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1. ɺʚʝʜʝʥʠʝ 

ʀʥʪʝʨʤʝʪʘʣʣʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ (ʀʄʉ) ʚ ʩʠʩʪʝʤʘʭ R-T-X (R ï 

ʨʝʜʢʦʟʝʤʝʣʴʥʳʡ ʵʣʝʤʝʥʪ, T ï ʧʝʨʝʭʦʜʥʳʡ d-ʤʝʪʘʣʣ, ʍ ï p-ʵʣʝʤʝʥʪ 13-15 ʛʨʫʧʧ) 

ʷʚʣʷʶʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʦʙʲʝʢʪʘʤʠ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ 

ʭʠʤʠʠ. ʐʠʨʦʢʦʝ ʤʥʦʛʦʦʙʨʘʟʠʝ ʩʪʨʫʢʪʫʨʥʳʭ ʪʠʧʦʚ ʀʄʉ, ʠʭ ʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ, 

ʢʦʪʦʨʳʤ ʫʩʧʝʰʥʦ ʥʘʭʦʜʷʪ ʧʨʠʤʝʥʝʥʠʝ ʚ ʥʘʫʢʝ ʠ ʪʝʭʥʠʢʝ, ʦʙʫʩʣʘʚʣʠʚʘʶʪ ʠʥʪʝʨʝʩ 

ʫʯʝʥʳʭ-ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʢ ʪʘʢʠʤ ʩʦʝʜʠʥʝʥʠʷʤ. 

ʆʪʜʝʣʴʥʦ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʭʘʨʘʢʪʝʨ ʠʟʤʝʥʝʥʠʷ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

ʩʦʝʜʠʥʝʥʠʡ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ (ʈɿʕ) ʧʨʠ ʜʦʩʪʠʞʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ 

ʙʣʠʟʢʦʡ ʢ ʪʝʤʧʝʨʘʪʫʨʝ ʞʠʜʢʦʛʦ ʛʝʣʠʷ (4.2 ʂ). ɸʪʦʤʳ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ 

ʠʤʝʶʪ ʟʘʧʦʣʥʷʶʱʫʶʩʷ 4f-ʦʙʦʣʦʯʢʫ, ʙʣʠʟʢʫʶ ʧʦ ʟʥʘʯʝʥʠʷʤ ʵʥʝʨʛʠʠ ʢ ʚʥʝʰʥʝʡ 

ʵʣʝʢʪʨʦʥʥʦʡ ʦʙʦʣʦʯʢʝ, ʥʦ ʦʙʣʘʜʘʶʱʫ ʁ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʠʤ ʵʬʬʝʢʪʠʚʥʳʤ 

ʨʘʜʠʫʩʦʤ; ʧʦʵʪʦʤʫ ʤʘʛʥʠʪʥʳʡ ʤʦʤʝʥʪ, ʩʚʷʟʘʥʥʳʡ ʩ 4f-ʦʨʙʠʪʘʣʴʶ ʦʢʘʟʳʚʘʝʪʩʷ 

ʩʠʣʴʥʦ ʣʦʢʘʣʠʟʦʚʘʥʥʳʤ ʠ ʩʦʭʨʘʥʷʝʪʩʷ ʧʨʠ ʦʙʨʘʟʦʚʘʥʠʠ ʩʦʝʜʠʥʝʥʠʡ ʩ ʜʨʫʛʠʤʠ 

ʤʝʪʘʣʣʘʤʠ. ɺ ʠʥʪʝʨʤʝʪʘʣʣʠʜʘʭ ʥʝʩʧʘʨʝʥʥʳʝ ʵʣʝʢʪʨʦʥʳ 4f-ʦʨʙʠʪʘʣʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʩ ʵʣʝʢʪʨʦʥʘʤʠ ʧʨʦʚʦʜʠʤʦʩʪʠ, ʯʪʦ ʚʣʠʷʝʪ ʥʘ ʧʦʚʝʜʝʥʠʝ 

ʧʦʩʣʝʜʥʠʭ ʠ ʚʝʜʝʪ ʢ ʠʟʤʝʥʝʥʠʶ ʩʚʦʡʩʪʚ ʀʄʉ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʪʘʢʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʥʘʯʠʥʘʝʪ ʨʘʩʪʠ ʵʣʝʢʪʨʦʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʨʠ ʜʦʩʪʠʞʝʥʠʠ 

ʪʝʤʧʝʨʘʪʫʨʳ ʥʠʞʝ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʟʥʘʯʝʥʠʷ ï ʂʦʥʜʦ-ʵʬʬʝʢʪ. ʕʪʦʪ ʵʬʬʝʢʪ ʤʦʞʝʪ 

ʪʘʢʞʝ ʚʣʠʷʪʴ ʥʘ ʪʝʧʣʦʝʤʢʦʩʪʴ ʩʦʝʜʠʥʝʥʠʷ: ʵʣʝʢʪʨʦʥʳ ʧʨʦʚʦʜʠʤʦʩʪʠ 

ʟʘʤʝʜʣʷʶʪʩʷ, ʯʪʦ ʵʢʚʠʚʘʣʝʥʪʥʦ ʫʚʝʣʠʯʝʥʠʶ ʠʭ ʤʘʩʩʳ ʠ ʚʢʣʘʜ ʵʣʝʢʪʨʦʥʦʚ ʚ 

ʪʝʧʣʦʝʤʢʦʩʪʴ ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʯʪʦ ʚʝʜʝʪ ʢ ʨʦʩʪʫ ʪʝʧʣʦʝʤʢʦʩʪʠ ʩʦʝʜʠʥʝʥʠʷ. ʂʨʦʤʝ 

ʪʦʛʦ, ʜʣʷ ʨʷʜʘ ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʚ ʥʘ ʦʩʥʦʚʝ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʙʳʣʘ 

ʦʪʢʨʳʪʘ ʪʷʞʝʣʦʬʝʨʤʠʦʥʥʘʷ ʩʚʝʨʭʧʨʦʚʦʜʠʤʦʩʪʴ, ʧʨʠ ʢʦʪʦʨʦʡ ʩʦʭʨʘʥʷʝʪʩʷ 

ʤʘʛʥʠʪʥʦʝ ʫʧʦʨʷʜʦʯʝʥʠʝ ʚʝʱʝʩʪʚʘ [1,2]. ʉʨʝʜʠ ʀʄʉ ʩ ʪʘʢʦʡ ʥʝʩʪʘʥʜʘʨʪʥʦʡ 

ʩʚʝʨʭʧʨʦʚʦʜʠʤʦʩʪʴʶ ʠʟʚʝʩʪʥʳ: CeCu2Si2 [3], CeRhIn5 [4], Ce2PdIn8 [5]. 

ʀʥʪʝʨʤʝʪʘʣʣʠʜʳ, ʜʣʷ ʢʦʪʦʨʳʭ ʦʙʥʘʨʫʞʝʥ ʂʦʥʜʦ-ʵʬʬʝʢʪ: Ce3RhSi3 [6], CePdAl 

[7], Ce2RuGe2 [8], CePdIn2 [9]. ɼʨʫʛʠʤ ʠʥʪʝʨʝʩʥʳʤ ʤʘʛʥʠʪʥʳʤ ʩʚʦʡʩʪʚʦʤ 

ʩʦʝʜʠʥʝʥʠʡ ʈɿʕ ʷʚʣʷʝʪʩʷ ʩʦʩʪʦʷʥʠʝ ʩʧʠʥʦʚʦʛʦ ʩʪʝʢʣʘ, ʢʦʪʦʨʦʝ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʥʝʫʧʦʨʷʜʦʯʝʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʤʘʛʥʠʪʥʳʭ ʤʦʤʝʥʪʦʚ ʘʪʦʤʦʚ, 
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ʬʦʨʤʠʨʫʶʱʝʝʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʥʢʫʨʝʥʮʠʠ ʬʝʨʨʦʤʘʛʥʠʪʥʳʭ ʠ 

ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʨʝʘʣʠʟʫʶʪʩʷ 

ʘʣʛʦʨʠʪʤʳ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ, ʨʘʙʦʪʘʶʱʠʝ ʥʘ ʤʠʢʨʦʩʭʝʤʘʭ ʠʟ ʩʧʠʥʦʚʦʛʦ 

ʩʪʝʢʣʘ [10]. ʄʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʩʦʝʜʠʥʝʥʠʡ ʈɿʕ ʤʦʛʫʪ ʚʣʠʷʪʴ ʠ ʥʘ ʜʨʫʛʠʝ ʠʭ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʊʘʢ, ʜʣʷ ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʚ R4CoMg (R = Ho, Er, 

Tm) ʠ R2Ni2In (R = Pr, Nd, Dy, Ho) ʦʙʥʘʨʫʞʝʥ ʤʘʛʥʠʪʦʢʘʣʦʨʠʯʝʩʢʠʡ ʵʬʬʝʢʪ, 

ʢʦʪʦʨʳʡ, ʧʦʪʝʥʮʠʘʣʴʥʦ, ʤʦʞʝʪ ʥʘʡʪʠ ʧʨʠʤʝʥʝʥʠʝ ʚ ʪʝʭʥʦʣʦʛʠʷʭ ʤʘʛʥʠʪʥʦʛʦ 

ʦʭʣʘʞʜʝʥʠʷ ʚʟʘʤʝʥ ʢʦʤʧʨʝʩʩʦʨʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʩʞʘʪʠʷ ʛʘʟʘ, ʯʪʦ ʦʩʦʙʦ ʘʢʪʫʘʣʴʥʦ ʚ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʚʠʜʫ ʦʙʦʩʪʨʝʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ [11]. 

ʀʟʚʝʩʪʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʪʨʦʡʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʈɿʕ ʚ ʩʠʩʪʝʤʘʭ R-T-X ʩ 

T = Fe, Co, Ni, Rh, Pd ʚ ʢʘʯʝʩʪʚʝ ʧʝʨʝʭʦʜʥʦʛʦ ʤʝʪʘʣʣʘ ʠ ʩ X = Al , Mg, Ga, Ge, Sn ʚ 

ʢʘʯʝʩʪʚʝ p-ʵʣʝʤʝʥʪʘ, ʫ ʢʦʪʦʨʳʭ ʦʙʥʘʨʫʞʝʥʳ ʤʘʛʥʠʪʥʳʝ ʠ ʵʣʝʢʪʨʦʧʨʦʚʦʜʷʱʠʝ 

ʩʚʦʡʩʪʚʘ: ʬʝʨʨʦ- ʠ ʘʥʪʠʬʝʨʨʦʤʘʛʥʝʪʠʟʤ, ʵʬʬʝʢʪ ʂʦʥʜʦ, ʪʷʞʝʣʦʬʝʨʤʠʦʥʥʘʷ 

ʩʚʝʨʭʧʨʦʚʦʜʠʤʦʩʪʴ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʩʠʩʪʝʤʳ c ʢʦʤʙʠʥʘʮʠʝʡ ʵʣʝʤʝʥʪʦʚ R, Ru ʠ In 

(ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ R = Ce) ʩʠʩʪʝʤʘʪʠʯʝʩʢʠ ʥʝ ʠʩʩʣʝʜʦʚʘʣʠ. ɺ ʥʘʫʯʥʦʡ ʣʠʪʝʨʘʪʫʨʝ 

ʠʤʝʶʪʩʷ ʣʠʰʴ ʩʚʝʜʝʥʠʷ ʦ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʤ ʩʪʨʦʝʥʠʠ ʥʝʙʦʣʴʰʦʡ ʛʨʫʧʧʳ 

ʩʦʝʜʠʥʝʥʠʡ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʜʘʥʥʳʭ ʩʠʩʪʝʤʘʭ, ʘ ʩʚʝʜʝʥʠʷ ʦ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚʘʭ 

ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʚ ʦʪʩʫʪʩʪʚʫʶʪ, ʯʪʦ ʦʩʪʘʚʣʷʝʪ ʦʙʰʠʨʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʠ 

ʧʝʨʩʧʝʢʪʠʚʳ ʜʣʷ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʠʩʪʝʤ R-Ru-In ʠ ʦʙʫʩʣʘʚʣʠʚʘʝʪ 

ʘʢʪʫʘʣʴʥʦʩʪʴ ʜʘʥʥʦʡ ʨʘʙʦʪʳ [12]. 

ʎʝʣʴ ʨʘʙʦʪʳ: ʧʦʠʩʢ ʠ ʩʠʥʪʝʟ ʥʦʚʳʭ ʪʨʦʡʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʩʠʩʪʝʤʘʭ R-Ru-In (R = 

Pr, Nd, Sm, Gd, Tb, Dy, Ho, Er, Tm, Lu), ʦʧʨʝʜʝʣʝʥʠʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ, 

ʪʝʤʧʝʨʘʪʫʨ ʧʣʘʚʣʝʥʠʷ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ ʧʦʣʫʯʝʥʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ. 

ɿʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ: 

¶ ʇʦʣʫʯʝʥʠʝ ʥʦʚʳʭ ʪʨʦʡʥʳʭ ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʚ ʚ ʩʠʩʪʝʤʘʭ R-Ru-In (R = Pr, Nd, 

Sm, Gd, Tb, Dy, Ho, Er, Tm, Lu) ʚ ʦʙʣʘʩʪʠ ʩ ʙʦʣʴʰʠʤ (> 40 ʘʪ. %) 

ʩʦʜʝʨʞʘʥʠʝʤ ʈɿʕ. ɺ ʩʣʫʯʘʝ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʩʠʥʪʝʟʘ ʤʦʜʝʣʴʥʳʭ ʘʥʘʣʦʛʦʚ, 
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ʠʟʦʩʪʨʫʢʪʫʨʥʳʭ ʠʟʫʯʘʝʤʳʤ ʀʄʉ, ʢʨʫʛ ʦʙʲʝʢʪʦʚ ʤʦʞʝʪ ʙʳʪʴ ʨʘʩʰʠʨʝʥ ʟʘ 

ʩʯʝʪ ʧʨʠʚʣʝʯʝʥʠʷ ʜʨʫʛʠʭ p-ʵʣʝʤʝʥʪʦʚ 13 ʛʨʫʧʧʳ ʇʝʨʠʦʜʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ. 

¶ ʆʧʨʝʜʝʣʝʥʠʝ ʩʦʩʪʘʚʘ, ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ʠ ʪʝʤʧʝʨʘʪʫʨ ʧʣʘʚʣʝʥʠʷ 

ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ ʘʥʘʣʠʟʘ, ʘ ʪʘʢʞʝ 

ʛʨʘʥʠʮ ʦʙʣʘʩʪʝʡ ʛʦʤʦʛʝʥʥʦʩʪʠ ʜʣʷ ʩʦʝʜʠʥʝʥʠʡ ʧʝʨʝʤʝʥʥʦʛʦ ʩʦʩʪʘʚʘ. 

¶ ʂʨʠʩʪʘʣʣʦʭʠʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʩʪʨʦʝʥʠʷ ʥʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʩʨʘʚʥʝʥʠʝ ʩʦ 

ʩʪʨʫʢʪʫʨʘʤʠ ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʚ, ʠʟʚʝʩʪʥʳʤʠ ʠʟ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ. 

¶ ɺʳʷʚʣʝʥʠʝ ʚʟʘʠʤʦʩʚʷʟʠ ʤʝʞʜʫ ʩʦʩʪʘʚʘʤʠ ʠ ʩʪʨʫʢʪʫʨʘʤʠ ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʚ ʠʟ 

ʩʠʩʪʝʤ R-Ru-In. 

¶ ʀʩʩʣʝʜʦʚʘʥʠʝ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ ʥʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠʟ ʩʠʩʪʝʤ R-Ru-In. 

ʆʙʲʝʢʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʦʪʦʞʞʸʥʥʳʝ ʧʨʠ ʊ = 600 Áʉ ʩʧʣʘʚʣʝʥʥʳʝ ʦʙʨʘʟʮʳ ʠʟ 

ʪʨʦʡʥʳʭ ʩʠʩʪʝʤ R-Ru-In (R = Pr, Nd, Sm, Gd, Tb, Dy, Ho, Er, Tm, Lu) ʠ R-Ru-Al  (R 

= Gd, Tb, Dy, Ho, Er, Tm). 

ʇʨʝʜʤʝʪ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʠʥʪʝʨʤʝʪʘʣʣʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ, ʦʙʨʘʟʫʶʱʠʝʩʷ ʚ 

ʩʠʩʪʝʤʘʭ R-Ru-In (R = Pr, Nd, Sm, Gd, Tb, Dy, Ho, Er, Tm, Lu) ʠ R-Ru-Al  (R = Gd, 

Tb, Dy, Ho, Er, Tm) ʧʨʠ ʊ = 600 Áʉ, ʠʭ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ, ʪʝʤʧʝʨʘʪʫʨʳ 

ʧʣʘʚʣʝʥʠʷ ʠ ʧʝʨʝʭʦʜʘ ʚ ʤʘʛʥʠʪʦʫʧʦʨʷʜʦʯʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ, ʪʠʧ ʤʘʛʥʠʪʥʦʛʦ 

ʧʝʨʝʭʦʜʘ. 

ʄʝʪʦʜʳ ʩʠʥʪʝʟʘ ʠ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʡ ʞʠʜʢʦʬʘʟʥʳʡ ʩʠʥʪʝʟ ʚ 

ʵʣʝʢʪʨʦʜʫʛʦʚʦʡ ʧʝʯʠ ʚ ʘʪʤʦʩʬʝʨʝ ʘʨʛʦʥʘ, ʪʝʨʤʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʧʦʣʫʯʝʥʥʳʭ 

ʩʧʣʘʚʦʚ ʚ ʚʘʢʫʫʤʠʨʦʚʘʥʥʳʭ ʢʚʘʨʮʝʚʳʭ ʘʤʧʫʣʘʭ ʧʨʠ ʊ = 600 Áʉ, ʨʝʥʪʛʝʥʦʬʘʟʦʚʳʡ 

ʘʥʘʣʠʟ (ʈʌɸ), ʫʪʦʯʥʝʥʠʝ ʩʪʨʫʢʪʫʨ ʩʦʝʜʠʥʝʥʠʡ ʧʦ ʤʝʪʦʜʫ ʈʠʪʚʝʣʴʜʘ, 

ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ (ʈʉɸ), ʣʦʢʘʣʴʥʳʡ 

ʨʝʥʪʛʝʥʦʩʧʝʢʪʨʘʣʴʥʳʡ ʘʥʘʣʠʟ (ʃʈʉɸ), ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʘʷ ʩʢʘʥʠʨʫʶʱʘʷ 

ʢʘʣʦʨʠʤʝʪʨʠʷ (ɼʉʂ). ʀʟʤʝʨʝʥʠʝ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ, ʩʪʘʪʠʯʝʩʢʦʡ ʠ ʜʠʥʘʤʠʯʝʩʢʦʡ 

ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ. 
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ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ: 

¶ ɺʧʝʨʚʳʝ ʩʠʥʪʝʟʠʨʦʚʘʥʳ, ʦʧʨʝʜʝʣʝʥʳ ʩʦʩʪʘʚ rʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ 

23 ʥʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʩʠʩʪʝʤʘʭ R-Ru-In (R = Pr, Nd, Sm, Gd, Tb, Dy, Ho, Er, 

Tm, Lu) ʠ 6 ʥʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʩʠʩʪʝʤʘʭ R-Ru-Al  (R = Gd, Tb, Dy, Ho, Er, 

Tm). 

¶ ɼʣʷ ʩʦʝʜʠʥʝʥʠʡ ʧʝʨʝʤʝʥʥʦʛʦ ʩʦʩʪʘʚʘ R2Ru1-xIn1+x ʠ R26(RuxIn1-x)17 (R = Dy, 

Ho, Er, Tm, Lu) ʚʧʝʨʚʳʝ ʦʧʨʝʜʝʣʝʥʳ ʛʨʘʥʠʮʳ ʠʭ ʦʙʣʘʩʪʝʡ ʛʦʤʦʛʝʥʥʦʩʪʠ. 

¶ ɺʳʷʚʣʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʦʪ 

ʩʦʜʝʨʞʘʥʠʷ ʈɿʕ. 

¶ ʋʩʪʘʥʦʚʣʝʥʳ ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʘʚʣʝʥʠʷ ʠ ʭʘʨʘʢʪʝʨ ʧʣʘʚʣʝʥʠʷ ʥʦʚʳʭ 

ʩʦʝʜʠʥʝʥʠʡ. 

¶ ʀʟʤʝʨʝʥʳ ʧʦʣʝʚʳʝ ʠ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ, ʘ ʪʘʢʞʝ 

ʧʦʣʫʯʝʥʳ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʩʪʘʪʠʯʝʩʢʦʡ ʤʘʛʥʠʪʥʦʡ 

ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʜʣʷ ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʚ Nd26(RuxIn1-x)17 ʠ Dy26(RuxIn1-x)17 ʧʨʠ 

x = 0.47, Gd6Ru2In; ʧʦʣʫʯʝʥʳ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʠ ʧʦʣʝʚʳʝ ʟʘʚʠʩʠʤʦʩʪʠ 

ʜʠʥʘʤʠʯʝʩʢʦʡ ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʜʣʷ ʩʦʝʜʠʥʝʥʠʷ Pr23Ru7In4. 

ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʠ ʧʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ: 

ʇʦʣʫʯʝʥʥʳʝ ʥʦʚʳʝ ʠʥʪʝʨʤʝʪʘʣʣʠʜʳ ʨʘʩʰʠʨʷʶʪ ʤʥʦʛʦʦʙʨʘʟʠʝ 

ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʩʧʨʘʚʦʯʥʳʤ ʤʘʪʝʨʠʘʣʦʤ ʜʣʷ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʠ ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʩʠʥʪʝʟʘ ʀʄʉ ʚ ʨʦʜʩʪʚʝʥʥʳʭ ʩʠʩʪʝʤʘʭ. 

ʂʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʩʦʝʜʠʥʝʥʠʷʭ Tm2RuIn, Lu2RuIn, 

Nd26(RuxIn1-x)17 x = 0.47, Pr21Ru8.2In5, Gd6Ru2In, Dy10RuAl3, Ho9.93RuAl3.07, 

Tm10RuAl3, ʜʝʧʦʥʠʨʦʚʘʥʥʳʭ ʚ ʦʙʲʝʜʠʥʝʥʥʫʶ ʩʪʨʫʢʪʫʨʥʫʶ ʙʘʟʫ CCDC/FIZ, ʤʦʞʝʪ 

ʙʳʪʴ ʦʩʥʦʚʦʡ ʜʣʷ ʢʨʠʩʪʘʣʣʦʭʠʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʩʪʨʫʢʪʫʨ ʠ ʧʨʠʥʮʠʧʦʚ 

ʧʦʩʪʨʦʝʥʠʷ ʥʦʚʳʭ ʨʦʜʩʪʚʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʤʘʛʥʠʪʥʳʭ 

ʠʟʤʝʨʝʥʠʡ ʤʦʛʫʪ ʥʘʡʪʠ ʧʨʠʤʝʥʝʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ, 

ʦʧʠʩʳʚʘʶʱʠʭ ʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʩʦʝʜʠʥʝʥʠʡ ʥʘ ʦʩʥʦʚʝ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ 

ʵʣʝʤʝʥʪʦʚ. ʀʥʪʝʨʤʝʪʘʣʣʠʜʳ Nd26(RuxIn1-x)17, Dy26(RuxIn1-x)17 ʧʨʠ ʭ = 0.47 ʠ 

Gd6Ru2In ʷʚʣʷʶʪʩʷ ʬʝʨʨʦʤʘʛʥʝʪʠʢʘʤʠ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʢʘʢ 
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ʣʝʛʠʨʫʶʱʠʝ ʜʦʙʘʚʢʠ ʢ ʧʦʩʪʦʷʥʥʳʤ ʤʘʛʥʠʪʘʤ, ʫʚʝʣʠʯʠʚʘʶʱʠʝ ʚʝʣʠʯʠʥʳ 

ʢʦʵʨʮʠʪʠʚʥʳʭ ʩʠʣ ʤʘʪʝʨʠʘʣʦʚ. 

ʇʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ: 

¶ ʉʦʝʜʠʥʝʥʠʷ ʚ ʩʠʩʪʝʤʘʭ R-Ru-In (R = Pr, Nd, Sm, Gd, Tb, Dy, Ho, Er, Tm, Lu) 

ʨʘʩʧʨʝʜʝʣʝʥʳ ʧʦ ʪʨʝʤ ʛʨʫʧʧʘʤ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʜʝʨʞʘʥʠʷ ʈɿʕ ʠ ʧʨʠʥʮʠʧʘ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ: ʀʄʉ ʧʝʨʚʦʡ ʛʨʫʧʧʳ 

(R8-xRu3In7+x, R3Ru1-xIn3, R39Ru12-xIn35, R16Ru5In14, R11Ru4In9, R3Ru2In4) 

ʧʦʩʪʨʦʝʥʳ ʠʟ ʬʨʘʛʤʝʥʪʦʚ ʪʠʧʘ AlB2 ʠ CsCl; ʚʪʦʨʦʡ (R2Ru1-xIn1+x, 

R26(RuxIn1-x)17, Pr21Ru8.2In5, Gd6Ru2In) ï ʠʟ ʩʦʯʝʪʘʥʠʷ ʪʝʪʨʘʛʦʥʘʣʴʥʳʭ ʧʨʠʟʤ ʠ 

ʘʥʪʠʧʨʠʟʤ ʠʟ ʘʪʦʤʦʚ ʈɿʕ, ʮʝʥʪʨʠʨʦʚʘʥʥʳʭ ʠʥʜʠʝʤ ʠ ʨʫʪʝʥʠʝʤ; ʪʨʝʪʴʝʡ 

(R4RuIn, Pr23Ru7In4, R10Ru1+xIn3-x) ï ʠʟ ʪʨʠʛʦʥʘʣʴʥʳʭ ʧʨʠʟʤ RuR6, ʧʫʩʪʳʭ 

ʦʢʪʘʵʜʨʦʚ R6 ʠ ʢʣʘʩʪʝʨʦʚ ʠʟ ʘʪʦʤʦʚ p-ʵʣʝʤʝʥʪʘ. 

¶ ʀʥʪʝʨʤʝʪʘʣʣʠʜʳ ʧʝʨʝʤʝʥʥʦʛʦ ʩʦʩʪʘʚʘ R2Ru1-xIn1+x ʠ R26(RuxIn1-x)17 (R = Dy-

Tm, Lu) ʩʫʱʝʩʪʚʫʶʪ ʚ ʦʙʣʘʩʪʠ ʛʦʤʦʛʝʥʥʦʩʪʠ ʟʘ ʩʯʝʪ ʚʟʘʠʤʥʦʛʦ ʟʘʤʝʱʝʥʠʷ 

ʘʪʦʤʦʚ ʨʫʪʝʥʠʷ ʠ ʠʥʜʠʷ ʚ ʩʚʦʠʭ ʧʦʟʠʮʠʷʭ. 

¶ ɻʝʦʤʝʪʨʠʯʝʩʢʘʷ ʬʦʨʤʘ ʢʣʘʩʪʝʨʦʚ, ʦʙʨʘʟʦʚʘʥʥʳʭ ʘʪʦʤʘʤʠ ʠʥʜʠʷ ʠʣʠ ʠʥʜʠʷ ʠ 

ʨʫʪʝʥʠʷ, ʤʝʥʷʝʪʩʷ ʩ ʪʝʪʨʘʵʜʨʠʯʝʩʢʦʡ ʥʘ ʧʣʦʩʢʫʶ ʪʨʝʫʛʦʣʴʥʫʶ ʧʨʠ ʧʝʨʝʭʦʜʝ 

ʦʪ ʩʪʨʫʢʪʫʨ ʩʦʝʜʠʥʝʥʠʡ R4RuIn (R = Ce, Pr, Nd, Sm) ʠ R23Ru7In4 (R = Ce, Pr) ʢ 

ʩʪʨʫʢʪʫʨʘʤ ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʚ R10Ru1+xIn3-x (R = Ho, Er, Lu) ʧʨʠ x = 1.1.  

¶ ʊʝʤʧʝʨʘʪʫʨʳ ʧʣʘʚʣʝʥʠʷ ʧʦʚʳʰʘʶʪʩʷ ʚ ʠʟʦʩʪʨʫʢʪʫʨʥʳʭ ʨʷʜʘʭ ʪʨʦʡʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʠʟ ʩʠʩʪʝʤ R-Ru-In ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʧʦʨʷʜʢʦʚʦʛʦ ʥʦʤʝʨʘ ʈɿʕ, 

ʚʭʦʜʷʱʝʛʦ ʚ ʩʦʩʪʘʚ ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʚ. 

¶ ʉʦʝʜʠʥʝʥʠʷ Nd26(RuxIn1-x)17, Dy26(RuxIn1-x)17 ʧʨʠ x = 0.47 ʠ Gd6Ru2In ʷʚʣʷʶʪʩʷ 

ʬʝʨʨʦʤʘʛʥʝʪʠʢʘʤʠ, ʘ ʠʥʪʝʨʤʝʪʘʣʣʠʜ Pr23Ru7In4 ï ʩʧʠʥʦʚʳʤ ʩʪʝʢʣʦʤ ʚ 

ʦʙʣʘʩʪʠ ʢʨʠʦʛʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨ. 

ɸʧʨʦʙʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ: 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʄʝʞʜʫʥʘʨʦʜʥʳʭ ʢʦʥʬʝʨʝʥʮʠʷʭ 

ʩʪʫʜʝʥʪʦʚ, ʘʩʧʠʨʘʥʪʦʚ ʠ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ çʃʦʤʦʥʦʩʦʚ-2019è çʃʦʤʦʥʦʩʦʚ-2021», 
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çʃʦʤʦʥʦʩʦʚ-2022è, çʃʦʤʦʥʦʩʦʚ-2023è (ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ, 2019, 2021-2023ʛ.), ʥʘ 

XIV ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʧʦ ʢʨʠʩʪʘʣʣʦʭʠʤʠʠ ʠʥʪʝʨʤʝʪʘʣʣʠʯʝʩʢʠʭ 

ʩʦʝʜʠʥʝʥʠʡ (IMC, 2019, ʛ. ʃʴʚʦʚ, ʋʢʨʘʠʥʘ) ʥʘ ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʧʦ 

ʩʦʝʜʠʥʝʥʠʷʤ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ (SCTE, ʛ. ɺʨʦʮʣʘʚ, ʇʦʣʴʰʘ, 2021ʛ.), ʥʘ X 

ʅʘʮʠʦʥʘʣʴʥʦʡ ʢʨʠʩʪʘʣʣʦʭʠʤʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ (ʇʨʠʵʣʴʙʨʫʩʴʝ, ʈʦʩʩʠʷ, 

2021ʛ.), ʥʘ XIII  ʠ XIV  ʂʦʥʬʝʨʝʥʮʠʷʭ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ ʧʦ ʦʙʱʝʡ ʠ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ 

ʭʠʤʠʠ (ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ, 2023 ʠ 2024ʛ.), ʥʘ ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʤʦʣʦʜʝʞʥʦʡ ʥʘʫʯʥʦʡ 

ʢʦʥʬʝʨʝʥʮʠʠ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ çʇʨʦʙʣʝʤʳ ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ 

ʨʝʛʠʦʥʘè (ʛ. ʋʣʘʥ-ʋʜʵ, ʈʦʩʩʠʷ, 2023ʛ.), ʥʘ 61-ʡ ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦʡ 

ʩʪʫʜʝʥʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ (ʛ. ʅʦʚʦʩʠʙʠʨʩʢ, ʈʦʩʩʠʷ, 2023ʛ.), ʥʘ XI ʅʘʮʠʦʥʘʣʴʥʦʡ 

ʢʨʠʩʪʘʣʣʦʭʠʤʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ (ʅʘʣʴʯʠʢ, ʈʦʩʩʠʷ, 2024ʛ.). ʇʦ ʪʝʤʝ ʨʘʙʦʪʳ 

ʦʧʫʙʣʠʢʦʚʘʥʦ 4 ʩʪʘʪʴʠ ʚ ʨʦʩʩʠʡʩʢʠʭ ʠ ʟʘʨʫʙʝʞʥʳʭ ʞʫʨʥʘʣʘʭ ʠ 12 ʪʝʟʠʩʦʚ 

ʜʦʢʣʘʜʦʚ ʥʘ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʠ ʥʘʮʠʦʥʘʣʴʥʳʭ ʢʦʥʬʝʨʝʥʮʠʷʭ. 

ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ: 

ɸʚʪʦʨ ʧʨʦʚʝʣ ʩʙʦʨ ʠ ʘʥʘʣʠʟ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʧʦ ʪʝʤʝ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ 

ʠʩʩʣʝʜʦʚʘʥʠʷ, ʚʳʧʦʣʥʠʣ ʩʠʥʪʝʟ ʪʨʦʡʥʳʭ ʀʄʉ ʠ ʜʘʣʴʥʝʡʰʫʶ ʪʝʨʤʠʯʝʩʢʫʶ 

ʦʙʨʘʙʦʪʢʫ ʧʦʣʫʯʝʥʥʳʭ ʦʙʨʘʟʮʦʚ, ʘ ʪʘʢʞʝ ʠʭ ʧʨʦʙʦʧʦʜʛʦʪʦʚʢʫ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ ʘʥʘʣʠʟʘ. ɼʠʩʩʝʨʪʘʥʪʦʤ ʦʧʨʝʜʝʣʝʥʳ ʩʪʨʫʢʪʫʨʳ 

ʩʦʝʜʠʥʝʥʠʡ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʈʉɸ ʠ ʈʌɸ, ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʜʘʥʥʳʭ 

ʃʈʉɸ ʠ ɼʉʂ. ɸʚʪʦʨ ʚʳʧʦʣʥʠʣ ʩʠʩʪʝʤʘʪʠʟʘʮʠʶ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʠ 

ʧʦʜʛʦʪʦʚʠʣ ʤʘʪʝʨʠʘʣʳ ʜʣʷ ʧʫʙʣʠʢʘʮʠʡ ʚ ʥʘʫʯʥʳʭ ʞʫʨʥʘʣʘʭ ʠ ʜʦʢʣʘʜʦʚ ʥʘ 

ʢʦʥʬʝʨʝʥʮʠʷʭ. ʈʝʛʠʩʪʨʘʮʠʶ ʧʦʨʦʰʢʦʚʳʭ ʨʝʥʪʛʝʥʦʛʨʘʤʤ, ʤʠʢʨʦʩʪʨʫʢʪʫʨ, 

ʪʝʨʤʦʛʨʘʤʤ ʧʨʦʚʦʜʠʣʠ ʥʘ ʢʘʬʝʜʨʝ ʦʙʱʝʡ ʭʠʤʠʠ ʧʨʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʤ ʫʯʘʩʪʠʠ 

ʘʚʪʦʨʘ. ʈʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ ʤʦʥʦʢʨʠʩʪʘʣʴʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ ʧʨʦʚʦʜʠʣʠ 

ʩʦʚʤʝʩʪʥʦ ʩ ʚ.ʥ.ʩ. ʣʘʙ. ʢʨʠʩʪʘʣʣʦʭʠʤʠʠ ʠ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʀʆʅʍ 

ʈɸʅ ʜ.ʭ.ʥ. ʀʣʶʭʠʥʳʤ ɸ.ɹ. ʀʟʤʝʨʝʥʠʷ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ ʥʦʚʳʭ ʪʨʦʡʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʧʨʦʚʦʜʠʣʠ ʟʘʚ. ʣʘʙ. ʤʘʛʥʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʀʆʅʍ ʈɸʅ ʢ.ʭ.ʥ. ɽʬʠʤʦʚ 

ʅ.ʅ. ʠ ʩ.ʥ.ʩ. ʦʪʜʝʣʘ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʠ ʢʨʠʦʛʝʥʥʦʡ ʪʝʭʥʠʢʠ ʀʆʌ ʈɸʅ ʢ.ʬ.-ʤ.ʥ. 
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ʉʝʤʝʥʦ ɸ.ɺ. ɸʚʪʦʨ ʧʨʠʥʠʤʘʣ ʫʯʘʩʪʠʝ ʚ ʦʙʨʘʙʦʪʢʝ ʠ ʦʙʩʫʞʜʝʥʠʠ ʧʦʣʫʯʝʥʥʳʭ 

ʨʝʟʫʣʴʪʘʪʦʚ ʤʘʛʥʠʪʥʳʭ ʠʟʤʝʨʝʥʠʡ. 

ʉʪʨʫʢʪʫʨʘ ʠ ʦʙʲʝʤ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ: 

ɼʠʩʩʝʨʪʘʮʠʦʥʥʘʷ ʨʘʙʦʪʘ ʩʦʩʪʦʠʪ ʠʟ ʚʚʝʜʝʥʠʷ, ʦʙʟʦʨʘ ʣʠʪʝʨʘʪʫʨʳ, 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʯʘʩʪʠ, ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʦʙʩʫʞʜʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ, 

ʟʘʢʣʶʯʝʥʠʷ, ʚʳʚʦʜʦʚ, ʩʧʠʩʢʘ ʣʠʪʝʨʘʪʫʨʳ, ʧʨʠʣʦʞʝʥʠʷ ʠ ʙʣʘʛʦʜʘʨʥʦʩʪʝʡ. ʈʘʙʦʪʘ 

ʠʟʣʦʞʝʥʘ ʥʘ 153 ʩʪʨʘʥʠʮʘʭ ʧʝʯʘʪʥʦʛʦ ʪʝʢʩʪʘ (ʠʟ ʥʠʭ 12 ʩʪʨʘʥʠʮ ʧʨʠʣʦʞʝʥʠʷ), 

ʩʦʜʝʨʞʠʪ 73 ʨʠʩʫʥʢʘ ʠ 51 ʪʘʙʣʠʮʫ. ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ ʚʢʣʶʯʘʝʪ 137 

ʥʘʠʤʝʥʦʚʘʥʠʡ. 
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2. ʆʙʟʦʨ ʣʠʪʝʨʘʪʫʨʳ 

2.1 ʌʠʟʠʯʝʩʢʠʝ ʠ ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʠʩʭʦʜʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ 

ʂ ʩʝʤʝʡʩʪʚʫ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʦʪʥʦʩʷʪ 16 ʵʣʝʤʝʥʪʦʚ ʧʝʨʠʦʜʠʯʝʩʢʦʡ 

ʪʘʙʣʠʮʳ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ɼ.ʀ. ʄʝʥʜʝʣʝʝʚʘ: ʠʪʪʨʠʡ, ʣʘʥʪʘʥ ʠ 14 

ʣʘʥʪʘʥʦʠʜʦʚ (Ce-Lu). ɺ ʪʘʙʣʠʮʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʝʢʦʪʦʨʳʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʈɿʕ, ʘ ʪʘʢʞʝ ʨʫʪʝʥʠʷ, ʠʥʜʠʷ ʠ ʘʣʶʤʠʥʠʷ (ʪʘʙʣ. 1), ʠʥʬʦʨʤʘʮʠʷ ʦ 

ʢʦʪʦʨʳʭ ʥʝʦʙʭʦʜʠʤʘ ʧʨʠ ʩʠʥʪʝʟʝ ʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʀʄʉ. 

ʊʘʙʣʠʮʘ 1. ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ, 

ʨʫʪʝʥʠʷ, ʠʥʜʠʷ ʠ ʘʣʶʤʠʥʠʷ [13]. 

 

ʕʣʝʢʪʨʦʥʥʘʷ 

ʢʦʥʬʠʛʫʨʘʮʠʷ ʚ 

ʦʩʥʦʚʥʦʤ 

ʩʦʩʪʦʷʥʠʠ 

ʄʝʪʘʣʣʠʯʝʩʢʠʡ 

ʨʘʜʠʫʩ, Å 

ɸʪʦʤʥʳʡ 

ʨʘʜʠʫʩ, Å 

ʂʦʚʘʣʝʥʪʥʳʡ 

ʨʘʜʠʫʩ, Å 

ʊʝʤʧʝʨʘʪʫʨʘ 

ʧʣʘʚʣʝʥʠʷ 

Áʉ 

Y [Kr]4d15s2 1.81 1.81 1.62 1522 

La [Xe]5d16s2 1.87 1.90 1.69 920 

Ce [Xe]4f15d16s2 1.81 1.85 1.65 795 

Pr [Xe]4f36s2 1.83 1.84 1.65 931 

Nd [Xe]4f46s2 1.82 1.83 1.62 1021 

Pm [Xe]4f56s2 1.84 1.84 1.69 1170 

Sm [Xe]4f66s2 1.80 1.82 1.62 1074 

Eu [Xe]4f76s2 2.07 2.08 1.85 822 

Gd [Xe]4f75d16s2 1.79 1.80 1.61 1313 

Tb [Xe]4f96s2 1.78 1.81 1.59 1356 

Dy [Xe]4f106s2 1.80 1.81 1.59 1412 

Ho [Xe]4f116s2 1.77 1.79 1.58 1474 

Er [Xe]4f126s2 1.77 1.78 1.57 1529 

Tm [Xe]4f136s2 1.76 1.77 1.56 1545 

Yb [Xe]4f146s2 1.93 1.94 1.70 824 

Lu [Xe]4f145d16s2 1.74 1.75 1.56 1663 

Ru [Kr]4d75s1 1.33 1.34 1.24 2334 

In [Kr] 4d105s25p1 1.63 1.63 1.50 157 

Al  [Ne]3s23p1 1.43 1.43 1.25 660 

ɺ ʟʘʧʦʣʥʝʥʠʠ ʚʘʣʝʥʪʥʳʤʠ ʵʣʝʢʪʨʦʥʘʤʠ ʵʣʝʢʪʨʦʥʥʳʭ ʦʙʦʣʦʯʝʢ ʘʪʦʤʦʚ 

ʣʘʥʪʘʥʦʠʜʦʚ ʥʘʙʣʶʜʘʝʪʩʷ ʦʧʨʝʜʝʣʝʥʥʘʷ ʧʝʨʠʦʜʠʯʥʦʩʪʴ: ʧʦʨʷʜʦʢ ʟʘʧʦʣʥʝʥʠʷ 

ʵʣʝʢʪʨʦʥʘʤʠ ʘʪʦʤʦʚ ʚʪʦʨʦʡ ʧʦʣʦʚʠʥʳ ʩʝʤʝʡʩʪʚʘ (Tb-Lu) ʧʦʚʪʦʨʷʝʪ ʧʦʨʷʜʦʢ 

ʟʘʧʦʣʥʝʥʠʷ ʵʣʝʢʪʨʦʥʘʤʠ ʘʪʦʤʦʚ ʠʟ ʧʝʨʚʦʡ ʧʦʣʦʚʠʥʳ (Ce-Gd). ʀʟʤʝʥʝʥʠʝ 

ʥʝʢʦʪʦʨʳʭ ʜʨʫʛʠʭ ʩʚʦʡʩʪʚ ʣʘʥʪʘʥʦʠʜʦʚ ʠʤʝʝʪ ʙʦʣʝʝ ʩʣʦʞʥʳʡ ʭʘʨʘʢʪʝʨ. 

ɿʘʚʠʩʠʤʦʩʪʴ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʨʘʜʠʫʩʘ ʘʪʦʤʦʚ ʦʪ ʧʦʨʷʜʢʦʚʦʛʦ ʥʦʤʝʨʘ ʠʤʝʝʪ 
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ʥʝʤʦʥʦʪʦʥʥʳʡ ʭʘʨʘʢʪʝʨ ʩ ʤʘʢʩʠʤʫʤʘʤʠ ʥʘ 63 ʠ 70 ʥʦʤʝʨʝ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ Eu ʠ 

Yb (ʨʠʩ.1). ɸʥʦʤʘʣʴʥʦ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʨʘʜʠʫʩʦʚ ʫ Eu ʠ Yb 

ʩʚʷʟʘʥʳ ʩ ʪʝʤ, ʯʪʦ ʫʯʘʩʪʠʝ ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʩʚʷʟʠ ʧʨʠʥʠʤʘʶʪ ʪʦʣʴʢʦ ʜʚʘ ʚʥʝʰʥʠʭ s-

ʵʣʝʢʪʨʦʥʘ. ɸʥʘʣʦʛʠʯʥʳʤ ʦʙʨʘʟʦʤ ʤʝʥʷʶʪʩʷ ʙʦʣʴʰʠʥʩʪʚʦ ʜʨʫʛʠʭ ʩʚʦʡʩʪʚ 

ʣʘʥʪʘʥʦʠʜʦʚ, ʧʦʵʪʦʤʫ ʚ ʣʠʪʝʨʘʪʫʨʝ ʜʣʷ ʪʘʢʦʛʦ ʪʠʧʘ ʟʘʚʠʩʠʤʦʩʪʠ ʩʚʦʡʩʪʚ 

ʣʘʥʪʘʥʦʠʜʦʚ ʦʪ ʠʭ ʧʦʨʷʜʢʦʚʦʛʦ ʥʦʤʝʨʘ: ʨʝʟʢʠʡ ʩʢʘʯʦʢ ʫ Gd ʠ ʧʦʩʪʦʷʥʩʪʚʦ ʚ 

ʩʝʨʝʜʠʥʝ ʮʝʨʠʝʚʦʡ (Ce-Eu) ʠ ʠʪʪʨʠʝʚʦʡ (Gd-Lu) ʛʨʫʧʧ, ʩʫʱʝʩʪʚʫʝʪ ʥʘʟʚʘʥʠʝ -

ʪʝʪʨʘʜ-ʵʬʬʝʢʪ [14]. 

 

ʈʠʩ. 1. ɿʘʚʠʩʠʤʦʩʪʴ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʨʘʜʠʫʩʘ ʦʪ ʧʦʨʷʜʢʦʚʦʛʦ ʥʦʤʝʨʘ ʚ ʨʷʜʫ ʈɿʕ 

[14]. 

2.2 ʌʘʟʦʚʳʝ ʜʠʘʛʨʘʤʤʳ ʜʚʦʡʥʳʭ ʩʠʩʪʝʤ 

ɺʚʠʜʫ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʵʣʝʤʝʥʪʦʚ ʯʠʩʣʦ 

ʚʘʨʠʘʥʪʦʚ ʜʚʦʡʥʳʭ ʩʠʩʪʝʤ ʙʫʜʝʪ ʢʨʘʡʥʝ ʚʝʣʠʢʦ, ʧʦʵʪʦʤʫ ʨʘʮʠʦʥʘʣʴʥʦ ʙʫʜʝʪ 

ʩʛʨʫʧʧʠʨʦʚʘʪʴ ʜʚʦʡʥʳʝ ʩʠʩʪʝʤʳ ʧʦ ʪʠʧʫ ʦʙʨʘʟʫʶʱʠʭʩʷ ʚ ʥʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠ 

ʦʙʩʫʞʜʘʪʴ ʪʦʣʴʢʦ ʦʜʥʫ ʚ ʢʘʯʝʩʪʚʝ ʧʨʝʜʩʪʘʚʠʪʝʣʷ ʚʩʝʡ ʛʨʫʧʧʳ. ʂʨʦʤʝ ʪʦʛʦ, ʙʫʜʫʪ 

ʠʩʢʣʶʯʝʥʳ ʠʟ ʨʘʩʩʤʦʪʨʝʥʠʷ ʜʚʦʡʥʳʝ ʩʠʩʪʝʤʳ ʩ ʈɿʕ, ʢʦʪʦʨʳʝ ʥʝ ʠʩʧʦʣʴʟʦʚʘʣʠ ʚ 

ʨʘʙʦʪʝ, ʘ ʠʤʝʥʥʦ: Y, La, Ce, Pm, Eu, Yb. ʇʦ ʩʦʚʦʢʫʧʥʦʩʪʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʥʳʭ 
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ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʩʠʩʪʝʤʳ R-In ʤʦʞʥʦ ʨʘʟʙʠʪʴ ʥʘ 3 ʛʨʫʧʧʳ: { Pr, Nd, Sm} -In, 

{ Gd, Tb, Dy, Ho, Er} -In, {Tm, Lu} -In. 

ʇʝʨʚʫʶ ʛʨʫʧʧʫ { Pr, Nd, Sm} -In ʙʫʜʝʤ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʥʘ ʧʨʠʤʝʨʝ ʩʠʩʪʝʤʳ 

Nd-In. ɺ ʜʚʦʡʥʦʡ ʩʠʩʪʝʤʝ ʦʙʨʘʟʫʝʪʩʷ ʧʷʪʴ ʩʦʝʜʠʥʝʥʠʡ ʩʦʩʪʘʚʘ: NdIn3, Nd3In5, 

NdIn, Nd2In, Nd3In (ʪʘʙʣ. 2), ʯʝʪʳʨʝ ʠʟ ʢʦʪʦʨʳʭ ʩʫʱʝʩʪʚʫʶʪ ʚ ʫʟʢʠʭ ʦʙʣʘʩʪʷʭ 

ʛʦʤʦʛʝʥʥʦʩʪʠ, ʦʪʚʝʯʘʶʱʠʭ ʠʜʝʘʣʴʥʦʡ ʩʪʝʭʠʦʤʝʪʨʠʠ, ʘ ʦʙʣʘʩʪʴ ʛʦʤʦʛʝʥʥʦʩʪʠ 

ʩʦʝʜʠʥʝʥʠʷ NdIn ʩʥʘʯʘʣʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʦʪ ʥʘʯʘʣʘ ʧʣʘʚʣʝʥʠʷ ʜʦʩʪʠʛʘʝʪ ʩʚʦʝʛʦ 

ʤʘʢʩʠʤʫʤʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1070 Áʉ, ʘ ʟʘʪʝʤ ʩʫʞʘʝʪʩʷ ʠ ʩʪʘʥʦʚʠʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ 

ʧʦʩʪʦʷʥʥʦʡ, ʨʘʚʥʦʡ ʦʢʦʣʦ 3.5 ʘʪ. % (ʨʠʩ. 2). ʉʦʝʜʠʥʝʥʠʷ NdIn3, Nd3In5, NdIn 

ʦʙʨʘʟʫʶʪʩʷ ʨʝʘʢʮʠʷʤ: 

L ź NdIn + Nd3In5; T = 1130 °ʉ 

L ź NdIn3 + In; T = 157 °ʉ 

ʉʦʝʜʠʥʝʥʠʷ Nd2In ʠ Nd3In ʦʙʨʘʟʫʶʪʩʷ ʧʦ ʧʝʨʠʪʝʢʪʠʯʝʩʢʠʤ ʨʝʘʢʮʠʷʤ: 

L+ NdIn ź Nd2In; T = 1070 °ʉ 

L+ Nd2In ź Nd3In; T = 930 °ʉ 

ʈʘʩʪʚʦʨʠʤʦʩʪʴ In ʚ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʤʦʜʠʬʠʢʘʮʠʠ Nd(ht) ʜʦʩʪʘʪʦʯʥʦ 

ʚʝʣʠʢʘ ʠ ʜʦʩʪʠʛʘʝʪ ʦʢʦʣʦ 12 ʘʪ. % In ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 880 °ʉ. ʊʚʝʨʜʳʡ ʨʘʩʪʚʦʨ In 

ʚ Nd ʵʚʪʝʢʪʦʠʜʥʦ ʨʘʩʧʘʜʘʝʪʩʷ ʧʦ ʨʝʘʢʮʠʠ: 

Nd(ht) ź Nd(rt)+ Nd3In; T = 740 °ʉ  

ʈʘʩʪʚʦʨʠʤʦʩʪʴ In ʚ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʤʦʜʠʬʠʢʘʮʠʠ Nd(rt) ʩʪʘʥʦʚʠʪʩʷ 

ʤʝʥʴʰʝ ʠ ʧʨʠ ʜʦʩʪʠʞʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ 500 °ʉ ʧʨʘʢʪʠʯʝʩʢʠ ʦʪʩʫʪʩʪʚʫʝʪ [15]. 
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ʈʠʩ. 2. ɼʠʘʛʨʘʤʤʘ ʩʦʩʪʦʷʥʠʷ Nd-In [16]. 

