʩʪʘʚʣʝʥʳ ʩ ʠʤʝʶʱʠʤʠʩʷ ʚ ʣʠʪʝʨʘʪʫʨʝ 

ʩʚʝʜʝʥʠʷʤʠ ʣʠʯʥʦ ʘʚʪʦʨʦʤ. ʀʩʧʦʣʴʟʦʚʘʥʥʳʝ ʚ ʜʠʩʩʝʨʪʘʮʠʠ ʜʘʥʥʳʝ ʧʦ 

ʨʝʟʫʣʴʪʘʪʘʤ ʠʟʤʝʨʝʥʠʡ ʤʝʪʦʜʘʤʠ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ, ʩʧʝʢʪʨʦʩʢʦʧʠʠ 

ʧʦʛʣʦʱʝʥʠʷ ʠ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ ʚ ʠʥʜʫʢʪʠʚʥʦ ʩʚʷʟʘʥʥʦʡ ʧʣʘʟʤʝ, ʘ ʪʘʢʞʝ 

ʩʪʨʫʢʪʫʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʠʥʭʨʦʪʨʦʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ 

ʧʦʣʫʯʝʥʳ ʚ ʀʥʩʪʠʪʫʪʝ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʠ, ʂʫʨʯʘʪʦʚʩʢʦʤ ʠʥʩʪʠʪʫʪʝ ʠ ɽʚʨʦʧʝʡʩʢʦʤ 

ʮʝʥʪʨʝ ʩʠʥʭʨʦʪʨʦʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʠ ʫʯʘʩʪʠʠ ʘʚʪʦʨʘ. ʉʦʚʤʝʩʪʥʦ ʩ 

ʩʦʪʨʫʜʥʠʢʘʤʠ ʀʥʩʪʠʪʫʪʘ ʚʝʜʫʱʠʤ ʥʘʫʯʥʳʤ ʩʦʪʨʫʜʥʠʢʦʤ ɼʫʜʢʦʡ ɸ.ʇ. ʠ ʚʝʜʫʱʠʤ 

ʠʥʞʝʥʝʨʦʤ ɺʝʨʠʥʳʤ ʀ.ɸ. ʧʨʦʚʝʜʝʥʘ ʤʦʜʝʨʥʠʟʘʮʠʷ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ 

ʜʠʬʨʘʢʪʦʤʝʪʨʘ HUBER. ʇʦʩʪʘʥʦʚʢʘ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʟʘʜʘʯʠ ʠ ʚʳʨʘʙʦʪʢʘ 

ʦʩʥʦʚʥʳʭ ʧʦʜʭʦʜʦʚ ʢ ʝ y ʨʝʰʝʥʠʶ ʦʩʫʱʝʩʪʚʣʷʣʠʩ ɹ ʥʘʫʯʥʳʤ ʨʫʢʦʚʦʜʠʪʝʣʝʤ  

ʢ.ʬ.-ʤ.ʥ. ɸʣʝʢʩʝʝʚʦʡ ʆ.ɸ. ʆʙʩʫʞʜʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʦʚʦʜʠʣʦʩʴ 

ʩʦʚʤʝʩʪʥʦ ʩ ʥʘʫʯʥʳʤ ʨʫʢʦʚʦʜʠʪʝʣʝʤ ʠ ʩʦʘʚʪʦʨʘʤʠ ʥʘʫʯʥʳʭ ʧʫʙʣʠʢʘʮʠʡ. ʆʙʲʝʢʪʳ 

ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʝʜʦʩʪʘʚʣʝʥʳ ʩʦʪʨʫʜʥʠʢʘʤʠ ʢʘʬʝʜʨʳ ʬʠʟʠʢʠ ʧʦʣʠʤʝʨʦʚ ʠ 

ʢʨʠʩʪʘʣʣʦʚ ʌʠʟʠʯʝʩʢʦʛʦ ʬʘʢʫʣʴʪʝʪʘ ʄɻʋ ʠʤ. ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ ʜ.ʬ.-ʤ.ʥ. 

ɺʦʨʦʥʢʦʚʦʡ ɺ.ʀ., ʢ.ʬ.-ʤ.ʥ. ʍʘʨʠʪʦʥʦʚʦʡ ɽ.ʇ. ʠ ʢ.ʬ.-ʤ.ʥ. ʆʨʣʦʚʦʡ ɽ.ʀ. 

ɸʧʨʦʙʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʙʦʪʳ ʈʘʙʦʪʘ ʙʳʣʘ ʦʪʤʝʯʝʥʘ ʧʝʨʚʦʡ ʧʨʝʤʠʝʡ ʥʘ 

ʩʪʫʜʝʥʯʝʩʢʦʤ ʢʦʥʢʫʨʩʝ ʥʘʫʯʥʳʭ ʨʘʙʦʪ ʀʥʩʪʠʪʫʪʘ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʠ ʠʤ. ɸ.ɺ. 
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ʐʫʙʥʠʢʦʚʘ 2012 ʛ., ʧʨʝʤʠʝʡ ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ ʅ.ɺ. ɹʝʣʦʚʘ ʥʘ ʢʦʥʢʫʨʩʝ ʥʘʫʯʥʳʭ 

ʨʘʙʦʪ ʌʅʀʎ çʂʨʠʩʪʘʣʣʦʛʨʘʬʠʷ ʠ ʬʦʪʦʥʠʢʘè ʈɸʅ 2014 ʛ., ʘ ʪʘʢʞʝ ʫʜʦʩʪʦʝʥʘ 

ʧʨʝʤʠʠ çʄʝʞʜʫʥʘʨʦʜʥʦʡ ʘʢʘʜʝʤʠʯʝʩʢʦʡ ʠʟʜʘʪʝʣʴʩʢʦʡ ʢʦʤʧʘʥʠʠ 

çʅʘʫʢʘ/ʀʥʪʝʨʧʝʨʠʦʜʠʢʘè ʟʘ ʣʫʯʰʫʶ ʧʫʙʣʠʢʘʮʠʶ ʚ ʠʟʜʘʚʘʝʤʳʭ ʝʶ ʞʫʨʥʘʣʘʭè. 

ʈʘʙʦʪʘ ʙʳʣʘ ʧʦʜʜʝʨʞʘʥʘ ʈʦʩʩʠʡʩʢʠʤ ʬʦʥʜʦʤ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

(ʛʨʘʥʪʳ 14-02-31135 ʨʫʢʦʚʦʜʠʪʝʣʴ, 14-02-00531 ʠʩʧʦʣʥʠʪʝʣʴ, 18-29-12005 

ʠʩʧʦʣʥʠʪʝʣʴ). 

ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ 13 ʩʪʘʪʴʷʭ 

ʚ ʨʝʮʝʥʟʠʨʫʝʤʳʭ ʥʘʫʯʥʳʭ ʞʫʨʥʘʣʘʭ, ʠʥʜʝʢʩʠʨʫʝʤʳʭ ʤʝʞʜʫʥʘʨʦʜʥʳʤʠ ʙʘʟʘʤʠ 

(ʈʀʅʎ, Scopus, Web of Science) ʠ ʚʢʣʶʯʝʥʥʳʭ ʚ ʧʝʨʝʯʝʥʴ ʚʝʜʫʱʠʭ 

ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʠʟʜʘʥʠʡ ɺɸʂ ʈʌ. ʄʘʪʝʨʠʘʣʳ ʨʘʙʦʪʳ ʜʦʣʦʞʝʥʳ ʠ ʦʙʩʫʞʜʝʥʳ ʥʘ 

ʩʣʝʜʫʶʱʠʭ ʥʘʮʠʦʥʘʣʴʥʳʭ ʠ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʥʘʫʯʥʳʭ ʢʦʥʬʝʨʝʥʮʠʷʭ:  

¶ ʅʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʃɸʕʋ-100. ʈʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ʅʠʞʥʠʡ ʅʦʚʦʛʦʨʦʜ. 2012; 

¶ VII  ʅʘʮʠʦʥʘʣʴʥʘʷ ʢʨʠʩʪʘʣʣʦʭʠʤʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ. ʉʫʟʜʘʣʴ. 2013; 

¶ XI ʂʫʨʯʘʪʦʚʩʢʘʷ ʤʦʣʦʜʝʞʥʘʷ ʥʘʫʯʥʘʷ ʰʢʦʣʘ. ʄʦʩʢʚʘ. 2013; 

¶ RACIRI Summer school 2013: "Advanced Materials Design at X-ray and 

Neutron Facilities: Soft Matter and Nano Composites". Peterhof. 2013; 

¶ XII ʂʫʨʯʘʪʦʚʩʢʘʷ ʤʦʣʦʜʝʞʥʘʷ ʥʘʫʯʥʘʷ ʰʢʦʣʘ. ʄʦʩʢʚʘ. 2014; 

¶ ʉʦʚʝʱʘʥʠʝ ʠ ʄʦʣʦʜʝʞʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʧʦ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʨʘʩʩʝʷʥʠʷ 

ʥʝʡʪʨʦʥʦʚ ʠ ʩʠʥʭʨʦʪʨʦʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʚ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʭ ʩʨʝʜʘʭ. 

ɻʘʪʯʠʥʘ. 2014; 

¶ XXXIII ʥʘʫʯʥʳʝ ʯʪʝʥʠʷ ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ ʅʠʢʦʣʘʷ ɺʘʩʠʣʴʝʚʠʯʘ ɹʝʣʦʚʘ. 

ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ. 2014; 

¶ ɺʪʦʨʦʡ ɹʘʡʢʘʣʴʩʢʠʡ ʤʘʪʝʨʠʘʣʦʚʝʜʯʝʩʢʠʡ ʬʦʨʫʤ. ʋʣʘʥ-ʋʜʵ. 2015; 

¶ XIII  ʂʫʨʯʘʪʦʚʩʢʘʷ ʤʦʣʦʜʸʞʥʘʷ ʥʘʫʯʥʘʷ ʰʢʦʣʘ. ʄʦʩʢʚʘ. 2015; 

¶ VI ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʢʨʠʩʪʘʣʣʦʬʠʟʠʢʘ ʠ ʜʝʬʦʨʤʘʮʠʦʥʥʦʝ 

ʧʦʚʝʜʝʥʠʝ ʤʘʪʝʨʠʘʣʦʚ. ʄʦʩʢʚʘ. 2015; 

¶ Russian-Japanese scientific and technical seminar "Modern methods of analysis 
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of structures and their application in materials science. Moscow. 2015; 

¶ ʇʝʨʚʳʡ ʨʦʩʩʠʡʩʢʠʡ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʡ ʢʦʥʛʨʝʩʩ. ʄʦʩʢʚʘ. 2016; 

¶ VIII  ʅʘʮʠʦʥʘʣʴʥʘʷ ʢʨʠʩʪʘʣʣʦʭʠʤʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ. ʉʫʟʜʘʣʴ. 2016; 

¶ 30th Meeting of the European Crystallographic Association. Basel. 2016; 

¶ 24 IUCR congress and General Assembly. Hyderabad. 2017; 

¶ ʂʨʠʩʪʘʣʣʦʬʠʟʠʢʘ ʠ ʜʝʬʦʨʤʘʮʠʦʥʥʦʝ ʧʦʚʝʜʝʥʠʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ. ʄʦʩʢʚʘ. 2017; 

¶ 4th European Crystallography Schooll. Warsaw. 2017; 

¶ IX ʅʘʮʠʦʥʘʣʴʥʘʷ ʢʨʠʩʪʘʣʣʦʭʠʤʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ. ʉʫʟʜʘʣʴ. 2018; 

¶ III  ɹʘʡʢʘʣʴʩʢʠʡ ʤʘʪʝʨʠʘʣʦʚʝʜʯʝʩʢʠʡ ʬʦʨʫʤ. ʋʣʘʥ-ʋʜʵ. 2018; 

¶ LIII ʐʢʦʣʘ ʇʀʗʌ ʧʦ ʬʠʟʠʢʝ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ. ʉʘʥʢʪ-

ʇʝʪʝʨʙʫʨʛ. 2019; 

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

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

Fedorov. ɸʧʘʪʠʪʳ. 2019. 

 ʉʪʨʫʢʪʫʨʘ ʠ ʦʙʲʝʤ ʜʠʩʩʝʨʪʘʮʠʠ. ɼʠʩʩʝʨʪʘʮʠʦʥʥʘʷ ʨʘʙʦʪʘ ʩʦʩʪʦʠʪ ʠʟ 

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

ʧʫʙʣʠʢʘʮʠʡ ʧʦ ʪʝʤʝ ʜʠʩʩʝʨʪʘʮʠʠ ʠʟ 13 ʥʘʠʤʝʥʦʚʘʥʠʡ ʠ ʩʧʠʩʢʘ ʣʠʪʝʨʘʪʫʨʳ ʠʟ 106 

ʥʘʠʤʝʥʦʚʘʥʠʡ. ʆʙʱʠʡ ʦʙʲʝʤ ʜʠʩʩʝʨʪʘʮʠʠ ï 170 ʩʪʨʘʥʠʮ, ʚʢʣʶʯʘʷ 57 ʨʠʩʫʥʢʦʚ ʠ 

32 ʪʘʙʣʠʮʳ. 
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ɻʃɸɺɸ 1. ʆʉʆɹɽʅʅʆʉʊʀ ʉʊʈʆɽʅʀʗ ʀ ʌʀɿʀʏɽʉʂʀɽ ʉɺʆʁʉʊɺɸ 

ʈɽɼʂʆɿɽʄɽʃʔʅʓʍ ʄʆʃʀɹɼɸʊʆɺ (ʃʀʊɽʈɸʊʋʈʅʓʁ ʆɹɿʆʈ) 

1.1. ʈʝʜʢʦʟʝʤʝʣʴʥʳʝ ʤʦʣʠʙʜʘʪʳ ʩʠʩʪʝʤʳ Ln2O3 ï MoO3 

 ʈʝʜʢʦʟʝʤʝʣʴʥʳʝ ʤʦʣʠʙʜʘʪʳ ï ʦʙʰʠʨʥʳʡ ʢʣʘʩʩ ʩʦʝʜʠʥʝʥʠʡ, ʢʦʪʦʨʳʡ 

ʧʨʠʚʣʝʢʘʝʪ ʚʥʠʤʘʥʠʝ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʚʩʝʛʦ ʤʠʨʘ ʝʱʸ ʩ 60-ʭ ʛʦʜʦʚ XX ʚʝʢʘ. 

ʅʘʫʯʥʳʡ ʠʥʪʝʨʝʩ ʚ ʦʩʥʦʚʥʦʤ ʙʳʣ ʩʚʷʟʘʥ ʩ ʧʦʠʩʢʦʤ ʥʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʠʟʫʯʝʥʠʝʤ 

ʤʝʪʦʜʦʚ ʩʠʥʪʝʟʘ, ʬʘʟʦʦʙʨʘʟʦʚʘʥʠʷ ʠ ʩʪʨʫʢʪʫʨʳ ʠ ʩʦʧʨʦʚʦʞʜʘʣʩʷ ʙʫʨʥʳʤ 

ʨʘʟʚʠʪʠʝʤ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʜʠʘʛʥʦʩʪʠʢʠ ʤʘʪʝʨʠʘʣʦʚ ʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. ɿʥʘʯʠʪʝʣʴʥʳʝ ʫʩʧʝʭʠ ʙʳʣʠ ʜʦʩʪʠʛʥʫʪʳ 

ʩʦʚʝʪʩʢʦʡ ʰʢʦʣʦʡ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʄʦʭʦʩʦʝʚʳʤ, ɽʬʨʝʤʦʚʳʤ, ɻʝʪʴʤʘʥʦʤ, Poʜʝ, 

ʂʣʝʚʮʦʚʳʤʠ, ʊʨʫʥʦʚʳʤ, ɹʘʟʘʨʦʚʦʡ, ʍʘʡʢʠʥʦʡ ʠ ʜʨ. ʅʝ ʤʝʥʝʝ ʫʩʧʝʰʥʳʤʠ ʙʳʣʠ 

ʨʘʙʦʪʳ ʠ ʟʘʨʫʙʝʞʥʳʭ ʫʯʸʥʳʭ ʍʫʙʝʨʪʘ, ʌʦʨʠ, ʌʫʨʥʴʝ, ɹʝʚʘʥ, ʂʨʦʩʘ ʠ ʜʨ. 

ʈʝʜʢʦʟʝʤʝʣʴʥʳʝ ʤʦʣʠʙʜʘʪʳ ʦʙʨʘʟʫʶʪʩʷ ʚ ʩʠʩʪʝʤʝ Ln2O3 ï MoO3 (Ln = LaïLu) ʠ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʦʪʥʦʰʝʥʠʷ ʦʢʩʠʜʦʚ Ln2O3:MoO3 ʠʤʝʶʪ ʨʘʟʣʠʯʥʳʡ ʭʠʤʠʯʝʩʢʠʡ 

ʩʦʩʪʘʚ, ʩʪʨʫʢʪʫʨʫ ʠ ʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ (ʨʠʩ. 1). 

 

ʈʠʩʫʥʦʢ 1. ʉʦʝʜʠʥʝʥʠʷ ʚ ʩʠʩʪʝʤʘʭ Ln2O3 ï MoO3 (Ln = La, Pr, Nd). 

ɺ ʩʠʩʪʝʤʝ Ln2O3 ï MoO3 ʚ ʦʙʣʘʩʪʠ ʩ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʤʦʣʠʙʜʝʥʘ c 

ʨʘʟʣʠʯʥʳʤʠ ʨʝʜʢʦʟʝʤʝʣʴʥʳʤʠ ʢʘʪʠʦʥʘʤʠ ʦʙʨʘʟʫʶʪʩʷ ʩʦʝʜʠʥʝʥʠʷ ʩʦʩʪʘʚʦʚ 
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Ln2Mo6O21 (1:6), Ln2Mo4O15 (1:4), Ln2Mo3O15 (1:3), Ln2Mo2O9 (1:2),  

Ln5Mo3O16+ŭ (5:6), Ln7Mo8O56 (7:8), Ln2MoO6 (1:1). ʌʘʟʦʚʳʝ ʧʨʝʚʨʘʱʝʥʠʷ ʚ 

ʢʨʠʩʪʘʣʣʘʭ ʩ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʈɿʕ ʧʨʦʠʩʭʦʜʷʪ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚʳʰʝ 

1400Áʉ, ʧʦʵʪʦʤʫ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʨʘʙʦʪ ʧʨʠʚʦʜʷʪʩʷ ʬʘʟʦʚʳʝ ʜʠʘʛʨʘʤʤʳ ʩʠʩʪʝʤ 

ʪʦʣʴʢʦ ʜʣʷ ʦʙʣʘʩʪʠ 100-60 ʤʦʣ. % MoO3 [1]. ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚʳʰʝ 1400Áʉ 

ʩʠʥʪʝʟʠʨʫʶʪʩʷ ʩʦʝʜʠʥʝʥʠʷ: Ln6Mo2O15 (3:2), Ln4MoO12 (2:1), Ln9Mo4O39 (9:4), 

Ln10Mo2O21 (5:2), Ln3MoO12 (3:1), Ln10MoO15 (5:1). ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ 

ʨʝʜʢʦʟʝʤʝʣʴʥʦʛʦ ʢʘʪʠʦʥʘ ʠ ʭʘʨʘʢʪʝʨʘ ʧʣʘʚʣʝʥʠʷ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʯʝʪʳʨʝ 

ʦʩʥʦʚʥʳʭ ʪʠʧʘ ʬʘʟʦʚʳʭ ʜʠʘʛʨʘʤʤ ʩʠʩʪʝʤ Ln2O3 ï MoO3: Ln = La, Ln = Pr ï Tb,  

Ln = Dy ï Lu, Ln = Sc [2]. ɺ ʢʘʞʜʦʡ ʠʟ ʥʠʭ ʦʙʨʘʟʫʶʪʩʷ ʤʦʣʠʙʜʘʪʳ Ln2MoO6 (1:1) ʠ 

Ln2Mo3O12 (1:3), ʘ ʪʘʢʞʝ ʜʣʷ ʚʩʝʭ ʈɿʕ ʦʙʥʘʨʫʞʝʥʳ ʨʦʜʩʪʚʝʥʥʳʝ ʬʣʶʦʨʠʪʫ ʧʦ 

ʩʪʨʦʝʥʠʶ ʬʘʟʳ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʙʦʣʴʰʘʷ ʛʨʫʧʧʘ ʩʦʝʜʠʥʝʥʠʡ ʦʙʨʘʟʫʝʪʩʷ ʣʠʰʴ ʩ 

ʦʛʨʘʥʠʯʝʥʥʳʤ ʯʠʩʣʦʤ ʈɿʕ (Ln2Mo2O9, Ln2Mo4O15 ʠ ʜʨ.). ɼʣʷ ʥʝʢʦʪʦʨʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʦʧʨʝʜʝʣʝʥʳ ʦʙʣʘʩʪʠ ʛʦʤʦʛʝʥʥʦʩʪʠ, ʭʦʨʦʰʦ ʦʪʨʘʙʦʪʘʥʳ ʤʝʪʦʜʠʢʠ 

ʨʦʩʪʘ, ʠʥʳʝ ʦʩʪʘʶʪʩʷ ʥʝ ʠʟʫʯʝʥʥʳʤʠ ʚʦʚʩʝ, ʯʪʦ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʟʘʪʨʫʜʥʷʝʪ ʩʠʥʪʝʟ 

ʥʦʚʳʭ ʠ ʢʣʘʩʩʠʬʠʢʘʮʠʶ ʠʟʚʝʩʪʥʳʭ ʬʘʟ ʠ, ʦʯʝʚʠʜʥʦ, ʪʨʝʙʫʶʪ ʜʝʪʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ. 

 ʄʥʦʛʠʝ ʨʝʜʢʦʟʝʤʝʣʴʥʳʝ ʤʦʣʠʙʜʘʪʳ ʦʙʣʘʜʘʶʪ ʠʥʪʝʨʝʩʥʳʤʠ ʩ 

ʧʨʘʢʪʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʬʠʟʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ. ɸʢʪʠʚʥʦʝ ʠʟʫʯʝʥʠʝ 

ʬʘʟʦʦʙʨʘʟʦʚʘʥʠʷ ʵʪʦʛʦ ʢʣʘʩʩʘ ʩʦʝʜʠʥʝʥʠʡ ʚʦ ʚʪʦʨʦʡ ʧʦʣʦʚʠʥʝ ʍʍ ʚʝʢʘ ʨʝʜʢʦ 

ʩʦʧʨʦʚʦʞʜʘʣʦʩʴ ʠʟʫʯʝʥʠʝʤ ʠʭ ʩʚʦʡʩʪʚ, ʦʜʥʘʢʦ, ʧʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʦ ʩʪʨʦʝʥʠʠ ʠ 

ʠʟʚʝʩʪʥʳʝ ʩʪʨʫʢʪʫʨʥʳʝ ʧʨʦʦʙʨʘʟʳ ʧʦʟʚʦʣʠʣʠ ʦʪʯʘʩʪʠ ʧʨʝʜʩʢʘʟʘʪʴ ʩʚʦʡʩʪʚʘ 

ʤʘʪʝʨʠʘʣʦʚ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʠʥʮʠʧʦʤ ʅʝʡʤʘʥʘ [3]. ʉʦʚʨʝʤʝʥʥʳʝ ʞʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʘʪʝʨʠʘʣʦʚ, ʥʘʦʙʦʨʦʪ, ʩʪʨʦʷʪʩʷ ʚʦʢʨʫʛ ʥʦʚʳʭ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ, 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʠ ʷʚʣʝʥʠʡ. ʈʘʩʪʸʪ ʧʦʪʨʝʙʥʦʩʪʴ ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʳʭ ʦʪʨʘʩʣʝʡ ʚ 

ʧʦʣʠʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʘʭ, ʪ.ʝ. ʤʘʪʝʨʠʘʣʘʭ, ʦʙʣʘʜʘʶʱʠʭ ʩʨʘʟʫ 

ʥʝʩʢʦʣʴʢʠʤʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. ʂ ʯʠʩʣʫ ʪʘʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʦʪʥʦʩʷʪʩʷ 

ʥʝʢʦʪʦʨʳʝ ʨʝʜʢʦʟʝʤʝʣʴʥʳʝ ʤʦʣʠʙʜʘʪʳ, ʦʙʣʘʜʘʶʱʠʝ ʭʠʤʠʯʝʩʢʦʡ ʩʪʦʡʢʦʩʪʴʶ, 

ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʚʳʩʦʢʦʡ ʠʦʥʥʦʡ ʠ ʩʤʝʰʘʥʥʦʡ ʵʣʝʢʪʨʦʥʥʦ-

ʠʦʥʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʴʶ.  
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1.1.1. ʌʘʟʦʦʙʨʘʟʦʚʘʥʠʝ ʠ ʩʪʨʫʢʪʫʨʘ ʩʦʝʜʠʥʝʥʠʡ Ln5Mo3O16+ŭ 

 ɺ 1973-1975 ʛʛ. ʍʫʙʝʨʪʦʤ ʚʧʝʨʚʳʝ ʙʳʣʘ ʦʙʥʘʨʫʞʝʥʘ ʛʨʫʧʧʘ ʩʦʝʜʠʥʝʥʠʡ 

ʩʦʩʪʘʚʘ Ln5Mo3O16+ŭ, ʛʜʝ ŭ ʠʟʤʝʥʷʝʪʩʷ ʦʪ 0 ʜʦ 0.5 [4, 5]. ʕʪʠ ʩʦʝʜʠʥʝʥʠʷ ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ ʚ ʩʠʩʪʝʤʝ Ln2O3 ï MoO3 ʚ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʜʣʷ Ln = La, Pr, 

Nd, Sm ʠ ʠʤʝʣʠ ʩʦʩʪʘʚ Ln5Mo3O16. ʆʩʦʙʝʥʥʦʩʪʴ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, 

ʯʪʦ ʠʭ ʦʙʞʠʛ ʥʘ ʚʦʟʜʫʭʝ ʥʝ ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ ʩʪʨʫʢʪʫʨʳ, ʭʦʪʷ ʩʦʩʪʘʚ 

ʩʦʝʜʠʥʝʥʠʡ ʧʦ ʢʠʩʣʦʨʦʜʫ ʠʟʤʝʥʷʝʪʩʷ ʠ ʩʦʩʪʘʚʣʷʝʪ Ln5Mo3O16.5. ɺ ʨʘʙʦʪʝ ʍʫʙʝʨʪʘ 

ʙʳʣʦ ʪʘʢʞʝ ʧʦʜʪʚʝʨʞʜʝʥʦ, ʯʪʦ ʪʦʣʴʢʦ ʩʦʝʜʠʥʝʥʠʷ ʩ Pr ʠ Nd ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ 

ʦʙʳʯʥʦʡ ʪʚʝʨʜʦʬʘʟʥʦʡ ʨʝʘʢʮʠʝʡ ʥʘ ʚʦʟʜʫʭʝ. ʉʦʩʪʘʚ ʩʣʦʞʥʳʭ ʦʢʩʠʜʦʚ 

Ln5Mo3O16+ŭ ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʦʙʣʘʩʪʝʡ ʛʦʤʦʛʝʥʥʦʩʪʠ ʬʣʶʦʨʠʪʦʧʦʜʦʙʥʳʭ 

ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ ʚ ʩʠʩʪʝʤʘʭ Ln2O3 ï MoO3 [4-11]. ʆʙʣʘʩʪʴ ʛʦʤʦʛʝʥʥʦʩʪʠ 

ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ ʟʘʚʠʩʠʪ ʦʪ ʨʘʟʤʝʨʘ ʠʦʥʦʚ Ln
3+
, ʪʝʤʧʝʨʘʪʫʨʳ ʩʠʥʪʝʟʘ ʠ ʩʦʩʪʘʚʘ 

ʦʢʨʫʞʘʶʱʝʡ ʛʘʟʦʚʦʡ ʬʘʟʳ. ʂʨʦʤʝ ʪʦʛʦ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʚ [5], ʧʨʠ ʜʦʩʪʠʞʝʥʠʠ 

ʚʝʣʠʯʠʥʳ ŭ å 0.5, ʪʦ ʝʩʪʴ ʧʨʠ ʧʦʣʥʦʤ ʦʢʠʩʣʝʥʠʠ ʠʦʥʦʚ ʤʦʣʠʙʜʝʥʘ, ʚ Ln5Mo3O16+ŭ 

ʚʦʟʤʦʞʝʥ ʨʘʩʧʘʜ ʬʣʶʦʨʠʪʦʧʦʜʦʙʥʳʭ ʬʘʟ ʥʘ ʤʦʣʠʙʜʘʪʳ ʩ ʜʨʫʛʦʡ ʩʪʨʫʢʪʫʨʦʡ. 

ʅʘʧʨʠʤʝʨ, ʤʦʣʠʙʜʘʪ Lʘ5Mo3O16.5 ʨʘʩʧʘʜʘʝʪʩʷ ʥʘ Lʘ2MoO6 ʠ Lʘ2Mo2O9 [5]. 

ʇʨʝʜʧʦʣʘʛʘʣʦʩʴ, ʯʪʦ ʬʘʟʳ Ln5Mo3O16+ŭ ʩ ʜʨʫʛʠʤʠ ʣʘʥʪʘʥʦʠʜʘʤʠ ʪʘʢʞʝ ʩʦʭʨʘʥʷʶʪ 

ʬʣʶʦʨʠʪʦʧʦʜʦʙʥʫʶ ʩʪʨʫʢʪʫʨʫ ʪʦʣʴʢʦ ʧʨʠ ŭ < 0.5. ʄʦʥʦʢʨʠʩʪʘʣʣʳ 

ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʭ ʤʦʣʠʙʜʘʪʦʚ Ln5Mo3O16 (Ln = Ce, Pr, Nd, Sm) ʙʳʣʠ 

ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʚ ʥʝʜʘʚʥʝʡ ʨʘʙʦʪʝ ʂʦʨʪʝʟʘ [12]. ʉʦʝʜʠʥʝʥʠʷ ʚʳʨʘʱʝʥʳ ʚ ʧʦʪʦʢʝ 

ʨʘʩʧʣʘʚʣʝʥʥʦʛʦ ʭʣʦʨʠʜʘ ʮʝʟʠʷ ʚ ʚʘʢʫʫʤʝ ʧʨʠ ʊ = 900Áʉ ʠ ʜʣʠʪʝʣʴʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʚʳʜʝʨʞʢʝ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʢʨʫʧʥʳʝ ʢʘʪʠʦʥʳ ʮʝʟʠʷ ʦʙʣʘʜʘʶʪ 

ʧʨʝʚʦʩʭʦʜʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʨʘʩʪʚʦʨʷʪʴ ʯʘʩʪʠʮʳ O
2-
 ʚ ʨʘʩʪʚʦʨʝ, ʩʧʦʩʦʙʩʪʚʫʷ 

ʨʦʩʪʫ ʢʨʫʧʥʳʭ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʩ ʚʳʩʦʢʠʤ ʚʳʭʦʜʦʤ. 

 ʍʫʙʝʨʪ ʧʝʨʚʳʡ ʠʩʩʣʝʜʦʚʘʣ ʩʪʨʫʢʪʫʨʫ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ 

Nd5Mo3O16 [4] ʠ ʦʙʥʘʨʫʞʠʣ ʝʸ ʩʭʦʜʩʪʚʦ ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʬʣʶʦʨʠʪʘ CaF2  

(ʨʠʩ. 2 ʘ) [13]. ʂʫʙʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʤʦʣʠʙʜʘʪʦʚ Ln5Mo3O16+ŭ ʧʦʜʦʙʥʘ ʩʪʨʫʢʪʫʨʝ 

ʉdTm4Mo3O16 ʩ ʫʜʚʦʝʥʥʳʤ ʧʘʨʘʤʝʪʨʦʤ ʬʣʶʦʨʠʪʦʚʦʡ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʘ = 

10.99 ¡, ʧʨ. ʛʨ. Pn-3n, [6-8, 14]. ʇʘʨʘʤʝʪʨʳ ʢʫʙʠʯʝʩʢʠʭ ʷʯʝʝʢ ʦʢʠʩʣʝʥʥʳʭ 
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ʦʙʨʘʟʮʦʚ Ln5Mo3O16+ŭ ʩ ŭ å 0.5 ʙʦʣʴʰʝ, ʯʝʤ ʫ ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʭ ʬʘʟ Ln5Mo3O16 [6]. 

ɺ ʩʪʨʫʢʪʫʨʝ Nd5Mo3O16 ʚ ʨʘʤʢʘʭ ʧʨ. ʛʨ. Pn-3n ʦʧʨʝʜʝʣʝʥʳ ʧʷʪʴ ʥʝʟʘʚʠʩʠʤʳʭ 

ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʭ ʘʪʦʤʥʳʭ ʧʦʟʠʮʠʡ: ʘʪʦʤʳ Nd1 ʥʘʭʦʜʷʪʩʷ ʥʘ ʦʩʠ 4-ʛʦ 

ʧʦʨʷʜʢʘ (12e), Nd2 ï ʥʘ ʦʩʠ 3-ʛʦ ʧʦʨʷʜʢʘ (8c), Mo ï ʥʘ ʦʩʠ 4-ʛʦ ʧʦʨʷʜʢʘ (12d), ʆ1 ï 

ʥʘ ʦʩʠ 3-ʛʦ ʧʦʨʷʜʢʘ (16f) ʠ ʆ2 ï ʚ ʦʙʱʝʤ ʧʦʣʦʞʝʥʠʠ (48i), ʧʦʟʠʮʠʠ ʘʪʦʤʦʚ 

ʢʠʩʣʦʨʦʜʘ ʆ1 ʠ ʆ2 ʟʘʥʷʪʳ ʧʦʣʥʦʩʪʴʶ [4]. ɸʪʦʤ ʄʦ ʦʢʨʫʞʝʥ ʯʝʪʳʨʴʤʷ ʘʪʦʤʘʤʠ 

ʆ2, ʘʪʦʤ Nd1 ï ʯʝʪʳʨʴʤʷ ʘʪʦʤʘʤʠ ʆ1 ʠ ʯʝʪʳʨʴʤʷ ʘʪʦʤʘʤʠ ʆ2, ʘʪʦʤ Nd2 ï ʜʚʫʤʷ 

ʘʪʦʤʘʤʠ ʆ1 ʠ ʰʝʩʪʴʶ ʘʪʦʤʘʤʠ ʆ2. ʂʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʧʦʣʠʵʜʨʳ Nd1O8 ʠ Nd2O8 ï 

ʠʩʢʘʞʝʥʥʳʝ ʢʫʙʳ. ʄʦʆ4-ʪʝʪʨʘʵʜʨʳ ʚ ʩʪʨʫʢʪʫʨʝ ʥʝ ʠʤʝʶʪ ʥʠ ʦʙʱʠʭ ʚʝʨʰʠʥ, ʥʠ 

ʦʙʱʠʭ ʛʨʘʥʝʡ. ʉʪʨʫʢʪʫʨʘ Nd5Mo3O16 ʩʦʩʪʘʚʣʝʥʘ ʠʟ Ndʆ8 ï ʧʦʣʠʵʜʨʦʚ, 

ʩʦʝʜʠʥʷʶʱʠʭʩʷ ʧʦ ʨʝʙʨʘʤ, ʠ ʄʦ-ʪʝʪʨʘʵʜʨʦʚ [4]. ɺ ʙʦʣʝʝ ʧʦʟʜʥʝʡ ʨʘʙʦʪʝ [15] ʩ 

ʧʦʤʦʱʴʶ ʥʝʡʪʨʦʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʠʟʫʯʝʥʦ ʩʪʨʦʝʥʠʝ ʠʟʦʩʪʨʫʢʪʫʨʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ 

Pr5Mo3O16 (ʨʠʩ. 2 ʙ) ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʦ ʚʘʣʝʥʪʥʦʝ ʩʦʩʪʦʷʥʠʝ ʘʪʦʤʦʚ: Mo ʥʘʭʦʜʠʪʩʷ 

ʚ ʦʙʨʘʟʮʝ ʚ ʩʦʩʪʦʷʥʠʠ ʦʢʠʩʣʝʥʠʷ +5.52(2), ʠʦʥ Pr1 +3.26(1), Pr2 +2.887(9). 

  

                                    ʘ)                                                                  ʙ) 

ʈʠʩʫʥʦʢ 2. ʄʦʜʝʣʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ: ʬʣʶʦʨʠʪʘ CaF2 ʧʦ  

ʜʘʥʥʳʤ [13] ï (ʘ); ʩʦʝʜʠʥʝʥʠʷ Pr5Mo3O16 ʧʦ ʜʘʥʥʳʤ [15] ï (ʙ). 
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ɺ [15] ʦʪʤʝʯʝʥʦ, ʯʪʦ ʪʘʢ ʢʘʢ ʩʪʨʫʢʪʫʨʘ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ Pr5Mo3O16 ʥʝ 

ʩʦʜʝʨʞʠʪ ʚʘʢʘʥʩʠʡ ʧʦ ʢʠʩʣʦʨʦʜʫ, ʪʦ ʠʟʙʳʪʦʯʥʳʡ ʢʠʩʣʦʨʦʜ ʚ ʦʪʦʞʞʝʥʥʦʤ ʥʘ 

ʚʦʟʜʫʭʝ ʦʙʨʘʟʮʝ ʩʦʩʪʘʚʘ Pr5Mo3O16+ŭ, ʚʦʟʤʦʞʥʦ, ʥʘʭʦʜʠʪʩʷ ʚ ʦʙʰʠʨʥʳʭ ʧʦʣʦʩʪʷʭ 

ʩʪʨʫʢʪʫʨʳ, ʧʨʠʣʝʛʘʶʱʠʭ ʢ ʪʝʪʨʘʵʜʨʘʤ ʄʦʆ4. ʅʘʣʠʯʠʝ ʚ ʩʪʨʫʢʪʫʨʝ Ln5Mo3O16 

ʧʦʣʦʩʪʝʡ ʦʙʫʩʣʦʚʣʝʥʦ ʜʝʬʦʨʤʘʮʠʝʡ ʢʠʩʣʦʨʦʜʥʳʭ ʧʦʣʠʵʜʨʦʚ, ʥʝʦʙʭʦʜʠʤʦʡ ʜʣʷ 

ʪʦʛʦ, ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ ʩʚʦʡʩʪʚʝʥʥʫʶ ʈɿʕ (ʢ.ʯ. = 8) ʠ ʄʦ (ʢ.ʯ. = 4) ʢʦʦʨʜʠʥʘʮʠʶ 

ʧʨʠ çʬʣʶʦʨʠʪʦʚʦʤè ʟʘʢʦʥʝ ʠʭ ʨʘʟʤʝʱʝʥʠʷ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʝ ʜʚʦʡʥʳʭ 

ʦʢʩʠʜʥʳʭ ʬʘʟ [16]. ɺ ʨʘʙʦʪʝ [17] ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʩʪʨʦʝʥʠʷ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ 

ʦʢʩʠʤʦʣʠʙʜʘʪʦʚ ʩʦʩʪʘʚʘ Ln2MoO6 ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʜʘʥʥʳʝ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʱʠʝ ʦʙ 

ʦʯʝʥʴ ʤʘʣʳʭ ʩʢʦʨʦʩʪʷʭ ʠʭ ʩʪʨʫʢʪʫʨʥʳʭ ʬʘʟʦʚʳʭ ʧʨʝʚʨʘʱʝʥʠʡ, 

ʩʦʧʨʦʚʦʞʜʘʶʱʠʭʩʷ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʚ ʩʪʨʫʢʪʫʨʝ ʢʘʪʠʦʥʦʚ. ʉ ʚʦʟʤʦʞʥʦʩʪʴʶ 

ʯʘʩʪʠʯʥʦʛʦ ʟʘʤʝʱʝʥʠʷ ʢʘʪʠʦʥʦʚ Ln ʠ ʄʦ ʜʨʫʛ ʜʨʫʛʦʤ ʚ ʩʪʨʫʢʪʫʨʝ ʩʦʝʜʠʥʝʥʠʡ 

Nd5Mo3O16+ŭ ʠ Pr5Mo3O16+ŭ ʩʚʷʟʳʚʘʶʪ ʨʘʟʣʠʯʠʝ ʠʥʪʝʨʚʘʣʦʚ ʦʙʣʘʩʪʝʡ 

ʛʦʤʦʛʝʥʥʦʩʪʠ ʠʭ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ ʩ ʬʣʶʦʨʠʪʦʚʦʡ ʩʪʨʫʢʪʫʨʦʡ [15, 18]. ʊʘʢ ʢʘʢ 

ʪʝʪʨʘʵʜʨʳ ʄʦʆ4 ʠʤʝʶʪ ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʴʰʠʡ ʦʙʲʝʤ, ʯʝʤ ʦʙʲʝʤʳ ʧʦʣʠʵʜʨʦʚ 

Lnʆ8, ʪʦ ʫʚʝʣʠʯʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʪʝʪʨʘʵʜʨʦʚ ʄʦʆ4 ʚʦ ʬʣʶʦʨʠʪʦʚʳʭ ʬʘʟʘʭ ʠ 

ʚʦʟʤʦʞʥʦʝ ʯʘʩʪʠʯʥʦʝ ʟʘʤʝʱʝʥʠʝ ʠʦʥʦʚ Ln
3+ 
ʠʦʥʘʤʠ Mo

6+
,
 
ʙʫʜʝʪ ʧʨʠʚʦʜʠʪʴ ʢ 

ʥʘʨʘʩʪʘʥʠʶ ʠʩʢʘʞʝʥʠʡ ʚ ʩʦʩʝʜʥʠʭ ʢʨʫʧʥʳʭ ʧʦʣʠʵʜʨʘʭ Lnʆ8. ʇʦʩʢʦʣʴʢʫ ʨʘʜʠʫʩ 

ʠʦʥʦʚ Nd
3+

 ʤʝʥʴʰʝ ʨʘʜʠʫʩʘ ʠʦʥʦʚ Pr
3+
, ʪʦ ʧʨʠ ʚʚʝʜʝʥʠʠ ʙʦʣʴʰʝʛʦ ʢʦʣʠʯʝʩʪʚʘ 

ʪʝʪʨʘʵʜʨʦʚ ʄʦʆ4 ʚ ʩʦʩʪʘʚ ʬʣʶʦʨʠʪʦʚʳʭ ʬʘʟ ʠʩʢʘʞʝʥʠʷ ʧʦʣʠʵʜʨʦʚ NdO8  ʙʫʜʫʪ 

ʤʝʥʴʰʝ, ʯʝʤ ʫ ʧʦʣʠʵʜʨʦʚ PrO8 ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʧʨʦʪʷʞʝʥʥʦʩʪʴ ʦʙʣʘʩʪʠ 

ʛʦʤʦʛʝʥʥʦʩʪʠ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ ʩ ʥʝʦʜʠʤʦʤ ʙʦʣʴʰʝ, ʯʝʤ ʫ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ ʩ 

ʧʨʘʟʝʦʜʠʤʦʤ [15, 18, 19]. ɺ ʨʘʙʦʪʝ [12] ʤʝʪʦʜʦʤ ʤʦʥʦʢʨʠʩʪʘʣʴʥʦʛʦ ʈʉɸ ʠʟʫʯʝʥʳ 

ʩʪʨʫʢʪʫʨʳ ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʭ ʤʦʣʠʙʜʘʪʦʚ Ln5Mo3O16 (Ln = Ce, Pr, Nd, Sm). 

ɺʳʷʚʣʝʥʘ ʥʝʜʦʟʘʩʝʣʸʥʥʦʩʪʴ ʧʦʟʠʮʠʠ Ln2 (8ʩ), ʦʜʥʘʢʦ ʦʩʪʘʣʴʥʳʝ ʘʪʦʤʥʳʝ ʧʦʟʠʮʠʠ 

ʟʘʩʝʣʝʥʳ ʧʦʣʥʦʩʪʴʶ ʠ ʠʪʦʛʦʚʳʝ ʭʠʤʠʯʝʩʢʠʝ ʬʦʨʤʫʣʳ ʯʝʪʳʨʸʭ ʤʦʣʠʙʜʘʪʦʚ ʠʤʝʶʪ 

ʚʠʜ Ce4.918Mo3O16, Pr4.880Mo3O16, Nd4.910Mo3O16 ʠ Sm4.952Mo3O16. ʉʦʛʣʘʩʥʦ ʘʥʘʣʠʟʫ 

ʚʘʣʝʥʪʥʳʭ ʫʩʠʣʠʡ, ʧʨʦʚʝʜʸʥʥʦʤʫ ʚ ʵʪʦʡ ʨʘʙʦʪʝ, ʚʘʣʝʥʪʥʦʩʪʴ ʘʪʦʤʦʚ ʄʦ ʚ 

ʩʪʨʫʢʪʫʨʘʭ ʣʝʞʠʪ ʚ ʜʠʘʧʘʟʦʥʝ 5.71-5.78, ʘ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ 2.91-3.30.  
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 ʌʦʨʠ [20] ʩ ʧʦʤʦʱʴʶ ʯʘʩʪʠʯʥʦʛʦ ʟʘʤʝʱʝʥʠʷ ʨʝʜʢʦʟʝʤʝʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ ʚ 

ʩʦʩʪʘʚʝ Ln5Mo3O16+ŭ ʜʚʫʭʚʘʣʝʥʪʥʳʤʠ ʠʦʥʘʤʠ ʉd, Pb, Ca, Sr ʟʥʘʯʠʪʝʣʴʥʦ ʨʘʩʰʠʨʠʣ 

ʵʪʦʪ ʢʣʘʩʩ ʬʣʶʦʨʠʪʦʧʦʜʦʙʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. ɺ ʙʠʥʘʨʥʦʡ ʩʠʩʪʝʤʝ MeMoO4 ï 

Ln2MoO6, (Me = ʉd, Pb, Ca, Sr, Ln = La ï Eu, Y) ʚ ʩʦʦʪʥʦʰʝʥʠʠ 2:1 ʠ 3:1ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʨʝʜʢʦʟʝʤʝʣʴʥʳʝ ʤʦʣʠʙʜʘʪʳ. ɼʣʷ ʢʘʜʤʠʷ ʠ ʩʚʠʥʮʘ 

ʵʪʦ ʦʙʨʘʟʮʳ CdLn4Mo3O16 (Ln = La, Pr ï Yb, Y) ʠ PbLn4Mo3O16 (Ln = La, Pr ï Eu). 

ɼʣʷ ʢʘʣʴʮʠʷ ʠ ʩʪʨʦʥʮʠʷ ʩʦʝʜʠʥʝʥʠʷ ʠʤʝʶʪ ʩʦʩʪʘʚ: ʉaLn6Mo4O22, SrLn6Mo4O22  

(Ln = La, ʦʪ Pr-Gd). ɺ ʨʘʙʦʪʝ [21] ʚ ʩʠʩʪʝʤʝ CdMoO4 ï Y2Moʆ6 ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

ʤʦʥʦʢʨʠʩʪʘʣʣʳ CdY4Mo3Ol6. ɺ ʧʨʦʮʝʩʩʝ ʩʠʥʪʝʟʘ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʘʚʪʦʨʘʤʠ ʙʳʣʘ 

ʧʦʣʫʯʝʥʘ ʠ ʜʨʫʛʘʷ ʬʘʟʘ, ʦʜʥʘʢʦ ʩʪʨʫʢʪʫʨʥʦʤʫ ʠʩʩʣʝʜʦʚʘʥʠʶ ʧʦʜʚʝʨʛʘʣʘʩʴ ʪʦʣʴʢʦ 

ʢʫʙʠʯʝʩʢʘʷ ʬʘʟʘ ʩ ʧʘʨʘʤʝʪʨʦʤ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ a = 10.688(2) ¡ ʠ ʧʨ. ʛʨ.  

Pn-3n. ʃʝʛʠʨʦʚʘʥʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʠʟʦʩʪʨʫʢʪʫʨʥʦ ʙʝʩʧʨʠʤʝʩʥʦʤʫ Nd5Mo3ʆ16 ʠ 

ʦʧʠʩʘʥʦ ʘʚʪʦʨʘʤʠ ʢʘʢ ʧʨʦʠʟʚʦʜʥʘʷ ʦʪ ʬʣʶʦʨʠʪʘ. ʀʦʥʳ Y
+3

 ʧʦʣʥʦʩʪʴʶ ʟʘʥʠʤʘʶʪ 

ʧʦʟʠʮʠʶ 12ʝ, ʘ ʠʦʥʳ Cd
+2

 ʩʦʚʤʝʩʪʥʦ ʩ Y
+3

 ʟʘʥʠʤʘʶʪ ʧʦʟʠʮʠʶ 8ʩ. ʇʦʟʜʥʝʝ, ʚ 

ʨʘʙʦʪʝ [22] ʥʘ ʚʦʟʜʫʭʝ ʚ ʩʠʩʪʝʤʝ CdMoO4 ï Ln2MoO6 ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ 

ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʦʙʨʘʟʮʳ CdLn4Mo3O16 ʜʣʷ Ln = Ho, Y, Gd, Eu. ɺʩʝ ʦʥʠ 

ʠʤʝʶʪ ʢʫʙʠʯʝʩʢʫʶ ʬʣʶʦʨʠʪʦʧʦʜʦʙʥʫʶ ʩʪʨʫʢʪʫʨʫ ʠ ʢʨʠʩʪʘʣʣʠʟʫʶʪʩʷ ʚ ʨʘʤʢʘʭ 

ʧʨ. ʛʨ. Pn-3n, ʧʘʨʘʤʝʪʨʳ ʵʣʝʤʝʥʪʘʨʥʳʭ ʷʯʝʝʢ ʫʤʝʥʴʰʘʶʪʩʷ ʩ ʫʤʝʥʴʰʝʥʠʝʤ 

ʠʦʥʥʦʛʦ ʨʘʜʠʫʩʘ ʨʝʜʢʦʟʝʤʝʣʴʥʦʛʦ ʢʘʪʠʦʥʘ. ʇʦ ʜʘʥʥʳʤ ʧʦʨʦʰʢʦʚʦʛʦ ʈʉɸ 

ʠʟʙʳʪʦʯʥʳʡ ʢʠʩʣʦʨʦʜ ʚ ʩʪʨʫʢʪʫʨʘʭ ʥʝ ʙʳʣ ʚʳʷʚʣʝʥ. ʊʘʢʞʝ ʚ ʨʘʙʦʪʝ ʧʨʦʚʦʜʠʣʠʩʴ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʝʨʤʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ ʦʙʨʘʟʮʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ɼʊɸ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ ʜʦ 1200Áʉ [22]. ɼʣʷ ʩʦʝʜʠʥʝʥʠʡ ʩ ʛʘʜʦʣʠʥʠʝʤ, ʠʪʪʨʠʝʤ ʠ ʛʦʣʴʤʠʝʤ 

ʥʘʙʣʶʜʘʣʩʷ ʩʣʘʙʳʡ ʵʥʜʦʪʝʨʤʠʯʝʩʢʠʡ ʵʬʬʝʢʪ, ʚ ʩʦʝʜʠʥʝʥʠʷʭ ʩ ʝʚʨʦʧʠʝʤ ʥʠʢʘʢʠʭ 

ʪʝʧʣʦʚʳʭ ʵʬʬʝʢʪʦʚ ʥʝ ʦʙʥʘʨʫʞʝʥʦ. ʊʝʨʤʠʯʝʩʢʘʷ ʩʪʘʙʠʣʴʥʦʩʪʴ ʚ ʜʠʘʧʘʟʦʥʝ 1200-

1300Áʉ ʙʳʣʘ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʠʩʩʣʝʜʦʚʘʥʘ ʩ ʧʦʤʦʱʴʶ ʧʦʨʦʰʢʦʚʦʛʦ 

ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʘʥʘʣʠʟʘ. ʈʝʥʪʛʝʥʦʛʨʘʤʤʳ CdY4Mo3O16 ʠ CdHo4Mo3O16 ʩʦʜʝʨʞʘʣʠ 

ʜʠʬʨʘʢʮʠʦʥʥʳʝ ʣʠʥʠʠ ʜʚʫʭ ʜʨʫʛʠʭ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʤʦʣʠʙʜʘʪʦʚ Ln2MoO6 ʠ 

Ln2(MoO4)3. ʈʝʥʪʛʝʥʦʜʠʬʨʘʢʮʠʦʥʥʳʝ ʠʟʤʝʨʝʥʠʷ ʤʦʣʠʙʜʘʪʘ ʛʘʜʦʣʠʥʠʷ ʧʦʢʘʟʘʣʠ 

ʥʘʣʠʯʠʝ ʩʨʘʟʫ ʪʨʝʭ ʪʚʝʨʜʳʭ ʬʘʟ ï CdGd4Mo3O16, Gd2MoO6 ʠ Gd2 (MoO4). ʇʦʩʣʝ 

ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʦʙʨʘʙʦʪʢʠ CdEu4Mo3O16 ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʬʘʟ ʚ ʩʦʩʪʘʚʝ ʦʙʨʘʟʮʘ ʥʝ 
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ʚʳʷʚʣʝʥʦ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʢʘʟʘʥʦ, ʯʪʦ ʪʝʨʤʦʩʪʦʡʢʦʩʪʴ ʩʦʝʜʠʥʝʥʠʡ ʟʘʚʠʩʠʪ ʦʪ 

ʪʠʧʘ ʨʝʜʢʦʟʝʤʝʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ ʠ ʧʘʜʘʝʪ ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʠʦʥʥʦʛʦ ʨʘʜʠʫʩʘ [22].  

