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1.ɺʚʝʜʝʥʠʝ 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ ʠʩʩʣʝʜʦʚʘʥʠʷ.  

ʊʨʦʡʥʳʝ ʠʥʪʝʨʤʝʪʘʣʣʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ ʚ ʩʠʩʪʝʤʘʭ R (ʨʝʜʢʦʟʝʤʝʣʴʥʳʡ ʤʝʪʘʣʣ) 

ï T (ʧʝʨʝʭʦʜʥʳʡ ʤʝʪʘʣʣ) ï p-ʵʣʝʤʝʥʪ ʧʨʠʚʣʝʢʘʶʪ ʙʦʣʴʰʦʝ ʚʥʠʤʘʥʠʝ ʧʦʩʣʝʜʥʠʝ 

ʜʝʩʷʪʠʣʝʪʠʷ ʢʘʢ ʤʘʛʥʠʪʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʧʨʠʤʝʥʷʝʤʳʝ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ ʥʘʫʢʠ ʠ 

ʪʝʭʥʠʢʠ [1-3]. ʍʦʨʦʰʦ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʬʘʟʳ ʚ ʜʘʥʥʳʭ ʩʠʩʪʝʤʘʭ ʤʦʛʫʪ ʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ 

ʨʘʟʣʠʯʥʳʝ ʚʠʜʳ ʤʘʛʥʠʪʥʦʛʦ ʫʧʦʨʷʜʦʯʝʥʠʷ [4-6], ʩʦʩʪʦʷʥʠʝ ʩʧʠʥʦʚʦʛʦ ʩʪʝʢʣʘ [7-10], 

ʂʦʥʜʦ ʵʬʬʝʢʪ [11], ʬʣʫʢʪʫʘʮʠʠ ʚʘʣʝʥʪʥʦʩʪʠ [12, 13], ʵʬʬʝʢʪ ʛʠʛʘʥʪʩʢʦʛʦ 

ʤʘʛʥʝʪʦʩʦʧʨʦʪʠʚʣʝʥʠʷ [14, 15], ʤʘʛʥʝʪʦʢʘʣʦʨʠʯʝʩʢʠʡ ʵʬʬʝʢʪ [16-18], ʘ ʪʘʢʞʝ 

ʩʚʝʨʭʧʨʦʚʦʜʠʤʦʩʪʴ [19-22]. ʊʘʢʦʝ ʙʦʣʴʰʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʜʝʤʦʥʩʪʨʠʨʫʝʤʳʭ ʬʠʟʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ ʤʦʪʠʚʠʨʫʝʪ ʥʘ ʧʦʠʩʢʠ ʠ ʜʠʟʘʡʥ ʥʦʚʳʭ ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʚ ʩ ʟʘʜʘʥʥʦʡ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʦʡ, ʢʦʪʦʨʘʷ ʤʦʛʣʘ ʙʳ ʦʙʝʩʧʝʯʠʪʴ ʦʧʨʝʜʝʣʝʥʥʳʝ ʵʣʝʢʪʨʦʥʥʳʝ 

ʠ ʤʘʛʥʠʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ.   

ʊʘʢ ʢʘʢ ʚʦ ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ ʠʤʝʥʥʦ ʩʦʯʝʪʘʥʠʝ ʣʦʢʘʣʠʟʦʚʘʥʥʳʭ ʤʘʛʥʠʪʥʳʭ 

ʤʦʤʝʥʪʦʚ ʦʪ 4f-ʵʣʝʢʪʨʦʥʦʚ ʘʪʦʤʦʚ R [23-25] ʩ ʟʦʥʥʳʤ ʤʘʛʥʝʪʠʟʤʦʤ, ʩʦʟʜʘʚʘʝʤʳʤ 

ʧʝʨʝʭʦʜʥʳʤ ʤʝʪʘʣʣʦʤ T, ʧʨʠʚʦʜʠʪ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʥʝʪʨʠʚʠʘʣʴʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ 

ʧʦʚʝʜʝʥʠʷ, ʪʦ ʠʟʫʯʝʥʠʝ ʩʦʩʫʱʝʩʪʚʦʚʘʥʠʷ ʠ ʚʣʠʷʥʠʷ ʜʨʫʛ ʥʘ ʜʨʫʛʘ ʜʚʫʭ ʤʘʛʥʠʪʥʳʭ 

ʧʦʜʩʠʩʪʝʤ (R ʠ T) ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ ʚ ʜʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʷʭ.  

ʌʘʟʳ, ʧʨʦʠʟʚʦʜʥʳʝ ʦʪ ʢʫʙʠʯʝʩʢʦʡ RGa3 (ʩʪʨʫʢʪʫʨʥʳʡ ʪʠʧ AuCu3) ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʩʦʙʦʡ ʫʥʠʢʘʣʴʥʫʶ ʚʦʟʤʦʞʥʦʩʪʴ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʝ ʧʝʨʝʭʦʜʥʦʛʦ ʤʝʪʘʣʣʘ (T) ʢʘʢ 

ʥʘ ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ, ʪʘʢ ʠ ʥʘ ʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʚ. ʊʘʢ, 

ʪʝʪʨʘʛʦʥʘʣʴʥʳʝ ʬʘʟʳ, ʧʨʠʥʘʜʣʝʞʘʱʠʝ ʩʪʨʫʢʪʫʨʥʳʤ ʪʠʧʘʤ HoCoGa5 ʠ Ho2CoGa8, ʤʦʛʫʪ 

ʧʨʦʷʚʣʷʪʴ ʢʘʢ ʩʚʝʨʭʧʨʦʚʦʜʷʱʠʝ ʩʚʦʡʩʪʚʘ [26-28], ʪʘʢ ʠ ʤʘʛʥʠʪʥʦʝ ʫʧʦʨʷʜʦʯʝʥʠʝ [29-32]. 

ʊʝʤ ʥʝ ʤʝʥʝʝ, ʚ ʜʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʷʭ ʦʩʦʙʝʥʥʦʩʪʠ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ, ʛʣʘʚʥʳʤ 

ʦʙʨʘʟʦʤ, ʟʘʚʠʩʷʪ ʦʪ ʧʨʠʨʦʜʳ ʨʝʜʢʦʟʝʤʝʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ, ʘ ʘʪʦʤʳ ʧʝʨʝʭʦʜʥʦʛʦ ʤʝʪʘʣʣʘ 

ʟʥʘʯʠʤʦʡ ʨʦʣʠ ʥʝ ʠʛʨʘʶʪ.  

ɺ ʢʫʙʠʯʝʩʢʠʭ ʬʘʟʘʭ ʚʥʝʜʨʝʥʠʷ ʦʙʱʝʛʦ ʩʦʩʪʘʚʘ RTŭGa3, ʥʘʦʙʦʨʦʪ, ʤʘʛʥʠʪʥʦʝ 

ʧʦʚʝʜʝʥʠʝ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʟʘʚʠʩʠʪ ʦʪ ʢʦʥʢʨʝʪʥʦʛʦ ʛʦʩʪʝʚʦʛʦ ʘʪʦʤʘ T, ʧʨʠ ʵʪʦʤ 

ʩʦʜʝʨʞʘʥʠʝ ʚʥʝʜʨʝʥʥʦʛʦ ʧʝʨʝʭʦʜʥʦʛʦ ʤʝʪʘʣʣʘ T (ŭ) ʤʦʞʝʪ ʚʘʨʴʠʨʦʚʘʪʴʩʷ ʚ ʰʠʨʦʢʦʤ 

ʜʠʘʧʘʟʦʥʝ ʚʧʣʦʪʴ ʜʦ ŭ = 0.5. ʊʘʢ ʩʦʝʜʠʥʝʥʠʷ ʩ T = Pt (Er4PtGa12 ʠ Ho4PtGa12 

ʩʪʨʫʢʪʫʨʥʦʛʦ ʪʠʧʘ Y4PdGa12) ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʤʘʛʥʝʪʦʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚ 
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220% ʠ 900% ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ [33]. ʌʘʟʳ ʩ 3d-ʤʝʪʘʣʣʘʤʠ (Fe, Co) ʚ ʦʩʥʦʚʥʦʤ ʷʚʣʷʶʪʩʷ 

ʘʥʪʠʬʝʨʨʦʤʘʛʥʝʪʠʢʘʤʠ [34, 35], ʪʦʛʜʘ ʢʘʢ ʬʝʨʨʦ- ʠ ʬʝʨʨʠʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʙʳʣʠ 

ʦʙʥʘʨʫʞʝʥʳ ʜʣʷ ʥʝʢʦʪʦʨʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩ Cr ʠ Mn. R4CrGa12 (R = Tb, Dy) 

ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʬʝʨʨʠʤʘʛʥʠʪʥʦʝ ʧʦʚʝʜʝʥʠʝ ʩ ʪʝʤʧʝʨʘʪʫʨʘʤʠ ʤʘʛʥʠʪʥʦʛʦ ʫʧʦʨʷʜʦʯʝʥʠʷ 

ʧʦʨʷʜʢʘ 20 ʂ [36], Y4Mn1-xGa12 ʧʨʦʷʚʣʷʝʪ ʬʝʨʨʦʤʘʛʥʝʪʠʟʤ (TC = 155 K) [37], ʢʦʪʦʨʳʡ 

ʦʙʫʩʣʦʚʣʝʥ ʬʝʨʨʦʤʘʛʥʠʪʥʳʤ ʫʧʦʨʷʜʦʯʝʥʠʝʤ ʧʦʜʨʝʰʝʪʢʠ Mn. ʊʘʢʞʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʜʦʧʠʨʦʚʘʥʠʝ ʘʪʦʤʘʤʠ Ge ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʫʚʝʣʠʯʝʥʠʶ ʩʦʜʝʨʞʘʥʠʷ Mn ʠ 

ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ʢʘʢ ʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ, ʪʘʢ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʂʶʨʠ. ʊʘʢ 

ʪʚʝʨʜʳʡ ʨʘʩʪʚʦʨ Y4Mn1-xGa12-yGey ʤʦʞʝʪ ʠʤʝʪʴ TC ʜʦ 225 ʂ. ʌʘʟʳ ʩ Mn, ʛʜʝ ʚ ʢʘʯʝʩʪʚʝ R 

ʚʳʩʪʫʧʘʶʪ ʵʣʝʤʝʥʪʳ, ʦʙʣʘʜʘʶʱʠʝ ʤʘʛʥʠʪʥʳʤ ʤʦʤʝʥʪʦʤ, ʦʩʪʘʶʪʩʷ ʤʘʣʦʠʟʫʯʝʥʥʳʤʠ 

ʧʨʠ ʵʪʦʤ ʦʞʠʜʘʝʪʩʷ, ʯʪʦ ʪʘʢʠʝ ʬʘʟʳ ʤʦʛʫʪ ʪʘʢʞʝ ʠʤʝʪʴ ʬʝʨʨʦʤʘʛʥʠʪʥʳʡ ʪʠʧ 

ʫʧʦʨʷʜʦʯʝʥʠʷ.  

ʅʝʩʤʦʪʨʷ ʥʘ ʨʘʟʥʦʦʙʨʘʟʠʝ ʜʝʤʦʥʩʪʨʠʨʫʝʤʳʭ ʩʚʦʡʩʪʚ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ 

ʣʠʪʝʨʘʪʫʨʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʥʝʩʠʩʪʝʤʘʪʠʯʥʳ, ʟʘʯʘʩʪʫʶ ʥʝʧʦʣʥʳ [38] ʠ 

ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʧʨʦʪʠʚʦʨʝʯʘʪ ʜʨʫʛ ʜʨʫʛʫ [38, 39]. ʇʦʵʪʦʤʫ ʜʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ 

ʚʟʘʠʤʦʩʚʷʟʠ ʤʝʞʜʫ ʩʦʩʪʘʚʦʤ, ʩʪʨʫʢʪʫʨʦʡ ʠ ʤʘʛʥʠʪʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʥʝʦʙʭʦʜʠʤʦ 

ʧʦʜʨʦʙʥʦʝ ʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ ʠʟʫʯʝʥʠʝ ʮʝʣʦʛʦ ʨʷʜʘ ʧʦʜʦʙʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. ɼʣʷ ʵʪʦʛʦ 

ʥʘʠʙʦʣʝʝ ʨʘʟʫʤʥʳʤ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʠʟʫʯʝʥʠʝ ʬʘʟ ʚʥʝʜʨʝʥʠʷ ʥʘ ʦʩʥʦʚʝ RGa3 ʩ 4f-

ʤʝʪʘʣʣʘʤʠ ʩʝʨʝʜʠʥʳ ʨʷʜʘ ʧʨʠ ʚʘʨʴʠʨʦʚʘʥʠʠ ʩʦʜʝʨʞʘʥʠʷ 3d-ʤʝʪʘʣʣʘ (Cr ʠ Mn) ʠ 

ʜʦʧʠʨʫʶʱʝʛʦ p-ʵʣʝʤʝʥʪʘ (Ge). 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʧʦʠʩʢ ʠ ʩʠʥʪʝʟ ʬʘʟ ʚʥʝʜʨʝʥʠʷ ʥʘ ʦʩʥʦʚʝ RGa3 ʚ 

ʩʠʩʪʝʤʘʭ R ï T ï Ga(Ge), ʛʜʝ R = Sm, Gd ï Dy, T = Cr, Mn, ʦʧʨʝʜʝʣʝʥʠʝ ʠʭ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ, ʠʟʫʯʝʥʠʝ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ ʠ ʚʳʷʚʣʝʥʠʝ ʚʟʘʠʤʦʩʚʷʟʝʡ 

ʤʝʞʜʫ ʩʦʩʪʘʚʦʤ, ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʦʡ ʠ ʤʘʛʥʠʪʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʨʝʰʘʣʠ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ:  

1. ʈʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʠʢʠ ʩʠʥʪʝʟʘ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʬʘʟ ʚʥʝʜʨʝʥʠʷ RTŭ(Ga,Ge)3 ʥʘ ʦʩʥʦʚʝ 

ʢʫʙʠʯʝʩʢʦʡ ʩʨʫʢʪʫʨʳ RGa3 ʚ ʩʠʩʪʝʤʘʭ R ï T ï Ga(Ge), ʛʜʝ R = Sm, Gd ï Dy, T = Cr, 

Mn; 

2. ʆʧʨʝʜʝʣʝʥʠʝ ʦʙʣʘʩʪʠ ʛʦʤʦʛʝʥʥʦʩʪʠ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʫʩʪʘʥʦʚʣʝʥʠʝ 

ʚʣʠʷʥʠʷ ʩʦʜʝʨʞʘʥʠʷ Ge ʥʘ ʦʙʨʘʟʦʚʘʥʠʝ ʬʘʟ ʚʥʝʜʨʝʥʠʷ RTŭ(Ga,Ge)3; 
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3. ʆʧʨʝʜʝʣʝʥʠʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʚ ʠ ʝʛʦ 

ʣʦʢʘʣʴʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ (ʚʘʢʘʥʩʠʡ, ʘʥʪʠʩʪʨʫʢʪʫʨʥʳʭ ʜʝʬʝʢʪʦʚ, ʩʤʝʱʝʥʠʝ ʘʪʦʤʦʚ ʚ 

ʤʝʞʜʦʫʟʣʠʷ); 

4. ʀʩʩʣʝʜʦʚʘʥʠʝ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ ʧʦʣʫʯʝʥʥʳʭ ʬʘʟ, ʫʩʪʘʥʦʚʣʝʥʠʝ ʨʦʣʠ R (Sm, Gd ï 

Dy) ʠ T (Cr, Mn) ʘ ʪʘʢʞʝ ʩʦʦʪʥʦʰʝʥʠʷ Ga/Ge ʥʘ ʤʘʛʥʠʪʥʦʝ ʧʦʚʝʜʝʥʠʝ ʩʦʝʜʠʥʝʥʠʡ. 

ɺ ʨʘʙʦʪʝ ʚ ʢʘʯʝʩʪʚʝ ʤʝʪʦʜʦʚ ʩʠʥʪʝʟʘ ʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ: 

Å ʩʠʥʪʝʟ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʚ ʨʘʩʧʣʘʚʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ Ga ʚ ʢʘʯʝʩʪʚʝ ʬʣʶʩʘ,  

Å ʨʝʥʪʛʝʥʦʬʘʟʦʚʳʡ ʠ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟʳ, 

Å ʩʢʘʥʠʨʫʶʱʘʷ ʵʣʝʢʪʨʦʥʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ ʠ ʣʦʢʘʣʴʥʳʡ ʨʝʥʪʛʝʥʦʩʧʝʢʪʨʘʣʴʥʳʡ 

ʘʥʘʣʠʟ, 

Å ʠʟʤʝʨʝʥʠʝ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ, ʘ ʪʘʢʞʝ 

ʪʝʧʣʦʝʤʢʦʩʪʠ. 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʨʘʙʦʪʳ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʚʧʝʨʚʳʝ ʚʳʨʘʱʝʥʳ ʠ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʤʦʥʦʢʨʠʩʪʘʣʣʳ 11 

ʥʦʚʳʭ ʬʘʟ ʚʥʝʜʨʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʢʫʙʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ RGa3. ʆʧʨʝʜʝʣʝʥʳ ʧʘʨʳ 

ʵʣʝʤʝʥʪʦʚ R ʠ T, ʜʣʷ ʢʦʪʦʨʳʭ ʚʦʟʤʦʞʥʦ ʦʙʨʘʟʦʚʘʥʠʝ ʬʘʟ ʚʥʝʜʨʝʥʠʷ RTŭ(Ga,Ge)3 (R = 

Sm, Gd ï Dy; T = Cr, Mn)     

ʄʝʪʦʜʘʤʠ ʨʝʥʪʛʝʥʦʩʧʝʢʪʨʘʣʴʥʦʛʦ ʤʠʢʨʦʘʥʘʣʠʟʘ ʠ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʜʠʬʨʘʢʮʠʠ 

ʦʧʨʝʜʝʣʝʥʳ ʩʦʩʪʘʚʳ, ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. ʇʦʢʘʟʘʥʘ 

ʦʧʨʝʜʝʣʷʶʱʘʷ ʨʦʣʴ ʯʘʩʪʠʯʥʦʛʦ ʟʘʤʝʱʝʥʠʷ Ga ʥʘ Ge ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʩʚʝʨʭʩʪʨʫʢʪʫʨʥʳʭ 

ʬʘʟ ʪʠʧʘ R4TGa12 ʠ R2TGa6. ɺʧʝʨʚʳʝ ʙʳʣʠ ʜʝʪʘʣʴʥʦ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʦʩʦʙʝʥʥʦʩʪʠ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ ʥʝʢʦʪʦʨʳʭ ʩʚʝʨʭʩʪʨʫʢʪʫʨʥʳʭ ʬʘʟ ʩ ʥʝʧʦʣʥʦʡ ʟʘʩʝʣʝʥʥʦʩʪʴʶ 

ʧʦʟʠʮʠʠ 3d-ʤʝʪʘʣʣʘ (Dy4Cr1-xGa12-yGey, Tb4Mn1-xGa12-yGey ʠ Sm2Mn1-xGa6-yGey).  

ʇʦʢʘʟʘʥʦ ʚʣʠʷʥʠʝ ʧʦʜʨʝʰʝʪʢʠ ʧʝʨʝʭʦʜʥʦʛʦ ʤʝʪʘʣʣʘ (ʊ) ʥʘ ʧʦʜʨʝʰʝʪʢʫ 

ʨʝʜʢʦʟʝʤʝʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ (R), ʘ ʪʘʢʞʝ ʩʦʩʫʱʝʩʪʚʦʚʘʥʠʝ ʜʚʫʭ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ 

ʤʘʛʥʠʪʥʳʭ ʧʦʜʨʝʰʝʪʦʢ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʧʦʣʫʯʝʥʥʳʭ ʬʘʟ. ʋʩʪʘʥʦʚʣʝʥʦ ʚʣʠʷʥʠʝ 

ʯʘʩʪʠʯʥʦʛʦ ʟʘʤʝʱʝʥʠʷ Ga ʥʘ Ge ʥʘ ʤʘʛʥʠʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ ʧʨʠʤʝʨʝ ʬʘʟʳ 

Gd4MnGa12-yGey (y = 1.8ï3.4). ʋʩʪʘʥʦʚʣʝʥʘ ʚʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ ʩʦʩʪʘʚʘʤʠ, 
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ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʤʠ ʩʪʨʫʢʪʫʨʘʤʠ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʠʟʤʝʨʝʥʥʳʤʠ ʤʘʛʥʠʪʥʳʤʠ 

ʩʚʦʡʩʪʚʘʤʠ. 

 

 

ʇʨʘʢʪʠʯʝʩʢʘʷ ʠ ʪʝʦʨʝʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ. 

ʇʦʣʫʯʝʥʥʳʝ ʚ ʨʘʙʦʪʝ ʜʘʥʥʳʝ ʨʘʩʰʠʨʷʶʪ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦʙ ʠʥʪʝʨʤʝʪʘʣʣʠʯʝʩʢʠʭ 

ʩʦʝʜʠʥʝʥʠʷʭ ʥʘ ʦʩʥʦʚʝ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠ ʚʥʦʩʷʪ ʚʢʣʘʜ ʚ ʩʦʟʜʘʥʠʝ ʠ 

ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʥʘʫʯʥʳʭ ʦʩʥʦʚ ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʩʠʥʪʝʟʘ ʥʦʚʳʭ ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʚ ʩ 

ʪʨʝʙʫʝʤʳʤʠ ʤʘʛʥʠʪʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʷʚʥʦ ʜʝʤʦʥʩʪʨʠʨʫʶʪ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʚ ʩʪʨʦʝʥʠʠ ʠ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚʘʭ ʧʦʣʫʯʝʥʥʳʭ ʬʘʟ ʠ ʤʦʛʫʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʩʦʟʜʘʥʠʷ ʥʦʚʳʭ ʤʘʛʥʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

ʄʘʪʝʨʠʘʣʳ ʨʘʙʦʪʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʢʫʨʩʝ ʣʝʢʮʠʡ çʊʝʦʨʠʷ ʠ ʧʨʘʢʪʠʢʘ 

ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚè, ʯʠʪʘʝʤʦʤ ʥʘ ʭʠʤʠʯʝʩʢʦʤ ʬʘʢʫʣʴʪʝʪʝ 

ʄɻʋ. ʈʝʟʫʣʴʪʘʪʳ ʨʝʰʝʥʠʷ ʠ ʫʪʦʯʥʝʥʠʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ʚʢʣʶʯʝʥʳ ʚ 

ʤʝʞʜʫʥʘʨʦʜʥʳʝ ʙʘʟʳ ʜʘʥʥʳʭ (CCDC) ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʩʧʨʘʚʦʯʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ (ʛʨʘʥʪ 22-13-

00006).  

ʇʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ: 

1. ʉʠʥʪʝʟ ʬʘʟ ʚʥʝʜʨʝʥʠʷ RTŭ(Ga,Ge)3, ʛʜʝ R = Sm, Gd-Dy; T = Cr, Mn, ʠʭ 

ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʦʙʣʘʩʪʠ ʛʦʤʦʛʝʥʥʦʩʪʠ, ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ, ʝʛʦ ʣʦʢʘʣʴʥʳʝ 

ʦʩʦʙʝʥʥʦʩʪʠ.  

2. ɺʳʷʚʣʝʥʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʬʘʟʦʦʙʨʘʟʦʚʘʥʠʷ ʠ ʟʘʚʠʩʠʤʦʩʪʴ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ 

ʩʪʨʦʝʥʠʷ ʬʘʟ ʦʪ ʩʦʜʝʨʞʘʥʠʷ Ge ʚ ʩʦʝʜʠʥʝʥʠʷʭ. 

3. ʋʩʪʘʥʦʚʣʝʥʥʦʝ ʤʘʛʥʠʪʥʦʝ ʧʦʚʝʜʝʥʠʝ ʬʘʟ ʚʥʝʜʨʝʥʠʷ RTŭ(Ga,Ge)3, ʦʩʦʙʝʥʥʦʩʪʠ  

ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʜʚʫʭ ʤʘʛʥʠʪʥʳʭ ʧʦʜʨʝʰʝʪʦʢ (R ʠ T) ʠ ʠʭ ʨʦʣʴ ʚ ʤʘʛʥʠʪʥʦʤ 

ʫʧʦʨʷʜʦʯʝʥʠʠ.   

4. ɺʳʷʚʣʝʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʤʘʛʥʠʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʪ ʩʦʜʝʨʞʘʥʠʷ Ge ʥʘ ʧʨʠʤʝʨʝ 

ʬʘʟʳ Gd4MnGa12-yGey (y = 1.3ï3.4).      
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ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʙʦʪʳ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ ʩʦʚʨʝʤʝʥʥʳʭ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ, ʚʢʣʶʯʘʷ 

ʨʝʥʪʛʝʥʦʚʩʢʫʶ ʜʠʬʨʘʢʮʠʶ, ʨʘʩʪʨʦʚʫʶ ʵʣʝʢʪʨʦʥʥʫʶ ʤʠʢʨʦʩʢʦʧʠʶ, 

ʨʝʥʪʛʝʥʦʩʧʝʢʪʨʘʣʴʥʳʡ ʤʠʢʨʦʘʥʘʣʠʟ , ʠʟʤʝʨʝʥʠʝ ʤʘʛʥʠʪʥʳʭ ʠ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ, ʧʨʠʤʝʥʝʥʠʝʤ ʥʘʜʝʞʥʳʭ ʩʨʝʜʩʪʚ ʠ ʤʝʪʦʜʠʢ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʘ ʪʘʢʞʝ 

ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʴʶ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʨʘʙʦʪʝ ʧʨʠ ʠʟʫʯʝʥʠʠ 

ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʦʙʲʝʢʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʬʘʟ ʚʥʝʜʨʝʥʠʷ RTŭGa3 (R = Sm, 

Gd-Dy; T= Cr, Mn). ʈʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʭʦʜʝ ʥʘʫʯʥʦ-ʢʚʘʣʠʬʠʢʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ, 

ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʜʦʢʣʘʜʘʭ ʥʘ ʨʦʩʩʠʡʩʢʠʭ ʠ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʢʦʥʬʝʨʝʥʮʠʷʭ.  

ʇʫʙʣʠʢʘʮʠʠ ʠ ʘʧʨʦʙʘʮʠʷ ʨʘʙʦʪʳ.  

ʈʝʟʫʣʴʪʘʪʳ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ 3 ʩʪʘʪʴʷʭ ʚ ʨʝʬʝʨʠʨʫʝʤʳʭ 

ʥʘʫʯʥʳʭ ʞʫʨʥʘʣʘʭ, ʠʥʜʝʢʩʠʨʫʝʤʳʭ ʚ ʙʘʟʘʭ ʜʘʥʥʳʭ Web of Science ʠ Scopus, ʠ ʚ ʪʝʟʠʩʘʭ 

9 ʜʦʢʣʘʜʦʚ ʥʘ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʠ ʚʩʝʨʦʩʩʠʡʩʢʠʭ ʢʦʥʬʝʨʝʥʮʠʷʭ. ʇʦ ʤʘʪʝʨʠʘʣʘʤ 

ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʦʢʣʘʜʳ ʥʘ ʢʦʥʬʝʨʝʥʮʠʠ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ 

çɸʢʪʫʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠè (ʂʨʘʩʥʦʚʠʜʦʚʦ 2021-2023 ʛʛ.), 

ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʩʪʫʜʝʥʪʦʚ, ʘʩʧʠʨʘʥʪʦʚ ʠ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ 

çʃʦʤʦʥʦʩʦʚè (ʄʦʩʢʚʘ, 2020-2024 ʛʛ.),  ʂʦʥʬʝʨʝʥʮʠʠ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ ʧʦ ʦʙʱʝʡ ʠ 

ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ (ʄʦʩʢʚʘ 2022 ʛ),  ʈʦʩʩʠʡʩʢʦʤ ʜʥʝ ʨʝʜʢʠʭ ʟʝʤʝʣʴ (ʅʠʞʥʠʡ 

ʅʦʚʛʦʨʦʜ 2024 ʛ). 

ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ.  

ɺ ʦʩʥʦʚʫ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʧʦʣʦʞʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, 

ʚʳʧʦʣʥʝʥʥʳʭ ʣʠʯʥʦ ʘʚʪʦʨʦʤ ʠʣʠ ʧʨʠ ʝʛʦ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʤ ʫʯʘʩʪʠʠ ʚʦ ʚʨʝʤʷ ʦʙʫʯʝʥʠʷ 

ʚ ʦʯʥʦʡ ʘʩʧʠʨʘʥʪʫʨʝ ʥʘ ʢʘʬʝʜʨʝ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʚ ʧʝʨʠʦʜ 2020 ï 2024 ʛʛ. ʃʠʯʥʳʡ 

ʚʢʣʘʜ ʘʚʪʦʨʘ ʩʦʩʪʦʷʣ ʚ ʧʦʩʪʘʥʦʚʢʝ ʟʘʜʘʯ, ʘʥʘʣʠʟʝ ʠ ʩʠʩʪʝʤʘʪʠʟʘʮʠʠ ʣʠʪʝʨʘʪʫʨʥʳʭ 

ʜʘʥʥʳʭ, ʧʦʜʛʦʪʦʚʢʝ, ʧʣʘʥʠʨʦʚʘʥʠʠ ʠ ʧʨʦʚʝʜʝʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʨʘʙʦʪʳ, ʦʙʨʘʙʦʪʢʝ 

ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ, ʧʦʜʛʦʪʦʚʢʝ ʧʫʙʣʠʢʘʮʠʡ ʧʦ ʪʝʤʝ 

ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʠ ʧʨʝʜʩʪʘʚʣʝʥʠʠ ʫʩʪʥʳʭ ʠ ʩʪʝʥʜʦʚʳʭ ʜʦʢʣʘʜʦʚ ʥʘ ʥʘʫʯʥʳʭ 

ʢʦʥʬʝʨʝʥʮʠʷʭ. ɺʦ ʚʩʝʭ ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ ʨʘʙʦʪʘʭ ʚʢʣʘʜ ʘʚʪʦʨʘ ʙʳʣ ʦʧʨʝʜʝʣʷʶʱʠʤ. 

ʏʘʩʪʴ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʘ ʚʳʧʦʣʥʝʥʘ ʢ.ʭ.ʥ. ɺʝʨʯʝʥʢʦ ɺ.ʖ. ʠ 

ʜʦʢʪʦʨʦʤ Raivo Stern (ʠʟʤʝʨʝʥʠʝ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ ʠ ʪʝʧʣʦʝʤʢʦʩʪʠ) ʚ National Institute 

for Chemical Physics and Biophysics (ʊʘʣʣʠʥʥ, ʕʩʪʦʥʠʷ); ʢ.ʭ.ʥ. ʄʠʨʦʥʦʚʳʤ ɸ.ɺ. 
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(ʜʠʬʨʘʢʮʠʦʥʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ ʥʘ ʤʦʥʦʢʨʠʩʪʘʣʣʘʭ) ʥʘ ʢʘʬʝʜʨʝ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ 

ʍʠʤʠʯʝʩʢʦʛʦ ʬʘʢʫʣʴʪʝʪʘ ʄɻʋ ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ; ʢ.ʭ.ʥ. ʍʨʳʢʠʥʦʡ ʆ.ʅ. 

(ʜʠʬʨʘʢʮʠʦʥʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ ʥʘ ʤʦʥʦʢʨʠʩʪʘʣʣʘʭ) ʚ ʠʥʩʪʠʪʫʪʝ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʠ ʠʤʝʥʠ 

ɸ.ɺ. ʐʫʙʥʠʢʦʚʘ; ʜ.ʭ.ʥ. ɸʢʩʝʥʦʚʳʤ ʉ. ʄ. (ʜʠʬʨʘʢʮʠʦʥʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ ʥʘ 

ʤʦʥʦʢʨʠʩʪʘʣʣʘʭ) ʚ ʂʦʣʴʩʢʦʤ ʥʘʫʯʥʦʤ ʮʝʥʪʨʝ; ʜ.ʭ.ʥ. ʃʳʩʥʝʢʦ ɸ. ɺ. (ʜʠʬʨʘʢʮʠʦʥʥʳʡ 

ʵʢʩʧʝʨʠʤʝʥʪ ʥʘ ʤʦʥʦʢʨʠʩʪʘʣʣʘʭ); ʢ. ʬ-ʤ. ʥ. ɹʦʛʘʯʝʤ ɸ. ɺ. (ʠʟʤʝʨʝʥʠʝ ʤʘʛʥʠʪʥʳʭ 

ʩʚʦʡʩʪʚ) ʚ ʠʥʩʪʠʪʫʪʝ ʦʙʱʝʡ ʬʠʟʠʢʠ ʠʤ. ɸ.ʄ. ʇʨʦʭʦʨʦʚʘ; ʢ. ʬ-ʤ. ʥ. ʂʦʟʣʷʢʦʚʦʡ ɽ. ʉ. 

(ʠʟʤʝʨʝʥʠʝ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ)  ʥʘ ʢʘʬʝʜʨʝ ʬʠʟʠʢʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʠ 

ʩʚʝʨʭʧʨʦʚʦʜʠʤʦʩʪʠ ʄɻʋ ʠʤ. ʃʦʤʦʥʦʩʦʚʘ. ɸʚʪʦʨ ʧʨʠʥʠʤʘʣ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ ʫʯʘʩʪʠʝ ʚ 

ʦʙʨʘʙʦʪʢʝ, ʘʥʘʣʠʟʝ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ. 

ʆʙʲʝʤ ʠ ʩʪʨʫʢʪʫʨʘ ʨʘʙʦʪʳ.  

ʅʘʫʯʥʦ-ʢʚʘʣʠʬʠʢʘʮʠʦʥʥʘʷ ʨʘʙʦʪʘ ʩʦʩʪʦʠʪ ʠʟ ʚʚʝʜʝʥʠʷ, ʪʨʝʭ ʛʣʘʚ (ʦʙʟʦʨ 

ʣʠʪʝʨʘʪʫʨʳ, ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʯʘʩʪʴ, ʨʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ, ʚʢʣʶʯʘʶʱʠʝ 

ʟʘʢʣʶʯʝʥʠʝ), ʚʳʚʦʜʦʚ, ʩʧʠʩʢʘ ʮʠʪʠʨʫʝʤʦʡ ʣʠʪʝʨʘʪʫʨʳ ʠ ʧʨʠʣʦʞʝʥʠʡ, ʠʟʣʦʞʝʥʘ ʥʘ 145 

ʩʪʨʘʥʠʮʘʭ ʤʘʰʠʥʦʧʠʩʥʦʛʦ ʪʝʢʩʪʘ, ʩʦʜʝʨʞʠʪ 48 ʨʠʩʫʥʢʦʚ ʠ 29 ʪʘʙʣʠʮ. ʉʧʠʩʦʢ 

ʣʠʪʝʨʘʪʫʨʳ ʚʢʣʶʯʘʝʪ 169 ʥʘʠʤʝʥʦʚʘʥʠʡ. 
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2. ʃʠʪʝʨʘʪʫʨʥʳʡ ʦʙʟʦʨ 

2.1 ʂʫʙʠʯʝʩʢʠʝ ʬʘʟʳ RGa3 ʚ ʩʠʩʪʝʤʘʭ R-Ga 

ɺ ʜʚʦʡʥʳʭ ʩʠʩʪʝʤʘʭ R-Ga, ʛʜʝ R= Sc, Y, La, CeïTm, Lu, ʥʝʩʤʦʪʨʷ ʥʘ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʙʦʣʴʰʫʶ ʨʘʟʥʠʮʫ ʚ ʨʘʟʤʝʨʘʭ R ʠ Ga, ʠʟʚʝʩʪʥʳ ʬʘʟʳ ʩʪʨʫʢʪʫʨʥʦʛʦ ʪʠʧʘ AuCu3 (Pmσm), 

ʩʦʜʝʨʞʘʱʠʝ ʩʦʚʤʝʩʪʥʫʶ ʧʣʦʪʥʫʶ ʫʧʘʢʦʚʢʫ ʘʪʦʤʦʚ R ʠ Ga [40, 41]. ɼʣʷ ʥʘʯʘʣʘ ʨʷʜʘ ʈɿʕ 

ʭʘʨʘʢʪʝʨʥʳ ʬʘʟʳ R3Ga (R = La, CeïSm) (ʈʠʩʫʥʦʢ 1ʘ), ʚ ʢʦʪʦʨʳʭ ʘʪʦʤʳ Ga ʟʘʥʠʤʘʶʪ 

ʧʦʟʠʮʠʶ ʚ ʚʝʨʰʠʥʘʭ, ʘ ʘʪʦʤʳ R ï ʚ ʮʝʥʪʨʘʭ ʛʨʘʥʝʡ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ [41, 42]. ɼʣʷ 

ʢʦʥʮʘ ʨʷʜʘ (R = TbïTm, Lu) ʠʟʚʝʩʪʥʳ ʫʞʝ ʩʦʝʜʠʥʝʥʠʷ RGa3 (ʈʠʩʫʥʦʢ 1ʙ), ʛʜʝ ʘʪʦʤʳ R 

ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚ ʚʝʨʰʠʥʘʭ, ʘ ʘʪʦʤʳ Ga ï ʚ ʮʝʥʪʨʘʭ ʛʨʘʥʝʡ ʵʣʝʤʝʥʪʘʨʥʳʭ ʷʯʝʝʢ [43]. 

 

ʈʠʩʫʥʦʢ 1. ʕʣʝʤʝʥʪʘʨʥʳʝ ʷʯʝʡʢʠ ʠ ʧʣʦʪʥʦʫʧʘʢʦʚʘʥʥʳʝ ʩʣʦʠ ʘʪʦʤʦʚ R ʠ Ga ʚ 

ʬʘʟʘʭ R3Ga (ʘ) ʠ RGa3 (ʙ).  

ʇʨʠ ʧʝʨʝʭʦʜʝ ʦʪ ʬʘʟ R3Ga ʢ RGa3 ʧʨʦʠʩʭʦʜʠʪ ʟʘʤʝʪʥʦʝ ʫʤʝʥʴʰʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ 

ʵʣʝʤʝʥʪʘʨʥʳʭ ʷʯʝʝʢ ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʤʝʞʘʪʦʤʥʳʭ ʨʘʩʩʪʦʷʥʠʡ. ɺ ʪʘʙʣʠʮʝ 1 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʘʥʥʳʝ ʧʘʨʘʤʝʪʨʦʚ ʵʣʝʤʝʥʪʘʨʥʳʭ ʷʯʝʝʢ ʠ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʠʥʪʝʨʚʘʣʳ ʠʭ 

ʩʫʱʝʩʪʚʦʚʘʥʠʷ. ɼʣʷ ʥʝʢʦʪʦʨʳʭ R (Eu, Gd ʠ Yb) ʬʘʟ R3Ga ʠʣʠ RGa3 ʦʙʥʘʨʫʞʝʥʦ ʥʝ ʙʳʣʦ.   
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ʊʘʙʣʠʮʘ 1. ʇʘʨʘʤʝʪʨʳ ʵʣʝʤʝʥʪʘʨʥʳʭ ʷʯʝʝʢ, ʤʝʞʘʪʦʤʥʳʝ ʨʘʩʩʪʦʷʥʠʷ ʠ 

ʪʝʤʧʝʨʘʪʫʨʳ ʨʘʩʧʘʜʘ ʬʘʟ R3Ga ʠ RGa3 [41, 43]. ʆʰʠʙʢʘ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʧʘʨʘʤʝʪʨʘ 

ʩʦʩʪʘʚʣʷʝʪ 0.001 ¡.    

ʌʘʟʘ ʇʘʨʘʤʝʪʨ ʘ, ¡  ʊʝʤʧʝʨʘʪʫʨʥʳʡ 

ʠʥʪʝʨʚʘʣ 

ʩʫʱʝʩʪʚʦʚʘʥʠʷ, 

Áʉ  

La3Ga 5.660 <615 

Ce3Ga 5.400 <557 

Pr3Ga 5.510 <720 

Nd3Ga 4.676 <795 

Sm3Ga 5.390 <873 

TbGa3 4.285 1010-397 

DyGa3 4.271 1045-550 

HoGa3 4.227 <870 

ErGa3 4.211 <960 

TmGa3 4.197 <960 

LuGa3 4.169 <930 

ScGa3 4.095 <1030 

     

ʉʪʘʙʠʣʠʟʘʮʠʷ ʬʘʟ RGa3 ʧʨʠ ʜʚʠʞʝʥʠʠ ʚ ʨʷʜʝ R ʩʣʝʚʘ ʥʘʧʨʘʚʦ ʦʙʲʷʩʥʷʝʪʩʷ 

ʫʤʝʥʴʰʝʥʠʝʤ ʘʪʦʤʥʦʛʦ ʨʘʜʠʫʩʘ R ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʫʤʝʥʴʰʝʥʠʝʤ ʨʘʟʥʠʮʳ ʤʝʞʜʫ 

ʘʪʦʤʥʳʤʠ ʨʘʜʠʫʩʘʤʠ R ʠ Ga (~ 1.35 ¡) [44]. ɺ ʪʘʙʣʠʮʝ 2 ʧʨʝʜʩʪʘʚʣʝʥʦ ʟʘʢʦʥʦʤʝʨʥʦʝ 

ʫʤʝʥʴʰʝʥʠʝ ʧʘʨʘʤʝʪʨʘ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ RGa3 ʦʪ ʘʪʦʤʥʦʛʦ ʨʘʜʠʫʩʘ R. 

 

ʊʘʙʣʠʮʘ 2. ɿʥʘʯʝʥʠʷ ʘʪʦʤʥʳʭ ʨʘʜʠʫʩʦʚ ʈɿʕ ʠ ʧʝʨʠʦʜʦʚ ʨʝʰʝʪʦʢ RGa3 [43]. 

ʆʰʠʙʢʘ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʧʘʨʘʤʝʪʨʘ ʩʦʩʪʘʚʣʷʝʪ 0.001 ¡. 

ʌʘʟʘ RGa3 ɸʪʦʤʥʳʡ ʨʘʜʠʫʩ R, ¡ ʄʝʞʘʪʦʤʥʳʝ 

ʨʘʩʩʪʦʷʥʠʷ R-Ga, ¡ 

a, ¡ 

TbGa3 1.800 3.030 4.285 
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DyGa3 1.795 3.020 4.271 

HoGa3 1.788 2.989 4.227 

ErGa3 1.780 2.980 4.211 

TmGa3 1.768 2.968 4.197 

LuGa3 1.751 2.948 4.169 

        

ʏʘʩʪʠʯʥʦʝ ʟʘʤʝʱʝʥʠʝ ʘʪʦʤʦʚ Ga ʘʪʦʤʘʤʠ p-ʵʣʝʤʝʥʪʦʚ ʯʝʪʚʝʨʪʦʡ ʛʨʫʧʧʳ (Si, Ge 

ʠʣʠ Sn) ʚ RGa3 ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʩʪʘʙʠʣʠʟʘʮʠʠ ʢʫʙʠʯʝʩʢʠʭ ʬʘʟ RGa3. ʊʘʢ, ʚ ʨʘʙʦʪʝ 

[45] ʙʳʣ ʧʦʣʫʯʝʥ ʪʚʝʨʜʳʡ ʨʘʩʪʚʦʨ ʟʘʤʝʱʝʥʠʷ DyGa3-ySny (y = 0.5ï2.2) ʩʦ ʩʪʨʫʢʪʫʨʦʡ 

AuCu3 ʩʪʘʙʠʣʴʥʦʡ ʚʧʣʦʪʴ ʜʦ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʢʫʙʠʯʝʩʢʠʡ DyGa3 

ʩʪʘʙʠʣʝʥ ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ ʦʪ 1045 ʜʦ 550 Áʉ. ʊʘʢʞʝ ʧʦʜʦʙʥʦʝ ʟʘʤʝʱʝʥʠʝ ʤʦʞʝʪ 

ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʦʙʨʘʟʦʚʘʥʠʶ ʢʫʙʠʯʝʩʢʦʡ ʬʘʟʳ ʩ ɻʣʝʤʝʥʪʦʤ R, ʜʣʷ ʢʦʪʦʨʦʛʦ ʠʩʭʦʜʥʦʛʦ 

ʩʦʝʜʠʥʝʥʠʷ RGa3 ʥʝ ʩʫʱʝʩʪʚʫʝʪ, ʯʪʦ ʥʘʙʣʶʜʘʝʪʩʷ ʜʣʷ R = Sm. ʉʦʝʜʠʥʝʥʠʷ SmGa3 ʩ 

ʢʫʙʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʦʡ ʦʙʥʘʨʫʞʝʥʦ ʥʝ ʙʳʣʦ, ʘ ʠʟ ʣʠʪʝʨʘʪʫʨʳ ʠʟʚʝʩʪʥʘ ʬʘʟʘ Ů-SmGax (2 

< x < 4), ʷʚʣʷʶʱʘʷʩʷ ʧʨʦʠʟʚʦʜʥʦʡ ʦʪ ʩʪʨʫʢʪʫʨʥʦʛʦ ʪʠʧʘ AlB 2 [46]. ʏʘʩʪʠʯʥʦʝ ʟʘʤʝʱʝʥʠʝ 

ʘʪʦʤʦʚ Ga ʥʘ Ge ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʪʨʦʡʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ SmGa0.8Ge2.2 

ʩʪʨʫʢʪʫʨʥʦʛʦ ʪʠʧʘ AuCu3 [47]. 

2.2 ʊʨʦʡʥʳʝ ʬʘʟʳ, ʧʨʦʠʟʚʦʜʥʳʝ ʦʪ RGa3 ʩʪʨʫʢʪʫʨʥʦʛʦ ʪʠʧʘ AuCu3, ʚ ʩʠʩʪʝʤʘʭ Rï

TïGa 

ɺ ʪʨʦʡʥʳʭ ʩʠʩʪʝʤʘʭ RïTïGa ʩʫʱʝʩʪʚʫʝʪ ʨʷʜ ʬʘʟ ʩʦ ʩʪʨʫʢʪʫʨʘʤʠ ʧʨʦʠʟʚʦʜʥʳʤʠ 

ʦʪ ʢʫʙʠʯʝʩʢʦʡ RGa3. ʕʪʠ ʩʦʝʜʠʥʝʥʠʷ ʦʙʨʘʟʫʶʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʜʚʫʤʷ ʩʧʦʩʦʙʘʤʠ: ʧʫʪʝʤ 

ʩʨʘʩʪʘʥʠ ̫ʥʝʩʢʦʣʴʢʠʭ ʩʪʨʫʢʪʫʨʥʳʭ ʙʣʦʢʦʚ ʠʣʠ ʚʥʝʜʨʝʥʠ.̫ ʇʨʠʤʝʨʦʤ ʧʝʨʚʦʡ ʛʨʫʧʧʳ 

ʬʘʟ ʷʚʣʷʝʪʩʷ ʛʦʤʦʣʦʛʠʯʝʩʢʠʡ ʨʷʜ RnTmGa3n+2m, ʬʘʟʳ ʢʦʪʦʨʦʛʦ ʦʙʨʘʟʫʶʪʩʷ ʧʨʠ ʩʨʘʩʪʘʥʠʠ 

ʠ ʯʝʨʝʜʦʚʘʥʠʠ ʙʣʦʢʦʚ RGa3 (ʪʠʧ AuCu3) ʠ TGa2 (ʪʠʧ PtHg2) ʚ ʨʘʟʥʦʡ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ. ʏʝʨʝʜʦʚʘʥʠʝ ʦʜʥʦʛʦ ʙʣʦʢʘ RGa3 ʩ TGa2 ʧʨʠʚʦʜʠʪ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ 

ʬʘʟ ʩʦʩʪʘʚʘ RTGa5 (ʪʠʧ HoCoGa5), ʘ ʧʨʠ ʯʝʨʝʜʦʚʘʥʠʠ ʜʚʫʭ ʙʣʦʢʦʚ RGa3 ʠ ʦʜʥʦʛʦ TGa2 

ʦʙʨʘʟʫʶʪʩʷ ʩʦʝʜʠʥʝʥʠʷ R2TGa8 (ʪʠʧ Ho2CoGa8).          

ʂʫʙʠʯʝʩʢʠʝ ʬʘʟʳ ʚʥʝʜʨʝʥʠʷ ʦʙʨʘʟʫʶʪʩʷ ʧʫʪʝʤ ʟʘʧʦʣʥʝʥʠʷ ʘʪʦʤʘʤʠ ʧʝʨʝʭʦʜʥʦʛʦ 

ʵʣʝʤʝʥʪʘ T ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʧʫʩʪʦʪ Ga6. ʉʦʩʪʘʚ ʪʘʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʤʦʞʥʦ ʚʳʨʘʟʠʪʴ 

ʦʙʱʝʡ ʬʦʨʤʫʣʦʡ RTŭGa3, ʛʜʝ ŭ ï ʩʪʝʧʝʥʴ ʟʘʧʦʣʥʝʥʠʷ ʧʫʩʪʦʪ Ga6. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʨʘʟʤʝʨ ʠʩʭʦʜʥʦʡ ʦʢʪʘʵʜʨʠʯʝʩʢʦʡ ʧʫʩʪʦʪʳ Ga6 ʚ ʬʘʟʘʭ RGa3 ʥʝʜʦʩʪʘʪʦʯʝʥ ʜʣʷ 
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ʚʩʪʨʘʠʚʘʥʠʷ ʘʪʦʤʦʚ d-ʤʝʪʘʣʣʘ. ʊʘʢ ʧʦʧʝʨʝʯʥʳʡ ʨʘʟʤʝʨ ʧʦʣʦʩʪʠ ʩʦʩʪʘʚʣʷʝʪ ʚʩʝʛʦ 1.6 ¡, 

ʪʦʛʜʘ ʢʘʢ ʜʠʘʤʝʪʨ ʘʪʦʤʘ ʧʝʨʝʭʦʜʥʦʛʦ ʵʣʝʤʝʥʪʘ ʩʦʩʪʘʚʣʷʝʪ 2.5-3 ¡. ʇʦʵʪʦʤʫ, ʚʥʝʜʨʝʥʠʝ 

ʘʪʦʤʦʚ T ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʟʘ ʩʯʝʪ ʥʝʙʦʣʴʰʦʛʦ ʩʤʝʱʝʥʠʷ ʘʪʦʤʦʚ Ga ʠʟ ʩʚʦʝʛʦ ʠʩʭʦʜʥʦʛʦ 

ʧʦʣʦʞʝʥʠʷ (0, İ, İ) ʚ ʧʦʣʦʞʝʥʠʝ (ʭ, İ, İ), ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʨʘʩʰʠʨʝʥʠʶ ʟʘʧʦʣʥʝʥʥʦʛʦ 

ʦʢʪʘʵʜʨʘ, ʘ ʪʘʢʞʝ ʢ ʩʞʘʪʠʶ ʠ ʠʩʢʘʞʝʥʠʶ ʩʦʩʝʜʩʪʚʫʶʱʝʛʦ ʧʫʩʪʦʛʦ ʦʢʪʘʵʜʨʘ Ga6, ʯʪʦ 

ʜʝʣʘʝʪ ʥʝʚʦʟʤʦʞʥʳʤ ʝʛʦ ʟʘʧʦʣʥʝʥʠʝ ʛʦʩʪʝʚʳʤ ʘʪʦʤʦʤ (ʈʠʩʫʥʦʢ 2). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦ ʟʘʧʦʣʥʝʥʠʝ ʪʦʣʴʢʦ ʧʦʣʦʚʠʥʳ ʚʩʝʭ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʧʫʩʪʦʪ Ga6.  

 

ʈʠʩʫʥʦʢ 2. ʀʩʭʦʜʥʳʡ ʦʢʪʘʵʜʨ Ga6 ʚ ʩʪʨʫʢʪʫʨʝ ʢʫʙʠʯʝʩʢʦʡ ʬʘʟʳ RGa3, ʝʛʦ 

ʫʚʝʣʠʯʝʥʠʝ ʠ ʫʤʝʥʴʰʝʥʠʝ, ʩʦʧʨʦʚʦʞʜʘʶʱʝʝʩʷ ʩʤʝʱʝʥʠʝʤ ʘʪʦʤʦʚ Ga ʚ ʧʦʟʠʮʠʶ Gaô 

ʧʨʠ ʚʥʝʜʨʝʥʠʠ ʘʪʦʤʘ ʊ ʤʝʪʘʣʣʘ. 

 

ɿʘʧʦʣʥʝʥʠʝ ʧʫʩʪʦʪ Ga6 ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʢʘʢ ʥʝʫʧʦʨʷʜʦʯʝʥʥʳʤ, ʪʘʢ ʠ 

ʫʧʦʨʷʜʦʯʝʥʥʳʤ ʦʙʨʘʟʦʤ. ʇʦʩʣʝʜʥʝʝ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʩʚʝʨʭʩʪʨʫʢʪʫʨʥʳʭ ʬʘʟ. 

ʇʨʠ ʤʘʣʦʡ ʩʪʝʧʝʥʠ ʟʘʧʦʣʥʝʥʠʷ ŭ ʦʢʪʘʵʜʨʦʚ Ga6 ʘʪʦʤʘʤʠ T ʦʙʨʘʟʫʶʪʩʷ ʥʝʫʧʦʨʷʜʦʯʝʥʥʳʝ 

ʬʘʟʳ RTxGa3 (x < 0.25), ʘ ʧʨʠ ʫʧʦʨʷʜʦʯʝʥʥʦʤ ʟʘʧʦʣʥʝʥʠʠ ʯʝʪʚʝʨʪʠ (ŭ = 0.25) ʠ ʧʦʣʦʚʠʥʳ 

(ŭ = 0.5) ʚʩʝʭ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʧʫʩʪʦʪ Ga6 ʬʦʨʤʠʨʫʶʪʩʷ ʩʚʝʨʭʩʪʨʫʢʪʫʨʥʳʝ ʬʘʟʳ R4TGa12 

ʠ R2TGa6, ʧʨʠʥʘʜʣʝʞʘʱʠʝ ʩʪʨʫʢʪʫʨʥʳʤ ʪʠʧʘʤ Y4PdGa12 ʠ K2PtCl6 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  

ʇʦʜʦʙʥʳʝ ʦʢʪʘʵʜʨʠʯʝʩʢʠʝ ʧʫʩʪʦʪʳ Ga6 ʧʨʠʩʫʪʩʪʚʫʶʪ ʠ ʚ ʬʘʟʘʭ ʩʝʤʝʡʩʪʚʘ 

RnTGa3n+2 ʧʨʠ n = 2 (R2TGa8). ɺ ʜʘʥʥʳʭ ʬʘʟʘʭ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʧʨʦʪʠʚʦʣʝʞʘʱʠʤʠ 

ʘʪʦʤʘʤʠ Ga ʚ ʦʢʪʘʵʜʨʝ Ga6 ʪʘʢʞʝ ʤʝʥʴʰʝ ʘʪʦʤʥʳʭ ʨʘʜʠʫʩʦʚ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ (T), 

ʧʦʵʪʦʤʫ ʝʛʦ ʚʥʝʜʨʝʥʠʝ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʘʥʘʣʦʛʠʯʥʳʤ ʨʘʩʰʠʨʝʥʠʝʤ ʟʘʧʦʣʥʝʥʥʦʛʦ 

ʦʢʪʘʵʜʨʘ TGa6 ʠ ʩʞʘʪʠʝʤ ʩʦʩʝʜʥʝʛʦ ʧʫʩʪʦʛʦ Ga6. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʥʝʜʨʝʥʠʝ ʛʦʩʪʝʚʦʛʦ 
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ʘʪʦʤʘ ʚʦʟʤʦʞʥʦ ʪʘʢʞʝ ʥʝ ʙʦʣʝʝ ʯʝʤ ʚ ʧʦʣʦʚʠʥʫ ʚʩʝʭ ʦʢʪʘʵʜʨʦʚ Ga6, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʦʙʨʘʟʦʚʘʥʠʶ ʬʘʟ R4T3Ga16.  

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʠʟʚʝʩʪʝʥ ʮʝʣʳʡ ʨʷʜ ʧʨʦʠʟʚʦʜʥʳʭ ʬʘʟ ʥʘ ʦʩʥʦʚʝ ʢʫʙʠʯʝʩʢʦʡ 

ʩʪʨʫʢʪʫʨʳ RGa3 ʚ ʩʠʩʪʝʤʘʭ RïTïGa, ʛʜʝ R = Y, SmïLu, ʘ T = CrïNi, Pd ʠ Pt [27, 29, 31-

39, 48-55]. ʅʘ ʨʠʩʫʥʢʝ 3 ʧʨʝʜʩʪʘʚʣʝʥʦ ʨʘʟʥʦʦʙʨʘʟʠʝ ʠʭ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ, ʛʜʝ 

ʤʦʞʥʦ ʧʨʦʩʣʝʜʠʪʴ ʵʚʦʣʶʮʠʶ ʦʙʨʘʟʦʚʘʥʠʷ ʬʘʟ ʧʨʠ ʯʝʨʝʜʦʚʘʥʠʠ ʙʣʦʢʦʚ RGa3 ʠ TGa2 ʠ 

ʚʥʝʜʨʝʥʠʠ ʘʪʦʤʦʚ ʛʦʩʪʝʚʳʭ ʘʪʦʤʦʚ T. ɺ ʪʘʙʣʠʮʝ 3 ʜʘʥʳ ʢʦʤʙʠʥʘʮʠʠ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ 

ʵʣʝʤʝʥʪʦʚ R ʩ ʧʝʨʝʭʦʜʥʳʤʠ ʤʝʪʘʣʣʘʤʠ T, ʜʣʷ ʢʦʪʦʨʳʭ ʠʟʚʝʩʪʥʳ ʧʨʦʠʟʚʦʜʥʳʝ ʬʘʟʳ ʦʪ 

RGa3.  

 

 

ʈʠʩʫʥʦʢ 3. ʆʙʨʘʟʦʚʘʥʠʝ ʪʨʦʡʥʳʭ ʬʘʟ, ʧʨʦʠʟʚʦʜʥʳʭ ʦʪ ʢʫʙʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ RGa3, 

ʧʫʪʝʤ ʩʨʘʩʪʘʥʠʷ ʙʣʦʢʦʚ RGa3 ʠ TGa2 (ʘ) ʠ ʚʥʝʜʨʝʥʠʷ ʘʪʦʤʦʚ d-ʵʣʝʤʝʥʪʦʚ (T) ʚ 

ʦʢʪʘʵʜʨʠʯʝʩʢʠʝ ʧʫʩʪʦʪʳ Ga6 (ʙ). ʉʪʝʧʝʥʴ ʟʘʧʦʣʥʝʥʠʷ ʧʫʩʪʦʪ ʦʪʤʝʯʝʥʘ ʢʘʢ ŭ. 
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ʊʘʙʣʠʮʘ 3 ï ʀʟʚʝʩʪʥʳʝ ʪʨʦʡʥʳʝ ʬʘʟʳ, ʧʨʦʠʟʚʦʜʥʳʝ ʦʪ ʢʫʙʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ 

RGa3 ʜʣʷ ʨʘʟʣʠʯʥʳʭ R ʠ T. 

R 

ʌʘʟʘ 

Y Sm Gd Tb Dy Ho Er Tm Lu 

RGa3 [43] 

(ʪʠʧ AuCu3) 

- - - + + + + + + 

RTxGa3 [34, 

49-51] 

- - - ? Mn Cr-Co Cr-Co Mn, Fe - 

R4TGa12 [33, 

35-38] 

(ʪʠʧ 

Y4PdGa12) 

Mn, 

Pd, Pt 

Fe - Cr, Fe, 

Ni, Pd, 

Pt 

Cr, Fe,  

Ni, Pd,  

Pt 

Cr, Fe, 

Ni, Pd, 

Pt 

Cr, Fe, 

Ni, Pd, 

Pt 

Cr, Fe, 

Ni, Pd, 

Pt 

- 

R2TGa6 [39, 

54, 55] 

(ʪʠʧ K2PtCl6) 

- Mn Mn Mn -  - - - - 

RTGa5 [27, 

29] 

(ʪʧʧ HoCo-

Ga5) 

- - - Co,  

Fe, Ni 

Co, 

Fe, Ni 

Co, Fe, 

Ni 

Co, Fe, 

Ni 

Co, Fe, 

Ni 

Co, Fe, 

Ni 

R2TGa8 [30-

32] 

(ʪʠʧ 

Ho2CoGa8) 

Co - Co, Fe, 

Ni 

Co, Fe, 

Ni 

Co, 

Fe, Ni 

Co, Fe, 

Ni 

Co, Fe, 

Ni 

Co, Fe, 

Ni 

Co, Fe, 

Ni 

R4T3Ga16 

[52] 

(ʪʠʧ 

Sm4Co3Ga16) 

- Co Co Co Co Co Co Co - 
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2.3 ʂʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ ʬʘʟ ʧʨʦʠʟʚʦʜʥʳʭ ʦʪ ʢʫʙʠʯʝʩʢʦʡ RGa3 ʚ ʩʠʩʪʝʤʘʭ 

RïTïGa 

2.3.1 ʌʘʟʳ ʩʝʤʝʡʩʪʚʘ RnTmGa3n+2m 

ʊʨʦʡʥʳʝ ʬʘʟʳ ʚ ʩʝʤʝʡʩʪʚʝ RnTmGa3n+2m, ʛʜʝ R = Y, Sc, Sm, GdïTm, Lu, ʘ T = FeïNi 

[27, 29-32, 52], ʢʨʠʩʪʘʣʣʠʟʫʶʪʩʷ ʚ ʪʝʪʨʘʛʦʥʘʣʴʥʳʭ ʩʪʨʫʢʪʫʨʘʭ ʪʠʧʘ HoCoGa5 ʠ 

Ho2CoGa8. ʀʭ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʩʨʘʩʪʘʥʠʝ 

ʯʝʨʝʜʫʶʱʠʭʩʷ ʚ ʦʧʨʝʜʝʣʝʥʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʩʣʦʝʚ RGa3 (ʪʠʧ AuCu3) ʠ TGa2 (ʪʠʧ 

PtHg2) ʚʜʦʣʴ ʦʩʠ c, ʛʜʝ ʠʥʜʝʢʩʳ n ʠ m ʦʪʥʦʩʷʪʩʷ ʢ ʢʦʣʠʯʝʩʪʚʫ ʩʣʦʝʚ RGa3 ʠ TGa2 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  

ʇʨʠ n = 1 ʠ m = 1 ʧʨʦʠʩʭʦʜʠʪ ʯʝʨʝʜʦʚʘʥʠʠ ʦʜʥʦʛʦ ʩʣʦʷ RGa3 ʠ ʦʜʥʦʛʦ ʩʣʦʷ TGa2, 

ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʬʘʟ RTGa5 ʩʪʨʫʢʪʫʨʥʦʛʦ ʪʠʧʘ HoCoGa5 (P4/mmm, ʘ ~ 4.2 ¡, 

ʩ ~ 6.5 ¡ ) (ʈʠʩʫʥʦʢ 4ʘ) [27, 29]. ɸʪʦʤʳ ʚ ʩʪʨʫʢʪʫʨʝ ʟʘʥʠʤʘʶʪ 4 ʥʝʟʘʚʠʩʠʤʳʝ ʧʦʟʠʮʠʠ. 

ɸʪʦʤʳ R ʠ T, ʨʘʩʧʦʣʘʛʘʷʩʴ ʚ ʮʝʥʪʨʘʭ ʢʫʙʦʦʢʪʘʵʜʨʦʚ Ga12 ʠ ʢʚʘʜʨʘʪʥʳʭ ʧʨʠʟʤ Ga8, 

ʟʘʥʠʤʘʶʪ ʧʦʟʠʮʠʠ 1a (0; 0; 0) ʠ 1b (0; 0; İ) ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɸʪʦʤʳ Ga ʟʘʥʠʤʘʶʪ ʜʚʝ 

ʧʦʟʠʮʠʠ: Ga1 ï 1c (İ; İ; 0), Ga2 ï 4i (0; İ; z, ʛʜʝ z  ~ 0.3). ʇʦʟʠʮʠʷ Ga1 ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʘʪʦʤʳ Ga, ʢʦʪʦʨʳʝ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚ ʦʜʥʦʤ ʩʣʦʝ ʩ ʘʪʦʤʘʤʠ R. ɸʪʦʤʳ Ga2 

ʦʙʨʘʟʫʶʪ ʢʚʘʜʨʘʪʥʳʝ ʩʝʪʢʠ ʚ ʤʝʩʪʝ ʩʦʯʣʝʥʝʥʠʷ ʢʫʙʦʦʢʪʘʵʜʨʦʚ RGa12 ʠ ʢʚʘʜʨʘʪʥʳʭ 

ʧʨʠʟʤ TGa8. ʂʦʦʨʜʠʥʘʪʘ z ʘʪʦʤʘ Ga2 ï ʝʜʠʥʩʪʚʝʥʥʳʡ ʧʘʨʘʤʝʪʨ, ʢʦʪʦʨʳʡ ʥʝ ʬʠʢʩʠʨʫʝʪʩʷ 

ʩʠʤʤʝʪʨʠʝʡ, ʠ ʚʤʝʩʪʝ ʩ ʧʘʨʘʤʝʪʨʦʤ c ʦʧʨʝʜʝʣʷʝʪ ʪʦʣʱʠʥʫ ʙʣʦʢʦʚ RGa3 ʠ TGa2. 

ʂʫʙʦʦʢʪʘʵʜʨ rRGa12 ʥʝʩʢʦʣʴʢʦ ʠʩʢʘʞʝʥʳ ʠ ʩʞʘʪʳ ʚʜʦʣʴ ʦʩʠ c, ʦ ʯʝʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʦʝ ʨʘʟʣʠʯʠʝ ʤʝʞʜʫ ʨʘʩʩʪʦʷʥʠʷʤʠ RïGa1 (~ 2.92-2.99 ¡) ʠ RïGa2 

(~ 2.88-2.97 ¡) (ʈʠʩʫʥʦʢ 3 ʙ). ɼʘʥʥʳʝ ʤʝʞʘʪʦʤʥʳʝ ʨʘʩʩʪʦʷʥʠʷ ʩʦʧʦʩʪʘʚʠʤʳ ʩ 

ʨʘʩʩʪʦʷʥʠʷʤʠ RïGa ʚ ʨʘʟʣʠʯʥʳʭ ʙʠʥʘʨʥʳʭ ʩʦʝʜʠʥʝʥʠʷʭ RGa [56], RGa2[57-60] ʠ 

RGa3[43], ʛʜʝ ʦʥʠ ʚʘʨʴʠʨʫʶʪʩʷ ʚ ʠʥʪʝʨʚʘʣʝ 2.80-3.05 ¡ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʥʢʨʝʪʥʦʛʦ R. 

ʈʘʩʩʪʦʷʥʠʷ TïGa2 ʩʦʩʪʘʚʣʷʶʪ ʧʦʨʷʜʢʘ ~ 2.44ï2.51 ¡ (ʈʠʩʫʥʦʢ 4ʙ), ʯʪʦ ʪʘʢʞʝ ʥʘʭʦʜʠʪʩʷ 

ʚ ʜʠʘʧʘʟʦʥʝ ʪʠʧʠʯʥʳʭ ʨʘʩʩʪʦʷʥʠʡ TïGa (2.4-2.8 ¡) ʚ ʙʠʥʘʨʥʳʭ ʩʦʝʜʠʥʝʥʠʷʭ FeGa3 [61, 

62], CoGa3 [63, 64], Ni2Ga3 [65, 66].  
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ʈʠʩʫʥʦʢ 4. ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ RTGa5, ʦʙʨʘʟʦʚʘʥʥʘʷ ʯʝʨʝʜʦʚʘʥʠʝʤ ʙʣʦʢʦʚ RGa3 

ʠ TGa2 (ʘ), ʤʝʞʘʪʦʤʥʳʝ ʩʚʷʟʠ RïGa1, RïGa2, TïGa2 (ʙ), ʩʭʝʤʘ ʭʠʤʠʯʝʩʢʦʛʦ ʜʘʚʣʝʥʠʷ ʚ 

ScNiGa5 (ʚ); ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʯʝʨʥʳʤ ʮʚʝʪʦʤ ʪʘʤ, ʛʜʝ ʜʘʚʣʝʥʠʝ ʦʪʨʠʮʘʪʝʣʴʥʦʝ 

(ʯʪʦ ʧʦʢʘʟʳʚʘʝʪ ʩʪʨʝʤʣʝʥʠʝ ʢ ʩʞʘʪʠʶ ʩʪʨʫʢʪʫʨʳ), ʠ ʙʝʣʳʤ ʮʚʝʪʦʤ ʜʣʷ ʥʘʧʨʘʚʣʝʥʠʡ, 

ʚʜʦʣʴ ʢʦʪʦʨʳʭ ʜʘʚʣʝʥʠʝ ʧʦʣʦʞʠʪʝʣʴʥʦʝ (ʩʧʦʩʦʙʩʪʚʫʝʪ ʨʘʩʰʠʨʝʥʠʶ ʩʪʨʫʢʪʫʨʳ) [72]. 

