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ʄʝʥʪʦʨ: 

ʜʨ ɺʣʘʜʠʤʠʨ ɸʨʩʦʩʢʠ, ʚʘʥʨʝʜʥʠ ʧʨʦʬʝʩʦʨ 

ʋʥʠʚʝʨʟʠʪʝʪ ʫ ɹʝʦʛʨʘʜʫ ï ɽʣʝʢʪʨʦʪʝʭʥʠʯʢʠ ʬʘʢʫʣʪʝʪ 

 

 

ʏʣʘʥʦʚʠ ʢʦʤʠʩʠʿʝ: 

ʜʨ ʄʠʣʘʥ ʊʘʜʠ˂, ʨʝʜʦʚʥʠ ʧʨʦʬʝʩʦʨ 

ʋʥʠʚʝʨʟʠʪʝʪ ʫ ɹʝʦʛʨʘʜʫ ï ɽʣʝʢʪʨʦʪʝʭʥʠʯʢʠ ʬʘʢʫʣʪʝʪ 

 

ʜʨ ʇʝʪʘʨ ʃʫʢʠ˂, ʨʝʜʦʚʥʠ ʧʨʦʬʝʩʦʨ 

ʋʥʠʚʝʨʟʠʪʝʪ ʫ ɹʝʦʛʨʘʜʫ ï ʄʘʰʠʥʩʢʠ ʬʘʢʫʣʪʝʪ 

 

ʜʨ ɱʝʣʝʥʘ ʈʘʜʦʚʘʥʦʚʠ˂, ʨʝʜʦʚʥʠ ʧʨʦʬʝʩʦʨ 

ʋʥʠʚʝʨʟʠʪʝʪ ʫ ɹʝʦʛʨʘʜʫ ï ɽʣʝʢʪʨʦʪʝʭʥʠʯʢʠ ʬʘʢʫʣʪʝʪ 

 

ʜʨ ʇʝʪʘʨ ʄʘʪʘʚʫˀ, ʨʝʜʦʚʥʠ ʧʨʦʬʝʩʦʨ 

ʋʥʠʚʝʨʟʠʪʝʪ ʫ ɹʝʦʛʨʘʜʫ ï ɽʣʝʢʪʨʦʪʝʭʥʠʯʢʠ ʬʘʢʫʣʪʝʪ 

 

ʜʨ ɺʣʘʜʠʤʠʨ ʈʘʿʦʚʠ˂, ʚʘʥʨʝʜʥʠ ʧʨʦʬʝʩʦʨ 

ʋʥʠʚʝʨʟʠʪʝʪ ʫ ɹʝʦʛʨʘʜʫ ï ɽʣʝʢʪʨʦʪʝʭʥʠʯʢʠ ʬʘʢʫʣʪʝʪ 

 

 

 

 

 

 

 

 

 

 

 

 

ɼʘʪʫʤ ʦʜʙʨʘʥʝ:  

 

 

 

 

 

 

 

 

  



II 
 

ɿʘʭʚʘʣʥʠʮʘ 
 

ɺʝʣʠʢʫ ʟʘʭʚʘʣʥʦʩʪ ʜʫʛʫʿʝʤ ʤʝʥʪʦʨʫ, ʧʨʦʬʝʩʦʨʫ ɺʣʘʜʠʤʠʨʫ ɸʨʩʦʩʢʦʤ ʥʘ ʧʨʝʜʣʦʞʝʥʦʿ 

ʪʝʤʠ ʟʘ ʠʩʪʨʘʞʠʚʘˁʝ, ʩʪʨʧˀʝˁʫ ʠ ʠʟʜʚʦʿʝʥʦʤ ʚʨʝʤʝʥʫ. ʇʘʞˀʠʚʦʤ ʘʥʘʣʠʟʦʤ ʤʦʛ ʨʘʜʘ ʠ 

ʢʦʨʠʩʥʠʤ ʩʫʛʝʩʪʠʿʘʤʘ ʧʦʤʦʛʘʦ ʿʝ ʜʘ ʫʩʧʝʰʥʦ ʩʘʚʣʘʜʘʤ ʧʨʦʙʣʝʤʝ ʪʦʢʦʤ ʠʟʨʘʜʝ ʜʦʢʪʦʨʩʢʝ 

ʜʠʩʝʨʪʘʮʠʿʝ.   

 

ɿʘʭʚʘˀʫʿʝʤ ʩʝ ʧʨʦʬʝʩʦʨʫ ʄʠʣʘʥʫ ʊʘʜʠ˂ʫ ʟʘʪʦ ʰʪʦ ʿʝ ʠʤʘʦ ʜʦʚʦˀʥʦ ʚʝʨʝ ʫ ʤʝʥʝ ʠ 

ʧʨʫʞʠʦ ʤʠ ʰʘʥʩʫ ʜʘ ʫʢʦʨʘʯʠʤ ʫ ʩʚʝʪ ʥʘʫʢʝ. ɿʘʥʠʤˀʠʚʠʤ ʧʨʝʜʘʚʘˁʠʤʘ ʧʨʦʬʝʩʦʨ ʤʝ ʿʝ 

ʟʘʠʥʪʝʨʝʩʦʚʘʦ ʟʘ ʦʙʣʘʩʪ ʥʘʥʦʝʣʝʢʪʨʦʥʠʢʝ, ʜʦʢ ʩʫ ˁʝʛʦʚʠ ʩʘʚʝʪʠ ʫ ʟʥʘʯʘʿʥʦʿ ʤʝʨʠ 

ʫʥʘʧʨʝʜʠʣʠ ʢʚʘʣʠʪʝʪ ʤʦʛ ʥʘʫʯʥʦʛ ʨʘʜʘ.  

 

ʇʦʩʝʙʥʦ ʙʠʭ ʞʝʣʝʦ ʜʘ ʩʝ ʟʘʭʚʘʣʠʤ ʜʨ ʅʝʤʘˁʠ ʏʫʢʘʨʠ˂ʫ ʥʘ ʧʨʫʞʝʥʦʿ ʧʦʤʦ˂ʠ 

ʧʨʠʣʠʢʦʤ ʨʝʘʣʠʟʘʮʠʿʝ ʧʨʦʛʨʘʤʩʢʠʭ ʢʦʜʦʚʘ ʟʘ ʚʠʰʝʟʦʥʩʢʝ kĀp ʤʦʜʝʣʝ ʠ ʤʦʜʝʣ ʿʘʢʝ ʚʝʟʝ. ɳʝʛʦʚʠ 

ʩʪʨʫʯʥʠ ʩʘʚʝʪʠ ʩʫ ʤʠ ʦʣʘʢʰʘʣʠ ʨʘʟʫʤʝʚʘˁʝ ʢʦʨʠʰ˂ʝʥʠʭ ʤʝʪʦʜʦʣʦʰʢʠʭ ʧʨʦʮʝʜʫʨʘ ʥʘ ʦʩʥʦʚʫ 

ʢʦʿʠʭ ʩʫ ʧʨʦʠʟʘʰʣʠ ʨʝʟʫʣʪʘʪʠ ʠʟ ʦʚʝ ʜʠʩʝʨʪʘʮʠʿʝ.  

 

I would like to express my gratitude to Professor François Peeters for his generous efforts 

in helping me to prepare my papers for publication.  

 

ʂʦʣʝʛʘʤʘ ʠʟ ʀʥʩʪʠʪʫʪʘ ʟʘ ʥʫʢʣʝʘʨʥʝ ʥʘʫʢʝ Ăɺʠʥʯʘñ ʩʘʤ ʟʘʭʚʘʣʘʥ ʥʘ ʨʘʟʫʤʝʚʘˁʫ ʢʦʿʝ 

ʩʫ ʧʦʢʘʟʘʣʠ, ʥʘʨʦʯʠʪʦ ʫ ʧʝʨʠʦʜʫ ʢʘʜʘ ʩʘʤ ʧʠʩʘʦ ʜʦʢʪʦʨʩʢʫ ʜʠʩʝʨʪʘʮʠʿʫ.    

 

ʅʘ ʢʨʘʿʫ, ʘʣʠ ʠ ʥʘʿʚʘʞʥʠʿʝ, ʞʝʣʠʤ ʜʘ ʩʝ ʟʘʭʚʘʣʠʤ ʤʦʿʠʤ ʨʦʜʠʪʝˀʠʤʘ ɺʦʿʠʤʠʨʢʠ ʠ 

ɹʨʘʥʠʩʣʘʚʫ, ʥʘ ʠʩʢʘʟʘʥʦʿ ʨʦʜʠʪʝˀʩʢʦʿ ˀʫʙʘʚʠ ʠ ʙʝʟʫʩʣʦʚʥʦʿ ʧʦʜʨʰʮʠ ʫ ʥʘʿʪʝʞʠʤ ʪʨʝʥʫʮʠʤʘ 

ʢʘʜʘ ʩʘʤ ʭʪʝʦ ʜʘ ʦʜʫʩʪʘʥʝʤ.  

 

ʆʚʫ ʜʦʢʪʦʨʩʢʫ ʜʠʩʝʨʪʘʮʠʿʫ ʧʦʩʚʝ˂ʫʿʝʤ ʤʦʿʠʤ ʨʦʜʠʪʝˀʠʤʘ. ʄʘʤʘ ʠ ʪʘʪʘ ʭʚʘʣʘ ɺʘʤ 

ʥʘ ʩʚʝʤʫ! 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



III 
 

ʅʘʩʣʦʚ ʜʠʩʝʨʪʘʮʠʿʝ: ɸʥʘʣʠʟʘ ʠ ʤʦʜʝʣʦʚʘˁʝ ʝʣʝʢʪʨʦʥʩʢʠʭ ʩʪʘˁʘ ʫ HgTe ʥʘʥʦʩʪʨʫʢʪʫʨʘʤʘ 

 

ʉʘʞʝʪʘʢ: ʀʩʪʨʘʞʝʥʘ ʩʫ ʝʣʝʢʪʨʦʥʩʢʘ ʩʪʘˁʘ ʞʠʚʘ-ʪʝʣʫʨʠʜ (ʭʝʤʠʿʩʢʘ ʦʟʥʘʢʘ: HgTe) 

ʥʘʥʦʩʪʨʫʢʪʫʨʘ ʨʘʟʣʠʯʠʪʠʭ ʜʠʤʝʥʟʠʿʘ ʢʦʨʠʰ˂ʝˁʝʤ ἳϽἸ ʪʝʦʨʠʿʝ ʠ ʤʝʪʦʜʘ ʿʘʢʝ ʚʝʟʝ. 

ɸʥʘʣʠʟʠʨʘʥʝ ʩʫ ʘʩʠʤʝʪʨʠʯʥʝ ʜʚʦʩʪʨʫʢʝ HgTe/CdxHg1-xTe ʢʚʘʥʪʥʝ ʿʘʤʝ, ʜʚʦʜʠʤʝʥʟʠʦʥʝ (2ɼ) 

HgTe ʥʘʥʦʪʘʯʢʝ (ʢʚʘʥʪʥʝ ʪʘʯʢʝ) ʠ 2ɼ HgTe ʥʘʥʦʧʨʩʪʝʥʦʚʠ (ʢʚʘʥʪʥʠ ʧʨʩʪʝʥʦʚʠ). 

ʇʨʝʜʩʪʘʚˀʝʥʝ ʩʫ ʥʘʿʯʝʰ˂ʝ ʢʦʨʠʰ˂ʝʥʝ ʪʝʭʥʦʣʦʛʠʿʝ ʧʨʦʠʟʚʦʜˁʝ ʨʘʟʤʦʪʨʝʥʠʭ ʥʘʥʦʩʪʨʫʢʪʫʨʘ. 

ʆʙʿʘʰˁʝʥʘ ʩʫ ʦʩʥʦʚʥʘ ʩʚʦʿʩʪʚʘ HgTe, CdTe ʠ CdxHg1-xTe. 

ɼʝʪʘˀʥʦ ʩʫ ʦʧʠʩʘʥʠ ʪʝʦʨʠʿʩʢʠ ʤʦʜʝʣʠ. ʇʨʝʜʩʪʘʚˀʝʥʝ ʩʫ ʦʩʥʦʚʝ ʚʠʰʝʟʦʥʩʢʝ ἳϽἸ 

ʪʝʦʨʠʿʝ ʢʦʿʘ ʿʝ ʢʦʨʠʰ˂ʝʥʘ ʟʘ ʤʦʜʝʣʦʚʘˁʝ ʝʣʝʢʪʨʦʥʩʢʝ ʩʪʨʫʢʪʫʨʝ ʘʩʠʤʝʪʨʠʯʥʠʭ ʜʚʦʩʪʨʫʢʠʭ 

HgTe/CdxHg1-xTe ʢʚʘʥʪʥʠʭ ʿʘʤʘ. ʆʧʠʩʘʥ ʿʝ ʧʦʩʪʫʧʘʢ ʠʟʨʘʯʫʥʘʚʘˁʘ ʟʦʥʩʢʝ ʩʪʨʫʢʪʫʨʝ 

ʤʘʩʠʚʥʦʛ ʧʦʣʫʧʨʦʚʦʜʥʠʢʘ ʧʦʤʦ˂ʫ ʧʝʨʪʫʨʙʘʮʠʦʥʦʛ ἳϽἸ ʤʦʜʝʣʘ. ɼʘ ʙʠ ʩʝ ʤʦʛʣʦ ʩʧʨʦʚʝʩʪʠ 

ʤʦʜʝʣʦʚʘˁʝ ʟʦʥʩʢʝ ʩʪʨʫʢʪʫʨʝ ʧʦʣʫʧʨʦʚʦʜʥʠʯʢʠʭ ʢʚʘʥʪʥʠʭ ʿʘʤʘ, ʠʟʚʨʰʝʥʘ ʿʝ ʛʝʥʝʨʘʣʠʟʘʮʠʿʘ 

ʧʝʨʪʫʨʙʘʮʠʦʥʦʛ ἳϽἸ ʤʦʜʝʣʘ ʫ ʦʢʚʠʨʫ ʪʝʦʨʠʿʝ ʘʥʚʝʣʦʧʥʠʭ ʬʫʥʢʮʠʿʘ. ɼʦʙʠʿʝʥʠ ἳϽἸ 

ʭʘʤʠʣʪʦʥʠʿʘʥ, ʢʦʿʠ ʜʘʿʝ ʧʦʪʧʫʥ ʦʧʠʩ ʝʣʝʢʪʨʦʥʘ ʠ ʰʫʧˀʠʥʘ ʫ ʭʝʪʝʨʦʩʪʨʫʢʪʫʨʠ ʩʘ 

ʧʝʨʠʦʜʠʯʥʠʤ ʧʦʪʝʥʮʠʿʘʣʦʤ, ʪʝʦʨʠʿʩʢʠ ʧʨʝʜʩʪʘʚˀʘ ʙʝʩʢʦʥʘʯʥʫ ʤʘʪʨʠʮʫ ʢʦʿʫ ʥʠʿʝ ʤʦʛʫ˂ʝ 

ʜʠʿʘʛʦʥʘʣʠʟʦʚʘʪʠ. ɿʙʦʛ ʪʦʛʘ ʿʝ ʧʦʪʨʝʙʥʦ ʨʝʜʫʢʦʚʘʪʠ ʦʧʠʩ ʟʦʥʩʢʝ ʩʪʨʫʢʪʫʨʝ ʥʘ ʦʢʦʣʠʥʫ 

ʬʫʥʜʘʤʝʥʪʘʣʥʦʛ ʝʥʝʨʛʝʪʩʢʦʛ ʧʨʦʮʝʧʘ. ʊʦ ʿʝ ʤʦʛʫ˂ʝ ʫʨʘʜʠʪʠ ʫ ʦʢʚʠʨʫ ʪʝʦʨʠʿʝ ʧʝʨʪʫʨʙʘʮʠʿʝ ʫ 

ʧʨʠʩʫʩʪʚʫ ʢʚʘʟʠʜʝʛʝʥʝʨʘʮʠʿʝ (ʃʝʚʜʠʥʦʚ ʨʝʥʦʨʤʘʣʠʟʘʮʠʦʥʠ ʤʝʪʦʜ, ʰʚʝʜ. Löwdin). ʆʚʘ 

ʪʝʦʨʠʿʘ ʿʝ ʜʝʪʘˀʥʦ ʦʧʠʩʘʥʘ ʠ ʧʨʝʜʩʪʘʚˀʝʥ je ʦʩʤʦʟʦʥʩʢʠ ʂʝʿʥʦʚ (ʝʥʛʣ. Kane) ἳϽἸ ʤʦʜʝʣ. 

ɺʠʰʝʟʦʥʩʢʠ ἳϽἸ ʤʦʜʝʣʠ ʚʝʨʦʜʦʩʪʦʿʥʦ ʦʧʠʩʫʿʫ ʝʣʝʢʪʨʦʥʩʢʫ ʩʪʨʫʢʪʫʨʫ ʩʘʤʦ ʫ ʦʢʦʣʠʥʠ ũ 

ʪʘʯʢʝ, ʰʪʦ ʥʠʿʝ ʟʘʜʦʚʦˀʘʚʘʿʫ˂ʝ ʟʘ ʥʘʥʦʩʪʨʫʢʪʫʨʝ ʫ ʢʦʿʠʤʘ ʿʝ ʢʨʝʪʘˁʝ ʥʦʩʠʣʘʮʘ 

ʥʘʝʣʝʢʪʨʠʩʘˁʘ ʦʛʨʘʥʠʯʝʥʦ ʫ ʩʚʘ ʪʨʠ ʧʨʦʩʪʦʨʥʘ ʧʨʘʚʮʘ. ɿʘʪʦ ʿʝ ʟʦʥʩʢʘ ʩʪʨʫʢʪʫʨʘ 2ɼ HgTe 

ʥʘʥʦʪʘʯʘʢʘ ʠ ʥʘʥʦʧʨʩʪʝʥʦʚʘ ʦʧʠʩʘʥʘ ʧʦʤʦ˂ʫ ʩʣʦʞʝʥʠʿʝʛ ʤʦʜʝʣʘ ʿʘʢʝ ʚʝʟʝ. ʋ ʦʚʦʤ ʤʦʜʝʣʫ 

ʫʢʫʧʥʘ ʪʘʣʘʩʥʘ ʬʫʥʢʮʠʿʘ ʿʝ ʧʨʠʢʘʟʘʥʘ ʢʘʦ ʣʠʥʝʘʨʥʘ ʢʦʤʙʠʥʘʮʠʿʘ ʘʪʦʤʩʢʠʭ ʦʨʙʠʪʘʣʘ. 

ʇʨʝʜʩʪʘʚˀʝʥʘ ʿʝ ʤʘʪʝʤʘʪʠʯʢʘ ʬʦʨʤʫʣʘʮʠʿʘ ʿʝʜʥʦʯʝʩʪʠʯʥʦʛ ʤʦʜʝʣʘ ʿʘʢʝ ʚʝʟʝ ʟʘ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʝ ʩʘ ʩʬʘʣʝʨʠʪʥʦʤ ʢʨʠʩʪʘʣʥʦʤ ʩʪʨʫʢʪʫʨʦʤ. ʇʦʢʘʟʘʥʦ ʿʝ ʢʘʢʦ ʩʝ ʨʝʜʫʢʮʠʿʘ 

ʧʨʦʙʣʝʤʘ ʫ ʤʦʜʝʣʫ ʤʦʞʝ ʩʧʨʦʚʝʩʪʠ ʢʦʨʠʰ˂ʝˁʝʤ ʜʚʦʮʝʥʪʘʨʩʢʝ ʘʧʨʦʢʩʠʤʘʮʠʿʝ.  

ʇʨʚʦ ʿʝ ʬʦʨʤʠʨʘʥ ʤʦʜʝʣ ʝʣʝʢʪʨʦʥʩʢʠʭ ʩʪʘˁʘ ʫ ʘʩʠʤʝʪʨʠʯʥʠʤ HgTe/CdxHg1-xTe 

ʜʚʦʩʪʨʫʢʠʤ ʢʚʘʥʪʥʠʤ ʿʘʤʘʤʘ ʥʘʨʘʩʪʘʥʠʤ ʫ [001] ʧʨʘʚʮʫ. ʂʦʨʠʰ˂ʝʥ ʿʝ ʦʩʤʦʟʦʥʩʢʠ ʂʝʿʥʦʚ  ἳϽ
Ἰ ʤʦʜʝʣ ʫ ʦʢʚʠʨʫ ʘʧʨʦʩʢʠʤʘʮʠʿʝ ʘʥʚʝʣʦʧʥʠʭ ʬʫʥʢʮʠʿʘ. ɸʩʠʤʝʪʨʠʿʘ ʢʦʥʬʠʥʠʨʘʿʫ˂ʝʛ 

ʧʦʪʝʥʮʠʿʘʣʘ ʜʚʦʩʪʨʫʢʠʭ ʢʚʘʥʪʥʠʭ ʿʘʤʘ ʜʦʚʦʜʠ ʜʦ ʦʪʚʘʨʘˁʘ ʧʨʦʮʝʧʘ. ʆʚʘʿ ʧʨʦʮʝʧ ʥʝ ʧʦʩʪʦʿʠ 

ʫ ʨʘʟʤʦʪʨʝʥʦʤ ʩʠʤʝʪʨʠʯʥʦʤ ʩʠʩʪʝʤʫ ʠ ʤʦʞʝ ʩʝ ʦʪʚʦʨʠʪʠ ʧʨʠʤʝʥʦʤ ʝʣʝʢʪʨʠʯʥʦʛ ʧʦˀʘ. 

ʉʧʠʥ-ʦʨʙʠʪʥʦ ʩʧʨʝʟʘˁʝ ʩʝ ʿʘʚˀʘ ʫʩʣʝʜ ʘʩʠʤʝʪʨʠʿʝ ʢʦʥʬʠʥʠʨʘʿʫ˂ʝʛ ʧʦʪʝʥʮʠʿʘʣʘ ʠ ʫʪʠʯʝ ʥʘ 

ʝʥʝʨʛʝʪʩʢʠ ʧʨʦʮʝʧ ʠ ʟʦʥʝ. ɽʣʝʢʪʨʦʥʩʢʘ ʠ ʰʫʧˀʠʥʩʢʘ ʩʪʘˁʘ ʩʫ ʚʝ˂ʠʤ ʜʝʣʦʤ ʣʦʢʘʣʠʟʦʚʘʥʘ ʫ 

ʨʘʟʣʠʯʠʪʠʤ ʿʘʤʘʤʘ ʠ ʠʟʨʘʞʝʥʘ ʭʠʙʨʠʜʠʟʘʮʠʿʘ ʠʟʤʝʹʫ ˁʠʭ ʜʦʚʦʜʠ ʜʦ ʦʪʚʘʨʘˁʘ ʩʧʠʥʩʢʠ 

ʟʘʚʠʩʥʦʛ ʭʠʙʨʠʜʠʟʘʮʠʦʥʦʛ ʝʥʝʨʛʝʪʩʢʦʛ ʧʨʦʮʝʧʘ ʟʘ ʢʦʥʘʯʥʫ ʚʨʝʜʥʦʩʪ ʪʘʣʘʩʥʦʛ ʚʝʢʪʦʨʘ. 

ʇʦʢʘʟʘʥʦ ʿʝ ʜʘ ʰʠʨʠʥʝ ʜʚʝ ʢʚʘʥʪʥʝ ʿʘʤʝ ʢʘʦ ʠ ʤʦʣʘʨʥʠ ʫʜʝʦ CdxHg1-xTe ʢʦʥʪʨʦʣʠʰʫ 

ʚʝʣʠʯʠʥʫ ʝʥʝʨʛʝʪʩʢʦʛ ʧʨʦʮʝʧʘ ʠʟʤʝʹʫ ʰʫʧˀʠʥʩʢʠʭ ʩʪʘˁʘ ʠ ʭʠʙʨʠʜʠʟʘʮʠʦʥʦʛ ʝʥʝʨʛʝʪʩʢʦʛ 

ʧʨʦʮʝʧʘ. ʊʘʢʦʹʝ, ʝʥʝʨʛʠʿʝ ʟʦʥʘ ʠʩʧʦˀʘʚʘʿʫ ʠʥʚʝʨʪʦʚʘʥʠ ʟʦʥʩʢʠ ʨʘʩʧʦʨʝʜ, ʠ ʟʙʦʛ ʪʦʛʘ ʿʝ 

ʤʦʛʫ˂ʘ ʥʝʪʨʠʚʠʿʘʣʥʘ ʧʨʦʤʝʥʘ ʢʚʘʥʪʥʝ ʬʘʟʝ ʫ ʨʘʟʤʦʪʨʝʥʦʤ ʩʠʩʪʝʤʫ.  

ʀʩʧʠʪʘʥʘ ʩʫ ʝʣʝʢʪʨʦʥʩʢʘ ʠ ʦʧʪʠʯʢʘ ʩʚʦʿʩʪʚʘ ʢʚʘʟʠ-ʥʫʣʪʦʜʠʤʝʥʟʠʦʥʠʭ ʥʘʥʦʩʪʨʫʢʪʫʨʘ. 

ʇʨʦʫʯʝʥʝ ʩʫ 2ɼ HgTe ʥʘʥʦʪʘʯʢʝ ʠ 2ɼ HgTe ʥʘʥʦʧʨʩʪʝʥʦʚʠ ʢʚʘʜʨʘʪʥʝ ʠ ʭʝʢʩʘʛʦʥʘʣʥʝ 

ʛʝʦʤʝʪʨʠʿʝ. ʌʦʨʤʠʨʘʥ ʿʝ ʿʝʜʥʦʯʝʩʪʠʯʥʠ ʤʦʜʝʣ ʿʘʢʝ ʚʝʟʝ ʫ ʙʘʟʠʩʫ sp3d5s* ʦʨʙʠʪʘʣʘ ʥʘʧʠʩʘʥ ʫ 

ʉʣʝʿʪʝʨ-ʂʦʩʪʝʨʦʚʦʿ (ʝʥʛʣ. Slater-Koster) ʥʦʪʘʮʠʿʠ. ʉʢʦʢʦʚʠ ʝʣʝʢʪʨʦʥʘ ʩʫ ʦʛʨʘʥʠʯʝʥʠ ʥʘ 

ʥʘʿʙʣʠʞʝ ʩʫʩʝʜʥʝ ʘʪʦʤʝ. ʀʩʪʨʘʞʝʥ ʿʝ ʠ ʫʪʠʮʘʿ ʩʧʠʥ-ʦʨʙʠʪʥʝ ʠʥʪʝʨʘʢʮʠʿʝ ʰʪʦ, ʧʨʠʣʠʢʦʤ 

ʠʤʧʣʝʤʝʥʪʘʮʠʿʝ ʤʦʜʝʣʘ, ʧʦʜʨʘʟʫʤʝʚʘ ʫʜʚʦʩʪʨʫʯʝˁʝ ʙʘʟʠʩʥʦʛ ʩʢʫʧʘ. ʋʪʠʮʘʿ ʤʘʛʥʝʪʩʢʦʛ ʧʦˀʘ 

ʿʝ ʧʨʝʜʩʪʘʚˀʝʥ ʇʘʿʝʨʣʩʦʚʦʤ (ʥʝʤ. Peierls) ʟʘʤʝʥʦʤ, ʢʦʿʘ ʤʦʜʠʬʠʢʫʿʝ ʯʣʘʥʦʚʝ ʭʘʤʠʣʪʦʥʠʿʘʥʘ 

ʟʘ ʩʢʦʢʦʚʝ ʝʣʝʢʪʨʦʥʘ ʠʟʤʝʹʫ ʘʪʦʤʩʢʠʭ ʩʪʘˁʘ ʫʚʦʹʝˁʝʤ ʬʘʟʥʦʛ ʧʦʤʝʨʘʿʘ ʟʘʚʠʩʥʦʛ ʦʜ 

ʤʘʛʥʝʪʩʢʦʛ ʚʝʢʪʦʨ ʧʦʪʝʥʮʠʿʘʣʘ. ʆʧʪʠʯʢʘ ʘʧʩʦʨʧʮʠʿʘ ʟʘʚʠʩʠ ʦʜ ʜʠʧʦʣʥʠʭ ʤʘʪʨʠʯʥʠʭ 

ʝʣʝʤʝʥʘʪʘ. ʆʥʠ ʩʫ ʦʜʨʝʹʝʥʠ ʫʢˀʫʯʠʚʘˁʝʤ ʠʥʪʨʘʦʨʙʠʪʘʣʥʠʭ ʯʣʘʥʦʚʘ ʰʪʦ ʧʨʝʜʩʪʘʚˀʘ ʜʦʙʨʫ 

ʘʧʨʦʢʩʠʤʘʮʠʿʫ ʢʦʿʘ ʿʝ ʢʦʨʠʰ˂ʝʥʘ ʧʨʠʣʠʢʦʤ ʠʟʨʘʯʫʥʘʚʘˁʘ ʦʧʪʠʯʢʝ ʘʧʩʦʨʧʮʠʿʝ ʫ ʢʚʘʥʪʥʠʤ 
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ʪʘʯʢʘʤʘ ʦʜ ʬʦʩʬʦʨʝʥʘ ʠ ʩʠʣʠʮʝʥʘ.  ʇʦʢʘʟʘʥʦ ʿʝ ʜʘ ʩʝ ʫ ʝʥʝʨʛʝʪʩʢʦʤ ʩʧʝʢʪʨʫ ʧʨʦʫʯʝʥʠʭ 2ɼ 

ʥʘʥʦʩʪʨʫʢʪʫʨʘ ʧʦʿʘʚˀʫʿʫ ʠ ʙʘʣʢʦʚʩʢʘ ʠ ʠʚʠʯʥʘ ʩʪʘˁʘ. ʋ ʥʦʨʤʘʣʥʦʤ ʤʘʛʥʝʪʩʢʦʤ ʧʦˀʫ 

ʫʩʪʘʥʦʚˀʝʥʦ ʿʝ ʧʦʩʪʦʿʘˁʝ ɸʭʘʨʦʥʦʚ-ɹʦʤʦʚʠʭ (ʝʥʛʣ. Aharonov-Bohm) ʦʩʮʠʣʘʮʠʿʘ ʝʥʝʨʛʠʿʘ 

ʙʘʣʢʦʚʩʢʠʭ ʩʪʘˁʘ 2ɼ HgTe ʥʘʥʦʧʨʩʪʝʥʦʚʘ. ʆʚʝ ʦʩʮʠʣʘʮʠʿʝ ʥʠʩʫ ʫʦʯʝʥʝ ʟʘ 2ɼ HgTe 

ʥʘʥʦʪʘʯʢʝ ʰʪʦ ʩʝ ʤʦʞʝ ʦʙʿʘʩʥʠʪʠ ʨʘʟʣʠʯʠʪʦʤ ʪʦʧʦʣʦʛʠʿʦʤ ʦʚʠʭ ʩʪʨʫʢʪʫʨʘ. ɺʘʨʠʨʘˁʝʤ 

ʠʥʪʝʥʟʠʪʝʪʘ ʤʘʛʥʝʪʩʢʦʛ ʧʦˀʘ, ʠʚʠʯʥʘ ʩʪʘˁʘ ʫ ʢʚʘʜʨʘʪʥʠʤ ʢʚʘʥʪʥʠʤ ʪʘʯʢʘʤʘ ʩʫ ʦʨʛʘʥʠʟʦʚʘʥʘ 

ʫ ʢʚʘʟʠʟʦʥʝ ʧʨʠʙʣʠʞʥʦ ʨʘʚʥʠʭ ʝʥʝʨʛʝʪʩʢʠʭ ʥʠʚʦʘ. ɿʘ ʨʘʟʣʠʢʫ ʦʜ ʢʚʘʜʨʘʪʥʠʭ ʢʚʘʥʪʥʠʭ 

ʪʘʯʘʢʘ, ʫ ʢʚʘʥʪʥʠʤ ʧʨʩʪʝʥʦʚʠʤʘ ʩʫ ʧʨʦʥʘʹʝʥʘ ʠʚʠʯʥʘ ʩʪʘˁʘ ʢʦʿʘ ʩʫ ʧʦʢʘʟʘʣʘ ʦʩʮʠʣʘʪʦʨʥʘ 

ʩʚʦʿʩʪʚʘ ʫ ʤʘʛʥʝʪʩʢʦʤ ʧʦˀʫ. ʀʚʠʯʥʘ ʩʪʘˁʘ ʫ ʭʝʢʩʘʛʦʥʘʣʥʠʤ ʢʚʘʥʪʥʠʤ ʪʘʯʢʘʤʘ ʩʫ 

ʣʦʢʘʣʠʟʦʚʘʥʘ ʩʣʠʯʥʦ ʢʘʦ ʠʚʠʯʥʘ ʩʪʘˁʘ ʫ ʢʚʘʥʪʥʠʤ ʧʨʩʪʝʥʦʚʠʤʘ. ʆʧʪʠʯʢʝ ʣʠʥʠʿʝ ʫ 

ʠʥʬʨʘʮʨʚʝʥʦʤ ʜʝʣʫ ʩʧʝʢʪʨʘ ʧʦʪʠʯʫ ʦʜ ʧʨʝʣʘʟʘ ʠʟʤʝʹʫ ʠʚʠʯʥʠʭ ʩʪʘˁʘ. ʋʩʪʘʥʦʚˀʝʥʦ ʿʝ ʜʘ ʩʝ 

ʧʦʣʦʞʘʿ ʠ ʠʥʪʝʥʟʠʪʝʪ ʣʠʥʠʿʘ ʦʧʪʠʯʢʦʛ ʩʧʝʢʪʨʘ HgTe 2ɼ ʢʚʘʥʪʥʠʭ ʪʘʯʘʢʘ ʠ ʧʨʩʪʝʥʦʚʘ ʤʦʞʝ 

ʧʦʜʝʰʘʚʘʪʠ ʧʨʠʤʝʥʦʤ ʩʧʦˀʘʰˁʝʛ ʤʘʛʥʝʪʩʢʦʛ ʧʦˀʘ. 

ʅʘ ʢʨʘʿʫ, ʠʟʚʝʜʝʥʠ ʩʫ ʟʘʢˀʫʯʮʠ ʠ ʥʘʚʝʜʝʥʠ ʩʫ ʥʘʫʯʥʠ ʜʦʧʨʠʥʦʩʠ ʦʚʝ ʜʦʢʪʦʨʩʢʝ 

ʜʠʩʝʨʪʘʮʠʿʝ.   
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Dissertation title: Analysis and modeling of electron states in HgTe nanostructures 

 

Abstract:  The electron states of mercury telluride (chemical symbol: HgTe) nanostructures of 

various dimensionality are investigated by using ἳϽἸ theory and tight-binding method. 

Asymmetric double HgTe/CdxHg1-xTe quantum wells, two-dimensional (2D) HgTe nanodots 

(quantum dots) and (2D) HgTe nanorings (quantum rings) are all analyzed. The most commonly 

used manufacturing technologies for the considered nanostructures are presented. The basic 

properties of HgTe, CdTe, and CdxHg1-xTe are explained. 

 The theoretical models are described in detail. The fundamentals of multiband ἳϽἸ theory, 

which is used for modeling of the electronic band structure of asymmetric double HgTe/CdxHg1-xTe 

quantum wells, are presented. The procedure for the calculation of the band structure of bulk 

semiconductors by using the ἳϽἸ perturbation model is described. To model the band structure of 

semiconductor quantum wells, a generalization of the ἳϽἸ perturbation model in the framework of 

the envelope-function theory is performed. The resulting ἳϽἸ hamiltonian, which gives a complete 

description of electrons and holes in heterostructure with periodic potential, theoretically represents 

an infinite-dimensional matrix that cannot be diagonalized. Therefore, it is necessary to reduce the 

description of the band structure to the vicinity of the fundamental band gap. This can be done in 

the framework of quasi-degenerate perturbation theory (Löwdin partitioning). This theory is 

described in detail and the eight-band Kane ἳϽἸ model is presented. The multiband ἳϽἸ models 

accurately describe the band structure only in the vicinity of the ũ point, and they are not suitable 

for nanostructures in which the motion of the charge carriers is restricted in all three spatial 

directions. Therefore, the band structures of 2D HgTe nanodots and nanorings have been described 

by using a more complex tight-binding model. In this model, the total wave function is represented 

as a linear combination of atomic orbitals. The mathematical formulation of the single-particle 

tight-binding model for semiconductors with the zinc-blende lattice is presented. It has been shown 

that the reduction of problems in the model can be done by using two-center approximation.   

 The model of electronic states in asymmetric HgTe/CdxHg1-xTe double quantum wells 

grown in the [001] direction is first developed. The model of the band structure is based on an 

envelope function approach within the framework of the 8-band Kane ἳϽἸ theory. The asymmetry 

of the conýning potential of the double quantum wells results in a gap opening that is absent in the 

considered symmetric system where it can be induced by an applied electric ýeld. The band gap and 

the subbands are affected by spin-orbit coupling which is a consequence of the asymmetry of the 

conýning potential. The electron-like and hole-like states are mainly conýned in different quantum 

wells, and the enhanced hybridization between them opens a spin-dependent hybridization gap at a 

ýnite in-plane wavevector. It is shown that both the ratio of the widths of the two quantum wells 

and the mole fraction of the CdxHg1-xTe barrier control both the energy gap between the hole-like 

states and the hybridization gap. The energy subbands are shown to exhibit inverted ordering, and 

therefore a nontrivial topological phase could emerge in the system.  

 The electronic and optical properties of quasi-zero-dimensional nanostructures are 

examined. Square- and hexagonal-shaped 2D HgTe quantum dots and quantum rings are 

investigated. A single-particle tight-binding model is formed in the sp3d5s* basis written in Slater-

Koster notation. The nearest-neighbor approximation is used. The influence of spin-orbit interaction 

was investigated, which implies doubling of the basis set during implementation. The influence of 

the magnetic field is included through the Peierls substitution which modifies the off-site matrix by 

introducing a field-dependent phase shift. The optical absorption depends on dipole matrix 

elements. The dipole matrix elements are determined by including only intraorbital terms, which 

was demonstrated to be a reasonable approximation in recent calculations of the absorption spectra 

of quantum dots made of phosphorene and silicene. It has been shown that both bulklike and edge 

states appear in the energy spectrum of analyzed 2D nanostructures. The bulklike states in 2D HgTe 

quantum rings exhibit Aharonov-Bohm oscillations in the magnetic field. Such oscillations are not 

found in 2D HgTe quantum dots, which are ascribed to the different topology of these two systems. 

When the magnetic field varies, all the edge states in square quantum dots appear as quasibands 
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composed of almost fully flat levels. Unlike in square-shaped quantum dots, some edge states in 

quantum rings are found to oscillate with the magnetic field. ʊhe edge states in hexagonal quantum 

dots are localized like in rings. The absorption lines in the infrared are found to originate from 

transitions between edge states. It is shown that the magnetic field can be used to efficiently tune 

the optical absorption of HgTe 2D quantum dot and quantum ring systems. 

 Finally, conclusions are presented, and the main scientific contributions of this doctoral 

dissertation are outlined. 

 

Keywords: HgTe, quantum well, quantum dot, quantum ring, nanodot, nanoring, ἳϽἸ model, tight-

binding model, electronic structure, edge states, Landau levels, Aharonov-Bohm effect, optical 

absorption  
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ʉʧʠʩʘʢ ʩʣʠʢʘ 
 

 

ʉʣʠʢʘ 1.1. ʐʝʤʘʪʩʢʠ ʧʨʠʢʘʟ ʧʦʣʫʧʨʦʚʦʜʥʠʯʢʠʭ ʥʘʥʦʩʪʨʫʢʪʫʨʘ ʫ ʬʦʨʤʠ (ʘ) ʢʚʘʥʪʥʝ ʿʘʤʝ, (ʙ) 

ʢʚʘʥʪʥʝ ʞʠʮʝ ʠ (ʚ) ʢʚʘʥʪʥʝ ʪʘʯʢʝ. ɻʫʩʪʠʥʘ ʝʣʝʢʪʨʦʥʩʢʠʭ ʩʪʘˁʘ ʫ ʬʫʥʢʮʠʿʠ ʝʥʝʨʛʠʿʝ ʫ (ʛ) 

ʢʚʘʥʪʥʦʿ ʿʘʤʠ, (ʜ) ʢʚʘʥʪʥʦʿ ʞʠʮʠ ʠ (ʹ) ʢʚʘʥʪʥʦʿ ʪʘʯʢʠ.   

 

ʉʣʠʢʘ 1.2. ʉʧʠʥʩʢʠ ʧʦʣʘʨʠʟʦʚʘʥʘ ʠʚʠʯʥʘ ʩʪʘˁʘ QSH ʠʟʦʣʘʪʦʨʘ ʫ ʩʪʨʫʢʪʫʨʠ ʪʠʧʘ ʢʚʘʥʪʥʝ 

ʿʘʤʝ (ʘʜʘʧʪʠʨʘʥʦ ʠʟ ʨʝʬʝʨʝʥʮʝ Kºnig ʠ ʩʘʨ., 2007B). 

 

ʉʣʠʢʘ 1.3. ʉʢʝʥʠʨʘʿʫ˂ʘ ʝʣʝʢʪʨʦʥʩʢʘ ʤʠʢʨʦʩʢʦʧʠʿʘ (SEM) HgTe ʢʚʘʥʪʥʦʛ ʧʨʩʪʝʥʘ ʫ 

HgTe/CdxHg1-xTe ʢʚʘʥʪʥʦʿ ʿʘʤʠ. ʇʨʩʪʝʥ ʿʝ ʤʝʟʦʩʢʦʧʩʢʠʭ ʜʠʤʝʥʟʠʿʘ ʠ ˁʝʛʦʚ ʧʨʝʯʥʠʢ ʠʟʥʦʩʠ 1 

ɛm (ʘʜʘʧʪʠʨʘʥʦ ʠʟ ʨʝʬʝʨʝʥʮʝ Kºnig ʠ ʩʘʨ., 2007A). 

 

ʉʣʠʢʘ 1.4. ʐʝʤʘʪʩʢʠ ʧʨʠʢʘʟ ʤʦʥʦʩʣʦʿʘ HgTe ʫ ʩʘ˂ʘʩʪʦʿ ʬʦʨʤʠ ʩʣʠʯʥʦʿ ʛʨʘʬʝʥʫ. ʉʘ ax ʿʝ 

ʦʟʥʘʯʝʥʦ ʨʘʩʪʦʿʘˁʝ ʠʟʤʝʹʫ ʘʪʦʤʘ ʠʩʪʝ ʚʨʩʪʝ, ay je ʨʘʩʪʦʿʘˁʝ ʠʟʤʝʹʫ ʘʪʦʤʘ ʨʘʟʣʠʯʠʪʝ ʚʨʩʪʝ, 

Ŭhex ʿʝ ʫʛʘʦ ʠʟʤʝʹʫ ʚʝʟʘ ʘʪʦʤʘ, ʜʦʢ ʿʝ ʩʘ S0 ʦʟʥʘʯʝʥʘ ʧʦʚʨʰʠʥʘ ʧʨʦʿʝʢʮʠʿʝ ʧʨʠʤʠʪʠʚʥʝ ˂ʝʣʠʿʝ 

ʥʘ x-y ʨʘʚʘʥ. ɺʝʨʪʠʢʘʣʥʦ ʨʘʩʪʦʿʘˁʝ ʠʟʤʝʹʫ Hg ʠ Te ʘʪʦʤʘ ʿʝ ʦʟʥʘʯʝʥʦ ʧʘʨʘʤʝʪʨʦʤ Ăʠʟʚʠʿʘˁʘñ 

(ʝʥʛʣ. Ăbucklingñ), h. 

 

ʉʣʠʢʘ 1.5. ʌʦʥʦʥʩʢʘ ʜʠʩʧʝʨʟʠʿʘ ʟʘ ʘʢʫʩʪʠʯʢʝ ʠ ʦʧʪʠʯʢʝ ʤʦʜʦʚʝ HgTe ʤʦʥʦʩʣʦʿʘ. ʎʨʚʝʥʘ 

ʠʩʧʨʝʢʠʜʘʥʘ ʣʠʥʠʿʘ ʧʨʝʜʩʪʘʚˀʘ ʥʫʣʪʫ ʬʨʝʢʚʝʥʮʠʿʫ ʠʩʧʦʜ ʢʦʿʝ ʩʠʩʪʝʤ ʧʦʩʪʘʿʝ ʜʠʥʘʤʠʯʢʠ 

ʥʝʩʪʘʙʠʣʘʥ (ʘʜʘʧʪʠʨʘʥʦ ʠʟ ʨʝʬʝʨʝʥʮʝ Zheng ʠ ʩʘʨ., 2015). 

 

ʉʣʠʢʘ 1.6. (ʘ) (T-x) ʜʠʿʘʛʨʘʤ ʟʘ ʧʩʝʫʜʦʙʠʥʘʨʥʠ ʩʠʩʪʝʤ HgTe-CdTe (ʘʜʘʧʪʠʨʘʥʦ ʠʟ ʨʝʬʝʨʝʥʮʝ 

Capper ʠ Garland, 2011) ʠ (ʙ) (p-ʊ) ʜʠʿʘʛʨʘʤ ʟʘ CdxHg1-xTe ʣʝʛʫʨʫ (ʘʜʘʧʪʠʨʘʥʦ ʠʟ ʨʝʬʝʨʝʥʮʝ 

Capper ʠ ʩʘʨ., 2004).  

 

ʉʣʠʢʘ 1.7. ʐʝʤʘʪʩʢʠ ʧʨʠʢʘʟ ʘʧʘʨʘʪʫʨʝ ʟʘ ʥʘʨʘʩʪʘˁʝ ʢʨʠʩʪʘʣʘ ʧʦʤʦ˂ʫ ɹʨʠ˅ʤʘʥʦʚʦʛ ʤʝʪʦʜʘ ʠ 

ʪʝʤʧʝʨʘʪʫʨʩʢʠ ʧʨʦʬʠʣ ʜʫʞ ʘʤʧʫʣʝ (ʘʜʘʧʪʠʨʘʥʦ ʠʟ ʨʝʬʝʨʝʥʮʝ Chu ʠ Sher, 2008).  

 

ʉʣʠʢʘ 1.8. ʇʨʝʥʦʩ ʪʦʧʣʦʪʝ ʫ ʦʙʣʘʩʪʠ ʨʘʩʪʘ ʥʘ ʤʝʹʫʧʦʚʨʰʠʥʠ ʠʟʤʝʹʫ ʨʘʩʪʚʦʨʘ ʠ ʢʨʠʩʪʘʣʘ.  

 

ʉʣʠʢʘ 1.9. ʐʝʤʘʪʩʢʠ ʧʨʠʢʘʟ ʦʧʨʝʤʝ ʟʘ ʥʘʨʘʩʪʘˁʝ ʢʨʠʩʪʘʣʘ THM ʤʝʪʦʜʦʤ (ʘʜʘʧʪʠʨʘʥʦ ʠʟ 

ʨʝʬʝʨʝʥʮʝ Capper, 2017).  

 

ʉʣʠʢʘ 1.10. ʐʝʤʘʪʩʢʠ ʧʨʠʢʘʟ ʘʧʘʨʘʪʫʨʝ ʟʘ ʩʿʝʜʠˁʘʚʘˁʝ ʝʣʝʤʝʥʘʪʘ Hg, Cd ʠ Te ʫ ʧʨʦʮʝʩʫ 

ʥʘʨʘʩʪʘˁʘ CdxHg1-xTe ʢʨʠʩʪʘʣʘ SSR ʤʝʪʦʜʦʤ (ʘʜʘʧʪʠʨʘʥʦ ʠʟ ʨʝʬʝʨʝʥʮʝ Capper ʠ Garland, 

2011).   

 

ʉʣʠʢʘ 1.11. ʐʝʤʘʪʩʢʠ ʧʨʠʢʘʟ MBE ʩʠʩʪʝʤʘ ʟʘ ʥʘʨʘʩʪʘˁʝ ʝʧʠʪʘʢʩʠʿʘʣʥʠʭ ʩʣʦʿʝʚʘ HgTe ʠ 

CdxHg1-xTe (ʘʜʘʧʪʠʨʘʥʦ ʠʟ ʨʝʬʝʨʝʥʮʝ Franchi ʠ ʩʘʨ., 2003).  

 

ʉʣʠʢʘ 1.12. ʐʝʤʘʪʩʢʠ ʧʨʠʢʘʟ RHEED ʦʧʨʝʤʝ ʟʘ ʢʘʨʘʢʪʝʨʠʟʘʮʠʿʫ: D ʧʨʝʜʩʪʘʚˀʘ ʨʘʩʪʦʿʘˁʝ 

ʠʟʤʝʹʫ ʤʝʩʪʘ ʥʘ ʢʦʿʝʤ ʝʣʝʢʪʨʦʥʩʢʠ ʩʥʦʧ ʧʘʜʘ ʥʘ ʫʟʦʨʘʢ ʠ ʬʦʪʦʣʫʤʠʥʝʩʮʝʥʪʥʦʛ ʝʢʨʘʥʘ, l ʿʝ 

ʨʘʩʪʦʿʘˁʝ ʠʟʤʝʹʫ ʪʘʯʘʢʘ (ʦʟʥʘʯʝʥʠʭ ʞʫʪʦʤ ʙʦʿʦʤ) ʥʘ ʝʢʨʘʥʫ ʥʘ ʢʦʿʝ ʧʘʜʘʿʫ ʟʨʘʮʠ ʦʜʙʠʿʝʥʠ ʦʜ 

ʫʟʦʨʢʘ, ʜʦʢ ʿʝ Ŭ ʫʧʘʜʥʠ ʫʛʘʦ ʩʚʝʪʣʦʩʪʠ ʥʘ ʫʟʦʨʘʢ.  

 

ʉʣʠʢʘ 1.13. RHEED ʦʩʮʠʣʘʮʠʿʝ ʟʘ (001) ʦʨʠʿ ʝʥʪʘʮʠʿʫ HgTe ʩʣʦʿʝʚʘ ʥʘʨʘʩʣʠʭ ʧʦʤʦ˂ʫ MBE 

ʤʝʪʦʜʘ. ʀʥʪʝʥʟʠʪʝʪ ʦʩʮʠʣʘʮʠʿʘ ʦʧʘʜʘ ʩʘ ʧʨʦʤʝʥʦʤ ʪʝʤʧʝʨʘʪʫʨʝ ʩʫʧʩʪʨʘʪʘ, ʜʦʢ ʥʘ 

ʪʝʤʧʝʨʘʪʫʨʘʤʘ ʠʟʥʘʜ 177 ÜC ʦʩʮʠʣʘʮʠʿʝ ʚʠʰʝ ʥʠʩʫ ʚʠʜˀʠʚʝ (ʘʜʘʧʪʠʨʘʥʦ ʠʟ ʨʝʬʝʨʝʥʮʝ 

Oehling ʠ ʩʘʨ., 1996). 



X 
 

ʉʣʠʢʘ 1.14. ʂʦʤʧʦʥʝʥʪʝ ʨʝʘʢʮʠʦʥʝ ʢʦʤʦʨʝ ʢʦʿʘ ʩʝ ʢʦʨʠʩʪʠ ʫ ʩʢʣʦʧʫ ʄOCVD ʤʝʪʦʜʘ 

(ʘʜʘʧʪʠʨʘʥʦ ʠʟ ʨʝʬʝʨʝʥʮʝ Capper ʠ ʩʘʨ., 2017). 

 

ʉʣʠʢʘ 1.15. ʆʩʥʦʚʥʝ ʪʝʭʥʠʢʝ ʥʘʨʘʩʪʘˁʘ ʩʣʦʿʝʚʠʪʠʭ ʩʪʨʫʢʪʫʨʘ ʧʦʤʦ˂ʫ LPE ʤʝʪʦʜʘ: (ʘ) 

ʥʘʛʠˁʘˁʝ (ʘʜʘʧʪʠʨʘʥʦ ʠʟ ʨʝʬʝʨʝʥʮʝ Pohl, 2013), (ʙ) ʫʨʘˁʘˁʝ (ʘʜʘʧʪʠʨʘʥʦ ʠʟ ʨʝʬʝʨʝʥʮʝ Rao 

ʠ ʩʘʨ., 2018) ʠ (ʚ) ʪʝʭʥʠʢʘ ʢʣʠʟʥʦʛ ʥʦʩʘʯʘ (ʘʜʘʧʪʠʨʘʥʦ ʠʟ ʨʝʬʝʨʝʥʮʝ Suh ʠ ʩʘʨ., 1992). 

 

ʉʣʠʢʘ 1.16. (ʘ) ɸʧʘʨʘʪʫʨʘ ʟʘ ʢʦʣʦʠʜʥʫ ʩʠʥʪʝʟʫ HgTe ʢʚʘʥʪʥʠʭ ʪʘʯʘʢʘ (ʘʜʘʧʪʠʨʘʥʦ ʠʟ 

ʨʝʬʝʨʝʥʮʝ Zhao ʠ Rosei, 2017), (ʙ) ʋʦʙʠʯʘʿʝʥʘ ʩʪʨʫʢʪʫʨʘ ʢʦʣʦʠʜʥʠʭ ʢʚʘʥʪʥʠʭ ʪʘʯʘʢʘ.   

 

ʉʣʠʢʘ 1.17. (a) TEM ʩʥʠʤʘʢ HgTe ʥʘʥʦʯʝʩʪʠʮʘ ʩʘ ʩʨʝʜˁʦʤ ʜʫʞʠʥʦʤ ʩʪʨʘʥʠʮʝ ʦʜ 14,5 nm, 

(ʙ) HRTEM ʩʥʠʤʘʢ ʿʝʜʥʝ HgTe ʥʘʥʦʯʝʩʪʠʮʝ ʫ ʦʙʣʠʢʫ ʪʨʦʫʛʣʘ (ʘʜʘʧʪʠʨʘʥʦ ʠʟ ʨʝʬʝʨʝʥʮʝ  

Keuleyan ʠ ʩʘʨ., 2011A). 

 

ʉʣʠʢʘ 1.18. ɱʝʜʠʥʠʯʥʘ ˂ʝʣʠʿʘ ʢʨʠʩʪʘʣʘ HgTe ʩʘ ʩʬʘʣʝʨʠʪʥʦʤ ʨʝʰʝʪʢʦʤ.  

 

ʉʣʠʢʘ 1.19. ɿʦʥʩʢʘ ʩʪʨʫʢʪʫʨʘ ʤʘʩʠʚʥʠʭ (ʘ) HgTe ʠ (ʙ) CdTe ʧʦʣʫʧʨʦʚʦʜʥʠʢʘ (ʘʜʘʧʪʠʨʘʥʦ ʠʟ 

ʨʝʬʝʨʝʥʮʝ Yan ʠ De Visser, 2014). 

 

ʉʣʠʢʘ 1.20. ɿʘʚʠʩʥʦʩʪ ʚʝʣʠʯʠʥʝ ʝʥʝʨʛʝʪʩʢʦʛ ʧʨʦʮʝʧʘ CdxHg1-xTe ʣʝʛʫʨʝ ʦʜ ʤʦʣʘʨʥʦʛ ʫʜʝʣʘ 

(ὼ) ʠ ʪʝʤʧʝʨʘʪʫʨʝ (T).  

 

ʉʣʠʢʘ 2.1. ɿʦʥʩʢʘ ʩʪʨʫʢʪʫʨʘ ʤʘʩʠʚʥʦʛ HgTe ʥʘ ʪʝʤʧʝʨʘʪʫʨʠ ʦʜ 0 K. ʇʣʘʚʠʤ ʣʠʥʠʿʘʤʘ ʩʫ 

ʧʨʝʜʩʪʘʚˀʝʥʠ ʨʝʟʫʣʪʘʪʠ ʜʦʙʠʿʝʥʠ ʧʦʤʦ˂ʫ ʝʤʧʠʨʠʿʩʢʦʛ ʤʝʪʦʜʘ ʿʘʢʝ ʚʝʟʝ, ʜʦʢ ʩʫ ʮʨʚʝʥʠʤ 

ʪʘʯʢʘʤʘ ʧʨʠʢʘʟʘʥʠ ʨʝʟʫʣʪʘʪʠ GW ʤʦʜʝʣʘ (ʘʜʘʧʪʠʨʘʥʦ ʠʟ ʨʝʬʝʨʝʥʮʝ Allan ʠ Delerue, 2012). 

 

ʉʣʠʢʘ 2.2. ʀʣʫʩʪʨʘʮʠʿʘ ʜʝʢʦʤʧʦʟʠʮʠʿʝ ὴ ʦʨʙʠʪʘʣʝ ʥʘ ʧʘʨʘʣʝʣʥʫ ʠ ʘʥʪʠʧʘʨʘʣʝʣʥʫ 

ʢʦʤʧʦʥʝʥʪʫ ʫ ʦʜʥʦʩʫ ʥʘ ʚʝʢʪʦʨ ʚʝʟʝ Ἴ ἠ ἠ .  

 

ʉʣʠʢʘ 2.3. ʍʠʙʨʠʜʠʟʘʮʠʿʘ ʠʟʤʝʹʫ ί ʠ ὴ ʦʨʙʠʪʘʣʝ ʫʟ ʧʨʠʢʘʟ ʜʝʢʦʤʧʦʟʠʮʠʿʝ ὴ ʦʨʙʠʪʘʣʝ ʥʘ 

ȿὼἃ ʠ ȿὼἃ ʢʦʤʧʦʥʝʥʪʝ.   

 

ʉʣʠʢʘ 2.4. ʇʨʠʤʝʨ ʭʠʙʨʠʜʠʟʘʮʠʿʝ ʠʟʤʝʹʫ ʘʪʦʤʩʢʠʭ ʦʨʙʠʪʘʣʘ ʧʨʝʜʩʪʘʚˀʝʥʝ ʧʦʤʦ˂ʫ sp3d5s* 

ʙʘʟʠʩʘ (aʜʘʧʪʠʨʘʥʦ ʠʟ ʨʝʬʝʨʝʥʮʝ Goldmann, 2014). 

 

ʉʣʠʢʘ 3.1. ʊʨʦʜʠʤʝʥʟʠʦʥʠ ʰʝʤʘʪʩʢʠ ʧʨʠʢʘʟ HgTe/CdxHg1-xTe ADQW ʩʪʨʫʢʪʫʨʝ ʥʘʨʘʩʪʘʥʝ ʫ 

[001] ʢʨʠʩʪʘʣʦʛʨʘʬʩʢʦʤ ʧʨʘʚʮʫ. ύ  ʠ ύ  ʩʫ ʰʠʨʠʥʝ HgTe ʩʣʦʿʝʚʘ (QW1 ʠ QW2, ʨʝʩʧʝʢʪʠʚʥʦ), 

ὰ ʿʝ ʨʘʩʪʦʿʘˁʝ ʠʟʤʝʹʫ ˁʠʭ (B2), Ὠ ʧʨʝʜʩʪʘʚˀʘ ʰʠʨʠʥʫ CdxHg1-xTe ʙʘʨʠʿʝʨʘ (B1, B3), ʜʦʢ ʿʝ ὼ 
ʚʨʝʜʥʦʩʪ ʤʦʣʘʨʥʦʛ ʫʜʝʣʘ.   

 

ʉʣʠʢʘ 3.2. ɽʥʝʨʛʝʪʩʢʠ ʜʠʿʘʛʨʘʤ ʥʘʿʥʠʞʝ ʧʨʦʚʦʜʥʝ ʟʦʥʝ (ʦʟʥʘʯʝʥʝ ʩʘ CB) ʠ ʥʘʿʚʠʰʝ ʚʘʣʝʥʪʥʝ 

ʟʦʥʝ (ʦʟʥʘʯʝʥʝ ʩʘ VB) ʫ ADQW ʩʪʨʫʢʪʫʨʠ, ʢʘʜʘ ʩʝ ʧʨʠʤʝʥʠ ʥʘʧʦʥ ὠ. ʋ HgTe ʩʣʦʿʝʚʠʤʘ 

ʟʦʥʩʢʠ ʨʘʩʧʦʨʝʜ ʫ ũ ʪʘʯʢʠ ʿʝ ʠʥʚʝʨʪʦʚʘʥ. ɿʦʥʘ ũ8 ʩʠʤʝʪʨʠʿʝ ʢʦʿʘ ʚʦʜʠ ʧʦʨʝʢʣʦ ʦʜ p-ʦʨʙʠʪʘʣʘ 

ʿʝ ʝʥʝʨʛʝʪʩʢʠ ʠʟʥʘʜ ʟʦʥʝ ʩʘ ũ6 ʩʠʤʝʪʨʠʿʦʤ ʢʦʿʘ ʚʦʜʠ ʧʦʨʝʢʣʦ ʦʜ s-ʦʨʙʠʪʘʣʝ.    

 

ʉʣʠʢʘ 3.3. ɼʠʩʧʝʨʟʠʦʥʝ ʨʝʣʘʮʠʿʝ ʫ SDQW ʩʪʨʫʢʪʫʨʠ ʟʘ ʚʨʝʜʥʦʩʪʠ ύ ύ φ ÎÍ ʠ ὰ
ςȟυ ÎÍ ʫ ʦʜʩʫʩʪʚʫ ʥʘʧʨʝʟʘˁʘ (ʧʫʥʝ ʣʠʥʠʿʝ) ʠ ʢʘʜʘ ʿʝ ʫ ʤʦʜʝʣ ʫʢˀʫʯʝʥ ʫʪʠʮʘʿ ʥʘʧʨʝʟʘˁʘ 

(ʠʩʧʨʝʢʠʜʘʥʝ ʣʠʥʠʿʝ). ʃʝʚʠ ʧʘʥʝʣ ʩʣʠʢʝ ʩʝ ʦʜʥʦʩʠ ʥʘ ʩʣʫʯʘʿ ʢʘʜʘ ʿʝ Ὧȿȿ Ὧ ([100] ʧʨʘʚʘʮ), 

ʜʦʢ ʿʝ ʜʝʩʥʠ ʧʘʥʝʣ ʬʦʨʤʠʨʘʥ ʟʘ Ὧ Ὧ ʛʜʝ ʿʝ Ὧȿȿ ЍςὯ ([110] ʧʨʘʚʘʮ). ʋʩʣʝʜ ʩʠʤʝʪʨʠʿʝ 

ʢʦʥʬʠʥʠʨʘʿʫ˂ʝʛ ʧʦʪʝʥʮʠʿʘʣʘ, ʩʪʘˁʘ ʩʫ ʩʧʠʥʩʢʠ ʜʝʛʝʥʝʨʠʩʘʥʘ.  

 



XI 
 

ʉʣʠʢʘ 3.4. ɼʠʩʧʝʨʟʠʦʥʝ ʨʝʣʘʮʠʿʝ ʫ SDQW ʩʪʨʫʢʪʫʨʠ ʟʘ ʚʨʝʜʥʦʩʪʠ ύ ύ φ ÎÍ ʠ ὰ
ςȟυ ÎÍ (ʘ) ʢʘʜʘ ʿʝ  ὄ υ 4 ʠ (ʙ) ʢʘʜʘ ʿʝ ὄ τπ 4. ʋʩʣʝʜ ʜʝʿʩʪʚʘ ʥʦʨʤʘʣʥʦʛ ʤʘʛʥʝʪʩʢʦʛ ʧʦˀʘ 
ʜʦʣʘʟʠ ʜʦ ʥʘʨʫʰʘʚʘˁʘ ʩʧʠʥʩʢʝ ʜʝʛʝʥʝʨʘʮʠʿʝ. ʉʪʘˁʘ ʩʫ ʝʥʝʨʛʝʪʩʢʠ ʧʦʤʝʨʝʥʘ ʟʙʦʛ ɿʝʤʘʥʦʚʦʛ 

ʝʬʝʢʪʘ. ʃʝʚʠ ʧʘʥʝʣ ʩʣʠʢʘ (ʘ)-(ʙ) ʩʝ ʦʜʥʦʩʠ ʥʘ ʩʣʫʯʘʿ ʢʘʜʘ ʿʝ Ὧȿȿ Ὧ ([100] ʧʨʘʚʘʮ), ʜʦʢ ʿʝ 

ʜʝʩʥʠ ʧʘʥʝʣ ʬʦʨʤʠʨʘʥ ʟʘ Ὧ Ὧ ʛʜʝ ʿʝ Ὧȿȿ ЍςὯ ([110] ʧʨʘʚʘʮ). ʉʧʠʥ ʛʦʨʝ (ʩʧʠʥ ʜʦʣʝ) 

ʩʪʘˁʘ ʩʫ ʧʨʝʜʩʪʘʚˀʝʥʘ ʮʨʥʦʤ (ʥʘʨʘʥ˅ʘʩʪʦʤ) ʣʠʥʠʿʦʤ. ʋʤʝʮʠ ʥʘ ʩʣʠʢʘʤʘ ʧʨʠʢʘʟʫʿʫ ʝʥʝʨʛʠʿʝ 

ʦʢʦ ʌʝʨʤʠʿʝʚʦʛ ʥʠʚʦʘ ʠʟʤʝʹʫ ʢʦʿʠʭ ʜʦʣʘʟʠ ʜʦ ʘʥʪʠʫʢʨʰʪʘˁʘ ʠ ʠʟʤʝʥʝ ʜʦʤʠʥʘʥʪʥʝ ʩʧʠʥʩʢʝ 

ʢʦʤʧʦʥʝʥʪʝ. 

 

ʉʣʠʢʘ 3.5. ɼʠʩʧʝʨʟʠʦʥʝ ʨʝʣʘʮʠʿʝ ʫ SDQW ʩʪʨʫʢʪʫʨʠ ʢʦʿʘ ʿʝ ʩʣʠʯʥʘ ʜʚʦʩʣʦʿʥʦʤ ʛʨʘʬʝʥʫ ʟʘ 

ʚʨʝʜʥʦʩʪʠ ύ ύ φ ÎÍ ʠ ὰ ςȟυ ÎÍ (ʘ) ʢʘʜʘ ʿʝ Ὂ ρυ Ë6ÃÍϳ  ʪhʦ ʜʦʚʦʜʠ ʜʦ ʦʪʚʘʨʘˁʘ 

ʝʥʝʨʛʝʪʩʢʦʛ ʧʨʦʮʝʧʘ Ў ʠʟʤʝʹʫ H1 ʠ H2 ʟʦʥʘ ʠ ʧʦʿʘʚʝ ʩʧʠʥʩʢʦʛ ʮʝʧʘˁʘ ʫʩʣʝʜ ʈʘʰʙʠʥʦʚʦʛ 

ʝʬʝʢʪʘ. (ʙ) ɼʠʩʧʝʨʟʠʦʥʝ ʨʝʣʘʮʠʿe ADQW ʩʪʨʫʢʪʫʨʝ ʢʘʜʘ ʿʝ ύ φ ÎÍ, ύ χȟψ ÎÍ ʠ ὰ
ςȟυ ÎÍ ʫ ʦʜʩʫʩʪʚʫ ʝʣʝʢʪʨʠʯʥʦʛ ʧʦˀʘ. ʋʩʣʝʜ ʩʪʨʫʢʪʫʨʘʣʥʝ ʘʩʠʤʝʪʨʠʿʝ ʝʥʝʨʛʝʪʩʢʠ ʧʨʦʮʝʧ Ў 

ʠʟʤʝʹʫ H1 ʠ H2 ʟʦʥʘ ʠʥʭʝʨʝʥʪʥʦ ʧʦʩʪʦʿʠ, ʘ ʩʧʠʥʩʢʘ ʜʝʛʝʥʝʨʘʮʠʿʘ ʠʟʤʝʹʫ ʝʥʝʨʛʝʪʩʢʠʭ ʥʠʚʦʘ ʿʝ 

ʥʘʨʫʰʝʥʘ. ʍʠʙʨʠʜʠʟʘʮʠʦʥʠ ʧʨʦʮʝʧ ʿʝ ʦʟʥʘʯʝʥ ʩʘ Ў. ʃʝʚʠ ʧʘʥʝʣ ʩʣʠʢʘ (ʘ)-(ʙ) ʩʝ ʦʜʥʦʩʠ ʥʘ 

ʩʣʫʯʘʿ ʢʘʜʘ ʿʝ Ὧȿȿ Ὧ ([100] ʧʨʘʚʘʮ), ʜʦʢ ʿʝ ʜʝʩʥʠ ʧʘʥʝʣ ʬʦʨʤʠʨʘʥ ʟʘ Ὧ Ὧ ʛʜʝ ʿʝ Ὧȿȿ

ЍςὯ ([110] ʧʨʘʚʘʮ). ʇʫʥʝ/ʠʩʧʨʝʢʠʜʘʥʝ ʣʠʥʠʿʝ ʦʟʥʘʯʘʚʘʿʫ ʩʪʘˁʘ ʢʦʿʘ ʩʫ ʜʦʤʠʥʘʥʪʥʦ ʩʧʠʥ 

ʛʦʨʝ/ʜʦʣʝ. 

 

ʉʣʠʢʘ 3.6. ɻʫʩʪʠʥʝ ʚʝʨʦʚʘʪʥʦ˂ʘ ʫ ʪʘʯʢʠ ὯȟὯ πȟπ ÎÍ  ʟʘ SDQW ʩʪʨʫʢʪʫʨʫ ʢʘʜʘ ʿʝ 

ύ ύ φ ÎÍ ʠ Ὂ π. ɻʫʩʪʠʥʝ ʚʝʨʦʚʘʪʥʦ˂ʘ ʩʧʠʥʦʨʘ ʘʥʚʝʣʦʧʥʠʭ ʬʫʥʢʮʠʿʘ E2 ʠ H1 ʩʪʘˁʘ 

ʩʫ ʧʨʝʜʩʪʘʚˀʝʥʝ ʥʘ ʣʝʚʦʤ ʧʘʥʝʣʫ (ʘ), ʜʦʢ ʩʫ E1 ʠ H2 ʩʪʘˁʘ ʧʨʠʢʘʟʘʥʘ ʥʘ ʜʝʩʥʦʤ ʧʘʥʝʣʫ (ʙ). 

ɿʙʦʛ ʙʦˀʝ ʚʠʜˀʠʚʦʩʪʠ, ʛʫʩʪʠʥʝ ʚʝʨʦʚʘʪʥʦ˂ʘ ʩʫ ʚʝʨʪʠʢʘʣʥʦ ʦʜʚʦʿʝʥʝ ʟʘ 0,07 (ʨʝʣ. ʿʝʜ.). ʋʩʣʝʜ 

ʩʧʠʥʩʢʝ ʜʝʛʝʥʝʨʘʮʠʿʝ, ʛʫʩʪʠʥʝ ʚʝʨʦʚʘʪʥʦ˂ʘ ʟʘ ʩʧʠʥ ʛʦʨʝ ʠ ʩʧʠʥ ʜʦʣʝ ʩʪʘˁʘ ʩʫ ʠʩʪʝ.  

 

ʉʣʠʢʘ 3.7. ɻʫʩʪʠʥʝ ʚʝʨʦʚʘʪʥʦ˂ʘ ʫ ʪʘʯʢʠ ὯȟὯ πȟπ ÎÍ  ʟʘ SDQW ʩʪʨʫʢʪʫʨʫ ʢʘʜʘ ʿʝ 

ύ ύ φ ÎÍ ʠ Ὂ ρυ Ë6ÃÍϳ . ɻʫʩʪʠʥʝ ʚʝʨʦʚʘʪʥʦ˂ʘ ʩʧʠʥʦʨʘ ʘʥʚʝʣʦʧʥʠʭ ʬʫʥʢʮʠʿʘ E2 ʠ 

H1 ʩʪʘˁʘ ʩʫ ʧʨʝʜʩʪʘʚˀʝʥʝ ʥʘ ʣʝʚʦʤ ʧʘʥʝʣʫ (ʘ), ʜʦʢ ʩʫ E1 ʠ H2 ʩʪʘˁʘ ʧʨʠʢʘʟʘʥʘ ʥʘ ʜʝʩʥʦʤ 

ʧʘʥʝʣʫ (ʙ). ɿʙʦʛ ʙʦˀʝ ʚʠʜˀʠʚʦʩʪʠ, ʛʫʩʪʠʥʝ ʚʝʨʦʚʘʪʥʦ˂ʘ ʩʫ ʚʝʨʪʠʢʘʣʥʦ ʦʜʚʦʿʝʥʝ ʟʘ 0,07 (ʨʝʣ. 

ʿʝʜ.). ʋʩʣʝʜ ʩʧʠʥʩʢʝ ʜʝʛʝʥʝʨʘʮʠʿʝ, ʛʫʩʪʠʥʝ ʚʝʨʦʚʘʪʥʦ˂ʘ ʟʘ ʩʧʠʥ ʛʦʨʝ ʠ ʩʧʠʥ ʜʦʣʝ ʩʪʘˁʘ ʩʫ 

ʠʩʪʝ.   

 

ʉʣʠʢʘ 3.8. ɻʫʩʪʠʥʝ ʚʝʨʦʚʘʪʥʦ˂ʘ ʫ ʪʘʯʢʠ ὯȟὯ πȟπ ÎÍ ʟʘ ADQW ʩʪʨʫʢʪʫʨʫ ʢʘʜʘ ʿʝ 

ύ φ ÎÍ, ύ χȟψ ÎÍ ʠ Ὂ π. ɻʫʩʪʠʥʝ ʚʝʨʦʚʘʪʥʦ˂ʘ ʩʧʠʥʦʨʘ ʘʥʚʝʣʦʧʥʠʭ ʬʫʥʢʮʠʿʘ E2 ʠ 

H1 ʩʪʘˁʘ ʩʫ ʧʨʝʜʩʪʘʚˀʝʥʝ ʥʘ ʣʝʚʦʤ ʧʘʥʝʣʫ (ʘ), ʜʦʢ ʩʫ E1 ʠ H2 ʩʪʘˁʘ ʧʨʠʢʘʟʘʥʘ ʥʘ ʜʝʩʥʦʤ 

ʧʘʥʝʣʫ (ʙ). ɿʙʦʛ ʙʦˀʝ ʚʠʜˀʠʚʦʩʪʠ, ʛʫʩʪʠʥʝ ʚʝʨʦʚʘʪʥʦ˂ʘ ʩʫ ʚʝʨʪʠʢʘʣʥʦ ʦʜʚʦʿʝʥʝ ʟʘ 0,07 (ʨʝʣ. 

ʿʝʜ.). ʋʩʣʝʜ ʩʧʠʥʩʢʝ ʜʝʛʝʥʝʨʘʮʠʿʝ, ʛʫʩʪʠʥʝ ʚʝʨʦʚʘʪʥʦ˂ʘ ʟʘ ʩʧʠʥ ʛʦʨʝ ʠ ʩʧʠʥ ʜʦʣʝ ʩʪʘˁʘ ʩʫ 

ʠʩʪʝ.  

 

ʉʣʠʢʘ 3.9. ʋʢʫʧʥʘ ʛʫʩʪʠʥʘ ʚʝʨʦʚʘʪʥʦ˂ʝ ʫ ʪʘʯʢʠ ὯȟὯ πȟπ ÎÍ  ʟʘ ɸDQW ʩʪʨʫʢʪʫʨʫ 

ʢʘʜʘ ʿʝ ύ φ ÎÍ, ύ χȟψ ÎÍ ʠ Ὂ π. ɺʝʨʪʠʢʘʣʥʝ (ʟʝʣʝʥʝ) ʠʩʧʨʝʢʠʜʘʥʝ ʣʠʥʠʿʝ 

ʧʨʝʜʩʪʘʚˀʘʿʫ ʛʨʘʥʠʮʝ ʩʣʦʿʝʚʘ. ʇʫʥʝ/ʠʩʧʨʝʢʠʜʘʥʝ ʣʠʥʠʿʝ ʦʟʥʘʯʘʚʘʿʫ ʩʧʠʥ ʛʦʨʝ/ʜʦʣʝ ʩʪʘˁʘ. 

ɿʙʦʛ ʙʦˀʝ ʚʠʜˀʠʚʦʩʪʠ, ʛʫʩʪʠʥʝ ʚʝʨʦʚʘʪʥʦ˂ʘ ʩʫ ʚʝʨʪʠʢʘʣʥʦ ʨʘʟʜʚʦʿʝʥʝ ʟʘ 0,2 (ʨʝʣ. ʿʝʜ.).  

 

ʉʣʠʢʘ 3.10. ʋʢʫʧʥʘ ʛʫʩʪʠʥʘ ʚʝʨʦʚʘʪʥʦ˂ʝ ʫ ʪʘʯʢʠ ὯȟὯ πȟρτ ȟπ ÎÍ  ʟʘ ɸDQW 

ʩʪʨʫʢʪʫʨʫ ʢʘʜʘ ʿʝ ύ φ ÎÍ, ύ χȟψ ÎÍ ʠ Ὂ π. ɺʝʨʪʠʢʘʣʥʝ (ʟʝʣʝʥʝ) ʠʩʧʨʝʢʠʜʘʥʝ ʣʠʥʠʿʝ 

ʧʨʝʜʩʪʘʚˀʘʿʫ ʛʨʘʥʠʮʝ ʩʣʦʿʝʚʘ. ʇʫʥʝ/ʠʩʧʨʝʢʠʜʘʥʝ ʣʠʥʠʿʝ ʦʟʥʘʯʘʚʘʿʫ ʩʧʠʥ ʛʦʨʝ/ʜʦʣʝ ʩʪʘˁʘ. 

