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ɺʉʊʋʇ 

 ɸʢʪʫʘʣʴʥʽʩʪʴ ʪʝʤʠ  

ʂʨʠʩʪʘʣʠ ʨʦʜʠʥʠ ʢʦʨʜʝʨʦʾʪʫ Hg3X2Y2 (X = S, Se, Te; Y = F, Cl, Br, I) 

ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʩʦʙʦʶ ʫʥʽʢʘʣʴʥʠʡ ʢʣʘʩ ʧʦʪʨʽʡʥʠʭ ʩʧʦʣʫʢ ʽ ʻ ʧʨʠʚʘʙʣʠʚʠʤʠ 

ʦʙ'ʻʢʪʘʤʠ ʜʣʷ ʚʠʚʯʝʥʥʷ ʬʽʟʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʦʙʫʤʦʚʣʝʥʠʭ ʚʟʘʻʤʦʟʚ'ʷʟʢʦʤ 

ʝʣʝʢʪʨʦʥʥʦʾ, ʬʦʥʦʥʥʦʾ ʪʘ ʜʝʬʝʢʪʥʠʭ ʧʽʜʩʠʩʪʝʤ.  

ɺʘʨʪʦ ʚʽʜʤʽʪʠʪʠ, ʱʦ ʭʘʣʴʢʦʛʘʣʦʛʝʥʽʜʠ ʤʝʨʢʫʨʽʶ ʻ ʧʝʨʩʧʝʢʪʠʚʥʠʤʠ 

ʤʘʪʝʨʽʘʣʘʤʠ ʩʫʯʘʩʥʦʾ ʬʽʟʠʢʠ ʢʦʥʜʝʥʩʦʚʘʥʦʛʦ ʩʪʘʥʫ. ɺʦʥʠ ʚʠʢʣʠʢʘʶʪʴ ʽʥʪʝʨʝʩ 

ʷʢ ʫ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʤʫ, ʪʘʢ ʽ ʫ ʧʨʠʢʣʘʜʥʦʤʫ ʘʩʧʝʢʪʘʭ, ʷʢʠʡ ʦʙʫʤʦʚʣʝʥʠʡ ʾʭ 

ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ [1ï10]. ʆʜʥʽʻʶ ʟ ʦʩʥʦʚʥʠʭ ʭʘʨʘʢʪʝʨʥʠʭ 

ʦʩʦʙʣʠʚʦʩʪʝʡ ʩʧʦʣʫʢ ʨʦʜʠʥʠ ʢʦʨʜʝʨʦʾʪʫ ʻ ʟʜʘʪʥʽʩʪʴ ʫʪʚʦʨʶʚʘʪʠ ʥʝʧʝʨʝʨʚʥ ̔

ʨʷʜʠ ʪʚʝʨʜʠʭ ʨʦʟʯʠʥʽʚ, ʱʦ ʜʦʟʚʦʣʷʻ ʚʘʨʽʶʚʘʪʠ ʾʭ ʬʽʟʠʯʥʽ ʪʘ ʭʽʤʽʯʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ. ɰʭ ʦʧʪʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʚʠʟʥʘʯʘʶʪʴ ʩʬʝʨʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ 

ʦʙʣʘʩʪʷʭ ʥʝʣʽʥʽʡʥʦʾ ʦʧʪʠʢʠ, ʦʧʪʦʝʣʝʢʪʨʦʥʽʢʠ ʪʘ ʥʘʥʦʬʽʟʠʢʠ. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʧʦʧʝʨʝʜʥʽʭ ʜʦʩʣʽʜʞʝʥʴ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʢʨʠʩʪʘʣʠ ʪʠʧʫ Hg3X2Y2 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʟʥʘʯʥʦʶ ʦʧʪʠʯʥʦʶ ʘʢʪʠʚʥʽʩʪʶ, ʚʝʣʠʢʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ 

ʟʘʣʦʤʣʝʥʥʷ, ʰʠʨʦʢʠʤ ʜʽʘʧʘʟʦʥʦʤ ʧʨʦʟʦʨʦʩʪʽ ʫ ʚʠʜʠʤʽʡ ʪʘ ɯʏ-ʦʙʣʘʩʪʷʭ, 

ʬʦʪʦʧʨʦʚʽʜʥʽʩʪʶ ʪʘ ʝʣʝʢʪʨʦʦʧʪʠʯʥʠʤ ʝʬʝʢʪʦʤ [6, 11ï13]. ʅʘʥʦʤʘʪʝʨʽʘʣʠ ʥʘ 

ʦʩʥʦʚʽ ʢʨʠʩʪʘʣʽʚ Hg3X2Y2 ʤʘʶʪʴ ʚʝʣʠʯʝʟʥʠʡ ʧʦʪʝʥʮʽʘʣ ʫ ʚʠʨʽʰʝʥʥʽ ʪʘʢʠʭ 

ʧʨʦʙʣʝʤ ʷʢ ʨʦʟʨʦʙʢʘ ʥʦʚʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ ʪʘ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʤʝʜʠʯʥʦʾ 

ʪʝʭʥʽʢʠ. ʇʨʘʢʪʠʯʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʘʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʚʠʤʘʛʘʻ ʟʥʘʥʥ ̫ ʾʭ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʟʦʢʨʝʤʘ ʝʣʝʢʪʨʦʥʥʦʾ ʩʪʨʫʢʪʫʨʠ ʪʘ 

ʦʧʪʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ. 

ʂʫʙʽʯʥʘ ʩʪʨʫʢʪʫʨʘ ʭʘʣʴʢʦʛʘʣʦʛʝʥʽʜʽʚ ʤʝʨʢʫʨʽʶ ʪʠʧʫ Hg3X2Y2 ʜʦʟʚʦʣʷʻ 

ʝʬʝʢʪʠʚʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʝʨʰʦʧʨʠʥʮʠʧʥʽ ʤʝʪʦʜʠ ʨʦʟʨʘʭʫʥʢʫ, ʚ ʨʘʤʢʘʭ 

ʷʢʠʭ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʧʨʦʩʪʦʨʦʚʠʡ ʨʦʟʧʦʜʽʣ ʟʘʨʷʜʽʚ, 

ʦʩʦʙʣʠʚʦʩʪʽ ʙʫʜʦʚʠ ʢʨʘʾʚ ʝʥʝʨʛʝʪʠʯʥʠʭ ʟʦʥ ʽ ʭʽʤʽʯʥʦʛʦ ʟʚôʷʟʢʫ, ʜʠʥʘʤʽʢʫ 

ʛʨʘʪʢʠ ʪʘ ʧʝʨʝʜʙʘʯʠʪʠ ʥʦʚʽ ʬʽʟʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ. ɼʦ ʧʦʯʘʪʢʫ ʚʠʢʦʥʘʥʥʷ ʮʽʻʾ 

ʨʦʙʦʪʠ ʪʘʢʽ ʜʘʥʽ ʙʫʣʠ ʚʽʜʩʫʪʥʽ, ʽ ʪʝʦʨʝʪʠʯʥ ̔ʜʦʩʣʽʜʞʝʥʥ ̫ʦʩʥʦʚʥʠʭ ʬʽʟʠʯʥʠʭ 
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ʚʣʘʩʪʠʚʦʩʪʝʡ ʩʧʦʣʫʢ ʨʦʜʠʥʠ ʢʦʨʜʝʨʦʾʪʫ ʥʘʤʠ ʧʨʦʚʦʜʠʣʠʩʷ ʚʧʝʨʰʝ. 

 ɿʚ'ʷʟʦʢ ʨʦʙʦʪʠ ʟ ʥʘʫʢʦʚʠʤʠ ʧʨʦʛʨʘʤʘʤʠ, ʧʣʘʥʘʤʠ, ʪʝʤʘʤʠ 

ɼʘʥʘ ʨʦʙʦʪʘ ʚʠʢʦʥʘʥʘ ʫ ʜʝʨʞʘʚʥʦʤʫ ʚʠʱʦʤʫ ʥʘʚʯʘʣʴʥʦʤʫ ʟʘʢʣʘʜʽ 

çʋʞʛʦʨʦʜʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪè ʚ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʦʤʫ ʽʥʩʪʠʪʫʪʽ 

ʬʟ̔ʠʢʠ ʽ ʭʽʤʽʾ ʪʚʝʨʜʦʛʦ ʪʽʣʘ ʪʘ ʥʘ ʢʘʬʝʜʨʽ ʧʨʠʢʣʘʜʥʦʾ ʬʽʟʠʢʠ ʫ ʨʘʤʢʘʭ ʪʘʢʠʭ 

ʜʝʨʞʙʶʜʞʝʪʥʠʭ ʪʝʤ: çʉʠʤʝʪʨʽʡʥʦ-ʪʦʧʦʣʦʛʽʯʥʽ ʧʝʨʝʜʫʤʦʚʠ ʙʫʜʦʚʠ 

ʢʨʠʩʪʘʣʽʯʥʠʭ ʩʧʦʣʫʢ ʟʤʽʥʥʦʛʦ ʩʢʣʘʜʫ ʪʘ ʾʭʥʽʭ ʦʜʥʦʯʘʩʪʠʥʢʦʚʠʭ ʩʧʝʢʪʨʽʚè 

ɼʈï0105U009078, çʋʟʘʛʘʣʴʥʝʥʽ ʩʠʤʝʪʨʽʾ ʪʘ ʝʚʦʣʶʮʽʷ ʩʧʝʢʪʨʽʚ ʝʣʝʤʝʥʪʘʨʥʠʭ 

ʟʙʫʜʞʝʥʴ ʫ ʩʢʣʘʜʥʠʭ ʢʨʠʩʪʘʣʽʯʥʠʭ ʫʪʚʦʨʝʥʥʷʭ ʽ ʥʘʥʦʩʪʨʫʢʪʫʨʘʭè ɼʈï

0109U000859, çɺʧʣʠʚ ʝʣʝʢʪʨʦʥ-ʬʦʥʦʥʥʦʾ ʚʟʘʻʤʦʜʽʾ, ʘʥʛʘʨʤʦʥʽʟʤʫ ʪʘ ʝʬʝʢʪʽʚ 

ʧʨʦʩʪʦʨʦʚʠʭ ʦʙʤʝʞʝʥʴ ʥʘ ʦʜʥʦʯʘʩʪʠʥʢʦʚʽ ʟʙʫʜʞʝʥʥʷ ʩʢʣʘʜʥʠʭ ʢʨʠʩʪʘʣʽʯʥʠʭ 

ʫʪʚʦʨʝʥʴè ɼʈï0112U001557, çʇʣʘʟʤʦʥʥʽ ʝʬʝʢʪʠ ʪʘ ʘʥʽʟʦʪʨʦʧʽʷ 

ʬʦʪʦʪʝʢʫʯʦʩʪʽ ʚ ʥʘʥʦʩʪʨʫʢʪʫʨʦʚʘʥʠʭ ʘʤʦʨʬʥʠʭ ʩʠʩʪʝʤʘʭ Ag(Au)-As-S(Se)è 

ɼʈï0113U002365, çɺʧʣʠʚ ʢʘʪʽʦʥʥʦʛʦ ʟʘʤʽʱʝʥʥʷ ʪʘ ʧʨʦʮʝʩʠ 

ʨʦʟʫʧʦʨʷʜʢʫʚʘʥʥʷ ʚ ʥʦʚʠʭ ʢʨʠʩʪʘʣʽʯʥʠʭ, ʢʦʤʧʦʟʠʪʥʠʭ ʪʘ ʘʤʦʨʬʥʠʭ 

ʩʫʧʝʨʽʦʥʥʠʭ ʧʨʦʚʽʜʥʠʢʘʭè ɼʈï0116U004787. 

ʄʝʪʦʶ ʨʦʙʦʪʠ ʙʫʣʦ ʪʝʦʨʝʪʠʯʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʫ ʨʘʤʢʘʭ ʤʝʪʦʜʫ 

ʬʫʥʢʮʽʦʥʘʣʘ ʛʫʩʪʠʥʠ ʚ ʥʘʙʣʠʞʝʥʥʷʭ LDA ʪʘ LDA+U ʟʦʥʥʠʭ ʩʪʨʫʢʪʫʨ, 

ʧʦʚʥʠʭ ʪʘ ʧʘʨʮʽʘʣʴʥʠʭ ʛʫʩʪʠʥ ʝʣʝʢʪʨʦʥʥʠʭ ʩʪʘʥʽʚ ʢʨʠʩʪʘʣʽʚ ʪʠʧʫ Hg3X2Y2. 

ɺʩʪʘʥʦʚʣʝʥʥʷ ʧʨʠʨʦʜʠ ʬʦʨʤʫʚʘʥʥʷ ʝʥʝʨʛʝʪʠʯʥʠʭ ʩʪʘʥʽʚ ʪʘ ʭʽʤʽʯʥʦʛʦ ʟʚôʷʟʢʫ 

ʚ ʢʫʙʽʯʥʠʭ ʭʘʣʴʢʦʛʘʣʦʛʝʥʽʜʘʭ ʤʝʨʢʫʨʽʶ. ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʠʨʦʜʠ ʜʦʥʦʨʥʠʭ ʪʘ 

ʘʢʮʝʧʪʦʨʥʠʭ ʮʝʥʪʨʽʚ, ʱʦ ʽʥʜʫʢʫʶʪʴʩʷ ʚʘʢʘʥʩʽʷʤʠ ʭʣʦʨʫ ʪʘ ʪʝʣʫʨʫ ʚ ʢʨʠʩʪʘʣʽ 

Hg3Te2Cl2. ʇʨʦʚʝʜʝʥʥʷ ʨʦʟʨʘʭʫʥʢʽʚ ʜʠʥʘʤʽʢʠ ʛʨʘʪʢʠ ʫ ʨʘʤʢʘʭ ʤʝʪʦʜʫ ʪʝʦʨʽʾ 

ʬʫʥʢʮʽʦʥʘʣʘ ʛʫʩʪʠʥʠ ʚ ʥʘʙʣʠʞʝʥʥʽ GGA ʜʣʷ ʢʨʠʩʪʘʣʘ Hg3Te2Cl2. 

ɼʦʩʣʽʜʞʝʥʥʷ ʤʝʭʘʥʽʟʤʫ ʪʘ ʧʨʠʨʦʜʠ ʚʠʥʠʢʥʝʥʥʷ ʛʽʨʦʪʨʦʧʽʾ, ʾʾ ʟʚ'ʷʟʢʫ ʟ 

ʢʨʠʩʪʘʣʽʯʥʦʶ ʩʪʨʫʢʪʫʨʦʶ ʪʘ ʚʢʣʘʜʫ ʤʽʞʟʦʥʥʠʭ ʦʧʪʠʯʥʠʭ ʧʝʨʝʭʦʜʽʚ ʚ 

ʦʧʪʠʯʥʝ ʦʙʝʨʪʘʥʥʷ ʢʨʠʩʪʘʣʽʚ Hg3X2Cl2 (X = Se, Te), ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ 

ʧʝʨʰʦʧʨʠʥʮʠʧʥʽ ʨʦʟʨʘʭʫʥʢʠ ʟʦʥʥʠʭ ʩʪʨʫʢʪʫʨ. ʇʨʦʚʝʜʝʥʥʷ ʨʦʟʨʘʭʫʥʢʽʚ 

ʦʧʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʢʨʠʩʪʘʣʽʚ Hg3X2Cl2 (X = S, Te) ʫ ʨʘʤʢʘʭ ʤʝʪʦʜʫ 
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ʟʚôʷʟʫʶʯʠʭ ʦʨʙʽʪʘʣʝʡ ʍʘʨʨʽʩʦʥʘ ʚ ʥʘʙʣʠʞʝʥʥʽ ʫʟʘʛʘʣʴʥʝʥʦʾ ʦʜʥʦʝʣʝʢʪʨʦʥʥʦʾ 

ʤʦʜʝʣʽ.  

ʇʨʠ ʮʴʦʤʫ ʩʪʘʚʠʣʠʩʴ ʥʘʩʪʫʧʥʽ ʟʘʚʜʘʥʥʷ: 

1. ɺʠʚʯʠʪʠ ʙʫʜʦʚʫ ʝʣʝʢʪʨʦʥʥʠʭ ʝʥʝʨʛʝʪʠʯʥʠʭ ʩʧʝʢʪʨʽʚ ʪʘ ʦʩʦʙʣʠʚʦʩʪʝʡ 

ʬʦʨʤʫʚʘʥʥʷ ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ ʚ ʢʨʠʩʪʘʣʘʭ ʪʠʧʫ Hg3X2Y2 ʟʽ ʩʪʨʫʢʪʫʨʦʶ 

ʢʦʨʜʝʨʦʾʪʫ. ɼʦʩʣʽʜʠʪʠ ʚʧʣʠʚ ʩʠʤʝʪʨiʡʥʠʭ ʪʘ ʩʪʨʫʢʪʫʨʥʠʭ ʬʘʢʪʦʨiʚ ʥʘ 

ʪʦʧʦʣʦʛiʶ ʟʦʥʥʠʭ ʩʧʝʢʪʨiʚ. 

2. ʇʨʦʚʝʩʪʠ ʽʥʪʝʨʧʨʝʪʘʮʽʶ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʟ ʜʦʩʣʽʜʞʝʥʥʷ ʢʨʘʶ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʛʦ ʧʦʛʣʠʥʘʥʥʷ ʪʘ ʜʠʬʫʟʥʠʭ ʩʧʝʢʪʨʽʚ ʚʽʜʙʠʚʘʥʥʷ ʚ 

ʢʨʠʩʪʘʣʘʭ ʭʘʣʴʢʦʛʘʣʦʛʝʥʽʜʽʚ ʤʝʨʢʫʨʽʶ Hg3X2Cl2 (X = Se, Te). 

3. ɿʤʦʜʝʣʶʚʘʪʠ ʟ ʧʝʨʰʠʭ ʧʨʠʥʮʠʧiʚ ʚʧʣʠʚ ʜʝʬʝʢʪʽʚ ʥʘ ʨiʚʥʦʚʘʞʥʫ 

ʩʪʨʫʢʪʫʨʫ ʪʘ ʟʦʥʥʠʡ ʩʧʝʢʪʨ ʢʨʠʩʪʘʣʘ Hg3Te2Cl2. ɼʦʩʣʽʜʠʪʠ ʣʦʢʘʣʴʥʽ 

ʝʥʝʨʛʝʪʠʯʥʽ ʩʪʘʥʠ ʚʘʢʘʥʩʽʡ ʭʣʦʨʫ ʪʘ ʪʝʣʫʨʫ ʚ ʦʢʦʣʽ ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ. 

4. ɼʦʩʣʽʜʠʪʠ ʦʩʦʙʣʠʚʦʩʪʽ ʜʠʥʘʤʽʢʠ ʛʨʘʪʢʠ ʪʘ ʧʨʦʚʝʩʪʠ ʩʠʤʝʪʨʽʡʥʠʡ ʘʥʘʣʽʟ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʭ ʤʦʜ ʜʣʷ ʢʨʠʩʪʘʣʘ Hg3Te2Cl2. ʇʨʦʚʝʩʪʠ ʽʥʪʝʨʧʨʝʪʘʮʽʶ 

ʨʝʟʫʣʴʪʘʪʽʚ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʩʧʝʢʪʨʽʚ ʢʦʤʙʽʥʘʮʽʡʥʦʛʦ 

ʨʦʟʩʽʶʚʘʥʥʷ ʪʘ ʽʥʬʨʘʯʝʨʚʦʥʦʛʦ ʧʦʛʣʠʥʘʥʥʷ ʩʚʽʪʣʘ ʚ ʢʨʠʩʪʘʣʽ Hg3Te2Cl2, 

ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʧʝʨʰʦʧʨʠʥʮʠʧʥʽ ʨʦʟʨʘʭʫʥʢʠ ʜʠʥʘʤʽʢʠ ʛʨʘʪʢʠ.  

5. ʇʨʦʚʝʩʪʠ ʩʧʽʚʩʪʘʚʣʝʥʥʷ ʨʦʟʨʘʭʫʥʢʽʚ ʟʦʥʥʦʾ ʩʪʨʫʢʪʫʨʠ ʟ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʦ ʜʦʩʣʽʜʞʝʥʥʶ ʦʧʪʠʯʥʦʾ 

ʘʢʪʠʚʥʦʩʪʽ ʚ ʢʨʠʩʪʘʣʘʭ Hg3X2Cl2 (X = Se, Te). ʈʦʟʨʘʭʫʚʘʪʠ ʢʦʤʧʦʥʝʥʪʠ 

ʪʝʥʟʦʨʘ ʛʽʨʘʮʽʾ ʜʣʷ ʢʨʠʩʪʘʣʘ Hg3Se2Cl2. 

6. ʇʨʦʚʝʩʪʠ ʪʝʦʨʝʪʠʯʥʽ ʨʦʟʨʘʭʫʥʢʠ ʟʥʘʯʝʥʴ ʧʦʢʘʟʥʠʢʽʚ ʟʘʣʦʤʣʝʥʥʷ, 

ʦʧʪʠʯʥʠʭ ʜʽʝʣʝʢʪʨʠʯʥʠʭ ʢʦʥʩʪʘʥʪ ʪʘ ʢʦʝʬʽʮʽʻʥʪʽʚ ʚʽʜʙʠʚʘʥʥʷ ʜʣʷ 

ʢʨʠʩʪʘʣʽʯʥʠʭ ʬʘʟ (Ŭ), (ɓ), (ɔ) - Hg3S2Cl2 ʪʘ ʢʨʠʩʪʘʣʘ Hg3Te2Cl2.  

ʆʙô̒ʢʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʽ ʢʨʠʩʪʘʣʠ ʨʦʜʠʥʠ 

ʢʦʨʜʝʨʦʾʪʫ Hg3X2Y2 (X = S, Se, Te; Y = F, Cl, Br). 

ʇʨʝʜʤʝʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ  ̒ʝʣʝʢʪʨʦʥʥʽ ʝʥʝʨʛʝʪʠʯʥʽ ʩʧʝʢʪʨʠ ʢʨʠʩʪʘʣʽʚ 

Hg3ʊʝ2ʉl2, Hg3Sʝ2Cl2, Hg3S2Cl2, Hg3S2F2 ʪʘ Hg3ʊʝ2Br2; ʜʦʥʦʨʥʽ ʪʘ ʘʢʮʝʧʪʦʨʥʽ 

ʣʦʢʘʣʴʥʽ ʝʥʝʨʛʝʪʠʯʥʽ ʩʪʘʥʠ ʚʘʢʘʥʩʽʡ ʭʣʦʨʫ ʪʘ ʪʝʣʫʨʫ ʚ ʦʢʦʣʽ ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ 
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ʢʨʠʩʪʘʣʘ Hg3ʊʝ2ʉl2; ʜʠʥʘʤʽʢʘ ʛʨʘʪʢʠ ʢʨʠʩʪʘʣʘ Hg3ʊʝ2ʉl2; ʛʽʨʦʪʨʦʧʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ ʢʨʠʩʪʘʣʽʚ Hg3ʊʝ2ʉl2 ʪʘ Hg3Sʝ2Cl2; ʨʝʬʨʘʢʪʠʚʥʽ ʚʣʘʩʪʠʚʦʩʪʽ 

ʢʨʠʩʪʘʣʽʚ Ŭ-Hg3S2Cl2, ɓ-Hg3S2Cl2, ɔ-Hg3S2Cl2 ʪʘ Hg3ʊʝ2ʉl2. 

ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ. ʄʝʪʦʜ ʨʦʟʨʘʭʫʥʢʫ ʟʦʥʥʦʾ ʩʪʨʫʢʪʫʨʠ ʙʘʟʫʻʪʴʩʷ 

ʥʘ ʪʝʦʨʽʾ ʬʫʥʢʮʽʦʥʘʣʘ ʛʫʩʪʠʥʠ (DFT) ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʥʘʙʣʠʞʝʥʥʷ (LDA) ʪʘ ʟ 

ʚʨʘʭʫʚʘʥʥʷʤ ʧʦʧʨʘʚʢʠ ʍʘʙʘʨʜʘ ʥʘ ʢʫʣʦʥʽʚʩʴʢʫ ʚʟʘʻʤʦʜʽʶ (LDA+U) ʜʣʷ 

ʦʙʤʽʥʥʦ-ʢʦʨʝʣʷʮʽʡʥʦʛʦ ʬʫʥʢʮʽʦʥʘʣʘ. ʇʨʘʢʪʠʯʥʘ ʨʝʘʣʽʟʘʮʽʷ ʜʘʥʦʛʦ ʤʝʪʦʜʫ 

ʟʜʽʡʩʥʝʥʘ ʚ ʧʨʦʛʨʘʤʥʦʤʫ ʧʘʢʝʪʽ SIESTA. ʈʦʟʨʘʭʫʥʢʠ ʬʦʥʦʥʥʦʛʦ ʩʧʝʢʪʨʘ 

ʧʨʦʚʦʜʠʣʠʩʷ ʚ ʨʘʤʢʘʭ ʪʝʦʨʽʾ ʬʫʥʢʮʽʦʥʘʣʘ ʛʫʩʪʠʥʠ (DFT) ʚ ʥʘʙʣʠʞʝʥʥʽ 

ʫʟʘʛʘʣʴʥʝʥʦʛʦ ʛʨʘʜʽʻʥʪʘ (GGA) ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʨʦʛʨʘʤʥʦʛʦ ʧʘʢʝʪʘ 

ABINIT . ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʛʽʨʦʪʨʦʧʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ 

ʘʥʘʣʽʟ ʟʦʥʥʦʾ ʩʪʨʫʢʪʫʨʠ ʪʘ ʤʝʪʦʜ ʢʣʘʩʠʯʥʠʭ ʪʝʦʨʝʪʠʯʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ. 

ʈʝʬʨʘʢʪʠʚʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʜʦʩʣʽʜʞʫʚʘʣʠʩʷ ʚ ʥʘʙʣʠʞʝʥʥʽ ʦʜʥʦʝʣʝʢʪʨʦʥʥʦʾ 

ʤʦʜʝʣʽ ʚ ʨʘʤʢʘʭ ʤʝʪʦʜʫ ʟʚôʷʟʫʶʯʠʭ ʦʨʙʽʪʘʣʝʡ ʍʘʨʨʽʩʦʥʘ. 

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʚʧʝʨʰʝ: 

1. ʇʨʦʚʝʜʝʥʦ ʨʦʟʨʘʭʫʥʢʠ ʝʣʝʢʪʨʦʥʥʠʭ ʝʥʝʨʛʝʪʠʯʥʠʭ ʩʧʝʢʪʨʽʚ ʢʫʙʽʯʥʠʭ 

ʢʨʠʩʪʘʣʽʚ ʨʦʜʠʥʠ ʢʦʨʜʝʨʦʾʪʫ Hg3X2Y2 (X = S, Se, Te; Y = F, Cl, Br) ʚ 

ʨʘʤʢʘʭ ʤʝʪʦʜʫ ʬʫʥʢʮʽʦʥʘʣʘ ʛʫʩʪʠʥʠ ʚ ʥʘʙʣʠʞʝʥʥʷʭ LDA ʪʘ LDA+U. 

ɺʩʪʘʥʦʚʣʝʥʦ ʚʧʣʠʚ ʩʠʤʝʪʨiʡʥʠʭ ʪʘ ʩʪʨʫʢʪʫʨʥʠʭ ʬʘʢʪʦʨiʚ ʥʘ ʪʦʧʦʣʦʛiʶ 

ʾʭ ʟʦʥʥʠʭ ʩʧʝʢʪʨiʚ. 

2. ɼʦʩʣʽʜʞʝʥʦ ʝʥʝʨʛʝʪʠʯʥʠʡ ʩʧʝʢʪʨ ʢʨʠʩʪʘʣʘ Hg3Te2Cl2 ʧʨʠ ʥʘʷʚʥʦʩʪʽ 

ʚʘʢʘʥʩʽʡ ʭʣʦʨʫ ʪʘ ʪʝʣʫʨʫ ʚ ʝʣʝʤʝʥʪʘʨʥʽʡ ʢʦʤʽʨʮʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʤʝʪʦʜʫ ʩʫʧʝʨʢʦʤʽʨʦʢ. ɺʩʪʘʥʦʚʣʝʥʦ ʛʝʥʝʟʠʩ ʜʝʬʝʢʪʥʠʭ ʩʪʘʥʽʚ ʪʘ ʾʭ 

ʚʧʣʠʚ ʥʘ ʬʦʨʤʫʚʘʥʥʷ ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ. 

3. ʇʨʦʚʝʜʝʥʦ ʧʝʨʰʦʧʨʠʥʮʠʧʥʽ ʨʦʟʨʘʭʫʥʢʠ ʜʠʥʘʤʽʢʠ ʛʨʘʪʢʠ ʜʣʷ ʢʨʠʩʪʘʣʘ 

Hg3Te2Cl2.  ʇʨʝʜʩʪʘʚʣʝʥʦ ʢʦʤʧʣʝʢʩʥʠʡ ʪʝʦʨʝʪʠʯʥʠʡ ʘʥʘʣʽʟ ʩʪʨʫʢʪʫʨʥʦʾ 

ʽʥʪʝʨʧʨʝʪʘʮʽʾ ʢʨʠʩʪʘʣʘ Hg3Te2Cl2: ʨʦʟʨʘʭʫʥʢʠ ʜʠʩʧʝʨʩʽʡʥʠʭ 

ʟʘʣʝʞʥʦʩʪʝʡ ʬʦʥʦʥʥʦʛʦ ʩʧʝʢʪʨʘ, ʩʠʤʝʪʨʽʡʥʠʡ ʘʥʘʣʽʟ ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʭ 

ʢʦʣʠʚʘʥʴ ʪʘ ʤʦʜʝʣʶʚʘʥʥʷ ʩʧʝʢʪʨʘ ʢʦʤʙʽʥʘʮʽʡʥʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ ʩʚʽʪʣʘ. 
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4. ʇʨʦʚʝʜʝʥʦ ʽʥʪʝʨʧʨʝʪʘʮʽʶ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʩʧʝʢʪʨʽʚ ʢʦʤʙʽʥʘʮʽʡʥʦʛʦ 

ʨʦʟʩʽʶʚʘʥʥʷ ʪʘ ʽʥʬʨʘʯʝʨʚʦʥʦʛʦ ʧʦʛʣʠʥʘʥʥʷ ʩʚʽʪʣʘ ʜʣʷ ʢʨʠʩʪʘʣʘ 

Hg3Te2Cl2 ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʦʟʨʘʭʫʥʢʽʚ ʜʠʥʘʤʽʢʠ ʛʨʘʪʢʠ.  

5. ʇʨʦʚʝʜʝʥʦ ʽʥʪʝʨʧʨʝʪʘʮʽʶ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʩʧʝʢʪʨʽʚ ʧʦ ʜʦʩʣʽʜʞʝʥʥʶ 

ʦʧʪʠʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʚ ʛʽʨʦʪʨʦʧʥʠʭ ʢʨʠʩʪʘʣʘʭ Hg3X2Cl2 (X = Se, Te) ʥʘ 

ʦʩʥʦʚʽ ʨʦʟʨʘʭʫʥʢʽʚ ʝʣʝʢʪʨʦʥʥʠʭ ʝʥʝʨʛʝʪʠʯʥʠʭ ʩʧʝʢʪʨʽʚ. ʈʦʟʛʣʷʥʫʪʦ 

ʤʝʭʘʥʽʟʤ ʧʦʷʚʠ ʛʽʨʦʪʨʦʧʽʾ ʚ ʘʮʝʥʪʨʠʯʥʠʭ ʩʪʨʫʢʪʫʨʘʭ ʢʨʠʩʪʘʣʽʚ 

Hg3X2Cl2, ʡʦʛʦ ʟʚ'ʷʟʦʢ ʟ ʤʽʢʨʦʩʪʨʫʢʪʫʨʦʶ ʪʘ ʝʥʝʨʛʝʪʠʯʥʠʤʠ ʩʪʘʥʘʤʠ. 

6. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚʝʣʠʯʠʥʘ ʪʘ ʜʠʩʧʝʨʩʽʷ ʦʙʝʨʪʘʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ 

ʢʨʠʩʪʘʣʽʚ Hg3X2Cl2 (X = Se, Te) ʧʦʚ'ʷʟʘʥʽ ʟ ʧʨʷʤʠʤʠ ʤʽʞʟʦʥʥʠʤʠ 

ʧʝʨʝʭʦʜʘʤʠ. ʇʨʦʚʝʜʝʥʦ ʨʦʟʨʘʭʫʥʢʠ ʢʦʤʧʦʥʝʥʪ ʪʝʥʟʦʨʘ ʛʽʨʘʮʽʾ ʜʣʷ 

ʢʨʠʩʪʘʣʘ Hg3Se2Cl2.  

7. ʇʨʦʚʝʜʝʥʦ ʨʦʟʨʘʭʫʥʢʠ ʧʦʢʘʟʥʠʢʽʚ ʟʘʣʦʤʣʝʥʥʷ, ʦʧʪʠʯʥʠʭ 

ʜʽʝʣʝʢʪʨʠʯʥʠʭ ʢʦʥʩʪʘʥʪ ʪʘ ʢʦʝʬʽʮʽʻʥʪʽʚ ʚʽʜʙʠʚʘʥʥʷ ʜʣʷ ʢʨʠʩʪʘʣʽʚ Ŭ-

Hg3S2Cl2, ɓ-Hg3S2Cl2, ɔ-Hg3S2Cl2 ʪʘ Hg3ʊʝ2ʉl2 ʚ ʨʘʤʢʘʭ ʤʦʜʝʣʽ 

ʟʚôʷʟʫʶʯʠʭ ʦʨʙʽʪʘʣʝʡ ʍʘʨʨʽʩʦʥʘ. 

 ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ 

ʈʝʟʫʣʴʪʘʪʠ ʧʝʨʰʦʧʨʠʥʮʠʧʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʝʣʝʢʪʨʦʥʥʠʭ ʪʘ ʬʦʥʦʥʥʠʭ 

ʧʽʜʩʠʩʪʝʤ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʽʥʪʝʨʧʨʝʪʘʮʽʾ ʩʧʝʢʪʨʦʩʢʦʧʽʯʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʘ ʽʥʰʠʭ ʬʫʥʢʮʦ̔ʥʘʣʴʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʫ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʩʢʣʘʜʫ ʪʘ ʧʦʣʽʤʦʨʬʥʦʾ ʤʦʜʠʬʽʢʘʮʽʾ ʚʠʭʽʜʥʠʭ ʦʙôʻʢʪʽʚ. ʈʝʟʫʣʴʪʘʪʠ, ʦʜʝʨʞʘʥʽ ʚ 

ʤʦʜʝʣʴʥʠʭ ʧʽʜʭʦʜʘʭ, ʚʘʞʣʠʚʽ  ʷʢ ʜʣʷ ʧʦʷʩʥʝʥʥʷ, ʪʘʢ ʽ ʤʦʜʠʬʽʢʘʮʽʾ ʘʙʦ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʦʩʦʙʣʠʚʦʩʪʝʡ ʬʽʟʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʢʨʠʩʪʘʣʽʚ ʨʦʜʠʥʠ 

ʢʦʨʜʝʨʦʾʪʫ. ɿʦʢʨʝʤʘ, ʚʦʥʠ ʚʢʘʟʫʶʪʴ ʥʘ ʧʝʨʩʧʝʢʪʠʚʥʽʩʪʴ ʧʨʘʢʪʠʯʥʦʛʦ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʛʽʨʦʪʨʦʧʥʠʭ ʢʨʠʩʪʘʣʽʚ ʪʠʧʫ Hg3X2Y2 ʫ ʩʫʯʘʩʥʠʭ 

ʦʧʪʦʝʣʝʢʪʨʦʥʥʠʭ ʪʘ ʘʢʫʩʪʦ-ʦʧʪʠʯʥʠʭ ʧʨʠʩʪʨʦʷʭ: ʤʦʜʫʣʷʪʦʨʘʭ, ʝʣʝʤʝʥʪʘʭ 

ʜʠʥʘʤʽʯʥʦʾ ʛʦʣʦʛʨʘʬʽʾ, ʜʝʬʣʝʢʪʦʨʘʭ ʪʘ ʽʥʰʠʭ ʧʨʠʩʪʨʦʷʭ, ʜʽʷ ʷʢʠʭ ʟʘʩʥʦʚʘʥʘ 

ʥʘ ʷʚʠʱʘʭ ʚʟʘʻʤʦʜʽʾ ʩʚʽʪʣʦʚʠʭ ʧʫʯʢʽʚ, ʱʦ ʜʦʟʚʦʣʷʻ ʚʚʘʞʘʪʠ ʢʨʠʩʪʘʣʠ ʪʠʧʫ 

Hg3X2Y2 ʪʘ ʥʘʥʦʤʘʪʝʨʽʘʣʠ ʥʘ ʾʭ ʦʩʥʦʚʽ ʦʜʥʠʤʠ ʟ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʤʘʪʝʨʽʘʣʽʚ 

ʜʣʷ ʥʝʣʽʥʽʡʥʦʾ ʦʧʪʠʢʠ ʪʘ ʦʧʪʦʝʣʝʢʪʨʦʥʽʢʠ. 
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ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ 

ɸʚʪʦʨʦʤ ʧʨʦʚʦʜʠʣʠʩʷ: ʜʦʩʣʽʜʞʝʥʥʷ ʝʣʝʢʪʨʦʥʥʠʭ ʝʥʝʨʛʝʪʠʯʥʠʭ ʩʧʝʢʪʨʽʚ 

ʢʨʠʩʪʘʣʽʚ ʪʠʧʫ Hg3X2Y2 ʪʘ ʚʧʣʠʚʫ ʜʝʬʝʢʪʽʚ ʚʘʢʘʥʩʽʡ ʥʘ ʬʦʨʤʫʚʘʥʥʷ 

ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ ʢʨʠʩʪʘʣʘ Hg3Te2Cl2; ʜʦʩʣʽʜʞʝʥʥʷ ʜʠʥʘʤʽʢʠ ʛʨʘʪʢʠ ʢʨʠʩʪʘʣʘ 

Hg3Te2Cl2; ʪʝʦʨʝʪʠʯʥʽ ʨʦʟʨʘʭʫʥʢʠ ʛʽʨʦʪʨʦʧʥʠʭ ʪʘ ʨʝʬʨʘʢʪʠʚʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʢʨʠʩʪʘʣʽʚ Ŭ-Hg3S2Cl2, ɓ-Hg3S2Cl2, ɔ-Hg3S2Cl2, Hg3ʊʝ2ʉl2 ʪʘ Hg3Sʝ2Cl2. ɸʚʪʦʨ 

ʧʨʠʡʤʘʣʘ ʫʯʘʩʪʴ ʫ ʧʦʩʪʘʥʦʚʮʽ ʟʘʜʘʯ ʪʘ ʘʥʘʣʽʟʽ ʧʝʨʰʦʧʨʠʥʮʠʧʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ 

ʝʣʝʢʪʨʦʥʥʠʭ ʪʘ ʬʦʥʦʥʥʠʭ ʩʧʝʢʪʨʽʚ, ʽʥʪʝʨʧʨʝʪʘʮʽʾ ʨʝʟʫʣʴʪʘʪʽʚ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʧʨʦʚʝʜʝʥʥʽ ʪʝʦʨʝʪʠʯʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ 

ʦʧʪʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʢʨʠʩʪʘʣʽʚ, ʩʬʦʨʤʫʣʶʚʘʣʘ ʚʠʩʥʦʚʢʠ ʨʦʙʦʪʠ ʪʘ ʾʾ 

ʥʘʫʢʦʚʫ ʥʦʚʠʟʥʫ. 

ɸʧʨʦʙʘʮʽʷ ʨʦʙʦʪʠ 

ʆʩʥʦʚʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʙʫʣʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ 

ʥʘʩʪʫʧʥʠʭ ʥʘʫʢʦʚʠʭ ʢʦʥʬʝʨʝʥʮʽʷʭ, ʩʝʤʽʥʘʨʘʭ ʪʘ ʩʠʤʧʦʟʽʫʤʘʭ:  

¶ International meeting çClusters and Nanostructured Materials (CNM 

2006)è (Uzhhorod, Ukraine, 2006);  

¶ The 3
th
 Seminar Properties of Ferroelectric and Superionic Systems 

(Uzhhorod, Ukraine, 2010);  

¶ International Research and Practice Conference: Nanotechnology and 

Nanomaterials (Nano-2015) (Lviv, Ukraine, 2015);  

¶ The XX
th
 International Seminar on Physics and Chemistry of Solids (Lviv, 

Ukraine, 2015);  

¶ Ukrainian-German Symposium on Physics and Chemistry of 

Nanostructures and on Nanobiotechnology (Kyiv, Ukraine, 2015);  

¶ IV International Conference Nanobiophysics 2015: Fundamental and 

Applied Aspects (Kyiv, Ukraine, 2015);  

¶ International meeting çClusters and Nanostructured Materials (CNM 

2015)è (Uzhhorod, Ukraine, 2015);  

¶ The 5
th
 Seminar Properties of Ferroelectric and Superionic Systems 
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(Uzhhorod, Ukraine, 2015);  

¶ International Research and Practice Conference: Nanotechnology and 

Nanomaterials (Nano-2016) (Lviv, 2016);  

¶ VIII
th
 Ukrainian-Polish Scientific and Practical Conference Electronics and 

Information Technologies (ELIT-2016) (Lviv-Chynadiyevo, Ukraine, 

2016);  

¶ VII  Ukrainian Scientific Conference on Physics of Semiconductors 

(USCPS-7) (Dnipro, Ukraine, 2016);  

¶ 6
-ʡ 
ʉʝʤʽʥʘʨ ʩʝʛʥʝʪʦʝʣʝʢʪʨʠʯʥʠʭ ʪʘ ʩʫʧʝʨʽʦʥʥʠʭ ʩʠʩʪʝʤ (ʋʞʛʦʨʦʜ, 

ʋʢʨʘʾʥʘ, 2016);  

¶ 4th International Conference çNanotechnologiesè (Nano-2016) (Tbilisi, 

Georgia, 2016). 

ʇʫʙʣʽʢʘʮʽʾ 

ɿʘ ʤʘʪʝʨʽʘʣʘʤʠ ʜʠʩʝʨʪʘʮʽʾ ʦʧʫʙʣʽʢʦʚʘʥʦ 27 ʥʘʫʢʦʚʠʭ ʨʦʙʽʪ: 9 ʩʪʘʪʝʡ ʫ 

ʬʘʭʦʚʠʭ ʞʫʨʥʘʣʘʭ [14ï22] ʪʘ 18 ʪʝʟ ʜʦʧʦʚʽʜʝʡ [23ï40]. 

ʆʙô̒ ʤ ʪʘ ʩʪʨʫʢʪʫʨʘ ʨʦʙʦʪʠ 

ʈʦʙʦʪʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʚʩʪʫʧʫ, ʧ'ʷʪɹʦʭ ʨʦʟʜʽʣʽʚ, ʚʠʩʥʦʚʢʽʚ ʪʘ ʩʧʠʩʢʫ 

ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ ʚ ʨʦʟʤʽʨʽ 116 ʥʘʡʤʝʥʫʚʘʥʴ. ɼʠʩʝʨʪʘʮʽʷ ʚʠʢʣʘʜʝʥʘ ʥʘ 

155 ʩʪʦʨʽʥʢʘʭ, ʤʽʩʪʠʪʴ 48 ʨʠʩʫʥʢʽʚ ʪʘ 40 ʪʘʙʣʠʮʴ. 

ʇʝʨʰʠʡ ʨʦʟʜʽʣ ʚʢʣʶʯʘʻ ʦʛʣʷʜ ʟʘʛʘʣʴʥʠʭ ʚʽʜʦʤʦʩʪʝʡ ʧʨʦ ʬʽʟʠʯʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ ʢʨʠʩʪʘʣʽʚ ʨʦʜʠʥʠ ʢʦʨʜʝʨʦʾʪʫ Hg3X2Y2 (X = S, Se, Te; Y = F, Cl, 

Br, I). ʈʦʟʛʣʷʥʫʪʦ ʧʨʦʮʝʩʠ ʩʠʥʪʝʟʫ ʪʘ ʚʠʨʦʱʫʚʘʥʥʷ ʢʨʠʩʪʘʣʽʚ.  ɺʠʩʚʽʪʣʝʥʦ 

ʦʩʥʦʚʥʽ ʩʪʨʫʢʪʫʨʥʽ ʦʩʦʙʣʠʚʦʩʪʽ: ʢʨʠʩʪʘʣʦʩʪʨʫʢʪʫʨʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʧʦʣʫʢ, 

ʢʣʘʩʠʬʽʢʘʮʽʶ ʩʪʨʫʢʪʫʨʥʠʭ ʪʠʧʽʚ ʪʘ ʧʦʣʽʤʦʨʬʽʟʤ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʢʨʠʩʪʘʣʽʚ. 