 

ɼʦʙʘʚʣʝʥʠʝ ʝʱʝ ʦʜʥʦʛʦ ʩʣʦʷ RGa3 (n = 2 ʠ m = 1) ʚʝʜʝʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʬʘʟ R2TGa8 

ʩʪʨʫʢʪʫʨʥʦʛʦ ʪʠʧʘ Ho2CoGa8 (P4/mmm), ʛʜʝ R (R = Gd-Tm, Lu) ʠ T (T = Fe-Ni) ʟʘʥʠʤʘʶʪ 

ʧʦʟʠʮʠʠ 2g (0; 0; z, z ~ 0.30), 1a (0; 0; 0) ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʘ Ga ʠʤʝʝʪ ʪʨʠ ʥʝʟʘʚʠʩʠʤʳʝ 

ʧʦʟʠʮʠʠ: Ga1 ï 2e (0; 0.5; 0.5), Ga2 ï 2h (0.5; 0.5; z, z ~ 0.29) ʠ Ga3 ï 4i (0; 0.5; z, z ~ 0.11) 

(ʈʠʩʫʥʦʢ 5). ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʘʪʦʤʦʚ R ʠ T ʧʝʨʠʦʜʳ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ a ~ 4.24-4.27 

¡ ʠ ʩ ~ 11.05-11.1 ¡, ʘ ʦʪʥʦʰʝʥʠʝ c/a ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʩʦʩʪʘʚʣʷʝʪ ʧʨʠʤʝʨʥʦ 2.6.  ʂʘʞʜʳʡ 

ʘʪʦʤ R ʪʘʢʞʝ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʚ ʮʝʥʪʨʝ ʢʫʙʦʦʢʪʘʵʜʨʘ Ga12 ʩ ʜʣʠʥʘʤʠ ʩʚʷʟʝʡ RïGa1/RïGa3 

~ 2.93-2.97 ¡ ʠ RïGa2 ~ 2.95-3.0 ¡, ʘ ʘʪʦʤ T ï ʚ ʮʝʥʪʨʝ ʢʚʘʜʨʘʪʥʦʡ ʧʨʠʟʤʳ Ga8 ʩ TïGa1 

~ 2.45-2.5 ¡.  

ʌʘʟʳ RnTmGa3n+2m ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʪʦʣʴʢʦ ʜʣʷ ʥʝʙʦʣʴʰʦʛʦ ʨʷʜʘ 3d ʵʣʝʤʝʥʪʦʚ (Fe-

Ni) ʠ ʪʷʞʝʣʳʭ ʈɿʕ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʠʥʜʠʜʦʚ RnTmIn3n+2m, ʢʦʪʦʨʳʝ ʠʟʚʝʩʪʥʳ ʜʣʷ ʙʦʣʴʰʦʛʦ 

ʜʠʘʧʘʟʦʥʘ ʈɿʕ ʠ ʧʝʨʝʭʦʜʥʳʭ ʵʣʝʤʝʥʪʦʚ [26-28, 67-71]. ʕʪʦʪ ʬʘʢʪ, ʚʝʨʦʷʪʥʦ, ʚʳʟʚʘʥ 

ʨʘʟʤʝʨʥʳʤʠ ʬʘʢʪʦʨʘʤʠ ʘʪʦʤʦʚ. ɺ ʨʘʙʦʪʝ [72] ʘʚʪʦʨʳ ʥʘ ʧʨʠʤʝʨʝ ʩʦʝʜʠʥʝʥʠʷ ScNiGa5 

ʧʦʢʘʟʘʣʠ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʥʫʪʨʝʥʥʝʛʦ (ʭʠʤʠʯʝʩʢʦʛʦ) ʜʘʚʣʝʥʠʷ ʚ 

ʩʪʨʫʢʪʫʨʘʭ ʪʠʧʘ HoCoGa5 (ʈʠʩʫʥʦʢ 4ʚ). ʇʦʣʫʯʝʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʥʘ 
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ʘʪʦʤʳ Ga ʜʝʡʩʪʚʫʝʪ ʦʪʨʠʮʘʪʝʣʴʥʦʝ ʜʘʚʣʝʥʠʝ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʢ ʩʦʩʝʜʥʠʤ ʘʪʦʤʘʤ Ga, 

ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʩʪʨʝʤʣʝʥʠʝ ʢ ʩʦʢʨʘʱʝʥʠʶ ʜʣʠʥʳ ʩʚʷʟʝʡ GaïGa. ʇʨʠ ʵʪʦʤ ʥʘ ʘʪʦʤʳ Ga 

ʪʘʢʞʝ ʜʝʡʩʪʚʫʝʪ ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʜʘʚʣʝʥʠʝ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʢ ʩʦʩʝʜʥʠʤ ʘʪʦʤʘʤ Sc ʠ Ni, ʘ 

Sc ʠ Ni ʘʥʘʣʦʛʠʯʥʦ ʠʩʧʳʪʳʚʘʶʪ ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʜʘʚʣʝʥʠʝ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʢ 

ʦʢʨʫʞʘʶʱʠʤ ʠʭ ʘʪʦʤʘʤ Ga, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʩʪʨʝʤʣʝʥʠʝ ʢ ʫʚʝʣʠʯʝʥʠʶ ʜʣʠʥʳ ʩʚʷʟʝʡ 

Sc-Ga ʠ Ni-Ga. ʊʘʢʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʭʠʤʠʯʝʩʢʦʛʦ ʜʘʚʣʝʥʠʷ ʛʦʚʦʨʠʪ ʦ ʢʦʥʢʫʨʝʥʮʠʠ 

ʤʝʞʜʫ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤʠ Ga-Ga, ʩʪʨʝʤʷʱʠʭʩʷ ʩʞʘʪʴ ʩʪʨʫʢʪʫʨʫ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤʠ Sc-

Ga ʠ Ni-Ga, ʩʪʨʝʤʷʱʠʭʩʷ ʢ ʨʘʩʰʠʨʝʥʠʶ ʩʪʨʫʢʪʫʨʳ. ʕʪʠ ʥʘʧʨʷʞʝʥʠʷ ʠʤʝʶʪ ʩʚʦʠ 

ʧʦʩʣʝʜʩʪʚʠʷ ʜʣʷ ʩʪʘʙʠʣʴʥʦʩʪʠ ʬʘʟ RnTmGa3n+2m. Sc ʠ Ni ʚ ʩʪʨʫʢʪʫʨʝ ScNiGa5 ʫʞʝ 

ʥʝʤʥʦʛʦ ʚʝʣʠʢʠ ʜʣʷ ʩʚʦʝʛʦ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʛʦ ʦʢʨʫʞʝʥʠʷ, ʠ ʟʘʤʝʥʘ ʠʭ ʥʘ ʘʪʦʤʳ ʙʦʣʝʝ 

ʢʨʫʧʥʦʛʦ ʨʘʟʤʝʨʘ ʧʨʠʚʝʜʝʪ ʢ ʝʱʝ ʙʦʣʴʰʝʤʫ ʫʚʝʣʠʯʝʥʠʶ ʥʘʧʨʷʞʝʥʠʡ ʚ ʩʪʨʫʢʪʫʨʝ, ʚ 

ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʧʨʠʚʝʜʷ ʢ ʪʦʤʫ, ʯʪʦ ʵʪʦʪ ʩʪʨʫʢʪʫʨʥʳʡ ʪʠʧ ʧʨʦʠʛʨʘʝʪ ʜʨʫʛʠʤ 

ʢʦʥʢʫʨʠʨʫʶʱʠʤ ʙʦʣʝʝ ʚʳʛʦʜʥʳʤ ʩʪʨʫʢʪʫʨʥʳʤ ʪʠʧʘʤ, ʪʘʢʠʤ ʢʘʢ BaMg4Si3 [73], 

Ce2NiGa10 [74, 75] , ʯʪʦ ʠ ʥʘʙʣʶʜʘʝʪʩʷ ʜʣʷ ʢʨʫʧʥʳʭ R (La-Pr). 

 

 

ʈʠʩʫʥʦʢ 5. ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ R2TGa8, ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʦʢʨʫʞʝʥʠʝ 

ʘʪʦʤʦʚ R ʠ T ʠ ʦʙʨʘʟʦʚʘʥʠʝ ʧʫʩʪʦʛʦ ʦʢʪʘʵʜʨʘ Ga6 ʟʘ ʩʯʝʪ ʩʨʘʩʪʘʥʠʷ ʜʚʫʭ ʩʣʦʝʚ RGa3. 
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ʏʝʨʝʜʦʚʘʥʠʝ ʜʚʫʭ ʩʣʦʝʚ RGa3 ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʝ R2TGa8 ʧʨʠʚʦʜʠʪ ʢ 

ʦʙʨʘʟʦʚʘʥʠʶ ʧʫʩʪʦʛʦ ʦʢʪʘʵʜʨʘ Ga6 ʚ ʮʝʥʪʨʝ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ (ʈʠʩʫʥʦʢ 4). 

ɿʘʧʦʣʥʝʥʠʝ ʜʘʥʥʦʡ ʦʢʪʘʵʜʨʠʯʝʩʢʦʡ ʧʫʩʪʦʪʳ Ga6 ʘʪʦʤʘʤʠ T ʚʝʜʝʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 

ʧʨʦʠʟʚʦʜʥʳʭ ʬʘʟ R4T3Ga16 (ʈʠʩʫʥʦʢ 6). ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʧʦʜʦʙʥʳʝ ʬʘʟʳ ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ ʪʦʣʴʢʦ ʜʣʷ T = Co ʩ R = SmïEr [52].        

 

ʈʠʩʫʥʦʢ 6. ʆʙʨʘʟʦʚʘʥʠʝ ʬʘʟʳ R4T3Ga16 ʟʘ ʩʯʝʪ ʚʥʝʜʨʝʥʠʷ ʘʪʦʤʘ T ʚ ʦʢʪʘʵʜʨ Ga6 ʚ 

ʩʪʨʫʢʪʫʨʝ R2TGa8 

 

ɺʥʝʜʨʝʥʠʝ ʘʪʦʤʘ Co, ʚʳʟʳʚʘʝʪ ʩʚʝʨʭʩʪʨʫʢʪʫʨʥʦʝ ʫʧʦʨʷʜʦʯʝʥʠʝ, ʯʪʦ ʚʝʜʝʪ ʢ 

ʫʚʝʣʠʯʝʥʠʶ ʧʘʨʘʤʝʪʨʘ ʘ ʚ Ѝς ʨʘʟ ʩ ~ 4.2 ¡ ʜʦ ~ 6.0 ¡, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʧʘʨʘʤʝʪʨ ʩ ʦʩʪʘʝʪʩʷ 

ʥʝʠʟʤʝʥʥʳʤ. ʊʘʢʞʝ ʘʪʦʤʳ Co ʟʘʥʠʤʘʶʪ ʫʞʝ ʜʚʝ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠ ʥʝʟʘʚʠʩʠʤʳʝ 

ʧʦʟʠʮʠʠ: Co1 ï 2e (0; İ; İ) ʠ Co2 ï 1ʘ (0; 0; 0), ʘʪʦʤʳ Ga ï 4 ʧʦʟʠʮʠʠ: Ga1 ï 8r (ı; ı; ~ 

0.38), Ga2 ï 2h (İ; İ; ~ 0.20), Ga2' ï 2g (0; 0; ~ 0.22) ʠ Ga3 ï 4j (~0.28; ~0.28; 0), ʘ ʘʪʦʤʳ 

R ï ʧʦʟʠʮʠʶ 4i (0; İ; 0.2). ɼʦʧʦʣʥʠʪʝʣʴʥʳʡ ʘʪʦʤ Co ʟʘʧʦʣʥʷʝʪ ʧʦʣʦʚʠʥʫ ʚʩʝʭ 

ʠʤʝʶʱʠʭʩʷ ʦʢʪʘʵʜʨʦʚ Ga6 (ʈʠʩʫʥʦʢ 7ʘ). ɺʥʝʜʨʝʥʠʝ ʘʪʦʤʘ Co ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ 

ʩʤʝʱʝʥʠʝʤ ʘʪʦʤʘ Ga ʠʟ ʧʦʟʠʮʠʠ Ga2 ʚ Ga2ô ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʨʘʩʩʪʦʷʥʠʡ Co-Ga ʚ ~ 2.3ï
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2.4 ¡ (ʩʨʘʚʥʠʤʳ ʩ ʩʫʤʤʦʡ ʠʭ ʘʪʦʤʥʳʭ ʨʘʜʠʫʩʦʚ ~ 1.35 ¡ ʜʣʷ Ga ʠ ~ 1.25 ¡ ʜʣʷ Co [76] ʠ 

ʩ ʪʠʧʠʯʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʤʝʞʘʪʦʤʥʳʭ ʨʘʩʩʪʦʷʥʠʡ ʜʣʷ ʵʪʦʡ ʧʘʨʳ ʘʪʦʤʦʚ ʚ ʜʨʫʛʠʭ 

ʠʟʚʝʩʪʥʳʭ ʠʥʪʝʨʤʝʪʘʣʣʠʜʘʭ [63, 64]), ʪ.ʝ. ʧʨʦʠʩʭʦʜʠʪ ʨʘʩʰʠʨʝʥʠʝ ʠʩʭʦʜʥʦʛʦ ʦʢʪʘʵʜʨʘ 

Ga6. ɺ ʵʪʦ ʞʝ ʚʨʝʤʷ ʩʦʩʝʜʩʪʚʫʶʱʠʝ ʧʫʩʪʳʝ ʦʢʪʘʵʜʨʳ Ga6 ʟʥʘʯʠʪʝʣʴʥʦ ʩʞʠʤʘʶʪʩʷ, ʪʘʢ 

ʯʪʦ ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʝʛʦ ʮʝʥʪʨʘ ʜʦ ʚʝʨʰʠʥ ʩʪʘʥʦʚʠʪʩʷ ~ 1.9ï2.2 ¡, ʯʪʦ ʛʦʨʘʟʜʦ ʤʝʥʴʰʝ 

ʪʠʧʠʯʥʦʛʦ ʨʘʩʩʪʦʷʥʠʷ Co-Ga, ʧʦʵʪʦʤʫ ʟʘʧʦʣʥʝʥʠʝ ʚʩʝʭ ʦʢʪʘʵʜʨʦʚ ʥʝ ʧʨʦʠʩʭʦʜʠʪ 

(ʈʠʩʫʥʦʢ 7ʙ, ʚ). ʈʘʩʰʠʨʝʥʠʝ ʦʢʪʘʵʜʨʘ Ga6 ʚʩʣʝʜʩʪʚʠʝ ʚʥʝʜʨʝʥʠʷ ʚ ʥʝʛʦ ʘʪʦʤʘ Co ʚʝʜʝʪ ʢ 

ʫʚʝʣʠʯʝʥʠʶ ʨʘʩʩʪʦʷʥʠʡ GaïGa c ~ 3.1 ¡ ʜʦ ~ ¡ 3.4 ¡ ʚ ʟʘʧʦʣʥʝʥʥʦʤ ʦʢʪʘʵʜʨʝ ʠ 

ʫʤʝʥʴʰʝʥʠʶ ʚ ʩʦʩʝʜʩʪʚʫʶʱʝʤ ʧʫʩʪʦʤ ʦʢʪʘʵʜʨʝ Ga6 ʜʦ ~ 2.9 ¡.    

        

 

ʈʠʩʫʥʦʢ 7. ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ R4T3Ga16 (ʘ), ʯʝʨʝʜʦʚʘʥʠʝ ʨʘʩʰʠʨʝʥʥʳʭ 

ʟʘʧʦʣʥʝʥʥʳʭ (ʢʨʘʩʥʳʝ) ʠ ʩʞʘʪʳʭ ʧʫʩʪʳʭ (ʟʝʣʝʥʳʭ) ʦʢʪʘʵʜʨʦʚ Ga6 ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ 

ʩʪʨʫʢʪʫʨʝ R4T3Ga16 (ʙ, ʚ).  

 

ʊʘʢ ʢʘʢ ʨʘʩʩʪʦʷʥʠʷ CoïGa ʚ ʦʢʪʘʵʜʨʝ Ga6 ʥʝ ʤʦʛʫʪ ʙʳʪʴ ʢʦʨʦʯʝ ~ 2.3 ¡, ʪʦ ʵʪʦ 

ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʫʩʪʘʥʘʚʣʠʚʘʝʪ ʧʨʝʜʝʣ ʦʙʨʘʟʦʚʘʥʠʝ ʬʘʟʳ ʚ ʨʷʜʫ ʈɿʕ ʩ ʥʘʠʤʝʥʴʰʠʤ R 
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= Er, ʥʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʨʦʜʠʪʝʣʴʩʢʘʷ ʩʪʨʫʢʪʫʨʘ R2CoGa8 ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʚʧʣʦʪʴ ʜʦ 

Lu. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʢʘʞʝʪʩʷ, ʯʪʦ ʨʘʩʰʠʨʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʧʫʪʝʤ ʟʘʤʝʱʝʥʠʷ R ʙʦʣʴʰʠʤ 

ʨʘʜʠʫʩʦʤ ʥʝ ʜʦʣʞʥʦ ʦʛʨʘʥʠʯʠʚʘʪʴʩʷ. ʅʦ ʪʫʪ ʚʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ R-ʮʝʥʪʨʠʨʦʚʘʥʥʳʝ 

ʢʫʙʦʦʢʪʘʵʜʨʳ Ga12 ʠʤʝʶʪ ʦʙʱʫʶ ʢʚʘʜʨʘʪʥʫʶ ʛʨʘʥʴ ʠʟ ʘʪʦʤʦʚ Ga2 ʩ Co-

ʮʝʥʪʨʠʨʦʚʘʥʥʳʤʠ ʧʨʠʟʤʘʤʠ Ga8. ʇʦʩʢʦʣʴʢʫ ʤʝʞʘʪʦʤʥʳʝ ʨʘʩʩʪʦʷʥʠʷ ʚ ʙʣʦʢʘʭ CoGa2 

ʦʩʪʘʶʪʩʷ ʥʝʠʟʤʝʥʥʳʤʠ ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ ʩʪʨʫʢʪʫʨʳ R2TGa8 ʢ R4T3Ga16, ʪʦ ʠ ʧʨʝʜʝʣ 

ʟʘʤʝʱʝʥʠʷ ʘʪʦʤʦʚ R ʦʜʠʥʘʢʦʚ ʜʣʷ ʦʙʦʠʭ ʩʝʨʠʡ ʠ ʦʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʥʘ Sm.   

2.3.2 ʅʝʫʧʦʨʷʜʦʯʝʥʥʳʝ ʬʘʟʳ RTxGa3 

ʊʨʦʡʥʳʝ ʬʘʟʳ RTxGa3 (R = DyïTm, T = CrïCo) [34, 49-51], ʧʨʦʠʟʚʦʜʥʳʝ ʦʪ 

ʢʫʙʠʯʝʩʢʦʛʦ RGa3, ʦʙʨʘʟʫʶʪʩʷ ʟʘ ʩʯʝʪ ʥʝʫʧʦʨʷʜʦʯʝʥʥʦʛʦ ʚʥʝʜʨʝʥʠʷ ʘʪʦʤʦʚ T ʚ 

ʦʢʪʘʵʜʨʠʯʝʩʢʠʝ ʧʫʩʪʦʪʳ Ga6. ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝ ʜʘʥʥʳʝ ʬʘʟʳ ʦʙʨʘʟʫʶʪʩʷ ʧʨʠ ʭ < 

0.25, ʢʦʛʜʘ ʟʘʧʦʣʥʝʥʦ ʤʝʥʝʝ ʯʝʪʚʝʨʪʠ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʧʫʩʪʦʪ. ʀʭ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ 

ʩʪʨʫʢʪʫʨʳ ʫʧʨʦʱʝʥʥʦ ʤʦʞʥʦ ʦʧʠʩʘʪʴ ʚ ʨʘʤʢʘʭ ʩʪʨʫʢʪʫʨʥʦʛʦ ʪʠʧʘ ʧʝʨʦʚʩʢʠʪʘ ABO3 

(Pmσm), ʛʜʝ ʘʪʦʤ r R ʟʘʥʠʤʘʝʪ ʧʦʟʠʮʠʶ A ʢʘʪʠʦʥʘ ï 1ʘ (0; 0; 0), ʘʪʦʤʳ T ʯʘʩʪʠʯʥʦ 

ʟʘʩʝʣʷʶʪ ʧʦʟʠʮʠʶ B ʢʘʪʠʦʥʘ ï 1b (İ; İ; İ)., ʘ Ga ï ʧʦʟʠʮʠʶ 3c (0; İ; İ). 

ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʬʘʟ ʩʦʩʪʦʠʪ ʠʟ ʢʫʙʦʢʪʘʵʜʨʦʚ RGa12, ʟʘʧʦʣʥʝʥʥʳʭ ʠ ʧʫʩʪʳʭ 

ʦʢʪʘʵʜʨʦʚ TGa6 ʠ Ga6 (ʈʠʩʫʥʦʢ 8ʘ, ʙ). 
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ʈʠʩʫʥʦʢ 8. ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʥʝʫʧʦʨʷʜʦʯʝʥʥʳʭ ʬʘʟ RTxGa3 (ʘ), 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʧʦʣʠʵʜʨʳ ʜʣʷ ʘʪʦʤʦʚ R ʠ T (ʙ), ʦʧʠʩʘʥʠʝ ʩʤʝʱʝʥʠ ̫ʘʪʦʤʦʚ Ga 

ʘʥʠʟʦʪʨʦʧʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʘʪʦʤʥʦʛʦ ʩʤʝʰʝʥʠʷ Ga (ʚ) ʠʣʠ ʚʚʝʜʝʥʠʝʤ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ 

ʯʘʩʪʠʯʥʦ ʟʘʩʝʣʝʥʥʦʡ ʧʦʟʠʮʠʠ Gaô (ʛ). 

 

ɿʘ ʩʯʝʪ ʚʥʝʜʨʝʥʠʷ ʘʪʦʤʘ T ʧʘʨʘʤʝʪʨʳ ʵʣʝʤʝʥʪʘʨʥʳʭ ʷʯʝʝʢ ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʪʘʢʦʚʳʤʠ ʜʣʷ ʠʩʭʦʜʥʳʭ ʬʘʟ RGa3 ʚ ʩʨʝʜʥʝʤ ʥʘ ~ 0.01-0.02 ¡ (ʊʘʙʣʠʮʘ 4). 

ʇʦʤʠʤʦ ʫʚʝʣʠʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʵʣʝʤʝʥʪʘʨʥʳʭ ʷʯʝʝʢ, ʚʥʝʜʨʝʥʠʝ ʘʪʦʤʘ T ʪʘʢʞʝ 

ʧʨʠʚʦʜʠʪ ʢ ʩʤʝʱʝʥʠʶ ʯʘʩʪʠ ʘʪʦʤʦʚ Ga ʠʟ ʧʦʟʠʮʠʠ 3c (0; İ; İ). ɺ ʨʘʟʣʠʯʥʳʭ ʨʘʙʦʪʘʭ 

ʩʤʝʱʝʥʠʝ ʘʪʦʤʦʚ Ga ʦʧʠʩʳʚʘʶʪ ʜʚʫʤʷ ʩʧʦʩʦʙʘʤʠ: ʘʥʠʟʦʪʨʦʧʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ 

ʘʪʦʤʥʦʛʦ ʩʤʝʱʝʥʠʷ ʘʪʦʤʦʚ Ga [51], ʣʠʙʦ ʚʚʝʜʝʥʠʝʤ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʯʘʩʪʠʯʥʦ 

ʟʘʩʝʣʝʥʥʦʡ ʧʦʟʠʮʠʠ 6f (ʭ; İ; İ), ʛʜʝ ʭ ~ 0.06ï0.08 [49] (ʈʠʩʫʥʦʢ 8ʚ, ʛ). ʊʘʢ, ʚ ʩʣʫʯʘʝ T = 
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Cr, ʟʘʩʝʣʝʥʥʦʩʪʴ ʧʦʟʠʮʠʠ ʢʦʪʦʨʦʛʦ ʩʦʩʪʘʚʣʷʝʪ ʭ = 0,152 ʠ 0,139 ʜʣʷ Ho ʠ Er 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʘʚʪʦʨʳ ʨʘʙʦʪʳ [51] ʦʧʠʩʳʚʘʶʪ ʩʤʝʱʝʥʠʝ ʯʘʩʪʠ ʘʪʦʤʦʚ Ga 

ʘʥʠʟʦʪʨʦʧʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʘʪʦʤʥʦʛʦ ʩʤʝʱʝʥʠʷ. ɼʣʷ T = Mn ʧʨʠ ʤʘʣʳʭ ʟʥʘʯʝʥʠʷʭ ʭ ~ 

0.05-0.08 ʩʤʝʱʝʥʠʝ Ga ʦʧʠʩʳʚʘʶʪ ʪʘʢʠʤ ʞʝ ʦʙʨʘʟʦʤ, ʘ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʭ ʜʦ ~ 0.1-0.15 

ʚʚʦʜʷʪ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʧʦʟʠʮʠʶ Gaô (~0.08; İ; İ) [49]. ɼʣʷ ʬʘʟ ʩ T = Fe ʠ Co, ʥʝʩʤʦʪʨʷ 

ʥʘ ʤʘʣʫʶ ʟʘʩʝʣʝʥʥʦʩʪʴ ʠʭ ʧʦʟʠʮʠʡ ʚ ʩʪʨʫʢʪʫʨʝ, ʠʩʧʦʣʴʟʦʚʘʣʠ ʦʧʠʩʘʥʠʝ ʪʦʣʴʢʦ ʩ 

ʚʚʝʜʝʥʠʝʤ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʯʘʩʪʠʯʥʦ ʟʘʩʝʣʝʥʥʦʡ ʧʦʟʠʮʠʠ Gaô (~0.06; İ; İ) ʠ (~0.08; İ; 

İ) ɺʦ ʚʩʝʭ ʵʪʠʭ ʩʣʫʯʘʷʭ ʟʘʩʝʣʝʥʥʦʩʪʴ ʧʦʟʠʮʠʠ Gaô ʥʝ ʩʚʷʟʳʚʘʣʠ ʩ ʟʘʩʝʣʝʥʥʦʩʪʴʶ 

ʧʦʟʠʮʠʠ ʧʝʨʝʭʦʜʥʦʛʦ ʤʝʪʘʣʣʘ ʊ, ʥʦ ʢʦʨʨʝʣʷʮʠʷ ʤʝʞʜʫ ʥʠʤʠ ʩʫʱʝʩʪʚʫʝʪ ï ʯʝʤ ʙʦʣʴʰʝ 

ʟʘʩʝʣʝʥʥʦʩʪʴ ʧʦʟʠʮʠʠ ʘʪʦʤʘ ʊ, ʪʝʤ ʚʳʰʝ ʦʥʠ ʠ ʜʣʷ Gaô, ʧʨʠʯʝʤ ʟʘʩʝʣʝʥʥʦʩʪʴ Gaô ʚʩʝʛʜʘ 

ʥʝʤʥʦʛʦ ʙʦʣʴʰʝ ʟʘʩʝʣʝʥʥʦʩʪʠ ʧʦʟʠʮʠʠ ʘʪʦʤʘ T.      

 

ʊʘʙʣʠʮʘ 4. ʉʨʘʚʥʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʵʣʝʤʝʥʪʘʨʥʳʭ ʷʯʝʝʢ ʥʝʫʧʦʨʷʜʦʯʝʥʥʳʭ ʬʘʟ 

RTxGa3[34, 49-51] ʠ ʠʩʭʦʜʥʳʭ ʬʘʟ RGa3 [43].  

RʉrxGa3  HoCr0.15Ga3 ErCr0.14Ga3  

a, (¡)  4.251(1) 4.238(1)  

RMnxGa3 DyMnxGa3(ʢʫʙ)/ 

DyMnxGa3(ʪʝʪʨ.) 

HoMn0.08Ga3 

HoMn0.15Ga3 

ErMn0.04Ga3 

ErMn0.11Ga3 

TmMn0.05Ga3 

TmMn0.09Ga3 

a, (¡) 4.2678(9) - 4.2752(9)/ 

a = 4.258(2), c = 4.307(2) 

4.2387(2) 

4.2516(1) 

4.2303(3) 

4.2351(2) 

4.2085(4) 

4.2195(2) 

RFexGa3  HoFe0.11Ga3 

HoFe0.16Ga3 

ErFe0.06Ga3 

ErFe0.11Ga3 

 

a, (¡)  4.2377(5) 

4.2441(3) 

4.2227(9) 

4.226(1) 

 

RʉoxGa3  HoCo0.16Ga3 ErCo0.06Ga3  

a, (¡)  4.2355(5) 4.221(2)  

RGa3 DyGa3 HoGa3 ErGa3 TmGa3 

a, (¡) 4.271 4.235 4.215(1) 4.203(1) 

 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʛʘʨʤʦʥʠʯʝʩʢʦʛʦ ʧʨʠʙʣʠʞʝʥʠʷ ʘʪʦʤʳ Ga ʦʩʪʘʶʪʩʷ ʚ ʩʚʦʝʡ 

ʧʦʟʠʮʠʠ 3c (0; İ; İ), ʠʟ-ʟʘ ʯʝʛʦ ʢʦʨʨʝʢʪʥʦ ʦʮʝʥʠʪʴ ʨʘʩʩʪʦʷʥʠʷ T-Ga ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ 
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ʚʦʟʤʦʞʥʳʤ, ʠ ʨʘʩʯʝʪʥʳʝ ʨʘʩʩʪʦʷʥʠʷ T-Ga ʦʢʘʟʳʚʘʶʪʩʷ ʧʦʨʷʜʢʘ 2.11 ¡ ï 2.12 ¡, ʯʪʦ 

ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ ʪʠʧʠʯʥʳʭ ʨʘʩʩʪʦʷʥʠʡ ʜʣʷ ʵʪʠʭ ʧʘʨ ʘʪʦʤʦʚ ʠ ʩʫʤʤʳ ʠʭ 

ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʨʘʜʠʫʩʦʚ (2.5 ï 2.7 ¡) [44]. ɺʚʝʜʝʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʯʘʩʪʠʯʥʦ 

ʟʘʩʝʣʝʥʥʦʡ ʧʦʟʠʮʠʠ Gaô ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ ʨʝʘʣʴʥʳʝ ʤʝʞʘʪʦʤʥʳʝ ʨʘʩʩʪʦʷʥʠʡ T-Ga. 

ʈʘʩʩʯʠʪʘʥʥʳʝ ʨʘʩʩʪʦʷʥʠʷ T-Gaô ʩʦʩʪʘʚʣʷʶʪ ʧʦʨʷʜʢʘ 2.47 ï 2.48 ¡, ʯʪʦ ʩʦʧʦʩʪʘʚʠʤʦ ʩ 

ʨʘʩʩʪʦʷʥʠʷʤʠ ʜʣ̫  ʵʪʠʭ ʧʘʨ ʘʪʦʤʦʚ ʚ ʜʨʫʛʠʭ ʠʥʪʝʨʤʝʪʘʣʣʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʷʭ. ʊʘʢ, 

ʨʘʩʩʪʦʷʥʠʝ Mn-Ga ʩʦʩʪʘʚʣʷʝʪ 2.42 ¡ ʚ MnGa4 [77], ʨʘʩʩʪʦʷʥʠʷ Fe-Ga ʥʘʭʦʜʷʪʩʷ ʚ 

ʠʥʪʝʨʚʘʣʝ 2.36-2.5 ¡ ʚ FeGa3 [78], ʘ ʨʘʩʩʪʦʷʥʠʝ ʉo-Ga ʩʦʩʪʘʚʣʷʝʪ 2.49 ¡ ʚ CoGa [79].  

ɺ ʣʠʪʝʨʘʪʫʨʝ ʪʘʢʞʝ ʠʟʚʝʩʪʥʳ ʩʣʫʯʘʠ, ʢʦʛʜʘ ʚʥʝʜʨʝʥʠʝ ʘʪʦʤʦʚ T ʧʨʠʚʦʜʠʪ ʢ 

ʪʝʪʨʘʛʦʥʘʣʴʥʦʤʫ ʠʩʢʘʞʝʥʠʶ ʠʟʥʘʯʘʣʴʥʦ ʢʫʙʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ. ɺ ʩʠʩʪʝʤʝ Dy-Mn-Ga 

ʘʚʪʦʨʘʤʠ ʨʘʙʦʪʳ [50] ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʪʨʦʡʥʳʝ ʩʦʝʜʠʥʝʥʠʷ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʦʙʦʟʥʘʯʝʥʳ 

ʢʘʢ Dy5Mn1-yGa15, Dy4Mn1-yGa12, Dy3Mn1-yGa9, Dy2Mn1-yGa6. ɼʘʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʥʝʫʧʦʨʷʜʦʯʝʥʥʳʝ ʬʘʟʳ DyMnxGa3. ʇʝʨʚʳʝ ʜʚʘ ʩʦʝʜʠʥʝʥʠʷ 

(Dy5Mn1-yGa15, Dy4Mn1-yGa12), ʦʙʨʘʟʫʶʱʠʝʩʷ ʧʨʠ ʤʘʣʦʤ ʩʦʜʝʨʞʘʥʠʠ Mn (x < 0.26), 

ʠʟʦʩʪʨʫʢʪʫʨʥʳ ʠ ʢʨʠʩʪʘʣʣʠʟʫʶʪʩʷ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʝ Pmσm. ʅʝʩʤʦʪʨʷ ʥʘ 

ʦʪʩʫʪʩʪʚʠʝ ʟʥʘʯʠʤʳʭ ʩʪʨʫʢʪʫʨʥʳʭ ʦʪʣʠʯʠʡ, ʘʚʪʦʨʳ ʨʘʙʦʪʳ [50] ʦʧʨʝʜʝʣʷʶʪ ʠʭ ʢʘʢ 

ʦʪʜʝʣʴʥʳʝ ʬʘʟʳ. ʆʧʠʩʘʥʠʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʪʘʢʦʛʦ ʜʣʷ ʜʨʫʛʠʭ 

ʨʘʥʝʝ ʦʧʠʩʘʥʥʳʭ ʬʘʟ. ɸʪʦʤʳ Ga ʧʦʣʥʦʩʪʴʶ ʩʤʝʱʘʶʪʩʷ ʠʟ ʧʦʟʠʮʠʠ 3c (0; İ; İ) ʚ 

ʧʦʟʠʮʠʶ 6f (ʭ; İ; İ), ʛʜʝ ʭ ~ 0.06 ʠ ʟʘʩʝʣʷʶʪ ʝʝ ʥʘʧʦʣʦʚʠʥʫ. ʕʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʥʝ 

ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʨʘʩʩʪʦʷʥʠʷʭ MnïGaô, ʢʦʪʦʨʳʝ ʩʦʩʪʘʚʣʷʶʪ ʧʦʨʷʜʢʘ 2.5 ¡.  

ʉʦʝʜʠʥʝʥʠʷ ʧʦʩʣʝʜʥʠʭ ʜʚʫʭ ʩʦʩʪʘʚʦʚ Dy3Mn1-yGa9, Dy2Mn1-yGa6 (ʫ = 0.30-0.32 ʠ ʫ 

= 0.4-0.45 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ) ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʪʝʪʨʘʛʦʥʘʣʴʥʦʝ ʠʩʢʘʞʝʥʠʝ ʢʫʙʠʯʝʩʢʦʡ 

ʬʘʟʳ ʠ ʢʨʠʩʪʘʣʣʠʟʫʶʪʩʷ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʝ P4mm. ʊʝʪʨʘʛʦʥʘʣʴʥʦʝ ʠʩʢʘʞʝʥʠʝ 

ʚʳʟʚʘʥʦ, ʚʝʨʦʷʪʥʝʝ ʚʩʝʛʦ, ʙʦʣʴʰʠʤ ʩʦʜʝʨʞʘʥʠʝʤ Mn ʚ ʩʦʝʜʠʥʝʥʠʷʭ. ɺ ʜʘʥʥʦʡ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʝ ʘʪʦʤʳ Mn ʩʤʝʱʘʶʪʩʷ ʠʟ ʧʦʟʠʮʠʠ (İ; İ; İ) ʚ ʧʦʟʠʮʠʶ (İ; 

İ; İ + z), ʘ ʘʪʦʤʳ ʛʘʣʣʠʷ ʟʘʥʠʤʘʶʪ ʜʚʝ ʧʦʟʠʮʠʠ - 1b ʠ 2c (ʈʠʩʫʥʦʢ 9, ʊʘʙʣʠʮʘ 5). ʇʨʠ 

ʪʘʢʦʤ ʦʧʠʩʘʥʠʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʨʘʩʩʪʦʷʥʠʷ MnïGa1 ʨʘʚʥʳ ~ 1.9 ¡ ʠ 2.38 ¡, 

MnïGa2 ~ 2.13 ¡, ʯʪʦ ʢʘʢ ʙʳʣʦ ʩʢʘʟʘʥʦ ʚʳʰʝ ʩʣʠʰʢʦʤ ʤʘʣʦ ʜʣʷ ʵʪʦʡ ʧʘʨʳ ʘʪʦʤʦʚ. 
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ʈʠʩʫʥʦʢ 9. ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʪʝʪʨʘʛʦʥʘʣʴʥʦ ʠʩʢʘʞʝʥʥʦʡ ʬʘʟʳ 

DyMnxGa3 ʩʦʩʪʘʚʦʚ Dy3Mn1- yGa9, Dy2Mn1-yGa6 (ʫ = 0.3-0.32 ʠ ʫ = 0.4-0.45 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ) [50] 

 

ʊʘʙʣʠʮʘ 5. ʇʦʟʠʮʠʠ ʘʪʦʤʦʚ ʚ ʩʦʝʜʠʥʝʥʠʷʭ Dy3Mn1-yGa9, Dy2Mn1-yGa6 [50]. 

  Dy3Mn1-yGa9 (P4mm) Dy2Mn1-yGa6 (P4mm) 

ʘʪʦʤ ʧʦʟʠʮʠʷ ʟʘʩʝʣʝʥʥʦʩʪʴ x y z ʟʘʩʝʣʝʥʥʦʩʪʴ x y z 

Dy 1a 1 0 0 0 1 0 0 0 

Mn 1b 0.32(3) 0.5 0.5 0.537(3) 0.44(2) 0.5 0.5 0.633(9) 

Ga1 1b 1 0.5 0.5 0.089(6) 1 0.5 0.5 0.083(7) 

Ga2 2c 1 0.5 0 0.556(9) 1 0.5 0 0.556(9) 

 

 

2.3.3 ʉʚʝʨʭʩʪʨʫʢʪʫʨʥʳʝ ʬʘʟʳ ʪʠʧʘ R4TGa12 

ʉʚʝʨʭʩʪʨʫʢʪʫʨʥʳʝ ʬʘʟʳ ʪʠʧʘ R4TGa12 (R = Y,Sm, Tb-Tm ʠ T = Cr-Fe, Ni, Ag, Pd, 

Pt) [33, 35-38, 48, 53, 80], ʧʨʠʥʘʜʣʝʞʘʱʠʝ ʩʪʨʫʢʪʫʨʥʦʤʫ ʪʠʧʫ Y4PdGa12, ʦʙʨʘʟʫʶʪʩʷ ʟʘ 

ʩʯʝʪ ʫʧʦʨʷʜʦʯʝʥʥʦʛʦ ʚʥʝʜʨʝʥʠʷ ʘʪʦʤʦʚ T ʚ ʯʝʪʚʝʨʪʴ ʚʩʝʭ ʠʤʝʶʱʠʭʩʷ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ 

ʧʫʩʪʦʪ Ga6. ɿʘʧʦʣʥʝʥʠʝ ʦʢʪʘʵʜʨʦʚ Ga6 ʧʨʦʠʩʭʦʜʠʪ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦ ʦʙʨʘʟʫʶʪʩʷ 
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ʦʙʲʝʤʥʦ-ʮʝʥʪʨʠʨʦʚʘʥʥʘʷ ʢʫʙʠʯʝʩʢʘʷ ʷʯʝʡʢʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʳ Imσm ʩ 

ʫʜʚʦʝʥʥʳʤ ʧʘʨʘʤʝʪʨʦʤ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʩʭʦʜʥʳʤʠ RGa3 ʠ 

ʥʝʫʧʦʨʷʜʦʯʝʥʥʳʤʠ ʬʘʟʘʤʠ RTxGa3 (a ~ 8.5ï8.6 ¡) (ʊʘʙʣʠʮʘ 6). ɸʪʦʤʳ R ʟʘʥʠʤʘʶʪ 

ʧʦʟʠʮʠʶ 8c (ı; ı; ı), T ï ʧʦʟʠʮʠʶ 2a (0; 0; 0), ʘ Ga ʟʘʥʠʤʘʝʪ ʫʞʝ 2 ʧʦʟʠʮʠʠ: Ga1 ï 12d 

(ı; 0; İ) ʠ Ga2 ï 12e (ʭ; 0; 0, ʭ ~ 0.29). ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʬʘʟ ʩʦʩʪʦʠʪ ʠʟ 

ʠʩʢʘʞʝʥʥʳʭ ʢʫʙʦʢʪʘʵʜʨʦʚ RGa12, ʟʘʧʦʣʥʝʥʥʳʭ ʦʢʪʘʵʜʨʦʚ TGa6 ʠ ʧʫʩʪʳʭ ʦʢʪʘʵʜʨʦʚ Ga6. 

ʄʝʞʜʫ ʩʦʙʦʡ ʦʢʪʘʵʜʨʳ ʩʦʯʣʝʥʷʶʪʩʷ ʚʝʨʰʠʥʘʤʠ, ʘ ʩ ʢʫʙʦʢʪʘʵʜʨʘʤʠ RGa12 

ʪʨʝʫʛʦʣʴʥʳʤʠ ʛʨʘʥʷʤʠ (ʈʠʩʫʥʦʢ 10ʘ, ʙ).      

 

ʈʠʩʫʥʦʢ 10. ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ R4TGa12 (ʘ), ʧʦʣʠʵʜʨʳ RGa12, TGa6 ʠ Ga6, 

ʬʦʨʤʠʨʫʶʱʠʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ R4TGa12 (ʙ), ʩʭʝʤʳ ʭʠʤʠʯʝʩʢʦʛʦ ʜʘʚʣʝʥʠʷ 

ʜʣʷ ʛʠʧʦʪʝʪʠʯʝʩʢʠʭ ʬʘʟ YGa3 ʠ Y4MnGa12 (ʚ). 

 

ʂʫʙʦʢʪʘʵʜʨ RGa12 ʩʦʩʪʦʠʪ ʠʟ 6 ʢʦʥʪʘʢʪʦʚ R-Ga1 (~ 3.02ï3.06 ¡) ʠ 6 ʢʦʥʪʘʢʪʦʚ R-

Ga2 (~ 3.03ï3.08 ¡), ʢʦʪʦʨʳʝ ʩʦʧʦʩʪʘʚʠʤʳ ʩ ʩʫʤʤʦʡ ʘʪʦʤʥʳʭ ʨʘʜʠʫʩʦʚ R ʠ Ga, ʘ ʪʘʢʞʝ 

ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʨʘʩʩʪʦʷʥʠʷʤʠ R-Ga ʚ ʙʠʥʘʨʥʳʭ ʩʦʝʜʠʥʝʥʠʷʭ RGa2 [57-60], RGa3 

[43] ʠ RGa6 [81, 82]. ɺ ʟʘʧʦʣʥʝʥʥʳʭ ʦʢʪʘʵʜʨʘʭ TGa6 ʤʝʞʘʪʦʤʥʳʝ ʨʘʩʩʪʦʷʥʠʷ TïGa2 

ʪʘʢʞʝ ʭʦʨʦʰʦ ʢʦʨʨʝʣʠʨʫʶʪ ʩ ʨʘʩʩʪʦʷʥʠʷʤʠ T-Ga ʚ ʨʘʟʣʠʯʥʳʭ ʙʠʥʘʨʥʳʭ [61-66, 83-85] 

ʠʣʠ ʥʝʢʦʪʦʨʳʭ ʪʨʦʡʥʳʭ ʩʦʝʜʠʥʝʥʠʷʭ [86, 87]. ʈʘʩʰʠʨʝʥʠʝ ʦʢʪʘʵʜʨʦʚ Ga6, ʧʨʦʠʩʭʦʜʷʱʝʝ 

ʟʘ ʩʯʝʪ ʚʥʝʜʨʝʥʠʷ ʚ ʥʠʭ ʘʪʦʤʦʚ T, ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʤʝʞʘʪʦʤʥʳʝ ʨʘʩʩʪʦʷʥʠʷ Ga2ï

Ga2 (~ 3.5 ¡) ʚ ʟʘʧʦʣʥʝʥʥʳʭ ʦʢʪʘʵʜʨʘʭ ʧʨʝʚʦʩʭʦʜʠʪ ʨʘʩʩʪʦʷʥʠʷ Ga-Ga ʚ RGa3, ʘ ʩʚʷʟʠ 
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Ga1ïGa2 ʠ Ga1ïGa1 ʚ ʧʫʩʪʳʭ ʦʢʪʘʵʜʨʘʭ (~ 2.8-3 ¡) ʩʦʧʦʩʪʘʚʠʤʳ ʩ ʨʘʩʩʪʦʷʥʠʷʤʠ Ga-Ga 

ʚ ʠʩʭʦʜʥʦʡ ʩʪʨʫʢʪʫʨʝ RGa3 [43].  

 

ʊʘʙʣʠʮʘ 6. ʉʨʘʚʥʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʵʣʝʤʝʥʪʘʨʥʳʭ ʷʯʝʝʢ ʬʘʟ R4TGa12 ʩ ʧʘʨʘʤʝʪʨʘʤʠ 

ʠʩʭʦʜʥʳʭ ʬʘʟ RGa3 (R = TbïTm, T = Cr, Fe, Pt, Pd) [33, 35-38, 48, 53, 80]. 

 Tb4CrGa12 Dy4CrGa12 Ho4CrGa12 Er4CrGa12 Tm4CrGa12 

a (¡) 17.126(2) 8.572(1) 17.120(1) 16.962(1) 16.894(1) 

a/4 (¡) 4.282(1) 4.268(1) 4.280(1) 4.241(1) 4.224(1) 

 Tb4FeGa12 Dy4FeGa12 Ho4FeGa12 Er4Fe0,87Ga12 - 

a (¡) 8.5610(4) 8.5350(3) 8.5080(3) 8.4760(3) - 

a/2 (¡) 4.2805(4) 4.2675(3) 4.2540(3) 4.2380(3) - 

 - Dy4PdGa12 Ho4PdGa12  Er4PdGa12  - 

a (¡) - 8.5700(5) 8.5490(7) 8.5300(7) - 

a/2 (¡) - 4.2850(5) 4.2745(7)  4.2650(7) - 

 - Dy4PtGa12 Ho4PtGa12 Er4PtGa12 - 

 - 8.5630(7) 8.5400(6) 8.5350(9) - 

 - 4.2815(7) 4.2700(6) 4.2675(9) - 

 TbGa3 DyGa3 HoGa3 ErGa3 TmGa3 

a (¡) 4.285 4.271 4.235 4.219 4.202 

 

ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʬʘʟʳ R4TGa12 ʤʦʛʫʪ ʦʙʨʘʟʦʚʳʚʘʪʴʩʷ ʩ R = Y ʠ Sm, ʜʣʷ 

ʢʦʪʦʨʳʭ ʬʘʟʳ RGa3 ʩʪʨʫʢʪʫʨʥʦʛʦ ʪʠʧʘ AuCu3 ʥʝ ʩʫʱʝʩʪʚʫʶʪ. ʉʪʘʙʠʣʠʟʘʮʠʶ 

ʢʫʙʠʯʝʩʢʦʡ ʬʘʟr ʪʠʧʘ Y4PdGa12 ʜʣʷ ʵʪʠʭ ʵʣʝʤʝʥʪʦʚ ʘʚʪʦʨʳ ʨʘʙʦʪʳ [49] ʦʙʲʷʩʥʠʣʠ, 

ʧʨʦʠʟʚʝʜʷ ʨʘʩʯʝʪʳ ʭʠʤʠʯʝʩʢʦʛʦ ʜʘʚʣʝʥʠʷ ʜʣʷ ʛʠʧʦʪʝʪʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ YGa3 ʠ 

Y4MnGa12 (ʈʠʩʫʥʦʢ 10ʚ). ɺʥʝʜʨʝʥʥʳʝ ʘʪʦʤʳ ʧʝʨʝʭʦʜʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠʛʨʘʶʪ ʨʦʣʴ 

ʩʪʨʫʢʪʫʨʥʦʡ ʦʧʦʨʳ, ʢʦʛʜʘ ʘʪʦʤʥʳʡ ʨʘʜʠʫʩ R ʜʦʩʪʘʪʦʯʥʦ ʚʝʣʠʢ, ʠ ʩʚʷʟʠ GaïGa 

ʩʪʘʥʦʚʷʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦ ʨʘʩʪʷʥʫʪʳ, ʦ ʯʝʤ ʛʦʚʦʨʠʪ ʦʪʨʠʮʘʪʝʣʴʥʦ ʭʠʤʠʯʝʩʢʦʝ ʜʘʚʣʝʥʠʝ 

ʤʝʞʜʫ ʘʪʦʤʘʤʠ Ga. ɺʥʝʜʨʝʥʠʝ ʞʝ ʛʦʩʪʝʚʳʭ ʘʪʦʤʦʚ T ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 

ʧʨʘʢʪʠʯʝʩʢʠ ʠʜʝʘʣʴʥʳʭ ʩʚʷʟʝʡ TïGa ʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʩʞʘʪʠʝ ʩʦʩʝʜʥʠʭ ʦʢʪʘʵʜʨʦʚ, 

ʧʨʠʚʦʜʷʱʝʝ ʢ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦʤʫ ʫʤʝʥʴʰʝʥʠʶ ʨʘʩʩʪʦʷʥʠʡ GaïGa. ʊʦʛʜʘ ʩʪʘʥʦʚʠʪʩʷ 

ʧʦʥʷʪʥʳʤ, ʯʪʦ ʝʩʣʠ ʚ YGa3 ʘʪʦʤʥʳʡ ʨʘʜʠʫʩ Y ʚʝʣʠʢ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʪʘʙʠʣʴʥʦʡ 
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ʧʦʜʨʝʰʝʪʢʠ Ga, ʪʦ ʚʥʝʜʨʝʥʠʝ ʘʪʦʤʦʚ T ʧʨʠʚʦʜʠʪ ʢ ʩʪʘʙʠʣʠʟʘʮʠʠ ʬʘʟ ʩʪʨʫʢʪʫʨʥʦʛʦ ʪʠʧʘ 

Y4PdGa12.       

ʍʦʪʷ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʬʘʟʘʭ R4TGa12 ʧʦʟʠʮʠʷ ʘʪʦʤʘ T ʠʤʝʝʪ ʧʦʣʥʫʶ ʟʘʩʝʣʝʥʥʦʩʪʴ, 

ʠʟʚʝʩʪʥʳ ʧʨʠʤʝʨʳ, ʩʦʜʝʨʞʘʱʠʝ ʚʘʢʘʥʩʠʠ ʚ ʧʦʟʠʮʠʠ ʘʪʦʤʘ ʊ, ʯʪʦ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪ ʢ 

ʥʝʢʦʪʦʨʳʤ ʦʩʦʙʝʥʥʦʩʪʷʤ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʝ ʩʦʝʜʠʥʝʥʠʡ. ʊʘʢ, ʚ ʬʘʟʝ Y4Mn1-

xGa12 ʥʘʙʣʶʜʘʶʪʩʷ ʚʘʢʘʥʩʠʠ ʚ ʧʦʜʩʪʨʫʢʪʫʨʝ ʘʪʦʤʘ Mn (x = 0.26), ʢʦʪʦʨʳʝ ʚ ʩʪʨʫʢʪʫʨʝ 

ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʥʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠ, ʘ ʧʨʦʠʩʭʦʜʠʪ ʠʭ ʫʧʦʨʷʜʦʯʝʥʠʝ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʦʙʨʘʟʦʚʘʥʠʶ ʩʚʝʨʭʩʪʨʫʢʪʫʨʳ ʥʘ ʦʩʥʦʚʝ Y4PdGa12. ʋʧʦʨʷʜʦʯʝʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʪʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʯʪʦ ʦʙʨʘʟʫʶʪʩʷ ʩʣʦʠ, ʦʙʦʛʘʱʝʥʥʳʝ ʚʘʢʘʥʩʠʷʤʠ, ʠ ʩʣʦʠ, ʧʨʘʢʪʠʯʝʩʢʠ ʠʭ ʥʝ 

ʩʦʜʝʨʞʘʱʠʝ. ʇʝʨʠʦʜ ʧʦʚʪʦʨʷʝʤʦʩʪʠ ʵʪʠʭ ʩʣʦʝʚ ʩʦʩʪʘʚʣʷʝʪ 6 ʠʩʭʦʜʥʳʭ ʚʝʢʪʦʨʦʚ 

ʪʨʘʥʩʣʷʮʠʠ b (ʈʠʩʫʥʦʢ 11) [37]. ʋʚʝʣʠʯʠʪʴ ʩʦʜʝʨʞʘʥʠʝ Mn ʚ ʬʘʟʝ ʚʦʟʤʦʞʥʦ ʟʘ ʩʯʝʪ 

ʯʘʩʪʠʯʥʦʛʦ ʟʘʤʝʱʝʥʠʷ ʘʪʦʤʦʚ Ga ʥʘ Ge, ʦʙʨʘʟʫʷ ʪʝʤ ʩʘʤʳʤ ʦʛʨʘʥʠʯʝʥʥʳʡ ʪʚʝʨʜʳʡ 

ʨʘʩʪʚʦʨ, ʚ ʢʦʪʦʨʦʤ ʘʪʦʤʳ Ge ʟʘʤʝʱʚʶʪ Ga ʚ ʦʙʝʠʭ ʧʦʟʠʮʠʷʭ Ga1 ʠ Ga2, ʘ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʘʪʦʤʦʚ Ge ʧʦ ʧʦʟʠʮʠʷʤ ʚ ʦʩʥʦʚʥʦʤ ʟʘʚʠʩʠʪ ʦʪ ʝʛʦ ʩʦʜʝʨʞʘʥʠʷ ʚ 

ʩʦʝʜʠʥʝʥʠʠ. ʆʜʥʘʢʦ, ʢ ʧʦʣʥʦʡ ʟʘʩʝʣʝʥʥʦʩʪʠ ʧʦʟʠʮʠʠ Mn ʵʪʦ ʥʝ ʧʨʠʚʦʜʠʪ; ʥʘʠʙʦʣʴʰʝʝ 

ʩʦʜʝʨʞʘʥʠʝ Mn ʥʘʙʣʶʜʘʝʪʩʷ, ʢʦʛʜʘ ʪʨʝʪʴ ʘʪʦʤʦʚ Ga ʟʘʤʝʱʝʥʘ ʥʘ Ge ʚ Y4Mn0,95Ga8Ge4. 

ʅʝʧʦʣʥʘʷ ʟʘʩʝʣʝʥʥʦʩʪʴ ʪʘʢʞʝ ʥʘʙʣʶʜʘʝʪʩʷ ʜʣʷ T = Fe ʚ Er4Fe0,67Ga12 [35], ʛʜʝ 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʚʘʢʘʥʩʠʡ ʙʦʣʴʰʝ, ʯʝʤ ʚ Y4Mn0,74Ga12 [37]. ʀʟ-ʟʘ ʙʦʣʴʰʝʛʦ ʩʦʜʝʨʞʘʥʠʷ 

ʚʘʢʘʥʩʠʡ ʚ ʜʘʥʥʦʡ ʩʪʨʫʢʪʫʨʝ ʧʦʟʠʮʠʷ Ga2 ʨʘʩʱʝʧʣʷʝʪʩʷ ʥʘ ʜʚʝ ʧʦʟʠʮʠʠ Ga2 ʠ Ga3, 

ʢʘʞʜʘʷ ʠʟ ʢʦʪʦʨʳʭ ʟʘʘʩʝʣʝʥʘ ʥʘ ʧʦʣʦʚʠʥʫ. ʇʨʠ ʦʪʩʫʪʩʪʚʠʠ ʘʪʦʤʘ Fe ʚ ʩʚʦʝʡ ʧʦʟʠʮʠʠ 

ʘʪʦʤʳ Ga ʩʤʝʱʘʶʪʩʷ ʠʟ ʧʦʟʠʮʠʠ Ga2 ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʢ ʚʘʢʘʥʩʠʠ ʚ ʧʦʟʠʮʠʠ Fe ʠ 

ʟʘʥʠʤʘʶʪ ʧʦʟʠʮʠʶʪ Ga3. ɼʣʷ ʜʨʫʛʠʭ ʈɿʕ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʨʷʜʫ ʣʝʚʝʝ (R = TbïHo) 

ʥʘʣʠʯʠʝ ʚʘʢʘʥʩʠʡ ʚ ʧʦʜʨʝʰʝʪʢʝ Fe ʦʙʥʘʨʫʞʝʥʦ ʥʝ ʙʳʣʦ, ʧʦʵʪʦʤʫ ʠʭ ʥʘʣʠʯʠʝ ʜʣʷ R = Er 

ʩʚʷʟʳʚʘʶʪ ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʘʪʦʤʥʦʛʦ ʨʘʜʠʫʩʘ ʈɿʕ ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʳʤ ʫʤʝʥʴʰʝʥʠʝʤ 

ʧʘʨʘʤʝʪʨʘ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ.    
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ʈʠʩʫʥʦʢ 11. ʋʧʦʨʷʜʦʯʝʥʥʦʝ ʯʝʨʝʜʦʚʘʥʠʝ ʩʣʦʝʚ ʦʙʦʛʘʱʝʥʥʳʭ ʠ ʦʙʝʜʥʝʥʥʳʭ 

ʚʘʢʘʥʩʠʷʤʠ ʚ ʧʦʟʠʮʠʠ Mn ʚ ʩʦʝʜʠʥʝʥʠʠ Y4Mn0.74Ga12. 

 

ɺ ʩʣʫʯʘʝ ʬʘʟ ʩ T = Cr ʘʚʪʦʨʳ [36] ʩʦʦʙʱʘʶʪ ʦ ʥʘʣʠʯʠʝ ʩʣʘʙʳʭ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ 

ʨʝʬʣʝʢʩʦʚ ʥʘ ʜʠʬʨʘʢʪʦʛʨʘʤʤʘʭ, ʯʪʦ ʦʥʠ ʠʥʪʝʨʧʨʝʪʠʨʫʶʪ ʢʘʢ ʦʙʨʘʟʦʚʘʥʠʝ 

ʩʚʝʨʭʩʪʨʫʢʪʫʨʳ ʩ ʫʜʚʦʝʥʥʳʤ ʧʝʨʠʦʜʦʤ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ (~ 17 ¡). 

ʇʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ, ʚ ʥʠʭ ʧʨʦʠʩʭʦʜʠʪ ʙʦʣʝʝ ʩʣʦʞʥʦʝ ʫʧʦʨʷʜʦʯʝʥʠʝ ʘʪʦʤʦʚ Cr, ʧʦʜʦʙʥʦʝ 

ʪʦʤʫ, ʯʪʦ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʚ Y4Mn0.74Ga12 [37]. ʆʜʥʘʢʦ, ʚʩʝ ʧʦʧʳʪʢʠ ʫʪʦʯʥʝʥʠʷ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ʚ ʵʪʦʡ ʩʚʝʨʭʩʪʨʫʢʪʫʨʝ ʥʝ ʙʳʣʠ ʫʜʘʯʥʳʤʠ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ 

ʦʙʨʘʟʮʘ Dy4CrGa12. ʈʝʰʝʥʠʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʧʦʩʣʝʜʥʝʛʦ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʦʥ 

ʧʨʠʥʘʜʣʝʞʠʪ ʩʪʨʫʢʪʫʨʥʦʤʫ ʪʠʧʫ Y4PdGa12.      

2.3.4 ʉʚʝʨʭʩʪʨʫʢʪʫʨʥʳʝ ʬʘʟʳ R2MnGa6 

ʉʚʝʨʭʩʪʨʫʢʪʫʨʥʳʝ ʬʘʟʳ ʪʠʧʘ R2TGa6, ʧʨʠʥʘʜʣʝʞʘʱʠʝ ʩʪʨʫʢʪʫʨʥʦʤʫ ʪʠʧʫ 

K2PtCl6, ʦʙʨʘʟʫʶʪʩʷ ʟʘ ʩʯʝʪ ʫʧʦʨʷʜʦʯʝʥʥʦʛʦ ʚʥʝʜʨʝʥʠʷ ʘʪʦʤʦʚ ʧʝʨʝʭʦʜʥʦʛʦ ʤʝʪʘʣʣʘ T ʚ 

ʧʦʣʦʚʠʥʫ ʚʩʝʭ ʠʤʝʶʱʠʭʩʷ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʧʫʩʪʦʪ Ga6. ɿʘʧʦʣʥʝʥʥʳʝ ʦʢʪʘʵʜʨʳ TGa6 

ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚ ʚʝʨʰʠʥʘʭ ʠ ʮʝʥʪʨʘʭ ʛʨʘʥʝʡ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ, ʪʝʤ ʩʘʤʳʤ ʦʙʨʘʟʫʶʪ 

ʛʨʘʥʝʮʝʥʪʨʠʨʦʚʘʥʥʫʶ ʢʫʙʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʳ Fmσm (ʈʠʩʫʥʦʢ 

12). ʇʘʨʘʤʝʪʨ ʘ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʚ ʜʚʘ ʨʘʟʘ ʧʨʝʚʳʰʘʝʪ ʪʘʢʦʚʦʡ ʜʣʷ ʠʩʭʦʜʥʦʡ ʬʘʟʳ 

RGa3 ʚʩʣʝʜʩʪʚʠʝ ʦʙʨʘʟʦʚʘʥʠʷ ʩʚʝʨʭʩʪʨʫʢʪʫʨʳ ʠ ʙʣʠʟʦʢ ʢ ʧʘʨʘʤʝʪʨʘʤ ʬʘʟ ʪʠʧʘ R4TGa12.           

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʬʘʟʳ ʪʠʧʘ R2TGa6 ʠʟʚʝʩʪʥʳ ʪʦʣʴʢʦ ʩ T = Mn ʠ ʜʣʷ R = Sm, 

Gd ʠ Tb [54, 55]. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʥʝʢʦʪʦʨʳʭ ʨʘʙʦʪʘʭ [54, 88] ʚʦʩʧʨʦʠʟʚʝʩʪʠ ʩʠʥʪʝʟ 



31 
 

ʠ ʫʪʦʯʥʠʪʴ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ ʩ Sm ʠ Tb ʥʝ ʫʜʘʣʦʩʴ, ʘ ʚ ʨʘʙʦʪʝ [89] ʘʚʪʦʨʳ 

ʧʦʣʫʯʠʣʠ ʩʦʝʜʠʥʝʥʠʝ ʩʦʩʪʘʚʘ Tb2Mn0.5Ga6, ʢʦʪʦʨʦʝ ʙʳʣʦ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʦ ʢʘʢ ʯʘʩʪʠʯʥʦ 

ʨʘʟʫʧʦʨʷʜʦʯʝʥʥʘʷ ʩʚʝʨʭʩʪʨʫʢʪʫʨʥʘʷ ʬʘʟʘ Tb2Mn1-xGa6. ʆʜʥʘʢʦ, ʦʪʩʫʪʩʪʚʠʝ 

ʩʚʝʨʭʩʪʨʫʢʪʫʨʥʳʭ ʨʝʬʣʝʢʩʦʚ ʥʘ ʜʠʬʨʘʢʪʦʛʨʘʤʤʘʭ ʧʦʣʫʯʝʥʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʛʦʚʦʨʠʪ ʦ 

ʪʦʤ, ʯʪʦ ʦʥʦ ʷʚʣʷʝʪʩʷ ʨʘʟʫʧʦʨʷʜʦʯʝʥʥʦʡ ʬʘʟʦʡ ʪʠʧʘ TbMnxGa3, ʛʜʝ ʘʪʦʤʳ Mn 

ʥʝʫʧʦʨʷʜʦʯʝʥʥʳʤ ʦʙʨʘʟʦʤ ʚʩʪʨʘʠʚʘʶʪʩʷ ʚ ʦʢʪʘʵʜʨʠʯʝʩʢʠʝ ʧʫʩʪʦʪʳ Ga6.      

 

ʈʠʩʫʥʦʢ 12. ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʬʘʟ R2MnGa6 ʩʪʨʫʢʪʫʨʥʦʛʦ ʪʠʧʘ K2PtCl6 (ʘ), 

ʩʦʩʪʦʷʱʘʷ ʠʟ ʩʦʯʣʝʥʝʥʥʳʭ ʤʝʞʜʫ ʩʦʙʦʡ ʧʦʣʠʵʜʨʦʚ RGa12, MnGa6 ʠ Ga6 (ʙ).   

 

ʋʪʦʯʥʝʥʥʘʷ ʠ ʧʦʣʥʦʩʪʴʶ ʦʧʠʩʘʥʥʘʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ 

ʨʘʙʦʪʘʭ [54, 88] ʪʦʣʴʢʦ ʜʣʷ ʬʘʟʳ Gd2MnGa6, ʚ ʢʦʪʦʨʦʡ ʘʪʦʤʳ Gd ʟʘʥʠʤʘʶʪ ʧʦʟʠʮʠʶ 8ʩ 

(ı; ı; ı), ʘʪʦʤʳ Mn ï 4b (İ; İ; İ) ʠ ʘʪʦʤʳ Ga ï 24ʝ (0,2188; 0; 0). ɸʪʦʤʳ Mn 

ʦʢʪʘʵʜʨʠʯʝʩʢʠ ʢʦʦʨʜʠʥʠʨʫʶʪʩʷ 6 ʘʪʦʤʘʤʠ Ga ʩ ʜʣʠʥʦʡ ʩʚʷʟʠ ~ 2.45 ¡, ʘ ʘʪʦʤʳ Gd 

ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚ ʮʝʥʪʨʘʭ ʢʫʙʦʦʢʪʘʵʜʨʦʚ Ga12 ʩ ʜʣʠʥʦʡ ʩʚʷʟʠ GdïGa ~ 3.10 ¡. ʈʘʩʩʪʦʷʥʠʷ 

ʞʝ GaïGa ʚ ʟʘʧʦʣʥʝʥʥʦʤ ʦʢʪʘʵʜʨʝ ʨʘʚʥʦʝ ~ 3.46 ¡ ʧʨʝʚʳʰʘʝʪ ʪʘʢʦʚʦʝ ʚ ʩʦʩʝʜʥʝʤ 

ʧʫʩʪʦʤ ʦʢʪʘʵʜʨʝ ʨʘʚʥʦʝ ~ 2.72 ¡. ɼʘʥʥʳʝ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʘʪʦʤʘʤʠ Ga ʚ ʧʫʩʪʳʭ 

ʦʢʪʘʵʜʨʘʭ ʤʝʥʴʰʝ, ʯʝʤ ʚ ʨʦʜʩʪʚʝʥʥʳʭ ʩʚʝʨʭʩʪʨʫʢʪʫʨʥʳʭ ʬʘʟʘʭ R4TGa12, ʯʪʦ ʩʚʷʟʘʥʦ ʩ 

ʙʦʣʴʰʠʤ ʤʦʜʝʨʞʘʥʠʝʤ 3d-ʤʝʪʘʣʣʘ ʚ Gd2MnGa6, ʘ ʪʘʢʞʝ ʵʪʠ ʦʢʪʘʵʜʨʳ ʥʝ ʷʚʣʷʶʪʩʷ 
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ʠʩʢʘʞʝʥʥʳʤʠ. ɺ ʪʘʙʣʠʮʢ 7 ʧʨʝʜʩʪʘʚʣʝʥʳ ʤʝʞʘʪʦʤʥʳʝ ʨʘʩʩʪʦʷʥʠʷ ʜʣʷ Gd2MnGa6, 

ʧʦʣʫʯʝʥʥʳʝ ʚ ʜʚʫʭ ʨʘʟʥʳʭ ʨʘʙʦʪʘʭ [54, 88]. ʈʘʟʣʠʯʠʷ ʚ ʧʦʣʫʯʝʥʥʳʭ ʟʥʘʯʝʥʠʷʭ ʤʦʛʫʪ 

ʙʳʪʴ ʩʚʷʟʧʥʳ ʢʘʢ ʩ ʫʩʣʦʚʠʷʤʠ ʧʨʦʚʝʜʝʥʠʷ ʵʢʧʝʨʠʤʝʥʪʘ ʧʦ ʫʪʦʯʥʝʥʠʶ ʩʪʨʫʢʪʫʨʳ, ʪʘʢ ʠ 

ʩ ʥʝʧʦʣʥʦʡ ʟʘʩʝʣʝʥʥʦʩʪʴʶ ʧʦʟʠʮʠʠ Mn, ʢʦʪʦʨʫʶ ʚ ʵʪʠʭ ʨʘʙʦʪʘʭ ʥʝ ʫʪʦʯʥʷʣʠ.   