ɿʙʦʛ ʙʦˀʝ ʚʠʜˀʠʚʦʩʪʠ, ʛʫʩʪʠʥʝ ʚʝʨʦʚʘʪʥʦ˂ʘ ʩʫ ʚʝʨʪʠʢʘʣʥʦ ʨʘʟʜʚʦʿʝʥʝ ʟʘ 0,2 (ʨʝʣ. ʿʝʜ.).  
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ʉʣʠʢʘ 3.11. (ʘ) ɽʥʝʨʛʝʪʩʢʠ ʧʨʦʮʝʧ Ў ʠʟʤʝʹʫ H1 ʠ H2 ʟʦʥʘ ʢʘʦ ʬʫʥʢʮʠʿʘ ʨʝʣʘʪʠʚʥʦʛ ʦʜʥʦʩʘ 

‚ ύ ύϳ  ʟʘ ʚʨʝʜʥʦʩʪʠ ʤʦʣʘʨʥʦʛ ʫʜʝʣʘ ὼɴ πȟυȟπȟχȟπȟω ʥʘ ʪʝʤʧʝʨʘʪʫʨʠ Ὕ π +.  

 

ʉʣʠʢʘ 3.12. ʍʠʙʨʠʜʠʟʘʮʠʦʥʠ ʧʨʦʮʝʧ Ў ʠʟʤʝʹʫ E1 ʠ H2 ʟʦʥʘ ʢʘʦ ʬʫʥʢʮʠʿʘ ʨʝʣʘʪʠʚʥʦʛ ʦʜʥʦʩʘ 

‚ ύ ύϳ  ʟʘ ʚʨʝʜʥʦʩʪʠ ʤʦʣʘʨʥʦʛ ʫʜʝʣʘ ὼɴ πȟυȟπȟχȟπȟω ʥʘ ʪʝʤʧʝʨʘʪʫʨʠ Ὕ π +. ʉʧʠʥʩʢʘ 

ʩʪʘˁʘ ʩʫ ʦʟʥʘʯʝʥʘ ʩʪʨʝʣʠʮʘʤʘ ʥʝʧʦʩʨʝʜʥʦ ʫʟ ʦʜʛʦʚʘʨʘʿʫ˂ʫ ʣʠʥʠʿʫ.  

 

ʉʣʠʢʘ 4.1. ʐʝʤʘʪʩʢʠ ʧʨʠʢʘʟ ʫ x-y ʨʘʚʥʠ ʥʫʤʝʨʠʯʢʠ ʠʩʪʨʘʞʝʥʠʭ (ʘ) SQD ʠ (ʙ) HQD. Ὠ  ʿʝ 

ʜʫʞʠʥʘ ʠʚʠʮʝ ʧʦʣʠʛʦʥʘʣʥʝ QD. AC ʠ ZZ ʦʟʥʘʯʘʚʘʿʫ ʬʦʪʝˀʘʩʪʠ ʠ ʮʠʢ-ʮʘʢ ʪʠʧ ʠʚʠʮʘ, 

ʨʝʩʧʝʢʪʠʚʥʦ. ɿʝʣʝʥʠ (ʮʨʚʝʥʠ) ʢʨʫʞʠ˂ʠ ʦʟʥʘʯʘʚʘʿʫ Te(Hg) ʘʪʦʤʝ. 

 

ʉʣʠʢʘ 4.2. ʐʝʤʘʪʩʢʠ ʧʨʠʢʘʟ ʫ x-y ʨʘʚʥʠ ʥʫʤʝʨʠʯʢʠ ʠʩʪʨʘʞʝʥʠʭ (ʘ) SQR ʠ (ʙ) HQR. Ὠ  ʿʝ 

ʜʫʞʠʥʘ ʩʧʦˀʘʰˁʝ ʠʚʠʮʝ ʟʘ QR, Ὠ  ʿʝ ʜʫʞʠʥʘ ʫʥʫʪʨʘʰˁʝ ʠʚʠʮʝ, ʠ ύ ʿʝ ʰʠʨʠʥʘ QR. AC ʠ ZZ 

ʦʟʥʘʯʘʚʘʿʫ ʬʦʪʝˀʘʩʪʠ ʠ ʮʠʢ-ʮʘʢ ʪʠʧ ʠʚʠʮʘ, ʨʝʩʧʝʢʪʠʚʥʦ. ɿʝʣʝʥʠ (ʮʨʚʝʥʠ) ʢʨʫʞʠ˂ʠ 

ʦʟʥʘʯʘʚʘʿʫ Te(Hg) ʘʪʦʤʝ. 

 

ʉʣʠʢʘ 4.3. (ʘ) ɼʠʩʪʨʠʙʫʮʠʿʘ ʝʥʝʨʛʝʪʩʢʠʭ ʥʠʚʦʘ ʫ S(H)QD ʠ S(H)QR ʥʘʥʦʩʪʨʫʢʪʫʨʘʤʘ ʫ 

ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʨʝʜʥʦʛ ʙʨʦʿʘ ʩʪʘˁʘ ὲ. ʈʝʟʫʣʪʘʪʠ ʟʘ ʨʘʟʣʠʯʠʪʝ ʩʪʨʫʢʪʫʨʝ ʩʫ ʧʦʤʝʨʝʥʠ ʟʘ Ўὲ
τππ. ɼʝʦ ʝʥʝʨʛʝʪʩʢʦʛ ʩʧʝʢʪʨʘ ʢʦʿʠ ʦʜʛʦʚʘʨʘ ʝʥʝʨʛʝʪʩʢʦʤ ʧʨʦʮʝʧʫ 2ɼ HgTe ʿʝ ʦʟʥʘʯʝʥ ʩʘ 

ʭʦʨʠʟʦʥʪʘʣʥʠʤ ʠʩʧʨʝʢʠʜʘʥʠʤ ʣʠʥʠʿʘʤʘ ˀʫʙʠʯʘʩʪʝ ʙʦʿʝ. (ʙ) ɺʘʨʠʿʘʮʠʿʘ ʛʫʩʪʠʥʝ ʝʣʝʢʪʨʦʥʩʢʠʭ 

ʩʪʘˁʘ ʩʘ ʝʥʝʨʛʠʿʦʤ ʫ S(H)QD ʠ S(H)QR ʥʘʥʦʩʪʨʫʢʪʫʨʘʤʘ. ʈʝʟʫʣʪʘʪʠ ʟʘ ʨʘʟʣʠʯʠʪʝ ʩʪʨʫʢʪʫʨʝ 

ʩʫ ʧʦʤʝʨʝʥʠ ʟʘ ρπππ Å6 . 

 

ʉʣʠʢʘ 4.4. ɼʝʪʘˀʘʥ ʧʨʠʢʘʟ ʝʥʝʨʛʝʪʩʢʠʭ ʥʠʚʦʘ ʢʦʿʠ ʩʫ ʥʘ ʩʣ. 4.3 (ʘ) ʦʩʝʥʯʝʥʠ ʞʫʪʠʤ 

ʧʨʘʚʦʫʛʘʦʥʠʢʦʤ. ɻʫʩʪʠʥʘ ʝʣʝʢʪʨʦʥʩʢʠʭ ʩʪʘˁʘ ʟʘ ʥʝʢʦʣʠʢʦ ʦʜʘʙʨʘʥʠʭ ʩʪʘˁʘ ʢʦʿʘ ʩʫ ʦʟʥʘʯʝʥʘ 

ʨʠʤʩʢʠʤ ʙʨʦʿʝʚʠʤʘ I, II ʠ III  ʿʝ ʧʨʠʢʘʟʘʥʘ ʥʘ ʩʣ. 4.5 ʠ ʩʣ. 4.6. 

 

ʉʣʠʢʘ 4.5. ɻʫʩʪʠʥʘ ʚʝʨʦʚʘʪʥʦ˂ʝ ʥʘʣʘʞʝˁʘ ʟʘ ʩʪʘˁʝ ʩʘ ʜʥʘ ʧʨʦʚʦʜʥʝ ʟʦʥʝ, ʠʚʠʯʥʠʭ ʩʪʘˁʘ ʠ 

ʩʪʘˁʘ ʩʘ ʚʨʭʘ ʚʘʣʝʥʪʥʝ ʟʦʥʝ ʫ SQD ʠ HQD ʢʦʿʘ ʩʫ ʦʟʥʘʯʝʥʘ ʨʠʤʩʢʠʤ ʙʨʦʿʝʚʠʤʘ I, II ʠ III  ʥʘ 

ʩʣ. 4.4 ʢʘʜʘ ʿʝ ʤʘʛʥʝʪʩʢʦ ʧʦˀʝ ʿʝʜʥʘʢʦ ʥʫʣʠ. ɻʦʨˁʠ ʧʘʥʝʣ: ɻʫʩʪʠʥʘ ʚʝʨʦʚʘʪʥʦ˂ʝ ʥʘʣʘʞʝˁʘ 

ʝʥʝʨʛʝʪʩʢʠ ʥʘʿʥʠʞʝʛ ʩʪʘˁʘ ʠʟ ʧʨʦʚʦʜʥʝ ʟʦʥʝ ȿʕȿʫ (ʘ) SQD ʠ (ʙ) HQD. ʉʨʝʜˁʠ ʧʘʥʝʣ: ʉʫʤʘ 

ʛʫʩʪʠʥʘ ʚʝʨʦʚʘʪʥʦ˂ʘ ʥʘʣʘʞʝˁʘ ȿʕȿ ʠʚʠʯʥʠʭ ʩʪʘˁʘ ʫ (ʚ) SQD ʠ (ʛ) HQD. ɼʦˁʠ ʧʘʥʝʣ: 

ɻʫʩʪʠʥʘ ʚʝʨʦʚʘʪʥʦ˂ʝ ʥʘʣʘʞʝˁʘ ʝʥʝʨʛʝʪʩʢʠ ʥʘʿʚʠʰˁʝʛ ʩʪʘˁʘ ʠʟ ʚʘʣʝʥʪʥʝ ʟʦʥʝ ȿʕ ȿ ʫ (ʜ) 

SQD ʠ ( )́ HQD. 

 

ʉʣʠʢʘ 4.6. ɻʫʩʪʠʥʘ ʚʝʨʦʚʘʪʥʦ˂ʝ ʥʘʣʘʞʝˁʘ ʟʘ ʩʪʘˁʝ ʩʘ ʜʥʘ ʧʨʦʚʦʜʥʝ ʟʦʥʝ, ʠʚʠʯʥʠʭ ʩʪʘˁʘ ʠ 

ʩʪʘˁʘ ʩʘ ʚʨʭʘ ʚʘʣʝʥʪʥʝ ʟʦʥʝ ʫ SQR ʠ HQR ʢʦʿʘ ʩʫ ʦʟʥʘʯʝʥʘ ʨʠʤʩʢʠʤ ʙʨʦʿʝʚʠʤʘ I, II ʠ III  ʥʘ 

ʩʣ. 4.4 ʢʘʜʘ ʿʝ ʤʘʛʥʝʪʩʢʦ ʧʦˀʝ ʿʝʜʥʘʢʦ ʥʫʣʠ. ɻʦʨˁʠ ʧʘʥʝʣ: ɻʫʩʪʠʥʘ ʚʝʨʦʚʘʪʥʦ˂ʝ ʥʘʣʘʞʝˁʘ 

ʝʥʝʨʛʝʪʩʢʠ ʥʘʿʥʠʞʝʛ ʩʪʘˁʘ ʠʟ ʧʨʦʚʦʜʥʝ ʟʦʥʝ ȿʕȿʫ (ʘ) SQR ʠ (ʙ) HQR. ʉʨʝʜˁʠ ʧʘʥʝʣ: ʉʫʤʘ 

ʛʫʩʪʠʥʘ ʚʝʨʦʚʘʪʥʦ˂ʘ ʥʘʣʘʞʝˁʘ ȿʕȿ ʠʚʠʯʥʠʭ ʩʪʘˁʘ ʫ (ʚ) SQR ʠ (ʛ) HQR. ɼʦˁʠ ʧʘʥʝʣ: 

ɻʫʩʪʠʥʘ ʚʝʨʦʚʘʪʥʦ˂ʝ ʥʘʣʘʞʝˁʘ ʝʥʝʨʛʝʪʩʢʠ ʥʘʿʚʠʰˁʝʛ ʩʪʘˁʘ ʠʟ ʚʘʣʝʥʪʥʝ ʟʦʥʝ ȿʕ ȿ ʫ (ʜ) 

SQR ʠ ( )́ HQR. 

 

ʉʣʠʢʘ 4.7. ɿʘʚʠʩʥʦʩʪ ʝʥʝʨʛʝʪʩʢʠʭ ʥʠʚʦʘ ʦʜ ʥʦʨʤʘʣʥʦʛ ʤʘʛʥʝʪʩʢʦʛ ʧʦˀʘ ʫ (ʘ) SQD ʠ (ʙ) SQR. 

ɻʦʨˁʠ ʧʘʥʝʣ ʧʨʠʢʘʟʫʿʝ ʝʣʝʢʪʨʦʥʩʢʘ ʩʪʘˁʘ ʩʘ ʜʥʘ ʧʨʦʚʦʜʥʝ ʟʦʥʝ, ʩʨʝʜʠʰˁʠ ʧʘʥʝʣ ʧʨʠʢʘʟʫʿʝ 

ʠʚʠʯʥʘ ʩʪʘˁʘ, ʜʦʢ ʩʫ ʥʘ ʜʦˁʝʤ ʧʘʥʝʣʫ ʧʨʝʜʩʪʘʚˀʝʥʘ ʩʪʘˁʘ ʩʘ ʚʨʭʘ ʚʘʣʝʥʪʥʝ ʟʦʥʝ. ʉʪʘˁʝ 

ʩʧʠʥʘ ʛʦʨʝ ʿʝ ʟʘʛʘʩʠʪʦ ʮʨʚʝʥʝ ʙʦʿʝ, ʜʦʢ ʿʝ ʩʪʘˁʝ ʩʧʠʥʘ ʜʦʣʝ ʪʘʤʥʦ ʧʣʘʚʝ ʙʦʿʝ. ʉʧʠʥʩʢʠ 

ʤʝʰʘʥʘ ʩʪʘˁʘ ʩʘ ʜʦʤʠʥʘʥʪʥʠʤ ʫʜʝʣʦʤ ʩʪʘˁʘ ʩʧʠʥʘ ʛʦʨʝ (ʜʦʣʝ) ʩʫ ʧʨʠʢʘʟʘʥʘ ʨʘʟʣʠʯʠʪʠʤ 

ʥʠʿʘʥʩʘʤʘ ʮʨʚʝʥʝ (ʧʣʘʚʝ) ʙʦʿʝ.   

 

ʉʣʠʢʘ 4.8. ɿʘʚʠʩʥʦʩʪ ʝʥʝʨʛʝʪʩʢʠʭ ʥʠʚʦʘ ʦʜ ʥʦʨʤʘʣʥʦʛ ʤʘʛʥʝʪʩʢʦʛ ʧʦˀʘ ʫ (ʘ) HQD ʠ (ʙ) 

HQR. ɻʦʨˁʠ ʧʘʥʝʣ ʧʨʠʢʘʟʫʿʝ ʝʣʝʢʪʨʦʥʩʢʘ ʩʪʘˁʘ ʩʘ ʜʥʘ ʧʨʦʚʦʜʥʝ ʟʦʥʝ, ʩʨʝʜʠʰˁʠ ʧʘʥʝʣ 
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ʧʨʠʢʘʟʫʿʝ ʠʚʠʯʥʘ ʩʪʘˁʘ, ʜʦʢ ʩʫ ʥʘ ʜʦˁʝʤ ʧʘʥʝʣʫ ʧʨʝʜʩʪʘʚˀʝʥʘ ʩʪʘˁʘ ʩʘ ʚʨʭʘ ʚʘʣʝʥʪʥʝ ʟʦʥʝ. 

ʉʪʘˁʝ ʩʧʠʥʘ ʛʦʨʝ ʿʝ ʟʘʛʘʩʠʪʦ ʮʨʚʝʥʝ ʙʦʿʝ, ʜʦʢ ʿʝ ʩʪʘˁʝ ʩʧʠʥʘ ʜʦʣʝ ʪʘʤʥʦ ʧʣʘʚʝ ʙʦʿʝ. ʉʧʠʥʩʢʠ 

ʤʝʰʘʥʘ ʩʪʘˁʘ ʩʘ ʜʦʤʠʥʘʥʪʥʠʤ ʫʜʝʣʦʤ ʩʪʘˁʘ ʩʧʠʥʘ ʛʦʨʝ (ʜʦʣʝ) ʩʫ ʧʨʠʢʘʟʘʥʘ ʨʘʟʣʠʯʠʪʠʤ 

ʥʠʿʘʥʩʘʤʘ ʮʨʚʝʥʝ (ʧʣʘʚʝ) ʙʦʿʝ.   

 

ʉʣʠʢʘ 4.9. ɻʫʩʪʠʥʘ ʚʝʨʦʚʘʪʥʦ˂ʝ ʟʘ ʩʣʫʯʘʿ ʢʘʜʘ ʿʝ ʤʘʛʥʝʪʩʢʦ ʧʦˀʝ ʿʝʜʥʘʢʦ ʥʫʣʠ ʟʘ ʜʚʘ ʨʘʚʥʘ 

ʠʚʠʯʥʘ ʩʪʘˁʘ (ʦʟʥʘʯʝʥʘ ʩʘ ʈʘʚʥʦ-I ʠ ʈʘʚʥʦ-II) ʠ ʿʝʜʥʦʛ ʦʩʮʠʣʘʪʦʨʥʦʛ ʠʚʠʯʥʦʛ ʩʪʘˁʘ 

(ʦʟʥʘʯʝʥʦ ʩʘ ʆʩʮʠʣʘʪʦʨʥʦ) ʫ (ʘ-ʚ) 1,23-, (ʛ-ʹ) 1,55- ʠ (ʝ-ʟ) 1,87-nm ʰʠʨʦʢʦʤ SQR. (ʠ) 

ɽʥʝʨʛʝʪʩʢʠ ʥʠʚʦʠ ʟʘ ʈʘʚʥʦ-I ʠ ʈʘʚʥʦ-II  ʠʚʠʯʥʘ ʩʪʘˁʘ ʫ ʬʫʥʢʮʠʿʠ ʥʦʨʤʘʣʥʦʛ ʤʘʛʥʝʪʩʢʦʛ ʧʦˀʘ 

ʟʘ SQR ʰʠʨʠʥʝ 1,23-, 1,55- ʠ 1,87-nm. ʉʧʠʥ ʛʦʨʝ (ʩʧʠʥ ʜʦʣʝ) ʩʪʘˁʘ ʩʫ ʧʨʝʜʩʪʘʚˀʝʥʘ ʮʨʚʝʥʦʤ 

(ʧʣʘʚʦʤ) ʣʠʥʠʿʦʤ. (ʿ) ɿʘʚʠʩʥʦʩʪ ʝʥʝʨʛʝʪʩʢʠʭ ʥʠʚʦʘ ʦʩʮʠʣʘʪʦʨʥʦʛ ʠʚʠʯʥʦʛ ʩʪʘˁʘ ʦʜ 

ʥʦʨʤʘʣʥʦʛ ʤʘʛʥʝʪʩʢʦʛ ʧʦˀʘ ʫ 1,23-,1,55- ʠ 1,87 nm ʰʠʨʦʢʠʤ ʧʨʩʪʝʥʦʚʠʤʘ. ʉʧʠʥ ʛʦʨʝ (ʩʧʠʥ 

ʜʦʣʝ) ʩʪʘˁʘ ʩʫ ʧʨʝʜʩʪʘʚˀʝʥʘ ʮʨʚʝʥʦʤ (ʧʣʘʚʦʤ) ʣʠʥʠʿʦʤ. 

 

ʉʣʠʢʘ 4.10. ɻʫʩʪʠʥʘ ʚʝʨʦʚʘʪʥʦ˂ʝ ʥʘʣʘʞʝˁʘ ʟʘ (ʘ) ʨʘʚʥʦ ʠʚʠʯʥʦ ʩʪʘˁʝ ʠʟ SQD ʠ (ʙ) ʟʘ 

ʦʩʮʠʣʘʪʦʨʥʦ ʠʚʠʯʥʦ ʩʪʘˁʝ ʠʟ HQD. ɽʥʝʨʛʠʿʝ ʧʨʠʢʘʟʘʥʠʭ ʩʪʘˁʘ ʩʫ ʦʟʥʘʯʝʥʝ ʟʝʣʝʥʠʤ 

ʢʚʘʜʨʘʪʠʤʘ ʥʘ ʩʣ. 4.7 (ʘ) ʠ 4.8 (ʘ). 

 

ʉʣʠʢʘ 4.11. ʉʧʝʢʪʘʨ ʦʧʪʠʯʢʝ ʘʧʩʦʨʮʧʠʿʝ ʟʘ SQD ʥʘʥʦʩʪʨʫʢʪʫʨʫ ʫ ʦʜʩʫʩʪʚʫ ʩʧʦˀʘʰˁʠʭ 

ʧʦˀʘ ʟʘ ὼ ʠ ώ ʧʦʣʘʨʠʟʘʮʠʿʝ. ʈʝʟʫʣʪʘʪʠ ʟʘ ώ ʧʦʣʘʨʠʟʘʮʠʿʫ ʩʫ ʥʘ ʩʣʠʮʠ ʧʦʤʝʨʝʥʠ ʟʘ 10 
ʨʝʣʘʪʠʚʥʠʭ ʿʝʜʠʥʠʮʘ. ʎʨʚʝʥʘ ʚʝʨʪʠʢʘʣʥʘ ʣʠʥʠʿʘ ʦʟʥʘʯʘʚʘ ʬʫʥʜʘʤʝʥʪʘʣʥʠ ʧʨʦʮʝʧ, ʜʦʢ ʩʠʚʘ 

ʚʝʨʪʠʢʘʣʥʘ ʠʩʧʨʝʢʠʜʘʥʘ ʣʠʥʠʿʘ ʦʟʥʘʯʘʚʘ ʤʠʥʠʤʫʤ ʝʥʝʨʛʠʿʝ ʢʦʿʘ ʿʝ ʧʦʪʨʝʙʥʘ ʟʘ (b-e) 

ʪʨʘʥʟʠʮʠʿʫ. ʅʘ ʩʣʠʮʠ ʩʫ ʥʘʟʥʘʯʝʥʠ ʝʥʝʨʛʝʪʩʢʠ ʦʧʩʝʟʠ ʟʘ (b-b) ʠ (b-e) ʪʨʘʥʟʠʮʠʿʝ ʢʘʦ ʠ 

ʜʦʤʠʥʘʥʪʥʠ (ʝ-e) ʧʠʢʦʚʠ ʟʘ ʦʙʝ ʧʦʣʘʨʠʟʘʮʠʿʝ ʩʚʝʪʣʦʩʪʠ. ʌʝʨʤʠʿʝʚ ʥʠʚʦ ʠʟʥʦʩʠ Ὁ πȟω Å6. 
 

ʉʣʠʢʘ 4.12. ʉʧʝʢʪʘʨ ʦʧʪʠʯʢʝ ʘʧʩʦʨʮʧʠʿʝ ʟʘ HQD ʥʘʥʦʩʪʨʫʢʪʫʨʫ ʫ ʦʜʩʫʩʪʚʫ ʩʧʦˀʘʰˁʠʭ 

ʧʦˀʘ ʟʘ ὼ ʠ ώ ʧʦʣʘʨʠʟʘʮʠʿʝ. ʈʝʟʫʣʪʘʪʠ ʟʘ ώ ʧʦʣʘʨʠʟʘʮʠʿʫ ʩʫ ʥʘ ʩʣʠʮʠ ʧʦʤʝʨʝʥʠ ʟʘ 10 
ʨʝʣʘʪʠʚʥʠʭ ʿʝʜʠʥʠʮʘ. ʎʨʚʝʥʘ ʚʝʨʪʠʢʘʣʥʘ ʣʠʥʠʿʘ ʦʟʥʘʯʘʚʘ ʬʫʥʜʘʤʝʥʪʘʣʥʠ ʧʨʦʮʝʧ, ʜʦʢ ʩʠʚʘ 

ʚʝʨʪʠʢʘʣʥʘ ʠʩʧʨʝʢʠʜʘʥʘ ʣʠʥʠʿʘ ʦʟʥʘʯʘʚʘ ʤʠʥʠʤʫʤ ʝʥʝʨʛʠʿʝ ʢʦʿʘ ʿʝ ʧʦʪʨʝʙʥʘ ʟʘ (b-e) 

ʪʨʘʥʟʠʮʠʿʫ. ʅʘ ʩʣʠʮʠ ʩʫ ʥʘʟʥʘʯʝʥʠ ʝʥʝʨʛʝʪʩʢʠ ʦʧʩʝʟʠ ʟʘ (b-b) ʠ (b-e) ʪʨʘʥʟʠʮʠʿʝ ʢʘʦ ʠ 

ʜʦʤʠʥʘʥʪʥʠ (ʝ-e) ʧʠʢʦʚʠ ʟʘ ʦʙʝ ʧʦʣʘʨʠʟʘʮʠʿʝ ʩʚʝʪʣʦʩʪʠ. ʌʝʨʤʠʿʝʚ ʥʠʚʦ ʠʟʥʦʩʠ Ὁ ρȟπχ Å6. 
 

ʉʣʠʢʘ 4.13. ʂʦʥʪʫʨʥʠ ʮʨʪʝʞ ʟʘʚʠʩʥʦʩʪʠ ʘʤʧʣʠʪʫʜʝ ʦʧʪʠʯʢʝ ʘʧʩʦʨʧʮʠʿʝ ʢʦʿʘ ʥʘʩʪʘʿʝ ʫʩʣʝʜ 

ʧʨʝʣʘʟʘ ʠʟʤʝʹʫ (ʘ) ʨʘʚʥʠʭ ʠʚʠʯʥʠʭ ʩʪʘˁʘ ʫ SQD ʠ (ʙ) ʦʩʮʠʣʘʪʦʨʥʠʭ ʠʚʠʯʥʠʭ ʩʪʘˁʘ ʫ HQD 

ʦʜ ʤʘʛʥʝʪʩʢʦʛ ʧʦˀʘ ʠ ʝʥʝʨʛʠʿʝ ʘʧʩʦʨʧʮʠʿʝ. ʆʚʜʝ ʿʝ ʘʧʩʦʨʧʮʠʿʘ ʠʟʨʘʯʫʥʘʪʘ ʢʘʦ ʩʨʝʜˁʘ 

ʚʨʝʜʥʦʩʪ ʘʧʩʦʨʧʮʠʿʘ ʟʘ ὼ ʠ ώ ʧʦʣʘʨʠʟʘʮʠʿʝ ʠ ʩʢʘʣʠʨʘʥʘ ʪʘʢʦ ʜʘ ˁʝʥ ʤʘʢʩʠʤʫʤ ʦʜʛʦʚʘʨʘ 
ʿʝʜʠʥʠʮʠ. ʋʤʝʮʠ ʥʘ ʩʣʠʢʘʤʘ ʧʨʠʢʘʟʫʿʫ ʝʥʝʨʛʝʪʩʢʘ ʩʪʘˁʘ ʦʢʦ ʌʝʨʤʠʿʝʚʦʛ ʥʠʚʦʘ ʢʦʿʘ ʟʥʘʯʘʿʥʦ 

ʜʦʧʨʠʥʦʩʝ ʦʪʧʠʯʢʦʤ ʩʧʝʢʪʨʫ.  

 

ʉʣʠʢʘ ʇ.1. ʐʝʤʘʪʩʢʠ ʧʨʠʢʘʟ ʧʦʪʝʥʮʠʿʘʣʘ ʿʝʜʥʦʜʠʤʝʥʟʠʦʥʝ ʧʝʨʠʦʜʠʯʥʝ ʢʨʠʩʪʘʣʥʝ 

ʩʪʨʫʢʪʫʨʝ.  

 

ʉʣʠʢʘ ʇ.2. ʇʨʦʤʝʥʘ ʘʥʚʝʣʦʧʥʝ ʪʘʣʘʩʥʝ ʬʫʥʢʮʠʿʝ ʠ ʙʨʟʦʧʨʦʤʝʥˀʠʚʝ ɹʣʦʭʦʚʝ ʬʫʥʢʮʠʿʝ ʫ 

ʦʢʚʠʨʫ ʪʝʦʨʠʿʝ ʘʥʚʝʣʦʧʥʠʭ ʬʫʥʢʮʠʿʘ.  

 

ʉʣʠʢʘ ʇ.3. ʀʣʫʩʪʨʘʮʠʿʘ ʚʦʜʦʥʠʢʦʚʦʛ ʘʪʦʤʘ.  

 

ʉʣʠʢʘ ʇ.4. ʊʨʘʥʩʬʦʨʤʘʮʠʿʘ ɼʝʢʘʨʪʦʚʠʭ ʢʦʦʨʜʠʥʘʪʘ ʫ ʩʬʝʨʥʝ ʢʦʦʨʜʠʥʘʪʝ.  

 

ʉʣʠʢʘ ʇ.5. ʋʛʘʦʥʘ ʟʘʚʠʩʥʦʩʪ ʢʚʘʜʨʘʪʘ ʤʦʜʫʣʘ ʩʬʝʨʥʠʭ ʭʘʨʤʦʥʠʢʘ ʢʦʿʠ ʩʝ ʢʦʨʠʩʪʝ ʢʘʦ 

ʘʪʦʤʩʢʝ ʦʨʙʠʪʘʣʝ ʫ ʤʝʪʦʜʫ ʿʘʢʝ ʚʝʟʝ. ʇʨʚʠ ʨʝʜ: s-ʦʨʙʠʪʘʣʘ; ɼʨʫʛʠ ʨʝʜ: p-ʦʨʙʠʪʘʣʝ; ʊʨʝ˂ʠ 

ʨʝʜ: d-oʨʙʠʪʘʣʝ (ʧʨʝʫʟʝʪʦ ʠʟ ʨʝʬʝʨʝʥʮʝ  Goldmann, 2014). 



XIV 
 

ʉʣʠʢʘ ʇ.6. ʄʦʜʝʣ ʭʦʤʦʧʦʣʘʨʥʦʛ ʜʚʦʘʪʦʤʩʢʦʛ ʤʦʣʝʢʫʣʘ. ʇʦʿʝʜʥʦʩʪʘʚˀʝʥʠ ʤʦʜʝʣ ʜʚʝ 

ʠʜʝʥʪʠʯʥʝ ʩʧʨʝʛʥʫʪʝ ʢʚʘʥʪʥʝ ʿʘʤʝ.  

 

ʉʣʠʢʘ ʇ.7. ɼʚʝ Ăʥʝʧʝʨʪʫʨʙʦʚʘʥʝñ ʢʚʘʥʪʥʝ ʿʘʤʝ ʩʘ ʧʦʪʝʥʮʠʿʘʣʠʤʘ V1(z) ʠ V2(z). ʈʝʰʝˁʘ 

ʐʨʝʜʠʥʛʝʨʦʚʝ ʿʝʜʥʘʯʠʥʝ ʟʘ ʧʨʚʫ ʢʚʘʥʪʥʫ ʿʘʤʫ ʩʫ ɽs ʠ Ɋ1(z), ʜʦʢ ʩʫ ʨʝʰʝˁʘ ʟʘ ʜʨʫʛʫ ʢʚʘʥʪʥʫ 

ʿʘʤʫ ʦʟʥʘʯʝʥʘ ʩʘ ɽs ʠ Ɋ2(z).  

 

ʉʣʠʢʘ ʇ.8. ʀʣʫʩʪʨʘʮʠʿʘ ʬʦʨʤʠʨʘˁʘ ʚʝʟʫʿʫ˂ʠʭ ʠ ʘʥʪʠʚʝʟʫʿʫ˂ʠʭ ʦʨʙʠʪʘʣʘ ʫ ʭʦʤʦʧʦʣʘʨʥʦʤ 

ʜʚʦʘʪʦʤʩʢʦʤ ʤʦʣʝʢʫʣʫ H2 ʧʦʤʦ˂ʫ ʧʦʿʝʜʥʦʩʪʘʚˀʝʥʦʛ ʧʨʠʤʝʨʘ ʩʠʩʪʝʤʘ ʜʚʝ ʠʜʝʥʪʠʯʥʝ 

ʩʧʨʝʛʥʫʪʝ ʢʚʘʥʪʥʝ ʿʘʤʝ. 
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ʉʧʠʩʘʢ ʪʘʙʝʣʘ 
 

 

ʊʘʙʝʣʘ 1.1. ʇʨʝʛʣʝʜ ʩʪʨʫʢʪʫʨʘʣʥʠʭ ʧʘʨʘʤʝʪʨʘʨʘ ʤʦʥʦʩʣʦʿʘ HgTe: ax ʿʝ ʨʘʩʪʦʿʘˁʝ ʠʟʤʝʹʫ 

ʘʪʦʤʘ ʠʩʪʝ ʚʨʩʪʝ, ay je ʨʘʩʪʦʿʘˁʝ ʠʟʤʝʹʫ ʧʨʦʿʝʢʮʠʿʘ ʧʦʣʦʞʘʿʘ ʘʪʦʤʘ ʨʘʟʣʠʯʠʪʝ ʚʨʩʪʝ ʥʘ x-y 

ʨʘʚʘʥ, Ŭhex ʿʝ ʫʛʘʦ ʚʝʟʝ ʠʟʤʝʹʫ ʩʫʩʝʜʥʠʭ ʘʪʦʤʘ, S0 ʿʝ ʧʦʚʨʰʠʥʘ ʧʨʦʿʝʢʮʠʿʝ ʧʨʠʤʠʪʠʚʥʝ ˂ʝʣʠʿʝ 

ʥʘ x-y ʨʘʚʘʥ ʠ h ʿʝ ʚʝʨʪʠʢʘʣʥʦ ʨʘʩʪʦʿʘˁʝ ʠʟʤʝʹʫ Hg ʠ Te ʘʪʦʤʘ.  

 

ʊʘʙʝʣʘ 3.1. ʇʨʝʛʣʝʜ ʛʝʦʤʝʪʨʠʿʩʢʠʭ ʧʘʨʘʤʝʪʘʨʘ (Ὠ, ύ , ύ), ʨʘʩʪʦʿʘˁʘ (ὰ) ʠ ʪʠʧʘ ʧʨʦʫʯʝʥʠʭ 
DQW. ʐʠʨʠʥʝ HgTe ʩʣʦʿʝʚʘ ʩʫ ʦʟʥʘʯʝʥʝ ʩʘ ύ  ʠ ύ , Ὠ ʿʝ ʰʠʨʠʥʘ CdxHg1-xTe ʙʘʨʠʿʝʨʘ, ʜʦʢ ὰ 
ʧʨʝʜʩʪʘʚˀʘ ʨʘʩʪʦʿʘˁʝ ʠʟʤʝʹʫ HgTe ʩʣʦʿʝʚʘ. ύ  ʠʤʘ ʨʘʟʣʠʯʠʪʝ ʚʨʝʜʥʦʩʪʠ, ʜʦʢ ʩʫ Ὠ, ύ  ʠ ὰ 
ʠʩʪʠ ʟʘ ʩʚʝ ʩʪʨʫʢʪʫʨʝ. 

 

ʊʘʙʝʣʘ 4.1. ʇʨʝʛʣʝʜ ʛʝʦʤʝʪʨʠʿʩʢʠʭ ʧʘʨʘʤʝʪʘʨʘ (Ὠ , Ὠ , ύ) ʠ ʙʨʦʿʘ ʠʚʠʯʥʠʭ ʘʪʦʤʘ (ὔȟ ) ʟʘ 

ʦʜʨʝʹʝʥʠ ʦʙʣʠʢ ʠ ʪʠʧ ʥʘʥʦʩʪʨʫʢʪʫʨʝ. Ὠ  ʦʟʥʘʯʘʚʘ ʜʫʞʠʥʫ ʠʚʠʮʝ ʟʘ QD ʠʣʠ ʜʫʞʠʥʫ 

ʩʧʦˀʘʰˁʝ ʠʚʠʮʝ ʟʘ QR, Ὠ  ʿʝ ʜʫʞʠʥʘ ʫʥʫʪʨʘʰˁʝ ʠʚʠʮʝ ʟʘ QR, ʜʦʢ ʿʝ ύ ʰʠʨʠʥʘ ʧʨʩʪʝʥʘ. AC 

ʠ ZZ ʩʫ ʦʟʥʘʢʝ ʟʘ ʬʦʪʝˀʘʩʪʠ ʠ ʮʠʢ-ʮʘʢ ʪʠʧ ʠʚʠʮʘ, ʨʝʩʧʝʢʪʠʚʥʦ.  

 

ʊʘʙʝʣʘ 4.2. ɺʨʝʜʥʦʩʪʠ ʝʥʝʨʛʝʪʩʢʦʛ ʧʨʦʮʝʧʘ (ʜʘʪʝ ʫ ʿʝʜʠʥʠʮʘʤʘ eV) ʫ S(H)QD ʠ S(H)QR 

ʩʪʨʫʢʪʫʨʘʤʘ.  

 

ʊʘʙʝʣʘ ʇ.1. ʇʘʨʘʤʝʪʨʠ ʟʦʥʩʢʝ ʩʪʨʫʢʪʫʨʝ HgTe ʥʘ ʪʝʤʧʝʨʘʪʫʨʠ T = 0 K. ɺʨʝʜʥʦʩʪʠ ʟʘ Ў, Ὁ ʠ 

ςάὖ ᴐϳ  ʩʫ ʜʘʪʝ ʫ (eV) ʜʦʢ ʩʫ ʦʩʪʘʣʠ ʧʘʨʘʤʝʪʨʠ ʙʝʟ ʜʠʤʝʥʟʠʿʝ (Novik ʠ ʩʘʨ., 2005).  

 

ʊʘʙʝʣʘ ʇ.2. ʇʘʨʘʤʝʪʨʠ ʟʦʥʩʢʝ ʩʪʨʫʢʪʫʨʝ CdTe ʥʘ ʪʝʤʧʝʨʘʪʫʨʠ T = 0 K. ɺʨʝʜʥʦʩʪʠ ʟʘ Ў, Ὁ ʠ 

ςάὖ ᴐϳ  ʩʫ ʜʘʪʝ ʫ (eV) ʜʦʢ ʩʫ ʦʩʪʘʣʠ ʧʘʨʘʤʝʪʨʠ ʙʝʟ ʜʠʤʝʥʟʠʿʝ (Novik ʠ ʩʘʨ., 2005).  

 

ʊʘʙʝʣʘ ʇ.3. ʇʘʨʘʤʝʪʨʠ ʤʝʪʦʜʘ ʿʘʢʝ ʚʝʟʝ ʟʘ HgTe ʫ ʙʘʟʠʩʫ sp3d5s* ʦʨʙʠʪʘʣʘ ʧʦ ʉʣʝʿʪʝʨ-

ʂʦʩʪʝʨʦʚʦʿ ʥʦʪʘʮʠʿʠ. ɺʨʝʜʥʦʩʪʠ ʧʘʨʘʤʝʪʘʨʘ ʩʫ ʧʨʝʜʩʪʘʚˀʝʥʝ ʫ (eV) ʟʘ ʩʣʫʯʘʿ ʢʘʜʘ ʿʝ 

ʪʝʤʧʝʨʘʪʫʨʘ T = 0 K. ʆʟʥʘʢʝ (a) ʠ (c) ʩʝ ʦʜʥʦʩʝ ʥʘ ʦʟʥʘʢʫ ʟʘ ʘʥʿʦʥ (Te) ʠ ʢʘʪʿʦʥ (Hg), ʜʦʢ ʩʝ 

ʦʟʥʘʢʝ (ʘc) ʠ (ca) ʦʜʥʦʩʝ ʥʘ ʩʢʦʢʦʚʝ ʩʘ ʘʥʿʦʥʘ (ʢʘʪʿʦʥʘ) ʥʘ ʢʘʪʿʦʥ (ʘʥʿʦʥ) (Allan ʠ Delerue, 

2012).  

 

ʊʘʙʝʣʘ ʇ.4. ɼʚʦʮʝʥʪʘʨʩʢʠ ʠʥʪʝʛʨʘʣʠ ʠʟʤʝʹʫ ʨʘʟʣʠʯʠʪʠʭ ʦʨʙʠʪʘʣʘ ʠʟ sp3d5s* ʙʘʟʠʩʥʦʛ ʩʢʫʧʘ 

ʥʘʧʠʩʘʥʠ ʧʨʝʢʦ ʜʠʨʝʢʮʠʦʥʠʭ ʢʦʩʠʥʫʩʘ (Slater ʠ Koster, 1954). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



1 
 

1. ʋʚʦʜ 
 

ʌʠʟʠʢʘ ʢʦʥʜʝʥʟʦʚʘʥʦʛ ʩʪʘˁʘ ʿʝ ʛʨʘʥʘ ʬʠʟʠʢʝ ʫ ʢʦʿʦʿ ʩʝ ʧʨʦʫʯʘʚʘʿʫ ʬʝʥʦʤʝʥʠ 

ʧʨʦʫʟʨʦʢʦʚʘʥʠ ʠʥʪʝʨʘʢʮʠʿʘʤʘ ʠʟʤʝʹʫ ʬʫʥʜʘʤʝʥʪʘʣʥʠʭ ʩʪʨʫʢʪʫʨʥʠʭ ʿʝʜʠʥʠʮʘ ʫ ʯʚʨʩʪʠʤ 

ʪʝʣʠʤʘ ʠʣʠ ʬʣʫʠʜʠʤʘ. ʆʜ ʧʦʩʝʙʥʦʛ ʠʥʪʝʨʝʩʘ ʫ ʦʚʦʿ ʦʙʣʘʩʪʠ ʩʫ ʩʪʨʫʢʪʫʨʝ ʬʦʨʤʠʨʘʥʝ ʦʜ 

ʿʝʜʥʦʛ ʠʣʠ ʚʠʰʝ ʧʦʣʫʧʨʦʚʦʜʥʠʢʘ ʢʦʿʝ ʠʤʘʿʫ ʙʘʨ ʿʝʜʥʫ ʜʠʤʝʥʟʠʿʫ ʤʘˁʫ ʦʜ 100 nm. ʆʥʝ ʩʫ ʫ 

ʣʠʪʝʨʘʪʫʨʠ ʦʙʠʯʥʦ ʧʦʟʥʘʪʝ ʧʦʜ ʥʘʟʠʚʦʤ ʧʦʣʫʧʨʦʚʦʜʥʠʯʢʝ ʢʚʘʥʪʥʝ ʥʘʥʦʩʪʨʫʢʪʫʨʝ ʿʝʨ ʩʫ ʫ 

ˁʠʤʘ ʠʟʨʘʞʝʥʠ ʢʚʘʥʪʥʦ-ʤʝʭʘʥʠʯʢʠ ʝʬʝʢʪʠ. ʉ ʦʙʟʠʨʦʤ ʜʘ ʩʫ ˁʠʭʦʚʝ ʜʠʤʝʥʟʠʿʝ ʫʧʦʨʝʜʠʚʝ ʩʘ 

ʜʝ ɹʨʦˀʝʚʦʤ (ʬʨʘʥʮ. de Broglie) ʪʘʣʘʩʥʦʤ ʜʫʞʠʥʦʤ ʝʣʝʢʪʨʦʥʘ, ʫ ʥʘʥʦʩʪʨʫʢʪʫʨʘʤʘ ʜʦʣʘʟʠ ʜʦ 

ʢʚʘʥʪʠʟʘʮʠʿʝ ʝʥʝʨʛʝʪʩʢʠʭ ʩʪʘˁʘ. ʊʦ ʩʝ ʦʜʨʘʞʘʚʘ ʥʘ ʝʣʝʢʪʨʠʯʥʘ, ʦʧʪʠʯʢʘ ʠ ʤʝʭʘʥʠʯʢʘ 

ʩʚʦʿʩʪʚʘ ʥʘʥʦʩʪʨʫʢʪʫʨʘ, ʢʦʿʘ ʩʝ ʠʩʪʨʘʞʫʿʫ ʟʙʦʛ ʧʦʪʝʥʮʠʿʘʣʥʠʭ ʧʨʠʤʝʥʘ ʫ ʦʙʣʘʩʪʠ 

ʝʣʝʢʪʨʦʥʠʢʝ, ʬʦʪʦʥʠʢʝ ʠ ʢʚʘʥʪʥʦʛ ʨʘʯʫʥʘʨʩʪʚʘ (Luryi, 1988; Haraguchi ʠ ʩʘʨ., 1992; Davies, 

1997; Chichibu, 1998; Haque ʠ Khondker, 2000; Berg ʠ ʩʘʨ., 2001; Ekins-Daukes ʠ ʩʘʨ., 2001; 

Delerue ʠ Lannoo, 2004; Harrison, 2005; Sugawara ʠ Usami, 2009; De Franceschi ʠ ʩʘʨ., 2010; 

Ihn, 2010; Michetti ʠ Trauzettel, 2013; Mashford ʠ ʩʘʨ., 2013). ʋ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʠʟʘʙʨʘʥʝ 

ʪʝʭʥʦʣʦʛʠʿʝ ʧʨʦʠʟʚʦʜˁʝ, ʧʦʣʫʧʨʦʚʦʜʥʠʯʢʝ ʥʘʥʦʩʪʨʫʢʪʫʨʝ ʤʦʛʫ ʙʠʪʠ ʨʘʟʣʠʯʠʪʝ 

ʜʠʤʝʥʟʠʦʥʘʣʥʦʩʪʠ. ʅʘʿʯʝʰ˂ʝ ʩʫ ʘʥʘʣʠʟʠʨʘʥʝ  ʩʪʨʫʢʪʫʨʝ ʫ ʬʦʨʤʠ ʢʚʘʥʪʥʝ ʿʘʤʝ, ʞʠʮʝ ʠ ʪʘʯʢʝ 

(Woggon, 1997; Guyot-Sionnest ʠ ʩʘʨ., 1999; Malinowski ʠ ʩʘʨ., 2000; Boese ʠ ʩʘʨ., 2000; 

Harrison, 2005).  

 

 
 

ʉʣʠʢʘ 1.1. ʐʝʤʘʪʩʢʠ ʧʨʠʢʘʟ ʧʦʣʫʧʨʦʚʦʜʥʠʯʢʠʭ ʥʘʥʦʩʪʨʫʢʪʫʨʘ ʫ ʬʦʨʤʠ (ʘ) ʢʚʘʥʪʥʝ ʿʘʤʝ, (ʙ) 

ʢʚʘʥʪʥʝ ʞʠʮʝ ʠ (ʚ) ʢʚʘʥʪʥʝ ʪʘʯʢʝ. ɻʫʩʪʠʥʘ ʝʣʝʢʪʨʦʥʩʢʠʭ ʩʪʘˁʘ ʫ ʬʫʥʢʮʠʿʠ ʝʥʝʨʛʠʿʝ ʫ (ʛ) 

ʢʚʘʥʪʥʦʿ ʿʘʤʠ, (ʜ) ʢʚʘʥʪʥʦʿ ʞʠʮʠ ʠ (ʹ) ʢʚʘʥʪʥʦʿ ʪʘʯʢʠ.   

 

ʅʘ ʩʣ. 1.1 ʿʝ ʜʘʪ ʰʝʤʘʪʩʢʠ ʧʨʠʢʘʟ ʩʪʨʫʢʪʫʨʘ ʪʠʧʘ ʢʚʘʥʪʥʝ ʿʘʤʝ (ʜʚʦʜʠʤʝʥʟʠʦʥʝ, ʩʢʨ. 2ɼ) (ʘ), 

ʢʚʘʥʪʥʝ ʞʠʮʝ (ʿʝʜʥʦʜʠʤʝʥʟʠʦʥʝ, ʩʢʨ. 1ɼ)  (ʙ) ʠ  ʢʚʘʥʪʥʝ ʪʘʯʢʝ (ʥʫʣʪʦʜʠʤʝʥʟʠʦʥʝ, ʩʢʨ. 0ɼ) 
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(ʚ), ʢʘʦ ʠ ʦʙʣʠʮʠ ʟʘʚʠʩʥʦʩʪʠ ˁʠʭʦʚʠʭ ʛʫʩʪʠʥʘ ʝʣʝʢʪʨʦʥʩʢʠʭ ʩʪʘˁʘ ʦʜ ʝʥʝʨʛʠʿʝ. ʋ ʢʚʘʥʪʥʠʤ 

ʿʘʤʘʤʘ ʢʨʝʪʘˁʝ ʝʣʝʢʪʨʦʥʘ ʿʝ ʦʛʨʘʥʠʯʝʥʦ ʫ ʿʝʜʥʦʤ ʧʨʦʩʪʦʨʥʦʤ ʧʨʘʚʮʫ, ʜʦʢ ʿʝ ʩʣʦʙʦʜʥʦ ʫ 

ʧʨʝʦʩʪʘʣʘ ʜʚʘ ʧʨʘʚʮʘ (ʚʠʜʝʪʠ ʩʣʠʢʫ ʩʣ. 1.1 (ʘ)). ʇʦʜ ʦʜʨʝʹʝʥʠʤ ʫʩʣʦʚʠʤʘ ʫ ʦʚʦʿ ʩʪʨʫʢʪʫʨʠ 

ʤʦʞʝ ʜʦ˂ʠ ʜʦ ʘʢʫʤʫʣʘʮʠʿʝ ʝʣʝʢʪʨʦʥʘ ʫ ʪʘʥʢʦʤ ʩʣʦʿʫ, ʪʿ. ʜʦ ʬʦʨʤʠʨʘˁʘ ʪʘʢʦʟʚʘʥʦʛ 

ʜʚʦʜʠʤʝʥʟʠʦʥʦʛ ʝʣʝʢʪʨʦʥʩʢʦʛ ʛʘʩʘ. ʋ ʪʦʤ ʩʣʫʯʘʿʫ, ʛʫʩʪʠʥʘ ʝʣʝʢʪʨʦʥʩʢʠʭ ʩʪʘˁʘ (ʝʥʛʣ. Density 

of States-DOS) ʫ ʢʚʘʥʪʥʠʤ ʿʘʤʘʤʘ ʿʝ ʩʪʝʧʝʥʘʩʪʘ ʬʫʥʢʮʠʿʘ ʝʥʝʨʛʠʿʝ, ʰʪʦ ʩʝ ʤʦʞʝ ʚʠʜʝʪʠ ʥʘ ʩʣ. 

1.1 (ʛ). ʂʚʘʥʪʥʝ ʞʠʮʝ ʦʛʨʘʥʠʯʘʚʘʿʫ ʢʨʝʪʘˁʝ ʝʣʝʢʪʨʦʥʘ ʫ ʜʚʘ ʧʨʦʩʪʦʨʥʘ ʧʨʘʚʮʘ (ʩʣ. 1.1 (ʙ)) ʠ ʫ 

ˁʠʤʘ ʩʝ ʬʦʤʠʨʘ ʿʝʜʥʦʜʠʤʝʥʟʠʦʥʠ ʝʣʝʢʪʨʦʥʩʢʠ ʛʘʩ. ɻʫʩʪʠʥʘ ʝʣʝʢʪʨʦʥʩʢʠʭ ʩʪʘˁʘ ʿʝ ʦʙʨʥʫʪʦ 

ʧʨʦʧʦʨʮʠʦʥʘʣʥʘ ʢʚʘʜʨʘʪʥʦʤ ʢʦʨʝʥʫ ʝʥʝʨʛʠʿʝ ($/3ͯρȾЍὉ), ʩʘ ʚʠʜˀʠʚʠʤ ɺʘʥ-ʍʦʚʝʦʚʠʤ (ʭʦʣ. 

Van-Hove) ʩʠʥʛʫʣʘʨʠʪʝʪʠʤʘ ʫ ʪʘʯʢʘʤʘ ʢʦʿʝ ʦʜʛʦʚʘʨʘʿʫ ʝʥʝʨʛʠʿʘʤʘ ʠʚʠʮʘ (ʝʢʩʪʨʝʤʫʤʘ) 

ʧʦʜʟʦʥʘ (ʩʣ. 1.1 (ʜ)). ʅʘ ʩʣ. 1.1 (ʚ) ʿʝ ʜʘʪ ʰʝʤʘʪʩʢʠ ʧʨʠʢʘʟ ʢʚʘʥʪʥʝ ʪʘʯʢʝ ʫ ʢʦʿʦʿ ʿʝ ʢʨʝʪʘˁʝ 

ʝʣʝʢʪʨʦʥʘ ʦʛʨʘʥʠʯʝʥʦ ʫ ʩʚʘ ʪʨʠ ʧʨʦʩʪʦʨʥʘ ʧʨʘʚʮʘ. ʋ ʦʚʠʤ ʩʠʩʪʝʤʠʤʘ ʩʝ ʨʝʘʣʠʟʫʿʝ ʢʦʥʮʝʧʪ 

ʥʫʣʪʦʜʠʤʝʥʟʠʦʥʦʛ ʝʣʝʢʪʨʦʥʩʢʦʛ ʛʘʩʘ. ʂʚʘʥʪʥʝ ʪʘʯʢʝ ʧʦʩʝʜʫʿʫ ʜʠʩʢʨʝʪʥʠ ʝʥʝʨʛʝʪʩʢʠ ʩʧʝʢʪʘʨ, 

ʘ ʛʫʩʪʠʥʘ ʩʪʘˁʘ ʿʝ ʧʨʝʜʩʪʘʚˀʝʥʘ ʩʫʤʦʤ ɼʠʨʘʢʦʚʠʭ (ʝʥʛʣ. Dirac) ʠʤʧʫʣʩʘ (ʩʣ. 1.1 (ʹ)). 

ʂʚʘʥʪʥʝ ʪʘʯʢʝ ʩʝ ʤʦʛʫ ʨʝʘʣʠʟʦʚʘʪʠ ʠ ʫ ʬʦʨʤʠ ʢʚʘʥʪʥʦʛ ʧʨʩʪʝʥʘ ʫ ʢʦʿʠʤʘ ʿʝ ʢʨʝʪʘˁʝ 

ʝʣʝʢʪʨʦʥʘ ʜʦʜʘʪʥʦ ʦʛʨʘʥʠʯʝʥʦ ʫʩʣʝʜ ʧʦʩʪʦʿʘˁʘ ʮʝʥʪʨʘʣʥʦʛ ʦʪʚʦʨʘ, ʰʪʦ ʫ ʪʦʧʦʣʦʰʢʦʤ 

ʩʤʠʩʣʫ ʩʪʨʫʢʪʫʨʫ ʯʠʥʠ ʜʚʦʩʪʨʫʢʦ ʧʦʚʝʟʘʥʦʤ. ʇʦʩʣʝʜʠʮʘ ʦʚʝ ʩʧʝʮʠʬʠʯʥʝ ʤʦʨʬʦʣʦʛʠʿʝ ʿʝ 

ʧʦʩʪʦʿʘˁʝ ʝʬʝʢʘʪʘ ʢʚʘʥʪʥʝ ʠʥʪʝʨʬʝʨʝʥʮʠʿʝ ʧʦʧʫʪ ɸʭʘʨʦʥʦʚ-ɹʦʤʦʚʦʛ ʝʬʝʢʪʘ (Aharonov ʠ 

Bohm, 1959) ʢʦʿʠ ʩʝ ʤʘʥʠʬʝʩʪʫʿʝ ʫ ʚʠʜʫ ʦʩʮʠʣʘʮʠʿʘ ʝʥʝʨʛʠʿʘ ʜʠʩʢʨʝʪʥʠʭ ʩʪʘˁʘ ʩʘ ʧʨʦʤʝʥʦʤ 

ʿʘʯʠʥʝ ʤʘʛʥʝʪʩʢʦʛ ʧʦˀʘ. 

ʋ ʦʚʦʿ ʛʣʘʚʠ ʿʝ ʜʘʪ ʧʨʝʛʣʝʜ ʥʘʥʦʩʪʨʫʢʪʫʨʘ ʟʘʩʥʦʚʘʥʠʭ ʥʘ ʿʝʜʠˁʝˁʫ HgTe. ʇʨʠʢʘʟʘʥʝ 

ʩʫ ʥʘʿʯʝʰ˂ʝ ʢʦʨʠʰ˂ʝʥʝ ʪʝʭʥʦʣʦʛʠʿʝ ʟʘ ʧʨʦʠʟʚʦʜˁʫ ʤʘʩʠʚʥʦʛ ʤʘʪʝʨʠʿʘʣʘ ʦʜ CdxHg1-xTe ʫ 

ʰʠʨʦʢʦʤ ʦʧʩʝʛʫ ʚʨʝʜʥʦʩʪʠ ʤʦʣʘʨʥʦʛ ʫʜʝʣʘ (ὼ), ʢʘʦ ʠ HgTe ʢʚʘʥʪʥʠʭ ʿʘʤʘ, ʪʘʯʘʢʘ ʠ 

ʧʨʩʪʝʥʦʚʘ. ʅʘʚʝʜʝʥʝ ʩʫ ʥʘʿʟʥʘʯʘʿʥʠʿʝ ʦʩʦʙʠʥʝ HgTe, CdTe ʿʝʜʠˁʝˁʘ ʠ ˁʠʭʦʚʝ ʣʝʛʫʨʝ  

CdxHg1-xTe. ɿʘʪʠʤ ʿʝ ʦʧʠʩʘʥʘ ʩʪʨʫʢʪʫʨʘ ʜʦʢʪʦʨʩʢʝ ʜʠʩʝʨʪʘʮʠʿʝ ʠ ʜʘʪ ʧʨʝʛʣʝʜ ʥʘʫʯʥʠʭ 

ʜʦʧʨʠʥʦʩʘ ʧʨʝʜʩʪʘʚˀʝʥʠʭ ʫ ʦʚʦʿ ʪʝʟʠ.  

 

 

1.1 HgTe ʥʘʥʦʩʪʨʫʢʪʫʨʝ 
 

HgTe ʧʨʠʧʘʜʘ ʛʨʫʧʠ ʧʦʣʫʧʨʦʚʦʜʥʠʯʢʠʭ II -VI  ʿʝʜʠˁʝˁʘ ʟʘ ʢʦʿʝ ʿʝ ʢʘʨʘʢʪʝʨʠʩʪʠʯʥʦ ʜʘ 

ʠʤ ʚʨʝʜʥʦʩʪʠ ʝʥʝʨʛʝʪʩʢʦʛ ʧʨʦʮʝʧʘ ʣʝʞʝ ʫ ʰʠʨʦʢʦʤ ʦʧʩʝʛʫ ʠ ʢʨʝ˂ʫ ʩʝ ʦʜ ʚʨʝʜʥʦʩʪʠ  ʢʦʿʝ 

ʤʦʛʫ ʙʠʪʠ ʤʘˁʝ ʦʜ 0,02 eV, ʜʦ ʚʨʝʜʥʦʩʪʠ ʢʦʿʝ ʩʫ ʯʘʢ ʠ ʚʝ˂ʝ ʦʜ 4 eV (Bhargava, 1985). 

ʂʚʘʣʠʪʝʪ ʧʨʦʠʟʚʝʜʝʥʠʭ ʫʟʦʨʘʢʘ ʿʝ ʦʙʠʯʥʦ ʣʦʰʠʿʠ ʫ ʧʦʨʝʹʝˁʫ ʩʘ III -V ʿʝʜʠˁʝˁʠʤʘ ʠʣʠ 

ʩʠʣʠʮʠʿʫʤʦʤ (ʭʝʤʠʿʩʢʘ ʦʟʥʘʢʘ: Si) ʟʙʦʛ ʯʝʛʘ ʩʝ II-VI ʿʝʜʠˁʝˁʘ ʫʛʣʘʚʥʦʤ ʢʦʨʠʩʪʝ ʟʘ 

ʧʨʦʠʟʚʦʜˁʫ ʦʧʪʦʝʣʝʢʪʨʦʥʩʢʠʭ ʥʘʧʨʘʚʘ (Bhargava, 1985). ʀʧʘʢ, ʦʚʘ ʿʝʜʠˁʝˁʘ ʤʦʛʫ ʜʘ 

ʬʦʨʤʠʨʘʿʫ ʠ ʥʘʥʦʩʪʨʫʢʪʫʨʝ ʢʦʿʝ ʩʝ ʤʦʛʫ ʠʩʢʦʨʠʩʪʠʪʠ ʟʘ ʨʝʘʣʠʟʘʮʠʿʫ ʤʦʜʝʨʥʠʭ ʝʣʝʢʪʨʦʥʩʢʠʭ 

ʢʦʤʧʦʥʝʥʪʠ (Zhang ʠ ʩʘʨ., 2017).   

 ʀ ʧʦʨʝʜ ʠʟʨʘʞʝʥʝ ʪʦʢʩʠʯʥʦʩʪʠ ʞʠʚʝ (ʭʝʤʠʿʩʢʘ ʦʟʥʘʢʘ: Hg), ʝʣʝʢʪʨʦʥʩʢʝ ʠ ʦʧʪʠʯʢʝ 

ʦʩʦʙʠʥʝ HgTe ʤʘʩʠʚʥʦʛ ʤʘʪʝʨʠʿʘʣʘ (ʙʘʣʢʘ) ʠ ʩʫʧʝʨʨʝʰʝʪʢʠ ʩʫ ʧʦʯʝʣʝ ʚʝʦʤʘ ʨʘʥʦ ʜʘ ʩʝ 

ʧʨʦʫʯʘʚʘʿʫ (Blue, 1964; Scott, 1969; Jones ʠ ʩʘʨ., 1985; Baukus ʠ ʩʘʨ., 1986). HgTe ʩʝ ʦʜʣʠʢʫʿʝ 

ʤʘʣʦʤ ʝʬʝʢʪʠʚʥʦʤ ʤʘʩʦʤ ʠ ʚʠʩʦʢʦʤ ʚʨʝʜʥʦʰ˂ʫ ʧʦʢʨʝʪˀʠʚʦʩʪʠ ʝʣʝʢʪʨʦʥʘ. ʂʦʨʠʩʪʠ ʩʝ ʟʘ 

ʨʝʘʣʠʟʘʮʠʿʫ ʚʝʦʤʘ ʦʩʝʪˀʠʚʠʭ ʩʝʥʟʦʨʘ ʠʥʬʨʘʮʨʚʝʥʦʛ ʟʨʘʯʝˁʘ ʩʘ ʨʝʣʘʪʠʚʥʦ ʙʨʟʠʤ ʦʜʟʠʚʦʤ 

(Chu ʠ Sher, 2008). ʋ ʟʘʜˁʠʭ ʜʝʩʝʪ ʛʦʜʠʥʘ ʥʘʥʦʩʪʨʫʢʪʫʨʝ ʢʦʿʝ ʩʝ ʙʘʟʠʨʘʿʫ ʥʘ ʦʚʦʤ ʿʝʜʠˁʝˁʫ 

ʩʝ ʠʥʪʝʥʟʠʚʥʦ ʧʨʦʫʯʘʚʘʿʫ ʠ ʟʙʦʛ ˁʠʭʦʚʠʭ ʩʧʝʮʠʬʠʯʥʠʭ ʪʦʧʦʣʦʰʢʠʭ ʦʩʦʙʠʥʘ (Bernevieg ʠ 

ʩʘʨ., 2006; Kºnig ʠ ʩʘʨ., 2007B; Zhou ʠ ʩʘʨ., 2008; Yang ʠ ʩʘʨ., 2008;  Rothe ʠ ʩʘʨ., 2010; 

Guigou ʠ ʩʘʨ., 2011; Prodan, 2011; Brüne ʠ ʩʘʨ., 2011; Chen ʠ ʩʘʨ., 2012; Xu ʠ ʩʘʨ., 2013; 

Korkusinski ʠ Hawrylak, 2014; Bocquillon ʠ ʩʘʨ., 2017; Bendias ʠ ʩʘʨ., 2018; Topaloviĺ ʠ ʩʘʨ., 

2019A; Topaloviĺ ʠ ʩʘʨ., 2019; Topaloviĺ ʠ ʩʘʨ., 2020).  

HgTe ʧʦʩʝʜʫʿʝ ʠʥʚʝʨʪʦʚʘʥʠ ʟʦʥʩʢʠ ʨʘʩʧʦʨʝʜ. ʋ ʩʪʨʫʢʪʫʨʘʤʘ ʩʤʘˁʝʥʝ 

ʜʠʤʝʥʟʠʦʥʘʣʥʦʩʪʠ ʢʦʿʝ ʩʝ ʙʘʟʠʨʘʿʫ ʥʘ ʦʚʦʤ ʤʘʪʝʨʠʿʘʣʫ ʤʦʛʫ˂ʘ ʿʝ ʧʦʿʘʚʘ ʥʦʚʝ ʢʚʘʥʪʥʝ ʬʘʟʝ, 

ʜʚʦʜʠʤʝʥʟʠʦʥʦʛ (2ɼ) ʪʦʧʦʣʦʰʢʦʛ ʠʟʦʣʘʪʦʨʘ ʢʦʿʘ ʩʝ ʿʦʰ ʥʘʟʠʚʘ ʠ ʢʚʘʥʪʥʠ ʩʧʠʥʩʢʠ ʍʦʣʦʚ 
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(ʝʥʛʣ. Quantum Spin Hall; ʩʢʨ. QSH) ʠʟʦʣʘʪʦʨ. ʋʩʪʘʥʦʚˀʝʥʦ ʿʝ ʜʘ ʫ HgTe ʢʚʘʥʪʥʦʿ ʿʘʤʠ 

ʠʟʤʝʹʫ CdxHg1-xTe ʙʘʨʠʿʝʨʘ, ʜʦʣʘʟʠ ʜʦ ʧʦʿʘʚʝ ʦʚʝ ʬʘʟʝ ʧʦʜ ʦʜʨʝʹʝʥʠʤ ʫʩʣʦʚʠʤʘ (Bernevieg ʠ 

ʩʘʨ., 2006; Kºnig ʠ ʩʘʨ., 2007B). ʆʥʘ ʩʝ ʢʘʨʘʢʪʝʨʠʰʝ ʧʨʠʩʫʩʪʚʦʤ ʠʚʠʯʥʠʭ ʩʪʘˁʘ ʢʦʿʘ ʩʫ 

ʟʘʰʪʠ˂ʝʥʘ ʩʠʤʝʪʨʠʿʦʤ ʟʘʩʥʦʚʘʥʦʤ ʥʘ ʠʥʚʝʨʟʠʿʠ ʚʨʝʤʝʥʘ (Roth ʠ ʩʘʨ., 2009; Br¿ne ʠ ʩʘʨ., 

2010; Hart ʠ ʩʘʨ., 2014). ʋ ʦʚʦʿ ʬʘʟʠ ʩʪʘˁʘ ʩʫʧʨʦʪʥʠʭ ʩʧʠʥʦʚʘ ʩʝ ʢʨʝ˂ʫ ʫ ʩʫʧʨʦʪʥʠʤ 

ʩʤʝʨʦʚʠʤʘ ʜʫʞ ʥʘʥʦʩʪʨʫʢʪʫʨʝ (ʩʣ. 1.2). ʀʚʠʯʥʘ ʩʪʘˁʘ ʩʪʚʘʨʘʿʫ ʧʨʦʚʦʜʥʝ ʢʘʥʘʣʝ, ʫ ʢʦʿʠʤʘ ʩʝ 

ʝʣʝʢʪʨʦʥʠ ʢʨʝ˂ʫ ʙʝʟ ʛʫʙʠʪʢʘ ʝʥʝʨʛʠʿʝ. ʋ QSH ʩʪʘˁʫ ʩʧʠʥʩʢʘ ʍʦʣʦʚʘ ʧʨʦʚʦʜʥʦʩʪ ʠʟʥʦʩʠ 

ςὩ
Ὤ, ʜʦʢ ʿʝ ˁʝʥʘ ʚʨʝʜʥʦʩʪ ʿʝʜʥʘʢʘ ʥʫʣʠ ʢʘʜʘ ʿʝ HgTe ʢʚʘʥʪʥʘ ʿʘʤʘ ʫ ʩʪʘˁʫ ʥʦʨʤʘʣʥʦʛ 

ʠʟʦʣʘʪʦʨʘ. ʂʘʜʘ ʩʝ ʩʪʨʫʢʪʫʨʘ ʠʟʣʦʞʠ ʜʝʿʩʪʚʫ ʤʘʛʥʝʪʩʢʦʛ ʧʦˀʘ, ʪʘʜʘ ʜʦʣʘʟʠ ʜʦ ʥʘʨʫʰʘʚʘˁʘ 

ʩʠʤʝʪʨʠʿʝ ʟʘʩʥʦʚʘʥʝ ʥʘ ʠʥʚʝʨʟʠʿʠ ʚʨʝʤʝʥʘ (Hasan ʠ Kane, 2010; Qi ʠ Zhang, 2011), ʯʠʤʝ ʩʝ 

ʩʪʚʘʨʘ ʤʦʛʫ˂ʥʦʩʪ ʨʘʩʝʿʘˁʘ ʝʣʝʢʪʨʦʥʘ ʩʘ ʩʧʠʥʦʤ ʛʦʨʝ (ŷ) ʠ ʩʧʠʥʦʤ ʜʦʣʝ (Ź) ʥʘ ʠʚʠʮʘʤʘ 

ʩʪʨʫʢʪʫʨʝ (ʚʠʜʝʪʠ ʩʣ. 1.2). ɿʙʦʛ ʦʜʩʫʩʪʚʘ ʜʠʩʠʧʘʮʠʿʝ ʧʨʠ ʝʣʝʢʪʨʦʥʩʢʦʤ ʪʨʘʥʩʧʦʨʪʫ, ʦʚʘ 

ʥʘʥʦʩʪʨʫʢʪʫʨʘ ʙʠ ʧʦʪʝʥʮʠʿʘʣʥʦ ʤʦʛʣʘ ʜʘ ʩʝ ʠʩʢʦʨʠʩʪʠ ʢʘʦ ʢʦʤʧʦʥʝʥʪʘ ʥʦʚʠʭ ʠʥʪʝʛʨʠʩʘʥʠʭ 

ʝʣʝʢʪʨʦʥʩʢʠʭ ʢʦʣʘ. 

 

 
 

ʉʣʠʢʘ 1.2. ʉʧʠʥʩʢʠ ʧʦʣʘʨʠʟʦʚʘʥʘ ʠʚʠʯʥʘ ʩʪʘˁʘ QSH ʠʟʦʣʘʪʦʨʘ ʫ ʩʪʨʫʢʪʫʨʠ ʪʠʧʘ ʢʚʘʥʪʥʝ 

ʿʘʤʝ (ʘʜʘʧʪʠʨʘʥʦ ʠʟ ʨʝʬʝʨʝʥʮʝ Kºnig ʠ ʩʘʨ., 2007B). 

 

 ɿʘ ʧʦʪʨʝʙʝ ʜʝʪʝʢʮʠʿʝ ʩʚʝʪʣʦʩʪʠ ʠʟ ʙʣʠʩʢʦʛ ʠ ʩʨʝʜˁʝʛ ʠʥʬʨʘʮʨʚʝʥʦʛ ʜʝʣʘ ʩʧʝʢʪʨʘ 

ʤʦʛʫ˂ʝ ʿʝ ʢʦʨʠʩʪʠʪʠ ʢʦʣʦʠʜʥʝ HgTe ʢʚʘʥʪʥʝ ʪʘʯʢʝ (ʝʥʛʣ. Colloidal Quantum Dots-CQD) 

(Kershaw ʠ ʩʘʨ., 1999; Rogach ʠ ʩʘʨ., 2001; Keuleyan ʠ ʩʘʨ., 2014; Shen ʠ ʩʘʨ., 2017). ʉʠʥʪʝʟʘ ʫ 

ʢʦʣʦʠʜʥʠʤ ʨʘʩʪʚʦʨʠʤʘ ʿʝ ʿʝʜʥʦʩʪʘʚʥʠʿʠ ʠ ʿʝʬʪʠʥʠʿʠ ʧʦʩʪʫʧʘʢ ʫ ʦʜʥʦʩʫ ʥʘ ʫʦʙʠʯʘʿʝʥʝ ʤʝʪʦʜʝ 

ʧʨʦʠʟʚʦʜˁʝ ʢʚʘʥʪʥʠʭ ʪʘʯʘʢʘ ʢʘʦ ʰʪʦ ʩʫ ʭʝʤʠʿʩʢʘ ʜʝʧʦʟʠʮʠʿʘ ʠʟ ʧʘʨʥʝ ʬʘʟʝ (ʝʥʛʣ. Chemical 

Vapor Deposition-CVD) ʠʣʠ ʝʧʠʪʘʢʩʠʿʘ ʤʦʣʝʢʫʣʘʨʥʠʤ ʩʥʦʧʦʤ (ʝʥʛʣ. Molecular Beam Epitaxy-

MBE). ɿʙʦʛ ʪʦʛʘ CQD ʧʨʝʜʩʪʘʚˀʘʿʫ ʿʝʬʪʠʥʫ ʘʣʪʝʨʥʘʪʠʚʫ ʟʘ ʨʝʘʣʠʟʘʮʠʿʫ ʬʦʪʦʜʝʪʝʢʪʦʨʘ ʟʘ 

ʠʥʬʨʘʮʨʚʝʥʠ ʜʝʦ ʩʧʝʢʪʨʘ (Tang ʠ Lai, 2016). ʋʩʣʝʜ ʠʟʨʘʞʝʥʦʛ ʢʚʘʥʪʥʦʛ ʢʦʥʬʠʥʠʨʘˁʘ, HgTe 

CQD ʩʪʨʫʢʪʫʨʝ ʠʤʘʿʫ ʚʝ˂ʠ ʦʧʪʠʯʢʠ ʧʨʦʮʝʧ ʫ ʦʜʥʦʩʫ ʥʘ HgTe ʤʘʩʠʚʥʠ ʤʘʪʝʨʠʿʘʣ. 

ʊʝʭʥʦʣʦʰʢʠ ʫʩʣʦʚʠ ʦʜʨʝʹʫʿʫ ʜʠʤʝʥʟʠʿʫ ʬʦʨʤʠʨʘʥʠʭ ʪʘʯʘʢʘ, ʰʪʦ ʩʪʚʘʨʘ ʧʨʝʜʫʩʣʦʚ ʟʘ 

ʢʦʥʪʨʦʣʫ ʚʝʣʠʯʠʥʝ ʦʧʪʠʯʢʦʛ ʧʨʦʮʝʧʘ. ʇʦʢʘʟʘʥʦ ʿʝ ʜʘ CQD ʚʝʦʤʘ ʤʘʣʦʛ ʜʠʿʘʤʝʪʨʘ ʤʦʞʝ 

ʠʤʘʪʠ ʧʦʟʠʪʠʚʥʠ ʝʥʝʨʛʝʪʩʢʠ ʧʨʦʮʝʧ (Zhang ʠ Xia, 2006). ɸʥʘʣʠʟʦʤ ʬʘʢʪʦʨʘ ʢʦʿʠ ʫʪʠʯʫ ʥʘ 

ʬʦʪʦʣʫʤʠʥʝʩʮʝʥʮʠʿʫ ʧʨʦʥʘʹʝʥʦ ʿʝ ʜʘ HgTe CQD ʫ ʚʦʜʝʥʦʤ ʨʘʩʪʚʦʨʫ ʧʦʩʝʜʫʿʝ ʿʘʢʘ 

ʣʫʤʠʥʝʩʮʝʥʪʥʘ ʩʚʦʿʩʪʚʘ ʫ ʪʝʣʝʢʦʤʫʥʠʢʘʮʠʦʥʠʤ ʦʧʩʝʟʠʤʘ ʫ ʦʢʦʣʠʥʠ 1,3 ɛm ʠ 1,5 ɛm 

(Harrison ʠ ʩʘʨ., 1999). ɿʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦ ʧʨʦʠʟʚʝʜʝʥʝ HgTe ʥʘʥʦʢʨʠʩʪʘʣʝ (ʥʘʥʦʪʘʯʢʝ) 

ʚʝʣʠʯʠʥʝ ʦʜ 3 nm ʜʦ 6 nm ʿʝ ʜʝʤʦʥʩʪʨʠʨʘʥʘ ʚʨʝʜʥʦʩʪ ʢʚʘʥʪʥʝ ʝʬʠʢʘʩʥʦʩʪʠ ʦʜ ʯʘʢ 48% ʫ ʜʝʣʫ 

ʩʧʝʢʪʨʘ ʦʜ 800 nm ʜʦ 1400 nm (Rogach ʠ ʩʘʨ., 1999). ɼʘ ʙʠ HgTe CQD ʩʪʨʫʢʪʫʨʝ ʤʦʛʣʝ ʜʘ 

ʙʫʜʫ ʩʘʩʪʘʚʥʠ ʜʝʦ ʤʦʜʝʨʥʠʭ ʬʦʪʦʜʝʪʝʢʪʦʨʘ ʫ ʠʥʬʨʘʮʨʚʝʥʦʤ ʜʝʣʫ ʩʧʝʢʪʨʘ, ʧʦʪʨʝʙʥʦ ʿʝ 

ʨʝʰʠʪʠ ʥʝʢʦʣʠʢʦ ʧʨʦʙʣʝʤʘ. ʅʝʦʧʭʦʜʥʦ ʿʝ: 1) ʧʨʦʥʘ˂ʠ ʤʝʪʦʜ ʟʘ ʝʬʠʢʘʩʥʫ ʝʥʢʘʧʩʫʣʘʮʠʿʫ 

ʢʚʘʥʪʥʝ ʪʘʯʢʝ ʟʙʦʛ ʠʟʨʘʞʝʥʝ ʦʩʝʪˀʠʚʦʩʪʠ Hg ʥʘ ʧʦʚʠʰʝʥʠʤ ʪʝʤʧʝʨʘʪʫʨʘʤʘ, 2) ʨʝʰʠʪʠ 
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ʧʨʦʙʣʝʤ ʩʪʘʙʠʣʥʦʩʪʠ ʫ ʘʤʙʠʿʝʥʪʘʣʥʠʤ ʫʩʣʦʚʠʤʘ ʠ 3) ʨʝʜʫʢʦʚʘʪʠ ʩʪʨʫʿʫ ʤʨʘʢʘ (Jagtap ʠ ʩʘʨ., 

2018).  