 ɺ ʥʝʜʘʚʥʝʡ ʨʘʙʦʪʝ [23] ʚ ʪʨʦʡʥʦʡ ʦʢʩʠʜʥʦʡ ʩʠʩʪʝʤʝ  

La2O3 ï MoO3 ï Nb2O5 ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʦʙʨʘʟʮʳ 

La5NbMo2O16. ʇʦ ʜʘʥʥʳʤ ʧʦʨʦʰʢʦʚʦʛʦ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʘʥʘʣʠʟʘ ʦʥʠ 

ʢʨʠʩʪʘʣʣʠʟʫʶʪʩʷ ʚ ʢʫʙʠʯʝʩʢʦʡ ʷʯʝʡʢʝ ʩ ʧʘʨʘʤʝʪʨʦʤ ʘ = 11.2250(1) ¡. ʄʝʪʦʜʦʤ 

ʈʠʪʚʝʣʴʜʘ ʘʚʪʦʨʳ ʫʪʦʯʥʠʣʠ ʩʪʨʫʢʪʫʨʫ ʩʦʝʜʠʥʝʥʠʷ ʚ ʨʘʤʢʘʭ ʧʨ. ʛʨ. Pn-3n. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʥʦʚʦʝ ʩʦʝʜʠʥʝʥʠʝ ʠʟʦʩʪʨʫʢʪʫʨʥʦ ʤʦʣʠʙʜʘʪʘʤ Ln5Mo3O16+ŭ, 

ʧʦʜʨʦʙʥʦ ʦʧʠʩʘʥʦ ʩʭʦʜʩʪʚʦ ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʬʣʶʦʨʠʪʘ CaF2. ɸʪʦʤʳ Nb
5+

 ʟʘʥʠʤʘʶʪ 

ʚ ʩʪʨʫʢʪʫʨʝ ʧʦʟʠʮʠʠ ʘʪʦʤʦʚ Mo
5+

/Mo
6+
, ʨʘʩʯʸʪʥʘʷ ʚʘʣʝʥʪʥʦʩʪʴ ʧʦʟʠʮʠʠ Nb/Mo 

ʩʦʩʪʘʚʠʣʘ +5.67. ɺ ʨʘʙʦʪʝ ʪʘʢʞʝ ʠʩʩʣʝʜʦʚʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʣʝʛʠʨʦʚʘʥʠʷ 

La5NbMo2O16 ʘʪʦʤʘʤʠ Ba
2+

, Ta
5+

, Y
3+

, Sr
2+

 (ʨʠʩ. 3).  

 

ʈʠʩ. 3. ɼʠʥʘʤʠʢʘ ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʵʣʝʤʝʥʪʘʨʥʳʭ ʷʯʝʝʢ ʦʙʨʘʟʮʦʚ 

La5NbMo2O16, ʣʝʛʠʨʦʚʘʥʥʳʭ Ba, Ta, Y, Sr, Sr-16 [23].  
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ʇʨʠ ʣʝʛʠʨʦʚʘʥʠʠ ʩʪʨʦʥʮʠʝʤ ʧʣʘʥʠʨʦʚʘʣʦʩʴ ʧʦʣʫʯʝʥʠʝ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʦʛʦ  

(Sr-16) ʠ ʥʝʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʦʛʦ (Sr) ʩʦʩʪʘʚʦʚ ʩ ʨʘʟʣʠʯʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ 

ʢʠʩʣʦʨʦʜʘ. ʅʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʦ ʧʘʨʘʤʝʪʨʘʭ ʵʣʝʤʝʥʪʘʨʥʳʭ ʷʯʝʝʢ ʘʚʪʦʨʘʤʠ [23] 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʘʪʦʤʳ Ba, Ta ʠ Sr ʥʝ ʚʭʦʜʷʪ ʚ ʩʦʩʪʘʚ ʩʪʨʫʢʪʫʨʳ La5NbMo2O16. ʇʨʠ 

ʣʝʛʠʨʦʚʘʥʠʠ ʘʪʦʤʘʤʠ Y ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ Sr-16 ʧʘʨʘʤʝʪʨʳ 

ʵʣʝʤʝʥʪʘʨʥʳʭ ʷʯʝʝʢ ʣʠʥʝʡʥʦ ʠʟʤʝʥʷʶʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʠʦʥʥʳʤʠ ʨʘʜʠʫʩʘʤʠ 

ʣʝʛʠʨʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʠʭ ʚʭʦʞʜʝʥʠʠ ʚ ʩʦʩʪʘʚ 

ʩʦʝʜʠʥʝʥʠʷ. ʆʪʤʝʯʘʝʪʩʷ ʪʘʢ ʞʝ, ʯʪʦ ʧʨʠ ʧʦʚʳʰʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ Y ʦʥ ʩʧʦʩʦʙʝʥ 

ʧʦʣʥʦʩʪʴʶ ʟʘʤʝʩʪʠʪʴ ʘʪʦʤʳ La [23]. ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʣʝʛʠʨʦʚʘʥʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʚ ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʥʝ ʠʟʫʯʘʣʘʩʴ.  

 ɺ ʨʘʙʦʪʝ [24] ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʦʙʨʘʟʮʦʚ  

Nd5-xSmxMo3O16 (x = 0, 0.05, 0.1, 0.15, 1, 2, 3, 4, 5). ʇʦ ʜʘʥʥʳʤ ʈʌɸ ʦʜʥʦʬʘʟʥʳʝ 

ʢʫʙʠʯʝʩʢʠʝ ʬʣʶʦʨʠʪʦʧʦʜʦʙʥʳʝ ʪʚʝʨʜʳʝ ʨʘʩʪʚʦʨʳ Nd5ïxSmxMo3O16 ʩʫʱʝʩʪʚʫʶʪ ʚ 

ʦʙʣʘʩʪʠ ʭ Ò 2. ʇʨʠ ʧʦʚʳʰʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʘʤʘʨʠʷ ʚ ʩʦʝʜʠʥʝʥʠʠ ʥʘ 

ʨʝʥʪʛʝʥʦʛʨʘʤʤʘʭ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʧʠʢʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʬʘʟʘʤ Sm2MoO6 ʠ 

Nd5-xSmxMo3O16, ʘ ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʘʤʘʨʠʷ ʭ = 5 ʧʠʢʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ  

Nd5-xSmxMo3O16 ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʩʪʴʶ ʦʪʩʫʪʩʪʚʦʚʘʣʠ. ɸʥʘʣʠʟ ʤʝʞʘʪʦʤʥʳʭ 

ʨʘʩʩʪʦʷʥʠʡ ʚ ʩʦʝʜʠʥʝʥʠʷʭ ʩ ʨʘʟʣʠʯʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʩʘʤʘʨʠʷ, ʧʦʢʘʟʘʣ, ʯʪʦ 

ʨʘʩʩʪʦʷʥʠʷ Nd1ïO1, Nd1ïʆ2 ʠ MoïO2 ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʟʤʝʥʷʶʪʩʷ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ 

ʥʘʙʣʶʜʘʝʪʩʷ ʫʤʝʥʴʰʝʥʠʝ ʤʠʥʠʤʘʣʴʥʦʛʦ ʨʘʩʩʪʦʷʥʠʷ ʚ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʤ 

ʧʦʣʠʵʜʨʝ Nd2 ʩ 2.287(1) ʜʦ 2.21(2) ʠ ʚʦʟʨʘʩʪʘʥʠʝ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʩ 2.601(2) ʜʦ 

2.66(2), ʯʪʦ ʤʦʞʝʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦ ʜʘʣʴʥʝʡʰʝʤ ʠʩʢʘʞʝʥʠʠ ʩʪʨʫʢʪʫʨʳ ʚ ʪʦʤ 

ʞʝ ʥʘʧʨʘʚʣʝʥʠʠ, ʯʪʦ ʠ ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ ʩʪʨʫʢʪʫʨʳ CaF2 ʢ ʩʪʨʫʢʪʫʨʝ Nd5Mo3O16 

[24]. 
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1.1.2. ʇʦʣʠʤʦʨʬʠʟʤ ʠ ʩʪʨʦʝʥʠʝ ʦʢʩʠʤʦʣʠʙʜʘʪʦʚ Ln2MoO6 

ʇʝʨʚʳʡ ʯʣʝʥ ʨʷʜʘ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʦʢʩʠʤʦʣʠʙʜʘʪʦʚ La2MoO6 ʚʧʝʨʚʳʝ ʙʳʣ 

ʩʠʥʪʝʟʠʨʦʚʘʥ ʩʧʣʘʚʣʝʥʠʝʤ La2O2 ʠ MoO4 ʉʠʣʝʥʦʤ ʠ ʃʫʥʜʙʦʨʛ [25]. ʇʦʟʜʥʝʝ ʙʳʣʦ 

ʫʩʪʘʥʦʚʣʝʥʦ [26, 27], ʯʪʦ ʦʢʩʠʤʦʣʠʙʜʘʪʳ ʤʦʛʫʪ ʦʙʨʘʟʦʚʳʚʘʪʴʩʷ ʩʦ ʚʩʝʤʠ 

ʨʝʜʢʦʟʝʤʝʣʴʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʚ ʨʘʟʣʠʯʥʳʭ ʧʦʣʠʤʦʨʬʥʳʭ ʤʦʜʠʬʠʢʘʮʠʷʭ. 

ʇʦʣʠʤʦʨʬʠʟʤ ʠ ʩʪʨʫʢʪʫʨʘ ʩʦʝʜʠʥʝʥʠʡ ʩ ʦʙʱʝʡ ʬʦʨʤʫʣʦʡ Ln2MoO6 ʙʳʣʠ 

ʧʨʝʜʤʝʪʦʤ ʨʷʜʘ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʥʘʫʯʥʳʭ ʜʠʩʢʫʩʩʠʡ [1, 17, 25-29]. ʊʘʢ, ʚ ʨʘʙʦʪʝ 

[26] ʪʚʝʨʜʦʬʘʟʥʳʤ ʩʠʥʪʝʟʦʤ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1050ï1100Áʉ ʜʣʷ Ln = La, Pr, Nd 

ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʦʣʠʢʨʠʩʪʘʣʣʳ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʪʝʪʨʘʛʦʥʘʣʴʥʦʡ ʬʘʟʳ ʠ ʜʣʷ 

Ln = Ce, PmïLu ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 900ï950Áʉ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʤʦʥʦʢʣʠʥʥʦʡ 

ʬʘʟʳ. ɸʥʘʣʦʛʠʯʥʳʝ ʧʦʣʠʤʦʨʬʥʳʝ ʤʦʜʠʬʠʢʘʮʠʠ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʠ ʜʨʫʛʠʤʠ 

ʘʚʪʦʨʘʤʠ [27, 30], ʧʨʠʯʸʤ ʚ [30] ʪʝʪʨʘʛʦʥʘʣʴʥʳʤʠ ʙʳʣʠ ʣʠʰʴ ʤʦʣʠʙʜʘʪʳ La ʠ Pr, 

ʘ ʚ [27] La, Pr, Nd ʠ Sm.  

ɺ ʨʘʙʦʪʝ [17] ʠʟʫʯʝʥʦ ʧʦʚʝʜʝʥʠʝ ʦʢʩʠʜʥʦʛʦ Nd2Mo3+MoO3 ʠ ʢʘʨʙʦʥʘʪʥʦʛʦ 

ʩʧʝʢʦʚ Nd2(CO3)3+MoO3 ʧʨʠ ʧʦʚʳʰʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʜʦ 800Áʉ ʩʧʝʢʠ ʚʝʜʫʪ ʩʝʙʷ ʦʜʠʥʘʢʦʚʦ, ʦʜʥʘʢʦ ʧʨʠ ʧʦʚʳʰʝʥʠʠ 

ʪʝʤʧʝʨʘʪʫʨʳ ʩʪʨʫʢʪʫʨʥʳʝ ʧʨʝʚʨʘʱʝʥʠʷ ʧʨʦʭʦʜʷʪ ʧʦ-ʨʘʟʥʦʤʫ. ɺ ʢʘʨʙʦʥʘʪʥʦʡ 

ʩʠʩʪʝʤʝ ʦʙʨʘʟʫʝʪʩʷ çʥʝʠʟʚʝʩʪʥʘʷè ʬʣʶʦʨʠʪʦʚʘʷ ʬʘʟʘ, ʘ ʧʝʨʝʭʦʜ ʚ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʫʶ ʪʝʪʨʘʛʦʥʘʣʴʥʫʶ ʬʘʟʫ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ ʜʘʞʝ ʧʨʠ ʜʣʠʪʝʣʴʥʦʡ 

ʚʳʜʝʨʞʢʝ. ɺ ʦʢʩʠʜʥʦʡ ʩʠʩʪʝʤʝ ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 800ï1050Áʉ ʥʘʙʣʶʜʘʣʦʩʴ 

ʩʦʚʤʝʩʪʥʦʝ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʤʦʥʦʢʣʠʥʥʦʡ, ʪʝʪʨʘʛʦʥʘʣʴʥʦʡ ʠ çʥʝʠʟʚʝʩʪʥʦʡè 

ʬʣʶʦʨʠʪʦʧʦʜʦʙʥʦʡ ʬʘʟ. ɼʣʠʪʝʣʴʥʘʷ ʚʳʜʝʨʞʢʘ ʧʨʠ 1100Áʉ ʥʝ ʧʨʠʚʝʣʘ, ʦʜʥʘʢʦ, ʢ 

ʦʙʨʘʟʦʚʘʥʠʶ ʦʜʥʦʬʘʟʥʳʭ ʪʝʪʨʘʛʦʥʘʣʴʥʳʭ ʢʨʠʩʪʘʣʣʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʜʝʡʩʪʚʠʪʝʣʴʥʘʷ ʦʙʣʘʩʪʴ ʩʪʘʙʠʣʴʥʦʩʪʠ ʪʝʪʨʘʛʦʥʘʣʴʥʦʡ ʬʘʟʳ ʥʘʭʦʜʠʪʩʷ ʧʨʠ ʙʦʣʝʝ 

ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʘ ʧʨʠ ʙʦʣʝʝ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʪʝʪʨʘʛʦʥʘʣʴʥʳʝ ʬʘʟʳ 

Nd2MoO6 ʤʦʛʫʪ ʥʘʭʦʜʠʪʩɹʷ ʚ ʤʝʪʘʩʪʘʙʠʣʴʥʦʤ ʩʦʩʪʦʷʥʠʠ. ɺ ʙʦʣʝʝ ʧʦʟʜʥʠʭ 

ʨʘʙʦʪʘʭ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ çʥʝʠʟʚʝʩʪʥʘʷè ʢʫʙʠʯʝʩʢʘʷ ʬʣʶʦʨʠʪʦʧʦʜʦʙʥʘʷ ʬʘʟʘ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʦʝʜʠʥʝʥʠʷʤ ʪʠʧʘ Ln5Mo3O16 [4], ʩʫʱʝʩʪʚʫʶʱʠʤ ʚʙʣʠʟʠ 

ʦʢʩʠʤʦʣʠʙʜʘʪʘ. ʌʘʟʘ Ln5Mo3O16 ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʢʝʨʘʤʠʯʝʩʢʠʭ ʦʙʨʘʟʮʘʭ ʚ ʩʣʫʯʘʝ 
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ʦʪʩʫʪʩʪʚʠʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʦʙʞʠʛʘ ʨʝʜʢʦʟʝʤʝʣʴʥʦʛʦ ʦʢʩʠʜʘ ʩ ʮʝʣʴʶ ʫʜʘʣʝʥʠʷ 

ʚʦʜʳ ʠ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʩʜʚʠʛʫ ʩʦʩʪʘʚʘ ʦʙʨʘʟʮʦʚ ʚ ʦʙʣʘʩʪʴ 

ʩʦʝʜʠʥʝʥʠʷ Ln5Mo3O16. ɺ [17] ʚʩʝ ʬʘʟʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩ ʧʦʤʦʱʴʶ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʠʟ ʨʘʩʪʚʦʨʘ ʚ ʨʘʩʧʣʘʚʝ, ʯʪʦ ʪʘʢʞʝ ʤʦʛʣʦ ʧʨʠʚʝʩʪʠ ʢ ʧʦʷʚʣʝʥʠʶ ʚ 

ʨʘʩʧʣʘʚʝ ʢʫʙʠʯʝʩʢʦʡ ʬʘʟʳ ʚ ʢʘʯʝʩʪʚʝ ʧʦʙʦʯʥʦʡ. ɺ ʨʘʙʦʪʘʭ [17, 29] ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ 

ʩʝʨʠʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʨʝʘʣʴʥʦʝ ʦʙʨʘʟʦʚʘʥʠʝ ʪʦʡ ʠʣʠ ʠʥʦʡ ʬʘʟʳ ʠ ʝʸ 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʟʘʚʠʩʷʪ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʩʠʥʪʝʟʘ ʠ ʥʘʣʠʯʠʷ ʯʫʞʝʨʦʜʥʳʭ ʧʨʠʤʝʩʝʡ ʚ 

ʦʩʥʦʚʝ ʨʘʩʪʚʦʨʦʚ.  

 ʆʨʠʛʠʥʘʣʴʥʳʡ ʩʧʦʩʦʙ ʩʠʥʪʝʟʘ ʦʢʩʠʤʦʣʠʙʜʘʪʦʚ La2MoO6 ʙʳʣ ʧʨʝʜʣʦʞʝʥ 

ʙʨʘʟʠʣʴʩʢʠʤʠ ʫʯʸʥʳʤʠ [31]. ʄʝʪʦʜʦʤ ʢʘʪʠʦʥʥʦʛʦ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ ʠʟ 

ʥʠʪʨʘʪʦʚ La ʠ ʄʦ ʧʦʣʫʯʝʥʳ ʧʦʣʠʢʨʠʩʪʘʣʣʳ La2MoO6. ɺ ʩʤʝʰʘʥʥʳʡ ʚ 

ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʦʡ ʧʨʦʧʦʨʮʠʠ ʨʘʩʪʚʦʨ ʥʠʪʨʘʪʦʚ ʚ ʢʘʯʝʩʪʚʝ 

ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʪʝʣʷ ʜʦʙʘʚʣʷʣʠ ʨʘʩʪʚʦʨ ʣʠʤʦʥʥʦʡ ʢʠʩʣʦʪʳ ʚ ʩʦʦʪʥʦʰʝʥʠʠ 

(1:2). ʇʦʩʣʝ ʛʦʤʦʛʝʥʠʟʘʮʠʠ ʨʘʩʪʚʦʨʘ ʚʳʜʝʨʞʠʚʘʣʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 80Áʉ ʜʣʷ 

ʚʳʭʦʜʘ ʚʦʜʳ ʠ NO2. ʇʦʣʫʯʝʥʥʳʡ ʤʘʪʝʨʠʘʣ ʧʦʜʚʝʨʛʘʣʠ ʧʠʨʦʣʠʟʫ ʧʨʠ ʊ = 500Áʉ 

[31]. ʇʦ ʜʘʥʥʳʤ ʨʘʩʪʨʦʚʦʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʦʙʨʘʟʮʳ ʠʤʝʣʠ ʧʦʨʠʩʪʫʶ 

ʩʪʨʫʢʪʫʨʫ, ʧʦʣʫʯʝʥʥʫʶ ʠʟ-ʟʘ ʚʳʭʦʜʘ ʚʦʜʳ ʠ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʚ ʧʨʦʮʝʩʩʝ ʩʠʥʪʝʟʘ. 

ɼʘʥʥʳʝ ʈʌɸ ʧʦʜʪʚʝʨʜʠʣʠ ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ ʧʦʣʠʢʨʠʩʪʘʣʣʦʚ ʢ ʪʝʪʨʘʛʦʥʘʣʴʥʦʡ 

ʬʘʟʝ ʦʢʩʠʤʦʣʠʙʜʘʪʦʚ La2MoO6. 

ʇʝʨʚʳʝ ʩʪʨʫʢʪʫʨʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʢʩʠʤʦʣʠʙʜʘʪʦʚ Ln2MoO6 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʪʝʪʨʘʛʦʥʘʣʴʥʦʡ ʬʘʟʳ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʚ ʨʘʙʦʪʝ [25]. ɼʣʷ 

La2MoO6 ʦʧʨʝʜʝʣʝʥʘ ʵʣʝʤʝʥʪʘʨʥʘʷ ʷʯʝʡʢʘ ʩ ʧʘʨʘʤʝʪʨʘʤʠ a = 4.089 ¡, c = 15.99 ¡ 

ʠ ʛʨʫʧʧʘ I-42m. ʕʣʝʤʝʥʪʘʨʥʘʷ ʷʯʝʡʢʘ ʩʦʜʝʨʞʠʪ ʯʝʪʳʨʝ ʥʝʟʘʚʠʩʠʤʳʝ 

ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ ʧʦʟʠʮʠʠ ï La, Mo, O1 ʠ O2 (ʨʠʩ. 4). ʉʦʛʣʘʩʥʦ ʵʪʦʡ 

ʩʪʨʫʢʪʫʨʥʦʡ ʤʦʜʝʣʠ ʘʪʦʤʳ ʣʘʥʪʘʥʘ (4e) ʚ ʩʪʨʫʢʪʫʨʝ ʦʢʨʫʞʝʥʳ ʰʝʩʪʴʶ ʘʪʦʤʘʤʠ 

ʢʠʩʣʦʨʦʜʘ, ʘ ʘʪʦʤʳ ʤʦʣʠʙʜʝʥʘ (2b) ʠʤʝʶʪ ʪʝʪʨʘʵʜʨʠʯʝʩʢʦʝ ʦʢʨʫʞʝʥʠʝ. ɺ [17] ʥʘ 

ʨʝʥʪʛʝʥʦʛʨʘʤʤʘʭ ʨʘʩʪʝʨʪʳʭ ʢʨʠʩʪʘʣʣʦʚ Lʘ2MoO6 ʦʪʤʝʯʘʣʦʩʴ ʥʘʣʠʯʠʝ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʣʠʥʠʡ, ʥʝ ʠʥʜʠʮʠʨʫʶʱʠʭʩʷ ʚ ʧʨʝʜʧʦʣʦʞʝʥʠʠ ʵʣʝʤʝʥʪʘʨʥʦʡ 

ʷʯʝʡʢʠ ʩ ʧʘʨʘʤʝʪʨʘʤʠ: a = 4.089 ¡, c = 15.99 ¡, ʧʨ. ʛʨ. I-42m, Z = 2. ɺ ʨʘʙʦʪʝ [29] 

ʪʘʢʞʝ ʥʘʙʣʶʜʘʣʠʩʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʩʣʘʙʳʝ ʣʠʥʠʠ ʠ ʘʚʪʦʨʳ ʧʨʝʜʧʦʣʦʞʠʣʠ 
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ʢʨʘʪʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʦʙʲʝʤʘ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʩ ʙʘʟʠʩʥʳʤʠ ʚʝʢʪʦʨʘʤʠ  

a = a0 + b0, b = -a0 + b0, c = 2c0, ʘ ʪʘʢʞʝ ʠʥʫʶ ʩʪʨʫʢʪʫʨʥʫʶ ʤʦʜʝʣʴ ʚ ʨʘʤʢʘʭ ʧʨ. ʛʨ. 

I41/acd. 

 

ʈʠʩʫʥʦʢ 4. ʄʦʜʝʣʴ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ La2MoO6 ʧʦ ʜʘʥʥʳʤ [25]. 

ʇʝʨʝʭʦʜ ʢ ʫʚʝʣʠʯʝʥʥʦʡ ʷʯʝʡʢʝ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʠʥʜʠʮʠʨʦʚʘʥʠʝʤ ʚ ʨʘʤʢʘʭ ʚʩʝʭ 

ʩʣʘʙʳʭ ʩʚʝʨʭʩʪʨʫʢʪʫʨʥʳʭ ʦʪʨʘʞʝʥʠʡ, ʧʨʠʩʫʪʩʪʚʫʶʱʠʭ ʥʘ ʧʦʨʦʰʢʦʚʳʭ 

ʨʝʥʪʛʝʥʦʛʨʘʤʤʘʭ Ln2MoO6 ʜʣʷ Ln = La, Pr, Nd [29]. ɸʚʪʦʨʳ ʨʘʙʦʪʳ [28], ʠʟʫʯʘʷ 

ʩʪʨʦʝʥʠʝ ʪʝʪʨʘʛʦʥʘʣʴʥʦʡ ʬʘʟʳ La2MoO6 ʤʝʪʦʜʦʤ ʥʝʡʪʨʦʥʥʦʡ ʜʠʬʨʘʢʮʠʠ, ʪʘʢʞʝ 

ʦʙʥʘʨʫʞʠʣʠ ʩʝʨʠʶ ʩʚʝʨʭʩʪʨʫʢʪʫʨʥʳʭ ʨʝʬʣʝʢʩʦʚ, ʠ ʦʧʠʩʘʣʠ ʩʪʨʦʝʥʠʝ 

ʦʢʩʠʤʦʣʠʙʜʘʪʘ ʚ ʨʘʤʢʘʭ ʫʚʝʣʠʯʝʥʥʦʡ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʠ ʧʨ. ʛʨ. I41/acd. ʇʨʠ 

ʫʪʦʯʥʝʥʠʠ ʤʦʜʝʣʠ ʩʪʨʫʢʪʫʨʳ Lʘ2MoO6 ʚ ʧʨ. ʛʨ. I-42m [29] ʢʦʦʨʜʠʥʘʪʳ ʪʷʞʝʣʳʭ 

ʘʪʦʤʦʚ ʙʳʣʠ ʙʣʠʟʢʠ ʢ ʦʧʨʝʜʝʣʝʥʥʳʤ ʚ [25], ʥʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʘʪʦʤʦʚ ʢʠʩʣʦʨʦʜʘ 

ʦʢʘʟʘʣʦʩʴ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʠʥʳʤ.  
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 ʇʨʦʦʙʨʘʟʦʤ ʩʪʨʦʝʥʠʷ ʦʢʩʠʤʦʣʠʙʜʘʪʦʚ ʪʝʪʨʘʛʦʥʘʣʴʥʦʡ ʬʘʟʳ, ʢʘʢ ʠ ʜʣʷ 

ʩʦʝʜʠʥʝʥʠʡ Ln5Mo3O16+ŭ, ʷʚʣʷʝʪʩʷ ʩʪʨʫʢʪʫʨʘ ʬʣʶʦʨʠʪʘ CaF2 [13], ʚ ʢʦʪʦʨʦʤ 

ʘʪʦʤʳ ʉʘ ʦʢʨʫʞʝʥʳ ʚʦʩʴʤʴʶ ʘʪʦʤʘʤʠ ʢʠʩʣʦʨʦʜʘ (ʨʠʩ. 2 ʘ). ɺ ʩʪʨʫʢʪʫʨʝ 

ʦʢʩʠʤʦʣʠʙʜʘʪʦʚ ʘʪʦʤʳ ʤʝʪʘʣʣʦʚ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʧʦ ʫʟʣʘʤ ʪʨʸʭʩʣʦʡʥʦʡ 

ʧʣʦʪʥʝʡʰʝʡ ʫʧʘʢʦʚʢʠ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʧʦʟʠʮʠʷʤ ʉʘ ʚ ʩʪʨʫʢʪʫʨʝ CaF2 (ʨʠʩ. 5 ʘ). 

ʇʨʠ ʵʪʦʤ ʘʪʦʤʳ ʈɿʕ ʦʢʨʫʞʝʥʳ ʚʦʩʴʤʴʶ ʘʪʦʤʘʤʠ ʢʠʩʣʦʨʦʜʘ, ʘ ʘʪʦʤʳ ʤʦʣʠʙʜʝʥʘ 

ʚʩʝʛʦ ʯʝʪʳʨʴʤʷ [29].  

 

                                            ʘ)                                                   ʙ)     

ʈʠʩʫʥʦʢ 5. ʄʦʜʝʣʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ: ʦʢʩʠʤʦʣʠʙʜʘʪʘ ɓ-Nd2MoO6 ï ʙ 

[29], ʠʥʪʝʨʤʝʪʘʣʣʠʜʘ ɓ-Cr2Al  ï ʚ [32]. 

ʈʘʟʣʠʯʠʝ ʚ ʢʦʦʨʜʠʥʘʮʠʠ ʤʝʪʘʣʣʦʚ ʧʨʠʚʦʜʠʪ ʢ ʩʤʝʱʝʥʠʷʤ ʘʪʦʤʦʚ ʢʠʩʣʦʨʦʜʘ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʟʠʮʠʡ ʚ ʩʪʨʫʢʪʫʨʝ ʧʨʦʦʙʨʘʟʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʬʦʨʤʘ 

ʢʠʩʣʦʨʦʜʥʦʛʦ ʚʦʩʴʤʠʚʝʨʰʠʥʥʠʢʘ ʚʦʢʨʫʛ ʘʪʦʤʘ ʈɿʕ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 
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ʩʢʨʫʯʝʥʥʳʡ ʠʩʢʘʞʝʥʥʳʡ ʢʫʙ, ʘ ʤʦʣʠʙʜʝʥʦʚʳʝ ʪʝʪʨʘʵʜʨʳ ʚʳʪʷʥʫʪʳ ʚʜʦʣʴ ʦʩʠ ʩ. 

ʄʦʜʝʣʴ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʫʜʦʙʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʩʣʦʠʩʪʫʶ, ʛʜʝ ʜʚʘ 

ʨʘʟʣʠʯʥʳʭ ʩʣʦʷ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʚʦʩʴʤʠʚʝʨʰʠʥʥʠʢʦʚ ʧʨʦʣʦʞʝʥʳ ʦʜʥʠʤ ʩʣʦʝʤ 

ʤʦʣʠʙʜʝʥʦʚʳʭ ʪʝʪʨʘʵʜʨʦʚ. ʏʝʨʝʜʦʚʘʥʠʝ ʩʣʦʸʚ ʤʝʪʘʣʣʦʚ ʚʜʦʣʴ ʦʩʠ ʩ ʘʥʘʣʦʛʠʯʥʦ 

ʦʙʥʘʨʫʞʝʥʥʦʤʫ ʚ ʠʥʝʨʤʝʪʘʣʣʠʜʝ ɓ-Cr2Al  [32] (ʨʠʩ. 5 ʙ). 

 ʅʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʘʷ ʤʦʥʦʢʣʠʥʥʘʷ ʤʦʜʠʬʠʢʘʮʠʷ ʩʦʝʜʠʥʝʥʠʡ ʩʦʩʪʘʚʘ 

Ln2MoO6 ʦʙʨʘʟʫʝʪʩʷ ʪʦʣʴʢʦ ʩ ʨʝʜʢʦʟʝʤʝʣʴʥʳʤʠ ʢʘʪʠʦʥʘʤʠ ʤʝʥʴʰʝʛʦ ʨʘʜʠʫʩʘ ï ʦʪ 

Sm ʜʦ Lu ʠ Y [26]. ɺ ʨʘʙʦʪʘʭ [26, 27] ʧʦ ʧʦʨʦʰʢʦʚʳʤ ʨʝʥʪʛʝʥʦʛʨʘʤʤʘʤ 

ʨʘʩʩʯʠʪʘʥʳ ʧʘʨʘʤʝʪʨʳ ʵʣʝʤʝʥʪʘʨʥʳʭ ʷʯʝʝʢ ʜʣʷ ʤʦʥʦʢʣʠʥʥʳʭ ʦʢʩʠʤʦʣʠʙʜʘʪʦʚ, 

ʛʜʝ ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʚʝʣʠʯʠʥʳ ʨʝʜʢʦʟʝʤʝʣʴʥʦʛʦ ʢʘʪʠʦʥʘ ʫʤʝʥʴʰʘʶʪʩʷ ʧʘʨʘʤʝʪʨʳ 

ʠ ʦʙʲʝʤ ʵʣʝʤʝʥʪʘʨʥʳʭ ʷʯʝʝʢ (ʪʘʙʣ. 1).  

ʊʘʙʣʠʮʘ 1. ʇʘʨʘʤʝʪʨʳ ʵʣʝʤʝʥʪʘʨʥʳʭ ʷʯʝʝʢ ʤʦʥʦʢʣʠʥʥʳʭ ʦʢʩʠʤʦʣʠʙʜʘʪʦʚ 

Ln2MoO6 ʧʦ ʜʘʥʥʳʤ [27]. 

Ln a, ¡ b, ¡ c, ¡ ɓ, ʛʨʘʜ V, ¡ 

Sm 5.470 11.272 15.791 90.92 973.5 

Eu 5.439 11.218 15.735 90.89 960.0 

Gd 5.425 11.185 15.678 90.85 951.1 

Tb 5.396 11.119 15.626 90.78 937.5 

DY 5.371 11.071 15.573 90.78 925.9 

Ho 5.349 11.028 15.516 90.65 915.2 

Er 5.328 10.985 15.479 90.59 905.3 

Tm 5.310 10.933 15.419 90.48 895.1 

Yb 5.290 10.895 15.387 90.35 886.8 

Lu 5.274 10.875 15.346 90.19 880.2 

Y 5.351 11.022 15.510 90.67 914.7 

ɺ ʨʘʙʦʪʝ [17] ʧʨʦʚʝʜʝʥʦ ʧʝʨʚʦʝ ʜʝʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʪʨʦʝʥʠʷ ʢʨʠʩʪʘʣʣʦʚ 

ʤʦʥʦʢʣʠʥʥʦʡ ʬʘʟʳ Sm2MoO6. ɸʚʪʦʨʘʤʠ ʨʘʙʦʪʳ ʚʳʷʚʣʝʥʦ ʩʭʦʜʩʪʚʦ ʩʪʨʫʢʪʫʨʳ 
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ʦʢʩʠʤʦʣʠʙʜʘʪʘ ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʦʙʰʠʨʥʦʛʦ ʩʝʤʝʡʩʪʚʘ ʦʢʩʠʚʦʣʴʬʨʘʤʘʪʦʚ Ln2WO6 

(Ln = La ï Lu) ʰʝʝʣʠʪʦʚʦʛʦ ʪʠʧʘ [33] (ʨʠʩ. 6 ʘ, ʙ).  

 

                                           ʘ)                                                          ʙ) 

ʈʠʩʫʥʦʢ 6. ʄʦʜʝʣʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ʦʢʩʠʤʦʣʠʙʜʘʪʘ Sm2MoO6 ʧʦ 

ʜʘʥʥʳʤ [17] ï (ʘ); ʦʢʩʠʚʦʣʴʬʨʘʤʘʪʘ Nd2WO6 ʧʦ ʜʘʥʥʳʤ [33] ï (ʙ). 

ʅʘ ɻʪʦ ʫʢʘʟʳʚʘʣʠ ʩʭʦʜʩʪʚʦ ʜʠʬʨʘʢʪʦʛʨʘʤʤ ʠ ʛʝʦʤʝʪʨʠʷ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ, 

ʢʦʪʦʨʘʷ ʠʤʝʝʪ ʧʨʦʩʪʫʶ ʩʚʷʟʴ ʩ ʰʝʝʣʠʪʦʚʦʡ: a = 3a ,h b = c ,h c = b  hʠ ʫʛʦʣ ɓ, 

ʙʣʠʟʢʠʡ ʢ 90Á [17]. ɺ ʧʨʦʮʝʩʩʝ ʨʘʩʰʠʬʨʦʚʢʠ ʩʪʨʫʢʪʫʨʳ ʦʢʩʠʤʦʣʠʙʜʘʪʘ ʚ ʨʘʤʢʘʭ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʳ ʉ2/ʩ ʚʳʷʚʣʝʥʳ ʪʨʠ ʨʘʟʣʠʯʥʳʭ ʪʠʧʘ Sm-

ʚʦʩʴʤʠʚʝʨʰʠʥʥʠʢʦʚ ʠ ʦʜʠʥ ʪʠʧ ʄʦ-ʪʝʪʨʘʵʜʨʘ. ɺ ʙʦʣʝʝ ʧʦʟʜʥʝʡ ʨʘʙʦʪʝ [28] ʧʦ 

ʨʝʟʫʣʴʪʘʪʘʤ ʥʝʡʪʨʦʥʦʜʠʬʨʘʢʮʠʦʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦʣʫʯʝʥʘ ʘʥʘʣʦʛʠʯʥʘʷ 

ʤʦʜʝʣʴ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʬʘʟʳ Tb2MoO6. ɸʚʪʦʨʳ 

[28] ʪʘʢʞʝ ʧʨʝʜʧʦʣʦʞʠʣʠ, ʯʪʦ ʨʘʟʤʝʨ ʠʦʥʘ ʈɿʕ ʠʛʨʘʝʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ 

ʦʧʨʝʜʝʣʝʥʠʠ ʩʠʤʤʝʪʨʠʠ ʢʨʠʩʪʘʣʣʘ. ʅʝʙʦʣʴʰʠʝ ʣʘʥʪʘʥʦʠʜʳ, ʪʘʢʠʝ ʢʘʢ Tb, 

ʟʘʥʠʤʘʶʪ ʤʝʥʴʰʝ ʤʝʩʪʘ, ʠ ʘʪʦʤʳ ʢʠʩʣʦʨʦʜʘ ʜʣʷ ʩʦʟʜʘʥʠʷ ʥʝʦʙʭʦʜʠʤʦʛʦ 

ʢʠʩʣʦʨʦʜʥʦʛʦ ʦʢʨʫʞʝʥʠʷ ʚʳʥʫʞʜʝʥʳ ʩʤʝʱʘʪʴʩʷ ʚ ʥʠʟʢʦʩʠʤʤʝʪʨʠʯʥʳʝ ʧʦʟʠʮʠʠ. 
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ʉʪʝʧʝʥʴ ʪʘʢʦʛʦ ʚʳʥʫʞʜʝʥʥʦʛʦ ʠʩʢʘʞʝʥʠʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ ʤʦʞʝʪ ʙʳʪʴ 

ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʘ ʚʝʣʠʯʠʥʦʡ ʫʛʣʦʚ ɓ ʤʦʥʦʢʣʠʥʥʦʡ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ. 

ɸʥʘʣʦʛʠʯʥʘʷ ʩʠʪʫʘʮʠʷ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʜʨʫʛʠʭ ʩʪʨʫʢʪʫʨʥʳʭ ʨʷʜʘʭ, ʪʘʢʠʭ ʢʘʢ 

ʧʝʨʦʚʩʢʠʪʳ [34].  

 ʂʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʯʠʩʣʘ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʤʝʪʘʣʣʦʚ ʚ ʩʦʝʜʠʥʝʥʠʷʭ 

Ln2MoO6 ʤʝʥʷʶʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʠ ʣʝʞʘʪ ʚ ʧʨʝʜʝʣʘʭ 7-8 ʠ ʫʤʝʥʴʰʘʶʪʩʷ ʦʪ La ʢ 

Lu. ɼʣʷ ʥʝʢʦʪʦʨʳʭ ʯʣʝʥʦʚ ʨʷʜʘ ʚʦʟʤʦʞʥʳ ʦʙʘ ʚʘʨʠʘʥʪʘ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʛʦ 

ʦʢʨʫʞʝʥʠʷ. ʂʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʯʠʩʣʘ ʜʣʷ ʘʪʦʤʦʚ ʤʦʣʠʙʜʝʥʘ ʚ ʦʢʩʠʤʦʣʠʙʜʘʪʘʭ 

ʤʦʛʫʪ ʧʨʠʥʠʤʘʪʴ ʟʥʘʯʝʥʠʷ ʦʪ 4 ʜʦ 6 [1].  

 ɼʘʥʥʳʭ ʦ ʬʘʟʦʦʙʨʘʟʦʚʘʥʠʠ ʠ ʩʪʨʦʝʥʠʠ ʣʝʛʠʨʦʚʘʥʥʳʭ ʦʢʩʠʤʦʣʠʙʜʘʪʦʚ ʚ 

ʣʠʪʝʨʘʪʫʨʝ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʪ. ɺ ʨʘʙʦʪʘʭ [35-36] ʠʟʫʯʘʣʠʩʴ ʣʶʤʠʥʝʩʮʝʥʪʥʳʝ 

ʩʚʦʡʩʪʚʘ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʦʢʩʠʤʦʣʠʙʜʘʪʦʚ ʠ ʦʢʩʠʚʦʣʴʬʨʘʤʘʪʦʚ Ln2MeO6  

(Ln = La, Gd, Gd, Lu, Y; Me = Mo, W), ʣʝʛʠʨʦʚʘʥʥʳʭ ʝʚʨʦʧʠʝʤ. ʇʦʜʨʦʙʥʳʭ 

ʩʪʨʫʢʪʫʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʨʘʙʦʪʘʭ ʥʝ ʧʨʦʚʦʜʠʣʦʩʴ, ʩʦʦʙʱʘʝʪʩʷ ʣʠʰʴ ʦ ʪʦʤ, ʯʪʦ 

ʣʝʛʠʨʦʚʘʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʠʟʦʩʪʨʫʢʪʫʨʥʳ ʙʝʩʧʨʠʤʝʩʥʳʤ ʠ ʢʨʠʩʪʘʣʣʠʟʫʶʪʩʷ ʚ 

ʤʦʥʦʢʣʠʥʥʦʡ ʷʯʝʡʢʝ (ʧʨ. ʛʨ. ʉ2/ʩ) ʩ ʧʘʨʘʤʝʪʨʘʤʠ a å 15 ¡, b å 11 ¡, c å 5 ¡, ɓ å 

90Á. ɺʦʟʤʦʞʥʳʝ ʩʪʨʫʢʪʫʨʥʳʝ ʠʟʤʝʥʝʥʠʷ ʠ ʠʭ ʨʦʣʴ ʚ ʠʟʤʝʥʝʥʠʠ ʬʠʟʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ ʚ ʨʘʙʦʪʘʭ ʪʘʢʞʝ ʥʝ ʫʪʦʯʥʷʣʠʩʴ [35-36]. ɺ ʨʘʙʦʪʝ ɺʦʨʦʥʢʦʚʦʡ [37] 

ʩʠʥʪʝʟʠʨʦʚʘʥʘ ʠ ʧʦʜʨʦʙʥʦ ʠʟʫʯʝʥʘ ʩʝʨʠʷ ʧʦʣʠʢʨʠʩʪʘʣʣʦʚ (PbO)x(Nd2MoO6)(1ïx)/2, 

ʛʜʝ ʭ = 0.1, 0.2, 0.3, 0.4, 0.5, 0.6. ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʩʠʥʪʝʟʘ 900Áʉ ʜʣʷ ʭ = 0.1 

ʧʦʣʫʯʝʥʳ ʦʙʨʘʟʮʳ ʤʦʥʦʢʣʠʥʥʦʡ ʬʘʟʳ, ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 800Áʉ ʜʣʷ ʭ = 0.2 

ʧʦʣʫʯʝʥʘ ʩʤʝʩʴ ʤʦʥʦʢʣʠʥʥʦʡ ʠ ʪʝʪʨʘʛʦʥʘʣʴʥʦʡ ʬʘʟ, ʘ ʧʨʠ ʜʘʣʴʥʝʡʰʝʤ 

ʫʚʝʣʠʯʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʚʠʥʮʘ ʢʨʠʩʪʘʣʣʠʟʘʮʠʷ ʧʨʦʭʦʜʠʪ ʪʦʣʴʢʦ ʚ ʚʠʜʝ 

ʪʝʪʨʘʛʦʥʘʣʴʥʦʡ ʬʘʟʳ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 900ï1000Áʉ. ʆʪʤʝʯʘʝʪʩʷ, ʯʪʦ ʧʨʠ ʊ ~ 

900Áʉ ʥʘʙʣʶʜʘʣʠʩʴ ʜʚʝ ʨʘʟʣʠʯʥʳʝ ʧʦ ʧʘʨʘʤʝʪʨʘʤ ʷʯʝʡʢʠ ʪʝʪʨʘʛʦʥʘʣʴʥʳʝ ʬʘʟʳ 

(ʊ1 ʠ ʊ2) (ʨʠʩ. 7). ʆʪʤʝʯʝʥʦ, ʯʪʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʩʦʜʝʨʞʘʥʠʷ ʩʚʠʥʮʘ ʚ ʦʙʨʘʟʮʘʭ 

ʢʦʣʠʯʝʩʪʚʦ ʬʘʟʳ ʊ2 ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʘ ʢʦʣʠʯʝʩʪʚʦ ʬʘʟʳ ʊ1 ʫʤʝʥʴʰʘʝʪʩʷ. 

ʆʜʥʦʬʘʟʥʳʝ ʦʙʨʘʟʮʳ ʊ2 ʙʳʣʠ ʧʦʣʫʯʝʥ ʪʦʣʴʢʦ ʜʣʷ ʭ = 0.6 ʧʨʠ ʊ = 750Áʉ. ʇʨʠ 

ʧʦʚʳʰʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʩʠʥʪʝʟʘ ʚʳʰʝ 1000-1100ÁC ʥʘʙʣʶʜʘʣʘʩʴ ʪʦʣʴʢʦ ʬʘʟʘ T1. 

ʊʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʦʙʨʘʟʮʦʚ ʜʝʤʦʥʩʪʨʠʨʫʝʪ, ʯʪʦ ʦʙʨʘʟʮʳ 
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ʠʩʧʳʪʳʚʘʶʪ ʟʥʘʯʠʪʝʣʴʥʫʶ ʧʦʪʝʨʶ ʚʝʩʘ ʚʳʰʝ 1000-1100ÁC, ʚʝʨʦʷʪʥʦ, ʩʚʷʟʘʥʥʫʶ 

ʩ ʯʘʩʪʠʯʥʦʡ ʧʦʪʝʨʝʡ Pb, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ ʩʦʩʪʘʚʘ ʦʙʨʘʟʮʘ ʧʦ ʤʝʨʝ 

ʧʨʠʙʣʠʞʝʥʠʷ ʢ ʩʦʩʪʘʚʫ ʙʝʩʧʨʠʤʝʩʥʦʛʦ Nd2MoO6. 

 

ʈʠʩʫʥʦʢ 7. ʇʘʨʘʤʝʪʨʳ ʵʣʝʤʝʥʪʘʨʥʳʭ ʷʯʝʝʢ ʜʚʫʭ ʪʝʪʨʘʛʦʥʘʣʴʥʳʭ ʬʘʟ 

(PbO)x(Nd2MoO6)(1ïx)/2 ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʧʨʠʤʝʩʠ ʧʦ ʜʘʥʥʳʤ [37]  

ʊʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʩʠʥʪʝʟ ʦʙʨʘʟʮʦʚ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 900Áʉ ʠʣʠ ʥʠʞʝ ʥʝ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʧʦʪʝʨʝʡ ʤʘʩʩʳ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʩʪʘʙʠʣʴʥʦʩʪʴ ʣʝʛʠʨʦʚʘʥʥʳʭ ʩʚʠʥʮʦʤ ʦʢʩʠʤʦʣʠʙʜʘʪʦʚ ʣʝʞʠʪ ʚ ʦʙʣʘʩʪʠ ʜʦ 900Áʉ 

[37]. ɼʘʥʥʳʝ ʚʳʩʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʨʦʰʢʦʚʦʛʦ ʜʠʬʨʘʢʮʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ 

ʧʦʜʪʚʝʨʜʠʣʠ ʧʨʠʩʫʪʩʪʚʠʝ ʥʝʮʝʥʪʨʦʩʠʤʤʝʪʨʠʯʥʦʡ ʬʘʟʳ ʊ2 (ʧʨ. ʛʨ. I-42m) ʠ 

ʮʝʥʪʨʦʩʠʤʤʝʪʨʠʯʥʦʡ ʬʘʟʳ ʊ1 (ʧʨ. ʛʨ. I41/acd), ʩʫʱʝʩʪʚʫʶʱʝʡ ʪʦʣʴʢʦ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʚʳʰʝ 840ÁC. ʕʪʦ ʦʙʲʷʩʥʷʝʪ ʥʘʣʠʯʠʝ ʜʚʫʭ ʪʝʪʨʘʛʦʥʘʣʴʥʳʭ ʬʘʟ ʚ 

ʦʙʨʘʟʮʘʭ, ʩʦʜʝʨʞʘʱʠʭ ʩʚʠʥʝʮ, ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʚʳʰʝ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ [37].  
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1.2. ʌʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʤʦʣʠʙʜʘʪʦʚ 

 ʄʥʦʛʠʝ ʨʝʜʢʦʟʝʤʝʣʴʥʳʝ ʤʦʣʠʙʜʘʪʳ ʩʠʩʪʝʤʳ Ln2O3 ï MoO3 ʦʙʣʘʜʘʶʪ 

ʠʥʪʝʨʝʩʥʳʤʠ ʩ ʧʨʘʢʪʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʬʠʟʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ï 

ʦʧʪʠʯʝʩʢʠʤʠ, ʤʘʛʥʠʪʥʳʤʠ, ʣʶʤʠʥʝʩʮʝʥʪʥʳʤʠ, ʧʨʦʚʦʜʷʱʠʤʠ, ʩʝʛʥʝʪʦ- ʠ 

ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʤʠ, ʠ ʜʨʫʛʠʤʠ. ʈʘʙʦʪʳ ʧʦ ʠʭ ʠʟʫʯʝʥʠʶ ʠʤʝʣʠ 

ʥʝʩʠʩʪʝʤʘʪʠʯʝʩʢʠʡ ʭʘʨʘʢʪʝʨ ʠ ʥʝ ʚʩʝʛʜʘ ʩʦʛʣʘʩʦʚʳʚʘʣʠʩʴ ʩ ʧʦʣʫʯʝʥʥʳʤʠ 

ʜʘʥʥʳʤʠ ʦ ʩʪʨʦʝʥʠʠ ʬʘʟ. ʅʘʠʙʦʣʴʰʝʝ ʯʠʩʣʦ ʧʫʙʣʠʢʘʮʠʡ ʧʦʩʚʷʱʝʥʦ 

ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʠʤ, ʣʶʤʠʥʝʩʮʝʥʪʥʳʤ ʠ ʧʨʦʚʦʜʷʱʠʤ ʩʚʦʡʩʪʚʘʤ, ʧʨʠ ʵʪʦʤ 

ʩʚʦʡʩʪʚʘ ʤʥʦʛʠʭ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʤʦʣʠʙʜʘʪʦʚ ʩʠʩʪʝʤʳ Ln2O3 ï MoO3 ʜʦ ʩʠʭ ʧʦʨ 

ʦʩʪʘʶʪʩʷ ʥʝ ʠʟʫʯʝʥʥʳʤʠ. ʉʨʝʜʠ ʩʦʝʜʠʥʝʥʠʡ ʩʠʩʪʝʤʳ ʦʙʣʘʜʘʶʱʠʭ 

ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ [38], ʥʘʠʙʦʣʝʝ ʭʦʨʦʰʦ ʠʟʫʯʝʥ ʤʦʣʠʙʜʘʪ 

ʛʘʜʦʣʠʥʠʷ (ɻʄʆ) Gd2(MoO4)3 [39, 40]. ɽʛʦ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʙʳʣʠ 

ʦʙʥʘʨʫʞʝʥʳ ʚ 1966 ʛʦʜʫ [41, 42] ʠ ʩ ʪʝʭ ʧʦʨ ʠʟʫʯʘʶʪʩʷ. ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʂʶʨʠ 

432 ʂ ʨʦʤʙʦʵʜʨʠʯʝʩʢʘʷ ʧʦʣʷʨʥʘʷ ʬʘʟʘ ʧʝʨʝʭʦʜʠʪ ʚ ʪʝʪʨʘʛʦʥʘʣʴʥʫʶ ʥʝʧʦʣʷʨʥʫʶ, ʩ 

ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʦʡ ʚʜʚʦʝ ʤʝʥʴʰʝʛʦ ʦʙʲʝʤʘ. ɺʝʣʠʯʠʥʘ ʩʧʦʥʪʘʥʥʦʡ 

ʧʦʣʷʨʠʟʘʮʠʠ ʙʝʩʧʨʠʤʝʩʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ɻʄʆ ʩʦʩʪʘʚʣʷʝʪ 1.7Ĭ10
-3
 ʂʣ/ʤ

2
, 

ʢʦʵʬʬʠʮʠʝʥʪ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ï 10 [38]. ʀʟʚʝʩʪʥʦ, ʯʪʦ 

ʣʝʛʠʨʦʚʘʥʠʝ ʢʨʠʩʪʘʣʣʦʚ ɻʄʆ ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ ʪʝʤʧʝʨʘʪʫʨʳ ʂʶʨʠ ʠ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʦʙʨʘʟʮʦʚ [38]. ʄʦʣʠʙʜʘʪ ʛʘʜʦʣʠʥʠʷ ʩʦʯʝʪʘʝʪ ʚ 

ʩʝʙʝ ʠ ʭʦʨʦʰʠʝ ʘʢʫʩʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʩʦʟʜʘʪʴ ʥʘ ʠʭ ʦʩʥʦʚʝ 

ʘʢʫʩʪʦʵʣʝʢʪʨʦʥʥʳʝ ʨʘʜʠʦʢʦʤʧʦʥʝʥʪʳ [43].  

