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ɺʚʝʜʝʥʠʝ 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʇʦʠʩʢ ʥʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʙʫʜʫʱʠʭ ʤʘʪʝʨʠʘʣʦʚ 

ʩ ʥʝʦʙʳʯʥʳʤʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʧʨʦʚʦʜʠʪʩʷ ʨʘʟʣʠʯʥʳʤʠ ʤʝʪʦʜʘʤʠ, ʠ ʦʜʥʠʤ 

ʠʟ ʥʠʭ ʷʚʣʷʝʪʩʷ ʩʪʨʫʢʪʫʨʥʳʡ ʜʠʟʘʡʥ. ɼʣʷ ʝʛʦ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʧʦʜʦʙʨʘʪʴ 

ʩʪʨʫʢʪʫʨʥʳʝ ʙʣʦʢʠ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʝ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʚ ʢʨʠʩʪʘʣʣʝ ʠʩʢʦʤʳʭ ʩʚʦʡʩʪʚ. ʊʘʢ, 

ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʬʘʟ ʩ ʘʥʠʟʦʪʨʦʧʥʳʤʠ ʬʠʟʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʩʪʨʫʢʪʫʨʥʳʭ ʙʣʦʢʦʚ, ʙʣʘʛʦʧʨʠʷʪʩʪʚʫʶʱʠʭ ʬʦʨʤʠʨʦʚʘʥʠʶ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʩʚʦʡʩʪʚ 

ʢʨʠʩʪʘʣʣʘ ʚʜʦʣʴ ʨʘʟʣʠʯʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ. ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʩʚʦʡʩʪʚ 

ʤʘʪʝʨʠʠ ʩʪʨʫʢʪʫʨʥʳʡ ʜʠʟʘʡʥ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʚʘʞʥʝʡʰʠʭ ʠʥʩʪʨʫʤʝʥʪʦʚ, ʩ ʧʦʤʦʱʴʶ 

ʢʦʪʦʨʦʛʦ ʪʝʩʪʠʨʫʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʛʠʧʦʪʝʟʳ. ʆʜʥʠʤ ʠʟ ʤʘʣʦʠʟʫʯʝʥʥʳʭ ʵʬʬʝʢʪʦʚ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʛʦ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ ʷʚʣʷʶʪʩʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩʧʠʥʦʚ ʵʣʝʢʪʨʦʥʦʚ ʚʦ 

ʬʨʫʩʪʨʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤʘʭ. ʆʪʚʝʪʠʪʴ ʥʘ ʚʦʧʨʦʩʳ, ʧʦʩʪʘʚʣʝʥʥʳʝ ʪʘʢʠʤʠ ʩʣʦʞʥʳʤʠ 

ʢʚʘʥʪʦʚʳʤʠ ʵʬʬʝʢʪʘʤʠ, ʥʝʧʨʦʩʪʦ, ʫʯʠʪʳʚʘʷ ʤʘʣʦʝ ʢʦʣʠʯʝʩʪʚʦ ʬʘʟ, ʛʜʝ ʥʘʙʣʶʜʘʶʪʩʷ 

ʧʦʜʦʙʥʳʝ ʩʚʦʡʩʪʚʘ. ʉʪʨʫʢʪʫʨʥʳʡ ʜʠʟʘʡʥ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʫʜʦʙʥʳʤ 

ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʬʘʟ ʩʦ ʬʨʫʩʪʨʠʨʦʚʘʥʥʦʡ ʤʘʛʥʠʪʥʦʡ ʧʦʜʨʝʰʝʪʢʦʡ ʧʨʠ 

ʧʦʜʙʦʨʝ ʧʦʜʭʦʜʷʱʠʭ ʩʪʨʫʢʪʫʨʥʳʭ ʙʣʦʢʦʚ. ʆʜʥʠʤ ʠʟ ʪʘʢʠʭ ʙʣʦʢʦʚ ʷʚʣʷʝʪʩʷ ʭʘʣʴʢʦʛʝʥʠʪ 

ʘʥʠʦʥ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʪʦʨʦʛʦ ʧʦʣʫʯʝʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʟʣʠʯʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, 

ʩʚʦʡʩʪʚʘ ʢʦʪʦʨʳʭ ʩʚʷʟʘʥʳ ʩ ʬʨʘʛʤʝʥʪʠʨʦʚʘʥʥʦʩʪʴʶ ʠʭ ʩʪʨʫʢʪʫʨʳ ʠ ʝʸ ʘʩʠʤʤʝʪʨʠʯʥʦʩʪʴʶ. 

ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʫʩʠʣʠʪʴ ʵʪʦʪ ʵʬʬʝʢʪ ʚʦʟʤʦʞʥʦ ʜʦʙʘʚʣʝʥʠʝʤ ʜʨʫʛʠʭ ʩʪʨʫʢʪʫʨʥʳʭ ʙʣʦʢʦʚ, 

ʧʨʦʚʦʮʠʨʫʶʱʠʭ ʘʥʘʣʦʛʠʯʥʳʝ ʩʪʨʫʢʪʫʨʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ. ɺ ʢʘʯʝʩʪʚʝ ʧʦʜʦʙʥʳʭ 

ʩʪʨʫʢʪʫʨʥʳʭ ʙʣʦʢʦʚ ʤʦʞʝʪ ʚʳʩʪʫʧʘʪʴ ʛʘʣʦʛʝʥʠʜ ʘʥʠʦʥ, ʛʠʜʨʦʢʩʠʣ ʘʥʠʦʥ, ʭʘʣʴʢʦʛʝʥʘʪʥʘʷ 

ʛʨʫʧʧʠʨʦʚʢʘ ʠ ʬʦʩʬʘʪʥʘʷ ʛʨʫʧʧʠʨʦʚʢʘ.  

ʂʦʤʙʠʥʠʨʦʚʘʥʠʝ ʩʤʝʰʘʥʥʦʘʥʠʦʥʥʳʭ ʭʘʣʴʢʦʛʝʥʠʪʦʚ ʩ ʘʪʦʤʘʤʠ ʧʝʨʝʭʦʜʥʳʭ 

ʤʝʪʘʣʣʦʚ ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʧʨʠʚʝʜʝʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ʩ 

ʤʘʛʥʠʪʥʦʡ ʧʦʜʨʝʰʝʪʢʦʡ ʧʦʥʠʞʝʥʥʦʡ ʨʘʟʤʝʨʥʦʩʪʠ, ʯʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ 

ʩʧʠʥʦʚʦʡ ʬʨʫʩʪʨʘʮʠʠ, ʬʦʨʤʠʨʦʚʘʥʠʶ ʩʧʠʥʦʚʳʭ ʩʪʝʢʦʣ ʠʣʠ ʞʠʜʢʦʩʪʝʡ. ʆʜʥʘʢʦ ʨʝʘʣʴʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʚ ʜʘʥʥʳʭ ʢʣʘʩʩʘʭ ʥʝʤʥʦʛʦ, ʠ ʚ ʵʪʦʡ ʩʚʷʟʠ ʚʦʟʥʠʢʘʝʪ ʚʘʞʥʘʷ ʟʘʜʘʯʘ 

ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʧʦʠʩʢʘ ʧʦʜʦʙʥʳʭ ʬʘʟ, ʫʩʪʘʥʦʚʣʝʥʠʝ ʚʟʘʠʤʦʩʚʷʟʠ ʠʭ ʩʦʩʪʘʚʘ, 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʠ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. ʕʪʠʤ ʦʧʨʝʜʝʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʩʪʴ 

ʟʘʷʚʣʝʥʥʦʡ ʪʝʤʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʧʦʣʫʯʝʥʠʝ, ʜʠʘʛʥʦʩʪʠʢʘ ʤʘʣʦʠʟʫʯʝʥʥʳʭ ʠ ʥʦʚʳʭ 

ʩʤʝʰʘʥʥʦʘʥʠʦʥʥʳʭ ʭʘʣʴʢʦʛʝʥʠʪʦʚ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʠ ʫʩʪʘʥʦʚʣʝʥʠʝ ʚʟʘʠʤʦʩʚʷʟʠ 

çʩʦʩʪʘʚ ï ʩʪʨʫʢʪʫʨʘ ï ʩʚʦʡʩʪʚʦè ʚ ʵʪʦʤ ʢʣʘʩʩʝ ʩʦʝʜʠʥʝʥʠʡ. 
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ɼʦʩʪʠʞʝʥʠʝ ʫʢʘʟʘʥʥʦʡ ʮʝʣʠ ʪʨʝʙʦʚʘʣʦ ʨʝʰʝʥʠʝ ʩʣʝʜʫʶʱʠʭ ʥʘʫʯʥʳʭ ʟʘʜʘʯ: 

ü ʉʠʥʪʝʟ Cu9O2(SeO3)4Cl6 ʚ ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʤ ʚʠʜʝ, ʧʨʠʛʦʜʥʦʤ ʜʣʷ ʧʦʜʨʦʙʥʦʛʦ 

ʩʪʨʫʢʪʫʨʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ü ʈʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʠʢʠ ʩʠʥʪʝʟʘ KCdCu7O2(SeO3)2Cl9 ʠ ʦʧʨʝʜʝʣʝʥʠʝ ʤʘʛʥʠʪʥʳʭ 

ʩʚʦʡʩʪʚ ʵʪʦʛʦ ʩʦʝʜʠʥʝʥʠʷ. 

ü ʉʠʥʪʝʟ ʩʦʝʜʠʥʝʥʠʷ Pb2Cu10(SeO3)4O4Cl7 ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʘʛʥʠʪʥʳʭ 

ʩʚʦʡʩʪʚ.  

ü ʉʠʥʪʝʟ ʥʝʜʦʩʪʘʶʱʠʭ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʩʝʤʝʡʩʪʚʘ Ln2(SeO3)2(SeO4)Ā2H2O ʠ 

ʦʧʨʝʜʝʣʝʥʠʝ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ.  

ü ʇʦʠʩʢ ʩʝʣʝʥʠʪ-ʩʝʣʝʥʘʪʥʦʛʦ ʘʥʘʣʦʛʘ ʩʦʝʜʠʥʝʥʠʷ Co3(SeO3)(SO4)(OH)2 ʠ 

ʦʧʨʝʜʝʣʝʥʠʝ ʝʛʦ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

ü ʈʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʠʢʠ ʩʠʥʪʝʟʘ ʩʦʝʜʠʥʝʥʠʷ ʩʦʩʪʘʚʘ KCu7TeO4(SO4)5Cl, ʧʦʠʩʢ ʝʛʦ 

ʩʪʨʫʢʪʫʨʥʳʭ ʘʥʘʣʦʛʦʚ ʠ ʜʠʘʛʥʦʩʪʠʢʘ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ. 

ɺ ʨʘʙʦʪʝ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ ʩʠʥʪʝʪʠʯʝʩʢʠʝ ʠ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʝ 

ʤʝʪʦʜʳ: 

¶ ʩʪʘʥʜʘʨʪʥʳʡ ʘʤʧʫʣʴʥʳʡ ʩʠʥʪʝʟ, ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʡ ʩʠʥʪʝʟ, ʭʠʤʠʯʝʩʢʠʡ 

ʛʘʟʦʚʳʡ ʪʨʘʥʩʧʦʨʪ, 

¶ ʨʝʥʪʛʝʥʦʬʘʟʦʚʳʡ ʠ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ ʢʘʢ ʤʦʥʦʢʨʠʩʪʘʣʴʥʳʭ, ʪʘʢ ʠ 

ʧʦʨʦʰʢʦʚʳʭ ʦʙʨʘʟʮʦʚ, 

¶ ʩʢʘʥʠʨʫʶʱʘʷ ʵʣʝʢʪʨʦʥʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ ʠ ʨʝʥʪʛʝʥʦʩʧʝʢʪʨʘʣʴʥʳʡ 

ʤʠʢʨʦʘʥʘʣʠʟ, 

¶ ʠʟʤʝʨʝʥʠʝ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ, ʘ ʪʘʢʞʝ 

ʪʝʧʣʦʝʤʢʦʩʪʠ ʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ, 

¶ ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʵʣʝʢʪʨʦʥʥʦʛʦ ʧʘʨʘʤʘʛʥʠʪʥʦʛʦ ʨʝʟʦʥʘʥʩʘ. 

¶ ʠʥʬʨʘʢʨʘʩʥʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʨʘʙʦʪʳ. ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʥʘʤʠ ʫʜʘʣʦʩʴ ʚʧʝʨʚʳʝ ʧʦʣʫʯʠʪʴ 20 

ʥʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ CdCu2(SeO3)2Cl2, Cu3TeO3(SO4)2, ACu7TeO4(SO4)5X (A = Na, K, Rb, Cs; X 

= Cl, Br), KZnyCu7-yTeO4(SO4)5Cl (y Ò 4), Co3(SeO3)(SʝO4)(OH)2, Ln2(SeO3)3-x(SeO4)xĀ2H2O 

(Ln = Nd, Eu, Y, Gd, Tb, Dy, Ho, Er, Yb).  

ʆʧʨʝʜʝʣʝʥʳ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ CdCu2(SeO3)2Cl2, Cu3TeO3(SO4)2, 

ACu7TeO4(SO4)5X (A = Na, K, Rb, Cs; X = Cl, Br), Co3(SeO3)(SʝO4)(OH)2, Ln2(SeO3)3-

x(SeO4)xĀ2H2O (Ln = Eu, Dy, Yb) ʠ ʫʪʦʯʥʝʥʘ ʩʪʨʫʢʪʫʨʘ Cu9O2(SeO3)4Cl6 ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 
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ʤʦʥʦʢʨʠʩʪʘʣʴʥʦʡ ʠ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʜʠʬʨʘʢʮʠʠ. ʂʨʠʩʪʘʣʣʠʯʝʩʢʠʝ 

ʩʪʨʫʢʪʫʨʳ CdCu2(SeO3)2Cl2 ʠ Cu3TeO3(SO4)2 ʧʨʝʜʩʪʘʚʣʷʶʪ ʥʦʚʳʝ ʩʪʨʫʢʪʫʨʥʳʝ ʪʠʧʳ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʨʦʚʝʜʸʥʥʳʭ ʥʘ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʥʘʤʠ ʦʙʨʘʟʮʘʭ ʠʟʤʝʨʝʥʠʡ ʧʦʣʝʚʳʭ 

ʟʘʚʠʩʠʤʦʩʪʝʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʠ ʫʜʝʣʴʥʦʡ ʪʝʧʣʦʸʤʢʦʩʪʠ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ 

ʦʧʨʝʜʝʣʝʥʳ ʪʝʤʧʝʨʘʪʫʨʳ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ ʠ ʧʨʝʜʣʦʞʝʥʳ ʤʦʜʝʣʠ ʤʘʛʥʠʪʥʦʛʦ 

ʫʧʦʨʷʜʦʯʝʥʠʷ ʜʣʷ Pb2Cu10(SeO3)4O4Cl7, CdCu2(SeO3)2Cl2, Cu3TeO3(SO4)2, ACu7TeO4(SO4)5Cl 

(A = Na, K, Rb, Cs), Co3(SeO3)(SʝO4)(OH)2.  

ʅʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠ ʨʘʩʯʝʪʥʳʭ ʜʘʥʥʳʭ ʫʩʪʘʥʦʚʣʝʥʘ 

ʚʟʘʠʤʦʩʚʷʟʴ çʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ - ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ï ʩʚʦʡʩʪʚʦè ʜʣʷ ʨʷʜʘ 

ʩʦʝʜʠʥʝʥʠʡ ACu7TeO4(SO4)5Cl (A = Na, K, Rb, Cs), Co3(SeO3)(SʝO4)(OH)2). 

Pb2Cu10(SeO3)4O4Cl7, CdCu2(SeO3)2Cl2, Cu3TeO3(SO4)2. ʊʘʢ ʧʦʥʠʞʝʥʥʘʷ ʨʘʟʤʝʨʥʦʩʪʴ 

ʢʘʪʠʦʥʥʦʡ ʧʦʜʨʝʰʝʪʢʠ ʧʨʠʚʦʜʠʪ ʢ ʧʦʥʠʞʝʥʠʷ ʤʘʛʥʠʪʥʦʡ ʨʘʟʤʝʨʥʦʩʪʠ ʧʦʣʫʯʝʥʥʳʭ ʬʘʟ. 

ʇʨʘʢʪʠʯʝʩʢʘʷ ʠ ʪʝʦʨʝʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ. ɼʘʥʥʘʷ ʜʠʩʩʝʨʪʘʮʠʦʥʥʘʷ 

ʨʘʙʦʪʘ ʫʛʣʫʙʣʷʝʪ ʧʦʥʠʤʘʥʠʝ ʭʠʤʠʠ ʩʤʝʰʘʥʥʦʘʥʠʦʥʥʳʭ ʭʘʣʴʢʦʛʝʥʠʪʦʚ. ʈʘʟʨʘʙʦʪʘʥʳ ʠ 

ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʳ ʤʝʪʦʜʠʢʠ ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʩʠʥʪʝʟʘ ʩʤʝʰʘʥʥʦʘʥʠʦʥʥʳʭ ʭʘʣʴʢʦʛʝʥʠʪʦʚ 

ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ. ɺʳʷʚʣʝʥʳ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʚ ʩʪʨʦʝʥʠʠ ʠ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚʘʭ 

ʠʟʫʯʘʝʤʳʭ ʦʙʲʝʢʪʦʚ, ʢʦʪʦʨʳʝ ʚ ʜʘʣʴʥʝʡʰʝʤ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ 

ʥʦʚʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ.  

ʈʝʟʫʣʴʪʘʪʳ ʨʝʰʝʥʠʷ ʠ ʫʪʦʯʥʝʥʠʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ʚʢʣʶʯʝʥʳ ʚ 

ʤʝʞʜʫʥʘʨʦʜʥʳʝ ʙʘʟʳ ʜʘʥʥʳʭ (CCDC ʠ ICSD) ʠ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʚ ʢʘʯʝʩʪʚʝ 

ʩʧʨʘʚʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʦʚ ʈʅʌ 23-23-00205, ʈʌʌʀ 20-03-00702 ʠ 

ʤʝʛʘʛʨʘʥʪ-ʧʨʦʝʢʪʘ ˉ 075-15-2021-604 "ʌʫʥʢʮʠʦʥʘʣʴʥʳʝ ʢʚʘʥʪʦʚʳʝ ʤʘʪʝʨʠʘʣʳ. 

ʇʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ: 

1. ʋʩʣʦʚʠʷ ʩʠʥʪʝʟʘ ʩʦʝʜʠʥʝʥʠʷ Pb2Cu10(SeO3)4O4Cl7 ʠ ʝʛʦ ʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ. 

2. ʂʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ ʠ ʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʩʦʝʜʠʥʝʥʠʡ ʩʦʩʪʘʚʘ 

CdCu2(SeO3)2Cl2, Cu3TeO3(SO4)2, ACu7TeO4(SO4)5Cl (A = Na, K, Rb, Cs), 

Co3(SeO3)(SʝO4)(OH)2.  

3. ʂʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ Ln2(SeO3)3-x(SeO4)xĀ2H2O (Ln = Eu, Dy, Yb). 

ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʙʦʪʳ ʦʙʝʩʧʝʯʝʥʘ ʰʠʨʦʢʠʤ ʩʧʝʢʪʨʦʤ ʩʦʚʨʝʤʝʥʥʦʛʦ 

ʚʳʩʦʢʦʪʦʯʥʦʛʦ ʥʘʫʯʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ 

ʘʥʘʣʠʟʘ ʪʘʢʠʭ, ʢʘʢ ʧʦʨʦʰʢʦʚʘʷ ʨʝʥʪʛʝʥʦʚʩʢʘʷ ʜʠʬʨʘʢʮʠʷ, ʤʦʥʦʢʨʠʩʪʘʣʴʥʘʷ ʨʝʥʪʛʝʥʦʚʩʢʘʷ 
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ʜʠʬʨʘʢʮʠʷ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʨʘʩʪʨʦʚʘʷ ʵʣʝʢʪʨʦʥʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ, 

ʨʝʥʪʛʝʥʦʩʧʝʢʪʨʘʣʴʥʳʡ ʤʠʢʨʦʘʥʘʣʠʟ, ʠʟʤʝʨʝʥʠʝ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ, ʠ 

ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʴʶ ʧʦʣʫʯʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ. 

ʇʫʙʣʠʢʘʮʠʷ ʠ ʘʧʨʦʙʘʮʠʷ ʨʘʙʦʪʳ. ʇʦ ʤʘʪʝʨʠʘʣʘʤ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ 

ʦʧʫʙʣʠʢʦʚʘʥʦ 15 ʨʘʙʦʪ, ʚ ʪʦʤ ʯʠʩʣʝ 6 ʥʘʫʯʥʳʭ ʩʪʘʪʝʡ ʚ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʞʫʨʥʘʣʘʭ, 

ʠʥʜʝʢʩʠʨʫʝʤʳʭ ʚ Web of Science ʠ Scopus, ʘ 9 ʚ ʚʠʜʝ ʪʝʟʠʩʦʚ ʜʦʢʣʘʜʦʚ ʥʘ ʚʩʝʨʦʩʩʠʡʩʢʠʭ ʠ 

ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʢʦʥʬʝʨʝʥʮʠʷʭ.  

ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʩʣʝʜʫʶʱʠʭ ʢʦʥʬʝʨʝʥʮʠʷʭ: 

V ʂʦʥʬʝʨʝʥʮʠʷ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ çɸʢʪʫʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ 

ʭʠʤʠʠè (ʦʥʣʘʡʥ, 2020, ʂʨʘʩʥʦʚʠʜʦʚʦ 2021 ʠ 2022 ʛʦʜʳ); 

V ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʩʪʫʜʝʥʪʦʚ, ʘʩʧʠʨʘʥʪʦʚ ʠ ʤʦʣʦʜʳʭ 

ʫʯʝʥʳʭ çʃʦʤʦʥʦʩʦʚè (ʄʦʩʢʚʘ, 2020, 2021ʠ 2022 ʛʦʜʳ); 

V ʂʦʥʬʝʨʝʥʮʠʷ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ ʧʦ ʦʙʱʝʡ ʠ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ (ʄʦʩʢʚʘ, 

2023 ʛʦʜ); 

V ʍ ʅʘʮʠʦʥʘʣʴʥʘʷ ʢʨʠʩʪʘʣʣʦʭʠʤʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ (ʇʨʠʵʣʴʙʨʫʩʴʝ, 2021 

ʛʦʜ); 

V XIII ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʤʦʣʦʜʝʞʥʘʷ ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çʄʠʥʝʨʘʣʳ: ʩʪʨʦʝʥʠʝ, 

ʩʚʦʡʩʪʚʘ, ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷè (ɽʢʘʪʝʨʠʥʙʫʨʛ 2023 ʛʦʜ). 

ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ. ɺ ʦʩʥʦʚʫ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʧʦʣʦʞʝʥʳ ʨʝʟʫʣʴʪʘʪʳ 

ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʦʣʫʯʝʥʥʳʝ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʘʚʪʦʨʦʤ ʠʣʠ ʧʨʠ ʝʛʦ ʫʯʘʩʪʠʠ ʚ 

ʧʝʨʠʦʜ 2019-2023 ʛʛ. ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ ʩʦʩʪʦʷʣ ʚ ʧʦʩʪʘʥʦʚʢʝ ʟʘʜʘʯ, ʘʥʘʣʠʟʝ ʠ 

ʩʠʩʪʝʤʘʪʠʟʘʮʠʠ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ, ʧʦʜʛʦʪʦʚʢʝ, ʧʣʘʥʠʨʦʚʘʥʠʠ ʠ ʧʨʦʚʝʜʝʥʠʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʨʘʙʦʪ ʧʦ ʩʠʥʪʝʟʫ ʠʩʢʦʤʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʦʙʨʘʙʦʪʢʝ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ 

ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. ɸʚʪʦʨ ʫʯʘʩʪʚʦʚʘʣ ʚ ʧʦʜʛʦʪʦʚʢʝ ʠ ʧʨʝʜʩʪʘʚʣʝʥʠʠ ʫʩʪʥʳʭ ʠ 

ʩʪʝʥʜʦʚʳʭ ʜʦʢʣʘʜʦʚ ʥʘ ʥʘʫʯʥʳʭ ʢʦʥʬʝʨʝʥʮʠʷʭ, ʥʘʧʠʩʘʥʠʠ ʧʫʙʣʠʢʘʮʠʡ ʜʣʷ 

ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʨʝʮʝʥʟʠʨʫʝʤʳʭ ʥʘʫʯʥʳʭ ʞʫʨʥʘʣʦʚ. 

ʈʷʜ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʳʧʦʣʥʝʥ ʧʨʠ ʫʯʘʩʪʠʠ ʩʦʪʨʫʜʥʠʢʦʚ 

ʍʠʤʠʯʝʩʢʦʛʦ ʬʘʢʫʣʴʪʝʪʘ ʄɻʋ ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ: ʢ.ʭ.ʥ. ɺʝʨʯʝʥʢʦ ɺ.ʖ. (ʩʲʸʤʢʘ 

ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʦʙʨʘʟʮʦʚ ʥʘ ʧʦʨʦʰʢʦʚʦʤ ʜʠʬʨʘʢʪʦʤʝʪʨʝ ʜʣʷ ʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ), 

ʢ.ʭ.ʥ. ʍʘʣʘʥʴʷ ʈ.ɸ. ʠ ʇʦʣʝʚʠʢʘ ɸ.ʆ. (ʩʲʸʤʢʘ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʦʙʨʘʟʮʦʚ ʥʘ ʧʦʨʦʰʢʦʚʦʤ 

ʜʠʬʨʘʢʪʦʤʝʪʨʝ ʜʣʷ ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʠʟʘ), ʜ.ʭ.ʥ. ʃʳʩʝʥʢʦ ʂ.ɸ., ʢ.ʭ.ʥ. ʐʝʩʪʠʤʝʨʦʚʦʡ 

ʊ.ɸ., ʢ.ʭ.ʥ. ʊʘʬʝʝʥʢʦ ɺ.ɸ., ʢ.ʭ.ʥ. ʄʠʨʦʥʦʚʘ ɸ.ɺ. (ʩʲʸʤʢʘ ʥʘ ʨʝʥʪʛʝʥʦʚʩʢʦʤ ʜʠʬʨʘʢʪʦʤʝʪʨʝ 

ʠ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ ʜʣʷ ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʦʙʨʘʟʮʦʚ), ʢ.ʭ.ʥ. ʐʘʪʘʣʦʚʦʡ ʊ.ɹ. 
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(ʧʨʦʚʝʜʝʥʠʝ ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʠ ʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦ ʩʢʘʥʠʨʫʶʱʝʡ ʢʘʣʦʨʠʤʝʪʨʠʠ), 

ʄʘʭʘʥʸʚʦʡ ɸ.ʖ. (ʨʘʩʪʨʦʚʘʷ ʵʣʝʢʪʨʦʥʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ ʠ ʨʝʥʪʛʝʥʦʩʧʝʢʪʨʘʣʴʥʳʡ 

ʤʠʢʨʦʘʥʘʣʠʟ). ʀʟʤʝʨʝʥʠʷ ʠ ʘʥʘʣʠʟ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚʳʧʦʣʥʝʥʳ 

ʥʘ ʢʘʬʝʜʨʝ ʬʠʟʠʢʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʠ ʩʚʝʨʭʧʨʦʚʦʜʠʤʦʩʪʠ ʬʠʟʠʯʝʩʢʦʛʦ ʬʘʢʫʣʴʪʝʪʘ ʄɻʋ 

ʩʦʪʨʫʜʥʠʢʘʤʠ ʜ.ʬ.-ʤ.ʥ. ɺʘʩʠʣʴʝʚʳʤ ɸ.ʅ., ʜ.ʬ.-ʤ.ʥ. ɺʦʣʢʦʚʦʡ ʆ.ʉ., ʢ.ʬ.-ʤ.ʥ. ʄʘʨʢʠʥʦʡ 

ʄ.ʄ., ʢ.ʬ.-ʤ.ʥ. ʂʦʟʣʷʢʦʚʦʡ ɽ.ʉ., ʢ.ʬ.-ʤ.ʥ. ɺʘʩʠʣʴʯʠʢʦʚʦʡ ʊ.ʄ., ʄʦʩʴʢʠʥʳʤ ɸ.ɺ. ʈʘʩʯʝʪʳ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʪʝʦʨʠʠ ʬʫʥʢʮʠʦʥʘʣʘ ʧʣʦʪʥʦʩʪʠ ʚʳʧʦʣʥʷʣʠʩʴ ʩʦʪʨʫʜʥʠʢʦʤ ʬʘʢʫʣʴʪʝʪʘ 

ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʬʠʟʠʢʠ ʠ ʧʨʠʢʣʘʜʥʦʡ ʤʘʪʝʤʘʪʠʢʠ ʋʨʘʣʴʩʢʦʛʦ ʬʝʜʝʨʘʣʴʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ 

ʢ.ʬ.-ʤ.ʥ. ʇʯʣyʢʠʥʦʡ ɿ.ɺ ʠ ʧʨʦʬ. Myung-Hwan Whangbo ʠʟ North Carolina State University 

(ʈʦʣʠ, ʉʝʚʝʨʥʘʷ ʂʘʨʦʣʠʥʘ, ʉʐɸ.). 

ʆʙʲʝʤ ʠ ʩʪʨʫʢʪʫʨʘ ʨʘʙʦʪʳ. ɼʠʩʩʝʨʪʘʮʠʷ ʩʦʩʪʦʠʪ ʠʟ ʚʚʝʜʝʥʠʷ, ʦʙʟʦʨʘ ʣʠʪʝʨʘʪʫʨʳ, 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʯʘʩʪʠ, ʨʝʟʫʣʴʪʘʪʦʚ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʷ, ʟʘʢʣʶʯʝʥʠʷ, ʚʳʚʦʜʦʚ, ʩʧʠʩʢʘ 

ʮʠʪʠʨʫʝʤʦʡ ʣʠʪʝʨʘʪʫʨʳ ʠ ʧʨʠʣʦʞʝʥʠʡ, ʠʟʣʦʞʝʥʘ ʥʘ 144 ʩʪʨʘʥʠʮʘʭ ʤʘʰʠʥʦʧʠʩʥʦʛʦ ʪʝʢʩʪʘ, 

ʩʦʜʝʨʞʠʪ 79 ʨʠʩʫʥʢʦʚ ʠ 17 ʪʘʙʣʠʮʳ. ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ ʚʢʣʶʯʘʝʪ 106 ʥʘʠʤʝʥʦʚʘʥʠʡ. 
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1. ʆʙʟʦʨ ʣʠʪʝʨʘʪʫʨʳ 

1.1. ʂʨʠʩʪʘʣʣʦʭʠʤʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʠ ʧʝʨʩʧʝʢʪʠʚʳ 

ʩʤʝʰʘʥʥʦʘʥʠʦʥʥʳʭ ʭʘʣʴʢʦʛʝʥʠʪʦʚ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ 

ʍʦʪʷ ʩʦʚʨʝʤʝʥʥʘʷ ʥʝʦʨʛʘʥʠʯʝʩʢʘʷ ʭʠʤʠʷ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʦʙʰʠʨʥʦʝ ʯʠʩʣʦ ʢʣʘʩʩʦʚ 

ʠ ʩʝʤʝʡʩʪʚ ʩʦʝʜʠʥʝʥʠʡ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭʩʷ ʦʛʨʦʤʥʳʤ ʨʘʟʥʦʦʙʨʘʟʠʝʤ ʩʪʨʫʢʪʫʨʥʳʭ ʪʠʧʦʚ, 

ʜʦ ʩʠʭ ʧʦʨ ʩʫʱʝʩʪʚʫʝʪ ʦʛʨʦʤʥʳʡ ʧʦʪʝʥʮʠʘʣ ʨʘʩʰʠʨʝʥʠʷ ʨʷʜʦʚ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ 

ʩʦʝʜʠʥʝʥʠʡ, ʦʩʪʨʘʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʛʦ ʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʥʘ 

ʚʳʷʚʣʝʥʠʝ ʢʦʨʨʝʣʷʮʠʡ ʩʦʩʪʘʚ-ʩʪʨʫʢʪʫʨʘ-ʩʚʦʡʩʪʚʦ. ʆʜʥʦ ʠʟ ʪʘʢʠʭ ʩʝʤʝʡʩʪʚ ʩʦʩʪʘʚʣʷʶʪ 

ʩʤʝʰʘʥʥʦʘʥʠʦʥʥʳʝ ʭʘʣʴʢʦʛʝʥʠʪʳ (ʉʍ). ʊʘʢʦʡ ʠʥʪʝʨʝʩ ʢ ʉʍ ʦʙʫʩʣʦʚʣʝʥ 

ʢʨʠʩʪʘʣʣʦʭʠʤʠʯʝʩʢʠʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʠ ʰʠʨʦʢʠʤʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ 

ʭʘʣʴʢʦʛʝʥʠʪʦʚ [1-3].  

ʍʘʣʴʢʦʛʝʥʥʳʝ ʢʘʪʠʦʥʳ Ch4+ (ʛʜʝ Ch = S, Se, Te) ʚ ʪʘʢʠʭ ʩʦʝʜʠʥʝʥʠʷʭ ʦʙʣʘʜʘʶʪ 

ʥʝʧʦʜʝʣʝʥʥʦʡ ʵʣʝʢʪʨʦʥʥʦʡ ʧʘʨʦʡ (ʅʕʇ), ʢʦʪʦʨʘʷ ʧʨʦʷʚʣʷʝʪ ʭʠʤʠʯʝʩʢʫʶ ʠʥʝʨʪʥʦʩʪʴ ʠ 

ʥʝʩʝʪ ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʟʘʨʷʜ, ʙʣʘʛʦʜʘʨʷ ʯʝʤʫ ʥʝ ʦʙʨʘʟʫʝʪ ʭʠʤʠʯʝʩʢʠʝ ʩʚʷʟʠ, ʘ ʦʪʪʘʣʢʠʚʘʝʪʩʷ 

ʦʪ ʦʩʪʘʣʴʥʳʭ ʧʘʨ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʭʠʤʠʯʝʩʢʦʡ ʩʚʷʟʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʩʚʷʟʫʶʱʠʝ ʧʘʨʳ ʩʞʠʤʘʶʪʩʷ, ʘ ʫʛʣʳ ʤʝʞʜʫ ʥʠʤʠ ʟʥʘʯʠʪʝʣʴʥʦ ʫʤʝʥʴʰʘʶʪʩʷ. ɼʘʥʥʦʝ 

ʩʚʦʡʩʪʚʦ ʥʘʟʳʚʘʝʪʩʷ ʩʪʝʨʝʦʭʠʤʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʅʕʇ. ʇʨʝʜʩʢʘʟʘʥʦ ʪʘʢʦʝ ʠʩʢʘʞʝʥʠʝ 

ʙʳʣʦ ʝʱʸ ʚ ʨʘʙʦʪʘʭ ɻʠʣʣʝʩʧʠ ʠ ʅʘʡʭʦʣʤʘ [4]. ɺʧʝʨʚʳʝ ʦʮʝʥʝʥʥʳʡ ʦʙʲʝʤ ʟʘʥʠʤʘʝʤʳʡ ʅʕʇ 

ʫʢʘʟʘʣ, ʯʪʦ ʦʥ ʟʘʚʠʩʠʪ ʦʪ ʘʥʠʦʥʦʚ ʚʭʦʜʷʱʠʭ ʚ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʦʢʨʫʞʝʥʠʝ ʢʘʪʠʦʥʘ ʩ ʅʕʇ, 

ʠ ʚ ʩʣʫʯʘʝ ʢʠʩʣʦʨʦʜʥʦʛʦ ʠʣʠ ʬʪʦʨʠʜʥʦʛʦ ʦʢʨʫʞʝʥʠʷ ʘʥʘʣʦʛʠʯʝʥ ʦʙʲʝʤʫ78 O2- ʣʠʙʦ F- [5]. 

ʅʕʇ, ʟʘʥʠʤʘʷ ʦʧʨʝʜʝʣʝʥʥʳʡ ʦʙʲʝʤ ʚ ʩʪʨʫʢʪʫʨʝ, ʩʢʣʦʥʥʳ ʘʛʣʦʤʝʨʠʨʦʚʘʪʴʩʷ ʠ ʦʙʨʘʟʦʚʳʚʘʪʴ 

ʨʘʟʣʠʯʥʦʛʦ ʚʠʜʘ ʧʦʣʦʩʪʠ, ʢʘʥʘʣʳ ʠ ʩʣʦʠ.  

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʚʧʝʨʚʳʝ ʫʜʘʣʦʩʴ ʣʦʢʘʣʠʟʦʚʘʪʴ ʅʕʇ ʜʣʷ Ŭ-TeO2 ʚ 1987 ʛʦʜʫ [6]. 

ʅʦ, ʪʘʢ ʢʘʢ ʤʝʪʦʜʠʢʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʣʦʢʘʣʠʟʘʮʠʠ ʅʕʇ ʚʝʩʴʤʘ ʩʣʦʞʥʘ ʠ 

ʪʨʝʙʦʚʘʪʝʣʴʥʘ ʢ ʠʩʩʣʝʜʫʝʤʦʤʫ ʦʙʲʝʢʪʫ ʠ ʦʙʦʨʫʜʦʚʘʥʠʶ, ʪʦ ʦʩʥʦʚʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ 

ʣʦʢʘʣʠʟʘʮʠʠ ʅʕʇ ʚ ʩʪʨʫʢʪʫʨʝ ʷʚʣʷʶʪʩʷ ʨʘʩʯʝʪʥʳʝ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ [7, 8]. ʉʨʝʜʠ ʥʠʭ 

ʥʘʠʙʦʣʴʰʝʡ ʪʦʯʥʦʩʪʴʶ ʦʙʣʘʜʘʝʪ ʤʝʪʦʜ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʭ ʨʘʩʯʝʪʘʭ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʫʥʢʮʠʠ ʣʦʢʘʣʠʟʘʮʠʠ ʵʣʝʢʪʨʦʥʦʚ (ELF) [9].  

ʕʬʬʝʢʪ ʩʪʝʨʝʦʭʠʤʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʅʕʇ ʙʦʣʝʝ ʷʨʢʦ ʚʳʨʘʞʝʥ ʜʣʷ ʢʘʪʠʦʥʦʚ ʩ 

ʤʘʣʳʤ ʠʦʥʥʳʤ ʨʘʜʠʫʩʦʤ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʩ ʚʳʩʦʢʦʡ ʧʣʦʪʥʦʩʪʴʶ ʟʘʨʷʜʘ ʥʘ ʥʝʤ. ʊʘʢ, ʜʣʷ 

ʩʫʣʴʬʠʪʦʚ ʠ ʩʝʣʝʥʠʪʦʚ, ʠʟ-ʟʘ ʤʘʣʦʛʦ ʨʘʜʠʫʩʘ S4+, Se4+ ʠ ʥʘʣʠʯʠʷ ʥʠʭ ʅʕʇ, ʥʘʙʣʶʜʘʝʪʩʷ 

ʪʦʣʴʢʦ ʦʜʥʦ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʯʠʩʣʦ, ʪʨʠ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʡ ʧʦʣʠʵʜʨ ʜʣʷ 
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ʥʠʭ ʢʚʘʟʠʪʝʪʨʘʵʜʨʠʯʝʩʢʠʡ (ʪʨʠʛʦʥʘʣʴʥʘʷ ʧʠʨʘʤʠʜʘ) [ChO3E]2- (Ch = S, Se), ʛʜʝ ʦʜʥʫ ʠʟ 

ʚʝʨʰʠʥ ʟʘʥʠʤʘʝʪ ʅʕʇ (ʈʠʩ. 1.). 

 

ʈʠʩ. 1. ʂʚʘʟʠʪʝʪʨʘʵʜʨʠʯʝʩʢʘ ̫ʭʘʣʴʢʦʛʝʥʠʪʥʘʷ ʛʨʫʧʧʠʨʦʚʢʘ ChO3E
2-. 

ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʩʫʣʴʬʠʪʳ ʚ ʦʪʣʠʯʠʝ ʦʪ ʩʝʣʝʥʠʪʦʚ ʩʧʦʩʦʙʥʳ ʧʨʦʷʚʣʷʪʴ ʩʚʷʟʠ ʪʠʧʘ S-

S, ʥʦ ʧʨʠ ʵʪʦʤ ʩʪʝʧʝʥʴ ʦʢʠʩʣʝʥʠʷ 4+ ʜʣʷ ʥʠʭ ʥʝ ʪʘʢ ʫʩʪʦʡʯʠʚʘ, ʢʘʢ ʜʣʷ ʩʝʣʝʥʠʪʦʚ. ɺ 

ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʤʦʛʫʪ ʚʳʩʪʫʧʘʪʴ ʜʠʩʫʣʴʬʠʪʳ, ʛʜʝ ʦʜʥʘ ʪʠʦʥʘʪʥʘʷ ʛʨʫʧʧʠʨʦʚʢʘ [-SO3] 

ʦʙʨʘʟʫʝʪ ʩʚʷʟʴ S-S ʩ ʜʨʫʛʦʡ ʪʠʦʥʠʪʥʦʡ ʛʨʫʧʧʠʨʦʚʢʦʡ [-SO2] (ʈʠʩ. 2. ʘ.). ɼʠʩʝʣʝʥʠʪ ʘʥʠʦʥ 

ʞʝ ʫʩʪʨʦʝʥ ʢʘʢ ʜʚʝ ʩʝʣʝʥʠʪʥʳʝ ʛʨʫʧʧʠʨʦʚʢʠ, ʩʚʷʟʘʥʥʳʝ ʤʝʞʜʫ ʩʦʙʦʡ ʯʝʨʝʟ ʦʙʱʫʶ 

ʢʠʩʣʦʨʦʜʥʫʶ ʚʝʨʰʠʥʫ (ʈʠʩ. 2. ʙ.). 

   

ɸ ʙ 

ʈʠʩ. 2. (ʘ) ɼʠʩʫʣʴʬʠʪ ʠ (ʙ) ʜʠʩʝʣʝʥʠʪ ʘʥʠʦʥ. 

ɺ ʧʨʦʪʠʚʦʚʝʩ ʩʪʨʦʛʦʡ ʦʛʨʘʥʠʯʝʥʥʦʩʪʠ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʯʠʩʝʣ ʠ ʧʦʣʠʵʜʨʦʚ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʛʦ ʦʢʨʫʞʝʥʠʷ ʚ ʩʫʣʴʬʠʪʘʭ ʠ ʩʝʣʝʥʠʪʘʭ ʢʨʠʩʪʘʣʣʦʭʠʤʠʷ ʪʝʣʣʫʨʠʪʦʚ ʙʦʣʝʝ 

ʨʘʟʥʦʦʙʨʘʟʥʘ. ɹʦʣʴʰʠʡ ʨʘʜʠʫʩ Te4+ ʩʥʠʤʘʝʪ ʩʪʝʨʠʯʝʩʢʠʝ ʦʛʨʘʥʠʯʝʥʠʷ ʠ ʧʦʟʚʦʣʷʝʪ 

ʨʘʟʤʝʱʘʪʴ ʚʦʢʨʫʛ ʢʘʪʠʦʥʘ ʦʪ 3 ʜʦ 6 ʠʦʥʦʚ ʆ2-. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʤ 

ʯʠʩʣʝ 6 ʜʣʷ ʪʝʣʣʫʨʠʪʦʚ ʚʦʟʤʦʞʥʦ ʦʙʨʘʟʦʚʘʥʠʝ ʦʪʢʪʘʵʜʨʠʯʝʩʢʦʛʦ ʦʢʨʫʞʝʥʠʷ [14]. ʊʦʛʜʘ 

ʅʕʇ ʣʦʢʘʣʠʟʫʝʪʩʷ ʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʙʣʠʟʦʩʪʠ ʦʪ ʢʘʪʠʦʥʘ, ʨʘʩʪʘʣʢʠʚʘʷ ʘʥʠʦʥʳ ʚʦʢʨʫʛ, 

ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʫʜʣʠʥʷʶʪʩʷ ʚʩʝ ʩʚʷʟʠ Te-O (ʈʠʩ. 3.). ɺʳʩʦʢʠʝ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʯʠʩʣʘ ʠ 

ʜʣʠʥʳ ʩʚʷʟʝʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʫʣʴʬʠʪ ʠ ʩʝʣʝʥʠʪ ʘʥʠʦʥʦʚ ʜʝʣʘʶʪ ʪʝʣʣʫʨʠʪ ʘʥʠʦʥʳ ʤʝʥʝʝ 

ʧʣʦʪʥʦ ʟʘʨʷʞʝʥʥʳʤʠ ʩʪʨʫʢʪʫʨʥʳʤʠ ʙʣʦʢʘʤʠ. ʕʪʦ ʩʚʦʡʩʪʚʦ ʦʪʨʘʞʘʝʪʩʷ ʚ ʩʧʦʩʦʙʥʦʩʪʠ 

ʪʝʣʣʫʨʠʪʥʳʭ ʛʨʫʧʧʠʨʦʚʦʢ ʦʙʲʝʜʠʥʷʪʴʩʷ ʚ ʧʦʣʠʷʜʝʨʥʳʝ ʘʥʠʦʥʳ ʨʘʟʣʠʯʥʦʡ ʜʣʠʥʳ ʠ 

ʨʘʟʤʝʨʥʦʩʪʠ, ʬʦʨʤʠʨʫʷ ʢʘʨʢʘʩ ʩʦʝʜʠʥʝʥʠʡ (ʈʠʩ. 4.). 
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2- TeO5
6- TeO6
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Ŭ-TeO2 [10]             ɔ-TeO2[11] Cs2TeO3[12] BaTe2O6[13] Cs2Te4O12[14] 

ʈʠʩ. 3. ʈʘʟʥʦʚʠʜʥʦʩʪʠ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʛʦ ʦʢʨʫʞʝʥʠ ̫ʊʝ4+[8] . 

ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʩʪʨʫʢʪʫʨʥʦʛʦ ʜʠʟʘʡʥʘ, ʭʘʣʴʢʦʛʝʥʠʪʳ ʚʢʣʶʯʘʶʱʠʝ ʚ ʩʚʦʡ ʩʦʩʪʘʚ ʥʝ 

ʪʦʣʴʢʦ ʭʘʣʴʢʦʛʝʥʠʪ ʘʥʠʦʥ, ʥʦ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʘʥʠʦʥ, ʣʠʙʦ ʘʥʠʦʥʥʫʶ ʛʨʫʧʧʠʨʦʚʢʫ, 

ʚʳʟʳʚʘʶʪ ʟʥʘʯʠʪʝʣʴʥʳʡ ʠʥʪʝʨʝʩ. ɺ ʢʘʯʝʩʪʚʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʘʥʠʦʥʦʚ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ 

ʤʦʛʫʪ ʙʳʪʴ ʛʘʣʦʛʝʥʠʜ ʘʥʠʦʥʳ ʠʟ-ʟʘ ʤʘʣʦʛʦ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʛʦ ʯʠʩʣʘ, ʯʘʩʪʦ ʧʨʦʷʚʣʷʝʤʦʛʦ 

ʠʤʠ. ʀʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪ ʪʘʢʞʝ ʥʝʮʝʥʪʨʦʩʠʤʤʝʪʨʠʯʥʳʝ ʪʝʪʨʘʵʜʨʠʯʝʩʢʠʝ ʘʥʠʦʥʥʳʝ 

ʛʨʫʧʧʠʨʦʚʢʠ, ʪʘʢʠʝ ʢʘʢ ʭʘʣʴʢʦʛʥʘʪ ʠʣʠ ʬʦʩʬʘʪ. ɺʥʝʜʨʝʥʠʝ ʜʘʥʥʳʭ ʩʪʨʫʢʪʫʨʥʳʭ ʙʣʦʢʦʚ 

ʥʘʨʷʜʫ ʩ ʭʘʣʴʢʦʛʝʥʠʪʘʤʠ ʩʧʦʩʦʙʥʦ ʫʚʝʣʠʯʠʪʴ ʚʝʨʦʷʪʥʦʩʪʴ ʦʙʨʘʟʦʚʘʥʠʷ 

ʬʨʘʛʤʝʥʪʠʨʦʚʘʥʥʳʭ ʩʪʨʫʢʪʫʨ. ʇʨʠ ʥʘʣʠʯʠʠ ʚ ʪʘʢʠʭ ʩʪʨʫʢʪʫʨʘʭ ʠʦʥʦʚ ʧʝʨʝʭʦʜʥʳʭ 

ʤʝʪʘʣʣʦʚ ʚ ʢʨʠʩʪʘʣʣʘʭ ʙʫʜʫʪ ʥʘʙʣʶʜʘʪʴʩʷ ʨʘʟʣʠʯʥʳʝ ʤʘʛʥʠʪʥʳʝ ʠ ʦʧʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ: 

ʥʠʟʢʦʨʘʟʤʝʨʥʳʝ ʤʘʛʥʠʪʥʳʝ, ʥʝʣʠʥʝʡʥʦ ʦʧʪʠʯʝʩʢʠʝ ʠ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʪ.ʝ. ʩʚʦʡʩʪʚʘ, 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʚʷʟʘʥʥʳʝ ʩʦ ʩʪʨʫʢʪʫʨʥʦʡ ʘʥʠʟʦʪʨʦʧʠʝʡ.  

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʠʟʚʝʩʪʥʦ ʙʦʣʴʰʦʝ ʯʠʩʣʦ ʩʤʝʰʘʥʥʦʘʥʠʦʥʥʳʭ ʭʘʣʴʢʦʛʝʥʠʪʦʚ 

ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ, ʛʜʝ ʠʟ ʧʝʨʚʳʭ ʧʨʠʥʮʠʧʦʚ ʚʦʟʤʦʞʥʦ ʦʞʠʜʘʪʴ ʥʝʦʙʳʯʥʳʝ 

ʘʥʠʟʦʪʨʦʧʥʳʝ ʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ. ɼʘʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʥʘʭʦʜʷʪʩʷ ʚ ʚʠʜʝ ʤʘʣʳʭ ʧʨʠʤʝʩʝʡ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʬʦʨʤʠʨʦʚʘʥʠʡ ʚ ʬʫʤʘʨʦʣʴʥʳʭ ʧʦʣʷʭ, ʣʠʙʦ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʝʜʠʥʦʞʜʳ, 

ʦʧʠʩʘʥʳ ʚ ʣʠʪʝʨʘʪʫʨʝ, ʥʦ ʨʝʟʫʣʴʪʘʪʳ ʫʢʘʟʘʥʥʳʭ ʦʧʳʪʦʚ ʥʝ ʚʦʩʧʨʦʠʟʚʦʜʠʤʳ. ʇʦ ʵʪʠʤ 

ʧʨʠʯʠʥʘʤ ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʝ ʠʟʫʯʝʥʠʝ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʫʢʘʟʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʥʝ 

ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʳʤ. ʇʦʵʪʦʤʫ ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʠʢ ʩʠʥʪʝʟʘ ʠʟʚʝʩʪʥʳʭ ʠ ʧʦʠʩʢ ʥʦʚʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʚ ʰʠʨʦʢʦʤ ʩʝʤʝʡʩʪʚʝ ʩʤʝʰʘʥʥʦʘʥʠʦʥʥʳʭ ʭʘʣʴʢʦʛʝʥʠʪʦʚ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ 

ʷʚʣʷʝʪʩʷ ʚʘʞʥʦʡ ʟʘʜʘʯʝʡ ʩʦʚʨʝʤʝʥʥʦʡ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ.  
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Te3O8 (0D) Te8O24(1D) Te2O5(2D) 

Na2Mo3Te3O16[15] Te4O5(PO4)2[16] Bi4Te2O9Br2[17] 

   

ʈʠʩ. 4.  ɸʥʠʦʥʥʳʝ ʢʘʨʢʘʩʳ ʨʘʟʣʠʯʥʦʡ ʨʘʟʤʝʨʥʦʩʪʠ, ʬʦʨʤʠʨʫʶʱʠʝʩʷ ʙʣʘʛʦʜʘʨʷ 

ʧʦʣʠʪʝʣʣʫʨʠʪʥʳʤ ʩʪʨʫʢʪʫʨʥʳʤ ʝʜʠʥʠʮʘʤ.  

1.2. ʆ ʥʠʟʢʦʨʘʟʤʝʨʥʦʤ ʤʘʛʥʝʪʠʟʤʝ 

ɺ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨʘʭ ʩʦʝʜʠʥʝʥʠʡ ʚʦʟʤʦʞʥʳ ʩʣʫʯʘʠ, ʢʦʛʜʘ ʠʦʥʳ ʩ 

ʩʦʙʩʪʚʝʥʥʳʤ ʤʘʛʥʠʪʥʳʤ ʤʦʤʝʥʪʦʤ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦ ʩʪʘʥʦʚʠʪʩʷ 

ʚʦʟʤʦʞʥʳʤ ʦʙʲʝʜʠʥʠʪʴ ʠʭ ʚ ʨʘʟʣʠʯʥʦʛʦ ʨʦʜʘ ʩʝʪʢʠ, ʮʝʧʦʯʢʠ ʠ ʥʫʣʴ ʤʝʨʥʳʝ ʦʙʲʝʢʪʳ. ɺ 

ʧʦʜʦʙʥʦʛʦ ʨʦʜʘ ʩʠʩʪʝʤʘʭ ʧʦʪʝʥʮʠʘʣʴʥʦ ʚʦʟʤʦʞʥʦ ʦʛʨʘʥʠʯʝʥʠʝ ʤʘʛʥʠʪʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ 

ʚ ʨʘʟʣʠʯʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷʭ ʧʨʦʩʪʨʘʥʩʪʚʘ. ʊʘʢʠʝ ʩʦʝʜʠʥʝʥʠʷ ʩ ʧʦʥʠʞʝʥʥʦʡ ʨʘʟʤʝʨʥʦʩʪʴʶ 

ʤʘʛʥʠʪʥʦʡ ʧʦʜʩʠʩʪʝʤʳ ʠ ʥʘʟʳʚʘʶʪʩʷ ʥʠʟʢʦʨʘʟʤʝʨʥʳʤʠ ʤʘʛʥʝʪʠʢʘʤʠ. ʀʥʪʝʨʝʩ ʢ 

ʥʠʟʢʦʨʘʟʤʝʨʥʳʤ ʤʘʛʥʠʪʥʳʤ ʩʦʝʜʠʥʝʥʠʷʤ ʦʙʫʩʣʦʚʣʝʥ ʰʠʨʦʢʠʤ ʨʷʜʦʤ ʚʦʟʤʦʞʥʳʭ 

ʢʚʘʥʪʦʚʳʭ ʵʬʬʝʢʪʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʨʘʟʣʠʯʥʳʤʠ ʪʦʧʦʣʦʛʠʷʤʠ ʨʘʩʧʦʣʦʞʝʥʠʷ ʤʘʛʥʠʪʥʳʭ 

ʮʝʥʪʨʦʚ, ʪʘʢ ʠ ʩ ʚʦʟʤʦʞʥʳʤ ʚʦʟʥʠʢʥʦʚʝʥʠʝʤ ʬʨʫʩʪʨʘʮʠʠ ʦʙʤʝʥʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʚ 

ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ. ɼʣʷ ʬʨʫʩʪʨʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ ʬʦʨʤʠʨʦʚʘʥʠʝ ʜʘʣʴʥʝʛʦ ʤʘʛʥʠʪʥʦʛʦ 

ʧʦʨʷʜʢʘ ʟʘʪʨʫʜʥʝʥʦ ʢʦʥʢʫʨʠʨʫʶʱʠʤʠ ʦʙʤʝʥʥʳʤʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤʠ, ʯʪʦ ʤʦʞʝʪ 

ʧʨʠʚʦʜʠʪʴ ʢ ʵʢʟʦʪʠʯʝʩʢʠʤ ʤʘʛʥʠʪʥʳʤ ʩʦʩʪʦʷʥʠʷʤ.  

ʆʜʥʠʤ ʠʟ ʤʘʣʦʠʟʫʯʝʥʥʳʭ ʢʚʘʥʪʦʚʳʭ ʵʬʬʝʢʪʦʚ, ʥʘʙʣʶʜʘʝʤʳʭ ʚ ʥʠʟʢʦʨʘʟʤʝʨʥʳʭ 

ʤʘʛʥʠʪʥʳʭ ʩʠʩʪʝʤʘʭ, ʷʚʣʷʝʪʩʷ ʩʦʩʪʦʷʥʠʝ ʩʧʠʥʦʚʦʡ ʞʠʜʢʦʩʪʠ. ʆʥʦ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ 

ʬʘʟʦʚʳʭ ʩʦʩʪʦʷʥʠʡ ʚʝʱʝʩʪʚʘ ʪʘʢʠʭ, ʢʘʢ ʬʝʨʨʦʤʘʛʥʝʪʠʟʤ, ʘʥʪʠʬʝʨʨʦʤʘʛʥʝʪʠʟʤ ʠʣʠ ʞʝ 

ʬʝʨʨʠʤʘʛʥʝʪʠʟʤ. ʅʦ ʚ ʦʪʣʠʯʠʝ ʦʪ ʥʠʭ ʩʧʠʥʦʚʘʷ ʞʠʜʢʦʩʪʴ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝʤ 

ʜʘʣʴʥʝʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʨʷʜʢʘ ʜʘʞʝ ʧʨʠ ʵʢʩʪʨʝʤʘʣʴʥʦ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʠ 
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ʜʘʣʴʥʦʜʝʡʩʪʚʫʶʱʠʭ ʵʬʬʝʢʪʘʭ ʢʚʘʥʪʦʚʦʡ ʟʘʧʫʪʘʥʥʦʩʪʠ [18, 19]. ɺʝʨʦʷʪʥʦʩʪʴ ʦʙʥʘʨʫʞʝʥʠʷ 

ʧʦʜʦʙʥʦʛʦ ʬʘʟʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ ʫ ʩʦʝʜʠʥʝʥʠʡ ʩ ʩʠʣʴʥʦ ʬʨʫʩʪʨʠʨʦʚʘʥʥʳʤʠ ʜʚʫʤʝʨʥʳʤʠ 

ʧʦʜʨʝʰʸʪʢʘʤʠ, ʧʦʩʪʨʦʝʥʥʳʤʠ ʠʟ ʪʨʝʫʛʦʣʴʥʠʢʦʚ ʧʦ ʪʠʧʫ ʢʘʛʦʤʵ, ʜʦʩʪʘʪʦʯʥʦ ʚʝʣʠʢʘ. 

ʆʜʥʘʢʦ, ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʪʘʢʦʝ ʩʦʩʪʦʷʥʠʝ ʙʳʣʦ ʟʘʬʠʢʩʠʨʦʚʘʥʦ ʣʠʰʴ ʚ ʤʘʣʦʤ ʯʠʩʣʝ 

ʩʦʝʜʠʥʝʥʠʡ, ʠ ʜʦʢʘʟʘʪʴ ʝʛʦ ʥʘʣʠʯʠʝ ʚ ʚʝʱʝʩʪʚʝ ʥʝʧʨʦʩʪʦ.  

ʗʚʣʝʥʠʷ ʥʠʟʢʦʨʘʟʤʝʨʥʦʛʦ ʤʘʛʥʝʪʠʟʤʘ ʧʨʦʣʠʚʘʶʪ ʩʚʝʪ ʥʘ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʚʦʧʨʦʩʳ 

ʤʘʛʥʠʪʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʚ ʚʝʱʝʩʪʚʝ, ʠ ʠʭ ʧʦʟʥʘʥʠʝ ʤʦʞʝʪ ʷʚʠʪʴʩʷ ʥʘʫʯʥʦʡ ʦʩʥʦʚʦʡ ʜʣʷ 

ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʦʚ, ʯʪʦ ʷʚʣʷʝʪʩʷ 

ʟʥʘʯʠʪʝʣʴʥʳʤ ʰʘʛʦʤ ʥʘ ʧʫʪʠ ʨʘʟʚʠʪʠʷ ʩʧʠʥʪʨʦʥʠʢʠ. ʇʦʢʘ ʵʪʠ ʧʝʨʩʧʝʢʪʠʚʳ ʪʦʣʴʢʦ 

ʧʨʦʩʤʘʪʨʠʚʘʶʪʩʷ, ʥʦ ʫʞʝ ʧʨʦʯʝʨʯʠʚʘʶʪʩʷ ʥʝʢʦʪʦʨʳʝ ʚʦʟʤʦʞʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ 

ʧʨʠʢʣʘʜʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʠʟʢʦʨʘʟʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʅʘʧʨʠʤʝʨ, ʥʘʧʨʘʚʣʝʥʥʳʡ 

ʪʝʧʣʦʧʝʨʝʥʦʩ [20], ʨʘʜʠʦʯʘʩʪʦʪʥʳʝ ʬʠʣʴʪʨʳ [21] ʠ ʢʚʘʥʪʦʚʳʝ ʢʦʤʧʴʶʪʝʨʳ [22]. ʐʠʨʦʢʠʡ 

ʩʧʝʢʪʨ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠ ʧʨʠʢʣʘʜʥʳʭ ʟʘʜʘʯ, ʩʚʷʟʘʥʥʳʭ ʩ ʥʠʟʢʦʨʘʟʤʝʨʥʳʤʠ ʤʘʛʥʝʪʠʢʘʤʠ, 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʩʠʥʪʝʟ ʠ ʧʦʠʩʢ ʪʘʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʷʚʣʷʝʪʩʷ ʚʘʞʥʦʡ ʟʘʜʘʯʝʡ 

ʩʦʚʨʝʤʝʥʥʦʡ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ. ɹʦʣʝʝ ʪʦʛʦ, ʚ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʩʫʱʝʩʪʚʫʝʪ 

ʤʥʦʞʝʩʪʚʦ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʨʘʙʦʪ ʧʦ ʧʦʚʝʜʝʥʠʶ ʤʘʛʥʠʪʥʳʭ ʧʦʜʩʠʩʪʝʤ ʩ ʨʘʟʣʠʯʥʦʡ 

ʪʦʧʦʣʦʛʠʝʡ, ʥʦ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦ ʧʦʢʘ ʧʦʣʫʯʠʪʴ ʪʘʢʠʝ ʩʠʩʪʝʤʳ ʥʝʚʦʟʤʦʞʥʦ. ʇʦʵʪʦʤʫ, 

ʥʘʨʘʙʦʪʢʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʤʘʩʩʠʚʘ ʩʦʝʜʠʥʝʥʠʡ ʩ ʨʘʟʣʠʯʥʦʡ ʨʘʟʤʝʨʥʦʩʪʴʶ ʤʘʛʥʠʪʥʦʡ 

ʧʦʜʩʠʩʪʝʤʳ ʚʝʩʴʤʘ ʘʢʪʫʘʣʴʥʘ. 

1.3. ʍʘʣʴʢʦʛʝʥʠʪ-ʛʘʣʦʛʝʥʠʜʳ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ 

ʉʝʤʝʡʩʪʚʦ ʭʘʣʴʢʦʛʝʥʠʪ-ʛʘʣʦʛʝʥʠʜʦʚ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʜʦʩʪʘʪʦʯʥʦ ʰʠʨʦʢʠʡ ʨʷʜ 

ʩʦʝʜʠʥʝʥʠʡ ʩ ʨʘʟʣʠʯʥʳʤʠ ʭʠʤʠʢʦ-ʬʠʟʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ. ʆʩʦʙʳʡ ʠʥʪʝʨʝʩ ʚʳʟʳʚʘʶʪ 

ʭʘʣʴʢʦʛʝʥʠʪ-ʛʘʣʦʛʝʥʠʜʳ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ, ʛʜʝ ʠʦʥ ʧʝʨʝʭʦʜʥʦʛʦ ʤʝʪʘʣʣʘ ʠʤʝʝʪ 

ʥʝʚʳʩʦʢʦʝ ʟʥʘʯʝʥʠʝ ʩʫʤʤʘʨʥʦʛʦ ʩʧʠʥʘ ʠ ʩʦʩʪʘʚʣʷʝʪ 1/2. ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ ʠʟ-ʟʘ ʥʠʟʢʦʛʦ 

ʟʥʘʯʝʥʠʷ ʩʧʠʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʦʛʨʘʥʠʯʝʥʠʷ ʦʙʤʝʥʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ 

ʨʝʰʝʪʢʝ ʟʥʘʯʠʪʝʣʴʥʦ ʚʦʟʨʘʩʪʘʝʪ. ʕʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʘʥʠʟʦʪʨʦʧʠʠ ʦʙʤʝʥʥʳʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʠ ʧʨʦʷʚʣʝʥʠʶ ʥʠʟʢʦʨʘʟʤʝʨʥʳʭ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ.  