 ʇʦʨʝʜ HgTe ʢʚʘʥʪʥʠʭ ʪʘʯʘʢʘ ʧʨʦʠʟʚʝʜʝʥʠ ʩʫ ʠ HgTe ʢʚʘʥʪʥʠ ʧʨʩʪʝʥʦʚʠ ʢʦʿʠ ʧʦʩʝʜʫʿʫ 

ʜʚʦʩʪʨʫʢʦ ʧʦʚʝʟʘʥʫ ʪʦʧʦʣʦʛʠʿʫ ʠ ʠʩʧʦˀʘʚʘʿʫ ʠʥʪʝʨʝʩʘʥʪʥʘ ʪʨʘʥʩʧʦʨʪʥʘ ʩʚʦʿʩʪʚʘ ʫ 

ʤʘʛʥʝʪʩʢʦʤ ʧʦˀʫ. HgTe ʢʚʘʥʪʥʠ ʧʨʩʪʝʥʦʚʠ ʩʝ ʤʦʛʫ ʠʩʢʦʨʠʩʪʠʪʠ ʟʘ ʨʝʘʣʠʟʘʮʠʿʫ ʩʧʠʥʩʢʠʭ 

ʠʥʪʝʨʬʝʨʦʤʝʪʘʨʘ (Kºnig ʠ ʩʘʨ., 2007A). HgTe ʩʪʨʫʢʪʫʨʝ ʫ ʬʦʨʤʠ ʧʨʩʪʝʥʘ ʩʫ ʧʨʦʠʟʚʝʜʝʥʝ ʫ 

HgTe/CdxHg1-xTe ʢʚʘʥʪʥʠʤ ʿʘʤʘʤʘ ʩʘ ʚʠʩʦʢʦʤ ʧʦʢʨʝʪˀʠʚʦʰ˂ʫ ʝʣʝʢʪʨʦʥʘ (König ʠ ʩʘʨ., 

2007A). ʅʘ ʩʣ. 1.3 ʿʝ ʧʨʝʜʩʪʘʚˀʝʥ ʩʢʝʥʠʨʘʿʫ˂ʠ ʝʣʝʢʪʨʦʥʩʢʠ ʤʠʢʨʦʛʨʘʬ (ʝʥʛʣ. Scanning 

Electron Micrograph-SEM)  ʿʝʜʥʦʛ ʪʘʢʚʦʛ HgTe ʧʨʩʪʝʥʘ. ʈʘʜʠʿʫʩ ʧʨʠʢʘʟʘʥʦʛ ʧʨʩʪʝʥʘ ʠʟʥʦʩʠ 1 

ɛm, ʜʦʢ ʿʝ ʰʠʨʠʥʘ ʢʦʥʪʘʢʘʪʘ 300 nm (Kºnig ʠ ʩʘʨ., 2007A). ʉʘ ʜʘˀʠʤ ʨʘʟʚʦʿʝʤ ʤʝʪʦʜʘ ʟʘ 

ʩʠʥʪʝʟʫ HgTe/CdxHg1-xTe ʢʚʘʥʪʥʠʭ ʿʘʤʘ ʦʯʝʢʫʿʝ ʩʝ ʜʘ ˂ʝ ʜʠʤʝʥʟʠʿʝ ʧʨʦʠʟʚʝʜʝʥʠʭ 

ʧʨʩʪʝʥʦʣʠʢʠʭ ʩʪʨʫʢʪʫʨʘ ʙʠʪʠ ʿʦʰ ʤʘˁʝ, ʟʙʦʛ ʯʝʛʘ ˂ʝ ʠ ʝʬʝʢʪʠ ʢʚʘʥʪʥʝ ʠʥʪʝʨʬʝʨʝʥʮʠʿʝ ʫ 

ˁʠʤʘ ʙʠʪʠ ʠʟʨʘʞʝʥʠʿʠ.   

 

 
 

ʉʣʠʢʘ 1.3. ʉʢʝʥʠʨʘʿʫ˂ʘ ʝʣʝʢʪʨʦʥʩʢʘ ʤʠʢʨʦʩʢʦʧʠʿʘ (SEM) HgTe ʢʚʘʥʪʥʦʛ ʧʨʩʪʝʥʘ ʫ 

HgTe/CdxHg1-xTe ʢʚʘʥʪʥʦʿ ʿʘʤʠ. ʇʨʩʪʝʥ ʿʝ ʤʝʟʦʩʢʦʧʩʢʠʭ ʜʠʤʝʥʟʠʿʘ ʠ ˁʝʛʦʚ ʧʨʝʯʥʠʢ ʠʟʥʦʩʠ 1 

ɛm (ʘʜʘʧʪʠʨʘʥʦ ʠʟ ʨʝʬʝʨʝʥʮʝ Kºnig ʠ ʩʘʨ., 2007A). 

 

 
 

ʉʣʠʢʘ 1.4. ʐʝʤʘʪʩʢʠ ʧʨʠʢʘʟ ʤʦʥʦʩʣʦʿʘ HgTe ʫ ʩʘ˂ʘʩʪʦʿ ʬʦʨʤʠ ʩʣʠʯʥʦʿ ʛʨʘʬʝʥʫ. ʉʘ ax ʿʝ 

ʦʟʥʘʯʝʥʦ ʨʘʩʪʦʿʘˁʝ ʠʟʤʝʹʫ ʘʪʦʤʘ ʠʩʪʝ ʚʨʩʪʝ, ay je ʨʘʩʪʦʿʘˁʝ ʠʟʤʝʹʫ ʘʪʦʤʘ ʨʘʟʣʠʯʠʪʝ ʚʨʩʪʝ, 

Ŭhex ʿʝ ʫʛʘʦ ʠʟʤʝʹʫ ʚʝʟʘ ʘʪʦʤʘ, ʜʦʢ ʿʝ ʩʘ S0 ʦʟʥʘʯʝʥʘ ʧʦʚʨʰʠʥʘ ʧʨʦʿʝʢʮʠʿʝ ʧʨʠʤʠʪʠʚʥʝ ˂ʝʣʠʿʝ 

ʥʘ x-y ʨʘʚʘʥ. ɺʝʨʪʠʢʘʣʥʦ ʨʘʩʪʦʿʘˁʝ ʠʟʤʝʹʫ Hg ʠ Te ʘʪʦʤʘ ʿʝ ʦʟʥʘʯʝʥʦ ʧʘʨʘʤʝʪʨʦʤ Ăʠʟʚʠʿʘˁʘñ 

(ʝʥʛʣ. Ăbucklingñ), h. 
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ʊʘʙʝʣʘ 1.1. ʇʨʝʛʣʝʜ ʩʪʨʫʢʪʫʨʘʣʥʠʭ ʧʘʨʘʤʝʪʨʘʨʘ ʤʦʥʦʩʣʦʿʘ HgTe: ax ʿʝ ʨʘʩʪʦʿʘˁʝ ʠʟʤʝʹʫ 

ʘʪʦʤʘ ʠʩʪʝ ʚʨʩʪʝ, ay je ʨʘʩʪʦʿʘˁʝ ʠʟʤʝʹʫ ʧʨʦʿʝʢʮʠʿʘ ʧʦʣʦʞʘʿʘ ʘʪʦʤʘ ʨʘʟʣʠʯʠʪʝ ʚʨʩʪʝ ʥʘ x-y 

ʨʘʚʘʥ, Ŭhex ʿʝ ʫʛʘʦ ʚʝʟʝ ʠʟʤʝʹʫ ʩʫʩʝʜʥʠʭ ʘʪʦʤʘ, S0 ʿʝ ʧʦʚʨʰʠʥʘ ʧʨʦʿʝʢʮʠʿʝ ʧʨʠʤʠʪʠʚʥʝ ˂ʝʣʠʿʝ 

ʥʘ x-y ʨʘʚʘʥ ʠ h ʿʝ ʚʝʨʪʠʢʘʣʥʦ ʨʘʩʪʦʿʘˁʝ ʠʟʤʝʹʫ Hg ʠ Te ʘʪʦʤʘ.  

 

ʇʘʨʘʤʝʪʘʨ ɺʨʝʜʥʦʩʪ 

ax (nm) 0,39 

ay (nm) 0,23 

h (nm) 0,09 

Ŭhex 109,47º 

S0 (nm2) 0,18 

  

ʅʝʜʘʚʥʦ ʿʝ ʤʦʜʝʣʦʚʘˁʝʤ ʬʦʥʦʥʩʢʝ ʜʠʩʧʝʨʟʠʿʝ ʤʦʥʦʩʣʦʿʘ HgTe ʫʢʘʟʘʥʦ ʥʘ ʜʠʥʘʤʠʯʢʫ 

ʩʪʘʙʠʣʥʦʩʪ ʦʚʦʛ ʤʘʪʝʨʠʿʘʣʘ ʫ 2ɼ ʬʦʨʤʠ (Zheng ʠ ʩʘʨ., 2015), ʰʪʦ ʦʪʚʘʨʘ ʤʦʛʫ˂ʥʦʩʪ 

ʨʝʘʣʠʟʘʮʠʿʝ ʠ ʪʘʥʢʦʩʣʦʿʥʠʭ HgTe ʥʘʧʨʘʚʘ. ʐʝʤʘʪʩʢʠ ʧʨʠʢʘʟ HgTe ʤʦʥʦʩʣʦʿʘ ʿʝ ʜʘʪ ʥʘ ʩʣʠʮʠ 

1.4. ʄʦʞʝ ʩʝ ʫʦʯʠʪʠ ʜʘ, ʟʘ ʨʘʟʣʠʢʫ ʦʜ ʥʘʿʧʦʟʥʘʪʠʿʝʛ 2ɼ ʤʘʪʝʨʠʿʘʣʘ ʛʨʘʬʝʥʘ, ʤʦʥʦʩʣʦʿ HgTe 

ʥʠʿʝ ʩʘʚʨʰʝʥʦ ʧʣʘʥʘʨʘʥ. ɸʪʦʤʠ Hg ʠ Te ʩʫ ʧʦʤʝʨʝʥʠ ʫ ʥʦʨʤʘʣʥʦʤ ʧʨʘʚʮʫ ʫ ʦʜʥʦʩʫ ʥʘ ʨʘʚʘʥ 

ʫ ʯʠʿʦʿ ʩʝ ʧʨʦʿʝʢʮʠʿʠ ʬʦʨʤʠʨʘ ʩʪʨʫʢʪʫʨʘ ʦʙʣʠʢʘ ʧʯʝʣʠˁʝʛ ʩʘ˂ʘ, ʩʣʠʯʥʘ ʩʪʨʫʢʪʫʨʠ ʛʨʘʬʝʥʘ. 

ʋʟʨʦʢ ʧʦʤʝʨʘˁʘ ʜʦ ʩʘʜʘ ʥʠʿʝ ʨʘʟʿʘʰˁʝʥ, ʤʘʜʘ ʩʝ ʧʨʝʪʧʦʩʪʘʚˀʘ ʜʘ ʠʤʘ ʚʝʟʝ ʩʘ ʧʨʠʩʫʩʪʚʦʤ d 

ʝʣʝʢʪʨʦʥʘ ʫ ʚʘʣʝʥʪʥʦʿ ʟʦʥʠ Hg (Zheng ʠ ʩʘʨ., 2015). ʆʚʦ ʧʦʤʝʨʘˁʝ ʿʝ ʦʧʠʩʘʥʦ Ăbucklingñ 

ʧʘʨʘʤʝʪʨʦʤ, h. ax ʿʝ ʨʘʩʪʦʿʘˁʝ ʠʟʤʝʹʫ ʘʪʦʤʘ ʠʩʪʝ ʚʨʩʪʝ, ay je ʨʘʩʪʦʿʘˁʝ ʠʟʤʝʹʫ ʧʨʦʿʝʢʮʠʿʘ 

ʧʦʣʦʞʘʿʘ ʘʪʦʤʘ ʨʘʟʣʠʯʠʪʝ ʚʨʩʪʝ (ʦʟʥʘʯʝʥʠʭ ʩʘ A ʠ B) ʥʘ x-y ʨʘʚʘʥ, Ŭhex ʿʝ ʫʛʘʦ ʚʝʟʝ ʠʟʤʝʹʫ 

ʩʫʩʝʜʥʠʭ ʘʪʦʤʘ, ʜʦʢ ʿʝ ʩʘ S0 ʦʟʥʘʯʝʥʘ ʧʦʚʨʰʠʥʘ ʧʨʦʿʝʢʮʠʿʝ ʧʨʠʤʠʪʠʚʥʝ ˂ʝʣʠʿʝ ʥʘ x-y ʨʘʚʘʥ. 

ɺʨʝʜʥʦʩʪʠ ʥʘʚʝʜʝʥʠʭ ʩʪʨʫʢʪʫʨʘʣʥʠʭ ʧʘʨʘʤʝʪʘʨʘ ʩʫ ʜʘʪʝ ʫ ʪʘʙʝʣʠ 1.1.  

 

 
 

ʉʣʠʢʘ 1.5. ʌʦʥʦʥʩʢʘ ʜʠʩʧʝʨʟʠʿʘ ʟʘ ʘʢʫʩʪʠʯʢʝ ʠ ʦʧʪʠʯʢʝ ʤʦʜʦʚʝ HgTe ʤʦʥʦʩʣʦʿʘ. ʎʨʚʝʥʘ 

ʠʩʧʨʝʢʠʜʘʥʘ ʣʠʥʠʿʘ ʧʨʝʜʩʪʘʚˀʘ ʥʫʣʪʫ ʬʨʝʢʚʝʥʮʠʿʫ ʠʩʧʦʜ ʢʦʿʝ ʩʠʩʪʝʤ ʧʦʩʪʘʿʝ ʜʠʥʘʤʠʯʢʠ 

ʥʝʩʪʘʙʠʣʘʥ (ʘʜʘʧʪʠʨʘʥʦ ʠʟ ʨʝʬʝʨʝʥʮʝ Zheng ʠ ʩʘʨ., 2015).1 

 

ʌʦʥʦʥʩʢʘ ʜʠʩʧʝʨʟʠʿʘ ʤʦʥʦʩʣʦʿʘ HgTe ʿʝ ʧʨʠʢʘʟʘʥʘ ʥʘ ʩʣ. 1.5. ʄʦʥʦʩʣʦʿ HgTe ʠʤʘ ʪʨʠ 

ʘʢʫʩʪʠʯʢʘ ʠ ʪʨʠ ʦʧʪʠʯʢʘ ʤʦʜʘ. ʉʘ ʩʣ. 1.5 ʩʝ ʿʘʩʥʦ ʚʠʜʠ ʜʘ ʥʠ ʿʝʜʘʥ ʦʜ ʤʦʜʦʚʘ ʥʝʤʘ 

ʠʤʘʛʠʥʘʨʥʫ ʬʨʝʢʚʝʥʮʠʿʫ ʰʪʦ ʫʢʘʟʫʿʝ ʥʘ ʜʦʙʨʫ ʜʠʥʘʤʠʯʢʫ ʩʪʘʙʠʣʥʦʩʪ ʦʚʦʛ ʤʘʪʝʨʠʿʘʣʘ. 

ʋʢʦʣʠʢʦ ʙʫʜʝ ʧʨʦʠʟʚʝʜʝʥ, ʤʦʥʦʩʣʦʿʥʠ HgTe ʙʠ ʠʤʘʦ ʰʠʨʦʢ ʩʧʝʢʪʘʨ ʧʨʠʤʝʥʘ ʫ ʝʣʝʢʪʨʦʥʠʮʠ, 

ʦʧʪʦʝʣʝʢʪʨʦʥʠʮʠ, ʢʘʦ ʠ ʫ ʿʘʢʦ ʢʦʨʝʣʠʩʘʥʦʿ ʝʣʝʢʪʨʦʥʠʮʠ (Zheng ʠ ʩʘʨ., 2015).   

                                                             
1 ʆʚʜʝ ʿʝ ʢʦʨʠʰ˂ʝʥʘ ʦʟʥʘʢʘ ʟʘ ʬʨʝʢʚʝʥʮʠʿʫ cm-1, ʢʦʿʘ ʩʝ ʟʘʧʨʘʚʦ ʦʜʥʦʩʠ ʥʘ ʠʥʪʝʥʟʠʪʝʪ ʪʘʣʘʩʥʦʛ ʚʝʢʪʦʨʘ ʢʦʿʠ 

ʦʜʛʦʚʘʨʘ ʟʨʘʯʝˁʫ ʜʘʪʝ ʬʨʝʢʚʝʥʮʠʿʝ ʫ ʚʘʢʫʫʤʫ. 
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1.2 ʊʝʭʥʦʣʦʛʠʿʝ ʧʨʦʠʟʚʦʜˁʝ 
 

ʆʩʦʙʠʥʝ ʥʘʥʦʩʪʨʫʢʪʫʨʘ ʟʘʚʠʩʝ ʦʜ ˁʠʭʦʚʠʭ ʜʠʤʝʥʟʠʿʘ, ʦʙʣʠʢʘ, ʤʘʪʝʨʠʿʘʣʘ ʠ 

ʪʝʭʥʦʣʦʰʢʦʛ ʧʦʩʪʫʧʢʘ ʧʦʤʦ˂ʫ ʢʦʿʝʛ ʩʫ ʥʘʧʨʘʚˀʝʥʝ. ʂʚʘʥʪʥʝ ʥʘʥʦʩʪʨʫʢʪʫʨʝ ʟʘʩʥʦʚʘʥʝ ʥʘ 

ʿʝʜʠˁʝˁʠʤʘ HgTe, CdTe ʠ ˁʠʭʦʚʠʤ ʣʝʛʫʨʘʤʘ ʨʘʟʣʠʯʠʪʝ ʜʠʤʝʥʟʠʦʥʘʣʥʦʩʪʠ ʩʝ ʥʘʿʯʝʰ˂ʝ 

ʠʟʨʘʹʫʿʫ ʝʧʠʪʘʢʩʠʿʘʣʥʠʤ ʤʝʪʦʜʘʤʘ (ʠʣʠ ʪʝʭʥʠʢʘʤʘ) ʢʦʿʝ ʩʝ ʧʦʥʝʢʘʜ ʢʦʨʠʩʪʝ ʫ ʢʦʤʙʠʥʘʮʠʿʠ 

ʩʘ ʣʠʪʦʛʨʘʬʠʿʦʤ.  

ʃʠʪʦʛʨʘʬʩʢʦ ʧʨʦʮʝʩʠʨʘˁʝ Hg(Cd)Te ʥʠʿʝ ʪʦʣʠʢʦ ʫʦʙʠʯʘʿʝʥʦ ʠ ʥʝ ʩʨʝ˂ʝ ʩʝ ʯʝʩʪʦ ʫ 

ʣʠʪʝʨʘʪʫʨʠ. ʆʙʠʯʥʦ ʩʝ ʢʦʨʠʩʪʠ ʟʘ ʜʦʜʘʪʥʦ ʩʪʨʫʢʪʫʠʨʘˁʝ ʫʟʦʨʘʢʘ ʢʦʿʠ ʩʫ ʬʦʨʤʠʨʘʥʠ ʥʝʢʦʤ 

ʜʨʫʛʦʤ ʤʝʪʦʜʦʤ. ʈʘʟʣʦʛ ʟʘ ʪʦ ʿʝ ʰʪʦ ʦʚʦ ʿʝʜʠˁʝˁʝ ʥʠʿʝ ʩʪʘʙʠʣʥʦ ʥʘ ʧʦʚʠʰʝʥʠʤ 

ʪʝʤʧʝʨʘʪʫʨʘʤʘ, ʘ ʠʩʪʦʚʨʝʤʝʥʦ Hg ʫ ʧʦʩʪʫʧʢʫ ʠʟʨʘʜʝ ʩʪʫʧʘ ʫ ʥʝʞʝˀʝʥʝ ʨʝʘʢʮʠʿʝ ʩʘ ʜʨʫʛʠʤ 

ʝʣʝʤʝʥʪʠʤʘ ʬʦʨʤʠʨʘʿʫ˂ʠ ʨʘʟʣʠʯʠʪʝ ʚʨʩʪʝ ʣʝʛʫʨʘ (Maier ʠ ʩʘʨ., 2011). ʋʤʝʩʪʦ ʩʪʘʥʜʘʨʜʥʠʭ 

ʧʦʟʠʪʠʚʥʠʭ ʦʧʪʠʯʢʠʭ ʨʝʟʠʩʪʘ, ʧʦʧʫʪ ʧʦʣʠ-ʤʝʪʠʣ ʤʝʪʘʢʨʠʣʘʪʘ (PMMA), ʢʦʨʠʩʪʝ ʩʝ 

ʘʣʪʝʨʥʘʪʠʚʥʠ ʬʦʪʦʨʝʟʠʩʪʠ ʟʘ ʦʧʪʠʯʢʫ ʣʠʪʦʛʨʘʬʠʿʫ ʠ ʣʠʪʦʛʨʘʬʠʿʫ ʝʣʝʢʪʨʦʥʩʢʠʤ ʩʥʦʧʦʤ ʥʘ 

ʪʝʤʧʝʨʘʪʫʨʘʤa ʦʜ ʦʢʦ 80 ÜC (Daumer ʠ ʩʘʨ., 2003). ʋ ʩʪʘʥʜʘʨʜʥʦʤ ʣʠʪʦʛʨʘʬʩʢʦʤ ʧʦʩʪʫʧʢʫ ʿʝ 

ʪʝʰʢʦ ʬʦʨʤʠʨʘʪʠ ʦʤʩʢʝ ʢʦʥʪʘʢʪʝ ʥʘ HgTe. ʅʘ ʧʨʠʤʝʨ, ʤʘʩʢʘ ʟʘ ʝʮʦʚʘˁʝ ʩʝ ʦʙʠʯʥʦ ʧʨʘʚʠ ʦʜ 

Ti ʢʦʿʠ ʩʪʫʧʘ ʫ ʨʝʘʢʮʠʿʫ ʩʘ Hg ʰʪʦ ʫʪʠʯʝ ʥʘ ʢʚʘʣʠʪʝʪ ʫʟʦʨʢʘ ʠ ʥʘ ʝʬʠʢʘʩʥʦʩʪ ʝʣʝʢʪʨʦʜʘ 

(Maier ʠ ʩʘʨ., 2011). ʊʦ ʿʝ ʚʝʣʠʢʠ ʧʨʦʙʣʝʤ, ʘʢʦ ʩʝ ʫʟʤʫ ʫ ʦʙʟʠʨ ʯʠˁʝʥʠʮʝ ʜʘ ʩʝ ʣʠʪʦʛʨʘʬʩʢʠʤ 

ʧʦʩʪʫʧʢʦʤ ʜʦʙʠʿʘʿʫ ʩʪʨʫʢʪʫʨʝ ʢʦʿʝ ʩʝ: 1) ʨʝʣʘʪʠʚʥʦ ʿʝʜʥʦʩʪʘʚʥʦ ʤʦʛʫ ʢʦʨʠʩʪʠʪʠ ʟʘ 

ʤʦʥʦʣʠʪʥʫ ʠʥʪʝʛʨʘʮʠʿʫ ʩʘ ʜʨʫʛʠʤ ʥʘʧʨʘʚʘʤʘ, 2) ʤʦʛʫ ʠʤʘʪʠ ʨʝʣʘʪʠʚʥʦ ʤʘʣʝ ʜʠʤʝʥʟʠʿʝ, 3) 

ʯʠʿʠ ʩʝ ʦʙʣʠʢ ʤʦʞʝ ʣʘʢʦ ʢʦʥʪʨʦʣʠʩʘʪʠ ʠ 4) ʜʘ ʿʝ ʚʝ˂ʠʥʘ ʝʢʩʧʝʨʠʤʝʥʘʪʘ ʘʜʘʧʪʠʨʘʥʘ ʟʘ 

ʩʪʨʫʢʪʫʨʝ ʧʨʦʠʟʚʝʜʝʥʝ ʧʦʤʦ˂ʫ ʣʠʪʦʛʨʘʬʠʿʝ. ɼʘ ʙʠ ʩʝ ʨʝʰʠʦ ʦʚʘʿ ʧʨʦʙʣʝʤ, ʦʙʠʯʥʦ ʩʝ ʫ 

ʣʠʪʦʛʨʘʬʩʢʦʤ ʧʦʩʪʫʧʢʫ ʫʚʦʜʠ ʜʦʜʘʪʥʠ ʢʦʨʘʢ ʫ ʢʦʿʝʤ ʩʝ Hg ʠ Ti ʨʘʟʜʚʘʿʘʿʫ ʩʣʦʿʝʤ ʩʠʣʠʮʠʿʫʤ-

ʜʠʦʢʩʠʜʘ (ʭʝʤ. ʦʟʥʘʢʘ: SiO2) (Maier ʠ ʩʘʨ., 2011). ʃʠʪʦʛʨʘʬʠʿʘ ʠ ʚʣʘʞʥʦ ʭʝʤʠʿʩʢʦ ʝʮʦʚʘˁʝ ʩʫ 

ʜʦ ʩʘʜʘ ʢʦʨʠʰ˂ʝʥʠ ʢʘʦ ʜʦʜʘʪʘʢ ʧʨʦʮʝʜʫʨʠ ʝʧʠʪʘʢʩʠʿʝ ʤʦʣʝʢʫʣʘʨʥʠʤ ʩʥʦʧʦʤ ʟʘ ʜʦʙʠʿʘˁʝ 

HgTʝ ʩʪʨʫʢʪʫʨʝ ʫ ʬʦʨʤʠ ʧʨʩʪʝʥʘ (König ʠ ʩʘʨ., 2007A). 

ɽʧʠʪʘʢʩʠʿʘʣʥʦ ʥʘʨʘʩʪʘˁʝ ʧʨʝʜʩʪʘʚˀʘ ʧʦʩʪʫʧʘʢ ʥʘʨʘʩʪʘˁʘ ʩʣʦʿʝʚʘ ʢʨʠʩʪʘʣʘ ʿʘʩʥʦ 

ʜʝʬʠʥʠʩʘʥʝ ʦʨʠʿ ʝʥʪʘʮʠʿʝ ʢʦʿʘ ʟʘʚʠʩʠ ʦʜ ʠʟʙʦʨʘ ʠ ʦʨʠʿ ʝʥʪʘʮʠʿʝ ʢʨʠʩʪʘʣʥʝ ʧʦʜʣʦʛʝ. ʆʚʘ 

ʪʝʭʥʠʢʘ ʩʝ ʥʘʿʯʝʰ˂ʝ ʢʦʨʠʩʪʠ ʟʘ ʠʟʨʘʜʫ ʩʣʦʿʝʚʠʪʠʭ ʩʪʨʫʢʪʫʨʘ ʢʦʿʝ ʩʝ ʙʘʟʠʨʘʿʫ ʥʘ HgTe. 

ʇʨʠʣʠʢʦʤ ʥʘʨʘʩʪʘˁʘ ʧʦʪʨʝʙʥʦ ʿʝ ʦʙʝʟʙʝʜʠʪʠ ʜʘ ʫʩʘʛʣʘʰʝʥʦʩʪ ʧʘʨʘʤʝʪʘʨʘ ʢʨʠʩʪʘʣʘ 

ʧʦʣʫʧʨʦʚʦʜʥʠʯʢʝ ʤʘʪʨʠʮʝ, ʥʘ ʯʠʿʦʿ ʩʝ ʧʦʚʨʰʠʥʠ ʚʨʰʠ ʥʘʨʘʩʪʘˁʝ, ʠ ʿʝʜʠˁʝˁʘ ʢʦʿʝ ʩʝ ʥʘʨʘʩʪʘ 

ʙʫʜʝ ʰʪʦ ʚʝ˂ʘ. ɿʘ HgTe ʩʝ ʦʙʠʯʥʦ ʢʦʨʠʩʪʝ ʩʣʝʜʝ˂ʝ ʤʘʪʨʠʮʝ: Si, GaAs, Ge, InSb ʠ CdxHg1-xTe. 

CdTe ʤʦʞʝ ʜʘ ʠʤʘ ʫʣʦʛʫ ʙʘʬʝʨʩʢʦʛ ʩʣʦʿʘ ʟʘ HgTe ʧʨʠʣʠʢʦʤ ʝʧʠʪʘʢʩʠʿʘʣʥʦʛ ʥʘʨʘʩʪʘˁʘ 

(Capper ʠ Garland, 2011). ʋʢʦʣʠʢʦ ʿʝʜʠˁʝˁʝ ʠ ʧʦʣʫʧʨʦʚʦʜʥʠʯʢʘ ʤʘʪʨʠʮʘ ʧʦʩʝʜʫʿʫ ʚʝʣʠʢʫ 

ʥʝʫʩʘʛʣʘʰʝʥʦʩʪ ʢʨʠʩʪʘʣʥe ʨʝʰʝʪʢe ʜʦʣʘʟʠ ʜʦ ʟʥʘʯʘʿʥʦʛ ʥʘʧʨʝʟʘˁʘ ʩʪʨʫʢʪʫʨʝ ʫ ʙʣʠʟʠʥʠ 

ʨʘʟʜʚʦʿʥʝ ʧʦʚʨʰʠ. ɿʘ ʦʚʘʢʦ ʜʦʙʠʿʝʥʝ ʥʘʥʦʩʪʨʫʢʪʫʨʝ ʢʘʨʘʢʪʝʨʠʩʪʠʯʘʥ ʿʝ ʧʨʦʙʣʝʤ ʚʝʟʘʥ ʟʘ 

ʬʦʨʤʠʨʘˁʝ ʝʣʝʢʪʨʠʯʥʠʭ ʢʦʥʪʘʢʘʪʘ. ʋ ʣʠʪʝʨʘʪʫʨʠ ʧʦʩʪʦʿʝ ʨʘʟʥʝ ʚʘʨʠʿʘʮʠʿʝ ʝʧʠʪʘʢʩʠʿʘʣʥʦʛ 

ʨʘʩʪʘ ʢʦʿʠʤʘ ʩʝ ʤʦʛʫ ʜʦʙʠʪʠ ʢʚʘʣʠʪʝʪʥʠ ʫʟʦʨʮʠ ʨʘʟʣʠʯʠʪʦʛ ʦʙʣʠʢʘ ʠ ʜʠʤʝʥʟʠʦʥʘʣʥʦʩʪʠ. ʆʚʘʿ 

ʤʝʪʦʜ ʩʝ ʥʘʿʯʝʰ˂ʝ ʢʦʨʠʩʪʠ ʟʘ ʠʟʨʘʜʫ ʢʚʘʥʪʥʠʭ ʿʘʤʘ ʠ ʩʫʧʝʨʨʝʰʝʪʢʠ (Faurie ʠ ʩʘʨ., 1982; 

Guldner ʠ ʩʘʨ., 1983; Jones ʠ ʩʘʨ., 1985; Goschenhofer ʠ ʩʘʨ., 1998; Becker ʠ ʩʘʨ., 2000; Zhang ʠ 

ʩʘʨ., 2001; Daumer ʠ ʩʘʨ., 2003; Gui ʠ ʩʘʨ., 2004; Mikhailov ʠ ʩʘʨ., 2006; Minkov ʠ ʩʘʨ., 2019), 

ʘʣʠ ʤʦʞʝ ʜʘ ʩʝ ʢʦʨʠʩʪʠ ʠ ʟʘ ʬʘʙʨʠʢʘʮʠʿʫ ʢʚʘʥʪʥʠʭ ʪʘʯʘʢʘ ʢʦʿʝ ʩʝ ʙʘʟʠʨʘʿʫ ʥʘ Hgʊʝ (Kºnig ʠ 

ʩʘʨ., 2007A).  

Hgʊʝ ʢʚʘʥʪʥʝ ʪʘʯʢʝ ʩʝ ʥʘʿʯʝʰ˂ʝ ʧʨʦʠʟʚʦʜʝ ʫ ʧʦʩʪʫʧʢʫ ʩʠʥʪʝʟʝ ʫ ʢʦʣʦʠʜʥʠʤ 

ʨʘʩʪʚʦʨʠʤʘ (Lhuillier ʠ ʩʘʨ., 2012; Kovalenko ʠ ʩʘʨ., 2006; Lhuillier ʠ ʩʘʨ., 2013; Tang ʠ ʩʘʨ., 

2018; Ackerman ʠ ʩʘʨ., 2018). ʆʥʝ ʩʝ ʨʘʩʧʦʨʝʹʫʿʫ (ʜʠʩʧʝʨʛʫʿʫ) ʫ ʤʘʪʨʠʮʫ ʜʦʤʘ˂ʠʥʘ ʢʘʦ ʰʪʦ ʿʝ 

ʩʪʘʢʣʦ ʠʣʠ ʥʝʢʘ ʜʨʫʛʘ ʚʨʩʪʘ ʢʨʠʩʪʘʣʘ. ʆʚʝ ʩʪʨʫʢʪʫʨʝ ʩʫ ʦʛʨʘʥʠʯʝʥʝ ʦʤʦʪʘʯʝʤ ʢʦʿʠ ʩʣʫʞʠ ʟʘ 

ʧʘʩʠʚʠʟʘʮʠʿʫ ʧʦʚʨʰʠʥʝ. ʆʤʦʪʘʯ ʠʤʘ ʫʣʦʛʫ ʤʝʜʠʿʘʪʦʨʘ ʠʟʤʝʹʫ ʢʚʘʥʪʥʝ ʪʘʯʢʝ ʠ ʩʧʦˀʘʰʥʝ 

ʩʨʝʜʠʥʝ. ʆʜ ʢʚʘʣʠʪʝʪʘ ʠ ʦʩʦʙʠʥʘ ʦʤʦʪʘʯʘ ʟʘʚʠʩʠ ʠ ʫʩʧʝʰʥʦʩʪ ʠʥʪʝʛʨʘʮʠʿʝ ʦʚʝ ʚʨʩʪʝ 

ʢʚʘʥʪʥʠʭ ʪʘʯʘʢʘ ʫ ʜʨʫʛʝ ʩʠʩʪʝʤʝ. ʆʤʦʪʘʯʠ ʩʝ ʦʙʠʯʥʦ ʬʦʨʤʠʨʘʿʫ ʦʜ ʦʨʛʘʥʩʢʠʭ ʤʦʣʝʢʫʣʘ. 

 ʋ ʦʚʦʿ ʩʝʢʮʠʿʠ ˂ʝ ʧʨʚʦ ʙʠʪʠ ʦʙʿʘʰˁʝʥʠ ʥʘʿʯʝʰ˂ʠ ʧʦʩʪʫʧʮʠ ʥʘʨʘʩʪʘˁʘ ʤʘʩʠʚʥʠʭ 

(ʙʘʣʢʦʚʩʢʠʭ) ʫʟʦʨʘʢʘ CdxHg1-xTe ʤʦʥʦʢʨʠʩʪʘʣʘ. ɿʘʪʠʤ ˂ʝ ʙʠʪʠ ʧʨʝʜʩʪʘʚˀʝʥʝ ʝʧʠʪʘʢʩʠʿʘʣʥʝ 
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ʤʝʪʦʜʝ ʫ ʦʢʚʠʨʫ ʢʦʿʠʭ ʿʝ ʤʦʛʫ˂ʝ ʧʨʦʠʟʚʝʩʪʠ ʢʚʘʥʪʥʝ ʿʘʤʝ ʙʘʟʠʨʘʥʝ ʥʘ HgTe ʤʘʪʝʨʠʿʘʣʫ. ʅʘ 

ʢʨʘʿʫ ˂ʝ ʙʠʪʠ ʦʙʿʘʰˁʝʥ ʧʦʩʪʫʧʘʢ ʩʠʥʪʝʟʝ HgTe ʢʚʘʥʪʥʠʭ ʪʘʯʘʢʘ ʫ ʢʦʣʦʠʜʥʠʤ ʨʘʩʪʚʦʨʠʤʘ.  

 

 

1.2.1 ʀʟʨʘʜʘ CdxHg1-xTe ʤʘʩʠʚʥʠʭ ʫʟʦʨʘʢʘ 

 

ʄʘʩʠʚʥʠ ʧʦʣʫʧʨʦʚʦʜʥʠʢ ʩʝ ʢʦʨʠʩʪʠ ʢʘʦ ʧʦʜʣʦʛʘ ʥʘ ʢʦʿʦʿ ʩʝ ʥʘʨʘʩʪʘʿʫ ʠʣʠ ʩʝ ʫ ˁʦʿ 

ʬʦʨʤʠʨʘʿʫ ʩʣʦʿʝʚʠ ʝʣʝʢʪʨʦʥʩʢʠʭ/ʦʧʪʦʝʣʝʢʪʨʦʥʩʢʠʭ ʢʦʤʧʦʥʝʥʘʪʘ. ʅʘʿʯʝʰ˂ʝ ʢʦʨʠʰ˂ʝʥ 

ʤʘʩʠʚʘʥ ʧʦʣʫʧʨʦʚʦʜʥʠʯʢʠ ʫʟʦʨʘʢ ʟʘ ʬʦʨʤʠʨʘˁʝ ʥʘʥʦʩʪʨʫʢʪʫʨʥʠʭ ʩʠʩʪʝʤʘ ʥʘ ʙʘʟʠ HgTe je 

CdxHg1-xTe ʣʝʛʫʨʘ. ʈʘʟʣʦʛ ʟʘ ʪʦ ʿʝ ʪʝʤʧʝʨʘʪʫʨʩʢʘ ʩʪʘʙʠʣʥʦʩʪ ʦʚʝ ʣʝʛʫʨʝ ʫ ʧʦʨʝʹʝˁʫ ʩʘ HgTe. 

ʇʨʦʤʝʥʦʤ ʚʨʝʜʥʦʩʪʠ ʤʦʣʘʨʥʦʛ ʫʜʝʣʘ (ὼ) ʤʦʛʫ˂ʝ ʿʝ ʧʦʜʝʰʘʚʘʪʠ ˁʝʥʘ ʝʣʝʢʪʨʦʥʩʢʘ ʩʚʦʿʩʪʚʘ 
ʰʪʦ ʿʝ ʦʜ ʚʝʣʠʢʦʛ ʟʥʘʯʘʿʘ ʩʘ ʩʪʘʥʦʚʠʰʪʘ ʧʨʠʤʝʥʝ ʫ ʦʧʪʦʝʣʝʢʪʨʦʥʠʮʠ (Capper ʠ ʩʘʨ., 2004). 

ʇʨʚʦ ˂ʝ ʙʠʪʠ ʧʨʝʜʩʪʘʚˀʝʥʝ ʪʨʘʜʠʮʠʦʥʘʣʥʝ ʪʝʭʥʠʢʝ ʥʘʨʘʩʪʘˁʘ ʤʘʩʠʚʥʠʭ ʤʘʪʝʨʠʿʘʣʘ ʢʦʿʠ ʩʝ 

ʙʘʟʠʨʘʿʫ ʥʘ CdxHg1-xTe. ʅʘʨʘʩʪʘˁʝ ʤʦʞʝ ʙʠʪʠ ʠʟ ʧʘʨʥʝ ʬʘʟʝ ʠ ʠʟ ʪʝʯʥʝ ʬʘʟʝ. ɿʘ CdxHg1-xTe 

ʤʘʩʠʚʥʝ ʫʟʦʨʢʝ ʩʝ ʥʘʿʯʝʰ˂ʝ ʢʦʨʠʩʪʠ ʪʝʭʥʠʢʘ ʨʘʩʪʘ ʠʟ ʪʝʯʥʝ ʬʘʟʝ (Capper ʠ Garland, 2011). ʋ 

ʦʢʚʠʨʫ ʦʚʝ ʪʝʭʥʠʢʝ ʜʦʣʘʟʠ ʜʦ ʪʦʧˀʝˁʘ ʠ ʧʨʝʣʘʩʢʘ ʯʚʨʩʪʦʛ ʘʛʨʝʛʘʪʥʦʛ ʩʪʘˁʘ ʫ ʪʝʯʥʦ. ʏʚʨʩʪʦ 

ʘʛʨʝʛʘʪʥʦ ʩʪʘˁʝ ʩʝ ʦʜʣʠʢʫʿʝ ʚʠʩʦʢʠʤ ʩʪʝʧʝʥʦʤ ʧʨʦʩʪʦʨʥʝ ʫʨʝʹʝʥʦʩʪʠ ʦʩʥʦʚʥʠʭ ʩʪʨʫʢʪʫʨʥʠʭ 

ʿʝʜʠʥʠʮʘ ʠ ʩʪʨʫʢʪʫʨʘʣʥʦʤ ʩʠʤʝʪʨʠʿʦʤ. ʋ ʧʨʦʮʝʩʫ ʪʦʧˀʝˁʘ ʜʦʣʘʟʠ ʜʦ ʧʦʚʝ˂ʘˁʘ ʫʥʫʪʨʘʰˁʝ 

ʝʥʝʨʛʠʿʝ, ʧʨʠ ʯʝʤʫ ʘʪʦʤʠ ʥʘʧʫʰʪʘʿʫ ʩʚʦʿʝ ʨʘʚʥʦʪʝʞʥʝ ʧʦʣʦʞʘʿʝ ʫ ʢʨʠʩʪʘʣʥʦʿ ʨʝʰʝʪʢʠ. 

ɼʦʚʦʹʝˁʝ ʪʦʧʣʦʪʝ ʥʝʦʧʭʦʜʥʝ ʟʘ ʬʘʟʥʠ ʧʨʝʣʘʟ ʩʝ ʦʙʠʯʥʦ ʧʦʩʪʠʞʝ ʟʘʛʨʝʚʘˁʝʤ. ʂʘʜʘ 

ʤʘʪʝʨʠʿʘʣʠ ʫ ʯʚʨʩʪʦʤ ʘʛʨʝʛʘʪʥʦʤ ʩʪʘˁʫ ʜʦʩʪʠʛʥʫ ʪʘʣʠʰʪʝ (ʪʝʤʧʝʨʘʪʫʨʫ ʪʦʧˀʝˁʘ), ˁʠʭʦʚʘ 

ʤʦʣʝʢʫʣʘʨʥʘ ʩʪʨʫʢʪʫʨʘ ʧʨʝʣʘʟʠ ʠʟ ʯʚʨʩʪʦʛ ʫ ʪʝʯʥʦ ʘʛʨʝʛʘʪʥʦ ʩʪʘˁʝ. ʋ ʥʘʩʪʘʚʢʫ ˂ʝ, ʫ ʢʨʘʪʢʠʤ 

ʮʨʪʘʤʘ, ʙʠʪʠ ʧʨʠʢʘʟʘʥʝ ʪʨʠ ʦʩʥʦʚʥʝ ʪʝʭʥʠʢʝ ʨʘʩʪʘ ʤʘʩʠʚʥʠʭ CdxHg1-xTe ʫʟʦʨʘʢʘ ʠʟ ʪʝʯʥʝ 

ʬʘʟʝ: 1) ɹʨʠ˅ʤʘʥʦʚ ʤʝʪʦʜ (ʝʥʛʣ. Bridgman), 2) ʄʝʪʦʜ ʧʫʪʫʿʫ˂ʝʛ ʛʨʝʿʘʯʘ (ʝʥʛʣ. Traveling 

Heater Method-THM) ʠ 3) ʄʝʪʦʜ ʧʦʥʦʚˀʝʥʝ ʢʨʠʩʪʘʣʠʟʘʮʠʿʝ (ʝʥʛʣ. Solid State 

Recrystallization-SSR). 

 

 
1.2.1.1 ɹʨʠ˅ʤʘʥʦʚ ʤʝʪʦʜ 

 

ɹʨʠ˅ʤʘʥʦʚ ʤʝʪʦʜ (Bridgman, 1925) ʧʨʝʜʩʪʘʚˀʘ ʧʨʦʮʝʩ ʚʝʰʪʘʯʢʝ ʩʠʥʪʝʟʝ ʢʨʠʩʪʘʣʘ ʠ 

ʧʨʠʧʘʜʘ ʛʨʫʧʠ ʤʝʪʦʜʘ ʫ ʢʦʿʠʤʘ ʜʦʣʘʟʠ ʜʦ ʠʟʤʝʥʝ ʠʟʤʝʹʫ ʯʚʨʩʪʦʛ ʠ ʪʝʯʥʦʛ ʘʛʨʝʛʘʪʥʦʛ ʩʪʘˁʘ. 

ʇʨʝʜʩʪʘʚˀʘ ʿʝʜʥʫ ʦʜ ʥʘʿʩʪʘʨʠʿʠʭ ʠ ʥʘʿʟʥʘʯʘʿʥʠʿʠʭ ʤʝʪʦʜʘ ʟʘ ʠʟʨʘʜʫ ʤʘʩʠʚʥʠʭ CdxHg1-xTe 

ʫʟʦʨʘʢʘ. ʏʝʩʪʦ ʩʝ ʥʘʟʠʚʘ ʠ ɹʨʠ˅ʤʘʥ-ʉʪʦʢʙʘʨʛʝʨʦʚʦʤ (ʝʥʛʣ. Bridgman-Stockbarger) ʤʝʪʦʜʦʤ, ʩ 

ʦʙʟʠʨʦʤ ʥʘ ʚʝʣʠʢʠ ʜʦʧʨʠʥʦʩ ʘʤʝʨʠʯʢʦʛ ʬʠʟʠʯʘʨʘ ʉʪʦʢʙʘʨʛʝʨʘ ʦʚʦʿ ʤʝʪʦʜʠ ʢʦʿʠ ʩʝ ʦʜʥʦʩʠ ʥʘ 

ʫʚʦʹʝˁʝ ʤʦʜʠʬʠʢʘʮʠʿʘ ʟʘ ʫʥʘʧʨʝʹʝˁʝ ʢʦʥʪʨʦʣʝ ʛʨʘʜʠʿʝʥʪʘ ʪʝʤʧʝʨʘʪʫʨʝ ʫ ʢʦʤʦʨʠ 

(Stockbarger, 1936). ʂʨʠʩʪʘʣ ʥʘʨʘʩʪʘ ʠʟ ʨʘʩʪʦʧʘ, ʩʣʠʯʥʦ ʢʘʦ ʠ ʫ ʯʝʩʪʦ ʢʦʨʠʰ˂ʝʥʦʿ ʏʦʭʨʘʣʩʢʠ 

(ʯʝʰ. Czochralski) ʤʝʪʦʜʠ (Czochralski, 1918). ɿʘ ʫʩʧʝʰʥʫ ʩʠʥʪʝʟʫ ʢʨʠʩʪʘʣʘ ʦʚʦʤ ʤʝʪʦʜʦʤ 

ʥʝʦʧʭʦʜʥʦ ʿʝ ʧʦʟʥʘʚʘʪʠ ʬʘʟʥʠ ʜʠʿʘʛʨʘʤ ʧʩʝʫʜʦʙʠʥʘʨʥʦʛ ʩʠʩʪʝʤʘ HgTe-CdTe (Ray ʠ Spencer, 

1967). ʆʚʘʿ ʜʠʿʘʛʨʘʤ ʦʤʦʛʫ˂ʘʚʘ ʙʦˀʝ ʨʘʟʫʤʝʚʘˁʝ ʧʨʦʮʝʩʘ ʥʘʨʘʩʪʘˁʘ ʫ ʦʢʚʠʨʫ ʢʦʿʝʛ ʩʝ ʤʦʞʝ 

ʤʝˁʘʪʠ ʚʨʝʜʥʦʩʪ ʤʦʣʘʨʥʦʛ ʫʜʝʣʘ (ὼ) Cd ʫ CdxHg1-xTe ʣʝʛʫʨʠ, ʯʠʤʝ ʩʝ ʧʦʜʝʰʘʚʘʿʫ 

ʝʣʝʢʪʨʦʥʩʢʝ ʠ ʦʧʪʠʯʢʝ ʦʩʦʙʠʥʝ ʢʨʠʩʪʘʣʘ. ʌʘʟʥʠ ʜʠʿʘʛʨʘʤʠ ʧʨʝʜʩʪʘʚˀʘʿʫ ʤʝʹʫʩʦʙʥʫ 

ʟʘʚʠʩʥʦʩʪ ʠʟʤʝʹʫ ʪʝʤʧʝʨʘʪʫʨʝ (T), ʧʨʠʪʠʩʢʘ (p) ʠ ʤʦʣʘʨʥʦʛ ʫʜʝʣʘ (ὼ). ʉʘ ˁʠʭ ʩʝ ʦʯʠʪʘʚʘʿʫ 
ʚʨʝʜʥʦʩʪʠ ʫʥʫʪʨʘʰˁʠʭ ʠ ʩʧʦˀʥʠʭ ʧʘʨʘʤʝʪʘʨʘ ʧʦʜ ʢʦʿʠʤʘ ʩʝ ʪʝʨʤʦʜʠʥʘʤʠʯʢʠ ʨʘʟʣʠʯʠʪʝ 

ʬʘʟʝ ʧʦʿʘʚˀʫʿʫ ʠ ʢʦʝʛʟʠʩʪʠʨʘʿʫ ʫ ʩʪʘˁʫ ʨʘʚʥʦʪʝʞʝ (ʝʢʚʠʣʠʙʨʠʿʫʤʘ). ʉʘʩʪʘʚʥʠ ʜʝʦ ʬʘʟʥʦʛ 

ʜʠʿʘʛʨʘʤʘ ʩʫ ʣʠʥʠʿʝ ʨʘʚʥʦʪʝʞʝ ʢʦʿʝ ʦʟʥʘʯʘʚʘʿʫ ʫʩʣʦʚʝ ʧʦʜ ʢʦʿʠʤʘ ʬʘʟʝ ʤʦʛʫ ʜʘ ʢʦʝʛʟʠʩʪʠʨʘʿʫ 

ʫ ʨʘʚʥʦʪʝʞʥʦʤ ʩʪʘˁʫ. ʌʘʟʥʠ ʧʨʝʣʘʟʠ ʩʝ ʦʜʚʠʿʘʿʫ ʜʫʞ ʣʠʥʠʿʘ ʨʘʚʥʦʪʝʞʝ. ʅʘ ʩʣ. 1.6 (ʘ) ʠ (ʙ) ʩʫ 

ʧʨʠʢʘʟʘʥʠ (T-x) ʠ (p-ʊ) ʬʘʟʥʠ ʜʠʿʘʛʨʘʤʠ ʟʘ ʧʩʝʫʜʦʙʠʥʘʨʥʠ ʩʠʩʪʝʤ HgTe-CdTe, ʨʝʜʦʤ. ʉʘ ʩʣ. 

1.6 (ʘ) ʩʝ ʤʦʞʝ ʚʠʜʝʪʠ ʠʟʨʘʞʝʥʦ ʨʘʟʜʚʘʿʘˁʝ ʯʚʨʩʪʝ ʠ ʪʝʯʥʝ ʬʘʟʝ ʠʟʤʝʹʫ HgTe ʠ CdTe ʫ 

ʦʙʣʘʩʪʠ ʪʝʨʤʦʜʠʥʘʤʠʯʢʝ ʨʘʚʥʦʪʝʞʝ ʰʪʦ ʧʨʝʜʩʪʘʚˀʘ ʦʛʨʘʥʠʯʘʚʘʿʫ˂ʠ ʬʘʢʪʦʨ ʧʨʠʣʠʢʦʤ 

ʥʘʨʘʩʪʘˁʘ ʢʨʠʩʪʘʣʘ (Ray ʠ Spencer, 1967). ʅʘ ʩʣ. 1.6 (ʙ) ʿʝ ʧʨʠʢʘʟʘʥ (p-ʊ) ʬʘʟʥʠ ʜʠʿʘʛʨʘʤ ʟʘ 

ʨʘʟʣʠʯʠʪʝ ʚʨʝʜʥʦʩʪʠ ʤʦʣʘʨʥʦʛ ʫʜʝʣʘ ὼ. ʀʟʥʘʜ PºHg ʣʠʥʠʿʝ Hg ʿʝ ʫ ʧʘʨʥʦʿ ʬʘʟʠ. ʃʠʥʠʿʝ ʥʘ 
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ʜʠʿʘʛʨʘʤʫ ʧʨʝʜʩʪʘʚˀʘʿʫ ʧʨʠʪʠʩʢʝ Hg ʥʘ ʢʦʿʠʤʘ ʿʝ ʯʚʨʩʪʠ ʨʘʩʪʚʦʨʘʢ ʫʚʝʢ ʫ ʨʘʚʥʦʪʝʞʠ ʩʘ 

ʪʝʯʥʦʤ ʠ/ʠʣʠ ʛʘʩʦʚʠʪʦʤ ʬʘʟʦʤ ʟʘ ʜʘʪʫ ʚʨʝʜʥʦʩʪ ʤʦʣʘʨʥʦʛ ʫʜʝʣʘ (Capper ʠ ʩʘʨ., 2004). 

 

 
 

ʉʣʠʢʘ 1.6. (ʘ) (T-x) ʜʠʿʘʛʨʘʤ ʟʘ ʧʩʝʫʜʦʙʠʥʘʨʥʠ ʩʠʩʪʝʤ HgTe-CdTe (ʘʜʘʧʪʠʨʘʥʦ ʠʟ ʨʝʬʝʨʝʥʮʝ 

Capper ʠ Garland, 2011) ʠ (ʙ) (p-ʊ) ʜʠʿʘʛʨʘʤ ʟʘ CdxHg1-xTe ʣʝʛʫʨʫ (ʘʜʘʧʪʠʨʘʥʦ ʠʟ ʨʝʬʝʨʝʥʮʝ 

Capper ʠ ʩʘʨ., 2004).  

 

 

 
 

ʉʣʠʢʘ 1.7. ʐʝʤʘʪʩʢʠ ʧʨʠʢʘʟ ʘʧʘʨʘʪʫʨʝ ʟʘ ʥʘʨʘʩʪʘˁʝ ʢʨʠʩʪʘʣʘ ʧʦʤʦ˂ʫ ɹʨʠ˅ʤʘʥʦʚʦʛ ʤʝʪʦʜʘ ʠ 

ʪʝʤʧʝʨʘʪʫʨʩʢʠ ʧʨʦʬʠʣ ʜʫʞ ʘʤʧʫʣʝ (ʘʜʘʧʪʠʨʘʥʦ ʠʟ ʨʝʬʝʨʝʥʮʝ Chu ʠ Sher, 2008).  

 

 ʐʝʤʘʪʩʢʠ ʧʨʠʢʘʟ ʘʧʘʨʘʪʫʨʝ ʢʦʿʘ ʩʝ ʢʦʨʠʩʪʠ ʟʘ ʚʝʨʪʠʢʘʣʥʦ ʥʘʨʘʩʪʘˁʝ ʢʨʠʩʪʘʣʘ 

ʧʦʤʦ˂ʫ ɹʨʠ˅ʤʘʥʦʚʝ ʤʝʪʦʜʝ ʿʝ ʜʘʪ ʥʘ ʩʣ. 1.7. ʉʠʩʪʝʤ ʩʝ ʩʘʩʪʦʿʠ ʦʜ ʧʝ˂ʠ (ʢʦʤʦʨʝ) ʫ ʢʦʿʦʿ ʩʝ 

ʥʘʣʘʟʠ ʢʚʘʨʮʥʠ ʣʦʥʯʠ˂ (ʘʤʧʫʣʘ). ʂʚʘʨʮʥʘ ʘʤʧʫʣʘ ʿʝ ʢʨʫʪʦ ʧʦʚʝʟʘʥʘ ʩʘ ʨʦʪʘʮʠʦʥʠʤ 

ʜʠʩʢʦʚʠʤʘ ʢʦʿʠ ʩʝ ʤʦʛʫ ʧʦʤʝʨʘʪʠ ʠ ʫ ʘʢʩʠʿʘʣʥʦʤ ʧʨʘʚʮʫ. ʋ ʜʦˁʠ ʜʝʦ ʘʤʧʫʣʝ ʩʝ ʫʙʘʮʫʿʝ ʧʘʨʯʝ 

ʤʦʥʦʢʨʠʩʪʘʣʘ. ʆʨʠʿʝʥʪʘʮʠʿʘ ʤʦʥʦʢʨʠʩʪʘʣʘ ʦʜʨʝʹʫʿʝ ʢʨʠʩʪʘʣʦʛʨʘʬʩʢʠ ʧʨʘʚʘʮ ʥʘʨʘʩʪʘˁʘ 

ʤʘʩʠʚʥʦʛ ʫʟʦʨʢʘ. ʋ ʘʤʧʫʣʫ ʩʝ ʪʘʢʦʹʝ ʫʚʦʜʠ ʧʦʣʠʢʨʠʩʪʘʣʥʠ ʤʘʪʝʨʠʿʘʣ ʢʦʿʠ ʩʝ ʧʨʝʪʚʘʨʘ ʫ 
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ʨʘʩʪʦʧ, ʿʝʨ ʩʝ ʥʘʣʘʟʠ ʫ ʟʦʥʠ ʧʦʚʠʰʝʥʝ ʪʝʤʧʝʨʘʪʫʨʝ ʢʦʿʫ ʩʪʚʘʨʘ ʧʝ˂ ʫ ʢʦʿʦʿ ʿʝ ʫʙʘʯʝʥʘ ʢʚʘʨʮʥʘ 

ʘʤʧʫʣʘ. ʇʨʦʩʪʦʨ ʠʟʤʝʹʫ ʤʦʥʦʢʨʠʩʪʘʣʘ ʠ ʧʦʣʠʢʨʠʩʪʘʣʥʦʛ ʨʘʩʪʦʧʘ ʿʝ ʦʜʚʦʿʝʥ ʧʨʝʛʨʘʜʦʤ ʜʘ ʙʠ 

ʩʝ ʦʩʠʛʫʨʘʣʘ ʪʝʨʤʠʯʢʘ ʠʟʦʣʘʮʠʿʘ (Capper, 2017). ʇʦʣʠʢʨʠʩʪʘʣ ʩʝ ʨʘʩʪʘʧʘ ʫ ʦʙʣʘʩʪʠ ʚʠʩʦʢʝ 

ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʜʦʚʦʜʠ ʫ ʢʦʥʪʘʢʪ ʩʘ ʤʦʥʦʢʨʠʩʪʘʣʦʤ. ʋ ʦʙʣʘʩʪʠ ʢʦʥʪʘʢʪʘ ʚʨʰʥʠ ʜʝʣʦʚʠ 

ʤʦʥʦʢʨʠʩʪʘʣʘ ʫʣʘʟʝ ʫ ʧʨʦʮʝʩ ʪʦʧˀʝˁʘ ʯʠʤʝ ʩʝ ʬʦʨʤʠʨʘ ʤʝʹʫʧʦʚʨʰʠʥʘ ʟʘ ʥʘʨʘʩʪʘˁʝ. ʅʘ 

ʤʝʹʫʧʦʚʨʰʠʥʠ ʿʝ ʧʦʪʨʝʙʥʦ ʦʩʪʚʘʨʠʪʠ ʚʠʩʦʢ ʪʝʤʧʝʨʘʪʫʨʩʢʠ ʛʨʘʜʠʿʝʥʪ ʫ ʘʢʩʠʿʘʣʥʦʤ ʧʨʘʚʮʫ ʠ 

ʠʩʪʦʚʨʝʤʝʥʦ ʦʙʝʟʙʝʜʠʪʠ ʥʝʟʥʘʪʥʝ ʪʝʤʧʝʨʘʪʫʨʩʢʝ ʧʨʦʤʝʥʝ ʫ ʨʘʜʠʿʘʣʥʦʤ ʧʨʘʚʮʫ (Capper, 

2017). 

 

 
 

ʉʣʠʢʘ 1.8. ʇʨʝʥʦʩ ʪʦʧʣʦʪʝ ʫ ʦʙʣʘʩʪʠ ʨʘʩʪʘ ʥʘ ʤʝʹʫʧʦʚʨʰʠʥʠ ʠʟʤʝʹʫ ʨʘʩʪʚʦʨʘ ʠ ʢʨʠʩʪʘʣʘ.  

 

 ɼʠʨʝʢʮʠʦʥʘ ʢʨʠʩʪʘʣʠʟʘʮʠʿʘ ʩʝ ʚʨʰʠ ʩʧʦʨʠʤ ʧʦʤʝʨʘˁʝʤ ʣʦʥʯʠ˂ʘ ʢʘ ʦʙʣʘʩʪʠ ʧʝ˂ʥʠʮʝ 

ʩʘ ʥʠʞʦʤ ʪʝʤʧʝʨʘʪʫʨʦʤ. ʈʘʩʪʦʧ ʥʘ ʤʝʹʫʧʦʚʨʰʠ ʧʨʚʠ ʜʦʣʘʟʠ ʫ ʦʙʣʘʩʪ ʥʠʞʝ ʪʝʤʧʝʨʘʪʫʨʝ ʥʘ 

ʢʦʿʦʿ ʜʦʣʘʟʠ ʜʦ ʧʨʝʣʘʩʢʘ ʠʟ ʪʝʯʥʦʛ ʫ ʯʚʨʩʪʦ ʩʪʘˁʝ. ʇʨʠ ʧʨʝʣʘʩʢʫ ʫ ʯʚʨʩʪʦ ʩʪʘˁʝ ʥʘʨʘʩʣʠ ʩʣʦʿ 

ʠʤʘ ʩʪʨʫʢʪʫʨʫ ʢʦʿʘ ʿʝ ʠʜʝʥʪʠʯʥʘ ʤʦʥʦʢʨʠʩʪʘʣʫ. ʐʝʤʘʪʩʢʠ ʧʨʠʢʘʟ ʧʨʦʮʝʩʘ ʥʘʨʘʩʪʘˁʘ ʿʝ ʜʘʪ 

ʥʘ ʩʣ. 1.8. ɼʠʥʘʤʠʢʘ ʨʘʩʪʘ ʿʝ ʫʩʣʦʚˀʝʥʘ ʥʘʯʠʥʦʤ ʨʘʩʧʦʜʝʣʝ ʪʦʧʣʦʪʝ ʫ ʧʝ˂ʥʠʮʠ. ʅʝʢʘ ʿʝ 

Ὠὗ Ὠὸϳ  ʢʦʣʠʯʠʥʘ ʪʦʧʣʦʪʝ ʫ ʿʝʜʠʥʠʮʠ ʚʨʝʤʝʥʘ ʢʦʿʘ ʩʝ ʧʨʝʥʝʩʝ ʦʜ ʧʦʣʠʢʨʠʩʪʘʣʥʦʛ ʨʘʩʪʦʧʘ ʜʦ 

ʤʝʹʫʧʦʚʨʰʠʥʝ, Ὠὗ Ὠὸϳ  ʢʦʣʠʯʠʥʘ ʪʦʧʣʦʪʝ ʫ ʿʝʜʠʥʠʮʠ ʚʨʝʤʝʥʘ ʢʦʿʘ ʩʝ ʧʨʝʥʝʩʝ ʦʜ 

ʤʝʹʫʧʦʚʨʰʠʥʝ ʜʦ ʤʦʥʦʢʨʠʩʪʘʣʘ, ʘ Ὠὗ Ὠὸϳ  ʧʨʦʤʝʥʘ ʢʦʣʠʯʠʥʝ ʪʦʧʣʦʪʝ ʢʦʿʘ ʩʝ ʦʩʣʦʙʦʜʠ ʥʘ 

ʤʝʹʫʧʦʚʨʰʠ ʧʨʠ ʧʨʝʣʘʩʢʫ ʠʟ ʪʝʯʥʦʛ ʫ ʯʚʨʩʪʦ ʩʪʘˁʝ. ɸʢʦ ʩʝ ʩʘ S ʦʟʥʘʯʠ ʧʦʚʨʰʠʥʘ ʛʨʘʥʠʯʥʝ 

ʦʙʣʘʩʪʠ ʠʟʤʝʹʫ ʯʚʨʩʪʝ ʠ ʪʝʯʥʝ ʬʘʟʝ, ʪʘʜʘ ʩʝ ʥʘʚʝʜʝʥʝ ʪʦʧʣʦʪʝ ʫ ʿʝʜʠʥʠʮʠ ʚʨʝʤʝʥʘ ʜʝʬʠʥʠʰʫ 

ʥʘ ʩʣʝʜʝ˂ʠ ʥʘʯʠʥ (Capper ʠ Garland, 2011):  

 
Ὠὗ
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ὨὝ

Ὠᾀ
ȟ                                                                   ρȢςȢρ 
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ȟ                                                                 ρȢςȢς 
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Ὠὸ
ὒ
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Ὠὸ
ὒ
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”Ὓᾀὒ”Ὓ
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Ὠὸ
Ȣ                                               ρȢςȢσ 

 

ʋ ʿʝʜʥʘʯʠʥaʤʘ (1.2.1-1.2.3), ὨᾀὨὸϳ  ʧʨʝʜʩʪʘʚˀʘ ʙʨʟʠʥʫ ʨʘʩʪʘ, ” ʿʝ ʛʫʩʪʠʥʘ ʤʦʥʦʢʨʠʩʪʘʣʘ, Ὧ ʠ 

Ὧ  ʩʫ ʪʦʧʣʦʪʥʝ ʧʨʦʚʦʜʥʦʩʪʠ, ὒ ʿʝ ʣʘʪʝʥʪʥʘ ʪʦʧʣʦʪʘ, ʘ ὨὝὨᾀϳ  ʠ ὨὝὨᾀϳ  ʩʫ ʘʢʩʠʿʘʣʥʠ 

ʪʝʤʧʝʨʘʪʫʨʩʢʠ ʛʨʘʜʠʿʝʥʪʠ, ʨʘʩʪʦʧʘ ʠ ʤʦʥʦʢʨʠʩʪʘʣʘ, ʨʝʜʦʤ. ɸʢʦ ʩʝ ʧʨʝʪʧʦʩʪʘʚʠ 

ʿʝʜʥʦʜʠʤʝʥʟʠʦʥʠ ʪʦʢ ʪʦʧʣʦʪʝ ʠ ʧʨʠʤʝʥʠ ʟʘʢʦʥ ʦʜʨʞʘˁʘ ʝʥʝʨʛʠʿʝ ʜʦʙʠʿʘ ʩʝ ʩʣʝʜʝ˂ʘ ʿʝʜʥʘʯʠʥʘ 

(Capper ʠ Garland, 2011):  
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ʀʟ ʿʝʜʥʘʯʠʥʝ (1.2.5) ʩʝ ʤʦʞʝ ʟʘʢˀʫʯʠʪʠ ʜʘ, ʧʦʨʝʜ ʬʠʟʠʯʢʠʭ ʦʩʦʙʠʥʘ ʤʘʪʝʨʠʿʘʣʘ, ʥʘ ʙʨʟʠʥʫ 

ʥʘʨʘʩʪʘˁʘ ʢʨʠʩʪʘʣʘ ʫ ʟʥʘʯʘʿʥʦʿ ʤʝʨʠ ʫʪʠʯʫ ʠ ʘʢʩʠʿʘʣʥʠ ʪʝʤʧʝʨʘʪʫʨʩʢʠ ʛʨʘʜʠʿʝʥʪʠ ʫ ʨʘʩʪʦʧʫ 

ʠ ʤʦʥʦʢʨʠʩʪʘʣʫ. ʂʘʜʘ ʿʝ ὨὝὨᾀϳ π ʙʨʟʠʥʘ ʥʘʨʘʩʪʘˁʘ ʿʝ ʤʘʩʢʠʤʘʣʥʘ. ʂʦʥʮʝʥʪʨʘʮʠʿʘ 
ʜʠʩʣʦʢʘʮʠʿʘ ʢʦʿʝ ʩʝ ʿʘʚˀʘʿʫ ʫ ʢʨʠʩʪʘʣʫ ʿʝ ʚʝ˂ʘ ʦʜ 104 cm-2, ʜʦʢ ʿʝ ʙʨʟʠʥʘ ʥʘʨʘʩʪʘˁʘ ʫ ʦʧʩʝʛʫ 

0,1-30 mm/h (Capper, 2017). 

 

 
1.2.1.2 ʄʝʪʦʜ ʧʫʪʫʿʫ˂ʝʛ ʛʨʝʿʘʯʘ 

 

ʄʝʪʦʜ ʧʫʪʫʿʫ˂ʝʛ ʛʨʝʿʘʯʘ (ʝʥʛʣ. Traveling Heater Method, ʩʢʨ. THM) ʠʣʠ ʊʨʠʙʫʣʝʦʚ 

(ʬʨʘʥʮ. Triboulet) ʤʝʪʦʜ je ʿ ʝʜʥʘ ʦʜ ʥʘʿʧʦʧʫʣʘʨʥʠʿʠʭ ʪʝʭʥʠʢʘ ʟʘ ʥʘʨʘʩʪʘˁʝ II-VI ʢʨʠʩʪʘʣʘ ʢʦʿʘ 

ʩʝ ʦʜʚʠʿʘ ʫ ʫʩʣʦʚʠʤʘ ʩʥʠʞʝʥʝ ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʧʨʠʪʠʩʢʘ. ʆʚʘ ʪʝʭʥʠʢʘ ʿʝ ʩʣʠʯʥʘ ʪʝʭʥʠʮʠ 

ʣʝʙʜʝ˂ʝ ʟʦʥʝ (ʝʥʣʛ. Floating Zone, ʩʢʨ. FZ) ʢʦʿʘ ʩʝ ʢʦʨʠʩʪʠ ʟʘ ʧʨʦʠʟʚʦʜˁʫ ʩʠʣʠʮʠʿʫʤʘ. 

ʇʦʤʦ˂ʫ ʦʚʦʛ ʤʝʪʦʜʘ ʜʦʙʠʿʘʿʫ ʩʝ ʫʟʦʨʮʠ ʚʠʩʦʢʝ ʯʠʩʪʦ˂ʝ, ʩʘ ʨʝʣʘʪʠʚʥʦ ʤʘʣʠʤ ʙʨʦʿʝʤ ʜʝʬʝʢʘʪʘ, 

ʰʪʦ ʿʝ ʨʝʟʫʣʪʘʪ ʩʤʘˁʝʥʦʛ ʩʪʚʘʨʘˁʘ ʠ ʧʨʦʧʘʛʘʮʠʿʝ ʜʠʩʣʦʢʘʮʠʿʘ (Benz ʠ Müller, 1979; Colombo 

ʠ ʩʘʨ., 1988; Gille ʠ ʩʘʨ., 1993; Triboulet ʠ Marfaing, 1981; Senchenkov ʠ ʩʘʨ., 1999; Triboulet, 

2015). ɿʘ ʠʤʧʣʝʤʝʥʪʘʮʠʿʫ ʤʝʪʦʜʘ ʩʝ ʢʦʨʠʩʪʠ ʿʝʜʥʦʩʪʘʚʥʘ ʠ ʿʝʬʪʠʥʘ ʘʧʘʨʘʪʫʨʘ. ɿʘ ʨʘʟʣʠʢʫ ʦʜ 

ɹʨʠ˅ʤʘʥʦʚʦʛ ʤʝʪʦʜʘ, ʧʦʪʨʝʙʥʦ ʿʝ ʢʦʥʪʨʦʣʠʩʘʪʠ ʚʝʣʠʢʠ ʙʨʦʿ ʪʝʭʥʦʣʦʰʢʠʭ ʧʘʨʘʤʝʪʘʨʘ ʟʙʦʛ 

ʯʝʛʘ ʿʝ ʨʝʘʣʠʟʘʮʠʿʘ ʩʘʤʦʛ ʧʨʦʮʝʩʘ ʟʘʭʪʝʚʥʘ. ɼʘ ʙʠ ʩʝ ʩʧʨʝʯʠʣʦ Ăʩʫʧʝʨʭʣʘʹʝˁʝñ ʥʝʦʧʭʦʜʥʦ ʿʝ 

ʨʝʘʣʠʟʦʚʘʪʠ ʩʪʨʤʠ ʪʝʤʧʝʨʘʪʫʨʩʢʠ ʛʨʘʜʠʿʝʥʪ ʫ ʟʦʥʠ ʨʘʩʪʘ ʢʨʠʩʪʘʣʘ (Capper, 2017).  

 

 
 

ʉʣʠʢʘ 1.9. ʐʝʤʘʪʩʢʠ ʧʨʠʢʘʟ ʦʧʨʝʤʝ ʟʘ ʥʘʨʘʩʪʘˁʝ ʢʨʠʩʪʘʣʘ THM ʤʝʪʦʜʦʤ (ʘʜʘʧʪʠʨʘʥʦ ʠʟ 

ʨʝʬʝʨʝʥʮʝ Capper, 2017).  



11 
 

ʇʨʠʥʮʠʧʩʢʘ ʰʝʤʘ THM ʤʝʪʦʜʘ ʿʝ ʧʨʝʜʩʪʘʚˀʝʥʘ ʥʘ ʩʣ. 1.9. ʉʣʠʯʥʦ ʢʘʦ ʫ ɹʨʠ˅ʤʘʥʦʚʦʿ 

ʤʝʪʦʜʠ ʠ ʦʚʜʝ ʩʝ ʢʦʨʠʩʪʠ ʣʦʥʯʠ˂ (ʘʤʧʫʣʘ) ʫ ʢʦʿʦʿ ʩʝ ʚʨʰʠ ʥʘʨʘʩʪʘˁʝ CdxHg1-xTe ʢʨʠʩʪʘʣʘ. 

ʀʥʠʮʠʿʘʣʥʦ, ʫ ʘʤʧʫʣʠ ʩʝ ʥʘʣʘʟʠ  ʧʦʣʠʢʨʠʩʪʘʣʥʠ ʤʘʪʝʨʠʿʘʣ ʫ ʯʚʨʩʪʦʤ ʘʛʨʝʛʘʪʥʦʤ ʩʪʘˁʫ ʢʦʿʠ 

ʩʝ ʿʦʰ ʟʦʚʝ ʠ ʠʟʚʦʨʥʠ ʤʘʪʝʨʠʿʘʣ. ʆʥ ʩʝ ʟʘʛʨʝʚʘ ʧʦʤʦ˂ʫ ʛʨʝʿʘʯʘ ʨʝʣʘʪʠʚʥʦ ʫʩʢʦʛ 

ʪʝʤʧʝʨʘʪʫʨʩʢʦʛ ʧʨʦʬʠʣʘ ʢʦʿʠ ʤʦʞʝ ʜʘ ʤʝˁʘ ʧʦʟʠʮʠʿʫ. ɿʘʛʨʝʚʘˁʝʤ ʩʝ ʩʪʚʘʨʘ ʟʦʥʘ ʪʦʧˀʝˁʘ 

ʢʦʿʘ ʩʝ ʧʦʤʝʨʘ ʢʨʦʟ ʠʟʚʦʨʥʠ ʤʘʪʝʨʠʿʘʣ. ʋ ʚʨʰʥʦʤ ʜʝʣʫ ʟʦʥʝ ʪʦʧˀʝˁʘ ʜʦʣʘʟʠ ʜʦ ʨʘʩʪʚʘʨʘˁʘ 

ʠʟʚʦʨʥʦʛ ʤʘʪʝʨʠʿʘʣʘ ʢʦʿʠ ʩʝ ʦʥʜʘ ʜʝʧʦʥʫʿʝ ʫ ʜʦˁʝʤ ʜʝʣʫ ʠʩʪʝ ʟʦʥʝ ʫʩʣʝʜ ʨʝʣʘʪʠʚʥʦʛ ʢʨʝʪʘˁʘ 

ʛʨʝʿʘʯʘ ʫ ʦʜʥʦʩʫ ʥʘ ʘʤʧʫʣʫ. ʊʨʘʥʩʧʦʨʪ ʤʘʪʝʨʠʿʘʣʘ ʩʝ ʚʨʰʠ ʜʠʬʫʟʠʿʦʤ ʠ ʢʦʥʚʝʢʮʠʿʦʤ ʟʙʦʛ 

ʧʦʩʪʦʿʘˁʘ ʪʝʤʧʝʨʘʪʫʨʩʢʦʛ ʛʨʘʜʠʿʝʥʪʘ ʫ ʟʦʥʠ ʪʦʧˀʝˁʘ (Capper ʠ Garland, 2011; Triboulet, 

2015). ʇʨʝʜʥʦʩʪ ʦʚʦʛ ʤʝʪʦʜʘ ʿʝ ʫ ʪʦʤʝ ʰʪʦ ʩʝ ʨʘʩʪ ʢʨʠʩʪʘʣʘ ʜʝʰʘʚʘ ʥʘ ʪʝʤʧʝʨʘʪʫʨʘʤʘ ʠʩʧʦʜ 

ʪʝʤʧʝʨʘʪʫʨʝ ʢʨʠʩʪʘʣʠʟʘʮʠʿʝ (Capper, 2017). ʂʘʦ ʠ ʫ ɹʨʠ˅ʤʘʥʦʚʦʿ ʤʝʪʦʜʠ ʠ ʦʚʜʝ ʩʝ ʤʦʞʝ 

ʢʦʥʪʨʦʣʠʩʘʪʠ ʢʨʠʩʪʘʣʦʛʨʘʬʩʢʠ ʧʨʘʚʘʮ ʥʘʨʘʩʪʘˁʘ ʫʚʦʹʝˁʝʤ ʤʦʥʦʢʨʠʩʪʘʣʘ ʥʘ ʜʥʦ ʘʤʧʫʣʝ ʢʘʦ 

ʩʫʧʩʪʨʘʪʘ ʟʘ ʥʘʨʘʩʪʘˁʝ. ɿʘ ʨʘʟʣʠʢʫ ʦʜ ɹʨʠ˅ʤʘʥʦʚʦʛ ʤʝʪʦʜʘ, THM ʤʝʪʦʜʦʤ ʩʝ ʧʨʦʠʟʚʦʜʝ 

ʢʨʠʩʪʘʣʠ ʚʝ˂ʝʛ ʜʠʿʘʤʝʪʨʘ (Triboulet, 2015; Capper, 2017). ʋ THM ʤʝʪʦʜʫ ʯʝʩʪʦ ʜʦʣʘʟʠ ʜʦ 

ʧʦʿʘʚʝ Ăʩʫʧʝʨʭʣʘʹʝˁʘñ ʫ ʟʦʥʠ ʪʦʧˀʝˁʘ ʢʦʿʘ ʤʦʞʝ ʜʘ ʜʦʚʝʜʝ ʜʦ ʧʦʿʘʚʝ ʥʝʩʪʘʙʠʣʥʦʩʪʠ ʥʘ 

ʧʦʚʨʰʠʥʠ ʥʘʨʘʩʪʘˁʘ (Triboulet, 2015). ɼʦʜʘʪʥʠ ʥʝʜʦʩʪʘʪʘʢ ʿʝ ʫ ʪʦʤʝ ʰʪʦ ʢʦʥʮʝʥʪʨʘʮʠʿʘ 

ʥʝʯʠʩʪʦ˂ʘ ʫ ʢʨʠʩʪʘʣʫ ʨʘʩʪʝ ʩʘ ʚʨʝʤʝʥʦʤ ʫ ʪʦʢʫ ʧʨʦʮʝʩʘ ʥʘʨʘʩʪʘˁʘ ʢʨʠʩʪʘʣʘ (Capper, 2017). 