 ʃʶʤʠʥʝʩʮʝʥʪʥʳʝ ʩʚʦʡʩʪʚʘ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʚ ʢʨʠʩʪʘʣʣʘʭ Gd2(MoO4)3 

[44-46] ʠ Ln2MoO6 [35], ʣʝʛʠʨʦʚʘʥʥʳʭ ʠʦʥʘʤʠ Eu
3+
. ʂʚʘʥʪʦʚʳʡ ʚʳʭʦʜ 

ʦʢʩʠʤʦʣʠʙʜʘʪʦʚ, ʦʜʥʘʢʦ, ʩʫʱʝʩʪʚʝʥʥʦ ʥʠʞʝ, ʯʝʤ ʫ ʠʟʦʩʪʨʫʢʪʫʨʥʳʭ 

ʦʢʩʠʚʦʣʴʬʨʘʤʘʪʦʚ Ln2WO6, ʯʪʦ, ʧʦ ʤʥʝʥʠʶ ʘʚʪʦʨʦʚ [47] ʩʚʷʟʘʥʦ ʩ ʧʦʛʣʦʱʝʥʠʝʤ 

ʩʚʝʪʘ ʚʦʣʴʬʨʘʤ-ʢʠʩʣʦʨʦʜʥʳʤʠ ʛʨʫʧʧʘʤʠ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʧʝʨʝʥʦʩʦʤ ʵʥʝʨʛʠʠ ʢ 

ʠʦʥʘʤ-ʘʢʪʠʚʘʪʦʨʘʤ. ɺ ʜʘʣʴʥʝʡʰʝʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʧʦʣʫʯʠʣʠ 

ʰʠʨʦʢʦʝ ʨʘʟʚʠʪʠʝ ʚ ʩʦʝʜʠʥʝʥʠʷʭ ʜʚʦʡʥʳʭ ʤʦʣʠʙʜʘʪʦʚ ʰʝʝʣʠʪʦʚʦʛʦ ʪʠʧʘ 

(LiLn(MoO4)2, NaLn(MoO4)2, KLa(MoO4)2 ʠ ʜʨ.) ʆʧʫʙʣʠʢʦʚʘʥʦ ʤʥʦʞʝʩʪʚʦ ʩʪʘʪʝʡ ʠ 
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ʤʦʥʦʛʨʘʬʠʡ, ʧʦʩʚʷʱʝʥʥʳʭ ʵʪʦʡ ʪʝʤʘʪʠʢʝ, ʦʜʥʘʢʦ ʧʨʠ ʩʪʨʦʛʦʤ ʨʘʩʩʤʦʪʨʝʥʠʠ 

ʜʚʦʡʥʳʝ ʨʝʜʢʦʟʝʤʝʣʴʥʳʝ ʤʦʣʠʙʜʘʪʳ ʦʪʥʦʩʷʪʩʷ ʢ ʦʪʜʝʣʴʥʦʤʫ ʢʣʘʩʩʫ ʩʦʝʜʠʥʝʥʠʡ. 

 ʇʨʦʚʦʜʷʱʠʝ ʩʚʦʡʩʪʚʘ ʩʦʝʜʠʥʝʥʠʡ ʩʠʩʪʝʤʳ Ln2O3 ï MoO3 ʚʧʝʨʚʳʝ ʙʳʣʠ 

ʠʟʫʯʝʥʳ ʚ 1989 ʛʦʜʫ ʜʣʷ ʩʦʩʪʘʚʘ Nd5Mo3O16 [48]. ʉʦʛʣʘʩʥʦ ʵʪʠʤ ʜʘʥʥʳʤ, 

ʩʦʝʜʠʥʝʥʠʝ ʦʙʣʘʜʘʝʪ ʩʤʝʰʘʥʥʦʡ ʢʠʩʣʦʨʦʜ-ʵʣʝʢʪʨʦʥʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʴʶ (10
-2
 

ʉʤ/cʤ ʧʨʠ 670Áʉ). ɺ 2000 ʛʦʜʫ ʃʘʢʦʨʨʝ ʚʧʝʨʚʳʝ ʙʳʣʘ ʦʙʥʘʨʫʞʝʥʘ ʚʳʩʦʢʘʷ 

ʢʠʩʣʦʨʦʜʥʘʷ ʧʨʦʚʦʜʠʤʦʩʪʴ (6Ĭ10
-2
 ʉʤ/ʩʤ ʧʨʠ 580Áʉ) ʜʨʫʛʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʵʪʦʡ 

ʦʢʩʠʜʥʦʡ ʩʠʩʪʝʤʳ ï La2Mo2O9 (LM) [49-51]. ʇʦ ʜʘʥʥʳʤ [49] LM ʦʙʣʘʜʘʝʪ 

ʩʪʨʫʢʪʫʨʥʳʤ ʬʘʟʦʚʳʤ ʧʝʨʝʭʦʜʦʤ, ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 580Áʉ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʘʷ 

ʤʦʥʦʢʣʠʥʥʘʷ Ŭ-ʬʘʟʘ [52] ʧʝʨʝʭʦʜʠʪ ʚ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʫʶ ʢʫʙʠʯʝʩʢʫʶ ɓ-ʬʘʟʫ 

[50], ʧʨʠ ʵʪʦʤ ʧʨʦʚʦʜʠʤʦʩʪʴ ʩʦʝʜʠʥʝʥʠʷ ʚʦʟʨʘʩʪʘʝʪ ʥʘ ʜʚʘ ʧʦʨʷʜʢʘ. ʕʪʦ 

ʩʦʝʜʠʥʝʥʠʝ ʧʦʩʣʫʞʠʣʦ ʙʘʟʦʚʳʤ ʩʦʝʜʠʥʝʥʠʝʤ ʥʦʚʦʛʦ ʩʝʤʝʡʩʪʚʘ ʢʠʩʣʦʨʦʜʥʳʭ 

ʧʨʦʚʦʜʥʠʢʦʚ LAMOX . 

 ʆʪʢʨʳʪʠʝ ʧʨʦʚʦʜʠʤʦʩʪʠ ʩʦʝʜʠʥʝʥʠʡ LM ʜʘʣʦ ʥʦʚʳʡ ʤʦʱʥʳʡ ʠʤʧʫʣʴʩ ʢ 

ʠʟʫʯʝʥʠʶ ʬʘʟʦʚʳʭ ʩʦʦʪʥʦʰʝʥʠʡ, ʩʪʨʦʝʥʠʷ ʠ ʩʚʦʡʩʪʚ ʩʦʝʜʠʥʝʥʠʡ ʚ ʩʠʩʪʝʤʘʭ ʩ 

ʦʢʩʠʜʦʤ ʤʦʣʠʙʜʝʥʘ, ʧʦʷʚʠʣʦʩʴ ʤʥʦʞʝʩʪʚʦ ʨʘʙʦʪ ʧʦ ʠʟʫʯʝʥʠʶ ʯʠʩʪʳʭ ʠ 

ʟʘʤʝʱʸʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʦʙʣʘʜʘʶʱʠʭ ʥʝ ʪʦʣʴʢʦ ʧʨʦʚʦʜʷʱʠʤʠ, ʥʦ ʠ ʜʨʫʛʠʤʠ 

ʠʥʪʝʨʝʩʥʳʤʠ ʬʠʟʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ [53, 54].  
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1.2.1. ʕʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʩʦʝʜʠʥʝʥʠʡ Ln5Mo3O16+ŭ 

ʇʨʦʚʦʜʷʱʠʝ ʩʚʦʡʩʪʚʘ ʬʘʟ ʍʫʙʝʨʪʘ ʚʧʝʨʚʳʝ ʙʳʣʠ ʠʟʫʯʝʥʳ ʚ 1989 ʛʦʜʫ [48]. 

ɺ ʨʘʙʦʪʝ ʠʟʫʯʝʥʘ ʜʠʥʘʤʠʢʘ ʠʟʤʝʥʝʥʠʷ ʧʨʦʚʦʜʷʱʠʭ ʩʚʦʡʩʪʚ ʜʣʷ ʨʷʜʘ 

ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ (La, Pr, Nd, Sm, Gd) ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʣʦʚʠʡ ʩʠʥʪʝʟʘ 

ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʩ ʨʘʟʣʠʯʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʢʠʩʣʦʨʦʜʘ (ʨʠʩ. 8).  

 

ʈʠʩʫʥʦʢ 8. ʇʨʦʚʦʜʠʤʦʩʪʴ ʬʘʟ Ln5Mo3O16+ŭ (Ln = La, Pr, Nd, Sm, Gd) [48]. 

ʉʦʛʣʘʩʥʦ ʵʪʠʤ ʜʘʥʥʳʤ, ʧʨʦʚʦʜʠʤʦʩʪʴ ʦʢʠʩʣʝʥʥʳʭ ʬʣʶʦʨʠʪʦʧʦʜʦʙʥʳʭ ʬʘʟ ʚ 

ʦʩʥʦʚʥʦʤ ʦʙʫʩʣʦʚʣʝʥʘ ʜʚʠʞʝʥʠʝʤ ʠʦʥʦʚ ʢʠʩʣʦʨʦʜʘ. ɺʩʣʝʜʩʪʚʠʝ ʧʨʠʩʫʪʩʪʚʠʷ ʚ 

ʩʪʨʫʢʪʫʨʝ ʘʪʦʤʦʚ ʤʦʣʠʙʜʝʥʘ ʩʤʝʰʘʥʥʦʡ ʚʘʣʝʥʪʥʦʩʪʠ Mo
5+

/Mo
6+

 ʚ 

ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʭ ʤʦʣʠʙʜʘʪʘʭ Ln5Mo3O16 ʜʦʤʠʥʠʨʫʝʪ ʵʣʝʢʪʨʦʥʥʘʷ ʧʨʦʚʦʜʠʤʦʩʪʴ, 

ʠ ʝʝ ʚʝʣʠʯʠʥʘ ʥʘ ʥʝʩʢʦʣʴʢʦ ʧʦʨʷʜʢʦʚ ʙʦʣʴʰʝ ʧʨʦʚʦʜʠʤʦʩʪʠ ʧʦʣʥʦʩʪʴʶ 

ʦʢʠʩʣʝʥʥʳʭ ʬʘʟ Ln5Mo3O16.5 (ʨʠʩ. 9). ʅʘʠʙʦʣʝʝ ʚʳʩʦʢʘʷ ʧʨʦʚʦʜʠʤʦʩʪʴ ʩʦʩʪʘʚʠʣʘ 

~10
-2
 ʉʤ/cʤ ʧʨʠ 670Áʉ. ʇʦ ʜʘʥʥʳʤ ʨʘʙʦʪʳ ʧʨʦʚʦʜʠʤʦʩʪʴ ʚ ʵʪʠʭ ʦʢʠʩʣʝʥʥʳʭ 

ʩʦʝʜʠʥʝʥʠʷʭ ʩ ʠʟʙʳʪʢʦʤ ʢʠʩʣʦʨʦʜʘ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʘ ʩ ʜʚʠʞʝʥʠʝʤ ʠʦʥʦʚ 

ʢʠʩʣʦʨʦʜʘ ʚʦ ʬʣʶʦʨʠʪʦʧʦʜʦʙʥʦʡ ʷʯʝʡʢʝ ʧʦ ʧʦʣʦʩʪʷʤ, ʯʘʩʪʠʯʥʦ ʟʘʥʷʪʳʤ 

ʠʟʙʳʪʢʦʤ ʠʦʥʦʚ ʢʠʩʣʦʨʦʜʘ. 
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                                              ʘ)                                              ʙ) 

ʈʠʩʫʥʦʢ 9. (ʘ) ï ʧʨʦʚʦʜʠʤʦʩʪʴ ʩʦʝʜʠʥʝʥʠʷ Nd5Mo3O16+ŭ (0 < ŭ < 0,5). ʆʙʨʘʟʝʮ 

ʮʠʢʣʠʯʝʩʢʠ ʥʘʛʨʝʚʘʣʩʷ ʠ ʦʭʣʘʞʜʘʣʩʷ: ǒ-ʧʦʯʪʠ ʧʦʣʥʦʩʪʴʶ ʦʢʠʩʣʝʥʥʳʡ ʦʙʨʘʟʝʮ, 

ʥʘʛʨʝʪʳʡ ʚ ʛʘʟʦʦʙʨʘʟʥʦʡ ʩʨʝʜʝ N2; Ǐ-ʦʭʣʘʞʜʝʥʥʳʡ ʚ ʛʘʟʦʦʙʨʘʟʥʦʡ ʩʨʝʜʝ N2; ȹ-

ʥʘʛʨʝʪʳʡ ʥʘ ʚʦʟʜʫʭʝ; ƺ-ʦʭʣʘʞʜʸʥʥʳʡ ʥʘ ʚʦʟʜʫʭʝ; (ʙ) ï ʧʨʦʚʦʜʠʤʦʩʪʴ ʩʦʝʜʠʥʝʥʠʷ 

La5Mo3O16: ǒ-ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʡ La5Mo3O16, ʥʘʛʨʝʪʳʡ ʚ ʚʦʟʜʫʰʥʦʡ ʘʪʤʦʩʬʝʨʝ;  

ƺ-ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʡ La5Mo3O16, ʥʘʛʨʝʪʳʡ ʚ ʘʪʤʦʩʬʝʨʝ He/5%H2; Ǐ-

ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʡ La5Mo3O16, ʥʘʛʨʝʪʳʡ ʚ ʘʪʤʦʩʬʝʨʝ ʘʟʦʪʘ N2; ȹ-ʦʢʠʩʣʝʥʥʳʡ 

La5Mo3O16, ʥʘʛʨʝʪʳʡ ʥʘ ʚʦʟʜʫʭʝ [48]. 

ɺ [15] ʪʘʢʞʝ ʙʳʣʦ ʚʳʩʢʘʟʘʥʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦ ʪʦʤ, ʯʪʦ ʧʨʦʚʦʜʠʤʦʩʪʴ ʩʦʝʜʠʥʝʥʠʡ 

ʤʦʞʝʪ ʙʳʪʴ ʦʙʫʩʣʦʚʣʝʥʘ ʜʚʠʞʝʥʠʝʤ ʠʦʥʦʚ ʧʦ çʬʣʶʦʨʠʪʦʚʳʤè ʧʦʣʦʩʪʷʤ 

ʩʪʨʫʢʪʫʨʳ, ʦʜʥʘʢʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʵʪʦʪ ʬʘʢʪ ʘʚʪʦʨʘʤ ʧʦʜʪʚʝʨʜʠʪʴ ʥʝ ʫʜʘʣʦʩʴ. 

ɺ ʥʝʜʘʚʥʠʭ ʨʘʙʦʪʘʭ [18, 55] ʠʟʫʯʝʥʳ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʤʦʣʠʙʜʘʪʦʚ 

Pr5Mo3O16+d ʠ Nd5Mo3O16+d. ɿʥʘʯʝʥʠʷ ʧʨʦʚʦʜʠʤʦʩʪʠ ʩʦʝʜʠʥʝʥʠʡ Nd5Mo3O16+ŭ ʠ 

Pr5Mo3O16+ŭ ʧʨʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʙʣʠʟʢʠ ʠ ʠʤʝʣʠ ʚʝʣʠʯʠʥʫ ʧʦʨʷʜʢʘ  

3.8Ĭ10
ï3
ʉʤ/ʩʤ ʧʨʠ 800Áʉ [18] ʠ ~10

ï2
 ʉʤ/ʩʤ ʧʨʠ 1073 ʂ ʜʣʷ Pr5Mo3O16+ŭ [55]. 

ʀʟʤʝʨʝʥʠʷ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʝʣʠʯʠʥʳ ʧʘʨʮʠʘʣʴʥʦʛʦ 



31 

 

ʜʘʚʣʝʥʠʷ ʢʠʩʣʦʨʦʜʘ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚ ʦʙʣʘʩʪʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ 

ʬʣʶʦʨʠʪʦʧʦʜʦʙʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʠʤʝʶʪ ʩʤʝʰʘʥʥʫʶ ʢʠʩʣʦʨʦʜ-ʠʦʥʥʫʶ ʠ 

ʵʣʝʢʪʨʦʥʥʫʶ ʧʨʦʚʦʜʠʤʦʩʪʴ, ʧʨʠ ʵʪʦʤ ʵʣʝʢʪʨʦʥʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʥʝ ʧʨʝʚʳʰʘʝʪ 

10% ʧʨʠ 700ÁC. ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 700-950Áʉ ʚ ʠʥʪʝʨʚʘʣʝ  

10
-5
 < 2Op

/ʘʪʤ. < 0.5 ʢʦʣʠʯʝʩʪʚʦ ʧʦʜʚʠʞʥʳʭ ʠʦʥʦʚ ʠʟʤʝʥʷʝʪʩʷ ʦʪ 0.61 ʜʦ 0.92. 

ʂʠʩʣʦʨʦʜʥʘʷ ʠ ʵʣʝʢʪʨʦʥʥʘʷ ʩʦʩʪʘʚʣʷʶʱʠʝ ʧʨʦʚʦʜʠʤʦʩʪʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʵʥʝʨʛʠʝʡ ʘʢʪʠʚʘʮʠʠ ~1 ʵɺ ʠ ~1.4 ʵɺ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʨʠʩ. 10 ʘ). ʇʨʠ ʧʦʥʠʞʝʥʠʠ 

ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʦʙʣʘʩʪʠ 600Áʉ ʥʘʙʣʶʜʘʝʪʩʷ ʧʝʨʝʭʦʜ ʦʪ ʩʤʝʰʘʥʥʦʡ ʢ ʠʦʥʥʦʡ 

ʧʨʦʚʦʜʠʤʦʩʪʠ [18]. 

 

                                       ʘ)                                                            ʙ)  

ʈʠʩʫʥʦʢ 10. ɿʘʚʠʩʠʤʦʩʪʴ ʧʨʦʚʦʜʠʤʦʩʪʠ Nd5Mo3O16+ŭ ï (ʘ) [18]; ʟʘʚʠʩʠʤʦʩʪʴ 

ʧʨʦʚʦʜʠʤʦʩʪʠ Pr5Mo3O16+ŭ ʥʘ ʚʦʟʜʫʭʝ (1) ʠ ʚ ʘʪʤʦʩʬʝʨʝ Ar/H2 (2) ï (ʙ) [55]. 

ɺ ʦʪʣʠʯʠʝ ʦʪ Pr5Mo3O16+ŭ, ʜʣʷ Nd5Mo3O16+ŭ ʥʘʙʣʶʜʘʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʘʷ 

ʟʘʚʠʩʠʤʦʩʪʴ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʦʪ ʧʘʨʮʠʘʣʴʥʦʛʦ ʜʘʚʣʝʥʠʷ ʢʠʩʣʦʨʦʜʘ, 

ʧʦʜʯʠʥʷʶʱʘʷʩʷ ʩʦʦʪʥʦʰʝʥʠʶ ů Ḑ p O2
-1/4
. ʉʣʘʙʫʶ ʟʘʚʠʩʠʤʦʩʪʴ 

ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ Pr5Mo3O16+ŭ ʦʪ ʧʘʨʮʠʘʣʴʥʦʛʦ ʜʘʚʣʝʥʠʷ ʘʚʪʦʨʳ ʦʙʲʷʩʥʷʶʪ, 

ʧʨʝʜʧʦʣʘʛʘʷ ʩʦʜʝʨʞʘʥʠʝ ʚ ʩʦʩʪʘʚʝ ʩʦʝʜʠʥʝʥʠʷ ʢʘʪʠʦʥʦʚ ʧʨʘʟʝʦʜʠʤʘ ʚ ʩʪʝʧʝʥʠ 

ʦʢʠʩʣʝʥʠʷ +4. ʊʦʛʜʘ ʧʦʥʠʞʝʥʠʝ ʧʘʨʮʠʘʣʴʥʦʛʦ ʜʘʚʣʝʥʠʷ ʢʠʩʣʦʨʦʜʘ ʧʨʠʚʦʜʠʪ ʢ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ Pr
4+

 ʜʦ Pr
3+
, ʙʣʘʛʦʜʘʨʷ ʵʪʦʤʫ ʢʦʥʮʝʥʪʨʘʮʠʷ Mo

5+
, ʦʪʚʝʪʩʪʚʝʥʥʦʛʦ 
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ʟʘ ʧʦʷʚʣʝʥʠʝ ʵʣʝʢʪʨʦʥʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ ʚ Pr5Mo3O16+ŭ, ʦʩʪʘʝʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ 

ʥʝʠʟʤʝʥʥʦʡ [18]. ɼʘʥʥʳʝ ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʠ ʠ ʠʟʤʝʨʝʥʠʡ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʥʘʣʠʯʠʠ ʩʣʘʙʦʩʚʷʟʘʥʥʳʭ ʠʦʥʦʚ ʢʠʩʣʦʨʦʜʘ ʚ ʧʦʣʦʩʪʷʭ 

ʩʪʨʫʢʪʫʨʳ [18, 55]. ʇʨʠ ʙʦʣʝʝ ʥʠʟʢʦʤ ʧʘʨʮʠʘʣʴʥʦʤ ʜʘʚʣʝʥʠʠ ʢʠʩʣʦʨʦʜʘ ʚ 

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ ʘʪʤʦʩʬʝʨʝ (Ar/H2 (5%)) ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʚʳʰʝʥʠʝ 

ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ Pr5Mo3O16+ŭ (ů ~ 1.2 ʉʤ/ʩʤ ʧʨʠ 1073 ʂ), ʩʦʧʨʦʚʦʞʜʘʶʱʝʝʩʷ 

ʫʤʝʥʴʰʝʥʠʝʤ ʵʥʝʨʛʠʠ ʘʢʪʠʚʘʮʠʠ ʜʦ 0.29 ʵɺ (ʨʠʩ. 10 ʙ). ɺ ʵʪʠʭ ʫʩʣʦʚʠʷʭ, ʧʦ ʚʩʝʡ 

ʚʠʜʠʤʦʩʪʠ, ʟʘ ʩʯʝʪ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʢʘʪʠʦʥʦʚ ʤʦʣʠʙʜʝʥʘ (Mo
6+

 ­ Mo
5+

) 

ʧʨʦʠʩʭʦʜʠʪ ʫʚʝʣʠʯʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʘ (ʵʣʝʢʪʨʦʥʦʚ), ʯʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʨʦʩʪʫ ʚʢʣʘʜʘ ʵʣʝʢʪʨʦʥʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ [55]. 

 ʉʦʛʣʘʩʥʦ ʣʠʪʝʨʘʪʫʨʥʳʤ ʜʘʥʥʳʤ, ʣʝʛʠʨʦʚʘʥʠʝ ʬʣʶʦʨʠʪʦʧʦʜʦʙʥʳʭ ʬʘʟ 

Ln5Mo3O16+ŭ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʠʟʤʝʥʝʥʠʶ ʠʭ ʧʨʦʚʦʜʠʤʦʩʪʠ. ʊʘʢ, ʚ ʨʘʙʦʪʝ [56] 

ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʠʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ ʟʘʤʝʱʝʥʠʷ ʘʪʦʤʦʚ La
3+

 

ʘʪʦʤʘʤʠ Ce
4+

 ʠʣʠ Th
4+

 ʥʘ ʧʨʦʚʦʜʷʱʠʝ ʩʚʦʡʩʪʚʘ ʦʢʠʩʣʝʥʥʳʭ ʬʘʟ  

La5-xMexMo3O16+ŭ+x/2 (Me = Ce, Th; x = 0.05, 0.1, 0.15, 0.20, 0.25). ʄʘʢʩʠʤʘʣʴʥʘʷ 

ʧʨʦʚʦʜʠʤʦʩʪʴ ʙʳʣʘ ʦʙʥʘʨʫʞʝʥʘ ʜʣʷ ʩʦʩʪʘʚʘ La4.95ʉe0.05Mo3O16+ŭ+0.05/2, ʧʨʠ 200Áʉ 

ʦʥʘ ʩʦʩʪʘʚʠʣʘ ů = 2.6Ĭ10
-6
 ʉʤ/ʩʤ (ɽʘ = 66 ʵɺ) ʠ ʚʦʟʨʘʩʪʘʣʘ ʩ ʧʦʚʳʰʝʥʠʝʤ 

ʪʝʤʧʝʨʘʪʫʨʳ ʜʦ ů = 8Ĭ10
-3
 ʉʤ/ʩʤ (ɽʘ = 0.51 ʵɺ) ʧʨʠ 680Áʉ (ʨʠʩ. 11). ɸʚʪʦʨʳ 

ʩʚʷʟʳʚʘʶʪ ʨʦʩʪ ʧʨʦʚʦʜʠʤʦʩʪʠ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʣʠʯʝʩʪʚʘ ʢʠʩʣʦʨʦʜʘ ʚ ʩʪʨʫʢʪʫʨʝ 

ʥʘ ʚʝʣʠʯʠʥʫ ʭ/2, ʥʝʦʙʭʦʜʠʤʫʶ ʜʣʷ ʩʦʭʨʘʥʝʥʠʷ ʵʣʝʢʪʨʦʥʝʡʪʨʘʣʴʥʦʩʪʠ ʩʦʝʜʠʥʝʥʠʷ. 

ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʨʠʤʝʩʠ ʧʨʦʚʦʜʠʤʦʩʪʴ ʤʝʜʣʝʥʥʦ ʫʙʳʚʘʝʪ ʠ ʧʨʠ  

ʭ = 0.25 ʩʪʘʥʦʚʠʪʩʷ ʨʘʚʥʘ ʧʨʦʚʦʜʠʤʦʩʪʠ ʙʝʩʧʨʠʤʝʩʥʦʛʦ La5Mo3O16.5. ʕʪʦ ʩʚʷʟʘʥʦ ʩ 

ʧʦʪʝʨʝʡ ʯʠʩʣʘ ʢʠʩʣʦʨʦʜʥʳʭ ʚʘʢʘʥʩʠʡ, ʢʦʪʦʨʳʝ ʧʦʩʪʝʧʝʥʥʦ ʟʘʥʠʤʘʶʪ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʠʦʥʳ ʢʠʩʣʦʨʦʜʘ [56]. ʕʣʝʢʪʨʦʥʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʧʨʦʚʦʜʠʤʦʩʪʠ 

ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʥʝ ʠʟʫʯʘʣʘʩʴ, ʦʜʥʘʢʦ ʟʘʨʷʜʦʚʦʝ ʩʦʩʪʦʷʥʠʝ ʮʝʨʠʷ ʧʦ ʜʘʥʥʳʤ 

ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʧʦʛʣʦʱʝʥʠʷ (XANES) ʩʦʩʪʘʚʣʷʝʪ +3.7, ʯʪʦ ʤʦʞʝʪ ʦʢʘʟʳʚʘʪʴ 

ʚʣʠʷʥʠʝ ʥʘ ʵʣʝʢʪʨʦʥʥʫʶ ʩʦʩʪʘʚʣʷʶʱʫʶ ʩʦʝʜʠʥʝʥʠʷ [56]. 
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                                             ʘ)                                                    ʙ)  

ʈʠʩʫʥʦʢ 11. ɿʘʚʠʩʠʤʦʩʪʴ ʧʨʦʚʦʜʠʤʦʩʪʠ ʩʦʝʜʠʥʝʥʠʷ La5-xMexMo3O16+ŭ+x/2 ʚ 

ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ 200-680Á ʉ. Me = Ce ï (a), Me = Th ï (ʙ) [56]. 

ɺ [24] ʠʟʫʯʝʥʳ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʩʝʨʠʠ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʦʙʨʘʟʮʦʚ 

Nd5-xSmxMo3O16 (x = 0, 0.05, 0.1, 0.15, 1, 2, 3, 4, 5) ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ  

300-700Á ʉ (ʪʘʙʣ. 2).  

ʊʘʙʣʠʮʘ 2. ʋʜʝʣʴʥʘʷ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ (ů, ʤʉʤ/ʩʤ) ʠ ʵʥʝʨʛʠʷ ʘʢʪʠʚʘʮʠʠ  

(Ea, ʵɺ) ʦʙʨʘʟʮʦʚ Nd5-xSmxMo3O16 [24]. 
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ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʩʦʜʝʨʞʘʥʠʷ ʩʘʤʘʨʠʷ ʚ ʪʚʝʨʜʦʤ ʨʘʩʪʚʦʨʝ ʫʜʝʣʴʥʘʷ 

ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ ʩʥʘʯʘʣʘ ʚʦʟʨʘʩʪʘʝʪ (ʚ 2-4 ʨʘʟʘ ʚ ʠʥʪʝʨʚʘʣʝ ʭ ʦʪ 0 ʜʦ 1), ʟʘʪʝʤ 

ʫʤʝʥʴʰʘʝʪʩʷ (ʧʨʠ ʭ = 2). ʋʚʝʣʠʯʝʥʠʝ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʧʦ ʤʥʝʥʠʶ ʘʚʪʦʨʦʚ, 

ʤʦʞʝʪ ʙʳʪʴ ʦʙʫʩʣʦʚʣʝʥʦ ʫʩʠʣʝʥʠʝʤ ʠʩʢʘʞʝʥʠʝʤ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ 

ʬʣʶʦʨʠʪʘ, ʘ ʜʘʣʴʥʝʡʰʝʝ ʫʤʝʥʴʰʝʥʠʝ ʧʨʦʚʦʜʠʤʦʩʪʠ ʩ ʧʦʷʚʣʝʥʠʝʤ ʥʝʧʨʦʚʦʜʷʱʝʡ 

ʤʦʥʦʢʣʠʥʥʦʡ ʬʘʟʳ Sm2MoO6, ʦʙʥʘʨʫʞʝʥʥʦʡ ʧʨʠ ʭ Ó 3 ʤʝʪʦʜʦʤ ʈʌɸ [24].  

 ɺ ʥʝʜʘʚʥʝʡ ʨʘʙʦʪʝ [57] ʠʟʫʯʘʣʠʩʴ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʦʙʨʘʟʮʳ 

ʬʣʶʦʨʠʪʦʧʦʜʦʙʥʳʭ ʦʢʩʠʬʪʦʨʠʜʦʚ NaLn4Mo3O15F (Ln = La, Pr, Nd). 

ʉʦʜʦʧʠʨʦʚʘʥʠʝ Ln5Mo3O16 ʥʘʪʨʠʝʤ ʠ ʬʪʦʨʦʤ ʚʳʟʳʚʘʝʪ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʡ 

ʵʬʬʝʢʪ ʠ ʦʙʨʘʪʠʤʳʡ ʬʘʟʦʚʳʡ ʧʝʨʝʭʦʜ ʚ ʦʢʩʠʬʪʦʨʠʜʘʭ, ʩʦʧʨʦʚʦʞʜʘʶʱʠʡʩʷ 

ʨʝʟʢʠʤ ʠʟʤʝʥʝʥʠʝʤ ʠʭ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʠ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʘʥʦʤʘʣʠʝʡ ʚ 

ʠʭ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ. ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʦʢʦʣʦ 600ÁC ʢʨʠʚʳʝ ɼʉʂ 

ʠʤʝʶʪ ʘʥʦʤʘʣʠʠ, ʵʥʜʦʪʝʨʤʠʯʝʩʢʠʝ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʠ ʵʢʟʦʪʝʨʤʠʯʝʩʢʠʝ ʧʨʠ 

ʦʭʣʘʞʜʝʥʠʠ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʪʴ ʢʘʢ ʩʚʠʜʝʪʝʣʴʩʪʚʦ ʦʙʨʘʪʠʤʦʛʦ 

ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʧʝʨʚʦʛʦ ʨʦʜʘ (ʨʠʩ. 12).  

 

                                              ʘ)                                               ʙ)  

ʈʠʩʫʥʦʢ 12. ɼʘʥʥʳʝ ɼʉʂ ʜʣʷ (1) ï NaLa4Mo3O15F, (2) ï NaPr4Mo3O15F ʠ (3) ï 

NaNd4Mo3O15F; ʧʨʠ ʥʘʛʨʝʚʝ ï (ʘ), ʧʨʠ ʦʭʣʘʞʜʝʥʠʠï (ʙ) [57]. 

ʉʧʝʢʪʨʳ ʠʤʧʝʜʘʥʩʘ NaNd4Mo3O15F, NaPr4Mo3O15F ʠ NaLa4Mo3O15F ʠʤʝʶʪ ʭʦʨʦʰʦ 

ʨʘʟʨʝʰʝʥʥʳʡ ʧʦʣʫʢʨʫʛ, ʢʦʪʦʨʳʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʦʙʲʝʤʥʫʶ ʧʨʦʚʦʜʠʤʦʩʪʴ ʦʙʨʘʟʮʦʚ 

(ʨʠʩ. 13). ʌʘʟʦʚʳʡ ʧʝʨʝʭʦʜ, ʦʙʥʘʨʫʞʝʥʥʳʡ ʚʙʣʠʟʠ 600ÁC ʚ ʩʢʘʥʠʨʦʚʘʥʠʠ ɼʉʂ 

NaNd4Mo3O15F ʠ NaLa4Mo3O15F, ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʨʝʟʢʠʤ ʫʚʝʣʠʯʝʥʠʝʤ ʠʭ 

ʧʨʦʚʦʜʠʤʦʩʪʠ (ʨʠʩ. 14).  
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ʈʠʩʫʥʦʢ 13. ʉʧʝʢʪʨʳ ʠʤʧʝʜʘʥʩʘ NaLn4Mo3O15F (Ln = La, Pr, Nd), ʠʟʤʝʨʝʥʥʳʝ ʧʨʠ 

760 ʠ 800Á ʉ ʧʨʠ ʥʘʛʨʝʚʝ [57]. 

 

ʈʠʩʫʥʦʢ 14. ʊʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʦʙʲʝʤʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ ʜʣʷ 

NaLn4Mo3O15F (Ln = La, Pr, Nd) ʧʨʠ ʥʘʛʨʝʚʝ ʠ ʦʭʣʘʞʜʝʥʠʠ [57]. 
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ʅʠʞʝ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʧʨʦʚʦʜʠʤʦʩʪʴ ʦʙʨʘʟʮʦʚ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʵʥʝʨʛʠʝʡ 

ʘʢʪʠʚʘʮʠʠ ʧʦʨʷʜʢʘ 0.9-1.1 ʵɺ, ʚʳʰʝ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʵʥʝʨʛʠʷ ʘʢʪʠʚʘʮʠʠ 

ʟʘʤʝʪʥʦ ʥʠʞʝ: 0.4-0.6 ʵɺ. ʅʘʠʙʦʣʴʰʘʷ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ Nd- ʠ La-ʩʦʜʝʨʞʘʱʠʭ 

ʦʙʨʘʟʮʦʚ ʧʨʠ 700ÁC ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 3.2Ĭ10
-2
 ʉʤ/ʩʤ. ʇʨʦʚʦʜʠʤʦʩʪʴ  

Pr-ʩʦʜʝʨʞʘʱʠʭ ʦʙʨʘʟʮʦʚ ʥʝʩʢʦʣʴʢʦ ʥʠʞʝ: 1.4Ĭ10
-2
 ʉʤ/ʩʤ ʧʨʠ 700ÁC. ɸʚʪʦʨʳ [57] 

ʧʨʝʜʧʦʣʦʞʠʣʠ, ʯʪʦ ʚ NaLn4Mo3O15F ʠʤʝʝʪ ʤʝʩʪʦ ʚʘʢʘʥʩʠʦʥʥʳʡ ʤʝʭʘʥʠʟʤ 

ʧʨʦʚʦʜʠʤʦʩʪʠ, ʩʚʷʟʘʥʥʳʡ ʩ ʜʚʠʞʝʥʠʝʤ ʢʠʩʣʦʨʦʜʘ ʠ ʬʪʦʨʘ ʚ ʢʠʩʣʦʨʦʜʥʳʭ 

ʚʘʢʘʥʩʠʷʭ. ʉʚʦʙʦʜʥʳʝ çʬʣʶʦʨʠʪʦʚʳʝ ʧʦʣʦʩʪʠè ʚ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʷʭ, ʤʦʛʫʪ 

ʚʢʣʶʯʘʪʴ ʚʦʜʫ, ʢʦʪʦʨʘʷ ʙʳʣʘ ʦʙʥʘʨʫʞʝʥʘ ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʝʡ. ʕʪʦ ʧʦʟʚʦʣʠʣʦ 

ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʦʢʩʠʬʪʦʨʠʜʳ NaLn4Mo3O15F (Ln = La, Pr, Nd) ʤʦʞʥʦ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʧʨʦʪʦʥʥʳʝ ʧʨʦʚʦʜʥʠʢʠ.  

 ʇʨʦʚʦʜʠʤʦʩʪʴ ʠʟʦʩʪʨʫʢʪʫʨʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ La5NbMo2O16 ʙʳʣʘ ʠʟʫʯʝʥʘ ʚ 

[23]. ʀʟʤʝʨʝʥʠʷ ʠʤʧʝʜʘʥʩʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʩʦʝʜʠʥʝʥʠʷ ʧʨʦʚʦʜʠʣʠ ʚ ʠʥʪʝʨʚʘʣʝ 

ʪʝʤʧʝʨʘʪʫʨ 600-1000 ʂ (ʨʠʩ. 15 ʘ).  

 

                                           ʘ)                                                          ʙ) 

ʈʠʩʫʥʦʢ 15. ʉʧʝʢʪʨʳ ʠʤʧʝʜʘʥʩʘ ʜʣʷ La5NbMo2O16 ï (ʘ); ʪʝʤʧʝʨʘʪʫʨʥʘʷ 

ʟʘʚʠʩʠʤʦʩʪʴ ʦʙʲʝʤʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ ʜʣʷ La5NbMo2O16 ï (ʙ) [23]. 

ʅʘ ʜʠʘʛʨʘʤʤʝ ʠʤʧʝʜʘʥʩʘ ʧʦʣʫʢʨʫʛ ʩ ʚʳʩʦʢʦʡ ʯʘʩʪʦʪʦʡ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʜʚʠʞʝʥʠʶ 

ʠʦʥʦʚ. ɺ ʯʘʩʪʥʦʩʪʠ, ʣʠʥʠʷ ʥʘ ʥʠʟʢʦʡ ʯʘʩʪʦʪʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʧʦʣʷʨʠʟʘʮʠʶ 

ʵʣʝʢʪʨʦʜʘ ʠ ʧʦʜʪʚʝʨʞʜʘʝʪ ʠʦʥʥʳʡ ʭʘʨʘʢʪʝʨ ʧʨʦʚʦʜʠʤʦʩʪʠ. ʇʦʣʥʘʷ ʠʦʥʥʘʷ 
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ʧʨʦʚʦʜʠʤʦʩʪʴ La5NbMo2O16 ʩʨʘʚʥʠʤʘ ʩ ʧʨʦʚʦʜʠʤʦʩʪʴʶ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ 

ʬʘʟʳ La2Mo2O9 ʠ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 1Ĭ10
-3
 ʉʤ/ʩʤ (ʨʠʩ. 15 ʙ) [23]. ɺ ʵʪʦʡ ʞʝ ʨʘʙʦʪʝ 

ʘʚʪʦʨʳ ʠʟʫʯʘʣʠ ʬʘʟʦʦʙʨʘʟʦʚʘʥʠʝ La5NbMo2O16, ʣʝʛʠʨʦʚʘʥʥʳʭ ʩʪʨʦʥʮʠʝʤ (Sr
2+

). 

ʆʞʠʜʘʣʦʩʴ, ʯʪʦ ʛʝʪʝʨʦʚʘʣʝʥʪʥʦʝ ʟʘʤʝʱʝʥʠʝ ʙʫʜʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʩʦʟʜʘʥʠʶ 

ʢʠʩʣʦʨʦʜʥʳʭ ʚʘʢʘʥʩʠʡ, ʯʪʦ ʤʦʞʝʪ ʫʚʝʣʠʯʠʪʴ ʧʨʦʚʦʜʠʤʦʩʪʴ ʩʦʝʜʠʥʝʥʠʷ. ʕʪʘ ʮʝʣʴ 

ʥʝ ʙʳʣʘ ʜʦʩʪʠʛʥʫʪʘ ʘʚʪʦʨʘʤʠ ʠ ʚʤʝʩʪʦ ʚʘʢʘʥʩʠʦʥʥʳʭ ʥʝʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʭ ʬʘʟ 

ʧʦʣʫʯʝʥʳ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʝ ʬʘʟʳ La5-xSrxNbMo2O16, ʣʠʰʝʥʥʳʝ ʠʟʙʳʪʦʯʥʦʛʦ 

ʢʠʩʣʦʨʦʜʘ. 
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1.2.2. ʌʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ Ln2MoO6 

 ʉʦʛʣʘʩʥʦ ʣʠʪʝʨʘʪʫʨʥʳʤ ʜʘʥʥʳʤ ʥʝʢʦʪʦʨʳʝ ʦʢʩʠʤʦʣʠʙʜʘʪʳ Ln2MoO6 ʠ 

ʣʝʛʠʨʦʚʘʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʥʘ ʠʭ ʦʩʥʦʚʝ ʦʙʣʘʜʘʶʪ ʣʶʤʠʥʝʩʮʝʥʪʥʳʤʠ, 

ʧʨʦʚʦʜʷʱʠʤʠ ʠ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤ. ʅʝʩʤʦʪʨʷ ʥʘ ʥʘʣʠʯʠʝ 

ʠʟʚʝʩʪʥʳʭ ʠ ʧʦʪʝʥʮʠʘʣʴʥʦ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʵʪʦʛʦ ʩʝʤʝʡʩʪʚʘ, 

ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʚʠʩʠʤʦʩʪʠ ʩʦʩʪʘʚïʩʪʨʫʢʪʫʨʘïʩʚʦʡʩʪʚʘ 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʧʨʦʚʦʜʠʣʠʩʴ. ʀʟʚʝʩʪʥʳ ʦʪʜʝʣʴʥʳʝ ʩʦʦʙʱʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʘʚʪʦʨʦʚ, 

ʧʦʩʚʷʱʝʥʥʳʝ ʠʟʫʯʝʥʠʶ ʩʚʦʡʩʪʚ ʢʦʥʢʨʝʪʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. ɺ [58] ʩʦʦʙʱʘʣʦʩʴ ʦ 

ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʧʣʘʚʣʝʥʠʷ ʦʢʩʠʚʦʣʴʬʨʘʤʘʪʦʚ Ln2WO6, ʩʦʝʜʠʥʝʥʠʷ, ʚ ʪʦʤ 

ʯʠʩʣʝ, ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʚ ʢʘʯʝʩʪʚʝ ʨʘʙʦʯʝʛʦ ʪʝʣʘ ʤʘʛʥʠʪʦʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ 

ʛʝʥʝʨʘʪʦʨʘ [59]. ɺʳʩʦʢʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʩʠʥʪʝʟʘ ʦʢʩʠʤʦʣʠʙʜʘʪʦʚ ʧʨʝʜʧʦʣʘʛʘʶʪ 

ʥʘʣʠʯʠʝ ʧʦʜʦʙʥʳʭ ʩʚʦʡʩʪʚ ʠ ʫ ʥʠʭ. ʍʠʤʠʯʝʩʢʘʷ ʩʪʦʡʢʦʩʪʴ ʠ ʪʫʛʦʧʣʘʚʢʦʩʪʴ 

ʦʢʩʠʤʦʣʠʙʜʘʪʦʚ ʪʘʢʞʝ ʥʝ ʙʳʣʘ ʧʨʝʜʤʝʪʦʤ ʦʪʜʝʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʘ 

ʥʝʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʜʘʥʥʳʝ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʚ ʦʩʥʦʚʥʦʤ ʧʦʩʚʷʱʝʥʳ ʙʣʠʟʢʠʤ ʧʦ 

ʩʪʨʦʝʥʠʶ ʦʢʩʠʚʦʣʴʬʨʘʤʘʪʘʤ. 

 ɺ ʨʘʙʦʪʘʭ [35, 47, 60] ʠʟʫʯʘʣʠʩʴ ʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ʩʚʦʡʩʪʚʘ ʤʦʣʠʙʜʘʪʦʚ ʠ 

ʚʦʣʴʬʨʘʤʘʪʦʚ ʠʪʪʨʠʷ, ʣʘʥʪʘʥʘ, ʛʘʜʦʣʠʥʠʷ, ʣʶʪʝʮʠʷ (Ln2MeO6, Ln = Y, La, Gd, Lu, 

Me = Mo, W). ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚʚʝʜʝʥʠʝ ʘʢʪʠʚʘʪʦʨʘ ʚ ʩʦʝʜʠʥʝʥʠʷ ʧʨʠʚʦʜʠʪ ʢ 

ʛʘʰʝʥʠʶ ʩʦʙʩʪʚʝʥʥʦʡ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʠ ʧʦʷʚʣʝʥʠʶ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʧʨʠʤʝʩʥʳʭ 

ʠʦʥʦʚ ʈɿʕ, ʦʩʦʙʝʥʥʦ ʵʬʬʝʢʪʠʚʥʳʤ ʷʚʣʷʝʪʩʷ ʘʢʪʠʚʠʨʦʚʘʥʠʝ ʝʚʨʦʧʠʝʤ. ɸʚʪʦʨʳ 

[47] ʧʨʝʜʧʦʣʦʞʠʣʠ, ʯʪʦ ʚ ʣʝʛʠʨʦʚʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʷʭ Ln2MeO6 ʠʤʝʝʪʩʷ ʜʚʘ ʮʝʥʪʨʘ 

ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʠʦʥʦʚ Eu
3+
, ʦʪʣʠʯʘʶʱʠʭʩʷ ʧʦʣʷʨʠʟʫʶʱʠʤ ʚʦʟʜʝʡʩʪʚʠʝʤ 

ʥʝʵʢʚʠʚʘʣʝʥʪʥʳʭ ʘʪʦʤʦʚ ʢʠʩʣʦʨʦʜʘ ʚ ʚʝʨʰʠʥʘʭ Me-ʧʦʣʠʵʜʨʦʚ. ʂʚʘʥʪʦʚʳʡ ʚʳʭʦʜ 

ʦʢʩʠʤʦʣʠʙʜʘʪʦʚ ʥʠʞʝ, ʯʝʤ ʫ ʦʢʩʠʚʦʣʴʬʨʘʤʘʪʦʚ, ʯʪʦ, ʧʦ ʤʥʝʥʠʶ ʘʚʪʦʨʦʚ [35], 

ʩʚʷʟʘʥʦ ʩ ʧʦʛʣʦʱʝʥʠʝʤ ʩʚʝʪʘ ʚʦʣʴʬʨʘʤ-ʢʠʩʣʦʨʦʜʥʳʤʠ ʛʨʫʧʧʘʤʠ ʩ ʧʦʩʣʝʜʫʶʱʠʤ 

ʧʝʨʝʥʦʩʦʤ ʵʥʝʨʛʠʠ ʢ ʠʦʥʘʤ-ʘʢʪʠʚʘʪʦʨʘʤ. ɺ ʥʝʜʘʚʥʝʡ ʨʘʙʦʪʝ [36] ʪʘʢʞʝ ʠʟʫʯʝʥʳ 

ʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ʩʚʦʡʩʪʚʘ Gd2MeO6, (Me = W, Mo) ʘʢʪʠʚʠʨʦʚʘʥʥʳʝ ʝʚʨʦʧʠʝʤ 

Eu
3+
. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʦʙʨʘʟʮʳ ʤʦʛʫʪ ʵʬʬʝʢʪʠʚʥʦ ʚʦʟʙʫʞʜʘʪʴʩʷ ʫʣʴʪʨʘʬʠʦʣʝʪʦʤ 

(393 ʥʤ) ʠ ʠʟʣʫʯʘʪʴ ʢʨʘʩʥʳʡ ʩʚʝʪ ʧʨʠ 608 ʥʤ (ʨʠʩ. 16). ʆʢʩʠʤʦʣʠʙʜʘʪ, ʠ 
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ʦʢʩʠʚʦʣʴʬʨʘʤʘʪ ʠʤʝʶʪ ʠʥʪʝʥʩʠʚʥʫʶ ʧʦʣʦʩʫ ʧʦʛʣʦʱʝʥʠʷ ʚ ʜʠʘʧʘʟʦʥʝ ʋʌ ʦʪ 200 

ʜʦ 350 ʥʤ. ʂʚʘʥʪʦʚʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ Eu
3+

 ʣʶʤʠʥʦʬʦʨʦʚ Gd1.96WO6:Eu0.04, 

Gd1.96W0.5Mo0.5O6:Eu0.04 ʠ Gd1.96MoO6:Eu0.04 ʩʦʩʪʘʚʣʷʝʪ 45,6%, 44,3% ʠ 26,1% 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʅʝʩʤʦʪʨʷ ʥʘ ʥʝʙʦʣʴʰʫʶ ʨʘʟʥʠʮʫ ʚ ʩʦʦʪʥʦʰʝʥʠʠ ʤʝʞʜʫ ʢʨʘʩʥʳʤ 

ʠ ʦʨʘʥʞʝʚʳʤ, ʚʨʝʤʷ ʞʠʟʥʠ Gd1.96WO6:Eu0.04 ʩʫʱʝʩʪʚʝʥʥʦ ʚʳʰʝ. 