  

ʊʘʙʣʠʮʘ 7. ʉʨʘʚʥʝʥʠʝ ʤʝʞʘʪʦʤʥʳʭ ʨʘʩʩʪʦʷʥʠʡ ʚ Gd2MnGa6, ʧʦʣʫʯʝʥʥʳʭ ʚ ʜʚʫʭ 

ʨʘʟʥʳʭ ʨʘʙʦʪʘʭ [54, 88] 

 Gd2MnGa6  

 ʂʠʤ [54] ʄʘʨʢʠʚ [88] 

GdïGa, ¡ 3.0980(4) 3.108 

GdïMn, ¡ 3.781(2) 3.792 

GdïGd, ¡ 4.366(4) 4.379 

MnïGa, ¡ 2.438(3) 2.462 

GaïGa, ¡ 

GaïGa, ¡ 

3.448(3) 

2.727(4) 

3.483 

2.710 
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2.4. ʄʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʬʘʟ, ʧʨʦʠʟʚʦʜʥʳʭ ʦʪ ʢʫʙʠʯʝʩʢʦʡ RGa3  

2.4.1 ʆʙʱʠʝ ʩʚʝʜʝʥʠʷ ʦ ʤʘʛʥʝʪʠʟʤʝ ʚ RGa3 ʠ ʧʨʦʠʟʚʦʜʥʳʭ ʦʪ ʥʝʝ ʬʘʟʘʭ  

ʄʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʜʣʷ ʢʫʙʠʯʝʩʢʠʭ ʬʘʟ RGa3 ʙʳʣʠ ʧʦʜʨʦʙʥʦ ʠʩʩʣʝʜʦʚʘʥʳ 

ʪʦʣʴʢʦ ʜʣʷ ErGa3 [90] ʠ TmGa3 [91]. ʆʙʘ ʦʥʠ ʷʚʣʷʶʪʩʷ ʘʥʪʠʬʝʨʨʦʤʘʛʥʝʪʠʢʘʤʠ ʩ 

ʪʝʤʧʝʨʘʪʫʨʘʤʠ ʧʝʨʝʭʦʜʘ ʠʟ ʧʘʨʘʤʘʛʥʠʪʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚ ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʦʝ ʧʨʠ ʊ 

ʦʢʦʣʦ 3-4 ʂ. ɺ ʩʣʫʯʘʝ ʜʨʫʛʠʭ R = Tb-Ho, ʩʚʦʡʩʪʚʘ ʜʣʷ ʢʫʙʠʯʝʩʢʠʭ ʤʦʜʠʬʠʢʘʮʠʡ RGa3 

ʠʟʫʯʝʥʳ ʥʝ ʙʳʣʦ, ʦʜʥʘʢʦ ʝʩʪʴ ʨʷʜ ʨʘʙʦʪ, ʧʦʩʚʷʱʝʥʥʳʭ ʬʘʟʘʤ Ŭ-DyGa3 ʩ ʨʦʤʙʠʯʝʩʢʦʡ 

ʩʪʨʫʢʪʫʨʦʡ [92] ʠ ɓ-HoGa3 ʩ ʛʝʢʩʘʛʦʥʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʦʡ [93]. ʆʥʠ ʪʘʢʞʝ ʜʝʤʦʥʩʪʨʠʨʫʶʪ 

ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʦʝ ʫʧʦʨʷʜʦʯʝʥʠʝ ʩ TN = 7.2 ʂ ʠ 6.15 ʂ ʜʣʷ Dy ʠ Ho ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.          

ʊʨʦʡʥʳʝ ʬʘʟʳ, ʧʨʦʠʟʚʦʜʥʳʝ ʦʪ RGa3, ʪʘʢʞʝ ʧʨʝʜʩʪʘʚʣʷʶʪ ʠʥʪʝʨʝʩ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʩʚʦʠʭ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ. ʆʜʥʘʢʦ, ʪʘʢ ʢʘʢ ʚ ʢʘʯʝʩʪʚʝ ʛʦʩʪʝʚʦʛʦ ʵʣʝʤʝʥʪʘ T ʚʳʩʪʫʧʘʶʪ 

ʘʪʦʤʳ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ, ʪʦ ʦʜʥʦʚʨʝʤʝʥʥʦʝ ʠʭ ʧʨʠʩʫʪʩʪʚʠʝ ʠ ʘʪʦʤʦʚ ʈɿʕ ʤʦʞʝʪ 

ʧʨʠʚʦʜʠʪ ʢ ʧʨʦʷʚʣʝʥʠʶ ʥʝʪʨʠʚʠʘʣʴʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʚʝʜʝʥʠʷ, ʟʥʘʯʠʪʝʣʴʥʦ 

ʦʪʣʠʯʘʶʱʝʛʦʩʷ ʦʪ ʧʦʚʝʜʝʥʠʷ ʠʩʭʦʜʥʳʭ ʬʘʟ RGa3.   

ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʧʦʜʨʝʰʝʪʢʘ T ʵʣʝʤʝʥʪʘ ʦʢʘʟʳʚʘʝʪʩʷ ʥʝ ʤʘʛʥʠʪʦʘʢʪʠʚʥʦʡ, 

ʠ ʤʘʛʥʝʪʠʟʤ ʬʘʟ ʦʙʫʩʣʦʚʣʝʥ ʤʘʛʥʠʪʥʳʤ ʫʧʦʨʷʜʦʯʝʥʠʝʤ ʧʦʜʨʝʰʝʪʢʠ ʘʪʦʤʦʚ R 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʳʤ ʧʫʪʝʤ. ʉʪʦʠʪ ʪʘʢʞʝ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʪʝʤʧʝʨʘʪʫʨʳ 

ʤʘʛʥʠʪʥʦʛʦ ʫʧʦʨʷʜʦʯʝʥʠʷ ʬʘʟ ʚʩʝʛʜʘ ʚʳʰʝ, ʯʝʤ ʫ ʠʩʭʦʜʥʳʭ RGa3[90, 91], ʯʪʦ ʤʦʞʝʪ 

ʷʚʣʷʝʪʩʷ ʨʝʟʫʣʴʪʘʪʦʤ ʫʚʝʣʠʯʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʵʣʝʢʪʨʦʥʦʚ ʧʨʦʚʦʜʠʤʦʩʪʠ ʠ ʠʭ 

ʧʦʣʷʨʠʟʘʮʠʝʡ ʟʘ ʩʯʝʪ ʛʦʩʪʝʚʦʛʦ ʘʪʦʤʘ T. ʕʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʨʠʚʦʜʠʪ ʢ ʫʩʠʣʝʥʠʶ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʦ ʤʝʭʘʥʠʟʤʫ ʈʫʜʝʨʤʘʥʘïʂʠʪʪʝʣʷï ʂʘʩʫʠïʁʦʩʠʜʳ (ʈʂʂʀ) [94, 95], ʯʪʦ 

ʠ ʧʦʚʳʰʘʝʪ ʪʝʤʧʝʨʘʪʫʨʳ ʤʘʛʥʠʪʥʦʛʦ ʫʧʦʨʷʜʦʯʝʥʠʷ.   

ʆʜʥʘʢʦ, ʚ ʣʠʪʝʨʘʪʫʨʝ ʠʟʚʝʩʪʥʳ ʥʝʢʦʪʦʨʳʝ ʵʣʝʤʝʥʪʳ T, ʢʦʪʦʨʳʝ ʩʧʦʩʦʙʩʪʚʫʶʪ 

ʧʨʦʷʚʣʝʥʠʶ ʬʝʨʨʦʤʘʛʥʝʪʠʟʤʘ. ʊʘʢ ʜʣʷ ʥʝʢʦʪʦʨʳʭ ʬʘʟ ʩ T = Cr ʥʘʙʣʶʜʘʝʪʩʷ ʯʘʩʪʠʯʥʦʝ 

ʬʝʨʨʦʤʘʛʥʠʪʥʦʝ ʫʧʦʨʷʜʦʯʝʥʠʝ ʧʦʜʨʝʰʝʪʢʠ R (R = Tb, Dy), ʦʜʥʘʢʦ, ʨʦʣʴ Cr ʚ 

ʧʨʦʷʚʣʝʥʠʠ ʬʝʨʨʦʤʘʛʥʠʪʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʦʩʪʘʝʪʩʷ ʥʝʷʩʥʦʡ. ɺ ʩʣʫʯʘʝ T = Mn 

ʬʝʨʨʦʤʘʛʥʝʪʠʟʤ ʚʳʟʚʘʥ ʫʞʝ ʫʧʦʨʷʜʦʯʝʥʠʝʤ ʧʦʜʨʝʰʝʪʢʠ Mn. ɺ ʪʘʙʣʠʮʝ 8 ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʣʠʪʝʨʘʪʫʨʥʳʝ ʜʘʥʥʳʝ ʦ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚʘʭ ʧʨʦʠʟʚʦʜʥʳʭ ʬʘʟ ʦʪ RGa3 ʩʪʨʫʢʪʫʨʥʦʛʦ 

ʪʠʧʘ AuCu3. 
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ʊʘʙʣʠʮʘ 8. ʊʝʤʧʝʨʘʪʫʨʳ ʠ ʪʠʧ ʤʘʛʥʠʪʥʦʛʦ ʫʧʦʨʷʜʦʯʝʥʠʷ ʚ RGa3 ʠ ʧʨʦʠʟʚʦʜʥʳʭ 

ʦʪ ʥʝʛʦ ʬʘʟ. ç-è - ʬʘʟʘ ʥʝ ʩʠʥʪʝʟʠʨʦʚʘʥʘ ʠʣʠ ʥʝ ʩʫʱʝʩʪʚʫʝʪ, çʥ.ʠ.è - ʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ 

ʬʘʟʳ ʥʝ ʠʩʩʣʝʜʦʚʘʥʳ. 

ʌʘʟʘ Y Sm Gd Tb Dy Ho Er Tm 

RGa3 [90,  

91] 

- - - ʥ.ʠ ʥ.ʠ.  ʥ.ʠ. TN    = 

3 ʂ 

TN    = 

4 ʂ 

 

RCoGa5 [27] 

- - - TN    = 

36 ʂ 

ʥ.ʠ. TN    = 

10 ʂ 

ʥ.ʠ. ʥ.ʠ. 

R2CoGa8[31,

32] 

ɼʄ - TN    = 

20 ʂ  

TN    = 

28 ʂ 

TN    = 

18 ʂ 

TN    = 

6 ʂ 

TN    = 

3 ʂ  

TN    = 

2 ʂ 

R4Co3Ga16 

[52] 

ʇʄ ʇʄ TN    = 

19 ʂ   

TN    = 

25 ʂ 

TN    = 

14 ʂ 

ʥ.ʠ 

RCrxGa3 [51] - - - - - TN    = 

6 ʂ 

ʇʄ - 

RMnxGa3 

[49, 50] 

- - - ʥ.ʠ. ʥ.ʠ TN    = 

7.5-8.5 

ʂ 

TN    = 

2.9-3.3 

ʂ 

ʇʄ 

RFexGa3 [34] - - - - - TN    = 

6.5-7.2 

ʂ 

TN    = 

5.2-6.2 

ʂ 

- 

RCoxGa3 [34] - - - - - TN    = 

10 ʂ 

TN    = 

3 ʂ 

- 

R4CrGa12 

[36] 

- - - TC    = 

22 ʂ  

TC    = 

15 ʂ 

TN    

=7.5 ʂ 

TN    = 

3 ʂ  

- 

R4Mn1-yGa12-

xGex [37] 

TC = 180-

225 K 

- - - - - - - 

R4FeGa12 

[35] 

R4FeGa12-

yGey [80] 

ʊʉ = 36ʂ - - TN    = 

25 ʂ/ 

13 K 

TN    = 

18 ʂ 

TN    = 

9 ʂ  

TN    = 

6 ʂ 

- 

R4PdGa12  ʥ.ʠ - - - TN    = ʇʄ TN    = - 
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[33, 48] 10 ʂ 5 ʂ 

R4PtGa12 [33, 

48] 

ʇʄ - - - TN    = 

9.8 ʂ 

TN    = 

3.6 ʂ 

TN    = 

5 ʂ 

- 

R2MnGa6 

[39] 

- ʥ.ʠ. - - - - 

 

2.4.2 ʄʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʬʘʟ ʩʝʤʝʡʩʪʚʘ RnTmGa3n+2m 

ʄʘʛʥʝʪʠʟʤ ʚ ʪʨʦʡʥʳʭ ʬʘʟʘʭ ʩʝʤʝʡʩʪʚʘ RnTmGa3n+2m (R = Y, Sc, SmïLu, ʘ T = Feï

Ni) ʙʳʣ ʧʦʜʨʦʙʥʦ ʠʟʫʯʝʥ ʜʣʷ ʩʦʝʜʠʥʝʥʠʡ ʩ T = Co. ɺ ʣʠʪʝʨʘʪʫʨʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʘʙʦʪʳ 

ʧʦ ʠʟʫʯʝʥʠʶ ʤʘʛʥʝʪʠʟʤʘ ʚ RCoGa5 (R = Tb-Tm) [27], R2CoGa8 (R = Y, Gd-Lu) [31, 32] ʠ 

R4Co3Ga16 (R = Y, Sm-Dy) [52]. ɺʦ ʚʩʝʭ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʭ ʬʘʟʘʭ Co ʥʝ ʷʚʣʷʝʪʩʷ 

ʤʘʛʥʠʪʦʘʢʪʠʚʥʳʤ ʠ ʥʝ ʚʥʦʩʠʪ ʚʢʣʘʜ ʚ ʦʙʱʠʡ ʤʘʛʥʠʪʥʳʡ ʤʦʤʝʥʪ, ʘ ʧʨʦʷʚʣʝʥʠʝ 

ʤʘʛʥʝʪʠʟʤʘ ʚʳʟʚʘʥʦ ʫʧʦʨʷʜʦʯʝʥʠʝʤ ʧʦʜʨʝʰʝʪʢʠ R ʵʣʝʤʝʥʪʘ. 

ɺ ʨʷʜʫ RCoGa5 (R = Tb-Tm) ʩʦʝʜʠʥʝʥʠʷ ʩ Tb-Ho ʜʝʤʦʥʩʪʨʠʨʫʶʪ 

ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʦʝ ʫʧʦʨʷʜʦʯʝʥʠʝ ʧʨʠ TN = 36ï7.5 K, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʬʘʟʳ ʩ Er ʠ Tm 

ʷʚʣʷʶʪʩʷ ʧʘʨʘʤʘʛʥʝʪʠʢʘʤʠ ʚʧʣʦʪʴ ʜʦ ʊ = 2 ʂ [27]. ʀʭ ʵʬʬʝʢʪʠʚʥʳʝ ʤʘʛʥʠʪʥʳʝ ʤʦʤʝʥʪʳ 

ʧʨʘʢʪʠʯʝʩʢʠ ʠʜʝʥʪʠʯʥʳ ʪʝʦʨʝʪʠʯʝʩʢʠʤ ʜʣʷ ʠʦʥʦʚ R3+, ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʧʨʘʢʪʠʯʝʩʢʠ 

ʥʫʣʥʚʦʤ ʠʣʠ ʥʝʟʥʘʯʠʪʝʣʴʥʦʤ ʚʢʣʘʜʝ Co ʚ ʦʙʱʠʡ ʤʘʛʥʠʪʥʳʡ ʤʦʤʝʥʪ. ɺ ʜʘʥʥʳʭ 

ʩʦʝʜʠʥʝʥʠʷʭ ʥʘʙʣʶʜʘʝʪʩʷ ʦʩʴ ʣʝʛʢʦʛʦ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ, ʢʦʪʦʨʘʷ ʜʣʷ Tb-Ho ʩʦʚʧʘʜʘʝʪ ʩ 

ʦʩʴʶ ʩ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ, ʘ ʜʣʷ Er ʠ Tm ï ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʘ ʝʡ. ɹʦʣʝʝ ʜʝʪʘʣʴʥʦʝ 

ʠʟʫʯʝʥʠʝ TbCoGa5 ʠ HoCoGa5 ʫʢʘʟʳʚʘʝʪ ʥʘ ʥʘʣʠʯʠʝ ʜʚʫʭ ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʳʭ 

ʧʝʨʝʭʦʜʦʚ ʧʨʠ TN1 ʠ TN2 ʨʘʚʥʳʭ 36.2 ʂ, 5.4 ʂ ʠ 9.6 ʂ, 7.5 ʂ ʜʣʷ TbCoGa5 ʠ HoCoGa5 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ [96].  ʅʘʣʠʯʠʝ ʜʚʫʭ ʧʝʨʝʭʦʜʦʚ ʩʚʷʟʳʚʘʶʪ ʩ ʪʝʤ, ʯʪʦ ʧʨʠ ʊ ʥʠʞʝ TN1 ʩ-

ʩʦʩʪʘʚʣʷʶʱʘʷ ʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ R ʫʧʦʨʷʜʦʯʠʚʘʝʪʩʷ ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʦ, ʪʦʛʜʘ ʢʘʢ 

ʧʣʦʩʢʦʩʪʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʦʩʪʘʝʪʩʷ ʧʘʨʘʤʘʛʥʠʪʥʦʡ ʚʧʣʦʪʴ ʜʦ TN2 ʠ ʫʧʦʨʷʜʦʯʠʚʘʝʪʩʷ 

ʧʨʠ ʊ ʥʠʞʝ TN2. 

 

ʊʘʙʣʠʮʘ 9. ʄʘʛʥʠʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʬʘʟ RCoGa5 (R = Tb-Tm) [27, 96] 

ʌʘʟʘ ʂʦʥʩʪʘʥʪʘ 

ɺʝʡʩʘ, ʂ 

ʊʝʤʧʝʨʘʪʫʨʘ 

ʅʝʝʣʷ, ʂ 

ʕʬʬʝʢʪ. 

ʤʘʛʥʠʪʥʳʡ 

ʊʝʦʨ. ʵʬʬʝʢʪ. 

ʤʘʛʥʠʪʥʳʡ 
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ʤʦʤʝʥʪ, ɛB ʤʦʤʝʥʪ R3+ 

TbCoGa5 -62(3) 36.2 ʠ 5.4 9.9(2) 9.72 

DyCoGa5 -24(1) 25.0 10.3(1) 10.63 

HoCoGa5 -16(2) 9.6 ʠ 7.5 10.0(6) 10.6 

ErCoGa5 -6(5) - 9.1(1) 9.60 

TmCoGa5 -4(1) - 7.4(1) 7.56 

                          

ʉʪʦʠʪʴ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʪʝʤʧʝʨʘʪʫʨʳ ʅʝʝʣʷ ʜʣʷ ʛʘʣʣʠʜʦʚ RCoGa5 ʚʳʰʝ, ʯʝʤ ʜʣʷ 

ʘʥʘʣʦʛʦʚʳʭ ʠʥʜʠʜʦʚ RCoIn5 (R = Tb-Ho) [97]. ʇʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ TN ʪʘʢʞʝ ʥʘʭʦʜʷʪʩʷ 

ʚ ʭʦʨʦʰʝʤ ʩʦʛʣʘʩʠʠ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʬʘʢʪʦʨʘ ʜʝ ɾʝʥʘ (g-1)2J(J+1), ʛʜʝ 

g ï ʵʪʦ ʬʘʢʪʦʨ ʃʘʥʜʝ, ʘ J ï ʩʫʤʤʘʨʥʳʡ ʫʛʣʦʚʦʡ ʤʦʤʝʥʪ R3+ [98].   

ʇʨʠ ʧʝʨʝʭʦʜʝ ʦʪ ʬʘʟ RCoGa5 ʢ ʬʘʟʘʤ R2CoGa8 ʧʦʷʚʣʷʶʪʩʷ ʥʝʩʢʦʣʴʢʦ ʥʦʚʳʭ 

ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʩ R = Y, Gd ʠ Lu [31, 32]. ʉʦʝʜʠʥʝʥʠʷ ʩ ʥʝʤʘʛʥʠʪʥʳʤʠ Y ʠ Lu 

ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʜʠʘʤʘʛʥʠʪʥʦʝ ʧʦʚʝʜʝʥʠʝ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʦʪʨʠʮʘʪʝʣʴʥʳʤʠ 

ʟʥʘʯʝʥʠʷʤʠ ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ, ʢʦʪʦʨʘʷ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʟʘʚʠʩʠʪ ʦ 

ʪʝʤʧʝʨʘʪʫʨʳ. ʕʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʥʠʟʢʫʶ ʧʣʦʪʥʦʩʪʴ ʩʦʩʪʦʷʥʠʡ ʚʙʣʠʟʠ ʫʨʦʚʥʷ ʌʝʨʤʠ ʠ 

ʟʘʧʦʣʥʝʥʥʫʶ 3d-ʟʦʥʫ Co. ʇʨʠ ʟʘʤʝʥʝ Y ʠ Lu ʥʘ ʤʘʛʥʠʪʥʳʝ ʢʘʪʠʦʥʳ R = Gd-Tm ʚ ʬʘʟʘʭ 

ʪʘʢʞʝ ʚʦʟʥʠʢʘʝʪ ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʦʝ ʫʧʦʨʷʜʦʯʝʥʠʝ. ʉʨʘʚʥʝʥʠʝ ʠʭ ʩ ʨʦʜʩʪʚʝʥʥʳʤʠ 

RCoGa5 ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʪʝʤʧʝʨʘʪʫʨʳ ʅʝʝʣʷ ʜʣʷ ʬʘʟ R2CoGa8 ʩʣʝʛʢʘ ʥʠʞʝ (ʊʘʙʣʠʮʘ 10), 

ʪʘʢʞʝ ʦʥʠ ʥʠʞʝ, ʯʝʤ ʜʣʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʘʥʘʣʦʛʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩ ʠʥʜʠʝʤ R2CoIn8 

[99]. ʕʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʫʤʝʥʴʰʝʥʠʠ ʦʙʤʝʥʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ 

RCoGa5 ʢ R2CoGa8, ʢʦʪʦʨʦʝ ʤʦʞʝʪ ʙʳʪʴ ʚʳʟʚʘʥʦ ʫʤʝʥʴʰʝʥʠʝʤ ʛʠʙʨʠʜʠʟʘʮʠʠ ʙʦʣʝʝ 

ʣʦʢʘʣʠʟʦʚʘʥʥʦʡ 4pïʟʦʥʳ Ga ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʙʦʣʝʝ ʰʠʨʦʢʦʡ 5pïʟʦʥʦʡ In. ɿʥʘʯʝʥʠʷ TN 

ʪʘʢʞʝ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʬʘʢʪʦʨʘ ʜʝ ɾʝʥʘ. ʆʜʥʘʢʦ, 

ʜʣʷ Tb2CoGa8 ʠ Dy2CoGa8 ʟʘʤʝʪʥʦ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʝ ʦʪʢʣʦʥʝʥʠʝ ʦʪ ʦʞʠʜʘʝʤʦʛʦ 

ʟʥʘʯʝʥʠʷ ʬʘʢʪʦʨʘ, ʯʪʦ ʦʙʲʷʩʥʷʶʪ ʵʬʬʝʢʪʘʤʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ 

[32].  

 

ʊʘʙʣʠʮʘ 10. ʄʘʛʥʠʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʬʘʟ R2CoGa8 (R =Y, Gd-Lu) [31, 32] 

ʌʘʟʘ ʂʦʥʩʪʘʥʪʘ ʊʝʤʧʝʨʘʪʫʨʘ ʕʬʬʝʢʪ. ʊʝʦʨ. ʵʬʬʝʢʪ. 
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ɺʝʡʩʘ, ʂ 

[100], [001] 

ʅʝʝʣʷ, ʂ ʤʘʛʥʠʪʥʳʡ 

ʤʦʤʝʥʪ, ɛB 

ʤʘʛʥʠʪʥʳʡ 

ʤʦʤʝʥʪ R3+ 

Gd2CoGa8 -69, -67 20 7.9 7.94 

Tb2CoGa8 -58, -16 28 9.55 9.72 

Dy2CoGa8 -45, -6 18 10.5 10.63 

Ho2CoGa8 -19, 1.5 6 10.6 10.6 

Er2CoGa8 -5.2, -11.2 3 9.6 9.60 

Tm2CoGa8 -1.7, -12.6 2 7.57 7.56 

Lu2CoGa8 ï ï ï ï 

Y2CoGa8 ï ï ï ï 

 

ʆʨʠʝʥʪʘʮʠʷ ʤʘʛʥʠʪʥʳʭ ʤʦʤʝʥʪʦʚ ʘʪʦʤʦʚ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʟʘʚʠʩʠʪ ʦʪ 

ʢʦʥʢʨʝʪʥʦʛʦ R, ʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʟʘʧʦʣʥʝʥʥʦʩʪʴʶ 4f ʦʙʦʣʦʯʢʠ ʠ    

ʵʬʬʝʢʪʘʤʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʧʦʣʷ. ɼʣʷ Tb2CoGa8 ʠ Dy2CoGa8 ʫʧʦʨʷʜʦʯʝʥʠʠ ʤʘʛʥʠʪʥʳʭ 

ʤʦʤʝʥʪʦʚ ʚʜʦʣʴ ʧʨʦʠʩʭʦʜʠʪ ʚʜʦʣʴ ʦʩʠ c, ʘ ʜʣʷ Er2CoGa8 ʠ Tm2CoGa8 ï ʚ ab ʧʣʦʩʢʦʩʪʠ 

[32]. ɺ ʦʪʩʫʪʩʪʚʠʠ ʵʬʬʝʢʪʦʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʧʦʣʷ, ʢʘʢ ʥʘʧʨʠʤʝʨ ʚ Gd2CoGa8, 

ʤʘʛʥʠʪʥʳʝ ʤʦʤʝʥʪʳ ʪʘʢʞʝ ʦʨʠʝʥʪʠʨʫʶʪʩʷ ʚ ab ʧʣʦʩʢʦʩʪʠ (ʈʠʩʫʥʦʢ 13).   

 

 

ʈʠʩʫʥʦʢ 13. ʄʘʛʥʠʪʥʘʷ ʩʪʨʫʢʪʫʨʘ Gd2CoGa8 ʩ ʤʘʛʥʠʪʥʳʤʠ ʤʦʤʝʥʪʘʤʠ, ʣʝʞʘʱʠʤʠ 

ʚ ab ʧʣʦʩʢʦʩʪʠ (ʘ) ʠ (Tb,Dy)2CoGa8 ʩ ʤʘʛʥʠʪʥʳʤʠ ʤʦʤʝʥʪʘʤʠ ʥʘʧʨʘʚʣʝʥʥʳʤʠ ʚʜʦʣʴ 

ʩ ʦʩʠ (ʙ). 
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ʄʘʛʥʠʪʥʦʝ ʧʦʚʝʜʝʥʠʝ ʬʘʟ R4Co3Ga16 (R = Y, GdïDy) ʦʯʝʥʴ ʩʭʦʞʝ ʩ ʧʦʚʝʜʝʥʠʝʤ 

ʚʳʰʝ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʨʦʜʩʪʚʝʥʥʳʭ RCoGa5 ʠ R2CoGa8. Y4Co3Ga16 ʷʚʣʷʝʪʩʷ 

ʧʘʨʘʤʘʛʥʝʪʠʢʦʤ ʇʘʫʣʠ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ R4Co3Ga16 ʩ R = GdïDy ʷʚʣʷʶʪʩʷ 

ʘʥʪʠʬʝʨʨʦʤʘʛʥʝʪʠʢʘʤʠ ʧʨʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. ʆʙʱʘʷ ʪʝʥʜʝʥʮʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, 

ʯʪʦ ʪʝʤʧʝʨʘʪʫʨʳ ʅʝʝʣʷ ʩʥʠʞʘʶʪʩʷ ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ R2CoGa8 (20, 28, 18 ʂ) ʢ R4Co3Ga16 

(19, 25, 14 ʂ) ʜʣʷ Gd, Tb, Dy ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʈʘʩʩʯʠʪʘʥʥʳʝ ʟʥʘʯʝʥʠʷ ʵʬʬʝʢʪʠʚʥʳʭ 

ʤʘʛʥʠʪʥʳʭ ʤʦʤʝʥʪʦʚ ʧʨʝʚʦʩʭʦʜʷʪ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʜʣʷ R3+, ʯʪʦ ʘʚʪʦʨʳ ʨʘʙʦʪʳ [52] 

ʦʙʲʷʩʥʷʶʪ ʥʘʣʠʯʠʝʤ ʥʝʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʧʨʠʤʝʩʥʳʭ ʬʘʟ R2Co3Ga8 ʚ ʦʙʨʘʟʮʘʭ (~ 3.5 

% ʧʦ ʤʘʩʩʝ) (ʊʘʙʣʠʮʘ 11). ʉʧʠʥ-ʧʦʣʷʨʠʟʦʚʘʥʥʳʡ ʨʘʩʯʝʪ (LMTO) ʧʨʦʚʝʜʝʥʥʳʡ ʜʣʷ 

Y4Co3Ga16 ʧʦʜʪʚʝʨʞʜʘʝʪ, ʯʪʦ ʤʘʛʥʠʪʥʳʝ ʤʦʤʝʥʪʳ ʥʝ ʚʦʟʥʠʢʘʶʪ ʥʠ ʥʘ ʦʜʥʦʤ ʠʟ ʘʪʦʤʦʚ, 

ʯʪʦ ʠʩʢʣʶʯʘʝʪ ʚʢʣʘʜ ʣʦʢʘʣʠʟʦʚʘʥʥʳʭ ʤʘʛʥʠʪʥʳʭ ʤʦʤʝʥʪʦʚ Co ʚ ʵʬʬʝʢʪʠʚʥʳʝ 

ʤʘʛʥʠʪʥʳʝ ʤʦʤʝʥʪʳ R4Co3Ga16 ʩ R = GdïDy. ʄʥʦʛʠʝ ʠʟ ʤʝʪʘʤʘʛʥʠʪʥʳʭ ʧʝʨʝʭʦʜʦʚ, 

ʥʘʙʣʶʜʘʝʤʳʝ ʜʣʷ Tb2CoGa8 ʠ Dy2CoGa8, ʩʪʘʥʦʚʷʪʩʷ ʛʦʨʘʟʜʦ ʤʝʥʝʝ ʚʳʨʘʞʝʥʥʳʤʠ ʠʣʠ 

ʧʦʣʥʦʩʪʴʶ ʠʩʯʝʟʘʶʪ ʧʨʠ ʧʝʨʝʭʦʜʝ ʢ Tb4Co3Ga16 ʠ Dy4Co3Ga16. ʕʪʠ ʥʘʙʣʶʜʝʥʠʷ 

ʧʦʜʪʚʝʨʞʜʘʶʪ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦ ʪʦʤ, ʯʪʦ ʵʬʬʝʢʪʳ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʧʦʣʷ, 

ʠʩʧʳʪʳʚʘʝʤʳʝ Tb ʠ Dy, ʦʪʚʝʪʩʪʚʝʥʥʳ ʟʘ ʦʪʢʣʦʥʝʥʠʷ TN ʦʪ ʬʘʢʪʦʨʘ ʜʝ ɾʝʥʘ, ʧʦʩʢʦʣʴʢʫ 

ʢʫʙʦʢʪʘʵʜʨʠʯʝʩʢʘʷ ʢʦʦʨʜʠʥʘʮʠʷ ʘʪʦʤʦʚ Ga ʚʦʢʨʫʛ ʘʪʦʤʦʚ R ʠʩʢʘʞʘʝʪʩʷ ʠʟ-ʟʘ ʚʥʝʜʨʝʥʠʷ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʘʪʦʤʦʚ Co ʚ ʨʦʜʠʪʝʣʴʩʢʫʶ ʩʪʨʫʢʪʫʨʫ R2CoGa8 ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

R4Co3Ga16.    

 

ʊʘʙʣʠʮʘ 11. ʄʘʛʥʠʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʬʘʟ R4Co3Ga16 (R =Y, Sm-Dy) [52] 

ʌʘʟʘ ʂʦʥʩʪʘʥʪʘ 

ɺʝʡʩʘ, ʂ 

 

ʊʝʤʧʝʨʘʪʫʨʘ 

ʅʝʝʣʷ, ʂ 

ʕʬʬʝʢʪ. 

ʤʘʛʥʠʪʥʳʡ 

ʤʦʤʝʥʪ, ɛB 

ʊʝʦʨ. ʵʬʬʝʢʪ. 

ʤʘʛʥʠʪʥʳʡ 

ʤʦʤʝʥʪ R3+ 

Sm4Co3Ga16 ï ï 0.68 0.84 

Gd4Co3Ga16 -65(1) 19 8.30 7.94 

Tb4Co3Ga16 -18(1) 25 9.85 9.72 

Dy4Co3Ga16 -24(1) 14 12.36 10.63 

Y4Co3Ga16 ï ï ï ï 
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2.4.3 ʄʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʬʘʟ ʚʥʝʜʨʝʥʠʷ ʥʘ ʦʩʥʦʚʝ RGa3 ʩʪʨʫʢʪʫʨʥʦʛʦ ʪʠʧʘ AuCu3 

ʀʥʪʝʨʝʩ ʢ ʤʘʛʥʠʪʥʳʤ ʩʚʦʡʩʪʚʘʤ ʚ ʬʘʟʘʭ ʚʥʝʜʨʝʥʠʷ ʥʘ ʦʩʥʦʚʝ RGa3 ï RTxGa3, 

R4TGa12 ʠ R2MnGa6 ï ʦʙʫʩʣʦʚʣʝʥ ʙʦʣʴʰʠʤ ʩʧʝʢʪʨʦʤ ʛʦʩʪʝʚʳʭ ʘʪʦʤʦʚ (3d-, 4d- ʠ 5d-

ʤʝʪʘʣʣʳ), ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʚʩʪʨʘʠʚʘʪʴʩʷ ʚ ʩʪʨʫʢʪʫʨʫ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʧʨʦʩʣʝʜʠʪʴ ʠ 

ʫʩʪʘʥʦʚʠʪʴ ʚʣʠʷʥʠʝ ʠ ʚʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ ʤʘʛʥʠʪʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʧʝʨʝʭʦʜʥʦʛʦ ʤʝʪʘʣʣʘ.  

    ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʩʨʝʜʠ 4d- ʠ 5d-ʤʝʪʘʣʣʦʚ ʚ ʢʘʯʝʩʪʚʝ ʛʦʩʪʝʚʳʭ ʠʟʚʝʩʪʥʳ Pd, Ag, 

Pt [33, 48, 53], ʦʜʥʘʢʦ ʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʜʣʷ ʩʦʝʜʠʥʝʥʠʡ R4TGa12 

ʪʦʣʴʢʦ c Pd ʠ Pt, ʛʜʝ R = Y, Tb-Er [33, 48]. ʉʪʦʠʪ ʩʨʘʟʫ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʵʪʠ ʧʝʨʝʭʦʜʥʳʝ 

ʤʝʪʘʣʣʳ ʥʝ ʧʨʦʷʚʣʷʝʶʪ ʤʘʛʥʠʪʦʘʢʪʠʚʥʦʩʪʠ ʚ ʜʘʥʥʳʭ ʠʥʪʝʨʤʝʪʘʣʣʠʜʘʭ, ʘ ʤʘʛʥʠʪʥʦʝ 

ʧʦʚʝʜʝʥʠʝ ʟʘʚʠʩʠʪ ʦʪ ʧʨʠʨʦʜʳ ʘʪʦʤʘ R. ʉʦʝʜʠʥʝʥʠʝ Y4PtGa12 ʥʝ ʧʝʨʝʭʦʜʠʪ ʚ 

ʤʘʛʥʠʪʦʫʧʦʨʷʜʦʯʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʚʧʣʦʪʴ ʜʦ ʊ = 2 ʂ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʦʪʩʫʪʩʪʚʠʝ 

ʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ ʥʘ ʢʘʢʦʤ-ʣʠʙʦ ʘʪʦʤʝ [100]. ɿʘʤʝʥʘ Y ʥʘ Tb-Er ʧʨʠʚʦʜʠʪ ʢ 

ʧʦʷʚʣʝʥʠʶ ʤʘʛʥʠʪʥʦʛʦ ʧʦʨʷʜʢʘ ʧʨʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. ʇʨʘʢʪʠʯʝʩʢʠ ʚʦ ʚʩʝʭ ʩʣʫʯʘʷʭ 

ʥʘʙʣʶʜʘʝʪʩʷ ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʦʝ ʫʧʦʨʷʜʦʯʝʥʠʝ ʢʨʦʤʝ ʬʘʟ r Ho4PdGa12 ʜʣʷ ʢʦʪʦʨʦʡ 

ʘʚʪʦʨʳ ʥʝ ʥʘʙʣʶʜʘʶʪ ʤʘʛʥʠʪʥʦʝ ʫʧʦʨʷʜʦʯʝʥʠʝ ʚʧʣʦʪʴ ʜʦ ʊ = 2 ʂ [33, 48]. ʆʜʥʘʢʦ, 

ʦʪʨʠʮʘʪʝʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʢʦʥʩʪʘʥʪʳ ɺʝʡʩʘ ʛʦʚʦʨʠʪ ʦʙ ʘʥʪʠʬʝʨʨʦʤʘʛʥʪʠʥʳʭ ʢʦʨʨʝʣʷʮʠʷʭ 

ʚ ʩʦʝʜʠʥʝʥʠʠ, ʯʪʦ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʘʛʘʪʴ, ʯʪʦ ʜʣʷ Ho4PdGa12 ʩʫʱʝʩʪʚʫʝʪ ʧʝʨʝʭʦʜ 

ʧʨʠ ʊ ʥʠʞʝ 2 ʂ. ɸʧʧʨʦʢʩʠʤʘʮʠʷ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʤʘʛʥʠʪʥʳʭ 

ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʝʡ ʧʦ ʟʘʢʦʥʫ ʂʶʨʠïɺʝʡʩʘ ʜʘʝʪ ʵʬʬʝʢʪʠʚʥʳʝ ʤʘʛʥʠʪʥʳʝ ʤʦʤʝʥʪʳ 

ʙʣʠʟʢʠʝ ʧʦ ʟʥʘʯʝʥʠʶ ʢ ʪʝʦʨʝʪʠʯʝʩʢʠʤ ʜʣʷ R3+ ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʩʦʝʜʠʥʝʥʠʡ ʩ Tb, ʯʴʠ 

ʤʘʛʥʠʪʥʳʝ ʤʦʤʝʥʪʳ ʩʠʣʴʥʦ ʨʘʟʥʷʪʩʷ ʩ Tb3+, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʵʬʬʝʢʪʘʤʠ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʧʦʣʷ, ʚʣʠʷʥʠʝʤ ʵʣʝʢʪʨʦʥʦʚ ʧʨʦʚʦʜʠʤʦʩʪʠ ʥʘ ʤʘʛʥʠʪʥʳʡ ʤʦʤʝʥʪ. 

ʇʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʝʱʝ ʨʘʟ ʧʦʜʪʚʝʨʞʜʘʪʁ ʯʪʦ ʚʢʣʘʜ ʘʪʦʤʦʚ Pd ʠ Pt ʚ ʦʙʱʠʡ 

ʤʘʛʥʪʠʥʳʡ ʤʦʤʝʥʪ ʥʝʟʥʘʯʠʪʝʣʝʥ ʠʣʠ ʧʨʘʪʢʠʯʝʩʢʠ ʨʘʚʝʥ ʥʫʣʶ. (ʪʘʙʣʠʮʘ 11). ɸ 

ʧʦʷʚʣʝʥʠʝ ʤʘʛʥʠʪʥʦʛʦ ʧʦʨʷʜʢʘ, ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ, ʦʙʫʩʣʦʚʣʝʥʦ ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʳʤ 

ʫʧʦʨʷʜʦʯʝʥʠʝʤ ʧʦʜʨʝʰʝʪʢʠ ʘʪʦʤʦʚ R.   

ʊʘʙʣʠʮʘ 12. ʄʘʛʥʠʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ R4MGa12 (R = Tb-Er, M = Pd, Pt) [33, 48]. 

ʌʘʟʘ ʂʦʥʩʪʘʥʪʘ ʊʝʤʧʝʨʘʪʫʨʘ ʕʬʬʝʢʪ. ʊʝʦʨ. ʵʬʬʝʢʪ. 
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ɺʝʡʩʘ, ʂ 

 

ʅʝʝʣʷ, ʂ ʤʘʛʥʠʪʥʳʡ 

ʤʦʤʝʥʪ, ɛB 

ʤʘʛʥʠʪʥʳʡ 

ʤʦʤʝʥʪ R3+ 

Tb4PdGa12 -31.5 16 7.6 9.72 

Tb4PtGa12 -25.8 12 6.2 9.72 

Dy4PdGa12 -27 10 10.53 10.63 

Dy4PtGa12 -27 9.8 10.54 10.63 

Ho4PdGa12 -17 - 10.48 10.60 

Ho4PtGa12 -15 3.6 9.94 10.60 

Er4PdGa12 -9.5 5.2 9.47 9.59 

Er4PtGa12 -10.5 5.1 9.50 9.59 

 

ɼʣʷ ʩʦʝʜʠʥʝʥʠʡ R4TGa12 (R = Tb, Ho, Er; T = Pd, Pt) ʥʘʙʣʶʜʘʝʪʩʷ ʨʷʜ 

ʤʝʪʘʤʘʛʥʠʪʥʳʭ ʧʝʨʝʭʦʜʦʚ, ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʧʝʨʝʦʨʠʝʥʪʘʮʠʠ ʤʘʛʥʠʪʥʳʭ ʤʦʤʝʥʪʦʚ ʘʪʦʤʦʚ 

R ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʘ ʜʣʷ Tb4PtGa12 ʠ Ho4PtGa12 ʵʪʠ ʧʝʨʝʭʦʜʳ ʠʤʝʶʪ 

ʛʠʩʪʝʨʝʟʠʩ. ʊʘʢʞʝ ʜʣʷ ʩʦʝʜʠʥʝʥʠʡ ʩ Pt ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ 

ʤʘʛʥʝʪʦʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚ 50, 220 ʠ 900% ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʨʠ 3 ʂ ʠ 9 ʊʣ (ʈʠʩʫʥʦʢ 14). 

 

 

ʈʠʩʫʥʦʢ 14. ʄʘʛʥʝʪʦʩʦʧʨʦʪʠʚʣʝʥʠʝ R4PtGa12 (R = Dy-Er) ʧʨʠ ʊ = 3 ʂ [33]. 
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ɺ ʨʷʜʫ 3d-ʤʝʪʘʣʣʦʚ ʚ ʢʘʯʝʩʪʚʝ ʛʦʩʪʝʚʳʭ ʘʪʦʤʦʚ ʚʳʩʪʫʧʘʶʪ Cr-Ni. ɼʣʷ ʬʘʟ ʩ Ni 

ʤʘʛʥʠʪʥʳʝ ʜʘʥʥʳʝ ʜʣʷ ʠʟʚʝʩʪʥʳʭ ʬʘʟ ʦʪʩʫʪʩʪʚʫʶʪ. ɼʣʷ Co ʠʟʚʝʩʪʥʳ ʠ ʠʩʩʣʝʜʦʚʘʥʳ 

ʚʩʝʛʦ ʜʚʝ ʬʘʟʳ RCoxGa3 (R = Ho, Er; x = 0.16, 0.06). ʆʙʝ ʦʥʠ ʫʧʦʨʷʜʦʯʠʚʘʶʪʩʷ 

ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʦ ʧʨʠ TN = 10.2 ʠ 3.3 ʂ ʜʣʷ Ho ʠ Er ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  ʈʘʩʩʯʠʪʘʥʥʳʝ 

ʵʬʬʝʢʪʠʚʥʳʝ ʤʘʛʥʠʪʥʳʝ ʤʦʤʝʥʪʳ ʜʣʷ HoCo0,16Ga3 ʠ ErCo0,06Ga3 ʨʘʚʥʳ 10,8 ɛB ʠ 10,1 ɛB, 

ʯʪʦ ʥʝʤʥʦʛʦ ʦʪʢʣʦʥʷʝʪʩʷ ʦʪ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʟʥʘʯʝʥʠʡ ʜʣʷ Ho3+ (10,6 ɛB) ʠ Er3+ (9,59 ɛB), 

ʯʪʦ ʜʦʚʦʣʴʥʦ ʯʘʩʪʦ ʚʩʪʨʝʯʘʝʪʩʷ ʚ ʬʘʟʘʭ ʚʥʝʜʨʝʥʠʷ ʥʘ ʦʩʥʦʚʝ RGa3.  

ɺ ʩʣʫʯʘʝ Fe ʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʠʟʚʝʩʪʥʳ ʥʝ ʪʦʣʴʢʦ ʜʣʷ ʥʝʫʧʦʨʷʜʦʯʝʥʥʳʭ ʬʘʟ 

RFexGa3 (R = Ho, Er; x < 0.2) [34], ʥʦ ʠ ʜʣʷ ʩʚʝʨʭʩʪʨʫʢʪʫʨʥʳʭ R4FeGa12 (R = Y, Tb-Er) 

[35] ʠ Tb4FeGa12-yGey [80]. ɺ ʥʝʫʧʦʨʷʜʦʯʝʥʥʳʭ ʬʘʟʘʭ ʢʘʢ ʜʣʷ Ho, ʪʘʢ ʠ ʜʣʷ Er 

ʩʦʝʜʠʥʝʥʠʡ ʚʠʜʥʘ ʪʝʥʜʝʥʮʠʷ ʢ ʫʤʝʥʴʰʝʥʠʶ ʟʥʘʯʝʥʠʡ ʢʦʥʩʪʘʥʪ ɺʝʡʩʘ ʠ ʵʬʬʝʢʪʠʚʥʳʭ 

ʤʘʛʥʠʪʥʳʭ ʤʦʤʝʥʪʦʚ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʩʦʜʝʨʞʘʥʠʷ Fe ʚ ʬʘʟʝ, ʥʦ ʚʩʝ ʦʥʠ ʧʨʝʚʦʩʭʦʜʷʪ 

ʟʥʘʯʝʥʠʷ ʜʣʷ ʪʝʦʨʝʪʠʯʝʩʢʠʭ R3+. ɼʣʷ ʪʝʤʧʝʨʘʪʫʨ ʅʝʝʣʷ ʪʘʢʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʥʝ 

ʥʘʙʣʶʜʘʝʪʩʷ, ʚʩʝ ʦʥʠ ʥʘʭʦʜʷʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ 5.2ï7.2 ʂ (ʊʘʙʣʠʮʘ 13). 

 

ʊʘʙʣʠʮʘ 13. ʄʘʛʥʠʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʬʘʟ RFexGa3 (R = Ho, Er; x < 0.2) [34] ʠ 

R4FeGa12 (R = Y, Tb-Er) [35] ʠ Tb4FeGa12-yGey [80]. 

ʉʦʩʪʘʚ ʂʦʥʩʪʘʥʪʘ 

ɺʝʡʩʘ, ʂ 

ʊʝʤʧʝʨʘʪʫʨʘ 

ʤʘʛʥʠʪʥʦʛʦ 

ʫʧʦʨʷʜʦʯʝʥʠʷ, 

ʂ 

ʕʬʬʝʢʪ. 

ʤʘʛʥʠʪʥʳʡ 

ʤʦʤʝʥʪ, ɛB 

ʊʝʦʨ. ʵʬʬʝʢʪ. 

ʤʘʛʥʠʪʥʳʡ 

ʤʦʤʝʥʪ R3+ 

HoFe0,11Ga3 -20.2 TN = 7.2 11.7 10.60 

HoFe0,16Ga3 -19.9 TN = 6.5 10.6 10.60 

ErFe0,06Ga3 -10.4 TN = 5.2 10.8 9.59 

ErFe0,11Ga3 -8.2 TN = 6.2 10.4 9.59 

Y4FeGa12 34 TC =  36  1.55 ï 

Tb4FeGa12 -52.1 TN = 25 9.78 9.72 

Dy4FeGa12 -29.0 TN = 18.5 11.40 10.63 

Ho4FeGa12 -20.8 TN = 9 10.87 10.60 

Er4Fe0.67Ga12 -9.6 TN = 6 9.55 9.59 
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Tb4FeGa12-yGey -48 TN = 13  9.25 9.72 

  

ʇʨʠ ʧʝʨʝʭʦʜʝ ʦʪ ʥʝʫʧʦʨʷʜʦʯʝʥʥʳʭ ʬʘʟ ʢ ʫʧʦʨʷʜʦʯʝʥʥʳʤ R4FeGa12 (R = Y, Tb-Er) 

ʧʦʷʚʣʷʶʪʩʷ ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʩ Y, Tb ʠ Dy. ʄʘʛʥʠʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ Y4FeGa12, 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʪʘʙʣʠʮʝ 12, ʫʢʘʟʳʚʘʶʪ ʥʘ ʬʝʨʨʦʤʘʛʥʠʪʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚ 

ʩʪʨʫʢʪʫʨʝ ʠ ʧʦʟʚʦʣʷʶʪ ʧʨʝʜʧʦʣʘʛʘʪʴ, ʯʪʦ ʩʦʝʜʠʥʝʥʠʝ ʷʚʣʷʝʪʩʷ ʦʯʝʥʴ ʩʣʘʙʳʤ ʟʦʥʥʳʤ 

ʬʝʨʨʦʤʘʛʥʝʪʠʢʦʤ ʧʦʜʦʙʥʦ ʜʨʫʛʠʤ ʥʝʢʦʪʦʨʳʤ ʠʟʚʝʩʪʥʳʤ Y-ʩʦʜʝʨʞʘʱʠʤ 

ʠʥʪʝʨʤʝʪʘʣʣʠʜʘʤ Y4Co3 [101] ʠ Y9Co7 [102]. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʤʘʛʥʠʪʥʳʝ ʤʦʤʝʥʪʳ ʥʝ 

ʣʦʢʘʣʠʟʦʚʘʥʳ ʥʘ ʘʪʦʤʘʭ Fe. ʇʨʠ ʟʘʤʝʥʝ Y ʥʘ TbïEr ʩʦʝʜʠʥʝʥʠʷ ʷʚʣʷʶʪʩʷ ʫʞʝ 

ʘʥʪʠʬʝʨʨʦʤʘʛʥʝʪʠʢʘʤʠ ʩ ʪʝʤʧʝʨʘʪʫʨʘʤʠ ʅʝʝʣʷ ʨʘʚʥʳʤʠ 25-6 ʂ, ʯʪʦ ʚʳʰʝ, ʯʝʤ ʫ 

ʘʥʘʣʦʛʠʯʥʳʭ ʥʝʫʧʦʨʷʜʦʯʝʥʥʳʭ ʬʘʟ. ʕʬʬʝʢʪʠʚʥʳʝ ʤʘʛʥʠʪʥʳʝ ʤʦʤʝʥʪʳ ʜʣʷ TbïHo ʯʫʪʴ 

ʚʳʰʝ, ʯʝʤ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʜʣʷ R3+, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʚʢʣʘʜ Fe ʚ ʵʬʬʝʢʪʠʚʥʳʡ 

ʤʦʤʝʥʪ ʜʦʩʪʘʪʦʯʥʦ ʤʘʣ, ʥʦ ʥʝ ʥʫʣʝʚʦʡ. ɹʦʣʝʝ ʜʝʪʘʣʴʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʨʦʣʠ Fe ʚ 

ʜʘʥʥʳʭ ʬʘʟʘʭ ʜʘʝʪ ʤʝʩʩʙʘʫʵʨʦʚʩʢʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ.    

ʄʝʩʩʙʘʫʵʨʦʚʩʢʠʝ ʩʧʝʢʪʨʳ, ʧʦʣʫʯʝʥʥʳʝ ʜʣʷ R4FeGa12 (R = Y, Tb, Dy, Er) (ʈʠʩʫʥʦʢ 

15) ʚʳʰʝ ʠʭ ʪʝʤʧʝʨʘʪʫʨ ʤʘʛʥʠʪʥʦʛʦ ʫʧʦʨʷʜʦʯʝʥʠʷ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʠʥʛʣʝʪʥʳʝ 

ʣʠʥʠʠ, ʯʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʥʝʠʩʢʘʞʝʥʥʳʤ ʦʢʪʘʵʜʨʠʯʝʩʢʠʤ ʦʢʨʫʞʝʥʠʝʤ ʘʪʦʤʦʚ Fe ʚ 

ʧʦʟʠʮʠʠ 2ʘ. ʅʠʞʝ 36 ʂ ʩʧʝʢʪʨ Y4FeGa12 ʨʘʩʰʠʨʷʝʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʙʨʘʟʦʚʘʥʠʷ 

ʩʚʝʨʭʪʦʥʢʦʛʦ ʧʦʣʷ, ʛʝʥʝʨʠʨʫʝʤʦʛʦ ʧʦʣʷʨʠʟʦʚʘʥʥʳʤʠ ʵʣʝʢʪʨʦʥʘʤʠ ʥʘ ʘʪʦʤʘʭ Fe. 

ʉʠʥʛʣʝʪʥʳʝ ʩʧʝʢʪʨʳ ʞʝ R4FeGa12 (R = Tb, Dy, Er) ʫʰʠʨʷʶʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʥʠʞʝ ʩʚʦʠʭ 

ʪʝʤʧʝʨʘʪʫʨ ʤʘʛʥʠʪʥʦʛʦ ʫʧʦʨʷʜʦʯʝʥʠʷ, ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʧʨʘʢʪʠʯʝʩʢʠ ʥʫʣʝʚʦʤ ʤʘʛʥʠʪʥʦʤ 

ʤʦʤʝʥʪʝ ʥʘ ʘʪʦʤʘʭ Fe. ʏʘʩʪʠʯʥʦʝ ʟʘʤʝʱʝʥʠʝ Ga ʥʘ Ge ʚ Tb4FeGa12, ʧʨʠʚʦʜʷʱʝʝ ʢ 

ʦʙʨʘʟʦʚʘʥʠʶ Tb4FeGa12-yGey, ʟʥʘʯʠʪʝʣʴʥʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʪʝʤʧʝʨʘʪʫʨʝ ʅʝʝʣʷ, ʫʤʝʥʴʰʘʷ 

ʝʝ ʧʨʘʢʪʠʯʝʩʢʠ ʚ ʜʚʘ ʨʘʟʘ, ʪʦʛʜʘ ʢʘʢ ʦʩʪʘʣʴʥʳʝ ʤʘʛʥʠʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʝʥʷʶʪʩʷ 

ʥʝʟʥʘʯʠʪʝʣʴʥʦ (ʊʘʙʣʠʮʘ 13).                  
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ʈʠʩʫʥʦʢ 15. 57Fe ʤʝʩʩʙʘʫʵʨʦʚʩʢʠʝ ʩʧʝʢʪʨʳ R4FeGa12 (R = Y, Tb, Dy, Er). 

 

ɺ ʦʧʠʩʘʥʥʳʭ ʚʳʰʝ ʬʘʟʘʭ ʚʠʜʥʦ, ʯʪʦ ʵʬʬʝʢʪʠʚʥʳʝ ʤʘʛʥʠʪʥʳʝ ʤʦʤʝʥʪʳ 

ʩʦʧʦʩʪʘʚʠʤʳ ʩ ʪʝʦʨʝʪʠʯʝʩʢʠ ʨʘʩʩʯʠʪʘʥʥʳʤʠ ʜʣʷ R3+, ʠ ʚʣʠʷʥʠʝ ʘʪʦʤʦʚ T ʥʘ ʤʘʛʥʠʪʥʦʝ 

ʧʦʚʝʜʝʥʠʝ ʬʘʟ ʧʨʘʢʪʠʯʝʩʢʠ ʦʪʩʫʪʩʪʚʫʝʪ ʠʟ-ʟʘ ʤʘʣʦʛʦ ʠʭ ʩʦʜʝʨʞʘʥʠʷ ʠ ʙʦʣʴʰʦʛʦ 

ʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ ʥʘ ʘʪʦʤʘʭ R. ʇʦʵʪʦʤʫ, ʩʦʝʜʠʥʝʥʠʷ ʧʨʦʷʚʣʷʶʪ ʚ ʦʩʥʦʚʥʦʤ 

ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ, ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʫʧʦʨʷʜʦʯʝʥʠʝʤ ʧʦʜʨʝʰʝʪʢʠ R.   

ʌʝʨʨʦʤʘʛʥʠʪʥʦʝ ʞʝ ʫʧʦʨʷʜʦʯʝʥʠʝ ʤʦʞʝʪ ʙʳʪʴ ʠʥʜʫʮʠʨʦʚʘʥʦ ʟʘʤʝʱʝʥʠʝʤ 

ʵʣʝʤʝʥʪʘ ʊ ʥʘ ʙʦʣʝʝ ʨʘʥʥʠʝ ʧʝʨʝʭʦʜʥʳʝ ʤʝʪʘʣʣʳ (ʊ = Cr, Mn). ʊʘʢ ʜʣʷ ʩʦʝʜʠʥʝʥʠʡ, ʛʜʝ 

ʚ ʢʘʯʝʩʪʚʝ ʛʦʩʪʝʚʦʛʦ ʘʪʦʤʘ ʚʳʩʪʫʧʘʝʪ Cr, ʯʘʩʪʠʯʥʦʝ ʬʝʨʨʦʤʘʛʥʠʪʥʦʝ ʫʧʦʨʷʜʦʯʝʥʠʝ ʙʳʣʦ 

ʧʦʣʫʯʝʥʦ ʜʣʷ ʩʚʝʨʭʩʪʨʫʢʪʫʨʥʳʭ ʬʘʟ R4CrGa12, ʛʜʝ R = Tb, Dy ʠ Er, ʪʦʛʜʘ ʢʘʢ ʩ Ho ʬʘʟʘ 

ʫʧʦʨʷʜʦʯʠʚʘʝʪʩʷ ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʦ [36]. ʇʨʠ ʵʪʦʤ, ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʩʝ ʢʦʥʩʪʘʥʪʳ 

ɺʝʡʩʘ ʠʤʝʶʪ ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ, ʯʪʦ ʛʦʚʦʨʠʪ ʦʙ ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʳʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʭ (ʊʘʙʣʠʮʘ 14). ʕʬʬʝʢʪʠʚʥʳʝ ʤʘʛʥʠʪʥʳʝ ʤʦʤʝʥʪʳ ʙʣʠʟʢʠ ʢ 

ʪʝʦʨʝʪʠʯʝʩʢʠʤ ʟʥʘʯʝʥʠʷʤ ʜʣʷ R3+.  
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ʊʘʙʣʠʮʘ 14. ʄʘʛʥʠʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʬʘʟ RCrxGa3 (R = Ho, Er; x ~ 0.15) [51] ʠ 

R4CrGa12 (R = Tb-Er) [36]. 

ʉʦʩʪʘʚ ʂʦʥʩʪʘʥʪʘ 

ɺʝʡʩʘ, ʂ 

ʊʝʤʧʝʨʘʪʫʨʘ 

ʤʘʛʥʠʪʥʦʛʦ 

ʫʧʦʨʷʜʦʯʝʥʠʷ, 

ʂ 

ʕʬʬʝʢʪ. 

ʤʘʛʥʠʪʥʳʡ 

ʤʦʤʝʥʪ, ɛB 

ʊʝʦʨ. ʵʬʬʝʢʪ. 

ʤʘʛʥʠʪʥʳʡ 

ʤʦʤʝʥʪ R3+ 

HoCr0,15Ga3 -16.6 TN = 5.9 10.61 10.60 

ErCr0,14Ga3 -8.6 ï 9.63 9.59 

Tb4CrGa12 -44 TC = 22 9.8 9.72 

Dy4CrGa12 -25 TC = 15 10.76 10.63 

Ho4CrGa12 -12 TN = 7.5 10.75 10.60 

Er4CrGa12 -9 TN = 2.8 9.76 9.59 

 

ɺ ʩʣʫʯʘʝ ʥʝʫʧʦʨʷʜʦʯʝʥʥʳʭ RCrxGa3 (x ~ 0.15) ʬʘʟʳ ʠʟʚʝʩʪʥʳ ʪʦʣʴʢʦ ʜʣʷ Ho ʠ Er, 

ʧʨʠʯʝʤ ʝʩʣʠ HoCr0.15Ga3 ʫʧʦʨʷʜʦʯʠʚʘʝʪʩʷ ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʦ, ʪʦ ErCr0.14Ga3 ʥʝ 

ʧʨʝʪʝʨʧʝʚʘʝʪ ʧʝʨʝʭʦʜʘ ʚ ʤʘʛʥʠʪʦʫʧʦʨʷʜʦʯʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʚʧʣʦʪʴ ʜʦ 2 ʂ [51]. ɸʚʪʦʨʳ 

ʟʘʢʣʶʯʠʣʠ, ʯʪʦ ʘʪʦʤʳ Cr ʪʘʢʞʝ ʥʝ ʚʥʦʩʷʪ ʟʥʘʯʠʪʝʣʥʦʛʦ ʚʢʣʘʜʘ ʚ ʵʬʬʝʢʪʠʚʥʳʝ 

ʤʘʛʥʠʪʥʳʝ ʤʦʤʝʥʪ,r ʪʘʢ ʢʘʢ ʦʥʠ ʧʨʘʢʪʠʯʝʩʢʠ ʨʘʚʥʳ ʪʝʦʨʝʪʠʯʝʩʢʠʤ ʤʘʛʥʠʪʥʳʤ 

ʤʦʤʝʥʪʘʤ R3+ (ʊʘʙʣʠʮʘ 14), ʠ ʠʟ-ʟʘ ʩʚʦʝʡ ʤʘʣʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠ ʚʳʩʦʢʦʛʦ ʤʦʤʝʥʪʘ ʈɿʕ, 

ʚʢʣʘʜ ʦʪ ʘʪʦʤʦʚ Cr ʚ ʦʙʱʠʡ ʵʬʬʝʢʪʠʚʥʳʡ ʤʦʤʝʥʪ ʠ ʜʦʣʞʝʥ ʙʳʪʴ ʚʝʩʴʤʘ 

ʥʝʟʥʘʯʘʪʠʣʴʥʳʤ. ɼʣʷ Tb ʠ Dy, ʩ ʢʦʪʦʨʳʤʠ ʫʧʦʨʷʜʦʯʝʥʥʳʝ R4CrGa12 ʜʝʤʦʥʩʪʨʠʨʫʶʪ 

ʯʘʩʪʠʯʥʦʝ ʬʝʨʨʦʤʘʛʥʠʪʥʦʝ ʫʧʦʨʷʜʦʯʝʥʠʝ, ʥʝʫʧʦʨʷʜʦʯʝʥʥʳʭ ʬʘʟ RCrxGa3 ʧʦʣʫʯʝʥʦ ʠ 

ʠʩʩʣʝʜʦʚʘʥʦ ʥʝ ʙʳʣʦ.  

ɹʦʣʝʝ ʠʥʪʝʨʝʩʥʳʤʠ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʨʦʷʚʣʝʥʠʷ ʬʝʨʨʦʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ ʚʳʛʣʷʜʪ̫ 

ʩʦʝʜʠʥʝʥʠʷ ʥʘ ʦʩʥʦʚʝ Mn. ɺ ʨʘʙʦʪʝ [37] ʙʳʣʘ ʩʠʥʪʝʟʠʨʦʚʘʥʘ ʬʘʟʘ Y4Mn0.74Ga12, ʢʦʪʦʨʘʷ 

ʷʚʣʷʝʪʩʷ ʬʝʨʨʦʤʘʛʥʠʪʥʦʡ ʧʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ TC = 155 ʂ. ʊʘʢ ʢʘʢ 

Y3+ ʥʝ ʠʤʝʝʪ ʩʦʙʩʪʚʝʥʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ, ʪʦ ʤʦʞʥʦ ʛʦʚʦʨʠʪʴ, ʯʪʦ ʧʨʦʷʚʣʝʥʠʝ 

ʬʝʨʨʦʤʘʛʥʝʪʠʟʤʘ ʚʳʟʚʘʥʦ ʫʧʦʨʷʜʦʯʝʥʠʝʤ ʧʦʜʩʪʨʫʢʪʫʨʳ Mn. ʏʘʩʪʠʯʥʦʝ ʟʘʤʝʱʝʥʠʝ Ga 

ʥʘ Ge ʧʨʠʚʦʜʠʪ ʥʝ ʪʦʣʴʢʦ ʢ ʫʚʝʣʠʯʝʥʠʶ ʩʦʜʝʨʞʘʥʠʷ Mn ʚ ʬʘʟʝ, ʥʦ ʠ ʚʣʠʷʝʪ ʥʘ 

ʧʨʦʷʚʣʷʝʤʳʝ ʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ. ɿʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʟʥʘʯʝʥʠʷ ʤʘʛʥʠʪʥʦʡ 

ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʠ ʪʘʢʞʝ ʥʘʙʣʶʜʘʝʪʩʷ ʨʦʩʪ ʪʝʤʧʝʨʘʪʫʨʳ ʂʶʨʠ. ʇʨʠʯʝʤ ʤʘʢʩʠʤʘʣʴʥʦʝ 
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ʟʥʘʯʝʥʠʝ TC ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʩʦʝʜʠʥʝʥʠʝ ʩʦʩʪʘʚʘ Y4Mn0.87Ga10.7Ge1.3, ʜʘʣʴʥʝʡʰʝʝ 

ʫʚʝʣʠʯʝʥʠʝ ʩʪʝʧʝʥʠ ʟʘʤʝʱʝʥʠʷ Ga/Ge ʚʝʜʝʪ ʢ ʧʦʩʪʝʧʝʥʥʦʤʫ ʫʤʝʥʴʰʝʥʠʶ TC, ʘ 

ʩʦʝʜʠʥʝʥʠʝ ʩʦʩʪʘʚʘ Y4Mn0.87Ga8.8Ge3.2 ʷʚʣʷʝʪʩʷ ʫʞʝ ʧʘʨʘʤʘʛʥʝʪʠʢʦʤ (ʈʠʩʫʥʦʢ 16).  

 

ʈʠʩʫʥʦʢ 16. ʊʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʬʘʟ Y4Mn0.74Ga12 

(ʘ), Y4Mn1-xGa12-yGey (ɸ ï ʭ = 0,12 ʠ ʫ = 3, B - ʭ = 0,15 ʠ ʫ = 2, C - ʭ = 0,18 ʠ ʫ = 2,5, D - ʭ = 

0,11 ʠ ʫ = 1, E - ʭ = 0,13 ʠ ʫ = 1,5, F - ʭ = 0,14 ʠ ʫ = 0,5) (ʙ) ʠ ʟʘʚʠʩʠʤʦʩʪʴ ʪʝʤʧʝʨʘʪʫʨʳ 

ʂʶʨʠ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʪʦʤʦʚ Ge (ʚ) [37]. 

 

ʈʘʩʩʯʠʪʘʥʥʳʡ ʵʬʬʝʢʪʠʚʥʳʡ ʤʘʛʥʠʪʥʳʡ ʤʦʤʝʥʪ ʥʘ Mn ʚ Y4Mn1-xGa12-yGey ʨʘʚʥʳʡ 

~ 2 ɛɺ ʥʠʞʝ, ʯʝʤ ʜʣʷ Ŭ-ʤʘʨʛʘʥʮʘ (~ 2,45 ɛɺ) [103] ʠ ʟʥʘʯʠʪʝʣʴʥʦ ʥʠʞʝ, ʯʝʤ ʚ ʥʝʢʦʪʦʨʳʭ 

ʜʨʫʛʠʭ Mn-ʩʦʜʝʨʞʘʱʠʭ ʠʥʪʝʨʤʝʪʘʣʣʠʜʘʭ (4,12 ɛɺ ʚ Cu2MnAl  [104], 5 ɛɺ ʚ MnTe2 [105]). 

ʅʘʠʙʦʣʴʰʝʝ ʟʥʘʯʝʥʠʝ ʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ ʥʘʩʳʱʝʥʠʷ ʪʘʢʞʝ ʥʘʙʣʶʜʘʝʪʩʷ ʜʣʷ 

Y4Mn0.87Ga10.7Ge1.3 ʠ ʩʦʩʪʘʚʣʷʝʪ ~ 1,5 ɛɺ/Mn, ʯʪʦ ʩʦʧʦʩʪʘʚʠʤʦ ʩ ʤʘʛʥʠʪʥʳʤ ʤʦʤʝʥʪʦʤ 

ʥʘʩʳʱʝʥʠʷ ʜʣʷ Mn2Ga5 (~ 1,36 ɛɺ/Mn) [106], RMn2Ge2 (~ 1,8 ɛɺ), ʛʜʝ R = Gd, Tb [107, 

108] ʠ RMn6Sn6 (~ 2,2 ɛɺ) [109]. ʅʘʜʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʧʨʠʯʠʥʘ ʚʦʟʥʠʢʥʦʚʝʥʠʷ 

ʬʝʨʨʦʤʘʛʥʝʪʠʟʤʘ ʚ ʬʘʟʘʭ ʠʤʝʥʥʦ ʩ Mn ʚ ʨʷʜʫ 3d-ʤʝʪʘʣʣʦʚ ʦʩʪʘʝʪʩʷ ʥʝʷʩʥʦʡ, ʪʘʢ ʢʘʢ 

ʨʘʩʯʝʪʘ ʟʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʜʣʷ ʜʘʥʥʦʡ ʬʘʟʳ ʚ ʵʪʦʡ ʨʘʙʦʪʝ ʩʜʝʣʘʥʦ ʥʝ ʙʳʣʦ [37]. 

ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʘʚʪʦʨʳ ʧʨʝʜʧʦʣʘʛʘʶʪ, ʯʪʦ ʥʘʣʠʯʠʝ ʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ ʥʘ Mn 

ʩʚʷʟʘʥʦ ʩ ʯʘʩʪʠʯʥʳʤ ʟʘʧʦʣʥʝʥʠʝʤ 3d-ʟʦʥr Mn ʚʙʣʠʟʠ ʫʨʦʚʥʷ ʌʝʨʤʠ, ʢʘʞʝʪʩʷ, ʯʪʦ 

ʢʨʠʪʝʨʠʡ ʜʣʷ ʧʨʦʷʚʣʝʥʠʷ ʬʝʨʨʦʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ ʚ ʧʦʜʦʙʥʳʭ ʬʘʟʘʭ ʥʦʩʠʪ ʙʦʣʝʝ 

ʩʣʦʞʥʳʡ ʭʘʨʘʢʪʝʨ.  

