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ʆɹʑɸʗ ʍɸʈɸʂʊɽʈʀʉʊʀʂɸ ʈɸɹʆʊʓ 
 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʠ ʩʪʝʧʝʥʴ ʠʟʫʯʝʥʥʦʩʪʠ ʪʝʤʳ. ɼʦʩʪʠʞʝʥʠʷ 

ʥʘʫʢʠ ʠ ʪʝʭʥʠʢʠ ʪʝʩʥʦ ʩʚʷʟʘʥʳ ʩ ʧʦʣʫʯʝʥʠʝʤ ʠ ʧʨʠʤʝʥʝʥʠʝʤ 

ʤʘʪʝʨʠʘʣʦʚ, ʦʙʣʘʜʘʶʱʠʭ ʨʷʜʦʤ ʫʥʠʢʘʣʴʥʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 

ʩʚʦʡʩʪʚ, ʪʘʢʠʭ ʢʘʢ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʝ, ʦʧʪʠʯʝʩʢʠʝ, ʪʝʨʤʦɻʣʝʢʪ-

ʨʠʯʝʩʢʠʝ, ʤʘʛʥʠʪʥʳʝ, ʩʫʧʝʨʠʦʥʥʘʷ ʧʨʦʚʦʜʠʤʦʩʪʴ, ʩʚʝʨʭʧʨʦʚʦ-

ʜʠʤʦʩʪʴ, ʪʦʧʦʣʦʛʠʯʝʩʢʠʡ ʠʟʦʣʷʪʦʨ ʠ ʚʳʩʦʢʠʭ ʪʝʭʥʦʣʦʛʠʡ ʥʘ ʠʭ 

ʦʩʥʦʚʝ. ʈʘʟʚʠʪʠʝ ʩʦʚʨʝʤʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ ʩʚʷʟʘʥʦ ʩ ʧʦ-

ʠʩʢʦʤ ʠ ʨʘʟʨʘʙʦʪʢʦʡ ʤʘʪʝʨʠʘʣʦʚ ʩ ʢʦʤʧʣʝʢʩʦʤ ʥʝʦʙʭʦʜʠʤʳʭ 

ʩʚʦʡʩʪʚ ʠ ʩ ʫʣʫʯʰʝʥʠʝʤ ʩʚʦʡʩʪʚ ʫʞʝ ʠʟʚʝʩʪʥʳʭ. ʅʝʫʜʠʚʠʪʝʣʴʥʦ, 

ʯʪʦ ʚʝʜʫʱʠʝ ʥʘʫʯʥʳʝ ʮʝʥʪʨʳ ʤʠʨʘ ʧʨʦʚʦʜʷʪ ʧʦʩʪʦʷʥʥʳʝ ʠʩʩʣʝ-

ʜʦʚʘʥʠʷ ʚ ʵʪʠʭ ʥʘʧʨʘʚʣʝʥʠʷʭ 

ɹʫʨʥʦʝ ʨʘʟʚʠʪʠʝ ʥʘʥʦʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ, ʭʠʤʠʠ ʩʫʧʨʘʤʦʣʝʢʫ-

ʣʷʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʩʫʧʝʨʠʦʥʥʳʭ ʧʨʦʚʦʜʥʠʢʦʚ, ʚʩrʦʢʦʵʥʪʨʦ-

ʧʠʡʥʳʭ ʩʧʣʘʚʦʚ (ɺʕʉ) ʠ ʜʨ., ʦʪʢʨʳʪʠʝ ʚ ʥʘʯʘʣʝ ʥʘʰʝʛʦ ʩʪʦʣʝʪʠʷ 

ʛʨʘʬʝʥʘ, ʪʦʧʦʣʦʛʠʯʝʩʢʠʭ ʠʟʦʣʷʪʦʨʦʚ ʧʦʩʣʫʞʠʣʦ ʥʦʚʳʤ ʤʦʱʥʳʤ 

ʠʤʧʫʣʴʩʦʤ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʙʣʘʩʪʠ ʭʠʤʠʠ ʠ ʤʘʪʝʨʠʘʣʦʚʝʜʝ-

ʥʠʷ ʭʘʣʴʢʦʛʝʥʠʜʦʚ. 

ʍʘʣʴʢʦʛʝʥʠʜʳ ʤʝʪʘʣʣʦʚ, ʘ ʪʘʢʞʝ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʝ ʬʘʟʳ 

ʥʘ ʠʭ ʦʩʥʦʚʝ ʷʚʣʷʶʪʩʷ ʚʘʞʥʳʤʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʤʘʪʝʨʠʘʣʘ-

ʤʠ, ʧʨʦʷʚʣʷʶʱʠʤʠ ʚʳʰʝʫʢʘʟʘʥʥʳʝ ʩʚʦʡʩʪʚʘ ʠ ʥʘʰʝʜʰʠʤʠ ʩʚʦʝ 

ʧʨʠʤʝʥʝʥʠʝ ʚ ʨʷʜʝ ʪʝʭʥʦʣʦʛʠʡ. ɺ ʯʘʩʪʥʦʩʪʠ, ʭʘʣʴʢʦʛʝʥʠʜʳ ʈɿʕ, 

ʦʙʣʘʜʘʶʱʠʝ ʫʥʠʢʘʣʴʥʳʤʠ ʤʘʛʥʠʪʥʳʤʠ, ʦʧʪʠʯʝʩʢʠʤʠ ʠ ʪʝʨʤʦ-

ʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʢ ʨʝʟʢʠʤ ʠʟʤʝʥʝ-

ʥʠʷʤ ʫʩʣʦʚʠʡ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʚʳʩʦʢʦʡ ʪʝʨʤʦʩʪʦʡʢʦʩʪʴʶ, ʠ 

ʪ.ʜ. ʟʘʥʠʤʘʶʪ ʦʩʦʙʦʝ ʧʦʣʦʞʝʥʠʝ ʩʨʝʜʠ ʫʢʘʟʘʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ.  

ʕʪʠʤ ʤʘʪʝʨʠʘʣʘʤ ʧʨʠʩʫʱʘ ʚʳʩʦʢʘʷ ʫʜʝʣʴʥʘʷ ʧʨʦʯʥʦʩʪʴ, ʦʪʣʠʯ-

ʥʳʝ ʤʝʭʘʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, 

ʠʩʢʣʶʯʠʪʝʣʴʥʘʷ ʧʣʘʩʪʠʯʥʦʩʪʴ ʠ ʚʷʟʢʦʩʪʴ ʨʘʟʨʫʰʝʥʠʷ ʧʨʠ ʢʨʠʦ-

ʛʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʩʫʧʝʨʧʘʨʘʤʘʛʥʝʪʠʟʤ ʠ ʩʚʝʨʭʧʨʦʚʦʜʠ-

ʤʦʩʪʴ. ɺʕʉ ʥʘ ʦʩʥʦʚʝ ʈɿʕ ʤʦʛʫʪ ʙʳʪʴ ʭʦʨʦʰʠʤʠ ʪʝʨʤʦʵʣʝʢʪ-

ʨʠʯʝʩʢʠʤʠ ʤʘʪʝʨʠʘʣʘʤʠ ʠʟ-ʟʘ ʙʦʣʴʰʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ɿʝʝʙʝʢʘ 

ʠ ʥʠʟʢʦʡ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ.  

ʊʘʣʣʠʡ -  ʵʣʝʤʝʥʪ ʩ ʙʦʣʴʰʦʡ ʧʣʦʪʥʦʩʪʴʶ (11.85 ʛ/ʩʤį) ʠ ʝʛʦ 
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ʚʥʝʜʨʝʥʠʝ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʨʝʰʝʪʢʫ ʠʟʚʝʩʪʥʳʭ ʙʠʥʘʨʥʳʭ 

ʪʝʨʤʦʵʣʝʢʪʨʠʢʦʚ ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʰʠʨʠʥʳ ʟʘʧʨʝʱʝʥʥʦʡ 

ʟʦʥʳ ʠ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ, ʠ ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʢ ʫʚʝʣʠʯʝʥʠʶ ʪʝʨʤʦ-

ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ. ʇʦʵʪʦʤʫ ʤʥʦʛʠʝ 

ʩʣʦʞʥʳʝ ʭʘʣʴʢʦʛʝʥʠʜʳ ʥʘ ʦʩʥʦʚʝ ʪʘʣʣʠʷ ʦʪʥʦʩʷʪʩʷ ʢ ʪʝʨʤʦʵʣʝʢ-

ʪʨʠʢʘʤ ʩ ʘʥʦʤʘʣʴʥʦ ʥʠʟʢʦʡ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴʶ.  

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʚʦʟʨʦʩ ʠʥʪʝʨʝʩ ʢ ʩʣʦʞʥʳʤ ʭʘʣʴʢʦʛʝʥʠʜʘʤ 

ʪʘʣʣʠʷ ʪʘʢʞʝ ʢʘʢ ʢ ʧʦʣʫʤʝʪʘʣʣʘʤ ɺʝʡʣʷ ʠ ʪʦʧʦʣʦʛʠʯʝʩʢʠʤ ʠʟʦ-

ʣʷʪʦʨʘʤ. ʂʨʦʤʝ ʪʦʛʦ, ʥʝʢʦʪʦʨʳʤ ʠʟ ʫʢʘʟʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʧʨʠ-

ʩʫʱʘ ʚʳʩʦʢʘʷ ʬʦʪʦʧʨʦʚʦʜʠʤʦʩʪʴ, ʯʪʦ ʦʧʨʝʜʝʣʷʝʪ ʠʭ ʧʝʨʩʧʝʢ-

ʪʠʚʥʦʩʪʴ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʜʝʪʝʢʪʦʨʦʚ ʛʘʤʤʘ- ʠ ʨʝʥʪ-

ʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʡ.   

ʅʝʟʘʧʦʣʥʝʥʥʳʝ 5d- ʠ 4f- ʫʨʦʚʥʠ ʪʘʣʣʠʷ, ʵʢʨʘʥʠʨʫʷ ʚʥʝʰʥʠʝ 

6s
2
 ʵʣʝʢʪʨʦʥʳ, ʧʨʠʚʦʜʷʪ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʨʘʟʣʠʯʠʶ ʤʝʞʜʫ ʵʥʝʨ-

ʛʠʷʤʠ 6s ʠ 6p ʦʨʙʠʪʘʣʝʡ (ʵʬʬʝʢʪ ʠʥʝʨʪʥʦʡ 6s ï ʧʘʨʳ). ʇʦʵʪʦʤʫ 

ʜʣʷ ʪʘʣʣʠʷ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʜʨʫʛʠʭ ʨ
1
-ʵʣʝʤʝʥʪʦʚ, ʭʘʨʘʢʪʝʨʥʘ ʥʝ 

ʚʳʩhʘʷ ʩʪʝʧʝʥʴ ʦʢʠʩʣʝʥʠʷ, ʘ ʦʜʥʦʚʘʣʝʥʪʥʦʝ ʩʦʩʪʦʷʥʠʝ. ɺ ʩʦʝʜʠ-

ʥʝʥʠʷʭ ʪʘʣʣʠʷ ʩʦ ʩʪʝʧʝʥʴʶ ʦʢʠʩʣʝʥʠʷ +1, ʦʥ ʧʦ ʭʠʤʠʯʝʩʢʠʤ ʠ 

ʢʨʠʩʪʘʣʣʦʭʠʤʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ ʘʥʘʣʦʛʠʯʝʥ ʱʝʣʦʯʥʳʤ ʤʝʪʘʣ-

ʣʘʤ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʥʘʣʠʯʠʝ 6s
2
 ʵʣʝʢʪʨʦʥʦʚ ʧʨʠʜʘʝʪ Tl

+
 ʥʝʢʦʪʦ-

ʨʫʶ ʩʧʝʮʠʬʠʯʥʦʩʪʴ, ʥʘʧʨʠʤʝʨ, ʩʦʝʜʠʥʝʥʠʷ Tl2X ʙʦʣʝʝ ʣʝʛʢʦ-

ʧʣʘʚʢʠ, ʯʝʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʭʘʣʴʢʦʛʝʥʠʜʳ ʤʝʪʘʣʣʦʚ I ʛʨʫʧʧʳ. 

ʇʦʣ̫ʨʠʟʘʮʠʦʥʥʳʡ ʵʬʬʝʢʪ ʚ Tl
+
 ʧʨʠʚʦʜʠʪ ʢʘʢ ʢ ʤʦʜʠʬʠʢʘʮʠʠ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ, ʭʘʨʘʢʪʝʨʥʦʡ ʜʣʷ ʱʝʣʦʯʥʳʭ ʩʦʝʜʠ-

ʥʝʥʠʡ, ʪʘʢ ʠ ʢ ʧʦʷʚʣʝʥʠʶ ʩʪʨʫʢʪʫʨ ʩʦʚʝʨʰʝʥʥʦ ʠʥʦʛʦ ʪʠʧʘ. 

ɺʤʝʩʪʝ ʩ ʪʝʤ, ʪʘʣʣʠʡ ʚ ʩʦʝʜʠʥʝʥʠʷʭ ʤʦʞʝʪ ʥʘʭʦʜʠʪʩɹʷ ʚ ʚʳʩʰʝʡ 

ʩʪʝʧʝʥʠ ʦʢʠʩʣʝʥʠʷ (ʥʘʧʨʠʤʝʨ, Tl2X3), ʘ ʪʘʢʞʝ ʚ ʦʙʝʠʭ ʩʪʝʧʝʥʷʭ 

ʦʢʠʩʣʝʥʠʷ ʚ ʦʜʥʦʤ ʠ ʪʦʤ ʞʝ ʩʦʝʜʠʥʝʥʠʠ. ʇʨʠʤʝʨʘʤʠ ʤʦʛʫʪ 

ʩʣʫʞʠʪʴ ʭʘʣʴʢʦʛʝʥʠʜʳ TlSe, TlTe ʠ Tl5Te3. 

ʉʫʙʪʝʣʣʫʨʠʜ ʪʘʣʣʠʷ Tl5Te3 ʷʚʣʷʝʪʩʷ ʧʦʜʭʦʜʷʱʠʤ ʤʘʪʨʠʯʥʳʤ 

ʩʦʝʜʠʥʝʥʠʝʤ ʜʣʷ ʩʠʥʪʝʟʘ ʥʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ ï ʩʪʨʫʢʪʫʨʥʳʭ ʘʥʘ-

ʣʦʛʦʚ ʠ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ ʬʘʟ ʧʝʨʝʤʝʥʥʦʛʦ ʩʦʩʪʘʚʘ. ʕʪʦ ʩʦ-

ʝʜʠʥʝʥʠʝ ʧʨʦʷʚʣʷʝʪ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʠ ʚ ʩʠʣʫ ʦʩʦ-

ʙʝʥʥʦʩʪʝʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ, ʦʙʨʘʟʫʝʪ ʨʷʜ ʪʨʦʡʥʳʭ 

ʘʥʠʦʥ- ʠ ʢʘʪʠʦʥʟʘʤʝʱʝʥʥʳʭ ʩʪʨʫʢʪʫʨʥʳʭ ʘʥʘʣʦʛʦʚ, ʪʘʢʞʝ ʧʨʦ-
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ʷʚʣʷʶʱʠʭ ʨʷʜ ʠʥʪʝʨʝʩʥʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʚʦʡʩʪʚ. ʄʦʞʥʦ 

ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʚʚʝʜʝʥʠʝ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ 

Tl5Te3 ʠ ʝʛʦ ʩʪʨʫʢʪʫʨʥʳʭ ʘʥʘʣʦʛʦʚ ʘʪʦʤʦʚ ʈɿʕ ʧʨʠʚʝʜʝʪ ʢ 

ʫʣʫʯh ʝʥʠʶ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʠ ʧʨʠʜʘʥʠʶ ʜʦʧʦʣʥʠ-

ʪʝʣɹʥʳʭ, ʥʘʧʨʠʤʝʨ, ʤʘʛʥʠʪʥʳʭ.   

ʉʦʟʜʘʥʠʝ ʠ ʨʘʟʚʠʪʠʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʦʩʥʦʚ ʫʧʨʘʚʣʷʝʤʦʛʦ 

ʩʠʥʪʝʟʘ ʥʦʚʳʭ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʤʘʪʝʨʠʘʣʦʚ ʙʘ-

ʟʠʨʫʶʪʩʷ ʥʘ ʥʘʜʝʞʥʳʭ ʜʘʥʥʳʭ ʧʦ ʬʘʟʦʚʳʤ ʨʘʚʥʦʚʝʩʠʷʤ ʠ ʪʝʨʤʦ-

ʜʠʥʘʤʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʠʩʪʝʤ. ʉʠʩʪʝʤʳ, ʚ 

ʢʦʪʦʨʳʭ ʚʦʟʤʦʞʥʦ ʦʙʨʘʟʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨʥʳʭ ʘʥʘʣʦʛʦʚ ʠʟʚʝʩʪʥʳʭ 

ʙʠʥʘʨʥʳʭ ʠ ʪʨʦʡʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠʣʠ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ ʥʘ ʠʭ ʦʩ-

ʥʦʚʝ, ʧʨʝʜʩʪʘʚʣʷʶʪ ʦʩʦʙʳʡ ʠʥʪʝʨʝʩ. ʅʝ ʩʣʫʯʘʡʥʦ, ʯʪʦ ʙʦʣʴʰʠʥ-

ʩʪʚʦ ʪʨʦʡʥʳʭ ʩʪʨʫʢʪʫʨʥʳʭ ʘʥʘʣʦʛʦʚ Tl5Te3 ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʧʨʠ 

ʠʩʩʣʝʜʦʚʘʥʠʠ ʬʘʟʦʚʳʭ ʨʘʚʥʦʚʝʩʠʡ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʠʩʪʝʤʘʭ. 

ɸʥʘʣʠʟ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʜʦ ʥʘʯʘʣʘ 

ʥʘh ʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ (2005 ʛ.)  ʬʘʟʦʚʳʝ ʨʘʚʥʦʚʝʩʠʷ ʚ ʪʨʦʡʥʳʭ 

ʩʠʩʪʝʤʘʭ Tl-Ln-Te ʥʝ ʙʳʣʠ ʠʟʫʯʝʥʳ. ʀʤʝʣʠʩʴ ʣʠʰʴ ʦʪʨʳʚʦʯʥʳʝ 

ʜʘʥʥʳʝ ʦ ʩʪʨʫʢʪʫʨʥʳʭ ʠ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚʘʭ ʩʦʝʜʠʥʝʥʠʡ ʪʠʧʘ 

TlLnX2 (X-S, Se, Te).  

ʆʙʲʝʢʪ ʠ ʧʨʝʜʤʝʪ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʋʯʠʪʳʚʘʷ ʚʳʰʝʠʟʣʦʞʝʥ-

ʥʦʝ, ʦʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʠʣʠʩʴ ʦʙʣʘʩʪʠ ʩʦʩʪʘʚʦʚ Tl2Te-

Tl5Te3-Tl4LnTe3 (Ln-Sm, Dy, Tm), Tl2Te-Tl5Te3-Tl9LnTe6 (Ln-Sm, 

Gd, Tb, Er, Tm) ʠ Tl2Te-YbTe-Te ʪʨʦʡʥʳʭ ʩʠʩʪʝʤ Tl-Ln-Te, ʘ 

ʪʘʢʞʝ Tl5Te3-Tl9LnTe6-Tl9BiTe6 (Ln-Sm, Gd, Tb, Er, Tm), Tl5Te3-

Tl9LnTe6-Tl9SbTe6 (Ln-Sm, Gd, Tb), Tl2Te-Tl9LnTe6-Tl9BiTe6 (Ln-

Sm, Gd, Er), Tl2Te-Tl9LnTe6-Tl9SbTe6 (Ln-Sm, Gd) ʠ Tl4PbTe3-

Tl9BiTe6-Tl9GdTe6 ʯʝʪʚʝʨʥʳʭ ʠ ʧʷʪʝʨʥʳʭ ʩʠʩʪʝʤ. ʇʨʝʜʤʝʪʦʤ ʠʩ-

ʩʣʝʜʦʚʘʥʠʷ ʷʚʠʣʦʩʴ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʦʝ ʠ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʝ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʫʢʘʟʘʥʥʳʭ ʩʠʩʪʝʤ.   

ʎʝʣʴ ʠ ʟʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʋʯʠʪʳʚʘʷ ʚʳʰʝʠʟʣʦʞʝʥʥʦʝ, 

ʮʝʣʴʶ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʬʠʟʠʢʦ-ʭʠʤʠ-

ʯʝʩʢʠʭ ʦʩʥʦʚ ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʩʠʥʪʝʟʘ ʪʝʣʣʫʨʠʜʦʚ ʪʘʣʣʠʷ-ʈɿʕ ʠ 

ʩʣʦʞʥʳʭ ʬʘʟ ʧʝʨʝʤʝʥʥʦʛʦ ʩʦʩʪʘʚʘ ʥʘ ʠʭ ʦʩʥʦʚʝ ʥʘ ʙʘʟʝ ʢʦʤʧ-

ʣʝʢʩʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʬʘʟʦʚʳʭ ʨʘʚʥʦʚʝʩʠʡ, ʢʨʠʩʪʘʣʣʦʭʠʤʠʯʝʩ-

ʢʠʭ ʠ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʠʩʪʝʤ. 
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ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʵʪʦʡ ʮʝʣʠ ʙʳʣʠ ʧʦʩʪʘʚʣʝʥʳ ʠ ʨʝʰʝʥʳ ʩʣʝ-

ʜʫʶʱʠʝ ʢʦʥʢʨʝʪʥʳʝ ʟʘʜʘʯʠ: 

- ʧʣʘʥʠʨʦʚʘʥʠʝ ʠ ʦʨʛʘʥʠʟʘʮʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʢʦʤʧʣʝʢʩʥʦʤʫ 

ʠʩʩʣʝʜʦʚʘʥʠʶ ʬʘʟʦʚʳʭ ʨʘʚʥʦʚʝʩʠʡ ʠ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ ʪʨʦʡʥʳʭ ʠ ʙʦʣʝʝ ʩʣʦʞʥʳʭ ʪʝʣʣʫʨʠʜʦʚ ʪʘʣʣʠʷ ʈɿʕ ʩʦ-

ʯʝʪʘʥʠʝʤ ʪʨʘʜʠʮʠʦʥʥʳʭ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʭ ʤʝʪʦʜʦʚ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ (ɼʊɸ, ʈʌɸ, ʤʠʢʨʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ, 

ʉʕʄ) ʩ ʠʟʤʝʨʝʥʠʷʤʠ ʕɼʉ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʳʭ ʮʝʧʝʡ;  

- ʨʝʘʣʠʟʘʮʠʷ ʧʦʜʦʙʥʳʭ ʢʦʤʧʣʝʢʩʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʨʷʜʝ ʪʨʦʡ-

ʥʳʭ ʩʠʩʪʝʤ Tl-Ln-Te; ʦʧʨʝʜʝʣʝʥʠʝ ʭʘʨʘʢʪʝʨʘ ʠ ʧʘʨʘʤʝʪʨʦʚ ʬʘ-

ʟʦʚʳʭ ʨʘʚʥʦʚʝʩʠʡ ʚ ʥʠʭ; ʧʦʩʪʨʦʝʥʠʝ ʥʝʢʦʪʦʨʳʭ ʧʦʣʠʪʝʨʤʠʯʝ-

ʩʢʠʭ ʠ ʠʟʦʪʝʨʤʠʯʝʩʢʠʭ ʩʝʯʝʥʠʡ ʬʘʟʦʚʳʭ ʜʠʘʛʨʘʤʤ, ʘ ʪʘʢʞʝ ʧʨʦ-

ʝʢʮʠʡ ʧʦʚʝʨʭʥʦʩʪʝʡ ʣʠʢʚʠʜʫʩʘ; 

- ʩʠʥʪʝʟ ʠ ʠʜʝʥʪʠʬʠʢʘʮʠʷ ʚʳʷʚʣʝʥʥʳʭ ʥʦʚʳʭ ʪʨʦʡʥʳʭ ʩʦʝʜʠ-

ʥʝʥʠʡ, ʦʧʨʝʜʝʣʝʥʠʝ ʠʭ ʦʙʣʘʩʪʝʡ ʛʦʤʦʛʝʥʥʦʩʪʠ, ʪʠʧʦʚ ʠ ʧʘʨʘ-

ʤʝʪʨʦʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ;  

- ʠʟʫʯʝʥʠʝ ʥʝʢʦʪʦʨʳʭ ʩʠʩʪʝʤ ʥʘ ʦʩʥʦʚʝ  ʚʳʷʚʣʝʥʥʳʭ ʥʦʚʳʭ 

ʪʨʦʡʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʠʭ ʩʪʨʫʢʪʫʨʥʳʭ ʘʥʘʣʦʛʦʚ ʩ ʮʝʣʴʶ ʧʦʣʫ-

ʯʝʥʠʷ ʥʦʚrʭ ʬʘʟ ʧʝʨʝʤʝʥʥʦʛʦ ʩʦʩʪʘʚʘ. 

- ʠʩʩʣʝʜʦʚʘʥʠʝ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʥʝʢʦʪʦʨʳʭ ʩʠʩʪʝʤ 

ʪʠʧʦʚ  Ln-Te ʠ Tl-Ln-Te ʤʝʪʦʜʦʤ ʕɼʉ.  

ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠ ʤʝʪʦʜʘʤʠ 

ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ, ʘ ʠʤʝʥʥʦ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʪʝʨ-

ʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ (ɼʊɸ), ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʠʟʘ (ʈʌɸ), 

ʤʠʢʨʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ, ʩʢʘʥʠʨʫʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩ-

ʢʦʧʠʠ (ʉʕʄ), ʘ ʪʘʢʞʝ ʠʟʤʝʨʝʥʠʝʤ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʠ ʕɼʉ ʢʦʥ-

ʮʝʥʪʨʘʮʠʦʥʥʳʭ ʦʪʥʦʩʠʪʝʣʴʥʦ ʵʣʝʢʪʨʦʜʦʚ ʮʝʧʝʡ ʜʚʫʭ ʪʠʧʦʚ. 