ʊʘʙʣʠʮʘ 2. ʂʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʦʝʜʠʥʝʥʠʡ ʩʠʩʪʝʤʳ Nd-In [17-

19]. 

ʉʦʝʜʠʥʝʥʠʝ  
ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ 

ʛʨʫʧʧʘ 

ʉʪʨʫʢʪʫʨʥʳʡ 

ʪʠʧ 

ʇʘʨʘʤʝʪʨʳ ʵʣʝʤʝʥʪʘʨʥʦʡ 

ʷʯʝʡʢʠ, Å 

a b c 

NdIn3 Pm-3m AuCu3 4.642 - - 

Nd3In5 Cmcm Pu3Pd5 10.081 8.155 10.44 

NdIn Pm-3m CsCl 3.819 - - 

Nd2In P63/mmc Ni2In 5.511 - 6.872 

Nd3In Pm-3m AuCu3 4.943 - - 

ɺʪʦʨʫʶ ʛʨʫʧʧʫ ʩʠʩʪʝʤ { Gd, Tb, Dy, Ho, Er} -In ʨʘʩʩʤʦʪʨʠʤ ʥʘ ʧʨʠʤʝʨʝ 

ʩʠʩʪʝʤʳ Dy-In (ʨʠʩ. 3). ɺ ʜʚʦʡʥʦʡ ʩʠʩʪʝʤʝ ʦʙʨʘʟʫʶʪʩʷ ʧʷʪʴ ʩʦʝʜʠʥʝʥʠʡ ʩʦʩʪʘʚʘ: 

DyIn3, Dy3In5, DyIn, Dy2In, Dy5In3 (ʪʘʙʣ. 3), ʯʝʪʳʨʝ ʠʟ ʢʦʪʦʨʳʭ ʧʣʘʚʷʪʩʷ 

ʢʦʥʛʨʫʵʥʪʥʦ, ʘ ʩʦʝʜʠʥʝʥʠʝ Dy5In3 ʦʙʨʘʟʫʝʪʩʷ ʧʦ ʝʜʠʥʩʪʚʝʥʥʦʡ ʚ ʩʠʩʪʝʤʝ 

ʧʝʨʠʪʝʢʪʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ, ʯʪʦ ʦʪʣʠʯʘʝʪ ʩʠʩʪʝʤʳ ʚʪʦʨʦʡ ʛʨʫʧʧʳ ʦʪ ʧʝʨʚʦʡ: 

L+DyIn ź Dy5In3; T = 1220 °ʉ 

ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ ʨʷʜ ʩʭʦʜʩʪʚ ʤʝʞʜʫ ʵʪʠʤʠ ʩʠʩʪʝʤʘʤʠ: ʥʘʣʠʯʠʝ ʵʚʪʝʢʪʠʢ ʚ 

ʦʜʠʥʘʢʦʚʦʤ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʜʠʘʧʘʟʦʥʝ, ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʩʦʝʜʠʥʝʥʠʷ ʵʢʚʠʘʪʦʤʥʦʛʦ 

ʩʦʩʪʘʚʘ ʚ ʦʙʣʘʩʪʠ ʛʦʤʦʛʝʥʥʦʩʪʠ, ʟʘʚʠʩʠʤʦʩʪʴ ʢʦʪʦʨʦʡ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʤʝʥʷʝʪʩʷ 
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ʧʦʜʦʙʥʳʤ ʦʙʨʘʟʦʤ ʚ ʩʠʩʪʝʤʘʭ, ʧʝʨʝʪʝʢʪʦʠʜʥʦʝ ʧʨʝʚʨʘʱʝʥʠʝ ʩ ʫʯʘʩʪʠʝʤ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʤʦʜʠʬʠʢʘʮʠʠ ʈɿʕ ʠ ʟʥʘʯʠʪʝʣʴʥʘʷ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʠʥʜʠʷ ʚ 

ʈɿʕ ʧʨʠ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. 

 

ʈʠʩ. 3. ɼʠʘʛʨʘʤʤʘ ʩʦʩʪʦʷʥʠʷ Dy-In [20]. 

ʊʘʙʣʠʮʘ 3. ʂʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʦʝʜʠʥʝʥʠʡ ʩʠʩʪʝʤʳ Dy-In 

[21,22]. 

ʉʦʝʜʠʥʝʥʠʝ  
ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ 

ʛʨʫʧʧʘ 

ʉʪʨʫʢʪʫʨʥʳʡ 

ʪʠʧ 

ʇʘʨʘʤʝʪʨʳ ʵʣʝʤʝʥʪʘʨʥʦʡ 

ʷʯʝʡʢʠ, Å 

a b c 

DyIn3 Pm-3m AuCu3 4.573 - - 

Dy3In5 Cmcm Pu3Pd5 9.835 7.99 10.26 

DyIn Pm-3m CsCl 3.791 - - 

Dy2In P63/mmc Ni2In 5.349 - 6.675 

Dy5In3 I4/mcm W5Si3 12.120 - 5.960 

ʇʦʩʣʝʜʥʶʶ ʛʨʫʧʧʫ ʩʠʩʪʝʤ R-In ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʠʩʪʝʤʳ: Tm-In, Lu-In. 

ʈʘʩʩʤʘʪʨʠʚʘʪʴ ʙʫʜʝʤ ʠʭ ʥʘ ʧʨʠʤʝʨʝ ʩʠʩʪʝʤʳ Tm-In (ʨʠʩ. 4). ɺ ʜʚʦʡʥʦʡ ʩʠʩʪʝʤʝ 

ʦʙʨʘʟʫʝʪʩʷ ʧʷʪʴ ʩʦʝʜʠʥʝʥʠʡ: TmIn3, Tm3In5, Tm5In4, TmIn, Tm2In (ʪʘʙʣ. 4), ʠʟ 

ʢʦʪʦʨʳʭ ʧʝʨʚʳʝ ʪʨʠ ʧʣʘʚʷʪʩʷ ʢʦʥʛʨʫʵʥʪʥʦ, ʘ ʩʦʝʜʠʥʝʥʠʷ TmIn ʠ Tm2In 

ʦʙʨʘʟʫʶʪʩʷ ʧʦ ʧʝʨʠʪʝʢʪʠʯʝʩʢʠʤ ʨʝʘʢʮʠʷʤ: 
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L+ Tm5In4 ź TmIn; T = 1210 °ʉ 

L+ Tm5In4 ź Tm2In; T = 1200 °ʉ 

ʉʦʝʜʠʥʝʥʠʝ Tm5In4, ʭʘʨʘʢʪʝʨʥʦʝ ʪʦʣʴʢʦ ʜʣʷ ʵʪʦʡ ʛʨʫʧʧʳ ʩʠʩʪʝʤ ʩʫʱʝʩʪʚʫʝʪ 

ʚ ʦʙʣʘʩʪʠ ʛʦʤʦʛʝʥʥʦʩʪʠ, ʛʨʘʥʠʮʳ ʢʦʪʦʨʦʡ ʤʘʢʩʠʤʘʣʴʥʳ ʧʨʠ ʚʳʩʦʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ, ʘ ʧʨʠ ʧʦʥʠʞʝʥʠʠ ʩʫʞʘʶʪʩʷ ʠ ʚʳʭʦʜʷʪ ʥʘ ʢʦʥʩʪʘʥʪʫ, ʨʘʚʥʫʶ ʦʢʦʣʦ 

2.5 ʘʪ. %. ʉʦʝʜʠʥʝʥʠʷ TmIn3 ʠ Tm3In5 ʦʙʨʘʟʫʶʪʩʷ ʧʦ ʵʚʪʝʢʪʠʯʝʩʢʠʤ ʨʝʘʢʮʠʷʤ, 

ʘʥʘʣʦʛʠʯʥʳʤ ʨʝʘʢʮʠʷʤ ʠʟ ʧʨʝʜʳʜʫʱʠʭ ʩʠʩʪʝʤ, ʦʜʥʘʢʦ ʩʦʝʜʠʥʝʥʠʝ Tm3In5 ʠʤʝʝʪ 

ʩʪʨʫʢʪʫʨʫ, ʦʪʣʠʯʥʫʶ ʦʪ ʩʪʨʫʢʪʫʨ ʠʟʦʬʦʨʤʫʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩ ʈɿʕ ʥʘʯʘʣʘ ʠ 

ʩʝʨʝʜʠʥʳ ʨʷʜʘ. ʈʘʩʪʚʦʨʠʤʦʩʪʴ ʠʥʜʠʷ ʚ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʤʦʜʠʬʠʢʘʮʠʠ ʈɿʕ ʚ 

ʩʠʩʪʝʤʘʭ ʩ ʪʫʣʠʝʤ ʠ ʣʶʪʝʮʠʝʤ ʥʘʠʙʦʣʴʰʘʷ ʠ ʜʦʩʪʠʛʘʝʪ 20 ʘʪ. %.  

 

ʈʠʩ. 4. ɼʠʘʛʨʘʤʤʘ ʩʦʩʪʦʷʥʠʷ Tm-In [23]. 

ʊʘʙʣʠʮʘ 4. ʂʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʦʝʜʠʥʝʥʠʡ ʩʠʩʪʝʤʳ Tm-In 

[24,25]. 

ʉʦʝʜʠʥʝʥʠʝ  
ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ 

ʛʨʫʧʧʘ 

ʉʪʨʫʢʪʫʨʥʳʡ 

ʪʠʧ 

ʇʘʨʘʤʝʪʨʳ ʵʣʝʤʝʥʪʘʨʥʦʡ 

ʷʯʝʡʢʠ, Å 

a b c 

TmIn3 Pm-3m AuCu3 4.549 - - 

Tm3In5 Pnma Tm3Ga5 12.107 10.243 6.351 

TmIn Pm-3m CsCl 3.739 - - 
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Tm2In P63/mmc Ni2In 5.273 - 6.620 

Tm5In4 P63/mcm Ti5Ga4 9.095 - 6.568 

ɼʚʦʡʥʳʝ ʩʠʩʪʝʤʳ R-Ru ʨʘʟʜʝʣʠʤ ʥʘ ʯʝʪʳʨʝ ʛʨʫʧʧʳ { Pr, Nd} -Ru, {Sm, Gd, 

Tb} -Ru, {Dy, Ho, Er} -Ru, {Tm, Lu} -Ru. 

ʇʘʨʫ ʩʠʩʪʝʤ { Pr, Nd} -Ru ʙʫʜʝʤ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʥʘ ʧʨʠʤʝʨʝ ʩʠʩʪʝʤʳ ʩ Pr (ʨʠʩ. 

5). ɺ ʩʠʩʪʝʤʝ ʦʙʨʘʟʫʝʪʩʷ ʯʝʪʳʨʝ ʩʦʝʜʠʥʝʥʠʷ ʩʦʩʪʘʚʘ: Pr3Ru, Pr5Ru2, Pr5Ru3, PrRu2 

(ʪʘʙʣ. 5). ʊʦʣʴʢʦ ʦʜʥʦ ʩʦʝʜʠʥʝʥʠʝ Pr5Ru2 ʧʣʘʚʠʪʩʷ ʢʦʥʛʨʫʵʥʪʥʦ, ʘ ʦʩʪʘʣʴʥʳʝ 

ʦʙʨʘʟʫʶʪʩʷ ʧʦ ʧʝʨʠʪʝʢʪʠʯʝʩʢʠʤ ʨʝʘʢʮʠʷʤ: 

L+ Pr5Ru2 ź Pr3Ru T = 1000 °ʉ 

L+ PrRu2 ź Pr5Ru3 T = 975 °ʉ 

L+ (Ru) ź PrRu2 T = 1681 °ʉ 

ɺ ʩʠʩʪʝʤʝ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʜʚʘ ʵʚʪʝʢʪʠʯʝʩʢʠʭ ʨʘʚʥʦʚʝʩʠʷ: 

L ź Pr(ht) + Pr3Ru; T = 1130 °ʉ 

L ź Pr5Ru3 + Pr5Ru2; T = 900 °ʉ 

ʂʦʤʧʦʥʝʥʪʳ ʦʙʨʘʟʫʶʪ ʦʛʨʘʥʠʯʝʥʥʳʝ ʪʚʝʨʜʳʝ ʨʘʩʪʚʦʨʳ: ʪʚʝʨʜʳʡ ʨʘʩʪʚʦʨ ʥʘ 

ʦʩʥʦʚʝ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʤʦʜʠʬʠʢʘʮʠʠ ʧʨʘʟʝʦʜʠʤʘ ʠ ʪʚʝʨʜʳʡ ʨʘʩʪʚʦʨ ʥʘ 

ʦʩʥʦʚʝ ʨʫʪʝʥʠʷ. ʈʘʩʪʚʦʨʠʤʦʩʪʴ ʢʦʤʧʦʥʝʥʪʦʚ ʜʨʫʛ ʚ ʜʨʫʛʝ ʥʝʚʝʣʠʢʘ ʠ ʩʦʩʪʘʚʣʷʝʪ 

ʥʝʩʢʦʣʴʢʦ ʘʪʦʤʥʳʭ ʧʨʦʮʝʥʪʦʚ. 
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ʈʠʩ. 5. ɼʠʘʛʨʘʤʤʘ ʩʦʩʪʦʷʥʠʷ Pr-Ru [26]. 

ʊʘʙʣʠʮʘ 5. ʂʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʦʝʜʠʥʝʥʠʡ ʩʠʩʪʝʤʳ Pr-Ru 

[27-30]. 

ʉʦʝʜʠʥʝʥʠʝ  
ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ 

ʛʨʫʧʧʘ 

ʉʪʨʫʢʪʫʨʥʳʡ 

ʪʠʧ 

ʇʘʨʘʤʝʪʨʳ ʵʣʝʤʝʥʪʘʨʥʦʡ 

ʷʯʝʡʢʠ, Å 

a b c 

Pr3Ru Pnma Fe3C 7.379 9.768 6.435 

Pr5Ru2 C2/c Mn5C2 16.424 
6.545 

ɓ=96.46° 
7.341 

Pr5Ru3 - - - - - 

PrRu2 Fd-3m MgCu2 7.624 - - 

ʉʣʝʜʫʶʱʫʶ ʛʨʫʧʧʫ ʩʠʩʪʝʤ { Sm, Gd, Tb} -Ru ʨʘʩʩʤʦʪʨʠʤ ʥʘ ʧʨʠʤʝʨʝ 

ʩʠʩʪʝʤʳ Gd-Ru (ʨʠʩ. 6). ɺ ʜʚʦʡʥʦʡ ʩʠʩʪʝʤʝ ʦʙʨʘʟʫʝʪʩʷ ʯʝʪʳʨʝ ʩʦʝʜʠʥʝʥʠʷ: GdRu2, 

Gd5Ru2, Gd44Ru25, Gd3Ru (ʪʘʙʣ. 6). ʇʝʨʚʳʝ ʜʚʘ ʩʦʝʜʠʥʝʥʠʷ ʧʣʘʚʷʪʩʷ ʢʦʥʛʨʫʵʥʪʥʦ, ʘ 

ʜʚʘ ʜʨʫʛʠʭ ʦʙʨʘʟʫʶʪʩʷ ʧʦ ʧʝʨʠʪʝʢʪʠʯʝʩʢʠʤ ʨʝʘʢʮʠʷʤ: 

L+ Gd5Ru2 ź Gd3Ru T = 1055 °ʉ 

L+ GdRu2 ź Gd44Ru25 T = 1065 °ʉ 

ɺ ʩʠʩʪʝʤʝ ʠʤʝʝʪʩʷ ʪʨʠ ʵʚʪʝʢʪʠʯʝʩʢʠʭ ʨʘʚʥʦʚʝʩʠʷ: 

L ź Gd(ht) + Gd3Ru; T = 917 °ʉ 
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L ź Gd44Ru25 + Gd5Ru2; T = 1015 °ʉ 

L ź GdRu2 + (Ru); T = 1600 °ʉ 

ʉʦʝʜʠʥʝʥʠʝ Gd44Ru25 ʙʣʠʟʢʦ ʧʦ ʩʦʩʪʘʚʫ ʢ ʩʦʝʜʠʥʝʥʠʶ ʠʟ ʩʠʩʪʝʤʳ Pr-Ru 

(Pr5Ru3) ʠ ʷʚʣʷʝʪʩʷ ʝʛʦ ʘʥʘʣʦʛʦʤ ʚ ʩʠʩʪʝʤʝ ʩ ʛʘʜʦʣʠʥʠʝʤ. ʆʙʘ ʜʚʦʡʥʳʭ 

ʠʥʪʝʨʤʝʪʘʣʣʠʜʘ ʧʨʠʥʘʜʣʝʞʘʪ ʢ ʩʝʨʠʠ ʩʦʝʜʠʥʝʥʠʡ ʩ ʦʙʱʝʡ ʬʦʨʤʫʣʦʡ R5n+14Ru3n+7 

[29]. 

 

ʈʠʩ. 6. ɼʠʘʛʨʘʤʤʘ ʩʦʩʪʦʷʥʠʷ Gd-Ru [31]. 

ʊʘʙʣʠʮʘ 6. ʂʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʦʝʜʠʥʝʥʠʡ ʩʠʩʪʝʤʳ Gd-Ru 

[29,31]. 

ʉʦʝʜʠʥʝʥʠʝ  
ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ 

ʛʨʫʧʧʘ 

ʉʪʨʫʢʪʫʨʥʳʡ 

ʪʠʧ 

ʇʘʨʘʤʝʪʨʳ ʵʣʝʤʝʥʪʘʨʥʦʡ 

ʷʯʝʡʢʠ, Å 

a b c 

Gd3Ru Pnma Fe3C 7.308 9.342 6.332 

Gd5Ru2 C2/c Mn5C2 15.94 
6.39 

ɓ=97.06° 
7.33 

Gd44Ru25 Pnna Y44Ru25 28.201 15.314 15.314 

GdRu2 P63/mmc MgZn2 5.259 - 8.896 

ʊʨʝʪʴʶ ʛʨʫʧʧʫ ʩʠʩʪʝʤ { Dy, Ho, Er} -Ru ʨʘʩʩʤʦʪʨʠʤ ʥʘ ʧʨʠʤʝʨʝ ʜʚʦʡʥʦʡ 

ʩʠʩʪʝʤʳ Ho-Ru (ʨʠʩ. 7). ɺ ʜʘʥʥʦʡ ʩʠʩʪʝʤʝ ʦʙʨʘʟʫʝʪʩʷ ʧʷʪʴ ʩʦʝʜʠʥʝʥʠʡ: Ho3Ru2, 
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Ho5Ru2, Ho3Ru, Ho44Ru25, HoRu2 (ʪʘʙʣ. 7), ʧʝʨʚʳʝ ʪʨʠ ʠʟ ʢʦʪʦʨʳʭ ʧʣʘʚʷʪʩʷ 

ʢʦʥʛʨʫʵʥʪʥʦ, ʘ ʦʩʪʘʣʴʥʳʝ ʜʚʘ ʦʙʨʘʟʫʶʪʩʷ ʧʦ ʧʝʨʠʪʝʢʪʠʯʝʩʢʠʤ ʨʝʘʢʮʠʷʤ: 

L+ Ho5Ru2 ź Ho3Ru T = 1250 °ʉ 

L+ Ho3Ru2 ź Ho44Ru25 T = 1200 °ʉ 

ʉʦʝʜʠʥʝʥʠʝ ʩʦ ʩʪʝʭʠʦʤʝʪʨʠʝʡ Ho3Ru2 ʚʩʪʨʝʯʘʝʪʩʷ ʪʦʣʴʢʦ ʩ ʈɿʕ ʚʪʦʨʦʡ 

ʧʦʣʦʚʠʥʳ ʨʷʜʘ, ʥʘʯʠʥʘʷ ʩ Dy ʠ ʥʝ ʠʤʝʝʪ ʩʪʨʫʢʪʫʨʥʳʭ ʘʥʘʣʦʛʦʚ ʚ ʜʚʦʡʥʳʭ 

ʩʠʩʪʝʤʘʭ R-In. ɺ ʩʠʩʪʝʤʝ Ho-Ru ʚʟʘʠʤʥʘʷ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʢʦʤʧʦʥʝʥʪʦʚ 

ʧʨʘʢʪʠʯʝʩʢʠ ʦʪʩʫʪʩʪʚʫʝʪ. 

 

ʈʠʩ. 7. ɼʠʘʛʨʘʤʤʘ ʩʦʩʪʦʷʥʠʷ Ho-Ru [32]. 

ʊʘʙʣʠʮʘ 7. ʂʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʦʝʜʠʥʝʥʠʡ ʩʠʩʪʝʤʳ Ho-Ru 

[28,29,33]. 

ʉʦʝʜʠʥʝʥʠʝ  
ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ 

ʛʨʫʧʧʘ 

ʉʪʨʫʢʪʫʨʥʳʡ 

ʪʠʧ 

ʇʘʨʘʤʝʪʨʳ ʵʣʝʤʝʥʪʘʨʥʦʡ 

ʷʯʝʡʢʠ, Å 

a b c 

Ho3Ru Pnma Fe3C 7.242 9.087 6.225 

Ho5Ru2 C2/c Mn5C2 15.564 
6.251 

ɓ=97.26° 
7.264 

Ho44Ru25 Pnna Y44Ru25 27.811 15.043 15.043 

Ho3Ru2 P63/m Er3Ru2 7.919 - 3.958 

HoRu2 P63/mmc MgZn2 5.246 - 8.820 
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ʇʦʩʣʝʜʥʶʶ ʛʨʫʧʧʫ ʩʠʩʪʝʤ {Tm, Lu} -Ru ʨʘʩʩʤʦʪʨʠʤ ʥʘ ʧʨʠʤʝʨʝ ʩʠʩʪʝʤʳ 

Tm-Ru (ʨʠʩ. 8). ɺ ʜʚʦʡʥʦʡ ʩʠʩʪʝʤʝ ʦʙʨʘʟʫʝʪʩʷ ʧʷʪʴ ʩʦʝʜʠʥʝʥʠʡ: Tm3Ru2, Tm5Ru2, 

Tm5Ru3, Tm3Ru, TmRu2 (ʪʘʙʣ. 8), ʧʦʩʣʝʜʥʠʝ ʜʚʘ ʠʟ ʢʦʪʦʨʳʭ ʦʙʨʘʟʫʶʪʩʷ ʧʦ 

ʧʝʨʠʪʝʢʪʠʯʝʩʢʠʤ ʨʝʘʢʮʠʷʤ, ʘ ʦʩʪʘʣʴʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʧʣʘʚʷʪʩʷ ʢʦʥʛʨʫʵʥʪʥʦ: 

L+ Tm5Ru2 ź Tm3Ru T = 1325 °ʉ 

L+ Tm3Ru2 ź Tm5Ru3 T = 1500 °ʉ 

ʉʠʩʪʝʤʘ Tm-Ru ʩʭʦʞʘ ʩ ʩʠʩʪʝʤʘʤʠ ʧʝʨʚʦʡ ʠ ʪʨʝʪʴʝʡ ʛʨʫʧʧʳ, ʧʦʩʢʦʣʴʢʫ ʚ ʥʝʡ 

ʩʫʱʝʩʪʚʫʶʪ ʩʦʝʜʠʥʝʥʠʷ ʭʘʨʘʢʪʝʨʥʳʝ ʢʘʢ ʜʣʷ ʧʝʨʚʦʡ ʛʨʫʧʧʳ ʩʠʩʪʝʤ (Tm5Ru3), ʪʘʢ 

ʠ ʜʣʷ ʪʨʝʪʴʝʡ (Tm3Ru2), ʧʝʨʚʦʝ ʠʟ ʢʦʪʦʨʳʭ ʦʙʨʘʟʫʝʪʩʷ ʧʦ ʧʝʨʠʪʝʢʪʠʯʝʩʢʦʡ 

ʨʝʘʢʮʠʠ, ʘ ʚʪʦʨʦʝ ï ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʠʟ ʨʘʩʧʣʘʚʘ ʙʝʟ ʠʟʤʝʥʝʥʠʷ ʩʦʩʪʘʚʘ, 

ʘʥʘʣʦʛʠʯʥʦ ʩʦʝʜʠʥʝʥʠʷʤ Pr5Ru3 ʠ Ho3Ru2. 

 

ʈʠʩ. 8. ɼʠʘʛʨʘʤʤʘ ʩʦʩʪʦʷʥʠʷ Tm-Ru [34]. 

ʊʘʙʣʠʮʘ 8. ʂʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʦʝʜʠʥʝʥʠʡ ʩʠʩʪʝʤʳ Tm-Ru 

[28,29,35]. 

ʉʦʝʜʠʥʝʥʠʝ  
ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ 

ʛʨʫʧʧʘ 

ʉʪʨʫʢʪʫʨʥʳʡ 

ʪʠʧ 

ʇʘʨʘʤʝʪʨʳ ʵʣʝʤʝʥʪʘʨʥʦʡ 

ʷʯʝʡʢʠ, Å 

a b c 

TmRu2 P63/mmc MgZn2 5.23 - 8.74 
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Tm3Ru2 P63/m Er3Ru2 7.844 - 3.919 

Tm5Ru2 C2/c Mn5C2 15.362 
6.152 

ɓ=97.44° 
7.229 

Tm3Ru Pnma Fe3C 7.26 8.986 6.173 

Tm5Ru3 - - - - - 

ʍʘʨʘʢʪʝʨ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʈɿʕ ʩ ʨʫʪʝʥʠʝʤ ʠ ʠʥʜʠʝʤ ʢʦʨʨʝʣʠʨʫʝʪ ʩ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʴʶ ʠʟʤʝʥʝʥʠʷ ʩʚʦʡʩʪʚ ʣʘʥʪʘʥʦʠʜʦʚ ʚ ʨʷʜʫ. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʜʚʦʡʥʳʭ 

ʩʠʩʪʝʤ R-Ru ʠ R-In ʧʦ ʛʨʫʧʧʘʤ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʚʦʢʫʧʥʦʩʪʠ ʩʦʝʜʠʥʝʥʠʡ, 

ʩʫʱʝʩʪʚʫʶʱʠʭ ʚ ʩʠʩʪʝʤʘʭ, ʩʭʦʞʝ ʩ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʈɿʕ ʧʦ ʪʝʪʨʘʜʘʤ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʦʷʚʣʷʝʤʳʭ ʠʤʠ ʩʚʦʡʩʪʚ. ʇʨʠ ʵʪʦʤ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ ʨʷʜ ʦʪʣʠʯʠʡ 

ʤʝʞʜʫ ʛʨʘʥʠʮʘʤʠ ʪʝʪʨʘʜ ʠ ʛʨʘʥʠʮʘʤʠ ʛʨʫʧʧ ʜʚʦʡʥʳʭ ʩʠʩʪʝʤ. ʉʠʩʪʝʤʘ Tb-Ru 

ʦʪʥʦʩʠʪʩʷ ʢʦ ʚʪʦʨʦʡ ʛʨʫʧʧʝ ʚ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʩʠʩʪʝʤ R-Ru, ʦʜʥʘʢʦ ʫ ʩʘʤʠʭ 

ʣʘʥʪʘʥʦʠʜʦʚ Tb ʦʪʥʦʩʠʪʩʷ ʢ ʪʨʝʪʴʝʡ ʪʝʪʨʘʜʝ. ɺ ʩʠʩʪʝʤʘʭ R-In ʣʘʥʪʘʥʦʠʜʳ ʚʪʦʨʦʡ 

ʠ ʪʨʝʪʴʝʡ ʪʝʪʨʘʜ ʦʙʨʘʟʫʶʪ ʠʟʦʩʪʨʫʢʪʫʨʥʳʝ ʩʦʝʜʠʥʝʥʠʷ, ʧʦʵʪʦʤʫ ʦʙʲʝʜʠʥʝʥʳ ʚ 

ʦʜʥʫ ʛʨʫʧʧʫ. ʉʨʘʚʥʠʚʘʷ ʩʠʩʪʝʤʳ R-Ru ʠ R-In, ʤʦʞʥʦ ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ ʥʘ 

ʩʫʱʝʩʪʚʝʥʥʦʝ ʨʘʟʣʠʯʠʝ ʚ ʩʪʝʭʠʦʤʝʪʨʠʠ ʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʝ 

ʦʙʨʘʟʫʶʱʠʭʩʷ ʩʦʝʜʠʥʝʥʠʡ, ʯʪʦ ʜʘʝʪ ʦʩʥʦʚʘʥʠʝ ʧʦʣʘʛʘʪʴ ʦ ʧʨʝʦʙʣʘʜʘʥʠʠ ʬʘʢʪʦʨʘ 

ʵʣʝʢʪʨʦʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘʜ ʨʘʟʤʝʨʥʳʤ ʬʘʢʪʦʨʦʤ ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʜʚʦʡʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ, ʧʦʩʢʦʣʴʢʫ ʨʘʟʤʝʨʳ ʘʪʦʤʦʚ ʨʫʪʝʥʠʷ ʠ ʠʥʜʠʷ ʙʣʠʟʢʠ, ʘ ʩʘʤʠ ʵʣʝʤʝʥʪʳ 

ʦʪʥʦʩʷʪʩʷ ʢ ʨʘʟʥʳʤ ʵʣʝʢʪʨʦʥʥʳʤ ʩʝʤʝʡʩʪʚʘʤ. 

2.3 ʊʨʦʡʥʳʝ ʠʥʪʝʨʤʝʪʘʣʣʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ ʚ ʩʠʩʪʝʤʘʭ R-Ru-In 

ɺ ʨʘʙʦʪʝ [36] ʧʦʣʫʯʝʥʳ ʩʝʨʠʠ ʠʥʜʠʜʦʚ ʨʫʪʝʥʠʷ ʠ ʈɿʕ ʩʦʩʪʘʚʘ: R8-xRu3In7+x, 

R3Ru1-xIn3, R39Ru12-xIn35, R16Ru5In14 ʠ R11Ru4In9. 

ʉʦʝʜʠʥʝʥʠʷ R11Ru4In9 ʧʦʣʫʯʝʥʳ ʜʣʷ ʛʘʜʦʣʠʥʠʷ, ʪʝʨʙʠʷ ʠ ʮʝʨʠʷ. ʉʪʨʫʢʪʫʨʘ 

ʩʦʝʜʠʥʝʥʠʷ Ce11Ru3.83In9 ʦʧʨʝʜʝʣʝʥʘ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʤʦʥʦʢʨʠʩʪʘʣʴʥʦʛʦ 

ʵʢʩʧʝʨʠʤʝʥʪʘ, ʘ ʦʩʪʘʣʴʥʳʝ ï ʧʦ ʧʦʨʦʰʢʦʚʳʤ ʨʝʥʪʛʝʥʦʛʨʘʤʤʘʤ ʩ ʧʦʩʣʝʜʫʶʱʠʤ 

ʫʪʦʯʥʝʥʠʝʤ ʧʦ ʤʝʪʦʜʫ ʈʠʪʚʝʣʴʜʘ. ʀʥʪʝʨʤʝʪʘʣʣʠʜʳ ʦʪʥʦʩʷʪʩʷ ʢ ʩʪʨʫʢʪʫʨʥʦʤʫ 

ʪʠʧʫ Nd11Pd4In9 ʠ ʢʨʠʩʪʘʣʣʠʟʫʶʪʩʷ ʚ ʨʦʤʙʠʯʝʩʢʦʡ ʷʯʝʡʢʝ ʩ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ 

ʛʨʫʧʧʦʡ Cmmm (ʪʘʙʣ. 9). ʉʦʝʜʠʥʝʥʠʷ ʩʦ ʩʪʨʫʢʪʫʨʥʳʤ ʪʠʧʦʤ Nd11Pd4In9 

ʦʙʨʘʟʫʶʪʩʷ ʠ ʚ ʜʨʫʛʠʭ ʠʥʜʠʝʚʳʭ ʩʠʩʪʝʤʘʭ: R-Co-In (R = Tb, Dy, Ho, Er) [37] ʠ R-

Ni-In (R = Y, La, Ce, Pr, Nd, Sm, Gd, Tb) [38]. 
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ʊʘʙʣ. 9. ʂʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʦʝʜʠʥʝʥʠʡ R11Ru4In9 [36]. 

ʌʦʨʤʫʣʘ 

ʩʦʝʜʠʥʝʥʠʷ 

ʇʘʨʘʤʝʪʨʳ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ, Å 
ʆʙʲʝʤ ʵʣʝʤʝʥʪʘʨʥʦʡ 

ʷʯʝʡʢʠ, Å3 

a b c V 

Gd11Ru4In9 14.4633 21.7047 3.7319 1171.3 

Tb11Ru4In9 14.3975 21.6524 3.6922 1151.0 

Ce11Ru3.83In9 14.9523 22.0133 3.8240 1258.7 

ʂʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ ʩʦʝʜʠʥʝʥʠʡ R11Ru4In9 (R = Gd, Tb, Ce) ʤʦʞʥʦ 

ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʯʝʨʝʜʦʚʘʥʠʷ ʜʚʫʭ ʪʠʧʦʚ ʘʪʦʤʥʳʭ ʩʣʦʝʚ, 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳʭ ʢʨʘʪʯʘʡʰʝʤʫ ʧʘʨʘʤʝʪʨʫ c ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ. ʇʝʨʚʳʡ ʩʣʦʡ 

ʥʘʭʦʜʠʪʩʷ ʥʘ ʚʳʩʦʪʝ z=0 ʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʝʪʢʠ ʠʟ ʪʨʝʫʛʦʣʴʥʠʢʦʚ ʠ 

ʯʝʪʳʨʝʭʫʛʦʣʴʥʠʢʦʚ, ʚ ʚʝʨʰʠʥʘʭ ʢʦʪʦʨʳʭ ʥʘʭʦʜʷʪʩʷ ʘʪʦʤʳ ʈɿʕ. ɺʪʦʨʦʡ ʩʣʦʡ 

ʨʘʩʧʦʣʦʞʝʥ ʥʘ ʚʳʩʦʪʝ z=1/2 ʠ ʩʦʩʪʦʠʪ ʠʟ ʩʝʪʦʢ ʚ ʚʠʜʝ ʯʝʪʳʨʝʭʫʛʦʣʴʥʠʢʦʚ ʠ 

ʧʷʪʠʫʛʦʣʴʥʠʢʦʚ ʩ ʘʪʦʤʘʤʠ ʨʫʪʝʥʠʷ ʠ ʠʥʜʠʷ ʚ ʚʝʨʰʠʥʘʭ. ʉʦʝʜʠʥʝʥʠʷ R11Ru4In9 

ʚʤʝʩʪʝ ʩ ʠʥʪʝʨʤʝʪʘʣʣʠʜʘʤʠ ʩʦʩʪʘʚʘ: Cr3AlB 2, Mo2FeB2, Gd2Ni2In, Yb2Cu2In, 

Y2Ni2In, Lu5Ni2In4, ʦʪʥʦʩʷʪʩʷ ʢ ʩʝʨʠʠ ʩʦʝʜʠʥʝʥʠʡ, ʧʦʩʪʨʦʝʥʥʳʭ ʠʟ ʠʩʢʘʞʝʥʥʳʭ 

ʩʪʨʫʢʪʫʨʥʳʭ ʬʨʘʛʤʝʥʪʦʚ ʪʠʧʘ CsCl ʠ AlB 2. ʉʦʩʪʘʚ ʫʢʘʟʘʥʥʦʡ ʩʝʨʠʠ ʩʦʝʜʠʥʝʥʠʡ 

ʤʦʞʥʦ ʦʧʠʩʘʪʴ ʦʙʱʝʡ ʬʦʨʤʫʣʦʡ Rm+nT2nXm, ʛʜʝ n ʠ m ʯʠʩʣʦ ʬʨʘʛʤʝʥʪʦʚ AlB 2 ʠ 

CsCl ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɼʣʷ ʩʦʝʜʠʥʝʥʠʡ Y2Ni2In, Mo2FeB2, Gd2Ni2In, Yb2Cu2In 

ʚʳʧʦʣʥʷʝʪʩʷ ʩʦʦʪʥʦʰʝʥʠʝ m:n = 1:1, ʜʣʷ ʩʦʝʜʠʥʝʥʠʷ Cr3AlB4 m:n = 1:2, ʜʣʷ 

ʩʦʝʜʠʥʝʥʠʷ Lu5Ni2In4 m:n = 4:1 ʠ ʥʘʠʙʦʣʴʰʝʝ ʩʦʦʪʥʦʰʝʥʠʝ ʧʦʣʫʯʘʝʪʩʷ ʜʣʷ 

ʩʦʝʜʠʥʝʥʠʡ R11Ru4In9 m:n = 9:2 [39].  
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ʈʠʩ. 9. ʇʨʦʝʢʮʠʠ ʩʪʨʫʢʪʫʨ ʛʦʤʦʣʦʛʠʯʝʩʢʦʡ ʩʝʨʠʠ Rm+nT2nXm [39]. 

ʉʦʝʜʠʥʝʥʠʷ ʩʦʩʪʘʚʘ R3Ru1-xIn3 ʧʦʣʫʯʝʥʳ ʜʣʷ Tb, Ho, Er, Lu. ʉʪʨʫʢʪʫʨʘ 

ʩʦʝʜʠʥʝʥʠʡ ʦʧʨʝʜʝʣʝʥʘ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʈʉɸ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʚ. ʉʦʝʜʠʥʝʥʠʷ ʢʨʠʩʪʘʣʣʠʟʫʶʪʩʷ ʚ ʩʦʙʩʪʚʝʥʥʦʤ ʩʪʨʫʢʪʫʨʥʦʤ ʪʠʧʝ 

Tb3Ru0.97In3 ʚ ʨʦʤʙʠʯʝʩʢʦʡ ʷʯʝʡʢʝ ʩ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʦʡ Pbam. ɸʪʦʤʳ ʈɿʕ 

ʠ ʠʥʜʠʷ ʧʦʣʥʦʩʪʴʶ ʟʘʥʠʤʘʶʪ ʩʚʦʠ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ ʧʦʟʠʮʠʠ, ʥʘʧʨʦʪʠʚ, 

ʧʦʟʠʮʠʠ ʘʪʦʤʦʚ ʨʫʪʝʥʠʷ ʟʘʩʝʣʝʥʳ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 91% ʜʦ 98% (ʪʘʙʣ. 10). 

ʊʘʙʣ. 10. ʂʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʦʝʜʠʥʝʥʠʡ R3Ru1-xIn3 [36]. 

ʌʦʨʤʫʣʘ 

ʩʦʝʜʠʥʝʥʠʷ 

ʇʘʨʘʤʝʪʨʳ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ, Å 
ʆʙʲʝʤ ʵʣʝʤʝʥʪʘʨʥʦʡ 

ʷʯʝʡʢʠ, Å3 

a b c V 

Tb3Ru0.97In3 11.338 16.262 3.645 672.1 

Ho3Ru0.96In3 11.299 16.195 3.6034 659.4 

Er3Ru0.91In3 11.289 16.173 3.590 655.5 

Lu3Ru0.98In3 11.2601 16.0996 3.53820 641.42 
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ʉʪʨʫʢʪʫʨʫ ʩʦʝʜʠʥʝʥʠʡ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʯʝʨʝʜʦʚʘʥʠʝʤ ʜʚʫʭ ʪʠʧʦʚ ʩʣʦʝʚ, 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳʭ ʢʨʘʪʯʘʡʰʝʤʫ ʧʘʨʘʤʝʪʨʫ ʩ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ, ʘʥʘʣʦʛʠʯʥʦ 

ʩʪʨʫʢʪʫʨʘʤ ʩʦʝʜʠʥʝʥʠʡ R11Ru4In9. ʇʝʨʚʳʡ ʩʣʦʡ ʥʘ ʚʳʩʦʪʝ z=0 ʦʙʨʘʟʦʚʘʥ ʩʝʪʢʘʤʠ 

ʠʟ ʠʩʢʘʞʝʥʥʳʭ ʯʝʪʳʨʝʭʫʛʦʣʴʥʠʢʦʚ ʠ ʧʷʪʠʫʛʦʣʴʥʠʢʦʚ ʩ ʘʪʦʤʘʤʠ ʨʫʪʝʥʠʷ ʠ ʠʥʜʠʷ 

ʚ ʚʝʨʰʠʥʘʭ, ʥʘ ʢʘʞʜʳʡ ʩʝʛʤʝʥʪ ʩʝʪʢʠ ʧʨʠʭʦʜʠʪʩʷ ʪʦʣʴʢʦ ʦʜʠʥ ʘʪʦʤ ʨʫʪʝʥʠʷ, ʘ 

ʦʩʪʘʣʴʥʳʝ ʫʟʣʳ ʟʘʥʠʤʘʶʪ ʘʪʦʤʳ ʠʥʜʠʷ. ɺʪʦʨʦʡ ʩʣʦʡ ʥʘ ʚʳʩʦʪʝ z=1/2 ʩʦʩʪʦʠʪ ʠʟ 

ʪʦʣʴʢʦ ʠʟ ʘʪʦʤʦʚ ʈɿʕ, ʢʦʪʦʨʳʝ ʦʙʨʘʟʫʶʪ ʩʝʪʢʠ ʠʟ ʪʨʝʫʛʦʣʴʥʠʢʦʚ ʠ 

ʯʝʪʳʨʝʭʫʛʦʣʴʥʠʢʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʫʪʝʥʠʡ ʨʘʩʧʦʣʦʞʝʥ ʚʥʫʪʨʠ ʪʨʠʛʦʥʘʣʴʥʦʡ 

ʧʨʠʟʤʳ ʠʟ ʘʪʦʤʦʚ ʈɿʕ, ʘʪʦʤʳ ʠʥʜʠʷ ï ʚʥʫʪʨʠ ʪʨʠʛʦʥʘʣʴʥʦʡ ʠ ʪʝʪʨʘʛʦʥʘʣʴʥʦʡ 

ʧʨʠʟʤ ʠʟ ʘʪʦʤʦʚ ʈɿʕ (ʨʠʩ. 10) [36]. 

 

ʈʠʩ. 10. ʇʨʦʝʢʮʠʷ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʩʪʨʫʢʪʫʨʳ ʩʦʝʜʠʥʝʥʠʡ R3Ru1-xIn3 ʥʘ 

ʧʣʦʩʢʦʩʪʴ xy. ʉʧʣʦʰʥʳʤʠ ʣʠʥʠʷʤʠ ʧʦʢʘʟʘʥʳ ʩʝʪʢʠ ʥʘ ʚʳʩʦʪʝ z=0, ʧʫʥʢʪʠʨʥʳʤʠ 

ʣʠʥʠʷʤʠ ï ʩʝʪʢʠ ʥʘ ʚʳʩʦʪʝ z=1/2 [36]. 

 

ʉʦʝʜʠʥʝʥʠʷ R16Ru5In14 ʧʦʣʫʯʝʥʳ ʜʣʷ R = Dy, Ho, Er. ʉʪʨʫʢʪʫʨʘ ʩʦʝʜʠʥʝʥʠʡ 

ʫʩʪʘʥʦʚʣʝʥʘ ʧʦ ʤʦʥʦʢʨʠʩʪʘʣʣʫ ʜʣʷ Dy, Ho ʠ ʧʦ ʧʦʨʦʰʢʫ ʜʣʷ Er. ʉʦʝʜʠʥʝʥʠʷ 

ʦʪʥʦʩʷʪʩʷ ʢ ʩʦʙʩʪʚʝʥʥʦʤʫ ʩʪʨʫʢʪʫʨʥʦʤʫ ʪʠʧʫ Ho16Ru5In14 ʩ ʤʦʥʦʢʣʠʥʥʦʡ ʷʯʝʡʢʦʡ 

ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʦʡ P2/m (ʪʘʙʣ. 11). 
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ʊʘʙʣ. 11. ʂʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʦʝʜʠʥʝʥʠʡ R16Ru5In14 [36]. 

ʌʦʨʤʫʣʘ 

ʩʦʝʜʠʥʝʥʠʷ 

ʇʘʨʘʤʝʪʨʳ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ,  
ʆʙʲʝʤ ʵʣʝʤʝʥʪʘʨʥʦʡ 

ʷʯʝʡʢʠ 

a, Å b, Å c, Å ɓ, ° V, Å3 

Ho16Ru5In14 12.9267 3.5688 18.9908 105.58 843.91 

Dy16Ru5In14 12.902 3.5571 18.959 105.58 838.1 

Er16Ru5In14 12.9151 3.5247 18.9911 105.472 833.2 

ʉʪʨʫʢʪʫʨʥʳʡ ʪʠʧ ʩʦʜʝʨʞʠʪ 17 ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠ ʥʝʟʘʚʠʩʠʤʳʭ ʧʦʟʠʮʠʡ, 

ʚʩʝ ʠʟ ʢʦʪʦʨʳʭ ʧʦʣʥʦʩʪʴʶ ʟʘʩʝʣʝʥʳ. ʕʣʝʤʝʥʪʘʨʥʘʷ ʷʯʝʡʢʘ ʩʦʝʜʠʥʝʥʠʡ ʤʦʞʝʪ 

ʙʳʪʴ ʧʦʩʣʦʡʥʦ ʟʘʧʦʣʥʝʥʘ ʜʚʫʤʷ ʪʠʧʘʤʠ ʘʪʦʤʥʳʭ ʩʝʪʦʢ. ʇʝʨʚʳʡ ʪʠʧ ʩʦʩʪʦʠʪ ʠʟ 

ʯʝʪʳʨʝʭʫʛʦʣʴʥʠʢʦʚ ʠ ʧʷʪʠʫʛʦʣʴʥʠʢʦʚ ʩ ʘʪʦʤʘʤʠ ʨʫʪʝʥʠʷ ʠ ʠʥʜʠʷ ʚ ʚʝʨʰʠʥʘʭ, ʥʘ 

ʢʘʞʜʳʡ ʤʥʦʛʦʫʛʦʣʴʥʠʢ ʧʨʠʭʦʜʠʪʩʷ ʪʦʣʴʢʦ ʦʜʠʥ ʘʪʦʤ ʨʫʪʝʥʠʷ, ʘ ʚʩʝ ʦʩʪʘʣʴʥʳʝ 

ʚʝʨʰʠʥʳ ʟʘʥʠʤʘʝʪ ʠʥʜʠʡ. ɺʪʦʨʦʡ ʪʠʧ ʩʝʪʦʢ ʦʙʨʘʟʫʶʪ ʪʦʣʴʢʦ ʘʪʦʤʳ ʈɿʕ, 

ʨʘʟʤʝʱʝʥʥʳʝ ʚ ʚʝʨʰʠʥʘʭ ʯʝʪʳʨʝʭʫʛʦʣʴʥʠʢʦʚ ʠ ʪʨʝʫʛʦʣʴʥʠʢʦʚ (ʨʠʩ. 11). ɺ ʦʙʲʝʤʝ 

ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʘʪʦʤʳ ʨʫʪʝʥʠʷ, ʪʘʢʞʝ ʢʘʢ ʠ ʘʪʦʤʳ ʠʥʜʠʷ, ʠʤʝʶʪ ʜʚʘ ʪʠʧʘ 

ʧʦʣʠʵʜʨʦʚ ʚ ʦʪʣʠʯʠʝ ʦʪ ʧʨʝʜʳʜʫʱʠʭ ʩʪʨʫʢʪʫʨ: ʪʨʠʛʦʥʘʣʴʥʳʝ ʠ ʪʝʪʨʘʛʦʥʘʣʴʥʳʝ 

ʧʨʠʟʤʳ ʩ ʘʪʦʤʘʤʠ ʈɿʕ ʚ ʚʝʨʰʠʥʘʭ [36]. 

 

ʈʠʩ. 11. ʇʨʦʝʢʮʠʷ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʩʪʨʫʢʪʫʨʳ ʩʦʝʜʠʥʝʥʠʡ R16Ru5In14 ʥʘ 

ʧʣʦʩʢʦʩʪʴ xz. ʉʧʣʦʰʥʳʤʠ ʣʠʥʠʷʤʠ ʧʦʢʘʟʘʥʳ ʩʝʪʢʠ ʥʘ ʚʳʩʦʪʝ z=0, ʧʫʥʢʪʠʨʥʳʤʠ 

ʣʠʥʠʷʤʠ ï ʩʝʪʢʠ ʥʘ ʚʳʩʦʪʝ z=1/2 [36]. 
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ʉʦʝʜʠʥʝʥʠʷ R39Ru12-xIn35 ʧʦʣʫʯʝʥʳ ʜʣʷ R = Sm, Gd. ʂʨʠʩʪʘʣʣʠʯʝʩʢʫʶ 

ʩʪʨʫʢʪʫʨʫ ʩʦʝʜʠʥʝʥʠʡ ʦʧʨʝʜʝʣʠʣʠ ʧʦ ʤʦʥʦʢʨʠʩʪʘʣʴʥʳʤ ʜʘʥʥʳʤ. ʉʦʝʜʠʥʝʥʠʷ 

ʢʨʠʩʪʘʣʣʠʟʫʶʪʩʷ ʚ ʩʪʨʫʢʪʫʨʥʦʤ ʪʠʧʝ Nd39Ir10.98In36.02 [40] ʩ ʨʦʤʙʠʯʝʩʢʦʡ ʷʯʝʡʢʦʡ 

ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʦʡ Pbam (ʪʘʙʣ. 12). 

ʊʘʙʣ. 12. ʂʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʦʝʜʠʥʝʥʠʡ R39Ru12-xIn35 [36]. 

ʌʦʨʤʫʣʘ 

ʩʦʝʜʠʥʝʥʠʷ 

ʇʘʨʘʤʝʪʨʳ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ, Å 
ʆʙʲʝʤ ʵʣʝʤʝʥʪʘʨʥʦʡ 

ʷʯʝʡʢʠ, Å3 

a b c V 

Sm39Ru11.68In35 31.451 37.221 3.7268 4362.8 

Gd39Ru11.63In35 31.366 37.09 3.6797 4281 

ʉʪʨʫʢʪʫʨʫ ʩʦʝʜʠʥʝʥʠʡ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʩʭʦʞʠʤ ʦʙʨʘʟʦʤ ʯʝʨʝʟ ʧʦʩʣʦʡʥʦʝ 

ʟʘʧʦʣʥʝʥʠʝ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʩʝʪʢʦʡ, ʦʙʨʘʟʦʚʘʥʥʦʡ ʘʪʦʤʘʤʠ ʈɿʕ ʠ ʩʝʪʢʦʡ ʠʟ 

ʘʪʦʤʦʚ Ru ʠ ʘʪʦʤʦʚ In. ʆʜʥʘʢʦ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʩʚʦʝʛʦ ʩʪʨʫʢʪʫʨʥʦʛʦ ʪʠʧʘ 

Nd39Ir10.98In36.02, ʚ ʢʦʪʦʨʦʤ ʦʜʥʫ ʠʟ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʭ ʧʦʟʠʮʠʡ ʪʨʠʛʦʥʘʣʴʥʦ-

ʧʨʠʟʤʘʪʠʯʝʩʢʠʭ ʧʫʩʪʦʪ ʩʦʚʤʝʩʪʥʦ ʟʘʩʝʣʷʣʠ p-ʵʣʝʤʝʥʪ (In) ʠ d-ʵʣʝʤʝʥʪ (Ir), ʚ 

ʩʪʨʫʢʪʫʨʝ ʩʦʝʜʠʥʝʥʠʡ R39Ru12-xIn35 ʚʩʝ ʪʨʠʛʦʥʘʣʴʥʳʝ ʧʨʠʟʤʳ, ʧʦʩʪʨʦʝʥʥʳʝ ʠʟ 

ʘʪʦʤʦʚ ʈɿʕ ʟʘʥʠʤʘʶʪ ʪʦʣʴʢʦ ʘʪʦʤʳ Ru, ʧʨʠʯʝʤ ʟʘʩʝʣʝʥʥʦʩʪʴ ʜʚʫʭ 

ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʭ ʧʦʟʠʮʠʡ ʚʥʫʪʨʠ ʧʨʠʟʤ ʘʪʦʤʘʤʠ Ru ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 90%. 