ɼʦʜʘʪʥʫ ʥʝʧʦʚʦˀʥʦʩʪ ʧʨʝʜʩʪʘʚˀʘ ʯʠˁʝʥʠʮʘ ʜʘ, ʧʦʨʝʜ ʪʝʤʧʝʨʘʪʫʨʝ, ʠ ʜʨʫʛʠ ʧʘʨʘʤʝʪʨʠ ʤʦʛʫ 

ʜʘ ʫʪʠʯʫ ʥʘ ʙʨʟʠʥʫ ʥʘʨʘʩʪʘˁʘ (Capper, 2017).  

 

 
1.2.1.3 ʄʝʪʦʜ ʧʦʥʦʚˀʝʥʝ ʢʨʠʩʪʘʣʠʟʘʮʠʿʝ 

 

ʄʝʪʦʜ ʧʦʥʦʚˀʝʥʝ ʢʨʠʩʪʘʣʠʟʘʮʠʿʝ (ʝʥʛʣ. Solid State Recrystallization, ʩʢʨ. SSR) 

ʧʨʝʜʩʪʘʚˀʘ ʪʝʭʥʠʢʫ ʥʘʨʘʩʪʘˁʘ ʠʟ ʯʚʨʩʪʝ ʬʘʟʝ ʥʘ ʪʝʤʧʝʨʘʪʫʨʘʤʘ ʙʣʠʩʢʠʤ ʪʘʯʢʠ ʪʦʧˀʝˁʘ 

(Vere ʠ ʩʘʨ., 1982; Schmit, 1983; Colombo ʠ ʩʘʨ., 1985; Schaake ʠ ʩʘʨ., 1985; Tregilgas ʠ ʩʘʨ., 

1985; Williams ʠ Vere, 1987; Sharma ʠ ʩʘʨ., 1989; Sharma ʠ ʩʘʨ., 1993; Tregilgas, 1994; Capper 

ʠ Garland, 2011). ʂʨʠʩʪʘʣ CdxHg1-xTe ʩʝ ʬʦʨʤʠʨʘ ʫ ʧʨʦʮʝʩʠʤʘ Ăʛʘʰʝˁʘñ ʠ Ăʞʘʨʝˁʘñ. ɻʘʰʝˁʝ 

ʿʝ ʪʠʧ ʤʝʭʘʥʠʯʢʝ ʦʙʨʘʜʝ ʫ ʢʦʿʝʤ ʜʦʣʘʟʠ ʜʦ ʙʨʟʦʛ ʭʣʘʹʝˁʘ ʤʘʪʝʨʠʿʘʣʘ ʫ ʫˀʫ, ʚʦʜʠ ʠʣʠ 

ʚʘʟʜʫʭʫ. ɹʨʟʠʤ ʭʣʘʹʝˁʝʤ ʩʝ ʩʧʨʝʯʘʚʘʿʫ ʥʝʞʝˀʝʥʠ ʧʨʦʮʝʩʠ ʥʘ ʩʥʠʞʝʥʠʤ ʪʝʤʧʝʨʘʪʫʨʘʤʘ ʯʠʤʝ 

ʩʝ ʧʦʙʦˀʰʘʚʘʿʫ ʩʚʦʿʩʪʚʘ ʤʘʪʝʨʠʿʘʣʘ. ʉʘ ʜʨʫʛʝ ʩʪʨʘʥʝ, ʞʘʨʝˁʝ ʿʝ ʩʫʧʨʦʪʘʥ ʧʨʦʮʝʩ ʫ ʢʦʿʝʤ ʩʝ 

ʤʘʪʝʨʠʿʘʣ ʟʘʛʨʝʚʘ ʠ ʦʙʠʯʥʦ ʩʝ ʦʜʚʠʿʘ ʥʘ ʪʝʤʧʝʨʘʪʫʨʘʤʘ ʢʦʿʝ ʩʫ ʙʣʠʩʢʝ ʪʘʯʢʠ ʪʦʧˀʝˁʘ HgTe 

(Tregilgas, 1994). ʆʚʘ ʪʝʭʥʠʢʘ ʩʝ ʥʘʿʯʝʰ˂ʝ ʢʦʨʠʩʪʠ ʟʘ ʧʨʦʠʟʚʦʜˁʫ ʠʥʜʫʩʪʨʠʿʩʢʠʭ CdxHg1-xTe 

ʢʨʠʩʪʘʣʘ ʟʙʦʛ ʩʚʦʿʝ ʿʝʜʥʦʩʪʘʚʥʦʩʪʠ ʠ ʨʝʣʘʪʠʚʥʦ ʤʘʣʠʭ ʪʨʦʰʢʦʚʘ ʟʘ ʨʝʘʣʠʟʘʮʠʿʫ (Triboulet, 

2003). SSR ʤʝʪʦʜ ʩʝ ʦʜʚʠʿʘ ʫ ʥʝʢʦʣʠʢʦ ʬʘʟʘ (Tregilgas, 1994): 

¶ ʧʨʠʧʨʝʤʘ ʯʠʩʪʠʭ ʝʣʝʤʝʥʘʪʘ Hg, Cd ʠ Te ʠ ˁʠʭʦʚʦ ʝʥʢʘʧʩʫʣʠʨʘˁʝ ʫ ʘʤʧʫʣʫ, 

¶ ʬʦʨʤʠʨʘˁʝ ʣʝʛʫʨʝ ʦʜ ʯʠʩʪʠʭ ʝʣʝʤʝʥʘʪʘ ʥʘʢʦʥ ʯʝʛʘ ʩʣʝʜʠ ʧʦʩʪʫʧʘʢ ʛʘʰʝˁʘ, 

¶ ʞʘʨʝˁʝ ʩʘ ʥʦʚʦʤ ʢʨʠʩʪʘʣʠʟʘʮʠʿʦʤ (ʧʦʥʦʚˀʝʥʘ ʢʨʠʩʪʘʣʠʟʘʮʠʿʘ) ʠ 

¶ ʞʘʨʝˁʝ ʫ Hg ʧʘʨʠ ʥʘʢʦʥ ʜʨʫʛʝ ʢʨʠʩʪʘʣʠʟʘʮʠʿʝ. 

ʋ ʧʦʯʝʪʥʦʿ ʬʘʟʠ ʩʝ ʧʨʠʧʨʝʤʘ ʘʤʧʫʣʘ ʟʘ ʩʤʝʰʪʘˁʝ ʤʘʪʝʨʠʿʘʣʘ. ʆʥʘ ʩʝ ʦʙʠʯʥʦ ʠʟʨʘʹʫʿʝ 

ʦʜ ʧʨʠʨʦʜʥʦʛ ʠʣʠ ʩʠʥʪʝʪʠʯʢʦʛ ʢʚʘʨʮʘ. ʆʩʥʦʚʥʘ ʢʦʤʧʦʥʝʥʪʘ ʢʚʘʨʮʘ ʿʝ SiO2 ʢʦʿʠ ʧʦʩʝʜʫʿʝ 

ʭʝʢʩʘʛʦʥʘʣʥʫ ʨʦʤʙʦʝʜʘʨʩʢʫ ʢʨʠʩʪʘʣʥʫ ʩʪʨʫʢʪʫʨʫ. ɼʝʙˀʠʥʘ ʟʠʜʦʚʘ ʘʤʧʫʣʝ ʩʝ ʧʘʞˀʠʚʦ 

ʧʦʜʝʰʘʚʘ. ɿʘ ʠʥʪʝʨʥʠ ʧʨʝʯʥʠʢ ʘʤʧʫʣʝ ʦʜ 8 mm-12,5 mm ʜʝʙˀʠʥʘ ʟʠʜʦʚʘ ʠʤʘ ʚʨʝʜʥʦʩʪʠ ʦʜ 2 

mm-3 mm (Capper ʠ Garland, 2011). ʅʘʢʦʥ ʧʘʞˀʠʚʦʛ ʦʜʘʙʠʨʘ ʘʤʧʫʣʝ ʫ ʢʦʿʦʿ ˂ʝ ʩʝ ʥʘʨʘʩʪʘʪʠ 

ʤʘʪʝʨʠʿʘʣ, ʫ ˁʫ ʩʝ ʩʤʝʰʪʘʿʫ ʯʠʩʪʠ ʝʣʝʤʝʥʪʠ Hg, Cd ʠ Te. ʇʦʜ ʪʝʨʤʠʥʦʤ Ăʯʠʩʪʠñ ʧʦʜʨʘʟʫʤʝʚʘ 

ʩʝ ʜʘ ʩʫ ʠʟ ʦʚʠʭ ʝʣʝʤʝʥʘʪʘ ʫʢʣʦˁʝʥʠ ʦʢʩʠʜʠ. ʇʦʜʝʰʘʚʘˁʝʤ ʢʦʣʠʯʠʥʘ ʝʥʢʘʧʩʫʣʠʨʘʥʠʭ 

ʝʣʝʤʝʥʘʪʘ ʩʝ ʧʦʜʝʰʘʚʘ ʚʨʝʜʥʦʩʪ ʤʦʣʘʨʥʦʛ ʫʜʝʣʘ Cd ʫ CdxHg1-xTe ʣʝʛʫʨʠ. ɿʘ ʨʘʟʣʠʯʠʪʝ 

ʚʨʝʜʥʦʩʪʠ ʤʦʣʘʨʥʦʛ ʫʜʝʣʘ (ὼ), ʪʘʯʢʝ ʪʦʧˀʝˁʘ ʠ ʢʨʠʩʪʘʣʠʟʘʮʠʿʝ ʩʚʦʿʩʪʚʘ CdxHg1-xTe ʣʝʛʫʨʝ 

ʤʦʛʫ ʫ ʟʥʘʯʘʿʥʦʿ ʤʝʨʠ ʜʘ ʚʘʨʠʨʘʿʫ (Tregilgas, 1994). ɾʝˀʝʥʠ ʤʦʣʘʨʥʠ ʫʜʝʦ ʜʝʬʠʥʠʰʝ 

ʦʧʪʠʯʢʘ ʩʚʦʿʩʪʚʘ ʤʘʪʝʨʠʿʘʣʘ ʠ ʪʝʤʧʝʨʘʪʫʨʩʢʠ ʦʧʩʝʛ ʫ ʢʦʿʝʤ ˂ʝ ʩʝ ʚʨʰʠʪʠ ʧʨʦʮʝʩ ʥʘʨʘʩʪʘˁʘ. 

ʆʜʘʙʨʘʥʠ ʝʣʝʤʝʥʪʠ ʩʝ ʩʿʝʜʠˁʘʚʘʿʫ ʫ ʘʤʧʫʣʠ ʪʦʢʦʤ ʧʨʦʮʝʩʘ ˁʠʭʦʚʦʛ ʪʦʧˀ ʝˁʘ, ʘ ʤʝʰʘˁʝ ʩʝ 

ʧʦʩʪʠʞʝ ʧʦʤʝʨʘˁʝʤ (ˀʫˀʘˁʝʤ) ʘʤʧʫʣʝ ʧʦʤʦ˂ʫ ʤʝʭʘʥʠʟʤʘ ʢʦʿʠ ʿʝ ʧʨʠʢʘʟʘʥ ʥʘ ʩʣ. 1.10. 
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ʅʘʢʦʥ ʩʿʝʜʠˁʘʚʘˁʘ ʝʣʝʤʝʥʘʪʘ ʫ ʘʤʧʫʣʠ ʧʨʝʣʘʟʠ ʩʝ ʫ ʜʨʫʛʫ ʬʘʟʫ ʧʦʩʪʫʧʢʘ. ʋ ʦʢʚʠʨʫ ʦʚʝ ʬʘʟʝ 

ʩʧʨʦʚʦʜʠ ʩʝ ʧʦʩʪʫʧʘʢ ʛʘʰʝˁʘ ʫ ʢʦʿʝʤ ʩʝ ʥʘʛʣʦ ʩʥʠʞʘʚʘ ʪʝʤʧʝʨʘʪʫʨʘ CdxHg1-xTe ʨʘʩʪʦʧʘ. 

ɹʨʟʠʤ ʩʥʠʞʘʚʘˁʝʤ ʪʝʤʧʝʨʘʪʫʨʝ ʨʘʩʪʦʧ ʧʨʝʣʘʟʠ ʫ ʯʚʨʩʪʦ ʘʛʨʝʛʘʪʥʦ ʩʪʘˁʝ ʯʠʤʝ ʩʝ ʜʦʙʠʿʘ 

ʧʦʣʠʢʨʠʩʪʘʣʥʠ CdxHg1-xTe ʩʘ ʤʠʢʨʦʩʪʨʫʢʪʫʨʘʣʥʠʤ ʥʝʭʦʤʦʛʝʥʦʩʪʠʤʘ ʢʦʿʝ ʩʫ ʧʦʩʣʝʜʠʮʘ 

ʧʦʿʘʚʝ Ăʜʝʥʜʨʠʪʩʢʦʛ ʩʤʨʟʘʚʘˁʘñ (Triboulet, 2003). ɿʙʦʛ ʪʦʛʘ ʩʝ ʧʨʝʣʘʟʠ ʥʘ ʪʨʝ˂ʫ ʬʘʟʫ ʫ ʢʦʿʦʿ 

ʩʝ ʚʨʰʠ ʞʘʨʝˁʝ ʜʝʥʜʨʠʪʩʢʦʛ ʧʦʣʠʢʨʠʪʘʣʥʦʛ CdxHg1-xTe ʫʟʦʨʢʘ. 

 

 
 

ʉʣʠʢʘ 1.10. ʐʝʤʘʪʩʢʠ ʧʨʠʢʘʟ ʘʧʘʨʘʪʫʨʝ ʟʘ ʩʿʝʜʠˁʘʚʘˁʝ ʝʣʝʤʝʥʘʪʘ Hg, Cd ʠ Te ʫ ʧʨʦʮʝʩʫ 

ʥʘʨʘʩʪʘˁʘ CdxHg1-xTe ʢʨʠʩʪʘʣʘ SSR ʤʝʪʦʜʦʤ (ʘʜʘʧʪʠʨʘʥʦ ʠʟ ʨʝʬʝʨʝʥʮʝ Capper ʠ Garland, 

2011).   

 

ɾʘʨʝˁʝ ʩʝ ʚʨʰʠ ʫ ʦʧʩʝʛʫ ʪʝʤʧʝʨʘʪʫʨʘ ʫ ʦʢʦʣʠʥʠ ʪʘʯʢʝ ʪʦʧˀʝˁʘ HgTe (650 ºC-680 ºC). Oʚʦ ʿʝ 

ʧʦʩʪʫʧʘʢ ʢʦʿʠ ʪʨʘʿʝ ʦʢʦ ʩʝʜʘʤ ʜʘʥʘ, ʪʦʢʦʤ ʢʦʿʝʛ ʩʝ ʧʨʠʤʝ˂ʫʿʝ ʥʘʩʪʘʥʘʢ ʢʨʠʩʪʘʣʥʠʭ ʟʨʥʘ ʠ 

ʭʦʤʦʛʝʥʠʟʘʮʠʿʘ ʜʝʥʜʨʠʪʩʢʝ ʩʪʨʫʢʪʫʨʝ. ʅʘ ʦʚʘʿ ʥʘʯʠʥ ʩʝ ʜʦʙʠʿʘ ʭʦʤʦʛʝʥʠ CdxHg1-xTe ʢʨʠʩʪʘʣ 

p-ʪʠʧʘ. ʅʘ ʢʨʘʿʫ, ʫ ʦʢʚʠʨʫ ʯʝʪʚʨʪʝ ʬʘʟʝ ʧʦʥʦʚʥʠʤ ʞʘʨʝˁʝʤ ʭʦʤʦʛʝʥʦʛ ʫʟʦʨʢʘ ʫ Hg ʧʘʨʠ, 

ʜʦʙʠʿʘ ʩʝ CdxHg1-xTe ʧʦʣʫʧʨʦʚʦʜʥʠʢ n-ʪʠʧʘ. ɾʘʨʝˁʝ ʫ ʯʝʪʚʨʪʦʿ ʬʘʟʠ ʩʝ ʚʨʰʠ ʥʘ 

ʪʝʤʧʝʨʘʪʫʨʘʤʘ ʦʜ 200 ºC-300 ºC (Tregilgas, 1994).  

 

 

1.2.2 ɽʧʠʪʘʢʩʠʿʘʣʥʝ ʤʝʪʦʜʝ ʨʘʩʪʘ ʩʣʦʿʝʚʠʪʠʭ ʩʪʨʫʢʪʫʨʘ 

 

ɽʧʠʪʘʢʩʠʿʘ ʿʝ ʧʨʦʮʝʩ ʫ ʢʦʿʝʤ ʜʦʣʘʟʠ ʜʦ ʢʦʥʪʨʦʣʠʩʘʥʦʛ ʩʿʝʜʠˁʘʚʘˁʘ ʚʠʰʝ ʤʘʪʝʨʠʿʘʣʘ ʫ 

ʚʝʰʪʘʯʢʝ ʩʪʨʫʢʪʫʨʝ ʩʘ ʧʨʝʮʠʟʥʦʰ˂ʫ ʥʘ ʘʪʦʤʩʢʦʤ ʥʠʚʦʫ (Faurie ʠ Million, 1981; Faurie  ʠ ʩʘʨ., 

1982; So ʠ ʩʘʨ., 1990; Koguchi ʠ ʩʘʨ., 1991; Monterrat ʠ ʩʘʨ., 1992; Oehling ʠ ʩʘʨ., 1996; Yang ʠ 

ʩʘʨ., 1999; Schlom ʠ ʩʘʨ., 2001; Zhou ʠ ʩʘʨ.,2003; Schlom ʠ ʩʘʨ., 2008; Mattox, 2010). ʈʝʯ 

ʝʧʠʪʘʢʩʠʿʘ ʚʦʜʠ ʧʦʨʝʢʣʦ ʦʜ ʜʚʝ ʛʨʯʝ ʨʝʯʠ έ́ ɑ ʰʪʦ ʫ ʧʨʝʚʦʜʫ ʟʥʘʯʠ Ăʥʘñ ʠʣʠ Ăʧʨʝʢʦñ ʠ ŰɎɝɘɠ 

ʰʪʦ ʟʥʘʯʠ Ăʫʨʝʹʝʥʦ ʨʘʟʤʝʰʪʘˁʝñ. ʈʘʟʚʠʿʝʥʘ ʿʝ ʟʘ ʧʦʪʨʝʙʝ ʠʥʜʫʩʪʨʠʿʝ ʧʦʣʫʧʨʦʚʦʜʥʠʢʘ ʠ 

ʥʘʿʯʝʰ˂ʝ ʩʝ ʢʦʨʠʩʪʠ ʟʘ ʬʦʨʤʠʨʘˁʝ ʩʣʦʿʝʚʠʪʠʭ ʩʪʨʫʢʪʫʨʘ ʫ ʝʣʝʢʪʨʦʥʩʢʠʤ ʠ ʬʦʪʦʥʩʢʠʤ 

ʩʠʩʪʝʤʠʤʘ. ɽʧʠʪʘʢʩʠʿʘʣʥʠ ʩʣʦʿʝʚʠ ʩʝ ʜʝʧʦʥʫʿʫ ʥʘ ʧʦʣʫʧʨʦʚʦʜʥʠʯʢʫ ʤʘʪʨʠʮʫ ʠʣʠ ʩʫʧʩʪʨʘʪ. 

ʇʨʠ ʪʦʤʝ, ʦʚʠ ʩʣʦʿʝʚʠ ʤʦʛʫ ʠʤʘʪʠ ʠʩʪʠ ʠʣʠ ʨʘʟʣʠʯʠʪ ʭʝʤʠʿʩʢʠ ʩʘʩʪʘʚ ʫ ʦʜʥʦʩʫ ʥʘ ʩʫʧʩʪʨʘʪ. 

ʋʢʦʣʠʢʦ ʩʫ ʝʧʠʪʘʢʩʠʿʘʣʥʠ ʩʣʦʿʝʚʠ ʠ ʩʫʧʩʪʨʘʪ ʦʜ ʠʩʪʦʛ ʤʘʪʝʨʠʿʘʣʘ ʪʘʜʘ ʩʝ ʨʘʜʠ ʦ 

ʭʦʤʦʝʧʠʪʘʢʩʠʿʠ. ʋ ʩʫʧʨʦʪʥʦʤ ʿʝ ʫ ʧʠʪʘˁʫ ʧʨʦʮʝʩ ʭʝʪʝʨʦʝʧʠʪʘʢʩʠʿʝ. ʅʘʨʘʩʪʘˁʝ ʩʝ ʤʦʞʝ 

ʚʨʰʠʪʠ ʧʦʤʦ˂ʫ ʭʝʤʠʿʩʢʠʭ ʨʝʘʢʮʠʿʘ ʠʣʠ ʬʠʟʠʯʢʦʤ ʜʝʧʦʟʠʮʠʿʦʤ. ʅʘʿʧʦʟʥʘʪʠʿʝ ʪʝʭʥʠʢʝ 

ʝʧʠʪʘʢʩʠʿʘʣʥʦʛ ʨʘʩʪʘ ʩʫ: 

¶ ʝʧʠʪʘʢʩʠʿʘ ʤʦʣʝʢʫʣʘʨʥʠʤ ʩʥʦʧʦʤ (ʝʥʛʣ. Molecular Beam Epitaxy-MBE), 

¶ ʤʝʪʘʣʦʨʛʘʥʩʢʘ ʝʧʠʪʘʩʢʠʿʘ ʠʟ ʧʘʨʥʝ ʬʘʟʝ (ʝʥʛʣ. Metalorganic Vapour Phase Epitaxy-

MOVPE ʠʣʠ ʝʥʛʣ. Metalorganic Chemical Vapour Deposition-MOCVD), 

¶ ʝʧʠʪʘʢʩʠʿʘ ʠʟ ʪʝʯʥʝ ʬʘʟʝ (ʝʥʛʣ. Liquid Phase Epitaxy-LPE). 
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MBE ʧʨʝʜʩʪʘʚˀʘ ʪʝʭʥʠʢʫ ʬʠʟʠʯʢʝ ʜʝʧʦʟʠʮʠʿʝ ʝʧʠʪʘʢʩʠʿʘʣʥʦʛ ʩʣʦʿʘ ʥʘ ʩʫʧʩʪʨʘʪ, ʜʦʢ ʩʫ 

MOVPE ʠ LPE ʝʧʠʪʘʢʩʠʿʘʣʥʠ ʧʨʦʮʝʩʠ ʫ ʢʦʿʠʤʘ ʩʝ ʥʘʨʘʩʪʘˁʝ ʚʨʰʠ ʧʦʤʦ˂ʫ ʭʝʤʠʿʩʢʠʭ 

ʨʝʘʢʮʠʿʘ. ʅʘʚʝʜʝʥʝ ʤʝʪʦʜʝ ʩʝ ʤʦʛʫ ʠʩʢʦʨʠʩʪʠʪʠ ʟʘ ʠʟʨʘʜʫ ʩʣʦʿʝʚʠʪʠʭ ʩʪʨʫʢʪʫʨʘ ʥʘ ʙʘʟʠ 

HgTe/CdxHg1-xTe ʿʝʜʠˁʝˁʘ. ʇʨʦʙʣʝʤʠ ʩʘ ʥʘʨʘʩʪʘˁʝʤ ʩʫ ʫʛʣʘʚʥʦʤ ʧʦʚʝʟʘʥʠ ʩʘ 

ʥʝʩʪʘʙʠʣʥʦʰ˂ʫ Hg ʥʘ ʧʦʚʠʰʝʥʠʤ ʪʝʤʧʝʨʘʪʫʨʘʤʘ ʠ ʠʟʨʘʞʝʥʦʤ ʠʥʪʝʨʜʠʬʫʟʠʿʦʤ. MBE ʠ 

MOVPE ʩʝ ʢʦʨʠʩʪʝ ʟʘ ʠʟʨʘʜʫ ʩʣʦʞʝʥʠʿʠʭ ʩʪʨʫʢʪʫʨʘ ʢʘʦ ʰʪʦ ʩʫ ʢʚʘʥʪʥʝ ʿʘʤʝ ʠ ʩʫʧʝʨʨʝʰʝʪʢʝ, 

ʜʦʢ ʩʝ LPE ʪʝʭʥʠʢʘ ʥʘʿʯʝʰ˂ʝ ʢʦʨʠʩʪʠ ʟʘ ʨʝʘʣʠʟʘʮʠʿʫ p+-n ʩʧʦʿʝʚʘ (Norton, 2002).  

 

 
1.2.2.1 ɽʧʠʪʘʢʩʠʿʘ ʤʦʣʝʢʫʣʘʨʥʠʤ ʩʥʦʧʦʤ 

 

ʂʚʘʥʪʥʝ ʿʘʤʝ ʠ ʩʫʧʝʨʨʝʰʝʪʢʝ ʢʦʿʝ ʩʝ ʙʘʟʠʨʘʿʫ ʥʘ HgTe ʠ CdxHg1-xTe ʩʝ ʥʘʿʯʝʰ˂ʝ 

ʠʟʨʘʹʫʿʫ ʝʧʠʪʘʢʩʠʿʦʤ ʤʦʣʝʢʫʣʘʨʥʠʤ ʩʥʦʧʦʤ (MBE). ʇʨʝʜʥʦʩʪ ʦʚʝ ʪʝʭʥʠʢʝ ʿʝ ʫ ʪʦʤʝ ʰʪʦ ʩʝ 

ʦʜʚʠʿʘ ʥʘ ʪʝʤʧʝʨʘʪʫʨʘʤʘ ʠʟʤʝʹʫ 160 ÜC ʠ 200 ÜC (Norton, 2002), ʯʠʤʝ ʩʝ ʩʤʘˁʫʿʫ ʥʝʞʝˀʝʥʠ 

ʝʬʝʢʪʠ ʠʥʪʝʨʜʠʬʫʟʠʿʝ. ʅʘʨʘʩʪʘˁʝ ʩʣʦʿʝʚʘ ʩʝ ʦʜʚʠʿʘ ʫ ʢʦʥʪʨʦʣʠʩʘʥʠʤ ʫʩʣʦʚʠʤʘ ʠ ʦʙʠʯʥʦ ʫ 

Frank-van der Merwe ʝʧʠʪʘʢʩʠʿʘʣʥʦʤ ʤʦʜʫ ʟʘ ʥʘʨʘʩʪʘˁʝ 2ɼ ʩʪʨʫʢʪʫʨʘ (Hatch, 2010). 

ʂʦʨʠʰ˂ʝˁʝʤ ʦʚʝ ʪʝʭʥʠʢʝ ʦʩʪʚʘʨʫʿʝ ʩʝ ʜʦʙʨʘ ʢʦʥʪʨʦʣʘ ʜʝʙˀʠʥʝ ʠ ʫʥʠʬʦʨʤʥʦʩʪ ʩʣʦʿʝʚʘ. ɿʙʦʛ 

ʩʤʘˁʝʥʝ ʠʥʪʝʨʜʠʬʫʟʠʿʝ, MBE ʧʨʫʞʘ ʤʦʛʫ˂ʥʦʩʪ ʨʝʘʣʠʟʘʮʠʿʝ ʚʝʦʤʘ ʪʘʥʢʠʭ ʩʣʦʿʝʚʘ ʩʘ ʩʪʨʤʦʤ 

ʧʨʦʤʝʥʦʤ ʭʝʤʠʿʩʢʦʛ ʩʘʩʪʘʚʘ ʫ ʧʨʘʚʮʫ ʥʘʨʘʩʪʘˁʘ. ʅʝʜʦʩʪʘʪʘʢ MBE ʤʝʪʦʜʘ ʿʝ ʫ ʪʦʤʝ ʰʪʦ ʩʝ 

ʧʨʠʣʠʢʦʤ ʨʝʘʣʠʟʘʮʠʿʝ ʧʨʦʮʝʩʘ ʤʦʨʘ ʧʨʦʥʘ˂ʠ ʨʝʰʝˁʝ ʟʘ ʢʦʤʧʝʥʟʘʮʠʿʫ ʛʫʙʠʪʘʢʘ Hg. ɼʦʜʘʪʥʠ 

ʧʨʦʙʣʝʤ ʿʝ ʨʘʟʜʚʦʿʝʥʦʩʪ ʯʚʨʩʪʝ ʠ ʪʝʯʥʝ ʬʘʟʝ HgTe ʠ CdTe (ʚʠʜʝʪʠ ʩʣ. 1.6) ʟʙʦʛ ʯʝʛʘ ʿʝ 

ʧʨʦʙʣʝʤʘʪʠʯʥʦ ʧʨʦʥʘ˂ʠ ʦʧʪʠʤʘʣʥʝ ʪʝʨʤʦʜʠʥʘʤʠʯʢʝ ʧʘʨʘʤʝʪʨʝ ʟʘ ʠʟʚʦʹʝˁʝ MBE ʧʦʩʪʫʧʢʘ.  

MBE ʩʝ ʦʜʚʠʿʘ ʫ ʫʩʣʦʚʠʤʘ ʚʠʩʦʢʦʛ ʚʘʢʫʫʤʘ (133,3Ā10-3 Pa-133,3Ā10-4 Pa) (Norton, 2002). 

ʊʦ ʦʚʦʿ ʪʝʭʥʠʮʠ ʧʨʫʞʘ ʤʦʛʫ˂ʥʦʩʪ in situ (Ăʥʘ ʤʝʩʪʫñ) ʢʘʨʘʢʪʝʨʠʟʘʮʠʿʝ ʧʦʚʨʰʠʥʩʢʠʭ ʩʣʦʿʝʚʘ 

ʫʟʦʨʘʢʘ ʫ ʨʝʘʣʥʦʤ ʚʨʝʤʝʥʫ ʧʦʤʦ˂ʫ RHEED (ʝʥʛʣ. Reflection High Energy Electron Diffraction-

RHEED) ʪʝʭʥʠʢʝ (Chow ʠ Johnson, 1985; Clemens ʠ ʩʘʨ., 1989; Braun, 1999; Sakamoto ʠ ʩʘʨ., 

2010). ʅʘ ʩʣ. 1.11 je ʧʨʠʢʘʟʘʥ MBE ʩʠʩʪʝʤ ʩʘ ʛʣʘʚʥʠʤ ʜʝʣʦʚʠʤʘ: 1) ʢʦʤʦʨʘ ʟʘ ʥʘʨʘʩʪʘˁʝ, 2) 

ʝʬʫʟʠʦʥʝ ˂ʝʣʠʿʝ ʠ 3) ʥʦʩʘʯ ʟʘ ʩʫʧʩʪʨʘʪ ʥʘ ʢʦʿʝʤ ʩʝ ʜʝʧʦʥʫʿʫ ʝʧʠʪʘʢʩʠʿʘʣʥʠ ʩʣʦʿʝʚʠ. ɿʘ 

ʫʩʧʝʰʥʦ ʥʘʨʘʩʪʘˁʝ ʚʝʦʤʘ ʿʝ ʚʘʞʥʦ ʢʦʥʪʨʦʣʠʩʘʪʠ ʪʝʤʧʝʨʘʪʫʨʫ ʩʫʧʩʪʨʘʪʘ ʠ ʬʣʫʢʩ ʠʟ 

ʝʬʫʟʠʦʥʠʭ ˂ʝʣʠʿʘ (Chow ʠ Johnson, 1985). 

 

 
 

ʉʣʠʢʘ 1.11. ʐʝʤʘʪʩʢʠ ʧʨʠʢʘʟ MBE ʩʠʩʪʝʤʘ ʟʘ ʥʘʨʘʩʪʘˁʝ ʝʧʠʪʘʢʩʠʿʘʣʥʠʭ ʩʣʦʿʝʚʘ HgTe ʠ 

CdxHg1-xTe (ʘʜʘʧʪʠʨʘʥʦ ʠʟ ʨʝʬʝʨʝʥʮʝ Franchi ʠ ʩʘʨ., 2003).   
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ʋ ʢʦʤʦʨʠ ʩʝ ʤʦʨʘʿʫ ʦʜʨʞʘʚʘʪʠ ʫʩʣʦʚʠ ʚʠʩʦʢʦʛ ʚʘʢʫʫʤʘ ʢʘʢʦ ʙʠ ʩʝ ʜʦʙʠʣʠ ʢʚʘʣʠʪʝʪʥʠ 

ʫʟʦʨʮʠ ʢʦʿʠ ʥʠʩʫ ʢʦʥʪʘʤʠʥʠʨʘʥʠ ʥʝʯʠʩʪʦ˂ʘʤʘ. ʊʦ ʿʝ ʩʣʦʞʝʥ ʧʨʦʮʝʩ, ʩ ʦʙʟʠʨʦʤ ʜʘ ʿʝ ʪʦʢʦʤ 

ʥʘʨʘʩʪʘˁʘ ʧʨʠʪʠʩʘʢ ʫ ʢʦʤʦʨʠ ʟʥʘʪʥʦ ʚʝ˂ʠ ʫ ʦʜʥʦʩʫ ʥʘ ʩʪʘʥʜʘʨʜʥʝ ʚʨʝʜʥʦʩʪʠ ʧʦʜ ʢʦʿʠʤʘ ʙʠ 

ʪʨʝʙʘʣʦ ʜʘ ʩʝ ʦʜʚʠʿʘ MBE. ʆʚʦ ʩʝ ʜʝʰʘʚʘ ʧʨʚʝʥʩʪʚʝʥʦ ʟʙʦʛ ʠʩʧʘʨʘʚʘˁʘ Hg ʥʘ ʧʦʚʠʰʝʥʠʤ 

ʪʝʤʧʝʨʘʪʫʨʘʤʘ, ʘʣʠ ʠ ʟʙʦʛ ʧʨʠʩʫʩʪʚʘ ʩʧʦʨʝʜʥʠʭ ʛʘʩʦʚʘ. Hg ʩʝ ʦʙʠʯʥʦ ʠʟʦʣʫʿʝ ʧʨʦʪʦʢʦʤ 

ʪʝʯʥʦʛ ʘʟʦʪʘ (ʭʝʤ. ʦʟʥʘʢʘ: N2) ʢʨʦʟ ʢʨʠʦʧʘʥʝʣʝ ʢʦʿʠ ʩʝ ʥʘʣʘʟʝ ʥʘ ʦʙʦʜʠʤʘ ʢʦʤʦʨʝ. ʍʣʘʹʝˁʝʤ, 

ʿʝʜʘʥ ʜʝʦ Hg ʩʝ ʢʦʥʜʝʥʟʫʿʝ ʫ ʪʝʯʥʦ ʩʪʘˁʝ ʠ ʦʜʣʘʞʝ ʫ ʧʦʩʝʙʘʥ ʨʝʟʝʨʚʦʘʨ, ʜʦʢ ʩʝ ʜʨʫʛʠ ʜʝʦ ʢʦʿʠ 

ʿʝ ʫ ʯʚʨʩʪʦʤ ʩʪʘˁʫ ʚʝʞʝ ʟʘ ʢʨʠʦʧʘʥʝʣʝ. ɺʘʞʥʦ ʿʝ ʥʘʧʦʤʝʥʫʪʠ ʜʘ ʧʨʝ ʠ ʧʦʩʣʝ ʧʨʦʮʝʩʘ 

ʥʘʨʘʩʪʘˁʘ, ʢʦʤʦʨʘ ʤʦʨʘ ʜʘ ʩʝ ʟʘʛʨʝʚʘ ʫ ʧʝʨʠʦʜʫ ʦʜ ʿʝʜʥʝ ʥʝʜʝˀʝ ʥʘ ʪʝʤʧʝʨʘʪʫʨʠ ʦʜ ʦʢʦ 100 

ºC ʢʘʢʦ ʙʠ ʩʝ ʦʯʠʩʪʠʣʘ ʦʜ ʨʝʟʠʜʫʘʣʥʠʭ ʤʘʪʝʨʠʿʘʣʘ ʢʦʿʠ ʤʦʛʫ ʜʘ ʢʦʥʪʘʤʠʥʠʨʘʿʫ ʫʟʦʨʘʢ. ʋ 

ʢʦʤʦʨʠ ʩʝ ʥʘʣʘʟʝ ʠ ʨʦʪʘʮʠʦʥʠ ʜʨʞʘʯ ʟʘ ʩʫʧʩʪʨʘʪ, ʘʥʘʣʠʟʘʪʦʨʠ ʬʣʫʢʩʘ ʝʬʫʟʠʦʥʠʭ ˂ʝʣʠʿʘ ʠ 

ʩʝʥʟʦʨʠ ʢʦʿʠ ʧʨʦʚʝʨʘʚʘʿʫ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʛʘʩʦʚʘ ʪʦʢʦʤ ʧʨʦʮʝʩʘ ʝʧʠʪʘʢʩʠʿʝ.  

 

 
 

ʉʣʠʢʘ 1.12. ʐʝʤʘʪʩʢʠ ʧʨʠʢʘʟ RHEED ʦʧʨʝʤʝ ʟʘ ʢʘʨʘʢʪʝʨʠʟʘʮʠʿʫ: D ʧʨʝʜʩʪʘʚˀʘ ʨʘʩʪʦʿʘˁʝ 

ʠʟʤʝʹʫ ʤʝʩʪʘ ʥʘ ʢʦʿʝʤ ʝʣʝʢʪʨʦʥʩʢʠ ʩʥʦʧ ʧʘʜʘ ʥʘ ʫʟʦʨʘʢ ʠ ʬʦʪʦʣʫʤʠʥʝʩʮʝʥʪʥʦʛ ʝʢʨʘʥʘ, l ʿʝ 

ʨʘʩʪʦʿʘˁʝ ʠʟʤʝʹʫ ʪʘʯʘʢʘ (ʦʟʥʘʯʝʥʠʭ ʞʫʪʦʤ ʙʦʿʦʤ) ʥʘ ʝʢʨʘʥʫ ʥʘ ʢʦʿʝ ʧʘʜʘʿʫ ʟʨʘʮʠ ʦʜʙʠʿʝʥʠ ʦʜ 

ʫʟʦʨʢʘ, ʜʦʢ ʿʝ Ŭ ʫʧʘʜʥʠ ʫʛʘʦ ʩʚʝʪʣʦʩʪʠ ʥʘ ʫʟʦʨʘʢ.  

  

ɽʬʫʟʠʦʥʝ ˂ʝʣʠʿʝ ʩʝ ʥʘʣʘʟʝ ʫ ʫʩʣʦʚʠʤʘ ʚʠʩʦʢʦʛ ʚʘʢʫʫʤʘ. ʋ ˁʠʭ ʩʝ ʫʙʘʮʫʿʝ ʠʟʚʦʨʥʠ 

ʤʘʪʝʨʠʿʘʣ ʢʦʿʠ ʿʝ ʦʙʠʯʥʦ ʫ ʝʣʝʤʝʥʪʘʨʥʦʤ ʦʙʣʠʢʫ. ʅʘʿʯʝʰ˂ʝ ʩʝ ʢʦʨʠʩʪʝ Hg, Te ʠ CdTe (Hatch 

ʠ ʩʘʨ., 2006). ɺʘʞʥʦ ʿʝ ʥʘʧʦʤʝʥʫʪʠ ʜʘ ʧʦʩʪʦʿʝ ʠʟʨʘʞʝʥʝ ʨʘʟʣʠʢʝ ʫ ʪʝʨʤʦʜʠʥʘʤʠʯʢʠʤ 

ʧʘʨʘʤʝʪʨʠʤʘ ʧʨʠ ʢʦʿʠʤʘ ʜʦʣʘʟʠ ʜʦ ʜʠʩʦʮʠʿʘʮʠʿʝ Hg ʠ Te ʠʟ HgTe. ʊʦ ʿʝ ʛʣʘʚʥʠ ʨʘʟʣʦʛ ʟʘʰʪʦ 

ʩʝ ʢʦʨʠʩʪʝ ʧʦʩʝʙʥʝ ʝʬʫʟʠʦʥʝ ˂ʝʣʠʿʝ ʟʘ ʦʚʝ ʝʣʝʤʝʥʪʝ. ʋ ʩʠʩʪʝʤʫ ʩʝ ʥʘʣʘʟʝ ʠ ʜʦʜʘʪʥʝ ʝʬʫʟʠʦʥʝ 

˂ʝʣʠʿʝ ʢʦʿʝ ʩʝ ʧʫʥʝ ʝʣʝʤʝʥʪʠʤʘ ʟʘ n ʠʣʠ p ʜʦʧʠʨʘˁʝ ʫʟʦʨʢʘ (Jung ʠ ʩʘʨ., 2006; Tsen ʠ ʩʘʨ., 

2008). ʂʦʥʪʝʿʥʝʨʠ ʟʘ ʩʚʝ ʤʘʪʝʨʠʿʘʣʝ, ʦʩʠʤ Hg, ʩʫ ʥʘʧʨʘʚˀʝʥʠ ʦʜ ʙʦʨ-ʥʠʪʨʠʜʘ (BN), ʜʦʢ ʿʝ 

ʢʦʥʪʝʿʥʝʨ ʟʘ Hg ʦʜ ʢʚʘʨʮʘ ʟʙʦʛ ʩʥʠʞʝʥʦʛ ʢʦʝʬʠʮʠʿʝʥʪʘ ʣʝʧˀʝˁʘ Hg ʟʘ ʟʠʜʦʚʝ. ʊʘʢʦʹʝ, ʩʘʤʦ 

ʢʦʥʪʝʿʥʝʨ ʟʘ Hg ʠʤʘ ʤʦʛʫ˂ʥʦʩʪ ʧʫˁʝˁʘ ʫ ʪʦʢʫ ʥʘʨʘʩʪʘˁʘ. ʊʦ ʿʝ ʟʙʦʛ ʪʦʛʘ ʰʪʦ ʿʝ ʧʦʪʨʝʙʥʦ 

ʢʦʤʧʝʥʟʦʚʘʪʠ ʛʫʙʠʪʢʝ Hg ʠʟ ʢʦʤʦʨʝ, ʩ ʦʙʟʠʨʦʤ ʥʘ ʥʠʩʢʫ ʪʝʤʧʝʨʘʪʫʨʫ ʠʩʧʘʨʘʚʘˁʘ ʢʦʿʫ ʦʚʘʿ 

ʝʣʝʤʝʥʪ ʧʦʩʝʜʫʿʝ. Hg ʩʝ ʦʜʣʘʞʝ ʫ ʪʝʯʥʦʤ ʩʪʘˁʫ ʫ ʢʦʥʪʝʿʥʝʨ, ʜʦʢ ʩʫ ʦʩʪʘʣʠ ʤʘʪʝʨʠʿʘʣʠ 
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ʠʥʠʮʠʿʘʣʥʦ ʫ ʯʚʨʩʪʦʤ ʩʪʘˁʫ. ʊʦʢʦʤ MBE ʧʨʦʮʝʩʘ, ʢʦʥʪʝʿʥʝʨʠ ʩʝ ʟʘʛʨʝʚʘʿʫ ʠ ʪʘʜʘ ʜʦʣʘʟʠ ʜʦ 

ʧʨʦʮʝʩʘ ʝʚʘʧʦʨʘʮʠʿʝ (ʠʩʧʘʨʘʚʘˁʘ) ʠʟʚʦʨʥʠʭ ʤʘʪʝʨʠʿʘʣʘ. ʄʦʣʝʢʫʣʩʢʠ ʩʥʦʧʦʚʠ ʠʟʣʘʟʝ ʠʟ 

ʝʬʫʟʠʦʥʠʭ ˂ʝʣʠʿʘ ʠ ʜʝʧʦʥʫʿʫ ʩʝ ʥʘ ʩʫʧʩʪʨʘʪ. ʋ ʩʣʫʯʘʿʫ ʢʘʜʘ ʿʝ ʠʟʚʦʨ ʞʝˀʝʥʦʛ ʝʣʝʤʝʥʪʘ ʥʝʢʦ 

ʿʝʜʠˁʝˁʝ, ʧʨʝ ʜʝʧʦʥʦʚʘˁʘ ʩʝ ʚʨʰʠ ʜʠʩʦʮʠʿʘʮʠʿʘ ʤʦʣʝʢʫʣʘ ʥʘ ʘʪʦʤʝ. ʊʠʤʝ ʩʝ ʩʪʚʘʨʘʿʫ ʫʩʣʦʚʠ 

ʟʘ ʥʫʢʣʝʘʮʠʿʫ ʘʪʦʤʘ ʥʘ ʧʦʚʨʰʠʥʠ ʩʫʧʩʪʨʘʪʘ, ʢʦʿʠ ʩʝ ʦʥʜʘ ʧʦʩʪʝʧʝʥʦ ʢʦʥʜʝʥʟʫʿʫ ʫ 

ʤʦʥʦʢʨʠʩʪʘʣʥʫ ʩʪʨʫʢʪʫʨʫ (Hatch, 2010; Ledentsov, 1999). ʌʣʫʢʩ ʩʥʦʧʘ ʠʟ ʝʬʫʟʠʦʥʠʭ ˂ʝʣʠʿʘ ʩʝ 

ʢʦʥʪʨʦʣʠʰʝ ʧʦʤʦ˂ʫ ʤʝʭʘʥʠʯʢʠʭ ʟʘʪʚʘʨʘʯʘ ʯʠʿʝ ʿʝ ʚʨʝʤʝ ʦʜʟʠʚʘ ʚʝʦʤʘ ʢʨʘʪʢʦ. ʇʨʝʮʠʟʥʦʤ 

ʢʦʥʪʨʦʣʦʤ ʬʣʫʢʩʘ ʩʝ ʤʦʛʫ ʬʦʨʤʠʨʘʪʠ ʩʣʦʿʝʚʠʪʝ ʩʪʨʫʢʪʫʨʝ ʤʘʣʝ ʜʝʙˀʠʥʝ ʠ ʞʝˀʝʥʦʛ 

ʭʝʤʠʿʩʢʦʛ ʩʘʩʪʘʚʘ. 

ɼʘ ʙʠ ʥʫʢʣʝʘʮʠʿʘ ʧʨʠʩʪʠʛʣʠʭ ʘʪʦʤʘ ʙʠʣʘ ʫʩʧʝʰʥʘ, ʥʝʦʧʭʦʜʥʦ ʿʝ ʦʜʨʞʘʚʘʪʠ 

ʫʥʠʬʦʨʤʥʫ ʪʝʤʧʝʨʘʪʫʨʫ ʩʫʧʩʪʨʘʪʘ. ʊʦ ʩʝ ʧʦʩʪʠʞʝ ʧʦʤʦ˂ʫ ʛʨʝʿʘʯʘ ʢʦʿʠ ʩʝ ʥʘʣʘʟʠ ʫ ʢʦʤʦʨʠ ʟʘ 

ʥʘʨʘʩʪʘˁʝ. ʊʝʤʧʝʨʘʪʫʨʘ ʩʫʧʩʪʨʘʪʘ ʩʝ ʢʦʥʪʨʦʣʠʰʝ ʧʦʤʦ˂ʫ ʩʝʥʟʦʨʘ ʠ ʦʙʠʯʥʦ ʠʟʥʦʩʠ 180 ÜC 

(Becker ʠ ʩʘʨ., 2007). ʉʫʧʩʪʨʘʪ je ʩʤʝʰʪʝʥ ʥʘ ʜʨʞʘʯ ʥʘʧʨʘʚˀʝʥ ʦʜ ʤʘʪʝʨʠʿʘʣʘ ʢʦʿʠ ʜʦʙʨʦ 

ʧʨʦʚʦʜʠ ʪʦʧʣʦʪʫ, ʠʩʧʦʜ ʢʦʿʝʛ ʩʝ ʥʘʣʘʟʠ ʛʨʝʿʘʯ (Hatch, 2010). ʅʘ ʦʚʘʿ ʥʘʯʠʥ ʩʝ ʦʙʝʟʙʝʹʫʿʝ 

ʝʬʠʢʘʩʘʥ ʧʨʝʥʦʩ ʪʦʧʣʦʪʝ ʠʟʤʝʹʫ ʛʨʝʿʘʯʘ ʠ ʩʫʧʩʪʨʘʪʘ. ʄʘʪʝʨʠʿʘʣʠ ʢʦʿʠ ʩʝ ʯʝʩʪʦ ʢʦʨʠʩʪʝ ʢʘʦ 

ʩʫʧʩʪʨʘʪ ʟʘ ʥʘʨʘʩʪʘˁʝ ʩʫ CdxZn1-xTe (Lansari ʠ ʩʘʨ., 1989; Ortner ʠ ʩʘʨ., 2001), CdTe (Chow ʠ 

Johnson, 1985) ʠ GaAs (Kadykov ʠ ʩʘʨ., 2018). ʌʠʟʠʯʢʠ ʧʨʦʮʝʩʠ ʢʦʿʠ ʩʝ ʜʝʰʘʚʘʿʫ ʪʦʢʦʤ 

ʝʧʠʪʘʢʩʠʿʘʣʥʦʛ ʨʘʩʪʘ ʟʘʚʠʩʝ ʦʜ ʦʨʠʿ ʝʥʪʘʮʠʿʝ ʩʫʧʩʪʨʘʪʘ. ʇʦʢʨʝʪˀʠʚʦʩʪ ʘʪʦʤʘ ʥʘ ʧʦʚʨʰʠʥʠ 

ʩʫʧʩʪʨʘʪʘ, ʢʦʝʬʠʮʠʿʝʥʪʠ ʢʦʥʜʝʥʟʘʮʠʿʝ, ʧʘ ʯʘʢ ʠ ʢʨʠʩʪʘʣʥʠ ʜʝʬʝʢʪʠ ʝʥʝʨʛʝʪʩʢʠ ʤʦʛʫ ʙʠʪʠ 

ʬʘʚʦʨʠʟʦʚʘʥʠ ʦʜʨʝʹʝʥʦʤ ʦʨʠʿ ʝʥʪʘʮʠʿʦʤ (Hatch, 2010). ʋ ʣʠʪʝʨʘʪʫʨʠ ʩʝ ʩʨʝ˂ʫ (001) ʠ (112) 

ʧʦʚʨʰʠʥʩʢʝ ʦʨʠʿ ʝʥʪʘʮʠʿʝ ʟʘ CdxZn1-xTe (Hatch ʠ ʩʘʨ., 2006), (013) ʦʨʠʿ ʝʥʪʘʮʠʿʘ ʟʘ ʩʫʧʩʪʨʘʪ ʦʜ 

GaAs (Kvon ʠ ʩʘʨ., 2009) ʠ (111) (Chow ʠ Johnson, 1985) ʠʣʠ (001) ʦʨʠʿ ʝʥʪʘʮʠʿʘ (Oehling ʠ 

ʩʘʨ., 1996) ʟʘ CdTe ʩʫʧʩʪʨʘʪʝ.  

 

 
 

ʉʣʠʢʘ 1.13. RHEED ʦʩʮʠʣʘʮʠʿʝ ʟʘ (001) ʦʨʠʿ ʝʥʪʘʮʠʿʫ HgTe ʩʣʦʿʝʚʘ ʥʘʨʘʩʣʠʭ ʧʦʤʦ˂ʫ MBE 

ʤʝʪʦʜʘ. ʀʥʪʝʥʟʠʪʝʪ ʦʩʮʠʣʘʮʠʿʘ ʦʧʘʜʘ ʩʘ ʧʨʦʤʝʥʦʤ ʪʝʤʧʝʨʘʪʫʨʝ ʩʫʧʩʪʨʘʪʘ, ʜʦʢ ʥʘ 

ʪʝʤʧʝʨʘʪʫʨʘʤʘ ʠʟʥʘʜ 177 ÜC ʦʩʮʠʣʘʮʠʿʝ ʚʠʰʝ ʥʠʩʫ ʚʠʜˀʠʚʝ (ʘʜʘʧʪʠʨʘʥʦ ʠʟ ʨʝʬʝʨʝʥʮʝ 

Oehling ʠ ʩʘʨ., 1996). 

 

RHEED ʪʝʭʥʠʢʘ ʟʘ ʢʘʨʘʢʪʝʨʠʟʘʮʠʿʫ ʜʦʙʠʿʝʥʠʭ ʫʟʦʨʘʢʘ ʢʦʨʠʩʪʠ ʪʘʣʘʩʥʘ ʩʚʦʿʩʪʚʘ 

ʝʣʝʢʪʨʦʥʘ. ʐʝʤʘ RHEED ʘʧʘʨʘʪʫʨʝ ʟʘ ʘʥʘʣʠʟʫ ʿʝ ʧʨʝʜʩʪʘʚˀʝʥa ʥʘ ʩʣ. 1.12. ʉʘ ʦʚʝ ʩʣʠʢʝ ʩʝ 

ʤʦʞʝ ʚʠʜʝʪʠ ʜʘ ʩʫ ʦʩʥʦʚʥʝ ʢʦʤʧʦʥʝʥʪʝ RHEED ʩʠʩʪʝʤʘ: 1) ʚʠʩʦʢʦʥʘʧʦʥʩʢʠ Ăʝʣʝʢʪʨʦʥʩʢʠ 

ʪʦʧñ, 2) ʬʦʪʦʣʫʤʠʥʝʩʮʝʥʪʥʠ ʝʢʨʘʥ ʠ 3) CCD ʢʘʤʝʨʘ. ʀʟ ʝʣʝʢʪʨʦʥʩʢʦʛ ʪʦʧʘ ʠʟʣʘʟʠ ʩʥʦʧ 

ʝʣʝʢʪʨʦʥʘ ʢʦʿʠ ʧʘʜʘ ʧʦʜ ʨʝʣʘʪʠʚʥʦ ʤʘʣʠʤ ʫʛʣʦʤ ʫ ʦʜʥʦʩʫ ʥʘ ʧʦʚʨʰʠʥʫ ʫʟʦʨʢʘ ʢʦʿʠ ʩʝ 
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ʘʥʘʣʠʟʠʨʘ. ʇʨʠʩʪʠʛʣʠ ʝʣʝʢʪʨʦʥʠ ʩʝ ʜʠʬʨʘʢʪʫʿʫ ʩʘ ʧʦʚʨʰʠʥʝ ʢʨʠʩʪʘʣʘ ʠ, ʟʘ ʦʜʨʝʹʝʥʝ ʫʛʣʦʚʝ 

ʜʠʬʨʘʢʮʠʿʝ, ʜʦʣʘʟʠ ʜʦ ʧʦʿʘʚʝ ʰʘʙʣʦʥʘ ʢʦʥʩʪʨʫʢʪʠʚʥʝ ʠʥʪʝʨʬʝʨʝʥʮʠʿʝ ʥʘ 

ʬʦʪʦʣʫʤʠʥʝʩʮʝʥʪʥʦʤ ʝʢʨʘʥʫ ʢʦʿʘ ʩʝ ʧʨʘʪʠ ʧʦʤʦ˂ʫ CCD ʢʘʤʝʨʝ. ɿʙʦʛ ʤʘʣʦʛ ʫʧʘʜʥʦʛ ʫʛʣʘ, 

ʧʦʤʦ˂ʫ RHEED ʪʝʭʥʠʢʝ ʤʦʛʫ˂ʝ ʿʝ ʠʩʧʠʪʠʚʘʪʠ ʩʘʤʦ ʧʦʚʨʰʠʥʩʢʝ ʩʣʦʿʝʚʝ ʫʟʦʨʢʘ. ʀʥʪʝʥʟʠʪʝʪ 

RHEED ʩʠʛʥʘʣʘ ʠʤʘ ʦʩʮʠʣʘʪʦʨʥʠ ʦʙʣʠʢ, ʛʜʝ ʿʝʜʘʥ ʧʝʨʠʦʜ ʦʩʮʠʣʘʮʠʿʘ ʦʜʛʦʚʘʨʘ ʨʘʩʪʫ ʿʝʜʥʦʛ 

ʤʦʥʦʩʣʦʿʘ. ʅʘ ʩʣ. 1.13 ʿʝ ʧʨʝʜʩʪʘʚˀʝʥ ʧʨʠʤʝʨ RHEED ʦʩʮʠʣʘʮʠʿʘ ʟʘ HgTe ʫʟʦʨʘʢ ʢʦʿʠ ʿʝ 

ʦʨʠʿ ʝʥʪʠʩʘʥ ʫ (001) ʧʨʘʚʮʫ. ʉʘ ʦʚʝ ʩʣʠʢʝ ʩʝ ʤʦʞʝ ʧʨʠʤʝʪʠʪʠ ʜʘ ʧʝʨʠʦʜ ʦʩʮʠʣʘʮʠʿʘ ʟʘʚʠʩʠ ʦʜ 

ʪʝʤʧʝʨʘʪʫʨʝ. ʇʦʚʝ˂ʘʚʘˁʝʤ ʪʝʤʧʝʨʘʪʫʨʝ ʩʫʧʩʪʨʘʪʘ ʠʥʪʝʥʟʠʪʝʪ ʦʩʮʠʣʘʮʠʿʘ ʦʧʘʜʘ, ʜʦʢ ʩʝ ʥʘ 

ʪʝʤʧʝʨʘʪʫʨʠ ʦʜ 178 ºC ʦʥʝ ʚʠʰʝ ʥʝ ʤʦʛʫ ʜʝʪʝʢʪʦʚʘʪʠ. ʊʘʜʘ ʜʦʣʘʟʠ ʜʦ ʪʨʘʥʟʠʮʠʿʝ ʦʙʣʠʢʘ 

ʥʘʨʘʩʪʘˁʘ ʫ ʚʠʜʫ 2ɼ ʦʩʪʨʚʘ ʫ ʪʟʚ. step-flow ʤʝʭʘʥʠʟʘʤ ʥʘʨʘʩʪʘˁʘ (Oehling ʠ ʩʘʨ., 1996).   

 

 
1.2.2.2 ʄʝʪʘʣʦʨʛʘʥʩʢʘ ʝʧʠʪʘʢʩʠʿʘ ʠʟ ʧʘʨʥʝ ʬʘʟʝ 

 

ʄʝʪʘʣʦʨʛʘʥʩʢʘ ʝʧʠʪʘʢʩʠʿʘ ʠʟ ʧʘʨʥʝ ʬʘʟʝ (MOCVD) ʿʝ ʩʣʠʯʥʘ ʧʨʝʪʭʦʜʥʦ ʦʧʠʩʘʥʦʿ 

ʪʝʭʥʠʮʠ ʝʧʠʪʘʢʩʠʿʝ ʤʦʣʝʢʫʣʘʨʥʠʤ ʩʥʦʧʦʤ (MBE). ʆʚʜʝ ʩʝ ʥʘʨʘʩʪʘˁʝ ʥʝ ʩʧʨʦʚʦʜʠ ʧʫʪʝʤ 

ʬʠʟʠʯʢʝ ʜʝʧʦʟʠʮʠʿʝ, ʚʝ˂ ʥʘ ʦʩʥʦʚʫ ʭʝʤʠʿʩʢʠʭ ʨʝʘʢʮʠʿʘ ʫ ʢʦʤʦʨʠ (Hoke ʠ Lemonias, 1986; 

Cinader ʠ ʩʘʨ., 1990; Bhat ʠ ʩʘʨ., 1992). ʌʦʨʤʠʨʘˁʝ HgCdTe ʝʧʠʪʘʢʩʠʿʘʣʥʠʭ ʩʣʦʿʝʚʘ ʧʫʪʝʤ 

MOCVD ʩʝ ʦʜʚʠʿʘ ʥʘ ʪʝʤʧʝʨʘʪʫʨʘʤʘ ʠʟʤʝʹʫ 275 ÜC-400 ºC ʠ ʧʨʠʪʠʩʮʠʤʘ ʦʜ 133,3Ā300 Pa ʜʦ 

133,3Ā760 Pa (Norton, 2002). ʏʠʩʪʦ˂ʘ ʜʦʙʠʿʝʥʠʭ ʫʟʦʨʘʢʘ ʿʝ ʧʨʠʙʣʠʞʥʦ ʠʩʪʘ ʢʘʦ ʠ ʢʦʜ MBE 

ʪʝʭʥʠʢʝ, ʜʦʢ ʿʝ ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʜʠʩʣʦʢʘʮʠʿʘ ʚʝ˂ʘ ʫ ʦʜʥʦʩʫ ʥʘ ʄBE.  

 

 
 

ʉʣʠʢʘ 1.14. ʂʦʤʧʦʥʝʥʪʝ ʨʝʘʢʮʠʦʥʝ ʢʦʤʦʨʝ ʢʦʿʘ ʩʝ ʢʦʨʠʩʪʠ ʫ ʩʢʣʦʧʫ ʄOCVD ʤʝʪʦʜʘ 

(ʘʜʘʧʪʠʨʘʥʦ ʠʟ ʨʝʬʝʨʝʥʮʝ Capper ʠ ʩʘʨ., 2017). 

 

ʅʘ ʩʣ. 1.14 je ʧʨʠʢʘʟʘʥʘ ʨʝʘʢʮʠʦʥʘ ʢʦʤʦʨʘ ʟʘ ʩʧʨʦʚʦʹʝˁʝ ʧʦʩʪʫʧʢʘ ʥʘʨʘʩʪʘˁʘ HgTe-

CdxHg1-xTe ʩʣʦʿʝʚa MOCVD ʤʝʪʦʜʦʤ. ɿʠʜʦʚʠ ʢʦʤʦʨʝ ʪʨʝʙʘ ʜʘ ʙʫʜʫ ʫ ʤʦʛʫ˂ʥʦʩʪʠ ʜʘ ʧʦʜʥʝʩʫ 

ʪʝʤʧʝʨʘʪʫʨʝ ʠʟʥʘʜ 200 ÜC ʠ ʜʘ ʙʫʜʫ ʥʘʧʨʘʚˀʝʥʠ ʦʜ ʥʝʨʝʘʢʪʠʚʥʦʛ ʤʘʪʝʨʠʿʘʣʘ (ʯʝʩʪʦ ʩʝ 

ʢʦʨʠʩʪʠ ʢʚʘʨʮ). ɿʘ ʨʘʟʣʠʢʫ ʦʜ ʨʝʘʢʮʠʦʥʝ ʢʦʤʦʨʝ ʟʘ ʥʘʨʘʩʪʘˁʝ III -V ʿʝʜʠˁʝˁʘ, ʢʦʿʘ ʩʝ ʭʣʘʜʠ 

ʜʘ ʙʠ ʩʝ ʩʤʘˁʠʣʘ ʨʝʘʢʪʠʚʥʦʩʪ ˁʝʥʠʭ ʟʠʜʦʚʘ, ʦʚʜʝ ʩʝ ʢʦʤʦʨʘ ʟʘʛʨʝʚʘ ʥʘ ʪʝʤʧʝʨʘʪʫʨʫ 

ʩʫʧʩʪʨʘʪʘ ʢʘʢʦ ʙʠ ʩʝ ʩʧʨʝʯʠʣʘ ʢʦʥʜʝʥʟʘʮʠʿʘ Hg (Capper ʠ ʩʘʨ., 2017). ʋ ʢʦʤʦʨʠ ʩʝ ʥʘʣʘʟʝ ʠ 

ʧʦʩʝʙʥʠ ʠʥʿʝʢʪʦʨʠ ʧʨʝʢʫʨʩʦʨʩʢʠʭ ʛʘʩʦʚʘ ʢʦʿʠ ʩʫ ʠʟʚʦʨʠ ʝʣʝʤʝʥʪʘ ʠʟ II ʠ VI ʛʨʫʧʝ. 

ʄʝʪʘʣʦʨʛʘʥʩʢʠ ʧʨʝʢʫʨʩʦʨʩʢʠ ʛʘʩ ʟʘ Cd je ʜʠʤʝʪʠʣʢʘʜʤʠʿʫʤ (DMCd), ʘ ʟʘ Te ʿʝ 

ʜʠʠʟʦʧʨʦʧʠʣʪʝʣʫʨʠʜ (DIPTe). ʂʦʥʪʝʿʥʝʨ ʟʘ Hg ʫ ʝʣʝʤʝʥʪʘʨʥʦʤ ʦʙʣʠʢʫ ʩʝ ʪʘʢʦʹʝ ʥʘʣʘʟʠ ʫ 

ʢʦʤʦʨʠ ʠ ʧʦʩʝʜʫʿʝ ʧʦʩʝʙʘʥ ʛʨʝʿʘʯ. ʋ ʦʚʦʤ ʢʦʥʪʝʿʥʝʨʫ Hg ʩʝ ʥʘʣʘʟʠ ʫ ʪʝʯʥʦʤ ʩʪʘˁʫ ʠ 

ʟʘʛʨʝʚʘˁʝʤ ʧʨʝʣʘʟʠ ʫ ʛʘʩʦʚʠʪʦ ʩʪʘˁʝ. ʆʚʦ ʿʝ ʿʝʜʠʥʠ ʩʣʫʯʘʿ ʫ ʦʢʚʠʨʫ MOCVD ʤʝʪʦʜʘ ʜʘ ʩʝ 

ʿʝʜʘʥ ʦʜ ʧʨʝʢʫʨʩʦʨʩʢʠʭ ʛʘʩʦʚʘ ʥʘʣʘʟʠ ʫ ʝʣʝʤʝʥʪʘʨʥʦʤ ʦʙʣʠʢʫ. DMCd ʩʝ ʫ ʨʝʘʢʮʠʦʥʦʿ ʢʦʤʦʨʠ 

ʠʥʿʝʢʪʫʿʝ ʧʦʩʣʝ Hg ʢʘʢʦ ʙʠ ʩʝ ʠʟʙʝʛʣʝ ʥʝʧʦʞʝˀʥʝ ʭʝʤʠʿʩʢʝ ʨʝʘʢʮʠʿʝ (Capper ʠ ʩʘʨ., 2017). 

ʅʘʢʦʥ ʫʙʘʮʠʚʘˁʘ ʧʨʝʢʫʨʩʦʨʩʢʠʭ ʛʘʩʦʚʘ ʫ ʢʦʤʦʨʫ, ʦʥʠ ʩʝ ʢʨʝ˂ʫ ʢʘ ʧʦʚʨʰʠʥʠ ʩʫʧʩʪʨʘʪʘ ʢʦʿʠ 

ʩʝ ʥʘʣʘʟʠ ʫ ʢʦʤʦʨʠ. ʂʘʜʘ ʩʝ ʥʘʹʫ ʫ ʦʢʦʣʠʥʠ ʩʫʧʩʪʨʘʪʘ, ʜʦʣʘʟʠ ʜʦ ʧʠʨʦʣʠʟʝ. ʇʠʨʦʣʠʟʘ 

ʧʨʝʜʩʪʘʚˀʘ ʧʨʦʮʝʩ ʪʝʨʤʘʣʥʝ ʜʝʢʦʤʧʦʟʠʮʠʿʝ ʧʨʝʢʫʨʩʦʨʩʢʠʭ ʛʘʩʦʚʘ ʥʘ ʪʟʚ. ʧʨʝʢʫʨʩʦʨʩʢʝ 
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ʧʦʜʚʨʩʪʝ ʢʦʿʝ ʩʝ ʘʜʩʦʨʙʫʿʫ ʥʘ ʩʫʧʩʪʨʘʪʫ. ʊʝʤʧʝʨʘʪʫʨa ʥʘ ʢʦʿoj ˂ʝ ʩʝ ʦʜʚʠʿʘʪʠ ʧʨʦʮʝʩ 

ʧʠʨʦʣʠʟʝ ʟʘʚʠʩʝ ʦʜ ʿʘʯʠʥʝ ʭʝʤʠʿʩʢʠʭ ʚʝʟʘ ʘʪʦʤʘ ʤʝʪʘʣʘ ʩʘ ʫʛˀʝʥʠʢʦʚʠʤ ʘʪʦʤʠʤʘ ʫ 

ʤʝʪʘʣʦʨʛʘʥʩʢʠʤ ʧʨʝʢʫʨʩʦʨʠʤʘ. ʐʪʦ ʿʝ ʚʝʟʘ ʩʣʘʙʠʿʘ ʪʝʤʧʝʨʘʪʫʨʝ ʧʦʪʨʝʙʥʝ ʟʘ ʦʜʚʠʿʘˁʝ ʦʚʦʛ 

ʧʨʦʮʝʩʘ ʩʫ ʥʠʞʝ. ʆʧʪʠʤʘʣʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʟʘ ʥʘʨʘʩʪʘˁʝ HgTe-CdxHg1-xTe ʩʣʦʿʝʚa ʿʝ ʦʢʦ 250 

ºC (Capper ʠ ʩʘʨ., 2017). ʅʘʢʦʥ ʰʪʦ ʩʫ ʦʜʛʦʚʘʨʘʿʫ˂ʝ ʧʨʝʢʫʨʩʦʨʩʢʝ ʧʦʜʚʨʩʪʝ ʜʝʧʦʥʦʚʘʥʝ ʥʘ 

ʧʦʚʨʰʠʥʫ ʩʫʧʩʪʨʘʪʘ, ʦʥʝ ʩʪʫʧʘʿʫ ʫ ʭʝʤʠʿʩʢʝ ʨʝʢʘʮʠʿʝ ʢʦʿʝ ʜʦʚʦʜʝ ʜʦ ʨʘʩʪʘ ʝʧʠʪʘʢʩʠʿʘʣʥʠʭ 

ʩʣʦʿʝʚʘ.  

 

 
1.2.2.3 ɽʧʠʪʘʢʩʠʿʘ ʠʟ ʪʝʯʥʝ ʬʘʟʝ 

 

ɽʧʠʪʘʢʩʠʿʦʤ ʠʟ ʪʝʯʥʝ ʬʘʟʝ (LPE) ʩʝ ʥʘʨʘʩʪʘʿʫ ʝʧʠʪʘʢʩʠʿʘʣʥʠ ʩʣʦʿʝʚʠ ʬʘʟʥʠʤ ʧʨʝʣʘʟʦʤ 

ʠʟ ʪʝʯʥʦʛ ʫ ʯʚʨʩʪʦ ʘʛʨʝʛʘʪʥʦ ʩʪʘˁʝ (Bowers ʠ ʩʘʨ., 1980; Johnston ʠ ʩʘʨ., 1991; Suh ʠ ʩʘʨ., 

1992). ʋ ʧʦʯʝʪʥʦʿ ʬʘʟʠ ʩʝ ʥʘʿʧʨʝ ʬʦʨʤʠʨʘ ʟʘʩʠ˂ʝʥʠ ʨʘʩʪʚʦʨ. ʆʥ ʧʦʜʨʘʟʫʤʝʚʘ ʜʘ ʿʝ ʨʘʩʪʚʦʨʘʢ 

ʫ ʨʘʚʥʦʪʝʞʠ ʩʘ ʨʘʩʪʚʘʨʘʯʝʤ. ʈʘʚʥʦʪʝʞʘ ʧʦʜʨʘʟʫʤʝʚʘ ʜʘ ʩʫ ʙʨʟʠʥʘ ʩʦʣʚʘʪʘʮʠʿʝ (ʦʢʨʫʞʠʚʘˁʘ 

ʯʝʩʪʠʮʘ ʨʘʩʪʚʦʨʢʘ ʤʦʣʝʢʫʣʠʤʘ ʨʘʩʪʚʘʨʘʯʘ) ʠ ʧʨʝʮʠʧʠʪʘʮʠʿʝ (ʪʘʣʦʞʝˁʝ ʨʘʩʪʚʦʨʝʥʝ 

ʩʫʧʩʪʘʥʮʝ) ʿʝʜʥʘʢʝ. ʇʨʦʤʝʥʦʤ ʪʝʤʧʝʨʘʪʫʨʝ ʠ/ʠʣʠ ʧʨʠʪʠʩʢʘ ʨʘʩʪʚʦʨ ʩʝ ʤʦʞʝ ʜʦʚʝʩʪʠ ʫ 

ʧʨʝʟʘʩʠ˂ʝʥʦ (Ăʩʫʧʝʨʟʘʩʠ˂ʝʥʦñ) ʩʪʘˁʝ. ʆʙʠʯʥʦ ʩʝ ʫ ʪʝʭʥʦʣʦʰʢʦʤ ʧʨʦʮʝʩʫ ʤʝˁʘ ʪʝʤʧʝʨʘʪʫʨʘ. 

ʂʦʥʪʨʦʣʠʩʘʥʠ ʧʦʚʨʘʪʘʢ ʨʘʩʪʚʦʨʘ ʫ ʨʘʚʥʦʪʝʞʥʦ ʩʪʘˁʝ ʤʦʞʝ ʩʝ ʦʩʪʚʘʨʠʪʠ ʜʦʜʘʚʘˁʝʤ Ăʢʣʠʮʝñ 

(ʫ ʦʚʦʤ ʩʣʫʯʘʿʫ ʿʝ ʪʦ ʩʫʧʩʪʨʘʪ) ʥʘ ʯʠʿʦʿ ʧʦʚʨʰʠʥʠ ʩʝ ʠʥʠʮʠʨʘ ʧʨʝʮʠʧʠʪʘʮʠʿʘ ʢʦʿʘ ʿʝ ʧʨʘ˂ʝʥʘ 

ʧʨʦʮʝʩʦʤ ʢʨʠʩʪʘʣʠʟʘʮʠʿʝ ʥʘ ʧʦʚʨʰʠʥʠ. ʇʦʩʪʦʿʝ ʪʨʠ ʨʘʟʣʠʯʠʪʝ ʪʝʭʥʠʢʝ ʢʘʢʦ ʩʝ ʨʘʩʪʚʦʨ ʠ 

ʩʫʧʩʪʨʘʪ ʤʦʛʫ ʜʦʚʝʩʪʠ ʫ ʢʦʥʪʘʢʪ ʠ ʪʦ ʩʫ (Bowers ʠ ʩʘʨ., 1980; Capper ʠ ʩʘʨ., 2017): 

¶ ʪʝʭʥʠʢʘ ʥʘʛʠˁʘˁʘ (ʝʥʛʣ. Tipping), 

¶ ʪʝʭʥʠʢʘ ʫʨʘˁʘˁʘ (ʝʥʛʣ. Dipping), 

¶ ʪʝʭʥʠʢʘ ʢʣʠʟʥʦʛ ʥʦʩʘʯʘ-ʙʨʦʜʘ (ʝʥʛʣ. Sliding boat).  

 

 
 

ʉʣʠʢʘ 1.15. ʆʩʥʦʚʥʝ ʪʝʭʥʠʢʝ ʥʘʨʘʩʪʘˁʘ ʩʣʦʿʝʚʠʪʠʭ ʩʪʨʫʢʪʫʨʘ ʧʦʤʦ˂ʫ LPE ʤʝʪʦʜʘ: (ʘ) 

ʥʘʛʠˁʘˁʝ (ʘʜʘʧʪʠʨʘʥʦ ʠʟ ʨʝʬʝʨʝʥʮʝ Pohl, 2013), (ʙ) ʫʨʘˁʘˁʝ (ʘʜʘʧʪʠʨʘʥʦ ʠʟ ʨʝʬʝʨʝʥʮʝ Rao 

ʠ ʩʘʨ., 2018) ʠ (ʚ) ʪʝʭʥʠʢʘ ʢʣʠʟʥʦʛ ʥʦʩʘʯʘ (ʘʜʘʧʪʠʨʘʥʦ ʠʟ ʨʝʬʝʨʝʥʮʝ Suh ʠ ʩʘʨ., 1992). 
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ʅʘ ʩʣ. 1.15 ʩʫ ʧʨʝʜʩʪʘʚˀʝʥʝ ʧʨʠʥʮʠʧʩʢʝ ʰʝʤʝ ʥʘʚʝʜʝʥʠʭ ʪʝʭʥʠʢʘ. ʅʘʨʘʩʪʘˁʝ ʩʝ ʦʙʠʯʥʦ 

ʦʜʚʠʿʘ ʥʘ ʩʫʧʩʪʨʘʪʫ ʦʜ CdTe, Si, ʩʘʬʠʨʘ ʠʣʠ CdZnTe (Bowers ʠ ʩʘʨ., 1980; Johnston ʠ ʩʘʨ., 

1991; Adamiec ʠ ʩʘʨ., 2000). ʋ ʦʢʚʠʨʫ ʪʝʭʥʠʢʝ ʥʘʛʠˁʘˁʘ, ʩʫʧʩʪʨʘʪ ʠ ʨʘʩʪʚʦʨ ʩʫ ʩʤʝʰʪʝʥʠ ʥʘ 

ʩʫʧʨʦʪʥʠʤ ʢʨʘʿʝʚʠʤʘ ʩʠʣʠʮʠʿʫʤʩʢʦʛ ʠʣʠ ʛʨʘʬʠʪʥʦʛ ʥʦʩʘʯʘ (Ăʙʨʦʜʘñ). ʅʦʩʘʯ ʿʝ ʧʦʩʪʘʚˀʝʥ 

ʠʟʤʝʹʫ ʛʨʝʿʘʯʘ ʢʦʿʠ ʟʘʛʨʝʚʘʿʫ ʨʘʩʪʚʦʨ. ʂʘʜʘ ʩʝ ʧʦʩʪʠʛʥʝ ʞʝˀʝʥʘ ʪʝʤʧʝʨʘʪʫʨʘ, ʥʦʩʘʯ ʩʝ 

ʥʘʛʠˁʝ ʪʘʢʦ ʜʘ ʩʝ ʨʘʩʪʚʦʨ, ʢʦʿʠ ʿʝ ʫ ʪʝʯʥʦʤ ʩʪʘˁʫ ʫʩʣʝʜ ʟʘʛʨʝʚʘˁʘ, ʜʦʚʝʜʝ ʫ ʢʦʥʪʘʢʪ ʩʘ 

ʩʫʧʩʪʨʘʪʦʤ. Ăʉʫʧʝʨʭʣʘʹʝˁʝʤñ ʜʦʣʘʟʠ ʜʦ ʧʦʿʘʚʝ ʢʨʠʩʪʘʣʠʟʘʮʠʿʝ ʨʘʩʪʚʦʨʘ ʥʘ ʧʦʚʨʰʠʥʠ 

ʩʫʧʩʪʨʘʪʘ.  