ɼʊɸ ʧʨʦʚʦʜʠʣʠ ʚ ʵʚʘʢʫʠʨʦʚʘʥʥʳʭ ʢʚʘʨʮʝʚʳʭ ʘʤʧʫʣʘʭ ʥʘ 

ʧʨʠʙʦʨʘʭ NETZSCH 404 F1 Pegasus, ʘ ʪʘʢʞʝ ʥʘ ʩʦʙʨʘʥʥʦʡ ʥʘ 

ʦʩʥʦʚʝ ʵʣʝʢʪʨʦʥʥʦʛʦ ʨʝʛʠʩʪʨʘʪʦʨʘ ʜʘʥʥʳʭ "TC-08 Thermocouple 

Data Logger" ʫʩʪʘʥʦʚʢʝ ʤʥʦʛʦʢʘʥʘʣʴʥʦʛʦ ɼʊɸ. ɼʠʬʨʘʢʪʦʛʨʘʤʤʳ 

ʩʧʣʘʚʦʚ ʩʥʠʤʘʣʠ ʥʘ ʧʦʨʦʰʢʦʚʳʭ ʜʠʬʨʘʢʪʦʤʝʪʨʘʭ D2 Phaser ʠ 

D8 ADVANCE ʬʠʨʤʳ Bruker ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ CuKa-ʠʟʣʫʯʝ-

ʥʠʷ. ʉʕʄ ʠʟʦʙʨʘʞʝʥʠʷ ʩʥʠʤʘʣʠ ʥʘ ʩʢʘʥʠʨʫʶʱʝʤ ʵʣʝʢʪʦʥʥʦʤ 

ʤʠʢʨʦʩʢʦʧʝ Field Emission Scanning Electron Microscope 
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JEOLJSM-7600F. ʀʟʤʝʨʝʥʠʷ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ, ʘ ʪʘʢʞʝ ʠʩʩʣʝʜʦ-

ʚʘʥʠʝ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʧʨʦʚʦʜʠʣʠ ʥʘ ʤʠʢʨʦʪʚʝʨʜʦʤʝʨʝ ʇʄʊ-3 ʠ 

ʥʘ ʤʝʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʤ ʤʠʢʨʦʩʢʦʧʝ ME520TA. 

ʄʝʪʦʜʘʤʠ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʠʣʠʩʴ ʫʯʝʥʠʝ 

ʅ.ʉ.ʂʫʨʥʘʢʦʚʘ ʦ ʬʘʟʦʚʳʭ ʨʘʚʥʦʚʝʩʠʷʭ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠʡ ʘʧʧʘ-

ʨʘʪ ʪʝʨʤʦʜʠʥʘʤʠʢʠ ʨʘʩʪʚʦʨʦʚ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʤʝʪʦʜʘ ʧʘʨʮʠʘʣʴ-

ʥʳʭ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ. 

ʇʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ. 

V ʇʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʥʦʚʳʭ ʪʝʣʣʫʨʠʜʦʚ ʪʘʣʣʠʷ-

ʈɿʕ ʪʠʧʦʚ Tl9LnTe6 ʠ Tl4LnTe3 ʩʦ ʩʪʨʫʢʪʫʨʦʡ  Tl5Te3 ʠ  ʨʘʟʨʘ-

ʙʦʪʘʥʥʘʷ ʤʝʪʦʜʠʢʘ ʩʠʥʪʝʟʘ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ.  

V ʂʦʤʧʣʝʢʩʳ ʥʦʚʳʭ ʚʟʘʠʤʦʩʦʛʣʘʩʦʚʘʥʥʳʭ ʜʘʥʥʳʭ ʧʦ ʬʘʟʦʚʳʤ 

ʨʘʚʥʦʚʝʩʠʷʤ ʚ ʪʨʦʡʥʳʭ ʩʠʩʪʝʤʘʭ Tl-Ln-Te ʚ ʦʙʣʘʩʪʷʭ ʩʦʩʪʘ-

ʚʦʚ Tl2Te-Tl5Te3-Tl4LnTe3 (Ln-Sm, Dy, Tm), Tl2Te-Tl5Te3-

Tl9LnTe6 (Ln-Sm, Gd, Tb, Er, Tm) ʠ Tl2Te-YbTe-Te, ʚʢʣʶʯʘʶ-

ʱʠʝ ʨʘʟʣʠʯʥʳʝ ʧʦʣʠʪʝʨʤʠʯʝʩʢʠʝ ʠ ʠʟʦʪʝʨʤʠʯʝʩʢʠʝ ʩʝʯʝʥʠʷ, ʘ 

ʪʘʢʞʝ ʧʨʦʝʢʮʠʠ ʧʦʚʝʨʭʥʦʩʪʝʡ ʣʠʢʚʠʜʫʩʘ ʠ ʩʦʣʠʜʫʩʘ; 

V ʇʦʣʫʯʝʥʥʳʝ ʢʘʨʪʠʥʳ ʬʘʟʦʚʳʭ ʨʘʚʥʦʚʝʩʠʡ ʚ ʩʠʩʪʝʤʘʭ Tl5Te3-

Tl9LnTe6-Tl9BiTe6 (Ln-Sm, Gd, Tb, Er, Tm), Tl5Te3-Tl9LnTe6-

Tl9SbTe6 (Ln-Sm, Gd, Tb), Tl2Te-Tl9LnTe6-Tl9BiTe6 (Ln-Sm, 

Gd, Er), Tl2Te-Tl9LnTe6-Tl9SbTe6 (Ln-Sm, Gd) ʠ Tl4PbTe3-

Tl9BiTe6-Tl9GdTe6.  

V ʈʝʟʫʣʴʪʘʪʳ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʠ 3D-ʚʠʟʫʘʣʠʟʘʮʠʠ 

ʧʦʚʝʨʭʥʦʩʪʝʡ ʣʠʢʚʠʜʫʩʘ ʠ ʩʦʣʠʜʫʩʘ ʩʠʩʪʝʤʳ Tl9GdTe6-

Tl4PbTe3-Tl9BiTe6.  

V ʂʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʚʳʷʚʣʝʥʥʳʭ ʥʦʚʳʭ ʪʨʦʡ-

ʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʬʘʟ ʧʝʨʝʤʝʥʥʦʛʦ ʩʦʩʪʘʚʘ ʚ ʚʳh ʝʫʢʘʟʘʥʥʳʭ 

ʩʠʩʪʝʤʘʭ. 

V ʅʦʚʝr ʢʦʤʧʣʝʢʩʳ ʜʘʥʥʳʭ ʧʦ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʤ ʪʝʨʤʦʜʠʥʘ-

ʤʠʯʝʩʢʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʙʠʥʘʨʥʳʭ ʠ ʪʨʦʡʥʳʭ ʪʝʣʣʫʨʠʜʦʚ 

ʈɿʕ ʚ ʩʠʩʪʝʤʘʭ Ln-Te ʠ Tl-Ln-Te (Ln-Gd, Tb, Er, Tm), ʧʦʣʫ-

ʯʝʥʥʳʝ ʤʝʪʦʜʦʤ ʕɼʉ.  

V ʄʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʥʝʢʦʪʦʨʳʭ ʩʦʝʜʠʥʝʥʠʡ ʪʠʧʘ Tl9LnTe6 ʠ 

ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ ʥʘ ʠʭ ʦʩʥʦʚʝ.  
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V ɺʳʷʚʣʝʥʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʬʟʦʦʙʨʘʟʦʚʘʥʠʷ ʠ ʬʘʟʦʚʳʭ ʨʘʚ-

ʥʦʚʝʩʠʡ ʚ ʠʟʫʯʝʥʥʭ ʪʨʦʡʥʳʭ ʠ ʙʦʣʝʝ ʩʣʦʞʥʳʭ ʩʠʩʪʝʤʘʭ, ʘ 

ʪʘʢʞʝ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʦʙʨʘʟʫʶʱʠʭʩʷ ʚ ʥʠʭ ʧʨʦ-

ʤʝʞʫʪʦʯʥʳʭ ʬʘʟ.  

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ. ɺ ʨʘʙʦʪʝ ʧʦʣʫʯʝʥʳ ʩʣʝʜʫʶʱʠʝ ʥʦʚʳʝ ʨʝ-

ʟʫʣʴʪʘʪʳ, ʩʦʩʪʘʚʣʷʶʱʠʝ ʥʘʫʯʥʫʶ ʦʩʥʦʚʫ ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʩʠʥʪʝ-

ʟʘ ʪʝʣʣʫʨʠʜʦʚ ʪʘʣʣʠʷ-ʈɿʕ ʠ ʥʦʚʳʭ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ ʬʘʟ ʥʘ 

ʠʭ ʦʩʥʦʚʝ:  

V ʅʘ ʦʩʥʦʚʘʥʠʠ ʘʥʘʣʠʟʘ ʦʩʦʙʝʥʥʦʩʪʝʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢ-

ʪʫʨʳ ʩʦʝʜʠʥʝʥʠʷ Tl5Te3 ʠ ʝʛʦ ʠʟʚʝʩʪʥʳʭ ʪʨʦʡʥʳʭ ʩʪʨʫʢʪʫʨ-

ʥʳʭ ʘʥʘʣʦʛʦʚ ʧʨʦʛʥʦʟʠʨʦʚʘʥʦ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʥʦʚʳʭ ʪʝʣʣʫ-

ʨʠʜʦʚ ʪʘʣʣʠʷ-ʈɿʕ ʪʠʧʦʚ Tl9LnTe6 ʠ Tl4LnTe3 ʩ ʫʢʘʟʘʥʥʦʡ 

ʩʪʨʫʢʪʫʨʦʡ. ʈʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ ʩʠʥʪʝʟʘ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʩ 

ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʡ ʦʥʠ ʧʦʣʫʯʝʥʳ ʚ ʛʦʤʦʛʝʥʥʦʤ ʚʠʜʝ ʠ ʠʜʝʥ-

ʪʠʬʠʮʠʨʦʚʘʥʳ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʦʪʣʠʯʠʝ ʦʪ ʜʨʫʛʠʭ ʈɿʕ ʠʪ-

ʪʝʨʙʠʡ ʥʝ ʦʙʨʘʟʫʝʪ ʚʳʰʝʫʢʘʟʘʥʥʳʝ ʪʨʦʡʥʳʝ ʩʦʝʜʠʥʝʥʠʷ.  

V ʄʝʪʦʜʘʤʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ (ɼʊɸ, ʈʌɸ, ʄʉɸ, 

ʠʟʤʝʨʝʥʠʝ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ) ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʤʝʪʦʜʦʤ ʕɼʉ ʧʦ-

ʣʫʯʝʥ ʢʦʤʧʣʝʢʩ ʥʦʚʳʭ ʚʟʘʠʤʦʩʦʛʣʘʩʦʚʘʥʥʳʭ ʜʘʥʥʳʭ ʧʦ ʬʘ-

ʟʦʚʳʤ ʨʘʚʥʦʚʝʩʠʷʤ, ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʤ ʠ ʪʝʨʤʦʜʠʥʘʤʠ-

ʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ ʪʨʦʡʥʳʭ ʩʠʩʪʝʤ Tl-Ln-Te ʚ ʦʙʣʘʩʪʷʭ ʩʦʩʪʘ-

ʚʦʚ, ʙʦʛʘʪʳʭ ʪʝʣʣʫʨʠʜʘʤʠ ʪʘʣʣʠʷ. ʇʦʣʫʯʝʥʳ ʢʘʨʪʠʥʳ ʬʘʟʦ-

ʚʳʭ ʨʘʚʥʦʚʝʩʠʡ ʚ 3-ʭ ʩʠʩʪʝʤʘʭ ʚ ʦʙʣʘʩʪʠ ʩʦʩʪʘʚʦʚ Tl2Te-

Tl5Te3-Tl4LnTe3 (Ln-Sm, Dy, Tm), 3-ʭ ï ʚ ʦʙʣʘʩʪʠ ʩʦʩʪʘʚʦʚ 

Tl2Te-Tl5Te3-Tl9LnTe6 (Ln-Sm, Gd, Tb, Er, Tm) ʠ ʚ ʧʦʜʩʠʩʪʝʤʝ 

Tl2Te-YbTe-Te. ʇʦʩʪʨʦʝʥʳ ʧʨʦʝʢʮʠʠ ʧʦʚʝʨʭʥʦʩʪʝʡ ʣʠʢʚʠʜʫʩʘ 

ʠ ʩʦʣʠʜʫʩʘ ʫʢʘʟʘʥʥʳʭ ʧʦʜʩʠʩʪʝʤ, ʨʘʟʣʠʯʥʳʝ ʧʦʣʠ- ʠ ʠʟʦʪʝʨ-

ʤʠʯʝʩʢʠʝ ʩʝʯʝʥʠʷ ʠʭ ʊ-ʭ-ʫ ʜʠʘʛʨʘʤʤ, ʦʧʨʝʜʝʣʝʥʳ ʦʙʣʘʩʪʠ 

ʛʦʤʦʛʝʥʥʦʩʪʠ ʠ ʧʝʨʚʠʯʥʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʬʘʟ, ʘ ʪʘʢʞʝ ʪʠʧʳ 

ʠ ʢʦʦʨʜʠʥʘʪʳ ʥʦʥ- ʠ ʤʦʥʦʚʘʨʠʘʥʪʥʳʭ ʨʘʚʥʦʚʝʩʠʡ.  

V ʋʩʪʘʥʦʚʣʝʥ ʭʘʨʘʢʪʝʨ ʬʘʟʦʚʳʭ ʨʘʚʥʦʚʝʩʠʡ ʚ ʩʠʩʪʝʤʘʭ Tl5Te3-

Tl9LnTe6-Tl9BiTe6 (Ln-Sm, Gd, Tb, Er, Tm) (I), Tl5Te3-

Tl9LnTe6-Tl9SbTe6 (Ln-Sm, Gd, Tb) (II), Tl2Te-Tl9LnTe6-

Tl9BiTe6 (Ln-Sm, Gd, Er) (III), Tl 2Te-Tl9LnTe6-Tl9SbTe6 (Ln-

Sm, Gd) (IV) ʠ Tl4PbTe3-Tl9BiTe6-Tl9GdTe6 (V). ʇʦʢʘʟʘʥʦ, ʯʪʦ 
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ʩʠʩʪʝʤʳ (I), (II) ʠ (V) ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝʤ ʥʝʦʛʨʘ-

ʥʠʯʝʥʥʳʭ, ʘ ʩʠʩʪʝʤʳ (III) ʠ (IV)- ʰʠʨʦʢʠʭ ʦʙʣʘʩʪʝʡ ʪʚʝʨʜʳʭ 

ʨʘʩʪʚʦʨʦʚ ʟʘʤʝɦʝʥʠʷ ʩʦ ʩʪʨʫʢʪʫʨʦʡ Tl5Te3.  

V ʅʘ ʦʩʥʦʚʝ ʤʦʜʝʣʠ ʨʝʛʫʣʷʨʥʳʭ ʨʘʩʪʚʦʨʦʚ ʧʨʦʚʝʜʝʥ ʪʝʨʤʦʜʠ-

ʥʘʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʠ 3D-ʚʠʟʫʘʣʠʟʘʮʠʷ ʧʦʚʝʨʭʥʦʩʪʝʡ ʣʠʢʚʠ-

ʜʫʩʘ ʠ ʩʦʣʠʜʫʩʘ ʩʠʩʪʝʤʳ Tl9GdTe6-Tl4PbTe3-Tl9BiTe6 ʠ ʧʦʣʫ-

ʯʝʥʦ ʭʦʨʦʰʝʝ ʩʦʦʪʚʝʪʩʪʚʠʝ ʩ ʵʢʩʧʝʨʠʤʝʥʪʦʤ.  

V ʄʝʪʦʜʦʤ ʕɼʉ ʧʦʣʫʯʝʥʳ ʥʦʚʳʝ ʢʦʤʧʣʝʢʩʳ ʚʟʘʠʤʦʩʦʛʣʘʩʩʦ-

ʚʘʥʥʳʭ ʜʘʥʥʳʭ ʧʦ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʤ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʤ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʙʠʥʘʨʥʳʭ ʠ ʪʨʦʡʥʳʭ ʪʝʣʣʫʨʠʜʦʚ ʈɿʕ ʚ ʩʠ-

ʩʪʝʤʘʭ Ln-Te ʠ Tl-Ln-Te (Ln-Gd, Tb, Er, Tm).  

V ʆʧʨʝʜʝʣʝʥʘ ʧʨʠʨʦʜʘ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ ʥʝʢʦʪʦʨʳʭ ʩʦʝʜʠʥʝ-

ʥʠʡ ʪʠʧʘ Tl9LnTe6 ʠ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ ʥʘ ʠʭ ʦʩʥʦʚʝ. ʇʦʢʘʟʘ-

ʥʦ, ʯʪʦ ʠʩʩʣʝʜʦʚʘʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʷʚʣʷʶʪʩʷ ʧʘʨʘʤʝʛʥʝʪʠʢʘ-

ʤʠ ʠ ʧʦʜʯʠʥʷʶʪʩʷ ʟʘʢʦʥʫ ʂʶʨʠ- ɺʝʡʩʘ 

ʊʝʦʨʝʪʠʯʝʩʢʦʝ ʠ ʧʨʘʢʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ. ʉʠʥʪʝʟʠʨʦʚʘʥʥʳʝ 

ʥʦʚʳʝ ʪʝʣʣʫʨʠʜʳ ʪʘʣʣʠʷ- ʈɿʕ ʜʦʧʦʣʥʷʶʪ ʦʙʰʠʨʥʳʡ ʢʣʘʩʩ 

ʪʨʦʡʥʳʭ ʩʦʝʜʠʥʝʥʠʡ- ʩʪʨʫʢʪʫʨʥʳʭ ʘʥʘʣʦʛʦʚ Tl5Te3. ʇʦʣʫʯʝʥʥʳʝ 

ʢʦʤʧʣʝʢʩʳ ʚʟʘʠʤʦʩʦʛʣʘʩʦʚʘʥʥʳʭ ʜʘʥʥʳʭ ʧʦ ʬʘʟʦʚʳʤ ʨʘʚʥʦʚʝ-

ʩʠʷʤ ʚ ʠʟʫʯʝʥʥʳʭ ʩʠʩʪʝʤʘʭ, ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʤ  ʠ ʪʝʨʤʦʜʠ-

ʥʘʤʠʯʝʩʢʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʬʘʟ ʷʚʣʷʶʪʩʷ ʬʠ-

ʟʠʢʦ-ʭʠʤʠʯʝʩʢʦʡ ʦʩʥʦʚʦʡ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʤʝʪʦʜʠʢ ʠ ʚʳʙʦʨʘ ʦʧ-

ʪʠʤʘʣʴʥʳʭ ʨʝʞʠʤʦʚ ʩʠʥʪʝʟʘ ʠ ʚʳʨʘʱʠʚʘʥʠʷ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ, 

ʦʙʨʘʟʫʶɦʠʭʩʷ ʚ ʥʠʭ ʥʦʚʳʭ ʬʘʟ ʩ ʟʘʜʘʥʥʳʤ ʩʦʩʪʘʚʦʤ ʠ ʩʚʦʡ-

ʩʪʚʘʤʠ. ɺʳʷʚʣʝʥʥʳʝ ʥʦʚʳʝ ʩʦʝʜʠʥʝʥʠʷ ʠ ʬʘʟʳ ʧʝʨʝʤʝʥʥʦʛʦ ʩʦ-

ʩʪʘʚʘ ʷʚʣʷʶʪʩʷ ʧʦʪʝʥʮʠʘʣʴʥʳʤʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʤʘʪʝʨʠʘʣʘ-

ʤʠ ʩ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʠ ʤʘʛʥʠʪʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʠ ʧʦʩʣʝ 

ʜʝʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʤʦʛʫʪ ʥʘʡʪʠ ʧʨʘʢ-

ʪʠʯʝʩʢʦʝ ʧʨʠʤʝʥʝʥʠʝ.  

ɺʳʰʝʫʢʘʟʘʥʥʳʝ ʢʦʤʧʣʝʢʩʳ ʜʘʥʥʳʭ ʜʦʧʦʣʥʷʶʪ ʭʠʤʠʶ,  ʪʝʨ-

ʤʦʜʠʥʘʤʠʢʫ ʠ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʝ ʩʣʦʞʥʳʭ ʭʘʣʴʢʦʛʝʥʠʜʦʚ ʠ ʤʦ-

ʛʫʪ ʙʳʪʴ ʚʥʝʩʝʥʳ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʩʧʨʘʚʦʯʥʠʢʠ ʠ ʵʣʝʢʪʨʦʥ-

ʥʳʝ ʙʘʥʢʠ ʜʘʥʥʳʭ. ʈʷʜ ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ ʨʘʙʦʪ, ʩʦʜʝʨʞʘʱʠʭ ʫʢʘ-

ʟʘʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʚʢʣʶʯʝʥ ʚ ʤʝʞʜʫʥʘʨʦʜʥʳʝ ʙʘʟʳ ʜʘʥʥʳʭ  
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Web of Sciences ʠ Scopus. ʇʦ ʜʘʥʥʳʤ "Google Scholar Citations" ʥʘ 

ʩʪʘʪʴʠ ʘʚʪʦʨʘ ʧʦ ʪʝʤʝ ʜʠʩʩʝʨʪʘʮʠʠ ʩʜʝʣʘʥʦ ʩʚʳʰʝ 440 ʩʩʳʣʦʢ. 

ɸʧʨʦʙʘʮʠʷ ʠ ʧʨʠʤʝʥʝʥʠʝ. ʈʝʟʫʣʴʪʘʪʳ ʜʠʩʩʝʨʪʘʮʠʠ ʜʦʣʦʞʝ-

ʥʳ ʠ ʦʙʩʫʞʜʝʥʳ ʥʘ ʩʣʝʜʫʶʱʠʭ ʥʘʫʯʥʳʭ ʢʦʥʬʝʨʝʥʮʠ̫ ʭ:  

VII, VIII, XI ʄʝʞʜʫʥʘʨʦʜʥʳʭ ʥʘʫʯʥʳʭ ʢʦʥʬʝʨʝʥʮʠʷʭ "ʂʠʥʝʪʠʢʘ 

ʠ ʤʝʭʘʥʠʟʤ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ. ʂʨʠʩʪʘʣʣʠʟʘʮʠʷ ʢʘʢ ʬʦʨʤʘ ʩʘʤʦʦʨʛʘ-

ʥʠʟʘʮʠʠ ʚʝʱʝʩʪʚʘ" (ʀʚʘʥʦʚʦ, ʈʦʩʩʠʷ, 2010, 2014, 2021); 8
th
 

International Conference "Electronic processes in organic and inorganic 

materials" (Ivano-Frankovsk, Ukraine, 2010); XI international conference 

on crystal chemistry of intermetallic compounds (Lviv, Ukraine, 2010); 

VII ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ "ʉʦʚʨʝʤʝʥ-

ʥʳʝ ʤʝʪʦʜʳ ʚ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʥɹʦʡ ʵʣʝʢʪʨʦʭʠʤʠʠ" 

(ʇʣʝʩ, ʈʦʩʩʠʷ, 2015); XIII-XV International Conference on Physics and 

Technology of thin films and Nanostructures (Ivano-Frankovsk, Ukraine, 

2011, 2013, 2015); XIX ʄʝʥʜʝʣʝʝʚʩʢʦʤ ʩʲʝʟʜʝ ʧʦ ʦʙʱʝʡ ʠ ʧʨʠʢʣʘʜ-

ʥʦʡ ʭʠʤʠʠ (ɺʦʣʛʦʛʨʘʜ, ʈʦʩʩʠʷ, 2011); ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ 

"ʉʦʚʨʝʤʝʥʥʳʝ ʧʨʦʙʣʝʤʳ ʭʠʤʠʯʝʩʢʦʡ ʥʘʫʢʠ ʠ ʦʙʨʘʟʦʚʘʥʠʷ" (ʏʝʙʦʢ-

ʩʘʨʳ, ʈʦʩʩʠʷ, 2012); XII International conference on crystal chemistry of 

intermetallic compounds (Lviv, Ukraine, 2013); X ʄʝʞʜʫʥʘʨʦʜʥʦʤ 

ʂʫʨʥʘʢʦʚʩʢʦʤ ʉʦʚʝʱʘʥʠʠ ʧʦ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʦʤʫ ʘʥʘʣʠʟʫ (ʉʘʤʘ-

ʨʘ, ʈʦʩʩʠʷ, 2013); 1
st
 International chemistry and chemical engineering 

conference (Baku, Azerbaijan, 2013); XV ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʢʦʥʬʝ-

ʨʝʥʮʠʠ "Chemical engineering-2014" (ʄʦʩʢʚʘ, ʈʦʩʩʠʷ, 2014); 1
st
 Inter-

national scientific conference of young scientists and specialists "The role 

of multidisciplinary aproch in soluti of actual problems of fundamental 

and applied sciences (earth, technical and chemical)" (Baku, Azerbaijan, 

2014); International Conference Applied Mineralogy and Advanced 

materials, AMAM- 2015 (Castellaneta Marina, Italy, 2015); 1
st
, 2

nd 

International Turkic World Conference on Chemical Sciences and 

Technologies, (Sarajevo, Bosnia-Herzegovina, 2015; Skopje, Macedonia, 

2016); V International conference "HighMatTech" (Kiev, Ukraine, 2015); 

ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʥʘʫʯʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ 

çII ɹʘʡʢʘʣʴʩʢʠʡ ʤʘʪʝʨʠʘʣʦʚʝʜʯʝʩʢʠʡ ʬʦʨʫʤè, (ʋʣʘʥ-ʋʜʝ, ʈʦʩʩʠʷ, 

2015); ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ "ʍʠʤʠʷ ʪʚʝʨʜʦʛʦ ʪʝʣʘ ʠ ʬʫʥʢ-

ʮʠʦʥʘʣʴʥʳʝ ʤʘʪʝʨʠʘʣʳ" (ɽʢʘʪʝʨʠʥʙʫʨʛ, ʈʦʩʩʠʷ, 2016); XI ʤʝʞʜʫ-
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ʥʘʨʦʜʥʦʝ ʂʫʨʥʘʢʦʚʩʢʦʝ ʩʦʚʝʱʘʥʠʝ ʧʦ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʦʤʫ ʘʥʘʣʠʟʫ 

(ɺʦʨʦʥʝʞ, ʈʦʩʩʠʷ, 2016); AMEA-nēn akad. M. Naĵēyev ad. Kataliz vᴅ 

Qeyri-¿zvi Kimya Ķnstitutunun 80 illik yubileyinᴅ hᴅsr o lunmuĸ elmi 

konfransē, (Bakē, Azᴅrbaycan, 2016); IX ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-

ʪʝʭʥʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʤʠʢʨʦ- ʠ ʥʘʥʦʪʝʭʥʦʣʦʛʠʠ ʚ ʵʣʝʢʪʨʦʥʠʢʝ 

(ʅʘʣʴʯʠʢ, ʈʦʩʩʠʷ, 2017); VIII ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ "ʌʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʚ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʭ ʩʨʝʜʘʭ ʠ ʥʘ ʤʝʞʬʘʟʥʳʭ 

ʛʨʘʥʠʮʘʭ- ʌɸɻʈɸʅ-2018" (ɺʦʨʦʥʝʞ, ʈʦʩʩʠʷ, 2018); II International 

scientific conference of Young reserchers (Baku, Azerbaijan, 2018); 

XXII International Conference on Chemical Thermodynamics in Russia" 

(Saint-Pererburg, Russia, 2019); ¦mummilli lider Heydᴅr ᴄliyevin ana-

dan olmasmm 94-c¿  ildºn¿m¿nᴅ hᴅsr olunmuĸ "M¿asir tᴅbiᴅt vᴅ iqtisad 

elmlᴅrinin aktual problemleri" (Gᴅncᴅ, Azᴅrbaycan, 2019); International 

conference on actual problems of chemical engineering, dedicate to the 

100
th
 Anniversary of the Azerbaijan State Oil and Industry University 

(Baku, Azerbaijan, 2020); 10
th
 Rostocker International Conference 

"Thermophysical Properties for Technical Thermodynamics" (Rostock, 

Germany, 2021); 1
st
 International Congress of Natural Sciences, ICNAS-

2021 (Erzurum, Turkey, 2021). 