ʈʦʟʛʣʷʥʫʪʦ ʬʘʟʦʚʽ ʨʽʚʥʦʚʘʛʠ ʚ ʩʠʩʪʝʤʘʭ HgS(Se,Te)-HgCl2-HgBr2. 

ʇʨʝʜʩʪʘʚʣʝʥʦ ʜʝʪʘʣʴʥʠʡ ʘʥʘʣʽʟ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʽʘʛʨʘʤ ʩʪʘʥʫ ʩʠʩʪʝʤ Hg3X2Y
1
2 

- Hg3X2Y
2
2.  

ʋ ʜʨʫʛʦʤʫ ʨʦʟʜʽʣʽ ʥʘʚʝʜʝʥʦ ʤʝʪʦʜʠʢʫ ʨʦʟʨʘʭʫʥʢʽʚ ʟʦʥʥʦʾ ʩʪʨʫʢʪʫʨʠ 

ʢʨʠʩʪʘʣʽʚ ʪʠʧʫ Hg3X2Y2. ʇʨʝʜʩʪʘʚʣʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʝʣʝʢʪʨʦʥʥʠʭ 

ʝʥʝʨʛʝʪʠʯʥʠʭ ʩʧʝʢʪʨʽʚ, ʧʦʚʥʠʭ ʪʘ ʣʦʢʘʣʴʥʠʭ ʧʘʨʮʽʘʣʴʥʠʭ ʛʫʩʪʠʥ ʩʪʘʥʽʚ ʪʘ 
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ʧʨʦʩʪʦʨʦʚʦʛʦ ʨʦʟʧʦʜʽʣʫ ʝʣʝʢʪʨʦʥʥʦʾ ʛʫʩʪʠʥʠ ʚʘʣʝʥʪʥʦʛʦ ʟʘʨʷʜʫ ʚ ʢʫʙʽʯʥʠʭ 

ʢʨʠʩʪʘʣʘʭ ʪʠʧʫ Hg3X2Y2. ʇʨʝʜʩʪʘʚʣʝʥʦ ʪʝʦʨʝʪʠʢʦ-ʛʨʫʧʦʚʠʡ ʘʥʘʣʽʟ 

ʜʠʩʧʝʨʩʽʡʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʝʣʝʢʪʨʦʥʥʠʭ ʩʧʝʢʪʨʽʚ ʪʘ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʫʤʦʚʠ 

ʩʫʤʽʩʥʦʩʪʽ. ɺ ʮʴʦʤʫ ʞ ʨʦʟʜʽʣʽ ʥʘʚʝʜʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʢʨʘʶ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʛʦ 

ʧʦʛʣʠʥʘʥʥʷ ʢʨʠʩʪʘʣʘ Hg3Te2Cl2.  

ɿ ʤʝʪʦʶ ʚʠʚʯʝʥʥʷ ʚʧʣʠʚʫ ʚʘʢʘʥʩʽʡ ʪʝʣʫʨʫ ʪʘ ʭʣʦʨʫ ʥʘ ʝʣʝʢʪʨʦʥʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ ʢʨʠʩʪʘʣʘ Hg3Te2Cl2 ʧʨʦʚʝʜʝʥʦ ʧʝʨʰʦʧʨʠʥʮʠʧʥʽ ʨʦʟʨʘʭʫʥʢʠ 

ʟʦʥʥʦʾ ʩʪʨʫʢʪʫʨʠ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʤʦʜʝʣʴ ʩʫʧʝʨʢʦʤʽʨʢʠ [2ʭ2ʭ1]. ɼʦʩʣʽʜʞʝʥʦ 

ʚʧʣʠʚ ʣʦʢʘʣʴʥʠʭ ʝʥʝʨʛʝʪʠʯʥʠʭ ʩʪʘʥʽʚ ʚʘʢʘʥʩʽʡ ʭʣʦʨʫ ʪʘ ʪʝʣʫʨʫ ʥʘ 

ʬʦʨʤʫʚʘʥʥʷ ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʢʨʠʩʪʘʣʘ. 

ʊʨʝʪʽʡ ʨʦʟʜʽʣ ʧʨʠʩʚʷʯʝʥʠʡ ʜʦʩʣʽʜʞʝʥʥʶ ʜʠʥʘʤʽʢʠ ʛʨʘʪʢʠ ʢʨʠʩʪʘʣʘ 

Hg3Te2Cl2. ʆʧʠʩʘʥʦ ʤʝʪʦʜʠʢʫ ʨʦʟʨʘʭʫʥʢʫ ʬʦʥʦʥʥʦʛʦ ʩʧʝʢʪʨʘ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ 

ʢʨʠʩʪʘʣʘ. ʇʨʦʘʥʘʣʽʟʦʚʘʥʦ ʥʘʷʚʥʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʫ ʽʥʬʦʨʤʘʮʽʶ, ʦʪʨʠʤʘʥʫ ʟ 

ʦʧʪʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ. ɺʠʭʽʜʥʠʤʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʜʘʥʠʤʠ ʜʣʷ 

ʨʦʟʨʘʭʫʥʢʫ ʬʦʥʦʥʥʦʛʦ ʩʧʝʢʪʨʘ ʢʨʠʩʪʘʣʘ Hg3Te2Cl2 ʙʫʣʠ ʢʨʠʩʪʘʣʦʛʨʘʬʽʯʥʽ 

ʜʘʥʽ ʟ ʨʝʥʪʛʝʥʦcʪʨʫʢʪʫʨʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʨʝʟʫʣʴʪʘʪʠ ʦʧʪʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ 

ʬʦʥʦʥʽʚ ʫ ʜʘʣʝʢʽʡ ʽʥʬʨʘʯʝʨʚʦʥʽʡ ʯʘʩʪʠʥʽ ʩʧʝʢʪʨʘ ʪʘ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ 

ʢʦʤʙʽʥʘʮʽʡʥʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ ʩʚʽʪʣʘ.  

ʇʨʝʜʩʪʘʚʣʝʥʦ ʨʦʟʨʘʭʫʥʢʠ ʬʦʥʦʥʥʦʛʦ ʩʧʝʢʪʨʘ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʢʨʠʩʪʘʣʘ 

ʫ ʨʘʤʢʘʭ ʪʝʦʨʽʾ ʬʫʥʢʮʽʦʥʘʣʘ ʛʫʩʪʠʥʠ ʚ ʥʘʙʣʠʞʝʥʥʽ ʫʟʘʛʘʣʴʥʝʥʦʛʦ ʛʨʘʜʽʻʥʪʘ. 

ɼʣʷ ʢʨʠʩʪʘʣʘ Hg3Te2Cl2 ʦʪʨʠʤʘʥʦ ʦʧʪʠʤʽʟʦʚʘʥʽ ʧʘʨʘʤʝʪʨʠ ʛʨʘʪʢʠ ʚ ʭʦʨʦʰʦʤʫ 

ʫʟʛʦʜʞʝʥʥʽ ʟ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʜʘʥʠʤʠ.  ʇʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʜʠʩʧʝʨʩʽʾ 

ʬʦʥʦʥʽʚ, ʟʘʛʘʣʴʥʦʾ ʪʘ ʧʘʨʮʽʘʣʴʥʠʭ ʛʫʩʪʠʥ ʬʦʥʦʥʥʠʭ ʩʪʘʥʽʚ ʪʘ ʚʩʪʘʥʦʚʣʝʥʦ 

ʧʨʘʚʠʣʘ ʚʽʜʙʦʨʫ ʜʣʷ ʨʘʤʘʥ-ʘʢʪʠʚʥʠʭ ʪʘ ɯʏ-ʘʢʪʠʚʥʠʭ ʢʦʣʠʚʥʠʭ ʤʦʜ. ɺʘʨʪʦ 

ʚʽʜʤʽʪʠʪʠ, ʱʦ ʘʥʘʣʽʟ ʬʦʥʦʥʥʠʭ ʩʧʝʢʪʨʽʚ ʻ ʚʠʟʥʘʯʘʣʴʥʠʤ ʧʨʠ ʽʥʪʝʨʧʨʝʪʘʮʽʾ 

ʢʽʥʝʪʠʯʥʠʭ ʪʘ ʦʧʪʠʯʥʠʭ ʷʚʠʱ ʫ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘʭ. ʆʙʛʦʚʦʨʶʻʪʴʩʷ ʚ ʜʝʪʘʣʷʭ 

ʽʜʝʥʪʠʬʽʢʘʮʽʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʭ ʤʦʜ ʫ ʮʝʥʪʨʽ ʟʦʥʠ ɹʨʠʣʶʝʥʘ.  

ʇʨʦʚʝʜʝʥʦ ʤʦʜʝʣʶʚʘʥʥʷ ʨʘʤʘʥ-ʩʧʝʢʪʨʘ ʢʨʠʩʪʘʣʘ Hg3Te2Cl2. 

ʈʦʟʨʘʭʦʚʘʥʽ ʟ ʧʝʨʰʠʭ ʧʨʠʥʮʠʧʽʚ ʯʘʩʪʦʪʠ ʬʦʥʦʥʽʚ ʚ ʮʝʥʪʨʽ ʟʦʥʠ ɹʨʠʣʶʝʥʘ 
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ʧʦʨʽʚʥʶʶʪʴʩʷ ʟ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʜʘʥʠʤʠ ʢʦʤʙʽʥʘʮʽʡʥʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ 

ʩʚʽʪʣʘ ʚ ʢʨʠʩʪʘʣʽ Hg3Te2Cl2.  

ʇʨʦʚʝʜʝʥʦ ʽʜʝʥʪʠʬʽʢʘʮʽʶ ʬʦʥʦʥʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʠʭ ʩʤʫʛ ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʢʦʣʠʚʘʥʴ ʘʪʦʤʽʚ ʥʘ ʦʩʥʦʚʽ ʾʭ ʩʠʤʝʪʨʽʡʥʦʛʦ ʘʥʘʣʽʟʫ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʦʟʨʘʭʫʥʢʽʚ ʜʠʥʘʤʽʢʠ ʛʨʘʪʢʠ ʢʨʠʩʪʘʣʘ. ɺʩʪʘʥʦʚʣʝʥʦ ʷʢʽʩʥʝ ʪʘ 

ʢʽʣʴʢʽʩʥʝ ʫʟʛʦʜʞʝʥʥʷ ʪʝʦʨʽʾ ʟ ʝʢʩʧʝʨʠʤʝʥʪʦʤ. 

ʏʝʪʚʝʨʪʠʡ ʨʦʟʜʽʣ ʧʨʠʩʚʷʯʝʥʠʡ ʚʠʚʯʝʥʥʶ ʧʨʠʨʦʜʠ ʚʠʥʠʢʥʝʥʥʷ 

ʛʽʨʦʪʨʦʧʽʾ ʚ ʢʨʠʩʪʘʣʘʭ Hg3X2Cl2 (X = Se, Te), ʾʾ ʟʚ'ʷʟʢʫ ʟ ʢʨʠʩʪʘʣʽʯʥʦʶ 

ʩʪʨʫʢʪʫʨʦʶ ʪʘ ʚʢʣʘʜʫ ʤʽʞʟʦʥʥʠʭ ʦʧʪʠʯʥʠʭ ʧʝʨʝʭʦʜʽʚ ʚ ʦʧʪʠʯʥʝ ʦʙʝʨʪʘʥʥʷ 

ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʢʨʠʩʪʘʣʽʚ. ʇʨʦʚʝʜʝʥʦ ʩʧʽʚʩʪʘʚʣʝʥʥʷ ʨʦʟʨʘʭʫʥʢʽʚ ʟʦʥʥʦʾ 

ʩʪʨʫʢʪʫʨʠ ʟ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʦ ʜʦʩʣʽʜʞʝʥʥʶ ʦʧʪʠʯʥʦʾ 

ʘʢʪʠʚʥʦʩʪʽ ʚ ʢʨʠʩʪʘʣʘʭ Hg3X2Cl2 (X = S, Se).  

ɻ̔ ʨʦʪʨʦʧʽʷ ʢʨʠʩʪʘʣʽʚ Hg3X2Cl2 ʤʘʻ ʤʦʣʝʢʫʣʷʨʥʫ ʧʨʠʨʦʜʫ ʽ ʧʦʚ'ʷʟʘʥʘ ʟ 

ʥ̔ʜʫʢʦʚʘʥʦʶ ʘʩʠʤʝʪʨʠʟʘʮʽʻʶ ʭʨʦʤʦʬʦʨʘ [HgX2Cl4], ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʧʨʦʩʪʦʨʦʚʦʶ ʛʨʫʧʦʶ ʩʠʤʝʪʨʽʾ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʢʨʠʩʪʘʣʽʚ. ʅʘ ʦʩʥʦʚʽ 

ʨʦʟʨʘʭʫʥʢʽʚ ʟʦʥʥʦʾ ʩʪʨʫʢʪʫʨʠ ʢʨʠʩʪʘʣʽʚ Hg3X2Cl2 ʚʩʪʘʥʦʚʣʝʥʦ ʢʦʨʝʣʷʮʽʶ ʤʽʞ 

ʽʩʥʫʚʘʥʥʷʤ ʷʚʠʱʘ ʦʧʪʠʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʪʘ ʨʝʘʣʽʟʘʮʽʻʶ ʧʨʷʤʠʭ ʦʧʪʠʯʥʠʭ 

ʧʝʨʝʭʦʜʽʚ. ʇʨʦʚʝʜʝʥʦ ʨʦʟʨʘʭʫʥʢʠ ʚʝʣʠʯʠʥ ʢʦʤʧʦʥʝʥʪʽʚ ʪʝʥʟʦʨʘ ʛʽʨʘʮʽʾ ʜʣʷ 

ʢʨʠʩʪʘʣʘ Hg3Se2Cl2.  

ʋ ʧ'ʷʪʦʤʫ ʨʦʟʜʽʣʽ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʚʟʘʻʤʦʟʚ'ʷʟʦʢ ʤʽʞ ʩʪʨʫʢʪʫʨʥʠʤʠ ʪʘ 

ʦʧʪʠʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʧʦʣʽʤʦʨʬʽʚ Hg3S2Cl2 ʪʘ ʢʨʠʩʪʘʣʘ Hg3Te2Cl2. 

ʇʨʝʜʩʪʘʚʣʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʪʝʦʨʝʪʠʯʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʧʦʢʘʟʥʠʢʽʚ ʟʘʣʦʤʣʝʥʥʷ, 

ʦʧʪʠʯʥʠʭ ʜʽʝʣʝʢʪʨʠʯʥʠʭ ʢʦʥʩʪʘʥʪ ʪʘ ʢʦʝʬʽʮʽʻʥʪʽʚ ʚʽʜʙʠʚʘʥʥʷ ʜʣʷ 

ʢʨʠʩʪʘʣʽʯʥʠʭ ʬʘʟ (Ŭ), (ɓ), (ɔ) ï Hg3S2Cl2 ʪʘ ʢʨʠʩʪʘʣʘ Hg3Te2Cl2, 

ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʤʝʪʦʜ ʟʚôʷʟʫʶʯʠʭ ʦʨʙʽʪʘʣʝʡ, ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʍʘʨʨʽʩʦʥʦʤ. 

ʈʦʟʨʘʭʫʥʢʠ ʨʝʬʨʘʢʪʠʚʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʨʦʚʦʜʠʣʠʩʷ ʚ ʨʘʤʢʘʭ ʫʟʘʛʘʣʴʥʝʥʦʾ 

ʦʜʥʦʝʣʝʢʪʨʦʥʥʦʾ ʤʦʜʝʣʽ ʜʣʷ ʩʧʝʢʪʨʘʣʴʥʦʾ ʦʙʣʘʩʪʽ, ʜʘʣʝʢʦ ʾ ʚʽʜ ʢʨʘʶ 

ʧʦʛʣʠʥʘʥʥʷ.  

ɼʣʷ ʦʮʽʥʢʠ ʝʥʝʨʛʽʡ ʟʘʧʦʚʥʝʥʠʭ ʝʣʝʢʪʨʦʥʥʠʭ ʩʪʘʥʽʚ ʫ ʜʦʩʣʽʜʞʫʚʘʥʠʭ 

ʢʨʠʩʪʘʣʘʭ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʟʥʘʯʝʥʥʷ ʪʝʨʤʽʚ ʍʘʨʪʨʽ-ʌʦʢʘ ʜʣʷ ʚʘʣʝʥʪʥʠʭ 
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ʨʽʚʥʽʚ. ʅʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ ʧʦʣʷʨʠʟʦʚʘʥʦʩʪʽ ʪʘ ʩʧʨʠʡʥʷʪʣʠʚʦʩʪʽ ʨʦʟʨʘʭʦʚʘʥʦ 

ʧʦʢʘʟʥʠʢʠ ʟʘʣʦʤʣʝʥʥʷ ʪʘ ʢʦʝʬʽʮʽʻʥʪʠ ʚʽʜʙʠʚʘʥʥʷ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʢʨʠʩʪʘʣʽʚ. 

ʇʨʦʚʝʜʝʥ ̔ ʨʦʟʨʘʭʫʥʢʠ ʦʧʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʧʦʢʘʟʫʶʪʴ ʟʘʜʦʚʽʣʴʥʝ 

ʫʟʛʦʜʞʝʥʥʷ ʟ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

16 

ʈʆɿɼɯʃ 1 

ʂʈʀʉʊɸʃɯʏʅɸ ʉʊʈʋʂʊʋʈɸ  ʍɸʃʔʂʆɻɸʃʆɻɽʅɯɼɯɺ 

ʄɽʈʂʋʈɯʖ ʊʀʇʋ Hg3X2Y2 

1.1. ɿʘʛʘʣʴʥʽ ʚʽʜʦʤʦʩʪʽ ʧʨʦ ʢʨʠʩʪʘʣʠ ʨʦʜʠʥʠ ʢʦʨʜʝʨʦʾʪʫ 

ʂʨʠʩʪʘʣʠ ʨʦʜʠʥʠ ʢʦʨʜʝʨʦʾʪʫ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʢʣʘʩ ʧʦʪʨʽʡʥʠʭ ʩʧʦʣʫʢ 

Hg3X2Y2 (X = S, Se, Te; Y = F, Cl, Br, I). ɺʦʥʠ ʦʪʨʠʤʘʣʠ ʩʚʦʶ ʥʘʟʚʫ ʟʘʚʜʷʢʠ 

ʧʨʠʨʦʜʥʠʤ ʤʽʥʝʨʘʣʘʤ ʢʦʨʜʝʨʦʾʪʫ Ŭ-Hg3S2Cl2 ʪʘ ɓ-Hg3S2Cl2 [1ï5]. ʉʪʨʫʢʪʫʨʠ 

ʢʨʠʩʪʘʣʽʚ Hg3ʊʝ2ʉl2, Hg3Sʝ2Cl2, Hg3S2Cl2, Hg3S2F2 ʪʘ Hg3ʊʝ2Br2 ʜʦʩʣʽʜʞʝʥʦ ʚ 

ʨʦʙʦʪʘʭ [1ï12]. ʇʽʟʥʽʰʝ ʚ ʧʨʘʮʷʭ [41ï50] ʧʨʦʚʝʜʝʥʽ ʩʠʩʪʝʤʘʪʠʯʥʽ 

ʜʦʩʣʽʜʞʝʥʥʷ ʧʩʝʚʜʦʙʽʥʘʨʥʠʭ ʪʘ ʧʩʝʚʜʦʧʦʪʨʽʡʥʠʭ ʩʠʩʪʝʤ ʭʘʣʴʢʦʛʝʥʽʜʽʚ ʪʘ 

ʭʘʣʴʢʦʛʘʣʦʛʝʥʽʜʽʚ ʤʝʨʢʫʨʽʶ. ɺʘʨʪʦ ʚʽʜʤʽʪʠʪʠ, ʱʦ ʪʝʨʥʘʨʥ ̔ ʩʧʦʣʫʢʠ  ʪʠʧʫ 

Hg3X2Y2 ʨʝʘʣʽʟʫʶʪʴʩʷ ʚ ʩʠʩʪʝʤʘʭ HgX-HgY2.  

ʇʨʦʮʝʩ ʩʠʥʪʝʟʫ ʢʫʙʽʯʥʠʭ ʭʘʣʴʢʦʛʘʣʦʛʝʥʽʜʽʚ ʪʠʧʫ Hg3X2Y2 ʪʘ ʾʭ 

ʧʦʣ̔ʤʦʨʬʽʟʤ ʜʦʩʣʽʜʞʝʥʦ ʚ ʨʦʙʦʪʘʭ [6, 11, 51ï55]. ʉʪʨʫʢʪʫʨʘ ʜʦʩʣʽʜʞʫʚʘʥʠʭ 

ʢʨʠʩʪʘʣʽʚ ʪʨʘʢʪʫʻʪʴʩʷ ʚ ʪʝʨʤʽʥʘʭ çʤʦʜʫʣʴʥʦʛʦè ʧʨʠʥʮʠʧʫ [56ï60]. ʇʽʜʛʨʘʜʢʘ 

ʘʥʽʦʥʽʚ ʛʘʣʦʛʝʥʫ ʙʣʠʟʴʢʘ ʜʦ ʥʘʙʣʠʞʝʥʦʾ ʧʨʠʤʽʪʠʚʥʦʾ ʢʫʙʽʯʥʦʾ; ʮʷ ʧʽʜʛʨʘʪʢʘ ʻ 

ʦʙ'ʻʤʦʮʝʥʪʨʦʚʘʥʦʶ ʘʥʽʦʥʘʤʠ ʭʘʣʴʢʦʛʝʥʘ ʪʘ ʛʨʘʥʝʮʝʥʪʨʦʚʘʥʦʶ ʢʘʪʽʦʥʘʤʠ 

ʤʝʨʢʫʨʽʶ. 

ʇʝʨʝʚʘʞʥʘ ʙʽʣʴʰʽʩʪʴ ʧʦʪʨʽʡʥʠʭ ʩʧʦʣʫʢ ʪʠʧʫ Hg3X2Y2 ʚʦʣʦʜʽʻ ʮʽʥʥʠʤʠ 

ʝʣʝʢʪʨʦʬʽʟʠʯʥʠʤʠ ʡ ʦʧʪʠʯʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʪʘ ʻ ʧʨʽʦʨʠʪʝʪʥʠʤʠ 

ʤʘʪʝʨʽʘʣʘʤʠ ʚ ʥʝʣʽʥʽʡʥʽʡ ʦʧʪʠʮʽ, ʘʢʫʩʪʦʦʧʪʠʮʽ, ʘʢʫʩʪʦʝʣʝʢʪʨʦʥʽʮʽ, 

ʝʣʝʢʪʨʦʦʧʪʠʮʽ. ʅʘʫʢʦʚʠʡ ʽʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʭʘʣʴʢʦʛʘʣʦʛʝʥʽʜʠ ʤʝʨʢʫʨʽʶ, 

ʟ ʷʢʠʭ ʩʧʦʣʫʢʠ ʩʪʨʫʢʪʫʨʥʦʛʦ ʪʠʧʫ ʢʦʨʜʝʨʦʾʪʫ ʤʘʶʪʴ ʘʮʝʥʪʨʠʯʥʫ ʩʪʨʫʢʪʫʨʫ ʪʘ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʟʥʘʯʥʦʶ ʦʧʪʠʯʥʦʶ ʘʢʪʠʚʥʽʩʪʶ, ʚʝʣʠʢʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ 

ʟʘʣʦʤʣʝʥʥʷ, ʰʠʨʦʢʠʤ ʜʽʘʧʘʟʦʥʦʤ ʧʨʦʟʦʨʦʩʪʽ ʫ ʚʠʜʠʤʽʡ ʪʘ ɯʏ-ʦʙʣʘʩʪʷʭ, 

ʬʦʪʦʧʨʦʚʽʜʥʽʩʪʶ ʪʘ ʝʣʝʢʪʨʦʦʧʪʠʯʥʠʤ ʝʬʝʢʪʦʤ.  

ʋ ʨʦʙʦʪʘʭ [61ï63] ʧʨʝʜʩʪʘʚʣʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʢʨʘʶ ʚʣʘʩʥʦʛʦ 

ʧʦʛʣʠʥʘʥʥʷ ʪʘ ʢʦʤʙʽʥʘʮʽʡʥʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ ʩʚʽʪʣʘ ʫ ʢʨʠʩʪʘʣʽ Hg3Te2Cl2. 

ɸʚʪʦʨʠ [12] ʚʠʚʯʠʣʠ ʩʪʨʫʢʪʫʨʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʢʨʠʩʪʘʣʽʚ ʭʘʣʴʢʦʛʘʣʦʛʝʥʽʜʽʚ 
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ʤʝʨʢʫʨʽʶ ʤʝʪʦʜʦʤ ʜʦʚʛʦʭʚʠʣʴʦʚʦʾ ɯʏ-ʩʧʝʢʪʨʦʩʢʦʧʽʾ. ʋ ʨʦʙʦʪʽ [64] 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʨʦʟʨʘʭʫʥʢʠ ʘʢʫʩʪʦʦʧʪʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʨʠʩʪʘʣʽʚ Hg3ʊʝ2ʉl2 

ʪʘ Hg3S2Cl2. ʐʚʠʜʢʽʩʪʴ ʟʚʫʢʫ ʫ ʢʨʠʩʪʘʣʘʭ Hg3ʊʝ2ʉl2 ʪʘ Hg3S2Cl2 ʩʢʣʘʜʘʻ v = 

4.1*10
15
ʩʤ/ʩ ʪʘ v = 4.0*10

15
ʩʤ/ʩ. ɺʝʣʠʯʠʥʠ ʩʝʨʝʜʥʽʭ ʬʦʪʦʧʨʫʞʥʠʭ ʢʦʤʧʦʥʝʥʪ 

ʈʩʨ. ʨʽʚʥʽ 0.12 ʪʘ 0.13 ʜʣʷ Hg3ʊʝ2ʉl2 ʪʘ Hg3S2Cl2 ʚʽʜʧʦʚʽʜʥʦ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʜʠʬʫʟʥʠʭ ʩʧʝʢʪʨʽʚ ʚʽʜʙʠʚʘʥʥʷ ʩʧʦʣʫʢ ʪʠʧʫ Hg3X2Y2 

ʧʨʦʚʝʜʝʥʦ ʚ ʨʦʙʦʪʽ [51]. ɻʽʨʦʪʨʦʧʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʢʫʙʽʯʥʠʭ ʭʘʣʴʢʦʛʘʣʦʛʝʥʽʜʽʚ 

ʤʝʨʢʫʨʽʶ ʜʦʩʣʽʜʞʝʥʦ ʫ ʨʦʙʦʪʘʭ [6, 11, 65]. ɺʘʨʪʦ ʚʽʜʤʽʪʠʪʠ, ʱʦ Hg3Te2Cl2 

ʧʦʚʝʨʪʘʻ ʧʣʦʱʠʥʫ ʧʦʣʷʨʠʟʦʚʘʥʦʛʦ ʩʚʽʪʣʘ ʚʧʨʘʚʦ, ʘ Hg3Te2Br2 ʪʘ Hg3Se2Cl2 ï 

ʚʣʽʚʦ. 

ʂʨʽʤ ʪʦʛʦ, ʚ ʨʦʙʦʪʽ [6] ʧʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʜʠʩʧʝʨʩʽʾ ʧʦʢʘʟʥʠʢʘ 

ʟʘʣʦʤʣʝʥʥʷ ʪʘ ʧʠʪʦʤʦʛʦ ʦʙʝʨʪʘʥʥʷ ʧʣʦʱʠʥʠ ʧʦʣʷʨʠʟʘʮʽʾ ʩʚʽʪʣʘ ʚ ʢʨʠʩʪʘʣʘʭ 

Hg3ʊʝ2ʉl2. ɺʝʣʠʯʠʥʠ ʧʦʢʘʟʥʠʢʽʚ ʟʘʣʦʤʣʝʥʥʷ ʨʽʚʥʽ 3.06 ʧʨʠ 4930 ¡ ʪʘ 2.68 ʧʨʠ 

7000 ¡, ʘ ʢʫʪʠ ʧʠʪʦʤʦʛʦ ʦʙʝʨʪʘʥʥʷ ʧʣʦʱʠʥʠ ʧʦʣʷʨʠʟʘʮʽʾ ʩʚʽʪʣʘ ʥʘ ʪʠʭ ʩʘʤʠʭ 

ʜʦʚʞʠʥʘʭ ʭʚʠʣʴ ʩʢʣʘʜʘʶʪʴ 400 ʪʘ 95 ʛʨʘʜ/ʤʤ.  

ʍʘʣʴʢʦʛʘʣʦʛʝʥʽʜʠ ʤʝʨʢʫʨʽʶ ʧʨʦʟʦʨʽ ʚ ʰʠʨʦʢʦʤʫ ʜʽʘʧʦʟʦʥʽ ʜʦʚʞʠʥ 

ʭʚʠʣʴ (0.4ï20 ʤʢʤ ʜʣʷ Hg3Se2Cl2, 0.6ï30 ʤʢʤ ʜʣʷ Hg3Te2Br2) [13], ʱʦ ʨʦʙʠʪʴ 

ʾʭ ʧʝʨʩʧʝʢʪʠʚʥʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ  ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ɯʏ-ʪʝʭʥʽʮʽ. 

ʌʦʪʦʪʨʦʧʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʢʨʠʩʪʘʣʽʚ Hg3S2Br2, Hg3S2I2, Hg3Se2Br2 ʪʘ 

Hg3Se2I2 ʜʦʩʣʽʜʞʝʥʽ ʫ ʧʨʘʮʷʭ [66, 67]. ʉʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʨʽʚʥʦʤʽʨʥʝ ʟʥʠʞʝʥʥʷ 

ʢʦʝʬʽʮʽʻʥʪʫ ʚʽʜʙʠʚʘʥʥʷ ʧʨʠ ʦʧʨʦʤʽʥʝʥʥʽ ʩʚʽʪʣʦʤ ʚ ʦʙʣʘʩʪʽ ʧʦʛʣʠʥʘʥʥʷ ʮʠʭ 

ʩʧʦʣʫʢ, ʧʨʠ ʮʴʦʤʫ ʩʝʣʝʥʦʡʦʜʠʜ ʤʝʨʢʫʨʽʶ ʚʦʣʦʜʽʻ ʥʘʡʙʽʣʴʰʦʶ 

ʩʚʽʪʣʦʯʫʪʣʠʚʽʩʪʶ. ʅʘʛʨʽʚʘʥʥʷ ʜʦ 353ï423 K ʚʽʜʥʦʚʣʶʻ ʧʦʯʘʪʢʦʚʝ 

ʟʘʙʘʨʚʣʝʥʥʷ ʟʨʘʟʢʽʚ, ʘ ʧʦʪʝʤʥʽʥʥʷ ʭʘʣʴʢʦʛʘʣʦʛʝʥʽʜʽʚ ʤʝʨʢʫʨʽʶ ʧʽʜ ʜʽʻʶ ʩʚʽʪʣʘ 

ʧʦʚôʷʟʘʥʝ ʟ ʫʪʚʦʨʝʥʥʷʤ ʮʝʥʪʨʽʚ ʟʘʙʘʨʚʣʝʥʥʷ.  

ʗʢ ʚʠʜʥʦ ʽʟ ʣʽʪʝʨʘʪʫʨʥʦʛʦ ʦʛʣʷʜʫ ʬʽʟʠʯʥʠʭ ʪʘ ʦʧʪʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʢʨʠʩʪʘʣʽʚ ʪʠʧʫ Hg3X2Y2, ʚʣʘʩʪʠʚʦʩʪʽ ʮʠʭ ʩʧʦʣʫʢ ʤʘʣʦ ʚʠʚʯʝʥʽ. ɿ ʤʝʪʦʶ 

ʜʦʩʣʽʜʞʝʥʥʷ ʾʭ ʭʘʨʘʢʪʝʨʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʪʘ ʦʙʣʘʩʪʝʡ ʧʨʘʢʪʠʯʥʦʛʦ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʚʠʥʠʢʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʙʽʣʴʰ ʜʝʪʘʣʴʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ 
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ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʨʠʩʪʘʣʽʚ ʨʦʜʠʥʠ ʢʦʨʜʝʨʦʾʪʫ Hg3X2Y2 (X = 

S, Se, Te; Y = F, Cl, Br, I), ʟʦʢʨʝʤʘ ʦʧʪʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ.  

1.2. ʉʠʥʪʝʟ ʪʘ ʚʠʨʦʱʫʚʘʥʥʷ ʢʨʠʩʪʘʣʽʚ ʪʠʧʫ Hg3X2Y2 

ɺʧʝʨʰʝ ʭʘʣʴʢʦʛʝʥʛʘʣʦʛʝʥʽʜʠ ʤʝʨʢʫʨʽʶ Hg3ʊʝ2ʉl2 ʟʽ ʩʪʨʫʢʪʫʨʦʶ 

ʢʦʨʜʝʨʦʾʪʫ ʙʫʣʠ ʦʜʝʨʞʘʥʽ ʈ. ʅʽʮʰʝ [6] ʚ ʟʘʧʘʷʥʠʭ ʩʢʣʷʥʠʭ ʘʤʧʫʣʘʭ ʤʝʪʦʜʦʤ 

ʩʫʙʣʽʤʘʮʽʾ ʟʛʽʜʥʦ ʨʝʘʢʮʽʾ: 

2Hg + 2Te + HgCl2 = Hg3ʊʝ2ʉl2                               (1.1) 

 

ʄʝʪʦʜʦʤ ɼʊɸ ʚʽʥ ʚʩʪʘʥʦʚʠʚ, ʱʦ ʧʽʜ ʪʠʩʢʦʤ ʚʣʘʩʥʠʭ ʧʘʨʽʚ Hg3ʊʝ2ʉl2 

ʧʣʘʚʠʪʴʩʷ ʧʨʠ 893ʂ. ɼʣʷ ʧʦʥʠʞʝʥʥʷ ʪʠʩʢʫ ʧʘʨʽʚ ʤʝʨʢʫʨʽʶ (1.52*10
6
 ʇʘ ʧʨʠ 

873ʂ) ʚʠʢʦʨʠʩʪʦʚʫʚʩʷ ʥʘʜʣʠʰʦʢ ʪʝʣʫʨʫ, ʱʦ ʧʘʨʘʣʝʣʴʥʦ ʧʨʠʟʚʝʣʦ ʜʦ 

ʟʥʘʯʥʦʛʦ ʧʨʠʩʢʦʨʝʥʥʷ ʨʦʩʪʫ. ʇʦʣʽʢʨʠʩʪʘʣʽʯʥʠʡ ʧʨʦʜʫʢʪ ʩʠʥʪʝʟʫ ʞʦʚʪʦʛʦ 

ʢʦʣʴʦʨʫ ʧʽʩʣʷ ʧʣʘʚʣʝʥʥʷ ʥʘʙʫʚ ʙʝʟʙʘʨʚʥʦʛʦ ʩʢʣʦʧʦʜʽʙʥʦʛʦ ʚʠʛʣʷʜʫ. ʇʨʠ 

ʮʴʦʤʫ ʧʝʨʽʦʜ ʛʨʘʪʢʠ ʥʝ ʟʤʽʥʶʻʪʴʩʷ, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʽʥʢʦʥʛʨʫʝʥʪʥʠʡ 

ʭʘʨʘʢʪʝʨ ʩʫʙʣʽʤʘʮʽʾ ʪʘ ʧʣʘʚʣʝʥʥʷ ʜʘʥʦʾ ʩʧʦʣʫʢʠ.  

ʋ ʨʦʙʦʪʘʭ [6, 11, 51] ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʡ ʩʧʦʩʽʙ 

ʦʪʨʠʤʘʥʥʷ ʭʘʣʴʢʦʛʘʣʦʛʝʥʽʜʽʚ ʤʝʨʢʫʨʽʶ ʟ ʙʽʥʘʨʥʠʭ ʢʦʤʧʦʥʝʥʪ ʚ 

ʩʪʝʭʦ̔ʤʝʪʨʠʯʥʦʤʫ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ ʘʙʦ ʟ ʥʝʟʥʘʯʥʠʤ ʥʘʜʣʠʰʢʦʤ ʛʘʣʦʛʝʥʫ. 

ɺʘʨʪʦ ʚʽʜʤʽʪʠʪʠ, ʱʦ ʩʧʦʣʫʢʠ ʪʠʧʫ Hg3X2Y2 ʤʦʞʥʘ ʧʨʠʛʦʪʫʚʘʪʠ ʰʣʷʭʦʤ 

ʧʨʦʧʫʩʢʘʥʥʷ ʩʫʣʴʬʫʨʫ ʚʫʛʣʝʮʶ ʯʝʨʝʟ ʨʦʟʯʠʥ ʩʦʣʽ ʤʝʨʢʫʨʽʶ ʫ ʚʦʜʽ ʘʙʦ 

ʤʝʪʘʥʦʣʽ [2]. ʋ ʨʦʙʦʪʽ [11] ʧʨʦʧʦʥʫʻʪʴʩʷ ʩʧʦʩʽʙ ʦʪʨʠʤʘʥʥʷ ʭʘʣʴʢʦʛʝʥʽʜʽʚ 

ʤʝʨʢʫʨʽʶ ʟʘ ʜʦʧʦʤʦʛʦʶ ʦʢʠʩʥʦ-ʚʽʜʥʦʚʥʠʭ ʨʝʘʢʮʽʡ. ɼʝʷʢʽ ʩʧʝʮʠʬʽʯʥʽ ʨʝʘʢʮʽʾ 

ʧʨʠʛʦʪʫʚʘʥʥʷ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʢʨʠʩʪʘʣʽʚ ʜʝʪʘʣʴʥʦ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʨʦʙʦʪʘʭ [1, 

3, 52ï54]. ʋʩʽ ʩʧʦʣʫʢʠ ʭʘʣʴʢʦʛʘʣʦʛʝʥʽʜʽʚ ʤʝʨʢʫʨʽʶ ʻ ʩʪʽʡʢʠʤʠ ʢʨʠʩʪʘʣʽʯʥʠʤʠ 

ʨʝʯʦʚʠʥʘʤʠ ʥʘ ʧʦʚʽʪʨʽ. 

ʉʧʦʣʫʢʠ Hg3S2ʉl2, Hg3Sʝ2ʉl2, Hg3ʊʝ2Br2, Hg3S2I2 ʩʠʥʪʝʟʫʚʘʣʠ ʟ ʙʽʥʘʨʥʠʭ 

ʩʢʣʘʜʦʚʠʭ HgX ʪʘ HgY2 [11] ʫ ʢʽʣʴʢʦʩʪʷʭ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʾʭ 

ʩʪʝʭʽʦʤʝʪʨʠʯʥʠʤ ʢʦʝʬʽʮʽʻʥʪʘʤ ʫ ʨʽʚʥʷʥʥʽ: 

2HgX + HgY2 = Hg3X2Y2                                          (1.2) 
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 ʄʦʥʦʭʘʣʴʢʦʛʝʥʽʜʠ ʤʝʨʢʫʨʽʶ ʩʠʥʪʝʟʫʚʘʣʠ ʟ ʝʣʝʤʝʥʪʘʨʥʠʭ ʢʦʤʧʦʥʝʥʪ, 

ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʜʘʥ̔ ʚʽʜʧʦʚʽʜʥʠʭ ʜʽʘʛʨʘʤ ʩʪʘʥʽʚ [68]. ɼʠʭʣʦʨʠʜ ʤʝʨʢʫʨʽʶ 

ʩʠʥʪʝʟʫʚʘʣʠ ʟʛʽʜʥʦ ʤʝʪʦʜʠʢʠ [69] ʟ ʥʘʩʪʫʧʥʦʶ ʜʚʦʢʨʘʪʥʦʶ ʩʫʙʣʽʤʘʮʽʻʶ. 

ɺʠʨʦʱʫʚʘʥʥʷ ʢʨʠʩʪʘʣʽʚ ʪʠʧʫ Hg3X2Y2 ʧʨʦʚʦʜʠʣʦʩʷ ʽ ʥʘ ʙʘʟʽ ʅɼɯ ʌʍʊʊ 

ʋʞʛʦʨʦʜʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʤʝʪʦʜʦʤ ʩʫʙʣʽʤʘʮʽʾ ʚ ʟʘʧʘʷʥʠʭ 

ʢʚʘʨʮʝʚʠʭ ʘʤʧʫʣʘʭ ʫ ʜʚʦʟʦʥʥʽʡ ʧʝʯʽ: 

2HgTe + HgCl2 = Hg3ʊʝ2ʉl2                                   (1.3) 

ʊʝʤʧʝʨʘʪʫʨʫ ʚ ʟʦʥʽ ʜʞʝʨʝʣʘ ʪʘ ʟʦʥʽ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʟʤʽʥʶʚʘʣʠ ʚ ʤʝʞʘʭ 

ʚʽʜ 453ï733 ʜʦ 423ï663 ʂ ʫ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʩʢʣʘʜʫ ʢʨʠʩʪʘʣʽʚ. ʊʝʤʧʝʨʘʪʫʨʥʠʡ 

ʛʨʘʜʽʻʥʪ ʫ ʟʦʥʽ ʨʦʩʪʫ ʩʢʣʘʜʘʚ (12-14)*10
2
 ʂ/ʤ. ʇʨʠ ʮʴʦʤʫ ʫʪʚʦʨʶʚʘʣʘʩʷ 

ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʮʝʥʪʨʽʚ ʢʨʠʩʪʘʣʽʟʘʮʽʾ, ʱʦ ʟʘʚʘʞʘʣʦ ʨʦʩʪʫ ʤʦʥʦʢʨʠʩʪʘʣʽʚ. ɺ 

ʘʤʧʫʣʘʭ ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʦʜʠʥʠʯʥʽ ʧʨʦʟʦʨʽ ʢʨʠʩʪʘʣʠ ʨʦʟʤʽʨʘʤʠ 7ʭ5ʭ16 ʤʤ
3
 

ʩʚʽʪʣʦ-ʞʦʚʪʦʛʦ ʢʦʣʴʦʨʫ, ʷʢʽ ʢʨʠʩʪʘʣʽʟʫʚʘʣʠʩʷ ʚ ʢʫʙʽʯʥʽʡ ʩʠʥʛʦʥʽʾ (ʘ = 9.326 

¡). ʄʽʢʨʦʪʚʝʨʜʽʩʪʴ ʦʪʨʠʤʘʥʠʭ ʢʨʠʩʪʘʣʽʚ 8.2*10
8
 ʇʘ ʧʨʠ ʥʘʚʘʥʪʘʞʝʥʥʽ 20ʛ, 

ʪʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʥʷ ʟʛʽʜʥʦ ɼʊɸ 895 ʂ.  ɸʥʘʣʦʛʽʯʥʠʤ ʩʧʦʩʦʙʦʤ ʙʫʣʠ 

ʦʪʨʠʤʘʥʽ ʤʦʥʦʢʨʠʩʪʘʣʠ ʩʧʦʣʫʢ-ʘʥʘʣʦʛʽʚ Hg3Sʝ2ʉl2, Hg3S2ʉl2, Hg3ʊʝ2Br2, 

Hg3S2I2. 