ʊʝʭʥʠʢʘ ʫʨʘˁʘˁʘ ʩʝ ʦʜʚʠʿʘ ʫ ʚʝʨʪʠʢʘʣʥʦʤ ʤʦʜʫ. ʉʫʧʩʪʨʘʪ ʿʝ ʩʤʝʰʪʝʥ ʥʘ ʧʦʢʨʝʪʥʠ 

ʜʨʞʘʯ ʦʜ ʩʠʣʠʮʠʿʫʤʘ ʠʣʠ ʛʨʘʬʠʪʘ. ʈʘʩʪʚʦʨ ʿʝ ʦʙʠʯʥʦ ʫ ʧʦʩʫʜʠ ʦʜ ʥʝʨʹʘʿʫ˂ʝʛ ʯʝʣʠʢʘ ʢʦʿʘ ʿʝ 

ʦʙʣʦʞʝʥʘ ʢʚʘʨʮʦʤ. ʋ ʩʠʩʪʝʤʫ ʩʝ ʥʘʣʘʟʝ ʛʨʝʿʘʯʠ ʢʦʿʠ ʟʘʛʨʝʚʘʿʫ ʨʘʩʪʚʦʨ ʜʦ ʪʝʤʧʝʨʘʪʫʨʝ ʠʟʥʘʜ 

ʪʘʯʢʝ ʪʦʧˀʝˁʘ. ɿʘʪʠʤ ʩʝ ʚʨʰʠ ʧʦʤʝʨʘˁʝ ʜʨʞʘʯʘ ʧʦʤʦ˂ʫ ʦʜʨʝʹʝʥʦʛ ʤʝʭʘʥʠʟʤʘ ʪʘʢʦ ʜʘ ʩʝ 

ʩʫʧʩʪʨʘʪ ʜʦʚʦʜʠ ʫ ʢʦʥʪʘʢʪ ʩʘ ʨʘʩʪʚʦʨʦʤ. ʉʣʠʯʥʦ ʢʘʦ ʠ ʢʦʜ ʧʨʝʪʭʦʜʥʝ ʪʝʭʥʠʢʝ, ʥʘʛʣʠʤ 

ʭʣʘʹʝˁʝʤ ʨʘʩʪʚʦʨʘ ʜʦʣʘʟʠ ʜʦ ʥʘʨʘʩʪʘˁʘ ʥʦʚʦʛ ʤʦʥʦʢʨʠʩʪʘʣʥʦʛ ʩʣʦʿʘ. 

ʊʝʭʥʠʢʘ ʢʣʠʟʥʦʛ ʥʦʩʘʯʘ ʿʝ ʥʘʿʯʝʰ˂ʝ ʢʦʨʠʰ˂ʝʥʘ ʪʝʭʥʠʢʘ ʢʦʿʦʤ ʩʝ ʨʘʩʪʚʦʨ ʠ ʩʫʧʩʪʨʘʪ 

ʜʦʚʦʜʝ ʫ ʥʝʧʦʩʨʝʜʥʠ ʢʦʥʪʘʢʪ. ɿʘ ˁʝʥʦ ʠʟʚʦʹʝˁʝ ʢʦʨʠʩʪʠ ʩʝ ʩʠʩʪʝʤ ʢʦʿʠ ʿʝ ʧʦʜʝˀʝʥ ʥʘ ʜʚʘ 

ʜʝʣʘ ʢʦʿʘ ʩʝ ʥʘʿʯʝʰ˂ʝ ʠʟʨʘʹʫʿʫ ʦʜ ʛʨʘʬʠʪʘ. ʆʩʥʦʚʥʠ ʜʝʦ ʿʝ ʥʦʩʘʯ ʢʦʿʠ ʿʝ ʥʝʧʦʢʨʝʪʘʥ ʠ ʫ ˁʝʤʫ 

ʿʝ ʥʘʧʨʘʚˀʝʥ ʧʨʦʩʪʦʨ ʟʘ ʩʫʧʩʪʨʘʪ. ʀʟʥʘʜ ʦʩʥʦʚʥʦʛ ʜʝʣʘ ʿʝ ʧʦʢʨʝʪʥʠ ʜʝʦ ʫ ʢʦʿʝʤ ʿʝ ʩʤʝʰʪʝʥ 

ʢʦʥʪʝʿʥʝʨ ʟʘ ʦʜʣʘʛʘˁʝ ʨʘʩʪʚʦʨʘ. ʇʦʤʝʨʘˁʝʤ ʧʦʢʨʝʪʥʦʛ ʜʝʣʘ ʢʦʥʪʝʿʥʝʨ ʩʘ ʨʘʩʪʚʦʨʦʤ ʩʝ 

ʜʦʚʦʜʠ ʫ ʢʦʥʪʘʢʪ ʩʘ ʩʫʧʩʪʨʘʪʦʤ. ʅʘʨʘʩʪʘˁʝ ʩʝ ʤʦʞʝ ʩʧʨʦʚʝʩʪʠ ʠʟ ʨʘʩʪʚʦʨʘ Hg ʠʣʠ ʠʟ 

ʨʘʩʪʚʦʨʘ Te (Norton, 2002). ʇʦʩʪʫʧʘʢ ʥʘʨʘʩʪʘˁʘ ʠʟ ʨʘʩʪʚʦʨʘ Hg ʩʝ ʦʜʚʠʿʘ ʥʘ ʪʝʤʧʝʨʘʪʫʨʘʤʘ 

ʦʜ 350 ÜC ʠ 550 ÜC, ʜʦʢ ʿʝ ʧʦʩʪʫʧʘʢ ʥʘʨʘʩʪʘˁʘ ʠʟ ʨʘʩʪʚʦʨʘ ʊʝ ʥʘ ʥʝʰʪʦ ʚʝ˂ʠʤ ʪʝʤʧʝʨʘʪʫʨʘʤʘ 

ʠʟʤʝʹʫ 400 ÜC ʠ 550 ÜC (Norton, 2002).  

 

 

1.2.3 ʉʠʥʪʝʟʘ HgTe ʥʘʥʦʪʘʯʘʢʘ ʫ ʢʦʣʦʠʜʥʠʤ ʨʘʩʪʚʦʨʠʤʘ 

 

ʂʚʘʥʪʥʝ ʪʘʯʢʝ  ʢʦʿʝ ʩʫ ʨʝʘʣʠʟʦʚʘʥʝ ʫ ʨʘʩʪʚʦʨʫ ʧʫʪʝʤ ʭʝʤʠʿʩʢʠʭ ʨʝʘʢʮʠʿʘ ʩʝ ʥʘʟʠʚʘʿʫ 

ʢʦʣʦʠʜʥʝ ʢʚʘʥʪʥʝ ʪʘʯʢʝ (CQD). ʆʥʝ ʥʘʩʪʘʿʫ ʫ ʢʦʣʦʠʜʥʠʤ ʨʘʩʪʚʦʨʠʤʘ (ʢʦʣʦʠʜʠʤʘ). ʐʝʤʘʪʩʢʠ 

ʧʨʠʢʘʟ ʘʧʘʨʘʪʫʨʝ ʟʘ ʢʦʣʦʠʜʥʫ ʩʠʥʪʝʟʫ ʿʝ ʧʨʝʜʩʪʘʚˀʝʥ ʥʘ ʩʣ. 1.16.  

 

 
 

ʉʣʠʢʘ 1.16. (ʘ) ɸʧʘʨʘʪʫʨʘ ʟʘ ʢʦʣʦʠʜʥʫ ʩʠʥʪʝʟʫ HgTe ʢʚʘʥʪʥʠʭ ʪʘʯʘʢʘ (ʘʜʘʧʪʠʨʘʥʦ ʠʟ 

ʨʝʬʝʨʝʥʮʝ Zhao ʠ Rosei, 2017), (ʙ) ʋʦʙʠʯʘʿʝʥʘ ʩʪʨʫʢʪʫʨʘ ʢʦʣʦʠʜʥʠʭ ʢʚʘʥʪʥʠʭ ʪʘʯʘʢʘ.   
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ʋ ʢʦʤʦʨʠ ʩʝ ʥʘʣʘʟʠ ʨʝʘʢʮʠʦʥʘ ʩʤʝʰʘ ʫ ʢʦʿʫ ʩʝ ʫʥʦʩʝ ʧʨʝʢʫʨʩʦʨʠ ʥʝʦʧʭʦʜʥʠ ʟʘ ʦʜʚʠʿʘˁʝ 

ʭʝʤʠʿʩʢʝ ʨʝʘʢʮʠʿʝ. ʆʙʠʯʥʦ ʩʝ ʤʝʪʘʣʦʨʛʘʥʩʢʠ ʧʨʝʢʫʨʩʦʨʠ ʠʥʿʝʢʪʫʿʫ ʫ ʦʨʛʘʥʩʢʠ ʨʘʩʪʚʘʨʘʯ ʥʘ 

ʪʝʤʧʝʨʘʪʫʨʘʤʘ ʦʜ 120 ʜʦ 360 ºC (Shirasaki ʠ ʩʘʨ., 2013). ɿʘʛʨʝʚʘˁʝʤ ʨʝʘʢʮʠʦʥʝ ʩʤʝʰʝ 

ʧʨʝʢʫʨʩʦʨʠ ʩʝ ʨʘʟʣʘʞʫ ʥʘ ʤʘˁʝ ʿʝʜʠʥʠʮʝ ʢʦʿʝ ʩʪʫʧʘʿʫ ʫ ʧʨʦʮʝʩ ʥʫʢʣʝʘʮʠʿʝ ʠ ʬʦʨʤʠʨʘʿʫ 

ʥʘʥʦʢʨʠʩʪʘʣʝ. ʉʠʥʪʝʟʦʤ ʫ ʢʦʣʦʠʜʥʠʤ ʨʘʩʪʚʦʨʠʤʘ ʩʝ ʠʟʨʘʹʫʿʫ ʢʚʘʥʪʥʝ ʪʘʯʢʝ ʩʘ ʠʟʨʘʞʝʥʦʤ 

ʦʩʦʙʠʥʦʤ ʬʦʪʦʣʫʤʠʥʝʩʮʝʥʮʠʿʝ (Abdelazim ʠ ʩʘʨ., 2017). ʂʦʣʦʠʜʥʝ ʢʚʘʥʪʥʝ ʪʘʯʢʝ ʩʝ ʩʘʩʪʦʿʝ 

ʦʜ ʿʝʟʛʨʘ, ʦʤʦʪʘʯʘ ʠ ʣʠʛʘʥʜʘ (ʩʣ. 1.16). ɱʝʟʛʨʦ ʿʝ ʥʝʦʨʛʘʥʩʢʠ ʧʦʣʫʧʨʦʚʦʜʥʠʢ ʜʠʤʝʥʟʠʿʘ ʜʦ 10 

nm. ʆʤʦʪʘʯ ʿʝ ʪʘʢʦʹʝ ʥʝʦʨʛʘʥʩʢʠ ʧʦʣʫʧʨʦʚʦʜʥʠʢ ʩʘ ʰʠʨʠʤ ʝʥʝʨʛʝʪʩʢʠʤ ʧʨʦʮʝʧʦʤ. ʃʠʛʘʥʜ ʿʝ 

ʿʦʥ ʠʣʠ ʤʦʣʝʢʫʣ ʢʦʿʠ ʩʝ ʚʝʟʫʿʝ ʟʘ ʮʝʥʪʨʘʣʥʠ ʘʪʦʤ (ʫ ʦʚʦʤ ʩʣʫʯʘʿʫ ʢʚʘʥʪʥʫ ʪʘʯʢʫ) 

ʬʦʨʤʠʨʘʿʫ˂ʠ ʢʦʤʧʣʝʢʩʥʦ ʿʝʜʠˁʝˁʝ. ʃʠʛʘʥʜʠ ʩʫ ʦʨʛʘʥʩʢʝ ʧʨʠʨʦʜʝ ʠ ʜʦʧʨʠʥʦʩʝ 

ʨʘʩʪʚʦʨˀʠʚʦʩʪʠ ʥʘʥʦʢʨʠʩʪʘʣʘ ʫ ʨʘʟʣʠʯʠʪʠʤ ʥʝʧʦʣʘʨʥʠʤ ʨʘʩʪʚʘʨʘʯʠʤʘ ʠ ʦʥʝʤʦʛʫ˂ʘʚʘʿʫ 

ʩʧʘʿʘˁʝ ʢʚʘʥʪʥʠʭ ʪʘʯʘʢʘ ʫ ʨʘʩʪʚʦʨʫ. Kao ʣʠʛʘʥʜʠ ʢʦʿʠ ʝʬʠʢʘʩʥʦ ʚʨʰʝ ʧʘʩʠʚʠʟʘʮʠʿʫ 

ʧʦʚʨʰʠʥʝ ʚʝʟʠʚʘˁʝʤ ʟʘ Hg ʘʪʦʤʝ ʩʝ ʯʝʩʪʦ ʢʦʨʠʩʪʝ ʪʠʦʣʠ (Shen ʠ ʩʘʨ., 2017). ɺʝʟʝ ʠʟʤʝʹʫ 

ʣʠʛʘʥʜʘ ʠ ʢʦʣʦʠʜʥʝ ʢʚʘʥʪʥʝ ʪʘʯʢʝ ʩʝ ʤʦʛʫ ʨʘʩʢʠʥʫʪʠ ʯʠʤʝ ʩʝ ʜʦʙʠʿʘʿʫ ʩʪʨʫʢʪʫʨʝ ʪʠʧʘ ʿʝʟʛʨʦ-

ʦʤʦʪʘʯ.  

 

 
 

ʉʣʠʢʘ 1.17. (a) TEM ʩʥʠʤʘʢ HgTe ʥʘʥʦʯʝʩʪʠʮʘ ʩʘ ʩʨʝʜˁʦʤ ʜʫʞʠʥʦʤ ʩʪʨʘʥʠʮʝ ʦʜ 14,5 nm, 

(ʙ) HRTEM ʩʥʠʤʘʢ ʿʝʜʥʝ HgTe ʥʘʥʦʯʝʩʪʠʮʝ ʫ ʦʙʣʠʢʫ ʪʨʦʫʛʣʘ (ʘʜʘʧʪʠʨʘʥʦ ʠʟ ʨʝʬʝʨʝʥʮʝ  

Keuleyan ʠ ʩʘʨ., 2011A). 

 

HgTe ʢʚʘʥʪʥʝ ʪʘʯʢʝ ʩʝ ʩʠʥʪʝʪʠʰʫ ʠʟ ʦʨʛʘʥʩʢʦʛ (Keuleyan ʠ ʩʘʨ., 2011A) ʠʣʠ ʚʦʜʝʥʦʛ 

ʨʘʩʪʚʦʨʘ (Kovalenko ʠ ʩʘʨ., 2006). ʂʦʣʦʠʜʥʝ ʢʚʘʥʪʥʝ ʪʘʯʢʝ ʠʤʘʿʫ ʥʝʢʦʣʠʢʦ ʧʨʝʜʥʦʩʪʠ ʫ 

ʦʜʥʦʩʫ ʥʘ ʢʚʘʥʪʥʝ ʪʘʯʢʝ ʢʦʿʝ ʩʫ ʧʨʦʠʟʚʝʜʝʥʝ ʥʘ ʫʟʦʨʢʫ ʠʣʠ ʫ ʤʘʪʨʠʮʠ. ʇʨʚʘ ʧʨʝʜʥʦʩʪ ʿʝ ʫ 

ʪʦʤʝ ʰʪʦ ʿʝ ʤʦʛʫ˂ʝ ʧʨʦʠʟʚʝʩʪʠ ʢʦʣʦʠʜʥʝ ʢʚʘʥʪʥʝ ʪʘʯʢʝ ʦʜ ʨʘʟʣʠʯʠʪʠʭ ʤʘʪʝʨʠʿʘʣʘ ʩʘ ʫʥʘʧʨʝʜ 

ʜʝʬʠʥʠʩʘʥʠʤ ʩʚʦʿʩʪʚʠʤʘ. ɼʨʫʛʦ, ʢʦʣʦʠʜʥʠ ʩʠʩʪʝʤʠ ʧʨʫʞʘʿʫ ʤʦʛʫ˂ʥʦʩʪ ʧʨʦʤʝʥʝ ʨʘʩʪʚʘʨʘʯʘ ʫ 

ʢʦʿʠʤʘ ʩʝ ʥʘʣʘʟʝ ʥʘʥʦʢʨʠʩʪʘʣʠ. ʅʘ ʧʨʠʤʝʨ, ʤʦʛʫ˂ʝ ʿʝ ʧʨʦʠʟʚʝʩʪʠ HgTe ʥʘʥʦʪʘʯʢʫ ʫ ʚʦʜʝʥʦʤ 

ʨʘʩʪʚʦʨʫ, ʘ ʦʥʜʘ ʿʝ ʧʨʝʙʘʮʠʪʠ ʫ ʦʨʛʘʥʩʢʠ ʨʘʩʪʚʦʨ. ʅʘ ʢʨʘʿʫ, ʤʦʛʫ˂ʝ ʿʝ ʠ ʜʝʧʦʥʦʚʘˁʝ ʢʚʘʥʪʥʝ 

ʪʘʯʢʝ ʪʘʣʦʞʝˁʝʤ (ʧʨʝʮʠʧʠʪʘʮʠʿʦʤ) ʠʣʠ ʜʠʬʫʟʠʿʦʤ ʥʘ ʩʫʧʩʪʨʘʪ ʰʪʦ ʧʨʫʞʘ ʬʣʝʢʩʠʙʠʣʥʦʩʪ ʫ 

ʧʦʩʪʫʧʢʫ ʧʨʦʠʟʚʦʜˁʝ. ʂʘʨʘʢʪʝʨʠʟʘʮʠʿʘ ʜʦʙʠʿʝʥʠʭ ʫʟʦʨʘʢʘ ʩʝ ʥʘʿʯʝʰ˂ʝ ʚʨʰʠ ʧʦʤʦ˂ʫ 

ʪʨʘʥʩʤʠʩʠʦʥʝ ʝʣʝʢʪʨʦʥʩʢʝ ʤʠʢʨʦʩʢʦʧʠʿʝ (ʝʥʛʣ. ʊransmission ɽlectron ʄicroscopʫ-ʊɽʄ) ʠ 

ʪʨʘʥʩʤʠʩʠʦʥʝ ʝʣʝʢʪʨʦʥʩʢʝ ʤʠʢʨʦʩʢʦʧʠʿʝ ʚʠʩʦʢʝ ʨʝʟʦʣʫʮʠʿʝ (ʝʥʛʣ. High Resolution 

ʊransmission ɽlectron ʄicroscopʫ-HRʊɽʄ). ʅʘ ʩʣ. 1.17 (ʘ) ʿʝ ʧʨʠʢʘʟʘʥ ʊɽʄ ʩʥʠʤʘʢ ʚʝ˂ʝʛ 

ʙʨʦʿʘ HgTe ʥʘʥʦʯʝʩʪʠʮʘ ʩʨʝʜˁʝ ʚʨʝʜʥʦʩʪʠ ʜʫʞʠʥʝ ʠʚʠʮʝ ʦʜ 14,5 nm, ʜʦʢ ʿʝ ʥʘ ʩʣ. 1.17 (ʙ) 

ʧʨʠʢʘʟʘʥ HRTEM ʩʥʠʤʘʢ ʿʝʜʥʝ ʥʘʥʦʯʝʩʪʠʮʝ ʯʠʿʠ ʦʙʣʠʢ ʠ ʜʠʤʝʥʟʠʿʝ ʤʦʛʫ ʜʘ ʚʘʨʠʨʘʿʫ ʫ 

ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʧʨʠʤʝˁʝʥʦʛ ʤʝʪʦʜʘ ʠʟʨʘʜʝ (Keuleyan ʠ ʩʘʨ., 2011A).  
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1.3 ʆʩʦʙʠʥʝ HgTe, CdTe ʠ CdxHg1-xTe ʣʝʛʫʨʝ 
 

HgTe ʠ CdTe ʩʫ ʙʠʥʘʨʥʘ ʭʝʤʠʿʩʢʘ ʿʝʜʠˁʝˁʘ ʢʦʿʘ ʧʨʠʧʘʜʘʿʫ II-VI ʛʨʫʧʠ ʪʝʪʨʘʝʜʘʨʩʢʠ 

ʦʨʠʿ ʝʥʪʠʩʘʥʠʭ ʧʦʣʫʧʨʦʚʦʜʥʠʢʘ. ʉʚʘʢʠ ʘʪʦʤ ʠʟ II ʛʨʫʧʝ (Hg ʠʣʠ Cd) ʿʝ ʧʦʚʝʟʘʥ ʩʘ ʯʝʪʠʨʠ 

ʘʪʦʤʘ ʠʟ VI (Te) ʛʨʫʧʝ ʧʦʣʘʨʥʠʤ ʢʦʚʘʣʝʥʪʥʠʤ ʚʝʟʘʤʘ ʢʦʿʝ ʤʝʹʫʩʦʙʥʦ ʟʘʢʣʘʧʘʿʫ ʫʛʘʦ ʦʜ 

109,5Ü. ʂʦʚʘʣʝʥʪʥʝ ʚʝʟʝ ʫ HgTe ʩʫ ʬʦʨʤʠʨʘʥe ʠʟʤʝʹʫ 6s ʝʣʝʢʪʨʦʥʘ Hg ʘʪʦʤʘ ʠ 5p ʝʣʝʢʪʨʦʥʘ 

Te ʘʪʦʤʘ, ʜʦʢ ʩʝ ʫ CdTe ʢʦʚʘʣʝʥʪʥʝ ʚʝʟʝ ʩʪʚʘʨʘʿʫ ʠʟʤʝʹʫ 5s ʝʣʝʢʪʨʦʥʘ Cd ʘʪʦʤʘ ʠ 5p 

ʝʣʝʢʪʨʦʥʘ Te ʘʪʦʤʘ. ʆʙʘ ʿʝʜʠˁʝˁʘ ʠʤʘʿʫ ʩʬʘʣʝʨʠʪʥʫ ʢʨʠʩʪʘʣʥʫ ʩʪʨʫʢʪʫʨʫ (ʝʥʛʣ. Zinc-blende) 

ʢʦʿʘ ʿʝ ʧʨʝʜʩʪʘʚˀʝʥʘ ʢʦʤʙʠʥʘʮʠʿʦʤ ʜʚʝ ʧʦʚʨʰʠʥʩʢʠ ʮʝʥʪʨʠʨʘʥʝ ʢʫʙʠʯʥʝ ʢʨʠʩʪʘʣʥʝ ʨʝʰʝʪʢʝ 

ʧʦʤʝʨʝʥʝ ʟʘ ʯʝʪʚʨʪʠʥʫ ʛʣʘʚʥʝ ʜʠʿʘʛʦʥʘʣʝ ʩʘ Ὂτσά ʧʨʦʩʪʦʨʥʦʤ ʛʨʫʧʦʤ ʩʠʤʝʪʨʠʿʝ.  

 

 
 

ʉʣʠʢʘ 1.18. ɱʝʜʠʥʠʯʥʘ ˂ʝʣʠʿʘ ʢʨʠʩʪʘʣʘ HgTe ʩʘ ʩʬʘʣʝʨʠʪʥʦʤ ʨʝʰʝʪʢʦʤ.  

 

ʅʘ ʩʣ. 1.18 ʿʝ ʧʨʠʢʘʟʘʥʘ ʿʝʜʠʥʠʯʥʘ ˂ʝʣʠʿʘ ʩʬʘʣʝʨʠʪʥʦʛ ʢʨʠʩʪʘʣʘ ʢʦʿʘ ʩʘʜʨʞʠ ʦʩʘʤ ʘʪʦʤʘ. 

ɸʪʦʤʠ ʩʫ ʩʤʝʰʪʝʥʠ ʥʘ ʩʣʝʜʝ˂ʠʤ ʧʦʟʠʮʠʿʘʤʘ: (0, 0, 0), (ὥ/2, ὥ/2, 0), (0, ὥ/2, ὥ/2), (ὥ/2, 

0, ὥ/2), (ὥ/4, ὥ/4, ὥ/4), (3ὥ/4, 3ὥ/4, ὥ/4), (ὥ/4, 3ὥ/4, 3ὥ/4), (3ὥ/4, ὥ/4, 3ὥ/4), ʛʜʝ ʿʝ 

ὥ ʧʘʨʘʤʝʪʘʨ ʢʨʠʩʪʘʣʥʝ ʨʝʰʝʪʢʝ. ɸʪʦʤʩʢʠ ʧʘʨ (ʜʠʤʝʨ) ʥʘ ʧʦʟʠʮʠʿʘʤʘ (0, 0, 0) ʠ 

(ὥ/4, ὥ/4, ὥ/4) ʫ ʿʝʜʠʥʠʯʥʦʿ ˂ʝʣʠʿʠ ʜʝʬʠʥʠʰʝ ʧʨʠʤʠʪʠʚʥʫ ˂ʝʣʠʿʫ ʯʠʿʦʤ ʩʝ ʪʨʘʥʩʣʘʮʠʿʦʤ 

ʤʦʞʝ ʨʝʧʨʦʜʫʢʦʚʘʪʠ ʢʨʠʩʪʘʣ (Zheng ʠ ʩʘʨ., 2015). ʉ ʦʙʟʠʨʦʤ ʜʘ ʩʬʘʣʝʨʠʪʥʠ ʢʨʠʩʪʘʣʠ ʩʘʜʨʞʝ 

ʘʪʦʤʝ ʜʚʝ ʚʨʩʪʝ, ʫ ˁʠʤʘ ʥʝ ʧʦʩʪʦʿʠ ʮʝʥʪʘʨ ʠʥʚʝʨʟʠʦʥʝ ʩʠʤʝʪʨʠʿʝ. ʇʘʨʘʤʝʪʘʨ ʢʨʠʩʪʘʣʥʝ 

ʨʝʰʝʪʢʝ ʥʘ ʪʝʤʧʝʨʘʪʫʨʠ ʦʜ 300 K ʟʘ HgTe ʠʟʥʦʩʠ ὥȟ φȟτφρυ ᴠ, ʜʦʢ ʿʝ ʟʘ CdTe 

ὥȟ φȟτψςσ ᴠ (Krishtopenko ʠ ʩʘʨ., 2016A). ʈʘʟʣʠʢʝ ʫ ʚʨʝʜʥʦʩʪʠʤʘ ʧʘʨʘʤʝʪʘʨʘ 

ʢʨʠʩʪʘʣʥʝ ʨʝʰʝʪʢʝ ʟʘ HgTe ʠ CdTe ʩʫ ʚʝʦʤʘ ʤʘʣʝ. ɿʙʦʛ ʪʦʛʘ ʩʫ ʦʚʠ ʤʘʪʝʨʠʿʘʣʠ ʧʦʛʦʜʥʠ ʟʘ 

ʨʝʘʣʠʟʘʮʠʿʫ ʭʝʪʝʨʦʩʪʨʫʢʪʫʨʘ ʫ ʢʦʿʠʤʘ ʥʠʿʝ ʠʟʨʘʞʝʥ ʫʪʠʮʘʿ ʥʘʧʨʝʟʘˁʘ ʢʦʿʝ ʩʝ ʿʘʚˀʘ ʫʩʣʝʜ 

ʥʝʫʩʘʛʣʘʰʝʥʦʩʪʠ ʧʘʨʘʤʝʪʘʨʘ ʢʨʠʩʪʘʣʥʝ ʨʝʰʝʪʢʝ.  

 ʅʘ ʩʣ. 1.19 ʿʝ ʧʨʠʢʘʟʘʥʘ ʟʦʥʩʢʘ ʩʪʨʫʢʪʫʨʘ ʤʘʩʠʚʥʠʭ (ʙʘʣʢʦʚʩʢʠʭ) HgTe ʠ CdTe 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʘ ʫ ɹʨʠʣʫʝʥʦʚʦʿ ʟʦʥʠ (ʬʨʘʥʮ. Brillouin). CdTe ʧʦʩʝʜʫʿʝ ʥʦʨʤʘʣʘʥ ʟʦʥʩʢʠ 

ʨʘʩʧʦʨʝʜ. ʅʘʿʥʠʞʘ ʧʨʦʚʦʜʥʘ ʟʦʥʘ ʩʘ ũ6 ʩʠʤʝʪʨʠʿʦʤ (=ʿ1/2) ʿʝ ʝʥʝʨʛʝʪʩʢʠ ʠʟʥʘʜ ʥʘʿʚʠʰʝ 

ʚʘʣʝʥʪʥʝ ʟʦʥʝ ʩʘ ũ8 ʩʠʤʝʪʨʠʿʦʤ (=ʿ3/2) ʢʦʿʘ ʿʝ ʜʝʛʝʥʝʨʠʩʘʥʘ ʫ ũ ʪʘʯʢʠ (Sengupta ʠ ʩʘʨ., 2013). 

CdTe ʠʤʘ ʜʠʨʝʢʪʘʥ ʝʥʝʨʛʝʪʩʢʠ ʧʨʦʮʝʧ ɽg(ũ)=1,606 eV, ʜʦʢ jʝ ʟʦʥʘ ʦʪʮʝʧˀʝʥʘ ʫʩʣʝʜ ʩʧʠʥ-

ʦʨʙʠʪʥʝ ʠʥʪʝʨʘʢʮʠʿʝ ʩʘ ũ7 ʩʠʤʝʪʨʠʿʦʤ ʧʦʟʠʮʠʦʥʠʨʘʥʘ ȹ=0,91 ʝV ʠʩʧʦʜ ʚʘʣʝʥʪʥʝ ʟʦʥʝ (Novik 

ʠ ʩʘʨ., 2005). Hg ʠ Te ʩʫ ʪʝʰʢʠ ʝʣʝʤʝʥʪʠ ʫ ʢʦʿʠʤʘ ʩʫ ʠʟʨʘʞʝʥʠ ʨʝʣʘʪʠʚʠʩʪʠʯʢʠ ʝʬʝʢʪʠ. 

ʋʩʣʝʜ ʿʘʢʝ ʩʧʠʥ-ʦʨʙʠʪʥʝ ʠʥʪʝʨʘʢʮʠʿʝ, ʫ ʤʘʩʠʚʥʦʤ HgTe ʜʦʣʘʟʠ ʜʦ ʧʦʿʘʚʝ ʠʥʚʝʨʟʠʿʝ ʧʦʜʟʦʥʘ 
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ʟʙʦʛ ʯʝʛʘ ʩʝ ʦʚʦ ʿʝʜʠˁʝˁʝ ʧʦʥʘʰʘ ʢʘʦ ʧʦʣʫʤʝʪʘʣ (Bernevig ʠ ʩʘʨ., 2006). ʉʣʠʯʥʦ ʢʘʦ ʢʦʜ 

CdTe, ʩʪʘˁʝ ʩʘ ũ8 ʩʠʤʝʪʨʠʿʦʤ ʿʝ ʜʝʛʝʥʝʨʠʩʘʥʦ ʫ ũ ʪʘʯʢʠ ʠ ʩʘʩʪʦʿʠ ʩʝ ʦʜ ʟʦʥʝ ʪʝʰʢʠʭ 

ʰʫʧˀʠʥʘ (ʝʥʛʣ. Heavy Hole-HH) ʠ ʟʦʥʝ ʣʘʢʠʭ ʰʫʧˀʠʥʘ (ʝʥʛʣ. Light Hole-LH). ʐʫʧˀʠʥʩʢʘ 

ʩʪʘˁʘ ʩʫ ʝʥʝʨʛʝʪʩʢʠ ʠʟʥʘʜ ʩʪʘˁʘ ʩʘ ũ6 ʩʠʤʝʪʨʠʿʦʤ. ɿʙʦʛ ʪʦʛʘ HgTe ʠʤʘ ʥʝʛʘʪʠʚʘʥ ʝʥʝʨʛʝʪʩʢʠ 

ʧʨʦʮʝʧ ɽg(ũ)=-0,303 eV. ɿʦʥʘ ʦʪʮʝʧˀʝʥʘ ʫʩʣʝʜ ʩʧʠʥ-ʦʨʙʠʪʥʝ ʠʥʪʝʨʘʢʮʠʿʝ ʩʘ ũ7 ʩʠʤʝʪʨʠʿʦʤ 

ʩʝ ʥʘʣʘʟʠ ȹ=1,08 ʝV ʠʩʧʦʜ ʚʘʣʝʥʪʥʝ ʟʦʥʝ. ʋ HgTe ʥʦʩʠʦʮʠ ʥʘʝʣʝʢʪʨʠʩʘˁʘ ʧʦʧʫˁʘʚʘʿʫ ʟʦʥʫ 

ʩʘ ũ6 ʩʠʤʝʪʨʠʿʦʤ ʟʘ ʨʘʟʣʠʢʫ ʦʜ ʤʘʪʝʨʠʿʘʣʘ ʩʘ Ăʥʦʨʤʘʣʥʠʤ ʟʦʥʩʢʠʤ ʨʘʩʧʦʨʝʜʦʤñ ʫ ʢʦʿʠʤʘ 

ʝʣʝʢʪʨʦʥʠ ʧʦʧʫˁʘʚʘʿʫ ʿʝʜʥʫ ʦʜ ʟʦʥʘ ʩʘ ũ8 ʩʠʤʝʪʨʠʿʦʤ.  

 

 
 

ʉʣʠʢʘ 1.19. ɿʦʥʩʢʘ ʩʪʨʫʢʪʫʨʘ ʤʘʩʠʚʥʠʭ (ʘ) HgTe ʠ (ʙ) CdTe ʧʦʣʫʧʨʦʚʦʜʥʠʢʘ (ʘʜʘʧʪʠʨʘʥʦ ʠʟ 

ʨʝʬʝʨʝʥʮʝ Yan ʠ De Visser, 2014). 

 

ɼʨʫʛʠʤ ʨʝʯʠʤʘ, ʥʘʝʣʝʢʪʨʠʩʘˁʘ ʫ HgTe ʩʫ ʧʨʝʨʘʩʧʦʜʝˀʝʥʘ ʪʘʢʦ ʜʘ HH ʟʦʥʘ ʧʨʝʜʩʪʘʚˀʘ 

ʧʦʧʫʣʠʩʘʥʫ ʚʘʣʝʥʪʥʫ ʟʦʥʫ, ʜʦʢ ʿʝ LH ʟʦʥʘ ʚʝ˂ʠʤ ʜʝʣʦʤ ʧʨʘʟʥʘ ʠ ʠʤʘ ʫʣʦʛʫ ʧʨʦʚʦʜʥʝ ʟʦʥʝ 

(Yan ʠ Zhang, 2012). ɿʙʦʛ ʦʛʨʘʥʠʯʝʥʦʛ ʢʨʝʪʘˁʘ ʝʣʝʢʪʨʦʥʘ ʫ ʥʘʥʦʩʪʨʫʢʪʫʨʘʤʘ ʢʦʿʝ ʩʝ ʙʘʟʠʨʘʿʫ 

ʥʘ HgTe ʜʦʣʘʟʠ ʜʦ ʧʨʦʤʝʥʝ ʚʨʝʜʥʦʩʪʠ ʝʥʝʨʛʠʿʘ ʩʪʘˁʘ ʫ ʦʢʦʣʠʥʠ ũ ʪʘʯʢʝ. ʋʢʦʣʠʢʦ ʿʝ 

ʢʦʥʬʠʥʠʨʘˁʝ ʢʨʝʪʘˁʘ ʜʦʚʦˀʥʦ ʠʟʨʘʞʝʥʦ, ʤʦʛʫ˂ʝ ʿʝ ʦʪʚʘʨʘˁʝ ʝʥʝʨʛʝʪʩʢʦʛ ʧʨʦʮʝʧʘ ʠʟʤʝʹʫ 

HH ʠ LH ʟʦʥʝ ʰʪʦ ʤʦʞʝ ʙʠʪʠ ʠʩʧʨʘ˂ʝʥʦ ʪʦʧʦʣʦʛʠʿʦʤ ʫʩʣʦʚˀʝʥʝ ʧʨʦʤʝʥʝ ʢʚʘʥʪʥʝ ʬʘʟʝ. 

ɺʨʝʜʥʦʩʪʠ ʧʘʨʘʤʝʪʘʨʘ ʟʦʥʩʢʝ ʩʪʨʫʢʪʫʨʝ ʟʘ HgTe ʠ CdTe ʢʦʨʠʰ˂ʝʥʝ ʫ ʥʫʤʝʨʠʯʢʠʤ 

ʩʠʤʫʣʘʮʠʿʘʤʘ ʩʫ ʧʨʠʢʘʟʘʥʝ ʫ ʇʨʠʣʦʛʫ 1. 

 

 
 

ʉʣʠʢʘ 1.20. ɿʘʚʠʩʥʦʩʪ ʚʝʣʠʯʠʥʝ ʝʥʝʨʛʝʪʩʢʦʛ ʧʨʦʮʝʧʘ CdxHg1-xTe ʣʝʛʫʨʝ ʦʜ ʤʦʣʘʨʥʦʛ ʫʜʝʣʘ 

(ὼ) ʠ ʪʝʤʧʝʨʘʪʫʨʝ (T).  
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ʆʜ Hg, Cd ʠ Te ʝʣʝʤʝʥʘʪʘ ʿʝ ʤʦʛʫ˂ʝ ʬʦʨʤʠʨʘʪʠ ʠ ʪʝʨʥʘʨʥʫ ʣʝʛʫʨʫ CdxHg1-xTe. ʊʝʨʥʘʨʥʘ 

ʣʝʛʫʨʘ ʩʝ ʪʘʢʦʹʝ ʢʘʨʘʢʪʝʨʠʰʝ ʩʬʘʣʝʨʠʪʥʦʤ ʢʨʠʩʪʘʣʥʦʤ ʨʝʰʝʪʢʦʤ ʩʘ ʥʝʰʪʦ ʩʣʦʞʝʥʠʿʦʤ 

ʢʦʤʧʦʟʠʮʠʿʦʤ ʘʪʦʤʩʢʠʭ ʚʨʩʪʘ. ʋ ʿʝʜʥʦʿ ʧʦʚʨʰʠʥʩʢʠ ʮʝʥʪʨʠʨʘʥʦʿ ʢʫʙʠʯʥʦʿ ʢʨʠʩʪʘʣʥʦʿ 

ʨʝʰʝʪʢʠ ʩʝ ʥʘʣʘʟʝ ʩʘʤʦ ʘʪʦʤʠ Te, ʜʦʢ ʩʫ ʫ ʜʨʫʛʦʿ ʩʤʝʰʪʝʥʠ ʘʪʦʤʠ Hg ʠ Cd ʫ ʦʜʨʝʹʝʥʦʤ 

ʢʦʣʠʯʠʥʩʢʦʤ ʦʜʥʦʩʫ. ʋʜʝʦ ʘʪʦʤʘ Cd ʫ CdxHg1-xTe ʣʝʛʫʨʠ ʩʝ ʢʚʘʥʪʠʬʠʢʫʿʝ ʤʦʣʘʨʥʠʤ ʫʜʝʣʦʤ 

(ὼ). ʇʦʨʝʜ ʪʝʤʧʝʨʘʪʫʨʝ (ʊ), ʝʥʝʨʛʝʪʩʢʠ ʧʨʦʮʝʧ CdxHg1-xTe ʟʘʚʠʩʠ ʠ ʦʜ ʤʦʣʘʨʥʦʛ ʫʜʝʣʘ ʧʨʝʤʘ 

ʩʣʝʜʝ˂ʝʤ ʠʟʨʘʟʫ (Krishnamurthy ʠ ʩʘʨ., 1995): 

 

Ὁ ὼȟὝ σπτ
πȟφσὝ

ρρὝ
ρ ςὼ ρψυψὼ υτὼȟ                             ρȢσȢρ 

 

ʛʜʝ ʿʝ ʚʨʝʜʥʦʩʪ ʝʥʝʨʛʝʪʩʢʦʛ ʧʨʦʮʝʧʘ ʠʟʨʘʞʝʥʘ ʫ ʤʠʣʠʝʣʝʢʪʨʦʥʚʦʣʪʠʤʘ (meV). ʅʘ ʩʣ. 1.20 ʿʝ 

ʧʨʝʜʩʪʘʚˀʝʥʘ ʚʘʨʠʿʘʮʠʿʘ ʚʝʣʠʯʠʥʝ ʝʥʝʨʛʝʪʩʢʦʛ ʧʨʦʮʝʧʘ CdxHg1-xTe ʣʝʛʫʨʝ ʩʘ ʧʨʦʤʝʥʦʤ 

ʪʝʤʧʝʨʘʪʫʨʝ (ʊ) ʟʘ ʥʝʢʦʣʠʢʦ ʜʠʩʢʨʝʪʥʠʭ ʚʨʝʜʥʦʩʪʠ ʤʦʣʘʨʥʦʛ ʫʜʝʣʘ (ὼ). ʇʘʨʘʤʝʪʘʨ 
ʟʘʢʨʠʚˀʝˁʘ (ʝʥʛʣ. bowing parameter) ʠʟʥʦʩʠ C=54 meV ʠ ʦʧʠʩʫʿʝ ʦʜʩʪʫʧʘˁʝ ʦʜ ʣʠʥʝʘʨʥʝ 

ʟʘʚʠʩʥʦʩʪʠ. ʆʚʘ ʚʨʝʜʥʦʩʪ ʿʝ ʤʘʣʘ, ʪʘʢʦ ʜʘ ʩʝ ʿʝʜʥʘʯʠʥʘ (1.3.1) ʤʦʞʝ ʘʧʨʦʢʩʠʤʠʨʘʪʠ 

ʢʦʨʠʰ˂ʝˁʝʤ ʩʘʤʦ ʣʠʥʝʘʨʥʠʭ ʯʣʘʥʦʚʘ ʧʦ ὼ.  
 

 

1.4 ʉʪʨʫʢʪʫʨʘ ʜʦʢʪʦʨʩʢʝ ʜʠʩʝʨʪʘʮʠʿʝ 
 

ʋ ʦʚʦʿ ʜʦʢʪʦʨʩʢʦʿ ʜʠʩʝʨʪʘʮʠʿʠ ʩʫ ʠʩʪʨʘʞʝʥʝ ʩʣʝʜʝ˂ʝ ʥʘʥʦʩʪʨʫʢʪʫʨʝ: 

¶ HgTe/CdxHg1-xTe ʜʚʦʩʪʨʫʢʝ ʢʚʘʥʪʥʝ ʿʘʤʝ, 

¶ HgTe ʢʚʘʥʪʥʝ ʪʘʯʢʝ ʠ 

¶ HgTe ʢʚʘʥʪʥʠ ʧʨʩʪʝʥʦʚʠ. 

ɿʘ ʤʦʜʝʣʦʚʘˁʝ ʝʣʝʢʪʨʦʥʩʢʠʭ ʦʩʦʙʠʥʘ ʜʚʦʩʪʨʫʢʠʭ ʢʚʘʥʪʥʠʭ ʿʘʤʘ ʢʦʨʠʰ˂ʝʥ ʿʝ ἳ Ἰ ʤʦʜʝʣ, ʜʦʢ 

ʿʝ ʨʘʯʫʥ ʝʣʝʢʪʨʦʥʩʢʝ ʩʪʨʫʢʪʫʨʝ HgTe ʢʚʘʥʪʥʠʭ ʪʘʯʘʢʘ ʠ ʧʨʩʪʝʥʦʚʘ ʩʧʨʦʚʝʜʝʥ ʧʦʤʦ˂ʫ ʤʝʪʦʜʘ 

ʿʘʢʝ ʚʝʟʝ.  

 ʋ ʧʨʚʦʿ ʛʣʘʚʠ ʜʦʢʪʦʨʩʢʝ ʜʠʩʝʨʪʘʮʠʿʝ ʧʨʝʜʩʪʘʚˀʝʥʝ ʩʫ ʥʘʥʦʩʪʨʫʢʪʫʨʝ ʢʦʿʝ ʩʝ ʙʘʟʠʨʘʿʫ 

ʥʘ HgTe. ʆʧʠʩʘʥʠ ʩʫ ʪʝʭʥʦʣʦʰʢʠ ʧʦʩʪʫʧʮʠ ʢʦʿʠ ʩʝ ʢʦʨʠʩʪʝ ʟʘ ˁʠʭʦʚʫ ʧʨʦʠʟʚʦʜˁʫ ʠ ʜʘʪ ʿʝ 

ʧʨʝʛʣʝʜ ʦʩʥʦʚʥʠʭ ʦʩʦʙʠʥʘ ʟʘ ʩʣʝʜʝ˂ʝ ʤʘʪʝʨʠʿʘʣʝ: 1) HgTe, 2) CdTe ʠ 3) CdxHg1-xTe.  

 ʋ ʜʨʫʛʦʿ ʛʣʘʚʠ ʩʫ ʧʨʝʜʩʪʘʚˀʝʥʠ ʤʝʪʦʜʠ ʢʦʨʠʰ˂ʝʥʠ ʟʘ ʤʦʜʝʣʦʚʘˁʝ ʝʣʝʢʪʨʦʥʩʢʝ 

ʩʪʨʫʢʪʫʨʝ. ʇʨʚʦ ʿʝ ʘʥʘʣʠʟʠʨʘʥʘ ʚʠʰʝʟʦʥʩʢʘ ἳ Ἰ ʪʝʦʨʠʿʘ ʢʦʿʘ ʜʘʿʝ ʟʘʜʦʚʦˀʘʚʘʿʫ˂ʝ ʨʝʟʫʣʪʘʪʝ 

ʩʘʤʦ ʫ ʦʢʦʣʠʥʠ ʪʘʯʢʝ ἳ . ʈʘʟʚʠʿʝʥ ʿʝ ἳ Ἰ ʤʦʜʝʣ ʟʘ ʩʣʫʯʘʿ ʤʘʩʠʚʥʦʛ ʧʦʣʫʧʨʦʚʦʜʥʠʢʘ ʫ 

ʢʦʿʝʤ ʿʝ ʥʝʧʦʟʥʘʪʘ ʪʘʣʘʩʥʘ ʬʫʥʢʮʠʿʘ ʧʨʝʜʩʪʘʚˀʝʥʘ ʧʦʤʦ˂ʫ ʢʦʥʘʯʥʦʛ ʙʨʦʿʘ ɹʣʦʭʦʚʠʭ (ʥʝʤ. 

Bloch) ʬʫʥʢʮʠʿʘ. ʇʨʠʣʠʢʦʤ ʨʘʟʚʦʿʘ ʤʦʜʝʣʘ, ʦʧʠʩʘʥ ʿʝ ʧʦʩʪʫʧʘʢ ʟʘ ʫʢˀʫʯʠʚʘˁʝ ʫʪʠʮʘʿʘ ʩʧʠʥ-

ʦʨʙʠʪʥʝ ʠʥʪʝʨʘʢʮʠʿʝ. ɿʘʪʠʤ ʿʝ ʧʦʤʦ˂ʫ ʪʝʦʨʠʿʝ ʧʝʨʪʫʨʙʘʮʠʿʘ ʫ ʧʨʠʩʫʩʪʚʫ ʢʚʘʟʠʜʝʛʝʥʝʨʘʮʠʿʝ 

ʬʦʨʤʠʨʘʥ ʤʦʜʝʣ ʢʦʿʠ ʝʢʩʧʣʠʮʠʪʥʦ ʦʧʠʩʫʿʝ ʩʘʤʦ ʧʨʦʚʦʜʥʫ ʟʦʥʫ. ʋʪʠʮʘʿ ʦʩʪʘʣʠʭ ʟʦʥʘ ʿʝ 

ʫʨʘʯʫʥʘʪ ʢʦʨʠʰ˂ʝˁʝʤ ʃʝʚʜʠʥʦʚʝ ʪʝʦʨʠʿʝ ʧʝʨʪʫʨʙʘʮʠʿʘ. ʇʨʝʜʩʪʘʚˀʝʥ ʿʝ ʦʩʤʦʟʦʥʩʢʠ ἳ Ἰ 

ʤʦʜʝʣ ʠ ʦʙʿʘʰˁʝʥ ʿʝ ʧʦʩʪʫʧʘʢ ʤʦʜʝʣʦʚʘˁʘ ʥʘʧʨʝʟʘˁʘ, ʩʧʦˀʘʰˁʝʛ ʝʣʝʢʪʨʠʯʥʦʛ ʠ ʩʧʦˀʘʰˁʝʛ 

ʤʘʛʥʝʪʩʢʦʛ ʧʦˀʘ. ʅʘʧʨʝʟʘˁʝ ʿʝ ʤʦʜʝʣʦʚʘʥʦ ʢʦʨʠʰ˂ʝˁʝʤ ɹʠʨ-ʇʠʢʫʩʦʚʦʛ ʬʦʨʤʘʣʠʟʤʘ (ʨʫʩ. 

ɹʠʨ, ʨʫʩ. ʇʠʢʫʩ). ʋʪʠʮʘʿ ʝʣʝʢʪʨʠʯʥʦʛ ʧʦˀʘ ʿʝ ʫʨʘʯʫʥʘʪ ʤʦʜʠʬʠʢʘʮʠʿʦʤ ʜʠʿʘʛʦʥʘʣʥʠʭ ʯʣʘʥʦʚʘ 

ἳ Ἰ ʭʘʤʠʣʪʦʥʠʿʘʥʘ, ʜʦʢ ʿʝ ʤʘʛʥʝʪʩʢʦ ʧʦˀʝ ʤʦʜʝʣʦʚʘʥʦ ʧʦʤʦ˂ʫ ʇʘʿʝʨʣʩʦʚʝ ʟʘʤʝʥʝ ʠ 

ʭʘʤʠʣʪʦʥʠʿʘʥʘ ʢʦʿʠ ʦʧʠʩʫʿʝ ɿʝʤʘʥʦʚ ʝʬʝʢʘʪ. ɿʘʪʠʤ ʿʝ ʦʧʠʩʘʥ ʤʝʪʦʜ ʿʘʢʝ ʚʝʟʝ ʢʦʿʠ 

ʚʝʨʦʜʦʩʪʦʿʥʦ ʦʧʠʩʫʿʝ ʝʣʝʢʪʨʦʥʩʢʫ ʩʪʨʫʢʪʫʨʫ ʫ ʯʠʪʘʚʦʿ ɹʨʠʣʫʝʥʦʚʦʿ ʟʦʥʠ. ɿʘ ʨʘʟʣʠʢʫ ʦʜ ἳ Ἰ 

ʤʦʜʝʣʘ, ʫ ʦʢʚʠʨʫ ʢʦʿʝʛ ʿʝ ʪʘʣʘʩʥʘ ʬʫʥʢʮʠʿʘ ʧʨʠʢʘʟʘʥʘ ʢʘʦ ʣʠʥʝʘʨʥʘ ʢʦʤʙʠʥʘʮʠʿʘ ʨʘʚʘʥʩʢʠʭ 

ʪʘʣʘʩʘ, ʪʘʣʘʩʥʘ ʬʫʥʢʮʠʿʘ ʫ ʦʢʚʠʨʫ ʬʦʨʤʘʣʠʟʤʘ ʤʝʪʦʜʘ ʿʘʢʝ ʚʝʟʝ ʿʝ ʧʨʝʜʩʪʘʚˀʝʥʘ ʣʠʥʝʘʨʥʦʤ 

ʢʦʤʙʠʥʘʮʠʿʦʤ ʘʪʦʤʩʢʠʭ ʦʨʙʠʪʘʣʘ. ʆʧʠʩʘʥʘ ʿʝ ʜʚʦʮʝʥʪʘʨʩʢʘ ʘʧʨʦʢʩʠʤʘʮʠʿʘ ʠ ʬʦʨʤʠʨʘʥ ʿʝ 

ʤʦʜʝʣ ʿʘʢʝ ʚʝʟʝ ʟʘ ʢʨʠʩʪʘʣʝ ʩʘ ʩʬʘʣʝʨʠʪʥʦʤ ʢʨʠʩʪʘʣʥʦʤ ʩʪʨʫʢʪʫʨʦʤ ʫ ʢʦʿʠ ʿʝ ʫʢˀʫʯʝʥ ʝʬʝʢʘʪ 

ʩʧʠʥ-ʦʨʙʠʪʥʝ ʠʥʪʝʨʘʢʮʠʿʝ.   
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ʋ ʪʨʝ˂ʦʿ ʛʣʘʚʠ ʩʫ ʧʨʝʜʩʪʘʚˀʝʥʠ ʨʝʟʫʣʪʘʪʠ ʟʘ HgTe/CdxHg1-xTe ʩʠʤʝʪʨʠʯʥʝ ʠ 

ʘʩʠʤʝʪʨʠʯʥʝ ʜʚʦʩʪʨʫʢʝ ʢʚʘʥʪʥʝ ʿʘʤʝ ʩʘ [001] ʧʨʘʚʮʝʤ ʥʘʨʘʩʪʘˁʘ. ʆʧʠʩʘʥʦ ʿʝ ʢʘʢʦ ʩʝ 

ʝʣʝʢʪʨʦʥʩʢʘ ʩʪʘˁʘ ʦʚʠʭ ʥʘʥʦʩʪʨʫʢʪʫʨʘ ʤʝˁʘʿʫ ʫ ʧʨʠʩʫʩʪʚʫ ʥʘʧʨʝʟʘˁʘ ʠ ʩʧʦˀʘʰˁʝʛ 

ʝʣʝʢʪʨʠʯʥʦʛ ʠ ʤʘʛʥʝʪʩʢʦʛ ʧʦˀʘ. ʈʝʟʫʣʪʘʪʠ ʩʫ ʜʦʙʠʿʝʥʠ ʧʦʤʦ˂ʫ ʦʩʤʦʟʦʥʩʢʦʛ ʂʝʿʥʦʚʦʛ ἳ Ἰ 

ʤʦʜʝʣʘ. ʇʨʦʙʣʝʤʠ ʥʘ ʛʨʘʥʠʮʘʤʘ ʭʝʪʝʨʦʩʧʦʿʝʚʘ ʩʫ ʨʝʰʝʥʠ ʧʨʠʤʝʥʦʤ ɹʘʨʪʦʚʠʭ (ʝʥʛʣ. Burt) 

ʩʠʤʝʪʨʠʟʘʮʠʦʥʠʭ ʧʨʘʚʠʣʘ. ɼʝʤʦʥʩʪʨʠʨʘʥʦ ʿʝ ʜʘ ʩʝ ʧʨʝʣʘʟ ʠʟ ʧʦʣʫʤʝʪʘʣʥʦʛ ʫ ʥʝʪʨʠʚʠʿʘʣʥʦ 

ʠʟʦʣʘʪʦʨʩʢʦ ʩʪʘˁʝ ʢʦʜ ʚʠʰʝʩʪʨʫʢʠʭ ʘʩʠʤʝʪʨʠʯʥʠʭ ʢʚʘʥʪʥʠʭ ʿʘʤʘ ʤʦʞʝ ʝʬʠʢʘʩʥʦ 

ʢʦʥʪʨʦʣʠʩʘʪʠ ʧʦʜʝʰʘʚʘˁʝʤ ʦʜʥʦʩʘ ʜʝʙˀʠʥʘ ʿʘʤʩʢʦʛ ʤʘʪʝʨʠʿʘʣʘ. ʇʦʢʘʟʘʥʦ ʿʝ ʜʘ ʫ 

ʜʚʦʩʪʨʫʢʠʤ ʿʘʤʘʤʘ ʧʦʩʪʦʿʠ ʧʨʦʩʪʦʨʥʘ ʨʘʟʜʚʦʿʝʥʦʩʪ ʠʟʤʝʹʫ ʩʪʘˁʘ ʩʘ ʜʥʘ ʧʨʦʚʦʜʥʝ ʠ ʚʨʭʘ 

ʚʘʣʝʥʪʥʝ ʟʦʥʝ ʠ ʜʘ ʧʨʦʤʝʥʘ ʤʦʣʘʨʥʦʛ ʫʜʝʣʘ ʫ ʙʘʨʠʿʝʨʘʤʘ, ʢʦʿʘ ʫʪʠʯʝ ʥʘ ʩʧʨʝʟʘˁʝ ʿʘʤʘ, ʤʦʞʝ 

ʠʤʘʪʠ ʟʥʘʯʘʿʘʥ ʫʪʠʮʘʿ ʥʘ ʟʦʥʩʢʫ ʩʪʨʫʢʪʫʨʫ ʠ ʫʩʣʦʚʝ ʟʘ ʪʦʧʦʣʦʰʢʫ ʪʨʘʥʟʠʮʠʿʫ. 

ʋ ʯʝʪʚʨʪʦʿ ʛʣʘʚʠ ʩʫ ʧʨʝʜʩʪʘʚˀʝʥʝ ʝʣʝʢʪʨʦʥʩʢʝ ʠ ʦʧʪʠʯʢʝ ʦʩʦʙʠʥʝ 2ɼ HgTe ʢʚʘʥʪʥʠʭ 

ʪʘʯʘʢʘ ʠ ʧʨʩʪʝʥʦʚʘ. ɿʘ ʤʦʜʝʣʦʚʘˁʝ ʝʣʝʢʪʨʦʥʩʢʝ ʩʪʨʫʢʪʫʨʝ ʿʝ ʢʦʨʠʰ˂ʝʥ ʤʝʪʦʜ ʿʘʢʝ ʚʝʟʝ ʫ 

sp3d5s* ʙʘʟʠʩʥʦʤ ʩʢʫʧʫ. ɺʨʝʜʥʦʩʪʠ ʤʘʪʨʠʯʥʠʭ ʝʣʝʤʘʥʘʪʘ ʩʫ ʦʜʨʝʹʝʥʝ ʧʘʨʘʤʝʪʨʠʟʘʮʠʿʦʤ ʟʘ 

ʩʣʫʯʘʿ ʤʘʩʠʚʥʦʛ HgTe ʤʘʪʝʨʠʿʘʣʘ. ʇʨʠʣʠʢʦʤ ʨʘʟʚʦʿʘ ʤʦʜʝʣʘ ʢʦʨʠʰ˂ʝʥʘ ʿʝ ʜʚʦʮʝʥʪʘʨʩʢʘ 

ʘʧʨʦʢʩʠʤʘʮʠʿʘ ʫ ʢʦʿʦʿ ʩʝ ʟʘʥʝʤʘʨʫʿʝ ʚʝʣʠʢʠ ʙʨʦʿ ʤʘʪʨʠʯʥʠʭ ʝʣʝʤʝʥʘʪʘ ʢʦʿʠ ʩʫ ʧʨʝʜʩʪʘʚˀʝʥʠ 

ʪʨʦʮʝʥʪʘʨʩʢʠʤ ʠʥʪʝʛʨʘʣʠʤʘ. ʋ ʦʢʚʠʨʫ ʤʦʜʝʣʘ ʿʘʢʝ ʚʝʟʝ ʿʝ ʫʚʝʜʝʥʘ ʩʧʠʥ-ʦʨʙʠʪʥʘ ʠʥʪʝʨʘʢʮʠʿʘ. 

ʋʪʠʮʘʿ ʤʘʛʥʝʪʩʢʦʛ ʧʦˀʘ ʿʝ ʫʨʘʯʫʥʘʪ ʧʨʝʢʦ ʇʘʿʝʨʣʩʦʚʝ ʟʘʤʝʥʝ, ʜʦʢ ʿʝ ʦʧʪʠʯʢʘ ʘʧʩʦʨʧʮʠʿʘ 

ʠʟʨʘʯʫʥʘʪʘ ʢʦʨʠʰ˂ʝˁʝʤ ʫʦʙʠʯʘʿʝʥʝ ʠʥʪʨʘʦʨʙʠʪʘʣʥʝ ʘʧʨʦʢʩʠʤʘʮʠʿʝ. ʇʦʢʘʟʘʥʦ ʿʝ ʜʘ ʫ 

ʥʘʥʦʪʘʯʢʘʤʘ ʠ ʥʘʥʦʧʨʩʪʝʥʦʚʠʤʘ ʧʦʩʪʦʿʠ ʚʝʣʠʢʠ ʫʪʠʮʘʿ ʠʚʠʯʥʠʭ ʩʪʘˁʘ ʥʘ ʦʧʪʠʯʢʫ 

ʘʧʩʦʨʧʮʠʿʫ ʫ ʪʝʨʘʭʝʨʮʥʦʿ ʦʙʣʘʩʪʠ, ʢʦʿʘ ʩʝ ʤʦʞʝ ʬʠʥʦ ʧʦʜʝʰʘʚʘʪʠ ʧʨʠʤʝʥʦʤ ʤʘʛʥʝʪʩʢʦʛ 

ʧʦˀʘ. ʇʨʦʥʘʹʝʥʝ ʩʫ ʠʥʪʝʥʟʠʚʥʝ ɸʭʘʨʦʥʦʚ-ɹʦʤʦʚʝ ʦʩʮʠʣʘʮʠʿʝ ʩʪʘˁʘ ʫ ʧʨʦʚʦʜʥʦʿ ʠ ʚʘʣʝʥʪʥʦʿ 

ʟʦʥʠ ʢʦʜ ʥʘʥʦʧʨʩʪʝʥʦʚʘ. ʋʩʪʘʥʦʚˀʝʥʦ ʿʝ ʜʘ ʧʦʩʪʦʿʝ ʩʧʝʮʠʬʠʯʥʘ ʠʚʠʯʥʘ ʩʪʘˁʘ ʣʦʢʘʣʠʟʦʚʘʥʘ 

ʜʫʞ ʯʠʪʘʚʠʭ ʠʚʠʮʘ ʩʪʨʫʢʪʫʨʝ ʢʦʿʘ ʜʦʚʦʜʝ ʜʦ ʤʘʥʠʬʝʩʪʘʮʠʿʝ ɸʭʘʨʦʥʦʚ-ɹʦʤʦʚʠʭ ʦʩʮʠʣʘʮʠʿʘ 

ʯʘʢ ʠ ʫ ʿʝʜʥʦʩʪʨʫʢʦ ʧʦʚʝʟʘʥʦʿ ʩʪʨʫʢʪʫʨʠ ʧʦʧʫʪ ʢʚʘʥʪʥʝ ʪʘʯʢʝ. 

 ʋ ʧʝʪʦʿ ʛʣʘʚʠ ʿʝ ʜʘʪ ʩʫʤʘʨʥʠ ʧʨʠʢʘʟ ʜʦʙʠʿʝʥʠʭ ʨʝʟʫʣʪʘʪʘ ʠ ʧʨʦʜʠʩʢʫʪʦʚʘʥʠ ʩʫ 

ʥʘʿʚʘʞʥʠʿʠ ʥʘʫʯʥʠ ʜʦʧʨʠʥʦʩʠ ʦʚʝ ʜʦʢʪʦʨʩʢʝ ʜʠʩʝʨʪʘʮʠʿʝ.  

 ʋ ʇʨʠʣʦʛʫ 1 ʠ 2 ʩʫ ʧʨʝʜʩʪʘʚˀʝʥʠ ʟʦʥʩʢʠ ʧʘʨʘʤʝʪʨʠ ʟʘ HgTe ʠ CdTe  ʠ ʧʘʨʘʤʝʪʨʠ 

ʤʝʪʦʜʘ ʿʘʢʝ ʚʝʟʝ ʧʦ ʉʣʝʿʪʝʨ-ʂʦʩʪʝʨʦʚʦʿ ʥʦʪʘʮʠʿʠ, ʨʝʜʦʤ. ʋ ʇʨʠʣʦʛʫ 3 ʿʝ ʜʘʪ ʩʧʠʩʘʢ 

ʜʚʦʮʝʥʪʘʨʩʢʠʭ ʠʥʪʝʛʨʘʣʘ ʠʟʤʝʹʫ ʨʘʟʣʠʯʠʪʠʭ ʦʨʙʠʪʘʣʘ ʠʟ sp3d5s* ʙʘʟʠʩʥʦʛ ʩʢʫʧʘ ʢʦʿʠ ʩʫ 

ʥʘʧʠʩʘʥʠ ʧʨʝʢʦ ʜʠʨʝʢʮʠʦʥʠʭ ʢʦʩʠʥʫʩʘ. ʋ ʇʨʠʣʦʛʫ 4 ʿʝ ʠʟʚʝʜʝʥʘ ɹʣʦʭʦʚʘ ʪʝʦʨʝʤʘ ʢʘʦ 

ʧʦʣʘʟʥʘ ʦʩʥʦʚʘ ʧʨʠʣʠʢʦʤ ʨʘʟʚʦʿʘ ʙʠʣʦ ʢʦʛ ʟʦʥʩʢʦʛ ʤʦʜʝʣʘ ʟʘ ʧʦʣʫʧʨʦʚʦʜʥʠʢʝ. ʋ ʇʨʠʣʦʛʫ 5. 

ʩʫ ʧʨʝʜʩʪʘʚˀʝʥʝ ʦʩʥʦʚʝ ʪʝʦʨʠʿʝ ʘʥʚʝʣʦʧʥʠʭ ʬʫʥʢʮʠʿʘ ʟʘ ʘʥʘʣʠʟʫ ʝʣʝʢʪʨʦʥʩʠʭ ʦʩʦʙʠʥʘ 

ʭʝʪʝʨʦʩʪʨʫʢʪʫʨʘ ʩʤʘˁʝʥʝ ʜʠʤʝʥʟʠʦʥʘʣʥʦʩʪʠ. ʋ ʇʨʠʣʦʟʠʤʘ 6 ʠ 7 ʿʝ ʜʘʪʦ ʜʝʪʘˀʥʦ ʠʟʚʦʹʝˁʝ 

ʪʝʦʨʠʿʝ ʧʝʨʪʫʨʙʘʮʠʿʘ ʥʝʟʘʚʠʩʥʠʭ ʦʜ ʚʨʝʤʝʥʘ ʠ ʃʝʚʜʠʥʦʚʝ ʧʝʨʪʫʨʙʘʮʠʦʥʝ ʪʝʦʨʠʿʝ ʢʦʿʝ ʩʝ 

ʢʦʨʠʩʪʝ ʧʨʠʣʠʢʦʤ ʨʘʟʚʦʿʘ ʚʠʰʝʟʦʥʩʢʠʭ ἳ Ἰ ʤʦʜʝʣʘ. ʋ ʇʨʠʣʦʛʫ 8 ʩʫ ʧʨʝʜʩʪʘʚˀʝʥʠ ʩʬʝʨʥʠ 

ʭʘʨʤʦʥʠʮʠ ʢʦʿʠ ʩʝ ʢʦʨʠʩʪʝ ʢʘʦ ʙʘʟʠʩʥʝ ʬʫʥʢʮʠʿʝ ʫ ʤʦʜʝʣʫ ʿʘʢʝ ʚʝʟʝ. ʅʘ ʢʨʘʿʫ, ʫ ʇʨʠʣʦʛʫ 9 ʿʝ 

ʦʧʠʩʘʥ ʧʨʦʪʦʪʠʧʩʢʠ ʤʦʜʝʣ ʿʘʢʝ ʚʝʟʝ ʟʘ ʜʚʦʘʪʦʤʩʢʠ ʤʦʣʝʢʫʣ.  
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2. ʄʝʪʦʜʠ ʠʟʨʘʯʫʥʘʚʘˁʘ ʝʣʝʢʪʨʦʥʩʢʠʭ ʦʩʦʙʠʥʘ HgTe ʥʘʥʦʩʪʨʫʢʪʫʨʘ 
 

ʋ ʦʚʦʿ ʛʣʘʚʠ ˂ʝ ʙʠʪʠ ʧʨʝʜʩʪʘʚˀʝʥʠ ʤʝʪʦʜʠ ʢʦʿʠ ʩʫ ʢʦʨʠʰ˂ʝʥʠ ʟʘ ʤʦʜʝʣʦʚʘˁʝ ʟʦʥʩʢʝ 

ʩʪʨʫʢʪʫʨʝ HgTe ʥʘʥʦʩʪʨʫʢʪʫʨʘ. ʇʨʚʦ ˂ʝ ʙʠʪʠ ʘʥʘʣʠʟʠʨʘʥʘ ʚʠʰʝʟʦʥʩʢʘ ἳϽἸ ʪʝʦʨʠʿʘ ʢʦʿʘ ʩʝ ʩʘ 

ʟʘʜʦʚʦˀʘʚʘʿʫ˂ʦʤ ʪʘʯʥʦʰ˂ʫ ʤʦʞʝ ʧʨʠʤʝʥʠʪʠ ʫ ʩʣʫʯʘʿʫ ʩʠʤʝʪʨʠʯʥʠʭ ʠ ʘʩʠʤʝʪʨʠʯʥʠʭ 

ʜʚʦʩʪʨʫʢʠʭ HgTe/CdxHg1-xTe ʢʚʘʥʪʥʠʭ ʿʘʤʘ. ɿʘʪʠʤ ˂ʝ ʙʠʪʠ ʦʧʠʩʘʥ ʝʤʧʠʨʠʿʩʢʠ ʤʝʪʦʜ ʿʘʢʝ 

ʚʝʟʝ (ʝʥʛʣ. Tight Binding) ʧʦʤʦ˂ʫ ʢʦʿʝʛ ʩʫ ʤʦʜʝʣʦʚʘʥʘ ʝʣʝʢʪʨʦʥʩʢʘ ʠ ʦʧʪʠʯʢʘ ʩʚʦʿʩʪʚʘ ʢʚʘʟʠ-

ʥʫʣʪʦʜʠʤʝʥʟʠʦʥʠʭ ʩʪʨʫʢʪʫʨʘ ʪʠʧʘ ʢʚʘʥʪʥʝ ʪʘʯʢʝ ʠ ʢʚʘʥʪʥʦʛ ʧʨʩʪʝʥʘ.   

 

 

2.1 ἳϽἸ ʪʝʦʨʠʿʘ 
 

ʇʨʠʣʠʢʦʤ ʦʜʨʝʹʠʚʘˁʘ ʝʣʝʢʪʨʦʥʩʢʠʭ ʦʩʦʙʠʥʘ ʩʣʦʿʝʚʠʪʠʭ ʥʘʥʦʩʪʨʫʢʪʫʨʘ ʥʘʿʯʝʰ˂ʝ ʩʝ 

ʢʦʨʠʩʪʠ ʘʧʨʦʢʩʠʤʘʮʠʿʘ ʘʥʚʝʣʦʧʥʠʤ ʬʫʥʢʮʠʿʘʤʘ (Rossi, 2011) ʧʦʤʦ˂ʫ ʢʦʿʝ ʿʝ ʤʦʛʫ˂ʝ ʦʧʠʩʘʪʠ 

ʝʣʝʢʪʨʦʥʩʢʘ ʠ ʰʫʧˀʠʥʩʢʘ ʩʪʘˁʘ (ʚʠʜʝʪʠ ʇʨʠʣʦʛ 5) ʯʘʢ ʠ ʫ ʧʨʠʩʫʩʪʚʫ ʩʧʦˀʘʰˁʠʭ ʧʦˀʘ ʠʣʠ 

ʥʘʧʨʝʟʘˁʘ (Winkler, 2003). ʅʘʿʿʝʜʥʦʩʪʘʚʥʠʿʠ ʧʨʠʩʪʫʧ ʫ ʦʢʚʠʨʫ ʘʧʨʦʢʩʠʤʘʮʠʿʝ ʘʥʚʝʣʦʧʥʠʤ 

ʬʫʥʢʮʠʿʘʤʘ ʿʝ ʜʦʙʨʦ ʧʦʟʥʘʪʘ ʪʝʦʨʠʿʘ ʝʬʝʢʪʠʚʥʠʭ ʤʘʩʘ (Wannier, 1937; Slater, 1949; Morrow, 

1987; Winkler, 2003). ʋ ʦʢʚʠʨʫ ʦʚʝ ʪʝʦʨʠʿʝ ʩʝ ʧʦʩʤʘʪʨʘ ʢʨʝʪʘˁʝ ʿʝʜʥʦʛ ʝʣʝʢʪʨʦʥʘ ʜʦʢ ʩʝ 

ˁʝʛʦʚʝ ʠʥʪʝʨʘʢʮʠʿʝ ʩʘ ʜʨʫʛʠʤ ʝʣʝʢʪʨʦʥʠʤʘ, ʢʘʦ ʠ ʫʪʠʮʘʿ ʧʝʨʠʦʜʠʯʥʦʛ ʢʨʠʩʪʘʣʥʦʛ 

ʧʦʪʝʥʮʠʿʘʣʘ, ʦʧʠʩʫʿʫ ʧʦʤʦ˂ʫ ʪʝʥʟʦʨʘ ʝʬʝʢʪʠʚʥʝ ʤʘʩʝ, άᶻ. ɽʣʝʢʪʨʦʥ ʠʤʘ ʪʘʣʘʩʥʫ ʧʨʠʨʦʜʫ ʠ 
ˁʝʛʦʚʘ ʝʥʝʨʛʠʿʘ ʫ ʦʢʦʣʠʥʠ ʝʢʩʪʨʝʤʫʤʘ (ʚʨʭʘ ʠʣʠ ʜʥʘ) ʟʦʥʝ ʩʝ ʤʦʞʝ ʦʜʨʝʜʠʪʠ ʩʣʝʜʝ˂ʦʤ 

ʿʝʜʥʘʯʠʥʦʤ (Slater, 1949; Bir ʠ Pikus, 1974):   

 

Ὁἳ Ὁ
ᴐὯ

ςά

ᴐὯ

ςά

ᴐὯ

ςά
ȟ                                                  ςȢρȢρ 

 

ʛʜʝ ʿʝ Ὁ ʝʥʝʨʛʠʿʘ ʠʚʠʮʝ ʧʦʩʤʘʪʨʘʥʝ ʟʦʥʝ, ᴐ ʨʝʜʫʢʦʚʘʥʘ ʇʣʘʥʢʦʚʘ (ʥʝʤ. Planck) ʢʦʥʩʪʘʥʪʘ, ʘ 

ά , ά  ʠ ά  ʢʦʤʧʦʥʝʥʪʝ ʪʝʥʟʦʨʘ ʝʬʝʢʪʠʚʥʝ ʤʘʩʝ. ʀʟ ʿʝʜʥʘʯʠʥʝ (2.1.1) ʩʝ ʤʦʞʝ ʟʘʢˀʫʯʠʪʠ ʜʘ 

ʩʝ ʫ ʪʝʦʨʠʿʠ ʝʬʝʢʪʠʚʥʠʭ ʤʘʩʘ ʧʦʩʤʘʪʨʘ ʩʘʤʦ ʿʝʜʥʘ ʟʦʥʘ ʩʘ ʧʘʨʘʙʦʣʠʯʥʦʤ ʟʘʚʠʩʥʦʰ˂ʫ ʫ 

ʨʝʮʠʧʨʦʯʥʦʤ ʧʨʦʩʪʦʨʫ (Winkler, 2003). ɽʬʝʢʪʠʚʥʘ ʤʘʩʘ ʤʦʞʝ ʙʠʪʠ ʧʦʟʠʪʠʚʥʘ ʠʣʠ ʥʝʛʘʪʠʚʥʘ. 

ʋʢʦʣʠʢʦ ʿʝ ʝʬʝʢʪʠʚʥʘ ʤʘʩʘ ʝʣʝʢʪʨʦʥʘ ʥʝʛʘʪʠʚʥʘ, ʪʘʜʘ ʩʧʦˀʘʰˁʘ ʧʦˀʘ ʥʘ ʝʣʝʢʪʨʦʥ ʜʝʣʫʿʫ 

ʢʘʦ ʜʘ ʿʝ ʦʥ ʧʦʟʠʪʠʚʥʦ ʥʘʝʣʝʢʪʨʠʩʘʥ. ɿʙʦʛ ʪʦʛʘ ʩʝ ʫ ʦʢʚʠʨʫ ʦʚʝ ʪʝʦʨʠʿʝ ʫʚʦʜʠ ʠ ʧʦʿʘʤ 

ʧʦʟʠʪʠʚʥʦ ʥʘʝʣʝʢʪʨʠʩʘʥʝ ʢʚʘʟʠʯʝʩʪʠʮʝ ʢʦʿʘ ʩʝ ʥʘʟʠʚʘ ʰʫʧˀʠʥʘ (Luttinger ʠ Kohn, 1955).    