ʇʦ ʤʘʪʝʨʠʘʣʘʤ ʜʠʩʩʝʨʪʘʮʠʠ ʦʧʫʙʣʠʢʦʚʘʥʦ 70 ʨʘʙʦʪ, ʚ ʪʦʤ 

ʯʠʩʣʝ 37 ʩʪʘʪʝʡ ʚ ʠʟʜʘʥʠʷʭ, ʚʭʦʜʷʱʠʭ ʚ ʧʝʨʝʯʝʥʴ ɺɸʂ. ʀʟ ʥʠʭ 

26 ʩʪʘʪʝʡ ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʞʫʨʥʘʣʘʭ, ʠʥʜʝʢʩʠ-

ʨʫʝʤʳʭ ʚ ʙʘʟʘʭ Web of Sciences ʠ Scopus. 

ʅʘʟʚʘʥʠʝ ʦʨʛʘʥʠʟʘʮʠʠ, ʚ ʢʦʪʦʨʦʡ ʚʳʧʦʣʥʝʥʘ ʨʘʙʦʪʘ. ʈʘ-

ʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʣʘʙʦʨʘʪʦʨʠʠ "ʊʝʨʤʦʜʠʥʘʤʠʢʘ ʬʫʥʢʮʠʦʥʘʣ-ɹ

ʥʳʭ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ" ʦʪʜʝʣʘ "ʌʫʥʢʮʠʦʥʘʣʴʥʳʝ ʥʝ-

ʦʨʛʘʥʠʯʝʩʢʠʝ ʤʘʪʝʨʠʘʣʳ" ʀʥʩʪʠʪʫʪʘ ʢʘʪʘʣʠʟʘ ʠ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ 

ʭʠʤʠʠ ʅɸʅ ɸʟʝʨʙʘʡʜʞʘʥʘ. 

ɼʦʣʷ ʘʚʪʦʨʘ. ɸʚʪʦʨʫ ʧʨʠʥʘʜʣʝʞʠʪ ʦʙʱʘʷ ʬʦʨʤʫʣʠʨʦʚʢʘ ʮʝ-

ʣʠ ʠ ʟʘʜʘʯ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ, ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʦʣʦʛʠʯʝʩ-

ʢʠʭ ʧʨʠʝʤʦʚ ʠʭ ʨʝʰʝʥʠʷ, ʦʙʨʘʙʦʪʢʘ ʠ ʦʙʦʙʱʝʥʠʝ ʨʝʟʫʣʪɹʘʪʦʚ, ʘ 

ʪʘʢʞʝ ʟʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ  ʵʢʩʧʝʨʠʤʝʥʪʘʣʥɹʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ.  

ʆʙʲʸʤ ʠ ʩʪʨʫʢʪʫʨʘ ʨʘʙʦʪʳ. ɼʠʩʩʝʨʪʘʮʠʷ ʩʦʩʪʦʠʪ ʠʟ ʚʚʝʜʝ-

ʥʠʷ (18.753 ʩʠʤʚʦʣʦʚ), ʧʷʪʠ ʛʣʘʚ (ɻʣʘʚʘ I- 67.118, ɻʣʘʚʘ II-

47.956, ɻʣʘʚʘ III- 62.942, ɻʣʘʚʘ IV-54.124, ɻʣʘʚʘ V- 103.526),  
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ʦʩʥʦʚʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʠ ʚʳʚʦʜʦʚ, ʩʧʠʩʢʘ ʠʩʧʦʣʴʟʦʚʘʥʥʦʡ ʣʠʪʝ-

ʨʘʪʫʨʳ ʠ ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ ʨʘʙʦʪ ʘʚʪʦʨʘ ʧʦ ʪʝʤʝ ʜʠʩʩʝʨʪʘʮʠʠ 

(499 ʥʘʠʤʝʥʦʚʘʥʠʡ), ʘ ʪʘʢʞʝ ʧʨʠʣʦʞʝʥʠʡ. ɼʠʩʩʝʨʪʘʮʠʷ ʠʟʣʦʞʝ-

ʥʘ ʥʘ 382 ʩʪʨʘʥʠʮʘʭ, ʩʦʜʝʨʞʠʪ 146 ʨʠʩʫʥʢʦʚ ʠ 51 ʪʘʙʣʠʮʫ.  

ɺ ʇʨʠʣʦʞʝʥʠʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʦʨʦʰʢʦʚʳʝ ʜʠʬʨʘʢʪʦʛʨʘʤʤʳ 

ʥʝʢʦʪʦʨʳʭ ʩʧʣʘʚʦʚ ʠʟʫʯʝʥʥʳʭ ʩʠʩʪʝʤ, ʚʥʫʪʨʝʥʥʠʝ ʧʦʣʠʪʝʨʤʠ-

ʯʝʩʢʠʝ ʩʝʯʝʥʠʷ ʬʘʟʦʚʳʭ ʜʠʘʛʨʘʤʤ ʠʩʩʣʝʜʫʝʤʳʭ ʪʨʦʡʥʳʭ ʩʠʩʪʝʤ, 

ʠʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʠʟʤʝʨʝʥʠʡ ʕɼʉ ʩʧʣʘʚʦʚ ʙʠʥʘʨʥʳʭ ʠ ʪʨʦʡʥʳʭ 

ʩʠʩʪʝʤ. ʇʨʠʣʦʞʝʥʠʝ ʚʢʣʶʯʘʝʪ 30 ʨʠʩʫʥʢʦʚ ʠ 21 ʪʘʙʣʠʮʫ. 

ɹʣʘʛʦʜʘʨʥʦʩʪʠ. ɸʚʪʦʨ ʚʳʨʘʞʘʝʪ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʧʨʦʬ. ʀʤʘ-

ʤʝʜʜʠʥʫ ɸʤʠʨʘʩʣʘʥʦʚʫ (ʀʥʩʪʠʪʫʪ ʌʠʟʠʢʠ, ʅɸʅɸ) ʠ ʜʦʮ. ɺʘʛʠʬʫ 

ɻʘʩʳʤʦʚʫ (ʀʂʅʍ, ʅɸʅɸ) ʟʘ ʧʦʤʦʱ ɹʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʨʝʥʪʛʝʥʦʚ-

ʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠ ʁʠʭ ʜʘʥʥʳʭ. ʆʩʦʙʫʶ ʧʨʠʟʥʘ-

ʪʝʣɹʥʦʩʪʴ ʚʳʨʘʞʘʶ ʤʦʝʤʫ ʋʯʠʪʝʣʶ ʠ ʥʘʫʯʥʦʤʫ ʢʦʥʩʫʣʪɹʘʥʪʫ, 

ʯʣʝʥ-ʢʦʨʨ. ʅɸʅ ɸʟʝʨʙʘʡʜʞʘʥʘ, ʧʨʦʬʝʩʩʦʨʫ ʄʘʛʦʤʝʜʫ ɹʘʙʘʥʣʳ ʟʘ 

ʧʦʩʪʦʷʥʥʦʝ ʚʥʠʤʘʥʠʝ ʢ ʨʘʙʦʪʝ,  ʧʦʣʝʟʥʳʝ ʩʦʚʝʪʳ ʠ ʜʠʩʢʫʩʩʠʠ. 

 

ʆʉʅʆɺʅʆɽ ʉʆɼɽʈɾɸʅʀɽ ʈɸɹʆʊʓ 

ɺʦ ʚʚʝʜʝʥʠʠ ʦʙʦʩʥʦʚʘʥʘ ʘʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ ʜʠʩʩʝʨʪʘʮʠʦʥ-

ʥʦʡ ʨʘʙʦʪʳ, ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʮʝʣʴ, ʟʘʜʘʯʠ, ʥʘʫʯʥʘʷ ʥʦʚʠʟʥʘ, 

ʪʝʦʨʝʪʠʯʝʩʢʦʝ ʠ ʧʨʘʢʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʚ ʜʠʩʩʝʨ-

ʪʘʮʠʠ ʨʝʟʫʣʴʪʘʪʦʚ, ʧʨʠʚʝʜʝʥ ʩʧʠʩʦʢ ʘʧʨʦʙʘʮʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʜʠʩ-

ʩʝʨʪʘʮʠʠ,  

ɺ ʧʝʨʚʦʡ ʛʣʘʚʝ ʢʨʘʪʢʦ ʦʧʠʩʘʥʳ ʠ ʢʨʠʪʠʯʝʩʢʠ ʘʥʘʣʠʟʠʨʦʚʘʥʳ 

ʣʠʪʝʨʘʪʫʨʥʳʝ ʜʘʥʥʳʝ ʧʦ ʊ-ʭ ʜʠʘʛʨʘʤʤʘʤ ʚ ʙʠʥʘʨʥʳʭ ʠ ʪʨʦʡʥʳʭ 

ʩʠʩʪʝʤʘʭ Tl-Te, Ln-Te, Tl-B
V
-Te (Ln- Sm,  Gd, Tb, Dy, Er, Tm, Yb; 

B
V
-Sb, Bi), ʘ ʪʘʢʞʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ ʫʢʘʟʘʥʥʳʭ ʪʝʣ-

ʣʫʨʠʜʦʚʙʠʥʘʨʥʳʭ ʠ ʪʨʦʥʳʭ ʪʝʣʣʫʨʠʜʦʚ (ʧʦʜʨʘʟʜʝʣʳ 1.2-1.4). ɺ 

ʧʦʜʨʘʟʜʝʣʝ 1.5 ʧʨʠʚʝʜʝʥʳ ʜʘʥʥʳʝ ʧʦ ʩʦʩʪʦʷʥʠ ʁ ʠʟʫʯʝʥʥʦʩʪʠ 

ʩʣʦʞʥʳʭ ʩʠʩʪʝʤ, ʩʦʩʪʘʚʣʝʥʥʳʭ ʠʟ ʪʘʣʣʠʡʩʦʜʝʨʞʘʱʠʭ ʪʝʣʣʫʨʠʜʦʚ 

ʈɿʕ, ʦʙʦʩʥʦʚʘʥ ʚʳʙʦʨ ʦʙʲʝʢʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʆʪʜʝʣʴʥʳʡ ʧʦʜʨʘʟ-

ʜʝʣ (1.1) ʧʦʩʚʷʱʝʥ ʦʙʟʦʨʫ ʨʘʙʦʪ ʧʦ ʠʟʫʯʝʥʠʶ ʨʘʟʣʠʯʥʳʭ ʬʫʥʢʮʠʦ-

ʥʘʣʴʥʳʭ ʩʚʦʡʩʪʚ ʭʘʣʴʢʦʛʝʥʠʜʦʚ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ʠ ʤʘʪʝʨʠʘʣʦʚ 

ʥʘ ʠʭ ʦʩʥʦʚʝ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʘʥʘʣʠʟʘ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʦʙʦʩʥʦ-

ʚʘʥ ʚʳʙʦʨ ʦʙʲʝʢʪʦʚ ʜʘʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ. 
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ɺʪʦʨʘʷ ʛʣʘʚʘ ʧʦʩʚʷʱʝʥʘ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʠʤ ʘʩʧʝʢʪʘʤ ʧʣʘʥʠ-

ʨʦʚʘʥʠʷ ʠ ʦʨʛʘʥʠʟʘʮʠʠ ʚʟʘʠʤʦʩʦʛʣʘʩʦʚʘʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ 

ʬʘʟʦʚʳʤ ʨʘʚʥʦʚʝʩʠʷʤ ʠ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ ʠʟʫʯʝʥ-

ʥʳʭ ʩʠʩʪʝʤ. ɿʜʝʩʴ ʧʨʠʚʝʜʝʥʘ ʢʨʘʪʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʤʝʪʦʜʦʚ 

ʩʠʥʪʝʟʘ (ʧʦʜʨʘʟʜʝʣ 2.1), ʘ ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʤʝʪʦʜʦʚ ʠʩʩʣʝ-

ʜʦʚʘʥʠʷ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʨʠʙʦʨʦʚ ʠ ʫʩʪʘʥʦʚʦʢ (ʧʦʜʨʘʟʜʝʣ 

2.2). ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʩʦʦʪʚʝʪʩʪʚʫ-

ʶʱʠʝ ʧʨʠʙʦʨʳ ʠ ʫʩʪʘʥʦʚʢʠ ʦʧʠʩʘʥʳ ʚʳʰʝ (ʩʪʨ.5-6). 

ɺ ʧʦʜʨʘʟʜʝʣʝ 2.3 ʦʙʦʩʥʦʚʘʥʘ ʠ ʧʦʜʨʦʙʥʦ ʦʧʠʩʘʥʘ ʤʝʪʦʜʠʢʘ 

ʩʠʥʪʝʟʘ ʪʨʦʡʥʳʭ ʪʝʣʣʫʨʠʜʦʚ ʪʘʣʣʠʷ-ʈɿʕ ʠ ʩʧʣʘʚʦʚ ʥʘ ʠʭ ʦʩʥʦʚʝ. 

ɺ ʯʘʩʪʥʦʩʪʠ, ʧʦʢʘʟʘʥʦ, ʯʪʦ ʩʠʥʪʝʟ ʪʨʦʡʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʪʠʧʦʚ 

Tl9LnTe6 ʠ Tl4LnTe3 ʠʟ ʵʣʝʤʝʥʪʘʨʥʳʭ ʠʩʭʦʜʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ 

ʪʨʘʜʠʮʠʦʥʥʳʤ ʤʝʪʦʜʦʤ ʩʧʣʘʚʣʝʥʠʷ ʥʝ ʧʨʠʚʦʜʠʪ ʢ ʧʦʣʫʯʝʥʠʶ 

ʛʦʤʦʛʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʜʘʞʝ ʧʦʩʣʝ ʜʣʠʪʝʣʴʥʦʛʦ ʪʝʨʤʠʯʝʩʢʦʛʦ ʦʪ-

ʞʠʛʘ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʈɿʕ ʩ ʪʘʣʣʠʝʤ ʦʙʨʘʟʫʝʪ ʪʝʨʤʦʜʠʥʘʤʠʯʝ-

ʩʢʠ ʩʪʘʙʠʣʴʥʳʝ ʩʦʝʜʠʥʝʥʠʷ, ʯʪʦ ʧʨʝʧʷʪʩʪʚʫʝʪ ʧʦʣʫʯʝʥʠʶ ʪʨʦʡ-

ʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʪʝʣʣʫʨʠʜʦʚ ʈɿʕ ʠ ʪʝʣʣʫʨʠʜʦʚ 

ʪʘʣʣʠʷ ʪʘʢʞʝ ʥʝ ʧʨʠʚʦʜʠʪ ʢ ʧʦʣʫʯʝʥʠʶ ʛʦʤʦʛʝʥʥʳʭ ʦʙʨʘʟʮʦʚ. 

ʋʯʠʪʳʚʘʷ ʫʢʘʟʘʥʥʦʝ, ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʩʧʝʮʠʘʣʴʥʘʷ ʤʝʪʦʜʠʢʘ 

ʩʠʥʪʝʟʘ ʪʨʦʡʥʳʭ ʩʦʝʜʠʥʝʥʠʡ: ʚʤʝʩʪʦ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʪʘʣʣʠʷ 

ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʝ ʢʦʣʠʯʝʩʪʚʘ ʪʝʣʣʫʨʠʜʦʚ 

ʪʘʣʣʠʷ, ʘ ʪʘʢʞʝ ʵʣʝʤʝʥʪʘʨʥʥʳʭ ʈɿʕ ʠ ʪʝʣʣʫʨʘ. ʂʨʦʤʝ ʪʦʛʦ, ʧʦ-

ʢʘʟʘʥʦ, ʯʪʦ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʦʜʥʦʨʦʜʥʳʭ ʦʙʨʘʟʮʦʚ ʧʦʩʣʝ ʩʧʣʘʚʣʝ-

ʥʠʷ ʥʝʦʙʭʦʜʠʤ ʜʣʠʪʝʣʴʥʳʡ ʦʪʞʠʛ (ʦʢʦʣʦ 1000ʯ.) ʧʝʨʝʪʝʨʪʳʭ ʚ 

ʧʦʨʦʰʦʢ ʠ ʟʘʧʨʝʩʦʚʘʥʥʳʭ ʚ ʪʘʙʣʝʪʢʠ ʣʠʪʳʭ ʩʧʣʘʚʦʚ. 

ɺ ʨʘʙʦʪʝ ʧʨʠ ʩʠʥʪʝʟʘʭ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥ  rʵʣʝʤʝʥʪʘʨʥʳʝ ʢʦʤ-

ʧʦʥʝʥʪʳ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʠ ʯʠʩʪʦʪʳ ʥʝʤʝʮʢʦʡ ʬʠʨʤʳ Alfa Aesar: 

(ʪʝʣʣʫʨ, ʢʘʪʘʣʦʛʦʚʳʡ ʥʦʤʝʨ 13494-80-9; ʪʘʣʣʠʡ-7440-28-0; ʩʫʨʴ-

ʤʘ-7440-36-0; ʚʠʩʤʫʪ-7440-69-9; ʩʚʠʥʝʮ-7439-92-1; ʩʘʤʘʨʠʡ-7440-

19-9; ʛʘʜʦʣʠʥʠʡ-7440-54-2; ʪʝʨʙʠʡ-7440-27-9; ʜʠʩʧʨʦʟʠʡ - 7429-

91-6; ɻ ʨʙʠʡ-7440-52-0; ʪʫʣʣʠʡ-7440-30-4; ʠʪʪʝʨʙʠʡ-7440-64-4). 

ʉʧʣʘʚʳ ʠʩʩʣʝʜʫʝʤʳʭ ʩʠʩʪʝʤ ʛʦʪʦʚʠʣʠ ʧʨʷʤʳʤ ʚʟʘʤʦʜʝʡʩʪʚʠ-

ʝʤ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʠ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʥʳʭ 

ʙʠʥʘʨʥʳʭ ʠ ʪʨʦʡʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʦʪʢʘʯʘʥʥʳʭ ʜʦ ~10
ï2

 ʇʘ ʠ 

ʟʘʧʘʷʥʥʳʭ ʢʚʘʨʮʝʚʳʭ ʘʤʧʫʣʘʭ. ɼʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʚʟʘʠʤʦʜʝʡ-

https://www.alfa.com/en/catalog/010766/
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ʩʪʚʠʷ ʣʘʥʪʘʥʦʠʜʦʚ ʩʦ ʩʪʝʥʢʘʤʠ ʢʚʘʨʮʘ ʧʨʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫ-

ʨʘʭ ʩʠʥʪʝʟ ʧʨʦʚʦʜʠʣʠ ʚ ʛʨʘʬʠʪʠʟʠʨʦʚʘʥʥʭ ʘʤʧʫʣʘʭ. ɻʨʘʬʠʪʠʟʠ-

ʨʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʠ ʨʘʟʣʦʞʝʥʠʝʤ ʪʦʣʫʦʣʘ. ʂʦʥʢʨʝʪʥʳʝ ʫʩʣʦʚʠʷ 

ʩʠʥʪʝʟʘ ʧʨʠʚʝʜʝʥʳ ʚ ʜʠʩʩʝʨʪʘʮʠʠ.  

ɺ ʪʨʝʪʴʝʡ ʛʣʘʚʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʤʝʥʪʘʣʴʥʦʛʦ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʬʘʟʦʚʳʭ ʜʠʘʛʨʘʤʤ ʪʨʦʡʥʳʭ ʩʠʩʪʝʤ Tl-Ln-Te ʚ ʦʙ-

ʣʘʩʪʷʭ ʩʦʩʪʘʚʦʚ Tl2Te-Tl5Te3-Tl9LnTe6 (Ln-  Sm, Gd, Tb, Er, Tm), 

Tl2Te-Tl5Te3-Tl4LnTe3 (Ln-Sm, Dy, Tm) ʠ Tl2Te-YbTe-Te. ɺ ʢʘʯʝ-

ʩʪʚʝ ʧʨʠʤʝʨʦʚ ʥʠʞʝ ʧʨʠʚʝʜʝʥʳ ʥʝʢʦʪʦʨʳʝ ʜʘʥʥʳʝ ʜʣʷ ʩʠʩʪʝʤ 

Tl2Te-Tl5Te3-Tl9SmTe6, Tl2Te-Tl5Te3-Tl4DyTe3 ʠ Tl2Te-YbTe-Te. 

ʉʠʩʪʝʤʘ Tl2Te-Tl5Te3-Tl9SmTe6.  
ʈʘʟʨʝʟ Tl2Te-Tl9SmTe6 (ʈʠʩ.1) ʵʪʦʡ ʩʠʩʪʝʤʳ ʥʝʢʚʘʟʠʙʠʥʘʨʥʳʡ 

ʚʩʣʝʜʩʪʚʠʝ ʠʥʢʦʥʛʨʫʵʥʪʥʦʛʦ ʭʘʨʘʢʪʝʨʘ ʧʣʘʚʣʝʥʠʷ Tl9SmTe6 ʠ ʭʘ-

ʨʘʢʪʝʨʠʟʫʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝʤ ʰʠʨʦʢʦʡ ʦʙʣʘʩʪʠ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ 

(d-ʬʘʟʘ) ʩʦ ʩʪʨʫʢʪʫʨʦʡ Tl5Te3. ʃʠʢʚʠʜʫʩ ʩʦʩʪʦʠʪ ʠʟ ʢʨʠʚʳʭ ʧʝʨ-

ʚʠʯʥʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʩʦʝʜʠʥʝʥʠʷ TlSmTe2, ʘ ʪʘʢʞʝ a- ʠ d- ʬʘʟ 

ʥʘ ʦʩʥʦʚʝ Tl2Te ʠ Tl9SmTe6, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  ɻʦʨʠʟʦʥʪʘʣʠ ʧʨʠ 

703 ʠ 755 ʂ ʦʪʚʝʯʘʶʪ ʧʝʨʠʪʝʢʪʠʯʝʩʢʠʤ ʨʘʚʥʦʚʝʩʠʷʤ L+dªa ʠ 

L+TlSmTe2 ªd.  

     
ʈʠʩʫʥʦʢ 1. ʌʘʟʦʚʳʝ ʜʠʘʛʨʘʤʤʳ ʩʠʩʪʝʤ Tl2Te-Tl 9SmTe6 ʠ            

Tl 5Te3-Tl 9SmTe6 
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ɿʥʘʯʝʥʠʷ ʤʠʢʨʦʪʚʝʨʜʦʩʪʝʡ ʦʙʨʘʟʮʦʚ ʚ ʧʨʝʜʝʣʘʭ ʦʙʣʘʩʪʝʡ ʛʦʤʦ-

ʛʝʥʥʦʩʪʠ a- ʠ d- ʬʘʟ ʥʝʩʢʦʣʴʢʦ ʫʚʝʣʠʯʠʚʘʶʪʩʷ, ʘ ʚ ʜʚʫʭʬʘʟʥʦʡ ʦʙ-

ʣʘʩʪʠ a+d ʦʩʪʘʶʪʩʷ ʧʦʩʪʦʷʥʥʳʤʠ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʩʦʩʪʘʚʘ ʩʧʣʘʚʘ 

(ʨʠʩ.1,ʙ). ʉʠʩʪʝʤʘ Tl5Te3-Tl9SmTe6 (ʨʠʩ.1) ʪʘʢʞʝ ʥʝʢʚʘʟʠʙʠʥʘʨʥʘ ʠ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝʤ ʥʝʧʨʝʨʳʚʥʦʛʦ ʨʷʜʘ ʪʚʝʨʜʳʭ ʨʘʩ-

ʪʚʦʨʦʚ (d-ʬʘʟʘ). ɺ ʠʥʪʝʨʚʘʣʝ ʢʦʥʮʝʥʪʨʘʮʠʡ 0-50 ʤʦʣ%Tl9SmTe6 ʠʟ 

ʞʠʜʢʦʩʪʠ ʧʝʨʚʠʯʥʦ ʚʳʧʘʜʘʶʪ ʢʨʠʩʪʘʣʣʳ d-ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ. ɺ 

ʦʙʣʘʩʪʠ ʞʝ ʩ ʙʦʣʴʰʝʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ Tl9SmTe6  ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ 

ʩʦʝʜʠʥʝʥʠʝ TlSmTe2. ʂʘʢ ʨʝʟʫʣʴʪʘʪ ʤʦʥʦʚʘʨʠʘʥʪʥʦʡ ʧʝʨʠʪʝʢʪʠ-

ʯʝʩʢʦʡ ʨʝʘʢʮʠʠ L+TlSmTe2ªd ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʥʠʞʝ ʪʝʤʧʝʨʘʪʫʨʳ 

755 ʂ ʜʦʣʞʥʘ ʦʙʨʘʟʦʚʘʪʴʩʷ ʪʨʝʭʬʘʟʥʘʷ ʦʙʣʘʩʪʴ L+TlSmTe2+d. ʆʜ-

ʥʘʢʦ ʵʪʦ ʧʦʣʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʥʝ ʟʘʬʠʢʩʠʨʦʚʘʥʦ ʠʟ-ʟʘ ʫʟʢʦʛʦ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʠʥʪʝʨʚʘʣʘ ʠ ʦʪʤʝʯʝʥʦ ʧʫʥʢʪʠʨʦʤ.  

ʂʦʥʮʝʥʪʨʘʮʠʦʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪ ɹʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʦʙʨʘʟʮʦʚ ʭʘ-

ʨʘʢʪʝʨʠʟʫʝʪʩʷ ʢʨʠʚʦʡ, ʧʨʦʭʦʜʷʱʝʡ ʯʝʨʝʟ ʧʦʣʦʛʠʡ ʤʘʢʩʠʤʫʤ, ʯʪʦ 

ʷʚʣʷʝʪʩʷ ʭʘʨʘʢʪʝʨʥʳʤ ʜʣʷ ʩʠʩʪʝʤ ʩ ʥʝʦʛʨʘʥʠʯʝʥʥʳʤʠ ʪʚʝʨʜʳʤʠ 

ʨʘʩʪʚʦʨʘʤʠ (ʨʠʩ.1,ʙ). 