ʇʨʠ ʟʘʤʝʥʝ Y ʥʘ Ho-Tm ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʥʝʫʧʦʨʷʜʦʯʝʥʥʳʝ ʬʘʟʳ RMnxGa3 (x < 0.2) 

[49], ʢʦʪʦʨʳʝ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʦʝ ʫʧʦʨʷʜʦʯʝʥʠʝ ʧʨʠ ʥʠʟʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ, ʢʨʦʤʝ ʩʦʝʜʠʥʝʥʠʡ ʩ Tm, ʢʦʪʦʨʳʝ ʦʩʪʘʶʪʩʷ ʧʘʨʘʤʘʛʥʠʪʥʳʤʠ ʚʧʣʦʪʴ ʜʦ 2 
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ʂ. ɺʥʝʜʨʝʥʠʝ Mn ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʟʥʘʯʝʥʠʡ ʵʬʬʝʢʪʠʚʥʳʭ ʤʘʛʥʠʪʥʳʭ ʤʦʤʝʥʪʦʚ, 

ʯʪʦ ʘʚʪʦʨʳ ʩʚʷʟʳʚʘʶʪ ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʩʠʣʳ ʦʙʤʝʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ R-R, ʚʳʟʚʘʥʥʦʝ 

ʫʚʝʣʠʯʝʥʝʤ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʘʪʦʤʘʤʠ R. ʆ ʥʘʣʠʯʠʝ ʠʣʠ ʦʪʩʫʪʩʪʚʠʠ ʬʝʨʨʦʤʘʛʥʠʪʥʦʛʦ 

ʧʝʨʝʭʦʜʘ, ʩʚʷʟʘʥʥʦʛʦ ʩ ʫʧʦʨʷʜʦʯʝʥʠʝʤ ʧʦʜʨʝʰʝʪʢʠ Mn ʛʦʚʦʨʠʪʴ ʩʣʦʞʥʦ, ʪʘʢ ʢʘʢ ʚ 

ʨʘʙʦʪʝ [49] ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʘʥʥʳʝ ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 

30ï2 ʂ. ʊʘʢʞʝ ʜʣʷ ʜʘʥʥʳʭ ʬʘʟ ʙʳʣʠ ʚʳʷʚʣʝʥʳ ʠʟʤʝʥʝʥʠʷ ʚ ʤʘʛʥʠʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ 

ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʜʝʨʞʘʥʠʷ Mn (ʊʘʙʣʠʮʘ 15). ʋʤʝʥʴʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʳʭ ʤʘʛʥʠʪʥʳʭ 

ʤʦʤʝʥʪʦʚ ʠ ʪʝʤʧʝʨʘʪʫʨ ʤʘʛʥʠʪʥʦʛʦ ʫʧʦʨʷʜʦʯʝʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʩ ʫʚʝʣʠʯʝʥʠʝʤ 

ʩʦʜʝʨʞʘʥʠʷ Mn ʚ ʬʘʟʝ. ʇʦʜʦʙʥʘʷ ʢʘʨʪʠʥʘ ʥʘʙʣʶʜʘʣʘʩʴ ʠ ʚ ʥʝʫʧʦʨʷʜʦʯʝʥʥʳʭ ʬʘʟʘʭ ʩ Fe. 

ʕʪʠ ʪʝʥʜʝʥʮʠʠ ʦʙʲʷʩʥʷʶʪ ʣʠʙʦ ʫʚʝʣʠʯʝʥʠʝʤ ʤʝʞʘʪʦʤʥʳʭ ʨʘʩʩʪʦʷʥʠʡ RïR, ʣʠʙʦ 

ʠʟʤʝʥʝʥʠʝʤ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʘʪʦʤʦʚ R ʚʩʣʝʜʩʪʚʠʝ ʚʥʝʜʨʝʥʠʷ Mn ʚ ʩʪʨʫʢʪʫʨʫ.  

 ʄʘʛʥʠʪʥʳʝ ʠʟʤʝʨʝʥʠʷ ʙʳʣʠ ʪʘʢʞʝ ʧʨʦʚʝʜʝʥʳ ʥʘ ʧʦʨʦʰʢʦʚʦʤ ʦʙʨʘʟʮʝ DyMnxGa3 

ʚ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʠʥʪʝʨʚʘʣʝ ʦʪ 300 ʜʦ 650 ʂ [50], ʢʦʪʦʨʳʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ 

ʧʘʨʘʤʘʛʥʠʪʥʦʤ ʧʦʚʝʜʝʥʠʠ ʬʘʟʳ ʧʨʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. ʆʪʩʫʪʩʪʚʠʝ ʜʘʥʥʳʭ ʧʨʠ 

ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʥʝ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʛʦʚʦʨʠʪʴ ʦ ʥʘʣʠʯʠʝ ʧʝʨʝʭʦʜʘʭ ʚ 

ʤʘʛʥʠʪʦʫʧʦʨʷʜʦʯʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ.  

    

  ʊʘʙʣʠʮʘ 15. ʄʘʛʥʠʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʬʘʟ RMnxGa3 (R = Ho, Er; x < 0.2) [49] ʠ 

Y4Mn1-xGa12-yGey [37].  

ʉʦʩʪʘʚ ʂʦʥʩʪʘʥʪʘ 

ɺʝʡʩʘ, ʂ 

ʊʝʤʧʝʨʘʪʫʨʘ 

ʂʶʨʠ/ʅʝʝʣʷ, 

ʂ 

ʕʬʬʝʢʪ. 

ʤʘʛʥʠʪʥʳʡ 

ʤʦʤʝʥʪ, ɛB 

ʊʝʦʨ. ʵʬʬʝʢʪ. 

ʤʘʛʥʠʪʥʳʡ 

ʤʦʤʝʥʪ R3+ 

HoMn0,077Ga3 -17.26 8.4 10.616 10.60 

HoMn0,15Ga3 -7.56 7.7 10.15 10.60 

ErMn0,04Ga3 -9.59 3.3 9.522 9.59 

ErMn0,14Ga3 -8.59 3.1 9.494 9.59 

TmMn0,049Ga3 -2.64 ï 7.464 7.56 

TmMn0,11Ga3 -2.67 ï 7.407 7.56 

Y4Mn0.74Ga12 ï 155 ï ï 

Y4Mn0.87Ga11.5Ge0.5 ï 193 ï ï 
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Y4Mn0.87Ga10.7Ge1.3 238 225 2.13 ï 

Y4Mn0.82Ga10.0Ge2.0 210 190 1.73 ï 

Y4Mn0.85Ga9.5Ge2.5 170 180 2.85 ï 

Y4Mn0.87Ga8.8Ge3.2 ï ï ï ï 

 

ɼʣʷ Mn ʠʟʚʝʩʪʥʳ ʪʘʢʞʝ ʬʘʟʳ R2MnGa6 (R = Sm, Gd, Tb), ʯʴʠ ʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ 

ʠʟʫʯʝʥʳ ʥʝ ʙʳʣʠ. ɺ ʨʘʙʦʪʝ [89], ʚ ʢʦʪʦʨʦʡ ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʩʦʝʜʠʥʝʥʠʝ Tb2Mn0.5Ga6, 

ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʥʦʝ ʢʘʢ ʯʘʩʪʠʯʥʦ ʨʘʟʫʧʦʨʷʜʦʯʝʥʥʘʷ ʩʚʝʨʭʩʪʨʫʢʪʫʨʥʘʷ ʬʘʟʘ Tb2Mn1-

xGa6, ʤʘʛʥʠʪʥʳʝ ʠʟʤʝʨʝʥʠʷ ʫʢʘʟʳʚʘʝʪ ʥʘ ʥʘʣʠʯʠʝ ʜʚʫʭ ʤʘʛʥʠʪʥʳʭ ʧʦʜʩʠʩʪʝʤ. ʉʪʦʠʪ ʧʨʠ 

ʵʪʦʤ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʠʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʣʠ ʥʘ ʧʦʨʦʰʢʦʚʦʤ ʦʙʨʘʟʮʝ, ʩʦʜʝʨʞʘʱʝʤ 

ʬʝʨʨʦʤʘʛʥʠʪʥʫʶ ʧʨʠʤʝʩʴ.   

ʅʝʩʤʦʪʨʷ ʥʘ ʦʪʩʫʪʩʪʚʠʝ ʤʘʛʥʠʪʥʳʭ ʜʘʥʥʳʭ ʜʣʷ ʵʪʠʭ ʬʘʟ, ʨʘʩʯʝʪʳ ʟʦʥʥʦʡ ʠ 

ʤʘʛʥʠʪʥʦʡ ʩʪʨʫʢʪʫʨ, ʧʨʦʚʝʜʝʥʥʳʭ ʜʣʷ ʩʦʝʜʠʥʝʥʠʷ Gd2MnGa6 ʠ ʛʠʧʦʪʝʪʠʯʝʩʢʦʡ 

ʩʪʨʫʢʪʫʨʳ La2MnGa6, ʛʦʚʦʨʷʪ ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʥʘʙʣʶʜʝʥʠʷ ʚ ʥʠʭ ʬʝʨʨʦʤʘʛʥʝʪʠʟʤʘ [39]. 

ʉʧʠʥ-ʧʦʣʷʨʠʟʦʚʘʥʥʳʝ ʨʘʩʯʝʪʳ ʤʘʛʥʠʪʥʦʡ ʩʪʨʫʢʪʫʨʳ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʜʣʷ ʜʚʫʭ 

ʚʘʨʠʘʥʪʦʚ ʤʘʛʥʠʪʥʦʛʦ ʫʧʦʨʷʜʦʯʝʥʠʷ: ʬʝʨʨʦʤʘʛʥʠʪʥʦʛʦ ʠ ʬʝʨʨʠʤʘʛʥʠʪʥʦʛʦ, ʛʜʝ ʘʪʦʤʳ 

Mn ʬʝʨʨʦʤʘʛʥʠʪʥʦ ʠ ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʦ ʩʚʷʟʘʥʳ ʩ ʘʪʦʤʘʤʠ R, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʈʝʟʫʣʴʪʘʪʳ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʤ ʚ ʪʘʙʣʠʮʝ 16, ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʬʝʨʨʦʤʘʛʥʠʪʥʦʝ 

ʫʧʦʨʷʜʦʯʝʥʠʝ (FM) ʵʥʝʨʛʝʪʠʯʝʩʢʠ ʙʦʣʝʝ ʚʳʛʦʜʥʦ, ʯʝʤ ʬʝʨʨʠʤʘʛʥʠʪʥʦʝ (FiM). 

ʈʘʩʩʯʠʪʘʥʥʳʝ ʤʘʛʥʠʪʥʳʝ ʤʦʤʝʥʪʳ ʥʘ ʘʪʦʤʘʭ ʜʣʷ ʤʦʜʝʣʠ ʬʝʨʨʦʤʘʛʥʠʪʥʦʛʦ 

ʫʧʦʨʷʜʦʯʝʥʠʷ ʨʘʚʥʳ 7.14 ɛɺ ʜʣʷ Gd, 2.42 ɛɺ ʠ 2.41 ɛɺ ʜʣʷ Mn, ʦʪʨʠʮʘʪʝʣʴʥʳ ʠ 

ʥʝʟʥʘʯʠʪʝʣʴʥʳ ʜʣʷ Ga ʠ La, ʘ ʩʫʤʤʘʨʥʳʡ ʤʘʛʥʠʪʥʳʡ ʤʦʤʝʥʪ ʥʘ ʬʦʨʤʫʣʴʥʫʶ ʝʜʠʥʠʮʫ 

ʨʘʚʝʥ 2.21 ɛɺ ʠ 16.33 ɛɺ ʜʣʷ La2MnGa6 ʠ Gd2MnGa6 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʈʘʩʯʝʪʳ ʞʝ ʟʦʥʥʦʡ 

ʩʪʨʫʢʪʫʨʳ ʪʘʢʞʝ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ 3d-ʟʦʥʘ Mn, ʣʦʢʘʣʠʟʦʚʘʥʥʘʷ ʚʙʣʠʟʠ ʫʨʦʚʥʷ ʌʝʨʤʠ, 

ʦʙʨʘʟʫʝʪ ʚʳʩʦʢʫʶ ʧʣʦʪʥʦʩʪʴ ʵʣʝʢʪʨʦʥʥʳʭ ʩʦʩʪʦʷʥʠʡ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʭ ʢʨʠʪʝʨʠʶ 

ʉʪʦʥʝʨʘ ʜʣʷ ʥʘʙʣʶʜʝʥʠʷ ʟʦʥʥʦʛʦ ʬʝʨʨʦʤʘʛʥʝʪʠʟʤʘ.   

ʊʘʙʣʠʮʘ 16. ʈʘʩʯʝʪʥʳʝ ʟʥʘʯʝʥʠʷ ʤʘʛʥʠʪʥʳʭ ʤʦʤʝʥʪʦʚ ʘʪʦʤʦʚ ʠ ʩʫʤʤʘʨʥʳʡ ʤʘʛʥʠʪʥʳʡ 

ʤʦʤʝʥʪ ʜʣʷ ʩʣʫʯʘʝʚ ʬʝʨʨʦ-(FM) ʠ ʬʝʨʨʠʤʘʛʥʠʪʥʦʛʦ (FiM) ʫʧʦʨʷʜʦʯʝʥʠʷ ʩʦʝʜʠʥʝʥʠʷ 

R2MnGa6 (R = La, Gd) [39]. 

ʄʘʛʥʠʪʥʦʝ ȹɽ, ɻ ɺ ʊʝʦʨ. ʄʘʛʥʠʪʥʳʡ ʄʘʛʥʠʪʥʳʡ ʄʘʛʥʠʪʥʳʡ 
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ʩʦʩʪʦʷʥʠʝ ʤʘʛʥʠʪʥʳʡ 

ʤʦʤʝʥʪ, ɛB 

ʤʦʤʝʥʪ R, 

ɛB 

ʤʦʤʝʥʪ Mn, 

ɛB 

ʤʦʤʝʥʪ Ga, 

ɛB 

La2MnGa6 

FM 0 2.21 -0.011 2.42 -0.03 

FiM 0.105 0 0 2.40 Ñ0.06 

Gd2MnGa6 

FM 0 16.33 7.14 2.41 -0.058 

FiM 2.155 -11.95 -7.20 2.50 -0.010 

 

2.5 ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ 

ɺ ʣʠʪʝʨʘʪʫʨʥʦʤ ʦʙʟʦʨʝ ʧʦʜʨʦʙʥʦ ʨʘʩʩʤʦʪʨʝʥʳ ʧʨʦʠʟʚʦʜʥʳʝ ʬʘʟʳ ʦʪ ʢʫʙʠʯʝʩʢʦʡ 

ʩʪʨʫʢʪʫʨʳ RGa3, ʢʦʪʦʨʳʝ ʦʙʨʘʟʫʶʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʜʚʫʤʷ ʩʧʦʩʦʙʘʤʠ: ʩʨʘʩʪʘʥʠʝʤ 

ʜʚʫʭ ʩʪʨʦʠʪʝʣʴʥʳʭ ʙʣʦʢʦʚ RGa3 ʠ TGa2 ʚ ʨʘʟʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʠ ʚʥʝʜʨʝʥʠʝʤ 

ʛʦʩʪʝʚʦʛʦ ʘʪʦʤʘ (T) ʚ ʦʢʪʘʵʜʨʠʯʝʩʢʫʶ ʧʫʩʪʦʪʫ Ga6 ʚ ʠʩʭʦʜʥʦʡ ʢʫʙʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʝ 

RGa3. ʇʫʪʝʤ ʩʨʘʩʪʘʥʠʷ ʬʦʨʤʠʨʫʶʪʩʷ ʪʝʪʨʘʛʦʥʘʣʴʥʳʝ ʬʘʟʳ RTGa5, R2TGa8, ʚʥʝʜʨʝʥʠʝ 

ʛʦʩʪʝʚʦʛʦ ʘʪʦʤʘ (T) ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʢʫʙʠʯʝʩʢʠʭ ʬʘʟ ʚʥʝʜʨʝʥʠʷ ʪʠʧʘ 

RTxGa3, R4TGa12 ʠʣʠ R2TGa6, ʘ ʦʜʥʦʚʨʝʤʝʥʥʦʝ ʩʨʘʩʪʘʥʠʝ ʠ ʚʥʝʜʨʝʥʠʝ ʧʨʠʚʦʜʷʪ ʢ 

ʦʙʨʘʟʦʚʘʥʠʶ ʬʘʟ ʪʠʧʘ R4T3Ga16. 

ʆʙʘ ʪʠʧʘ ʵʪʠʭ ʬʘʟ ʚʳʟʳʚʘʶʪ ʠʥʪʝʨʝʩ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʤʘʛʥʝʪʠʟʤʘ, ʪʘʢ ʢʘʢ 

ʦʜʥʦʚʨʝʤʝʥʥʦʝ ʧʨʠʩʫʪʩʪʚʠʝ ʘʪʦʤʦʚ ʨʝʜʢʦʟʝʤʝʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ (R) ʠ ʧʝʨʝʭʦʜʥʦʛʦ 

ʤʝʪʘʣʣʘ (ʊ) ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʥʝʪʨʠʚʠʘʣʴʥʦʤʫ ʤʘʛʥʠʪʥʦʤʫ ʧʦʚʝʜʝʥʠʶ. ʅʝʩʤʦʪʨʷ ʥʘ 

ʪʦ, ʯʪʦ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʬʘʟʳ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ, 

ʚʳʟʚʘʥʥʳʝ ʫʧʦʨʷʜʦʯʝʥʠʝʤ ʧʦʜʨʝʰʝʪʢʠ R, ʠ ʧʦʜʨʝʰʝʪʢʘ d-ʤʝʪʘʣʣʘ ʥʝ ʚʥʦʩʠʪ 

ʩʫʱʝʩʪʚʝʥʥʳʡ ʚʢʣʘʜ ʚ ʧʨʦʷʚʣʷʝʤʳʝ ʩʚʦʡʩʪʚʘ, ʠʟʚʝʩʪʥʦ ʥʝʩʢʦʣʴʢʦ ʧʨʠʤʝʨʦʚ ʬʘʟ 

ʚʥʝʜʨʝʥʠʷ, ʚ ʢʦʪʦʨʳʭ ʧʦʜʨʝʰʝʪʢʘ d-ʤʝʪʘʣʣʘ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʧʦʷʚʣʝʥʠʶ 

ʬʝʨʨʦʤʘʛʥʠʪʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ. ʕʪʦ ʥʘʙʣʶʜʘʝʪʩʷ ʜʣʷ T = Cr-Fe, ʧʨʠ ʵʪʦʤ ʜʣʷ T = Fe 

ʤʘʛʥʝʪʠʟʤ ʚʳʨʘʞʝʥ ʩʣʘʙʦ, ʘ ʥʘʣʠʯʠʝ ʤʘʛʠʥʪʥʦʛʦ ʈɿʕ, ʧʦ ʚʩʝʡ ʚʠʜʤʦʩʪʠ, ʧʦʜʘʚʣʷʝʪ 

ʤʘʛʥʝʪʠʟʤ Fe ʚ ʪʘʢʠʭ ʩʦʝʜʠʥʝʥʠʷʭ. ʇʦʵʪʦʤʫ ʤʳ ʨʝʰʠʣʠ ʩʢʦʥʮʝʥʪʨʠʨʦʚʘʪʴʩʷ ʥʘ T = Cr ʠ 

Mn. ʀʩʧʦʣʴʟʚʘʥʠʝ Cr ʚ ʢʘʯʝʩʪʚʝ ʛʦʩʪʝʚʦʛʦ ʤʝʪʘʣʣʘ, ʩʧʦʩʦʙʩʪʚʫʝʪ ʯʘʩʪʠʯʥʦʤʫ 

ʬʝʨʨʦʤʘʛʥʠʪʥʦʤʫ ʫʧʦʨʷʜʦʯʝʥʠʶ ʧʦʜʨʝʰʝʪʢʠ R ʚ ʩʣʫʯʘʝ Tb ʠ Dy [36]. ʌʝʨʨʦʤʘʛʥʠʪʥʦʝ 

ʫʧʦʨʷʜʦʯʝʥʠʝ ʧʦʜʨʝʰʝʪʢʠ d-ʤʝʪʘʣʣʘ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʚ ʬʘʟʝ ʩ Mn Y4Mn0.74Ga12 [37]. 
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ʏʘʩʪʠʯʥʦʝ ʟʘʤʝʱʝʥʠʝ Ga ʥʘ Ge ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʩʦʜʝʨʞʘʥʠʷ 3d-ʤʝʪʘʣʣʘ ʠ 

ʦʙʨʘʟʦʚʘʥʠʶ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ Y4Mn1-xGa12-yGey, ʯʴʠ ʤʘʛʥʠʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʟʥʘʯʠʪʝʣʴʥʦ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʪʘʢʦʚʳʭ ʜʣʷ Y4Mn0.74Ga12, ʘ ʪʘʢʞʝ ʟʘʚʠʩʷʪ ʦʪ ʩʦʜʝʨʞʘʥʠʷ Ge 

ʚ ʩʦʝʜʠʥʝʥʠʠ.  

ʅʝʩʤʦʪʨʷ ʥʘ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʙʦʪ, ʧʦʩʚʷʱʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʶ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ ʠ ʩʚʦʡʩʪʚ ʜʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʤʥʦʛʠʝ ʠʟ ʥʠʭ ʦʩʪʘʶʪʩʷ ʝʱʝ 

ʤʘʣʦʠʟʫʯʝʥʥʳʤʠ. ʊʘʢʠʤʠ ʚ ʯʘʩʪʥʦʩʪʠ ʦʩʪʘʶʪʩʷ ʬʘʟʳ R2MnGa6, ʛʜʝ ʚ ʢʘʯʝʩʪʚʝ ʘʪʦʤʦʚ R 

ʙʳʣʠ ʚʳʙʨʘʥʳ Sm, Gd ʠ Tb, ʪʘʢ ʢʘʢ ʦʙʨʘʟʦʚʘʥʠʝ ʬʘʟ ʩ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ 3d-ʤʝʪʘʣʣʘ 

ʚʦʟʤʦʞʥʦ ʜʣʷ ʈɿʕ ʩʝʨʝʜʠʥʳ ʨʷʜʘ. ɼʦʩʪʦʚʝʨʥʦ ʠʟʚʝʩʪʥʦ ʦ ʩʫʱʝʩʪʚʦʚʘʥʠʠ ʬʘʟʳ ʩ Gd, ʚ 

ʣʠʪʝʨʘʪʫʨʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʨʦʪʠʚʦʨʝʯʠʚʳʝ ʩʚʝʜʝʥʠʷ ʦ ʧʦʧʳʪʢʘʭ ʧʦʣʫʯʠʪʴ ʜʘʥʥʳʝ ʬʘʟʳ ʩ 

ʜʨʫʛʠʤʠ R (Sm, Tb), ʪʘʢʞʝ ʦʪʩʫʪʩʪʚʫʶʪ ʜʘʥʥʳʝ ʦ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚʘʭ Gd2MnGa6 ʠ ʥʝ 

ʠʩʩʣʝʜʦʚʘʥʳ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʣʫʯʝʥʠʷ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ ʩ ʜʨʫʛʠʤʠ 3d-ʤʝʪʘʣʣʘʤʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʙʫʜʫʪ ʠʩʩʣʝʜʦʚʘʥʳ ʬʘʟʳ ʚʥʝʜʨʝʥʠʷ ʦʙʱʝʛʦ 

ʩʦʩʪʘʚʘ RTŭ(Ga,Ge)3, ʛʜʝ ʚ ʢʘʯʝʩʪʚʝ ʛʦʩʪʝʚʳʭ ʘʪʦʤʦʚ ʚʳʩʪʫʧʘʶʪ Cr ʠ Mn, ʘ ʚ ʢʘʯʝʩʪʚʝ R 

= Sm, Gd-Dy ʠ ʪʘʢʞʝ ʙʫʜʝʪ ʠʟʫʯʝʥʦ ʚʣʠʷʥʠʝ ʩʦʜʝʨʞʘʥʠʷ Ge ʥʘ ʤʘʛʥʠʪʥʦʝ ʧʦʚʝʜʝʥʠʝ 

ʬʘʟ. 
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3. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʯʘʩʪʴ 

3.1 ɺʳʨʘʱʠʚʘʥʠʝ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʮʝʣʝʚʳʭ ʬʘʟ ʚʥʝʜʨʝʥʠʷ RTŭ(Ga,Ge)3, ʛʜʝ R = Sm, 

Gd-Dy; T = Cr , Mn 

 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʛʘʣʣʠʜʦʚ ʪʨʦʡʥʳʭ ʬʘʟ ʚ ʩʠʩʪʝʤʘʭ RïTïGa (R = 

ʈɿʕ, ʊ = d-ʤʝʪʘʣʣ) ʩ ʙʦʣʴʰʠʤ ʩʦʜʝʨʞʘʥʠʝʤ Ga ʚ ʣʠʪʝʨʘʪʫʨʝ ʧʨʠʤʝʥʷʝʪʩʷ ʤʝʪʦʜ 

ʨʘʩʪʚʦʨʘ ʚ ʨʘʩʧʣʘʚʝ, ʛʜʝ Ga ʚʳʩʪʫʧʘʝʪ ʢʘʢ ʚ ʢʘʯʝʩʪʚʝ ʨʝʘʛʝʥʪʘ, ʪʘʢ ʠ ʬʣʶʩʘ [110-114].  

ʕʪʦʪ ʞʝ ʤʝʪʦʜ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʠ ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ. ʂʚʘʨʮʝʚʳʝ ʘʤʧʫʣʳ ʩ ʥʘʚʝʩʢʘʤʠ 

ʠʩʭʦʜʥʳʭ ʵʣʝʤʝʥʪʦʚ (Sm (99.9 %), Gd (99.99 %) Tb (99.9%), Dy (99.9%), Mn (99.95%), Cr 

(99.9%), Ge (99.99%) ʠ Ga (99.999%)) ʚʘʢʫʫʤʠʨʦʚʘʣʠ ʜʦ ʜʘʚʣʝʥʠʷ 10-3 ʤʤ. ʨʪ. ʩʪ., 

ʟʘʧʘʠʚʘʣʠ ʠ ʦʪʞʠʛʘʣʠ ʧʦ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʦʜʦʙʨʘʥʥʦʤʫ ʪʝʤʧʝʨʘʪʫʨʥʦ-ʚʨʝʤʝʥʥʦʤʫ 

ʨʝʞʠʤʫ: ʥʘʛʨʝʚ ʜʦ ʊ1 = 1000 Áʉ ʚ ʪʝʯʝʥʠʝ 12 ʯʘʩʦʚ, ʚʳʜʝʨʞʢʘ ʧʨʠ ʵʪʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ 

ʪʝʯʝʥʠʝ 24 ʯʘʩʦʚ, ʦʭʣʘʞʜʝʥʠʝ ʜʦ ʊ2 = 600Áʉ ʩʦ ʩʢʦʨʦʩʪʴʶ 4Áʉ/ʯʘʩ (ʜʣʷ ʦʜʥʦʡ ʩʝʨʠʠ 

ʦʙʨʘʟʮʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʨʫʛʫʶ ʢʦʥʝʯʥʫʶ ʪʝʤʧʝʨʘʪʫʨʫ ʊ2 = 550Áʉ), ʚʳʜʝʨʞʢʘ ʧʨʠ ʊ2 ʚ 

ʪʝʯʝʥʠʝ 72 ʯʘʩʦʚ ʠ ʟʘʢʘʣʢʘ ʚ ʚʦʜʫ ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʚʦʟʤʦʞʥʦʛʦ ʨʘʟʣʦʞʝʥʠʷ ʮʝʣʝʚʳʭ 

ʬʘʟ (ʈʠʩʫʥʦʢ 17). ɼʘʣʝʝ ʘʤʧʫʣʳ ʚʩʢʨʳʚʘʣʠ, ʦʙʨʘʟʮʳ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʣʠ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 100Áʉ ʜʣʷ ʫʜʘʣʝʥʠʷ ʠʟʙʳʪʢʘ ʛʘʣʣʠʷ. ʅʘ ʬʠʥʘʣʴʥʦʤ ʵʪʘʧʝ ʦʯʠʩʪʢʫ 

ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʣʫʯʝʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʦʪ ʦʩʪʘʪʢʦʚ ʛʘʣʣʠʷ ʧʨʦʚʦʜʠʣʠ ʤʝʭʘʥʠʯʝʩʢʠʤ 

ʧʫʪʝʤ.  

 

ʈʠʩʫʥʦʢ 17. ʊʝʤʧʝʨʘʪʫʨʥʦ-ʚʨʝʤʝʥʥʦʡ ʨʝʞʠʤ ʩʠʥʪʝʟʘ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʬʘʟ RTŭ(Ga,Ge)3, 

ʛʜʝ R = Sm, Gd-Dy; T = Cr, Mn  



51 
 

 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʥʘʠʙʦʣʝʝ ʦʧʪʠʤʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʨʦʩʪʘ ʢʨʫʧʥʳʭ 

ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʮʝʣʝʚʳʭ ʬʘʟ ʚʘʨʴʠʨʦʚʘʣʠ ʢʘʢ ʩʦʩʪʘʚ ʠʩʭʦʜʥʦʡ ʩʤʝʩʠ, ʪʘʢ ʠ 

ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʨʝʞʠʤ ʦʪʞʠʛʘ. ɺ ʩʣʫʯʘʝ ʩʠʩʪʝʤ R-Mn-Ga ʥʘʠʣʫʯʰʠʡ ʨʝʟʫʣʴʪʘʪ ʜʘʣʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʦʦʪʥʦʰʝʥʠʷ ʠʩʭʦʜʥʳʭ ʨʝʘʛʝʥʪʦʚ 2R:2Mn:25Ga ʠ T2 = 600C. ɺ ʪʘʙʣʠʮʝ 

17 ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʦʦʪʥʦʰʝʥʠʷ ʠʩʭʦʜʥʳʭ ʵʣʝʤʝʥʪʦʚ R:Mn:Ga, ʨʝʞʠʤ ʩʠʥʪʝʟʘ  ʠ ʩʦʩʪʘʚʳ 

ʧʦʣʫʯʝʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ. ɼʘʥʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʠ ʢʦʥʝʯʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʊ2 ʙʳʣʠ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʠ ʜʣʷ ʩʠʥʪʝʟʘ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʬʘʟ ʩ Cr. 

ʇʦʣʫʯʝʥʥʳʝ ʤʦʥʦʢʨʠʩʪʘʣʣʳ ʠʩʩʣʝʜʦʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ʩʢʘʥʠʨʫʶʱʝʛʦ 

ʵʣʝʢʪʨʦʥʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ JSM JEOL 6490LV, ʦʩʥʘʱʝʥʥʦʛʦ ʧʨʠʩʪʘʚʢʦʡ INCA x-Sight 

ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʨʝʥʪʛʝʥʦʩʧʝʢʪʨʘʣʴʥʦʛʦ ʤʠʢʨʦʘʥʘʣʠʟʘ (ʈʉʄɸ). ʈʉʄɸ ʧʨʦʚʦʜʠʣʠ ʥʘ 

ʩʢʦʣʘʭ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʩ ʨʦʚʥʦʡ ʠ ʛʣʘʜʢʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʵʣʝʤʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ ʚ ʦʙʲʝʤʝ ʦʙʨʘʟʮʘ. ɼʣʷ ʢʘʞʜʦʛʦ 

ʦʙʨʘʟʮʘ ʙʳʣʦ ʩʥʷʪʦ ʥʝ ʤʝʥʝʝ 10 ʪʦʯʝʯʥʳʭ ʩʧʝʢʪʨʦʚ ʩ ʚʳʜʝʨʞʢʦʡ ʚ 30 ʩʝʢʫʥʜ ʚ ʢʘʞʜʦʡ 

ʪʦʯʢʝ.  

 

ʊʘʙʣʠʮʘ 17. ʉʦʦʪʥʦʰʝʥʠʝ ʠʩʭʦʜʥʳʭ ʵʣʝʤʝʥʪʦʚ R:Mn:Ga, ʫʩʣʦʚʠʷ ʩʠʥʪʝʟʘ 

ʢʨʠʩʪʘʣʣʦʚ ʠʟ ʨʘʩʧʣʘʚʘ ʠ ʩʦʩʪʘʚʳ ʧʦʣʫʯʝʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ. 

 

ʉʝʨʠʷ 

 

ʉʦʦʪʥʦʰʝʥʠʝ 

 R : Mn : Ga 

 

ʊʝʤʧʝʨʘʪʫʨʥʳʡ 

ʨʝʞʠʤ ʩʠʥʪʝʟʘ 

 

ʈʝʟʫʣʴʪʘʪ 

ˉ1 2 : 1 : 15 

R = Sm, Gd-Dy 

 

 

 

 

 

1000Áʉ ï 600Áʉ 

+ ʟʘʢʘʣʢʘ 

 

 

ʎʝʣʴʥʳʡ ʩʧʝʢ 

(ʢʨʠʩʪʘʣʣʦʚ 

ʦʙʥʘʨʫʞʝʥʦ ʥʝ ʙʳʣʦ) 

ˉ2 2 : 2 : 15 

R = Sm, Gd-Dy 

ˉ3 2 : 1 : 20 

R = Sm, Gd-Dy 

ʄʝʣʢʠʝ ʧʣʦʭʦ 

ʦʛʨʘʥʝʥʥʳʝ 

ʤʦʥʦʢʨʠʩʪʘʣʣʳ 

RGa2+x (R = Sm, Gd-

Dy) ʠ RMnxGa3 (R = 

ˉ4 2 : 2 : 20 

 R = Sm, Gd-Dy 

ˉ5 2 : 1 : 25 
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R = Sm, Gd-Dy Tb) 

 

ˉ6 2 : 2 : 25 

R = Sm, Gd-Dy 

ʂʨʫʧʥʳʝ 

ʤʦʥʦʢʨʠʩʪʘʣʣʳ 

RMn xGa3 (R = Tb ʠ 

Dy) ʠ RGa2+x (R = Sm, 

Gd) 

ˉ7 2 : 1 : 25 

R = Sm, Gd 

1000Áʉ ï 550Áʉ 

+ ʟʘʢʘʣʢʘ 

ʅʝʩʢʦʣʴʢʦ 

ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ 

RGa2+x (R = Sm ʠ Gd) ˉ8 2 : 2 : 25 

R = Sm, Gd 

          

ʂʘʢ ʚʠʜʥʦ ʠʟ ʪʘʙʣʠʮʳ 15 ʪʨʦʡʥʳʝ ʬʘʟʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʪʦʣʴʢʦ ʜʣʷ Tb ʠ Dy (ʩʝʨʠʷ 

6) ʩʨʝʜʥʝʛʦ ʩʦʩʪʘʚʘ RMnxGa3 (x ~ 0.2). ɼʣʷ Sm ʠ Gd ʪʨʦʡʥʳʭ ʬʘʟ ʦʙʥʘʨʫʞʝʥʦ ʥʝ ʙʳʣʦ, ʘ 

ʧʦʣʫʯʝʥʥʳʝ ʢʨʠʩʪʘʣʣʳ ʧʨʝʜʩʪʘʚʣʷʣʠ ʩʦʙʦʡ ʬʘʟʳ RGa2+x (R = Sm, Gd). ɼʣʷ ʧʦʣʫʯʝʥʠʷ 

ʬʘʟ ʩ Sm ʠ Gd, ʘ ʪʘʢʞʝ ʬʘʟ ʩ ʙʦʣʴʰʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʧʝʨʝʭʦʜʥʦʛʦ ʤʝʪʘʣʣʘ (T = Cr, Mn) ʚ 

ʠʩʭʦʜʥʫʶ ʩʤʝʩʴ (2R:2T:25Ga) ʜʦʙʘʚʣʷʣʠ ʨʘʟʣʠʯʥʦʝ ʢʦʣʠʯʝʩʪʚʦ Ge ʩ ʮʝʣʴʶ ʯʘʩʪʠʯʥʦʛʦ 

ʟʘʤʝʱʝʥʠʷ Ga ʥʘ Ge. ʀʟ ʣʠʪʝʨʘʪʫʨʳ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʜʘʥʥʦʝ ʟʘʤʝʱʝʥʠʝ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ 

ʫʚʝʣʠʯʝʥʠʶ ʩʦʜʝʨʞʘʥʠʷ ʊ ʤʝʪʘʣʣʘ [37], ʧʦʵʪʦʤʫ ʥʘʤʠ ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʩʝʨʠʠ 

ʦʙʨʘʟʮʦʚ ʩ ʠʩʭʦʜʥʳʤʠ ʩʦʦʪʥʦʰʝʥʠʷʤʠ ʵʣʝʤʝʥʪʦʚ 2R:2T:25Ga:nGe (n = 0.25, 0.5 ï 4, ȹn 

= 0.5), ʛʜʝ R = Sm, Gd-Dy; T = Cr, Mn. ɺ ʪʘʙʣʠʮʝ 18 ʧʨʝʜʩʪʘʚʣʝʥʳ ʚʩʝ ʩʝʨʠʠ ʧʦʣʫʯʝʥʥʳʭ 

ʦʙʨʘʟʮʦʚ ʩ ʨʘʟʣʠʯʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ Ge ʚ ʠʩʭʦʜʥʦʡ ʩʤʝʩʠ ʠ ʩʦʩʪʘʚʳ ʧʦʣʫʯʝʥʥʳʭ 

ʢʨʠʩʪʘʣʣʦʚ ʩʦʛʣʘʩʥʦ ʨʝʟʫʣʴʪʘʪʘʤ ʈʉʄɸ. ɺ ʧʨʠʣʦʞʝʥʠʠ 1 ʧʨʝʜʩʪʘʚʣʝʥʥʳ ʩʧʝʢʪʨʳ, 

ʤʠʢʨʦʬʦʪʦʛʨʘʬʠʠ ʩʢʦʣʦʚ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʠ ʵʣʝʤʝʥʪʥʳʝ ʩʦʩʪʘʚʳ ʥʝʢʦʪʨʳʭ ʧʦʣʫʯʝʥʥʳʭ 

ʦʙʨʘʟʮʦʚ.  

 

ʊʘʙʣʠʮʘ 18. ʉʦʦʪʥʦʰʝʥʠʝ ʠʩʭʦʜʥʳʭ ʵʣʝʤʝʥʪʦʚ R : Mn : Ga : nGe ʠ ʩʦʩʪʘʚʳ 

ʧʦʣʫʯʝʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ 

ʊ = Mn 

ʉʝʨʠʷ ˉ ʦʙʨʘʟʮʘ 2R : 2T : 25Ga : nGe ʉʦʩʪʘʚ ʩʦʛʣʘʩʥʦ ʈʉʄɸ 
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ˉ1 

 

 

 

 

Sm 

1 2R : 2T : 25Ga : 0.25Ge Sm1.04(2)Ga2.65(3)Ge0.42(4) ʠ 

Mn1.0(4)Ga4.02(4) 

2 2R : 2T : 25Ga : 0.5Ge Sm2.0(2)Mn0.9(2)Ga5.4(2)Ge0.6(2) 

3 2R : 2T : 25Ga : 1Ge Sm2.0(3)Mn0.8(2)Ga5.1(3)Ge0.9(2) 

4 2R : 2T : 25Ga : 1.5Ge Sm4.0(2)Mn1.0(1)Ga9.0(2)Ge3.0(1) 

5 2R : 2T : 25Ga : 2Ge Sm4.0(7)Mn1.0(2)Ga8.9(4)Ge3.2(1) 

6 2R : 2T : 25Ga : 2.5Ge Sm4.0(4)Mn1.0(2)Ga8.6(1)Ge3.4(3) 

7 2R : 2T : 25Ga : 3Ge Sm4.0(5)Mn1.0(3)Ga8.5(2)Ge3.5(3) 

ʉʝʨʠʷ 

ˉ2 

ˉ ʦʙʨʘʟʮʘ 2R : 2T : 25Ga : nGe ʉʦʩʪʘʚ ʩʦʛʣʘʩʥʦ ʈʉʄɸ 

 

 

 

Gd 

8 2R : 2T : 25Ga : 0.25Ge Gd1.002(4)Ga2.72(4)Ge0.35(3)  

9 2R : 2T : 25Ga : 0.5Ge Gd4.0(4)Mn1.0(1)Ga10.7(2)Ge1.3(2) 

10 2R : 2T : 25Ga : 1Ge Gd4.0(3)Mn1.0(1)Ga10.4(2)Ge1.8(2) 

11 2R : 2T : 25Ga : 1.5Ge Gd4.0(4)Mn1.0(1)Ga10.0(1)Ge2.1(1) 

12 2R : 2T : 25Ga : 2Ge Gd4.0(5)Mn1.0(1)Ga9.0(2)Ge3.0(1) 

13 2R : 2T : 25Ga : 2.5Ge Gd4.0(3)Mn1.0(1)Ga8.9(2)Ge3.2(1) 

14 2R : 2T : 25Ga : 3Ge Gd4.0(3)Mn1.0(1)Ga8.7(2)Ge3.4(2) 

ʉʝʨʠʷ 

ˉ3 

ˉ ʦʙʨʘʟʮʘ 2R : 2T : 25Ga : nGe ʉʦʩʪʘʚ ʩʦʛʣʘʩʥʦ ʈʉʄɸ 

 

 

 

  Tb 

15 2R : 2T : 25Ga : 0.25Ge Tb4.0(2)Mn0.9(1)Ga11.7(2)Ge0.4(2) 

16 2R : 2T : 25Ga : 0.5Ge Tb4.0(2)Mn1.01(3)Ga11.2(2)Ge1.0(2) 

17 2R : 2T : 25Ga : 1Ge Tb4.0(2)Mn1.0(3)Ga10.3(3)Ge1.8(4) 

18 2R : 2T : 25Ga : 1.5Ge Tb4.0(1)Mn1.0(2)Ga9.8(2)Ge2.1(3) 

19 2R : 2T : 25Ga : 2Ge Tb4.0(2)Mn1.1(4)Ga9.6(2)Ge2.4(3) 

20 2R : 2T : 25Ga : 2.5Ge Tb4.0(2)Mn1.1(2)Ga8.7(2)Ge3.3(1) 

21 2R : 2T : 25Ga : 3Ge Tb4.0(2)Mn1.1(2)Ga8.1(1)Ge4.0(2) 

22 2R : 2T : 25Ga : 3.5Ge Tb4.0(2)Mn1.1(2)Ga8.1(1)Ge4.0(2) 

ʉʝʨʠʷ 

ˉ4 

ˉ ʦʙʨʘʟʮʘ 2R : 2T : 25Ga : nGe ʉʦʩʪʘʚ ʩʦʛʣʘʩʥʦ ʈʉʄɸ 

 23 2R : 2T : 25Ga : 0.25Ge Dy4.0(2)Mn1.0(1)Ga11.6(2)Ge0.5(1) 
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Dy 

24 2R : 2T : 25Ga : 0.5Ge Dy4.0(2)Mn1.1(3)Ga11.1(1)Ge0.9(1) 

25 2R : 2T : 25Ga : 1Ge Dy4.0(2)Mn1.1(3)Ga10.2(3)Ge1.9(1) 

26 2R : 2T : 25Ga : 1.5Ge Dy4.0(1)Mn1.0(2)Ga9.8(3)Ge2.2(3) 

27 2R : 2T : 25Ga : 2Ge Dy4.0(2)Mn1.0(2)Ga9.7(3)Ge2.4(2) 

28 2R : 2T : 25Ga : 2.5Ge Dy4.0(2)Mn1.0(1)Ga8.7(1)Ge3.4(2) 

29 2R : 2T : 25Ga : 3Ge Dy4.0(2)Mn1.0(1)Ga8.1(2)Ge4.0(2) 

30 2R : 2T : 25Ga : 3.5Ge Dy4.0(2)Mn1.0(1)Ga8.1(2)Ge4.0(2) 

ʊ = Cr 

ʉʝʨʠʷ 

ˉ5 

ˉ ʦʙʨʘʟʮʘ 2R : 2T : 25Ga : nGe ʉʦʩʪʘʚ ʩʦʛʣʘʩʥʦ ʈʉʄɸ 

 

 

 

 

  Tb 

31 2R : 2T : 25Ga : 0Ge Tb1.00(2)Cr0.19(2)Ga3.12(4) 

32 2R : 2T : 25Ga : 0.5Ge Tb1.00(6)Cr0.22(2)Ga2.85(7)Ge0.15(4) 

33 2R : 2T : 25Ga : 1Ge Tb1.00(4)Cr0.25(4)Ga2.75(6)Ge0.25(5) 

34 2R : 2T : 25Ga : 1.5Ge Tb1.00(8)Cr0.22(3)Ga2.64(7)Ge0.39(9) 

35 2R : 2T : 25Ga : 2Ge Tb4.0(2)Cr1.0(1)Ga9.0(2)Ge3.0(3) 

36 2R : 2T : 25Ga : 2.5Ge Tb4.0(6)Cr1.0(2)Ga8.4(2)Ge3.6(2) 

37 2R : 2T : 25Ga : 3Ge Tb4.0(2)Cr1.0(2)Ga8.0(3)Ge4.1(2) 

38 2R : 2T : 25Ga : 3.5Ge Tb4.0(3)Cr1.0(3)Ga8.0(4)Ge4.0(3) 

39 2R : 2T : 25Ga : 4Ge Tb4.0(3)Cr1.0(2)Ga8.0(3)Ge4.0(2) 

ʉʝʨʠʷ 

ˉ6 

ˉ ʦʙʨʘʟʮʘ 2R : 2T : 25Ga : nGe ʉʦʩʪʘʚ ʩʦʛʣʘʩʥʦ ʈʉʄɸ 

 

 

 

 

Dy 

40 2R : 2T : 25Ga : 0Ge Dy1.00(5)Cr0.18(3)Ga3.09(4) 

41 2R : 2T : 25Ga : 0.5Ge Dy1.00(7)Cr0.20(3)Ga2.91(4)Ge0.11(5) 

42 2R : 2T : 25Ga : 1Ge Dy1.00(5)Cr0.22(6)Ga2.71(4)Ge0.32(6) 

43 2R : 2T : 25Ga : 1.5Ge Dy1.00(9)Cr0.22(4)Ga2.62(9)Ge0.46(6) 

44 2R : 2T : 25Ga : 2Ge Dy4.0(3)Cr0.8(1)Ga9.0(3)Ge2.9(3) 

45 2R : 2T : 25Ga : 2.5Ge Dy4.0(2)Cr0.8(2)Ga8.4(3)Ge3.6(4) 

46 2R : 2T : 25Ga : 3Ge Dy4.0(3)Cr0.8(2)Ga8.0(4)Ge4.1(3) 

47 2R : 2T : 25Ga : 3.5Ge Dy4.0(2)Cr0.9(2)Ga8.0(1)Ge4.0(2) 

48 2R : 2T : 25Ga : 4Ge Dy4.0(2)Cr1.0(1)Ga8.0(2)Ge4.0(1) 

ʉʝʨʠʷ ˉ ʦʙʨʘʟʮʘ 2R : 2T : 25Ga : nGe ʉʦʩʪʘʚ ʩʦʛʣʘʩʥʦ ʈʉʄɸ 
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ˉ7 

 

Sm 

49 2R : 2T : 25Ga : 0Ge Cr1.03(5)Ga4.06(2) ʠ 

Sm1.002(4)Ga2.95(6) 

50 2R : 2T : 25Ga : 1Ge Cr1.02(4)Ga4.08(3)  ʠ 

Sm1.02(4)Ga2.55(5)Ge0.46(5) 

ʉʝʨʠʷ 

ˉ8 

ˉ ʦʙʨʘʟʮʘ 2R : 2T : 25Ga : nGe ʉʦʩʪʘʚ ʩʦʛʣʘʩʥʦ ʈʉʄɸ 

 

Gd 

51 2R : 2T : 25Ga : 0Ge Cr1.05(3)Ga4.11(4) ʠ 

Gd1.01(3)Ga3.03(3) 

52 2R : 2T : 25Ga : 1Ge Cr1.04(2)Ga3.98(5)  ʠ 

Gd1.04(5)Ga2.59(3)Ge0.42(5) 

 

ɼʦʙʘʚʣʝʥʠʝ ʨʘʟʣʠʯʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ Ge ʚ ʠʩʭʦʜʥʫʶ ʩʤʝʩʴ ʧʨʠʚʝʣʦ ʢ ʧʦʣʫʯʝʥʠʶ 

ʬʘʟ ʩ ʙʦʣʴʰʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʢʘʢ Mn, ʪʘʢ ʠ Cr ʩʨʝʜʥʝʛʦ ʩʦʩʪʘʚʘ R4MnGa12-yGey (R = Sm, 

Gd-Dy) ʠ R4CrGa12-yGey (R = Tb, Dy). ɼʣʷ Sm ʪʘʢʞʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʢʨʠʩʪʘʣʣʳ ʩ ʝʱʝ 

ʙʦʣʴʰʠʤ ʩʦʜʝʨʞʘʥʠʝʤ Mn ʩʨʝʜʥʝʛʦ ʩʦʩʪʘʚʘ Sm2Mn1-xGa6-yGey. ɽʩʣʠ ʚ ʩʣʫʯʘʝ ʩ Mn 

ʯʘʩʪʠʯʥʦʝ ʜʦʙʘʚʣʝʥʠʝ Ge ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ ʦʙʨʘʟʦʚʘʥʠʶ ʬʘʟ ʩ Sm ʠ Gd, ʪʦ ʜʣʷ Cr ʢʘʢ ʚ 

ʦʪʩʫʪʩʪʚʠʠ, ʪʘʢ ʠ ʧʨʠ ʥʘʣʠʯʠʠ Ge ʚ ʠʩʭʦʜʥʦʡ ʩʤʝʩʠ ʦʙʨʘʟʫʶʪʩʷ ʬʘʟʳ ʪʦʣʴʢʦ ʩ Tb ʠ Dy. 

 

3.2 ʈʝʥʪʛʝʥʦʬʘʟʦʚʳʡ ʠ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟʳ 

ʈʝʥʪʛʝʥʦʬʘʟʦʚʳʡ ʘʥʘʣʠʟ (ʈʌɸ) ʧʨʦʚʦʜʠʣʠ ʜʣʷ ʚʩʝʭ ʦʙʨʘʟʮʦʚ ʠʟ ʢʘʞʜʦʡ ʩʝʨʠʠ. 

ɼʣʷ ʵʪʦʛʦ ʯʘʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʧʝʨʝʪʠʨʘʣʠ ʚ ʧʦʨʦʰʦʢ ʠ ʠʩʩʣʝʜʦʚʘʣʠ ʩ 

ʧʦʤʦʱʴʶ ʜʠʬʨʘʢʪʦʤʝʪʨʦʚ STOE STADI-P (Cu KŬ1, ɚ = 1.54069 ¡) ʠ Huber G670 (Cu 

KŬ1). ʆʙʨʘʙʦʪʢʫ ʜʘʥʥʳʭ ʧʨʦʚʦʜʠʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʪʘʥʜʘʨʪʥʦʛʦ ʧʘʢʝʪʘ ʧʨʦʛʨʘʤʤ 

STOE WinXPOW ʠ Jana2006 [115].  

ʈʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ (ʈʉɸ) ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʧʨʦʚʦʜʠʣʠ ʜʣʷ ʠʟʙʨʘʥʥʳʭ 

ʢʨʠʩʪʘʣʣʦʚ ʢʘʞʜʦʡ ʮʝʣʝʚʦʡ ʬʘʟʳ: ʥʝʜʦʧʨʦʚʘʥʥʳʝ Ge ʢʨʠʩʪʘʣʣʳ ʩ R = Tb, Dy ʠ T = Mn 

(ʊʘʙʣʠʮʘ 17, ʩʝʨʠʷ 6) ʠ T = Cr (ʊʘʙʣʠʮʘ 18, ʦʙʨʘʟʮʳ 31, 40) ʠ ʢʨʠʩʪʘʣʣʣʳ, 

ʜʦʧʨʠʨʦʚʘʥʥʳʝ Ge, ʩ R = Sm, Gd-Dy ʠ T = Mn (ʊʘʙʣʠʮʘ 18, ʦʙʨʘʟʮʳ 3,6,10-14,17,20,25) ʠ 

R = Tb,Dy ʠ T = Cr (ʊʘʙʣʠʮʘ 18, ʦʙʨʘʟʮʳ 33,36,42,45). 
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ʈʉɸ ʧʨʦʚʦʜʠʣʠ ʩ ʧʦʤʦʱʴʶ ʜʠʬʨʘʢʪʦʤʝʪʨʦʚ Enraf Nonius CAD-4 (ʠʟʣʫʯʝʥʠʝ Ag 

KŬ, l = 0.56083 ¡), Oxford Diffraction Xcalibur EOS (ʠʟʣʫʯʝʥʠʝ Mo KŬ, ɚ = 0.71073 ¡), 

Bruker Smart Apex II  (ʠʟʣʫʯʝʥʠʝ Mo KŬ, ɚ = 0.71073 ¡) ʠ Rigaku Oxford (ʠʟʣʫʯʝʥʠʝ Mo 

KŬ, ɚ = 0.71073 ¡). ʉʙʦʨ ʜʘʥʥʳʭ ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʘ ʪʘʢʞʝ ʧʨʠ ʊ 

= 100 ʂ ʜʣʷ ʤʦʥʦʢʨʠʩʪʘʣʣʦʦʚ ʩ R = Sm (ʊʘʙʣʠʮʘ 18, ʦʙʨʘʟʮʳ 3 ʠ 6). ɼʣʷ ʨʝʰʝʥʠʷ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʬʘʟ RMnxGa3 (R = Tb, Dy) ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʨʦʛʨʘʤʤʫ SIR2002 

[116], ʘ ʜʣʷ ʫʪʦʯʥʝʥʠʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ï ʧʨʦʛʨʘʤʤ r Jana2000 [117] ʠ 

Jana2006.  

ʇʦʣʫʯʝʥʥʳʝ ʜʠʬʨʘʢʪʦʛʨʘʤʤʳ ʥʘ ʦʩʥʦʚʝ ʤʦʥʦʢʨʠʩʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʜʣʷ ʬʘʟ 

RMnxGa3, RCrxGa3 ʠ RCrxGa3-yGey (y = 0.3), ʛʜʝ R = Tb, Dy ʙʳʣʠ ʧʨʦʠʥʜʠʮʠʨʦʚʘʥʥʳ ʚ 

ʢʫʙʠʯʝʩʢʦʡ ʩʠʥʛʦʥʠʠ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʝ Pmσm ʩ ʧʘʨʘʤʝʪʨʦʤ a ~ 4.26-4.29 ¡. 

ɼʦʧʦʣʥʠʪʝʣʴʥʳʭ ʨʝʬʣʝʢʩʦʚ, ʫʢʘʟʳʚʘʶʱʠʭ ʥʘ ʥʘʣʠʯʠʝ ʩʚʝʨʭʩʪʨʫʢʪʫʨʳ, ʦʙʥʘʨʫʞʝʥʦ ʥʝ 

ʙʳʣʦ.  ɺʩʣʝʜʩʪʚʠʝ ʙʣʠʟʢʠʭ ʨʘʩʩʝʠʚʘʶʱʠʭ ʩʧʦʩʦʙʥʦʩʪʝʡ ʘʪʦʤʦʚ Ga ʠ Ge, ʦʧʨʝʜʝʣʝʥʠʝ 

ʠʭ ʩʦʦʪʥʦʰʝʥʠʷ ʚ ʧʦʟʠʮʠʠ p-ʵʣʝʤʝʥʪʘ E ʧʦ ʜʘʥʥʳʤ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʜʠʬʨʘʢʮʠʠ ʥʝ 

ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʳʤ. ʇʦʧʳʪʢʠ ʪʘʢʦʛʦ ʫʪʦʯʥʝʥʠʷ ʜʣʷ ʬʘʟ RCrxGa3-yGey ʧʨʠʚʝʣʠ ʢ 

ʫʪʦʯʥʝʥʥʳʤ ʩʦʩʪʘʚʘʤ, ʟʘʤʝʪʥʦ ʦʪʣʠʯʘʶʱʠʭʩʷ ʦʪ ʧʦʣʫʯʝʥʥʳʭ ʩ ʧʦʤʦʱʴʶ ʈʉʄɸ. 

ʇʦʵʪʦʤʫ ʜʣʷ ʵʪʠʭ ʬʘʟ ʧʦʟʠʮʠʷ E ʙʳʣʠ ʟʘʩʝʣʝʥʳ ʘʪʦʤʘʤʠ Ga ʠ Ge ʚ ʩʦʦʪʥʦʰʝʥʠʠ 

ʩʦʛʣʘʩʥʦ ʨʝʟʫʣʴʪʘʪʘʤ ʈʉʄɸ.  

ʇʝʨʚʦʥʘʯʘʣʴʥʦʝ ʫʪʦʯʥʝʥʠʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʧʨʦʚʦʜʠʣʠ ʚ ʠʟʦʪʨʦʧʥʦʤ 

ʧʨʠʙʣʠʞʝʥʠʠ ʜʣʷ ʚʩʝʭ ʘʪʦʤʦʚ, ʯʪʦ ʜʘʚʘʣʦ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʘʪʦʤʥʦʛʦ 

ʩʤʝʱʝʥʠʝ ʜʣʷ ʘʪʦʤʦʚ T ʠ Ga/E. ʋʪʦʯʥʝʥʠʝ ʟʘʩʝʣʝʥʥʦʩʪʠ ʧʦʟʠʮʠʠ ʘʪʦʤʦʚ T ʧʨʠʚʦʜʠʣʦ ʢ 

ʩʥʠʞʝʥʠʶ ʟʥʘʯʝʥʠʡ ʵʪʦʛʦ ʧʘʨʘʤʝʪʨʘ. ɿʘʩʝʣʝʥʥʦʩʪʴ ʧʦʟʠʮʠʠ ʘʪʦʤʦʚ Ga/E ʪʘʢʞʝ 

ʫʪʦʯʥʷʣʠ, ʦʜʥʘʢʦ ʵʪʦ ʥʝ ʧʨʠʚʦʜʠʣʦ ʢ ʣʫʯʰʝʤʫ ʦʧʠʩʘʥʠʶ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ, ʠ 

ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʘʪʦʤʥʦʛʦ ʩʤʝʱʝʥʠʝ ʥʝ ʫʤʝʥʴʰʘʣʠʩʴ. ʊʦʛʜʘ ʙʳʣʦ ʨʝʰʝʥʦ ʜʣʷ 

ʦʧʠʩʘʥʠʷ ʘʪʦʤʦʚ Ga/E ʠʩʧʦʣʴʟʦʚʘʪʴ ʘʥʠʟʦʪʨʦʧʥʦʝ ʧʨʠʙʣʠʞʝʥʠʝ, ʢʦʪʦʨʦʝ ʜʘʣʦ ʨʘʟʥʳʝ 

ʟʥʘʯʝʥʠʷ U11 ʠ U22 (ʵʣʝʤʝʥʪʳ ʤʘʪʨʠʮʳ ʪʝʥʟʦʨʘ ʘʪʦʤʥʦʛʦ ʩʤʝʱʝʥʠʷ). ɺʳʩʦʢʦʝ 

ʩʦʦʪʥʦʰʝʥʠʝ U11/U22 ʛʦʚʦʨʠʪ ʦ ʩʠʣʴʥʦʡ ʘʥʠʟʦʪʨʦʧʠʠ ʘʪʦʤʥʦʛʦ ʩʤʝʱʝʥʠʷ, ʢʦʪʦʨʫ  ʁʤʳ 

ʠʥʪʝʨʧʨʝʪʠʨʫʝʤ ʢʘʢ ʩʤʝʱʝʥʠʝ ʯʘʩʪʠ ʘʪʦʤʦʚ Ga/E ʦʪ ʘʪʦʤʘ T. ʂʘʨʪʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ, ʧʦʩʪʨʦʝʥʥrʝ ʤʝʪʦʜʦʤ ʤʘʢʩʠʤʘʣʴʥʦʡ ʵʥʪʨʦʧʠʠ ʚ ʧʨʦʛʨʘʤʤʝ 

Dysnomia [118], ʧʦʢʘʟʳʚʘʶʪ ʝʝ ʥʝʩʬʝʨʠʯʝʩʢʫʶ (ʵʣʣʠʧʩʦʠʜʥʫʶ) ʬʦʨʤʫ ʚʦʢʨʫʛ ʧʦʟʠʮʠʠ 

ʘʪʦʤʦʚ E, ʯʪʦ ʪʘʢʞʝ ʫʢʘʟʳʚʘʝʪ ʥʘ ʩʜʚʠʛ ʯʘʩʪʠ ʘʪʦʤʦʚ E ʠʟ ʩʚʦʝʡ ʠʩʭʦʜʥʦʡ ʧʦʟʠʮʠʠ 

(ʈʠʩʫʥʦʢ 18ʘ). ʅʘʜʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʩʣʫʯʘʝ ʬʘʟ ʩ Cr ʤʳ ʥʘʙʣʶʜʘʝʤ ʟʥʘʯʠʪʝʣʴʥʦʝ 
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ʦʪʢʣʦʥʝʥʠʝ ʦʪ ʯʠʩʪʦ ʵʣʣʠʧʩʦʠʜʥʦʡ ʬʦʨʤʳ ʠ ʧʦʷʚʣʝʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʧʠʢʦʚ 

ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ, ʢʦʪʦʨʳʝ ʦʪʩʫʪʩʪʚʫʶʪ ʚ ʩʦʝʜʠʥʝʥʠʷʭ ʩ Mn. ʊʘʢʦʝ ʨʘʟʣʠʯʠʝ, 

ʚʝʨʦʷʪʥʦ, ʚʳʟʚʘʥʦ ʙʦʣʴʰʠʤ ʩʦʜʝʨʞʘʥʠʝʤ Cr ʚ ʩʦʝʜʠʥʝʥʠʷʭ (x ~ 0.19-0.23 ʜʣʷ Cr ʠ x ~ 

0.16-0.18 ʜʣʷ Mn), ʘ ʪʘʢʞʝ ʝʛʦ ʙʦʣʴʰʠʤ ʘʪʦʤʥʳʤ ʨʘʜʠʫʩʦʤ [49, 51]. 

 

 

ʈʠʩʫʥʦʢ 18. ʂʘʨʪʳ ʵʣʝʪʢʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ, ʦʧʨʝʜʝʣʝʥʥʳʝ ʤʝʪʦʜʦʤ ʤʘʢʩʠʤʘʣʴʥʦʡ 

ʵʥʪʨʦʧʠʠ ʜʣʷ TbCr0.22(1)Ga2.7Ge0.3 (ʘ), Tb4CrGa8.4Ge3.6 (ʙ), Dy4Cr0.87(1)Ga8.4Ge3.6  (ʚ) ʠ 

Sm2Mn0.735(2)Ga5.1Ge0.9 (ʛ).   

 

ʇʨʠʥʠʤʘʷ ʵʪʦ ʚʦ ʚʥʠʤʘʥʠʝ, ʙʳʣʦ ʨʝʰʝʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʫʪʦʯʥʝʥʠʷ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ʤʦʜʝʣʴ ʩ ʨʘʩʱʝʧʣʝʥʠʝʤ ʧʦʟʠʮʠʠ ʘʪʦʤʘ E ʥʘ ʜʚʝ ʯʘʩʪʠʯʥʦ 

ʟʘʩʝʣʝʥʥʳʝ: E (0, İ, İ) ʠ Eô (~ 0.08, İ, İ) ʩ ʦʜʠʥʘʢʦʚʳʤʠ ʠʟʦʪʨʦʧʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ 

ʘʪʦʤʥʦʛʦ ʩʤʝʱʝʥʠʷ. ɺ ʨʝʰʝʥʠʠ ʥʝʟʘʚʠʩʠʤʦʝ ʫʪʦʯʥʝʝ ʟʘʩʝʣʝʥʥʦʩʪʠ ʧʦʟʠʮʠʡ ʘʪʦʤʦʚ T ʠ 

Eô ʜʘʚʘʣʦ ʩʭʦʞʫʶ ʠʭ ʟʘʩʝʣʥʥʦʩʪʴ ʩ ʫʯʝʪʦʤ ʦʰʠʙʢʠ, ʧʦʵʪʦʤʫ ʥʘʤʠ ʙʳʣʦ ʨʝʰʝʥʦ 

ʟʘʩʝʣʝʥʥʦʩʪʴ ʧʦʟʠʮʠʠ Eô ʦʧʨʝʜʝʣʷʪʴ ʥʘ ʦʩʥʦʚʝ ʩʣʝʜʫʶʱʝʛʦ ʩʦʦʪʥʦʰʝʥʠʷ: ʦ(Eô) = 6 Ĭ 
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ʦ(T) (ʦ ï ʟʘʩʝʣʝʥʥʦʩʪʴ ʧʦʟʠʮʠʠ), ʪʘʢ ʢʘʢ ʢʨʘʪʥʦʩʪʴ ʧʦʟʠʮʠʠ Eô ʚ 6 ʨʘʟ ʧʨʝʚʳʰʘʝʪ 

ʢʨʘʪʥʦʩʪʴ ʧʦʟʠʮʠʠ ʘʪʦʤʘ T. ɿʘʩʝʣʝʥʥʦʩʪʴ ʞʝ ʧʦʟʠʮʠʠ E ʙʳʣʘ ʨʘʩʩʯʠʪʘʥʘ ʠʟ ʫʨʘʚʥʝʥʠʷ: 

ʦ(E) = 1 ï 2 Ĭ ʦ(Eô), ʯʪʦʙʳ ʩʦʭʨʘʥʠʪʴ ʩʫʤʤʫ ʘʪʦʤʦʚ E ʠ Eô ʚ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʝ 

ʧʦʩʪʦʷʥʥʦʡ ʠ ʨʘʚʥʦʡ 3. 

ʈʝʥʪʛʝʥʥʦʛʨʘʤʤʳ ʬʘʟ R4Mn1-xGa12-yGey (R = Sm, Gd-Dy) ʠ R4Cr1-xGa12-yGey (R = 

Tb, Dy) ʙʳʣʠ ʧʨʦʠʥʜʠʮʠʨʦʚʘʥʥʳ ʪʘʢʞʝ ʚ ʢʫʙʠʯʝʩʢʦʡ ʩʠʥʛʦʥʠʠ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ 

ʛʨʫʧʧʝ Imσm ʩ ʧʘʨʘʤʝʪʨʦʤ a ~ 8.55-8.65 ¡. ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ Tb4FeGa12 [35] 

ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʢʘʢ ʩʪʘʨʪʦʚʘʷ ʤʦʜʝʣʴ ʜʣʷ ʫʪʦʯʥʝʥʠʷ ʩʪʨʫʢʪʫʨ ʥʘʰʠʭ ʩʦʝʜʠʥʝʥʠʡ. ʅʘ 

ʧʝʨʚʦʤ ʵʪʘʧʝ ʚʩʝ ʘʪʦʤʳ ʫʪʦʯʥʷʣʠ ʩ ʠʟʦʪʨʦʧʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʘʪʦʤʥʦʛʦ ʩʤʝʱʝʥʠʷ, ʘ 

ʪʘʢʞʝ ʜʣʷ ʢʘʞʜʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʫʪʦʯʥʷʣʠ ʟʘʩʝʣʝʥʥʦʩʪʴ ʧʦʟʠʮʠʠ ʘʪʦʤʘ T. ɼʣʷ 

ʙʦʣʴʰʠʥʩʪʚʘ ʬʘʟ ʦʥʘ ʙʳʣʘ ʧʦʣʥʦʡ ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʜʚʫʭ ʩʦʝʜʠʥʝʥʠʡ: ʦʙʨʘʟʝʮ ˉ17 

ʩʝʨʠʠ ˉ3 ʠʩʭʦʜʥʥʦʛʦ ʩʦʩʪʘʚʘ 2Tb:2Mn:25Ga:1Ge ʠ ʦʙʨʘʟʝʮ ˉ45 ʩʝʨʠʠ ˉ6 ʠʩʭʦʜʥʥʦʛʦ 

ʩʦʩʪʘʚʘ 2Dy:2Cr:25Ga:2.5Ge (ʊʘʙʣʠʮʘ 18). ɼʣʷ ʬʘʟ ʩ ʧʦʣʥʦʡ ʟʘʩʝʣʝʥʥʦʩʪʴʶ ʧʦʟʠʮʠʠ T 

ʘʪʦʤʳ R, E1 ʠ E2 ʠʟʥʘʯʘʣʴʥʦ ʫʪʦʯʥʷʣʠ ʚ ʘʥʠʟʦʪʨʦʧʥʦʤ ʧʨʠʙʣʠʞʝʥʠʠ, ʘ ʘʪʦʤʳ ʊ ï ʚ 

ʠʟʦʪʨʦʧʥʦʤ. ʆʜʥʘʢʦ, ʪʘʢʦʡ ʩʧʦʩʦʙ ʦʧʠʩʘʥʠ ̫ʧʨʠʚʦʜʠʣ ʢ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʠʤ ʟʥʘʯʝʥʠʷʤ 

GoF ʠ R-ʬʘʢʪʦʨʦʚ. ɿʥʘʯʠʪʝʣʴʥʦʛʦ ʠʭ ʩʥʠʞʝʥʠʷ ʫʜʘʣʦʩʴ ʜʦʙʠʪʴʩʷ, ʧʨʠʤʝʥʠʚ 

ʘʥʛʘʨʤʦʥʠʯʝʩʢʦʝ ʧʨʠʙʣʠʞʝʥʠʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʤʧʦʥʝʥʪʦʚ ʪʝʥʟʦʨʘ ʘʪʦʤʥʦʛʦ 

ʩʤʝʱʝʥʠʷ 3-ʛʦ ʠ 4-ʛʦ ʧʦʨʷʜʢʦʚ ʜʣʷ ʚʩʝʭ ʘʪʦʤʦʚ ʢʨʦʤʝ ʘʪʦʤʦʚ T. ʕʪʦ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ 

ʩʤʝʰʘʥʥʦʡ ʟʘʩʝʣʝʥʥʦʩʪʴʶ ʧʦʟʠʮʠʡ ɽ1 ʠ ɽ2 ʦʜʥʦʚʨʝʤʝʥʥʦ ʘʪʦʤʘʤʠ Ga ʠ Ge. ʅʝʩʤʦʪʨʷ 

ʥʘ ʪʦ, ʯʪʦ ʠʭ ʘʪʦʤʥʳʝ ʨʘʜʠʫʩʳ ʧʨʘʢʪʠʯʝʩʢʠ ʦʜʠʥʘʢʦʚʳ, ʥʝʙʦʣʴʰʘʷ ʨʘʟʥʠʮʘ ʚ ʥʠʭ ʤʦʞʝʪ 

ʧʨʠʚʦʜʠʪ ɹʢ ʪʦʤʫ, ʯʪʦ ʘʪʦʤʳ Ga ʠ Ge ʟʘʥʠʤʘʶʪ ʩʣʝʛʢʘ ʨʘʟʥʳʝ ʧʦʟʠʮʠʠ, ʯʪʦ, ʚ ʩʚʦʶ 

ʦʯʝʨʝʜʴ, ʚʳʟʳʚʘʝʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʥʝʟʥʘʯʠʪʝʣʴʥʳʝ ʩʤʝʱʝʥʠʷ ʠ ʘʪʦʤʦʚ R.       