 

                                        ʘ)                                                                   ʙ) 

ʈʠʩʫʥʦʢ 16. ʋʌ-ʚʠʜʠʤʳʝ ʩʧʝʢʪʨʳ ʜʠʬʬʫʟʥʦʛʦ ʦʪʨʘʞʝʥʠʷ ʧʨʠ ɚ = 613 ʥʤ ï (ʘ); 

ʧʨʠ ɚ = 393 ʥʤ ï (ʙ). ɹʫʢʚʘʤʠ ʥʘ ʨʠʩʫʥʢʝ ʦʙʦʟʥʘʯʝʥʳ a ï Gd1.96WO6: Eu0.04;  

b ï Gd1.96W0.5Mo0.5O6:Eu0.04; c ï Gd1.96MoO6:Eu0.04 [36]. 

 ʇʨʦʚʦʜʷʱʠʝ ʩʚʦʡʩʪʚʘ ʙʝʩʧʨʠʤʝʩʥʳʭ ʠ ʥʝʢʦʪʦʨʳʭ ʣʝʛʠʨʦʚʘʥʥʳʭ 

ʦʢʩʠʤʦʣʠʙʜʘʪʦʚ ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʨʘʟʣʠʯʥʳʤʠ ʘʚʪʦʨʘʤʠ, ʦʜʥʘʢʦ ʠʤʝʶʱʠʝʩʷ ʜʘʥʥʳʝ 

ʥʝ ʧʦʟʚʦʣʷʶʪ ʜʝʣʘʪʴ ʦʜʥʦʟʥʘʯʥʳʝ ʚʳʚʦʜʳ ʦ ʧʨʠʨʦʜʝ ʚʦʟʥʠʢʥʦʚʝʥʠʷ 

ʧʨʦʚʦʜʠʤʦʩʪʠ ʠ ʤʝʭʘʥʠʟʤʘʭ ʝʸ ʫʚʝʣʠʯʝʥʠʷ. ɺ ʨʘʙʦʪʘʭ [60, 27, 58] ʩʦʦʙʱʘʝʪʩʷ, ʯʪʦ 

ʙʝʩʧʨʠʤʝʩʥʳʝ ʦʙʨʘʟʮʳ Ln2MoO6 ʧʨʠ ʥʦʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʷʚʣʷʶʪʩʷ 

ʜʠʵʣʝʢʪʨʠʢʘʤʠ, ʧʨʠ ʵʪʦʤ ʩʦʝʜʠʥʝʥʠʷ ʩʦʩʪʘʚʘ Ce2MoO6 ʧʨʦʷʚʣʷʶʪ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʝ ʩʚʦʡʩʪʚʘ ʩ ʵʥʝʨʛʠʝʡ ʘʢʪʠʚʘʮʠʠ ʧʨʦʚʦʜʠʤʦʩʪʠ 0.21 ʵɺ [27]. 

ɸʚʪʦʨʳ ʩʚʷʟʳʚʘʶʪ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʧʨʦʚʦʜʠʤʦʩʪʠ ʩ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝʤ 

ʵʣʝʢʪʨʦʥʦʚ ʮʝʨʠʷ ʉʝ
3+
ŸMo

6+
, ʧʨʠ ʵʪʦʤ ʚʘʣʝʥʪʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʨʠʥʠʤʘʝʪ ʚʠʜ 

Ce
3+

Ce
4+

Mo
5+

O6 [27]. ʇʨʦʚʦʜʠʤʦʩʪʴ ʜʨʫʛʠʭ ʩʦʝʜʠʥʝʥʠʡ ʪʠʧʘ Ln2MoO6 ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʘʭ 800-1170Áʉ ʪʘʢʞʝ ʧʨʠʦʙʨʝʪʘʝʪ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʡ ʭʘʨʘʢʪʝʨ. 

ʂʘʥʘʜʩʢʠʝ ʫʯʸʥʳʝ ʚ ʨʘʙʦʪʝ [61] ʠʟʫʯʠʣʠ ʧʨʦʚʦʜʠʤʦʩʪʴ ʩʣʦʞʥʳʭ 
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ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʦʜʦʧʠʨʦʚʘʥʥʳʭ ʦʢʩʠʤʦʣʠʙʜʘʪʦʚ Sm2-xAxMe1-yBxO6-ŭ,  

(A = Ca, Sr; Me = Mo, W; B = Ce, Ni) ʥʘ ʚʦʟʜʫʭʝ ʠ ʚ ʘʪʤʦʩʬʝʨʝ ʚʦʜʦʨʦʜʘ H2. 

ɺʳʚʦʜʳ ʘʚʪʦʨʦʚ ʫʢʘʟʳʚʘʶʪ ʥʘ ʧʨʠʩʫʪʩʪʚʠʝ ʩʤʝʰʘʥʥʦʡ ʵʣʝʢʪʨʦʥʥʦ-ʠʦʥʥʦʡ 

ʧʨʦʚʦʜʠʤʦʩʪʠ ʩʦʝʜʠʥʝʥʠʡ. ɺʚʝʜʝʥʠʝ ʚ ʩʪʨʫʢʪʫʨʫ ʘʪʦʤʦʚ Ca ʠʣʠ Sr ʧʨʠʚʦʜʠʪ ʢ 

ʨʦʩʪʫ ʧʨʦʚʦʜʠʤʦʩʪʠ ʥʘ ʚʦʟʜʫʭʝ (ʈʠʩ. 17), ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʢʠʩʣʦʨʦʜʥʳʭ ʚʘʢʘʥʩʠʡ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʵʥʝʨʛʠʷ ʘʢʪʠʚʘʮʠʠ ʵʣʝʢʪʨʦʥʥʦʡ 

ʧʨʦʚʦʜʠʤʦʩʪʠ ʚ ʚʦʟʜʫʭʝ ʫʤʝʥʴʰʘʝʪʩʷ ʩ ʟʘʤʝʥʦʡ ʉʘ ʠ Sr. ʉʥʠʞʝʥʠʝ 

ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʣʝʛʠʨʦʚʘʥʥʳʭ Ce ʠ Ni ʩʦʩʪʘʚʦʚ ʘʚʪʦʨʳ ʩʚʷʟʳʚʘʶʪ ʩ 

ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʝʡ ʠ ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʦʙʦʯʥʦʡ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʬʘʟʳ. ʇʨʠ 

ʚʚʝʜʝʥʠʠ ʜʘʥʥʳʭ ʧʨʠʤʝʩʝʡ ʚ ʩʪʨʫʢʪʫʨʫ ʦʙʨʘʟʮʳ ʦʩʪʘʶʪʩʷ ʤʦʥʦʢʣʠʥʥʳʤʠ ʩ 

ʧʘʨʘʤʝʪʨʘʤʠ a å 15, b å 11, c å 5 ɓ å 91Á ʧʨʠ ʚʩʝʭ ʠʟʫʯʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ [61]. 

 

                                    ʘ)                                                            ʙ) 

ʈʠʩʫʥʦʢ 17. ʊʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʧʨʦʚʦʜʠʤʦʩʪʠ Sm2-xAxMo1-yBxO6-ŭ  

(A = Ca, Sr; B = Ce, Ni) ʥʘ ʚʦʟʜʫʭʝ ï (ʘ), ʚ ʘʪʤʦʩʬʝʨʝ ʚʦʜʦʨʦʜʘ H2 ï (ʙ) [61].  

ɺ ʘʪʤʦʩʬʝʨʝ ʚʦʜʦʨʦʜʘ ʦʙʨʘʟʮʳ ʧʦʢʘʟʘʣʠ ʟʥʘʯʠʪʝʣʴʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʧʨʦʚʦʜʠʤʦʩʪʠ, 

ʯʪʦ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʧʝʨʝʭʦʜʥʦʛʦ ʤʝʪʘʣʣʘ [62]. ʇʨʠ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ʤʦʣʠʙʜʝʥʘ ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʦʩʪʘʸʪʩʷ ʤʦʥʦʢʣʠʥʥʦʡ, 

ʦʜʥʘʢʦ ʚ ʥʝʡ ʧʨʦʠʩʭʦʜʷʪ ʩʫʱʝʩʪʚʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ, ʯʪʦ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ 

ʠʟʤʝʥʝʥʠʝʤ ʧʘʨʘʤʝʪʨʦʚ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ a å 7.67 ¡, b å 5.8 ¡, c å 12.5 ¡,  
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ɓ å 108Á. ɼʣʷ ʩʦʩʪʘʚʦʚ Sm2Mo0.9Ce0.1O6īŭ ʠ Sm2Mo0.8Ce0.2O6īŭ ʤʝʪʦʜʦʤ ʈʌɸ 

ʥʘʙʣʶʜʘʝʪʩʷ ʬʘʟʦʚʘʷ ʩʤʝʩʴ. ʉʪʨʫʢʪʫʨʥʳʝ ʘʩʧʝʢʪʳ ʠ ʧʨʠʯʠʥʳ ʧʝʨʝʛʨʫʧʧʠʨʦʚʢʠ 

ʘʪʦʤʦʚ ʚ ʨʘʙʦʪʝ, ʢ ʩʦʞʘʣʝʥʠʶ, ʥʝ ʘʥʘʣʠʟʠʨʦʚʘʣʠʩʴ. ʅʘʠʙʦʣʴʰʠʝ ʟʥʘʯʝʥʠʷ 

ʧʨʦʚʦʜʠʤʦʩʪʠ (0.12 ʉʤ/ʩʤ) ʚ ʘʪʤʦʩʬʝʨʝ ʚʦʜʦʨʦʜʘ ʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʦʙʨʘʟʮʳ 

ʩʦʩʪʘʚʘ Sm1.8Ca0.2MoO6 ʧʨʠ ʊ = 550Áʉ.  

 ɺ ʨʘʙʦʪʘʭ [37, 63] ʠʟʫʯʝʥʦ ʚʣʠʷʥʠʝ ʟʘʤʝʱʝʥʠʷ ʨʝʜʢʦʟʝʤʝʣʴʥʦʛʦ ʢʘʪʠʦʥʘ 

ʩʚʠʥʮʦʤ ʥʘ ʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʪʝʪʨʘʛʦʥʘʣʴʥʳʭ ʦʢʩʠʤʦʣʠʙʜʘʪʦʚ Ln2MoO6  

(Ln = La, Nd). ʂʘʢ ʠ ʜʣʷ ʤʦʥʦʢʣʠʥʥʳʭ ʦʢʩʠʤʦʣʠʙʜʘʪʦʚ ʘʚʪʦʨʘʤʠ ʟʘʬʠʢʩʠʨʦʚʘʥ 

ʤʦʥʦʪʦʥʥʳʡ ʨʦʩʪ ʧʨʦʚʦʜʠʤʦʩʪʠ ʧʨʠ ʧʦʚʳʰʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ. ʇʨʠ ʜʦʩʪʠʞʝʥʠʠ 

ʪʝʤʧʝʨʘʪʫʨʳ 820ÁC ʣʝʛʠʨʦʚʘʥʥʳʝ ʦʙʨʘʟʮʳ ʧʨʝʪʝʨʧʝʚʘʶʪ ʦʙʨʘʪʠʤʳʡ ʬʘʟʦʚʳʡ 

ʧʝʨʝʭʦʜ ʧʝʨʚʦʛʦ ʨʦʜʘ. ɺ ʦʙʣʘʩʪʠ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ 

ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʩʠʣʴʥʫʶ ʘʥʦʤʘʣʠʶ ʣʷʤʙʜʘ-ʪʠʧʘ, ʠ ʵʣʝʢʪʨʠʯʝʩʢʘʷ 

ʧʨʦʚʦʜʠʤʦʩʪʴ ʨʝʟʢʦ ʚʦʟʨʘʩʪʘʝʪ ʥʘ ʧʦʣʪʦʨʘ ʧʦʨʷʜʢʘ. ʅʘʠʙʦʣʴʰʘʷ ʧʨʦʚʦʜʠʤʦʩʪʴ 

(~10
-2
 ʉʤ/ʩʤ) ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ ʊ = 850ÁC ʜʣʷ (PbO)0.34(Nd2MoO6)0.33 [37] (ʨʠʩ. 18 ʘ).  

 

                                    ʘ)                                                                   ʙ) 

ʈʠʩʫʥʦʢ 18. ʊʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʦʙʨʘʟʮʦʚ 

(PbO)0.34(Nd2MoO6)0.33 ï (ʘ) [37]; (PbO)0.34(La2MoO6)0.33 ï (ʙ) [63].  

ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 750-800Üʉ ʘʥʘʣʦʛʠʯʥʦʝ ʧʦʚʝʜʝʥʠʝ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʠ ʩʦʩʪʘʚ 

(PbO)0.34(La2MoO6)0.33 ï ʥʘʙʣʶʜʘʝʪʩʷ ʩʢʘʯʢʦʦʙʨʘʟʥʦʝ ʫʚʝʣʠʯʝʥʠʝ 
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ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ (ʜʦ ~10
-2
 ʉʤ/ʩʤ), ʯʪʦ ʝʱʝ ʨʘʟ ʧʦʜʪʚʝʨʞʜʘʝʪ ʩʫʱʝʩʪʚʦʚʘʥʠʝ 

ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ (ʨʠʩ. 18 ʙ). ʀʟʤʝʨʝʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʥʘ ʯʘʩʪʦʪʘʭ ʦʪ 

0.06 ɻʮ ʜʦ 3 ʄɻʮ ʚʳʷʚʠʣʦ ʨʝʣʘʢʩʘʮʠʶ ʩ ʵʥʝʨʛʠʝʡ ʘʢʪʠʚʘʮʠʠ 0.84 ʵɺ ʠ ʚʨʝʤʝʥʝʤ  

Ű = 9.7Ĭ10
-12

 ʩʝʢ, ʩʚʷʟʘʥʥʫʶ ʩ ʜʚʠʞʝʥʠʝʤ ʟʘʨʷʜʦʚ [63]. ʇʨʦʚʦʜʠʤʦʩʪʴ ʚ ʪʘʢʠʭ 

ʩʦʝʜʠʥʝʥʠʷʭ ʦʙʫʩʣʦʚʣʝʥʘ ʠʦʥʘʤʠ ʢʠʩʣʦʨʦʜʘ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʘʥʘʣʠʟʦʤ ɼʊɸ, 

ʢʦʪʦʨʳʡ ʧʦʢʘʟʘʣ ʧʦʪʝʨʶ ʚʝʩʘ ʚ ʘʟʦʪʝ. ʇʦ ʤʥʝʥʠʶ ʘʚʪʦʨʦʚ, ʨʦʩʪ ʧʨʦʚʦʜʠʤʦʩʪʠ 

ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥ ʩ ʧʦʷʚʣʝʥʠʝʤ ʢʠʩʣʦʨʦʜʥʳʭ ʚʘʢʘʥʩʠʡ, ʚʳʟʚʘʥʥʳʭ 

ʛʝʪʝʨʦʚʘʣʝʥʪʥʳʤ ʤʦʣʠʙʜʝʥʦʤ ʠ ʟʘʤʝʱʝʥʠʝʤ ʨʝʜʢʦʟʝʤʝʣʴʥʦʛʦ ʢʘʪʠʦʥʘ [37, 63]. 

ʂʨʦʤʝ ʩʢʘʯʢʦʦʙʨʘʟʥʦʛʦ ʨʦʩʪʘ ʧʨʦʚʦʜʠʤʦʩʪʠ ʬʘʟʦʚʳʡ ʧʝʨʝʭʦʜ ʠʟ 

ʥʝʮʝʥʪʨʦʩʠʤʤʝʪʨʠʯʥʦʡ ʧʨ. ʛʨ. I-42m ʚ ʮʝʥʪʨʦʩʠʤʤʝʪʨʠʯʫʶ ʧʨ. ʛʨ. I41/acd 

ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʧʦʷʚʣʝʥʠʝʤ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʦʪʢʣʠʢʘ. ʇʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʡ 

ʵʬʬʝʢʪ ʙʳʣ ʦʙʥʘʨʫʞʝʥ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʩʦʜʝʨʞʘʱʝʤ ʩʚʠʥʝʮ ʦʙʨʘʟʮʝ 

ʩ x = 0,6, ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʤ ʥʠʞʝ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʧʦʣʦʞʠʪʴ 

ʘʥʪʠʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʫʶ ʧʨʠʨʦʜʫ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ. 
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1.3. ɺʳʚʦʜʳ ʠʟ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʠ ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ 

 ʀʟ ʘʥʘʣʠʟʘ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʩʣʝʜʫʝʪ, ʯʪʦ ʨʘʙʦʪʳ ʧʦ ʠʟʫʯʝʥʠʶ 

ʬʘʟʦʦʙʨʘʟʦʚʘʥʠʷ, ʩʪʨʦʝʥʠʷ ʠ ʩʚʦʡʩʪʚ ʩʦʝʜʠʥʝʥʠʡ ʩʠʩʪʝʤʳ Ln2O3 ï MoO3 ʚ 

ʦʩʥʦʚʥʦʤ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʦʙʨʘʟʮʘʭ ʠʣʠ ʩʧʝʯʸʥʥʦʡ 

ʢʝʨʘʤʠʢʝ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʦʪʜʝʣʴʥʳʭ ʩʦʩʪʘʚʘʭ ʠ ʥʝ 

ʥʦʩʠʣʠ ʩʠʩʪʝʤʥʳʡ ʭʘʨʘʢʪʝʨ. ʅʝʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʠ ʨʘʟʨʦʟʥʝʥʥʳʝ ʜʘʥʥʳʝ ʦ 

ʩʪʨʦʝʥʠʠ ʟʘʤʝʱʸʥʥʳʭ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʤʦʣʠʙʜʘʪʦʚ ʥʝ ʧʦʟʚʦʣʷʶʪ ʧʨʦʚʝʩʪʠ 

ʛʣʫʙʦʢʠʡ ʘʥʘʣʠʟ ʩʚʷʟʝʡ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ, ʩʪʨʫʢʪʫʨʳ ʠ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

ʵʪʠʭ ʫʥʠʢʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʠ 

ʠʥʪʝʨʝʩʥʳʤ ʧʨʦʜʦʣʞʠʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʝʩʧʨʠʤʝʩʥʳʭ ʠ ʣʝʛʠʨʦʚʘʥʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʩʝʤʝʡʩʪʚʘ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʤʦʣʠʙʜʘʪʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʤʧʣʝʢʩʘ 

ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʠʢ ʠ ʧʨʝʮʠʟʠʦʥʥʦʛʦ ʥʘʫʯʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʅʘ ʦʩʥʦʚʘʥʠʠ 

ʧʦʣʫʯʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʩʜʝʣʘʪʴ ʚʳʚʦʜʳ ʦ ʩʪʨʦʝʥʠʠ 

ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʤʦʣʠʙʜʘʪʦʚ, ʘ ʪʘʢʞʝ ʧʦʣʫʯʠʪʴ ʥʘʠʙʦʣʝʝ ʧʦʣʥʳʝ ʠ ʪʦʯʥʳʝ ʜʘʥʥʳʝ 

ʦ ʚʣʠʷʥʠʠ ʥʝʢʦʪʦʨʳʭ ʧʨʠʤʝʩʝʡ ʥʘ ʩʪʨʫʢʪʫʨʫ ʩʦʝʜʠʥʝʥʠʡ Ln5Mo3O16+ŭ (Ln = Nd, 

Pr) ʠ Ln2MoO6 (Ln = La, Nd, Pr).  
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ɻʃɸɺɸ 2. ʕʂʉʇɽʈʀʄɽʅʊɸʃʔʅʓɽ ʄɽʊʆɼʓ ʀʉʉʃɽɼʆɺɸʅʀʗ 

 ɺ ʨʘʙʦʪʝ ʢʦʤʧʣʝʢʩʦʤ ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʳ ʩʦʝʜʠʥʝʥʠʷ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ 

ʤʦʣʠʙʜʘʪʦʚ ʩʦʩʪʘʚʦʚ Nd5Mo3O16+ŭ, Pr5Mo3O16+ŭ, Nd5Mo3O16+ŭ:V, Nd5Mo3O16+ŭ:Ca, 

Nd5Mo3O16+ŭ:Pb, Nd5Mo3O16+ŭ:W, La2MoO6, Pr2MoO6, Nd2MoO6 (ʜʚʝ ʧʦʣʠʤʦʨʬʥʳʝ 

ʤʦʜʠʬʠʢʘʮʠʠ), La2MoO6:Mg, Pr2Mo1O6:Mg, Nd2MoO6:Mg. ʄʦʥʦʢʨʠʩʪʘʣʣʳ ʚʩʝʭ 

ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʥʘʫʯʥʳʤ ʢʦʣʣʝʢʪʠʚʦʤ ʬʠʟʠʯʝʩʢʦʛʦ 

ʬʘʢʫʣʴʪʝʪʘ ʄɻʋ ʠʤ. ʃʦʤʦʥʦʩʦʚʘ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ʜ.ʬ.-ʤ.ʥ. ʧʨʦʬ. ɺʦʨʦʥʢʦʚʦʡ. 

ʕʪʠʤ ʞʝ ʢʦʣʣʝʢʪʠʚʦʤ ʘʚʪʦʨʦʚ ʙʳʣ ʦʧʫʙʣʠʢʦʚʘʥ ʨʷʜ ʨʘʙʦʪ ʧʦ ʠʟʫʯʝʥʠʶ 

ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʵʪʠʭ ʫʥʠʢʘʣʴʥʳʭ ʦʙʨʘʟʮʦʚ [18, 19, 64, 65] ʇʦʩʣʝ ʠʟʫʯʝʥʠʷ 

ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ, ʚʳʰʝʫʢʘʟʘʥʥʳʝ ʤʦʥʦʢʨʠʩʪʘʣʣʳ ʙʳʣʠ ʧʝʨʝʜʘʥʳ ʚ ʀʥʩʪʠʪʫʪ 

ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʠ ʜʣʷ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ɼʣʷ ʠʟʫʯʝʥʠ̫ ʠʭ ʩʪʨʦʝʥʠʷ ʚ 

ʨʘʤʢʘʭ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʧʨʠʤʝʥʷʣʠʩʴ ʩʣʝʜʫʶʱʠʝ ʤʝʪʦʜʳ: 

- ʨʘʩʪʨʦʚʘʷ ʵʣʝʢʪʨʦʥʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ; 

- ʧʨʦʩʚʝʯʠʚʘʶʱʘʷ ʵʣʝʢʪʨʦʥʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ; 

- ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʷ ʚ ʠʥʜʫʢʪʠʚʥʦ ʩʚʷʟʘʥʥʦʡ ʧʣʘʟʤʝ; 

- ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʣʘʙʦʨʘʪʦʨʥʳʭ ʠ ʩʠʥʭʨʦʪʨʦʥʥʳʭ 

ʠʩʪʦʯʥʠʢʦʚ ʠʟʣʫʯʝʥʠʷ ʧʨʠ ʨʘʟʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ; 

 - EXAFS- ʠ XANES-ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʠʥʭʨʦʪʨʦʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ. 

ʆʩʥʦʚʥʦʡ ʤʝʪʦʜ, ʠʩʧʦʣʴʟʦʚʘʥʥʳʡ ʚ ʨʘʙʦʪʝ, ï ʤʦʥʦʢʨʠʩʪʘʣʴʥʳʡ 

ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʤʝʪʦʜʘʤʠ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ, 

ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ ʠ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʧʦʛʣʦʱʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʢʘʯʝʩʪʚʝ 

ʢʦʤʧʣʝʤʝʥʪʘʨʥʳʭ, ʣʦʛʠʯʥʦ ʜʦʧʦʣʥʷʶʪ ʧʦʣʫʯʝʥʥʳʝ ʩʪʨʫʢʪʫʨʥʳʝ ʜʘʥʥʳʝ ʠ ʜʘʶʪ 

ʰʠʨʦʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʭʠʤʠʯʝʩʢʦʤ ʩʦʩʪʘʚʝ ʠ ʘʪʦʤʥʦʤ ʩʪʨʦʝʥʠʠ 

ʚʳʰʝʫʢʘʟʘʥʥʳʭ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ 

ʩʦʚʨʝʤʝʥʥʳʭ ʚʳʩʦʢʦʪʦʯʥʳʭ ʧʨʠʙʦʨʘʭ ʎʇʂ ʀʂ ʈɸʅ, ʎʂʇ ʀʆʅʍ ʈɸʅ, ʅʀʎ 

çʂʫʨʯʘʪʦʚʩʢʠʡ ʠʥʩʪʠʪʫʪè, ʘ ʪʘʢʞʝ ʚ ɽʚʨʦʧʝʡʩʢʦʤ ʮʝʥʪʨʝ ʩʠʥʭʨʦʪʨʦʥʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ (ESRF, ʌʨʘʥʮʠʷ). ɺ ʧʨʦʮʝʩʩʝ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪʳ ʙʳʣʦ ʨʘʟʨʘʙʦʪʘʥʦ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʩʪʨʫʢʪʫʨʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘ ʤʦʥʦʢʨʠʩʪʘʣʴʥʦʤ ʨʝʥʪʛʝʥʦʚʩʢʦʤ ʜʠʬʨʘʢʪʦʤʝʪʨʝ HUBER-5042.  
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2.1. ʀʩʩʣʝʜʦʚʘʥʠʷ ʤʝʪʦʜʘʤʠ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ 

ʕʣʝʢʪʨʦʥʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ (ʕʄ) ï ʵʪʦ ʩʦʚʦʢʫʧʥʦʩʪʴ ʬʠʟʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʳ ʠ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʪʚʝʨʜʳʭ ʪʝʣ, ʠʭ ʣʦʢʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʣʝʢʪʨʦʥʥʳʭ ʤʠʢʨʦʩʢʦʧʦʚ. ʕʣʝʢʪʨʦʥʥʳʝ ʤʠʢʨʦʩʢʦʧʳ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʮʝʣʳʡ ʢʣʘʩʩ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʧʨʠʙʦʨʦʚ, ʚ ʢʦʪʦʨʳʭ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʠʟʦʙʨʘʞʝʥʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʫʯʦʢ ʵʣʝʢʪʨʦʥʦʚ. ʉʫʱʝʩʪʚʫʝʪ ʜʚʘ 

ʦʩʥʦʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷ ʩʦʚʨʝʤʝʥʥʦʡ ʕʄ: ʧʨʦʩʚʝʯʠʚʘʶʱʘʷ (ʪʨʘʥʩʤʠʩʩʠʦʥʥʘʷ) ʠ 

ʨʘʩʪʨʦʚʘʷ (ʩʢʘʥʠʨʫʶʱʘʷ). ʇʨʠʥʮʠʧʳ ʨʘʙʦʪʳ ʨʘʩʪʨʦʚʳʭ ʠ ʧʨʦʩʚʝʯʠʚʘʶʱʠʭ 

ʤʠʢʨʦʩʢʦʧʦʚ ʨʘʟʣʠʯʘʶʪʩʷ, ʠ ʥʘ ʚʳʭʦʜʝ ʠʩʩʣʝʜʦʚʘʪʝʣʴ ʧʦʣʫʯʘʝʪ ʢʘʯʝʩʪʚʝʥʥʦ 

ʨʘʟʣʠʯʥʫʶ ʠʥʬʦʨʤʘʮʠʶ, ʯʘʩʪʦ ʵʪʠ ʤʝʪʦʜʠʢʠ ʧʨʠʤʝʥʷʶʪʩʷ ʩʦʚʤʝʩʪʥʦ.  

ʄʥʦʛʠʝ ʠʟʫʯʝʥʥʳʝ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʤʦʥʦʢʨʠʩʪʘʣʣʳ ʧʦʣʫʯʝʥʳ ʚʧʝʨʚʳʝ, 

ʧʦʵʪʦʤʫ ʚʘʞʥʳʤ ʠ ʠʥʪʝʨʝʩʥʳʤ ʧʨʝʜʩʪʘʚʣʷʣʦʩʴ ʠʩʩʣʝʜʦʚʘʥʠʝ ʠʭ ʭʠʤʠʯʝʩʢʦʛʦ ʠ 

ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ, ʦʧʨʝʜʝʣʝʥʠʝ ʥʘʣʠʯʠʷ ʟʝʨʝʥ, ʚʢʣʶʯʝʥʠʡ ʠ ʩʪʝʧʝʥʠ 

ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ. ɼʣʷ ʵʪʠʭ ʮʝʣʝʡ ʚ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʧʨʦʩʚʝʯʠʚʘʶʱʘʷ 

ʵʣʝʢʪʨʦʥʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ ʠ ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʳʡ ʘʥʘʣʠʟ 

ʥʘ ʩʢʘʥʠʨʫʶʱʝʤ ʵʣʝʢʪʨʦʥʥʦʤ ʤʠʢʨʦʩʢʦʧʝ.  

ʀʩʩʣʝʜʦʚʘʥʠʷ ʤʝʪʦʜʘʤʠ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʧʨʦʚʦʜʠʣʠʩʴ ʚ 

ʀʥʩʪʠʪʫʪʝ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʠ ʠ ʂʫʨʯʘʪʦʚʩʢʦʤ ʠʥʩʪʠʪʫʪʝ ʧʨʠ ʫʯʘʩʪʠʠ ʜ.ʬ.-ʤ.ʥ. 

ʆ.ʄ. ɾʠʛʘʣʠʥʦʡ, ʢ.ʬ.-ʤ.ʥ. ɸ.ʃ. ɺʘʩʠʣʴʝʚʘ, ʢ.ʬ.-ʤ.ʥ. ɸʨʪʝʤʦʚʘ ɺ.ɺ., ʢ.ʬ.-ʤ.ʥ. ɸ.ʉ. 

ʂʫʩʢʦʚʦʡ, ʢ.ʬ.-ʤ.ʥ. ʄ.ʖ. ʇʨʝʩʥʷʢʦʚʘ ʠ ʢ.ʬ.-ʤ.ʥ. ɽ.ɹ. ʄʦʜʠʥʘ. 
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2.1.1. ʈʘʩʪʨʦʚʘʷ ʵʣʝʢʪʨʦʥʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ 

ʉʦʚʨʝʤʝʥʥʳʝ ʵʣʝʢʪʨʦʥʥʳʝ ʤʠʢʨʦʩʢʦʧʳ (ʢʘʢ ʩʢʘʥʠʨʫʶʱʠʝ, ʪʘʢ ʠ 

ʧʨʦʩʚʝʯʠʚʘʶʱʠʝ) ʯʘʩʪʦ ʦʩʥʘʱʝʥʳ ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʳʤʠ ʩʧʝʢʪʨʦʤʝʪʨʘʤʠ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʤʠʢʨʦʘʥʘʣʠʟ ʨʘʟʣʠʯʥʳʭ ʦʙʨʘʟʮʦʚ. ʕʪʦ ʰʠʨʦʢʦ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʡ ʤʝʪʦʜ ʧʦʣʫʯʝʥʠʷ ʜʘʥʥʳʭ ʦʙ ʵʣʝʤʝʥʪʥʦʤ ʩʦʩʪʘʚʝ ʦʙʨʘʟʮʦʚ. ʆʥ 

ʧʨʠʤʝʥʠʤ ʜʣʷ ʧʣʦʩʢʠʭ, ʧʨʦʪʷʞʝʥʥʳʭ ʦʙʲʝʤʥʳʭ ʦʙʲʝʢʪʦʚ (ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ), 

ʚʦʟʤʦʞʥʦ, ʪʘʢʞʝ ʝʛʦ ʧʨʠʤʝʥʝʥʠʝ ʜʣʷ ʧʦʨʦʰʢʦʚ ʠ ʪʦʥʢʠʭ ʧʣʝʥʦʢ. ʇʨʠʥʮʠʧ 

ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʨʘʩʯʝʪʘ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʧʦʩʪʨʦʝʥ ʥʘ ʩʨʘʚʥʝʥʠʠ ʵʪʘʣʦʥʥʳʭ 

ʜʘʥʥʳʭ ʩʦʦʪʥʦʰʝʥʠʡ ʢʦʥʮʝʥʪʨʘʮʠʡ, ʧʦʣʫʯʝʥʥʳʭ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʩ 

ʨʝʘʣʴʥʳʤʠ ʧʦʣʫʯʝʥʥʳʤʠ ʩʦʦʪʥʦʰʝʥʠʷʤʠ ʠʟ ʠʟʤʝʨʝʥʥʦʛʦ ʩʧʝʢʪʨʘ [66]. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʤʝʪʦʜʦʤ ʈʕʄ ʧʨʦʚʦʜʠʣʦʩʴ ʢ.ʬ.-ʤ.ʥ. 

ɸʨʪʸʤʦʚʳʤ ɺ.ɺ. ʧʨʠ ʫʯʘʩʪʠʠ ʘʚʪʦʨʘ ʜʠʩʩʝʨʪʘʮʠʠ ʩ ʧʦʤʦʱʴʶ ʨʘʩʪʨʦʚʦʛʦ 

ʵʣʝʢʪʨʦʥʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ Quanta 200 3D (ʎʂʇ ʀʂ ʈɸʅ). ʋʩʪʘʥʦʚʢʘ 

ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʠʟʦʙʨʘʞʝʥʠʡ ʚ ʵʣʝʢʪʨʦʥʥʳʭ ʠ ʠʦʥʥʳʭ ʧʫʯʢʘʭ, 

ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʪʨʘʚʣʝʥʠʷ ʠʦʥʘʤʠ ʛʘʣʣʠʷ ʪʚʝʨʜʳʭ ʦʙʨʘʟʮʦʚ ʩ ʮʝʣʫʶ ʧʦʣʫʯʝʥʠʷ 

ʧʦʧʝʨʝʯʥʳʭ ʩʨʝʟʦʚ, ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʪʦʥʢʠʭ ʩʨʝʟʦʚ ʜʣʷ ʧʨʦʩʚʝʯʠʚʘʶʱʝʡ 

ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ. ʄʠʢʨʦʩʢʦʧ ʪʘʢʞʝ ʦʙʦʨʫʜʦʚʘʥ ʩʠʩʪʝʤʦʡ ʥʠʟʢʦʛʦ 

ʚʘʢʫʫʤʘ ʠ ʝʩʪʝʩʪʚʝʥʥʦʡ ʩʨʝʜʳ ʜʣʷ ʠʟʫʯʝʥʠʷ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʠ ʥʝʧʨʦʚʦʜʷʱʠʭ 

ʦʙʨʘʟʮʦʚ, ʩʠʩʪʝʤʦʡ Pegasus ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ ʠ 

ʩʠʩʪʝʤʦʡ ʨʝʛʠʩʪʨʘʮʠʠ ʜʠʬʨʘʢʮʠʠ ʦʙʨʘʪʥʳʭ ʵʣʝʢʪʨʦʥʦʚ.  

ʂʦʥʮʝʥʪʨʘʮʠʠ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʩʦʝʜʠʥʝʥʠʡ Pr5Mo3O16+ŭ, 

Nd5Mo3O16+ŭ:W, Nd5Mo3O16+ŭ:Ca, Nd5Mo3O16+ŭ:Pb ʠ ʪʝʪʨʘʛʦʥʘʣʴʥʦʡ ʤʦʜʠʬʠʢʘʮʠʠ 

Nd2MoO6:Mg ʦʧʨʝʜʝʣʝʥʳ ʧʨʠ ʫʩʢʦʨʷʶʱʝʤ ʥʘʧʨʷʞʝʥʠʠ 30 ʢɺ, ʧʦʩʪʦʷʥʥʘʷ 

ʚʨʝʤʝʥʠ Amp T. 51.2 ʤʩ, ʪʦʢ ʵʣʝʢʪʨʦʥʥʦʛʦ ʧʫʯʢʘ ʧʦʜʙʠʨʘʣʩʷ ʪʘʢ, ʯʪʦ çʤʝʨʪʚʦʝ 

ʚʨʝʤʷè ʥʘʭʦʜʠʣʦʩʴ ʚ ʜʠʘʧʘʟʦʥʝ 30-40%. ʇʦʩʣʝ ʨʝʛʠʩʪʨʘʮʠʠ ʩʧʝʢʪʨʘ, 

ʧʨʦʠʟʚʦʜʠʣʩʷ ʢʦʣʠʯʝʩʪʚʝʥʥʳʡ ʨʘʩʯʝʪ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʪʨʝʭ ʧʦʧʨʘʚʦʢ. ɼʣʷ 

ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʙʳʣʠ ʦʪʦʙʨʘʥʳ ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʦʙʨʘʟʮʳ ʩ 

ʧʣʦʩʢʦʧʘʨʘʣʣʝʣʴʥʳʤʠ ʛʨʘʥʷʤʠ, ʣʠʥʝʡʥʳʝ ʨʘʟʤʝʨʳ ʢʦʪʦʨʳʭ ʥʝ ʧʨʝʚʳʰʘʣʠ 1ʤʤ. 
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ʇʨʠʤʝʨʳ ʧʦʣʫʯʝʥʥʳʭ ʤʠʢʨʦʠʟʦʙʨʘʞʝʥʠʡ ʦʙʨʘʟʦʚ, ʠ ʩʧʝʢʪʨʳ ʬʣʶʦʨʝʩʮʝʥʮʠʠ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʘʭ 19 ʠ 20. 

       

               ʘ)                                ʙ)                                  ʚ)                                ʛ) 

ʈʠʩʫʥʦʢ 19. ʄʠʢʨʦʬʦʪʦʛʨʘʬʠʠ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʦʚ: (ʘ) ï Nd5-xCaxMo3O16+ŭ;  

(ʙ) ï Nd5Mo3-xWxO16+ŭ; (ʚ) - Nd5-xPbxMo3O16+ŭ; (ʛ) - Pr5Mo3O16+ŭ. 

 

ʘ)                                                                ʙ) 

 

ʚ)                                                                 ʛ) 

ʈʠʩʫʥʦʢ 20. ʍʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʝ ʨʝʥʪʛʝʥʦʚʩʢʠʝ ʩʧʝʢʪʨʳ ʩ ʧʦʚʝʨʭʥʦʩʪʠ 

ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʦʚ: (ʘ) ï Nd5-xCaxMo3O16+ŭ, (ʙ) ï Nd5Mo3-xWxO16+ŭ,  

(ʚ) ï Nd5-xPbxMo3O16+ŭ, (ʛ) ï Pr5Mo3O16+ŭ. 

ʕʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ, ʧʨʦʚʦʜʠʤʳʡ ʩ ʧʦʤʦʱʴʶ ʵʣʝʢʪʨʦʥʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ ï 

ʣʦʢʘʣʴʥʳʡ ʤʝʪʦʜ ʜʠʘʛʥʦʩʪʠʢʠ ʠ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʪʦʯʥʦʩʪʠ ʜʘʥʥʳʭ ʜʣʷ ʢʘʞʜʦʛʦ 
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ʦʙʨʘʟʮʘ ʙʳʣʠ ʠʟʤʝʨʝʥʳ ʧʦ 10 ʩʧʝʢʪʨʦʚ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ ʤʦʥʦʢʨʠʩʪʘʣʣʘ, 

ʧʦʩʣʝ ʵʪʦʛʦ ʜʘʥʥʳʝ ʫʩʨʝʜʥʷʣʠʩʴ. ɼʣʷ ʘʥʘʣʠʟʘ ʩʧʝʢʪʨʦʚ ʠ ʨʘʩʯʸʪʦʚ ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ 

ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʬʠʨʤʳ EDAX Pegasus [67]. ɺ ʪʘʙʣʠʮʝ 3 ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʫʩʨʝʜʥʸʥʥʳʝ ʜʘʥʥʳʝ ʘʪʦʤʥʳʭ ʠ ʚʝʩʦʚʳʭ ʜʦʣʝʡ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ, 

ʩʦʜʝʨʞʘʱʠʭʩʷ ʚ ʦʙʨʘʟʮʘʭ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʣʫʯʝʥʳ ʠʪʦʛʦʚʳʝ 

ʭʠʤʠʯʝʩʢʠʝ ʬʦʨʤʫʣʳ ʜʣʷ ʯʠʩʪʦʛʦ ʠ ʣʝʛʠʨʦʚʘʥʥʳʭ ʦʙʨʘʟʮʦʚ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ 

ʤʦʣʠʙʜʘʪʦʚ ʬʣʶʦʨʠʪʦʧʦʜʦʙʥʦʡ ʬʘʟʳ. ʆʧʨʝʜʝʣʝʥʘ ʩʪʝʭʠʦʤʝʪʨʠʷ ʩʦʝʜʠʥʝʥʠʡ ʠ 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʦʙʨʘʟʮʳ ʥʝ ʩʦʜʝʨʞʘʪ ʠʥʦʨʦʜʥʳʭ ʧʨʠʤʝʩʝʡ. 

ʊʘʙʣʠʮʘ 3. ʋʩʨʝʜʥʝʥʥʳʝ ʜʘʥʥʳʝ ʦ ʭʠʤʠʯʝʩʢʦʤ ʩʦʩʪʘʚʝ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʦʙʨʘʟʮʦʚ. 

ʍʠʤ. 

ʬʦʨʤʫʣʘ 

Pr5Mo3.08 

O16.57 

Nd4.7Ca0.25 

Mo3O14 

Nd4.2Pb0.2 

Mo3O16.62 

Nd5Mo2.6 

W0.63O17.41 

Nd2Mo0.68 

Mg0.06O5.55 

Wt/ 

At, % ʆ 

20.88/ 

66.23 

16.68/ 

59.90 

19.06/ 

64.49 

20.40/ 

67.90 

4.01/ 

25.37 

Wt/ 

At, % ʄʦ 

23.35/ 

12.71 

21.40/ 

13.07 

23.09/ 

13.37 

18.27/ 

10.14 

17.74/ 

18.70 

Wt/ 

At, %  

Ln (Pr, Nd) 

56.02/ 

21.05 

61.15/ 

24.91 

54.98/ 

21.29 

52.80/ 

19.49 

77.96/ 

54.77/ 

Wt/ 

At, % 

Me (Ca, W, 

Pb, Mg) 

ï 
0.77/ 

1.13 

3.20/ 

0.86 

8.54/ 

2.47 

0.29/ 

1.2 
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2.1.2. ʇʨʦʩʚʝʯʠʚʘʶʱʘʷ ʵʣʝʢʪʨʦʥʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ 

ʄʝʪʦʜ ʧʨʦʩʚʝʯʠʚʘʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ (ʇʕʄ) ʧʨʠʤʝʥʷʝʪʩʷ 

ʜʣʷ ʠʟʫʯʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʤʘʪʝʨʠʘʣʘ, ʢʘʢ ʚ ʦʙʲʝʤʝ ʦʙʨʘʟʮʘ, ʪʘʢ ʠ ʚ ʝʛʦ ʧʨʠ 

ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʦʙʣʘʩʪʠ. ʇʕʄ ï ʚʳʩʦʢʦʠʥʬʦʨʤʘʪʠʚʥʳʡ ʤʝʪʦʜ ʠʩʩʣʝʜʦʚʘʥʠʷ, 

ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʤʳʡ ʚ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʠ, ʬʠʟʠʢʝ ʪʚʝʨʜʦʛʦ ʪʝʣʘ, 

ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʠ. ʆʥ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʷʪʴ ʪʠʧ ʠ ʧʘʨʘʤʝʪʨʳ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ 

ʨʝʰʝʪʢʠ ʤʘʪʨʠʮʳ ʠ ʬʘʟ, ʚʠʟʫʘʣʠʟʠʨʦʚʘʪʴ ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ, ʦʧʨʝʜʝʣʷʪʴ 

ʠ ʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʥʘʣʠʯʠʝ ʟʝʨʝʥ ʠ ʚʦʟʤʦʞʥʳʝ ʜʝʬʝʢʪʳ ʤʘʪʝʨʠʘʣʘ.  

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʤʝʪʦʜʦʤ ʇʕʄ ʙʳʣʠ ʠʟʫʯʝʥʳ ʦʙʨʘʟʮʳ ʜʚʫʭ 

ʧʦʣʠʤʦʨʬʥʳʭ ʤʦʜʠʬʠʢʘʮʠʡ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ Nd2MoO6, ʙʝʩʧʨʠʤʝʩʥʳʭ ʠ 

ʣʝʛʠʨʦʚʘʥʥʳʭ ʤʘʛʥʠʝʤ ʦʢʩʠʤʦʣʠʙʜʘʪʦʚ Pr2MoO6, ʣʝʛʠʨʦʚʘʥʥʳʭ ʤʘʛʥʠʝʤ 

ʦʢʩʠʤʦʣʠʙʜʘʪʦʚ Pr2MoO6, ʘ ʪʘʢʞʝ ʬʘʟ ʍʫʙʝʨʪʘ ï ʩʦʝʜʠʥʝʥʠʡ Pr5Mo3O16+ŭ ʠ 

Nd5Mo3O16+ŭ, ʣʝʛʠʨʦʚʘʥʥʳʭ ʩʚʠʥʮʦʤ. ʆʙʨʘʟʮʳ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠʟʛʦʪʘʚʣʠʚʘʣʠʩʴ 

ʜʚʫʤʷ ʩʧʦʩʦʙʘʤʠ: ʠʟʤʝʣʴʯʝʥʠʝʤ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʥʘʥʝʩʝʥʠʝʤ ʥʘ ʤʝʜʥʫʶ ʩʝʪʢʫ ʩ 

ʫʛʣʝʨʦʜʥʦʡ ʧʦʜʣʦʞʢʦʡ ʠ ʩ ʧʦʤʦʱʴʶ ʤʝʭʘʥʠʯʝʩʢʦʡ ʰʣʠʬʦʚʢʠ, ʧʦʣʠʨʦʚʢʠ ʠ 

ʠʦʥʥʦʛʦ ʫʪʦʥʝʥʠʷ ʥʘ ʫʩʪʘʥʦʚʢʝ Gatan PIPS 691 ʩ ʵʥʝʨʛʠʝʡ ʠʦʥʦʚ ʘʨʛʦʥʘ 4,5-5 ʢʵɺ. 

ʉʲʝʤʢʘ ʧʨʦʚʦʜʠʣʘʩʴ ʥʘ ʩʦʚʨʝʤʝʥʥʳʭ ʵʣʝʢʪʨʦʥʥʳʭ ʤʠʢʨʦʩʢʦʧʘʭ Tecnai G
2 

30ST, 

FEI Titan, FEI Osiris ʧʨʠ ʫʩʢʦʨʷʶʱʝʤ ʥʘʧʨʷʞʝʥʠʠ 300 ʢɺ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʠʟʦʙʨʘʞʝʥʠʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ ʩ ʚʳʩʦʢʠʤ 

ʨʘʟʨʝʰʝʥʠʝʤ ʜʣʷ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ Pr5Mo3O16+ŭ, Nd4.66Pb0.34Mo3O16+ŭ, Nd2MoO6, 

Pr2MoO6, Pr2Mo0.9Mg0.1O6 (ʨʠʩ. 21), ʜʠʬʨʘʢʮʠʦʥʥʳʝ ʢʘʨʪʠʥʳ ʠ ʌʫʨʴʝ-ʦʙʨʘʟʳ ʦʪ 

ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʝʡ ʢʨʠʩʪʘʣʣʦʚ. ɸʥʘʣʠʟ ʤʠʢʨʦʜʠʬʨʘʢʮʠʡ ʧʨʦʚʦʜʠʣʩʷ ʧʨʠ 

ʧʦʤʦʱʠ ʧʨʦʛʨʘʤʤ DigitalMicrograph [68] ʠ jEMS [69]. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʩʪʨʫʢʪʫʨʳ 

ʷʚʣʷʶʪʩʷ ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʤʠ ʠ ʦʜʥʦʨʦʜʥʳʤʠ, ʥʝ ʩʦʜʝʨʞʘʪ ʜʦʤʝʥʦʚ ʠ 

ʚʢʣʶʯʝʥʠʡ. ʈʘʩʩʯʠʪʘʥʥʳʝ ʧʦ ʜʠʬʨʘʢʮʠʦʥʥʦʡ ʢʘʨʪʠʥʝ ʤʝʞʧʣʦʩʢʦʩʪʥʳʝ 

ʨʘʩʩʪʦʷʥʠʷ ʩʦʛʣʘʩʫʶʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʧʦʛʨʝʰʥʦʩʪʠ ʩ ʜʘʥʥʳʤʠ ʈʉɸ. ʀʩʩʣʝʜʦʚʘʥʠʷ 

ʤʝʪʦʜʦʤ ʇʕʄ ʧʨʦʚʝʜʝʥʳ ʜ.ʬ.-ʤ.ʥ. ʆ.ʄ. ɾʠʛʘʣʠʥʦʡ, ʢ.ʬ.-ʤ.ʥ. ɸ.ʃ. ɺʘʩʠʣʴʝʚʳʤ, 

ʢ.ʬ.-ʤ.ʥ. ʢ.ʬ.-ʤ.ʥ. ɸ.ʉ. ʂʫʩʢʦʚʦʡ, ʢ.ʬ.-ʤ.ʥ. ʄ.ʖ. ʇʨʝʩʥʷʢʦʚʳʤ ʠ ʢ.ʬ.-ʤ.ʥ. ɽ.ɹ. 