ʈʝʟʫʣʴʪʘʪʳ ʈʌɸ (ʈʠʩ.2) ʥʘʭʦʜʷʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʬʘʟʦ-

ʚʳʤʠ ʜʠʘʛʨʘʤʤʘʤʠ (ʈʠʩ.1) ʚʳʰʝʫʢʘʟʘʥʥʳʭ ʩʠʩʪʝʤ. ɺ ʩʠʩʪʝʤʝ 

Tl2Te-Tl9SmTe6 (ʜʠʬʨʘʢʪʦʛʨʘʤʤʳ 1-4) ʩʧʣʘʚʳ ʩʦʩʪʘʚʦʚ 

²30ʤʦʣ% Tl9SmTe6 ʦʜʥʦʬʘʟʥʳ ʠ ʠʤʝʶʪ ʜʠʬʨʘʢʪʦʛʨʘʤʤʳ ʪʠʧʘ 

Tl5Te3 (3), ʘ ʩʧʣʘʚ ʩʦʩʪʘʚʘ 25ʤʦʣ% Tl9SmTe6 ʜʚʫʭʬʘʟʥʳʡ ʠ 

ʥʘʨʷʜʫ ʩ d-ʬʘʟʦʡ ʩʦʜʝʨʞʠʪ ʩʣʘʙʳʝ ʨʝʬʣʝʢʩʳ a-ʬʘʟʳ (2). ɺ ʩʠ-

ʩʪʝʤʝ Tl5Te3-Tl9SmTe6  (ʜʠʬʨʘʢʪʦʛʨʘʤʤʳ 4-6) ʠʩʭʦʜʥʳʝ ʩʦʝʜʠ-

ʥʝʥʠʷ ʠ ʩʧʣʘʚ ʩʦʩʪʘʚʘ 50 ʤʦʣ%Tl9SmTe6 ʠʤʝʶʪ ʘʥʘʣʦʛʠʯʥʳʝ 

ʜʠʬʨʘʢʮʠʦʥʥʳʝ ʢʘʨʪʠʥʳ ʩ ʥʝʙʦʣʴʰʠʤ ʩʤʝʱʝʥʠʝʤ ʨʝʬʣʝʢʩʦʚ. 

ɿʘʚʠʩʠʤʦʩʪʠ ʧʘʨʘʤʝʪʨʦʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ ʩʧʣʘʚʦʚ ʩʠ-

ʩʪʝʤʳ Tl5Te3-Tl9SmTe6  ʧʦʜʯʠʥʷʶʪʩʷ ʧʨʘʚʠʣʫ ɺʝʛʘʨʜʘ (ʈʠʩ.1ʚ).  

ʇʦʚʝʨʭʥʦʩʪʠ ʣʠʢʚʠʜʫʩʘ ʠ ʩʦʣʠʜʫʩʘ ʩʠʩʪʝʤʳ Tl2Te-Tl5Te3-

Tl9SmTe6 (ʈʠʩ.3). ʃʠʢʚʠʜʫʩʫ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʪʨʠ ʧʦʣʷ, ʦʪʚʝʯʘʶ-

ʱʠʝ ʧʝʨʚʠʯʥʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʩʦʝʜʠʥʝʥʠʷ TlSmTe2, ʘ ʪʘʢʞʝ a-, 

d-ʬʘʟ. ʂʨʠʚʳʝ p2e ʠ p1p1', ʨʘʟʜʝʣʷʶʱʠʝ ʵʪʠ ʧʦʣʷ, ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʤʦʥʦʚʘʨʠʘʥʪʥʳʤ ʧʝʨʠʪʝʢʪʠʯʝʩʢʠʤ ʨʘʚʥʦʚʝʩʠʷʤ L+dªa ʠ 

L+TlSmTe2ªd.  
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ʈʠʩ.2.  ʇʦʨʦʰʢʦʚʳʝ ʜʠʬʨʘʢʪʦʛʨʘʤʤʳ ʩʧʣʘʚʦʚ ʩʠʩʪʝʤ  

Tl 2Te-Tl 9SmTe6 (ˉˉ1-4) ʠ Tl5Te3-Tl 9SmTe6 (ˉˉ4-6). 

 

 
ʈʠʩʫʥʦʢ 3. ʇʨʦʝʢʮʠʷ ʧʦʚʝʨʭʥʦʩʪʝʡ ʣʠʢʚʠʜʫʩʘ ʠ ʩʦʣʠʜʫʩʘ  

(ʧʫʥʢʪʠʨʳ) ʩʠʩʪʝʤʳ Tl 2Te-Tl 5Te3-Tl 9SmTe6. ʇʦʣʷ ʧʝʨʚʠʯʥʦʡ  

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʬʘʟ: 1-a; 2-d; 3-TlSmTe2. ʂʨʘʩʥʳʝ ʧʨʷʤʳʝ -

ʠʟʫʯʝʥʥʳʝ ʚʥʫʪʨʝʥʥʠʝ ʧʦʣʠʪʝʨʤʠʯʝʩʢʠʝ ʩʝʯʝʥʠʷ. 
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ɺ ʜʠʩʩʝʨʪʘʮʠʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʠ ʦʙʩʫʞʜʝʥʳ ʨʷʜ ʧʦʣʠʪʝʨʤʠʯʝ-

ʩʢʠʭ ʨʘʟʨʝʟʦʚ ʬʘʟʦʚʦʡ ʜʠʘʛʨʘʤʤʳ Tl2Te-Tl5Te3-Tl9SmTe6. 

ɼʠʘʛʨʘʤʤʘ ʪʚʝʨʜʦʬʘʟʥʳʭ ʨʘʚʥʦʚʝʩʠʡ ʧʨʠ 300 ʂ ʩʠʩʪʝʤʳ 

Tl2Te-Tl5Te3-Tl9SmTe6 ʩʦʩʪʦʠʪ ʠʟ ʪʨʝʭ ʬʘʟʦʚʳʭ ʦʙʣʘʩʪʝʡ. ɹʦʣʴ-

ʰʫʶ ʯʘʩʪʴ (ʙʦʣʝʝ 90%) ʧʣʦʱʘʜʠ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʦʛʦ ʪʨʝʫʛʦ-

ʣʴʥʠʢʘ ʟʘʥʠʤʘʝʪ ʦʙʣʘʩʪʴ ʛʦʤʦʛʝʥʥʦʩʪʠ d-ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ ʩ 

ʧʝʨʦʚʩʢʠʪʦʧʦʜʦʙʥʦʡ ʩʪʨʫʢʪʫʨʦʡ. 

ʀʟʦʪʝʨʤʠʯʝʩʢʠʝ ʩʝʯʝʥʠʷ ʧʨʠ 720, 730 ʠ 740 ʂ ʬʘʟʦʚʦʡ ʜʠʘ-

ʛʨʘʤʤʳ ʩʠʩʪʝʤʳ Tl2Te-Tl5Te3-Tl9SmTe6 ʩʦʩʪʦʷʪ ʠʟ ʪʨʝʭ ʧʦʣʝʡ ʠ 

ʥʘʛʣʷʜʥʦ ʧʦʢʘʟʳʚʘʶʪ ʥʘʧʨʘʚʣʝʥʠʷ ʢʦʥʥʦʜ ʚ ʜʚʫʭʬʘʟʥʳʭ ʦʙʣʘ-

ʩʪʷʭ. ʅʘʧʨʘʚʣʝʥʠʷ ʢʦʥʥʦʜ ʠʟʤʝʥʷʶʪʩʷ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ, ʯʪʦ ʭʘ-

ʨʘʢʪʝʨʥʦ ʜʣʷ ʥʝʢʚʘʟʠʪʨʦʡʥʳʭ ʩʠʩʪʝʤ.  

ʌʘʟʦʚʳʝ ʨʘʚʥʦʚʝʩʠʷ ʚ ʩʠʩʪʝʤʝ Tl2Te-Tl5Te3-Tl4DyTe3 

ʀʟʦʪʝʨʤʠʯʝʩʢʦʝ ʩʝʯʝʥʠʝ ʧʨʠ 300 ʂ ʬʘʟʦʚʦʡ ʜʠʘʛʨʘʤʤʳ 

ʂʘʢ ʚʠʜʥʦ, ʧʦ ʨʘʟʨʝʟʫ Tl5Te3- Tl4DyTe3 (ʈʠʩ.4) ʠʩʭʦʜʥʳʝ ʩʦ-

ʝʜʠʥʝʥʠʷ ʠ ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʩʧʣʘʚʳ ʠʤʝʶʪ ʦʜʠʥʘʢʦʚʫʶ ʜʠʬʨʘʢ-

ʮʠʦʥʥʫʶ ʢʘʨʪʠʥʫ ʩ ʥʝʢʦʪʦʨʳʤ ʩʤʝʱʝʥʠʝʤ ʣʠʥʠʡ ʦʪʨʘʞʝʥʠʷ, 

ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʦʙʨʘʟʦʚʘʥʠʝ ʥʝʧʨʝʨʳʚʥʦʛʦ ʨʷʜʘ ʪʚʝʨʜʳʭ ʨʘʩ-

ʪʚʦʨʦʚ. ʇʦ ʨʘʟʨʝʟʘʤ Tl2Te-Tl9DyTe6 ʠ Tl2Te-Tl4DyTe3 ʩʧʣʘʚʳ, 

ʩʦʜʝʨʞʘɦʠʝ ʙʦʣʝʝ 30ʤʦʣ% Tl9DyTe6 ʦʜʥʦʬʘʟʥʳ, ʘ ʩʧʣʘʚʳ ʩʦ-

ʩʪʘʚʦʚ 20 ʤʦʣ% Tl9DyTe6(Tl4DyTe3)  ʩʦʩʪʦʷʪ ʠʟ ʜʚʫʭʬʘʟʥʦʡ ʩʤʝ-

ʩʠ a+d.  

ʅʘ ʦʩʥʦʚʘʥʠʠ ʜʘʥʥʳʭ ʈʌɸ ʛʨʘʥʠʯʥʳʭ ʩʠʩʪʝʤ ʠ ʨʷʜʘ ʚʩʧʣʘ-

ʚʦʚ ʚʥʫʪʨʠ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʦʡ ʦʙʣʘʩʪʠ ʧʦʩʪʨʦʝʥʘ ʜʠʘʛʨʘʤʤʘ 

ʪʚʝʨʜʦʬʘʟʥʳʭ ʨʘʚʥʦʚʝʩʠʡ ʧʨʠ 300 ʂ (ʈʠʩ.5). ʂʘʢ ʚʠʜʥʦ, ʚ ʧʦʜ-

ʩʠʩʪʝʤʝ Tl2Te-Tl5Te3-Tl4DyTe3 ʦʙʨʘʟʫʶʪʩʷ  ʪʨʠ ʬʘʟʦʚʳʭ ʦʙʣʘʩʪʠ 

a, d ʠ a+d. ʅʝʧʨʝʨʳʚʥʳʡ ʨʷʜ d-ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ ʚ ʙʦʢʦʚʦʡ 

ʩʠʩʪʝʤʝ Tl5Te3- Tl4DyTe3 ʩʠʣʴʥʦ ʧʨʦʥʠʢʘʝʪ ʚʛʣʫʙʴ ʢʦʥʮʝʥʪʨʘʮʠ-

ʦʥʥʦʛʦ ʪʨʝʫʛʦʣʥɹʠʢʘ ʠ ʦʭʚʘʪʳʚʘʝʪ ʩʚʳʰʝ 90% ʝʛʦ ʧʣʦʱʘʜʠ.  ʅʘ 

ʦʩʥʦʚʝ Tl2Te ʦʙʨʘʟʫʝʪʩʷ ʫʟʢʘʷ  ʦʙʣʘʩʪʴ ʛʦʤʦʛʝʥʥʦʩʪʠ (a-ʬʘʟʘ). 

ʕʪʠ ʦʜʥʦʬʘʟʥʳʝ ʦʙʣʘʩʪʠ ʨʘʟʜʝʣʝʥʳ ʜʚʫʭʬʘʟʥʳʤ ʧʦʣʝʤ a+d, ʚ 

ʢʦʪʦʨʦʡ ʩʦʩʪʘʚʳ ʩʦʩʫʱʝʩʪʚʫʶʱʠʭ ʬʘʟ ʥʘʭʦʜʷʪʩʷ ʥʘ ʧʣʦʩʢʦʩʪʠ 

ʵʣʝʤʝʥʪʘʨʥʦʛʦ ʪʨʝʫʛʦʣʴʥʠʢʘ ʩʠʩʪʝʤʳ Tl2Te-Tl5Te3-Tl4DyTe3. ʊʘ-

ʢʠʤ ʦʙʨʘʟʦʤ, ʠʟʫʯʝʥʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʘʷ ʦʙʣʘʩʪʴ ʩʠʩʪʝʤʳ Tl-

Dy-Te ʥʠʞʝ ʩʦʣʠʜʫʩʘ ʷʚʣʷʝʪʩʷ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʡ ʧʦʜʩʠʩʪʝʤʦʡ. 
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ʈʠʩʫʥʦʢ 4 ʇʦʨʦʰʢʦʚʳʝ ʜʠʬʨʘʢʪʦʛʨʘʤʤʳ ʩʧʣʘʚʦʚ ʧʦ ʨʘʟʨʝʟʘʤ 

Tl 2Te-Tl 9DyTe6 ʠ Tl2Te-Tl 4DyTe3 ʩʠʩʪʝʤʳ Tl2Te-Tl 5Te3-Tl 4DyTe3 

 

 
ʈʠʩʫʥʦʢ 5. ʀʟʦʪʝʨʤʠʯʝʩʢʦʝ ʩʝʯʝʥʠʝ ʧʨʠ 300ʂ ʬʘʟʦʚʦʡ ʜʠʘʛʨʘʤʤʳ 

ʩʠʩʪʝʤʳ Tl2Te-Tl 5Te3-Tl 4DyTe3. ʇʫʥʢʪʠʨʥʳʝ ʣʠʥʠʠ ï ʠʟʫʯʝʥʥʳʝ 

ʚʥʫʪʨʝʥʥʠʝ ʩʝʯʝʥʠʷ. ʊʦʯʢʠ - ʩʦʩʪʘʚʳ ʠʟʫʯʝʥʥʳʭ ʩʧʣʘʚʦʚ. 
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ʇʦʚʝʨʭʥʦʩʪʠ ʣʠʢʚʠʜʫʩʘ ʠ ʩʦʣʠʜʫʩʘ. ʃʠʢʚʠʜʫʩʫ ʩʠʩʪʝʤʳ 

Tl2Te-Tl5Te3-Tl4DyTe3 (ʨʠʩ.6) ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʯʝʪʳʨʝ ʧʦʣʷ ʧʝʨ-

ʚʠʯʥʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ a-, d-ʬʘʟ, ʘ ʪʘʢʞʝ ʩʦʝʜʠʥʝʥʠʡ TlDyTe2 ʠ 

DyTe, ʩʫʱʝʩʪʚʫʶʱʠʭ ʟʘ ʧʨʝʜʝʣʘʤʠ ʨʘʩʩʤʦʪʨʝʥʥʦʡ ʢʦʥʮʝʥʪʨʘ-

ʮʠʦʥʥʦʡ ʦʙʣʘʩʪʠ. ʕʪʠ ʧʦʣʷ ʨʘʟʛʨʘʥʠʯʝʥʳ ʨʷʜʦʤ ʢʨʠʚʳʭ ʤʦʥʦʚʘ-

ʨʠʘʥʪʥʳʭ ʨʘʚʥʦʚʝʩʠʡ ʠ ʥʦʥʚʘʨʠʘʥʪʥʳʭ ʪʦʯʝʢ. ʊʠʧʳ ʠ ʪʝʤʧʝ-

ʨʘʪʫʨʳ ʵʪʠʭ ʨʘʚʥʦʚʝʩʠʡ ʧʨʠʚʝʜʝʥʳ ʚ ʊʘʙʣ.1.  
ʊʘʙʣʠʮʘ 1 

ʅʦʥ- ʠ ʤʦʥʦʚʘʨʠʘʥʪʥʳʝ ʨʘʚʥʦʚʝʩʠʷ ʚ ʩʠʩʪʝʤʝ Tl2Te-Tl 5Te3-l4DyTe3  

ʊʦʯʢʘ ʠʣʠ  ʢʨʠʚʘʷ ʥʘ 

ʨʠʩ.6  

ʈʘʚʥʦʚʝʩʠʝ T, K 

p1 L+DyTeźTl4DyTe3 767 

p2 L+dźa 706 

p3  L+TlDyTe2źTl9DyTe6 743 

p4 L+d ªa 703 

e Lªa+d 693 

U L+DyTeźTlDyTe2+d 750 

KU LźDyTe+TlDyTe2 1180-750 

p2p4; p4e L+dªa 706-703; 703-693 

p1U L+DyTeźd 767-750 

Up3; p3M L+TlDyTe2źd 750-743; 743-735 

 

ʂʨʠʚʘʷ KU, ʨʘʟʛʨʘʥʠʯʠʚʘʶʱʘʷ ʧʦʚʝʨʭʥʦʩʪʠ ʣʠʢʚʠʜʫʩʘ TlDyTe2 

ʠ DyTe, ʷʚʣʷʝʪʩʷ ʬʨʘʛʤʝʥʪʦʤ ʵʚʪʝʢʪʠʯʝʩʢʦʡ ʢʨʠʚʦʡ, ʢʦʪʦʨʘʷ ʙʝʨʝʪ 

ʥʘʯʘʣʦ ʦʪ ʪʦʯʢʠ ʥʦʥʚʘʨʠʘʥʪʥʦʛʦ ʧʝʨʝʭʦʜʥʦʛʦ ʨʘʚʥʦʚʝʩʠʷ 

L+Dy2Te3ªTlDyTe2+DyTe, ʥʘʭʦʜʷʱʝʡʩʷ ʟʘ ʧʨʝʜʝʣʘʤʠ ʜʘʥʥʦʛʦ 

ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʦʛʦ ʪʨʝʫʛʦʣʴʥʠʢʘ. ʇʝʨʝʩʝʯʝʥʠʝ  ʢʨʠʚʦʡ KU ʩ ʧʝ-

ʨʠʪʝʢʪʠʯʝʩʢʦʡ ʢʨʠʚʦʡ p1U ʧʨʠʚʦʜʠʪ ʢ ʫʩʪʘʥʦʚʣʝʥʠʶ ʚ ʩʠʩʪʝʤʝ 

ʥʦʥʚʘʨʠʘʥʪʥʦʛʦ ʧʝʨʝʭʦʜʥʦʛʦ ʨʘʚʥʦʚʝʩʠʷ U (ʈʠʩ.6., ʪʘʙʣ.1). ɼʨʫʛʘʷ 

ʧʝʨʠʪʝʢʪʠʯʝʩʢʘʷ ʢʨʠʚʘʷ ʨʘʟʛʨʘʥʠʯʠʚʘʝʪ ʧʦʚʝʨʭʥʦʩʪʠ ʣʠʢʚʠʜʫʩʘ 

TlDyTe2 ʠ d-ʬʘʟʳ. ʈʠʩ.6 ʦʪʨʘʞʘʝʪ ʬʨʘʛʤʝʥʪ p3M ʵʪʦʡ ʢʨʠʚʦʡ, ʧʨʦ-

ʜʦʣʞʘʶʱʝʡʩʷ ʟʘ ʧʨʝʜʝʣʳ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʦʛʦ ʪʨʝʫʛʦʣʴʥʠʢʘ Tl2Te-

Tl5Te3-Tl4DyTe. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʜʠʘʛʨʘʤʤʳ ʪʚʝʨʜʦʬʘʟʥʳʭ ʨʘʚ-

ʥʦʚʝʩʠʡ (ʈʠʩ.5), ʧʨʦʝʢʮʠʷ ʦʙʲʝʤʥʦʡ ʬʘʟʦʚʦʡ ʜʠʘʛʨʘʤʤʳ ʩʠʩʪʝ-

ʤʳ Tl-Dy-Te ʚ ʨʘʩʩʤʦʪʨʝʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʦʡ ʦʙʣʘʩʪʠ 
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(ʈʠʩ.6) ʥʝ ʷʚʣʷʝʪʩʷ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʡ ʧʦʜʩʠʩʪʝʤʦʡ, ʪʘʢ ʢʘʢ ʚ ʛʝ-

ʪʝʨʦʛʝʥʥʳʭ ʨʘʚʥʦʚʝʩʠʷʭ ʫʯʘʩʪʚʫʶʪ ʪʚʝʨʜʳʝ ʬʘʟʳ TlDyTe2 ʠ 

DyTe (ʊʘʙʣ.1), ʥʘʭʦʜʷʱʠʝʩʷ ʚʥʝ ʵʪʦʡ ʦʙʣʘʩʪʠ.  

 
ʈʠʩʫʥʦʢ 6. ʇʨʦʝʢʮʠʠ ʧʦʚʝʨʭʥʦʩʪʝʡ ʣʠʢʚʠʜʫʩʘ ʠ ʩʦʣʠʜʫʩʘ ʩʠʩʪʝʤʳ 

Tl 2Te-Tl 5Te3-Tl 4DyTe3. ʇʦʣʷ ʧʝʨʚʠʯʥʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ: 1- DyTe; 

2-TlDyTe2; 3-d; 4-a. ʂʨʘʩʥʳʝ ʣʠʥʠʠ - ʠʟʫʯʝʥʥʳʝ ʧʦʣʠʪʝʨʤʠʯʝʩʢʠʝ 

ʨʘʟʨʝʟʳ. 

 

ʈʘʟʨʝʟ Tl5Te3-Tl4DyTe3 (ʨʠʩ.7). ɼʘʥʥʳʡ ʨʘʟʨʝʟ ʠʥʪʝʨʝʩʝʥ ʚ 

ʩʚʷʟʠ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʥʝʧʨʝʨʳʚʥʦʛʦ ʨʷʜʘ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ (d) 

ʩʦ ʩʪʨʫʢʪʫʨʦʡ Tl5Te3 ʠ ʪʝʤ, ʯʪʦ ʪʨʦʡʥʦʝ ʩʦʝʜʠʥʝʥʠʝ Tl9DyTe6 ï 

ʚʪʦʨʦʡ ʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʦʛ Tl5Te3 ʧʦ ʩʚʦʝʤʫ ʩʦʩʪʘʚʫ ʥʘʭʦʜʠʪʩʷ 

ʚ ʧʨʝʜʝʣʘʭ ʦʙʣʘʩʪʠ ʛʦʤʦʛʝʥʥʦʩʪʠ d- ʬʘʟʳ. ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩ.7, 

ʣʠʢʚʠʜʫʩ ʩʦʩʪʦʠʪ ʠʟ ʢʨʠʚʳʭ ʧʝʨʚʠʯʥʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ d- ʬʘʟʳ, 

TlDyTe2 ʠ DyTe. ʅʘ ʢʨʠʚʳʭ ɼʊɸ ʥʝ ʦʙʥʘʨʫʞʝʥʳ ʪʝʨʤʠʯʝʩʢʠʝ 

ʵʬʬʝʢʪʳ, ʦʪʚʝʯʘʶʱʠʝ ʣʠʢʚʠʜʫʩʫ DyTe. ʆʙʣʘʩʪʴ L+DyTe ʥʘʤʠ 

ʨʘʟʛʨʘʥʠʯʝʥʘ ʧʫʥʢʪʠʨʦʤ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʦʙʱʝʡ ʊ-ʭ-ʫ ʜʠʘʛʨʘʤ-

ʤʦʡ. ʇʫʥʢʪʠʨʦʤ ʪʘʢʞʝ ʦʙʦʟʥʘʯʝʥʘ ʪʨʝʭʬʘʟʥʘʷ ʦʙʣʘʩʪʴ L+ 

DyTe+ TlDyTe2, ʢʦʪʦʨʘʷ ʨʘʟʛʨʘʥʠʯʠʚʘʝʪ 2 ʜʚʫʭʬʘʟʥʳʝ ʦʙʣʘʩʪʠ. 

ɸʥʘʣʠʟ ʢʨʠʚʳʭ ɼʊɸ ʦʪʦʞʞʝʥʥʳʭ ʩʧʣʘʚʦʚ ʪʘʢʞʝ ʧʦʢʘʟʘʣ, ʯʪʦ 

ʚ ʦʪʣʠʯʠʝ ʦʪ ʜʨʫʛʠʭ ʩʦʩʪʘʚʦʚ d- ʬʘʟʳ, ʧʣʘʚʷʱʠʭʩʷ ʚ ʠʥʪʝʨʚʘʣʝ 
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ʪʝʤʧʝʨʘʪʫʨ, ʩʧʣʘʚ ʩʦʩʪʘʚʘ 50 ʤʦʣ% Tl4DyTe3 (ʩʦʩʪʘʚ Tl9DyTe6)  

ʧʣʘʚʠʪʩʷ ʩ ʨʘʟʣʦʞʝʥʠʝʤ ʧʨʠ ʧʦʩʪʦʷʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ (767 ʂ). ʉ 

ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʥʘ ʛʨʘʬʠʢʝ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʧʘ-

ʨʘʤʝʪʨʦʚ ʪʝʪʨʘʛʦʥʘʣʴʥʦʡ ʨʝʰʝʪʢʠ d- ʬʘʟʳ ʯʝʪʢʦ ʬʠʢʩʠʨʫʶʪʩʷ 

ʪʦʯʢʠ ʠʟʣʦʤʘ ʧʨʠ ʜʘʥʥʦʤ ʩʦʩʪʘʚʝ.  