ʆʩʪʘʣʴʥʳʝ ʧʦʟʠʮʠʠ ʚ ʩʪʨʫʢʪʫʨʝ ʩʦʝʜʠʥʝʥʠʡ R39Ru12-xIn35 ʠʤʝʶʪ ʧʦʣʥʫʶ 

ʟʘʩʝʣʝʥʥʦʩʪʴ [36]. ɺ ʩʦʚʦʢʫʧʥʦʩʪʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʩʦʩʪʦʠʪ ʠʟ 

ʢʦʤʙʠʥʘʮʠʡ ʩʪʨʫʢʪʫʨʥʳʭ ʬʨʘʛʤʝʥʪʦʚ ʪʠʧʘ AlB 2 ʠ CsCl, ʩʦʝʜʠʥʝʥʥʳʭ ʦʙʱʠʤʠ 

ʛʨʘʥʷʤʠ (ʨʠʩ. 12). 
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ʈʠʩ. 12. ʇʨʦʝʢʮʠʷ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʩʪʨʫʢʪʫʨʳ ʩʦʝʜʠʥʝʥʠʡ R39Ru12-xIn35 ʥʘ 

ʧʣʦʩʢʦʩʪʴ xy. ʉʧʣʦʰʥʳʤʠ ʣʠʥʠʷʤʠ ʩʦʝʜʠʥʝʥʳ ʘʪʦʤʳ, ʥʘʭʦʜʷʱʠʝʩʷ ʚ ʦʜʥʦʤ ʩʣʦʝ 

ʥʘ ʚʳʩʦʪʝ z=1/2 [36]. 

ʉʦʝʜʠʥʝʥʠʷ ʩʦʩʪʘʚʘ R8-xRu3In7+x ʠʟʚʝʩʪʥʳ ʜʣʷ R = La, Pr, Nd, Sm, Gd, Tb. 

ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʫʩʪʘʥʦʚʣʝʥʘ ʧʦ ʧʦʨʦʰʢʦʚʳʤ ʨʝʥʪʛʝʥʦʛʨʘʤʤʘʤ ʜʣʷ La 

ʠ Nd, ʘ ʜʣʷ ʦʩʪʘʣʴʥʳʭ ï ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʤʦʥʦʢʨʠʩʪʘʣʴʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ. 

ʉʪʨʫʢʪʫʨʳ ʩʦʝʜʠʥʝʥʠʡ ʧʨʠʥʘʜʣʝʞʘʪ ʢ ʩʪʨʫʢʪʫʨʥʦʤʫ ʪʠʧʫ Y5Cu5Mg8 [41] ʩ 

ʨʦʤʙʠʯʝʩʢʦʡ ʷʯʝʡʢʦʡ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʦʡ Pmma. ɺ ʨʷʜʫ ʩʦʝʜʠʥʝʥʠʡ 

R8-xRu3In7+x ʦʪ R = La ʜʦ R = Tb ʧʘʨʘʤʝʪʨʳ ʠ ʦʙʲʝʤʳ ʠʭ ʵʣʝʤʝʥʪʘʨʥʳʭ ʷʯʝʝʢ 

ʫʤʝʥʴʰʘʶʪʩʷ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʵʬʬʝʢʪʦʤ ʣʘʥʪʘʥʠʜʥʦʛʦ ʩʞʘʪʠʷ (ʪʘʙʣ. 13). 

ʊʘʙʣ. 13. ʂʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʦʝʜʠʥʝʥʠʡ R8-xRu3In7+x [36]. 

ʌʦʨʤʫʣʘ 

ʩʦʝʜʠʥʝʥʠʷ 

ʇʘʨʘʤʝʪʨʳ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ, Å 
ʆʙʲʝʤ ʵʣʝʤʝʥʪʘʨʥʦʡ 

ʷʯʝʡʢʠ, Å3 

a b c V 

La8Ru3In7 29.7671 3.9979 8.2666 983.8 

Pr8Ru3In7 29.3940 3.9128 8.1356 935.70 
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Nd8Ru3In7 29.3145 3.8877 8.1218 925.6 

Sm7.72Ru3In7.28 29.1608 3.8509 8.1022 909.84 

Gd8Ru3In7 28.869 3.7660 8.030 873.0 

Tb7.60Ru3In7.40 28.7450 3.7364 8.0883 868.71 

ɼʣʷ ʩʦʝʜʠʥʝʥʠʡ Sm7.72Ru3In7.28, Tb7.60Ru3In7.40 ʚ ʧʨʦʮʝʩʩʝ ʫʪʦʯʥʝʥʠʷ ʩʪʨʫʢʪʫʨ 

ʫʩʪʘʥʦʚʣʝʥʦ ʨʘʟʫʧʦʨʷʜʦʯʝʥʠʝ ʦʜʥʦʡ ʠʟ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʭ ʧʦʟʠʮʠʡ ʈɿʕ (R5) 

ʚʜʦʣʴ ʧʘʨʘʤʝʪʨʘ ʩ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ, ʧʨʠʯʝʤ ʨʘʟʫʧʦʨʷʜʦʯʝʥʥʫʶ ʧʦʟʠʮʠʶ 

ʟʘʥʠʤʘʶʪ ʩʦʚʤʝʩʪʥʦ ʘʪʦʤʳ ʈɿʕ ʠ ʘʪʦʤʳ In [36]. ɺ ʦʩʪʘʣʴʥʳʭ ʩʪʨʫʢʪʫʨʘʭ ʚʩʝ 

ʧʦʟʠʮʠʠ ʫʧʦʨʷʜʦʯʝʥʳ ʠ ʧʦʣʥʦʩʪʴʶ ʟʘʩʝʣʝʥʳ. ʉʪʨʫʢʪʫʨʫ ʩʦʝʜʠʥʝʥʠʡ R8-xRu3In7+x, 

ʘʥʘʣʦʛʠʯʥʦ ʧʨʝʜʳʜʫʱʠʤ, ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ ʯʝʨʝʜʦʚʘʥʠʷ ʜʚʫʭ ʪʠʧʦʚ 

ʩʣʦʝʚ, ʦʜʥʘʢʦ ʚ ʵʪʠʭ ʩʣʦʷʭ ʥʘʨʫʰʘʝʪʩʷ ʧʦʨʷʜʦʢ ʚ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʘʪʦʤʦʚ ʧʦ ʩʣʦʷʤ. 

ʇʝʨʚʳʡ ʩʣʦʡ ʚʦ ʚʩʝʭ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʚʳʰʝ ʩʪʨʫʢʪʫʨʘʭ ʚ ʜʘʥʥʦʤ ʨʘʟʜʝʣʝ ʨʘʙʦʪʳ 

ʩʦʩʪʦʠʪ ʪʦʣʴʢʦ ʠʟ ʘʪʦʤʦʚ ʨʫʪʝʥʠʷ ʠ ʠʥʜʠʷ, ʘ ʚ ʩʪʨʫʢʪʫʨʘʭ ʩʦʝʜʠʥʝʥʠʡ R8-xRu3In7+x 

ʚ ʵʪʦʤ ʩʣʦʝ ʧʦʷʚʣʷʶʪʩʷ ʘʪʦʤʳ ʈɿʕ (R5). ɺʦ ʚʪʦʨʦʤ ʩʣʦʝ, ʩʦʩʪʦʷʱʝʤ ʚ 

ʧʨʝʜʳʜʫʱʠʭ ʩʪʨʫʢʪʫʨʘʭ ʪʦʣʴʢʦ ʠʟ ʘʪʦʤʦʚ ʈɿʕ, ʧʦʷʚʣʷʶʪʩʷ ʘʪʦʤʳ Ru ʚ ʫʟʣʘʭ 

ʩʝʪʦʢ (ʨʠʩ. 13). 
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ʈʠʩ. 13. ʇʨʦʝʢʮʠʷ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʩʪʨʫʢʪʫʨʳ ʩʦʝʜʠʥʝʥʠʡ R8-xRu3In7+x ʥʘ 

ʧʣʦʩʢʦʩʪʴ xy. ʉʧʣʦʰʥʳʤʠ ʣʠʥʠʷʤʠ ʩʦʝʜʠʥʝʥʳ ʘʪʦʤʳ, ʥʘʭʦʜʷʱʠʝʩʷ ʚ ʦʜʥʦʤ ʩʣʦʝ 

ʥʘ ʚʳʩʦʪʝ z=1/2 [36]. 

ʀʥʜʠʜʳ ʩʦʩʪʘʚʘ R3T2In4 ʠʟʚʝʩʪʥʳ ʜʣʷ ʨʷʜʘ ʧʝʨʝʭʦʜʥʳʭ ʵʣʝʤʝʥʪʦʚ (T = Ru, 

Ni, Rh, Co), ʈɿʕ ʚʪʦʨʦʡ ʧʦʣʦʚʠʥʳ ʨʷʜʘ ʠ ʠʪʪʨʠʷ [42, 43] ʩʦ ʩʪʨʫʢʪʫʨʥʳʤ ʪʠʧʦʤ 

Lu3Ru2In4 ʧʨʦʠʟʚʦʜʥʳʤ ʦʪ ZrNiAl  [44]. ʉʪʨʫʢʪʫʨʳ ʩʦʝʜʠʥʝʥʠʡ ZrNiAl  ʠ R3Ru2In4 

ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʢʘʢ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ ʯʝʨʝʜʦʚʘʥʠʝ ʩʣʦʝʚ ʜʚʫʭ ʪʠʧʦʚ. ɺ 

ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʝ ʠʥʪʝʨʤʝʪʘʣʣʠʜʘ ZrNiAl  ʧʝʨʚʳʡ ʩʣʦʡ ʥʘ ʚʳʩʦʪʝ z=0 

ʦʙʨʘʟʦʚʘʥ ʪʨʝʫʛʦʣʴʥʠʢʘʤʠ ʠʟ ʘʪʦʤʦʚ Zr, ʨʘʟʜʝʣʝʥʥʳʭ ʤʝʞʜʫ ʩʦʙʦʡ 

ʧʷʪʠʫʛʦʣʴʥʠʢʘʤʠ ʠʟ ʘʪʦʤʦʚ Zr ʠ Ni, ʘ ʚʪʦʨʦʡ ʩʣʦʡ ʩʦʩʪʦʠʪ ʠʟ ʘʪʦʤʦʚ Al  ʠ Ni, 

ʦʙʨʘʟʫʶʱʠʭ ʪʨʝʫʛʦʣʴʥʠʢʠ ʠ ʠʩʢʘʞʝʥʥʳʝ ʯʝʪʳʨʝʭʫʛʦʣʴʥʠʢʠ. ʇʨʠ ʧʝʨʝʭʦʜʝ ʦʪ 

ʩʪʨʫʢʪʫʨʳ ZrNiAl  ʢ ʩʪʨʫʢʪʫʨʝ ʩʦʝʜʠʥʝʥʠʡ R3Ru2In4 ʚʩʝ ʧʦʟʠʮʠʠ ʘʪʦʤʦʚ ʘʣʶʤʠʥʠʷ 

ʟʘʥʠʤʘʶʪ ʘʪʦʤʳ ʈɿʕ, ʨʫʪʝʥʠʡ ʟʘʥʠʤʘʝʪ ʧʦʟʠʮʠʠ ʥʠʢʝʣʷ ʥʘ ʨʝʙʨʘʭ ʷʯʝʡʢʠ ʠ ʯʘʩʪʴ 

ʧʦʟʠʮʠʡ ʥʘ ʛʨʘʥʷʭ, ʦʩʪʘʚʰʠʝʩʷ ʧʦʟʠʮʠʠ ʥʠʢʝʣʷ ʥʘ ʛʨʘʥʷʭ ʠ ʚʩʝ ʧʦʟʠʮʠʠ ʮʠʨʢʦʥʠʷ 

ʟʘʥʠʤʘʝʪ ʠʥʜʠʡ. ʂʦʣʠʯʝʩʪʚʘ ʘʪʦʤʦʚ ʨʫʪʝʥʠʷ ʠ ʠʥʜʠʷ, ʟʘʥʠʤʘʶʱʠʭ ʧʦʟʠʮʠʠ 

ʥʠʢʝʣʷ ʥʘ ʛʨʘʥʷʭ, ʥʘʭʦʜʷʪʩʷ ʚ ʩʦʦʪʥʦʰʝʥʠʠ 1:1. ɺ ʨʝʟʫʣʴʪʘʪʝ ʪʘʢʦʛʦ 

ʫʧʦʨʷʜʦʯʝʥʠʷ ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ ʩʪʨʫʢʪʫʨʳ ZrNiAl  ʢ ʩʪʨʫʢʪʫʨʘʤ R3Ru2In4 

ʧʨʦʠʩʭʦʜʠʪ ʧʦʥʠʞʝʥʠʝ ʩʠʤʤʝʪʨʠʠ ʩʪʨʫʢʪʫʨʳ (P-62m Ÿ P-6) (ʨʠʩ. 14). ʉʧʠʩʦʢ 

ʠʟʚʝʩʪʥʳʭ ʠʥʜʠʜʦʚ ʨʫʪʝʥʠʷ R3Ru2In4 ʧʨʠʚʝʜʝʥ ʚ ʪʘʙʣʠʮʝ 14. 
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ʈʠʩ. 14. ʇʨʦʝʢʮʠʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ʩʦʝʜʠʥʝʥʠʡ ZrNiAl  ʠ R3T2In4 ʥʘ 

ʧʣʦʩʢʦʩʪʴ xy. ʉʧʣʦʰʥʳʤʠ ʣʠʥʠʷʤʠ ʩʦʝʜʠʥʝʥʳ ʘʪʦʤʳ, ʥʘʭʦʜʷʱʠʝʩʷ ʚ ʦʜʥʦʤ ʩʣʦʝ 

ʥʘ ʚʳʩʦʪʝ z=0, ʧʫʥʢʪʠʨʥʳʤʠ ʣʠʥʠʷ ï ʘʪʦʤʳ ʥʘ ʚʳʩʦʪʝ z=1/2. 

ʊʘʙʣ. 14. ʂʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʦʝʜʠʥʝʥʠʡ R3Ru2In4 [42]. 

ʌʦʨʤʫʣʘ 

ʩʦʝʜʠʥʝʥʠʷ 

ʇʘʨʘʤʝʪʨʳ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ, Å 
ʆʙʲʝʤ ʵʣʝʤʝʥʪʘʨʥʦʡ 

ʷʯʝʡʢʠ, Å3 

a c V 

Y3Ru2In4 8.030 3.6645 204.6 

Gd3Ru2In4 7.983 3.752 207.1 

Tb3Ru2In4 7.995 3.691 204.3 

Dy3Ru2In4 7.982 3.660 201.9 

Ho3Ru2In4 8.004 3.621 200.9 

Er3Ru2In4 8.008 3.588 199.3 

Tm3Ru2In4 7.990 3.563 197.0 

Lu3Ru2In4 7.984 3.5251 194.6 

ɺʩʝ ʨʘʩʩʤʦʪʨʝʥʥʳʝ ʚʳʰʝ ʚ ʜʘʥʥʦʤ ʨʘʟʜʝʣʝ ʩʪʨʫʢʪʫʨʳ ʩʦʝʜʠʥʝʥʠʡ ʩʦʩʪʦʷʪ ʠʟ 

ʬʨʘʛʤʝʥʪʦʚ ʪʠʧʘ CsCl ʠ AlB 2, ʦʜʥʘʢʦ ʪʦʣʴʢʦ ʩʦʩʪʘʚ ʩʦʝʜʠʥʝʥʠʡ R11Ru4In9 

ʧʦʜʯʠʥʷʝʪʩʷ ʬʦʨʤʫʣʝ Rm+nT2nXm, ʭʘʨʘʢʪʝʨʥʦʡ ʜʣʷ ʩʦʝʜʠʥʝʥʠʡ, ʩ ʧʦʜʦʙʥʳʤ 

ʧʨʠʥʮʠʧʦʤ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʳ. ʊʘʢʦʝ ʦʪʢʣʦʥʝʥʠʝ ʦʪ ʬʦʨʤʫʣʳ 

ʛʦʤʦʣʦʛʠʯʝʩʢʦʛʦ ʨʷʜʘ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʚ ʩʦʝʜʠʥʝʥʠʷʭ R11Ru4In9 ʠ ʠʤ 

ʧʨʝʜʰʝʩʪʚʫʶʱʠʭ ʬʨʘʛʤʝʥʪʳ CsCl ʦʙʨʘʟʦʚʳʚʘʣʠ ʘʪʦʤʳ ʈɿʕ ʠ ʥʝʧʝʨʝʭʦʜʥʦʛʦ 

ʤʝʪʘʣʣʘ, ʘ ʬʨʘʛʤʝʥʪʳ AlB 2 ï ʘʪʦʤʳ ʈɿʕ ʠ ʧʝʨʝʭʦʜʥʦʛʦ ʤʝʪʘʣʣʘ. ɺ ʩʪʨʫʢʪʫʨʘʭ ʞʝ 

ʩʦʝʜʠʥʝʥʠʡ R8-xRu3In7+x, R3Ru1-xIn3, R39Ru12-xIn35, R16Ru5In14 ʫʚʝʣʠʯʠʚʘʝʪʩʷ 

ʚʘʨʠʘʪʠʚʥʦʩʪʴ ʚ ʩʧʦʩʦʙʘʭ ʬʦʨʤʠʨʦʚʘʥʠʷ ʬʨʘʛʤʝʥʪʦʚ CsCl ʠ AlB 2. ɸʪʦʤʳ 

ʨʫʪʝʥʠʷ, ʧʦʤʠʤʦ ʦʙʨʘʟʦʚʘʥʠʷ ʬʨʘʛʤʝʥʪʦʚ RRu2, ʪʘʢʞʝ ʤʦʛʫʪ ʦʙʨʘʟʦʚʳʚʘʪʴ 

ʬʨʘʛʤʝʥʪʳ RRu, ʘ ʘʪʦʤʳ ʠʥʜʠʷ, ʢʨʦʤʝ ʬʨʘʛʤʝʥʪʦʚ RIn, ʫʯʘʩʪʚʫʶʪ ʚ ʦʙʨʘʟʦʚʘʥʠʠ 

ʬʨʘʛʤʝʥʪʦʚ RIn2. ɺ ʩʪʨʫʢʪʫʨʝ ʞʝ ʩʦʝʜʠʥʝʥʠʡ R3Ru2In4 ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ 

ʬʨʘʛʤʝʥʪʦʚ CsCl ʫʯʘʩʪʚʫʶʪ ʚʩʝ ʪʨʠ ʚʠʜʘ ʘʪʦʤʦʚ ʠ ʜʦʙʘʚʣʷʝʪʩʷ ʝʱʝ ʦʜʠʥ ʚʘʨʠʘʥʪ 

ʬʨʘʛʤʝʥʪʘ AlB 2, ʢʦʪʦʨʳʡ ʚ ʜʘʥʥʦʡ ʩʪʨʫʢʪʫʨʝ ʬʦʨʤʠʨʫʝʪʩʷ ʪʦʣʴʢʦ ʠʟ ʘʪʦʤʦʚ 

ʨʫʪʝʥʠʷ ʠ ʠʥʜʠʷ (InRu2). 
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ʉʦʝʜʠʥʝʥʠʷ ʩʦʩʪʘʚʘ R4TX ʠʟʚʝʩʪʥʳ ʜʣʷ ʰʠʨʦʢʦʛʦ ʢʨʫʛʘ ʤʝʪʘʣʣʦʚ T = Ru, Rh, 

Ir, Ni, Co ʠ X = Mg, Al , Cd, In [45-48], ʢʦʪʦʨʳʝ ʢʨʠʩʪʘʣʣʠʟʫʶʪʩʷ ʚ ʩʪʨʫʢʪʫʨʥʦʤ 

ʪʠʧʝ Gd4RhIn [48] c ʢʫʙʠʯʝʩʢʦʡ ʷʯʝʡʢʦʡ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʦʡ F-43m. 

ʀʥʪʝʨʤʝʪʘʣʣʠʜʳ R4RuIn ʧʦʣʫʯʝʥʳ ʜʣʷ ʈɿʕ ʧʝʨʚʦʡ ʧʦʣʦʚʠʥʳ ʨʷʜʘ (ʪʘʙʣ. 15) ʠ 

ʠʤʝʶʪ ʦʪʣʠʯʥʳʡ ʦʪ ʚʩʝʭ ʫʞʝ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʩʠʩʪʝʤʘʭ R-Ru-In 

ʧʨʠʥʮʠʧ ʧʦʩʪʨʦʝʥʠʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ. 

ʊʘʙʣ. 15. ʂʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʦʝʜʠʥʝʥʠʡ R4RuIn [44]. 

ʌʦʨʤʫʣʘ 

ʩʦʝʜʠʥʝʥʠʷ 

ʇʘʨʘʤʝʪʨ ʵʣʝʤʝʥʪʘʨʥʦʡ 

ʷʯʝʡʢʠ, Å 

ʆʙʲʝʤ ʵʣʝʤʝʥʪʘʨʥʦʡ 

ʷʯʝʡʢʠ, Å3 

a V 

La4RuIn 14.159 2793.1 

Ce4RuIn 13.962 2721.7 

Pr4RuIn 13.999 2743.4 

Nd4RuIn 13.911 2692.2 

Sm4RuIn 13.809 2633.1 

ʕʣʝʤʝʥʪʘʨʥʘʷ ʷʯʝʡʢʘ ʩʦʝʜʠʥʝʥʠʡ ʟʘʧʦʣʥʝʥʘ ʪʨʠʛʦʥʘʣʴʥʳʤʠ ʧʨʠʟʤʘʤʠ ʠʟ 

ʘʪʦʤʦʚ ʈɿʕ, ʮʝʥʪʨʠʨʦʚʘʥʥʳʭ ʘʪʦʤʘʤʠ ʨʫʪʝʥʠʷ. ʇʨʠʟʤʳ ʩʦʝʜʠʥʝʥʳ ʤʝʞʜʫ ʩʦʙʦʡ 

ʨʝʙʨʘʤʠ ʠ ʚʝʨʰʠʥʘʤʠ, ʦʙʨʘʟʫʷ ʦʢʪʘʵʜʨʠʯʝʩʢʠʝ ʧʫʩʪʦʪʳ, ʢʦʪʦʨʳʝ ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ 

ʩʦʝʜʠʥʝʥʠʡ ʩʦ ʩʪʨʫʢʪʫʨʥʳʤ ʪʠʧʦʤ Gd4RhIn (ʨʠʩ. 15). ɺʩʝ ʘʪʦʤʳ ʠʥʜʠʷ ʩʦʙʨʘʥʳ ʚ 

ʠʟʦʣʠʨʦʚʘʥʥʳʝ ʪʝʪʨʘʵʜʨʠʯʝʩʢʠʝ ʢʣʘʩʪʝʨʳ, ʯʪʦ ʜʦʩʪʘʪʦʯʥʦ ʥʝʦʙʳʯʥʦ ʧʨʠ ʥʠʟʢʦʤ 

ʩʦʜʝʨʞʘʥʠʝʤ ʠʥʜʠʷ (ʦʢʦʣʦ 17 ʘʪ. %).  

ɺʚʠʜʫ ʥʘʣʠʯʠʷ ʚ ʩʪʨʫʢʪʫʨʘʭ ʩʦʝʜʠʥʝʥʠʡ R4TX ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʧʦʣʦʩʪʝʡ 

ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʩʧʦʩʦʙʥʦʩʪʠ ʨʷʜʘ ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʚ ʘʜʩʦʨʙʠʨʦʚʘʪʴ 

ʚʦʜʦʨʦʜ. ʊʘʢ, ʘʚʪʦʨʘʤ ʨʘʙʦʪʳ [47] ʫʜʘʣʦʩʴ ʘʜʩʦʨʙʠʨʦʚʘʪʴ ʜʦ 11 ʘʪʦʤʦʚ ʚʦʜʦʨʦʜʘ 

ʥʘ ʦʜʥʫ ʬʦʨʤʫʣʴʥʫʶ ʝʜʠʥʠʮʫ ʩʦʝʜʠʥʝʥʠʡ Gd4NiMg, ʠ Y4NiMg. ʂʨʦʤʝ ʪʦʛʦ, 

ʟʘʬʠʢʩʠʨʦʚʘʥʦ ʠʟʤʝʥʝʥʠʝ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ ʛʠʜʨʠʨʦʚʘʥʥʳʭ ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʚ. 

ʊʨʦʡʥʦʝ ʩʦʝʜʠʥʝʥʠʝ Gd4NiMg ʧʨʦʷʚʣʷʝʪ ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʧʨʠ 

ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʚ ʪʦ ʞʝ ʚʨʝʤʷ ʝʛʦ ʛʠʜʨʠʜ ʧʘʨʘʤʘʛʥʠʪʝʥ. 
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ʈʠʩ. 15. ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʩʦʝʜʠʥʝʥʠʡ R4RuIn. 

ʉʦʝʜʠʥʝʥʠʷ R8-xRu3In7+x, R3Ru1-xIn3, R39Ru12-xIn35, R16Ru5In14 ʠ R11Ru4In9, 

R3Ru2In4, ʥʘʭʦʜʷʪʩʷ ʚʙʣʠʟʠ ʵʢʚʠʘʪʦʤʥʦʡ ʦʙʣʘʩʪʠ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʦʛʦ 

ʪʨʝʫʛʦʣʴʥʠʢʘ ʩʠʩʪʝʤʳ R-Ru-In, ʠʩʢʣʶʯʝʥʠʝ ʩʦʩʪʘʚʣʷʝʪ ʩʦʝʜʠʥʝʥʠʝ R4RuIn ʩ 

ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʈɿʕ (67 ʘʪ. %). ɺ ʜʨʫʛʠʭ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʳʭ ʦʙʣʘʩʪʷʭ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʜʘʥʥʳʭ ʩʠʩʪʝʤ ʥʝ ʧʨʦʚʦʜʠʣʠ. ɼʣʷ ʫʢʘʟʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

ʦʧʨʝʜʝʣʝʥʳ ʪʦʣʴʢʦ ʠʭ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ, ʘ ʜʘʥʥʳʝ ʦ ʪʝʤʧʝʨʘʪʫʨʘʭ 

ʧʣʘʚʣʝʥʠʷ, ʤʘʛʥʠʪʥʳʭ ʠ ʜʨʫʛʠʭ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚʘʭ ʦʪʩʫʪʩʪʚʫʶʪ. ɺ ʪʦ ʞʝ 

ʚʨʝʤʷ ʨʦʜʩʪʚʝʥʥʘʷ ʩʠʩʪʝʤʘ Ce-Ru-In ʠʟʫʯʝʥʘ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠ, ʫʩʪʘʥʦʚʣʝʥʳ 

ʩʦʩʪʘʚʳ ʩʦʝʜʠʥʝʥʠʡ, ʢʨʠʩʪʘʣʣʠʟʫʶʱʠʭʩʷ ʚ ʩʠʩʪʝʤʝ, ʦʧʨʝʜʝʣʝʥʳ ʠʭ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ, ʛʨʘʥʠʮʳ ʦʙʣʘʩʪʝʡ ʛʦʤʦʛʝʥʥʦʩʪʠ ʜʣʷ ʩʦʝʜʠʥʝʥʠʡ 

ʧʝʨʝʤʝʥʥʦʛʦ ʩʦʩʪʘʚʘ (ʪʘʙʣ. 16). ʇʦ ʩʦʚʦʢʫʧʥʦʩʪʠ ʠʟʚʝʩʪʥʳʭ ʜʘʥʥʳʭ ʧʦʩʪʨʦʝʥʦ 

ʠʟʦʪʝʨʤʠʯʝʩʢʦʝ ʩʝʯʝʥʠʝ ʩʠʩʪʝʤʳ Ce-Ru-In ʧʨʠ T = 650 Áʉ [49]. 

ʊʘʙʣʠʮʘ 16. ʉʧʠʩʦʢ ʪʨʦʡʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʩʠʩʪʝʤʘʭ Ce-Ru-In [49-52]. 

ʉʦʝʜʠʥʝʥʠʷ ʆʩʦʙʝʥʥʦʩʪʠ 

Ce16Ru8In37 ʋʢʦʨʦʯʝʥʥʳʝ ʨʘʩʩʪʦʷʥʠʷ Ce-Ru (2.374 Å) 

Ce2Ru2In3  ʋʢʦʨʦʯʝʥʥʳʝ ʨʘʩʩʪʦʷʥʠʷ Ce-Ru (2.323 Å) 

Ce3Ru2In2  ʋʢʦʨʦʯʝʥʥʳʝ ʨʘʩʩʪʦʷʥʠʷ Ce-Ru (2.323 Å) 
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CeRu0.88In2  ʋʢʦʨʦʯʝʥʥʳʝ ʨʘʩʩʪʦʷʥʠʷ Ce-Ru (2.235 Å) 

Ce3Ru2In3  ʋʢʦʨʦʯʝʥʥʳʝ ʨʘʩʩʪʦʷʥʠʷ Ce-Ru (2.375 Å) 

Ce16Ru8+xIn3-x  ʋʢʦʨʦʯʝʥʥʳʝ ʨʘʩʩʪʦʷʥʠʷ Ce-Ru (2.576 Å) 

Ce11Ru3.83In9 ʌʝʨʨʦʤʘʛʥʝʪʠʟʤ 

Ce23Ru7+xIn4-x ʌʦʨʤʠʨʦʚʘʥʠʝ ʠʟʦʣʠʨʦʚʘʥʥʳʭ ʢʣʘʩʪʝʨʦʚ In4 

CeRuIn ʇʦʣʠʤʦʨʬʠʟʤ 

Ce4RuIn ʌʦʨʤʠʨʦʚʘʥʠʝ ʠʟʦʣʠʨʦʚʘʥʥʳʭ ʢʣʘʩʪʝʨʦʚ In4 

ɼʣʷ ʩʪʨʫʢʪʫʨ ʀʄʉ ʩ ʮʝʨʠʝʤ, ʭʘʨʘʢʪʝʨʥʦ ʥʘʣʠʯʠʝ ʢʦʨʦʪʢʠʭ ʨʘʩʩʪʦʷʥʠʡ Ce-

Ru, ʚʝʣʠʯʠʥʳ ʢʦʪʦʨʳʭ ʦʢʘʟʳʚʘʶʪʩʷ ʤʝʥʴʰʝ ʩʫʤʤʳ ʥʝ ʪʦʣʴʢʦ ʘʪʦʤʥʳʭ, ʥʦ ʜʘʞʝ 

ʢʦʚʘʣʝʥʪʥʳʭ ʨʘʜʠʫʩʦʚ Ce (1.65 Å) ʠ Ru (1.24 Å). ʅʘʣʠʯʠʝ ʫʢʦʨʦʯʝʥʥʳʭ 

ʨʘʩʩʪʦʷʥʠʡ Ce-Ru ʩʚʷʟʘʥʦ ʩ ʬʣʫʢʪʫʘʮʠʷʤʠ ʚʘʣʝʥʪʥʦʩʪʠ ʮʝʨʠʷ ʚ ʠʥʪʝʨʤʝʪʘʣʣʠʜʘʭ. 

ɺ ʦʩʥʦʚʥʦʤ ʩʦʩʪʦʷʥʠʠ ʮʝʨʠʡ ʠʤʝʝʪ ʢʦʥʬʠʛʫʨʘʮʠʶ [Xe]4f1 ʠ ʦʙʣʘʜʘʝʪ 

ʧʘʨʘʤʘʛʥʠʪʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. ɺ ʚʦʟʙʫʞʜʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʮʝʨʠʡ ʠʤʝʝʪ 

ʢʦʥʬʠʛʫʨʘʮʠʶ [Xe]4f0 ʠ ʦʙʣʘʜʘʝʪ ʜʠʘʤʘʛʥʠʪʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. ɺ ʩʦʝʜʠʥʝʥʠʷʭ ʠʟ 

ʩʠʩʪʝʤʳ Ce-Ru-In ʚʘʣʝʥʪʥʳʝ ʬʣʫʢʪʫʘʮʠʠ ʮʝʨʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʥʝ 

ʧʦʜʪʚʝʨʞʜʝʥ,r ʠʤʝʝʪʩʷ ʣʠʰʴ ʢʦʩʚʝʥʥʦʝ ʜʦʢʘʟʘʪʝʣʴʩʪʚʦ ʵʪʦʛʦ ʬʝʥʦʤʝʥʘ, ʪʘʢʦʝ ʢʘʢ 

ʘʥʦʤʘʣʴʥʦ ʢʦʨʦʪʢʠʝ ʤʝʞʘʪʦʤʥʳʝ ʨʘʩʩʪʦʷʥʠʷ Ce-Ru. ʆʜʥʘʢʦ ʚ ʨʦʜʩʪʚʝʥʥʳʭ 

ʩʠʩʪʝʤʘʭ ʩ ʜʨʫʛʠʤ p-ʵʣʝʤʝʥʪʦʤ (Ce-Ru-Al  ʠ Ce-Ru-Ga) ʬʣʫʢʪʫʘʮʠʠ ʚʘʣʝʥʪʥʦʩʪʠ 

ʮʝʨʠʷ ʚ ʩʦʝʜʠʥʝʥʠʷʭ ʧʦʜʪʚʝʨʞʜʝʥʳ ʨʝʟʫʣʴʪʘʪʘʤʠ XANES-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʠ 

ʠʟʤʝʨʝʥʠʡ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʩʦʝʜʠʥʝʥʠʡ ʮʝʨʠʷ (ʨʠʩ. 16) [53-55]. 
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ʈʠʩ. 16. ʘ) ʉʧʝʢʪʨ XANES ʩʦʝʜʠʥʝʥʠʷ Ce2RuAl. ʙ) ɿʘʚʠʩʠʤʦʩʪʴ ʚʝʣʠʯʠʥʳ 

ʦʙʨʘʪʥʦʡ ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʜʣʷ ʩʦʝʜʠʥʝʥʠʷ Ce2RuAl 

[55]. 

ʊʘʢ, ʚ ʠʥʪʝʨʤʝʪʘʣʣʠʜʝ Ce2RuAl ʥʘ ʦʩʥʦʚʘʥʠʠ ʩʧʝʢʪʨʦʚ ʧʦʛʣʦʱʝʥʠʷ 

ʨʘʩʩʯʠʪʘʥʘ ʩʨʝʜʥʷʷ ʚʘʣʝʥʪʥʦʩʪʴ ʘʪʦʤʦʚ ʮʝʨʠʷ, ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʧʦ ʜʚʫʤ 

ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠ ʥʝʟʘʚʠʩʠʤʳʤ ʧʦʟʠʮʠʷʤ. ʉʧʝʢʪʨ XANES ʩʦʜʝʨʞʠʪ ʜʚʘ 

ʤʘʢʩʠʤʫʤʘ, ʦʪʚʝʯʘʶʱʠʭ ʜʚʫʤ ʵʣʝʢʪʨʦʥʥʳʤ ʩʦʩʪʦʷʥʠʷʤ ʘʪʦʤʦʚ ʮʝʨʠʷ Ce+3 [Xe]4f1 

ʠ Ce+4 [Xe]4f0. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʨʘʩʯʸʪʘ ʟʥʘʯʝʥʠʝ ʩʨʝʜʥʝʡ ʚʘʣʝʥʪʥʦʩʪʠ ʮʝʨʠʷ 

ʩʦʩʪʘʚʠʣʦ 3.19. ʅʝʩʪʘʙʠʣʴʥʦʩʪʴ 4f ʦʙʦʣʦʯʢʠ ʮʝʨʠʷ ʚ ʩʦʝʜʠʥʝʥʠʷʭ ʩʢʘʟʳʚʘʝʪʩʷ ʠ 

ʥʘ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚʘʭ ʚʝʱʝʩʪʚʘ. ɺʦ ʚʩʝʤ ʠʟʤʝʨʝʥʥʦʤ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʠʥʪʝʨʚʘʣʝ 

ʤʦʣʷʨʥʘʷ ʤʘʛʥʠʪʥʘʷ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʴ ʩʦʝʜʠʥʝʥʠʷ Ce2RuAl ʥʝʚʝʣʠʢʘ ʠ ʥʝ 

ʧʦʜʯʠʥʷʝʪʩʷ ʟʘʢʦʥʫ ʂʶʨʠ-ɺʝʡʩʘ. ʇʨʠ ʧʦʥʠʞʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʦʪ 400 ʂ ʜʦ 250 K 

ʟʥʘʯʝʥʠʷ ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʫʤʝʥʴʰʘʶʪʩʷ, ʚʳʭʦʜʷ ʥʘ ʤʠʥʠʤʫʤ ʧʨʠ ʊ = 

250 K. ɼʘʣʴʥʝʡʰʝʝ ʧʦʥʠʞʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʨʝʟʢʠʤ ʨʦʩʪʦʤ 

ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ. ʅʘʣʠʯʠʝ ʪʘʢʦʛʦ ʰʠʨʦʢʦʛʦ ʵʢʩʪʨʝʤʫʤʘ ʥʘ 

ʟʘʚʠʩʠʤʦʩʪʠ ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʨʦʩʪ 

ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʚ ʦʙʣʘʩʪʠ ʚʳʩʦʢʠʭ ʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʭʘʨʘʢʪʝʨʝʥ ʜʣʷ 

ʩʦʝʜʠʥʝʥʠʡ ʀʄʉ ʩ ʧʝʨʝʤʝʥʥʦʡ ʚʘʣʝʥʪʥʦʩʪʴʶ [56,57] ʠ ʩʦʛʣʘʩʫʝʪʩʷ ʩ 

ʨʝʟʫʣʴʪʘʪʘʤʠ XANES-ʩʧʝʢʪʨʦʩʢʦʧʠʠ. 

ɼʨʫʛʠʤ ʷʨʢʠʤ ʧʨʠʤʝʨʦʤ ʬʣʫʢʪʫʘʮʠʡ ʚʘʣʝʥʪʥʦʩʪʠ ʮʝʨʠʷ ʠ ʩʦʧʫʪʩʪʚʫʶʱʠʭ 

ʠʤ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʫ ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʚ ʮʝʨʠʷ ʩ ʨʫʪʝʥʠʝʤ ʷʚʣʷʝʪʩʷ 

ʥʝʮʝʥʪʨʦʩʠʤʤʝʪʨʠʯʥʦʝ ʩʦʝʜʠʥʝʥʠʝ Ce9Ru4Ga5. ɺ ʨʘʙʦʪʝ [58] ʜʣʷ ʦʮʝʥʢʠ 

ʚʘʣʝʥʪʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʘʪʦʤʦʚ ʮʝʨʠʷ ʧʨʦʚʝʜʝʥ ʵʢʩʧʝʨʠʤʝʥʪ ʧʦ XANES-

ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʢʦʪʦʨʦʛʦ ʨʘʩʩʯʠʪʘʥʦ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ 

ʚʘʣʝʥʪʥʦʩʪʠ ʮʝʨʠʷ (3.1). ɸʚʪʦʨʳ ʨʘʙʦʪʳ ʦʪʤʝʯʘʶʪ, ʯʪʦ ʨʘʩʩʯʠʪʘʥʥʦʝ ʟʥʘʯʝʥʠʝ 

ʚʘʣʝʥʪʥʦʩʪʠ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʜʘʥʥʳʤʠ ʤʦʥʦʢʨʠʩʪʘʣʴʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʧʦ 

ʨʝʟʫʣʴʪʘʪʘʤ ʢʦʪʦʨʦʛʦ ʘʪʦʤʳ ʮʝʨʠʷ, ʧʨʠʥʘʜʣʝʞʘʱʠʝ ʦʜʥʦʡ ʠʟ ʪʨʝʭ ʥʝʟʘʚʠʩʠʤʳʭ 

ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʭ ʧʦʟʠʮʠʡ, ʦʙʨʘʟʫʶʪ ʢʦʨʦʪʢʫʶ ʩʚʷʟʴ Ce-Ru (2.3664 Å). 

ʇʦʩʣʝʜʫʶʱʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 
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ʩʦʝʜʠʥʝʥʠʷ Ce9Ru4Ga5 ʧʦʜʪʚʝʨʞʜʘʶʪ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʬʣʫʢʪʫʘʮʠʡ ʚʘʣʝʥʪʥʦʩʪʠ 

ʮʝʨʠʷ. ɺ ʨʘʙʦʪʝ [59] ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʧʨʦʚʝʣʠ ʠʟʤʝʨʝʥʠʷ ʤʘʛʥʠʪʥʦʡ 

ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ, ʪʝʧʣʦʝʤʢʦʩʪʠ ʠ ʵʣʝʢʪʨʦʩʦʧʨʦʪʠʚʣʝʥʠʷ ʩʦʝʜʠʥʝʥʠʷ Ce9Ru4Ga5. 

ɺ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʜʠʘʧʘʟʦʥʝ ʦʪ 50 ʂ ʜʦ 400 ʂ ʟʘʚʠʩʠʤʦʩʪʴ ʦʙʨʘʪʥʦʡ ʤʘʛʥʠʪʥʦʡ 

ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʘʧʧʨʦʢʩʠʤʠʨʫʝʪʩʷ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʤ 

ʟʘʢʦʥʦʤ ʂʶʨʠ-ɺʝʡʩʘ ɢ(T)= ɢ0+ʉ/(T-ⱥ). ʈʘʩʩʯʠʪʘʥʥʳʝ ʟʥʘʯʝʥʠʷ ʧʦʩʪʦʷʥʥʦʡ ʂʶʨʠ 

(ʉ) ʠ ʧʘʨʘʤʘʛʥʠʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʂʶʨʠ (ⱥ) ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʟʥʘʯʝʥʠʡ ʢʦʥʩʪʘʥʪ, 

ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʩʦʝʜʠʥʝʥʠʡ ʪʦʣʴʢʦ ʩ ʪʨʝʭʚʘʣʝʥʪʥʳʤ ʮʝʨʠʝʤ. ʇʨʠ ʧʦʥʠʞʝʥʠʠ 

ʪʝʤʧʝʨʘʪʫʨʳ ʦʪ 50 ʂ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ ʙʣʠʟʢʦʡ ʢ 0 ʂ ʧʨʦʠʩʭʦʜʠʪ ʨʝʟʢʠʡ ʨʦʩʪ 

ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʠ ʧʦʷʚʣʝʥʠʝ ʩʣʘʙʦʛʦ ʤʘʢʩʠʤʫʤʘ ʚ ʨʘʡʦʥʝ 3.5 ʂ, ʯʪʦ 

ʩʚʷʟʳʚʘʶʪ ʩ ʚʢʣʘʜʦʤ ʤʘʛʥʠʪʥʳʭ ʤʦʤʝʥʪʦʚ 4f ʵʣʝʢʪʨʦʥʦʚ ʪʨʝʭʚʘʣʝʥʪʥʦʛʦ ʮʝʨʠʷ ʠ 

ʧʝʨʝʭʦʜʦʤ ʚ ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʦʝ ʩʦʩʪʦʷʥʠʝ (ʨʠʩ. 17ʘ). 

 

ʈʠʩ. 17. ʘ) ɿʘʚʠʩʠʤʦʩʪʴ ʚʝʣʠʯʠʥʳ ʦʙʨʘʪʥʦʡ ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʦʪ 

ʪʝʤʧʝʨʘʪʫʨʳ ʜʣʷ ʩʦʝʜʠʥʝʥʠʷ Ce9Ru4Ga5. ʙ) ɿʘʚʠʩʠʤʦʩʪʴ ʚʝʣʠʯʠʥʳ ʪʝʧʣʦʝʤʢʦʩʪʠ 

ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʜʣʷ ʩʦʝʜʠʥʝʥʠʷ Ce9Ru4Ga5 [59]. 

ʇʨʝʜʧʦʣʦʞʝʥʠʝ ʦ ʤʘʛʥʠʪʥʦʤ ʧʝʨʝʭʦʜʝ ʧʦʜʪʚʝʨʞʜʘʶʪ ʟʘʚʠʩʠʤʦʩʪʠ 

ʪʝʧʣʦʝʤʢʦʩʪʠ ʠ ʫʜʝʣʴʥʦʛʦ ʵʣʝʢʪʨʦʩʦʧʨʦʪʠʚʣʝʥʠʷ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ. ʅʘ ʢʨʠʚʦʡ 

ʪʝʧʣʦʝʤʢʦʩʪʠ ʧʦʷʚʣʷʝʪʩʷ ʨʝʟʢʠʡ ʤʘʢʩʠʤʫʤ ʚ ʨʘʡʦʥʝ 4 ʂ, ʚʝʣʠʯʠʥʘ ʢʦʪʦʨʦʛʦ 

ʩʦʩʪʘʚʣʷʝʪ 18 ɼʞ/(ʤʦʣʴ*ʂ). ɺʝʣʠʯʠʥʘ ʩʢʘʯʢʘ ʪʝʧʣʦʝʤʢʦʩʪʠ ʙʣʠʟʢʘ ʢ 

ʨʘʩʩʯʠʪʘʥʥʦʤʫ ʟʥʘʯʝʥʠʶ ʚ ʧʨʠʙʣʠʞʝʥʠʠ ʧʨʦʩʪʝʡʰʝʛʦ ʘʥʪʠʬʝʨʨʦʤʘʛʥʝʪʠʢʘ 20 
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ɼʞ/(ʤʦʣʴ*ʂ). ʇʨʠ ʧʦʚʳʰʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʜʦ ʢʦʤʥʘʪʥʦʡ ʟʥʘʯʝʥʠʝ ʪʝʧʣʦʝʤʢʦʩʪʠ 

ʚʳʭʦʜʠʪ ʥʘ ʢʦʥʩʪʘʥʪʫ ʠ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 450 ɼʞ/(ʤʦʣʴ*ʂ), ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʟʘʢʦʥʫ ɼʶʣʦʥʛʘ-ʇʪʠ (C = 3nR), ʛʜʝ n - ʯʠʩʣʦ ʘʪʦʤʦʚ ʚ ʦʜʥʦʡ ʬʦʨʤʫʣʴʥʦʡ 

ʝʜʠʥʠʮʝ, ʨʘʚʥʦʝ 18 ʜʣʷ ʩʦʝʜʠʥʝʥʠʷ Ce9Ru4Ga5 (ʨʠʩ. 17ʙ). ʕʣʝʢʪʨʦʩʦʧʨʦʪʠʚʣʝʥʠʝ 

ʩʦʝʜʠʥʝʥʠʷ ʣʠʥʝʡʥʦ ʫʤʝʥʴʰʘʝʪʩʷ ʩ ʧʦʥʠʞʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ, ʯʪʦ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʧʨʦʚʦʜʠʤʦʩʪʠ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʪʠʧʘ. ʇʨʠ ʧʦʥʠʞʝʥʠʠ 

ʪʝʤʧʝʨʘʪʫʨʳ ʦʪ 40 ʂ ʜʦ 15 ʂ ʟʥʘʯʝʥʠʷ ʵʣʝʢʪʨʦʩʦʧʨʦʪʠʚʣʝʥʠʷ ʥʝʩʢʦʣʴʢʦ 

ʧʦʚʳʰʘʶʪʩʷ, ʚʳʭʦʜʷ ʥʘ ʧʦʣʦʛʠʡ ʤʘʢʩʠʤʫʤ, ʘ ʟʘʪʝʤ ʧʨʠ ʜʘʣʴʥʝʡʰʝʤ ʫʤʝʥʴʰʝʥʠʠ 

ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʦʠʩʭʦʜʠʪ ʨʝʟʢʠʡ ʩʧʘʜ ʟʥʘʯʝʥʠʡ ʵʣʝʢʪʨʦʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʯʪʦ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʝʨʝʭʦʜʫ ʚ ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʦʝ ʩʦʩʪʦʷʥʠʝ ʟʘ ʩʯʝʪ ʨʘʩʩʝʷʥʠʷ 

ʵʣʝʢʪʨʦʥʦʚ ʧʨʦʚʦʜʠʤʦʩʪʠ ʥʘ ʤʘʛʥʠʪʥʳʭ ʤʦʤʝʥʪʘʭ ʘʪʦʤʦʚ ʮʝʨʠʷ (ʨʠʩ. 18).  

 

ʈʠʩ. 18. ɿʘʚʠʩʠʤʦʩʪʴ ʚʝʣʠʯʠʥʳ ʵʣʝʢʪʨʦʩʦʧʨʦʪʠʚʣʝʥʠʷ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʜʣʷ 

ʩʦʝʜʠʥʝʥʠʷ Ce9Ru4Ga5 [59]. 

ɺ ʨʘʙʦʪʝ [60] ʧʨʦʚʝʜʝʥ ʨʘʩʯʸʪ ʵʣʝʢʪʨʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʩʦʝʜʠʥʝʥʠʷ Ce9Ru4Ga5, 

ʢʦʪʦʨʳʡ ʧʦʢʘʟʘʣ, ʯʪʦ ʥʝʩʪʘʙʠʣʴʥʦʝ ʚʘʣʝʥʪʥʦʝ ʩʦʩʪʦʷʥʠʝ ʘʪʦʤʦʚ ʮʝʨʠʷ 

ʦʙʫʩʣʦʚʣʝʥʦ ʵʬʬʝʢʪʦʤ ʛʠʙʨʠʜʠʟʘʮʠʠ ʤʝʞʜʫ ʚʘʣʝʥʪʥʳʤʠ f-ʦʨʙʠʪʘʣʷʤʠ ʮʝʨʠʷ ʠ 

ʚʘʣʝʥʪʥʳʤʠ d-ʦʨʙʠʪʘʣʷʤʠ ʨʫʪʝʥʠʷ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʨʘʩʯʸʪʦʚ ʧʦʩʪʨʦʝʥʘ ʢʘʨʪʘ 
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ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʩʦʝʜʠʥʝʥʠʷ Ce9Ru4Ga5 (ʨʠʩ. 

19). ʅʘ ʢʘʨʪʝ ʚʠʜʥʦ, ʯʪʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚʘʣʝʥʪʥʳʭ ʵʣʝʢʪʨʦʥʦʚ ʚʦʢʨʫʛ ʘʪʦʤʦʚ 

ʛʘʣʠʷ ʠ ʦʜʥʦʡ ʠʟ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʭ ʧʦʟʠʮʠʡ ʮʝʨʠʷ (Ce1) ʠʟʦʪʨʦʧʥʦ. 

ʅʘʧʨʦʪʠʚ, ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʚʦʢʨʫʛ ʘʪʦʤʦʚ Ce3 ʠ, ʚ 

ʦʩʦʙʝʥʥʦʩʪʠ, ʚʦʢʨʫʛ ʘʪʦʤʦʚ Ce2 ʠ Ru ʩʠʣʴʥʦ ʩʤʝʱʝʥʦ ʠ ʤʘʢʩʠʤʘʣʴʥʦ ʚʜʦʣʴ 

ʩʚʷʟʝʡ Ce3-Ru ʠ Ce2-Ru, ʧʦʩʣʝʜʥʷʷ ʠʟ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʫʢʦʨʦʯʝʥʥʦʡ. 

ʈʘʩʯʝʪ ʯʠʩʣʘ ʵʣʝʢʪʨʦʥʦʚ ʥʘ ʚʘʣʝʥʪʥʦʡ 4f-ʦʙʦʣʦʯʢʝ ʘʪʦʤʦʚ ʮʝʨʠʷ ʧʦʢʘʟʘʣ, ʯʪʦ 

ʘʪʦʤʳ Ce1 ʪʨʝʭʚʘʣʝʥʪʥʳ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʘʪʦʤʳ Ce2 ʠ Ce3 ʠʤʝʝʪ ʜʨʦʙʥʫʶ 

ʚʘʣʝʥʪʥʦʩʪʴ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʩʦʝʜʠʥʝʥʠʷ Ce9Ru4Ga5 ʦʜʥʦʚʨʝʤʝʥʥʦ 

ʭʘʨʘʢʪʝʨʥʳ ʬʣʫʢʪʫʘʮʠʷ ʚʘʣʝʥʪʥʦʩʪʠ ʘʪʦʤʦʚ ʮʝʨʠʷ ʠ ʘʥʪʠʬʝʨʨʦʤʘʛʥʝʪʠʟʤ. 