ʊʝʦʨʠʿʘ ʝʬʝʢʪʠʚʥʠʭ ʤʘʩʘ ʩʝ ʤʦʞʝ ʢʦʨʠʩʪʠʪʠ ʩʘʤʦ ʫ ʩʣʫʯʘʿʫ ʤʘʪʝʨʠʿʘʣʘ ʩʘ 

ʿʝʜʥʦʩʪʘʚʥʦʤ ʟʦʥʩʢʦʤ ʩʪʨʫʢʪʫʨʦʤ. ʆʚʘ ʪʝʦʨʠʿʘ ʩʝ ʥʝ ʤʦʞʝ ʧʨʠʤʝʥʠʪʠ ʥʘ HgTe ʢʦʿʠ ʠʤʘ 

ʩʬʘʣʝʨʠʪʥʫ ʢʨʠʩʪʘʣʥʫ ʨʝʰʝʪʢʫ ʫ ʢʦʿʦʿ ʥʝ ʧʦʩʪʦʿʠ ʮʝʥʪʘʨ ʠʥʚʝʨʟʠʦʥʝ ʩʠʤʝʪʨʠʿʝ (Man ʠ Pan, 

1991). ʋ ʦʚʦʤ ʙʠʥʘʨʥʦʤ ʿʝʜʠˁʝˁʫ ʧʦʩʪʦʿʠ ʠʟʨʘʞʝʥʦ ʩʧʨʝʟʘˁʝ ʠʟʤʝʹʫ ʥʘʿʚʠʰʝ ʚʘʣʝʥʪʥʝ ʠ 

ʥʘʿʥʠʞʝ ʧʨʦʚʦʜʥʝ ʟʦʥʝ ʢʦʿʝ ʫʟʨʦʢʫʿʝ ʥʝʧʘʨʘʙʦʣʠʯʥʦʩʪ ʧʨʦʚʦʜʥʝ ʟʦʥʝ (Novik ʠ ʩʘʨ., 2005). 

HgTe ʧʦʩʝʜʫʿʝ ʠʥʚʝʨʪʦʚʘʥʫ ʟʦʥʩʢʫ ʩʪʨʫʢʪʫʨʫ (Sengupta ʠ ʩʘʨ., 2013), ʘ ʜʦʜʘʪʥʝ ʢʦʤʧʣʠʢʘʮʠʿʝ 

ʧʨʠʣʠʢʦʤ ʤʦʜʝʣʦʚʘˁʘ ʩʫ ʧʨʦʫʟʨʦʢʦʚʘʥʝ ʧʦʩʪʦʿʘˁʝʤ ʜʝʛʝʥʝʨʘʮʠʿʝ HH ʠ LH ʟʦʥʘ ʫ ũ ʪʘʯʢʠ 

(Winkler, 2003; Novik ʠ ʩʘʨ., 2005). ʆʚʘʿ ʤʘʪʝʨʠʿʘʣ ʩʝ ʢʘʨʘʢʪʝʨʠʰʝ ʠ ʠʟʨʘʞʝʥʦʤ ʩʧʠʥ-

ʦʨʙʠʪʥʦʤ ʠʥʪʝʨʘʢʮʠʿʦʤ ʢʦʿʫ ʿʝ ʧʦʪʨʝʙʥʦ ʫʢˀʫʯʠʪʠ ʫ ʤʦʜʝʣ (Sengupta ʠ ʩʘʨ., 2013). ɿʙʦʛ ʪʦʛʘ 

ʩʝ ʟʘ ʨʘʯʫʥʘˁʝ ʝʣʝʢʪʨʦʥʩʢʝ ʩʪʨʫʢʪʫʨʝ ʩʣʦʿʝʚʠʪʠʭ ʥʘʥʦʩʪʨʫʢʪʫʨʘ, ʢʦʿʝ ʩʝ ʙʘʟʠʨʘʿʫ ʥʘ HgTe, 

ʢʦʨʠʩʪʝ ʩʣʦʞʝʥʠʿʠ ʚʠʰʝʟʦʥʩʢʠ ἳϽἸ ʤʦʜʝʣʠ ʫ ʢʦʿʠʤʘ ʿʝ ʫʨʘʯʫʥʘʪ ʫʪʠʮʘʿ ʩʧʨʝʟʘˁʘ ʚʝ˂ʝʛ ʙʨʦʿʘ 

ʟʦʥʘ, ʢʘʦ ʠ ʩʧʠʥ-ʦʨʙʠʪʥʘ ʠʥʪʝʨʘʢʮʠʿʘ.  

ʋ ʦʢʚʠʨʫ ʚʠʰʝʟʦʥʩʢʝ ἳϽἸ ʪʝʦʨʠʿʝ ʪʘʣʘʩʥʘ ʬʫʥʢʮʠʿʘ ʢʦʿʘ ʬʠʛʫʨʠʰʝ ʫ ʐʨʝʜʠʥʛʝʨʦʚʦʿ 

(ʥʝʤ. Schrödinger) ʿʝʜʥʘʯʠʥʠ ʿʝ ʧʨʝʜʩʪʘʚˀʝʥʘ ʢʘʦ ʣʠʥʝʘʨʥʘ ʢʦʤʙʠʥʘʮʠʿʘ ɹʣʦʭʦʚʠʭ ʬʫʥʢʮʠʿʘ 

(Bloch, 1929) ʫ ʮʝʥʪʨʫ ɹʨʠʣʫʝʥʦʚʝ ʟʦʥʝ. ɹʣʦʭʦʚʝ ʬʫʥʢʮʠʿʝ ʠʤʘʿʫ ʦʩʦʙʠʥʫ ʧʝʨʠʦʜʠʯʥʦʩʪʠ ʩʘ 

ʧʝʨʠʦʜʦʤ ʢʦʿʠ ʦʜʛʦʚʘʨʘ ʧʘʨʘʤʝʪʨʫ ʢʨʠʩʪʘʣʥʝ ʨʝʰʝʪʢʝ. ἳϽἸ ʤʝʪʦʜ ʿʝ ʠʥʠʮʠʿʘʣʥʦ ʢʦʨʠʰ˂ʝʥ 

ʟʘ ʤʦʜʝʣʦʚʘˁʝ ʝʣʝʢʪʨʦʥʩʢʝ ʩʪʨʫʢʪʫʨʝ ʤʘʩʠʚʥʠʭ ʧʦʣʫʧʨʦʚʦʜʥʠʢʘ (Luttinger ʠ Kohn, 1955; 

Kane, 1956; Kane, 1957), ʘʣʠ ʩʝ ʫʟ ʠʟʚʝʩʥʝ ʤʦʜʠʬʠʢʘʮʠʿʝ ʭʘʤʠʣʪʦʥʠʿʘʥʘ ʟʘ ʤʘʩʠʚʥʠ 
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ʧʦʣʫʧʨʦʚʦʜʥʠʢ ʤʦʞʝ ʠʩʢʦʨʠʩʪʠʪʠ ʠ ʟʘ ʧʨʠʙʣʠʞʥʠ ʦʧʠʩ ʟʦʥʩʢʝ ʩʪʨʫʢʪʫʨʝ ʧʦʣʫʧʨʦʚʦʜʥʠʯʢʠʭ 

ʭʝʪʝʨʦʩʪʨʫʢʪʫʨʘ (Moyses Cohen ʠ Eugenio Marques, 1990; Aversa ʠ Sipe, 1994; Zawadzki ʠ 

ʩʘʨ., 1994; Novik ʠ ʩʘʨ., 2005; Sengupta ʠ ʩʘʨ., 2013; Topaloviĺ ʠ ʩʘʨ., 2019; Topaloviĺ ʠ ʩʘʨ., 

2020). ʀʟʤʝʥʝ ʩʝ ʦʜʥʦʩʝ ʥʘ ʧʨʠʢʘʟʠʚʘˁʝ ʢʦʤʧʦʥʝʥʘʪʘ ʪʘʣʘʩʥʦʛ ʚʝʢʪʦʨʘ ʫ ʦʧʝʨʘʪʦʨʩʢʦʿ 

ʬʦʨʤʠ (Galeriu, 2005). ʊʘʢʦʹʝ, ʭʘʤʠʣʪʦʥʠʿʘʥ ʩʝ ʜʦʜʘʪʥʦ ʤʝˁʘ ʧʦʤʦ˂ʫ ad hoc 

ʩʠʤʝʪʨʠʟʘʮʠʦʥʠʭ ʧʨʘʚʠʣʘ ʫʩʣʝʜ ʯʠˁʝʥʠʮʝ ʜʘ ʧʘʨʘʤʝʪʨʠ ʢʦʿʠ ʟʘʚʠʩʝ ʦʜ ʧʦʣʦʞʘʿʘ ʫ ʩʪʨʫʢʪʫʨʠ 

ʥʝ ʢʦʤʫʪʠʨʘʿʫ ʩʘ ʦʧʝʨʘʪʦʨʦʤ ʤʦʤʝʥʪʘ ʢʦʣʠʯʠʥʝ ʢʨʝʪʘˁʘ (Novik ʠ ʩʘʨ., 2005; Galeriu, 2005). 

ʇʨʝʜʥʦʩʪ ἳϽἸ ʤʝʪʦʜʘ ʿʝ ʨʝʣʘʪʠʚʥʦ ʿʝʜʥʦʩʪʘʚʥʦ ʫʢˀʫʯʠʚʘˁʝ ʫʥʫʪʨʘʰˁʠʭ ʠ ʩʧʦˀʘʰˁʠʭ 

ʝʬʝʢʘʪʘ ʢʘʦ ʰʪʦ ʩʫ ʩʧʦˀʘʰˁʝ ʝʣʝʢʪʨʠʯʥʦ ʠ ʤʘʛʥʝʪʩʢʦ ʧʦˀʝ, ʧʘʨʘʤʘʛʥʝʪʩʢʝ ʠʥʪʝʨʘʢʮʠʿʝ ʠʣʠ 

ʤʝʭʘʥʠʯʢʦ ʥʘʧʨʝʟʘˁʝ (Winkler, 2003; Ļukariĺ, 2015). ʇʦʤʦ˂ʫ ʦʚʦʛ ʤʝʪʦʜʘ ʤʦʛʫ˂ʝ ʿʝ ʫʢˀʫʯʠʪʠ 

ʠ ʩʧʠʥ-ʦʨʙʠʪʥʫ ʠʥʪʝʨʘʢʮʠʿʫ ʰʪʦ ʿʝ ʥʘʨʦʯʠʪʦ ʚʘʞʥʦ ʟʘ ʤʘʪʝʨʠʿʘʣʝ ʩʘʯʠˁʝʥʝ ʦʜ ʪʝʰʢʠʭ 

ʝʣʝʤʝʥʘʪʘ. ἳϽἸ ʪʝʦʨʠʿʘ ʥʝ ʟʘʭʪʝʚʘ ʟʥʘʯʘʿʥʝ ʨʘʯʫʥʘʨʩʢʝ ʨʝʩʫʨʩʝ, ʟʘ ʨʘʟʣʠʢʫ ʦʜ ʤʝʪʦʜʘ 

ʠʟʨʘʯʫʥʘʚʘˁʘ ʠʟ ʧʨʚʠʭ ʧʨʠʥʮʠʧʘ (ʧʦʟʥʘʪʠʭ ʠ ʢʘʦ ab initio ʤʝʪʦʜʠ) ʢʦʜ ʢʦʿʠʭ ʩʝ ʧʦʣʘʟʠ ʦʜ 

ʬʫʥʜʘʤʝʥʪʘʣʥʠʭ ʟʘʢʦʥʠʪʦʩʪʠ. ʄʦʜʝʣ ʟʘʩʥʦʚʘʥ ʥʘ ἳϽἸ ʪʝʦʨʠʿʠ ʥʝ ʟʘʚʠʩʠ ʦʜ ʚʝʣʠʢʦʛ ʙʨʦʿʘ 

ʧʘʨʘʤʝʪʘʨʘ ʠ ʤʦʞʝ ʩʝ ʠʩʢʦʨʠʩʪʠ ʟʘ ʠʟʨʘʯʫʥʘʚʘˁʝ ʦʧʪʠʯʢʠʭ ʠ ʪʨʘʥʩʧʦʨʪʥʠʭ ʦʩʦʙʠʥʘ 

ʧʦʣʫʧʨʦʚʦʜʥʠʯʢʠʭ ʥʘʥʦʩʪʨʫʢʪʫʨʘ (Novik ʠ ʩʘʨ., 2005; Botha, 2012). ɺʘʞʥʦ ʿʝ ʥʘʧʦʤʝʥʫʪʠ ʜʘ 

ʝʿ ʧʦʤʦ˂ʫ ʩʪʘʥʜʘʨʥʠʭ ἳϽἸ ʤʦʜʝʣʘ ʤʦʛʫ˂ʝ ʠʟʨʘʯʫʥʘʪʠ ʝʣʝʢʪʨʦʥʩʢʫ ʩʪʨʫʢʪʫʨʫ ʩʘʤʦ ʫ ʦʢʦʣʠʥʠ 

ʥʝʢʝ ʪʘʯʢʝ ʫ ʨʝʮʠʧʨʦʯʥʦʤ ʧʨʦʩʪʦʨʫ. ʋ ʜʠʩʝʨʪʘʮʠʿʠ ʿʝ ʟʦʥʩʢʘ ʩʪʨʫʢʪʫʨʘ ʩʠʤʝʪʨʠʯʥʠʭ ʠ 

ʘʩʠʤʝʪʨʠʯʥʠʭ ʜʚʦʩʪʨʫʢʠʭ HgTe/CdxHg1-xTe ʢʚʘʥʪʥʠʭ ʿʘʤʘ ʦʧʠʩʘʥʘ ʫ ʦʢʦʣʠʥʠ ʪʘʯʢʝ ἳ .    

ʋ ʦʚʦʿ ʩʝʢʮʠʿʠ ʩʫ ʧʨʚʦ ʘʥʘʣʠʟʠʨʘʥʠ ʦʩʥʦʚʥʠ ʢʦʥʮʝʧʪʠ ἳϽἸ ʪʝʦʨʠʿʝ ʟʘ ʤʘʩʠʚʥʠ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢ ʠ ʥʘʯʠʥ ʫʢˀʫʯʠʚʘˁʘ ʩʧʠʥ-ʦʨʙʠʪʥʝ ʠʥʪʝʨʘʢʮʠʿʝ ʫ ʤʦʜʝʣ. ʇʦʤʦ˂ʫ ʪʝʦʨʠʿʝ 

ʧʝʨʪʫʨʙʘʮʠʿʘ ʥʝʟʘʚʠʩʥʠʭ ʦʜ ʚʨʝʤʝʥʘ (ʚʠʜʝʪʠ ʇʨʠʣʦʛ 6) ʫ ʢʦʿʦʿ ʩʝ ʯʣʘʥ ʩʨʘʟʤʝʨʘʥ ʩʘ ἳϽἸ ʠ 

ʩʧʠʥ-ʦʨʙʠʪʥʘ ʠʥʪʝʨʘʢʮʠʿʘ ʪʨʝʪʠʨʘʿʫ ʢʘʦ ʧʝʨʪʫʨʙʘʮʠʿʝ, ʬʦʨʤʠʨʘʥ ʿʝ ʤʦʜʝʣ ʫ ʢʦʿʝʤ ʿʝ 

ʝʢʩʧʣʠʮʠʪʥʦ ʨʘʟʤʦʪʨʝʥʘ ʿʝʜʥʘ ʟʦʥʘ. ɿʘʪʠʤ ʿʝ ʢʦʨʠʰ˂ʝˁʝʤ ʃʝʚʜʠʥʦʚʦʛ ʧʝʨʪʫʨʙʘʮʠʦʥʦʛ 

ʤʝʪʦʜʘ (ʚʠʜʝʪʠ ʇʨʠʣʦʛ 7) ʬʦʨʤʠʨʘʥ ʦʩʤʦʟʦʥʩʢʠ ἳ Ἰ ʤʦʜʝʣ ʫ ʦʢʚʠʨʫ ʪʝʦʨʠʿʝ ʘʥʚʝʣʦʧʥʠʭ 

ʬʫʥʢʮʠʿʘ (ʚʠʜʝʪʠ ʇʨʠʣʦʛ 5). ʅʘ ʧʨʠʤʝʨʫ ʦʚʦʛ ʤʦʜʝʣʘ ʿʝ ʦʙʿʘʰˁʝʥʦ ʢʘʢʦ ʩʝ ʤʦʜʝʣʫʿʫ 

ʥʘʧʨʝʟʘˁʝ, ʩʧʦˀʘʰˁʝ ʝʣʝʢʪʨʠʯʥʦ ʠ ʩʧʦˀʘʰˁʝ ʤʘʛʥʝʪʩʢʦ ʧʦˀʝ.     

 

 

2.1.1 ἳϽἸ ʤʦʜʝʣ ʟʘ ʩʣʫʯʘʿ ʤʘʩʠʚʥʦʛ ʧʦʣʫʧʨʦʚʦʜʥʠʢʘ 

 

ʇʦʤʦ˂ʫ ἳϽἸ ʤʝʪʦʜʘ ʿʝ ʤʦʛʫ˂ʝ ʦʜʨʝʜʠʪʠ ʟʦʥʩʢʫ ʩʪʨʫʢʪʫʨʫ ʤʘʩʠʚʥʦʛ ʧʦʣʫʧʨʦʚʦʜʥʠʢʘ 

ʩʘ ʟʘʜʦʚʦˀʘʚʘʿʫ˂ʦʤ ʧʨʝʮʠʟʥʦʰ˂ʫ ʫ ʦʢʦʣʠʥʠ ʪʘʯʢʝ ʝʢʩʧʘʥʟʠʿʝ ἳ  ʫ ʨʝʮʠʧʨʦʯʥʦʤ ʧʨʦʩʪʦʨʫ 

(Man ʠ Pan, 1991; Galeriu, 2005; Ļukariĺ, 2015). ʇʨʠʣʠʢʦʤ ʨʘʟʚʦʿʘ ἳϽἸ ʤʦʜʝʣʘ ʧʦʣʘʟʠ ʩʝ ʦʜ 

ʐʨʝʜʠʥʛʝʨʦʚʝ ʿʝʜʥʘʯʠʥʝ (Winkler, 2003):  

 

ὴ

ςά
ὠ Ἲ ʕȟἳἺ Ὁ ἳʕȟἳἺ                                          ςȢρȢς 

 

ʫ ʢʦʿʦʿ ʬʠʛʫʨʠʰʫ ʤʘʩʘ ʩʣʦʙʦʜʥʦʛ ʝʣʝʢʪʨʦʥʘ ά  ʠ ʜʝʪʘˀʥʠ ʧʦʪʝʥʮʠʿʘʣ ʢʨʠʩʪʘʣʘ ὠ Ἲ. ɿʘ 
ʧʦʣʫʧʨʦʚʦʜʥʠʯʢʝ ʤʘʪʝʨʠʿʘʣʝ ʢʦʿʠ ʩʝ ʩʘʩʪʦʿʝ ʦʜ ʪʝʰʢʠʭ ʝʣʝʤʝʥʘʪʘ, ʟʙʦʛ ʯʝʛʘ ʟʥʘʯʘʿʘʥ ʫʪʠʮʘʿ 

ʠʤʘʿʫ ʨʝʣʘʪʠʚʠʩʪʠʯʢʠ ʝʬʝʢʪʠ, ʧʦʪʨʝʙʥʦ ʿʝ ʫʨʘʯʫʥʘʪʠ ʠ ʝʬʝʢʪʝ ʩʧʠʥ-ʦʨʙʠʪʥʝ ʠʥʪʝʨʘʢʮʠʿʝ 

ʤʦʜʠʬʠʢʘʮʠʿʦʤ  ʿʝʜʥʘʯʠʥʝ (2.1.2) (Kane, 1957; Kittel, 1987): 

 

ὴ

ςά
ὠ Ἲ

ᴐ

τάὧ
ὠ ϽἸ ʕȟἳἺ Ὁ ἳʕȟἳἺȟ                   ςȢρȢσ 

 

ʧʨʝʢʦ ʯʣʘʥʘ 
ᴐ

ὠ ϽἸ, ʛʜʝ ʿʝ „ȟ„ȟ„  ʚʝʢʪʦʨ ʇʘʫʣʠʿʝʚʠʭ (ʥʝʤ. Pauli) 

ʤʘʪʨʠʮʘ. ʅʘ ʦʩʥʦʚʫ ɹʣʦʭʦʚʝ ʪʝʦʨʝʤʝ (ʚʠʜʝʪʠ ʇʨʠʣʦʛ 4) ʥʝʧʦʟʥʘʪʘ ʪʘʣʘʩʥʘ ʬʫʥʢʮʠʿʘ ʕȟἳἺ 
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ʩʝ ʤʦʞʝ ʧʨʠʢʘʟʘʪʠ ʢʘʦ ʧʨʦʠʟʚʦʜ ʨʘʚʘʥʩʢʦʛ ʪʘʣʘʩʘ ʠ ʙʨʟʦʧʨʦʤʝʥˀʠʚʝ ɹʣʦʭʦʚʝ ʬʫʥʢʮʠʿʝ 

(Bloch, 1929): 

 

ʕȟἳἺ ὩἳἺόȟἳἺȟ                                                           ςȢρȢτ 

 

ʛʜʝ ʿʝ ἳ ʪʘʣʘʩʥʠ ʚʝʢʪʦʨ, ʘ ὲ ʠʥʜʝʢʩ ʟʦʥʝ. ʇʦʰʪʦ ʿʝ ʤʦʛʫ˂ʝ ʿʝʜʥʦʩʪʘʚʥʦ ʫʪʚʨʜʠʪʠ ʫʪʠʮʘʿ 

ʦʧʝʨʘʪʦʨʘ ʢʠʥʝʪʠʯʢʝ ʝʥʝʨʛʠʿʝ ʥʘ ʨʘʚʘʥʩʢʠ ʪʘʣʘʩ ὩἳἺ, ʟʘʤʝʥʦʤ (2.1.4) ʫ (2.1.3) ʜʦʙʠʿʘ ʩʝ 

ʐʨʝʜʠʥʛʝʨʦʚʘ ʿʝʜʥʘʯʠʥʘ ʧʦ ʥʝʧʦʟʥʘʪʠʤ ɹʣʦʭʦʚʠʤ ʬʫʥʢʮʠʿʘʤʘ όȟἳἺ 

 

  
ὴ

ςά
ὠ Ἲ

ᴐ

ά
ἳϽἸ

ᴐ

τά ὧ
ὠ Ͻἳ

ᴐ

τά ὧ
ὠ ϽἸ όȟἳἺ 

Ὁ ἳ
ᴐὯ

ςά
όȟἳἺȢ                                                                                          ςȢρȢυ 

 

ʋ ʿʝʜʥʘʯʠʥʠ (2.1.5) ʩʧʠʥʩʢʠ ʢʚʘʥʪʥʠ ʙʨʦʿ „ ʥʠʿʝ ʜʦʙʘʨ ʢʚʘʥʪʥʠ ʙʨʦʿ, ʜʦʢ ʩʝ ʠʥʜʝʢʩʦʤ ὲ 

ʦʟʥʘʯʘʚʘʿʫ ʠʩʪʦʚʨʝʤʝʥʦ ʦʨʙʠʪʘʣʥʠ ʠ ʩʧʠʥʩʢʠ ʩʪʝʧʝʥ ʩʣʦʙʦʜʝ. ɹʣʦʭʦʚʘ ʪʘʣʘʩʥʘ ʬʫʥʢʮʠʿʘ 

όȟἳἺ, ʠʤʘ ʬʦʨʤʫ ʜʚʦʢʦʤʧʦʥʝʥʪʥʦʛ ʩʧʠʥʦʨʘ (Kittel, 1987). ʋ ʭʘʤʠʣʪʦʥʠʿʘʥʫ ʬʠʛʫʨʠʰʝ ʠ 

ʯʣʘʥ ʩʨʘʟʤʝʨʘʥ ʩʘ ἳϽἸ ʧʦ ʢʦʿʝʤ ʿʝ ʤʝʪʦʜ ʜʦʙʠʦ ʥʘʟʠʚ. ʆʚʘʿ ʯʣʘʥ ʩʝ ʪʨʝʪʠʨʘ ʢʘʦ ʧʝʨʪʫʨʙʘʮʠʿʘ 

ʫ ʦʢʦʣʠʥʠ ʝʢʩʪʨʝʤʫʤʘ ʟʦʥʘ (Ļukariĺ, 2015). ʏʣʘʥʦʚʠ ʭʘʤʠʣʪʦʥʠʿʘʥʘ ʢʦʿʠʤʘ ʩʝ ʤʦʜʝʣʫʿʝ 

ʫʪʠʮʘʿ ʩʧʠʥ-ʦʨʙʠʪʥʝ ʠʥʪʝʨʘʢʮʠʿʝ ʩʝ ʪʘʢʦʹʝ ʫʨʘʯʫʥʘʚʘʿʫ ʫ ʧʝʨʪʫʨʙʘʪʠʚʥʦʤ ʩʤʠʩʣʫ (Winkler, 

2003). ʅʘʨʝʜʥʠ ʢʦʨʘʢ ʫ ʨʘʟʚʦʿʫ ʤʦʜʝʣʘ ʿʝ ʠʟʙʦʨ ʪʘʯʢʝ ʝʢʩʧʘʥʟʠʿʝ ἳ  ʫ ʨʝʮʠʧʨʦʯʥʦʤ ʧʨʦʩʪʦʨʫ. 

ʋ ʜʠʩʝʨʪʘʮʠʿʠ ʿʝ ʧʦʩʤʘʪʨʘʥ ʩʣʫʯʘʿ ʢʘʜʘ ʿʝ ἳ . ɿʘ ʦʚʫ ʪʘʯʢʫ ʚʘʞʠ ʜʘ ɹʣʦʭʦʚʝ ʪʘʣʘʩʥʝ 

ʬʫʥʢʮʠʿʝ, όȟἳ Ἲ, ʯʠʥʝ ʢʦʤʧʣʝʪʘʥ ʩʢʫʧ ʦʨʪʦʥʦʨʤʠʨʘʥʠʭ ʬʫʥʢʮʠʿʘ (Bloch, 1929):  

 
ἂ–ȟἳȿ–ȟἳἃ  ȟȢ                                                         ςȢρȢφ‏

 

ɿʙʦʛ ʪʦʛʘ ʩʝ ʥʝʧʦʟʥʘʪʘ ɹʣʦʭʦʚʘ ʪʘʣʘʩʥʘ ʬʫʥʢʮʠʿʘ ʫ ʙʠʣʦ ʢʦʿʦʿ ʪʘʯʢʠ ἳ ʤʦʞʝ ʧʨʝʜʩʪʘʚʠʪʠ ʢʘʦ 

ʣʠʥʝʘʨʥʘ ʢʦʤʙʠʥʘʮʠʿʘ ʪʘʣʘʩʥʠʭ ʬʫʥʢʮʠʿʘ ʫ ʮʝʥʪʨʫ ɹʨʠʣʫʝʥʦʚʝ ʟʦʥʝ ἳ  (Kane, 1956; 

Kane, 1957; Winkler, 2003):   

 

όȟἳἺ ὥȟȟ ἳό ȟȟἳ Ἲ 

ȟ ȟᴻȢ

Ȣ                                      ςȢρȢχ 

 

ɿʘʤʝʥʦʤ ʿʝʜʥʘʯʠʥʝ (2.1.7) ʫ ʿʝʜʥʘʯʠʥʫ (2.1.5), ʟʘʪʠʤ ʤʥʦʞʝˁʝʤ ʜʦʙʠʿʝʥʦʛ ʠʟʨʘʟʘ ʩʘ ʣʝʚʝ 

ʩʪʨʘʥʝ ʯʣʘʥʦʤ όȟȟἳ Ἲ ʠ ʠʥʪʝʛʨʘʮʠʿʦʤ ʧʦ ʯʠʪʘʚʦʤ ʧʨʦʩʪʦʨʫ ʜʦʙʠʿʘ ʩʝ ʿʝʜʥʘʯʠʥʘ ʫ 

ʤʘʪʨʠʯʥʦʤ ʦʙʣʠʢʫ (Winkler, 2003; Galeriu, 2005) 

 

 

Ὁ ȟ‏ȟ‏
ᴐ

ά
ἳϽ ȟȟȟ ȟȟȟ ὥȟȟ ἳ 

ȟ ȟᴻȢ

Ὁ ἳὥȟȟ ἳ
ᴐὯ

ςά
ȟ‏ȟ‏ ὥȟȟ ἳ

 ȟ ȟᴻȢ

ȟ                                  ςȢρȢψ 

 

ʛʜʝ ʿʝ  
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ᴐ
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ȟȟȟ –ȟ„ȟἳ
ᴐ

τά ὧ
ὠ ϽἸ–ȟ„ȟἳ Ȣ                         ςȢρȢρπ 
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ʀʟ ʿʝʜʥʘʯʠʥʝ (2.1.8) ʩʝ ʤʦʞʝ ʣʘʢʦ ʚʠʜʝʪʠ ʜʘ ʜʠʿʘʛʦʥʘʣʥʠ ʯʣʘʥʦʚʠ ʤʘʪʨʠʮʝ ʧʦʪʠʯʫ ʦʜ 

ʢʠʥʝʪʠʯʢʦʛ ʠ ʧʦʪʝʥʮʠʿʘʣʥʦʛ ʜʝʣʘ (ʥʝʧʝʨʪʫʨʙʦʚʘʥʦʛ) ʭʘʤʠʣʪʦʥʠʿʘʥʘ ʿʝʜʥʘʯʠʥʝ (2.1.5) 

(Ļukariĺ, 2015). ɺʘʥʜʠʿʘʛʦʥʘʣʥʠ ʝʣʝʤʝʥʪʠ ʫ ʤʘʪʨʠʮʠ ʚʦʜʝ ʧʦʨʝʢʣʦ ʦʜ ȟȟȟ  ʠ 

ȟȟȟ ʝʣʝʤʝʥʘʪʘ ʫ ʢʦʿʠʤʘ ʬʠʛʫʨʠʰʫ ἳ ʠ Ἰ. ɹʣʦʭʦʚʝ ʪʘʣʘʩʥʝ ʬʫʥʢʮʠʿʝ ʫ ʮʝʥʪʨʫ ɹʨʠʣʫʝʥʦʚʝ 

ʟʦʥʝ ʠʤʘʿʫ ʩʠʤʝʪʨʠʿʫ s ʠʣʠ p ʘʪʦʤʩʢʠʭ ʦʨʙʠʪʘʣʘ (Winkler, 2003). ʇʨʠʣʠʢʦʤ ʧʨʠʤʝʥʝ ʤʦʜʝʣʘ 

ʥʠʿʝ ʤʦʛʫ˂ʝ ʢʦʨʠʩʪʠʪʠ ʪʝʦʨʠʿʩʢʠ ʙʝʩʢʦʥʘʯʘʥ ʙʘʟʠʩ, ʚʝ˂ ʩʝ ʫʟʠʤʘ ʢʦʥʘʯʘʥ ʙʨʦʿ ɹʣʦʭʦʚʠʭ 

ʬʫʥʢʮʠʿʘ ʫ ʮʝʥʪʨʫ ɹʨʠʣʫʝʥʦʚʝ ʟʦʥʝ, ὔ. ʋʪʠʮʘʿ ʦʩʪʘʣʠʭ ʟʦʥʘ ʩʝ ʤʦʞʝ ʫʨʘʯʫʥʘʪʠ ʧʦʤʦ˂ʫ 

ʃʝʚʜʠʥʦʚʝ ʧʝʨʪʫʨʙʘʮʠʦʥʝ ʪʝʦʨʠʿʝ (Löwdin, 1950; Löwdin, 1951). ʅʘʿʿʝʜʥʦʩʪʘʚʥʠʿʠ ʤʦʜʝʣ ʩʝ 

ʜʦʙʠʿʘ ʫʢʦʣʠʢʦ ʿʝ ὔ ρ. ʆʚʘʿ ʤʦʜʝʣ ʿʝ ʟʘʩʥʦʚʘʥ ʥʘ ʿʝʜʥʦʿ ʟʦʥʠ ʠ, ʩʭʦʜʥʦ ʪʦʤʝ, ʥʘʟʠʚʘ ʩʝ 

ʿʝʜʥʦʟʦʥʩʢʠ ἳϽἸ ʤʦʜʝʣ. ʉʘ ʧʦʚʝ˂ʘʚʘˁʝʤ ʙʨʦʿʘ ὔ ʤʦʜʝʣ ʧʦʩʪʘʿʝ ʪʘʯʥʠʿʠ ʠ ʫ ʣʠʪʝʨʘʪʫʨʠ ʩʝ 

ʤʦʛʫ ʧʨʦʥʘ˂ʠ ʨʘʟʣʠʯʠʪʠ ʚʠʰʝʟʦʥʩʢʠ ἳϽἸ ʤʦʜʝʣʠ: 6-ʟʦʥʩʢʠ (Zitouni ʠ ʩʘʨ., 2006), 8-ʟʦʥʩʢʠ 

(Bahder, 1990), 10-ʟʦʥʩʢʠ (Chakir ʠ ʩʘʨ., 2017) ʠ 14-ʟʦʥʩʢʠ (Botha, 2012). ʊʘʢʦʹʝ, ʢʦʨʠʩʪʝ ʩʝ ʠ 

ʟʥʘʪʥʦ ʢʦʤʧʣʠʢʦʚʘʥʠʿʠ 30-ʟʦʥʩʢʠ (Ļukariĺ ʠ ʩʘʨ., 2013) ʠ 40-ʟʦʥʩʢʠ (Saµdi ʠ ʩʘʨ., 2010) ἳϽἸ 

ʤʦʜʝʣʠ ʢʦʿʠ ʤʦʛʫ ʜʘ ʦʧʠʰʫ ʟʦʥʩʢʫ ʩʪʨʫʢʪʫʨʫ ʧʦʣʫʧʨʦʚʦʜʥʠʢʘ ʫ ʯʠʪʘʚʦʿ ɹʨʠʣʫʝʥʦʚʦʿ ʟʦʥʠ. 

ʅʘʢʦʥ ʬʦʨʤʠʨʘˁʘ ʤʦʜʝʣʘ, ʜʠʿʘʛʦʥʘʣʠʟʘʮʠʿʦʤ ʩʚʦʿʩʪʚʝʥʦʛ ʧʨʦʙʣʝʤʘ ʢʦʿʠ ʿʝ ʧʨʝʜʩʪʘʚˀʝʥ 

ʿʝʜʥʘʯʠʥʦʤ (2.1.8), ʜʦʙʠʿʘʿʫ ʩʝ ʥʝʧʦʟʥʘʪʝ ʝʥʝʨʛʠʿʝ Ὁ ἳ ʠ ʢʦʝʬʠʮʠʿʝʥʪʠ ʝʢʩʧʘʥʟʠʿʝ ὥ ἳ.     

 

 

2.1.2 ɱʝʜʥʦʟʦʥʩʢʠ ἳϽἸ ʤʦʜʝʣ ʟʘ ʧʨʦʚʦʜʥʫ ʟʦʥʫ  

 

ʇʦʤʦ˂ʫ ʪʝʦʨʠʿʝ ʧʝʨʪʫʨʙʘʮʠʿʘ ʟʘ ʥʝʜʝʛʝʥʝʨʠʩʘʥʘ ʩʪʘˁʘ (Rayleigh, 1877; Schrödinger, 

1926) ʢʦʿʘ ʿʝ ʧʨʝʜʩʪʘʚˀʝʥʘ ʫ ʇʨʠʣʦʛʫ 6, ʤʦʛʫ˂ʝ ʿʝ ʬʦʨʤʠʨʘʪʠ ἳϽἸ ʤʦʜʝʣ ʢʦʿʠʤ ʩʝ ʦʧʠʩʫʿʝ 

ʧʨʦʚʦʜʥʘ ʟʦʥʘ ʧʦʣʫʧʨʦʚʦʜʥʠʢʘ ʢʦʿʠ ʧʦʩʝʜʫʿʫ ʩʬʘʣʝʨʠʪʥʫ ʢʨʠʩʪʘʣʥʫ ʨʝʰʝʪʢʫ. ʇʨʠʣʠʢʦʤ 

ʨʘʟʚʦʿʘ ʤʦʜʝʣʘ ʜʝʬʠʥʠʰʫ ʩʝ ʥʝʧʝʨʪʫʨʙʦʚʘʥʠ ʠ ʧʝʨʪʫʨʙʘʪʠʚʥʠ ʭʘʤʠʣʪʦʥʠʿʘʥʠ ʥʘ ʩʣʝʜʝ˂ʠ 

ʥʘʯʠʥ (Galeriu, 2005; Yu ʠ Cardona, 2010):   

 

 Ὄ
ὴ

ςά
ὠ Ἲȟ                                                          ςȢρȢρρ 

Ὄ
ᴐ

ά
ἳϽἸ

ᴐὯ

ςά
Ȣ                                                      ςȢρȢρς 

  

ʅʘ ʦʩʥʦʚʫ ʪʝʦʨʠʿʝ ʧʝʨʪʫʨʙʘʮʠʿʘ ʧʨʚʦʛ ʨʝʜʘ (ʚʠʜʝʪʠ ʇʨʠʣʦʛ 6) ʠʟʨʘʟʠ ʟʘ ʥʝʧʦʟʥʘʪʝ Ὁ ἳ ʠ 

όȟἳἺ ʠʤʘʿʫ ʩʣʝʜʝ˂ʠ ʦʙʣʠʢ (Yu ʠ Cardona, 2010): 

 

Ὁ ἳ Ὁ
ᴐὯ

ςά

ᴐ

ά
όȟ ἺἳϽἸόȟ Ἲȟ                           ςȢρȢρσ 

όȟἳἺ όȟ Ἲ
ό ȟ ἺἳϽἸόȟ Ἲ

Ὁ π Ὁ π
ό ȟ ἺȢ                       ςȢρȢρτ 

 

ʂʦʜ ʚʝ˂ʠʥʝ II-VI ʧʦʣʫʧʨʦʚʦʜʥʠʯʢʠʭ ʿʝʜʠˁʝˁʘ όȟ Ἲ ʩʪʘˁʘ ʠʤʘʿʫ ʘʿʩʥʦ ʜʝʬʠʥʠʩʘʥʫ 

ʩʠʤʝʪʨʠʿʫ ʧʦ ʦʜʨʝʹʝʥʦʿ ʢʦʦʨʜʠʥʘʪʠ. ʄʦʤʝʥʪ Ἰ ʤʝˁʘ ʧʘʨʥʦʩʪ ʬʫʥʢʮʠʿʝ όȟ Ἲ, ʧʘ ʩʘʤʠʤ ʪʠʤ 
ʠ ʧʘʨʥʦʩʪ ʫʢʫʧʥʝ ʧʦʜʠʥʪʝʛʨʘʣʥʝ ʬʫʥʢʮʠʿʝ ʤʘʪʨʠʯʥʦʛ ʝʣʝʤʝʥʪʘ ʢʦʿʘ ʧʦʩʪʘʿʝ ʥʝʧʘʨʥʘ. ʊʦ ʿʝ 

ʚʝʦʤʘ ʟʥʘʯʘʿʥʦ ʿʝʨ, ʫʧʨʘʚʦ ʟʙʦʛ ʦʚʝ ʦʩʦʙʠʥʝ, ʟʘ ʤʘʪʨʠʯʥʝ ʝʣʝʤʝʥʪʝ ʠʟ ʿʝʜʥʘʯʠʥʝ (2.1.13) ʚʘʞʠ 

όȟ ἺἳϽἸόȟ Ἲ ḙπ ʠʤʘʿʫ˂ʠ ʫ ʚʠʜʫ ʜʘ ʩʝ ʠʥʪʝʛʨʘʮʠʿʘ ʚʨʰʠ ʥʘ ʩʠʤʝʪʨʠʯʥʦʤ ʜʦʤʝʥʫ. ʊʦ 

ʥʠʿʝ ʩʣʫʯʘʿ ʟʘ ʤʘʪʨʠʯʥʝ ʝʣʝʤʝʥʪʝ ʠʟ ʿʝʜʥʘʯʠʥʝ (2.1.14) ʫ ʢʦʿʠʤʘ ʿʝ ʤʦʛʫ˂ʝ ʧʨʝʢʣʘʧʘˁʝ 

ʨʘʟʣʠʯʠʪʠʭ ʩʪʘˁʘ ʢʦʿʘ ʥʝ ʤʦʨʘʿʫ ʠʤʘʪʠ ʠʩʪʫ ʚʨʩʪʫ ʩʠʤʝʪʨʠʿʝ. ʇʦʰʪʦ ʧʦ ʪʝʦʨʠʿʠ ʧʝʨʪʫʨʙʘʮʠʿʘ 

ʧʨʚʦʛ ʨʝʜʘ ʥʝ ʧʦʩʪʦʿʠ ʢʦʨʝʢʮʠʿʘ ʟʘ ʝʥʝʨʛʠʿʫ Ὁ ἳ, ʠʟʨʘʟ ʟʘ Ὁ ἳ ʿʝ ʥʝʦʧʭʦʜʥʦ ʥʘʧʠʩʘʪʠ 

ʢʦʨʠʰ˂ʝˁʝʤ ʪʝʦʨʠʿʝ ʧʝʨʪʫʨʙʘʮʠʿʘ ʜʨʫʛʦʛ ʨʝʜʘ (ʚʠʜʝʪʠ ʇʨʠʣʦʛ 6) (Rayleigh, 1877; 

Schrödinger, 1926):   
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Ὁ ἳ Ὁ
ᴐὯ

ςά

ᴐ

ά

όȟ ἺἳϽἸόȟ Ἲ

Ὁ Ὁ
Ȣ                       ςȢρȢρυ 

 

ɿʘ ʨʘʟʣʠʢʫ ʦʜ ʪʝʦʨʠʿʝ ʧʝʨʪʫʨʙʘʮʠʿʘ ʧʨʚʦʛ ʨʝʜʘ, ʧʦ ʢʦʿʦʿ ʿʝ ʝʬʝʢʪʠʚʥʘ ʤʘʩʘ ʝʣʝʢʪʨʦʥʘ ʫ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʫ ʩʘ ʩʬʘʣʝʨʠʪʥʦʤ ʢʨʠʩʪʘʣʥʦʤ ʨʝʰʝʪʢʦʤ ʿʝʜʥʘʢʘ ʤʘʩʠ ʩʣʦʙʦʜʥʦʛ ʝʣʝʢʪʨʦʥʘ, 

ʧʦ ʪʝʦʨʠʿʠ ʧʝʨʪʫʨʙʘʮʠʿʘ ʜʨʫʛʦʛ ʨʝʜʘ ʟʘ ʿʝʜʥʦʟʦʥʩʢʠ ἳϽἸ ʤʦʜʝʣ ʠʟʨʘʟ ʟʘ ʝʬʝʢʪʠʚʥʫ ʤʘʩʫ ʠʤʘ 

ʩʣʝʜʝ˂ʠ ʦʙʣʠʢ (Ļukariĺ, 2015): 
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Ὁ Ὁ
Ȣ                                  ςȢρȢρφ 

 

ʋʢʦʣʠʢʦ ʩʝ ʫ ʐʨʝʜʠʥʛʝʨʦʚʫ ʿʝʜʥʘʯʠʥʫ ʫʢˀʫʯʠ ʠ ʯʣʘʥ ʢʦʿʠʤ ʩʝ ʤʦʜʝʣʫʿʝ ʩʧʠʥ-ʦʨʙʠʪʥʘ 

ʠʥʪʝʨʘʢʮʠʿʘ, ʠʟʨʘʟ ʟʘ ʝʥʝʨʛʠʿʫ ʜʦʙʠʿʘ ʩʣʝʜʝ˂ʫ ʬʦʨʤʫ (Galeriu, 2005):  
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ɽʥʝʨʛʠʿʝ ʜʦʙʠʿʝʥʝ ʧʨʝʢʦ ʿʝʜʥʦʟʦʥʩʢʦʛ ἳϽἸ ʤʦʜʝʣʘ ʩʝ ʦʙʠʯʥʦ ʠʟʨʘʯʫʥʘʚʘʿʫ ʥʘ ʦʩʥʦʚʫ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦ ʦʜʨʝʹʝʥʝ ʝʬʝʢʪʠʚʥʝ ʤʘʩʝ ʫʤʝʩʪʦ ʨʘʯʫʥʘˁʘ ʤʘʪʨʠʯʥʠʭ ʝʣʝʤʝʥʘʪʘ 

ʧʝʨʪʫʨʙʘʮʠʿʝ (Ļukariĺ, 2015). ʊʘʢʦʹʝ, ʘʥʘʣʠʪʠʯʢʠ ʤʦʜʝʣ ʿʝ ʧʨʝʮʠʟʘʥ ʩʘʤʦ ʟʘ ʩʣʫʯʘʿ 

ʰʠʨʦʢʦʟʦʥʘʣʥʠʭ ʧʦʣʫʧʨʦʚʦʜʥʠʢʘ ʢʦʜ ʢʦʿʠʭ ʥʠʿʝ ʠʟʨʘʞʝʥʦ ʤʝʘhˁʝ ʟʦʥʘ ʨʝʧʨʝʟʝʥʪʦʚʘʥʦ 

ʧʦʤʦ˂ʫ ʢʦʝʬʠʮʠʿʝʥʘʪʘ ʝʢʩʧʘʥʟʠʿʝ ʫ ʠʟʨʘʟʫ (2.1.14) (Winkler, 2003; Galeriu, 2005; Ļukariĺ, 

2015). ʆʚʫ ʪʝʦʨʠʿʫ ʿʝ ʤʦʛʫ˂ʝ ʧʨʠʤʝʥʠʪʠ ʩʘʤʦ ʟʘ ʩʣʫʯʘʿ ʧʨʦʚʦʜʥʝ ʟʦʥʝ ʟʘ ʢʦʿʫ ʩʫ ʩʪʘˁʘ ʫ 

ʮʝʥʪʨʫ ɹʨʠʣʫʝʥʦʚʝ ʟʦʥʝ ʥʝʜʝʛʝʥʝʨʠʩʘʥʘ (Ļukariĺ, 2015). ʋ ʚʘʣʝʥʪʥʦʿ ʟʦʥʠ ʫ ʪʘʯʢʠ ἳ  

ʩʪʘˁʘ ʩʫ ʜʝʛʝʥʝʨʠʩʘʥʘ ʠ ʫ ʪʦʤ ʩʣʫʯʘʿʫ ʩʝ ʢʦʨʠʩʪʠ ʪʝʦʨʠʿʘ ʧʝʨʪʫʨʙʘʮʠʿʘ ʫ ʧʨʠʩʫʩʪʚʫ 

ʜʝʛʝʥʝʨʘʮʠʿʝ ʠʣʠ, ʟʥʘʪʥʦ ʯʝʰ˂ʝ, ʃʝʚʜʠʥʦʚʘ ʪeoʨʠʿʘ ʧʝʨʪʫʨʙʘʮʠʿʘ (Löwdin, 1951) ʢʦʿʘ ʿʝ 

ʦʙʿʘʰˁʝʥʘ ʫ ʇʨʠʣʦʛʫ 7.   

 

 

2.1.3 ʆʩʤʦʟʦʥʩʢʠ ἳϽἸ ʤʦʜʝʣ 

 

ʋ ʦʚʦʤ ʦʜʝˀʢʫ ˂ʝ ʙʠʪʠ ʧʨʝʜʩʪʘʚˀʝʥ ʤʦʜʝʣ ʢʦʿʠʤ ʩʝ ʦʧʠʩʫʿʝ ʤʝʰʘˁʝ 4 ʟʦʥʝ ʦʜ 

ʠʥʪʝʨʝʩʘ (Bahder, 1990; Galeriu, 2005; Novik ʠ ʩʘʨ., 2005; Sengupta ʠ ʩʘʨ, 2013): 1) ʧʨʦʚʦʜʥʝ 

ʟʦʥʝ (ʩʢʨ. CB-Conduction Band), 2) ʟʦʥʝ ʪʝʰʢʠʭ ʰʫʧˀʠʥʘ (ʩʢʨ. HH-Hevay Hole), 3) ʟʦʥʝ ʣʘʢʠʭ 

ʰʫʧˀʠʥʘ (ʩʢʨ. LH-Light Hole) ʠ 4) ʟʦʥʝ ʦʪʮʝʧˀʝʥʝ ʫʩʣʝʜ ʩʧʠʥ-ʦʨʙʠʪʥʝ ʠʥʪʝʨʘʢʮʠʿʝ (ʩʢʨ. SO-

Split -Off). ʋʪʠʮʘʿ ʦʩʪʘʣʠʭ ʟʦʥʘ ʩʝ ʫʨʘʯʫʥʘʚʘ ʥʘ ʦʩʥʦʚʫ ʃʝʚʜʠʥʦʚʝ ʪʝʦʨʠʿʝ ʧʝʨʪʫʨʙʘʮʠʿʘ 

(Löwdin, 1951). ʆʚʘʿ ʤʦʜʝʣ ʩʝ ʢʦʨʠʩʪʠ ʟʘ ʫʩʢʦʟʦʥʩʢʝ ʧʦʣʫʧʨʦʚʦʜʥʠʢʝ ʩʘ ʜʠʿʘʤʘʥʪʩʢʦʤ ʠʣʠ 

ʩʬʘʣʝʨʠʪʥʦʤ ʢʨʠʩʪʘʣʥʦʤ ʨʝʰʝʪʢʦʤ (Galeriu, 2005; Ļukariĺ, 2015). ʇʦʰʪʦ ʿʝ ʫ ʤʦʜʝʣ ʫʢˀʫʯʝʥ 

ʩʧʠʥʩʢʠ ʩʪʝʧʝʥ ʩʣʦʙʦʜʝ, ʙʘʟʠʩ ʩʝ ʫʜʚʦʩʪʨʫʯʘʚʘ. ɼʦʙʠʿʘ ʩʝ ʩʠʩʪʝʤ ʦʩʘʤ ʘʣʛʝʙʘʨʩʢʠʭ 

ʿʝʜʥʘʯʠʥʘ ʟʘ ʩʣʫʯʘʿ ʤʘʩʠʚʥʦʛ ʧʦʣʫʧʨʦʚʦʜʥʠʢʘ ʠʣʠ ʩʠʩʪʝʤ ʦʩʘʤ ʩʧʨʝʛʥʫʪʠʭ ʜʠʬʝʨʝʥʮʠʿʘʣʥʠʭ 

ʿʝʜʥʘʯʠʥʘ ʢʘʜʘ ʩʝ ʤʦʜʝʣʫʿʫ ʧʦʣʫʧʨʦʚʦʜʥʠʯʢʝ ʥʘʥʦʩʪʨʫʢʪʫʨʝ (Novik ʠ ʩʘʨ., 2005).  

ʅʝʧʦʟʥʘʪʘ ɹʣʦʭʦʚʘ ʬʫʥʢʮʠʿʘ όȟἳ Ἲ ʩʝ ʨʘʟʚʠʿʘ ʧʨʝʢʦ ʧʦʟʥʘʪʠʭ ʬʫʥʢʮʠʿʘ ʫ ʮʝʥʪʨʫ 

ɹʨʠʣʫʝʥʦʚʝ ʟʦʥʝ (ἳ ) ʢʦʿʝ ʧʦʩʝʜʫʿʫ ʩʠʤʝʪʨʠʿʫ s, px, py, pz ʦʨʙʠʪʘʣʘ (Galeriu, 2005):  

 



29 
 

  όȟἳἺ ὥȟ ȟᴻἳό ȟ Ἲȿᴻἃ ὥȟ ȟȢἳό ȟ ἺȿȢἃ ȟ                  ςȢρȢρψ 

 

ʛʜʝ ʿʝ ὲ ρȟȣȟψ Ẓ  –ᶰίȟὴȟὴȟὴ , ʜʦʢ ʩʫ ȿᴻἃ ʠ ȿȢἃ ʩʚʦʿʩʪʚʝʥʠ ʩʧʠʥʦʨʠ ʩʪʘˁʘ ʩʧʠʥ ʛʦʨʝ ʠ 

ʩʧʠʥ ʜʦʣʝ, ʨʝʜʦʤ. ʋ ʠʟʨʘʟʫ (2.1.18) ʥʝʧʦʟʥʘʪʘ ʪʘʣʘʩʥʘ ʬʫʥʢʮʠʿʘ ʿʝ ʨʘʟʚʠʿʝʥʘ ʧʨʝʢʦ ʙʘʟʠʩʥʠʭ 

ʬʫʥʢʮʠʿʘ ʢʦʿʝ ʩʫ ʩʚʦʿʩʪʚʝʥʝ ʬʫʥʢʮʠʿʝ ʦʨʙʠʪʘʣʥʦʛ ʤʦʤʝʥʪʘ L ʠ ʩʧʠʥʘ S. Oʚʘʢʘʚ ʙʘʟʠʩ ʩʝ 

ʥʘʟʠʚʘ LS ʙʘʟʠʩ. ʏʣʘʥ ʩʧʠʥ-ʦʨʙʠʪʥʝ ʠʥʪʝʨʘʢʮʠʿʝ ʧʨʦʧʦʨʮʠʦʥʘʣʘʥ ʩʘ ἳ ʿʝ ʤʘˁʠ ʦʜ ʯʣʘʥʘ 

ʩʧʠʥ-ʦʨʙʠʪʥʝ ʠʥʪʝʨʘʢʮʠʿʝ ʢʦʿʠ ʿʝ ʧʨʦʧʦʨʮʠʦʥʘʣʘʥ ʩʘ Ἰ ʠ ʦʙʠʯʥʦ ʩʝ ʟʘʥʝʤʘʨʫʿʝ (Ļukariĺ, 

2015):  

 

  
ὴ

ςά
ὠ Ἲ

ᴐ

ά
ἳϽἸ

ᴐ

τά ὧ
ὠ ϽἸ όȟἳἺ Ὁ ἳ

ᴐὯ

ςά
όȟἳἺȢςȢρȢρω 

 

ʅʘʨʝʜʥʠ ʢʦʨʘʢ ʿʝ ʨʘʟʜʚʘʿʘˁʝ ʯʣʘʥʦʚʘ ʭʘʤʠʣʪʦʥʠʿʘʥʘ ʿʝʜʥʘʯʠʥʝ (2.1.19) ʥʘ ʜʝʦ ʙʝʟ ʩʧʠʥʘ ʠ ʜʝʦ 

ʩʘ ʩʧʠʥʦʤ. ʇʨʚʦ ʩʝ ʧʦʩʤʘʪʨʘ ʜʝʦ ʙʝʟ ʩʧʠʥʘ: 

 

  
ὴ

ςά
ὠ Ἲ

ᴐ

ά
ἳϽἸ ὥȟ ἳό ȟ Ἲ 

Ὁ ἳ
ᴐὯ

ςά
ὥȟ ἳό ȟ Ἲȟ                                                                ςȢρȢςπ 

 

ʛʜʝ ʿʝ  ὲ ρȟȣȟτ Ẓ –ᶰίȟὴȟὴȟὴ . ʄʥʦʞʝˁʝʤ ʿʝʜʥʘʯʠʥʝ (2.1.20) ʩʘ ʣʝʚʝ ʩʪʨʘʥʝ ʯʣʘʥʦʤ 

όȟ Ἲ ʠ ʠʥʪʝʛʨʘʮʠʿʦʤ ʧʦ ʧʨʦʩʪʦʨʥʦʤ ʜʦʤʝʥʫ ʬʦʨʤʠʨʘ ʩʝ ʩʣʝʜʝ˂ʠ ʭʘʤʠʣʪʦʥʠʿʘʥ (Galeriu, 

2005): 

 

Ὄ ἳ

ụ
Ụ
Ụ
Ụ
Ụ
Ụ
Ụ
Ụ
Ụ
ợὉ

ᴐὯ

ςά

ᴐὯ

ά
ὖ

ᴐὯ

ά
ὖ

ᴐὯ

ά
ὖ

ᴐὯ

ά
ὖᶻ Ὁ

ᴐὯ

ςά
π π

ᴐὯ

ά
ὖᶻ π Ὁ

ᴐὯ

ςά
π

ᴐὯ

ά
ὖᶻ π π Ὁ

ᴐὯ

ςά Ứ
ủ
ủ
ủ
ủ
ủ
ủ
ủ
ủ
Ủ

ȟ                          ςȢρȢςρ 

 

ʛʜʝ ʩʫ ʠʩʢʦʨʠʰ˂ʝʥʝ ʦʩʦʙʠʥʝ: 

 

  όȟὴό ȟ ὖ‏ȟȟ                                                       ςȢρȢςς 

  ό ȟὴό ȟ πȟ                                                            ςȢρȢςσ 

 

ʢʘʦ ʠ ʯʠˁʝʥʠʮʘ ʜʘ, ʫʩʣʝʜ ʦʩʦʙʠʥʝ ʩʠʤʝʪʨʠʿʝ, ʥʝʥʫʣʪʠ ʤʘʪʨʠʯʥʠ ʝʣʝʤʝʥʪʠ ʠʤʘʿʫ ʠʩʪʝ 

ʚʨʝʜʥʦʩʪʠ. ʆʚʘʿ ʭʘʤʠʣʪʦʥʠʿʘʥ ˂ʝ ʙʠʪʠ ʠʩʢʦʨʠʰ˂ʝʥ ʟʘ ʢʦʥʩʪʨʫʢʮʠʿʫ ʦʩʤʦʟʦʥʩʢʦʛ ʤʦʜʝʣʘ. ʇʨʝ 

ʪʦʛʘ, ʧʦʪʨʝʙʥʦ ʿʝ ʨʘʟʤʦʪʨʠʪʠ ʯʣʘʥ ʢʦʿʠ ʩʝ ʦʜʥʦʩʠ ʥʘ ʩʧʠʥ-ʦʨʙʠʪʥʫ ʠʥʪʝʨʘʢʮʠʿʫ ʠʟ ʿʝʜʥʘʯʠʥʝ 

(2.1.19) (Winkler, 2003; Galeriu, 2005): 

 

 Ὄ
ᴐ

τά ὧ
ὠ ϽἸ

ᴐ

τά ὧ
ὠ ἸϽȢ                           ςȢρȢςτ 
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ʆʚʘʿ ʯʣʘʥ ʩʝ ʫ ʦʢʚʠʨʫ ʪʝʦʨʠʿʝ ʧʝʨʪʫʨʙʘʮʠʿʘ ʫ ʧʨʠʩʫʩʪʚʫ ʜʝʛʝʥʝʨʘʮʠʿʝ ʪʨʝʪʠʨʘ ʢʘʦ 

ʧʝʨʪʫʨʙʘʮʠʿʘ ʧʨʚʦʛ ʨʝʜʘ. ʄʘʪʨʠʯʥʠ ʝʣʝʤʝʥʪʠ ʟʘ Ὄ  ʫ ʦʢʚʠʨʫ ʧʦʧʨʘʚʢʠ ʧʨʚʦʛ ʨʝʜʘ ʩʝ ʤʦʛʫ 

ʧʦʿʝʜʥʦʩʪʘʚʠʪʠ ʢʦʨʠʰ˂ʝˁʝʤ ʦʩʦʙʠʥʝ ʜʘ ʿʝ ὠ Ἰ ʘʢʩʠʿʘʣʥʠ ʚʝʢʪʦʨ ʠʣʠ ʪʟʚ. ʧʩʝʫʜʦʚʝʢʪʦʨ 

(Galeriu, 2005). ɹʘʟʠʩ ʩʪʘˁʘ ʟʘ ʨʘʯʫʥ ʤʘʪʨʠʯʥʠʭ ʝʣʝʤʝʥʘʪʘ ʩʝ ʬʦʨʤʠʨʘ ʦʜ ɹʣʦʭʦʚʠʭ ʬʫʥʢʮʠʿʘ 

ʢʦʿʝ ʚʦʜʝ ʧʦʨʝʢʣʦ ʦʜ p ʦʨʙʠʪʘʣʘ: 

 

 ό ȟ Ἲȿᴻἃ, ό ȟ Ἲȿᴻἃ, ό ȟ Ἲȿᴻἃȟό ȟ ἺȿȢἃ, ό ȟ ἺȿȢἃ, ό ȟ ἺȿȢἃȢ  

 

ʄʦʜʝʣʦʚʘˁʝʤ ʩʧʠʥ-ʦʨʙʠʪʥʝ ʠʥʪʝʨʘʢʮʠʿʝ ʜʦʣʘʟʠ ʜʦ ʧʦʿʘʚʝ ʥʦʚʦʛ ʧʘʨʘʤʝʪʨʘ ȹ ʢʦʿʠ ʩʝ 

ʜʝʬʠʥʠʰʝ ʧʫʪʝʤ ʤʘʪʨʠʯʥʠʭ ʝʣʝʤʝʥʘʪʘ (Galeriu, 2005; Ļukariĺ, 2015): 

 

  ό ȟ
‬ὠ
‬ὼὴ

‬ὠ
‬ώὴ ό ȟ ό ȟ

‬ὠ
‬ώὴ

‬ὠ
‬ᾀὴ ό ȟ ό ȟ

‬ὠ
‬ᾀὴ

‬ὠ
‬ὼὴό ȟ

Ў
τά ὧ

Ὥσᴐ
Ȣ                                                                                                                                              ςȢρȢςυ 

 

ɿʘ ʢʦʤʧʦʥʝʥʪʝ ʚʝʢʪʦʨʘ ʇʘʫʣʠʿʝʚʠʭ ʤʘʪʨʠʮʘ „ȟ„ȟ„  ʜʘʪʝ ʫ  ʬʦʨʤʠ: 

 

„
π ρ
ρ π

ȟ         „
π Ὥ
Ὥ π

ȟ „
ρ π
π ρ

ȟ                             ςȢρȢςφ 

 

ʢʦʨʠʰ˂ʝˁʝʤ ʦʩʦʙʠʥʘ ʩʠʤʝʪʨʠʿʝ ʠʟʤʝʹʫ ʬʫʥʢʮʠʿʘ ʢʦʿʝ ʚʦʜʝ ʧʦʨʝʢʣʦ ʦʜ s ʠ p ʦʨʙʠʪʘʣʘ ʜʦʙʠʿʘ 

ʩʝ ʩʣʝʜʝ˂ʘ ʤʘʪʨʠʮʘ ʩʧʠʥ-ʦʨʙʠʪʥʝ ʠʥʪʝʨʘʢʮʠʿʝ ʟʘ ʦʩʤʦʟʦʥʩʢʠ ἳϽἸ ʤʦʜʝʣ (Galeriu, 2005): 

 

Ὄ

ụ
Ụ
Ụ
Ụ
Ụ
Ụ
Ụ
ợ
π π π π π π π π
π π ρ π π π π Ὥ
π ρ π π π π π ρ
π π π π π Ὥ ρ π
π π π π π π π π
π π π Ὥ π π ρ π
π π π ρ π ρ π π
π Ὥ ρ π π π π πỨ

ủ
ủ
ủ
ủ
ủ
ủ
Ủ

Ў

Ὥσ
Ȣ                                       ςȢρȢςχ 

 

ʂʘʜʘ ʩʫ ʜʝʬʠʥʠʩʘʥʠ ʭʘʤʠʣʪʦʥʠʿʘʥʠ Ὄ ʠ Ὄ , ʣʘʢʦ ʩʝ ʜʦʙʠʿʘ ʫʢʫʧʥʠ ʭʘʤʠʣʪʦʥʠʿʘʥ 

ʦʩʤʦʟʦʥʩʢʦʛ ʤʦʜʝʣʘ ʢʦʿʠ ʩʝ ʤʦʞʝ ʥʘʧʠʩʘʪʠ ʫ ʦʙʣʠʢʫ: 

 

Ὄ ἳ
Ὄ ἳ π

π Ὄ ἳ
ὌȢ                                               ςȢρȢςψ 

 

ʋʢʦʣʠʢʦ ʩʝ ʧʦʤʦ˂ʫ ʃʝʚʜʠʥʦʚʝ ʪʝʦʨʠʿʝ ʧʝʨʪʫʨʙʘʮʠʿʘ (Löwdin, 1951) ʫʢˀʫʯʠ ʠ ʫʪʠʮʘʿ 

ʫʜʘˀʝʥʠʭ ʟʦʥʘ, ʪʘʜʘ ʜʦʣʘʟʠ ʜʦ ʤʦʜʠʬʠʢʘʮʠʿʝ ʿʝʜʥʘʯʠʥʝ (2.1.28) (Galeriu, 2005):  

 

Ὄ ἳ
Ὄ ἳ π

π Ὄ ἳ
Ὄ

Ὄ ἳ π

π Ὄ ἳ
ȟ                         ςȢρȢςω 

 

ʛʜʝ ʿʝ Ὄ ἳ ʨʝʥʦʨʤʘʣʠʟʦʚʘʥʠ ʜʝʦ ἳϽἸ ʯʣʘʥʘ ʫ ʢʦʿʝʤ ʬʠʛʫʨʠʰʫ ʧʘʨʘʤʝʪʨʠ ʠʟ ɼʨʝʟʝʣʭʘʫʩ-

ʂʠʧ-ʂʠʪʝʣʦʚʦʛ ʭʘʤʠʣʪʦʥʠʿʘʥʘ (ʝʥʛʣ. Dresselhaus, Kip, Kittel) (Dresselhaus ʠ ʩʘʨ., 1955): 
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Ὄ ἳ

ụ
Ụ
Ụ
Ụ
ợ
ὃὯ ὄὯὯ ὄὯὯ ὄὯὯ

ὄὯὯ ὒὯ ὓ Ὧ Ὧ ὔὯὯ ὔὯὯ

ὄὯὯ ὔὯὯ ὒὯ ὓὯ Ὧ ὔὯὯ

ὄὯὯ ὔὯὯ ὔὯὯ ὒὯ ὓ Ὧ Ὧ Ứ
ủ
ủ
ủ
Ủ

. 

                                                                       ςȢρȢσπ 
ʂʦʨʠʰ˂ʝˁʝʤ ʦʩʦʙʠʥʘ ʩʠʤʝʪʨʠʿʝ ʙʘʟʠʩʥʠʭ ʬʫʥʢʮʠʿʘ, ʢʦʿʝ ʚʦʜʝ ʧʦʨʝʢʣʦ ʦʜ s ʠ p ʦʨʙʠʪʘʣʘ, 

ʣʘʢʦ ʩʝ ʜʦʣʘʟʠ ʜʦ ʠʟʨʘʟʘ ʟʘ ʧʘʨʘʤʝʪʨʝ ʠʟ ʿʝʜʥʘʯʠʥʝ (2.1.30) (Dresselhaus ʠ ʩʘʨ., 1955; Galeriu, 

2005): 

 

 

ὃ
ᴐ

ά

όȟὴ όȟ όȟὴ όȟ

Ὁ Ὁ
ȟ ȟ ȟ

ȟ                                  ςȢρȢσρ 

ὄ
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όȟὴ όȟ όȟὴ όȟ

Ὁ Ὁ Ⱦς Ὁ
ȟ ȟ ȟ

ȟ                                 ςȢρȢσς 

ὒ
ᴐ

ά

ό ȟὴ όȟ όȟὴ ό ȟ

Ὁ Ὁ
ȟ ȟ ȟ

ȟ                               ςȢρȢσσ 

ὓ
ᴐ

ά

ό ȟὴ όȟ όȟὴ ό ȟ

Ὁ Ὁ
ȟ ȟ ȟ

ȟ                              ςȢρȢστ 

ὔ
ᴐ

ά

ό ȟὴόȟ όȟὴ ό ȟ ό ȟὴ όȟ όȟὴό ȟ

Ὁ Ὁ
ȟ ȟ ȟ

Ȣ            ςȢρȢσυ 

 

 

HgTe ʩʝ ʦʜʣʠʢʫʿʝ ʠʟʨʘʞʝʥʦʤ ʥʝʧʘʨʘʙʦʣʠʯʥʦʰ˂ʫ ʟʦʥʘ. ɼʠʩʧʝʨʟʠʦʥʘ ʨʝʣʘʮʠʿʘ ʟʘ 

ʝʣʝʢʪʨʦʥʝ ʧʨʠʤʘʨʥʦ ʟʘʚʠʩʠ ʦʜ ʚʘʥʜʠʿʘʛʦʥʘʣʥʠʭ ἳϽἸ ʯʣʘʥʦʚʘ ʢʦʿʠ ʩʧʨʝʞʫ ʥʘʿʥʠʞʫ ʧʨʦʚʦʜʥʫ 

ʟʦʥʫ (ũ6) ʠ ʜʚʝ ʥʘʿʚʠʰʝ ʚʘʣʝʥʪʥʝ ʟʦʥʝ (ũ7, ũ8). ʆʚʠ ʯʣʘʥʦʚʠ ʩʫ ʧʨʦʧʦʨʮʠʦʥʘʣʥʠ ʂʝʿʥʦʚʦʤ 

ʤʘʪʨʠʯʥʦʤ ʝʣʝʤʝʥʪʫ P ʠ ʧʦʩʝʜʫʿʫ ʩʬʝʨʥʫ ʩʠʤʝʪʨʠʿʫ. ʆʥʠ ʥʝ ʜʦʧʨʠʥʦʩʝ ʘʥʠʟʦʪʨʦʧʠʿʠ, ʘʣʠ 

ʫʪʠʯʫ ʥʘ ʥʝʧʘʨʘʙʦʣʠʯʥʦʩʪ ʜʠʩʧʝʨʟʠʦʥʝ ʨʝʣʘʮʠʿʝ ʟʘ ʝʣʝʢʪʨʦʥʝ (Winkler, 2003). ɿʘ ʦʧʠʩ 

ʩʧʨʝʟʘˁʘ ʠʟʤʝʹʫ ũ6, ũ7 ʠ ũ8 ʟʦʥʘ, ʠʟʘʙʨʘʥʝ ʩʫ ʫʦʙʠʯʘʿʝʥʝ ʙʘʟʠʩʥʝ ʬʫʥʢʮʠʿʝ (Kane, 1957): 

 

ό ȿȟρςϳἃ Ὓᴻ ȟ                                                       ςȢρȢσφÁ 

ό ȿȟρςϳἃ ὛȢ ȟ                                                       ςȢρȢσφ̂ 

ό ȿȟσςϳἃ ρЍςϳ ὢ Ὥὣᴻȟ                                        ςȢρȢσφ̃ 

ό ȿȟρςϳἃ ρЍφϳ ὢ ὭὣȢ ςὤ ȟᴻ                                 ςȢρȢσφ̄ 

ό ȿȟρςϳἃ ρЍφϳ ὢ Ὥὣᴻ ςὤ ȟȢ                              ςȢρȢσφ̅ 

ό ȿȟσςϳἃ ρЍςϳ ὢ ὭὣȢȟ                                    ςȢρȢσφ̣ 

ό ȿȟρςϳἃ ρЍσϳ ὢ ὭὣȢ ὤ ȟᴻ                               ςȢρȢσφ̆ 

ό ȿȟρςϳἃ ρЍσϳ ὢ Ὥὣᴻ ὤ ȢȢ                               ςȢρȢσφ̇  

 

ʂʦʤʙʠʥʘʮʠʿʦʤ ʦʚʠʭ ʦʩʘʤ ʬʫʥʢʮʠʿʘ ʩʝ ʬʦʨʤʠʨʘʿʫ ʨʘʟʣʠʯʠʪʝ ʟʦʥʝ. ʂʝʿʥʦʚ ʦʩʤʦʟʦʥʩʢʠ ἳϽἸ 

ʭʘʤʠʣʪʦʥʠʿʘʥ ʠʤʘ ʩʣʝʜʝ˂ʠ ʦʙʣʠʢ (Novik ʠ ʩʘʨ., 2005): 

 



32 
 

Ὄἳ

ụ
Ụ
Ụ
Ụ
Ụ
Ụ
Ụ
Ụ
Ụ
Ụ
Ụ
Ụ
Ụ
Ụ
Ụ
Ụ
Ụ
Ụ
Ụ
Ụ
Ụ
Ụ
Ụ
ợ

Ὕ π
ρ

Ѝς
ὖὯ

ς

σ
ὖὯ

ρ

Ѝφ
ὖὯ π

ρ

Ѝσ
ὖὯ

ρ

Ѝσ
ὖὯ

π Ὕ π
ρ

Ѝφ
ὖὯ

ς

σ
ὖὯ

ρ

Ѝς
ὖὯ

ρ

Ѝσ
ὖὯ

ρ

Ѝσ
ὖὯ

ρ

Ѝς
Ὧὖ π Ὗ ὠ ὛӶ Ὑ π

ρ

Ѝς
ὛӶ ЍςὙ

ς

σ
Ὧὖ

ρ

Ѝφ
Ὧὖ ὛӶ Ὗ ὠ ὅ Ὑ Ѝςὠ

σ

ς
Ὓ

ρ

Ѝφ
Ὧὖ

ς

σ
Ὧὖ Ὑ ὅ Ὗ ὠ ὛӶ

σ

ς
Ὓ Ѝςὠ

π
ρ

Ѝς
Ὧὖ π Ὑ ὛӶ Ὗ ὠ ЍςὙ

ρ

Ѝς
ὛӶ

ρ

Ѝσ
Ὧὖ

ρ

Ѝσ
Ὧὖ

ρ

Ѝς
ὛӶ Ѝςὠ

σ

ς
Ὓ ЍςὙ Ὗ Ў ὅ

ρ

Ѝσ
Ὧὖ

ρ

Ѝσ
Ὧὖ ЍςὙ

σ

ς
Ὓ Ѝςὠ

ρ

Ѝς
ὛӶ ὅ Ὗ Ў

Ứ
ủ
ủ
ủ
ủ
ủ
ủ
ủ
ủ
ủ
ủ
ủ
ủ
ủ
ủ
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ủ
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ȟςȢρȢσχ 

 

ʛʜʝ ʿʝ: 

 

Ὕ Ὁ
ᴐ

ςά
ςὊ ρὯ᷆ Ὧ ςὊ ρὯ ȟ                                       ςȢρȢσψÁ 

Ὗ Ὁ
ᴐ

ςά
‎Ὧ᷆ Ὧ‎Ὧ ȟ                                                    ςȢρȢσψ̂ 

ὠ
ᴐ

ςά
‎Ὧ᷆ ςὯ‎Ὧ ȟ                                                   ςȢρȢσψ̃ 

Ὑ
ᴐ

ςά
Ѝσ‘Ὧ Ѝσ‎ӶὯ ȟ                                                    ςȢρȢσψ̄ 

ὛӶ
ᴐ

ςά
ЍσὯ ‎ȟὯ ‖ȟὯ ȟ                                                 ςȢρȢσψ̅ 

Ὓ
ᴐ

ςά
ЍσὯ ‎ȟὯ

ρ

σ
‖ȟὯ ȟ                                              ςȢρȢσψ̣ 

ὅ
ᴐ

ά
Ὧ ‖ȟὯ ȟ                                                                 ςȢρȢσψ̆ 

Ὧ᷆ Ὧ Ὧ ȟ                                                                 ςȢρȢσψ̇  

Ὧ Ὧ ὭὯȟ                                                                   ςȢρȢσψ̈ 

Ὧ Ὥ
‬

‬ᾀ
Ȣ                                                                     ςȢρȢσψ̉  

 

ʋ ʿʝʜʥʘʯʠʥʘʤʘ (2.1.38) Ὧ ʠ Ὧ ʩʫ ʜʦʙʨʠ ʢʚʘʥʪʥʠ ʙʨʦʿʝʚʠ, ʜʦʢ ʿʝ Ὧ ʦʧʝʨʘʪʦʨ.  ‎, ‎ ʠ ‎ ʩʫ 

ʃʘʪʠʥ˅ʝʨʦʚʠ ʧʘʨʘʤʝʪʨʠ, ‖ ʠ Ὂ oʧʠʩʫʿʫ ʩʧʨʝʟʘˁʝ ʫʜʘˀʝʥʠʭ ʟʦʥʘ, a ‎Ӷ ʠ ‘ ʩʝ ʜʝʬʠʥʠʰʫ ʧʨʝʢʦ 
ʃʘʪʠʥ˅ʝʨʦʚʠʭ ʧʘʨʘʤʝʪʘʨʘ ‎Ӷ ‎ ‎ ςϳ  ʠ ‘ ‎ ‎ ςϳ . ʋ ʘʢʩʠʿʘʣʥʦʿ ʘʧʨʦʢʩʠʤʘʮʠʿʠ 

ʚʘʞʠ ‘ π. ὃȟὄ ὃὄ ὄὃ ʿʝ ʦʟʥʘʢʘ ʟʘ ʫʦʙʠʯʘʿʝʥʠ ʢʦʤʫʪʘʪʦʨ ʦʧʝʨʘʪʦʨʘ, ʜʦʢ ʿʝ ὃȟὄ
ὃὄ ὄὃ ʘʥʪʠʢʦʤʫʪʘʪʦʨ ʦʧʝʨʘʪʦʨʘ ὃ ʠ ὄ. ɺʨʝʜʥʦʩʪʠ ʢʦʨʠʰ˂ʝʥʠʭ ʧʘʨʘʤʝʪʘʨʘ ʟʘ CdTe ʠ 

HgTe ʥʘ ʪʝʤʧʝʨʘʪʫʨʠ Ὕ π + ʩʫ ʧʨʠʢʘʟʘʥʝ ʫ ʇʨʠʣʦʛʫ 1. 