 
ʈʠʩʫʥʦʢ 7. ʇʦʣʠʪʝʨʤʠʯʝʩʢʦʝ ʩʝʯʝʥʠʝ Tl5Te3-Tl 4DyTe3 

 

ɺ ʦʙʣʘʩʪʠ ʩʦʩʪʘʚʦʚ 0õ50ʤʦʣ % Tl4DyTe3 ʥʘʙʣʶʜʘʶʪʩʷ ʨʝʟʢʦʝ 

ʫʤʝʥʴʰʝʥʠʝ ʧʘʨʘʤʝʪʨʘ ʘ ʠ ʫʚʝʣʠʯʝʥʠʝ ʧʘʨʘʤʝʪʨʘ ʩ. ʕʪʦ, ʧʦ-ʚʠʜʠ-

ʤʦʤʫ, ʩʚʷʟʘʥʦ ʩ ʫʧʨʦʯʥʝʥʠʝʤ ʭʠʤʠʯʝʩʢʦʡ ʩʚʷʟʠ ʤʝʞʜʫ ʘʪʦʤʘʤʠ 

Dy
3+
ʚ ʮʝʥʪʨʘʭ ʦʢʪʘʵʜʨʦʚ ʠ ʊʝ(2). ɺ ʦʙʣʘʩʪʠ ʞʝ ʩʦʩʪʘʚʦʚ >50ʤʦʣ 

% Tl4DyTe3 ʥʘʙʣʶʜʘʝʪʩʷ ʤʝʥʝʝ ʚʳʨʘʞʝʥʥʳʝ ʫʤʝʥʴʰʝʥʠʝ ʧʘʨʘ-

ʤʝʪʨʘ ʘ ʠ ʫʚʝʣʠʯʝʥʠʝ ʧʘʨʘʤʝʪʨʘ ʩ. ʕʪʦ ʤʦʞʝʪ ʙʳʪʴ ʦʙʲʷʩʥʝʥʦ 

ʪʝʤ, ʯʪʦ ʚ ʫʢʘʟʘʥʥʦʡ ʦʙʣʘʩʪʠ ʩʦʩʪʘʚʦʚ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʟʘʤʝʱʝʥʠ-

ʝʤ ʚʪʦʨʦʡ ʧʦʣʦʚʠʥʳ ʘʪʦʤʦʚ Tl(2) ʩʦ ʩʪʝʧʝʥʴʶ ʦʢʠʩʣʝʥʠʷ 1+ ʥʘ 

ʜʠʩʧʨʦʟʠʡ, ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʝʭʦʜ ʠʦʥʦʚ Dy
3+

 ʚ Dy
2+

 ʩ ʥʝʩʢʦʣʴʢʦ 

ʙʦʣʴʰʠʤ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʤ ʨʘʜʠʫʩʦʤ. ʉʦʚʦʢʫʧʥʦʩʪʴ ʜʚʫʭ 

ʢʦʥʢʫʨʠʨʫʶʱʠʭ ʧʨʦʮʝʩʩʦʚ ʧʨʠʚʦʜʠʪ ʢ ʤʝʥʝʝ ʚʳʨʘʞʝʥʥʳʤ ʠʟ-

ʤʝʥʝʥʠʷʤ ʧʘʨʘʤʝʪʨʦʚ ʨʝʰʝʪʢʠ, ʯʝʤ ʚ ʦʙʣʘʩʪʠ ʩʦʩʪʘʚʦʚ 0õ50ʤʦʣ 

% Tl4DyTe3. 
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ʈʝʟʫʣʴʪʘʪʳ ʨʝʥʪʛʝʥʦʛʨʘʬʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʧʦʢʘʟʘʣʠ, ʯʪʦ  ʩʦʩ-

ʪʘʚʳ Tl9DyTe6 ʠ Tl4DyTe3 d-ʬʘʟʳ ʦʪʣʠʯʘʁʪʩʷ ʦʪ ʜʨʫʛʠʭ ʪʝʤ, ʯʪʦ 

ʚ ʥʠʭ ʚʩʝ ʘʪʦʤʳ, ʚʢʣʶʯʘʷ Dy, ʠʤʝʶʪ ʩʪʨʦʛʦ ʦʧʨʝʜʝʣʝʥʥʳʝ ʢʨʠʩ-

ʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ ʧʦʟʠʮʠʠ, ʯʪʦ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦ-

ʝʜʠʥʝʥʠʷ. ʂʨʦʤʝ ʪʦʛʦ, ʚ Tl9DyTe6 ʜʠʩʧʨʦʟʠʡ ʠʤʝʝʪ ʩʪʝʧʝʥʴ 

ʦʢʠʩʣʝʥʠʷ +3, ʘ ʚ Tl4DyTe3- +2. 

ɺ ʜʠʩʩʝʨʪʘʮʠʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʠ ʦʙʩʫʞʜʝʥʳ ʥʝʢʦʪʦʨʳʝ ʧʦʣʠ-

ʪʝʨʤʠʯʝʩʢʠʝ ʨʘʟʨʝʟʳ: Tl2Te-Tl4DyTe3, Tl2Te-Tl9DyTe6, Tl4DyTe3-

[ɺ] ([ɺ]- ʩʧʣʘʚ ʩʦʩʪʘʚʘ 50 ʤʦʣ% Tl5Te3 ʙʦʢʦʚʦʡ ʩʠʩʪʝʤʳ Tl2Te-

Tl5Te3.) 

ɺ ʪʨʝʪʴʝ ʛʣʘʚʝ ʜʠʩʩʝʨʪʘʮʠʠ ʧʨʠʝʜʝʥʳ ʠ ʧʦʜʨʦʙʥʦ ʦʙʩʫʞʜʝʥʳ 

ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʦʛʦ ʚʟʘʤʦʜʝʡʩʪʚʠʷ ʚ 

ʩʠʩʪʝʤʘʭ Tl2Te-Tl5Te3-Tl9LnTe6 (Ln-Gd, Tb, Er, Tm) ʠ Tl2Te-

Tl5Te3-Tl4LnTe3 (Ln-Sm, Tm), ʚʢʣʶʯʘʶʱʠʝ ʧʨʦʝʢʮʠʠ ʧʦʚʝʨʭʥʦ-

ʩʪʝʡ ʣʠʢʚʠʜʫʩʘ ʠ ʩʦʣʠʜʫʩʘ, ʥʝʢʦʪʦʨʳʝ ʧʦʣʠ- ʠ ʠʟʦʪʝʨʤʠʯʝʩʢʠʝ 

ʩʝʯʝʥʠʷ ʬʘʟʦʚʳʭ ʜʠʘʛʨʘʤʤ. 

ʅʝʩʢʦʣʴʢʦ ʠʥʦʡ ʭʘʨʘʢʪʝʨ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʩʠʩʪʝʤʝ Tl2Te-YbTe-Te (ʈʠʩ.8,9). ʌʘʟʦʚʳʝ ʜʠʘ-

ʛʨʘʤʤʤʳ ʩʠʩʪʝʤ YbTe-Tl2Te (Tl5Te3, TlTe, Tl2Te3) ʧʦʜʨʦʙʥʦ ʦʧʠ-

ʩʘʥʳ ʚ ʜʠʩʩʝʨʪʘʮʠʠ. ʈʘʟʨʝʟʳ YbTe-Tl5Te3 ʠ YbTe-Tl2Te  ʷʚʣʷʶʪʩʷ 

ʢʚʘʟʠʙʠʥʘʨʥʳʤʠ, ʘ ʨʘʟʨʝʟʳ TlTe-YbTe ʠ Tl2Te3-YbTe ʥʝʢʚʘʟʠʙʠ-

ʥʘʨʥʳ ʚ ʩʠʣʫ ʠʥʢʦʥʛʨʫʵʥʪʥʦʛʦ ʭʘʨʘʢʪʝʨʘ ʧʣʘʚʣʝʥʠʷ ʩʦʦʪʚʝʪʩʪ-

ʚʫʶʱʠʭ ʪʝʣʣʫʨʠʜʦʚ ʪʘʣʣʠʷ, ʥʦ ʩʪʘʙʠʣʴʥʳ ʥʠʞʝ ʩʦʣʠʜʫʩʘ 

ʉʦʛʣʘʩʥʦ ʧʦʣʫʯʝʥʥʳʤ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʜʘʥʥʳʤ, ʩʧʣʘʚʳ 

ʩʦʩʪʘʚʦʚ [TlYbTe2], [Tl 9YbTe6] ʠ [Tl4YbTe3] ʷʚʣʷʝʪʩʷ ʜʚʫʭʬʘʟ-

ʥʳʤʠ. ʀʭ ʧʦʨʦʰʢʦʚʳʝ ʜʠʬʨʘʢʪʦʛʨʘʤʤʳ ʩʦʩʪʦʷʪ ʠʟ ʩʦʚʦʢʫʧʥʦ-

ʩʪʠ ʣʠʥʠʡ ʦʪʨʘʞʝʥʠʷ ʠʩʭʦʜʥʳʭ ʙʠʥʘʨʥʳʭ ʪʝʣʣʫʨʠʜʦʚ.  

ʀʟ ʜʠʘʛʨʘʤʤʳ ʪʚʝʨʜʦʬʘʟʥʳʭ ʨʘʚʥʦʚʝʩʠʡ (ʨʠʩ.8) ʚʠʜʥʦ, ʯʪʦ 

ʚʩʝ ʪʝʣʣʫʨʠʜʳ ʪʘʣʣʠʷ ʦʙʨʘʟʫʶʪ ʩʪʘʙʠʣʴʥʳʝ ʢʦʥʥʦʜʳ ʩ YbTe.  

ʇʦʚʝʨʭʥʦʩʪʴ ʣʠʢʚʠʜʫʩʘ ʩʠʩʪʝʤʳ (ʨʠʩ.9) ʩʦʩʪʦʠʪ ʠʟ 6 ʧʦʣʝʡ, 

ʦʪʚʝʯʘʶʱʠʭ ʧʝʨʚʠʯʥʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ YbTe, Tl2Te, g, TlTe, 

Tl2Te3 ʠ Te. ʅʘʠʙʦʣʴʰʫʶ ʧʣʦʱʘʜʴ ʟʘʥʠʤʘʝʪ ʧʦʣʝ  ʧʝʨʚʠʯʥʦʡ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠ ʠ ʪʝʨʤʠʯʝʩʢʠ ʥʘʠʙʦʣʝʝ 

ʫʩʪʦʡʯʠʚʦʛʦ ʩʦʝʜʠʥʝʥʠʷ YbTe.  
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ʈʠʩʫʥʦʢ 8. ɼʠʘʛʨʘʤʤʘ ʪʚʝʨʜʦʬʘʟʥʳʭ ʨʘʚʥʦʚʝʩʠʡ ʩʠʩʪʝʤʳ  

Tl 2Te-YbTe-Te 

 

 
ʈʠʩʫʥʦʢ 9. ʇʨʦʝʢʮʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʣʠʢʚʠʜʫʩʘ ʩʠʩʪʝʤʳ Tl2Te-YbTe-Te. 

ʇʦʣʷ ʧʝʨʚʠʯʥʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ: 1-YbTe; 2-Tl 2Te; 3-g; 4- TlTe;  

5-Tl 2Te3; 6-Te. ʇʫʥʢʪʠʨʥʘʷ ʧʨʷʤʘʷ ï ʢʚʘʟʠʙʠʥʘʨʥʳʡ ʨʘʟʨʝʟ 

Tl 5Te3-YbTe. 
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ʅʝʩʢʦʣʴʢʦ ʦʪʣʠʯʘʶʱʠʡʩʷ ʭʘʨʘʢʪʝʨ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʦʛʦ ʚʟʘ-

ʠʤʦʜʝʡʩʪʚʠʷ ʚ ʪʨʦʡʥʦʡ ʩʠʩʪʝʤʝ Tl-Yb-Te ʦʪ ʜʨʫʛʠʭ ʪʨʦʡʥʳʭ ʩʠ-

ʩʪʝʤ ʪʠʧʘ Tl-Ln-Te ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʵʣʝʢʪ-

ʨʦʥʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ 4f
14

5d
0
6s

2
 ʘʪʦʤʘ ʠʪʪʝʨʙʠʷ. ʇʦʣʥʦʩʪʴʶ ʟʘ-

ʧʦʣʥʝʥʥʘʷ ʚʥʝʰʥʷʷ 4f
14 
ʦʨʙʠʪʘʣʴ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʧʨʠʥʠʤʘʝʪ 

ʫʯʘʩʪʠʝ ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʭʠʤʠʯʝʩʢʠʭ ʩʚʷʟʝʡ. ʇʦʵʪʦʤʫ ʠʪʪʝʨʙʠʶ 

ʧʨʠʩʫʱʘ ʩʪʝʧʝʥʴ ʦʢʠʩʣʝʥʠʷ +2, ʘ ʥʝ +3, ʢʦʪʦʨʘʷ ʭʘʨʘʢʪʝʨʥʘ ʜʣʷ 

ʣʘʥʪʘʥʦʠʜʦʚ ʚ ʩʦʝʜʠʥʝʥʠʷʭ ʪʠʧʦʚ Tl9LnTe6 ʠ TlLnTe2. 

ɺ ʢʦʥʮʝ ɻʣʘʚʳ  III ʨʘʩʩʤʦʪʨʝʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʢʨʠʩʪʘʣʣʠʯʝ-

ʩʢʦʡ ʩʪʨʫʢʪʫʨʳ Tl5Te3 ʠ ʝʛʦ ʪʨʦʡʥʳʭ ʩʪʨʫʢʪʫʨʥʳʭ ʘʥʘʣʦʛʦʚ. ʀʟ-

ʚʝʩʪʥʦ, ʯʪʦ ʵʪʦ ʩʦʝʜʠʥʝʥʠʝ ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʚ ʪʝʪʨʘʛʦʥʘʣʴʥʦʡ 

ʩʪʨʫʢʪʫʨʝ (ʇʨ.ʛʨ.I4/mcm) (ʈʠʩ.10). ɽʛʦ ʦʩʥʦʚʥʳʤʠ ʩʪʨʫʢʪʫʨʥʳ-

ʤʠ ʵʣʝʤʝʥʪʘʤʠ ʷʚʣʷʶʪʩʷ ʦʢʪʘʵʜʨʳ ʪʝʣʣʫʨʘ. ɺ ʦʢʪʘʵʜʨʘʭ  ʘʪʦʤʳ 

ʪʝʣʣʫʨʘ ʟʘʥʠʤʘʶʪ ʜʚʝ ʨʘʟʥʳʝ ʧʦʟʠʮʠʠ: ʯʘʩʪʴ ʠʭ (Te1) ʨʘʩʧʦʣʦ-

ʞʝʥʘ ʚ ʜʚʫʭ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʭ ʚʝʨʰʠʥʘʭ ʦʢʪʘʵʜʨʦʚ ʚʜʦʣʴ ʚʝʨʪʠ-

ʢʘʣʴʥʦʡ ʦʩʠ ʩ, ʘ ʜʨʫʛʘʷ ʯʘʩʪʴ (ʊʝ2) ʟʘʧʦʣʥʷʶʪ ʦʩʪʘʣʥɹʳʝ ʧʦʟʠ-

ʮʠʠ. ɸʪʦʤʳ ʪʘʣʣʠʷ ʪʘʢʞʝ ʜʝʣʷʪʩʷ ʥʘ 2 ʪʠʧʘ ʧʦ ʩʚʦʠʤ ʧʦʟʠʮʠʷʤ ʚ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʝ: ʯʘʩʪʴ ʠʭ Tl(1) ʟʘʩʝʣʷʶʪ ʵʢʚʠʚʘʣʝʥʪʥʳʝ 

ʧʦʟʠʮʠʠ ʩ ʢʨʘʪʥʦʩʪʴʶ 16, ʘ ʜʨʫʛʘʷ ʯʘʩʪʴ ï Tl(2) ï ʧʦʟʠʮʠʠ ʩ ʢʨʘʪ-

ʥʦʩʪʴʶ 4. ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ Tl16Tl4Te8Te4. 

ʉʦʛʣʘʩʥʦ ʫʩʣʦʚʠʶ ʵʣʝʢʪʨʦʥʝʡʪʨʘʣʴʥʦʩʪʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ 

ʩʪʨʫʢʪʫʨʳ, ʤʦʞʥʦ ʧʦʣʘʛʘʪʴ, ʯʪʦ ʚ 4-ʭ ʢʨʘʪʥʳʭ ʧʦʟʠʮʠ̫ʭ ʯʝʨʝ-

ʜʫʶʪʩʷ ʢʘʪʠʦʥʳ Tl
+
 ʠ Tl

3+ 
: 43

3
5,0

1
5,016 ]Te)TlTl[(Tl ++ . ʉʚʷʟʳʚʘ̫ʩʴ ʚʝʨ-

ʰʠʥʘʤʠ, ʦʢʪʘʵʜʨʳ ʦʙʨʘʟʫʶʪ ʢʘʨʢʘʩ ʩ ʩʦʩʪʘʚʦʤ Tl4Te12 ʠʣʠ 

(TlTe3)4. ɺʦʢʨʫʛ ʵʪʠʭ ʦʢʪʘʵʜʨʦʚ ʦʙʨʘʟʫʶʪʩʷ ʧʨʠʟʤʳ ʠʟ ʪʘʣʣʠʷ, ʘ 

ʚʦʢʨʫʛ ʘʥʠʦʥʦʚ ʚ ʚʝʨʰʠʥʘʭ ʦʢʪʘʵʜʨʦʚ ʦʙʨʘʟʫʶʪʩʷ ʘʥʪʠʧʨʠʟʤʳ 

ʪʘʣʣʠʷ, ʢʦʪʦʨʳʝ ʩʚʷʟʳʚʘʶʪ ʦʢʪʘʵʜʨʳ ʚʜʦʣʴ ʚʝʨʪʠʢʘʣʴʥʦʡ ʦʩʠ ʩ. 

ʇʨʠ ʵʪʦʤ ʧʨʦʠʩʭʦʜʠʪ ʯʝʨʝʜʦʚʘʥʠʝ ʧʨʠʟʤ ʠ ʘʥʪʠʧʨʠʟʤ ʚʜʦʣʴ ʦʩʠ 

ʩ. ʉʚʷʟʚrʘʷʩʴ, ʵʪʠ ʵʣʝʤʝʥʪʳ ʚʢʫʧʝ ʦʙʨʘʟʫʶʪ ʩʪʨʫʢʪʫʨʫ ʪʠʧʘ 

Tl5Te3 ʩ ʭʠʤʠʯʝʩʢʠʤ ʩʦʩʪʘʚʦʤ ʷʯʝʡʢʠ Tl16(TlTe3)4.  

ɹʣʘʛʦʜʘʨʷ ʫʢʘʟʘʥʥʳʤ ʩʪʨʫʢʪʫʨʥʳʤ ʦʩʦʙʝʥʥʦʩʪʷʤ, Tl5Te3   

ʠʤʝʝʪ ʨʷʜ ʢʘʪʠʦʥʟʘʤʝʱʝʥʥʳʭ ʘʥʘʣʦʛʦʚ ʪʠʧʦʚ Tl9BTe6 (B-Sb, Bi, 

In, Au) ʠ Tl4ATe3 (A-Sn, Pb, Cu, Mo). ʉʦʝʜʠʥʝʥʠʷ ʪʠʧʘ Tl4ɸTe3 

ʦʙʨʘʟʫʶʪʩʷ ʧʨʠ ʧʦʣʥʦʤ ʟʘʤʝʱʝʥʠʠ ʘʪʦʤʦʚ ʪʘʣʣʠʷ ʚ ʮʝʥʪʨʘʭ ʦʢ-

ʪʘʵʜʨʦʚ (Tl2) ʢʘʪʠʦʥʘʤʠ A
2+
. ɿʘʤʝʥʘ ʧʦʣʦʚʠʥʳ ʵʪʠʭ ʘʪʦʤʦʚ Tl 
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ʢʘʪʠʦʥʘʤʠ B
 
ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʩʦʝʜʠʥʝʥʠʡ ʩʦʩʪʘʚʘ 

Tl9BTe6. ɼʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ʚ ʦʢʪʘʵʜʨʝ ʚ 4-ʢʨʘʪʥʳʭ ʧʦʟʠʮʠʷʭ ʯʝ-

ʨʝʜʫʶʪʩʷ ʘʪʦʤʳ ʪʘʣʣʠʷ ʠ ʪʨʝʭʚʘʣʝʥʪʥʦʛʦ ʵʣʝʤʝʥʪʘ.  

 

                

                     ʘ)                                                            ʙ) 

ʈʠʩʫʥʦʢ 10. ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ Tl5Te3. ʆʩʥʦʚʥʦʡ  

ʩʪʨʫʢʪʫʨʥʳʡ ʵʣʝʤʝʥʪ (ʘ), ʧʨʦʝʢʮʠʷ ʥʘ ʧʣʦʩʢʦʩʪʴ b, c (b). 

 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʣʘʥʪʘʥʦʠʜʳ ʧʨʦʷʚʣʷʶʪ ʩʪʝʧʝʥʠ ʦʢʠʩʣʝʥʠʷ +2 ʠ 

+3. ʈʘʟʥʦʩʪʴ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʭ ʨʘʜʠʫʩʦʚ ʠʦʥʦʚ Ln
2+

,
 
Ln

3+
 ʠ 

Tl
3+

 ʥʝ ʧʨʝʚʳʰʘʝʪ 10-12%. ʉ ʫʯʝʪʦʤ ʵʪʦʛʦ ʥʘʤʠ ʙʳʣʠ ʧʨʦʛʥʦʟʠʨʦ-

ʚʘʥʳ ʠ ʫʩʧʝʰʥʦ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʪʝʣʣʫʨʠʜʳ ʪʘʣʣʠʷ- ʈɿʕ ʪʠʧʦʚ 

Tl9LnTe6 ʠ Tl4LnTe3. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʦʪʣʠʯʠʝ ʦʪ ʜʨʫʛʠʭ ʣʘʥʪʘʥʦʠ-

ʜʦʚ ʠʪʪʝʨʙʠʡ ʥʝ ʦʙʨʘʟʫʝʪ ʪʨʦʡʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʫʢʘʟʘʥʥʳʭ ʪʠʧʦʚ.  

ʈʝʟʫʣʴʪʘʪʳ ʥʘʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚʩʝ ʩʠʥʪʝʟʠ-

ʨʦʚʘʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʪʠʧʦʚ Tl9LnTe6 ʠ Tl4LnTe3 ʦʙʣʘʜʘʶʪ ʰʠ-

ʨʦʢʠʤʠ ʦʙʣʘʩʪʷʤʠ ʛʦʤʦʛʝʥʥʦʩʪʠ (d-ʬʘʟʘ), ʢʦʪʦʨʳʝ ʦʭʚʘʪʳʚʘʶʪ 

ʟʥʘʯʠʪʝʣʴʥʫʶ ʯʘʩʪʴ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʳʭ ʪʨʝʫʛʦʣʴʥʠʢʦʚ Tl2Te-
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Tl5Te3-Tl4LnTe3. ʇʨʠ ʵʪʦʤ d-ʬʘʟʳ ʩʦ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʤʠ ʩʦʩʪʘ-

ʚʘʤʠ Tl9LnTe6 ʠ Tl4LnTe3 ʧʦ ʭʘʨʘʢʪʝʨʫ ʟʘʩʝʣʝʥʠʷ ʢʨʠʩʪʘʣʣʦʛʨʘ-

ʬʠʯʩʝʩʢʠʭ ʧʦʟʠʮʠʡ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʝʝ ʜʨʫʛʠʭ ʩʦʩʪʘʚʦʚ: ʚ ʫʢʘʟʘʥ-

ʥʳʭ ʩʦʩʪʘʚʘʭ ʚʩʝ ʘʪʦʤʳ, ʚʢʣʶʯʘʷ ʈɿʕ, ʠʤʝʶʪ ʩʪʨʦʛʦ ʦʧʨʝʜʝʣʝʥ-

ʥʳʝ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ ʧʦʟʠʮʠʠ, ʯʪʦ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʭʠʤʠ-

ʯʝʩʢʦʛʦ ʩʦʝʜʠʥʝʥʠʷ. ɸʪʦʤʳ ʈɿʕ ʚ ʩʦʝʜʠʥʝʥʠʷʭ Tl9LnTe6 ʧʨʦʷʚ-

ʣʷʁʪ ʩʪʝʧʝʥʴ ʦʢʠʩʣʝʥʠʷ +3, ʘ ʚ ʩʦʝʜʠʥʝʥʠʷʭ Tl4LnTe3  ʩʪʝʧʝʥʴ 

ʦʢʠʩʣʝʥʠʷ ʈɿʕ  ʨʘʚʥʘ +2. 

ʅʘ ʨʠʩ. 11 ʠ 12 ʧʨʠʚʝʜʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʧʘʨʘʤʝʪʨʦʚ ʢʨʠʩʪʘʣ-

ʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ ʩʦʝʜʠʥʝʥʠʡ Tl9LnTe6 ʠ Tl4LnTe3 ʦʪ ʧʦʨʷʜʢʦ-

ʚʦʛʦ ʥʦʤʝʨʘ ʣʘʥʪʘʥʦʠʜʘ. ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʭ 

ʜʘʥʥʳʭ ʪʨʦʡʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʤʝʞʜʫ ʩʦʙʦʡ ʠ ʩ ʩʦʝʜʠʥʝʥʠʝʤ 

Tl5Te3 ʧʦʢʘʟʳʚʘʘʝʪ, ʯʪʦ: 

1. ɺ ʩʦʝʜʠʥʝʥʠʷʭ ʦʙʦʠʭ ʪʠʧʦʚ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʧʦʨʷʜʢʦʛʦ ʥʦʤʝʨʘ 

ʣʘʥʪʘʥʦʠʜʘ ʧʨʦʠʩʭʦʜʠʪ ʟʘʢʦʥʦʤʝʨʥʦʝ ʫʤʝʥʴʰʝʥʠʝ ʧʘʨʘʤʝʪ-

ʨʦʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ (ʈʠʩ.11,12). ʕʪʦ ʤʦʞʝʪ ʙʳʪʴ 

ʦʙʲʷʩʥʝʥʦ ʣʘʥʪʘʥʦʠʜʥʳʤ ʩʞʘʪʠʝʤ.  

2. ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ Tl5Te3 ʚ 

ʪʨʦʡʥʳʭ ʩʦʝʜʠʥʝʥʠʷʭ ʥʘʙʣʶʜʘʝʪʩʷ ʫʤʝʥʴʰʝʥʠʝ ʧʘʨʘʤʝʪʨʘ ʘ  

ʠ ʫʚʝʣʠʯʝʥʠʝ ʧʘʨʘʤʝʪʨʘ ʩ (ʊʘʙʣ.2). ʇʦ ʥʘʰʝʤʫ ʤʥʝʥʠʶ, ʵʪʦ 

ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʧʨʠ ʟʘʤʝʥʝ ʘʪʦʤʦʚ ʪʘʣʣʠʷ (Tl2) ʚ ʮʝʥʪʨʘʭ 

ʦʢʪʘʵʜʨʦʚ ʥʘ ʘʪʦʤʳ ʈɿʕ, ʧʨʦʠʩʭʦʜʠʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʫʩʠʣʝʥʠʝ 

ʠʭ ʭʠʤʠʯʝʩʢʦʡ ʩʚʷʟʠ ʩ ʘʪʦʤʘʤʠ Te(1). ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴ-

ʰʝʥʠʶ ʜʣʠʥʳ ʩʚʷʟʠ ʠ ʜʝʬʦʨʤʘʮʠʠ ʦʢʪʘʵʜʨʦʚ, ʯʪʦ ʩʦʧʨʦʚʦʞ-

ʜʘʝʪʩʷ ʚʳʰʝʫʢʘʟʘʥʥʳʤʠ ʠʟʤʝʥʝʥʠʷʤʠ ʧʘʨʘʤʝʪʨʦʚ.  