ʂʨʠʩʪʘʣʠ Hg3S2ʉl2 ʦʜʝʨʞʘʣʠ ʫ ʚʠʛʣʷʜʽ ʙʝʟʙʘʨʚʥʠʭ ʛʦʣʦʢ, Hg3Sʝ2ʉl2 ï 

ʩʚʽʪʣʦ-ʞʦʚʪʠʭ ʧʦʣʽʝʜʨʽʚ (ʜʦ 3*10
-3
ʤ), Hg3ʊʝ2Br2 ï ʦʨʘʥʞʝʚʠʭ ʧʦʣʽʝʜʨʽʚ (ʜʦ 

2*10
-3
ʤ), Hg3ʊʝ2ʉl2 ï ʞʦʚʪʠʭ ʧʦʣʽʝʜʨʽʚ, Hg3S2I2 ï ʜʨʽʙʥʠʭ (ʜʦ (1.5ï2)*10

-3
ʤ) 

ʨʦʞʝʚʠʭ ʢʨʠʩʪʘʣʽʚ. ʇʝʨʽʦʜʠ ʛʨʘʪʦʢ,  ʨʦʟʨʘʭʦʚʘʥʽ ʧʦ ʜʠʬʨʘʢʪʦʛʨʘʤʘʤ (ɼʈʆʅ-

0.5), ʟ ʪʦʯʥʽʩʪʶ ʜʦ 0.01*10
-10

 ʩʧʽʚʧʘʜʘʶʪʴ ʟ ʣʽʪʝʨʘʪʫʨʥʠʤʠ ʜʘʥʠʤʠ. ʉʢʣʘʜ 

ʩʧʦʣʫʢ ʧʽʜʪʚʝʨʜʞʝʥʠʡ ʭʽʤʽʯʥʠʤ ʘʥʘʣʽʟʦʤ [55].  

1.3. ʂʨʠʩʪʘʣʽʯʥʘ ʙʫʜʦʚʘ ʩʧʦʣʫʢ ʟʽ ʩʪʨʫʢʪʫʨʦʶ ʢʦʨʜʝʨʦʾʪʫ 

ʍʘʣʴʢʦʛʘʣʦʛʝʥʽʜʠ ʤʝʨʢʫʨʽʶ ʪʠʧʫ Hg3X2Y2 ʢʨʠʩʪʘʣʽʟʫʶʪʴʩʷ ʫ ʩʪʨʫʢʪʫʨʽ 

ʢʦʨʜʝʨʦʾʪʫ. ʆʩʥʦʚʥʦʶ ʩʪʨʫʢʪʫʨʥʦʶ ʦʩʦʙʣʠʚʽʩʪʶ ʢʨʠʩʪʘʣʽʚ ʪʠʧʫ Hg3X2Y2 ʻ 

ʥʘʷʚʥʽʩʪʴ ʢʦʚʘʣʝʥʪʥʠʭ ʧʽʨʘʤʽʜ [XHg3] ʪʘ ʣʽʥʽʡʥʠʭ ʛʨʫʧ ïʍïHgïʍï [3, 7, 9, 

10]. ʉʪʨʫʢʪʫʨʘ ʢʦʨʜʝʨʦʾʪʫ ʨʝʘʣʽʟʫʻʪʴʩʷ ʫ ʚʠʧʘʜʢʘʭ, ʢʦʣʠ ʨʦʟʤʽʨ ʘʥʽʦʥʫ 
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ʭʘʣʴʢʦʛʝʥʫ ʙʽʣʴʰʠʡ ʟʘ ʘʥʽʦʥ ʛʘʣʦʛʝʥʫ: S
2-
 (0.182 ʥʤ), Se

2-
 (0.193 ʥʤ), Te

2-
 

(0.211 ʥʤ) > Cl
-
 (0.181 ʥʤ); Te

2-
 (0.211 ʥʤ)>Br

-
 (0.196 ʥʤ).  

ʆʩʦʙʣʠʚʽʩʪʶ ʩʪʨʫʢʪʫʨ ʢʦʨʜʝʨʦʾʪʽʚ ʻ ʙʽʣʴʰ ʩʠʣʴʥʝ ʚʧʦʨʷʜʢʫʚʘʥʥʷ ʚ 

ʘʥʽʦʥʥʠʭ ʧʽʜʛʨʘʪʢʘʭ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʢʘʪʽʦʥʥʠʤʠ ʟʘ ʨʘʭʫʥʦʢ ʢʦʚʘʣʝʥʪʥʠʭ 

ʟʚ'ʷʟʢʽʚ HgïX. ʎʽ ʟʚ'ʷʟʢʠ ʫʪʚʦʨʶʶʪʴ ʨʽʟʥʽ ʢʦʥʬʽʛʫʨʘʮʽʾ ʟ ʤʘʡʞʝ ʪʠʤʠ ʞ 

ʬʽʢʩʦʚʘʥʠʤʠ ʜʦʚʞʠʥʘʤʠ ʟʚ'ʷʟʢʽʚ.  

ɻʦʣʦʚʥʠʤ ʩʪʨʫʢʪʫʨʥʠʤ ʝʣʝʤʝʥʪʦʤ ʚ ʫʩʽʭ ʩʧʦʣʫʢʘʭ ʻ ʧʩʝʚʜʦʪʨʠʛʦʥʘʣʴʥʘ 

ʧʽʨʘʤʽʜʘ [XHg3], ʷʢʘ ʬʦʨʤʫʻ ʜʚʦʚʠʤʽʨʥʽ ʰʘʨʠ ʘʙʦ ʧʨʦʩʪʦʨʦʚʽ ʢʘʨʢʘʩʠ 

ʰʣʷʭʦʤ ʟôʻʜʥʘʥʥʷ ʧʽʨʘʤʽʜ ʤʽʞ ʩʦʙʦʶ ʩʫʤʽʞʥʠʤʠ ʘʪʦʤʘʤʠ ʤʝʨʢʫʨʽʶ. 

ʆʢʪʘʝʜʨʠʯʥʦ ʩʧʦʪʚʦʨʝʥʽ ʧʦʨʦʞʥʠʥʠ ʚ ʢʘʨʢʘʩʽ ʟʘʡʤʘʶʪʴ ʽʦʥʠ ʛʘʣʦʛʝʥʽʚ. ʄ̔ ʮʥʽ 

ʢʦʚʘʣʝʥʪʥʦ-ʟʚ'ʷʟʘʥʽ ʧʽʨʘʤʽʜʠ [XHg3] ʪʘ ʙʣʠʟʴʢʽ ʜʦ ʣʽʥʽʡʥʠʭ ʫʛʨʫʧʫʚʘʥʥʷ ïXï

HgïXï, ʷʢʽ ʚ ʨʽʟʥʠʭ ʩʪʨʫʢʪʫʨʥʠʭ ʪʠʧʘʭ ʫʪʚʦʨʶʶʪʴ ʨʽʟʥʽ ʧʨʦʩʪʦʨʦʚʽ 

ʤʦʜʠʬʽʢʘʮʽʾ, ʬʦʨʤʫʶʪʴ ʩʪʨʫʢʪʫʨʠ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʢʨʠʩʪʘʣʽʚ. ɾʦʨʩʪʢʽ 

ʢʦʚʘʣʝʥʪʥʽ ʟʚ'ʷʟʢʠ ʧʝʨʝʰʢʦʜʞʘʶʪʴ ʽʥʜʠʚʽʜʫʘʣʴʥʦʤʫ ʚʧʦʨʷʜʢʫʚʘʥʥʶ ʚʘʞʢʠʭ 

ʘʪʦʤʽʚ, ʘ ʩʪʨʫʢʪʫʨʥʠʡ ʬʨʘʛʤʝʥʪ [XHg3] ʙʝʨʝ ʫʯʘʩʪʴ ʫ ʧʦʙʫʜʦʚʽ ʢʨʠʩʪʘʣʽʚ ʷʢ 

ʦʜʥʝ ʮʽʣʝ [10, 57, 58]. ʂʨʠʩʪʘʣʦʩʪʨʫʢʪʫʨʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʧʦʣʫʢ ʪʠʧʫ 

Hg3X2Y2 [60] ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ ʪʘʙʣʠʮʽ 1.1. 

 

 

 

 

 

 

 

 

 -Hg - X  - Y 

 

ʈʠʩ.1.1. ʂʨʠʩʪʘʣʽʯʥʘ ʩʪʨʫʢʪʫʨʘ ʩʧʦʣʫʢ ʪʠʧʫ Hg3X2Y2. 
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ʊʘʙʣʠʮʷ 1.1. 

ʂʨʠʩʪʘʣʦʩʪʨʫʢʪʫʨʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʧʦʣʫʢ ʪʠʧʫ Hg3X2Y2 [60]. 

 

ʉʧʦʣʫʢʘ 

 

ʇʨ.ʛʨ. 

 

ʌʦʨʤ. 

ʦʜ./ 

ʢʦʤ. 

ʇʘʨʘʤʝʪʨʠ ʛʨʘʪʢʠ 

  a, ʥʤ b, ʥʤ c, ʥʤ b,ʛʨʘʜ. 

Hg3S2F2 I213 4 0.814(0) ς ς ς 

Hg3Se2F2 I213 4 0.8387 ς ς ς 

a-Hg3S2Cl2 I213 4 0.8905(3) ς ς ς 

b-Hg3S2Cl2 Pm̀ 3n 32 1.7925(7) ς ς ς 

g-Hg3S2Cl2 Pbmm 8 0.9328(5) 1.682(1) 0.9081(6) ς 

a-Hg3S2Br2 C2/m 8 1.7996(4) 0.9281(4) 1.0289(2) 116.14(2) 

b-Hg3S2Br2 C2/m 8 1.7273(4) 0.9374(3) 0.9473(3) 89.78(5) 

g-Hg3S2Br2 P42212 8 1.314 ς 0.889 ς 

a-Hg3S2Cl1,5Br0,5 C2 8 1.6852(3) 0.9136(2) 0.9457(2) 90.09(3) 

b-Hg3S2Cl1,5Br0,5 Pm̀ 3n 32 1.8006(2) ς ς ς 

Hg3S2I2 C2/m 8 1.8120(15) 0.9425(6) 1.0570(6) 116.98(6) 

Hg3Se2Cl2 I213 4 0.906(1) ς ς ς 

Hg3Se2Br2 C2/m 8 1.7529(6) 0.9408(4) 0.9775(4) 89.51(3) 

Hg3Se2I2 C2/m 8 1.9392(7) 0.9652(7) 1.0918(3) 116.64(7) 

Hg3Te2Cl2 I213 4 0.9326(3) ς ς ς 

Hg3Te2Br2 I213 4 0.953(1) ς ς ς 

Hg3Te2I2 Cc 8 1.4276(3) 0.9722(3) 1.4382(3) 100.11(2) 

Hg3Te2BrI C2 8 1.8376(5) 0.9587(2) 1.0575(2) 90.12(2) 

Hg3S2(Br0,67I0,33)2 Pp4212 4 1.332(1) ς 0.4465(5) ς 
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Hg3TeCl4 Pbca 8 1.1522(4) 1.2140(4) 1.2683(2) ς 

Hg3TeBr4 Pbca 8 1.2360(5) 1.2523(4) 1.2868(5) ς 

Hg3TeI4 F 4̀3m 1 0.6244(1) ς ς ς 

 

ɻʘʣʦʛʝʥʠ ʟʘʧʦʚʥʶʶʪʴ ʧʨʦʩʪʽʨ ʤʽʞ ʣʘʥʮʶʛʘʤʠ ʘʙʦ ʢʘʨʢʘʩʘʤʠ ʮʠʭ 

ʩʪʝʨʝʦʭʽʤʽʯʥʦ-ʘʢʪʠʚʥʠʭ ʝʣʝʤʝʥʪʽʚ ʩʪʨʫʢʪʫʨʠ ʪʘ ʢʦʤʧʝʥʩʫʶʪʴ ʧʦʟʠʪʠʚʥʠʡ 

ʟʘʨʷʜ. ʉʪʫʧʝʥʽ ʚʽʣʴʥʦʩʪʽ ʘʪʦʤʽʚ ʛʘʣʦʛʝʥʽʚ ʥʝ ʬʽʢʩʦʚʘʥʽ ʪʘʢ ʞʦʨʩʪʢʦ, ʘ ʾʭ 

ʫʧʦʨʷʜʢʫʚʘʥʥʷ ʢʨʠʩʪʘʣʦʛʨʘʬʽʯʥʠʤʠ ʧʣʦʱʠʥʘʤʠ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʝ. 

ʇʦʢʘʟʥʠʢʦʤ ʦʩʦʙʣʠʚʦʾ ʨʦʣʽ ʛʘʣʦʛʝʥʽʚ ʫ ʩʪʨʫʢʪʫʨʦʫʪʚʦʨʝʥʥʽ ʻ ʧʝʨʝʚʘʞʘʶʯʝ 

ʨʦʟʤʽʱʝʥʥʷ ʾʭ ʫ ʯʘʩʪʢʦʚʠʭ ʧʦʟʠʮʽʷʭ. ɼʣʷ ʢʦʚʘʣʝʥʪʥʦ-ʟʚ'ʷʟʘʥʠʭ ʘʪʦʤʽʚ ʮʽ 

ʧʦʟʠʮʽʾ ʤʦʞʫʪʴ ʙʫʪʠ ʥʝʟʨʫʯʥʠʤʠ ʧʨʠ ʥʝʚʽʜʧʦʚʽʜʥʦʩʪʽ ʩʠʤʝʪʨʽʾ ʟʚ'ʷʟʢʽʚ ʟ 

ʪʦʯʢʦʚʦʶ ʩʠʤʝʪʨʽʻʶ ʧʦʟʠʮʽʾ. ɿ ʪʦʯʢʠ ʟʦʨʫ ʧʽʜʚʠʱʝʥʥʷ ʩʪʽʡʢʦʩʪʽ ʢʨʠʩʪʘʣʽʯʥʦʾ 

ʧʦʙʫʜʦʚʠ ʟʘʧʦʚʥʝʥʥʷ ʯʘʩʪʢʦʚʠʭ ʧʦʟʠʮʽʡ ʙʝʟʫʤʦʚʥʦ ʚʠʛʽʜʥʝ, ʪʦʤʫ ʱʦ ʚ ʥʠʭ 

ʘʪʦʤʠ ʧʦʟʙʫʚʘʶʪʴʩʷ ʩʪʫʧʝʥʽʚ ʚʽʣʴʥʦʩʪʽ ʽ ʪʘʢʠʤ ʯʠʥʦʤ ʝʥʝʨʛʽʷ ʩʠʩʪʝʤʠ 

ʟʥʠʞʫʻʪʴʩʷ. 

ɺʘʨʪʦ ʚʽʜʤʽʪʠʪʠ, ʱʦ ʩʪʨʫʢʪʫʨʘ ʪʝʣʫʨʦʡʦʜʠʜʫ Hg3Te2I2 ʥʝ ʩʭʦʞʘ ʥʘ ʚʩʽ 

ʜʦʪʝʧʝʨ ʚʽʜʦʤʽ ʪʠʧʠ ʢʦʨʜʝʨʦʾʪʽʚ, ʧʦ-ʧʝʨʰʝ, ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ ʧʘʨʘʤʝʪʨʽʚ 

ʝʣʝʤʝʥʪʘʨʥʦʾ ʢʦʤʽʨʢʠ (a:b:c 1.5:1:1.5; ʚ ʽʥʰʠʭ ʩʪʨʫʢʪʫʨ a:b:c 2:1:1), ʧʦ-ʜʨʫʛʝ, 

ʢʦʦʨʜʠʥʘʮʽʡʥʽ ʧʽʨʘʤʽʜʠ [TeHg3] ʥʝ ʫʪʚʦʨʶʶʪʴ ʥʝʩʢʽʥʯʝʥʥʽ ʣʘʥʮʶʛʠ ʘʙʦ 

ʢʘʨʢʘʩʠ. ʉʪʨʫʢʪʫʨʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʰʘʨʽʚ, ʧʘʨʘʣʝʣʴʥʠʭ ʧʣʦʱʠʥʽ XZ. ʐʘʨʠ, 

ʩʢʣʘʜʝʥʽ ʟ ʪʨʠʛʦʥʘʣʴʥʠʭ ʧʽʨʘʤʽʜ [TeHg3], ʯʝʨʛʫʶʪʴʩʷ ʟ ʰʘʨʘʤʠ, ʩʢʣʘʜʝʥʠʤʠ ʟ 

ʘʪʦʤʽʚ ʡʦʜʫ, ʚʪʽʤ ʦʜʠʥ ʟ ʪʨʴʦʭ ʘʪʦʤʽʚ ʤʝʨʢʫʨʽʶ ʣʝʞʠʪʴ ʥʝ ʫ ʩʚʦʻʤʫ ʰʘʨʽ, ʘ ʚ 

ʩʫʩʽʜʥʴʦʤʫ. ʂʦʦʨʜʠʥʘʮʽʷ ʘʪʦʤʽʚ ʤʝʨʢʫʨʽʶ ʩʧʦʪʚʦʨʝʥʦ-ʦʢʪʘʝʜʨʠʯʥʘ ï 

[HgTe2I4]. ɸʥʽʦʥʠ ʡʦʜʫ ʦʪʦʯʝʥʽ ʥʝʧʨʘʚʠʣʴʥʠʤʠ 5- ʽ 7-ʚʝʨʰʠʥʥʠʢʘʤʠ ʟ ʘʪʦʤʽʚ 

ʤʝʨʢʫʨʽʶ. ɺʘʣʝʥʪʥʽ ʢʫʪʠ Hg-Te-Hg ʢʦʣʠʚʘʶʪʴʩʷ ʚ ʤʝʞʘʭ 88.3ï100Á [60]. 

ɻʦʣʦʚʥʦʶ ʦʩʦʙʣʠʚʽʩʪʶ ʩʪʨʫʢʪʫʨʥʦʛʦ ʤʦʪʠʚʫ ʩʪʨʫʢʪʫʨʥʦʛʦ ʪʠʧʫ 

ʭʘʣʴʢʦʛʝʥʛʘʣʦʛʝʥʽʜʽʚ ʤʝʨʢʫʨʽʶ ʻ ʥʝʩʢʽʥʯʝʥʥʽ ʣʘʥʮʶʛʠ (Hg3X2)2n
2+

 ʟ 

ʪʨʠʛʦʥʘʣʴʥʠʭ ʧʽʨʘʤʽʜ [XHg3], ʟôʻʜʥʘʥʠʭ ʘʪʦʤʘʤʠ ʤʝʨʢʫʨʽʶ, ʩʧʽʣʴʥʠʤʠ ʜʣʷ 

ʜʚʦʭ ʧʽʨʘʤʽʜ. ʃʘʥʮʶʛʠ ʦʙôʻʜʥʫʶʪʴʩʷ ʚ ʪʨʠʚʠʤʽʨʥʠʡ ʢʘʨʢʘʩ, ʚ ʦʢʪʘʝʜʨʠʯʥʠʭ 
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ʧʦʨʦʞʥʠʥʘʭ ʷʢʦʛʦ ʨʦʟʤʽʱʝʥʽ ʦ̔ʥʠ ʛʘʣʦʛʝʥʫ. ʂʣʘʩʠʬʽʢʘʮʽʶ ʩʧʦʣʫʢ ʨʦʜʠʥʠ 

ʢʦʨʜʝʨʦʾʪʫ ʟʘ ʩʪʨʫʢʪʫʨʥʠʤʠ ʪʠʧʘʤʠ ʪʘ ʧʽʜʪʠʧʘʤʠ [60] ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ 

ʪʘʙʣʠʮʷʭ 1.2ς1.3. ʂʨʠʪʝʨʽʻʤ ʢʣʘʩʠʬʽʢʘʮʽʾ ʻ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʨʘʜʽʫʩʽʚ ʘʥʽʦʥʽʚ 

R(X
2
)/R(Hal

-
), ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ ʜʫʞʢʘʭ. 

ʊʘʙʣʠʮʷ 1.2. 

ʂʣʘʩʠʬʽʢʘʮʽʷ ʩʪʨʫʢʪʫʨʥʠʭ ʪʠʧʽʚ ʩʧʦʣʫʢ Hg3X2Y2 [60].  

ʆʨʛʘʥʽʟʘʮʽʷ ʩʪʨʫʢʪʫʨʥʠʭ 

ʝʣʝʤʝʥʪʽʚ [XHg3] 

ʉʠʤʝʪʨʽʷ 

ɺʠʩʦʢʘ (ʢʫʙʽʯʥʘ) ʅʠʟʴʢʘ (ʤʦʥʦʢʣʽʥʥʘ) 

ʅʝʩʢʽʥʯʝʥʽ ʣʘʥʮʶʛʠ 

[Hg3X2]¤ 

a-Hg3S2Cl2 

(Hg3S2F2, Hg3Se2F2, 

Hg3Se2Cl2, Hg3Te2Cl2, 

Hg3Te2Br2) 

(1.005ς1.45) 

b-Hg3S2Br2 

(Hg3Se2Br2) 

(0.93ς0.99) 

ʂʘʨʢʘʩ ʟ ʢʫʙʦʦʢʪʘʝʜʨʽʚ 

[HalHg12X8] 

b-Hg3S2Cl2 

 

(1.005) 

a-Hg3S2Br2 

(Hg3S2I2, Hg3Se2I2) 

(0.83ς0.93) 

 

ς 

 

ς 

Hg3Te2I2 

(0.96) 

 

ɺʩʽ ʩʪʨʫʢʪʫʨʠ ʪʠʧʫ Hg3X2Y2, ʥʝ ʙʝʨʫʯʠ ʜʦ ʫʚʘʛʠ ʤʝʪʘʩʪʘʙʽʣʴʥʽ g-

ʤʦʜʠʬʽʢʘʮʽʾ ʩʫʣʴʬʦʭʣʦʨʠʜʫ ʪʘ ʩʫʣʴʬʦʙʨʦʤʽʜʫ ʤʝʨʢʫʨʽʶ, ʥʘʣʝʞʘʪʴ ʜʦ ʧ'ʷʪʠ 

ʩʪʨʫʢʪʫʨʥʠʭ ʪʠʧʽʚ, ʷʢʽ ʤʦʞʥʘ ʨʦʟʙʠʪʠ ʥʘ ʜʚʽ ʧʽʜʛʨʫʧʠ: ʚʠʩʦʢʦʩʠʤʝʪʨʠʯʥʽ 

ʩʪʨʫʢʪʫʨʥʽ ʪʠʧʠ a-Hg3S2Cl2 ʪʘ b-Hg3S2Cl2, ʚ ʷʢʠʭ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʨʘʜʽʫʩʽʚ 

ʘʥʽʦʥʽʚ ʙʽʣʴʰʝ ʟʘ 1 ʪʘ ʥʠʟʴʢʦʩʠʤʝʪʨʠʯʥʽ ʩʪʨʫʢʪʫʨʥʽ ʪʠʧʠ a-Hg3S2Br2, b-

Hg3S2Br2 ʪʘ Hg3Te2I2, ʚ ʷʢʠʭ ʮʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʝʥʰʝ ʟʘ 1. 
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ʊʘʙʣʠʮʷ 1.3. 

ʉʪʨʫʢʪʫʨʥʽ ʪʠʧʠ ʪʘ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʨʘʜʽʫʩʽʚ ʘʥʽʦʥʽʚ ʫ ʩʧʦʣʫʢʘʭ Hg3X2Y2 [60]. 

 

ʉʧʦʣʫʢʘ 

 

ʇʨ.ʛʨ. 

 

 

ʉʪʨʫʢʪʫʨʥʠʡ 

ʪʠʧ 

ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ 

ʨʘʜʽʫʩʽʚ ʘʥʽʦʥʽʚ 

X
2-
/Hal

-
 

Hg3S2F2 I213 a-Hg3S2Cl2 1.37 

Hg3Se2F2 I213 a-Hg3S2Cl2 1.45 

a-Hg3S2Cl2 I213 ʚʣʘʩʥʠʡ 

1.005 b-Hg3S2Cl2 Pm̀ 3n ʚʣʘʩʥʠʡ 

g-Hg3S2Cl2 Pbmm ʚʣʘʩʥʠʡ 

a-Hg3S2Br2 C2/m a-Hg3S2Br2 

0.93 b-Hg3S2Br2 C2/m ʚʣʘʩʥʠʡ 

g-Hg3S2Br2 P42212 ʚʣʘʩʥʠʡ 

Hg3S2I2 C2/m a-Hg3S2Br2 0.83 

Hg3Se2Cl2 I213 a-Hg3S2Cl2 1.07 

Hg3Se2Br2 C2/m b-Hg3S2Br2 0.99 

Hg3Se2I2 C2/m a-Hg3S2Br2 0.88 

Hg3Te2Cl2 I213 a-Hg3S2Cl2 1.17 

Hg3Te2Br2 I213 a-Hg3S2Cl2 1.08 

Hg3Te2I2 Cc ʚʣʘʩʥʠʡ 0.96 
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ɿ ʽʥʰʦʛʦ ʙʦʢʫ, ʚʩʽ ʩʪʨʫʢʪʫʨʠ (ʢʨʽʤ Hg3Te2I2) ʤʦʞʥʘ ʨʦʟʧʦʜʽʣʠʪʠ ʟ 

ʦʛʣʷʜʫ ʥʘ ʪʝ, ʚ ʷʢʽ ʧʨʦʩʪʦʨʦʚʽ ʫʪʚʦʨʝʥʥʷ ʟ'ʻʜʥʫʶʪʴʩʷ ʚ ʥʠʭ ʤʽʞ ʩʦʙʦʶ 

ʢʦʦʨʜʠʥʘʮʽʡʥʽ ʧʽʨʘʤʽʜʠ [XHg3], ʪʘʢʦʞ ʥʘ ʜʚʽ ʧʽʜʛʨʫʧʠ. ʋ ʧʝʨʰʽʡ ʚʦʥʠ 

ʫʪʚʦʨʶʶʪʴ ʥʝʩʢʽʥʯʝʥʥʽ ʣʘʥʮʶʛʠ, ʘ ʫ ʜʨʫʛʽʡ ï ʢʘʨʢʘʩ ʟ ʢʫʙʦʦʢʪʘʝʜʨʽʚ 

[HalHg12X8].  

 ɼʣʷ ʪʝʪʨʘʨʥʠʭ ʬʘʟ, ʥʘʚʝʜʝʥʠʭ ʚ ʪʘʙʣ. 1.2, ʚʝʣʠʯʠʥʘ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ 

ʨʘʜʽʫʩʽʚ ʘʥʽʦʥʽʚ ʨʦʟʨʘʭʦʚʫʚʘʣʘʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

,
)R(Hal(2)x)(1)R(Hal(1)x

)2R(X

)R(Hal

)2R(X
-³-+-³

-
=

-

-
    (1.4) 

ʜʝ x, 1-x ς ʩʪʝʭʽʦʤʝʪʨʠʯʥʽ ʢʦʝʬʽʮʽʻʥʪʠ ʫ ʬʦʨʤʫʣʽ ʪʝʪʨʘʨʥʦʾ ʩʧʦʣʫʢʠ 

Hg3X2(Y
1
x Y

2
1-x)2. 

ʉʪʨʫʢʪʫʨʠ Hg3S2F2, Hg3S2Cl2, Hg3Se2F2, Hg3Se2Cl2, Hg3Te2Cl2, Hg3Te2Br2 

ʻ ʢʫʙʽʯʥʠʤʠ, ʷʢʽ ʧʦʭʦʜʷʪʴ ʚʽʜ ʩʪʨʫʢʪʫʨʥʦʛʦ ʪʠʧʫ Ŭ-Hg3S2Cl2. ɼʣʷ ʮʠʭ 

ʩʪʝʭʽʦʤʝʪʨʠʯʥʠʭ ʩʢʣʘʜʽʚ ʟʥʘʯʝʥʥʷ R(X
2-
)/R(Hal

-
) ʙʽʣʴʰʽ ʟʘ ʦʜʠʥʠʮʶ (1.005-

1.45). ɼʣʷ  ʩʪʨʫʢʪʫʨ, ʜʝ ʮʝ ʟʥʘʯʝʥʥʷ ʙʣʠʟʴʢʝ ʜʦ ʦʜʠʥʠʮʽ, ʤʦʞʫʪʴ 

ʫʪʚʦʨʶʚʘʪʠʩʷ ʷʢ ʥʠʟʴʢʦʩʠʤʝʪʨʠʯʥʘ, ʪʘʢ ʽ ʚʠʩʦʢʦʩʠʤʝʪʨʠʯʥʘ ʤʦʜʠʬʽʢʘʮʽʾ.  

1.4. ʆʩʦʙʣʠʚʦʩʪʽ  ʩʪʨʫʢʪʫʨʠ ʢʨʠʩʪʘʣʘ Hg3Te2Cl2 

ʉʧʦʣʫʢʠ ʭʘʣʴʢʦʛʘʣʦʛʝʥʽʜʫ ʤʝʨʢʫʨʽʶ Hg3Te2Cl2 ʢʨʠʩʪʘʣʽʟʫʶʪʴʩʷ ʫ 

ʬʝʜʦʨʽʚʩʴʢʽʡ ʛʨʫʧʽ T
5
ïI213. ɽʣʝʤʝʥʪʘʨʥʘ ʢʦʤʽʨʢʘ ʦʙôʻʤʦʮʝʥʪʨʦʚʘʥʦʾ ʢʫʙʽʯʥʦʾ 

ʛʨʘʪʢʠ ʤʽʩʪʠʪʴ ʯʦʪʠʨʠ ʬʦʨʤʫʣʴʥʽ ʦʜʠʥʠʮʽ, ʾʾ ʛʝʢʩʘʛʦʥʘʣʴʥʽ ʛʨʘʥʽ 

ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʩʦʙʦʶ ʜʽʣʷʥʢʠ ʧʣʦʱʠʥ, ʷʢʽ ʧʨʦʚʝʜʝʥʽ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʜʦ 

ʣʽʥʽʡ, ʱʦ ʟôʻʜʥʫʶʪʴ ʮʝʥʪʨʘʣʴʥʠʡ ʘʪʦʤ ʟ ʡʦʛʦ ʙʣʠʞʥʽʤʠ ʩʫʩʽʜʘʤʠ, ʧʦʜʽʣʷʶʯʠ 

ʮʽ ʣʽʥʽʾ ʥʘʚʧʽʣ [63]. 

ʉʪʨʫʢʪʫʨʘ ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʪʨʠʚʠʤʽʨʥʠʡ ʢʘʨʢʘʩ ʽʟ ʘʪʦʤʽʚ ʤʝʨʢʫʨʽʶ 

ʪʘ ʪʝʣʫʨʫ ʟ ʘʪʦʤʘʤʠ ʭʣʦʨʫ ʚ ʡʦʛʦ ʧʦʨʦʞʥʠʥʘʭ. ʗʢ ʽ ʚ ʽʥʰʠʭ ʢʦʨʜʝʨʦʾʪʘʭ ʜʣʷ 

Hg3Te2Cl2, ʦʩʥʦʚʥʠʤʠ ʩʪʨʫʢʪʫʨʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ʻ ʧʽʨʘʤʽʜʠ [TeHg3]. ɺʦʥʠ 

ʟôʻʜʥʘʥʽ ʤʽʞ ʩʦʙʦʶ ʘʪʦʤʘʤʠ ʤʝʨʢʫʨʽʶ ʫ ʥʝʩʢʽʥʯʝʥʥʽ ʛʚʠʥʪʦʧʦʜʽʙʥʽ 

ʣʘʥʮʶʞʢʠ, ʷʢʽ ʧʨʦʩʪʷʛʘʶʪʴʩʷ ʫ ʧʣʦʱʠʥʽ XZ ʧʘʨʘʣʝʣʴʥʦ ʦʜʠʥ ʜʦ ʦʜʥʦʛʦ.   
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ʈʠʩ. 1.2. ʂʨʠʩʪʘʣʽʯʥʘ ʩʪʨʫʢʪʫʨʘ Hg3Te2Cl2. 

ʇʨʦʩʪʦʨʦʚʘ ʛʨʫʧʘ ʊ
5 
ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʥʘʩʪʫʧʥʠʤ ʥʘʙʦʨʦʤ ʤʦʞʣʠʚʠʭ 

ʘʪʦʤʥʠʭ ʧʦʟʠʮʽʡ: ʉ2(4), ʉ2(6), ʉ1(12) [63].  ʈʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʠʡ ʘʥʘʣʽʟ 

ʧʦʢʘʟʫʻ, ʱʦ ʘʪʦʤʠ ʪʝʣʫʨʫ ʪʘ ʭʣʦʨʫ ʟʘʡʤʘʶʪʴ ʧʦʟʠʮʽʾ, ʩʠʤʝʪʨʽʷ ʷʢʠʭ 

ʦʧʠʩʫʻʪʴʩʷ ʪʦʯʢʦʚʦʶ ʛʨʫʧʦʶ ʉ3, ʘ ʘʪʦʤʠ ʤʝʨʢʫʨʽʶ ʟʘʡʤʘʶʪʴ ʧʦʟʠʮʽʾ ʟ 

ʩʠʤʝʪʨʽʻʶ ʉ2.  

ɸʪʦʤʠ ʟʘʡʤʘʶʪʴ ʧʦʟʠʮʽʾ:  

12Hg (b) [0.31 0 0.25], 8Te (a) [0.28 0.28 0.28], 8Cl (a) [0.025 0.025 0.025], 

ʷʢʽ ʚʠʟʥʘʯʘʶʪʴʩʷ ʟʘ ʩʭʝʤʦʶ: 

12ɺ (2) ï { x, 0, 1/4}, {1/2-x, 0, 3/4}, {1/4, x, 0}, {0, 1/4, x}, {3/4, 1/2-x, 0},  

{0, 3/4, 1/2-x};  

8A (3) ï { x, x, x}, {1/2 + x, 1/2-x, -x}, {1/2-x, -x,1/2+x}, { -x, 1/2+x, 1/2-x}.  

ʇʘʨʘʣʝʣʴʥʽ ʛʚʠʥʪʦʧʦʜʽʙʥʽ ʥʝʩʢʽʥʯʝʥʥʽ ʣʘʥʮʶʞʢʠ, ʱʦ ʻ ʩʢʣʘʜʥʠʤ 

ʢʘʪʽʦʥʦʤ [Hg3Te2]
2+
, ʟô̒ ʜʥʘʥʽ ʤʽʞ ʩʦʙʦʶ ʪʘʢʦʞ ʘʪʦʤʘʤʠ ʤʝʨʢʫʨʽʶ ʚʟʜʦʚʞ ʦʩʽ 

Y. ɸʥʽʦʥʠ ʭʣʦʨʫ ʨʦʟʤʽʱʝʥʽ ʫ ʩʪʨʫʢʪʫʨʽ ʤʽʞ ʩʧʽʨʘʣʝʧʦʜʽʙʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ 

ʜʚʦʭ ʨʽʟʥʠʭ ʣʘʥʮʶʞʢʽʚ. ɺʝʣʠʯʠʥʘ ʚʘʣʝʥʪʥʠʭ ʢʫʪʽʚ Hg-Te-Hg ʩʢʣʘʜʘʻ 91Á.  
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ɺʩʽ ʘʪʦʤʠ ʤʝʨʢʫʨʽʶ ʫ ʩʪʨʫʢʪʫʨʽ ʤʘʶʪʴ ʩʧʦʪʚʦʨʝʥʦ-ʦʢʪʘʝʜʨʠʯʥʫ 

ʢʦʦʨʜʠʥʘʮʽʶ. ɺʦʥʠ ʨʦʟʤʽʱʝʥʽ ʫ ʚʠʢʨʠʚʣʝʥʠʭ (ʜʝʬʦʨʤʦʚʘʥʠʭ) ʦʢʪʘʝʜʨʘʭ 

[HgTe2Cl4], ʘʪʦʤʠ ʪʝʣʫʨʫ ʪʨʠʛʦʥʘʣʴʥʦ-ʧʽʨʘʤʽʜʘʣʴʥʦ ʢʦʦʨʜʠʥʦʚʘʥʽ ʘʪʦʤʘʤʠ 

ʤʝʨʢʫʨʽʶ [TeHg3] ʟ ʦʩʷʤʠ ʪʨʝʪʴʦʛʦ ʧʦʨʷʜʢʫ ʚʟʜʦʚʞ ʦʙôʻʤʥʠʭ ʜʽʘʛʦʥʘʣʝʡ 

ʝʣʝʤʝʥʪʘʨʥʦʛʦ ʢʫʙʘ. ɼʣʷ ʩʪʨʫʢʪʫʨʠ ʭʘʨʘʢʪʝʨʥʽ ʥʝʩʢʽʥʯʝʥʥʽ ʛʚʠʥʪʦʧʦʜʽʙʥʽ 

ʣʘʥʮʶʞʢʠ ïHgïTeïHgïTeï ʧʦ ʯʦʪʠʨʠ ʥʘ ʢʦʤʽʨʢʫ ʟ ʥʘʡʤʝʥʰʦʶ ʤʽʞʘʪʦʤʥʦʶ 

ʚʽʜʩʪʘʥʥʶ 2.65 ¡. ʅʘʡʤʝʥʰʽ ʚʽʜʜʘʣʽ HgïCl ʽ TeïCl ʚʽʜʧʦʚʽʜʥʦ 2.99 ʪʘ 3.96 ¡. 

ʆʩʢʽʣʴʢʠ ʛʨʘʪʢʘ ɹʨʘʚʝ ï ʦʙôʻʤʦʮʝʥʪʨʦʚʘʥʘ, ʪʦ ʧʨʠʤʽʪʠʚʥʘ ʢʦʤʽʨʢʘ ʤʽʩʪʠʪʴ 14 

ʘʪʦʤʽʚ. ʇʝʨʽʦʜ ʛʨʘʪʢʠ ʩʢʣʘʜʘʻ ʘ = 9.33 ¡ [63].  

1.5. ʇʦʣʽʤʦʨʬʽʟʤ ʢʨʠʩʪʘʣʽʚ Hg3S2(Br, Cl, ɯ)2 

ɹʫʜʦʚʘ ʧʨʠʨʦʜʥʠʭ ʪʘ ʩʠʥʪʝʟʦʚʘʥʠʭ ʭʘʣʴʢʦʛʘʣʦʛʝʥʽʜʽʚ ʤʝʨʢʫʨʽʶ 

ʚʠʢʣʠʢʘʻ ʥʘʫʢʦʚʠʡ ʽʥʪʝʨʝʩ ʷʢ ʫʪʚʦʨʝʥʥʷʤ ʙʘʛʘʪʴʦʭ ʧʦʣʽʤʦʨʬʥʠʭ 

ʤʦʜʠʬʽʢʘʮʽʡ, ʪʘʢ ʽ ʥʘʷʚʥʽʩʪʶ ʽʟʦʤʦʨʬʥʠʭ ʟʘʤʽʱʝʥʴ ʚ ʘʥʽʦʥʥʠʭ ʧʽʜʛʨʘʪʢʘʭ. 

ʇʨʠʢʣʘʜʦʤ ʻ ʧʨʠʨʦʜʥʽ ʭʘʣʴʢʦʛʘʣʦʛʝʥʽʜʠ ʜʚʦʚʘʣʝʥʪʥʦʛʦ ʤʝʨʢʫʨʽʶ ʟ 

ʟʘʛʘʣʴʥʦʶ ʬʦʨʤʫʣʦʶ Hg3S2Y2: ʤʽʥʝʨʘʣʠ ʢʦʨʜʝʨʦʾʪʫ ï Hg3S2Cl2, Br-ʢʦʨʜʝʨʦʾʪʫ 

Hg3S2(Br, Cl)2, ʣʘʚʨʝʥʪʴʻʚʠʪʫ Hg3S2(Cl, Br)2, ʘʨʢʘʟʠʪʫ Hg3S2(Br, Cl)2, 

ʨʘʜʪʢʝʾʪʫ Hg3S2Clɯ, ʘ ʪʘʢʦʞ ʥʝʜʘʚʥʦ ʚʽʜʢʨʠʪʦʛʦ ʢʝʥʰʫʘʾʪʫ ʭ-Hg3S2Cl2, ʱʦ ʤʘʻ 

ʥʝʧʦʩʪʽʡʥʠʡ ʩʢʣʘʜ ʫ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʦʛʦ, ʷʢʘ ʢʽʣʴʢʽʩʪʴ ʽ ʷʢʠʭ ʛʘʣʦʛʝʥʽʚ 

ʚʭʦʜʠʪʴ ʜʦ ʩʢʣʘʜʫ ʢʨʠʩʪʘʣʽʯʥʦʾ ʩʪʨʫʢʪʫʨʠ. ɭʜʠʥʠʡ ʚʽʜʦʤʠʡ ʧʨʠʨʦʜʥʠʡ 

ʭʘʣʴʢʦʛʘʣʦʛʝʥʽʜ, ʘʥʽʦʥʥʘ ʧʽʜʛʨʘʪʢʘ ʷʢʦʛʦ ʚʢʣʶʯʘʻ ʢʨʽʤ ʩʫʣʴʬʫʨʘ ʤʘʡʞʝ ʚʩʽ 

ʛʘʣʦʛʝʥʠ ï Cl, Br ʪʘ I, ï ʮʝ ʤʽʥʝʨʘʣ ʛʨʝʯʠʱʝʚʽʪʫ  Hg3S2(Br, Cl, ɯ)2 [57ï59]. 

ʊʘʢʘ ʦʩʦʙʣʠʚʽʩʪʴ ʭʘʣʴʢʦʛʘʣʦʛʝʥʽʜʽʚ ʤʝʨʢʫʨʽʶ ʪʠʧʫ Hg3X2Y2, ʷʢ 

ʩʭʠʣʴʥʽʩʪʴ ʜʦ ʧʦʣʽʤʦʨʬʥʠʭ ʚʘʨʽʘʮʽʡ, ʻ ʥʘʩʣʽʜʢʦʤ ʚʝʣʠʢʦʾ ʢʦʥʬʦʨʤʘʮʽʡʥʦʾ 

ʻʤʥʦʩʪʽ ʤʝʨʢʫʨʽʡ-ʭʘʣʴʢʦʛʝʥʥʦʾ ʩʢʣʘʜʦʚʦʾ, ʱʦ ʫʪʚʦʨʶʻ ʥʘʡʙʽʣʴʰ 

ʩʪʽʡʢʦʟʚôʷʟʘʥʫ ʯʘʩʪʠʥʫ ʩʪʨʫʢʪʫʨʠ [58]. ʌʝʥʦʤʝʥ ʧʦʰʠʨʝʥʥʷ ʽʟʦʤʦʨʬʥʠʭ 

ʟʘʤʽʱʝʥʴ ʫ ʛʘʣʦʛʝʥʥʽʡ ʧʽʜʛʨʘʪʮʽ, ʚ ʷʢʽʡ çʧʨʦʨʦʩʪʘʶʪʴè ʢʦʚʘʣʝʥʪʥʽ ʟʚôʷʟʢʠ  

HgïX, ʧʦʷʩʥʶʻʪʴʩʷ ʪʠʤ, ʱʦ ʜʣʷ ʩʪʽʡʢʦʩʪʽ ʛʘʣʦʛʝʥʥʦʾ ʧʽʜʛʨʘʪʢʠ ʥʝʦʙʭʽʜʥʦʶ 

ʫʤʦʚʦʶ ʻ ʧʝʨʝʚʘʛʘ ʦʜʥʦʛʦ ʽʟ ʚʠʜʽʚ ʛʘʣʦʛʝʥʫ. ɯʥʰʽ ʧʦʟʠʮʽʾ ʤʦʞʫʪʴ ʙʫʪʠ ʟʘʡʥʷʪʽ 
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ʽʥʰʠʤʠ ʛʘʣʦʛʝʥʘʤʠ. ʉʪʨʫʢʪʫʨʘ ʛʨʝʯʠʱʝʚʽʪʫ ʻ ʦʜʥʠʤ ʽʟ ʚʘʨʽʘʥʪʽʚ ʪʘʢʦʛʦ 

ʨʦʟʧʦʜʽʣʫ ʛʘʣʦʛʝʥʽʚ. 