ɺ ʩʣʫʯʘʝ ʬʘʟ ʩ ʥʝʧʦʣʥʦʡ ʟʘʩʝʣʝʥʥʦʩʪʴʶ ʧʦʟʠʮʠʠ ʘʪʦʤʦʚ ʊ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʚʦʢʨʫʛ ʧʦʟʠʮʠʠ E2 ʠʤʝʝʪ ʛʨʫʰʝʚʠʜʥʫʶ ʬʦʨʤʫ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʪʘʢʦʚʦʡ ʜʣʷ ʬʘʟ ʩ ʧʦʣʥʦʡ ʟʘʩʝʣʝʥʥʦʩʪʴʶ ʧʦʟʠʮʠʠ ʘʪʦʤʦʚ T (ʈʠʩʫʥʦʢ 18 ʙ, ʚ). ʕʪʦ 

ʫʢʘʟʳʚʘʝʪ ʥʘ ʩʤʝʱʝʥʠʝ ʯʘʩʪʠ ʘʪʦʤʦʚ E2 ʠʟ ʩʚʦʝʡ ʠʩʭʦʜʥʦʡ ʧʦʟʠʮʠʠ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʢ 

ʚʘʢʘʥʩʠʠ ʚ ʧʦʟʠʮʠʠ ʘʪʦʤʘ T. ʋʯʠʪʳʚʘʷ ʵʪʦ ʩʤʝʱʝʥʠʝ, ʫʪʦʯʥʝʥʠʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ 

ʩʪʨʫʢʪʫʨ ʧʨʦʚʦʜʠʣʠ ʩ ʨʘʩʱʝʧʣʝʥʠʝʤ ʧʦʟʠʮʠʠ E2 ʥʘ ʜʚʝ ʯʘʩʪʠʯʥʦ ʟʘʩʝʣʝʥʥʳʝ: E2 (~ 

0.29, 0, 0) ʠ E2ô (~ 0.25, 0, 0) ʩ ʨʘʚʥʳʤʠ ʠʟʦʪʨʦʧʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʘʪʦʤʥʦʛʦ ʩʤʝʱʝʥʠʷ. 

ɺ ʠʟʦʪʨʦʧʥʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʫʪʦʯʥʷʣʠ ʠ ʘʪʦʤʳ T, ʪʦʛʜʘ ʢʘʢ ʘʪʦʤʳ R ʠ E1 ï ʚ 

ʘʥʛʘʨʤʦʥʠʯʝʩʢʦʤ ʧʨʠʙʣʠʞʝʥʠʠ, ʠʩʧʦʣʴʟʫʷ ʢʦʤʧʦʥʝʥʪʳ ʪʝʥʟʦʨʳ 3-ʛʦ ʠ 4-ʛʦ ʧʦʨʷʜʢʘ, ʯʪʦ 
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ʜʘʚʘʣʦ ʫʤʝʥʴʰʝʥʠʝ R-ʬʘʢʪʦʨʦʚ ʜʦ 2-3%. ʀ ʥʘ ʬʠʥʘʣʴʥʦʡ ʩʪʘʜʠʠ ʫʪʦʯʥʝʥʠʷ ʙʳʣʠ 

ʫʩʪʘʥʦʚʣʝʥʳ ʩʦʩʪʘʚʳ ʧʦʣʫʯʝʥʥʳʭ ʬʘʟ (Tb4Mn0.75(1)Ga9.6Ge2.4 ʠ Dy4Cr0.87(1)Ga8.4Ge3.6).  

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʜʣʷ ʬʘʟʳ Sm2Mn1-xGa6-yGey ʙʳʣʠ ʧʨʦʠʥʜʠʮʠʨʦʚʘʥʥʳ 

ʚ ʢʫʙʠʯʝʩʢʦʡ ʩʠʥʛʦʥʠʠ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʝ Fmσm ʩ ʧʘʨʘʤʝʪʨʦʤ a ~ 8.7 ¡. 

ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ Gd2MnGa6 [39] ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʢʘʢ ʩʪʘʨʪʦʚʘʷ ʤʦʜʝʣʴ ʜʣʷ 

ʫʪʦʯʥʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʬʘʟʳ ʩ Sm. ɺ ʧʝʨʚʦʥʘʯʘʣʴʥʦʤ ʫʪʦʯʥʝʥʠʠ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚʳʩʦʢʠʝ 

ʟʥʘʯʝʥʠʷ R-ʬʘʢʪʦʨʘ (R = 5.76%) ʠ GoF = 2.65, ʘ ʪʘʢʞʝ ʧʘʨʘʤʝʪʨʦʚ ʘʪʦʤʥʦʛʦ ʩʤʝʱʝʥʠʷ 

ʜʣʷ Mn ʠ ʘʪʦʤʦʚ E, ʯʪʦ ʫʢʘʟʳʚʘʣʦ ʥʘ ʥʘʣʠʯʠʝ ʜʝʬʝʢʪʦʚ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʝ. 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʧʦʢʘʟʘʣʦ ʝʝ ʛʨʫʰʝʚʠʜʥʫʶ ʬʦʨʤʫ ʚʦʢʨʫʛ ʧʦʟʠʮʠʠ 

ʘʪʦʤʦʚ E ʘʥʘʣʦʛʠʯʥʫʶ ʬʘʟʘʤ Tb4Mn0.75(1)Ga9.6Ge2.4 ʠ Dy4Cr0.87(1)Ga8.4Ge3.6 ʨʘʩʩʤʦʪʨʝʥʥʳʤ 

ʚʳʰʝ (ʈʠʩʫʥʦʢ 18 ʛ). ʋʪʦʯʥʝʥʥʘʷ ʟʘʩʝʣʝʥʥʦʩʪʴ ʧʦʟʠʮʠʠ Mn ʦʢʘʟʘʣʘʩʴ ʥʝʧʦʣʥʘʷ ʠ 

ʩʦʩʪʘʚʣʷʣʘ 0.735(2). ɺʩʝ ʵʪʦ ʫʢʘʟʳʚʘʝʪ ʪʘʢʞʝ ʥʘ ʩʤʝʱʝʥʠʝ ʯʘʩʪʠ ʘʪʦʤʦʚ p-ʵʣʝʤʝʥʪʘ ʠʟ 

ʩʚʦʝʡ ʠʩʭʦʜʥʦʡ ʧʦʟʠʮʠʠ E (~ 0.28, 0, 0) ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʚʘʢʘʥʩʠʠ ʚ ʧʦʟʠʮʠʠ Mn, ʧʦʵʪʦʤʫ 

ʫʪʦʯʥʝʥʠʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʧʨʦʚʦʜʠʣʠ ʩ ʨʘʩʱʝʧʣʝʥʠʝʤ ʧʦʟʠʮʠʠ E ʥʘ ʜʚʝ 

ʯʘʩʪʠʯʥʦ ʟʘʩʝʣʝʥʥʳʝ: ɽ (~ 0.28, 0, 0) ʠ Eô (~ 0.24, 0, 0), ʘ ʚʩʝ ʧʘʨʘʤʝʪʨʳ ʘʪʦʤʥʦʛʦ 

ʩʤʝʱʝʥʠʷ ʙʳʣʠ ʚʳʙʨʘʥʳ ʠ ʫʪʦʯʥʝʥʳ ʩʭʦʞʠʤ ʦʙʨʘʟʦʤ ʩ ʬʘʟʘʤʠ Tb4Mn0.75(1)Ga9.6Ge2.4 ʠ 

Dy4Cr0.87(1)Ga8.4Ge3.6.  

ʆʧʠʩʘʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʠ ʨʝʟʫʣʴʪʘʪʦʚ ʈʉɸ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ 

ʪʘʙʣʠʮʘʭ 19-22, ʘ ʘʪʦʤʥʳʝ ʧʘʨʘʤʝʪʨʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʘʭ 23-26.                  
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ʊʘʙʣʠʮʘ 19. ʂʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʠ ʧʘʨʘʤʝʪʨʳ ʫʪʦʯʥʝʥʠʷ ʜʣʷ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ RMnxGa3, R4Mn1īxGa12īyGey (R = Tb, Dy) 

ʋʪʦʯʥʝʥʥʳʡ ʩʦʩʪʘʚ Tb4Mn0.75(1)Ga9.6Ge2.4 Dy4MnGa9.6Ge2.4 Tb4MnGa8.7Ge3.3 TbMn0.18(1)Ga3 DyMn0.16(2)Ga3 

ʉʦʩʪʘʚ ʧʦ ʈʉʄɸ Tb4.0(2)Mn1.0(3) 

Ga10.4(3)Ge1.7(4) 

Dy4.0(2)Mn1.1(3) 

Ga10.2(3)Ge1.9(1) 

Tb4.0(2)Mn1.1(2) 

Ga8.7(2)Ge3.3(1) 

Tb1.00(3)Mn0.21(2) 

Ga3.02(3) 

Dy1.00(2)Mn0.19(1) 

Ga2.98(4) 

ʉʠʥʛʦʥʠʷ ʢʫʙʠʯʝʩʢʘ ̫

ʇʨʦʩʪʨ. ʛʨʫʧʧʘ Imσm Pmσm 

ʘ, ¡ 8.5538(4) 8.5579(1) 8.5716(5) 4.2694(3) 4.2616(4) 

V, ¡3 625.86(5) 626.76(1) 629.78(6) 77.822(9) 77.40(1) 

Z 2 1 

ʈʘʟʤʝʨ ʢʨʠʩʪʘʣʣʘ, ʤʤ ʩʬʝʨʘ (r = 0.18) 0.3Ĭ0.2Ĭ0.1 ʩʬʝʨʘ (r = 0.17) ʩʬʝʨʘ (r = 0.22) 0.5Ĭ0.4Ĭ0.3 

ɼʠʘʧʘʟʦʥ ɗ,Á 2.66ï37.83 3.37ï74.4 2.65ï37.86 3.77ï34.93 3.77ï36.84 

ʊʝʤʧʝʨʘʪʫʨʘ, K 295 

ʀʟʣʫʯʝʥʠʝ, ʜʣʠʥʘ 

ʚʦʣʥʳ, ¡ 

Ag KŬ/0.56083 Mo KŬ/0.71073 Ag KŬ/0.56083 

ɼʠʘʧʘʟʦʥ h, k, l 0 Ò h Ò 18, 

0 Ò k Ò 18, 

ï18 Ò l Ò 0 

ī22 Ò h Ò 22, 

ī23 Ò k Ò 23 

ī21 Ò l Ò 18 

0 Ò h Ò 18, 

0 Ò k Ò 18 

ï18 Ò l Ò 0 

0 Ò h Ò 8, 

ī5 Ò k Ò 8, 

ī5 Ò l Ò 8 

ī1 Ò h Ò 9, 

ī3 Ò k Ò 9, 

0 Ò l Ò 9 

Rint 0.035 0.061 0.049 0.050 0.048 

ʂʦʣ-ʚʦ ʨʝʬʣʝʢʩʦʚ 313 554 299 101 113 

ʂʦʣ-ʚʦ ʧʘʨʘʤʝʪʨʦʚ 19 21 16 12 13 

GoF 1.15 1.01 1.01 1.03 1.07 

ȹɟmax/min, e
-/¡3 +1.95/ï1.38 +1.95/ï1.53 +1.31/ï1.53 0.93/ï1.30 +2.80/ï2.32 

R[F2> 2ů(F2)]/ Rw(F2), 

% 

1.80/2.78 2.04/3.15 2.27/2.44 2.16/2.72 3.10/3.73 
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ʊʘʙʣʠʮʘ 20. ʂʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʠ ʧʘʨʘʤʝʪʨʳ ʫʪʦʯʥʝʥʠʷ ʜʣʷ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ Gd4MnGa12īyGey 

ʋʪʦʯʥʝʥʥʳʡ ʩʦʩʪʘʚ Gd4MnGa10Ge2 Gd4MnGa9.7Ge2.3 Gd4MnGa9Ge3 Gd4MnGa8.8Ge3.2 Gd4MnGa8.5Ge3.5 

ʉʦʩʪʘʚ ʧʦ ʈʉʄɸ Gd4.0(3)Mn1.0(1) 

Ga10.2(2)Ge1.8(2) 

Gd4.0(4)Mn1.0(1) 

Ga9.7(2)Ge2.3(3) 

Gd4.0(5)Mn1.0(1) 

Ga9.0(2)Ge3.0(2) 

Gd4.0(3)Mn1.0(1) 

Ga8.8(2)Ge3.2(3) 

Gd4.0(3)Mn1.0(1) 

Ga8.5(2)Ge3.5(2) 

ʉʠʥʛʦʥʠʷ ʢʫʙʠʯʝʩʢʘʷ 

ʇʨʦʩʪʨ. ʛʨʫʧʧʘ Imσm 

ʘ, ¡ 8.6325(8) 8.6413(9) 8.6265(2) 8.6316(5) 8.6052(2) 

V, ¡3 643.3(1) 645.3(1) 641.95(3) 643.1(1) 637.2(2) 

Z 2 

ʈʘʟʤʝʨ ʢʨʠʩʪʘʣʣʘ, ʤʤ 0.3Ĭ0.25Ĭ0.15 0.25Ĭ0.2Ĭ0.1 0.22Ĭ0.18Ĭ0.11 0.2Ĭ0.2Ĭ0.1 0.3Ĭ0.2Ĭ0.2 

ɗ,Áʜʠʘʧʘʟʦʥ 4.72-32.89 4.72-33.28 4.72-30.66 4.72-32.89 3.35-32.58 

ʊʝʤʧʝʨʘʪʫʨʘ, K 273 

ʀʟʣʫʯʝʥʠʝ, ʜʣʠʥʘ 

ʚʦʣʥʳ, ¡  

Mo KŬ/0.71073 

ɼʠʘʧʘʟʦʥ h, k, l ï9 Ò h Ò 2, 

ï9 Ò k Ò 8, 

ï12 Ò l Ò 7 

ï12 Ò h Ò 12, 

ï10 Ò k Ò 8, 

ï12 Ò l Ò 7 

ï11 Ò h Ò 11, 

ï11 Ò k Ò 10, 

ï12 Ò l Ò 11 

ï11Ò h Ò 9, 

ï10 Ò k Ò 5, 

ï13 Ò l Ò 6 

ï13Ò h Ò 6, 

ï11 Ò k Ò 9, 

ï10 Ò l Ò 4 

Rint 0.014 0.0314 0.0451 0.0096 0.0291 

ʂʦʣ-ʚʦ ʨʝʬʣʝʢʩʦʚ 134 136 122 135 133 

ʂʦʣ-ʚʦ ʧʘʨʘʤʝʪʨʦʚ 10 10 10 10 10 

GoF 1.49 1.43 1.04 1.37 1.07 

ȹɟmax/min, e
-/¡3 +1.40/ -1.25 +2.58/ -1.54 +1.58/-3.15 +1.99/ -3.39 +1.68/ -1.35 

R[F2> 2ů(F2)]/ Rw(F2), 

% 

2.06/2.21 2.83/2.95 2.40/2.53 

 

2.18/2.64 1.96/2.24 
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ʊʘʙʣʠʮʘ 21. ʂʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʠ ʧʘʨʘʤʝʪʨʳ ʫʪʦʯʥʝʥʠʷ ʜʣʷ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ RCrxGa3, RCrxGa2.7Ge0.3 (R = Tb, Dy). 

ʋʪʦʯʥʝʥʥʳʡ ʩʦʩʪʘʚ TbCr0.22(1)Ga3 DyCr0.20(1)Ga3 TbCr0.257(9)Ga2.7Ge0.3 DyCr0.220(6)Ga2.7Ge0.3 

ʉʦʩʪʘʚ ʧʦ ʈʉʄɸ Tb1.00(3)Cr0.19(4)Ga3.02(3) Dy1.00(5)Cr0.18(6)Ga3.09(4) Tb1.00(3)Cr0.22(3)Ga2.67(4)Ge0.32(4) Dy1.00(4)Cr0.20(2)Ga2.68(2)Ge0.34(7) 

ʉʠʥʛʦʥʠʷ ʂʫʙʠʯʝʩʢʘʷ 

ʇʨʦʩʪʨ. ʛʨʫʧʧʘ Pmσm 

ʘ, ¡ 4.2903(4) 4.2665(6) 4.2928(1) 4.2746(1) 

V, ¡3 78.97(1) 77.66(2) 79.11(3) 78.106(3) 

Z 1 

ʈʘʟʤʝʨ ʢʨʠʩʪʘʣʣʘ, ʤʤ 0.2Ĭ0.2Ĭ0.1 0.1Ĭ0.3Ĭ0.2 0.2Ĭ0.2Ĭ0.2 0.13Ĭ0.12Ĭ0.1 

ɗ,Áʜʠʘʧʘʟʦʥ 4.76-32.38 4.76-30.81 4.73-33.60 4.77-32.60 

ʀʟʣʫʯʝʥʠʝ, ʜʣʠʥʘ 

ʚʦʣʥʳ, ¡ 

Mo KŬ/0.71073 

ʊʝʤʧʝʨʘʪʫʨʘ, K 273 

ɼʠʘʧʘʟʦʥ h, k, l ī5 Ò h Ò 2, 

ī6 Ò k Ò 4, 

ī4 Ò l Ò 4 

ī3 Ò h Ò 6, 

ī4 Ò k Ò 5, 

ī5 Ò l Ò 6 

ī6 Ò h Ò 6, 

ī6 Ò k Ò 6, 

                 ī6 Ò l Ò 6 

ī6 Ò h Ò 6, 

ī6 Ò k Ò 6, 

                  ī6 Ò l Ò 6 

Rint 0.0339 0.0717 0.0717 0.0892 

ʂʦʣ-ʚʦ ʨʝʬʣʝʢʩʦʚ 45 49 51 49 

ʂʦʣ-ʚʦ ʧʘʨʘʤʝʪʨʦʚ 6 6 6 6 

GoF 1.89 1.20 1.78 1.72 

ȹɟmax/min, e-/¡3 +2.05/-2.20 +2.13/-1.50 +1.38/-3.36 +0.86/-2.40 

R[F2> 2ů(F2)]/ Rw(F2), 

% 

3.12/3.11 2.91/2.88 3.05/3.48 1.98/2.55 
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ʊʘʙʣʠʮʘ 22. ʂʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʠ ʧʘʨʘʤʝʪʨʳ ʫʪʦʯʥʝʥʠʷ ʜʣʷ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ R4T1īxGa12-yGey (R = Sm, Tb, Dy; T = Cr, 

Mn). 

ʋʪʦʯʥʝʥʥʳʡ 

ʩʦʩʪʘʚ 

Tb4CrGa8.4Ge3.6 Dy4Cr0.87(1)Ga8.4Ge3.6 Sm4MnGa8.6Ge3.4 Sm2Mn0.735(2)Ga5.1Ge0.9 

ʉʦʩʪʘʚ ʧʦ 

ʈʉʄɸ 

Tb4.0(6)Cr1.0(2)Ga8.4(2)Ge3.6(2) 

 

Dy4.0(2)Cr0.8(2)Ga8.4(3)Ge3.6(4) 

 

Sm4.0(4)Mn1.0(2)Ga8.7(1)Ge3.4(3) Sm2.0(3)Mn0.8(2)Ga5.1(3)Ge0.9(2) 

ʉʠʥʛʦʥʠʷ ʂʫʙʠʯʝʩʢʘʷ 

ʇʨʦʩʪʨ. 

ʛʨʫʧʧʘ 

Imσm Fmσm 

ʘ, ¡ 8.5922(1) 8.5628(1) 8.668(2) 8.7126(3) 

V, ¡3 634.327(1) 627.838(1) 651.20(1) 661.37(4) 

Z 2 4 

ʈʘʟʤʝʨ 

ʢʨʠʩʪʘʣʣʘ, ʤʤ 

0.15Ĭ0.12Ĭ0.1 0.2Ĭ0.15Ĭ0.1 0.4Ĭ0.3Ĭ0.2 0.3Ĭ0.15Ĭ0.1 

ɗ,Áʜʠʘʧʘʟʦʥ 3.35-33.63 3.36-33.62 3.32-33.58 4.05-56.29 

ʀʟʣʫʯʝʥʠʝ, 

ʜʣʠʥʘ ʚʦʣʥʳ, 

¡ 

MoKŬ/0.71073 

ɼʠʘʧʘʟʦʥ h, k, 

l 

ī12 Ò h Ò 12, 

ī13 Ò k Ò 12, 

ī12 Ò l Ò 13 

ī13 Ò h Ò 12, 

ī12 Ò k Ò 12, 

ī12 Ò l Ò 12 

ī13 Ò h Ò 12, 

ī13 Ò k Ò 12 

ī13 Ò l Ò 13 

ī14 Ò h Ò 19, 

ī17 Ò k Ò 17 

ī13 Ò l Ò 19 

Rint 0.0911 0.0735 0.079 0.053 

ʂʦʣ-ʚʦ 

ʨʝʬʣʝʢʩʦʚ 

149 147 157 222 

ʂʦʣ-ʚʦ 

ʧʘʨʘʤʝʪʨʦʚ 

14 16 25 12 

GoF 1.31 1.31 1.08 1.13 

ȹɟmax/min, e-/¡3 +1.96/-2.84 +2.25/-1.89 +1.44/-1.77 +1.95/-2.10 

R[F2> 2ů(F2)]/ 

Rw(F2), % 

2.25/2.76 1.83/2.81 2.39/2.56 2.27/2.46 
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ʊʘʙʣʠʮʘ 23. ʇʦʟʠʮʠʠ ʘʪʦʤʦʚ ʚ ʬʘʟʘʭ RTxGa3-yGey, R4T1īxGa12-yGey (R = Tb, Dy; T = Cr, 

Mn) ʠ Sm2Mn1-xGa6-xGex 

ɸʪʦʤʳ ʇʦʟʠʮʠʷ x y z 

RTxGa3-yGey 

R 1a 0 0 0 

T 1b İ İ İ 

E (Ga/Ge) 3c 0 İ İ 

Eô(Gaô/Geô) 6f xô İ İ 

R4TGa12-yGey 

R 8c ı ı ı 

T 2a 0 0 0 

E1 (Ga1/Ge1) 12d ı 0 İ 

E2 (Ga2/Ge2) 12e x 0 0 

R4T1īxGa12-yGey 

R 8c ı ı ı 

T 2a 0 0 0 

E1 (Ga1/Ge1) 12d ı 0 İ 

E2 (Ga2/Ge2) 12e x 0 0 

E2ô (Ga2ô/Ge2ô) 12e xô 0  0 

Sm2Mn1-xGa6-yGey  

Sm 8c ı ı ı 

Mn 4b 0 0 0 

E(Ga/Ge) 24e x 0 0 

Eô(Gaô/Geô) 24e xô 0 0 

 

 

ʊʘʙʣʠʮʘ 24. ʋʪʦʯʥʝʥʥʳʝ ʘʪʦʤʥʳʝ ʧʘʨʘʤʝʪʨʳ ʜʣʷ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ RTxGa3-yGey (R =Tb, 

Dy; T = Mn, Cr): ʢʦʦʨʜʠʥʘʪʳ xô ʧʦʟʠʮʠʡ Gaô ʠ Eô, ʟʘʩʝʣʝʥʥʦʩʪʠ ʧʦʟʠʮʠʡ ʘʪʦʤʦʚ T, E/Eô ʠ 

Ueq  

ʉʦʩʪʘʚ xô (ɽô) 

(Gaô/Geô) 

ɿʘʩʝʣʝʥʥʦʩʪʴ 

T 

ɿʘʩʝʣʝʥʥʦ

ʩʪʴ E/Eô 

(Ga/Ge) 

Ueq, ¡2 

R 

Ueq, ¡2 

T 

Ueq, 

¡2 

E 

Ueq, 

¡2 

Eô 

TbMn0.18(1)Ga3 0.0764(6) 0.18(1) 0.54(1)/ 0.0092(2) 0.0083(7) 0.0105(2) 
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0.18(1) 

DyMn0.16(2)Ga3 0.0765(1) 0.16(2) 0.68(1)/ 

0.16(2) 

0.0082(4) 0.0083(1) 0.0093(4) 

TbCr0.22(1)Ga3 0.080(4) 0.22(1) 0.56(3)/ 

0.22(1) 

0.0084(6) 0.0095(7) 

DyCr0.20(1)Ga3 0.082(3) 0.20(1) 0.60(2)/ 

0.20(1) 

0.0090(5) 0.0095(6) 

TbCr0.26(1)Ga2.7Ge0.3 0.082(3) 0.26(1) 0.58(2)/ 

0.26(1) 

0.0097(4) 0.0120(1) 

DyCr0.22(1)Ga2.7Ge0.3 0.081(2) 0.22(1) 0.56(2)/ 

0.22(1) 

0.0097(3) 0.0107(7) 

 

ʊʘʙʣʠʮʘ 25. ʋʪʦʯʥʝʥʥʳʝ ʘʪʦʤʥʳʝ ʧʘʨʘʤʝʪʨʳ ʜʣʷ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ R4T1īxGa12-yGey (R 

=Tb, Dy; T = Mn, Cr) ʠ Sm2Mn1-xGa6-xGex: ʢʦʦʨʜʠʥʘʪʳ ʭ/xô ʧʦʟʠʮʠʡ E2/E2ô ʠ E/Eô, 

ʟʘʩʝʣʝʥʥʦʩʪʠ ʧʦʟʠʮʠʡ ʘʪʦʤʦʚ T, E2/E2ô ʠ Ueq  

ʉʦʩʪʘʚ x/xô 

(ɽ2/E2ô) 

ɿʘʩʝʣʝʥʥʦʩʪʴ 

T 

ɿʘʩʝʣʝʥʥʦ

ʩʪʴ E2/E2ô 

(Ga/Ge) 

Ueq, ¡2 

R 

Ueq, 

¡2 

T 

Ueq, 

¡2 
E2/E2ô 

Ueq, 

¡2 

E1 

Tb4Mn0.75(1)Ga9.6Ge2.4 0.2897(1) 

0.2460(6) 

0.75(1) 0.8(2)/ 

0.2(1) 

0.0081(1) 0.008

8(4) 

0.0104

(1) 

0.012

1(3) 

Tb4MnGa8.7Ge3.3 0.2891(2) 1 0.725(2)/ 

0.275(1) 

0.0091(1) 0.010

8(3) 

0.0129

(3) 

0.010

9(1) 

Dy4MnGa9.6Ge2.4 0.2886(2) 1 0.8(1)/ 

0.2(2) 

0.0066(1) 0.008

6(2) 

0.0091

(2) 

0.008

0(2) 

Sm4MnGa8.6Ge3.4 0.2917(3) 1 0.65(2)/ 

0.35(2) 

0.0121(2) 0.013

6(5) 

0.0136

(3) 

0.014

5(3) 

Tb4CrGa8.4Ge3.6 0.2906(1) 1 0.7(2)/ 

0.3(1) 

0.0067(3) 0.009

2(5) 

0.0095

(3) 

0.010

5(2) 

Dy4Cr0.87(1)Ga8.4Ge3.6 0.2925(4)

/ 0.247(3) 

0.87(1) 0.7(2)/ 

0.3(1) 

0.0080(4) 0.006

8(6) 

0.0083

(3) 

0.009

9(2) 

ʉʦʩʪʘʚ x (ɽ/Eô) ɿʘʩʝʣʝʥʥʦʩʪʴ 

Mn 

ɿʘʩʝʣʝʥʥʦ

ʩʪʴ E/Eô 

(Ga/Ge) 

Ueq, ¡2 

R 

Ueq, 

¡2 

Mn 

Ueq, ¡2 
E/Eô 

Sm2Mn0.735(2) 

Ga5.1Ge0.9 

0.2845(1)

/ 

0.2444(4) 

0.735(2) 0.85(1)/ 

0.15(2) 

0.0080(2) 0.008

6(3) 

0.0085(2) 

 

ʊʘʙʣʠʮʘ 26. ʋʪʦʯʥʝʥʥʳʝ ʘʪʦʤʥʳʝ ʧʘʨʘʤʝʪʨʳ ʜʣʷ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ Gd4MnGa12-yGey (y = 

1.8-3.4): ʢʦʦʨʜʠʥʘʪʳ x ʧʦʟʠʮʠʠ E2, ʟʘʩʝʣʝʥʥʦʩʪʴ ʧʦʟʠʮʠʠ E2 ʠ Ueq  

ʉʦʩʪʘʚ x(ɽ2) ɿʘʩʝʣʝʥʥʦʩʪʴ 

E2 (Ga/Ge) 

Uiso, ¡2 

R 

Uiso, ¡2 

Mn 

Ueq, ¡2 
E2 

Ueq, ¡2 

E1 

Gd4MnGa10.2Ge1.8 0.2912(2) 0.85/0.15 0.0061(1) 0.0066(6) 0.0088(2) 0.0078(2) 

Gd4MnGa9.9Ge2.1 0.2906(2) 0.8/0.2 0.0073(2) 0.0073(9) 0.0092(3) 0.0096(3) 

Gd4MnGa9.1Ge2.9 0.2911(2) 0.75/0.25 0.0070(2) 0.0072(7) 0.0086(3) 0.0098(3) 
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Gd4MnGa8.8Ge3.2 0.2908(2) 0.73/0.27 0.0070(1) 0.0071(5) 0.0084(2) 0.0092(2) 

Gd4MnGa8.6Ge3.4 0.2906(2) 0.78/0.22 0.0073(1) 0.0077(8) 0.0093(3) 0.0090(2) 

 

3.2 ʀʟʤʝʨʝʥʠʝ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ ʠ ʪʝʧʣʦʝʤʢʦʩʪʠ 

ʄʘʛʥʠʪʥʳʝ ʠʟʤʝʨʝʥʠʷ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ RMnxGa3 ʠ R4Mn1-xGa10Ge2 (R = Tb, Dy) 

ʧʨʦʚʦʜʠʣʠ ʩ ʧʦʤʦʱʴʶ ʧʨʠʩʪʘʚʢʠ ʚʠʙʨʘʮʠʦʥʥʦʛʦ ʤʘʛʥʝʪʦʤʝʪʨʘ ʢ ʩʠʩʪʝʤʝ ʠʟʤʝʨʝʥʠʷ 

ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ (PPMS, Quantum Design) ʚʦ ʚʥʝʰʥʠʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ ʦʪ 0.01 ʜʦ 14 

ʊ ʚ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʠʥʪʝʨʚʘʣʝ ʦʪ 2 ʜʦ 380 ʂ. ʅʘʤʘʛʥʠʯʝʥʥʦʩʪʴ ʚ ʧʝʨʝʤʝʥʥʳʭ ʤʘʛʥʠʪʥʳʭ 

ʧʦʣʷʭ ʜʣʷ R4Mn1-xGa10Ge2 (R = Tb, Dy) ʨʝʛʠʩʪʨʠʨʦʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ʦʧʮʠʠ ACMSII ʚ 

ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 2-300 ʂ ʚ ʥʫʣʝʚʦʤ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʩ ʢʦʣʝʙʘʪʝʣʴʥʳʤ ʧʦʣʝʤ 

ʚʦʟʙʫʞʜʝʥʠʷ 0.5 ʤʊ ʧʨʠ ʯʘʩʪʦʪʝ 100, 1000 ʠ 10000 ɻʮ.  ʊʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ 

ʪʝʧʣʦʝʤʢʦʩʪʠ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠ ʪʘʢʞʝ ʩ ʧʦʤʦʱʴʶ ʧʨʠʩʪʘʚʢʠ ʚʠʙʨʘʮʠʦʥʥʦʛʦ 

ʤʘʛʥʝʪʦʤʝʪʨʘ ʢ ʩʠʩʪʝʤʝ ʠʟʤʝʨʝʥʠʷ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ (PPMS, Quantum Design) ʚ 

ʥʫʣʝʚʦʤ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ ʦʪ 2 ʜʦ 200 ʂ. 

ʀʟʤʝʨʝʥʠʷ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ Sm2Mn0.7Ga5.1Ge0.9, Sm4MnGa8.6Ge3.4, Gd4MnGa10Ge2 ʠ 

Gd4MnGa8.8Ge3.2 ʧʨʦʚʦʜʠʣʠ ʥʘ ʩʢʚʠʜ-ʤʘʛʥʝʪʦʤʝʪʨʝ (MPMS-XL5, Quantum Design) ʚ 

ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ 0.01 ʊ, 0.1ʊ ʠ 1 ʊ ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 2-350 ʂ. ʇʦʣʝʚʳʝ 

ʟʘʚʠʩʠʤʦʩʪʠ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʠʟʤʝʨʷʣʠ ʚ ʜʠʘʧʘʟʦʥʝ ʚʥʝʰʥʠʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ ʦʪ -5 ʊ 

ʜʦ 5 ʊ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. 

ʄʘʛʥʠʪʥʳʝ ʠʟʤʝʨʝʥʠʷ ʥʘ ʤʦʥʦʢʨʠʩʪʘʣʣʘʭ RCr0.2Ga3, RCr0.2Ga2.7Ge0.3 ʠ 

R4CrGa8.4Ge3.6 (R= Tb, Dy) ʧʨʦʚʦʜʠʣʠ ʚʦ ʚʥʝʰʥʠʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ ʜʦ 7 ʊ ʚ ʠʥʪʝʨʚʘʣʝ 

ʪʝʤʧʝʨʘʪʫʨ 2-300 ʂ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʢʚʠʜ ʤʘʛʥʝʪʦʤʝʪʨʘ MPMS-XL7 (Quantum 

Design). 

  



67 
 

4. ʆʙʩʫʞʜʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ 

4.1 ʉʠʥʪʝʟ ʠ ʦʙʣʘʩʪʴ ʛʦʤʦʛʝʥʥʦʩʪʠ ʬʘʟ ʚʥʝʜʨʝʥʠʷ RTŭ(Ga,Ge)3, ʛʜʝ R = Sm, Gd-Dy; 

T = Cr , Mn 

ʄʝʪʦʜʠʢʘ ʚʳʨʘʱʠʚʘʥʠʷ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʠʟ ʨʘʩʧʣʘʚʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ Ga ʚ 

ʢʘʯʝʩʪʚʝ ʬʣʶʩʘ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʬʘʟʳ ʚʥʝʜʨʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʢʫʙʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ 

RGa3. ɺʘʨʴʠʨʦʚʘʥʠʝʤ ʩʦʦʪʥʦʰʝʥʠʷ ʠʩʭʦʜʥʳʭ ʵʣʝʤʝʥʪʦʚ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʢʨʫʧʥʳʝ ʠ ʭʦʨʦʰʦ ʦʛʨʘʥʝʥʥʳʝ ʢʨʠʩʪʘʣʣʳ ʪʨʦʡʥʳʭ ʬʘʟ ʦʙʨʘʟʫʶʪʩʷ ʧʨʠ ʠʩʭʦʜʥʦʤ 

ʩʦʦʪʥʦʰʝʥʠʠ ʵʣʝʤʝʥʪʦʚ 2R:2T:25Ga. ʇʨʠ ʤʝʥʴʰʝʤ ʩʦʜʝʨʞʘʥʠʠ Ga ʚ ʠʩʭʦʜʥʦʡ ʩʤʝʩʠ 

ʧʦʣʫʯʝʥʥʳʝ ʦʙʨʘʟʮʳ ʧʨʝʜʩʪʘʚʣʷʣʠ ʩʦʙʦʡ ʣʠʙʦ ʮʝʣʴʥʳʝ ʩʧʝʢʠ, ʣʠʙʦ ʤʝʣʢʠʝ ʧʣʦʭʦ 

ʦʛʨʘʥʝʥʥʳʝ ʢʨʠʩʪʘʣʣʳ, ʥʝʧʨʠʛʦʜʥʳʝ ʜʣʷ ʈʉɸ ʠ ʠʟʤʝʨʝʥʠʷ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ. 

ʉʦʛʣʘʩʥʦ ʨʝʟʫʣʴʪʘʪʘʤ ʈʄʉɸ ʠ ʈʌɸ ʢʨʠʩʪʘʣʣʳ ʪʨʦʡʥʳʭ ʬʘʟ ʩʨʝʜʥʝʛʦ ʩʦʩʪʘʚʘ RT0.2Ga3 

ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʪʦʣʴʢʦ ʜʣʷ Tb ʠ Dy, ʪʦʛʜʘ ʢʘʢ ʜʣʷ Sm ʠ Gd ʤʦʥʦʢʨʠʩʪʘʣʣʳ ʧʨʝʜʩʪʘʚʣʷʣʠ 

ʩʦʙʦʡ ʬʘʟʳ RGa2+x (ʊʘʙʣʠʮʳ 17 ʠ 18).  

ɼʦʙʘʚʣʝʥʠʝ ʨʘʟʣʠʯʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ Ge ʚ ʠʩʭʦʜʥʫʶ ʩʤʝʩʴ ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ 

ʦʙʨʘʟʦʚʘʥʠʶ ʬʘʟ ʩ ʙʦʣʴʰʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʧʝʨʝʭʦʜʥʦʛʦ ʤʝʪʘʣʣʘ, ʘ ʪʘʢʞʝ ʬʘʟ ʩ Sm ʠ Gd 

ʜʣʷ T = Mn, ʢʦʪʦʨʳʭ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ Ge ʧʦʣʫʯʝʥʦ ʥʝ ʙʳʣʦ. ɺ ʩʣʫʯʘʝ T = Cr ʮʝʣʝʚʳʝ 

ʬʘʟʳ ʩ Sm ʠ Gd ʥʝ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʠ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ Ge. ʀʟ ʪʘʙʣʠʮʳ 18 ʤʦʞʥʦ 

ʚʠʜʝʪʴ, ʯʪʦ ʜʘʣʴʥʝʡʰʝʝ ʫʚʝʣʠʯʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʛʝʨʤʘʥʠʷ ʚ ʠʩʭʦʜʥʦʡ ʩʤʝʩʠ ʧʨʠʚʦʜʠʪ ʚ 

ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʢ ʫʚʝʣʠʯʝʥʠʶ ʩʦʜʝʨʞʘʥʠʷ d-ʤʝʪʘʣʣʘ. ɺʤʝʩʪʝ ʩ ʪʝʤ, ʩʫʱʝʩʪʚʫʶʪ 

ʟʘʤʝʪʥʳʝ ʨʘʟʣʠʯʠʷ ʢʘʢ ʤʝʞʜʫ d-ʵʣʝʤʝʥʪʘʤʠ, ʪʘʢ ʠ ʤʝʞʜʫ f-ʵʣʝʤʝʥʪʘʤʠ ʚ ʛʨʘʥʠʮʘʭ 

ʦʙʣʘʩʪʝʡ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʬʘʟ ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʛʝʨʤʘʥʠʷ. 

ɼʣʷ ʬʘʟ ʩ Cr, ʩʦʛʣʘʩʥʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʦʨʦʰʢʦʚʦʡ ʜʠʬʨʘʢʮʠʠ ʠ ʈʉʄɸ, ʧʨʠ ʤʘʣʦʤ 

ʩʦʜʝʨʞʘʥʠʠ Ge (n = 0.5, 1 ʠ 1.5) ʧʦʣʫʯʝʥʥʳʝ ʢʨʠʩʪʘʣʣʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʬʘʟʳ 

ʦʙʱʝʛʦ ʩʦʩʪʘʚʘ RCrxGa3-yGey (R = Tb, Dy; x ~ 0.19-0.23, y = 0ï0.4) ʩ ʧʘʨʘʤʝʪʨʘʤʠ ʘ ~ 

4.27ï4.30 ¡. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʣʷ ʩʦʝʜʠʥʝʥʠʡ ʧʨʠ n = 1.5 ʤʳ ʥʘʙʣʶʜʘʝʤ 

ʨʘʩʱʝʧʣʝʥʠʝ ʚʩʝʭ ʨʝʬʣʝʢʩʦʚ ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʩʝʨʠʠ ʨʝʬʣʝʢʩʦʚ (hhh), ʯʪʦ ʛʦʚʦʨʠʪ ʦ 

ʪʝʪʨʘʛʦʥʘʣʴʥʦʤ ʠʩʢʘʞʝʥʠʠ ʠʟʥʘʯʘʣʴʥʦ ʢʫʙʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ RCrxGa3-yGey, ʧʨʠ 

ʢʦʪʦʨʦʤ ʧʨʦʠʩʭʦʜʠʪ ʫʤʝʥʴʰʝʥʠʝ ʧʘʨʘʤʝʪʨʘ ʩ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʘ (a = 4.3017(3) ¡ ʠ c = 

4.2771(2) ¡, a/c = 1.006) (ʈʠʩʫʥʦʢ 19). ʇʦʜʦʙʥʦʝ ʠʩʢʘʞʝʥʠʝ ʙʳʣʦ ʪʘʢʞʝ ʦʙʥʘʨʫʞʝʥʦ ʜʣʷ 

ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʦʙʨʘʟʮʦʚ DyMnxGa3 [50]. ʆʜʥʘʢʦ, ʨʘʩʪʷʞʝʥʠʝ ʷʯʝʡʢʠ ʠʤʝʣʦ ʤʝʩʪʦ 

ʥʝ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʙʘʟʠʩʥʦʡ ʧʣʦʩʢʦʩʪʠ ab, ʘ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʦʩʠ ʩ.      
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ʈʠʩʫʥʦʢ 19. ʇʦʨʦʰʢʦʚʳʝ ʜʠʬʨʘʢʪʦʛʨʘʤʤʳ ʦʙʨʘʟʮʦʚ 2Tb:2Cr:25Ga:nGe ʩ 

ʨʘʟʣʠʯʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ Ge ʚ ʠʩʭʦʜʥʦʡ ʩʤʝʩʠ, ʢʦʪʦʨʳʝ ʫʢʘʟʳʚʘʶʪ ʥʘ ʪʝʪʨʘʛʦʥʘʣʴʥʦʝ 

ʠʩʢʘʞʝʥʠʝ ʢʫʙʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ (n = 1.5) ʠ ʥʘʣʠʯʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʨʝʬʣʝʢʩʦʚ (n = 

2.0). ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʱʠʝ ʦ ʩʚʝʨʭʩʪʨʫʢʪʫʨʥʦʤ ʫʧʦʨʷʜʦʯʝʥʠʠ. 

 

ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʩʦʜʝʨʞʘʥʠ ̫ Ge (n = 2, 2.5, 3, 3.5 ʠ 4) ʥʘ ʜʠʬʨʘʢʪʦʛʨʘʤʤʘʭ 

ʧʦʷʚʣʷʝʪʩʷ ʨʷʜ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʨʝʬʣʝʢʩʦʚ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʱʠʭ ʦʙ ʦʙʨʘʟʦʚʘʥʠʠ 

ʩʚʝʨʭʩʪʨʫʢʪʫʨʥʳʭ ʬʘʟ ʩ ʙʦʣʴʰʠʤ ʩʦʜʝʨʞʘʥʠʝʤ Cr R4Cr1-xGa12-yGey (R = Tb, Dy; x = 0-

0.13, y = 3ï4) ʩ ʧʘʨʘʤʝʪʨʘʤʠ ʷʯʝʡʢʠ ʘ ~ 8.56ï8.60 ¡ ʚ ʜʚʘ ʨʘʟʘ ʧʨʝʚʳʰʘʶʱʠʤʠ ʪʘʢʦʚʳʝ 

ʜʣʷ ʬʘʟ RCrxGa3-yGey. 
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ʇʦʩʪʝʧʝʥʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʩʦʜʝʨʞʘʥʠʝ Ge ʚ ʠʩʭʦʜʥʦʡ ʩʤʝʩʠ ʚʝʜʝʪ ʢ ʝʛʦ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤʫ ʫʚʝʣʠʯʝʥʠʶ ʚ ʩʦʩʪʘʚʝ ʩʦʝʜʠʥʝʥʠʡ ʜʦ n = 3, ʛʜʝ ʤʳ ʥʘʙʣʶʜʘʝʤ 

ʤʘʢʩʠʤʘʣʴʥʫʶ ʩʪʝʧʝʥʴ ʟʘʤʝʱʝʥʠʷ Ga ʥʘ Ge (y = 4). ʇʨʠ n > 3 ʝʛʦ ʩʦʜʝʨʞʘʥʠʝ ʚ ʬʘʟʘʭ ʥʝ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ (ʈʠʩʫʥʦʢ 20ʘ). ʋʚʝʣʠʯʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ Ge ʪʘʢʞʝ ʢʦʨʨʝʣʠʨʫʝʪ ʩ 

ʫʚʝʣʠʯʝʥʠʝʤ ʦʙʲʝʤʦʚ ʵʣʝʤʝʥʪʘʨʥʳʭ ʷʯʝʝʢ (ʈʠʩʫʥʦʢ 20ʙ). ʊʘʢ ʢʘʢ ʘʪʦʤʥʳʝ ʨʘʜʠʫʩʳ Ga 

ʠ Ge ʨʘʟʣʠʯʘʶʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʦ [44], ʪʦ ʤʦʞʥʦ ʛʦʚʦʨʠʪʴ ʦ ʪʦʤ, ʯʪʦ ʠʟʤʝʥʝʥʠʷ ʚ 

ʦʙʲʝʤʘʭ ʵʣʝʤʝʥʪʘʨʥʳʭ ʷʯʝʝʢ ʧʨʝʞʜʝ ʚʩʝʛʦ ʚʳʟʚʘʥʳ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ Cr ʚ 

ʬʘʟʘʭ.    

         

 

ʈʠʩʫʥʦʢ 20. ɿʘʚʠʩʠʤʦʩʪʠ ʩʦʜʝʨʞʘʥʠʷ Ge ʚ ʬʘʟʘʭ (ʘ) ʠ ʦʙʲʝʤʦʚ ʵʣʝʤʝʥʪʘʨʥʳʭ ʷʯʝʝʢ (ʙ) 

ʦʪ ʢʦʣʠʯʝʩʪʚʘ Ge ʚ ʠʩʭʦʜʥʦʡ ʩʤʝʩʠ. 

 

ɺ ʩʣʫʯʘʝ ʩʦʝʜʠʥʝʥʠʡ ʩ Mn ʜʦʙʘʚʣʝʥʠʝ ʜʘʞʝ ʤʘʣʦʛʦ ʢʦʣʠʯʝʩʪʚʘ Ge ʩʨʘʟʫ ʧʨʠʚʦʜʠʪ 

ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʩʚʝʨʭʩʪʨʫʢʪʫʨʥʳʭ ʬʘʟ, ʤʠʥʫʷ ʩʪʘʜʠʠ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ ʠ 

ʪʝʪʨʘʛʦʥʘʣʴʥʦʛʦ ʠʩʢʘʞʝʥʠʷ ʢʫʙʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ, ʢʦʪʦʨʳʝ ʤʳ ʥʘʙʣʶʜʘʣʠ ʜʣʷ Cr-

ʩʦʜʝʨʞʘʱʠʭ ʩʦʝʜʠʥʝʥʠʡ (ʈʠʩʫʥʦʢ 21). ʇʨʠʯʝʤ, ʬʘʟʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʫʞʝ ʥʝ ʪʦʣʴʢʦ ʜʣʷ 

Tb ʠ Dy, ʥʦ ʠ ʜʣʷ Sm ʠ Gd. ʈʝʟʫʣʴʪʘʪʳ ʧʦʨʦʰʢʦʚʦʡ ʜʠʬʨʘʢʮʠʠ ʠ ʈʉʄɸ ʛʦʚʦʨʷʪ ʦ ʪʦʤ, 

ʯʪʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʩʦʜʝʞʨʘʥʠʷ Ge ʚ ʠʩʭʦʜʥʦʡ ʩʤʝʩʠ ʝʛʦ ʢʦʥʮʝʥʪʨʘʮʠʷ ʚ ʩʦʝʜʠʥʝʥʠʷʭ 

ʪʘʢʞʝ ʫʚʝʣʠʯʠʚʘʝʪʩʷ (ʈʠʩʫʥʦʢ 22ʘ, ʙ), ʯʪʦ ʧʨʠʚʦʜʠʪ ʠ ʢ ʩʪʨʫʢʪʫʨʳʥʳʤ ʠʟʤʝʥʝʥʠʷʤ.  

ʉʚʝʨʭʩʪʨʫʢʪʫʨʥʳʝ ʬʘʟʳ ʦʙʱʝʛʦ ʩʦʩʪʘʚʘ R4Mn1-xGa12-yGey (x ~ 0ï0.25; y = 0.4ï4) 

ʦʙʨʘʟʫʶʪʩʷ ʜʣʷ Gd-Dy ʚ ʜʠʘʧʘʟʦʥʝ ʢʦʥʮʝʥʪʨʘʮʠʡ Ge n = 0.25ï4 (ʜʣʷ Tb, Dy) ʠ n = 0.5ï3 

(ʜʣʷ Sm, Gd). ʇʘʨʘʤʝʪʨʳ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʚʘʨʴʠʨʫʶʪʩʷ ʚ ʠʥʪʝʨʚʘʣʝ ʘ ~ 8.55ï8.66 ¡ 

ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʥʢʨʝʪʥʦʛʦ R. ʏʝʪʢʦʡ ʣʠʥʝʡʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʚ ʠʟʤʝʥʝʥʠʠ ʧʘʨʘʤʝʪʨʘ 
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ʩ ʧʦʩʪʝʧʝʥʥʳʤ ʫʚʝʣʠʯʝʥʠʝʤ ʩʦʜʝʨʞʘʥʠʷ Ge ʤʳ ʥʝ ʥʘʙʣʶʜʘʝʤ, ʯʪʦ ʤʦʞʥʦ ʩʚʷʟʘʪʴ ʩ 

ʜʝʬʠʮʠʪʦʤ Mn ʚ ʥʝʢʦʪʨʳʭ ʦʙʨʘʟʮʘʭ, ʯʪʦ ʧʦʜʨʦʙʥʦ ʙʫʜʝʪ ʦʙʩʫʞʜʝʥʦ ʚ ʩʣʝʜʫʶʱʝʤ 

ʨʘʟʜʝʣʝ (ʈʠʩʫʥʦʢ 22 ʚ, ʛ).  

 

ʈʠʩʫʥʦʢ 21. ʇʦʨʦʰʢʦʚʳʝ ʜʠʬʨʘʢʪʦʛʨʘʤʤʳ ʦʙʨʘʟʮʦʚ 2R:2Mn:25Ga:nGe ʩ ʨʘʟʣʠʯʥʳʤ 

ʩʦʜʝʨʞʘʥʠʝʤ Ge ʚ ʠʩʭʦʜʥʦʡ ʩʤʝʩʠ, ʢʦʪʦʨʳʝ ʫʢʘʟʳʚʘʶʪ ʥʘ ʥʘʣʠʯʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ 

ʨʝʬʣʝʢʩʦʚ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʱʠʝ ʦ ʩʚʝʨʭʩʪʨʫʢʪʫʨʥʦʤ ʫʧʦʨʷʜʦʯʝʥʠʠ ʬʘʟ 

 

ɺ ʩʠʩʪʝʤʝ Sm-Mn-Ga(Ge) ʤʳ ʥʘʙʣʶʜʘʝʤ ʫʞʝ ʠʥʦʡ ʭʘʨʘʢʪʝʨ ʬʘʟʦʦʙʨʘʟʦʚʘʥʠʷ. 

ʇʨʠ ʤʘʣʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ Ge ʚ ʠʩʭʦʜʥʦʡ ʩʤʝʩʠ (n = 0.5 ʠ 1.0) ʥʘʤʠ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʬʘʟʘ 

ʩʨʝʜʥʝʛʦ ʩʦʩʪʘʚʘ Sm2Mn1-xGa6-yGey (x ~ 0ï0.25; y = 0.6ï0.9), ʚ ʢʦʪʦʨʦʡ ʩʦʜʝʨʞʘʥʠʝ Mn ʚ 

ʜʚʘ ʨʘʟʘ ʙʦʣʴʰʝ, ʯʝʤ ʚ R4Mn1-xGa12-yGey. ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʢʦʣʠʯʝʩʪʚʘ Ge (n = 1.5ï3.0) 

ʦʙʨʘʟʫʝʪʩʷ ʬʘʟʘ Sm4MnGa12-yGey (y = 3.0ï3.5), ʢʘʢ ʠ ʚ ʩʣʫʯʘʝ ʩ Gd-Dy. ʇʘʨʘʤʝʪʨʳ ʷʯʝʡʢʠ 

ʜʣʷ ʬʘʟʳ Sm2Mn1-xGa6-yGey (ʘ ~ 8.70 ¡) ʧʨʝʚʦʩʭʦʜʷʪ ʪʘʢʦʚʳʝ ʜʣʷ Sm4MnGa12-yGey (ʘ ~ 

8.67 ¡), ʯʪʦ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʙʦʣʴʰʠʤ ʩʦʜʝʨʞʘʥʠʝʤ Mn ʚ ʧʝʨʚʦʡ ʬʘʟʝ.  



71 
 

 

 

ʈʠʩʫʥʦʢ 22. ɿʘʚʠʩʠʤʦʩʪʠ ʩʦʜʝʨʞʘʥʠʷ Ge ʚ ʬʘʟʘʭ (ʘ, ʙ) ʠ ʧʘʨʘʤʝʪʨʦʚ ʵʣʝʤʝʥʪʘʨʥʳʭ ʷʯʝʝʢ 

(ʚ, ʛ) ʦʪ ʢʦʣʠʯʝʩʪʚʘ Ge ʚ ʠʩʭʦʜʥʦʡ ʩʤʝʩʠ. 

 

4.2 ʂʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ ʬʘʟ ʚʥʝʜʨʝʥʠʷ RTŭ(Ga,Ge)3, ʛʜʝ R = Sm, Gd-Dy; T = 

Cr , Mn 

4.2.1 ʅʝʫʧʦʨʷʜʦʯʝʥʥʳʝ ʬʘʟʳ ʪʠʧʘ RTxGa3-yGey ( R = Tb, Dy; T = Cr , Mn ) 

ʂʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ ʥʝʫʧʦʨʷʜʦʯʝʥʥʳʭ ʬʘʟ ʪʠʧʘ RTxGa3-yGey (R =  Tb, Dy; 

T = Cr, Mn ) ʤʦʞʥʦ ʫʧʨʦʱʝʥʥʦ ʦʧʠʩʘʪʴ ʚ ʨʘʤʢʘʭ ʩʪʨʫʢʪʫʨʥʦʛʦ ʪʠʧʘ ʧʝʨʦʚʩʢʠʪʘ ABO3 

(ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʛʨʫʧʧʘ Pmσm, Z = 1), ʛʜʝ ʘʪʦʤʳ ʨʝʜʢʦʟʝʤʝʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ ʟʘʥʠʤʘʶʪ 

ʧʦʟʠʮʠʶ ʢʘʪʠʦʥʘ ɸ, Ga  ʠʣʠ E (Ga/Ge) ï ʧʦʟʠʮʠʶ ʢʠʩʣʦʨʦʜʘ, ʘ ʘʪʦʤʳ ʧʝʨʝʭʦʜʥʦʛʦ 

ʤʝʪʘʣʣʘ ʯʘʩʪʠʯʥʦ ʟʘʩʝʣʷʶʪ ʧʦʟʠʮʠʶ ɺ ʢʘʪʠʦʥʘ. ɽʩʣʠ ʜʘʥʥʫʶ ʩʪʨʫʢʪʫʨʫ ʦʧʠʩʳʚʘʪʴ ʚ 

ʨʘʤʢʘʭ ʧʦʣʠʵʜʨʦʚ, ʪʦ ʦʥʘ ʩʦʩʪʦʠʪ ʠʟ ʧʦʣʠʵʜʨʦʚ RE12, ʟʘʧʦʣʥʝʥʥʳʭ ʦʢʪʘʵʜʨʦʚ TE6 ʠ 
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ʧʫʩʪʳʭ ʦʢʪʘʵʜʨʦʚ E6. ʅʘ ʨʠʩʫʥʢʝ 23ʘ ʧʦʢʘʟʘʥʘ ʩʪʨʫʪʫʨʘ ʬʘʟ RTxGa3-yGey ʥʘ ʧʨʠʤʝʨʝ 

ʩʦʝʜʠʥʝʥʠʷ TbMn0.18Ga3.  

ɿʘʩʝʣʝʥʥʦʩʪʠ ʧʦʟʠʮʠʠ ʘʪʦʤʦʚ ʧʝʨʝʭʦʜʥʦʛʦ ʤʝʪʘʣʣʘ ʚ ʩʣʫʯʘʝ Cr-ʩʦʜʝʨʞʘʱʠʭ ʬʘʟ 

ʚʳʰʝ, ʯʝʤ ʜʣʷ ʬʘʟ ʩ Mn ʢʘʢ ʜʣʷ Tb, ʪʘʢ ʠ ʜʣʷ Dy (ʭ = 0.22(1) ʠ 0.18(1) ʜʣʷ Tb ʠ ʭ = 

0.20(1) ʠ 0.16(2) ʜʣʷ Dy ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʨʠ y = 0). ʏʘʩʪʠʯʥʦʝ ʟʘʤʝʱʝʥʠʝ Ga ʥʘ Ge ʪʘʢʞʝ 

ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʩʦʜʝʨʞʘʥʠʠ Cr ʚ RCrxGa3-yGey, ʝʛʦ ʢʦʣʠʯʝʩʪʚʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ (ʭ = 

0.257(9) ʠ 0.220(6) ʧʨʠ y = 0.3). 

 

 

ʈʠʩʫʥʦʢ 23. ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ RTx(Ga,Ge)3 ʥʘ ʧʨʠʤʝʨʝ ʬʘʟʳ TbMn0.18Ga3. 

ʂʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʧʦʣʠʵʜʨʳ ʘʪʦʤʦʚ Tb ʠ Mn (ʘ) ʠ ʩʤʝʱʝʥʠʝ ʘʪʦʤʦʚ Ga ʚʩʣʝʜʩʪʚʠʝ 

ʚʥʝʜʨʝʥʠʷ Mn ʚ  ʦʢʪʘʵʜʨ Ga6 (ʙ) 

      

ʇʘʨʘʤʝʪʨʳ ʵʣʝʤʝʥʪʘʨʥʳʭ ʷʯʝʝʢ ʘ ʜʣʷ ʬʘʟ ʩ Cr (ʘ ~ 4.27ï4.29 ¡) ʪʘʢʞʝ ʧʨʝʚʳʰʘʶʪ 

ʪʘʢʦʚʳʝ ʜʣʷ Mn (ʘ ~ 4.26ï4.27 ¡), ʯʪʦ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʢʘʢ ʙʦʣʴʰʠʤ ʘʪʦʤʥʳʤ 

ʨʘʜʠʫʩʦʤ Cr, ʪʘʢ ʠ ʝʛʦ ʙʦʣʴʰʝʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʚ ʬʘʟʘʭ [44]. ʉʨʘʚʥʝʥʠʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʥʘʤʠ, ʩ ʣʠʪʝʨʘʪʫʨʥʳʤʠ ʜʘʥʥʳʤʠ ʧʦʢʘʟʳʚʘʝʪ, 

ʯʪʦ ʚ ʨʘʤʢʘʭ ʢʘʞʜʦʡ ʦʪʜʝʣʴʥʦʡ ʩʝʨʠʠ ʬʘʟ ʧʝʨʠʦʜ ʘ ʤʦʥʦʪʦʥʥʦ ʫʤʝʥʴʰʘʝʪʩʷ ʧʨʠ 

ʜʚʠʞʝʥʠʠ ʚ ʨʷʜʝ ʈɿʕ ʩʣʝʚʘ ʥʘʧʨʘʚʦ, ʯʪʦ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʣʘʥʪʘʥʦʠʜʥʳʤ ʩʞʘʪʠʝʤ 

(ʈʠʩʫʥʦʢ 24).   
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ʈʠʩʫʥʦʢ 24. ɿʘʚʠʩʠʤʦʩʪʴ ʧʘʨʘʤʝʪʨʦʚ ʵʣʝʤʝʥʪʘʨʥʳʭ ʷʯʝʝʢ ʬʘʟ RTx(Ga,Ge)3 ʦʪ ʘʪʦʤʘ 

ʨʝʜʢʦʟʝʤʝʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ: ʢʨʘʩʥʳʤ ʦʪʤʝʯʝʥʳ ʬʘʟʳ RCrxGa2.7Ge0.3, ʬʠʦʣʝʪʦʚʳʤ ʠ 

ʩʠʥʠʤ ï RTxGa3 ʩ Cr ʠ Mn ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʠ ʩʨʘʚʥʝʥʠʝ ʠʭ ʩ ʣʠʪʝʨʘʪʫʨʥʳʤʠ ʜʘʥʥʳʤʠ 

[49]   

    

ʊʘʢ ʢʘʢ ʠʩʭʦʜʥʘʷ ʦʢʪʘʵʜʨʠʯʝʩʢʘʷ ʧʫʩʪʦʪʘ Ga6/E6 ʤʝʥʴʰʝ ʨʘʟʤʝʨʘ ʘʪʦʤʘ 

ʧʝʨʝʭʦʜʥʦʛʦ ʤʝʪʘʣʣʘ, ʪʦ ʚʥʝʜʨʝʥʠʝ ʘʪʦʤʦʚ ʊ ʚ ʦʢʪʘʵʜʨʠʯʝʩʢʠʝ ʧʫʩʪʦʪʳ Ga6/E6 ʚʦʟʤʦʞʥʦ 

ʙʣʘʛʦʜʘʨʷ ʩʤʝʱʝʥʠ ʁʯʘʩʪʠ ʘʪʦʤʦʚ Ga/E ʠʟ ʩʚʦʝʡ ʠʩʭʦʜʥʦʡ ʧʦʟʠʮʠʠ Ga/E (0, İ, İ) ʚ 

ʧʦʟʠʮʠʶ Gaô/Eô (~ 0.08, İ, İ), ʧʨʝʜʦʪʚʨʘʱʘʷ ʦʙʨʘʟʦʚʘʥʠʝ ʩʣʠʰʢʦʤ ʢʦʨʦʪʢʠʭ ʨʘʩʩʪʦʷʥʠʡ 

TïGa/E ~ 2.13-2.15 ¡, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ ʩʫʤʤ rʘʪʦʤʥʳʭ ʨʘʜʠʫʩʦʚ ʧʝʨʝʭʦʜʥʦʛʦ 

ʤʝʪʘʣʣʘ ʠ p-ʵʣʝʤʝʥʪʘ [44]. ʂʘʨʪr ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʚ ʦʙʣʘʩʪʠ 

ʧʦʟʠʮʠʠ ʘʪʦʤʦʚ Ga/E ʠʤʝʝʪ ʥʝʩʬʝʨʠʯʝʩʢʫʶ ʬʦʨʤʫ, ʘ ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʬʘʟ ʩ Cr 

ʤʦʞʥʦ ʨʘʟʣʠʯʠʪʴ ʜʚʘ ʦʪʜʝʣʴʥʳʭ ʧʠʢʘ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ (ʈʠʩʫʥʦʢ 18ʘ), ʯʪʦ ʤʦʞʥʦ 

ʩʚʷʟʘʪʴ ʩ ʙʦʣʴʰʠʤ ʩʦʜʝʨʞʘʥʠʝʤ Cr ʚ ʬʘʟʘʭ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ Mn. ɼʘʥʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ 

ʬʦʨʤʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʤʳ ʠ ʠʥʪʝʨʧʨʝʪʨʨʫʝʤ ʢʘʢ ʩʤʝʱʝʥʠʝ ʯʘʩʪʠ 

ʘʪʦʤʦʚ Ga/E ʠʟ ʩʚʦʝʡ ʧʦʟʠʮʠʠ. ɺ ʣʠʪʝʨʘʪʫʨʝ ʧʦʜʦʙʥʦʝ ʦʧʠʩʘʥʠʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ 

ʩʪʨʫʢʪʫʨʳ ʩ ʨʘʩʱʝʧʣʝʥʠʝʤ ʧʦʟʠʮʠʠ ʘʪʦʤʘ p-ʵʣʝʤʝʥʪʘ ʥʘ ʜʚʝ ʯʘʩʪʠʯʥʦ ʟʘʩʝʣʝʥʥʳʝ 

ʧʦʟʠʮʠʠ ʧʨʦʚʦʜʠʣʠ ʪʦʣʴʢʦ ʜʣʷ ʬʘʟ RMnxGa3 (R = Ho-Tm; x ~ 0.1-0.15) [49]. ɺ ʜʨʫʛʠʭ ʞʝ 

ʩʣʫʯʘʷʭ, ʛʜʝ ʩʦʜʝʨʞʘʥʠʝ T ʤʝʪʘʣʣʘ ʤʝʥʴʰʝ RMnxGa3 (R = Ho-Tm; x ~ 0.05) [49] ʠʣʠ 
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RCrxGa3 (R = Ho, Er; x ~ 0.15) [51], ʧʦʜʦʙʥʫʶ ʢʘʨʪʠʥʫ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ 

ʦʧʠʩʳʚʘʣʠ ʢʘʢ ʵʣʣʠʧʩʦʠʜʳ ʪʝʧʣʦʚʳʭ ʢʦʣʝʙʘʥʠʡ ʘʪʦʤʦʚ E.  