ɺ ʯʝʪʚʝʨʪʦʡ ʛʣʘʚʝ ʩ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʪʚʝʨ-

ʜʳʭ ʨʘʩʪʚʦʨʦʚ ʟʘʤʝʱʝʥʠʷ, ʢʨʠʩʪʘʣʣʠʟʫʶʱʠʭʩʷ ʚ ʩʪʨʫʢʪʫʨʝ 

Tl5Te3, ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʬʘʟʦʚʳʭ ʨʘʚʥʦ-

ʚʝʩʠʡ ʚ ʩʠʩʪʝʤʘʭ Tl-Ln-Bi(Sb)-Te (ʨʘʟʜʝʣʳ 4.1-4.3) ʠ Tl-Pb-Bi-

Ln-Te ʧʦ ʥʝʢʦʪʦʨʳʤ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʳʤ ʧʣʦʩʢʦʩʪʷʤ (4.4). ɺ 

ʧʦʜʨʘʟʜʝʣʝ 4.5 ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ 3D ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʠʩʪʝ-

ʤʳ Tl4PbTe3-Tl9BiTe6- Tl9GdTe6. 

ʉʠʩʪʝʤʘ Tl5Te3-Tl9GdTe6-Tl9BiTe6. 

ʈʘʟʨʝʟ Tl9GdTe6-Tl9BiTe6 (ʨʠʩ.13a) ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʥʝʦʛʨʘʥʠʯʝʥʥʳʭ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ (d-ʬʘʟʘ) ʩʦ ʩʪʨʫʢʪʫʨʦʡ Tl5Te3.  
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ʈʠʩʫʥʦʢ 11. ɿʘʚʠʩʠʤʦʩʪʠ ʧʘʨʘʤʝʪʨʦʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ 

 ʨʝʰʝʪʢʠ ʩʦʝʜʠʥʝʥʠʡ Tl9LnTe6  ʦʪ ʧʦʨʷʜʢʦʚʦʛʦ ʥʦʤʝʨʘ  

ʣʘʥʪʘʥʦʠʜʘ. 

 

 
ʈʠʩʫʥʦʢ 12. ɿʘʚʠʩʠʤʦʩʪʠ ʧʘʨʘʤʝʪʨʦʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ  

ʨʝʰʝʪʢʠ ʩʦʝʜʠʥʝʥʠʡ Tl4LnTe3 ʦʪ ʧʦʨʷʜʢʦʚʦʛʦ ʥʦʤʝʨʘ  

ʣʘʥʪʘʥʦʠʜʘ. 
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ʊʘʙʣʠʮʘ 2 

ʂʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ Tl 5Te3 ʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳʭ  

ʪʝʣʣʫʨʠʜʦʚ ʪʘʣʣʠʷ-ʈɿʕ 

ʌʘʟʘ ʇʘʨʘʤʝʪʨʳ ʪʝʪʨʘʛʦʥʘʣʴʥʦʡ ʨʝʰʝʪʢʠ, ¡  

a c Z 

Tl5Te3 8.930 12.589 4 

Tl9LaTe6 8.9220(4) 13.156(1) 2 

Tl9CeTe6 8.9002(9) 13.015(12) 2 

Tl9NdTe6 8.8976(8) 13.010(11) 2 

Tl9SmTe6 8.8881(8) 13.013(12) 2 

Tl9GdTe6 8.8707(9) 13.021(10) 2 

Tl9TbTe6 8.8711(8) 12.973(12) 2 

Tl9ErTe6 8.8501(8) 12.952(11) 2 

Tl9TmTe6 8.8910(9)  12.847(12) 2 

Tl4NdTe3 8.8885(7) 13.095(12) 4 

Tl4SmTe3 8.8752(6) 13.078(11) 4 

Tl4GdTe3 8.8766(7) 13.075(13) 4 

Tl4TbTe3 8.8652(7) 13.065(12) 4 

Tl4DyTe3 8.8588(7) 13.052(16) 4 

Tl4ErTe3 8.8421(6) 13.033(11) 4 

Tl4TmTe3 8.8354(7) 13.015(15) 4 

 

ʂʦʥʮʝʥʪʨʘʮʠʦʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʦʙʨʘʟʮʦʚ ʭʘ-

ʨʘʢʪʝʨʠʟʫʝʪʩʷ ʢʨʠʚʦʡ, ʧʨʦʭʦʜʷʱʝʡ ʯʝʨʝʟ ʧʦʣʦʛʠʡ ʤʘʢʩʠʤʫʤ, ʯʪʦ 

ʷʚʣʷʝʪʩʷ ʭʘʨʘʢʪʝʨʥʳʤ ʜʣʷ ʩʠʩʪʝʤ ʩ ʥʝʦʛʨʘʥʠʯʝʥʥʳʤʠ ʪʚʝʨʜʳʤʠ 

ʨʘʩʪʚʦʨʘʤʠ (ʨʠʩ.13,ʙ). 

ɼʘʥʥʳʝ ʈʌɸ ʪʘʢʞʝ ʧʦʜʪʚʝʨʜʠʣʠ ʬʘʟʦʚʫʶ ʜʠʘʛʨʘʤʤʫ. ʇʘʨʘ-

ʤʝʪʨʳ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʨʝʰʝʪʦʢ, ʨʘʩʩʯʠʪʘʥʥʳʝ ʩ ʧʦʤʦʱʴʶ ʧʨʦ-

ʛʨʘʤʤʳ TOPAS 3.3, ʧʦʜʯʠʥʷʶʪʩʷ ʟʘʢʦʥʫ ɺʝʛʘʨʜʘ (ʈʠʩ.13, ʚ). 

ʇʨʦʝʢʮʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʣʠʢʚʠʜʫʩʘ (ʈʠʩ.14) ʩʦʩʪʦʠʪ ʠʟ  ʧʦʣʝʡ 

ʧʝʨʚʠʯʥʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʩʦʝʜʠʥʝʥʠʷ TlGdTe2 ʠ d-ʪʚʝʨʜʳʭ 

ʨʘʩʪʚʦʨʦʚ. ʕʪʠ ʧʦʣʷ ʨʘʟʜʝʣʝʥʳ ʢʨʠʚʦʡ ab, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʤʦ-

ʥʦʚʘʨʠʘʥʪʥʦʤʫ ʧʝʨʠʪʝʢʪʠʯʝʩʢʦʫ ʨʘʚʥʦʚʝʩʠʶ L+TlGdTe2ªd. 

ʉʦʣʠʜʫʩ ʧʨʝʜʩʪʘʚʣʝʥ ʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ, ʦʪʚʝʯʘʶɦʝʡ ʟʘʚʝʨ-

ʰʝʥʠʶ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ d-ʬʘʟʳ.  
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ʈʠʩʫʥʦʢ 13. ʌʘʟʦʚʘʷ ʜʠʘʛʨʘʤʤʘ (ʘ), ʟʘʚʠʩʠʤʦʩʪʠ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ 

(ʙ) ʠ ʧʘʨʘʤʝʪʨʦʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ (ʚ) ʩʧʣʘʚʦʚ ʩʠʩʪʝʤʳ 

Tl 9GdTe6-Tl 9BiTe6 

 

 
ʈʠʩʫʥʦʢ 14. ʇʨʦʝʢʮʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʣʠʢʚʠʜʫʩʘ ʩʠʩʪʝʤʳ  

Tl 5Te3-Tl 9GdTe6-Tl 9BiTe6. ʇʦʣʷ ʧʝʨʚʠʯʥʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʬʘʟ:   

1- TlGdTe2; 2-d.  ʀʟʫʯʝʥʥʳʝ ʚʥʫʪʨʝʥʥʠʝ ʨʘʟʨʝʟʳ ʦʙʦʟʥʘʯʝʥʳ  

ʧʫʥʢʪʠʨʥʳʤʠ ʣʠʥʠʷʤʠ ʢʨʘʩʥʦʛʦ ʮʚʝʪʳ 
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ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥ ʨʷʜ ʚʥʫʪʨʝʥʠʭ ʧʦʣʠʪʝʨʤʠʯʝʩʢʠʭ ʩʝʯʝʥʠʡ.  

ʀʟʦʪʝʨʤʠʯʝʩʢʠʝ ʩʝʯʝʥʠʷ ʬʘʟʦʚʦʡ ʜʠʘʛʨʘʤʤʳ ʧʨʠ 740, 760 ʠ 

820 K (ʈʠʩ.15) ʩʦʩʪʦʷʪ ʠʟ ʦʜʥʦʬʘʟʥʳʭ ʧʦʣʝʡ L ʠ  ŭ, ʨʘʟʜʝʣʝʥʥʳʭ 

ʜʚʫʭʬʘʟʥʦʡ ʦʙʣʘʩʪʴʶ L+ŭ. ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʫʢʘʟʘʥʥʳʝ 

ʠʟʦʪʝʨʤʠʯʝʩʢʠʝ ʩʝʯʝʥʠʷ ʠ ʧʦʣʠʪʝʨʤʠʯʝʩʢʠʝ ʨʘʟʨʝʟʳ ʧʦʢʘʟʳʚʘ-

ʶʪ, ʯʪʦ ʥʘʧʨʘʚʣʝʥʠʷ ʢʦʥʥʦʜ ʚ ʜʚʫʭʬʘʟʥʦʡ ʦʙʣʘʩʪʠ L + ŭ ʦʪʢʣʦ-

ʥʷʪʁʩʷ ʦʪ Tïx ʧʣʦʩʢʦʩʪʠ, ʪ.ʝ. ʠʟʤʝʥʷʶʪʩʷ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ, ʯʪʦ 

ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʢʚʘʟʠʪʨʦʡʥʳʭ ʩʠʩʪʝʤ.  

ʀʟʦʪʝʨʤʠʯʝʩʢʠʝ ʩʝʯʝʥʠʷ ʧʨʠ 780 ʠ 800 ʂ ʩʠʩʪʝʤʳ Tl5Te3-

Tl9GdTe6-Tl9BiTe6 ʠʤʝʶʪ ʥʝʩʢʦʣʴʢʦ ʜʨʫʛʫʶ ʢʘʨʪʠʥʫ ʬʘʟʦʚʳʭ 

ʨʘʚʥʦʚʝʩʠʡ ʧʨʠ ʵʪʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ʆʥʠ ʩʦʩʪʦʠʪ ʠʟ ʧʷʪʠ ʧʦʣʝʡ. ɺ 

ʩʧʣʘʚʘʭ ʩ ʩʦʜʝʨʞʘʥʠʝʤ <60 ʤʦʣ.% Tl9GdTe6 ʚ ʜʚʫʭʬʘʟʥʦʡ ʦʙʣʘ-

ʩʪʠ L + ŭ ʥʘʧʨʘʚʣʝʥʠʷ ʢʦʥʥʦʜ  ʣʝʞʘʪ ʚ ʧʣʦʩʢʦʩʪʠ ʠʩʩʣʝʜʫʝʤʦʛʦ 

ʩʦʩʪʘʚʘ. ʇʦʵʪʦʤʫ ʵʪʫ ʯʘʩʪʴ ʩʝʯʝʥʠʷ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʩʪʘʙʠʣʥɹʦʡ. 

ɺ ʜʚʫʭʬʘʟʥʦʡ ʦʙʣʘʩʪʠ L+TlGdTe2, ʘ ʪʘʢʞʝ ʚ ʦʙʣʘʩʪʠ L+ŭ, ʙʦʛʘ-

ʪʦʡ Tl9GdTe6 ʥʘʧʨʘʚʣʝʥʠʷ ʢʦʥʥʦʜ ʚʳʭʦʜʷʪ ʟʘ ʨʘʤʢʠ ʧʣʦʩʢʦʩʪʝʡ 

ʵʪʦʛʦ ʩʦʩʪʘʚʘ. ʋʟʢʘʷ ʪʨʝʭʬʘʟʥʘʷ ʦʙʣʘʩʪʴ L+TlGdTe2+ŭ, ʢʦʪʦʨʘʷ 

ʜʦʣʞʥʘ ʥʘʭʦʜʠʪʴʩʷ ʤʝʞʜʫ ʫʢʘʟʘʥʥʳʤʠ ʚʳʰʝ ʜʚʫʭʬʘʟʥʤrʠ ʦʙ-

ʣʘʩʪʷʤʠ, ʥʝ ʬʠʢʩʠʨʫʝʪʩʷ ʥʘ ʢʨʠʚʳʭ ʥʘʛʨʝʚʘʥʠʷ. 

 
ʈʠʩ.15. ʀʟʦʪʝʨʤʠʯʝʩʢʠʝ ʩʝʯʝʥʠʷ ʬʘʟʦʚʦʡ ʜʠʘʛʨʘʤʤʳ 

 ʩʠʩʪʝʤʳ Tl 5Te3-Tl 9GdTe6-Tl 9BiTe6ʧʨʠ 740 ʠ  K 

 

ʇʦʜʦʙʥʘʷ ʢʘʨʪʠʥʘ ʬʘʟʦʚʳʭ ʨʘʚʥʦʚʝʩʠʡ ʥʘʙʣʶʜʘʝʪʩʷ ʠ ʚ ʩʠ-

ʩʪʝʤʘʭ Tl5Te3-Tl9LnTe6-Tl9BiTe6  (Ln- Sm, Dy, Tb, Er, Tm), ʘ ʪʘʢ-
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ʞʝ Tl5Te3-Tl9LnTe6-Tl9SbTe6 (Ln-Sm, Gd, Tb). 

ɺ ʜʠʩʩʝʨʪʘʮʠʠ ʪʘʢʞʝ ʧʦʜʨʦʙʥʦ ʨʘʩʩʤʦʪʨʝʥʳ ʩʠʩʪʝʤʳ ʪʠʧʦʚ 

Tl2Te-Tl9LnTe6-Tl9BiTe6 (Ln-Sm, Gd, Er) ʠ Tl2Te-Tl9LnTe6-

Tl9SbTe6 (Ln-Sm, Gd). ʇʦʩʪʨʦʝʥʳ ʛʨʘʥʠʯʥʳʝ ʬʘʟʦʚʳʝ ʜʠʘʛʨʘʤ-

ʤ ,r ʧʨʦʝʢʮʠʠ ʧʦʚʝʨʭʥʦʩʪʝʡ ʣʠʢʚʠʜʫʩʘ ʠ ʩʦʣʠʜʫʩʘ, ʨʷʜ ʧʦʣʠ- ʠ 

ʠʟʦʪʝʨʤʠʯʝʩʢʠʭ ʩʯʝʥʠʡ. ʍʘʨʘʢʪʝʨ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʦʛʦ ʚʟʘʠʤʦ-

ʜʝʡʩʪʚʠʷ ʚ ʥʠʭ ʘʥʘʣʦʛʠʯʝʥ ʪʨʦʡʥʳʤ ʩʠʩʪʝʤʘʤ ʪʠʧʘ Tl2Te- 

Tl5Te3-Tl9LnTe6. ʋʩʪʘʥʦʚʣʝʥʦ, ʩʠʩʪʝʤʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʦʙʨʘ-

ʟʦʚʘʥʠʝʤ ʠhʨʦʢʠʭ ʧʦʣʝʡ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ ʩʦ ʩʪʨʫʢʪʫʨʦʡ 

Tl5Te3 (d-ʬʘʟʘ), ʟʘʥʠʤʶʱʠʭ ʙʦʣʴʰʫʶ ʯʘʩʪʴ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʳʭ 

ʪʨʝʫʛʦʣʴʥʠʢʦʚ.  

ʉʠʩʪʝʤʘ Tl9GdTe6-2Tl4PbTe3-Tl9BiTe6 ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʦʙ-

ʨʘʟʦʚʘʥʠʝʤ ʥʝʦʛʨʘʥʠʯʝʥʥʳʭ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ ʩʦ ʩʪʨʫʢʪʫʨʦʡ 

Tl5Te3 . 

3D ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʩʠʩʪʝʤʳ Tl9GdTe6-2Tl4PbTe3-Tl9BiTe6. ʅʘ 

ʦʩʥʦʚʘʥʠʠ ʬʘʟʦʚʳʭ ʜʠʘʛʨʘʤʤ ʛʨʘʥʠʯʥʳʭ ʩʠʩʪʝʤ ʠ ʦʛʨʘʥʠʯʝʥʥʦ-

ʛʦ ʯʠʩʣʘ ʜʘʥʥʳʭ ɼʊɸ ʦʙʨʘʟʮʦʚ ʪʨʦʡʥʦʡ ʩʠʩʪʝʤʳ ʧʦʣʫʯʝʥʳ ʘʥʘ-

ʣʠʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʊ-ʭ ʬʘʟʦʚʳʭ ʜʠʘʛʨʘʤʤ ʛʨʘʥʠʯʥʳʭ ʩʠʩʪʝʤ 

Tl9GdTe6-Tl4PbTe3 ʠ Tl9GdTe6-Tl9BiTe6, ʦʧʨʝʜʝʣʝʥʳ ʛʨʘʥʠʮʳ ʧʦ-

ʚʝʨʭʥʦʩʪʠ ʣʠʢʚʠʜʫʩʘ ʠ ʩʦʣʠʜʫʩʘ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ ʠ ʩʦʝʜʠʥʝ-

ʥʠʷ TlGdTe2. ʅʘ ʦʩʥʦʚʝ ʤʦʜʝʣʠ ʨʝʛʫʣʷʨʥʳʭ ʨʘʩʪʚʦʨʦʚ ʥʝʤʦʣʝ-

ʢʫʣʷʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʦʧʨʝʜʝʣʝʥʳ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʬʫʥʢʮʠʠ 

ʩʤʝʰʝʥʠʷ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʪʚʝʨʜʳʝ ʨʘʩʪʚʦʨʳ 

ʥʘ ʦʩʥʦʚʝ ʪʨʦʡʥʳʭ ʩʦʝʜʠʥʝʥʠʡ Tl9GdTe6, Tl4PbTe3 ʠ Tl9BiTe6 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠ ʩʪʘʙʠʣʴʥʳ ʚʦ ʚʩʝʤ ʜʠʘʧʘʟʦʥʝ ʢʦʥʮʝʥʪʨʘʮʠʡ 

ʠ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʠʥʪʝʨʚʘʣʝ ʠʩʩʣʝʜʦʚʘʥʠʡ.  

ɺ ʧʷʪʦʡ ʛʣʘʚʝ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʛʦ-

ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʠʩʪʝʤ Ln-Te ʠ Tl-Ln-Te (Ln-Gd, Tb, Er, Tm) ʤʝʪʦ-

ʜʦʤ ʕɼʉ ʩ ʞʠʜʢʠʤ ʵʣʝʢʪʨʦʣʠʪʦʤ.  

ɺ ʧʦʜʨʘʟʜʝʣʘʭ 5.1-5.6 ʧʨʠʚʝʜʝʥ ʦʙʟʦʨ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ, ʢʨʘʪʢʦ ʦʧʠ-

ʩʘʥʳ ʦʩʥʦʚʳ ʤʝʪʦʜʘ ʕɼʉ, ʦʪʤʝʯʝʥʳ ʝʛʦ ʥʘʠʙʦʣʝʝ ʰʠʨʦʢʦ ʠʩ-

ʧʦʣʴʟʫʝʤʳʝ ʤʦʜʠʬʠʢʘʮʠʠ, ʤʝʪʦʜʠʢʠ ʩʦʩʪʘʚʣʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠ-

ʦʥʥʳʭ ʮʝʧʝʡ ʠ ʠʟʤʝʨʝʥʠʡ ʕɼʉ, ʘ ʪʘʢʞʝ ʦʙʨʘʙʦʪʢʘ ʨʝʟʫʣʴʪʘʪʦʚ 

ʠʟʤʝʨʝʥʠʡ ʕɼʉ ʠ ʧʨʝʜʩʪʘʚʣʝʥʠʝ  ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʜʘʥʥʳʭ 
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ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʙʳʣʠ ʩʦʩʪʘʚʣʝʥʳ ʢʦʥʮʝʥʪ-

ʨʘʮʠʦʥʥʳʝ ʮʝʧʠ ʩʣʝʜʫʶʱʠʭ ʪʠʧʦʚ: 

(-) Ln (ʪʚ.)|ʛʣʠʮʝʨʠʥ+KCl+ LnCl3  | (Ln ʚ ʩʧʣʘʚʝ) (ʪʚ.)   (+)    (1)  

(-) LnTe(ʪʚ.)|ʛʣʠʮʝʨʠʥ+KCl+ LnCl3  | (Ln ʚ ʩʧʣʘʚʝ) (ʪʚ.)   (+)    (2)  

ʠ ʠʟʤʝʨʝʥʳ ʠʭ ʕɼʉ ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 300-450 ʂ.  ɺʝʨʭʥʠʡ 

ʧʨʝʜʝʣ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʜʠʘʧʘʟʦʥʘ ʠʟʤʝʨʝʥʠʷ ʕɼʉ ʚʳʙʠʨʘʣʩʷ 

ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʬʘʟʦʚʳʡ ʩʦʩʪʘʚ ʚ ʭʦʜʝ ʵʢʩʧʝʨʠʤʝʥʪʘ 

ʦʩʪʘʚʘʣʩʷ ʥʝʠʟʤʝʥʥʳʤ. 

ʎʝʧʠ ʪʠʧʘ (1) ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʩʧʣʘʚʦʚ 

ʠʟ ʦʙʣʘʩʪʝʡ LnTe+Ln2Te3, ʘ ʮʝʧʠ ʪʠʧʘ (2) ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʩʧʣʘʚʦʚ ʠʟ ʜʨʫʛʠʭ ʬʘʟʦʚʳʭ ʦʙʣʘʩʪʝʡ ʩʠʩʪʝʤ Ln-Te ʠ ʧʨʠ ʠʟʫʯʝ-

ʥʠʠ ʪʨʦʡʥʳʭ ʩʠʩʪʝʤ Tl-Ln-Te.  
ʅʠʞʝ ʧʨʠʚʝʜʝʥ ʭʦʜ ʨʘʩʯʝʪʦʚ ʜʣʷ ʩʠʩʪʝʤʳ Er-Te. ɺ ʪʘʙʣʠʮʘʭ 

3-5 ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠ ʜʣʷ ʜʨʫʛʠʭ ʩʠʩʪʝʤ Ln-Te. 

ɺ ʮʝʧʷʭ ʪʠʧʦʚ (1) ʠ (2) ʚ ʢʘʯʝʩʪʚʝ ʵʣʝʢʪʨʦʣʠʪʘ ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʛʣʠʮʝʨʠʥʦʚʳʡ ʨʘʩʪʚʦʨ KCl ʩ ʜʦʙʘʚʣʝʥʠʝʤ LnCl3. ʇʝʨʝʜ ʧʨʦʚʝʜʝ-

ʥʠʝʤ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʛʣʠʮʝʨʠʥ ʜʝʛʘʟʠʨʦʚʘʣʠ ʧʨʦʚʝʜʝʥʠʝʤ ʦʪʢʘʯ-

ʢʠ ʧʦʜ ʚʘʢʫʫʤʦʤ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ~450 K. ɹʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ 

ʙʝʟʚʦʜʥʳʝ, ʭʠʤʠʯʝʩʢʠ  ʯʠʩʪʳʝ ʩʦʣʠ KCl ʠ LnCl3. ɺ ʮʝʧʷʭ ʪʠʧʦʚ 

(1) ʠ (2) ʚ ʢʘʯʝʩʪʚʝ ʧʨʘʚʳʭ ʵʣʝʢʪʨʦʜʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠ ʨʘʚʥʦʚʝʩ-

ʥʳʝ ʩʧʣʘʚʳ ʠʟʫʯʝʥʥʳʭ ʬʘʟʦʚʳʭ ʦʙʣʘʩʪʝʡ. 

ʄʝʪʦʜʠʢʠ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʵʣʝʢʪʨʦʜʦʚ ʠ ʵʣʝʢʪʨʦʣʠʪʘ, ʘ ʪʘʢʞʝ 

ʩʙʦʨʢʠ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʡ ʷʯʝʡʢʠ ʧʦʜʨʦʙʥʦ ʦʧʠʩʘʥʳ ʚ ʜʠʩʩʝʨ-

ʪʘʮʠʠ. ʉʦʙʨʘʥʘʷ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʘʷ ʷʯʝʡʢʘ ʙʳʣʘ ʚʘʢʫʫʤʠʨʦʚʘ-

ʥʘ, ʟʘʧʦʣʥʝʥʘ ʘʨʛʦʥʦʤ ʠ ʧʦʤʝʱʝʥʘ ʚ ʮʠʣʠʥʜʨʠʯʝʩʢʫʶ ʧʝʯʴ. ɺʩʝ 

ʢʦʥʪʘʢʪʳ ʠ ʚʳʚʦʜʳ ʷʯʝʡʢʠ ʧʦʜʜʝʨʞʠʚʘʣʠʩʴ ʧʨʠ ʦʜʠʥʘʢʦʚʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ. 

ʃʝʚʳʝ ʵʣʝʢʪʨʦʜʳ ʛʦʪʦʚʠʣʠ ʧʫʪʝʤ ʟʘʢʨʝʧʣʝʥʠʷ Ln (LnTe)  ʥʘ 

ʤʦʣʠʙʜʝʥʦʚʫʶ ʧʨʦʚʦʣʦʢʫ, ʘ ʘʥʦʜʳ ï ʟʘʧʨʝʩʩʦʚʘʥʠʝʤ ʧʦʨʦʰʢʦ-

ʚʳʭ ʩʧʣʘʚʦʚ ʥʘ ʧʨʦʚʦʣʦʢʫ ʚ ʚʠʜʝ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʪʘʙʣʝʪʦʢ ʤʘʩ-

ʩʦʡ ~ 0,5 ʛ. ʧʦʜ ʜʘʚʣʝʥʠʝʤ ~ 0,1 ɻʇʘ. 

ʀʟʤʝʨʝʥʠʷ ʕɼʉ ʮʝʧʝʡ ʦʙʦʠʭ ʪʠʧʦʚ ʧʨʦʚʦʜʠʣʠ ʩ ʧʦʤʦʱʴʶ 

ʮʠʬʨʦʚʦʛʦ ʚʦʣʴʪʤʝʪʨʘ Keihtley Model 193 ʩ ʚʭʦʜʥʳʤ ʩʦʧʨʦʪʠʚ-

ʣʝʥʠʝʤ 10
14

 ʆʤ ʠ ʪʦʯʥʦʩʪʴʶ °0.1 ʤɺ. ʀʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʣʠ ʧʨʠ 

ʥʘʛʨʝʚʘʥʠʠ ʠ ʦʭʣʘʞʜʝʥʠʠ ʮʝʧʝʡ ʩ ʰʘʛʦʤ ʥʝ ʙʦʣʝʝ 10 ʂ. ʊʝʤʧʝ-



 

 

33 

ʨʘʪʫʨʫ ʚ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʡ ʮʝʧʠ ʠʟʤʝʨʷʣʠ ʭʨʦʤʝʣ-ʘʣʶʤʝʣʝ-

ʚʤrʠ ʪʝʨʤʦʧʘʨʘʤʠ ʠ ʨʪʫʪʥʳʤ ʪʝʨʤʦʤʝʪʨʦʤ ʩ ʪʦʯʥʦʩʪʴʶ 0.5 ʂ. 