ʋ ʩʠʥʪʝʪʠʯʥʠʭ ʪʘ ʧʨʠʨʦʜʥʠʭ ʟʨʘʟʢʘʭ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʛʘʣʦʛʝʥʽʚ (Br, Cl, 

ɯ) ʤʦʞʝ ʟʤʽʥʶʚʘʪʠʩʷ ʧʨʠ ʟʙʝʨʝʞʝʥʥʽ ʩʪʨʫʢʪʫʨʠ ʪʘ ʧʨʠ ʥʝʟʥʘʯʥʠʭ ʟʤʽʥʘʭ 

ʧʘʨʘʤʝʪʨʽʚ ʛʨʘʪʢʠ. ʎʝ ʷʚʠʱʝ ʘʥʘʣʦʛʽʯʥʝ ʪʦʤʫ, ʱʦ ʤʘʻ ʤʽʩʮʝ ʫ ʩʧʦʣʫʢʘʭ ʟ ̔

ʩʪʨʫʢʪʫʨʥʠʤʠ ʪʠʧʘʤʠ (ʚʠʩʦʢʦʩʠʤʝʪʨʠʯʥʠʤʠ) ʛʨʘʥʘʪʘ, ʰʧʽʥʝʣʽ, ʘʧʘʪʠʪʘ ʽ ʪ.ʜ., 

ʢʦʣʠ ʻ ʥʘʙʽʨ ʨʝʧʝʨʥʠʭ ʧʦʟʠʮʽʡ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʩʪʨʫʢʪʫʨʫ, ʘ ʟʘʧʦʚʥʶʚʘʪʠʩʷ 

ʚʦʥʠ ʤʦʞʫʪʴ ʥʘʙʦʨʘʤʠ ʘʪʦʤʽʚ, ʷʢʽ ʧʦʜʽʙʥʽ ʟʘ ʨʦʟʤʽʨʘʤʠ ʪʘ ʚʣʘʩʪʠʚʦʩʪʷʤʠ.  

ʋ ʩʪʨʫʢʪʫʨʘʭ ʭʘʣʴʢʦʛʘʣʦʛʝʥʽʜʽʚ ʤʝʨʢʫʨʽʶ ʪʠʧʫ Hg3X2Y2 ʨʝʧʝʨʥʠʤʠ 

ʧʦʟʠʮʽʷʤʠ ʻ ʧʦʣʦʞʝʥʥʷ ʛʘʣʦʛʝʥʽʚ, ʱʦ ʫʪʚʦʨʶʶʪʴ ʛʨʘʪʢʫ, ʙʣʠʟʴʢʫ ʜʦ 

ʧʨʠʤʽʪʠʚʥʦʾ ʢʫʙʽʯʥʦʾ. ɼʣʷ ʟʙʝʨʝʞʝʥʥʷ ʛʝʦʤʝʪʨʽʾ ʙʘʞʘʥʦ, ʱʦʙ ʨʦʟʤʽʨʠ ʘʪʦʤʽʚ, 

ʷʢʽ ʟʘʧʦʚʥʶʶʪʴ ʮʶ ʛʨʘʪʢʫ, ʥʝ ʩʠʣʴʥʦ ʚʽʜʨʽʟʥʷʣʠʩʷ. ʉʝʨʝʜʥʽʡ ʟʘ ʨʦʟʤʽʨʘʤʠ 

ʘʥʽʦʥ ʙʨʦʤʫ ʩʪʘʙʽʣʽʟʫʻ ʧʽʜʛʨʘʪʢʫ ʛʘʣʦʛʝʥʽʚ ʚ ʩʪʨʫʢʪʫʨʽ-ʘʥʘʣʦʛʫ ʛʨʝʯʠʱʝʚʽʪʫ, 

ʦʩʢʽʣʴʢʠ ʧʦ ʢʽʣʴʢʦʩʪʽ ʚʜʚʽʯʽ ʧʝʨʝʚʘʞʘʻ ʯʠʩʣʦ ʚʽʜʥʦʩʥʦ ʤʘʣʠʭ ʘʥʽʦʥʽʚ ʭʣʦʨʫ ʪʘ 

ʚʝʣʠʢʠʭ ʘʥʽʦʥʽʚ ʡʦʜʫ. ɸʥʘʣʽʟ ʜʦʩʣʽʜʞʝʥʴ ʩʚʽʜʯʠʪʴ ʧʨʦ ʙʣʠʟʴʢʠʡ ʜʦ ʦʜʠʥʠʮʽ 

ʘʪʦʤʥʠʡ ʚʤʽʩʪ  ʙʨʦʤʫ ʚ ʬʦʨʤʫʣʽ  Hg3X2Y2 ʪʘ ʧʨʦ ʜʦʧʦʚʥʶʶʯʠʡ ʦʜʠʥ ʦʜʥʦʛʦ 

ʜʦ ʦʜʠʥʠʮʽ ʚʤʽʩʪ ʡʦʜʫ ʪʘ ʭʣʦʨʫ. ʇʨʠ ʥʘʜʣʠʰʢʫ ʭʣʦʨʫ ʤʦʞʣʠʚʝ ʯʘʩʪʢʦʚʝ ʡʦʛʦ 

ʚʭʦʜʞʝʥʥʷ ʚ ʧʦʟʠʮʽʶ ʙʨʦʤʫ, ʱʦ ʩʫʪʪʻʚʦ ʥʝ ʟʤʽʥʠʪʴ ʝʬʝʢʪʠʚʥʠʡ ʨʦʟʤʽʨ ʮʴʦʛʦ 

ʩʪʘʙʽʣʽʟʫʶʯʦʛʦ ʩʪʨʫʢʪʫʨʫ ʘʥʽʦʥʘ. 

ʈʦʜʠʥʘ ʭʘʣʴʢʦʛʘʣʦʛʝʥʽʜʽʚ ʤʝʨʢʫʨʽʶ ʧʨʝʜʩʪʘʚʣʷʻ ʚʝʣʠʢʫ ʨʽʟʥʦʤʘʥʽʪʥʽʩʪʴ 

ʢʨʠʩʪʘʣʽʯʥʠʭ ʬʘʟ, ʜʣʷ ʥʝʾ ʭʘʨʘʢʪʝʨʥʠʡ (Ŭ), (ɓ), (ɔ) ï ʧʦʣʽʤʦʨʬʽʟʤ ʜʣʷ ʩʧʦʣʫʢ 

Hg3S2Cl2 ʪʘ Hg2S2Br2 [2, 5, 8] ʚʽʜʧʦʚʽʜʥʦ ʧʨʠ 628 ʽ 633 ʂ. g-ʤʦʜʠʬʽʢʘʮʽʾ ʮʠʭ 

ʩʧʦʣʫʢ ʻ ʤʝʪʘʩʪʘʙʽʣʴʥʠʤʠ ʽ ʙʫʣʠ ʦʜʝʨʞʘʥʽ ʛʘʨʪʫʚʘʥʥʷʤ ʧʘʨʽʚ ʘʙʦ ʟ ʨʦʟʯʠʥʫ 

[2]. ʅʘ ʨʠʩ. 1.3 ʧʨʝʜʩʪʘʚʣʝʥʦ ʩʪʨʫʢʪʫʨʫ ʧʦʣʽʤʦʨʬʘ Ŭ-Hg3S2Cl2, ʘ ʚ ʪʘʙʣʠʮʽ 1.4 

ʥʘʚʝʜʝʥʦ ʧʦʟʠʮʽʡʥʽ ʪʘ ʪʝʧʣʦʚʽ ʧʘʨʘʤʝʪʨʠ ʘʪʦʤʽʚ ʫ ʮʽʡ ʩʪʨʫʢʪʫʨʽ.   

ʋ ʩʪʨʫʢʪʫʨʥʦʤʫ ʪʠʧʽ b-Hg3S2Cl2  ʧʽʨʘʤʽʜʠ [SHg3] ʪʘʢʦʞ ʟʚôʷʟʘʥʽ ʤʽʞ 

ʩʦʙʦʶ ʫ ʪʨʠʚʠʤʽʨʥʠʡ ʢʘʨʢʘʩ. ʋʟʜʦʚʞ ʧʦʪʨʽʡʥʠʭ ʦʩʝʡ ʝʣʝʤʝʥʪʘʨʥʦʾ ʢʦʤʽʨʢʠ 

ʧʨʦʩʪʝʞʫʶʪʴʩʷ ʣʘʥʮʶʛʠ ʚʠʛʣʷʜʫ ïSHg3ïClïHg3SïClïSHg3ï ʟ ʘʪʦʤʘʤʠ ʭʣʦʨʫ 

ʚ ʢʫʙʦʦʢʪʘʝʜʨʘʭ [ClHg12], ʪʨʠʢʫʪʥʽ ʛʨʘʥʽ ʷʢʠʭ ʮʝʥʪʨʦʚʘʥʽ ʘʪʦʤʘʤʠ ʩʫʣʴʬʫʨʫ 

(ʨʠʩ. 1.4). ʊʨʠʢʫʪʥʽ ʛʨʘʥʽ ʢʫʙʦʦʢʪʘʝʜʨʽʚ ʮʝʥʪʨʦʚʘʥʽ ʘʪʦʤʘʤʠ ʩʫʣʴʬʫʨʫ.  
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  -Hg   - X   - Cl 

ʈʠʩ. 1.3. Cʪʨʫʢʪʫʨʘ ʧʦʣʽʤʦʨʬʘ a-Hg3S2Cl2.  

ʊʘʙʣʠʮʷ 1.4. 

ʇʦʟʠʮʽʡʥʽ ʪʘ ʪʝʧʣʦʚʽ ʧʘʨʘʤʝʪʨʠ ʘʪʦʤʽʚ ʚ ʩʪʨʫʢʪʫʨʽ a-Hg3S2Cl2 [60].  

ɸʪʦʤ ʇʦʟʠʮʽʷ x/a y/b z/c 
Bʽʟʦ/ʝʢʚ, ³10

2
 

ʥʤ
2
 

Hg 12b 0.3029(5) 0 1/4 2.74(3) 

S 8a 0.2709(29) 0.2709(29) 0.2709(29) 1.5(3) 

Cl 8a 0.0107(28) 0.0107(28) 0.0107(28) 

1.8(2) 

 

 

ʅʘ ʨʠʩ. 1.4ï1.5 ʧʨʝʜʩʪʘʚʣʝʥʦ ʩʪʨʫʢʪʫʨʠ  b-Hg3S2Cl2 ʪʘ g-Hg3S2Cl2. 

ɸʪʦʤʥʽ ʧʘʨʘʤʝʪʨʠ ʩʪʨʫʢʪʫʨʠ b-ʩʫʣʴʬʦʭʣʦʨʠʜʫ ʤʝʨʢʫʨʽʶ [49, 60] ʥʘʚʝʜʝʥʽ ʚ 

ʪʘʙʣʠʮʽ 1.5. 
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ʈʠʩ. 1.4. ʂʫʙʦʦʢʪʘʝʜʨʠ [ClHg12] ʚ ʩʪʨʫʢʪʫʨʽ b-Hg3S2Cl2 [60]. 
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ʈʠʩ. 1.5. ʂʨʠʩʪʘʣʽʯʥʘ ʩʪʨʫʢʪʫʨʘ g-Hg3S2Cl2 [60]. 

a
b

c
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ʊʘʙʣʠʮʷ 1.5. 

ʇʦʟʠʮʽʡʥʽ ʪʘ ʪʝʧʣʦʚʽ ʧʘʨʘʤʝʪʨʠ ʘʪʦʤʽʚ ʚ ʩʪʨʫʢʪʫʨʽ b-Hg3S2Cl2 [60].  

ɸʪʦʤ ʇʦʟʠʮʽʷ x/a y/b z/c Bʽʟʦ/ʝʢʚ, ³10
2
 ʥʤ

2
 

Hg(1) 24j 1/4 0.1434(1) 0.3566(1) 2.86(10) 

Hg(2) 24k 1/2 0.1157(3) 0.1420(3) 2.49(13) 

Hg(3) 24k 0.1452(3) 0 0.1358(3) 2.40(13) 

Hg(4) 24k 0.1150(3) 0 0.3634(3) 2.23(10) 

S(1) 16i 0.131(3) 0.131(3) 0.131(3) 0.9(5) 

S(2) 48l 0.3832(9) 0.133(4) 0.3668(9) 2.7(6) 

Cl(1) 2a 0 0 0 7.9(4) 

Cl(2) 6d 1/2 0 1/4 0.8(14) 

Cl(3) 6b 1/2 0 1/2 1.1(21) 

Cl(4) 6c 1/4 0 1/2 1.6(15) 

Cl(5) 8e 1/4 1/4 1/4 2.1(9) 

Cl(6) 12f 0 0 0.242(16) 2.8(29) 

Cl(7) 24k 0.254(8) 0.243(8) 1/2 2.9(13) 
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ʉʪʨʫʢʪʫʨʫ g-ʤʦʜʠʬʽʢʘʮʽʾ Hg3S2Cl2 ʧʦʚʥʽʩʪʶ ʨʦʟʰʠʬʨʦʚʘʥʦ ʫ ʨʦʙʦʪʽ [5] 

ʷʢ ʩʪʨʫʢʪʫʨʫ ʪʠʧʫ ʧʦʨʷʜʦʢ-ʙʝʟʧʦʨʷʜʦʢ, ʷʢʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʨʽʟʥʠʭ ʧʦʣʽʪʠʧʽʚ ʟ 

ʧʝʨʝʚʘʞʥʠʤ ʧʨʝʜʩʪʘʚʥʠʮʪʚʦʤ ʙʣʦʢʽʚ ʩʠʤʝʪʨʽʾ A2/m ʘʙʦ F2/m. ʉʪʨʫʢʪʫʨʘ 

ʙʫʣʘ ʨʦʟʰʠʬʨʦʚʘʥʘ ʜʦ R = 13.5% ʟʘ 190 ʥʝʟʘʣʝʞʥʠʤʠ ʨʝʬʣʝʢʩʘʤʠ. 

ʆʩʥʦʚʥʠʤ ʤʦʪʠʚʦʤ ʩʪʨʫʢʪʫʨʠ g-Hg3S2Cl2 ʻ ʣʘʥʮʶʛʠ (Hg3S2)n
2+
, ʫ ʧʝʪʣʷʭ 

ʷʢʠʭ ʨʦʟʪʘʰʦʚʘʥʽ ʘʪʦʤʠ ʭʣʦʨʫ. ʎʽ ʣʘʥʮʶʛʠ ʟôʻʜʥʫʶʪʴʩʷ ʫ ʜʚʦʚʠʤʽʨʥʽ ʰʘʨʠ, 

ʧʘʨʘʣʝʣʴʥʽ ʧʣʦʱʠʥʽ YZ (ʨʠʩ. 1.5). ɸʪʦʤʥʽ ʧʘʨʘʤʝʪʨʠ ʜʣʷ ʦʜʥʦʛʦ ʰʘʨʫ 

ʩʪʨʫʢʪʫʨʠ (c*=İc) [5] ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ ʪʘʙʣ.1.6. 

ʊʘʙʣʠʮʷ 1.6. 

ʇʦʟʠʮʽʡʥʽ ʧʘʨʘʤʝʪʨʠ ʘʪʦʤʽʚ ʦʜʥʦʛʦ ʰʘʨʫ ʩʪʨʫʢʪʫʨʠ g-Hg3S2Cl2 [5, 60]. 

ɸʪʦʤ ʂʨʘʪʥʽʩʪʴ x/a y/b z/c 

Hg(1) 4 0.125 1/4 1/2 

Hg(2) 4 0.1514(3) 0 0.2218(4) 

Hg(3) 4 0 1/4 0.1987(3) 

S 8 0.1423(8) 1/4 0.2471(13) 

Cl(1a) 2 0 0 0.4708(31) 

Cl(1b) 2 0 1/2 0.4708(31) 

Cl(2a) 2 0 0 0.0162(22) 

Cl(2b) 2 0 1/2 0.0162(22) 
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ʉʪʨʫʢʪʫʨʘ g-Hg3S2Cl2 ʪʠʧʫ ʧʦʨʷʜʦʢ-ʙʝʟʧʦʨʷʜʦʢ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 

ʝʢʚʽʚʘʣʝʥʪʥʠʭ ʰʘʨʽʚ, ʜʣʷ ʢʦʞʥʦʛʦ ʟ ʷʢʠʭ ʻ ʜʚʘ ʤʦʞʣʠʚʽ ʚʘʨʽʘʥʪʠ 

ʨʦʟʪʘʰʫʚʘʥʥʷ ʚʽʜʥʦʩʥʦ ʧʦʧʝʨʝʜʥʴʦʛʦ ʰʘʨʫ. ʇʘʨʠ, ʩʬʦʨʤʦʚʘʥʽ ʧʦʧʝʨʝʜʥʽʤ ʪʘ 

ʥʘʩʪʫʧʥʠʤ ʰʘʨʦʤ ʫ ʙʫʜʴ-ʷʢʦʤʫ ʟ ʮʠʭ ʜʚʦʭ ʚʘʨʽʘʥʪʽʚ, ʛʝʦʤʝʪʨʠʯʥʦ ʨʽʚʥʦʮʽʥʥʽ.  

1.6. ʌʘʟʦʚʽ ʨʽʚʥʦʚʘʛʠ ʚ ʩʠʩʪʝʤʘʭ HgS(Se, Te)-HgCl2-HgBr2 

ʋ ʪʘʙʣ. 1.7 ʧʨʝʜʩʪʘʚʣʝʥʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʽʘʛʨʘʤ ʩʪʘʥʫ ʩʠʩʪʝʤ 

Hg3X2Y
1
2-Hg3X2Y

2
2 [41ï50], ʜʝ ʛʨʘʥʠʮʽ ʪʚʝʨʜʠʭ ʨʦʟʯʠʥʽʚ ʥʘʚʝʜʝʥʽ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʽ ʚʽʜʧʘʣʫ ʪʘ ʚʢʘʟʘʥʦ ʤʦʣʷʨʥʽ ʚʽʜʩʦʪʢʠ ʜʨʫʛʦʛʦ ʢʦʤʧʦʥʝʥʪʫ.  

ʊʘʙʣʠʮʷ 1.7. 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʜʽʘʛʨʘʤ ʩʪʘʥʫ ʩʠʩʪʝʤ Hg3X2Y
1
2-Hg3X2Y

2
2 [60]. 

ʉʠʩʪʝʤʘ ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʜʽʘʛʨʘʤʠ ʩʪʘʥʫ 

Hg3S2Cl2-Hg3S2Br2 
ɽʚʪʝʢʪʠʢʘ (775 ʂ, 87 ʤʦʣ. %), ʦʙʤʝʞʝʥʽ ʪʚʝʨʜʽ 

ʨʦʟʯʠʥʠ a (0ï80 ʤʦʣ. %), b (90ï100 ʤʦʣ. %). 

Hg3Se2Cl2-Hg3Se2Br2 
ɽʚʪʝʢʪʠʢʘ (810 ʂ, 80 ʤʦʣ. %), ʦʙʤʝʞʝʥʽ ʪʚʝʨʜʽ 

ʨʦʟʯʠʥʠ a (0ï66 ʤʦʣ. %), b (95ï100 ʤʦʣ. %). 

Hg3Te2Cl2-Hg3Te2Br2 ʅʝʧʝʨʝʨʚʥʠʡ ʨʷʜ ʪʚʝʨʜʠʭ ʨʦʟʯʠʥʽʚ. 

Hg3S2Br2-Hg3S2I2 

ʇʝʨʠʪʝʢʪʠʢʘ (719 ʂ, 50 ʤʦʣ. %), ʝʚʪʝʢʪʠʢʘ (642 ʂ, 

85 ʤʦʣ. %), ʚʧʦʨʷʜʢʦʚʘʥʘ ʪʝʪʨʘʨʥʘ ʬʘʟʘ 

Hg3S2(Br0,67I0,33)2 (aô), ʦʙʤʝʞʝʥʽ ʪʚʝʨʜʽ ʨʦʟʯʠʥʠ a 

(0ï72 ʤʦʣ. % (ʟ ʨʦʟʨʠʚʦʤ)), g (93ï100 ʤʦʣ. %), aô 

(25ï41 ʤʦʣ. %), b (0ï28 ʤʦʣ. % ʚʠʱʝ 628 ʂ). 

Hg3Se2Br2-Hg3Se2I2 
ʇʝʨʠʪʝʢʪʠʢʘ (703 ʂ, 95 ʤʦʣ. %), ʦʙʤʝʞʝʥʽ ʪʚʝʨʜʽ 

ʨʦʟʯʠʥʠ a (0ï74 ʤʦʣ. %), b (82ï100 ʤʦʣ. %). 

Hg3Te2Br2-Hg3Te2I2 

ʇʝʨʝʭʽʜʥʘ ʪʦʯʢʘ (795 ʂ, 50 ʤʦʣ. %), ʧʝʨʠʪʝʢʪʠʢʘ 

(777 ʂ, 70 ʤʦʣ. %), ʪʝʪʨʘʨʥʘ ʬʘʟʘ Hg3Te2BrI (g), 

ʦʙʤʝʞʝʥʽ ʪʚʝʨʜʽ ʨʦʟʯʠʥʠ a (0ï16 ʤʦʣ. %), b (73ï

100 ʤʦʣ. %), g (44ï65 ʤʦʣ. %). 
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ʉʧʽʣʴʥʠʤ ʜʣʷ ʜʽʘʛʨʘʤ ʩʠʩʪʝʤ Hg3X2Cl2-Hg3X2Br2 ʪʘ Hg3X2Br2-Hg3X2I2 

(X = S, Se) ʻ ʥʘʙʘʛʘʪʦ ʙʽʣʴʰʘ ʧʨʦʪʷʞʥʽʩʪʴ ʪʚʝʨʜʠʭ ʨʦʟʯʠʥʽʚ ʥʘ ʦʩʥʦʚʽ 

Hg3X2Cl2 (ʜʣʷ ʧʝʨʰʠʭ) ʪʘ Hg3X2Br2 (ʜʣʷ ʜʨʫʛʠʭ) ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʪʚʝʨʜʠʤʠ 

ʨʦʟʯʠʥʘʤʠ ʥʘ ʦʩʥʦʚʽ ʜʨʫʛʦʛʦ ʢʦʤʧʦʥʝʥʪʫ (ʚʽʜʧʦʚʽʜʥʦ Hg3X2Br2 ʪʘ Hg3X2I2). 

ʎʝ ʧʦʷʩʥʶʻʪʴʩʷ ʙʽʣʴʰʦʶ ʩʪʘʙʽʣʴʥʽʩʪʶ ʩʪʨʫʢʪʫʨʠ ʧʨʠ ʟʘʤʽʥʽ ʭʣʦʨʫ ʥʘ ʙʨʦʤ 

(ʙʨʦʤʫ ʥʘ ʡʦʜ), ʥʽʞ ʥʘʚʧʘʢʠ.  

ʊʘʙʣʠʮʷ 1.8. 

ʌʘʟʠ, ʷʢʽ ʽʩʥʫʶʪʴ ʚ ʩʠʩʪʝʤʘʭ HgX-HgY
1
2-HgY

2
2 ʧʨʠ 470 ʂ [60]. 

ʉʠʩʪʝʤʘ ʂʽʣʴʢʽʩʪʴ ʽ ʧʝʨʝʣʽʢ ʽʩʥʫʶʯʠʭ ʬʘʟ 

HgS-HgCl2-HgBr2 

6 - HgS, a-Hg3S2Cl2, a-Hg3S2Br2, HgCl2, HgBr2, 

g-ʬʘʟʘ (HgCl2)0,45-0,18(HgBr2)0,55-0,82 

HgSe-HgCl2-HgBr2 6 - HgSe, Hg3Se2Cl2, Hg3Se2Br2, HgCl2, HgBr2, g-ʬʘʟʘ 

HgTe-HgCl2-HgBr2 
6 - HgTe, Hg3Te2(ClxBr1-x)2 (ʅʈʊʈ), Hg3Te(ClxBr1-x)4 

(ʅʈʊʈ), HgCl2, HgBr2, g-ʬʘʟʘ 

HgS-HgBr2-HgI2 

5 - HgS, a-Hg3S2Br2, Hg3S2(Br0,67I0,33)2, Hg3S2I2, 

Hg(BrxI1-x)2 (ʅʈʊʈ) 

HgSe-HgBr2-HgI2 4 - HgSe, Hg3Se2Br2, Hg3Se2I2, Hg(BrxI1-x)2 (ʅʈʊʈ) 

HgTe-HgBr2-HgI2 
6 - HgTe, Hg3Te2Br2, Hg3Te2BrI, Hg3Te2I2, Hg3TeBr4, 

Hg(BrxI1-x)2 (ʅʈʊʈ) 
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ʋ ʪʚʝʨʜʠʭ ʨʦʟʯʠʥʘʭ ʟʘʤʽʱʝʥʥʷ ʙʽʣʴʰʽ ʟʘ ʨʦʟʤʽʨʦʤ ʘʪʦʤʠ, ʟʘʤʽʱʫʶʯʠ 

ʤʝʥʰʽ, çʨʦʟʧʠʨʘʶʪʴè ʛʨʘʪʢʫ, ʘʣʝ ʜʦ ʧʝʚʥʠʭ ʤʝʞ ʟʘʤʽʱʝʥʥʷ ʩʪʨʫʢʪʫʨʘ 

ʟʘʣʠʰʘʻʪʴʩʷ ʩʪʽʡʢʦʶ. ʋ ʧʨʦʪʠʣʝʞʥʦʤʫ ʚʠʧʘʜʢʫ ʤʝʥʰʽ ʟʘ ʨʦʟʤʽʨʦʤ ʘʪʦʤʠ 

ʜʨʫʛʦʛʦ ʢʦʤʧʦʥʝʥʪʫ, ʟʘʤʽʱʫʶʯʠ ʙʽʣʴʰʽ ʘʪʦʤʠ ʧʝʨʰʦʛʦ, çʢʦʣʠʚʘʶʪʴʩʷè ʚ 

ʢʦʦʨʜʠʥʘʮʽʡʥʠʭ ʙʘʛʘʪʦʛʨʘʥʥʠʢʘʭ ʙʝʟ ʪʦʨʢʘʥʥʷ ʦʜʠʥ ʦʜʥʦʛʦ, ʱʦ ʟʚʦʜʠʪʴ 

ʩʪʨʫʢʪʫʨʫ ʜʦ ʪʝʨʤʦʜʠʥʘʤʽʯʥʦ ʥʝʩʪʽʡʢʦʛʦ ʩʪʘʥʫ. 

ɸʥʘʣʽʟ ʽʟʦʪʝʨʤʽʯʥʠʭ ʧʝʨʝʨʽʟʽʚ ʧʦʪʨʽʡʥʠʭ ʩʠʩʪʝʤ HgX-HgCl2-HgBr2 ʪʘ 

HgX-HgBr2-HgI2 ʚʢʘʟʫʻ, ʱʦ ʥʘ ʭʘʨʘʢʪʝʨ ʚʟʘʻʤʦʜʽʾ ʚ ʥʠʭ ʚʧʣʠʚʘʶʪʴ, ʧʦ-ʧʝʨʰʝ, 

ʙʽʥʘʨʥʽ ʩʠʩʪʝʤʠ, ʷʢʽ ʦʙʤʝʞʫʶʪʴ ʧʦʪʨʽʡʥʽ. ʊʘʢ, ʥʘ ʩʢʣʘʜʥʽʩʪʴ ʚʟʘʻʤʦʜʽʾ 

ʚʧʣʠʚʘʻ ʢʽʣʴʢʽʩʪʴ ʧʦʪʨʽʡʥʠʭ ʩʧʦʣʫʢ ʫ ʙʽʥʘʨʥʠʭ ʩʠʩʪʝʤʘʭ HgX-HgY2. ʋ 

ʩʠʩʪʝʤʘʭ HgTe-HgCl2-HgBr2 ʪʘ HgTe-HgBr2-HgI2 ʥʘʷʚʥʽʩʪʴ ʩʧʦʣʫʢ ʪʠʧʫ 

Hg3TeY4 ʫʩʢʣʘʜʥʶʻ ʚʟʘʻʤʦʜʽʶ. ɸʣʝ ʽʟʦʩʪʨʫʢʪʫʨʥʽʩʪʴ ʮʠʭ ʭʘʣʴʢʦʛʘʣʦʛʝʥʽʜʽʚ, 

ʥʘʚʧʘʢʠ, ʩʧʨʦʱʫʻ ʢʘʨʪʠʥʫ ʫ ʧʝʨʰʽʡ ʟ̔ ʟʘʟʥʘʯʝʥʠʭ ʩʠʩʪʝʤ.  

ʅʘ ʬʘʟʦʚ ̔ ʨʽʚʥʦʚʘʛʠ ʚ ʩʠʩʪʝʤʘʭ HgX-HgY
1
2-HgY

2
2 ʪʘʢʦʞ ʚʧʣʠʚʘʻ 

ʭʘʨʘʢʪʝʨ ʚʟʘʻʤʦʜʽʾ ʤʽʞ ʛʘʣʦʛʝʥʽʜʘʤʠ ʤʝʨʢʫʨʽʶ. ɯʩʥʫʚʘʥʥʷ g-ʬʘʟʠ ʚ ʩʠʩʪʝʤʽ 

HgCl2-HgBr2 ʨʦʙʠʪʴ ʙʽʣʴʰ ʩʢʣʘʜʥʠʤʠ ʥʠʞʥʽ ʯʘʩʪʠʥʠ ʩʠʩʪʝʤ HgX-HgCl2-

HgBr2 ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʩʠʩʪʝʤʘʤʠ HgX-HgBr2-HgI2, ʜʝ ʛʘʣʦʛʝʥʽʜʠ ʤʝʨʢʫʨʽʶ ʧʨʠ 

470 K ʫʪʚʦʨʶʶʪʴ ʥʝʧʝʨʝʨʚʥʠʡ ʨʷʜ ʪʚʝʨʜʠʭ ʨʦʟʯʠʥʽʚ. ʇʦ-ʜʨʫʛʝ, ʥʘ ʬʘʟʦʚʽ 

ʨʽʚʥʦʚʘʛʠ ʚ ʧʦʪʨʽʡʥʠʭ ʩʠʩʪʝʤʘʭ ʚʧʣʠʚʘʻ ʭʘʨʘʢʪʝʨ ʚʟʘʻʤʦʜʽʾ ʤʽʞ ʧʦʪʨʽʡʥʠʤʠ 

ʭʘʣʴʢʦʛʘʣʦʛʝʥʽʜʘʤʠ ï ʽʩʥʫʚʘʥʥʷ ʤʽʞ ʥʠʤʠ ʦʙʤʝʞʝʥʠʭ ʪʚʝʨʜʠʭ ʨʦʟʯʠʥʽʚ ,̔ 

ʦʩʦʙʣʠʚʦ, ʫʪʚʦʨʝʥʥʷ ʪʝʪʨʘʨʥʠʭ ʬʘʟ (Hg3S2(Br0,67I0,33)2  ̔ Hg3Te2BrI). ɿ ʮʠʭ 

ʤʽʨʢʫʚʘʥʴ ʥʘʡʙʽʣʴʰ ʧʨʦʩʪʦʶ  ̒ ʚʟʘʻʤʦʜʽʷ ʚ ʩʠʩʪʝʤʽ HgSe-HgBr2-HgI2, ʘ 

ʥʘʡʙʽʣʴʰ ʩʢʣʘʜʥʦʶ ï HgTe-HgBr2-HgI2 (ʪʘʙʣ.1.8). 

ɺ ʫʩʽʭ ʩʠʩʪʝʤʘʭ HgS(Se,Te)-HgCl2(Br2,I2) ʫʪʚʦʨʶʶʪʴʩʷ ʩʧʦʣʫʢʠ ʪʠʧʫ 

Hg3X2Y2. ʋ ʩʠʩʪʝʤʘʭ HgTe-HgCl2, HgTe-HgBr2 ʽ HgTe-HgI2 ʽʩʥʫʻ ʱʝ ʧʦ ʦʜʥʽʡ 

ʩʧʦʣʫʮʽ: Hg3TeCl4, Hg3TeBr4 ʪʘ Hg3TeI4 [60]. ʅʘ ʨʠʩ. 1.6 ʧʨʝʜʩʪʘʚʣʝʥʦ 

ʜ̔ ʘʛʨʘʤʫ ʩʪʘʥʫ ʩʠʩʪʝʤʠ Hg3S2Cl2-Hg3S2Br2 ʝʚʪʝʢʪʠʯʥʦʛʦ ʪʠʧʫ ʟ ʦʙʤʝʞʝʥʠʤʠ 

ʪʚʝʨʜʠʤʠ ʨʦʟʯʠʥʘʤʠ ʥʘ ʦʩʥʦʚʽ ʢʦʤʧʦʥʝʥʪʽʚ. ʃʽʢʚʽʜʫʩ ʩʠʩʪʝʤʠ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 

ʜʚʦʭ ʛʽʣʦʢ ʧʝʨʚʠʥʥʦʾ ʢʨʠʩʪʘʣʽʟʘʮʽʾ Ŭ- ʽ ɓ-ʪʚʝʨʜʠʭ ʨʦʟʯʠʥʽʚ ʥʘ ʦʩʥʦʚʽ 

ʩʫʣʴʬʦʭʣʦʨʠʜʫ ʪʘ ʩʫʣʴʬʦʙʨʦʤʽʜʫ ʤʝʨʢʫʨʽʶ ʚʽʜʧʦʚʽʜʥʦ.  
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ʈʠʩ. 1.6. ɼʽʘʛʨʘʤʘ ʩʪʘʥʫ ʩʠʩʪʝʤʠ Hg3S2Cl2-Hg3S2Br2 [60]. 

 

ʈʠʩ. 1.7. ɼʽʘʛʨʘʤʘ ʩʪʘʥʫ ʩʠʩʪʝʤʠ Hg3Se2Cl2-Hg3Se2Br2 [60]. 
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ʊʝʤʧʝʨʘʪʫʨʘ ʝʚʪʝʢʪʠʯʥʦʾ ʛʦʨʠʟʦʥʪʘʣʽ 775ʂ, ʩʢʣʘʜ ʝʚʪʝʢʪʠʢʠ 87 ʤʦʣ.% 

Hg3S2Br2. ʆʙʣʘʩʪʴ ʛʦʤʦʛʝʥʥʦʩʪʽ Ŭ-ʪʚʝʨʜʦʛʦ ʨʦʟʯʠʥʫ ʧʨʦʩʪʷʛʘʻʪʴʩʷ ʜʦ 80 

ʤʦʣ.% Hg3S2Br2, ʪʦʜʽ ʷʢ ʩʫʣʴʬʦʙʨʦʤʽʜ ʤʝʨʢʫʨʽʶ ʨʦʟʯʠʥʷʻ ʜʦ 10 ʤʦʣ.% 

Hg3S2Cl2. ʅʘ ʨʠʩ. 1.7 ʧʨʝʜʩʪʘʚʣʝʥʦ ʜʽʘʛʨʘʤʫ ʩʪʘʥʫ ʩʠʩʪʝʤʠ Hg3Se2Cl2-

Hg3Se2Br2. ʉʝʣʝʥʦʭʣʦʨʠʜ ʪʘ ʩʝʣʝʥʦʡʦʜʠʜ ʤʝʨʢʫʨʽʶ ʚʟʘʻʤʦʜʽʶʪʴ ʟ ʫʪʚʦʨʝʥʥʷʤ 

ʝʚʪʝʢʪʠʢʠ ʟ ʢʦʦʨʜʠʥʘʪʘʤʠ 810 ʂ ʽ 80 ʤʦʣ.% Hg3Se2Br2. Ŭ-ʪʚʝʨʜʠʡ ʨʦʟʯʠʥ ʥʘ 

ʦʩʥʦʚʽ ʩʝʣʝʥʦʭʣʦʨʠʜʫ ʤʝʨʢʫʨʽʶ ʽʩʥʫʻ ʜʦ 66 ʤʦʣ.% Hg3Se2Br2, ʘ ʨʦʟʯʠʥʥʽʩʪʴ 

Hg3Se2Cl2 ʚ ɓ-ʪʚʝʨʜʦʤʫ ʨʦʟʯʠʥʽ ʥʘ ʦʩʥʦʚʽ ʩʝʣʝʥʦʡʦʜʠʜʫ ʤʝʨʢʫʨʽʶ ʩʢʣʘʜʘʻ 

ʣʠʰʝ 5 ʤʦʣ.% [46]. 

ʋ ʩʠʩʪʝʤ ̔Hg3Te2Cl2-Hg3Te2Br2 ʪʝʣʫʨʦʭʣʦʨʠʜ ʪʘ ʪʝʣʫʨʦʡʦʜʠʜ ʤʝʨʢʫʨʽʶ, 

ʤʘʶʯʠ ʦʜʥʘʢʦʚʫ ʩʪʨʫʢʪʫʨʫ, ʚʟʘʻʤʦʜʽʶʪʴ ʟ ʫʪʚʦʨʝʥʥʷʤ ʥʝʧʝʨʝʨʚʥʦʛʦ ʨʷʜʫ 

ʪʚʝʨʜʠʭ ʨʦʟʯʠʥʽʚ [48]. 

ʋ ʩʠʩʪʝʤʽ HgCl2-HgBr2 (ʨʠʩ. 1.8) ʚʠʷʚʣʝʥʦ ʽʩʥʫʚʘʥʥʷ g-ʬʘʟʠ ʟʤʽʥʥʦʛʦ 

ʩʢʣʘʜʫ, ʙʣʠʟʴʢʦʛʦ ʜʦ Hg3Cl2Br4. ʆʙʣʘʩʪʴ ʛʦʤʦʛʝʥʥʦʩʪʽ ʮʽʻʾ ʩʧʦʣʫʢʠ ʧʨʠ 470 ʂ 

ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʤʝʞʘʭ (HgCl2)0,45-0,18(HgBr2)0,55-0,82.  

 

 

 

 

 

 

 

 

 

ʈʠʩ. 1.8. ɼʽʘʛʨʘʤʘ ʩʪʘʥʫ ʩʠʩʪʝʤʠ HgCl2-HgBr2 [60]. 
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ʎʷ ʬʘʟʘ ʧʣʘʚʠʪʴʩʷ ʢʦʥʛʨʫʝʥʪʥʦ ʧʨʠ 516 ʂ ʽ ʟʘʟʥʘʻ ʧʦʣʽʤʦʨʬʥʝ 

ʧʝʨʝʪʚʦʨʝʥʥʷ, ʪʝʤʧʝʨʘʪʫʨʘ ʷʢʦʛʦ ʟʨʦʩʪʘʻ ʽʟ ʟʙʽʣʴʰʝʥʥʷʤ ʚʤʽʩʪʫ ʙʨʦʤʫ. 

ɼʠʬʨʘʢʪʦʛʨʘʤʫ g-ʬʘʟʠ ʧʨʦʽʥʜʝʢʩʦʚʘʥʦ ʚ ʦʨʪʦʨʦʤʙʽʯʥʽʡ ʢʦʤʽʨʮʽ ʟ 

ʧʘʨʘʤʝʪʨʘʤʠ a=0.4164(6), b=0.6795(4), c=1.3175(2) ʥʤ. ʋ ʩʠʩʪʝʤʽ ʽʩʥʫʶʪʴ 

ʧʨʦʪʷʞʥʽ ʪʚʝʨʜʽ ʨʦʟʯʠʥʠ ʥʘ ʦʩʥʦʚʽ ʚʠʭʽʜʥʠʭ ʛʘʣʦʛʝʥʽʜʽʚ, ʷʢʽ ʤʽʩʪʷʪʴ ʜʦ 48 

ʤʦʣ. % HgBr2 (a-ʪʚʝʨʜʠʡ ʨʦʟʯʠʥ) ʪʘ ʜʦ 14 ʤʦʣ. % HgCl2 (b-ʪʚʝʨʜʠʡ ʨʦʟʯʠʥ) 

[48]. 

ʅʘ ʨʠʩ. 1.9 ʟʦʙʨʘʞʝʥʦ ʽʟʦʪʝʨʤʽʯʥʠʡ ʧʝʨʝʨʽʟ ʩʠʩʪʝʤʠ HgS-HgCl2-HgBr2 

ʧʨʠ 470 ʂ, ʷʢʠʡ ʙʫʚ ʧʦʙʫʜʦʚʘʥʠʡ ʥʘ ʦʩʥʦʚʽ ʜʽʘʛʨʘʤʠ ʩʪʘʥʫ ʩʠʩʪʝʤʠ Hg3S2Cl2-

Hg3S2Br2, ʜʽʘʛʨʘʤ ʩʪʘʥʫ ʢʚʘʟʽʙʽʥʘʨʥʠʭ ʩʠʩʪʝʤ, ʷʢʽ ʻ ʩʪʦʨʦʥʘʤʠ ʪʨʠʢʫʪʥʠʢʘ 

ʢʦʥʮʝʥʪʨʘʮʽʡ, ʘ ʪʘʢʦʞ ʘʥʘʣʽʟʫ ʨʷʜʫ ʜʦʜʘʪʢʦʚʠʭ ʩʧʣʘʚʽʚ. 

 

ʈʠʩ. 1.9. ɯʟʦʪʝʨʤʽʯʥʠʡ ʧʝʨʝʨʽʟ ʩʠʩʪʝʤʠ HgS-HgCl2-HgBr2 ʧʨʠ 470 ʂ (1 ï 

ʦʜʥʦʬʘʟʥʽ, 2 ï ʜʚʦʬʘʟʥʽ, 3 ï ʪʨʠʬʘʟʥʽ ʩʧʣʘʚʠ) [60]. 

ʊʚʝʨʜʠʡ ʨʦʟʯʠʥ ʥʘ ʦʩʥʦʚʽ ʩʫʣʴʬʦʭʣʦʨʠʜʫ ʤʝʨʢʫʨʽʶ ʟʥʘʭʦʜʠʪʴʩʷ ʚ 

ʨʽʚʥʦʚʘʟʽ ʟ ʪʚʝʨʜʠʤ ʨʦʟʯʠʥʦʤ ʥʘ ʦʩʥʦʚʽ ʭʣʦʨʠʜʫ ʤʝʨʢʫʨʽʶ, g-ʬʘʟʦʶ ʩʢʣʘʜʫ 

(HgCl2)0,45-0,18(HgBr2)0,55-0,82, ʷʢʘ ʫʪʚʦʨʶʻʪʴʩʷ ʚ ʩʠʩʪʝʤʽ HgCl2-HgBr2, ʘ ʪʘʢʦʞ ʟ 

HgS. ʊʚʝʨʜʠʡ ʨʦʟʯʠʥ ʥʘ ʦʩʥʦʚʽ Hg3S2Br2 ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʨʽʚʥʦʚʘʟʽ ʟ g-ʬʘʟʦʶ ʽ 

ʪʚʝʨʜʠʤ ʨʦʟʯʠʥʦʤ ʥʘ ʦʩʥʦʚʽ HgBr2, ʘ ʪʘʢʦʞ ʟ ʩʫʣʴʬʽʜʦʤ ʤʝʨʢʫʨʽʶ [46, 60]. 
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ɯʟʦʪʝʨʤʽʯʥʠʡ ʧʝʨʝʨʽʟ ʩʠʩʪʝʤʠ HgSe-HgCl2-HgBr2 ʧʨʠ 470 ʂ 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩ. 1.10. ɺʽʜʤʽʥʥʽʩʪʴ ʚʽʜ ʧʦʧʝʨʝʜʥʴʦʛʦ ʽʟʦʪʝʨʤʽʯʥʦʛʦ 

ʧʝʨʝʨʽʟʫ ʧʦʣʷʛʘʻ ʣʠʰʝ ʚ ʪʦʤʫ, ʱʦ ʦʙʣʘʩʪʽ ʪʨʠʬʘʟʥʠʭ ʨʽʚʥʦʚʘʛ ʚ ʜʘʥʽʡ ʩʠʩʪʝʤʽ 

(Hg3Se2Cl2+Hg3Se2Br2+HgSe ʪʘ Hg3Se2Cl2+Hg3Se2Br2+g) ʤʘʶʪʴ ʙʽʣʴʰʫ 

ʰʠʨʠʥʫ ʚʥʘʩʣʽʜʦʢ ʙʽʣʴʰʦʾ ʧʨʦʪʷʞʥʦʩʪʽ ʜʚʦʬʘʟʥʦʾ ʦʙʣʘʩʪʽ ʥʘ ʧʦʣʽʪʝʨʤʽʯʥʦʤʫ 

ʧʝʨʝʨʽʟʽ Hg3Se2Cl2-Hg3Se2Br2. 

 

ʈʠʩ. 1.10. ɯʟʦʪʝʨʤʽʯʥʠʡ ʧʝʨʝʨʽʟ ʩʠʩʪʝʤʠ HgSe-HgCl2-HgBr2 ʧʨʠ 470 ʂ (1 ï 

ʦʜʥʦʬʘʟʥʽ, 2 ï ʜʚʦʬʘʟʥʽ, 3 ï ʪʨʠʬʘʟʥʽ ʩʧʣʘʚʠ) [60]. 