ɹʣʘʛʦʜʘʨʷ ʩʤʝʱʝʥʠʶ ʯʘʩʪʠ ʘʪʦʤʦʚ Ga/E ʧʨʠ ʚʥʝʜʨʝʥʠʠ ʘʪʦʤʘ 3d-ʤʝʪʘʣʣʘ 

ʧʨʦʠʩʭʦʜʠʪ ʫʚʝʣʠʯʝʥʠʶ ʦʙʲʝʤʘ ʟʘʧʦʣʥʝʥʥʦʛʦ ʦʢʪʘʵʜʨʘ TEô6, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ 

ʩʦʩʝʜʩʪʚʫʶʱʠʝ ʧʫʩʪʳʝ ʦʢʪʘʵʜʨʳ ʠʩʢʘʞʘʶʪʩʷ ʠ ʩʞʠʤʘʶʪʩʷ (ʈʠʩʫʥʦʢ 23ʙ). ʕʪʦ ʪʘʢʞʝ 

ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʪʨʝʭ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʨʘʩʩʪʦʷʥʠʡ ʤʝʞʜʫ ʘʪʦʤʘʤʠ p-ʵʣʝʤʝʥʪʦʚ: 

ʨʘʩʩʪʦʷʥʠʷ Eô-Eô (3.50ï3.55 ¡) ʚ ʟʘʧʦʣʥʝʥʥʳʭ ʦʢʪʘʵʜʨʘʭ TEô6 ʩʘʤʳʝ ʜʣʠʥʥʳʝ, ʪʦʛʜʘ ʢʘʢ 

ʚ ʧʫʩʪʳʭ ʦʢʪʘʵʜʨʘʭ ʚʩʪʨʝʯʘʶʪʩʷ ʤʝʞʘʪʦʤʥʳʝ ʨʘʩʩʪʦʷʥʠʷ ʪʠʧʘ Eô-E (2.77ï2.80 ¡) ʠ E-E 

(3.01ï3.03 ¡). ʆʙʨʘʟʦʚʘʥʥʳʝ ʧʨʠ ʵʪʦʤ ʨʘʩʩʪʦʷʥʠʷ T-Eô ʩʦʩʪʘʚʣʷʶʪ ʧʦʨʷʜʢʘ ~ 2.47ï2.51 

¡, ʯʪʦ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʩʫʤʤʦʡ ʠʭ ʘʪʦʤʥʳʭ ʨʘʜʠʫʩʦʚ ʠ ʥʘʭʦʜʠʪʩʷ ʚ ʪʠʧʠʯʥʦʤ 

ʜʠʘʧʘʟʦʥʝ ʨʘʩʩʪʦʷʥʠʡ T-Ga ʠ T-Ge ʚ ʨʦʜʩʪʚʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʷʭ [34-38, 49-51] ʠ ʨʷʜʝ 

ʜʨʫʛʠʭ ʠʥʪʝʨʤʝʪʘʣʣʠʯʝʩʢʠʭ ʬʘʟ [119, 120]. ɺʩʝ ʦʩʪʘʣʴʥʳʝ ʤʝʞʘʪʦʤʥʳʝ ʨʘʩʩʪʦʷʥʠʷ ʚ 

ʩʨʘʚʥʝʥʠʠ ʩ ʣʠʪʝʨʘʪʫʨʥʳʤʠ ʜʘʥʥʳʤʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 27, ʘʥʘʣʠʟ ʢʦʪʦʨʦʡ 

ʧʦʢʘʟʳʚʘʝʪ ʦʞʠʜʘʝʤʦʝ ʫʤʝʥʴʰʝʥʠʝ ʚʩʝʭ ʨʘʩʩʪʦʷʥʠʡ ʧʨʠ ʜʚʠʞʝʥʠʠ ʦʪ ʬʘʟ ʩ Tb ʢ ʬʘʟʘʤ ʩ 

Tm. ɺ ʩʦʝʜʠʥʝʥʠʷʭ ʩ Cr ʯʘʩʪʠʯʥʦʝ ʟʘʤʝʱʝʥʠʝ Ga ʥʘ Ge ʚʳʟʳʚʘʝʪ ʫʚʝʣʠʯʝʥʠʝ ʚʩʝʭ 

ʤʝʞʘʪʦʤʥʳʭ ʨʘʩʩʪʦʷʥʠʡ, ʥʝʩʤʦʪʨʷ ʥʘ ʪʦ ʯʪʦ ʘʪʦʤʥʳʡ ʨʘʜʠʫʩ Ge ʩʣʝʛʢʘ ʤʝʥʴʰʝ, ʯʝʤ ʫ 

Ga [44]. ʕʪʦ ʚʳʟʚʘʥʦ ʙʦʣʴʰʠʤ ʩʦʜʝʨʞʘʥʠʝʤ Cr, ʢʦʪʦʨʦʝ ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʚʝʣʠʯʝʥʠʶ 

ʧʘʨʘʤʝʪʨʘ ʵʣʝʤʝʥʪʘʨʥʳʭ ʷʯʝʝʢ, ʯʪʦ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʩʢʘʟʳʚʘʝʪʩʷ ʠ ʥʘ ʤʝʞʘʪʦʤʥʳʭ 

ʨʘʩʩʪʦʷʥʠʷʭ. 
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ʊʘʙʣʠʮʘ 27. ʉʨʘʚʥʝʥʠʝ ʤʝʞʘʪʦʤʥʳʭ ʨʘʩʩʪʦʷʥʠʡ ʚ ʧʦʣʫʯʝʥʥʳʭ ʬʘʟʘʭ RTxGa3-yGey ( R =  Tb, Dy; T = Cr, Mn ) ʠ ʚ ʬʘʟʘʭ RTxGa3 (R =  

Ho, Er; T = Cr, Mn ) [49, 51]. 

 TbCr0.25(1)Ga2.7Ge0.3 TbCr0.22(1)Ga3 DyCr0.221(7)Ga2.7Ge0.3 DyCr0.20(1)Ga3 HoCr0.15Ga3 [51] ErCr0.15Ga3 [51] 

R-Ga(Ĭ12), ¡ 3.0355(1) 3.0337(4) 3.0226(1) 3.0169(7) 3.0058(7) 2.9969(7) 

R-Gaô(Ĭ12), ¡ 3.054(1) 3.0516(2) 3.042(1) 3.0369(2) ï ï 

R-Cr(Ĭ8), ¡ 3.7177(4) 3.7155(4) 3.7019(1) 3.6949(6) 3.6813(10) 3.6702(10) 

R-R(Ĭ6), ¡ 4.2928(1) 4.2903(5) 4.2746(1) 4.2665(7) 4.2508(10) 4.2383(10) 

Cr-Ga(Ĭ6), ¡ ï ï ï ï 2.1254(5) 2.1191(5) 

Cr-Gaô (Ĭ6), ¡ 2.480(1) 2.490(2) 2.483(9) 2.481(2) ï ï 

Ga-Ga(Ĭ8), ¡ 3.0355(1) 3.0337(4) 3.0226(1) 3.0169(6) 3.0058(7) 2.9969(7) 

Ga-Gaô(Ĭ8), ¡ 2.810(7) 2.800(1) 2.789(6) 2.782(9) ï ï 

Gaô-Gaô(Ĭ8), ¡ 3.507(1) 3.52(2) 3.512(9) 3.57(2) ï ï 

 TbMn0.18(1)Ga3 DyMn0.16(2)Ga3 HoMn0.15Ga3 [49] ErMn0.12Ga3 [49] 

R-Ga(Ĭ12), ¡ 3.0189(3) 

3.0369(2) 

3.6974(3) 

4.2694(3) 

2.1347(2) 

2.461(3) 

3.0189(3) 

2.7954(1) 

3.4855(2) 

3.0134(4) 

3.0308(3) 

3.6907(4) 

4.2616(4) 

2.1308(2) 

2.457(5) 

3.0134(4) 

2.7934(3) 

3.4723(4) 

3.0063(2) 2.9947(2) 

R-Gaô(Ĭ12), ¡ 3.0265(4) 3.0009(2) 

R-Mn(Ĭ8), ¡ 3.6820(4) 3.6542(2) 

R-R(Ĭ6), ¡ 4.2516(2) 4.2195(2) 

Mn-Ga(Ĭ6), ¡ 2.1258(2) 2.1098(2) 

Mn-Gaô (Ĭ6), ¡ 2.4744(4) 2.4309(2) 

Ga-Ga(Ĭ8), ¡ 3.0063(2) 2.9947(2) 

Ga-Gaô(Ĭ8), ¡ ï ï 

Gaô-Gaô(Ĭ8), ¡ ï ï 
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4.2.2 ʉʚʝʨʭʩʪʨʫʢʪʫʨʥʳʝ ʬʘʟʳ ʪʠʧʘ R4T1-xGa12-yGey ( R = Sm, Gd-Dy; T = Cr , Mn) 

ʌʘʟʳ R4T1-xGa12-yGey (R = Sm, Gd-Dy; T = Cr, Mn), ʦʙʨʘʟʫʶʱʠʝʩʷ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ 

ʩʦʜʝʨʞʘʥʠʷ Ge ʚ ʠʩʭʦʜʥʦʡ ʩʤʝʩʠ, ʤʦʞʥʦ ʬʦʨʤʘʣʴʥʦ ʦʧʠʩʘʪʴ ʚ ʨʘʤʢʘʭ ʩʪʨʫʢʪʫʨʥʦʛʦ 

ʪʠʧʘ Y4PdGa12 (ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʛʨʫʧʧʘ Imσm, Z = 2, a ~ 8.56ï8.59 ¡). ɼʘʥʥʳʝ 

ʩʦʝʜʠʥʝʥʠʷ ʦʙʨʘʟʫʶʪʩʷ ʟʘ ʩʯʝʪ ʫʧʦʨʷʜʦʯʝʥʥʦʛʦ ʚʥʝʜʨʝʥʠʷ ʘʪʦʤʦʚ d-ʤʝʪʘʣʣʘ ʚ ʯʝʪʚʝʨʪʴ 

ʚʩʝʭ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʧʫʩʪʦʪ E6 (E = Ga/Ge). ɺʥʝʜʨʝʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦ 

ʟʘʧʦʣʥʝʥʥʳʝ ʦʢʪʘʵʜʨʳ ʊɽ6 ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚ ʚʝʨʰʠʥʘʭ ʠ ʮʝʥʪʨʝ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ, 

ʦʙʨʘʟʫʷ ʦʙʲʝʤʥʦ-ʮʝʥʪʨʠʨʦʚʘʥʥʫʶ ʢʫʙʠʯʝʩʢʫʶ ʵʣʝʤʝʥʪʘʨʥʫʶ ʷʯʝʡʢʫ (ʈʠʩʫʥʦʢ 25ʘ, ʙ). 

ɺʩʣʝʜʩʪʚʠʝ ʫʧʦʨʷʜʦʯʝʥʠʷ ʧʘʨʘʤʝʪʨ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʘ ʧʨʘʢʪʠʯʝʩʢʠ ʚ ʜʚʘ ʨʘʟʘ 

ʧʨʝʚʳʰʘʶʪ ʪʘʢʦʚʦʡ ʜʣʷ ʨʘʥʝʝ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʥʝʫʧʦʨʷʜʦʯʝʥʥʳʭ ʬʘʟ RTxGa3-yGey. ʆʥ 

ʪʘʢʞʝ ʩʦʧʦʩʪʘʚʠʤ ʩ ʧʘʨʘʤʝʪʨʦʤ ʜʣʷ ʠʟʦʩʪʨʫʢʪʫʨʥʳʭ ʬʘʟ ʩ ʜʨʫʛʠʤʠ ʧʝʨʝʭʦʜʥʳʤʠ 

ʤʝʪʘʣʣʘʤʠ [33, 35-38, 48, 80]. ɿʘʧʦʣʥʝʥʥʳʝ ʦʢʪʘʵʜʨʳ ʊɽ6 ʠ ʧʫʩʪʳʝ E6 ʩʦʝʜʠʥʝʥʳ 

ʚʝʨʰʠʥʘʤʠ, ʦʙʨʘʟʫ ̫ʪʝʤ ʩʘʤʳʤ ʪʨʝʭʤʝʨʥʫʶ ʩʝʪʢʫ. ʆʙʨʘʟʦʚʘʥʥʳʝ ʧʨʠ ʵʪʦʤ ʢʨʫʧʥʳʝ 

ʢʫʙʦʢʪʘʵʜʨʠʯʝʩʢʠʝ ʧʫʩʪʦʪʳ E12 ʟʘʧʦʣʥʷʶʪʩʷ ʘʪʦʤʘʤʠ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ 

(ʈʠʩʫʥʦʢ 25ʚ). ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʩʪʨʫʢʪʫʨʫ R4T1-xGa12-yGey ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ 

ʧʨʝʜʩʪʘʚʠʪʝʣʷ ʨʝʜʢʦʛʦ ʯʝʪʳʨʝʭʢʦʤʧʦʥʝʥʪʥʦʛʦ ʩʝʤʝʡʩʪʚʘ ʧʝʨʦʚʩʢʠʪʦʚ A4BB'3O12 

ʩʪʨʫʢʪʫʨʥʦʛʦ ʪʠʧʘ Ba4LiSb3O12, ʛʜʝ ʧʦʟʠʮʠʷ B' ʦʩʪʘʝʪʩʷ ʚʘʢʘʥʪʥʦʡ [121]. 

 

ʈʠʩʫʥʦʢ 25. ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ R4TGa12-yGey ʥʘ ʧʨʠʤʝʨʝ ʬʘʟʳ Tb4MnGa8.8Ge3.2 

(ʘ, ʙ) ʠ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʧʦʣʠʵʜʨʳ ʘʪʦʤʦʚ Mn, Tb ʠ ʠʭ ʩʦʯʣʝʥʝʥʠʝ ʩ ʧʫʩʪʳʤʠ 

ʧʦʣʠʵʜʨʘʤʠ E6 (ʚ). 
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ɿʘʩʝʣʝʥʥʦʩʪʴ ʧʦʟʠʮʠʠ d-ʤʝʪʘʣʣʦʚ ʚ ʬʘʟʘʭ ʜʘʥʥʦʛʦ ʪʠʧʘ ʥʝ ʚʩʝʛʜʘ ʙʳʚʘʝʪ ʧʦʣʥʦʡ, 

ʯʪʦ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʜʣʷ ʩʦʝʜʠʥʝʥʠʷ Er4Fe0.67Ga12 [35] ʠ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ Y4Mn1-xGa12-

yGey [37]. ʅʘʤʠ ʪʘʢʞʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʦʙʨʘʟʮʳ ʩ ʥʝʧʦʣʥʦʡ ʟʘʩʝʣʝʥʥʦʩʪʴʶ ʘʪʦʤʘ 

ʧʝʨʝʭʦʜʥʦʛʦ ʤʝʪʘʣʣʘ ʩʣʝʜʫʶʱʠʭ ʩʦʩʪʘʚʦʚ Dy4Cr0.87Ga8.4Ge3.6 ʠ Tb4Mn0.75Ga9.6Ge2.4; ʚ 

ʩʣʫʯʘʝ ʦʩʪʘʣʴʥʳʭ ʦʙʨʘʟʮʦʚ ʜʣʷ ʢʦʪʦʨʳʭ ʧʨʦʚʦʜʠʣʠ ʈʉɸ ʟʘʩʝʣʝʥʥʦʩʪʴ ʧʦʟʠʮʠʠ Mn ʠ Cr 

ʨʘʚʥʷʣʘʩʴ ʝʜʠʥʠʮʝ. 

ʇʘʨʘʤʝʪʨʳ ʵʣʝʤʝʥʪʘʨʥʳʭ ʷʯʝʝʢ ʜʣʷ ʬʘʟ ʩ ʧʦʣʥʦʡ ʟʘʩʝʣʝʥʥʦʩʪʴʶ ʧʦʟʠʮʠʠ d-

ʤʝʪʘʣʣʘ ʭʦʨʦʰʦ ʢʦʨʨʝʣʠʨʫʶʪ ʤʝʞʜʫ ʩʦʙʦʡ ʠ ʩʦʧʦʩʪʘʚʠʤʳ ʩ ʣʠʪʝʨʘʪʫʨʥʳʤʠ ʜʘʥʥʳʤʠ 

[33, 35-38, 48, 80]. ʇʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʘ ʘ ʜʣʷ ʬʘʟ ʩ Cr ʧʨʝʚʳʰʘʶʪ ʪʘʢʦʚʳʝ 

ʜʣʷ ʬʘʟ ʩ Mn, ʯʪʦ ʦʙʲʷʩʥʠʤʦ ʙʦʣʴʰʠʤ ʘʪʦʤʥʳʤ ʨʘʜʠʫʩʦʤ Cr ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ Mn. ɸ ʧʨʠ 

ʜʚʠʞʝʥʠʠ ʚ ʨʷʜʫ ʈɿʕ ʦʪ Sm ʢ Dy ʧʨʦʠʩʭʦʜʠʪ ʠʭ ʧʦʩʪʝʧʝʥʥʦʝ ʫʤʝʥʴʰʝʥʠʠ ʚʳʟʚʘʥʥʦʝ 

ʫʞʝ ʫʤʝʥʴʰʝʥʠʝʤ ʘʪʦʤʥʦʛʦ ʨʘʜʠʫʩʘ ʈɿʕ. ʉʣʫʯʘʠ ʩ ʜʝʬʠʮʠʪʦʤ 3d-ʤʝʪʘʣʣʘ 

(Dy4Cr0.87Ga8.4Ge3.6 ʠ Tb4Mn0.75Ga9.6Ge2.4) ʧʨʠʚʦʜʷʪ ʢ ʟʥʘʯʠʪʝʣʴʥʳʤ ʠʟʤʝʥʝʥʠʷʤ ʚ 

ʧʘʨʘʤʝʪʨʝ ʷʯʝʡʢʝ, ʝʛʦ ʫʤʝʥʴʰʝʥʠʶ, ʩʨʘʚʥʠʤʳʤ ʩ ʟʘʤʝʥʦʡ 4f-ʵʣʝʤʝʥʪʘ ʥʘ ʩʣʝʜʫʶʱʠʡ ʚ 

ʨʷʜʫ ʟʘ ʥʠʤ (ʈʠʩʫʥʦʢ 26). 

 

  

ʈʠʩʫʥʦʢ 26. ʉʨʘʚʥʝʥʠʝ ʧʘʨʘʤʝʪʨʘ ʘ ʵʣʝʤʝʥʪʘʨʥʳʭ ʷʯʝʝʢ ʜʣʷ ʬʘʟ R4T1-xGa12-yGey (R = Sm, 

Gd-Dy; T = Cr, Mn) ʤʝʞʜʫ ʩʦʙʦʡ ʠ ʩ ʣʠʪʝʨʘʪʫʨʥʳʤʠ ʜʘʥʥʳʤʠ [33, 35-38, 48, 80]. 

ʉʦʩʪʘʚʳ ʧʦʣʫʯʝʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ: Sm4MnGa8.6Ge3.4, Gd4MnGa8.8Ge3.2, Tb4MnGa8.7Ge3.3, 

Dy4MnGa9.6Ge2.4, Tb4CrGa8.4Ge3.6; ʩ ʥʝʧʦʣʥʦʡ ʟʘʩʝʣʝʥʥʦʩʪʴʶ: Tb4Mn0.75Ga9.6Ge2.4 ʠ 

Dy4Cr0.87Ga8.4Ge3.6 
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ɸʥʘʣʠʟ ʤʝʞʘʪʦʤʥʳʭ ʨʘʩʩʪʦʷʥʠʡ (ʊʘʙʣʠʮʘ 28) ʜʣʷ ʬʘʟ ʩ ʧʦʣʥʦʡ ʟʘʩʝʣʝʥʥʦʩʪʴʶ 

ʧʦʟʠʮʠʠ d-ʤʝʪʘʣʣʘ ʧʦʢʘʟʳʚʘʝʪ ʠʭ ʤʦʥʦʪʦʥʥʦʝ ʫʤʝʥʴʰʝʥʠʝ ʧʨʠ ʜʚʠʞʝʥʠʠ ʩʣʝʚʘ ʥʘʧʨʘʚʦ 

ʚ ʨʷʜʫ ʈɿʕ, ʯʪʦ ʠ ʢʘʢ ʚ ʩʣʫʯʘʝ ʩ ʧʘʨʘʤʝʪʨʦʤ ʘ, ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʫʤʝʥʴʰʝʥʠʝʤ ʘʪʦʤʥʦʛʦ 

ʨʘʜʠʫʩʘ ʈɿʕ. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʤʝʞʘʪʦʤʥʳʝ ʨʘʩʩʪʦʷʥʠʷ ʜʣʷ ʨʘʟʥʳʭ ʧʘʨ ʘʪʦʤʦʚ 

ʠʟʤʝʥʷʶʪʩʷ ʥʝʦʜʠʥʘʢʦʚʦ. ʉʦʛʣʘʩʥʦ ʪʝʦʨʝʪʠʯʝʩʢʠʤ ʨʘʩʯʝʪʘʤ [49] ʨʘʩʩʪʦʷʥʠʷ E-E ʚ 

ʧʫʩʪʳʭ ʦʢʪʘʵʜʨʘʭ E6 ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʳʤ ʬʘʢʪʦʨʦʤ, ʦʧʨʝʜʝʣʷʶʱʠʤ ʦʙʨʘʟʦʚʘʥʠʝ 

ʢʫʙʠʯʝʩʢʠʭ ʬʘʟ RGa3 ʠ ʧʨʦʠʟʚʦʜʥʳʭ ʦʪ ʥʠʭ, ʠ ʦʥʠ ʥʝ ʤʦʛʫʪ ʟʥʘʯʠʪʝʣʴʥʦ ʦʪʢʣʦʥʷʪʴʩʷ ʦʪ 

ʟʥʘʯʝʥʠʡ ~ 3.03 ¡. ʇʦʵʪʦʤʫ ʧʨʠ ʜʚʠʞʝʥʠʠ ʚ ʨʷʜʫ ʦʪ Dy ʢ Sm ʤʳ ʚʠʜʠʤ, ʯʪʦ ʩʚʷʟʠ E1-E1 

ʠ E1-E2 ʚ ʧʫʩʪʳʭ ʦʢʪʘʵʜʨʘʭ E6 ʨʘʩʪʷʛʠʚʘʶʪʩʷ ʥʝ ʙʦʣʝʝ ʯʝʤ ʥʘ 0.03 ¡. ʕʪʦ, ʚ ʩʚʦʶ 

ʦʯʝʨʝʜʴ, ʚʝʜʝʪ ʢ ʙʦʣʝʝ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ʩʚʷʟʝʡ T-E2 ʚ ʩʦʩʦʝʜʥʠʭ 

ʟʘʧʦʣʥʝʥʥʳʭ ʦʢʪʘʵʜʨʘʭ TE6 ʙʦʣʝʝ ʯʝʤ ʥʘ 0.06 ¡.  

ʅʝʧʦʣʥʘʷ ʟʘʩʝʣʝʥʥʦʩʪʴ ʧʦʟʠʮʠʠ d-ʤʝʪʘʣʣʘ ʚ ʩʦʝʜʠʥʝʥʠʷʭ ʩʦʩʪʘʚʦʚ 

Dy4Cr0.87Ga8.4Ge3.6 ʠ Tb4Mn0.75Ga9.6Ge2.4 ʫʢʘʟʳʚʘʝʪ ʥʘ ʥʘʣʠʯʠʝ ʚʘʢʘʥʩʠʡ ʚ ʧʦʜʨʝʰʝʪʢʝ Cr 

ʠ Mn. ʇʨʠʩʫʪʩʪʚʠʝ ʜʘʥʥʳʭ ʚʘʢʘʥʩʠʡ ʚʝʜʝʪ ʢ ʣʦʢʘʣʴʥʳʤ ʠʩʢʘʞʝʥʠʷʤ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ 

ʩʪʨʫʢʪʫʨʝ. ʕʪʦ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʩʤʝʱʝʥʠʠ ʯʘʩʪʠ ʘʪʦʤʦʚ E2 ʠʟ ʩʚʦʝʡ ʠʩʭʦʜʥʦʡ ʧʦʟʠʮʠʠ 

(~0.29, 0, 0) ʚ ʧʦʟʠʮʠʶ E2ô (~0.25, 0, 0) ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʢ ʚʘʢʘʥʩʠʠ (ʈʠʩʫʥʦʢ 27ʘ), ʥʘ ʯʪʦ 

ʫʢʘʟʳʚʘʝʪ ʥʝʩʬʝʨʠʯʝʩʢʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʚʙʣʠʟʠ ʧʦʟʠʮʠʠ E2 

(ʈʠʩʫʥʦʢ 27ʙ,ʚ). ɼʘʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʠʤʝʝʪ ʛʨʫʰʝʚʠʜʥʫʶ ʬʦʨʤʫ, ʧʨʠ ʵʪʦʤ ʯʘʩʪʴ 

ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʩʤʝʱʝʥʘ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʢ ʧʦʟʠʮʠʠ 3d-ʤʝʪʘʣʣʘ. 
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ʊʘʙʣʠʮʘ 28. ʉʨʘʚʥʝʥʠʝ ʤʝʞʘʪʦʤʥʳʭ ʨʘʩʩʪʦʷʥʠʡ ʚ ʧʦʣʫʯʝʥʥʳʭ ʬʘʟʘʭ R4T1-xGa12-yGey ( R = Sm, Gd-Dy; T = Cr, Mn ) ʠ ʚ ʬʘʟʘʭ Y4Mn1-

xGa12-xGex ʠ Dy4CrGa12 [ 36, 37] 

 Sm4MnGa8.6Ge3.4 Gd4MnGa8.8Ge3.2 Tb4Mn0.75Ga9.6Ge2.4 Tb4MnGa8.7Ge3.3 Dy4MnGa9.6Ge2.4 Y4Mn0.9Ga11Ge 

[37] 

R-E1, ¡ 

R-E2, ¡ 

R-E2ô, ¡ 

3.0645(4) 

3.0863(6) 

 ï 

3.0517(4) 

3.0719(4)  

ï 

3.0241(2) 

3.0441(2) 

3.0242(2) 

3.0305(2) 

3.0488(3)  

ï 

3.0256(5) 

3.0437(2) 

ï 

3.0398(7) 

3.0588(7) 

ï 

R-T, ¡ 3.7532(4) 3.7376(3) 3.7038(2) 3.7116(3) 3.7057(5) 3.7230(1) 

R-R, ¡ 4.3339(1) 4.3158(3) 4.2768(3) 4.2858(3) 4.2791(5) 4.2990(1) 

T-E2, ¡ 2.5336(3) 2.510(1) 2.4861(3) 2.4763(3) 2.470(2) 2.4891(2) 

E1-E1, ¡ 

E2-E2, ¡ 

E1-E2, ¡ 

E2ô-E2ô, ¡ 

E1-E2ô, ¡ 

3.0645(3) 

3.5831(4) 

2.8172(2) 

ï 

ï 

3.0517(3) 

3.549(2) 

2.8140(9) 

ï 

ï 

3.0241(2) 

3.5813(2) 

2.7891(3) 

3.0160(2) 

3.0282(2) 

3.0305(2) 

3.502(3) 

2.8047(1) 

ï 

ï 

3.026(4) 

3.501(3) 

2.802(1) 

ï 

ï 

3.0398(1) 

3.520(3) 

2.8100(1) 

ï 

ï 
 Tb4CrGa8.4Ge3.6 Dy4CrGa12 [36] Dy4Cr0.87Ga8.4Ge3.6 

R-E1, ¡ 

R-E2, ¡ 

R-E2ô, ¡ 

3.0378(3) 

3.0578(3) 

ï 

3.0307(5) 

3.0495(5) 
ï 

3.0274(2) 

3.0492(4) 

3.0275(2) 

R-T, ¡ 3.7205(3) 3.7118(6) 3.7078(2) 

R-R, ¡ 4.2961(2) 4.2860(7) 4.2814(4) 

T-E2, ¡ 2.497(2) 2.482(2) 2.5044(5) 

E1-E1, ¡ 

E2-E2, ¡ 

E1-E2, ¡ 

E2ô-E2ô, ¡ 

E1-E2ô, ¡ 

3.0378(3) 

3.531(4) 

2.8020(2) 

ï 

ï 

3.031(1) 

3.510(3) 

2.802(1) 

ï 

ï 

3.0274(2) 

3.5540(8) 

2.7821(3) 

2.9910(4) 

3.0457(2) 
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ʈʠʩʫʥʦʢ 27. ʉʝʪʢʘ ʠʟ ʘʪʦʤʦʚ Cr ʠ E ʚ Dy4Cr0.87Ga8.4Ge3.6 ʥʘ ʚʳʩʦʪʝ z = 0.5, ʧʦʢʘʟʳʚʘʶʱʘʷ 

ʥʘʣʠʯʠʝ ʚʘʢʘʥʩʠʠ ʚ ʧʦʟʠʮʠʠ ʘʪʦʤʘ Cr ʠ ʩʤʝʱʝʥʠʝ ʯʘʩʪʠ ʘʪʦʤʦʚ E2 ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʢ 

ʵʪʦʡ ʚʘʢʘʥʩʠʠ (ʘ), ʩʨʘʚʥʝʥʠʝ ʢʘʨʪ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʜʣʷ ʩʣʫʯʘʝʚ ʩ ʧʦʣʥʦʡ (ʙ) ʠ 

ʯʘʩʪʠʯʥʦʡ (ʚ) ʟʘʩʝʣʝʥʥʦʩʪʷʤʠ ʧʦʟʠʮʠʠ ʘʪʦʤʘ Cr.  

     

 ʉʤʝʱʝʥʠʝ ʯʘʩʪʠ ʘʪʦʤʦʚ ʠʟ ʧʦʟʠʮʠʠ ɽ2 ʚʩʣʝʜʩʪʚʠʝ ʥʘʣʠʯʠʷ ʚʘʢʘʥʩʠʡ ʧʨʠʚʦʜʠʪ ʢ 

ʩʞʘʪʠʶ ʦʢʪʘʵʜʨʘ E6 ʚ ʜʝʬʝʢʪʥʦʡ ʦʙʣʘʩʪʠ ʠ ʦʙʨʘʟʦʚʘʥʠʶ ʨʘʩʩʪʦʷʥʠʡ E2ô-E2ô ~ 2.99-3.01 

¡ ʤʝʥʴʰʠʭ ʯʝʤ ʠʩʭʦʜʥʳʝ E2-E2 ʩ ~ 3.58-3.55 ¡. ʉʦʩʝʜʥʠʝ ʧʫʩʪʳʝ ʦʢʪʘʵʜʨʳ E6, 

ʥʘʧʨʦʪʠʚ, ʨʘʩʰʠʨʷʶʪʩʷ, ʯʪʦ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʚʷʟʝʡ E1ïE2ô ~ 3.03-3.04 ¡ 

ʙʦʣʴʰʠʭ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ E1ïE2 ~ 2.78 ¡. ʆʩʪʘʣʴʥʳʝ ʤʝʞʘʪʦʤʥʳʝ ʨʘʩʩʪʦʷʥʠʷ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʪʘʙʣʠʮʝ 28, ʥʘʭʦʜʷʪʩʷ ʚ ʭʦʨʦʰʝʤ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʘʢʦʚʳʤʠ ʜʣʷ ʬʘʟ ʩ 

ʧʦʣʥʦʡ ʟʘʩʝʣʝʥʥʦʩʪʴʶ d-ʤʝʪʘʣʣʘ ʠ ʨʷʜʦʤ ʜʨʫʛʠʭ ʠʟʦʩʪʨʫʢʪʫʨʥʳʭ ʬʘʟ [33, 35-38, 48, 80].    
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4.2.3 ʉʚʝʨʭʩʪʨʫʢʪʫʨʥʘʷ ʬʘʟʘ Sm2Mn 1-xGa6-yGey  

ʌʘʟʘ Sm2Mn1-xGa6-yGey ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʪʦʣʴʢʦ ʜʣʷ Sm ʧʨʠ ʤʘʣʦʤ ʩʦʜʝʨʞʘʥʠʠ Ge ʚ 

ʠʩʭʦʜʥʦʡ ʩʤʝʩʠ (n = 0.5 ʠ 1). ɼʣʷ ʜʨʫʛʠʭ R = Gd-Dy ʬʘʟ ʜʘʥʥʦʛʦ ʩʦʩʪʘʚʘ ʧʦʣʫʯʝʥʦ ʠ 

ʦʙʥʘʨʫʞʝʥʦ ʥʝ ʙʳʣʦ. 

ʂʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ Sm2Mn1-xGa6-yGey (ʭ = 0.1-0.3, ʫ = 0.6-1.0) ʤʦʞʥʦ 

ʬʦʨʤʘʣʴʥʦ ʦʧʠʩʘʪʴ ʚ ʨʘʤʢʘʭ ʩʪʨʫʢʪʫʨʥʦʛʦ ʪʠʧʘ K2PtCl6 (ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʛʨʫʧʧʘ 

Fmσm, Z = 4, a Ḑ 8.71 ¡). ʆʥʘ ʩʭʦʞʘ ʩ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʦʡ ʨʘʥʥʝʝ 

ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʩʚʝʨʭʩʪʨʫʢʪʫʨʥʳʭ ʬʘʟ ʪʠʧʘ R4T1-xGa12-yGey. ɺ Sm2Mn1-xGa6-yGey ʘʪʦʤʳ 

Mn ʪʘʢʞʝ ʚʩʪʨʘʠʚʘʶʪʩʷ ʚ ʦʢʪʘʵʜʨʠʯʝʩʢʠʝ ʧʫʩʪʦʪʳ ʚ ʧʦʜʨʝʰʝʪʢʝ ɽ ʵʣʝʤʝʥʪʘ (E = Ga/Ge). 

ɻʣʘʚʥʦʝ ʦʪʣʠʯʠʝ ʤʝʞʜʫ ʜʚʫʤʷ ʵʪʠʤʠ ʩʪʨʫʢʪʫʨʘʤʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʢʦʣʠʯʝʩʪʚʝ ʠ 

ʨʘʩʧʦʣʦʞʝʥʠʠ ʟʘʧʦʣʥʝʥʥʳʭ ʦʢʪʘʵʜʨʦʚ MnE6 (ʈʠʩʫʥʦʢ 28ʘ, ʙ).  

ɺ Sm2Mn1-xGa6-yGey ʘʪʦʤʳ Mn ʟʘʧʦʣʥʷʶʪ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʦʚʠʥʫ ʚʩʝʭ ʠʤʝʶʱʠʭʩʷ 

ʦʢʪʘʵʜʨʦʚ E6 ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦ ʟʘʧʦʣʥʝʥʥʳʝ ʦʢʪʘʵʜʨʳ MnE6 ʬʦʨʤʠʨʫʶʪ 

ʛʨʘʥʝʮʝʥʪʨʠʨʦʚʘʥʥʫʶ ʢʫʙʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ. ɸʪʦʤʳ Sm ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚ ʮʝʥʪʨʝ 

ʢʫʙʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʧʫʩʪʦʪ E12 (ʈʠʩʫʥʦʢ 28ʚ, ʛ). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʫʯʝʥʥʘʷ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʥʘʧʦʤʠʥʘʝʪ ʩʪʨʫʢʪʫʨʫ ʪʠʧʠʯʥʳʭ ʧʝʨʦʚʩʢʠʪʦʚ, ʛʜʝ ʘʪʦʤʳ Sm 

ʟʘʥʠʤʘʶʪ ʧʦʟʠʮʠʶ ʢʘʪʠʦʥʘ ɸ, ʘʪʦʤʳ Mn ï ʢʘʪʠʦʥʘ ɺ, ʘ ʘʪʦʤʳ E ʚʳʩʪʫʧʘʝʪ ʚ ʨʦʣʠ 

ʘʪʦʤʦʚ ʢʠʩʣʦʨʦʜʘ. ʀʩʧʦʣʴʟʫʷ ʵʪʦʪ ʬʦʨʤʘʣʠʟʤ, ʩʪʨʫʢʪʫʨʘ Sm2Mn1-xGa6-yGey ʤʦʞʝʪ ʙʳʪʴ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʘʢ ʜʚʦʡʥʦʡ ʧʝʨʦʚʩʢʠʪ ʩʝʤʝʡʩʪʚʘ A2BBǋO6, ʛʜʝ ʧʦʟʠʮʠ ̫ Bǋ ʧʦʣʥʦʩʪʴʶ 

ʚʘʢʘʥʪʥʘ [122].  
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ʈʠʩʫʥʦʢ 28. ʉʨʘʚʥʝʥʠʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ Sm2Mn1-xGa6-yGey (ʘ) ʠ Sm4MnGa12-

yGey (ʙ) ʠ ʯʝʨʝʜʦʚʘʥʠʝ ʧʦʣʠʵʜʨʦʚ ʚ ʥʠʭ (ʚ, ʛ ʩʦʪʚʝʪʩʪʚʝʥʥʦ). 

 

ʋʪʦʯʥʝʥʠʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ Sm2Mn1-xGa6-yGey ʧʦʢʘʟʘʣʦ, ʯʪʦ ʨʝʘʣʴʥʘʷ 

ʩʪʨʫʢʪʫʨʘ ʦʪʢʣʦʥʷʝʪʩʷ ʦʪ ʠʜʝʘʣʴʥʦʡ Gd2MnGa6, ʨʘʩʩʤʦʪʨʝʥʥʦʡ ʚ ʣʠʪʝʨʘʪʫʨʝ [39, 54]. 

ʊʘʢ, ʟʘʩʝʣʝʥʥʦʩʪʴ ʧʦʟʠʮʠʠ Mn ʙʳʣʘ ʥʝʧʦʣʥʦʡ ʠ ʩʦʩʪʘʚʠʣʘ 0.74 (ʭ = 0.26) ʜʣʷ ʫ = 0.9, ʯʪʦ 

ʫʢʘʟʳʚʘʝʪ ʥʘ ʥʘʣʠʯʠʝ ʚʘʢʘʥʩʠʡ Mn. ʕʪʠ ʚʘʢʘʥʩʠʠ ʪʘʢʞʝ ʚʳʟʳʚʘʶʪ ʩʜʚʠʛ ʩʦʩʝʜʥʠʭ 

ʘʪʦʤʦʚ p-ʵʣʝʤʝʥʪʘ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʢ ʚʘʢʘʥʩʠʠ, ʦ ʯʝʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʛʨʫʰʝʚʠʜʥʘʷ 

ʬʦʨʤʘ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʙʣʠʟʠ ʘʪʦʤʘ E, ʘʥʘʣʦʛʠʯʥʘʷ ʪʦʡ, ʯʪʦ ʤʳ ʥʘʙʣʶʜʘʣʠ ʠ ʜʣʷ 

ʥʝʢʦʪʦʨʳʭ ʦʙʨʘʟʮʦʚ R4T1-xGa12-yGey, ʚ ʢʦʪʦʨʳʭ ʟʘʩʝʣʝʥʥʦʩʪʴ ʧʦʟʠʮʠʠ d-ʤʝʪʘʣʣʘ ʙʳʣʘ 

ʪʘʢʞʝ ʥʝʧʦʣʥʦʡ. ʉʤʝʱʝʥʠʝ ʘʪʦʤʦʚ E ʠʟ ʩʚʦʝʡ ʠʩʭʦʜʥʦʡ ʧʦʟʠʮʠʠ (Ḑ0.28, 0, 0) ʦʧʠʩʳʚʘʣʠ 

ʩ ʧʦʤʦʱʴʶ ʚʚʝʜʝʥʠʷ ʥʦʚʦʡ ʯʘʩʪʠʯʥʦ ʟʘʩʝʣʝʥʥʦʡ ʧʦʟʠʮʠʠ Eô (Ḑ0.24, 0, 0). ʅʘ ʨʠʩʫʥʢʝ 28 
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ʧʦʢʘʟʘʥʘ ʩʝʪʢʘ ʠʟ ʘʪʦʤʦʚ Mn-E ʩ ʥʘʣʠʯʠʝʤ ʚʘʢʘʥʩʠʠ ʚ ʧʦʟʠʮʠʠ Mn ʠ ʩʤʝʱʝʥʠʝʤ ʯʘʩʪʠ 

ʘʪʦʤʦʚ E. 

 

ʈʠʩʫʥʦʢ 29. ʉʝʪʢʘ ʠʟ ʘʪʦʤʦʚ Mn-E ʥʘ ʚʳʩʦʪʝ z = 0, ʧʦʢʘʟʳʚʘʶʱʘʷ ʩʤʝʱʝʥʠʝ ʯʘʩʪʠ 

ʘʪʦʤʦʚ E ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʚʘʢʘʥʩʠʠ ʚ ʧʦʟʠʮʠʠ Mn ʚ ʩʪʨʫʢʪʫʨʝ Sm2Mn1-xGa6-yGey. 

 

ʇʦʜʦʙʥʦʝ ʦʧʠʩʘʥʠʝ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʩʣʝʜʠʪʴ ʟʘ ʚʣʠʷʥʠʝʤ ʚʘʢʘʥʩʠʡ ʥʘ 

ʧʦʜʨʝʰʝʪʢʫ p-ʵʣʝʤʝʥʪʘ. ɺ ʦʙʣʘʩʪʷʭ, ʛʜʝ ʯʝʨʝʜʦʚʘʥʠʝ ʘʪʦʤʦʚ Mn ʥʝ ʥʘʨʫʰʝʥʦ, 

ʤʝʞʘʪʦʤʥʳʝ ʨʘʩʩʪʦʷʥʠʷ E-E ʚ ʟʘʧʦʣʥʝʥʥʳʭ ʦʢʪʘʵʜʨʘʭ MnE6 ʩʦʩʪʘʚʣʷʶʪ Ḑ 3.51 ¡, ʘ ʚ 

ʩʦʩʝʜʩʪʚʫʶʱʠʭ ʧʫʩʪʳʭ E6 Ḑ 2.66 ¡. ʅʘʣʠʯʠʝ ʚʘʢʘʥʩʠʡ ʚ ʩʪʨʫʢʪʫʨʝ, ʚʳʟʳʚʘʶʱʠʭ 

ʩʤʝʱʝʥʠʝ ʯʘʩʪʠ ʘʪʦʤʦʚ p-ʵʣʝʤʝʥʪʘ ʠʟ ʧʦʟʠʮʠʠ E ʚ ʧʦʟʠʮʠʠ Eô ʬʦʨʤʠʨʫʝʪ ʧʫʩʪʳʝ 

ʦʢʪʘʵʜʨʳ Eô6 ʚʤʝʩʪʦ ʟʘʧʦʣʥʝʥʥʳʭ MnE6 ʩ ʜʣʠʥʦʡ ʩʚʷʟʠ Eô-Eô Ḑ 3.01 ¡. ɿʥʘʯʝʥʠʷ ʜʘʥʥʳʭ 

ʨʘʩʩʪʦʷʥʠʡ ʙʣʠʟʢʦ ʢ ʨʘʩʩʪʦʷʥʠʷʤ ʤʝʞʜʫ ʘʪʦʤʘʤʠ Ga, ʥʝ ʩʦʩʝʜʩʪʚʫʶʱʠʭ ʩ ʘʪʦʤʘʤʠ 

ʧʝʨʝʭʦʜʥʦʛʦ ʤʝʪʘʣʣʘ ʚ ʬʘʟʘʭ RGa3 [43] ʠ ʠʭ ʧʨʦʠʟʚʦʜʥʳʭ [33, 35-38, 48, 80]. ʉʤʝʱʝʥʠʝ 

ʘʪʦʤʦʚ E ʪʘʢʞʝ ʩʦʟʜʘʝʪ ʨʘʩʩʪʦʷʥʠʷ E-Eô Ḑ 2.91 ¡ ʚ ʩʦʩʝʜʩʪʚʫʶʱʠʭ ʧʫʩʪʳʭ ʦʢʪʘʵʜʨʘʭ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʧʨʠ ʫʪʦʯʥʝʥʠʠ ʩʪʨʫʢʪʫʨʳ ʙʳʣʘ ʚʚʝʜʝʥʘ ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ 

ʧʦʟʠʮʠ ̫ Eô, ʚʩʝ ʧʦʣʫʯʝʥʥʳʝ ʤʝʞʘʪʦʤʥʳʝ ʨʘʩʩʪʦʷʥʠʷ R-E, Mn-E ʠ E-E ʥʘʭʦʜʷʪʩʷ ʚ 

ʭʦʨʦʰʝʤ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʘʢʦʚʳʤʠ ʜʣʷ ʬʘʟʳ Gd2MnGa6 [39, 54], ʯʪʦ ʤʦʞʥʦ ʧʨʦʩʣʝʜʠʪʴ 

ʠʟ ʪʘʙʣʠʮʳ 29. ɺ ʦʩʥʦʚʥʦʤ ʚʩʝ ʤʝʞʘʪʦʤʥʳʝ ʨʘʩʩʪʦʷʥʠʷ ʜʣʷ Sm2Mn0.74Ga5.1Ge0.9 ʯʫʪʴ 



84 
 

ʢʦʨʦʯʝ, ʥʝʩʤʦʪʨʷ ʥʘ ʙʦʣʴʰʠʡ ʘʪʦʤʥʳʡ ʨʘʜʠʫʩ Sm ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ Gd. ʕʪʦ ʚʳʟʚʘʥʦ 

ʥʘʣʠʯʠʝʤ ʚʘʢʘʥʩʠʡ ʚ ʧʦʜʨʝʰʝʪʢʝ Mn, ʢʦʪʦʨʦʝ ʧʨʠʚʦʜʠʪ ʢ ʩʞʘʪʠʶ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ 

ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦʤʫ ʫʤʝʥʴʰʝʥʠʶ ʤʝʞʘʪʦʤʥʳʭ ʨʘʩʩʪʦʷʥʠʡ. ʈʘʩʩʪʦʷʥʠʷ Mn-E, ʥʘʧʨʦʪʠʚ, 

ʫʚʝʣʠʯʠʚʘʶʪʩʷ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʨʘʩʰʠʨʝʥʠʝʤ ʦʢʪʘʵʜʨʦʚ MnE6 ʟʘ ʩʯʝʪ ʩʤʝʰʝʥʠʷ ʯʘʩʪʠ 

ʘʪʦʤʦʚ E ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʢ ʚʘʢʘʥʩʠʠ. ʇʦʜʦʙʥʫʶ ʪʝʥʜʝʥʮʠʶ ʤʳ ʥʘʙʣʶʜʘʣʠ ʠ ʜʣʷ 

ʢʨʠʩʪʘʣʣʘ Tb4Mn0.75Ga9.6Ge2.4, ʚ ʢʦʪʦʨʦʡ ʪʘʢʞʝ ʥʘʣʠʯʠʝ ʚʘʢʘʥʩʠʡ ʚ ʧʦʜʨʝʰʝʪʢʝ Mn 

ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʨʘʩʩʪʦʷʥʠʷ Mn-E2 ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʙʨʘʟʮʦʤ Tb4MnGa8.7Ge3.3, 

ʛʜʝ ʟʘʩʝʣʝʥʥʦʩʪʴ ʧʦʟʠʮʠʠ Mn ʧʦʣʥʘʷ (ʊʘʙʣʠʮʘ 28). ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʦʧʫʙʣʠʢʦʚʘʥʥʳʝ ʚ ʣʠʪʝʨʘʪʫʨʝ ʜʘʥʥʳʝ ʦ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʝ ʠ ʨʘʩʩʪʦʷʥʠʷʭ ʜʣʷ 

Gd2MnGa6 ʟʘʤʝʪʥʦ ʨʘʟʣʠʯʘʶʪʩʷ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʢʘʢ ʩ ʨʘʟʥʦʡ ʦʙʨʘʙʦʪʢʦʡ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ, ʘ ʪʘʢʞʝ ʧʨʠʩʫʪʩʪʚʠʝʤ ʚʘʢʘʥʩʠʡ Mn, ʢʦʪʦʨʦʝ ʥʝ ʙʳʣʦ 

ʠʟʫʯʝʥʦ ʚ ʜʘʥʥʳʭ ʨʘʙʦʪʘʭ [39, 54]. ɺ ʣʠʪʝʨʘʪʫʨʝ ʪʘʢʞʝ ʠʟʚʝʩʪʥʦ ʦ ʧʦʣʫʯʝʥʠʠ ʬʘʟʳ 

Sm2MnGa6 [54], ʦʜʥʘʢʦ ʝʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʥʝ ʙʳʣʘ ʫʪʦʯʥʝʥʘ, ʘ ʧʘʨʘʤʝʪʨ 

ʨʝʰʝʪʢʠ ʩʦʩʪʘʚʣʷʝʪ ʘ Ḑ 8.809 ¡. ʕʪʦ ʟʘʤʝʪʥʦ ʙʦʣʴʰʝ, ʯʝʤ ʧʦʣʫʯʝʥʥʳʝ ʥʘʤʠ ʜʘʥʥʳʝ (ʘ = 

8.7126(3) ¡), ʯʪʦ ʪʘʢʞʝ, ʚʝʨʦʷʪʥʦ, ʤʦʞʥʦ ʩʚʷʟʘʪʴ ʩ ʥʘʣʠʯʠʝʤ ʚʘʢʘʥʩʠʡ ʚ ʧʦʟʠʮʠʠ Mn.         

        

ʊʘʙʣʠʮʘ 29. ʉʨʘʚʥʝʥʠʝ ʤʝʞʘʪʦʤʥʳʭ ʨʘʩʩʪʦʷʥʠʡ ʚ Sm2Mn0.74Ga5.1Ge0.9 ʩ Gd2MnGa6 

ʌʘʟʘ Gd2MnGa6  Sm2Mn0.74Ga5.1Ge0.9 

 Kim [39] ʄʘʨʢʠʚ 

ʠ ʜʨ [54] 

R-E, ¡ 

R-Eô, ¡ 

3.0980(4) 

ï 

3.108 

ï 

3.0950(2) 

3.0808(2) 

R-Mn, ¡ 3.781(2) 3.792 3.7727(1) 

R-R, ¡ 4.366(4) 4.379 4.3563(2) 

Mn-E, ¡ 2.438(3) 2.462 2.4787(9) 

E-E, ¡ 

E-E, ¡ 

Eô-Eô, ¡ 

E-Eô, ¡  

3.448(3) 

2.727(4) 

ï 

ï 

3.483 

2.710 

ï 

ï 

3.506(3) 

2.655(1) 

3.011(3) 

2.912(2) 
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4.3 ʄʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʬʘʟ ʚʥʝʜʨʝʥʠʷ RTŭ(Ga,Ge)3, ʛʜʝ R = Sm, Gd-Dy; T = 

Cr , Mn 

ʀʟʤʝʨʝʥʠʷ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ ʧʨʦʚʦʜʠʣʠ ʜʣʷ ʠʟʙʨʘʥʥʳʭ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʠʟ 

ʢʘʞʜʦʡ ʩʝʨʠʠ ʦʙʨʘʟʮʦʚ. ʅʝʩʤʦʪʨʷ ʥʘ ʩʪʨʫʢʪʫʨʥʦʝ ʨʦʜʩʪʚʦ ʧʦʣʫʯʝʥʥʳʭ ʬʘʟ ʩ Cr ʠ Mn, 

ʤʘʛʥʠʪʥʦʝ ʧʦʚʝʜʝʥʠʝ ʤʝʞʜʫ ʬʘʟʘʤʠ ʩ ʨʘʟʥʳʤʠ d-ʤʝʪʘʣʣʘʤʠ ʦʪʣʠʯʘʝʪʩʷ ʜʦʚʦʣʴʥʦ 

ʟʥʘʯʠʪʝʣʴʥʦ, ʧʦʵʪʦʤʫ ʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʬʘʟ ʩ Cr ʠ ʬʘʟ ʩ Mn ʙʫʜʫʪ ʨʘʩʩʤʦʪʨʝʥʳ ʚ 

ʦʪʜʝʣʴʥʳʭ ʨʘʟʜʝʣʘʭ. 

 

4.3.1 ʄʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ RCr xGa3-yGey (y = 0, 0.3) ʠ R4CrGa12-yGey (R = Tb, 

Dy) 

ʄʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʜʣʷ ʥʝʫʧʦʨʷʜʦʯʝʥʥʳʭ ʬʘʟ ʩ Cr ʠʟʤʝʨʷʣʠ ʥʘ ʤʦʥʦʢʨʠʩʪʘʣʣʘʭ 

ʩʣʝʜʫʶʱʠʭ ʩʦʩʪʘʚʦʚ: RCr0.2Ga3 ʠ RCr0.2Ga2.7Ge0.3 (R = Tb, Dy). ʊʝʤʧʝʨʘʪʫʨʥʳʝ 

ʟʘʚʠʩʠʤʦʩʪʠ ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʠʟʤʝʨʷʣʠ ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 2-300 ʂ ʚ 

ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ 0.1 ʊʣ. ʊʘʢ ʢʘʢ ʟʘʚʠʩʠʤʦʩʪʠ ɢ(T), ʠʟʤʝʨʝʥʥʳʝ ʚ zfc- (ʦʭʣʘʞʜʝʥʠʝ ʚ 

ʥʫʣʝʚʦʤ ʤʘʛʥʪʠʥʦʤ ʧʦʣʝ) ʠ fc- (ʦʭʣʘʞʜʝʥʠʝ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ) ʨʝʞʠʤʘʭ ʧʦʣʥʦʩʪʴʶ 

ʩʦʚʧʘʜʘʣʠ, ʪʦ ʥʘ ʨʠʩʫʥʢʘʭ 30ʘ, ʙ ʠ 32ʘ, ʙ ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʨʠʚʳʝ, ʠʟʤʝʨʝʥʥʳʝ ʚ fc-

ʨʝʞʠʤʝ. ʀʟʤʝʨʝʥʠʷ ʧʦʣʝʚʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʧʨʦʚʦʜʠʣʠ ʚ ʤʘʛʥʠʪʥʳʭ 

ʧʦʣʷʭ ʜʦ 7 ʊʣ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 2 ʂ, 30 ʂ ʠ 300 ʂ (ʈʠʩʫʥʦʢ 30ʚ, ʛ ʠ ʈʠʩʫʥʦʢ 32ʚ, ʛ). 

ʄʘʛʥʪʠʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ RCr0.2Ga3 ʠ RCr0.2Ga2.7Ge0.3 ʩʚʝʜʝʥʳ ʚ 

ʪʘʙʣʠʮʝ (ʇʨʠʣʦʞʝʥʠʝ 2).   
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ʈʠʩʫʥʦʢ 30. ʊʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ (ʘ, ʙ) ʠ ʧʦʣʝʚʳʝ 

ʟʘʚʠʩʠʤʦʩʪʠ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ (ʚ, ʛ) ʜʣʷ TbCr0.2Ga3 ʠ DyCr0.2Ga3 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʅʘ 

ʚʩʪʘʚʢʘʭ ʧʨʝʜʩʪʘʚʣʝʥʳ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʙʨʘʪʥʦʡ ʤʘʛʥʠʪʥʦʡ 

ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ   

 

ʂʘʢ ʥʝʜʦʧʠʨʦʚʘʥʥʳʝ, ʪʘʢ ʠ ʜʦʧʠʨʦʚʘʥʥʳʝ Ge ʬʘʟʳ ʧʦʜʯʠʥʷʶʪʩʷ ʟʘʢʦʥʫ ʂʶʨʠ-

ɺʝʡʩʘ ʚʳʰʝ ʊ = 50 ʂ. ʀʟ ʧʘʨʘʤʘʛʥʠʪʥʦʡ ʦʙʣʘʩʪʠ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʟʥʘʯʝʥʠʷ 

ʧʦʩʪʦʷʥʥʳʭ ɺʝʡʩʘ ɗW (-42 K ʜʣʷ TbCr0.2Ga3, -30 K ʜʣʷ DyCr0.2Ga3, -54 K ʜʣʷ 

TbCr0.2Ga2.7Ge0.3 ʠ -25 K  ʜʣʷ DyCr0.2Ga2.7Ge0.3), ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʢʦʪʦʨʳʭ ʛʦʚʦʨʷʪ 

ʦ ʚʳʨʘʞʝʥʥʳʭ ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʳʭ ʦʙʤʝʥʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʭ ʚ ʩʦʝʜʠʥʝʥʠʷʭ. ʇʨʠ 

ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʬʘʟʳ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʦʝ ʫʧʦʨʷʜʦʯʝʥʠʝ ʧʨʠ TN = 

22, 14, 18, ʠ 12 K ʜʣʷ TbCr0.2Ga3, DyCr0.2Ga3, TbCr0.2Ga2.7Ge0.3 ʠ DyCr0.2Ga2.7Ge0.3, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɼʘʥʥʳʝ ʪʝʤʧʝʨʘʪʫʨʳ ʤʘʛʥʠʪʥʦʛʦ ʫʧʦʨʷʜʦʯʝʥʠʷ ʦʞʠʜʘʝʤʦ ʚʳʰʝ, ʯʝʤ 

ʜʣʷ ʘʥʘʣʦʛʠʯʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ HoCr0.15Ga3 (TN = 5.9 K), ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ErCr0.15Ga3 ʥʝ 

ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʤʘʛʥʠʪʥʦʛʦ ʫʧʦʨʷʜʦʯʝʥʠʷ ʚʧʣʦʪʴ ʜʦ 2 ʂ [51]. ʃʠʥʝʡʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ 
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ʪʝʤʧʝʨʘʪʫʨ ʅʝʝʣʷ ʦʪ ʬʘʢʪʦʨʘ ʜʝ ɾʝʥʘ (ʈʠʩʫʥʦʢ 31) ʧʦʜʪʚʝʨʞʜʘʝʪ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ 

ʥʝʧʨʷʤʳʝ ʦʙʤʝʥʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʘʪʦʤʘʤʠ R ʧʨʦʠʩʭʦʜʠʪ ʯʝʨʝʟ ʩʧʠʥʦʚʫʶ 

ʧʦʣʷʨʠʟʘʮʠʶ ʵʣʝʢʪʨʦʥʦʚ ʧʨʦʚʦʜʠʤʦʩʪʠ (ʤʝʭʘʥʠʟʤ ʈʂʂʀ). ʇʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ TN 

ʪʘʢʞʝ ʥʘʭʦʜʷʪʩʷ ʚ ʭʦʨʦʰʝʤ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʝʤʧʝʨʘʪʫʨʘʤʠ, ʦʙʥʘʨʫʞʝʥʥʳʤʠ ʚ ʨʷʜʝ 

ʜʨʫʛʠʭ ʨʦʜʩʪʚʝʥʥʳʭ ʬʘʟ [34, 49]. ʋʯʠʪʳʚʘʷ ʵʪʦ, ʤʳ ʩʦʦʪʥʦʩʠʤ ʵʪʠ TN ʩ 

ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʳʤ ʫʧʦʨʷʜʦʯʝʥʠʝʤ ʧʦʜʨʝʰʝʪʢʠ ʨʝʜʢʦʟʝʤʝʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ. 

ʏʘʩʪʠʯʥʦʝ ʟʘʤʝʱʝʥʠʝ Ga ʥʘ Ge ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʪʝʤʧʝʨʘʪʫʨ ʅʝʝʣʷ ʥʘ ʥʝʩʢʦʣʴʢʦ 

ʛʨʘʜʫʩʦʚ. ʕʪʦ ʤʦʞʝʪ ʙʳʪʴ ʚʳʟʚʘʥʦ ʦʩʣʘʙʣʝʥʠʝʤ ʈʂʂʀ-ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʩʣʝʜʩʪʚʠʝ 

ʫʚʝʣʠʯʝʥʠʷ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʠʣʠ ʠʟʤʝʥʝʥʠʝʤ ʵʣʝʢʪʨʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʟʘ ʩʯʝʪ 

ʙʦʣʴʰʝʛʦ ʩʦʜʝʨʞʘʥʠʷ Cr ʠ ʯʘʩʪʠʯʥʦʛʦ ʟʘʤʝʱʝʥʠʷ Ga ʥʘ Ge.  

 

ʈʠʩʫʥʦʢ 31. ɿʘʚʠʩʠʤʦʩʪʴ ʪʝʤʧʝʨʘʪʫʨ ʤʘʛʥʠʪʥʦʛʦ ʫʧʦʨʷʜʦʯʝʥʠʷ ʦʪ ʬʘʢʪʦʨʘ ʜʝ ɾʝʥʘ ʜʣʷ 

RCrxGa3, ʜʘʥʥʳʝ ʜʣʷ R = Ho ʚʟʷʪʳ ʠʟ [51] ʠ R4CrGa12 [36]. 

 

ʈʘʩʩʯʠʪʘʥʥʳʝ ʟʥʘʯʝʥʠʷ ʵʬʬʝʢʪʠʚʥʳʭ ʤʘʛʥʠʪʥʳʭ ʤʦʤʝʥʪʦʚ (ɛɻ ʬʬ.)  ʩʦʩʪʘʚʣʷʶʪ 

10.18 ɛB ʠ 10.36 ɛB ʜʣʷ TbCr0.2Ga3 ʠ TbCr0.2Ga2.7Ge0.3, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʠ 10.66 ɛB, 10.63 ɛB 

ʜʣʷ DyCr0.2Ga3 ʠ DyCr0.2Ga2.7Ge0.3, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɼʣʷ ʩʦʝʜʠʥʝʥʠʡ ʩ Tb ʜʘʥʥʳʝ 

ʟʥʘʯʝʥʠʷ ʚʳʰʝ, ʯʝʤ ʪʝʦʨʝʪʠʯʝʩʢʦʝ ʜʣʷ Tb3+ (9.72 ɛB), ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʜʣʷ ʬʘʟ ʩ Dy ʦʥʠ 

ʧʨʘʢʪʠʯʝʩʢʠ ʠʜʝʘʣʴʥʦ ʩʦʚʧʘʜʘʶʪ ʩ ʪʝʦʨʝʪʠʯʝʩʢʠʤ ʟʥʘʯʝʥʠʝʤ ʜʣʷ Dy3+ (10.65 ɛB). ʊʘʢʠʝ 

ʦʪʢʣʦʥʝʥʠʷ ʜʣʷ ʵʬʬʝʢʪʠʚʥʳʭ ʤʘʛʥʠʪʥʳʭ ʤʦʤʝʥʪʦʚ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʢʘʢ ʚ 

ʩʣʫʯʘʝ ʩ Tb, ʥʝ ʨʝʜʢʦʩʪʴ ʜʣʷ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʠ ʙʳʣʦ ʪʘʢʞʝ ʦʙʥʘʨʫʞʝʥʦ ʚ ʩʭʦʞʠʭ 
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ʬʘʟʘʭ R4PtGa12 [33], R4Co3Ga16 [52], R4FeGa12 [35], ʯʪʦ ʦʙʳʯʥʦ ʩʚʷʟʳʚʘʶʪ ʩ ʚʣʠʷʥʠʝʤ 

ʵʣʝʢʪʨʦʥʦʚ ʧʨʦʚʦʜʠʤʦʩʪʠ ʠʣʠ ʵʬʬʝʢʪʘʤʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʧʦʣʷ [123, 124]. ɺʩʣʝʜʩʪʚʠʝ 

ʵʪʦʛʦ, ʘ ʪʘʢʞʝ ʤʘʣʦʛʦ ʩʦʜʝʨʞʘʥʠʷ Cr, ʵʬʬʝʢʪʠʚʥʳʡ ʤʦʤʝʥʪ ʧʦʩʣʝʜʥʝʛʦ ʥʝ 

ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʳʤ ʪʦʯʥʦ ʦʧʨʝʜʝʣʠʪʴ ʠʟ ʦʙʱʝʛʦ ʤʦʤʝʥʪʘ. ɺ ʨʦʜʩʪʚʝʥʥʳʭ Cr-

ʩʦʜʝʨʞʘʱʠʭ ʠʥʪʝʨʤʝʪʘʣʣʠʜʘʭ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʤʘʛʥʠʪʦʘʢʪʠʚʥʦʛʦ ʨʝʜʢʦʟʝʤʝʣʴʥʦʛʦ 

ʵʣʝʤʝʥʪʘ ʵʬʬʝʢʪʠʚʥʳʡ ʤʘʛʥʠʪʥʳʡ ʤʦʤʝʥʪ Cr ʤʦʞʝʪ ʩʦʩʪʘʚʣʷʪ ɹʧʦʨʷʜʢʘ 1 ɛB. [125].  

 

ʈʠʩʫʥʦʢ 32. ʊʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ (ʘ, ʙ) ʠ ʧʦʣʝʚʳʝ 

ʟʘʚʠʩʠʤʦʩʪʠ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ (ʚ, ʛ) ʜʣʷ TbCr0.2Ga2.7Ge0.3 ʠ DyCr0.2Ga2.7Ge0.3 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʅʘ ʚʩʪʘʚʢʘʭ ʧʨʝʜʩʪʘʚʣʝʥʳ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʙʨʘʪʥʦʡ 

ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ 

 

ʇʦʣʝʚʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ, ʠʟʤʝʨʝʥʥʳʝ ʚʳʰʝ ʠ ʥʠʞʝ TN ʠʤʝʶʪ 

ʣʠʥʝʡʥʳʡ ʭʘʨʘʢʪʝʨ, ʧʦʜʪʚʝʨʞʜʘʝʪ ʧʘʨʘʤʘʛʥʝʪʠʟʤ ʩʦʝʜʠʥʝʥʠʡ ʚʳʰʝ TN ʠ 

ʘʥʪʠʬʝʨʨʦʤʘʛʥʝʪʠʟʤ ʥʠʞʝ TN (ʈʠʩʫʥʦʢ 30 ʚ, ʛ ʠ ʈʠʩʫʥʦʢ 32 ʚ, ʛ). ʅʠʢʘʢʠʭ ʷʚʥʳʭ 

ʧʨʠʟʥʘʢʦʚ ʥʘʩʳʱʝʥʠʷ ʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ, ʤʝʪʘʤʘʛʥʠʪʥʳʭ ʧʝʨʝʭʦʜʦʚ ʠʣʠ ʤʘʛʥʠʪʥʦʛʦ 
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ʛʠʩʪʝʨʝʟʠʩʘ ʦʙʥʘʨʫʞʝʥʦ ʥʝ ʙʳʣʦ ʚʧʣʦʪʴ ʜʦ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ ʨʘʚʥʳʭ 7 ʊʣ. ɺ ʤʘʛʥʠʪʥʦʤ 

ʧʦʣʝ 7 ʊʣ ʤʘʛʥʠʪʥʳʝ ʤʦʤʝʥʪʳ ʜʦʩʪʠʛʘʶʪ ʟʥʘʯʝʥʠʡ ~ 1.2 ɛB ʠ 1.7 ɛB ʥʘ ʬʦʨʤʫʣʴʥʫʶ 

ʝʜʠʥʠʮʫ ʜʣ ̫ TbCr0.2Ga3 ʠ DyCr0.2Ga3 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɼʣʷ ʜʦʧʠʨʦʚʘʥʥʳʭ ʬʘʟ ʵʪʠ 

ʟʥʘʯʝʥʠʷ ʧʨʘʢʪʠʯʝʩʢʠ ʚ ʜʚʘ ʨʘʟʘ ʚʳʰʝ ʠ ʩʦʩʪʘʚʣʷʶʪ ~ 2.4 ɛB ʠ 3.2 ɛB ʥʘ ʬʦʨʤʫʣʴʥʫʶ 

ʝʜʠʥʠʮʫ ʜʣʷ TbCr0.2Ga2.7Ge0.3 ʠ DyCr0.2Ga2.7Ge0.3 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʆʜʥʘʢʦ, ʧʦʣʫʯʝʥʥʳʝ 

ʟʥʘʯʝʥʠʷ ʤʘʛʥʠʪʥʳʭ ʤʦʤʝʥʪʦʚ ʟʥʘʯʠʪʝʣʴʥʦ ʥʠʞʝ, ʯʝʤ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʤʦʤʝʥʪʳ 

ʥʘʩʳʱʝʥʠʷ ʜʣʷ Tb (9 ɛB) ʠ Dy (10 ɛB). 

ʄʘʛʥʠʪʥʳʝ ʠʟʤʝʨʝʥʠʷ ʜʣʷ ʩʚʝʨʭʩʪʨʫʢʪʫʨʥʳʭ ʬʘʟ ʧʨʦʚʦʜʠʣʠ ʥʘ ʤʦʥʦʢʨʠʩʪʘʣʣʘʭ 

ʩʦʩʪʘʚʘ R4CrGa8.4Ge3.6 (R = Tb, Dy). ɼʘʥʥʳʝ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʤʘʛʥʠʪʥʦʡ 

ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʠʟʤʝʨʷʣʠ ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ ʦʪ 2 ʜʦ 300 ʂ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ 0.1 

ʊʣ. (ʈʠʩʫʥʦʢ 33ʘ-ʛ). ʀʟʤʝʨʝʥʠʷ ʧʦʣʝʚʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʧʨʦʚʦʜʠʣʠ ʚ 

ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ ʜʦ 7 ʊʣ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 2 ʂ ʠ 300 ʂ (ʈʠʩʫʥʦʢ 33ʜ, ʝ). ʄʘʛʥʪʠʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ R4CrGa8.4Ge3.6 (R = Tb, Dy) ʩʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 

(ʇʨʠʣʦʞʝʥʠʝ 2).  

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʜʣʷ R4CrGa8.4Ge3.6 (R = 

Tb, Dy) ʛʦʚʦʨʷʪ ʦʙ ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʦʤ ʧʦʚʝʜʝʥʠʠ ʬʘʟ ʚʦ ʤʥʦʛʦʤ ʩʭʦʞʠʤ ʩ ʨʘʥʝʝ 

ʨʘʩʩʤʦʪʨʝʥʥʳʤʠ ʨʦʜʩʪʚʝʥʥʳʤʠ RCr0.2Ga3 ʠ RCr0.2Ga2.7Ge0.3 (R = Tb, Dy). ʆʙ ʵʪʦʤ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʨʘʩʩʯʠʪʘʥʥʳʝ ʟʥʘʯʝʥʠʷ ʢʦʥʩʪʘʥʪ ɺʝʡʩʘ ɗW (ī40.1(3) K ʠ ī24.6(4) K ʜʣʷ 

Tb4CrGa8.4Ge3.6 ʠ Dy4CrGa8.4Ge3.6 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). ɸʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʦʝ ʫʧʦʨʷʜʦʯʝʥʠʝ 

ʚʦʟʥʠʢʘʝʪ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ TN = 10 K ʜʣʷ ʦʙʝʠʭ ʬʘʟ, ʯʪʦ ʥʠʞʝ, ʯʝʤ ʜʣʷ 

ʥʝʫʧʦʨʷʜʦʯʝʥʥʳʭ RCr0.2Ga3 ʠ RCr0.2Ga2.7Ge0.3. ɺ ʦʙʱʝʤ, ʤʦʞʥʦ ʧʨʦʩʣʝʜʠʪʴ ʪʨʝʥʜ ʢ 

ʫʤʝʥʴʰʝʥʠʶ ʪʝʤʧʝʨʘʪʫʨ ʅʝʝʣʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʩʦʜʝʨʞʘʥʠʷ Ge ʚ ʩʦʝʜʠʥʝʥʠʷʭ. ʉʭʦʞʝʝ 

ʧʦʚʝʜʝʥʠʝ ʙʳʣʦ ʪʘʢʞʝ ʦʙʥʘʨʫʞʝʥʦ ʜʣʷ Tb4FeGa12-yGey [80]. ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʥʠʞʝ TN 

ʤʳ ʥʘʙʣʶʜʘʝʤ ʨʘʩʭʦʞʜʝʥʠʝ ʢʨʠʚʳʭ, ʠʟʤʝʨʝʥʥʳʭ ʚ zfc- ʠ fc-ʨʝʞʠʤʘʭ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ 

ʧʦʷʚʣʝʥʠʝ ʤʘʛʥʠʪʥʦʛʦ ʛʠʩʪʝʨʝʟʠʩʘ ʧʨʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʢʦʪʦʨʳʡ ʦʪʩʫʪʩʪʚʦʚʘʣ ʚ 

ʥʝʫʧʦʨʷʜʦʯʝʥʥʳʭ ʬʘʟʘʭ. 
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ʈʠʩʫʥʦʢ 33. ʊʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ (ʘ, ʙ) ʠ ʦʙʨʘʪʥʦʡ 

ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ (ʚ, ʛ), ʧʦʣʝʚʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ (ʜ, ʝ) ʜʣʷ 

Tb4CrGa8.4Ge3.6 ʠ Dy4Cr0.87Ga8.4Ge3.6ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʅʘ ʚʩʪʘʚʢʘʭ ʜ) ʠ ʝ) ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʧʝʪʣʠ ʛʠʩʪʝʨʝʟʠʩʘ ʧʨʠ ʊ = 2 ʂ.  
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ʈʘʩʩʯʠʪʘʥʥʳʝ ʟʥʘʯʝʥʠʷ ʵʬʬʝʢʪʠʚʥʳʭ ʤʘʛʥʠʪʥʳʭ ʤʦʤʝʥʪʦʚ ʩʦʩʪʘʚʣʷʶʪ 9.69(3) 

ɛB/Tb ʠ 10.65(2) ɛB/Dy ʜʣʷ Tb- ʠ Dy-ʩʦʜʝʨʞʘʱʝʡ ʬʘʟʳ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʯʪʦ ʦʪʣʠʯʥʦ 

ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʪʝʦʨʝʪʠʯʝʩʢʠʤʠ ʜʣʷ ʠʦʥʦʚ R3+. 