ʄʦʜʠʥʳʤ ʧʨʠ ʫʯʘʩʪʠʠ ʘʚʪʦʨʘ ʜʠʩʩʝʨʪʘʮʠʠ (ʎʂʇ ʀʂ ʈɸʅ, ʅʀʎ ʂʀ). 
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ʘ)                                                       ʙ) 

    

ʚ)                                                       ʛ) 

 

ʜ)                                                          ʝ) 

ʈʠʩʫʥʦʢ 21. ʀʟʦʙʨʘʞʝʥʠʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ ʩʪʨʫʢʪʫʨ Pr5Mo3O16+ŭ ï (ʘ), 

Nd5Mo3O16+ŭ:Pb ï (ʙ), ʪʝʪʨʘʛʦʥʘʣʴʥʘʷ ʬʘʟʘ Nd2MoO6 ï (ʚ), ʤʦʥʦʢʣʠʥʥʘʷ ʬʘʟʘ 

Nd2MoO6 ï (ʛ), Pr2MoO6 ï (ʜ), Pr2MoO6:Mg ï (ʝ). 
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2.2. ʄʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʷ ʚ ʠʥʜʫʢʪʠʚʥʦ ʩʚʷʟʘʥʥʦʡ ʧʣʘʟʤʝ 

ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʣʝʛʠʨʦʚʘʥʥʳʭ ʤʘʛʥʠʝʤ ʦʢʩʠʤʦʣʠʙʜʘʪʦʚ Pr2MoO6 

ʤʝʪʦʜʦʤ ʈʕʄ ʥʝ ʫʜʘʣʦʩʴ ʩ ʜʦʩʪʘʪʦʯʥʦʡ ʪʦʯʥʦʩʪʴʶ ʫʩʪʘʥʦʚʠʪʴ ʢʦʥʮʝʥʪʨʘʮʠʶ 

ʧʨʠʤʝʩʠ. ʉʣʘʙʳʡ ʩʠʛʥʘʣ ʢʘʪʠʦʥʦʚ ʤʘʛʥʠʷ ʦʪ ʣʦʢʘʣʴʥʦʡ ʦʙʣʘʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ 

ʢʨʠʩʪʘʣʣʘ ʦʩʪʘʚʘʣʩʷ ʚ ʧʨʝʜʝʣʘʭ ʧʦʛʨʝʰʥʦʩʪʠ. ɼʣʷ ʨʝʰʝʥʠʷ ʵʪʦʡ ʧʨʦʙʣʝʤʳ ʙʳʣ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʧʨʠʚʣʝʯʝʥ ʤʝʪʦʜ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ ʩ ʠʥʜʫʢʪʠʚʥʦ ʩʚʷʟʘʥʥʦʡ 

ʧʣʘʟʤʦʡ (ʄʉ-ʀʉʇ). ʆʥ ʧʦʟʚʦʣʷʝʪ ʦʜʥʦʚʨʝʤʝʥʥʦ ʦʧʨʝʜʝʣʷʪʴ ʚ ʨʘʩʪʚʦʨʘʭ 

ʤʠʥʝʨʘʣʴʥʳʭ ʢʠʩʣʦʪ ʜʦ 70 ʵʣʝʤʝʥʪʦʚ-ʧʨʠʤʝʩʝʡ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʛʘʟʦʦʙʨʘʟʫʶʱʠʭ 

ʠ ʛʘʣʦʛʝʥʦʚ, ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʢʦʥʮʝʥʪʨʘʮʠʡ (ʜʦ 9 ʧʦʨʷʜʢʦʚ ʚʝʣʠʯʠʥʳ) ʩ 

ʚʳʩʦʢʦʡ ʩʭʦʜʠʤʦʩʪʴʶ ʨʝʟʫʣʴʪʘʪʦʚ (ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʩʪʘʥʜʘʨʪʥʦʝ ʦʪʢʣʦʥʝʥʠʝ 

ʨʝʟʫʣʴʪʘʪʦʚ ʤʝʥʝʝ 0.01). ʀʩʪʦʯʥʠʢʦʤ ʠʦʥʠʟʘʮʠʠ ʘʪʦʤʦʚ ʚ ʜʘʥʥʦʤ ʤʝʪʦʜʝ ʩʣʫʞʠʪ 

ʙʝʟʵʣʝʢʪʨʦʜʥʳʡ ʨʘʟʨʷʜ, ʢʦʪʦʨʳʡ ʩʦʟʜʘʝʪʩʷ ʚ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʤ ʧʦʣʝ ʠʥʜʫʢʪʦʨʘ ʚ 

ʘʪʤʦʩʬʝʨʝ ʘʨʛʦʥʘ. ɺ ʫʩʣʦʚʠʷʭ ʨʘʟʨʷʜʘ ʧʨʦʠʩʭʦʜʠʪ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʘʷ 

ʜʠʩʩʦʮʠʘʮʠʷ ʤʦʣʝʢʫʣ, ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʵʬʬʝʢʪʠʚʥʘʷ ʠʦʥʠʟʘʮʠʷ ʘʪʦʤʦʚ. ʈʘʟʨʷʜ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʳʩʦʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʴʶ, ʧʦʚʪʦʨʷʝʤʦʩʪʴ ʟʥʘʯʝʥʠʡ ʘʥʘʣʠʪʠʯʝʩʢʠʭ 

ʩʠʛʥʘʣʦʚ ʜʦʩʪʠʛʘʝʪ ʜʝʩʷʪʳʭ ʜʦʣʝʡ ʧʨʦʮʝʥʪʘ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʵʣʝʤʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ ʦʢʩʠʤʦʣʠʙʜʘʪʘ Pr2MoO6:Mg ʧʨʦʚʝʜʝʥʦ 

ʢ. ʭ. ʥ. ʂʚʘʨʪʘʣʦʚʳʤ ɺ.ɹ. ʧʨʠ ʫʯʘʩʪʠʠ ʘʚʪʦʨʘ ʜʠʩʩʝʨʪʘʮʠʠ ʩ ʧʦʤʦʱʴʶ ʤʘʩʩ-

ʩʧʝʢʪʨʦʤʝʪʨʘ iCapQ-ʩ ThermoScientific (ʎʂʇ ʀʂ ʈɸʅ). ɼʣʷ ʧʦʜʛʦʪʦʚʢʠ ʧʨʦʙ 

ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʜʝʠʦʥʠʟʦʚʘʥʥʘʷ ʚʦʜʘ (ʩ ʦʩʪʘʪʦʯʥʳʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ 18 ʄʆʤ, 

ʦʯʠʱʝʥʥʫʶ ʩʠʩʪʝʤʦʡ Micropure ʦʜʥʦʨʘʟʦʚʘʷ ʧʣʘʩʪʠʢʦʚʘʷ ʧʦʩʫʜʘ, ʘʟʦʪʥʘʷ (HNO3 

65%, EMSURE ISO, Merck), ʩʝʨʥʘʷ (H2SO4 98%, EMSURE ISO, Merck) ʠ 

ʬʦʩʬʦʨʥʘʷ (H3PO4 98%, ACROS) ʢʠʩʣʦʪʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʯʠʩʪʦʪʳ, ʘ ʪʘʢʞʝ 

ʩʠʩʪʝʤʘ ʤʠʢʨʦʚʦʣʥʦʚʦʛʦ ʘʚʪʦʢʣʘʚʠʨʦʚʘʥʠʷ CEM Mars 6 ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 240Áʉ ʚ 

ʪʝʯʝʥʠʝ 1.5 ʯʘʩʦʚ. ɼʣʷ ʠʟʤʝʨʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚʳʙʨʘʥʳ ʩʘʤʳʝ 

ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʝ ʠʟʦʪʦʧʳ ʦʧʨʝʜʝʣʷʝʤʦʛʦ ʘʥʘʣʠʪʘ, ʩʚʦʙʦʜʥʳʝ ʦʪ ʩʧʝʢʪʨʘʣʴʥʳʭ 

ʥʘʣʦʞʝʥʠʡ. ɼʣʷ ʢʦʥʪʨʦʣʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʘʪʨʠʯʥʦʛʦ ʵʬʬʝʢʪʘ 

ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʘʣʠʢʚʦʪ ʨʘʩʪʚʦʨʘ Bi (2 ppb). ʂʘʣʠʙʨʦʚʢʘ, ʵʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ ʠ 

ʢʦʨʨʝʢʮʠʠ ʩʧʝʢʪʨʘʣʴʥʳʭ ʥʘʣʦʞʝʥʠʡ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʚ ʧʨʦʛʨʘʤʤʝ 
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QTegraThermoFisher [70]. ɺ ʧʨʦʮʝʩʩʝ ʧʨʦʙʦʧʦʜʛʦʪʦʚʢʠ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʜʘʥʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʦʡ ʭʠʤʠʯʝʩʢʦʡ ʩʪʦʡʢʦʩʪʴʶ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 

ʦʩʥʦʚʥʳʤ ʢʠʩʣʦʪʘʤ ʠ ʱʝʣʦʯʘʤ. ɹʳʣʘ ʧʦʜʪʚʝʨʞʜʝʥʘ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢʨʠʩʪʘʣʣʦʚ ʢ 

ʚʦʟʜʝʡʩʪʚʠʶ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʭ ʘʟʦʪʥʦʡ, ʩʦʣʷʥʦʡ, ʭʣʦʨʥʦʡ, ʩʝʨʥʦʡ ʢʠʩʣʦʪ, ʘ 

ʪʘʢʞʝ ʢ çʮʘʨʩʢʦʡ ʚʦʜʢʝè ʠ ʝʜʢʦʤʫ ʥʘʪʨʫ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ.  

ʄʉ-ʀʉʇ ʘʥʘʣʠʟ ʧʦʜʪʚʝʨʜʠʣ ʧʨʠʩʫʪʩʪʚʠʝ ʢʘʪʠʦʥʦʚ ʤʘʛʥʠʷ ʚ ʘʥʘʣʠʟʠʨʫʝʤʦʤ 

ʨʘʩʪʚʦʨʝ, ʧʨʠʛʦʪʦʚʣʝʥʥʦʤ ʠʟ ʥʘʚʝʩʢʠ ʤʘʩʩʦʡ 0.035 ʛ, ʥʘ ʟʥʘʯʠʤʦʤ 

ʢʦʣʠʯʝʩʪʚʝʥʥʦʤ ʫʨʦʚʥʝ. ʋʩʨʝʜʥʝʥʥʦʝ ʧʦ ʪʨʸʤ ʧʨʦʙʘʤ ʟʥʘʯʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʢʘʪʠʦʥʦʚ ʤʘʛʥʠʷ ʩʦʩʪʘʚʣʷʝʪ 1108.294 ʤʢʛ/ʛ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʝʛʦ ʩʦʜʝʨʞʘʥʠʶ ʚ 

ʤʦʥʦʢʨʠʩʪʘʣʣʝ ʥʘ ʫʨʦʚʥʝ ~0.11%.  
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2.3. ʇʨʝʮʠʟʠʦʥʥʳʝ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ  

ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 

ʆʩʥʦʚʥʳʤʠ ʟʘʜʘʯʘʤʠ ʩʦʚʨʝʤʝʥʥʦʛʦ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ 

ʷʚʣʷʶʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ, ʟʘʢʦʥʘ ʩʠʤʤʝʪʨʠʠ, ʧʦʠʩʢ ʠ 

ʣʦʢʘʣʠʟʘʮʠʷ ʚʩʝʭ ʘʪʦʤʥʳʭ ʧʦʟʠʮʠʡ ʚʥʫʪʨʠ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ. ʇʦʤʠʤʦ ʵʪʦʛʦ, 

ʯʨʝʟʚʳʯʘʡʥʦ ʚʘʞʥʦ ʫʩʪʘʥʦʚʣʝʥʠʝ ʢʦʥʩʪʘʥʪ ʪʝʧʣʦʚʳʭ ʢʦʣʝʙʘʥʠʡ ʘʪʦʤʦʚ ʠ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʙʘʟʠʨʫʶʪʩʷ ʥʘ 

ʠʥʜʠʚʠʜʫʘʣʴʥʦʡ ʨʝʛʠʩʪʨʘʮʠʠ ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʦʪʨʘʞʝʥʠʡ ʦʪ ʢʘʞʜʦʡ ʩʠʩʪʝʤʳ 

ʘʪʦʤʥʳʭ ʧʣʦʩʢʦʩʪʝʡ ʩ ʧʦʤʦʱʴʶ ʤʦʥʦʢʨʠʩʪʘʣʴʥʳʭ ʠ ʧʦʨʦʰʢʦʚʳʭ 

ʜʠʬʨʘʢʪʦʤʝʪʨʦʚ. ʕʢʩʧʝʨʠʤʝʥʪ ʥʘ ʪʘʢʦʤ ʧʨʠʙʦʨʝ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥ ʠ 

ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʢʦʤʧʴʶʪʝʨʘ, ʜʣʠʪʝʣʴʥʦʩʪʴ ʵʢʩʧʝʨʠʤʝʥʪʘ ʚʘʨʴʠʨʫʝʪʩʷ 

ʦʪ ʥʝʩʢʦʣʴʢʠʭ ʯʘʩʦʚ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʥʝʜʝʣʴ. ʊʦʯʥʦʩʪʴ ʵʪʠʭ ʠʟʤʝʨʝʥʠʡ ʟʘʚʠʩʠʪ ʦʪ 

ʨʘʟʤʝʨʘ ʦʙʨʘʟʮʘ ʠ ʩʪʝʧʝʥʠ ʝʛʦ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ, ʦʧʨʝʜʝʣʷʝʤʦʡ ʧʦ ʰʠʨʠʥʝ ʠ 

ʬʦʨʤʝ ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʤʘʢʩʠʤʫʤʦʚ. ʆ ʩʦʚʝʨʰʝʥʩʪʚʝ ʢʨʠʩʪʘʣʣʘ ʤʦʞʥʦ ʩʫʜʠʪʴ ʧʦ 

ʬʦʨʤʝ ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʤʘʢʩʠʤʫʤʦʚ [71].  

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʧʨʝʮʠʟʠʦʥʥʳʭ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʨʠ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʘʚʪʦʤʘʪʠʯʝʩʢʠʝ 

ʤʦʥʦʢʨʠʩʪʘʣʴʥʳʝ ʯʝʪʳʨʸʭʢʨʫʞʥʳʝ ʜʠʬʨʘʢʪʦʤʝʪʨʳ Xcalibur S/Eos ʠ Bruker Smart 

APEX 2 ʩ ʜʚʫʭʢʦʦʨʜʠʥʘʪʥʳʤʠ CCD ʜʝʪʝʢʪʦʨʘʤʠ. ʉʭʝʤʘ ʠ ʧʦʨʷʜʦʢ ʧʨʦʚʝʜʝʥʠʷ 

ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʥʘ ʜʠʬʨʘʢʪʦʤʝʪʨʘʭ Smart Apex 2 ʠ Xcalibur S 

ʘʥʘʣʦʛʠʯʥʳ. ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʠ ʦʪʦʙʨʘʥʳ ʥʘʠʙʦʣʝʝ ʩʦʚʝʨʰʝʥʥʳʝ 

ʤʦʥʦʢʨʠʩʪʘʣʣʳ ʩʦʩʪʘʚʦʚ Nd5Mo3O16+ŭ, Pr5Mo3O16+ŭ, Nd5Mo3O16:V (ʜʚʘ ʩʦʩʪʘʚʘ), 

Nd5Mo3O16+ŭ:Ca, Nd5Mo3O16+ŭ:Pb, Nd5Mo3O16+ŭW, ʘ ʪʘʢʞʝ ʙʝʩʧʨʠʤʝʩʥʳʭ La2MoO6, 

Pr2MoO6, Nd2MoO6 (ʜʚʘ ʤʦʥʦʢʨʠʩʪʘʣʣʘ) ʠ ʣʝʛʠʨʦʚʘʥʥʳʭ ʤʘʛʥʠʝʤ ʦʢʩʠʤʦʣʠʙʜʘʪʦʚ 

La2MoO6:Mg, Pr2MoO6:Mg, Nd2MoO6:Mg. ʉ ʮʝʣʴʶ ʢʦʨʨʝʢʪʥʦʛʦ ʫʯʝʪʘ ʵʬʬʝʢʪʘ 

ʧʦʛʣʦʱʝʥʠʷ ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʣʫʯʝʡ ʢʨʠʩʪʘʣʣʘʤ ʧʫʪʝʤ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʢʘʪʢʠ 

ʧʨʠʜʘʚʘʣʘʩʴ ʬʦʨʤʘ, ʙʣʠʟʢʘʷ ʢ ʩʬʝʨʠʯʝʩʢʦʡ (ʨʠʩʫʥʦʢ 22). ɼʠʘʤʝʪʨ ʩʬʝʨʠʯʝʩʢʠʭ 

ʦʙʨʘʟʮʦʚ ʩʦʩʪʘʚʣʷʣ 0.20-0.30(1) ʤʤ. ʇʣʘʩʪʠʥʯʘʪʳʝ ʦʢʩʠʤʦʣʠʙʜʘʪʳ ʠʤʝʣʠ 

ʪʦʣʱʠʥʫ ʜʦ 0.5 ʤʤ ʠ ʥʝ ʧʦʜʚʝʨʛʘʣʠʩʴ ʦʙʢʘʪʢʝ. ʋʯʸʪ ʧʦʛʣʦʱʝʥʠʷ ʜʣʷ 
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ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʦʢʩʠʤʦʣʠʙʜʘʪʦʚ ʧʨʦʚʝʜʸʥ ʚ ʧʨʦʛʨʘʤʤʝ CrysAlisPro ʧʦ ʦʛʨʘʥʢʝ ʧʦ 

ʬʦʨʤʝ ʧʣʘʩʪʠʥʢʠ.  

ʇʦʜʛʦʪʦʚʣʝʥʥʳʝ ʦʙʨʘʟʮʳ ʧʦʜʚʝʨʛʘʣʠʩʴ ʧʝʨʚʠʯʥʦʤʫ 

ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʤʫ ʠʩʩʣʝʜʦʚʘʥʠʶ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʦʛʦ ʙʳʣʠ ʚʳʙʨʘʥʳ 

ʢʨʠʩʪʘʣʣʳ ʩ ʥʘʠʣʫʯʰʠʤʠ ʧʨʦʬʠʣʷʤʠ ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʧʠʢʦʚ ʠ ʩʭʦʜʠʤʦʩʪʴʶ 

ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʵʢʚʠʚʘʣʝʥʪʥʳʭ ʧʦ ʩʠʤʤʝʪʨʠʠ ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʦʪʨʘʞʝʥʠʡ. ʇʦ 

ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʜʣʷ ʚʩʝʭ ʦʙʨʘʟʮʦʚ ʩʦʩʪʘʚʣʝʥʳ 

ʫʥʠʢʘʣʴʥʳʝ ʟʘʜʘʥʠʷ ʧʨʦʚʝʜʝʥʠʷ ʧʦʣʥʦʤʘʩʰʪʘʙʥʳʭ ʜʠʬʨʘʢʮʠʦʥʥʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ. ɺ ʢʘʞʜʦʤ ʠʟ ʥʠʭ ʦʧʨʝʜʝʣʷʣʠʩʴ ʦʧʪʠʤʘʣʴʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʦʩʝʡ 

ʛʦʥʠʦʤʝʪʨʘ ʜʣʷ ʩʲʝʤʢʠ ʤʘʣʦ- ʠ ʚʳʩʦʢʦʫʛʣʦʚʳʭ ʨʝʬʣʝʢʩʦʚ, ʠʩʢʣʶʯʘʶʱʝʝ 

ʚʦʟʤʦʞʥʦʩʪʴ ʩʪʦʣʢʥʦʚʝʥʠʷ ʤʝʭʘʥʠʯʝʩʢʠʭ ʯʘʩʪʝʡ ʜʠʬʨʘʢʪʦʤʝʪʨʘ, ʠ ʚʨʝʤʷ 

ʠʟʤʝʨʝʥʠʷ ʢʘʞʜʦʛʦ ʨʝʬʣʝʢʩʘ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦ ʚʳʩʦʢʦʛʦ 

ʩʦʦʪʥʦʰʝʥʠʷ ʩʠʛʥʘʣ-ʰʫʤ. ʀʟʤʝʨʝʥʠʝ ʩʚʷʟʘʥʥʳʭ ʩʠʤʤʝʪʨʠʝʡ ʦʪʨʘʞʝʥʠʡ ʦʪ 

ʥʝʩʢʦʣʴʢʠʭ ʥʝʟʘʚʠʩʠʤʳʭ ʦʙʣʘʩʪʝʡ ʦʙʨʘʪʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʠʣʠ ʧʦʣʥʦʡ ʩʬʝʨʳ 

ʕʚʘʣʴʜʘ ʠ ʫʩʨʝʜʥʝʥʠʝ ʠʭ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʧʦʟʚʦʣʠʣʦ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʟʠʪʴ 

ʚʝʨʦʷʪʥʦʩʪʴ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʭ ʠ ʧʨʠʙʦʨʥʳʭ ʦʰʠʙʦʢ ʠ ʧʦʚʳʩʠʪʴ ʪʦʯʥʦʩʪʴ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ. ʉʲʝʤʢʘ ʥʘ ʜʠʬʨʘʢʪʦʤʝʪʨʝ Bruker Apex 2 ʪʘʢʞʝ ʧʨʦʭʦʜʠʣʘ ʚ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ, ʧʦ ʩʧʝʮʠʘʣʴʥʦ ʘʜʘʧʪʠʨʦʚʘʥʥʦʤʫ ʟʘʜʘʥʠʶ ʩ ʫʯʸʪʦʤ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʜʠʬʨʘʢʪʦʤʝʪʨʘ. ʇʦʜʦʙʨʘʥʥʳʝ ʧʘʨʘʤʝʪʨʳ ʩʲʝʤʢʠ ʧʨʝʚʳʰʘʶʪ 

ʩʪʘʥʜʘʨʪʳ ʢʘʯʝʩʪʚʘ ʧʨʦʚʝʜʝʥʠʷ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, 

ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʄʝʞʜʫʥʘʨʦʜʥʳʤ ʩʦʶʟʦʤ ʢʨʠʩʪʘʣʣʦʛʨʘʬʦʚ. ʊʘʢʠʝ ʵʢʩʧʝʨʠʤʝʥʪʳ 

ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʠʪʴ ʙʦʣʴʰʠʡ ʦʙʲʸʤ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ, ʦʜʥʘʢʦ ʩʚʷʟʘʥʳ 

ʩʦ ʟʥʘʯʠʪʝʣʴʥʳʤʠ ʚʨʝʤʝʥʥʳʤʠ ʟʘʪʨʘʪʘʤʠ. ʉʙʦʨ ʜʘʥʥʳʭ ʜʣʷ ʩʦʝʜʠʥʝʥʠʡ ʜʣʷ ʬʘʟ 

ʍʫʙʝʨʪʘ ʚ ʩʨʝʜʥʝʤ ʟʘʥʠʤʘʣ ʦʢʦʣʦ 60 ʯʘʩʦʚ, ʜʣʷ ʦʢʩʠʤʦʣʠʙʜʘʪʦʚ ï ʦʢʦʣʦ 40. 

ʀʥʪʝʛʨʠʨʦʚʘʥʠʝ ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʧʠʢʦʚ, ʢʦʨʨʝʢʮʠʷ ʥʘ ʬʘʢʪʦʨ ʃʦʨʝʥʮʘ, 

ʧʦʛʣʦʱʝʥʠʝ, ʧʦʣʷʨʠʟʘʮʠʶ ʠʟʣʫʯʝʥʠʷ ʧʨʦʚʝʜʝʥʳ ʚ ʢʦʤʧʣʝʢʩʝ ʧʨʦʛʨʘʤʤ 

CrysAlisPro [72]. ʈʘʩʰʠʬʨʦʚʢʘ ʠ ʫʪʦʯʥʝʥʠʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ 

ʧʨʦʚʦʜʠʣʠʩʴ ʩ ʧʦʤʦʱʴʶ ʢʦʤʧʣʝʢʩʘ ʧʨʦʛʨʘʤʤ Jana2006 [73] ʠ Astra [74]. 

ɺʠʟʫʘʣʠʟʘʮʠʷ ʧʦʣʫʯʝʥʥʳʭ ʤʦʜʝʣʝʡ ʩʪʨʫʢʪʫʨ ʧʦʣʫʯʝʥʘ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤ 

Vesta [75] ʠ Diamond [76]. 
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ʈʠʩʫʥʦʢ 22. ʄʦʥʦʢʨʠʩʪʘʣʣʳ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʤʦʣʠʙʜʘʪʦʚ ï (ʘ); ʦʙʨʘʟʮʳ, 

ʧʦʜʛʦʪʦʚʣʝʥʥʳʝ ʜʣʷ ʈʉɸ ï (ʙ).  
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 ɼʣʷ ʩʦʝʜʠʥʝʥʠʷ Pr5Mo3O16+ŭ ʚʳʙʨʘʥʘ ʢʫʙʠʯʝʩʢʘʷ ʷʯʝʡʢʘ ʩ ʫʜʚʦʝʥʥʳʤ 

ʬʣʶʦʨʠʪʦʚʳʤ ʧʘʨʘʤʝʪʨʦʤ a = 11.061(1) ¡, ʚ ʨʘʤʢʘʭ ʢʦʪʦʨʦʡ ʫʜʘʣʦʩʴ 

ʧʨʦʠʥʜʠʮʠʨʦʚʘʪʴ ʙʦʣʝʝ 85% ʚʩʝʭ ʦʪʩʥʷʪʳʭ ʨʝʬʣʝʢʩʦʚ. ʇʘʨʘʤʝʪʨʳ ʢʫʙʠʯʝʩʢʠʭ 

ʵʣʝʤʝʥʪʘʨʥʳʭ ʷʯʝʝʢ ʩʦʝʜʠʥʝʥʠʡ Nd5Mo3O16+ŭ ʣʝʛʠʨʦʚʘʥʥʳʭ ʚʘʥʘʜʠʝʤ (ʜʚʘ 

ʩʦʩʪʘʚʘ), ʩʚʠʥʮʦʤ, ʠʣʠ ʢʘʣʴʮʠʝʤ, ʠʣʠ ʚʦʣʴʬʨʘʤʦʤ ʩʦʩʪʘʚʠʣʠ 11.0272(1) ¡, 

11.0335(1) ¡, 11.042(1) ¡, 11.025(1) ¡ ʠ 11.030(1) ¡ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɼʣʷ ʚʩʝʭ 

ʣʝʛʠʨʦʚʘʥʥʳʭ ʦʙʨʘʟʮʦʚ ʬʘʟ ʍʫʙʝʨʪʘ ʫʜʘʣʦʩʴ ʧʨʦʠʥʜʠʮʠʨʦʚʘʪʴ ʙʦʣʝʝ 90%, ʘ ʜʣʷ 

ʩʦʩʪʘʚʘ Nd5Mo3O16+ŭ:Pb ʙʦʣʝʝ 99% ʚʩʝʭ ʠʟʤʝʨʝʥʥʳʭ ʨʝʬʣʝʢʩʦʚ. ʀʦʥʥʳʡ ʨʘʜʠʫʩ 

ʣʝʛʠʨʫʶʱʠʭ ʧʨʠʤʝʩʝʡ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʠʦʥʥʳʭ ʨʘʜʠʫʩʦʚ ʦʩʥʦʚʥʳʭ ʢʘʪʠʦʥʦʚ, 

ʧʦʵʪʦʤʫ ʠʟʤʝʥʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʵʣʝʤʝʥʪʘʨʥʳʭ ʷʯʝʝʢ ʷʚʣʷʝʪʩʷ ʢʦʩʚʝʥʥʳʤ 

ʧʦʜʪʚʝʨʞʜʝʥʠʝʤ ʚʭʦʞʜʝʥʠʷ ʧʨʠʤʝʩʝʡ ʚ ʩʪʨʫʢʪʫʨʫ. ʀʟʤʝʥʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʣʝʛʠʨʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ (ʜʣʷ ʜʚʫʭ ʩʦʩʪʘʚʦʚ Nd5Mo3O16:V) ʪʘʢʞʝ ʦʢʘʟʳʚʘʝʪ 

ʚʣʠʷʥʠʝ ʥʘ ʧʘʨʘʤʝʪʨʳ ʵʣʝʤʝʥʪʘʨʥʳʭ ʷʯʝʝʢ. 

 ɼʣʷ ʦʢʩʠʤʦʣʠʙʜʘʪʦʚ Ln2MoO6 ʦʧʨʝʜʝʣʝʥʳ ʪʝʪʨʘʛʦʥʘʣʴʥʳʝ ʷʯʝʡʢʠ ʩ 

ʧʘʨʘʤʝʪʨʘʤʠ a = 4.0983(1) ¡ c = 16.0228(8) ¡, a = 4.0250(1) ¡ c = 15.8391(8) ¡,  

a = 4.0091(1) ¡ c = 15.8336(4) ¡ ʠ a = 4.0087(2) ¡ c = 15.8304(8) ¡ ʜʣʷ ʢʨʠʩʪʘʣʣʦʚ 

La2MoO6, Pr2MoO6 ʠ Nd2MoO6 (2 ʤʦʥʦʢʨʠʩʪʘʣʣʘ) ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺ ʭʦʜʝ ʘʥʘʣʠʟʘ 

ʜʚʫʤʝʨʥʳʭ ʩʝʯʝʥʠʡ ʦʙʨʘʪʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʙʳʣʠ ʚʳʷʚʣʝʥʳ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ 

ʦʪʨʘʞʝʥʠʷ, ʥʝ ʠʥʜʠʮʠʨʫʝʤʳʝ ʚ ʨʘʤʢʘʭ ʚʳʙʨʘʥʥʳʭ ʵʣʝʤʝʥʪʘʨʥʳʭ ʷʯʝʝʢ (ʨʠʩ. 23 ʘ), 

ʘʥʘʣʦʛʠʯʥʳʝ ʦʙʥʘʨʫʞʝʥʥʳʤ ʚ ʨʘʙʦʪʘʭ [17, 28, 29]. ʋʯʸʪ ʜʘʥʥʳʭ ʦʪʨʘʞʝʥʠʡ 

ʚʦʟʤʦʞʝʥ ʧʫʪʸʤ ʢʨʘʪʥʦʛʦ ʫʚʝʣʠʯʝʥʠʷ ʦʙʲʝʤʘ ʵʣʝʤʝʥʪʘʨʥʳʭ ʷʯʝʝʢ ʟʘ ʩʯʝʪ ʚʳʙʦʨʘ 

ʙʘʟʠʩʥʳʭ ʚʝʢʪʦʨʦʚ (ʨʠʩ. 23 ʙ): a = a0 + b0, b = ïa0 + b0, c = 2c0, ʧʨʠ ʵʪʦʤ 

ʠʥʜʠʮʠʨʦʚʘʥʠʝ ʨʝʬʣʝʢʩʦʚ ʧʨʝʚʳʩʠʣʦ 80% ʦʪ ʦʙʱʝʛʦ ʯʠʩʣʘ ʨʝʬʣʝʢʩʦʚ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʜʣʷ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ La2MoO6, Pr2MoO6 ʠ Nd2MoO6 (2 ʤʦʥʦʢʨʠʩʪʘʣʣʘ) 

ʚʳʙʨʘʥʳ ʵʣʝʤʝʥʪʘʨʥʳʝ ʷʯʝʡʢʠ ʩ ʧʘʨʘʤʝʪʨʘʤʠ a = 5.7982(1) ¡ c = 32.0425(6) ¡,  

a = 5.6960 (1) ¡ c = 31.6796 (2) ¡, a = 5.664(1) ¡ c = 31.621(1) ¡ ʠ a = 5.6632(2) ¡  

c = 31.6042(8) ¡ ʜʣʷ ʯʝʪʳʨʸʭ ʦʙʨʘʟʮʦʚ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʋʤʝʥʴʰʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ 

ʷʯʝʡʢʠ ʦʪ ʩʦʩʪʘʚʘ ʢ ʩʦʩʪʘʚʫ ʩʚʷʟʘʥʦ ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʠʦʥʥʦʛʦ ʨʘʜʠʫʩʘ 

ʨʝʜʢʦʟʝʤʝʣʴʥʦʛʦ ʢʘʪʠʦʥʘ r(La
3+

) = 1.16 ¡, r(Pr
3+

) = 1.126 ¡, r(Nd
3+
) = 1.109 ¡. 
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ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ ʚʳʩʦʢʫʶ ʩʭʦʜʠʤʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʜʚʫʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, 

ʧʦʣʫʯʝʥʥʳʭ ʥʘ ʨʘʟʥʳʭ ʢʨʠʩʪʘʣʣʘʭ ʠ ʜʠʬʨʘʢʪʦʤʝʪʨʘʭ ʜʣʷ ʙʝʩʧʨʠʤʝʩʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ Nd2MoO6. ʆʜʠʥʘʢʦʚʳʝ ʫʩʣʦʚʠʷ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʠ ʧʦʜʭʦʜ ʢ 

ʨʘʩʰʠʬʨʦʚʢʝ ʩʪʨʫʢʪʫʨʳ ʚ ʮʝʣʦʤ ʧʦʟʚʦʣʠʣʠ ʧʨʝʜʤʝʪʥʦ ʩʨʘʚʥʠʚʘʪʴ ʧʦʣʫʯʝʥʥʳʝ 

ʨʝʟʫʣʴʪʘʪʳ. 

    

ʘ)                                                                    ʙ) 

ʈʠʩ. 23. ʉʝʯʝʥʠʝ ʪʨʸʭʤʝʨʥʦʡ ʜʠʬʨʘʢʮʠʦʥʥʦʡ ʢʘʨʪʠʥʳ ʪʝʪʨʘʛʦʥʘʣʴʥʦʛʦ 

ʤʦʥʦʢʨʠʩʪʘʣʣʘ Pr2MoO6 ʧʣʦʩʢʦʩʪʴʶ l=0 ʜʣʷ ʩʣʫʯʘʝʚ: a = 4.0250(1) ¡  

c = 15.8391(8) ¡ ï (ʘ); a = 5.6960 (1) ¡, c = 31.6796 (2) ï (ʙ). 

ʇʘʨʘʤʝʪʨʳ ʩʲʝʤʢʠ, ʦʩʥʦʚʥʳʝ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʠ 

ʨʝʟʫʣʴʪʘʪʳ ʫʪʦʯʥʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʠʟʫʯʝʥʥʳʭ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ Pr5Mo3O16+ŭ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 4, Nd5Mo3O16+ŭ:V (ʜʚʘ ʩʦʩʪʘʚʘ), Nd5Mo3O16+ŭ:Ca, 

Nd5Mo3O16+ŭ:Pb, Nd6Mo3O16+ŭ:W ï ʚ ʪʘʙʣʠʮʝ 5, La2MoO6, Pr2MoO6, La2MoO6:Mg, 

Pr2MoO6:Mg ï ʚ ʪʘʙʣʠʮʝ 6, Nd2MoO6 ʠ Nd2MoO6:Mg ï ʚ ʪʘʙʣʠʮʝ 7. 
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ʊʘʙʣʠʮʘ 4. ʂʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʜʘʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʠ 

ʫʪʦʯʥʝʥʠʷ ʩʪʨʫʢʪʫʨ ʩʦʝʜʠʥʝʥʠʡ Pr5Mo3O16+ŭ. 

ʍʠʤʠʯʝʩʢʘʷ ʬʦʨʤʫʣʘ Pr5Mo3O16+ŭ. 

ʇʨ. ʛʨ., Z Pn-3n, 4 

ʘ, ¡ 11.061(1) 

V, ¡ 1353.3(2) 

D, ʛ/ʩʤ
3
 5.81(1) 

ʀʟʣʫʯʝʥʠʝ; ɚ, ¡ MoKŬ; 0.71069 

ɛ, ʤʤ
-1
 19.275 

ʊ, K 295 

ɼʠʘʤʝʪʨ ʦʙʨʘʟʮʘ, ʤʤ 0.30(1) 

ɼʠʬʨʘʢʪʦʤʝʪʨ XCalibur S 

ʊʠʧ ʩʢʘʥʠʨʦʚʘʥʠʷ ɤ 

ʋʯʸʪ ʧʦʛʣʦʱʝʥʠʷ; ʊmin/Tmax ʉʬʝʨʘ; 0.84222 /1.0000 

Ūmax, ʛʨʘʜ 53.44 

ʇʨʝʜʝʣʳ h, k, l 

ï24 Ò h Ò 24; 

 ï24 Ò k Ò 24;  

ï24 Ò l Ò 24 

ʏʠʩʣʦ ʦʪʨʘʞʝʥʠʡ: ʠʟʤʝʨʝʥʥʳʭ/ 

ʥʝʟʘʚʠʩʠʤʳʭ/ʩ I>3ů(I) 
113653 / 1373 / 1062 

ʄʝʪʦʜ ʫʪʦʯʥʝʥʠʷ ʄʅʂ ʧʦ F
2
 

ʏʠʩʣʦ ʫʪʦʯʥʷʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ 54 

ʋʯʝʪ ʵʢʩʪʠʥʢʮʠʠ ʊʠʧ 1, ʃʦʨʝʥʮ  

R/Rw 2.15/2.90 

S 1.02 

ȹɟmin/ȹɟmax ï1.88/2.80 

ʇʨʦʛʨʘʤʤʳ CrysAlis, Jana2006, VESTA 
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ʊʘʙʣʠʮʘ 5. ʂʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʜʘʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʠ 

ʫʪʦʯʥʝʥʠʷ ʩʪʨʫʢʪʫʨ ʩʦʝʜʠʥʝʥʠʡ Nd5Mo2.90V0.10O15.3, Nd5Mo2.76V0.24O15.5,  

Pb0.34Nd4.37Mo3O16.47, Ca0.31Nd4.57Mo3O15.8, Nd4.6W0.60Mo2.1O16.48. 

ʍʠʤʠʯʝʩʢʘʷ 

ʬʦʨʤʫʣʘ 

Nd5Mo2.90 

V0.10O15.3 

Nd5Mo2.76 

V0.24O15.5 

Pb0.34Nd4.37 

Mo2.60O16.47 

Ca0.31Nd4.57 

Mo1.98O15.8 

Nd4.6W0.60 

Mo2.1O16.48 

ʇʨ. ʛʨ. Pn-3n 

ʘ, ¡ 11.0272(1) 11.0335(1) 11.0421(11) 11.025(1) 11.030(1) 

V, ¡ 1340.90(1) 1343.20(1) 1346.3(2) 1340.01(3) 1342.07(3) 

D, ʛ/ʩʤ
3
 6.18(1) 6.17(1) 6.0555 5.55(1) 6.1829 

ʀʟʣ.; ɚ, ¡ MoKŬ; 0.71069 

ɛ, ʤʤ
-1
 21.783 21.745 22.556 19.437 30.288 

ʊ, K 295 

ɼʠʘʤʝʪʨ 

ʦʙʨʘʟʮʘ, ʤʤ 
0.20(1) 0.30(1) 0.30(1) 0.30(1) 0.30(1) 

ɼʠʬʨʘʢʪʦ-

ʤʝʪʨ 
Xcalibur S 

ʊʠʧ 

ʩʢʘʥʠʨʦʚʘʥʠʷ 
ɤ 

ʋʯʸʪ ʧʦʛʣ.; 

ʊmin/Tmax 

0.8888/1, 

ʩʬʝʨʘ 

0.7766/1, 

ʩʬʝʨʘ 

0.8945/1, 

ʩʬʝʨʘ 

0.8358/1, 

ʩʬʝʨʘ 

0.8454/1, 

ʩʬʝʨʘ 

Ūmax, ʛʨʘʜ 66.51 66.52 49.66 49.71 49.68 

ʇʨʝʜʝʣʳ h, k, 

l 

-28 ÒhÒ 26,  

-28 ÒkÒ 27, 

 -26 ÒlÒ 28 

-28 ÒhÒ 27,  

-27 ÒkÒ 28, 

-27 ÒlÒ 25 

-22 ÒhÒ 23,  

-23 ÒkÒ 23,   

-23 ÒlÒ 23 

-22 Ò h Ò 23; 

-23 Ò k Ò 23; 

-23Ò l Ò 23 

-23 ¢ h ¢ 23 

-23 ¢k ¢ 23 

-23¢ l ¢ 23 

ʏʠʩʣʦ ʦʪʨ.: 

ʠʟʤ./ ʥʝʟ. / ʩ 

I>3ů(I) 

82749/ 

2033/ 

1205 

83877/ 

2039/ 

1280 

111689/ 

1174/ 

771 

103354/ 

54308/ 

1171 

127351/ 

51787/ 

838 

ʄʝʪʦʜ 

ʫʪʦʯʥʝʥʠʷ 
ʄʅʂ ʧʦ F

2
 

ʏʠʩʣʦ ʫʪʦʯʥ. 

ʧʘʨʘʤʝʪʨʦʚ 
35 68 46 32 

ʋʯʝʪ 

ʵʢʩʪʠʥʢʮʠʠ 

ʊʠʧ 2, 

0.0080(3) 

ʊʠʧ 2, 

0.0070(2) 

ʊʠʧ 2,  

0.26(3) 

ʊʠʧ 2, 

0.4286(2) 

ʊʠʧ 2, 

0.0337(2) 

R/Rw 2.02/4.08 1.55/2.79 1.58/ 4.94 2.16/4.77, 2.81/1.95 

S 1.84 1.19 1.04 3.62 1.84 

ȹɟmin/ȹɟmax -1.91/2.60 -0.73/1.43 -0.69/0.90 -1.89/2.83 ï1.7/1.37 

ʇʨʦʛʨʘʤʤʳ CrysAlis, Jana2006, Diamond, VESTA 

 



60 

 

ʊʘʙʣʠʮʘ 6. ʂʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʜʘʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʠ 

ʫʪʦʯʥʝʥʠʷ ʩʪʨʫʢʪʫʨ ʩʦʝʜʠʥʝʥʠʡ Ln2MoO6:Mg ʠ Ln2MoO6:Mg (Ln = La, Pr). 

ʍʠʤʠʯʝʩʢʘʷ 

ʬʦʨʤʫʣʘ 
La2MoO6 

La2Mo0.965 

Mg0.035O5.81 
Pr2MoO6 

Pr2Mo0.974 

Mg0.026O5.94 

ʇʨ. ʛʨ. I-4c2 

ʘ, ¡ 

5.7982(1) 

5.7982(1) 

32.0425(6) 

5.7969(1) 

5.7969(1) 

32.0371(4) 

5.6960(1) 

5.6960(1) 

31.6796(2) 

5.6979(1) 

5.6979(1) 

31.7012(2) 

V, ¡ 1077.24(3) 1076.58(3) 1027.82(1) 1029.21 (3) 

D, ʛ/ʩʤ
3
 5.7928 5.7559 6.1231 6.0784 

ʀʟʣ.; ɚ, ¡ MoKŬ; 0.71069 

ɛ, ʤʤ
-1
 17.78 16.79 21.011 20.924 

ʊ, K 295 

ʈʘʟʤʝʨ ʦʙʨʘʟʮʘ, 

ʤʤ 

0.37 Ĭ  

0.199 Ĭ 0.14 

0.415 Ĭ  

0.361 Ĭ 0.051 

0.337 Ĭ  

0.307 Ĭ 0.03 

0.179 Ĭ 

0.159 Ĭ 0.05 

ɼʠʬʨʘʢʪʦʤʝʪʨ Xcalibur Eos S2 

ʊʠʧ ʩʢʘʥ. ɤ 

ʋʯʸʪ ʧʦʛʣ.; 

ʊmin/Tmax 

0.065/0.326 

ʦʛʨʘʥʢʘ 

0.031/0.508 

ʦʛʨʘʥʢʘ 

0.021/0.559 

ʦʛʨʘʥʢʘ 

0.084/0.464 

ʦʛʨʘʥʢʘ 

Ūmax, ʛʨʘʜ 74.45 74.39 62.66 62.67 

ʇʨʝʜʝʣʳ  

h, k, l 

-15ÒhÒ 14; 

ï15ÒkÒ 14; 

ï84 ÒlÒ 82 

-15ÒhÒ 15; 

ï12ÒkÒ 13; 

ï86 ÒlÒ 86 

-14 Ò h Ò 13; 

-14 Ò k Ò 15; 

-84 Ò l Ò 84 

-14 ¢ h ¢ 14 

-12 ¢k ¢ 13 

-79¢ l ¢ 79 

ʏʠʩʣʦ ʦʪʨ.: ʠʟʤ./ 

ʥʝʟ. / ʩ I>3ů(I) 

40331/ 

4604/ 

1200 

40384/ 

4464/ 

1183 

13159/ 

1136/ 

1119 

26319/ 

2155/ 

1161 

ʄʝʪʦʜ ʫʪʦʯʥʝʥʠʷ ʄʅʂ ʧʦ F
2
 

ʏʠʩʣʦ ʫʪʦʯʥ. 

ʧʘʨʘʤʝʪʨʦʚ 
43 58 41 57 

ʋʯʝʪ ʵʢʩʪʠʥʢʮʠʠ 
ʊʠʧ 2, 

0.0091(4) 

ʊʠʧ 2, 

0.0080(3) 

ʊʠʧ 2, 

0.0073(6) 

ʊʠʧ 2, 

0.0083(3) 

R/Rw 1.67/5.93 1.88/6.05 0.90/1.32, 1.14/1.36 

S 2.11 2.08 1.07 1.00 

ȹɟmin/ȹɟmax -1.14/1.04 -1.18/1.42 -0.77/0.50 -0.81/0.88 

ʇʨʦʛʨʘʤʤʳ CrysAlis, Jana2006, VESTA, Diamond 
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ʊʘʙʣʠʮʘ 7. ʂʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʜʘʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʠ 

ʫʪʦʯʥʝʥʠʷ ʩʪʨʫʢʪʫʨ ʩʦʝʜʠʥʝʥʠʡ ɓ-Nd2MoO6. 

ʍʠʤʠʯʝʩʢʘʷ ʬʦʨʤʫʣʘ 
Nd2MoO6 

(ʦʙʨʘʟʝʮ 1) 

Nd2MoO6 

(ʦʙʨʘʟʝʮ 2) 

Nd1.82Mg0.11 

Mo0.89O5.68 

ʇʨ. ʛʨ. I 41/acd 

ʘ, ¡ 

5.664(1), 

5.664(1), 

31.621(1) 

5.6632(2) 

5.6632(2) 

31.6042(8) 

5.6625(1) 

5.6625(1) 

31.6156(8) 

V, ¡ 1014.3(1) 1013.60(6) 1013.72(4) 

D, ʛ/ʩʤ
3
 6.1023 6.2963 5.7882 

ʀʟʣ.; ɚ, ¡ MoKŬ; 0.71069 

ɛ, ʤʤ
-1
 21.862 22.52 20.55 

ʊ, K 295 

ʈʘʟʤʝʨ ʦʙʨʘʟʮʘ, ʤʤ 
0.2 Ĭ 0.3 

Ĭ 0.05 

0.28 Ĭ 0.16 

Ĭ 0.07 

0.41 Ĭ 0.29 

Ĭ 0.05 

ɼʠʬʨʘʢʪʦʤʝʪʨ 
Bruker Smart 

APEX 2 
Xcalibur S/Eos 

ʊʠʧ ʩʢʘʥ. ɤ 

ʋʯʸʪ ʧʦʛʣʦʱʝʥʠʷ; 

ʊmin/Tmax 

0.040/0.363 

ʦʛʨʘʥʢʘ 

0.031/0.359 

ʦʛʨʘʥʢʘ 

0.018/0.349 

ʦʛʨʘʥʢʘ 

Ūmax, ʛʨʘʜ 30.46 71.73 71.69 

ʇʨʝʜʝʣʳ  

h, k,  l 

-8Ò h Ò 8; 

-8 Ò k Ò 8; 

-33 Ò l Ò 43 

-15Ò h Ò 14; 

-14Ò k Ò 15 

-82 Ò l Ò 84 

-15 ÒhÒ 15, 

-15 ÒkÒ 14, 

-84 ÒlÒ 84 

ʏʠʩʣʦ ʦʪʨ.: ʠʟʤ./ ʥʝʟ./ 

ʩ I>3ů(I) 

3359/ 

389/ 

219 

30811/ 

4523/ 

409 

11982/ 

519/ 

510 

ʄʝʪʦʜ ʫʪʦʯʥʝʥʠʷ ʄʅʂ ʧʦ F
2
 

ʏʠʩʣʦ ʫʪʦʯʥ. 

ʧʘʨʘʤʝʪʨʦʚ 
23 23 26 

ʋʯʝʪ ʵʢʩʪʠʥʢʮʠʠ 
ʊʠʧ 1, 

0.0080(3) 

ʊʠʧ 2, 

0.0070(2) 

ʊʠʧ 2,  

0.26(3) 

R/Rw 4.05/6.83 1.35/1.82 1.14/1.50 

S 2.30 1.51 1.37 

ȹɟmin/ȹɟmax -2.37/ 3.59 -2.90/1.91 -1.50/1.23 

ʇʨʦʛʨʘʤʤʳ CrysAlis, Jana2006, VESTA, Diamond 
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2.4. ʇʨʝʮʠʟʠʦʥʥʳʝ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ  

ʧʨʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ 

 ʅʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʝ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦʟʚʦʣʷʶʪ 

ʠʩʩʣʝʜʦʚʘʪʴ ʧʦʚʝʜʝʥʠʝ ʤʘʪʝʨʠʘʣʘ ʚ ʫʩʣʦʚʠʷʭ ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʪʝʤʧʝʨʘʪʫʨʥʳʭ 

ʚʦʟʜʝʡʩʪʚʠʡ, ʠʟʫʯʠʪʴ ʚʦʟʤʦʞʥʳʝ ʩʪʨʫʢʪʫʨʥʳʝ ʬʘʟʦʚʳʝ ʧʝʨʝʭʦʜʳ ʠ ʜʨʫʛʠʝ ʪʦʥʢʠʝ 

ʦʩʦʙʝʥʥʦʩʪʠ ʩʪʨʫʢʪʫʨʳ. ʂʨʦʤʝ ʵʪʦʛʦ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʚ 

ʧʨʝʮʠʟʠʦʥʥʳʭ ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ï ʵʪʦ ʩʧʦʩʦʙ ʫʤʝʥʴʰʝʥʠʷ 

ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʭ ʦʰʠʙʦʢ, ʩʚʷʟʘʥʥʳʭ ʩ ʪʝʧʣʦʚʳʤ ʜʚʠʞʝʥʠʝʤ ʘʪʦʤʦʚ. ʇʦʚʳʰʝʥʠʝ 

ʪʦʯʥʦʩʪʠ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʧʨʠ ʧʦʥʠʞʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʩʚʷʟʘʥʦ ʩ 

ʫʤʝʥʴʰʝʥʠʝʤ ʘʤʧʣʠʪʫʜ ʘʪʦʤʥʳʭ ʢʦʣʝʙʘʥʠʡ, ʢʦʪʦʨʦʝ ʧʨʠʚʦʜʠʪ ʢ ʩʫʱʝʩʪʚʝʥʥʦʤʫ 

ʚʦʟʨʘʩʪʘʥʠʶ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ. ʅʘʠʙʦʣʝʝ ʩʠʣʴʥʦ ʚʦʟʨʘʩʪʘʶʪ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʚʳʩʦʢʦʫʛʣʦʚʳʭ ʦʪʨʘʞʝʥʠʡ. ʆʭʣʘʞʜʝʥʠʝ ʢʨʠʩʪʘʣʣʦʚ ʧʨʠʚʦʜʠʪ ʢ ʦʩʣʘʙʣʝʥʠʶ ʨʷʜʘ 

ʠ ʜʨʫʛʠʭ ʵʬʬʝʢʪʦʚ (ʘʥʛʘʨʤʦʥʠʟʤʘ ʪʝʧʣʦʚʳʭ ʢʦʣʝʙʘʥʠʡ, ʪʝʧʣʦʚʦʛʦ ʜʠʬʬʫʟʥʦʛʦ 

ʨʘʩʩʝʷʥʠʷ), ʪʘʢʞʝ ʩʢʘʟʳʚʘʶʱʠʭʩʷ ʥʘ ʟʥʘʯʝʥʠʠ ʪʝʧʣʦʚʳʭ ʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ.  

 ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʧʨʝʮʠʟʠʦʥʥʳʭ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʨʠ 

ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʣʘʙʦʨʘʪʦʨʥʳʝ 

ʜʠʬʨʘʢʪʦʤʝʪʨʳ Xcalibur S, ʦʩʥʘʱʸʥʥʳʡ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʧʨʠʩʪʘʚʢʦʡ Cobra ʠ 

ʜʠʬʨʘʢʪʦʤʝʪʨ Huber-5042 ʩ ʛʝʣʠʝʚʳʤ ʢʨʠʦʩʪʘʪʦʤ DISPLEX DE-202.  

ʀʩʩʣʝʜʦʚʘʥʠʷ ʥʘ ʜʠʬʨʘʢʪʦʤʝʪʨʝ Xcalibur 

 ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʥʘ ʜʠʬʨʘʢʪʦʤʝʪʨʝ 

Xcalibur ʫʩʪʘʥʦʚʣʝʥʘ ʩʠʩʪʝʤʘ ʧʦʜʜʝʨʞʘʥʠʷ ʠ ʢʦʥʪʨʦʣʷ ʪʝʤʧʝʨʘʪʫʨʳ Cobra. 