ʉʠʩʪʝʤʘ HgTe-HgCl2-HgBr2, ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 1.11, ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ 

ʜʚʦʭ ʧʦʧʝʨʝʜʥʽʭ ʥʘʷʚʥʽʩʪʶ ʜʚʦʭ ʭʘʣʴʢʦʛʘʣʦʛʝʥʽʜʥʠʭ ʩʧʦʣʫʢ ʫ ʩʠʩʪʝʤʘʭ 

HgTe-HgCl2 ʪʘ HgTe-HgBr2, ʷʢʽ ʫʪʚʦʨʶʶʪʴ ʤʽʞ ʩʦʙʦʶ ʧʦʧʘʨʥʦ (Hg3Te2Cl2 ʪʘ 

Hg3Te2Br2; Hg3TeCl4 ʪʘ Hg3TeBr4) ʥʝʧʝʨʝʨʚʥʽ ʨʷʜʠ ʪʚʝʨʜʠʭ ʨʦʟʯʠʥʽʚ 

ʫʥʘʩʣʽʜʦʢ ʾʭ ʽʜʝʥʪʠʯʥʦʾ ʙʫʜʦʚʠ. 

 ʎʠʤʠ ʧʝʨʝʪʠʥʘʤʠ ʽʟʦʪʝʨʤʽʯʥʠʡ ʧʝʨʝʨʽʟ ʩʠʩʪʝʤʠ HgTe-HgCl2-HgBr2 

ʧʨʠ 470 ʂ ʧʦʜʽʣʷʻʪʴʩʷ ʥʘ ʪʨʠ ʯʘʩʪʠʥʠ, ʜʚʽ ʟ ʷʢʠʭ (ʚʝʨʭʥʷ ʽ ʩʝʨʝʜʥʷ) ʻ 

ʩʫʮʽʣʴʥʠʤʠ ʧʦʣʷʤʠ ʜʚʦʬʘʟʥʠʭ ʨʽʚʥʦʚʘʛ (HgTe+Hg3Te2(Cl1-xBrx)2 ʪʘ 

Hg3Te2(Cl1-xBrx)2+Hg3Te(Cl1-xBrx)4).  

ʋ ʥʠʞʥʽʡ ʯʘʩʪʠʥʽ ʽʟʦʪʝʨʤʽʯʥʦʛʦ ʧʝʨʝʨʽʟʫ ʩʠʩʪʝʤʠ HgTe-HgCl2-HgBr2 

ʟʥʘʭʦʜʷʪʴʩʷ ʪʨʠ ʦʙʣʘʩʪʽ ʜʚʦʬʘʟʥʠʭ ʨʽʚʥʦʚʘʛ, ʷʢʽ ʨʦʟʤʝʞʦʚʫʶʪʴʩʷ ʜʚʦʤʘ 
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ʚʫʟʴʢʠʤʠ ʪʨʠʬʘʟʥʠʤʠ ʦʙʣʘʩʪʷʤʠ, ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʜʚʦʬʘʟʥʠʤ ʨʽʚʥʦʚʘʛʘʤ ʚ 

ʩʠʩʪʝʤʽ HgCl2-HgBr2 [48]. 

 

ʈʠʩ. 1.11. ɯʟʦʪʝʨʤʽʯʥʠʡ ʧʝʨʝʨʽʟ ʩʠʩʪʝʤʠ HgTe-HgCl2-HgBr2 ʧʨʠ 470 ʂ (1 

ï ʦʜʥʦʬʘʟʥʽ, 2 ï ʜʚʦʬʘʟʥʽ, 3 ï ʪʨʠʬʘʟʥʽ ʩʧʣʘʚʠ) [60]. 

 

 

 

 

 

 

 

 

 

ʈʠʩ. 1.12. ɼʽʘʛʨʘʤʘ ʩʪʘʥʫ ʩʠʩʪʝʤʠ Hg3TeCl4-Hg3Te2Br2 [60]. 

ʅʘ ʨʠʩ. 1.12 ʧʨʝʜʩʪʘʚʣʝʥʦ ʜʽʘʛʨʘʤʫ ʩʪʘʥʫ ʩʠʩʪʝʤʠ Hg3TeCl4-Hg3Te2Br2, 

ʷʢʘ ʤʘʻ ʝʚʪʝʢʪʠʯʥʠʡ ʪʠʧ ʚʟʘʻʤʦʜʽʾ. ɽʚʪʝʢʪʠʯʥʘ ʪʦʯʢʘ ʩʢʣʘʜʫ 33 ʤʦʣ. % 

Hg3Te2Br2 ʟʤʽʱʝʥʘ ʜʦ Hg3TeCl4 ʚʥʘʩʣʽʜʦʢ ʚʝʣʠʢʦʾ ʨʽʟʥʠʮʽ ʪʝʤʧʝʨʘʪʫʨ 
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ʪʦʧʣʝʥʥʷ ʢʦʤʧʦʥʝʥʪʽʚ. ʈʦʟʯʠʥʥʽʩʪʴ ʢʦʤʧʦʥʝʥʪʽʚ ʧʨʠ ʝʚʪʝʢʪʠʯʥʽʡ 

ʪʝʤʧʝʨʘʪʫʨʽ (550 ʂ) ʩʢʣʘʜʘʻ 7 ʤʦʣ. % Hg3Te2Br2 ʜʣʷ a'-ʪʚʝʨʜʦʛʦ ʨʦʟʯʠʥʫ ʪʘ 

10 ʤʦʣ. % Hg3TeCl4 ʜʣʷ b'-ʪʚʝʨʜʦʛʦ ʨʦʟʯʠʥʫ. 

1.7. ʍʽʤʽʯʥʽ ʟʚôʷʟʢʠ ʚ ʭʘʣʴʢʦʛʘʣʦʛʝʥʽʜʘʭ ʤʝʨʢʫʨʽʶ 

ɼʣʷ ʩʪʨʫʢʪʫʨ ʭʘʣʴʢʦʛʘʣʦʛʝʥʽʜʽʚ ʤʝʨʢʫʨʽʶ ʟ̔ ʟʘʛʘʣʴʥʦʶ ʬʦʨʤʫʣʦʶ 

Hg3X2Y2 (X = S, Se, Te; Y = F, Cl, Br, I) ʭʘʨʘʢʪʝʨʥʽ ʢʦʚʘʣʝʥʪʥʽ ʟʚôʷʟʢʠ HgïX, 

ʧʨʠʯʦʤʫ ʜʚʦʚʘʣʝʥʪʥʠʡ ʤʝʨʢʫʨʽʡ ʧʨʘʛʥʝ ʜʦ ʣʽʥʽʡʥʦʾ ʢʦʦʨʜʠʥʘʮʽʾ ïXïHgïXï, ʘ 

ʘʪʦʤʠ ʭʘʣʴʢʦʛʝʥʽʚ  ï  ʜʦ ʪʠʧʫ ʧʽʨʘʤʽʜ [XHg3] ʟ ʢʫʪʘʤʠ X-Hg-X ~ 100Á.  

ɿʚô̫ ʟʢʠ HgïY ʻ ʽʦʥʥʠʤʠ, ʘʣʝ ʤʘʩʠʚʥʽ ʘʥʽʦʥʠ Cl
-
, Br

-
, I

-
 ʜʘʶʪʴ ʟʥʘʯʥʠʡ 

ʚʢʣʘʜ ʚ ʫʪʚʦʨʝʥʥʷ ʩʪʨʫʢʪʫʨʠ. ɺʦʥʠ ʬʦʨʤʫʶʪʴ ʜʦʩʪʘʪʥʴʦ ʨʝʛʫʣʷʨʥʫ ʧʽʜʛʨʘʪʢʫ 

ʟ ʝʣʝʤʝʥʪʘʨʥʦʶ ʢʦʤʽʨʢʦʶ, ʧʦ ʬʦʨʤʽ ʙʣʠʟʴʢʽʡ ʜʦ ʢʫʙʽʯʥʦʾ ʧʨʠʤʽʪʠʚʥʦʾ ʟ 

ʨʝʙʨʦʤ ~ 4,5 ¡. ɼʦʢʘʟʦʤ ʾʭ ʚʧʣʠʚʫ ʥʘ ʩʪʨʫʢʪʫʨʦʫʪʚʦʨʝʥʥʷ ʻ ʚʝʣʠʢʠʡ ʩʪʫʧʽʥʴ 

ʾʭ ʫʧʦʨʷʜʢʦʚʘʥʦʩʪʽ ʢʨʠʩʪʘʣʦʛʨʘʬʽʯʥʠʤʠ ʧʣʦʱʠʥʘʤʠ (ʥʘʚʽʪʴ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ 

ʚʘʞʢʠʤʠ ʘʪʦʤʘʤʠ ʤʝʨʢʫʨʽʶ) ʪʘ ʧʝʨʝʚʘʞʥʠʤ ʨʦʟʤʽʱʝʥʥʷʤ ʚ ʦʢʨʝʤʠʭ 

ʧʦʟʠʮʽʷʭ ʬʝʜʦʨʽʚʩʴʢʠʭ ʛʨʫʧ. ɻʘʣʦʛʝʥʥʽ ʧʽʜʛʨʘʪʢʠ ʚ ʫʩʽʭ ʩʪʨʫʢʪʫʨʘʭ 

ʮʝʥʪʨʦʚʘʥʽ ʘʪʦʤʘʤʠ ʭʘʣʴʢʦʛʝʥʫ ʪʘʢ, ʱʦ ʛʘʣʦʛʝʥʠ ʪʘ ʭʘʣʴʢʦʛʝʥʠ ʨʘʟʦʤ 

ʫʪʚʦʨʶʶʪʴ ʧʽʜʛʨʘʪʢʠ ʪʠʧʫ CsCl, ʘʣʝ ʫʧʦʨʷʜʢʦʚʘʥʽʩʪʴ ʭʘʣʴʢʦʛʝʥʽʚ ʥʘ ʧʦʨʷʜʦʢ 

ʥʠʞʯʘ, ʥʽʞ ʫ ʛʘʣʦʛʝʥʽʚ. ʊʨʠ ʛʨʘʥʽ ʮʠʭ ʧʽʜʛʨʘʪʦʢ, ʷʢʽ ʩʭʦʜʷʪʴʩʷ ʚ ʦʜʥʽʡ 

ʚʝʨʰʠʥʽ, ʮʝʥʪʨʦʚʘʥʽ ʢʘʪʽʦʥʘʤʠ Hg
2+
. ɺʽʜʧʦʚʽʜʥʦ, ʙʣʦʢ-ʤʦʜʫʣʝʤ ʫʩʽʭ ʮʠʭ 

ʩʪʨʫʢʪʫʨ ʻ ʢʫʙ, ʥʘ ʚʝʨʰʠʥʘʭ ʷʢʦʛʦ ï ʛʘʣʦʛʝʥʠ, ʫ ʮʝʥʪʨʽ ï ʘʪʦʤ ʭʘʣʴʢʦʛʝʥʘ, ʘ ʚ 

ʮʝʥʪʨʽ ʪʨʴʦʭ ʩʫʤʽʞʥʠʭ ʧʦ ʜʚʦʭ ʨʝʙʨʘʭ ʛʨʘʥʝʡ ï ʘʪʦʤʠ ʤʝʨʢʫʨʽʶ. 

ʃʽʥʽʡʥʽ ʟʚôʷʟʢʠ ïXïHgïXï, ʱʦ ʚʠʭʦʜʷʪʴ ʟ ʮʝʥʪʨʫ ʢʫʙʘ, ʟʚôʷʟʫʶʪʴ ʜʘʥʠʡ 

ʤʦʜʫʣʴ ʟ̔ ʩʫʩʽʜʥʽʤ, ʘʣʝ ʜʚʘ ʚʣʘʩʥʽ ʟʚôʷʟʢʠ ïXïHgïXï ʩʫʩʽʜʥʴʦʛʦ ʤʦʜʫʣʷ 

ʤʦʞʫʪʴ ʙʫʪʠ ʦʨʽʻʥʪʦʚʘʥʽ ʯʦʪʠʨʤʘ ʩʧʦʩʦʙʘʤʠ, ʷʢʽ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʧʦʚʦʨʦʪʦʤ 

ʥʘʚʢʦʣʦ ʟʚôʷʟʢʫ ïXïHgïXï ʥʘ 90Á. ʊʘʢʠʡ ʘʣʛʦʨʠʪʤ ʧʦʙʫʜʦʚʠ ʩʪʨʫʢʪʫʨ 

ʪʝʦʨʝʪʠʯʥʦ ʜʘʻ ʥʝʩʢʽʥʯʝʥʥʫ ʤʥʦʞʠʥʫ ʚʘʨʽʘʥʪʽʚ ï ʦʩʪʨʽʚʥʠʭ, ʣʘʥʮʶʛʦʚʠʭ, 

ʰʘʨʦʚʠʭ ʪʘ ʪʨʠʤʽʨʥʠʭ [56ï59]. ʋ ʪʘʙʣʠʮʽ 1.9 ʧʨʝʜʩʪʘʚʣʝʥʦ ʢʦʦʨʜʠʥʘʮʽʡʥʽ 

ʯʠʩʣʘ ʘʪʦʤʽʚ ʤʝʨʢʫʨʽʶ, ʤʽʞʘʪʦʤʥʽ ʚʽʜʩʪʘʥʽ HgïX ʪʘ HgïY ʪʘ ʚʘʣʝʥʪʥʽ ʢʫʪʠ 

Hg-XHg ʫ ʩʪʨʫʢʪʫʨʘʭ Hg3X2Y2. 
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ʊʘʙʣʠʮʷ 1.9. 

ʂʦʦʨʜʠʥʘʮʽʡʥʽ ʯʠʩʣʘ ʘʪʦʤʽʚ ʤʝʨʢʫʨʽʶ, ʤʽʞʘʪʦʤʥʽ ʚʽʜʩʪʘʥʽ HgïX ʪʘ HgïY ʪʘ 

ʚʘʣʝʥʪʥʽ ʢʫʪʠ Hg-X-Hg ʫ ʩʪʨʫʢʪʫʨʘʭ Hg3X2Y2 [60]. 

 

ʉʧʦʣʫʢʘ 

 

ʂ.ʯ. 

ɺʽʜʩʪʘʥʽ, ʥʤ  

ʂʫʪʠ, ʛʨʘʜ. HgïX HgïY 

a-Hg3S2Cl2 4 0.245 0.292 92 

b-Hg3S2Cl2 6 0.236ς0.240 0.270ς0.364 94.8ς98.0 

g-Hg3S2Cl2 6 0.244 0.267ς0.355 94ς96 

a-Hg3S2Br2 6 0.238ς0.241 0.285ς0.371 95.8ς98.5 

b-Hg3S2Br2 4, 5, 6 0.224ς0.269 0.264ς0.339 84.4ς109.3 

Hg3S2I2 6 ς ς ς 

Hg3Se2Cl2 4 0.251 0.290 92 

Hg3Se2Br2 6 0.250ς0.254 0.282ς0.373 93.8ς946 

Hg3Se2I2 6 0.236ς0.266 0.279ς0.409 85.7ς108.4 

Hg3Te2Cl2 4 0.265 0.299 91 

Hg3Te2Br2 4 0.264 0.308 92 

Hg3Te2I2 6 0.262ς0.277 0.299ς0.417 88.3ς100.0 

Hg3Te2BrI 6 0.252ς0.276 0.285ς0.401 88.7ς100.2 

 

ʇʦʢʘʟʥʠʢʦʤ ʦʩʦʙʣʠʚʦʾ ʨʦʣʽ ʛʘʣʦʛʝʥʽʚ ʫ ʩʪʨʫʢʪʫʨʦʫʪʚʦʨʝʥʥʽ ʻ 

ʧʝʨʝʚʘʞʘʶʯʝ ʨʦʟʤʽʱʝʥʥʷ ʾʭ ʫ ʯʘʩʪʢʦʚʠʭ ʧʦʟʠʮʽʷʭ. ɼʣʷ ʢʦʚʘʣʝʥʪʥʦ-ʟʚ'ʷʟʘʥʠʭ 

ʘʪʦʤʽʚ ʮʽ ʧʦʟʠʮʽʾ ʤʦʞʫʪʴ ʙʫʪʠ ʥʝʟʨʫʯʥʠʤʠ ʧʨʠ ʥʝʚʽʜʧʦʚʽʜʥʦʩʪʽ ʩʠʤʝʪʨʽʾ 
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ʟʚ'ʷʟʢʽʚ ʟ ʪʦʯʢʦʚʦʶ ʩʠʤʝʪʨʽʻʶ ʧʦʟʠʮʽʾ. ʉʣʽʜ ʚʽʜʤʽʪʠʪʠ, ʱʦ ʽʩʥʫʚʘʥʥʷ ʝʬʝʢʪʫ 

ʫʧʦʨʷʜʢʫʚʘʥʥʷ ʞʦʨʩʪʢʠʭ ʘʪʦʤʥʠʭ ʬʨʘʛʤʝʥʪʽʚ ïXïHgïXï ʪʘ [XHg3] ʤʦʞʝ 

ʩʣʘʙʰʘʪʠ, ʷʢʱʦ ʚʦʥʠ çʰʘʨʥʽʨʥʦè ʟʚôʷʟʘʥʽ ʩʠʣʴʥʠʤʠ ʤʽʞʘʪʦʤʥʠʤʠ 

ʚʟʘʻʤʦʜʽʷʤʠ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ çʧʨʦʨʦʩʪʘʥʥʷè ʪʘʢʠʭ 

ʢʦʤʧʦʥʝʥʪʽʚ ʫ ʤʘʪʨʠʮʽ ʽʥʰʠʭ ʚʽʜʥʦʩʥʦ ʽʟʦʣʴʦʚʘʥʠʭ ʘʪʦʤʽʚ. ʊʘʢʠʤ ʯʠʥʦʤ, ʫ 

ʩʪʨʫʢʪʫʨʘʭ ʭʘʣʴʢʦʛʘʣʦʛʝʥʽʜʽʚ ʤʝʨʢʫʨʽʶ ʪʠʧʫ Hg3X2Y2 ʩʪʨʫʢʪʫʨʦʫʪʚʦʨʶʶʯʠʤ 

ʬʘʢʪʦʨʦʤ ʚʠʩʪʫʧʘʻ ʢʦʚʘʣʝʥʪʥʦ-ʟʚô̫ ʟʘʥʠʡ ʨʘʜʠʢʘʣ {Hg3X2}, ʱʦ ʧʨʦʥʠʟʫʻ 

(ʧʨʦʨʦʩʪʘʻ) ʨʝʛʫʣʷʨʥʫ (ʧʩʝʚʜʦʢʫʙʽʯʥʫ) ʧʽʜʛʨʘʪʢʫ ʘʪʦʤʽʚ ʛʘʣʦʛʝʥʫ. 
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ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 1 

1. ʇʨʝʜʩʪʘʚʣʝʥʦ ʦʛʣʷʜ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʾ ʣʽʪʝʨʘʪʫʨʠ ʟ̔ ʟʘʛʘʣʴʥʠʭ 

ʬʽʟʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʢʨʠʩʪʘʣʽʚ ʨʦʜʠʥʠ ʢʦʨʜʝʨʦʾʪʫ Hg3X2Y2 (X = S, 

Se, Te; Y = F, Cl, Br, I). 

2. ʇʨʦʘʥʘʣʽʟʦʚʘʥʦ ʦʩʥʦʚʥʽ ʩʪʨʫʢʪʫʨʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʭʘʣʴʢʦʛʘʣʦʛʝʥʽʜʽʚ 

ʤʝʨʢʫʨʽʶ ʪʠʧʫ Hg3X2Y2. ʈʦʟʛʣʷʪʫʪʦ ʢʨʠʩʪʘʣʦʩʪʨʫʢʪʫʨʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʧʦʣʫʢ, ʢʣʘʩʠʬʽʢʘʮʽʶ ʩʪʨʫʢʪʫʨʥʠʭ ʪʠʧʽʚ ʪʘ 

ʧʦʣʽʤʦʨʬʽʟʤ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʢʨʠʩʪʘʣʽʚ.  

3. ʈʦʟʛʣʷʥʫʪʦ ʬʘʟʦʚʽ ʨʽʚʥʦʚʘʛʠ ʫ ʩʠʩʪʝʤʘʭ HgS(Se, Te)-HgCl2-HgBr2. 

ʇʨʝʜʩʪʘʚʣʝʥʦ ʜʝʪʘʣʴʥʠʡ ʘʥʘʣʽʟ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʽʘʛʨʘʤ ʩʪʘʥʫ ʩʠʩʪʝʤ 

Hg3X2Y
1
2-Hg3X2Y

2
2.  
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ʈʆɿɼɯʃ 2 

ɽʃɽʂʊʈʆʅʅɸ ʉʊʈʋʂʊʋʈɸ ʂʈʀʉʊɸʃɯɺ  ʈʆɼʀʅʀ 

ʂʆʈɼɽʈʆɰʊʋ Hg3X2Y2 (X = S, Se, Te; Y= F, Cl, Br) 

 

2.1. ʄʝʪʦʜʠʢʘ ʨʦʟʨʘʭʫʥʢʽʚ ʟʦʥʥʦʾ ʩʪʨʫʢʪʫʨʠ ʢʨʠʩʪʘʣʽʚ ʪʠʧʫ 

Hg3X2Y2 

ɺʩʽ ʨʦʟʨʘʭʫʥʢʠ ʝʥʝʨʛʝʪʠʯʥʠʭ ʟʦʥʥʠʭ ʩʪʨʫʢʪʫʨ ʙʫʣʠ ʧʨʦʚʝʜʝʥʽ ʥʘʤʠ ʚ 

ʨʘʤʢʘʭ ʪʝʦʨʽʾ ʬʫʥʢʮʽʦʥʘʣʘ ʛʫʩʪʠʥʠ [70ς74] ʚ ʥʘʙʣʠʞʝʥʥʽ ʣʦʢʘʣʴʥʦʾ ʛʫʩʪʠʥʠ ʟ 

ʚʨʘʭʫʚʘʥʥʷʤ ʝʬʝʢʪʽʚ ʦʙʤʽʥʫ ʪʘ ʢʦʨʝʣʷʮʽʾ [75, 76], ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʧʨʦʛʨʘʤʥʦʛʦ ʧʘʢʝʪʘ SIESTA [77]. ʋ ʨʦʙʦʪʽ [78] ʧʦʢʘʟʘʥʦ, ʱʦ ʫ ʚʠʧʘʜʢʫ 

ʨʦʟʨʘʭʫʥʢʽʚ ʟʦʥʥʠʭ ʩʪʨʫʢʪʫʨ ʜʣʷ ʩʧʦʣʫʢ, ʜʦ ʩʢʣʘʜʫ ʷʢʠʭ ʚʭʦʜʷʪʴ ʚʘʞʢʽ 

ʝʣʝʤʝʥʪʠ, ʜʣʷ ʧʦʢʨʘʱʝʥʥʷ ʪʦʯʥʦʩʪʽ ʦʙʯʠʩʣʝʥʥʷ ʟʥʘʯʝʥʥʷ ʰʠʨʠʥʠ 

ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ ʢʨʘʱʝ ʚʨʘʭʦʚʫʚʘʪʠ ʦʙʤʽʥʥʦ-ʢʦʨʝʣʷʮʽʡʥʫ ʚʟʘʻʤʦʜʽʶ ʚ 

ʥʘʙʣʠʞʝʥʥʽ ʣʦʢʘʣʴʥʦʾ ʛʫʩʪʠʥʠ (LDA), ʥʽʞ ʚ ʥʘʙʣʠʞʝʥʥʽ ʫʟʘʛʘʣʴʥʝʥʦʛʦ 

ʛʨʘʜʽʻʥʪʘ (GGA). ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʚʨʘʭʫʚʘʥʥʷ ʝʣʝʢʪʨʦʥʥʦʾ ʢʦʨʝʣʷʮʽʾ ʫ 

ʚʠʛʣʷʜʽ ʜʦʜʘʪʢʦʚʦʛʦ ʜʦʜʘʥʢʫ U ʜʦʟʚʦʣʠʣʦ ʽʩʪʦʪʥʦ ʧʽʜʚʠʱʠʪʠ ʪʦʯʥʽʩʪʴ 

ʦʙʯʠʩʣʝʥʥʷ ʰʠʨʠʥʠ ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ [79, 80], ʫ ʪʦʡ ʯʘʩ ʷʢ ʷʢʽʩʥʦ ʭʘʨʘʢʪʝʨ 

ʦʩʦʙʣʠʚʦʩʪʝʡ ʩʧʝʢʪʨʽʚ ʚʘʣʝʥʪʥʦʾ ʟʦʥʠ ʧʨʠ ʮʴʦʤʫ ʥʝ ʟʤʽʥʶʻʪʴʩʷ.  

ɺ ʷʢʦʩʪʽ ʨʦʟʨʘʭʫʥʢʦʚʦʛʦ ʙʘʟʠʩʫ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʣʽʥʽʡʥʽ ʢʦʤʙʽʥʘʮʽʾ 

ʘʪʦʤʥʠʭ ʦʨʙʽʪʘʣʝʡ. ʇʝʨʽʦʜʠʯʥʘ ʩʪʨʫʢʪʫʨʘ ʢʨʠʩʪʘʣʘ ʚʨʘʭʦʚʫʚʘʣʘʩʷ ʯʝʨʝʟ 

ʛʨʘʥʠʯʥʽ ʫʤʦʚʠ ʥʘ ʤʝʞʘʭ ʝʣʝʤʝʥʪʘʨʥʦʾ ʢʦʤʽʨʢʠ. ʋ ʨʦʟʨʘʭʫʥʢʘʭ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʧʝʨʰʦʧʨʠʥʮʠʧʥʽ ʘʪʦʤʥʽ ʥʦʨʤʦ-ʟʙʝʨʽʛʘʶʯʽ 

ʧʩʝʚʜʦʧʦʪʝʥʮʽʘʣʠ [81, 82] ʘʪʦʤʥʠʭ ʝʣʝʢʪʨʦʥʥʠʭ ʢʦʥʬʽʛʫʨʘʮʽʡ: Hg ï [Xe] 

5d
10

6s
2
, 

 
S ï [Ne] 3s

2
3p

4
,  Se ï [Ar] 4s

2
4p

4
,  Te ï [Kr] 4d

10
5s

2
5p

4
, F ï [He] 2s

2
2p

5
,
 
 

Cl ï [Ne] 3s
2
3p

5
, Br ï [Ar] 3d

10
4s

2
4p

5
. 

ɽʥʝʨʛʽʷ ʚʽʜʩʽʢʘʥʥʷ ʧʣʦʩʢʠʭ ʭʚʠʣʴ ʜʣʷ ʩʘʤʦʫʟʛʦʜʞʝʥʦʛʦ ʨʦʟʨʘʭʫʥʢʫ 

ʦʙʠʨʘʣʘʩʷ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ ʦʜʝʨʞʘʪʠ ʟʙʽʞʥʽʩʪʴ ʧʦ ʧʦʚʥʽʡ ʝʥʝʨʛʽʾ ʢʦʤʽʨʢʠ ʥʝ 

ʛʽʨʰʝ 0.001 Ry/ʘʪʦʤ ʪʘ ʜʦʨʽʚʥʶʚʘʣʘ Eʚʽʜʩ. = 1200ï4500 Ry ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʪʠʧʫ ʩʧʦʣʫʢʠ. ʇʨʠ ʮʴʦʤʫ ʙʘʟʠʩ ʥʘʨʘʭʦʚʫʚʘʚ ʧʦʨʷʜʢʘ 12416 ʘʪʦʤʥʠʭ 
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ʦʨʙʽʪʘʣʝʡ. ɻʫʩʪʠʥʘ ʩʽʪʢʠ k-ʪʦʯʦʢ ʚ ʦʙʝʨʥʝʥʦʤʫ ʧʨʦʩʪʦʨʽ ʜʣʷ 

ʩʘʤʦʫʟʛʦʜʞʝʥʦʛʦ ʨʦʟʨʘʭʫʥʢʫ ʦʙʠʨʘʣʘʩʷ ʟ ʪʘʢʠʭ ʞʝ ʤʽʨʢʫʚʘʥʴ. ɽʣʝʢʪʨʦʥʥʘ 

ʛʫʩʪʠʥʘ ʨʦʟʨʘʭʦʚʘʥʘ ʤʝʪʦʜʦʤ ʩʧʝʮʽʘʣʴʥʠʭ ʪʦʯʦʢ ʥʘ ʩʽʪʮʽ 4Ĭ4Ĭ4 ʜʣʷ ʚʩʽʭ 

ʩʧʦʣʫʢ ʚ ʦʙʝʨʥʝʥʦʤʫ ʧʨʦʩʪʦʨʽ. ʇʦʚʥʘ ʪʘ ʧʘʨʮʽʘʣʴʥʽ ʛʫʩʪʠʥʠ ʝʣʝʢʪʨʦʥʥʠʭ 

ʩʪʘʥʽʚ ʚʠʟʥʘʯʘʣʠʩʷ ʤʦʜʠʬʽʢʦʚʘʥʠʤ ʤʝʪʦʜʦʤ ʪʝʪʨʘʝʜʨʽʚ, ʜʣʷ ʷʢʦʛʦ ʩʧʝʢʪʨ 

ʝʥʝʨʛʽʾ ʪʘ ʭʚʠʣʴʦʚʽ ʬʫʥʢʮʽʾ ʨʦʟʨʘʭʦʚʫʚʘʣʠʩʷ ʥʘ k-ʩʽʪʮʽ, ʷʢʘ ʤʽʩʪʠʣʘ ʚʽʜ 75 

(ʜʣʷ Hg3Te2Br2 ʪʘ Hg3Te2Cl2) ʜʦ 108 (ʜʣʷ Hg3S2Cl2, Hg3S2F2 ʪʘ Hg3Se2Cl2) 

ʪʦʯʦʢ. ɯʥʪʝʛʨʫʚʘʥʥʷ ʧʦ ʥʝʟʚʽʜʥʽʡ ʯʘʩʪʠʥʽ ʟʦʥʠ ɹʨʠʣʶʝʥʘ ʧʨʦʚʦʜʠʣʦʩʴ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʪʦʜʫ ʩʧʝʮʽʘʣʴʥʠʭ k-ʪʦʯʦʢ [83, 84]. ɺʘʨʪʦ ʚʽʜʤʽʪʠʪʠ, ʱʦ 

ʤʝʪʦʜ DFT ʻ ʥʘʡʙʽʣʴʰ ʪʦʯʥʠʤ ʤʝʪʦʜʦʤ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʝʣʝʢʪʨʦʥʥʠʭ 

ʩʪʨʫʢʪʫʨ ʪʚʝʨʜʠʭ ʪʽʣ [85ς88]. 

2.2. ʊʝʦʨʝʪʠʢʦ-ʛʨʫʧʦʚʠʡ ʘʥʘʣʽʟ ʜʠʩʧʝʨʩʽʡʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ 

ʝʣʝʢʪʨʦʥʥʦʛʦ ʩʧʝʢʪʨʘ ʢʨʠʩʪʘʣʽʚ ʪʠʧʫ Hg3X2Y2. ʋʤʦʚʠ ʩʫʤʽʩʥʦʩʪʽ 

ʇʨʦʚʝʜʝʥʥʷ ʨʦʟʨʘʭʫʥʢʽʚ ʟʦʥʥʦʾ ʩʪʨʫʢʪʫʨʠ ʢʨʠʩʪʘʣʽʚ ʪʠʧʫ Hg3X2Y2 ʟ 

ʧʝʨʰʠʭ ʧʨʠʥʮʠʧʽʚ [20, 21, 26, 28, 31, 33, 34, 36, 39] ʚʢʘʟʫʻ ʥʘ ʬʦʨʤʫʚʘʥʥʷ 

ʝʥʝʨʛʝʪʠʯʥʦʾ ʩʪʨʫʢʪʫʨʠ ʚ ʦʢʦʣʽ ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ ʰʣʷʭʦʤ ʛʽʙʨʠʜʠʟʘʮʽʾ p-

ʦʨʙʽʪʘʣʝʡ ʘʪʦʤʽʚ ʭʘʣʴʢʦʛʝʥʽʚ ʪʘ ʛʘʣʦʛʝʥʽʚ. ɼʥʦ ʟʦʥʠ ʧʨʦʚʽʜʥʦʩʪʽ ʬʦʨʤʫʻʪʴʩʷ 

p/d-ʩʪʘʥʘʤʠ ʘʪʦʤʽʚ ʭʘʣʴʢʦʛʝʥʽʚ ʪʘ s-ʩʪʘʥʘʤʠ ʘʪʦʤʽʚ ʤʝʨʢʫʨʽʶ. ʊʘʢʠʤ ʯʠʥʦʤ ʟ 

ʘʥʘʣʽʟʫ ʟʦʥʥʦʾ ʩʪʨʫʢʪʫʨʠ ʢʨʠʩʪʘʣʽʚ ʪʠʧʫ Hg3X2Y2 ʤʦʞʥʘ ʚʚʘʞʘʪʠ, ʱʦ 

ʨʦʟʜʽʣʝʥʽ ʝʣʝʢʪʨʦʥʥʽ ʩʪʘʥʠ ʤʝʨʢʫʨʽʶ ʪʘ ʛʽʙʨʠʜʠʟʦʚʘʥʽ ʩʪʘʥʠ ʛʘʣʦʛʝʥʽʚ ʪʘ 

ʭʘʣʴʢʦʛʝʥʽʚ ʬʦʨʤʫʶʪʴ ʟʘʙʦʨʦʥʝʥʫ ʟʦʥʫ. ɼʝʪʘʣʴʥʠʡ ʘʥʘʣʽʟ ʝʣʝʢʪʨʦʥʥʠʭ 

ʩʪʨʫʢʪʫʨ ʽʟʦʩʪʨʫʢʪʫʨʥʠʭ ʢʫʙʽʯʥʠʭ ʢʨʠʩʪʘʣʽʚ ʪʠʧʫ Hg3X2Y2 ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ 

ʥʘʩʪʫʧʥʠʭ ʧʽʜʧʫʥʢʪʘʭ.  

ɼʣʷ ʧʦʜʘʣʴʰʦʾ ʜʝʪʘʣʽʟʘʮʽʾ ʝʣʝʢʪʨʦʥʥʦʾ ʩʪʨʫʢʪʫʨʠ ʧʨʦʚʝʜʝʤʦ ʪʝʦʨʝʪʠʢʦ-

ʛʨʫʧʦʚʠʡ ʦʧʠʩ ʩʠʤʝʪʨʽʡʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʝʥʝʨʛʝʪʠʯʥʦʾ ʩʪʨʫʢʪʫʨʠ ʟʦʥ. 

ʉʧʦʣʫʢʠ ʪʠʧʫ Hg3X2Y2 ʢʨʠʩʪʘʣʽʟʫʻʪʴʩʷ ʚ ʢʫʙʽʯʥʽʡ ʩʪʨʫʢʪʫʨʽ, ʩʠʤʝʪʨʽʷ ʷʢʦʾ 

ʦʧʠʩʫʻʪʴʩʷ ʧʨʦʩʪʦʨʦʚʦʶ ʛʨʫʧʦʶ ʊ
5
ïI213 (ˉ 199) [89] ʟ ʦʙôʻʤʦʮʝʥʪʨʠʯʥʦʶ 

ˇʨʘʪʢʦʶ ʪʘ ʯʦʪʠʨʤʘ ʬʦʨʤʫʣʴʥʠʤʠ ʦʜʠʥʠʮʷʤʠ (ʧʨʠʤʽʪʠʚʥʘ ʛʨʘʪʢʘ ʪʘ 1/8 ʟʦʥʠ 

ɹʨʠʣʶʝʥʘ ʧʨʠʚʝʜʝʥʽ ʥʘ ʨʠʩ. 2.1ï2.2).  
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ɹʘʟʠʩʥʽ ʚʝʢʪʦʨʠ ʧʨʷʤʦʾ ʪʘ ʦʙʝʨʥʝʥʦʾ ʛʨʘʪʢʠ: 

   

       (2.1) 

   

 

ʈʠʩ. 2.1. ʇʨʠʤʽʪʠʚʥʘ ʛʨʘʪʢʘ ʩʪʨʫʢʪʫʨʠ ʪʠʧʫ Hg3X2Y2. 

 

ʈʠʩ. 2.2. ɿʦʥʘ ɹʨʠʣʶʝʥʘ ʆʎʂ ʛʨʘʪʢʠ. 
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ʊʘʙʣʠʮʷ 2.1. 

ʊʠʧʠ k-ʚʝʢʪʦʨʽʚ ʧʨʦʩʪʦʨʦʚʦʾ ʛʨʫʧʠ ʊ
5
ï I213 (ˉ 199). 

ʆʧʠʩ k-ʚʝʢʪʦʨʘ  

 ʆʙʝʨʥʝʥʠʡ 

ʙʘʟʠʩ 

 

ʇʦʟʠʮʽʾ 

ɺʠʢʦʬʘ 

ʂʦʦʨʜʠʥʘʪʠ 

ʇʦʟʥʘʯʝʥʥʷ 
ʇʨʠʤʽʪʠʚʥʠʡ 

ʙʘʟʠʩ 

GM 0,0,0 0,0,0 4 a 23. 0,0,0 

H 1/2,-1/2,1/2 0,1,0 4 b 23. 0,1/2,0 

H~R   4 b 23. 1/2,1/2,1/2 

P 1/4,1/4,1/4 1/2,1/2,1/2 4 c 23. 1/4,1/4,1/4 

PA -1/4,-1/4,3/4 1/2,1/2,-1/2 4 d 23. 1/4,1/4,-1/4 

P~P1   4 d 23. 3/4,3/4,3/4 

LD u,u,u ex 2u,2u,2u 16 e .3. 
x,x,x : 0 < x < 

1/4 

F 

1/2-u,-

1/2+3u,1/2-u 

ex 

2u,1-2u,2u 16 e .3. 
x,1/2-x,x : 0 < 

x < 1/4 

F~F1=[P R]   16 e .3. 
x,x,x : 1/4 < x 

< 1/2 

F~F2=[P H3]   16 e .3. 
x,x,1/2-x : 0 < 

x < 1/4 

LE -u,-u,3u ex 2u,2u,-2u 16 e .3. 
x,x,-x : 0 < x < 

1/4 

LE~LD1=[P1 GM

1] 
  16 e .3. 

x,x,x : 3/4 < x 

< 1 

FA 
-1/2+u,1/2-

3u,1/2+u ex 
1-2u,2u,-2u 16 e .3. 

1/2-x,x,-x : 0 < 

x < 1/4 
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FA~F3 [R P1]   16 e .3. 
x,x,x : 1/2 < x 

< 3/4 

LD+F1+LD1+F3=[

GM GM1] \ [P, R, 

P1] 

  16 e .3. 

x,x,x : 0 < x < 

1, 

x!=1/4,1/2,3/4 

DT u,-u,u 0,2u,0 24 f 2.. 
0,y,0 : 0 < y < 

1/2 

N 0,0,1/2 ex 1/2,1/2,0 24 g 2.. 1/4,1/4,0 

D u,u,1/2-u ex 1/2,1/2,2u 24 g 2.. 
1/4,1/4,z : 0 < 

z < 1/4 

DA -u,-u,1/2+u ex 1/2,1/2,-2u 24 g 2.. 
1/4,1/4,z : -1/4 

< z < 0 

N+D+DA=[P PA]   24 g 2.. 
1/4,1/4,z : -1/4 

< z < 1/4 

GP u,v,w w+v,u+w,u+v 48 h 1 

x,y,z : -x <= z 

<= x < y < 1/2-

x, x!=0 U 

U x,y,z : -y < z 

< y <= x <= 

1/2-y. 

ɽʣʝʤʝʥʪʘʨʥʘ ʢʦʤʽʨʢʘ ʛʨʘʪʢʠ ʻ ʦʢʪʘʝʜʨʦʤ, ʦʙʤʝʞʝʥʠʤ ʧʣʦʱʠʥʘʤʠ: 

 ʪʘ ;                   (2.2) 

ʇʝʨʰʘ ʟʦʥʘ ɹʨʠʣʶʝʥʘ ʻ ʨʦʤʙʦʜʦʜʝʢʘʝʜʨʦʤ, ʦʙʤʝʞʝʥʠʤ ʧʣʦʱʠʥʘʤʠ: 

 ;    (2.3) 

ɺʠʩʦʢʦʩʠʤʝʪʨʠʯʥʽ ʪʦʯʢʠ ɿɹ ʚ ʧʦʟʥʘʯʝʥʥʷʭ [89] ʧʨʠʚʝʜʝʥʽ ʫ ʪʘʙʣ. 2.2. 

 ɼʣʷ ʛʨʘʪʢʠ Cv:  

Ɇ = k4, G = k6, ȿ = /5 k6, æ
'
 = k8,  

N = k9, P = k10, ɻ = k11,                                    (2.4) 

X = /5 k12, X
'
 = k12, F = /5 k13, F

'
 = k13;  



 

 

 

50 

ʊʘʙʣʠʮʷ 2.2. 

ɺʠʩʦʢʦʩʠʤʝʪʨʠʯʥʽ ʪʦʯʢʠ ʟʦʥʠ ɹʨʠʣʶʝʥʘ. 

ɺʝʢʪʦʨʠ  ʷʢ ʣʽʥʽʡʥʽ ʢʦʤʙʽʥʘʮʽʾ 

ʚʝʢʪʦʨʽʚ 

,  

ɺʝʢʪʦʨʠ  ʚ ʢʦʤʧʦʥʝʥʪʘʭ 

ʥʘ ʦʩʽ ʢʦʦʨʜʠʥʘʪ kx, ky, kz 

ɽʣʝʤʝʥʪʠ hj ʢʣʘʩʫ Oh, ̫ ʢʽ ʥʝ 

ʤʽʥʷʶʪʴ ʚʝʢʪʦʨ  ʘʙʦ 

ʤʽʥʷʶʪʴ ʡʦʛʦ ʥʘ ʚʝʢʪʦʨ 
ʦʙʝʨʥʝʥʦʾ ʛʨʘʪʢʠ 

= ɛ  , , 0 h1, h28 

= ɛ  , ,  h1, h37 

 

 

 

h1, h40 

 
,  h1, h16,  h28, h37 

= ɛ   0 h1, h13,  h28, h40 

  
h1, h4,  h37, h40 

  
h1, h5,  h9, h37, h41, h45 

 0,  h1, h4,  h14, h15, h26, h27,  h37, h40 

  
h1, h4,  h13, h16, h25, h28,  h37, h40 

  

h1, h2,  h3, h4, h5, h6,  h7, h8, h9, 

h10,  h11, h12, h37, h38,  h39, h40, h41, 

h42,  h43, h44, h45, h46,  h47, h48 

 0, 0, 0 h1, h2,  h3, é, h48 

 
0, 0,  h1, h2,  h3, é, h48 
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ʊʝʦʨʝʪʠʢʦ-ʛʨʫʧʦʚʠʡ ʘʥʘʣʽʟ ʚʠʨʦʜʞʝʥʴ ʫ ʚʠʩʦʢʦʩʠʤʝʪʨʠʯʥʠʭ ʪʦʯʢʘʭ ɿɹ 

ʪʘ ʾʭ ʟʤʽʥʘ ʧʨʠ ʧʝʨʝʭʦʜʽ ʚʽʜ ʦʜʥʽʻʾ ʚʠʩʦʢʦʩʠʤʝʪʨʠʯʥʦʾ ʪʦʯʢʠ ʜʦ ʽʥʰʦʾ 

ʜʦʟʚʦʣʷʻ ʧʦʙʫʜʫʚʘʪʠ ʚʽʜʧʦʚʽʜʥʽ ʫʤʦʚʠ ʩʫʤʽʩʥʦʩʪʽ [33], ʷʢʽ ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ 

ʪʘʙʣ. 2.3. 

ʊʘʙʣʠʮʷ 2.3. 

ʋʤʦʚʠ ʩʫʤʽʩʥʦʩʪʽ. 