1.3.1. ʉʝʣʝʥʠʪ-ʛʘʣʦʛʝʥʠʜʳ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ 

ʀʩʭʦʜʷ ʠʟ ʨʘʩʩʤʦʪʨʝʥʠʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʫʞʝ ʦʧʠʩʘʥʥʳʭ ʚ ʣʠʪʝʨʘʪʫʨʝ 

ʜʦ 2018 ʛ. ʉʝʣʝʥʠʪ-ʛʘʣʦʛʝʥʠʜʦʚ [3], ʥʘʤʠ ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʩʧʠʩʦʢ ʩʦʝʜʠʥʝʥʠʡ ʩ 

ʧʦʪʝʥʮʠʘʣʴʥʦ ʠʥʪʝʨʝʩʥʳʤʠ ʤʘʛʥʠʪʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ (ʪʘʙʣʠʮʘ 1.).   
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ʊʘʙʣʠʮʘ 1. ʉʝʣʝʥʠʪ-ʛʘʣʦʛʝʥʠʜʳ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʩ, ʚʝʨʦʷʪʥʦ, ʘʥʠʟʦʪʨʦʧʥʳʤʠ ʤʘʛʥʠʪʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. 

ˉ ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ  ʇʨ. ʛʨ. Z 
ʇʘʨʘʤʝʪʨʳ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ 

ʀʩʪʦʯʥʠʢ 
a, ¡ b, ¡ c, ¡ ʫʛʣ,r Á 

1 a-Cu5(SeO3)4Br2 P21/c 2 11.1089(18) 8.3233(13) 7.5668(12) ɓ = 90.893(3) [23] 

2 ɓ-Cu5(SeO3)4Br2 P  1 6.2096(13) 7.8553(16) 7.9006(17) 

a = 65.538(6) 

ɓ =83.111(7) 

g = 75.291(7) 

[23] 

3 Na2Cu7(SeO3)4O2Br4 P  4 7.7657(3) 8.3750(3) 9.2626(4) 

a = 110.227(2) 

ɓ = 104.897(2) 

g = 107.195(3) 

[23] 

4 K[Cu3O](SeO3)2Cl P  2 7.6821(5) 8.1179(5) 8.7836(6) 

a = 113.193(3) 

ɓ = 108.735(4) 

g = 98.245(4) 

[24] 

5 Cu3(SeO3)2Cl2 C2/m 2 8.9333(12) 6.2164 (7) 7.5815(12) ɓ = 110.238(13) [25] 

6 Cu3(SeO3)2Cl2 P  2 6.1240(4) 7.7880(5) 8.5170(6) 

a = 92.755(4)  

ɓ = 95.735(4) 

g = 92.853(4) 

[26] 

7 Cu5O2(SeO3)2Cl2 P21/c 2 6.030(1) 13.744(3) 5.562(1) ɓ = 95.75(1) [27] 

8 ɓ-Cu5O2(SeO3)2Cl2 P21/c 2 5.3982(5) 8.0543(8) 11.1277(10) ɓ = 99.258(2) [28] 

9 Cu7O2(SeO3)2Cl6 P21/c 4 10.958(9) 14.483(5) 10.494(14) ɓ = 113.61(7) [29] 

10 Cu9O2(SeO3)4Cl6 I2/m 2 14.170(3) 6.262(1) 12.999(3) ɓ = 113.05(1) [30] 

11 Cu9O2(SeO3)4CI6 P21/n 2 12.922(3) 6.262(2) 14.042(4) ɓ = 112.88(2) [31] 

12 CuICuII
4O(SeO3)Cl5 P21/m 2 9.203(3) 6.232(2) 9.557(3) ɓ = 91.970(8) [32] 

13 Co4(SeO3)3Cl2 Pnma 4 7.9751(1) 14.4048(2) 9.7103(2)  [33] 

14 Co3(Se2O5)2Cl2 C2/m 2 7.1973(10) 13.9961(19) 5.8334(9) ɓ = 107.524(16) [33] 

15 Ba2Co(SeO3)2Cl2 Pnnm 2 6.7635(4) 12.6454(7) 5.3866(3)  [34] 
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ˉ ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ  ʇʨ. ʛʨ. Z 
ʇʘʨʘʤʝʪʨʳ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ 

ʀʩʪʦʯʥʠʢ 
a, ¡ b, ¡ c, ¡ ʫʛʣ,r Á 

16 Fe6Ca2(SeO3)9Cl4 P63/m 2 12.118(2)  12.703(4)  [35] 

17 CoNd10(SeO3)12Cl8 P2/c 4 15.699(2) 15.7002(2) 19.171(2) ɓ = 113,995(5) [36] 

18 CoSm(SeO3)2Cl P  4 7.123(1) 8.8895(2) 12.162(2) 

a = 72.25(1) 

ɓ = 71.27(1) 

g = 72.08(1) 

[37] 

19 CuGd(SeO3)2Cl P  4 7.043(4) 9.096(4) 12.010(7) 

a = 70.84(4) 

ɓ = 73.01(4) 

g =70.69(4) 

[37] 

20 MnSm(SeO3)2Cl P  2 7.008(2) 7.241(2) 8.034(2) 

a = 86.90(3) 

ɓ = 71.57(3) 

g = 64.33(3) 

[37] 

21 CuICuII
5PbO2(SeO3)2Cl5 C2/m 4 18.468(2) 6.1475(8) 15.314(2) ɓ = 119.284(2) [38] 

22 KCdCu7O2(SeO3)2Cl9 P63/mmc 2 8.7805(8)  15.521(2)  [39] 

23 KPb1.5Cu6Zn(SeO3)2O2Cl10 Pnnm 4 9.132(2) 19.415(4) 13.213(3)  [40] 

24 MnBi(SeO3)2Cl P  2 7.0926(8) 7.2695(6) 8.0160(8) 

a = 88.226(4) 

ɓ = 72.005(3) 

g = 64.560(4) 

[41] 

25 (Pb2Cu2+
9O4)(SeO3)4(Cu+Cl2)Cl5 C2/m 2 18.605(17) 6.204(6) 12.673(12) ɓ = 109.869(17) [42] 

26 (PbCu2+
5O2)(SeO3)2(Cu+Cl2)Cl3 C2/m 2 18.4956(4) 6.14540(10) 15.2985(4) ɓ = 119.3111(10) [42] 

27 (PbxCu2+
(6-x)O2)(SeO3)2(Cu+Cl2)K(1-x)Cl(4-x) C2/m 1 15.1158(11) 6.1853(4) 9.2672(9) ɓ = 95.965(5) [42] 

28 Pb2VO2(SeO3)2Cl P21 2 8.333(3) 5.3171(16) 10.710(4) ɓ = 111.701(5) [43] 

29 Pb5Cu(SeO3)4Cl4 C2/c 4 24.917(3) 5.5060(10) 14.242(2) ɓ = 101.770(10) [44] 
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ʅʘʰ ʥʘʫʯʥʳʡ ʠʥʪʝʨʝʩ ʚʳʟʚʘʣʠ ʩʦʝʜʠʥʝʥʠʷ ʪʘʙʣʠʮʳ 1 ʧʦʜ ʩʣʝʜʫʶʱʠʤʠ ʥʦʤʝʨʘʤʠ: 

10, 11, 22, 25 ,26 ʠ 29. ʀʥʪʝʨʝʩ ʵʪʦʪ ʦʙʫʩʣʦʚʣʝʥ ʤʘʣʦʡ ʩʪʝʧʝʥʴʶ ʠʟʫʯʝʥʥʦʩʪʠ ʩʦʝʜʠʥʝʥʠʡ, 

ʛʜʝ ʥʘʙʣʶʜʘʶʪʩʷ ʤʘʛʥʠʪʥʳʝ ʧʦʜʨʝʰʝʪʢʠ ʧʦʥʠʞʝʥʥʦʡ ʨʘʟʤʝʨʥʦʩʪʠ ʩ ʨʘʟʣʠʯʥʦʡ 

ʘʨʭʠʪʝʢʪʫʨʦʡ ʤʘʛʥʠʪʥʳʭ ʧʦʜʨʝʰʝʪʦʢ. 

1.3.1.1. Cu9O2(SeO3)4Cl6 ʩʠʥʪʝʟ, ʩʪʨʫʢʪʫʨʘ ʠ ʩʚʦʡʩʪʚʘ. 

ʉʦʝʜʠʥʝʥʠʝ ʩʦʩʪʘʚʘ Cu9O2(SeO3)4Cl6 ʚʧʝʨʚʳʝ ʙʳʣʦ ʥʘʡʜʝʥʦ ʚ ʢʘʯʝʩʪʚʝ ʤʠʥʝʨʘʣʘ 

ʭʣʦʨʦʤʝʥʠʪʘ. ʅʘʟʚʘʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʦʪ ʛʨʝʯʝʩʢʠʭ ʩʣʦʚ, ʛʜʝ ʭʣʦʨʦ ï ɢɚɩɟɞɕ ʦʪʥʦʩʠʣʩʷ ʢ 

ʭʣʦʨʫ ʠ ʤʝʥʠʪ ï ɛɐɜŬɕ ʦʪʥʦʩʠʪʩʷ ʢ ʩʝʣʝʥʫ (ʣʫʥʘ). ɼʘʥʥʳʡ ʤʠʥʝʨʘʣ ʙʳʣ ʫʩʪʘʥʦʚʣʝʥ ʚ 

ʚʦʟʛʦʥʘʭ ʬʫʤʘʨʦʣʳ çʥʦʚʘʷè ʥʘ ʚʪʦʨʦʤ ʰʣʘʢʦʚʦʤ ʢʦʥʫʩʝ ʉʝʚʝʨʥʦʛʦ ʧʨʦʨʳʚʘ ɹʦʣʴʰʦʛʦ 

ʪʨʝʱʠʥʥʦʛʦ ʊʦʣʙʘʯʠʥʩʢʦʛʦ ʠʟʚʝʨʞʝʥʠʷ [27]. ʇʦʟʜʥʝʝ ʚ ʫʩʣʦʚʠʷʭ ʛʘʟʦʚʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʙʳʣʦ 

ʩʠʥʪʝʟʠʨʦʚʘʥʦ ʘʥʘʣʦʛʠʯʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʪʦʛʦ ʞʝ ʩʦʩʪʘʚʘ, ʥʦ ʧʨʠʥʘʜʣʝʞʘʱʝʝ ʢ ʜʨʫʛʦʡ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʝ [31].  

ʉʪʨʫʢʪʫʨʘ ʭʣʦʨʦʤʝʥʠʪʘ ʠ ʝʛʦ ʩʠʥʪʝʪʠʯʝʩʢʦʛʦ ʘʥʘʣʦʛʘ ʧʨʘʢʪʠʯʝʩʢʠ ʩʭʦʞʠ, ʘ ʦʪʣʠʯʠʝ 

ʢʨʦʝʪʩʷ ʚ ʜʝʪʘʣʠ, ʥʘ ʢʦʪʦʨʦʡ ʦʩʪʘʥʦʚʠʤʩʷ ʧʦʜʨʦʙʥʝʝ ʧʦʟʞʝ. ʇʘʨʘʤʝʪʨʳ ʵʣʝʤʝʥʪʘʨʥʦʡ 

ʷʯʝʡʢʠ ʜʣʷ ʤʠʥʝʨʘʣʘ ʠ ʝʛʦ ʘʥʘʣʦʛʘ ʤʦʞʥʦ ʚʠʜʝʪʴ ʚ ʪʘʙʣʠʮʝ 1 ʧʦʜ ʥʦʤʝʨʘʤʠ 10 ʠ 11, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺ ʩʪʨʫʢʪʫʨʝ ʭʣʦʨʦʤʝʥʠʪʘ ʧʨʠʩʫʪʩʪʚʫʶʪ ʧʷʪʴ ʩʪʨʫʢʪʫʨʥʦ ʥʝʟʘʚʠʩʠʤʳʭ 

ʧʦʟʠʮʠʡ ʠʦʥʘ Cu2+, ʠ ʢʘʞʜʘʷ ʠʟ ʵʪʠʭ ʧʦʟʠʮʠʡ ʠʤʝʝʪ ʨʘʟʣʠʯʥʦʝ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʝ 

ʦʢʨʫʞʝʥʠʝ: ʉu(1) ʠ Cu(5) ï ʢʚʘʜʨʘʪʥʦʝ ʦʢʨʫʞʝʥʠʝ [2O-2Cl] ʠ [4O]; ʉu(2) ʠ ʉu(4) ï 

ʪʨʠʛʦʥʘʣʴʥʘʷ ʙʠʧʠʨʘʤʠʜʘ [4O-Cl] ʠ [5O]; Cu(3) ï ʠʩʢʘʞʝʥʥʳʡ ʪʝʪʨʘʵʜʨ [2O-2Cl]. ʀʦʥ Se4+ 

ʚ ʜʘʥʥʦʡ ʩʪʨʫʢʪʫʨʝ ʟʘʥʠʤʘʝʪ ʜʚʝ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠ ʥʝʟʘʚʠʩʠʤʳʝ ʧʦʟʠʮʠʠ, ʠ ʚ ʦʙʦʠʭ 

ʩʣʫʯʘʷʭ ʠʦʥʳ Se4+ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʥʘ ʚʝʨʰʠʥʝ ʪʨʠʛʦʥʘʣʴʥʦʡ ʧʠʨʘʤʠʜʳ.  

ɺ ʩʪʨʫʢʪʫʨʝ ʭʣʦʨʦʤʝʥʠʪʘ ʧʦʣʠʵʜʨʳ [Cu(2)O4Cl], [Cu(1)O2Cl2] ʠ [Cu(5)O4] ʦʙʨʘʟʫʶʪ 

ʛʝʪʝʨʦʧʦʣʠʵʜʨʠʯʝʩʢʠʝ ʩʣʦʠ ʧʘʨʘʣʣʝʣʴʥʦ (101). ʊʨʠʛʦʥʘʣʴʥʘʷ ʙʠʧʠʨʘʤʠʜʘ Cu(2) ʩʚʷʟʘʥʘ 

ʯʝʨʝʟ ʦʙʱʠʝ ʨʝʙʨʘ ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ ʩ ʦʜʥʠʤ ʧʦʣʠʵʜʨʦʤ Cu(1), ʘ ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ - ʩ ʜʚʫʤʷ 

ʧʦʣʠʵʜʨʘʤʠ Cu(5). ʄʝʞʜʫ ʩʦʙʦʡ ʵʪʠ ʩʣʦʠ ʩʦʝʜʠʥʷʶʪʩʷ ʧʦʣʠʵʜʨʘʤʠ Cu(4) ʠ Cu(3), 

ʜʝʢʦʨʠʨʦʚʘʥʥʳʤʠ ʩʝʣʝʥʠʪʥʳʤʠ ʛʨʫʧʧʠʨʦʚʢʘʤʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʬʦʨʤʠʨʫʝʪʩʷ ʪʨʝʭʤʝʨʥʳʡ 

ʢʘʨʢʘʩ ʩ ʢʘʥʘʣʘʤʠ, ʧʘʨʘʣʣʝʣʴʥʳʤʠ (010), ʢʫʜʘ ʠ ʥʘʧʨʘʚʣʝʥʳ ʅʕʇ ʦʪ ʩʝʣʝʥʠʪ ʘʥʠʦʥʘ (ʈʠʩ.5. 

ʘ.).  

ʉʪʨʫʢʪʫʨʘ ʩʠʥʪʝʪʠʯʝʩʢʦʛʦ ʘʥʘʣʦʛʘ ʬʘʢʪʠʯʝʩʢʠ ʩʭʦʞʘ ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʤʠʥʝʨʘʣʘ, ʠ 

ʨʘʟʥʠʮʘ, ʢʦʪʦʨʘʷ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʩʠʤʤʝʪʨʠʠ, ʩʦʩʪʦʠʪ ʚ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʤ ʦʢʨʫʞʝʥʠʠ 

Cu(4). ɿʜʝʩʴ Cu(4) ʩʤʝʱʝʥ ʠʟ ʮʝʥʪʨʘ ʪʨʠʛʦʥʘʣʴʥʦʡ ʙʠʧʠʨʘʤʠʜʳ ʧʦ ʵʢʚʘʪʦʨʠʘʣʴʥʦʡ 

ʧʣʦʩʢʦʩʪʠ ʢ ʘʪʦʤʘʤ O(6), ʆ(5) ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʫʜʘʣʝʥ ʦʪ ʆ(7). ɼʣʠʥʘ ʩʚʷʟʠ Cu(4)-O(7)  ʚ 

ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʤ ʘʥʘʣʦʛʝ ʨʘʚʥʘ 2,49 ¡, ʚ ʦʪʣʠʯʠʝ ʦʪ ʤʠʥʝʨʘʣʘ, ʛʜʝ ʦʥʘ ʩʦʩʪʘʚʣʷʝʪ 2,40 ¡. 
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ʈʠʩ. 5. (a) ʉʪʨʫʢʪʫʨʘ ʤʠʥʝʨʘʣʘ ʭʣʦʨʦʤʝʥʠʪ, (ʙ) ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʧʦʣʠʵʜʨʳ ʠʦʥʦʚ Cu2+ ʚ 

ʩʪʨʫʢʪʫʨʝ ʭʣʦʨʦʤʝʥʠʪʘ.  

ʉʠʥʪʝʟ Cu9O2(SeO3)4Cl6 ʧʨʦʚʦʜʠʣʩʷ ʚ ʫʩʣʦʚʠʷʭ ʛʘʟʦʚʦʛʦ ʪʨʘʥʩʧʦʨʪʘ [31], ʛʜʝ ʚ 

ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ ʚʝʱʝʩʪʚ ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʣʝʜʫʶʱʠʝ ʩʦʝʜʠʥʝʥʠʷ: CuO, SeO2 ʠ CuCl2 ʚ 

ʩʦʦʪʥʦʰʝʥʠʠ 4:2:1. ɺ ʢʘʯʝʩʪʚʝ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʘʛʝʥʪʘ ʙʨʘʣʠ TeCl4. ɼʠʦʢʩʠʜ SeO2 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʝʨʝʛʦʥʷʣʠ ʧʨʠ 350Áʉ ʠ ʪʝʤ ʩʘʤʳʤ ʠʟʙʘʚʣʷʣʠʩʴ ʦʪ ʚʦʜʳ. ɼʘʣʝʝ ʚʩʝ 

ʨʝʘʛʝʥʪʳ ʚʟʚʝʰʠʚʘʣʠ ʠ ʧʝʨʝʪʠʨʘʣʠ ʚ ʩʫʭʦʤ ʙʦʢʩʝ, ʢʦʪʦʨʳʡ ʧʨʦʜʫʚʘʣʩʷ ʘʨʛʦʥʦʤ. ʐʠʭʪʫ 

ʟʘʛʨʫʞʘʣʠ ʚ ʩʪʝʢʣʷʥʥʫʶ ʘʤʧʫʣʫ, ʢʦʪʦʨʫʶ ʚʘʢʫʫʤʠʨʦʚʘʣʠ ʠ ʟʘʧʘʠʚʘʣʠ. ɸʤʧʫʣʫ ʧʦʤʝʱʘʣʠ 

ʚ ʧʝʯʴ, ʥʘʛʨʝʚʘʣʠ ʜʦ 450Áʉ ʠ ʚʳʜʝʨʞʠʚʘʣʠ ʧʨʠ ʜʘʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 48 ʯʘʩʦʚ. ʆʭʣʘʞʜʝʥʠʝ 

ʜʦ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʦʚʦʜʠʣʠ ʩʦ ʩʢʦʨʦʩʪʴʶ 10Áʉ/ʯʘʩ.  

ɺ 2019 ʛʦʜʫ ʧʘʨʘʣʣʝʣʴʥʦ ʩ ʥʘʤʠ ʜʘʥʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʚ 

ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʥʦʤ ʚʠʜʝ [45]. ʉʠʥʪʝʟ ʧʨʦʚʦʜʠʣʠ ʩʪʘʥʜʘʨʪʥʳʤ ʪʚʝʨʜʦʬʘʟʥʳʤ ʤʝʪʦʜʦʤ ʠʟ 

ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʦʡ ʩʤʝʩʠ ʉuO, CuCl2 ʠ SeO2 ʚ ʚʘʢʫʫʤʠʨʦʚʘʥʥʦʡ ʢʚʘʨʮʝʚʦʡ ʘʤʧʫʣʝ ʧʨʠ 

450Áʉ ʚ ʪʝʯʝʥʠʝ 56 ʯʘʩʦʚ. ɹʣʘʛʦʜʘʨʷ ʵʪʦʤʫ ʨʝʟʫʣʴʪʘʪʫ, ʘʚʪʦʨʘʤ [45] ʫʜʘʣʦʩʴ ʧʨʦʚʝʩʪʠ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʘʛʥʠʪʥʳʭ ʠ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʵʪʦʡ ʬʘʟʳ, ʢʦʪʦʨʳʝ ʧʦʢʘʟʘʣʠ 

ʥʘʣʠʯʠʝ ʫ ʜʘʥʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʢʘʢ ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʦʛʦ ʧʝʨʝʭʦʜʘ, ʪʘʢ ʠ 

ʘʥʪʠʬʝʨʨʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ (ʈʠʩ. 6., ʈʠʩ. 7. ʘ.). ɼʣʷ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʥʝʡʪʨʦʥʥʦʡ 

ʜʠʬʨʘʢʮʠʠ ʧʨʦʚʦʜʠʣʠ ʫʪʦʯʥʝʥʠʝ ʩ ʫʯʝʪʦʤ ʪʦʛʦ, ʯʪʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʛʨʫʧʧʘ 

Cu9O2(SeO3)4Cl6 ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʉ2/m (I2/m). ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʪʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʘ 

ʧʦʩʪʨʦʝʥʘ ʤʦʜʝʣʴ ʣʦʢʘʣʴʥʦʡ ʤʘʛʥʠʪʥʦʡ ʩʪʨʫʢʪʫʨʳ ʦʙʲʝʢʪʘ. ʅʝʡʪʨʦʥʦʛʨʘʤʤʘ ʧʦʢʘʟʘʥʘ ʥʘ 

ʈʠʩ. 7. ʙ.. 
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ʈʠʩ. 6. (ʘ) ʄʘʛʥʠʪʥʘʷ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʴ, ɢ(T), ʜʣʷ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ 

Cu9ʆ2(SeO3)4Cl6 ʧʨʠ H  ᷆c ʠ H  ᷆b, ʛʜʝ H = 0,1 ʊʣ. ʅʘ ʚʩʪʘʚʢʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʫʚʝʣʠʯʝʥʥʦʤ 

ʤʘʩʰʪʘʙʝ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʘʷ ʦʙʣʘʩʪʴ ʢʨʠʚʦʡ ɢ(T) ʧʨʠ H  ᷆b ʦʩ.ɹ (ʙ) ʊʝʤʧʝʨʘʪʫʨʥʘ ̫

ʟʘʚʠʩʠʤʦʩʪ ɹʪʝʧʣʦʝʤʢʦʩʪʠ C ʚ Cu9ʆ2(SeO3)4Cl6 ʧʨʠ H = 0 ʠ H = 7 ʊʣ ʩ ʦʩʴʶ H  ᷆c. ɚ-

ʧʦʜʦʙʥʘʷ ʘʥʦʤʘʣʠʷ ʥʘʭʦʜʠʪʩʷ ʚʙʣʠʟʠ TN, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʘʥʦʤʘʣʠʷ ʥʘʭʦʜʠʪʩʷ ʚʙʣʠʟʠ TE Ḑ 

267 K. ʅʘ ʚʩʪʘʚʢʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ C/T ʦʪ T ʧʨʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʢʦʛʜʘ 

TN ʤʦʞʝʪ ʙʳʪʴ ʯʝʪʢʦ ʨʘʟʨʝʰʝʥʘ. 

ɸʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʦʝ ʫʧʦʨʷʜʦʯʝʥʠʝ ʩ ʘʥʠʟʦʪʨʦʧʠʝʡ ʥʘʙʣʶʜʘʣʦʩʴ ʢʘʢ ʜʣʷ 

ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ, ʪʘʢ ʠ ʜʣʷ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʦʙʨʘʟʮʦʚ Cu9ʆ2(SeO3)4Cl6 ʧʨʠ TN = 37 K 

ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʟʤʝʨʝʥʠʷʤ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ, ʪʝʧʣʦʝʤʢʦʩʪʠ ʠ ʨʘʩʩʝʷʥʠʷ ʥʝʡʪʨʦʥʦʚ. 

ɼʠʵʣʝʢʪʨʠʯʝʩʢʠʝ ʠʟʤʝʨʝʥʠʷ ʦʙʥʘʨʫʞʠʣʠ ʘʥʪʠʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʦʝ ʫʧʦʨʷʜʦʯʝʥʠʝ ʥʠʞʝ TE 

= 267 K. ʅʝʙʦʣʴʰʘʷ ʘʥʦʤʘʣʠʷ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʧʨʠ ʊɽ ʧʨʝʜʧʦʣʘʛʘʝʪ ʥʘʣʠʯʠʝ ʩʧʠʥ-

ʨʝʰʝʪʦʯʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚ ʵʪʦʤ ʘʥʪʠʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʦʤ ʧʦʨʷʜʢʝ. ʕʪʠ ʨʝʟʫʣʴʪʘʪʳ 

ʧʦʟʚʦʣʷʶʪ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ Cu9ʆ2(SeO3)4Cl6 ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʢ ʤʫʣʴʪʠʬʝʨʨʦʠʢʘʤ 1 ʪʠʧʘ. 

ɺ 2021 ʛʦʜʫ ʙʳʣʘ ʦʧʫʙʣʠʢʦʚʘʥʘ ʨʘʙʦʪʘ [46], ʛʜʝ ʧʦʜʨʦʙʥʝʝ ʠʩʩʣʝʜʦʚʘʣʠ ʢʘʢ ʵʣʝʢʪʨʠʯʝʩʢʠʝ, 

ʪʘʢ ʠ ʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ, ʢʦʪʦʨʳʝ ʭʦʨʦʰʦ ʩʦʛʣʘʩʦʚʘʣʠʩʴ ʩ ʧʨʠʚʦʜʠʤʳʤʠ ʚ ʧʨʝʜʳʜʫʱʝʡ 

ʨʘʙʦʪʝ [45].  

ʆʜʥʘʢʦ ʚʧʣʦʪʴ ʜʦ ʥʘʰʝʡ ʨʘʙʦʪʳ ʪʘʢ ʠ ʥʝ ʙʳʣʘ ʨʝʰʝʥʘ ʧʨʦʙʣʝʤʘ ʩ ʦʢʦʥʯʘʪʝʣʴʥʳʤ 

ʚʳʙʦʨʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʳ ʜʣʷ ʜʘʥʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ. ʂʨʦʤʝ ʪʦʛʦ, ʥʝ ʧʨʦʚʦʜʠʣʦʩʴ 

ʪʝʤʧʝʨʘʪʫʨʥʦ-ʟʘʚʠʩʠʤʳʭ ʩʪʨʫʢʪʫʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘ ʤʦʥʦʢʨʠʩʪʘʣʣʘʭ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʙʳ 

ʧʦʣʥʦʩʪʴʶ ʠʩʢʣʶʯʠʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʩʪʨʫʢʪʫʨʥʳʭ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ ʚ ʩʦʝʜʠʥʝʥʠʠ. 
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ʈʠʩ. 7. (ʘ) ʊʝʤʧʝʨʘʪʫʨʥʦ-ʟʘʚʠʩʠʤʘʷ ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʧʨʠ ʚʳʩʦʢʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ (200-300 ʂ) ʥʘ ʤʦʥʦʢʨʠʩʪʘʣʣʝ Cu9ʆ2(SeO3)4Cl6 ʧʦʢʘʟʳʚʘʝʪ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʫʶ ʘʥʦʤʘʣʠʶ ʧʨʠ TE Ḑ 267 K. (ʙ) ʅʝʡʪʨʦʥʦʛʨʘʤʤʘ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ 

ʦʙʨʘʟʮʘ Cu9ʆ2(SeO3)4Cl6 ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʩ ʫʪʦʯʥʝʥʠʝʤ ʧʦ ʈʠʪʚʝʣʴʜʫ. 

ʇʦʢʘʟʘʥʳ ʨʘʩʩʯʠʪʘʥʥʳʝ ʧʘʨʘʤʝʪʨʳ ʨʝʰʝʪʢʠ ʠ ʫʛʦʣ ʙʝʪʘ ʚ ʧʨʝʜʧʦʣʦʞʝʥʠʠ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʳ C2/m. 

1.3.1.2. ʉʪʨʫʢʪʫʨʘ KCdCu7O2(SeO3)2Cl9  

ʉʦʝʜʠʥʝʥʠʝ KCdCu7O2(SeO3)2Cl9 ʚʧʝʨʚʳʝ ʙʳʣʦ ʥʘʡʜʝʥʦ ʚ ʚʠʜʝ ʤʠʥʝʨʘʣʘ ʙʨyʥʩʠʪʘ 

[39]. ʄʠʥʝʨʘʣ ʥʘʟʚʘʥ ʚ ʯʝʩʪʴ ʤʠʥʝʨʦʣʦʛʘ ʠ ʢʨʠʩʪʘʣʣʦʛʨʘʬʘ ʇ.ʂ. ɹʸʨʥʩʘ (Peter Carman 

Burns). ʄʝʩʪʦ ʥʘʭʦʞʜʝʥʠʷ ʤʠʥʝʨʘʣʘ, ʢʘʢ ʠ ʚ ʧʨʝʜʳʜʫʱʠʝʤ ʩʣʫʯʘʝ, ʚʪʦʨʦʡ ʰʣʘʢʦʚʳʡ ʢʦʥʫʩ 

ʉʝʚʝʨʥʦʛʦ ʧʨʦʨʳʚʘ ɹʦʣʴʰʦʛʦ ʪʨʝʱʠʥʥʦʛʦ ʊʦʣʙʘʯʠʥʩʢʦʛʦ ʠʟʚʝʨʞʝʥʠʷ.  

ʉʪʨʫʢʪʫʨʘ ʙʸʨʥʩʠʪʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʪʨʝʭʤʝʨʥʳʡ ʢʘʨʢʘʩ ʩ ʟʘʤʢʥʫʪʳʤʠ 

ʧʫʩʪʦʪʘʤʠ ʚ ʥʝʡ. ʇʘʨʘʤʝʪʨʳ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʫʢʘʟʘʥʳ ʚ ʪʘʙʣʠʮʝ 1. ɸʪʦʤʳ ʤʝʜʠ Cu(1) 

ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʠʩʢʘʞʸʥʥʳʭ ʦʢʪʘʵʜʨʘʭ [Cu(1)O3Cl3], ʉu(2) ʥʘʭʦʜʷʪʩʷ ʚ ʪʨʠʛʦʥʘʣʴʥʳʭ 

ʙʠʧʠʨʘʤʠʜʘʭ [Cu(2)O2Cl3]. ɸʪʦʤʳ ʢʘʜʤʠʷ, ʢʘʣʠʷ ʠ ʩʝʣʝʥʘ ʠʤʝʶʪ ʧʦ ʦʜʥʦʡ 

ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠ ʥʝʟʘʚʠʩʠʤʦʡ ʧʦʟʠʮʠʠ. ʉd(1) ʥʘʭʦʜʠʪʩʷ ʚ ʦʢʪʘʵʜʨʠʯʝʩʢʦʤ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʤ ʦʢʨʫʞʝʥʠʠ [Cd(1)Cl6], ʘ K(1) ʨʘʩʧʦʣʦʞʝʥ ʚ ʪʨʠʛʦʥʘʣʴʥʦʡ ʧʨʠʟʤʝ 

[K(1)Cl6]. ɸʪʦʤʳ Se(1) ʪʨʘʜʠʮʠʦʥʥʦ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚ ʚʝʨʰʠʥʝ ʧʠʨʘʤʠʜʳ [Se(1)O3]. ɺ 

ʩʪʨʫʢʪʫʨʝ ʙʸʨʥʩʠʪʘ ʠʩʢʘʞʸʥʥʳʝ ʦʢʪʘʵʜʨʳ [Cu(1)O3Cl3] ʯʝʨʝʟ ʦʙʱʠʝ ʨʸʙʨʘ ʦʙʲʝʜʠʥʝʥʳ ʚ 

ʪʨʠʤʝʨʳ ʠ ʠʤʝʶʪ ʦʙʱʫʶ ʚʝʨʰʠʥʫ ʆ(1). ʕʪʠ ʪʨʠʤʝʨʳ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʩʚʷʟʘʥʳ ʩ ʜʨʫʛʠʤʠ 

ʪʨʠʤʝʨʘʤʠ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʥʘʧʨʘʚʣʝʥʠʶ (001) ʯʝʨʝʟ ʦʙʱʠʝ ʨʸʙʨʘ ʪʨʠʛʦʥʘʣʴʥʳʭ ʧʠʨʘʤʠʜ 

[Cu(2)O2Cl3]. ʊʘʢ ʦʙʨʘʟʫʶʪʩʷ ʢʣʘʩʪʝʨʳ [Cu7O12Cl9] (ʈʠʩ. 8. ʘ.). ʂʣʘʩʪʝʨʳ ʩʦʝʜʠʥʝʥʳ ʤʝʞʜʫ 

ʩʦʙʦʡ ʚ ʘʞʫʨʥʳʡ ʪʨʝʭʤʝʨʥʳʡ ʢʘʨʢʘʩ ʯʝʨʝʟ ʦʙʱʠʝ ʨʸʙʨʘ ʦʢʪʘʵʜʨʦʚ [Cu(1)O3Cl3]. 



20 

 

Cʝʣʝʥʠʪʥʳʝ ʛʨʫʧʧʠʨʦʚʢʠ [SeO3] ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʧʦ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʤ ʧʦʣʶʩʘʤ ʢʣʘʩʪʝʨʦʚ 

ʪʘʢ, ʯʪʦʙʳ ʥʝʧʦʜʝʣʸʥʥʘʷ ʧʘʨʘ ʙʳʣʘ ʥʘʧʨʘʚʣʝʥʘ ʚ ʩʚʦʙʦʜʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ. ʇʦʣʠʵʜʨʳ 

[K(1)Cl6] ʠ [Cd(1)Cl6], ʩʚʷʟʘʥʥʳʝ ʦʙʱʝʡ ʛʨʘʥʴʶ, ʦʙʨʘʟʫʶʪ ʩʪʦʣʙʮʳ ʧʘʨʘʣʣʝʣʴʥʦ 

ʥʘʧʨʘʚʣʝʥʠʶ (001). ɼʘʥʥʳʝ ʩʪʦʣʙʮʳ ʦʙʲʝʜʠʥʷʶʪʩʷ ʩʦ ʩʣʦʷʤʠ Cu(1) ʯʝʨʝʟ ʦʙʱʠʝ ʚʝʨʰʠʥʳ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʙʨʘʟʫʝʪʩʷ ʪʨʸʭʤʝʨʥʳʡ ʢʘʨʢʘʩ ʩ ʧʦʣʦʩʪʷʤʠ, ʟʘʧʦʣʥʝʥʥʳʤʠ ʅʕʇ Se4+. 

 

 

ʈʠʩ. 8. (ʘ) ɺʠʜ ʩʪʨʫʢʪʫʨʳ KCdCu7O2(SeO3)2Cl9 ʧʘʨʘʣʣʝʣʴʥʦ ʧʣʦʩʢʦʩʪʠ ab ʠ bc. (ʙ) ʄʝʜʴ 

ʩʦʜʝʨʞʘʱʘʷ ʧʦʜʨʝʰʝʪʢʘ ʠ ʨʘʩʩʪʦʷʥʠʷ Cu-Cu ʚ ʩʪʨʫʢʪʫʨʝ. 

ʉʣʦʞʥʦʩʪʴ ʩʪʨʫʢʪʫʨʳ ʙʸʨʥʩʠʪʘ ʥʝ ʜʘʸʪ ʚʦʟʤʦʞʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʧʨʦʛʥʦʟʘ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʝʨʦʷʪʥʦʩʪʠ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʚ ʥʝʡ ʥʠʟʢʦʨʘʟʤʝʨʥʦʛʦ ʤʘʛʥʝʪʠʟʤʘ. ʆʜʥʘʢʦ 

ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʫ ʙʸʨʥʩʠʪʘ ʠʤʝʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʠʥʪʝʨʝʩʥʘʷ ʩʪʨʫʢʪʫʨʘ ʤʘʛʥʠʪʥʦʡ 

ʧʦʜʨʝʰʝʪʢʠ ʩʦʝʜʠʥʝʥʠʷ (ʈʠʩ. 8. ʙ.). ʊʘʢ, ʷʨʢʦ ʚʳʨʘʞʝʥʥʳʝ ʢʣʘʩʪʝʨʳ [Cu7O12Cl9], ʛʜʝ 

ʥʘʙʣʶʜʘʶʪʩʷ ʩʘʤʳʝ ʢʦʨʦʪʢʠʝ ʨʘʩʩʪʦʷʥʠʷ Cu-Cu 3,068 ¡, ʚʦʟʤʦʞʥʦ, ʙʫʜʫʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ 

ʦʙʨʘʟʦʚʘʥʠʶ ʚ ʥʠʭ ʬʨʫʩʪʨʠʨʦʚʘʥʥʦʛʦ ʩʧʠʥʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ. 
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1.3.1.3. ʉʠʥʪʝʟ ʠ ʩʪʨʫʢʪʫʨʘ PbCu6(SeO3)2O2Cl5 ʠ Pb2Cu10(SeO3)4O4Cl7 

ʄʠʥʝʨʘʣ ʘʣʣʦʭʘʣʴʢʦʩʝʣʠʪ ʩʦʩʪʘʚʘ PbCu6(SeO3)2O2Cl5 ʦʙʥʘʨʫʞʝʥ, ʢʘʢ ʠ ʧʨʝʜʳʜʫʱʠʝ 

ʩʝʣʝʥʠʪ-ʭʣʦʨʠʜʳ ʚ ʬʫʤʘʨʦʣʘʭ ʚʪʦʨʦʛʦ ʰʣʘʢʦʚʦʛʦ ʢʦʥʫʩʘ ʉʝʚʝʨʥʦʛʦ ʧʨʦʨʳʚʘ ɹʦʣʴʰʦʛʦ 

ʪʨʝʱʠʥʥʦʛʦ ʊʦʣʙʘʯʠʥʩʢʦʛʦ ʠʟʚʝʨʞʝʥʠʷ [47]. ʅʘʟʚʘʥʠʝ ʤʠʥʝʨʘʣʘ ʧʨʦʠʩʭʦʜʠʪ ʦʪ ʛʨʝʯʝʩʢʦʛʦ 

Ɏɚɚɞɠ (Allos) ï çʜʨʫʛʦʡè, ɢŬɚəɧɠ (chalkos) ï çʤʝʜʴè ʠ ʥʘʟʚʘʥʠʷ ʵʣʝʤʝʥʪʘ ʉɽʣʝʥ. 

ʉʦʝʜʠʥʝʥʠʝ ʩʦʩʪʘʚʘ Pb2Cu10(SeO3)4O4Cl7 ʚʧʝʨʚʳʝ ʩʠʥʪʝʟʠʨʦʚʘʥʦ ʧʫʪʝʤ ʛʘʟʦʚʦʛʦ 

ʭʠʤʠʯʝʩʢʦʛʦ ʪʨʘʥʩʧʦʨʪʘ [42]. ɼʣʷ ʩʠʥʪʝʟʘ Pb2Cu10(SeO3)4O4Cl7 ʰʠʭʪʫ ʩ SeO2 (0.111 ʛ, 1 

ʤʤʦʣʴ), CuCl (0.124 ʛ, 1.25 ʤʤʦʣʴ), CuCl2 (0.303 ʛ, 2.25 ʤʤʦʣʴ), PbO (0.167 ʛ, 0.75 ʤʤʦʣʴ) 

ʟʘʛʨʫʞʘʣʠ ʚ ʚʘʢʫʫʤʠʨʦʚʘʥʥʫʶ ʢʚʘʨʮʝʚʫʶ ʘʤʧʫʣʫ, ʢʦʪʦʨʫʶ ʧʦʤʝʱʘʣʠ ʚ ʜʚʫʭʟʦʥʥʫʶ 

ʛʨʘʜʠʝʥʪʥʫʶ ʧʝʯʴ, ʚ ʢʦʪʦʨʦʡ ʪʝʤʧʝʨʘʪʫʨʘ çʛʦʨʷʯʝʡè ʟʦʥʳ ʧʦʜʜʝʨʞʠʚʘʣʠ ʨʘʚʥʦʡ 550Áʉ ʚ 

ʪʝʯʝʥʠʝ 3 ʜʥʝʡ , ʘ ʭʦʣʦʜʥʦʡ - 450Áʉ ʚ ʪʝʯʝʥʠʝ 4 ʜʥʝʡ.  ɺ çʭʦʣʦʜʥʦʡè ʟʦʥʝ ʢʚʘʨʮʝʚʦʡ ʘʤʧʫʣʳ 

ʦʙʥʘʨʫʞʝʥʦ ʥʘʣʠʯʠʝ Pb2Cu10(SeO3)4O4Cl7 ʚ ʩʤʝʩʠ ʩ ʢʨʠʩʪʘʣʣʘʤʠ ʉu5O2(SeO3)2Cl2.  

ɸʥʘʣʦʛʠʯʥʳʤ ʩʧʦʩʦʙʦʤ ʙʳʣ ʧʦʣʫʯʝʥ ʘʥʘʣʦʛ ʤʠʥʝʨʘʣʘ ʘʣʣʦʭʘʣʴʢʦʩʝʣʠʪ 

PbCu6(SeO3)2O2Cl5. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʧʨʦʛʨʘʤʤʘ ʨʘʙʦʪʳ ʧʝʯʠ ʥʝ ʙʳʣʘ ʠʟʤʝʥʝʥʘ, ʘ ʩʦʩʪʘʚ 

ʰʠʭʪʳ ʧʨʝʪʝʨʧʝʣ ʠʟʤʝʥʝʥʠʷ: SeO2 (0.111 ʛ, 1 ʤʤʦʣʴ), CuCl2 (0.202 ʛ, 1.5 ʤʤʦʣʴ), CuO (0.159 

ʛ, 2 ʤʤʦʣʴ), PbO (0.112 ʛ, 0.5 ʤʤʦʣʴ), ʠ NaCl (0.059 ʛ, 1 ʤʤʦʣʴ). ʂʨʠʩʪʘʣʣʳ 

PbCu6(SeO3)2O2Cl7 ʦʙʥʘʨʫʞʠʣʠ ʚ çʛʦʨʷʯʝʡè ʟʦʥʝ ʘʤʧʫʣʳ ʚ ʘʩʩʦʮʠʘʮʠʷʭ ʩ ʢʨʠʩʪʘʣʣʘʤʠ 

Na2[Cu7O2](SeO3)4Cl4 ʠ Cu5O2(SeO3)2Cl, ʚ ʩʨʝʜʥʝʡ ʯʘʩʪʠ ʘʤʧʫʣʳ ʦʙʥʘʨʫʞʠʣʠ ʢʨʠʩʪʘʣʣʳ 

Cu9O2(SeO3)4Cl6, ʘ ʚ çʭʦʣʦʜʥʦʡè ʟʦʥʝ - ʢʨʠʩʪʘʣʣʳ Cu2O(SeO3) ʠ Na2CuO2 [42].  

ʉʪʨʫʢʪʫʨʳ Pb2Cu10(SeO3)4O4Cl7 ʠ PbCu6(SeO3)2O2Cl5 ʜʦʩʪʘʪʦʯʥʦ ʩʭʦʞʠ, ʯʪʦ ʤʦʞʥʦ 

ʫʚʠʜʝʪʴ ʥʘ ʨʠʩ. 9. ʇʘʨʘʤʝʪʨʳ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʜʣʷ ʢʘʞʜʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʧʨʠʚʝʜʝʥʳ ʚ 

ʪʘʙʣʠʮʝ 1. ɺ ʩʪʨʫʢʪʫʨʝ Pb2Cu10(SeO3)4O4Cl5 ʠʤʝʶʪʩʷ ʯʝʪʳʨʝ ʢʨʠʩʪʘʣʣʦʭʠʤʠʯʝʩʢʠ 

ʥʝʟʘʚʠʩʠʤʳʭ ʧʦʟʠʮʠʠ ʢʘʪʠʦʥʘ Cu2+ (ʉu(1), ʉu(2), ʉu(3), ʉu(4)), ʦʜʥʘ ʧʦʟʠʮʠʷ ʢʘʪʠʦʥʘ Cu+ 

(Cu(5)), ʦʜʥʘ ʧʦʟʠʮʠʷ ʢʘʪʠʦʥʘ Pb2+ ʠ ʜʚʝ ï ʢʘʪʠʦʥʘ Se4+. ɸʪʦʤʳ ʉu(1) ʠ Cu(2) ʥʘʭʦʜʷʪʩʷ ʚ 

ʠʩʢʘʞʸʥʥʳʭ ʦʢʪʘʵʜʨʘʭ [CuO4Cl2]. ʉu(3) ʥʘʭʦʜʠʪʩʷ ʚ ʦʢʪʘʵʜʨʝ ʩ ʵʢʚʘʪʦʨʠʘʣʴʥʳʤʠ ʘʪʦʤʘʤʠ 

[O3Cl] ʠ ʜʚʫʤʷ ʘʧʠʢʘʣʴʥʳʤʠ ʘʪʦʤʘʤʠ ʉl. Cu(4) ʨʘʩʧʦʣʦʞʝʥ ʚ ʪʨʠʛʦʥʘʣʴʥʦʡ ʙʠʧʠʨʘʤʠʜʝ 

[CuO4Cl], ʘ ʉu(5) ʥʘʭʦʜʠʪʩʷ ʤʝʞʜʫ ʜʚʫʤʷ ʘʪʦʤʘʤʠ Cl, ʠ ʛʨʫʧʧʠʨʦʚʢʘ ʠʤʝʝʪ 

ʛʘʥʪʝʣʝʦʙʨʘʟʥʫʶ ʬʦʨʤʫ. ɸʪʦʤ Pb(1) ʥʘʭʦʜʠʪʩʷ ʚ ʩʠʣʴʥʦ ʠʩʢʘʞʸʥʥʦʤ ʦʜʥʦʰʘʧʦʯʥʦʤ 

ʦʢʪʘʵʜʨʝ [PbO3Cl4]. ʉʝʣʝʥʠʪ-ʠʦʥʳ Se(1) ʠ Se(2) ʠʤʝʶʪ ʭʘʨʘʢʪʝʨʥʦʝ ʪʨʠʛʦʥʘʣʴʥʦ-

ʧʠʨʘʤʠʜʘʣʴʥʦʝ ʦʢʨʫʞʝʥʠʝ ʠ ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʚʝʨʰʠʥʘʭ ʧʠʨʘʤʠʜ [SeO3]. 

ʆʪʣʠʯʠʝ ʩʪʨʫʢʪʫʨʳ PbCu6(SeO3)2O2Cl5 ʦʪ ʩʪʨʫʢʪʫʨʳ Pb2Cu10(SeO3)4O4Cl7 ʩʦʩʪʦʠʪ ʚ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʤ ʦʢʨʫʞʝʥʠʠ ʘʪʦʤʦʚ ʤʝʜʠ, ʫ ʢʦʪʦʨʳʭ ʚ ʜʘʥʥʦʡ ʩʪʨʫʢʪʫʨʝ ʯʝʪʳʨʝ 

ʢʨʠʩʪʘʣʣʦʭʠʤʠʯʝʩʢʠ ʥʝʟʘʚʠʩʠʤʳʭ ʧʦʟʠʮʠʠ ʜʣʷ ʤʝʜʠ (II) ʠ ʜʚʘ ʜʣʷ ʤʝʜʠ (I). ʊʘʢ, ʘʪʦʤ Cu(1) 
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ʥʘʭʦʜʠʪʩʷ ʚ ʪʨʠʛʦʥʘʣʴʥʦʡ ʙʠʧʠʨʘʤʠʜʝ [CuO3Cl2]; ʉu(2) ʠ ʉu(3) ï ʚ ʢʚʘʜʨʘʪʥʦʤ ʦʢʨʫʞʝʥʠʠ 

[CuO3Cl] ʩ ʜʚʫʤʷ ʫʜʘʣʸʥʥʳʤʠ ʘʧʠʢʘʣʴʥʳʤʠ ʘʪʦʤʘʤʠ Cl; Cu(4) ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʚ ʠʩʢʘʞʸʥʥʳʭ 

ʦʢʪʘʵʜʨʘʭ [CuO4Cl2], ʘ Cu(5) ʠ ʉu(6) ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʤʝʞʜʫ ʘʪʦʤʘʤʠ Cl ʠ ʦʙʨʘʟʫʶʪ ʛʘʥʪʝʣʴ 

[CuCl2]. ʂʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʦʢʨʫʞʝʥʠʷ ʜʣʷ ʦʩʪʘʣʴʥʳʭ ʘʪʦʤʦʚ ʠʜʝʥʪʠʯʥʳ ʧʨʠʚʝʜʸʥʥʳʤ 

ʚr ʰʝ ʜʣʷ ʩʪʨʫʢʪʫʨʳ Pb2Cu10(SeO3)4O4Cl7.  

 

ʈʠʩ. 9. ɺʠʜ ʩʪʨʫʢʪʫʨʳ (ʘ) Pb2Cu10(SeO3)4O4Cl7, (ʙ) PbCu6(SeO3)2O2Cl5. 

 

 

ʈʠʩ. 10. ʄʝʜʥʘʷ ʧʦʜʨʝʰʸʪʢʘ ʜʣʷ Pb2Cu10(SeO3)4O4Cl5 (ʘ, ʙ) ʠ PbCu6(SeO3)2O2Cl3 (ʚ, 

ʛ), ʩʠʥʠʝ ʩʬʝʨʳ ï ʘʪʦʤʳ ʤʝʜʠ(II), ʩʚʝʪʣʦ-ʛʦʣʫʙʳʝ ï ʘʪʦʤʳ ʤʝʜʠ(I) 

ɺ ʜʘʥʥʳʭ ʩʪʨʫʢʪʫʨʘʭ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʩʣʦʠ, ʧʘʨʘʣʣʝʣʴʥʳʝ ʧʣʦʩʢʦʩʪʠ bc, 

ʦʙʨʘʟʦʚʘʥʥʳʝ ʠʟ ʧʦʣʠʵʜʨʦʚ ʤʝʜʠ ʠ ʩʝʣʝʥʠʪʥʳʭ ʛʨʫʧʧʠʨʦʚʦʢ, ʯʴʠ ʥʝʧʦʜʝʣʸʥʥʳʝ 

ʵʣʝʢʪʨʦʥʥʳʝ ʧʘʨʳ ʥʘʧʨʘʚʣʝʥʳ ʤʝʞʜʫ ʩʣʦʷʤʠ. ʊʘʤ ʞʝ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʘʪʦʤʳ ʩʚʠʥʮʘ, 

ʯʝʨʝʜʫʷʩʴ ʩ ʧʠʨʘʤʠʜʘʤʠ [Se(1)O3]. ʆʩʥʦʚʥʦʝ ʨʘʟʣʠʯʠʝ ʚ ʩʪʨʫʢʪʫʨʘʭ Pb2Cu10(SeO3)4O4Cl7 ʠ 
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PbCu6(SeO3)2O2Cl5 ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʥʘʣʠʯʠʠ ʚʦ ʚʪʦʨʦʡ ʬʘʟʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʧʦʟʠʮʠʠ ʛʘʥʪʝʣʠ 

[Cu(6)Cl2], ʢʦʪʦʨʘʷ ʧʨʠʚʦʜʠʪ ʢ ʫʰʠʨʝʥʠʶ ʫʢʘʟʘʥʥʳʭ ʩʣʦʸʚ ʠ ʠʟʤʝʥʝʥʠʶ ʧʘʨʘʤʝʪʨʦʚ 

ʷʯʝʡʢʠ. 

ɸʥʘʣʠʟ ʩʪʨʫʢʪʫʨ ʩʦʝʜʠʥʝʥʠʡ Pb2Cu10(SeO3)4O4Cl7 ʠ PbCu6(SeO3)2O2Cl5 ʧʦʢʘʟʳʚʘʝʪ, 

ʯʪʦ ʚ ʧʝʨʚʦʤ ʠʟ ʥʠʭ ʨʘʩʩʪʦʷʥʠʷ Cu2+ - Cu2+ (ʚʥʫʪʨʠ ʤʝʜʴ ʩʦʜʝʨʞʘʱʝʛʦ ʩʣʦʷ) ʥʘʭʦʜʷʪʩʷ ʚ 

ʧʨʝʜʝʣʘʭ 2.96-3.15 ¡, ʘ ʚ ʩʣʫʯʘʝ ʚʪʦʨʦʛʦ ʦʧʠʩʳʚʘʝʤʦʛʦ ʩʦʩʪʘʚʘ ʥʝʩʢʦʣʴʢʦ ʙʦʣʴʰʝ ð 3.29-

3.51 ¡. ʂʦʥʩʪʨʫʢʮʠʷ ʩʘʤʦʡ ʤʘʛʥʠʪʥʦʡ ʧʦʜʨʝʰʝʪʢʠ ʥʘʧʦʤʠʥʘʝʪ ʤʦʟʘʠʢʫ ʩʦʪ ʩ ʜʚʫʤʷ ʪʠʧʘʤʠ 

ʰʝʩʪʠʛʨʘʥʥʠʢʦʚ. ʕʪʦʪ ʬʘʢʪ ʜʘʸʪ ʦʩʥʦʚʘʥʠʝ ʧʨʝʜʧʦʣʘʛʘʪʴ ʥʘʣʠʯʠʝ ʚ ʦʧʠʩʳʚʘʝʤʳʭ 

ʩʦʝʜʠʥʝʥʠʷʭ ʩʠʣʴʥʳʭ ʤʘʛʥʠʪʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʚ ʩʣʦʝ, ʯʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ 

ʦʙʨʘʟʦʚʘʥʠʶ ʥʠʟʢʦʨʘʟʤʝʨʥʳʭ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ. ʕʪʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʩʪʨʦʠʪʩʷ ʥʘ ʪʦʤ, ʯʪʦ 

ʚ ʩʪʨʫʢʪʫʨʘʭ ʤʝʞʜʫ ʩʣʦʠʩʪʳʤʠ ʤʝʜʥʳʤʠ ʧʦʜʨʝʰʸʪʢʘʤʠ ʠʟ ʘʪʦʤʦʚ ʤʝʜʠ (II) (ʨʠʩ. 10) 

ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʝ ʨʘʩʩʪʦʷʥʠʝ (ʜʣʷ Pb2Cu10(SeO3)4O4Cl7 ʚ ~7.03 ¡, ʜʣʷ PbCu6(SeO3)2O2Cl5 

ʚ ~6.93 ¡). ʇʦʵʪʦʤʫ ʥʘʣʠʯʠʝ ʘʥʠʟʦʪʨʦʧʠʠ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ ʫ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ ʚʝʩʴʤʘ 

ʚʝʨʦʷʪʥʦ. 

1.3.1.4. ʉʪʨʫʢʪʫʨʘ Pb5Cu(SeO3)4Cl4 

ʄʠʥʝʨʘʣ ʩʘʨʨʘʙʫʩʠʪ Pb5Cu(SeO3)4Cl4 ʙʳʣ ʥʘʡʜʝʥ ʚ 1997 ʛʦʜʫ ʚ ʉʘʨʜʠʥʠʘʥʩʢʦʡ 

ʰʘʭʪʝ ɹʘʢʢʫ ʃʦʯʯʠ, ʙʣʠʟʠ ɺʠʣʣʘʧʫʪʮʫ [44]. ʅʘʟʚʘʥ ʤʠʥʝʨʘʣ ʚ ʯʝʩʪʴ ʨʝʛʠʦʥʘ ʉʘʨʨʘʙʫʩ, 

ʉʘʨʜʠʥʠʷ, ʀʪʘʣʠʷ. ɽʛʦ ʦʩʥʦʚʥʳʝ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʧʨʠʚʦʜʷʪʩʷ ʚ ʪʘʙʣʠʮʝ 

1. ʀʥʬʦʨʤʘʮʠʠ ʦ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʘʥʘʣʦʛʘʭ ʜʘʥʥʦʛʦ ʤʠʥʝʨʘʣʘ ʚ ʣʠʪʝʨʘʪʫʨʝ ʥʝ ʦʙʥʘʨʫʞʝʥʦ. 

ʆʪʤʝʪʠʤ, ʯʪʦ ʚ ʨʘʙʦʪʝ [44] ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʵʥʝʨʛʦ-ʜʠʩʧʝʨʩʠʦʥʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ 

ʵʣʝʤʝʥʪʥʳʡ ʩʦʩʪʘʚ ʧʨʠʨʦʜʥʦʛʦ ʦʙʨʘʟʮʘ ʙʳʣ ʦʧʨʝʜʝʣʸʥ ʢʘʢ 

Pb4.83Cd0.20Cu0.95Se3.94S0.04O11.83ʉl4.17. 

ɺ ʩʪʨʫʢʪʫʨʝ ʩʘʨʨʘʙʫʩʠʪʘ ʘʪʦʤ ʤʝʜʠ ʠʤʝʝʪ ʦʜʥʦ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠ 

ʥʝʵʢʚʠʚʘʣʝʥʪʥʦʝ ʧʦʣʦʞʝʥʠʝ, ʘʪʦʤ ʩʚʠʥʮʘ ʪʨʠ ʠ ʘʪʦʤ ʩʝʣʝʥʘ ʜʚʘ. ʂʦʦʨʜʠʥʘʮʠʦʥʥʳʤ 

ʧʦʣʠʵʜʨʦʤ ʤʝʜʠ ʟʜʝʩʴ ʷʚʣʷʝʪʩʷ ʠʩʢʘʞʸʥʥʳʡ ʧʦ ʗʥʫ-ʊʝʣʣʝʨʫ ʦʢʪʘʵʜʨ [Cu(1)O4Cl2]. ɸʪʦʤʳ 

Pb(1) ʠ Pb(2) ʥʘʭʦʜʷʪʩʷ ʚ ʦʢʨʫʞʝʥʠʠ ʠʩʢʘʞʸʥʥʳʭ ʪʝʪʨʘʛʦʥʘʣʴʥʳʭ ʘʥʪʠʧʨʠʟʤ [O6Cl2] ʠ 

[O4Cl4], ʘ ʘʪʦʤ Pb(3) ʥʘʭʦʜʠʪʩʷ ʚʥʫʪʨʠ ʧʨʘʚʠʣʴʥʦʡ ʘʥʪʠʧʨʠʟʤʳ [Pb(3)O8] (ʨʠʩ. 11.). ʀʦʥʳ 

Se4+ ʥʘʭʦʜʷʪʩʷ ʚ ʚʝʨʰʠʥʘʭ ʧʠʨʘʤʠʜ [SeO3]. ʇʦʣʠʵʜʨʳ [Pb(2)O4Cl4], ʩʚʷʟʳʚʘʷʩʴ ʤʝʞʜʫ 

ʩʦʙʦʡ ʯʝʨʝʟ ʨʝʙʨʘ ʠ ʚʝʨʰʠʥʳ, ʬʦʨʤʠʨʫʶʪ ʩʣʦʠ, ʧʘʨʘʣʣʝʣʴʥʳʝ ʧʣʦʩʢʦʩʪʠ (011), ʢʦʪʦʨʳʝ ʚ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʩʦʯʣʝʥʷʶʪʩʷ ʩ ʧʦʣʠʵʜʨʘʤʠ ʩʚʠʥʮʘ [Pb(1)O6Cl2] ʠ 

[Pb(3)O8]. ʕʪʠ ʧʦʩʣʝʜʥʠʝ ʩʣʦʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʩʰʠʚʘʶʪʩʷ ʧʦʣʠʵʜʨʘʤʠ [Cu(1)O4Cl2]. 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʪʨʫʢʪʫʨʘ ʩʘʨʨʘʙʫʩʠʪʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʪʨʸʭʤʝʨʥʳʡ ʢʘʨʢʘʩ ʩ 

ʢʘʥʘʣʘʤʠ, ʚ ʢʦʪʦʨʳʭ ʨʘʟʤʝʱʝʥʳ ʘʪʦʤʳ ʩʝʣʝʥʘ, ʢʠʩʣʦʨʦʜʥʳʝ ʚʝʨʰʠʥʳ ʪʨʠʛʦʥʘʣʴʥʳʭ ʧʨʠʟʤ 

ʢʦʪʦʨʳʭ ʷʚʣʷʶʪʩʷ ʦʙʦʙʱʝʥʥʳʤʠ ʩ ʢʠʩʣʦʨʦʜʥʳʤʠ ʚʝʨʰʠʥʘʤʠ ʧʦʣʠʵʜʨʦʚ ʤʝʪʘʣʣʦʚ. 

ɺ ʦʧʠʩʘʥʥʦʡ ʩʪʨʫʢʪʫʨʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʥʦʩʠʪʝʣʝʡ ʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ ï ʘʪʦʤʦʚ ʤʝʜʠ 

(II) ʥʦʩʠʪ ʩʦʪʦʦʙʨʘʟʥʳʡ ʭʘʨʘʢʪʝʨ (ʤʠʥʠʤʘʣʴʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʘʪʦʤʘʤʠ ʤʝʜʠ 

ʩʦʩʪʘʚʣʷʝʪ 5,506 ¡, ʘ ʤʘʢʩʠʤʘʣʴʥʦʝ ï 12.759 ¡). ʊʘʢʘʷ ʧʦʜʨʝʰʸʪʢʘ ʠʟ ʘʪʦʤʦʚ ʤʝʜʠ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʨʦʷʚʣʝʥʠʶ ʦʙʤʝʥʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʚ ʮʝʧʦʯʢʝ ʩ ʥʘʠʤʝʥʴʰʠʤ ʨʘʩʩʪʦʷʥʠʝʤ 

ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ (010). 

 

ʈʠʩ. 11. ʆʙʱʠʡ ʚʠʜ ʩʪʨʫʢʪʫʨʳ ʩʘʨʨʘʙʫʩʠʪʘ Pb5Cu(SeO3)4Cl4 (ʩʣʝʚʘ), ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʝ 

ʦʢʨʫʞʝʥʠʝ ʜʣʷ ʘʪʦʤʦʚ ʤʝʜʠ ʠ ʩʚʠʥʮʘ (ʩʧʨʘʚʘ). 

1.4. ʍʘʣʴʢʦʛʝʥʠʪ-ʭʘʣʴʢʦʛʝʥʘʪʳ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ 

ʍʘʣʴʢʦʛʝʥʠʪ-ʭʘʣʴʢʦʛʝʥʘʪʳ ʦʙʨʘʟʫʶʪ ʰʠʨʦʢʠʡ ʠ ʨʘʟʥʦʦʙʨʘʟʥʳʡ ʨʷʜ ʩʦʝʜʠʥʝʥʠʡ ʩ 

ʥʝʪʨʠʚʠʘʣʴʥʳʤʠ ʩʪʨʫʢʪʫʨʥʳʤʠ ʪʠʧʘʤʠ. ɼʘʥʥʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʠʩʭʦʜʠʪ ʠʟ ʩʚʦʝʦʙʨʘʟʥʳʭ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʢʘʞʜʦʛʦ ʭʘʣʴʢʦʛʝʥʘ. ʉʝʨʘ ʠʟ-ʟʘ ʤʘʣʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʫʣʴʬʠʪʦʚ ʠ ʚʳʩʦʢʦʡ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʫʣʴʬʘʪʦʚ ʥʝ ʧʨʦʷʚʣʷʝʪ ʩʢʣʦʥʥʦʩʪʠ ʦʙʨʘʟʦʚʳʚʘʪʴ ʩʫʣʴʬʠʪ ʩʫʣʴʬʘʪʳ, ʥʘ ʯʪʦ 

ʫʢʘʟʳʚʘʝʪ ʚʝʩʴʤʘ ʫʟʢʠʡ ʨʷʜ ʩʦʝʜʠʥʝʥʠʡ ʵʪʦʛʦ ʪʠʧʘ (ʊʘʙʣʠʮʘ 2). ɺʧʨʦʯʝʤ, ʩʫʱʝʩʪʚʫʝʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʢʦʤʙʠʥʠʨʦʚʘʥʠʷ ʩʫʣʴʬʘʪʥʦʡ ʛʨʫʧʧʠʨʦʚʢʠ ʩ ʩʝʣʝʥʠʪʥʦʡ ʠʣʠ ʞʝ ʪʝʣʣʫʨʠʪʥʦʡ. 

ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʤʦʞʥʦ ʟʘʤʝʪʠʪʴ ʥʝ ʤʘʣʦʝ ʯʠʩʣʦ ʩʝʣʝʥʠʪ-ʩʝʣʝʥʘʪʦʚ, ʪʝʣʣʫʨʠʪ-ʪʝʣʣʫʨʘʪʦʚ 

ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʩʤʝʰʘʥʥʳʭ, ʙʣʘʛʦʜʘʨʷ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʪʝʧʝʥʝʡ 

ʦʢʠʩʣʝʥʠ ̫ 4+ ʠ 6+ ʜʣʷ ʜʘʥʥʳʭ ʵʣʝʤʝʥʪʦʚ. ʅʦ ʠʟ-ʟʘ ʦʢʪʘʵʜʨʠʯʝʩʢʦʛʦ ʦʢʨʫʞʝʥʠʷ ʠ 

ʥʝʚʦʟʤʦʞʥʦʩʪʠ ʦʙʨʘʟʦʚʘʥʠʷ ʪʝʪʨʘʵʜʨʠʯʝʩʢʦʛʦ ʦʢʨʫʞʝʥʠʷ ʢʘʪʠʦʥʦʚ ʚ ʪʝʣʣʫʨʘʪʥʳʭ 

ʛʨʫʧʧʠʨʦʚʢʘʭ, ʤʳ ʨʝʰʠʣʠ ʥʝ ʚʢʣʶʯʘʪʴ ʚ ʨʘʩʩʤʦʪʨʝʥʠʝ ʚ ʥʘʰʝʡ ʨʘʙʦʪʝ ʩʦʝʜʠʥʝʥʠʷ ʜʘʥʥʦʛʦ 

ʢʣʘʩʩʘ.  
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ɺ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʚ ʣʠʪʝʨʘʪʫʨʝ ʥʝ ʫʜʘʣʦʩʴ ʦʙʥʘʨʫʞʠʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦ ʩʫʣʴʬʠʪ 

ʩʝʣʝʥʘʪʘʭ, ʣʠʙʦ ʩʫʣʴʬʠʪ ʪʝʣʣʫʨʘʪʘʭ. ɺʝʨʦʷʪʥʦ, ʵʪʦʪ ʬʘʢʪ ʩʚʷʟʘʥ ʩ ʧʨʦʪʝʢʘʥʠʝʤ 

ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʨʝʘʢʮʠʡ, ʚʩʣʝʜʩʪʚʠʝ ʤʘʣʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ S4+.  

1.4.1. ʉʫʣʴʬʠʪ-ʩʫʣʴʬʘʪʳ 

ʊʘʙʣʠʮʘ 2. ʉʧʠʩʦʢ ʠʟʚʝʩʪʥʳʭ ʩʫʣʴʬʠʪ-ʩʫʣʴʬʘʪʦʚ ʥʘ 2022 ʛʦʜ. 

ˉ ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ 
ʇʨ. 

ʛʨ. 
Z 

ʇʘʨʘʤʝʪʨʳ 

ʵʣʝʤʝʥʪʘʨʥʦʡ 

ʷʯʝʡʢʠ 

ʀʩʪ. 

1 Ca3(SO3)2(SO4)Ā12(H2O) ʉ2/ʩ 4 

a = 19.385(11) ¡ 

b = 11.192(4) ¡ 

c = 11.449(10) ¡ 

ɓ = 124.34(4)Á 

48 

2 ɓ - Ca3(SO3)2(SO4)Ā12(H2O) Rσc  

a = 11.340(2) ¡ 

b = 11.340(2) ¡ 

c = 28.056(5) ¡ 

49 

3 Ba(SO3)0.3(SO4)0.7 Pnma 4 

a = 8.766(3) ¡ 

b = 5.46(1) ¡ 

c = 7.12(2) ¡ 

50 

4 

{Si26Al22O96}{(Na 3.54Ca0.46) 

[(H2O)3.54(OH)0.46]}{(Na 16.85K6Ca1.15)[(SO4)4 

(SO3, CO3)2]}{Ca 4[(OH)1.6Cl0.4]}  

P31c 1 

a = 12.892(3) ¡ 

b = 12.892(3) ¡ 

c = 21.340(5)Á 

51 

5 Ca3Si(OH)6(SO4)(SO3)Ŀ11H2O P63 2 
a = 11.1178(2) ¡ 

c = 10.5381(2) ¡ 
52 

6 Dy2(SO3)2(SO4)(H2O)2 C2/c 4 

a = 11.736(3) ¡ 

b = 6.8010(16) ¡ 

c = 12.793(3) ¡  

ɓ = 102.686(2)Á 

53 

7 Al 12(TeO3)5[(SO3)0.5(SO4)0.5](OH)24 P63/m 2 
a = 13.3360(19) ¡ 

c = 11.604(2) ¡ 
54 

 

ɼʘʥʥʳʡ ʨʷʜ ʩʦʝʜʠʥʝʥʠʡ ʚʝʩʴʤʘ ʫʟʦʢ, ʠ ʚ ʩʣʫʯʘʝ ʩʠʥʪʝʪʠʯʝʩʢʦʛʦ ʠʭ ʧʦʣʫʯʝʥʠʷ ʯʘʩʪʦ 

ʩʚʷʟʘʥ ʩ ʦʢʠʩʣʝʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʩʫʣʴʬʠʪʦʚ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʢʠʥʝʪʠʯʝʩʢʫʶ ʧʨʠʨʦʜʫ ʠ 
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ʤʝʪʘʩʪʘʙʠʣʴʥʦʩʪʴ ʧʦʜʦʙʥʳʭ ʬʘʟ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘʤ ʫʜʘʣʦʩʴ ʦʙʥʘʨʫʞʠʪʴ ʚ ʣʠʪʝʨʘʪʫʨʝ 

ʫʧʦʤʠʥʘʥʠʝ ʦ 7 ʩʦʝʜʠʥʝʥʠʷʭ. 

1.4.1.1. ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʠ ʩʠʥʪʝʟ Dy2(SO3)2(SO4)Ā2H2O 

ʉʦʝʜʠʥʝʥʠʝ Dy2(SO3)2(SO4)Ā2H2O ʙʳʣʦ ʥʘʡʜʝʥʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʢʠʩʣʠʪʝʣʴʥʦ-

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʨʝʘʢʮʠʡ ʚ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ [53]. ɺ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ 

ʨʝʘʛʝʥʪʦʚ ʩʣʫʞʠʣʠ ʩʣʝʜʫʶʱʠʝ ʩʦʝʜʠʥʝʥʠʷ: Na2S2O3Ā5H2O (0.1ʤʤʦʣʴ), DyCl3Ā6H2O 

(0.3ʤʤʦʣʴ). pH ʩʨʝʜʳ ʧʦʜʜʝʨʞʠʚʘʣʠ ʦʢʦʣʦ 5.0 ʜʦʙʘʚʣʝʥʠʝʤ ʨʘʩʪʚʦʨʘ 1ʄ NaOH. ʉʠʥʪʝʟ 

ʦʩʫʱʝʩʪʚʣʷʣʠ ʚ ʘʚʪʦʢʣʘʚʘʭ ʩ ʚʥʫʪʨʝʥʥʠʤʠ ʚʢʣʘʜʳʰʘʤʠ ʠʟ ʇʊʌʕ ʦʙʲʝʤʦʤ 25 ʤʣ., ʢʦʪʦʨʳʝ 

ʥʘʛʨʝʚʘʣʠ ʜʦ 160Áʉ ʠ ʚʳʜʝʨʞʠʚʘʣʠ ʧʨʠ ʜʘʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʪʝʯʝʥʠʝ 48ʯ. ʈʝʘʢʮʠʷ 

ʦʙʨʘʟʦʚʘʥʠʷ ʜʘʥʥʦʡ ʬʘʟʳ, ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ, ʩʚʷʟʘʥʘ ʩ ʪʝʤ, ʯʪʦ S2O3
2- 

ʜʠʩʧʨʦʧʦʨʮʠʦʥʠʨʫʝʪ ʥʘ H2S, SO3
2- ʠ SO4

2-. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʦʙʨʘʟʮʳ, ʚʥʝʰʥʝ ʙʝʩʮʚʝʪʥʳʝ ʪʝʪʨʘʛʦʥʘʣʴʥʳʝ ʧʨʠʟʤʳ, ʥʘ ʢʦʪʦʨʳʭ ʠ 

ʙʳʣʘ ʦʧʨʝʜʝʣʝʥʘ ʩʪʨʫʢʪʫʨʘ Dy2(SO3)2(SO4)Ā2H2O. 

 

ʈʠʩ. 12. ʂʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʦʢʨʫʞʝʥʠʝ ʘʪʦʤʘ Dy ʚ ʩʪʨʫʢʪʫʨʝ Dy2(SO3)2(SO4)Ā2H2O. 

ʉʪʨʫʢʪʫʨʘ Dy2(SO3)2(SO4)Ā2H2O ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʪʨʸʭʤʝʨʥʳʡ ʢʘʨʢʘʩ, ʛʜʝ ʠʦʥʳ 

Dy3+ ʠʤʝʶʪ ʦʜʥʫ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠ ʥʝʟʘʚʠʩʠʤʫʶ ʧʦʟʠʮʠʶ ʠ ʦʢʨʫʞʝʥʳ ʚʦʩʝʤʴʶ 

ʘʪʦʤʘʤʠ O, ʦʜʠʥ ʠʟ ʢʦʪʦʨʳʭ ʧʨʠʥʘʜʣʝʞʠʪ ʤʦʣʝʢʫʣʝ ʚʦʜʳ, ʜʚʘ - ʩʫʣʴʬʘʪ ʘʥʠʦʥʫ ʠ ʧʷʪʴ -

ʩʫʣʴʬʠʪʥʳʤ ʛʨʫʧʧʠʨʦʚʢʘʤ. ʇʦʣʠʵʜʨʳ [Dy(1)O8] ʠʤʝʶʪ ʬʦʨʤʫ ʠʩʢʘʞʝʥʥʦʡ ʪʝʪʨʘʛʦʥʘʣʴʥʦʡ 

ʘʥʪʠʧʨʠʟʤʳ (ʨʠʩ. 12.). ʀʦʥʳ S4+ ʠ S6+ ʠʤʝʶʪ ʧʦ ʦʜʥʦʡ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠ ʥʝʟʘʚʠʩʠʤʦʡ 

ʧʦʟʠʮʠʠ. ʀʦʥʳ S4+ ʨʘʩʧʦʣʦʞʝʥʳ ʥʘ ʚʝʨʰʠʥʝ ʪʨʠʛʦʥʘʣʴʥʦʡ ʧʠʨʘʤʠʜʳ [S(1)O3], ʘ S
6+ 
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ʥʘʭʦʜʠʪʩʷ ʚ ʪʝʪʨʘʵʜʨʠʯʝʩʢʦʤ ʦʢʨʫʞʝʥʠʠ [S(2)O4]. ʉʦʝʜʠʥʷʷʩʴ ʯʝʨʝʟ ʜʚʘ ʦʙʱʠʭ ʨʝʙʨʘ, 

ʧʦʣʠʵʜʨʳ [DyO8] ʦʙʨʘʟʫʶʪ ʙʝʩʢʦʥʝʯʥʫʶ ʟʠʛʟʘʛʦʦʙʨʘʟʥʫʶ ʮʝʧʦʯʢʫ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʚʝʢʪʦʨʘ 

b. ʇʘʨʘʣʣʝʣʴʥʦ ʧʣʦʩʢʦʩʪʠ bc ʩʦʩʝʜʥʠʝ ʮʝʧʦʯʢʠ [DyO8] ʩʚʷʟʳʚʘʶʪʩʷ ʯʝʨʝʟ ʪʨʠʛʦʥʘʣʴʥʳʝ 

ʧʠʨʘʤʠʜʳ [S(1)O3], ʦʙʨʘʟʫʷ ʜʚʫʤʝʨʥʳʡ ʩʣʦʡ. ʅʕʇ ʩʫʣʴʬʠʪʥʦʡ ʛʨʫʧʧʠʨʦʚʢʠ ʥʘʧʨʘʚʣʝʥʳ ʚ 

ʤʝʞʩʣʦʝʚʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ, ʦʙʨʘʟʫʷ ʢʘʥʘʣʳ ʚʜʦʣʴ ʚʝʢʪʦʨʘ b. ɺʜʦʣʴ ʥʘʧʨʘʚʣʝʥʠʷ ʘ 

ʩʫʣʴʬʘʪʥʘʷ ʛʨʫʧʧʠʨʦʚʢʘ SO4
2- ʩʚʷʟʳʚʘʝʪ ʩʦʩʝʜʥʠʝ ʩʣʦʠ, ʦʙʨʘʟʫʷ ʪʨʝʭʤʝʨʥʳʡ ʢʘʨʢʘʩ. ʂʨʦʤʝ 

ʪʦʛʦ, ʜʘʥʥʳʝ ʩʣʦʠ ʩʚʷʟʘʥʳ ʚʦʜʦʨʦʜʥʳʤʠ ʩʚʷʟʷʤʠ ʤʦʣʝʢʫʣ ʚʦʜʳ. 

 

ʈʠʩ.13. ʆʙʱʠʡ ʚʠʜ ʩʪʨʫʢʪʫʨʳ Dy2(SO3)2(SO4)Ā2H2O ʧʘʨʘʣʣʝʣʴʥʦ ʧʣʦʩʢʦʩʪʠ ab  

ɹʣʘʛʦʜʘʨʷ ʥʘʣʠʯʠʶ ʟʠʛʟʘʛʦʦʙʨʘʟʥʦʡ ʮʝʧʠ ʠʟ [DyO8], ʚ ʩʪʨʫʢʪʫʨʝ 

Dy2(SO3)2(SO4)Ā2H2O ʚʦʟʤʦʞʥʦ ʦʞʠʜʘʪʴ ʦʙʨʘʟʦʚʘʥʠʝ ʦʜʥʦʤʝʨʥʦʛʦ ʫʧʦʨʷʜʦʯʝʥʠʷ 

ʤʘʛʥʠʪʥʳʭ ʤʦʤʝʥʪʦʚ Dy3+. ʍʘʨʘʢʪʝʨ ʞʝ ʫʧʦʨʷʜʦʯʝʥʠʷ ʩʣʦʞʥʦ ʧʨʝʜʩʢʘʟʘʪʴ ʠʟ-ʟʘ ʥʘʣʠʯʠʷ 

ʩʠʣʴʥʳʭ ʩʧʠʥ-ʦʨʙʠʪʘʣʴʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ. ʀʥʪʝʨʝʩ ʚʳʟʳʚʘʝʪ ʪʘʢʞʝ ʧʦʪʝʥʮʠʘʣʴʥʘʷ 

ʚʦʟʤʦʞʥʦʩʪʴ ʟʘʤʝʱʝʥʠʷ ʘʪʦʤʦʚ ʩʝʨʳ ʥʘ ʩʝʣʝʥ, ʯʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ 

ʠʟʦʣʠʨʦʚʘʥʥʦʩʪʠ ʟʠʛʟʘʛʦʦʙʨʘʟʥʦʡ ʮʝʧʠ. 

1.4.2. ʉʝʣʝʥʠʪ-ʩʫʣʴʬʘʪʳ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ 

1.4.2.1. ʉʪʨʫʢʪʫʨʘ ʠ ʩʠʥʪʝʟ Co3(SeO3)(SO4)(OH)2 

ɺ ʣʠʪʝʨʘʪʫʨʝ ʦʧʠʩʘʥʦ ʩʦʝʜʠʥʝʥʠʝ ʩʦʩʪʘʚʘ Co3(SeO3)(SO4) (OH)2 [55], 

ʧʨʝʜʩʪʘʚʣʷʶʱʝʝ ʠʥʪʝʨʝʩ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ, ʫʯʠʪʳʚʘʷ ʥʝʦʙʳʯʥʦʩʪʠ ʝʛʦ 

ʤʘʛʥʠʪʥʦʡ ʧʦʜʨʝʰʝʪʢʠ ʧʦ ʪʠʧʫ ʢʘʛʦʤʵ.  
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ʄʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʦʙʨʘʟʮʳ Co3(SeO3)(SO4) (OH)2 [55] ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩ 

ʧʦʤʦʱʴʶ ʦʙʳʯʥʦʡ ʛʠʜʨʦʪʝʨʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ. ʉʤʝʩʴ ʨʝʘʛʝʥʪʦʚ, ʚʢʣʶʯʘʶʱʘʷ 0,5 ʤʤʦʣʴ 

CoSO4Ā7H2O (AR, 0,1406 ʛ), 0,5 ʤʤʦʣʴ CoCO3 (AR, 0,0595 ʛ), 0,25 ʤʤʦʣʴ SeO2, (AR, 0,0277 

ʛ), ʠ 6 ʤʣ ʜʝʠʦʥʠʟʠʨʦʚʘʥʥʦʡ ʚʦʜʳ, ʙʳʣʘ ʟʘʧʝʯʘʪʘʥʘ ʚ ʘʚʪʦʢʣʘʚ ʩ ʪʝʬʣʦʥʦʚʳʤ ʚʢʣʘʜʳʰʝʤ 

(28 ʤʣ). ɸʚʪʦʢʣʘʚ ʧʦʤʝʱʘʣʠ ʚ ʧʝʯʴ ʠ ʤʝʜʣʝʥʥʦ ʥʘʛʨʝʚʘʣʠ ʜʦ 210ÁC. ʇʦʩʣʝ ʚʳʜʝʨʞʢʠ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 210ÁC ʚ ʪʝʯʝʥʠʝ 4 ʜʥʝʡ ʧʝʯʴ ʧʦʩʪʝʧʝʥʥʦ ʦʭʣʘʞʜʘʣʠ ʜʦ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ 

ʚ ʪʝʯʝʥʠʝ 2 ʜʥʝʡ ʩʦ ʩʢʦʨʦʩʪʴʶ ʦʭʣʘʞʜʝʥʠʷ 4 ÁC/ʯ. ɹʳʣʠ ʧʦʣʫʯʝʥʳ ʬʠʦʣʝʪʦʚʳʝ 

ʩʪʝʨʞʥʝʦʙʨʘʟʥʳʝ ʢʨʠʩʪʘʣʣʳ, ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʚʳʩʫʰʝʥʥrʝ ʚ ʪʝʯʝʥʠʝ 3 ʯ ʧʨʠ 60ÁC. 

ʇʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʦʙʨʘʟʮʳ, ʠʩʧʦʣʴʟʦʚʘʥʥʳʝ ʜʣʷ ʤʘʛʥʠʪʥʳʭ ʠʟʤʝʨʝʥʠʡ, ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

ʧʫʪʝʤ ʠʟʤʝʣʴʯʝʥʠʷ ʥʝʢʦʪʦʨʳʭ ʥʝʙʦʣʴʰʠʭ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ, ʯʠʩʪʦʪʫ ʢʦʪʦʨʳʭ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʧʨʦʚʝʨʷʣʠ ʤʝʪʦʜʦʤ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʜʠʬʨʘʢʮʠʠ. 

 

ʈʠʩ. 14. 2D-ʩʪʨʫʢʪʫʨʘ ʢʨʠʩʪʘʣʣʘ Co3(SeO3)(SO4)(OH)2  a) ɺ ʧʨʦʝʢʮʠʠ ʥʘ ʥʘʧʨʘʚʣʝʥʠʝ ab 

ʙ) ɺ ʧʨʦʝʢʮʠʠ ʥʘ ʥʘʧʨʘʚʣʝʥʠʝ bc. 

ʆʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʵʪʦ ʩʦʝʜʠʥʝʥʠʝ ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʚ ʨʦʤʙʠʯʝʩʢʦʡ ʩʠʥʛʦʥʠʠ ʩ 

ʧʘʨʘʤʝʪʨʘʤʠ ʷʯʝʡʢʠ a = 10.8757(3) ¡, b = 6.4782(2) ¡, c = 11.1579(3)¡, Z = 4. 

ʂʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠ ʥʝʟʘʚʠʩʠʤʳʭ ʧʦʟʠʮʠʡ ʜʣʷ ʠʦʥʦʚ Co2+ ʪʨʠ, Se4+ ʜʚʘ ʠ ʜʣʷ S6+ ʦʜʥʦ. 

ɺʩʝ ʪʨʠ ʠʦʥʘ Co2+ ʠʤʝʶʪ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʯʠʩʣʦ 6 ʠ ʦʢʨʫʞʝʥʳ ʠʦʥʘʤʠ O2-, ʦʙʨʘʟʫʷ 

ʠʩʢʘʞʝʥʥʳʝ ʦʢʪʘʵʜʨʳ. ɸʪʦʤʳ Co1 ʠ ʉʦ2 ʬʦʨʤʠʨʫʶʪ ʜʦʩʪʘʪʦʯʥʦ ʩʭʦʞʠʝ ʩʣʘʙʦ ʠʩʢʘʞʝʥʥʳʝ 

ʦʢʪʘʵʜʨʳ ʩ ʜʣʠʥʦʡ ʩʚʷʟʝʡ ʉʦ ï ʆ, ʚʘʨʴʠʨʫʝʤʦʡ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 2.020(2) ʜʦ 2.198(2) ¡. ʊʦʛʜʘ 

ʢʘʢ ʜʣʷ ʘʪʦʤʘ ʉʦ3 ʨʝʘʣʠʟʫʝʪʩʷ ʦʢʪʘʵʜʨ ʩ 5 ʩʭʦʞʠʤʠ ʜʣʠʥʘʤʠ ʩʚʷʟʝʡ ʠ ʩ ʦʜʥʦʡ ʥʝʪʠʧʠʯʥʦʡ 

ʜʣʷ Co2+ ʜʣʠʥʥʦʡ ʩʚʷʟʴʶ ʚ 2.544(3) ¡. ɸʪʦʤʳ ʩʝʣʝʥʘ ʥʘʭʦʜʷʪʩʷ ʥʘ ʚʝʨʰʠʥʝ ʪʨʠʛʦʥʘʣʴʥʦʡ 

ʧʠʨʘʤʠʜʳ Seʆ3, ʭʘʨʘʢʪʝʨʥʦʡ ʜʣʷ Se4+. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʘʪʦʤ ʩʝʣʝʥʘ ʨʘʩʱʝʧʣʸʥ ʥʘ ʜʚʝ 

ʙʣʠʟʢʦ ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʧʦʟʠʮʠʠ ʩ ʦʜʥʠʤʠ ʠ ʪʝʤ ʞʝ ʦʢʨʫʞʝʥʠʝʤ, ʥʦ ʩ ʟʘʩʝʣʸʥʥʦʩʪʷʤʠ 
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ʘʪʦʤʦʚ Se1A 94% ʠ Se1B 6%. ɼʣʷ ʘʪʦʤʦʚ S ʨʝʘʣʠʟʫʝʪʩʷ ʪʝʪʨʘʵʜʨʠʯʝʩʢʦʝ ʦʢʨʫʞʝʥʠʝ ʠʟ 

ʯʝʪʳʨʸʭ ʘʪʦʤʦʚ ʢʠʩʣʦʨʦʜʘ.   

ɺ ʩʪʨʫʢʪʫʨʝ Co3(SeO3)(SO4)(OH)2 ʦʢʪʘʵʜʨʳ [ʉʦ1O6] ʯʝʨʝʟ ʦʙʱʠʝ ʨʸʙʨʘ ʬʦʨʤʠʨʫʶʪ 

ʮʝʧʦʯʢʫ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʚʝʢʪʦʨʘ b. ʕʪʠ ʮʝʧʦʯʢʠ ʚ ʰʘʭʤʘʪʥʦʤ ʧʦʨʷʜʢʝ ʜʝʣʷʪ ʚʝʨʰʠʥʳ ʚ 

ʧʣʦʩʢʦʩʪʠ bc ʩ ʧʠʨʘʤʠʜʘʤʠ [SeO3] c ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʘ ʩ ʜʨʫʛʦʡ ï ʩ ʦʢʪʘʵʜʨʘʤʠ [ʉʦ3O6]. 

ɸʥʘʣʦʛʠʯʥʦ ʧʦʣʠʵʜʨʳ [ʉʦ2O6] ʯʝʨʝʟ ʦʙʱʠʝ ʨʝʙʨʘ ʦʙʨʘʟʫʶʪ ʟʠʛʟʘʛʦʦʙʨʘʟʥʫʶ ʮʝʧʦʯʢʫ ʚ 

ʥʘʧʨʘʚʣʝʥʠʠ ʚʝʢʪʦʨʘ b. ʇʦʣʠʵʜʨʳ [Co3O6] ʠ [SeO3] ʚ ʰʘʭʤʘʪʥʦʤ ʧʦʨʷʜʢʝ ʩʦʝʜʠʥʷʶʪʩʷ ʩ 

ʮʝʧʦʯʢʘʤʠ ʠʟ [ʉʦ2O6], [Co3O6] ʯʝʨʝʟ ʦʙʱʠʝ ʨʸʙʨʘ, ʘ [SeO3] ʯʝʨʝʟ ʦʙʱʠʝ ʚʝʨʰʠʥʳ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ ʬʦʨʤʠʨʫʝʪʩʷ ʛʝʪʝʨʦʧʦʣʠʵʜʨʠʯʝʩʢʠʡ ʩʣʦʡ, ʢʦʪʦʨʳʡ ʦʙʲʝʜʠʥʸʥ ʚ ʪʨʝʭʤʝʨʥʳʡ 

ʢʘʨʢʘʩ ʯʝʨʝʟ ʪʝʪʨʘʵʜʨʠʯʝʩʢʠʝ ʛʨʫʧʧʠʨʦʚʢʠ [SO4].  

ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʠʦʥʳ ʉʦ2+ ʚ ʛʝʪʝʨʦʧʦʣʠʵʜʨʠʯʝʩʢʦʤ ʩʣʦʝ ʩʪʨʫʢʪʫʨ rʦʙʨʘʟʫʶʪ 

ʜʚʫʤʝʨʥʫʶ ʠʩʢʘʞʝʥʥʫʶ ʩʝʪʢʫ ʢʘʛʦʤ,ɻ ʩʦʩʪʦʷʱʫʶ ʠʟ ʣʠʥʝʡʥʳʭ ʠ ʟʠʛʟʘʛʦʦʙʨʘʟʥʳʭ ʮʝʧʝʡ, ʚ 

ʢʦʪʦʨʳʭ ʤʘʛʥʠʪʥʳʝ ʠʦʥʳ ʦʙʨʘʟʫʶʪ ʨʘʟʣʠʯʥʳʝ ʨʘʚʥʦʙʝʜʨʝʥʥʳʝ ʪʨʝʫʛʦʣʴʥʠʢʠ. ʀʩʢʘʞʝʥʘ 

ʨʝʰʝʪʢʘ ʟʘ ʩʯʝʪ ʪʦʛʦ, ʯʪʦ ʬʦʨʤʠʨʫʶʪ ʩʝʪʢʫ ʢʘʛʦʤʵ ʜʚʘ ʨʘʟʥʳʭ ʪʨʝʫʛʦʣʴʥʳʭ ʬʨʘʛʤʝʥʪʘ. ʍʦʪʷ 

ʦʥʠ ʦʙʘ ʨʘʚʥʦʙʝʜʨʝʥʥʳ, ʦʜʠʥ ʠʟ ʪʨʝʫʛʦʣʴʥʠʢʦʚ ʤʝʥʴʰʝ ʚʪʦʨʦʛʦ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʬʦʨʤʠʨʦʚʘʥʠʶ ʥʝʧʨʘʚʠʣʴʥʳʭ ʰʝʩʪʠʛʨʘʥʥʠʢʦʚ. 

        

ʈʠʩ. 15. ʘ) ɿʘʚʠʩʠʤʦʩʪʴ ʫʜʝʣʴʥʦʡ ʪʝʧʣʦʝʤʢʦʩʪʠ Co3(SeO3)(SO4) (OH)2 ʦʪ 

ʪʝʤʧʝʨʘʪʫʨʳ, ʧʦʣʫʯʝʥʥʦʝ ʧʨʠ ʥʫʣʝʚʦʤ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ. ʙ) ɿʘʚʠʩʠʤʦʩʪʴ ʤʘʛʥʠʪʥʦʡ 

ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ (ɢ) ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʜʣʷ Co3(SeO3)(SO4) (OH)2, ʢʨʘʩʥʘʷ ʢʨʠʚʘʷ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʠʟʤʝʨʝʥʠʶ ʚ ʨʝʞʠʤʝ ZFC, ʘ ʪʝʤʥʘʷ - ʠʟʤʝʨʝʥʠʶ ʚ ʨʝʞʠʤʝ FC ʧʨʠ H = 

0,1 ʊʣ.[55]  

ʀʩʩʣʝʜʦʚʘʥʠʝ ʤʘʛʥʠʪʥʦʛʦ ʧʦʚʝʜʝʥʠʷ ʵʪʦʡ ʬʘʟʳ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʚ ʩʝʪʢʘʭ ʢʘʛʦʤ ɻ

ʧʨʦʠʩʭʦʜʠʪ ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʦʝ ʫʧʦʨʷʜʦʯʝʥʠʝ ʧʨʠ TN ~29K (ʨʠʩ. 15. ʘ). ʊʘʢʞʝ ʙʳʣʦ 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʚʥʝʰʥʠʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ ʨʘʟʣʠʯʥʦʡ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʵʪʠ 

ʘ ʙ 
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ʩʝʪʢʠ ʤʦʛʫʪ ʧʝʨʝʦʨʠʝʥʪʠʨʦʚʘʪʴʩʷ, ʪ.ʝ. ʧʨʦʠʩʭʦʜʠʪ ʨʷʜ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʤʝʪʘʤʘʛʥʠʪʥʳʭ 

ʧʝʨʝʭʦʜʦʚ ʧʨʠ Hc1 Ḑ 1 ʊʣ, Hc2 Ḑ 23 ʊʣ ʠ Hc3 Ḑ 27 ʊʣ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɸʥʘʣʠʟ ʤʘʛʥʠʪʥʦʛʦ 

ʧʦʚʝʜʝʥʠʷ ʵʪʦʡ ʬʘʟʳ ʧʨʠʚʦʜʠʪ ʢ ʚʳʚʦʜʫ ʦ ʥʘʣʠʯʠʠ ʢʦʥʢʫʨʠʨʫʶʱʠʭ ʬʝʨʨʦʤʘʛʥʠʪʥʳʭ ʠ 

ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʳʭ ʦʙʤʝʥʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʚ ʩʝʪʢʘʭ ʢʘʛʦʤʵ. ʇʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ 

ʦʩʥʦʚʥʦʝ ʤʘʛʥʠʪʥʦʝ ʩʦʩʪʦʷʥʠʝ ʚ ʩʣʦʷʭ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʬʝʨʨʦʤʘʛʥʠʪʥʦ ʫʧʦʨʷʜʦʯʝʥʥʳʝ 

ʮʝʧʦʯʢʠ, ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʝ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʦ.  

ʉʝʪʢʠ ʢʘʛʦʤʵ ʚ Co3(SeO3)(SO4)(OH)2 ʨʘʟʜʝʣʷʶʪʩʷ ʩʫʣʴʬʘʪʥʳʤʠ ʛʨʫʧʧʠʨʦʚʢʘʤʠ. 

ʀʟʤʝʥʝʥʠʝ ʵʪʠʭ ʛʨʫʧʧʠʨʦʚʦʢ ʥʘ ʩʝʣʝʥʘʪʥʳʝ ʫʚʝʣʠʯʠʪ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʩʝʪʢʘʤʠ ʚ 

ʩʪʨʫʢʪʫʨʝ. ʊʘʢʦʝ ʠʟʤʝʥʝʥʠʝ ʨʘʩʩʪʦʷʥʠʡ ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʩʝʪʢʠ ʧʦʪʝʥʮʠʘʣʴʥʦ ʤʦʞʝʪ 

ʧʨʠʚʝʩʪʠ ʢ ʙʦʣʴʰʝʡ ʤʘʛʥʠʪʥʦʡ ʠʟʦʣʠʨʦʚʘʥʥʦʩʪʠ ʠ ʠʩʢʣʶʯʠʪʴ ʚʣʠʷʥʠʝ ʧʘʨʘʣʣʝʣʴʥʦ 

ʣʝʞʘʱʠʭ ʩʝʪʦʢ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʜʘʣʴʥʝʛʦ ʤʘʛʥʠʪʥʦʛʦ ʫʧʦʨʷʜʦʯʝʥʠʷ.  

1.4.2.2. ʉʪʨʫʢʪʫʨʘ, ʩʠʥʪʝʟ ʠ ʩʚʦʡʩʪʚʘ Ln2(SeO3)2(SO4)Ā2H2O 

ʉʨʝʜʠ ʩʝʣʝʥʠʪ-ʩʫʣʴʬʘʪʦʚ ʧʦʣʫʯʝʥʳ ʩʦʝʜʠʥʝʥʠʷ ʩʦʩʪʘʚʘ Ln2(SeO3)2(SO4) 2H2O (ʛʜʝ 

Ln = Sm, Dy, Yb)[56], ʩʭʦʞʠʝ  ʢʘʢ ʧʦ ʩʪʝʭʠʦʤʝʪʨʠʠ, ʪʘʢ ʠ ʧʦ ʩʪʨʫʢʪʫʨʝ ʩ ʨʘʥʝʝ ʦʧʠʩʘʥʥʳʤ 

ʩʫʣʴʬʠʪ-ʩʫʣʴʬʘʪʦʤ Dy2(SO3)2(SO4)Ā2H2O [53]. 

ʉʠʥʪʝʟ ʩʦʝʜʠʥʝʥʠʡ ʵʪʦʛʦ ʨʷʜʘ ʧʨʦʚʦʜʠʣʠ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʤ ʩʧʦʩʦʙʦʤ ʠʟ ʩʤʝʩʠ 

Ln(NO3)3 xH2O (Ln = Sm, Yb, x = 6; Ln = Dy, x = 5) (2 ʤʤʦʣʴ) ʠ C12H10N2OSSe (2 ʤʤʦʣʴ). ʕʪʫ 

ʩʤʝʩʴ ʜʘʣʝʝ ʨʘʩʪʚʦʨʷʣʠ ʚ 4 ʄ HNO3 (10 ʤʣ), ʠ ʨʘʩʪʚʦʨ ʩʣʠʚʘʣʠ ʚ 23-ʤʣ ʘʚʪʦʢʣʘʚ ʩ 

ʚʢʣʘʜʳʰʝʤ ʠʟ ʇʊʌʕ. ɸʚʪʦʢʣʘʚ ʥʘʛʨʝʚʘʣʠ ʜʦ 200Áʉ ʠ ʚʳʜʝʨʞʠʚʘʣʠ ʧʨʠ ʵʪʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 

ʚ ʪʝʯʝʥʠʝ 60 ʯ, ʟʘʪʝʤ ʤʝʜʣʝʥʥʦ ʦʭʣʘʞʜʘʣʠ ʜʦ 25Áʉ ʩʦ ʩʢʦʨʦʩʪʴʶ 5Áʉ/ʯ. ʇʦʩʣʝ ʯʝʛʦ 

ʦʙʨʘʟʦʚʘʚʰʠʡʩʷ ʧʨʦʜʫʢʪ ʬʠʣʴʪʨʦʚʘʣʠ. Sm2(SeO3)2(SO4) 2H2O ʠ Dy2(SeO3)2(SO4) 2H2O  

ʧʦʣʫʯʠʣʠ ʚ ʚʠʜʝ ʙʝʩʮʚʝʪʥʳʭ ʢʨʠʩʪʘʣʣʦʚ, ʘ Yb2(SeO3)2(SO4) 2H2O - ʚ ʚʠʜʝ ʙʝʣʦʛʦ ʧʦʨʦʰʢʘ. 

ʆʙʨʘʟʮʳ ʧʨʦʤʳʚʘʣʠ ʜʝʠʦʥʠʟʠʨʦʚʘʥʥʦʡ ʚʦʜʦʡ ʠ ʩʫʰʠʣʠ ʥʘ ʚʦʟʜʫʭʝ. ɺʳʭʦʜ ʚ ʧʝʨʝʩʯʝʪʝ ʥʘ 

Ln: Sm2(SeO3)2(SO4) 2H2O 0,32 ʛ, 46,6%, Dy2(SeO3)2(SO4) 2H2O 0,30 ʛ, 42,2%, 

Yb2(SeO3)2(SO4) 2H2O  0,28 ʛ, 38,2%. 

ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʩʦʝʜʠʥʝʥʠʡ Ln2(SeO3)2(SO4) 2H2O ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʪʨʝʭʤʝʨʥʳʡ ʢʘʨʢʘʩ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʡ ʠʟ ʧʠʨʘʤʠʜ (SeO3)
2-, ʪʝʪʨʘʵʜʨʦʚ (SO4)

2- ʠ ʧʦʣʠʵʜʨʦʚ 

LnO8. ʂʘʞʜʳʡ ʢʘʪʠʦʥ Ln
3+ ʢʦʦʨʜʠʥʠʨʦʚʘʥ ʩʝʤʴʶ ʘʪʦʤʘʤʠ ʢʠʩʣʦʨʦʜʘ ʠʟ ʩʝʣʝʥʠʪʥʦʡ ʠ 

ʩʫʣʴʬʘʪʥʦʡ ʛʨʫʧʧ, ʠ ʦʜʥʠʤ ʘʪʦʤʦʤ ʠʟ ʤʦʣʝʢʫʣʳ H2O, ʦʙʨʘʟʫʷ ʚʦʩʴʤʠʚʝʨʰʠʥʥʳʡ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʡ ʧʦʣʠʵʜʨ, ʢʦʪʦʨʳʡ ʤʦʞʥʦ ʦʧʠʩʘʪʴ ʢʘʢ ʠʩʢʘʞʝʥʥʫʶ ʪʝʪʨʘʛʦʥʘʣʴʥʫʶ 

ʘʥʪʠʧʨʠʟʤʫ.  
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ʊʘʙʣʠʮʘ ˉ3. ʇʘʨʘʤʝʪʨʳ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʜʣʷ Ln2(SeO3)2(SO4) 2H2O (ʛʜʝ Ln = Sm, 

Dy, Yb) [56].  

ʉʦʩʪʘʚ Sm2(SeO3)2(SO4) 2H2O Dy2(SeO3)2(SO4) 2H2O Yb2(SeO3)2(SO4) 2H2O 

ʉʠʥʛʦʥʠʷ ʄʦʥʦʢʣʠʥʥʘʷ 

Z 2 

ʇʨ. ʛʨʫʧʧʘ ʉ2 

ʘ, ¡ 11.8620(5) 11.751(3) 11.595(2) 

b, ¡ 6.9490(3) 6.8674(16) 6.778(2) 

c, ¡ 6.6063(3) 6.5245(18) 6.425(3) 

ɓ, Á 103.413(2) 103.124(13) 103.023(6) 

 

ʊʝʪʨʘʛʦʥʘʣʴʥʳʝ ʘʥʪʠʧʨʠʟʤʳ LnO8 ʩʦʝʜʠʥʝʥʳ ʦʙʱʠʤʠ ʨʝʙʨʘʤʠ ʚʜʦʣʴ ʦʩʠ b. 

ʂʘʪʠʦʥʳ Ln3+ ʦʙʨʘʟʫʶʪ ʦʜʥʦʤʝʨʥʫʶ ʟʠʛʟʘʛʦʦʙʨʘʟʥʫʶ ʧʦʜʨʝʰʝʪʢʫ (ʨʠʩ. 16 b) ʩ 

ʨʘʩʩʪʦʷʥʠʷʤʠ Ln-Ln 4,0292(4) ¡, 3,9685(8) ¡ ʠ 3,8508(10) ¡ ʜʣʷ Sm, Dy ʠ Yb, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺʝʨʭʥʷʷ ʧʣʦʩʢʦʩʪʴ ʧʦʚʝʨʥʫʪʘ ʥʘ ~31Á ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʞʥʝʡ ʧʣʦʩʢʦʩʪʠ. 

ʕʪʦ ʟʥʘʯʝʥʠʝ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʫʛʣʘ ʠʩʢʘʞʝʥʠʷ 45Á ʜʣʷ ʠʜʝʘʣʴʥʦʡ ʢʚʘʜʨʘʪʥʦʡ ʘʥʪʠʧʨʠʟʤʳ. 

ɼʣʠʥʘ ʩʚʷʟʠ Ln-O ʥʘʭʦʜʠʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ 2,349(6) ï 2,478(9) ¡, 2,301(6) ï 2,441(12) ¡ ʠ 

2,298(6) ï 2,474(11) ¡ ʚ ʩʦʝʜʠʥʝʥʠʷʭ Sm, Dy ʠ Yb, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʉʪʨʫʢʪʫʨʘ 

Ln2(SeO3)2(SO4) 2H2O  ʠʤʝʝʪ ʪʨʠ ʩʪʨʫʢʪʫʨʥʳʭ ʵʣʝʤʝʥʪʘ: (SeO3)
2-, (SO4)

2- ʠ H2O, ʯʝʨʝʟ 

ʢʦʪʦʨʳʝ ʩʚʷʟʘʥʳ ʩʦʩʝʜʥʠʝ ʮʝʧʠ LnO8. ʊʨʠʛʦʥʘʣʴʥʳʝ ʧʠʨʘʤʠʜʳ (SeO3)
2- ʩʦʜʝʨʞʘʪ Se ʚ 

ʩʪʝʧʝʥʠ ʦʢʠʩʣʝʥʠʷ +4 ʩʦ ʩʪʝʨʝʦʘʢʪʠʚʥʳʤʠ ʥʝʧʦʜʝʣʝʥʥʳʤʠ ʧʘʨʘʤʠ ʵʣʝʢʪʨʦʥʦʚ. ʂʘʞʜʳʡ 

ʘʪʦʤ Se ʩʚʷʟʘʥ ʩ ʜʚʫʤʷ ʤʦʩʪʠʢʦʚʳʤʠ ʘʪʦʤʘʤʠ ʢʠʩʣʦʨʦʜʘ (ɛ-O) ʠ ʦʜʥʠʤ ʪʝʨʤʠʥʘʣʴʥʳʤ 

ʢʠʩʣʦʨʦʜʦʤ ʚ ʠʩʢʘʞʝʥʥʦʡ ʪʨʠʛʦʥʘʣʴʥʦ-ʧʠʨʘʤʠʜʘʣʴʥʦʡ ʛʝʦʤʝʪʨʠʠ ʩ ʨʘʩʩʪʦʷʥʠʷʤʠ Se-O ʚ 

ʜʠʘʧʘʟʦʥʝ ʦʪ 1,580 (12) ¡ ʜʦ 1,715 (13) ¡. ɺʘʣʝʥʪʥʳʡ ʫʛʦʣ (ɛ-O)-Se-(ɛ-O) (92,8(4)Á ï 

96,3(7)Á) ʤʝʥʴʰʝ ʜʨʫʛʠʭ ʚʘʣʝʥʪʥʳʭ ʫʛʣʦʚ O-Se-O (100,2(6)Á ï 105,5(9)Á), ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʧʦʥʠʞʝʥʠʶ ʣʦʢʘʣʴʥʦʡ ʩʠʤʤʝʪʨʠʠ (SeO3)
2- ʦʪ C3V ʜʦ ʪʦʯʝʯʥʦʡ ʛʨʫʧʧʳ ʧʩʝʚʜʦ CS. ʕʪʠ 

ʛʨʫʧʧʳ (SeO3)
2- ʩʦʝʜʠʥʷʶʪ ʩʦʩʝʜʥʠʝ ʮʝʧʦʯʢʠ ʧʦ ʦʩʠ ʩ. ɸʥʠʦʥ (SO4)

2- ʩʚʷʟʘʥ ʩ ʯʝʪʳʨʴʤʷ 

ʘʪʦʤʘʤʠ ʢʠʩʣʦʨʦʜʘ ʚ ʠʩʢʘʞʝʥʥʦʡ ʪʝʪʨʘʵʜʨʠʯʝʩʢʦʡ ʛʝʦʤʝʪʨʠʠ. ʄʝʞʘʪʦʤʥʳʝ ʩʚʷʟʠ S ï O 

ʚʘʨʴʠʨʫʶʪʩʷ ʦʪ 1,438(14) ¡ ʜʦ 1,503(11) ¡. ʆʥʠ ʩʦʝʜʠʥʷʶʪ ʩʦʩʝʜʥʠʝ ʮʝʧʠ ʚʜʦʣʴ ʦʩʠ ʘ. 

ʃʠʛʘʥʜʳ H2O ʩʚʷʟʳʚʘʶʪʩʷ ʩ ʢʘʪʠʦʥʦʤ Ln
3+ ʯʝʨʝʟ ʝʛʦ ʘʪʦʤ O ʠ ʦʙʨʘʟʫʶʪ ʚʦʜʦʨʦʜʥʳʝ ʩʚʷʟʠ 

Se ï O ïï ʅ   ʩ ʘʪʦʤʘʤʠ O ʟʚʝʥʘ (SeO3)
2-.  
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ʈʠʩ. 16. a) ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ Ln2(SeO3)2(SO4) 2H2O. ʙ) ʉʪʨʫʢʪʫʨʘ 

Ln2(SeO3)2(SO4) 2H2O ʩ ʚʳʜʝʣʝʥʥʳʤʠ ʧʦʣʠʵʜʨʘʤʠ LnO7(H2O). ʚ) LnO7(H2O) ï ʢʚʘʜʨʘʪʥʳʝ 

ʘʥʪʠʧʨʠʟʤʳ ʩ ʦʙʱʠʤ ʨʝʙʨʦʤ, ʦʙʨʘʟʫʶʱʠʝ ʦʜʥʦʤʝʨʥʫʶ ʟʠʛʟʘʛʦʦʙʨʘʟʥʫʶ ʮʝʧʦʯʢʫ ʩʧʠʥʦʚ 

Ln3+. ʛ ) ï ʝ) ʈʝʟʫʣʴʪʘʪʳ ʫʪʦʯʥʝʥʠʝ ʤʝʪʦʜʦʤ ʈʠʪʚʝʣʴʜʦʤ ʜʘʥʥʳʭ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ 

ʨʝʥʪʛʝʥʦʛʨʘʬʠʠ ʜʣʷ Ln2(SeO3)2(SO4) 2H2O.[56]  

ʕʣʝʢʪʨʠʯʝʩʢʘʷ ʧʦʣʷʨʠʟʘʮʠʷ Ln2(SeO3)2(SO4) 2H2O ʷʚʣʷʝʪʩʷ ʨʝʟʫʣʴʪʘʪʦʤ 

ʚʳʨʘʚʥʠʚʘʥʠʷ ʧʦʣʷʨʥʦʡ ʪʝʪʨʘʛʦʥʘʣʴʥʦʡ ʘʥʪʠʧʨʠʟʤʳ LnO8 ʚʜʦʣʴ ʦʩʠ b (ʨʠʩ. 16 b). 

ʃʦʢʘʣʴʥʳʝ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʜʠʧʦʣʠ ʪʨʠʛʦʥʘʣʴʥʳʭ ʧʠʨʘʤʠʜ (SeO3)
2- ʥʝ ʚʣʠʷʶʪ ʥʘ ʦʙʱʫʶ 

ʧʦʣʷʨʠʟʘʮʠ,ʁ ʧʦʩʢʦʣʴʢʫ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷʭ.  
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ʈʫʢʦʚʦʜʩʪʚʫʷʩʴ ʥʝʮʝʥʪʨʦʩʠʤʤʝʪʨʠʯʥʦʩʪʴʶ ʩʪʨʫʢʪʫʨʳ (ʅʎʉ) Ln2(SeO3)2(SO4) 2H2O, 

ʘʚʪʦʨʳ [56] ʧʨʦʚʝʣʠ ʠʩʩʣʝʜʦʚʘʥʠʷ  ʥʝʣʠʥʝʡʥʦ-ʦʧʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʵʪʦʡ ʬʘʟʳ. ɼʣʷ ʙʦʣʝʝ 

ʪʦʯʥʦʡ ʦʮʝʥʢʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʛʝʥʝʨʘʮʠʠ ʚʪʦʨʦʡ ʛʘʨʤʦʥʠʢʠ (ɻɺɻ) ʠ ʦʮʝʥʢʠ ʬʘʟʦʚʦʛʦ 

ʩʠʥʭʨʦʥʠʟʤʘ ʤʘʪʝʨʠʘʣʦʚ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʠʟʤʝʨʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ɻɺɻ ʩ ʚʘʨʴʠʨʦʚʘʥʠʝʤ 

ʨʘʟʤʝʨʘ ʯʘʩʪʠʮ ʦʙʨʘʟʮʘ. ʕʪʠ ʠʟʤʝʨʝʥʠʷ ʜʘʣʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ɻɺɻ ʦʢʦʣʦ 0,05, 0,04 ʠ 0,12 Ĭ 

KH2PO4 ʜʣʷ ʤʘʪʝʨʠʘʣʘ Sm, Dy ʠ Yb, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʨʠ ʨʘʟʤʝʨʝ ʯʘʩʪʠʮ ʚ ʜʠʘʧʘʟʦʥʝ 45ï63 

ʤʢʤ (ʨʠʩ. 2). ʅʠʟʢʘʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ɻɺɻ ʤʘʪʝʨʠʘʣʦʚ ʤʦʞʝʪ ʙʳʪʴ ʦʙʲʷʩʥʝʥʘ ʪʨʝʤʷ 

ʚʦʟʤʦʞʥʳʤʠ ʬʘʢʪʦʨʘʤʠ: ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʘʥʠʦʥʥʳʭ ʛʨʫʧʧ, ʫʟʢʦʡ ʰʠʨʠʥʦʡ ʧʦʣʦʩʳ ʤʝʞʜʫ f 

ʩʦʩʪʦʷʥʠʷʤʠ Ln3+ ʠ s, p ʩʦʩʪʦʷʥʠʷʤʠ ʣʠʛʘʥʜʦʚ, ʘ ʪʘʢʞʝ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʤʠ ʵʣʝʢʪʨʦʥʥʳʤʠ 

ʧʝʨʝʭʦʜʘʤʠ ʯʘʩʪʠʯʥʦ ʟʘʧʦʣʥʝʥʥʳʭ f ʦʨʙʠʪʘʣʝʡ ʢʘʪʠʦʥʦʚ Ln3+. 

 

ʈʠʩ. 17. ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʩʠʛʥʘʣʘ ɻɺɻ Ln2(SeO3)2(SO4) 2H2O (Ln=Sm, Dy, Yb) ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʟʤʝʨʘ ʯʘʩʪʠʮ [56] . 

Yb2(SeO3)2(SO4) 2H2O ʦʙʣʘʜʘʝʪ ʥʘʠʙʦʣʴʰʝʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ɻɺɻ ʩʨʝʜʠ 

ʩʦʝʜʠʥʝʥʠʡ ʜʘʥʥʦʛʦ ʩʝʤʝʡʩʪʚʘ, ʛʜʝ Ln3+ = Yb3+ (f 13),  Sm3+ (f 5) ʠ Dy3+ (f 9). ʕʪʦ ʥʘʙʣʶʜʝʥʠʝ 

ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʤʝʥʴʰʝʡ ʚʝʨʦʷʪʥʦʩʪʴʶ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʭ ʵʣʝʢʪʨʦʥʥʳʭ ʧʝʨʝʭʦʜʦʚ ʜʣʷ 

Yb3+ (f 13) ʤʝʞʜʫ ʦʩʥʦʚʥʳʤ ʩʦʩʪʦʷʥʠʝʤ (2F7/2) ʠ ʚʠʨʪʫʘʣʴʥʳʤʠ ʚʦʟʙʫʞʜʝʥʥʳʤʠ 

ʩʦʩʪʦʷʥʠʷʤʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʵʣʝʢʪʨʦʥʥʳʤʠ ʩʪʨʫʢʪʫʨʘʤʠ f 5 ʠ f 9 ʜʚʫʭ ʜʨʫʛʠʭ ʯʣʝʥʦʚ ʵʪʦʛʦ 

ʩʝʤʝʡʩʪʚʘ. ʇʦ ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ ʨʘʟʤʝʨʘ ʯʘʩʪʠʮ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ɻɺɻ Ln2(SeO3)2(SO4) 2H2O 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʠ ʚʳʭʦʜʠʪ ʥʘ ʧʣʘʪʦ (ʨʠʩ. 17). ʊʘʢʦʝ ʧʦʚʝʜʝʥʠʝ ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ 
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ʤʘʪʝʨʠʘʣʳ Ln3+ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʧʦʚʝʜʝʥʠʝ ʩʠʥʭʨʦʥʠʟʤʘ ʪʠʧʘ 1 ʠ ʧʦʧʘʜʘʶʪ ʚ ʢʘʪʝʛʦʨʠʶ 

ʤʘʪʝʨʠʘʣʦʚ ʅʎʉ ʢʣʘʩʩʘ A [57]. 

ɼʣʷ ʦʮʝʥʢʠ ʩʧʠʥʦʚʦʛʦ ʠ ʦʨʙʠʪʘʣʴʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʚʢʣʘʜʘ ʢʘʪʠʦʥʘ Ln3+ ʚ 

Ln2(SeO3)2(SO4) 2H2O ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʠʟʤʝʨʝʥʠʷ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʵʪʠʭ ʬʘʟ. ʂʨʠʚʘʷ ɢ(T) 

ʩʦʝʜʠʥʝʥʠʷ ʩ Sm ʠʤʝʝʪ ʧʘʨʘʤʘʛʥʠʪʥʦʝ ʧʦʚʝʜʝʥʠʝ ʚʧʣʦʪʴ ʜʦ T=2 K (ʨʠʩ. 18 a). ɺ ʦʪʣʠʯʠʝ ʦʪ 

ʙʦʣʴʰʠʥʩʪʚʘ ʜʨʫʛʠʭ ʢʘʪʠʦʥʦʚ ʣʘʥʪʘʥʠʜʦʚ (III), ʵʥʝʨʛʝʪʠʯʝʩʢʦʝ ʨʘʟʜʝʣʝʥʠʝ ʤʝʞʜʫ 

ʦʩʥʦʚʥʳʤ ʩʦʩʪʦʷʥʠʝʤ 6H5/2 ʠ ʧʝʨʚʳʤ ʚʦʟʙʫʞʜʝʥʥʳʤ ʩʦʩʪʦʷʥʠʝʤ 
6H7/2 Sm3+ ʩʨʘʚʥʠʤʦ ʩ kT, 

ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʩʦʩʪʦʷʥʠʝ 6H7/2 ʪʝʨʤʠʯʝʩʢʠ ʟʘʩʝʣʝʥʦ ʠ ʟʥʘʯʠʪʝʣʴʥʦ ʩʤʝʰʠʚʘʝʪʩʷ ʩ 

ʦʩʥʦʚʥʳʤ ʩʦʩʪʦʷʥʠʝʤ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʙʨʘʪʥʘʷ ʤʘʛʥʠʪʥʘʷ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʴ 1/ɢ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʜʣʷ Sm ʧʨʠ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 20 Ò ʊ Ò 400 K ʥʝ ʤʦʞʝʪ 

ʙʳʪʴ ʦʧʠʩʘʥ ʦʙʳʯʥʳʤ ʫʨʘʚʥʝʥʠʝʤ ʂʶʨʠ ï ɺʝʡʩʘ (1) ʠʟ-ʟʘ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʚʢʣʘʜʘ 

ʦʪ ʚʦʟʙʫʞʜʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ 6H7/2.  

…Ὕ  
ὅ

Ὕ  —
 … (1) 

ʄʘʛʥʠʪʥʫʶ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʴ Sm2(SeO3)2(SO4) 2H2O ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʧʦ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʤʫ ʫʨʘʚʥʝʥʠʶ ʂʶʨʠïɺʝʡʩʩʘ: 

…Ὓά  …  ὅȾȾὝ  — ρ  ὩЎȾ  ὅȾȾὝὩ
ЎȾ  (2) 

ʛʜʝ C5/2 ʠ C7/2 ð ʢʦʥʩʪʘʥʪʳ ʂʶʨʠ ʜʣʷ ʩʦʩʪʦʷʥʠʡ 6H5/2 ʠ 
6H7/2 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ɢ0 ð 

ʪʝʤʧʝʨʘʪʫʨʥʦ-ʥʝʟʘʚʠʩʠʤʳʡ ʚʢʣʘʜ ʚ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʴ, ɗCW ð ʪʝʤʧʝʨʘʪʫʨʘ ʂʶʨʠ ï ɺʝʡʩʘ. 

ʀʩʭʦʜʷ ʠʟ ʚʳʯʠʩʣʝʥʥʳʭ ʢʦʥʩʪʘʥʪ, ʘʚʪʦʨʘʤ [56] ʫʜʘʣʦʩʴ ʨʘʩʩʯʠʪʘʪʴ (ʧʦ ʬʦʨʤʫʣʝ 3) ʟʥʘʯʝʥʠʝ 

ʵʬʬʝʢʪʠʚʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ, ʢʦʪʦʨʦʝ ʩʦʩʪʘʚʠʣʦ 0,80(3) ÕB ʜʣʷ 6H5/2 ʠ 2,97(10) ÕB ʜʣʷ 

6H7/2 ʩʦʩʪʦʷʥʠʷ, ʘ ʟʥʘʯʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʂʶʨʠ ï ɺʝʡʩʘ ɗCW = -156(11) K ʜʣʷ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʯʘʩʪʠ. ʇʨʠ ʥʠʟʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 4 K Ò T Ò 10 K ʩʪʘʪʠʩʪʠʯʝʩʢʦʝ 

ʟʘʧʦʣʥʝʥʠʝ ʚʦʟʙʫʞʜʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ 6H7/2 ʤʝʥʝʝ ʚʝʨʦʷʪʥʦ, ʧʦʵʪʦʤʫ ʤʘʛʥʠʪʥʘʷ 

ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʴ ʩʦʝʜʠʥʝʥʠʷ ʩ Sm ʤʦʞʝʪ ʙʳʪʴ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʪʠʧʠʯʥʦʛʦ ʟʘʢʦʥʘ ʂʶʨʠ ï ɺʝʡʩʘ (1). ʈʘʩʯʝʪʳ ʫʢʘʟʳʚʘʶʪ ʥʘ ɗCW = 2,15(2) K ʜʣʷ 

ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʦʙʣʘʩʪʠ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʧʨʝʦʙʣʘʜʘʥʠʶ ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʳʭ 

ʦʙʤʝʥʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʚ ʩʦʝʜʠʥʝʥʠʠ.  

‘  
σὯ

ὔ‘
ὅ (3) 

ʛʜʝ NA ð ʯʠʩʣʦ ɸʚʦʛʘʜʨʦ, kB ð ʧʦʩʪʦʷʥʥʘʷ ɹʦʣʴʮʤʘʥʘ, ɛB ð ʤʘʛʥʝʪʦʥ ɹʦʨʘ. 



35 

 

 

ʈʠʩ. 18. a), ʚ), ʜ)ɿʘʚʠʩʠʤʦʩʪʴ ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ (ɢ) ʦʪ 2K ʜʦ 400K ʜʣʷ 

Ln2(SeO3)2(SO4) 2H2O (Ln=Sm, Dy ʠ Yb) ʧʨʠ Õ0H=7 Tʣ (ʯʝʨʥʳʡ); ɸʥʘʣʠʟ ʧʦ ʟʘʢʦʥʫ ʂʶʨʠ ï 

ɺʝʡʩʘ ʜʣʷ 1/(ɢīɢ0) (ʢʨʘʩʥʘʷ ʣʠʥʠʷ). ʘ) ɸʥʘʣʠʟ ʟʘʚʠʩʠʤʦʩʪʠ 1/ɢ ʦʪ T ʜʣʷ Ln = Sm ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʟʘʢʦʥʘ ʂʶʨʠ ï ɺʝʡʩʘ (ʟʝʣʝʥʘʷ ʢʨʠʚʘʷ). ʙ), ʛ), ʝ) 

ɿʘʚʠʩʠʤʦʩʪʴ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʦʪ ʚʥʝʰʥʝʛʦ ʧʦʣʷ ʚ ÕB ʧʨʠ ʊ=2 K ʜʣʷ ʩʠʩʪʝʤ Sm, Dy ʠ Yb 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ; ʌʫʥʢʮʠʷ ɹʨʠʣʣʶʵʥʘ ʜʣʷ J=5/2, 15/2 ʠ 7/2 ʧʨʠ T=2 K; ʂʨʠʚʳʝ dM/dH, 

ʧʦʢʘʟʳʚʘʶʠɦʝ ʦʪʩʫʪʩʪʚʠʝ ʢʨʠʪʠʯʝʩʢʦʛʦ ʧʦʣʷ.[56]  

ɼʣʷ Dy3+ ʠ Yb3+ ʢʨʠʚʳʝ ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʚʦ ʚʩʝʤ ʜʠʘʧʘʟʦʥʝ ʚʳʩʦʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨ ʧʦʜʯʠʥʷʶʪʩʷ ʟʘʢʦʥʫ ʂʶʨʠ ï ɺʝʡʩʘ. ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ ʬʘʢʪʘ, ʨʘʩʩʯʠʪʘʥʳ 
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ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʦʩʪʦʷʥʥʳʝ ʠ ʵʬʬʝʢʪʠʚʥʳʡ ʤʘʛʥʠʪʥʳʡ ʤʦʤʝʥʪ ʜʣʷ ʩʦʝʜʠʥʝʥʠʡ 

Ln2(SeO3)2(SO4) 2H2O (Ln = Dy ʠ Yb). 

ʈʘʩʯʝʪʳ, ʧʨʦʚʝʜʝʥʥʳʝ ʧʦ ʟʘʢʦʥʫ ʂʶʨʠ ï ɺʝʡʩʘ, ʚ ʩʣʫʯʘʝ Dy2(SeO3)2(SO4) 2H2O 

ʫʢʘʟʳʚʘʶʪ ʥʘ ʪʝʤʧʝʨʘʪʫʨʫ ʂʶʨʠ-ɺʝʡʩʘ ɗCW 6,97(8) K, ʘ ʵʬʬʝʢʪʠʚʥʳʡ ʤʘʛʥʠʪʥʳʡ ʤʦʤʝʥʪ 

ʩʦʩʪʘʚʣʷʝʪ 10,97(1) ÕB. ʊʘʢʦʡ ʵʬʬʝʢʪʠʚʥʳʡ ʤʘʛʥʠʪʥʳʡ ʤʦʤʝʥʪ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʞʠʜʘʝʤʦʤʫ 

ʧʨʠ J = 15/2. ʀʩʭʦʜʷ ʠʟ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ɗCW, ʚʦʟʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ 

ʧʨʝʦʙʣʘʜʘʥʠʠ ʬʝʨʨʠʤʘʛʥʠʪʥʳʭ ʦʙʤʝʥʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚ Dy ʩʦʜʝʨʞʘʱʝʤ ʩʦʝʜʠʥʝʥʠʠ.  

 

ʈʠʩ. 19. ʘ), ʙ), ʚ) ʄʦʣʷʨʥʘʷ ʪʝʧʣʦʝʤʢʦʩʪʴ ʧʦ ʪʝʤʧʝʨʘʪʫʨʝ (CP/T) ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʪʝʤʧʝʨʘʪʫʨʳ (T) ʠ ʦʮʝʥʢʘ ʬʦʥʦʥʦʚ ʜʣʷ Ln2(SeO3)2(SO4) 2H2O (Ln=Sm, Dy ʠ Yb 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). ʛ)ɸʥʘʣʠʟ ʘʥʦʤʘʣʠʠ ʐʦʪʪʢʠ ʜʣʷ ʤʘʪʝʨʠʘʣʘ Sm, Dy ʠ Yb ʧʨʠ T Ò 11 K 

[56] . 