ʆʩʥʦʚʥʳʤ ʝʸ ʦʪʣʠʯʠʝʤ ʦʪ ʜʨʫʛʠʭ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʩʠʩʪʝʤ ʦʪʢʨʳʪʦʡ ʧʦʜʘʯʠ 

ʭʣʘʜʘʛʝʥʪʘ ʥʘ ʦʙʨʘʟʝʮ ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʛʝʥʝʨʘʪʦʨʘ ʘʟʦʪʘ. ʆʥ ʬʠʣʴʪʨʫʝʪ ʚʦʟʜʫʭ ʠ 

ʚʳʜʝʣʷʝʪ ʠʟ ʥʝʛʦ ʛʘʟʦʦʙʨʘʟʥʳʡ ʘʟʦʪ, ʢʦʪʦʨʳʡ ʦʭʣʘʞʜʘʝʪʩʷ ʟʘʤʢʥʫʪʳʤ ʛʝʣʠʝʚʳʤ 

ʦʭʣʘʜʠʪʝʣʝʤ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ 80 ʂ. ʇʦʪʦʢ ʦʭʣʘʞʜʝʥʥʦʛʦ ʛʘʟʦʦʙʨʘʟʥʦʛʦ ʘʟʦʪʘ 

ʨʝʛʫʣʠʨʫʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʢʦʥʪʨʦʣʣʝʨʘ ʠ ʟʘʪʝʤ ʯʝʨʝʟ ʩʧʝʮʠʘʣʴʥʦʝ ʩʦʧʣʦ ʧʦʧʘʜʘʝʪ 
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ʥʘ ʦʙʨʘʟʝʮ. ʂʨʦʤʝ ʦʭʣʘʞʜʝʥʠʷ ʩʠʩʪʝʤʘ Cobra ʩʧʦʩʦʙʥʘ ʧʦʜʦʛʨʝʚʘʪʴ ʛʘʟʦʦʙʨʘʟʥʳʡ 

ʘʟʦʪ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚʧʣʦʪʴ ʜʦ 500 ʂ.  

 ʅʘ ʜʠʬʨʘʢʪʦʤʝʪʨʝ Xcalibur ʩ ʧʦʤʦʱʴʶ ʢʨʠʦʩʠʩʪʝʤʳ Cobra ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 200 ʂ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʧʨʝʮʠʟʠʦʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʙʨʘʟʮʦʚ 

ʤʦʥʦʢʣʠʥʥʦʡ ʬʘʟʳ Nd2MoO6. ʉʪʝʢʣʷʥʥʳʝ ʥʠʪʠ, ʥʘ ʢʦʪʦʨʳʭ ʟʘʢʨʝʧʣʝʥʳ ʦʙʨʘʟʮʳ, 

ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʫʢʨʝʧʣʷʣʠʩʴ ʩʧʝʮʠʘʣʴʥʳʤ ʵʧʦʢʩʠʜʥʳʤ ʢʣʝʝʤ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ 

ʥʝʦʙʭʦʜʠʤʦʡ ʧʨʦʯʥʦʩʪʠ ʜʝʨʞʘʪʝʣʷ ʠ ʠʩʢʣʶʯʝʥʠʷ ʚʦʟʤʦʞʥʳʭ ʚʠʙʨʘʮʠʡ ʚ ʧʦʪʦʢʝ 

ʘʟʦʪʘ ʚʦ ʚʨʝʤʷ ʵʢʩʧʝʨʠʤʝʥʪʘ. ʊʝʧʣʦʚʦʝ ʩʞʘʪʠʝ ʩʪʝʢʣʷʥʥʦʡ ʥʠʪʠ ʧʨʠ ʧʦʥʠʞʝʥʠʠ 

ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʠʚʦʜʠʣʦ ʢ ʩʜʚʠʛʘʤ ʮʝʥʪʨʘ ʦʙʨʘʟʮʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʮʝʥʪʨʘ 

ʛʦʥʠʦʤʝʪʨʘ. ʅʘ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʤ ʵʪʘʧʝ ʩ ʧʦʤʦʱʴʶ ʚʠʜʝʦ ʤʠʢʨʦʩʢʦʧʘ ʶʩʪʠʨʦʚʢʘ 

ʢʨʠʩʪʘʣʣʘ ʧʨʦʚʦʜʠʣʘʩʴ ʥʝʩʢʦʣʴʢʦ ʨʘʟ, ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʥʝʦʙʭʦʜʠʤʘʷ ʪʝʤʧʝʨʘʪʫʨʘ 

ʥʘ ʦʙʨʘʟʮʝ ʥʝ ʩʪʘʙʠʣʠʟʠʨʦʚʘʣʘʩʴ ʠ ʣʠʥʝʡʥʳʝ ʨʘʟʤʝʨʳ ʜʝʨʞʘʪʝʣʷ ʥʝ ʧʝʨʝʩʪʘʚʘʣʠ 

ʠʟʤʝʥʷʪʴʩʷ. ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ ʧʦ 

ʠʥʜʠʚʠʜʫʘʣʴʥʳʤ ʟʘʜʘʥʠʷʤ, ʩʦʩʪʘʚʣʝʥʥʳʤ ʜʣʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʘʜʘʧʪʠʨʦʚʘʥʥʳʤ ʜʣʷ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. 

ʇʘʨʘʤʝʪʨʳ ʩʲʝʤʢʠ ʠ ʦʩʥʦʚʥʳʝ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ 

ʪʘʙʣʠʮʝ 8.   

 ʇʨʦʮʝʜʫʨʘ ʧʝʨʚʠʯʥʦʡ ʦʙʨʘʙʦʪʢʠ ʨʝʥʪʛʝʥʜʠʬʨʘʢʮʠʦʥʥʳʭ ʜʘʥʥʳʭ 

ʘʥʘʣʦʛʠʯʥʘ ʧʨʦʮʝʜʫʨʝ ʜʣʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ: 

ʠʥʪʝʛʨʠʨʦʚʘʥʠʝ ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʧʠʢʦʚ, ʢʦʨʨʝʢʮʠʷ ʥʘ ʬʘʢʪʦʨ ʃʦʨʝʥʮʘ, 

ʧʦʛʣʦʱʝʥʠʝ, ʧʦʣʷʨʠʟʘʮʠʶ ʠʟʣʫʯʝʥʠʷ ʧʨʦʚʝʜʝʥʳ ʩ ʧʦʤʦʱʴʶ ʢʦʤʧʣʝʢʩʘ ʧʨʦʛʨʘʤʤ 

CrysAlis [72]. ɼʣʷ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ Nd2MoO6 ʩ ʧʘʨʘʤʝʪʨʘʤʠ a = 15.852(1) ¡,  

b = 11.317(1) ¡, c = 5.492(1) ¡ ɓ = 91.249(8) ʚ ʨʘʤʢʘʭ ʧʨ. ʛʨ. I2/c ʙʳʣʦ 

ʧʨʦʠʥʜʠʮʠʨʦʚʘʥʥʦ ʙʦʣʝʝ 87% ʚʩʝʭ ʨʝʬʣʝʢʩʦʚ. ɽʜʠʥʳʡ ʧʦʜʭʦʜ ʢ ʧʨʦʚʝʜʝʥʠʶ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚ ʜʘʣʴʥʝʡʰʝʤ ʧʦʟʚʦʣʠʣ ʧʨʦʚʝʩʪʠ 

ʚʳʩʦʢʦʪʦʯʥʦʝ ʩʨʘʚʥʝʥʠʝ ʜʘʥʥʳʭ ʠ ʩʜʝʣʘʪʴ ʚʘʞʥʳʝ ʚʳʚʦʜʳ ʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ 

ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ.  
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ʊʘʙʣʠʮʘ 8. ʂʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʜʘʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʠ 

ʫʪʦʯʥʝʥʠʷ ʩʪʨʫʢʪʫʨ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʬʘʟʳ Nd2MoO6 ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 200 ʂ. 

ʍʠʤʠʯʝʩʢʘʷ ʬʦʨʤʫʣʘ Nd2MoO6 

ʇʨ. ʛʨ., Z I2/c, 8 

ʘ, ¡ 

b, ¡  

c, ¡ 

ɓ, ʛʨʘʜ 

15.852(1),  

11.317(1), 

5.492(1) 

91.249(8) 

V, ¡
3 

985.0(1) 

D, ʛ/ʩʤ
3
 6.477 

ʀʟʣʫʯʝʥʠʝ; ɚ, ¡ MoKŬ; 0.71069 

ɛ, ʤʤ
ï1

 23.224 

ʊ, K 200 

ʈʘʟʤʝʨ ʦʙʨʘʟʮʘ, ʤʤ 
0.30 

ʩʬʝʨʘ 

ɼʠʬʨʘʢʪʦʤʝʪʨ XCalibur S 

ʊʠʧ ʩʢʘʥʠʨʦʚʘʥʠʷ ɤ 

ʋʯʝʪ ʧʦʛʣʦʱʝʥʠʷ; ʊmin, Tmax 
ʉʬʝʨʘ; 

0.84222 / 1.0000 

qmax, ʛʨʘʜ 34.85 

ʇʨʝʜʝʣʳ h k l 

-24Ò h Ò 25; 

ï18 Ò k Ò 18; 

ï8 Ò l Ò 8 

ʏʠʩʣʦ ʦʪʨʘʞʝʥʠʡ: 

ʠʟʤʝʨʝʥʥʳʭ/ 

ʥʝʟʘʚʠʩʠʤʳʭ / I > 3ů(I) 

12561/4224/ 4098 

ʄʝʪʦʜ ʫʪʦʯʥʝʥʠʷ ʄʅʂ ʧʦ F
2
 

ʏʠʩʣʦ ʫʪʦʯʥʷʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ 84 

ʋʯʝʪ ʵʢʩʪʠʥʢʮʠʠ ʊʠʧ 1, ɻʘʫʩ 

R/Rw 2.26/2.92 

S 1.92 

ȹɟmin/ȹɟmax -1.69/2.14 

ʇʨʦʛʨʘʤʤʳ CrysAlis, Jana2006 
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ʀʩʩʣʝʜʦʚʘʥʠʷ ʥʘ ʜʠʬʨʘʢʪʦʤʝʪʨʝ Huber-5042  

 ɼʠʬʨʘʢʪʦʤʝʪʨ HUBER-5042 ʩ ʛʝʣʠʝʚʳʤ ʢʨʠʦʩʪʘʪʦʤ DISPLEX DE-202 

(APD Cryogenics inc.) ʷʚʣʷʝʪʩʷ ʫʥʠʢʘʣʴʥʳʤ ʥʘʫʯʥʳʤ ʧʨʠʙʦʨʦʤ. ʆʥ ʧʦʟʚʦʣʷʝʪ 

ʧʨʦʚʦʜʠʪʴ ʧʨʝʮʠʟʠʦʥʥʳʝ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʚ 

ʦʙʣʘʩʪʠ ʪʝʤʧʝʨʘʪʫʨ ʦʪ 15 ʜʦ 350 K. ʊʘʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʩʦʙʝʥʥʦ ʚʘʞʥʳ, ʢʦʛʜʘ 

ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʪʝʤʧʝʨʘʪʫʨʝ ʞʠʜʢʦʛʦ ʘʟʦʪʘ ʥʝ 

ʧʦʟʚʦʣʷʶʪ ʚʳʷʚʠʪʴ ʪʦʥʢʠʝ ʩʪʨʫʢʪʫʨʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ, ʦʢʘʟʳʚʘʶʱʠʝ 

ʧʨʠʥʮʠʧʠʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʥʘ ʩʚʦʡʩʪʚʘ ʤʘʪʝʨʠʘʣʘ. ɼʠʬʨʘʢʪʦʤʝʪʨ HUBER-5042 

ʦʩʥʘʱʸʥ ʪʦʯʝʯʥʳʤ ʜʝʪʝʢʪʦʨʦʤ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʫʚʝʣʠʯʠʚʘʝʪ ʚʨʝʤʷ ʧʨʦʚʝʜʝʥʠʷ 

ʵʢʩʧʝʨʠʤʝʥʪʘ, ʦʜʥʘʢʦ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʢʘʞʜʦʝ ʦʪʜʝʣʴʥʦʝ ʠʟʤʝʨʝʥʠʝ ʩ 

ʚʳʩʦʢʦʡ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʪʦʯʥʦʩʪʴʶ, ʠ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʥʦʩʠʪ ʚ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʟʘʤʝʪʥʦ ʤʝʥʴʰʫʶ ʩʠʩʪʝʤʘʪʠʯʝʩʢʫʶ ʧʦʛʨʝʰʥʦʩʪʴ 

[74]. ʉʢʘʥʠʨʦʚʘʥʠʝ ʚʳʧʦʣʥʷʝʪʩʷ ʧʦ ʰʘʛʘʤ, ʘ ʥʝ ʚ ʥʝʧʨʝʨʳʚʥʦʡ ʤʦʜʝ, ʯʪʦ ʪʘʢʞʝ 

ʧʦʚʳʰʘʝʪ ʪʦʯʥʦʩʪʴ ʠʟʤʝʨʝʥʠʡ. ʉʠʩʪʝʤʘ HUBER ʫʧʨʘʚʣʷʝʪʩʷ ʢʦʤʧʴʶʪʝʨʦʤ ʧʨʠ 

ʧʦʤʦʱʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʥʩʪʨʫʢʪʦʨʘ SPEC [77]. ʇʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ SPEC 

ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʠ ʤʦʜʠʬʠʮʠʨʦʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʧʨʦʛʨʘʤʤʳ ʜʣʷ ʨʝʰʝʥʠʷ 

ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʟʘʜʘʯ ï ʦʪ ʧʨʝʮʠʟʠʦʥʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ 

ʧʘʨʘʤʝʪʨʦʚ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʤʦʥʦʢʨʠʩʪʘʣʣʘ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʜʦ 

ʧʨʦʚʝʜʝʥʠʷ ʧʦʣʥʳʭ ʨʝʥʪʛʝʥʜʠʬʨʘʢʮʠʦʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʩʦʚʦʢʫʧʥʦʩʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʠʬʨʘʢʪʦʤʝʪʨʘ HUBER ʜʝʣʘʝʪ ʝʛʦ ʭʦʨʦʰʠʤ 

ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʨʝʰʝʥʠʷ ʤʥʦʛʠʭ ʟʘʜʘʯ.  

 ʉ ʧʦʤʦʱʴʶ ʜʠʬʨʘʢʪʦʤʝʪʨʘ Huber-5042 ʙʳʣʘ ʚʳʧʦʣʥʝʥʘ ʩʝʨʠʷ 

ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʚ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ ʦʪ 30 ʜʦ 295 ʂ. 

ʇʘʨʘʤʝʪʨʳ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʤʦʥʦʢʨʠʩʪʘʣʣʘ Nd5Mo3O16+ŭ ʦʧʨʝʜʝʣʝʥʳ ʧʨʠ  

ʊ = 295, 200, 175, 150, 125, 100, 90, 65, 50 ʠ 30 K ʤʝʪʦʜʦʤ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ 

ʧʦ 32 ʜʠʬʨʘʢʮʠʦʥʥʳʤ ʨʝʬʣʝʢʩʘʤ ʚ ʠʥʪʝʨʚʘʣʝ 45Á < 2ɗ < 46Á. ʇʨʠ ʢʘʞʜʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ʦʙʨʘʟʝʮ ʚʳʜʝʨʞʠʚʘʣʩʷ ʚ ʪʝʯʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʯʘʩʦʚ. ɻʨʘʬʠʢʠ 

ʟʘʚʠʩʠʤʦʩʪʠ ʧʘʨʘʤʝʪʨʘ ʢʫʙʠʯʝʩʢʦʡ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʠ ʦʙʲʝʤʘ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʥʘ ʨʠʩʫʥʢʝ 24.  
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                                    (ʘ)                                                             (ʙ) 

ʈʠʩʫʥʦʢ 24. ʊʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʧʘʨʘʤʝʪʨʘ (ʘ) ʠ ʦʙʲʝʤʘ (ʙ) ʵʣʝʤʝʥʪʘʨʥʦʡ 

ʷʯʝʡʢʠ ʤʦʥʦʢʨʠʩʪʘʣʣʘ Nd5Mo3O16+ŭ 

 ʇʦʣʥʳʡ ʥʘʙʦʨ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʦʪʨʘʞʝʥʠʡ ʜʣʷ ʩʦʝʜʠʥʝʥʠʷ 

Nd5Mo3O16+ŭ ʧʦʣʫʯʝʥ ʧʨʠ 30 K ʤʝʪʦʜʦʤ w/2q ʧʦʰʘʛʦʚʦʛʦ (ʜʠʩʢʨʝʪʥʦʛʦ) 

ʩʢʘʥʠʨʦʚʘʥʠʷ. ɼʣʷ ʘʥʘʣʠʟʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʝʬʣʝʢʩʦʚ ʧʦ ʠʥʪʝʥʩʠʚʥʦʩʪʷʤ (ʦʮʝʥʢʠ 

ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʨʝʬʣʝʢʩʦʚ) ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʚʳʯʠʩʣʝʥʥʳʝ ʩʪʨʫʢʪʫʨʥʳʝ ʬʘʢʪʦʨʳ, 

ʧʦʣʫʯʝʥʥʳʝ ʧʦ ʤʦʜʝʣʠ ʩʪʨʫʢʪʫʨʳ Nd5Mo3O16 ʠʟ [19]. ʈʘʩʯʝʪʳ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ 

ʧʣʘʥʠʨʦʚʘʥʠʷ ʩʲʝʤʢʠ, ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʧʠʢʦʚ ʠ ʰʢʘʣʠʨʦʚʘʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ 

ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʧʦ ʧʨʦʛʨʘʤʤʝ Astra [74]. ɸʥʠʟʦʪʨʦʧʥʦʝ ʰʢʘʣʠʨʦʚʘʥʠʝ 

ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʧʦ [78] ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʜʣʷ ʢʦʨʨʝʢʮʠʠ ʦʰʠʙʦʢ, ʩʚʷʟʘʥʥʳʭ ʩ 

ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʤ ʠʩʢʘʞʝʥʠʝʤ ʠʟʤʝʨʝʥʥʳʭ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʨʝʬʣʝʢʩʦʚ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʪʘʥʦʚʦʯʥʳʭ ʫʛʣʦʚ ʛʦʥʠʦʤʝʪʨʘ [79]. ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʦʣʥʦʛʦ 

ʥʝʫʩʨʝʜʥʸʥʥʦʛʦ ʥʘʙʦʨʘ ʜʘʥʥʳʭ ʧʨʦʚʦʜʠʣʦʩʴ ʰʢʘʣʠʨʦʚʘʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʧʨʠ 

ʩʪʨʫʢʪʫʨʥʦʡ ʤʦʜʝʣʠ, ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʚ ʟʥʘʯʝʥʠʷʭ, ʧʦʣʫʯʝʥʥʳʭ ʥʘ ʧʨʝʜʳʜʫʱʝʤ 

ʰʘʛʝ. ʇʨʠ ʵʪʦʤ ʫʪʦʯʥʷʣʦʩʴ ʪʦʣʴʢʦ ʦʪʢʣʦʥʝʥʠʝ ʰʢʘʣʴʥʳʭ ʬʘʢʪʦʨʦʚ ʦʪ ʝʜʠʥʠʮʳ: 

15 ʧʘʨʘʤʝʪʨʦʚ ʧʦ 2464 ʠʟʤʝʨʝʥʠʷʤ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ. ɿʘʪʝʤ ʜʘʥʥʳʝ ʫʩʨʝʜʥʷʣʠʩʴ 

ʧʦ ʩʠʤʤʝʪʨʠʠ, ʠ ʧʨʦʚʦʜʠʣʦʩʴ ʦʙʳʯʥʦʝ ʫʪʦʯʥʝʥʠʝ ʦʙʱʝʛʦ ʰʢʘʣʴʥʦʛʦ ʬʘʢʪʦʨʘ 

ʧʨʠʚʷʟʢʠ ʢ ʘʙʩʦʣʶʪʥʦʡ ʰʢʘʣʝ ʚ ʢʠʥʝʤʘʪʠʯʝʩʢʦʤ ʧʨʠʙʣʠʞʝʥʠʠ, ʧʘʨʘʤʝʪʨʘ 
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ʵʢʩʪʠʥʢʮʠʠ ʠ ʩʪʨʫʢʪʫʨʥʳʭ ʧʘʨʘʤʝʪʨʦʚ. ʊʘʢʦʝ ʯʝʨʝʜʦʚʘʥʠʝ ʮʠʢʣʦʚ ʫʪʦʯʥʝʥʠʡ ʧʦ 

ʥʘʙʦʨʘʤ ʥʝʫʩʨʝʜʥʝʥʥʳʭ ʠ ʫʩʨʝʜʥʝʥʥʳʭ ʜʘʥʥʳʭ ʩʦʛʣʘʩʫʝʪ ʵʢʚʠʚʘʣʝʥʪʥʳʝ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʤʝʞʜʫ ʩʦʙʦʡ ʠ ʟʘʤʝʪʥʦ ʧʦʚʳʰʘʝʪ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʮʝʣʦʤ. 

 ɼʝʪʘʣʠ ʩʙʦʨʘ ʜʘʥʥʳʭ ʠ ʫʪʦʯʥʝʥʠʷ ʩʪʨʫʢʪʫʨʳ Nd5Mo3O16 ʧʨʠʚʝʜʝʥʳ ʚ 

ʪʘʙʣʠʮʝ 9. ɹʝʟ ʧʨʠʤʝʥʝʥʠʷ ʦʧʠʩʘʥʥʦʡ ʚʳʰʝ ʧʨʦʮʝʜʫʨʳ ʰʢʘʣʠʨʦʚʘʥʠʷ R-ʬʘʢʪʦʨʳ 

ʫʩʨʝʜʥʝʥʠʷ ʵʢʚʠʚʘʣʝʥʪʥʳʭ ʨʝʬʣʝʢʩʦʚ ʜʣʷ 2464 ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʩʦʩʪʘʚʠʣʠ  

R/Rw = 7.00/8.89%, ʘ ʧʦʩʣʝ ʥʝʝ - R/Rw = 3.25/4.26%. ʇʦʣʥʦʝ ʯʠʩʣʦ ʥʝʟʘʚʠʩʠʤʳʭ 

ʨʝʬʣʝʢʩʦʚ ʨʘʚʥʦ 554.  
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ʊʘʙʣʠʮʘ 9. ʂʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʜʘʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʠ 

ʫʪʦʯʥʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʩʦʝʜʠʥʝʥʠʷ Nd5Mo3O16+ŭ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 30 K. 

ʍʠʤʠʯʝʩʢʘʷ ʬʦʨʤʫʣʘ Nd5Mo3O16+ŭ 

ʉʠʥʛʦʥʠʷ, ʧʨ.ʛʨ., Z ʢʫʙʠʯʝʩʢʘʷ, Pn-3n, 4 

a, ¡ 11.001(1) 

V, ¡
3
 1331.4(2) 

Dx, ʛ/ʩʤ
3
 6.309 

ʀʟʣʫʯʝʥʠʝ; l, ¡ MoKa; 0.71069 

m, ʤʤ
-1

 21.938 

ɼʠʘʤʝʪʨ ʦʙʨʘʟʮʘ, ʤʤ 0.26(1) 

ɼʠʬʨʘʢʪʦʤʝʪʨ Huber-5042 

ʊʠʧ ʩʢʘʥʠʨʦʚʘʥʠʷ w/2q 

ʋʯʝʪ ʧʦʛʣʦʱʝʥʠʷ; Tmin, Tmax 
ʉʬʝʨʘ; 

0.00932, 0.02415 

qmax, ʛʨʘʜ 45 

ʇʨʝʜʝʣʳ h, k, l 
-19Ò h Ò0, -22 Ò k Ò0, 

-22 Ò l Ò 0 

ʏʠʩʣʦ ʦʪʨʘʞʝʥʠʡ: ʠʟʤʝʨʝʥʥʳʭ/ 

ʥʝʟʘʚʠʩʠʤʳʭ / ʩ I>3s(I) 
2464 / 554 / 546 

ʄʝʪʦʜ ʫʪʦʯʥʝʥʠʷ ʄʅʂ ʧʦ F
2
 

ɺʝʩʦʚʘʷ ʩʭʝʤʘ 1/s
2
(F

2
) 

ʏʠʩʣʦ ʧʘʨʘʤʝʪʨʦʚ 28 

ʋʯʝʪ ʵʢʩʪʠʥʢʮʠʠ, ʢʦʵʬʬʠʮʠʝʥʪ 
ʪʠʧ 1, ʃʦʨʝʥʮ, 

0. 3190(80) 

R/Rw 1.85 / 2.07 

S 1.19 

ȹrmin/ȹrmax, ʵ/ ¡
3
 -0.97 / 1.28 

ʇʨʦʛʨʘʤʤʳ CrysAlis, Astra, Jana2006 
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ʄʦʜʝʨʥʠʟʘʮʠʷ ʘʧʧʘʨʘʪʥʦʛʦ ʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʜʠʬʨʘʢʪʦʤʝʪʨʘ 

Huber-5042 

 ʇʨʦʚʝʜʝʥʠʝ ʜʣʠʪʝʣʴʥʳʭ ʠ ʩʣʦʞʥʳʭ ʨʝʥʪʛʝʥʦʜʠʬʨʘʢʮʠʦʥʥʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʚʳʷʚʠʣʦ ʨʷʜ ʧʨʦʙʣʝʤ ʚ ʨʘʙʦʪʝ ʜʠʬʨʘʢʪʦʤʝʪʨʘ. ʇʨʠʙʦʨ ʠʟʛʦʪʦʚʣʝʥ 

ʚ 1999 ʛ., ʧʦʵʪʦʤʫ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʠ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʫʩʪʘʨʝʣʘ ʠ ʥʝ 

ʧʦʟʚʦʣʷʣʘ ʚʥʝʜʨʷʪʴ ʥʦʚʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʠ ʤʝʪʦʜʠʯʝʩʢʠʝ ʧʦʜʭʦʜʳ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ 

ʤʦʜʠʬʠʢʘʮʠʷ ʘʧʧʘʨʘʪʫʨʳ ʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʜʠʬʨʘʢʪʦʤʝʪʨʘ Huber-

5042 ʜʣʷ ʧʨʦʜʣʝʥʠʷ ʝʛʦ ʨʝʩʫʨʩʘ ʠ ʨʘʟʚʠʪʠʷ ʤʝʪʦʜʠʢʠ ʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʩʪʘʣʘ 

ʘʢʪʫʘʣʴʥʦʡ ʠʥʞʝʥʝʨʥʦʡ ʟʘʜʘʯʝʡ. ʉʦʚʤʝʩʪʥʦ ʩ ʚʝʜʫʱʠʤ ʥʘʫʯʥʳʤ ʩʦʪʨʫʜʥʠʢʦʤ 

ʜ.ʬ.-ʤ.ʥ. ɸ.ʇ. ɼʫʜʢʦʡ ʠ ʚʝʜʫʱʠʤ ʠʥʞʝʥʝʨʦʤ ʀ.ɸ. ɺʝʨʠʥʳʤ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ 

ʨʘʙʦʪʳ ʧʦ ʤʦʜʝʨʥʠʟʘʮʠʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʫʩʪʨʘʥʝʥʠʶ ʥʝʢʦʪʦʨʳʭ ʧʨʦʙʣʝʤ.  

 ɹʳʣ ʫʩʪʘʥʦʚʣʝʥ ʥʦʚʳʡ ʢʦʤʧʴʶʪʝʨ ʧʦʜ ʫʧʨʘʚʣʝʥʠʝʤ ʦʧʝʨʘʮʠʦʥʥʦʡ 

ʩʠʩʪʝʤʳ Linux, ʥʦʚʳʡ ʚʥʝʰʥʠʡ ʙʣʦʢ, ʩʦʜʝʨʞʘʱʠʡ ʪʘʡʤʝʨ ʠ ʩʯʝʪʯʠʢ ʠʤʧʫʣʴʩʦʚ 

(ʫʩʪʨʦʡʩʪʚʦ PCIDCC5-P). ɼʣʷ ʧʝʨʝʦʨʠʝʥʪʘʮʠʠ ʫʧʨʘʚʣʝʥʠʷ ʰʘʛʦʚʳʤʠ ʤʦʪʦʨʘʤʠ ʠ 

ʫʚʝʣʠʯʝʥʠʷ ʩʢʦʨʦʩʪʠ ʧʝʨʝʜʘʯʠ ʩʠʛʥʘʣʘ ʚʤʝʩʪʦ ʫʩʪʘʨʝʚʰʝʛʦ ʠʥʪʝʨʬʝʡʩʘ IEEE 488 

ʠʩʧʦʣʴʟʦʚʘʥ ʠʥʪʝʨʬʝʡʩ RS232. ʏʘʩʪʴ ʫʩʪʨʦʡʩʪʚ ʩʠʩʪʝʤʳ Huber ʠʥʠʮʠʘʣʠʟʠʨʦʚʘʥʘ 

ʚ ʧʨʦʛʨʘʤʤʝ SPEC ʚ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ. ɼʣʷ ʫʧʨʘʚʣʝʥʠʷ ʦʩʪʘʣʴʥʳʤʠ 

ʫʩʪʨʦʡʩʪʚʘʤʠ, ʪʘʢʠʤʠ ʢʘʢ ʚʘʢʫʫʤʤʝʪʨ TermoVac TM21, ʪʝʤʧʝʨʘʪʫʨʥʳʡ 

ʢʦʥʪʨʦʣʣʝʨ LakeShore 330, ʩʦʟʜʘʥʳ ʥʝʦʙʭʦʜʠʤʳʝ ʜʨʘʡʚʝʨʳ. 

 ɼʣʷ ʟʘʱʠʪʳ ʧʝʨʩʦʥʘʣʘ ʦʪ ʨʘʩʩʝʷʥʥʦʛʦ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ʚʦʢʨʫʛ 

ʜʠʬʨʘʢʪʦʤʝʪʨʘ ʩʧʨʦʝʢʪʠʨʦʚʘʥʘ ʠ ʫʩʪʘʥʦʚʣʝʥʘ ʩʠʩʪʝʤʘ ʙʝʟʦʧʘʩʥʦʩʪʠ. 

ʂʦʥʩʪʨʫʢʪʠʚʥʦ ʟʘʱʠʪʘ ʩʦʩʪʦʠʪ ʠʟ ʣʠʩʪʦʚ ʥʝʨʞʘʚʝʶʱʝʡ ʩʪʘʣʠ ʠ ʦʩʚʠʥʮʦʚʘʥʥʦʛʦ 

ʦʨʛʩʪʝʢʣʘ ʚ ʚʠʜʝ ʧʝʨʝʤʝʱʘʝʤʳʭ ʰʠʨʤ ʥʘ ʢʦʣʝʩʘʭ. ʇʨʠ ʥʝʰʪʘʪʥʦʤ ʧʝʨʝʤʝʱʝʥʠʠ 

ʰʠʨʤ ʚʦ ʚʨʝʤʷ ʩʲʝʤʢʠ ʧʝʨʚʠʯʥʳʡ ʧʫʯʦʢ ʧʨʝʨʳʚʘʝʪʩʷ ʧʦ ʩʠʛʥʘʣʫ ʩʧʝʮʠʘʣʴʥʳʭ 

ʜʘʪʯʠʢʦʚ, ʟʘʢʨʝʧʣʝʥʥʳʭ ʥʘ ʰʠʨʤʘʭ.  

 ɼʣʷ ʮʝʥʪʨʠʨʦʚʢʠ ʧʨʠ ʥʠʟʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚʠʟʫʘʣʴʥʦ ʥʝʚʠʜʠʤʦʛʦ ʦʙʨʘʟʮʘ 

ʠʩʧʦʣʴʟʦʚʘʥʘ ʩʣʝʜʫʶʱʘʷ ʤʝʪʦʜʠʢʘ, ʧʦʟʚʦʣʷʶʱʘʷ ʦʧʨʝʜʝʣʠʪʴ ʚʝʣʠʯʠʥʳ ʩʤʝʱʝʥʠʷ 

ʮʝʥʪʨʘ ʦʙʨʘʟʮʘ ʠʟ ʮʝʥʪʨʘ ʛʦʥʠʦʤʝʪʨʘ ʧʦ ʦʩʷʤ X, Y, Z. ʅʘ ʜʠʬʨʘʢʪʦʤʝʪʨʝ ʠʤʝʝʪʩʷ 
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ʫʩʪʨʦʡʩʪʚʦ, ʟʘʢʨʝʧʣʷʶʱʝʝ ʢʨʠʦʩʪʘʪ ʥʘ ʧʨʠʙʦʨʝ ʠ ʧʦʟʚʦʣʷʶʱʝʝ ʧʝʨʝʤʝʱʘʪʴ ʝʛʦ 

ʧʦ ʵʪʠʤ ʦʩʷʤ. ɺʥʘʯʘʣʝ ʦʙʨʘʟʝʮ ʮʝʥʪʨʠʨʫʝʪʩʷ ʧʦ ʦʩʠ Z. ɼʣʷ ʵʪʦʛʦ ʚʳʙʠʨʘʶʪʩʷ 

ʌʨʠʜʝʣʝʚʳ ʨʝʬʣʝʢʩʳ, ʠ ʦʧʨʝʜʝʣʷʶʪʩʷ ʠʭ ʫʛʣʳ ɢ ʧʨʠ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʠ 

ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʫʛʣʘʭ 2ɗ ʠ ɤ. ʇʝʨʝʤʝʱʘʷ ʢʨʠʦʩʪʘʪ ʚʜʦʣʴ ʦʩʠ Z, ʜʦʙʠʚʘʶʪʩʷ 

ʨʘʚʝʥʩʪʚʘ ʫʣʦʚ |ɢ| ʩ ʪʦʯʥʦʩʪʴʶ 0.01 ʛʨʘʜʫʩʘ. ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ ʵʪʦʛʦ ʫʩʣʦʚʠʷ 

ʦʙʨʘʟʝʮ ʙʫʜʝʪ ʙʣʠʟʦʢ ʢ ʮʝʥʪʨʫ ʛʦʥʠʦʤʝʪʨʘ ʧʦ ʦʩʠ Z. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʝʣʠʯʠʥ 

ʩʤʝʱʝʥʠʷ ʦʙʨʘʟʮʘ ʧʦ ʦʩʷʤ X ʠ Y ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʜʠʬʨʘʢʮʠʠ ʩʧʠʩʢʘ 

ʩʠʤʤʝʪʨʠʯʥʦ ʵʢʚʠʚʘʣʝʥʪʥʳʭ ʨʝʬʣʝʢʩʦʚ. ʇʨʦʛʨʘʤʤʘ ʚʳʜʘʝʪ ʟʥʘʯʝʥʠʷ 

ʥʝʦʙʭʦʜʠʤʳʭ ʧʦʜʚʠʞʝʢ ʦʙʨʘʟʮʘ, ʢʦʪʦʨʳʝ ʢʦʥʪʨʦʣʠʨʫʶʪʩʷ ʩ ʧʦʤʦʱʴʶ 

ʤʠʢʨʦʤʝʪʨʘ. 

 ɼʣʷ ʧʝʨʚʦʥʘʯʘʣʴʥʦʛʦ ʙʳʩʪʨʦʛʦ ʧʦʠʩʢʘ ʦʪʨʘʞʝʥʠʡ ʦʪ ʢʨʠʩʪʘʣʣʘ ʥʘʧʠʩʘʥʘ 

ʥʦʚʘʷ ʧʨʦʛʨʘʤʤʘ search.mac. ʈʘʥʝʝ ʵʪʘ ʧʨʦʮʝʜʫʨʘ ʥʝ ʙʳʣʘ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʘ ʚ 

ʥʫʞʥʦʡ ʩʪʝʧʝʥʠ. ʇʝʨʝʭʦʜ ʦʪ ʜʠʩʢʨʝʪʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ ʢ ʥʝʧʨʝʨʳʚʥʦʤʫ 

ʟʥʘʯʠʪʝʣʴʥʦ ʫʩʢʦʨʷʝʪ ʧʦʠʩʢ ʧʠʢʦʚ. ʂ ʩʦʞʘʣʝʥʠʶ, ʙʣʦʢ ʫʧʨʘʚʣʝʥʠʷ ʰʘʛʦʚʳʤʠ 

ʤʦʪʦʨʘʤʠ ʥʝ ʧʦʟʚʦʣʷʝʪ ʦʩʫʱʝʩʪʚʠʪʴ ʥʝʧʨʝʨʳʚʥʦʝ ʜʚʠʞʝʥʠʝ ʥʘ ʤʝʜʣʝʥʥʳʭ 

ʩʢʦʨʦʩʪʷʭ. ʇʦʵʪʦʤʫ ʥʝ ʙʳʣ ʨʝʘʣʠʟʦʚʘʥ ʧʣʘʥ ʧʦ ʩʦʢʨʘʱʝʥʠʶ ʚʨʝʤʝʥʠ ʩʙʦʨʘ 

ʜʘʥʥʳʭ ʧʫʪʝʤ ʧʝʨʝʭʦʜʘ ʢ ʥʝʧʨʝʨʳʚʥʦʤʫ ʩʢʘʥʠʨʦʚʘʥʠʶ. 

 ɺʳʩʦʢʦʫʛʣʦʚʳʝ ʦʪʨʘʞʝʥʠʷ ʚ ʦʩʥʦʚʥʦʤ ʦʙʫʩʣʦʚʣʝʥʳ ʨʘʩʩʝʷʥʠʝʤ 

ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʣʫʯʝʡ ʵʣʝʢʪʨʦʥʘʤʠ ʚʥʫʪʨʝʥʥʠʭ ʦʙʦʣʦʯʝʢ ʘʪʦʤʦʚ, ʤʘʣʦ 

ʚʦʟʤʫʱʘʝʤʳʭ ʧʨʠ ʦʙʨʘʟʦʚʘʥʠʠ ʭʠʤʠʯʝʩʢʠʭ ʩʚʷʟʝʡ, ʧʦʵʪʦʤʫ ʚʢʣʶʯʝʥʠʝ ʪʘʢʠʭ 

ʦʪʨʘʞʝʥʠʡ ʚ ʫʪʦʯʥʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʙʦʣʝʝ ʢʦʥʢʨʝʪʥʳʝ 

ʪʝʧʣʦʚʳʝ ʠ ʧʦʟʠʮʠʦʥʥʳʝ ʧʘʨʘʤʝʪʨʳ ʘʪʦʤʦʚ, ʥʝ ʠʟʤʝʥʸʥʥʳʝ ʚʩʣʝʜʩʪʚʠʝ 

ʭʠʤʠʯʝʩʢʦʛʦ ʩʚʷʟʳʚʘʥʠʷ. ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʜʣʷ ʫʯʝʪʘ 

ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʦʛʨʘʥʠʯʝʥʠʡ ʜʠʬʨʘʢʪʦʤʝʪʨʘ Huber-5042, ʩʚʷʟʘʥʥʳʭ ʩ ʛʝʦʤʝʪʨʠʝʡ 

ʛʦʥʠʦʤʝʪʨʘ ʧʨʦʛʨʘʤʤʘ ʨʘʩʩʯʠʪʳʚʘʝʪ ʫʩʪʘʥʦʚʦʯʥʳʝ ʫʛʣʳ ʚ ʦʙʱʝʡ ʛʝʦʤʝʪʨʠʠ  

ɤ Í ɗ/. ʇʨʦʠʟʚʦʜʠʪʩʷ ʧʝʨʝʙʦʨ ʘʟʠʤʫʪʘʣʴʥʳʭ ʫʛʣʦʚ ɣ ʠ ʧʦʠʩʢ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʡ 

ʢʦʤʙʠʥʘʮʠʠ ʫʩʪʘʥʦʚʦʯʥʳʭ ʫʛʣʦʚ. ɼʣʷ ʠʟʤʝʨʝʥʠʷ ʚʳʩʦʢʦʫʛʣʦʚʳʭ ʨʝʬʣʝʢʩʦʚ 

ʚʳʯʠʩʣʝʥʠʷ ʠʜʫʪ ʧʦ ʜʚʫʤ ʚʝʪʚʷʤ: ʜʣʷ ʦʙʳʯʥʦʛʦ ʨʝʞʠʤʘ, ʢʦʛʜʘ ʜʝʪʝʢʪʦʨ ʠ ʪʨʫʙʢʘ 

ʨʘʩʧʦʣʦʞʝʥʳ ʧʦ ʨʘʟʥʳʝ ʩʪʦʨʦʥʳ ʦʪ ɢ-ʢʦʣʴʮʘ, ʠ ʜʣʷ ʨʝʞʠʤʘ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ, 
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ʢʦʛʜʘ ʜʝʪʝʢʪʦʨ ʠ ʪʨʫʙʢʘ ʨʘʩʧʦʣʦʞʝʥʳ ʧʦ ʦʜʥʫ ʩʪʦʨʦʥʫ ʦʪ ɢ-ʢʦʣʴʮʘ (ʨʠʩ. 25). ʇʨʠ 

ʵʪʦʤ ʦʙʭʦʜʠʪʩʷ ʦʛʨʘʥʠʯʝʥʠʝ ï ʟʥʘʯʠʪʝʣʴʥʘʷ ʫʛʣʦʚʘʷ ʪʦʣʱʠʥʘ ɢ-ʢʦʣʴʮʘ, ï ʠ 

ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʩʣʝʧʘʷ ʦʙʣʘʩʪʴ ʥʝ ʧʦʷʚʣʷʝʪʩʷ. 

 

ʈʠʩʫʥʦʢ 25. ʇʦʣʦʞʝʥʠʝ ʦʩʝʡ ʛʦʥʠʦʤʝʪʨʘ HUBER ʚ ʨʝʞʠʤʝ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ, 

ʢʦʛʜʘ ʜʝʪʝʢʪʦʨ ʠ ʪʨʫʙʢʘ ʨʘʩʧʦʣʦʞʝʥʳ ʧʦ ʦʜʥʫ ʩʪʦʨʦʥʫ ʦʪ ɢ-ʢʦʣʴʮʘ. 1 ïʫʟʝʣ 

ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʪʨʫʙʢʠ; 2 ï ʜʝʪʝʢʪʦʨ; 3 ï ɢ-ʢʦʣʴʮʦ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʘʥʥʦʝ ʥʦʚʦʚʚʝʜʝʥʠʝ ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʩʰʠʨʷʝʪ ʚʦʟʤʦʞʥʦʩʪʠ 

ʧʨʠʙʦʨʘ ʠ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʩʪʨʫʢʪʫʨʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ 

ʢʨʠʩʪʘʣʣʝ. ʋʩʢʦʨʝʥʠʝ ʩʙʦʨʘ ʜʘʥʥʳʭ ʜʦʩʪʠʛʘʝʪʩʷ ʜʚʫʤʷ ʤʝʪʦʜʘʤʠ. ʇʝʨʚʦʝ ï ʵʪʦ 

ʧʣʘʥʠʨʦʚʘʥʠʝ ʩʙʦʨʘ ʜʘʥʥʳʭ ʥʘ ʦʩʥʦʚʘʥʠʠ ʙʳʩʪʨʦʛʦ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ 

ʵʢʩʧʝʨʠʤʝʥʪʘ, ʥʘʧʨʠʤʝʨ, ʧʨʦʚʝʜʝʥʥʦʛʦ ʥʘ ʜʠʬʨʘʢʪʦʤʝʪʨʝ ʩ ʜʚʫʤʝʨʥʳʤ 

ʜʝʪʝʢʪʦʨʦʤ. ɽʩʣʠ ʠʟʚʝʩʪʥʳ ʦʞʠʜʘʝʤʳʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʨʝʬʣʝʢʩʦʚ (ʚ 

ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʰʢʘʣʝ), ʪʦ ʤʦʞʥʦ ʨʘʩʧʨʝʜʝʣʠʪʴ ʚʳʜʝʣʷʝʤʦʝ ʚʨʝʤʷ ʵʢʩʧʝʨʠʤʝʥʪʘ 

ʤʝʞʜʫ ʦʪʜʝʣʴʥʳʤʠ ʨʝʬʣʝʢʩʘʤʠ ʥʘʠʙʦʣʝʝ ʦʧʪʠʤʘʣʴʥʳʤ ʦʙʨʘʟʦʤ. ʇʨʠ ʧʝʨʝʭʦʜʝ ʦʪ 

ʥʝʧʨʝʨʳʚʥʦʛʦ ʢ ʜʠʩʢʨʝʪʥʦʤʫ ʩʢʘʥʠʨʦʚʘʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʣʘʥʠʨʦʚʘʥʠʷ 

ʧʦʚʳʰʘʝʪʩʷ. ɺ ʧʨʦʛʨʘʤʤʝ ʟʘʢʦʜʠʨʦʚʘʥ ʨʷʜ ʩʨʝʜʩʪʚ, ʜʝʣʘʶʱʠʭ ʚʳʙʦʨ ʵʢʩʧʦʟʠʮʠʠ 

ʚʝʩʴʤʘ ʥʘʛʣʷʜʥʳʤ (ʨʠʩ. 26). 
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ʈʠʩʫʥʦʢ 26. ɿʘʚʠʩʠʤʦʩʪʴ ʵʢʩʧʦʟʠʮʠʠ ʦʪ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʨʝʬʣʝʢʩʦʚ (ʦʪ 

ʧʦʨʷʜʢʦʚʦʛʦ ʥʦʤʝʨʘ ʨʝʬʣʝʢʩʘ ʚ ʥʘʙʦʨʝ ʜʘʥʥʳʭ, ʦʪʩʦʨʪʠʨʦʚʘʥʥʳʭ ʧʦ ʫʙʳʚʘʥʠʶ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ). ɺʳʙʨʘʥ ʢʚʘʜʨʘʪʠʯʥʳʡ ʟʘʢʦʥ ʠʟʤʝʥʝʥʠʷ ʵʢʩʧʦʟʠʮʠʠ. 

 ʆʪʢʘʟ ʦʪ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ ʩʦʢʨʘʱʘʝʪ ʚʨʝʤʷ ʵʢʩʧʝʨʠʤʝʥʪʘ 

ʥʘ ~30%. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʦʧʪʠʤʘʣʴʥʳʭ ʵʢʩʧʦʟʠʮʠʡ ʜʘʝʪ ʨʘʚʥʦʪʦʯʥʳʝ ʠʟʤʝʨʝʥʠʷ, 

ʯʪʦ ʦʙʣʝʛʯʘʝʪ ʬʦʨʤʠʨʦʚʘʥʠʝ ʢʦʨʨʝʢʪʥʦʡ ʚʝʩʦʚʦʡ ʩʭʝʤʳ ʠ ʫʣʫʯʰʘʝʪ ʨʝʟʫʣʴʪʘʪʳ 

ʫʪʦʯʥʝʥʠʷ ʤʦʜʝʣʠ ʩʪʨʫʢʪʫʨʳ. ɺʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʨʘʚʥʦʪʦʯʥʳʭ ʠʟʤʝʨʝʥʠʡ ï 

ʦʩʥʦʚʥʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ ʜʠʬʨʘʢʪʦʤʝʪʨʦʚ ʩ ʪʦʯʝʯʥʳʤʠ ʜʝʪʝʢʪʦʨʘʤʠ ʥʘʜ 

ʜʠʬʨʘʢʪʦʤʝʪʨʘʤʠ ʩ ʜʚʫʤʝʨʥʳʤʠ ʜʝʪʝʢʪʦʨʘʤʠ. 

 ɺʪʦʨʘʷ ʤʝʪʦʜʠʢʘ ʫʩʢʦʨʝʥʠʷ ʩʙʦʨʘ ʜʘʥʥʳʭ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʠʟʤʝʨʝʥʠʠ 

ʦʪʜʝʣʴʥʳʭ ʯʘʩʪʝʡ ʧʨʦʬʠʣʷ ʩ ʨʘʟʥʦʡ ʵʢʩʧʦʟʠʮʠʝʡ. ʀʟʚʝʩʪʥʦ [80], ʯʪʦ ʦʧʪʠʤʘʣʴʥʘʷ 

ʦʰʠʙʢʘ ʠʟʤʝʨʝʥʠʡ, ʧʦʜʯʠʥʷʶʱʠʭʩʷ ʩʪʘʪʠʩʪʠʢʝ ʇʫʘʩʩʦʥʘ, ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥʘ ʚ 

ʩʣʫʯʘʝ, ʢʦʛʜʘ ʚʨʝʤʷ ʤʝʞʜʫ ʠʟʤʝʨʝʥʠʝʤ ʦʙʣʘʩʪʝʡ ʯʠʩʪʦʛʦ ʬʦʥʘ ʠ ʦʙʣʘʩʪʝʡ ʧʠʢʘ ʥʘ 

ʬʦʥʝ ʨʘʟʜʝʣʷʝʪʩʷ ʚ ʩʦʦʪʥʦʰʝʥʠʠ 1:2. ɼʣʷ ʧʨʦʬʠʣʷ, ʩʦʩʪʦʷʱʝʛʦ ʠʟ 96 ʠʥʪʝʨʚʘʣʦʚ 

(97 ʪʦʯʝʢ ʜʠʩʢʨʝʪʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ), ʵʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʧʝʨʚʳʝ ʠ ʧʦʩʣʝʜʥʠʝ 16 

ʪʦʯʝʢ ʧʨʦʬʠʣʷ ʦʪʥʦʩʷʪʩʷ ʢ ʬʦʥʫ, ʘ ʩʨʝʜʠʥʥʳʝ 64 ʪʦʯʢʠ ï ʢ ʧʠʢʫ. ɽʩʪʝʩʪʚʝʥʥʦ, ʯʪʦ 

ʵʪʦ ʜʝʣʝʥʠʝ ʩʧʨʘʚʝʜʣʠʚʦ ʧʨʠ ʥʘʣʠʯʠʠ ʧʨʘʚʠʣʴʥʦʡ ʤʘʪʨʠʮʳ ʦʨʠʝʥʪʘʮʠʠ, ʢʦʛʜʘ 

ʨʝʬʣʝʢʩ ʪʦʯʥʦ ʮʝʥʪʨʠʨʦʚʘʥ. ʉʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʘʣʛʦʨʠʪʤʳ ʙʳʣʠ ʟʘʣʦʞʝʥʳ ʚ 
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ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʚʩʝʭ ʜʠʬʨʘʢʪʦʤʝʪʨʦʚ. ʇʨʠ ʵʪʦʤ ʙʳʣʦ ʫʧʫʱʝʥʦ, ʯʪʦ 

ʨʘʩʯʝʪʳ ʩʧʨʘʚʝʜʣʠʚʳ ʣʠʰʴ ʜʣʷ ʧʠʢʦʚ-ʤʦʥʦʣʠʥʠʡ (ʥʘʧʨʠʤʝʨ, ʜʣʷ ʨʘʩʩʝʷʥʠʷ 

ʥʝʡʪʨʦʥʦʚ). ʅʘ ʨʠʩʫʥʢʝ 27 ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʦʙʳʯʥʦʡ ʤʝʪʦʜʠʢʠ 

ʜʣʷ ʧʠʢʦʚ ʩ ʨʘʟʜʝʣʝʥʥʳʤʠ ʂŬ-ʣʠʥʠʷʤʠ ʩʦʦʪʥʦʰʝʥʠʝ ʦʙʣʘʩʪʝʡ ʬʦʥʘ ʠ ʧʠʢʘ 

ʤʝʥʷʝʪʩʷ ʚʧʣʦʪʴ ʜʦ ʦʙʨʘʪʥʦʛʦ 2:1.  

Normal: (  7  7-11);  nScan= 2166;  nOut= 2148; BGR-Slope(R/L)= 0.417; Center_Shift= 0.018 deg;  R(smooth)=8.7%.