ʉʦʩʫʱʝʩʪʚʦʚʘʥʠʝ ʪʘʢʠʭ ʜʚʫʭ ʨʘʟʥʳʭ ʷʚʣʝʥʠʡ ʜʦʩʪʘʪʦʯʥʦ ʨʝʜʢʦ, ʧʦʩʢʦʣʴʢʫ 

ʥʝʩʪʘʙʠʣʴʥʳʝ 4f-ʦʨʙʠʪʘʣʠ ʙʫʜʫʪ ʧʦʜʘʚʣʷʪʴ ʤʘʛʥʠʪʥʦʝ ʫʧʦʨʷʜʦʯʝʥʠʝ, ʦʜʥʘʢʦ ʚ 

ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʵʪʠ ʷʚʣʝʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ʨʘʟʜʝʣʝʥʳ ʠ ʨʘʟʚʠʚʘʶʪʩʷ ʚ ʜʚʫʭ 

ʨʘʟʥʳʭ ʧʦʜʨʝʰʝʪʢʘʭ. ɸʪʦʤʳ ʮʝʨʠʷ ʩʦ ʩʪʘʙʠʣʴʥʦʡ ʚʘʣʝʥʪʥʦʩʪʴʶ ʚʥʦʩʷʪ ʚʢʣʘʜ ʚ 

ʤʘʛʥʠʪʥʦʝ ʫʧʦʨʷʜʦʯʝʥʠʝ, ʘ ʦʩʪʘʣʴʥʳʝ ʜʚʘ ʪʠʧʘ ʘʪʦʤʦʚ ʧʨʦʷʚʣʷʶʪ ʬʣʫʢʪʫʘʮʠʶ 

ʚʘʣʝʥʪʥʦʩʪʠ. 
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ʈʠʩ. 19. ʕʣʝʢʪʨʦʥʥʘʷ ʧʣʦʪʥʦʩʪʴ ʩʪʨʫʢʪʫʨʳ ʩʦʝʜʠʥʝʥʠʷ Ce9Ru4Ga5 ʚʜʦʣʴ 

ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʡ ʧʣʦʩʢʦʩʪʠ (010) [60]. 

ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʠʥʜʠʝʚʦʡ ʩʠʩʪʝʤʝ Ce-Ru-In ʩʦʝʜʠʥʝʥʠʷ, 

ʠʟʦʩʪʨʫʢʪʫʨʥʦʛʦ ʠʥʪʝʨʤʝʪʘʣʣʠʜʫ Ce9Ru4Ga5, ʥʝ ʦʙʥʘʨʫʞʝʥʦ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʚ 

ʩʠʩʪʝʤʝ La-Ru-In ʠʟʚʝʩʪʥʦ ʮʝʥʪʨʦʩʠʤʤʝʪʨʠʯʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʩʦʩʪʘʚʘ La9Ru4In5. 

ɺʚʠʜʫ ʥʘʣʠʯʠʷ ʮʝʥʪʨʘ ʠʥʚʝʨʩʠʠ ʚ ʩʪʨʫʢʪʫʨʝ ʫʢʘʟʘʥʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ, ʘʪʦʤʳ 

ʣʘʥʪʘʥʘ ʨʘʩʧʨʝʜʝʣʝʥʳ ʪʦʣʴʢʦ ʧʦ ʜʚʫʤ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠ ʥʝʟʘʚʠʩʠʤʳʤ 

ʧʦʟʠʮʠʷʤ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʘʪʦʤʳ ʮʝʨʠʷ ʚ ʩʪʨʫʢʪʫʨʝ ʩʦʝʜʠʥʝʥʠʷ Ce9Ru4Ga5 

ʟʘʥʠʤʘʶʪ ʪʨʠ ʥʝʵʢʚʠʚʘʣʝʥʪʥʳʝ ʧʦʟʠʮʠʠ. ɼʣʠʥʳ ʩʚʷʟʝʡ ʤʝʞʜʫ ʨʫʪʝʥʠʝʤ ʠ 

ʘʪʦʤʘʤʠ ʣʘʥʪʘʥʘ ʦʜʥʦʡ ʠʟ ʧʦʟʠʮʠʡ ʩʦʩʪʘʚʣʷʶʪ 2.745 Å, ʯʪʦ ʤʝʥʴʰʝ, ʯʝʤ ʩʫʤʤʘ 

ʢʦʚʘʣʝʥʪʥʳʭ ʨʘʜʠʫʩʦʚ La (1.69 Å) ʠ Ru (1.24 Å), ʦʜʥʘʢʦ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʚʝʣʠʯʠʥʘʤʠ 

ʥʝʢʦʪʦʨʳʭ ʤʝʞʘʪʦʤʥʳʭ ʨʘʩʩʪʦʷʥʠʡ Ce-Ru (2.3664 Å) ʚ ʩʦʝʜʠʥʝʥʠʠ Ce9Ru4Ga5, 

ʨʘʩʩʪʦʷʥʠʷ La-Ru ʥʝ ʷʚʣʷʶʪʩʷ ʘʥʦʤʘʣʴʥʦ ʢʦʨʦʪʢʠʤʠ. ɼʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, 

ʧʦʩʚʷʱʝʥʥʳʭ ʠʟʫʯʝʥʠʶ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʩʦʝʜʠʥʝʥʠʷ 

La9Ru4In5, ʥʝ ʧʨʦʚʦʜʠʣʠ. 

2.4 ʊʨʦʡʥʳʝ ʠʥʪʝʨʤʝʪʘʣʣʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ ʚ ʩʠʩʪʝʤʘʭ R-Fe-In 

ʊʨʦʡʥʳʝ ʀʄʉ ʥʘ ʦʩʥʦʚʝ ʣʘʥʪʘʥʦʠʜʦʚ ʠʟʚʝʩʪʥʳ ʠ ʩ ʜʨʫʛʠʤʠ ʧʝʨʝʭʦʜʥʳʤʠ 

ʤʝʪʘʣʣʘʤʠ ʧʦʤʠʤʦ ʨʫʪʝʥʠʷ, ʧʦʵʪʦʤʫ ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʩ ʨʫʪʝʥʠʝʚʳʤʠ ʩʠʩʪʝʤʘʤʠ ʠ 

ʧʦʣʥʦʪʳ ʢʘʨʪʠʥʳ ʙʫʜʝʪ ʨʘʮʠʦʥʘʣʴʥʦ ʨʘʩʩʤʦʪʨʝʪʴ ʪʨʦʡʥʳʝ ʩʠʩʪʝʤʳ ʩ 

ʙʣʠʞʘʡʰʠʤʠ ʢ ʨʫʪʝʥʠʶ ʧʦ ʧʝʨʠʦʜʫ ʠ ʧʦʜʛʨʫʧʧʝ ʧʝʨʝʭʦʜʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ. 

ʊʘʙʣʠʮʘ 17. ʉʧʠʩʦʢ ʪʨʦʡʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʩʠʩʪʝʤʘʭ R-Fe-In. 

ʉʦʝʜʠʥʝʥʠʷ ʆʩʦʙʝʥʥʦʩʪʠ ʀʩʪʦʯʥʠʢ 

R12Fe2+xIn3-x 

R = Ho, Er, Tm, Lu 
ʋʢʦʨʦʯʝʥʥʳʝ ʨʘʩʩʪʦʷʥʠʷ Fe-Fe [61] 

Dy6Fe2-xIn ʋʢʦʨʦʯʝʥʥʳʝ ʨʘʩʩʪʦʷʥʠʷ Fe-Fe [62] 

RFexIn3-x 

R = Pr, Nd, Gd, Ho 
ʌʝʨʨʦʤʘʛʥʝʪʠʟʤ [63] 

Ce(Fe1-xInx)2 

ɸʥʦʤʘʣʴʥʦ ʚʳʩʦʢʦʝ ʟʥʘʯʝʥʠʝ 

ʪʝʧʣʦʝʤʢʦʩʪʠ ʚ ʦʙʣʘʩʪʠ 

ʢʨʠʦʛʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨ 

[64] 

R6Fe13In 

R = La, Pr, Nd, Sm 
ɸʥʪʠʬʝʨʨʦʤʘʛʥʝʪʠʟʤ [65] 
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Gd5Fe1.29In0.79 - [66] 

R3FexIn1-x 

R = Gd, Tb 
- [67] 

TbFe1.84In0.16 - [67] 

ɼʣʷ ʩʠʩʪʝʤ R-Fe-In ʭʘʨʘʢʪʝʨʥʦ ʦʙʨʘʟʦʚʘʥʠʝ ʪʨʦʡʥʳʭ ʥʝʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʭ 

ʩʦʝʜʠʥʝʥʠʡ (ʪʘʙʣ. 17). ʆʪʢʣʦʥʝʥʠʝ ʩʦʩʪʘʚʦʚ ʩʦʝʜʠʥʝʥʠʡ ʦʪ ʮʝʣʳʭ ʩʦʦʪʥʦʰʝʥʠʡ 

ʦʙʫʩʣʦʚʣʝʥʦ ʥʝʧʦʣʥʦʡ ʟʘʩʝʣʝʥʥʦʩʪʴʶ ʘʪʦʤʘʤʠ ʞʝʣʝʟʘ ʩʚʦʠʭ ʧʦʟʠʮʠʡ, ʣʠʙʦ, ʚ 

ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ, ʟʘʤʝʱʝʥʠʝʤ ʘʪʦʤʦʚ ʠʥʜʠʷ ʘʪʦʤʘʤʠ ʞʝʣʝʟʘ ʚʚʠʜʫ ʜʦʩʪʘʪʦʯʥʦ 

ʙʣʠʟʢʠʭ ʨʘʟʤʝʨʦʚ ʘʪʦʤʦʚ. ʉʨʝʜʠ ʩʦʚʦʢʫʧʥʦʩʪʠ ʠʟʚʝʩʪʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʩʠʩʪʝʤʝ 

R-Fe-In ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ ʛʨʫʧʧʫ ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʚ, ʢʦʪʦʨʳʝ ʧʨʠʥʘʜʣʝʞʘʪ ʢ 

ʩʝʤʝʡʩʪʚʫ ʀʄʉ ʩ ʦʙʱʝʡ ʬʦʨʤʫʣʦʡ R3(a+b)T2aXb. ʇʨʝʜʩʪʘʚʠʪʝʣʷʤʠ ʩʝʤʝʡʩʪʚʘ ʀʄʉ 

ʚ ʠʥʜʠʝʚʳʭ ʩʠʩʪʝʤʘʭ ʷʚʣʷʶʪʩʷ R12Fe2+xIn3-x (R = Ho, Er, Tm, Lu) ʠ Dy6Fe2-xIn, 

ʢʦʪʦʨʳʝ ʧʨʠʥʘʜʣʝʞʘʪ ʢ ʩʪʨʫʢʪʫʨʥʳʤ ʪʠʧʘʤ Er12Fe2In3 [61] ʠ Ho6Co2Ga [68] 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʠ ʷʚʣʷʶʪʩʷ ʧʨʦʠʟʚʦʜʥʳʤʠ ʦʪ ʩʪʨʫʢʪʫʨʳ ʩʦʝʜʠʥʝʥʠʷ AuCu3 [69]. 

ʉʪʨʫʢʪʫʨʳ ʩʦʝʜʠʥʝʥʠʡ ʧʦʩʪʨʦʝʥʳ ʥʘ ʦʩʥʦʚʝ ʢʘʨʢʘʩʘ ʠʟ ʘʪʦʤʦʚ ʈɿʕ, ʢʦʪʦʨʳʝ 

ʦʙʨʘʟʫʶʪ ʢʦʣʦʥʥʳ ʠʟ ʠʢʦʩʘʵʜʨʦʚ, ʪʝʪʨʘʛʦʥʘʣʴʥʳʭ ʧʨʠʟʤ ʠ ʘʥʪʠʧʨʠʟʤ. ʇʦʟʠʮʠʠ 

ʚʥʫʪʨʠ ʧʦʣʠʵʜʨʦʚ ʟʘʥʠʤʘʶʪ ʘʪʦʤʳ ʞʝʣʝʟʘ ʠ ʠʥʜʠʷ (ʨʠʩ. 20). ʆʪʣʠʯʠʪʝʣʴʥʦʡ 

ʦʩʦʙʝʥʥʦʩʪʴʶ ʜʘʥʥʦʡ ʛʨʫʧʧʳ ʩʦʝʜʠʥʝʥʠʡ ʷʚʣʷʝʪʩʷ ʬʦʨʤʠʨʦʚʘʥʠʝ ʚ ʠʭ 

ʩʪʨʫʢʪʫʨʘʭ ʫʢʦʨʦʯʝʥʥʳʭ ʨʘʩʩʪʦʷʥʠʡ Fe-Fe, ʚʝʣʠʯʠʥʘ ʢʦʪʦʨʳʭ, ʜʣʷ 

ʠʥʪʝʨʤʝʪʘʣʣʠʜʘ Dy6Fe1.72In ʩʦʩʪʘʚʣʷʝʪ 2.294 Å [62], ʘ ʜʣʷ Er12Fe2.31In2.69 ï 2.24 Å 

[61]. ʂʨʦʤʝ ʪʦʛʦ, ʠʟʚʝʩʪʝʥ ʠʥʪʝʨʤʝʪʘʣʣʠʜ Er6Co2.19In0.81, ʩʪʨʫʢʪʫʨʘ ʢʦʪʦʨʦʛʦ ʪʘʢʞʝ 

ʷʚʣʷʝʪʩʷ ʩʚʝʨʭʩʪʨʫʢʪʫʨʦʡ ʥʘ ʦʩʥʦʚʝ AuCu3 ʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʫʢʦʨʦʯʝʥʥʳʤʠ 

ʛʦʤʦʘʪʦʤʥʳʤʠ ʩʚʷʟʷʤʠ ʤʝʞʜʫ ʘʪʦʤʘʤʠ ʢʦʙʘʣʴʪʘ (2.23 Å) [70]. ʊʘʢʠʝ ʟʥʘʯʝʥʠʷ 

ʤʝʞʘʪʦʤʥʳʭ ʨʘʩʩʪʦʷʥʠʡ ʦʢʘʟʳʚʘʶʪʩʷ ʤʝʥʴʰʝ ʜʘʞʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʨʘʩʩʪʦʷʥʠʡ 

ʚ ʩʪʨʫʢʪʫʨʘʭ ʧʨʦʩʪʳʭ ʚʝʱʝʩʪʚ, ʦʙʨʘʟʦʚʘʥʥʳʭ ʵʪʠʤʠ ʤʝʪʘʣʣʘʤʠ: Ŭ-Fe (2.48 Å) [71] 

ʠ ʛʝʢʩʘʛʦʥʘʣʴʥʦʡ ʤʦʜʠʬʠʢʘʮʠʠ Co (2.49 Å) [72]. 
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ʈʠʩ. 20. ʂʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ ʩʦʝʜʠʥʝʥʠʡ Dy6Fe2-xIn ʠ R12Fe2+xIn3-x. 

ɸʚʪʦʨʳ ʨʘʙʦʪʳ [63] ʧʨʦʚʦʜʠʣʠ ʣʝʛʠʨʦʚʘʥʠʝ ʞʝʣʝʟʦʤ ʜʚʦʡʥʳʭ ʠʥʜʠʜʦʚ RIn3 

ʠ ʠʩʩʣʝʜʦʚʘʣʠ ʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʧʦʣʫʯʝʥʥʳʭ ʩʧʣʘʚʦʚ. ʀʥʪʝʨʤʝʪʘʣʣʠʜʳ 

RFexIn3-x (R = Pr, Nd, Gd, Ho) ʢʨʠʩʪʘʣʣʠʟʫʶʪʩʷ ʚ ʩʪʨʫʢʪʫʨʥʦʤ ʪʠʧʝ AuCu3, ʚ 

ʢʦʪʦʨʦʤ ʧʦʟʠʮʠʠ ʘʪʦʤʦʚ ʟʦʣʦʪʘ ʟʘʥʠʤʘʶʪ ʘʪʦʤʳ ʈɿʕ, ʘ ʧʦʟʠʮʠʠ ʤʝʜʠ ʩʦʚʤʝʩʪʥʦ 

ʟʘʩʝʣʝʥʳ ʘʪʦʤʘʤʠ ʞʝʣʝʟʘ ʠ ʠʥʜʠʷ. ɼʣʷ ʧʦʣʫʯʝʥʥʳʭ ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʚ 

ʟʘʬʠʢʩʠʨʦʚʘʥ ʤʘʛʥʠʪʥʳʡ ʬʘʟʦʚʳʡ ʧʝʨʝʭʦʜ ʦʪ ʧʘʨʘʤʘʛʥʠʪʥʦʛʦ ʢ 

ʬʝʨʨʦʤʘʛʥʠʪʥʦʤʫ ʩʦʩʪʦʷʥʠʶ. ʇʦʷʚʣʝʥʠʝ ʬʝʨʨʦʤʘʛʥʝʪʠʟʤʘ ʩʦʝʜʠʥʝʥʠʡ 

ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʩʚʷʟʳʚʘʶʪ ʩ 3d-3d ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʤʝʞʜʫ ʘʪʦʤʘʤʠ ʞʝʣʝʟʘ ʠ 

ʢʦʩʚʝʥʥʳʤʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤʠ 3d ʦʨʙʠʪʘʣʝʡ ʞʝʣʝʟʘ ʠ 4f ʦʨʙʠʪʘʣʝʡ ʈɿʕ 

ʧʦʩʨʝʜʩʪʚʦʤ 6s ʵʣʝʢʪʨʦʥʦʚ ʧʨʦʚʦʜʠʤʦʩʪʠ ʚ ʨʘʤʢʘʭ ʪʝʦʨʠʠ ʈʫʜʝʨʤʘʥʘ-ʂʠʪʪʝʣʷ-

ʂʘʩʫʷ-ʀʦʩʠʜʳ (ʈʂʂʀ). 

ɸʚʪʦʨʳ ʨʘʙʦʪʳ [64] ʠʩʩʣʝʜʦʚʘʣʠ ʚʣʠʷʥʠʝ ʟʘʤʝʱʝʥʠʷ ʘʪʦʤʦʚ ʞʝʣʝʟʘ ʘʪʦʤʘʤʠ 

ʠʥʜʠʷ ʚ ʠʥʪʝʨʤʝʪʘʣʣʠʜʝ Ce(Fe1-xInx)2 ʥʘ ʝʛʦ ʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ. ʀʩʩʣʝʜʦʚʘʥʥʦʝ 

ʩʦʝʜʠʥʝʥʠʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʪʚʝʨʜʳʡ ʨʘʩʪʚʦʨ ʥʘ ʦʩʥʦʚʝ CeFe2 ʩʦ ʩʪʨʫʢʪʫʨʦʡ 

ʬʘʟʳ ʃʘʚʝʩʘ MgCu2 [73]. ɺ ʭʦʜʝ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʠʟʤʝʨʝʥʠʡ ʪʝʧʣʦʝʤʢʦʩʪʠ 

ʠʥʪʝʨʤʝʪʘʣʣʠʜʘ ʟʘʬʠʢʩʠʨʦʚʘʥ ʨʝʟʢʠʡ ʩʢʘʯʦʢ ʠʟʤʝʨʷʝʤʦʡ ʚʝʣʠʯʠʥʳ ʚ ʨʘʡʦʥʝ 3 ʂ, 

ʢʦʪʦʨʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʠʥʪʝʨʧʨʝʪʠʨʫʶʪ, ʢʘʢ ʨʝʟʫʣʴʪʘʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ 

ʤʘʛʥʠʪʥʳʭ ʢʣʘʩʪʝʨʦʚ, ʠʥʜʫʮʠʨʦʚʘʥʥʳʭ ʟʘʤʝʱʝʥʠʝʤ ʘʪʦʤʦʚ ʞʝʣʝʟʘ ʘʪʦʤʘʤʠ 
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ʠʥʜʠʷ. ʇʦʤʠʤʦ ʤʘʛʥʠʪʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ, ʚʢʣʘʜ ʚ ʠʪʦʛʦʚʦʝ ʟʥʘʯʝʥʠʝ 

ʪʝʧʣʦʝʤʢʦʩʪʠ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʨʘʩʯʸʪʦʚ ʚʥʦʩʠʪ ʵʬʬʝʢʪ ʛʠʙʨʠʜʠʟʘʮʠʠ 3d ʠ 4f 

ʦʨʙʠʪʘʣʝʡ, ʫʚʝʣʠʯʠʚʘʶʱʠʡ ʵʣʝʢʪʨʦʥʥʫʶ ʩʦʩʪʘʚʣʷʶʱʫʶ ʪʝʧʣʦʝʤʢʦʩʪʠ. 

ɺ ʦʙʣʘʩʪʠ ʩ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʞʝʣʝʟʘ ʠʟʚʝʩʪʥʘ ʩʝʨʠʷ ʩʦʝʜʠʥʝʥʠʡ 

R6Fe13In (R = La, Pr, Nd, Sm), ʢʦʪʦʨʘʷ ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʚ ʩʪʨʫʢʪʫʨʥʦʤ ʪʠʧʝ 

La6Co11Ga3 [74]. ʉʪʨʫʢʪʫʨʫ ʩʦʝʜʠʥʝʥʠʡ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ ʩʣʦʝʚ ʠʟ 

ʜʚʫʭʰʘʧʦʯʥʳʭ ʪʝʪʨʘʛʦʥʘʣʴʥʳʭ ʘʥʪʠʧʨʠʟʤ, ʦʙʨʘʟʦʚʘʥʥʳʭ ʘʪʦʤʘʤʠ ʈɿʕ. ʇʦʟʠʮʠʠ 

ʚʥʫʪʨʠ ʘʥʪʠʧʨʠʟʤ ʟʘʥʠʤʘʶʪ ʘʪʦʤʳ ʠʥʜʠʷ, ʢʦʪʦʨʳʝ ʥʘʭʦʜʷʪʩʷ ʥʘ ʨʝʙʨʘʭ 

ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ. ɺ ʧʨʦʩʪʨʘʥʩʪʚʝ ʤʝʞʜʫ ʪʘʢʠʤʠ ʩʣʦʷʤʠ ʨʘʩʧʦʣʦʞʝʥʳ ʘʪʦʤʳ 

ʞʝʣʝʟʘ, ʢʦʪʦʨʳʝ ʦʙʨʘʟʫʶʪ ʩʦʚʦʢʫʧʥʦʩʪʴ ʪʝʪʨʘʵʜʨʦʚ, ʩʦʝʜʠʥʝʥʥʳʭ ʦʙʱʠʤʠ 

ʚʝʨʰʠʥʘʤʠ ʠ ʛʨʘʥʷʤʠ (ʨʠʩ. 21). ɺ ʨʘʙʦʪʝ [65] ʠʥʪʝʨʤʝʪʘʣʣʠʜʳ R6Fe13In (R = La, 

Pr, Nd, Sm) ʠʩʩʣʝʜʦʚʘʥʳ ʤʝʪʦʜʦʤ ʤʝʩʩʙʘʫʵʨʦʚʩʢʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʥʘ ʷʜʨʘʭ 57Fe ʠ 

ʧʨʦʚʝʜʝʥʳ ʠʟʤʝʨʝʥʠʷ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʩʧʣʘʚʦʚ ʚ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʜʠʘʧʘʟʦʥʝ 5-500 

ʂ. ʇʦ ʩʦʚʦʢʫʧʥʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ 

ʦʙʣʘʩʪʠ ʢʨʠʦʛʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨ ʩʦʝʜʠʥʝʥʠʷ ʧʝʨʝʭʦʜʷʪ ʚ ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʦʝ 

ʩʦʩʪʦʷʥʠʝ ʟʘ ʩʯʝʪ ʘʥʪʠʧʘʨʘʣʣʝʣʴʥʦʛʦ ʚʳʨʘʚʥʠʚʘʥʠʷ ʤʘʛʥʠʪʥʳʭ ʤʦʤʝʥʪʦʚ ʘʪʦʤʦʚ 

ʚ ʧʦʜʨʝʰʝʪʢʘʭ R ʠ Fe. 
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ʈʠʩ. 21. ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʩʦʝʜʠʥʝʥʠʡ R6Fe13In. 

ɺ ʭʦʜʝ ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʨʦʡʥʳʭ ʩʠʩʪʝʤ R-Fe-In (R = Gd, Tb) 

ʘʚʪʦʨʘʤʠ ʨʘʙʦʪʳ [66] ʧʦʣʫʯʝʥʦ ʩʦʝʜʠʥʝʥʠʝ Gd5Fe1.29In0.79, ʢʦʪʦʨʦʝ 

ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʚ ʩʪʨʫʢʪʫʨʥʦʤ ʪʠʧʝ Mo5SiB2 [75]. ʉʪʨʫʢʪʫʨʫ ʩʦʝʜʠʥʝʥʠʷ ʤʦʞʥʦ 

ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ ʩʣʦʝʚ ʠʟ ʪʝʪʨʘʛʦʥʘʣʴʥʳʭ ʘʥʪʠʧʨʠʟʤ ʠ ʜʚʫʭʰʘʧʦʯʥʳʭ 

ʪʨʠʛʦʥʘʣʴʥʳʭ ʧʨʠʟʤ, ʩʦʝʜʠʥʝʥʥʳʭ ʦʙʱʠʤʠ ʛʨʘʥʷʤʠ. ɺ ʚʝʨʰʠʥʘʭ ʤʥʦʛʦʛʨʘʥʥʠʢʦʚ 

ʥʘʭʦʜʠʪʩʷ ʛʘʜʦʣʠʥʠʡ, ʧʦʟʠʮʠʠ ʚʥʫʪʨʠ ʘʥʪʠʧʨʠʟʤ ʟʘʩʝʣʝʥʳ ʩʦʚʤʝʩʪʥʦ ʘʪʦʤʘʤʠ 

ʞʝʣʝʟʘ ʠ ʠʥʜʠʷ, ʘ ʧʦʟʠʮʠʠ ʚʥʫʪʨʠ ʪʨʠʛʦʥʘʣʴʥʳʭ ʧʨʠʟʤ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 

ʥʝʧʦʣʥʦʡ ʟʘʩʝʣʝʥʥʦʩʪʴʶ ʘʪʦʤʘʤʠ ʞʝʣʝʟʘ (ʨʠʩ. 22). ʀʟʤʝʨʝʥʠʡ ʬʠʟʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ ʠʥʪʝʨʤʝʪʘʣʣʠʜʘ Gd5Fe1.29In0.79 ʥʝ ʧʨʦʚʦʜʠʣʠ. 
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ʈʠʩ. 22. ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʩʦʝʜʠʥʝʥʠʷ Gd5Fe1.29In0.79. 

ʆʩʪʘʚʰʠʝʩʷ ʩʦʝʜʠʥʝʥʠʷ R3FexIn1-x (R = Gd, Tb) ʠ TbFe1.84In0.16, ʧʦʣʫʯʝʥʥʳʝ ʚ 

ʩʠʩʪʝʤʘʭ R-Fe-In, ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʪʚʝʨʜʳʝ ʨʘʩʪʚʦʨʳ ʥʘ ʦʩʥʦʚʝ ʜʚʦʡʥʳʭ 

ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʚ R3Fe ʠ TbFe2 ʠ ʢʨʠʩʪʘʣʣʠʟʫʶʪʩʷ ʚ ʩʪʨʫʢʪʫʨʥʳʭ ʪʠʧʘʭ AuCu3 ʠ 

TbFe2 [76] ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺ ʣʠʪʝʨʘʪʫʨʥʳʭ ʠʩʪʦʯʥʠʢʘʭ ʠʤʝʶʪʩʷ ʩʚʝʜʝʥʠʷ ʦ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʤ ʩʪʨʦʝʥʠʠ ʩʦʝʜʠʥʝʥʠʡ, ʘ ʜʘʥʥʳʝ ʦ ʬʠʟʠʯʝʩʢʠʡ ʩʚʦʡʩʪʚʘʭ 

ʦʪʩʫʪʩʪʚʫʶʪ. 

ʈʷʜ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ (Ce11Ru3.83In9, R3Ru1-xIn3, R39Ru12-xIn35, 

CeRu0.88In2, Dy6Fe2-xIn, Gd5Fe1.29In0.79) ʠʟʚʝʩʪʥʳʭ ʚ ʩʠʩʪʝʤʘʭ R-Ru-In ʠ R-Fe-In 

ʠʤʝʝʪ ʦʙʱʫʶ ʩʪʨʫʢʪʫʨʥʫʶ ʦʩʦʙʝʥʥʦʩʪʴ, ʢʦʪʦʨʘʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʥʝʧʦʣʥʦʤ 

ʟʘʩʝʣʝʥʠʠ ʘʪʦʤʘʤʠ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʩʚʦʠʭ ʧʦʟʠʮʠʡ. 

ɺʪʦʨʳʤ ʙʣʠʞʘʡʰʠʤ ʩʦʩʝʜʦʤ ʨʫʪʝʥʠʷ ʧʦ ʛʨʫʧʧʝ ʷʚʣʷʝʪʩʷ ʵʣʝʤʝʥʪ ʦʩʤʠʡ, 

ʦʜʥʘʢʦ ʪʨʦʡʥʳʝ ʩʠʩʪʝʤʳ R-Os-In ʥʝ ʠʩʩʣʝʜʦʚʘʥʳ, ʠʟʚʝʩʪʥʳ ʣʠʰʴ ʜʚʦʡʥʳʝ 

ʩʦʝʜʠʥʝʥʠʷ ʚ ʩʠʩʪʝʤʘʭ R-Os. 



44 
 

2.5 ʊʨʦʡʥʳʝ ʠʥʪʝʨʤʝʪʘʣʣʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ ʚ ʩʠʩʪʝʤʘʭ R-Rh-In 

ʉʠʩʪʝʤʳ R-Rh-In ʧʦʜʨʦʙʥʦ ʠʟʫʯʝʥʳ, ʩʠʥʪʝʟʠʨʦʚʘʥʦ ʙʦʣʴʰʦʝ ʯʠʩʣʦ ʪʨʦʡʥʳʭ 

ʀʄʉ, ʦʧʨʝʜʝʣʝʥʘ ʠʭ ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ, ʘ ʪʘʢʞʝ ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ 

ʩʦʝʜʠʥʝʥʠʡ ʠʩʩʣʝʜʦʚʘʥʳ ʠʭ ʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ (ʪʘʙʣ. 18). 

ʊʘʙʣʠʮʘ 18. ʉʧʠʩʦʢ ʪʨʦʡʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʩʠʩʪʝʤʘʭ R-Rh-In. 

ʉʦʝʜʠʥʝʥʠʷ ʆʩʦʙʝʥʥʦʩʪʠ ʀʩʪʦʯʥʠʢ 

RRhIn5 

R = Y-Nd, Sm, Gd-Yb 

ʊʷʞʝʣʦʬʝʨʤʠʦʥʥʘʷ 

ʩʚʝʨʭʧʨʦʚʦʜʠʤʦʩʪʴ, 

ʘʥʪʠʬʝʨʨʦʤʘʛʥʝʪʠʟʤ, ʂʦʥʜʦ-ʵʬʬʝʢʪ 

[77, 78,  

79, 80] 

RRhIn 

R = La-Nd, Sm, Gd-Lu 

ʂʦʥʜʦ-ʵʬʬʝʢʪ, ʬʝʨʨʦ ʠ 

ʘʥʪʠʬʝʨʨʦʤʘʛʥʝʪʠʟʤ 

[81, 82,  

83, 84] 

R2RhIn8 

R =Ce-Nd, Sm, Gd-Tm, 

Lu 

ʊʷʞʝʣʦʬʝʨʤʠʦʥʥʘʷ 

ʩʚʝʨʭʧʨʦʚʦʜʠʤʦʩʪʴ, 

ʘʥʪʠʬʝʨʨʦʤʘʛʥʝʪʠʟʤ 

[85, 86,  

87, 88] 

EuRh2In8 ɸʥʪʠʬʝʨʨʦʤʘʛʥʝʪʠʟʤ [89] 

R3Rh2In4 

R = Gd-Tm, Lu 
- [42] 

R5Rh2In4 

R =Y, Pr, Nd, Sm,  

Gd-Tm, Lu 

- [90] 

R3Rh2-xInx 

R = Gd-Dy, Er, Tm 
- [91] 

R4RhIn 

R = Gd-Tm, Lu 
- [48] 

R10Rh10-xIn20 

R = Tb-Tm, Lu 
- [92] 

R14Rh3-xIn3 

R = Dy-Tm, Lu 
ʋʢʦʨʦʯʝʥʥʳʝ ʨʘʩʩʪʦʷʥʠʷ R-Rh ʠ In-In [93] 

YbRhIn4 - [94] 

RRhIn2 

R = La-Nd, Sm, Gd 
ʋʢʦʨʦʯʝʥʥʳʝ ʨʘʩʩʪʦʷʥʠʷ R-Rh [94, 95] 

R2Rh2In 

R = Ce, Pr, Nd 
ʊʷʞʝʣʦʬʝʨʤʠʦʥʥʦʝ ʩʦʩʪʦʷʥʠʝ [96] 

La1.18Rh3In2 - [97] 

R16Rh11-xInx 

R = La, Pr, Nd 
- [98] 

ʉʨʝʜʠ ʚʩʝʡ ʩʦʚʦʢʫʧʥʦʩʪʠ ʠʟʚʝʩʪʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʩʠʩʪʝʤʘʭ R-Rh-In ʚ 

ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʩʝʨʠʶ ʩʦʝʜʠʥʝʥʠʡ RRhIn5. ʀʥʪʝʨʤʝʪʘʣʣʠʜ 

CeRhIn5 ʦʙʣʘʜʘʝʪ ʫʥʠʢʘʣʴʥʳʤ ʩʚʦʡʩʪʚʘʤʠ: ʪʷʞʝʣʦʬʝʨʤʠʦʥʥʘʷ 
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ʩʚʝʨʭʧʨʦʚʦʜʠʤʦʩʪʴ, ʩʦʩʫʱʝʩʪʚʦʚʘʥʠʝ ʜʘʣʴʥʝʛʦ ʤʘʛʥʠʪʥʦʛʦ ʫʧʦʨʷʜʦʯʝʥʠʷ ʠ 

ʩʚʝʨʭʧʨʦʚʦʜʠʤʦʩʪʠ, ʵʬʬʝʢʪ ʂʦʥʜʦ. ɼʣʷ ʩʦʝʜʠʥʝʥʠʡ RRhIn5, ʦʙʨʘʟʦʚʘʥʥʳʭ ʈɿʕ ʟʘ 

ʮʝʨʠʝʤ (R = Nd, Sm, Gd-Tm) ʟʘʬʠʢʩʠʨʦʚʘʥʦ ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʦʝ ʫʧʦʨʷʜʦʯʝʥʠʝ 

ʧʨʠ ʢʨʠʦʛʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. ʇʝʨʝʭʦʜ ʚ ʪʷʞʝʣʦʬʝʨʤʠʦʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʠ 

ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʦʝ ʫʧʦʨʷʜʦʯʝʥʠʝ ʦʪʨʘʞʘʶʪʩʷ ʠ ʥʘ ʜʨʫʛʠʭ ʬʠʟʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚʘʭ ʚʝʱʝʩʪʚʘ ʧʦʤʠʤʦ ʤʘʛʥʠʪʥʳʭ. ʊʘʢ ʧʨʠ ʠʟʤʝʨʝʥʠʠ ʪʝʧʣʦʝʤʢʦʩʪʠ 

ʩʦʝʜʠʥʝʥʠʷ CeRhIn5 ʚ ʦʙʣʘʩʪʠ ʛʝʣʠʝʚʳʭ ʪʝʤʧʝʨʘʪʫʨ ʟʘʬʠʢʩʠʨʦʚʘʥ ʨʝʟʢʠʡ ʩʢʘʯʦʢ 

ʠʟʤʝʨʷʝʤʦʡ ʚʝʣʠʯʠʥʳ. ɼʣʷ ʦʩʪʘʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ RRhIn5 ʧʨʦʚʦʜʠʣʠ ʠʟʤʝʨʝʥʠʝ 

ʵʣʝʢʪʨʦʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠ ʜʣʷ ʨʷʜʘ ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʚ (R = Nd, Sm, Gd-Tm) 

ʟʘʬʠʢʩʠʨʦʚʘʥʦ ʦʪʢʣʦʥʝʥʠʝ ʚʝʣʠʯʠʥ ʵʣʝʢʪʨʦʩʦʧʨʦʪʠʚʣʝʥʠʷ ʦʪ ʣʠʥʝʡʥʦʡ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ, ʯʪʦ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʩʚʷʟʳʚʘʶʪ ʩ ʧʝʨʝʭʦʜʦʤ 

ʩʦʝʜʠʥʝʥʠʡ ʚ ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʦʝ ʩʦʩʪʦʷʥʠʝ. ʇʦʤʠʤʦ ʨʦʜʠʷ ʩʦʝʜʠʥʝʥʠʷ ʩʦʩʪʘʚʘ 

RTIn5 ʧʦʣʫʯʝʥʳ ʠ ʩ ʢʦʙʘʣʴʪʦʤ. ʀʥʪʝʨʤʝʪʘʣʣʠʜ CeCoIn5 ʷʚʣʷʝʪʩʷ 

ʩʚʝʨʭʧʨʦʚʦʜʥʠʢʦʤ ʠ ʤʘʛʥʠʪʥʦ-ʫʧʦʨʷʜʦʯʝʥʥʳʤ ʩʦʝʜʠʥʝʥʠʝʤ ʦʜʥʦʚʨʝʤʝʥʥʦ [99]. 

ʂʦʙʘʣʴʪʦʚʳʝ ʩʦʝʜʠʥʝʥʠʷ RCoIn5 ʩ ʜʨʫʛʠʤʠ ʈɿʕ (Pr, Nd) ʷʚʣʷʶʪʩʷ 

ʘʥʪʠʬʝʨʨʦʤʘʛʥʝʪʠʢʘʤʠ ʧʨʠ ʢʨʠʦʛʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ [100]. 

ʀʟʚʝʩʪʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʵʢʚʠʘʪʦʤʥʳʭ ʩʦʝʜʠʥʝʥʠʡ RRhIn, ʩʨʝʜʠ 

ʢʦʪʦʨʳʭ ʠʥʪʝʨʤʝʪʘʣʣʠʜ CeRhIn ʦʙʣʘʜʘʝʪ ʵʬʬʝʢʪʦʤ ʂʦʥʜʦ ï 

ʵʣʝʢʪʨʦʩʦʧʨʦʪʠʚʣʝʥʠʝ ʩʦʝʜʠʥʝʥʠʷ ʨʝʟʢʦ ʚʦʟʨʘʩʪʘʝʪ ʚ ʦʙʣʘʩʪʠ ʪʝʤʧʝʨʘʪʫʨ, 

ʙʣʠʟʢʠʭ ʢ ʘʙʩʦʣʶʪʥʦʤʫ ʥʫʣʶ. ɼʣʷ ʩʦʝʜʠʥʝʥʠʡ PrRhIn ʠ SmRhIn ʦʙʥʘʨʫʞʝʥʦ 

ʬʝʨʨʦʤʘʛʥʠʪʥʦʝ (5.8 ʂ) ʠ ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʦʝ ʫʧʦʨʷʜʦʯʝʥʠʝ (8.2 ʂ) 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ɼʨʫʛʠʤ ʧʨʝʜʩʪʘʚʠʪʝʣʝʤ ʪʷʞʝʣʦʬʝʨʤʠʦʥʥʳʭ ʩʚʝʨʭʧʨʦʚʦʜʥʠʢʦʚ ʷʚʣʷʝʪʩʷ 

ʩʦʝʜʠʥʝʥʠʝ Ce2RhIn8, ʩʪʨʫʢʪʫʨʘ ʢʦʪʦʨʦʛʦ ʩʦʩʪʦʠʪ ʠʟ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ 

ʯʝʨʝʜʦʚʘʥʠʷ ʜʚʫʭ ʪʠʧʦʚ ʩʣʦʝʚ, ʚʩʪʨʝʯʘʶʱʠʭʩʷ ʫ ʪʷʞʝʣʦʬʝʨʤʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

CeRhIn5 ʠ CeIn3 [101]. ʉʚʝʨʭʧʨʦʚʦʜʷʱʝʝ ʩʦʩʪʦʷʥʠʝ ʩʦʝʜʠʥʝʥʠʷ Ce2RhIn8 ʥʝ 

ʠʩʢʣʶʯʘʝʪ ʝʛʦ ʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ï ʠʥʪʝʨʤʝʪʘʣʣʠʜ ʷʚʣʷʝʪʩʷ 

ʘʥʪʠʬʝʨʨʦʤʘʛʥʝʪʠʢʦʤ. ɺ ʨʘʙʦʪʝ [102] ʠʩʩʣʝʜʦʚʘʣʠ ʚʣʠʷʥʠʝ ʣʝʛʠʨʦʚʘʥʠʷ 

ʧʨʘʟʝʦʜʠʤʦʤ ʩʦʝʜʠʥʝʥʠʷ Ce2RhIn8 ʥʘ ʪʝʤʧʝʨʘʪʫʨʫ ʝʛʦ ʤʘʛʥʠʪʥʦʛʦ ʫʧʦʨʷʜʦʯʝʥʠʷ. 

ɸʚʪʦʨʳ ʨʘʙʦʪʳ ʫʩʪʘʥʦʚʠʣʠ, ʯʪʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʩʦʜʝʨʞʘʥʠʷ ʧʨʘʟʝʦʜʠʤʘ ʚ 
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ʩʦʝʜʠʥʝʥʠʠ (Ce1-xPrx)2RhIn8, ʢʦʪʦʨʳʡ ʟʘʤʝʱʘʝʪ ʘʪʦʤʳ ʮʝʨʠʷ ʚ ʝʛʦ ʧʦʟʠʮʠʷʭ, 

ʪʝʤʧʝʨʘʪʫʨʘ ʅʝʝʣʷ ʩʥʠʞʘʝʪʩʷ ʠ ʣʠʥʝʡʥʦ ʟʘʚʠʩʠʪ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʣʝʛʠʨʫʶʱʝʛʦ 

ʢʦʤʧʦʥʝʥʪʘ. ʆʩʪʘʣʴʥʳʝ ʠʟʦʬʦʨʤʫʣʴʥʳʝ ʩʦʝʜʠʥʝʥʠʷ R2RhIn8 (R = Nd, Sm, Gd, Dy, 

Er) ʷʚʣʷʶʪʩʷ ʘʥʪʠʬʝʨʨʦʤʘʛʥʝʪʠʢʘʤʠ. ʄʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʚ 

ʦʧʨʝʜʝʣʝʥʳ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʥʝʡʪʨʦʥʦʛʨʘʬʠʠ, ʟʘʚʠʩʠʤʦʩʪʷʤ ʤʘʛʥʠʪʥʦʡ 

ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ, ʵʣʝʢʪʨʦʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠ ʪʝʧʣʦʝʤʢʦʩʪʠ ʩʦʝʜʠʥʝʥʠʡ ʦʪ 

ʪʝʤʧʝʨʘʪʫʨʳ. 

ʈʝʟʶʤʠʨʫʷ, ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʩʠʩʪʝʤʘʭ R-T-In ʪʨʦʡʥʳʝ ʩʦʝʜʠʥʝʥʠʷ 

ʦʙʨʘʟʫʶʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʦʙʣʘʩʪʷʭ ʩ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʠʥʜʠʷ ʠʣʠ 

ʨʝʜʢʦʟʝʤʝʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ, ʘ ʪʘʢʞʝ ʚ ʵʢʚʠʘʪʦʤʥʦʡ ʦʙʣʘʩʪʠ, ʧʨʠ ʵʪʦʤ ʩʦʝʜʠʥʝʥʠʡ 

ʩ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʧʝʨʝʭʦʜʥʦʛʦ ʵʣʝʤʝʥʪʘ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʦʙʥʘʨʫʞʝʥʦ. 

ʂʘʞʜʘʷ ʠʟ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʩʠʩʪʝʤ ʠʤʝʝʪ ʩʚʦʡ ʩʦʙʩʪʚʝʥʥʳʡ ʥʘʙʦʨ ʩʦʝʜʠʥʝʥʠʡ, 

ʢʦʪʦʨʳʝ ʢʨʠʩʪʘʣʣʠʟʫʶʪʩʷ ʚ ʩʪʨʫʢʪʫʨʥʳʭ ʪʠʧʘʭ, ʥʝ ʚʩʪʨʝʯʘʶʱʠʭʩʷ ʚ ʦʩʪʘʣʴʥʳʭ 

ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʩʠʩʪʝʤʘʭ ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʜʚʫʭ ʩʝʨʠʡ ʀʄʉ R3Rh2In4 ʠ R4RhIn, 

ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʩʪʨʫʢʪʫʨʥʳʝ ʘʥʘʣʦʛʠ ʚ ʩʠʩʪʝʤʘʭ R-Ru-In: R3Ru2In4 ʠ R4RhIn 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʉʠʩʪʝʤʳ R-Ru-In ʠ R-Fe-In ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʩʨʘʚʥʠʪʝʣʴʥʦ 

ʥʝʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʩʦʝʜʠʥʝʥʠʡ, ʫ ʢʦʪʦʨʳʭ ʠʟʤʝʨʝʥʳ ʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ. 

ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʫ ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʚ ʠʟ ʩʠʩʪʝʤ R-Rh-In ʦʙʥʘʨʫʞʝʥʳ ʵʬʬʝʢʪ ʂʦʥʜʦ, 

ʪʷʞʝʣʦʬʝʨʤʠʦʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʠ ʥʝʪʠʧʠʯʥʦʝ ʜʣʷ ʀʄʉ ʩʦʯʝʪʘʥʠʝ ʩʚʦʡʩʪʚ, ʪʘʢʠʭ 

ʢʘʢ ʩʚʝʨʭʧʨʦʚʦʜʠʤʦʩʪʴ ʠ ʤʘʛʥʠʪʥʦʝ ʫʧʦʨʷʜʦʯʝʥʠʝ. 

2.4 ɺʳʚʦʜʳ ʠʟ ʣʠʪʝʨʘʪʫʨʥʦʛʦ ʦʙʟʦʨʘ 

1. ɼʚʦʡʥʳʝ ʩʠʩʪʝʤʳ R-Ru ʠ R-In ʧʦʜʨʦʙʥʦ ʠʟʫʯʝʥʳ, ʧʦʩʪʨʦʝʥʳ ʠʭ ʜʠʘʛʨʘʤʤʳ 

ʩʦʩʪʦʷʥʠʷ ʠ ʦʧʨʝʜʝʣʝʥʳ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ ʩʦʝʜʠʥʝʥʠʡ, ʩʫʱʝʩʪʚʫʶʱʠʭ 

ʚ ʵʪʠʭ ʩʠʩʪʝʤʘʭ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ ʩʠʩʪʝʤʳ R-Ru ʠ R-In ʤʦʞʥʦ ʨʘʟʙʠʪʴ ʥʘ ʛʨʫʧʧʳ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ ʦʙʨʘʟʫʶʱʠʭʩʷ ʚ ʥʠʭ ʜʚʦʡʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʧʦʜʦʙʥʦ 

ʨʘʟʙʠʝʥʠʶ ʈɿʕ ʥʘ ʪʝʪʨʘʜʳ. 

2. ʊʨʦʡʥʳʝ ʩʠʩʪʝʤʳ R-Ru-In ʩ ʈɿʕ ʩ ʧʦʨʷʜʢʦʚʳʤ ʥʦʤʝʨʦʤ >58 ʩʠʩʪʝʤʘʪʠʯʝʩʢʠ ʥʝ 

ʠʟʫʯʘʣʠ. ɼʣʷ ʠʟʚʝʩʪʥʳʭ ʞʝ ʩʦʝʜʠʥʝʥʠʡ ʦʧʨʝʜʝʣʝʥʳ ʪʦʣʴʢʦ ʠʭ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ 

ʩʪʨʫʢʪʫʨʳ, ʠʟʤʝʨʝʥʠʷ ʪʝʨʤʠʯʝʩʢʠʭ ʠ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ ʥʝ ʧʨʦʚʦʜʠʣʠ. 
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3. ʂʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ ʙʦʣʴʰʠʥʩʪʚʘ ʧʦʣʫʯʝʥʥʳʭ ʪʨʦʡʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠʟ 

ʩʠʩʪʝʤ R-Ru-In ʩʦʩʪʦʷʪ ʠʟ ʬʨʘʛʤʝʥʪʦʚ ʠʟʚʝʩʪʥʳʭ ʩʪʨʫʢʪʫʨʥʳʭ ʪʠʧʦʚ CsCl ʠ AlB 2 

ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʜʣʷ ʘʪʦʤʦʚ ʨʫʪʝʥʠʷ ʠ ʠʥʜʠʷ ʚ ʵʪʠʭ ʩʪʨʫʢʪʫʨʘʭ ʭʘʨʘʢʪʝʨʥʦ 

ʪʨʠʛʦʥʘʣʴʥʦ- ʠ ʪʝʪʨʘʛʦʥʘʣʴʥʦ-ʧʨʠʟʤʘʪʠʯʝʩʢʦʝ ʦʢʨʫʞʝʥʠʝ ʘʪʦʤʘʤʠ ʈɿʕ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

4. ʉʪʨʫʢʪʫʨʳ ʩʦʝʜʠʥʝʥʠʡ ʚ ʩʠʩʪʝʤʝ Ce-Ru-In, ʨʦʜʩʪʚʝʥʥʦʡ ʨʘʩʩʤʦʪʨʝʥʥʳʤ 

ʩʠʩʪʝʤʘʤ R-Ru-In, ʠʤʝʶʪ ʘʥʦʤʘʣʴʥʦ ʢʦʨʦʪʢʠʝ ʨʘʩʩʪʦʷʥʠʷ Ce-Ru, ʥʘʣʠʯʠʝ 

ʢʦʪʦʨʳʭ ʩʦʧʫʪʩʪʚʫʝʪ ʚʘʣʝʥʪʥʳʤ ʬʣʫʢʪʫʘʮʠʷʤ ʘʪʦʤʦʚ ʮʝʨʠʷ ʠ ʚʦʟʥʠʢʥʦʚʝʥʠʶ 

ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ ʫ ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʚ ʧʨʠ ʢʨʠʦʛʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. 

ʀʥʪʝʨʤʝʪʘʣʣʠʜʳ, ʠʟʦʩʪʨʫʢʪʫʨʥʳʝ ʩʦʝʜʠʥʝʥʠʷʤ ʮʝʨʠʷ, ʪʘʢʠʤ ʢʘʢ ʉe4RuIn ʠ 

Ce11Ru4In9, ʠʟʚʝʩʪʥʳ ʠ ʜʣʷ ʜʨʫʛʠʭ ʈɿʕ, ʯʪʦ ʜʘʝʪ ʦʩʥʦʚʘʥʠʷ ʧʦʣʘʛʘʪʴ, ʚʚʠʜʫ 

ʙʣʠʟʢʦʡ ʧʨʠʨʦʜʳ ʠʩʭʦʜʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʠ ʜʨʫʛʠʭ 

ʠʟʦʩʪʨʫʢʪʫʨʥʳʭ ʩʦʝʜʠʥʝʥʠʷʤ ʩ ʮʝʨʠʝʤ ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʚ ʜʣʷ ʦʩʪʘʣʴʥʳʭ ʈɿʕ, 

ʦʙʣʘʜʘʶʱʠʭ ʤʘʛʥʠʪʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. 