ɼʘʥʥʳʝ ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʩʦʝʜʠʥʝʥʠʷ ʩ Yb ʧʨʠ Õ0H = 7 Tʣ ʭʦʨʦʰʦ 

ʠʥʪʝʨʧʨʝʪʠʨʫʶʪʩʷ ʟʘʢʦʥʦʤ ʂʶʨʠ-ɺʝʡʩʘ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ 10 K Ò T Ò 400 K 
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(ʨʠʩ. 18 e). ʕʬʬʝʢʪʠʚʥʳʡ ʤʘʛʥʠʪʥʳʡ ʤʦʤʝʥʪ, ʧʦʣʫʯʝʥʥʳʡ ʜʣʷ ʢʘʪʠʦʥʘ Yb3+, ʨʘʚʝʥ Õeff = 

4,63(1) ÕB ʥʘ ʠʦʥ Yb3+, ʯʪʦ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʤʦʤʝʥʪʫ ʜʣʷ ʩʠʩʪʝʤ, ʛʜʝ J=7/2. 

ʅʠʢʘʢʠʭ ʧʨʠʟʥʘʢʦʚ ʧʝʨʝʭʦʜʘ ʚ ʜʘʣʴʥʝʫʧʦʨʷʜʦʯʝʥʥʦʝ ʤʘʛʥʠʪʥʦʝ ʩʦʩʪʦʷʥʠʝ ʥʝ ʥʘʙʣʶʜʘʣʠ 

ʚʧʣʦʪʴ ʜʦ T = 2 K, ʘ ʪʝʤʧʝʨʘʪʫʨʘ ʂʶʨʠ-ɺʝʡʩʘ ɗCW = -16,78(6) K, ʧʨʝʜʧʦʣʘʛʘʶʱʘʷ 

ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʩʧʠʥʘʤʠ Yb3+. ʀʩʭʦʜʷ ʠʟ ʵʪʠʭ ʜʘʥʥʳʭ, ʙʳʣʦ 

ʧʨʝʜʧʦʣʦʞʝʥʦ, ʯʪʦ ʦʜʥʦʤʝʨʥʘʷ ʮʝʧʦʯʢʘ, ʩʦʩʪʦʷʱʘʷ ʠʟ Yb ï Yb ʩ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʨʦʪʢʠʤʠ 

ʨʘʩʩʪʦʷʥʠʷʤʠ 3,8508(10) ¡, ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʩʦʩʝʜʥʠʤʠ ʮʝʧʦʯʢʘʤʠ, ʧʨʠʚʦʜʷ ʢ ʩʠʣʴʥʦ 

ʬʨʫʩʪʨʠʨʦʚʘʥʥʦʤʫ ʩʦʩʪʦʷʥʠʶ. ʇʦʜʦʙʥʳʝ ʷʚʣʝʥʠ ̫ ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʩʠʣʴʥʦ 

ʢʦʨʨʝʣʠʨʦʚʘʥʥʳʭ ʢʚʘʥʪʦʚʳʭ ʩʦʩʪʦʷʥʠʡ ʪʘʢʠʭ, ʢʘʢ ʢʚʘʥʪʦʚʘʷ ʩʧʠʥʦʚʘʷ ʞʠʜʢʦʩʪʴ ʠ 

ʩʧʠʥʦʚʦʡ ʣʝʜ. ʀʟʤʝʨʝʥʠʷ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ M(H) ʫʢʘʟʳʚʘʶʪ ʥʘ ʟʥʘʯʠʪʝʣʴʥʳʡ ʚʢʣʘʜ ʩʧʠʥ-

ʦʨʙʠʪʘʣʴʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ. ʅʘ ʢʨʠʚʦʡ dM/dH ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ ʥʠʢʘʢʠʭ ʤʝʪʘʤʘʛʥʠʪʥʳʭ 

ʧʝʨʝʭʦʜʦʚ.  

 

ʈʠʩ. 20. ʉʧʠʥ-ʧʦʣʷʨʠʟʦʚʘʥʥʘʷ ʧʣʦʪʥʦʩʪʴ ʩʦʩʪʦʷʥʠʡ (DOS) Ln2(SeO3)2(SO4) 2H2O (Ln=Sm, 

Dy ʠ Yb), ʜʝʤʦʥʩʪʨʠʨʫʶʱʘʷ ʧʝʨʝʢʨʳʪʠʝ ʦʨʙʠʪʘʣʝʡ [56].  

ɼʣʷ ʠʟʫʯʝʥʠʷ ʵʣʝʢʪʨʦʥʥʦʛʦ ʠ ʬʦʥʦʥʥʦʛʦ ʚʢʣʘʜʦʚ ʚ ʤʘʛʥʠʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʬʘʟ 

Ln2(SeO3)2(SO4) 2H2O ʧʨʦʚʝʣʠ ʠʟʤʝʨʝʥʠʷ ʪʝʧʣʦʝʤʢʦʩʪʠ ʵʪʦʡ ʬʘʟʳ ʚ ʥʫʣʝʚʦʤ ʚʥʝʰʥʝʤ 

ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʚ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ 2 K Ò T Ò 300 K, ʨʝʟʫʣʴʪʘʪʳ ʢʦʪʦʨʳʭ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʥʘ ʨʠʩʫʥʢʝ 19. ʅʝʙʦʣʴʰʦʡ ʠʟʣʦʤ ʧʨʠ T å 92   K ʥʘʙʣʶʜʘʝʪʩʷ ʚʦ ʚʩʝʭ ʪʨʝʭ ʩʦʝʜʠʥʝʥʠʷʭ, ʯʪʦ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʩʪʨʫʢʪʫʨʥʦʤ ʬʘʟʦʚʦʤ ʧʝʨʝʭʦʜʝ. ʕʪʦ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʙʝʩʧʦʨʷʜʢʦʤ 

ʠ ʫʧʦʨʷʜʦʯʝʥʥʦʩʪʴʶ H2O ʚ ʩʪʨʫʢʪʫʨʝ, ʥʝ ʚʣʠʷʶʱʠʤ ʥʘ ʤʘʛʥʠʪʥʦʝ ʧʦʚʝʜʝʥʠʝ. 

ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ, ʧʦʣʫʯʝʥʥʘʷ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʜʠʬʨʘʢʮʠʠ 

ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ, ʩʦʙʨʘʥʥʳʭ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 100 K, ʠʜʝʥʪʠʯʥʘ ʩʪʨʫʢʪʫʨʝ, ʧʦʣʫʯʝʥʥʦʡ ʥʘ 

ʦʩʥʦʚʝ ʜʘʥʥʳʭ, ʠʟʤʝʨʝʥʥʳʭ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 300 K. ʂʘʢ ʫʧʦʤʠʥʘʣʦʩʴ ʚʳʰʝ, ʧʦ ʜʘʥʥʳʤ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʩʦʝʜʠʥʝʥʠʡ Ln3+ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ ʤʘʛʥʠʪʥʦʛʦ ʧʝʨʝʭʦʜʘ, ʯʪʦ ʢʦʨʨʝʣʠʨʫʝʪ 

ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʠʟʤʝʨʝʥʠʷ ʪʝʧʣʦʝʤʢʦʩʪʠ. ɼʘʥʥʳʝ ʦʙ ʫʜʝʣʴʥʦʡ ʪʝʧʣʦʝʤʢʦʩʪʠ ʣʫʯʰʝ ʚʩʝʛʦ 
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ʤʦʜʝʣʠʨʦʚʘʪʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʤʙʠʥʘʮʠʠ ʦʜʥʦʡ ʤʦʜʝʣʠ ɼʝʙʘʷ ʠ ʜʚʫʭ ʤʦʜʝʣʝʡ 

ʕʡʥʰʪʝʡʥʘ. 

ʏʪʦʙʳ ʩʚʷʟʘʪʴ ʚʳʰʝʫʧʦʤʷʥʫʪʳʝ ʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ 

Ln2(SeO3)2(SO4) 2H2O ʩ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʭʠʤʠʯʝʩʢʦʡ ʩʚʷʟʠ ʠ ʵʣʝʢʪʨʦʥʥʦʡ ʩʪʨʫʢʪʫʨ,r ʙʳʣʠ 

ʚʳʧʦʣʥʝʥʳ ʨʘʩʯʝʪʳ ʧʦ ʪʝʦʨʠʠ ʬʫʥʢʮʠʦʥʘʣʘ ʧʣʦʪʥʦʩʪʠ (DFT) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʘʢʝʪʘ WIEN2k[58] (ʨʠʩ. 20). ʀʩʭʦʜʷ ʠʟ ʵʪʠʭ ʨʘʩʯʝʪʦʚ, ʦʨʙʠʪʘʣʠ Ln 4f 

ʛʠʙʨʠʜʠʟʫʶʪʩʷ ʩ O-p-ʩʦʩʪʦʷʥʠʷʤʠ. ʕʪʦ ʧʝʨʝʢʨʳʪʠʝ ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʠʥʭʨʦʥʠʟʘʮʠʠ 

ʦʧʪʠʯʝʩʢʠ ʥʝʣʠʥʝʡʥʳʭ ʠ ʤʘʛʥʠʪʥʦ-ʘʥʠʟʦʪʨʦʧʥʳʭ ʷʚʣʝʥʠʡ ʚ ʩʠʩʪʝʤʘʭ ʩʦ ʩʤʝʰʘʥʥʳʤʠ 

ʘʥʠʦʥʘʤʠ Sm, Dy ʠ Yb. 

ʋʢʘʟʘʥʥʳʝ ʩʚʦʡʩʪʚʘ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʫʢʘʟʘʥʥʳʡ ʨʷʜ ʩʦʝʜʠʥʝʥʠʡ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʥʝ ʪʦʣʴʢʦ ʢʨʠʩʪʘʣʣʦʭʠʤʠʯʝʩʢʠʡ ʠʥʪʝʨʝʩ, ʥʦ ʠ ʧʨʠʚʣʝʢʘʪʝʣʝʥ ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʤʘʪʝʨʠʘʣʦʚ ʩ hʠʨʦʢʠʤ ʩʧʝʢʪʨʦʤ ʩʚʦʡʩʪʚ.  

1.4.3. ʊʝʣʣʫʨʠʪ-ʩʫʣʴʬʘʪʳ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ 

1.4.3.1. ʉʝʤʝʡʩʪʚʦ ʪʝʣʣʫʨʠʪ-ʩʫʣʴʬʘʪʦʚ ʈɿʕ Ln2(Te2O5)(SO4)2 (1), 

Ho3(TeO3)2(SO4)2(OH)(H2O) (2), Ln2TeO3(SO4)2(H2O)2 (3), Ln2(Te2O5)(SO4)2 (4) ʠ 

Ln2(Te4O10)(SO4)  (5). 

ʆʙʰʠʨʥʳʡ ʨʷʜ ʪʝʣʣʫʨʠʪ-ʩʫʣʴʬʘʪʦʚ ʙʳʣ ʧʦʣʫʯʝʥ ʘʚʪʦʨʘʤʠ [59] ʨʝʘʢʮʠʝʡ ʦʢʩʠʜʦʚ 

ʣʘʥʪʘʥʦʠʜʦʚ, TeO2 ʠ H2SO4 ʧʨʠ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ, ʚ ʢʦʪʦʨʳʭ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʩʦʦʪʥʦʰʝʥʠʷ ʠʩʭʦʜʥʳʭ ʚʝʱʝʩʪʚ ʚʳʜʝʣʷʶʪʩʷ ʧʷʪʴ ʩʝʨʠʡ ʪʝʣʣʫʨʠʪ-ʩʫʣʴʬʘʪʦʚ ʣʘʥʪʘʥʦʠʜʦʚ 

ʩ ʦʪʣʠʯʥʳʤ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʤ ʩʪʨʦʝʥʠʝʤ. ʀʩʭʦʜʥʳʝ ʚʝʱʝʩʪʚʘ ʟʘʛʨʫʞʘʣʠ ʚʦ 

ʚʢʣʘʜʳʰʠ ʠʟ ʇʊʌʕ ʦʙʲʝʤʦʤ 23 ʤʣ ʠ ʧʦʜʣʠʚʘʣʠ ʪʫʜʘ ʚʦʜʫ ʪʘʢ, ʯʪʦʙʳ ʩʫʤʤʘʨʥʳʡ ʦʙʲʝʤ 

ʞʠʜʢʦʡ ʬʘʟʳ H2O + H2SO4 ʩʦʩʪʘʚʣʷʣ 2 ʤʣ. ɺʢʣʘʜʳʰʠ ʧʦʤʝʱʘʣʠ ʚ ʩʪʘʣʴʥʳʝ ʘʚʪʦʢʣʘʚʳ, 

ʢʦʪʦʨʳʝ ʧʣʦʪʥʦ ʟʘʢʨʳʚʘʣʠ, ʠ ʧʦʤʝʱʘʣʠ ʚ ʧʝʯʴ ʥʘ ʪʝʤʧʝʨʘʪʫʨʫ 230Áʉ ʠ ʚʳʜʝʨʞʠʚʘʣʠ ʧʨʠ 

ʵʪʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʪʝʯʝʥʠʝ 3 ʜʥʝʡ, ʟʘʪʝʤ ʦʭʣʘʞʜʘʣʠ ʜʦ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʩʦ 

ʩʢʦʨʦʩʪʴʶ 5 ʉÁ/ʯ. ʇʦʣʫʯʝʥʥʳʝ ʚʝʱʝʩʪʚʘ ʦʪʤʳʚʘʣʠ ʜʝʠʦʥʠʟʠʨʦʚʘʥʥʦʡ ʚʦʜʦʡ ʠ ʵʪʠʣʦʚʳʤ 

ʩʧʠʨʪʦʤ.  

ʄʝʪʦʜʦʤ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʜʠʬʨʘʢʮʠʠ ʥʘ ʤʦʥʦʢʨʠʩʪʘʣʣʘʭ ʘʚʪʦʨʘʤ [59] ʫʜʘʣʦʩʴ 

ʧʦʢʘʟʘʪʴ, ʯʪʦ ʧʝʨʚʳʡ ʨʷʜ ʩʦʝʜʠʥʝʥʠʡ ʣʘʥʪʘʥʦʠʜʦʚ LnTeSO-(1) (Ln = La, Ce, Pr, Nd, Sm, Eu, 

Gd, Tb) ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʚ ʤʦʥʦʢʣʠʥʥʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʝ P21/c. ʉʦʝʜʠʥʝʥʠʝ Ce 

ʙʳʣʦ ʦʧʠʩʘʥʦ ʚ ʧʨʝʜʳʜʫʱʝʡ ʨʘʙʦʪʝ ʘʚʪʦʨʦʚ [60]. ʉʪʨʫʢʪʫʨʘ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʪʨʝʭʤʝʨʥʳʡ ʢʘʨʢʘʩ (ʨʠʩʫʥʦʢ 20a), ʢʦʪʦʨʳʡ ʬʦʨʤʠʨʫʝʪʩʷ ʯʝʨʝʜʦʚʘʥʠʝʤ ʪʝʣʣʫʨʠʪ 
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ʩʣʦʝʚ ʠ ʨʝʜʢʦʟʝʤʝʣʴʥʦ-ʩʫʣʴʬʘʪʥʳʭ ʩʣʦʝʚ. ɸʪʦʤʳ Ln, Te, S ʠʤʝʶʪ ʧʦ ʦʜʥʦʡ 

ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠ ʥʝʟʘʚʠʩʠʤʦʡ ʧʦʟʠʮʠʠ.  

 

ʈʠʩ. 21. ʀʟʦʙʨʘʞʝʥʠʝ ʩʪʨʫʢʪʫʨ LnTeSO-(1) (ʘ), LnTeSO-(2) (ʙ), LnTeSO-(3) (ʚ), LnTeSO-

(4) (ʛ) ʠ LnTeSO-(5) (ʜ). ʇʦʣʠʵʜʨʳ ʣʘʥʪʘʥʠʜʦʚ ʧʦʢʘʟʘʥʳ ʞʝʣʪʳʤ, ʪʝʤʥʦ-ʩʝʨʳʤ, 

ʬʠʦʣʝʪʦʚʳʤ, ʟʝʣʝʥʳʤ ʠ ʨʦʟʦʚʳʤ ʮʚʝʪʦʤ ʚ LnTeSO-(1), LnTeSO-(2), LnTeSO-(3), LnTeSO-

(4) ʠ LnTeSO-(5) ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʦʣʠʵʜʨʳ ʪʝʣʣʫʨʠʪ ʘʥʠʦʥʘ ʚʳʜʝʣʝʥʳ ʩʠʥʠʤ ʮʚʝʪʦʤ, ʘ 

ʪʝʪʨʘʵʜʨʳ ʩʫʣʴʬʘʪʘ ʩʚʝʪʣʦ-ʩʝʨʳʤ ʮʚʝʪʦʤ [59] . 

ʇʦʣʠʵʜʨ Ln ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʠʩʢʘʞʝʥʥʫʶ ʪʨʝʭʰʘʧʦʯʥʫʶ ʪʨʠʛʦʥʘʣʴʥʫʶ ʧʨʠʟʤʫ, 

ʚ ʢʦʪʦʨʦʡ ʰʝʩʪʴ ʘʪʦʤʦʚ O ʧʨʠʥʘʜʣʝʞʘʪ ʘʥʠʦʥʘʤ SO4
2ï ʠ ʪʨʠ ʘʪʦʤʘ O - ʘʥʠʦʥʘʤ ʪʝʣʣʫʨʠʪʘ. 

ʉʨʝʜʥʷʷ ʜʣʠʥʘ ʩʚʷʟʠ Ln ï O ʫʤʝʥʴʰʘʝʪʩʷ ʩ 2,55 ¡ ʜʣʷ La ʜʦ 2,44 ¡ ʜʣʷ Tb. ʕʪʘ ʪʝʥʜʝʥʮʠʷ 

ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʚʦʟʨʘʩʪʘʶʱʝʡ ʣʦʢʘʣʠʟʘʮʠʝʡ ʠ ʫʤʝʥʴʰʝʥʠʝʤ ʵʢʨʘʥʠʨʦʚʘʥʠʷ 4f-ʦʨʙʠʪʘʣʝʡ ʧʨʠ 

ʧʦʩʣʝʜʫʶʱʝʤ ʠʦʥʥʦʤ ʩʞʘʪʠʠ. ʇʦʣʠʵʜʨʳ LnO9 ʠʤʝʶʪ ʪʨʠ ʦʙʱʠʭ ʨʝʙʨʘ ʩ ʪʨʝʤʷ ʜʨʫʛʠʤʠ 

ʧʦʣʠʵʜʨʘʤʠ Ln, ʦʙʨʘʟʫʷ ʟʠʛʟʘʛʦʦʙʨʘʟʥʳʡ ʜʚʫʤʝʨʥʳʡ (2D) Ln-ʦʢʩʦ ʩʣʦʡ, ʚ ʧʫʩʪʦʪʘʭ 

ʢʦʪʦʨʦʛʦ ʥʘʭʦʜʷʪʩʷ ʩʫʣʴʬʘʪʥʳʝ ʛʨʫʧʧʠʨʦʚʢʠ, ʧʣʦʪʥʦ ʩʰʠʚʘʶʱʠʝ ʩʣʦʡ ʧʘʨʘʣʣʝʣʴʥʦ 
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ʧʣʦʩʢʦʩʪʠ bc. ɸʪʦʤʳ ʪʝʣʣʫʨʘ ʩʠʣʴʥʦ ʨʘʟʫʧʦʨʷʜʦʯʝʥʳ ʧʦ ʜʚʫʤ ʙʣʠʟʣʝʞʘʱʠʤ ʧʦʟʠʮʠʷʤ ʠ 

ʟʘʧʦʣʥʷʶʪ ʧʨʦʩʪʨʘʥʩʪʚʦ ʤʝʞʜʫ ʨʝʜʢʦʟʝʤʝʣʴʥʦ-ʩʫʣʴʬʘʪʥʳʤʠ ʩʣʦʷʤʠ. ʇʨʠ ʵʪʦʤ ʪʝʣʣʫʨ 

ʦʢʨʫʞʝʥ ʧʷʪʴʶ ʘʪʦʤʘʤʠ ʢʠʩʣʦʨʦʜʘ ʠ ʦʙʨʘʟʫʝʪ ʠʩʢʘʞʝʥʥʫʶ ʪʝʪʨʘʛʦʥʘʣʴʥʫʶ ʧʠʨʘʤʠʜʫ.  

LnTeSO-(2) (Ln = Ho) ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʚ ʤʦʥʦʢʣʠʥʥʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʝ 

P21/m ʩ ʪʨʝʭʤʝʨʥʳʤ ʢʘʨʢʘʩʦʤ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 21ʙ. ɻʣʘʚʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʵʪʦʡ 

ʩʪʨʫʢʪʫʨʳ ʷʚʣʷʶʪʩʷ ʦʜʥʦʤʝʨʥʳʝ (1D) ʮʝʧʠ ʧʦʣʠʵʜʨʦʚ Ho, ʚʳʪʷʥʫʪʳʝ ʚʜʦʣʴ ʦʩʠ b (ʨʠʩ. 

22ʙ). ʎʝʧʦʯʢʠ ʅʦ ʩʦʜʝʨʞʘʪ ʜʚʘ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠ ʥʝʟʘʚʠʩʠʤʳʭ ʠʦʥʘ ʅʦ3+. ʇʦʣʠʵʜʨʳ 

Ho(1) ʠ Ho(2) ʩʚʷʟʘʥʳ ʦʙʱʠʤʠ ʢʠʩʣʦʨʦʜʥʳʤʠ ʛʨʘʥʷʤʠ. ʇʨʠ ʵʪʦʤ ʥʘʙʣʶʜʘʝʪʩʷ ʜʦʚʦʣʴʥʦ 

ʢʦʨʦʪʢʦʝ ʨʘʩʩʪʦʷʥʠʝ Ho(1)-Ho(2) 3.5339(5) ¡. ʇʦʣʠʵʜʨʳ Ho(1) ʩʚʷʟʳʚʘʶʪʩʷ ʤʝʞʜʫ ʩʦʙʦʡ 

ʦʙʱʠʤʠ ʨʝʙʨʘʤʠ ʠʟ ʘʪʦʤʦʚ ʢʠʩʣʦʨʦʜʘ. ʈʘʩʩʪʦʷʥʠʷ Ho(1) ï Ho(1) ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʜʣʠʥʥʝʝ ð 

3.7811(6) ¡. ʆʙʘ ʘʪʦʤʘ Ho3+ ʢʦʦʨʜʠʥʠʨʦʚʘʥʳ ʚʦʩʝʤʴʶ ʘʪʦʤʘʤʠ O, ʦʙʨʘʟʫʶʱʠʤʠ 

ʢʚʘʜʨʘʪʥʳʝ ʘʥʪʠʧʨʠʟʤʳ. ʉʨʝʜʥʷʷ ʜʣʠʥʘ ʩʚʷʟʠ Ho-O ʩʦʩʪʘʚʣʷʝʪ 2,37 ¡ ʜʣʷ Ho1 ʠ 2,36 ¡ ʜʣʷ 

Ho2. ɻʨʫʧʧʠʨʦʚʢʠ TeO3
2- ʠ SO4

2- ʩʦʝʜʠʥʷʶʪ ʵʪʠ ʦʜʥʦʤʝʨʥʳʝ ʮʝʧʠ ʚ ʪʨʝʭʤʝʨʥʳʡ ʢʘʨʢʘʩ. 

ʆʩʪʘʚʰʠʡʩʷ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʟʘʨʷʜ, ʥʝʦʙʭʦʜʠʤʳʡ ʜʣʷ ʫʨʘʚʥʦʚʝʰʠʚʘʥʠʷ ʘʥʠʦʥʥʦʛʦ ʢʘʨʢʘʩʘ, 

ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʟʘ ʩʯʝʪ ʧʨʦʪʦʥʠʨʦʚʘʥʠʷ ʘʪʦʤʦʚ O8 ʠ O9, ʢʘʢ ʵʪʦ ʩʣʝʜʫʝʪ ʠʟ ʨʘʩʯʝʪʦʚ ʩʫʤʤʳ 

ʚʘʣʝʥʪʥʳʭ ʫʩʠʣʠʡ (BVS). 

ʉʪʨʫʢʪʫʨʘ LnTeSO-(3) (Ln = Dy, Ho ʠ Er) ʢʨʠʩʪʘʣʣʠʟʫʶʪʩʷ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ 

ʛʨʫʧʧʝ Pρ ʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʪʨʝʭʤʝʨʥʳʡ ʢʘʨʢʘʩ, ʢʦʪʦʨʳʡ ʩʦʩʪʦʠʪ ʠʟ ʪʝʪʨʘʤʝʨʦʚ 

ʧʦʣʠʵʜʨʦʚ Ln ʠ ʛʨʫʧʧʠʨʦʚʦʢ TeO3
2- ʠ SO4

2-, ʩʚʷʟʳʚʘʶʱʠʭ ʩʪʨʫʢʪʫʨʥʳʝ ʙʣʦʢʠ ʚ ʝʜʠʥʦʝ 

ʮʝʣʦʝ (ʨʠʩ. 21ʚ). ʂʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠ ʥʝʟʘʚʠʩʠʤʳʭ ʧʦʟʠʮʠʡ Ln3+ ʠʤʝʝʪʩʷ ʜʚʝ: Ln1 ʠ Ln2. 

ʆʙʘ ʘʪʦʤʘ Ln ʠʤʝʶʪ ʧʦ 8 ʘʪʦʤʦʚ ʆ ʚ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʤ ʦʢʨʫʞʝʥʠʠ, ʢʦʪʦʨʳʝ ʬʦʨʤʠʨʫʶʪ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʡ ʧʦʣʠʵʜʨ ʧʦ ʪʠʧʫ ʠʩʢʘʞʝʥʥʦʡ ʪʝʪʨʘʛʦʥʘʣʴʥʦʡ ʘʥʪʠʧʨʠʟʤʳ. ʇʦʣʠʵʜʨʳ 

Ln2 ʠʤʝʪʁ ʦʜʥʫ ʦʙʱʫʶ ʛʨʘʥʴ ʩ ʤʥʦʛʦʛʨʘʥʥʠʢʘʤʠ Ln1, ʘ Ln1- ʦʜʥʦ ʦʙʱʝʝ ʨʝʙʨʦ ʩ ʜʨʫʛʠʤ 

Ln1 (ʨʠʩ. 22ʚ). ʉʘʤʦʝ ʢʦʨʦʪʢʦʝ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʘʪʦʤʘʤʠ ʨʝʜʢʦʟʝʤʝʣʴʥʦʛʦ ʘʪʦʤʘ 

ʨʝʘʣʠʟʫʝʪʩʷ ʤʝʞʜʫ Ln1 - Ln2, ʨʘʚʥʦʝ 3,6970 (6) ¡ ʜʣʷ Dy, 3,6790 (6) ¡ ʜʣʷ Ho ʠ 3,647 (2) ¡ 

ʜʣʷ Er, ʙʣʘʛʦʜʘʨʷ ʥʘʣʠʯʠʶ ʦʙʱʝʡ ʛʨʘʥʠ. ʆʙʱʠʝ ʨʝʙʨʘ Ln1 - Ln1, ʨʝʘʣʠʟʫʶʪ ʨʘʩʩʪʦʷʥʠʝ 

ʨʘʚʥʦʝ 3,8306 (8) ¡ ʜʣʷ Dy, 3,8123 (8) ¡ ʜʣʷ Ho ʠ 3,787 (3) ¡ ʜʣʷ Er.  

ʉʦʝʜʠʥʝʥʠʷ LnTeSO-(4) (Ln = Er, Tm, Yb, Lu) ʠʤʝʶʪ ʭʠʤʠʯʝʩʢʫʶ ʬʦʨʤʫʣʫ, 

ʠʜʝʥʪʠʯʥʫʶ LnTeSO-(1), ʥʦ ʢʨʠʩʪʘʣʣʠʟʫʶʪʩʷ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʝ ʙʦʣʝʝ ʥʠʟʢʦʡ 

ʩʠʤʤʝʪʨʠʠ Pρ. ʂʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 21ʛ, LnTeSO-(4) ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʪʨʝʭʤʝʨʥʳʡ 

ʢʘʨʢʘʩ, ʩʦʩʪʦʷʱʠʡ ʠʟ ʧʦʣʠʵʜʨʦʚ Ln, ʧʦʣʠʘʥʠʦʥʥʳʭ ʛʨʫʧʧʠʨʦʚʦʢ Te4O10
4- ʠ ʘʥʠʦʥʦʚ SO4

2-. 

ɺʤʝʩʪʦ ʪʦʛʦ, ʯʪʦʙʳ ʧʦʣʠʤʝʨʠʟʦʚʘʪʴʩʷ ʚ ʜʚʫʤʝʨʥʳʡ ʩʣʦʡ, ʦʜʥʦʤʝʨʥʫʶ ʮʝʧʴ ʠʣʠ ʧʦʣʠʤʝʨ, 

ʧʦʣʠʵʜʨʳ Ln ʩʫʱʝʩʪʚʫʶʪ ʚ ʩʪʨʫʢʪʫʨʝ ʚ ʚʠʜʝ ʤʦʥʦʤʝʨʦʚ.  
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ʈʠʩ. 22. ʀʟʦʙʨʘʞʝʥʠʝ ʩʪʨʫʢʪʫʨ (a) LnTeSO-(1), (b) LnTeSO-(2), (c) LnTeSO-(3), (d) 

LnTeSO-(4) ʠ (e) LnTeSO-(5), ʧʦʢʘʟʳʚʘʶʱʝʝ ʩʦʝʜʠʥʝʥʠʝ ʧʦʣʠʵʜʨʦʚ Ln, ʩʚʷʟʘʥʥʳʭ ʘʪʦʤʘʤʠ 

ʢʠʩʣʦʨʦʜʘ.  ʇʦʣʠʵʜʨʳ ʣʘʥʪʘʥʠʜʦʚ ʧʦʢʘʟʘʥʳ ʞʝʣʪʳʤ, ʪʝʤʥʦ-ʩʝʨʳʤ, ʬʠʦʣʝʪʦʚʳʤ, 

ʟʝʣʝʥʳʤ ʠ ʨʦʟʦʚʳʤ ʮʚʝʪʦʤ ʚ LnTeSO-(1), LnTeSO-(2), LnTeSO-(3), LnTeSO-(4) ʠ LnTeSO-(5) 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ [59] . 

ʅʘʠʙʦʣʝʝ ʧʨʠʤʝʯʘʪʝʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ LnTeSO-(4) ʷʚʣʷʝʪʩʷ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʝ 

ʦʢʨʫʞʝʥʠʝ ʠʦʥʦʚ Ln3+. ɺ LnTeSO-(4) ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʨʝʜʢʠʝ ʧʝʥʪʘʛʦʥʘʣʴʥʳʝ 

ʙʠʧʠʨʘʤʠʜ rLn1 ʠ ʥʝʪʠʧʠʯʥʳʝ ʜʣʷ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʘʪʦʤʦʚ ʦʢʪʘʵʜʨʳ Ln2. ɻʝʦʤʝʪʨʠʷ 
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ʧʝʥʪʘʛʦʥʘʣʴʥʦʡ ʙʠʧʠʨʘʤʠʜ r ʦʯʝʥʴ ʪʠʧʠʯʥʘ ʜʣʷ ʥʝʧʪʫʥʠʣʘ ʠ ʫʨʘʥʠʣʘ, ʦʜʥʘʢʦ ʚ 

ʪʨʝʭʚʘʣʝʥʪʥʳʭ ʣʘʥʪʘʥʦʠʜʘʭ ʦʥʘ ʚʩʪʨʝʯʘʝʪʩʷ ʜʦʚʦʣʴʥʦ ʨʝʜʢʦ. 

 

ʈʠʩ. 23. ɺʠʜʳ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʛʝʦʤʝʪʨʠʡ ʠʦʥʦʚ ʣʘʥʪʘʥʠʜʦʚ ʚ (ʘ) LnTeSO-(1), (ʙ) 

LnTeSO-(2), (ʚ) LnTeSO-(3), (ʛ) LnTeSO-(4) ʠ (ʜ) LnTeSO-(5). ʇʦʣʠʵʜʨʳ ʣʘʥʪʘʥʠʜʦʚ 

ʧʦʢʘʟʘʥʳ ʞʝʣʪʳʤ, ʪʝʤʥʦ-ʩʝʨʳʤ, ʬʠʦʣʝʪʦʚʳʤ, ʟʝʣʝʥʳʤ ʠ ʨʦʟʦʚʳʤ ʮʚʝʪʦʤ ʚ LnTeSO-(1), 

LnTeSO-(2), LnTeSO-(3), LnTeSO-(4) ʠ LnTeSO-(5) ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɸʪʦʤʳ O ʚʳʜʝʣʝʥʳ 

ʢʨʘʩʥʳʤ.[59]  

ɺ LnTeSO-(4) ʘʪʦʤʳ ʥʘ ʚʝʨʰʠʥʘʭ ʧʦʣʠʵʜʨʦʚ Ln ʠʤʝʶʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʨʦʪʢʠʝ 

ʜʣʠʥʳ ʩʚʷʟʝʡ Ln ï O: 2,136(8) ʠ 2,268(7) ¡ ʜʣʷ Er, 2,103(3) ʠ 2,240 (4) ¡ ʜʣʷ Tm, 2,098(3) ʠ 

2,215(3) ¡ ʜʣʷ Yb ʠ 2,100(5) ʠ 2,217(5) ¡ ʜʣʷ Lu. ʕʢʚʘʪʦʨʠʘʣʴʥʳʝ ʨʘʩʩʪʦʷʥʠʷ Ln ï O 

ʚʘʨʴʠʨʫʶʪʩʷ ʦʪ 2,298 (8) ¡ ʜʦ 2,444 (7) ¡, ʦʪ 2,274 (3) ¡ ʜʦ 2,436 (4) ¡, ʦʪ 2,284 (3) ¡ ʜʦ 

2,429 (3) ¡ ʠ 2,255 (5). ¡ ʜʦ 2,415(5) ¡ ʜʣʷ ʘʥʘʣʦʛʦʚ Er, Tm, Yb ʠ Lu ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʆʢʪʘʵʜʨʠʯʝʩʢʘʷ ʛʝʦʤʝʪʨʠʷ ʜʦʩʪʘʪʦʯʥʦ ʪʠʧʠʯʥʘ ʜʣʷ 3d-ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʠ ʠʥʦʛʜʘ 

ʤʦʞʝʪ ʙʳʪʴ ʦʙʥʘʨʫʞʝʥʘ ʚ ʛʘʣʦʛʝʥʠʜʘʭ ʣʘʥʪʘʥʦʠʜʦʚ, ʥʦ ʚʩʝ ʞʝ ʪʘʢʦʝ ʦʢʨʫʞʝʥʠʝ ʜʣʷ ʥʠʭ 
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ʷʚʣʷʝʪʩʷ ʚʝʩʴʤʘ ʨʝʜʢʠʤ. ʉʨʝʜʥʠʝ ʜʣʠʥʳ ʩʚʷʟʠ Ln2 ï O ʩʦʩʪʘʚʣʷʶʪ 2,23, 2,21, 2,21 ʠ 2,20 ¡ 

ʜʣʷ Er, Tm, Yb ʠ Lu ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

 

ʈʠʩ. 24. ɻʨʘʬʠʢ ʦʙʨʘʪʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʠʦʥʥʳʭ ʨʘʜʠʫʩʦʚ ʦʪ ʯʠʩʣʘ f-ʵʣʝʢʪʨʦʥʦʚ ʜʣʷ 

LnTeSO-(1) (ʞʝʣʪʳʡ), LnTeSO-(3)(ʬʠʦʣʝʪʦʚʳʡ) ʠ LnTeSO-(4) (ʟʝʣʝʥʳʡ)[59] . 

LnTeSO-(5) (Ln = Gd, Dy, Ho, Er, Tm ʠ Yb) ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʪʨʝʭʤʝʨʥʳʡ ʢʘʨʢʘʩ ʩ 

ʪʨʠʢʣʠʥʥʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʦʡ Pρ, ʚ ʢʦʪʦʨʦʤ ʠʤʝʝʪʩʷ ʜʚʘ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠ 

ʥʝʟʘʚʠʩʠʤʳʭ ʠʦʥʦʚ Ln3+, ʧʦʣʠʘʥʠʦʥʥʳʭ ʛʨʫʧʧʠʨʦʚʦʢ Te4O10
4- ʠ SO4

2- (ʨʠʩ. 21ʜ). Ln1 

ʥʘʭʦʜʠʪʩʷ ʚ ʦʢʨʫʞʝʥʠʠ 9 ʘʪʦʤʦʚ ʆ, ʦʙʨʘʟʫʶʱʠʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʡ ʧʦʣʠʵʜʨ ʧʦ ʪʠʧʫ 

ʠʩʢʘʞʝʥʥʦʡ ʪʨʝʭʰʘʧʦʯʥʦʡ ʪʨʠʛʦʥʘʣʴʥʦʡ ʧʨʠʟʤʳ, ʘ Ln2 ʦʢʨʫʞʝʥ 7 ʘʪʦʤʘʤʠ ʆ, 

ʬʦʨʤʠʨʫʶʱʠʤʠ ʧʝʥʪʘʛʦʥʘʣʴʥʫʶ ʙʠʧʠʨʘʤʠʜʫ. ʇʦʣʠʵʜʨʳ Ln1 ʠ Ln2 ʚ LnTeSO-(5) ʠʤʝʶʪ 

ʦʙʱʠʝ ʨʝʙʨʘ ʠ ʛʨʘʥʠ ʜʨʫʛ ʩ ʜʨʫʛʦʤ, ʦʙʨʘʟʫʷ ʪʝʪʨʘʤʝʨʥʫʶ ʩʪʨʫʢʪʫʨʥʫʶ ʝʜʠʥʠʮʫ. ʕʪʠ 

ʪʝʪʨʘʤʝʨʥʳʝ ʟʚʝʥʴʷ ʜʘʣʝʝ ʩʦʝʜʠʥʝʥʳ ʤʦʩʪʠʢʘʤʠ ʚʜʦʣʴ ʦʩʠ ʘ. ʉʨʝʜʠ ʯʝʪʳʨʝʭ 

ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠ ʥʝʟʘʚʠʩʠʤʳʭ ʠʦʥʦʚ Te4+. Te1 ʥʘʭʦʜʠʪʩʷ ʥʘ ʚʝʨʰʠʥʝ ʢʣʘʩʩʠʯʝʩʢʦʡ 

ʪʨʠʛʦʥʘʣʴʥʦʡ ʧʠʨʘʤʠʜʳ, ʩʚʷʟʘʥʥʦʡ ʩ ʪʨʝʤʷ ʘʪʦʤʘʤʠ ʢʠʩʣʦʨʦʜʘ, ʪʦʛʜʘ ʢʘʢ Te2, Te3 ʠ Te4 

ʦʢʨʫʞʝʥʳ ʯʝʪʳʨʴʤʷ ʘʪʦʤʘʤʠ ʆ, ʬʦʨʤʠʨʫʶʱʠʤʠ ʜʠʩʬʝʥʦʠʜ. ʂʘʞʜʳʡ ʤʥʦʛʦʛʨʘʥʥʠʢ 

ʪʝʣʣʫʨʠʪʘ ʠʤʝʝʪ ʦʙʱʠʝ ʚʝʨʰʠʥʳ ʩ ʜʚʫʤʷ ʜʨʫʛʠʤʠ ʪʝʣʣʫʨʠʪʘʤʠ, ʦʙʨʘʟʫʷ ʚʦʩʴʤʠʯʣʝʥʥʦʝ 

ʪʝʣʣʫʨʠʪʥʦʝ ʢʦʣʴʮʦ. 
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ɺ ʵʪʠʭ ʣʘʥʪʘʥʦʠʜʥʳʭ ʪʝʣʣʫʨʠʪ-ʩʫʣʴʬʘʪʘʭ ʦʪʯʝʪʣʠʚʦ ʥʘʙʣʶʜʘʝʪʩʷ ʣʘʥʪʘʥʦʠʜʥʦʝ 

ʩʞʘʪʠʝ. ʕʬʬʝʢʪ ʩʞʘʪʠʷ ʣʘʥʪʘʥʦʠʜʦʚ ʦʪʨʘʞʘʝʪʩʷ ʚ ʫʤʝʥʴʰʝʥʠʠ ʦʙʲʝʤʘ ʵʣʝʤʝʥʪʘʨʥʳʭ ʷʯʝʝʢ 

ʚ ʪʦʤ ʞʝ ʩʪʨʫʢʪʫʨʥʦʤ ʪʠʧʝ, ʫʤʝʥʴʰʝʥʠʠ ʨʘʩʩʪʦʷʥʠʡ ʩʚʷʟʠ Ln-O, ʫʤʝʥʴʰʝʥʠʠ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʛʦ ʯʠʩʣʘ ʣʘʥʪʘʥʦʠʜʦʚ ʠ ʙʦʣʝʝ ʨʝʟʢʦ ʚ ʠʟʤʝʥʝʥʠʠ ʪʦʧʦʣʦʛʠʠ. ʆʪ LnTeSO-

(1), LnTeSO-(2), LnTeSO-(3) ʢ LnTeSO-(4) ʤʳ ʥʘʙʣʶʜʘʝʤ ʩʣʝʜʫʶʱʠʝ ʧʝʨʝʭʦʜʳ: (1) 

ʪʦʧʦʣʦʛʠʠ ʧʦʣʠʵʜʨʦʚ Ln ʤʝʥʷʶʪʩʷ ʦʪ 2D ï ʩʣʦʷ (LnTeSO-1) Ÿ 1D ï ʮʝʧʠ (LnTeSO-2). Ÿ 

0D ï ʪʝʪʨʘʤʝʨ r (LnTeSO-3) ʠ, ʥʘʢʦʥʝʮ, ʤʦʥʦʤʝʨ (LnTeSO-4). ʂʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʯʠʩʣʘ 

ʣʘʥʪʘʥʦʠʜʦʚ ʫʤʝʥʴʰʘʶʪʩʷ ʩ ʜʝʚʷʪʠ (LnTeSO-1) Ÿ ʚʦʩʝʤʴ (LnTeSO-2 ʠ LnTeSO-3) Ÿ ʩʝʤʴ 

ʠ ʰʝʩʪʴ (LnTeSO-4). ʆʙʨʘʪʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʠʦʥʥʳʭ ʨʘʜʠʫʩʦʚ ʣʘʥʪʘʥʠʜʦʚ ʦʪ ʯʠʩʣʘ 

ʵʣʝʢʪʨʦʥʦʚ f ʜʘʝʪ ʦʯʝʥʴ ʭʦʨʦʰʫʶ ʣʠʥʝʡʥʫ ʁʘʧʧʨʦʢʩʠʤʘʮʠʶ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

ʣʘʥʪʘʥʠʜʦʚ. ʏʪʦʙʳ ʧʨʠʥʷʪʴ ʪʫ ʞʝ ʩʪʨʫʢʪʫʨʫ, ʯʪʦ ʠ LnTeSO-(1), ʜʣʷ Lu ʥʝʦʙʭʦʜʠʤ ʠʦʥʥʳʡ 

ʨʘʜʠʫʩ 0,96 ¡, ʠʩʭʦʜʷ ʠʟ ʫʨʘʚʥʝʥʠʷ y = 0,0112x + 0,8706. ʊʦʛʜʘ ʢʘʢ ʧʦ ʐʝʥʥʦʥʫ [56] ʠʦʥʥʳʡ 

ʨʘʜʠʫʩ ʜʣʷ ʜʝʚʷʪʠ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʛʦ Lu3+ ʩʦʩʪʘʚʣʷʝʪ 1,172 ¡. ʇʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʨʝʰʝʪʢʘ LnTeSO-1 ʠʩʧʳʪʳʚʘʝʪ ʚʦʟʨʘʩʪʘʶʱʫʶ ʜʝʬʦʨʤʘʮʠʶ ʩ 

ʫʤʝʥʴʰʝʥʠʝʤ ʠʦʥʥʦʛʦ ʨʘʜʠʫʩʘ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʬʘʟʦʚʳʤ ʧʝʨʝʭʦʜʘʤ ʜʣʷ ʧʦʟʜʥʠʭ 

ʣʘʥʪʘʥʦʠʜʦʚ. 

ʊʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ɢ, ɢ-1, ɢT ʠ ʧʦʣʝʚʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʧʨʠ 

1,8 ʂ ʜʣʷ Ce2(Te2O5)(SO4)2, Pr2(Te2O5)(SO4)2 ʠ Nd2(Te2O5)(SO4)2 ʧʦʢʘʟʘʥ rʥʘ ʨʠʩʫʥʢʝ 25. 

ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʚʳʰʝ 100 K ʦʙʨʘʪʥʳʝ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ (ɢ-1) ʜʣʷ ʘʥʘʣʦʛʦʚ Ce, Pr ʠ Nd 

ʧʦʜʯʠʥʷʶʪʩʷ ʟʘʢʦʥʫ ʂʶʨʠ-ɺʝʡʩʘ. ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ ʬʘʢʪʘ, ʨʘʩʩʯʠʪʘʣʠ ʢʦʥʩʪʘʥʪʳ ʂʶʨʠ C ʠ 

ʪʝʤʧʝʨʘʪʫʨʳ ʂʶʨʠ ï ɺʝʡʩʘ ɗCW. ʆʪʨʠʮʘʪʝʣʴʥʳʝ ʪʝʤʧʝʨʘʪʫʨʳ ɺʝʡʩʘ (ʪʘʙʣ. 4) ʫʢʘʟʳʚʘʶʪ ʥʘ 

ʧʨʝʦʙʣʘʜʘʥʠʝ ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʤʝʞʜʫ ʙʣʠʞʘʡʰʠʤʠ ʠʦʥʘʤʠ. 

ʕʬʬʝʢʪʠʚʥʳʡ ʤʦʤʝʥʪ ÕB, ʦʮʝʥʝʥʥʳʡ ʧʦ ʢʦʥʩʪʘʥʪʝ ʂʶʨʠ C,  ʨʘʚʝʥ 2,41,  3,76, 3,70  ʜʣʷ 

CeTeSO-(1), PrTeSO-(1), NdTeSO-(1) ʠ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʪʝʦʨʝʪʠʯʝʩʢʠʤ ʟʥʘʯʝʥʠʝʤ 2,54 

ÕB ʜʣʷ Ce3+ (2F5/2, J = 5/2, g = 6/7), 3,58 ÕB ʜʣʷ Pr3+ (3H4, J = 4, g = 4/5) ʠ 3,62 ÕB ʜʣʷ Nd3+ (4I9/2, 

J = 9/2, g = 8/11).  

ʆʙ ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʦʤ ʦʙʤʝʥʝ ʪʘʢʞʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʤʘʣʳʝ ʟʥʘʯʝʥʠʷ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʩʫʤʤʦʡ ʬʫʥʢʮʠʡ ɹʨʠʣʣʶʵʥʘ ʜʣʷ ʜʚʫʭ ʠʦʥʦʚ Ln3+ ʧʨʠ 1,8 

ʂ ʠ ʫʤʝʥʴʰʝʥʠʝ ʟʥʘʯʝʥʠʷ ɢT ʧʨʠ ʙʦʣʝʝ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. ɿʘʚʠʩʷʱʘʷ ʦʪ ʧʦʣʷ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ Pr2(Te2O5)(SO4)2 ʥʝʦʙʳʯʥʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʘʥʘʣʦʛʘʤʠ Ce ʠ Nd; ʦʥʘ 

ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʣʠʥʝʡʥʦʝ ʧʦʚʝʜʝʥʠʝ ʩ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʠʤ ʤʘʢʩʠʤʘʣʴʥʳʤ ʟʥʘʯʝʥʠʝʤ 

(1,62 ÕB). ʕʪʦʪ ʬʘʢʪ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ Pr3+ ʙʣʠʟʦʢ ʢ ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʦʤʫ 

ʫʧʦʨʷʜʦʯʝʥʠʶ, ʢʦʪʦʨʦʝ ʤʦʞʝʪ ʠʤʝʪʴ ʤʝʩʪʦ ʧʨʠ ʥʝʩʢʦʣʴʢʦ ʙʦʣʝʝ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʯʝʤ 

ʚ ʫʢʘʟʘʥʥʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ. 
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ʈʠʩ. 25. ʊʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ɢ, ɢ-1 (ʚʩʪʘʚʢʘ), ɢT ʠ ʧʦʣʝʚʘʷ ʟʘʚʠʩʠʤʦʩʪʴ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʧʨʠ 1,8 ʂ ʜʣʷ ʘ), ʙ), ʚ) Ln2(Te2O5)(SO4)2 (Ln = Ce, Pr ʠ Nd). ʉʧʣʦʰʥʘʷ 

ʢʨʘʩʥʘʷ ʣʠʥʠʷ ʥʘ ɢ-1 (ʚʩʪʘʚʢʘ) ʧʦʢʘʟʳʚʘʝʪ ʩʦʦʪʚʝʪʩʪʚʠʝ ʟʘʢʦʥʫ ʂʶʨʠ-ɺʝʡʩʩʘ, ʘ 

ʩʧʣʦʰʥʳʝ ʣʠʥʠʠ ʥʘ ʛʨʘʬʠʢʘʭ ʟʘʚʠʩʠʤʦʩʪʠ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʦʪ ʧʦʣʷ ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ, ʨʘʩʩʯʠʪʘʥʥʫʶ ʢʘʢ ʩʫʤʤʫ ʬʫʥʢʮʠʡ ɹʨʠʣʣʶʵʥʘ ʜʣʷ ʜʚʫʭ ʠʦʥʦʚ Ln3+[59] . 

LnTeSO-(1) (Ln = Sm). ʍʦʨʦʰʦ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʠʦʥ Sm3+ ʧʨʦʷʚʣʷʝʪ ʚʘʥ-ʌʣʝʢʦʚʩʢʠʡ 

ʧʘʨʘʤʘʛʥʝʪʠʟʤ, ʙʣʘʛʦʜʘʨʷ ʥʘʣʠʯʠʶ ʥʠʟʢʦʣʝʞʘʱʠʭ ʚʦʟʙʫʞʜʝʥʥʳʭ ʩʦʩʪʦʷʥʠʡ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʛʨʘʬʠʢ ʦʙʨʘʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʜʣʷ Sm2(Te2O5)(SO4)2 ʜʝʤʦʥʩʪʨʠʨʫʝʪ 

ʩʠʣʴʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʦʪ ʟʘʢʦʥʘ ʂʶʨʠīɺʝʡʩʩʘ (ʨʠʩ. 26). ʇʦ ʤʝʨʝ ʦʭʣʘʞʜʝʥʠʷ ʦʙʨʘʟʮʘ 

ʨʘʩʩʝʣʝʥʠʝ ʚʦʟʙʫʞʜʝʥʥʳʭ ʩʦʩʪʦʷʥʠʡ ʧʨʠʚʦʜʠʪ ʢ ʥʝʧʨʝʨʳʚʥʦʤʫ ʫʤʝʥʴʰʝʥʠʶ ɢT ʧʨʠ ʙʦʣʝʝ 

ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʩ ʧʨʠʤʝʨʥʦ ʣʠʥʝʡʥʦʡ ʟʘʚʠʩʠʤʦʩʪʴʶ. ɼʣʷ Sm2(Te2O5)(SO4)2 ʥʝ 

ʥʘʙʣʶʜʘʣʠ ʤʘʛʥʠʪʥʳʡ ʬʘʟʦʚʳʡ ʧʝʨʝʭʦʜ ʚʧʣʦʪʴ ʜʦ 1,8 ʂ ʠʟ-ʟʘ ʧʘʨʘʤʘʛʥʠʪʥʦʛʦ ʦʩʥʦʚʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʠʦʥʦʚ Sm3+ (6H5/2). ʊʝʤ ʥʝ ʤʝʥʝʝ, ʟʘʚʠʩʠʤʦʩʪʴ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʦʪ ʚʥʝʰʥʝʛʦ 

ʧʦʣʷ, ʠʟʤʝʨʝʥʥʘʷ ʧʨʠ 1,8 K, ʧʦʢʘʟʳʚʘʝʪ ʪʘʢʦʝ ʞʝ ʣʠʥʝʡʥʦʝ ʧʦʚʝʜʝʥʠʝ, ʢʘʢ ʠ ʚ 

Pr2(Te2O5)(SO4)2, ʩ ʤʘʢʩʠʤʘʣʴʥʳʤ ʟʥʘʯʝʥʠʝʤ 0,27 ÕB, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ 
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ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʦʝ ʫʧʦʨʷʜʦʯʝʥʠʝ ʤʦʞʝʪ ʥʘʙʣʶʜʘʪʴʩʷ ʧʨʠ ʥʝʩʢʦʣʴʢʦ ʙʦʣʝʝ ʥʠʟʢʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ, ʢʦʪʦʨʘʷ ʚʳʭʦʜʠʣʘ ʟʘ ʧʨʝʜʝʣʳ ʠʩʩʣʝʜʦʚʘʥʥʦʛʦ ʜʠʘʧʘʟʦʥʘ ʪʝʤʧʝʨʘʪʫʨ ʚ ʨʘʙʦʪʝ 

[59]. 

 

ʈʠʩ. 26. ʊʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʘ) ɢ ʠ ɢ-1 (ʚʩʪʘʚʢʘ), ʙ) ɢT ʠ ʚ) ʧʦʣʝʚʘʷ ʟʘʚʠʩʠʤʦʩʪʴ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʧʨʠ 1,8 K ʜʣʷ Sm2(Te2O5)(SO4)2 [59] . 

ʊʘʙʣʠʮʘ 4. ʄʘʛʥʠʪʥʳʝ ʧʘʨʘʤʝʪʨʳ ʪʝʣʣʫʨʠʪ-ʩʫʣʴʬʘʪʦʚ ʈɿʕ Ln2(Te2O5)(SO4)2, 

Ho3(TeO3)2(SO4)2(OH)(H2O), Ln2TeO3(SO4)2(H2O)2, Ln2(Te2O5)(SO4)2 ʠ Ln2(Te4O10)(SO4) [59]. 

ʐʠʬʨ ʩʦʝʜ. 

LnTeSO-n 
ʉ, ʵʤʝKʤʦʣʴ-1 ɗCW, K 

Õɻ ʬʬ, ÕB 

ʕʢʩʧ. ʊʝʦʨ. 

ʉe ï 1 1.453(5) ī54(8) 2.41 2.54 

Pr ï 1 3.54(5) ī12(1) 3.76 3.58 

Nd ï 1  3.42(7) ī44(2) 3.70 3.62 

Sm ï 1     0.84 

Tb ï 1  28.6(1) 9.9(5) 10.69 9.72 

Gd ï 5  17.75(4) ī7.7(4) 8.42 7.94 

Dy ï 5  29.25(1) ī4.26(9) 10.81 10.63 

Ho ï 5  31.86(2) ī8.4(2) 11.29 10.60 

Er ï 4  23.22(1) ī8.28(9) 9.64 9.59 

Er ï 5  22.73(2) ī4.1(1) 9.53 9.59 

Tm ï 4  15.93(3) ī4.2(3) 7.98 7.57 

Tm ï 5  16.72(3) ī15.8(4) 8.18 7.57 

Yb ï 4  5.64(2) ī58.6(9) 4.75 4.54 

 

ʄʘʛʥʠʪʥʦʝ ʧʦʚʝʜʝʥʠʝ ʊbʊʝSʆ-(1) ʭʦʨʦʰʦ ʦʧʠʩʳʚʘʝʪʩʷ ʟʘʢʦʥʦʤ ʂʶʨʠ-ɺʝʡʩʘ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ɢ-1 ʦʪ T ʧʦʯʪʠ ʚʦ ʚʩʝʤ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ 75-300 K ʩ ʧʦʣʦʞʠʪʝʣʴʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʦʡ ʂʶʨʠ ï ɺʝʡʩʘ ɗCW 9,9(5) K, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʬʝʨʨʦʤʘʛʥʠʪʥʫʶ ʦʙʤʝʥʥʫʶ 



47 

 

ʩʚʷʟʴ ʤʝʞʜʫ ʙʣʠʞʘʡʰʠʤʠ Tb3+ ʠʦʥʘʤʠ. ʕʬʬʝʢʪʠʚʥʳʡ ʤʦʤʝʥʪ ʨʘʚʝʥ 10,69 ÕB, ʯʪʦ ʩʨʘʚʥʠʤʦ 

ʩ ʪʝʦʨʝʪʠʯʝʩʢʠʤ ʟʥʘʯʝʥʠʝʤ 9,72 ÕB ʜʣʷ Tb3+ (7F6, J = 6, g = 3/2). ɺʝʣʠʯʠʥʘ ɢT TbTeSO-(1) 

ʤʦʥʦʪʦʥʥʦ ʚʦʟʨʘʩʪʘʝʪ ʩ ʧʦʥʠʞʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʦʪ 300 ʜʦ 10 K, ʘ ʟʘʪʝʤ ʨʝʟʢʦ ʚʦʟʨʘʩʪʘʝʪ 

ʦʪ 10 ʜʦ 1,8 K, ʯʪʦ ʷʚʣʷʝʪʩʷ ʝʱʝ ʦʜʠʥ ʧʦʢʘʟʘʪʝʣʝʤ ʢʦʨʦʪʢʦʜʝʡʩʪʚʫʶʱʠʭ ʬʝʨʨʦʤʘʛʥʠʪʥʳʭ 

ʢʦʨʨʝʣʷʮʠʡ ʤʝʞʜʫ ʤʘʛʥʠʪʥʳʤʠ ʤʦʤʝʥʪʘʤʠ Tb3+. ɿʘʚʠʩʠʤʦʩʪʴ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʦʪ 

ʚʥʝʰʥʝʛʦ ʧʦʣʷ, ʠʟʤʝʨʝʥʥʘʷ ʧʨʠ 1,8 K, ʧʦʢʘʟʳʚʘʝʪ ʨʝʟʢʦʝ ʫʚʝʣʠʯʝʥʠʝ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʧʨʠ 

ʩʣʘʙʦʤ ʧʦʣʝ. ʅʠʞʝ 0,75 ʊʣ ʟʥʘʯʝʥʠʝ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʙʦʣʴʰʝ, ʯʝʤ ʩʫʤʤʘ ʬʫʥʢʮʠʡ 

ɹʨʠʣʣʶʵʥʘ ʜʣʷ ʜʚʫʭ ʠʦʥʦʚ Tb3+, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʥʘʣʠʯʠʝ ʬʝʨʨʦʤʘʛʥʠʪʥʦʛʦ ʫʧʦʨʷʜʦʯʝʥʠʷ 

ʦʢʦʣʦ 1,8 K. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʚ ʧʦʣʷʭ ʚʳʰʝ 0,75 ʊʣ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ ʚʦʟʨʘʩʪʘʝʪ ʟʥʘʯʠʪʝʣʴʥʦ 

ʤʝʜʣʝʥʥʝʝ ʦʞʠʜʘʝʤʦʡ ʦʪ ʬʫʥʢʮʠʠ ɹʨʠʣʣʶʵʥʘ, ʯʪʦ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʟʘʩʝʣʝʥʠʝʤ 

ʥʠʟʢʦʣʝʞʘʱʠʭ ʚʦʟʙʫʞʜʝʥʥʳʭ ʩʦʩʪʦʷʥʠʡ. 

 

ʈʠʩ. 27. ʊʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʘ) ɢ ʠ ɢ-1 (ʚʩʪʘʚʢʘ), ʙ) ɢT ʠ ʚ) ʧʦʣʝʚʘʷ ʟʘʚʠʩʠʤʦʩʪʴ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʧʨʠ 1,8 K ʜʣʷ Tb2(Te2O5)(SO4)2.[59]  

LnTeSO-(5) (Ln = Gd, Dy, Ho). ɼʣʷ ʚʩʝʭ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ ʪʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ 

ɢ-1 ʧʦʜʯʠʥʷʝʪʩʷ ʟʘʢʦʥʫ ʂʶʨʠ-ɺʝʡʩʘ ʚ ʜʠʘʧʘʟʦʥʝ 1,8-300 ʂ (ʨʠʩ. 28). ɺʩʝ ʵʪʠ ʩʦʝʜʠʥʝʥʠʷ 

ʷʚʣʷʶʪʩʷ ʧʘʨʘʤʘʛʥʝʪʠʢʘʤʠ ʩ ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʳʤʠ ʢʦʨʨʝʣʷʮʠʷʤʠ ʤʝʞʜʫ ʩʦʩʝʜʥʠʤʠ Ln3+, 

ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʩʣʘʙʦ ʦʪʨʠʮʘʪʝʣʴʥʳʤʠ ʪʝʤʧʝʨʘʪʫʨʘʤʠ ʂʶʨʠ ï ɺʝʡʩʘ ɗCW (ʪʘʙʣ. 4) ʠ 

ʫʤʝʥʴʰʝʥʠʝʤ ʟʥʘʯʝʥʠʷ ɢT ʧʨʠ ʙʦʣʝʝ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. Gd3+ ʠʤʝʝʪ ʥʘʠʙʦʣʴʰʠʡ 

ʩʧʠʥʦʚʦʡ ʤʦʤʝʥʪ (S = 7/2), ʘ ʦʨʙʠʪʘʣʴʥʳʡ ʤʦʤʝʥʪ ʨʘʚʝʥ ʥʫʣʶ (L = 0). ɸʥʠʟʦʪʨʦʧʠʷ ʟʘʨʷʜʘ 

ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʨʘʩʱʝʧʣʝʥʠʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʧʦʣʷ ʦʪʩʫʪʩʪʚʫʶʪ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ GdTeSO-(5) ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʩʫʤʤʦʡ ʬʫʥʢʮʠʡ ɹʨʠʣʣʶʵʥʘ ʜʣʷ ʜʚʫʭ 

ʩʚʦʙʦʜʥʳʭ ʠʦʥʦʚ Gd3+. ʇʦʥʠʞʝʥʥʘʷ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ DyTeSO-(5) ʠ HoTeSO-(5) ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʩʫʤʤʦʡ ʬʫʥʢʮʠʡ ɹʨʠʣʣʶʵʥʘ ʜʣʷ ʜʚʫʭ ʩʚʦʙʦʜʥʳʭ ʠʦʥʦʚ Ln3+ ʤʦʞʝʪ ʙʳʪʴ 

ʦʙʲʷʩʥʝʥʘ ʨʘʩʱʝʧʣʝʥʠʝʤ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʤ ʧʦʣʝ ʠ, ʚʦʟʤʦʞʥʦ, ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʳʤʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤʠ ʤʝʞʜʫ ʠʦʥʘʤʠ Ln3+. ʕʬʬʝʢʪʠʚʥʳʝ ʤʘʛʥʠʪʥʳʝ ʤʦʤʝʥʪʳ ʥʘ ʠʦʥʘʭ Ln3+ 

ʫʢʘʟʘʥʳ ʚ ʪʘʙʣʠʮʝ 4, ʦʥʠ ʭʦʨʦʰʦ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʜʘʥʥʳʤ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʨʘʩʯʸʪʦʚ ʜʣʷ Gd3+ 

(8S7/2, J = 7/2, g = 2), Dy3+ (6H15/2, J = 15/2, g = 4/3) ʠ Ho
3+ (5I8, J = 8, g = 5/4), ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 
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ʈʠʩ. 28. ʊʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ɢT, ɢ-1 (ʚʩʪʘʚʢʘ) ʠ ʧʦʣʝʚʘʷ ʟʘʚʠʩʠʤʦʩʪʴ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʧʨʠ 1,8 ʂ ʜʣʷ GdTeSO-5 ʘ), DyTeSO-5 ʙ) ʠ HoTeSO-5 ʚ)[59]. 