(N) Ɇ1 Ŷɻ1Ÿ æ1 (ʅ) 

Ź 
ɚ1 (P) 

Ɇ1+ Ɇ1 Ŷ( ɻ2+ɻ3)Ÿ æ1+æ1 
Ź 

ɚ2+ɚ3 

 

Ɇ1+Ɇ1+Ɇ1 Ŷɻ4Ÿ æ2+æ2+æ1 

Ź 
ɚ1 +ɚ2+ɚ3 

ɚ2+ ɚ3 ŶP1(2)Ÿ F2+F3 
Ź 

D1+D2 

ɚ1+ ɚ3 Ŷ P2(2)Ÿ F1+F2 
Ź 

D1+D2 

ɚ1+ ɚ2 ŶP3(2)Ÿ F1+F3 
Ź 

D1+D2 

G1+ G2 ŶP1(2)Ÿ ɚ1+ 

ɚ2 
Ź 

N1+N2 

G1+ G2 ŶP2(2)Ÿ ɚ1+ ɚ3 

Ź 
N1+N2 

G1+ G2 ŶP3(2)Ÿ ɚ2+ ɚ3 

Ź 
N1+N2 

D1 Ŷ N1Ÿ Ɇ1 
Ź 

G1 

D2 ŶN2Ÿ Ɇ1 
Ź 

G2 
 

æ2 ŶX1Ÿ F1 
Ź 
Ɇ 1 

æ2+ æ2ŶX2 + X3ŸF2+F3 

Ź 
Ɇ 1+ Ɇ 1 

æ1+ æ1+ æ2Ŷ X4(3)ŸF1 +F2+F3 

Ź 
Ɇ 1+ Ɇ 1+ Ɇ 1 

 

ʂʦʤʙʽʥʘʮʽʾ ʨʦʟʤʽʨʥʦʩʪʝʡ ʥʝʟʚʽʜʥʠʭ ʟʦʙʨʘʞʝʥʴ ʪʘ ʝʥʝʨʛʝʪʠʯʥʽ 

ʚʠʨʦʜʞʝʥʥʷ ʫ ʚʠʩʦʢʦʩʠʤʝʪʨʠʯʥʠʭ ʪʦʯʢʘʭ ʜʦʙʨʝ ʢʦʨʝʣʶʶʪʴ. ʇʨʠʚʝʜʝʥʽ 

ʢʦʤʙʽʥʘʮʽʾ ʟʤʽʥʠ ʚʠʨʦʜʞʝʥʴ ʧʨʠ ʨʫʩʽ ʚʽʜ ʦʜʥʽʻʾ ʪʦʯʢʠ ʜʦ ʽʥʰʦʾ ʜʦʟʚʦʣʷʻ 

ʜʦʩʠʪʴ ʦʜʥʦʟʥʘʯʥʦ ʦʧʠʩʘʪʠ ʩʠʤʝʪʨʽʶ ʝʥʝʨʛʝʪʠʯʥʠʭ ʟʦʥ. ɼʝʪʘʣʴʥʠʡ ʘʥʘʣʽʟ 

ʟʤʽʥʠ ʩʠʤʝʪʨʽʡʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʠʚʝʜʝʥʠʡ ʥʘ ʝʥʝʨʛʝʪʠʯʥʠʭ ʩʭʝʤʘʭ ʚ 

ʦʢʦʣʽ ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ ʢʨʠʩʪʘʣʘ ʪʠʧʫ Hg3X2Y2 (ʨʠʩ. 2.3). 
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ʈʠʩ. 2.3. ɽʥʝʨʛʝʪʠʯʥʽ ʩʭʝʤʠ ʚ ʦʢʦʣʽ ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ ʢʨʠʩʪʘʣʘ 

Hg3Te2Cl2. 

ɺ ʪʘʙʣʠʮʷʭ 2.4ï2.8 ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʝʟʚʽʜʥʽ ʟʦʙʨʘʞʝʥʥʷ ʛʨʫʧʠ ʭʚʠʣʴʦʚʦʛʦ 

ʚʝʢʪʦʨʘ ʫ ʚʠʩʦʢʦʩʠʤʝʪʨʠʯʥʠʭ ʪʦʯʢʘʭ ɿɹ: 

[ - 24, -185, - 3, -187, -186, - 228, - 269];  (2.5) 



 

 

 

53 

ʊʘʙʣʠʮʷ 2.4. 

ʅʝʟʚʽʜʥʽ ʟʦʙʨʘʞʝʥʥʷ ʛʨʫʧʠ ʭʚʠʣʴʦʚʦʛʦ  

ʚʝʢʪʦʨʘ  ʚ ʪ. ɻ (0, 0, 0) [ ]. 

T186 h1 h2 h3 h4 h5 h6 

ɻ1 1 1 1 1 1 1 

ɻ2 1 1 1 1 Ů Ů 

ɻ3 1 1 1 1 Ů 2 Ů 2 

ɻ4 

      

T186 h7 h8 h9 h10 h11 h12 

ɻ1 1 1 1 1 1 1 

ɻ2 Ů Ů Ů 2 Ů 2 Ů 2 Ů 2 

ɻ3 Ů 2 Ů 2 Ů Ů Ů Ů 

ɻ4 

      

 

ʊʘʙʣʠʮʷ 2.5. 

ʅʝʟʚʽʜʥʽ ʟʦʙʨʘʞʝʥʥʷ ʛʨʫʧʠ ʭʚʠʣʴʦʚʦʛʦ  

ʚʝʢʪʦʨʘ  ʚ ʪʦʯʢʘʭ X
'
 ʪʘ ʅ [ ]. 

T228 h1 h2 h3 h4 h5 h6 

X'
1 H1 1 1 -1 -1 1 1 

X'
2 H2 1 1 -1 -1 Ů Ů 

X'
3 H3 1 1 -1 -1 Ů2 Ů2 

X'
4 H4 

      

T228 h7 h8 h9 h10 h11 h12 

X'
1 H1 -1 -1 1 1 -1 -1 

X'
2 H2 - Ů - Ů Ů 2 Ů 2 - Ů 2 - Ů 2 

X'
3 H3 - Ů 2 - Ů 2 Ů Ů - Ů - Ů 

X'
4 H4 
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ʊʘʙʣʠʮʷ 2.6. 

ʅʝʟʚʽʜʥʽ ʟʦʙʨʘʞʝʥʥʷ ʛʨʫʧʠ ʭʚʠʣʴʦʚʦʛʦ  

ʚʝʢʪʦʨʘ  ʚ ʪʦʯʮʽ P [ ], (ɔ= ). 

T187 h1 h2 h3 h4 h5 h6 

P 1 
    

ɔ*  ɔ*  

P 2 
    

Ů 

*ɔ*  

Ů* 

ɔ*  

P 3 
    

Ů2 

*ɔ*  

Ů2*  

ɔ*  

T187 h7 h8 h9 h10 h11 h12 

P 1 ɔ*  ɔ*  ɔ*  ɔ*  ɔ*  ɔ*  

P 2 
Ů*ɔ*

 
Ů*ɔ*  

Ů2*  

ɔ*  

Ů2*  

ɔ*  

Ů2*  

ɔ*  

Ů2*  

ɔ*  

P 3 
Ů2*  

ɔ*  

Ů2*ɔ*

 

Ů* 

ɔ*  

Ů* 

ɔ*  

Ů* 

ɔ*  

Ů* 

ɔ*  

 

ʊʘʙʣʠʮʷ 2.7. 

ʅʝʟʚʽʜʥʽ ʟʦʙʨʘʞʝʥʥʷ ʛʨʫʧʠ ʭʚʠʣʴʦʚʦʛʦ  

ʚʝʢʪʦʨʘ ʚ ʪʦʯʮʽ N ʽ ʥʘ ʣʽʥʽʷʭ ʩʠʤʝʪʨʽʾ D [ ] ʪʘ æ [ ]. 

 

 

 

 

ʊʘʙʣʠʮʷ 2.8. 

ʅʝʟʚʽʜʥʽ ʟʦʙʨʘʞʝʥʥʷ ʛʨʫʧʠ ʭʚʠʣʴʦʚʦʛʦ  

ʚʝʢʪʦʨʘ ʥʘ ʣʽʥʽ ʾʩʠʤʝʪʨʽʾ ȿ [ ]. 

 

 

 

ʊ24 h1 h4 

D 1 N1 1  ̔

D 2 N2 1 -  ̔

ʊ3 h1 h4 

æ1 1 1 

æ2 1 -1 

ʊ185 h1 h5 h9 

ȿ 1 1 1 1 

ȿ 2 1 Ů Ů
2
 

ȿ 3 1 Ů
2
 Ů 



 

 

 

55 

2.3. ɽʣʝʢʪʨʦʥʥʘ ʩʪʨʫʢʪʫʨʘ ʢʨʠʩʪʘʣʘ Hg3Te2Cl2 

ɼʦʩʣʽʜʞʝʥʥʷ ʟʦʥʥʦʾ ʩʪʨʫʢʪʫʨʠ, ʦʩʦʙʣʠʚʦʩʪʝʡ ʛʽʙʨʠʜʠʟʘʮʽʾ ʝʣʝʢʪʨʦʥʥʠʭ 

ʩʪʘʥʽʚ ʪʘ ʧʨʠʨʦʜʠ ʭʽʤʽʯʥʠʭ ʟʚô̫ ʟʢʽʚ ʢʨʠʩʪʘʣʽʚ ʪʠʧʫ Hg3X2Y2 ʥʝʦʙʭʽʜʥʽ ʜʣʷ 

ʽʥʪʝʨʧʨʝʪʘʮʽʾ ʾʭ ʦʧʪʠʯʥʠʭ ʪʘ ʝʣʝʢʪʨʦʥʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ. ʇʝʨʰʦʧʨʠʥʮʠʧʥʽ 

ʨʦʟʨʘʭʫʥʢʠ ʟʦʥʥʦʾ ʩʪʨʫʢʪʫʨʠ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʽʜʝʥʪʠʬʽʢʘʮʽʾ 

ʦʧʪʠʯʥʠʭ ʧʽʢʽʚ, ʷʢʽ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʧʝʨʝʭʦʜʽʚ ʤʽʞ ʟʦʥʘʤʠ ʪʘ ʧʽʜʟʦʥʘʤʠ.  

ɿʦʥʥʘ ʩʪʨʫʢʪʫʨʘ ʢʨʠʩʪʘʣʘ Hg3Te2Cl2, ʨʦʟʨʘʭʦʚʘʥʘ ʚ ʤʦʜʝʣʽ LDA+U [20, 

28, 31] ʚʟʜʦʚʞ ʢʦʥʪʫʨʫ, ʱʦ ʤʽʩʪʠʪʴ ʥʘʡʙʽʣʴʰʫ ʢʽʣʴʢʽʩʪʴ ʚʠʩʦʢʦʩʠʤʝʪʨʠʯʥʠʭ 

ʪʦʯʦʢ ɿɹ: ɻŸPŸNŸHŸPŸX
'
ŸɻŸN ʙʝʟ ʚʨʘʭʫʚʘʥʥʷ ʩʧʽʥ-ʦʨʙʽʪʘʣʴʥʦʾ 

ʚʟʘʻʤʦʜʽʾ, ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 2.4. ʂʦʦʨʜʠʥʘʪʠ ʪʦʯʦʢ ɿɹ: ɻ (0, 0, 0); P (1/4, 

1/4, 1/4); N (0, 0, 1/2); H (1/2, -1/2, 1/2); X
'
(1/2; 1/2; -1/2). ɺʝʣʠʯʠʥʠ ʧʘʨʘʤʝʪʨʽʚ 

ʧʨʷʤʦ ʾʢʫʣʦʥʽʚʩʴʢʦʾ ʪʘ ʦʙʤʽʥʥʦʾ ʚʟʘʻʤʦʜʽʡ ʩʢʣʘʣʠ: ʜʣʷ ʘʪʦʤʽʚ ʤʝʨʢʫʨʽʶ U = 3 

ʝɺ ʪʘ J = 0.3 ʝɺ; ʜʣʷ ʘʪʦʤʽʚ ʪʝʣʫʨʫ U = 3 ʝɺ, J = 0.3 ʝɺ ʜʣʷ s/d-ʩʪʘʥʽʚ ʪʘ U = 

7.2 ʝɺ, J = 0.72 ʝɺ ʜʣʷ p-ʩʪʘʥʽʚ; ʜʣʷ ʘʪʦʤʽʚ ʭʣʦʨʫ U = 3 ʝɺ, J = 0.3 ʝɺ ʜʣʷ s/d-

ʩʪʘʥʽʚ ʪʘ U = 7.2 ʝɺ, J = 0.72 ʝɺ ʜʣʷ p-ʩʪʘʥʽʚ. 

ɸʥʘʣʽʟ ʫʤʦʚ ʩʫʤʽʩʥʦʩʪʽ ʜʣʷ ʚʝʨʭʥʽʭ ʨʽʚʥʽʚ ʚʘʣʝʥʪʥʦʾ ʟʦʥʠ (ʪʘʙʣ. 2.3) ʪʘ 

ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʟʨʘʭʫʥʢʽʚ ʧʦʢʘʟʫʻ, ʱʦ ʘʙʩʦʣʶʪʥʠʡ ʝʢʩʪʨʝʤʫʤ ʚʘʣʝʥʪʥʦʾ ʟʦʥʠ 

Hg3Te2Cl2 ʨʦʟʪʘʰʦʚʘʥʠʡ ʫ ʪʦʯʮʽ N. ɼʥʦ ʟʦʥʠ ʧʨʦʚʽʜʥʦʩʪʽ ʤʦʞʝ ʙʫʪʠ 

ʣʦʢʘʣʽʟʦʚʘʥʝ ʚ ʦʜʥʦʤʫ ʽʟ ʢʦʥʢʫʨʫʶʯʠʭ ʤʽʥʽʤʫʤʽʚ, ʷʢʽ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʪʦʯʮʽ ɻ 

ʘʙʦ ʥʘ ʣʽʥʽʾ  ȹ. ʊʘʢʠʤ ʯʠʥʦʤ ʨʦʟʨʘʭʫʥʢʠ ʚʢʘʟʫʶʪʴ ʥʘ ʨʝʘʣʽʟʘʮʽʶ ʫ ʩʧʦʣʫʮʽ 

Hg3Te2Cl2 ʥʝʧʨʷʤʦʟʦʥʥʦʾ ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ, ʷʢʘ ʣʦʢʘʣʽʟʫʻʪʴʩʷ ʤʽʞ ʪʦʯʢʦʶ ɻ 

ʩʠʤʝʪʨʽʾ ɻ2 ʘʙʦ ʥʘ ʣʽʥʽʾ ȹ ʩʠʤʝʪʨʽʾ ȹ1 ʪʘ ʪʦʯʢʦʶ N ʩʠʤʝʪʨʽʾ N1.  

ɿʚ'ʷʟʦʢ ʯʝʨʝʟ ʫʤʦʚʠ ʩʫʤʽʩʥʦʩʪʽ ʪʦʯʢʠ ɻ ʽ ʪʦʯʢʠ ʍ
ǋ
 ʥʘ ʧʨʠʢʣʘʜʽ ʜʥʘ ʟʦʥʠ 

ʧʨʦʚʽʜʥʦʩʪʽ ʯʽʪʢʦ ʜʝʤʦʥʩʪʨʫʻ ʪʦʡ ʬʘʢʪ, ʱʦ ʥʝʟʚʽʜʥʝ ʟʦʙʨʘʞʝʥʥʷ ʍ4  ʟ 

ʫʤʦʚʘʤʠ ʩʫʤʽʩʥʦʩʪʽ ʍ4Ÿæ1+æ1+æ2 ʨʝʘʣʽʟʫʻʪʴʩʷ ʟ ʜʚʦʢʨʘʪʥʦ ʚʠʨʦʜʞʝʥʠʤ 

ʟʦʙʨʘʞʝʥʥʷʤ ɻ2Ÿæ1+æ1 ʽ æ2 ʟ ɻ4. ʆʪʞʝ, Hg3Te2Cl2  ̒ ʥʝʧʨʷʤʦʟʦʥʥʠʤ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʤ ʟ ʨʦʟʨʘʭʦʚʘʥʦʶ ʰʠʨʠʥʦʶ ʥʝʧʨʷʤʦʾ ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ Egi = 

2.628 ʝɺ (ʧʝʨʝʭʽʜ NŸɻ). ɺʝʣʠʯʠʥʘ ʧʨʷʤʦʛʦ ʤʽʞʟʦʥʥʦʛʦ ʧʝʨʝʭʦʜʫ ʩʢʣʘʜʘʻ Egd 

= 2.714 ʝɺ (ʧʝʨʝʭʽʜ ɻŸɻ). 
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ʈʠʩ. 2.4. ɿʦʥʥʘ ʩʪʨʫʢʪʫʨʘ (ʘ),  ʧʦʚʥʘ ʪʘ ʣʦʢʘʣʴʥʽ ʧʘʨʮʽʘʣʴʥʽ ʛʫʩʪʠʥʠ 

ʩʪʘʥʽʚ (DOS/PDOS) (ʙ) ʢʨʠʩʪʘʣʘ Hg3Te2Cl2, ʨʦʟʨʘʭʦʚʘʥʽ ʚ ʥʘʙʣʠʞʝʥʥʽ 

LDA+U. 
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ɺ ʨʦʙʦʪʽ [61] ʘʚʪʦʨʠ ʧʨʦʚʝʣʠ ʜʦʩʣʽʜʞʝʥʥʷ ʢʨʘʶ ʚʣʘʩʥʦʛʦ ʧʦʛʣʠʥʘʥʥʷ 

ʜʣʷ ʢʨʠʩʪʘʣʘ Hg3Te2Cl2 ʪʘ ʚʩʪʘʥʦʚʠʣʠ ʟʥʘʯʝʥʥʷ ʰʠʨʠʥʠ ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ, ʱʦ 

ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʧʦʨʽʚʥʷʪʠ ʪʝʦʨʝʪʠʯʥʦ ʨʦʟʨʘʭʦʚʘʥʝ ʟʥʘʯʝʥʥʷ ʚ ʨʘʤʢʘʭ DFT ʟ 

ʜʦʩʪʦʚʽʨʥʠʤʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʜʘʥʠʤʠ. 

 ɺʝʣʠʯʠʥʠ ʥʝʧʨʷʤʦʛʦ ʪʘ ʧʨʷʤʦʛʦ ʤʽʞʟʦʥʥʠʭ ʝʥʝʨʛʝʪʠʯʥʠʭ ʧʝʨʝʭʦʜʽʚ 

ʩʢʣʘʜʘʶʪʴ 2.63 ʝɺ ʪʘ 2.82 ʝɺ ʚʽʜʧʦʚʽʜʥʦ. ʉʣʽʜ ʚʽʜʤʽʪʠʪʠ, ʱʦ ʧʝʨʰʦʧʨʠʥʮʠʧʥʽ 

ʨʦʟʨʘʭʫʥʢʠ ʚ ʨʘʤʢʘʭ ʫʟʘʛʘʣʴʥʝʥʦʾ ʪʝʦʨʽʾ ʬʫʥʢʮʽʦʥʘʣʘ ʛʫʩʪʠʥʠ ʚ ʥʘʙʣʠʞʝʥʥʽ 

ʣʦʢʘʣʴʥʦʾ ʛʫʩʪʠʥʠ ʪʦʯʥʦ ʦʧʠʩʫʶʯʠ ʜʠʩʧʝʨʩʽʶ ʚʘʣʝʥʪʥʠʭ ʟʦʥ, ʜʘʶʪʴ ʟʘʥʠʞʝʥʽ 

ʤʘʡʞʝ ʫ ʜʚʘ ʨʘʟʠ ʟʥʘʯʝʥʥʷ ʰʠʨʠʥʠ ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ ɽg. ʈ̔ ʟʥʠʮʷ ʤʽʞ 

ʨʦʟʨʘʭʫʥʢʘʤʠ LDA ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ ʦʙʫʤʦʚʣʝʥʘ 

ʦʙʤʝʞʝʥʥʷʤʠ ʥʘʙʣʠʞʝʥʥʷ ʣʦʢʘʣʴʥʦʾ ʛʫʩʪʠʥʠ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʧʦʧʨʘʚʢʠ 

ʍʘʙʘʨʜʘ (U) ʜʘʻ ʭʦʨʦʰʫ ʢʦʨʝʣʷʮʽʶ ʨʦʟʨʘʭʦʚʘʥʠʭ ʟʥʘʯʝʥʴ ʰʠʨʠʥʠ 

ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ ʟ ʜʘʥʠʤʠ, ʦʪʨʠʤʘʥʠʤʠ ʟ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʩʧʝʢʪʨʽʚ.  

ɺʘʨʪʦ ʚʽʜʤʽʪʠʪʠ, ʱʦ ʧʦʚʥʘ ʪʘ ʧʘʨʮʽʘʣʴʥʽ ʛʫʩʪʠʥʠ ʝʣʝʢʪʨʦʥʥʠʭ ʩʪʘʥʽʚ 

N(E) ʚʠʟʥʘʯʘʶʪʴ ʟʥʘʯʥʫ ʯʘʩʪʠʥʫ ʝʣʝʢʪʨʦʥʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʪʚʝʨʜʠʭ ʪʽʣ. 

ɿʥʘʥʥʷ ʧʦʚʥʦʾ ʛʫʩʪʠʥʠ ʝʣʝʢʪʨʦʥʥʠʭ ʩʪʘʥʽʚ ʥʝʦʙʭʽʜʥʝ ʜʣʷ ʧʨʘʚʠʣʴʥʦʾ 

ʽʥʪʝʨʧʨʝʪʘʮʽʾ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʨʝʥʪʛʝʥʽʚʩʴʢʠʭ ʪʘ ʫʣʴʪʨʘʬʽʦʣʝʪʦʚʠʭ 

ʬʦʪʦʝʣʝʢʪʨʦʥʥʠʭ ʩʧʝʢʪʨʽʚ ʢʨʠʩʪʘʣʽʚ.  

ʉʪʨʫʢʪʫʨʘ ʚʘʣʝʥʪʥʦʾ ʟʦʥʠ ʢʨʠʩʪʘʣʘ Hg3Te2Cl2 ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʝʬʝʢʪʠ, 

ʟʫʤʦʚʣʝʥʽ ʛʦʣʦʚʥʠʤ ʯʠʥʦʤ ʚʟʘʻʤʦʜʽʻ ʁ ʚ ʦʢʪʘʝʜʨʘʭ [HgTe2Cl4] ʪʘ 

ʛʚʠʥʪʦʧʦʜʽʙʥʠʭ ʣʘʥʮʶʞʢʘʭ ïHgïTeïHgïTeï ʟ ʢʦʚʘʣʝʥʪʥʠʤ ʪʠʧʦʤ ʟʚ'ʷʟʢʫ. 

ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʟʦʥʥʦʾ ʩʪʨʫʢʪʫʨʠ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʥʘʡʥʠʞʯʘ ʚʘʣʝʥʪʥʘ 

ʧʽʜʟʦʥʘ ʫʪʚʦʨʝʥʘ s-ʩʪʘʥʘʤʠ ʭʣʦʨʫ ʪʘ ʪʝʣʫʨʫ ʟ ʥʝʚʝʣʠʢʦʶ ʜʦʤʽʰʢʦʶ d-ʩʪʘʥʽʚ 

ʤʝʨʢʫʨʽʶ. ʇʽʢʠ, ʱʦ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʦʙʣʘʩʪʽ ʝʥʝʨʛʽʡ ʚʽʜ  -7 ʜʦ -5 ʝɺ, ʩʬʦʨʤʦʚʘʥʽ 

ʧʝʨʝʚʘʞʥʦ d-ʩʪʘʥʘʤʠ ʤʝʨʢʫʨʽʶ ʪʘ ʨ/s/d-ʩʪʘʥʘʤʠ ʪʝʣʫʨʫ ʟ ʥʝʟʥʘʯʥʦʶ 

ʜʦʤʽʰʢʦʶ ʨ-ʩʪʘʥʽʚ ʭʣʦʨʫ. ɺʝʨʰʠʥʘ ʚʘʣʝʥʪʥʦʾ ʟʦʥʠ ʫʪʚʦʨʝʥʘ 

ʛʽʙʨʠʜʠʟʦʚʘʥʠʤʠ p-ʩʪʘʥʘʤʠ ʭʣʦʨʫ ʪʘ ʪʝʣʫʨʫ ʟ ʥʝʟʥʘʯʥʠʤ ʚʥʝʩʢʦʤ ʨ/s-ʩʪʘʥʽʚ 

ʤʝʨʢʫʨʽʶ. ɿʘʛʘʣʦʤ ʚʝʩʴ ʜʽʘʧʘʟʦʥ ʚʘʣʝʥʪʥʠʭ ʩʪʘʥʽʚ ʤʘʻ ʢʦʤʧʣʝʢʩʥʠʡ 

ʛʽʙʨʠʜʥʠʡ ʭʘʨʘʢʪʝʨ, ʦʙʫʤʦʚʣʝʥʠʡ ʚʟʘʻʤʦʜʽʻʶ ʚʩʽʭ ʩʦʨʪʽʚ ʘʪʦʤʽʚ, ʷʢʽ ʚʭʦʜʷʪʴ 

ʜʦ ʩʢʣʘʜʫ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʢʨʠʩʪʘʣʘ. ɼʥʦ ʟʦʥʠ ʧʨʦʚʽʜʥʦʩʪʽ ʬʦʨʤʫʻʪʴʩʷ 
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ʰʣʷʭʦʤ ʛʽʙʨʠʜʠʟʘʮʽʾ ʨ/d-ʩʪʘʥʽʚ ʪʝʣʫʨʫ ʪʘ s-ʩʪʘʥʽʚ ʤʝʨʢʫʨʽʶ. 

ʅʘ ʨʠʩ. 2.5 ʧʨʝʜʩʪʘʚʣʝʥʦ ʨʦʟʨʘʭʫʥʢʠ ʟʦʥʥʦʾ ʩʪʨʫʢʪʫʨʠ ʢʨʠʩʪʘʣʘ 

Hg3Te2Cl2 ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʩʧʽʥ-ʦʨʙʽʪʘʣʴʥʦʾ ʚʟʘʻʤʦʜʽʾ. ʗʢ ʧʦʢʘʟʘʣʠ ʥʘʰʽ 

ʨʦʟʨʘʭʫʥʢʠ, ʚʨʘʭʫʚʘʥʥʷ ʩʧʽʥ-ʦʨʙ̔ʪʘʣʴʥʦʾ ʚʟʘʻʤʦʜʽʾ ʜʣʷ ʢʨʠʩʪʘʣʘ Hg3Te2Cl2 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʥʷʪʪʷ ʚʠʨʦʜʞʝʥʥʷ, ʥʝʟʥʘʯʥʦʛʦ ʨʦʟʱʝʧʣʝʥʥʷ ʪʘ ʧʦʜʚʦʻʥʥʷ 

ʝʥʝʨʛʝʪʠʯʥʠʭ ʨʽʚʥʽʚ ʫ ʚʠʩʦʢʦʩʠʤʝʪʨʠʯʥʠʭ ʪʦʯʢʘʭ ɻ, ʍ¡, ʅ ʪʘ P ʟʦʥʠ 

ɹʨʠʣʶʝʥʘ ʡ ʥʝʩʫʪʪʻʚʦ ʚʧʣʠʚʘʻ ʥʘ ʚʝʣʠʯʠʥʫ ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ, ʟʤʽʥʫ ʤʽʩʮʷ 

ʣʦʢʘʣʽʟʘʮʽʾ ʤʘʢʩʠʤʫʤʫ ʚʝʨʰʠʥʠ ʚʘʣʝʥʪʥʦʾ ʟʦʥʠ ʪʘ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʧʦʣʦʞʝʥʥʷ 

ʜʝʷʢʠʭ ʧʽʜʟʦʥ ʚʘʣʝʥʪʥʦʾ ʟʦʥʠ. 

 

ʈʠʩ. 2.5. ɿʦʥʥʘ ʩʪʨʫʢʪʫʨʘ ʢʨʠʩʪʘʣʘ Hg3Te2Cl2, ʨʦʟʨʘʭʦʚʘʥʘ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʩʧʽʥ-ʦʨʙʽʪʘʣʴʥʦʾ ʚʟʘʻʤʦʜʽʾ. 

ʈʦʟʧʦʜʽʣ ʚʘʣʝʥʪʥʦʛʦ ʟʘʨʷʜʫ ʤʽʞ ʽʦʥʘʤʠ ʚ ʦʢʪʘʝʜʨʘʭ [HgTe2Cl4]  

ʽʣʶʩʪʨʫʶʪʴ ʢʘʨʪʠ ʝʣʝʢʪʨʦʥʥʦʾ ʛʫʩʪʠʥʠ, ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩ. 2.6ï2.7. ʆʢʪʘʝʜʨʠ 

ʧʦʚôʷʟʘʥʽ ʩʧʽʣʴʥʠʤʠ ʨʝʙʨʘʤʠ ʫ ʛʚʠʥʪʦʧʦʜʽʙʥʽ ʣʘʥʮʶʞʢʠ.  

ʅʘ ʨʠʩ. 2.6 ʧʨʝʜʩʪʘʚʣʝʥʽ ʢʘʨʪʠ ʝʣʝʢʪʨʦʥʥʦʾ ʛʫʩʪʠʥʠ ʚ ʧʣʦʱʠʥʘʭ, ʷʢʽ 

ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʩʧʽʣʴʥʽ ʨʝʙʨʘ ʪʘ ʟʚôʷʟʢʠ HgïTe ʪʘ HgïCl. 
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ʈʠʩ. 2.6. ʂʘʨʪʠ ʧʨʦʩʪʦʨʦʚʦʛʦ ʨʦʟʧʦʜʽʣʫ ʛʫʩʪʠʥʠ ʟʘʨʷʜʫ ʚ ʦʢʪʘʝʜʨʘʭ 

[HgTe2Cl4].  
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ʇʨʠʨʦʜʘ ʤʽʞʘʪʦʤʥʠʭ ʚʟʘʻʤʦʜʽʡ ʫ ʢʨʠʩʪʘʣʽ Hg3Te2Cl2 ʤʘʻ ʢʦʤʙʽʥʦʚʘʥʠʡ 

ʭʘʨʘʢʪʝʨ ʽ ʚʢʣʶʯʘʻ ʽʦʥʥʫ ʪʘ ʢʦʚʘʣʝʥʪʥʫ ʩʢʣʘʜʦʚʽ. ɿ ʘʥʘʣʽʟʫ ʨʦʟʧʦʜʽʣʫ 

ʝʣʝʢʪʨʦʥʥʦʾ ʛʫʩʪʠʥʠ ʟʘʨʷʜʫ ʚʠʧʣʠʚʘʻ, ʱʦ ʚ ʨʝʟʫʣʴʪʘʪʽ ʚʟʘʻʤʦʜʽʾ ʭʘʣʴʢʦʛʝʥʫ 

ʪʘ ʤʝʨʢʫʨʽʶ ʝʣʝʢʪʨʦʥʥʠʡ ʟʘʨʷʜ ʧʝʨʝʨʦʟʧʦʜʽʣʷʻʪʴʩʷ ʚʽʜ ʘʪʦʤʽʚ ʤʝʨʢʫʨʽʶ ʥʘ 

ʘʪʦʤʠ ʭʘʣʴʢʦʛʝʥʫ ʚʟʜʦʚʞ ʣʽʥʽʾ ʟʚôʷʟʢʫ HgïTe, ʟʘʙʝʟʧʝʯʫʶʯʠ ʢʦʚʘʣʝʥʪʥʫ 

ʩʢʣʘʜʦʚʫ ʭʽʤʽʯʥʦʛʦ ʟʚôʷʟʢʫ ʚʩʝʨʝʜʠʥʽ ʦʢʪʘʝʜʨʽʚ [HgTe2Cl4]. 

ɯʦʥʥʠʡ ʟʚôʷʟʦʢ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʟʙʽʣʴʰʝʥʥʷʤ ʟʘʨʷʜʫ ʥʘʚʢʦʣʦ ʘʥʽʦʥʘ ʪʘ 

ʩʢʦʨʦʯʝʥʥʷʤ ʟʘʨʷʜʫ ʥʘ ʢʦʚʘʣʝʥʪʥʦʤʫ ʟʚôʷʟʢʫ ʤʽʞ ʽʦʥʘʤʠ ʚʩʝʨʝʜʠʥʽ ʦʢʪʘʝʜʨʽʚ 

[20, 34]. ʅʘ ʨʠʩ. 2.7 ʧʨʝʜʩʪʘʚʣʝʥʦ ʨʦʟʧʦʜʽʣ ʛʫʩʪʠʥʠ ʟʘʨʷʜʫ ʚʟʜʦʚʞ 

ʛʚʠʥʪʦʧʦʜʽʙʥʠʭ ʣʘʥʮʶʞʢʽʚ ïHgïTeïHgïTeï.  

 

 

 

 

 

 

 

 

 

ʈʠʩ. 2.7. ʂʘʨʪʘ ʧʨʦʩʪʦʨʦʚʦʛʦ ʨʦʟʧʦʜʽʣʫ ʛʫʩʪʠʥʠ ʟʘʨʷʜʫ ʫ ʢʨʠʩʪʘʣʽ Hg3Te2Cl2 

ʚʟʜʦʚʞ ʛʚʠʥʪʦʧʦʜʽʙʥʠʭ ʣʘʥʮʶʞʢʽʚ ïHgïTeïHgïTeïHgï. 

ɺ ʽʟʦʣʴʦʚʘʥʠʭ ʦʢʪʘʝʜʨʘʭ [HgTe2Cl4] ʻ ʟʘʛʘʣʴʥʽ ʢʦʥʪʫʨʠ ʛʫʩʪʠʥʠ r(r), ʱʦ 

ʦʭʦʧʣʶʶʪʴ ʷʢ ʘʪʦʤʠ ʭʘʣʴʢʦʛʝʥʫ, ʪʘʢ ʽ ʘʥʽʦʥʠ ʚ ʮʽʣʦʤʫ, ʘ ʪʘʢʦʞ ʘʪʦʤʠ 

ʭʘʣʴʢʦʛʝʥʫ ʪʘ ʤʝʨʢʫʨʽʶ. ʋ ʧʣʦʱʠʥʽ (001), ʷʢʘ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʩʧʽʣʴʥʽ ʨʝʙʨʘ, 

ʻ ʩʧʽʣʴʥʽ ʢʦʥʪʫʨʠ, ʱʦ ʦʭʦʧʣʶʶʪʴ ʜʚʘ ʤʽʩʪʢʦʚʽ ʘʪʦʤʠ ʭʘʣʴʢʦʛʝʥʫ ʪʘ ʜʚʘ ʘʪʦʤʠ 

ʤʝʨʢʫʨʽʶ, ʱʦ ʥʘʣʝʞʘʪʴ ʜʚʦʤ ʩʫʩʽʜʥʽʤ ʦʢʪʘʝʜʨʘʤ [HgTe2Cl4].   

ʉʣʽʜ ʚʽʜʤʽʪʠʪʠ, ʱʦ ʟʤʽʥʘ ʭʘʨʘʢʪʝʨʫ ʫʚôʷʟʫʚʘʥʥʷ ʢʦʦʨʜʠʥʘʮʽʡʥʠʭ 
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ʦʢʪʘʝʜʨʽʚ [HgX2Y4] ʫ ʥʝʩʢʽʥʯʝʥʥʠʭ ʛʚʠʥʪʦʧʦʜʽʙʥʠʭ ʣʘʥʮʶʞʢʘʭ ïHgïʍïHgï

ʍï ʩʪʨʫʢʪʫʨ ʪʠʧʫ Hg3X2Y2 ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʧʝʨʝʙʫʜʦʚʦʶ ʝʣʝʢʪʨʦʥʥʦʾ 

ʩʪʨʫʢʪʫʨʠ, ʷʢʘ ʧʨʦʷʚʣʷʻʪʴʩʷ ʫ ʥʘʩʪʫʧʥʦʤʫ: ʟʤʝʥʰʝʥʥʽ ʟʘʛʘʣʴʥʦʾ ʰʠʨʠʥʠ 

ʚʘʣʝʥʪʥʦʾ ʟʦʥʠ ʪʘ ʰʠʨʠʥʠ ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ; ʧʝʨʝʢʨʠʪʪʽ ʚʘʣʝʥʪʥʠʭ ʧʽʜʟʦʥ; 

ʣʦʢʘʣʽʟʘʮʽʾ ʘʙʩʦʣʶʪʥʠʭ ʤʘʢʩʠʤʫʤʽʚ ʚʝʨʰʠʥʠ ʚʘʣʝʥʪʥʦʾ ʟʦʥʠ ʪʘ ʜʥʘ ʟʦʥʠ 

ʧʨʦʚʽʜʥʦʩʪʽ.  

2.4. ʂʨʘʡ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʛʦ ʧʦʛʣʠʥʘʥʥʷ ʢʨʠʩʪʘʣʘ  Hg3Te2Cl2 

ʋ ʨʦʙʦʪʘʭ [61, 62] ʧʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʩʧʝʢʪʨʘ ʧʦʛʣʠʥʘʥʥʷ 

ʢʨʠʩʪʘʣʘ Hg3ʊʝ2ʉl2 ʧʨʠ 295ʂ ʟ ʤʝʪʦʶ ʚʠʟʥʘʯʝʥʥʷ ʭʘʨʘʢʪʝʨʫ ʤʽʞʟʦʥʥʠʭ 

ʧʝʨʝʭʦʜʽʚ, ʚʽʜʧʦʚʽʜʘʣʴʥʠʭ ʟʘ ʬʦʨʤʫʚʘʥʥʷ ʜʦʚʛʦʭʚʠʣʴʦʚʦʛʦ ʢʨʘʶ ʚʣʘʩʥʦʛʦ 

ʧʦʛʣʠʥʘʥʥʷ ʪʘ ʚʠʟʥʘʯʝʥʥʷ ʰʠʨʠʥʠ ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ. ʅʘ ʨʠʩ. 2.8ï2.9 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʢʨʘʶ ʧʦʛʣʠʥʘʥʥʷ 

ʜʣʷ ʢʨʠʩʪʘʣʘ Hg3Te2Cl2, ʘʥʘʣʽʟ ʷʢʦʛʦ ʚʢʘʟʫʻ ʥʘ ʧʨʠʩʫʪʥʽʩʪʴ ʷʢ ʥʝʧʨʷʤʠʭ, ʪʘʢ  

ʽ ʧʨʷʤʠʭ ʜʦʟʚʦʣʝʥʠʭ ʦʧʪʠʯʥʠʭ ʧʝʨʝʭʦʜʽʚ ʫ ʜʦʩʣʽʜʞʫʚʘʥʦʤʫ ʢʨʠʩʪʘʣʽ. 

 

ʈʠʩ. 2.8. ʉʧʝʢʪʨ ʢʨʘʡʦʚʦʛʦ ʧʦʛʣʠʥʘʥʥʷ ʢʨʠʩʪʘʣʘ Hg3Te2Cl2 [61]. 

ʗʢ ʚʠʜʥʦ ʟ ʨʠʩ. 2.8, ʚ ʩʧʝʢʪʨʽ ʧʨʠʩʫʪʥʽʡ ʜʦʜʘʪʢʦʚʠʡ ʧʽʢ ʧʦʛʣʠʥʘʥʥʷ 

ʧʦʙʣʠʟʫ 2.5 ʝɺ, ʷʢʠʡ ʥʘʡʙʽʣʴʰ ʤ̔ʦʚʽʨʥʦ ʩʪʚʦʨʶʶʪʴ ʚʘʢʘʥʩʽʾ. ʂʦʝʬʽʮʽʻʥʪ 



 

 

 

62 

ʧʦʛʣʠʥʘʥʥʷ ʧʨʠ ʮʴʦʤʫ ʨʽʟʢʦ ʟʨʦʩʪʘʻ ʚʠʱʝ 2.632 ʝɺ. ʐʠʨʠʥʘ ʥʝʧʨʷʤʦʛʦ 

ʤʽʞʟʦʥʥʦʛʦ ʧʝʨʝʭʦʜʫ  ʩʢʣʘʜʘʻ 2.63 ʝɺ, ʘ ʧʨʷʤʦʛʦ ï 2.82 ʝɺ, ʱʦ ʜʦʙʨʝ 

ʢʦʨʝʣʶʻʪʴʩʷ  ʟ ʪʝʦʨʝʪʠʯʥʠʤʠ ʨʦʟʨʘʭʫʥʢʘʤʠ. ʅʘʷʚʥʽʩʪʴ ʜʝʬʝʢʪʽʚ ʧʨʠʟʚʦʜʠʪʴ 

ʜʦ ʧʦʷʚʠ ʣʦʢʘʣʴʥʠʭ ʥʝʦʜʥʦʨʽʜʥʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʧʦʣʽʚ, ʷʢʽ ʧʨʦʷʚʣʷʶʪʴʩʷ ʚ 

ʧʦʷʚʽ ʩʠʣʴʥʦʛʦ ʬʦʪʦʨʝʬʨʘʢʪʠʚʥʦʛʦ ʝʬʝʢʪʫ. ʂʨʘʡ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʛʦ 

ʧʦʛʣʠʥʘʥʥʷ ʚ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘʭ ʚʽʜʧʦʚʽʜʘʻ ʧʦʨʦʛʫ ʝʣʝʢʪʨʦʥʥʠʭ ʧʝʨʝʭʦʜʽʚ, 

ʚʠʚʯʝʥʥʷ ʷʢʦʛʦ ʜʘʻ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʝʣʝʢʪʨʦʥʥʽ ʩʪʘʥʠ ʧʦʙʣʠʟʫ ʝʢʩʪʨʝʤʫʤʽʚ 

ʟʦʥ. ɼʦʩʣʽʜʞʝʥʥʷ ʢʨʘʶ ʧʦʛʣʠʥʘʥʥʷ ʧʦʣʷʛʘʻ ʫ ʚʠʤʽʨʶʚʘʥʥʽ ʩʧʝʢʪʨʘʣʴʥʦʾ 

ʧʨʦʟʦʨʦʩʪʽ ʟʨʘʟʢʘ, ʧʦ ʷʢʽʡ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʢʦʝʬʽʮʽʻʥʪ ʧʦʛʣʠʥʘʥʥʷ Ŭ. ɸʥʘʣʽʟ 

ʩʧʝʢʪʨʘʣʴʥʦʾ ʟʘʣʝʞʥʦʩʪʽ ʢʦʝʬʽʮʽʻʥʪʘ ʧʦʛʣʠʥʘʥʥʷ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʚʩʪʘʥʦʚʠʪʠ 

ʪʠʧ ʧʝʨʝʭʦʜʽʚ (ʧʨʷʤʽ ʯʠ ʥʝʧʨʷʤʽ) ʪʘ ʚʠʟʥʘʯʠʪʠ ʰʠʨʠʥʫ ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ 

ʢʨʠʩʪʘʣʘ. ɼʦʤʽʥʫʶʯʠʡ ʤʝʭʘʥʽʟʤ ʤʽʞʟʦʥʥʠʭ ʧʝʨʝʭʦʜʽʚ, ʚʽʜʧʦʚʽʜʘʣʴʥʠʭ ʟʘ 

ʬʦʨʤʫ ʢʨʠʚʦʾ ʢʨʘʡʦʚʦʛʦ ʧʦʛʣʠʥʘʥʥʷ Hg3ʊʝ2ʉl2, ʚʠʟʥʘʯʘʚʩʷ ʘʥʘʣʽʟʦʤ 

ʟʘʣʝʞʥʦʩʪʽ Ŭ= f(hɜ) ʽʟ ʚʨʘʭʫʚʘʥʥʷʤ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʚʠʜʫ Ŭ ~ (hɜ-Eg)
n
, ʜʝ n=1/2 

ʪʘ 2 ʜʣʷ ʧʨʷʤʠʭ ʽ ʥʝʧʨʷʤʠʭ ʜʦʟʚʦʣʝʥʠʭ ʧʝʨʝʭʦʜʽʚ ʚʽʜʧʦʚʽʜʥʦ, ʜʝ Eg ï ʰʠʨʠʥʘ 

ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ. ʆʪʨʠʤʘʥʘ ʟʘʣʝʞʥʽʩʪʴ Ŭ = f(hɜ) ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩ. 2.9.  