ʂʨʠʚʳʝ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ, ʠʟʤʝʨʝʥʥʳʝ ʧʨʠ 300 ʠ 2 ʂ, ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʣʠʥʝʡʥʦʝ 

ʧʦʚʝʜʝʥʠʝ, ʦʜʥʘʢʦ ʧʨʠ ʊ = 2 ʂ, ʥʘʤʠ ʙʳʣ ʦʙʥʘʨʫʞʝʥ ʫʟʢʠʡ ʤʘʛʥʠʪʥʳʡ ʛʠʩʪʝʨʝʟʠʩ ʩʦ 

ʟʥʘʯʝʥʠʷʤʠ ʢʦʵʨʮʠʪʠʚʥʦʡ ʩʠʣr Õ0HC ~ 14 ʤʊʣ ʠ 6 ʤʊʣ ʜʣʷ Tb- ʠ Dy ʩʦʝʜʠʥʝʥʠʡ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʌʝʨʨʦʤʘʛʥʠʪʥʘʷ ʢʦʤʧʦʥʝʥʪʘ ʧʨʠ ʵʪʦʤ ʥʝʟʥʘʯʠʪʝʣʴʥʘ ʠ ʩʦʩʪʘʚʣʷʝʪ 

ʧʦʨʷʜʢʘ ~ 0.025 ɛB ʥʘ ʬʦʨʤʫʣʴʥʫʶ ʝʜʠʥʠʮʫ. ɿʥʘʯʝʥʠʷ ʤʘʛʥʠʪʥʳʭ ʤʦʤʝʥʪʦʚ ʥʝ 

ʜʦʩʪʠʛʘʶʪ ʥʘʩʳʱʝʥʠʷ ʚʧʣʦʪʴ ʜʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ 7 ʊʣ, ʠ ʠʭ ʟʥʘʯʝʥʠʷ ʩʦʩʪʘʚʣʷʶʪ ~ 12 

ɛB/ʬ.ʝ. (~ 3 ɛB/Tb) ʠ ~ 13.5 ɛB/ʬ.ʝ. (~ 3.4 ɛB/Dy) ʜʣʷ Tb4CrGa8.4Ge3.6 ʠ Dy4CrGa8.4Ge3.6, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʕʪʦ ʩʦʩʪʘʚʣʷʝʪ ʧʨʠʤʝʨʥʦ 1/3 ʦʪ ʦʞʠʜʘʝʤʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ 

ʥʘʩʳʱʝʥʠʷ ʜʣʷ Tb ʠ Dy.               

ʅʝʩʤʦʪʨʷ ʥʘ ʟʘʤʝʪʥʳʝ ʨʘʟʣʠʯʠʷ ʚ ʩʪʨʦʝʥʠʠ ʤʝʞʜʫ ʥʝʫʧʦʨʷʜʦʯʝʥʥʳʤʠ RCrxGa3-

yGey ʠ ʩʚʝʨʭʩʪʨʫʢʪʫʨʥʳʤʠ R4Cr1-ʭGa12-yGey ʬʘʟʘʤʠ, ʦʙʱʠʡ ʚʠʜ ʤʘʛʥʠʪʥʦʛʦ ʧʦʚʝʜʝʥʠʷ ʫ 

ʥʠʭ ʧʦʭʦʞ.  ɺʤʝʩʪʝ ʩ ʪʝʤ, ʦʥʦ ʟʘʤʝʪʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʧʦʚʝʜʝʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ʚ 

ʣʠʪʝʨʘʪʫʨʝ ʨʦʜʩʪʚʝʥʥʳʭ ʬʘʟ Tb4CrGa12 ʠ Dy4CrGa12 [36]. ʇʦʩʣʝʜʥʠʝ, ʢʘʢ ʙʳʣʦ ʦʪʤʝʯʝʥʦ 

ʚ ʦʙʟʦʨʝ ʣʠʪʝʨʘʪʫʨʳ, ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʯʘʩʪʠʯʥʦʝ ʬʝʨʨʦʤʘʛʥʠʪʥʦʝ ʫʧʦʨʷʜʦʯʝʥʠʝ ʧʨʠ TC, 

ʙʣʠʟʢʠʭ ʢ TN ʚ ʧʦʣʫʯʝʥʥʳʭ ʥʘʤʠ ʩʦʝʜʠʥʝʥʠʷʭ. ʌʝʨʨʦʤʘʛʥʠʪʥʘ ̫ʢʦʤʧʦʥʝʥʪʘ ʥʠʞʝ TC 

ʩʦʩʪʘʚʣʷʝʪ ʧʦʨʷʜʢʘ ~ 2 ɛB ʥʘ ʬʦʨʤʫʣʴʥʫʶ ʝʜʠʥʠʮʫ ʠ ʥʝ ʜʦʩʪʠʛʘʝʪ ʥʘʩʳʱʝʥʠʷ, ʯʪʦ 

ʤʦʞʝʪ ʙʳʪʴ ʚʳʟʚʘʥʦ ʠʣʠ ʥʝʢʦʣʣʠʥʝʘʨʥʳʤ ʘʥʪʠʬʝʨʨʦʤʘʛʥʝʪʠʟʤʦʤ ʧʦʜʨʝʰʝʪʢʠ 

ʨʝʜʢʦʟʝʤʝʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ ʠʣʠ ʬʝʨʨʠʤʘʛʥʝʪʠʟʤʦʤ Cr. ɿʜʝʩʴ ʩʪʦʠʪ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʚ 

ʜʘʥʥʦʤ ʩʝʤʝʡʩʪʚʝ ʩʦʝʜʠʥʝʥʠʡ ʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʦʯʝʥʴ ʯʫʚʩʪʚʠʪʝʣʴʥʳ ʜʘʞʝ ʢ 

ʥʝʟʥʘʯʠʪʝʣʴʥʳʤ ʠʟʤʝʥʝʥʠʷʤ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʠ ʵʣʝʢʪʨʦʥʥʦʡ ʩʪʨʫʢʪʫʨʘʭ [35, 37]. 

 

4.3.2 ʄʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʥʝʫʧʦʨʷʜʦʯʝʥʥʳʭ ʬʘʟ RMn xGa3 (R = Tb, Dy) 

ʊʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʜʣʷ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ 

TbMn0.2Ga3 ʠ DyMn0.2Ga3 ʠʟʤʝʨʷʣʠ ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 2-380 ʂ ʚ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ 

0.01 ʊʣ ï 5 ʊʣ (ʈʠʩʫʥʦʢ 34). ʄʘʛʥʠʪʥʫʶ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʴ ʪʘʢʞʝ ʠʟʤʝʨʷʣʠ ʚ ʧʝʨʝʤʝʥʥʦʤ 

ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʘʤʧʣʠʪʫʜʦʡ 0.5 ʤʊʣ ʧʨʠ ʯʘʩʪʦʪʝ 100, 1000 ʠ 10000 ɻʮ. ʅʘ ʨʠʩʫʥʢʝ 35 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʘʥʥʳʝ ʜʣʷ ʯʘʩʪʦʪʳ 10000 ɻʮ.  ʀʟʤʝʨʝʥʠʷ ʧʦʣʝʚʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʊ = 2, 25, 50 ʠ 300 ʂ ʚ ʜʠʘʧʘʟʦʥʝ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ ʦʪ 
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ī5 ʜʦ 5 ʊʣ (ʈʠʩʫʥʦʢ 36). ʄʘʛʥʪʠʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ TbMn0.2Ga3 ʠ 

DyMn0.2Ga3 ʩʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ (ʇʨʠʣʦʞʝʥʠʝ 2). 

ʆʙʘ ʩʦʝʜʠʥʝʥʠʷ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʩʭʦʞʝʝ ʤʘʛʥʠʪʥʦʝ ʧʦʚʝʜʝʥʠʝ. ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 

ʚʳʰʝ 200 ʂ ʦʥʠ ʷʚʣʷʶʪʩʷ ʧʘʨʘʤʘʛʥʝʪʠʢʘʤʠ ʩ ʦʪʨʠʮʘʪʝʣʴʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʢʦʥʩʪʘʥʪ 

ɺʝʡʩʘ (ɗW = -42 ʠ -23 K ʜʣʷ TbMn0.2Ga3 ʠ DyMn0.2Ga3 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ), ʢʦʪʦʨʳʝ 

ʫʢʘʟʳʚʘʶʪ ʥʘ ʟʥʘʯʠʪʝʣʴʥʳʝ ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ʈʘʩʩʯʠʪʘʥʥʳʝ 

ʟʥʘʯʝʥʠʷ ʵʬʬʝʢʪʠʚʥʳʭ ʤʘʛʥʠʪʥʳʭ ʤʦʤʝʥʪʦʚ ʠʟ ʧʘʨʘʤʘʛʥʠʪʥʦʡ ʦʙʣʘʩʪʠ ʯʫʪʴ ʥʠʞʝ 

ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʜʣʷ ʪʨʝʭʚʘʣʝʥʪʥʳʭ R3+ (9.44 ɛB ʜʣʷ TbMn0.2Ga3 ʧʨʠ 9.72 ɛB ʜʣʷ Tb3+ ʠ 

10.31 ɛB ʜʣʷ DyMn0.2Ga3 ʧʨʠ 10.65 ɛB ʜʣʷ Dy3+). ʉʦʧʦʩʪʘʚʠʤʳʝ ʟʥʘʯʝʥʠʷ ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

ʜʣʷ ʥʝʫʧʦʨʷʜʦʯʝʥʥʳʭ ʬʘʟ ʩ Cr, ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʨʘʥʝʝ, ʠ ʜʣʷ ʨʷʜʘ ʜʨʫʛʠʭ ʧʨʦʠʟʚʦʜʥʳʭ ʦʪ 

RGa3 ʬʘʟ ʩ Tb ʠ Dy [33-35]. ʉʭʦʞʠʝ ʵʬʬʝʢʪʠʚʥʳʝ ʤʘʛʥʠʪʥʳʝ ʤʦʤʝʥʪʳ ʙʳʣʠ ʪʘʢʞʝ 

ʦʙʥʘʨʫʞʝʥʳ ʜʣʷ ʨʦʤʙʠʯʝʩʢʦʡ ʤʦʜʠʬʠʢʘʮʠʠ DyGa3 (10.31 ɛB ʚʜʦʣʴ ʙʘʟʠʩʥʦʡ ʧʣʦʩʢʦʩʪʠ 

ab ʠ 10.47 ɛB ʚʜʦʣʴ ʦʩʠ ʩ), ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʜʣʷ ʢʫʙʠʯʝʩʢʠʭ ʬʘʟ TbGa3 ʠ DyGa3 ʜʘʥʥʳʝ ʦ 

ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚʘʭ ʚ ʣʠʪʝʨʘʪʫʨʝ ʦʪʩʫʪʩʪʚʫʶʪ.  
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ʈʠʩʫʥʦʢ 34. ʊʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ (ʘ, ʙ), 

ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʝ ʦʙʣʘʩʪʠ ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ (ʚ, ʛ) ʠ ʪʝʤʧʝʨʘʪʫʨʥʳʝ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʙʨʘʪʥʦʡ ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ (ʜ, ʝ) ʜʣʷ TbMn0.2Ga3 ʠ DyMn0.2Ga3. 

ʂʨʘʩʥʳʝ ʣʠʥʠʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʧʦ ʟʘʢʦʥʫ ʂʶʨʠ-ɺʝʡʩʘ ʧʘʨʘʤʘʛʥʠʪʥʦʡ 

ʦʙʣʘʩʪʠ. ɺʩʪʘʚʢʠ ʥʘ (ʘ) ʠ (ʙ) ʧʦʢʘʟʳʚʘʶʪ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʪʝʧʣʦʝʤʢʦʩʪʠ ʧʦ 

ʌʠʰʝʨʫ.  

 

TbMn0.2Ga3 ʠ DyMn0.2Ga3 ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʦʝ ʫʧʦʨʷʜʦʯʝʥʠʝ ʧʨʠ 

TN = 23 ʂ ʠ 16 ʂ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʕʪʠ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʘʢʪʠʯʝʩʢʠ ʠʜʝʥʪʠʯʥʳ ʪʘʢʦʚʳʤ, 

ʦʙʥʘʨʫʞʝʥʥʳʤ ʜʣʷ TbCr0.2Ga3 ʠ DyCr0.2Ga3, ʘ ʪʘʢʞʝ ʥʘʭʦʜʷʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ ʪʠʧʠʯʥʳʭ 

ʪʝʤʧʝʨʘʪʫʨ ʤʘʛʥʠʪʥʦʛʦ ʫʧʦʨʷʜʦʯʝʥʠʷ ʜʣʷ ʬʘʟ ʚʥʝʜʨʝʥʠʷ ʥʘ ʦʩʥʦʚʝ RGa3 [33-35]. ʀʩʭʦʜʷ 
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ʠʟ ʵʪʦʛʦ, ʤʦʞʥʦ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʜʘʥʥʳʝ ʪʝʤʧʝʨʘʪʫʨʳ TN ʦʪʚʝʯʘʶʪ 

ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʦʤʫ ʫʧʦʨʷʜʦʯʝʥʠʶ ʧʦʜʨʝʰʝʪʢʠ ʨʝʜʢʦʟʝʤʝʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ.  

ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʥʠʞʝ TN ʤʳ ʥʘʙʣʶʜʘʝʤ ʨʘʩʭʦʞʜʝʥʠʝ ʢʨʠʚʳʭ, ʠʟʤʝʨʝʥʥʳʭ ʚ 

zfc- ʠ fc-ʨʝʞʠʤʘʭ (ʈʠʩʫʥʦʢ 34 ʚ, ʛ), ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʧʦʷʚʣʝʥʠʠ ʤʘʛʥʠʪʥʦʛʦ 

ʛʠʩʪʝʨʝʟʠʩʘ. ɸʥʘʣʠʟ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʪʝʧʣʦʝʤʢʦʩʪʠ ʧʦ ʌʠʰʝʨʫ (ʈʠʩʫʥʦʢ 

34ʘ, ʙ; ʚʩʪʘʚʢʠ), ʢʦʪʦʨʘʷ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʢʘʢ ʧʨʦʠʟʚʦʜʥʘʷ ʦʪ ʤʘʛʥʠʪʥʦʡ 

ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ () ʧʦʢʘʟʳʚʘʝʪ ʥʘʣʠʯʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʧʝʨʝʭʦʜʦʚ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ ʥʠʞʝ TN, ʫʢʘʟʳʚʘʶʱʠʭ ʥʘ ʙʦʣʝʝ ʩʣʦʞʥʫʶ ʤʘʛʥʠʪʥʫʶ ʩʪʨʫʢʪʫʨʫ ʧʨʠ 

ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. 

ɺ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ ʦʪ TN ʜʦ 150 ʂ ʟʘʤʝʪʥʦ ʦʪʢʣʦʥʝʥʠʝ ʢʨʠʚʳʭ ʦʙʨʘʪʥʦʡ 

ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʦʪ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʧʦ ʟʘʢʦʥʫ ʂʶʨʠ-ɺʝʡʩʘ (ʈʠʩʫʥʦʢ 34ʜ, ʝ). 

ʕʪʦ ʫʚʝʣʠʯʝʥʠʝ ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʧʦʜʘʚʣʷʝʪʩʷ ʚ ʩʠʣʴʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ 

(ʈʠʩʫʥʦʢ 34ʘ, ʙ), ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʥʘʣʠʯʠʝ ʬʝʨʨʦʤʘʛʥʠʪʥʦʡ ʢʦʤʧʦʥʝʥʪʳ, ʢʦʪʦʨʫʶ ʤʳ 

ʩʚʷʟʳʚʘʝʤ ʩ ʫʧʦʨʷʜʦʯʝʥʠʝʤ ʧʦʜʨʝʰʝʪʢʠ Mn ʤʝʞʜʫ 150 ʂ ʠ TN. ʅʘ ʢʨʠʚʳʭ ʬʠʰʝʨʦʚʩʢʦʡ 

ʪʝʧʣʦʝʤʢʦʩʪʠ ʪʘʢʞʝ ʚʠʜʥ  r ʷʚʥʳʝ ʤʠʥʠʤʫʤʳ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʥʘʣʠʯʠʝ 

ʬʝʨʨʦʤʘʛʥʠʪʥʦʛʦ ʧʝʨʝʭʦʜʘ (ʈʠʩʫʥʦʢ 34ʘ, ʙ; ʚʩʪʘʚʢʠ). 

ʇʦʜʦʙʥʦʝ ʫʧʦʨʷʜʦʯʝʥʠʝ Mn ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʚ ʨʦʜʩʪʚʝʥʥʦʡ ʩʚʝʨʭʩʪʨʫʢʪʫʨʥʦʡ 

ʬʘʟʝ Y4Mn1-xGa12 ʧʨʠ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ (ʊʉ = 155 ʂ) ʠ ʚ ʪʚʝʨʜʦʤ ʨʘʩʪʚʦʨʝ 

Y4Mn1-xGa12-yGey ʥʘ ʝʝ ʦʩʥʦʚʝ (TC = 180-255 K) [37]. ɺ ʩʣʫʯʘʝ ʞʝ ʠʟʦʩʪʨʫʢʪʫʨʥʳʭ ʬʘʟ 

RMnxGa3 (R = Ho-Tm) ʢʦʥʮʝʥʪʨʘʮʠʷ Mn ʚʣʠʷʣʘ ʥʘ ʤʘʛʥʠʪʥʦʝ ʧʦʚʝʜʝʥʠʝ ʚʙʣʠʟʠ TN, 

ʦʜʥʘʢʦ ʦʪʩʫʪʩʪʚʠʝ ʜʘʥʥʳʭ ʚʳʰʝ 30 ʂ ʥʝ ʧʦʟʚʦʣʷʝʪ ʛʦʚʦʨʠʪ ɹʦ ʥʘʣʠʯʠʠ ʠʣʠ ʦʪʩʫʪʩʪʚʠʠ 

ʬʝʨʨʦʤʘʛʥʠʪʥʦʛʦ ʫʧʦʨʷʜʦʯʝʥʠʷ Mn.  

ʉʦʩʫʱʝʩʪʚʦʚʘʥʠʝ ʜʚʫʭ ʤʘʛʥʠʪʥʳʭ ʧʦʜʩʠʩʪʝʤ ʙʳʣʦ ʪʘʢʞʝ ʦʙʥʘʨʫʞʝʥʦ ʚ 

ʩʦʝʜʠʥʝʥʠʠ Tb2Mn0.5Ga6, ʢʦʪʦʨʦʝ ʘʚʪʦʨʳ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʣʠ ʢʘʢ ʯʘʩʪʠʯʥʦ 

ʨʘʟʫʧʦʨʷʜʦʯʝʥʥʫʶ ʩʚʝʨʭʩʪʨʫʢʪʫʨʥʫʶ ʬʘʟʫ Tb2MnGa6 [89]. ɿʘ ʠʩʢʣʶʯʝʥʠʝʤ ʥʘʣʠʯʠʷ 

ʬʝʨʨʦʤʘʛʥʠʪʥʦʡ ʧʨʠʤʝʩʠ ʚ ʠʩʩʣʝʜʦʚʘʥʥʦʤ ʚ ʣʠʪʝʨʘʪʫʨʝ ʧʦʨʦʰʢʦʚʦʤ ʦʙʨʘʟʮʝ ʜʘʥʥʦʡ 

ʬʘʟʳ, ʦʥ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʤʘʛʥʠʪʥʦʝ ʧʦʚʝʜʝʥʠʝ ʦʯʝʥʴ ʩʭʦʜʥʦʝ ʢ ʥʘʙʣʶʜʘʝʤʦʤʫ ʫ 

ʤʦʥʦʢʨʠʩʪʘʣʣʘ TbMn0.2Ga3 ʩ ʙʣʠʟʢʠʤ ʟʥʘʯʝʥʠʝʤ TN ʠ ʦʪʢʣʦʥʝʥʠʝʤ ʦʪ ʟʘʢʦʥʘ ʂʶʨʠ-

ɺʝʡʩʘ ʥʠʞʝ 200 ʂ.  
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ʄʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ DyMnxGa3 ʙʳʣʠ ʠʟʤʝʨʝʥʳ ʚ ʣʠʪʝʨʘʪʫʨʝ ʥʘ ʧʦʨʦʰʢʝ ʠ ʪʦʣʴʢʦ 

ʚʳʰʝ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ [50]. ɺ ʵʪʦʡ ʦʙʣʘʩʪʠ ʩʦʝʜʠʥʝʥʠʝ ʷʚʣʷʝʪʩʷ 

ʧʘʨʘʤʘʛʥʝʪʠʢʦʤ, ʯʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʥʘʰʠʭ ʠʟʤʝʨʝʥʠʡ.  

ʆʪʩʫʪʩʪʚʠʝ ʦʯʝʚʠʜʥʦʛʦ ʚʢʣʘʜʘ Mn ʚ ʵʬʬʝʢʪʠʚʥʳʡ ʤʘʛʥʠʪʥʳʡ ʤʦʤʝʥʪ ʚ 

ʧʘʨʘʤʘʛʥʠʪʥʦʡ ʦʙʣʘʩʪʠ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʝʛʦ ʤʘʣʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʚ ʩʦʝʜʠʥʝʥʠʷʭ ʠ 

ʚʳʩʦʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʤʘʛʥʠʪʥʳʭ ʤʦʤʝʥʪʦʚ ʘʪʦʤʦʚ ʈɿʕ. ʊʘʢ ʢʘʢ ʵʬʬʝʢʪʠʚʥʳʡ 

ʤʘʛʥʠʪʥʳʡ ʤʦʤʝʥʪ ʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ ʧʦ ʬʦʨʤʫʣʝ: 

ʈ̞ ̕Ȣ̕ ʈ̞ ̕Ȣ̕ ὼʈ̞ ̕Ȣ̕, 

ʛʜʝ ʭ ï ʵʪʦ ʢʦʥʮʝʥʪʨʘʮʠʷ Mn (~ 0.2), ʪʦ ʜʘʞʝ ʚ ʩʣʫʯʘʝ ʚʳʩʦʢʦʛʦ ʟʥʘʯʝʥʠʷ 

ʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ Mn ~ 3 ɛB, ʝʛʦ ʚʢʣʘʜ ʩ ʦʙʱʠʡ ʤʘʛʥʠʪʥʳʡ ʤʦʤʝʥʪ ʩʦʩʪʘʚʠʪ 

ʧʨʠʤʝʨʥʦ ~ 0.1 ɛB.  

ʅʘ ʨʠʩʫʥʢʝ 35 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʜʠʥʘʤʠʯʝʩʢʦʡ ʤʘʛʥʠʪʥʦʡ 

ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ. ʈʝʘʣʴʥʘʷ ʯʘʩʪʴ ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ɢ', ʩʚʷʟʘʥʥʘʷ ʩ 

ʦʙʨʘʪʠʤʳʤʠ ʧʨʦʮʝʩʩʘʤʠ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ [126, 127] ʦʞʠʜʘʝʤʦ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʩʭʦʞʝʝ 

ʧʦʚʝʜʝʥʠʝ ʩʦ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʴʶ ʩ ʤʘʢʩʠʤʫʤʘʤʠ, 

ʦʪʚʝʯʘʶʱʠʤʠ ʧʝʨʝʭʦʜʘʤ ʚ ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʦʝ ʩʦʩʪʦʷʥʠʝ. ʄʥʠʤʘʷ ʞʝ ʯʘʩʪʴ ɢ'', 

ʩʚʷʟʘʥʥʘʷ ʩ ʧʦʪʝʨʷʤʠ ʵʥʝʨʛʠʠ ʥʘ ʥʝʦʙʨʘʪʠʤʳʝ ʧʨʦʮʝʩʩʳ ʧʝʨʝʤʘʛʥʠʯʠʚʘʥʠʷ ʚ ʬʝʨʨʦ- ʠ 

ʬʝʨʨʠʤʘʛʥʝʪʠʢʘʭ [126, 127], ʥʘʯʠʥʘʝʪ ʨʘʩʪʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʦʢʦʣʦ 50 ʂ ʠ ʜʦʩʪʠʛʘʝʪ 

ʤʘʢʩʠʤʫʤʘ ʧʨʠ TN, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʥʘʣʠʯʠʝ ʬʝʨʨʦʤʘʛʥʠʪʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʚʳʰʝ 

ʪʝʤʧʝʨʘʪʫʨʳ ʅʝʝʣʷ.  ɸʥʘʣʠʟ ʤʥʠʤʦʡ ʯʘʩʪʠ ʦʙʨʘʪʥʦʡ ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ 

ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʬʝʨʨʦʤʘʛʥʠʪʥʦʝ ʫʧʦʨʷʜʦʯʝʥʠʝ ʥʘʩʪʫʧʘʝʪ ʧʨʠ ʙʦʣʝʝ ʚʳʩʦʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʙʣʠʟʢʠʭ ʢ 125 ʂ ʜʣʷ Tb ʠ 75 K ʜʣʷ Dy. ɺ ʨʘʡʦʥʝ TN ʦʙʝ ʢʨʠʚʳʝ ɢ'' 

ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʷʚʥʳʝ ʧʠʢʠ, ʯʪʦ ʥʝʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʢʦʣʣʠʥʝʘʨʥʳʭ ʘʥʪʠʬʝʨʨʦʤʘʛʥʝʪʠʢʦʚ. 

ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʚʦʟʤʦʞʥʦ ʥʝʩʢʦʣʴʢʦ ʧʨʠʯʠʥ ʪʘʢʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʚʝʜʝʥʠʷ, ʚʢʣʶʯʘʷ 

ʠʟʤʝʥʝʥʠʷ ʤʘʛʥʠʪʥʦʡ ʩʪʨʫʢʪʫʨʳ [128-130], ʧʝʨʝʩʪʨʦʡʢʫ ʜʦʤʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʠʟ-ʟʘ 

ʠʟʤʝʥʝʥʠʷ ʤʘʛʥʠʪʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʘʥʠʟʦʪʨʦʧʠʠ [131].  

ʂʨʠʚʳʝ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ 2, 25, 50 ʠ 300 ʂ ʚ ʠʥʪʝʨʚʘʣʝ 

ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ ʦʪ -5 ʜʦ 5 ʊʣ, ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʣʠʥʝʡʥʳʡ ʭʦʜ ʧʨʠ 300 ʂ, ʯʪʦ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʘʨʘʤʘʛʥʠʪʥʦʤʫ ʩʦʩʪʦʷʥʠʶ ʠ ʦʪʢʣʦʥʝʥʠʝ ʦʪ ʣʠʥʝʡʥʦʛʦ ʧʦʚʝʜʝʥʠʷ ʧʨʠ 50 

ʂ ʠ ʥʠʞʝ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʥʘʣʠʯʠʝ ʬʝʨʨʦʤʘʛʥʠʪʥʦʡ ʢʦʤʧʦʥʝʥʪʳ ʚ ʩʦʝʜʠʥʝʥʠʷʭ 
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(ʈʠʩʫʥʦʢ 36). ʌʝʨʨʦʤʘʛʥʠʪʥʳʡ ʚʢʣʘʜ ʚ ʤʘʛʥʠʪʥʳʡ ʤʦʤʝʥʪ ʨʘʩʪʝʪ ʜʦ 25 ʂ ʚ ʦʙʦʠʭ 

ʩʣʫʯʘʷʭ ʠ ʜʦʩʪʠʛʘʝʪ ʟʥʘʯʝʥʠʷ ʚ 0.55 ʠ 0.7 ɛB ʥʘ ʬʦʨʤʫʣʴʥʫʶ ʝʜʠʥʠʮʫ; ʚ ʧʝʨʝʩʯʝʪʝ ʥʘ 

ʦʜʠʥ ʘʪʦʤ Mn ʩʦʩʪʘʚʣʷʝʪ ʧʦʨʷʜʢʘ 2.5 ʠ 3.0 ɛB. 

 

ʈʠʩʫʥʦʢ 35. ʊʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʠ ʦʙʨʘʪʥʦʡ 

ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ, ʠʟʤʝʨʝʥʥʳʭ ʚ ʥʫʣʝʚʦʤ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʩ ʧʝʨʝʤʝʥʥʳʤ 

ʧʦʣʝʤ ʚʦʟʙʫʞʜʝʥʠʷ 0.5 ʤʊ ʧʨʠ ʯʘʩʪʦʪʝ 10000 ɻʮ ʜʣʷ TbMn0.2Ga3 (ʘ, ʚ) ʠ DyMn0.2Ga3 (ʙ, ʛ) 

 

ɼʘʥʥʳʝ ʟʥʘʯʝʥʠʷ ʥʘʭʦʜʷʪʩʷ ʚ ʪʠʧʠʯʥʦʤ ʜʠʘʧʘʟʦʥʝ ʤʘʛʥʠʪʥʳʭ ʤʦʤʝʥʪʦʚ 

ʥʘʩʳʱʝʥʠʷ Mn ʚ ʥʝʢʦʪʦʨʳʭ ʠʥʪʝʨʤʝʪʘʣʣʠʜʘʭ, ʛʜʝ ʦʥ ʤʦʞʝʪ ʧʨʠʥʠʤʘʪʴ ʟʥʘʯʝʥʠʷ ʦʪ 1 ɛB 

ʚ Mn1-xRexGe [132, 133] ʠ 1.5 ɛB ʚ Y4Mn1-xGa12-yGey [37] ʜʦ 2.5 ɛB ʚ Ű-MnAl [ 134] ʠ Mn1-

xGax [134] ʠ Ḑ4 ɛB ʚ Cu2MnIn [104].  

ʅʠʞʝ 25 ʂ ʤʘʛʥʠʪʥʦʝ ʧʦʚʝʜʝʥʠʝ TbMn0.2Ga3 ʠ DyMn0.2Ga3 ʥʝʩʢʦʣʴʢʦ ʦʪʣʠʯʘʝʪʩʷ. 

ɽʩʣʠ ʜʣʷ DyMn0.2Ga3 ʤʘʛʥʠʪʥʳʡ ʤʦʤʝʥʪ ʨʘʩʪʝʪ ʦʪ 25 ʂ ʜʦ 2 ʂ (ʈʠʩʫʥʦʢ 36ʛ), ʪʦ ʜʣʷ 

TbMn0.2Ga3 ʦʥ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʫʤʝʥʴʰʘʝʪʩʷ (ʈʠʩʫʥʦʢ 35ʙ). ʈʦʩʪ ʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ ʩ 

ʧʦʥʠʞʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʟʘʢʦʥʦʤʝʨʝʥ, ʘ ʚʦʪ ʝʛʦ ʫʤʝʥʴʰʝʥʠʝ, ʢʘʢ ʚ ʩʣʫʯʘʝ TbMn0.2Ga3 ï 
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ʦʩʦʙʝʥʥʦʩʪʴ, ʢʦʪʦʨʘ ̫ʜʝʤʦʥʩʪʨʠʨʫʝʪ, ʯʪʦ ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʦʝ ʫʧʦʨʷʜʦʯʝʥʠʝ ʤʦʤʝʥʪʦʚ 

Tb ʚʣʠʷʝʪ ʥʘ ʤʘʛʥʠʪʥʳʡ ʧʦʨʷʜʦʢ, ʫʩʪʘʥʦʚʣʝʥʥʳʡ ʚʳʰʝ TN.                    

  

ʈʠʩʫʥʦʢ 36. ʇʦʣʝʚʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʜʣʷ TbMn0.2Ga3 (ʘ, ʙ) ʠ DyMn0.2Ga3 

(ʚ, ʛ). ʂʨʘʩʥʘʷ (ʘ) ʠ ʟʝʣʝʥʘʷ (ʚ) ʣʠʥʠʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʘʧʧʨʦʢʩʠʤʘʮʠʠ 

ʚʳʩʦʢʦʧʦʣʝʚʦʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʧʨʠ 2 ʂ  

 

ʅʘʤʘʛʥʠʯʝʥʥʦʩʪʴ ʚ ʚʳʩʦʢʠʭ ʧʦʣʷʭ (ʙʦʣʝʝ 1 ʊʣ) ʨʘʩʪʝʪ ʣʠʥʝʡʥʦ ʙʝʟ ʚʠʜʠʤʳʭ 

ʧʨʠʟʥʘʢʦʚ ʢʘʢʠʭ-ʣʠʙʦ ʤʝʪʘʤʘʛʥʠʪʥʳʭ ʧʝʨʝʭʦʜʦʚ ʠ ʥʘʩʳʱʝʥʠʷ ʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ. 

ʄʘʛʥʠʪʥʳʡ ʤʦʤʝʥʪ ʥʘʩʳʱʝʥʠʷ ʧʨʠ 5 ʊʣ ʩʦʩʪʘʚʣʷʝʪ ʧʦʨʷʜʢʘ 2.3 ɛB ʠ 3.5 ɛB ʥʘ 

ʬʦʨʤʫʣʴʥʫʶ ʝʜʠʥʠʮʫ ʜʣʷ TbMn0.2Ga3 ʠ DyMn0.2Ga3 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʯʪʦ ʩʦʧʦʩʪʘʚʠʤʦ ʩʦ 

ʟʥʘʯʝʥʠʷʤʠ ʜʣʷ ʥʝʫʧʦʨʷʜʦʯʝʥʥʳʭ ʬʘʟ RCrxGa3-yGey ʠ ʪʘʢʞʝ ʥʠʞʝ, ʯʝʤ ʪʝʦʨʝʪʠʯʝʩʢʠʝ 

ʤʦʤʝʥʪʳ ʥʘʩʳʱʝʥʠʷ ʜʣʷ Tb ʠ Dy. 

ʏʘʩʪʠʯʥʦʝ ʬʝʨʨʦʤʘʛʥʠʪʥʦʝ ʫʧʦʨʷʜʦʯʝʥʠʝ ʘʪʦʤʦʚ ʈɿʕ ʥʠʞʝ TN ʧʨʠʚʦʜʠʪ ʢ 

ʧʦʷʚʣʝʥʠ ʁ ʤʘʛʥʠʪʥʦʛʦ ʛʠʩʪʝʨʝʟʠʩʘ ʧʨʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʩ ʢʦʵʨʮʠʪʠʚʥʦʡ ʩʠʣʦʡ 

ɛ0HC Ḑ125 ʤʊʣ ʠ Ḑ30 ʤʊʣ ʜʣʷ TbMn0.2Ga3 ʠ DyMn0.2Ga3 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʨʠ 
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ʪʝʤʧʝʨʘʪʫʨʘʭ ʚʳʰʝ TN ʛʠʩʪʝʨʝʟʠʩ ʦʪʩʫʪʩʪʚʫʝʪ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ 

ʫʧʦʨʷʜʦʯʝʥʠʝ ʧʦʜʨʝʰʝʪʢʠ ʨʝʜʢʦʟʝʤʝʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʳʤ ʬʘʢʪʦʨʦʤ ʚ 

ʝʛʦ ʧʦʷʚʣʝʥʠʠ. ɺʘʞʥʦʩʪʴ ʫʧʦʨʷʜʦʯʝʥʠʷ ʠʤʝʥʥʦ ʘʪʦʤʦʚ R ʤʦʞʥʦ ʪʘʢʞʝ ʧʦʜʪʚʝʨʜʠʪʴ ʪʝʤ 

ʬʘʢʪʦʤ, ʯʪʦ ʚ ʨʦʜʩʪʚʝʥʥʦʡ ʬʘʟʝ Y4Mn1-xGa12-yGey ʟʥʘʯʝʥʠʷ ʢʦʵʨʮʠʪʠʚʥʳʭ ʩʠʣ ʧʨʠ 

ʥʠʟʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʟʘʤʝʪʥʦ ʥʠʞʝ (Ḑ2 ʤʊʣ) [37]. ʊʘʢ ʢʘʢ ʢʦʵʬʬʠʮʠʝʥʪʳ ʤʘʛʥʠʪʥʦʡ 

ʘʥʠʟʦʪʨʦʧʠʠ ʜʣʷ ʠʦʥʦʚ Tb ʠ Dy ʜʦʩʪʘʪʦʯʥʦ ʙʣʠʟʢʠ [135], ʙʦʣʴʰʘʷ ʨʘʟʥʠʮʘ ʚ ʟʥʘʯʝʥʠʷʭ 

ʢʦʵʨʮʠʪʠʚʥʦʡ ʩʠʣʳ ʜʣʷ TbMn0.2Ga3 ʠ DyMn0.2Ga3 ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʘ ʩ ʙʦʣʝʝ ʩʠʣʴʥʳʤʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤʠ Tb-Mn, ʨʘʟʥʦʡ ʩʠʣʦʡ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʘʪʦʤʘʤʠ 

ʨʝʜʢʦʟʝʤʝʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ, ʘ ʪʘʢʞʝ ʨʘʣʠʯʥʦʡ ʤʘʛʥʠʪʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʧʦʜʩʠʩʪʝʤʳ 

ʨʝʜʢʦʟʝʤʝʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ. 

4.3.3 ʄʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʩʚʝʨʭʩʪʨʫʢʪʫʨʥʳʭ ʬʘʟ R4Mn 1-xGa12-yGey (R = Tb, Dy) 

ʊʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʩʪʘʪʠʯʝʩʢʦʡ ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʠʟʤʝʨʷʣʠ 

ʥʘ ʢʨʠʩʪʘʣʣʘʭ ʩʦʩʪʘʚʦʚ R4MnGa10Ge2 (R = Tb, Dy) (ʊʘʙʣʠʮʘ 18 ʩʝʨʠʷ ˉ3 ʦʙʨʘʟʝʮ 17 ʠ 

ʩʝʨʠʷ ˉ4 ʦʙʨʘʟʝʮ 25) ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 2ï380 ʂ ʚ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ ʜʦ 5 ʊʣ 

(ʈʠʩʫʥʦʢ 37). ɼʘʥʥʳʝ ʜʠʥʘʤʠʯʝʩʢʦʡ ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʠʟʤʝʨʷʣʠ ʚ ʫʩʣʦʚʠʷʭ 

ʘʥʘʣʦʛʠʯʥʳʭ ʪʘʢʦʚʳʤ ʜʣʷ RMnxGa3 (R = Tb, Dy) ʅʘ ʨʠʩʫʥʢʝ 38 ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʘʥʥʳʝ 

ʜʣʷ ʯʘʩʪʦʪʳ 10000 ɻʮ. ʀʟʤʝʨʝʥʠʷ ʧʦʣʝʚʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʧʨʦʚʦʜʠʣʠ 

ʧʨʠ ʊ = 2, 50 ʠ 300 ʂ ʚ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ ʦʪ -5 ʜʦ 14 ʊʣ. ʅʘ ʨʠʩʫʥʢʝ 39 ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʜʘʥʥʳʝ ʠʟʤʝʨʝʥʠʡ ʚ ʧʦʣʷʭ ʦʪ -5 ʊʣ ʜʦ 6 ʊʣ. ʄʘʛʥʪʠʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ 

R4MnGa10Ge2 (R = Tb, Dy) ʩʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ (ʇʨʠʣʦʞʝʥʠʝ 2). 

ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʬʘʟʳ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʩʭʦʞʝʝ ʤʘʛʥʠʪʥʦʝ 

ʧʦʚʝʜʝʥʠʝ ʩ RMnʭGa3 (R = Tb, Dy), ʦʜʥʘʢʦ ʥʘʙʣʶʜʘʝʪʩʷ ʨʷʜ ʦʩʦʙʝʥʥʦʩʪʝʡ, ʢʦʪʦʨʳʝ 

ʧʦʜʨʦʙʥʦ ʙʫʜʫʪ ʦʧʠʩʘʥʳ ʥʠʞʝ. R4MnGa10Ge2 (R = Tb, Dy) ʧʦʜʯʠʥʷʶʪʩʷ ʟʘʢʦʥʫ ʂʶʨʠ-

ɺʝʡʩʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚʳʰʝ 250 ʂ ʩ ʦʪʨʠʮʘʪʝʣʴʥʳʤʠ ʢʦʥʩʪʘʥʪʘʤʠ ɺʝʡʩʘ (-18 ʠ -16 K) 

ʠ ʵʬʬʝʢʪʠʚʥʳʤʠ ʤʘʛʥʠʪʥʳʤʠ ʤʦʤʝʥʪʘʤʠ 9.49(3) ɛB ʠ 10.45(1) ɛB ʜʣʷ Tb ʠ Dy 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʈʠʩʫʥʦʢ 37ʜ, ʝ). ʕʪʠ ʟʥʘʯʝʥʠʷ ʥʘʭʦʜʷʪʩʷ ʚ ʭʦʨʦʰʝʤ ʩʦʛʣʘʩʠʠ ʩ 

ʪʝʦʨʝʪʠʯʝʩʢʠʤʠ ʜʣʷ R3+ ʠ ʦʙʥʘʨʫʞʝʥʥʳʤʠ ʜʣʷ RMnʭGa3 (R = Tb, Dy). 
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ʈʠʩʫʥʦʢ 37. ʊʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ (ʘ, ʙ), 

ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʝ ʦʙʣʘʩʪʠ ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ (ʚ, ʛ) ʠ ʪʝʤʧʝʨʘʪʫʨʥʳʝ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʙʨʘʪʥʦʡ ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ (ʜ, ʝ) ʜʣʷ Tb4MnGa10Ge2 ʠ 

Dy4MnGa10Ge2. ʂʨʘʩʥʳʝ ʣʠʥʠʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʧʦ ʟʘʢʦʥʫ ʂʶʨʠ-ɺʝʡʩʘ 

ʧʘʨʘʤʘʛʥʠʪʥʦʡ ʦʙʣʘʩʪʠ. ɺʩʪʘʚʢʠ ʥʘ (ʘ) ʠ (ʙ) ʧʦʢʘʟʳʚʘʶʪ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ 

ʪʝʧʣʦʝʤʢʦʩʪʠ ʧʦ ʌʠʰʝʨʫ.  

  

R4MnGa10Ge2 (R = Tb, Dy) ʪʘʢʞʝ ʩʦʜʝʨʞʘʪ ʜʚʝ ʤʘʛʥʠʪʥʳʝ ʧʦʜʩʠʩʪʝʤʳ: 

ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʫʶ ʧʦʜʩʠʩʪʝʤʫ ʨʝʜʢʦʟʝʤʝʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ, ʫʧʦʨʷʜʦʯʠʚʘʶʱʫʶʩʷ ʧʨʠ 

TN = 18 K ʜʣʷ Tb ʠ 13 K ʜʣʷ Dy ʠ ʬʝʨʨʦʤʘʛʥʠʪʥʫʶ ʧʦʜʩʠʩʪʝʤʫ Mn, ʯʴʷ TC ʩʦʩʪʘʚʣʷʝʪ 

ʧʦʨʷʜʢʘ 200 ʂ. ʅʘʜʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʪʝʤʧʝʨʘʪʫʨʳ ʅʝʝʣʷ ʯʫʪʴ ʥʠʞʝ, ʯʝʤ ʜʣʷ 
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ʥʝʫʧʦʨʷʜʦʯʝʥʥʳʭ ʬʘʟ ʙʝʟ Ge. ʇʦʜʦʙʥʦʝ ʤʳ ʥʘʙʣʶʜʘʣʠ ʠ ʜʣʷ ʬʘʟ ʩ Cr, ʛʜʝ ʯʘʩʪʠʯʥʦʝ 

ʟʘʤʝʱʝʥʠʝ Ga ʥʘ Ge ʧʦʥʠʞʘʣʦ ʪʝʤʧʝʨʘʪʫʨʫ ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʦʛʦ ʫʧʦʨʷʜʦʯʝʥʠʷ. 

ʊʝʤʧʝʨʘʪʫʨʘ ʂʶʨʠ, ʥʘʧʨʦʪʠʚ, ʨʝʟʢʦ ʠ ʟʥʘʯʠʪʝʣʴʥʦ ʚʦʟʨʦʩʣʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ RMnʭGa3 (R 

= Tb, Dy) ʠ ʩʦʧʦʩʪʘʚʠʤʘ ʩ TC = 180 -225 ʂ ʜʣʷ Y4Mn1-xGa12-yGey [37]. ʋʚʝʣʠʯʝʥʠʝ TC 

ʤʦʞʝʪ ʙʳʪʴ ʩʣʝʜʩʪʚʠʝʤ ʥʝʩʢʦʣʴʢʠʭ ʬʘʢʪʦʨʦʚ, ʪʘʢʠʭ ʢʘʢ ʙʦʣʴʰʝʝ ʩʦʜʝʨʞʘʥʠʝ Mn ʚ ʬʘʟʝ 

ʠ ʩʚʷʟʘʥʥʦʝ ʩ ʥʠʤ ʩʚʝʨʭʩʪʨʫʢʪʫʨʥʦʝ ʫʧʦʨʷʜʦʯʝʥʠʝ, ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ Mn-Ge, ʢʦʪʦʨʦʝ 

ʪʘʢʞʝ ʤʦʞʝʪ ʚʣʠʷʪʴ ʥʘ ʟʥʘʯʝʥʠʝ ʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ ʥʘ ʘʪʦʤʝ Mn. ɺ Y4Mn1-xGa12-yGey 

ʯʘʩʪʠʯʥʦʝ ʟʘʤʝʱʝʥʠʝ Ga ʥʘ Ge ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ TC ʧʨʘʢʪʠʯʝʩʢʠ ʚ ʧʦʣʪʦʨʘ ʨʘʟʘ ʠ 

ʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ ʥʘ ʘʪʦʤʝ Mn ʚ 10 ʨʘʟ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ Y4Mn1-xGa12 [37]. ɹʦʣʝʝ 

ʩʠʣʴʥʳʝ ʤʘʛʥʠʪʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʪʘʢʞʝ ʧʨʦʷʚʣʷʶʪʩʷ ʚ ʷʨʢʦ ʚʳʨʘʞʝʥʥʦʤ ʩʢʘʯʢʝ 

ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ RMnxGa3, ʠ ʥʘ ʢʨʠʚʳʭ ʪʝʧʣʦʝʤʢʦʩʪʠ ʧʦ 

ʌʠʰʝʨʫ ʢʨʠʪʠʯʝʩʢʠʝ ʪʦʯʢʠ ʥʘʭʦʜʷʪʩʷ ʥʘʤʥʦʛʦ ʙʣʠʞʝ ʢ ʥʘʯʘʣʫ ʦʪʢʣʦʥʝʥʠʷ ʢʨʠʚʦʡ ʦʪ 

ʟʘʢʦʥʘ ʂʶʨʠ-ɺʝʡʩʘ (ʈʠʩʫʥʦʢ 37ʘ, ʙ). ʆʜʥʘʢʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʵʪʦ, ʤʘʛʥʠʪʥʘʷ 

ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʴ ʜʦʚʦʣʴʥʦ ʤʝʜʣʝʥʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ ʧʦʥʠʞʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ, ʯʪʦ ʥʝ 

ʷʚʣʷʝʪʩʷ ʭʘʨʘʢʪʝʨʥʳʤ ʜʣʷ ʬʝʨʨʦʤʘʛʥʝʪʠʢʦʚ, ʠ ʩʢʦʨʝʝ ʚʩʝʛʦ ʩʚʷʟʘʥʦ ʩ ʥʘʣʠʯʠʝʤ ʚʪʦʨʦʡ 

ʤʘʛʥʠʪʦʘʢʪʠʚʥʦʡ ʧʦʜʩʠʩʪʝʤʳ R (Tb ʠ Dy) ʠ ʝʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʩ Mn. ɺ Y4Mn1-xGa12-

yGey ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʚʪʦʨʦʡ ʤʘʛʥʠʪʦʘʢʪʠʚʥʦʡ ʧʦʜʩʠʩʪʝʤʳ ʧʝʨʝʭʦʜ ʚ ʬʝʨʨʦʤʘʛʥʠʪʥʦʝ 

ʩʦʩʪʦʷʥʠʝ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʙʦʣʝʝ ʨʝʟʢʠʤ ʨʦʩʪʦʤ ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ.     

ʅʠʞʝ TN ʤʳ ʪʘʢʞʝ ʦʙʥʘʨʫʞʠʚʘʝʤ ʙʦʣʝʝ ʩʣʦʞʥʦʝ ʤʘʛʥʠʪʥʦʝ ʧʦʚʝʜʝʥʠʝ ʩ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʤʠ ʤʘʛʥʠʪʥʳʤʠ ʧʝʨʝʭʦʜʘʤʠ. ɺ ʨʘʡʦʥʝ 12 ʂ ʠ 8 ʂ ʜʣʷ ʩʦʝʜʠʥʝʥʠʷ ʩ Tb ʠ 

Dy, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʨʦʠʩʭʦʜʠʪ ʟʘʤʝʪʥʦʝ ʠʟʤʝʥʝʥʠʝ ʥʘʢʣʦʥʘ ʢʨʠʚʦʡ (ʈʠʩʫʥʦʢ 37ʚ, ʛ). 

ʊʘʢʞʝ ʧʨʠ ʵʪʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʤʳ ʥʘʙʣʶʜʘʝʤ ʨʘʩʭʦʞʜʝʥʠʝ ʢʨʠʚʳʭ, ʠʟʤʝʨʝʥʥʳʭ ʚ zfc- ʠ 

fc-ʨʝʞʠʤʘʭ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʧʦʷʚʣʝʥʠʝ ʤʘʛʥʠʪʥʦʛʦ ʛʠʩʪʝʨʝʟʠʩʘ. 

ʍʦʜ ʢʨʠʚʳʭ ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ, ʠʟʤʝʨʝʥʥʳʭ ʚ ʧʝʨʝʤʝʥʥʳʭ ʤʘʛʥʠʪʥʳʭ 

ʧʦʣʷʭ, ʢʘʯʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʢʨʠʚʳʭ ʜʣʷ ʥʝʫʧʦʨʷʜʦʯʝʥʥʳʭ ʬʘʟ RMnʭGa3 (R = Tb, 

Dy) (ʈʠʩʫʥʦʢ 38). ɺʤʝʩʪʦ ʧʣʘʚʥʦʛʦ ʨʦʩʪʘ ɢΩ ʩ ʧʦʥʠʞʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ, ʤʳ ʥʘʙʣʶʜʘʝʤ 

ʨʝʟʢʠʡ ʩʢʘʯʦʢ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʥʠʞʝ 200 ʂ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʬʝʨʨʦʤʘʛʥʠʪʥʦʤʫ 

ʫʧʦʨʷʜʦʯʝʥʠʶ, ʠ ʟʘʪʝʤ ʚʳʭʦʜ ʥʘ ʧʣʘʪʦ ʠ ʨʝʟʢʦʝ ʧʘʜʝʥʠʝ ʧʨʠ TN. ʄʥʠʤʘʷ ʯʘʩʪʴ 

ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ɢΩΩ ʚ ʦʩʥʦʚʥʦʤ ʩʣʝʜʫʝʪ ʟʘ ʜʝʡʩʪʚʠʪʝʣʴʥʦʡ ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʧʠʢʦʚ ʚ 

ʨʘʡʦʥʝ TN, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʨʘʟʥʫʶ ʧʨʠʨʦʜʫ ʜʣʷ ʩʦʝʜʠʥʝʥʠʡ ʩ Tb ʠ Dy. ɺ ʪʦ ʚʨʝʤʷ ʢʘʢ 

ɢΩΩ(T) ʜʣʷ Tb4MnGa10Ge2 ʫʤʝʥʴʰʘʝʪʩʷ ʥʠʞʝ TN ʠʟ-ʟʘ ʫʚʝʣʠʯʝʥʠʷ ʢʦʵʨʮʠʪʠʚʥʦʡ ʩʠʣʳ, ʧʠʢ 
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ʜʣʷ Dy4MnGa10Ge2 ʦʯʝʥʴ ʫʟʢʠʡ ʠ ʧʦʷʚʣʷʝʪʩʷ ʧʨʠ TN. ʇʦʩʣʝʜʥʝʝ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ 

ʧʨʦʮʝʩʩʘʤʠ ʨʝʣʘʢʩʘʮʠʠ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʤʝʩʪʦ ʧʨʠ TN.                   

 

ʈʠʩʫʥʦʢ 38. ʊʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ, ʠʟʤʝʨʝʥʥʳʝ ʚ 

ʥʫʣʝʚʦʤ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʩ ʧʝʨʝʤʝʥʥʳʤ ʧʦʣʝʤ ʚʦʟʙʫʞʜʝʥʠʷ 0.5 ʤʊ ʧʨʠ ʯʘʩʪʦʪʝ 10000 ɻʮ 

ʜʣʷ Tb4MnGa10Ge2 (ʘ) ʠ Dy4MnGa10Ge2 (ʙ). 

 

ʇʦʣʝʚʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʣʠʥʝʡʥʳʡ ʭʦʜ ʧʨʠ 300 ʂ, 

ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʧʘʨʘʤʘʛʥʠʪʥʦʤ ʩʦʩʪʦʷʥʠʠ ʧʨʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. ʇʨʠ ʊ = 50 ʂ 

ʧʨʦʠʩʭʦʜʠʪ ʙʳʩʪʨʳʡ ʠ ʨʝʟʢʠʡ ʨʦʩʪ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʩ ʥʘʩʳʱʝʥʠʝʤ ʧʨʠ ɛ0H Ḑ 0.1 ʊʣ, 

ʯʪʦ ʝʱʝ ʨʘʟ ʧʦʜʪʚʝʨʞʜʘʝʪ ʥʘʣʠʯʠʝ ʬʝʨʨʦʤʘʛʥʠʪʥʦʛʦ ʧʝʨʝʭʦʜʘ ʚʳʰʝ ʊN. ʉ ʧʦʥʠʞʝʥʠʝʤ 

ʪʝʤʧʝʨʘʪʫʨʳ ʤʘʛʥʠʪʥʳʡ ʤʦʤʝʥʪ ʬʝʨʨʦʤʘʛʥʠʪʥʦʡ ʢʦʤʧʦʥʝʥʪʳ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʠ 

ʜʦʩʪʠʛʘʝʪ ʤʘʢʩʠʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʚ 7.0 ɛB ʠ 9.6 ɛB ʥʘ ʬʦʨʤʫʣʴʥʫʶ ʝʜʠʥʠʮʫ ʜʣʷ 

Tb4MnGa10Ge2 ʠ Dy4MnGa10Ge2 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʈʠʩʫʥʦʢ 39ʘ, ʚ). ʕʪʠ ʟʥʘʯʝʥʠʷ ʥʝ ʤʦʛʫʪ 

ʙʳʪʴ ʦʪʥʝʩʝʥʳ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʢ Mn, ʪʘʢ ʢʘʢ ʤʘʢʩʠʤʘʣʴʥʦʝ ʪʝʦʨʝʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʝʛʦ 

ʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ ʥʘʩʳʱʝʥʠʷ ʥʝ ʤʦʞʝʪ ʧʨʝʚʳʰʘʪʴ 5 ɛB. ʕʪʦ ʟʥʘʯʠʪ, ʯʪʦ ʤʘʛʥʠʪʥʘʷ 

ʩʪʨʫʢʪʫʨʘ Tb ʠ Dy ʦʪʢʣʦʥʷʝʪʩʷ ʦʪ ʢʦʣʣʠʥʝʘʨʥʦʡ ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʦʡ ʥʠʞʝ TN. ɹʦʣʝʝ 

ʪʦʛʦ, ʧʦʩʢʦʣʴʢʫ ʤʘʛʥʠʪʥʘʷ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʴ ʥʝ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʨʠ ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʦʤ 

ʧʝʨʝʭʦʜʝ (ʈʠʩʫʥʦʢ 37ʘ-ʛ), ʪʦ Tb ʠ Dy ʜʦʣʞʥʳ ʧʨʦʷʚʣʷʪʴ ʯʘʩʪʠʯʥʦʝ ʬʝʨʨʦʤʘʛʥʠʪʥʦʝ 

ʫʧʦʨʷʜʦʯʝʥʠʝ ʪʘʢʞʝ ʚʳʰʝ TN.  

ɿʥʘʯʝʥʠʷ ʥʝʩʢʦʤʧʝʥʩʠʨʦʚʘʥʥʳʭ ʤʘʛʥʠʪʥʳʭ ʤʦʤʝʥʪʦʚ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ 

ʦʧʨʝʜʝʣʠʪʴ ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʥʦ, ʪʘʢ ʢʘʢ ʥʠ ʟʥʘʯʝʥʠʝ ʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ Mn, ʥʠ 

ʦʨʠʝʥʪʘʮʠʠ ʤʘʛʥʠʪʥʳʭ ʤʦʤʝʥʪʦʚ Mn ʠ R ʥʝʠʟʚʝʩʪʥʳ. ʆʜʥʘʢʦ, ʝʩʣʠ ʠʩʧʦʣʴʟʦʚʘʪʴ 
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ʤʘʛʥʠʪʥʳʡ ʤʦʤʝʥʪ Mn ʠʟ Y4Mn0.9Ga11Ge1 ʨʘʚʥʳʡ 1.5 ɛB ʪʦ ʬʝʨʨʦʤʘʛʥʠʪʥʳʝ ʢʦʤʧʦʥʝʥʪʳ 

ʤʦʤʝʥʪʘ Tb ʠ Dy ʙʫʜʫʪ ʩʦʩʪʘʚʣʷʪʴ 1.4 ɛB ʠ 2.0 ɛB ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʨʠ ʬʝʨʨʦʤʘʛʥʠʪʥʦʤ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʤʝʞʜʫ Mn ʠ R, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʦʝ ʩʚʷʟʳʚʘʥʠʝ ʤʝʞʜʫ 

Mn ʠ R ʜʘʝʪ ʟʥʘʯʝʥʠʷ ʬʝʨʨʦʤʘʛʥʠʪʥʳʭ ʢʦʤʧʦʥʝʥʪ ʨʘʚʥʳʭ 2.1 ɛB ʠ 2.8 ɛB, ʯʪʦ 

ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ, ʯʝʤ ʤʘʢʩʠʤʘʣʴʥʳʝ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʟʥʘʯʝʥʠʷ ʜʣʷ ʵʪʠʭ ʘʪʦʤʦʚ.                 

 

 

ʈʠʩʫʥʦʢ 39. ʇʦʣʝʚʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʜʣʷ Tb4MnGa10Ge2 (ʘ, ʙ) ʠ 

Dy4MnGa10Ge2 (ʚ, ʛ). ʂʨʘʩʥʘʷ (ʘ) ʠ ʟʝʣʝʥʘʷ (ʚ) ʣʠʥʠʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 

ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʚ ʚʳʩʦʢʦʤ ʧʦʣʝ. 

 

ʂʘʢ ʠ ʚ ʩʣʫʯʘʝ ʥʝʫʧʦʨʷʜʦʯʝʥʥʳʭ ʬʘʟ RMnʭGa3 (R = Tb, Dy) ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 

ʥʠʞʝ TN ʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ ʧʦʷʚʣʝʥʠʝ ʤʘʛʥʠʪʥʦʛʦ ʛʠʩʪʝʨʝʟʠʩʘ ʩ ʢʦʵʨʮʠʪʠʚʥʦʡ ʩʠʣʦʡ 

ɛ0HC Ḑ15 ʤʊʣ ʠ Ḑ10 ʤʊʣ ʜʣʷ Tb4MnGa10Ge2 ʠ Dy4MnGa10Ge2 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʈʠʩʫʥʦʢ 

39ʙ, ʛ). ʇʨʠʯʠʥʦʡ ʪʘʢʦʛʦ ʨʝʟʢʦʛʦ ʫʤʝʥʴʰʝʥʠʷ ʚ ʢʦʵʨʮʠʪʠʚʥʦʡ ʩʠʣʝ ʤʦʞʝʪ ʙʳʪʴ 

ʠʟʤʝʥʝʥʠʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ, ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʡ ʧʠʥʥʠʥʛ ʜʦʤʝʥʥʳʭ ʛʨʘʥʠʮ ʚ 
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RMnʭGa3 (R = Tb, Dy), ʩʚʷʟʘʥʥʳʡ ʩ ʨʘʟʫʧʦʨʷʜʦʯʝʥʠʝʤ ʚ ʩʪʨʫʢʪʫʨʝ, ʠ ʢʦʥʬʠʛʫʨʘʮʠʠ 

ʤʘʛʥʠʪʥʳʭ ʤʦʤʝʥʪʦʚ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ.           

ʊʘʢ ʢʘʢ ʬʘʟʳ, ʧʨʦʠʟʚʦʜʥʳʝ ʦʪ RGa3, ʥʝ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʫʧʦʨʷʜʦʯʝʥʠʷ 

ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚʳʰʝ 30 ʂ [31-36, 48-52], ʪʦ ʤʦʞʥʦ ʛʦʚʦʨʠʪʴ ʦ ʪʦʤ, ʯʪʦ ʚ 

ʥʘʰʝʤ ʩʣʫʯʘʝ ʯʘʩʪʠʯʥʦʝ ʬʝʨʨʦʤʘʛʥʠʪʥʦʝ ʫʧʦʨʷʜʦʯʝʥʠʝ Tb ʠ Dy, ʢʘʢ ʚ 

ʥʝʫʧʦʨʷʜʦʯʝʥʥʳʭ ʬʘʟʘ RMnxGa3 (R = Tb, Dy), ʪʘʢ ʠ ʚ ʩʚʝʨʭʩʪʨʫʢʪʫʨʥʳʭ R4MnGa10Ge2 (R 

= Tb, Dy) ʚʳʟʚʘʥʦ ʬʝʨʨʦʤʘʛʥʠʪʥʳʤ ʫʧʦʨʷʜʦʯʝʥʠʝʤ Mn. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʬʝʨʨʦʤʘʛʥʠʪʥʦʝ 

ʫʧʦʨʷʜʦʯʝʥʠʝ ʘʪʦʤʦʚ ʧʝʨʝʭʦʜʥʦʛʦ ʤʝʪʘʣʣʘ ʩʧʦʩʦʙʥʦ ʚʳʟʳʚʘʪʴ ʯʘʩʪʠʯʥʦʝ ʠʣʠ ʧʦʣʥʦʝ 

ʬʝʨʨʦʤʘʛʥʠʪʥʦʝ ʫʧʦʨʷʜʦʯʝʥʠʝ ʘʪʦʤʦʚ ʨʝʜʢʦʟʝʤʝʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ [136-139], ʦʜʥʘʢʦ ʚ 

ʧʦʜʦʙʥʳʭ ʩʦʝʜʠʥʝʥʠʷʭ ʩʦʜʝʨʞʘʥʠʝ ʘʪʦʤʦʚ ʧʝʨʝʭʦʜʥʦʛʦ ʵʣʝʤʝʥʪʘ ʨʘʚʥʦ ʠʣʠ ʙʦʣʴʰʝ, 

ʯʝʤ ʈɿʕ. ɺ ʥʘʰʝʤ ʞʝ ʩʣʫʯʘʝ ʩʪʦʠʪ ʪʘʢʞʝ ʩʢʘʟʘʪʴ, ʯʪʦ ʬʝʨʨʦʤʘʛʥʠʪʥʦʝ ʫʧʦʨʷʜʦʯʝʥʠʝ Mn 

ʧʨʠʚʦʜʠʪ ʢ ʬʝʨʨʦʤʘʛʥʠʪʥʦʤʫ ʫʧʦʨʷʜʦʯʝʥʠʶ ʣʠʰʴ ʥʝʙʦʣʴʰʦʡ ʯʘʩʪʠ ʤʘʛʥʠʪʥʦʛʦ 

ʤʦʤʝʥʪʘ Tb ʠ Dy, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʦʩʥʦʚʥʘʷ ʯʘʩʪʴ ʩʧʠʥʦʚ ʘʪʦʤʦʚ ʈɿʕ ʫʧʦʨʷʜʦʯʠʚʘʝʪʩʷ 

ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʦ ʧʨʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. 

 

4.3.4 ʊʝʧʣʦʝʤʢʦʩʪʴ RMn xGa3 ʠ R4Mn 1-xGa12-yGey (R = Tb, Dy) 

ʊʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʪʝʧʣʦʝʤʢʦʩʪʠ ʜʣʷ RMn0.2Ga3 ʠ R4MnGa10Ge2 (R = Tb, 

Dy) ʠʟʤʝʨʷʣʠ ʚ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ 2ï200 ʂ ʚ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ ʦʪ 0 ʜʦ 2 ʊʣ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʧʦʜʪʚʝʨʞʜʘʶʪ ʥʘʣʠʯʠʝ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ ʧʨʠ ʥʠʟʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʠ ʫʢʘʟʳʚʘʶʪ ʥʘ ʪʦ, ʯʪʦ ʵʪʠ ʧʝʨʝʭʦʜʳ ʷʚʣʷʁʪʩʷ ʧʝʨʝʭʦʜʘʤʠ ʚʪʦʨʦʛʦ ʨʦʜʘ. 

ɺʳʰʝ 30 ʂ ʥʠʢʘʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʠʣʠ ʢʨʠʪʠʯʝʩʢʠʭ ʪʦʯʝʢ ʜʣʷ RMn0.2Ga3 ʦʙʥʘʨʫʞʝʥʦ ʥʝ 

ʙʳʣʦ, ʯʪʦ ʦʞʠʜʘʝʤʦ, ʫʯʠʪʳʚʘʷ ʜʦʚʦʣʴʥʦ ʧʣʘʚʥʳʡ ʭʦʜ ʢʨʠʚʳʭ ʤʘʛʥʠʪʥʦʡ 

ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ (ʈʠʩʫʥʦʢ 34ʘ, ʙ). ɼʣʷ R4MnGa10Ge2 ʦʪʩʫʪʩʪʚʠʝ ʧʝʨʝʭʦʜʘ ʥʘ ʢʨʠʚʳʭ 

ʦʙʲʷʩʥʷʝʪʩʷ ʧʨʝʜʝʣʦʤ ʠʟʤʝʨʝʥʠʡ ʪʝʧʣʦʝʤʢʦʩʪʠ ʚ 200 ʂ, ʢʦʪʦʨʳʡ ʥʠʞʝ, ʯʝʤ 

ʦʙʥʘʨʫʞʝʥʥʳʝ ʊʉ ʧʦ ʜʘʥʥʳʤ ʤʘʛʥʠʪʥʳʭ ʠʟʤʝʨʝʥʠʡ.  

ɺ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʦʙʣʘʩʪʠ ʚʠʜʝʥ ʨʷʜ ʦʩʦʙʝʥʥʦʩʪʝʡ ʠ ʘʥʦʤʘʣʠʡ ʥʘ ʢʨʠʚʳʭ, 

ʦʩʦʙʝʥʥʦ ʜʣʷ ʩʚʝʨʭʩʪʨʫʢʪʫʨʥʳʭ ʬʘʟ R4MnGa10Ge2, ʯʪʦ ʪʘʢʞʝ ʧʦʜʪʚʝʨʞʜʘʝʪ ʥʘʣʠʯʠʝ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ ʥʠʞʝ TN ʠ ʬʦʨʤʠʨʦʚʘʥʠʝ ʙʦʣʝʝ ʩʣʦʞʥʦʡ 

ʤʘʛʥʠʪʥʦʡ ʩʪʨʫʢʪʫʨʳ (ʈʠʩʫʥʦʢ 40ʘ). ʍʦʜ ʢʨʠʚʦʡ ʜʣʷ Tb4MnGa10Ge2 ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʚ 

0.1 ʊʣ ʧʨʘʢʪʠʯʝʩʢʠ ʩʦʚʧʘʜʘʝʪ ʩ ʪʘʢʦʚʳʤ ʜʣʷ ʥʫʣʝʚʦʛʦ ʧʦʣʷ ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʦʙʣʘʩʪʠ ʚ 

ʨʘʡʦʥʝ ʊ = 12 ʂ, ʛʜʝ ʢʨʠʚʘʷ ʩʛʣʘʞʠʚʘʝʪʩʷ. ʀʟʤʝʨʝʥʠʷ ʜʣʷ Dy4MnGa10Ge2 ʚ ʨʘʟʥʳʭ 
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ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ (ʈʠʩʫʥʦʢ 40ʙ) ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʫʧʦʨʷʜʦʯʝʥʠʝ ʤʘʛʥʠʪʥʳʭ ʤʦʤʝʥʪʦʚ Dy 

ʦʯʝʥʴ ʯʫʚʩʪʚʠʪʝʣʴʥʦ ʢ ʩʠʣʝ ʧʨʠʢʣʘʜʳʚʘʝʤʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʯʪʦ ʦʞʠʜʘʝʤʦ ʜʣʷ 

ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʳʭ ʧʝʨʝʭʦʜʦʚ. ʇʦʩʪʝʧʝʥʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʧʦʜʘʚʣʷʝʪ 

ʘʥʦʤʘʣʠʠ ʥʘ ʢʨʠʚʳʭ ʠ ʩʤʝʱʘʝʪ ʠʭ ʚ ʩʪʦʨʦʥʫ ʙʦʣʝʝ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ. ʇʦʜʦʙʥʦʝ 

ʧʦʚʝʜʝʥʠʝ ʤʳ ʪʘʢʞʝ ʥʘʙʣʶʜʘʣʠ ʠ ʜʣʷ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʤʘʛʥʠʪʥʦʡ 

ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ, ʠʟʤʝʨʝʥʥʳʭ ʚ ʨʘʟʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ (ʈʠʩʫʥʦʢ 40ʚ).  