ʀ LnTeSO-(4), ʠ LnTeSO-(5) ʩʦʜʝʨʞʘʪ ʧʦ ʜʚʘ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠ ʥʝʟʘʚʠʩʠʤʳʭ 

ʠʦʥʘ Ln3+, ʥʦ ʠʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʧʦʣʠʵʜʨʳ ʩʦʚʝʨʰʝʥʥʦ ʨʘʟʣʠʯʥ.r ʇʦʣʠʵʜʨʳ Ln ʚ 

LnTeSO-(4) ʥʝ ʩʚʷʟʘʥʳ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʠ ʧʨʠʩʫʪʩʪʚʫʶʪ ʚ ʩʪʨʫʢʪʫʨʝ ʢʘʢ ʥʫʣʴʤʝʨʥʳʝ 

ʤʦʥʦʤʝʨʳ. ʆʜʥʘʢʦ ʧʦʣʠʵʜʨʳ Ln1 ʠ Ln2 ʚ LnTeSO-(5) ʠʤʝʶʪ ʦʙʱʠʝ ʨʝʙʨʘ ʠ ʛʨʘʥʠ ʜʨʫʛ ʩ 

ʜʨʫʛʦʤ, ʦʙʨʘʟʫʷ ʪʝʪʨʘʤʝʨʥʫʶ ʝʜʠʥʠʮʫ. ɹʣʠʞʘʡʰʠʝ ʨʘʩʩʪʦʷʥʠʷ Ln-Ln ʜʣʷ ErTeSO-(4) ʠ 

TmTeSO-(4) ʩʦʩʪʘʚʣʷʶʪ 5,142(7) ¡ ʠ 5,112(5) ¡, ʯʪʦ ʜʦʩʪʘʪʦʯʥʦ ʚʝʣʠʢʦ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

3,6849(7) ¡ ʠ 3,6915(9) ¡ ʜʣʷ ErTeSO-(5) ʠ TmTeSO-(5), ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʚ 

ʢʨʠʚʳʝ ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʧʦ ʟʘʢʦʥʫ ʂʶʨʠ-ɺʝʡʩʘ, ʘʚʪʦʨʳ [59] ʩʤʦʛʣʠ ʨʘʩʩʯʠʪʘʪʴ 

ʟʥʘʯʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨ ʂʶʨʠ-ɺʝʡʩʘ ʠ ʵʬʬʝʢʪʠʚʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ (ʪʘʙʣ. 4). 

ʆʪʨʠʮʘʪʝʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ɗCW ʫʢʘʟʳʚʘʝʪ ʥʘ ʧʨʝʦʙʣʘʜʘʥʠʝ ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʳʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʚ ʩʦʝʜʠʥʝʥʠʷʭ. ʅʘʙʣʶʜʘʣʠ ʦʪʢʣʦʥʝʥʠʝ ʟʥʘʯʝʥʠʡ ɢT ʤʝʞʜʫ ʜʚʫʤʷ 

ʩʪʨʫʢʪʫʨʘʤʠ ʩ ʦʜʥʠʤ ʠ ʪʝʤ ʞʝ ʈɿʕ ʦʪ 5 ʜʦ 200 K, ʯʪʦ ʚʦʟʤʦʞʥʦ ʦʪʥʝʩʪʠ ʢ ʨʘʟʥʳʤ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʤ ʧʦʣʷʤ. ʇʦʣʝʚʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ, ʠʟʤʝʨʝʥʥʘʷ ʧʨʠ 1,8 ʂ, 

ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ LnTeSO-(5) ʠʤʝʝʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ, ʯʝʤ 

LnTeSO-(4); ʵʪʦ ʷʚʣʷʝʪʩʷ ʩʚʠʜʝʪʝʣʴʩʪʚʦʤ ʙʦʣʝʝ ʩʠʣʴʥʦʛʦ ʨʘʩʱʝʧʣʝʥʠ ̫ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʤ 

ʧʦʣʝ ʜʣʷ ʩʪʨʫʢʪʫʨ rLnTeSO-(5). 
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ʈʠʩ. 29. ʊʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ɢT ʠ ʧʦʣʝʚʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʧʨʠ 1,8 

K ʜʣʷ ʘ) ErTeSO-(4) ʠ ErTeSO-(5) ʠ ʙ) ʊmTeSO-(4) ʠ TmTeSO-(5) [59] . 

 

ʈʠʩ. 30. ʘ) ʊʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ɢT (ʘ), ɢ-1 ʙ) ʠ ʧʦʣʝʚʘʷ ʟʘʚʠʩʠʤʦʩʪʴ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ, ʚ) ʧʨʠ 1,8 ʂ ʜʣʷ YbTeSO-(4) [59] . 

ʍʦʪʷ YbTeSO-(4) ʠʟʦʩʪʨʫʢʪʫʨʝʥ LnTeSO-(4) (Ln = Er ʠ Tm), ʝʛʦ ʤʘʛʥʠʪʥʦʝ 

ʧʦʚʝʜʝʥʠʝ ʦʪʣʠʯʥʦ. ɼʘʥʥʳʝ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʘʥʘʣʠʟʝ ʢʨʠʚʦʡ ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ 

(ʪʘʙʣ. 4), ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʚ ʚʝʱʝʩʪʚʝ ʧʨʝʚʘʣʠʨʫʶʪ ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. 

ʕʪʦʪ ʚʳʚʦʜ ʪʘʢʞʝ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʧʦʣʝʚʳʤʠ ʟʘʚʠʩʠʤʦʩʪʷʤʠ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ, ʛʜʝ 

ʥʘʙʣʶʜʘʶʪʩʷ ʤʝʥʴʰʠʝ ʟʥʘʯʝʥʠʷ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʩʫʤʤʦʡ ʬʫʥʢʮʠʡ 

ɹʨʠʣʣʶʵʥʘ ʜʣʷ ʜʚʫʭ ʠʦʥʦʚ Yb3+. ʇʦʣʫʯʝʥʥʳʡ ʬɻʬʝʢʪʠʚʥʳʡ ʤʦʤʝʥʪ ʙʣʠʟʦʢ ʢ 

ʪʝʦʨʝʪʠʯʝʩʢʦʤʫ ʟʥʘʯʝʥʠʶ ʜʣʷ Yb3+ (2F7/2, J = 7/2, g = 8/7) (ʪʘʙʣ. 4).  
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ʅʘ Eu2(Te2O5)(SO4)2 ʠ Tb2(Te2O5)(SO4)2  ʧʨʠ ʚʦʟʙʫʞʜʝʥʠʠ ʥʘ ʚʦʣʥʝ ʜʣʠʥʦʡ 315 ʥʤ 

ʥʘʙʣʶʜʘʣʠ ʭʘʨʘʢʪʝʨʥʦʝ ʠʟʣʫʯʝʥʠʝ Eu3+ ʠ Tb3+ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʂʨʠʩʪʘʣʣʳ EuTeSO-(1) ʠ 

TbTeSO-(1) ʬʣʫʦʨʝʩʮʠʨʫʶʪ ʩ ʜʦʩʪʘʪʦʯʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ, ʯʪʦʙʳ ʠʟʣʫʯʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ 

ʢʨʠʩʪʘʣʣʦʚ ʙʳʣʦ ʣʝʛʢʦ ʥʘʙʣʶʜʘʪʴ ʥʝʚʦʦʨʫʞʝʥʥʳʤ ʛʣʘʟʦʤ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 31.  

 

ʈʠʩ. 31. ʉʧʝʢʪʨʳ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ Eu2(Te2O5)(SO4)2 ʠ Tb2(Te2O5)(SO4) [59] . 

ʇʦ ʜʘʥʥʳʤ ʘʚʪʦʨʦʚ [59], ʚʩʝ ʩʦʝʜʠʥʝʥʠʷ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʧʦʛʣʦʱʝʥʠʝ ʚ ʜʠʘʧʘʟʦʥʝ 

ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʦʪ 250 ʜʦ 350 ʥʤ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʧʝʨʝʥʦʩʦʤ ʟʘʨʷʜʘ Te-O ʥʘ 

ʦʩʥʦʚʝ ʠʟʤʝʨʝʥʠʷ ʢʨʠʩʪʘʣʣʘ TeO2. ʕʣʝʢʪʨʦʥʥʳʝ ʧʝʨʝʭʦʜʳ 4f-ʵʣʝʤʝʥʪʦʚ ʦʧʠʩʘʥʳ ʚ 

ʣʠʪʝʨʘʪʫʨʝ, ʠ ʭʘʨʘʢʪʝʨʥʳʝ ʧʠʢʠ ʪʨʝʭʚʘʣʝʥʪʥʳʭ ʣʘʥʪʘʥʦʠʜʦʚ ʦʪʦʙʨʘʞʘʶʪʩʷ ʚ ʠʭ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʩʧʝʢʪʨʝ. 

ʐʠʨʦʢʠʡ ʨʷʜ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʜʘʥʥʦʤ ʨʷʜʫ ʫʢʘʟʳʚʘʝʪ ʥʘ ʙʦʣʴʰʦʡ 

ʧʦʪʝʥʮʠʘʣ ʧʦʠʩʢʘ ʥʦʚʳʭ ʪʝʣʣʫʨʠʪ-ʩʫʣʴʬʘʪʦʚ ʠʣʠ ʩʝʣʝʥʘʪʦʚ.    

1.4.3.2. ʉʪʨʫʢʪʫʨʘ ʤʠʥʝʨʘʣʘ ʥʘʙʦʦʢʦʠʪʘ KCu7TeO4(SO4)5Cl  

ɺ 1987 ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʜʚʘ ʤʠʥʝʨʘʣʘ ʥʘʙʦʢʦʠʪ Cu7TeO4(SO4)5ĿKC1 ʠ ʘʪʣʘʩʦʚʠʪ 

Cu6Fe3+Bi3+O4(SO4)5 KC1 ʚ ʧʨʦʜʫʢʪʘʭ ʚʦʟʛʦʥʘ ʥʘ ʎʝʥʪʨʘʣʴʥʦʤ ʬʫʤʘʨʦʣʴʥʦʤ ʧʦʣʝ ʶʞʥʦʛʦ 

ʢʨʳʣʘ ɺʪʦʨʦʛʦ ʰʣʘʢʦʚʦʛʦ ʢʦʥʫʩʘ ʉʝʚʝʨʥʦʛʦ ʧʨʦʨʳʚʘ ɹʦʣʴʰʦʛʦ ʪʨʝʱʠʥʥʦʛʦ 

ʊʦʣʙʘʯʠʥʩʢʦʛʦ ʠʟʚʝʨʞʝʥʠʷ [62]. ʄʠʥʝʨʘʣ ʥʘʙʦʢʦʠʪ ʙʳʣ ʥʘʟʚʘʥ ʚ ʯʝʩʪʴ ʠʟʚʝʩʪʥʦʛʦ 

ʨʦʩʩʠʡʩʢʦʛʦ ʚʫʣʢʘʥʦʣʦʛʘ ʠ ʤʠʥʝʨʘʣʦʛʘ ʉʦʬʴʠ ʀʚʘʥʦʚʥʳ ʅʘʙʦʢʦ, ʘ ʘʪʣʘʩʦʚʠʪ ʚ ʯʝʩʪʴ 

ʦʜʥʦʛʦ ʠʟ ʧʝʨʚʳʭ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʂʘʤʯʘʪʩʢʦʛʦ ʧʦʣʫʦʩʪʨʦʚʘ ɺʣʘʜʠʤʠʨʘ ɺʘʩʠʣʴʝʚʠʯʘ 

ɸʪʣʘʩʦʚʘ.  
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ʉʪʨʫʢʪʫʨʫ ʥʘʙʦʢʦʠʪʘ ʫʜʘʣʦʩʴ ʦʧʠʩʘʪʴ ʚ 1988 ʛʦʜʫ [62]. ʅʘʙʦʢʦʠʪ ʠʤʝʝʪ 

ʪʝʪʨʘʛʦʥʘʣʴʥʫʶ ʩʠʥʛʦʥʠʶ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ ʛʨʫʧʧʫ P4/ncc ʩ ʧʘʨʘʤʝʪʨʘʤʠ ʵʣʝʤʝʥʪʘʨʥʦʡ 

ʷʯʝʡʢʠ a = 9.833(1) ¡, c = 20.591 (2) ¡, Z = 4 [63]. ɺ ʩʪʨʫʢʪʫʨʝ ʥʘʙʦʢʦʠʪʘ ʪʨʠ 

ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠ ʥʝʟʘʚʠʩʠʤʳʭ ʠʦʥʘ Cu2+, ʦʜʠʥ ʠʦʥ Te4+, ʜʚʘ S6+ ʠ ʦʜʠʥ K+. ɸʪʦʤʳ Cu1 

ʠ Cu2 ʥʘʭʦʜʷʪʩʷ ʚ ʠʩʢʘʞʝʥʥʳʭ ʵʬʬʝʢʪʦʤ ʗʥ ï ʊʝʣʣʝʨʘ ʦʢʪʘʵʜʨʘʭ.  ʆʢʪʘʵʜʨ ʜʣʷ ʉu1 

ʦʙʨʘʟʫʶʪ ʧʷʪʴ ʘʪʦʤʦʚ ʆ ʠ ʦʜʠʥ Cl [Cu1O5Cl], ʘ ʜʣʷ Cu2 ʚʩʸ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʦʢʨʫʞʝʥʠʝ 

ʩʦʩʪʦʠʪ ʠʟ ʰʝʩʪʠ ʘʪʦʤʦʚ ʆ [Cu2O6]. Cu3 ʣʝʞʠʪ ʚ ʦʩʥʦʚʘʥʠʠ ʪʝʪʨʘʛʦʥʘʣʴʥʦʡ ʧʠʨʘʤʠʜʳ ʚ 

ʦʢʨʫʞʝʥʠʠ ʯʝʪʳʨʸʭ ʘʪʦʤʦʚ ʆ ʠ ʦʜʥʦʛʦ ʉl ʥʘ ʚʝʨʰʠʥʝ ʧʠʨʘʤʠʜʳ. ɸʪʦʤ Te ʦʢʨʫʞʝʥ 4 

ʘʪʦʤʘʤʠ ʆ, ʬʦʨʤʠʨʫʶʱʠʤʠ ʪʝʪʨʘʛʦʥʘʣʴʥʫʶ ʧʠʨʘʤʠʜʫ, ʥʘ ʚʝʨʰʠʥʝ ʢʦʪʦʨʦʡ ʊʝ. ʂʘʢ 

ʦʧʠʩʳʚʘʶʪ ʘʚʪʦʨʳ [63], ʚ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʦʢʨʫʞʝʥʠʝ K ʧʦʧʘʜʘʝʪ 4 ʘʪʦʤʘ ʆ, ʢʦʪʦʨʳʝ 

ʦʙʨʘʟʫʶʪ ʠʩʢʘʞʝʥʥʳʡ ʜʠʩʬʝʥʦʠʜ. ʂʦʦʨʜʠʥʘʮʠʷ S ʪʠʧʠʯʥʘ ʜʣʷ ʩʪʝʧʝʥʠ ʦʢʠʩʣʝʥʠʷ 6, ʝʝ 

ʩʦʩʪʘʚʣʷʶʪ 4 ʘʪʦʤʘ ʢʠʩʣʦʨʦʜʘ ʧʦ ʤʦʪʠʚʫ ʪʝʪʨʘʵʜʨʘ.  

 

ʈʠʩ. 32. ɺʠʜ ʥʘ ʵʣʝʤʝʥʪʘʨʥʫʶ ʷʯʝʡʢʫ KCu7TeO4(SO4)5Cl ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʧʣʦʩʢʦʩʪʠ ac. 

ɺ ʩʪʨʫʢʪʫʨʝ ʥʘʙʦʢʦʠʪʘ ʦʢʪʘʵʜʨʳ Cu1 ʯʝʨʝʟ ʦʙʱʠʝ ʨʝʙʨʘ ʬʦʨʤʠʨʫʶʪ ʪʝʪʨʘʤʝʨʳ ʚ 

ʬʦʨʤʝ ʯʝʪʳʨʝʭʢʦʥʝʯʥʦʡ ʟʚʝʟʜʳ ʩ ʪʝʪʨʘʛʦʥʘʣʴʥʳʤʠ ʧʠʨʘʤʠʜʘʣʴʥʳʤʠ ʧʦʣʦʩʪʷʤʠ. ʉ ʝʝ 

ʦʪʢʨʳʪʦʡ ʩʪʦʨʦʥʳ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʪʝʣʣʫʨʠʪ ʘʥʠʦʥ, ʩʚʷʟʘʥʥʳʡ ʩ ʥʝʡ ʦʙʱʠʤʠ ʨʸʙʨʘʤʠ, ʘ ʩ 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʡ - ʧʠʨʘʤʠʜʳ Cu2, ʩʚʷʟʘʥʥʳʝ ʯʝʨʝʟ ʦʙʱʠʡ ʠʦʥ Cl-. ʊʝʪʨʘʤʝʨʳ ʠʟ ʦʢʪʘʵʜʨʦʚ 

ʩʚʷʟʳʚʘʶʪʩʷ ʚ ʦʙʱʠʡ ʩʣʦʡ ʯʝʨʝʟ ʦʢʪʘʵʜʨʳ ʉu3, ʬʦʨʤʠʨʫʷ ʩʣʦʡ ʙʦʛʘʪʳʡ ʤʝʜʴʶ. 

ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʵʪʠ ʛʝʪʝʨʦʧʦʣʠʵʜʨʠʯʝʩʢʠʝ ʩʣʦʠ ʩʰʠʚʘʶʪʩʷ ʩʫʣʴʬʘʪʥʳʤʠ ʛʨʫʧʧʠʨʦʚʢʘʤʠ. 

ɺ ʤʝʞʩʣʦʝʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʨʘʩʧʦʣʦʞʝʥʳ ʠʦʥʳ K+, ʟʘʤʳʢʘʶʱʠʝ ʩʪʨʫʢʪʫʨʫ ʚ ʪʨʝʭʤʝʨʥʳʡ 

ʢʘʨʢʘʩ ʩ ʦʪʢʨʳʪʳʤʠ ʢʘʥʘʣʘʤʠ (ʨʠʩ. 32).  
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ʀʤʝʥʥʦ ʚ ʩʣʦʷʭ ʙʦʛʘʪʳʭ ʤʝʜʴʶ ʠ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʤʝʜʥʫʶ ʧʦʜʨʝʰʝʪʢʫ, ʩʦʝʜʠʥʠʚ 

ʚʩʝ ʘʪʦʤʳ Cu(1) ʠ Cu(3), ʥʘʭʦʜʷʱʠʝʩʷ ʚ ʧʨʝʜʝʣʘʭ 3.5 ¡. ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʙʨʘʟʫʝʪʩʷ 

ʧʦʜʨʝʰʝʪʢʘ ʧʦ ʪʠʧʫ ʠʩʢʘʞʝʥʥʦʡ, ʟʠʛʟʘʛʦʦʙʨʘʟʥʦʡ ʢʚʘʜʨʘʪʥʦʡ ʨʝʰʝʪʢʠ ʢʘʛʦʤʵ (ʂʈʂ), ʘ 

ʤʝʞʜʫ ʩʣʦʷʤʠ ʂʈʂ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 4.6 ¡ ʙʫʜʫʪ ʨʘʩʧʦʣʘʛʘʪʴʩʷ ʘʪʦʤʳ Cu(2) (ʨʠʩ. 33).  

 

 

ʈʠʩ. 33. ʘ), ʙ) ʇʦʜʨʝʰʝʪʢʘ ʠʟ ʩʦʝʜʠʥʸʥʥʳʭ ʠʦʥʦʚ Cu2+ ʚ ʩʪʨʫʢʪʫʨʝ ʥʘʙʦʢʦʠʪʘ, ʚ) 

ʠʜʝʘʣʴʥʘʷ ʂʈʂ. 

ʂʈʂ ʦʪʥʦʩʠʪʩʷ ʢ ʩʠʣʴʥʦ ʬʨʫʩʪʨʠʨʦʚʘʥʥʳʤ ʚʠʜʘʤ ʨʝʰʝʪʦʢ, ʛʜʝ ʚʳʩʦʢʘ ʚʝʨʦʷʪʥʦʩʪʴ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʧʠʥʦʚʦʡ ʞʠʜʢʦʩʪʠ. ɺ 2020 ʛʦʜʫ ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʩʦʝʜʠʥʝʥʠʝ ʩʦʩʪʘʚʘ 

KCu6AlBiO4(SO4)5Cl, ʛʜʝ ʫʜʘʣʦʩʴ ʟʘʬʠʢʩʠʨʦʚʘʪʴ ʩʦʩʪʦʷʥʠʝ ʩʧʠʥʦʚʦʡ ʞʠʜʢʦʩʪʠ ʚ ʂʈʂ [64]. 

ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʵʪʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʩʭʦʞʝ ʩ ʘʪʣʘʩʦʚʠʪʦʤ Cu6Fe3+Bi3+O4(SO4)5 KCl 

ʠ ʥʘʙʦʢʦʠʪʦʤ.  ʅʦ ʚ ʦʪʣʠʯʠʝ ʦʪ ʥʘʙʦʢʦʠʪʘ ʠʣʠ ʘʪʣʘʩʦʚʠʪʘ ʚ ʵʪʦʤ ʩʦʝʜʠʥʝʥʠʠ ʤʝʞʜʫ ʩʣʦʷʤʠ 

ʂʈʂ ʥʘʭʦʜʠʣʩʷ ʥʝʤʘʛʥʠʪʥʳʡ ʢʘʪʠʦʥ Al3+. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚʝʨʦʷʪʥʦʩʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 
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ʩʣʦʝʚ ʂʈʂ ʚ ʪʘʢʦʤ ʩʣʫʯʘʝ ʤʠʥʠʤʘʣʴʥʘ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʙʦʣʴʰʦʝ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʘʪʦʤʦʤ 

Cu2 ʠ ʂʈʂ ʚ ʩʪʨʫʢʪʫʨʝ ʥʘʙʦʢʦʠʪʘ ʜʘʝʪ ʚʝʨʦʷʪʥʦʩʪʴ ʪʦʛʦ, ʯʪʦ ʦʥ ʥʝ ʧʨʠʚʝʜʝʪ ʢ ʧʦʣʥʦʤʫ 

ʫʧʦʨʷʜʦʯʝʥʠʶ ʤʘʛʥʠʪʥʦʡ ʧʦʜʩʠʩʪʝʤʳ.      

 

1.4.4. ʉʝʣʝʥʠʪ-ʩʝʣʝʥʘʪʳ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ 

1.4.4.1. ʉʪʨʫʢʪʫʨʘ ʠ ʩʠʥʪʝʟ Ln2(SeO3)2(SeO4)Ā2H2O 

ʇʝʨʚʳʤ ʠʟ ʜʘʥʥʦʛʦ ʨʷʜʘ ʩʦʝʜʠʥʝʥʠʡ ʙʳʣ ʧʦʣʫʯʝʥ Er2(SeO3)2(SeO4)Ā2H2O [65]. ɽʛʦ 

ʩʪʨʫʢʪʫʨʘ ʩʭʦʞʘ ʩʦ ʩʪʨʫʢʪʫʨʦʡ Dy2(SO3)2(SO4)Ā2H2O [53] ʠ Ln2(SeO3)2(SO4) 2H2O (Ln = Sm, 

Dy, Yb) [56]. ʀʦʥʳ Er3+, ʢʘʢ ʠ ʚ ʩʣʫʯʘʷʭ ʩʫʣʴʬʠʪ ʠ ʩʝʣʝʥʠʪ-ʩʫʣʴʬʘʪʦʚ, ʥʘʭʦʜʷʪʩʷ ʚ 

ʦʢʨʫʞʝʥʠʠ ʚʦʩʴʤʠ ʘʪʦʤʦʚ O. ʀʦʥʳ ʩʝʣʝʥʘ Se4+ ʠ Se6+ ʘʥʘʣʦʛʠʯʥʦ ʩʫʣʴʬʠʪ-ʩʫʣʴʬʘʪʫ ʠʤʝʶʪ 

ʧʦ ʦʜʥʦʡ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠ ʥʝʟʘʚʠʩʠʤʦʡ ʧʦʟʠʮʠʠ. ʅʦ ʩʝʣʝʥʘʪʥʘʷ ʛʨʫʧʧʠʨʦʚʢʘ ʚ ʜʘʥʥʦʡ 

ʩʪʨʫʢʪʫʨʝ ʨʘʩʱʝʧʣʝʥʘ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʥʘ ʜʚʝ ʟʝʨʢʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʴʶ ʩ ʟʘʩʝʣʸʥʥʦʩʪʷʤʠ 50%. 

ɸʥʘʣʦʛʠʯʥʦ ʧʦʣʠʵʜʨʳ ErO8 ʬʦʨʤʠʨʫʶʪ ʟʠʛʟʘʛʦʦʙʨʘʟʥʳʝ ʮʝʧʦʯʢʠ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʚʜʦʣʴ ʦʩʠ 

b, ʩʦʯʣʝʥʷʷʩʴ ʦʙʱʠʤʠ ʨʝʙʨʘʤʠ. ʎʝʧʦʯʢʠ ErO8 ʩ ʜʚʫʭ ʩʪʦʨʦʥ ʜʝʢʦʨʠʨʫʶʪʩʷ ʩʝʣʝʥʠʪʥʳʤʠ 

ʛʨʫʧʧʠʨʦʚʢʘʤʠ ʠ ʩʚʷʟʳʚʘʶʪ ʟʠʛʟʘʛʦʦʙʨʘʟʳʥʝ ʮʝʧʦʯʢʠ ʚ ʩʣʦʡ. ʉʣʦʠ ʢʦʥʪʘʢʪʠʨʫʶʪ ʤʝʞʜʫ 

ʩʦʙʦʡ ʯʝʨʝʟ ʩʝʣʝʥʘʪʥʳʝ ʛʨʫʧʧʠʨʦʚʢʠ, ʢʦʪʦʨʳʝ ʨʘʩʱʝʧʣʝʥʳ ʥʘ ʜʚʝ ʟʝʨʢʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʴʶ 

ʧʘʨʘʣʣʝʣʴʥʦ ʧʣʦʩʢʦʩʪʠ ʘʩ ʠ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʬʦʨʤʠʨʫʶʪ ʪʨʸʭʤʝʨʥʳʡ ʢʘʨʢʘʩ ʧʦ ʪʠʧʫ 

Dy2(SO3)2(SO4)Ā2H2O (ʨʠʩ.5). ʇʦʟʠʮʠʠ ʘʪʦʤʦʚ ʚʦʜʦʨʦʜʘ ʚ ʫʢʘʟʘʥʥʦʡ ʨʘʙʦʪʝ ʫʪʦʯʥʠʪʴ ʥʝ 

ʫʜʘʣʦʩʴ. 

ʉʣʝʜʫʝʪ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʩʝʣʝʥʘʪʥʳʝ ʠ ʩʫʣʴʬʘʪʥʳʝ ʛʨʫʧʧʠʨʦʚʢʠ ʠʤʝʶʪ ʦʜʠʥʘʢʦʚʫʶ 

ʪʝʪʨʘʵʜʨʠʯʝʩʢʫʶ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ ʢʦʥʬʠʛʫʨʘʮʠʶ (ʩʝʣʝʥʘʪ-ʘʥʠʦʥ ʧʨʠʤʝʨʥʦ ʥʘ 10% 

ʙʦʣʴʰʝ), ʧʨʠ ʵʪʦʤ ʜʦʚʦʣʴʥʦ ʯʘʩʪʦ ʚʩʪʨʝʯʘʶʪʩʷ ʩʝʣʝʥʘʪʳ ʠʟʦʩʪʨʫʢʪʫʨʥʳʝ ʩʫʣʴʬʘʪʘʤ. 

ʂʨʠʩʪʘʣʣʦʭʠʤʠʷ ʩʦʝʜʠʥʝʥʠʡ, ʩʦʜʝʨʞʘʱʠʭ ʠʦʥ ʩʝʣʝʥʠʪʘ ʠ ʩʫʣʴʬʠʪʘ, ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 

ʩʪʝʨʝʦʭʠʤʠʯʝʩʢʠ ʘʢʪʠʚʥʦʡ ʅʕʇ ʥʘ ʘʪʦʤʝ ʭʘʣʴʢʦʛʝʥʘ. ʉʘʤʘ ʞʝ ʭʘʣʴʢʦʛʝʥʠʪʥʘʷ ʛʨʫʧʧʠʨʦʚʢʘ 

ʠʤʝʝʪ ʬʦʨʤʫ ʪʨʠʛʦʥʘʣʴʥʦʡ ʧʠʨʘʤʠʜʳ, ʚ ʚʝʨʰʠʥʝ ʢʦʪʦʨʦʡ, ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʘʪʦʤ ʭʘʣʴʢʦʛʝʥʘ. 

ɺ ʦʪʣʠʯʠʝ ʦʪ ʩʪʨʫʢʪʫʨ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʩʝʣʝʥʘʪʦʚ, ʩʪʨʫʢʪʫʨʳ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʩʝʣʝʥʠʪʦʚ 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʤʝʶʪ ʦʪʥʦʰʝʥʠʷ ʢ ʩʪʨʫʢʪʫʨʘʤ ʠʭ ʩʫʣʴʬʠʪʥʳʭ ʘʥʘʣʦʛʦʚ. 
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ʈʠʩ. 34. ʂʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʦʢʨʫʞʝʥʠʝ Er3+ ʚ ʩʪʨʫʢʪʫʨʝ Er2(SeO3)2(SeO4)Ā2H2O 

 

ʈʠʩ. 35. ʋʜʚʦʝʥʥʘʷ ʵʣʝʤʝʥʪʘʨʥʘʷ ʷʯʝʡʢʘ ʜʣʷ Er2(SeO3)2(SeO4)Ā2H2O 

ʉʦʝʜʠʥʝʥʠʝ Er2(SeO3)2(SeO4)Ā2H2O ʙʳʣʦ ʩʠʥʪʝʟʠʨʦʚʘʥʦ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʤ ʤʝʪʦʜʦʤ 

ʠʟ ʩʤʝʩʠ Er(NO3)3*5H20 (1 ʛ.), SeO2 (1 ʛ.) ʠ 15 ʤʣ ʚʦʜʳ. ɿʘʪʝʤ ʜʘʥʥʫʶ ʩʤʝʩʴ ʧʦʤʝʱʘʣʠ ʚ 

ʩʪʘʣʴʥʦʡ ʘʚʪʦʢʣʘʚ ʩ ʚʢʣʘʜʳʰʝʤ ʠʟ ʇʊʌʕ ʠ ʥʘʛʨʝʚʘʣʠ ʜʦ 200Áʉ ʚ ʪʝʯʝʥʠʝ 48 ʯʘʩʦʚ. ʈʘʩʪʚʦʨ 

ʤʝʜʣʝʥʥʦ ʦʭʣʘʞʜʘʣʠ ʠ ʧʦʣʫʯʘʣʠ ʥʝʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʙʣʝʜʥʦ-ʨʦʟʦʚʦʛʦ ʧʦʨʦʰʢʘ, 

ʩʦʜʝʨʞʘʱʝʛʦ ʥʝʩʢʦʣʴʢʦ ʤʝʣʢʠʭ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ (ʤʘʢʩʠʤʘʣʴʥʳʝ ʨʘʟʤʝʨ 0,15 ʭ 0,15 ʭ 0,1 

ʤʤ). ɼʘʥʥʳʝ ʢʨʠʩʪʘʣʣʳ ʙʳʣʠ ʠʟʚʣʝʯʝʥʳ ʧʨʠ ʬʠʣʴʪʨʘʮʠʠ ʧʦʜ ʚʘʢʫʫʤʦʤ.  
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ʈʠʩ. 36. ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ Er2(SeO3)2(SeO4)Ā2H2O ʧʘʨʘʣʣʝʣʴʥʦ ʦʩʠ ʩ ʠ 

ʨʘʩʱʝʧʣʝʥʠʝ ʧʦʟʠʮʠʠ ʪʝʪʨʘʵʜʨʠʯʝʩʢʦʡ ʛʨʫʧʧʠʨʦʚʢʠ SO4  

 

ʈʠʩ. 37. ʂʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʦʢʨʫʞʝʥʠʝ Nd3+ ʚ ʩʪʨʫʢʪʫʨʝ Nd2(SeO3)2SeO4Ā2H2O. 

ʅʝʤʥʦʛʦ ʩʧʫʩʪʷ ʙʳʣ ʧʦʣʫʯʝʥ Nd2(SeO3)2(SeO4)Ā2H2O, ʩʪʨʫʢʪʫʨʘ ʢʦʪʦʨʦʛʦ 

Nd2(SeO3)2SeO4Ŀ2H2O [66, 67] ʧʦʣʥʦʩʪʴʶ ʘʥʘʣʦʛʠʯʥʘ ʩʪʨʫʢʪʫʨʝ ʩʫʣʴʬʠʪ-ʩʫʣʴʬʘʪʘ 

Dy2(SO3)2(SO4)Ā2H2O. ʀʟʤʝʥʝʥʠʷ ʥʘʙʣʶʜʘʶʪʩʷ ʚ ʫʚʝʣʠʯʝʥʠʠ ʧʘʨʘʤʝʪʨʘʭ ʨʝʰʝʪʢʠ. ʂʨʦʤʝ 

ʪʦʛʦ ʥʝʦʙʭʦʜʠʤʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʚ ʩʪʨʫʢʪʫʨʝ Nd2(SeO3)2SeO4Ŀ2H2O ʥʘʙʣʶʜʘʝʪʩʷ ʪʘʢʦʝ ʞʝ 

ʨʘʟʫʧʦʨʷʜʦʯʝʥʠʝ ʩʝʣʝʥʘʪ ʘʥʠʦʥʘ ʧʦ ʜʚʫʤ ʧʦʟʠʮʠʷʤ, ʢʘʢʦʝ ʥʘʙʣʶʜʘʣʦʩʴ ʚ ʩʪʨʫʢʪʫʨʝ 

Er2(SeO3)2(SeO4)Ā2H2O. ʅʦ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʚʦʟʥʠʢʘʝʪ ʥʦʚʘʷ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠ 
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ʥʝʵʢʚʠʚʘʣʝʥʪʥʘʷ ʧʦʟʠʮʠʷ ʠʟ-ʟʘ ʨʘʩʭʦʞʜʝʥʠʷ ʚ ʟʘʩʝʣʸʥʥʦʩʪʠ ʩʝʣʝʥʘ, ʛʜʝ ʥʘ ʦʜʥʦʡ ʧʦʟʠʮʠʠ 

ʦʥʘ ʨʦʚʥʘ 96%, ʘ ʥʘ ʜʨʫʛʦʡ - 4%. ʍʦʪʷ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ, ʚʝʨʦʷʪʥʦ, ʠʟ-ʟʘ ʤʘʣʦʡ 

ʟʘʩʝʣʝʥʥʦʩʪʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʧʦʟʠʮʠʠ ʩʝʣʝʥʘʪʘ ʚ ʦʜʥʦʡ ʠʟ ʨʘʙʦʪ [66] ʥʝ ʛʦʚʦʨʠʪʩʷ ʦ ʪʘʢʦʤ 

ʷʚʣʝʥʠʠ.  

 

ʈʠʩ. 38. ʆʙʱʠʡ ʚʠʜ ʩʪʨʫʢʪʫʨʳ Nd2(SeO3)2(SeO4)Ā2H2O. a) ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʧʣʦʩʢʦʩʪʠ ʘʩ 

ʙ) ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʧʣʦʩʢʦʩʪʠ ab. 

ʂʘʢ ʠ ʚ Dy2(SO3)2(SO4)Ā2H2O[53] ʠ ʚ Ln2(SeO3)2(SO4) 2H2O (Ln = Sm, Dy, Yb) [56], 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʘʷ ʩʬʝʨʘ ʘʪʦʤʘ ʥʝʦʜʠʤʘ(III) ʩʦʩʪʦʠʪ ʠʟ ʚʦʩʴʤʠ ʘʪʦʤʦʚ ʢʠʩʣʦʨʦʜʘ. ʇʷʪʴ ʠʟ 

ʥʠʭ ʷʚʣʷʶʪʩʷ ʯʘʩʪʴʶ ʜʚʫʭ ʨʘʟʥʳʭ ʛʨʫʧʧ ʩʝʣʝʥʠʪʘ, ʜʚʝ ʧʨʠʥʘʜʣʝʞʘʪ ʢ ʪʝʪʨʘʵʜʨʫ ʩʝʣʝʥʘʪʘ, ʘ 

a 

b 
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ʦʜʥʘ ʢ ʤʦʣʝʢʫʣʝ ʚʦʜʳ. ʌʦʨʤʘ ʧʦʣʠʵʜʨʘ NdO8 - ʠʩʢʘʞʝʥʥʘʷ ʪʝʪʨʘʛʦʥʘʣʴʥʘʷ ʘʥʪʠʧʨʠʟʤʘ. ɺ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʝ Nd2(SeO3)2SeO4Ŀ2H2O ʤʥʦʛʦʛʨʘʥʥʠʢʠ [NdO8] ʠʤʝʶʪ ʦʙʱʠʝ 

ʨʝʙʨʘ ʠ ʦʙʨʘʟʫʶʪ ʟʠʛʟʘʛʦʦʙʨʘʟʥʳʝ ʮʝʧʦʯʢʠ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʚʜʦʣʴ ʦʩʠ b. ʊʝʪʨʘʵʜʨʳ SeO4 

ʩʚʷʟʳʚʘʶʪ ʵʪʠ ʮʝʧʦʯʢʠ ʚ ʩʣʦʠ, ʧʘʨʘʣʣʝʣʴʥʳʝ ʧʣʦʩʢʦʩʪʠ ab. ʉʣʦʠ ʩʦʝʜʠʥʷʶʪʩʷ ʤʝʞʜʫ ʩʦʙʦʡ 

ʧʠʨʘʤʠʜʘʤʠ SeO3 ʚ ʪʨʝʭʤʝʨʥʳʡ ʢʘʨʢʘʩ. ʂʘʢ ʠ ʚ ʘʥʘʣʦʛʠʯʥʳʭ ʚʳʰʝʦʧʠʩʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʷʭ, 

ʥʝʧʦʜʝʣʸʥʥʳʝ ʵʣʝʢʪʨʦʥʥʳʝ ʧʘʨʳ ʩʝʣʝʥʠʪ ʘʥʠʦʥʘ ʥʘʧʨʘʚʣʝʥʥʳ ʚ ʤʝʞʩʣʦʝʚʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ 

ʠ ʦʙʨʘʟʫʶʪ ʢʘʥʘʣʳ ʧʘʨʘʣʣʝʣʴʥʦ ʥʘʧʨʘʚʣʝʥʠʶ ʦʩʠ b. ʄʦʣʝʢʫʣʳ ʚʦʜʳ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʯʝʨʝʟ 

ʚʦʜʦʨʦʜʥʳʝ ʩʚʷʟʠ ʩʦʝʜʠʥʷʶʪ ʩʣʦʠ ʚ ʪʨʸʭʤʝʨʥʳʡ ʢʘʨʢʘʩ.  

ʈʘʩʩʤʘʪʨʠʚʘʝʤʦʝ ʩʦʝʜʠʥʝʥʠʝ ʙʳʣʦ ʩʠʥʪʝʟʠʨʦʚʘʥʦ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦ. 8,252ʛ H2SeO3 

ʨʘʩʪʚʦʨʷʣʠ ʚ ʥʝʙʦʣʴʰʦʤ ʢʦʣʠʯʝʩʪʚʝ ʚʦʜʳ ʠ ʩʤʝʰʠʚʘʣʠ ʩ 1,341 ʛ Nd2O3 ʠ 2,369 ʛ Li2CO3 ʚ 

10 % HNO3. ʉʤʝʩʴ ʧʦʤʝʱʘʣʠ ʚ ʩʪʘʣʴʥʦʡ ʘʚʪʦʢʣʘʚ ʩ ʇʊʌʕ ʚʢʣʘʜʳʰʝʤ ʠ ʨʘʟʙʘʚʣʷʣʠ ʚʦʜʦʡ 

ʜʦ ʦʙʲʝʤʘ 32 ʤʣ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ 2/3 ʦʪ ʦʙʱʝʛʦ ʦʙʲʝʤʘ ʘʚʪʦʢʣʘʚʘ. ʆʙʨʘʟʝʮ ʥʘʛʨʝʚʘʣʠ ʜʦ 

200ÁC ʚ ʪʝʯʝʥʠʝ 120 ʯʘʩʦʚ. ɹʳʣʠ ʧʦʣʫʯʝʥʳ ʙʣʝʜʥʦ-ʨʦʟʦʚʳʝ ʢʨʠʩʪʘʣʣʳ ʨʘʟʤʝʨʦʤ ʜʦ 

ʥʝʩʢʦʣʴʢʠʭ ʤʠʣʣʠʤʝʪʨʦʚ.  

ʊʘʙʣʠʮʘ 5. ʀʟʚʝʩʪʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʩʦʩʪʘʚʘ Ln2(Ch1O3)2(Ch2O4) 2H2O (Ln = Nd, Sm, Dy, Er 

ʠ Yb; Ch1/Ch2 = S ʠ Se, ʉh2ô ï ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʧʦʟʠʮʠʷ ʘʪʦʤʘ ʭʘʣʴʢʦʛʝʥʘ ʚ ʩʪʝʧʝʥʠ 

ʦʢʠʩʣʝʥʠʷ 6+). 

 ̄ ʉh1 Ch2 Ln ʇʨ. ʛʨ. ʉh2ô ʀʩʪʦʯʥʠʢʠ 

1 S S Dy C2/c - [48] 

2 Se S Sm, Dy, Yb C2 - [51] 

3 Se Se Er C2/m + [60] 

4 Se Se Nd C2/c + [61, 62] 

 

ʉʦʝʜʠʥʝʥʠʷ ʨʘʩʩʤʦʪʨʝʥʥʦʛʦ ʨʷʜʘ ʦʙʱʝʛʦ ʩʦʩʪʘʚʘ Ln2(Ch1O3)2(Ch2O4)2 2H2O (Ln = 

Nd, Sm, Dy, Er ʠ Yb; Ch1/Ch2 = S ʠ Se) (ʪʘʙʣ. 5) ʠʤʝʶʪ ʦʙʱʠʝ ʯʝʨʪʳ, ʢʦʪʦʨʳʝ ʩʪʦʠʪ 

ʦʙʦʙʱʠʪʴ. ɺʦ ʚʩʝʭ ʧʨʝʜʩʪʘʚʠʪʝʣʷʭ ʩʦʭʨʘʥʷʝʪʩʷ ʟʠʛʟʘʛʦʦʙʨʘʟʥʘʷ ʮʝʧʦʯʢʘ ʠʟ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʧʦʣʠʵʜʨʦʚ LnO8 ʠ ʧʦʣʦʞʝʥʠʝ ʭʘʣʴʢʦʛʝʥʠʪʥʳʭ ʛʨʫʧʧʠʨʦʚʦʢ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʮʝʧʠ. ʈʘʟʣʠʯʠʷ ʞʝ ʟʘʢʣʶʯʝʥʳ ʚ ʨʘʟʫʧʦʨʷʜʦʯʝʥʠʠ ʭʘʣʴʢʦʛʝʥʘʪʥʳʭ 

ʛʨʫʧʧʠʨʦʚʦʢ ʚ ʩʪʨʫʢʪʫʨʝ ʠ ʚ ʫʢʣʘʜʢʝ ʵʪʠʭ ʟʠʛʟʘʛʦʦʙʨʘʟʥʳʭ ʮʝʧʝʡ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʜʨʫʛ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛʘ (ʨʠʩ. 39). ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʤʘʣʦʝ ʨʘʟʫʧʦʨʷʜʦʯʝʥʠʝ ʩʫʣʴʬʘʪʥʦʡ 

ʛʨʫʧʧʠʨʦʚʢʠ ʧʦ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʧʦʟʠʮʠʠ ʙʳʣʦ ʙʳ ʩʫʱʝʩʪʚʝʥʥʦ ʩʣʦʞʥʝʝ ʦʧʨʝʜʝʣʠʪʴ ʧʨʠ 

ʥʘʣʠʯʠʠ ʚ ʩʪʨʫʢʪʫʨʝ ʪʷʞʝʣʳʭ ʘʪʦʤʦʚ ʈɿʕ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʚʧʦʣʥʝ ʚʝʨʦʷʪʥʦ ʥʘʣʠʯʠʝ 

ʧʦʜʦʙʥʦʛʦ ʪʠʧʘ ʨʘʟʫʧʦʨʷʜʦʯʝʥʠʷ ʚ ʩʫʣʴʬʘʪʥʳʭ ʘʥʘʣʦʛʘʭ. ɽʜʠʥʦʡ ʢʘʨʪʠʥʳ ʠ ʧʨʠʯʠʥ, ʧʦ 
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ʢʦʪʦʨʳʤ ʩʪʨʫʢʪʫʨʳ ʫʢʘʟʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʨʘʟʣʠʯʥʳ, ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʥʝʪ. ʄʦʞʥʦ 

ʧʨʝʜʧʦʣʦʞʠʪʴ ʦʙ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʙʣʠʟʦʩʪʠ ʧʦʜʦʙʥʳʭ ʩʪʨʫʢʪʫʨ, ʩʭʦʞʝʡ ʩ ʧʦʣʠʪʠʧʠʝʡ ʚ 

ʩʣʦʠʩʪʳʭ ʩʦʝʜʠʥʝʥʠʷʭ. ʅʝʣʴʟʷ ʦʪʤʝʪʘʪʴ ʠ ʢʠʥʝʪʠʯʝʩʢʠʡ ʬʘʢʪʦʨ, ʪ.ʢ. ʢʘʞʜʳʡ ʧʨʝʜʩʪʘʚʠʪʝʣʴ 

ʧʦʣʫʯʝʥ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʛʦ ʩʠʥʪʝʟʘ, ʥʦ ʠʟ ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʟʣʠʯʥʳʭ 

ʧʨʝʢʫʨʩʦʨʦʚ ʠ ʚ ʦʪʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ ʩʠʥʪʝʟʘ (ʪʝʤʧʝʨʘʪʫʨʘ, ʩʪʝʧʝʥʴ ʟʘʧʦʣʥʝʥʠʷ). 

ʄʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʦʧʠʩʳʚʘʝʤʳ ʬʘʟ ʥʝ ʠʟʫʯʘʣʠʩʴ ʚ ʣʠʪʝʨʘʪʫʨʝ, ʥʦ ʘʥʘʣʦʛʠʯʥʦ 

ʪʝʣʣʫʨʠʪ-ʩʫʣʴʬʘʪʘʤ, ʤʦʞʥʦ ʦʞʠʜʘʪʴ ʠʭ ʧʨʦʷʚʣʝʥʠʝ ʠ ʜʣʷ ʵʪʦʡ ʛʨʫʧʧʳ ʩʦʝʜʠʥʝʥʠʡ, ʚ 

ʩʣʫʯʘʝ, ʢʦʛʜʘ ʢʘʪʠʦʥ ʈɿʕ ʠʤʝʝʪ ʤʘʛʥʠʪʥʳʡ ʤʦʤʝʥʪ. 

1.5. ɺʳʚʦʜʳ ʠʟ ʦʙʟʦʨʘ ʣʠʪʝʨʘʪʫʨʳ ʠ ʢʦʥʢʨʝʪʠʟʘʮʠʷ ʮʝʣʝʡ ʠ ʟʘʜʘʯ  

ʇʨʦʮʝʩʩʳ, ʧʨʠ ʢʦʪʦʨʳʭ ʯʘʩʪʦ ʦʙʨʘʟʦʚʳʚʘʣʠʩʴ ʛʘʣʦʛʝʥʠʜ-ʭʘʣʴʢʦʛʝʥʠʪʳ ʚʝʩʴʤʘ 

ʩʣʦʞʥʳ ʠ ʤʥʦʛʦʩʪʘʜʠʡʥʳ, ʧʨʠ ʵʪʦʤ ʦʪʩʣʝʜʠʪʴ ʫʩʣʦʚʠʷ ʠ ʧʦʚʪʦʨʠʪʴ ʠʭ ʙʳʚʘʝʪ 

ʟʘʪʨʫʜʥʠʪʝʣʴʥʦ. ʉ ʵʪʠʤ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʘ ʠ ʤʘʣʘʷ ʠʩʩʣʝʜʦʚʘʥʥʦʩʪʴ ʬʘʟ, ʧʦʪʝʥʮʠʘʣʴʥʦ 

ʠʥʪʝʨʝʩʥʳʭ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʚʦʡʩʪʚ, ʚ ʯʘʩʪʥʦʩʪʠ ʤʘʛʥʠʪʥʳʭ, ʛʘʣʦʛʝʥʠʜ-

ʭʘʣʴʢʦʛʝʥʠʪʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʠʢʠ ʩʠʥʪʝʟʘ ʜʣʷ ʥʠʭ ʷʚʣʷʝʪʩʷ ʚʘʞʥʦʡ 

ʟʘʜʘʯʝʡ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ.  

ɺ ʩʪʨʫʢʪʫʨʘʭ ʨʘʟʣʠʯʥʳʭ ʭʘʣʴʢʦʛʝʥʠʪ-ʭʘʣʴʢʦʛʝʥʘʪʦʚ ʥʘʙʣʶʜʘʶʪʩʷ ʩʭʦʞʠʝ ʤʦʪʠʚʳ 

ʩʪʨʫʢʪʫʨ, ʥʦ ʤʘʣʦʝ ʯʠʩʣʦ ʠʟʚʝʩʪʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʥʝ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʦʩʥʦʚʥʳʝ 

ʩʪʨʫʢʪʫʨʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʨʷʜʘ. ɺ ʯʘʩʪʥʦʩʪʠ, ʧʨʠʤʝʨʦʤ ʪʘʢʦʛʦ ʩʣʫʯʘʷ ʤʦʞʝʪ ʙʳʪʴ ʨʷʜ 

ʩʦʝʜʠʥʝʥʠʡ ʦʙʱʝʛʦ ʩʦʩʪʘʚʘ Ln2(Ch1O3)2(Ch2O4)2 2H2O, ʛʜʝ ʦʩʥʦʚʥʘʷ ʪʦʧʦʣʦʛʠʷ ʩʪʨʫʢʪʫʨʳ 

ʠʜʝʥʪʠʯʥʘ, ʥʦ ʠ ʠʤʝʶʪʩʷ ʥʝʢʦʪʦʨʳʝ ʨʘʟʣʠʯʠʷ, ʥʘʙʣʶʜʘʝʤʳʝ ʪʦʣʴʢʦ ʚ ʩʝʣʝʥʠʪ-ʩʝʣʝʥʘʪʘʭ, 

ʩʚʷʟʘʥʥʳʝ ʩ ʨʘʟʫʧʦʨʷʜʦʯʝʥʠʝʤ ʩʝʣʝʥʘʪʥʳʭ ʛʨʫʧʧ ʚ ʩʪʨʫʢʪʫʨʝ. ʇʨʠʨʦʜʘ ʜʘʥʥʦʛʦ ʷʚʣʝʥʠʷ ʚ 

ʣʠʪʝʨʘʪʫʨʝ ʥʝ ʠʩʩʣʝʜʦʚʘʣʘʩʴ, ʚʝʨʦʷʪʥʦ, ʠʟ-ʟʘ ʚʝʩʴʤʘ ʩʢʫʜʥʦʛʦ ʢʦʣʠʯʝʩʪʚʦ ʠʟʚʝʩʪʥʳʭ 

ʩʝʣʝʥʠʪ-ʩʝʣʝʥʘʪʦʚ.  

ʀʟ ʚʩʝʛʦ ʚʳʰʝʠʟʣʦʞʝʥʥʦʛʦ ʩʪʘʥʦʚʠʪʩʷ ʷʩʥʦ, ʯʪʦ ʟʘʜʘʯʘ ʨʘʩʰʠʨʝʥʠʷ ʨʷʜʘ 

ʩʤʝʰʘʥʥʦʘʥʠʦʥʥʳʭ ʭʘʣʴʢʦʛʝʥʠʪʦʚ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʠ ʜʠʘʛʥʦʩʪʠʢʘ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 

ʩʚʦʡʩʪʚ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ - ʚʘʞʥʘʷ ʩʪʫʧʝʥʴ ʚ ʨʝʰʝʥʠʠ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʧʨʦʙʣʝʤ, 

ʟʘʢʣʶʯʘʶʱʠʭʩʷ ʚ ʥʘʭʦʞʜʝʥʠʠ ʚʟʘʠʤʦʩʚʷʟʝʡ çʩʦʩʪʘʚ ï ʩʪʨʫʢʪʫʨʘ ï ʩʚʦʡʩʪʚʦè ʚ ʟʘʷʚʣʝʥʥʦʤ 

ʩʝʤʝʡʩʪʚʝ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʬʘʟ.  
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2. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʯʘʩʪʴ 

2.1. ʀʩʭʦʜʥʳʝ ʨʝʘʢʪʠʚʳ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ  

ɺ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ ʚʝʱʝʩʪʚ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʩʣʝʜʫʶʱʠʝ ʨʝʘʢʪʠʚʳ: 

H2SeO3 (98%), H2SeO4 (ʨ-ʨ 80%), HCl (ʨ-ʨ 30%), H6TeO6 (ʯ.), CuO (ʦʩ.ʯ. 9-2), CuCl2 

(> 99%), CuBr2 (> 99%), CuSO4 Ŀ4H2O (ʭ.ʯ.), CoCO3ĿmCo(OH)2ĿnH2O (ʩʦʜʝʨʞʘʥʠʝ ʉʦ 45 ï 

53%), Cs2TeCl6 (> 98%), NaCl (ʦʩ.ʯ.), KCl (ʯ.ʜ.ʘ.), RbCl (ʯ.ʜ.ʘ.), CsCl (ʯ.ʜ.ʘ.), NaBr (ʭ.ʯ.), KBr 

(ʭ.ʯ.), RbBr (ʭ.ʯ.), CsBr (ʯ.), Y2O3 (> 99%), La2O3 (> 99%), Nd2O3 (> 99%), Sm2O3 (> 99%), 

Eu2O3 (ɽʚʆ-ʃ), Gd2O3 (> 99%), Dy2O3 (> 99%), Ho2O3 (> 99%), Er2O3 (> 99%), Tm2O3 (> 99%), 

Yb2O3 (> 99%), Lu2O3 (ʃʶʆ-ɼ), LaCl3Ŀ7H2O (>98%),  CeCl3Ŀ6H2O (ʦʩ.ʯ.), PrCl3Ŀ6H2O (ʯ.), 

SmCl3Ŀ6H2O (ʯ.), GdCl3Ŀ6H2O (ʯ.), SmCl3Ŀ6H2O (ʯ.), TbCl3Ŀ6H2O (ʯ.), DyCl3Ŀ6H2O (ʦʩ.ʯ.), 

HoCl3Ŀ6H2O (ʦʩ.ʯ.), ErCl3Ŀ6H2O (>99%), TmCl3Ŀ6H2O (ʯ.), YbCl3Ŀ6H2O (>98%), LuCl3Ŀ6H2O 

(>98%), PbO (ʯ.), PbCl2 (ʦʩ.ʯ.), Pb(NO3)2 (>98%), ZnO (ʯ.ʜ.ʘ.), ZnSO4Ŀ7H2O (ʭ.ʯ.).  

SeO2 ʧʦʣʫʯʘʣʠ ʠʟ H2SeO3, ʢʦʪʦʨʫʶ ʜʝʛʠʜʨʘʪʠʨʦʚʘʣʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 80Áʉ ʚ 

ʫʩʣʦʚʠʷʭ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʚʘʢʫʫʤʘ.  ɿʘʪʝʤ ʜʝʛʠʜʨʘʪʠʨʦʚʘʥʥʦʝ ʚʝʱʝʩʪʚʦ ʦʪʛʦʥʷʣʠ ʧʨʠ 300Áʉ 

ʧʨʦʜʫʚʘʷ ʩʤʝʩʴʶ ʩʫʭʦʛʦ ʚʦʟʜʫʭʘ ʠ NO2 [68]. ʇʦʣʫʯʝʥʥʳʡ ʧʨʦʜʫʢʪ ʧʨʝʜʩʪʘʚʣʷʣ ʩʦʙʦʡ 

ʤʝʣʢʠʝ ʢʨʠʩʪʘʣʣʳ ʠʛʦʣʴʯʘʪʦʡ ʬʦʨʤʳ ʙʝʣʦʛʦ ʮʚʝʪʘ, ʢʦʪʦʨʳʝ ʟʘʧʘʠʚʘʣʠ ʚ ʧʨʦʙʠʨʢʠ ʠ 

ʧʦʤʝʱʘʣʠ ʚ ʵʢʩʠʢʘʪʦʨ ʩ P2O5 ʜʣʷ ʙʦʣʴʰʝʡ ʥʘʜʝʞʥʦʩʪʠ ʧʨʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʤ ʭʨʘʥʝʥʠʠ. 

ʉuSO4 5H2O, ZnSO4 7H2O ʠ ʉuSʝO4 5H2O ʦʙʝʟʚʦʞʠʚʘʣʠ ʧʨʠ 300Áʉ ʚ ʘʪʤʦʩʬʝʨʝ 

ʚʦʟʜʫʭʘ ʚ ʪʝʯʝʥʠʠ 24 ʯ. ʇʦʣʫʯʝʥʥʳʝ ʙʝʟʚʦʜʥʳʝ CuSO4, ZnSO4 ʠ ʉuSʝO4 ʭʨʘʥʠʣʠ ʚ 

ʵʢʩʠʢʘʪʦʨʝ ʩ P2O5 ʟʘʧʘʷʥʥʦʤ ʚʠʜʝ [69-71]. 

ʊʝʆ2 ʧʦʣʫʯʘʣʠ ʪʝʨʤʠʯʝʩʢʠʤ ʨʘʟʣʦʞʝʥʠʝʤ H6ʊeO6 ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 650Áʉ [72]. 

ʌʘʟʦʚʳʡ ʩʦʩʪʘʚ ʚʩʝʭ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʝ ʧʨʝʢʫʨʩʦʨʦʚ ʧʦʜʪʚʝʨʞʜʘʣʩʷ ʤʝʪʦʜʦʤ 

ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʠʟʘ (ʈʌɸ).  

ʅʘʚʝʩʢʫ ʚʝʱʝʩʪʚ ʥʘ ʚʦʟʜʫʭʝ ʧʨʦʚʦʜʠʣʠ ʥʘ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʚʝʩʘʭ AXIS AGN100 

(ʜʠʩʢʨʝʪʥʦʩʪʴ 0,0001 ʛ.), ʘ ʚ ʩʫʭʦʡ ʢʘʤʝʨʝ Ohaus Scout SJX323 (ʜʠʩʢʨʝʪʥʦʩʪʴ 0,001 ʛ.).  

ʆʪʞʠʛ ʚʝʱʝʩʪʚ ʧʨʦʚʦʜʠʣʠ ʚ ʧʝʯʘʭ ʪʠʧʘ ʉʅʆʃ ʧʨʦʠʟʚʦʜʩʪʚʘ ʬʠʨʤʳ çʊʝʨʤʦʧʝʯʴè. 

ɸʚʪʦʢʣʘʚʳ ʜʣʷ ʩʦʣʴʚʦʪʝʨʤʘʣʴʥʦʛʦ ʩʠʥʪʝʟʘ ʦʪʞʠʛʘʣʠʩʴ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ ʩʫʰʠʣʴʥʳʭ ʰʢʘʬʘʭ 

Binder FD115.  

ʈʝʥʪʛʝʥʦʚʩʢʫʶ ʜʠʬʨʘʢʮʠʶ ʥʘ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʦʙʨʘʟʮʘʭ ʜʣʷ ʈʌɸ ʩʥʠʤʘʣʠ ʥʘ 

ʜʠʬʨʘʢʪʦʤʝʪʨʝ STOE STADI-P (ʠʟʣʫʯʝʥʠʝ CuKŬ1, Ge (111) ʤʦʥʦʭʨʦʤʘʪʦʨ, ɚ = 1.5406 ¡). 
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ʉʲʝʤʢʘ ʧʨʦʚʦʜʠʣʘʩʴ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʜʠʘʧʘʟʦʥ ʩʲʝʤʢʠ 5-70Á 2ɗ. ʈʌɸ 

ʧʨʦʚʦʜʠʣʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ WinXpow (Stoe&Cie GmBH) ʠ 

ʙʘʟʦʡ ʜʘʥʥʳʭ ICDD (PDF2), ICSD.  

ʉʲʝʤʢʫ ʜʠʬʨʘʢʪʦʛʨʘʤʤ ʥʘ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʦʙʨʘʟʮʘʭ ʜʣʷ 

ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ (ʈʉɸ) ʧʨʦʚʦʜʠʣʠ ʥʘ ʜʠʬʨʘʢʪʦʤʝʪʨʝ Bruker D8 ADVANCE, 

ʦʩʥʘʱʝʥʥʳʤ ʜʝʪʝʢʪʦʨʦʤ LYNXEYE ʚ ʛʝʦʤʝʪʨʠʠ ʦʪʨʘʞʝʥʠʷ (ʠʟʣʫʯʝʥʠʝ CuKŬ ʩ ʜʣʠʥʦʡ 

ʚʦʣʥʳ ɚ = 1.5419 ¡). ʈʉɸ ʧʦ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʤ ʜʘʥʥʳʤ ʧʨʦʚʦʜʠʣʠ ʚ ʧʨʦʛʨʘʤʤʥʳʭ 

ʧʘʢʝʪʘʭ JANA2006 [73] ʠ GSAS ï II  [74] ʤʝʪʦʜʦʤ ʈʠʪʚʝʣʴʜʘ. 

ɼʘʥʥʳʝ ʜʣʷ ʈʉɸ ʥʘ ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʦʙʨʘʟʮʘʭ ʧʦʣʫʯʘʣʠ ʥʘ ʜʠʬʨʘʢʪʦʤʝʪʨʝ 

Bruker Quest D8 ʠ Bruker SMART ʩ ʤʘʪʨʠʯʥʳʤ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʤ ʜʝʪʝʢʪʦʨʦʤ PHOTONII 

(ʪʠʧ CPAD) (ʠʟʣʫʯʝʥʠʝ MoKŬ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ ɚ = 0.71073 ¡) ʩ ʩʠʩʪʝʤʦʡ Oxford Cryosystems 

Cobra Plus. ʀʥʪʝʛʨʠʨʦʚʘʥʠʝ ʧʝʨʚʠʯʥʳʭ ʜʘʥʥʳʭ ʧʨʦʚʦʜʠʣʠ ʚ ʧʨʦʛʨʘʤʤʝ SAINT [75]. 

ʇʦʛʣʦʱʝʥʠʷ ʫʯʠʪʳʚʘʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʳ SADABS [76]. ʈʝʰʝʥʠʝ ʠ ʫʪʦʯʥʝʥʠʝ 

ʩʪʨʫʢʪʫʨ ʜʣʷ ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʦʙʨʘʟʮʦʚ ʧʨʦʚʦʜʠʣʠ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤ SHELXT 

[77] ʠ SHELXL ï 2018 [78]. ʉʲʝʤʢʫ ʦʙʨʘʟʮʦʚ ʧʨʦʚʦʜʠʣʠ ʚ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ 100 ï 370 

K.  

ʈʝʥʪʛʝʥʦʩʧʝʢʪʨʘʣʴʥʳʡ ʤʠʢʨʦʘʥʘʣʠʟ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʵʣʝʤʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ 

ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʧʨʦʚʦʜʠʣʠ ʥʘ ʵʣʝʢʪʨʦʥʥʦʤ ʤʠʢʨʦʩʢʦʧʝ JSM JEOL 6490 LV, ʦʩʥʘʱʝʥʥʦʡ 

ʧʨʠʩʪʘʚʢʦʡ ʜʣʷ ʨʝʥʪʛʝʥʦʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ INCA x-Sight (Oxford Instruments). 

ʊʝʨʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʨʦʚʦʜʠʣʠ ʥʘ ʊɻ/ɼʉʂ-ʘʥʘʣʠʟʘʪʦʨʝ STA 409 PC ʬʠʨʤʳ 

NETZSCH.  

ʇʦʣʝʚʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʄ ʠ ʫʜʝʣʴʥʫʶ ʪʝʧʣʦʝʤʢʦʩʪʴ ʉʨ ʠʟʤʝʨʷʣʠ ʥʘ 

ʦʙʨʘʟʮʘʭ ʚ ʚʠʜʝ ʧʨʝʩʩʦʚʘʥʥʳʭ ʪʘʙʣʝʪʦʢ ʤʘʩʩʦʡ ʦʢʦʣʦ 10 ʤʛ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʣʠʯʥʳʭ 

ʚʘʨʠʘʥʪʦʚ ʫʩʪʘʥʦʚʦʢ çQuantum Designè PPMS-9T ʠ MPMS-7T.  

ʉʧʝʢʪʨʦʩʢʦʧʠʷ ʵʣʝʢʪʨʦʥʥʦʛʦ ʧʘʨʘʤʘʛʥʠʪʥʦʛʦ ʨʝʟʦʥʘʥʩʘ (ʕʇʈ) ʧʨʦʚʦʜʠʣʘʩʴ ʥʘ 

ʩʧʝʢʪʨʦʤʝʪʨʝ ñAdaniò CMS 8400, ʦʩʥʘʱʝʥʥʦʤ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʧʨʠʩʪʘʚʢʦʡ, 

ʨʘʙʦʪʘʶʱʝʡ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 7 ʜʦ 300 K.  

ʀʥʬʨʘʢʨʘʩʥʳʡ ʩʧʝʢʪʨ ʩʥʠʤʘʣʠ ʥʘ ʌʫʨʴʝ-ʩʧʝʢʪʨʦʤʝʪʨʝ Perkin Elmer Spectrum One ʚ 

ʨʝʞʠʤʝ ʧʨʦʧʫʩʢʘʥʠʷ ʚ ʜʠʘʧʘʟʦʥʝ 4000-400 ʩʤ-1 ʩ ʨʘʟʨʝʰʝʥʠʝʤ 1 ʩʤ-1. ʇʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ 

ʦʙʨʘʟʮʳ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʝʨʝʪʠʨʘʣʠ ʠ ʧʨʝʩʩʦʚʘʣʠ ʚ ʪʘʙʣʝʪʢʫ ʩ ʦʧʪʠʯʝʩʢʠ ʯʠʩʪʳʤ KBr. 

ʉʧʝʢʪʨ ʜʠʬʬʫʟʥʦʛʦ ʦʪʨʘʞʝʥʠʷ ʟʘʧʠʩʳʚʘʣʠ ʥʘ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʝ Lambda-950 (Perkin Elmer) 

ʚ ʜʠʘʧʘʟʦʥʝ 200-800 ʥʤ. ʇʫʯʦʢ ʩʚʝʪʘ ʬʦʢʫʩʠʨʦʚʘʣʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʘ ʩ ʧʦʤʦʱʴʶ 
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ʣʠʥʟʳ ʚ ʧʷʪʥʦ ʨʘʟʤʝʨʦʤ ʧʨʠʤʝʨʥʦ 2ʭ4 ʤʤ. ʉʧʝʢʪʨʳ ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʨʘʩʩʝʠʚʘʥʠʷ ʙʳʣʠ 

ʩʥʷʪʳ ʥʘ ʩʧʝʢʪʨʦʤʝʪʨʝ Horiba Jobin-Yvon LabRam HR800. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʜʣʷ ʨʘʩʯʝʪʘ ʦʙʤʝʥʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʛʘʤʠʣʴʪʦʥʠʘʥ ʙʨʘʣʩʷ ʪʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʦʪʥʦʩʠʣʠʩʴ ʢ ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʳʤ (ɸʌʄ) 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤ, ʘ ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʬʝʨʨʦʤʘʛʥʠʪʥʳʤ (ʌʄ). 

 

2.2. ʉʠʥʪʝʟ ʦʙʨʘʟʮʦʚ  

2.2.1. ʉʠʥʪʝʟ Pb2Cu10O4(SeO3)4Cl7 

ʄʦʥʦʢʨʠʩʪʘʣʣʳ Pb2Cu10O4(SeO3)4Cl7 ʧʦʣʫʯʘʣʠ ʩ ʧʦʤʦʱʴʶ ʭʠʤʠʯʝʩʢʦʛʦ ʛʘʟʦʚʦʛʦ 

ʪʨʘʥʩʧʦʨʪʘ ʠʟ ʩʤʝʩʠ PbO (1 ʤʤʦʣʴ), CuO (3 ʤʤʦʣʴ), CuCl2 (2 ʤʤʦʣʴ), CuCl (1 ʤʤʦʣʴ) ʠ SeO2 

(2 ʤʤʦʣʴ). ɺʩʝ ʦʧʝʨʘʮʠʠ ʩ SeO2 ʧʨʦʚʦʜʠʣʠ ʚ ʩʫʭʦʤ ʙʦʢʩʝ, ʧʨʦʜʫʚʘʝʤʦʤ ʘʨʛʦʥʦʤ. ɺ 

ʨʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʜʦʙʘʚʣʷʣʠ 10 ʤʛ Cs2TeCl6, ʧʨʠ ʪʝʨʤʠʯʝʩʢʦʤ ʨʘʟʣʦʞʝʥʠʠ ʢʦʪʦʨʦʛʦ 

ʦʙʨʘʟʫʝʪʩʷ TeCl4 ʚ ʢʘʯʝʩʪʚʝ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʘʛʝʥʪʘ. ʉʤʝʩʴ ʧʦʤʝʱʘʣʠ ʚ ʢʚʘʨʮʝʚʫʶ ʘʤʧʫʣʫ ʠ 

ʟʘʧʘʠʚʘʣʠ ʚ ʚʘʢʫʫʤʝ ʚ 30 ʤʪʦʨʨ. ʈʝʘʢʮʠʦʥʥʫʶ ʪʨʫʙʢʫ ʜʣʠʥʦʡ 18 ʩʤ ʧʦʤʝʱʘʣʠ ʚ ʜʚʫʭʟʦʥʥʫʶ 

ʧʝʯʴ ʩʦ ʩʣʝʜʫʶʱʝʡ ʧʨʦʛʨʘʤʤʦʡ ʥʘʛʨʝʚʘ: çʭʦʣʦʜʥʘʷè ʟʦʥʘ ʜʦ 500 Áʉ ʟʘ 4 ʯʘʩʘ, çʛʦʨʷʯʘʷè 

ʟʦʥʘ ʜʦ 550 Áʉ ʟʘ 16 ʯʘʩʦʚ. ʊʝʤʧʝʨʘʪʫʨʥʳʡ ʛʨʘʜʠʝʥʪ 500/550 Áʉ ʧʦʜʜʝʨʞʠʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 3 

ʥʝʜʝʣʴ. ʇʦʩʣʝ ʵʪʦʛʦ ʧʝʯʴ ʚʳʢʣʶʯʘʣʠ ʠ ʜʘʚʘʣʠ ʦʩʪʳʪʴ ʜʦ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ. ʇʦ 

ʦʢʦʥʯʘʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘ ʚ çʭʦʣʦʜʥʦʡè ʟʦʥʝ ʧʝʯʠ ʥʘʙʣʶʜʘʣʠ ʦʙʨʘʟʦʚʘʥʠʝ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ 

ʟʝʣʝʥʦʛʦ ʮʚʝʪʘ. 

2.2.2. ʉʠʥʪʝʟ Cu9O2(SeO3)4Cl6 

ʄʦʥʦʢʨʠʩʪʘʣʣʳ Cu9O2(SeO3)4Cl6 ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚ ʨʝʟʫʣʴʪʘʪʝ ʭʠʤʠʯʝʩʢʦʛʦ ʛʘʟʦʚʦʛʦ 

ʪʨʘʥʩʧʦʨʪʘ, ʧʨʦʚʝʜʝʥʥʦʛʦ ʩ ʦʨʠʝʥʪʘʮʠʝʡ ʥʘ ʣʠʪʝʨʘʪʫʨʥʳʝ ʠʩʪʦʯʥʠʢʠ [31]. ʉʤʝʩʴ CuO (2,7 

ʤʤʦʣʴ), CuCl2 (3,6 ʤʤʦʣʴ), CuCl (0,9 ʤʤʦʣʴ) ʠ SeO2 (1,8 ʤʤʦʣʴ) ʟʘʛʨʫʞʘʣʠ ʚ ʪʨʫʙʢʫ ʠʟ 

ʢʚʘʨʮʝʚʦʛʦ ʩʪʝʢʣʘ ʜʣʠʥʦʡ ʦʢʦʣʦ 18 ʩʤ. ʠ ʜʠʘʤʝʪʨʦʤ 2 ʩʤ ʩ ʜʦʙʘʚʣʝʥʠʝʤ Cs2TeCl6 ʚ 

ʢʦʣʠʯʝʩʪʚʝ 10 ʤʛ. ɺʩʝ ʦʧʝʨʘʮʠʠ ʩʤʝʰʠʚʘʥʠʷ ʠ ʚʟʚʝʰʠʚʘʥʠʷ ʩ SeO2 ʧʨʦʚʦʜʠʣʠ ʚ ʘʨʛʦʥʦʚʦʤ 

ʣʶʤʠʥʝʩʮʝʥʪʥʦʤ ʙʦʢʩʝ. ʇʨʦʙʠʨʢʫ ʟʘʧʘʠʚʘʣʠ ʚ ʚʘʢʫʫʤʝ 30-40 ʤʪʦʨʨ ʠ ʧʦʤʝʱʘʣʠ ʚ 

ʜʚʫʭʟʦʥʥʫʶ ʪʨʘʥʩʧʦʨʪʥʫʶ ʧʝʯʴ. çɻʦʨʷʯʫʶè ʟʦʥʫ ʥʘʛʨʝʚʘʣʠ ʜʦ 550 Áʉ ʟʘ 16 ʯʘʩʦʚ, 

çʭʦʣʦʜʥʫʶè ð ʜʦ 500 Áʉ ʟʘ 4 ʯʘʩʘ. ɻʨʘʜʠʝʥʪ ʪʝʤʧʝʨʘʪʫʨʳ 550/500 Áʉ ʩʦʭʨʘʥʷʣʩʷ ʚ ʪʝʯʝʥʠʝ 

14 ʜʥʝʡ. ʇʨʦʮʝʩʩ ʦʭʣʘʞʜʝʥʠʷ ʧʨʦʪʝʢʘʣ ʚ ʨʝʞʠʤʝ ʚʳʢʣʶʯʝʥʥʦʡ ʧʝʯʠ. ɺ çʭʦʣʦʜʥʦʡè ʟʦʥʝ 

ʪʨʫʙʢʠ ʧʦʩʣʝ ʦʭʣʘʞʜʝʥʠʷ ʥʘʙʣʶʜʘʣʠ ʦʙʨʘʟʦʚʘʥʠʝ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʪʝʤʥʦ-ʟʝʣʝʥʦʛʦ ʮʚʝʪʘ.  
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2.2.3. ʉʠʥʪʝʟ CdCu2(SeO3)2Cl2 

ʉʦʝʜʠʥʝʥʠʝ CdCu2(SeO3)2Cl2 ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʧʨʠ ʧʦʧʳʪʢʘʭ ʧʦʣʫʯʠʪʴ 

ʩʠʥʪʝʪʠʯʝʩʢʠʡ ʘʥʘʣʦʛ ʙʸʨʥʩʠʪʘ ð KCdCu7O2(SeO3)2Cl9. ʆʜʥʦʬʘʟʥʳʡ 

ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ CdCu2(SeO3)2Cl2 ʙʳʣ ʧʦʣʫʯʝʥ ʠʟ ʩʤʝʩʠ CdO (1 ʤʤʦʣʴ), SeO2 (2 

ʤʤʦʣʴ), CuCl2 (1 ʤʤʦʣʴ) ʠ CuO (1 ʤʤʦʣʴ) ʚ ʚʘʢʫʫʤʠʨʦʚʘʥʥʦʡ ʠ ʟʘʧʘʷʥʥʦʡ ʢʚʘʨʮʝʚʦʡ 

ʘʤʧʫʣʝ. ʆʪʞʠʛ ʧʨʦʭʦʜʠʣ ʧʦ ʩʣʝʜʫʶʱʝʡ ʧʨʦʛʨʘʤʤʝ: ʧʝʨʚʳʡ ʵʪʘʧ ï ʥʘʛʨʝʚ ʜʦ 300Áʉ ʩʦ 

ʩʢʦʨʦʩʪʴʶ 25Áʉ/ʯ ʠ ʚʳʜʝʨʞʢʘ ʧʨʠ ʵʪʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʪʝʯʝʥʠʝ 24 ʯʘʩʦʚ; ʚʪʦʨʦʡ ʵʪʘʧ - ʥʘʛʨʝʚ 

ʜʦ 480-500Áʉ ʩʦ ʩʢʦʨʦʩʪʴʶ 83,3Áʉ/ʯ ʠ ʚʳʜʝʨʞʢʘ ʧʨʠ ʵʪʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʪʝʯʝʥʠʝ 6 ʩʫʪʦʢ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʙʳʣ ʧʦʣʫʯʝʥ ʦʙʨʘʟʝʮ ʞʝʣʪʦ-ʟʝʣʝʥʦʛʦ ʧʦʨʦʰʢʘ. 

ʄʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ CdCu2(SeO3)2Cl2 ʧʦʣʫʯʘʣʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʭʠʤʠʯʝʩʢʦʛʦ 

ʛʘʟʦʚʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʠʟ ʩʤʝʩʠ CdO (1 ʤʤʦʣʴ), SeO2 (2 ʤʤʦʣʴ), CuCl2 (0,9 ʤʤʦʣʴ) ʠ CuO (1 

ʤʤʦʣʴ) ʠ CuCl2Ā2H2O (0,1 ʤʤʦʣʴ). ʉʤʝʩʴ ʟʘʛʨʫʞʘʣʠ ʚ ʢʚʘʨʮʝʚʫʶ ʪʨʫʙʢʫ ʜʣʠʥʦʡ 17 ʩʤ ʠ 

ʜʠʘʤʝʪʨʦʤ 15 ʤʤ, ʢʦʪʦʨʫʶ ʟʘʧʘʠʚʘʣʠ ʚ ʚʘʢʫʫʤʝ 30-40 ʤʪʦʨʨ. ʊʨʘʥʩʧʦʨʪʥʘʷ ʨʝʘʢʮʠʷ 

ʧʨʦʭʦʜʠʣʘ ʚ ʜʚʫʭʟʦʥʥʦʡ ʧʝʯʠ ʩʦ ʩʣʝʜʫʶʱʝʡ ʧʨʦʛʨʘʤʤʦʡ ʦʪʞʠʛʘ: ʥʘʛʨʝʚ çʭʦʣʦʜʥʦʡè ʟʦʥʳ 

ʜʦ 400Áʉ ʟʘ 4 ʯʘʩʘ, ʥʘʛʨʝʚ çʛʦʨʷʯʝʡè ʟʦʥʳ ʜʦ 450Áʉ ʟʘ 16 ʯʘʩʦʚ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʚʳʜʝʨʞʢʦʡ 

ʧʨʠ ʜʘʥʥʳʭ ʫʩʣʦʚʠʷʭ ʚ ʪʝʯʝʥʠʝ 14 ʜʥʝʡ. ʇʦʩʣʝ ʦʭʣʘʞʜʝʥʠʷ ʜʦ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʚ 

çʭʦʣʦʜʥʦʡè ʟʦʥʝ ʪʨʫʙʢʠ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʧʨʦʟʨʘʯʥʳʝ ʞʝʣʪʦ-ʟʝʣʝʥʳʝ ʢʨʠʩʪʘʣʣʳ. 

2.2.4. ʉʠʥʪʝʟ Ln 2(SeO3)3-ʭ(SeO4)ʭĀ2H2O 

ʈʷʜ ʩʦʝʜʠʥʝʥʠʡ ʦʙʱʝʛʦ ʩʦʩʪʘʚʘ Ln2(SeO3)3-ʭ(SeO4)ʭĀ2H2O (ʛʜʝ Ln =Y, Pr, Nd, Sm, Eu, 

Gd, Tb, Dy, Ho, Er, Yb) ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʤ ʤʝʪʦʜʦʤ. ɺ ʢʘʯʝʩʪʚʝ 

ʠʩʭʦʜʥʳʭ ʚʝʱʝʩʪʚ ʙʨʘʣʠ LnCl3ĀnH2O (1 ʤʤʦʣʴ), 1ʄ H2SeO4 (1 ʤʣ) ʠ 2 ʤʣ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ 

H2O. ɺʩʝ ʢʦʤʧʦʥʝʥʪʳ ʩʤʝʰʠʚʘʣʠ ʚʦ ʚʢʣʘʜʳʰʘʭ ʠʟ ʇʊʌʕ, ʢʦʪʦʨʳʝ ʟʘʪʝʤ ʟʘʛʨʫʞʘʣʠ ʚ 

ʩʪʘʣʴʥʳʝ ʘʚʪʦʢʣʘʚʳ. ʆʙʲʝʤ ʘʚʪʦʢʣʘʚʦʚ ʩʦʩʪʘʚʣʷʣ 25 ʤʣ, ʘ ʩʪʝʧʝʥʴ ʟʘʧʦʣʥʝʥʠʷ å 20%. 

ɸʚʪʦʢʣʘʚʳ ʧʣʦʪʥʦ ʟʘʢʨʳʚʘʣʠ, ʧʦʩʣʝ ʯʝʛʦ ʠʭ ʧʦʤʝʱʘʣʠ ʚ ʧʝʯʴ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ 210Áʉ ʠ 

ʚʳʜʝʨʞʠʚʘʣʠ ʪʘʤ ʚ ʪʝʯʝʥʠʝ 2 ʜʥʝʡ. ʆʭʣʘʞʜʘʣʠ ʘʚʪʦʢʣʘʚʳ, ʠʟʚʣʝʢʘʷ ʠʭ ʠʟ ʧʝʯʠ ʥʘ ʚʦʟʜʫʭ 

ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ʉʦʜʝʨʞʠʤʦʝ ʇʊʌʕ ʚʢʣʘʜʳʰʘ ʬʠʣʴʪʨʦʚʘʣʠ ʥʘ ʚʦʨʦʥʢʝ 

ɹʶʭʥʝʨʘ, ʧʦʜʢʣʶʯʝʥʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʢ ʢʦʣʙʝ ɺʶʨʮʘ ʠ ʚʦʜʦʩʪʨʫʡʥʦʤʫ ʥʘʩʦʩʫ. ʆʩʘʜʦʢ 

ʩʫʰʠʣʠ ʥʘ ʚʦʟʜʫʭʝ. ɺʩʝ ʧʦʣʫʯʝʥʥʳʝ ʢʨʠʩʪʘʣʣʳ ʙʳʣʠ ʙʝʩʮʚʝʪʥʳʤʠ ʠ ʧʨʦʟʨʘʯʥʳʤʠ, ʢʨʦʤʝ 

Nd2(SeO3)3-ʭ(SeO4)ʭĀ2H2O, ʢʦʪʦʨʳʡ ʠʤʝʣ ʨʦʟʦʚʳʡ ʦʪʪʝʥʦʢ.  
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2.2.5. ʉʠʥʪʝʟ Cu3TeO3(SO4)2 

ʆʙʨʘʟʦʚʘʥʠʝ ʵʪʦʛʦ ʥʦʚʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʚʧʝʨʚʳʝ ʥʘʙʣʶʜʘʣʠ ʧʨʠ ʥʝʢʦʪʦʨʳʭ ʩʠʥʪʝʟʘʭ 

ʥʘʙʦʢʦʠʪʦʧʦʜʦʙʥʳʭ ʬʘʟ. Cu3TeO3(SO4)2 ʙʳʣ ʩʠʥʪʝʟʠʨʦʚʘʥ ʠʟ ʩʤʝʩʠ CuSO4 (2 ʤʤʦʣʴ), TeO2 

(1 ʤʤʦʣʴ) ʠ CuO (1 ʤʤʦʣʴ). ɺʟʚʝʰʠʚʘʥʠʝ CuSO4 ʠ ʛʦʤʦʛʝʥʠʟʘʮʠʶ ʧʨʝʢʫʨʩʦʨʦʚ ʧʨʦʚʦʜʠʣʠ 

ʚ ʩʫʭʦʤ ʙʦʢʩʝ ʩ ʧʨʦʜʫʚʢʦʡ ʘʨʛʦʥʦʤ. ʇʦʩʣʝ ʵʪʦʛʦ ʧʦʣʫʯʝʥʥʫʶ ʩʤʝʩʴ ʟʘʛʨʫʞʘʣʠ ʚ ʘʤʧʫʣʳ ʠʟ 

ʢʚʘʨʮʝʚʦʛʦ ʩʪʝʢʣʘ, ʢʦʪʦʨʳʝ ʚʘʢʫʫʤʠʨʦʚʘʣʠ ʜʦ 30ï40 ʤʪʦʨʨ ʠ ʟʘʧʘʠʚʘʣʠ. ɸʤʧʫʣʳ ʧʦʤʝʱʘʣʠ 

ʚ ʧʝʯʴ ʩʦ ʩʣʝʜʫʶʱʠʤ ʨʝʞʠʤʦʤ ʦʪʞʠʛʘ: ʥʘʛʨʝʚ ʜʦ 500 Áʉ ʚ ʪʝʯʝʥʠʝ 6 ʯ, ʚʳʜʝʨʞʢʘ ʧʨʠ ʵʪʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʪʝʯʝʥʠʝ 6 ʩʫʪʦʢ, ʘ ʧʦʩʣʝʜʫʶʱʝʝ ʦʭʣʘʞʜʝʥʠʝ ʧʨʦʚʦʜʠʣʠ ʚ ʨʝʞʠʤʝ 

ʚʳʢʣʶʯʝʥʥʦʡ ʧʝʯʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʧʦʨʦʰʢʠ ʟʝʣʝʥʦʛʦ 

ʮʚʝʪʘ ʩ ʚʢʨʘʧʣʝʥʠʷʤʠ ʤʝʣʢʠʭ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʪʦʛʦ ʞʝ ʮʚʝʪʘ. 

2.2.6. ʉʠʥʪʝʟ Cʦ3(SeO3)(SeO4)(OH)2  

Co3(SeO3)(SeO4)(OH)2 ʧʦʣʫʯʘʣʠ ʚ ʚʠʜʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʧʦʨʦʰʢʘ 

ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʤ ʤʝʪʦʜʦʤ. ʇʨʝʜʚʘʨʠʪʝʣʴʥʦ CoCO3ĿmCo(OH)2ĿnH2O ʨʘʩʪʚʦʨʷʣʠ ʚ 80% 

H2SeO4 ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʨʘʩʪʚʦʨʘ ʩʝʣʝʥʘʪʘ ʢʦʙʘʣʴʪʘ(II). ʇʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʚʳʜʝʣʝʥʠʷ 

ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʨʘʩʪʚʦʨ ʦʭʣʘʞʜʘʣʠ ʥʘ ʚʦʜʷʥʦʡ ʙʘʥʝ ʩʦ ʣʴʜʦʤ. ʇʦʣʫʯʝʥʥʳʡ ʦʩʘʜʦʢ 

ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ, ʚʳʩʫʰʠʚʘʣʠ ʥʘ ʚʦʟʜʫʭʝ ʠ ʧʦʜʪʚʝʨʞʜʘʣʠ ʬʘʟʦʚʳʡ ʩʦʩʪʘʚ ʩ ʧʦʤʦʱʴʶ 

ʈʌɸ. ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʦʡ ʨʝʥʪʛʝʥʦʛʨʘʤʤʳ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʙʳʣ ʧʦʣʫʯʝʥ CoSeO4ĿH2O 

(ʢʘʨʪʘ PDF2 79-1732). ʉʠʥʪʝʟ Co3(SeO3)(SeO4)(OH)2 ʧʨʦʚʦʜʠʣʠ ʚ ʘʚʪʦʢʣʘʚʘʭ ʠʟ 

ʥʝʨʞʘʚʝʶʱʝʡ ʩʪʘʣʠ ʩ ʚʢʣʘʜʳʰʝʤ ʠʟ ʇʊʌʕ ʦʙʲʝʤʦʤ 25 ʤʣ. ʀʩʭʦʜʥʳʝ ʚʝʱʝʩʪʚʘ, 

ʟʘʛʨʫʞʘʝʤʳʝ ʚ ʘʚʪʦʢʣʘʚʳ, ʙʳʣʠ ʩʣʝʜʫʶʱʠʤʠ: CoSeO4ĿH2O (0,325 ʛ), 

CoCO3ĿmCo(OH)2ĿnH2O (0,177 ʛ), H2SeO3 (0,1 ʛ) ʠ 6 ʤʣ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʳ. ɸʚʪʦʢʣʘʚʳ 

ʚʳʜʝʨʞʠʚʘʣʠ ʧʨʠ 160 Áʉ ʚ ʪʝʯʝʥʠʝ 3 ï 7 ʜʥʝʡ, ʟʘʪʝʤ ʦʭʣʘʞʜʘʣʠ ʜʦ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʙʨʘʟʦʚʘʣʩʷ ʤʝʣʢʦ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ ʦʩʘʜʦʢ ʬʠʦʣʝʪʦʚʦʛʦ ʮʚʝʪʘ. ʆʩʘʜʦʢ 

ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ, ʧʨʦʤʳʚʘʣʠ ʚʦʜʦʡ ʠ ʩʧʠʨʪʦʤ ʠ ʩʫʰʠʣʠ ʥʘ ʚʦʟʜʫʭʝ. 

2.2.7. ʉʠʥʪʝʟ ACu7TeO4(SO4)5X  

ʇʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʦʙʨʘʟʮʳ ACu7TeO4(SO4)5X (A = Na, Rb, Cs ʠ X = Cl, Br) ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ ʠʟ ʩʤʝʩʠ AX (1 ʤʤʦʣʴ), CuSO4 (5 ʤʤʦʣʴ), TeO2 (1 ʤʤʦʣʴ) ʠ CuO (2 ʤʤʦʣʴ). 

ɺʟʚʝʰʠʚʘʥʠʝ CuSO4 ʠ ʛʦʤʦʛʝʥʠʟʘʮʠʶ ʧʨʝʢʫʨʩʦʨʦʚ ʧʨʦʚʦʜʠʣʠ ʚ ʩʫʭʦʤ ʙʦʢʩʝ ʩ ʧʨʦʜʫʚʢʦʡ 

ʘʨʛʦʥʦʤ. ʇʦʩʣʝ ʵʪʦʛʦ ʧʦʣʫʯʝʥʥʫʶ ʩʤʝʩʴ ʧʦʤʝʱʘʣʠ ʚ ʢʚʘʨʮʝʚʳʝ ʘʤʧʫʣʳ, ʢʦʪʦʨʳʝ ʟʘʪʝʤ 

ʚʘʢʫʫʤʠʨʦʚʘʣʠ ʠ ʟʘʧʘʠʚʘʣʠ. ɸʤʧʫʣʳ ʧʦʤʝʱʘʣʠ ʚ ʧʝʯʴ ʩʦ ʩʣʝʜʫʶʱʠʤ ʨʝʞʠʤʦʤ ʦʪʞʠʛʘ: 

ʥʘʛʨʝʚ ʜʦ 500Áʉ ʚ ʪʝʯʝʥʠʝ 6 ʯ ʠ ʚʳʜʝʨʞʢʘ ʧʨʠ ʵʪʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʪʝʯʝʥʠʝ 6 ʩʫʪʦʢ, 

ʦʭʣʘʞʜʝʥʠʝ ʚ ʨʝʞʠʤʝ ʚʳʢʣʶʯʝʥʥʦʡ ʧʝʯʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ 
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ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʧʦʨʦʰʢʠ ʟʝʣʝʥʦʛʦ ʮʚʝʪʘ ʩ ʚʢʨʘʧʣʝʥʠʷʤʠ ʤʝʣʢʠʭ ʠ ʪʦʥʢʠʭ 

ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʪʦʛʦ ʞʝ ʮʚʝʪʘ.  

ʄʦʥʦʢʨʠʩʪʘʣʣʳ CsCu7TeO4(SO4)5Cl ʧʦʣʫʯʝʥʳ ʤʝʪʦʜʦʤ ʭʠʤʠʯʝʩʢʦʛʦ ʛʘʟʦʚʦʛʦ 

ʪʨʘʥʩʧʦʨʪʘ. ʇʨʠ ʵʪʦʤ ʩʦʩʪʘʚ ʠʩʭʦʜʥʦʡ ʩʤʝʩʠ ʙʳʣ ʘʥʘʣʦʛʠʯʝʥ ʧʨʝʜʳʜʫʱʠʤ ʦʧʳʪʘʤ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʚʝʨʜʦʬʘʟʥʦʛʦ ʤʝʪʦʜʘ, ʥʦ ʚ ʢʘʯʝʩʪʚʝ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʘʛʝʥʪʘ ʜʦʙʘʚʣʷʣʠ 3 ï 

4 ʢʘʧʣʠ SOCl2. ʀʩʭʦʜʥʫʶ ʩʤʝʩʴ ʩ SOCl2 ʟʘʛʨʫʞʘʣʠ ʚ ʜʣʠʥʥʫʶ ʢʚʘʨʮʝʚʫʶ ʘʤʧʫʣʫ ʩ 

ʚʥʫʪʨʝʥʥʠʤ ʜʠʘʤʝʪʨʦʤ 1,52 ʩʤ ʠ ʜʣʠʥʦʡ ʦʢʦʣʦ 25 ʩʤ. ɸʤʧʫʣʫ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʦʭʣʘʞʜʘʣʠ 

ʚ ʞʠʜʢʦʤ ʘʟʦʪʝ, ʧʦʩʣʝ ʯʝʛʦ ʚʘʢʫʫʤʠʨʦʚʘʣʠ, ʟʘʧʘʠʚʘʣʠ ʠ ʧʦʤʝʱʘʣʠ ʚ ʜʚʫʭʟʦʥʥʫʶ ʧʝʯʴ ʩʦ 

ʩʣʝʜʫʶʱʠʤ ʨʝʞʠʤʦʤ ʥʘʛʨʝʚʘ: çʭʦʣʦʜʥʫʶè ʟʦʥʫ ʥʘʛʨʝʚʘʣʠ ʜʦ 700Áʉ ʚ ʪʝʯʝʥʠʝ 4 ʯ, 

ʚʳʜʝʨʞʠʚʘʣʠ ʧʨʠ ʵʪʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 20 ʯ, ʟʘʪʝʤ ʦʭʣʘʞʜʘʣʠ ʜʦ 500Áʉ ʚ ʪʝʯʝʥʠʝ ʯʘʩʘ ʠ 

ʧʦʜʜʝʨʞʠʚʘʣʠ ʵʪʫ ʪʝʤʧʝʨʘʪʫʨʫ ʚ ʪʝʯʝʥʠʝ 10 ʜʥʝʡ. çɻʦʨʷʯʫʶè ʟʦʥʫ ʥʘʛʨʝʚʘʣʠ ʜʦ 600 Áʉ ʚ 

ʪʝʯʝʥʠʝ 4 ʯ. ʠ ʚʳʜʝʨʞʠʚʘʣʠ ʧʨʠ ʵʪʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʪʝʯʝʥʠʝ 11 ʜʥʝʡ. ʇʦ ʦʢʦʥʯʘʥʠʠ 

ʧʨʦʮʝʩʩʘ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʘʤʧʫʣʳ ʦʙʥʘʨʫʞʠʣʠ ʧʣʘʩʪʠʥʯʘʪʳʝ ʟʝʣʝʥʳʝ ʢʨʠʩʪʘʣʣʳ 

CsCu7TeO4(SO4)5Cl. 

2.2.8. ʉʠʥʪʝʟ KZnyCu7-yTeO4(SO4)5Cl 

KZnyCu7-yTeO4(SO4)5Cl (y Ò 4) ʙʳʣ ʩʠʥʪʝʟʠʨʦʚʘʥ  ʧʦ ʘʥʘʣʦʛʠʯʥʦʡ ʤʝʪʦʜʠʢʝ, ʢʦʪʦʨʫʶ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʣʷ ʩʠʥʪʝʟʘ ACu7TeO4(SO4)5X. Zn ʚʚʦʜʠʣʠ ʚ ʚʠʜʝ ZnO ʠ ZnSO4 ʚ 

ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʦʤ ʩʦʦʪʥʦʰʝʥʠʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʫʜʘʣʦʩʴ ʧʦʣʫʯʠʪʴ ʩʚʝʪʣʦ ʟʝʣʸʥʳʡ ʧʦʨʦʰʦʢ. 

ʌʘʟʦʚʳʡ ʩʦʩʪʘʚ ʚʩʝʭ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʧʦʜʪʚʝʨʞʜʘʣʠ ʤʝʪʦʜʦʤ ʈʌɸ. 
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3. ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʷ 

3.1. Pb2Cu10O4(SeO3)4Cl7 

ʌʘʟʦʚʳʡ ʩʦʩʪʘʚ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ Pb2Cu10O4(SeO3)4Cl7 ʙʳʣ ʧʦʜʪʚʝʨʞʜʝʥ ʜʘʥʥʳʤʠ 

ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʜʠʬʨʘʢʮʠʠ, ʥʘ ʦʩʥʦʚʘʥʠʠ ʢʦʪʦʨʳʭ ʨʘʩʩʯʠʪʘʣʠ ʧʘʨʘʤʝʪʨʳ ʵʣʝʤʝʥʪʘʨʥʦʡ 

ʷʯʝʡʢʠ (C2/m, a = 18.644(12) ¡, b = 6.196(3) ¡, c = 12.701(7) ¡, ɓ = 110.24(4)Á), ʩʦʚʧʘʚʰʠʝ ʩ 

ʧʨʠʚʦʜʠʤʳʤʠ ʚ ʣʠʪʝʨʘʪʫʨʝ ʜʣʷ  Pb2Cu10O4(SeO3)4Cl7 [42]. 

3.1.1. ʄʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ  

 

ʈʠʩ. 39. ʊʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ɢ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ 

ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ Pb2Cu10O4(SeO3)4Cl7 ʚ FC-ʨʝʞʠʤʝ, ʩʥʷʪʳʝ ʧʨʠ B = 0,1 ʊʣ. ʅʘ ʚʩʪʘʚʢʝ 

ʠʟʦʙʨʘʞʝʥʳ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʙʨʘʪʥʦʡ ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ, 

ʰʪʨʠʭʦʚʳʤʠ ʣʠʥʠʷʤʠ ʧʦʢʘʟʘʥʳ ʣʠʥʝʡʥʳʝ ʘʧʧʨʦʢʩʠʤʘʮʠʠ. 

ʀʟʤʝʨʝʥʠʷ ʧʦʣʝʚʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʄ ʠ ʫʜʝʣʴʥʦʡ ʪʝʧʣʦʝʤʢʦʩʪʠ ʉʨ, 

ʜʣʷ Pb2Cu10O4(SeO3)4Cl7 (ʨʠʩ. 39) ʧʨʦʚʦʜʠʣʠ ʥʘ ʩʧʝʮʠʘʣʴʥʦ ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʤ 

ʤʦʥʦʢʨʠʩʪʘʣʣʝ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʠʤʝʥʠʪʴ ʟʘʢʦʥ ʂʶʨʠï

ɺʝʡʩʘ ʚ ʨʘʟʣʠʯʥʳʭ ʠʥʪʝʨʚʘʣʘʭ ʪʝʤʧʝʨʘʪʫʨ ʦʢʘʟʳʚʘʝʪʩʷ ʟʘʪʨʫʜʥʠʪʝʣʴʥʦ, ʪʘʢ ʢʘʢ ʵʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʥʝʜʦʩʪʦʚʝʨʥʳʤ ʟʥʘʯʝʥʠʷʤ ʧʘʨʘʤʝʪʨʦʚ ɢ0, C ʠ ɗ. ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ, ʥʘʤʠ ʙʳʣʘ 

ʚʳʧʦʣʥʝʥʘ ʣʠʥʝʡʥʘʷ ʘʧʧʨʦʢʩʠʤʘʮʠʷ ʦʙʨʘʪʥʦʡ ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʚ ʜʠʘʧʘʟʦʥʝ 

150ï300 K, ʠ ʧʦʣʫʯʝʥʳ ʟʥʘʯʝʥʠʷ C|| = 7,9 ʵʤʝK/ʤʦʣʴ ʠ ɗ|| = -245 K ʜʣʷ ʩʣʫʯʘʷ, ʢʦʛʜʘ 

ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ B ʧʘʨʘʣʣʝʣʴʥʦ ʦʩʠ b, ʠ CṶ = 9,1 ɻ ʤʝK/ʤʦʣʴ ʠ ɗṶ = -292,5 K ʜʣʷ ʩʣʫʯʘʷ, ʢʦʛʜʘ 

ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ B ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ b. ʕʪʠ ʜʘʥʥʳʝ ʫʢʘʟʳʚʘʶʪ ʥʘ ʟʘʚʳʰʝʥʥʫʶ ʦʮʝʥʢʫ 
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ʵʬʬʝʢʪʠʚʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ, ʩʚʷʟʘʥʥʫʶ ʩ ʩʠʣʴʥʳʤʠ ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʳʤʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤʠ ʜʘʞʝ ʧʨʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ.  

ʇʨʠ TN = 10,2K Pb2Cu10O4(SeO3)4Cl7 ʧʨʝʪʝʨʧʝʚʘʝʪ ʬʘʟʦʚʳʡ ʧʝʨʝʭʦʜ ʚ 

ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʦ ʫʧʦʨʷʜʦʯʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ. ʅʝ ʦʙʥʘʨʫʞʝʥʦ ʦʪʣʠʯʠʡ ʤʝʞʜʫ 

ʠʟʤʝʨʝʥʠʷʤʠ ʚ ʨʝʞʠʤʝ ʦʭʣʘʞʜʝʥʠʷ ʩ ʧʦʣʝʤ (FC) ʠ ʦʭʣʘʞʜʝʥʠʝʤ ʙʝʟ ʧʦʣʷ (ZFC).  

 

ʈʠʩ. 40. ʇʦʣʝʚʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʚ Pb2Cu10O4(SeO3)4Cl7 ʢʘʢ ʚ ʩʪʘʪʠʯʝʩʢʦʤ 

ʧʦʣʝ ʜʦ 9 ʊʣ, ʪʘʢ ʠ ʚ ʠʤʧʫʣʴʩʥʦʤ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʜʦ 53,5 ʊʣ ʧʨʠ 2 ʂ ʜʣʷ ʥʘʧʨʘʚʣʝʥʠʷ B||b. 

ɺʩʪʘʚʢʘ: ʫʚʝʣʠʯʝʥʥʳʡ ʚʠʜ ʢʨʠʚʦʡ M(B) ʚ ʦʙʣʘʩʪʠ ʩʣʘʙʦʛʦ ʧʦʣʷ ʧʨʠ ʜʚʫʭ ʦʨʠʝʥʪʘʮʠʷʭ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ b. 

ʇʦʣʝʚʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ 

Pb2Cu10O4(SeO3)4Cl7, ʩʥʷʪʳʝ ʧʨʠ 2 K (ʨʠʩ. 40), ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʚ ʥʘʧʨʘʚʣʝʥʠʷ B Ṷ b 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ ʜʦʩʪʠʛʘʝʪ 1/3 ʧʣʘʪʦ ʧʨʠ Bspin-flip å 4,4 ʊʣ, ʢʦʪʦʨʦʤʫ ʧʨʝʜʰʝʩʪʚʫʝʪ 

ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʘʥʦʤʘʣʠʷ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʩʧʠʥ-ʬʣʦʧ ʧʝʨʝʭʦʜʫ ʧʨʠ Bspin-flop å 1,3 Tʣ.  

ʅʘ ʢʨʠʚʦʡ Cp(T) (ʨʠʩ. 41) ʥʘʙʣʶʜʘʝʪʩʷ ʦʩʪʨʳʡ ʧʠʢ ɚ-ʪʠʧʘ ʧʨʠ TN = 10,2 K, 

ʧʦʜʪʚʝʨʞʜʘʶʱʠʡ ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʳʡ ʬʘʟʦʚʳʡ ʧʝʨʝʭʦʜ ʚʪʦʨʦʛʦ ʨʦʜʘ. ɸʥʦʤʘʣʠʷ 

ʧʦʣʥʦʩʪʴʶ ʧʦʜʘʚʣʷʝʪʩʷ ʧʨʠ ʟʥʘʯʝʥʠʠ ʚʥʝʰʥʝʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ B 4 ʊʣ. ɸʧʧʨʦʢʩʠʤʠʨʫʷ 

ʬʦʥʦʥʥʳʡ ʚʢʣʘʜ ʚ ʪʝʧʣʦʝʤʢʦʩʪʴ ʩʫʤʤʦʡ ʬʫʥʢʮʠʡ ɼʝʙʘʷ ʠ ʜʚʫʭ ʬʫʥʢʮʠʡ ʕʡʥʰʪʝʡʥʘ, 

ʤʘʛʥʠʪʥʘʷ ʵʥʪʨʦʧʠʷ, ʚʳʜʝʣʷʶʱʘʷʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʅʝʝʣʷ TN, ʦʮʝʥʠʚʘʝʪʩʷ ʢʘʢ Smagn = 9 

ɼʞĿK/ʤʦʣʴ, ʯʪʦ ʥʘʤʥʦʛʦ ʤʝʥʴʰʝ ʦʞʠʜʘʝʤʦʛʦ ʟʥʘʯʝʥʠʷ Sex = nR ln(2S + 1) = 51,9 ɼʞĿK/ʤʦʣʴ 

(R = ʛʘʟʦʚʘʷ ʧʦʩʪʦʷʥʥʘʷ, n = 9, S = 1/2). ʕʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʯʠʩʣʦ ʤʘʛʥʠʪʦʘʢʪʠʚʥʳʭ 
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ʩʧʠʥʦʚ ʩʠʣʴʥʦ ʫʤʝʥʴʰʝʥʦ, ʯʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʠʟʤʝʨʝʥʠʡ ʤʘʛʥʠʪʥʦʡ 

ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ. 

 

ʈʠʩ. 41. ɿʘʚʠʩʠʤʦʩʪʴ ʫʜʝʣʴʥʦʡ ʪʝʧʣʦʝʤʢʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ Cp(T) ʚ 

Pb2Cu10O4(SeO3)4Cl7. ʅʘ ʥʠʞʥʝʡ ʚʩʪʘʚʢʝ ʠʟʦʙʨʘʞʝʥʳ ʢʨʠʚʳʝ Cp(T), ʠʟʤʝʨʝʥʥʳʝ ʧʨʠ 

ʨʘʟʣʠʯʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ. ʅʘ ʚʝʨʭʥʝʡ ʚʩʪʘʚʢʝ ʠʟʦʙʨʘʞʝʥʘ ʪʝʤʧʝʨʘʪʫʨʥʘʷ 

ʟʘʚʠʩʠʤʦʩʪʴ ʤʘʛʥʠʪʥʦʡ ʵʥʪʨʦʧʠʠ. 

 

ʈʠʩ. 42. ʘ) ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ Pb2Cu10O4(SeO3)4Cl7 ʚ ʥʘʧʨʘʚʣʝʥʠʠ b, 

ʧʦʢʘʟʳʚʘʶʱʘʷ ʫʢʣʘʜʢʫ ʩʣʦʝʚ ʚ ʥʘʧʨʘʚʣʝʥʠʠ a. ɸʪʦʤʳ Pb ʩʝʨʳʝ, ʬʠʦʣʝʪʦʚʳʝ Cu, ʢʨʘʩʥʳʝ 

O, ʟʝʣʝʥʳʝ Cl ʠ ʞʝʣʪʳʝ Se. ʙ) ɺʠʜ ʙʦʛʘʪʦʛʦ ʤʝʜʴʶ ʩʣʦʷ ʧʨʠ ʩʢʨʳʪʠʠ ʘʪʦʤʦʚ Pb. ʚ) 

ʈʘʩʧʦʣʦʞʝʥʠʝ ʠʦʥʦʚ Cu2+ ʚ ʢʘʞʜʦʤ ʩʣʦʝ. ʂʨʘʩʥʳʝ ʤʝʪʢʠ 1ï4 ʦʪʥʦʩʷʪʩʷ ʢ ʘʪʦʤʘʤ Cu1 ï 

Cu4 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʆʙʤʝʥʥʳʝ ʠʥʪʝʛʨʘʣʳ J1ïJ7 ʤʝʞʜʫ Cu
2+ ʠʟʦʙʨʘʞʝʥʳ ʟʝʣʝʥʳʤʠ 

ʤʝʪʢʘʤʠ. 
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ʉʝʤʴ ʦʙʤʝʥʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʜʣʷ ʙʣʠʞʘʡʰʠʭ ʩʦʩʝʜʝʡ ʠʦʥʦʚ ʤʝʜʠ(II) J1 ï J7 (ʨʠʩ. 

42ʚ), ʙʳʣʠ ʦʮʝʥʝʥʳ ʩ ʧʦʤʦʱʴʶ ʚʳʯʠʩʣʝʥʠʡ ʥʘ ʙʘʟʝ ʪʝʦʨʠʠ ʬʫʥʢʮʠʦʥʘʣʘ ʧʣʦʪʥʦʩʪʠ DFT+U 

[79 ï 84] (ʪʘʙʣ. 6). ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʫʢʘʟʳʚʘʶʪ ʥʘ ʪʦ, ʯʪʦ ʦʙʤʝʥ J4 ̫ ʚʣʷʝʪʩʷ ʩʠʣʴʥʦ ɸʌʄ, 

ʧʦʵʪʦʤʫ ʢʘʞʜʳʡ ʜʠʤʝʨ Cu3 ï Cu3 ʙʫʜʝʪ ʬʘʢʪʠʯʝʩʢʠ ʠʟʦʣʠʨʦʚʘʥʥʳʤ. ʅʘ ʵʪʦ ʫʢʘʟʳʚʘʝʪ 

ʪʘʢʞʝ ʦʯʝʥʴ ʤʘʣʦʝ ʟʥʘʯʝʥʠʝ J3, ʪʘʢ ʯʪʦ ʚ ʧʝʨʚʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʜʠʤʝʨʳ J4 ʥʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʩ ʦʩʪʘʣʴʥʦʡ ʯʘʩʪʴʶ ʤʝʜʥʦʡ ʧʦʜʨʝʰʝʪʢʠ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʵʪʠ ʜʠʤʝʨʳ 

ʚʝʨʦʷʪʥʝʝ ʚʩʝʛʦ ʦʨʠʝʥʪʠʨʫʶʪʩʷ ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʦ, ʦʙʥʫʣʷʷ ʜʨʫʛ ʜʨʫʛʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ 

ʩʦʪʦʧʦʜʦʙʥʳʝ ʩʣʦʠ ʤʘʛʥʠʪʥʦʡ ʧʦʜʨʝʰʝʪʢʠ ʨʘʟʙʠʚʘʶʪʩʷ ʥʘ ʣʝʩʪʥʠʮʳ, ʩʦʩʪʦʷʱʠʝ ʠʟ ʜʚʫʭ 

ʪʝʪʨʘʵʜʨʦʚ ʩ ʦʙʱʝʡ ʚʝʨʰʠʥʦʡ, ʬʦʨʤʠʨʫʶʱʠʭ ʢʣʘʩʪʝʨ (Cu2+)7 ʠ ʦʙʲʝʜʠʥʸʥʥʳʭ ʧʦ 

ʥʘʧʨʘʚʣʝʥʠʶ b. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ Pb2Cu10O4(SeO3)4Cl7 ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ 

ʩʪʝʧʝʥʠ ʦʧʨʝʜʝʣʷʶʪʩʷ ʣʝʩʪʥʠʮʘʤʠ ʠʟ ʛʝʧʪʘʤʝʨʦʚ (Cu2+)7. ɿʘ ʠʩʢʣʶʯʝʥʠʝʤ J5, 

ʦʧʠʩʳʚʘʶʱʝʛʦ ʧʫʪʴ Cu1ïCu2, ʚʩʝ ʩʧʠʥʦʚʳʝ ʦʙʤʝʥʳ ʢʘʞʜʦʛʦ ʛʝʧʪʘʤʝʨʘ (Cu2+)7 ʷʚʣʷʶʪʩʷ 

ɸʌʄ, ʘ ʩʘʤʳʡ ʩʣʘʙʳʡ ð J1 ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʛʝʧʪʘʤʝʨʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʧʠʥʦʚʘʷ 

ʨʝʰʝʪʢʘ Pb2Cu10O4(SeO3)4Cl7 ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʣʝʩʪʥʠʯʥʫʶ ʮʝʧʦʯʢʫ, ʩʦʩʪʦʷʱʫʶ ʠʟ 

ʛʝʧʪʦʤʝʨʦʚ (Cu2+)7 ʚ ʢʘʯʝʩʪʚʝ ʩʪʫʧʝʥʝʢ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 43. 

 

ʈʠʩ. 43. ʉʧʠʥʦʚʘʷ ʣʝʩʪʥʠʮʘ, ʩʦʩʪʦʷʱʘʷ ʠʟ ʛʝʧʪʘʤʝʨʦʚ (Cu2+)7 ʚ ʢʘʯʝʩʪʚʝ ʩʪʫʧʝʥʝʡ ʚ 

Pb2Cu10O4(SeO3)4Cl7. 

ʆʩʥʦʚʥʦʝ ʩʦʩʪʦʷʥʠʝ ʛʝʧʪʘʤʝʨʦʚ (Cu2+)7, ʦʧʨʝʜʝʣʷʝʤʦʝ ʦʙʤʝʥʥʳʤʠ ʠʥʪʝʛʨʘʣʘʤʠ 

ʦʙʤʝʥʘʤʠ J2, J5, J6 ʠ J7, ʦʧʠʩʳʚʘʝʪʩʷ ʢʦʥʬʠʛʫʨʘʮʠʝʡ (5ŷ2Ź) ʠʣʠ (2ŷ5Ź), ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 

44. ʉʫʤʤʘʨʥʳʡ ʩʧʠʥ ʫ ʛʝʧʪʘʤʝʨʘ Cu7 ʨʘʚʝʥ 3/2.  

ʉʦʝʜʠʥʝʥʠʷ ʩ ʜʚʫʤʝʨʥʳʤʠ ʤʘʛʥʠʪʥʳʤʠ ʧʦʜʨʝʰʝʪʢʘʤʠ, ʩʦʩʪʘʚʣʝʥʥʳʤʠ ʠʟ 

ʪʨʝʫʛʦʣʴʥʠʢʦʚ, ʯʘʩʪʦ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʧʣʘʪʦ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ 1/3 ʠʟ-ʟʘ ʨʘʩʧʦʣʦʞʝʥʠʷ 

ʩʧʠʥʦʚ ʚʚʝʨʭ ï ʚʚʝʨʭ ï ʚʥʠʟ. ʅʦ ʧʣʘʪʦ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ 1/3 ʚ Pb2Cu10O4(SeO3)4Cl7 ʩʠʣʴʥʦ 

ʦʪʣʠʯʘʝʪʩʷ ʧʦ ʧʨʦʠʩʭʦʞʜʝʥʠʶ ʦʪ ʠʟʚʝʩʪʥʳʭ ʜʦ ʩʠʭ ʧʦʨ. ɼʘʥʥʦʝ ʦʪʣʠʯʠʝ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʤʘʛʥʠʪʥʦʡ ʧʦʜʨʝʰʝʪʢʝ, ʠʟʦʣʠʨʦʚʘʥʥʦʩʪʴ ʵʣʝʤʝʥʪʘ ʧʦʜʨʝʰʝʪʢʠ ʧʨʠʚʦʜʠʪ ʢ ʧʦʥʠʞʝʥʠʶ 

ʨʘʟʤʝʨʥʦʩʪʠ, ʠ ʚʝʜʫʱʫʶ ʨʦʣʴ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʤʘʛʥʝʪʦʫʧʦʨʷʜʦʯʝʥʥʦʡ ʬʘʟʳ ʟʘʥʠʤʘʶʪ 

ʛʝʧʪʘʤʝʨʳ (Cu2+)7. ʂʘʞʜʳʡ ʛʝʧʪʘʤʝʨ ʠʤʝʝʪ ʨʘʩʧʦʣʦʞʝʥʠʝ ʩʧʠʥʦʚ S = 3/2 ʚ ʦʩʥʦʚʥʦʤ 

ʤʘʛʥʠʪʥʦʤ ʩʦʩʪʦʷʥʠʠ, ʥʦ ʧʨʠ ʵʪʦʤ ʢʘʞʜʳʡ ʛʝʧʪʘʤʝʨ ʦʨʠʝʥʪʠʨʦʚʘʥ ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʦ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʦʩʝʜʥʝʛʦ. ʇʨʠ ʚʦʟʙʫʞʜʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʩ ʥʘʠʤʝʥʴʰʝʡ ʵʥʝʨʛʠʝʡ ʷʚʣʷʝʪʩʷ 
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ʩʦʩʪʦʷʥʠʝ, ʢʦʛʜʘ ʩʫʤʤʘʨʥʳʡ ʩʧʠʥ ʚʩʝʭ ʛʝʧʪʘʤʝʨʦʚ ʚ ʮʝʧʦʯʢʝ ʩʦʥʘʧʨʘʚʣʝʥ. ʊʦ ʝʩʪʴ ʧʣʘʪʦ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ 1/3 ʚ Pb2Cu10O4(SeO3)4Cl7 ʚʦʟʥʠʢʘʝʪ ʠʟ-ʟʘ ʛʝʧʪʘʤʝʨʦʚ (Cu2+)7, ʩʦʩʪʦʷʱʠʭ 

ʠʟ ʜʚʫʭ ʪʝʪʨʘʵʜʨʦʚ (Cu2+)4 ʩ ʦʙʱʠʤʠ ʚʝʨʰʠʥʘʤʠ. 

 

ʈʠʩ. 44. ʈʘʩʧʦʣʦʞʝʥʠʝ ʤʦʤʝʥʪʦʚ Cu2+ ʩʦ ʩʧʠʥʦʤ ʚʚʝʨʭ (ʩʚʝʪʣʳʝ ʢʨʫʞʢʠ) ʠ ʚʥʠʟ (ʪʝʤʥʳʝ 

ʢʨʫʞʢʠ) ʚ ʦʩʥʦʚʥʦʤ ʩʦʩʪʦʷʥʠʠ (ʚʝʨʭʥʷʷ ʧʘʥʝʣʴ) ʠ ʥʘ ʧʣʘʪʦ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ (ʥʠʞʥʷʷ 

ʧʘʥʝʣʴ). 

ʊʘʙʣʠʮʘ 6. ɿʥʘʯʝʥʠʷ (ʚ ʂ) ʦʙʤʝʥʥʳʭ ʠʥʪʝʛʨʘʣʦʚ J1 ï J7, ʦʧʨʝʜʝʣʝʥʥʳʝ ʨʘʩʯʝʪʘʤʠ DFT+U. 

ʆʙʤʝʥʥʳʡ 

ʠʥʪʝʛʨʘʣ 
J1 J2 J3 J4 J5 J6 J7 

ʇʫʪʴ 
Cu1ï

Cu1 

Cu1ï

Cu1 

Cu1ï

Cu3 

Cu3ï

Cu3 

Cu1ï

Cu2 

Cu1ï

Cu4 

Cu2ï

Cu4 

ʈʘʩʩʪʦʷʥʠʝ, 

¡ 
3.0209 3.1831 3.2195 3.1877 3.1451 3.0376 2.9781 

Ueff = 4 ɻ ɺ 177 281 Ḑ0 1130 -610 789 321 

Ueff = 5 ʵɺ 135 187 Ḑ0 1003 -506 634 252 

 

3.2. Cu9O2(SeO3)4Cl6 

3.2.1. ʉʪʨʫʢʪʫʨʘ Cu9O2(SeO3)4Cl6 

ʅʘ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʥʘʤʠ ʢʨʠʩʪʘʣʣʘʭ ʙʳʣ ʧʨʦʚʝʜʝʥ ʈʉɸ ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ ʦʪ 

100 ï 370 K. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʩ ʧʦʚʳʰʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʫʤʝʥʴʰʘʶʪʩʷ 

ʬʦʨʤʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ  ʫʪʦʯʥʝʥʠʷ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʝ I2/m (ʪʘʢʠʝ ʢʘʢ R ï ʬʘʢʪʦʨʳ, 

ʦʩʪʘʪʦʯʥʘʷ ʧʣʦʪʥʦʩʪʴ ʠ ʜʨ.) (ʪʘʙʣ. 7), ʘ ʧʨʠ 370 K ʩʪʘʥʦʚʷʪʩʷ ʜʘʞʝ ʣʫʯʰʝ, ʯʝʤ ʜʣʷ 

ʧʨʠʤʠʪʠʚʥʦʡ ʷʯʝʡʢʠ ʩ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʦʡ ʈ21/n. ʆʜʥʘʢʦ ʚ ʠʩʧʳʪʘʥʥʦʤ ʜʠʘʧʘʟʦʥʝ 

ʪʝʤʧʝʨʘʪʫʨ 100 ï 370 K ʫʩʣʦʚʠʷ ʦʪʨʘʞʝʥʠʷ h0l, h + l = 2n ʠ 0k0, k = 2n ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʠ 
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ʧʨʠʤʠʪʠʚʥʦʡ ʤʦʥʦʢʣʠʥʥʦʡ ʷʯʝʡʢʝ ʩ ʝʜʠʥʩʪʚʝʥʥʦ ʚʦʟʤʦʞʥʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʦʡ 

P21/n. ɼʣʷ ʚʩʝʭ ʥʘʙʦʨʦʚ ʜʘʥʥʳʭ ʥʘʙʣʶʜʘʣʦʩʴ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʦʪʨʘʞʝʥʠʡ, ʥʝ 

ʥʘʨʫʰʘʶʱʠʭ ʟʘʢʦʥ I ï ʮʝʥʪʨʠʨʦʚʘʥʠʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʠʤʤʝʪʨʠʷ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ 

ʛʨʫʧʧʘ ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʨʘʟʮʘ ʥʝ ʤʝʥʷʶʪʩʷ. ʈʘʟʣʠʯʠʷ ʤʝʞʜʫ ʩʪʨʫʢʪʫʨʘʤʠ ʚ ʧʨʠʤʠʪʠʚʥʦʡ 

ʷʯʝʡʢʝ P21/n ʠ ʚ ʦʙʲʝʤʥʦ-ʮʝʥʪʨʠʨʦʚʘʥʥʦʡ ʷʯʝʡʢʝ I2/m ʥʝʚʝʣʠʢʠ ʠ ʦʧʨʝʜʝʣʷʶʪʩʷ 

ʩʤʝʱʝʥʠʷʤʠ ʧʦʣʦʞʝʥʠʡ ʥʝʢʦʪʦʨʳʭ ʘʪʦʤʦʚ ʚ ʫʩʪʘʥʦʚʢʝ P21/n ʚʜʦʣʴ ʦʩʠ b ʢʨʠʩʪʘʣʣʘ ʦʪ 

ʧʦʣʦʞʝʥʠʷ ʥʘ ʟʝʨʢʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʩʠʤʤʝʪʨʠʠ m ʚ ʫʩʪʘʥʦʚʢʝ I2/m. 

ʊʘʙʣʠʮʘ 7. ɼʘʥʥʳʝ ʈʉɸ ʧʦ ʤʦʥʦʢʨʠʩʪʘʣʣʫ Cu9O2(SeO3)4Cl6 ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. 

ʊʝʤʧʝʨʘʪʫʨʘ, K 100 240 

a, ¡ 12.8781(3) 12.9180(2) 

b, ¡ 6.2730(1) 6.2692(1) 

c, ¡ 14.0344(3) 14.0434(2) 

ɓ, Á 112.8944(8) 112.8856(5) 

V, ¡3 1044.45(4) 1047.78(3) 

2ɗmax, Á 80 80 

ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʛʨʫʧʧʘ P21/n I2/m P21/n I2/m 

Rint 0.0314 0.0278 0.0390 0.0350 

R1
 0.0180 0.0400 0.0260 0.0339 

wR2 
 0.0395 0.1004 0.0567 0.0779 

GOOF 1.000 1.001 1.050 1.001 

ʆʩʪʘʪʦʯʥʘʷ ʵʣʝʢʪʨʦʥʥʘʷ ʧʣʦʪʥʦʩʪʴ (e¡3) 0.748/ī 0.839 8.101/ī 7.890 1.588/ī 1.369 3.605/ī 3.629 

ʊʝʤʧʝʨʘʪʫʨʘ, K 300 370 

a, ¡ 12.9372(2) 12.9535(2) 

b, ¡ 6.2696(1) 6.2691(1) 

c, ¡ 14.0544(2) 14.0655(2) 

ɓ, Á 112.8867(4) 112.886(1) 

V, ¡3 1050.22(3) 1052.30(3) 

2ɗmax, Á 80 80 

ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʛʨʫʧʧʘ P21/n I2/m P21/n I2/m 

Rint 0.0346 0.0300 0.0381 0.0330 

R1
 0.0265 0.0293 0.0307 0.0282 

wR2
 0.0560 0.0639 0.0679 0.0626 

GOOF 1.042 1.008 1.001 1.001 

ʆʩʪʘʪʦʯʥʘʷ ʵʣʝʢʪʨʦʥʥʘʷ ʧʣʦʪʥʦʩʪʴ (e¡3) 2.464/ī 1.896 2.388/ī 2.854 2.637/ī 2.590 2.045/ī 2.348 

 

ʅʝʙʦʣʴʰʠʝ ʧʦ ʘʙʩʦʣʶʪʥʦʡ ʚʝʣʠʯʠʥʝ ʩʤʝʱʝʥʠʷ ʘʪʦʤʦʚ ʦʪ ʧʣʦʩʢʦʩʪʠ ʘʩ ʢʨʠʩʪʘʣʣʘ ʚ 

ʧʨʠʤʠʪʠʚʥʦʡ ʷʯʝʡʢʝ P21/n (ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ 0,26 ¡ ʥʘʙʣʶʜʘʝʪʩʷ ʜʣʷ ʘʪʦʤʘ O1 ʧʨʠ 

100 ʂ) ʢʦʤʧʝʥʩʠʨʫʶʪʩʷ ʘʥʦʤʘʣʴʥʦ ʚʳʪʷʥʫʪʳʤʠ ʵʣʣʠʧʩʦʠʜʘʤʠ ʪʝʧʣʦʚʳʭ ʢʦʣʝʙʘʥʠʡ ʘʪʦʤʦʚ 

ʚʜʦʣʴ ʦʩʴ b. ɸʥʠʟʦʪʨʦʧʠʷ ʪʝʧʣʦʚʳʭ ʵʣʣʠʧʩʦʠʜʦʚ ʧʨʠ ʫʪʦʯʥʝʥʠʠ ʚ ʦʙʲʝʤʥʦ-

ʮʝʥʪʨʠʨʦʚʘʥʥʦʡ ʷʯʝʡʢʝ I2/m ʩʦʭʨʘʥʷʝʪʩʷ ʚʦ ʚʩʝʤ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ. ʉʪʨʫʢʪʫʨʥʳʝ 

ʠʟʤʝʥʝʥʠʷ, ʧʨʦʠʩʭʦʜʷʱʠʝ ʩ ʧʦʚʳʰʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ, ʤʦʞʥʦ ʧʨʦʠʣʣʶʩʪʨʠʨʦʚʘʪʴ 
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ʩʣʝʜʫʶʱʠʤ. ɸʪʦʤ ʤʝʜʠ Cu1 ʚ ʧʨʠʤʠʪʠʚʥʦʡ ʷʯʝʡʢʝ P21/n ʟʘʥʠʤʘʝʪ ʦʩʦʙʦʝ ʧʦʣʦʞʝʥʠʝ ʚ 

ʮʝʥʪʨʝ ʠʥʚʝʨʩʠʠ ʠ ʠʤʝʝʪ ʢʚʘʜʨʘʪʥʦʝ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʦʢʨʫʞʝʥʠʝ ʠʟ ʘʪʦʤʦʚ O1, Cl1 ʠ 

ʩʠʤʤʝʪʨʠʯʥʦ ʟʘʚʠʩʠʤʳʭ ʘʪʦʤʦʚ O1A ʠ Cl1A (ʧʨʝʚʨʘʱʝʥʠʝ 1-x, 2-y , -z). ʇʣʦʩʢʦʩʪʴ, 

ʩʦʜʝʨʞʘʱʘʷ ʧʷʪʴ ʘʪʦʤʦʚ Cu1, O1, Cl1, O1A, Cl1A, ʦʙʨʘʟʫʝʪ ʩ ʧʣʦʩʢʦʩʪʴʶ ʘʩ ʢʨʠʩʪʘʣʣʘ ʫʛʦʣ, 

ʢʦʪʦʨʳʡ ʫʤʝʥʴʰʘʝʪʩʷ ʩ ʧʦʚʳʰʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ (9,8Á ʧʨʠ 100 K, 9,2Á ʧʨʠ 240 K, 8,4Á ʧʨʠ 

300 K, 6,7Á ʧʨʠ 370 K). ʇʨʠ ʛʠʧʦʪʝʪʠʯʝʩʢʦʤ ʧʝʨʝʭʦʜʝ ʢ ʦʙʲʝʤʥʦ-ʮʝʥʪʨʠʨʦʚʘʥʥʦʡ ʷʯʝʡʢʝ 

I2/m ʵʪʠ ʧʣʦʩʢʦʩʪʠ ʩʦʚʧʘʜʘʶʪ ʠ ʫʛʦʣ ʩʪʘʥʦʚʠʪʩʷ ʨʘʚʥʳʤ 0Ü. ʉ ʧʦʚʳʰʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ 

ʦʪʢʣʦʥʝʥʠʷ ʧʦʣʦʞʝʥʠʡ ʘʪʦʤʦʚ ʦʪ ʠʭ ʨʘʩʧʦʣʦʞʝʥʠʷ ʚ ʧʣʦʩʢʦʩʪʠ ʫʤʝʥʴʰʘʶʪʩʷ. 