5. ʉʨʝʜʠ ʠʟʚʝʩʪʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʩʠʩʪʝʤʘʭ R-Fe-In ʠ R-Rh-In ʧʨʝʦʙʣʘʜʘʶʪ 

ʠʥʪʝʨʤʝʪʘʣʣʠʜʳ ʩ ʥʠʟʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ (<30 ʘʪ. %) ʧʝʨʝʭʦʜʥʦʛʦ ʤʝʪʘʣʣʘ, 

ʥʝʢʦʪʦʨʳʝ ʠʟ ʥʠʭ ʦʙʣʘʜʘʶʪ ʩʦʚʦʢʫʧʥʦʩʪʴʶ ʥʝʪʠʧʠʯʥʳʭ ʜʣʷ ʀʄʉ ʤʘʛʥʠʪʥʳʭ ʠ 

ʵʣʝʢʪʨʦʧʨʦʚʦʜʷʱʠʭ ʩʚʦʡʩʪʚ. 
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3. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʯʘʩʪʴ 

3.1 ʄʝʪʦʜʠʢʘ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʩʧʣʘʚʦʚ 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʦʙʨʘʟʮʦʚ ʠʩʧʦʣʴʟʦʚʘʥ ʤʝʪʦʜ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ 

ʞʠʜʢʦʬʘʟʥʦʛʦ ʩʠʥʪʝʟʘ ʚ ʵʣʝʢʪʨʦʜʫʛʦʚʦʡ ʧʝʯʠ çʄɸʄ 1è ʬʠʨʤʳ Edmund Bühler ʩ 

ʥʝʨʘʩʭʦʜʫʝʤʳʤ ʚʦʣʴʬʨʘʤʦʚʳʤ ʵʣʝʢʪʨʦʜʦʤ ʥʘ ʚʦʜʦʦʭʣʘʞʜʘʝʤʦʤ ʤʝʜʥʦʤ ʧʦʜʜʦʥʝ 

ʚ ʠʥʝʨʪʥʦʡ ʘʪʤʦʩʬʝʨʝ ʘʨʛʦʥʘ. ʇʝʨʝʯʝʥʴ ʤʝʪʘʣʣʦʚ, ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʧʨʠ ʩʠʥʪʝʟʝ, 

ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʪʘʙʣʠʮʝ 19. 

ʊʘʙʣʠʮʘ 19. ʄʝʪʘʣʣʳ, ʠʩʧʦʣʴʟʦʚʘʥʥʳʝ ʜʣʷ ʩʠʥʪʝʟʘ ʦʙʨʘʟʮʦʚ. 

ʄʝʪʘʣʣ ʉʪʝʧʝʥʴ ʯʠʩʪʦʪʳ, ʤʘʩʩ. % ʊʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʠʷ, Áʉ 

Ru 99.96 2334 

Al  99.999 660 

In 99.999 157 

Pr 99.85 931 

Nd 99.85 1021 

Sm 99.85 1074 

Gd 99.85 1313 

Tb 99.85 1356 

Dy 99.85 1412 

Ho 99.85 1474 

Er 99.85 1529 

Tm 99.85 1545 

Lu 99.85 1663 

ʄʘʩʩʳ ʤʝʪʘʣʣʦʚ ʨʘʩʩʯʠʪʳʚʘʣʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʭʠʤʠʯʝʩʢʠʤʠ ʬʦʨʤʫʣʘʤʠ 

ʧʨʝʜʧʦʣʘʛʘʝʤʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʘ ʟʘʪʝʤ ʧʝʨʝʩʯʠʪʳʚʘʣʠ ʥʘ 0.7 ʛ. ʩʧʣʘʚʘ. ʂʫʩʦʯʢʠ 

ʤʝʪʘʣʣʦʚ ʚʟʚʝʰʠʚʘʣʠ ʥʘ ʵʣʝʢʪʨʦʥʥʳʭ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʚʝʩʘʭ "Sartorius" ʩ 

ʪʦʯʥʦʩʪʴʶ ʜʦ 0.0001 ʛ. ʇʝʨʚʳʤ ʚʟʚʝʰʠʚʘʣʠ ʨʫʪʝʥʠʡ, ʘ ʟʘʪʝʤ ʠʥʜʠʡ (ʘʣʶʤʠʥʠʡ) 

ʧʦʩʢʦʣʴʢʫ ʦʥʠ ʥʝ ʪʨʝʙʫʶʪ ʦʩʦʙʳʭ ʫʩʣʦʚʠʡ ʭʨʘʥʝʥʠʷ. ʈʝʜʢʦʟʝʤʝʣʴʥʳʝ ʤʝʪʘʣʣʳ 

ʭʠʤʠʯʝʩʢʠ ʘʢʪʠʚʥʳ, ʧʦʵʪʦʤʫ ʠʭ ʚʟʚʝʰʠʚʘʣʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʝʨʝʜ ʩʠʥʪʝʟʦʤ, 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʤʝʭʘʥʠʯʝʩʢʠ ʟʘʯʠʱʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʤʝʪʘʣʣʦʚ ʦʪ ʦʢʩʠʜʥʦʡ ʧʣʝʥʢʠ. 

ʇʦʣʫʯʝʥʥʳʝ ʥʘʚʝʩʢʠ ʠ ʛʝʪʪʝʨ ʧʦʤʝʱʘʣʠ ʥʘ ʧʦʜʜʦʥ ʵʣʝʢʪʨʦʜʫʛʦʚʦʡ ʧʝʯʠ. ɻʝʪʪʝʨ 

ʷʚʣʷʣʩʷ ʛʘʟʦʧʦʛʣʦʪʠʪʝʣʝʤ ʠ ʥʝʦʙʭʦʜʠʤ ʜʣʷ ʘʜʩʦʨʙʠʨʦʚʘʥʠʷ ʦʩʪʘʪʢʦʚ ʢʠʩʣʦʨʦʜʘ ʚ 

ʧʨʦʮʝʩʩʝ ʩʠʥʪʝʟʘ. ʇʝʨʝʜ ʩʠʥʪʝʟʦʤ ʧʝʯʴ ʚʘʢʫʫʤʠʨʦʚʘʣʠ, ʘ ʟʘʪʝʤ ʟʘʧʦʣʥʷʣʠ 

ʘʨʛʦʥʦʤ. ʊʘʢʫʶ ʧʨʦʮʝʜʫʨʫ ʧʨʦʚʦʜʠʣʠ ʪʨʠʞʜʳ. ʇʣʘʚʠʣʠ ʥʘʚʝʩʢʠ ʚ ʘʪʤʦʩʬʝʨʝ 
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ʘʨʛʦʥʘ. ʇʦʩʣʝ ʩʠʥʪʝʟʘ ʦʙʨʘʟʮʳ ʧʝʨʝʚʦʨʘʯʠʚʘʣʠ ʠ ʧʝʨʝʧʣʘʚʣʷʣʠ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ 

ʦʜʥʦʨʦʜʥʦʩʪʠ ʩʧʣʘʚʦʚ. ɺ ʠʪʦʛʝ ʢʘʞʜʫʶ ʩʝʨʠʶ ʦʙʨʘʟʮʦʚ ʧʣʘʚʠʣʠ ʪʨʠ ʨʘʟʘ. ʂʨʦʤʝ 

ʪʦʛʦ, ʤʝʞʜʫ ʧʣʘʚʢʘʤʠ ʦʙʨʘʟʮʳ ʧʦʚʪʦʨʥʦ ʚʟʚʝʰʠʚʘʣʠ ʜʣʷ ʢʦʥʪʨʦʣʷ ʚʦʟʤʦʞʥʦʡ 

ʧʦʪʝʨʠ ʤʘʩʩʳ ʦʙʨʘʟʮʦʚ ʠʟ-ʟʘ ʚʳʩʦʢʦʡ ʣʝʪʫʯʝʩʪʠ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʤʝʪʘʣʣʦʚ, ʠ, ʚ 

ʩʣʫʯʘʝ ʥʝʦʙʭʦʜʠʤʦʩʪʠ, ʜʦʙʘʚʣʷʣʠ ʢ ʰʠʭʪʝ ʥʘʚʝʩʢʠ ʤʝʪʘʣʣʦʚ ʜʣʷ ʢʦʤʧʝʥʩʘʮʠʠ 

ʧʦʪʝʨʴ. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʨʘʚʥʦʚʝʩʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʠʭ ʦʪʞʠʛʘʣʠ 

ʚ ʚʘʢʫʫʤʠʨʦʚʘʥʥʳʭ ʢʚʘʨʮʝʚʳʭ ʘʤʧʫʣʘʭ ʚ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʪʨʫʙʯʘʪʳʭ ʧʝʯʘʭ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 600 Áʉ ʚ ʪʝʯʝʥʠʝ 720 ʯʘʩʦʚ. ʊʝʤʧʝʨʘʪʫʨʘ 600 Áʉ ʚʳʙʨʘʥʘ ʥʘ 

ʦʩʥʦʚʘʥʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʃʈʉɸ ʠ ʈʌɸ ʩʧʣʘʚʦʚ, ʦʪʦʞʞʝʥʥʳʭ ʧʨʠ T = 500, 600 ʠ 700 

Áʉ ʚ ʪʝʯʝʥʠʝ 720 ʯʘʩʦʚ. ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 500 Áʉ ʨʘʚʥʦʚʝʩʥʦʝ ʩʦʩʪʦʷʥʠʝ ʩʧʣʘʚʦʚ 

ʥʝ ʙʳʣʦ ʜʦʩʪʠʛʥʫʪʦ ʟʘ ʫʢʘʟʘʥʥʦʝ ʚʨʝʤʷ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ, ʧʦʩʢʦʣʴʢʫ ʚ 

ʦʪʦʞʞʝʥʥʳʭ ʦʙʨʘʟʮʘʭ ʩʦʜʝʨʞʘʣʦʩʴ ʙʦʣʝʝ ʪʨʝʭ ʬʘʟ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʝʥʦ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʃʈʉɸ ʠ ʈʌɸ. ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 600 ʠ 700 Áʉ ʬʘʟʦʚʳʡ ʩʦʩʪʘʚ 

ʦʪʦʞʞʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʠʜʝʥʪʠʯʝʥ, ʘ ʯʠʩʣʦ ʦʙʨʘʟʦʚʘʚʰʠʭʩʷ ʬʘʟ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʦ 

ʧʨʘʚʠʣʫ ʬʘʟ ɻʠʙʙʩʘ ʠ ʥʝ ʧʨʝʚʳʰʘʣʦ ʪʨʸʭ. ʊʝʤʧʝʨʘʪʫʨʳ ʧʣʘʚʣʝʥʠʷ 

ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʚ ʚ ʩʠʩʪʝʤʘʭ R-Ru-In ʚ ʦʙʣʘʩʪʠ ʩ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʈɿʕ 

ʥʘʯʘʣʘ ʨʷʜʘ (Ce-Nd) ʙʣʠʟʢʠ ʢ 700 Áʉ, ʧʦʵʪʦʤʫ ʚʝʣʠʢʘ ʚʝʨʦʷʪʥʦʩʪʴ ʨʘʩʧʣʘʚʣʝʥʠʷ 

ʦʙʨʘʟʮʦʚ ʚ ʘʤʧʫʣʝ ʚ ʩʣʫʯʘʝ ʧʨʦʚʝʜʝʥʠʷ ʦʪʞʠʛʘ ʧʨʠ 700 Áʉ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʘʥʘʣʠʟʘ 

ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʧʦ ʩʠʩʪʝʤʝ Ce-Ru-In, ʘ ʪʘʢʞʝ ʨʝʟʫʣʴʪʘʪʦʚ ɼʉʂ, ʧʦʣʫʯʝʥʥʳʭ 

ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ, ʚʳʙʨʘʥʘ ʪʝʤʧʝʨʘʪʫʨʘ 600 Áʉ.  

ɺʨʝʤʷ ʦʪʞʠʛʘ ʫʩʪʘʥʘʚʣʠʚʘʣʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ, ʧʨʦʚʦʜʷ ʩʝʨʠʶ ʩʠʥʪʝʟʦʚ ʩ 

ʨʘʟʣʠʯʥʦʡ ʧʦ ʜʣʠʪʝʣʴʥʦʩʪʠ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʦʡ. ɽʩʣʠ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ 

ʜʣʠʪʝʣʴʥʦʩʪʠ ʦʪʞʠʛʘ ʬʘʟʦʚʳʡ ʩʦʩʪʘʚ ʦʙʨʘʟʮʦʚ ʥʝ ʠʟʤʝʥʷʣʩʷ, ʪʦ ʩʯʠʪʘʣʠ, ʯʪʦ ʬʘʟʳ 

ʩʧʣʘʚʘ ʧʨʠʰʣʠ ʚ ʨʘʚʥʦʚʝʩʠʝ ʠ ʜʘʣʴʥʝʡʰʝʝ ʫʚʝʣʠʯʝʥʠʝ ʜʣʠʪʝʣʴʥʦʩʪʠ ʦʪʞʠʛʘ ʥʝ 

ʪʨʝʙʫʝʪʩʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʚʳʙʨʘʥʘ ʦʧʪʠʤʘʣʴʥʘʷ ʜʣʠʪʝʣʴʥʦʩʪʴ ʦʪʞʠʛʘ ʩʧʣʘʚʦʚ. 

ʇʦʩʣʝ ʦʪʞʠʛʘ ʘʤʧʫʣʳ ʩ ʦʙʨʘʟʮʘʤʠ ʟʘʢʘʣʠʚʘʣʠ ʚ ʣʝʜʷʥʦʡ ʚʦʜʝ ʜʣʷ ʬʠʢʩʘʮʠʠ 

ʨʘʚʥʦʚʝʩʠʡ, ʫʩʪʘʥʦʚʠʚʰʠʭʩʷ ʧʨʠ ʚʳʙʨʘʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. 
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3.2 ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʧʣʘʚʦʚ 

3.2.1 ʈʝʥʪʛʝʥʦʬʘʟʦʚʳʡ ʘʥʘʣʠʟ 

ʈʝʛʠʩʪʨʘʮʠʶ ʨʝʥʪʛʝʥʦʛʨʘʤʤ ʧʨʦʚʦʜʠʣʠ ʥʘ ʜʠʬʨʘʢʪʦʤʝʪʨʝ STOE STADI P 

(ʠʟʣʫʯʝʥʠʝ CuKŬ1, Ge-ʤʦʥʦʭʨʦʤʘʪʦʨ, ʚ ʛʝʦʤʝʪʨʠʠ «ʥʘ ʧʨʦʧʫʩʢʘʥʠʝ»), ʚ ʠʥʪʝʨʚʘʣʝ 

ʫʛʣʦʚ 2ɗ = 5(10)-90° ʩ ʰʘʛʦʤ 0.01° ʠ ʚʨʝʤʝʥʝʤ ʵʢʩʧʦʟʠʮʠʠ ʥʘ ʪʦʯʢʫ ʥʝ ʤʝʥʝʝ 10 

ʩʝʢʫʥʜ. ɸʥʘʣʠʟ ʨʝʥʪʛʝʥʦʛʨʘʤʤ ʠ ʠʜʝʥʪʠʬʠʢʘʮʠʶ ʬʘʟ, ʧʨʠʩʫʪʩʪʚʫʶʱʠʭ ʚ 

ʦʙʨʘʟʮʘʭ, ʧʨʦʚʦʜʠʣʠ ʩ ʧʦʤʦʱʴʶ ʢʦʤʧʣʝʢʩʘ ʢʦʤʧʴʶʪʝʨʥʳʭ ʧʨʦʛʨʘʤʤ STOE 

WinXPOW [103] ʧʫʪʝʤ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʨʝʥʪʛʝʥʦʛʨʘʤʤ ʠʟʚʝʩʪʥʳʭ 

ʩʪʨʫʢʪʫʨʥʳʭ ʤʦʜʝʣʝʡ ʠ ʨʝʥʪʛʝʥʦʛʨʘʤʤ, ʧʦʣʫʯʝʥʥʳʭ ʠʟ ʵʢʩʧʝʨʠʤʝʥʪʘ. ʋʪʦʯʥʝʥʠʝ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ʧʦʣʫʯʝʥʥʳʭ ʀʄʉ ʧʦ ʧʦʨʦʰʢʦʚʳʤ ʨʝʥʪʛʝʥʦʛʨʘʤʤʘʤ 

ʚʳʧʦʣʥʷʣʠ ʤʝʪʦʜʦʤ ʈʠʪʚʝʣʴʜʘ [104] ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʧʨʦʛʨʘʤʤʳ FullProf [105] ʧʦʜ 

ʦʙʦʣʦʯʢʦʡ WinPLOTR [106]. ɺ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ ʩʪʨʫʢʪʫʨʥʳʭ ʤʦʜʝʣʝʡ ʜʣʷ 

ʫʪʦʯʥʝʥʠʷ ʩʪʨʫʢʪʫʨ ʧʦ ʤʝʪʦʜʫ ʈʠʪʚʝʣʴʜʘ ʠʩʧʦʣʴʟʦʚʘʥʳ ʢʦʦʨʜʠʥʘʪʳ ʘʪʦʤʦʚ 

ʠʟʚʝʩʪʥʳʭ ʠʟ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʧʨʦʪʦʪʠʧʦʚ ʠʣʠ ʩʪʨʫʢʪʫʨʥʳʝ ʜʘʥʥʳʝ, 

ʧʦʣʫʯʝʥʥʳʝ ʤʝʪʦʜʦʤ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʤʦʥʦʢʨʠʩʪʘʣʣʘ. 

3.2.2 ʈʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ 

ʂʨʠʩʪʘʣʣʳ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʦʪʙʠʨʘʣʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʧʪʠʯʝʩʢʦʛʦ ʤʠʢʨʦʩʢʦʧʘ ʠʟ ʨʘʩʢʦʣʦʪʳʭ ʦʪʦʞʞʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʠ 

ʧʦʤʝʱʘʣʠ ʚ ʢʘʧʣʠ ʚʘʟʝʣʠʥʦʚʦʛʦ ʤʘʩʣʘ. ʆʪʦʙʨʘʥʥʳʝ ʢʨʠʩʪʘʣʣʳ ʧʦʤʝʱʘʣʠ ʥʘ 

ʜʝʨʞʘʪʝʣʴ, ʢʦʪʦʨʳʡ ʤʦʥʪʠʨʦʚʘʣʠ ʥʘ ʘʚʪʦʜʠʬʨʘʢʪʦʤʝʪʨ Bruker APEX2 (MoKŬ-

ʠʟʣʫʯʝʥʠʝ, ʛʨʘʬʠʪʦʚʳʡ ʤʦʥʦʭʨʦʤʘʪʦʨ). ʈʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ ʤʦʥʦʢʨʠʩʪʘʣʴʥʳʡ 

ʵʢʩʧʝʨʠʤʝʥʪ ʧʨʦʚʦʜʠʣʠ ʩʦʚʤʝʩʪʥʦ ʩ ʚ.ʥ.ʩ. ʣʘʙ. ʢʨʠʩʪʘʣʣʦʭʠʤʠʠ ʠ 

ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʀʆʅʍ ʈɸʅ ʜ.ʭ.ʥ. ʀʣʶʭʠʥʳʤ ɸ.ɹ. ʆʧʨʝʜʝʣʝʥʠʝ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ʚʳʧʦʣʥʷʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʷʤʳʭ ʤʝʪʦʜʦʚ 

(SHELXS, SHELXT) ʠ ʫʪʦʯʥʷʣʠ ʤʝʪʦʜʦʤ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ ʚ ʘʥʠʟʦʪʨʦʧʥʦʤ 

ʧʨʠʙʣʠʞʝʥʠʠ (SHELXL) [107]. ʇʦʛʣʦʱʝʥʠʝ ʫʯʠʪʳʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ 

SADABS [108]. ʇʦʩʪʨʦʝʥʠʝ ʠʟʦʙʨʘʞʝʥʠʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ʩʦʝʜʠʥʝʥʠʡ, 

ʧʨʦʝʢʮʠʡ ʠʭ ʵʣʝʤʝʥʪʘʨʥʳʭ ʷʯʝʝʢ, ʨʠʩʫʥʢʦʚ ʧʦʣʠʵʜʨʦʚ ʠ ʜʨʫʛʠʭ ʩʪʨʫʢʪʫʨʥʳʭ 

ʜʝʪʘʣʝʡ ʚʳʧʦʣʥʷʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʳ DIAMOND [109]. 
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3.2.3 ʃʦʢʘʣʴʥʳʡ ʨʝʥʪʛʝʥʦʩʧʝʢʪʨʘʣʴʥʳʡ ʘʥʘʣʠʟ 

ʈʝʛʠʩʪʨʘʮʠʶ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʩʧʣʘʚʦʚ ʦʩʫʱʝʩʪʚʣʷʣʠ ʤʝʪʦʜʦʤ ʩʢʘʥʠʨʫʶʱʝʡ 

ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʥʘ ʤʠʢʨʦʩʢʦʧʝ Carl Zeiss LEO EVO 50XVP ʩ EDX-

ʩʧʝʢʪʨʦʤʝʪʨʦʤ, ʦʙʦʨʫʜʦʚʘʥʥʦʤ ʩʠʩʪʝʤʦʡ ʵʥʝʨʛʦ-ʜʠʩʧʝʨʩʠʦʥʥʦʛʦ ʤʠʢʨʦʘʥʘʣʠʟʘ 

INCA Energy 450 (Oxford Instruments). ʋʩʢʦʨʷʶʱʝʝ ʥʘʧʨʷʞʝʥʠʝ ʩʦʩʪʘʚʣʷʣʦ 20 ʢɺ. 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʟʤʝʨʝʥʠʡ ʢʫʩʦʯʢʠ ʩʧʣʘʚʦʚ ʟʘʧʨʝʩʩʦʚʳʚʘʣʠ ʚ ʪʝʨʤʦʧʣʘʩʪʠʯʥʫʶ 

ʵʣʝʢʪʨʦʧʨʦʚʦʜʷʱʫʶ ʩʤʦʣʫ, ʘ ʟʘʪʝʤ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʦʚ ʰʣʠʬʦʚʘʣʠ ʥʘ 

ʥʘʞʜʘʯʥʳʭ ʙʫʤʘʛʘʭ ʨʘʟʣʠʯʥʦʡ ʟʝʨʥʠʩʪʦʩʪʠ ʠ ʧʦʣʠʨʦʚʘʣʠ ʥʘ ʦʢʠʩʠ ʭʨʦʤʘ ʠʣʠ 

ʘʣʶʤʠʥʠʷ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʠʟʦʙʨʘʞʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʝʪʝʢʪʦʨʳ ʦʪʨʘʞʝʥʥʳʭ ʠ 

ʚʪʦʨʠʯʥʳʭ ʵʣʝʢʪʨʦʥʦʚ. 

3.2.4 ɼʠʬʬʝʨʝʥʮʠʘʣʴʥʘʷ ʩʢʘʥʠʨʫʶʱʘʷ ʢʘʣʦʨʠʤʝʪʨʠʷ 

ʊʝʨʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʨʦʚʦʜʠʣʠ ʥʘ ʩʢʘʥʠʨʫʶʱʝʤ ʢʘʣʦʨʠʤʝʪʨʝ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʬʠʨʤʳ NETZSCH Leading Thermal Analysis STA 449 F1 Jupiter Platinum RT ʚ 

ʘʪʤʦʩʬʝʨʝ ʛʝʣʠʷ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʠ ʯʠʩʪʦʪʳ. ʂʫʩʦʯʢʠ ʩʧʣʘʚʦʚ ʤʘʩʩʦʡ ʦʢʦʣʦ 30 ʤʛ 

ʥʘʛʨʝʚʘʣʠ ʦʪ 25 ʜʦ 1200 °C, ʩʢʦʨʦʩʪʴ ʥʘʛʨʝʚʘʥʠʷ ʩʦʩʪʘʚʣʷʣʘ 20 ʛʨʘʜ/ʤʠʥ. 

3.2.5 ʀʟʤʝʨʝʥʠʝ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ 

ʀʟʤʝʨʝʥʠʷ ʜʠʥʘʤʠʯʝʩʢʦʡ ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʦʙʨʘʟʮʦʚ ʧʨʦʚʝʜʝʥʳ ʚ 

ʀʆʅʍ ʈɸʅ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ʟʘʚ. ʣʘʙ. ʤʘʛʥʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʢ.ʭ.ʥ. ɽʬʠʤʦʚʘ 

ʅ.ʅ. ʥʘ ʧʨʠʙʦʨʝ PPMS-9 Quantum Design ʚ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ 2ï300 ʂ ʩ 

ʥʘʧʨʷʞʝʥʥʦʩʪʴʶ ʧʝʨʝʤʝʥʥʦʛʦ ʧʦʣʷ 1 ʠ 10 ʕ ʚ ʥʫʣʝʚʦʤ ʚʥʝʰʥʝʤ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ 

ʠ ʩ ʧʨʠʣʦʞʝʥʥʳʤ ʚʥʝʰʥʠʤ ʤʘʛʥʠʪʥʳʤ ʧʦʣʝʤ ʥʘʧʨʷʞʝʥʥʦʩʪʴʶ 100 ʕ. 

ʀʟʤʝʨʝʥʠʷ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʦʙʨʘʟʮʦʚ ʧʨʦʚʝʜʝʥʳ ʚ ʀʆʌ ʈɸʅ ʩ.ʥ.ʩ. ʦʪʜʝʣʘ 

ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʠ ʢʨʠʦʛʝʥʥʦʡ ʪʝʭʥʠʢʠ ʢ.ʬ.-ʤ.ʥ. ʉʝʤʝʥʦ ɸ.ɺ ʥʘ ʤʘʛʥʠʪʦʤʝʪʨʝ 

MPMS-5 Quantum Design ʚ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ 2ï370 ʂ ʚ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ ʜʦ 

50 ʢʕ. 
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4. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ɺ ʨʘʙʦʪʝ ʩʠʥʪʝʟʠʨʦʚʘʥʦ 114 ʩʧʣʘʚʦʚ, ʠʟ ʥʠʭ 108 ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʩʠʩʪʝʤʘʭ 

R-Ru-In, ʘ ʰʝʩʪʴ ʦʩʪʘʣʴʥʳʭ ʚ ʩʠʩʪʝʤʘʭ R-Ru-Al, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʦʚʘʣʠ ʢʘʢ 

ʤʦʜʝʣʴʥʳʝ ʠ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʝ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʮʝʣʝʚʳʭ ʩʠʩʪʝʤ (ʨʠʩ. 23). 

ʉʦʩʪʘʚʳ ʩʧʣʘʚʣʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʚʳʙʨʘʥʳ ʠʩʭʦʜʷ ʠʟ ʩʪʝʭʠʦʤʝʪʨʠʠ ʩʦʝʜʠʥʝʥʠʡ 

ʠʟʚʝʩʪʥʳʭ ʚ ʨʦʜʩʪʚʝʥʥʳʭ ʩʠʩʪʝʤʘʭ, ʚ ʯʘʩʪʥʦʩʪʠ, ʚ ʩʠʩʪʝʤʝ Ce-Ru-In, ʘ ʪʘʢʞʝ ʥʘ 

ʦʩʥʦʚʘʥʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʬʘʟʦʚʦʛʦ ʘʥʘʣʠʟʘ, ʧʨʦʚʝʜʝʥʥʦʛʦ ʚ ʭʦʜʝ ʨʘʙʦʪʳ. 

 

ʈʠʩ. 23. ʉʦʩʪʘʚʳ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʩʧʣʘʚʦʚ. 

ɺ ʠʪʦʛʝ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʙʥʘʨʫʞʝʥʦ ʠ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʦ 29 

ʥʦʚʳʭ ʪʨʦʡʥʳʭ ʀʄʉ, ʜʣʷ 10 ʠʟ ʢʦʪʦʨʳʭ ʦʧʨʝʜʝʣʝʥʳ ʛʨʘʥʠʮʳ ʦʙʣʘʩʪʝʡ 

ʛʦʤʦʛʝʥʥʦʩʪʠ ʩʦʝʜʠʥʝʥʠʡ. ɼʣʷ ʚʩʝʭ ʧʦʣʫʯʝʥʥʳʭ ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʚ ʦʧʨʝʜʝʣʝʥʳ ʠʭ 

ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʘʚʣʝʥʠʷ ʠ ʫʩʪʘʥʦʚʣʝʥ ʭʘʨʘʢʪʝʨ ʠʭ ʧʣʘʚʣʝʥʠʷ. ʉʧʠʩʦʢ ʥʦʚʳʭ 

ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʪʘʙʣʠʮʝ 20. 

ʊʘʙʣʠʮʘ 20. ʅʦʚʳʝ ʪʨʦʡʥʳʝ ʀʄʉ. 

 ̄
ʌʦʨʤʫʣʘ 

ʩʦʝʜʠʥʝʥʠʷ 
x ʇʨ. ʛʨ. 

ʇʘʨʘʤʝʪʨʳ ʵʣ. ʷʯ., Å 
ʊʧʣ. °C ʄʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ 

a(b) c 

1 Dy2Ru1-xIn1+x 

0 

P4/mmm 3.4616(8) 7.596(3) 1028(1) 

 2 Ho2Ru1-xIn1+x P4/mmm 3.4550(16) 7.561(8) 1084(1) 

3 Er2Ru1-xIn1+x P4/mmm 3.4474(19) 7.504(4) 1173(1) 
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4 *Tm2Ru1-xIn1+x P4/mmm 3.4343(11) 7.439(3) 1117(1) 

5 *Lu2Ru1-xIn1+x P4/mmm 3.4253(4) 7.4059(8) 1167(1)  

6 Pr26(RuxIn1-x)17 

0.47 

P4/mbm 12.2050(17) 16.195(5) 754(1)  

7 *Nd26(RuxIn1-x)17 P4/mbm 12.1415(4) 16.2303(6) 812(1) 
ʌʝʨʨʦʤʘʛʥʝʪʠʟʤ. 

Hc=1600ʕ, Tc=17K 

8 Sm26(RuxIn1-x)17 P4/mbm 12.0377(20) 16.193(5) 823(1)  

9 Gd26(RuxIn1-x)17 P4/mbm 11.9022(13) 15.998(5) 941(1)  

10 Tb26(RuxIn1-x)17 P4/mbm 11.8721(15) 16.087(3) 1031(1)  

11 Dy26(RuxIn1-x)17 P4/mbm 11.8011(10) 16.018 (2) 1046(1) 
ʌʝʨʨʦʤʘʛʥʝʪʠʟʤ. 

Hc=10ʢʕ, Tc=30K 

12 Ho26(RuxIn1-x)17 P4/mbm 11.7186(16) 15.937(6) 1054(1)  

13 Er26(RuxIn1-x)17 P4/mbm 11.7092(9) 15.9520(20) 1070(1)  

14 Tm26(RuxIn1-x)17 P4/mbm 11.6165(9) 15.823(3) 1117(1)  

15 Lu26(RuxIn1-x)17 P4/mbm 11.5790(5) 15.8365(11) 1150(1)  

16 Pr23Ru7In4  P63mc 9.9260(7) 22.4109(2) 756(1) 
ʉʧʠʥ-ʩʪʝʢʦʣʴʥʦʝ 

ʩʦʩʪʦʷʥʠʝ. Tg=12K 

17 *Pr21Ru8.2In5  I4/mcm 11.9789(12) 25.326(3)   

18 *Gd6Ru2In  Immm 
9.4350(16) 

9.6038(16) 
10.4204(17) 867(1) 

ʌʝʨʨʦʤʘʛʥʝʪʠʟʤ. 

Hc=110ʕ, Tc=20K 

19 Ho10Ru1+xIn3-x 

1.1 

P63/mmc 9.4891(11) 9.3254(9) 977(1)  

20 Er10Ru1+xIn3-x P63/mmc 9.4385(10) 9.2798(10) 1006(1)  

21 Lu10Ru1+xIn3-x P63/mmc 9.3340(1) 9.2170(2) 1056(1)  

22 Gd10RuAl3 

 

P63/mmc 9.5901(19) 9.6504(17) 753(1)  

23 Tb10RuAl3 P63/mmc 9.5029(17) 9.5746(20) 818(1)  

24 *Dy10RuAl3 P63/mmc 9.4767(3) 9.5586(4) 865(1)  

25 *Ho10RuAl3 P63/mmc 9.4123(4) 9.5056(4) 917(1)  

26 Er10RuAl3 P63/mmc 9.3967(6) 9.4761(5) 954(1)  

27 *Tm10RuAl3 P63/mmc 9.3573(4) 9.4135(4) 974(1)  

28 Pr11Ru4In9 

 

ʉmmm 
14.736(2) 

22.013(2) 
3.7892(3) 922(1)  

29 Nd11Ru4In9 ʉmmm 
14.669(3) 

21.929(3) 
3.7805(3) 956(1)  

*ʄʦʥʦʢʨʠʩʪʘʣʴʥʳʝ ʜʘʥʥʳʝ, ʮʚʝʪʦʤ ʚʳʜʝʣʝʥʳ ʠʟʦʩʪʨʫʢʪʫʨʥʳʝ ʩʝʨʠʠ ʩʦʝʜʠʥʝʥʠʡ, 

Tc ï ʪʝʤʧʝʨʘʪʫʨʘ ʂʶʨʠ, Tg ï ʪʝʤʧʝʨʘʪʫʨʘ ʧʝʨʝʭʦʜʘ ʚ ʩʧʠʥ-ʩʪʝʢʦʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ, 

Hc ï ʢʦʵʨʮʠʪʠʚʥʘʷ ʩʠʣʘ. 
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4.1 ʉʦʝʜʠʥʝʥʠʷ R2Ru1-xIn 1+x 

ʇʨʠ ʧʦʜʛʦʪʦʚʢʝ ʜʘʥʥʦʡ ʛʣʘʚʳ ʜʠʩʩʝʨʪʘʮʠʠ ʠʩʧʦʣʴʟʦʚʘʥʘ ʩʪʘʪʴʷ ʘʚʪʦʨʘ: 

 ʉʝʜʝʣʴʥʠʢʦʚ ɼ.ɺ., ɻʨʠʰʠʥʘ ʖ.ɸ., ʊʫʨʩʠʥʘ ɸ.ʀ., ʂʫʨʝʥʙʘʝʚʘ ɾ.ʄ., 

ʄʫʨʘʰʦʚʘ ɽ.ɺ.  ʉʠʥʪʝʟ ʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ ʥʦʚʳʭ ʛʘʣʣʠʜʦʚ RRuxGa1ïx 

(R = Er, Tm, Lu) ʠ ʠʥʜʠʜʦʚ R2Ru1-xIn1+x (R = Dy, Ho, Er, Tm, Lu) // ʅʝʦʨʛʘʥ. 

ʤʘʪʝʨʠʘʣʳ. ð 2022. ð ʊ. 58. ð ʉ. 596-605. 

ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʩʠʥʪʝʟʠʨʦʚʘʥʦ 8 ʩʧʣʘʚʦʚ ʩʦʩʪʘʚʘ R50Ru25In25 (ʘʪ. %), ʚ ʧʷʪʠ ʠʟ 

ʢʦʪʦʨʳʭ ʧʦʣʫʯʝʥʳ ʥʦʚʳʝ ʩʦʝʜʠʥʝʥʠʷ R2RuIn (R = Dy, Ho, Er, Tm, Lu). ɺ ʪʨʸʭ 

ʦʩʪʘʣʴʥʳʭ ʦʙʨʘʟʮʘʭ (R = Sm, Gd, Tb) ʢʨʠʩʪʘʣʣʠʟʫʶʪʩʷ ʜʚʦʡʥʳʝ ʠ ʪʨʦʡʥʳʝ 

ʩʦʝʜʠʥʝʥʠʷ ʠʟʚʝʩʪʥʳʭ ʩʪʨʫʢʪʫʨʥʳʭ ʪʠʧʦʚ, ʘ ʠʥʪʝʨʤʝʪʘʣʣʠʜʳ R2RuIn ʥʝ 

ʦʙʨʘʟʫʶʪʩʷ. ʉʦʩʪʘʚ ʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ ʥʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ ʫʩʪʘʥʦʚʠʣʠ 

ʤʝʪʦʜʘʤʠ ʃʈʉɸ ʠ ʈʌɸ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʂʨʦʤʝ ʪʦʛʦ, ʩʪʨʫʢʪʫʨʳ ʩʦʝʜʠʥʝʥʠʡ 

Tm2RuIn ʠ Lu2RuIn ʦʧʨʝʜʝʣʝʥʳ ʤʝʪʦʜʦʤ ʈʉɸ ʧʦ ʤʦʥʦʢʨʠʩʪʘʣʣʘʤ (ʪʘʙʣ. 21-23), 

ʦʪʦʙʨʘʥʥʳʤ ʠʟ ʨʘʩʢʦʣʦʪʳʭ ʦʪʦʞʞʸʥʥʳʭ ʦʙʨʘʟʮʦʚ.  

ʊʘʙʣʠʮʘ 21. ʂʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʠ ʦʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ʫʪʦʯʥʝʥʠʷ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ Tm2RuIn ʠ Lu2RuIn (ʤʦʥʦʢʨʠʩʪʘʣʴʥʳʝ ʜʘʥʥʳʝ). 

ʌʦʨʤʫʣʘ ʩʦʝʜʠʥʝʥʠʷ Tm2RuIn Lu2RuIn 

ʉʠʥʛʦʥʠʷ ʊʝʪʨʘʛʦʥʘʣʴʥʘʷ 

ʀʟʣʫʯʝʥʠʝ MoKŬ, 0.71073 

a (Å) 3.4343(11) 3.4253(4) 

c (Å) 7.439(3) 7.4059(8) 

V(Å3) 87.74(7) 86.89(2) 

ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʛʨʫʧʧʘ P4/mmm 

ʉʪʨʫʢʪʫʨʥʳʡ ʪʠʧ Pt2ZnCd 

Z 1 

Dʨʘʩʩʯ. (ʛ/ʩʤ3) 10.480 10.813 

ɛ (ʤʤ-1) 60.486 66.831 

F(000) 231 235 

ʈʘʟʤʝʨ ʢʨʠʩʪʘʣʣʘ, ʤʤ 0.14 x 0.11 x 0.1 0.1 x 0.04 x 0.04 

ɗmin-ɗmax (
o) 2.738 - 30.229 2.750 - 31.938 

ɼʠʘʧʘʟʦʥ hkl 

-4ÒhÒ4 

-4ÒkÒ4 

-10ÒlÒ10 

-4ÒhÒ5 

-5ÒkÒ5 

-11ÒlÒ10 

ʂʦʨʨʝʢʮʠʷ ʧʦʛʣʦʱʝʥʠʷ ʧʦʣʫʵʤʧʠʨʠʯʝʩʢʘʷ ʠʟ ʵʢʚʠʚʘʣʝʥʪʦʚ 

ʄʝʪʦʜ ʫʪʦʯʥʝʥʠʷ ʧʦʣʥʦʤʘʪʨʠʯʥʳʡ ʄʅʂ ʧʦ F2 

https://istina.msu.ru/publications/article/496384398/
https://istina.msu.ru/publications/article/496384398/
https://istina.msu.ru/journals/67531/
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ʉʦʙʨʘʥʦ ʦʪʨʘʞʝʥʠʡ 1080 1054 

ʅʝʟʘʚʠʩʠʤʳʭ ʦʪʨʘʞʝʥʠʡ 111 124 

ʆʪʨʘʞʝʥʠʡ ʩ I>2ů(I), Rint 111, 0.0748 124, 0.0329 

ʂʦʣʠʯʝʩʪʚʦ ʫʪʦʯʥʷʝʤʳʭ 

ʧʘʨʘʤʝʪʨʦʚ 
8 9 

GoF 1.225 1.113 

R1, wR2 [I>2sigma(I)] 0.040, 0.105 0.017, 0.041 

R1, wR2 (ʚʩʝ ʦʪʨʘʞʝʥʠʷ) 0.042, 0.105 0.017, 0.041 

ȹɟmax - ȹɟmin, eĀÅ
-3 4.683, -3.547 1.481, -1.933 

ʊʘʙʣʠʮʘ 22. ʂʦʦʨʜʠʥʘʪʳ ʘʪʦʤʦʚ ʠ ʵʢʚʠʚʘʣʝʥʪʥʳʝ ʠʟʦʪʨʦʧʥʳʝ ʧʘʨʘʤʝʪʨʳ 

ʘʪʦʤʥʦʛʦ ʩʤʝʱʝʥʠʷ Ueq ʚ ʩʪʨʫʢʪʫʨʘʭ Tm2RuIn ʠ Lu2RuIn (ʤʦʥʦʢʨʠʩʪʘʣʴʥʳʝ 

ʜʘʥʥʳʝ). 

ɸʪʦʤ 
ʇʦʟʠʮʠʷ 

ʋʘʡʢʦʚʘ 
x y z Ueq, Å

2 

Tm2RuIn 

Tm 2h 1/2 1/2 0.2158(2) 0.021(1) 

In 1b 0 0 1/2 0.024(1) 

Ru 1a 0 0 0 0.021(1) 

Lu2RuIn 

Lu 2h 1/2 1/2 0.2171(1) 0.012(1) 

In 1b 0 0 1/2 0.013(1) 

Ru 1a 0 0 0 0.010(1) 

ʊʘʙʣʠʮʘ 23. ʆʩʥʦʚʥʳʝ ʤʝʞʘʪʦʤʥʳʝ ʨʘʩʩʪʦʷʥʠʷ ʚ ʩʪʨʫʢʪʫʨʘʭ Tm2RuIn ʠ Lu2RuIn 

(ʤʦʥʦʢʨʠʩʪʘʣʴʥʳʝ ʜʘʥʥʳʝ). 

Tm2RuIn Lu2RuIn 

ɸʪʦʤ1 ɸʪʦʤ2 d, Å ɸʪʦʤ1 ɸʪʦʤ2 d, Å 

Tm 4Ru 2.9109(11) Lu 4Ru 2.9070(4) 

 Tm 3.210(3)  4In 3.2026(4) 

 4In 3.2199(12)  Lu 3.2152(11) 

 4Tm 3.4343(11)  4Lu 3.4253(4) 

Ru 8Tm 2.9109(11) Ru 8Lu 2.9070(4) 

In 8Tm 3.2199(12) In 8Lu 3.2026(4) 

ʉʦʝʜʠʥʝʥʠʷ R2RuIn ʢʨʠʩʪʘʣʣʠʟʫʶʪʩʷ ʚ ʪʝʪʨʘʛʦʥʘʣʴʥʦʡ ʷʯʝʡʢʝ ʩ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʦʡ P4/mmm ʠ ʧʨʠʥʘʜʣʝʞʘʪ ʢ ʩʪʨʫʢʪʫʨʥʦʤ ʪʠʧʫ Pt2ZnCd 

[110], ʧʨʦʠʟʚʦʜʥʦʤʫ ʦʪ ʩʪʨʫʢʪʫʨʥʦʛʦ ʪʠʧʘ CsCl [111]. ʂʨʠʩʪʘʣʣʠʯʝʩʢʫʶ 

ʩʪʨʫʢʪʫʨʫ ʩʦʝʜʠʥʝʥʠʡ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ ʢʦʣʦʥʥ, ʩʦʩʪʦʷʱʠʭ ʠʟ ʜʚʫʭ 

ʪʠʧʦʚ ʯʝʨʝʜʫʶʱʠʭʩʷ ʪʝʪʨʘʛʦʥʘʣʴʥʳʭ ʧʨʠʟʤ ʪʠʧʘ CsCl. ʇʝʨʚʳʡ ʪʠʧ ʧʨʠʟʤ 
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ʮʝʥʪʨʠʨʦʚʘʥ ʘʪʦʤʘʤʠ ʨʫʪʝʥʠʷ, ʘ ʚʪʦʨʦʡ ʪʠʧ ï ʘʪʦʤʘʤʠ ʠʥʜʠʷ. ɺ ʚʝʨʰʠʥʘʭ ʚʩʝʭ 

ʧʨʠʟʤ ʥʘʭʦʜʷʪʩʷ ʘʪʦʤʳ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ. ʈʘʩʧʦʣʦʞʝʥʠʝ ʘʪʦʤʦʚ 

ʨʫʪʝʥʠʷ ʠ ʠʥʜʠʷ ʚʥʫʪʨʠ ʧʨʠʟʤ ʫʧʦʨʷʜʦʯʝʥʦ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʵʣʝʤʝʥʪʘʨʥʘʷ 

ʷʯʝʡʢʘ ʩʪʨʫʢʪʫʨ ʩʦʝʜʠʥʝʥʠʡ R2RuIn ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʫʜʚʦʝʥʥʳʡ ʚʘʨʠʘʥʪ 

ʷʯʝʡʢʠ CsCl (ʨʠʩ. 24). ʈʘʟʣʠʯʠʝ ʚ ʨʘʟʤʝʨʘʭ ʮʝʥʪʨʠʨʫʶʱʠʭ ʧʨʠʟʤʳ ʘʪʦʤʦʚ (Ru ʠ 

In) ʚʣʝʯʝʪ ʟʘ ʩʦʙʦʡ ʠʟʤʝʥʝʥʠʝ ʚ ʨʘʟʤʝʨʘʭ ʪʝʪʨʘʛʦʥʘʣʴʥʳʭ ʧʨʠʟʤ. ʊʘʢ, ʨʘʩʩʪʦʷʥʠʷ 

Lu-Ru ʠ Lu-In ʚʥʫʪʨʠ ʧʨʠʟʤ ʨʘʟʣʠʯʘʶʪʩʷ ʧʦʯʪʠ ʥʘ 0.3 Å (ʪʘʙʣ. 23). ʇʨʠ ʵʪʦʤ 

ʚʝʣʠʯʠʥʳ ʤʝʞʘʪʦʤʥʳʭ ʨʘʩʩʪʦʷʥʠʡ Lu-Ru ʣʠʰʴ ʥʝʤʥʦʛʦ ʧʨʝʚʳʰʘʶʪ ʩʫʤʤʫ 

ʢʦʚʘʣʝʥʪʥʳʭ ʨʘʜʠʫʩʦʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʘʪʦʤʦʚ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʟʥʘʯʝʥʠʷ 

ʨʘʩʩʪʦʷʥʠʡ Lu-In ʚʳʰʝ ʜʘʞʝ ʩʫʤʤʳ ʘʪʦʤʥʳʭ ʨʘʜʠʫʩʦʚ ʘʪʦʤʦʚ Lu ʠ In. 

 

ʈʠʩ. 24. ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʩʦʝʜʠʥʝʥʠʷ Lu2RuIn ʠ ʝʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ 

(ʢʨʘʩʥʘʷ), ʪʝʦʨʝʪʠʯʝʩʢʘʷ (ʯʝʨʥʘʷ) ʨʝʥʪʛʝʥʦʛʨʘʤʤʳ ʠ ʠʭ ʨʘʟʥʦʩʪʥʘʷ ʢʨʠʚʘʷ 

(ʩʠʥʷʷ), ʧʦʣʦʩʢʘʤʠ ʟʝʣʝʥʦʛʦ ʮʚʝʪʘ ʦʙʦʟʥʘʯʝʥʳ ʧʦʟʠʮʠʠ ɹʨʵʛʛʘ. 

ɼʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʈʉɸ ʩʪʨʫʢʪʫʨʳ ʩʦʝʜʠʥʝʥʠʡ R2RuIn (R = Dy, 

Ho, Er, Tm, Lu) ʫʪʦʯʥʝʥʳ ʤʝʪʦʜʦʤ ʈʠʪʚʝʣʴʜʘ ʧʦ ʧʦʨʦʰʢʦʚʳʤ ʨʝʥʪʛʝʥʦʛʨʘʤʤʘʤ. ɺ 

ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʦʡ ʤʦʜʝʣʠ ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʘʥʥʳʝ, ʧʦʣʫʯʝʥʥʳʝ ʠʟ 
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ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ. ʈʝʥʪʛʝʥʦʛʨʘʤʤʳ ʧʦʨʦʰʢʦʚ ʭʦʨʦʰʦ 

ʩʦʛʣʘʩʫʶʪʩʷ ʩʦ ʩʪʨʫʢʪʫʨʥʦʡ ʤʦʜʝʣʴʶ ʠʟ ʈʉɸ (ʨʠʩ. 24 ʠ ʇ1, ʪʘʙʣ. 24 ʠ ʇ1). 

ʊʘʙʣʠʮʘ 24. ʂʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʠ ʦʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ʫʪʦʯʥʝʥʠʷ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʩʦʝʜʠʥʝʥʠʷ Lu2RuIn ʧʦ ʜʘʥʥʳʤ ʧʦʨʦʰʢʦʚʦʡ 

ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʜʠʬʨʘʢʮʠʠ. 

ʌʦʨʤʫʣʘ ʩʦʝʜʠʥʝʥʠʷ Lu2RuIn 

ʉʠʥʛʦʥʠʷ ʊʝʪʨʘʛʦʥʘʣʴʥʘʷ 

ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʛʨʫʧʧʘ P4/mmm 

Z 1 

ʇʘʨʘʤʝʪʨʳ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ a, Å 3.4229(2) 

c, Å 7.4110(5) 

V, Å3 86.83(9) 

Dʨʘʩʩʯ., ʛ/ʩʤ3 10.821 

2ɗ, (o) 5-90.09 

ʂʦʣʠʯʝʩʪʚʦ ʦʪʨʘʞʝʥʠʡ 46 

ʂʦʣʠʯʝʩʪʚʦ ʫʪʦʯʥʷʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ*  20 

ʇʘʨʘʤʝʪʨʳ ʧʦʣʫʰʠʨʠʥʳ, U 0.13(3) 

V 0.11(2) 

W 0.014(4) 

RP/Rwp 0.048/0.065 

Rexp 0.0354 

ɢ2 5.81 

RB/RF 0.065/0.061 

*ɿʜʝʩʴ ʠ ʜʘʣʝʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʨʦʬʠʣʴʥʳʝ ʠ ʩʪʨʫʢʪʫʨʥʳʝ ʧʘʨʘʤʝʪʨʳ. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʃʈʉɸ ʚʩʝ ʦʙʨʘʟʮʳ ʧʦʣʫʯʠʣʠʩʴ ʥʝʦʜʥʦʬʘʟʥʳʤʠ ʩ ʦʩʥʦʚʥʦʡ 

ʬʘʟʦʡ R2RuIn, ʦʪʢʣʦʥʝʥʠʝ ʩʦʩʪʘʚʘ ʦʪ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʦʛʦ (50-25-25) ʩʦʩʪʘʚʠʣʦ ʥʝ 

ʙʦʣʝʝ 3 ʘʪ. %. ʇʨʠʤʝʩʥʳʝ ʬʘʟʳ, ʦʙʥʘʨʫʞʝʥʥʳʝ ʚ ʦʙʨʘʟʮʘʭ, ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ: 

ʦʢʩʠʜ Lu2O3 [112], ʪʚʝʨʜʳʝ ʨʘʩʪʚʦʨʳ ʥʘ ʦʩʥʦʚʝ ʜʚʦʡʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ RRu2 [113], 

(HoRu2-xInx ʠ TmRu2-xInx), ʠʟʚʝʩʪʥʳʡ ʠʟ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʪʨʦʡʥʦʡ 

ʠʥʪʝʨʤʝʪʘʣʣʠʜ Er16Ru5In14 [36] ʠ ʥʦʚʳʝ ʪʨʦʡʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʩ ʦʙʣʘʩʪʴʶ 

ʛʦʤʦʛʝʥʥʦʩʪʠ R26(RuxIn1-x)17 (R = Dy, Ho, Lu), ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʦʙʩʫʞʜʘʪʴʩʷ ʚ 

ʩʣʝʜʫʶʱʝʡ ʯʘʩʪʠ ʨʘʙʦʪʳ (ʨʠʩ. 25). 
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ʈʠʩ. 25. ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʦʙʨʘʟʮʦʚ R50Ru25In25 (ʘʪ. %). 

ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʧʦʣʫʯʝʥʳ ʦʙʨʘʟʮʳ, ʩʦʩʪʘʚ ʬʘʟ ʢʦʪʦʨʳʭ ʙʣʠʟʦʢ ʢ 50-25-25, 

ʦʜʥʘʢʦ ʩʦʜʝʨʞʘʥʠʝ ʨʫʪʝʥʠʷ ʠ ʠʥʜʠʷ ʚʘʨʴʠʨʦʚʘʣʦʩʴ, ʥʦ ʚ ʩʫʤʤʝ ʩʦʩʪʘʚʣʷʣʦ ʦʢʦʣʦ 

50 ʘʪ. %. ɺ ʨʝʥʪʛʝʥʦʛʨʘʤʤʘʭ ʪʘʢʠʭ ʦʙʨʘʟʮʦʚ ʧʨʠʩʫʪʩʪʚʦʚʘʣʠ ʚʩʝ ʦʪʨʘʞʝʥʠʷ 

ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʩʦʝʜʠʥʝʥʠʡ R2RuIn. ɺ ʩʚʷʟʠ ʩ ʯʝʤ ʩʜʝʣʘʥʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦ 

ʩʫʱʝʩʪʚʦʚʘʥʠʠ ʩʦʝʜʠʥʝʥʠʡ R2RuIn ʚ ʦʙʣʘʩʪʠ ʛʦʤʦʛʝʥʥʦʩʪʠ, ʣʝʞʘʱʝʡ ʥʘ 

ʠʟʦʢʦʥʮʝʥʪʨʘʪʝ 50 ʘʪ. % R. ɼʣʷ ʧʨʦʚʝʨʢʠ ʵʪʦʡ ʛʠʧʦʪʝʟʳ ʧʨʠʛʦʪʦʚʣʝʥʳ ʩʧʣʘʚʳ 

R50Ru22In28, R50Ru20In30, R50Ru15In35, R50Ru10In40 ʜʣʷ R = Dy, Ho, Er, Tm, Lu. 

ʈʝʟʫʣʴʪʘʪʳ ʈʌɸ ʧʦʣʫʯʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʧʦʜʪʚʝʨʞʜʘʶʪ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʦʙʣʘʩʪʠ 

ʛʦʤʦʛʝʥʥʦʩʪʠ ʜʣʷ ʚʩʝʭ ʧʷʪʠ ʩʦʝʜʠʥʝʥʠʡ. ʅʘ ʨʠʩʫʥʢʝ 26 ʧʨʠʚʝʜʝʥʳ ʬʨʘʛʤʝʥʪʳ 

ʨʝʥʪʛʝʥʦʛʨʘʤʤ ʦʙʨʘʟʮʦʚ Dy50Ru25In25, Dy50Ru22In28, Dy50Ru20In30, Dy50Ru15In35, 

Dy50Ru10In40, ʚ ʧʝʨʚʳʭ ʪʨʝʭ ʠʟ ʢʦʪʦʨʳʭ ʧʨʠʩʫʪʩʪʚʫʶʪ ʦʙʘ ʥʘʠʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʳʭ 



59 
 

ʨʝʬʣʝʢʩʘ ʩ hkl 110 ʠ 102, ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʩʦʝʜʠʥʝʥʠʡ R2RuIn, ʘ ʚ ʧʦʩʣʝʜʥʠʭ ʜʚʫʭ 

ï ʪʦʣʴʢʦ ʧʦ ʦʜʥʦʤʫ ʨʝʬʣʝʢʩʫ ʩ hkl 110. 

ʆʪʩʫʪʩʪʚʠʝ ʦʜʥʦʛʦ ʠʟ ʨʝʬʣʝʢʩʦʚ ʥʘ ʨʝʥʪʛʝʥʦʛʨʘʤʤʘʭ ʦʙʨʘʟʮʦʚ Dy50Ru15In35, 

Dy50Ru10In40 ʩʚʷʟʘʥʦ ʩ ʠʟʤʝʥʝʥʠʝʤ ʩʠʤʤʝʪʨʠʠ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ. ɺ ʩʧʣʘʚʘʭ 

Dy50Ru25In25, Dy50Ru22In28, Dy50Ru20In30 ʦʙʨʘʟʫʝʪʩʷ ʩʦʝʜʠʥʝʥʠʝ Dy2RuIn ʠ, 

ʧʦʩʢʦʣʴʢʫ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʥʦ ʩʫʱʝʩʪʚʫʝʪ ʚ ʦʙʣʘʩʪʠ ʛʦʤʦʛʝʥʥʦʩʪʠ ʢʦʨʨʝʢʪʥʝʝ 

ʙʫʜʝʪ ʟʘʧʠʩʘʪʴ ʝʛʦ ʬʦʨʤʫʣʫ ʢʘʢ Dy2Ru1-xIn1+x, ʠ ʜʘʣʝʝ ʧʦ ʪʝʢʩʪʫ ʙʫʜʝʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʠʤʝʥʥʦ ʪʘʢʘʷ ʟʘʧʠʩʴ. ʇʨʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʫʪʝʥʠʷ ʥʠʞʝ 12 ʘʪ. % 

ʩʦʝʜʠʥʝʥʠʝ Dy2Ru1-xIn1+x ʥʝ ʦʙʨʘʟʫʝʪʩʷ, ʘ ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʪʚʝʨʜʳʡ ʨʘʩʪʚʦʨ ʥʘ 

ʦʩʥʦʚʝ DyIn (ʢʦʨʨʝʢʪʥʘʷ ʬʦʨʤʫʣʘ DyRuxIn1-x) ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʪʠʧʘ CsCl. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ ʤʦʞʥʦ ʜʦʩʪʦʚʝʨʥʦ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʩʦʝʜʠʥʝʥʠʷ Dy2Ru1-xIn1+x ʩʫʱʝʩʪʚʫʶʪ 

ʚ ʦʙʣʘʩʪʠ 20-25 ʘʪ. % Ru. ɺʚʠʜʫ ʪʦʛʦ, ʯʪʦ ʩʠʤʤʝʪʨʠʷ ʩʪʨʫʢʪʫʨʳ DyIn ʚʳʰʝ (Pm-

3m), ʯʝʤ ʫ ʩʦʝʜʠʥʝʥʠʷ Dy2Ru1-xIn1+x (P4/mmm), ʥʘ ʬʨʘʛʤʝʥʪʘʭ ʨʝʥʪʛʝʥʦʛʨʘʤʤ 

ʦʙʨʘʟʮʦʚ Dy50Ru15In35, Dy50Ru10In40 ʧʨʠʩʫʪʩʪʚʫʝʪ ʪʦʣʴʢʦ ʦʜʥʦ ʦʪʨʘʞʝʥʠʝ, ʘ ʧʨʠ 

ʧʝʨʝʭʦʜʝ ʢ ʩʦʝʜʠʥʝʥʠʷʤ Dy2Ru1-xIn1+x ʧʨʦʠʩʭʦʜʠʪ ʨʘʩʱʝʧʣʝʥʠʝ ʧʠʢʘ ʩ hkl 110 ʥʘ 

ʜʚʘ ï ʩ hkl 110 ʠ 102 ʠʟ-ʟʘ ʪʝʪʨʘʛʦʥʘʣʴʥʦʛʦ ʠʩʢʘʞʝʥʠʷ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ. ɺʩʝ 

ʚʳʰʝʩʢʘʟʘʥʥʦʝ ʧʨʦ ʩʦʝʜʠʥʝʥʠʷ Dy2Ru1-xIn1+x ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʦʪʥʦʩʠʪʩʷ ʠ ʢ ʜʨʫʛʠʤ 

ʩʦʝʜʠʥʝʥʠʷʤ R2Ru1-xIn1+x (R = Ho, Er, Tm, Lu), ʨʘʟʣʠʯʘʝʪʩʷ ʪʦʣʴʢʦ ʚʝʣʠʯʠʥʘ ʠʭ 

ʦʙʣʘʩʪʝʡ ʛʦʤʦʛʝʥʥʦʩʪʠ (ʪʘʙʣ. 25). ʇʦ ʤʝʨʝ ʫʤʝʥʴʰʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʨʫʪʝʥʠʷ ʠ 

ʫʚʝʣʠʯʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʠʥʜʠʷ ʚ ʩʦʝʜʠʥʝʥʠʷʭ R2Ru1-xIn1+x ʧʨʦʠʩʭʦʜʠʪ ʩʜʚʠʛ 

ʨʝʬʣʝʢʩʦʚ ʚ ʩʪʦʨʦʥʫ ʤʝʥʴʰʠʭ ʫʛʣʦʚ 2ɗ (ʨʠʩ. 26), ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʠʟʤʝʥʝʥʠʝʤ 

ʧʘʨʘʤʝʪʨʦʚ ʵʣʝʤʝʥʪʘʨʥʳʭ ʷʯʝʝʢ: ʧʘʨʘʤʝʪʨ a ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʘ ʧʘʨʘʤʝʪʨ ʩ ï 

ʫʤʝʥʴʰʘʝʪʩʷ, ʪʦ ʝʩʪʴ ʪʝʪʨʘʛʦʥʘʣʴʥʦʝ ʠʩʢʘʞʝʥʠʝ ʫʤʝʥʴʰʘʝʪʩʷ ʠ ʵʣʝʤʝʥʪʘʨʥʘʷ 

ʷʯʝʡʢʘ ʩʪʨʝʤʠʪʩʷ ʧʝʨʝʡʪʠ ʚ ʙʦʣʝʝ ʩʠʤʤʝʪʨʠʯʥʫʶ ï CsCl. ɺ ʪʘʙʣʠʮʝ 25 ʧʨʠʚʝʜʝʥʳ 

ʨʝʟʫʣʴʪʘʪʳ ʫʪʦʯʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʵʣʝʤʝʥʪʘʨʥʳʭ ʷʯʝʝʢ ʩʦʝʜʠʥʝʥʠʡ R2Ru1-xIn1+x ʠʟ 

ʦʙʣʘʩʪʠ ʛʦʤʦʛʝʥʥʦʩʪʠ ʧʦ ʜʘʥʥʳʤ ʧʦʨʦʰʢʦʚʦʡ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʜʠʬʨʘʢʮʠʠ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʦʙʨʘʟʮʦʚ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʨʫʪʝʥʠʷ ʚʳʰʝ 25 ʘʪ. % ʥʝ ʧʨʦʚʦʜʠʣʠ. 
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ʈʠʩ. 26. ʌʨʘʛʤʝʥʪʳ ʨʝʥʪʛʝʥʦʛʨʘʤʤ DyRuxIn1-x (x=0.2), DyRuxIn1-x (x=0,24), 

Dy2Ru1-xIn1+x (x=0.2), Dy2Ru1-xIn1+x (x=0.12), Dy2Ru1-xIn1+x (x=0). 

ʊʘʙʣʠʮʘ 25. ʇʘʨʘʤʝʪʨʳ ʠ ʦʙʲʝʤʳ ʵʣʝʤʝʥʪʘʨʥʳʭ ʷʯʝʝʢ ʩʦʝʜʠʥʝʥʠʡ R2Ru1-xIn1+x (R 

= Dy, Ho, Er, Tm, Lu) ʚ ʦʙʣʘʩʪʠ ʛʦʤʦʛʝʥʥʦʩʪʠ. 

ʌʦʨʤʫʣʘ 

ʩʦʝʜʠʥʝʥʠʷ 

ʇʘʨʘʤʝʪʨʳ ʠ ʦʙʲʝʤ ʵʣ. ʷʯʝʡʢʠ ʆʙʣʘʩʪʴ 

ʛʦʤʦʛʝʥʥʦʩʪʠ, 

x a, Å c, Å V, Å3 

Dy2Ru0.80In1.20 3.4990(6) 7.566(1) 92.51(7) 

0-0.20 Dy2Ru0.88In1.12 3.4715(2) 7.575(1) 91.29(6) 

Dy2RuIn 3.4616(8) 7.596(3) 91.02(2) 

Ho2Ru0.52In1.48 3.5011(2) 7.514(2) 92.10(4) 

0-0.48 Ho2Ru0.78In1.22 3.4763(12) 7.542(7) 91.14(7) 

Ho2RuIn 3.4550(16) 7.561(8) 90.25(6) 

Er2Ru0.64In1.36 3.4867(9) 7.445(2) 90.51(4) 

0-0.36 Er2Ru0.89In1.11 3.4654(3) 7.478(2) 89.80(3) 

Er2RuIn 3.4474(19) 7.504(4) 89.18(6) 

Tm2Ru0.60In1.40 3.4571(5) 7.354(19) 87.89(2) 

0-0.40 Tm2Ru0.81In1.19 3.4401(6) 7.371(3) 87.23(4) 

Tm2RuIn 3.4261(11) 7.402(5) 86.88(6) 

Lu2Ru0.72In1.28 3.4415(6) 7.371(2) 87.30(2) 

0-0.28 Lu2Ru0.86In1.14 3.4319(6) 7.392(3) 87.06(3) 

Lu2RuIn 3.4229(2) 7.4110(5) 86.83(9) 
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ʇʨʦʜʦʣʞʘʷ ʘʥʘʣʠʟ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʵʣʝʤʝʥʪʘʨʥʳʭ 

ʷʯʝʝʢ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ R2Ru1-xIn1+x (R = Dy, Ho, Er, Tm, Lu), ʥʦ ʪʝʧʝʨʴ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ ʈɿʕ ʚ ʩʦʝʜʠʥʝʥʠʠ, ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʨʷʜʫ ʦʪ Dy ʢ Lu 

ʧʘʨʘʤʝʪʨʳ ʠ ʦʙʲʝʤʳ ʵʣʝʤʝʥʪʘʨʥʳʭ ʷʯʝʝʢ ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʚ ʫʤʝʥʴʰʘʶʪʩʷ 

ʚʩʣʝʜʩʪʚʠʝ ʣʘʥʪʘʥʠʜʥʦʛʦ ʩʞʘʪʠʷ (ʪʘʙʣ. 25 ʠ ʨʠʩ. 27). 

 

ʈʠʩ. 27. ɿʘʢʦʥʦʤʝʨʥʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʠ ʦʙʲʝʤʦʚ ʵʣʝʤʝʥʪʘʨʥʳʭ ʷʯʝʝʢ ʚ 

ʨʷʜʫ ʩʦʝʜʠʥʝʥʠʡ R2Ru1-xIn1+x (x = 0). 
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ɼʣʷ ʚʩʝʭ ʧʷʪʠ ʩʦʝʜʠʥʝʥʠʡ R2Ru1-xIn1+x (R = Dy, Ho, Er, Tm, Lu) ʦʧʨʝʜʝʣʝʥʳ 

ʠʭ ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʘʚʣʝʥʠʷ ʤʝʪʦʜʦʤ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʩʢʘʥʠʨʫʶʱʝʡ 

ʢʘʣʦʨʠʤʝʪʨʠʠ (ʨʠʩ. 28 ʠ ʇ2, ʪʘʙʣ. 20). ʉʦʝʜʠʥʝʥʠʷ ʥʝ ʧʨʝʪʝʨʧʝʚʘʶʪ ʬʘʟʦʚʳʭ 

ʧʝʨʝʭʦʜʦʚ ʜʦ ʧʣʘʚʣʝʥʠʷ. ʌʘʟʦʚʳʡ ʩʦʩʪʘʚ ʦʙʨʘʟʮʦʚ ʜʦ ʠ ʧʦʩʣʝ ʧʣʘʚʣʝʥʠʷ 

ʠʜʝʥʪʠʯʝʥ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʧʨʦʚʝʜʝʥʥʳʡ ʈʌɸ ʩʧʣʘʚʦʚ ʧʦʩʣʝ ʪʝʨʤʠʯʝʩʢʦʛʦ 

ʘʥʘʣʠʟʘ, ʠ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʢʦʥʛʨʫʵʥʪʥʦʤ ʭʘʨʘʢʪʝʨʝ ʧʣʘʚʣʝʥʠʷ ʩʦʝʜʠʥʝʥʠʡ. 

 

ʈʠʩ. 28. ɼʉʂ-ʢʨʠʚʘʷ ʦʙʨʘʟʮʘ ʩʦʩʪʘʚʘ Lu50Ru25In25. 
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4.2 ʉʦʝʜʠʥʝʥʠʷ R26(RuxIn1-x)17 

ɺ ʥʝʢʦʪʦʨʳʭ ʦʙʨʘʟʮʘʭ R50Ru25In25, ʧʦʤʠʤʦ ʩʦʝʜʠʥʝʥʠʡ R2Ru1-xIn1+x, 

ʧʨʠʩʫʪʩʪʚʦʚʘʣʠ ʬʘʟʳ, ʩʦʩʪʘʚʳ ʢʦʪʦʨʳʭ, ʩʦʛʣʘʩʥʦ ʃʈʉɸ, ʩʦʩʪʘʚʣʷʣʠ 60 ʘʪ. % R, ʘ 

ʩʦʜʝʨʞʘʥʠʝ Ru ʠ In ʚʘʨʴʠʨʦʚʘʣʦʩʴ, ʥʦ ʚ ʩʫʤʤʝ ʙʳʣʦ ʨʘʚʥʦ ʦʢʦʣʦ 40 ʘʪ. % (ʨʠʩ. 

25). ʇʨʠ ʵʪʦʤ ʨʝʬʣʝʢʩʳ ʥʘ ʨʝʥʪʛʝʥʦʛʨʘʤʤʘʭ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʵʪʠʤ ʬʘʟʘʤ, 

ʟʘʥʠʤʘʣʠ ʧʨʠʤʝʨʥʦ ʦʜʠʥʘʢʦʚʦʝ ʧʦʣʦʞʝʥʠʝ, ʠʟ ʯʝʛʦ ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ 

ʧʨʠʤʝʩʥʳʝ ʬʘʟʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʦʜʥʦ ʠ ʪʦ ʞʝ ʩʦʝʜʠʥʝʥʠʝ ʧʝʨʝʤʝʥʥʦʛʦ 

ʩʦʩʪʘʚʘ. ʀʟ ʣʠʪʝʨʘʪʫʨʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʥʘ ʠʟʦʢʦʥʮʝʥʪʨʘʪʝ 60 ʘʪ. % R 

ʩʫʱʝʩʪʚʫʶʪ ʠʥʜʠʜʳ Lu26(TxIn1-x)17 ʜʣʷ T = (Rh, Ir, Pt) [114], ʘ ʪʘʢʞʝ ʠʟʚʝʩʪʝʥ 

ʮʝʣʳʡ ʨʷʜ ʛʘʣʣʠʜʦʚ R26(RuxGa1-x)17 ʜʣʷ R = Y, Ce, Gd, Tb, Dy, Ho, Er, Tm, Lu [115, 

116]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʳʣ ʧʨʦʚʝʜʝʥ ʩʠʥʪʝʟ ʩʧʣʘʚʦʚ ʩʦʩʪʘʚʘ R60Ru17In23 (ʘʪ. %) ʜʣʷ 

R = Pr, Nd, Sm, Gd, Tb, Dy, Ho, Er, Tm, Lu, ʩ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʩʦʝʜʠʥʝʥʠʡ 

R26(RuxIn1-x)17. ʎʝʣʴ ʩʠʥʪʝʟʘ ʜʦʩʪʠʛʥʫʪʘ ʚ ʧʦʣʥʦʤ ʦʙʲʝʤʝ ʠ ʧʦʣʫʯʝʥ ʮʝʣʳʡ ʨʷʜ 

ʩʦʝʜʠʥʝʥʠʡ R26(RuxIn1-x)17 ʜʣʷ ʚʩʝʭ ʠʩʧʦʣʴʟʫʝʤʳʭ ʈɿʕ (Pr, Nd, Sm, Gd, Tb, Dy, Ho, 

Er, Tm, Lu). ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʠʥʪʝʨʤʝʪʘʣʣʠʜʘ Nd26(RuxIn1-x)17 (x=0.47) 

ʦʧʨʝʜʝʣʝʥʘ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʤʦʥʦʢʨʠʩʪʘʣʴʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ (ʪʘʙʣ. 26, 27). ʇʦ 

ʧʦʣʫʯʝʥʥʦʡ ʩʪʨʫʢʪʫʨʥʦʡ ʤʦʜʝʣʠ ʧʨʦʚʝʜʝʥʦ ʫʪʦʯʥʝʥʠʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ 

ʧʦ ʤʝʪʦʜʫ ʈʠʪʚʝʣʴʜʘ ʜʣʷ ʚʩʝʛʦ ʨʷʜʘ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ (ʨʠʩ. ʇ3, ʪʘʙʣ. 

28, ʇ2, ʇ3). 

ʊʘʙʣʠʮʘ 26. ʂʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʠ ʦʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ʫʪʦʯʥʝʥʠʷ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ Nd26(RuxIn1-x)17 (x = 0.47) (ʤʦʥʦʢʨʠʩʪʘʣʴʥʳʝ ʜʘʥʥʳʝ). 

ʌʦʨʤʫʣʘ ʩʦʝʜʠʥʝʥʠʷ Nd26Ru8In9 

ʄʦʣʝʢʫʣʷʨʥʘʷ ʤʘʩʩʘ 5592.18 

ʉʠʥʛʦʥʠʷ ʊʝʪʨʘʛʦʥʘʣʴʥʘʷ 

ʀʟʣʫʯʝʥʠʝ MoKŬ, 0.71073 

a (Å) 12.1415(4) 

c (Å) 16.2303(6) 

V(Å3) 2392.61(18) 

ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʛʨʫʧʧʘ P4/mbm 

ʉʪʨʫʢʪʫʨʥʳʡ ʪʠʧ Sm26(CoxGa1-x)17 

Z 2 

Dʨʘʩʩʯ. (ʛ/ʩʤ3) 7.762 

ɛ (ʤʤ-1) 34.271 
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F(000) 4706 

ʈʘʟʤʝʨ ʢʨʠʩʪʘʣʣʘ, ʤʤ 0.12 x 0.08 x 0.04 

ɗmin-ɗmax (
o) 2.372 - 30.519 

ɼʠʘʧʘʟʦʥ hkl 

-17ÒhÒ17 

-17ÒkÒ14 

-23ÒlÒ23 

ʂʦʨʨʝʢʮʠʷ ʧʦʛʣʦʱʝʥʠʷ ʧʦʣʫʵʤʧʠʨʠʯʝʩʢʘʷ ʠʟ ʵʢʚʠʚʘʣʝʥʪʦʚ 

Max, min ʧʨʦʧʫʩʢʘʥʠʝ 0.0326, 0.0061 

ʄʝʪʦʜ ʫʪʦʯʥʝʥʠʷ ʧʦʣʥʦʤʘʪʨʠʯʥʳʡ ʄʅʂ ʧʦ F2 

ʉʦʙʨʘʥʦ ʦʪʨʘʞʝʥʠʡ 36602 

ʅʝʟʘʚʠʩʠʤʳʭ ʦʪʨʘʞʝʥʠʡ 2003 

ʩ I>2ů(I), Rint 1640, 0.0597 

ʂʦʣʠʯʝʩʪʚʦ ʫʪʦʯʥʷʝʤʳʭ 

ʧʘʨʘʤʝʪʨʦʚ 
85 

GoF 1.289 

R1, wR2 [I>2sigma(I)] 0.042, 0.080 

R1, wR2 (ʚʩʝ ʦʪʨʘʞʝʥʠʷ) 0.054, 0.083 

ȹɟmax - ȹɟmin, eĀÅ
-3 1.735, -1.776 

ʊʘʙʣʠʮʘ 27. ʂʦʦʨʜʠʥʘʪʳ ʘʪʦʤʦʚ ʠ ʵʢʚʠʚʘʣʝʥʪʥʳʝ ʠʟʦʪʨʦʧʥʳʝ ʧʘʨʘʤʝʪʨʳ 

ʘʪʦʤʥʦʛʦ ʩʤʝʱʝʥʠʷ Ueq ʚ ʩʪʨʫʢʪʫʨʝ Nd26(RuxIn1-x)17 (x = 0.47) (ʤʦʥʦʢʨʠʩʪʘʣʴʥʳʝ 

ʜʘʥʥʳʝ). 

ɸʪʦʤ 
ʇʦʟʠʮʠʷ 

ʋʘʡʢʦʚʘ 
x y z Ueq, Å

2 

Nd1 16l 0.5698(1) 0.7024(1) 0.8755(1) 0.028(1) 

Nd2 8g 0.4199(1) 0.2979(1) 1/2 0.032(1) 

Nd3 16l 0.3015(1) 0.4248(1) 0.6846(1) 0.035(1) 

Nd4* 8k 0.1718(2) 0.3282(2) 0.0163(2) 0.025(1) 

Nd4B* 4g 0.1504(14) 0.3496(14) 0 0.050(6) 

Nd5* 8k 0.4940(20) -0.0060(20) 0.6090(1) 0.042(3) 

Nd6* 8k 0.0242(2) 0.4758(2) 0.8195(2) 0.029(1) 

Nd6B* 4f 0 1/2 0.8442(8) 0.036(3) 

In7 8k 0.3377(1) 0.1623(1) 0.7030(1) 0.028(1) 

In8 4g 0.0907(1) 0.5907(1) 0 0.028(1) 

In9 2a 1/2 1/2 0 0.030(1) 

In10 4h 0.3444(1) -0.1556(1) 1/2 0.032(1) 

Ru11 4e 1/2 1/2 0.7870(1) 0.027(1) 

Ru12 4e 1/2 1/2 0.5930(1) 0.027(1) 

Ru13* 8k 0.1962(2) 0.3038(2) 0.8198(2) 0.025(1) 

Ru14* 8k 0.1665(2) 0.3335(2) 0.8230(3) 0.025(1) 

* ɿʘʩʝʣʝʥʥʦʩʪʴ ʧʦʟʠʮʠʡ ʘʪʦʤʘʤʠ: 
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Nd4 ʩʦʩʪʘʚʣʷʝʪ 0.42, Nd4B ʩʦʩʪʘʚʣʷʝʪ 0.16, Nd5 ʩʦʩʪʘʚʣʷʝʪ 0.5, Nd6 ʩʦʩʪʘʚʣʷʝʪ 

0.42, Nd6B ʩʦʩʪʘʚʣʷʝʪ 0.16, Ru13 ʩʦʩʪʘʚʣʷʝʪ 0.58, Ru14 ʩʦʩʪʘʚʣʷʝʪ 0.42. 

ʊʘʙʣʠʮʘ 28. ʂʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʠ ʦʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ʫʪʦʯʥʝʥʠʷ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ Nd26(RuxIn1-x)17 (x = 0.47(1)) ʧʦ ʜʘʥʥʳʤ ʧʦʨʦʰʢʦʚʦʡ 

ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʜʠʬʨʘʢʮʠʠ. 

ʌʦʨʤʫʣʘ ʩʦʝʜʠʥʝʥʠʷ Nd26Ru8In9 

ʉʠʥʛʦʥʠʷ ʊʝʪʨʘʛʦʥʘʣʴʥʘʷ 

ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʛʨʫʧʧʘ P4/mbm 

Z 2 

ʇʘʨʘʤʝʪʨʳ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ a, Å 12.1441(3) 

c, Å 16.2614(6) 

V, Å3 2398.23(14) 

Dʨʘʩʩʯ., ʛ/ʩʤ3 7.744 

2ɗ, (o) 5-95.09 

ʂʦʣʠʯʝʩʪʚʦ ʦʪʨʘʞʝʥʠʡ 545 

ʂʦʣʠʯʝʩʪʚʦ ʫʪʦʯʥʷʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ 28 

ʇʘʨʘʤʝʪʨʳ ʧʦʣʫʰʠʨʠʥʳ, U 0.021(1) 

V -0.009(9) 

W 0.023(2) 

RP/Rwp 0.024/0.032 

Rexp 0.0284 

ɢ2 1.30 

RB/RF 0.072/0.056 

ʉʦʝʜʠʥʝʥʠʷ R26(RuxIn1-x)17 ʢʨʠʩʪʘʣʣʠʟʫʶʪʩʷ ʚ ʪʝʪʨʘʛʦʥʘʣʴʥʦʡ ʷʯʝʡʢʝ ʩ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʦʡ P4/mbm ʠ ʧʨʠʥʘʜʣʝʞʘʪ ʢ ʩʪʨʫʢʪʫʨʥʦʤ ʪʠʧʫ 

Sm26(CoxGa1-x)17 [117]. ʂʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ ʩʦʝʜʠʥʝʥʠʡ ʤʦʞʥʦ 

ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ ʢʦʣʦʥʥ ʠʟ ʩʦʝʜʠʥʝʥʥʳʭ ʛʨʘʥʷʤʠ ʪʝʪʨʘʛʦʥʘʣʴʥʳʭ ʧʨʠʟʤ ʠ 

ʘʥʪʠʧʨʠʟʤ ʩ ʘʪʦʤʘʤʠ ʈɿʕ ʚ ʚʝʨʰʠʥʘʭ. ʇʦʟʠʮʠʠ ʚʥʫʪʨʠ ʪʝʪʨʘʛʦʥʘʣʴʥʳʭ ʧʨʠʟʤ 

ʟʘʥʠʤʘʶʪ ʘʪʦʤʳ ʠʥʜʠʷ (InR8), ʘ ʚʥʫʪʨʠ ʘʥʪʠʧʨʠʟʤ ʥʘʭʦʜʷʪʩʷ ʘʪʦʤʳ ʨʫʪʝʥʠʷ 

(RuR8). ʋʢʣʘʜʢʘ ʠʟ ʧʨʠʟʤʘʪʠʯʝʩʢʠʭ ʝʜʠʥʠʮ ʠʤʝʝʪ ʩʪʨʦʛʦ ʦʧʨʝʜʝʣʝʥʥʳʡ ʧʦʨʷʜʦʢ: 

ʦʜʥʘ ʧʨʠʟʤʘ, ʟʘ ʢʦʪʦʨʦʡ ʩʣʝʜʫʶʪ ʯʝʪʳʨʝ ʘʥʪʠʧʨʠʟʤʳ. ɺ ʧʨʦʩʪʨʘʥʩʪʚʝ ʤʝʞʜʫ 

ʢʦʣʦʥʥʘʤʠ ʘʪʦʤʳ ʨʫʪʝʥʠʷ ʮʝʥʪʨʠʨʫʶʪ ʪʨʠʛʦʥʘʣʴʥʳʝ ʧʨʠʟʤʳ ʠʟ ʘʪʦʤʦʚ ʈɿʕ, ʘ 

ʘʪʦʤʳ ʠʥʜʠʷ ʥʘʭʦʜʷʪʩʷ ʚʥʫʪʨʠ ʩʠʣʴʥʦ ʠʩʢʘʞʝʥʥʳʭ 8- ʠ 9-ʚʝʨʰʠʥʥʠʢʦʚ, 

ʦʙʨʘʟʦʚʘʥʥʳʭ ʘʪʦʤʘʤʠ ʈɿʕ (ʨʠʩ. 29).  
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ʈʠʩ. 29. ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʩʦʝʜʠʥʝʥʠʷ Nd26(RuxIn1-x)17 (x=0.47) ʠ ʝʛʦ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ (ʢʨʘʩʥʘʷ), ʪʝʦʨʝʪʠʯʝʩʢʘʷ (ʯʝʨʥʘʷ) ʨʝʥʪʛʝʥʦʛʨʘʤʤʳ ʠ ʠʭ 

ʨʘʟʥʦʩʪʥʘʷ ʢʨʠʚʘʷ (ʩʠʥʷʷ), ʧʦʣʦʩʢʘʤʠ ʟʝʣʝʥʦʛʦ ʮʚʝʪʘ ʦʙʦʟʥʘʯʝʥʳ ʧʦʟʠʮʠʠ ɹʨʵʛʛʘ. 

ʈʘʩʩʪʦʷʥʠʷ ʚʥʫʪʨʠ ʪʝʪʨʘʛʦʥʘʣʴʥʳʭ ʧʨʠʟʤ ʠ ʘʥʪʠʧʨʠʟʤ ʤʝʞʜʫ 

ʮʝʥʪʨʠʨʫʶʱʠʤʠ ʘʪʦʤʘʤʠ In, Ru ʠ ʘʪʦʤʘʤʠ Nd ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʈʉɸ (ʪʘʙʣ. 29) 

ʩʦʩʪʘʚʣʷʶʪ 3.2922(6) Å (Nd-In) ʠ ʣʝʞʘʪ ʚ ʧʨʝʜʝʣʘʭ 2.9699(10)ï3.0665(11) Å (Nd-

Ru). ɺʩʝ ʧʨʠʚʝʜʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʨʘʩʩʪʦʷʥʠʡ ʤʝʥʴʰʝ ʩʫʤʤ ʘʪʦʤʥʳʭ ʨʘʜʠʫʩʦʚ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʘʪʦʤʦʚ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʟʥʘʯʠʪʝʣʴʥʦʤ ʭʠʤʠʯʝʩʢʦʤ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʚʥʫʪʨʠ ʢʦʣʦʥʥ ʠʟ ʪʝʪʨʘʛʦʥʘʣʴʥʳʭ ʧʨʠʟʤ ʠ ʘʥʪʠʧʨʠʟʤ. 

ʊʘʙʣʠʮʘ 29. ʋʢʦʨʦʯʝʥʥʳʝ ʤʝʞʘʪʦʤʥʳʝ ʨʘʩʩʪʦʷʥʠʷ ʚ ʩʪʨʫʢʪʫʨʝ Nd26(RuxIn1-x)17 (x 

= 0.47) (ʤʦʥʦʢʨʠʩʪʘʣʴʥʳʝ ʜʘʥʥʳʝ). 

ɸʪʦʤ1 ɸʪʦʤ2 d, Å 

Ru11 4 Nd1 2.9699(10)  

 4 Nd3 3.0665(11) 

Ru12 4 Nd3 2.9756(10)  

 4 Nd2 3.0404(11) 
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In9 8 Nd1 3.2922(6) 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʃʈʉɸ ʚʦ ʚʩʝʭ ʦʙʨʘʟʮʘʭ R60Ru17In23, ʢʨʦʤʝ ʦʩʥʦʚʥʦʡ ʬʘʟʳ 

R26(RuxIn1-x)17, ʧʨʠʩʫʪʩʪʚʦʚʘʣʦ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʨʠʤʝʩʝʡ. ʉʨʝʜʠ 

ʧʨʠʤʝʩʥʳʭ ʬʘʟ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʫʜʘʣʦʩʴ ʪʦʣʴʢʦ ʬʘʟʫ R2Ru1-xIn1+x, ʢʦʪʦʨʘʷ, 

ʥʘʧʨʠʤʝʨ, ʩʦʜʝʨʞʠʪʩʷ ʚ ʦʙʨʘʟʮʝ Ho60Ru17In23 (ʨʠʩ. 30) ʠ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʩʦʙʦʡ 

ʩʦʝʜʠʥʝʥʠʝ ʩ ʦʙʣʘʩʪʴʶ ʛʦʤʦʛʝʥʥʦʩʪʠ Ho2Ru1-xIn1+x, ʨʘʩʩʤʦʪʨʝʥʥʦʝ ʚ ʧʨʝʜʳʜʫʱʝʤ 

ʨʘʟʜʝʣʝ ʨʘʙʦʪʳ. ʆʩʪʘʣʴʥʳʝ ʬʘʟʳ ʩʦʜʝʨʞʘʪʩʷ ʚ ʩʣʝʜʦʚʦʤ ʢʦʣʠʯʝʩʪʚʝ ʠ ʠʭ 

ʦʪʨʘʞʝʥʠʷ ʥʝ ʧʨʠʩʫʪʩʪʚʫʶʪ ʥʘ ʨʝʥʪʛʝʥʦʛʨʘʤʤʘʭ. 
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ʈʠʩ. 30. ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʦʙʨʘʟʮʦʚ R60Ru17In23 (ʘʪ. %). 

ʂʨʦʤʝ ʪʦʛʦ, ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʦʣʫʯʝʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʜʣʷ R = Dy, Ho, Er, 

Tm, Lu ʩʫʱʝʩʪʚʫʶʪ ʚ ʦʙʣʘʩʪʠ ʛʦʤʦʛʝʥʥʦʩʪʠ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʛʨʘʥʠʮ ʦʙʣʘʩʪʠ 

ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʩʦʝʜʠʥʝʥʠʡ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʠʥʪʝʨʤʝʪʘʣʣʠʜʳ ʩʦʩʪʘʚʦʚ: R60Ru10In30, 

R60Ru15In25, R60Ru20In20 ʜʣʷ R = Dy, Ho, Er, Tm, Lu. ʅʘ ʨʠʩʫʥʢʝ 31 ʧʨʠʚʝʜʝʥʳ 

ʬʨʘʛʤʝʥʪʳ ʜʠʬʨʘʢʪʦʛʨʘʤʤ ʦʙʨʘʟʮʦʚ ʩ ʦʩʥʦʚʥʦʡ ʬʘʟʦʡ Lu26(RuxIn1-x)17 ʧʨʠ x= 0.47, 

0.35, 0.28. ɺ ʪʘʙʣʠʮʝ 30 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʫʪʦʯʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ 

ʵʣʝʤʝʥʪʘʨʥʳʭ ʷʯʝʝʢ ʩʦʝʜʠʥʝʥʠʡ R26(RuxIn1-x)17 ʠʟ ʦʙʣʘʩʪʠ ʛʦʤʦʛʝʥʥʦʩʪʠ ʜʣʷ R = 

Dy, Ho, Er, Tm, Lu ʧʦ ʜʘʥʥʳʤ ʧʦʨʦʰʢʦʚʦʡ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʜʠʬʨʘʢʮʠʠ. ʇʦ ʤʝʨʝ 

ʫʤʝʥʴʰʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʨʫʪʝʥʠʷ ʠ ʫʚʝʣʠʯʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʠʥʜʠʷ ʧʨʦʠʩʭʦʜʠʪ 

ʩʜʚʠʛ ʩʘʤʳʭ ʠʥʪʝʥʩʠʚʥʳʭ ʦʪʨʘʞʝʥʠʡ ʚ ʩʪʦʨʦʥʫ ʤʝʥʴʰʠʭ ʫʛʣʦʚ 2ɗ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ 

ʫʚʝʣʠʯʝʥʠʝʤ ʧʘʨʘʤʝʪʨʦʚ a ʠ c ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʩʦʝʜʠʥʝʥʠʷ Lu26(RuxIn1-x)17 ʚ 

ʦʙʣʘʩʪʠ ʛʦʤʦʛʝʥʥʦʩʪʠ. ɸʥʘʣʦʛʠʯʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʧʨʦʩʣʝʞʠʚʘʶʪʩʷ ʠ ʜʣʷ ʜʨʫʛʠʭ 

ʩʦʝʜʠʥʝʥʠʡ R26(RuxIn1-x)17 (R = Dy, Ho, Er, Tm). ʇʦ ʩʦʚʦʢʫʧʥʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ 

ʃʈʉɸ ʠ ʈʌɸ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʝʣʠʯʠʥʘ ʦʙʣʘʩʪʠ ʛʦʤʦʛʝʥʥʦʩʪʠ ʫ ʦʙʩʫʞʜʘʝʤʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʧʨʘʢʪʠʯʝʩʢʠ ʦʜʠʥʘʢʦʚʘ, ʩʦʩʪʘʚʣʷʝʪ 8 ʘʪ. % ʠ ʣʝʞʠʪ ʚ ʧʨʝʜʝʣʘʭ 0.28 < 

x < 0.47. 
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ʈʠʩ. 31. ʌʨʘʛʤʝʥʪʳ ʨʝʥʪʛʝʥʦʛʨʘʤʤ Lu26(RuxIn1-x)17 (x = 0.47), Lu26(RuxIn1-x)17 (x = 

0.35), Lu26(RuxIn1-x)17 (x = 0.28). 

ʊʘʙʣʠʮʘ 30. ʇʘʨʘʤʝʪʨʳ ʠ ʦʙʲʝʤʳ ʵʣʝʤʝʥʪʘʨʥʳʭ ʷʯʝʝʢ ʩʦʝʜʠʥʝʥʠʡ R26(RuxIn1-x)17 

(R = Dy, Ho, Er, Tm, Lu) ʚ ʦʙʣʘʩʪʠ ʛʦʤʦʛʝʥʥʦʩʪʠ 0.28 < x < 0.47. 

ʌʦʨʤʫʣʘ ʩʦʝʜʠʥʝʥʠʷ 
ʇʘʨʘʤʝʪʨʳ ʠ ʦʙʲʝʤ ʵʣ. ʷʯʝʡʢʠ 

a, Å c, Å V, Å3 

Dy26(Ru0.28In0.72)17 11.9005(3) 16.182(4) 2291.7(4) 

Dy26(Ru0.38In0.62)17 11.8615(2) 16.1124(5) 2266.9(3) 

Dy26(Ru047In0.53)17 11.8011(10) 16.018(2) 2230.8(3) 

Ho26(Ru0.28In0.72)17 11.8013(4) 16.1025(9) 2242.6(3) 

Ho26(Ru0.39In0.61)17 11.7518(2) 16.0314(5) 2214.1(1) 

Ho26(Ru047In0.53)17 11.7186(16) 15.937(6) 2188.6(7) 

Er26(Ru0.28In0.72)17 11.7981(3) 16.0417(7) 2232.9(1) 

Er26(Ru0.38In0.62)17 11.7519(4) 15.9951(6) 2209.1(2) 

Er26(Ru047In0.53)17 11.7092(9) 15.9520(20) 2187.1(3) 

Tm26(Ru0.28In0.72)17 11.7021(9) 15.8963(12) 2176.81(12) 

Tm26(Ru0.38In0.62)17 11.6533(7) 15.8549(10) 2153.1(1) 

Tm26(Ru047In0.53)17 11.6165(9) 15.823(3) 2135.2(3) 

Lu26(Ru0.28In0.72)17 11.6621(3) 16.0012(3) 2177.01(4) 

Lu26(Ru0.35In0.65)17 11.6122(8) 15.8444(3) 2136.41(14) 

Lu26(Ru047In0.53)17 11.5790(5) 15.8365(11) 2123.25(16) 

ɼʣʷ ʩʦʝʜʠʥʝʥʠʡ R26(RuxIn1-x)17 (R = Pr, Nd, Sm, Gd, Tb, Dy, Ho, Er, Tm, Lu) 

ʧʨʠ ʭ=0.47 ʦʧʨʝʜʝʣʝʥʳ ʠʭ ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʘʚʣʝʥʠʷ ʤʝʪʦʜʦʤ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ 

ʩʢʘʥʠʨʫʶʱʝʡ ʢʘʣʦʨʠʤʝʪʨʠʠ (ʨʠʩ. 32 ʠ ʇ4, ʪʘʙʣ. 20). ʉʦʝʜʠʥʝʥʠʷ ʥʝ ʧʨʝʪʝʨʧʝʚʘʶʪ 

ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ ʜʦ ʧʣʘʚʣʝʥʠʷ. ʌʘʟʦʚʳʡ ʩʦʩʪʘʚ ʦʙʨʘʟʮʦʚ ʜʦ ʠ ʧʦʩʣʝ ʧʣʘʚʣʝʥʠʷ 

ʠʜʝʥʪʠʯʝʥ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʧʨʦʚʝʜʝʥʥʳʡ ʈʌɸ ʩʧʣʘʚʦʚ ʧʦʩʣʝ ʪʝʨʤʠʯʝʩʢʦʛʦ 

ʘʥʘʣʠʟʘ, ʠ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʢʦʥʛʨʫʵʥʪʥʦʤ ʭʘʨʘʢʪʝʨʝ ʧʣʘʚʣʝʥʠʷ ʩʦʝʜʠʥʝʥʠʡ. 

ɺʝʣʠʯʠʥʳ ʪʝʤʧʝʨʘʪʫʨ ʧʣʘʚʣʝʥʠʷ ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʚ ʨʷʜʫ ʦʪ Pr26(RuxIn1-x)17 ʢ 

Lu26(RuxIn1-x)17 (x = 0.47). 
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ʈʠʩ. 32. ɼʉʂ-ʢʨʠʚʘʷ ʦʙʨʘʟʮʘ ʩʦʩʪʘʚʘ Dy60Ru17In23. 

ɼʣʷ ʦʙʨʘʟʮʦʚ Nd60Ru17In23 ʠ Dy60Ru17In23 ʚʳʧʦʣʥʝʥʳ ʠʟʤʝʨʝʥʠʷ ʧʦʣʝʚʳʭ 

ʟʘʚʠʩʠʤʦʩʪʝʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʚ ʧʦʣʷʭ ʜʦ 50 ʢʕ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 2 ʂ, ʘ ʪʘʢʞʝ 

ʧʦʣʫʯʝʥʳ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʠ ʤʘʛʥʠʪʥʦʡ 

ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʚ ʜʠʘʧʘʟʦʥʝ 2-300ʂ ʚ ʨʝʞʠʤʘʭ ʙʝʟ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ (ZFC) ʠ ʚ 

ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ 100 ʕ (FC). 

ɿʘʚʠʩʠʤʦʩʪʠ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ (M) ʦʪ ʧʨʠʣʦʞʝʥʥʦʛʦ ʧʦʣʷ (H) ʧʨʠ ʊ = 2 ʂ 

ʠʤʝʶʪ ʚʠʜ ʧʝʪʣʠ ʛʠʩʪʝʨʝʟʠʩʘ ʭʘʨʘʢʪʝʨʥʦʡ ʜʣʷ ʬʝʨʨʦʤʘʛʥʝʪʠʢʦʚ (ʨʠʩ. 33). ɺ ʧʦʣʷʭ 

50 ʢʕ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ ʚʳʭʦʜʠʪ ʥʘ ʥʘʩʳʱʝʥʠʝ ʠ ʧʨʠʤʝʨʥʦ ʨʘʚʥʘ 1.45 µB/Nd ʠ 3.9 

µB/Dy ʜʣʷ ʦʙʨʘʟʮʦʚ, ʩʦʜʝʨʞʘʱʠʭ Nd26(RuxIn1-x)17 ʠ Dy26(RuxIn1-x)17 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʂʦʵʨʮʠʪʠʚʥʘʷ ʩʠʣʘ (Hc) ʜʣʷ Nd26(RuxIn1-x)17 ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 1600 ʕ, ʘ ʜʣʷ 

Dy26(RuxIn1-x)17 ï 10 ʢʕ. ʆʙʨʘʟʮʳ ʩ ʪʘʢʠʤʠ ʙʦʣʴʰʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʢʦʵʨʮʠʪʠʚʥʳʭ 

ʩʠʣ ʩʣʦʞʥʦ ʨʘʟʤʘʛʥʠʪʠʪʴ, ʧʦʵʪʦʤʫ ʠʭ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʢ ʤʘʛʥʠʪʦʪʚʝʨʜʳʤ 

ʤʘʪʝʨʠʘʣʘʤ. 
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ʈʠʩ. 33. ʇʝʪʣʠ ʤʘʛʥʠʪʥʦʛʦ ʛʠʩʪʝʨʝʟʠʩʘ ʜʣʷ Nd26(RuxIn1-x)17 ʠ Dy26(RuxIn1-x)17 (x = 

0.47). 

ʅʘ ʨʠʩʫʥʢʝ 34 ʧʨʝʜʩʪʘʚʣʝʥʳ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʠ 

ʦʙʨʘʪʥʦʡ ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʜʣʷ ʦʙʨʘʟʮʘ Nd60Ru17In23, ʩʦʜʝʨʞʘʱʝʛʦ 

Nd26(RuxIn1-x)17. ʈʘʩʭʦʜʠʤʦʩʪʴ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʝʡ ʦʙʨʘʟʮʘ, ʠʟʤʝʨʝʥʥʳʭ ʚ ʨʝʞʠʤʘʭ 

FC ʠ ZFC ʧʨʘʢʪʠʯʝʩʢʠ ʦʪʩʫʪʩʪʚʫʝʪ ʚ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʦʙʣʘʩʪʠ. 

ʅʘʤʘʛʥʠʯʝʥʥʦʩʪʴ ʚ ʦʪʩʫʪʩʪʚʠʠ ʚʥʝʰʥʝʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ 

ʦʙʣʘʩʪʠ ʚʳʭʦʜʠʪ ʥʘ ʤʘʢʩʠʤʫʤ, ʘ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ ʚ ʧʦʣʝ 100 ʕ ʧʨʦʜʦʣʞʘʝʪ ʨʘʩʪʠ, 

ʘ ʟʘʪʝʤ ʚʳʭʦʜʠʪ ʥʘ ʢʦʥʩʪʘʥʪʫ. ʊʝʤʧʝʨʘʪʫʨʘ ʊʩ, ʧʨʠ ʢʦʪʦʨʦʡ ʧʦʷʚʣʷʝʪʩʷ ʨʘʟʣʠʯʠʝ 

ʤʝʞʜʫ ʟʥʘʯʝʥʠʷʤʠ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʝʡ, ʠʟʤʝʨʝʥʥʳʭ ʚ ʨʝʞʠʤʘʭ ZF ʠ ZFC, ʤʦʞʝʪ 

ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʧʝʨʝʭʦʜʫ ʩʦʝʜʠʥʝʥʠʷ Nd26(RuxIn1-x)17 ʚ ʬʝʨʨʦʤʘʛʥʠʪʥʦʝ 

ʩʦʩʪʦʷʥʠʝ ʠ ʩʦʩʪʘʚʣʷʝʪ 17 ʂ. ɿʘʚʠʩʠʤʦʩʪʴ ʦʙʨʘʪʥʦʡ ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ 

ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ (T > 200 K) ʤʦʞʥʦ ʘʧʧʨʦʢʩʠʤʠʨʦʚʘʪʴ 

ʟʘʢʦʥʦʤ ʂʶʨʠ-ɺʝʡʩʘ ʩ ʧʘʨʘʤʘʛʥʠʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ ʂʶʨʠ ⱥ = 17 ʂ. 

ʈʘʩʩʯʠʪʘʥʥʦʝ ʟʥʘʯʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ ʠʟ ʜʘʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ 

µeff = 3.3 µB/Nd ʙʣʠʟʢʦ ʢ ʪʝʦʨʝʪʠʯʝʩʢʦʤʫ ʟʥʘʯʝʥʠʶ ʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ ʜʣʷ ʠʦʥʘ 

Nd3+ (3.62 µB). 
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ʈʠʩ. 34. ʊʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʠ ʦʙʨʘʪʥʦʡ ʤʘʛʥʠʪʥʦʡ 

ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʜʣʷ Nd26(RuxIn1-x)17 (x = 0.47). 

ʅʘʤʘʛʥʠʯʝʥʥʦʩʪʴ ʦʙʨʘʟʮʘ Dy60Ru17In23, ʩʦʜʝʨʞʘʱʝʛʦ Dy26(RuxIn1-x)17 ʚ ʧʦʣʝ 

100 ʕ (FC) ʤʦʥʦʪʦʥʥʦ ʫʤʝʥʴʰʘʝʪʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ (ʨʠʩ. 35). 