 

ʈʠʩ. 2.9. ɿʘʣʝʞʥʽʩʪʴ Ŭ
1/2
(1) ʪʘ Ŭ

2 
(2) ʚʽʜ ʝʥʝʨʛʽʾ ʬʦʪʦʥʘ ʜʣʷ ʢʨʠʩʪʘʣʘ 

Hg3Te2Cl2 [61]. 
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ʋ ʜʦʚʛʦʭʚʠʣʴʦʚʦʤʫ ʽʥʪʝʨʚʘʣʽ, ʜʝ ʧʦʛʣʠʥʘʥʥʷ ʥʝ ʧʝʨʝʚʠʱʫʻ 60 ʩʤ
-1
, 

ʢʦʝʬʽʮʽʻʥʪ ʧʦʛʣʠʥʘʥʥʷ ʩʣʘʙʦ ʟʤʽʥʶʻʪʴʩʷ ʟ ʝʥʝʨʛʽʻʶ ʬʦʪʦʥʘ, ʦʙʫʤʦʚʣʶʶʯʠ  

ʟʘʪʷʛʥʫʪʠʡ ʭʚʽʩʪ ʧʦʛʣʠʥʘʥʥʷ ʚ ʦʙʣʘʩʪʽ ʤʘʣʠʭ ʟʥʘʯʝʥʴ Ŭ. ʇʨʠ ʝʥʝʨʛʽʾ ~ 2.49 ʝɺ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʥʝʚʝʣʠʢʠʡ ʧʦʨʽʛ ʧʦʛʣʠʥʘʥʥʷ, ʷʢʠʡ ʙʽʣʴʰ ʯʽʪʢʦ ʧʨʦʷʚʣʷʻʪʴʩʷ 

ʚ ʟʘʣʝʞʥʦʩʪʽ Ŭ
1/2 

= f(hɜ).  

ʇʦʭʦʜʞʝʥʥʷ ʮʽʻʾ ʦʩʦʙʣʠʚʦʩʪʽ ʧʦʚôʷʟʘʥʝ, ʥʘʩʘʤʧʝʨʝʜ, ʟ ʥʘʷʚʥʽʩʪʶ 

ʜʦʤʽʰʦʢ, ʷʢʽ ʬʦʨʤʫʶʪʴ ʰʠʨʦʢʠʡ ʘʢʮʝʧʪʦʨʥʠʡ ʨʽʚʝʥʴ ʧʦʙʣʠʟʫ ʚʝʨʰʠʥʠ 

ʚʘʣʝʥʪʥʦʾ ʟʦʥʠ ʘʙʦ ʜʦʥʦʨʥʠʡ ʨʽʚʝʥʴ ʧʦʙʣʠʟʫ ʜʥʘ ʟʦʥʠ ʧʨʦʚʽʜʥʦʩʪʽ. ʇʝʨʝʭʦʜʠ 

ʟ ʜʦʤʽʰʢʦʚʠʭ ʨʽʚʥʽʚ ʚ ʟʦʥʫ ʧʨʦʚʽʜʥʦʩʪʽ ʘʙʦ ʽʟ ʚʘʣʝʥʪʥʦʾ ʟʦʥʠ ʥʘ ʜʦʥʦʨʥʽ ʨʽʚʥʽ 

ʫʪʚʦʨʶʶʪʴ ʥʝʧʝʨʝʨʚʥʠʡ ʩʧʝʢʪʨ ʧʦʛʣʠʥʘʥʥʷ, ʱʦ ʻ ʨʝʟʫʣʴʪʘʪʦʤ ʩʫʪʪʻʚʦʛʦ 

ʨʦʟʤʠʪʪʷ ʜʦʚʛʦʭʚʠʣʴʦʚʦʛʦ ʢʨʘʶ ʧʦʛʣʠʥʘʥʥʷ [61]. ɺʠʩʦʢʦʝʥʝʨʛʝʪʠʯʥʝ 

ʧʦʨʦʛʦʚʝ ʟʥʘʯʝʥʥʷ ʜʦʤʽʰʢʦʚʦʛʦ ʧʦʛʣʠʥʘʥʥʷ ʚʠʟʥʘʯʘʻ ʩʧʝʢʪʨʘʣʴʥʝ 

ʧʦʣʦʞʝʥʥʷ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʦʩʦʙʣʠʚʦʩʪʽ. ʉʪʨʽʤʢʝ ʥʘʨʦʩʪʘʥʥʷ ʢʨʠʚʦʾ 

ʧʦʛʣʠʥʘʥʥʷ ʚ ʦʙʣʘʩʪʽ ʝʥʝʨʛʽʡ, ʜʝ Ŭ > 2*10
2
ʩʤ

-1
, ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʩʪʚʝʨʜʞʫʚʘʪʠ, 

ʱʦ ʪʫʪ ʤʘʶʪʴ ʤʽʩʮʝ ʧʨʷʤʽ ʜʦʟʚʦʣʝʥʽ ʧʝʨʝʭʦʜʠ. 

ɽʣʝʢʪʨʦʥʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʢʨʠʩʪʘʣʽʚ ʪʠʧʫ Hg3X2Y2 ʟʘʣʝʞʘʪʴ ʚʽʜ ʥʘʷʚʥʦʩʪʽ 

ʩʪʨʫʢʪʫʨʥʠʭ ʜʝʬʝʢʪʽʚ ʪʘ ʩʠʣʴʥʦʾ ʝʣʝʢʪʨʦʥ-ʬʦʥʦʥʥʦʾ ʚʟʘʻʤʦʜʽʾ, ʦʙʫʤʦʚʣʝʥʦʾ 

ʥʘʷʚʥʽʩʪʶ ʘʥʽʦʥʽʚ. ʅʘʡʧʨʦʩʪʽʰʠʤʠ ʪʦʯʢʦʚʠʤʠ ʜʝʬʝʢʪʘʤʠ ʻ ʚʘʢʘʥʩʽʾ, ʱʦ 

ʚʠʥʠʢʘʶʪʴ ʟʘ ʨʘʭʫʥʦʢ ʥʝʜʦʩʢʦʥʘʣʦʾ çʫʧʘʢʦʚʢʠè ʛʨʘʪʢʠ ʫ ʧʨʦʮʝʩʽ 

ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʯʠ ʪʝʧʣʦʚʠʭ ʢʦʣʠʚʘʥʴ ʘʪʦʤʽʚ ʧʨʠ ʙʽʣʴʰ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. 

ɺ ʦʩʪʘʥʥʴʦʤʫ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʪʝʧʣʦʚʘ ʝʥʝʨʛʽʷ ʚʥʘʩʣʽʜʦʢ ʚʽʙʨʘʮʽʾ ʟʙʽʣʴʰʫʻʪʴʩʷ, 

ʟʘʚʞʜʠ ʽʩʥʫʻ ʧʽʜʚʠʱʝʥʘ ʡʤʦʚʽʨʥʽʩʪʴ ʪʦʛʦ, ʱʦ ʦʢʨʝʤʽ ʘʪʦʤʠ ʟʤʽʥʷʪʴ ʩʚʦʾ 

ʧʦʟʠʮʽʾ ʥʘʡʤʝʥʰʦʾ ʝʥʝʨʛʽʾ.  

ʅʘʷʚʥʽʩʪʴ ʪʦʯʢʦʚʠʭ ʜʝʬʝʢʪʽʚ ʤʘʻ ʚʘʞʣʠʚʝ ʟʥʘʯʝʥʥʷ ʚ ʢʽʥʝʪʠʮʽ ʜʠʬʫʟʽʾ 

ʪʘ ʦʢʠʩʣʝʥʥʷ. ɺʽʜʦʤʦ, ʱʦ ʘʥʽʦʥʥʽ ʚʘʢʘʥʩʽʾ ʻ ʜʦʤʽʥʫʶʯʠʤʠ ʜʝʬʝʢʪʘʤʠ ʛʨʘʪʢʠ, 

ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʟʘ ʽʦʥʥʫ ʧʨʦʚʽʜʥʽʩʪʴ ʫ ʢʨʠʩʪʘʣʘʭ. ɸʥʽʦʥʥʽ ʜʝʬʝʢʪʠ 

ʚʠʩʪʫʧʘʶʪʴ ʜʦʥʦʨʘʤʠ, ʧʽʜʚʠʱʫʶʯʠ ʢʦʥʮʝʥʪʨʘʮʽʶ ʝʣʝʢʪʨʦʥʽʚ. ɿʚʠʯʘʡʥʦ, 

ʥʘʷʚʥʽʩʪʴ ʜʝʬʝʢʪʽʚ ʛʨʘʪʢʠ ʻ ʥʝʙʘʞʘʥʠʤ ʷʚʠʱʝʤ, ʘʣʝ ʜʝʷʢʽ ʪʠʧʠ ʜʝʬʝʢʪʽʚ 

ʤʘʶʪʴ ʚʘʞʣʠʚʝ ʟʥʘʯʝʥʥʷ ʜʣʷ ʧʨʘʢʪʠʯʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʽʚ. 
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2.5. ɺʧʣʠʚ ʪʦʯʢʦʚʠʭ ʜʝʬʝʢʪʽʚ ʥʘ ʟʦʥʥʫ ʩʪʨʫʢʪʫʨʫ ʽ ʛʫʩʪʠʥʫ ʩʪʘʥʽʚ 

ʢʨʠʩʪʘʣʘ Hg3Te2Cl2 

ɼʦ ʥʘʡʙʽʣʴʰ ʧʨʦʩʪʦʛʦ ʚʠʜʫ ʜʝʬʝʢʪʥʠʭ ʩʪʨʫʢʪʫʨ ʤʦʞʫʪʴ ʙʫʪʠ ʚʽʜʥʝʩʝʥʽ 

ʩʪʨʫʢʪʫʨʠ ʟ ʚʝʣʠʢʦʶ ʢʽʣʴʢʽʩʪʶ ʥʝʚʧʦʨʷʜʢʦʚʘʥʠʭ ʚʘʢʘʥʩʽʡ, ʷʢʽ ʨʝʘʣʽʟʦʚʘʥʽ ʚ 

ʨʽʟʥʠʭ ʩʠʤʝʪʨʠʯʥʠʭ ʢʨʠʩʪʘʣʽʯʥʠʭ ʦʨʙʽʪʘʭ. ʊʘʢʘ ʩʠʪʫʘʮʽʷ ʚʠʭʦʜʠʪʴ ʟʘ ʨʘʤʢʠ 

ʢʣʘʩʠʯʥʦʛʦ ʪʝʦʨʝʪʠʢʦ-ʛʨʫʧʦʚʦʛʦ ʦʧʠʩʫ, ʷʢʠʡ ʧʝʨʝʜʙʘʯʘʻ ʧʦʚʥʫ ʥʘʧʦʚʥʝʥʽʩʪʴ 

ʦʨʙʽʪ ʘʪʦʤʘʤʠ ʦʜʥʦʛʦ ʩʦʨʪʫ. ʋʟʘʛʘʣʴʥʝʥʥʷ, ʥʝʦʙʭʽʜʥʝ ʜʣʷ ʚʨʘʭʫʚʘʥʥʷ 

ʝʢʚʽʚʘʣʝʥʪʥʦʩʪʽ ʚʠʜʫ ʘʪʦʤʽʚ ʘʙʦ ʚʘʢʘʥʩʽʡ ʫ ʧʦʟʠʮʽʷʭ ʦʨʙʽʪ, ʤʦʞʝ ʙʫʪʠ 

ʦʧʠʩʘʥʝ ʚ ʢʦʥʮʝʧʮʽʾ ʥʘʜʧʨʦʩʪʦʨʦʚʦʾ ʩʠʤʝʪʨʽʾ. 

ʅʘʜʧʨʦʩʪʦʨʦʚʠʡ ʧʽʜʭʽʜ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ (3+d)-ʚʠʤʽʨʥʦʛʦ ʙʘʟʠʩʫ 

ʜʦʟʚʦʣʷʻ ʜʦʩʣʽʜʞʫʚʘʪʠ ʟ ʻʜʠʥʦʾ ʪʦʯʢʠ ʟʦʨʫ ʰʠʨʦʢʠʡ ʨʷʜ ʩʧʦʣʫʢ, ʙʘʟʫʶʯʠʩʴ 

ʥʘ ʧʦʥʷʪʪʽ ʙʘʟʦʚʦʾ ʩʪʨʫʢʪʫʨʠ ʪʘ ʟʙʽʣʴʰʝʥʥʽ ʨʦʟʤʽʨʥʦʩʪʽ ʧʨʦʩʪʦʨʫ. ɼʘʥʠʡ 

ʧʽʜʭʽʜ ʜʦʟʚʦʣʷʻ ʦʧʠʩʘʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʥʝʟʚʽʜʥʠʭ ʟʦʙʨʘʞʝʥʴ ʫ ʢʦʞʥʽʡ ʪʦʯʮʽ 

ʟʦʥʠ ɹʨʠʣʶʝʥʘ ʝʥʝʨʛʝʪʠʯʥʽ ʟʦʥʠ ʘʙʦ ʚʽʪʢʠ ʬʦʥʦʥʥʦʛʦ ʩʧʝʢʪʨʘ, ʧʝʨʝʜʙʘʯʠʪʠ 

ʩʪʠʢ ʟʦʥ, ʝʢʩʪʨʝʤʘʣʴʥʽ ʪʦʯʢʠ ʪʘ ʟʘʢʦʥʠ ʜʠʩʧʝʨʩʽʾ ʚ ʾʭ ʦʢʦʣʽ. ʇʨʠ ʮʴʦʤʫ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʽʟʥʠʭ ʢʦʤʙʽʥʘʮʽʡ ʙʘʟʠʩʽʚ ʧʨʘʬʘʟʠ ʽ ʨʝʘʣʴʥʦʾ ʩʪʨʫʢʪʫʨʠ 

ʜʦʟʚʦʣʷʻ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʩʫʢʫʧʥʽʩʪʴ ʚʝʢʪʦʨʽʚ ʤʦʜʫʣʷʮʽʾ, ʦʧʠʩʫʚʘʪʠ 

ʩʪʨʫʢʪʫʨʠ ʩʠʣʴʥʦ ʥʝʦʜʥʦʨʽʜʥʠʭ ʩʝʨʝʜʦʚʠʱ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʬʫʥʢʮʽʡ 

ʡʤʦʚʽʨʥʽʩʥʦʾ ʦʢʫʧʘʮʽʾ ʪʘ ʬʫʥʢʮʽʡ ʤʦʜʫʣʷʮʽʾ ʟʤʽʱʝʥʥʷ. ʅʘʜʧʨʦʩʪʦʨʦʚʽ 

ʦʩʦʙʣʠʚʦʩʪʽ ʩʪʨʫʢʪʫʨʠ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʦʧʠʩʫ ʬʘʟʦʚʠʭ 

ʧʝʨʝʭʦʜʽʚ ʨʽʟʥʦʛʦ ʨʦʜʫ, ʱʦ ʯʘʩʪʦ ʟʫʩʪʨʽʯʘʶʪʴʩʷ ʫ ʩʢʣʘʜʥʠʭ ʢʨʠʩʪʘʣʘʭ. ʉʘʤʝ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦʥʮʝʧʮʽʾ ʥʘʜʧʨʦʩʪʦʨʦʚʦʾ ʩʠʤʝʪʨʽʾ ʜʦʟʚʦʣʷʻ ʧʦʩʣʽʜʦʚʥʦ 

ʜʦʩʣʽʜʞʫʚʘʪʠ ʦʩʦʙʣʠʚʦʩʪʽ ʦʜʥʦʯʘʩʪʠʥʢʦʚʠʭ ʩʧʝʢʪʨʽʚ ʩʢʣʘʜʥʠʭ ʢʨʠʩʪʘʣʽʯʥʠʭ 

ʫʪʚʦʨʝʥʴ ʫ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʾʭ ʢʦʤʧʦʟʠʮʽʡʥʦʛʦ ʫʧʦʨʷʜʢʫʚʘʥʥʷ ʫ ʩʪʨʫʢʪʫʨʽ [14ï

16, 23, 24]. 

ʋʟʘʛʘʣʴʥʝʥʘ ʩʠʤʝʪʨʽʷ ʫ ʩʢʣʘʜʥʠʭ ʢʨʠʩʪʘʣʘʭ ʧʨʦʷʚʣʷʻʪʴʩʷ ʯʝʨʝʟ 

ʜʦʜʘʪʢʦʚʫ ʪʨʘʥʩʣʷʮʽʡʥʫ ʽʥʚʘʨʽʘʥʪʥʽʩʪʴ, ʱʦ ʨʝʘʣʽʟʫʻʪʴʩʷ ʤʽʞ ʧʦʟʠʮʽʷʤʠ 

ʧʨʠʨʦʜʥʠʭ ʥʘʜʛʨʘʪʦʢ. ʇʦʜʘʣʴʰʝ ʫʟʘʛʘʣʴʥʝʥʥʷ ʪʦʯʢʦʚʦʾ ʩʠʤʝʪʨʽʾ ʨʝʘʣʽʟʫʻʪʴʩʷ 

ʯʝʨʝʟ ʧʦʙʫʜʦʚʫ ʤʦʜʫʣʷʮʽʡʥʠʭ ʬʫʥʢʮʽʡ ʟʙʫʨʝʥʥʷ ʤʘʩʦʚʦʛʦ, ʚʝʢʪʦʨʥʦʛʦ ʪʘ 
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ʪʝʥʟʦʨʥʦʛʦ ʪʠʧʫ. ɺʠʙʽʨ (3+d)-ʙʘʟʠʩʫ ʜʦʟʚʦʣʷʻ ʛʝʥʝʨʫʚʘʪʠ 32 ʚʫʟʣʠ ʜʣʷ 

ʣʦʢʘʣʽʟʘʮʽʾ ʤʘʩʦʚʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʦʪʠʚʫ ʩʢʣʘʜʥʦʛʦ ʢʨʠʩʪʘʣʫ, ʱʦ ʜʘʻ 

ʤʦʞʣʠʚʽʩʪʴ ʩʬʦʨʤʫʚʘʪʠ ʤʦʜʝʣʴ ʛʽʧʦʪʝʪʠʯʥʦʾ 32-ʘʪʦʤʥʦʾ ʱʽʣʴʥʦ ʫʧʘʢʦʚʘʥʦʾ 

ʩʢʣʘʜʥʦʾ ʛʨʘʪʢʠ. ʎʝ ʜʦʟʚʦʣʷʻ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʥʘʜʧʨʦʩʪʦʨʦʚʠʡ ʧʽʜʭʽʜ ʜʣʷ ʦʧʠʩʫ 

ʜʝʬʝʢʪʥʠʭ ʩʪʨʫʢʪʫʨ ʪʘ ʩʢʣʘʜʥʠʭ ʢʨʠʩʪʘʣʽʚ ʟ ʜʝʬʦʨʤʦʚʘʥʠʤ ʙʘʟʠʩʦʤ. 

ɿ ʤʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʜʝʬʝʢʪʽʚ ʥʘ ʬʦʨʤʫʚʘʥʥʷ ʟʦʥʥʦʾ ʩʪʨʫʢʪʫʨʠ 

ʢʨʠʩʪʘʣʘ Hg3Te2Cl2 ʧʨʦʚʝʜʝʥʦ ʤʦʜʝʣʶʚʘʥʥʷ ʪʦʯʢʦʚʠʭ ʜʝʬʝʢʪʽʚ ʫ ʥʘʙʣʠʞʝʥʥʽ 

32-ʘʪʦʤʥʠʭ ʩʫʧʝʨʢʦʤʽʨʦʢ [2x2x1]. ɼʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʪʦʯʢʦʚʠʭ ʜʝʬʝʢʪʽʚ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʢʣʘʩʪʝʨʠ (ʩʫʧʝʨʢʦʤʽʨʢʠ), ʱʦ ʜʦʟʚʦʣʷʻ ʨʦʟʛʣʷʜʘʪʠ 

ʥʝʧʝʨʽʦʜʠʯʥʽ ʘʪʦʤʥʽ ʢʦʥʬʽʛʫʨʘʮʽʾ ʚ ʨʘʤʢʘʭ ʪʝʦʨʝʤʠ ɹʣʦʭʘ. ɼʣʷ ʮʴʦʛʦ 

ʥʝʦʙʭʽʜʥʦ ʩʢʦʥʩʪʨʫʶʚʘʪʠ ʚʝʣʠʢʫ ʢʦʤʽʨʢʫ ʟ ʥʝʦʙʭʽʜʥʦʶ ʘʪʦʤʥʦʶ 

ʢʦʥʬʽʛʫʨʘʮʽʻʶ ʪʘ ʧʝʨʽʦʜʠʯʥʦ ʧʦʚʪʦʨʠʪʠ ʾʾ ʫ ʧʨʦʩʪʦʨʽ [90ï93].  

ʋ ʤʝʪʦʜʽ ʩʫʧʝʨʢʦʤʽʨʢʠ ʟʘʜʘʯʘ ʟʥʘʭʦʜʞʝʥʥʷ ʝʣʝʢʪʨʦʥʥʠʭ ʩʪʘʥʽʚ ʫ 

ʢʨʠʩʪʘʣʽ ʟ ʜʝʬʝʢʪʘʤʠ ʟʚʦʜʠʪʴʩʷ ʜʦ ʨʦʟʨʘʭʫʥʢʫ ʟʦʥʥʦʛʦ ʩʧʝʢʪʨʘ ʢʨʠʩʪʘʣʘ ʟ 

ʧʝʨʽʦʜʠʯʥʦ ʨʦʟʪʘʰʦʚʘʥʠʤʠ ʜʝʬʝʢʪʘʤʠ. ʅʘ ʨʠʩ. 2.10ï2.11 ʧʨʝʜʩʪʘʚʣʝʥʽ 

ʝʣʝʢʪʨʦʥʥʽ ʩʪʨʫʢʪʫʨʠ, ʧʦʚʥʽ ʪʘ ʣʦʢʘʣʴʥʽ ʧʘʨʮʽʘʣʴʥʽ ʛʫʩʪʠʥʠ ʩʪʘʥʽʚ ʢʨʠʩʪʘʣʘ 

Hg3Te2Cl2, ʨʦʟʨʘʭʦʚʘʥʽ ʚ ʥʘʙʣʠʞʝʥʥʽ ʩʫʧʝʨʢʦʤʽʨʢʠ [2x2x1] ʟ ʚʘʢʘʥʩʽʻʶ ʭʣʦʨʫ 

ʪʘ ʪʝʣʫʨʫ [20, 26, 39].  

ʗʢ ʚʞʝ ʚʽʜʟʥʘʯʘʣʦʩʷ ʚʠʱʝ (ʧ 2.3), ʙʝʟʜʝʬʝʢʪʥʽ ʢʨʠʩʪʘʣʠ Hg3Te2Cl2 ʻ 

ʥʝʧʨʷʤʦʟʦʥʥʠʤʠ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘʤʠ ʟ ʨʦʟʨʘʭʦʚʘʥʦʶ ʰʠʨʠʥʦʶ ʟʘʙʦʨʦʥʝʥʦʾ 

ʟʦʥʠ Egi = 2.628 ʝɺ, ʱʦ ʜʦʙʨʝ ʫʟʛʦʜʞʫʻʪʴʩʷ ʟ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʦʪʨʠʤʘʥʠʤʠ 

ʜʘʥʠʤʠ Egi = 2.63 ʝɺ [61]. ʇʨʦʪʝ, ʟʘʜʦʚʽʣʴʥʫ ʢʦʨʝʣʷʮʽʶ ʟ ʝʢʩʧʝʨʠʤʝʥʪʦʤ 

ʚʜʘʣʦʩʷ ʦʪʨʠʤʘʪʠ ʪʽʣʴʢʠ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʝʢʩʠʪʦʥʥʠʭ ʝʬʝʢʪʽʚ, ʪʘʢ ʷʢ ʚʽʜʦʤʦ, 

ʱʦ ʝʢʩʠʪʦʥʠ ʩʠʣʴʥʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʦʧʪʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʚ ʦʙʣʘʩʪʽ ʢʨʘʶ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʛʦ ʧʦʛʣʠʥʘʥʥʷ. ʗʢ ʚʽʜʦʤʦ, ʚʢʣʘʜ ʝʢʩʠʪʦʥʽʚ ʤʘʻ ʚʘʞʣʠʚʝ 

ʟʥʘʯʝʥʥʷ ʜʣʷ ʢʽʣʴʢʽʩʥʦʛʦ ʫʟʛʦʜʞʝʥʥʷ ʟ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʜʘʥʠʤʠ, ʘʣʝ ʮʝ 

ʥʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʽʥʠ ʧʦʣʦʞʝʥʥʷ ʧʽʢʽʚ ʛʫʩʪʠʥʠ ʩʪʘʥʽʚ. ɼʦʩʣʽʜʞʝʥʥʷ ʢʨʘʶ 

ʚʣʘʩʥʦʛʦ ʧʦʛʣʠʥʘʥʥʷ ʢʨʠʩʪʘʣʘ Hg3Te2Cl2 [61] ʧʦʢʘʟʘʣʦ, ʱʦ ʥʝʚʝʣʠʢʠʡ ʧʦʨʽʛ ʫ 

ʙʝʟʧʦʩʝʨʝʜʥʽʡ ʙʣʠʟʴʢʦʩʪʽ ʚʽʜ 2.5 ʝɺ ʟʫʤʦʚʣʝʥʠʡ ʥʘʷʚʥʽʩʪʶ ʜʝʬʝʢʪʽʚ ʫ 

ʜʦʩʣʽʜʞʫʚʘʥʦʤʫ ʢʨʠʩʪʘʣʽ.  
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ʈʠʩ. 2.10. ɽʣʝʢʪʨʦʥʥʘ ʩʪʨʫʢʪʫʨʘ (ʘ) ʪʘ ʧʦʚʥʘ ʡ ʣʦʢʘʣʴʥʽ ʧʘʨʮʽʘʣʴʥʽ ʛʫʩʪʠʥʠ 

ʩʪʘʥʽʚ (ʙ) Hg3Te2Cl2, ʨʦʟʨʘʭʦʚʘʥ ̔ʚ ʥʘʙʣʠʞʝʥʥʽ ʩʫʧʝʨʢʦʤʽʨʢʠ 2³2³1 ʟ 

ʚʘʢʘʥʩʽʻʶ ʭʣʦʨʫ. 
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ʈʠʩ. 2.11. ɽʣʝʢʪʨʦʥʥʘ ʩʪʨʫʢʪʫʨʘ (ʘ) ʪʘ ʧʦʚʥʘ ʡ ʣʦʢʘʣʴʥʽ ʧʘʨʮʽʘʣʴʥʽ ʛʫʩʪʠʥʠ 

ʩʪʘʥʽʚ (ʙ) Hg3Te2Cl2, ʨʦʟʨʘʭʦʚʘʥ ̔ʚ ʥʘʙʣʠʞʝʥʥʽ ʩʫʧʝʨʢʦʤʽʨʢʠ 2³2³1 ʟ 

ʚʘʢʘʥʩʽʻʶ ʪʝʣʫʨʫ. 
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ɼʝʬʝʢʪʠ ʪʠʧʫ ʚʘʢʘʥʩʽʡ  ʟʤʽʱʫʶʪʴ ʟʦʥʫ ʧʨʦʚʽʜʥʦʩʪʽ ʚ ʦʙʣʘʩʪʴ ʥʠʞʯʠʭ 

ʝʥʝʨʛʽʡ, ʚ ʨʝʟʫʣʴʪʘʪʽ ʯʦʛʦ ʟʤʝʥʰʫʻʪʴʩʷ ʰʠʨʠʥʘ ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ. ɼʦʜʘʪʢʦʚʽ 

ʝʥʝʨʛʝʪʠʯʥʽ ʨʽʚʥʽ ʩʪʚʦʨʶʶʪʴ ʜʦʜʘʪʢʦʚʽ çʧʘʩʪʢʠè ʜʣ ̫ʥʦʩʽʾʚ ʟʘʨʷʜʫ. ɸʪʦʤʠ 

ʪʝʣʫʨʫ ʪʘ ʭʣʦʨʫ ʻ ʘʥʽʦʥʘʤʠ ʡ ʫʪʚʦʨʶʶʪʴ ʥʝʡʪʨʘʣʴʥʽ ʚʘʢʘʥʩʽʾ ʜʣʷ ʟʙʝʨʝʞʝʥʥʷ 

ʥʝʡʪʨʘʣʴʥʦʩʪʽ ʩʠʩʪʝʤʠ. ɺʘʢʘʥʩʽʾ ʩʪʚʦʨʶʶʪʴ ʥʦʚʽ ʜʝʬʝʢʪʠ, ʧʦʚ'ʷʟʘʥʽ ʟ 

ʝʥʝʨʛʝʪʠʯʥʠʤʠ ʩʪʘʥʘʤʠ ʚ ʟʘʙʦʨʦʥʝʥʽʡ ʟʦʥʽ ʘʙʦ ʨʝʟʦʥʘʥʩʥʽ ʩʪʘʥʠ ʫ ʚʘʣʝʥʪʥʽʡ 

ʟʦʥʽ ʘʙʦ ʟʦʥʽ ʧʨʦʚʽʜʥʦʩʪʽ. 

ʉʣʽʜ ʚʽʜʤʽʪʠʪʠ, ʱʦ ʥʘʚ̫ʥʽʩʪʴ ʚʘʢʘʥʩʽʡ ʟʤʽʥʶʻ ʣʦʢʘʣʽʟʘʮʽʶ ʤʽʞʟʦʥʥʠʭ 

ʧʝʨʝʭʦʜʽʚ. ʋ ʚʠʧʘʜʢʫ ʚʘʢʘʥʩʽʡ ʭʣʦʨʫ ʪʘ ʪʝʣʫʨʫ ʫ ʢʨʠʩʪʘʣʽ Hg3Te2Cl2 ʚʝʨʰʠʥʘ 

ʚʘʣʝʥʪʥʦʾ ʟʦʥʠ ʪʘ ʜʥʦ ʟʦʥʠ ʧʨʦʚʽʜʥʦʩʪʽ ʣʦʢʘʣʽʟʦʚʘʥʽ ʚ ʮʝʥʪʨʽ ʟʦʥʠ ɹʨʠʣʶʝʥʘ 

ʟʘ ʨʘʭʫʥʦʢ ʚʥʝʩʢʫ ʧʦʪʝʥʮʽʘʣʫ ʩʠʣ ʜʘʣʝʢʦʜʽʾ, ʷʢʠʡ ʬʦʨʤʫʻʪʴʩʷ ʚ ʦʩʥʦʚʥʦʤʫ ʨ-

ʩʪʘʥʘʤʠ ʦʙʦʭ ʘʥʽʦʥʽʚ. ɿ ʚʠʱʝ ʩʢʘʟʘʥʦʛʦ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ 

ʢʨʠʩʪʘʣʠ Hg3Te2Cl2 ʟ ʚʘʢʘʥʩʽʷʤʠ ʪʝʣʫʨʫ ʪʘ ʭʣʦʨʫ ʻ ʧʨʷʤʦʟʦʥʥʠʤʠ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘʤʠ (ʧʝʨʝʭʽʜ ɻŸɻ). 

ʇʦʨʽʚʥʷʥʥʷ ʟʦʥʥʠʭ ʩʪʨʫʢʪʫʨ ʙʝʟʜʝʬʝʢʪʥʠʭ ʪʘ ʜʝʬʝʢʪʥʠʭ ʢʨʠʩʪʘʣʽʚ 

Hg3Te2Cl2 ʧʦʢʘʟʫʻ, ʱʦ ʚʘʢʘʥʩʽʾ ʪʝʣʫʨʫ ʪʘ ʭʣʦʨʫ ʩʪʚʦʨʶʶʪʴ ʜʦʜʘʪʢʦʚʽ 

ʝʥʝʨʛʝʪʠʯʥʽ ʨʽʚʥʽ ʚ ʦʢʦʣʽ ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ. ʈʦʟʰʠʨʝʥʥʷ ʟʦʥʠ ʨʽʚʥʽʚ ʘʥʽʦʥʥʠʭ 

ʚʘʢʘʥʩʽʡ ʻ ʜʦʥʦʨʦʤ ʽ ʝʥʝʨʛʝʪʠʯʥʽ ʩʪʘʥʠ ʢʨʘʶ ʟʦʥʠ ʧʨʦʚʽʜʥʦʩʪʽ ʤʘʶʪʴ ʨ-

ʭʘʨʘʢʪʝʨ, ʚ ʪʦʡ ʯʘʩ ʷʢ ʝʥʝʨʛʝʪʠʯʥʽ ʩʪʘʥʠ ʢʨʘʶ ʚʘʣʝʥʪʥʦʾ ʟʦʥʠ ʤʘʶʪʴ 

ʛʽʙʨʠʜʠʟʦʚʘʥʠʡ ʨ/s-ʭʘʨʘʢʪʝʨ. ɿʘ ʨʘʭʫʥʦʢ ʚʘʢʘʥʩʽʡ ʪʝʣʫʨʫ ʚʠʥʠʢʘʶʪʴ ʣʦʢʘʣʴʥʽ 

ʨʽʚʥʽ ʧʦʙʣʠʟʫ ʚʝʨʰʠʥʠ ʚʘʣʝʥʪʥʦʾ ʟʦʥʠ ʪʘ ʜʥʘ ʟʦʥʠ ʧʨʦʚʽʜʥʦʩʪʽ. ɸʢʮʝʧʪʦʨʥʠʡ 

ʨʽʚʝʥʴ, ʨʦʟʪʘʰʦʚʘʥʠʡ ʚʠʱʝ ʚʝʨʰʠʥʠ ʚʘʣʝʥʪʥʦʾ ʟʦʥʠ, ʫʪʚʦʨʝʥʠʡ p-ʩʪʘʥʘʤʠ 

ʘʥʽʦʥʽʚ, ʘ ʜʦʥʦʨʥʽ ʨʽʚʥʽ ʚ ʦʢʦʣʽ ʜʥʘ ʟʦʥʠ ʧʨʦʚʽʜʥʦʩʪʽ  ʬʦʨʤʫʪʁʴʩʷ ʰʣʷʭʦʤ 

ʛʽʙʨʠʜʠʟʘʮʽʾ p/d-ʩʪʘʥʽʚ ʪʝʣʫʨʫ ʪʘ s-ʩʪʘʥʽʚ ʤʝʨʢʫʨʽʶ. ʃʦʢʘʣʴʥʽ ʨʽʚʥʽ 

ʩʪʚʦʨʶʶʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʛʽʙʨʠʜʠʟʘʮʽʾ ʮʠʭ ʦʨʙʽʪʘʣʝʡ.  ʗʢ ʚʠʜʥʦ ʟ ʨʠʩ. 2.10,  

ʚʘʢʘʥʩʽʾ ʭʣʦʨʫ ʩʪʚʦʨʶʶʪʴ ʜʦʜʘʪʢʦʚʽ ʣʦʢʘʣʴʥʽ ʨʽʚʥʽ ʪʽʣʴʢʠ ʥʠʞʯʝ ʜʥʘ ʟʦʥʠ 

ʧʨʦʚʽʜʥʦʩʪʽ. ɺ ʦʢʦʣʽ  ʚʝʨʰʠʥʠ ʚʘʣʝʥʪʥʦʾ ʟʦʥʠ ʥʝ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʥʽʷʢʠʭ ʟʤʽʥ 

ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʢʨʠʩʪʘʣʦʤ  Hg3Te2Cl2 ʙʝʟ ʥʘʷʚʥʦʩʪʽ ʜʝʬʝʢʪʽʚ. 

ɺʘʢʘʥʩʽʷ ʘʥʽʦʥʫ ʻ ʜʦʥʦʨʦʤ, ʪʦʤʫ ʨʽʚʝʥʴ ʌʝʨʤʽ ʟʤʽʱʫʻʪʴʩʷ ʚ ʟʦʥʫ 

ʧʨʦʚʽʜʥʦʩʪʽ. ʆʪʞʝ, ʪʘʢʠʤ ʯʠʥʦʤ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʘʧʦʚʥʝʥʥʷ ʣʦʢʘʣʴʥʠʭ 
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ʜʝʬʝʢʪʥʠʭ ʩʪʘʥʽʚ. ɺʘʞʣʠʚʠʡ ʝʣʝʢʪʨʦʥʥʠʡ ʧʝʨʝʭʽʜ ʘʢʪʠʚʫʻʪʴʩʷ ʫ ʚʠʜʠʤʽʡ 

ʦʙʣʘʩʪʽ ʩʧʝʢʪʨʘ ʟ ʧʽʢʘʤʠ, ʷʢʽ ʙʫʣʠ ʫʪʚʦʨʝʥʽ ʘʥʽʦʥʥʠʤʠ ʪʦʯʢʦʚʠʤʠ ʜʝʬʝʢʪʘʤʠ. 

ɿʤʝʥʰʝʥʥʷ ʝʥʝʨʛʽʾ ʝʣʝʢʪʨʦʥʥʦʛʦ ʧʝʨʝʭʦʜʫ ʟ ʚʘʣʝʥʪʥʦʾ ʟʦʥʠ ʚ ʟʦʥʫ 

ʧʨʦʚʽʜʥʦʩʪʽ ʚʽʜʧʦʚʽʜʘʣʴʥʝ ʟʘ ʦʧʪʠʯʥʝ ʧʦʛʣʠʥʘʥʥʷ ʩʚʽʪʣʘ ʫ ʚʠʜʠʤʽʡ ʯʘʩʪʠʥʽ 

ʩʧʝʢʪʨʘ ʢʨʠʩʪʘʣʘ Hg3Te2Cl2. ɼʠʩʧʝʨʩʽʷ ʝʥʝʨʛʝʪʠʯʥʠʭ ʟʦʥ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ 

ʥʘʧʨʷʤʢʦʤ ʟʦʥʠ ɹʨʠʣʶʝʥʘ ʜʣʷ ʜʝʬʝʢʪʥʦʾ ʩʪʨʫʢʪʫʨʠ ʤʘʻ ʪʘʢʫ ʩʘʤʫ 

ʦʩʦʙʣʠʚʽʩʪʴ, ʷʢʘ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʜʣʷ ʽʜʝʘʣʴʥʦʛʦ ʢʨʠʩʪʘʣʘ.   

ʗʢ ʚʠʜʥʦ ʟ ʨʠʩ. 2.10ï2.11, ʬʦʨʤʘ ʝʥʝʨʛʝʪʠʯʥʠʭ ʢʨʠʚʠʭ, ʱʦ ʫʪʚʦʨʶʶʪʴ 

ʚʘʣʝʥʪʥʫ ʟʦʥʫ, ʧʨʦʷʚʣʷʻ ʜʠʩʧʝʨʩʽʶ ʧʝʨʝʚʘʞʥʦ ʚ ʪʦʯʢʘʭ ʈ ʪʘ ɻ, ʱʦ ʚʽʜʦʙʨʘʞʘʻ 

ʚʥʝʩʦʢ ʧʦʪʝʥʮʽʘʣʫ ʜʘʣʴʥʴʦʜʽʾ, ʩʬʦʨʤʦʚʘʥʦʛʦ ʧʝʨʝʚʘʞʥʦ ʨ-ʩʪʘʥʘʤʠ ʦʙʦʭ 

ʘʥʽʦʥʽʚ. ɯʥʰʽ ʪʦʯʢʠ ʚʠʩʦʢʦʾ ʩʠʤʝʪʨʽʾ ʪʘ ʥʘʧʨʷʤʢʠ ʟʦʥʠ ɹʨʠʣʶʝʥʘ ʤʝʥʰ 

ʯʫʪʣʠʚʽ ʜʦ ʜʝʣʦʢʘʣʽʟʘʮʽʾ. ɿʥʘʯʥʘ ʜʠʩʧʝʨʩʽʷ ʚ ʦʢʦʣʽ ʜʥʘ ʟʦʥʠ ʧʨʦʚʽʜʥʦʩʪʽ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʚ ʥʘʧʨʷʤʢʫ X'ïɻŸN. 

ɸʥʘʣʽʟ ʨʦʟʨʘʭʦʚʘʥʠʭ ʝʥʝʨʛʝʪʠʯʥʠʭ ʩʧʝʢʪʨʽʚ ʧʦʢʘʟʫʻ, ʱʦ ʜʦʜʘʪʢʦʚʠʡ 

ʜʦʥʦʨʥʠʡ ʨʽʚʝʥʴ ʝʥʝʨʛʽʾ, ʣʦʢʘʣʽʟʦʚʘʥʠʡ ʥʘ ʥʘʧʨʷʤʢʫ ʍ
'
ïɻ, ʫʪʚʦʨʝʥʠʡ p-

ʩʪʘʥʘʤʠ ʪʝʣʫʨʫ. ʎʝʡ ʝʥʝʨʛʝʪʠʯʥʠʡ ʨʽʚʝʥʴ ʬʦʨʤʫʻ ʜʥʦ ʟʦʥʠ ʧʨʦʚʽʜʥʦʩʪʽ. 

ɺʝʨʰʠʥʘ ʚʘʣʝʥʪʥʦʾ ʟʦʥʠ ʬʦʨʤʫʻʪʴʩʷ ʟ ʛʽʙʨʠʜʠʟʦʚʘʥʠʭ ʨ/s-ʩʪʘʥʽʚ ʢʘʪʽʦʥʫ ʪʘ 

ʘʥʽʦʥʽʚ. ɺʘʨʪʦ ʚʽʜʤʽʪʠʪʠ, ʱʦ ʨ-ʩʪʘʥʠ ʘʪʦʤʘ ʪʝʣʫʨʫ ʜʦʤʽʥʫʶʪʴ ʚ ʦʙʦʭ ʟʦʥʘʭ ʪʘ 

ʚʧʣʠʚʘʶʪʴ ʥʘ ʬʦʨʤʫʚʘʥʥʷ ʟʦʥʥʦʾ ʩʪʨʫʢʪʫʨʠ ʧʦʙʣʠʟʫ ʨʽʚʥʷ ʌʝʨʤʽ. 

ɼʦʩʣʽʜʞʫʚʘʥʽ ʢʨʠʩʪʘʣʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʧʝʨʝʚʘʞʥʦ ʢʦʚʘʣʝʥʪʥʠʤ 

ʪʠʧʦʤ ʟʚ'ʷʟʢʫ, ʘ ʘʥʘʣʽʟ ʜʘʥʦʛʦ ʪʠʧʫ ʢʨʠʩʪʘʣʽʚ ʧʨʦʚʦʜʠʚʩʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʢʦʨʝʣʷʮʽʾ ʧʦʪʝʥʮʽʘʣʫ ʜʘʣʴʥʴʦʜ̔ ʾ ʟ ʤʘʣʠʤ ʧʘʨʘʤʝʪʨʦʤ ʨʦʟʧʦʜʽʣʫ. ʗʢʱʦ ʜʝʬʝʢʪ 

ʚʠʩʦʢʦʾ ʩʠʤʝʪʨʽʾ ʽʥʜʫʢʫʻ ʜʝʢʽʣʴʢʘ ʚʠʨʦʜʞʝʥʠʭ ʜʝʬʝʢʪʥʠʭ  ʨʽʚʥʽʚ, ʪʦ ʚʽʥ 

ʧʦʚ'ʷʟʘʥʠʡ ʟ ʥʝʩʪʘʙʽʣʴʥʽʩʪʶ ʗʥʘ-ʊʝʣʣʝʨʘ. ʂʨʽʤ ʪʦʛʦ, ʥʝʩʧʘʨʝʥʽ ʝʣʝʢʪʨʦʥʠ 

ʨʦʟʨʠʚʘʶʪʴʩʷ ʪʘ ʩʧʦʪʚʦʨʶʶʪʴ ʜʝʬʝʢʪ ʜʦ ʙʽʣʴʰ ʥʠʟʴʢʦʾ ʩʠʤʝʪʨʽʾ, ʷʢʘ ʟʥʽʤʘʻ 

ʚʠʨʦʜʞʝʥʥʷ ʝʥʝʨʛʝʪʠʯʥʠʭ ʨʽʚʥʽʚ ʜʝʬʝʢʪʽʚ. ɺʠʛʨʘʰ ʝʥʝʨʛʽʾ ʚ ʨʝʟʫʣʴʪʘʪʽ 

ʨʝʣʘʢʩʘʮʽʾ ʤʦʞʝ ʙʫʪʠ ʥʘʩʪʽʣʴʢʠ ʩʠʣʴʥʠʤ, ʱʦ ʝʣʝʢʪʨʦʥ-ʝʣʝʢʪʨʦʥʥʝ 

ʚʽʜʰʪʦʚʭʫʚʘʥʥʷ ʤʦʞʝ ʙʫʪʠ ʧʦʜʦʣʘʥʦ ʜʣʷ ʟʘʭʦʧʣʝʥʥʷ ʱʝ ʦʜʥʦʛʦ ʝʣʝʢʪʨʦʥʘ. 