 

 



33 
 

2.1.4 ʄʦʜʝʣʦʚʘˁʝ ʝʣʝʢʪʨʦʥʩʢʠʭ ʠ ʰʫʧˀʠʥʩʢʠʭ ʩʪʘˁʘ ʫ ʤʘʛʥʝʪʩʢʦʤ ʧʦˀʫ 

 

ʋ ʦʚʦʤ ʦʜʝˀʢʫ ˂ʝ ʙʠʪʠ ʧʨʠʢʘʟʘʥʦ ʢʘʢʦ ʩʝ ʤʦʜʝʣʫʿʝ ʫʪʠʮʘʿ ʤʘʛʥʝʪʩʢʦʛ ʧʦˀʘ Ἄ ʥʘ 

ʥʘʥʦʩʪʨʫʢʪʫʨʫ ʫ ʦʢʚʠʨʫ ἳϽἸ ʤʦʜʝʣʘ ʟʘ ʩʪʨʫʢʪʫʨʫ ʪʠʧʘ ʢʚʘʥʪʥʝ ʿʘʤʝ. ʄʘʛʥʝʪʩʢʦ ʧʦˀʝ 

ʧʨʠʤʝˁʝʥʦ ʥʦʨʤʘʣʥʦ ʥʘ ʧʦʚʨʰ ʫ ʢʦʿʦʿ ʩʝ ʬʦʨʤʠʨʘ ʜʚʦʜʠʤʝʟʠʦʥʠ ʝʣʝʢʪʨʦʥʩʢʠ ʛʘʩ, Ἄ, ʥʝʤʘ 
ʠʩʪʦ ʜʝʿʩʪʚʦ ʢʘʦ ʧʘʨʘʣʝʣʥʦ ʤʘʛʥʝʪʩʢʦ ʧʦˀʝ, Ἄȿȿ. ʇʨʠʤʝʥʦʤ Ἄ  ʥʘ ʢʚʘʥʪʥʝ ʿʘʤʝ ʜʦʣʘʟʠ ʜʦ 

ʠʥʪʝʥʟʠʚʥʠʭ ʧʨʦʤʝʥʘ ʫ ˁʠʭʦʚʠʤ ʝʣʝʢʪʨʦʥʩʢʠʤ ʦʩʦʙʠʥʘʤʘ, ʢʦʿʝ ʩʝ ʤʘʥʠʬʝʩʪʫʿʫ ʫ ʚʠʜʫ ʧʫʥʝ 

ʢʚʘʥʪʠʟʘʮʠʿʝ ʢʨʝʪʘˁʘ ʥʦʩʠʦʮʘ ʥʘʝʣʝʢʪʨʠʩʘˁʘ ʫ ʃʘʥʜʘʫʦʚʝ ʥʠʚʦʝ (Winkler, 2003). ɿʘ 

ʤʦʜʝʣʦʚʘˁʝ ʤʘʛʥʝʪʩʢʦʛ ʧʦˀʘ ʤʦʛʫ˂ʝ ʿʝ ʧʨʠʤʝʥʠʪʠ ʜʚʘ ʧʨʠʩʪʫʧʘ, ʩʘ ʠʣʠ ʙʝʟ ʢʦʨʠʰ˂ʝˁʘ 

ʘʢʩʠʿʘʣʥʝ ʘʧʨʦʢʩʠʤʘʮʠʿʝ (Novik ʠ ʩʘʨ., 2005). ɿʘ ʩʣʫʯʘʿ HgTe/CdxHg1-xTe ʘʩʠʤʝʪʨʠʯʥʝ 

ʜʚʦʩʪʨʫʢʝ ʢʚʘʥʪʥʝ ʿʘʤʝ ʩʘ [001] ʧʨʘʚʮʝʤ ʥʘʨʘʩʪʘˁʘ ʦʙʘ ʧʨʠʩʪʫʧʘ ʧʨʫʞʘʿʫ ʩʣʠʯʥʝ ʨʝʟʫʣʪʘʪʝ 

(Novik ʠ ʩʘʨ., 2005). ʈʘʟʤʦʪʨʝʥ ʿʝ ʩʘʤʦ ʫʪʠʮʘʿ ʥʦʨʤʘʣʥʦʛ ʤʘʛʥʝʪʩʢʦʛ ʧʦˀʘ, ʧʨʠ ʯʝʤʫ ʥʠʿʝ 

ʢʦʨʠʰ˂ʝʥʘ ʘʢʩʠʿʘʣʥʘ ʘʧʨʦʢʩʠʤʘʮʠʿʘ. ɻʝʥʝʨʘʣʥʠ ʧʨʠʩʪʫʧ ʫ ʤʦʜʝʣʦʚʘˁʫ ʫʪʠʮʘʿʘ ʤʘʛʥʝʪʩʢʦʛ 

ʧʦˀʘ Ἄ ʫ ʦʢʚʠʨʫ ʚʠʰʝʟʦʥʩʢʝ ʪʝʦʨʠʿʝ ʿe ʫʚʦʹʝˁʝ ʇʘʿʝʨʣʩʦʚʝ ʟʘʤʝʥʝ ʢʦʿʦʤ ʩʝ ʢʘʥʦʥʩʢʠ ʤʦʤʝʥʪ 

Ἰ ʟʘʤʝˁʫʿʝ ʩʘ ʢʠʥʝʪʠʯʢʠʤ ʤʦʤʝʥʪʦʤ  (Ļukariĺ, 2015):   

 

Ἰᴼ Ὥᴐ ὩἋȟ                                                         ςȢρȢσω 
 

ʛʜʝ ʿʝ Ἃ ʤʘʛʥʝʪʩʢʠ ʚʝʢʪʦʨ ʧʦʪʝʥʮʠʿʘʣ, ʘ Ὡ ʝʣʝʤʝʥʪʘʨʥʦ ʥʘʝʣʝʢʪʨʠʩʘˁʝ. ʄʘʛʥʝʪʩʢʠ ʚʝʢʪʦʨ 

ʧʦʪʝʥʮʠʿʘʣ ʤʦʨʘ ʜʘ ʟʘʜʦʚʦˀʠ ʿʝʜʥʘʯʠʥʫ: 

 

Ἄ ἋȢ                                                                   ςȢρȢτπ 
 

ɿʙʦʛ ʪʦʛʘ ʿʝ ʧʦʪʨʝʙʥʦ ʧʨʦʥʘ˂ʠ ʘʜʝʢʚʘʪʘʥ ʦʙʣʠʢ ʟʘ Ἃ. ʀʟ ʪʦʛ ʨʘʟʣʦʛʘ ʩʝ ʦʙʠʯʥʦ ʢʦʨʠʩʪʝ 
ʩʠʤʝʪʨʠʯʥʘ ʢʘʣʠʙʨʘʮʠʿʘ Ἃ ὄςϳ Ͻ ώȟὼȟπ (Winkler, 2003) ʠʣʠ ʃʘʥʜʘʫʦʚʘ ʢʘʣʠʙʨʘʮʠʿʘ Ἃ
ὄϽπȟὼȟπ (Krishtopenko ʠ ʩʘʨ., 2016B) ʟʘ ʥʦʨʤʘʣʥʦ ʤʘʛʥʝʪʩʢʦ ʧʦˀʝ. ʂʠʥʝʪʠʯʢʠ ʤʦʤʝʥʪ  

ʤʦʨʘ ʜʘ ʟʘʜʦʚʦˀʠ ʩʣʝʜʝ˂ʝ ʢʦʤʫʪʘʮʠʦʥʝ ʨʝʣʘʮʠʿʝ ʢʦʿʝ ʩʫʛʝʨʠʰʫ ʧʦʩʪʦʿʘˁʝ ʢʘʣʠʙʨʘʮʠʦʥʝ 

ʠʥʚʘʨʠʿʘʥʪʥʦʩʪʠ (Winkler, 2003; Novik ʠ ʩʘʨ., 2005): 

 

ȟ Ὡᴐὄȟ                                                                 ςȢρȢτρ 

 ȟ  πȟ                                                                   ςȢρȢτς 

 

ʛʜʝ ʿʝ ὭȟὮɴ ὼȟώȟᾀ. ʋ ʧʨʠʩʫʩʪʚʫ ʤʘʛʥʝʪʩʢʦʛ ʧʦˀʘ ʦʧʝʨʘʪʦʨʠ ʘʥʠʭʠʣʘʮʠʿʝ ʠ ʢʨʝʘʮʠʿʝ ʩʫ 

(Winkler, 2003):  

 

ὥ
ὰ

Ѝςᴐ
  Ὥ  ȟ                                                           ςȢρȢτσ 

ὥ
ὰ

Ѝςᴐ
  Ὥ  ȟ                                                          ςȢρȢττ 

 

ʛʜʝ ʿʝ ʤʘʛʥʝʪʩʢʘ ʜʫʞʠʥʘ ʜʝʬʠʥʠʩʘʥʘ ʩʘ 

 

ὰ
ᴐ

Ὡὄ
Ȣ                                                                     ςȢρȢτυ 

 

ʆʧʝʨʘʪʦʨʠ ʘʥʠʭʠʣʘʮʠʿʝ ʠ ʢʨʝʘʮʠʿʝ ʩʝ ʤʦʛʫ ʥʘʧʠʩʘʪʠ ʠ ʥʘ ʩʣʝʜʝ˂ʠ ʥʘʯʠʥ: 

 

ὥ
ὰ

Ѝς
Ὧȟ                                                                   ςȢρȢτφ 
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ὥ
ὰ

Ѝςᴐ
Ὧȟ                                                               ςȢρȢτχ 

 

ʛʜʝ ʩʫ Ὧ  ʠ Ὧ  ʜʘʪʠ ʫ (2.1.38ʟ). ʆʥʠ ʜʝʣʫʿʫ ʥʘ ʭʘʨʤʦʥʠʿʩʢʝ ʦʩʮʠʣʘʪʦʨʥʝ ʬʫʥʢʮʠʿʝ ‒ (Novik ʠ 

ʩʘʨ., 2005) ʟʘ ʢʦʿʝ ʚʘʞʝ ʩʣʝʜʝ˂ʝ ʨʝʣʘʮʠʿʝ: 

 

ὥ‒ Ѝὲ‒ ȟ                                                              ςȢρȢτψ 

ὥ‒ Ѝὲ ρ‒ ȟ                                                         ςȢρȢτω 
ὥὥ‒ ὲ‒Ȣ                                                              ςȢρȢυπ 

 

ʋ ʧʨʝʪʭʦʜʥʠʤ ʿʝʜʥʘʯʠʥʘʤʘ ὲ πȟρȟȣ ʩʫ ʩʚʦʿʩʪʚʝʥʝ ʚʨʝʜʥʦʩʪʠ ʦʧʝʨʘʪʦʨʘ ὥὥ. ʋ ʧʨʠʩʫʩʪʚʫ 
ʤʘʛʥʝʪʩʢʦʛ ʧʦˀʘ ʜʦʣʘʟʠ ʠ ʜʦ ʧʦʿʘʚʝ ɿʝʤʘʥʦʚʦʛ (ʭʦʣ. Zeeman) ʝʬʝʢʪʘ (Zeeman, 1897). ʆʚʘʿ 

ʝʬʝʢʘʪ ʩʝ ʥʝ ʤʦʞʝ ʤʦʜʝʣʦʚʘʪʠ ʧʦʤʦ˂ʫ ʢʦʥʚʝʥʮʠʦʥʘʣʥʝ ʐʨʝʜʠʥʛʝʨʦʚʝ ʿʝʜʥʘʯʠʥʝ. ʋʤʝʩʪʦ 

ʪʦʛʘ, ʧʦʪʨʝʙʥʦ ʿʝ ʢʦʨʠʩʪʠʪʠ ɼʠʨʘʢʦʚʫ ʿʝʜʥʘʯʠʥʫ ʠʟ ʢʦʿʝ ʩʝ ʤʦʞʝ ʚʠʜʝʪʠ ʜʘ, ʫʩʣʝʜ ʦʚʦʛ 

ʝʬʝʢʪʘ, ʜʦʣʘʟʠ ʜʦ ʮʝʧʘˁʘ ʩʪʘˁʘ ʨʘʟʣʠʯʠʪʦʛ ʩʧʠʥʘ. ʉʧʠʥʩʢʦ ʮʝʧʘˁʝ ʿʝ ʦʧʠʩʘʥʦ ʯʣʘʥʦʤ ‘Ὣ Ͻ
Ἄ, ʛʜʝ ʿʝ ‘ ɹʦʨʦʚ (ʜʘʥ. Bohr) ʤʘʛʥʝʪʦʥ,  ʚʝʢʪʦʨ ʇʘʫʣʠʿʝʚʠʭ ʤʘʪʨʠʮʘ, ʜʦʢ ʿʝ Ὣ ς ʃʘʥʜʝʦʚ 
(ʥʝʤ. Landé) ʬʘʢʪʦʨ (Sakurai, 1994). ʋ ʧʨʠʩʫʩʪʚʫ ʥʦʨʤʘʣʥʦʛ ʤʘʛʥʝʪʩʢʦʛ ʧʦˀʘ ʭʘʤʠʣʪʦʥʠʿʘʥ 

ἳϽἸ ʤʦʜʝʣʘ ʧʦʧʨʠʤʘ ʩʣʝʜʝ˂ʠ ʦʙʣʠʢ (Winkler, 2003; Ļukariĺ, 2015):  
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ɿʝʤʘʥʦʚ ʝʬʝʢʘʪ ʩʝ ʫʢˀʫʯʫʿʝ ʜʦʜʘʜʘʚʘˁʝʤ ʯʣʘʥʘ Ὄ  ʤʘʪʨʠʮʠ (2.1.37). ʆʚʘʿ ʯʣʘʥ ʿʝ ʪʘʢʦʹʝ 

ʤʘʪʨʠʮʘ ʨʝʜʘ  ψ ψ ʠ ʠʤʘ ʩʣʝʜʝ˂ʫ ʬʦʨʤʫ (Novik ʠ ʩʘʨ., 2005):  
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ʛʜʝ ʿʝ ‖ ʯʝʪʚʨʪʠ ʃʘʪʠʥ˅ʝʨʦʚ (ʝʥʛʣ. Luttinger) ʧʘʨʘʤʝʪʘʨ (Lawaetz, 1971) ʢʦʿʠ ˂ʝ ʜʝʪʘˀʥʠʿʝ 

ʙʠʪʠ ʧʨʝʜʩʪʘʚˀʝʥ ʫ ʪʨʝ˂ʦʿ ʛʣʘʚʠ.  
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2.1.5 ʄʦʜʝʣʦʚʘˁʝ ʥʘʧʨʝʟʘˁʘ 

 

ʅʘʧʨʝʟʘˁʝ ʤʦʞʝ ʙʠʪʠ ʚʝʰʪʘʯʢʠ ʠʥʜʫʢʦʚʘʥʦ ʠʣʠ ʩʝ ʿʘʚˀʘ ʫʩʣʝʜ ʥʝʫʩʘʛʣʘʰʝʥʦʩʪʠ 

ʧʘʨʘʤʝʪʘʨʘ ʨʝʰʝʪʢʠ ʨʘʟʣʠʯʠʪʠʭ ʤʘʪʝʨʠʿʘʣʘ ʫ ʭʝʪʝʨʦʩʪʨʫʢʪʫʨʘʤʘ. ʅʝʫʩʘʛʣʘʰʝʥʦʩʪ ʜʦʚʦʜʠ ʜʦ 

ʜʝʬʦʨʤʘʮʠʿʝ ʢʨʠʩʪʘʣʥʝ ʨʝʰʝʪʢʝ ʫ ʙʣʠʟʠʥʠ ʩʧʦʿʘ ʰʪʦ ʤʦʞʝ ʜʘ ʜʦʚʝʜʝ ʜʦ ʟʥʘʯʘʿʥʠʭ ʧʨʦʤʝʥʘ ʫ 

ʝʣʝʢʪʨʦʥʩʢʠʤ ʩʚʦʿʩʪʚʠʤʘ ʥʘʧʨʝʛʥʫʪʝ ʩʪʨʫʢʪʫʨʝ. ʋ ʦʚʦʤ ʦʜʝˀʢʫ ˂ʝ ʙʠʪʠ ʦʙʿʘʰˁʝʥʦ ʢʘʢʦ ʩʝ 

ʥʘʧʨʝʟʘˁʝ ʫ ʢʚʘʥʪʥʠʤ ʿʘʤʘʤʘ ʤʦʞʝ ʫʢˀʫʯʠʪʠ ʫ ʚʠʰʝʟʦʥʩʢʠ ἳϽἸ ʤʦʜʝʣ. ʅʘʧʨʝʟʘˁʝ ʩʝ 

ʦʙʠʯʥʦ ʤʦʜʝʣʫʿʝ ʫ ʦʢʚʠʨʫ ɹʠʨ-ʇʠʢʫʩʦʚʦʛ ʬʦʨʤʘʣʠʟʤʘ (Bir ʠ Pikus, 1974) ʪʘʢʦ ʰʪʦ ʩʝ 

ʤʦʜʠʬʠʢʫʿʝ ʭʘʤʠʣʪʦʥʠʿʘʥ (2.1.37). ʇʨʚʠ ʢʦʨʘʢ ʫ ʬʦʨʤʠʨʘˁʫ ʤʦʜʝʣʘ ʥʘʧʨʝʟʘˁʘ ʿʝ ʧʨʦʨʘʯʫʥ 

ʨʘʩʧʦʜʝʣʝ ʥʘʧʨʝʟʘˁʘ ʫ ʩʪʨʫʢʪʫʨʠ ʢʦʿʘ ʩʝ ʤʦʞʝ ʦʜʨʝʜʠʪʠ ʢʦʨʠʰ˂ʝˁʝʤ ʢʦʥʪʠʥʫʘʣʥʦ-

ʤʝʭʘʥʠʯʢʠʭ (Davies, 1998) ʠʣʠ ʘʪʦʤʠʩʪʠʯʢʠʭ ʤʦʜʝʣa (Keating, 1966).  

ʇʨʠʤʝʥʘ ʥʘʧʨʝʟʘˁʘ ʩʤʘˁʫʿʝ ʩʠʤʝʪʨʠʿʫ ʥʝʧʝʨʪʫʨʙʦʚʘʥʦʛ ʢʨʠʩʪʘʣʥʦʛ ʧʦʪʝʥʮʠʿʘʣʘ 

ὠ Ἲ (Winkler, 2003). ʋʢʦʣʠʢʦ ʿʝ ʥʝʫʩʘʛʣʘʰʝʥʦʩʪ ʢʦʥʩʪʘʥʪʠ ʨʝʰʝʪʢʠ ʠʟʤʝʹʫ ʩʣʦʿʘ ʿʘʤʝ ὥ  ʠ 

ʙʘʨʠʿʝʨʥʦʛ ʤʘʪʝʨʠʿʘʣʘ ὥ ʥʝʟʥʘʪʥa, ʪʿ. ʫʢʦʣʠʢʦ ʿʝ ʨʝʣʘʪʠʚʥʘ ʨʘʟʣʠʢʘ ʫ ʧʘʨʘʤʝʪʨʠʤʘ ʨʝʰʝʪʢʝ  
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ʨʝʜʘ ʥʝʢʦʣʠʢʦ ʧʨʦʮʝʥʘʪʘ, ʪʘʜʘ ʩʫ ʢʦʤʧʦʥʝʥʪʝ ʪʝʥʟʦʨʘ ʥʘʧʨʝʟʘˁʘ ʜʘʪʝ ʩʣʝʜʝ˂ʦʤ ʨʝʣʘʮʠʿʦʤ 

(Arsoski, 2013): 
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ʆʚʜʝ, ὶ ʧʨʝʜʩʪʘʚˀʘʿʫ ʢʦʤʧʦʥʝʥʪʝ ʚʝʢʪʦʨʘ ʧʦʣʦʞʘʿʘ Ἲ, ό ʩʫ ʢʦʤʧʦʥʝʥʪʝ ʚʝʢʪʦʨʘ ʧʦʤʝʨʘʿʘ Ἵ, 

ʜʦʢ ʩʝ ʠʥʜʝʢʩʠ ὭȟὮ ʦʜʥʦʩʝ ʥʘ ὼȟώȟᾀ ʢʦʦʨʜʠʥʘʪʝ. ʇʨʠʣʠʢʦʤ ʜʝʬʦʨʤʘʮʠʿʝ ʤʘʪʝʨʠʿʘʣʘ ʩʚʝ 
ˁʝʛʦʚʝ ʪʘʯʢʝ ʩʝ ʧʦʤʝʨʘʿʫ ʠ ʫʚʦʜʠ ʩʝ Ăʜʝʬʦʨʤʠʩʘʥʠñ ʢʦʦʨʜʠʥʘʪʥʠ ʩʠʩʪʝʤ ʢʦʿʠ ʩʝ ʜʝʬʠʥʠʰʝ 

ʥʘ ʩʣʝʜʝ˂ʠ ʥʘʯʠʥ (Bahder, 1990): 
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Oʚʦʤ ʟʘʤʝʥʦʤ ʧʦʪʝʥʮʠʿʘʣ ʜʝʬʦʨʤʠʩʘʥʦʛ ʢʨʠʩʪʘʣʘ ὠ ρ ‐Ἲ, ʠʤʘ ʠʩʪʫ ʧʝʨʠʦʜʠʯʥʦʩʪ ʢʘʦ 

ʥʝʧʝʨʪʫʨʙʦʚʘʥʠ ʧʦʪʝʥʮʠʿʘʣ ὠ Ἲ. ʆʚʘʿ ʧʦʪʝʥʮʠʿʘʣ ʩʝ ʤʦʞʝ ʨʘʟʚʠʪʠ ʫ ʨʝʜ ʧʦ ‐ (Bahder, 1990; 

Winkler, 2003): 
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ʋ ʧʨʠʩʫʩʪʚʫ ʥʘʧʨʝʟʘˁʘ ʫ ʦʢʚʠʨʫ ʭʘʤʠʣʪʦʥʠʿʘʥa ἳϽἸ ʤʦʜʝʣʘ ʜʦʣʘʟʠ ʜʦ ʧʦʿʘʚʝ ʥʦʚʠʭ ʯʣʘʥʦʚʘ 

ʦʜ ʢʦʿʠʭ ʩʫ ʥʘʿʚʘʞʥʠʿʠ ʧʨʝʜʩʪʘʚˀʝʥʠ ʩʣʝʜʝ˂ʦʤ ʿʝʜʥʘʯʠʥʦʤ (Bahder, 1990): 
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ʆʚʠ ʯʣʘʥʦʚʠ ʩʝ ʥʘʟʠʚʘʿʫ ʜʝʬʦʨʤʘʮʠʦʥʠ ʧʦʪʝʥʮʠʿʘʣʠ ʠ ʧʨʦʧʦʨʮʠʦʥʘʣʥʠ ʩʫ ʩʘ ʪʝʥʟʦʨʦʤ ‐. 
ʏʣʘʥʦʚʠ ʥʘʧʨʝʟʘˁʘ ʫ ʦʩʤʦʟʦʥʩʢʦʤ ἳϽἸ ʭʘʤʠʣʪʦʥʠʿʘʥʫ ʫʢˀʫʯʫʿʫ ʭʠʜʨʦʩʪʘʪʠʯʢʝ ὅ ʠ ὥ, ʠ 
ʫʥʠʘʢʩʠʿʘʣʥʝ ὦ ʠ Ὠ ʜʝʬʦʨʤʘʮʠʦʥʝ ʧʦʪʝʥʮʠʿʘʣʝ (Novik ʠ ʩʘʨ., 2005). ʇʦʨʝʜ ʪʦʛʘ ʢʘʦ ʯʣʘʥʦʚʠ ʫ 

ʭʘʤʠʣʪʦʥʠʿʘʥʫ ʬʠʛʫʨʠʰʫ ʠ ʢʦʤʧʦʥʝʥʪʝ ʪʝʥʟʦʨʘ ‐. ʄʦʞʝ ʩʝ ʧʦʢʘʟʘʪʠ ʜʘ ʩʝ ʟʘ ɹʠʨ-ʇʠʢʫʩʦʚ 

ʭʘʤʠʣʪʦʥʠʿʘʥ, Ὄ , ʜʦʙʠʿʘ ʠʩʪʠ ʠʟʨʘʟ ʢʘʦ ʢʘʜʘ ʩʝ ʫ ʭʘʤʠʣʪʦʥʠʿʘʥʫ Ὄἳ ʥʘʧʨʘʚʠ ʩʤʝʥʘ 

(Novik ʠ ʩʘʨ., 2005; Arsoski, 2013; Ļukariĺ, 2015): 
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ʧʨʦʧʦʨʮʠʦʥʘʣʥʠ ʂʝʿʥʦʚʦʤ ʤʘʪʨʠʯʥʦʤ ʝʣʝʤʝʥʪʫ. ʆʥʠ ʩʝ ʟʘʥʝʤʘʨʫʿʫ ʟʘʪʦ ʰʪʦ ʠʤʘʿʫ ʤʘʣʫ 

ʚʨʝʜʥʦʩʪ (Novik ʠ ʩʘʨ., 2005). ɹʠʨ-ʇʠʢʫʩʦʚ ʭʘʤʠʣʪʦʥʠʿʘʥ ʟʘ ʢʚʘʥʪʥʝ ʿʘʤʝ ʩʘ [001] ʧʨʘʚʮʝʤ 

ʥʘʨʘʩʪʘˁʘ ʠʤʘ ʩʣʝʜʝ˂ʠ ʦʙʣʠʢ (Novik ʠ ʩʘʨ., 2005): 
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ʆʚʜʝ ʿʝ ÔÒ‐ ‐ ‐ ‐  ʪʨʘʛ ʪʝʥʟʦʨʘ ʥʘʧʨʝʟʘˁʘ ‐. 
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2.2 ʄʝʪʦʜ ʿʘʢʝ ʚʝʟʝ 
 

 ɿʘ ʨʘʟʣʠʢʫ ʦʜ ʩʪʘʥʜʘʨʥʠʭ ʚʠʰʝʟʦʥʩʢʠʭ ἳϽἸ ʤʦʜʝʣʘ, ʧʦʤʦ˂ʫ ʤʝʪʦʜʘ ʿʘʢʝ ʚʝʟʝ ʿʝ 

ʤʦʛʫ˂ʝ ʜʦʚʦˀʥʦ ʜʦʙʨʦ ʦʧʠʩʘʪʠ ʟʦʥʩʢʫ ʩʪʨʫʢʪʫʨʫ HgTe ʫ ʯʠʪʘʚʦʿ ɹʨʠʣʫʝʥʦʚʦʿ ʟʦʥʠ. Mʝʪʦʜ 

ʿʘʢʝ ʚʝʟʝ ʟʘ ʯʚʨʩʪʘ ʪʝʣʘ ʿʝ ʧʨʚʠ ʨʘʟʚʠʦ ʥʝʤʘʯʢʠ ʬʠʟʠʯʘʨ ʌʝʣʠʢʩ ɹʣʦʭ 1929. ʛʦʜʠʥʝ (Bloch, 

1929). ʆʚʘʿ ʤʝʪʦʜ ʿʝ ʧʨʫʞʘʦ ʪʘʯʘʥ ʦʧʠʩ ʝʥʝʨʛʝʪʩʢʠʭ ʟʦʥʘ ʫ ʧʦʣʫʧʨʦʚʦʜʥʠʢʫ ʠ ʦʤʦʛʫ˂ʘʚʘʦ ʿʝ 
ʦʧʠʩ ʟʦʥʩʢʝ ʩʪʨʫʢʪʫʨʝ ʥʝ ʩʘʤʦ ʫ ʪʘʯʢʘʤʘ ʚʠʩʦʢʝ ʩʠʤʝʪʨʠʿʝ, ʚʝ˂ ʫ ʧʨʦʠʟʚʦˀʥʦʿ ʪʘʯʢʠ ʫ 

ʨʝʮʠʧʨʦʯʥʦʤ ʧʨʦʩʪʦʨʫ. ʉʣʝʿʪʝʨ ʠ ʂʦʩʪʝʨ ʩʫ 1954. ʛʦʜʠʥʝ ʩʭʚʘʪʠʣʠ ʜʘ ʿʝ ɹʣʦʭʦʚ ʧʨʠʩʪʫʧ 

ʥʝʧʨʘʢʪʠʯʘʥ ʿʝʨ ʿʝ ʛʦʪʦʚʦ ʥʝʤʦʛʫ˂ʝ ʨʝʰʠʪʠ ʚʝʣʠʢʠ ʙʨʦʿ ʠʥʪʝʛʨʘʣʘ ʧʨʝʢʣʘʧʘˁʘ ʠʟʤʝʹʫ 

ʘʪʦʤʩʢʠʭ ʦʨʙʠʪʘʣʘ. ʆʥʠ ʩʫ ʧʨʝʜʣʦʞʠʣʠ ʘʣʪʝʨʥʘʪʠʚʫ ʫ ʢʦʿʦʿ ʩʝ ɹʣʦʭʦʚ ʤʝʪʦʜ ʿʘʢʝ ʚʝʟʝ ʥʝ ʙʠ 

ʢʦʨʠʩʪʠʦ ʢʘʦ ʧʨʠʤʘʨʥʠ ʤʝʪʦʜ ʠʟʨʘʯʫʥʘʚʘˁʘ ʟʦʥʩʢʝ ʩʪʨʫʢʪʫʨʝ ʯʚʨʩʪʦʛ ʪʝʣʘ, ʚʝ˂ ʢʘʦ ʚʨʩʪʘ 

ʠʥʪʝʨʧʦʣʘʮʠʦʥʦʛ ʤʝʪʦʜʘ (Slater ʠ Koster, 1954). ʇʨʝʜʣʦʛ ʢʦʿʠ ʩʫ ʜʘʣʠ ʉʣʝʿʪʝʨ ʠ ʂʦʩʪʝʨ ʿʝ 

ʫʢˀʫʯʠʚʘʦ ʥʠʟ ʘʧʨʦʢʩʠʤʘʮʠʿʘ ʢʦʿʝ ʩʫ ʪʨʝʙʘʣʝ ʜʘ ʧʦʿʝʜʥʦʩʪʘʚʝ ʢʦʨʠʰ˂ʝˁʝ ʤʝʪʦʜʘ.  

 

 
 

ʉʣʠʢʘ 2.1. ɿʦʥʩʢʘ ʩʪʨʫʢʪʫʨʘ ʤʘʩʠʚʥʦʛ HgTe ʥʘ ʪʝʤʧʝʨʘʪʫʨʠ ʦʜ 0 K. ʇʣʘʚʠʤ ʣʠʥʠʿʘʤʘ ʩʫ 

ʧʨʝʜʩʪʘʚˀʝʥʠ ʨʝʟʫʣʪʘʪʠ ʜʦʙʠʿʝʥʠ ʧʦʤʦ˂ʫ ʝʤʧʠʨʠʿʩʢʦʛ ʤʝʪʦʜʘ ʿʘʢʝ ʚʝʟʝ, ʜʦʢ ʩʫ ʮʨʚʝʥʠʤ 

ʪʘʯʢʘʤʘ ʧʨʠʢʘʟʘʥʠ ʨʝʟʫʣʪʘʪʠ GW ʤʦʜʝʣʘ (ʘʜʘʧʪʠʨʘʥʦ ʠʟ ʨʝʬʝʨʝʥʮʝ Allan ʠ Delerue, 2012). 

 

 ɹʝʟ ʦʙʟʠʨʘ ʥʘ ʧʨʠʩʪʫʧ ʢʦʿʠ ʩʝ ʢʦʨʠʩʪʠ, ʧʨʠʣʠʢʦʤ ʨʘʟʚʦʿʘ ʤʦʜʝʣʘ ʿʘʢʝ ʚʝʟʝ ʧʦʣʘʟʠ ʩʝ 

ʦʜ ʩʢʫʧʘ ʘʪʦʤʩʢʠʭ ʦʨʙʠʪʘʣʘ (Harrison, 1989). ʆʙʠʯʥʦ ʩʝ ʢʦʨʠʩʪʝ ʥʝʢʝ ʦʜ ʩʣʝʜʝ˂ʠʭ ʦʨʙʠʪʘʣʘ: 

ȿίἃ, ȿὴἃ, ȿὴ , ȿὴἃ, ȿὨ , ȿὨ ἃ, ȿὨ , ȿὨ  ʠ ȿὨ ἃ (Allan ʠ Delerue, 2012). ɹʨʦʿ ʠ ʚʨʩʪʝ 

ʘʪʦʤʩʢʠʭ ʦʨʙʠʪʘʣʘ ʢʦʿʝ ˂ʝ ʙʠʪʠ ʫʢˀʫʯʝʥʝ ʫ ʤʦʜʝʣ ʟʘʚʠʩʝ ʦʜ ʝʣʝʤʝʥʘʪʘ ʢʦʿʠ ʩʘʯʠˁʘʚʘʿʫ 

ʢʨʠʩʪʘʣ ʠ ʦʙʣʠʢʘ ʿʝʜʠʥʠʯʥʝ ˂ʝʣʠʿʝ, ʪʿ. ʦʜ ʦʩʦʙʠʥʘ ʩʠʤʝʪʨʠʿʝ ʧʦʣʫʧʨʦʚʦʜʥʠʢʘ ʯʠʿʘ ʩʝ 

ʝʣʝʢʪʨʦʥʩʢʘ ʩʪʨʫʢʪʫʨʘ ʦʜʨʝʹʫʿʝ. ɸʪʦʤʩʢʝ ʦʨʙʠʪʘʣʝ ʧʦʟʠʮʠʦʥʠʨʘʥʝ ʥʘ ʘʪʦʤʠʤʘ ʿʝʜʠʥʠʯʥʝ 

˂ʝʣʠʿʝ ʥʝ ʬʦʨʤʠʨʘʿʫ ʦʨʪʦʛʦʥʘʣʥʠ ʙʘʟʠʩʥʠ ʩʢʫʧ. ɿʙʦʛ ʪʦʛʘ ʿʝ ʥʝʦʧʭʦʜʥʦ ʜʝʬʠʥʠʩʘʪʠ ʥʦʚʝ 

ʘʪʦʤʩʢʝ ʦʨʙʠʪʘʣʝ ʢʘʦ ʣʠʥʝʘʨʥʫ ʢʦʤʙʠʥʘʮʠʿʫ ʦʨʠʛʠʥʘʣʥʠʭ ʘʪʦʤʩʢʠʭ ʦʨʙʠʪʘʣʘ ʟʘ ʢʦʿʝ ʩʫ 

ɹʣʦʭʦʚʝ ʩʫʤʝ ʥʦʨʤʠʨʘʥʝ ʠ ʦʨʪʦʛʦʥʘʣʥʝ (Slater ʠ Koster, 1954). ʋ ʤʝʪʦʜʫ ʿʘʢʝ ʚʝʟʝ ʩʝ ʯʝʩʪʦ 

ʧʨʘʚʝ ʜʦʜʘʪʥʝ ʘʧʨʦʢʩʠʤʘʮʠʿʝ ʢʦʿʝ ʧʦʿʝʜʥʦʩʪʘʚˀʫʿʫ ʨʘʯʫʥ (Finnis, 2003):  

¶ ʧʨʝʪʧʦʩʪʘʚʢʘ ʜʘ ʩʫ ʪʨʦʮʝʥʪʘʨʩʢʠ ʠʥʪʝʛʨʘʣʠ ʟʘʥʝʤʘʨˀʠʚʠ ʫ ʧʦʨʝʹʝˁʫ ʩʘ 

ʜʚʦʮʝʥʪʘʨʩʢʠʤ ʠʥʪʝʛʨʘʣʠʤʘ, 

¶ ʟʘʥʝʤʘʨʠʚʘˁʝ ʤʝʹʫʘʪʦʤʩʢʠʭ ʂʫʣʦʥʦʚʠʭ (ʬʨʘʥʮ. de Coulomb) ʠʥʪʝʨʘʢʮʠʿʘ ʠ 

¶ ʟʘʥʝʤʘʨʠʚʘˁʝ ʪʨʘʥʩʬʝʨʘ ʥʘʝʣʝʢʪʨʠʩʘˁʘ. 

ʋ ʜʦʢʪʦʨʩʢʦʿ ʜʠʩʝʨʪʘʮʠʿʠ ʿʝ ʢʦʨʠʰ˂ʝʥ ʝʤʧʠʨʠʿʩʢʠ ʤʝʪʦʜ ʿʘʢʝ ʚʝʟʝ ʫ ʢʦʿʝʤ ʿʝ ʠʟʚʨʰʝʥʘ 

ʧʘʨʘʤʝʪʨʠʟʘʮʠʿʘ ʜʚʦʮʝʥʪʘʨʩʢʠʭ ʠʥʪʝʛʨʘʣʘ. ʍʘʤʠʣʪʦʥʠʿʘʥ ʤʦʜʝʣʘ ʿʝ ʧʨʝʜʩʪʘʚˀʝʥ ʢʘʦ 
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ʬʫʥʢʮʠʿʘ ʧʘʨʘʤʝʪʘʨʘ ʢʦʿʠ ʩʫ ʜʦʙʠʿʝʥʠ ʫ ʧʨʦʮʝʜʫʨʠ Ăʬʠʪʦʚʘˁʘñ ʥʘ ʜʚʝ ʨʝʬʝʨʝʥʪʥʝ ʟʦʥʩʢʝ 

ʩʪʨʫʢʪʫʨʝ (Allan ʠ Delerue, 2012):  

¶ ʫ ũ ʪʘʯʢʠ ʥʘ ʟʦʥʩʢʫ ʩʪʨʫʢʪʫʨʫ ʢʦʿʘ ʿʝ ʜʦʙʠʿʝʥʘ ʧʦʤʦ˂ʫ ἳϽἸ ʤʝʪʦʜʘ, 

¶ ʫ ʦʩʪʘʪʢʫ ɹʨʠʣʫʝʥʦʚʝ ʟʦʥʝ ʥʘ ʟʦʥʩʢʫ ʩʪʨʫʢʪʫʨʫ ʢʦʿʘ ʿʝ ʜʦʙʠʿʝʥʘ ʫ GW ʘʧʨʦʢʩʠʤʘʮʠʿʠ.  

GW ʘʧʨʦʢʩʠʤʘʮʠʿʘ ʧʨʝʜʩʪʘʚˀʘ ʤʝʪʦʜʫ ʦʜʨʝʹʠʚʘˁʘ ʝʥʝʨʛʠʿʘ ʢʚʘʟʠʯʝʩʪʠʮʘ ʫ 

ʧʦʣʫʧʨʦʚʦʜʥʠʮʠʤʘ ʠ ʠʟʦʣʘʪʦʨʠʤʘ ʥʘ ʦʩʥʦʚʫ ʧʨʚʠʭ ʧʨʠʥʮʠʧʘ. ʋ  GW ʘʧʨʦʢʩʠʤʘʮʠʿʠ ʩʝ ʚʨʰʠ 

ʝʢʩʧʘʥʟʠʿʘ ʦʧʝʨʘʪʦʨʘ ʝʥʝʨʛʠʿʝ ʧʨʝʢʦ ʜʠʥʘʤʠʯʢʠ ʝʢʨʘʥʠʟʦʚʘʥʝ ʂʫʣʦʥʦʚʝ ʠʥʪʝʨʘʢʮʠʿʝ W ʠ 

ɻʨʠʥʦʚʝ (eʥʛʣ. Green) ʬʫʥʢʮʠʿʝ ʿʝʜʥʦʯʝʩʪʠʯʥʠʭ ʩʪʘˁʘ G (Hybertsen ʠ Louie, 1986), ʰʪʦ ʫ 

ʧʨʚʦʿ ʘʧʨʦʢʩʠʤʘʮʠʿʠ ʜʘʿʝ ʢʦʨʝʢʮʠʿʫ ʩʨʘʟʤʝʨʥʫ ʧʨʦʠʟʚʦʜʫ GW. ʅʘ ʩʣ. 2.1 ʿʝ ʜʘʪʦ ʧʦʨʝʹʝˁʝ 

ʟʦʥʩʢʝ ʩʪʨʫʪʢʫʨʝ ʤʘʩʠʚʥʦʛ HgTe ʢʦʿʘ ʿʝ ʜʦʙʠʿʝʥʘ ʧʦʤʦ˂ʫ ʝʤʧʠʨʠʿʩʢʦʛ ʤʝʪʦʜʘ ʿʘʢʝ ʚʝʟʝ ʩʘ 

ʭʠʙʨʠʜʥʠʤ GW ʨʘʯʫʥʦʤ (Svane ʠ ʩʘʨ., 2011; Allan ʠ Delerue, 2012). ʈʝʟʫʣʪʘʪʠ ʜʦʙʠʿʝʥʠ 

ʧʦʤʦ˂ʫ ʤʝʪʦʜʘ ʿʘʢʝ ʚʝʟʝ ʩʫ ʧʨʝʜʩʪʘʚˀʝʥʠ ʧʣʘʚʦʤ ʣʠʥʠʿʦʤ, ʜʦʢ ʮʨʚʝʥʘ ʪʘʯʢʘʩʪʘ ʣʠʥʠʿʘ 

ʧʨʝʜʩʪʘʚˀʘ ʨʝʟʫʣʪʘʪʝ ʜʦʙʠʿʝʥʝ ʧʦʤʦ˂ʫ GW ʤʦʜʝʣʘ. ʉʘ ʩʣʠʢʝ ʩʝ ʤʦʞʝ ʚʠʜʝʪʠ ʜʘ ʧʦʩʪʦʿʠ 

ʜʦʙʨʦ ʩʣʘʛʘˁʝ ʠʟʤʝʹʫ ʧʦʩʤʘʪʨʘʥʠʭ ʤoʜʝʣʘ. ʇʨʝʜʥʦʩʪ ʝʤʧʠʨʠʿʩʢʦʛ ʤʝʪʦʜʘ ʿʘʢʝ ʚʝʟʝ ʿʝ ʫ ʪʦʤʝ 

ʰʪʦ ʩʝ ʧʘʨʘʤʝʪʨʠʟʦʚʘˁʝʤ (ʬʠʪʦʚʘˁʝʤ) ʠʥʪʝʛʨʘʣʘ ʧʨʝʢʣʘʧʘˁʘ ʘʪʦʤʩʢʠʭ ʦʨʙʠʪʘʣʘ ʥʘ ʪʘʯʥʠʿʝ 

ʤʝʪʦʜʝ (GW ʭʠʙʨʠʜʥʠ ʤʝʪʦʜ) ʧʦʩʪʠʞʝ ʫʰʪʝʜʘ ʨʘʯʫʥʘʨʩʢʠʭ ʨʝʩʫʨʩʘ ʠ ʧʦʚʝ˂ʘʚʘ ʙʨʟʠʥʘ 

ʠʟʚʨʰʘʚʘˁʘ. ʅʘ ʦʩʥʦʚʫ ʬʦʨʤʘʣʠʟʤʘ ʤʝʪʦʜʘ ʿʘʢʝ ʚʝʟʝ ʤʦʛʫ˂ʝ ʿʝ ʠʟʨʘʯʫʥʘʪʠ ʛʫʩʪʠʥʫ 

ʝʣʝʢʪʨʦʥʩʢʠʭ ʩʪʘˁʘ (Sapra ʠ ʩʘʨ., 2002; Farjam ʠ Rafii-Tabar, 2009), ʦʧʪʠʯʢʘ (Popov ʠ Henrard, 

2004; Magorrian ʠ ʩʘʨ., 2016) ʠ ʪʨʘʥʩʧʦʨʪʥʘ ʩʚʦʿʩʪʚʘ (Klimeck ʠ ʩʘʨ., 2000; Hancock ʠ ʩʘʨ., 

2010) ʤʦʜʝʣʦʚʘʥʦʛ ʩʠʩʪʝʤʘ.  

 ʋ ʦʚʦʿ ʩʝʢʮʠʿʠ ʿʝ ʫʟ ʧʦʤʦ˂ ʘʥʘʣʠʟʝ ʝʣʝʢʪʨʦʥʩʢʝ ʩʪʨʫʢʪʫʨʝ ʠʟʦʣʦʚʘʥʦʛ ʘʪʦʤʘ (ʚʠʜʝʪʠ 

ʇʨʠʣʦʛ 8) ʠ ʜʚʦʘʪʦʤʩʢʦʛ ʤʦʣʝʢʫʣʘ (ʚʠʜʝʪʠ ʇʨʠʣʦʛ 9), ʧʨʝʜʩʪʘʚˀʝʥʘ ʤʘʪʝʤʘʪʠʯʢʘ 

ʬʦʨʤʫʣʘʮʠʿʘ ʤʦʜʝʣʘ ʿʘʢʝ ʚʝʟʝ ʟʘ ʧʦʣʫʧʨʦʚʦʜʥʠʢʝ ʩʘ ʩʬʘʣʝʨʠʪʥʦʤ ʢʨʠʩʪʘʣʥʦʤ ʩʪʨʫʢʪʫʨʦʤ. 

ʊʘʢʦʹʝ, ʦʚʜʝ ʿʝ ʦʙʿʘʰˁʝʥʘ ʜʚʦʮʝʥʪʘʨʩʢʘ ʘʧʨʦʢʩʠʤʘʮʠʿʘ ʠ ʥʘʯʠʥ ʤʦʜʝʣʦʚʘˁʘ ʝʬʝʢʘʪʘ ʩʧʠʥ-

ʦʨʙʠʪʥʝ ʠʥʪʝʨʘʢʮʠʿʝ ʫ ʤʦʜʝʣʫ ʿʘʢʝ ʚʝʟʝ.   

 

 

2.2.1 ʌʦʨʤʫʣʘʮʠʿʘ ʤʝʪʦʜʘ ʿʘʢʝ ʚʝʟʝ ʫ ʯʚʨʩʪʠʤ ʪʝʣʠʤʘ 

 

ʋ ʦʚʦʤ ʦʜʝˀʢʫ ˂ʝ ʙʠʪʠ ʧʨʝʜʩʪʘʚˀʝʥ ʬʦʨʤʘʣʠʟʘʤ ʤʝʪʦʜʘ ʿʘʢʝ ʚʝʟʝ ʢʦʿʠ ʩʝ ʢʦʨʠʩʪʠ ʟʘ 

ʤʦʜʝʣʦʚʘˁʝ ʝʣʝʢʪʨʦʥʩʢʠʭ ʦʩʦʙʠʥʘ ʧʦʣʫʧʨʦʚʦʜʥʠʯʢʠʭ ʢʨʠʩʪʘʣʘ. ʇʦʤʦ˂ʫ ʤʝʪʦʜʘ ʿʘʢʝ ʚʝʟʝ ʩʫ 

ʬʦʨʤʠʨʘʥʠ ʿʝʜʥʦʯʝʩʪʠʯʥʠ ʭʘʤʠʣʪʦʥʠʿʘʥʠ ʫ ʩʪʨʫʢʪʫʨʘʤʘ ʪʠʧʘ HgTe ʢʚʘʥʪʥʝ ʪʘʯʢʝ ʠ ʢʚʘʥʪʥʦʛ 

ʧʨʩʪʝʥʘ, ʥʘ ʦʩʥʦʚʫ ʢʦʿʠʭ ʩʫ ʦʜʨʝʹʝʥʝ ʿʝʜʥʦʯʝʩʪʠʯʥʝ ʪʘʣʘʩʥʝ ʬʫʥʢʮʠʿʝ ʠ ʝʥʝʨʛʠʿʝ. ʇʦʩʪʦʿʝ ʜʚʘ 

ʧʨʠʩʪʫʧʘ ʫ ʦʜʨʝʹʠʚʘˁʫ ʚʨʝʜʥʦʩʪʠ ʤʘʪʨʠʯʥʠʭ ʝʣʝʤʝʥʘʪʘ ʨʘʟʣʠʯʠʪʠʭ ʦʨʙʠʪʘʣʘ ʫ ʦʢʚʠʨʫ ʦʚʦʛ 

ʤʝʪʦʜʘ: 1) ʥʘ ʦʩʥʦʚʫ ʧʨʚʠʭ ʧʨʠʥʮʠʧʘ ʠʣʠ ab initio ʨʘʯʫʥʘ (Matthew ʠ ʩʘʨ., 1989; Lewis ʠ ʩʘʨ., 

2001) ʠ 2) ʧʘʨʘʤʝʪʨʠʟʘʮʠʿʦʤ ʢʦʘʿ ʫ ʟʥʘʯʘʿʥʦʿ ʤʝʨʠ ʨʝʜʫʢʫʿʝ ʚʨʝʤʝ ʠʟʚʨʰʘʚʘˁʘ ʧʨʦʛʨʘʤʘ ʠ 

ʝʢʩʧʣʦʘʪʘʮʠʿʫ ʨʘʯʫʥʘʨʩʢʠʭ ʨʝʩʫʨʩʘ (Slater ʠ Koster, 1954; Jancu ʠ ʩʘʨ., 1998). ʋ ʜʦʢʪʦʨʩʢʦʿ 

ʜʠʩʝʨʪʘʮʠʿʠ ʿʝ ʢʦʨʠʰ˂ʝʥ ʧʨʠʩʪʫʧ ʧʘʨʘʤʝʪʨʠʟʘʮʠʿʝ ʜʚʦʮʝʥʪʘʨʩʢʠʭ ʠʥʪʝʛʨʘʣʘ. ɼʚʦʮʝʥʪʘʨʩʢʠ 

ʠʥʪʝʛʨʘʣʠ ʩʝ ʧʨʚʦ ʧʘʨʘʤʝʪʨʠʟʫʿʫ ʟʘ ʩʣʫʯʘʿ ʤʘʩʠʚʥʦʛ (ʙʘʣʢʦʚʩʢʦʛ) HgTe ʤʘʪʝʨʠʿʘʣʘ, ʘ ʦʚʝ 

ʠʩʪʝ ʧʘʨʘʤʝʪʨʝ ʿʝ ʤʦʛʫ˂ʝ ʧʨʠʤʝʥʠʪʠ ʠ ʥʘ HgTe ʩʪʨʫʢʪʫʨʝ ʩʘ ʥʘʨʫʰʝʥʦʤ ʪʨʘʥʩʣʘʮʠʦʥʦʤ 

ʩʠʤʝʪʨʠʿʦʤ, ʢʘʦ ʰʪʦ ʩʫ ʢʚʘʥʪʥʝ ʪʘʯʢʝ (Allan ʠ Delerue, 2012). ʈʘʟʚʦʿ ʤʦʜʝʣʘ ʟʘ ʧʝʨʠʦʜʠʯʥʠ 

ʢʨʠʩʪʘʣ ʢʦʿʠ ʩʝ ʩʘʩʪʦʿʠ ʦʜ ʚʠʰʝ ʘʪʦʤʘ ʟʘʧʦʯʠˁʝ ʘʥʘʣʠʟʦʤ ʠʟʦʣʦʚʘʥʦʛ ʘʪʦʤʘ ʥʘ ʧʦʣʦʞʘʿʫ ἠ . 

ʐʨʝʜʠʥʛʝʨʦʚʘ ʿʝʜʥʘʯʠʥʘ ʟʘ ʠʟʦʣʦʚʘʥʠ ʘʪʦʤ ʩʝ ʤʦʞʝ ʥʘʧʠʩʘʪʠ ʥʘ ʩʣʝʜʝ˂ʠ ʥʘʯʠʥ (Slater ʠ 

Koster, 1954): 

 

Ὄ ȿἠȟὥȟέȟ„ἃ
ὴ

ςά
ὠἠȟὥ ȿἠȟὥȟέȟ„ἃ Ὁ ȟȿἠȟὥȟέȟ„ἃȟ ςȢςȢρ 

 

ʛʜʝ ʿʝ ά -ʤʘʩʘ ʩʣʦʙʦʜʥʦʛ ʝʣʝʢʪʨʦʥʘ, ὠἠȟὥ-ʧʦʪʝʥʮʠʿʘʣ ʘʪʦʤʘ ὥ ʥʘ ʧʦʟʠʮʠʿʠ ἠ , 

ȿἠȟὥȟέȟ„ἃ-ʪʘʣʘʩʥʝ ʬʫʥʢʮʠʿʝ (ʘʪʦʤʩʢʝ ʦʨʙʠʪʘʣʝ) ʢʦʿʝ ʬʦʨʤʠʨʘʿʫ ʙʘʟʠʩ ʟʘ ʝʢʩʧʘʥʟʠʿʫ 

ʥʝʧʦʟʥʘʪʝ ʪʘʣʘʩʥʝ ʬʫʥʢʮʠʿʝ ʫ ʢʨʠʩʪʘʣʫ ʠ Ὁ ȟ -ʦʜʛʦʚʘʨʘʿʫ˂ʘ ʝʥʝʨʛʠʿʘ. ʋ ʦʧʰʪʝʤ ʩʣʫʯʘʿʫ 
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ʘʪʦʤʠ ʤʦʛʫ ʙʠʪʠ ʨʘʟʣʠʯʠʪʝ ʚʨʩʪʝ ʠ ʤʦʛʫ ʠʤʘʪʠ ʚʝ˂ʠ ʙʨʦʿ ʦʨʙʠʪʘʣʘ ʢʦʿʝ ʩʫ ʦʟʥʘʯʝʥʝ ʩʘ έ. 
ʇʦʰʪʦ ʩʝ ʧʦʩʤʘʪʨʘ ʠ ʩʧʠʥʩʢʠ ʩʪʝʧʝʥ ʩʣʦʙʦʜʝ, ʚʨʝʜʥʦʩʪʠ ʩʧʠʥʘ ʩʝ ʨʘʟʣʠʢʫʿʫ ʧʦʤʦ˂ʫ ʠʥʜʝʢʩʘ 

„. ʋ ʩʣʦʞʝʥʠʿʝʤ ʩʠʩʪʝʤʫ ʩʘ ʚʝ˂ʠʤ ʙʨʦʿʝʤ ʘʪʦʤʘ, ʢʘʦ ʰʪʦ ʿʝ ʧʦʣʫʧʨʦʚʦʜʥʠʯʢʠ ʢʨʠʩʪʘʣ, 

ʿʝʜʥʦʝʣʝʢʪʨʦʥʩʢʠ ʭʘʤʠʣʪʦʥʠʿʘʥ ʩʝ ʤʦʞʝ ʥʘʧʠʩʘʪʠ ʧʦʤʦ˂ʫ ʘʪʦʤʩʢʦʛ ʭʘʤʠʣʪʦʥʠʿʘʥʘ Ὄ  

(Goldmann, 2014): 

 

Ὄ Ὄ ἠ ȟὥ ὠἠȟὥ

ȟ 

Ȣ                                        ςȢςȢς 

 

ʆʚʜʝ ʿʝ ʩʫʤʘʨʥʦ ʫʨʘʯʫʥʘʪ ʜʦʧʨʠʥʦʩ ʧʦʪʝʥʮʠʿʘʣʘ ʫʩʣʝʜ ʂʫʣʦʥʦʚʝ ʠʥʪʝʨʘʢʮʠʿʝ ʩʚʠʭ 

ʘʪʦʤʘ ὥ ʫ ʩʪʨʫʢʪʫʨʠ ʩʘ ʧʦʩʤʘʪʨʘʥʠʤ ʘʪʦʤʦʤ ὥ. ʇʨʠʤʝʥʦʤ ɹʣʦʭʦʚʝ ʪʝʦʨʝʤʝ (Bloch, 1929), 

ʐʨʝʜʠʥʛʝʨʦʚʘ ʿʝʜʥʘʯʠʥʘ ʩʝ ʤʦʞʝ ʥʘʧʠʩʘʪʠ ʫ ʩʣʝʜʝ˂ʝʤ ʦʙʣʠʢʫ: 

 

Ὄ Ὡἳἠόȟȟ ἳȿἠȟὥȟέȟ„ἃ

ȟȟ

Ὁἳ Ὡἳἠόȟȟ ἳȿἠȟὥȟέȟ„ἃ

ȟȟ

ȟςȢςȢσ 

 

ʛʜʝ ʿʝ ʪʘʣʘʩʥʠ ʚʝʢʪʦʨ ἳ ʦʛʨʘʥʠʯʝʥ ʥʘ ʧʨʚʫ ɹʨʠʣʫʝʥʦʚʫ ʟʦʥʫ ʫʩʣʝʜ ʧʝʨʠʦʜʠʯʥʦʛ ʨʘʩʧʦʨʝʜʘ 

ʘʪʦʤʘ ʫ ʢʨʠʩʪʘʣʫ. ʄʥʦʞʝˁʝʤ ʿʝʜʥʘʯʠʥʝ (2.2.3) ʩʘ ʣʝʚʝ ʩʪʨʘʥʝ ʬʫʥʢʮʠʿʦʤ ἂἠ ȟ ὥȟέȟ„ȿ, 
ʜʦʙʠʿʘ ʩʝ ʤʘʪʨʠʯʥʘ ʿʝʜʥʘʯʠʥʘ ʢʦʿʘ ʧʨʝʜʩʪʘʚˀʘ ʛʝʥʝʨʘʣʠʟʦʚʘʥʠ ʩʚʦʿʩʪʚʝʥʠ ʧʨʦʙʣʝʤ ʢʦʿʠ ʩʝ 

ʧʦʩʝʙʥʦ ʨʝʰʘʚʘ ʟʘ ʩʚʘʢʫ ʚʨʝʜʥʦʩʪ ἳ (Slater ʠ Koster, 1954; Jancu ʠ ʩʘʨ., 1998): 

 

Ὄȟȟȟȟȟ ἳόȟȟ ἳ

ȟȟ

Ὁἳ ὓ ȟȟȟȟȟ ἳόȟȟ ἳ

ȟȟ

Ȣ          ςȢςȢτ 

 

ʋ ʿʝʜʥʘʯʠʥʠ (2.2.4) ʤʘʪʨʠʯʥʠ ʝʣʝʤʝʥʪʠ ʧʨʝʢʣʘʧʘˁʘ ὓ ȟȟȟȟȟ ἳ ʠʟʤʝʹʫ ʦʨʙʠʪʘʣʘ 

ȿἠ ȟ ὥȟέȟ„ἃ ʠ ȿἠȟὥȟέȟ„ἃ ʠʤʘʿʫ ʩʣʝʜʝ˂ʠ ʦʙʣʠʢ (Goldmann, 2014): 

 

ὓ ȟȟȟȟȟ ἳ Ὡἳἠ ἠ ἂἠ ȟὥȟέȟ„ȿἠȟὥȟέȟ„ἃ

ȟ

Ȣ                 ςȢςȢυ 

 

ʋ ʠʜʝʘʣʥʦʤ ʩʣʫʯʘʿʫ, ʢʘʜʘ ʙʠ ʘʪʦʤʩʢʝ ʦʨʙʠʪʘʣʝ ȿἠȟὥȟέȟ„ἃ ʢʦʿʝ ʬʦʨʤʠʨʘʿʫ ʙʘʟʠʩ ʙʠʣʝ 
ʦʨʪʦʛʦʥʘʣʥʝ, ʤʘʪʨʠʮʘ (2.2.5) ʙʠ ʙʠʣʘ ʿʝʜʠʥʠʯʥʘ ʤʘʪʨʠʮʘ. ʇʦʰʪʦ ʿʝ ʿʝʜʥʘ ʦʜ ʦʩʥʦʚʥʠʭ 

ʧʨʝʪʧʦʩʪʘʚʢʠ ʫ ʤʦʜʝʣʫ ʜʘ ʩʫ ʝʣʝʢʪʨʦʥʠ ʿʘʢʦ ʚʝʟʘʥʠ ʟʘ ʩʚʦʿʝ ʘʪʦʤʝ, ʤʦʞʝ ʩʝ ʟʘʢˀʫʯʠʪʠ ʜʘ ʩʫ 

ʚʨʝʜʥʦʩʪʠ ʤʘʪʨʠʯʥʠʭ ʝʣʝʤʝʥʘʪʘ ὓ ȟȟȟȟȟ ἳ ʠʟʤʝʹʫ ʫʜʘˀʝʥʠʭ ʘʪʦʤʘ ʚʝʦʤʘ ʤʘʣʝ (Slater ʠ 

Koster, 1954). ʋ ʩʣʫʯʘʿʫ ʢʘʜʘ ʿʝ ʤʘʪʨʠʮʘ ὓ ȟȟȟȟȟ ἳ ʝʨʤʠʪʩʢʘ, ʥʘ ʦʩʥʦʚʫ ʧʦʣʘʟʥʦʛ ʙʘʟʠʩʘ 

ʘʪʦʤʩʢʠʭ ʦʨʙʠʪʘʣʘ ʟʘ ʢʦʿʝ ʥʝ ʚʘʞʠ ʦʩʦʙʠʥʘ ʦʨʪʦʛʦʥʘʣʥʦʩʪʠ, ʜʦʢʘʟʘʥʦ ʿʝ ʜʘ ʩʝ ʢʦʨʠʰ˂ʝˁʝʤ 

ʃʝʚʜʠʥʦʚʝ ʪʨʘʥʩʬʦʨʤʘʮʠʿʝ (Löwdin, 1950; Löwdin, 1951) ʤʦʞʝ ʢʦʥʩʪʨʫʠʩʘʪʠ ʙʘʟʠʩ 

ʦʨʪʦʛʦʥʘʣʥʠʭ ʘʪʦʤʩʢʠʭ ʦʨʙʠʪʘʣʘ ʟʘ ʢʦʿʠ ʚʘʞʠ (Goldmann, 2014): 

  

ὓ ȟȟȟȟȟ ἳ ἠ‏ ȟἠ‏ȟ‏ȟ‏ȟȢ                                   ςȢςȢφ 

 

ʋʢʦʣʠʢʦ ʿʝ ʠʩʧʫˁʝʥ ʫʩʣʦʚ (2.2.6), ʿʝʜʥʘʯʠʥʘ (2.2.4) ʜʦʙʠʿʘ ʿʝʜʥʦʩʪʘʚʥʠʿʠ ʦʙʣʠʢ: 

 

Ὄȟȟȟȟȟ ἳόȟȟ ἳ

ȟȟ

Ὁἳό ȟȟ ἳȢ                           ςȢςȢχ 

 

ʋ ʿʝʜʥʘʯʠʥʠ (2.2.7) ʬʠʛʫʨʠʰʫ ʤʘʪʨʠʯʥʠ ʝʣʝʤʝʥʪʠ Ὄȟȟȟȟȟ ἳ: 
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Ὄȟȟȟȟȟ ἳ Ὡἳἠ ἠ ἂἠ ȟὥȟέȟ„ȿὌ ȿἠȟὥȟέȟ„ἃ

ȟ

ȟ             ςȢςȢψ 

ʢʦʿʠ ʩʝ ʤʦʛʫ ʦʜʨʝʜʠʪʠ ʥʘ ʦʩʥʦʚʫ ʧʨʚʠʭ ʧʨʠʥʮʠʧʘ, ʘʢʦ ʩʫ ʧʦʟʥʘʪʠ ʦʙʣʠʮʠ ʘʪʦʤʩʢʠʭ 

ʧʦʪʝʥʮʠʿʘʣʘ (Matthew ʠ ʩʘʨ., 1989). Ὄȟȟȟȟȟ ἳ ʩʝ ʤʦʛʫ ʧʘʨʘʤʝʪʨʠʟʦʚʘʪʠ, ʧʦʨʝʹʝˁʝʤ ʩʘ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʤ ʨʝʟʫʣʪʘʪʠʤʘ ʟʘ ʩʚʘʢʠ ʤʘʪʝʨʠʿʘʣ ʧʦʩʝʙʥʦ (Jancu ʠ ʩʘʨ., 1998). ʋʢʦʣʠʢʦ ʩʫ 

ʚʨʝʜʥʦʩʪʠ ʤʘʪʨʠʯʥʠʭ ʝʣʝʤʝʥʘʪʘ Ὄȟȟȟȟȟ ἳ ʜʦʙʠʿʝʥʝ ʥʘ ʦʩʥʦʚʫ ʝʢʩʧʝʨʠʤʝʥʘʪʘ, ʪʘʜʘ ʩʝ 

ʤʦʜʝʣʦʚʘˁʝ ʝʣʝʢʪʨʦʥʩʢʝ ʩʪʨʫʢʪʫʨʝ ʚʨʰʠ ʧʦʤʦ˂ʫ ʝʤʧʠʨʠʿʩʢʦʛ ʤʝʪʦʜʘ ʿʘʢʝ ʚʝʟʝ. ʋ ʠʟʨʘʟʫ 

(2.2.8) ʨʘʟʣʠʢʫʿʫ ʩʝ ʜʚʘ ʧʦʩʝʙʥʘ ʩʣʫʯʘʿʘ: 1) ἠ ἠ  ʠ 2) ἠ ἠ. ʂʘʜʘ ʿʝ ἠ ἠ , 

ʤʘʪʨʠʯʥʠ ʝʣʝʤʝʥʪ Ὄȟȟȟȟȟ ἳ ʧʨʝʜʩʪʘʚˀʘ ʪʟʚ. Ăon-siteò ʝʥʝʨʛʠʿʝ ʘʪʦʤʩʢʠʭ ʦʨʙʠʪʘʣʘ ʢʦʿʝ 

ʩʝ ʧʨʝʤʘ ʉʣʝʿʪʝʨ-ʂʦʩʪʝʨʦʚʦʿ ʥʦʪʘʮʠʿʠ ʦʟʥʘʯʘʚʘʿʫ (Slater ʠ Koster, 1954):  

 

Ὄ
ȟȟȟȟȟ
ȟ ἳ ἂἠ ȟὥȟέȟ„ȿὌ ȿἠȟὥȟέȟ„ἃ‏ἠ ȟἠ‏ȟ‏ȟ‏ȟ ὉȟȢ  ςȢςȢω 

 

ʉʣʝʿʪʝʨ ʠ ʂʦʩʪʝʨ ʩʫ ʫ ʦʟʥʘʮʠ ʟʘ Ăon-siteò ʝʥʝʨʛʠʿʝ Ὁȟ ʠʟʦʩʪʘʚʠʣʠ ʠʥʜʝʢʩ „ ʟʘʪʦ ʰʪʦ ʝʥʝʨʛʠʿʝ 

ʘʪʦʤʩʢʠʭ ʦʨʙʠʪʘʣʘ ʥʝ ʟʘʚʠʩʝ ʦʜ ʩʧʠʥʩʢʦʛ ʩʪʝʧʝʥʘ ʩʣʦʙʦʜʝ. ʂʘʜʘ ʿʝ ἠ ἠ, ʤʘʪʨʠʯʥʠ 

ʝʣʝʤʝʥʪ Ὄȟȟȟȟȟ ἳ ʧʨʝʜʩʪʘʚˀʘ ʠʥʪʝʨʘʢʮʠʿʝ ʠʟʤʝʹʫ ʦʨʙʠʪʘʣʘ ʨʘʟʣʠʯʠʪʠʭ ʘʪʦʤʘ. ʆʚʝ 

ʠʥʪʝʨʘʢʮʠʿʝ ʧʨʝʜʩʪʘʚˀʘʿʫ ʚʝʨʦʚʘʪʥʦ˂ʫ ʩʢʦʢʘ (ʧʨʝʣʘʟʘ) ʝʣʝʢʪʨʦʥʘ ʩʘ ʘʪʦʤʘ ὥ ʥʘ ʧʦʟʠʮʠʿʠ 

ἠ , ʠʟ ʦʨʙʠʪʘʣʝ έ ʩʘ ʩʧʠʥʦʤ „, ʥʘ ʘʪʦʤ ὥ ʢʦʿʠ ʩʝ ʥʘʣʘʟʠ ʥʘ ʧʦʟʠʮʠʿʠ ἠ  ʫ ʦʨʙʠʪʘʣʫ έ ʩʘ 
ʩʧʠʥʦʤ „. ʇʨʝʤʘ ʉʣʝʿʪʝʨ-ʂʦʩʪʝʨʦʚʦʿ ʥʦʪʘʮʠʿʠ ʦʚʠ ʤʘʪʨʠʯʥʠ ʝʣʝʤʝʥʪʠ ʠʤʘʿʫ ʩʣʝʜʝ˂ʫ ʦʟʥʘʢʫ 

(Slater ʠ Koster, 1954):  

 

Ὄ
ȟȟȟȟȟ

ȟ
ἳ ἂἠ ȟὥȟέȟ„ȿὌ ȿἠȟὥȟέȟ„ἃ‏ȟ ὠἠ ἠ ȟȟȟȢ     ςȢςȢρπ 

 

ɿʘ ʩʣʫʯʘʿ ʢʘʜʘ ʿʝ ἠ ἠ, ʚʨʝʜʥʦʩʪʠ ʤʘʪʨʠʯʥʠʭ ʝʣʝʤʝʥʘʪʘ ʦʧʘʜʘʿʫ ʩʘ ʧʦʚʝ˂ʘʚʘˁʝʤ 
ʨʘʩʪʦʿʘˁʘ ȿἼȿ ʠʟʤʝʹʫ ʘʪʦʤʘ, ʛʜʝ ʿʝ Ἴ ἠ ἠ . ʄʘʪʨʠʯʥʠ ʝʣʝʤʝʥʪʠ ʟʘ ʢʦʿʝ ʿʝ Ἴ ʚʝʣʠʢʦ ʩʝ 
ʯʝʩʪʦ ʫ ʦʢʚʠʨʫ ʤʦʜʝʣʘ ʥʝ ʠʟʨʘʯʫʥʘʚʘʿʫ (Goldmann, 2014). ʊʦ ʩʝ ʨʘʜʠ ʜʘ ʙʠ ʩʝ ʫʙʨʟʘʣʘ 

ʧʨʦʮʝʜʫʨʘ ʥʫʤʝʨʠʯʢʦʛ ʨʝʰʘʚʘˁʘ ʤʦʜʝʣʘ. ɿʘ ʚʝʣʠʢʠ ʙʨʦʿ ʢʨʠʩʪʘʣʘ ʟʘʜʦʚʦˀʘʚʘʿʫ˂ʘ ʪʘʯʥʦʩʪ ʩʝ 

ʤʦʞʝ ʜʦʙʠʪʠ ʫʟ ʘʧʨʦʢʩʠʤʘʮʠʿʫ ʧʦ ʢʦʿʦʿ ʩʝ Ὄ
ȟȟȟȟȟ

ȟ
ἳ ʦʜʨʝʹʫʿʫ ʩʘʤʦ ʟʘ ʩʫʩʝʜʥʝ ʘʪʦʤʝ. 

ʆʚʘʢʚʘ ʘʧʨʦʢʩʠʤʘʮʠʿʘ ʩʝ ʫ ʤʝʪʦʜʫ ʿʘʢʝ ʚʝʟʝ ʥʘʟʠʚʘ ʘʧʨʦʢʩʠʤʘʮʠʿʦʤ ʩʢʦʢʦʚʘ ʥʘ ʥʘʿʙʣʠʞʝʛ 

ʩʫʩʝʜʘ (ʩʢʨ. NN, ʝʥʛʣ. Nearest Neighbour) ʠ ʦʥʘ ʿʝ ʢʦʨʠʰ˂ʝʥʘ ʫ ʜʠʩʝʨʪʘʮʠʿʠ ʟʘ ʩʣʫʯʘʿ HgTe 

(Allan ʠ Delerue, 2012). ʋ ʜʠʩʝʨʪʘʮʠʿʠ ʿʝ ʢʦʨʠʰ˂ʝʥ sp3d5s* ʙʘʟʠʩʥʠ ʩʢʫʧ ʘʪʦʤʩʢʠʭ ʦʨʙʠʪʘʣʘ. 

ʆʚʜʝ ʿʝ s*  ʚʝʰʪʘʯʢʠ ʫʚʝʜʝʥʘ ʦʨʙʠʪʘʣʘ ʢʘʢʦ ʙʠ ʩʝ ʘʥʘʣʠʟʠʨʘʦ ʠ ʫʪʠʮʘʿ ʝʥʝʨʛʝʪʩʢʠ ʚʠʰʠʭ 

ʦʨʙʠʪʘʣʘ (Allan ʠ Delerue, 2012).   

 

 

2.2.2 ʉʣʝʿʪʝʨ-ʂʦʩʪʝʨʦʚʘ ʜʚʦʮʝʥʪʘʨʩʢʘ ʘʧʨʦʢʩʠʤʘʮʠʿʘ 

 

ʋ ʝʤʧʠʨʠʿʩʢʦʤ ʤʦʜʝʣʫ ʿʘʢʝ ʚʝʟʝ ʜʚʦʮʝʥʪʘʨʩʢʦʤ ʘʧʨʦʢʩʠʤʘʮʠʿʦʤ ʩʝ ʟʘʥʝʤʘʨʫʿʝ ʚʝʣʠʢʠ 

ʙʨʦʿ ʤʘʪʨʠʯʥʠʭ ʝʣʝʤʝʥʘʪʘ ʠʟʤʝʹʫ ʘʪʦʤʩʢʠʭ ʦʨʙʠʪʘʣʘ (Slater ʠ Koster, 1954). ɻʣʘʚʥʠ ʮʠˀ ʿʝ 

ʜʦʜʘʪʥʘ ʨʝʜʫʢʮʠʿʘ ʤʦʜʝʣʘ ʢʘʢʦ ʙʠ ʩʝ ʚʨʝʜʥʦʩʪʠ ʧʨʦʠʟʚʦˀʥʠʭ ʢʦʥʩʪʘʥʪʠ ʨʝʣʘʪʠʚʥʦ 

ʿʝʜʥʦʩʪʘʚʥʦ ʤʦʛʣʝ ʬʠʪʦʚʘʪʠ ʥʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʝ ʨʝʟʫʣʪʘʪʝ. ʋ ʦʢʚʠʨʫ ʦʚʝ ʘʧʨʦʢʩʠʤʘʮʠʿʝ 

ʤʦʜʝʣ ʩʝ ʧʦʿʝʜʥʦʩʪʘʚˀʫʿʝ ʟʘʥʝʤʘʨʠʚʘˁʝʤ ʪʟʚ. ʪʨʦʮʝʥʪʘʨʩʢʠʭ ʠʥʪʝʛʨʘʣʘ. ɻʣʘʚʥʠ ʨʘʟʣʦʛ ʟʘ 

ˁʠʭʦʚʦ ʟʘʥʝʤʘʨʠʚʘˁʝ ʿʝ ʯʠˁʝʥʠʮʘ ʜʘ ʩʫ ʚʨʝʜʥʦʩʪʠ ʪʨʦʮʝʥʪʘʨʩʢʠʭ ʠʥʪʝʛʨʘʣʘ ʟʥʘʪʥʦ ʤʘˁʝ ʫ 

ʧʦʨʝʹʝˁʫ ʩʘ ʚʨʝʜʥʦʩʪʠʤʘ ʜʚʦʮʝʥʪʘʨʩʢʠʭ ʠʥʪʝʛʨʘʣʘ (Slater ʠ Koster, 1954). ɼʘ ʙʠ ʩʝ ʫʚʝʣʘ 

ʜʚʦʮʝʥʪʘʨʩʢʘ ʘʧʨʦʢʩʠʤʘʮʠʿʘ ʫ ʤʦʜʝʣ, ʧʦʪʨʝʙʥʦ ʿʝ ʜʝʪʘˀʥʦ ʘʥʘʣʠʟʠʨʘʪʠ ʦʨʙʠʪʘʣʥʠ ʜʝʦ 

ʤʘʪʨʠʯʥʦʛ ʝʣʝʤʝʥʪʘ ʟʘ Ὄ  ʢʦʿʠ ʠʤʘ ʩʣʝʜʝ˂ʫ ʬʦʨʤʫ (Goldmann, 2014):    

  

ἂἠ ȟὥȟέȟ„ȿὌ ȿἠȟὥȟέȟ„ἃ

ȟȟȟȟȟ

Ȣ                                  ςȢςȢρρ 
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ʀʟ ʿʝʜʥʘʯʠʥʝ (2.2.2) ʩʝ ʚʠʜʠ ʜʘ ʩʝ Ὄ  ʩʘʩʪʦʿʠ ʦʜ ʘʪʦʤʩʢʦʛ ʭʘʤʠʣʪʦʥʠʿʘʥʘ Ὄ  ʠ ʩʫʤʝ ʧʦʤʦ˂ʫ 

ʢʦʿʝ ʩʝ ʤʦʜʝʣʫʿʫ ʂʫʣʦʥʦʚʝ ʠʥʪʝʨʘʢʮʠʿʝ ʘʪʦʤʘ ʫ ʢʨʠʩʪʘʣʫ: 

 

ὠἠȟὥ

ȟ 

Ȣ                                                               ςȢςȢρς 

 

 
 

ʉʣʠʢʘ 2.2. ʀʣʫʩʪʨʘʮʠʿʘ ʜʝʢʦʤʧʦʟʠʮʠʿʝ ὴ ʦʨʙʠʪʘʣʝ ʥʘ ʧʘʨʘʣʝʣʥʫ ʠ ʘʥʪʠʧʘʨʘʣʝʣʥʫ 

ʢʦʤʧʦʥʝʥʪʫ ʫ ʦʜʥʦʩʫ ʥʘ ʚʝʢʪʦʨ ʚʝʟʝ Ἴ ἠ ἠ .  