ɿʘʚʠʩʠʤʦʩʪʴ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʥʫʣʝʚʦʤ ʧʦʣʝ (ZFC) ʠʤʝʝʪ 

ʥʝʤʦʥʦʪʦʥʥʳʡ ʭʘʨʘʢʪʝʨ. ɺʳʰʝ ʪʝʤʧʝʨʘʪʫʨʳ 30 ʂ ʛʨʘʬʠʢ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʚ 

ʨʝʞʠʤʝ ZFC ʦʙʨʘʪʥʦ ʧʨʦʧʦʨʮʠʦʥʘʣʝʥ ʪʝʤʧʝʨʘʪʫʨʝ, ʘʥʘʣʦʛʠʯʥʦ ʟʘʚʠʩʠʤʦʩʪʠ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʚ ʥʝʥʫʣʝʚʦʤ ʧʦʣʝ. ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 30 ʂ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ 

ʦʙʨʘʟʮʘ ʚ ʥʫʣʝʚʦʤ ʧʦʣʝ ʚʳʭʦʜʠʪ ʥʘ ʣʦʢʘʣʴʥʳʡ ʤʘʢʩʠʤʫʤ ʠ ʧʨʠ ʜʘʣʴʥʝʡʰʝʤ 

ʦʭʣʘʞʜʝʥʠʠ ʦʪʢʣʦʥʷʝʪʩʷ, ʚ ʤʝʥʴʰʫʶ ʩʪʦʨʦʥʫ, ʦʪ ʛʨʘʬʠʢʘ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʚ 

ʨʝʞʠʤʝ FC, ʧʨʦʭʦʜʷ ʯʝʨʝʟ ʝʱʝ ʦʜʠʥ ʤʘʢʩʠʤʫʤ, ʘ ʟʘʪʝʤ ʩʥʠʞʘʷʩʴ ʧʨʘʢʪʠʯʝʩʢʠ ʜʦ 

ʥʫʣʷ. ʊʘʢʦʝ ʨʘʩʭʦʞʜʝʥʠʝ ʛʨʘʬʠʢʦʚ ʟʘʚʠʩʠʤʦʩʪʝʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʧʨʠ ʊʩ = 30 ʂ 

ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʧʝʨʝʭʦʜʦʤ ʩʦʝʜʠʥʝʥʠʷ Dy26(RuxIn1-x)17 ʚ 

ʤʘʛʥʠʪʦʫʧʦʨʷʜʦʯʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ. ɿʘʚʠʩʠʤʦʩʪʴ ʦʙʨʘʪʥʦʡ ʤʘʛʥʠʪʥʦʡ 
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ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʘʧʧʨʦʢʩʠʤʠʨʫʝʪʩʷ ʟʘʢʦʥʦʤ ʂʶʨʠ-ɺʝʡʩʘ ʚ 

ʰʠʨʦʢʦʤ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʜʠʘʧʘʟʦʥʝ (T > 70 ʂ) ʩ ʧʘʨʘʤʘʛʥʠʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ 

ʂʶʨʠ ⱥ = 30 ʂ (ʨʠʩ. 35). ʈʘʩʩʯʠʪʘʥʥʦʝ ʟʥʘʯʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ 

ʤʦʤʝʥʪʘ Õeff = 12.45 µB/Dy ʥʝʩʢʦʣʴʢʦ ʚʳʰʝ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʟʥʘʯʝʥʠʷ ʤʘʛʥʠʪʥʦʛʦ 

ʤʦʤʝʥʪʘ ʜʣʷ ʠʦʥʘ Dy3+ (10.63 µB), ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʥʘʣʠʯʠʝʤ ʧʨʠʤʝʩʝʡ ʚ 

ʦʙʨʘʟʮʝ. 

 

ʈʠʩ. 35. ʊʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʠ ʦʙʨʘʪʥʦʡ ʤʘʛʥʠʪʥʦʡ 

ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʜʣʷ Dy26(RuxIn1-x)17 (x = 0.47). 
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4.3 ʉʦʝʜʠʥʝʥʠʷ Pr23Ru7In 4 ʠ Pr21Ru8.2In 5 

ɺ ʦʙʣʘʩʪʠ ʩ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʨʝʜʢʦʟʝʤʝʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ ʪʨʦʡʥʳʭ 

ʩʠʩʪʝʤ R-Ru-X ʠʟʚʝʩʪʥʘ ʮʝʣʘʷ ʛʨʫʧʧʘ ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʚ ʨʫʪʝʥʠʷ ʩʦʩʪʘʚʘ R23Ru7X4 

(R = La-Nd, X = Mg, Al , Cd) ʢʨʠʩʪʘʣʣʠʟʫʶʱʠʭʩʷ ʚ ʩʪʨʫʢʪʫʨʥʦʤ ʪʠʧʝ Pr23Ir7Mg4 

[118]. ʉʦʝʜʠʥʝʥʠʷ Ce23Ru7Cd4 ʠ Pr23Ru7Cd4 ʧʦ ʜʘʥʥʳʤ ʨʘʙʦʪʳ [119] ʷʚʣʷʶʪʩʷ 

ʘʥʪʠʬʝʨʨʦʤʘʛʥʝʪʠʢʦʤ ʠ ʬʝʨʨʦʤʘʛʥʝʪʠʢʦʤ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʂʨʦʤʝ ʪʦʛʦ, 

ʨʘʩʩʯʠʪʘʥʥʳʝ ʟʥʘʯʝʥʠʷ ʤʘʛʥʠʪʥʳʭ ʤʦʤʝʥʪʦʚ ʘʪʦʤʦʚ ʧʦʟʚʦʣʠʣʠ ʘʚʪʦʨʘʤ 

ʫʩʪʘʥʦʚʠʪʴ ʬʣʫʢʪʫʘʮʠʠ ʚʘʣʝʥʪʥʦʩʪʠ ʫ ʘʪʦʤʦʚ ʮʝʨʠʷ (Ce3+/Ce4+). ʊʘʢʠʝ 

ʬʣʫʢʪʫʘʮʠʠ ʚʘʣʝʥʪʥʦʩʪʠ ʫ ʘʪʦʤʦʚ ʮʝʨʠʷ ʭʘʨʘʢʪʝʨʥʳ ʠ ʜʣʷ ʩʦʝʜʠʥʝʥʠʷ 

Ce23Ru7Mg4 [120], ʧʨʠ ʵʪʦʤ ʘʚʪʦʨʳ ʨʘʙʦʪʳ ʦʪʤʝʯʘʶʪ, ʯʪʦ ʧʦʤʠʤʦ ʥʠʟʢʦʛʦ 

ʟʥʘʯʝʥʠʷ ʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ ʜʣʷ ʘʪʦʤʦʚ ʮʝʨʠʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʨʘʩʩʯʠʪʘʥʥʳʤ 

ʜʣʷ ʠʦʥʘ Ce3+, ʧʝʨʝʤʝʥʥʦ-ʚʘʣʝʥʪʥʦʝ ʩʦʩʪʦʷʥʠʝ ʘʪʦʤʦʚ ʮʝʨʠʷ ʩʢʘʟʳʚʘʝʪʩʷ ʠ ʥʘ 

ʨʘʟʤʝʨʘʭ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʩʦʝʜʠʥʝʥʠʷ. ʊʘʢ, 

ʧʘʨʘʤʝʪʨʳ ʠ ʦʙʲʝʤ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʩʦʝʜʠʥʝʥʠʷ Ce23Ru7Mg4 ʤʝʥʴʰʝ, ʯʝʤ ʫ 

ʠʟʦʩʪʨʫʢʪʫʨʥʦʛʦ ʝʤʫ Nd23Ru7Mg4, ʭʦʪʷ ʦʙʱʝʡ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴʶ ʚ ʨʷʜʫ 

ʠʟʦʩʪʨʫʢʪʫʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʈɿʕ ʷʚʣʷʝʪʩʷ ʫʤʝʥʴʰʝʥʠʝ ʨʘʟʤʝʨʦʚ ʠʭ ʵʣʝʤʝʥʪʘʨʥʳʭ 

ʷʯʝʝʢ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʘʪʦʤʥʦʛʦ ʥʦʤʝʨʘ ʈɿʕ, ʚʭʦʜʷʱʝʛʦ ʚ ʩʦʩʪʘʚ ʩʦʝʜʠʥʝʥʠʷ. ɺ 

ʨʘʙʦʪʝ [121] ʧʦʣʫʯʝʥʦ ʩʦʝʜʠʥʝʥʠʝ Ce23Ru7+xAl4-x ʠ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʘʥʥʳʡ 

ʠʥʪʝʨʤʝʪʘʣʣʠʜ ʩʫʱʝʩʪʚʫʝʪ ʚ ʦʙʣʘʩʪʠ ʛʦʤʦʛʝʥʥʦʩʪʠ, ʛʨʘʥʠʮʳ ʢʦʪʦʨʦʡ ʣʝʞʘʪ ʚ 

ʧʨʝʜʝʣʘʭ 0 ÒxÒ 2.97. ɸʚʪʦʨʳ ʨʘʙʦʪʳ ʩʦʦʙʱʘʶʪ ʦ ʥʘʣʠʯʠʠ ʚ ʩʪʨʫʢʪʫʨʝ ʩʦʝʜʠʥʝʥʠʷ 

ʘʥʦʤʘʣʴʥʦ ʢʦʨʦʪʢʠʭ ʤʝʞʘʪʦʤʥʳʭ ʨʘʩʩʪʦʷʥʠʡ Ce-Ru (2.630 Å, 2.562 Å), ʯʪʦ ʪʘʢʞʝ 

ʤʦʞʝʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦ ʩʫʱʝʩʪʚʦʚʘʥʠʠ ʫ ʘʪʦʤʦʚ ʮʝʨʠʷ ʬʣʫʢʪʫʘʮʠʠ 

ʚʘʣʝʥʪʥʦʩʪʠ, ʦʜʥʘʢʦ ʠʟʤʝʨʝʥʠʡ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʩʦʝʜʠʥʝʥʠʷ Ce23Ru7+xAl 4-x ʚ 

ʨʘʙʦʪʝ ʥʝ ʧʨʦʚʦʜʠʣʠ. 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʨʦʚʝʜʝʥ ʩʠʥʪʝʟ ʩʧʣʘʚʦʚ ʩʦʩʪʘʚʘ R68Ru21In11 (ʘʪ. %), 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʬʦʨʤʫʣʝ R23Ru7In4, ʜʣʷ R = Pr, Nd, Sm, Gd, Tb, Dy, Ho, Er, Tm, 

Lu, ʦʜʥʘʢʦ, ʧʦ ʩʦʚʦʢʫʧʥʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ ʈʌɸ ʠ ʃʈʉɸ, ʪʦʣʴʢʦ ʜʣʷ ʧʨʘʟʝʦʜʠʤʘ 

ʧʦʣʫʯʝʥʦ ʩʦʝʜʠʥʝʥʠʝ Pr23Ru7In4 ʩʦ ʩʪʨʫʢʪʫʨʥʳʤ ʪʠʧʦʤ Pr23Ir7Mg4. ʇʦ ʜʘʥʥʳʤ 

ʧʦʨʦʰʢʦʚʦʡ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʜʠʬʨʘʢʮʠʠ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʠʥʪʝʨʤʝʪʘʣʣʠʜ Pr23Ru7In4 

ʠʟʦʩʪʨʫʢʪʫʨʝʥ ʠʟʚʝʩʪʥʦʤʫ ʠʟ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʶ Ce23Ru7In4. 
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ʉʪʨʫʢʪʫʨʘ ʩʦʝʜʠʥʝʥʠʷ Pr23Ru7In4 ʫʪʦʯʥʝʥʘ ʧʦ ʤʝʪʦʜʫ ʈʠʪʚʝʣʴʜʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʩʪʨʫʢʪʫʨʥʦʡ ʤʦʜʝʣʠ Ce23Ru7In4 (ʪʘʙʣ. 31, 32). 

ʊʘʙʣʠʮʘ 31. ʂʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʠ ʦʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ʫʪʦʯʥʝʥʠʷ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ Pr23Ru7In4 ʧʦ ʜʘʥʥʳʤ ʧʦʨʦʰʢʦʚʦʡ ʨʝʥʪʛʝʥʦʚʩʢʦʡ 

ʜʠʬʨʘʢʮʠʠ. 

ʌʦʨʤʫʣʘ ʩʦʝʜʠʥʝʥʠʷ Pr23Ru7In4 

*ʉʦʜʝʨʞʘʥʠʝ ʦʩʥʦʚʥʦʡ ʬʘʟʳ, ʤʘʩʩ. % 94 

ʉʠʥʛʦʥʠʷ ɻʝʢʩʘʛʦʥʘʣʴʥʘʷ 

ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʛʨʫʧʧʘ P63mc 

Z 2 

ʇʘʨʘʤʝʪʨʳ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ a, Å 9.9260(7) 

c, Å 22.4109(2) 

V, Å3 1912.2(3) 

Dʨʘʩʩʯ., ʛ/ʩʤ3 7.655 

2ɗ, (o) 7-90.09 

ʂʦʣʠʯʝʩʪʚʦ ʦʪʨʘʞʝʥʠʡ 418 

ʂʦʣʠʯʝʩʪʚʦ ʫʪʦʯʥʷʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ 41 

ʇʘʨʘʤʝʪʨʳ ʧʦʣʫʰʠʨʠʥʳ, U 0.482(7) 

V -0.287(5) 

W 0.075(10) 

RP/Rwp 0.028/0.035 

Rexp 0.0130 

ɢ2 7.41 

RB/RF 0.095/0.070 

*6 ʤʘʩʩ. % Pr3In 

ʊʘʙʣʠʮʘ 32. ʂʦʦʨʜʠʥʘʪʳ ʘʪʦʤʦʚ ʚ ʩʪʨʫʢʪʫʨʝ Pr23Ru7In4 ʧʦ ʜʘʥʥʳʤ ʧʦʨʦʰʢʦʚʦʡ 

ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʜʠʬʨʘʢʮʠʠ. 

ɸʪʦʤ  
ʇʦʟʠʮʠʷ 

ʋʘʡʢʦʚʘ 
x y z 

Pr1 6c 0.1291(11) 0.8709(11) 0.3655(19) 

Pr2 6c 0.2034(10) 0.7966(10) 0.2277(20) 

Pr3 6c 0.2006(10) 0.7994(10) 0.065(2) 

Pr4 6c 0.5461(10) 0.4539(10) 0.1503(20) 

Pr5 6c 0.5380(11) 0.4621(11) 0.4196(19) 

Pr6 6c 0.7858(14) 0.2142(14) 0.0146 (18) 

Pr7 6c 0.7908(12) 0.2092(12) 0.2818(16) 

Pr8 2b 1/3 2/3 0.371(2) 

Pr9 2a 0 0 0 
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In1 6c 0.8803(11) 0.1197(11) 0.138(2) 

In2 2a 0 0 0.270(2) 

Ru1 6c 0.4881(9) 0.5119(9) 0.309(2) 

Ru2 6c 0.8663(14) 0.1337(14) 0.4419(20) 

Ru3 2b 1/3 2/3 0.121(3) 

ʀʥʪʝʨʤʝʪʘʣʣʠʜ Pr23Ru7In4 ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʚ ʛʝʢʩʘʛʦʥʘʣʴʥʦʡ ʷʯʝʡʢʝ ʩ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʦʡ P63mc. ʂʨʠʩʪʘʣʣʠʯʝʩʢʫ  ʁʩʪʨʫʢʪʫʨʫ Pr23Ru7In4 ʤʦʞʥʦ 

ʧʨʝʜʩʪʘʚʠʪʴ ʯʝʨʝʜʫʶʱʠʤʠʩʷ ʩʣʦʷʤʠ ʜʚʫʭ ʪʠʧʦʚ. ʉʣʦʠ ʧʝʨʚʦʛʦ ʪʠʧʘ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʦʚʦʢʫʧʥʦʩʪʴ Ru-ʮʝʥʪʨʠʨʦʚʘʥʥʳʭ ʪʨʠʛʦʥʘʣʴʥʳʭ ʧʨʠʟʤ 

(RuPr6), ʩʦʝʜʠʥʝʥʥʳʭ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʦʙʱʠʤʠ ʚʝʨʰʠʥʘʤʠ ʠ ʨʝʙʨʘʤʠ, ʢʦʪʦʨʳʝ 

ʦʙʨʘʟʫʶʪ ʩʠʤʤʝʪʨʠʯʥʳʝ ʮʠʢʣʠʯʝʩʢʠʝ ʬʨʘʛʤʝʥʪʳ (ʨʠʩ. 36). ʉʣʦʠ ʚʪʦʨʦʛʦ ʪʠʧʘ 

ʩʦʩʪʦʷʪ ʠʟ Ru-ʮʝʥʪʨʠʨʦʚʘʥʥʳʭ ʪʨʠʛʦʥʘʣʴʥʳʭ ʧʨʠʟʤ (RuPr6), ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ 

ʚʜʦʣʴ ʦʩʠ c ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ, ʧʫʩʪʳʭ ʪʝʪʨʘʵʜʨʦʚ ʠʥʜʠʷ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ 

ʧʦʚʦʨʦʪʥʦʡ ʦʩʠ ʪʨʝʪʴʝʛʦ ʧʦʨʷʜʢʘ (3), ʠ ʧʫʩʪʳʭ ʦʢʪʘʵʜʨʦʚ ʠʟ ʘʪʦʤʦʚ ʧʨʘʟʝʦʜʠʤʘ, 

ʧʨʠ ʵʪʦʤ ʚʩʝ ʵʪʠ ʤʥʦʛʦʛʨʘʥʥʠʢʠ ʥʝ ʢʘʩʘʶʪʩʷ ʜʨʫʛ ʜʨʫʛʘ. ʀʥʪʝʨʝʩʥʦ ʦʪʤʝʪʠʪʴ 

ʦʙʨʘʟʦʚʘʥʠʝ ʠʟʦʣʠʨʦʚʘʥʥʳʭ ʪʝʪʨʘʵʜʨʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʦʚ ʠʟ ʘʪʦʤʦʚ ʠʥʜʠʷ ʧʨʠ 

ʩʪʦʣʴ ʚʳʩʦʢʦʤ ʩʦʜʝʨʞʘʥʠʠ ʧʨʘʟʝʦʜʠʤʘ (68 ʘʪ. %) ʠ ʥʠʟʢʦʤ ʩʦʜʝʨʞʘʥʠʠ ʠʥʜʠʷ (11 

ʘʪ. %). ʆʜʥʦʪʠʧʥʳʝ ʩʣʦʠ ʧʦ ʤʝʨʝ ʜʚʠʞʝʥʠʷ ʚʜʦʣʴ ʦʩʠ ʩ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ 

ʧʨʝʦʙʨʘʟʫʶʪʩʷ ʜʨʫʛ ʚ ʜʨʫʛʘ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʚʠʥʪʦʚʦʡ ʦʩʠ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ (21), 

ʦʙʝʩʧʝʯʠʚʘʷ ʧʦʩʣʦʡʥʦʝ ʟʘʧʦʣʥʝʥʠʝ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ. ʉʦʝʜʠʥʝʥʠʷ ʩ ʪʘʢʠʤ 

ʧʦʩʣʦʡʥʳʤ ʟʘʧʦʣʥʝʥʠʝʤ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʠʟʚʝʩʪʥʳ ʢʘʢ ʜʣʷ ʜʚʦʡʥʳʭ, ʪʘʢ ʠ 

ʜʣʷ ʪʨʦʡʥʳʭ ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʚ. ɺ ʯʘʩʪʥʦʩʪʠ, ʦʜʥʠʤ ʠʟ ʧʨʦʩʪʝʡʰʠʭ ʩʦʝʜʠʥʝʥʠʡ 

ʷʚʣʷʝʪʩʷ ʩʦʝʜʠʥʝʥʠʝ Ce7Ru3 [122], ʩʪʨʫʢʪʫʨʘ ʢʦʪʦʨʦʛʦ ʧʦʩʪʨʦʝʥʘ ʪʦʣʴʢʦ ʠʟ ʩʣʦʝʚ 

ʪʨʠʛʦʥʘʣʴʥʳʭ ʧʨʠʟʤ ʧʝʨʚʦʛʦ ʪʠʧʘ. ʀʟʚʝʩʪʥʳ ʪʘʢʞʝ ʪʨʦʡʥʳʝ ʘʣʶʤʠʥʠʜʳ ʠ 

ʠʥʜʠʜʳ (ʍ) ʨʫʪʝʥʠʷ ʠ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʩʦʩʪʘʚʘ R4RuX [121], ʚ 

ʩʪʨʫʢʪʫʨʘʭ ʢʦʪʦʨʳʭ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʦʙʘ ʪʠʧʘ ʩʣʦʝʚ, ʯʝʨʝʜʫʶʱʠʭʩʷ ʜʨʫʛ ʩ 

ʜʨʫʛʦʤ ʚʜʦʣʴ ʦʩʠ ʩ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʚ ʩʦʦʪʥʦʰʝʥʠʠ 1:1. ɺ ʩʪʨʫʢʪʫʨʝ 

ʩʦʝʜʠʥʝʥʠ ̫Pr23Ru7In4 ʤʝʥʷʝʪʩʷ ʧʦʨʷʜʦʢ ʯʝʨʝʜʦʚʘʥʠʷ ʩʣʦʝʚ 1 ʠ 2 ʪʠʧʘ: ʢʘʞʜʳʡ ʠʟ 

ʩʣʦʝʚ ʚʪʦʨʦʛʦ ʪʠʧʘ ʨʘʟʜʝʣʝʥ ʜʚʫʤʷ ʩʣʦʷʤʠ ʧʝʨʚʦʛʦ ʪʠʧʘ. ʀʟʚʝʩʪʝʥ ʠʥʪʝʨʤʝʪʘʣʣʠʜ 

La15Rh5Cd2 [123], ʚ ʩʪʨʫʢʪʫʨʝ ʢʦʪʦʨʦʛʦ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʪʘʢʞʝ ʩʣʦʠ ʧʝʨʚʦʛʦ ʪʠʧʘ, 

ʦʙʨʘʟʦʚʘʥʥʳʝ Rh-ʮʝʥʪʨʠʨʦʚʘʥʥʳʤʠ ʪʨʠʛʦʥʘʣʴʥʳʤʠ ʧʨʠʟʤʘʤʠ (RhLa6), ʠ ʩʣʦʠ 
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ʚʪʦʨʦʛʦ ʪʠʧʘ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʧʫʩʪʳʤʠ ʪʝʪʨʘʵʜʨʘʤʠ (Cd4), ʦʢʪʘʵʜʨʘʤʠ (La6) ʠ Rh-

ʮʝʥʪʨʠʨʦʚʘʥʥʳʤʠ ʪʨʠʛʦʥʘʣʴʥʳʤʠ ʧʨʠʟʤʘʤʠ RhLa6. ʉʣʦʠ ʪʠʧʦʚ 1 ʠ 2 ʚ 

ʩʦʝʜʠʥʝʥʠʠ La15Rh5Cd2 ʯʝʨʝʜʫʶʪʩʷ ʚ ʩʦʦʪʥʦʰʝʥʠʠ 3:1 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺʩʝ ʵʪʠ 

ʩʦʝʜʠʥʝʥʠʷ ʧʦ ʧʨʠʥʮʠʧʫ ʩʪʨʫʢʪʫʨʦʦʙʨʘʟʦʚʘʥʠʷ ʤʦʞʥʦ ʦʙʲʝʜʠʥʠʪʴ ʚ ʮʝʣʦʝ 

ʩʝʤʝʡʩʪʚʦ ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʚ, ʘ ʧʦʣʫʯʝʥʥʦʝ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʩʦʝʜʠʥʝʥʠʝ ʜʦʧʦʣʥʷʝʪ 

ʵʪʦʪ ʨʷʜ ʩʦʝʜʠʥʝʥʠʡ. 

 

ʈʠʩ. 36. ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʩʦʝʜʠʥʝʥʠʷ Pr23Ru7In4 ʠ ʝʛʦ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ (ʢʨʘʩʥʘʷ), ʪʝʦʨʝʪʠʯʝʩʢʘʷ (ʯʝʨʥʘʷ) ʨʝʥʪʛʝʥʦʛʨʘʤʤʳ ʠ ʠʭ 

ʨʘʟʥʦʩʪʥʘʷ ʢʨʠʚʘʷ (ʩʠʥʷʷ), ʧʦʣʦʩʢʘʤʠ ʟʝʣʝʥʦʛʦ ʮʚʝʪʘ ʦʙʦʟʥʘʯʝʥʳ ʧʦʟʠʮʠʠ ɹʨʵʛʛʘ: 

1 ï ʩʦʝʜʠʥʝʥʠʝ Pr23Ru7In4, 2 ï ʩʦʝʜʠʥʝʥʠʝ Pr3In. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʃʈʉɸ ʠʩʩʣʝʜʫʝʤʳʡ ʦʙʨʘʟʝʮ ʩʦʩʪʘʚʘ Pr68Ru21In11 ʩʦʜʝʨʞʠʪ 

ʪʨʠ ʬʘʟʳ: ʪʨʦʡʥʦʝ ʩʦʝʜʠʥʝʥʠʝ Pr23Ru7In4, ʥʝʙʦʣʴʰʠʝ ʢʦʣʠʯʝʩʪʚʘ (ʦʢʦʣʦ 6 ʤʘʩʩ. %) 

ʙʠʥʘʨʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ Pr3In, ʦʪʨʘʞʝʥʠʷ ʢʦʪʦʨʦʛʦ ʧʨʠʩʫʪʩʪʚʫʶʪ ʥʘ 

ʨʝʥʪʛʝʥʦʛʨʘʤʤʝ ʦʙʨʘʟʮʘ ʠ ʩʣʝʜʦʚʳʝ ʢʦʣʠʯʝʩʪʚʘ ʦʢʩʦʬʪʦʨʠʜʘ ʧʨʘʟʝʦʜʠʤʘ (ʨʠʩ. 

37). 
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ʈʠʩ. 37. ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʦʙʨʘʟʮʘ Pr68Ru21In11 (ʘʪ. %). 

ɼʣʷ ʩʦʝʜʠʥʝʥʠʷ Pr23Ru7In4 ʧʨʦʚʝʜʝʥʳ ʠʟʤʝʨʝʥʠʷ ʜʠʥʘʤʠʯʝʩʢʦʡ ʤʘʛʥʠʪʥʦʡ 

ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʚ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ 2ï300 ʂ ʩ ʥʘʧʨʷʞʝʥʥʦʩʪʴʶ 

ʧʝʨʝʤʝʥʥʦʛʦ ʧʦʣʷ 1 ʠ 10 ʕ ʚ ʥʫʣʝʚʦʤ ʚʥʝʰʥʝʤ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʠ ʚʥʝʰʥʝʤ ʧʦʣʝ 

100 ʕ. ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʚʳʰʝ 30 ʂ ʚ ʥʫʣʝʚʦʤ ʧʦʣʝ ʩʠʛʥʘʣʳ ʥʘ ʩʠʥʬʘʟʥʦʡ 

(ʜʝʡʩʪʚʠʪʝʣʴʥʦʡ, ɢ') ʠ ʧʨʦʪʠʚʦʬʘʟʥʦʡ (ʤʥʠʤʦʡ, ɢ'') ʩʦʩʪʘʚʣʷʶʱʠʭ ʜʠʥʘʤʠʯʝʩʢʦʡ 

ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʥʘʣʠʯʠʶ ʤʘʛʥʠʪʥʳʭ ʧʝʨʝʭʦʜʦʚ 

ʦʪʩʫʪʩʪʚʦʚʘʣʠ (ʨʠʩ. ʇ5). ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ~25 ʂ (ʨʠʩ. ʇ5, 38, 39) ʥʘʙʣʶʜʘʝʪʩʷ 

ʩʠʛʥʘʣ ʤʘʣʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ, ʯʪʦ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʤʘʣʳʤ ʢʦʣʠʯʝʩʪʚʦʤ 

ʧʨʠʤʝʩʝʡ, ʧʨʠʩʫʪʩʪʚʫʶʱʠʭ ʚ ʦʙʨʘʟʮʝ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʃʈʉɸ Pr3In ʧʨʠʩʫʪʩʪʚʫʝʪ ʚ 

ʦʙʨʘʟʮʝ, ʦʜʥʘʢʦ ʜʣʷ ʵʪʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʠʟʚʝʩʪʝʥ ʤʘʛʥʠʪʥʳʡ ʧʝʨʝʭʦʜ ʧʨʠ 58 ʂ 

[124], ʢʦʪʦʨʳʡ ʥʝ ʥʘʙʣʶʜʘʣʩʷ ʚ ʭʦʜʝ ʵʢʩʧʝʨʠʤʝʥʪʘ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʜʣʷ ʩʦʝʜʠʥʝʥʠʷ 
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Pr3Ru ʠʟʚʝʩʪʝʥ ʧʝʨʝʭʦʜ ʚ ʤʘʛʥʠʪʦʫʧʦʨʷʜʦʯʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 25 ʂ 

[124]. ʇʦʩʢʦʣʴʢʫ ʤʝʪʦʜʘʤʠ ʈʌɸ ʠ ʃʈʉɸ ʠʩʩʣʝʜʫʝʪʩʷ ʣʠʰʴ ʥʝʙʦʣʴʰʘʷ ʯʘʩʪʴ 

ʚʩʝʛʦ ʦʙʨʘʟʮʘ, ʦʪʩʫʪʩʪʚʠʝ ʩʠʛʥʘʣʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʩʦʝʜʠʥʝʥʠʶ Pr3In, ʤʦʞʥʦ 

ʦʙʲʷʩʥʠʪʴ ʪʝʤ, ʯʪʦ ʚ ʪʦʡ ʯʘʩʪʠ ʦʙʨʘʟʮʘ, ʥʘ ʢʦʪʦʨʦʡ ʧʨʦʚʦʜʠʣʠ ʤʘʛʥʠʪʥʳʝ 

ʠʟʤʝʨʝʥʠʷ, ʧʨʠʤʝʩʥʘʷ ʬʘʟʘ Pr3In ʦʪʩʫʪʩʪʚʦʚʘʣʘ, ʘ ʧʨʠʩʫʪʩʪʚʦʚʘʣʠ ʩʣʝʜʳ ʬʘʟʳ 

Pr3Ru. ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ~12 ʂ ʥʘʙʣʶʜʘʝʪʩʷ ʠʥʪʝʥʩʠʚʥʳʡ ʩʠʛʥʘʣ ʥʘ ʦʙʝʠʭ 

ʢʦʤʧʦʥʝʥʪʘʭ ʜʠʥʘʤʠʯʝʩʢʦʡ ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ (ʨʠʩ. ʇ5, 38). ʀʟ 

ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʡ ʚʠʜʥʦ, ʯʪʦ ʧʦʣʦʞʝʥʠʝ ʤʘʢʩʠʤʫʤʘ ʥʘ ʪʝʤʧʝʨʘʪʫʨʥʳʭ 

ʟʘʚʠʩʠʤʦʩʪʷʭ ɢ' ʠ ɢ'' ʩʣʘʙʦ, ʥʦ ʚʩʝ ʞʝ ʟʘʚʠʩʠʪ ʦʪ ʯʘʩʪʦʪʳ ʧʝʨʝʤʝʥʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ 

ʧʦʣʷ - ʯʝʤ ʚʳʰʝ ʯʘʩʪʦʪʘ, ʪʝʤ ʧʨʠ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʨʘʩʧʦʣʦʞʝʥ 

ʤʘʢʩʠʤʫʤ ʠ ʥʠʞʝ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʩʠʛʥʘʣʘ. ʀʟʤʝʥʝʥʠʝ ʚʠʜʘ ʪʝʤʧʝʨʘʪʫʨʥʳʭ 

ʟʘʚʠʩʠʤʦʩʪʝʡ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʘʤʧʣʠʪʫʜʳ ʤʦʜʫʣʷʮʠʠ ʦʩʮʠʣʣʠʨʫʶʱʝʛʦ ʤʘʛʥʠʪʥʦʛʦ 

ʧʦʣʷ ʦʪ 1 ʜʦ 10 Oe ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ (ʨʠʩ. ʇ5, 38 ʠ 39). ʅʘʣʦʞʝʥʠʝ ʧʦʩʪʦʷʥʥʦʛʦ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʥʘʧʨʷʞʝʥʥʦʩʪʴʶ 100 ʕ ʧʨʠʚʦʜʠʪ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʫʤʝʥʴʰʝʥʠʶ 

ʤʘʢʩʠʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ɢ'max ʠ ɢ''max (ʨʠʩ. ʇ5, 38, 39). ʋʯʠʪʳʚʘʷ, ʯʪʦ ʜʠʥʘʤʠʯʝʩʢʘʷ 

ʤʘʛʥʠʪʥʘʷ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʴ ʷʚʣʷʝʪʩʷ ʯʘʩʪʥʦʡ ʧʨʦʠʟʚʦʜʥʦʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʧʦ 

ʧʦʣʶ (ɢac = dM/dH), ʫʤʝʥʴʰʝʥʠʝ ʤʘʢʩʠʤʘʣʴʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʠʛʥʘʣʘ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʫʤʝʥʴʰʝʥʠʠ ʥʘʢʣʦʥʘ ʧʦʣʝʚʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʚ 

ʧʦʣʝ 100 ʕ ʠ ʧʨʠʙʣʠʞʝʥʠʶ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʢ ʥʘʩʳʱʝʥʠʶ. 
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ʈʠʩ. 38. ʉʠʥʬʘʟʥʘʷ (ʚʚʝʨʭʫ) ʠ ʧʨʦʪʠʚʦʬʘʟʥʘʷ (ʚʥʠʟʫ) ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ 

ʜʠʥʘʤʠʯʝʩʢʦʡ ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʜʣʷ ʦʙʨʘʟʮʘ Pr68Ru21In11 ʚ ʥʫʣʝʚʦʤ 

ʧʦʩʪʦʷʥʥʦʤ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʠ ʧʝʨʝʤʝʥʥʦʤ ʧʦʣʝ ʥʘʧʨʷʞʝʥʥʦʩʪʴʶ 1 (ʩʣʝʚʘ) ʠ 10 ʕ 

(ʩʧʨʘʚʘ) ʚ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ 2ï30 ʂ. 
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ʈʠʩ. 39. ʉʠʥʬʘʟʥʘʷ (ʚʚʝʨʭʫ) ʠ ʧʨʦʪʠʚʦʬʘʟʥʘʷ (ʚʥʠʟʫ) ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ 

ʜʠʥʘʤʠʯʝʩʢʦʡ ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʜʣʷ ʦʙʨʘʟʮʘ Pr68Ru21In11 ʚ ʧʦʩʪʦʷʥʥʦʤ 

ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʥʘʧʨʷʞʝʥʥʦʩʪʴʶ 100 ʕ ʠ ʧʝʨʝʤʝʥʥʦʤ ʧʦʣʝ ʥʘʧʨʷʞʝʥʥʦʩʪʴʶ 1 

(ʩʣʝʚʘ) ʠ 10 ʕ (ʩʧʨʘʚʘ) ʚ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ 2ï30 ʂ. 

ʀʟʤʝʨʝʥʠʷ ʧʦʣʝʚʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʜʠʥʘʤʠʯʝʩʢʦʡ ʤʘʛʥʠʪʥʦʡ 

ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ (ʨʠʩ. 40, ʇ6) ʦʙʥʘʨʫʞʠʚʘʝʪ 

ʧʦʷʚʣʝʥʠʝ ʦʪʣʠʯʥʳʭ ʦʪ ʥʫʣʝʚʳʭ ʟʥʘʯʝʥʠʡ ʩʠʛʥʘʣʦʚ ɢ'' ʚ ʧʦʣʷʭ ʥʘʧʨʷʞʝʥʥʦʩʪʴʶ 

ʜʦ 1 ʊʣ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 2 ʂ. ʇʦʷʚʣʝʥʠʝ ʥʝʥʫʣʝʚʳʭ ʩʠʛʥʘʣʦʚ ɢ'' ʫʢʘʟʳʚʘʝʪ ʥʘ 

ʧʦʛʣʦʱʝʥʠʝ ʯʘʩʪʠ ʵʥʝʨʛʠʠ ʧʝʨʝʤʝʥʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚʝʱʝʩʪʚʦʤ, ʪʦ ʝʩʪʴ ʥʘ 

ʥʘʣʠʯʠʝ ʤʝʜʣʝʥʥʦʡ (ʦʪʥʦʩʠʪʝʣʴʥʦ ʯʘʩʪʦʪʳ ʧʝʨʝʤʝʥʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ) 

ʨʝʣʘʢʩʘʮʠʠ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʚ ʦʙʨʘʟʮʝ. ʅʘʣʠʯʠʝ ʧʦʩʪʦʷʥʥʦʛʦ ʩʠʛʥʘʣʘ ɢ'' ʧʨʠ 

ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʩʪʫʧʥʦʡ ʥʘ ʠʩʧʦʣʴʟʫʝʤʦʤ ʦʙʦʨʫʜʦʚʘʥʠʠ ʯʘʩʪʦʪʝ - 10000 ɻʮ, ʥʘ 
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ʫʨʦʚʥʝ ~ 0.2 ʩʤ3/ʤʦʣʴ, ʥʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʦ ʩʚʷʟʘʥʦ ʩ ʧʦʛʣʦʱʝʥʠʝʤ ʥʦʩʠʪʝʣʷʤʠ 

ʟʘʨʷʜʘ. 

 

ʈʠʩ. 40. ʉʠʥʬʘʟʥʘʷ (ʚʚʝʨʭʫ) ʠ ʧʨʦʪʠʚʦʬʘʟʥʘʷ (ʚʥʠʟʫ) ʧʦʣʝʚʳʝ ʟʘʚʠʩʠʤʦʩʪʠ 

ʜʠʥʘʤʠʯʝʩʢʦʡ ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʜʣʷ ʦʙʨʘʟʮʘ Pr68Ru21In11 ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʥʠʞʝ (2 ʂ, ʩʣʝʚʘ) ʠ ʚʳʰʝ (30 ʂ, ʩʧʨʘʚʘ) ʤʘʛʥʠʪʥʦʛʦ ʧʝʨʝʭʦʜʘ. 

ɼʘʥʥʳʝ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʟʤʝʨʝʥʠʡ ʜʠʥʘʤʠʯʝʩʢʦʡ ʤʘʛʥʠʪʥʦʡ 

ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ, ʧʦʟʚʦʣʷʪʁ ʧʨʝʜʧʦʣʦʞʠʪʴ ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʳʡ ʪʠʧ 

ʤʘʛʥʠʪʥʦʛʦ ʫʧʦʨʷʜʦʯʝʥʠ,̫ ʧʝʨʝʭʦʜ ʚ ʩʫʧʝʨʧʘʨʘʤʘʛʥʠʪʥʦʝ ʩʦʩʪʦʷʥʠʝ ʠʣʠ ʚ 

ʩʦʩʪʦʷʥʠʝ ʩʧʠʥʦʚʦʛʦ ʩʪʝʢʣʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʥʠʞʝ ~10ï12 ʂ. ɺ ʩʣʫʯʘʝ ʬʝʨʨʦ-

/ʬʝʨʨʠʤʘʛʥʠʪʥʦʛʦ ʫʧʦʨʷʜʦʯʝʥʠʷ, ʜʣʷ ʪʝʤʧʝʨʘʪʫʨ ʥʠʞʝ ʪʝʤʧʝʨʘʪʫʨʳ ʧʝʨʝʭʦʜʘ 

ʤʦʞʥʦ ʙʳʣʦ ʙʳ ʦʞʠʜʘʪʴ ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʧʦʣʦʞʝʥʠʷ ʤʘʢʩʠʤʫʤʦʚ ʧʦʣʷ 

ʟʘʚʠʩʠʤʦʩʪʠ ʜʝʡʩʪʚʠʪʝʣʴʥʦʡ ʯʘʩʪʠ ʜʠʥʘʤʠʯʝʩʢʦʡ ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ 
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(ʨʠʩ. 40) ʚʦ ʚʨʝʤʷ ʠʟʤʝʨʝʥʠʡ ʚ ʧʨʦʮʝʩʩʝ ʫʚʝʣʠʯʝʥʠʷ ʠ ʫʤʝʥʴʰʝʥʠʷ 

ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ʇʨʠʙʣʠʞʝʥʠʝ ɢ'(H) ʠ ɢ''(H) ʢ ʥʫʣʝʚʳʤ 

ʟʥʘʯʝʥʠʷʤ ʚ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ ʦʢʦʣʦ 2 ʊʣ, ʘ ʪʘʢʞʝ ʯʘʩʪʦʪʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ 

ʧʦʣʦʞʝʥʠʷ ʤʘʢʩʠʤʫʤʘ ʥʘ ʛʨʘʬʠʢʘʭ ɢ'(T) ʠ ɢ''(T) (ʨʠʩ. 38 ʩʧʨʘʚʘ) ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʚ 

ʧʦʣʴʟʫ ʩʫʧʝʨʧʘʨʘʤʘʛʥʠʪʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʠʣʠ ʩʦʩʪʦʷʥʠʷ ʩʧʠʥʦʚʦʛʦ ʩʪʝʢʣʘ ʧʨʠ 12 ʂ. 

ɺʘʞʥʦ ʧʦʜʯʝʨʢʥʫʪʴ, ʯʪʦ ʧʝʨʝʭʦʜ ʚ ʩʫʧʝʨʧʘʨʘʤʘʛʥʠʪʥʦʝ ʩʦʩʪʦʷʥʠʝ ʤʦʞʥʦ 

ʥʘʙʣʶʜʘʪʴ ʚ ʥʘʥʦʯʘʩʪʠʮʘʭ ʠ/ʠʣʠ ʦʙʨʘʟʮʘʭ, ʢʦʛʜʘ ʤʘʛʥʠʪʥʳʝ ʠʦʥʳ ʚʢʣʶʯʘʶʪʩʷ ʚ 

ʥʝʤʘʛʥʠʪʥʫ  ʁʤʘʪʨʠʮʫ ʧʦʩʨʝʜʩʪʚʦʤ ʣʝʛʠʨʦʚʘʥʠʷ. ʇʦʩʣʝʜʥʝʝ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ 

ʬʣʫʢʪʫʘʮʠʠ ʩʦʩʪʘʚʘ, ʯʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʧʝʨʝʭʦʜʫ 

ʩʫʧʝʨʧʘʨʘʤʘʛʥʠʪʥʦʝ ʩʦʩʪʦʷʥʠʝ. ɺ ʩʣʫʯʘʝ Pr23Ru7In4 ʤʘʛʥʠʪʥʳʝ ʠʦʥʳ 

ʨʘʩʧʨʝʜʝʣʝʥʳ ʨʘʚʥʦʤʝʨʥʦ ʧʦ ʚʩʝʡ ʩʪʨʫʢʪʫʨʝ, ʯʪʦ ʠʩʢʣʶʯʘʝʪ ʩʫʧʝʨʧʘʨʘʤʘʛʥʠʪʥʫʶ 

ʧʨʠʨʦʜʫ ʦʙʥʘʨʫʞʝʥʥʦʛʦ ʧʝʨʝʭʦʜʘ. ɼʣʷ ʣʫʯʰʝʛʦ ʧʦʥʠʤʘʥʠʷ ʧʨʠʨʦʜʳ ʤʘʛʥʠʪʥʦʛʦ 

ʧʝʨʝʭʦʜʘ ʥʝʦʙʭʦʜʠʤʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʩʩʝʷʥʠʷ ʥʝʡʪʨʦʥʦʚ. 

ʉʦʛʣʘʩʥʦ ʨʝʟʫʣʴʪʘʪʘʤ ɼʉʂ, ʩʦʝʜʠʥʝʥʠʝ Pr23Ru7In4 ʧʣʘʚʠʪʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 

756 °ʉ (ʨʠʩ. 41). ʇʦʩʣʝ ʦʭʣʘʞʜʝʥʠʷ ʦʙʨʘʟʮʘ ʧʨʦʚʝʜʝʥ ʝʛʦ ʨʝʥʪʛʝʥʦʬʘʟʦʚʳʡ 

ʘʥʘʣʠʟ, ʨʝʟʫʣʴʪʘʪʳ ʢʦʪʦʨʦʛʦ ʫʢʘʟʳʚʘʶʪ ʥʘ ʠʟʤʝʥʝʥʠʝ ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ ʦʙʨʘʟʮʘ 

ʧʦʩʣʝ ʧʣʘʚʣʝʥʠʷ, ʯʪʦ ʛʦʚʦʨʠʪ ʦʙ ʠʥʢʦʥʛʨʫʵʥʪʥʦʤ ʭʘʨʘʢʪʝʨʝ ʧʣʘʚʣʝʥʠʷ 

ʩʦʝʜʠʥʝʥʠʷ Pr23Ru7In4. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʠ ʩʦʩʪʘʚʘ ʩʦʝʜʠʥʝʥʠʷ, 

ʦʙʨʘʟʦʚʘʚʰʝʛʦʩʷ ʧʦʩʣʝ ʧʣʘʚʣʝʥʠʷ, ʦʪʦʙʨʘʥ ʤʦʥʦʢʨʠʩʪʘʣʣ ʠʟ ʦʭʣʘʞʜʝʥʥʦʛʦ 

ʦʙʨʘʟʮʘ, ʧʨʦʚʝʜʝʥ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ (ʪʘʙʣ. 33, 34) ʠ 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʦʩʣʝ ʪʝʨʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʦʙʨʘʟʦʚʘʣʦʩʴ ʩʦʝʜʠʥʝʥʠʝ ʩʦʩʪʘʚʘ 

Pr21Ru8.2In5, ʢʦʪʦʨʦʝ ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʚ ʪʝʪʨʘʛʦʥʘʣʴʥʦʡ ʷʯʝʡʢʝ ʩ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ 

ʛʨʫʧʧʦʡ I4/mcm ʩʦ ʩʪʨʫʢʪʫʨʦʡ, ʧʨʦʠʟʚʦʜʥʦʡ ʦʪ ʩʪʨʫʢʪʫʨʳ ʜʚʦʡʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ 

Y3Rh2 [125]. 
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ʈʠʩ. 41. ɼʉʂ-ʢʨʠʚʘʷ ʦʙʨʘʟʮʘ ʩʦʩʪʘʚʘ Pr68Ru21In11. 

ʊʘʙʣʠʮʘ 33. ʂʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʠ ʦʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ʫʪʦʯʥʝʥʠʷ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ Pr21Ru8.2In5 (ʤʦʥʦʢʨʠʩʪʘʣʴʥʳʝ ʜʘʥʥʳʝ). 

ʌʦʨʤʫʣʘ ʩʦʝʜʠʥʝʥʠʷ Pr21Ru8.2In5 

ʄʦʣʝʢʫʣʷʨʥʘʷ ʤʘʩʩʘ 4361.98 

ʉʠʥʛʦʥʠʷ ʊʝʪʨʘʛʦʥʘʣʴʥʘʷ 

ʀʟʣʫʯʝʥʠʝ MoKŬ, 0.71073 

a (Å) 11.9789(12) 

c (Å) 25.326(3) 

V(Å3) 3634.1(8) 

ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʛʨʫʧʧʘ I4/mcm 

ʉʪʨʫʢʪʫʨʥʳʡ ʪʠʧ Y3Rh2 

Z 4 

Dʨʘʩʩʯ. (ʛ/ʩʤ3) 7.972 

ɛ (ʤʤ-1) 33.890 

F(000) 7379 

ʈʘʟʤʝʨ ʢʨʠʩʪʘʣʣʘ, ʤʤ 0.12 x 0.06 x 0.04 

ɗmin-ɗmax (
o) 2.404ï27.942 

ɼʠʘʧʘʟʦʥ hkl 

-15ÒhÒ15 

-15ÒkÒ15 

-33ÒlÒ33 

ʂʦʨʨʝʢʮʠʷ ʧʦʛʣʦʱʝʥʠʷ ʧʦʣʫʵʤʧʠʨʠʯʝʩʢʘʷ ʠʟ ʵʢʚʠʚʘʣʝʥʪʦʚ 
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Max, min ʧʨʦʧʫʩʢʘʥʠʝ 0.0533, 0.0172 

ʄʝʪʦʜ ʫʪʦʯʥʝʥʠʷ ʧʦʣʥʦʤʘʪʨʠʯʥʳʡ ʄʅʂ ʧʦ F2 

ʉʦʙʨʘʥʦ ʦʪʨʘʞʝʥʠʡ 67971 

ʅʝʟʘʚʠʩʠʤʳʭ ʦʪʨʘʞʝʥʠʡ 1193 

ʩ I>2ů(I), Rint 1180, 0.0480 

ʂʦʣʠʯʝʩʪʚʦ ʫʪʦʯʥʷʝʤʳʭ 

ʧʘʨʘʤʝʪʨʦʚ 
54 

GoF 1.273 

R1, wR2 [I>2sigma(I)] 0.040, 0.094 

R1, wR2 (ʚʩʝ ʦʪʨʘʞʝʥʠʷ) 0.040, 0.094 

ȹɟmax - ȹɟmin, eĀÅ
-3 1.621, ï1.753 

ʊʘʙʣʠʮʘ 34. ʂʦʦʨʜʠʥʘʪʳ ʘʪʦʤʦʚ ʠ ʵʢʚʠʚʘʣʝʥʪʥʳʝ ʠʟʦʪʨʦʧʥʳʝ ʧʘʨʘʤʝʪʨʳ 

ʘʪʦʤʥʦʛʦ ʩʤʝʱʝʥʠʷ Ueq ʚ ʩʪʨʫʢʪʫʨʝ Pr21Ru8.2In5 (ʤʦʥʦʢʨʠʩʪʘʣʴʥʳʝ ʜʘʥʥʳʝ). 

ɸʪʦʤ 
ʇʦʟʠʮʠʷ 

ʋʘʡʢʦʚʘ 
x y z Ueq, Å

2 

Pr1 32m 0.0792(1) 0.2024(1) 0.1916(1) 0.027(1) 

Pr2 32m 0.2090(1) 0.0766(1) 0.0726(1) 0.022(1) 

Pr3* 16l 0.0158(6) 0.5158(6) 0.2477(5) 0.033(3) 

Pr4 8h 0.6521(1) 0.1521(1) 0 0.024(1) 

Pr5 8g 0 1/2 0.1031(1) 0.030(1) 

In1 16l 0.1569(1) 0.6569(1) 0.1863(1) 0.028(1) 

In2 4c 0 0 0 0.023(1) 

Ru1* 16l 0.6880(1) 0.1880(1) 0.1094(1) 0.032(1) 

Ru2 8h 0.0964(1) 0.5964(1) 0 0.025(1) 

Ru3 8f 0 0 0.1266(1) 0.024(1) 

Ru4 4a 0 0 1/4 0.024(1) 

* ɿʘʩʝʣʝʥʥʦʩʪʴ ʧʦʟʠʮʠʡ ʘʪʦʤʘʤʠ: 

Pr3 ʩʦʩʪʘʚʣʷʝʪ 0.25, Ru1 ʩʦʩʪʘʚʣʷʝʪ 0.8. 

ʂʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ ʩʦʝʜʠʥʝʥʠʷ Pr21Ru8.2In5 ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ 

ʚʠʜʝ ʚʝʨʪʠʢʘʣʴʥʳʭ ʢʦʣʦʥʥ, ʩʦʩʪʦʷʱʠʭ ʠʟ ʪʝʪʨʘʛʦʥʘʣʴʥʳʭ ʧʨʠʟʤ ʠ ʘʥʪʠʧʨʠʟʤ, ʩ 

ʘʪʦʤʘʤʠ ʧʨʘʟʝʦʜʠʤʘ ʚ ʚʝʨʰʠʥʘʭ. ʇʨʠʟʤʳ ʠ ʘʥʪʠʧʨʠʟʤʳ ʩʦʝʜʠʥʝʥʳ ʤʝʞʜʫ ʩʦʙʦʡ 

ʦʙʱʠʤʠ ʛʨʘʥʷʤʠ ʚ ʦʧʨʝʜʝʣʝʥʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ: ʦʜʥʘ ʧʨʠʟʤʘ, ʟʘ ʢʦʪʦʨʦʡ 

ʩʣʝʜʫʶʪ ʪʨʠ ʘʥʪʠʧʨʠʟʤʳ. ɸʪʦʤʳ ʠʥʜʠʷ ʥʘʭʦʜʷʪʩʷ ʚʥʫʪʨʠ ʪʝʪʨʘʛʦʥʘʣʴʥʳʭ ʧʨʠʟʤ 

(InPr8), ʘ ʘʪʦʤʳ ʨʫʪʝʥʠʷ ï ʚʥʫʪʨʠ ʘʥʪʠʧʨʠʟʤ (RuPr8). ʅʘʭʦʜʷʱʠʝʩʷ ʤʝʞʜʫ 

ʢʦʣʦʥʥʘʤʠ ʘʪʦʤʳ ʨʫʪʝʥʠʷ ʠ ʠʥʜʠʷ ʦʙʨʘʟʫʶʪ ʠʩʢʘʞʝʥʥʳʝ ʧʦʣʠʵʜʨʳ ʩ ʘʪʦʤʘʤʠ 

ʧʨʘʟʝʦʜʠʤʘ ʚ ʚʝʨʰʠʥʘʭ. ɸʪʦʤʳ ʠʥʜʠʷ (In1) ʥʘʭʦʜʠʪʩʷ ʚʥʫʪʨʠ ʠʩʢʘʞʝʥʥʦʛʦ 
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ʜʝʩʷʪʠʚʝʨʰʠʥʥʠʢʘ, ʘ ʘʪʦʤʳ ʨʫʪʝʥʠʷ (Ru1 ʠ Ru2) ï ʚʥʫʪʨʠ ʠʩʢʘʞʝʥʥʦʡ 

ʪʨʠʛʦʥʘʣʴʥʦʡ ʧʨʠʟʤʳ ʠ ʪʝʪʨʘʛʦʥʘʣʴʥʦʡ ʘʥʪʠʧʨʠʟʤʳ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʨʠʩ. 42). 

ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʟʥʘʯʝʥʠʷ ʤʝʞʘʪʦʤʥʳʭ ʨʘʩʩʪʦʷʥʠʡ Pr-Ru ʚʥʫʪʨʠ ʫʢʘʟʘʥʥʳʭ 

ʪʨʠʛʦʥʘʣʴʥʳʭ ʧʨʠʟʤ ʤʝʥʴʰʝ ʥʝ ʪʦʣʴʢʦ ʩʫʤʤ ʘʪʦʤʥʳʭ, ʥʦ ʜʘʞʝ ʢʦʚʘʣʝʥʪʥʳʭ 

ʨʘʜʠʫʩʦʚ Pr (r = 1.65 A), Ru (r = 1.24 A) ʠ ʩʦʩʪʘʚʣʷʶʪ 2.7850(16) ʠ 2.837(2) ¡. 

 

ʈʠʩ. 42. ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʩʦʝʜʠʥʝʥʠʷ Pr21Ru8.2In5 ʠ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ 

ʧʦʣʠʵʜʨʳ ʘʪʦʤʦʚ ʨʫʪʝʥʠʷ ʠ ʠʥʜʠʷ. 
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4.4 ʉʦʝʜʠʥʝʥʠʝ Gd6Ru2In 

ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʧʣʘʚʦʚ ʩʦʩʪʘʚʘ R68Ru21In11 (ʘʪ. %) ʚ ʦʙʨʘʟʮʝ 

Gd68Ru21In11 ʦʙʥʘʨʫʞʝʥʘ ʬʘʟʘ ʩʦʩʪʘʚʘ Gd67Ru22In11 ʧʦ ʜʘʥʥʳʤ ʃʈʉɸ. ʀʟʥʘʯʘʣʴʥʦ 

ʙʳʣʦ ʩʜʝʣʘʥʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ Gd67Ru22In11 ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʦʝʜʠʥʝʥʠʶ 

Gd23Ru7In4, ʦʜʥʘʢʦ ʪʝʦʨʝʪʠʯʝʩʢʘʷ ʨʝʥʪʛʝʥʦʛʨʘʤʤʘ ʵʪʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʥʝ 

ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ. ʂʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ ʥʦʚʦʛʦ 

ʩʦʝʜʠʥʝʥʠʷ ʫʜʘʣʦʩʴ ʦʧʨʝʜʝʣʠʪʴ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʤʦʥʦʢʨʠʩʪʘʣʴʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ 

ʠ ʦʢʘʟʘʣʦʩʴ, ʯʪʦ ʩʦʩʪʘʚ Gd67Ru22In11 ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʦʚʦʤʫ ʪʨʦʡʥʦʤʫ ʩʦʝʜʠʥʝʥʠʶ 

Gd6Ru2In (ʪʘʙʣ. 35, 36). ʇʦ ʧʦʣʫʯʝʥʥʦʡ ʩʪʨʫʢʪʫʨʥʦʡ ʤʦʜʝʣʠ ʧʨʦʚʝʜʝʥʦ ʫʪʦʯʥʝʥʠʝ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ Gd6Ru2In ʧʦ ʤʝʪʦʜʫ ʈʠʪʚʝʣʴʜʘ (ʪʘʙʣ. 37). 

ʊʘʙʣʠʮʘ 35. ʂʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʠ ʦʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ʫʪʦʯʥʝʥʠʷ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ Gd6Ru2In (ʤʦʥʦʢʨʠʩʪʘʣʴʥʳʝ ʜʘʥʥʳʝ). 

ʌʦʨʤʫʣʘ ʩʦʝʜʠʥʝʥʠʷ Gd6Ru2In 

ʄʦʣʝʢʫʣʷʨʥʘʷ ʤʘʩʩʘ 1260.46 

ʉʠʥʛʦʥʠʷ ʈʦʤʙʠʯʝʩʢʘʷ 

ʀʟʣʫʯʝʥʠʝ MoKŬ, 0.71073 

a (Å) 9.4350(16) 

b (Å) 9.6038(16) 

c (Å) 10.4204(17) 

V(Å3) 944.2(3) 

ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʛʨʫʧʧʘ Immm 

ʉʪʨʫʢʪʫʨʥʳʡ ʪʠʧ Ho6Co2Ga 

Z 4 

Dʨʘʩʩʯ. (ʛ/ʩʤ3) 8.867 

ɛ (ʤʤ-1) 46.900 

F(000) 2084 

ʈʘʟʤʝʨ ʢʨʠʩʪʘʣʣʘ, ʤʤ 0.12 x 0.08 x 0.06 

ɗmin-ɗmax (
o) 2.884, 28.374 

ɼʠʘʧʘʟʦʥ hkl 

-12ÒhÒ12 

-12ÒkÒ12 

-13ÒlÒ13 

ʂʦʨʨʝʢʮʠʷ ʧʦʛʣʦʱʝʥʠʷ ʧʦʣʫʵʤʧʠʨʠʯʝʩʢʘʷ ʠʟ ʵʢʚʠʚʘʣʝʥʪʦʚ 

Max, min ʧʨʦʧʫʩʢʘʥʠʝ 0.0137, 0.0013 

ʄʝʪʦʜ ʫʪʦʯʥʝʥʠʷ ʧʦʣʥʦʤʘʪʨʠʯʥʳʡ ʄʅʂ ʧʦ F2 

ʉʦʙʨʘʥʦ ʦʪʨʘʞʝʥʠʡ 8571 

ʅʝʟʘʚʠʩʠʤʳʭ ʦʪʨʘʞʝʥʠʡ 693 

ʩ I>2ů(I), Rint 583, 0.0501 
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ʂʦʣʠʯʝʩʪʚʦ ʫʪʦʯʥʷʝʤʳʭ 

ʧʘʨʘʤʝʪʨʦʚ 
33 

GoF 1.609 

R1, wR2 [I>2sigma(I)] 0.047, 0.115 

R1, wR2 (ʚʩʝ ʦʪʨʘʞʝʥʠʷ) 0.055, 0.117 

ȹɟmax - ȹɟmin, eĀÅ
-3 2.292, -2.510 

ʊʘʙʣʠʮʘ 36. ʂʦʦʨʜʠʥʘʪʳ ʘʪʦʤʦʚ ʠ ʵʢʚʠʚʘʣʝʥʪʥʳʝ ʠʟʦʪʨʦʧʥʳʝ ʧʘʨʘʤʝʪʨʳ 

ʘʪʦʤʥʦʛʦ ʩʤʝʱʝʥʠʷ Ueq ʚ ʩʪʨʫʢʪʫʨʝ Gd6Ru2In (ʤʦʥʦʢʨʠʩʪʘʣʴʥʳʝ ʜʘʥʥʳʝ). 

ɸʪʦʤ 
ʇʦʟʠʮʠʷ 

ʋʘʡʢʦʚʘ 
x y z Ueq, Å

2 

Gd1 8n 0.2838(1) 0.1847(1) 0 0.036(1) 

Gd2 8m 0.3116(1) 0 0.3268(1) 0.036(1) 

Gd3 8l 0 0.2002(1) 0.2391(1) 0.037(1) 

Ru1 4j 1/2 0 0.1189(4) 0.050(1) 

Ru2 4g 0 0.3308(3) 0 0.037(1) 

In1 2c 1/2 1/2 0 0.035(1) 

In2 2a 0 0 0 0.038(1) 

ʊʘʙʣʠʮʘ 37. ʂʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʠ ʦʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ʫʪʦʯʥʝʥʠʷ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ Gd6Ru2In ʧʦ ʜʘʥʥʳʤ ʧʦʨʦʰʢʦʚʦʡ ʨʝʥʪʛʝʥʦʚʩʢʦʡ 

ʜʠʬʨʘʢʮʠʠ. 

ʌʦʨʤʫʣʘ ʩʦʝʜʠʥʝʥʠʷ Gd6Ru2In 

ʉʠʥʛʦʥʠʷ ʈʦʤʙʠʯʝʩʢʘʷ 

ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʛʨʫʧʧʘ Immm 

Z 4 

ʇʘʨʘʤʝʪʨʳ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ a, Å 9.4349(7) 

b, Å 9.5991(7) 

c, Å 10.4007(9) 

V, Å3 941.97(12) 

Dʨʘʩʩʯ. , ʛ/ʩʤ3 8.817 

2ɗ, (o) 10-90.09 

ʂʦʣʠʯʝʩʪʚʦ ʦʪʨʘʞʝʥʠʡ 270 

ʂʦʣʠʯʝʩʪʚʦ ʫʪʦʯʥʷʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ 27 

ʇʘʨʘʤʝʪʨʳ ʧʦʣʫʰʠʨʠʥʳ, U 0.061(3) 

V -0.09(3) 

W 0.011(6) 

RP/Rwp 0.017/0.021 

Rexp 0.0194 

ɢ2 1.22 

RB/RF 0.113/0.128 
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ʀʥʪʝʨʤʝʪʘʣʣʠʜ Gd6Ru2In ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʚ ʨʦʤʙʠʯʝʩʢʦʡ ʷʯʝʡʢʝ ʩ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʦʡ Immm ʠ ʧʨʠʥʘʜʣʝʞʠʪ ʢ ʩʪʨʫʢʪʫʨʥʦʤʫ ʪʠʧʫ Ho6Co2Ga 

[68]. ʉʪʨʫʢʪʫʨʫ ʩʦʝʜʠʥʝʥʠʷ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ ʯʝʨʝʜʫʶʱʠʭʩʷ ʢʦʣʦʥʥ 

ʜʚʫʭ ʪʠʧʦʚ, ʦʙʨʘʟʦʚʘʥʥʳʭ ʘʪʦʤʘʤʠ ʛʘʜʦʣʠʥʠʷ. ʇʝʨʚʳʡ ʪʠʧ ʢʦʣʦʥʥ ʩʦʩʪʦʠʪ ʠʟ 

ʪʝʪʨʘʛʦʥʘʣʴʥʳʭ ʧʨʠʟʤ, ʮʝʥʪʨʠʨʦʚʘʥʥʳʭ ʘʪʦʤʘʤʠ ʠʥʜʠʷ (InGd8), ʠ ʘʥʪʠʧʨʠʟʤ, 

ʮʝʥʪʨʠʨʦʚʘʥʥʳʭ ʘʪʦʤʘʤʠ ʨʫʪʝʥʠʷ (RuGd8). ɸʪʦʤʳ ʛʘʜʦʣʠʥʠʷ ʥʘʭʦʜʷʪʩʷ ʚ 

ʚʝʨʰʠʥʘʭ ʤʥʦʛʦʛʨʘʥʥʠʢʦʚ. ʇʨʠʟʤʳ ʠ ʘʥʪʠʧʨʠʟʤʳ ʩʦʝʜʠʥʝʥʳ ʦʙʱʠʤʠ ʛʨʘʥʷʤʠ ʠ 

ʯʝʨʝʜʫʶʪʩʷ ʚ ʦʧʨʝʜʝʣʝʥʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ: ʦʜʥʘ ʪʝʪʨʘʛʦʥʘʣʴʥʘʷ ʧʨʠʟʤʘ, ʟʘ 

ʢʦʪʦʨʦʡ ʩʣʝʜʫʶʪ ʜʚʝ ʪʝʪʨʘʛʦʥʘʣʴʥʳʝ ʘʥʪʠʧʨʠʟʤʳ. ʇʨʦʩʪʨʘʥʩʪʚʦ ʤʝʞʜʫ ʪʘʢʠʤʠ 

ʨʷʜʘʤʠ ʠʟ ʧʨʠʟʤ ʠ ʘʥʪʠʧʨʠʟʤ, ʟʘʥʠʤʘʶʪ ʜʨʫʛʠʝ ʢʦʣʦʥʥʳ, ʢʦʪʦʨʳʝ ʩʦʩʪʘʚʣʝʥʳ ʠʟ 

ʠʢʦʩʘʵʜʨʦʚ ʩ ʘʪʦʤʘʤʠ ʛʘʜʦʣʠʥʠʷ ʚ ʚʝʨʰʠʥʘʭ, ʮʝʥʪʨʠʨʦʚʘʥʥʳʭ ʘʪʦʤʘʤʠ ʠʥʜʠʷ 

(InGd12), ʘ ʤʝʞʜʫ ʠʢʦʩʘʵʜʨʘʤʠ ʥʘʭʦʜʷʪʩʷ ʧʦ ʜʚʝ ʪʨʠʛʦʥʘʣʴʥʳʝ ʧʨʠʟʤʳ, 

ʩʦʝʜʠʥʝʥʥʳʝ ʦʙʱʝʡ ʛʨʘʥʴʶ, ʩ ʘʪʦʤʘʤʠ ʛʘʜʦʣʠʥʠʷ ʚ ʚʝʨʰʠʥʘʭ. ɺʥʫʪʨʠ ʢʘʞʜʦʡ ʠʟ 

ʪʨʠʛʦʥʘʣʴʥʳʭ ʧʨʠʟʤ ʥʘʭʦʜʷʪʩʷ ʘʪʦʤʳ ʨʫʪʝʥʠʷ, ʠ, ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ, ʪʘʢʠʝ ʧʨʠʟʤʳ 

ʦʙʨʘʟʫʶʪ ʦʜʠʥ ʩʪʨʫʢʪʫʨʥʳʡ ʬʨʘʛʤʝʥʪ ʪʠʧʘ AlB 2. ʀʢʦʩʘʵʜʨʳ ʠ ʬʨʘʛʤʝʥʪʳ AlB 2 

ʩʦʝʜʠʥʝʥʳ ʦʙʱʠʤʠ ʨʝʙʨʘʤʠ ʠ ʯʝʨʝʜʫʶʪʩʷ ʚ ʦʪʥʦʰʝʥʠʠ 1:1 (ʨʠʩ. 43). 

 



90 
 

ʈʠʩ. 43. ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʩʦʝʜʠʥʝʥʠʷ Gd6Ru2In ʠ ʝʛʦ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ (ʢʨʘʩʥʘʷ), ʪʝʦʨʝʪʠʯʝʩʢʘʷ (ʯʝʨʥʘʷ) ʨʝʥʪʛʝʥʦʛʨʘʤʤʳ ʠ ʠʭ 

ʨʘʟʥʦʩʪʥʘʷ ʢʨʠʚʘʷ (ʩʠʥʷʷ), ʧʦʣʦʩʢʘʤʠ ʟʝʣʝʥʦʛʦ ʮʚʝʪʘ ʦʙʦʟʥʘʯʝʥʳ ʧʦʟʠʮʠʠ ɹʨʵʛʛʘ. 

ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʩʪʨʫʢʪʫʨʝ Gd6Ru2In ʤʝʞʘʪʦʤʥʳʝ ʨʘʩʩʪʦʷʥʠʷ In-Gd ʚ 

ʪʝʪʨʘʛʦʥʘʣʴʥʳʭ ʧʨʠʟʤʘʭ ʤʝʥʴʰʝ ʩʫʤʤʳ ʘʪʦʤʥʳʭ ʨʘʜʠʫʩʦʚ Gd (r = 1.80 ¡) ʠ In (r= 

1.63 Å) ʠ ʣʝʞʘʪ ʚ ʧʨʝʜʝʣʘʭ 3.1468(13) - 3.2119(13) Å. ɺ ʘʥʪʠʧʨʠʟʤʘʭ ʨʘʩʩʪʦʷʥʠʷ 

Ru-Gd ʚʘʨʴʠʨʫʶʪʩʷ ʦʪ 2.7892(19) ʜʦ 3.0227(19) Å, ʯʪʦ ʪʘʢʞʝ ʤʝʥʴʰʝ ʩʫʤʤʳ 

ʘʪʦʤʥʳʭ ʨʘʜʠʫʩʦʚ Gd (r = 1.8 ¡) ʠ Ru (r= 1.34 Å), ʘ ʟʥʘʯʝʥʠʝ 2.7892(19) ʤʝʥʴʰʝ 

ʜʘʞʝ ʩʫʤʤʳ ʢʦʚʘʣʝʥʪʥʳʭ ʨʘʜʠʫʩʦʚ ʘʪʦʤʦʚ Gd (r = 1.61 ¡) ʠ Ru (r= 1.24 Å). 

ʈʘʩʩʪʦʷʥʠʷ Ru-Gd ʚʥʫʪʨʠ ʬʨʘʛʤʝʥʪʦʚ ʪʠʧʘ AlB2 ʣʝʞʘʪ ʚ ʜʠʘʧʘʟʦʥʝ 2.802(3) - 

2.974(2), ʘ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʘʪʦʤʘʤʠ ʨʫʪʝʥʠʷ ʩʦʩʪʘʚʣʷʝʪ 2.478(8) Å, ʯʪʦ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʫʤʤʝ ʢʦʚʘʣʝʥʪʥʳʭ ʨʘʜʠʫʩʦʚ ʘʪʦʤʦʚ Ru, ʦʜʥʘʢʦ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ 

ʘʪʦʤʘʤʠ ʨʫʪʝʥʠʷ ʚ ʩʦʩʝʜʥʠʭ ʘʥʪʠʧʨʠʟʤʘʭ ʧʨʠʥʠʤʘʶʪ ʦʙʳʯʥʳʝ ʟʥʘʯʝʥʠʷ ʙʣʠʟʢʠʝ 

ʢ ʩʫʤʤʝ ʘʪʦʤʥʳʭ ʨʘʜʠʫʩʦʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʘʪʦʤʦʚ (ʪʘʙʣ. 38). ʊʘʢʠʝ 

ʫʢʦʨʦʯʝʥʥʳʝ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʜʚʫʤʷ ʦʜʥʦʠʤʝʥʥʳʤʠ ʧʝʨʝʭʦʜʥʳʤʠ ʤʝʪʘʣʣʘʤʠ 

ʪʦʣʴʢʦ ʚ ʦʜʥʦʤ ʠʟ ʥʘʧʨʘʚʣʝʥʠʡ ʚʩʪʨʝʯʘʣʠʩʴ ʚ ʠʟʦʩʪʨʫʢʪʫʨʥʦʤ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤʫ 

ʩʦʝʜʠʥʝʥʠʶ Dy6Fe1.72In (Fe ï Fe 2.294(1) Å) [62]. 

ʊʘʙʣʠʮʘ 38. ʋʢʦʨʦʯʝʥʥʳʝ ʤʝʞʘʪʦʤʥʳʝ ʨʘʩʩʪʦʷʥʠʷ ʚ ʩʪʨʫʢʪʫʨʝ Gd6Ru2In 

(ʤʦʥʦʢʨʠʩʪʘʣʴʥʳʝ ʜʘʥʥʳʝ). 

ɸʪʦʤ1 ɸʪʦʤ2 d, Å 

Ru1 Ru1 2.478(8) 

 2 Gd2 2.802(3) 

 4 Gd1 2.974(2) 

Ru2 2 Gd3 2.7892(19) 

 4 Gd2 3.0093(19) 

 2 Gd1 3.0227(19) 

In2 4 Gd3 3.1468(13) 

 4 Gd1 3.2119(13) 
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ʇʦ ʜʘʥʥʳʤ ʃʈʉɸ ʦʙʨʘʟʝʮ ʩʦʩʪʘʚʘ Gd68Ru21In11, ʧʦʤʠʤʦ ʦʩʥʦʚʥʦʡ ʬʘʟʳ ï 

ʩʦʝʜʠʥʝʥʠʷ Gd6Ru2In, ʩʦʜʝʨʞʠʪ ʬʘʟʳ ʩʦʩʪʘʚʦʚ Gd72Ru27In ʠ Gd66Ru18In16 (ʨʠʩ. 44). 

ʇʝʨʚʘʷ ʠʟ ʫʧʦʤʷʥʫʪʳʭ ʧʨʠʤʝʩʥʳʭ ʬʘʟ ʷʚʣʷʝʪʩʷ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʪʚʝʨʜʳʤ 

ʨʘʩʪʚʦʨʦʤ ʥʘ ʦʩʥʦʚʝ ʜʚʦʡʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ Gd3Ru, ʘ ʚʪʦʨʫʶ ʧʨʠʤʝʩʥʫʶ ʬʘʟʫ 

ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʢ ʪʨʦʡʥʦʤʫ ʩʦʝʜʠʥʝʥʠʶ Gd4RuIn, ʩʪʨʫʢʪʫʨʘ ʢʦʪʦʨʦʛʦ ʦʙʩʫʞʜʝʥʘ ʚ 

ʦʙʟʦʨʝ ʣʠʪʝʨʘʪʫʨʳ ʜʘʥʥʦʡ ʨʘʙʦʪʳ. ʆʜʥʘʢʦ ʦʪʨʘʞʝʥʠʡ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʧʨʠʤʝʩʥʳʤ ʬʘʟʘʤ, ʥʝ ʦʙʥʘʨʫʞʝʥʦ ʥʘ ʨʝʥʪʛʝʥʦʛʨʘʤʤʝ ʦʙʨʘʟʮʘ Gd68Ru21In11, 

ʚʩʣʝʜʩʪʚʠʝ ʠʭ ʜʦʩʪʘʪʦʯʥʦ ʤʘʣʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʚ ʩʧʣʘʚʝ. 

 

ʈʠʩ. 44. ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʦʙʨʘʟʮʘ Gd68Ru21In11 (ʘʪ. %). 

ʉʦʛʣʘʩʥʦ ʨʝʟʫʣʴʪʘʪʘʤ ɼʉʂ, ʠʥʪʝʨʤʝʪʘʣʣʠʜ Gd6Ru2In ʧʣʘʚʠʪʩʷ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 867 Áʉ (ʨʠʩ. 45). ʇʨʦʚʝʜʝʥʥʳʡ ʈʌɸ ʦʙʨʘʟʮʘ ʧʦʩʣʝ ʧʣʘʚʣʝʥʠʷ 
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ʧʦʢʘʟʘʣ, ʯʪʦ ʬʘʟʦʚʳʡ ʩʦʩʪʘʚ ʥʝ ʤʝʥʷʣʩʷ ʚ ʭʦʜʝ ʪʝʨʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ, ʯʪʦ ʛʦʚʦʨʠʪ 

ʦ ʢʦʥʛʨʫʵʥʪʥʦʤ ʭʘʨʘʢʪʝʨʝ ʧʣʘʚʣʝʥʠʷ ʩʦʝʜʠʥʝʥʠʷ Gd6Ru2In. 

 

ʈʠʩ. 45. ɼʉʂ-ʢʨʠʚʘʷ ʦʙʨʘʟʮʘ ʩʦʩʪʘʚʘ Gd68Ru21In11. 

ɼʣʷ ʦʙʨʘʟʮʘ Gd68Ru21In11, ʩʦʜʝʨʞʘʱʝʛʦ ʩʦʝʜʠʥʝʥʠʝ Gd6Ru2In, ʚʳʧʦʣʥʝʥʳ 

ʠʟʤʝʨʝʥʠʷ ʧʦʣʝʚʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʚ ʧʦʣʷʭ ʜʦ 50 ʢʕ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 2 ʂ, ʘ ʪʘʢʞʝ ʧʦʣʫʯʝʥʳ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ 

ʠ ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʚ ʜʠʘʧʘʟʦʥʝ 2-370 ʂ ʚ ʨʝʞʠʤʘʭ ʙʝʟ ʤʘʛʥʠʪʥʦʛʦ 

ʧʦʣʷ (ZFC) ʠ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ 100 ʕ (FC). 

ɿʘʚʠʩʠʤʦʩʪʴ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ (M) ʦʪ ʧʨʠʣʦʞʝʥʥʦʛʦ ʧʦʣʷ (H) ʧʨʠ ʊ = 2 ʂ 

ʠʤʝʝʪ ʚʠʜ ʧʝʪʣʠ ʛʠʩʪʝʨʝʟʠʩʘ ʭʘʨʘʢʪʝʨʥʦʡ ʜʣʷ ʬʝʨʨʦʤʘʛʥʝʪʠʢʦʚ (ʨʠʩ. 46). ɺ ʧʦʣʷʭ 

50 ʢʕ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ ʚʳʭʦʜʠʪ ʥʘ ʥʘʩʳʱʝʥʠʝ ʠ ʧʨʠʤʝʨʥʦ ʨʘʚʥʘ 4.6 µB/Gd. 

ʂʦʵʨʮʠʪʠʚʥʘʷ ʩʠʣʘ (Hc) ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 110 ʕ (ʚʩʪʘʚʢʘ ʩʧʨʘʚʘ ʩʥʠʟʫ). 
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ʈʠʩ. 46. ʇʝʪʣʷ ʤʘʛʥʠʪʥʦʛʦ ʛʠʩʪʝʨʝʟʠʩʘ ʜʣʷ Gd6Ru2In. 

ʊʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʚ ʧʦʣʝ 100 ʕ (FC) ʦʙʨʘʪʥʦ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʪʝʤʧʝʨʘʪʫʨʝ ʚʦ ʚʩʝʤ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʜʠʘʧʘʟʦʥʝ. 

ʅʘʤʘʛʥʠʯʝʥʥʦʩʪʴ ʚ ʥʫʣʝʚʦʤ ʧʦʣʝ (ZFC) ʥʝʤʦʥʦʪʦʥʥʘ ʠ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʤʘʢʩʠʤʫʤ 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 13 ʂ. ʈʘʩʭʦʜʠʤʦʩʪʴ ʤʝʞʜʫ ʟʥʘʯʝʥʠʷʤʠ M ʚ ʨʝʞʠʤʘʭ FC ʠ ZFC 

ʧʦʷʚʣʷʝʪʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʥʠʞʝ Tc = 20 ʂ, ʧʨʠʯʠʥʦʡ ʢʦʪʦʨʦʡ ʤʦʞʝʪ ʙʳʪʴ 

ʧʝʨʝʭʦʜ ʩʦʝʜʠʥʝʥʠʷ Gd6Ru2In ʚ ʤʘʛʥʠʪʦʫʧʦʨʷʜʦʯʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ. ɿʘʚʠʩʠʤʦʩʪʴ 

ʦʙʨʘʪʥʦʡ ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ 

ʦʙʣʘʩʪʠ ʤʦʞʥʦ ʘʧʧʨʦʢʩʠʤʠʨʦʚʘʪʴ ʟʘʢʦʥʦʤ ʂʶʨʠ-ɺʝʡʩʘ ʩ ʧʘʨʘʤʘʛʥʠʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʦʡ ʂʶʨʠ ⱥ = 60 ʂ (ʨʠʩ. 47). ʈʘʩʩʯʠʪʘʥʥʦʝ ʟʥʘʯʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʛʦ 

ʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ ʠʟ ʜʘʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ Õeff = 9.9 µB/Gd ʥʝʩʢʦʣʴʢʦ ʙʦʣʴʰʝ 

ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʟʥʘʯʝʥʠʷ ʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ ʜʣʷ ʠʦʥʘ Gd3+ (7.9 µB). ʇʦʷʚʣʝʥʠʝ 

ʥʝʙʦʣʴʰʦʛʦ ʤʘʢʩʠʤʫʤʘ ʥʘ ʛʨʘʬʠʢʝ ʦʙʨʘʪʥʦʡ ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʧʨʠ 
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ʪʝʤʧʝʨʘʪʫʨʝ ʦʢʦʣʦ 100 ʂ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʢ ʥʘʣʠʯʠʶ ʧʨʠʤʝʩʝʡ ʚ ʦʙʨʘʟʮʝ 

Gd68Ru21In11, ʘ ʠʤʝʥʥʦ ʜʚʦʡʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ Gd3Ru (ʨʠʩ. 44). 

 

ʈʠʩ. 47. ʊʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʠ ʦʙʨʘʪʥʦʡ ʤʘʛʥʠʪʥʦʡ 

ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʜʣʷ Gd6Ru2In. 
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4.5 ʉʦʝʜʠʥʝʥʠʷ R10RuIn 3 ʠ R10RuAl 3 

ʇʨʠ ʧʦʜʛʦʪʦʚʢʝ ʜʘʥʥʦʡ ʛʣʘʚʳ ʜʠʩʩʝʨʪʘʮʠʠ ʠʩʧʦʣʴʟʦʚʘʥʘ ʩʪʘʪʴʷ ʘʚʪʦʨʘ: 

Sedelnikov D., Kurenbaeva Zh., Murashova E. Intermetallic compounds 

RE10RuAl3 (RE = Gd, Tb, Dy, Ho, Er, Tm): Synthesis, crystal structure and thermal 

properties // J. Solid State Chem. ð 2023. ðV. 328. ð P. 124366. 

ɺ ʨʘʤʢʘʭ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʝʜʠʥʝʥʠʷ Gd6Ru2In ʧʨʦʚʝʜʝʥ ʩʠʥʪʝʟ ʩʧʣʘʚʦʚ 

ʩʦʩʪʘʚʘ R67Ru22In11 (ʘʪ. %) ʩ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʩʦʝʜʠʥʝʥʠʡ R6Ru2In ʜʣʷ ʜʨʫʛʠʭ 

ʈɿʕ, ʧʦʤʠʤʦ ʛʘʜʦʣʠʥʠʷ. ʆʜʥʘʢʦ ʧʦ ʩʦʚʦʢʫʧʥʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ ʃʈʉɸ ʠ ʈʌɸ ʜʣʷ 

ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʩʧʣʘʚʦʚ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʦʝʜʠʥʝʥʠʝ R6Ru2In ʩʦ ʩʪʨʫʢʪʫʨʥʳʤ 

ʪʠʧʦʤ Ho6Co2Ga ʥʝ ʦʙʨʘʟʫʝʪʩʷ ʜʣʷ R = Pr, Nd, Sm, Tb, Dy, Ho, Er, Tm, Lu. ʇʨʠ 

ʵʪʦʤ ʚ ʩʧʣʘʚʘʭ Ho67Ru22In11, Er67Ru22In11 ʠ Lu67Ru22In11 ʧʦ ʜʘʥʥʳʤ ʃʈʉɸ 

ʦʙʥʘʨʫʞʝʥʳ ʬʘʟʳ, ʩʦʩʪʘʚʳ ʢʦʪʦʨʳʭ ʨʘʥʝʝ ʥʝ ʚʩʪʨʝʯʘʣʠʩʴ ʚ ʭʦʜʝ ʨʘʙʦʪʳ: 

Ho70Ru15In15, Er71Ru15In14 ʠ Lu71Ru15In14. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ 

ʩʪʨʫʢʪʫʨʳ ʩʦʝʜʠʥʝʥʠʡ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʫʢʘʟʘʥʥʳʤ ʥʝʠʟʚʝʩʪʥʳʤ ʬʘʟʘʤ, ʙʳʣʠ 

ʦʪʦʙʨʘʥʳ ʤʦʥʦʢʨʠʩʪʘʣʣʳ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʈʉɸ. ɺʩʝ ʚʳʙʨʘʥʥʳʝ ʤʦʥʦʢʨʠʩʪʘʣʣʳ 

ʦʢʘʟʘʣʠʩʴ ʥʝʚʳʩʦʢʦʛʦ ʢʘʯʝʩʪʚʘ, ʧʦʵʪʦʤʫ ʦʧʨʝʜʝʣʠʪʴ ʩʪʨʫʢʪʫʨʫ ʩʦʝʜʠʥʝʥʠʡ ʥʝ 

ʫʜʘʚʘʣʦʩʴ. ɺ ʭʦʜʝ ʘʥʘʣʠʟʘ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʚ ʦʙʣʘʩʪʠ ʩ 

ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʈɿʕ ʠʟʚʝʩʪʥ rʪʨʦʡʥʳʝ ʘʣʶʤʠʥʠʜ rʈɿʕ ʠ ʧʝʨʝʭʦʜʥʳʭ 

ʤʝʪʘʣʣʦʚ (R10TAl3), ʢʦʪʦʨʳʝ ʧʨʠʥʘʜʣʝʞʘʪ ʢ ʩʪʨʫʢʪʫʨʥʦʤʫ ʪʠʧʫ ʘʥʪʠ-Co2Al5 [126-

129]. ɺ ʩʚʷʟʠ ʩ ʯʝʤ ʙʳʣʦ ʨʝʰʝʥʦ ʧʨʦʚʝʩʪʠ ʩʠʥʪʝʟ ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʚ R10RuAl3 (R = 

Gd, Tb, Dy, Ho, Er, Tm). ʎʝʣʴ ʵʢʩʧʝʨʠʤʝʥʪʘ ʙʳʣʘ ʜʦʩʪʠʛʥʫʪʘ ʚ ʧʦʣʥʦʤ ʦʙʲʝʤʝ, ʚʦ 

ʚʩʝʭ ʰʝʩʪʠ ʦʙʨʘʟʮʘʭ ʦʙʥʘʨʫʞʝʥʘ ʬʘʟʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʩʦʝʜʠʥʝʥʠʶ R10RuAl3. 

ʉʪʨʫʢʪʫʨʘ ʩʦʝʜʠʥʝʥʠʡ ʫʩʪʘʥʦʚʣʝʥʘ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʈʉɸ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ, 

ʦʪʦʙʨʘʥʥʳʭ ʠʟ ʦʙʨʘʟʮʦʚ ʩ R = Dy, Ho, Tm (ʪʘʙʣ. 39-41). 

ʊʘʙʣʠʮʘ 39. ʂʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʠ ʦʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ʫʪʦʯʥʝʥʠʷ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ Dy10RuAl3, Ho9.93RuAl3.07, ʠ Tm10RuAl3 

(ʤʦʥʦʢʨʠʩʪʘʣʴʥʳʝ ʜʘʥʥʳʝ). 

ʌʦʨʤʫʣʘ ʩʦʝʜʠʥʝʥʠʷ Dy10RuAl3 Ho9.93RuAl3.07 Tm10RuAl3 

ʄʦʣʝʢʫʣʷʨʥʘʷ ʤʘʩʩʘ 1807.01 1822.34 1871.31 

ʉʠʥʛʦʥʠʷ ɻʝʢʩʘʛʦʥʘʣʴʥʘʷ 

https://istina.msu.ru/publications/article/599589889/
https://istina.msu.ru/publications/article/599589889/
https://istina.msu.ru/publications/article/599589889/
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ʀʟʣʫʯʝʥʠʝ MoKŬ, 0.71073 

a (Å) 9.4767(3) 9.4123(4) 9.3573(4) 

c (Å) 9.5586(4) 9.5056(4) 9.4135(4) 

V(Å3) 743.43(6) 729.29(7) 713.81(7) 

ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ 

ʛʨʫʧʧʘ 
P63/mmc 

ʉʪʨʫʢʪʫʨʥʳʡ ʪʠʧ ʘʥʪʠ-Co2Al 5 

Z 2 

Dʨʘʩʩʯ. (ʛ/ʩʤ3) 8.072 8.299 8.706 

ɛ (ʤʤ-1) 50.664 54.320 62.573 

F(000) 1486 1499 1546 

ʈʘʟʤʝʨ ʢʨʠʩʪʘʣʣʘ, 

ʤʤ 
0.08 x 0.08 x 0.08 0.08 x 0.08 x 0.08 0.2 x 0.14 x 0.08 

ɗmin-ɗmax (
o) 2.482, 28.723 2.499, 32.030 2.513, 33.262 

ɼʠʘʧʘʟʦʥ hkl 

-12ÒhÒ12 

-12ÒkÒ12 

-12ÒlÒ12 

-14ÒhÒ14 

-14ÒkÒ14 

-14ÒlÒ14 

-14ÒhÒ14 

-14ÒkÒ14 

-14ÒlÒ14 

ʂʦʨʨʝʢʮʠʷ 

ʧʦʛʣʦʱʝʥʠʷ 
ʧʦʣʫʵʤʧʠʨʠʯʝʩʢʘʷ ʠʟ ʵʢʚʠʚʘʣʝʥʪʦʚ 

Max, min 

ʧʨʦʧʫʩʢʘʥʠʝ 
0.0375, 0.0049 0.0359, 0.0047 0.0359, 0.0063 

ʄʝʪʦʜ ʫʪʦʯʥʝʥʠʷ ʧʦʣʥʦʤʘʪʨʠʯʥʳʡ ʄʅʂ ʧʦ F2 

ʉʦʙʨʘʥʦ ʦʪʨʘʞʝʥʠʡ 13370 15952 23282 

ʅʝʟʘʚʠʩʠʤʳʭ 

ʦʪʨʘʞʝʥʠʡ 
402 519 559 

ʩ I>2ů(I), Rint 386, 0.0589 512, 0.0543 558, 0.0532 

ʂʦʣʠʯʝʩʪʚʦ 

ʫʪʦʯʥʷʝʤʳʭ 

ʧʘʨʘʤʝʪʨʦʚ 

19 20 24 

GoF 1.333 1.439 1.363 

R1, wR2 

[I>2sigma(I)] 
0.0295, 0.0660 0.0360, 0.0660 0.0295, 0.0711 

R1, wR2 (ʚʩʝ 

ʦʪʨʘʞʝʥʠʷ) 
0.0312, 0.0668 0.0365, 0.0662 0.0295, 0.0711 

ȹɟmax - ȹɟmin, eĀÅ
-3 1.238, -1.670 2.026, -2.223 2.068, -1.834 

ʊʘʙʣʠʮʘ 40. ʂʦʦʨʜʠʥʘʪʳ ʘʪʦʤʦʚ ʠ ʵʢʚʠʚʘʣʝʥʪʥʳʝ ʠʟʦʪʨʦʧʥʳʝ ʧʘʨʘʤʝʪʨʳ 

ʘʪʦʤʥʦʛʦ ʩʤʝʱʝʥʠʷ Ueq ʚ ʩʪʨʫʢʪʫʨʘʭ Dy10RuAl3, Ho9.93RuAl3.07, ʠ Tm10RuAl3 

(ʤʦʥʦʢʨʠʩʪʘʣʴʥʳʝ ʜʘʥʥʳʝ). 

ɸʪʦʤ  
ʇʦʟʠʮʠʷ 

ʋʘʡʢʦʚʘ 
x y z Ueq, Å

2 

Dy10RuAl3 
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Dy1 12k 0.2071(1) 0.4142(2) 0.0584(1) 0.018(1) 

Dy2 6h 0.5404(1) 0.0808(2) 1/4 0.019(1) 

Dy3 2a 0 0 0 0.022(1) 

Ru1 2c 1/3 2/3 1/4 0.018(1) 

Al1 6h 0.8893(4) 0.7786(8) 1/4 0.021(1) 

Ho9.93RuAl3.07 

Ho1 12k 0.2070(1) 0.4140(2) 0.0582(1) 0.016(1) 

Ho2 6h 0.5404(1) 0.0808(2) 1/4 0.017(1) 

Ho3* 2a 0 0 0 0.017(1) 

Al3*  2a 0 0 0 0.017(1) 

Ru1 2c 1/3 2/3 1/4 0.016(1) 

Al1 6h 0.8896(4) 0.7792(8) 1/4 0.020(1) 

Tm10RuAl3 

Tm1 12k 0.2073(1) 0.4146(2) 0.0577(1) 
0.017(1) 

 

Tm2 6h 0.5401(1) 0.0802(2) 1/4 
0.019(1) 

 

Tm3* 2a 0 0 0 0.018(1) 

Tm3B* 4e 0 0 0.057(3) 0.021(5) 

Ru1 2ʩ 1/3 2/3 1/4 0.017(1) 

Al1 6h 0.8883(3) 0.7766(6) 1/4 0.021(1) 

* ɿʘʩʝʣʝʥʥʦʩʪʴ ʧʦʟʠʮʠʡ ʘʪʦʤʘʤʠ: 

Ho3 ʩʦʩʪʘʚʣʷʝʪ 0.93(1), Al3 ʩʦʩʪʘʚʣʷʝʪ 0.07(1), Tm3 ʩʦʩʪʘʚʣʷʝʪ 0.912(1), Tm3B 

ʩʦʩʪʘʚʣʷʝʪ 0.0438(1). 

ʊʘʙʣʠʮʘ 41. ʆʩʥʦʚʥʳʝ ʤʝʞʘʪʦʤʥʳʝ ʨʘʩʩʪʦʷʥʠʷ ʚ ʩʪʨʫʢʪʫʨʘʭ Dy10RuAl3, 

Ho9.93RuAl3.07, ʠ Tm10RuAl3 (ʤʦʥʦʢʨʠʩʪʘʣʴʥʳʝ ʜʘʥʥʳʝ). 

ɸʪʦʤ1 ɸʪʦʤ2 
Dy10RuAl3  

d, Å 

Ho9.93RuAl3.07 

d, Å 

Tm10RuAl3 

d, Å 
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R1 1 Ru1 2.7655(6) 2.7508(6) 2.7295(5) 

 1 Al1 3.345(3) 3.326(3) 3.285(3) 

 1 R3 3.4448(6) 3.4195(6) 3.4035(5) 

 2 Al1 3.4691(6) 3.4464(6) 3.4296(5) 

 2 R2 3.4867(7) 3.4657(7) 3.4404(5) 

 2 R1 3.5779(7) 3.5511(7) 3.5309(5) 

 2 R1 3.5889(11) 3.5675(10) 3.5377(8) 

 2 R2 3.6034(6) 3.5806(10) 3.5464(1) 

 1 R1 3.6630(2) 3.6468(2) 3.6213(2) 

R2 2 Al1 3.174(5) 3.156(5) 3.1215(1) 

 1 Ru1 3.3988(9) 3.3760(9) 3.3514(7) 

 4 R1 3.4867(7) 3.4657(7) 3.4404(5) 

 2 R2 3.5898(16) 3.5649(15) 3.5526(12) 

 4 R1 3.6034(6) 3.5806(10) 3.5464(1) 

R3 6 Al1 3.002(4) 2.981(4) 2.969(3) 

 6 R1 3.4448(6) 3.4195(6) 3.4035(5) 

Ru1 6 R1 2.7655(6) 2.7508(6) 2.7295(5) 

 3 R2  3.3988(9) 3.3760(9) 3.3514(7) 

Al1 2 R3 3.002(4) 2.981(4) 2.969(3) 

 2 Al1  3.1486(1) 3.1180(1) 3.1352(1) 

 2 R2 3.174(5) 3.156(5) 3.1215(1) 

 2 R1  3.345(3) 3.326(3) 3.285(3) 

ʇʦ ʧʦʣʫʯʝʥʥʦʡ ʩʪʨʫʢʪʫʨʥʦʡ ʤʦʜʝʣʠ ʧʨʦʚʝʜʝʥʦ ʫʪʦʯʥʝʥʠʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ 

ʩʪʨʫʢʪʫʨ ʧʦ ʤʝʪʦʜʫ ʈʠʪʚʝʣʴʜʘ ʜʣʷ ʦʩʪʘʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ R10RuAl3 ʩ R = Gd, Tb, 

Er (ʨʠʩ. ʇ7, ʪʘʙʣ. ʇ4), ʘ ʪʘʢʞʝ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʬʘʟʳ ʩʦʩʪʘʚʦʚ Ho70Ru15In15, 

Er71Ru15In14 ʠ Lu71Ru15In14 ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʦʝʜʠʥʝʥʠʷ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ 

ʦʧʠʩʘʪʴ ʦʙʱʝʡ ʬʦʨʤʫʣʦʡ R10Ru1+xIn3-x. ʀʥʪʝʨʤʝʪʘʣʣʠʜʳ ʢʨʠʩʪʘʣʣʠʟʫʶʪʩʷ ʚ 

ʛʝʢʩʘʛʦʥʘʣʴʥʦʡ ʷʯʝʡʢʝ ʩ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʦʡ P63/mmc ʠ ʧʨʠʥʘʜʣʝʞʘʪ ʢ 

ʩʪʨʫʢʪʫʨʥʦʤʫ ʪʠʧʫ ʘʥʪʠ-Co2Al 5. ʈʝʟʫʣʴʪʘʪʳ ʫʪʦʯʥʝʥʠʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ 
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ʩʪʨʫʢʪʫʨ ʩʦʝʜʠʥʝʥʠʡ R10Ru1+xIn3-x (R = Ho, Er, Lu) ʧʦ ʤʝʪʦʜʫ ʈʠʪʚʝʣʴʜʘ ʠ 

ʦʩʥʦʚʥʳʝ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ. 42, 43, ʇ5 ʠ ʥʘ ʨʠʩ. 

48, ʇ8. 

ʊʘʙʣʠʮʘ 42. ʂʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʠ ʦʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ʫʪʦʯʥʝʥʠʷ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ Er10Ru1+xIn3-x (x = 1.10(1)) ʧʦ ʜʘʥʥʳʤ ʧʦʨʦʰʢʦʚʦʡ 

ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʜʠʬʨʘʢʮʠʠ. 

ʌʦʨʤʫʣʘ ʩʦʝʜʠʥʝʥʠʷ Er10Ru2.1In1.9 

ʉʦʜʝʨʞʘʥʠʝ ʦʩʥʦʚʥʦʡ ʬʘʟʳ, ʤʘʩʩ. % 92* 

ʉʠʥʛʦʥʠʷ ɻʝʢʩʘʛʦʥʘʣʴʥʘʷ 

ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʛʨʫʧʧʘ P63/mmc 

Z 2 

ʇʘʨʘʤʝʪʨʳ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ a, Å 9.4385(10) 

c, Å 9.2798(10) 

V, Å3 715.94(13) 

Dʨʘʩʩʯ. , ʛ/ʩʤ3 9.688 

2ɗ, (o) 5-90.09 

ʂʦʣʠʯʝʩʪʚʦ ʦʪʨʘʞʝʥʠʡ 154 

ʂʦʣʠʯʝʩʪʚʦ ʫʪʦʯʥʷʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ 38 

ʇʘʨʘʤʝʪʨʳ ʧʦʣʫʰʠʨʠʥʳ, U 0.43(7) 

V -0.13(6) 

W 0.051(11) 

RP/Rwp 0.102/0.136 

Rexp 0.032 

ɢ2 12.3 

RB/RF 0.104/0.107 

*8 ʤʘʩʩ. % Er26(RuxIn1ïx)17 x = 0.47 

ʊʘʙʣʠʮʘ 43. ʂʦʦʨʜʠʥʘʪʳ ʘʪʦʤʦʚ ʚ ʩʪʨʫʢʪʫʨʝ Er10Ru1+xIn3-x (x = 1.10(1)) ʧʦ ʜʘʥʥʳʤ 

ʧʦʨʦʰʢʦʚʦʡ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʜʠʬʨʘʢʮʠʠ. 

ɸʪʦʤ  
ʇʦʟʠʮʠʷ 

ʋʘʡʢʦʚʘ 
x y z 

Er1 12k 0.2050(5) 0.4100(9) 0.0588(3) 

Er2 6h 0.5408(7) 0.0816(14) 1/4 

Er3 2a 0 0 0 

Ru1 2c 1/3 2/3 1/4 

In1* 6h 0.8776(8) 0.7552(16) 1/4 

Ru1B* 6h 0.8776(8) 0.7552(16) 1/4 

* ɿʘʩʝʣʝʥʥʦʩʪʴ ʧʦʟʠʮʠʡ ʘʪʦʤʘʤʠ: 
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In1 ʩʦʩʪʘʚʣʷʝʪ 0.66(1), Ru1B ʩʦʩʪʘʚʣʷʝʪ 0.34(1). 

ʂʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ ʩʦʝʜʠʥʝʥʠʡ R10Ru1+xIn3-x ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ 

ʚʠʜʝ ʜʚʫʭ ʪʠʧʦʚ ʯʝʨʝʜʫʶʱʠʭʩʷ ʢʦʣʦʥʥ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʚʜʦʣʴ ʧʘʨʘʤʝʪʨʘ c 

ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ. ʇʝʨʚʳʡ ʪʠʧ ʢʦʣʦʥʥ ʩʦʩʪʦʠʪ ʠʟ ʪʨʠʛʦʥʘʣʴʥʳʭ ʧʨʠʟʤ, 

ʦʙʨʘʟʦʚʘʥʥʳʭ ʘʪʦʤʘʤʠ ʈɿʕ ʠ ʮʝʥʪʨʠʨʦʚʘʥʥʳʭ ʘʪʦʤʘʤʠ ʨʫʪʝʥʠʷ, ʘ ʪʘʢʞʝ ʧʫʩʪʳʭ 

ʦʢʪʘʵʜʨʦʚ ʩʦʩʪʘʚʣʝʥʥʳʭ ʠʟ ʘʪʦʤʦʚ ʈɿʕ. ɺʩʝ ʪʨʠʛʦʥʘʣʴʥʳʝ ʧʨʠʟʤʳ ʨʘʟʜʝʣʝʥʳ 

ʤʝʞʜʫ ʩʦʙʦʡ ʜʚʫʤʷ ʦʢʪʘʵʜʨʘʤʠ. ɼʨʫʛʦʡ ʪʠʧ ʢʦʣʦʥʥ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʠʢʦʩʘʵʜʨʳ, ʩʦʩʪʦʷʱʠʝ ʠʟ ʘʪʦʤʦʚ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʨʫʪʝʥʠʷ ʠ ʠʥʜʠʷ, 

ʮʝʥʪʨʠʨʦʚʘʥʥʳʝ ʘʪʦʤʘʤʠ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʥʘ ʨʝʙʨʘʭ 

ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ. ʊʨʝʫʛʦʣʴʥʳʝ ʛʨʘʥʠ, ʧʦ ʢʦʪʦʨʳʤ ʩʦʝʜʠʥʷʶʪʩʷ ʠʢʦʩʘʵʜʨʳ, 

ʦʙʨʘʟʦʚʘʥʳ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʠʟ ʘʪʦʤʦʚ ʨʫʪʝʥʠʷ ʠ ʠʥʜʠʷ, ʢʦʪʦʨʳʝ ʟʘʥʠʤʘʶʪ 

ʫʢʘʟʘʥʥʫʶ ʧʦʟʠʮʠʶ ʚ ʦʪʥʦʰʝʥʠʠ 1:2, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʨʠʩ. 48). 

 

ʈʠʩ. 48. ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʩʦʝʜʠʥʝʥʠʷ Er10Ru1+xIn3-x (x = 1.1) ʠ ʝʛʦ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ (ʢʨʘʩʥʘʷ), ʪʝʦʨʝʪʠʯʝʩʢʘʷ (ʯʝʨʥʘʷ) ʨʝʥʪʛʝʥʦʛʨʘʤʤʳ ʠ ʠʭ 

ʨʘʟʥʦʩʪʥʘʷ ʢʨʠʚʘʷ (ʩʠʥʷʷ), ʧʦʣʦʩʢʘʤʠ ʟʝʣʝʥʦʛʦ ʮʚʝʪʘ ʦʙʦʟʥʘʯʝʥʳ ʧʦʟʠʮʠʠ ɹʨʵʛʛʘ: 

1 ï Er10Ru1+xIn3-x (x = 1.1), 2 ï ʩʦʝʜʠʥʝʥʠʝ Er26(RuxIn1-x)17 (x = 0.47). 

ʉʦʚʤʝʩʪʥʘʷ ʟʘʩʝʣʝʥʥʦʩʪʴ ʘʪʦʤʘʤʠ ʨʫʪʝʥʠʷ ʠ ʠʥʜʠʷ ʦʜʥʦʡ ʠʟ ʧʦʟʠʮʠʡ ʚ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʝ, ʧʦʤʠʤʦ ʨʝʟʫʣʴʪʘʪʦʚ ʫʪʦʯʥʝʥʠʷ ʧʦ ʤʝʪʦʜʫ ʈʠʪʚʝʣʴʜʘ, 












































































