ɽʥʝʨʛʝʪʠʯʥʽ ʩʧʝʢʪʨʠ, ʨʦʟʨʘʭʦʚʘʥʽ ʚ ʥʘʙʣʠʞʝʥʥʽ ʩʫʧʝʨʢʦʤʽʨʢʠ [2x2x1] ʟ 

ʚʘʢʘʥʩʽʻʶ ʪʝʣʫʨʫ ʪʘ ʭʣʦʨʫ, ʜʝʤʦʥʩʪʨʫʶʪʴ ʟʤʽʥʠ ʚ ʟʘʙʦʨʦʥʝʥʽʡ ʟʦʥʽ ʪʘ ʚ 
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ʧʦʟʠʮʽʷʭ ʝʥʝʨʛʝʪʠʯʥʠʭ ʨʽʚʥʽʚ ʷʢ ʚʘʣʝʥʪʥʦʾ ʟʦʥʠ, ʪʘʢ ʽ ʟʦʥʠ ʧʨʦʚʽʜʥʦʩʪʽ. ʊʘʢʽ 

ʟʤʽʥʠ ʝʣʝʢʪʨʦʥʥʠʭ ʝʥʝʨʛʝʪʠʯʥʠʭ ʩʧʝʢʪʨʽʚ, ʦʯʝʚʠʜʥʦ, ʚʽʜʦʙʨʘʞʘʶʪʴ ʚʘʞʣʠʚʫ 

ʨʦʣʴ ʝʣʝʢʪʨʦʥ-ʬʦʥʦʥʥʦʾ ʚʟʘʻʤʦʜʽʾ ʫ ʧʨʠʨʦʜʽ ʩʧʦʥʪʘʥʥʦʾ ʧʦʣʷʨʠʟʘʮʽʾ ʢʨʠʩʪʘʣʘ 

Hg3Te2Cl2. 

2.6. ɿʦʥʥʘ ʩʪʨʫʢʪʫʨʘ ʪʘ ʦʧʪʠʯʥʽ ʧʝʨʝʭʦʜʠ ʚ ʢʨʠʩʪʘʣʽ Hg3Se2Cl2 

ɽʣʝʢʪʨʦʥʥʘ ʩʪʨʫʢʪʫʨʘ ʪʘ ʛʫʩʪʠʥʠ ʝʣʝʢʪʨʦʥʥʠʭ ʩʪʘʥʽʚ ʢʨʠʩʪʘʣʘ 

Hg3Se2Cl2, ʨʦʟʨʘʭʦʚʘʥʽ ʤʝʪʦʜʦʤ LDA+U [21, 36] ʙʝʟ ʚʨʘʭʫʚʘʥʥʷ ʩʧʽʥ-

ʦʨʙʽʪʘʣʴʥʦʾ ʚʟʘʻʤʦʜʽʾ, ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩ. 2.12. ʈʦʟʨʘʭʫʥʢʠ ʟʦʥʥʦʾ ʩʪʨʫʢʪʫʨʠ 

ʧʨʦʚʦʜʠʣʠʩʷ ʚ ʪʦʯʢʘʭ ʽ ʥʘʧʨʷʤʢʘʭ ʚʠʩʦʢʦʾ ʩʠʤʝʪʨʽʾ ʚ ʟʦʥʽ ɹʨʠʣʶʝʥʘ ʢʫʙʽʯʥʦʾ 

ʛʨʘʪʢʠ. ɺʝʣʠʯʠʥʠ ʧʘʨʘʤʝʪʨʽʚ ʧʨʷʤʦ ʾ ʢʫʣʦʥʽʚʩʴʢʦʾ ʪʘ ʦʙʤʽʥʥʦʾ ʚʟʘʻʤʦʜʽʡ 

ʩʢʣʘʣʠ: ʜʣʷ ʘʪʦʤʽʚ ʤʝʨʢʫʨʽʶ U = 5 ʝɺ ʪʘ J = 0.5 ʝɺ; ʜʣʷ ʘʪʦʤʽʚ ʩʝʣʝʥʫ U = 5 

eV, J = 0.5 eV ʜʣʷ s/d-ʩʪʘʥʽʚ ʪʘ U = 13 eV, J = 1.3 eV ʜʣʷ p-ʩʪʘʥʽʚ; ʜʣʷ ʘʪʦʤʽʚ 

ʭʣʦʨʫ U = 5 eV, J = 0.5 eV ʜʣʷ s/d-ʩʪʘʥʽʚ ʪʘ U = 13 eV, J = 1.3 eV ʜʣʷ p-ʩʪʘʥʽʚ. 

ʉʪʨʫʢʪʫʨʘ ʝʥʝʨʛʝʪʠʯʥʠʭ ʟʦʥ ʢʨʠʩʪʘʣʘ Hg3Se2Cl2 ʤʘʻ ʭʘʨʘʢʪʝʨʥʫ 

ʪʦʧʦʣʦʛʽʶ ʽ ʧʦʜʽʙʥʘ ʜʦ ʩʪʨʫʢʪʫʨ ʽʥʰʠʭ ʢʫʙʽʯʥʠʭ ʭʘʣʴʢʦʛʘʣʦʛʝʥʽʜʽʚ ʤʝʨʢʫʨʽʶ. 

ɺʘʣʝʥʪʥʘ ʟʦʥʘ ʤʘʻ ʩʣʘʙʢʫ ʜʠʩʧʝʨʩʽʶ ʪʘ ʫʪʚʦʨʶʻ ʝʥʝʨʛʝʪʠʯʥʦ ʚʽʜʦʢʨʝʤʣʝʥʽ 

ʧʽʜʟʦʥʠ, ʷʢʠʤ ʚ ʧʦʚʥʠʭ ʛʫʩʪʠʥʘʭ ʩʪʘʥʽʚ N(E) ʚʽʜʧʦʚʽʜʘʶʪʴ ʦʢʨʝʤʽ ʩʤʫʛʠ ʟ 

ʯʽʪʢʦ ʚʠʨʘʞʝʥʠʤʠ ʤʘʢʩʠʤʫʤʘʤʠ (ʨʠʩ. 2.12).  

ʋ ʩʪʨʫʢʪʫʨʽ Hg3Se2Cl2 ʯʽʪʢʦ ʚʠʜʽʣʷʶʪʴʩʷ ʦʢʪʘʝʜʨʠ [HgSe2Cl4], ʷʢʽ 

ʚʠʩʪʫʧʘʶʪʴ ʚ ʷʢʦʩʪʽ ʦʧʪʠʯʥʦ ʘʢʪʠʚʥʦʛʦ ʭʨʦʤʦʬʦʨʘ. ɺʦʥʠ ʫʪʚʦʨʶʶʪʴ 

ʩʧʽʨʘʣʴʥʽ ʣʘʥʮʶʞʢʠ ʟ ʧʦʪʨʽʡʥʦʶ ʛʚʠʥʪʦʧʦʜʽʙʥʦʶ ʚʽʩʩʶ ʚ ʥʘʧʨʷʤʢʘʭ  (111) 

ʝʣʝʤʝʥʪʘʨʥʦʛʦ ʢʫʙʘ. ʉʪʨʫʢʪʫʨʥʦʶ ʦʩʦʙʣʠʚʽʩʪʶ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʩʧʦʣʫʢ ʻ 

ʥʘʷʚʥʽʩʪʴ ʜʚʦʭ ʚʠʜʽʚ ʩʧʽʨʘʣʝʡ ʦʢʪʘʝʜʨʽʚ ʟ ʨʽʟʥʠʤʠ ʨʘʜʽʫʩʘʤʠ ʪʘ ʥʘʧʨʷʤʢʘʤʠ 

ʾʭ ʟʘʢʨʫʯʫʚʘʥʥʷ. ɺʦʥʠ ʨʦʟʤʽʱʝʥʽ ʧʦʨʫʯ, ʦʨʽʻʥʪʦʚʘʥ ̔ ʚ ʦʜʥʦʤʫ ʡ ʪʦʤʫ ʞ 

ʥʘʧʨʷʤʢʫ ʪʘ ʧʦʩʣʽʜʦʚʥʦ ʯʝʨʛʫʶʪʴʩʷ. ɸʣʝ ʩʧʽʨʘʣʴ, ʷʢʘ ʟʘʢʨʫʯʫʻʪʴʩʷ ʧʨʦʪʠ 

ʛʦʜʠʥʥʠʢʦʚʦʾ ʩʪʨʽʣʢʠ, ʤʘʻ ʙʽʣʴʰʠʡ ʨʘʜʽʫʩ. ʂʨʦʢ ʦʙʦʭ ʩʧʽʨʘʣʝʡ ʦʜʠʥʘʢʦʚʠʡ. 

ʂʫʪ Y-Hg-Y ʚʽʜʽʛʨʘ̒ ʚʠʨʽʰʘʣʴʥʫ ʨʦʣʴ, ʪʘʢ ʷʢ ʫʩʝʨʝʜʥʝʥʥʷ ʟʘ ʯʦʪʠʨʤʘ ʢʫʪʘʤʠ 

X-Hg-Y ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʦʜʥʦʛʦ ʡ ʪʦʛʦ ʞ ʟʥʘʯʝʥʥʷ. ʉʣʽʜ ʚʽʜʤʽʪʠʪʠ, ʱʦ 

ʟʘʤʽʱʝʥʥʷ ʘʪʦʤʘ ʭʘʣʴʢʦʛʝʥʘ ʚʝʜʝ ʜʦ ʙʽʣʴʰ ʟʥʘʯʥʠʭ ʚʘʨʽʘʮʽʡ ʢʫʪʘ Y-Hg-Y ʪʘ 
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ʩʠʣʴʥʽʰʝ ʚʽʜʦʙʨʘʞʘʻʪʴʩʷ ʥʘ ʚʝʣʠʯʠʥʽ ʦʧʪʠʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ, ʥʽʞ ʟʘʤʽʥʘ ʘʪʦʤʘ 

ʛʘʣʦʛʝʥʫ [65]. 

  

ʈʠʩ. 2.12. ɿʦʥʥʘ ʩʪʨʫʢʪʫʨʘ ʢʨʠʩʪʘʣʘ Hg3Se2Cl2. 

ɯʟ ʨʦʟʨʘʭʫʥʢʽʚ ʟʦʥʥʦʾ ʩʪʨʫʢʪʫʨʠ ʩʣʽʜʫʻ, ʱʦ ʢʨʠʩʪʘʣ Hg3Se2Cl2 ʻ 

ʥʝʧʨʷʤʦʟʦʥʥʠʤ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʤ: ʚʝʨʰʠʥʘ ʚʘʣʝʥʪʥʦʾ ʟʦʥʠ ʣʦʢʘʣʽʟʦʚʘʥʘ ʥʘ 

ʥʘʧʨʷʤʢʫ ɻïX', ʘ ʜʥʦ ʟʦʥʠ ʧʨʦʚʽʜʥʦʩʪʽ ï ʫ ʮʝʥʪʨʽ ʟʦʥʠ ɹʨʠʣʶʝʥʘ (ʪ. ɻ). 

ʐʠʨʠʥʘ ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ ʩʢʣʘʜʘʻ Egi = 3.106 ʝɺ. ʉʣʽʜ ʚʽʜʤʽʪʠʪʠ, ʱʦ 

ʨʝʘʣʽʟʘʮʽʷ ʥʝʧʨʷʤʠʭ ʤʽʞʟʦʥʥʠʭ ʦʧʪʠʯʥʠʭ ʧʝʨʝʭʦʜʽʚ ʟʫʤʦʚʣʝʥʘ ʚʟʘʻʤʦʜʽʻʶ 

ʝʣʝʢʪʨʦʥʽʚ ʟ ʢʦʣʠʚʘʥʥʷʤʠ ʢʨʠʩʪʘʣʽʯʥʦʾ ʛʨʘʪʢʠ. ʂʨʽʤ ʪʦʛʦ, ʨʦʟʨʘʭʫʥʢʠ ʟʦʥʥʦʾ 

ʩʪʨʫʢʪʫʨʠ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʚ ʢʨʠʩʪʘʣʽ Hg3Se2Cl2 ʜʦʟʚʦʣʝʥʽ ʽ ʧʨʷʤʽ ʦʧʪʠʯʥʽ 

ʧʝʨʝʭʦʜʠ. ɸʥʘʣʽʟ ʜʦʩʣʽʜʞʝʥʴ ʜʠʬʫʟʥʠʭ ʩʧʝʢʪʨʽʚ ʚʽʜʙʠʚʘʥʥʷ ʜʣʷ ʢʨʠʩʪʘʣʘ 

Hg3Se2Cl2 ʚʢʘʟʫʻ, ʱʦ hʠʨʠʥʘ ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ ʩʢʣʘʜʘʻ Eg = 3.2 ʝɺ [51]. ʂʨʽʤ 

ʪʦʛʦ, ʽʟ ʜʦʩʣʽʜʞʝʥʥʷ ʩʧʝʢʪʨʽʚ ʦʧʪʠʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʜʣʷ Hg3Se2Cl2 ʩʣʽʜʫʻ, ʱʦ Eg 

= 3.72 ʝɺ (ʧʨʠ ɚ=3332 ¡) [11]. ʈʽʟʥʠʮʷ ʤʽʞ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ 

ʪʘ ʨʦʟʨʘʭʫʥʢʘʤʠ, ʦʪʨʠʤʘʥʠʤʠ ʟ ʧʝʨʰʠʭ ʧʨʠʥʮʠʧʽʚ, ʻ ʚʽʜʦʤʦʶ ʦʩʦʙʣʠʚʽʩʪʶ 

ʤʝʪʦʜʫ ʪʝʦʨʽʾ ʬʫʥʢʮʽʦʥʘʣʘ ʛʫʩʪʠʥʠ ʚ ʥʘʙʣʠʞʝʥʥʽ LDA. ʊʘʢʠʤ ʯʠʥʦʤ, ʤʦʞʥʘ 

ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ ʧʨʦ ʪʝ, ʱʦ ʟʥʘʯʝʥʥʷ ʨʦʟʨʘʭʦʚʘʥʦʾ ʰʠʨʠʥʠ ʟʘʙʦʨʦʥʝʥʦʾ 
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ʟʦʥʠ ʜʦʙʨʝ ʫʟʛʦʜʞʫʪ̒ʴʩʷ ʟ̔ ʟʥʘʯʝʥʥʷʤʠ, ʦʪʨʠʤʘʥʠʤʠ ʟ ̔ʩʧʝʢʪʨʽʚ ʜʠʬʫʟʥʦʛʦ 

ʚʽʜʙʠʚʘʥʥʷ ʪʘ ʜʠʩʧʝʨʩʽʾ ʦʙʝʨʪʘʥʥʷ ʜʣʷ ʢʨʠʩʪʘʣʘ Hg3Se2Cl2 [11, 51]. 

ʈʦʟʨʘʭʫʥʢʠ ʟʘʛʘʣʴʥʦʾ ʪʘ ʣʦʢʘʣʴʥʠʭ ʧʘʨʮʽʘʣʴʥʠʭ ʛʫʩʪʠʥ ʝʣʝʢʪʨʦʥʥʠʭ 

ʩʪʘʥʽʚ (DOS/PDOS) ʜʣʷ ʢʨʠʩʪʘʣʘ Hg3Se2Cl2 ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩ. 2.13. ʉʣʽʜ 

ʚʽʜʤʽʪʠʪʠ, ʱʦ ʟʘʛʘʣʴʥʘ ʪʘ ʧʘʨʮʽʘʣʴʥʽ ʛʫʩʪʠʥʠ ʝʣʝʢʪʨʦʥʥʠʭ ʩʪʘʥʽʚ N(E) 

ʚʠʟʥʘʯʘʶʪʴ ʝʣʝʢʪʨʦʥʥ ̔ʚʣʘʩʪʠʚʦʩʪʽ ʢʨʠʩʪʘʣʽʚ, ʘ ʣʦʢʘʣʴʥʽ ʧʘʨʮʽʘʣʴʥʽ ʛʫʩʪʠʥʠ 

ʝʣʝʢʪʨʦʥʥʠʭ ʩʪʘʥʽʚ ʜʦʟʚʦʣʷʶʪʴ ʚʠʟʥʘʯʠʪʠ ʧʨʠʨʦʜʫ ʾʭ ʧʦʭʦʜʞʝʥʥʷ.  

 

ʈʠʩ. 2.13. ʇʦʚʥʘ ʪʘ ʣʦʢʘʣʴʥʽ ʧʘʨʮʽʘʣʴʥʽ ʛʫʩʪʠʥʠ ʩʪʘʥʽʚ (DOS/PDOS) ʢʨʠʩʪʘʣʘ 

Hg3Se2Cl2, ʨʦʟʨʘʭʦʚʘʥʽ ʚ ʥʘʙʣʠʞʝʥʥʽ LDA+U. 

ɸʥʘʣʽʟ DOS/PDOS ʜʣʷ ʢʨʠʩʪʘʣʘ Hg3Se2Cl2 ʧʦʢʘʟʫʻ, ʱʦ ʝʥʝʨʛʝʪʠʯʥʠʡ 

ʧʨʦʤʽʞʦʢ ʟ -12  ʜʦ -11 ʝɺ ʫʪʚʦʨʝʥʠʡ ʤʘʢʩʠʤʘʣʴʥʠʤʠ ʚʥʝʩʢʘʤʠ Se-s ʪʘ Cl-s 

ʩʪʘʥʽʚ ʟ ʥʝʟʥʘʯʥʠʤ ʚʥʝʩʢʦʤ s-ʩʪʘʥʽʚ ʤʝʨʢʫʨʽʶ. 

 ʇʽʢʠ, ʟʦʩʝʨʝʜʞʝʥʽ ʤʽʞ -7 ʪʘ -5.5 ʝɺ, ʤʘʶʪʴ ʟʤʽʰʘʥʠʡ ʭʘʨʘʢʪʝʨ ʪʘ 

ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʜʚʦʭ ʯʘʩʪʠʥ: ʚʝʨhʠʥʘ ʬʦʨʤʫʻʪʴʩʷ d-ʩʪʘʥʘʤʠ ʤʝʨʢʫʨʽʶ ʟ 

ʥʝʟʥʘʯʥʠʤ ʚʥʝʩʢʦʤ p-ʩʪʘʥʽʚ ʭʣʦʨʫ; ʜʥʦ ʮʽ̒ʾ  ʧʽʜʟʦʥʠ ʫʪʚʦʨʝʥʝ ʨ/s/d-ʩʪʘʥʘʤʠ 

ʩʝʣʝʥʫ ʟ ʜʦʤʽʰʢʦʶ d-ʩʪʘʥʽʚ ʤʝʨʢʫʨʽʶ.  
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ɺʝʨʰʠʥʘ ʚʘʣʝʥʪʥʦʾ ʟʦʥʠ ʬʦʨʤʫʻʪʴʩʷ p-ʩʪʘʥʘʤʠ ʭʣʦʨʫ ʪʘ ʩʝʣʝʥʫ ʟ 

ʥʝʟʥʘʯʥʠʤʠ ʚʥʝʩʢʘʤʠ s/d-ʩʪʘʥʽʚ ʤʝʨʢʫʨʽʶ. ɺ ʜʽʘʧʘʟʦʥʽ ʝʥʝʨʛʽʡ ʚʽʜ -4 ʜʦ 0 ʝɺ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʩʠʣʴʥʘ ʛʽʙʨʠʜʠʟʘʮʽʷ ʤʽʞ p-ʩʪʘʥʘʤʠ ʘʥʽʦʥʽʚ. ɿʘʛʘʣʦʤ ʚʝʩʴ 

ʜʽʘʧʘʟʦʥ ʚʘʣʝʥʪʥʠʭ  ʩʪʘʥʽʚ ʤʘʻ ʢʦʤʧʣʝʢʩʥʠʡ ʛʽʙʨʠʜʥʠʡ ʭʘʨʘʢʪʝʨ, ʟʫʤʦʚʣʝʥʠʡ 

ʚʟʘʻʤʦʜʽʻʶ ʚʩʽʭ ʚʠʜʽʚ ʘʪʦʤʽʚ, ʱʦ ʻ ʭʘʨʘʢʪʝʨʥʠʤ ʜʣʷ ʽʟʦʩʪʨʫʢʪʫʨʥʠʭ 

ʭʘʣʴʢʦʛʘʣʦʛʝʥʽʜʽʚ ʤʝʨʢʫʨʽʶ.  

ʗʢ ʚʠʜʥʦ ʟ ʨʠʩ. 2.13, ʩʪʘʥʠ ʥʠʞʥʴʦʾ ʯʘʩʪʠʥʠ ʟʦʥʠ ʧʨʦʚʽʜʥʦʩʪʽ, ʷʢʘ 

ʧʨʠʤʠʢʘʻ ʜʦ ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ, ʩʬʦʨʤʦʚʘʥʽ ʛʽʙʨʠʜʠʟʘʮʽʻʶ p/d-ʩʪʘʥʽʚ ʩʝʣʝʥʫ 

ʪʘ s-ʩʪʘʥʽʚ ʤʝʨʢʫʨʽʶ.  

ʅʘ ʨʠʩ. 2.14 ʧʨʝʜʩʪʘʚʣʝʥʦ ʨʦʟʨʘʭʫʥʢʠ ʟʦʥʥʦʾ ʩʪʨʫʢʪʫʨʠ ʢʨʠʩʪʘʣʘ 

Hg3Se2Cl2 ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʩʧʽʥ-ʦʨʙʽʪʘʣʴʥʦʾ ʚʟʘʻʤʦʜʽʾ.  

 

ʈʠʩ. 2.14. ɿʦʥʥʘ ʩʪʨʫʢʪʫʨʘ ʢʨʠʩʪʘʣʘ Hg3Se2Cl2, ʨʦʟʨʘʭʦʚʘʥʘ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʩʧʽʥ-ʦʨʙʽʪʘʣʴʥʦʾ ʚʟʘʻʤʦʜʽʾ. 

ʋʨʘʭʫʚʘʥʥʷ ʩʧʽʥ-ʦʨʙʽʪʘʣʴʥʦʾ ʚʟʘʻʤʦʜʽʾ ʧʨʠ ʨʦʟʨʘʭʫʥʢʫ ʟʦʥʥʦʾ 

ʩʪʨʫʢʪʫʨʠ ʢʨʠʩʪʘʣʘ Hg3Se2Cl2 ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʥʷʪʪʷ ʚʠʨʦʜʞʝʥʥʷ, ʥʝʟʥʘʯʥʦʛʦ 

ʨʦʟʱʝʧʣʝʥʥʷ ʪʘ ʧʦʜʚʦʻʥʥʷ ʝʥʝʨʛʝʪʠʯʥʠʭ ʨʽʚʥʽʚ ʫ ʚʠʩʦʢʦʩʠʤʝʪʨʠʯʥʠʭ ʪʦʯʢʘʭ 
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ɻ, ʍ¡, ʅ, P ʟʦʥʠ ɹʨʠʣʶʝʥʘ ʡ ʥʝʩʫʪʪʻʚʦ ʚʧʣʠʚʘʻ ʥʘ ʚʝʣʠʯʠʥʫ ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ, 

ʟʤʽʥʫ ʤʽʩʮʷ ʣʦʢʘʣʽʟʘʮʽʾ ʤʽʞʟʦʥʥʠʭ ʧʝʨʝʭʦʜʽʚ ʪʘ ʝʥʝʨʛʝʪʠʯʥʦʤʫ ʧʦʣʦʞʝʥʥʶ 

ʜʝʷʢʠʭ ʧʽʜʟʦʥ ʚʘʣʝʥʪʥʦʾ ʟʦʥʠ. 

ɯʩʥʫʚʘʥʥʷ ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ ʧʦʷʩʥʶʻʪʴʩʷ ʦʩʦʙʣʠʚʦʩʪʷʤʠ ʭʽʤʽʯʥʠʭ 

ʟʚ'ʷʟʢʽʚ, ʘ ʾʾ ʰʠʨʠʥʘ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʩʠʣʠ ʭʽʤʽʯʥʠʭ ʟʚ'ʷʟʢʽʚ ʫ 

ʪʚʝʨʜʦʤʫ ʪʽʣʽ. ʇʨʠʩʫʪʥʽʩʪʴ ʘʪʦʤʽʚ ʛʘʣʦʛʝʥʫ ʫ ʢʨʠʩʪʘʣ ̔ Hg3Se2Cl2 ʚʢʘʟʫʻ ʥʘ 

ʽʩʥʫʚʘʥʥʷ ʽʦʥʥʠʭ ʭʽʤʽʯʥʠʭ ʟʚ'ʷʟʢʽʚ.  

ʉʪʨʫʢʪʫʨʥʽ ʢʦʤʧʣʝʢʩʠ [HgSe2Cl4] ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʽʩʥʫʚʘʥʥʷ ʣʦʢʘʣʴʥʠʭ 

ʝʣʝʢʪʨʦʥʥʠʭ ʩʪʘʥʽʚ ʧʽʜ ʜʥʦʤ ʟʦʥʠ ʧʨʦʚʽʜʥʦʩʪʽ. ʊʘʢʠʤ ʯʠʥʦʤ, ʩʤʫʛʠ 

ʜʦʜʘʪʢʦʚʦʛʦ ʧʦʛʣʠʥʘʥʥʷ ʪʘ ʦʧʪʠʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʧʦʚ'ʷʟʘʥʽ ʟ ʝʣʝʢʪʨʦʥʥʠʤʠ 

ʧʝʨʝʭʦʜʘʤʠ ʤʽʞ ʚʘʣʝʥʪʥʦʶ ʟʦʥʦʶ ʪʘ ʜʦʜʘʪʢʦʚʠʤʠ ʣʦʢʘʣʴʥʠʤʠ ʨʽʚʥʷʤʠ ʚ 

ʦʢʦʣʽ ʜʥʘ ʟʦʥʠ ʧʨʦʚʽʜʥʦʩʪʽ.  

ɺʘʨʪʦ ʚʽʜʤʽʪʠʪʠ, ʱʦ ʝʣʝʢʪʨʦʥʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʢʨʠʩʪʘʣʘ Hg3Se2Cl2 

ʟʘʣʝʞʘʪʴ ʚʽʜ ʥʘʷʚʥʦʩʪʽ ʩʪʨʫʢʪʫʨʥʠʭ ʜʝʬʝʢʪʽʚ ʪʘ ʩʠʣʴʥʦ ʾʝʣʝʢʪʨʦʥ-ʬʦʥʦʥʥʦʾ 

ʚʟʘʻʤʦʜʽʾ, ʦʙʫʤʦʚʣʝʥʠʤʠ ʘʥʽʦʥʘʤʠ ʭʘʣʴʢʦʛʝʥʫ ʪʘ ʛʘʣʦʛʝʥʫ. ɼʝʬʝʢʪʠ ʛʨʘʪʢʠ 

ʚʠʢʣʠʢʘʶʪʴ ʟʥʘʯʥʫ ʝʣʝʢʪʨʦʥ-ʬʦʥʦʥʥʫ ʚʟʘʻʤʦʜʽʶ, ʱʦ ʚʧʣʠʚʘʻ ʥʘ ʝʣʝʢʪʨʦʥʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʢʨʠʩʪʘʣʽʚ. ʇʨʦʪʝ, ʮʝʡ ʚʠʧʘʜʦʢ ʧʦʚʠʥʝʥ ʙʫʪʠ 

ʜʦʩʣʽʜʞʝʥʠʡ ʙʽʣʴʰ ʜʝʪʘʣʴʥʦ. 

ʇʨʦʚʝʜʝʥʦ ʩʠʩʪʝʤʘʪʠʯʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʨʦʟʧʦʜʽʣʫ ʛʫʩʪʠʥʠ ʚʘʣʝʥʪʥʦʛʦ 

ʟʘʨʷʜʫ ʚ ʢʨʠʩʪʘʣʽ Hg3Se2Cl2. ʂʘʨʪʠ ʝʣʝʢʪʨʦʥʥʦʾ ʛʫʩʪʠʥʠ, ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩ. 

2.15ï2.16, ʜʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʧʨʠʨʦʜʫ ʤʽʞʘʪʦʤʥʠʭ ʟʚ'ʷʟʢʽʚ ʪʘ 

ʨʦʟʧʦʜʽʣ ʝʣʝʢʪʨʦʥʽʚ ʫ ʨʽʟʥʠʭ ʢʨʠʩʪʘʣʦʛʨʘʬʽʯʥʠʭ ʧʣʦʱʠʥʘʭ.  

ʂʘʨʪʠ ʝʣʝʢʪʨʦʥʥʦʾ ʛʫʩʪʠʥʠ ʚʢʘʟʫʶʪʴ ʥʘ ʥʘʷʚʥʽʩʪʴ ʢʦʚʘʣʝʥʪʥʦʛʦ HgïSe 

ʪʘ ʽʦʥʥʦʛʦ HgïCl ʭʽʤʽʯʥʠʭ ʟʚ'ʷʟʢʽʚ ʫ ʜʦʩʣʽʜʞʫʚʘʥʦʤʫ ʢʨʠʩʪʘʣʽ. ʂʦʚʘʣʝʥʪʥʘ 

ʩʢʣʘʜʦʚʘ ʭʽʤʽʯʥʦʛʦ ʟʚ'ʷʟʢʫ ʦʙʫʤʦʚʣʝʥʘ ʛʽʙʨʠʜʠʟʘʮʽʻʶ ʨ-ʩʪʘʥʽʚ ʭʘʣʴʢʦʛʝʥʫ ʪʘ 

ʛʘʣʦʛʝʥʫ ʟ s-ʩʪʘʥʘʤʠ ʤʝʨʢʫʨʽʶ.  

ʂʨʽʤ ʪʦʛʦ, ʚʦʥʘ ʜʝʤʦʥʩʪʨʫʻ ʨʦʟʧʦʜʽʣ ʝʣʝʢʪʨʦʥʥʦʾ ʛʫʩʪʠʥʠ ʚ 

ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʢʨʠʩʪʘʣʘʭ ʫ ʤʝʞʘʭ ʧʣʦʱʠʥ, ʱʦ ʧʝʨʝʪʠʥʘʶʪʴʩʷ ʚʟʜʦʚʞ ʟʚ'ʷʟʢʽʚ 

HgïSe ʪʘ HgïCl. 
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ʈʠʩ. 2.15. ʂʘʨʪʠ ʧʨʦʩʪʦʨʦʚʦʛʦ ʨʦʟʧʦʜʽʣʫ ʛʫʩʪʠʥʠ ʟʘʨʷʜʫ ʚ ʦʢʪʘʝʜʨʘʭ 

[HgSe2Cl4]. 
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ʈʠʩ. 2.16. ʂʘʨʪʘ ʧʨʦʩʪʦʨʦʚʦʛʦ ʨʦʟʧʦʜʽʣʫ ʛʫʩʪʠʥʠ ʟʘʨʷʜʫ ʫ ʢʨʠʩʪʘʣʽ Hg3Se2Cl2 

ʚʟʜʦʚʞ ʛʚʠʥʪʦʧʦʜʽʙʥʠʭ ʣʘʥʮʶʞʢʽʚ ïHgïSeïHgïSeï. 

ʃʦʢʘʣʽʟʦʚʘʥʽ ʤʘʢʩʠʤʫʤʠ ʝʣʝʢʪʨʦʥʥʦʾ ʛʫʩʪʠʥʠ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʥʘ 

ʢʘʪʽʦʥ-ʘʥʽʦʥʥʠʭ ʟʚ'ʷʟʢʘʭ, ʧʦʚ'ʷʟʘʥʠʭ ʤʽʞ ʩʦʙʦʶ ʟʘʛʘʣʴʥʠʤʠ ʢʦʥʪʫʨʘʤʠ 

ʛʫʩʪʠʥʠ ʟʘʨʷʜʫ ʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʢʦʚʘʣʝʥʪʥʫ ʩʢʣʘʜʦʚʫ ʭʽʤʽʯʥʠʭ ʟʚ'ʷʟʢʽʚ. 

ɯʦʥʥʠʡ ʪʠʧ ʟʚ'ʷʟʢʫ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʟʙʽʣʴʰʝʥʥʷʤ ʟʘʨʷʜʫ ʥʘʚʢʦʣʦ ʘʥʽʦʥʽʚ ʪʘ 

ʟʤʝʥʰʝʥʥʷʤ ʟʘʨʷʜʫ ʥʘ ʢʦʚʘʣʝʥʪʥʦʤʫ ʟʚ'ʷʟʢʫ ʤʽʞ ʽʦʥʘʤʠ. ʂʦʚʘʣʝʥʪʥʽ ʟʚ'ʷʟʢʠ 

HgïSe ʚ ʩʪʨʫʢʪʫʨʥʠʭ ʢʦʤʧʣʝʢʩʘʭ [HgSe2Cl4] ʨʝʘʣʽʟʫʶʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʜʦʥʦʨʥʦ-

ʘʢʮʝʧʪʦʨʥʦʛʦ ʤʝʭʘʥʽʟʤʫ. 

2.7. ɽʣʝʢʪʨʦʥʥʘ ʩʪʨʫʢʪʫʨʘ ʢʨʠʩʪʘʣʘ Hg3S2Cl2 

ɼʠʩʧʝʨʩʽʷ ʝʥʝʨʛʝʪʠʯʥʠʭ ʟʦʥ ʜʣʷ ʚʠʩʦʢʦʩʠʤʝʪʨʠʯʥʠʭ ʪʦʯʦʢ ʽ ʥʘʧʨʷʤʢʽʚ 

ʟʦʥʠ ɹʨʠʣʶʝʥʘ ʢʨʠʩʪʘʣʘ Hg3S2Cl2, ʨʦʟʨʘʭʦʚʘʥʘ ʚ ʥʘʙʣʠʞʝʥʥʽ LDA [28], 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 2.17. ɽʣʝʢʪʨʦʥʥʘ ʩʪʨʫʢʪʫʨʘ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʢʨʠʩʪʘʣʘ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʙʣʠʞʥʽʤ ʧʦʨʷʜʢʦʤ ʫ ʨʦʟʪʘʰʫʚʘʥʥʽ ʘʪʦʤʽʚ ʩʪʨʫʢʪʫʨʠ ï 

ʧʽʨʘʤʽʜʘʤʠ [SHg3] ʪʘ ʦʢʪʘʝʜʨʘʤʠ [HgS2Cl4]. ɯʟ ʨʦʟʨʘʭʫʥʢʽʚ ʟʦʥʥʦʾ ʩʪʨʫʢʪʫʨʠ 

ʩʣʽʜʫʻ, ʱʦ Hg3S2Cl2 ʻ ʥʝʧʨʷʤʦʟʦʥʥʠʤ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʤ ʟ ʨʦʟʨʘʭʦʚʘʥʦʶ 

ʰʠʨʠʥʦʶ ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ ɽgi = 1.46 ʝɺ. ʇʦʚʥʘ ʰʠʨʠʥʘ ʚʘʣʝʥʪʥʦʾ ʟʦʥʠ 

ʩʢʣʘʜʘʻ 13.56 ʝɺ. 
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ʈʠʩ. 2.17. ɿʦʥʥʘ ʩʪʨʫʢʪʫʨʘ (ʘ), ʧʦʚʥʘ ʪʘ ʣʦʢʘʣʴʥʽ ʧʘʨʮʽʘʣʴʥʽ ʛʫʩʪʠʥʠ 

ʩʪʘʥʽʚ (DOS/PDOS) (ʙ) ʢʨʠʩʪʘʣʘ Hg3S2Cl2. 



 

 

 

78 

ɺʝʨʰʠʥʘ ʚʘʣʝʥʪʥʦʾ ʟʦʥʠ ʣʦʢʘʣʽʟʦʚʘʥʘ ʚ ʪʦʯʮʽ N, ʘ ʜʥʦ ʟʦʥʠ ʧʨʦʚʽʜʥʦʩʪʽ 

ï ʫ ʮʝʥʪʨʽ ʟʦʥʠ ɹʨʠʣʶʝʥʘ (ʪ. ɻ). ʋ ʪʘʙʣ. 2.9 ʧʨʝʜʩʪʘʚʣʝʥʽ ʧʘʨʘʤʝʪʨʠ ʟʦʥʥʦʛʦ 

ʩʧʝʢʪʨʘ Hg3S2Cl2. ɺʘʨʪʦ ʚʽʜʤʽʪʠʪʠ, ʱʦ ʨʝʘʣʽʟʘʮʽʷ ʥʝʧʨʷʤʠʭ ʤʽʞʟʦʥʥʠʭ 

ʦʧʪʠʯʥʠʭ ʧʝʨʝʭʦʜʽʚ ʟʫʤʦʚʣʝʥʘ ʚʟʘʻʤʦʜʽʻʶ ʝʣʝʢʪʨʦʥʽʚ ʟ ʢʦʣʠʚʘʥʥʷʤʠ 

ʢʨʠʩʪʘʣʽʯʥʦʾ ʛʨʘʪʢʠ. ʂʨʽʤ ʪʦʛʦ, ʨʦʟʨʘʭʫʥʢʠ ʟʦʥʥʦʾ ʩʪʨʫʢʪʫʨʠ ʧʦʢʘʟʫʶʪʴ, ʱʦ 

ʫ ʢʨʠʩʪʘʣʽ Hg3S2Cl2 ʜʦʟʚʦʣʝʥʽ ʽ ʧʨʷʤʽ ʦʧʪʠʯʥʽ ʧʝʨʝʭʦʜʠ.  

ʊʘʙʣʠʮʷ 2.9. 

ʇʘʨʘʤʝʪʨʠ ʟʦʥʥʦʛʦ ʩʧʝʢʪʨʘ Hg3S2Cl2. 

 

ʋ ʪʘʙʣ. 2.9 ʧʨʠʡʥʷʪʽ ʥʘʩʪʫʧʥʽ ʧʦʟʥʘʯʝʥʥʷ: EVB ï ʧʦʚʥʘ ʰʠʨʠʥʘ 

ʚʘʣʝʥʪʥʦʾ ʟʦʥʠ, kV  ï ʪʦʯʢʘ ɿɹ ï ʤʘʢʩʠʤʫʤ ʚʘʣʝʥʪʥʦʾ ʟʦʥʠ, kC ï ʪʦʯʢʘ ɿɹ ï ʜʥʦ 

ʥʠʞʥʴʦʾ ʥʝʟʘʡʥʷʪʦʾ ʟʦʥʠ; EVB1, EVB2, EVB3, EVB4, EVB5 ï ʰʠʨʠʥʠ ʜʦʟʚʦʣʝʥʠʭ 

ʩʤʫʛ ʝʥʝʨʛʽʾ ʜʣʷ ʧʝʨʰʦʾ, ʜʨʫʛʦʾ, ʪʨʝʪʴʦʾ, ʯʝʪʚʝʨʪʦʾ ʡ ʧôʷʪʦʾ ʧʽʜʟʦʥ ʚʘʣʝʥʪʥʦʾ 

ʟʦʥʠ, ʥʫʤʝʨʘʮʽʷ ʩʤʫʛ ʚʝʜʝʪʴʩʷ ʚʽʜ ʾʾ ʚʝʨʰʠʥʠ; DE1, DE2, DE3, DE4 ï ʟʥʘʯʝʥʥʷ 

ʰʠʨʠʥ ʟʘʙʦʨʦʥʝʥʠʭ ʩʤʫʛ ʝʥʝʨʛʽʾ; Egi ï ʥʝʧʨʷʤʘ ʟʘʙʦʨʦʥʝʥʘ ʟʦʥʘ; Egd ï ʧʨʷʤʘ 

ʟʘʙʦʨʦʥʝʥʘ ʟʦʥʘ. 

ʇʨʦʚʝʜʝʥʥʷ ʨʦʟʨʘʭʫʥʢʽʚ ʟʦʥʥʦʾ ʩʪʨʫʢʪʫʨʠ ʢʨʠʩʪʘʣʘ Hg3S2Cl2 ʟ ʧʝʨʰʠʭ 

ʧʨʠʥʮʠʧʽʚ ʚʢʘʟʫʻ ʥʘ ʬʦʨʤʫʚʘʥʥʷ ʝʥʝʨʛʝʪʠʯʥʦʾ ʩʪʨʫʢʪʫʨʠ ʚ ʦʢʦʣʽ ʟʘʙʦʨʦʥʝʥʦʾ 

ʟʦʥʠ ʰʣʷʭʦʤ ʛʽʙʨʠʜʠʟʘʮʽʾ s/p-ʦʨʙʽʪʘʣʝʡ ʘʪʦʤʽʚ ʩʽʨʢʠ ʪʘ ʭʣʦʨʫ. ɼʚʽ ʥʠʞʥʽ 

ʧʽʜʟʦʥʠ ʚʘʣʝʥʪʥʦʾ ʟʦʥʠ ʩʢʣʘʜʘʶʪʴʩʷ ʚ ʦʩʥʦʚʥʦʤʫ ʽʟ s-ʩʪʘʥʽʚ ʭʣʦʨʫ ʪʘ ʩʽʨʢʠ. 

ʅʘʩʪʫʧʥʘ ʧʽʜʟʦʥʘ ʤʘʻ ʧʝʨʝʚʘʞʘʶʯʠʡ ʚʢʣʘʜ d-ʩʪʘʥʽʚ ʤʝʨʢʫʨʽʶ ʪʘ p-ʩʪʘʥʽʚ 

ʩʽʨʢʠ. ɼʚʽ ʚʝʨʭʥʽ ʜʦʟʚʦʣʝʥʽ ʧʽʜʟʦʥʠ ʬʦʨʤʫʶʪʴʩʷ ʧʝʨʝʚʘʞʥʦ p-ʩʪʘʥʘʤʠ 

ʭʘʣʴʢʦʛʝʥʫ ʪʘ ʛʘʣʦʛʝʥʫ ʟ ʥʝʟʥʘʯʥʠʤ ʚʢʣʘʜʦʤ s/d-ʩʪʘʥʽʚ ʤʝʨʢʫʨʽʶ. ɺʝʨʰʠʥʘ 

ʚʘʣʝʥʪʥʦʾ ʟʦʥʠ ʫʪʚʦʨʝʥʘ ʨ-ʩʪʘʥʘʤʠ ʪʝʣʫʨʫ ʪʘ ʭʣʦʨʫ, ʘ ʜʥʦ ʟʦʥʠ ʧʨʦʚʽʜʥʦʩʪʽ 

ʩʬʦʨʤʦʚʘʥʝ ʨ-ʩʪʘʥʘʤʠ ʪʝʣʫʨʫ ʪʘ s-ʩʪʘʥʘʤʠ ʤʝʨʢʫʨʽʶ.  

ʈʦʟʧʦʜʽʣ ʚʘʣʝʥʪʥʦʛʦ ʟʘʨʷʜʫ ʤʽʞ ʽʦʥʘʤʠ ʚ ʦʢʪʘʝʜʨʘʭ [HgS2Cl4] 

ʽʣʶʩʪʨʫʶʪʴ ʢʘʨʪʠ ʝʣʝʢʪʨʦʥʥʦʾ ʛʫʩʪʠʥʠ, ʷʢʽ ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩ. 2.18ï2.19.  

ʉʧʦʣʫʢʘ 
EVB, 

ʝɺ 
kV kC 

Egi, 

ʝɺ 

Egd, 

ʝɺ 

EVB1, 

ʝɺ 

EVB2, 

ʝɺ 

EVB3, 

ʝɺ 

EVB4, 

ʝɺ 

EVB5, 

ʝɺ 

DE1, 

ʝɺ 

DE2, 

ʝɺ 

DE3, 

ʝɺ 

DE4, 

ʝɺ 

Hg3S2Cl2 13.56 N ɻ 1.46 1.52 2.58 1.16 1.8 0.79 0.36 0.44 0.87 4.67 0.89 
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ʈʠʩ. 2.18. ʂʘʨʪʠ ʧʨʦʩʪʦʨʦʚʦʛʦ ʨʦʟʧʦʜʽʣʫ ʛʫʩʪʠʥʠ ʟʘʨʷʜʫ ʚ ʦʢʪʘʝʜʨʘʭ 

[HgS2Cl4]. 