ʆʨʠʝʥʪʠʨʦʚʦʯʥʦ ʵʪʦ ʤʦʞʝʪ ʦʙʲʷʩʥʠʪʴ ʘʥʦʤʘʣʴʥʦʝ ʧʦʚʝʜʝʥʠʝ ʧʘʨʘʤʝʪʨʘ b ʵʣʝʤʝʥʪʘʨʥʦʡ 

ʷʯʝʡʢʠ, ʢʦʪʦʨʳʡ ʫʤʝʥʴʰʘʝʪʩʷ ʩ ʧʦʚʳʰʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ. ʀʩʭʦʜʷ ʠʟ ʵʪʠʭ ʜʘʥʥʳʭ, ʤʦʞʥʦ 

ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʩʦʝʜʠʥʝʥʠʝ ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʝ P21/n, ʢʦʪʦʨʦʝ 

ʚʦʟʤʦʞʥʦ ʦʰʠʙʦʯʥʦ ʧʨʠʥʷʪʴ ʟʘ I2/m ʠʟ-ʟʘ ʩʠʣʴʥʦ ʨʘʩʪʷʥʫʪʳʭ ʵʣʣʠʧʩʦʠʜʦʚ ʪʝʧʣʦʚʳʭ 

ʢʦʣʝʙʘʥʠʡ.  

ʂʨʦʤʝ ʪʦʛʦ, ʫʜʘʣʦʩʴ ʧʨʦʥʘʙʣʶʜʘʪʴ ʘʥʦʤʘʣʠʶ ʚ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ 

ʧʘʨʘʤʝʪʨʦʚ ʨʝʰʝʪʢʠ. ʊʘʢ, ʧʘʨʘʤʝʪʨʳ ʘ ʠ ʩ, ʢʘʢ ʠ ʦʙʲʝʤ ʷʯʝʡʢʠ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʪʝʧʣʦʚʦʝ 

ʨʘʩʰʠʨʝʥʠʝ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʧʘʨʘʤʝʪʨ ʨʝʰʝʪʢʠ b ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʩʪʦʷʥʝʥ ʠ ʜʘʞʝ ʥʝʤʥʦʛʦ 

ʫʤʝʥʴʰʘʝʪʩʷ ʥʘ 0,003 ¡ ʧʨʠ ʧʦʚʳʰʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʦʪ 100 ʜʦ 370 ʂ. ʇʦ ʠʤʝʶʱʠʤʩʷ 

ʜʘʥʥʳʤ ʪʨʫʜʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ ʥʘʣʠʯʠʝ ʘʥʦʤʘʣʠʠ ʚʙʣʠʟʠ ʊɽ [45].  

ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʧʝʢʪʨʦʚ ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʨʘʩʩʝʠʚʘʥʠʷ (ʂʈ) ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʊE 

ʩʚʷʟʘʥʦ ʩ ʣʦʢʘʣʴʥʳʤʠ ʠʩʢʘʞʝʥʠʷʤʠ, ʧʨʦʷʚʣʷʶʱʠʤʠ ʩʝʙʷ ʚʦʟʥʠʢʥʦʚʝʥʠʝʤ ʤʦʜʳ 390 ʩʤ-1 ʚ 

ʩʧʝʢʪʨʘʭ ʂʈ.  

3.2.2. ʄʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ Cu9O2(SeO3)4Cl6 

ɼʘʥʥʳʝ ʠʟʤʝʨʝʥʠʡ ʧʦʣʝʚʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ, ʧʦʣʫʯʝʥʥʳʝ ʥʘ ʥʘʰʠʭ 

ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʦʙʨʘʟʮʘʭ, ʩʭʦʜʷʪʩʷ ʩ ʜʘʥʥʳʤʠ, ʧʨʠʚʦʜʠʤʳʤʠ ʚ ʣʠʪʝʨʘʪʫʨʝ [45]. 

ʀʩʭʦʜʷ ʠʟ ʙʦʣʝʝ ʪʦʯʥʳʭ ʩʪʨʫʢʪʫʨʥʳʭ ʜʘʥʥʳʭ, ʙʳʣ ʧʨʦʚʝʜʝʥ ʨʘʩʯʝʪ ʟʥʘʯʝʥʠʡ ʦʙʤʝʥʥʳʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʜʣʷ Cu9O2(SeO3)4Cl6.  

ɼʣʷ ʦʮʝʥʢʠ ʦʙʤʝʥʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ Cu ï Cu, ʧʨʠʩʫʪʩʪʚʫʶʱʠʭ ʚ ʩʦʝʜʠʥʝʥʠʠ, 

ʙʳʣʘ ʧʨʠʤʝʥʝʥʘ ʤʝʪʦʜʠʢʘ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ N-ʛʦ ʧʦʨʷʜʢʘ Muffin Tin Orbital (NMTO) [85]. 

ʆʜʥʘʢʦ, ʵʪʘ ʧʨʦʮʝʜʫʨʘ ʫʯʠʪʳʚʘʝʪ ʪʦʣʴʢʦ ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʳʝ ʚʢʣʘʜʳ. ʇʦʵʪʦʤʫ, ʯʪʦʙʳ 

ʧʦʣʫʯʠʪʴ ʙʦʣʝʝ ʥʘʜʝʞʥʫʶ ʦʮʝʥʢʫ ʤʘʛʥʠʪʥʳʭ ʦʙʤʝʥʥʳʭ ʠʥʪʝʛʨʘʣʦʚ, ʚʳʧʦʣʥʠʣʠ ʨʘʩʯʝʪ 

ʧʦʣʥʦʡ ʵʥʝʨʛʠʠ ʨʘʟʣʠʯʥʳʭ ʩʧʠʥʦʚʳʭ ʢʦʥʬʠʛʫʨʘʮʠʡ ʚ ʩʭʝʤʝ GGA+U [86] ʠ ʚʳʜʝʣʠʣʠ 

ʜʦʤʠʥʠʨʫʶʱʠʝ ʤʘʛʥʠʪʥʳʝ ʦʙʤʝʥʳ, ʩʦʧʦʩʪʘʚʠʚ ʵʥʝʨʛʠʠ DFT ʩ ʵʥʝʨʛʠʷʤʠ ʤʦʜʝʣʠ 
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ɻʝʡʟʝʥʙʝʨʛʘ. ɼʣʷ ʵʪʦʛʦ ʙʳʣʘ ʧʦʩʪʨʦʝʥʘ ʩʫʧʝʨʷʯʝʡʢʘ ʨʘʟʤʝʨʥʦʩʪʴʶ 1 Ĭ 2 Ĭ 1, ʜʘʶʱʘʷ 36 

ʘʪʦʤʦʚ Cu ʚ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʝ. ʇʫʪʠ ʜʦʤʠʥʠʨʫʶʱʠʭ ʤʘʛʥʠʪʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʜʣʷ 

ʩʦʝʜʠʥʝʥʠʷ Cu9O2(SeO3)4Cl6 ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩ. 45. ʈʘʩʯʝʪʥʳʝ ʟʥʘʯʝʥʠʷ ʤʘʛʥʠʪʥʳʭ ʦʙʤʝʥʦʚ 

ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 8.  

 

ʈʠʩ. 45. ʇʫʪʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʜʣʷ ʜʦʤʠʥʠʨʫʶʱʠʭ ʦʙʤʝʥʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ J1 ī J10 ʚ 

ʩʦʝʜʠʥʝʥʠʠ Cu9O2(SeO3)4Cl6. 

ʊʘʙʣʠʮʘ 8. ʇʫʪʠ ʠ ʚʝʣʠʯʠʥʳ ʦʙʤʝʥʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʚ Cu9O2(SeO3)4Cl6. 

ʆʙʤʝʥ  ʇʫʪʴ  ʈʘʩʩʪʦʷʥʠʝ, ¡  ʋʛʦʣ, Á  ɿʥʘʯʝʥʠʝ, K   

J1   Cu2-O-Cu3   2.90  93.9 ʠ 97.1   46,2 

J2   Cu2-O-Cu3   2.93  93.7 ʠ 98.5   73.7  

J3   Cu3-O-Cu4   3.12  109.2   -82.5 

J4   Cu3-O-Cu3   3.13  109.7   -77  

J5   Cu4-O-Cu4   3.15  104.8 ʠ 

104.8   

336.4 

J6   Cu1-O-Cu2 ʠ  

Cu1-Cl-Cu2   

3.22  107.30 ʠ  

88.1   

-38.28 

J7   Cu3-O-Cu4   3.23  115.5   -37.12  

J8   Cu2-O-Cu4   3.42  124.7   69.6  

J9   Cu4-O-Cu5   3.52  121.7   83.52  

J10   Cu4-O-Cu5   3.95  125.8   -17.4  

 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ ʦʙʤʝʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ J1 ï J10 

ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʢʦʣʣʠʥʝʘʨʥʘʷ ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʘʷ ʩʪʨʫʢʪʫʨʘ Cu9O2(SeO3)4Cl6, 

ʧʨʝʜʧʦʣʘʛʘʶʱʘʷ, ʯʪʦ ʠʦʥʳ Cu4 ʠʟʦʣʠʨʦʚʘʥʳ ʚʥʫʪʨʠ ʜʠʤʝʨʦʚ Cu4 ï Cu4 ʠ ʩ ʦʩʪʘʣʴʥʦʡ 

ʯʘʩʪʴʶ ʤʘʛʥʠʪʥʦʡ ʧʦʜʨʝʰʝʪʢʠ ʥʝ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ. ʂʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 46ʘ, ʵʪʘ ʩʪʨʫʢʪʫʨʘ 

ʩʦʩʪʦʠʪ ʠʟ ʬʝʨʨʦʤʘʛʥʠʪʥʳʭ ʧʝʥʪʘʤʝʨʦʚ, ʩʦʩʪʦʷʱʠʭ ʠʟ ʦʜʥʦʛʦ Cu1, ʜʚʫʭ Cu2 ʠ ʜʚʫʭ Cu5 ʩ 

ʤʦʤʝʥʪʘʤʠ, ʩʦʚʧʘʜʘʶʱʠʤʠ ʚ ʦʜʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. ʕʪʠ ʧʝʥʪʘʤʝʨʳ ʩʦʩʪʘʚʣʷʶʪ ʦʩʥʦʚʫ 

ʦʙʱʝʡ ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʦʡ ʩʪʨʫʢʪʫʨʳ. ʂʨʦʤʝ ʪʦʛʦ, ʚʜʦʣʴ ʦʩʠ b ʧʨʦʭʦʜʷʪ 

ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʳʝ ʮʝʧʦʯʢʠ ʠʦʥʦʚ Cu3. ɻʨʘʬʠʢ ʩʧʠʥʦʚʦʡ ʧʣʦʪʥʦʩʪʠ Cu9O2(SeO3)4Cl6, 
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ʧʦʢʘʟʘʥʥʳʡ ʥʘ ʨʠʩ. 46ʙ, ʧʦʜʪʚʝʨʞʜʘʝʪ ʧʨʝʜʣʦʞʝʥʥʫʶ ʤʦʜʝʣʴ ʩʧʠʥʦʚʦʡ ʩʪʨʫʢʪʫʨʳ (ʨʠʩ. 

46ʘ). 

 

ʈʠʩ. 46. ʘ) ʄʦʜʝʣʴ ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʦʡ ʩʪʨʫʢʪʫʨʳ Cu9O2(SeO3)4Cl6. ʌʝʨʨʦʤʘʛʥʠʪʥʳʡ 

ʧʝʥʪʘʤʝʨ, ʩʦʩʪʦʷʱʠʡ ʠʟ ʠʦʥʦʚ Cu1, 2Cu2 ʠ 2Cu5, ʦʪʤʝʯʝʥ ʰʪʨʠʭʦʚʳʤʠ ʣʠʥʠʷʤʠ. 

ɼʚʦʡʥʳʤʠ ʩʪʨʝʣʢʘʤʠ ʧʦʢʘʟʘʥʳ ʮʝʧʦʯʢʠ ʠʦʥʦʚ Cu3, ʠʜʫʱʠʝ ʚʜʦʣʴ ʦʩʠ b. ʉʬʝʨʳ ʙʝʟ 

ʩʪʨʝʣʦʢ ð ʠʦʥʳ Cu4. ʆʚʘʣʘʤʠ ʦʪʤʝʯʝʥʳ ʜʠʤʝʨʳ Cu4 ï Cu4. ʙ) ʉʧʠʥʦʚʘʷ ʧʣʦʪʥʦʩʪʴ 

GGA+U Cu9O2(SeO3)4Cl6. 

3.3. CdCu2(SeO3)2Cl2 

ʇʨʠ ʧʦʠʩʢʝ ʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʦʛʘ ʤʠʥʝʨʘʣʘ ʙʸʨʥʩʠʪʘ KCdCu7O2(SeO3)2Cl9 [39] ʥʘʤ 

ʥʝ ʫʜʘʣʦʩʴ ʧʦʣʫʯʠʪʴ ʠʩʢʦʤʦʝ ʩʦʝʜʠʥʝʥʠʝ. ʇʦ ʜʘʥʥʳʤ ʈʌɸ ʫʩʪʘʥʦʚʠʣʠ, ʯʪʦ ʚ ʨʝʘʢʮʠʦʥʥʳʭ 

ʩʤʝʩʷʭ ʦʩʪʘʝʪʩʷ ʭʣʦʨʠʜ ʢʘʣʠʷ, ʘ ʥʝʧʨʦʠʥʜʠʮʠʨʦʚʘʥʥʳʝ ʨʝʬʣʝʢʩʳ ʥʘ ʠʭ ʨʝʥʪʛʝʥʦʛʨʘʤʤʘʭ 

ʥʝ ʧʦʜʭʦʜʠʣʠ ʢ ʠʟʚʝʩʪʥʳʤ ʩʝʣʝʥʠʪʘʤ ʢʘʜʤʠʷ ʠʣʠ ʤʝʜʠ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ 

ʩʝʨʠʠ ʦʧʳʪʦʚ, ʩ ʮʝʣʴʶ ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʩʠʥʪʝʟʘ ʥʝʠʟʚʝʩʪʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ, ʨʝʟʫʣʴʪʘʪʦʤ ʯʝʛʦ 

ʷʚʠʣʦʩʴ ʦʙʥʘʨʫʞʝʥʠʝ ʥʦʚʦʡ ʬʘʟʳ ʩʦʩʪʘʚʘ CdCu2(SeO3)2Cl2.  ʇʘʨʘʣʣʝʣʴʥʦ ʩ ʥʘʤʠ ʵʪʘ ʬʘʟʘ 

ʙʳʣʘ ʩʠʥʪʝʟʠʨʦʚʘʥʘ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʤ ʤʝʪʦʜʦʤ ʚ ʨʘʙʦʪʝ [87]. 

3.3.1. ʉʪʨʫʢʪʫʨʘ 

ʉʦʝʜʠʥʝʥʠʝ CdCu2(SeO3)2Cl2 ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʚ ʥʦʚʦʤ ʩʪʨʫʢʪʫʨʥʦʤ ʪʠʧʝ. 

ʇʘʨʘʤʝʪʨʳ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ (ʤʦʥʦʢʣʠʥʥʘʷ ʩʠʥʛʦʥʠʷ, ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘ ̫ʛʨʫʧʧʘ I2/a) ʠ 

ʧʘʨʘʤʝʪʨʳ ʈʉɸ ʜʣʷ ʜʘʥʥʦʡ ʬʘʟʳ ʥʘ ʤʦʥʦʢʨʠʩʪʘʣʣʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 9.  
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ʊʘʙʣʠʮʘ 9. ʂʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʠ ʥʝʢʦʪʦʨʳʝ ʜʘʥʥʳʝ ʈʉɸ ʜʣʷ 

CdCu2(SeO3)2Cl2. 

ʌʦʨʤʫʣʘ Cd Cu2 Se2 O6 Cl2 

ʊʝʤʧʝʨʘʪʫʨʘ 295(2) K 

ɼʣʠʥʥʘ ʚʦʣʥʳ 0.71073 ¡ 

ʉʠʥʛʦʥʠʷ ʄʦʥʦʢʣʠʥʥʘʷ 

ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʛʨʫʧʧʘ I2/a 

ʇʘʨʘʤʝʪʨʳ ʵʣ. ʷʯ. a = 7.8057(3) ¡ 

b = 9.6036(4) ¡ 

c = 10.7817(5) ¡ 

ɓ = 102.362(4)Á 

ʆʙʲʝʤ 789.49(6) ¡3 

Z 4 

ʇʣʦʪʥʦʩʪʴ (ʚʳʯʠʩʣʝʥʥʘʷ) 4.748 ʤʛ/ʤ3 

ʂʦʵʬʬʠʮʠʝʥʪ ʧʦʛʣʦʱʝʥʠʷ  17.891 ʤʤ-1 

F(000) 1024 

ʈʘʟʤʝʨʳ ʢʨʠʩʪʘʣʣʘ 

ɼʠʘʧʘʟʦʥ ʫʛʣʘ ɗ 

0.23 x 0.17 x 0.12 ʤʤ3  

2.870 ï 29.099Á. 

ʀʥʪʝʨʚʘʣʳ ʠʥʜʝʢʩʦʚ ʦʪʨʘʞʝʥʠʷ -10 Ò h Ò 10, 

-13 Ò k Ò 13, 

-14 Ò l Ò 14 

ʀʟʤʝʨʝʥʦ ʦʪʨʘʞʝʥʠʡ 10777 

ʅʝʟʘʚʠʩʠʤʳʭ ʦʪʨʘʞʝʥʠʡ 1055, [R(int) = 0.0424] 

ʏʠʩʣʦ ʦʛʨʘʥʠʯʝʥʳʭ/ʫʪʦʯʥʷʝʤʳʭ 

ʧʘʨʘʤʝʪʨʦʚ 

0/61 

GOOF ʧʦ F2 1.064 

R (I > 2ů(I)) R1 = 0.0257, wR2 = 0.0577 

R (ʚʩʝ Fhkl) R1 = 0.0295, wR2 = 0.0586 

ʂʦʵʬʬʠʮʠʝʥʪ ʵʢʩʪʠʥʢʮʠʠ 

ʆʩʪʘʪʦʯʥʘʷ ʵʣʝʢʪʨʦʥʥʘʷ ʧʣʦʪʥʦʩʪʴ 

0.0043(3) 

1.136 / -0.704 e. ¡ -3 

 

ɺ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʝ CdCu2(SeO3)2Cl2 ʠʤʝʶʪʩʷ ʪʨʠ ʥʝʟʘʚʠʩʠʤʳʭ ʧʦʣʦʞʝʥʠʷ 

ʘʪʦʤʦʚ Cd, Cu ʠ Se. ɸʪʦʤʳ Cd ʦʢʨʫʞʝʥʳ 4 Cl ʠ 2 O, ʢʦʪʦʨʳʝ ʦʙʨʘʟʫʶʪ ʠʩʢʘʞʝʥʥʳʡ ʦʢʪʘʵʜʨ 

ʩ ʢʦʨʦʪʢʠʤʠ ʨʘʩʩʪʦʷʥʠʷʤʠ Cd ï O 2,336 ¡ ʠ ʙʦʣʝʝ ʜʣʠʥʥʳʤʠ ʨʘʩʩʪʦʷʥʠʷʤʠ Cd ï Cl 2,63 ï 

2,64 ¡. ɸʪʦʤʳ Cu ʧʨʦʷʚʣʷʶʪ ʗʥ ï ʊʝʣʣʝʨʦʚʩʢʠ ʠʩʢʘʞʸʥʥʦʝ 4 + 2, ʦʢʨʫʞʝʥʠʝ [CuO4Cl2]. 

ʈʘʩʩʪʦʷʥʠʷ Cu ï O ʥʘʭʦʜʷʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ 1,939 ï 1,994 ¡, ʘ ʜʚʘ ʘʪʦʤʘ Cl ʥʘʭʦʜʷʪʩʷ ʥʘ 

ʨʘʩʩʪʦʷʥʠʷʭ 2,798 ʠ 2,783 ¡. ɸʪʦʤʳ ʩʝʣʝʥʘ ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʚʝʨʰʠʥʘʭ ʪʨʠʛʦʥʘʣʴʥʳʭ 

ʧʠʨʘʤʠʜ SeO3
2- ʩ ʨʘʩʩʪʦʷʥʠʷʤʠ Se ï O 1,666ï1,730 ¡. ʆʢʪʘʵʜʨʳ [CdO2Cl4] ʠʤʝʶʪ ʦʙʱʠʝ 

ʨʝʙʨʘ Cl ï Cl ʠ ʦʙʨʘʟʫʶʪ ʮʝʧʦʯʢʠ ʚʜʦʣʴ ʥʘʧʨʘʚʣʝʥʠʷ ʚʝʢʪʦʨʘ ʘ ʩʪʨʫʢʪʫʨʳ (ʨʠʩ. 47). 

ʀʩʢʘʞʝʥʥʳʝ ʧʦʣʠʵʜʨʳ ʤʝʜʠ ʦʙʨʘʟʫʶʪ ʣʝʩʪʥʠʯʥʳʝ ʮʝʧʦʯʢʠ, ʠʜʫʱʠʝ ʚʜʦʣʴ ʥʘʧʨʘʚʣʝʥʠʷ 

ʚʝʢʪʦʨʘ c ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ (ʨʠʩ. 47). ʕʪʠ ʮʝʧʦʯʢʠ ʦʨʛʘʥʠʟʦʚʘʥʳ ʜʠʤʝʨʘʤʠ 

[Cu2O6Cl4] ʩ ʨʘʩʩʪʦʷʥʠʷʤʠ Cu ï Cu 3.100(2) ¡. ʇʦ ʦʙʱʠʤ ʚʝʨʰʠʥʘʤ Cl ʵʪʠ ʜʠʤʝʨʳ ʦʙʨʘʟʫʶʪ 

ʣʝʩʪʥʠʮʳ. ʈʘʩʩʪʦʷʥʠʷ Cu ï Cu ʚʜʦʣʴ ʥʦʞʝʢ ʣʝʩʪʥʠʮʳ ʩʦʩʪʘʚʣʷʶʪ 5,391 ¡. ʈʘʩʩʪʦʷʥʠʝ Cu ï 

Cu ʤʝʞʜʫ ʜʚʫʤʷ ʧʘʨʘʣʣʝʣʴʥʳʤʠ ʮʝʧʦʯʢʘʤʠ ʩʦʩʪʘʚʣʷʝʪ 4,797(2) ¡. 
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ʈʠʩ. 47. ʎʝʧʦʯʢʠ ʦʢʪʘʵʜʨʦʚ [CdO2Cl4] ʠ ʣʝʩʪʥʠʯʥʳʝ ʮʝʧʦʯʢʠ ʜʠʤʝʨʦʚ Cu2O6Cl4 ʦʙʨʘʟʫʶʪ 

ʪʨʝʭʤʝʨʥʳʡ ʢʘʨʢʘʩ (ʣʝʚʘʷ ʧʘʥʝʣʴ), ʚʠʜ ʥʘ ʧʣʦʩʢʦʩʪʴ ab ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ 

CdCu2(SeO3)2Cl2 ʙʝʟ ʘʪʦʤʦʚ Cd (ʧʨʘʚʘʷ ʧʘʥʝʣʴ). 

 

ʈʠʩ. 48. ʊʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ɢ ʜʣʷ CdCu2(SeO3)2Cl2, 

ʩʥʷʪʘʷ ʧʨʠ B = 0,1 ʊʣ ʚ ʨʝʞʠʤʝ FC. ʅʘ ʚʩʪʘʚʢʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʧʦʣʝʚʘʷ ʟʘʚʠʩʠʤʦʩʪʴ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʄ, ʩʥʷʪʘʷ ʧʨʠ ʊ = 2 ʂ. ʌʠʦʣʝʪʦʚʘʷ ʰʪʨʠʭʧʫʥʢʪʠʨʥʘʷ ʣʠʥʠʷ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʧʨʠʙʣʠʞʝʥʠʝ ʤʦʜʝʣʠ ʜʠʤʝʨʘ, ʩʠʥʷʷ ʰʪʨʠʭʦʚʘʷ ʣʠʥʠʷ - ʟʘʚʠʩʠʤʦʩʪʴ ʂʶʨʠ-

ɺʝʡʩʘ, ʘ ʢʨʘʩʥʘʷ ʣʠʥʠʷ - ʩʫʤʤʘ ʵʪʠʭ ʜʚʫʭ ʯʘʩʪʝʡ.  

ʎʝʧʦʯʢʠ ʧʦʣʠʵʜʨʦʚ Cd ʠ ʜʠʤʝʨʥʳʝ ʮʝʧʦʯʢʠ ʧʦʣʠʵʜʨʦʚ Cu ʧʨʦʭʦʜʷʪ ʚ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷʭ, ʦʙʨʘʟʫʷ ʪʨʝʭʤʝʨʥʳʡ ʢʘʨʢʘʩ ʩ ʧʦʣʳʤʠ ʢʘʥʘʣʘʤʠ, 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳʤʠ ʧʣʦʩʢʦʩʪʠ bc ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ. ɸʪʦʤʳ ʩʝʣʝʥʘ 

ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚ ʵʪʠʭ ʢʘʥʘʣʘʭ ʠ ʩʰʠʚʘʶʪ ʧʦʣʠʵʜʨʳ [CdO2Cl4] ʠ [CuO4Cl2], ʨʘʟʜʝʣʷʷ ʘʪʦʤʳ 
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ʆ ʠʟ ʨʘʟʥʳʭ ʮʝʧʝʡ ʜʠʤʝʨʘ Cu ï Cu. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ ʭʣʦʨʠʜʘ 

CdCu2(SeO3)2Cl2 ʤʦʞʥʦ ʦʧʠʩʘʪʴ ʢʘʢ ʪʨʝʭʤʝʨʥʳʡ ʢʘʨʢʘʩ ʩ ʦʪʢʨʳʪʳʤʠ ʢʘʥʘʣʘʤʠ. 

3.3.2. ʄʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ 

ʄʘʛʥʠʪʥʳʝ ʠʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʣʠ ʥʘ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʦʤ ʦʙʨʘʟʮʝ CdCu2(SeO3)2Cl2, 

ʤʦʥʦʬʘʟʥʦʩʪʴ ʢʦʪʦʨʦʛʦ ʢʦʥʪʨʦʣʠʨʦʚʘʣʠ ʧʦ ʈʌɸ. ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʚʝʜʝʥʠʷ 

CdCu2(SeO3)2Cl2 ʚʝʜʝʪ ʩʝʙʷ ʢʘʢ ʪʠʧʠʯʥʘ ̫ʩʠʩʪʝʤʘ ʩ ʠʟʦʣʠʨʦʚʘʥʥʳʤʠ ʜʠʤʝʨʘʤʠ ʠʟ ʢʘʪʠʦʥʦʚ 

ʤʝʜʠ 2+. ʕʪʠ ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʦ ʩʚʷʟʘʥʥʳʝ ʜʠʤʝʨʳ ʥʝ ʬʦʨʤʠʨʫʶʪ ʜʘʣʴʥʠʡ ʤʘʛʥʠʪʥʳʡ 

ʧʦʨʷʜʦʢ ʚ ʰʠʨʦʢʦʤ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ. ʅʘ ʨʠʩ. 48 ʧʦʢʘʟʘʥʘ ʪʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ 

ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ɢ, ʩʥʷʪʘʷ ʧʨʠ B = 0,1 ʊʣ ʚ FC. ʇʨʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ 

ʧʦʚʝʜʝʥʠʝ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʜʠʢʪʫʝʪʩʷ ʧʘʨʘʤʘʛʥʠʪʥʳʤʠ ʧʨʠʤʝʩʷʤʠ, ʢʦʪʦʨʳʝ ʧʦʜʯʠʥʷʶʪʩʷ 

ʟʘʢʦʥʫ ʂʶʨʠ ï ɺʝʡʩʘ. ʇʨʠʥʠʤʘʷ ʧʨʠʤʝʩʠ ʢʘʢ ʩʦ ʩʧʠʥʦʤ S = 1/2 ʠ g-ʬʘʢʪʦʨʦʤ g = 2, ʠʭ 

ʢʦʣʠʯʝʩʪʚʦ ʦʮʝʥʠʚʘʝʪʩʷ ʢʘʢ 0,8%. ʇʘʨʘʤʘʛʥʠʪʥʳʡ ʦʪʢʣʠʢ ʧʨʠʤʝʩʝʡ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ 

ʧʦʣʝʚʦʡ ʟʘʚʠʩʠʤʦʩʪʴʶ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ M(B), ʩʥʷʪʦʡ ʧʨʠ 2 ʂ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʚʩʪʘʚʢʝ ʢ 

ʨʠʩ. 48. ɼʘʥʥʳʝ, ʧʨʠʚʦʜʠʤʳʝ ʚ [87], ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʧʦʣʫʯʝʥʥʳʤʠ ʥʘʤʠ. 

3.3.3. ʆʧʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

 

ʈʠʩ. 49. ʘ) ʀʂ-ʩʧʝʢʪʨʳ ʧʨʦʧʫʩʢʘʥʠʷ. ʙ) ɻʨʘʬʠʢ ʊʘʫʮʘ ʜʣʷ ʦʮʝʥʢʠ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ 

CdCu2(SeO3)2Cl2; ʩʧʝʢʪʨ ʜʠʬʬʫʟʥʦʛʦ ʦʪʨʘʞʝʥʠʷ ʧʦʢʘʟʘʥ ʥʘ ʚʩʪʘʚʢʝ. 

ʀʂ ʩʧʝʢʪʨ CdCu2(SeO3)2Cl2 ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩ. 49ʘ. ʇʦʣʦʩʳ ʩ ɜ = 866, 846 ʠ 770 ʩʤ-

1 ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʢ ʦʙʳʯʥʳʤ ʢʦʣʝʙʘʥʠʷʤ ʩʚʷʟʠ ï ɜ(Se ï O), ʘ ʧʦʣʦʩʳ ʚ ʜʠʘʧʘʟʦʥʝ 680 ï 540 

ʩʤ-1 - ʢ ʢʦʣʝʙʘʥʠʷʤ ɜ(Se ï O ï M) [88, 89]. ʉʧʝʢʪʨ ʜʠʬʬʫʟʥʦʛʦ ʦʪʨʘʞʝʥʠʷ (ʉɼʆ) ʧʦʢʘʟʘʥ ʥʘ 

ʨʠʩ. 49ʙ. ʕʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʞʝʣʪʦ-ʟʝʣʝʥʦʡ ʦʢʨʘʩʢʦʡ ʠʩʩʣʝʜʫʝʤʦʛʦ ʚʝʱʝʩʪʚʘ. ʆʮʝʥʢʘ 

ʰʠʨʠʥʳ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ ʧʦ ʉɼʆ ʧʨʦʚʦʜʠʣʠ ʩ ʧʦʤʦʱʴʶ ʧʦʩʪʨʦʝʥʠʷ ʛʨʘʬʠʢʘ ʊʘʫʮʘ  [90], 
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ʢʦʪʦʨʘʷ ʚ ʧʨʝʜʧʦʣʦʞʝʥʠʠ ʥʝʧʨʷʤʦʟʦʥʥʦʛʦ ʧʦʣʫʧʨʦʚʦʜʥʠʢʘ ʜʘʝʪ ʟʥʘʯʝʥʠʝ ʵʣʝʢʪʨʦʥʥʦʡ 

ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ  Eg = 2,82 Ñ 0,02 ʵɺ. 

3.3.4. ɿʦʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʠ ʦʙʤʝʥʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ  

 

ʈʠʩ. 50. ʇʦʣʥʘʷ (ʚʝʨʭʥʷʷ ʧʘʥʝʣʴ) ʠ ʧʘʨʮʠʘʣʴʥʘʷ ʧʣʦʪʥʦʩʪʴ ʩʦʩʪʦʷʥʠʡ Cu-d (ʩʨʝʜʥʷʷ 

ʧʘʥʝʣʴ) ʠ O-p (ʥʠʞʥʷʷ ʧʘʥʝʣʴ) ʚ CdCu2(SeO3)2Cl2, ʨʘʩʩʯʠʪʘʥʥʘʷ ʤʝʪʦʜʦʤ GGA+U. 

ʇʫʥʢʪʠʨʦʤ ʦʪʤʝʯʝʥʦ ʧʦʣʦʞʝʥʠʝ ʫʨʦʚʥʷ ʌʝʨʤʠ. 

ʈʘʩʯʝʪ ʟʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʜʣʷ CdCu2(SeO3)2Cl2 ʙʳʣ ʚʳʧʦʣʥʝʥ ʚ ʨʘʤʢʘʭ ʧʨʠʙʣʠʞʝʥʠʷ 

ʦʙʦʙʱʝʥʥʦʛʦ ʛʨʘʜʠʝʥʪʘ GGA ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʙʤʝʥʥʦ-ʢʦʨʨʝʣʷʮʠʦʥʥʦʛʦ ʬʫʥʢʮʠʦʥʘʣʘ 

Perdew-Burke-Ernzerhof (PBE) [83], ʨʝʘʣʠʟʦʚʘʥʥʦʛʦ ʚ ʧʨʦʛʨʘʤʤʥʦʤ ʧʘʢʝʪʝ VASP [81]. ʅʘʤʠ 

ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʧʘʨʘʤʝʪʨ ʢʫʣʦʥʦʚʩʢʦʛʦ ʦʪʪʘʣʢʠʚʘʥʠʷ U = 8,5 ʵɺ [91]. ʕʪʠ ʨʘʩʯʝʪʳ ʧʨʠʚʦʜʷʪ 

ʢ ʟʥʘʯʝʥʠʶ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʱʝʣʠ 2,4 ʵɺ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 50. ɺʠʜʥʦ, ʯʪʦ ʚʝʨʭ ʚʘʣʝʥʪʥʦʡ 

ʟʦʥʳ ʦʙʨʘʟʦʚʘʥ ʩʦʩʪʦʷʥʠʷʤʠ O ï p, ʘ ʥʠʟ ʟʦʥʳ ʧʨʦʚʦʜʠʤʦʩʪʠ - ʧʫʩʪʳʤʠ ʩʦʩʪʦʷʥʠʷʤʠ Cu ï 

d. ʇʘʨʘʤʝʪʨ ʦʙʤʝʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ J ʚ ʜʠʤʝʨʝ Cu ï Cu ʙʳʣ ʠʟʚʣʝʯʝʥ ʠʟ ʨʘʟʥʦʩʪʠ ʧʦʣʥʦʡ 

ʵʥʝʨʛʠʠ ʯʝʪʳʨʝʭ ʨʘʟʣʠʯʥʳʭ ʩʧʠʥʦʚʳʭ ʢʦʥʬʠʛʫʨʘʮʠʡ (ʨʠʩ. 51) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʮʝʜʫʨʳ 

ʦʪʦʙʨʘʞʝʥʠʷ ʚ ʨʘʤʢʘʭ ʤʝʪʦʜʘ DFT + U [92]. ɺ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʝ CdCu2(SeO3)2Cl2 

ʠʤʝʝʪʩʷ ʚʦʩʝʤʴ ʠʦʥʦʚ ʤʝʜʠ. ʉʦʛʣʘʩʥʦ ʵʪʦʤʫ ʩʦʦʙʨʘʞʝʥʠʶ, ʯʪʦʙʳ ʧʦʣʫʯʠʪʴ ʦʙʤʝʥʥʦʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʜʚʫʤʷ ʮʝʥʪʨʘʤʠ Cu, ʚʦʟʴʤʝʤ Cu2 ʠ Cu5 (ʨʠʩ. 51) (ʚʘʞʥʦ ʟʘʤʝʪʠʪʴ, 

ʯʪʦ ʵʪʦ ʥʝ ʩʪʨʫʢʪʫʨʥʦ ʥʝʟʘʚʠʩʠʤʳʝ ʠʦʥʳ Cu2+, ʘ ʫʩʣʦʚʥʦʝ ʫʢʘʟʘʥʠʝ ʜʣʷ ʦʧʠʩʘʥʠʷ 

ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ), ʜʣʷ ʦʮʝʥʢʠ ʦʙʤʝʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʥʫʪʨʠ ʜʠʤʝʨʘ Cu ï ʉu 

ʥʝʦʙʭʦʜʠʤʦ ʨʘʩʩʯʠʪʘʪʴ ʧʦʣʥʫʶ ʵʥʝʨʛʠʶ ʯʝʪʳʨʝʭ ʩʧʠʥʦʚʳʭ ʢʦʥʬʠʛʫʨʘʮʠʡ: E1, E2 , E3, E4, 

ʚ ʢʦʪʦʨʳʭ ʩʧʠʥʳ ʥʘ ʧʦʟʠʮʠʷʭ Cu2 ʠ Cu5 ʠʤʝʶʪ ʚʠʜ ŷŷ, ŷŹ, Źŷ, ŹŹ (ʨʠʩ. 51). ʊʦʛʜʘ J = (E1 + 
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E4 - E2 - E3)/4 S2, ʛʜʝ S=1/2 ʜʣʷ ʠʦʥʘ Cu2+ [92]. ʅʘʤʠ ʙʳʣʦ ʧʦʣʫʯʝʥʦ J = 425 ʂ, ʯʪʦ ʭʦʨʦʰʦ 

ʩʦʛʣʘʩʫʝʪʩʷ ʩʦ ʟʥʘʯʝʥʠʝʤ, ʦʮʝʥʝʥʥʳʤ ʧʦ ʤʘʢʩʠʤʫʤʫ ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ. 

ʀʩʧʦʣʴʟʫʷ ʪʫ ʞʝ ʧʨʦʮʝʜʫʨʫ ʜʣʷ ʠʦʥʦʚ Cu2 ʠ Cu7, ʚʳʯʠʩʣʠʣʠ ʦʙʤʝʥʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʤʝʞʜʫ ʜʠʤʝʨʘʤʠ, ʢʦʪʦʨʦʝ ʦʢʘʟʳʚʘʝʪʩʷ ʨʘʚʥʳʤ ʚʩʝʛʦ 0,4 K. 

 

ʈʠʩ. 51. ʏʝʪʳʨʝ ʩʧʠʥʦʚʳʭ ʩʦʩʪʦʷʥʠʷ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʣʷ ʨʘʩʯʝʪʘ ʦʙʤʝʥʥʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ J ʤʝʞʜʫ ʮʝʥʪʨʘʤʠ Cu2 ʠ Cu5 ʚ CdCu2(SeO3)2Cl2. 

3.4. Cu3TeO3(SO4)2 

ɺʧʝʨʚʳʝ Cu3TeO3(SO4)2 ʙʳʣ ʦʙʥʘʨʫʞʝʥ ʧʨʠ ʩʠʥʪʝʟʝ ʉsCu7TeO4(SO4)5Br ʚ ʢʘʯʝʩʪʚʝ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʧʨʠʤʝʩʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʰʠʭʪʳ ʚ ʟʘʧʘʷʥʥʦʡ ʘʤʧʫʣʝ. ʇʦʩʣʝ ʵʪʦʛʦ ʙʳʣ 

ʧʨʝʜʧʨʠʥʷʪ ʵʢʩʧʝʨʠʤʝʥʪ ʧʦ ʥʘʧʨʘʚʣʝʥʥʦʤʫ ʩʠʥʪʝʟʫ Cu3TeO3(SO4)2 ʠʟ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʦʡ 

ʩʤʝʩʠ ʦʢʩʠʜʦʚ ʤʝʜʠ (II) ʠ ʪʝʣʣʫʨʘ (IV) ʩ ʩʫʣʴʬʘʪʦʤ ʤʝʜʠ (II). ɺ ʨʝʟʫʣʴʪʘʪʝ ʫʜʘʣʦʩʴ ʧʦʣʫʯʠʪʴ 

ʦʜʥʦʬʘʟʥʳʡ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ ʦʙʨʘʟʝʮ Cu3TeO3(SO4)2. ʈʝʟʫʣʴʪʘʪʳ ʠʥʜʠʮʠʨʦʚʘʥʠʷ 

ʨʝʥʪʛʝʥʦʛʨʘʤʤʳ (ʧʨʠʣʦʞʝʥʠʝ 2) ʜʘʶʪ ʩʣʝʜʫʶʱʠʝ ʧʘʨʘʤʝʪʨʳ ʧʨʠʤʠʪʠʚʥʦʡ  ʪʨʠʢʣʠʥʥʦʡ 

ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ: a = 6.2365(25) ¡, b = 7.0796(23) ¡, c = 10.365(4) ¡, Ŭ = 73.913(24)Á, ɓ 

= 74.46(3)Á, ɔ = 86.573(22)Á, V = 423.6(3) ¡3. 

3.4.1. ʉʪʨʫʢʪʫʨʘ 

ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʪʝʣʣʫʨʠʪ-ʩʫʣʴʬʘʪʘ ʤʝʜʠ ʙʳʣʘ ʫʩʪʘʥʦʚʣʝʥʘ ʥʘ 

ʤʦʥʦʢʨʠʩʪʘʣʣʝ (ʊʘʙʣ. 10). Cu3TeO3(SO4)2 ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʚ ʥʦʚʦʤ ʩʪʨʫʢʪʫʨʥʦʤ ʪʠʧʝ ʚ 

ʪʨʠʢʣʠʥʥʦʡ ʩʠʥʛʦʥʠʠ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʦʡ Pρ.  ʉʪʨʫʢʪʫʨʘ Cu3TeO3(SO4)2 ʩʦʜʝʨʞʠʪ 

ʪʨʠ ʢʨʠʩʪʘʣʣʦʭʠʤʠʯʝʩʢʠ ʥʝʟʘʚʠʩʠʤʳʭ ʠʦʥʘ Cu2+, ʦʜʠʥ ʠʦʥ Te4+, ʜʚʘ ʠʦʥʘ S6+. ʉʦʛʣʘʩʥʦ 

ʨʘʩʯʝʪʘʤ ʚʘʣʝʥʪʥʳʭ ʫʩʠʣʠʡ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʤ ʚ ʧʨʠʣʦʞʝʥʠʠ 3, ʠʦʥʳ Cu1 ʦʢʨʫʞʝʥʳ ʧʷʪʴʶ 

ʠʦʥʘʤʠ ʢʠʩʣʦʨʦʜʘ ʠ ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʦʩʥʦʚʘʥʠʠ ʪʝʪʨʘʛʦʥʘʣʴʥʦʡ ʧʠʨʘʤʠʜʳ Cu1O5. ʀʦʥ Cu2 

ʨʘʩʧʦʣʦʞʝʥ ʚ ʠʩʢʘʞʝʥʥʦʤ ʢʚʘʜʨʘʪʝ Cu2O4, ʘ Cu3 ʦʢʨʫʞʝʥ ʰʝʩʪʴʶ ʘʪʦʤʘʤʠ ʢʠʩʣʦʨʦʜʘ ʧʦ 

ʤʦʪʠʚʫ ʠʩʢʘʞʝʥʥʦʛʦ ʦʢʪʘʵʜʨʘ  ʚ ʮʝʧʠ Cu3O6. ʈʘʩʩʪʦʷʥʠʷ Cu ï O ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ 

ʩʪʨʫʢʪʫʨʝ Cu3TeO3(SO4)2 ʥʘʭʦʜʷʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ 1,91 ï 2,48 ¡. ʀʦʥ Te ʨʘʩʧʦʣʦʞʝʥ ʚʥʫʪʨʠ 
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ʪʨʠʛʦʥʘʣʴʥʦʡ ʧʠʨʘʤʠʜʳ Te1O3, ʪʠʧʠʯʥʦʡ ʜʣʷ ʯʝʪʳʨʝʭʚʘʣʝʥʪʥʳʭ ʠʦʥʦʚ ʭʘʣʴʢʦʛʝʥʘ. ʀʦʥʳ 

S1 ʠ S2 ʥʘʭʦʜʷʪʩʷ ʚ ʪʝʪʨʘʵʜʨʠʯʝʩʢʦʤ ʦʢʨʫʞʝʥʠʠ SO4.  

ʊʘʙʣʠʮʘ 10. ʂʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʠ ʥʝʢʦʪʦʨʳʝ ʜʘʥʥʳʝ ʈʉɸ ʜʣʷ 

ʤʦʥʦʢʨʠʩʪʘʣʣʘ Cu3TeO3(SO4)2. 

ʌʦʨʤʫʣʘ Cu3TeO3(SO4)2 

ʊʝʤʧʝʨʘʪʫʨʘ, K 122.00 

ʉʠʤʤʝʪʨʠʷ ʊʨʠʢʣʠʥʥʘʷ 

ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʛʨʫʧʧʘ Pρ 
a, ¡ 6.2433(3) 

b, ¡ 7.0911(3) 

c, ¡ 10.3875(4) 

Ŭ, Á 74.0040(10) 

ɓ, Á 74.5900(10) 

ɔ, Á 86.6010(10) 

ʆʙʲʝʤ, ¡3 426.13(3) 

Z 2 

ɟʚʳʯ., ʛ/cʤ3 4.351 

ɛ, ʤʤ-1 11.321 

F(000) 518.0 

ʈʘʟʤʝʨ ʢʨʠʩʪʘʣʣʘ, ʤʤ3 0.1 Ĭ 0.08 Ĭ 0.07 

ʀʟʣʫʯʝʥʠʝ Mo KŬ (ɚ = 0.71073) 

ɼʠʘʧʘʟʦʥ ʫʛʣʘ 2ɗ, Á 4.224 to 59.994 

ʀʥʪʝʨʚʘʣʳ ʠʥʜʝʢʩʦʚ 

ʦʪʨʘʞʝʥʠʷ 

ī8 Ò h Ò 8,  

ī9 Ò k Ò 9,  

ī14 Ò l Ò 14 

ʀʟʤʝʨʝʥʦ ʦʪʨʘʞʝʥʠʡ 6482 

ʅʝʟʘʚʠʩʠʤʳʭ ʦʪʨʘʞʝʥʠʡ 2454, Rint = 0.0395 

ʏʠʩʣʦ 

ʦʛʨʘʥʠʯʝʥʥʳʭ/ʫʪʦʯʥʷʝʤʳʭ 

ʧʘʨʘʤʝʪʨʦʚ 

0/155 

GOOF ʧʦ F2 1.089 

R (I > 2ů(I)) R1 = 0.0263, wR2 = 0.0582 

R (ʚʩʝ Fhkl) R1 = 0.0274, wR2 = 0.0588 

ʆʩʪʘʪʦʯʥʘʷ ʵʣʝʢʪʨʦʥʥʘʷ 

ʧʣʦʪʥʦʩʪʴ e. ¡-3 

0.87/ī0.93 

 

ɼʚʘ ʧʦʣʠʵʜʨʘ Cu1O5, ʜʝʣʷʪ ʦʙʱʠʝ ʨʝʙʨʘ O2 ï O2 ʠ ʦʙʨʘʟʫʶʪ ʜʠʤʝʨ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, 

ʧʦʣʠʵʜʨʳ Cu2O4 ʠ Cu3O6 ʪʘʢʞʝ ʦʙʨʘʟʫʶʪ ʜʠʤʝʨʳ ʯʝʨʝʟ ʦʙʱʠʝ ʨʝʙʨʘ O1 ï O9. ʇʦʣʠʵʜʨʳ 

Cu2O4 ʠ Cu1O5 ʠʤʝʶʪ ʦʙʱʠʝ ʚʝʨʰʠʥʳ O3. ʅʘʢʦʥʝʮ, ʰʝʩʪʴ ʧʦʣʠʵʜʨʦʚ ʤʝʜʠ ʦʙʨʘʟʫʶʪ 

ʟʠʛʟʘʛʦʦʙʨʘʟʥʳʡ ʛʝʢʩʘʤʝʨ Cu6O22 (ʨʠʩ. 52). ɻʨʫʧʧʘ TeO3 ʨʘʩʧʦʣʦʞʝʥʘ ʤʝʞʜʫ ʜʠʤʝʨʘʤʠ 

Cu2O4ïCu3O6 ʠ Cu1O5ïCu1O5 ʠ ʩʰʠʚʘʝʪ ʠʭ ʜʚʫʤʷ ʘʪʦʤʘʤʠ O1 ʠ O2 ʠʟ ʨʘʟʥʳʭ ʜʠʤʝʨʦʚ, ʘ 

ʪʘʢʞʝ ʯʝʨʝʟ O3 ʩ ʜʨʫʛʠʤ ʛʝʢʩʘʤʝʨʦʤ ʚ ʩʪʨʫʢʪʫʨʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʚʝ ʚʝʨʰʠʥʳ ʛʨʫʧʧʳ TeO3 

ʧʨʠʥʘʜʣʝʞʘʪ ʦʜʥʦʤʫ ʛʝʢʩʘʤʝʨʫ, ʘ ʦʩʪʘʚʰʘʷʩʷ ʦʜʥʘ ð ʜʨʫʛʦʤʫ ʛʝʢʩʘʤʝʨʫ Cu6O22, ʦʙʨʘʟʫʷ 

ʙʝʩʢʦʥʝʯʥʫʶ ʮʝʧʦʯʢʫ ʛʝʢʩʘʤʝʨʦʚ ʚʜʦʣʴ ʦʩʠ a ɻ ʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ. ʉʫʣʴʬʘʪʥʳʝ ʪʝʪʨʘʵʜʨʳ 
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S1O4 ʠ S2O4 ʦʙʦʙʱʘʶʪ ʦʩʪʘʚʰʠʝʩʷ ʚʝʨʰʠʥʳ ʛʝʢʩʦʤʝʨʘ ʪʘʢ, ʯʪʦʙʳ ʩʰʠʪʴ ʚʩʝ ʮʝʧʦʯʢʠ ʚ 

ʪʨʝʭʤʝʨʥʳʡ ʢʘʨʢʘʩ ʩ ʧʦʣʦʩʪʷʤʠ. 

3.4.2. ʄʘʛʥʠʪʥʳʝ ʠ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

 

ʈʠʩ. 52. ɻʝʢʩʘʤʝʨ Cu6O22 ʠ ʮʝʧʦʯʢʘ ʠʟ ʛʝʢʩʘʤʝʨʦʚ ʩʦʝʜʠʥʸʥʥʳʭ ʯʝʨʝʟ ʛʨʫʧʧʠʨʦʚʢʠ TeO3 

(ʣʝʚʳʡ ʨʠʩʫʥʦʢ). ʇʨʦʝʢʮʠʷ ʩʪʨʫʢʪʫʨʳ Cu3TeO3(SO4)2 ʥʘ ʧʣʦʩʢʦʩʪʠ ʘʩ, ʨʦʟʦʚʳʤ ʮʚʝʪʦʤ 

ʚʳʜʝʣʝʥ ʦʜʠʥ ʛʝʢʩʘʤʝʨ Cu6O22. 

ʀʟ ʜʘʥʥʳʭ ʵʣʝʢʪʨʦʥʥʦʛʦ ʧʘʨʘʤʘʛʥʠʪʥʦʛʦ ʨʝʟʦʥʘʥʩʘ (ʕʇʈ) ʥʘ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʦʤ 

ʦʙʨʘʟʮʝ ʩʣʝʜʫʝʪ, ʯʪʦ ʜʣʷ Cu3TeO3(SO4)2 ʚ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ ʥʘʙʣʶʜʘʝʪʩʷ ʣʠʥʠʷ 

ʧʦʛʣʦʱʝʥʠʷ, ʢʦʪʦʨʫʶ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʢ ʧʝʨʝʢʨʳʚʘʶʱʠʤʩʷ ʩʠʛʥʘʣʘʤ Cu2 ʠ Cu3. ʆʪʜʝʣʴʥʳʝ 

ʣʠʥʠʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʦʣʦʞʝʥʠʷʤ ʢʘʞʜʦʛʦ ʠʟ ʠʦʥʦʚ ʤʝʜʠ, ʥʝ ʫʜʘʣʦʩʴ ʨʘʟʨʝʰʠʪʴ. 

ʕʚʦʣʶʮʠʷ ʩʧʝʢʪʨʦʚ ʕʇʈ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 53. ʇʨʠ ʧʦʥʠʞʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ 

ʩʠʛʥʘʣ ʫʰʠʨʷʝʪʩʷ, ʘ ʝʛʦ ʘʤʧʣʠʪʫʜʘ ʨʘʩʪʝʪ. ʀʥʪʝʛʨʘʣʴʥʘʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʕʇʈ ɢʵʧʨ, 

ʜʦʩʪʘʪʦʯʥʦ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʜʘʥʥʳʤʠ ʩʪʘʪʠʯʝʩʢʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ɢ(T), ʢʘʢ 

ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 54. ʅʠʞʝ ʧʨʠʤʝʨʥʦ 15 K ʩʠʛʥʘʣ ʟʘʪʫʭʘʝʪ, ʯʪʦ ʦʟʥʘʯʘʝʪ ʙʣʠʟʦʩʪʴ ʢ 

ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʜʘʣʴʥʝʛʦ ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʨʷʜʢʘ ʠ ʦʪʢʨʳʪʠʶ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʱʝʣʠ 

ʜʣʷ ʨʝʟʦʥʘʥʩʥʦʛʦ ʚʦʟʙʫʞʜʝʥʠʷ. ɺʩʝ ʠʦʥʳ ʤʝʜʠ ʚ Cu3TeO3(SO4)2 ʥʘʭʦʜʷʪʩʷ ʚ 

ʥʠʟʢʦʩʠʤʤʝʪʨʠʯʥʦʤ ʢʠʩʣʦʨʦʜʥʦʤ ʦʢʨʫʞʝʥʠʠ. ʇʦʵʪʦʤʫ ʩʧʝʢʪʨ ʕʇʈ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ 

ʦʙʨʘʟʮʘ ʧʨʠ 270 K ʙʳʣ ʘʧʧʨʦʢʩʠʤʠʨʦʚʘʥ ʘʥʠʟʦʪʨʦʧʥʦʡ ʨʦʤʙʠʯʝʩʢʦʡ ʣʠʥʠʝʡ ʩ g1 Í g2 Í g3, 

ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʚʩʪʘʚʢʝ ʢ ʨʠʩ. 53. ʇʦʜʛʦʥʦʯʥʳʝ ʟʥʘʯʝʥʠʷ g1 = 2,1824, g2 = 2,1903 ʠ g3 = 

2,2953 ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʠʪʴ ʫʩʨʝʜʥʝʥʥʦʝ ʟʥʘʯʝʥʠʝ g = 2,22(27). 
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ʈʠʩ. 53. ʉʧʝʢʪʨʳ ʕʇʈ Cu3TeO3(SO4)2 ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʥʘ ʚʩʪʘʚʢʝ ʧʦʢʘʟʘʥʘ 

ʧʦʜʛʦʥʢʘ ʧʦ ʫʩʨʝʜʥʝʥʥʦʤʫ ʟʥʘʯʝʥʠʶ g.  

 

ʈʠʩ. 54. ʊʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ Cu3TeO3(SO4)2, 

ʠʟʤʝʨʝʥʥʘʷ ʚ ʨʝʞʠʤʝ FC ʧʨʠ Õ0H = 0,1 ʊʣ. ɿʘʢʨʘʰʝʥʥʳʝ ʢʨʫʞʢʠ ð ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʕʇʈ. 

ʊʦʥʢʘʷ ʧʫʥʢʪʠʨʥʘʷ ʣʠʥʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʦʪʢʣʠʢ ʜʠʤʝʨʥʦʡ ʧʦʜʩʠʩʪʝʤʳ Cu1 ï Cu1, 

ʦʮʝʥʝʥʥʳʡ ʚ ʨʘʩʯʝʪʘʭ ʠʟ ʧʝʨʚʳʭ ʧʨʠʥʮʠʧʦʚ. ʊʦʣʩʪʘʷ ʩʧʣʦʰʥʘʷ ʣʠʥʠʷ ʷʚʣʷʝʪʩʷ 

ʨʝʟʫʣʴʪʘʪʦʤ ʚʳʯʠʪʘʥʠʷ ʦʪʢʣʠʢʘ ʜʠʤʝʨʘ ʠʟ ʦʙʱʝʛʦ ʤʘʛʥʠʪʥʦʛʦ ʦʪʢʣʠʢʘ. ʅʘ ʚʩʪʘʚʢʝ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʨʠʚʳʝ ɢ(T), ʠʟʤʝʨʝʥʥʳʝ ʚ ʨʘʟʣʠʯʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ. 

ʊʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ɢ ʜʣʷ Cu3(TeO3)(SO4)2 

ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 54, ʟʘʢʨʘʰʝʥʥʳʝ ʢʨʫʞʢʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʦʮʝʥʝʥʥʫʶ 

ʠʟ ʩʠʥʛʘʣʘ ʕʇʈ. ʇʨʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʢʨʠʚʫʶ ɢ(T) ʥʝʣʴʟʷ ʪʨʘʢʪʦʚʘʪʴ ʧʦ ʟʘʢʦʥʫ 

ʂʶʨʠïɺʝʡʩʩʘ, ʪʘʢ ʢʘʢ ʥʘ ʥʝʝ ʚʣʠʷʝʪ ʤʘʛʥʠʪʥʳʡ ʦʪʢʣʠʢ ʜʠʤʝʨʦʚ Cu1 ï Cu1, 

ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʧʦʜʩʠʩʪʝʤʫ ʩʦ ʩʧʠʥʦʚʦʡ ʱʝʣʴ.ʁ ʉʦʛʣʘʩʥʦ ʨʘʩʯʝʪʘʤ ʠʟ ʧʝʨʚʳʭ ʧʨʠʥʮʠʧʦʚ 
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(ʧʦʜʨʦʙʥʝʝ ʨʘʩʩʤʦʪʨʝʥʦ ʥʠʞʝ ʚ 3.4.3.), ʦʪʢʣʠʢ ʜʠʤʝʨʦʚ Cu1 ï Cu1 ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʤʘʢʩʠʤʫʤ 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʦʢʦʣʦ 280 K. ʂʨʠʚʘʷ ɢ(T) ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʳʭ ʜʠʤʝʨʦʚ ʤʦʞʝʪ ʙʳʪʴ 

ʨʘʩʩʯʠʪʘʥʘ ʧʦ ʫʨʘʚʥʝʥʠʶ (4). 

ʔ  
А
σ Ὡὼὴ

Ў
       (4) 

ʅʘ ʨʠʩ. 54 ʧʫʥʢʪʠʨʥʦʡ ʣʠʥʠʝʡ ʧʦʢʘʟʘʥ ʦʪʢʣʠʢ ʜʠʤʝʨʦʚ ʧʨʠ g = 2,22 ʠ ʩʧʠʥʦʚʦʡ ʱʝʣʠ 

ȹ = J1 = 439 K. ɺʳʯʠʪʘʥʠʝ ʵʪʦʡ ʢʨʠʚʦʡ ʠʟ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʜʘʝʪ ʦʪʢʣʠʢ 

ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʦʡ ʧʦʜʩʠʩʪʝʤʳ ʚ Cu3TeO3(SO4)2, ʯʪʦ ʧʦʢʘʟʘʥʦ ʩʧʣʦʰʥʦʡ ʣʠʥʠʝʡ ʥʘ ʨʠʩ. 

54, ʢʦʪʦʨʫʶ ʤʦʞʥʦ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʧʦ ʟʘʢʦʥʫ ʂʶʨʠ ï ɺʝʡʩʘ ʠ ʧʦʣʫʯʠʪʴ ɢ0 = 3,5 Ĭ 10
ï4 

ʵʤʝ/ʤʦʣʴ, ʩ ʢʦʥʩʪʘʥʪʦʡ ʂʶʨʠ C = 0,96 ʵʤʝK/ʤʦʣʴ ʠ ɗ = -33 K. ʇʦʣʦʞʠʪʝʣʴʥʳʡ ʟʥʘʢ ɢ0 

ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʚʢʣʘʜʦʤ ɺʘʥ-ʌʣʝʢʘ ʦʪ ʠʦʥʦʚ Cu2+. ʆʪʨʠʮʘʪʝʣʴʥʳʡ ʟʥʘʢ ɗ ʤʦʞʥʦ 

ʦʙʲʷʩʥʠʪʴ ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʳʭ ʦʙʤʝʥʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ; ʝʛʦ ʟʥʘʯʝʥʠʝ 

ʙʣʠʟʢʦ ʢ J2 (ʪʘʙʣ. 11). ɿʥʘʯʝʥʠʝ C ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ ʵʬʬʝʢʪʠʚʥʳʡ ʤʘʛʥʠʪʥʳʡ ʤʦʤʝʥʪ ʥʘ 

ʬʦʨʤʫʣʴʥʫʶ ʝʜʠʥʠʮʫ ʧʨʠ ʨʘʩʯʝʪʝ ʥʘ 2 ʠʦʥʘ ʤʝʜʠ ʚ Õɻ ʬʬ = 2,77 Õɺ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ 

g-ʬʘʢʪʦʨ ʠʦʥʦʚ Cu2+ ʩʦʩʪʘʚʣʷʝʪ g = 2,26. 

ʊʘʙʣʠʮʘ 11. ɿʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʦʙʤʝʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʨʘʩʩʪʦʷʥʠʡ Cu ï Cu (ʚ ¡) Cu3TeO3(SO4)2. 

ʆʙʤʝʥʥʳʡ ʠʥʪʝʛʨʘʣ J1 J2 J3 J4 J5 J6 

ɿʥʘʯʝʥʠʝ, K 439 39 ī11 62 ī0.1 53 

ʇʫʪʴ Cu ï Cu 3.034 3.174 3.227 3.792 4.806 5.257 

 

ʇʨʠ ʧʦʥʠʞʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʟʘʚʠʩʠʤʦʩʪʴ ɢ(T) ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʦʩʪʨʳʡ ʧʠʢ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ ʅʝʝʣʷ TN = 13 K. ʇʦʩʣʝʜʫʶʱʝʝ ʫʚʝʣʠʯʝʥʠʝ ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʧʨʠ 

ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʩʣʝʜʫʝʪ ʦʪʥʝʩʪʠ ʢ ʧʨʠʤʝʩʷʤ. ʇʨʠʣʦʞʝʥʠʝ ʚʥʝʰʥʝʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ 

ʧʦʜʘʚʣʷʝʪ ʦʙʝ ʘʥʦʤʘʣʠʠ ʧʨʠ TN ʠ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʡ ʧʦʜʲʝʤ ʤʘʛʥʠʪʥʦʡ 

ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʚʩʪʘʚʢʝ ʢ ʨʠʩ. 54. ʂʨʦʤʝ ʪʦʛʦ, ʥʘ ʢʨʠʚʦʡ ɢ(T) ʧʨʠ T* = 

36 K ʦʙʥʘʨʫʞʝʥ ʩʣʘʙʳʡ ʠʟʣʦʤ ʥʝʷʩʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ, ʢʦʪʦʨʳʡ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ ʥʠ ʧʨʠ 

ʠʟʤʝʨʝʥʠʷʭ Cp(T), ʥʠ ʧʨʠ Ů(T).  

ʇʦʣʝʚʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ Cu3(TeO3)(SO4)2, ʠʟʤʝʨʝʥʥʳʝ ʧʨʠ 

ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʤʦʥʦʪʦʥʥʳ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 55. ʆʜʥʘʢʦ ʧʨʦʠʟʚʦʜʥʳʝ dM/dH 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʩʧʠʥ-ʬʣʦʧ ʧʝʨʝʭʦʜʘʭ ʧʨʠ T < TN, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʚʩʪʘʚʢʝ ʨʠʩ. 55 ʜʣʷ 

ʢʨʠʚʦʡ, ʠʟʤʝʨʝʥʥʦʡ ʧʨʠ 2 ʂ. 
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ʈʠʩ. 55. ʇʦʣʝʚʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʜʣʷ Cu3TeO3(SO4)2. ɺʦ ʚʩʪʘʚʢʝ 

ʠʟʦʙʨʘʞʝʥʘ ʢʨʠʚʘʷ dM/dH, ʠʟʤʝʨʝʥʥʘʷ ʧʨʠ 2 K. 

 

ʈʠʩ. 56. ʊʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʪʝʧʣʦʝʤʢʦʩʪʠ Cp ʜʣʷ Cu3TeO3(SO4)2. ʅʠʞʥʷʷ 

ʚʩʪʘʚʢʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʤʘʛʥʠʪʥʫʶ ʫʜʝʣʴʥʫʶ ʪʝʧʣʦʝʤʢʦʩʪʴ Cm/T. ʅʘ ʚʝʨʭʥʝʡ ʚʩʪʘʚʢʝ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʤʘʛʥʠʪʥʘʷ ʵʥʪʨʦʧʠʷ Sm. 

ʊʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʪʝʧʣʦʝʤʢʦʩʪʠ Cp ʚ Cu3(TeO3)(SO4)2 ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 56. 

ʆʥʘ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʨʝʟʢʦʡ ʘʥʦʤʘʣʠʠ ɚ-ʪʠʧʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʅʝʝʣʷ TN = 13 K, ʘ ʥʠʞʝ 

ʵʪʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʙʣʶʜʘʝʪʩʷ ʘʥʦʤʘʣʠʷ ʪʠʧʘ ʐʦʪʪʢʠ. ʇʦʣʦʞʝʥʠʝ ʦʩʪʨʦʛʦ ʧʠʢʘ ʥʝʤʥʦʛʦ 

ʩʤʝʱʘʝʪʩʷ ʚ ʩʪʦʨʦʥʫ ʙʦʣʝʝ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʧʨʠ ʧʨʠʣʦʞʝʥʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʚ ʪʦ ʚʨʝʤʷ 

ʢʘʢ ʧʦʣʦʞʝʥʠʝ ʘʥʦʤʘʣʠʠ ʐʦʪʪʢʠ ʦʩʪʘʝʪʩʷ ʥʝʠʟʤʝʥʥʳʤ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ 

ʦʪʥʝʩʪʠ ʜʘʥʥʫʶ ʘʥʦʤʘʣʠʶ ʢ ʥʝʤʘʛʥʠʪʥʳʤ ʧʨʠʤʝʩʷʤ. Cp(T) ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ 

ʪʝʤʧʝʨʘʪʫʨ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʦʙʣʘʩʪʠ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʧʨʠ TN, ʘʧʧʨʦʢʩʠʤʠʨʫʝʪʩʷ ʩʫʤʤʦʡ 

ʬʫʥʢʮʠʡ ɼʝʙʘʷ ʠ ʜʚʫʭ ʬʫʥʢʮʠʡ ʕʡʥʰʪʝʡʥʘ. ʄʘʛʥʠʪʥʘʷ ʵʥʪʨʦʧʠʷ Sm ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʧʫʪʝʤ 

ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʤʘʛʥʠʪʥʦʡ ʪʝʧʣʦʝʤʢʦʩʪʠ, ʜʝʣʝʥʥʦʡ ʥʘ ʪʝʤʧʝʨʘʪʫʨʫ Cm/T. ʂʘʢ ʧʦʢʘʟʘʥʦ ʥʘ 
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ʚʩʪʘʚʢʝ ʢ ʨʠʩ. 56, ʟʥʘʯʝʥʠʝ ʤʘʛʥʠʪʥʦʡ ʵʥʪʨʦʧʠʠ ʙʣʠʟʢʦ ʢ Sm = 2Rln2, ʯʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ 

ʪʦʣʴʢʦ ʜʚʝ ʪʨʝʪʠ ʤʘʛʥʠʪʥʳʭ ʠʦʥʦʚ ʚʥʦʩʷʪ ʚʢʣʘʜ ʚ ʤʘʛʥʠʪʥʦʝ ʫʧʦʨʷʜʦʯʝʥʠʝ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ 

ʧʨʠʥʘʜʣʝʞʘʱʠʝ ʢ ʜʠʤʝʨʘʤ Cu1ïCu1 ʦʩʪʘʶʪʩʷ ʤʘʛʥʠʪʥʦʤʦʣʯʘʱʠʤʠ ʧʨʠ ʥʠʟʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ. 

ʂʨʠʚʳʝ Ů(T) ʥʘ ʚʳʙʨʘʥʥʳʭ ʯʘʩʪʦʪʘʭ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 57. ʀʟʣʦʤʳ ʥʘ ʵʪʠʭ 

ʢʨʠʚʳʭ ʚʠʜʥʳ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʅʝʝʣʷ TN = 13 K ʠ ʥʝ ʟʘʚʠʩʷʪ ʦʪ ʯʘʩʪʦʪʳ. ʕʪʦ - ʧʨʠʟʥʘʢ 

ʤʘʛʥʠʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʫʣʴʪʠʬʝʨʨʦʠʢʦʚ ʚʪʦʨʦʛʦ ʪʠʧʘ, ʢʦʪʦʨʳʡ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ 

ʘʥʪʠʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʦʤ ʦʪʢʣʠʢʝ, ʠʥʜʫʮʠʨʦʚʘʥʥʦʤ ʤʘʛʥʠʪʥʳʤ ʫʧʦʨʷʜʦʯʝʥʠʝʤ. ɺ 

ʤʫʣʴʪʠʬʝʨʨʦʠʢʘʭ ʚʪʦʨʦʛʦ ʪʠʧʘ ʧʦʷʚʣʝʥʠʝ ʘʥʪʠʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʪʚʘ ʩʚʷʟʘʥʦ ʩ ʧʦʪʝʨʝʡ 

ʠʥʚʝʨʩʠʦʥʥʦʡ ʩʠʤʤʝʪʨʠʠ ʧʨʠ ʤʘʛʥʠʪʥʦʤ ʫʧʦʨʷʜʦʯʝʥʠʠ. ʇʨʠʤʝʯʘʪʝʣʴʥʦ, ʯʪʦ ʜʣʷ 

ʭʠʨʘʣʴʥʳʭ ʤʘʛʥʝʪʠʢʦʚ ʦʞʠʜʘʝʪʩʷ ʩʠʣʴʥʘʷ ʩʚʷʟʴ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʠ ʤʘʛʥʠʪʥʦʡ ʧʦʜʩʠʩʪʝʤ. 

 

ʈʠʩ. 57. ʊʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ Ů ʜʣʷ 

Cu3TeO3(SO4)2 ʥʘ ʚʳʙʨʘʥʥʳʭ ʯʘʩʪʦʪʘʭ. ʅʘ ʚʩʪʘʚʢʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʨʠʚʘʷ Ů(T) ʚ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʤ ʜʠʘʧʘʟʦʥʝ. 

3.4.3. ɿʦʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʠ ʦʙʤʝʥʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʈʘʩʯʝʪʳ ʟʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʚʳʧʦʣʥʷʣʠ ʩ ʧʦʤʦʱʴʶ DFT ʜʣʷ Cu3TeO3(SO4)2 ʚ 

ʧʨʠʙʣʠʞʝʥʠʠ ʦʙʦʙʱʝʥʥʦʛʦ ʛʨʘʜʠʝʥʪʘ GGA ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʙʤʝʥʥʦ-ʢʦʨʨʝʣʷʮʠʦʥʥʦʛʦ 

ʬʫʥʢʮʠʦʥʘʣʘ PBE [83], ʨʝʘʣʠʟʦʚʘʥʥʦʛʦ ʚ ʧʘʢʝʪʝ VASP [81]. ʕʥʝʨʛʝʪʠʯʝʩʢʠʝ ʧʦʣʦʩʳ ʚʜʦʣʴ 

ʥʘʧʨʘʚʣʝʥʠʷ ʚʳʩʦʢʦʡ ʩʠʤʤʝʪʨʠʠ ʟʦʥʳ ɹʨʠʣʣʶʵʥʘ, ʘ ʪʘʢʞʝ ʧʦʣʥʘʷ ʠ ʧʘʨʮʠʘʣʴʥʘʷ ʧʣʦʪʥʦʩʪʴ 

ʩʦʩʪʦʷʥʠʡ (DOS), ʧʦʣʫʯʝʥʥʳʝ ʚ ʨʘʩʯʝʪʘʭ GGA, ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩ. 58. ʕʬʬʝʢʪʳ ʢʦʨʨʝʣʷʮʠʠ 
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ʚ 3d-ʦʙʦʣʦʯʢʝ Cu ʙʳʣʠ ʫʯʪʝʥʳ ʩ ʧʦʤʦʱʴʶ ʩʪʘʪʠʯʝʩʢʦʛʦ ʧʦʜʭʦʜʘ ʩʨʝʜʥʝʛʦ ʧʦʣʷ DFT + U ʚ 

ʚʨʘʱʘʪʝʣʴʥʦ-ʠʥʚʘʨʠʘʥʪʥʦʡ ʬʦʨʤʝ [84]. ɼʣʷ ʨʘʩʯʝʪʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʘʨʘʤʝʪʨ ʢʫʣʦʥʦʚʩʢʦʛʦ 

ʦʪʪʘʣʢʠʚʘʥʠʷ Ueff = U ī J = 8,0 ʵɺ, ʯʪʦ ʙʣʠʟʢʦ ʢ ʟʥʘʯʝʥʠʷʤ ʣʦʢʘʣʴʥʦʛʦ ʢʫʣʦʥʦʚʩʢʦʛʦ 

ʦʪʪʘʣʢʠʚʘʥʠʷ U = 9,5 ʵɺ, ʘ ʦʙʤʝʥ ʍʫʥʜʘ Jʅ = 1 ʵɺ, ʧʨʝʜʣʦʞʝʥʥʳʤ ʜʣʷ Cu3Bi(SeO3)2O2X (X 

= Cl , Br) [93]. ʕʪʠ ʨʘʩʯʝʪʳ ʫʢʘʟʳʚʘʶʪ ʥʘ ʠʟʦʣʠʨʦʚʘʥʥʦʝ ʦʩʥʦʚʥʦʝ ʩʦʩʪʦʷʥʠʝ ʩ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʱʝʣʴʶ ʦʢʦʣʦ 2,2 ʵɺ. ʇʘʨʘʤʝʪʨʳ ʦʙʤʝʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʨʘʩʩʯʠʪʘʥʥʳʝ 

ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ DFT+U [92], ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 11. ɿʥʘʢ ʤʠʥʫʩ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʬʝʨʨʦʤʘʛʥʠʪʥʦʤʫ ʚʟʘʠʤʦʜʝʡʩʪʚʠʶ. ʅʘʠʙʦʣʴʰʠʡ ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʳʡ ʦʙʤʝʥ J1 = 439 K 

ʩʚʷʟʳʚʘʝʪ ʜʚʘ ʠʦʥʘ Cu1. ʕʪʠ ʠʦʥʳ ʩʚʷʟʘʥʳ ʩ ʠʦʥʘʤʠ Cu2 ʬʝʨʨʦʤʘʛʥʠʪʥʳʤ ʦʙʤʝʥʥʳʤ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ J3 = ī11 K. ʀʦʥʳ Cu2 ʠ Cu3 ʚ ʛʝʢʩʘʤʝʨʘʭ ʩʚʷʟʘʥʳ ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʳʤ 

ʦʙʤʝʥʦʤ J2 = 39 K. ʅʘʢʦʥʝʮ, ʠʦʥʳ Cu1 ʠ Cu2, ʧʨʠʥʘʜʣʝʞʘʱʠʝ ʢ ʨʘʟʥʳʤ ʛʝʢʩʘʤʝʨʘʤ, 

ʩʚʷʟʘʥʳ ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʳʤ ʦʙʤʝʥʦʤ J4 = 62 K ʠ J6 = 53 K. ʊʘʢʘʷ ʠʝʨʘʨʭʠʷ ʧʘʨʘʤʝʪʨʦʚ 

ʦʙʤʝʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʜʝʣʘʝʪ ʜʠʤʝʨʳ Cu1ïCu1 ʤʘʛʥʠʪʦʤʦʣʯʘʱʠʤʠ ʧʨʠ ʥʠʟʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ. ʆʪʢʣʠʢ ʤʘʛʥʠʪʥʦʡ ʧʦʜʩʠʩʪʝʤʳ ʧʨʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʙʫʜʝʪ ʦʧʨʝʜʝʣʷʪʴʩʷ 

ʩʣʘʙʦ ʩʚʷʟʘʥʥʳʤʠ ʜʠʤʝʨʘʤʠ ʠʦʥʦʚ Cu2 ʠ Cu3. 

 

ʈʠʩ. 58. ʘ) ɿʦʥʥʘʷ ʩʪʨʫʢʪʫʨʘ Cu3TeO3(SO4)2 ʧʦʣʫʯʝʥʥʘʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ GGA. ʙ) ʇʦʣʥʦʝ 

ʠ ʧʘʨʮʠʘʣʴʥʦʝ DOS GGA. ʚ) ʆʙʱʠʡ (ʯʝʨʥʳʡ) ʠ Cu-d (ʢʨʘʩʥʳʡ) DOS, ʧʦʣʫʯʝʥʥʳʝ ʚ ʨʘʩʯʝʪʝ 

GGA+U, ʛʜʝ ʫʨʦʚʝʥʴ ʌʝʨʤʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʫʣʶ ʵʥʝʨʛʠʠ. 

3.5. Ln 2(SeO3)3-x(SeO4)x 2H2O 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʠʩʢʘ ʥʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʩʪʨʫʢʪʫʨʥʦʤ ʪʠʧʝ Ln2(SeO3)2(SeO4) 2H2O 

ʥʘʤʠ ʚ ʫʩʣʦʚʠʷʭ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʛʦ ʩʠʥʪʝʟʘ ʙʳʣ ʦʙʥʘʨʫʞʝʥ ʨʷʜ ʬʘʟ  ʦʙʱʝʛʦ ʩʦʩʪʘʚʘ 

Ln2(SeO3)3-x(SeO4)x 2H2O (Ln =Y, Nd, Eu, Gd, Tb, Dy, Ho, Er, Tm ʠ Yb). (ɼʘʥʥʳʝ ʈʌɸ ʚ 

ʧʨʠʣʦʞʝʥʠʠ 4). ɼʣʷ ʬʘʟ ʩ Ln = Eu, Dy, Yb ʫʜʘʣʦʩʴ ʦʧʨʝʜʝʣʠʪʴ ʩʪʨʫʢʪʫʨʫ ʤʝʪʦʜʦʤ 

ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʜʠʬʨʘʢʮʠʠ ʥʘ ʤʦʥʦʢʨʠʩʪʘʣʣʘʭ. ʕʪʦ ʜʘʣʦ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʥʷʪʴ, ʯʪʦ ʩʦʩʪʘʚ 

ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʬʘʟ ʦʪʣʠʯʝʥ ʦʪ ʦʧʠʩʘʥʥʳʭ ʨʘʥʝʝ ʘʥʘʣʦʛʦʚ (ʪʘʙʣ. 12).  
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3.5.1. ʉʪʨʫʢʪʫʨʘ  

ʊʘʙʣʠʮʘ 12. ʂʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʠ ʥʝʢʦʪʦʨʳʝ ʜʘʥʥʳʝ ʈʉɸ ʜʣʷ 

ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ Ln2(SeO3)3-x(SeO4)x 2H2O. 

ʌʦʨʤʫʣʘ Eu2(SeO3)1,37(SeO4)1,63 2H2O Dy2(SeO3)1,3(SeO4)1,72H2O Yb2(SeO3)1,36(SeO4)1,64 2H2O 

ʊʝʤʧʝʨʘʪʫʨʘ, K 120(2) 

ʉʠʤʤʝʪʨʠʷ ʄʦʥʦʢʣʠʥʥʘʷ 

ʇʨ. ʛʨʫʧʧʘ C2/c 

a, ¡ 12.0820(16) 11.9518(16) 11.8966(8) 

b, ¡ 7.0112(8) 6.9459(8) 6.9084(5)  

c, ¡ 13.2376(14) 13.1100(17) 13.0118(8) 

ɓ, Á 104.155(4) 103.873(4) 103.822(3) 

ʆʙʲʝʤ, ¡3 1087.3(2) 1056.6(2) 1038.43(12) 

Z 4 

ɟʚʳʯ., ʛ/cʤ3 4.563 4.834 5.053 

ɛ, ʤʤ-1 21.537 24.435 28.483 

F(000) 1332.0 1358.0 1390.0 

ʈʘʟʤʝʨ ʢʨʠʩʪʘʣʣʘ, ʤʤ3 0.251 Ĭ 0.111 Ĭ 0.08 0.21 Ĭ 0.17 Ĭ 0.12 0.32 Ĭ 0.25 Ĭ 0.12 

ʀʟʣʫʯʝʥʠʝ MoKŬ (ɚ = 0.71073) 

ɼʠʘʧʘʟʦʥ ʫʛʣʘ 2ɗ, Á 6.348 - 57.992 6.402 - 57.994 6.45 - 57.994 

ʀʥʪʝʨʚʘʣʳ ʠʥʜʝʢʩʦʚ 

ʦʪʨʘʞʝʥʠʷ 

-16 Ò h Ò 16, 

-9 Ò k Ò 9,  

-18 Ò l Ò 17 

-14 Ò h Ò 16, 

-9 Ò k Ò 9,  

-17 Ò l Ò 17 

-16 Ò h Ò 16,  

-9 Ò k Ò 9,  

-17 Ò l Ò 17 

ʀʟʤʝʨʝʥʦ ʦʪʨʘʞʝʥʠʡ 5091 4828 4958 

ʅʝʟʘʚʠʩʠʤʳʭ 

ʦʪʨʘʞʝʥʠʡ 

1451 [Rint = 0.0612] 1402 [Rint = 0.0477] 1383 [Rint = 0.0500] 

ʏʠʩʣʦ 

ʦʛʨʘʥʠʯʝʥʥʳʭ/ʫʪʦʯʥʷʝʤ

ʳʭ ʧʘʨʘʤʝʪʨʦʚ 

1/84 1/84 1/84 

GOOF ʧʦ F2 1.156 0.981 1.007 

R (I > 2ů(I)) R1 = 0.0378, wR2 = 0.0939 R1 = 0.0332, wR2 = 0.0785 R1 = 0.0314, wR2 = 0.0732 

R (ʚʩʝ Fhkl) R1 = 0.0417, wR2 = 0.0965 R1 = 0.0432, wR2 = 0.0827 R1 = 0.0419, wR2 = 0.0782 

ʆʩʪʘʪʦʯʥʘʷ ʵʣʝʢʪʨʦʥʥʘʷ 

ʧʣʦʪʥʦʩʪʴ e. ¡-3 

2.43/-2.83 2.13/-2.15 1.60/-2.19 

 

ʂʘʢ ʠ ʧʨʝʜʳʜʫʱʠʝ ʩʦʝʜʠʥʝʥʠʷ ʦʙʱʝʛʦ ʩʦʩʪʘʚʘ Ln2(ʉh14+O3)2(Ch26+O4) 2H2O [53, 56, 

65 ï 67], ʥʦʚʳʡ ʨʷʜ ʧʦʣʫʯʝʥʥʳʭ ʥʘʤʠ ʬʘʟ ʠʤʝʝʪ ʦʙʱʠʡ ʜʣʷ ʚʩʝʛʦ ʩʝʤʝʡʩʪʚʘ ʤʦʪʠʚ 

ʩʪʨʫʢʪʫʨʳ, ʥʦ ʧʨʠ ʵʪʦʤ ʫ ʥʠʭ ʠʤʝʶʪʩʷ ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ. ʂʨʠʩʪʘʣʣʠʟʫʶʪʩʷ 

Ln2(SeO3)3-x(SeO4)x 2H2O (Ln= Eu, Dy, Yb) [56] ʚ ʤʦʥʦʢʣʠʥʥʦʡ ʩʠʥʛʦʥʠʠ ʩ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʦʡ ʉ2/ʩ, ʯʪʦ ʨʘʥʝʝ ʥʘʙʣʶʜʘʣʦʩʴ ʫ Dy2(SO3)2(SO4) 2H2O [53], 

Ln2(SeO3)2(SO4) 2H2O (Ln = Sm, Dy, Sm)[56], Er2(SeO3)2(SeO4) 2H2O [65] ʠ 

Nd2(SeO3)2(SeO4) 2H2O [66, 67] (ʨʠʩ. 59). ʂʘʢ ʠ ʫ ʢʨʠʩʪʘʣʣʣʚ ʵʪʠʭ ʬʘʟ, ʫ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ 

ʩʝʤʝʡʩʪʚʘ Ln2(SeO3)3-x(SeO4)x 2H2O ʠʤʝʝʪʩʷ ʧʦ ʦʜʥʦʡ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠ ʥʝʟʘʚʠʩʠʤʦʡ 

ʧʦʟʠʮʠʠ Ln3+, Se4+, Se6+. ʂʦʦʨʜʠʥʘʪʳ ʘʪʦʤʦʚ, ʪʝʧʣʦʚʳʝ ʧʘʨʘʤʝʪʨʳ ʠ ʜʣʠʥʳ ʩʚʷʟʝʡ 

ʧʨʠʚʦʜʷʪʩʷ ʚ ʧʨʠʣʦʞʝʥʠʷʭ 12-20. ɺ ʠʟʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʷʭ ʘʪʦʤ ʈɿʕ ʥʘʭʦʜʠʪʩʷ ʚ 
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ʦʢʨʫʞʝʥʠʠ ʠʟ 8 ʘʪʦʤʦʚ ʆ, ʦʜʠʥ ʠʟ ʢʦʪʦʨʳʭ ʧʨʠʥʘʜʣʝʞʠʪ ʤʦʣʝʢʫʣʝ H2O. ʂʦʦʨʜʠʥʘʮʠʦʥʥʳʡ 

ʧʦʣʠʵʜʨ ʈɿʕ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʠʩʢʘʞʸʥʥʫʶ ʪʝʪʨʘʛʦʥʘʣʴʥʫʶ ʘʥʪʠʧʨʠʟʤʫ LnO8. ʀʦʥʳ Se4+ 

ʦʢʨʫʞʝʥʳ ʪʨʝʤʷ ʆ, ʘ ʢʘʪʠʦʥ Se4+ ʥʘʭʦʜʠʪʩʷ ʥʘ ʚʝʨʰʠʥʝ ʪʨʠʛʦʥʘʣʴʥʦʡ ʧʠʨʘʤʠʜʳ SeO3
2-, ʯʪʦ 

ʪʠʧʠʯʥʦ ʜʣʷ ʩʝʣʝʥʠʪʥʦʡ ʛʨʫʧʧʠʨʦʚʢʠ. ʀʦʥʳ Se6+ ʦʢʨʫʞʝʥʳ 4 ʘʪʦʤʘʤʠ ʆ, ʦʙʨʘʟʫʶʱʠʤʠ 

ʪʝʪʨʘʵʜʨʠʯʝʩʢʦʝ ʦʢʨʫʞʝʥʠʝ SeO4
2-.  

ɺ ʩʪʨʫʢʪʫʨʝ Ln2(SeO3)3-x(SeO4)x 2H2O (Ln= Eu, Dy, Yb) ʬʦʨʤʠʨʫʝʪʩʷ ʪʘʢʘʷ ʞʝ 

ʟʠʛʟʘʛʦʦʙʨʘʟʥʘʷ ʮʝʧʦʯʢʘ ʠʟ LnO8 (ʨʠʩ. 60), ʘ ʫʢʣʘʜʢʘ ʵʪʠʭ ʮʝʧʦʯʝʢ ʥʠʯʝʤ ʥʝ ʦʪʣʠʯʘʝʪʩʷ ʦʪ 

ʪʘʢʦʚʦʡ ʚ ʩʪʨʫʢʪʫʨʝ Dy2(SO3)2(SO4) 2H2O [53]. ʈʘʟʣʠʯʠʝ ʥʘʭʦʜʠʪʩʷ ʚ ʧʦʷʚʣʝʥʠʠ ʝʱʸ ʦʜʥʦʛʦ 

ʠʦʥʘ ʆ2-, ʢʦʪʦʨʳʡ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʘʧʦʣʥʷʝʪ ʧʦʟʠʮʠʶ ʥʘʜ ʩʝʣʝʥʠʪʥʦʡ ʛʨʫʧʧʠʨʦʚʢʦʡ, 

ʦʢʠʩʣʷʷ ʝʸ ʜʦ 6+. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʳ ʠʤʝʝʤ ʧʦʟʠʮʠʶ Se1, ʟʘʩʝʣʸʥʥʫʶ ʥʘ å 30% Se6+ ʠ ʥʘ å 

70%, ʟʘʩʝʣʸʥʥʫʶ Se4+. ʇʦʜʦʙʥʦʛʦ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʟʘʩʝʣʝʥʠʷ ʩʝʣʝʥʠʪʥʦʡ ʠ ʩʝʣʝʥʘʪʥʦʡ 

ʛʨʫʧʧʠʨʦʚʦʢ ʨʘʥʝʝ ʚ ʣʠʪʝʨʘʪʫʨʝ ʥʝ ʥʘʙʣʶʜʘʣʠ. 

 

ʈʠʩ. 59. ʉʨʘʚʥʝʥʠʝ ʩʪʨʫʢʪʫʨ ʩʝʤʝʡʩʪʚʘ Ln2(ʉh14+O3)2(Ch26+O4) 2H2O: 1 ï 

Dy2(SO3)2(SO4) 2H2O [48], 2 ï Ln2(SeO3)3-x(SeO4)x 2H2O (Ln= Eu, Dy, Yb) [51], 3 ï 

Nd2(SeO3)2(SeO4) 2H2O [61, 62], 4 ï Er2(SeO3)2(SeO4) 2H2O [60] . 

ʊʘʢʦʝ ʦʪʣʠʯʠʝ, ʚʝʨʦʷʪʥʦ, ʩʚʷʟʘʥʦ ʩ ʧʦʜʙʦʨʦʤ ʠʩʭʦʜʥʳʭ ʚʝʱʝʩʪʚ, ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ 

ʥʘʤʠ ʜʣʷ ʩʠʥʪʝʟʘ. ɺ ʣʠʪʝʨʘʪʫʨʝ ʢʘʞʜʳʡ ʠʟ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʧʦʣʫʯʘʣʠ ʠʟ 
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ʨʘʟʣʠʯʥʳʭ ʧʨʝʢʫʨʩʦʨʦʚ. ɺʘʞʥʦ, ʚ ʢʘʢʦʤ ʚʠʜʝ ʚʚʦʜʠʪʩʷ ʘʪʦʤ ʭʘʣʴʢʦʛʝʥʘ, ʥʘʧʨʠʤʝʨ ʜʣʷ 

ʩʠʥʪʝʟʘ Dy2(SO3)2(SO4) 2H2O ʠʩʧʦʣʴʟʦʚʘʣʠ Na2S2O3Ā5H2O [53]. ʊʦʛʜʘ ʢʘʢ ʜʣʷ ʩʠʥʪʝʟʘ 

Ln2(SeO3)2(SO4) 2H2O (ʛʜʝ Ln = Sm, Dy, Yb) ʠʩʧʦʣʴʟʦʚʘʣʠ ʙʦʣʝʝ ʩʣʦʞʥʳʡ ʧʫʪʴ ʩ 

ʦʢʠʩʣʝʥʠʝʤ C12H10N2OSSe ʚ ʦʢʠʩʣʠʪʝʣʴʥʦʡ ʩʨʝʜʝ c HNO3 [56]. ʉʭʦʞʠʤ ʦʙʨʘʟʦʤ 

Ln2(SeO3)2(SeO4) 2H2O (Ln = Nd, Er) ʩʠʥʪʝʟʠʨʦʚʘʣʠ ʦʢʠʩʣʝʥʠʝʤ H2SeO3 ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ 

ʥʠʪʨʘʪʦʚ. ʊʘʢ ʢʘʢ ʚ ʥʘʰʝʤ ʩʣʫʯʘʝ ʚʝʱʝʩʪʚʘ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ H2SeO4, 

ʚʝʨʦʷʪʥʦ, ʠʟʙʳʪʦʢ SeO4 ʚ ʨʘʩʪʚʦʨʝ ʠ ʧʨʠʚʝʣ ʢ ʦʧʠʩʘʥʥʦʤʫ ʥʘʤʠ ʨʝʟʫʣʴʪʘʪʫ.  

 

ʈʠʩ. 60. ʘ) ʇʨʦʝʢʮʠʷ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ Dy2(SeO3)1.3(SeO4)1.7 2H2O ʥʘ ʧʣʦʩʢʦʩʪʴ ʘb. ʙ) 

ʮʝʧʦʯʢʘ ʠʟ DyO8 ʦʢʨʫʞʝʥʥʘʷ ʩʝʣʝʥʠʪʥʳʤʠ ʠ ʩʝʣʝʥʘʪʥʳʤʠ ʛʨʫʧʧʠʨʦʚʢʘʤʠ. 

3.6. ʉo3(SeO3)(SeO4)(OH)2 

3.6.1. ʉʪʨʫʢʪʫʨʘ 

ʉʦʝʜʠʥʝʥʠʝ ʉo3(SeO3)(SeO4)(OH)2 ʠʟʦʩʪʨʫʢʪʫʨʥʦ ʨʘʥʝʝ ʠʟʚʝʩʪʥʦʤʫ ʩʫʣʴʬʘʪʫ 

ʉo3(SeO3)(SO4)(OH)2 [55]. ʉʠʥʪʝʟʠʨʦʚʘʥʥʳʡ ʥʘʤʠ ʩʝʣʝʥʠʪ-ʩʝʣʝʥʘʪ ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʚ 

ʨʦʤʙʠʯʝʩʢʦʡ ʩʠʥʛʦʥʠʠ ʩ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʦʡ Pnma. ʇʘʨʘʤʝʪʨʳ ʵʣʝʤʝʥʪʘʨʥʦʡ 

ʷʯʝʡʢʠ ʠ ʜʘʥʥʳʝ ʈʉɸ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 13. ʉʪʨʫʢʪʫʨʘ ʉo3(SeO3)(SeO4)(OH)2 ʙʳʣʘ 

ʫʩʪʘʥʦʚʣʝʥʘ ʧʫʪʝʤ ʨʝʥʪʛʝʥʦʜʠʬʨʘʢʮʠʦʥʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʥʘ ʤʦʥʦʢʨʠʩʪʘʣʣʝ, ʦʪʦʙʨʘʥʥʦʤ 

ʠʟ ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʛʦ ʧʨʝʧʘʨʘʪʘ. 

ɺ ʉo3(SeO3)(SeO4)(OH)2 ʠʤʝʁʪʩ ̫ʪʨʠ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠ ʥʝʟʘʚʠʩʠʤʳʭ ʧʦʟʠʮʠʠ 

Co (Co1, Co2 ʠ Co3), ʜʚʝ ʧʦʟʠʮʠʠ Se (Se1 ʠ Se2). ɸʪʦʤʳ Se1, Se2 ʠ O3 ʨʘʩʱʝʧʣʝʥʳ ʢʘʞʜʳʡ 
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ʥʘ ʜʚʝ ʧʦʟʠʮʠʠ. ɿʘʩʝʣʝʥʥʦʩʪʴ ʤʘʞʦʨʥʦʡ ʠ ʤʠʥʦʨʥʦʡ ʧʦʟʠʮʠʡ ʩʦʩʪʘʚʣʷʝʪ 0,979 ʠ 0,021 ʜʣʷ 

Se1, 0,856 ʠ 0,144 ʜʣʷ Se2 ʠ 0,979 ʠ 0,021 ʜʣʷ O3 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺ ʜʘʣʴʥʝʡʰʝʤ ʘʪʦʤʳ ʚ 

ʤʘʞʦʨʥʦʤ ʠ ʤʠʥʦʨʥʦʤ ʧʦʣʦʞʝʥʠʷʭ ʙʫʜʫʪ ʦʙʦʟʥʘʯʘʪʴʩʷ ʩʠʤʚʦʣʦʤ ʘʪʦʤʘ ʙʝʟ ʰʪʨʠʭʘ ʠ ʩʦ 

ʰʪʨʠʭʦʤ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʘ ʠʤʝʥʥʦ, Se1 ʠ Se1'; Se2 ʠ Se2'; O3 ʠ O3'). ɽʩʣʠ ʥʝ ʫʢʘʟʘʥʦ ʠʥʦʝ, 

ʩʪʨʫʢʪʫʨʘ Co3(SeO3)(SeO4)(OH)2 ʙʫʜʝʪ ʚ ʧʦʩʣʝʜʫʶʱʝʤ ʦʙʩʫʞʜʝʥʠʠ ʦʧʠʩʘʥʘ ʩ ʫʯʝʪʦʤ 

ʧʦʣʦʞʝʥʠʷ ʦʩʥʦʚʥʳʭ ʘʪʦʤʦʚ (ʪ.ʝ. Se1, Se2 ʠ O3). ʂʦʦʨʜʠʥʘʪʳ, ʜʣʠʥʥʳ ʩʚʷʟʝʡ ʠ ʧʘʨʘʤʝʪʨʳ 

ʪʝʧʣʦʚʦʛʦ ʩʤʝʱʝʥʠʷ ʘʪʦʤʦʚ ʧʨʠʚʝʜʝʥʳ ʚ ʧʨʠʣʦʞʝʥʠʷʭ 21-23. 

ʊʘʙʣʠʮʘ 13. ʂʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʠ ʥʝʢʦʪʦʨʳʝ ʜʘʥʥʳʝ ʈʉɸ ʜʣʷ 

ʉo3(SeO3)(SO4)(OH)2. 

ʌʦʨʤʫʣʘ Co3(SeO3)(SeO4)(OH)2 

ʊʝʤʧʝʨʘʪʫʨʘ, K 110(2) K 

ʀʟʣʫʯʝʥʠʝ, ¡ Mo KŬ 0.71073 

ʉʠʤʤʝʪʨʠʷ Orthorhombic 

ʇʨ. ʛʨʫʧʧʘ Pnma 

a 11.244(3) 

b 6.4568(18) 

c 11.186(3) 

ʆʙʲʝʤ, ¡3 812.1(4) 

Z 4 

ɟʚʳʯ., ʛ/cʤ3 3.932 

ɛ, ʤʤ-1 15.044 

F(000) 892 

ʈʘʟʤʝʨ ʢʨʠʩʪʘʣʣʘ, ʤʤ3 0.320 Ĭ 0.210 Ĭ 0.180 

ɼʠʘʧʘʟʦʥ ʫʛʣʘ 2ɗ, Á 2.568 - 28.997 

ʀʥʪʝʨʚʘʣʳ ʠʥʜʝʢʩʦʚ ʦʪʨʘʞʝʥʠʷ ī15 < h < 15,  

ī8 < k < 8,  

ī15 < l < 14 

ʀʟʤʝʨʝʥʦ ʦʪʨʘʞʝʥʠʡ 7784 

ʅʝʟʘʚʠʩʠʤʳʭ ʦʪʨʘʞʝʥʠʡ 1177 [R(int) = 0.1745] 

ʏʠʩʣʦ ʦʛʨʘʥʠʯʝʥʥʳʭ/ʫʪʦʯʥʷʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ 7/89 

GOOF ʧʦ F2 1.064 

R (I > 2ů(I)) R1 = 0.0593, wR2 = 0.1258 

R (ʚʩʝ Fhkl) R1 = 0.0906, wR2 = 0.1436 

ʆʩʪʘʪʦʯʥʘʷ ʵʣʝʢʪʨʦʥʥʘʷ ʧʣʦʪʥʦʩʪʴ e. ¡-3 2.455 / ī2.287 e Eī3 

 

ʉʣʦʠ Co3(SeO3)(SeO4)(OH)2 ʩʦʩʪʦʷʪ ʠʟ ʪʝʪʨʘʛʦʥʘʣʴʥʳʭ ʧʠʨʘʤʠʜ Co1O5, ʦʢʪʘʵʜʨʦʚ 

Co2O6 ʠ ʦʢʪʘʵʜʨʦʚ Co3O6, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 61ʘ. ʆʢʪʘʵʜʨʳ Co2O6 ʯʝʨʝʟ ʦʙʱʠʝ ʨʝʙʨʘ 

ʦʙʨʘʟʫʶʪ ʮʝʧʦʯʢʠ ʚʜʦʣʴ ʥʘʧʨʘʚʣʝʥʠʷ b, ʘ ʦʢʪʘʵʜʨʳ Co3O6 ʘʥʘʣʦʛʠʯʥʳʤ ʦʙʨʘʟʦʤ ʯʝʨʝʟ 

ʦʙʱʠʝ ʨʝʙʨʘ ʬʦʨʤʠʨʫʶʪ ʮʝʧʦʯʢʫ ʚ ʥʘʧʨʘʚʣʝʥʠʠ b, ʥʦ ʫʞʝ ʟʠʛʟʘʛʦʦʙʨʘʟʥʫʶ. ʆʙʱʠʝ ʨʝʙʨʘ 

OỄO ʮʝʧʦʯʝʢ Co2O6 ʣʝʞʘʪ ʧʦʯʪʠ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʢ ʧʣʦʩʢʦʩʪʠ ab, ʘ ʨʝʙʨʘ ʮʝʧʦʯʝʢ Co3O6 

ʧʦʯʪʠ ʧʘʨʘʣʣʝʣʴʥʦ ʧʣʦʩʢʦʩʪʠ ab. ʆʢʪʘʵʜʨʠʯʝʩʢʠʝ ʮʝʧʦʯʢʠ Co2O6 ʯʝʨʝʜʫʶʪʩʷ ʩ 

ʦʢʪʘʵʜʨʠʯʝʩʢʠʤʠ ʮʝʧʦʯʢʘʤʠ Co3O6 ʚ ʥʘʧʨʘʚʣʝʥʠʠ a. ʉʦʩʝʜʥʠʝ ʮʝʧʦʯʢʠ Co2O6 ʠ Co3O6 

ʩʦʝʜʠʥʷʶʪʩʷ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʯʝʨʝʟ ʪʝʪʨʘʛʦʥʘʣʴʥʳʝ ʧʠʨʘʤʠʜ r Co1O5 ʠ ʪʨʠʛʦʥʘʣʴʥʳʝ 
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ʧʠʨʘʤʠʜ r Se2O3, ʦʙʨʘʟʫʷ ʩʣʦʡ, ʧʘʨʘʣʣʝʣʴʥʳʡ ʧʣʦʩʢʦʩʪʠ ab. ɸʪʦʤʳ ʉʦ ʚ ʵʪʦʤ ʩʣʦʝ 

ʬʦʨʤʠʨʫʶʪ ʠʩʢʘʞʝʥʥʫʶ ʨʝʰʝʪʢʫ ʪʠʧʘ ʢʘʛʦʤʵ (ʨʠʩ. 61ʙ). 

ʉʣʦʠ Co3(SeO3)(SeO4)(OH)2, ʧʦʢʘʟʘʥʥʳʝ ʥʘ ʨʠʩ. 61ʘ, ʩʦʝʜʠʥʷʶʪʩʷ ʯʝʨʝʟ ʪʝʪʨʘʵʜʨ r

Se1O4 ʟʘ ʩʯʝʪ ʦʙʱʠʭ ʘʪʦʤʦʚ ʢʠʩʣʦʨʦʜʘ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʪʨʝʭʤʝʨʥʦʛʦ (3D) 

ʢʘʨʢʘʩʘ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 62ʘ; ʪʝʪʨʘʵʜʨʳ Se1O4 ʠʤʝʶʪ ʦʙʱʠʝ ʘʪʦʤʳ O ʩ ʜʚʫʤʷ 

ʩʦʩʝʜʥʠʤʠ ʩʣʦʷʤʠ, ʪʘʢ ʯʪʦ ʢʘʞʜʳʡ ʪʝʪʨʘʵʜʨ Se1O4 ʠʤʝʝʪ ʦʜʠʥ ʦʙʱʠʡ ʘʪʦʤ O ʩ ʦʜʥʠʤ ʩʣʦʝʤ 

ʠ ʪʨʠ ʘʪʦʤʘ O ʩ ʜʨʫʛʠʤ ʩʣʦʝʤ. ɸʪʦʤ ʆ3 ʟʘʥʠʤʘʝʪ ʚʝʨʰʠʥʫ ʪʝʪʨʘʛʦʥʘʣʴʥʦʡ ʧʠʨʘʤʠʜʳ 

Co1O5. ʇʦʣʦʞʝʥʠʝ Se3' ʧʦʣʫʯʝʥʦ ʧʝʨʝʚʦʨʘʯʠʚʘʥʠʝʤ ʪʨʠʛʦʥʘʣʴʥʦʡ ʧʠʨʘʤʠʜʳ Se3O3 (ʨʠʩ. 

62ʙ). ʂʘʞʜʳʡ ʪʝʪʨʘʵʜʨ Se1O4 ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʪʨʠʛʦʥʘʣʴʥʫʶ ʧʠʨʘʤʠʜʫ, 

ʨʘʩʩʤʘʪʨʠʚʘʷ ʦʜʥʫ ʩʚʷʟʴ Se1 ï O (ʪ.ʝ. Se1 ï O3) ʢʘʢ ʚʝʨʰʠʥʫ. ɿʘʪʝʤ ʧʦʣʦʞʝʥʠʷ Se1ǋ ʠ O3ǋ 

ʧʦʣʫʯʘʶʪ ʧʫʪʝʤ ʠʥʚʝʨʪʠʨʦʚʘʥʠʷ çʪʨʠʛʦʥʘʣʴʥʦʡ ʧʠʨʘʤʠʜʳ Se1O4è (ʨʠʩ. 62ʙ). 

 

ʈʠʩ. 61. (a) ʉʣʦʡ Co3(SeO3)(SeO4)(OH)2 ʩʦʩʪʦʷʱʠʡ ʠʟ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʮʝʧʦʯʝʢ Co2O6 ʠ 

Co3O6, ʩʦʝʜʠʥʸʥʥʳʭ ʪʝʪʨʘʛʦʥʘʣʴʥʳʤʠ ʧʠʨʘʤʠʜʘʤʠ Co1O5 ʠ ʪʨʠʛʦʥʘʣʴʥʳʤʠ ʧʠʨʘʤʠʜʘʤʠ 

Se2O3. ɸʪʦʤʳ Co1 ï ʛʦʣʫʙʦʛʦ, ʉʦ2 ï ʩʠʥʝʛʦ, Co3 ï ʬʠʦʣʝʪʦʚʦʛʦ, Se2 ï ʟʝʣʝʥʦʛʦ, ʆ ï 

ʢʨʘʩʥʦʛʦ ʮʚʝʪʘ. ʂʘʞʜʳʡ ʟʝʣʝʥʳʡ ʧʫʥʢʪʠʨʥʳʡ ʢʨʫʞʦʢ ʧʦʢʘʟʳʚʘʝʪ ʪʨʠ ʘʪʦʤʘ O, 

ʢʦʪʦʨʳʝ ʪʘʢʞʝ ʧʨʠʥʘʜʣʝʞʘʪ ʪʝʪʨʘʵʜʨʘʤ Se1O4. (ʙ) ʇʦʜʨʝʰʝʪʢʘ ʧʦ ʪʠʧʫ ʢʘʛʦʤʵ ʠʟ 

ʘʪʦʤʦʚ Co12+, Co22+ ʠ Co32+. 

ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ Co3(SeO3)(SeO4)(OH)2 ʦʯʝʥʴ ʧʦʭʦʞʘ ʥʘ ʩʪʨʫʢʪʫʨʫ 

ʨʦʜʩʪʚʝʥʥʦʛʦ ʩʫʣʴʬʘʪʥʦʛʦ ʘʥʘʣʦʛʘ Co3(SeO3)(SO4)(OH)2 [55]. ʉʭʦʞʝʩʪʴ ʩʪʨʫʢʪʫʨʳ ʚʠʜʥʘ 

ʚʧʣʦʪʴ ʜʦ ʨʘʟʫʧʦʨʷʜʦʯʝʥʠʷ ʩʝʣʝʥʠʪʥʦʡ ʛʨʫʧʧʠʨʦʚʢʠ ʥʘ ʜʚʝ ʙʣʠʟʣʝʞʘʱʠʝ ʧʦʟʠʮʠʠ. ʅʦ ʧʨʠ 

ʵʪʦʤ ʫ ʩʫʣʴʬʘʪʘ ʩʪʝʧʝʥʴ ʨʘʟʫʧʦʨʷʜʦʯʝʥʠʷ ʩʝʣʝʥʠʪ ʘʥʠʦʥʘ ʤʝʥʴʰʝ (0,9389 ʧʨʦʪʠʚ 0,0611), 

ʯʝʤ ʚ Co3(SeO3)(SeO4)(OH)2 (0,856 ʧʨʦʪʠʚ 0,144). ʂʨʦʤʝ ʪʦʛʦ, ʷʨʢʦʡ ʦʪʣʠʯʠʪʝʣʴʥʦʡ ʯʝʨʪʦʡ 
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ʩʝʣʝʥʘʪʘ ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʨʘʟʫʧʦʨʷʜʦʯʝʥʠʷ SeO4 ʛʨʫʧʧʠʨʦʚʢʠ, ʘ ʘʥʘʣʦʛʠʯʥʦʛʦ ʷʚʣʝʥʠʷ ʚ 

ʩʫʣʴʬʘʪʝ ʥʝ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ. ɺʧʦʣʥʝ ʚʝʨʦʷʪʥʦ, ʯʪʦ ʚ Co3(SeO3)(SO4)(OH)2 [55] ʪʘʢʞʝ 

ʠʤʝʝʪʩʷ ʧʦʜʦʙʥʦʛʦ ʨʦʜʘ ʨʘʟʫʧʦʨʷʜʦʯʝʥʠʝ ʩʫʣʴʬʘʪʥʦʡ ʛʨʫʧʧʠʨʦʚʢʠ, ʥʦ ʠʟ-ʟʘ ʤʝʥʴʰʝʡ 

ʨʘʩʩʝʠʚʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʥʘ ʘʪʦʤʝ ʩʝʨʳ ʘʚʪʦʨʘʤ [55] ʝʸ ʥʝ ʫʜʘʣʦʩʴ ʟʘʬʠʢʩʠʨʦʚʘʪʴ. 

 

ʈʠʩ. 62. ʉʪʨʫʢʪʫʨʘ Co3(SeO3)(SeO4)(OH)2: ʘ) ʩʣʫʯʘʡ ʟʘʧʦʣʥʝʥʠ ̫ʪʦʣʴʢʦ ʤʘʞʦʨʥʳʭ 

ʧʦʟʠʮʠʡ Se ʥʘ 100%, ʙ) ʩʣʫʯʘʡ ʟʘʧʦʣʥʝʥʠ ̫ʪʦʣʴʢʦ ʤʠʥʦʨʥʳʭ ʧʦʟʠʮʠʡ Se ʥʘ 100%. 

ɽʩʣʠ ʨʘʩʩʤʦʪʨʝʪʴ ʵʪʦʪ ʩʝʣʝʥʠʪ-ʩʝʣʝʥʘʪ ʩ ʜʨʫʛʠʤ ʨʘʥʝʝ ʨʘʩʩʤʦʪʨʝʥʥʳʤ ʨʷʜʦʤ 

Ln2(SeO3)3-x(SeO4)x 2H2O, ʪʦ ʣʝʛʢʦ ʟʘʤʝʪʠʪʴ ʩʭʦʞʝʩʪʴ ʧʨʦʙʣʝʤʘʪʠʢʠ ʩ ʨʘʟʫʧʦʨʷʜʦʯʝʥʠʝʤ 

ʩʝʣʝʥʠʪʥʳʭ ʠ ʩʝʣʝʥʘʪʥʳʭ ʛʨʫʧʧʠʨʦʚʦʢ. ʊʘʢʘʷ ʦʩʦʙʝʥʥʦʩʪʴ, ʚʝʨʦʷʪʥʦ, ʩʚʷʟʘʥʘ ʩ ʙʦʣʴʰʠʤ 

ʢʦʣʠʯʝʩʪʚʦʤ ʧʫʩʪʦʪ ʠ ʢʘʥʘʣʦʚ, ʦʙʨʘʟʫʶʱʠʭʩʷ ʚ ʩʪʨʫʢʪʫʨʘʭ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ. ʇʦ ʵʪʠʤ 

ʧʨʠʯʠʥʘʤ ʧʦʟʠʮʠʷ ʘʪʦʤʘ ʭʘʣʴʢʦʛʝʥʘ ʤʦʞʝʪ ʨʘʩʱʝʧʠʪʴʩʷ ʥʘ ʥʝʩʢʦʣʴʢʦ ʵʥʝʨʛʝʪʠʯʝʩʢʠ 

ʵʢʚʠʚʘʣʝʥʪʥʳʭ ʧʦʟʠʮʠʡ. ʊʦ ʞʝ ʩʘʤʦʝ ʧʨʦʠʩʭʦʜʠʪ ʠ ʧʨʠ ʯʘʩʪʠʯʥʦʤ ʦʢʠʩʣʝʥʠʠ 

ʭʘʣʴʢʦʛʝʥʠʪʥʦʡ ʛʨʫʧʧʠʨʦʚʢʠ ʚ Ln2(SeO3)3-x(SeO4)x 2H2O. 

3.6.2. ʄʘʛʥʠʪʥʳʝ ʠ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

ʊʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʧʦʣʝ ɢdc 

ʙʳʣʠ ʩʥʷʪʳ ʜʣʷ Co3(SeO3)(SeO4)(OH)2 ʚ ʜʚʫʭ ʨʝʞʠʤʘʭ FC ʠ ZFC (ʨʠʩ. 63). ʊʘʢ ʜʘʥʥʳʝ, 

ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʩʲʝʤʢʝ ʚ ʦʙʦʠʭ ʨʝʞʠʤʘʭ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʚ ʜʠʘʧʘʟʦʥʝ 

ʧʦʚʳʰʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨ (ʦʪ 200 ʜʦ 300 K) ʦʙʝ ʢʨʠʚʳʝ ɢdc ʩʦʚʧʘʜʘʶʪ ʠ ʧʦʜʯʠʥʷʶʪʩʷ ʟʘʢʦʥʫ 

ʂʶʨʠïɺʝʡʩʘ. ɹʣʘʛʦʜʘʨʷ ʵʪʦʤʫ, ʫʜʘʣʦʩʴ ʨʘʩʩʯʠʪʘʪʴ ɢ0 = -7.510-4 ʵʤʝ/ʤʦʣʴ, C = 8.8 

ʵʤʝK/ʤʦʣʴ ʠ ɗ = -79 K. ʕʬʬʝʢʪʠʚʥʳʡ ʤʦʤʝʥʪ Õʵʬʬ ʠʦʥʦʚ Co
2+ ʥʘ ʬʦʨʤʫʣʴʥʫʶ ʝʜʠʥʠʮʫ ʙʳʣ 

ʦʮʝʥʝʥ ʧʦ ʫʨʘʚʥʝʥʠʶ (5) ʠ ʩʦʩʪʘʚʣʷʝʪ 8.4 Õɺ. ʀʩʧʦʣʴʟʫʷ ʵʪʦ ʟʥʘʯʝʥʠʝ, ʧʦ ʫʨʘʚʥʝʥʠʶ (6) 

ʨʘʩʩʯʠʪʘʣʠ g ï ʬʘʢʪʦʨ, ʢʦʪʦʨʳʡ ʨʘʚʝʥ g = 2.5. ʊʘʢʦʝ ʟʥʘʯʝʥʠʝ ʪʠʧʠʯʥʦ ʜʣʷ Co2+ ʩʦ ʩʧʠʥʦʤ 

3/2.  
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А̞ ̕̕  Ѝψ  ˞       (5) 

А̞ ̕̕ Ὣ ὛὛ ρА     (6) 

 

ʈʠʩ. 63. ɿʘʚʠʩʠʤʦʩʪʴ ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʧʦʩʪʦʷʥʥʦʤ ʧʦʣʝ 

ɢdc ʜʣʷ Co3(SeO3)(SeO4)(OH)2, ʩʥʷʪʘʷ ʚ ʨʝʞʠʤʘʭ FC (ʩʚʝʪʣʳʝ ʢʨʫʞʢʠ) ʠ ZFC (ʪʝʤʥʳʝ 

ʢʨʫʞʢʠ) ʧʨʠ Õ0H = 0,1 ʊʣ. ʅʘ ʚʩʪʘʚʢʝ ʧʦʢʘʟʘʥʘ ʧʨʦʠʟʚʦʜʥʘʷ ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ 

ʧʦ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʨʝʞʠʤʝ ZFC. 

ʇʨʠ T1 = 27,5 K ʢʘʢ ʚ ʨʝʞʠʤʝ FC, ʪʘʢ ʠ ʥʘ ZFC ʥʘ ʢʨʠʚʳʭ ɢdc(T) (ʨʠʩ. 63) ʥʘʙʣʶʜʘʝʪʩʷ 

ʨʝʟʢʠʡ ʧʦʜʲʝʤ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʨʘʩʱʝʧʣʝʥʠʝʤ, ʩʦʧʨʦʚʦʞʜʘʶʱʠʤʩʷ ʩʠʣʴʥʦ ʠʩʢʘʞʝʥʥʳʤʠ 

ʬʫʥʢʮʠʷʤʠ ɹʨʠʣʣʶʵʥʘ, ʯʪʦ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʤʘʛʥʝʪʠʢʦʚ ʩ ʦʩʪʘʪʦʯʥʦʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴʶ. 

ʅʘ ʢʨʠʚʦʡ d(ɢT)/dT, ʠʤʝʝʪʩ ̫ʪʨʠ ʧʠʢʘ ʧʨʠ T1 = 27,5 K, T2 = 19,4 K ʠ T3 = 8,1 K (ʨʠʩ. 63). 

ʇʨʠʤʝʯʘʪʝʣʴʥʦ, ʯʪʦ ʘʥʦʤʘʣʠʠ ʧʨʠ ʊ2 ʠ ʊ3 ʠʤʝʶʪ ʨʘʟʥʳʝ ʟʥʘʢʠ, ʘ ʠʤʝʥʥʦ: ʧʝʨʚʦʝ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʫʚʝʣʠʯʝʥʠʶ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ, ʘ ʚʪʦʨʦʝ ʫʤʝʥʴʰʝʥʠʶ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ. 

ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʠʟʤʝʨʝʥʘ ʤʘʛʥʠʪʥʘ ̫ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʚ ʧʝʨʝʤʝʥʥʦʤ ʧʦʣʝ ɢʘc(T) ʥʘ 

ʨʘʟʣʠʯʥʳʭ ʯʘʩʪʦʪʘʭ f ʚ ʜʠʘʧʘʟʦʥʝ 102 ï 104 ɻʮ, ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʥʘ ʨʠʩ. 64. ɺ ʥʘʰʝʤ ʩʣʫʯʘʝ 

ʘʥʘʣʠʟʠʨʫʝʪʩʷ ʩʫʤʤʘ ʜʝʡʩʪʚʠʪʝʣʴʥʦʡ ʯʘʩʪʠ ʠ ʤʥʠʤʦʡ ʪ.ʝ ʘʤʧʣʠʪʫʜʘ ʜʠʥʘʤʠʯʝʩʢʦʡ 

ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ. ʉʚʷʟʘʥʦ ʵʪʦ ʩ ʪʝʤ, ʯʪʦ ʚʢʣʘʜ ʤʥʠʤʦʡ ʯʘʩʪʠ ʥʝʟʥʘʯʠʪʝʣʝʥ. ʕʪʠ ʜʘʥʥʳʝ 

ʧʦʜʪʚʝʨʞʜʘʶʪ ʥʘʣʠʯʠʝ ʘʥʦʤʘʣʠʡ ʧʨʠ ʊ1, ʊ2 ʠ ʊ3. ʇʦʣʦʞʝʥʠʝ ʵʪʠʭ ʘʥʦʤʘʣʠʡ ʥʝ ʟʘʚʠʩʠʪ ʦʪ 

ʯʘʩʪʦʪʳ. ʆʜʥʘʢʦ ʧʨʠ T < T3 ʥʘ ʚʩʝʭ ʢʨʠʚʳʭ ɢac(T) ʥʘʙʣʶʜʘʝʪʩʷ ʰʠʨʦʢʠʡ ʛʦʨʙ, ʚʝʣʠʯʠʥʘ ʠ 

ʧʦʣʦʞʝʥʠʝ ʢʦʪʦʨʦʛʦ ʯʫʚʩʪʚʠʪʝʣʴʥʦ ʟʘʚʠʩʷʪ ʦʪ ʯʘʩʪʦʪʳ (ʨʠʩ. 64ʘ), ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʧʨʝʜʧʦʣʦʞʠʪʴ ʥʘʣʠʯʠʝ ʚ ʦʙʨʘʟʮʘʭ ʨʘʟʣʠʯʥʳʭ ʤʘʛʥʠʪʥʳʭ ʜʦʤʝʥʦʚ.  
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ʅʘ ʥʘʣʠʯʠʝ ʤʘʛʥʠʪʥʳʭ ʜʦʤʝʥʦʚ ʪʘʢʞʝ ʫʢʘʟʳʚʘʝʪ ʧʝʪʣʷ ʛʠʩʪʝʨʝʟʠʩʘ ʥʘ ʢʨʠʚʦʡ M(H) 

(ʨʠʩ. 64ʙ). ʆʩʪʘʪʦʯʥʘʷ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ Mrem ʧʨʠ 2 K ʩʦʩʪʘʚʣʷʝʪ 0,05 Õɺ ʥʘ ʬʦʨʤʫʣʴʥʫʶ 

ʝʜʠʥʠʮʫ ʩ ʢʦʵʨʮʠʪʠʚʥʦʡ ʩʠʣʦʡ Õ0Hcr = 0,2 ʊʣ. ʇʝʪʣʠ ʛʠʩʪʝʨʝʟʠʩʘ ʪʘʢʞʝ ʧʨʠʩʫʪʩʪʚʫʶʪ ʚ 

ʦʙʣʘʩʪʷʭ T3 < T < T2 ʠ T2 < T < T1, ʥʦ ʤʝʥʝʝ ʚʳʨʘʞʝʥʳ. ʀʟʤʝʨʝʥʠʷ ʠʤʧʫʣʴʩʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ 

ʧʦʣʷ ʧʨʠ T = 2,4 K ʚ ʧʦʣʷʭ ʜʦ 27 ʊʣ ʜʣʠʪʝʣʴʥʦʩʪʴʶ ʦʢʦʣʦ 8 ʤʩ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ 

ʧʦʷʚʣʝʥʠʠ ʧʣʘʪʦ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ 1/3 ʦʪ Õ0H1 = 7,8 ʊʣ ʜʦ Õ0H2 = 19,9 ʊʣ (ʨʠʩ. 64ʙ). ʅʘ 

ʤʘʛʥʠʪʥʳʡ ʦʪʢʣʠʢ ʚ ʤʘʣʳʭ ʧʦʣʷʭ ʚʣʠʷʶʪ ʤʘʛʥʠʪʥʳʝ ʜʦʤʝʥʳ. ʉʝʨʝʜʠʥʘ ʧʣʘʪʦ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ Mplateau = 2,2 Õɺ ʥʘ ʬʦʨʤʫʣʴʥʫʶ ʝʜʠʥʠʮʫ, ʯʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʨʠʚʦʜʠʪ ʢ g-

ʬʘʢʪʦʨʫ, g = 4.4, ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʧʦʣʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ ʉʦ2+ ʚ Jeff = 1/2.  

 

ʈʠʩ. 64. ʘ) ʄʘʛʥʠʪʥʘʷ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʴ Co3(SeO3)(SeO4)(OH)2 ʩʥʷʪʘʷ ʚ ʧʝʨʝʤʝʥʥʦʤ ʧʦʣʝ 

ʥʘ ʨʘʟʣʠʯʥʳʭ ʯʘʩʪʦʪʘʭ ʚ ʜʠʘʧʘʟʦʥʝ 102 ï 104 ɻʮ. ʅʘ ʚʩʪʘʚʢʝ ʧʦʢʘʟʘʥʦ ʫʚʝʣʠʯʝʥʠʝ 

ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʦʙʣʘʩʪʠ. ʙ) ʇʦʣʝʚʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ 

Co3(SeO3)(SeO4)(OH)2 ʚ ʠʤʧʫʣʴʩʥʦʤ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʧʨʠ ʊ = 2,4 K (ʥʠʞʥʠʡ ʧʨʝʜʝʣ 

ʠʟʤʝʨʝʥʠʡ), ʛʜʝ ʩʪʨʝʣʢʘʤʠ ʦʪʤʝʯʝʥʳ ʛʨʘʥʠʮʳ ʧʣʘʪʦ 1/3 ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ. ʅʘ ʚʩʪʘʚʢʝ 

ʧʦʢʘʟʘʥʘ ʧʝʪʣʷ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ, ʩʥʷʪʘʷ ʧʨʠ 2,4 K ʚ ʧʦʩʪʦʷʥʥʦʤ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ. 

ʀʟʤʝʨʝʥʥʘʷ ʪʝʧʣʦʝʤʢʦʩʪʴ Cp ʜʣʷ Co3(SeO3)(SeO4)(OH)2 ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 65ʘ. ʅʘ 

ʢʨʠʚʦʡ Cp(T) ʠʤʝʶʪʩʷ ʪʨʠ ʧʠʢʘ ʧʨʠ T1 = 27,5 K, T2 = 19,4 K ʠ T3 = 8,1 K, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʤʘʛʥʠʪʥʳʤ ʬʘʟʦʚʳʤ ʧʝʨʝʭʦʜʘʤ. ɺ ʪʦ ʚʨʝʤʷ ʢʘʢ ʘʥʦʤʘʣʠʠ ʧʨʠ ʊ1 ʠ ʊ2 ʠʤʝʶʪ ʩʪʫʧʝʥʯʘʪʳʡ 

ʭʘʨʘʢʪʝʨ ʠ ʤʦʛʫʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ ʧʨʠʟʥʘʢʠ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ ʚʪʦʨʦʛʦ ʨʦʜʘ, ʬʦʨʤʘ 

ʧʠʢʘ ʧʨʠ ʊ3 ʧʦʯʪʠ ʩʠʤʤʝʪʨʠʯʥʘ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʧʝʨʝʭʦʜʝ ʧʝʨʚʦʛʦ ʨʦʜʘ. ʕʪʦ ʤʦʞʝʪ 

ʙʳʪʴ ʩʚʷʟʘʥʦ ʩʦ ʩʧʦʥʪʘʥʥʦʡ ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʝʡ ʧʨʠ T3.  

ʄʘʛʥʠʪʥʳʡ ʚʢʣʘʜ Cm ʚ ʪʝʧʣʦʝʤʢʦʩʪʴ, ʧʦʣʫʯʝʥ ʦʪ Cp ʧʦʩʣʝ ʚʳʯʠʪʘʥʠʷ ʩʫʤʤʳ 

ʬʫʥʢʮʠʡ ɼʝʙʘʷ [94] ʠ ʕʡʥʰʪʝʡʥʘ [95] (ʨʠʩ. 65ʙ). ɺ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ ʘʥʦʤʘʣʠʷ ʧʨʠ T1 

ʦʩʪʘʝʪʩʷ ʥʝʠʟʤʝʥʥʦʡ, ʘʥʦʤʘʣʠʷ T2 ʧʦʜʘʚʣʷʝʪʩʷ ʚ ʧʦʣʷʭ Õ0H > 6 T, ʘ ʧʨʠ ʊ3 ʩʤʘʟʳʚʘʝʪʩʷ ʠ 








































































