                                                                                          ʐʘʛ ʩʢʘʥʠʨʦʚʘʥʠʷ
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ʈʠʩʫʥʦʢ 27. ʇʨʦʬʠʣʴ ʚʳʩʦʢʦʫʛʣʦʚʦʛʦ ʨʝʬʣʝʢʩʘ (7.7,-11) ʦʪ ʢʨʠʩʪʘʣʣʘ CaF2 ʩ 

ʨʘʟʜʝʣʝʥʠʝʤ KŬ-ʣʠʥʠʡ. ʆʙʣʘʩʪʠ ʬʦʥʘ ʩʣʝʚʘ ʠ ʩʧʨʘʚʘ ʦʪ ʧʠʢʦʚ ʠ ʦʙʣʘʩʪʴ ʤʝʞʜʫ 

KŬ-ʣʠʥʠʷʤʠ ʠʟʤʝʨʝʥʳ ʩ ʫʤʝʥʴʰʝʥʥʦʡ ʚ 3 ʨʘʟʘ ʵʢʩʧʦʟʠʮʠʝʡ. ʏʠʩʣʘʤʠ ʦʙʦʟʥʘʯʝʥʳ: 

ʛʨʘʥʠʮʘ ʧʠʢʘ ʩʣʝʚʘ, ʧʦʣʦʞʝʥʠʷ KŬ1-ʣʠʥʠʠ, ʮʝʥʪʨʘ ʪʷʞʝʩʪʠ, ʩʝʨʝʜʠʥʳ ʧʨʦʬʠʣʷ, 

KŬ2-ʣʠʥʠʠ ʠ ʛʨʘʥʠʮʘ ʧʠʢʘ ʩʧʨʘʚʘ. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʦʧʪʠʤʘʣʴʥʦʡ ʩʪʘʪʠʩʪʠʢʠ ʧʨʠ ʠʟʤʝʨʝʥʠʠ ʧʦʜʦʙʥʳʭ ʧʨʦʬʠʣʝʡ 

ʩʣʝʜʫʝʪ ʫʤʝʥʴʰʠʪʴ ʵʢʩʧʦʟʠʮʠʶ ʚ ʪʦʯʢʘʭ ʠʟʤʝʨʝʥʠʷ ʬʦʥʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʚ ʦʙʣʘʩʪʠ 

ʤʝʞʜʫ ʂŬ-ʣʠʥʠʷʤʠ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʩʦʢʨʘʱʘʝʪ ʚʨʝʤʷ ʠʟʤʝʨʝʥʠʷ. ɼʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʛʨʘʥʠʮ ʧʠʢʘ ʠ ʬʦʥʘ ʨʝʘʣʠʟʦʚʘʥ ʧʨʦʩʪʦʡ ʘʣʛʦʨʠʪʤ. ʉʥʘʯʘʣʘ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʘʢʦʡ ʠʥʪʝʨʚʘʣ ʩʢʘʥʠʨʦʚʘʥʠʷ, ʯʪʦ ʜʣʷ ʣʶʙʳʭ ʨʝʬʣʝʢʩʦʚ ʠ 

ʨʘʩʱʝʧʣʝʥʥʳʭ, ʠ ʧʝʨʝʢʨʳʚʘʶʱʠʭʩʷ ʯʠʩʣʦ ʪʦʯʝʢ ʬʦʥʘ ʩʣʝʚʘ ʠ ʩʧʨʘʚʘ ʙʳʣʦ ʨʘʚʥʦ 

ʧʦ 16. ɼʘʣʝʝ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʩʢʘʥʠʨʦʚʘʥʠʷ ʚʳʩʦʢʦʫʛʣʦʚʦʛʦ ʨʝʬʣʝʢʩʘ ʩ 

ʨʘʟʜʝʣʝʥʠʝʤ ʂŬ-ʣʠʥʠʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦʣʥʘʷ ʰʠʨʠʥʘ ʦʜʥʦʡ ʣʠʥʠʠ ʚ ʛʨʘʜʫʩʘʭ, 

ʢʦʪʦʨʘʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʘʢ ʧʘʨʘʤʝʪʨ ʧʦʣʴʟʦʚʘʪʝʣʷ. ʀʪʘʢ, ʚ ʩʝʨʝʜʠʥʝ ʧʨʦʬʠʣʷ ʙʫʜʫʪ 

ʪʦʯʢʠ ʬʦʥʘ, ʝʩʣʠ ʰʠʨʠʥʘ ʠʥʪʝʨʚʘʣʘ ʩʢʘʥʠʨʦʚʘʥʠʷ ʧʨʝʚʳʰʘʝʪ ʩʫʤʤʫ ʰʠʨʠʥ ʜʚʫʭ 
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ʣʠʥʠʡ ʠ ʜʚʫʭ ʦʙʣʘʩʪʝʡ ʬʦʥʘ ʥʘ ʢʨʘʷʭ ʠʥʪʝʨʚʘʣʘ. ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ ʧʨʦʬʠʣʴ ʩʦʩʪʦʠʪ 

ʠʟ ʧʷʪʠ ʯʘʩʪʝʡ, ʠʥʘʯʝ ʧʨʦʬʠʣʴ ʨʘʟʜʝʣʷʝʪʩʷ ʥʘ ʪʨʠ ʯʘʩʪʠ. ɺ ʦʙʦʠʭ ʩʣʫʯʘʷʭ 

ʥʝʯʝʪʥʳʝ ʯʘʩʪʠ ʠʟʤʝʨʷʶʪʩʷ ʩ ʫʤʝʥʴʰʝʥʥʦʡ ʵʢʩʧʦʟʠʮʠʝʡ. ʋʩʢʦʨʝʥʠʝ ʟʘ ʩʯʝʪ ʪʘʢʦʡ 

ʦʧʪʠʤʠʟʘʮʠʠ ʚʨʝʤʝʥʠ ʠʟʤʝʨʝʥʠʷ ʬʦʥʘ ʜʦʩʪʠʛʘʝʪ 10%. ʈʠʩ. 27 ʪʘʢʞʝ 

ʧʦʜʪʚʝʨʞʜʘʝʪ, ʯʪʦ ʤʘʪʨʠʮʘ ʦʨʠʝʥʪʘʮʠʠ ʢʨʠʩʪʘʣʣʘ ʠ ʜʨʫʛʠʝ ʧʘʨʘʤʝʪʨʳ 

ʩʢʘʥʠʨʦʚʘʥʠʷ ʚʳʙʨʘʥʳ ʚʝʩʴʤʘ ʪʦʯʥʦ: ʧʨʦʬʠʣʴʥʳʡ ʘʥʘʣʠʟ ʣʦʢʘʣʠʟʦʚʘʣ ʛʨʘʥʠʮʳ 

ʧʠʢʘ ʚ 16-ʦʡ ʠ 81-ʦʡ ʪʦʯʢʘʭ.  

ʇʨʦʛʨʘʤʤʘ ʧʨʦʬʠʣʴʥʦʛʦ ʘʥʘʣʠʟʘ [81] ʙʳʣʘ ʘʜʘʧʪʠʨʦʚʘʥʘ ʜʣʷ ʫʯʝʪʘ 

ʩʧʝʮʠʬʠʢʠ ʩʲʝʤʢʠ ʥʘ ʜʠʬʨʘʢʪʦʤʝʪʨʝ Huber. ɺ ʯʘʩʪʥʦʩʪʠ, ʙʳʣʦ ʫʯʪʝʥʦ, ʯʪʦ 

ʠʥʪʝʛʨʘʣʴʥʘʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʨʠ ʜʠʩʢʨʝʪʥʦʤ ʩʢʘʥʠʨʦʚʘʥʠʠ ʨʘʚʥʘ ʧʣʦʱʘʜʠ ʧʦʜ 

ʧʨʦʬʠʣʝʤ, ʘ ʥʝ ʩʫʤʤʝ ʦʪʩʯʝʪʦʚ, ʢʘʢ ʚ ʩʣʫʯʘʝ ʥʝʧʨʝʨʳʚʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ. ʇʨʠ 

ʧʨʦʚʝʜʝʥʠʠ ʜʣʠʪʝʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ ʫʯʝʪ ʜʨʝʡʬʘ 

ʘʧʧʘʨʘʪʫʨʳ. ʆʙʳʯʥʦ ʜʣʷ ʵʪʦʛʦ ʠʩʧʦʣʴʟʫʶʪ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʢʦʥʪʨʦʣʴʥʳʭ 

ʨʝʬʣʝʢʩʦʚ, ʢʦʪʦʨʳʝ ʧʝʨʝʤʝʨʷʶʪ ʯʝʨʝʟ ʦʧʨʝʜʝʣʝʥʥʳʝ ʧʨʦʤʝʞʫʪʢʠ ʚʨʝʤʝʥʠ. ʊʘʢʦʡ 

ʧʦʜʭʦʜ ʭʦʨʦʰʦ ʟʘʨʝʢʦʤʝʥʜʦʚʘʣ ʩʝʙʷ, ʦʩʦʙʝʥʥʦ ʜʣʷ ʢʨʠʩʪʘʣʣʦʚ, ʧʦʜʚʝʨʞʝʥʥʳʭ 

ʨʘʜʠʘʮʠʦʥʥʳʤ ʧʦʚʨʝʞʜʝʥʠʷʤ. ʆʜʥʘʢʦ, ʜʣʷ ʫʩʪʦʡʯʠʚʳʭ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ 

ʢʨʠʩʪʘʣʣʦʚ ʢʦʨʨʝʢʮʠʷ, ʦʩʥʦʚʘʥʥʘʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʢʦʥʪʨʦʣʴʥʳʭ 

ʠʥʪʝʥʩʠʚʥʦʩʪʷʭ, ʯʘʩʪʦ ʧʨʠʚʦʜʠʪ ʢ ʚʦʟʨʘʩʪʘʥʠʶ R-ʬʘʢʪʦʨʦʚ ʫʩʨʝʜʥʝʥʠʷ 

ʵʢʚʠʚʘʣʝʥʪʥʳʭ ʨʝʬʣʝʢʩʦʚ ʠ ʫʪʦʯʥʝʥʠʷ ʤʦʜʝʣʠ. ɼʣʷ ʠʩʧʨʘʚʣʝʥʠʷ ʵʪʦʛʦ ʥʝʜʦʩʪʘʪʢʘ 

ʚ [82] ʧʨʝʜʣʦʞʝʥʦ ʠʩʢʘʪʴ ʪʨʝʥʜ ʢʦʥʪʨʦʣʴʥʳʭ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʤʝʪʦʜʘʤʠ 

ʥʝʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʩʪʘʪʠʩʪʠʢʠ ʠ ʚʚʦʜʠʪʴ ʢʦʨʨʝʢʮʠʶ ʠʤʝʥʥʦ ʧʦ ʪʨʝʥʜʫ. ɺ 

ʪʝʩʪʦʚʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ ʜʣʷ ʦʮʝʥʢʠ ʪʨʝʥʜʘ ʙʳʣʦ ʧʨʠʤʝʥʝʥʦ ʛʘʫʩʩʦʚʦ ʷʜʨʦ ʩ ʦʢʥʦʤ 

ʠʟ 15 ʪʦʯʝʢ ʧʦ 192 ʢʦʥʪʨʦʣʴʥʳʤ ʨʝʬʣʝʢʩʘʤ (ʨʠʩ. 28). ɹʣʘʛʦʜʘʨʷ ʨʘʟʨʘʙʦʪʢʝ ʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʥʦʚʳʭ ʤʝʪʦʜʠʢ ʫʜʘʣʦʩʴ ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʧʦʷʚʣʝʥʠʝ ʦʜʥʦʛʦ ʠʟ 

ʦʩʥʦʚʥʳʭ ʥʝʜʦʩʪʘʪʢʦʚ, ʩʚʦʡʩʪʚʝʥʥʦʛʦ ʧʨʝʜʳʜʫʱʠʤ ʵʢʩʧʝʨʠʤʝʥʪʘʤ, ʘ ʠʤʝʥʥʦ, 

ʪʝʥʜʝʥʮʠʷ ʩʤʝʱʝʥʠʷ ʮʝʥʪʨʘ ʪʷʞʝʩʪʠ ʧʠʢʦʚ ʩʚʝʜʝʥʘ ʢ ʥʝʩʫʱʝʩʪʚʝʥʥʦʡ ʚʝʣʠʯʠʥʝ ʚ 

0.015 ʛʨʘʜʫʩʘ (ʨʠʩ. 29). 
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ʈʠʩʫʥʦʢ 28. ʂʦʨʨʝʢʮʠʷ ʥʘ ʜʨʝʡʬ ʘʧʧʘʨʘʪʫʨʳ. ʂʚʘʜʨʘʪʳ ï ʠʟʤʝʨʝʥʥʳʝ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʢʦʥʪʨʦʣʴʥʳʭ ʨʝʬʣʝʢʩʦʚ (ʨʘʟʙʨʦʩ ʜʦ 3%). ʆʚʘʣʳ ï ʨʘʩʯʝʪʥʳʡ 

ʪʨʝʥʜ (ʨʘʟʙʨʦʩ ʢʦʨʨʝʢʮʠʠ - ʜʦ 1.1%). 
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ʈʠʩʫʥʦʢ 29. ʉʤʝʱʝʥʠʝ ʮʝʥʪʨʘ ʪʷʞʝʩʪʠ ʧʠʢʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʝʣʠʯʠʥʳ tgɗ 

(ʢʚʘʜʨʘʪʳ). ʊʝʥʜʝʥʮʠʷ (ʧʨʷʤʘʷ ʣʠʥʠʷ) ʥʝ ʧʨʝʚʳʰʘʝʪ 0.015 ʛʨʘʜʫʩʘ. 
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2.5. ʉʪʨʫʢʪʫʨʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʠʥʭʨʦʪʨʦʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ 

ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʚʩʸ ʙʦʣʝʝ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʣʫʯʘʶʪ 

ʠʩʩʣʝʜʦʚʘʥʠʷ, ʚʳʧʦʣʥʝʥʥʳʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʠʥʭʨʦʪʨʦʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ (ʉʀ). 

ʉʀ ï ʵʪʦ ʪʦʨʤʦʟʥʦʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ ʠʟʣʫʯʝʥʠʝ, ʠʩʧʫʩʢʘʝʤʦʝ ʨʝʣʷʪʠʚʠʩʪʩʢʠʤʠ 

ʟʘʨʷʞʝʥʥʳʤʠ ʯʘʩʪʠʮʘʤʠ, ʜʚʠʞʫʱʠʤʩʷ ʧʦ ʢʨʫʛʦʚʳʤ ʦʨʙʠʪʘʤ. ɺ ʦʪʣʠʯʠʝ ʦʪ 

ʣʘʙʦʨʘʪʦʨʥʳʭ ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʠʩʪʦʯʥʠʢʦʚ ʦʥʦ ʠʤʝʝʪ ʥʝʧʨʝʨʳʚʥʳʡ ʩʧʝʢʪʨ, 

ʧʦʣʷʨʠʟʦʚʘʥʦ, ʚʦʟʥʠʢʘʝʪ ʢʦʨʦʪʢʠʤʠ ʠʤʧʫʣʴʩʘʤʠ, ʘ ʪʘʢʞʝ ʦʙʣʘʜʘʝʪ ʦʛʨʦʤʥʦʡ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʚʳʩʦʢʦ ʢʦʣʣʠʤʠʨʦʚʘʥʥʦʛʦ ʧʝʨʚʠʯʥʦʛʦ ʧʫʯʢʘ. ʀʩʪʦʯʥʠʢʘʤʠ ʉʀ 

ʩʣʫʞʘʪ ʤʦʱʥʳʝ ʫʩʢʦʨʠʪʝʣʠ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ, ʨʘʙʦʪʘʶʱʠʝ ʚ ʩʪʘʮʠʦʥʘʨʥʦʤ 

ʨʝʞʠʤʝ ʥʘʢʦʧʠʪʝʣʴʥʦʛʦ ʢʦʣʴʮʘ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘʯʠʪʳʚʘʝʪʩʷ ʦʢʦʣʦ 50 

ʜʝʡʩʪʚʫʶʱʠʭ ʩʠʥʭʨʦʪʨʦʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʚ ʨʘʟʥʳʭ ʩʪʨʘʥʘʭ ʤʠʨʘ. ɺ ʥʠʭ ʠʤʝʶʪʩʷ 

ʚʩʝ ʦʩʥʦʚʥʳʝ ʤʝʪʦʜʳ ʠʟʫʯʝʥʠʷ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʘ 

ʪʘʢʞʝ ʥʦʚʳʝ ʫʥʠʢʘʣʴʥʳʝ ʤʝʪʦʜʠʢʠ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʩʧʝʮʠʘʣʴʥʳʭ ʜʘʥʥʳʭ ʦʙ 

ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʲʝʢʪʘʭ. ɺʦʢʨʫʛ ʪʘʢʠʭ ʥʘʫʯʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩʦʟʜʘʥʳ ʮʝʥʪʨʳ 

ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʧʦʣʴʟʦʚʘʥʠʷ, ʯʪʦ ʦʪʢʨʳʚʘʝʪ ʜʦʩʪʫʧ ʨʘʟʣʠʯʥʳʤ ʥʘʫʯʥʳʤ 

ʢʦʣʣʝʢʪʠʚʘʤ ʢ ʧʨʦʚʝʜʝʥʠʶ ʚʳʩʦʢʦʪʦʯʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ [83, 84]. ɺ ʨʘʤʢʘʭ 

ʚʳʧʦʣʥʝʥʠʷ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʵʢʩʧʝʨʠʤʝʥʪʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʉʀ ʧʨʦʚʦʜʠʣʠʩʴ ʚ 

ʂʫʨʯʘʪʦʚʩʢʦʤ ʮʝʥʪʨʝ ʩʠʥʭʨʦʪʨʦʥʥʦ-ʥʝʡʪʨʦʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ (ʛ. ʄʦʩʢʚʘ, 

ʈʦʩʩʠʷ) ʜ. ʬ.-ʤ. ʥ. ʗ.ɺ. ɿʫʙʘʚʠʯʫʩʦʤ ʠ ʢ. ʬ.-ʤ. ʥ. ɺ.ʖ. ʄʫʨʟʠʥʳʤ ʧʨʠ ʫʯʘʩʪʠʠ 

ʘʚʪʦʨʘ ʜʠʩʩʝʨʪʘʮʠʠ ʠ ʚ ɽʚʨʦʧʝʡʩʢʦʤ ʮʝʥʪʨʝ ʩʠʥʭʨʦʪʨʦʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ (ʛ. 

ɻʨʝʥʦʙʣʴ, ʌʨʘʥʮʠʷ) ʩʦʚʤʝʩʪʥʦ ʩ ʢ. ʬ.-ʤ. ʥ. ɼ.ʖ. ʏʝʨʥʳʰʦʚʳʤ. 
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2.5.1. ʇʨʝʮʠʟʠʦʥʥʳʝ ʜʠʬʨʘʢʮʠʦʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʇʨʝʮʠʟʠʦʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʧʨʦʚʦʜʠʣʠʩʴ ʚ 

ɽʚʨʦʧʝʡʩʢʦʤ ʮʝʥʪʨʝ ʩʠʥʭʨʦʪʨʦʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ (European Synchrotron Radiation 

Facility) ʥʘ ʩʠʥʭʨʦʪʨʦʥʥʦʤ ʠʩʪʦʯʥʠʢʝ ʪʨʝʪʴʝʛʦ ʧʦʢʦʣʝʥʠʷ. ʂʦʤʧʣʝʢʩ ʩʦʩʪʦʠʪ ʠʟ 

ʣʠʥʝʡʥʦʛʦ ʫʩʢʦʨʠʪʝʣʷ ʯʘʩʪʠʮ, ʤʘʣʦʛʦ ʥʘʢʦʧʠʪʝʣʴʥʦʛʦ ʢʦʣʴʮʘ (ʙʫʩʪʝʨʘ) ʜʣʠʥʦʡ 

300 ʤ ʠ ʥʘʢʦʧʠʪʝʣʴʥʦʛʦ ʢʦʣʴʮʘ ʜʣʠʥʦʡ 844 ʤ. ʆʪ ʥʘʢʦʧʠʪʝʣʴʥʦʛʦ ʢʦʣʴʮʘ ʦʪʭʦʜʷʪ 

ʢʘʥʘʣʳ ʉʀ, ʛʜʝ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʩʪʘʥʮʠʠ.  

ʉʪʘʥʮʠʷ SNBL BM-01, ʛʜʝ ʧʨʦʚʦʜʠʣʠʩʴ ʠʟʤʝʨʝʥʠʷ, ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʜʘʥʥʳʭ ʦʪ ʤʦʥʦ- ʠ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʦʙʨʘʟʮʦʚ ʧʨʠ 

ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʠ ʜʘʚʣʝʥʠʷʭ ʢʘʢ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ, ʪʘʢ ʠ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ. ʇʨʠ ʫʯʘʩʪʠʠ ʢ. ʬ.-ʤ. ʥ. ɼ.ʖ. ʏʝʨʥʳʰʦʚʘ ʙʳʣʠ 

ʧʨʦʚʝʜʝʥʳ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʦʙʨʘʟʮʦʚ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ 

ʬʘʟʳ Nd2MoO6. ʇʦʜʛʦʪʦʚʢʘ ʦʙʨʘʟʮʦʚ ʜʣʷ ʪʘʢʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʘʥʘʣʦʛʠʯʥʘ 

ʧʦʜʛʦʪʦʚʢʝ ʦʙʨʘʟʮʦʚ ʜʣʷ ʣʘʙʦʨʘʪʦʨʥʳʭ ʜʠʬʨʘʢʪʦʤʝʪʨʦʚ: ʦʙʨʘʟʝʮ ʦʙʢʘʪʳʚʘʝʪʩʷ ʚ 

ʰʘʨʠʢ, ʟʘʪʝʤ ʩ ʧʦʤʦʱʴʶ ʩʧʝʮʠʘʣʴʥʦʛʦ ʢʣʝʷ ʥʘʢʣʝʠʚʘʝʪʩʷ ʥʘ ʩʪʝʢʣʷʥʥʫʶ ʥʠʪʴ ʠ 

ʟʘʢʨʝʧʣʷʝʪʩʷ ʥʘ ʛʦʥʠʦʤʝʪʨʠʯʝʩʢʦʡ ʛʦʣʦʚʢʝ. ɼʠʬʨʘʢʮʠʦʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ, 

ʧʦʣʫʯʝʥʥʳʝ ʥʘ ʩʠʥʭʨʦʪʨʦʥʥʦʡ ʩʪʘʥʮʠʠ, ʩʦʩʪʦʷʣʠ ʠʟ ʜʚʫʭ ʧʦʚʪʦʨʝʥʠʡ ï ʧʝʨʠʦʜʦʚ, 

ʦʪʩʥʷʪʳʭ ʚ ʨʝʞʠʤʝ ű-ʩʢʘʥʠʨʦʚʘʥʠʷ. ʇʠʢʩʝʣʴʥʳʡ ʜʚʫʤʝʨʥʳʡ ʜʝʪʝʢʪʦʨ Pilatus2M, 

ʠʩʧʦʣʴʟʦʚʘʥʥʳʡ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ, ʥʝ ʚʥʦʩʠʪ ʰʫʤʦʚ ʠ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʭ ʦʰʠʙʦʢ, 

ʩʚʷʟʘʥʥʳʭ ʩ ʯʪʝʥʠʝʤ ʜʘʥʥʳʭ; ʧʝʨʠʦʜʠʯʝʩʢʦʝ ʧʦʚʪʦʨʝʥʠʝ ʠʟʤʝʨʝʥʠʡ ʪʘʢʠʤ 

ʦʙʨʘʟʦʤ ʧʦʟʚʦʣʷʝʪ ʫʣʫʯʰʘʪʴ ʩʪʘʪʠʩʪʠʢʫ ʠʟʤʝʨʝʥʠʡ ʠ ʢʦʨʨʝʢʪʥʦ ʜʝʪʝʢʪʠʨʦʚʘʪʴ 

ʢʘʢ ʩʠʣʴʥʳʝ, ʪʘʢ ʠ ʩʣʘʙʳʝ ʦʪʨʘʞʝʥʠʷ. ʆʙʳʯʥʦʡ ʧʨʘʢʪʠʢʦʡ ʷʚʣʷʝʪʩʷ 

ʧʝʨʠʦʜʠʯʝʩʢʦʝ ʩʫʤʤʠʨʦʚʘʥʠʝ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʦʙʨʘʙʦʪʢʦʡ ï 

ʠʟʚʣʝʯʝʥʠʝʤ ʠʥʪʝʛʨʘʣʴʥʳʭ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ, ʜʣʷ ʵʪʦʛʦ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ 

ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʩʧʝʮʠʘʣʴʥʦ ʜʣʷ ʵʪʦʡ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʩʪʘʥʮʠʠ ʧʘʢʝʪ ʧʨʦʛʨʘʤʤ 

SNBL Toolbox [85] ʠ ʢʦʤʧʣʝʢʩ ʧʨʦʛʨʘʤʤ Crysalis [72]. ʅʝʟʘʚʠʩʠʤʘʷ ʦʙʨʘʙʦʪʢʘ 

ʧʝʨʠʦʜʦʚ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʰʢʘʣʠʨʦʚʘʥʠʝʤ ʠ ʫʩʨʝʜʥʝʥʠʝʤ ʜʘʥʥʳʭ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʣʫʯʝhʝ ʢʘʯʝʩʪʚʦ ʠʥʪʝʛʨʘʣʴʥʳʭ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʰʢʘʣʴʥʦʛʦ 
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ʬʘʢʪʦʨʘ K12 ʤʝʞʜʫ ʠʥʪʝʥʩʠʚʥʦʩʪʷʤʠ I ʠʟ ʵʪʠʭ ʧʝʨʠʦʜʦʚ 1 ʠ 2 ʙʳʣʘ 

ʤʠʥʠʤʠʟʠʨʦʚʘʥʘ ʨʘʟʥʦʩʪʴ [74] 

, 

ʛʜʝ y1 ʠ y2 ʵʢʩʪʠʥʢʮʠʦʥʥʳʝ ʧʦʧʨʘʚʢʠ ʜʣʷ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ, ʚʝʩʘ w = 1 / ã(ů
2
1 + 

K
2
12*ů

2
2), ů ï ʦʰʠʙʢʠ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ, ʠʥʜʝʢʩ ʩʫʤʤʠʨʦʚʘʥʠʷ ʧʦ ʨʝʬʣʝʢʩʘʤ 

ʦʧʫʱʝʥ.  

ʇʦʩʣʝ ʚʚʦʜʘ ʵʪʦʛʦ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʜʘʥʥʳʝ ʧʝʨʠʦʜʦʚ ʫʩʨʝʜʥʷʣʠʩʴ. 

ʈʘʩʰʠʬʨʦʚʢʘ ʠ ʫʪʦʯʥʝʥʠʝ ʩʪʨʫʢʪʫʨ ʚʳʧʦʣʥʝʥʳ ʩ ʧʦʤʦʱʴʶ 

ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʧʨʦʛʨʘʤʤ Jana2006 [73], ʜʣʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ 

ʘʥʘʣʠʟʘ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʧʨʦʛʨʘʤʤʘ Astra [74]. ʄʦʜʝʣʴ ʘʪʦʤʥʦʡ ʩʪʨʫʢʪʫʨʳ 

ʢʨʠʩʪʘʣʣʘ ʧʦʣʫʯʝʥʘ ʤʝʪʦʜʦʤ ʧʝʨʝʙʨʦʩʘ ʟʘʨʷʜʘ (Charge flipping) ʧʦ ʧʨʦʛʨʘʤʤʝ 

Superflip [86]. ʋʪʦʯʥʝʥʠʝ ʩʪʨʫʢʪʫʨʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʢʨʠʩʪʘʣʣʘ ʧʨʦʚʝʜʝʥʦ ʤʝʪʦʜʦʤ 

ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ ʚ ʧʦʣʥʦʤʘʪʨʠʯʥʦʤ ʚʘʨʠʘʥʪʝ. ʇʨʠ ʚʚʝʜʝʥʠʠ ʧʦʧʨʘʚʦʢ ʥʘ 

ʚʪʦʨʠʯʥʫʶ ʵʢʩʪʠʥʢʮʠʶ ʠʩʧʦʣʴʟʦʚʘʥ ʬʦʨʤʘʣʠʟʤ ɹʝʢʢʝʨʘ-ʂʦʧʧʝʥʩʘ [87]. 

ʇʘʨʘʤʝʪʨʳ ʩʲʝʤʢʠ, ʦʩʥʦʚʥʳʝ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʠ ʨʝʟʫʣʴʪʘʪʳ 

ʫʪʦʯʥʝʥʠʷ ʠʟʫʯʝʥʥʳʭ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʬʘʟʳ Nd2MoO6 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʪʘʙʣʠʮʝ 10. 
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ʊʘʙʣʠʮʘ 10. ʂʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʜʘʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʠ 

ʫʪʦʯʥʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʬʘʟʳ Nd2MoO6. 

ʍʠʤ. ʬʦʨʤʫʣʘ Nd2MoO6 

ʇʨ. ʛʨ., Z I2/c, 8 

ʘ, b, c, ¡ 

ɓ, ʛʨʘʜ 

15.902(1), 11.3783(1), 

 5.519(1), 91.172(9) 

V, ¡
3 

998.3(1) 

D, ʛ/ʩʤ
3
 6.3905 

ʀʟʣʫʯʝʥʠʝ; ɚ, ¡ MoKŬ; 0.6742 

ɛ, ʤʤ
ï1

 19.947 

ʊ, K 200 

ʈʘʟʤʝʨ ʦʙʨʘʟʮʘ, ʤʤ 0.30 Ĭ 0.30 Ĭ 0.30 ʩʬʝʨʘ 

ɼʠʬʨʘʢʪʦʤʝʪʨ PILATUS@SNBL  

ʊʠʧ ʩʢʘʥʠʨʦʚʘʥʠʷ ű 

ʋʯʝʪ ʧʦʛʣʦʱʝʥʠʷ; ʊmin, Tmax ʉʬʝʨʘ; 0.84222 /1.0000 

qmax, ʛʨʘʜ 31.82 

ʇʨʝʜʝʣʳ h k l -21Ò h Ò 21; ï17 Ò k Ò 17; ï8 Ò l Ò 8 

ʏʠʩʣʦ ʦʪʨ.: ʠʟʤ./ʥʝʟ. / I > 

3ů(I) 
4008 / 1424 / 1423 

ʄʝʪʦʜ ʫʪʦʯʥʝʥʠʷ ʄʅʂ ʧʦ F
2
 

ʏʠʩʣʦ ʫʪʦʯʥʷʝʤʳʭ ʧʘʨʘʤ. 84 

ʋʯʝʪ ʵʢʩʪʠʥʢʮʠʠ ʊʠʧ 1, ɻʘʫʩ 

R/Rw 3.06/5.53 

S 1.27 

ȹɟmin/ȹɟmax -1.22/1.48 

ʇʨʦʛʨʘʤʤʳ Crysalis, Jana2006, Vesta 
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2.5.2. ʀʩʩʣʝʜʦʚʘʥʠʷ ʤʝʪʦʜʘʤʠ EXAFS- ʠ XANES- ʩʧʝʢʪʨʦʩʢʦʧʠʠ 

ʂʫʨʯʘʪʦʚʩʢʠʡ ʠʩʪʦʯʥʠʢ ʩʠʥʭʨʦʪʨʦʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ (ʂʀʉʀ) ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʩʣʦʞʥʳʡ ʠʥʞʝʥʝʨʥʳʡ ʢʦʤʧʣʝʢʩ, ʩʦʩʪʦʷʱʠʡ ʠʟ ʪʨʸʭ ʫʩʢʦʨʠʪʝʣʴʥʳʡ 

ʫʩʪʘʥʦʚʦʢ: ʣʠʥʝʡʥʳʡ ʫʩʢʦʨʠʪʝʣʴ, ʤʘʣʦʝ ʠ ʙʦʣʴʰʦʝ ʥʘʢʦʧʠʪʝʣʴʥʳʝ ʢʦʣʴʮʘ. 

ʂʦʤʧʣʝʢʩ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʛʝʥʝʨʘʮʠʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʚ ʀʂ, ʋʌ ʠ 

ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʦʙʣʘʩʪʷʭ ʩʧʝʢʪʨʘ ʚ ʜʠʘʧʘʟʦʥʝ ʜʣʠʥ ʚʦʣʥ ʦʪ 0.1 ʜʦ 2000 ¡. 

ʆʩʥʦʚʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʉʀ ʷʚʣʷʝʪʩʷ ʙʦʣʴʰʦʝ ʥʘʢʦʧʠʪʝʣʴʥʦʝ ʢʦʣʴʮʦ, ʦʪ ʢʦʪʦʨʦʛʦ 

ʦʪʭʦʜʷʪ ʢʘʥʘʣʳ, ʧʦʜʚʦʜʷʱʠʝ ʉʀ ʢ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʥʘʫʯʥʳʤ ʩʪʘʥʮʠʷʤ. ʇʦʩʣʝ 

ʚʳʚʦʜʘ ʧʫʯʢʘ ʉʀ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʫʶ ʟʦʥʫ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʚʝʩʪʠ ʝʛʦ 

ʧʦʣʷʨʠʟʘʮʠʶ, ʢʦʛʝʨʝʥʪʥʦʩʪʴ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʚ ʩʦʦʪʚʝʪʩʪʚʠʝ ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ 

ʢʦʥʢʨʝʪʥʦʡ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʩʪʘʥʮʠʠ.  

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʩʪʘʥʮʠʠ çʉʪʨʫʢʪʫʨʥʦʝ 

ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʝè ʂʀʉʀ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʡ ʜʣʷ ʠʟʫʯʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʨʘʟʣʠʯʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʜʣʠʥʘʭ ʚʦʣʥ ʚʙʣʠʟʠ ʢʨʘʷ ʧʦʛʣʦʱʝʥʠʷ. ʅʘ ʩʪʘʥʮʠʠ ʨʝʘʣʠʟʦʚʘʥʳ 

ʤʝʪʦʜʠʢʠ EXAFS- ʠ XANES- ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʧʦʛʣʦʱʝʥʠʷ. ʉʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ 

ʤʝʪʦʜʦʤ EXAFS-ʩʧʝʢʪʨʦʩʢʦʧʠʠ (extended X-ray absorption fine structure ï 

ʧʨʦʪʷʞʝʥʥʘʷ ʪʦʥʢʘʷ ʩʪʨʫʢʪʫʨʘ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʩʧʝʢʪʨʘ ʧʦʛʣʦʱʝʥʠʷ) ʩʦʩʪʦʠʪ ʚ 

ʩʨʘʚʥʝʥʠʠ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʩʧʝʢʪʨʘ ʧʦʛʣʦʱʝʥʠʷ ʤʦʥʦʘʪʦʤʥʦʛʦ ʛʘʟʘ, ʢʦʪʦʨʳʡ ʥʝ 

ʠʤʝʝʪ ʩʪʨʫʢʪʫʨʳ, ʩʦ ʩʧʝʢʪʨʦʤ ʧʦʛʣʦʱʝʥʠʷ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʡ ʩʨʝʜʳ, 

ʦʙʣʘʜʘʶʱʝʡ, ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ, ʙʣʠʞʥʠʤ ʧʦʨʷʜʢʦʤ. ʅʦʩʠʪʝʣʝʤ ʩʪʨʫʢʪʫʨʥʦʡ 

ʠʥʬʦʨʤʘʮʠʠ ʚ EXAFS ʩʧʝʢʪʨʘʭ ʷʚʣʷʝʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʛʣʦʱʝʥʠʷ ʨʝʥʪʛʝʥʦʚʩʢʠʭ 

ʣʫʯʝʡ, ʢʦʪʦʨʳʡ ʠʟʤʝʨʷʝʪʩʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ [88]. ʆʩʦʙʝʥʥʦʩʪʴʶ ʤʝʭʘʥʠʟʤʘ 

XANES ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʚ ʥʝʤ ʧʨʠʥʠʤʘʶʪ ʫʯʘʩʪʠʝ ʬʦʪʦʵʣʝʢʪʨʦʥʳ ʙʦʣʴʰʝʡ, ʯʝʤ ʚ 

EXAFS ʜʣʠʥʳ ʚʦʣʥʳ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʤʥʦʛʦʢʨʘʪʥʦʤʫ ʨʘʩʩʝʷʥʠʶ ʥʘ ʛʨʫʧʧʝ 

ʠʩʩʣʝʜʫʝʤʳʭ ʘʪʦʤʦʚ. ʇʦʵʪʦʤʫ ʚ ʜʦʧʦʣʥʝʥʠʝ ʢ ʩʪʨʫʢʪʫʨʥʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʢʦʪʦʨʘʷ 

ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥʘ ʠʟ ʩʧʝʢʪʨʦʚ EXAFS, XANES-ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʤʦʞʝʪ ʜʘʪʴ 

ʩʚʝʜʝʥʠʷ ʦʙ ʫʛʣʘʭ ʤʝʞʘʪʦʤʥʳʭ ʩʚʷʟʝʡ, ʘ ʪʘʢʞʝ ʠʥʬʦʨʤʘʮʠʶ ʦ ʟʘʨʷʜʦʚʦʤ 

ʩʦʩʪʦʷʥʠʠ ʩʦʨʪʦʚ ʘʪʦʤʦʚ [88].  
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ʂʘʢ ʫʞʝ ʛʦʚʦʨʠʣʦʩʴ ʨʘʥʝʝ, ʨʝʜʢʦʟʝʤʝʣʴʥʳʝ ʤʦʣʠʙʜʘʪʳ ʦʙʣʘʜʘʶʪ 

ʩʤʝʰʘʥʥʦʡ ʵʣʝʢʪʨʦʥʥʦ-ʠʦʥʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʴʶ, ʧʨʠʨʦʜʘ ʢʦʪʦʨʦʡ ʤʦʞʝʪ ʙʳʪʴ 

ʩʚʷʟʘʥʘ ʩʦ ʩʤʝʰʘʥʥʦʡ ʚʘʣʝʥʪʥʦʩʪʴʶ ʘʪʦʤʦʚ ʄʦ ʚ ʩʪʨʫʢʪʫʨʝ. ʂʨʦʤʝ ʪʦʛʦ, 

ʢʦʦʨʜʠʥʘʮʠʷ ʢʘʪʠʦʥʦʚ ʄʦ ʵʪʠʭ ʩʪʨʫʢʪʫʨ ʦʩʪʘʸʪʩʷ ʤʘʣʦ ʠʟʫʯʝʥʥʦʡ, ʧʦʵʪʦʤʫ ʚ 

ʨʘʙʦʪʝ ʜʣʷ ʫʪʦʯʥʝʥʠʷ ʠ ʜʦʧʦʣʥʝʥʠʷ ʩʪʨʫʢʪʫʨʥʳʭ ʜʘʥʥʳʭ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ 

EXAFS- ʠ XANES- ʩʧʝʢʪʨʦʩʢʦʧʠʠ. ɺ ʨʘʤʢʘʭ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʙʳʣʠ ʠʟʫʯʝʥʳ 

ʤʦʥʦʢʨʠʩʪʘʣʣʳ Nd5Mo3O16+ŭ, Pr5Mo3O16+ŭ ʠ Nd5Mo3-xWxO16+ŭ. 

ʄʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʦʙʨʘʟʮʳ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʨʘʩʪʠʨʘʣʠʩʴ ʚ ʘʛʘʪʦʚʦʡ 

ʩʪʫʧʢʝ, ʧʦʣʫʯʝʥʥʳʡ ʧʦʨʦʰʦʢ ʥʘʥʦʩʠʣʩʷ ʥʘ ʧʨʦʟʨʘʯʥʫʶ ʜʣʷ ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʣʫʯʝʡ 

ʢʘʧʨʦʥʦʚʫʶ ʧʣʸʥʢʫ. ɿʘʪʝʤ ʦʙʨʘʟʝʮ ʩʧʨʝʩʩʦʚʳʚʘʣʩʷ ʜʦ ʨʘʚʥʦʤʝʨʥʦʡ ʪʦʣʱʠʥʳ. 

ʂʨʝʧʣʝʥʠʝ ʠ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʝ ʦʙʨʘʟʮʘ ʚ ʢʘʤʝʨʝ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʧʨʠ ʧʦʤʦʱʠ 

ʩʪʘʣʴʥʦʛʦ ʜʝʨʞʘʪʝʣʷ. ʉʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ Mo ʥʘ ʂ-ʢʨʘʝ ʠʟʤʝʨʝʥʳ ʚ ʨʝʞʠʤʝ ʧʦ 

ʚʳʭʦʜʫ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʩ ʧʦʤʦʱʴʶ ʠʦʥʠʟʘʮʠʦʥʥʦʡ ʢʘʤʝʨʳ, ʟʘʧʦʣʥʝʥʥʦʡ 

ʚʦʟʜʫʭʦʤ, ʠ ʣʘʚʠʥʥʦʛʦ ʬʦʪʦʜʠʦʜʘ FMB Oxford ʚ ʢʘʯʝʩʪʚʝ ʜʝʪʝʢʪʦʨʘ 

ʬʣʫʦʨʝʩʮʝʥʮʠʠ. ɼʣʷ ʤʦʥʦʭʨʦʤʘʪʠʟʘʮʠʠ ʧʫʯʢʘ ʩʠʥʭʨʦʪʨʦʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ 

ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʤʦʥʦʙʣʦʯʥʳʡ ʤʦʥʦʭʨʦʤʘʪʦʨ ʩ ʚʳʨʝʟʦʤ ʠʟ ʢʨʠʩʪʘʣʣʘ Si (220). 

ʆʙʨʘʙʦʪʢʫ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʩʧʝʢʪʨʦʚ ʧʨʦʚʦʜʠʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʘʢʝʪʦʚ 

ʧʨʦʛʨʘʤʤ IFEFFIT [89] ʠ Larch [90]. ʇʦʜʛʦʥʢʘ ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʜʣʷ ʟʥʘʯʝʥʠʡ 

ʬʦʪʦʵʣʝʢʪʨʦʥʥʳʭ ʚʦʣʥʦʚʳʭ ʚʝʢʪʦʨʦʚ k ʚ ʠʥʪʝʨʚʘʣʝ 2-14.5 ¡ ʠ ʚ ʠʥʪʝʨʚʘʣʝ 1.3-3.0 

¡ ʜʣʷ ʟʥʘʯʝʥʠʡ ʬʫʨʴʝ-ʪʨʘʥʬʦʨʤʘʥʪ. ʇʨʠ ʵʪʦʤ ʠʩʧʦʣʴʟʦʚʘʣʠ ʚʝʩʦʚʳʝ ʬʫʥʢʮʠʠ k2 

ʠ k3. ʇʘʨʘʤʝʪʨ S02 ʙʳʣ ʟʘʬʠʢʩʠʨʦʚʘʥ ʥʘ ʟʥʘʯʝʥʠʠ 0.85. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʦʜʛʦʥʢʠ EXAFS-ʬʫʥʢʮʠʡ 

ʠ ʬʫʨʴʝ-ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 30. ʇʦʣʫʯʝʥʥʳʝ ʨʘʩʩʪʦʷʥʠʷ, 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʯʠʩʣʘ, ʪʝʧʣʦʚʳʝ ʧʘʨʘʤʝʪʨʳ ɼʝʙʘʷ-ɺʘʣʣʝʨʘ ʠ ʩʜʚʠʛʠ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʰʢʘʣʳ ʜʣʷ ʩʬʝʨʳ Mo-O ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 11. XANES-ʩʧʝʢʪʨʳ 

ʘʪʦʤʦʚ ʄʦ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩʫʥʢʝ 31.  
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                                                              ʚ) 

ʈʠʩʫʥʦʢ 30. EXAFS-ʩʧʝʢʪʨʳ ʥʘ ʂ-ʢʨʘʝ ʘʪʦʤʦʚ Mo ʠ ʠʭ ʌʫʨʴʝ-ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʜʣʷ 

ʩʦʝʜʠʥʝʥʠʡ Nd5Mo3O16+ŭ (ʘ), Pr5Mo3O16+ŭ (ʙ), Nd5Mo3-xWxO16+ŭ (ʚ). 
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ʊʘʙʣʠʮʘ 11. ʈʘʩʩʪʦʷʥʠʷ ʄʦïʆ, ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʯʠʩʣʘ, ʪʝʧʣʦʚʳʝ ʧʘʨʘʤʝʪʨʳ 

ɼʝʙʘʷ-ɺʘʣʣʝʨʘ ʘʪʦʤʘ ʄʦ ʠ ʩʜʚʠʛʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʰʢʘʣʳ, ʧʦʣʫʯʝʥʥʳʝ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʧʦʜʛʦʥʢʠ EXAFS ʩʧʝʢʪʨʦʚ.  

ʆʙʨʘʟʝʮ R, ¡ N ů
2
, ¡

2 
ȹE, ʵɺ 

Nd5Mo3O16+ŭ 1.773(8) 4.2(8) 0.0016(10) -5.4(25) 

Pr5Mo3O16+ŭ 1.786(9) 3.9(7) 0.0021(11) -2.3(24) 

Nd5Mo3-xWxO16+ŭ 1.789(5) 4.1(4) 0.0025(7) -2.4(13) 
 

 

 

 

 

 

  

                                   ʘ)                                                                  ʙ)  

 

ʚ) 

ʈʠʩʫʥʦʢ 31. XANES-ʩʧʝʢʪʨʳ ʥʘ ʂ-ʢʨʘʝ Mo ʜʣʷ Nd5Mo3O16+ŭ (ʘ), Pr5Mo3O16+ŭ (ʙ), 

Nd5Mo3-xWxO16+ŭ (ʚ).  
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ɻʃɸɺɸ 3. ʈɽɿʋʃʔʊɸʊʓ ʀʉʉʃɽɼʆɺɸʅʀʗ ʉʊʈʆɽʅʀʗ 

ʄʆʅʆʂʈʀʉʊɸʃʃʆɺ ʉɽʄɽʁʉʊɺɸ Ln5Mo3O16+ŭ (Ln = Pr, Nd) 

3.1. ʄʦʥʦʢʨʠʩʪʘʣʣʳ Pr5Mo3O16+ŭ ʠ Nd5Mo3O16+ŭ 

 ʈʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʝʜʠʥʝʥʠʡ Pr5Mo3O16+ŭ (ʧʨʠ 295 K) ʠ 

Nd5Mo3O16+ŭ (ʧʨʠ 30 ʂ) ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʜʠʬʨʘʢʪʦʤʝʪʨʘʭ Xcalibur ʠ Huber 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʜʠʬʨʘʢʪʦʤʝʪʨʘ ʩ ʢʦʦʨʜʠʥʘʪʥʳʤ ʜʝʪʝʢʪʦʨʦʤ ʧʨʠ 

ʠʟʫʯʝʥʠʠ ʦʙʨʘʟʮʘ Pr5Mo3O16+ŭ ʧʦʟʚʦʣʠʣʦ ʧʦʣʫʯʠʪʴ ʙʦʣʝʝ ʧʦʣʥʳʡ ʥʘʙʦʨ 

ʦʪʨʘʞʝʥʠʡ ʠ ʥʘʠʙʦʣʝʝ ʪʦʯʥʫʶ ʤʦʜʝʣʴ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ. ʀʩʩʣʝʜʦʚʘʥʠʝ 

ʧʘʨʘʤʝʪʨʦʚ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʤʦʥʦʢʨʠʩʪʘʣʣʘ Nd5Mo3O16+ŭ ʚ ʠʥʪʝʨʚʘʣʝ ʦʪ 295 

ʜʦ 30 K ʧʦʢʘʟʘʣʦ, ʯʪʦ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʠʟʤʝʥʝʥʠʷ ʧʨʦʠʩʭʦʜʷʪ ʨʘʚʥʦʤʝʨʥʦ, ʙʝʟ 

ʩʢʘʯʢʦʚ, ʬʘʟʦʚʳʡ ʧʝʨʝʭʦʜ ʥʝ ʦʙʥʘʨʫʞʝʥ. ʋʪʦʯʥʝʥʠʝ ʦʙʝʠʭ ʩʪʨʫʢʪʫʨ ʧʦ ʧʦʣʥʳʤ 

ʥʘʙʦʨʘʤ ʜʘʥʥʳʭ ʧʨʦʚʦʜʠʣʦʩʴ ʚ ʨʘʤʢʘʭ ʧʨ. ʛʨ. Pn-3n. ɺ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʦʡ ʤʦʜʝʣʠ 

ʜʣʷ ʫʪʦʯʥʝʥʠʷ ʩʪʨʦʝʥʠʷ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʙʳʣʠ ʚʟʷʪʳ ʢʦʦʨʜʠʥʘʪʳ ʘʪʦʤʦʚ ʚ 

ʩʪʨʫʢʪʫʨʝ Nd5Mo3O16+ŭ, ʧʨʠ ʊ = 295 ʂ, ʦʧʫʙʣʠʢʦʚʘʥʥʳʝ ʚ [19]. ʅʘ ʵʪʘʧʝ 

ʫʪʦʯʥʝʥʠʷ ʪʝʧʣʦʚʳʭ ʢʦʣʝʙʘʥʠʡ ʧʷʪʠ ʘʪʦʤʦʚ Nd1(Pr1), Nd2(Pr2), Mo, O1 ʠ ʆ2 ʚ 

ʘʥʠʟʦʪʨʦʧʥʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʬʘʢʪʦʨʳ ʨʘʩʭʦʜʠʤʦʩʪʠ ʩʦʩʪʘʚʠʣʠ: 

ʌʘʢʪʦʨ Pr5Mo3O16+ŭ Nd5Mo3O16+ŭ 

S, % 1.45 5.02 

R, % 4.38 3.59 

Rw, % 3.09 6.71 

ʉʦʜʝʨʞʠʤʦʝ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʫʜʦʙʥʦ ʠʟʦʙʨʘʟʠʪʴ ʚ ʚʠʜʝ ʯʝʨʝʜʫʶʱʠʭʩʷ 

ʩʤʝʰʘʥʥʳʭ ʩʣʦʸʚ ʪʨʸʭ ʪʠʧʦʚ ʧʝʨʚʳʡ-ʚʪʦʨʦʡ-ʮʝʥʪʨʘʣʴʥʳʡ-ʚʪʦʨʦʡ-ʧʝʨʚʳʡ  

(ʨʠʩ. 32). ɸʪʦʤ Pr(Nd1) ʦʢʨʫʞʝʥ ʯʝʪʳʨʴʤʷ ʘʪʦʤʘʤʠ ʆ1 ʠ ʯʝʪʳʨʴʤʷ ʘʪʦʤʘʤʠ ʆ2, 

ʘʪʦʤ Pr2(Nd2) ï ʜʚʫʤʷ ʘʪʦʤʘʤʠ ʆ1 ʠ ʰʝʩʪʴʶ ʘʪʦʤʘʤʠ ʆ2. ʂʦʦʨʜʠʥʘʮʠʦʥʥʳʝ 

ʧʦʣʠʵʜʨʳ Nd1O8 ʠ Nd2O8 ï ʠʩʢʘʞʝʥʥʳʝ ʢʫʙʳ, ʩʚʷʟʘʥʥʳʝ ʤʝʞʜʫ ʩʦʙʦʡ ʦʙʱʠʤʠ 

ʨʝʙʨʘʤʠ. ɸʪʦʤʳ ʄʦ ʦʢʨʫʞʝʥʳ ʯʝʪʳʨʴʤʷ ʘʪʦʤʘʤʠ ʢʠʩʣʦʨʦʜʘ ʆ2. ʄʦʆ4-ʪʝʪʨʘʵʜʨʳ 

ʥʝ ʠʤʝʶʪ ʤʝʞʜʫ ʩʦʙʦʡ ʥʠ ʦʙʱʠʭ ʚʝʨʰʠʥ, ʥʠ ʦʙʱʠʭ ʛʨʘʥʝʡ.  
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ʈʠʩʫʥʦʢ 32. ʇʦʩʣʦʡʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʙʘʟʦʚʦʡ ʩʪʨʫʢʪʫʨʥʦʡ ʤʦʜʝʣʠ ʩʦʝʜʠʥʝʥʠʡ 

Ln5Mo3O16+ŭ (Ln = Pr, Nd), ʩʦʩʪʦʷʱʝʡ ʠʟ ʧʷʪʠ ʘʪʦʤʦʚ.  