ʍʨʦʤʝʣʴ-ʘʣʶʤʝʣʝʚʫʶ ʪʝʨʤʦʧʘʨʫ ʟʘʨʘʥʝʝ ʢʘʣʠʙʨʦʚʘʣʠ ʚ ʠʥʪʝʨ-

ʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 300-510 ʂ.  

ʇʝʨʚʳʝ ʨʘʚʥʦʚʝʩʥʳʝ ʚʦʩʧʨʦʠʟʚʦʜʠʤʳʝ ʟʥʘʯʝʥʠʷ ʕɼʉ ʮʝʧʝʡ 

ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʦʩʣʝ ʚʳʜʝʨʞʠʚʘʥʠʷ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʡ ʷʯʝʡʢʠ 

ʧʨʠ ~350 ʂ ʚ ʪʝʯʝʥʠʝ 40-60 ʯ, ʧʦʩʣʝʜʫʶʱʠʝ- ʯʝʨʝʟ ʢʘʞʜʳʝ 3-4 ʯʘ-

ʩʘ ʧʦʩʣʝ ʫʩʪʘʥʦʚʣʝʥʠʷ ʦʧʨʝʜʝʣʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ. ɿʘ ʨʘʚʥʦʚʝʩʥʳʝ 

ʧʨʠʥʠʤʘʣʠ ʟʥʘʯʝʥʠʷ ʕɼʉ, ʥʝ ʦʪʣʠʯʘʶʱʠʝʩʷ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʙʦʣʝʝ, 

ʯʝʤ  ʥʘ 0.2 ʤɺ ʧʨʠ ʧʦʚʪʦʨʥʳʭ ʠʟʤʝʨʝʥʠʷʭ  ʧʨʠ ʜʘʥʥʦʡ ʪʝʤʧʝʨʘʪʫ-

ʨʝ, ʜʦʩʪʠʛʥʫʪʦʡ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʥʘʛʨʝʚʘʥʠʷ ʠʣʠ ʦʭʣʘʞʜʝʥʠʷ ʷʯʝʡʢʠ. 

ɼʣʷ ʢʦʥʪʨʦʣʷ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʠ ʷʯʝʡʢʠ ʕɼʉ ʢʘʞʜʦʛʦ ʩʧʣʘʚʘ ʠʟ-

ʤʝʨʷʣʠ 2-4 ʨʘʟʘ ʚ ʪʝʯʝʥʠʝ ʦʧʳʪʘ ʧʨʠ ʜʚʫʭ ʧʦʩʪʦʷʥʥʳʭ ʪʝʤʧʝʨʘʪʫ-

ʨʘʭ. ʅʘ ʦʙʨʘʪʠʤʦʩʪʴ ʩʦʩʪʘʚʣʝʥʥʳʭ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʮʝʧʝʡ, ʧʦ-

ʤʠʤʦ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʠ ʠʟʤʝʨʝʥʥʳʭ ʕɼʉ, ʫʢʘʟʳʚʘʣʠ ʥʝ ʧʦʩʪʦ-

ʷʥʩʪʚʦ ʤʘʩʩ ʩʧʣʘʚʦʚ-ʵʣʝʢʪʨʦʜʦʚ ʜʦ ʠ ʧʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ ʠʟʤʝʨʝʥʠʡ, 

ʘ ʪʘʢʞʝ ʜʘʥʥʳʝ ʈʌɸ. ʉʦʩʪʘʚ ʠ ʤʘʩʩʘ ʵʣʝʢʪʨʦʜʦʚ ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʝ-

ʨʠʤʝʥʪʘ ʦʩʪʘʚʘʣʠʩʴ ʧʦʩʪʦʷʥʥʳʤʠ ʚ ʪʝʯʝʥʠʝ ʚʩʝʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ. 

ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʕɼʉ ʧʦʢʘ-

ʟʘʣ ʠʭ ʣʠʥʝʡʥʦʩʪʴ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʩʧʣʘʚʦʚ ʩʠʩʪʝʤʳ Er-Te 

(ʈʠʩ.16). ʕʪʦ ʫʢʘʟʳʚʘʣʦ ʥʘ ʧʦʩʪʦʷʥʩʪʚʦ ʬʘʟʦʚʳʭ ʩʦʩʪʘʚʦʚ ʵʣʝʢ-

ʪʨʦʜʥʳʭ ʩʧʣʘʚʦʚ ʚ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʜʠʘʧʘʟʦʥʝ ʠʟʤʝʨʝʥʠʡ ʕɼʉ ʠ 

ʧʦʟʚʦʣʠʣʦ ʧʨʦʚʝʩʪʠ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ ʤʝʪʦʜʦʤ 

ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ. ʈʘʩʯʝʪʳ ʧʨʦʚʦʜʠʣʠ ʩ ʧʦʤʦʱʴʶ ʢʦʤʧʴʶ-

ʪʝʨʥʦʡ ʧʨʦʛʨʘʤʤʳ "Microsoft Office Excel 2010". ʇʦʣʫʯʝʥʥʳʝ 

ʣʠʥʝʡʥʳʝ ʫʨʘʚʥʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ.3 ʚ ʚʠʜʝ 
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ʛʜʝ nïʯʠʩʣʦ ʧʘʨ ʟʥʘʯʝʥʠʡ ɽ ʠ ʊ; SE ʠ Sb ïʜʠʩʧʝʨʩʠʠ ʦʪʜʝʣʴʥʳʭ 

ʠʟʤʝʨʝʥʠʡ ʕɼʉ ʠ ʢʦʵʬʬʠʮʝʥʪʘ b, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ; Tï ʩʨʝʜʥʷʷ 
ʘʙʩʦʣʶʪʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ; tïʢʨʠʪʝʨʠʡ ʉʪʶʜʝʥʪʘ. ʇʨʠ ʜʦʚʝʨʠ-

ʪʝʣʴʥʦʤ ʫʨʦʚʥʝ 95% ʠ ʯʠʩʣʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʪʦʯʝʢ nÓ20 

ʢʨʠʪʝʨʠʡ ʉʪʶʜʝʥʪʘ tÒ2. 
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ʈʠʩʫʥʦʢ 16. ʊʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʕɼʉ ʮʝʧʝʡ ʪʠʧʘ (2) ʜʣʷ 

ʩʧʣʘʚʦʚ ʩʠʩʪʝʤʳ Er-Te. ɿʝʣʝʥʳʝ ʢʨʫʞʢʠ ʠ ʯʝʨʥʳʝ ʪʨʝʫʛʦʣʴʥʠʢʠ ï 

ʩʧʣʘʚʳ ʨʘʟʣʠʯʥʳʭ ʩʦʩʪʘʚʦʚ ʠʟ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʦʙʣʘʩʪʝʡ  

 

ʀʟ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʕɼʉ ʧʦ ʠʟʚʝʩʪʥʳʤ ʪʝʨʤʦ-

ʜʠʥʘʤʠʯʝʩʢʠʤ ʩʦʦʪʥʦʰʝʥʠʷʤ  
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(F- ʯʠʩʣʦ ʌʘʨʘʜʝʷ, z ï ʟʘʨʷʜ ʧʦʜʚʠʞʥʦʛʦ ʠʦʥʘ) ʚʳʯʠʩʣʝʥʳ ʦʪʥʦ-

ʩʠʪʝʣʴʥʳʝ ʧʘʨʮʠʘʣʴʥʳʝ ʤʦʣʷʨʥʳʝ ʬʫʥʢʮʠʠ LnTe ʚ ʩʧʣʘʚʘʭ 

(ʪʘʙʣ.4) ʧʨʠ 298 ʂ. ʋʢʘʟʘʥʥʳʝ ʚʝʣʠʯʠʥʳ ʧʦʢʘʟʳʚʘʶʪ ʨʘʟʥʦʩʪʴ 

ʤʝʞʜʫ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʧʘʨʮʠʘʣʴʥʳʤʠ ʤʦʣʷʨʥʳʤʠ ʬʫʥʢʮʠʷ-

ʤʠ ʵʨʙʠʷ ʜʣʷ ʧʨʘʚʦʛʦ ʠ ʣʝʚʦʛʦ ʵʣʝʢʪʨʦʜʦʚ ʮʝʧʝʡ ʪʠʧʘ (2). 

ʅʘʧʨʠʤʝʨ, 

)ErTe(Z)ʊʝʙʦʛʘʪʦʤʩʧʣʘʚʝʚEr(ZZ ErErErTe D-D=D  

Z ¹ G (H). ʇʦʵʪʦʤʫ ʧʘʨʮʠʘʣʴʥʳʝ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʬʫʥʢʮʠʠ 

ʵʨʙʠʷ ʚ ʩʧʣʘʚʘʭ ʤʦʛʫʪ ʙʳʪʴ ʨʘʩʩʯʠʪʘʥʳ ʥʘ ʦʩʥʦʚʝ ʩʦʦʪʥʦʰʝʥʠʷ 

ErTeEr Z)ErTe(Z)ʩʧʣʘʚʝʚEr(Z D+D=D  
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ʊʘʙʣʠʮʘ 3 

ʊʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʕɼʉ ʮʝʧʝʡ ʪʠʧʦʚ (1) ʠ (2) ʜʣʷ 

ʩʧʣʘʚʦʚ ʩʠʩʪʝʤ Ln-Te ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 300ï450 ʂ 

*ʚ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ ʠʟʤʝʨʝʥʳ ʕɼʉ ʮʝʧʠ ʪʠʧʘ (1) 

ʌʘʟʦʚʘʷ ʦʙʣʘʩʪʴ  2/12
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ʊʘʙʣʠʮʘ 4 

ʇʘʨʮʠʘʣʴʥʳʝ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʬʫʥʢʮʠʠ LnTe ʚ ʩʧʣʘʚʘʭ 

Ln-Te ʧʨʠ 298ʂ 

ʌʘʟʦʚʘʷ  

ʦʙʣʘʩʪʴ  
LnTeGD-  LnTeHD-  LnTeSD  

ʢɼʞĀʤʦʣʴ
-1
 ɼʞĀʤʦʣʴ

-1
ĀK

-1
 

GdTe3+Te 100.86°0.18 98.58°0.78 7.64°2.07 

TbTe3+Te 127.82°0.15 123.08°0.65 15.90°1.72 

TbTe2+TbTe3 114.94°0.17 112.02°0.71 9.78°1.87 

Tb2Te3+TbTe3 102.26°0.17 100.82°0.74 4.82°1.95 

ErTe3+Te 132.94°0.16 127.79°0.69 17.29°1.85 

   Er2Te3+ErTe3 99.78°0.14 98.11°0.58 5.6°1.52 

TmTe3+Te 127.75°0.17 123.90°0.70 12.91°1.85 

Tm2Te3+TmTe3 97.76° 0.18 97.49°0.75 0.93°1.98 

 
ʊʘʙʣʠʮʘ 5 

ʇʘʨʮʠʘʣʴʥʳʝ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʬʫʥʢʮʠʠ ʣʘʥʪʘʥʦʠʜʘ ʚ ʩʧʣʘʚʘʭ 

Ln-Te ʧʨʠ 298ʂ 

ʌʘʟʦʚʘʷ ʦʙ-

ʣʘʩʪʴ  
LnGD-  

LnHD-  LnSD  

ʢɼʞĀʤʦʣʴ
-1
 ɼʞĀʤʦʣʴ

-1
ĀK

-1
 

GdTe+Gd2Te3 279.00°0.30 287.30°1.6 -26.7°4.30 

GdTe3+Te 380.16°0.48 385.88°2.38 -19.18°6.37 

TbTe3+Te 385.10°0.33 386.58°1.40 -4.96°3.71 

TbTe2+TbTe3 372.22°0.35 375.52°1.46 -11.07°3.86 

Tb2Te3+TbTe3 359.54°0.35 364.32°1.49 -16.03°3.94 

TbTe+Tb2Te3 257.28°0.18 263.50°0.75 -20.88°1.99 

ErTe3+Te 409.30°0.28 411.38°1.29 -6.97°2.51 

   Er2Te3+ErTe3 376.14°0.26 381.70°1.18 -18.65°2.18 

ErTe3+ErTe  276.36°0.12 283.59°0.60 -24.25°0.66 

TmTe3+Te 389.06°0.39 391.52°1.62 -8.25°4.27 

Tm2Te3+TmTe3 359.07°0.40 365.11°1.67 -20.23°4.40 

TmTe+Tm2Te3 261.31°0.22 267.62°0.92 -21.16°2.42 

Yb-Te 288.77°0.41 297.81°2.2 -30.20°6.10 
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ʇʨʠ ʚʳʯʠʩʣʝʥʠʷʭ ʧʘʨʮʠʘʣʴʥʳʭ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ 

ʵʨʙʠʷ ʚ ʩʧʣʘʚʘʭ ErTe3+Te ʠ Er2Te3+ ErTe3 ʥʘʤʠ ʙʳʣʠ ʩʫʤʤʠ-

ʨʦʚʘʥʳ ʜʘʥʥʳʝ, ʧʨʠʚʝʜʝʥʥʳʝ ʚ ʪʘʙʣ.3 ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʧʘʨ-

ʮʠʘʣʴʥʳʤʠ ʤʦʣʷʨʥʳʤʠ ʬʫʥʢʮʠʷʤʠ Er ʚ ErTe (ʊʘʙʣ.5). ʈʝʟʫʣʴʪʘ-

ʪʳ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ.5. 

ʉʦʛʣʘʩʥʦ ʬʘʟʦʚʦʡ ʜʠʘʛʨʘʤʤʝ ʩʠʩʪʝʤʳ Er-Te, ʵʪʠ ʚʝʣʠʯʠʥʳ 

ʷʚʣʷʶʪʩʷ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʩʣʝʜʫʶʱʠʭ 

ʨʝʘʢʮʠʡ ʧʦʪʝʥʮʠʘʣʦʙʨʘʟʦʚʘʥʠʷ (ʩʦʩʪʦʷʥʠʝ ʚʝʱʝʩʪʚ - ʢʨʠʩʪʘʣʣʠ-

ʯʝʩʢʦʝ): 

Er+3Te=ErTe3                                      (7) 

Er+3ErTe3=2Er2Te3                                                (8) 

Er+Er2Te3=3ErTe                                   (9) 

ʉʦʛʣʘʩʥʦ ʚʳʨʘʞʝʥʠʷʤ (7)-(9), ʩʪʘʥʜʘʨʪʥʳʝ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩ-

ʢʠʝ ʬʫʥʢʮʠʠ ʦʙʨʘʟʦʚʘʥʠʷ ʪʝʣʣʫʨʠʜʦʚ ʵʨʙʠʷ ʤʦʛʫʪ ʙʳʪʴ ʚʳʯʠʩ-

ʣʝʥʳ ʧʦ ʩʦʦʪʥʦʰʝʥʠʷʤ 

Er3
0 Z)ErTe(Z D=D

                                             
(10) 

)TeEr(ZZ)TeEr(Z2 3

0

Er32

0 D+D=D
                             

(11) 

)TeEr(ZZ)ErTe(Z3 32

0

Er

0 D+D=D
                               

(12) 

ʛʜʝ 
000 H,GZ DD=D , 

ErErEr H,GZ DD=D , ʘ ʩʪʘʥʜʘʨʪʥʳʝ ʵʥʪʨʦ-

ʧʠʠ ʧʦ ʩʦʦʪʥʦʰʝʥʠʷʤ 

)Te(S3)]Er(SS[)ErTe(S 00

Er3

0 ++D=                      (13) 

)Te(S3)]Er(SS[)TeEr(S2 00

Er32

0 ++D=                    (14) 

)Te(S)]Er(SS[)ErTe(S3 00

Er

0 ++D=                        (15) 

ʇʨʠ ʚʳʯʠʩʣʝʥʠʷʭ ʩʪʘʥʜʘʨʪʥʳʭ ʵʥʪʨʦʧʠʡ ʩʦʝʜʠʥʝʥʠʡ ʥʘʤʠ 

ʢʨʦʤʝ ʩʦʙʩʪʚʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ (ʪʘʙʣ.4) ʠʩ-

ʧʦʣʴʟʦʚʘʣʠ  ʜʘʥʥʳʝ ʧʦ ʩʪʘʥʜʘʨʪʥʳʤ ʵʥʪʨʦʧʠʷʤ ʵʣʝʤʝʥʪʘʨʥʳʭ 

ʵʨʙʠʷ  (73.14 Ñ 0.63 ɼʞÖʤʦʣʴ
-1
Öʂ

-1
) ʠ ʪʝʣʣʫʨʘ (49.5°0.2 ɼʞÖʤʦʣʴ

-

1
Öʂ

-1
). ʇʦʣʫʯʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʚ ʜʠʩʩʝʨʪʘ-

ʮʠʠ ʩʦʧʦʩʪʘʚʣʝʥʳ ʩ ʠʤʝʶʱʠʤʠʩʷ ʦʪʨʳʚʦʯʥʳʤʠ ʣʠʪʝʨʘʪʫʨʥʳʤʠ 

ʜʘʥʥʳʤʠ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʥʘʰʠ ʜʘʥʥʳʝ ʣʫʯʰʝ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʨʝ-

ʟʫʣʴʪʘʪʘʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʤʝʪʦʜʦʤ ʕɼʉ. 

ʇʦʣʫʯʝʥʥʳʝ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʙʠʥʘʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 
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(ʊʘʙʣ.6) ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʠ ʨʘʩʯʝʪʘʭ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ 

ʬʫʥʢʮʠʡ ʪʨʦʡʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩʠʩʪʝʤ Tl-Ln-Te (ʧʘʨʘʛʨʘʬ 5.8).  

ʅʠʞʝ ʥʘ ʧʨʠʤʝʨʝ ʩʠʩʪʝʤʳ Tl-Tb-Te ʧʨʠʚʝʜʝʥʘ ʧʦʩʣʝʜʦʚʘʝʣʴ-

ʥʦʩʪʴ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ ʜʣʷ ʪʨʦʡʥʳʭ ʩʠʩʪʝʤ ʧʦ ʜʘʥ-

ʥʳʤ ʠʟʤʝʨʝʥʠʡ ʕɼʉ. ɺ ʪʘʙʣʠʮʘʭ 7-11 ʧʨʠʚʝʜʝʥʳ ʜʘʥʥʳʝ ʜʣʷ 

ʚʩʝʭ ʠʟʫʯʝʥʥʳʭ ʩʠʩʪʝʤ Tl-Ln-Te (Ln-Gd, Er, Tm).  

ʀʟ ʧʦʣʫʯʝʥʥʳʭ ʣʠʥʝʡʥʳʭ ʫʨʘʚʥʝʥʠʡ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʟʘʚʠʩʠ-

ʤʦʝʪʡ ʕɼʉ ʮʝʧʝʡ ʪʠʧʘ (2) ʧʦ ʩʦʦʪʥʦʰʝʥʠʷʤ (4)-(6) ʙʳʣʠ ʨʘʩ-

ʩʯʠʪʘʥʳ ʧʘʨʮʠʘʣʴʥʳʝ ʤʦʣʷʨʥʳʝ ʩʚʦʙʦʜʥʘʷ ʵʥʝʨʛʠʷ ɻʠʙʙʩʘ, ʵʥ-

ʪʘʣɹʧʠʷ ʠ ʵʥʪʨʦʧʠʷ TbTe ʚ ʩʧʣʘʚʘʭ ʩʠʩʪʝʤʳ (ʪʘʙʣ.7). 

ʂʦʤʙʠʥʠʨʦʚʘʥʠʝʤ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʩ ʧʘʨʮʠʘʣʴʥʳʤʠ ʤʦ-

ʣʷʨʥʳʤʠ ʬʫʥʢʮʠʷʤʠ Tb ʚ TbTe ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ ʧʘʨʮʠʘʣʴʥʳʝ 

ʤʦʣʷʨʥʳʝ ʬʫʥʢʮʠʠ Tb ʚ ʩʧʣʘʚʘʭ (ʪʘʙʣ.8).  
ʊʘʙʣʠʮʘ 6 

ʉʪʘʥʜʘʨʪʥʳʝ ʠʥʪʝʛʨʘʣʴʥʳʝ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ 

 ʬʫʥʢʮʠʠ ʪʝʣʣʫʨʠʜʦʚ ʥʝʢʦʪʦʨʳʭ ʈɿʕ  

ʉʦʝʜʠʥʝʥʠʝ )K298(G0
fD-  )K298(H0

fD-  0
298S  

ʢɼʞĀʤʦʣʴ
-1
 ɼʞĀʤʦʣʴ

-1
ĀK

-1
 

GdTe3 380.2°0.5 385.9°2.4 197.3°7.8 

Gd2Te3 756.5°2.5 768.5°10.0 249.0Ñ8.4   

GdTe 355.9°1.0 363.6°3.9 113.8°5.0 

TbTe3 385.1°0.3 386.6°1.4 194.9°4.8 

TbTe2 380.8°0.4 382.9°1.5 165.6°4.6 

Tb2Te3 750.9°0.7 756.5°3.0 277.0°9.3 

TbTe 336.1°0.3 340.0°1.3 109.9°3.9 

ErTe3 409.3°0.3 411.4°1.3 214.7°3.7 

Er2Te3 784.4°0.5 793.1°2.5 269.2°6.5 

ErTe 353.6°0.3 358.9°0.6 106.0°2.6 

TmTe3 389.1°0.4 391.5°1.6 214.3°5.1 

Tm2Te3 748.1°0.8 756.6°3.3 268.1°9.7 

TmTe 336.5°0.4 341.4°1.5 107.0°1.4 

YbTe 289.0Ñ1.0 298.0Ñ3.0 79.0Ñ7.0 

 
 

http://www.chem.msu.ru/cgi-bin/tkv.pl?no=1921&show=biblist&joules=1&volno=8&globno=4029&fieldname=&brutto=Gd2Te3&pg=0&allow_no_ions=&tabno=72&allow_additional_elements=&letter=+&allow_more_atoms=&breftable=SCpH


 

 

39 

ʊʘʙʣʠʮʘ 7  

ʇʘʨʮʠʘʣʴʥʳʝ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʬʫʥʢʮʠʠ LnTe  

ʚ ʩʧʣʘʚʘʭ Tl-Ln-Te ʧʨʠ 298ʂ 

ʌʘʟʦʚʘʷ ʦʙʣʘʩʪʴ 
TbTeGD-  TbTeHD-  

TbTeSD  

ʢɼʞĀʤʦʣʴ
-1
 ɼʞĀʤʦʣʴ

-1
ĀK

-1
 

d(Tl9.8Gd0.2Te6) 236.04°0.22 217.75°0.91 61.34°2.40 

d(Tl9.6Gd0.4Te6) 219.89°0.21 205.81°0.88 47.22°2.31 

d(Tl9.4Gd0.6Te6) 208.53°0.24 198.21°1.00 34.61°2.64 

d(Tl9.2Gd0.8Te6) 200.78°0.21 192.33°0.89 28.34°2.35 

d(Tl9GdTe6) 193.95°0.20 186.14°0.86 26.19°2.26 

Tl2Te3+TlTe+TlGdTe2 199.13°0.16 193.81°0.68 17.84°1.80 

TlTe+Tl9GdTe6+TlGdTe2 189.41°0.20 181.89°0.85 25.22°2.26 

Tl2Te3 + TlTe + TlTbTe2 196.17°0.24 193.01°0.97 10.61°2.54 

TlTe+Tl9TbTe6+TlTbTe2 186.40°0.24 182.30°0.98 13.77°2.58 

Tl2Te3+TlTe+TlErTe2 197.53°0.19 190.91°0.81 22.21°2.13 

TlTe+Tl9ErTe6+TlErTe2 188.28°0.20 183.63°0.85 16.88°2.25 

Tl2Te3+TlTe+TlTmTe2 206.02°0.31 198.88°1.30 23.97°3.40 

TlTe+Tl9TmTe6+TlTmTe2 196.42°0.30 187.92°1.23 28.48°3.24 

 

ʉʪʘʥʜʘʨʪʥʳʝ ʠʥʪʝʛʨʘʣʴʥʳʝ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʬʫʥʢʮʠʠ ʩʦ-

ʝʜʠʥʝʥʠʡ ʪʠʧʦʚ TlLnTe2 ʠ Tl9LnTe6 ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ ʤʝʪʦʜʦʤ 

ʧʦʪʝʥʮʠʘʣʦʙʨʘʟʫʶʱʠʭ ʨʝʘʢʮʠʡ. ʉʦʛʣʘʩʥʦ ʜʠʘʛʨʘʤʤʝ ʪʚʝʨʜʦ- 

ʬʘʟʥʳʭ ʨʘʚʥʦʚʝʩʠʡ (ʨʠʩ.17), ʟʥʘʯʝʥʠʷ ʧʘʨʮʠʘʣʴʥʳʭ ʤʦʣʷʨʥʳʭ 

ʬʫʥʢʮʠʡ ʪʝʨʙʠʷ ʚ ʪʨʝʭʬʘʟʥʳʭ ʦʙʣʘʩʪʷʭ TlTe-Tl2Te3-TlTbTe2 ʠ 

TlTe-Tl9TbTe6-TlTbTe2  ̫ ʚʣʷʶʪʩʷ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʤʠ ʬʫʥʢʮʠ̫-

ʤʠ ʩʣʝʜʫʶʱʠʭ ʨʝʘʢʮʠʡ ʧʦʪʝʥʮʠʘʣʦʙʨʘʟʦʚʘʥʠʷ (ʩʦʩʪʦʷʥʠʝ ʚʝ-

ʱʝʩʪʚ ï ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʝ): 

Tb + Tl2Te3 =TlTe+TlTbTe2                                                     (16) 
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ʊʘʙʣʠʮʘ 8  

ʇʘʨʮʠʘʣʴʥʳʝ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʬʫʥʢʮʠʠ Ln ʚ ʩʧʣʘʚʘʭ ʩʠʩʪʝʤ  

Tl-Ln-Te ʧʨʠ 298 K 
ʌʘʟʦʚʘʷ ʦʙʣʘʩʪʴ  

TbGD-  TbHD-  TbSD  

ʢɼʞĀʤʦʣʴ
-1
 ɼʞĀʤʦʣʴ

-1
ĀK

-1
 

d(Tl9.8Gd0.2Te6) 515.34°0.52 504.75°2.11 35.52°5.40 

d(Tl9.6Gd0.4Te6) 499.19°0.51 492.81°1.98 21.40°5.31 

d(Tl9.4Gd0.6Te6) 487.83°0.54 485.21°2.10 8.79°5.64 

d(Tl9.2Gd0.8Te6) 480.08°0.51 479.33°2.00 2.52°5.35 

d(Tl9GdTe6) 473.25°0.50 473.14°1.92 0.37°5.26 

Tl2Te3+TlTe+TlGdTe2 478.43°0.46 480.81°1.78 -7.98°4.80 

TlTe+Tl9GdTe6+TlGdTe2 468.71°0.50 468.89°1.95 -0.60°5.26 

Tl2Te3 + TlTe + TlTbTe2 453.45°0.42 456.60°1.72 -10.57°4.53 

TlTe+Tl9TbTe6+TlTbTe2 443.68°0.42 445.80°1.73 -7.11°4.57 

Tl2Te3+TlTe+TlErTe2 473.91°0.40 474.50°1.50 -2.01°2.81 

TlTe+Tl9ErTe6+TlErTe2 464.60°0.40 467.30°1.50 8.71°3.01 

Tl2Te3+TlTe+TlTmTe2 467.33°0.53 466.50°2.22 2.78°5.82 

TlTe+Tl9TmTe6+TlTmTe2 457.73°0.52 455.54°2.15 7.35°5.66 

 

Tb+3TlTe= 0.25Tl9TbTe6+0.75TlTbTe2                                        (17) 
ʉʦʛʣʘʩʥʦ ʫʨʘʚʥʝʥʠʷʤ ʵʪʠʭ ʨʝʘʢʮʠʡ ʩʪʘʥʜʘʨʪʥʳʝ ʪʝʨʤʦʜʠʥʘ-

ʤʠʯʝʩʢʠʝ ʬʫʥʢʮʠʠ ʦʙʨʘʟʦʚʘʥʠʷ ʪʨʦʡʥʳʭ ʩʦʝʜʠʥʝʥʠʡ TlTbTe2 ʠ 

Tl9TbTe6 ʤʦʛʫʪ ʙʳʪʴ ʨʘʩʩʯʠʪʘʥʳ ʧʦ ʩʦʦʪʥʦʰʝʥʠʷʤ 

)TlTe(Z)TeTl(ZZ)TlTbTe(Z 0

f32

0

fTb2

0

f D-D+D=D ,            (18)                      

)TlTbTe(Z3)TlTe(Z12Z4)TbTeTl(Z 2

0

f

0

fTb69

0

f D-D+D=D
     

(19) 
(ZſG,H), ʘ ʩʪʘʥʜʘʨʪʥʳʝ ʵʥʪʨʦʧʠʠ- ʧʦ 

)TlTe(S)TeTl(S)Tb(SS)TlTbTe(S 0

32

00
Tb2

0 -++D=                (20) 
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ʈʠʩʫʥʦʢ 17. ɼʠʘʛʨʘʤʤʘ ʪʚʝʨʜʦʬʘʟʥʳʭ ʨʘʚʥʦʚʝʩʠʡ ʧʦʜʩʠʩʪʝʤʳ 

Tl 2Te-Tl 2Te3-TlTbTe 2. ʎʠʬʨʘʤʠ ʫʢʘʟʘʥʳ ʟʥʘʯʝʥʠʷ ʕɼʉ (ʤɺ) ʮʝʧʝʡ 

ʪʠʧʘ (2) ʚ ʪʨʝʭʬʘʟʥʳʭ ʦʙʣʘʩʪʷʭ.  