  

ʈʠʩʫʥʦʢ 40. ʊʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʪʝʧʣʦʝʤʢʦʩʪʠ ʜʣʷ Tb4MnGa10Ge2 (ʘ), 

Dy4MnGa10Ge2 (ʙ) ʠ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʜʣʷ 

Dy4MnGa10Ge2, ʠʟʤʝʨʝʥʥʳʝ ʚ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ 0.01-0.05 ʊʣ (ʚ)   

 

4.3.5 ɿʘʚʠʩʠʤʦʩʪʴ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ ʦʪ ʩʦʜʝʨʞʘʥʠʷ Ge ʥʘ ʧʨʠʤʝʨʝ ʬʘʟʳ 

Gd4MnGa12-yGey (y = 1.3ï3.2) 

 ɼʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʨʦʣʠ Ge ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʚʝʜʝʥʠʠ ʬʘʟ ʥʘʤʠ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ 

ʠʟʤʝʨʝʥʠʷ ʜʣʷ ʨʷʜʘ ʦʙʨʘʟʮʦʚ Gd4MnGa12-yGey ʩ ʨʘʟʣʠʯʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ Ge. ʄʘʛʥʠʪʥʳʝ 

ʠʟʤʝʨʝʥʠʷ ʜʣʷ Gd4MnGa12-yGey ʧʨʦʚʦʜʠʣʠ ʥʘ ʯʝʪʳʨʝʭ ʦʙʨʘʟʮʘʭ ʩ y = 1.3, 1.8, 3.0 ʠ 3.2. 

ʊʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʠʟʤʝʨʷʣʠ ʚ ʪʝʤʧʝʨʘʪʫʨʥʦʤ 

ʠʥʪʝʨʚʘʣʝ ʦʪ 2 ʜʦ 400 ʂ ʚ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ ʨʘʚʥʳʭ 0.01, 0.1 ʠ 1 ʊʣ. ʂʨʠʚʳʝ ʧʦʣʝʚʳʭ 

ʟʘʚʠʩʠʤʦʩʪʝʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʨʠ ʊ = 300, 100, 30, 10 ʠ 2 ʂ ʚ 

ʜʠʘʧʘʟʦʥʝ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ ʦʪ -5 ʜʦ 5 ʊʣ. 

ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ ʢʘʯʝʩʪʚʝʥʥʦ ʤʘʛʥʠʪʥʦʝ ʧʦʚʝʜʝʥʠʝ 

ʬʘʟʳ Gd4MnGa12-yGey ʠʜʝʥʪʠʯʥʦ ʚʳʰʝ ʨʘʩʩʤʦʪʨʝʥʥʳʤ ʩʚʝʨʭʩʪʨʫʢʪʫʨʥʳʤ ʬʘʟʘʤ 

R4MnGa10Ge2 (R = Tb, Dy). ɺ ʬʘʟʝ ʧʨʠʩʫʪʩʪʚʫʶʪ ʜʚʝ ʤʘʛʥʠʪʦʘʢʪʠʚʥʳʝ ʧʦʜʨʝʰʝʪʢʠ Mn ʠ 

Gd, ʢʦʪʦʨʳʝ ʫʧʦʨʷʜʦʯʠʚʘʶʪʩʷ ʬʝʨʨʦ- ʠ ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʦ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʨʠʯʝʤ 

ʧʦʜʨʝʰʝʪʢʘ Mn ʪʘʢʞʝ ʚʳʟʳʚʘʝʪ ʯʘʩʪʠʯʥʦʝ ʬʝʨʨʦʤʘʛʥʠʪʥʦʝ ʫʧʦʨʷʜʦʯʝʥʠʝ Gd ʚʳʰʝ TN. 

ʆʜʥʘʢʦ, ʟʥʘʯʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨ ʂʶʨʠ ʠ ʅʝʝʣʷ, ʘ ʪʘʢʞʝ ʤʘʛʥʠʪʥʳʭ ʤʦʤʝʥʪʦʚ ʥʘʩʳʱʝʥʠʷ ʠ 
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ʢʦʵʨʮʠʪʠʚʥʦʡ ʩʠʣr ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʨʘʟʣʠʯʘʶʪʩʷ ʠ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʟʘʚʠʩʪ̫ ʦʪ 

ʩʦʜʝʨʞʘʥʠʷ Ge ʚ ʬʘʟʝ. 

ɼʣʷ ʦʙʨʘʟʮʘ ʩʦʩʪʘʚʘ Gd4MnGa10.7Ge1.3 ʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ 

ʨʠʩʫʥʢʝ 41. ʊʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ, ʠʟʤʝʨʝʥʥʘʷ ʚ 

ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ɛ0H = 0.01 ʊʣ ʧʦʢʘʟʳʚʘʝʪ ʨʝʟʢʠʡ ʨʦʩʪ ʥʠʞʝ ʊ ~ 260 ʂ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʧʝʨʝʭʦʜʫ ʚ ʬʝʨʨʦʤʘʛʥʠʪʥʦʝ ʩʦʩʪʦʷʥʠʝ ʠ ʤʘʢʩʠʤʫʤ ʧʨʠ TN = 30 ʂ, ʫʢʘʟʳʚʘʶʱʠʡ ʥʘ 

ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʦʝ ʫʧʦʨʷʜʦʯʝʥʠʝ. ʀʟʤʝʨʝʥʠʷ ʚ ʙʦʣʝʝ ʩʠʣʴʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ (0.1 ʠ 

1 ʊʣ) ʧʦʜʘʚʣʷʶʪ ʨʦʩʪ ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʥʠʞʝ ʊ ~ 260 ʂ, ʯʪʦ ʩʚʦʡʩʪʚʝʥʥʦ ʜʣʷ 

ʬʝʨʨʦʤʘʛʥʠʪʥʦʛʦ ʩʦʩʪʦʷʥʠʷ. ʅʠʞʝ TN ʤʳ ʥʘʙʣʶʜʘʝʤ ʨʘʩʭʦʞʜʝʥʠʝ ʢʨʠʚʳʭ, ʠʟʤʝʨʝʥʥʳʭ 

ʚ fc- ʠ zfc-ʨʝʞʠʤʘʭ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʧʦʷʚʣʝʥʠʝ ʤʘʛʥʠʪʥʦʛʦ ʛʠʩʪʝʨʝʟʠʩʘ (ʈʠʩʫʥʦʢ 41ʘ). 

ɼʣʷ ʪʦʯʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨ ʤʘʛʥʠʪʥʳʭ ʧʝʨʝʭʦʜʦʚ ʥʘʤʠ ʙʳʣʘ ʧʦʩʪʨʦʝʥʘ 

ʪʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʪʝʧʣʦʝʤʢʦʩʪʠ ʧʦ ʌʠʰʝʨʫ, ʥʘ ʢʦʪʦʨʦʡ ʦʙʥʘʨʫʞʝʥʥʳʝ 

ʤʘʢʩʠʤʫʤ ʠ ʤʠʥʠʤʫʤ ʧʨʠ T = 256 K ʠ T = 30 K ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʪʝʤʧʝʨʘʪʫʨʘʤ ʂʶʨʠ ʠ 

ʅʝʝʣʷ (ʈʠʩʫʥʦʢ 41ʙ). ʉʦʧʦʩʪʘʚʣʷʷ ʵʪʠ ʜʘʥʥʳʝ ʩ ʧʦʣʫʯʝʥʥʳʤʠ ʜʣʷ ʬʘʟ R4MnGa10Ge2 (R = 

Tb, Dy) ʠ ʣʠʪʝʨʘʪʫʨʥʳʤʠ ʜʣʷ Y4Mn1-xGa12-yGey [37], ʤʳ ʩʦʦʪʥʦʩʠʤ Tʉ = 256 K ʩ 

ʫʧʦʨʷʜʦʯʝʥʠʝʤ ʧʦʜʨʝʰʝʪʢʠ Mn ʠ TN = 30 K ʩ ʫʧʦʨʷʜʦʯʝʥʠʝʤ ʧʦʜʨʝʰʝʪʢʠ Gd. 

ʇʦʣʫʯʝʥʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʅʝʝʣʷ ʥʘʭʦʜʠʪʩʷ ʚ ʪʠʧʠʯʥʦʤ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 

ʤʘʛʥʠʪʥʦʛʦ ʫʧʦʨʷʜʦʯʝʥʠʷ Gd ʚ ʨʘʟʣʠʯʥʳʭ ʠʥʪʝʨʤʝʪʘʣʣʠʜʘʭ ʙʦʛʘʪʳʭ p-ʵʣʝʤʝʥʪʦʤ [140-

145]. 

ɺʳʰʝ 300 ʂ ʤʘʛʥʠʪʥʘʷ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʴ ʧʦʜʯʠʥʷʝʪʩʷ ʟʘʢʦʥʫ ʂʶʨʠ-ɺʝʡʩʘ. ʀʟ 

ʧʘʨʘʤʘʛʥʠʪʥʦʡ ʦʙʣʘʩʪʠ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʦʙʨʘʪʥʦʡ ʤʘʛʥʠʪʥʦʡ 

ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʘʧʧʨʦʢʩʠʤʘʮʠʝʡ ʧʦ ʟʘʢʦʥʫ ʂʶʨʠ-ɺʝʡʩʘ ʥʘʤʠ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ 

ʟʥʘʯʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ (7.7ɛB ʥʘ ʬʦʨʤʫʣʴʥʫʶ ʝʜʠʥʠʮʫ) ʠ 

ʢʦʥʩʪʘʥʪʳ ɺʝʡʩʘ (ï48.8 ʂ). ʕʬʬʝʢʪʠʚʥʳʡ ʤʘʛʥʠʪʥʳʡ ʤʦʤʝʥʪ ʥʘʭʦʜʠʪʩʷ ʚ ʭʦʨʦʰʝʤ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʝʦʨʝʪʠʯʝʩʢʠ ʨʘʩʩʯʠʪʘʥʥʳʤ ʜʣʷ Gd3+(7.94ɛB) (ʈʠʩʫʥʦʢ 41ʚ). 

ʆʪʨʠʮʘʪʝʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʢʦʥʩʪʘʥʪʳ ɺʝʡʩʘ ʛʦʚʦʨʠʪ ʦ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 

ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʳʭ ʢʦʨʨʝʣʷʮʠʷʭ ʚ ʩʪʨʫʢʪʫʨʝ, ʯʪʦ ʪʘʢʞʝ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ 

ʜʘʥʥʳʤʠ ʜʣʷ ʨʦʜʩʪʚʝʥʥʳʭ ʬʘʟ R4MnGa10Ge2 (R = Tb, Dy). 
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ʈʠʩʫʥʦʢ 41. ʄʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ Gd4MnGa10.7Ge1.3: ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ 

ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ (ʘ), ʬʠʰʝʨʦʚʩʢʦʡ ʪʝʧʣʦʝʤʢʦʩʪʠ (ʙ) ʠ ʦʙʨʘʪʥʦʡ ʤʘʛʥʠʪʥʦʡ 

ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ (ʚ); ʧʦʣʝʚʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ, ʠʟʤʝʨʝʥʥʳʝ ʚʜʦʣʴ 

ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʭ ʥʘʧʨʘʚʣʝʥʠʡ [100] (ʛ), [111] (ʜ) ʠ ʧʝʪʣʠ ʤʘʛʥʠʪʥʦʛʦ ʛʠʩʪʝʨʝʟʠʩʘ 

(ʝ). ʂʨʘʩʥʘʷ ʣʠʥʠʷ ʥʘ ʨʠʩʫʥʢʝ (ʚ) ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʣʠʥʝʡʥʦʡ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʧʦ ʟʘʢʦʥʫ 

ʂʶʨʠ-ɺʝʡʩʘ. 

 

ʇʦʣʝʚʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʙʳʣʠ ʠʟʤʝʨʝʥʳ ʚ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ ʜʦ 5 

ʊʣ ʚʜʦʣʴ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʭ ʥʘʧʨʘʚʣʝʥʠʡ [100] ʠ [111] ʧʨʠ ʊ = 2-300 ʂ. 

ʇʨʠ ʊ = 300 ʂ ʢʨʠʚʳʝ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʣʠʥʝʡʥʦʝ ʧʦʚʝʜʝʥʠʝ, ʦʪʨʘʞʘʷ 

ʧʘʨʘʤʘʛʥʠʪʥʦʝ ʩʦʩʪʦʷʥʠʝ ʬʘʟʳ. ʇʨʠ ʊ = 100 ʂ ʠ ʥʠʞʝ ʭʦʜ ʢʨʠʚʳʭ ʦʪʢʣʦʥʷʝʪʩʷ ʦʪ 

ʣʠʥʝʡʥʦʛʦ ʩ ʙʳʩʪʨʳʤ ʠʭ ʨʦʩʪʦʤ ʠ ʥʘʩʳʱʝʥʠʝʤ ʚ ʤʘʣʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ (ɛ0H ~ 0.1 

ʊʣ) ʠ ʜʘʣʴʥʝʡʰʠʤ ʧʦʩʪʝʧʝʥʥʳʤ ʨʦʩʪʦʤ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʥʘʧʨʷʞʝʥʥʦʩʪʠ 

ʧʨʠʢʣʘʜʳʚʘʝʤʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ (ʈʠʩʫʥʦʢ 41ʛ, ʜ). ʉ ʧʦʥʠʞʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ 

ʤʘʛʥʠʪʥʳʡ ʤʦʤʝʥʪ ʥʘʩʳʱʝʥʠʷ ʬʝʨʨʦʤʘʛʥʠʪʥʦʡ ʢʦʤʧʦʥʝʥʪʳ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʠ 

ʜʦʩʪʠʛʘʝʪ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʚ 5.5ɛB/ʬ.ʝ. ʧʨʠ ʊ = 2 ʂ. ɼʘʥʥʦʝ ʟʥʘʯʝʥʠʝ 

ʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ ʛʦʚʦʨʠʪ ʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʜʚʫʭ ʤʘʛʥʠʪʥʳʭ ʧʦʜʩʠʩʪʝʤ, ʪʘʢ ʢʘʢ 

ʤʘʛʥʠʪʥʳʡ ʤʦʤʝʥʪ ʥʘʩʳʱʝʥʠʷ ʚʳʰʝ, ʯʝʤ ʤʘʢʩʠʤʘʣʴʥʦʝ ʪʝʦʨʝʪʠʯʝʩʢʠ ʚʦʟʤʦʞʥʦʝ 

ʟʥʘʯʝʥʠʝ ʜʣʷ Mn ʚ 5 ɛB, ʯʪʦ ʚʳʨʘʞʘʝʪʩʷ ʚ ʯʘʩʪʠʯʥʦʤ ʬʝʨʨʦʤʘʛʥʠʪʥʦʤ ʫʧʦʨʷʜʦʯʝʥʠʠ 
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Gd ʚʳʰʝ TN. ɿʥʘʯʝʥʠʝ ʥʝʩʢʦʤʧʝʥʩʠʨʦʚʘʥʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ Gd ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 

ʩʦʩʪʘʚʣʷʝʪ ~ 1.0ɛB/Gd ʩ ʫʯʝʪʦʤ, ʯʪʦ ʤʘʛʥʠʪʥʳʡ ʤʦʤʝʥʪ Mn ʙʫʜʝʪ ʧʨʠʥʷʪ ʨʘʚʥʳʤ 1.5 ɛB 

[37].  

ʊʘʢʞʝ ʩʪʦʠʪ ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ ʥʘ ʪʦ, ʯʪʦ ʧʦʚʝʜʝʥʠʝ ʢʨʠʚʳʭ, ʠʟʤʝʨʝʥʥʳʭ ʚʜʦʣʴ 

ʨʘʟʥʳʭ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʭ ʥʘʧʨʘʚʣʝʥʠʡ ʠʜʝʥʪʠʯʥʦ ʜʨʫʛ ʜʨʫʛʫ ʪʦʣʴʢʦ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʚʳʰʝ TN (ʈʠʩʫʥʦʢ 40ʛ, ʜ). ʉ ʧʦʥʠʞʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʥʠʞʝ TN ʧʨʦʮʝʩʩ 

ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ ʚʜʦʣʴ ʥʘʧʨʘʚʣʝʥʠʷ [111] ʠʜʝʪ ʩʣʦʞʥʝʝ, ʠ ʢʨʠʚʘʷ ʚʳʭʦʜʠʪ ʥʘ 

ʥʘʩʳʱʝʥʠʝ ʬʝʨʨʦʤʘʛʥʠʪʥʦʡ ʢʦʤʧʦʥʝʥʪʳ ʪʦʣʴʢʦ ʧʨʠ ɛ0H ~ 1.7 ʊʣ, ʯʪʦ ʥʘ ʧʦʨʷʜʦʢ 

ʧʨʝʚʳʰʘʝʪ ʟʥʘʯʝʥʠʝ ʜʣʷ ʥʘʧʨʘʚʣʝʥʠʷ [100]. ʕʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 

ʥʠʞʝ TN ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʝ ʥʘʧʨʘʚʣʝʥʠʝ [111] ʩʪʘʥʦʚʠʪʩʷ ʦʩʴʶ ʩʣʦʞʥʦʛʦ 

ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ. ʇʨʠʥʠʤʘʷ ʵʪʦ ʚʦ ʚʥʠʤʘʥʠʝ, ʤʦʞʥʦ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 

ʚʳʰʝ TN ʬʝʨʨʦʤʘʛʥʠʪʥʦʝ ʫʧʦʨʷʜʦʯʝʥʠʝ Mn ʠ Gd ʠʜʝʪ ʦʜʠʥʘʢʦʚʦ ʣʝʛʢʦ ʢʘʢ ʚʜʦʣʴ 

ʥʘʧʨʘʚʣʝʥʠʷ [100], ʪʘʢ ʠ ʚʜʦʣʴ [111]. ʊʘʢ ʢʘʢ ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʘʷ ʢʦʤʧʦʥʝʥʪʘ 

ʤʦʤʝʥʪʘ Gd ʜʦʣʞʥʘ ʙʳʪʴ ʦʨʪʦʛʦʥʘʣʴʥʘ ʬʝʨʨʦʤʘʛʥʠʪʥʦʡ, ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ 

ɸʌʄ-ʫʧʦʨʷʜʦʯʝʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʧʣʦʩʢʦʩʪʠ (100) ʠ ʧʨʝʧʷʪʩʪʚʫʝʪ 

ʚʨʘʱʝʥʠʶ ʤʦʤʝʥʪʘ Gd ʠ, ʚʤʝʩʪʝ ʩ ʥʠʤ, ʤʦʤʝʥʪʘ Mn.  

ɸʥʠʟʦʪʨʦʧʠʷ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ ʪʘʢʞʝ ʙʳʣʘ ʦʙʥʘʨʫʞʝʥʘ ʨʘʥʝʝ ʜʣʷ ʬʘʟʳ 

GdMn6Sn6, ʛʜʝ ab-ʧʣʦʩʢʦʩʪʴ ʷʚʣʷʝʪʩʷ ʧʣʦʩʢʦʩʪʴʶ ʣʝʛʢʦʛʦ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ, ʘ ʩ-ʦʩʴ ï 

ʥʘʧʨʘʚʣʝʥʠʝʤ ʩʣʦʞʥʦʛʦ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ [146]. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʬʘʟ ʥʘ 

ʦʩʥʦʚʝ Gd [140-145, 147-149] ʘʥʠʟʦʪʨʦʧʠʶ ʩʚʦʡʩʪʚ ʥʝ ʥʘʙʣʶʜʘʶʪ, ʪʘʢ ʢʘʢ Gd ʷʚʣʷʝʪʩʷ 

ʠʦʥʦʤ ʚ S ʩʦʩʪʦʷʥʠʠ (S = 7/2, L = 0), ʠ ʘʥʠʟʦʪʨʦʧʠʷ, ʠʥʜʫʮʠʨʦʚʘʥʥʘʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʤ 

ʧʦʣʝʤ ʢʨʠʩʪʘʣʣʘ ʦʙʳʯʥʦ ʥʝʟʥʘʯʠʪʝʣʴʥʘ [1]. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʚ ʨʷʜʝ ʨʘʙʦʪ [150, 151] ʙʳʣʦ 

ʧʦʢʘʟʘʥʦ, ʯʪʦ Gd ʠ ʩʦʝʜʠʥʝʥʠʷ ʥʘ ʝʛʦ ʦʩʥʦʚʝ ʤʦʛʫʪ ʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ ʟʘʤʝʪʥʫʶ 

ʘʥʠʟʦʪʨʦʧʠʶ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ, ʯʪʦ ʩʚʷʟʳʚʘʶʪ ʩ ʧʦʣʷʨʠʟʘʮʠʝʡ ʵʣʝʢʪʨʦʥʦʚ 

ʧʨʦʚʦʜʠʤʦʩʪʠ [150], ʠʣʠ ʜʠʧʦʣʴ-ʜʠʧʦʣʴʥʳʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ [151]. 

ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʥʠʞʝ TN ʤʳ ʥʘʙʣʶʜʘʝʤ ʤʘʛʥʠʪʥʳʡ ʛʠʩʪʝʨʝʟʠʩ, ʯʴʝ ʧʦʷʚʣʝʥʠʝ 

ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʜʘʥʥʳʤʠ ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ. ʅʘ ʨʠʩʫʥʢʝ 41ʝ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʧʝʪʣʠ ʛʠʩʪʝʨʝʟʠʩʘ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʠʟʤʝʨʝʥʠʷʭ ʚ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ ʚʜʦʣʴ ʥʘʧʨʘʚʣʝʥʠʡ 

[100] ʠ [111] ʧʨʠ T = 2 ʂ. ʀʟ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʚʠʜʥʦ, ʯʪʦ ʟʥʘʯʝʥʠʝ ʢʦʵʨʮʠʪʠʚʥʦʡ 

ʩʠʣʳ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʥʘʧʨʘʚʣʝʥʠʷ ʧʨʠʣʦʞʝʥʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʠ ʩʦʩʪʘʚʣʷʝʪ ʧʦʨʷʜʢʘ 

ɛ0Hʉ ~ 6.5 ʤʊʣ. ʆʥʦ ʟʥʘʯʠʪʝʣʴʥʦ ʥʠʞʝ, ʯʝʤ ʜʣʷ ʘʥʘʣʦʛʠʯʥʳʭ ʬʘʟ ʩ Tb ʠ Dy, ʯʪʦ 
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ʦʙʲʷʩʥʠʤʦ ʙʦʣʝʝ ʩʣʘʙʦ ʚʳʨʘʞʝʥʥʦʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʘʥʠʟʦʪʨʦʧʠʝʡ Gd ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

Tb ʠ Dy [1]. ʇʦʭʦʞʝʝ ʨʘʟʣʠʯʠʝ ʚ ʢʦʵʨʮʠʪʠʚʥʦʡ ʩʠʣʝ ʪʘʢʞʝ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʚ ʨʷʜʫ 

ʜʨʫʛʠʭ ʠʥʪʝʨʤʝʪʘʣʣʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʥʘ ʦʩʥʦʚʝ Gd, Tb ʠ Dy [142, 147].         

ɼʣʷ ʦʙʨʘʟʮʦʚ Gd4MnGa12-yGey ʩ ʙʦʣʴʰʠʤ ʩʦʜʝʨʞʘʥʠʝʤ Ge (y = 1.8, 3.0 ʠ 3.2) 

ʤʘʛʥʠʪʥʦʝ ʧʦʚʝʜʝʥʠʝ ʘʥʘʣʦʛʠʯʥʦ ʚʳʰʝʦʧʠʩʘʥʥʦʤʫ ʢʨʠʩʪʘʣʣʫ ʩ y = 1.3, ʦʜʥʘʢʦ 

ʟʥʘʯʝʥʠʷ ʤʘʛʥʠʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʪʘʢʠʭ ʢʘʢ ʪʝʤʧʝʨʘʪʫʨʳ ʤʘʛʥʠʪʥʦʛʦ ʫʧʦʨʷʜʦʯʝʥʠʷ, 

ʤʘʛʥʠʪʥʳʝ ʤʦʤʝʥʪʳ ʥʘʩʳʱʝʥʠʷ ʠ ʢʦʵʨʮʠʪʠʚʥʘʷ ʩʠʣʘ ʨʘʟʣʠʯʘʶʪʩʷ (ʇʨʠʣʦʞʝʥʠʷ 3-5).  

ʇʦ ʪʝʤʧʝʨʘʪʫʨʥʳʤ ʟʘʚʠʩʠʤʦʩʪʷʤ ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ (ʈʠʩʫʥʦʢ 42ʘ) 

ʚʠʜʥʦ ʫʤʝʥʴʰʝʥʠʝ ʦʙʝʠʭ ʪʝʤʧʝʨʘʪʫʨ ʤʘʛʥʠʪʥʦʛʦ ʫʧʦʨʷʜʦʯʝʥʠʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ 

ʩʦʜʝʨʞʘʥʠʷ Ge ʚ ʬʘʟʝ, ʧʨʠʯʝʤ ʪʝʤʧʝʨʘʪʫʨ rʂʶʨʠ ʩʥʠʞʘʶʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦ ʩ 256 ʂ ʜʦ 70 

ʂ ʚ ʦʪʣʠʯʠʝ ʦʪ ʪʝʤʧʝʨʘʪʫʨ ʅʝʝʣʷ, ʢʦʪʦʨʳʝ ʫʤʝʥʴʰʘʶʪʩʷ ʥʝ ʙʦʣʝʝ, ʯʝʤ ʥʘ 10 ʂ. ʊʘʢʞʝ 

ʤʦʞʥʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʤʝʥʷʝʪʩʷ ʭʦʜ ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʥʠʞʝ TC : ʚ ʦʙʨʘʟʮʝ ʩ 

ʤʘʣʳʤ ʩʦʜʝʨʞʘʥʠʝʤ Ge (y = 1.3) ʨʦʩʪ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʠʜʝʪ ʧʣʘʚʥʦ ʠ ʧʦʩʪʝʧʝʥʥʦ 

ʜʦʩʪʠʛʘʝʪ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʜʣʷ ʦʙʨʘʟʮʘ ʩ ʥʘʠʙʦʣʴʰʠʤ 

ʩʦʜʝʨʞʘʥʠʝʤ Ge (y = 3.2) ʦʥʘ ʨʝʟʢʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʥʠʞʝ TC, ʧʨʘʢʪʠʯʝʩʢʠ ʩʨʘʟʫ ʜʦʩʪʠʛʘʷ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ. ʉʭʦʞʝʝ ʧʦʚʝʜʝʥʠʝ ʤʳ ʥʘʙʣʶʜʘʣʠ ʠ ʜʣʷ ʩʚʝʨʭʩʪʨʫʢʪʫʨʥʳʭ ʬʘʟ 

R4MnGa10Ge2 (R = Tb, Dy). ɼʣʷ ʦʙʨʘʟʮʘ ʩ y = 3.2 ʤʳ ʥʘʙʣʶʜʘʝʤ ʠʟʤʝʥʝʥʠʝ ʥʘʢʣʦʥʘ 

ʢʨʠʚʦʡ ʧʨʠ ʊ ~ 125 ʂ, ʯʪʦ ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʥʝʙʦʣʴʰʦʡ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʴʶ ʢʨʠʩʪʘʣʣʘ ʧʦ ʩʦʩʪʘʚʫ Ge (ʈʠʩʫʥʦʢ 42ʙ).  
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ʈʠʩʫʥʦʢ 42. ʊʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ (ʘ) ʠ ʦʙʨʘʪʥʦʡ 

ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ (ʙ), ʧʦʣʝʚʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ (ʚ) ʠ ʧʝʪʣʠ 

ʤʘʛʥʠʪʥʦʛʦ ʛʠʩʪʝʨʝʟʠʩʘ ʧʨʠ ʊ = 2 ʂ (ʚ) ʜʣʷ ʜʣʷ Gd4MnGa12-yGey, ʛʜʝ y = 1.3, 1.8, 3.0 ʠ 3.2.  

 

ʇʦʣʝʚʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʪʘʢʞʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʥʘʣʠʯʠʠ 

ʘʥʠʟʦʪʨʦʧʠʠ ʩʚʦʡʩʪʚ ʜʣʷ ʚʩʝʭ ʦʙʨʘʟʮʦʚ ʚʥʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʜʝʨʞʘʥʠʷ Ge. ʅʠʞʝ TN 

ʥʘʧʨʘʚʣʝʥʠʝ [111] ʚʦ ʚʩʝʭ ʩʣʫʯʘʷʭ ʩʪʘʥʦʚʠʪʩʷ ʦʩʴʶ ʪʨʫʜʥʦʛʦ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ, ʪʦʛʜʘ ʢʘʢ 

ʟʥʘʯʝʥʠʷ ʤʘʛʥʠʪʥʳʭ ʤʦʤʝʥʪʦʚ ʥʘʩʳʱʝʥʠʷ ʬʝʨʨʦʤʘʛʥʠʪʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʠ 

ʢʦʵʨʮʠʪʠʚʥʦʡ ʩʠʣʳ ʫʞʝ ʯʫʚʩʪʚʠʪʝʣʴʥʦ ʢ ʩʦʜʝʨʞʘʥʠʶ Ge ʚ ʬʘʟʝ (ʈʠʩʫʥʦʢ 42ʚ, ʛ). ʉ 

ʫʚʝʣʠʯʝʥʠʝʤ ʝʛʦ ʩʦʜʝʨʞʘʥʠʷ ʤʘʛʥʠʪʥʳʡ ʤʦʤʝʥʪ ʥʘʩʳʱʝʥʠʷ ʪʘʢʞʝ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʜʦ 

ʩʚʦʝʛʦ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʚ 6.2 ɛB ʥʘ ʬʦʨʤʫʣʴʥʫʶ ʝʜʠʥʠʮʫ ʧʨʠ y = 1.8, ʦʜʥʘʢʦ ʧʨʠ 

ʜʘʣʴʥʝʡʰʝʤ ʫʚʝʣʠʯʝʥʠʠ ʩʦʜʝʨʞʘʥʠʷ Ge ʟʥʘʯʝʥʠʝ ʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ ʩʥʠʞʘʝʪʩʷ ʠ 

ʜʦʩʪʠʛʘʝʪ 4.0 ɛB ʥʘ ʬʦʨʤʫʣʴʥʫʶ ʝʜʠʥʠʮʫ  ʧʨʠ y = 3.2. ʇʦʭʦʞʝʝ ʫʤʝʥʴʰʝʥʠʝ ʤʘʛʥʠʪʥʳʭ 

ʤʦʤʝʥʪʦʚ ʨʘʥʝʝ ʥʘʙʣʶʜʘʣʠ ʠ ʜʣʷ ʬʘʟʳ Y4Mn1-xGa12-yGey, ʛʜʝ ʤʘʛʥʠʪʥʳʡ ʤʦʤʝʥʪ ʥʘ Mn 

ʧʦʩʪʝʧʝʥʥʦ ʫʤʝʥʴʰʘʣʩʷ ʩ 1.5 ʜʦ 0.8 ɛB ʥʘ ʬʦʨʤʫʣʴʥʫʶ ʝʜʠʥʠʮʫ , ʘ ʧʨʠ ʫ = 3 ʦʙʨʘʟʝʮ 
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ʧʝʨʝʭʦʜʠʣ ʫʞʝ ʚ ʧʘʨʘʤʘʛʥʠʪʥʦʝ ʩʦʩʪʦʷʥʠʝ [37]. ɺ ʥʘʰʝʤ ʞʝ ʩʣʫʯʘʝ ʦʙʨʘʟʮʳ ʦʩʪʘʶʪʩʷ 

ʬʝʨʨʦʤʘʛʥʠʪʥʳʤʠ ʠ ʧʨʠ ʙʦʣʴʰʝʤ ʩʦʜʝʨʞʘʥʠʠ Ge ʚ ʬʘʟʝ. ʇʦʪʝʨʷ ʬʝʨʨʦʤʘʛʥʝʪʠʟʤʘ ʚ 

Y4Mn1-xGa12-yGey ʚʦʟʤʦʞʥʘ ʚʷʟʘʥʘ ʩ ʩʦʚʦʢʫʧʥʦʩʪʴʶ ʜʚʫʭ ʬʘʢʪʦʨʦʚ: ʢʘʢ ʙʦʣʴʰʠʤ 

ʩʦʜʝʨʞʘʥʠʝʤ Ge, ʪʘʢ ʠ ʜʝʬʠʮʠʪʦʤ Mn ʚ ʩʦʝʜʠʥʝʥʠʠ, ʢʦʪʦʨʳʡ ʤʳ ʥʝ ʥʘʙʣʶʜʘʝʤ ʚ ʥʘʰʝʡ 

ʬʘʟʝ. 

ɼʣʷ ʢʦʵʨʮʠʪʠʚʥʦʡ ʩʠʣr ʤʳ ʥʘʙʣʶʜʘʝʤ ʦʙʨʘʪʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ, ʢʦʪʦʨʘʷ 

ʚʳʨʘʞʘʝʪʩʷ ʚ ʧʝʨʚʦʥʘʯʘʣʴʥʦʤ ʥʝʙʦʣʴʰʦʤ ʝʝ ʫʤʝʥʴʰʝʥʠʠ ʜʦ ʤʠʥʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ 

(ɛ0Hʉ ~ 5.0 ʤʊʣ) ʧʨʠ y = 1.8 ʠ ʜʘʣʴʥʝʡʰʝʤ ʨʦʩʪʝ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʩʦʜʝʨʞʘʥʠʷ Ge ʜʦ ɛ0Hʉ 

~ 20.0 ʤʊʣ ʧʨʠ y = 3.2 (ʈʠʩʫʥʦʢ 42ʛ). ɺʩʝ ʧʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʢʦʵʨʮʠʪʠʚʥʳʭ ʩʠʣ ʪʘʢʞʝ 

ʤʝʥʴʰʝ, ʯʝʤ ʜʣʷ ʘʥʘʣʦʛʠʯʥʳʭ ʩʦʝʜʠʥʝʥʠʡ R4MnGa10Ge2 (R = Tb, Dy). ʉʦʧʦʩʪʘʚʠʤʳʝ 

ʟʥʘʯʝʥʠʷ ɛ0Hʉ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʠ ʜʣʷ ʨʷʜʘ ʩʦʝʜʠʥʝʥʠʡ Y4Mn1-xGa12-yGey ʩ ʨʘʟʣʠʯʥʳʤ 

ʩʦʜʝʨʞʘʥʠʝʤ Ge, ʛʜʝ ʝʛʦ ʫʚʝʣʠʯʝʥʠʝ ʘʥʘʣʦʛʠʯʥʦ ʧʨʠʚʦʜʠʣʦ ʢ ʫʚʝʣʠʯʝʥʠʶ 

ʢʦʵʨʮʠʪʠʚʥʦʡ ʩʠʣʳ [37].  

ʅʘ ʨʠʩʫʥʢʝ 43 ʧʨʝʜʩʪʘʚʣʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʤʘʛʥʠʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʪ 

ʩʦʜʝʨʞʘʥʠʷ Ge ʚ ʬʘʟʝ. ʋʤʝʥʴʰʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʅʝʝʣʷ ʠʤʝʝʪ ʣʠʥʝʡʥʳʡ ʭʘʨʘʢʪʝʨ, ʚ ʪʦ 

ʚʨʝʤʷ ʢʘʢ ʜʣʷ ʪʝʤʧʝʨʘʪʫʨʳ ʂʶʨʠ ʟʘʚʠʩʠʤʦʩʪʴ ʠʤʝʝʪ ʙʦʣʝʝ ʩʣʦʞʥʳʡ ʚʠʜ. ʆʜʥʘʢʦ ʦʥʘ 

ʪʘʢʞʝ ʤʦʥʦʪʦʥʥʦ ʫʙʳʚʘʝʪ ʩ ʨʦʩʪʦʤ ʩʦʜʝʨʞʘʥʠʷ Ge. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʦʩʣʝʜʥʷʷ 

ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʟʘʚʠʩʠʤʦʩʪʴʶ TC, ʢʦʪʦʨʘʷ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʜʣʷ Y4Mn1-xGa12-yGey, 

ʛʜʝ TC ʤʦʥʦʪʦʥʥʦ ʫʙʳʚʘʝʪ ʚʧʣʦʪʴ ʜʦ ʥʫʣʷ ʥʘʯʠʘʥʷ ʩ ʩʦʩʪʘʚʘ y = 1.2 [37]. ʇʨʠ ʵʪʦʤ ʩʪʦʠʪ 

ʩʢʘʟʘʪʴ, ʯʪʦ ʤʳ ʥʝ ʥʘʙʣʶʜʘʝʤ ʧʦʣʥʦʛʦ ʧʦʜʘʚʣʝʥʠʷ ʬʝʨʨʦʤʘʛʥʝʪʠʟʤʘ ʧʨʠ ʪʘʢʦʤ ʞʝ 

ʚʳʩʦʢʦʤ ʩʦʜʝʨʞʘʥʠʠ Ge, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʚʳʟʚʘʥʦ ʧʨʠʩʫʪʩʪʚʠʝʤ ʚʘʢʘʥʩʠʡ Mn ʚ Y4Mn1-

xGa12-yGey. ʀʥʪʝʨʝʩʥʦ ʪʘʢʞʝ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʩʣʫʯʘʝ Y4Mn1-xGa12-yGey ʧʨʠ ʤʘʣʦʤ 

ʩʦʜʝʨʞʘʥʠʠ Ge (y < 1.2) ʟʘʚʩʠʤʦʩʪʴ ʠʤʝʝʪ ʦʙʨʘʪʥʳʡ ʚʠʜ, ʠ TC ʨʘʩʪʝʪ ʩ ʫʚʝʣʠʯʝʥʠʝʤ 

ʩʦʜʝʨʞʘʥʠʷ Ge. ɼʣʷ Gd4MnGa12-yGey ʦʙʨʘʟʮʦʚ ʩ ʪʘʢʠʤ ʤʘʣʳʤ ʩʦʜʝʨʞʘʥʠʝʤ Ge ʧʦʣʫʯʠʪʴ 

ʥʝ ʫʜʘʣʦʩʴ.        

ʊʘʢ ʢʘʢ ʚ ʩʣʫʯʘʝ ʞʝ Gd4MnGa12-yGey ʧʦʧʳʪʢʠ ʩʠʥʪʝʟʘ ʦʙʨʘʟʮʦʚ ʙʝʟ Ge ʥʝ ʧʨʠʚʝʣʠ 

ʢ ʫʩʧʝʭʫ, ʧʦʣʫʯʠʪʴ ʧʦʣʥʳʡ ʚʠʜ ʟʘʚʠʩʠʤʦʩʪʠ ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʳʤ. ɼʣʷ 

ʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ ʠ ʢʦʵʨʮʠʪʠʚʥʦʡ ʩʠʣʳ ʟʘʚʠʩʠʤʦʩʪʠ ʪʘʢʞʝ ʥʝʣʠʥʝʡʥʳ ʠ 

ʥʝʤʦʥʦʪʦʥʥʳ, ʙʦʣʝʝ ʪʦʛʦ ʦʥʠ ʧʦʣʥʦʩʪʴʶ ʦʙʨʘʪʥʳ ʜʨʫʛ ʜʨʫʛʫ ʩ ʤʘʢʩʠʤʫʤʦʤ ʠ 

ʤʠʥʠʤʫʤʦʤ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʨʠ y = 1.8.  
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ʈʠʩʫʥʦʢ 43. ɿʘʚʠʩʠʤʦʩʪʠ ʪʝʤʧʝʨʘʪʫʨ ʂʶʨʠ (ʘ) ʠ ʅʝʝʣʷ (ʙ), ʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ 

ʥʘʩʳʱʝʥʠʷ (ʚ) ʠ ʢʦʵʨʮʠʪʠʚʥʦʡ ʩʠʣʳ (ʛ) ʦʪ ʩʦʜʝʨʞʘʥʠʷ Ge ʚ ʬʘʟʝ Gd4MnGa12-yGey 

 

ʇʦʭʦʞʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʯʘʩʪʠʯʥʦʛʦ ʟʘʤʝʱʝʥʠʷ p-ʵʣʝʤʝʥʪʘ ʥʘ ʤʘʛʥʠʪʥʳʝ 

ʩʚʦʡʩʪʚʘ ʧʨʦʚʦʜʠʣʠ ʥʝ ʪʦʣʴʢʦ ʜʣʷ Y4Mn1-xGa12-yGey, ʥʦ ʠ ʜʣʷ ʬʘʟʳ GdMn6Ge6-xSix, 

ʠʤʝʶʱʝʡ ʠʥʫʶ ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ [152], ʛʜʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʩ 

ʫʚʝʣʠʯʝʥʠʝʤ ʩʦʜʝʨʞʘʥʠʷ Si ʚ ʬʘʟʝ ʪʝʤʧʝʨʘʪʫʨʘ ʧʝʨʝʭʦʜʘ ʠʟ ʬʝʨʨʦ- ʚ 

ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʦʝ ʩʦʩʪʦʷʥʠʝ ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʚ ʪʦ ʚʨʝʤʷ ʧʝʨʝʭʦʜ ʠʟ ʧʘʨʘʤʘʛʥʠʪʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʚ ʬʝʨʨʦʤʘʛʥʠʪʥʦʝ ʦʩʪʘʝʪʩʷ ʥʝʯʫʚʩʪʚʠʪʝʣʴʥʳʤ ʢ ʠʟʤʝʥʝʥʠʶ ʩʦʜʝʨʞʘʥʠʷ Si.  
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4.3.6 ʄʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʩʚʝʨʭʩʪʨʫʢʪʫʨʥʳʭ ʬʘʟ Sm4MnGa12-yGey ʠ Sm2MnGa6-yGey  

ʄʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʜʣʷ ʬʘʟ ʩ Sm ʙʳʣʠ ʠʟʤʝʨʝʥʳ ʥʘ ʤʦʥʦʢʨʠʩʪʘʣʣʘʭ ʩʦʩʪʘʚʦʚ 

Sm4MnGa8.6Ge3.4 ʠ Sm2Mn0.74Ga5.1Ge0.9 ʚ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʠʥʪʝʨʚʘʣʝ ʦʪ 2 ʜʦ 400 ʂ ʠ ʚ 

ʜʠʘʧʘʟʦʥʝ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ ʜʦ 5 ʊʣ. ʄʘʛʥʪʠʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ 

Sm4MnGa8.6Ge3.4 ʠ Sm2Mn0.74Ga5.1Ge0.9 ʩʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ (ʇʨʠʣʦʞʝʥʠʝ 2).  

ɼʘʥʥʳʝ ʤʘʛʥʠʪʥʳʭ ʠʟʤʝʨʝʥʠʡ ʛʦʚʦʨʷʪ ʦ ʩʣʦʞʥʦʤ ʤʘʛʥʠʪʥʦʤ ʧʦʚʝʜʝʥʠʝ ʦʙʝʠʭ 

ʬʘʟ, ʫʢʘʟʳʚʘʶʱʝʝ ʪʘʢʞʝ ʥʘ ʥʘʣʠʯʠʝ ʜʚʫʭ ʤʘʛʥʠʪʦʘʢʪʠʚʥʳʭ ʧʦʜʩʠʩʪʝʤ: Mn ʠ Sm, ʢʘʞʜʘʷ 

ʠʟ ʢʦʪʦʨʳʭ ʚ ʦʪʣʠʯʠʠ ʦʪ ʬʘʟ ʩ Gd-Dy ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʬʝʨʨʦʤʘʛʥʠʪʥʦʝ ʫʧʦʨʷʜʦʯʝʥʠʝ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʩʭʦʞʝʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ ʬʘʟ Sm4MnGa8.6Ge3.4 ʠ 

Sm2Mn0.74Ga5.1Ge0.9, ʪʝʤʧʝʨʘʪʫʨʳ ʠʭ ʤʘʛʥʠʪʥʦʛʦ ʫʧʦʨʷʜʦʯʝʥʠʷ, ʟʥʘʯʝʥʠʷ ʢʦʵʨʮʠʪʠʚʥʦʡ 

ʩʠʣr ʟʥʘʯʠʪʝʣʴʥʦ ʨʘʟʣʠʯʘʶʪʩʷ, ʯʪʦ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʚʳʟʚʘʥʦ ʨʘʟʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʢʘʢ 

Mn, ʪʘʢ ʠ Ge ʚ ʬʘʟʘʭ. 

ʇʨʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ Sm4MnGa8.6Ge3.4 ʧʨʦʷʚʣʷʝʪ ʧʘʨʘʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ. 

ɸʧʧʨʦʢʩʠʤʘʮʠʝʡ ʧʘʨʘʤʘʛʥʠʪʥʦʡ ʦʙʣʘʩʪʠ ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʧʦ ʟʘʢʦʥʫ ʂʶʨʠ-

ɺʝʡʩʘ ʚʳʰʝ 150 ʂ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʵʬʬʝʢʪʠʚʥʳʡ ʤʘʛʥʠʪʥʳʡ ʤʦʤʝʥʪ (2.38(1)ɛB ʥʘ 

ʬʦʨʤʫʣʴʥʫʶ ʝʜʠʥʠʮʫ) ʠ ʢʦʥʩʪʘʥʪʘ ɺʝʡʩʘ (Ḑ148 ʂ). ʇʦʣʦʞʠʪʝʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʧʦʩʣʝʜʥʝʡ 

ʫʢʘʟʳʚʘʝʪ ʥʘ ʬʝʨʨʦʤʘʛʥʠʪʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚ ʩʦʝʜʠʥʝʥʠʠ (ʈʠʩʫʥʦʢ 44ʘ, ʙ).             
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ʈʠʩʫʥʦʢ 44. ʊʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ (ʘ), ʦʙʨʘʪʥʦʡ 

ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ (ʙ), ʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ (ʚ) ʠ ʪʝʧʣʦʝʤʢʦʩʪʠ ʧʦ ʌʠʰʝʨʫ (ʛ) 

ʜʣʷ Sm4MnGa8.6Ge3.4. ʂʨʘʩʥʳʝ ʣʠʥʠʠ ï ʵʪʦ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʧʦ ʟʘʢʦʥʫ ʂʶʨʠ-ɺʝʡʩʘ ʚʳʰʝ 

150 ʂ (ʙ) ʠ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʦʙʣʘʩʪʠ ʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ (ʚ). 

 

ɿʥʘʷ ʟʥʘʯʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ ʥʘ ʬʦʨʤʫʣʴʥʫʶ ʝʜʠʥʠʮʫ 

(2.38(1)ɛB) ʠ ʧʨʠʥʠʤʘʷ, ʯʪʦ ʜʣʷ Sm3+ ʦʥ ʨʘʚʝʥ 0.85ɛB, ʪʦ ʠʟ ʬʦʨʤʫʣʳ:   

ʈ̞ ̕Ȣ̕ τʈ̞̕ Ȣ̕ ʈ̞ ̕Ȣ̕ 

ʤʦʞʝʪ ʙʳʪʴ ʦʮʝʥʝʥ ʵʬʬʝʢʪʠʚʥʳʡ ʤʘʛʥʠʪʥʳʡ ʤʦʤʝʥʪ Mn, ʢʦʪʦʨʳʡ ʩʦʩʪʘʚʣʷʝʪ 

ʧʦʨʷʜʢʘ Ḑ1.7ɛB, ʯʪʦ ʩʦʧʦʩʪʘʚʠʤʦ ʩ ʪʘʢʦʚʳʤ ʚ Y4Mn1-xGa12-yGey (Ḑ2ï3ɛB) [37]. 

ʆʧʨʝʜʝʣʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ Mn ʙʣʠʟʢʦ ʢ ʟʥʘʯʝʥʠʶ ʜʣʷ ʥʠʟʢʦʩʧʠʥʦʚʦʛʦ 

ʢʘʪʠʦʥʘ Mn2+ (1.73 ɛB); ʦʜʥʘʢʦ, ʤʝʪʘʣʣʠʯʝʩʢʘʷ ʧʨʠʨʦʜʘ ʩʦʝʜʠʥʝʥʠʷ ʥʝ ʧʦʟʚʦʣʷʝʪ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʩʧʠʥʦʚʦʝ ʩʦʩʪʦʷʥʠʝ Mn ʢʘʢ ʧʦʣʥʦʩʪʴʶ ʣʦʢʘʣʠʟʦʚʘʥʥʦʝ. ʕʪʦ ʩʧʨʘʚʝʜʣʠʚʦ 
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ʠ ʜʣʷ ʨʷʜʘ ʜʨʫʛʠʭ Mn-ʩʦʜʝʨʞʘʱʠʭ ʠʥʪʝʨʤʝʪʘʣʣʠʯʝʩʢʠʡ ʩʦʝʜʠʥʝʥʠʡ, ʛʜʝ ʩʪʝʧʝʥʴ 

ʦʢʠʩʣʝʥʠ ̫ Mn ʙʣʠʟʢʘ ʢ ʥʫʣʶ ʠʟ-ʟʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʦʡ ʨʘʟʥʠʮʳ ʚ 

ʵʣʝʢʪʨʦʦʪʨʠʮʘʪʝʣʴʥʦʩʪʷʭ ʵʣʝʤʝʥʪʦʚ [153-155]. ʇʦʩʣʝʜʥʝʝ ʪʘʢʞʝ ʧʨʠʚʦʜʠʪ ʢ ʷʨʢʦ 

ʚʳʨʘʞʝʥʥʦʤʫ ʤʝʪʘʣʣʠʯʝʩʢʦʤʫ ʠ ʢʦʚʘʣʝʥʪʥʦʤʫ ʭʘʨʘʢʪʝʨʫ ʭʠʤʠʯʝʩʢʦʡ ʩʚʷʟʠ ʠ ʟʦʥʥʦʤʫ 

ʤʘʛʥʝʪʠʟʤʫ ʜʣʷ 3d-ʤʝʪʘʣʣʦʚ, ʛʜʝ ʥʝʣʴʟʷ ʧʨʝʥʝʙʨʝʛʘʪʴ ʵʬʬʝʢʪʘʤʠ ʜʝʣʦʢʘʣʠʟʘʮʠʠ 

ʵʣʝʢʪʨʦʥʦʚ ʠ ʩʧʠʥʦʚʳʤʠ ʬʣʫʢʪʫʘʮʠʷʤʠ [156, 157]. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʤʘʛʥʠʪʥʳʡ ʤʦʤʝʥʪ 

ʤʦʞʝʪ ʥʝ ʦʪʨʘʞʘʪʴ ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʥʝʩʧʘʨʝʥʥʳʭ ʵʣʝʢʪʨʦʥʦʚ ʥʘ ʘʪʦʤʘʭ Mn. 

   Sm4MnGa8.6Ge3.4 ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʬʝʨʨʦʤʘʛʥʠʪʥʦʝ ʫʧʦʨʷʜʦʯʝʥʠʝ ʥʠʞʝ Tʉ1 = 150 

ʂ (ʈʠʩʫʥʦʢ 44ʘ). ʄʘʛʥʠʪʥʳʝ ʧʦʣʷ ʙʦʣʴʰʝʡ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʧʦʜʘʚʣʷʶʪ ʨʦʩʪ 

ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʥʠʞʝ 150 ʂ, ʯʪʦ ʪʠʧʠʯʥʦ ʜʣʷ ʬʝʨʨʦʤʘʛʥʠʪʥʦʛʦ ʩʦʩʪʦʷʥʠʷ. ʊʘʢ ʢʘʢ ʵʪʦ 

ʟʥʘʯʝʥʠʝ ʙʣʠʟʢʦ ʢ TC ʜʨʫʛʠʭ Mn-ʩʦʜʝʨʞʘʱʠʭ ʬʘʟ ʜʘʥʥʦʛʦ ʩʝʤʝʡʩʪʚʘ Y4Mn1-xGa12 [37], 

RMnxGa3 ʠ R4Mn1-xGa12-yGey (R = Gd-Dy), ʪʦ ʤʳ ʩʚʷʟʳʚʘʝʤ ʵʪʦʪ ʧʝʨʝʭʦʜ ʩ 

ʫʧʦʨʷʜʦʯʝʥʠʝʤ ʤʘʛʥʠʪʥʳʭ ʤʦʤʝʥʪʦʚ ʘʪʦʤʦʚ Mn. ʇʨʠ T = 50 ʂ, ʢʦʪʦʨʫʶ ʤʳ ʦʧʨʝʜʝʣʷʝʤ 

ʢʘʢ TC2, ʤʦʞʥʦ ʟʘʤʝʪʠʪʴ ʧʠʢ, ʩʚʷʟʘʥʥʳʡ ʩ ʤʘʛʥʠʪʥʳʤ ʫʧʦʨʷʜʦʯʝʥʠʝʤ ʧʦʜʨʝʰʝʪʢʠ Sm. 

ʅʘ ʧʝʨʚʳʡ ʚʟʛʣʷʜ ʧʝʨʝʭʦʜ ʤʦʞʥʦ ʧʨʠʥʷʪʴ ʟʘ ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʳʡ, ʦʜʥʘʢʦ 

ʟʥʘʯʠʪʝʣʴʥʳʡ ʨʦʩʪ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʧʨʠ ʜʘʣʴʥʝʡʰʝʤ ʦʭʣʘʞʜʝʥʠʠ ʥʠʞʝ 50 ʂ 

ʧʨʝʜʧʦʣʘʛʘʝʪ ʙʦʣʝʝ ʩʣʦʞʥʫʶ ʩʭʝʤʫ ʤʘʛʥʠʪʥʦʛʦ ʫʧʦʨʷʜʦʯʝʥʠʷ (ʈʠʩʫʥʦʢ 44ʚ). ʉʭʦʞʝʝ 

ʤʘʛʥʠʪʥʦʝ ʧʦʚʝʜʝʥʠʝ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʚ ʥʝʢʦʪʦʨʳʭ ʜʨʫʛʠʭ ʪʨʦʡʥʳʭ ʬʘʟʘʭ ʚ ʩʠʩʪʝʤʘʭ 

R-T-p-ʵʣʝʤʝʥʪ, ʪʘʢʠʭ ʢʘʢ NdMn6Sn6 [158], NdMn6Ge6 [159] ʠ NdCrGe3 [160], ʛʜʝ 

ʤʘʛʥʠʪʥʳʝ ʤʦʤʝʥʪʳ ʚʳʩʪʨʘʠʚʘʣʠʩʴ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʛʣʘʚʥʦʡ ʛʝʢʩʘʛʦʥʘʣʴʥʦʡ ʦʩʠ ʧʨʠ 

ʫʧʦʨʷʜʦʯʝʥʠʠ, ʥʦ ʧʨʠ ʜʘʣʴʥʝʡʰʝʤ ʦʭʣʘʞʜʝʥʠʠ ʧʨʦʠʩʭʦʜʠʣʘ ʠʭ ʨʝʦʨʠʝʥʪʘʮʠʷ. ʄʳ 

ʧʦʣʘʛʘʝʤ, ʯʪʦ ʧʦʭʦʞʠʝ ʧʨʦʮʝʩʩʳ ʧʨʦʠʩʭʦʜʷʪ ʠ ʩ ʤʘʛʥʠʪʥʳʤʠ ʤʦʤʝʥʪʘʤʠ Sm ʚ ʥʘʰʝʤ 

ʩʣʫʯʘʝ. ʋʯʠʪʳʚʘʷ, ʯʪʦ ʥʘʧʨʘʚʣʝʥʠʝ ʧʨʠʢʣʘʜʳʚʘʝʤʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʙʳʣʦ ʚʜʦʣʴ 

ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ [111], ʪʦ ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ ʩʣʝʜʫʶʱʫʶ ʩʭʝʤʫ 

ʤʘʛʥʠʪʥʦʛʦ ʫʧʦʨʷʜʦʯʝʥʠʷ: ʧʨʠ TC2 ʤʘʛʥʠʪʥʳʝ ʤʦʤʝʥʪʳ Sm ʚʳʩʪʨʘʠʚʘʶʪʩʷ ʚʜʦʣʴ 

ʛʣʘʚʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ, ʘ ʟʘʪʝʤ ʧʦʩʪʝʧʝʥʥʦ ʧʦʚʦʨʘʯʠʚʘʶʪʩʷ ʚ ʩʪʦʨʦʥʫ ʦʙʲʝʤʥʦʡ 

ʜʠʘʛʦʥʘʣʠ ʧʨʠ ʜʘʣʴʥʝʡʰʝʤ ʦʭʣʘʞʜʝʥʠʠ.  

ʄʘʛʥʠʪʥʦʝ ʫʧʦʨʷʜʦʯʝʥʠʝ Sm ʚ ʠʥʪʝʨʤʝʪʘʣʣʠʜʘʭ ʙʝʟ ʚʪʦʨʦʡ ʤʘʛʥʠʪʦʘʢʪʠʚʥʦʡ 

ʧʦʜʩʠʩʪʝʤʳ T ʦʙʳʯʥʦ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʙʦʣʝʝ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʚ ʨʘʡʦʥʝ 10 ʂ [161-

164]. ɺ ʩʣʫʯʘʝ ʞʝ ʥʘʰʝʡ ʬʘʟʳ, ʧʨʠʩʫʪʩʪʚʠʝ ʚʪʦʨʦʡ ʤʘʛʥʠʪʥʦʡ ʧʦʜʨʝʰʝʪʢʠ Mn ʟʘʤʝʪʥʦ 

ʚʣʠʷʝʪ ʥʘ ʤʘʛʥʠʪʥʦʝ ʫʧʦʨʷʜʦʯʝʥʠʝ Sm. ʊʝʤʧʝʨʘʪʫʨʘ ʤʘʛʥʠʪʥʦʛʦ ʫʧʦʨʷʜʦʯʝʥʠʷ Sm 

ʪʘʢʞʝ ʚʳʰʝ, ʯʝʤ ʫ ʜʨʫʛʠʭ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ RGa3 ʠ ʧʨʦʠʟʚʦʜʥʳʭ ʬʘʟʘʭ [33-
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36, 49, 51]. ɹʦʣʝʝ ʪʦʛʦ, ʘʪʦʤʳ R ʚ ʧʦʜʦʙʥʳʭ ʬʘʟʘʭ ʩʪʨʝʤʷʪʩʷ ʢ ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʦʤʫ 

ʫʧʦʨʷʜʦʯʝʥʠʶ ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ Er [33-36, 49, 51]. ʊʘʢʦʝ ʟʘʤʝʪʥʦʝ ʦʪʣʠʯʠʝ ʚ ʤʘʛʥʠʪʥʦʤ 

ʧʦʚʝʜʝʥʠʠ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ, ʢʘʢ ʤʝʥʴʰʠʤ ʤʘʛʥʠʪʥʳʤ ʤʦʤʝʥʪʦʤ ʘʪʦʤʘ Sm, ʪʘʢ ʠ 

ʚʦʟʤʦʞʥʳʤ ʬʝʨʨʦʤʘʛʥʠʪʥʳʤ ʭʘʨʘʢʪʝʨʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ Sm-Sm. 

ʈʘʩʩʯʠʪʘʥʥʳʝ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʪʝʧʣʦʝʤʢʦʩʪʠ ʧʦ ʌʠʰʝʨʫ Ö(ɢT)/ÖT 

ʦʞʠʜʘʝʤʦ ʧʦʢʘʟʳʚʘʶʪ ʥʘʣʠʯʠʝ ʜʚʫʭ ʤʠʥʠʤʫʤʦʚ ʧʨʠ T = 143 ʠ 55 ʂ (ʈʠʩʫʥʦʢ 44ʛ), ʯʪʦ 

ʦʯʝʥʴ ʙʣʠʟʢʦ ʢ ʢʨʠʪʠʯʝʩʢʠʤ ʪʦʯʢʘʤ, ʦʙʥʘʨʫʞʝʥʥʳʤ ʥʘ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʟʘʚʠʩʠʤʦʩʪʷʭ 

ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ. ʇʝʨʚʳʡ ʤʠʥʠʤʫʤ ʤʦʞʥʦ ʩʦʦʪʥʝʩʪʠ ʩ TC1, ʪʦʛʜʘ ʢʘʢ ʢʘʢ 

ʚʪʦʨʦʡ ʤʠʥʠʤʫʤ ï ʩ TC2. ʇʨʠ ʵʪʦʤ, ʠʟ-ʟʘ ʩʣʦʞʥʦʡ ʬʦʨʤʳ ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʚ 

ʨʘʡʦʥʝ TC2, ʪʦʯʥʦ ʦʧʨʝʜʝʣʠʪʴ ʪʝʤʧʝʨʘʪʫʨʝ ʚʪʦʨʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʝʨʝʭʦʜʘ 

ʟʘʪʨʫʜʥʠʪʝʣʴʥʦ. 

ʇʦʣʝʚʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ M(H) ʙʳʣʠ ʠʟʤʝʨʝʥʳ ʚ ʪʝʤʧʝʨʘʪʫʨʥʦʤ 

ʜʠʘʧʘʟʦʥʝ 2ï300 ʂ ʚ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ ʩ ʥʘʧʨʷʞʝʥʥʦʩʪʴʶ ʜʦ 5 ʊʣ (ʈʠʩʫʥʦʢ 45ʘ, ʙ). 

ʂʨʠʚʳʝ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʠʟʤʝʨʝʥʠʷʭ ʚʳʰʝ ʊ = 150 ʂ, ʧʦʢʘʟʳʚʘʶʪ ʣʠʥʝʡʥʳʡ ʭʦʜ, ʯʪʦ 

ʦʞʠʜʘʝʤʦ ʜʣʷ ʧʘʨʘʤʘʛʥʠʪʥʦʛʦ ʩʦʩʪʦʷʥʠʷ. ɺ ʨʘʡʦʥʝ ʠ ʥʠʞʝ TC1 ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ 

ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʥʝʣʠʥʝʡʥʳʡ ʭʦʜ ʪʠʧʠʯʥʳʡ ʜʣʷ ʬʝʨʨʦʤʘʛʥʝʪʠʢʦʚ. ʄʘʛʥʠʪʥʳʡ ʤʦʤʝʥʪ 

ʥʘʩʳʱʝʥʠʷ ʧʦʩʪʝʧʝʥʥʦ ʚʦʟʨʘʩʪʘʝʪ ʩ 0.5 ɛB ʥʘ ʬʦʨʤʫʣʴʥʫʶ ʝʜʠʥʠʮʫ ʧʨʠ 150 ʂ ʜʦ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʚ 2.1 ɛB ʥʘ ʬʦʨʤʫʣʴʥʫʶ ʝʜʠʥʠʮʫ (ʈʠʩʫʥʦʢ 45ʘ, ʙ). ɺ ʩʠʣʴʥʳʭ 

ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ ʦʩʪʘʝʪʩʷ ʧʦʩʪʦʷʥʥʦʡ, ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʥʘʩʳʱʝʥʠʠ 

ʦʙʝʠʭ ʤʘʛʥʠʪʥʳʭ ʧʦʜʩʠʩʪʝʤ.  

ʉʣʝʜʫʝʪ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʟʥʘʯʝʥʠʝ ʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ ʥʘʩʳʱʝʥʠʷ ʤʝʥʴʰʝ, ʯʝʤ 

ʪʝʦʨʝʪʠʯʝʩʢʠʡ ʤʘʛʥʠʪʥʳʡ ʤʦʤʝʥʪ ʜʣʷ ʯʝʪʳʨʝʭ ʘʪʦʤʦʚ Sm (0.72ɛB Ĭ 4 = 2.88ɛB). 

ɿʥʘʯʝʥʠʝ ʥʠʞʝ ʦʞʠʜʘʝʤʦʛʦ ʥʝ ʷʚʣʷʝʪʩʷ ʥʝʦʙʳʯʥʳʤ ʜʣʷ Sm-ʩʦʜʝʨʞʘʱʠʭ 

ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʚ; ʜʦʚʦʣʴʥʦ ʯʘʩʪʦ ʤʘʛʥʠʪʥʳʡ ʤʦʤʝʥʪ ʥʘʩʳʱʝʥʠʷ Sm ʚ ʧʦʜʦʙʥʳʭ 

ʩʦʝʜʠʥʝʥʠʷʭ ʩʦʩʪʘʚʣʷʝʪ ʧʦʨʷʜʢʘ Ḑ 0.2 ɛB ʠʣʠ ʜʘʞʝ ʤʝʥʴʰʝ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʵʬʬʝʢʪʘʤʠ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʠ ʧʦʣʷʨʠʟʘʮʠʝʡ ʵʣʝʢʪʨʦʥʦʚ ʧʨʦʚʦʜʠʤʦʩʪʠ [165, 

166]. ʋʯʠʪʳʚʘʷ ʪʦ, ʯʪʦ ʢʨʠʚʘʷ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʚʳʭʦʜʠʪ ʥʘ ʥʘʩʳʱʝʥʠʝ ʫʞʝ ʧʨʠ 0.1 ʊʣ, 

ʤʘʛʥʠʪʥʳʝ ʤʦʤʝʥʪʳ Sm ʠ Mn ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʧʦ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ 

ʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ (ʈʠʩʫʥʦʢ 44ʚ). ʕʢʩʪʨʘʧʦʣʷʮʠʷ ʢʨʠʚʦʡ ʚʳʰʝ ʊ = 50 ʂ ʜʘʝʪ ʟʥʘʯʝʥʠʝ 

ʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ Mn ʨʘʚʥʦʛʦ Ḑ 1.3ɛB, ʯʪʦ ʙʣʠʟʢʦ ʢ ʤʘʛʥʠʪʥʦʤʫ ʤʦʤʝʥʪʫ Mn ʚ 
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Y4Mn0.9Ga11Ge1, ʪʦʛʜʘ ʤʘʛʥʠʪʥʳʡ ʤʦʤʝʥʪ ʜʣʷ 4 ʘʪʦʤʦʚ Sm ʩʦʩʪʘʚʣʷʝʪ 0.8 ɛB ʠʣʠ 0.2 ɛB 

ʥʘ ʦʜʠʥ ʘʪʦʤ Sm.   

 

ʈʠʩʫʥʦʢ 45. ʇʦʣʝʚʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ (ʘ, ʙ) ʠ ʧʝʪʣʠ ʤʘʛʥʠʪʥʦʛʦ 

ʛʠʩʪʝʨʝʟʠʩʘ (ʚ, ʛ) ʜʣʷ Sm4MnGa8.6Ge3.4. ʥʘʧʨʘʚʣʝʥʠʝ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʧʘʨʘʣʣʝʣʴʥʦ 

ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʤʫ ʥʘʧʨʘʚʣʝʥʠʶ [111].  

 

ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʊ = 100 ʂ ʠ ʥʠʞʝ ʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ ʧʦʷʚʣʝʥʠʝ ʤʘʛʥʠʪʥʦʛʦ 

ʛʠʩʪʝʨʝʟʠʩʘ (ʈʠʩʫʥʦʢ 45ʚ, ʛ). ɺ ʦʙʣʘʩʪʠ ʪʝʤʧʝʨʘʪʫʨ 100-50 ʂ ʦʥ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʟʘʤʝʪʝʥ, 

ʥʦ ʟʥʘʯʠʪʝʣʴʥʦ ʨʘʩʰʠʨʷʝʪʩʷ ʧʨʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. ʇʨʠ 100 ʠ 50 ʂ ʢʦʵʨʮʠʪʠʚʥʘʷ 

ʩʠʣʘ ʨʘʚʥʘ 1.5 ʤʊʣ, ʠ ʝʝ ʟʥʘʯʝʥʠʝ ʨʝʟʢʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʜʦ 40 ʠ 230 ʤʊʣ ʧʨʠ 10 ʠ 2 ʂ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʈʠʩʫʥʦʢ 45ʛ), ʯʪʦ ʚʳʟʚʘʥʦ ʫʧʦʨʷʜʦʯʝʥʠʝʤ ʤʘʛʥʠʪʥʳʭ ʤʦʤʝʥʪʦʚ Sm 

ʥʠʞʝ TC2, ʢʦʪʦʨʳʡ ʦʙʣʘʜʘʝʪ ʷʨʢʦ ʚʳʨʘʞʝʥʥʦʡ ʤʘʛʥʠʪʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʘʥʠʟʦʪʨʦʧʠʝʡ 

ʥʘʨʷʜʫ ʩ ʦʩʪʘʣʴʥʳʤʠ ʈɿʕ, ʢʨʦʤʝ Gd ʠ Eu [1]. ɺ Y4Mn1-xGa12-yGey ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʧʦʜʩʠʩʪʝʤʘ Mn ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʩʣʘʙʫʶ ʤʘʛʥʠʪʦʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʘʥʠʟʦʪʨʦʧʠʶ, ʢʦʪʦʨʘʷ 


















