 ɼʘʣʝʝ ʙʳʣʠ ʧʦʩʪʨʦʝʥʳ ʢʘʨʪʳ ʨʘʟʥʦʩʪʥʦʡ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʚʙʣʠʟʠ 

ʦʩʥʦʚʥʳʭ ʘʪʦʤʥʳʭ ʧʦʟʠʮʠʡ. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʦʩʪʘʪʦʯʥʦʡ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʚ 

ʩʪʨʫʢʪʫʨʝ Nd5Mo3O16+ŭ ʧʨʠ 30 ʂ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ 

ʦʩʪʘʪʦʯʥʦʡ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ, ʧʦʣʫʯʝʥʥʳʤ ʚ ʧʨʦʮʝʩʩʝ ʫʪʦʯʥʝʥʠʷ ʩʪʨʫʢʪʫʨʳ 

Nd5Mo3O16+ŭ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ (ʨʠʩ. 33) [19].  
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ʘ)                                           ʙ) 

 

ʚ)                                           ʛ) 

 

ʜ)                                           ʝ) 

ʈʠʩʫʥʦʢ. 33. ʂʘʨʪʳ ʨʘʟʥʦʩʪʥʦʡ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʚʙʣʠʟʠ ʧʦʟʠʮʠʡ Nd1 ï (ʘ), 

(ʙ); Nd2 ï (ʚ), (ʛ); Mo ï (ʜ), (ʝ) ʧʦʩʪʨʦʝʥʥʳʝ ʥʘ ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ ʫʪʦʯʥʝʥʠʷ 

ʩʪʨʫʢʪʫʨ Nd5Mo3O16+ŭ ʧʨʠ 30 ʠ 295 ʂ [19]. ʐʘʛ ʠʟʦʣʠʥʠʠ 0.02 ʵ/¡
3
. 
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ʀʭ ʩʭʦʜʩʪʚʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʫʩʪʦʡʯʠʚʦʩʪʴ ʩʦʝʜʠʥʝʥʠʷ ʢ ʵʢʩʪʨʝʤʘʣʴʥʦ ʥʠʟʢʠʤ 

ʪʝʤʧʝʨʘʪʫʨʘʤ ʠ ʦʪʩʫʪʩʪʚʠʝ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ ʠ ʜʨʫʛʠʭ ʨʘʜʠʢʘʣʴʥʳʭ 

ʩʪʨʫʢʪʫʨʥʳʭ ʠʟʤʝʥʝʥʠʡ ʚ ʨʘʤʢʘʭ ʧʨ. ʛʨ. Pn-3n ʧʨʠ ʧʦʥʠʞʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ. ɺ 

ʨʘʙʦʪʝ [19] ʙʳʣʘ ʧʨʝʜʣʦʞʝʥʘ ʩʪʨʫʢʪʫʨʥʘʷ ʤʦʜʝʣʴ ʩ ʫʯʸʪʦʤ ʨʘʩʱʝʧʣʝʥʠʷ ʧʦʟʠʮʠʠ 

Nd2. ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʥʘʠʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʳʝ ʧʠʢʠ ʦʙʥʘʨʫʞʝʥʳ ʚʙʣʠʟʠ 

ʧʦʟʠʮʠʠ Nd2. ʄʘʢʩʠʤʘʣʴʥʳʡ ʧʠʢ ʙʳʣ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʥ, ʢʘʢ ʨʘʩʱʝʧʣʝʥʠʝ 

ʧʦʟʠʮʠʠ ʥʝʦʜʠʤʘ. ʆʩʪʘʣʴʥʳʝ ʧʠʢʠ ʚʙʣʠʟʠ ʧʦʟʠʮʠʡ Nd1 ʠ Nd2 ʚ ʨʘʤʢʘʭ ʜʘʥʥʦʛʦ 

ʵʢʩʧʝʨʠʤʝʥʪʘ ʫʯʝʩʪʴ ʥʝ ʫʜʘʣʦʩʴ. ɼʘʣʝʝ ʙʳʣʘ ʧʨʝʜʧʨʠʥʷʪʘ ʧʦʧʳʪʢʘ ʨʘʩʱʝʧʠʪʴ 

ʧʦʟʠʮʠʶ ʄʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ ʧʦʰʘʛʦʚʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ, ʢʦʪʦʨʘʷ ʪʘʢʞʝ 

ʥʝ ʫʚʝʥʯʘʣʘʩʴ ʫʩʧʝʭʦʤ, ʢʘʢ ʠ ʚ ʩʣʫʯʘʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 

[19]. ɺ ʭʦʜʝ ʫʪʦʯʥʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ [19] ʫʯʸʪ 

ʘʥʛʘʨʤʦʥʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʘʪʦʤʥʳʭ ʩʤʝʱʝʥʠʡ ʄʦ ʨʘʟʣʦʞʝʥʠʝʤ ʬʘʢʪʦʨʘ 

ɼʝʙʘʷ-ɺʘʣʣʝʨʘ ʚ ʨʷʜ ɻʨʘʤʘ-ʐʘʨʣʴʝ ʜʦ 4-ʛʦ ʧʦʨʷʜʢʘ ʧʦʟʚʦʣʠʣ ʩʥʠʟʠʪʴ ʟʥʘʯʝʥʠʝ 

ʬʘʢʪʦʨʦʚ ʩʭʦʜʠʤʦʩʪʠ ʠ ʫʯʝʩʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʧʠʢʠ. ʅʘʜʝʞʥʳʡ ʫʯʝʪ 

ʘʥʛʘʨʤʦʥʠʯʝʩʢʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʧʨʠ ʩʪʨʫʢʪʫʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʪʨʝʙʫʝʪ 

ʧʦʣʫʯʝʥʠʷ ʥʘʙʦʨʘ ʜʘʥʥʳʭ ʩ ʚʳʩʦʢʠʤ ʨʘʟʨʝʰʝʥʠʝʤ ʧʦ ʫʛʣʫ ʨʘʩʩʝʷʥʠʷ, ʦʜʥʘʢʦ ʚ 

ʥʘʩʪʦʷʱʝʤ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ ʧʦʣʫʯʝʥʥʳʡ ʧʨʝʜʝʣ q = 45Á, 

ʦʙʫʩʣʦʚʣʝʥʥʳʡ ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʜʠʬʨʘʢʪʦʤʝʪʨʘ, ʥʝ ʧʦʟʚʦʣʷʝʪ ʢʦʨʨʝʢʪʥʦ 

ʧʨʠʤʝʥʷʪʴ ʧʦʜʦʙʥʦʝ ʧʨʠʙʣʠʞʝʥʠʝ. ʂʨʦʤʝ ʪʦʛʦ, ʭʘʨʘʢʪʝʨ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʦʩʪʘʪʦʯʥʦʡ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʚʙʣʠʟʠ ʧʦʟʠʮʠʠ ʄʦ1 ʧʨʠ 30 ʂ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʷʚʥʦʤ ʥʘʣʠʯʠʠ ʠʤʝʥʥʦ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʘʪʦʤʥʳʭ ʧʦʟʠʮʠʡ, ʘ ʥʝ 

ʦʙ ʘʥʛʘʨʤʦʥʠʯʝʩʢʦʤ ʭʘʨʘʢʪʝʨʝ ʢʦʣʝʙʘʥʠʡ ʘʪʦʤʦʚ ʤʦʣʠʙʜʝʥʘ. ʀʪʦʛʦʚʳʝ ʬʘʢʪʦʨʳ 

ʫʪʦʯʥʝʥʠʷ ʩʦʩʪʘʚʠʣʠ: S = 1.19, R = 1.85, Rw = 2.07, ȹɟmin/ȹɟmax = -0.97 / 1.28.  

 ʉʦʛʣʘʩʥʦ ʣʠʪʝʨʘʪʫʨʥʳʤ ʜʘʥʥʳʤ ʚ ʦʙʣʘʩʪʠ ʪʝʤʧʝʨʘʪʫʨ 950-1250Áʉ ʚ 

ʩʠʩʪʝʤʘʭ Ln2O3ïMoO3 ʧʨʦʠʩʭʦʜʠʪ ʮʝʣʳʡ ʨʷʜ ʬʘʟʦʚʳʭ ʧʨʝʚʨʘʱʝʥʠʡ. ʉʢʦʨʦʩʪʴ 

ʵʪʠʭ ʩʪʨʫʢʪʫʨʥʳʭ ʪʨʘʥʩʬʦʨʤʘʮʠʡ ʦʯʝʥʴ ʤʘʣʘ ʠ ʦʧʨʝʜʝʣʝʥʠʝ ʛʨʘʥʠʮ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ ʢʨʘʡʥʝ ʟʘʪʨʫʜʥʠʪʝʣʴʥʦ. ʇʨʠ ʦʧʨʝʜʝʣʸʥʥʳʭ 

ʫʩʣʦʚʠʷʭ ʚʦʟʤʦʞʥʦ ʦʜʥʦʚʨʝʤʝʥʥʦʝ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʬʘʟ [17]. ɸʚʪʦʨʳ 

ʨʘʙʦʪ [1, 17] ʩʦʦʙʱʘʶʪ, ʯʪʦ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʩʦʧʨʦʚʦʞʜʘʶʪʩʷ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝʤ 
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ʢʘʪʠʦʥʦʚ ʨʝʜʢʦʟʝʤʝʣʴʥʦʛʦ ʤʝʪʘʣʣʘ ʠ ʤʦʣʠʙʜʝʥʘ ʚ ʩʪʨʫʢʪʫʨʝ ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʠʭ 

ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʧʦʣʦʞʝʥʠʡ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʩʦʝʜʠʥʝʥʠʷʭ, ʚʳʨʘʱʝʥʥʳʭ ʧʨʠ 

ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʧʨʦʮʝʩʩ ʧʝʨʝʭʦʜʘ ʩʪʨʫʢʪʫʨʳ ʠʟ ʦʜʥʦʡ ʬʘʟʳ ʚ 

ʜʨʫʛʫʶ ʤʦʞʝʪ ʙʳʪʴ ʥʝ ʟʘʚʝʨʰʝʥ, ʯʪʦ ʧʨʠʚʝʜʝʪ ʢ ʨʘʟʫʧʦʨʷʜʦʯʝʥʠʶ ʠ ʚʦʟʤʦʞʥʦʤʫ 

çʧʝʨʝʤʝʰʠʚʘʥʠʶè ʢʘʪʠʦʥʥʳʭ ʧʦʟʠʮʠʡ. ʅʝʜʦʟʘʩʝʣʸʥʥʦʩʪʴ ʢʘʪʠʦʥʥʳʭ ʧʦʟʠʮʠʡ 

ʩʪʨʫʢʪʫʨ Ln5Mo3O16+ŭ (Ln = Ce, Pr, Nd, Sm) ʙʳʣʘ ʦʙʥʘʨʫʞʝʥʘ ʚ [12], ʦʜʥʘʢʦ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʧʦʜʪʚʝʨʞʜʝʥʠʝ ʚʟʘʠʤʦʟʘʤʝʱʝʥʠʷ ʢʘʪʠʦʥʦʚ ʚ ʣʠʪʝʨʘʪʫʨʝ 

ʦʪʩʫʪʩʪʚʫʝʪ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʩʣʝʜʫʶʱʠʤ ʰʘʛʦʤ ʧʦʩʣʝ ʦʧʨʝʜʝʣʝʥʠʷ ʦʩʥʦʚʥʦʛʦ 

ʩʪʨʫʢʪʫʨʥʦʛʦ ʤʦʪʠʚʘ ʩʦʝʜʠʥʝʥʠʡ Pr5Mo3O16+ŭ ʠ Nd5Mo3O16+ŭ ʩʪʘʣʦ ʫʪʦʯʥʝʥʠʝ 

ʟʘʩʝʣʸʥʥʦʩʪʝʡ ʘʪʦʤʥʳʭ ʧʦʟʠʮʠʡ. ɼʣʷ ʚʩʝʭ ʧʦʟʠʮʠʡ ʚʳʷʚʣʝʥ ʜʝʬʠʮʠʪ 

ʟʘʩʝʣʝʥʥʦʩʪʠ. ɼʘʣʝʝ ʙʳʣʠ ʧʦʩʪʨʦʝʥʳ ʠ ʧʦʜʨʦʙʥʦ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʢʘʨʪʳ 

ʨʘʟʥʦʩʪʥʦʡ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʚʙʣʠʟʠ ʦʩʥʦʚʥʳʭ ʘʪʦʤʥʳʭ ʧʦʟʠʮʠʡ. ʅʘʠʙʦʣʝʝ 

ʠʥʪʝʥʩʠʚʥʳʝ ʤʘʢʩʠʤʫʤʳ ʦʩʪʘʪʦʯʥʦʡ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʜʣʷ ʦʙʝʠʭ ʩʪʨʫʢʪʫʨ 

ʥʘʭʦʜʷʪʩʷ ʚʙʣʠʟʠ ʢʘʪʠʦʥʦʚ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 0.17-0.81 ¡ (ʪʘʙʣ. 12, ʨʠʩ. 33, 34). 

ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʵʪʠʭ ʧʠʢʦʚ, ʘ ʪʘʢʞʝ ʦʙʱʠʡ ʚʠʜ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʩʪʘʪʦʯʥʦʡ 

ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʥʘʣʠʯʠʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʧʦʟʠʮʠʡ, ʧʨʠ 

ʵʪʦʤ ʧʨʠʩʫʪʩʪʚʠʝ ʧʨʠʤʝʩʝʡ ʠʩʢʣʶʯʘʝʪʩʷ, ʩʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʈʕʄ. ʆʪʜʘʣʸʥʥʦʩʪʴ 

ʥʝʢʦʪʦʨʳʭ ʤʘʢʩʠʤʫʤʦʚ ʦʪ ʦʩʥʦʚʥʳʭ ʧʦʟʠʮʠʡ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʚ 

ʩʪʨʫʢʪʫʨʝ ʠʤʝʝʪ ʤʝʩʪʦ ʥʝ ʪʦʣʴʢʦ ʨʘʩʱʝʧʣʝʥʠʝ, ʥʦ ʠ ʚʟʘʠʤʦʟʘʤʝʱʝʥʠʝ ʢʘʪʠʦʥʦʚ 

ʠʩʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ. ʏʘʩʪʴ ʦʙʥʘʨʫʞʝʥʥʳʭ ʤʘʢʩʠʤʫʤʦʚ ʙʳʣʠ ʚʢʣʶʯʝʥʳ ʚ ʤʦʜʝʣʴ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ. ʊʘʢ, ʜʣʷ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ Pr5Mo3O16+ŭ ʚʙʣʠʟʠ 

ʧʦʟʠʮʠʠ Pr2, ʥʘ ʨʘʩʩʪʦʷʥʠʠ 0.57 ʠ 0.74 ¡, ʣʦʢʘʣʠʟʦʚʘʥʳ ʜʚʝ ʧʦʟʠʮʠʠ ʤʦʣʠʙʜʝʥʘ 

(ʄʦ2 ʠ ʄʦ3) ʠ ʦʜʥʘ ʧʦʟʠʮʠʷ ʧʨʘʟʝʦʜʠʤʘ (Pr3) ʥʘ ʨʘʩʩʪʦʷʥʠʠ 0.33 ¡ ʦʪ ʦʩʥʦʚʥʦʡ 

ʧʦʟʠʮʠʠ ʤʦʣʠʙʜʝʥʘ (ʄʦ1) (ʨʠʩ. 34). ɼʣʷ ʩʦʝʜʠʥʝʥʠʡ ʩ ʥʝʦʜʠʤʦʤ ʙʳʣʠ 

ʣʦʢʘʣʠʟʦʚʘʥʳ ʧʦʟʠʮʠʷ ʄʦ2 ʥʘ ʨʘʩʩʪʦʷʥʠʠ 0.60 ¡ ʦʪ Nd2 ʠ ʧʦʟʠʮʠʷ Nd3 ʥʘ 

ʨʘʩʩʪʦʷʥʠʠ 0.36 ¡ ʦʪ ʄʦ1. ɿʘʩʝʣʸʥʥʦʩʪʴ ʵʪʠʭ ʧʦʟʠʮʠʡ ʤʘʣʘ ʠ ʚ ʙʦʣʴʰʠʥʩʪʚʝ 

ʩʣʫʯʘʝʚ ʦʧʨʝʜʝʣʷʣʘʩʴ ʤʝʪʦʜʦʤ ʧʦʰʘʛʦʚʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ. ɿʥʘʯʝʥʠʷ ʠʟʦʪʨʦʧʥʳʭ 

ʪʝʧʣʦʚʳʭ ʧʘʨʘʤʝʪʨʦʚ ʚʥʦʚʴ ʥʘʡʜʝʥʥʳʭ ʧʦʟʠʮʠʡ ʢʦʨʨʝʢʪʥʦ ʫʪʦʯʥʷʶʪʩʷ ʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʪʠʧʠʯʥʳʤ ʟʥʘʯʝʥʠʷʤ ʜʣʷ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʤʦʣʠʙʜʘʪʦʚ (ʪʘʙʣ. 13, 

14).  
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ʊʘʙʣʠʮʘ 12. ʇʠʢʠ ʦʩʪʘʪʦʯʥʦʡ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ, ʚʳʷʚʣʝʥʥʳʝ ʚ ʦʢʨʝʩʪʥʦʩʪʷʭ 

ʘʪʦʤʦʚ ʩʪʨʫʢʪʫʨ Nd5Mo3O16+ŭ ʠ Pr5Mo3O16+ŭ ʥʘ ʥʘʯʘʣʴʥʦʡ ʩʪʘʜʠʠ ʫʪʦʯʥʝʥʠʷ. 

ɸʪʦʤ 

Nd5Mo3O16+ŭ 

ȹɟmin/ȹɟmax = -03.14/5.38 ɻ /¡
3
 

Pr5Mo3O16+ŭ 

ȹɟmin/ȹɟmax = -03.83/6.39 ɻ /¡
3
 

ˉ max 
ʈʘʩʩʪʦʷʥʠʝ, ¡/ 

ʚʝʣʠʯʠʥʘ ʧʠʢʘ, ʵ/¡
3
 
ˉ max 

ʈʘʩʩʪʦʷʥʠʝ, ¡/ 

ʚʝʣʠʯʠʥʘ ʧʠʢʘ, ʵ/¡
3
 

Nd1/ 

Pr1 

2 

3 

5 

6 

7 

8 

16 

20 

0.20/5.31 

0.17/4.49 

1.51/1.27 

1.35/0.62 

1.07/0.73 

0.98/1.12 

0.74/1.06 

1.37/0.66 

2 

5 

6 

7 

8 

9 

10 

11 

13 

0.24/2.72 

0.77/1.93 

0.81/2.12 

0.81/2.07 

0.82/2.04 

0.80/1.94 

0.83/2.02 

0.87/1.67 

0.82/1.63 

Nd2/ 

Pr2 

1 

12 

0.63/2.74 

0.75/1.09 

1 

4 

12 

14 

0.59/2.98 

0.80/2.30 

0.82/1.75 

0.83/1.52 

Mo1 4 

15 

0.35/2.41 

0.65/0.74 

3 

16 

0.47/6.18 

0.77/4.76 

O1 9 

10 

11 

19 

0.90/0.83 

0.80/0.62 

0.28/0.59 

0.70/0.58 

15 

19 

20 

1.19/2.11 

0.75/2.13 

0.72/2.21 

O2 13 

14 

17 

18 

1.33/0.43 

1.29/0.55 

1.23/0.42 

1.75/0.59 

17 

18 

 

1.44/1.76 

0.84/1.43 
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                                 ʘ)                                                              ʙ) 

 
                                                           ʚ)                              

ʈʠʩʫʥʦʢ 34. ʂʘʨʪʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʘʟʥʦʩʪʥʦʡ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʚʙʣʠʟʠ 

ʧʦʟʠʮʠʡ Pr1 ï (ʘ), Pr2 ï (ʙ), Mo ï (ʚ) ʜʣʷ ʤʦʜʝʣʠ ʩʪʨʫʢʪʫʨʳ Pr5Mo3O16+ŭ, 

ʧʦʣʫʯʝʥʥʳʝ ʥʘ ʥʘʯʘʣʴʥʦʡ ʩʪʘʜʠʠ ʫʪʦʯʥʝʥʠʷ. ʐʘʛ ʠʟʦʣʠʥʠʡ 0.2 ʵ/¡
3
. 

ʋʯʸʪ ʵʪʠʭ ʧʦʟʠʮʠʡ ʧʨʠʚʝʣ ʢ ʩʛʣʘʞʠʚʘʥʠʶ ʦʩʪʘʪʦʯʥʦʡ ʵʣʝʢʪʨʦʥʥʦʡ 

ʧʣʦʪʥʦʩʪʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʦʙʣʘʩʪʷʭ (ʨʠʩ. 35) ʠ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʩʥʠʞʝʥʠʶ ʚʩʝʭ 

ʬʘʢʪʦʨʦʚ ʫʪʦʯʥʝʥʠʷ ʜʣʷ ʦʙʝʠʭ ʩʪʨʫʢʪʫʨ. 

ʌʘʢʪʦʨ Pr5Mo3O16+ŭ Nd5Mo3O16+ŭ 

S, % 1.03 0.76 

R, % 2.92 1.35 

Rw, % 2.17 1.53 
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ʘ)                                                         ʙ) 

  
ʚ)                                                        ʛ) 

 
ʜ)                                                         ʝ) 

ʈʠʩʫʥʦʢ 35. ʉʠʥʪʝʟʳ ʨʘʟʥʦʩʪʥʦʡ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʚʙʣʠʟʠ ʧʦʟʠʮʠʡ ʘʪʦʤʦʚ 

Pr1 ï (ʘ), Pr2 ï (ʚ), Mo ï (ʜ) ʜʣʷ ʤʦʜʝʣʠ ʩʪʨʫʢʪʫʨʳ Pr5Mo3O16+ŭ, Nd1 ï (ʙ), Nd2 ï 

(ʛ), Mo ï (ʜ) ʜʣʷ ʤʦʜʝʣʠ ʩʪʨʫʢʪʫʨʳ Nd5Mo3O16+ŭ ʧʦʣʫʯʝʥʥʳʝ ʥʘ ʟʘʢʣʶʯʠʪʝʣʴʥʦʡ 

ʩʪʘʜʠʠ ʫʪʦʯʥʝʥʠʷ. ʐʘʛ ʠʟʦʣʠʥʠʡ 0.2 ʵ/¡
3
. 
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ʊʘʙʣʠʮʘ 13. ʂʦʦʨʜʠʥʘʪʳ ʘʪʦʤʦʚ, ʟʘʩʝʣʝʥʥʦʩʪʴ ʧʦʟʠʮʠʡ q ʠ ʵʢʚʠʚʘʣʝʥʪʥʳʝ 

ʪʝʧʣʦʚʳʝ ʧʘʨʘʤʝʪʨʳ Uʵʢʚ(¡
2
) ʚ ʩʪʨʫʢʪʫʨʝ ʩʦʝʜʠʥʝʥʠʷ Pr5Mo3O16+ŭ 

ʊʘʙʣʠʮʘ 14. ʂʦʦʨʜʠʥʘʪʳ ʘʪʦʤʦʚ, ʟʘʩʝʣʝʥʥʦʩʪʴ ʧʦʟʠʮʠʡ q ʠ ʵʢʚʠʚʘʣʝʥʪʥʳʝ 

ʪʝʧʣʦʚʳʝ ʧʘʨʘʤʝʪʨʳ Uʵʢʚ(¡
2
) ʚ ʩʪʨʫʢʪʫʨʝ ʩʦʝʜʠʥʝʥʠʷ Nd5Mo3O16+ŭ* . 

 

*ɼʘʥʥʳʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʧʝʨʝʨʘʙʦʪʘʥʥʦʡ ʤʦʜʝʣʠ ʩʪʨʫʢʪʫʨʳ Nd5Mo3O16+ŭ ʧʨʠ 30 ʂ 

ɻʨʫʧʧʘ ʇʦʟʠʮʠʷ x/a y/b z/c q Uʵʢʚ, ¡
2
 

Pr1 Pr1 0.242(1) 0 0 0.91(1) 0.004(1) 

Pr2 

Pr2 0.25 0.25 0.25 0.88(1) 0.007(1) 

Mo2 0.291(2) 0.220(2) 0.242(3) 0.01 0.013(3) 

Mo3 0.199(5) 0.275(4) 0.215(5) 0.01 0.035(8) 

Mo1 
Mo1 0.25 0 0.5 0.74(1) 0.005(1) 

Pr3 0.274(1) 0.012(1) 0.489(1) 0.03 0.003(1) 

O1 
O1 0.130(1) 0.130(1) 0.130(1) 0.93(1) 0.007(1) 

O1_1 0.186(3) 0.161(3) 0.133(3) 0.04 0.004(1) 

O2 

O2 0.335(1) 0.424(2) 0.113(2) 0.82(1) 0.013(1) 

O2_1 0.363(1) 0.382(2) 0.121(2) 0.1 0.014(3) 

O2_2 0.251(2) 0.458(3) 0.221(2) 0.035 0.060(2) 

O2_3 0.350(1) 0.339(2) 0.150(1) 0.04 0.060(5) 

O3 O3 0.5 0.5 0 0.04 0.090(4) 

ɻʨʫʧʧʘ ʇʦʟʠʮʠʷ x/a y/b z/c q Uʵʢʚ, ¡
2
 

Nd1 Nd1 0.241(1) 0 0 0.982(1) 0.0035(1) 

Nd2 Nd2 0.25 0.25 0.25 0.942(1) 0.0062(1) 

Mo2 0.281(1) 0.259(1) 0.206(1) 0.01 0.0068(1) 

Mo1 Mo1 0.25 0 0.5 0.868(1) 0.0051(1) 

Nd3 0.222(1) 0.010(1) 0.4877 0.02 0.0045(1) 

O1 O1 0.130(1) 0.130(1) 0.130(1) 0.977(1) 0.0060(1) 

O2 O2 0.335(1) 0.114(1) 0.577(1) 0.980(1) 0.0125(1) 
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ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʦʩʣʝ ʫʯʸʪʘ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʧʦʟʠʮʠʡ ʚʙʣʠʟʠ ʢʘʪʠʦʥʦʚ 

Pr1(Nd1), Pr2(Nd2) ʠ ʄʦ1, ʥʘ ʨʘʩʩʪʦʷʥʠʠ 0.20-0.70 ¡ ʧʨʠʩʫʪʩʪʚʫʶʪ ʧʠʢʠ 

ʦʩʪʘʪʦʯʥʦʡ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ. ɹʣʠʟʢʦ ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʤʘʢʩʠʤʫʤʳ ʤʦʛʫʪ 

ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʨʘʩʱʝʧʣʝʥʥʳʤ ʧʦʟʠʮʠʷʤ, ʘ ʧʠʢʠ ʥʘ ʨʘʩʩʪʦʷʥʠʠ ʙʦʣʝʝ ~ 0.4 ¡, ʧʦ-

ʚʠʜʠʤʦʤʫ, ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʥʠʟʢʦʟʘʩʝʣʸʥʥʳʤ ʧʦʟʠʮʠʷʤ ʢʘʪʠʦʥʦʚ ʜʨʫʛʦʛʦ ʩʦʨʪʘ. 

ʇʦʧʳʪʢʘ ʚʚʝʩʪʠ ʠ ʵʪʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʧʦʟʠʮʠʠ ʚ ʩʪʨʫʢʪʫʨʥʫʶ ʤʦʜʝʣʴ ʧʨʠʚʦʜʠʪ ʢ 

ʧʦʷʚʣʝʥʠʶ ʢʦʨʨʝʣʷʮʠʡ ʤʝʞʜʫ ʫʪʦʯʥʷʝʤʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʚʩʝʭ ʙʣʠʟʢʦ 

ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʘʪʦʤʦʚ, ʠ ʢʦʨʨʝʢʪʥʦ ʫʯʝʩʪʴ ʠʭ ʚ ʨʘʤʢʘʭ ʥʘʩʪʦʷʱʠʭ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʳʤ.  

 ɺʘʞʥʝʡʰʠʤ ʢʨʠʪʝʨʠʝʤ ʦʮʝʥʢʠ ʧʨʘʚʠʣʴʥʦʩʪʠ ʩʪʨʫʢʪʫʨʥʳʭ ʤʦʜʝʣʝʡ ʩ 

ʫʯʸʪʦʤ ʚʟʘʠʤʦʟʘʤʝʱʝʥʠʷ ʢʘʪʠʦʥʦʚ Mo ʠ Pr(Nd) ʜʦʣʞʥʦ ʙʳʪʴ ʧʨʘʚʠʣʴʥʦʝ 

ʢʠʩʣʦʨʦʜʥʦʝ ʦʢʨʫʞʝʥʠʝ ʜʣʷ ʢʘʞʜʦʛʦ ʩʦʨʪʘ ʢʘʪʠʦʥʦʚ. ʉʦʛʣʘʩʥʦ ʣʠʪʝʨʘʪʫʨʥʳʤ 

ʜʘʥʥʳʤ, ʚ ʠʩʭʦʜʥʦʡ ʤʦʜʝʣʠ ʘʪʦʤʳ Pr1(Nd1) ʠ Pr2(Nd2) ʢʦʦʨʜʠʥʠʨʦʚʘʥʳ ʚʦʩʝʤʴʶ 

ʘʪʦʤʘʤʠ ʢʠʩʣʦʨʦʜʘ ʥʘ ʨʘʩʩʪʦʷʥʠʠ ~ 2.2-2.6 ¡, ʘ ʤʦʣʠʙʜʝʥ ï ʯʝʪʳʨʴʤʷ ʥʘ 

ʨʘʩʩʪʦʷʥʠʠ ~ 1.7 ¡. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʟʘʠʤʦʟʘʤʝʱʝʥʠʝ ʵʪʠʭ ʢʘʪʠʦʥʦʚ ʥʝʠʟʙʝʞʥʦ 

ʜʦʣʞʥʦ ʩʦʧʨʦʚʦʞʜʘʪʴʩʷ ʠ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʘʪʦʤʦʚ ʢʠʩʣʦʨʦʜʘ ʚ ʩʪʨʫʢʪʫʨʝ. 

ʋʪʦʯʥʝʥʠʝ ʟʘʩʝʣʸʥʥʦʩʪʝʡ ʢʠʩʣʦʨʦʜʥʳʭ ʧʦʟʠʮʠʡ O1 ʠ ʆ2 ʚʳʷʚʠʣʦ ʠʭ 

ʟʥʘʯʠʪʝʣʴʥʳʡ ʜʝʬʠʮʠʪ, ʘ ʧʦʩʪʨʦʝʥʥʳʝ ʢʘʨʪʳ ʨʘʟʥʦʩʪʥʦʡ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ 

ʫʢʘʟʳʚʘʶʪ ʥʘ ʠʭ ʨʘʩʱʝʧʣʝʥʠʝ. ɼʣʷ ʢʦʦʨʜʠʥʘʮʠʠ ʚʟʘʠʤʦʟʘʤʝʱʸʥʥʳʭ ʢʘʪʠʦʥʦʚ 

ʨʘʟʥʳʭ ʩʦʨʪʦʚ ʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʨʘʩʩʪʦʷʥʠʷʭ ʘʪʦʤʳ ʢʠʩʣʦʨʦʜʘ ʚʳʥʫʞʜʝʥʳ 

ʩʤʝʱʘʪʴʩʷ ʦʪ ʩʚʦʠʭ ʦʩʥʦʚʥʳʭ ʧʦʟʠʮʠʡ ʥʘ ʙʦʣʴʰʠʝ ʨʘʩʩʪʦʷʥʠʷ. ɺ ʩʪʨʫʢʪʫʨʘʭ ʩ 

ʧʨʘʟʝʦʜʠʤʦʤ ʨʘʩʱʝʧʣʸʥʥʳʝ ʧʦʟʠʮʠʠ ʘʪʦʤʦʚ ʢʠʩʣʦʨʦʜʘ ʥʘʭʦʜʷʪʩʷ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 

0.70 ¡ ʦʪ ʢʠʩʣʦʨʦʜʘ ʆ1 ʠ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 0.56-1.12 ¡ ʦʪ ʆ2 (ʪʘʙʣ. 13-16). ɺ 

ʩʪʨʫʢʪʫʨʝ ʩ ʥʝʦʜʠʤʦʤ ʚʳʷʚʣʝʥʘ ʥʝʜʦʟʘʩʝʣʸʥʥʦʩʪʴ ʢʠʩʣʦʨʦʜʥʳʭ ʧʦʟʠʮʠʡ, ʦʜʥʘʢʦ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʧʦʟʠʮʠʠ ʢʦʨʨʝʢʪʥʦ ʚ ʤʦʜʝʣʴ ʥʝ ʫʜʘʣʦʩʴ.  
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ʀʟʚʝʩʪʥʦ, ʯʪʦ ʚ ʢʠʩʣʦʨʦʜʥʳʭ ʩʦʝʜʠʥʝʥʠʷʭ ʩ ʤʦʣʠʙʜʝʥʦʤ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʯʠʩʣʘ 

ʘʪʦʤʦʚ ʄʦ ʤʦʛʫʪ ʤʝʥʷʪʴʩʷ ʦʪ 4 ʜʦ 6. ʊʘʢ, ʚ ʨʘʙʦʪʘʭ [28, 52], ʧʦʩʚʷʱʝʥʥʳʭ 

ʠʟʫʯʝʥʠʶ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʤʦʣʠʙʜʘʪʦʚ Ln2Mo2O9 ʠ Ln2MoO6, ʫʩʪʘʥʦʚʣʝʥʦ 

ʦʜʥʦʚʨʝʤʝʥʥʦʝ ʧʨʠʩʫʪʩʪʚʠʝ ʚ ʩʪʨʫʢʪʫʨʝ ʩʨʘʟʫ ʪʨʝʭ ʪʠʧʦʚ ʢʦʦʨʜʠʥʘʮʠʠ ʘʪʦʤʦʚ 

ʤʦʣʠʙʜʝʥʘ ï ʪʝʪʨʘʵʜʨʠʯʝʩʢʦʛʦ (ʄʦʆ4), ʪʨʠʛʦʥʘʣʴʥʦ-ʙʠʧʠʨʘʤʠʜʘʣʴʥʦʛʦ (ʄʦʆ5) ʠ 

ʦʢʪʘʵʜʨʠʯʝʩʢʦʛʦ (ʄʦʆ6). ɺ [91] ʦʪʤʝʯʝʥʦ, ʯʪʦ ʚ ʩʣʫʯʘʝ ʦʢʪʘʵʜʨʠʯʝʩʢʦʛʦ 

ʦʢʨʫʞʝʥʠʷ ʘʪʦʤʦʚ ʄʦ ʥʘʙʣʶʜʘʝʪʩʷ ʨʘʟʙʨʦʩ ʚ ʨʘʩʩʪʦʷʥʠʷʭ ʄʦïʆ ʠ ʨʘʟʜʝʣʝʥʠʝ ʠʭ 

ʥʘ ʪʨʠ ʛʨʫʧʧʳ. ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ, ʩʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ 

ʘʥʘʣʠʟʘ, ʘʪʦʤʳ Mo, ʥʘʭʦʜʷʱʠʝʩʷ ʚ ʦʩʥʦʚʥʳʭ ʧʦʟʠʮʠʷʭ, ʦʢʨʫʞʝʥʳ ʯʝʪʳʨʴʤʷ 

ʘʪʦʤʘʤʠ ʢʠʩʣʦʨʦʜʘ ʥʘ ʨʘʩʩʪʦʷʥʠʷʭ 1.77(1) ʠ 1.778(1) ¡ ʜʣʷ Nd5Mo3O16+ŭ ʠ 

Pr5Mo3O16+ŭ (ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʡ ʧʦʣʠʵʜʨ ï ʪʝʪʨʘʵʜʨ), ʘ ʘʪʦʤʳ, ʣʦʢʘʣʠʟʦʚʘʥʥʳʝ 

ʚʙʣʠʟʠ ʧʦʟʠʮʠʡ ʘʪʦʤʦʚ Pr2(Nd2), ʥʘʭʦʜʷʱʠʝʩʷ ʚ ʦʙʱʝʤ ʧʦʣʦʞʝʥʠʠ, ï ʰʝʩʪʴʶ 

ʘʪʦʤʘʤʠ ʢʠʩʣʦʨʦʜʘ ʥʘ ʨʘʩʩʪʦʷʥʠʷʭ ʦʪ 1.50(4) ʜʦ 2.37(5) ¡ (ʪʘʙʣ. 15, 16, ʨʠʩ 36). 

ʇʦ ʜʘʥʥʳʤ EXAFS-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ Pr5Mo3O16+ŭ ʠ Nd5Mo3O16+ŭ 

ʩʨʝʜʥʝʝ ʨʘʩʩʪʦʷʥʠʝ ʄʦïʆ ʩʦʩʪʘʚʣʷʝʪ 1.789(4) ¡ ʠ 1.783(6) ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʯʪʦ 

ʧʨʝʚʳʰʘʝʪ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʦʩʥʦʚʥʳʤʠ ʤʦʣʠʙʜʝʥʦʚʳʤʠ ʠ ʢʠʩʣʦʨʦʜʥʳʤ 

ʧʦʟʠʮʠʷʤʠ ʄʦ1ïʆ1, ʚʳʯʠʩʣʝʥʥʦʝ ʧʦ ʜʘʥʥʳʤ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ. 

 

ʈʠʩʫʥʦʢ 36. ʆʢʨʫʞʝʥʠʝ ʘʪʦʤʦʚ Pr2 ï (ʘ) ʠ ʄʦ1 ï (ʙ) ʩ ʫʯʸʪʦʤ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ 

ʧʦʟʠʮʠʡ ʄʦ2, ʄʦ3 ʠ Pr3 ʜʣʷ ʤʦʜʝʣʠ ʩʪʨʫʢʪʫʨʳ Pr5Mo3O16+ŭ. 



95 

 

ʊʘʙʣʠʮʘ 15. ʈʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʧʦʟʠʮʠʷʤʠ ʘʪʦʤʦʚ ʚ ʩʪʨʫʢʪʫʨʝ Pr5Mo3O16+ŭ. 

ɸʪʦʤʳ ʈʘʩʩʪʦʷʥʠʝ, ¡ ɸʪʦʤʳ ʈʘʩʩʪʦʷʥʠʝ, ¡ 

Pr1ïO1 Ĭ 4 

Pr1ïO2 Ĭ 4 

2.38(1) 

2.57(2) 

Mo1ïO2 Ĭ 4 1.77(1) 

Pr3ïMo1 0.33(1) 

Pr2 ï O1 Ĭ 2 

Pr2ï O2 Ĭ 6 

2.30(1) 

2.62(1) 

Pr3ïO2_1 2.19(2) 

2.52(2) 

2.13(2) 

2.14(2) 

2.27(2) 

2.56(2) 

2.66(2) 

2.68(2) 

Pr2ïMo2 Ĭ 6 0.57(3) 

Pr2ïMo3 Ĭ 6 0.74(6) 

Mo2ïO2_3 1.45(19) 

1.51(19) 

1.79(15) 

2.07(15) 

2.28(15) 

2.37(15) 

O1ïO1_1 0.70(3) 

O2ïO2_1 0.56(4) 

Mo3ïO1_1 1.50(19) 

1.59(11) 

1.68(10) 

2.17(10) 

2.24(6) 

2.37(6) 

O2ïO2_2 1.02(10) 

O2ïO2_3 1.12(15) 

O3ïPr1 

O3ïMo1 

O3ïO1 

O3ïO2 

2.86(6) 

2.77(3) 

2.37(4) 

4.95(5) 

ʊʘʙʣʠʮʘ 16. ʈʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʧʦʟʠʮʠʷʤʠ ʘʪʦʤʦʚ ʚ ʩʪʨʫʢʪʫʨʝ Nd5Mo3O16+ŭ* . 

ɸʪʦʤʳ 
ʈʘʩʩʪʦʷʥʠʝ, 

¡ 
ɸʪʦʤʳ ʈʘʩʩʪʦʷʥʠʝ, ¡ 

Nd1ïO1 Ĭ 4 2.360(1) Nd2ïMo2 0.605(1)  

Nd2ïO2 Ĭ 4 2.567(1)  Mo1ïO2 Ĭ 4 1.778(1) 

Nd2 ï O1 Ĭ 2 2.289(1)  Nd3ïMo1 0.358(1) 

Nd2ï O2 Ĭ 6 2.593(1)   

*ɼʘʥʥʳʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʧʝʨʝʨʘʙʦʪʘʥʥʦʡ ʤʦʜʝʣʠ ʩʪʨʫʢʪʫʨʳ Nd5Mo3O16+ŭ ʧʨʠ 30 ʂ 
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ʕʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʯʘʩʪʴ ʘʪʦʤʦʚ ʤʦʣʠʙʜʝʥʘ ʦʢʨʫʞʝʥʘ ʢʠʩʣʦʨʦʜʥʳʤʠ 

ʘʪʦʤʘʤʠ ʥʘ ʙʦʣʴʰʝʤ ʨʘʩʩʪʦʷʥʠʠ. ʅʘʣʠʯʠʝ ʧʨʝʜʢʨʘʝʚʦʛʦ ʧʠʢʘ ʥʘ XANES-ʩʧʝʢʪʨʘʭ 

(ʨʠʩ. 31) ʛʦʚʦʨʠʪ ʦ ʪʝʪʨʘʵʜʨʠʯʝʩʢʦʤ ʦʢʨʫʞʝʥʠʠ Mo [92-94], ʦʜʥʘʢʦ ʝʛʦ ʚʝʣʠʯʠʥʘ 

ʠ ʬʦʨʤʘ ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʧʨʘʚʠʣʴʥʦʤʫ ʪʝʪʨʘʵʜʨʠʯʝʩʢʦʤʫ ʦʢʨʫʞʝʥʠʶ ʘʪʦʤʦʚ 

ʤʦʣʠʙʜʝʥʘ ʚ ʩʪʨʫʢʪʫʨʝ. ʅʝʩʦʦʪʚʝʪʩʪʚʠʝ ʩʚʷʟʘʥʦ ʩ ʠʩʢʘʞʝʥʠʝʤ ʪʝʪʨʘʵʜʨʘ ʠʣʠ 

ʩʫʱʝʩʪʚʦʚʘʥʠʝʤ ʦʢʪʘʵʜʨʠʯʝʩʢʦʛʦ ʦʢʨʫʞʝʥʠʷ ʯʘʩʪʠ ʘʪʦʤʦʚ ʤʦʣʠʙʜʝʥʘ [92-94]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʨʦʚʝʜʸʥʥʳʝ ʤʝʪʦʜʦʤ XANES- ʠ EXAFS- 

ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʠʥʭʨʦʪʨʦʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʧʦʜʪʚʝʨʞʜʘʶʪ 

ʤʦʜʝʣʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ Ln5Mo3O16+ŭ, ʚ ʢʦʪʦʨʳʭ ʘʪʦʤʳ ʤʦʣʠʙʜʝʥʘ ʤʦʛʫʪ 

ʠʤʝʪʴ ʨʘʟʣʠʯʥʦʝ ʢʠʩʣʦʨʦʜʥʦʝ ʦʢʨʫʞʝʥʠʝ. 

 ʍʠʤʠʯʝʩʢʘʷ ʬʦʨʤʫʣʘ ʦʢʠʩʣʝʥʥʳʭ Ln5Mo3O16+ŭ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʭ 

Ln5Mo3O16 ʬʘʟ ʍʫʙʝʨʪʘ ʦʪʣʠʯʘʝʪʩʷ ʪʦʣʴʢʦ ʢʦʣʠʯʝʩʪʚʦʤ ʢʠʩʣʦʨʦʜʘ ʥʘ ʥʝʢʫʶ 

ʥʝʧʦʩʪʦʷʥʥʫʶ ʚʝʣʠʯʠʥʫ ŭ. ʕʣʝʢʪʨʦʥʝʡʪʨʘʣʴʥʦʩʪʴ ʩʦʝʜʠʥʝʥʠʷ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ 

ʧʨʠʩʫʪʩʪʚʠʝʤ ʘʪʦʤʦʚ ʤʦʣʠʙʜʝʥʘ ʩʤʝʰʘʥʥʦʡ ʚʘʣʝʥʪʥʦʩʪʠ Mo
5+

/Mo
6+
. ɺ ʦʙʦʠʭ 

ʩʣʫʯʘʷʭ ʚ ʨʝʘʣʴʥʳʭ ʢʨʠʩʪʘʣʣʘʭ ʩʫʤʤʘʨʥʘʷ ʟʘʩʝʣʸʥʥʦʩʪʴ ʚʩʝʭ ʦʩʥʦʚʥʳʭ ʠ 

ʨʘʩʱʝʧʣʸʥʥʳʭ ʢʠʩʣʦʨʦʜʥʳʭ ʧʦʟʠʮʠʡ ʨʘʚʥʘ 100% ʠ, ʩ ʫʯʸʪʦʤ ʢʨʘʪʥʦʩʪʠ 

ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʭ ʧʦʟʠʮʠʡ, ʦʙʝʩʧʝʯʠʚʘʝʪ ʨʦʚʥʦ 16 ʝʜʠʥʠʮ ʢʠʩʣʦʨʦʜʘ ʚ 

ʭʠʤʠʯʝʩʢʦʡ ʬʦʨʤʫʣʝ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʠʟʙʳʪʦʯʥʳʡ ʢʠʩʣʦʨʦʜ ŭ ʚ ʦʢʠʩʣʝʥʥʳʭ ʬʘʟʘʭ 

ʍʫʙʝʨʪʘ ʥʝ ʤʦʞʝʪ ʨʘʩʧʦʣʘʛʘʪʴʩʷ ʚʙʣʠʟʠ ʦʩʥʦʚʥʳʭ ʢʠʩʣʦʨʦʜʥʳʭ ʧʦʟʠʮʠʡ ʆ1 ʠʣʠ 

ʆ2. ɺ ʨʘʙʦʪʝ [15] ʩʜʝʣʘʥʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʠʟʙʳʪʦʯʥʳʡ ʢʠʩʣʦʨʦʜ ʤʦʞʝʪ 

ʨʘʩʧʦʣʘʛʘʪʴʩʷ ʚʥʫʪʨʠ ʦʙʰʠʨʥʳʭ ʧʦʣʦʩʪʝʡ ʬʣʶʦʨʠʪʦʧʦʜʦʙʥʦʡ ʩʪʨʫʢʪʫʨʳ, 

ʧʨʠʣʝʛʘʶʱʠʭ ʢ ʪʝʪʨʘʵʜʨʘʤ ʄʦʆ4. ɸʚʪʦʨʘʤʠ [15] ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʘ ʤʦʜʝʣʴ 

ʩʪʨʫʢʪʫʨʳ Ln5Mo3O16+ŭ ʠ ʩʜʝʣʘʥʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦ ʪʦʤ, ʯʪʦ ʢʫʣʦʥʦʚʩʢʦʝ 

ʦʪʪʘʣʢʠʚʘʥʠʝ ʙʫʜʝʪ ʟʘʪʨʫʜʥʷʪʴ ʚʥʝʜʨʝʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʠʦʥʦʚ ʢʠʩʣʦʨʦʜʘ ʚ ʵʪʠ 

ʧʦʣʦʩʪʠ. ɺ ʩʪʨʫʢʪʫʨʝ ʚʳʷʚʣʝʥʦ ʜʚʘ ʪʠʧʘ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʧʦʣʦʩʪʝʡ: 

ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʭ ʜʚʫʤʷ ʘʪʦʤʘʤʠ Ln1, ʜʚʫʤʷ ʘʪʦʤʘʤʠ Ln2 ʠ ʜʚʫʤʷ ʘʪʦʤʘʤʠ ʄʦ 

(ʪʠʧ I) ʠ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʭ ʰʝʩʪʴʶ ʘʪʦʤʘʤʠ Ln1 (ʪʠʧ II) [15]. ʉʦʛʣʘʩʥʦ ʠʭ 

ʨʘʩʩʫʞʜʝʥʠʶ, ʤʝʞʫʟʝʣʴʥʳʝ ʠʦʥʳ ʢʠʩʣʦʨʦʜʘ ʩ ʙʦʣʴʰʝʡ ʚʝʨʦʷʪʥʦʩʪʴʶ ʙʫʜʫʪ 

ʥʘʭʦʜʠʪʴʩʷ ʚ ʧʦʣʦʩʪʠ I ʪʠʧʘ, ʪʘʢ ʢʘʢ ʟʘʨʷʜ ʫ ʠʦʥʦʚ Mo
6+

 ʙʦʣʴʰʝ, ʯʝʤ ʫ ʠʦʥʦʚ Ln
+3

, 
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ʠ ʢʫʣʦʥʦʚʩʢʦʝ ʧʨʠʪʷʞʝʥʠʝ ʠʟʙʳʪʦʯʥʳʭ ʠʦʥʦʚ ʢʠʩʣʦʨʦʜʘ ʙʫʜʝʪ ʚʳʰʝ ʧʨʠ ʠʭ 

ʨʘʟʤʝʱʝʥʠʠ ʚ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʧʫʩʪʦʪʘʭ, ʚ ʧʝʨʚʫʶ ʢʦʦʨʜʠʥʘʮʠʦʥʥʫʶ ʩʬʝʨʫ 

ʢʦʪʦʨʳʭ ʚʭʦʜʠʪ ʤʦʣʠʙʜʝʥ [15]. ʇʨʝʜʣʦʞʝʥʥʘʷ ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʜʦʢʘʟʘʥʥʘʷ ʤʦʜʝʣʴ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʩ ʫʯʸʪʦʤ 

ʚʟʘʠʤʦʟʘʤʝʱʝʥʠʷ ʢʘʪʠʦʥʦʚ ʠ ʨʘʟʫʧʦʨʷʜʦʯʝʥʠʝʤ ʢʠʩʣʦʨʦʜʥʳʭ ʧʦʟʠʮʠʡ, ʜʘʣʘ 

ʚʦʟʤʦʞʥʦʩʪʴ ʢʦʨʨʝʢʪʥʦʛʦ ʘʥʘʣʠʟʘ ʦʩʪʘʪʦʯʥʦʡ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʚ ʧʦʣʦʩʪʷʭ 

ʩʪʨʫʢʪʫʨʳ. ɺ ʩʪʨʫʢʪʫʨʘʭ Pr5Mo3O16+ŭ ʠ Nd5Mo3O16+ŭ ʙʳʣʠ ʚʳʷʚʣʝʥʳ ʪʨʠ ʪʠʧʘ 

ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʧʦʣʦʩʪʝʡ (ʨʠʩ. 37), ʦʢʨʫʞʝʥʥʳʭ ʜʚʫʤʷ ʘʪʦʤʘʤʠ Pr1(Nd1), ʜʚʫʤʷ 

ʘʪʦʤʘʤʠ Pr2(Nd2) ʠ ʜʚʫʤʷ ʘʪʦʤʘʤʠ Mo (ʪʠʧ I), ʰʝʩʪʴʶ ʘʪʦʤʘʤʠ Pr1 (ʪʠʧ II), ʘ 

ʪʘʢʞʝ ʧʦʣʦʩʪʴ, ʦʢʨʫʞʝʥʥʘʷ ʜʚʫʤʷ ʘʪʦʤʘʤʠ Pr1(Nd1) ʠ ʯʝʪʳʨʴʤʷ ʘʪʦʤʘʤʠ ʄʦ (ʪʠʧ 

III, ʥʝ ʫʯʠʪʳʚʘʣʩʷ ʚ ʨʘʙʦʪʝ [15]).  

 

ʈʠʩʫʥʦʢ 37. ʊʨʠ ʪʠʧʘ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʧʦʣʦʩʪʝʡ ʩʪʨʫʢʪʫʨʳ Pr5Mo3O16+ŭ, ʚ ʢʦʪʦʨʳʭ 

ʤʦʛʫʪ ʥʘʭʦʜʠʪʴʩʷ ʠʦʥʳ ʠʟʙʳʪʦʯʥʦʛʦ ʢʠʩʣʦʨʦʜʘ.  






























































































