 

)TlTbTe(S3)TlTe(S12)Tb(S4S4)TbTeTl(S 2

000
Tb69

0 -++D=
 
.  (21)  

       

ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʨʘʩʯʝʪʦʚ ʧʦ ʩʦʦʪʥʦʰʝʥʠʷʤ (18)-(21) ʥʘʨʷʜʫ ʩ 

ʧʦʣʫʯʝʥʥʳʤʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ (ʪʘʙʣ.8) ʙʳʣʠ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʟʥʘʯʝʥʠʝ ʩʪʘʥʜʘʨʪʥʦʡ ʵʥʪʨʦʧʠʠ ʪʝʨʙʠʷ (73.51 ° 

0.42 ɼʞÖʤʦʣʴ
-1
Öʂ

-1
) ʠ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʜʣʷ ʩʦʝʜʠʥʝ-

ʥʠʡ TlTe ʠ Tl2Te3. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ 

ʪʘʙʣ.9. 

ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʨʘʩʯʝʪʦʚ ʧʦ ʩʦʦʪʥʦʰʝʥʠʷʤ (19) ʠ (21) ʧʦʤʠ-

ʤʦ ʧʘʨʮʠʘʣʴʥʳʭ ʤʦʣʷʨʥʳʭ ʬʫʥʢʮʠʡ ʪʝʨʙʠʷ ʪʨʝʭʬʘʟʥʦʡ ʦʙʣʘʩʪʠ 

TlTe+Tl9TbTe6+TlTbTe2 (ʪʘʙʣ.9) ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʪʘʥʜʘʨʪʥʳʝ ʠʥ-

ʪʝʛʨʘʣʴʥʳʝ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʬʫʥʢʮʠʠ ʩʦʝʜʠʥʝʥʠʷ TlTbTe2, 

ʧʦʣʫʯʝʥʥʳʝ ʥʘʤʠ ʧʦ ʫʨʘʚʥʝʥʠʷʤ (18) ʠ (20) (ʪʘʙʣ.9).  

ʇʨʠ ʨʘʩʯʝʪʘʭ ʧʘʨʮʠʘʣʴʥʳʭ ʠ ʠʥʪʝʛʨʘʣʴʥʳʭ ʪʝʨʤʦʜʠʥʘʤʠ-

ʯʝʩʢʠʭ ʬʫʥʢʮʠʡ ʙʠʥʘʨʥʳʭ ʠ ʪʨʦʡʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʧʦʛʨʝʰʥʦʩʪʠ 

ʥʘʭʦʜʠʣʠ ʤʝʪʦʜʦʤ ʩʫʤʤʠʨʦʚʘʥʠʷ. 
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ʊʘʙʣʠʮʘ 9 

ʉʪʘʥʜʘʨʪʥʳʝ ʠʥʪʝʛʨʘʣʴʥʳʝ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʬʫʥʢʮʠʠ ʪʨʦʡ-

ʥʳʭ ʩʦʝʜʠʥʝʥʠʡ TlLnTe2 ʠ Tl9LnTe6  

ʇʦʣʫʯʝʥʥʳʝ ʥʘʤʠ ʟʥʘʯʝʥʠʷ ʩʪʘʥʜʘʨʪʥʳʭ ʠʥʪʝʛʨʘʣʴʥʳʭ ʪʝʨ-

ʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ ʪʝʣʣʫʨʠʜʦʚ ʈɿʕ ʠ ʪʨʦʡʥʳʭ ʪʝʣʣʫʨʠ-

ʜʦʚ ʪʘʣʣʠʷ-ʈɿʕ ʧʦʟʚʦʣʠʣʠ ʨʘʩʩʯʠʪʘʪʴ ʩʪʘʥʜʘʨʪʥʳʝ ʪʝʨʤʦʜʠʥʘ-

ʤʠʯʝʩʢʠʝ ʬʫʥʢʮʠʠ ʘʪʦʤʠʟʘʮʠʠ ʠ ʦʪʥʦʩʠʪʝʣʴʥʳʝ ʪʝʨʤʦʜʠʥʘʤʠ-

ʯʝʩʢʠʝ ʫʩʪʦʡʯʠʚʦʩʪʠ ʫʢʘʟʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ (ʧʘʨʧʘʛʨʘʬ 5.9). 

ʈʘʩʯʝʪʳ ʧʨʦʚʦʜʠʣʠ ʧʦ ʩʦʦʪʥʦʰʝʥʠʷʤ 

ä D-D=D .)ʩʦʝʜ(H.)ʵʣʝʤ(H.)ʩʦʝʜ(H 0

f

0

ʘʪ

0

ʘt             (22)                          

ä -=D .)ʩʦʝʜ(S)ʛʘʟʘʪʦʤʘʨʥʳʡ(S.)ʩʦʝʜ(S 000

.ʘʪ                  (23) 

.)ʩʦʝʜ(Sʊ.)ʩʦʝʜ(H.)ʩʦʝʜ(G 0

ʘʪ

0

ʘʪ

0

ʘʪ DÖ-D=D                    (24) 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʜʣʷ ʪʨʦʡʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʧʨʠʚʝʜʝʥʳ 

ʚ ʊʘʙʣ.10. ʂʘʢ ʚʠʜʥʦ, ʚʩʝʤ ʪʨʦʡʥʳʤ ʩʦʝʜʠʥʝʥʠʷ ʧʨʠʩʫʱʠ ʚʳʩʦ-

ʢʠʝ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʩʚʦʙʦʜʥʦʡ ʵʥʝʨʛʠʠ ɻʠʙʙʩʘ ʘʪʦʤʠ-

ʟʘʮʠʠ DG
0
ʘʪ ʠ ʵʥʪʘʣʴʧʠʠ ʘʪʦʤʠʟʘʮʠʠ DH

0
ʘʪ, ʢʦʪʦʨʳʝ ʚ ʥʝʩʢʦʣʴʢʦ 

ʨʘʟ ʧʨʝʚʳʰʘʶʪ ʠʭ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʬʫʥʢ-

ʮʠʠ ʦʙʨʘʟʦʚʘʥʠʷ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ DH
0
ʘʪ  - ʵʪʦ ʵʥʝʨʛʠʷ, ʥʝ-

ʦʙʭʦʜʠʤʘʷ ʜʣʷ ʨʘʟʨʳʚʘ ʚʩʝʭ ʩʚʷʟʝʡ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʝ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʦʜʥʦʘʪʦʤʥʳʭ ʛʘʟʦʚ. ɺʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʵʥʪʨʦʧʠʠ 

ʘʪʦʤʠʟʘʮʠʠ DS
0
ʘʪ ʷʚʣʷʶʪʩʷ ʩʣʝʜʩʪʚʠʝʤ ʩʠʣʴʥʦʛʦ ʨʘʟʫʧʦʨʷʜʦʯʝ-

ʥʠ̫ ʩʠʩʪʝʤʳ ʧʨʠ ʧʝʨʝʭʦʜʝ ʠʟ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚ 

ʉʦʝʜʠ-

ʥʝʥʠʝ 
)K298(G0

fD-  )K298(H0
fD-  )K298(S0 , 

ɼʞÖʤʦʣʴ
-1
Öʂ

-1
 ʢɼʞÖʤʦʣʴ

-1
 

TlGdTe2 524.7°1.7 526.9°3.2 227°10 

TlTbTe2 499.8°1.6 502.7°3.0 226.8°9.8 

TlErTe2 521.2°1.6 520.9°3.0 235°6.0 

TlTmTe2  513.6°1.7 511.6°3.7 240.6°10.8 

Tl9GdTe6 862.8°3.7 866.3°6.3 933°20 

Tl9TbTe6 809.1°11.0 801.3°21.5 974.8°9.8 

Tl9ErTe6 828.8°11.2 833.8°27.0 1013°5 

Tl9TmTe6  824.1°12.0 826.2°25.7 965.0°74.0 
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ʩʤʝʩ ɹ ʦʜʥʦʘʪʦʤʥʳʭ ʛʘʟʦʚ. ʇʨʘʢʪʠʯʝʩʢʠ ʧʦʩʪʦʷʥʥʳʝ ʟʥʘʯʝʥʠʷ 

DSʘʪ ʚ ʧʨʝʜʝʣʘʭ ʢʘʞʜʦʛʦ ʪʠʧʘ ʩʦʝʜʠʥʝʥʠʡ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ 

ʦʜʠʥʘʢʦʚʳʤʠ ʠʩʭʦʜʥʳʤʠ ʠ ʢʦʥʝʯʥʤrʠ ʩʦʩʪʦʷʥʠʷʤʠ ʜʣʷ ʢʘʞʜʦ-

ʛʦ ʪʠʧʘ ʩʦʝʜʠʥʝʥʠʡ (ʊʘʙʣ.10). 
ʊʘʙʣʠʮʘ 10 

ʉʪʘʥʜʘʨʪʥʳʝ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʬʫʥʢʮʠʠ ʘʪʦʤʠʟʘʮʠʠ  

ʪʨʦʡʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩʠʩʪʝʤ Tl-Ln-Te  

ʉʦʝʜʠʥʝʥʠʝ DʘʪG
0
 Dʘʪʅ

0
 DʘʪS

0
, 

ɼʞÖʤʦʣʴ
-1
Öʂ

-1
 ʢɼʞÖʤʦʣʴ

-1
 

TlGdTe2 283.3 436.2 513.1 

TlTbTe2 295.0 450.4 521.0 

TlErTe2 209.5 360.0 504.8 

TlTmTe2  138.3 286.0 495.3 

Tl9GdTe6 3603.5 2311.3 1983.9 

Tl9TbTe6 2083.4 2664.8 1949.8 

Tl9ErTe6 1694.0 2261.6 1903.6 

Tl9TmTe6  1525.5 2106.2 1947.7 

 

ʅʘʤʠ ʪʘʢʞʝ ʚʳʯʠʩʣʝʥʳ ʩʪʘʥʜʘʨʪʥʳʝ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ 

ʬʫʥʢʮʠʠ ʦʙʨʘʟʦʚʘʥʠʷ ʪʨʦʡʥʳʭ ʩʦʝʜʠʥʝʥʠʡ TlLnTe2 ʠ Tl9LnTe6 

ʠʟ ʙʠʥʘʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ Tl2Te ʠ Ln2Te3.  

ɼʣʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʪʨʦʡʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʊʘʙʣ.11 ʧʨʠʚʝ-

ʜʝʥʳ ʩʪʘʥʜʘʨʪʥʳʝ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʬʫʥʢʮʠʠ ʘʪʦʤʠʟʘʮʠʠ, 

ʦʙʨʘʟʦʚʘʥʠʷ ʠʟ ʵʣʝʤʝʥʪʘʨʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʠʟ ʫʢʘʟʘʥʥʳʭ ʙʠ-

ʥʘʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʚ ʨʘʩʯʝʪʝ ʥʘ 1 ʛ-ʘʪʦʤ. ʂʘʢ ʚʠʜʥʦ, ʪʝʧʣʦʪʘ ʠ 

ʩʚʦʙʦʜʥʘʷ ʵʥʝʨʛʠʷ ʦʙʨʘʟʦʚʘʥʠʷ ʪʨʦʡʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠʟ ʧʨʦʩʪʳʭ  

ʚʝʱʝʩʪʚ ʚ ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʥʠʞʝ ʟʥʘʯʝʥʠʡ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʬʫʥʢ-

ʮʠʡ ʠʭ ʦʙʨʘʟʦʚʘʥʠʷ ʠʟ ʦʪʜʝʣʴʥʳʭ ʘʪʦʤʦʚ, ʘ ʠʭ ʪʝʨʤʦʜʠʥʘʤʠʯʝ-

ʩʢʠʝ ʬʫʥʢʮʠʠ ʦʙʨʘʟʦʚʘʥʠʷ ʠʟ ʙʠʥʘʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʚ ʩʚʦʶ 

ʦʯʝʨʝʜʴ, ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ ʩʪʘʥʜʘʨʪʥʳʭ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ 

ʬʫʥʢʮʠʡ ʦʙʨʘʟʦʚʘʥʠʷ ʠʟ ʧʨʦʩʪʳʭ ʚʝʱʝʩʪʚ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, 

ʯʪʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʙʠʥʘʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʧʨʠ ʦʙʨʘʟʦʚʘʥʠʠ 

ʪʨʦʡʥʳʭ ʥʝ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʳʤ ʠʟʤʝʥʝʥʠʝʤ ʯʠʩʣʘ ʠ 

ʭʘʨʘʢʪʝʨʘ ʭʠʤʠʯʝʩʢʠʭ ʩʚʷʟʝʡ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʧʨʠ ʦʙʨʘʟʦʚʘʥʠʠ 

ʪʨʦʡʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠʟ ʧʨʦʩʪʳʭ ʚʝʱʝʩʪʚ ʧʨʦʠʩʭʦʜʠʪ ʛʣʫʙʦʢʦʝ 
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ʠʟʤʝʥʝʥʠʝ ʭʘʨʘʢʪʝʨʘ ʭʠʤʠʯʝʩʢʦʡ ʩʚʷʟʠ ï ʨʘʟʨʫʰʘʶʪʩʷ ʦʪʥʦʩʠ-

ʪʝʣʴʥʦ ʩʣʘʙʳʝ ʩʚʷʟʠ, ʬʦʨʤʠʨʫʶʪʩʷ ʛʦʨʘʟʜʦ ʩʠʣʴʥʳʝ ʩʚʷʟʠ "ʤʝ-

ʪʘʣʣ-ʥʝʤʝʪʘʣʣ", ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʧʦʥʠʞʝʥʠʶ 

ʵʥʝʨʛʠʠ ʩʠʩʪʝʤʳ.     
ʊʘʙʣʠʮʘ 11 

ʉʨʘʚʥʝʥʠʝ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ ʘʪʦʤʠʟʘʮʠʠ,  

ʦʙʨʘʟʦʚʘʥʠʷ ʠʟ ʧʨʦʩʪʳʭ ʚʝʱʝʩʪʚ ʠ ʦʙʨʘʟʦʚʘʥʠʷ ʠʟ ʙʠʥʘʨʥ ʭr 

ʩʦʝʜʠʥʝʥʠʡ ʜʣʷ ʪʨʦʡʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩʠʩʪʝʤ Tl-Ln-Te 

ʉʦʝʜʠʥʝʥʠʝ DʘʪG
0
 -DfG

0
 -DG' Dʘʪʅ

0
 -Dfʅ

0
 -Dʅ' 

ʢɼʞ/ ʛ-ʘʪʦʤ 

TlGdTe2 334 131 27 373 132 26 

TlTbTe2 325 125 21 364 126 21 

TlErTe2 315 130 22 353 130 21 

TlTmTe2  290 128 25 327 128 23 

Tl9GdTe6 202 54 8 250 54 8 

Tl9TbTe6 198 51 5 245 50 4 

Tl9ErTe6 197 52 5 242 52 5 

Tl9TmTe6  190 52 6 236 52 5 

 

ɺ ʢʦʥʮʝ ʛʣʘʚʳ V (ʧʘʨʘʛʨʘʬ 5.10) ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩ-

ʩʣʝʜʦʚʘʥʠʷ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ ʩʦʝʜʠʥʝʥʠʡ Tl9GdTe6, Tl9TmTe6 

ʠ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ Tl9Bi0.8Tm0.2Te6. ʇʦʩʪʨʦʝʥʳ ʛʨʘʬʠʢʠ ʟʘʚʠʩʠ-

ʤʦʩʪʝʡ ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʠ ʦʙʨʘʪʥʦʛʦ ʟʥʘʯʝʥʠʷ ʤʘʛ-

ʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʠʩ-

ʩʣʝʜʦʚʘʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʷʚʣʷʶʪʩʷ ʧʘʨʘʤʝʛʥʝʪʠʢʘʤʠ ʠ ʧʦʜʯʠ-

ʥʷʶʪʩʷ ʟʘʢʦʥʫ ʂʁ ʨʠ-ɺʝʡʩʘ (ʪʘʙʣ. 12). 
ʊʘʙʣʠʮʘ 12 

ʅʝʢʦʪʦʨʳʝ ʤʘʛʥʠʪʥʳʝ ʚʝʣʠʯʠʥʳ ʜʣʷ Tl 9TmTe6, Tl9GdTe6  

ʠ Tl9Bi0.8Tm0.2Te6 

ʌʘʟʘ ɢ N, ʤ
-3 

Õ, AĿm
2
 Õ/ Õ B 

Tl9TmTe6 0.00121 1.976Ö10
27

 4.881Ö10
-23

 6.95 

Tl9GdTe6 0.00625 1.950Ö10
27

 1.028Ö10
-23

 1.11 

80 ʤʦʣ% Tl9BiTe6  + 

20 ʤʦʣ%Tl9TmTe6  
0.00392   1.987Ö10

27
 5.134Ö10

-23
 5.53 

 



 

 

45 

ʆʉʅʆɺʅʓɽ ʈɽɿʋʃʔʊɸʊʓ ʀ ɺʓɺʆɼʓ 

 

1. ʅʘ ʦʩʥʦʚʘʥʠʠ ʘʥʘʣʠʟʘ ʦʩʦʙʝʥʥʦʩʪʝʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢ-

ʪʫʨʳ ʩʦʝʜʠʥʝʥʠʷ Tl5Te3 ʠ ʝʛʦ ʠʟʚʝʩʪʥʳʭ ʪʨʦʡʥʳʭ ʩʪʨʫʢʪʫʨ-

ʥʳʭ ʘʥʘʣʦʛʦʚ ʧʨʦʛʥʦʟʠʨʦʚʘʥʦ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʜʪʚʝʨ-

ʞʜʝʥʦ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʪʨʦʡʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʪʠʧʦʚ Tl9LnTe6 ʠ 

Tl4LnTe3 ʩ ʫʢʘʟʘʥʥʦʡ ʩʪʨʫʢʪʫʨʦʡ. ʈʘʟʨʘʙʦʪʘʥʘ ʩʧʝʮʠʘʣʴʥʘʷ 

ʤʝʪʦʜʠʢʘ ʩʠʥʪʝʟʘ ʫʢʘʟʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʡ 

ʦʥʠ ʧʦʣʫʯʝʥʳ ʚ ʛʦʤʦʛʝʥʥʦʤ ʚʠʜʝ ʠ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ. ʇʦʢʘ-

ʟʘʥʦ, ʯʪʦ ʚʩʝ ʩʦʝʜʠʥʝʥʠʷ ʦʙʦʠʭ ʪʠʧʦʚ ʢʨʠʩʪʘʣʣʠʟʫʶʪʩʷ ʚ ʪʝʪ-

ʨʘʛʦʥʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʝ ʪʠʧʘ Tl5Te3 ʠ ʧʣʘʚʷʪʩʷ ʩ ʨʘʟʣʦʞʝʥʠʝʤ 

ʧʦ ʧʝʨʠʪʝʢʪʠʯʝʩʢʠʤ ʨʝʘʢʮʠʷʤ.  

2. ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʨʘʜʠʮʠʦʥʥʳʭ ɻʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʤʝʪʦ-

ʜʦʚ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ (ɼʊɸ, ʈʌɸ, ʄʉɸ, ʠʟʤʝʨʝ-

ʥʠʝ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ) ʠ ʜʘʥʥʳʭ ʠʟʤʝʨʝʥʠʡ ʕɼʉ ʢʦʥʮʝʥʪʨʘʮʠ-

ʦʥʥʳʭ ʮʝʧʝʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʚʫʭ ʨʘʟʣʠʯʥʳʭ ʵʣʝʢʪʨʦʜʦʚ ʩʨʘʚ-

ʥʝʥʠʷ ʧʦʣʫʯʝʥ r ʢʦʤʧʣʝʢʩ r ʥʦʚʳʭ ʚʟʘʠʤʦʩʦʛʣʘʩʦʚʘʥʥʳʭ 

ʜʘʥʥʳʭ ʧʦ ʬʘʟʦʚʳʤ ʨʘʚʥʦʚʝʩʠʷʤ ʚ ʩʠʩʪʝʤʘʭ Tl-Ln-Te ʚ ʦʙʣʘ-

ʩʪʷʭ ʩʦʩʪʘʚʦʚ, ʙʦʛʘʪʳʭ ʪʝʣʣʫʨʠʜʘʤʠ ʪʘʣʣʠʷ, ʘ ʪʘʢʞʝ ʧʦ ʢʨʠ-

ʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʤ ʠ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ ʚʳʚ̫-

ʣʝʥʥʳʭ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʬʘʟ.  

3. ʋʩʪʘʥʦʚʣʝʥ ʭʘʨʘʢʪʝʨ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚ 

ʪʨʝʭ ʪʨʦʡʥʳʭ ʩʠʩʪʝʤʘʭ Tl-Ln-Te ʚ ʦʙʣʘʩʪʠ ʩʦʩʪʘʚʦʚ Tl2Te-

Tl5Te3-Tl4LnTe3 (Ln-Sm, Dy, Tm) ʠ ʝʱʝ ʪʨʝʭ ï ʚ ʦʙʣʘʩʪʠ ʩʦ-

ʩʪʘʚʦʚ Tl2Te-Tl5Te3-Tl9LnTe6 (Ln-Gd, Tb, Er). ʇʦʩʪʨʦʝʥʳ ʧʨʦ-

ʝʢʮʠʠ ʧʦʚʝʨʭʥʦʩʪʝʡ ʣʠʢʚʠʜʫʩʘ ʠ ʩʦʣʠʜʫʩʘ, ʨʘʟʣʠʯʥʳʝ ʧʦʣʠ-

ʪʝʨʤʠʯʝʩʢʠʝ ʠ ʠʟʦʪʝʨʤʠʯʝʩʢʠʝ ʩʝʯʝʥʠʷ ʊ-ʭ-ʫ ʜʠʘʛʨʘʤʤ ʚ ʫʢʘ-

ʟʘʥʥʳʭ ʦʙʣʘʩʪʷʭ ʩʦʩʪʘʚʦʚ, ʦʧʨʝʜʝʣʝʥʳ ʧʦʣʷ ʧʝʨʚʠʯʥʦʡ ʢʨʠ-

ʩʪʘʣʣʠʟʘʮʠʠ ʬʘʟ, ʘ ʪʘʢʞʝ ʪʠʧʳ ʠ ʢʦʦʨʜʠʥʘʪʳ ʥʦʥ- ʠ ʤʦʥʦʚʘ-

ʨʠʘʥʪʥʳʭ ʨʘʚʥʦʚʝʩʠʡ. ʋʩʪʘʥʦʚʣʝʥʦ, ʚʩʝ ʵʪʠ ʩʠʩʪʝʤʳ, ʚ ʮʝ-

ʣʦʤ, ʥʝ ʷʚʣʷʶʪʩʷ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʤʠ ʧʦʜʩʠʩʪʝʤʘʤʠ ʚ ʩʠʣʫ 

ʠʥʢʦʥʛʨʫʵʥʪʥʦʛʦ ʧʣʘʚʣʝʥʠʷ ʩʦʝʜʠʥʝʥʠʡ Tl4LnTe3 ʠ Tl9LnTe6, 

ʥʦ ʩʪʘʙʠʣʴʥʳ ʚ ʩʫʙʩʦʣʠʜʫʩʝ ʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʦʙh ʠʨʥʳʭ ʦʙʣʘʩʪʝʡ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ ʩʦ ʩʪʨʫʢʪʫʨʦʡ Tl5Te3, 