 

ʂʘʜʘ ʿʝ ἠ ἠ ἠ, ʪʘʜʘ ʩʝ ʠʥʪʝʛʨʘʣ ʫ ʠʟʨʘʟʫ (2.2.11) ʥʘʟʠʚʘ ʪʨʦʮʝʥʪʘʨʩʢʠ ʠʥʪʝʛʨʘʣ. ʋ 

ʩʫʰʪʠʥʠ ʜʚʦʮʝʥʪʘʨʩʢʝ ʘʧʨʦʢʩʠʤʘʮʠʿʝ ʩʝ ʥʘʣʘʟʠ ʠʜʝʿʘ ʜʘ ʩʫ ʩʢʦʢʦʚʠ ʝʣʝʢʪʨʦʥʘ ʩʘ ʦʨʙʠʪʘʣʝ 

ʘʪʦʤʘ ʢʦʿʠ ʿʝ ʥʘ ʧʦʟʠʮʠʿʠ ἠ  ʥʘ ʦʨʙʠʪʘʣʫ ʘʪʦʤʘ ʢʦʿʠ ʩʝ ʥʘʣʘʟʠ ʥʘ ʤʝʩʪʫ ἠ  ʩʘʤʦ ʧʦʜ 

ʫʪʠʮʘʿʝʤ ʧʦʪʝʥʮʠʿʘʣʘ ὠ ʪʘ ʜʚʘ ʘʪʦʤʘ, ʜʦʢ ʩʝ ʫʪʠʮʘʿ ʦʩʪʘʣʠʭ ʘʪʦʤʘ ʥʘ ʩʢʦʢ ʤʦʞʝ ʟʘʥʝʤʘʨʠʪʠ 

ʫʩʣʝʜ ʜʦʚʦˀʥʦ ʚʝʣʠʢʝ ʧʨʦʩʪʦʨʥʝ ʨʘʟʜʚʦʿʝʥʦʩʪʠ (Slater ʠ Koster, 1954). ʋ ʜʚʦʮʝʥʪʘʨʩʢʦʿ 

ʘʧʨʦʢʩʠʤʘʮʠʿʠ ʩʝ ʧʦʩʤʘʪʨʘʿʫ ʩʘʤʦ ʩʣʫʯʘʿʝʚʠ ʢʘʜʘ ʿʝ ἠ ἠ  ʠʣʠ ἠ ἠ. ʊʘʜʘ (2.2.11) 

ʧʦʩʪʘʿʝ ʜʚʦʮʝʥʪʘʨʩʢʠ ʠʥʪʝʛʨʘʣ ʢʦʿʠ ʿʝ ʚʝʦʤʘ ʩʣʠʯʘʥ ʠʥʪʝʛʨʘʣʫ ʟʘ ʜʚʦʘʪʦʤʩʢʠ ʤʦʣʝʢʫʣ H2 

ʦʧʠʩʘʥ ʫ ʇʨʠʣʦʛʫ 9. ʋ ʜʚʦʮʝʥʪʘʨʢʩʦʿ ʘʧʨʦʢʩʠʤʘʮʠʿʠ ʧʦʪʝʥʮʠʿʘʣʠ ʠʟ Ὄ  ʩʫ ʩʠʤʝʪʨʠʯʥʠ ʫ 

ʦʜʥʦʩʫ ʥʘ ʧʨʘʚʘʮ Ἴ ἠ ἠ  (Goldmann, 2014). ʆʚʘʿ ʧʨʘʚʘʮ ʩʝ ʧʦʩʤʘʪʨʘ ʢʘʦ ʦʩʘ ʫ ʦʜʥʦʩʫ 

ʥʘ ʢʦʿʫ ʿʝ ʤʦʛʫ˂ʝ ʠʟʚʨʰʠʪʠ ʧʨʦʩʪʦʨʥʫ ʢʚʘʥʪʠʟʘʮʠʿʫ ʙʠʣʦ ʢʦʿʝ ʘʪʦʤʩʢʝ ʦʨʙʠʪʘʣʝ (Slater ʠ 

Koster, 1954) ʰʪʦ ˂ʝ ʫ ʥʘʩʪʘʚʢʫ ʙʠʪʠ ʜʝʪʘˀʥʠʿʝ ʦʙʿʘʰˁʝʥʦ. ʋʢʦʣʠʢʦ ʩʫ ʘʪʦʤʩʢʝ ʦʨʙʠʪʘʣʝ 

ʩʚʦʿʩʪʚʝʥʝ ʬʫʥʢʮʠʿʝ ʦʧʝʨʘʪʦʨʘ ὒ Ἐ
Ἴ

ȿȿ
, ʠ ʠʤʘʿʫ ʨʘʟʣʠʯʠʪʝ ʩʚʦʿʩʪʚʝʥʝ ʚʨʝʜʥʦʩʪʠ, ʪʘʜʘ ʩʫ 

ʧʨʝʤʘ ʜʚʦʮʝʥʪʘʨʩʢʦʿ ʘʧʨʦʢʩʠʤʘʮʠʿʠ ˁʠʭʦʚʠ ʤʘʪʨʠʯʥʠ ʝʣʝʤʝʥʪʠ ʿʝʜʥʘʢʠ ʥʫʣʠ (Goldmann, 

2014):  

 

ᴐά ά ἂἠ ȟὥȟέȟ„ȿὌ ȿἠȟὥȟέȟ„ἃ πȢ                                 ςȢςȢρσ 
 

ʅʝʢʘ ʩʫ ʘʪʦʤʩʢʝ ʦʨʙʠʪʘʣʝ ʫ ʤʦʜʝʣʫ ʧʨʝʜʩʪʘʚˀʝʥʝ ʫ ɼʝʢʘʨʪʦʚʦʤ (ʬʨʘʥʮ. Descartes) 

ʢʦʦʨʜʠʥʘʪʥʦʤ ʩʠʩʪʝʤʫ. ɹʘʟʠʩʥʠ ʩʢʫʧ ʿʝ ʬʦʨʤʠʨʘʥ ʦʜ ʿʝʜʥʝ ί ʦʨʙʠʪʘʣʝ, ὴ, ὴ, ὴ ʦʨʙʠʪʘʣʘ 

ʢʦʿʝ ʩʝ ʥʦʪʠʨʘʿʫ ʫ ʩʢʨʘ˂ʝʥʦʤ ʦʙʣʠʢʫ ʢʘʦ ʬʫʥʢʮʠʿʝ ὼ, ώ, ᾀ ʠ ʦʜ ʧʝʪ Ὠ ʦʨʙʠʪʘʣa ʢʦʿʝ ʩʝ 

ʦʟʥʘʯʘʚʘʿʫ ʩʘ ὼώ, ώᾀ, ᾀὼ, ὼ ώ ʠ σᾀ ὶ. ʉʚʘʢʘ ʦʨʙʠʪʘʣʘ ʠʟ ʙʘʟʠʩʘ ʩʝ ʧʨʚʦ ʜʝʢʦʤʧʦʥʫʿʝ 

ʥʘ ʬʫʥʢʮʠʿʫ ʢʦʿʘ ʟʘʚʠʩʠ ʦʜ ʢʦʦʨʜʠʥʘʪʝ ʜʫʞ ʦʩʝ ʧʘʨʘʣʝʣʥʝ ʚʝʢʪʦʨʫ Ἴ ʠ ʦʜ ʢʦʦʨʜʠʥʘʪʘ ʫ ʨʘʚʥʠ 
ʥʦʨʤʘʣʥʦʿ ʥʘ ʚʝʢʪʦʨ Ἴ. ʅʘ ʧʨʠʤʝʨ, ʘʢʦ ʿʝ ʧʦʪʨʝʙʥʦ ʦʜʨʝʜʠʪʠ ʚʨʝʜʥʦʩʪ ʦʨʙʠʪʘʣʝ ὴ (ʩʘ 
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ʦʨʠʿʝʥʪʘʮʠʿʦʤ ʫ ʧʨʘʚʮʫ ἱ) ʫ ʥʝʢʦʿ ʪʘʯʢʠ ʊ ʢʦʿʘ ʿʝ ʧʦʟʠʮʠʦʥʠʨʘʥʘ ʫ ʧʨʦʩʪʦʨʫ ʧʦʜ ʫʛʣʦʤ ‌ ʫ 

ʦʜʥʦʩʫ ʥʘ Ἴ (ʚʠʜʝʪʠ ʩʣ. 2.2), ʪʘʜʘ ʩʝ ʤʦʞʝ ʥʘʧʠʩʘʪʠ (Goldmann, 2014): 

 

ȿὼἃ ÃÏÓ‍ ‌ ÃÏÓ‌ἱἼ ÓÉÎ‌ἱἶ ȿὼἃἱἼ ȿὼἃἱἶȟ                ςȢςȢρτ 
 

ʛʜʝ ʿʝ ἶ ʿʝʜʠʥʠʯʥʠ ʚʝʢʪʦʨ ʢʦʿʠ ʿʝ ʥʦʨʤʘʣʘʥ ʥʘ ʚʝʢʪʦʨ Ἴ. ʂʦʤʧʦʥʝʥʪʝ ʦʨʙʠʪʘʣʝ ȿὼἃ ʩʫ 
ʩʚʦʿʩʪʚʝʥʝ ʬʫʥʢʮʠʿʝ ʦʧʝʨʘʪʦʨʘ ὒ ʩʘ ʨʘʟʣʠʯʠʪʠʤ ʩʚʦʿʩʪʚʝʥʠʤ ʚʨʝʜʥʦʩʪʠʤʘ: 

¶ ȿὼἃ: ά π, 
¶ ȿὼἃ: ά ρ. 

 

 
 

ʉʣʠʢʘ 2.3. ʍʠʙʨʠʜʠʟʘʮʠʿʘ ʠʟʤʝʹʫ ί ʠ ὴ ʦʨʙʠʪʘʣʝ ʫʟ ʧʨʠʢʘʟ ʜʝʢʦʤʧʦʟʠʮʠʿʝ ὴ ʦʨʙʠʪʘʣʝ ʥʘ 

ȿὼἃ ʠ ȿὼἃ ʢʦʤʧʦʥʝʥʪʝ.   

 

ʆʚʜʝ ʿʝ ʚʘʞʥʦ ʥʘʧʦʤʝʥʫʪʠ ʜʘ ʩʝ ʠʥʜʝʢʩ „ ʫ ʠʟʨʘʟʫ ʟʘ ʢʦʤʧʦʥʝʥʪʫ ȿὼἃ ʥʝ ʦʜʥʦʩʠ ʥʘ ʩʧʠʥʩʢʠ 
ʩʪʝʧʝʥ ʩʣʦʙʦʜʝ. ʋʢʦʣʠʢʦ ʿʝ ʧʦʪʨʝʙʥʦ ʦʜʨʝʜʠʪʠ ʤʘʪʨʠʯʥʠ ʝʣʝʤʝʥʪ ʠʟʤʝʹʫ ί ʠ ὼ ʦʨʙʠʪʘʣʝ ʪʘʜʘ 
ʩʝ ʤʦʞʝ ʥʘʧʠʩʘʪʠ ʩʣʝʜʝ˂ʝ (ʚʠʜʝʪʠ ʩʣ. 2.3) (Slater ʠ Koster, 1954; Goldmann, 2014): 

 
ἂίȿὌ ȿὼἃ ἂίȿὌ ȿὼἃἱἼ ἂίȿὌ ȿὼἃἱἶ ἂίȿὌ ȿὼἃἱἼ π ὠ Ȣ          ςȢςȢρυ 

 

ʅʘ ʦʩʥʦʚʫ ʿʝʜʥʘʯʠʥʝ (2.2.13) ʩʝ ʣʘʢʦ ʤʦʞʝ ʟʘʢˀʫʯʠʪʠ ʜʘ ʿʝ ʤʘʪʨʠʯʥʠ ʝʣʝʤʝʥʪ ἂίȿὌ ȿὼἃ
ὠ  ʿʝʜʥʘʢ 0. ʈʘʜʠ ʿʝʜʥʦʩʪʘʚʥʠʿʝʛ ʟʘʧʠʩʘ ʤʘʪʨʠʯʥʠʭ ʝʣʝʤʝʥʘʪʘ ʠʟʤʝʹʫ ʨʘʟʣʠʯʠʪʠ ʦʨʙʠʪʘʣʘ, 

ʉʣʝʿʪʝʨ ʠ ʂʦʩʪʝʨ ʩʫ ʫ ʩʚʦʤ ʨʘʜʫ ʫʚʝʣʠ ʜʠʨʝʢʮʠʦʥʝ ʢʦʩʠʥʫʩʝ ὰȟάȟὲ ʜʫʞ ὼ, ώ ʠ ᾀ ʦʩʝ, 
ʨʝʩʧʝʢʪʠʚʥʦ: 

 

Ἴ ὰȟάȟὲȿἼȿȢ                                                               ςȢςȢρφ 
 

ʅʘ ʦʩʥʦʚʫ ʧʨʝʪʭʦʜʥʝ ʘʥʘʣʠʟʝ ʠ ʿʝʜʥʘʯʠʥʝ (2.2.16) ʣʘʢʦ ʩʝ ʜʦʙʠʿʘʿʫ ʩʣʝʜʝ˂ʠ ʠʟʨʘʟʠ: 

 

ἂίȿὌ ȿὼἃ ὰὠ ȟ                                                         ςȢςȢρχ 
ἂίȿὌ ȿώἃ άὠ ȟ                                                       ςȢςȢρψ 
ἂίȿὌ ȿᾀἃ ὲὠ Ȣ                                                        ςȢςȢρω 

 

ʋʢʦʣʠʢʦ ʩʝ ʩʧʨʦʚʝʜʝ ʩʣʠʯʥʘ ʘʥʘʣʠʟʘ ʟʘ ʤʘʪʨʠʯʥʝ ʝʣʝʤʝʥʪʝ ʠʟʤʝʹʫ ὴ ʦʨʙʠʪʘʣʘ, ʜʦʙʠʿʘ ʩʝ 

(Goldmann, 2014): 
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ἂὼȿὌ ȿὼἃ ὰὠ ρ ὰὠ ȟ                                          ςȢςȢςπ 
ἂὼȿὌ ȿώἃ ὰάὠ ὰάὠ ȟ                                            ςȢςȢςρ 
ἂὼȿὌ ȿᾀἃ ὰὲὠ ὰὲὠ Ȣ                                            ςȢςȢςς 

 

 
 

ʉʣʠʢʘ 2.4. ʇʨʠʤʝʨ ʭʠʙʨʠʜʠʟʘʮʠʿʝ ʠʟʤʝʹʫ ʘʪʦʤʩʢʠʭ ʦʨʙʠʪʘʣʘ ʧʨʝʜʩʪʘʚˀʝʥʝ ʧʦʤʦ˂ʫ sp3d5s* 

ʙʘʟʠʩʘ (aʜʘʧʪʠʨʘʥʦ ʠʟ ʨʝʬʝʨʝʥʮʝ Goldmann, 2014). 

 

Kʦʤʧʣʝʪʘʥ ʩʧʠʩʘʢ ʤʘʪʨʠʯʥʠʭ ʝʣʝʤʝʥʘʪʘ ʧʨʝʤʘ ʉʣʝʿʪʝʨ-ʂʦʩʪʝʨʦʚʦʿ ʥʦʪʘʮʠʿʠ ʟʘ sp3d5s* 

ʙʘʟʠʩʥʠ ʩʢʫʧ ʘʪʦʤʩʢʠʭ ʦʨʙʠʪʘʣʘ ʢʦʨʠʰ˂ʝʥ ʟʘ HgTe ʢʚʘʥʪʥʝ ʪʘʯʢʝ ʠ ʧʨʩʪʝʥʦʚʝ ʿʝ 

ʧʨʝʜʩʪʘʚˀʝʥ ʫ ʇʨʠʣʦʛʫ 3. ɺʘʞʥʦ ʿʝ ʥʘʧʦʤʝʥʫʪʠ ʜʘ ʠʟʤʝʥʘ ʠʥʜʝʢʩʘ Ὥ ʠ Ὥ ʫ ὠ  ʤʦʞʝ ʜʘ 

ʜʦʚʝʜʝ ʜʦ ʧʨʦʤʝʥʝ ʧʨʝʜʟʥʘʢʘ ὠ  ʩʘʤʦ ʫ ʩʣʫʯʘʿʫ ʢʘʜʘ ʿʝ ʩʫʤʘ ʜʚʝ ʦʨʙʠʪʘʣʝ ʥʝʧʘʨʥʘ ʬʫʥʢʮʠʿʘ 

(Slater ʠ Koster, 1954). ʋ ʩʫʧʨʦʪʥʦʤ ʧʨʦʤʝʥʘ ʧʦʟʠʮʠʿʝ ʠʥʜʝʢʩʘ ʥʝ˂ʝ ʜʦʚʝʩʪʠ ʜʦ ʧʨʦʤʝʥʝ 

ʧʨʝʜʟʥʘʢʘ ὠ . ʊʘʢʦʹʝ, ʦʯʠʛʣʝʜʥʦ ʿʝ ʜʘ ʠʥʪʝʛʨʘʣʠ ὠ  ʟʘʚʠʩʝ ʦʜ ʨʘʩʪʦʿʘˁʘ ʠʟʤʝʹʫ ʘʪʦʤʘ 

(Slater ʠ Koster, 1954). ʊʨʝʙʘ ʠʤʘʪʠ ʫ ʚʠʜʫ ʜʘ ˂ʝ ʩʝ ˁʠʭʦʚʝ ʚʨʝʜʥʦʩʪʠ ʨʘʟʣʠʢʦʚʘʪʠ ʫ ʩʣʫʯʘʿʫ 

ʢʘʜʘ ʩʝ ʩʢʦʢʦʚʠ ʝʣʝʢʪʨʦʥʘ ʘʧʨʦʢʩʠʤʠʨʘʿʫ ʩʘʤʦ ʥʘ ʥʘʿʙʣʠʞʝʛ ʢʦʤʰʠʿʫ ʫ ʦʜʥʦʩʫ ʥʘ ʩʣʫʯʘʿʝʚʝ 

ʢʘʜʘ ʙʠ ʩʝ ʧʦʪʝʥʮʠʿʘʣʥʦ ʨʘʟʤʘʪʨʘʣʠ ʠ ʩʢʦʢʦʚʠ ʥʘ ʜʨʫʛʦʛ ʠʣʠ ʪʨʝ˂ʝʛ ʥʘʿʙʣʠʞʝʛ ʩʫʩʝʜʘ ʧʦ 

ʨʝʜʫ.   

 

 

2.2.3 ʄʦʜʝʣʦʚʘˁʝ ʩʧʠʥ-ʦʨʙʠʪʥʝ ʠʥʪʝʨʘʢʮʠʿʝ 

 

ʄʦʜʝʣʦʚʘˁʝ ʩʧʠʥ-ʦʨʙʠʪʥʝ ʠʥʪʝʨʘʢʮʠʿʝ ʫ ʦʢʚʠʨʫ ʬʦʨʤʘʣʠʟʤʘ ʤʝʪʦʜʘ ʿʘʢʝ ʚʝʟʝ ʩʝ 

ʩʧʨʦʚʦʜʠ ʧʨʝʤʘ ʧʨʦʮʝʜʫʨʠ ʢʦʿʫ ʿʝ ʧʨʝʜʣʦʞʠʦ ʏʘʜʠ (ʝʥʛʣ. Chadi) 1977. ʛʦʜʠʥʝ (Chadi, 1977). 

ʋʚʦʹʝˁʝ ʩʧʠʥʩʢʦʛ ʩʪʝʧʝʥʘ ʩʣʦʙʦʜʝ ʜʦʚʦʜʠ ʜʦ ʝʬʝʢʪʠʚʥʦʛ ʫʜʚʦʩʪʨʫʯʘʚʘˁʘ sp3d5s* ʙʘʟʠʩʥʦʛ 

ʩʢʫʧʘ. ʇʦʨʝʜ ʪʦʛʘ, ʤʘʪʨʠʯʥʠ ʝʣʝʤʝʥʪʠ ʭʘʤʠʣʪʦʥʠʿʘʥʘ ʢʦʿʠ ʫʨʘʯʫʥʘʚʘʿʫ ʩʧʠʥ-ʦʨʙʠʪʥʫ 

ʠʥʪʝʨʘʢʮʠʿʫ ʩʝ ʧʘʨʘʤʝʪʨʠʟʫʿʫ ʧʦʤʦ˂ʫ ʢʦʤʧʣʝʢʩʥʠʭ ʙʨʦʿʝʚʘ ʰʪʦ ʫ ʟʥʘʯʘʿʥʦʿ ʤʝʨʠ ʫʩʧʦʨʘʚʘ 

ʧʨʦʮʝʩ ʜʠʿʘʛʦʥʘʣʠʟʘʮʠʿʝ ʧʨʠʣʠʢʦʤ ʥʫʤʝʨʠʯʢʦʛ ʨʝʰʘʚʘˁʘ ʤʦʜʝʣʘ. ɱʝʜʥʦʝʣʝʢʪʨʦʥʩʢʠ 
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ʭʘʤʠʣʪʦʥʠʿʘʥ ʟʘ ʧʦʣʫʧʨʦʚʦʜʥʠʯʢʠ ʢʨʠʩʪʘʣ ʫ ʢʦʿʝʤ ʩʫ ʠʟʨʘʞʝʥʠ ʝʬʝʢʪʠ ʩʧʠʥ-ʦʨʙʠʪʥʝ 

ʠʥʪʝʨʘʢʮʠʿʝ ʩʝ ʤʦʞʝ ʧʨʝʜʩʪʘʚʠʪʠ ʩʣʝʜʝ˂ʦʤ ʿʝʜʥʘʯʠʥʦʤ: 

 

Ὄ Ὄ Ὄ ȟ                                                              ςȢςȢςσ 
 

ʛʜʝ ʿʝ Ὄ -ʭʘʤʠʣʪʦʥʠʿʘʥ ʯʠʿʠ ʿʝ ʦʙʣʠʢ ʜʝʬʠʥʠʩʘʥ ʫ ʦʜʝˀʢʫ 2.2.1, ʜʦʢ ʿʝ Ὄ -ʭʘʤʠʣʪʦʥʠʿʘʥ 

ʩʧʠʥ-ʦʨʙʠʪʥʝ ʠʥʪʝʨʘʢʮʠʿʝ (Chadi, 1977; Winkler, 2003). 

ʏʘʜʠ ʿʝ ʫ ʩʚʦʤ ʨʘʜʫ ʧʦʢʘʟʘʦ ʜʘ ʩʝ ʝʬʝʢʪʠ ʩʧʠʥ-ʦʨʙʠʪʥʦʛ ʮʝʧʘˁʘ ʢʦʜ ʚʝ˂ʠʥʝ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʘ ʩʘ ʜʠʿʘʤʘʥʪʩʢʦʤ ʠ ʩʬʘʣʝʨʠʪʥʦʤ ʢʨʠʩʪʘʣʥʦʤ ʨʝʰʝʪʢʦʤ ʫʩʧʝʰʥʦ ʤʦʛʫ 

ʦʧʠʩʘʪʠ ʢʦʨʠʰ˂ʝˁʝʤ ʩʘʤʦ ʫʥʫʪʘʨʘʪʦʤʩʢʠʭ ʤʘʪʨʠʯʥʠʭ ʝʣʝʤʝʥʘʪʘ ʠʟʤʝʹʫ ὴ ʦʨʙʠʪʘʣʘ (Chadi, 

1977; Allan ʠ Delerue, 2012):  

 

ἂὼᴻ ȿὌ ȿᾀȢἃ ‗ȟ                                                          ςȢςȢςτ 
ἂὼȢ ȿὌ ȿᾀᴻἃ ‗ȟ                                                        ςȢςȢςυ 
ἂὼᴻ ȿὌ ȿώ ἃᴻ Ὥ‗ȟ                                                       ςȢςȢςφ 
ἂὼȢ ȿὌ ȿώ ἃȢ Ὥ‗ȟ                                                         ςȢςȢςχ 
ἂώ ȿᴻὌ ȿᾀȢἃ Ὥ‗ȟ                                                       ςȢςȢςψ 
ἂώ ȿȢὌ ȿᾀᴻἃ Ὥ‗ȟ                                                      ςȢςȢςω 

 

ʛʜʝ ʿʝ 

 

‗ ὼ
ᴐ

τάὧ
ὠϽἸὼȢ                                               ςȢςȢσπ 

 

ʀʟ ʿʝʜʥʘʯʠʥʘ (2.2.24-2.2.30) ʩʝ ʚʠʜʠ ʜʘ ʩʝ ʩʚʠ ʤʘʪʨʠʯʥʠ ʝʣʝʤʝʥʪʠ ʤʦʛʫ ʧʘʨʘʤʝʪʨʠʟʦʚʘʪʠ 

ʧʦʤʦ˂ʫ ʩʘʤʦ ʿʝʜʥʦʛ ʧʘʨʘʤʝʪʨʘ ʢʦʿʠ ʿʝ ʦʟʥʘʯʝʥ ʩʘ ‗.  
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3. ʇʦʜʝʰʘʚʘˁʝ ʝʥʝʨʛʝʪʩʢʦʛ ʧʨʦʮʝʧʘ ʫ HgTe/CdxHg1-xTe 

ʘʩʠʤʝʪʨʠʯʥʠʤ ʢʚʘʥʪʥʠʤ ʿʘʤʘʤʘ 
 

 

3.1 ʋʚʦʜ 
 

Kʦʥʮʝʧʪ ʪʦʧʦʣʦʰʢʦʛ ʫʨʝʹʝˁʘ ʿʝ ʥʝʜʘʚʥʦ ʧʨʠʚʫʢʘʦ ʚʝʣʠʢʫ ʧʘʞˁʫ ʥʘʫʯʥʝ ʿʘʚʥʦʩʪʠ 

ʟʙʦʛ ʧʨʠʤʝʥʝ ʫ ʦʪʢʨʠʚʘˁʫ ʠ ʢʣʘʩʠʬʠʢʘʮʠʿʠ ʥʦʚʠʭ ʬʘʟʘ ʤʘʪʝʨʠʿʝ (Hasan ʠ Kane, 2010). 

ʊʦʧʦʣʦʰʢʦ ʫʨʝʹʝˁʝ ʩʝ ʢʦʨʠʩʪʠ ʦʥʜʘ ʢʘʜʘ ʥʠʿʝ ʤʦʛʫ˂ʝ ʨʘʟʣʠʢʦʚʘʪʠ ʢʚʘʥʪʥʝ ʬʘʟʝ 

ʢʦʨʠʰ˂ʝˁʝʤ ʫʦʙʠʯʘʿʝʥʝ ʃʘʥʜʘʫʦʚʝ (ʨʫʩ. Landau) ʪʝʦʨʠʿʝ ʦ ʥʘʨʫʰʘʚʘˁʫ ʩʠʤʝʪʨʠʿʝ. ʅʘ 

ʧʨʠʤʝʨ, ʮʝʣʦʙʨʦʿʥʠ ʢʚʘʥʪʥʠ ʍʦʣʦʚ ʝʬʝʢʘʪ ʫ ʬʦʨʤʘʣʠʟʤʫ ʿʝʜʥʦʯʝʩʪʠʯʥʝ ʢʚʘʥʪʥʝ ʤʝʭʘʥʠʢʝ 

(Thouless ʠ ʩʘʨ., 1982) ʠ ʢʦʨʝʣʠʩʘʥʠ ʬʨʘʢʮʠʦʥʠ ʍʦʣʦʚ ʝʬʝʢʘʪ (Tsui ʠ ʩʘʨ., 1982) ʩʫ 

ʦʙʿʘʰˁʝʥʠ ʢʦʨʠʰ˂ʝˁʝʤ ʪʦʧʦʣʦʰʢʦʛ ʫʨʝʹʝˁʘ. ʇʦʤʦ˂ʫ ʦʚʦʛ ʢʦʥʮʝʧʪʘ ʧʨʦʥʘʹʝʥʘ ʿʝ ʥʦʚʘ 

ʢʚʘʥʪʥʘ ʬʘʟʘ ʢʦʿʘ ʩʝ ʥʘʟʠʚʘ ʪʦʧʦʣʦʰʢʠ ʠʟʦʣʘʪʦʨ (ʩʢʨ. TI; ʝʥʛʣ. ʊʦpological Insulator) 

(Bernevieg ʠ ʩʘʨ., 2006; Kºnig ʠ ʩʘʨ., 2007B; Zhou ʠ ʩʘʨ., 2008) ʩʘ ʤʦʛʫ˂ʠʤ ʧʨʠʤʝʥʘʤʘ ʫ 

ʩʧʠʥʪʨʦʥʠʮʠ ʠ ʢʚʘʥʪʥʦʤ ʨʘʯʫʥʘʨʩʪʚʫ. ʈʘʟʣʠʯʠʪʘ ʩʧʠʥʩʢʘ ʭʠʨʘʣʥʘ ʩʪʘˁʘ ʩʫ ʜʝʪʘˀʥʦ ʦʧʠʩʘʥʘ 

ʫ ʨʝʬʝʨʝʥʮʠ (Kalmeyer ʠ Laughlin, 1987). ɿʘ ʦʚʘ ʩʪʘˁʘ ʿʝ ʫʩʪʘʥʦʚˀʝʥʦ ʜʘ, ʠʘʢʦ ʧʦʩʝʜʫʿʫ ʠʩʪʫ 

ʩʠʤʝʪʨʠʿʫ, ˁʠʭʦʚʝ ʪʦʧʦʣʦʰʢʝ ʠʥʚʘʨʠʿʘʥʪʝ ʩʝ ʤʝʹʫʩʦʙʥʦ ʨʘʟʣʠʢʫʿʫ (Thouless ʠ ʩʘʨ., 1982). 

 ʊʦʧʦʣʦʰʢʠ ʠʟʦʣʘʪʦʨ ʩʝ ʧʦʥʘʰʘ ʢʘʦ ʦʙʠʯʘʥ ʠʟʦʣʘʪʦʨ ʫ ʫʥʫʪʨʘʰˁʦʩʪʠ, ʜʦʢ ʥʘ ʩʚʦʿʦʿ 

ʧʦʚʨʰʠʥʠ ʤʦʞʝ ʠʩʧʦˀʠʪʠ ʩʚʦʿʩʪʚʘ ʤʝʪʘʣʘ (Shen, 2012). ɿʘ ʨʘʟʣʠʢʫ ʦʜ ʦʙʠʯʥʦʛ ʠʟʦʣʘʪʦʨʘ, ʫ 

ˁʝʛʦʚʦʤ ʝʥʝʨʛʝʪʩʢʦʤ ʧʨʦʮʝʧʫ ʜʦʣʘʟʠ ʜʦ ʧʦʿʘʚʝ ʩʧʠʥʩʢʠ ʧʦʣʘʨʠʩʘʥʠʭ ʠʚʠʯʥʠʭ ʩʪʘˁʘ ʢʦʿʘ ʩʫ 

ʟʘʰʪʠ˂ʝʥʘ ʩʠʤʝʪʨʠʿʦʤ ʟʘʩʥʦʚʘʥʦʤ ʥʘ ʠʥʚʝʨʟʠʿʠ ʚʨʝʤʝʥʘ. ʊʦʧʦʣʦʰʢʠ ʠʟʦʣʘʪʦʨ ʿʝ ʚʝʦʤʘ 

ʩʣʠʯʘʥ ʢʚʘʥʪʥʦʤ ʍʦʣʦʚʦʤ ʩʪʘˁʫ ʠ ʧʨʝʜʩʪʘʚˀʘ ˁʝʛʦʚʫ ʛʝʥʝʨʘʣʠʟʘʮʠʿʫ ʥʘ ʪʨʠ ʧʨʦʩʪʦʨʥʝ 

ʜʠʤʝʥʟʠʿʝ (Shen, 2012). ʉʪʘˁʝ ʪʦʧʦʣʦʰʢʦʛ ʠʟʦʣʘʪʦʨʘ ʤʦʞʝ ʧʦʩʪʦʿʘʪʠ ʫ 2ɼ ʠ 3ɼ 

ʤʘʪʝʨʠʿʘʣʠʤʘ. ʋ ʫʟʦʨʮʠʤʘ ʢʦʿʠ ʩʫ ʩʘʯʠˁʝʥʠ ʦʜ 2ɼ ʤʘʪʝʨʠʿʘʣʘ, ʩʪʘˁʝ ʪʦʧʦʣʦʰʢʦʛ ʠʟʦʣʘʪʦʨʘ 

ʩʝ ʿʦʰ ʥʘʟʠʚʘ ʠ ʢʚʘʥʪʥʦ ʩʧʠʥʩʢʦ ʍʦʣʦʚʦ ʩʪʘˁʝ. ɳʝʛʦʚʦ ʧʦʩʪʦʿʘˁʝ ʿʝ ʧʨʚʠ ʧʫʪ ʪʝʦʨʠʿʩʢʠ 

ʧʨʝʜʣʦʞʝʥʦ ʟʘ ʛʨʘʬʝʥ (Kane ʠ Mele, 2005). ʄʦʜʝʣ ʟʘ ʛʨʘʬʝʥ ʿʝ ʧʨʝʜʩʪʘʚˀʘʦ ʜʚʝ ʢʦʧʠʿʝ 

ʍʦʣʜʝʿʥʦʚʦʛ (ʝʥʛʣ. Haldane) ʤʦʜʝʣʘ (Haldane, 1988) ʩʘ ʩʦʧʩʪʚʝʥʠʤ ʩʧʠʥ-ʦʨʙʠʪʥʠʤ ʩʧʨʝʟʘˁʝʤ 

ʠ ʧʨʝʜʚʠʹʘʦ ʿʝ ʧʦʿʘʚʫ ʢʚʘʥʪʦʚʘʥʝ ʩʧʠʥʩʢʝ ʍʦʣʦʚʝ ʧʨʦʚʦʜʥʦʩʪʠ. ʄʝʹʫʪʠʤ, ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦ 

ʿʝ ʫʩʪʘʥʦʚˀʝʥʦ ʜʘ ʩʧʠʥ-ʦʨʙʠʪʥʘ ʠʥʪʝʨʘʢʮʠʿʘ ʫ ʣʘʢʠʤ ʘʪʦʤʠʤʘ ʫʛˀʝʥʠʢʘ ʥʠʿʝ ʜʦʚʦˀʥʦ 

ʚʝʣʠʢʘ ʟʘ ʦʪʚʘʨʘˁʝ ʝʥʝʨʛʝʪʩʢʦʛ ʧʨʦʮʝʧʘ ʫ ʢʦʿʝʤ ʙʠ ʤʦʛʣʘ ʜʘ ʩʝ ʜʝʪʝʢʪʫʿʫ ʠʚʠʯʥʘ ʩʪʘˁʘ 

(Wang ʠ ʩʘʨ., 2015). ɿʙʦʛ ʪʦʛʘ ʿʝ ʚʝ˂ʘ ʧʘʞˁʘ ʧʦʩʚʝ˂ʝʥʘ ʤʘʪʝʨʠʿʘʣʠʤʘ ʢʦʿʠ ʩʫ ʩʘʩʪʘʚˀʝʥʠ ʦʜ 

ʪʝʞʠʭ ʘʪʦʤʘ ʫ ʢʦʿʠʤʘ ʩʫ ʨʝʣʘʪʠʚʠʩʪʠʯʢʠ ʝʬʝʢʪʠ ʠʟʨʘʞʝʥʠʿʠ. ʅʘ ʧʨʠʤʝʨ, ʢʦʨʠʰ˂ʝˁʝʤ 

ʿʝʜʥʦʩʪʘʚʥʦʛ ʝʬʝʢʪʠʚʥʦʛ ʤʦʜʝʣʘ ʿʝ ʪʝʦʨʠʿʩʢʠ ʧʨʝʜʚʠʹʝʥʦ ʧʦʩʪʦʿʘˁʝ ʢʚʘʥʪʥʦʛ ʩʧʠʥʩʢʦʛ 

ʍʦʣʦʚʦʛ ʝʬʝʢʪʘ ʫ HgTe/CdxHg1-xTe ʢʚʘʥʪʥʠʤ ʿʘʤʘʤʘ (Bernevig ʠ ʩʘʨ., 2006). ʂʘʜʘ ʿʘʤʘ 

ʜʦʩʪʠʛʥʝ ʢʨʠʪʠʯʥʫ ʚʨʝʜʥʦʩʪ ʜʝʙˀʠʥʝ, Ὠ φȟσ ÎÍ, ʜʦʣʘʟʠ ʜʦ ʠʥʚʝʨʟʠʿʝ ʧʨʦʚʦʜʥʝ ʠ ʚʘʣʝʥʪʥʝ 

ʟʦʥʝ (Bernevig ʠ ʩʘʨ., 2006). ʊʦ ʿʝ ʧʨʝʜʩʪʘʚˀʘʣʦ ʠʥʜʠʢʘʮʠʿʫ ʤʦʛʫ˂ʝ ʧʨʦʤʝʥʝ ʢʚʘʥʪʥʝ ʬʘʟʝ ʠʟ 

ʩʪʘˁʘ ʥʦʨʤʘʣʥʦʛ ʠʟʦʣʘʪʦʨʘ ʫ ʩʪʘˁʝ ʪʦʧʦʣʦʰʢʦʛ ʠʟʦʣʘʪʦʨʘ.  

ʊʝʦʨʠʿʩʢʘ ʧʨʝʜʚʠʹʘˁʘ ʩʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦ ʧʦʪʚʨʹʝʥʘ ʛʦʜʠʥʫ ʜʘʥʘ ʢʘʩʥʠʿʝ (König ʠ 

ʩʘʨ., 2007B). ʂʦʨʠʰ˂ʝˁʝʤ ʝʬʝʢʪʠʚʥʠʭ ʤʦʜʝʣʘ ʪʝʦʨʠʿʩʢʠ ʿʝ ʘʨʛʫʤʝʥʪʦʚʘʥʦ ʜʘ ʠ ʩʣʦʞʝʥʠʿʝ 

ʩʪʨʫʢʪʫʨʝ, ʢʘʦ ʰʪʦ ʩʫ ʩʠʤʝʪʨʠʯʥʝ ʜʚʦʩʪʨʫʢʝ ʢʚʘʥʪʥʝ ʿʘʤʝ (ʩʢʨ. SDQW; ʝʥʛʣ. Symmetric 

Double Quantum Well) ʙʘʟʠʨʘʥʝ ʥʘ HgTe/CdxHg1-xTe ʠ InAs/GaSb/AlSb, ʤʦʛʫ ʜʘ ʧʦʩʝʜʫʿʫ 

ʪʦʧʦʣʦʰʢʠ ʥʝʪʨʠʚʠʿʘʣʥʝ ʬʘʟʝ (Michetti ʠ ʩʘʨ., 2012; Liu ʠ ʩʘʨ., 2008). ɼʝʪʘˀʥʦʤ ʪʝʦʨʠʿʩʢʦʤ 

ʘʥʘʣʠʟʦʤ ʿʝ ʧʦʢʘʟʘʥʦ ʠ ʜʘ ʩʝ ʧʦʜʝʰʘʚʘˁʝʤ ʥʘʧʦʥʘ ʧʨʠʤʝˁʝʥʦʛ ʫ ʧʨʘʚʮʫ ʥʘʨʘʩʪʘˁʘ 

ʩʪʨʫʢʪʫʨʝ ʤʦʞʝ ʝʬʠʢʘʩʥʦ ʢʦʥʪʨʦʣʠʩʘʪʠ ʪʦʧʦʣʦʰʢʘ ʧʨʦʤʝʥʘ ʢʚʘʥʪʥʝ ʬʘʟʝ. ʊʘʢʦʹʝ, ʥʝʜʘʚʥʦ ʿʝ 

ʫʪʚʨʹʝʥʦ ʜʘ HgTe/CdxHg1-xTe SDQW ʠʩʧʦˀʘʚʘ 3/2 ʧʩʝʫʜʦʩʧʠʥʩʢʠ ʩʪʝʧʝʥ ʩʣʦʙʦʜʝ ʢʦʿʠ 

ʦʤʦʛʫ˂ʘʚʘ ʧʦʿʘʚʫ ʟʘʥʠʤˀʠʚʠʭ ʝʬʝʢʘʪʘ ʧʦʚʝʟʘʥʠʭ ʩʘ ʩʧʠʥʩʢʠʤ ʩʧʨʝʟʘˁʝʤ ʠʟʤʝʹʫ HgTe 

ʩʣʦʿʝʚʘ ʢʦʿʠ ʩʫ ʦʜʚʦʿʝʥʠ CdTe ʙʘʨʠʿʝʨʘʤʘ (Krishtopenko ʠ ʩʘʨ., 2016B). ʉʪʨʫʢʪʫʨʝ ʦʚʦʛ ʪʠʧʘ 

ʠʩʧʦˀʘʚʘʿʫ ʧʩʝʫʜʦʩʧʠʥʩʢʠ ʙʘʟʠʨʘʥʫ ʬʠʟʠʢʫ ʩʣʠʯʥʫ ʜʚʦʩʣʦʿʥʦʤ ʛʨʘʬʝʥʫ (ʩʢʨ. BG; Bilayer 

Graphene) ʙʝʟ ʜʦʣʠʥʩʢʝ ʜʝʛʝʥʝʨʘʮʠʿʝ (Michetti ʠ ʩʘʨ., 2012).  
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ʅʘ ʦʩʥʦʚʫ ʥʘʚʝʜʝʥʠʭ ʠʩʪʨʘʞʠʚʘˁʘ, ʫ ʦʚʦʿ ʛʣʘʚʠ ʩʫ ʧʦʤʦ˂ʫ ʨʝʘʣʠʩʪʠʯʥʦʛ ʦʩʤʦʟʦʥʩʢʦʛ 

ʂʝʿʥʦʚʦʛ ʤʦʜʝʣʘ ʠʩʧʠʪʘʥʘ ʝʣʝʢʪʨʦʥʩʢʘ ʩʚʦʿʩʪʚʘ HgTe/CdxHg1-xTe ʘʩʠʤʝʪʨʠʯʥʠʭ ʜʚʦʩʪʨʫʢʠʭ 

ʢʚʘʥʪʥʠʭ ʿʘʤʘ (ʩʢʨ. ADQW; ʝʥʛʣ. Asymmetric Double Quantum Well). ʇʦʩʤʘʪʨʘʥʠ ʩʫ ʝʬʝʢʪʠ 

ʢʦʿʠ ʩʝ ʿʘʚˀʘʿʫ ʢʘʦ ʧʦʩʣʝʜʠʮʘ ʠʥʚʝʨʟʠʿʝ ʟʦʥʝ ʩʘ ũ8 ʩʠʤʝʪʨʠʿʦʤ ʢʦʿʘ ʚʦʜʠ ʧʦʨʝʢʣʦ ʦʜ p-

ʦʨʙʠʪʘʣʘ ʠ ʟʦʥʝ ʩʘ ũ6 ʩʠʤʝʪʨʠʿʦʤ ʢʦʿʘ ʚʦʜʠ ʧʦʨʝʢʣʦ ʦʜ s-ʦʨʙʠʪʘʣʝ. ɼʝʪʘˀʥʦ ʿʝ ʠʩʧʠʪʘʥʘ ʬʘʟʘ 

ʩʣʠʯʥʘ ʜʚʦʩʣʦʿʥʦʤ ʛʨʘʬʝʥʫ ʢʦʿʘ ʤʦʞʝ ʧʦʩʪʦʿʘʪʠ ʠ ʫ HgTe/CdxHg1-xTe ADQW ʩʪʨʫʢʪʫʨʘʤʘ.  

ʋ ʥʘʨʝʜʥʦʿ ʩʝʢʮʠʿʠ ʿʝ ʧʨʝʜʩʪʘʚˀʝʥ ʢʦʨʠʰ˂ʝʥʠ ἳϽἸ ʤʦʜʝʣ ʙʘʟʠʨʘʥ ʥʘ ʪʝʦʨʠʿʠ 

ʘʥʚʝʣʦʧʥʠʭ ʬʫʥʢʮʠʿʘ ʠ ʧʦʩʪʫʧʘʢ ʟʘ ʨʝʰʘʚʘˁʝ ʩʚʦʿʩʪʚʝʥʦʛ ʧʨʦʙʣʝʤʘ ʨʘʟʚʦʿʝʤ ʘʥʚʝʣʦʧʥʠʭ 

ʬʫʥʢʮʠʿʘ ʫ ʢʦʤʧʣʝʪʘʥ ʙʘʟʠʩʥʠ ʩʢʫʧ ʨʘʚʘʥʩʢʠʭ ʪʘʣʘʩʘ. ʊʘʢʦʹʝ, ʬʦʨʤʫʣʠʩʘʥ ʿʝ ʧʦʩʪʫʧʘʢ ʟʘ 

ʥʝʜʚʦʩʤʠʩʣʝʥʫ ʢʣʘʩʠʬʠʢʘʮʠʿʫ ʨʘʟʣʠʯʠʪʠʭ ʟʦʥʘ ʫ ADQW. ʈʝʟʫʣʪʘʪʠ ʟʘ ʝʣʝʢʪʨʦʥʩʢʫ 

ʩʪʨʫʢʪʫʨʫ ʩʫ ʧʨʝʜʩʪʘʚˀʝʥʠ ʠ ʜʠʩʢʫʪʦʚʘʥʠ ʫ ʦʜʝˀʢʫ 3.3, ʜʦʢ ʿʝ ʫ ʦʜʝˀʢʫ 3.4 ʠʟʚʝʜʝʥ 

ʢʦʥʮʠʟʘʥ ʟʘʢˀʫʯʘʢ.  

 

 

3.2 ʊʝʦʨʠʿʩʢʠ ʤʦʜʝʣ ʚʠʰʝʩʣʦʿʥʠʭ ʥʘʥʦʩʪʨʫʢʪʫʨʘ 
 

ʅʘ ʩʣ. 3.1 ʿʝ ʧʨʝʜʩʪʘʚˀʝʥʘ ʩʢʠʮʘ ʘʥʘʣʠʟʠʨʘʥʝ ʩʪʨʫʢʪʫʨʝ ʟʘʩʥʦʚʘʥʝ ʥʘ ʜʚʦʩʪʨʫʢʦʿ 

ʢʚʘʥʪʥʦʿ ʿʘʤʠ. ʉʠʩʪʝʤ ʩʝ ʩʘʩʪʦʿʠ ʦʜ ʜʚʝ HgTe ʢʚʘʥʪʥʝ ʿʘʤʝ ʢʦʿʝ ʩʫ ʦʜʚʦʿʝʥʝ CdxHg1-xTe 

ʙʘʨʠʿʝʨʦʤ. ʆʚʜʝ ʿʝ ᾀ-ʦʩʘ ʦʨʠʿ ʝʥʪʠʩʘʥʘ ʜʫʞ ʧʨʘʚʮʘ ʥʘʨʘʩʪʘˁʘ. ʐʠʨʠʥʝ QW1 ʠ QW2 ʿʘʤʘ ʩʫ 

ʦʟʥʘʯʝʥʝ ʩʘ ύ  ʠ ύ, ʨʝʩʧʝʢʪʠʚʥʦ. ʐʠʨʠʥʘ ʙʘʨʠʿʝʨʝ (B2) ʠʟʤʝʹʫ ʿʘʤʘ ʿʝ ʦʟʥʘʯʝʥʘ ʩʘ ὰ, ʜʦʢ ʿʝ 
ʩʘ Ὠ ʦʟʥʘʯʝʥʘ ʰʠʨʠʥʘ CdxHg1-xTe ʙʘʨʠʿʝʨʘ (B1, B3) ʠʩʪʝ ʰʠʨʠʥʝ ʢʦʿʝ ʦʢʨʫʞʫʿʫ HgTe ʿʘʤʝ. 

 

 
 

ʉʣʠʢʘ 3.1. ʊʨʦʜʠʤʝʥʟʠʦʥʠ ʰʝʤʘʪʩʢʠ ʧʨʠʢʘʟ HgTe/CdxHg1-xTe ADQW ʩʪʨʫʢʪʫʨʝ ʥʘʨʘʩʪʘʥʝ ʫ 

[001] ʢʨʠʩʪʘʣʦʛʨʘʬʩʢʦʤ ʧʨʘʚʮʫ. ύ  ʠ ύ  ʩʫ ʰʠʨʠʥʝ HgTe ʩʣʦʿʝʚʘ (QW1 ʠ QW2, ʨʝʩʧʝʢʪʠʚʥʦ), 

ὰ ʿʝ ʨʘʩʪʦʿʘˁʝ ʠʟʤʝʹʫ ˁʠʭ (B2), Ὠ ʧʨʝʜʩʪʘʚˀʘ ʰʠʨʠʥʫ CdxHg1-xTe ʙʘʨʠʿʝʨʘ (B1, B3), ʜʦʢ ʿʝ ὼ 
ʚʨʝʜʥʦʩʪ ʤʦʣʘʨʥʦʛ ʫʜʝʣʘ.   

 

ʇʨʝʪʧʦʩʪʘʚˀʝʥʦ ʿʝ ʜʘ ʦʚʝ ʙʘʨʠʿʝʨʝ ʠʤʘʿʫ ʠʩʪʠ ʭʝʤʠʿʩʢʠ ʩʘʩʪʘʚ ʢʘʦ ʠ ʙʘʨʠʿʝʨʘ ʢʦʿʘ ʩʝ ʥʘʣʘʟʠ 

ʠʟʤʝʹʫ ʿʘʤʘ. ʈʘʟʤʦʪʨʝʥʘ ʩʪʨʫʢʪʫʨʘ ʠʤʘ ʢʦʥʘʯʥʫ ʰʠʨʠʥʫ. ʂʘʜʘ ὰO π, ʜʚʦʩʪʨʫʢʘ ʢʚʘʥʪʥʘ ʿʘʤʘ 
ʧʦʩʪʘʿʝ ʿʝʜʥʦʩʪʨʫʢʘ ʢʚʘʥʪʥʘ ʿʘʤʘ ʰʠʨʠʥʝ ύ ύ ύ . ʂʘʜʘ ὰO Њ ʜʚʦʩʪʨʫʢʘ ʢʚʘʥʪʥʘ ʿʘʤʘ 

ʧʦʩʪʘʿʝ ʩʠʩʪʝʤ ʦʜ ʜʚʝ ʥʝʩʧʨʝʛʥʫʪʝ ʢʚʘʥʪʥʝ ʿʘʤʝ. 

 ɽʣʝʢʪʨʦʥʩʢʘ ʟʦʥʩʢʘ ʩʪʨʫʢʪʫʨʘ HgTe/CdxHg1-xTe ʜʚʦʩʪʨʫʢʝ ʢʚʘʥʪʥʝ ʿʘʤʝ (ʩʢʨ. DQW; 

ʝʥʛʣ. Double Quantum Well) ʿʝ ʦʜʨʝʹʝʥʘ ʧʦʤʦ˂ʫ ʦʩʤʦʟʦʥʩʢʦʛ ἳϽἸ ʤʦʜʝʣʘ (Kane, 1957; Novik 

ʠ ʩʘʨ., 2005): 
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ὌɧἺ ὉɧἺȟ                                                              σȢςȢρ 

 

ʢʦʿʠ ʿʝ ʧʨʝʜʩʪʘʚˀʝʥ ʩʢʫʧʦʤ ʦʜ ʦʩʘʤ ʩʧʨʝʛʥʫʪʠʭ ʜʠʬʝʨʝʥʮʠʿʘʣʥʠʭ ʿʝʜʥʘʯʠʥʘ. ʋ ʿʝʜʥʘʯʠʥʠ 

(3.2.1), Ὄ ʿʝ ʚʠʰʝʟʦʥʩʢʠ ʭʘʤʠʣʪʦʥʠʿʘʥ, ʜʦʢ ɧ ʦʟʥʘʯʘʚʘ ʩʧʠʥʦʨ ʘʥʚʝʣʦʧʥʠʭ ʬʫʥʢʮʠʿʘ … Ἲ, 

ὲᶰρȟςȟȣȟψ, ʢʦʿʝ ʦʜʛʦʚʘʨʘʿʫ ɹʣʦʭʦʚʠʤ ʩʪʘˁʠʤʘ ʫ ʮʝʥʪʨʫ ɹʨʠʣʫʝʥʦʚʝ ʟʦʥʝ. ʀʩʪʠ ʙʘʟʠʩʥʠ 

ʩʢʫʧ ɹʣʦʭʦʚʠʭ ʬʫʥʢʮʠʿʘ ʿʝ ʢʦʨʠʰ˂ʝʥ ʠ ʟʘ ʿʘʤʝ ʠ ʟʘ ʙʘʨʠʿʝʨʝ. ɼʦʜʘʪʥʦ, ʫʩʣʝʜ ʪʨʘʥʩʣʘʪʦʨʥʝ 

ʠʥʚʘʨʠʿʘʥʪʥʦʩʪʠ ʫ ʨʘʚʥʠ ʩʣʦʿʝʚʘ, ʚʘʨʠʿʘʙʣʝ ὼ ʠ ώ ʩʝ ʤʦʛʫ ʨʘʟʜʚʦʿʠʪʠ ʦʜ ʚʘʨʠʿʘʙʣʝ ᾀ,  
 

ɧἳȿȿὼȟώȟᾀ ÅØÐὭὯὼ Ὧώ … ᾀ … ᾀ ȣ … ᾀ ȟ                    σȢςȢς 

 

ʛʜʝ ʩʫ Ὧ ʠ Ὧ ʢʦʤʧʦʥʝʥʪʝ ʪʘʣʘʩʥʦʛ ʚʝʢʪʦʨʘ ʫ ʨʘʚʥʠ ʿʘʤʝ. ɼʝʪʘˀʥʠʿʠ ʦʧʠʩ ʭʘʤʠʣʪʦʥʠʿʘʥʘ ʿʝ 

ʜʘʪ ʫ ʩʝʢʮʠʿʠ 2.1.3.  

 

 
 

ʉʣʠʢʘ 3.2. ɽʥʝʨʛʝʪʩʢʠ ʜʠʿʘʛʨʘʤ ʥʘʿʥʠʞʝ ʧʨʦʚʦʜʥʝ ʟʦʥʝ (ʦʟʥʘʯʝʥʝ ʩʘ CB) ʠ ʥʘʿʚʠʰʝ ʚʘʣʝʥʪʥʝ 

ʟʦʥʝ (ʦʟʥʘʯʝʥʝ ʩʘ VB) ʫ ADQW ʩʪʨʫʢʪʫʨʠ, ʢʘʜʘ ʩʝ ʧʨʠʤʝʥʠ ʥʘʧʦʥ ὠ. ʋ HgTe ʩʣʦʿʝʚʠʤʘ 

ʟʦʥʩʢʠ ʨʘʩʧʦʨʝʜ ʫ ũ ʪʘʯʢʠ ʿʝ ʠʥʚʝʨʪʦʚʘʥ. ɿʦʥʘ ũ8 ʩʠʤʝʪʨʠʿʝ ʢʦʿʘ ʚʦʜʠ ʧʦʨʝʢʣʦ ʦʜ p-ʦʨʙʠʪʘʣʘ 

ʿʝ ʝʥʝʨʛʝʪʩʢʠ ʠʟʥʘʜ ʟʦʥʝ ʩʘ ũ6 ʩʠʤʝʪʨʠʿʦʤ ʢʦʿʘ ʚʦʜʠ ʧʦʨʝʢʣʦ ʦʜ s-ʦʨʙʠʪʘʣʝ.    

 

ʅʫʤʝʨʠʯʢʦ ʨʝʰʘʚʘˁʝ ʩʚʦʿʩʪʚʝʥʦʛ ʧʨʦʙʣʝʤʘ ʿʝ ʩʧʨʦʚʝʜʝʥʦ ʨʘʟʚʦʿʝʤ ʘʥʚʝʣʦʧʥʠʭ ʬʫʥʢʮʠʿʘ ʫ 

ʢʦʤʧʣʝʪʘʥ ʙʘʟʠʩʥʠ ʩʢʫʧ ʨʘʚʘʥʩʢʠʭ ʪʘʣʘʩʘ: 

 

… ᾀ
ρ

ὒ
ὧȟÅØÐ

Ὥςὴ“ᾀ

ὒ
ȟ                                                  σȢςȢσ 

 

ʛʜʝ ʿʝ ὒ ύ ύ ὰ ςὨ. ɹʘʟʠʩ ʿʝ ʦʛʨʘʥʠʯʝʥ ʥʘ ʧʨʚʫ ɹʨʠʣʫʝʥʦʚʫ ʟʦʥʫ, ʪʿ. ς“ȿὔȿȾὒ
ς“Ⱦὥ, ʛʜʝ ʿʝ ὥ ʧʘʨʘʤʝʪʘʨ ʢʨʠʩʪʘʣʥʝ ʨʝʰʝʪʢʝ. ʄʘʪʨʠʮʘ ʭʘʤʠʣʪʦʥʠʿʘʥʘ ʿʝ ʨʝʜʘ ψ ςὔ ρ. 

ʅʘʧʨʝʟʘˁʝ ʢʦʿʝ ʩʝ ʿʘʚˀʘ ʟʙʦʛ ʥʝʫʩʘʛʣʘʰʝʥʦʩʪʠ ʧʘʨʘʤʝʪʘʨʘ ʢʨʠʩʪʘʣʥʝ ʨʝʰʝʪʢʝ HgTe ʠ 

CdxHg1-xTe ʿʝ ʫʢˀʫʯʝʥʦ ʢʦʨʠʰ˂ʝˁʝʤ ɹʠʨ-ʇʠʢʫʩʦʚʝ ʪʝʦʨʠʿʝ (ʚʠʜʝʪʠ ʩʝʢʮʠʿʫ 2.1.5). 

ʇʨʠʩʫʩʪʚʦ ʩʧʦˀʘʰˁʝʛ ʝʣʝʢʪʨʠʯʥʦʛ ʧʦˀʘ, ἐ , ʩʝ ʤʦʜʝʣʫʿʝ ʜʦʜʘʚʘˁʝʤ ʤʘʪʨʠʯʥʠʭ ʝʣʝʤʝʥʘʪʘ 

•ᾀ Ὡἐ ϽἺ ὩὊᾀ Ὡὠᾀ ʛʣʘʚʥʦʿ ʜʠʿʘʛʦʥʘʣʠ ʤʘʪʨʠʮʝ. ɽʬʝʢʪʠʚʥʝ ʠʚʠʮʝ ʟʦʥʘ ʩʫ 

ʤʦʜʠʬʠʢʦʚʘʥʝ ʫ ʧʨʠʩʫʩʪʚʫ ʝʣʝʢʪʨʠʯʥʦʛ ʧʦˀʘ ʰʪʦ ʩʝ ʤʦʞʝ ʚʠʜʝʪʠ ʥʘ ʩʣ. 3.2. ʉʘ ʜʨʫʛʝ ʩʪʨʘʥʝ, 

ʧʨʠʩʫʩʪʚʦ ʥʦʨʤʘʣʥʦʛ ʤʘʛʥʝʪʩʢʦʛ ʧʦˀʘ ʿʝ ʫʨʘʯʫʥʘʪʦ ʢʦʨʠʰ˂ʝˁʝʤ ʇʘʿʝʨʣʩʦʚʝ ʟʘʤʝʥʝ ʠ 

ʤʘʪʨʠʮʝ ʢʦʿʘ ʦʧʠʩʫʿʝ ɿʝʤʘʥʦʚ ʝʬʝʢʘʪ (ʚʠʜʝʪʠ ʩʝʢʮʠʿʫ 2.1.4). 
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 ʉ ʦʙʟʠʨʦʤ ʜʘ ʧʦʩʪʦʿʠ ʤʝʰʘˁʝ ʟʦʥʘ ʫ ʦʢʚʠʨʫ ʨʘʟʚʠʿʝʥʝ ἳϽἸ ʪʝʦʨʠʿʝ, ʧʦʪʨʝʙʥʦ ʿʝ 

ʠʟʚʨʰʠʪʠ ʢʣʘʩʠʬʠʢʘʮʠʿʫ ʜʦʙʠʿʝʥʠʭ ʩʪʘˁʘ. ʊʦ ʿʝ ʫʨʘʹʝʥʦ ʨʘʯʫʥʦʤ ʚʝʨʦʚʘʪʥʦ˂ʝ ʢʦʿʠ ʦʜʛʦʚʘʨʘ 

ʂʨʘʤʝʨʦʚʦʤ ʜʝʛʝʥʝʨʠʩʘʥʦʤ ʧʘʨʫ ʙʘʟʠʩʥʠʭ ʩʪʘˁʘ (Krishtopenko ʠ ʩʘʨ., 2016B; Topaloviĺ ʠ ʩʘʨ. 

2020):  

 

ὴ ὯȟὯ ὧȟ ὯȟὯ

ᶰ

ȟ                                             σȢςȢτ 

 

ʛʜʝ ʿʝ Ὓ ρȟς ʟʘ ʩʪʘˁʘ ʠʟ ʧʨʦʚʦʜʥʝ ʟʦʥʝ, Ὓ σȟφ ʟʘ ʩʪʘˁʘ ʪʝʰʢʠʭ ʰʫʧˀʠʥʘ, Ὓ τȟυ ʟʘ 

ʩʪʘˁʘ ʣʘʢʠʭ ʰʫʧˀʠʥʘ ʠ Ὓ χȟψ ʟʘ ʩʪʘˁʘ ʦʪʮʝʧˀʝʥʘ ʫʩʣʝʜ ʩʧʠʥ-ʦʨʙʠʪʥʝ ʠʥʪʝʨʘʢʮʠʿʝ. ʆʚʜʝ 

ʿʝ ʠʟʨʘʯʫʥʘʪʦ ὴ  ʥʘ ʦʩʥʦʚʫ ʜʦʧʨʠʥʦʩʘ ȿɜȟρςϳἃ ʩʪʘˁʘ, ὴ  ʥʘ ʦʩʥʦʚʫ ʜʦʧʨʠʥʦʩʘ ȿɜȟσςϳἃ 
ʩʪʘˁʘ, ὴ  ʥʘ ʦʩʥʦʚʫ ʜʦʧʨʠʥʦʩʘ ȿɜȟρςϳἃ ʩʪʘˁʘ ʠ ὴ   ʥʘ ʦʩʥʦʚʫ ʜʦʧʨʠʥʦʩʘ ȿɜȟρςϳἃ 
ʩʪʘˁʘ. ʉʪʘˁʘ ʩʫ ʢʣʘʩʠʬʠʢʦʚʘʥʘ ʢʘʦ ʰʫʧˀʠʥʩʢʘ (hh), ʫʢʦʣʠʢʦ ʿʝ ὴ ὴ ὴὧὦ ὴ  ʫ Ὧ᷆
πȢ  ʉʘ ʜʨʫʛʝ ʩʪʨʘʥʝ, ʘʢʦ ʿʝ ὴ ὴ ὴ ὴ  ʩʪʘˁʝ ʧʦʜʟʦʥʝ ʿʝ ʢʣʘʩʠʬʠʢʦʚʘʥʦ ʢʘʦ 

ʝʣʝʢʪʨʦʥʩʢʦ, ʣʘʢʦʰʫʧˀʠʥʩʢʦ ʠʣʠ ʩʪʘˁʝ ʢʦʿʝ ʧʦʪʠʯʝ ʦʜ ʟʦʥʝ ʢʦʿʘ ʿʝ ʦʪʮʝʧˀʝʥʘ ʫʩʣʝʜ ʩʧʠʥ-

ʦʨʙʠʪʥʝ ʠʥʪʝʨʘʢʮʠʿʝ ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʪʦʛʘ ʢʦʿʘ ʦʜ ʢʦʤʧʦʥʝʥʪʠ ὴ , ὴ  ʠ ὴ  ʠʤʘ ʥʘʿʚʝ˂ʫ 

ʚʨʝʜʥʦʩʪ (Krishtopenko ʠ ʩʘʨ., 2016B).   

 

 

3.3 ʈʝʟʫʣʪʘʪʠ ʠ ʜʠʩʢʫʩʠʿʘ 
 

ʅʫʤʝʨʠʯʢʠ ʨʘʯʫʥ ʿʝ ʩʧʨʦʚʝʜʝʥ ʢʦʨʠʰ˂ʝˁʝʤ ʧʘʨʘʤʝʪʘʨʘ ʤʦʜʝʣʘ ʯʠʿʝ ʩʫ ʚʨʝʜʥʦʩʪʠ  

ʧʦʜʝʰʝʥʝ ʪʘʢʦ ʜʘ ʜʦʙʨʦ ʨʝʧʨʦʜʫʢʫʿʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʝ ʨʝʟʫʣʪʘʪʝ ʥʘ ʪʝʤʧʝʨʘʪʫʨʠ Ὕ π +  

(Sengupta ʠ ʩʘʨ., 2013). ʆʚʜʝ ʿʝ ʠʩʪʨʘʞʝʥ ʫʪʠʮʘʿ ʘʩʠʤʝʪʨʠʿʝ ʢʦʥʬʠʥʠʨʘʿʫ˂ʝʛ ʧʦʪʝʥʮʠʿʘʣʘ ʥʘ 

ʝʣʝʢʪʨʦʥʩʢʝ ʦʩʦʙʠʥʝ HgTe/CdxHg1-xTe ʜʚʦʩʪʨʫʢʝ ʢʚʘʥʪʥʝ ʿʘʤʝ (DQW). ʈʝʟʫʣʪʘʪʠ ʠʟ ʦʚʦʛ 

ʦʜʝˀʢʘ ˂ʝ ʙʠʪʠ ʫʧʦʨʝʹʝʥʠ ʩʘ ʝʣʝʢʪʨʦʥʩʢʦʤ ʩʪʨʫʢʪʫʨʦʤ ʩʠʤʝʪʨʠʯʥʝ HgTe/CdxHg1-xTe 

ʜʚʦʩʪʨʫʢʝ ʢʚʘʥʪʥʝ ʿʘʤʝ ʢʦʿʘ ʿʝ ʤʦʜʝʣʦʚʘʥʘ ʫ ʨʝʬʝʨʝʥʮʘʤʘ (Michetti ʠ ʩʘʨ., 2012; Krishtopenko 

ʠ ʩʘʨ., 2016B). ɺʨʝʜʥʦʩʪʠ  ʰʠʨʠʥʝ ʩʧʦˀʘʰˁʠʭ CdxHg1-xTe ʙʘʨʠʿʝʨʘ Ὠ, h ʠʨʠʥʝ HgTe ʿʘʤʘ ύ  

ʠ ύ, ʠ ʨʘʩʪʦʿʘˁʘ ὰ ʠʟʤʝʹʫ ˁʠʭ ʩʫ ʧʨʠʢʘʟʘʥʝ ʫ ʪʘʙʝʣʠ 3.1. ʄʦʣʘʨʥʠ ʫʜʝʦ Cd ʫ CdxHg1-xTe 

ʙʘʨʠʿʝʨʘʤʘ ʿʝ ʠʩʪʠ ʟʘ ʩʣʫʯʘʿ SDQW ʠ ADQW ʩʪʨʫʢʪʫʨʘ ʠ ʠʟʥʦʩʠ ὼ πȟχ. ɿʙʦʛ 
ʿʝʜʥʦʩʪʘʚʥʦʩʪʠ ʥʫʤʝʨʠʯʢʦʛ ʨʘʯʫʥʘ ʝʬʝʢʪʠ ʢʦʿʠ ʩʫ ʧʦʩʣʝʜʠʮʘ ʪʨʘʥʩʬʝʨʘ ʥʘʝʣʝʢʪʨʠʩʘˁʘ 

ʠʟʤʝʹʫ ʩʣʦʿʝʚʘ ʥʠʩʫ ʫʟʝʪʠ ʫ ʨʘʟʤʘʪʨʘˁʝ (Xu ʠ ʩʘʨ., 2010). 

 

ʊʘʙʝʣʘ 3.1. ʇʨʝʛʣʝʜ ʛʝʦʤʝʪʨʠʿʩʢʠʭ ʧʘʨʘʤʝʪʘʨʘ (Ὠ, ύ , ύ), ʨʘʩʪʦʿʘˁʘ (ὰ) ʠ ʪʠʧʘ ʧʨʦʫʯʝʥʠʭ 
DQW. ʐʠʨʠʥʝ HgTe ʩʣʦʿʝʚʘ ʩʫ ʦʟʥʘʯʝʥʝ ʩʘ ύ  ʠ ύ , Ὠ ʿʝ ʰʠʨʠʥʘ CdxHg1-xTe ʙʘʨʠʿʝʨʘ, ʜʦʢ ὰ 
ʧʨʝʜʩʪʘʚˀʘ ʨʘʩʪʦʿʘˁʝ ʠʟʤʝʹʫ HgTe ʩʣʦʿʝʚʘ. ύ  ʠʤʘ ʨʘʟʣʠʯʠʪʝ ʚʨʝʜʥʦʩʪʠ, ʜʦʢ ʩʫ Ὠ, ύ  ʠ ὰ 
ʠʩʪʠ ʟʘ ʩʚʝ ʩʪʨʫʢʪʫʨʝ. 

 

 

 

 

 

ɱʘʤʝ ʫ SDQW ʩʪʨʫʢʪʫʨʠ ʩʫ ʰʠʨʠʥʝ φ ÎÍ. ʋ ʮʠˀʫ ʧʦʚʝ˂ʘˁʘ ʝʬʝʢʪʘ ʪʫʥʝʣʦʚʘˁʘ 
ʠʟʤʝʹʫ ʢʚʘʥʪʥʠʭ ʿʘʤʘ, ʦʥʝ ʩʫ ʦʜʚʦʿʝʥʝ ʪʘʥʢʦʤ CdxHg1-xTe ʙʘʨʠʿʝʨʦʤ ʰʠʨʠʥʝ ὰ ςȟυ ÎÍ. ɿʘ 
ʠʟʘʙʨʘʥʝ ʚʨʝʜʥʦʩʪʠ ʛʝʦʤʝʪʨʠʿʩʢʠʭ ʧʘʨʘʤʝʪʘʨʘ ʫ SDQW ʩʪʨʫʢʪʫʨʠ ʜʦʣʘʟʠ ʜʦ ʧʦʿʘʚʝ ʤʝʪʘʣʥʝ 

ʬʘʟʝ ʢʦʿʘ ʿʝ ʚʝʦʤʘ ʩʣʠʯʥʘ ʜʚʦʩʣʦʿʥʦʤ ʛʨʘʬʝʥʫ (Krishtopenko ʠ ʩʘʨ., 2016B). ɻʣʘʚʥʦ ʩʚʦʿʩʪʚʦ 

ʜʚʦʩʣʦʿʥʦʛ ʛʨʘʬʝʥʘ ʿʝ ʦʜʩʫʩʪʚʦ ʝʥʝʨʛʝʪʩʢʦʛ ʧʨʦʮʝʧʘ ʢʦʿʠ ʩʝ ʤʦʞʝ ʦʪʚʦʨʠʪʠ ʠ ʝʬʠʢʘʩʥʦ 

ʢʦʥʪʨʦʣʠʩʘʪʠ ʧʦʤʦ˂ʫ ʥʘʧʦʥʘ ʥʘ ʛʝʿʪʫ (Min ʠ ʩʘʨ., 2007). ʋ HgTe/CdxHg1-xTe SDQW 

ʩʪʨʫʢʪʫʨʠ, ʟʘ ʦʜʘʙʨʘʥʝ ʰʠʨʠʥʝ ʿʘʤʘ ʠ ʨʘʩʪʦʿʘˁʘ ʠʟʤʝʹʫ ˁʠʭ, ʜʦʣʘʟʠ ʜʦ ʩʧʝʮʠʬʠʯʥʦʛ ʟʦʥʩʢʦʛ 

ʨʘʩʧʦʨʝʜʘ. ɿʦʥʝ ʩʫ ʢʣʘʩʠʬʠʢʦʚʘʥʝ ʥʘ ʦʩʥʦʚʫ ʦʩʦʙʠʥʘ ʪʘʣʘʩʥʝ ʬʫʥʢʮʠʿʝ (ʚʠʜʝʪʠ ʿʝʜʥʘʯʠʥʫ 

 ʊʠʧ Ὠ (nm) ύ (nm) ύ (nm) ὰ (nm) 
SDQW ʉʠʤʝʪʨʠʯʥʘ 30 6 6 2,5 

ADQW ɸʩʠʤʝʪʨʠʯʥʘ 30 6 7,8 2,5 
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(3.2.4)) ʫ ʪʘʯʢʠ Ὧȿȿ π (Xu ʠ ʩʘʨ., 2010). ʋʦʯʝʥʝ ʩʫ ʯʝʪʠʨʠ ʟʦʥʝ ʦʜ ʠʥʪʝʨʝʩʘ: ʜʚʝ ʟʦʥʝ 

ʦʟʥʘʯʝʥʝ ʩʘ E1 ʠ E2 ʩʫ ʜʦʤʠʥʘʥʪʥʦ ʝʣʝʢʪʨʦʥʩʢʝ ʟʦʥʝ, ʜʦʢ ʩʫ ʟʦʥʝ ʦʟʥʘʯʝʥʝ ʩʘ H1 ʠ H2 

ʰʫʧˀʠʥʩʢʝ ʟʦʥʝ. ɳʠʭʦʚʝ ʜʠʩʧʝʨʟʠʦʥʝ ʨʝʣʘʮʠʿʝ ʫ ʦʜʩʫʩʪʚʫ ʥʘʧʨʝʟʘˁʘ (ʧʫʥʝ ʣʠʥʠʿʝ) ʠ ʢʘʜʘ ʿʝ 

ʫ ʤʦʜʝʣ ʫʢˀʫʯʝʥ ʫʪʠʮʘʿ ʥʘʧʨʝʟʘˁʘ (ʠʩʧʨʝʢʠʜʘʥʝ ʣʠʥʠʿʝ) ʩʫ ʧʨʠʢʘʟʘʥʝ ʥʘ ʩʣ. 3.3. 

ɼʠʩʧʝʨʟʠʦʥʝ ʨʝʣʘʮʠʿʝ ʩʫ ʠʟʨʘʯʫʥʘʪʝ ʟʘ ʜʚʘ ʥʝʝʢʚʠʚʘʣʝʥʪʥʘ ʧʨʘʚʮʘ ʫ ʨʝʮʠʧʨʦʯʥʦʤ ʧʨʦʩʪʦʨʫ, 

[100] (ʜʝʦ ʛʨʘʬʠʢʘ ʢʦʿʠ ʿʝ ʦʩʝʥʯʝʥ) ʠ [110] (ʜʝʦ ʛʨʘʬʠʢʘ ʢʦʿʠ ʥʠʿʝ ʦʩʝʥʯʝʥ). ʉʧʠʥʩʢʠ ʪʠʧ ʟʦʥʝ 

ʿʝ ʦʜʨʝʹʝʥ ʥʘ ʦʩʥʦʚʫ ʦʩʦʙʠʥʘ ʪʘʣʘʩʥʝ ʬʫʥʢʮʠʿʝ ʫ Ὧȿȿ π (Bernevig ʠ ʩʘʨ., 2006). ʉʘ ʩʣ. 3.3 ʩʝ 

ʿʘʩʥʦ ʤʦʞʝ ʚʠʜʝʪʠ ʜʘ ʩʫ ʥʘ ʧʨʠʢʘʟʘʥʠʤ ʜʠʩʧʝʨʟʠʿʘʤʘ ʩʘ ʠ ʙʝʟ ʫʢˀʫʯʝʥʦʛ ʥʘʧʨʝʟʘˁʘ ʨʘʟʣʠʢʝ ʫ 

ʝʥʝʨʛʠʿʘʤʘ ʨʝʜʘ 1 meV. ʊʦ ʿʝ ʠ ʦʯʝʢʠʚʘʥʦ, ʘʢʦ ʩʝ ʫʟʤʝ ʫ ʦʙʟʠʨ ʤʘʣʘ ʥʝʫʩʘʛʣʘʰʝʥʦʩʪ 

ʧʘʨʘʤʝʪʘʨʘ ʢʨʠʩʪʘʣʥʝ ʨʝʰʝʪʢʝ HgTe ʿʝʜʠˁʝˁʘ ʠ CdxHg1-xTe ʣʝʛʫʨʝ ʥʘ ʪʝʤʧʝʨʘʪʫʨʠ Ὕ π + 

(Capper ʠ Garland, 2011).  

 

 
 

ʉʣʠʢʘ 3.3. ɼʠʩʧʝʨʟʠʦʥʝ ʨʝʣʘʮʠʿʝ ʫ SDQW ʩʪʨʫʢʪʫʨʠ ʟʘ ʚʨʝʜʥʦʩʪʠ ύ ύ φ ÎÍ ʠ ὰ
ςȟυ ÎÍ ʫ ʦʜʩʫʩʪʚʫ ʥʘʧʨʝʟʘˁʘ (ʧʫʥʝ ʣʠʥʠʿʝ) ʠ ʢʘʜʘ ʿʝ ʫ ʤʦʜʝʣ ʫʢˀʫʯʝʥ ʫʪʠʮʘʿ ʥʘʧʨʝʟʘˁʘ 

(ʠʩʧʨʝʢʠʜʘʥʝ ʣʠʥʠʿʝ). ʃʝʚʠ ʧʘʥʝʣ ʩʣʠʢʝ ʩʝ ʦʜʥʦʩʠ ʥʘ ʩʣʫʯʘʿ ʢʘʜʘ ʿʝ Ὧȿȿ Ὧ ([100] ʧʨʘʚʘʮ), 

ʜʦʢ ʿʝ ʜʝʩʥʠ ʧʘʥʝʣ ʬʦʨʤʠʨʘʥ ʟʘ Ὧ Ὧ ʛʜʝ ʿʝ Ὧȿȿ ЍςὯ ([110] ʧʨʘʚʘʮ). ʋʩʣʝʜ ʩʠʤʝʪʨʠʿʝ 

ʢʦʥʬʠʥʠʨʘʿʫ˂ʝʛ ʧʦʪʝʥʮʠʿʘʣʘ, ʩʪʘˁʘ ʩʫ ʩʧʠʥʩʢʠ ʜʝʛʝʥʝʨʠʩʘʥʘ.  

 

ʋʢʫʧʥʠ ʫʛʘʦʥʠ ʤʦʤʝʥʪ H1 ʠ H2 ʩʪʘˁʘ ʠʟʥʦʩʠ Ὦ σςϳ  ʠ ʫ ʦʜʩʫʩʪʚʫ ʩʧʦˀʘʰˁʝʛ 

ʝʣʝʢʪʨʠʯʥʦʛ ʧʦˀʘ ʦʚʘ ʩʪʘˁʘ ʩʫ ʜʝʛʝʥʝʨʠʩʘʥʘ ʫ ʪʘʯʢʠ Ὧȿȿ π (ʚʠʜʝʪʠ ʩʣ. 3.3). ʇʨʠʤʝ˂ʝʥʦ ʿʝ ʜʘ  

ʩʫ ʜʠʩʧʝʨʟʠʦʥʝ ʨʝʣʘʮʠʿʝ ʩʚʠʭ ʟʦʥʘ ʛʦʪʦʚʦ ʠʟʦʪʨʦʧʥʝ ʫ ὯȟὯ  ʨʘʚʥʠ ʠ ʜʘ ʩʝ ʤʦʛʫ 

ʘʧʨʦʢʩʠʤʠʨʘʪʠ ʧʘʨʘʙʦʣʘʤʘ ʫ ʦʢʦʣʠʥʠ ʮʝʥʪʨʘ ɹʨʠʣʫʝʥʦʚʝ ʟʦʥʝ. ʇʨʚʦ ʝʢʩʮʠʪʦʚʘʥʦ 

ʝʣʝʢʪʨʦʥʩʢʦ ʩʪʘˁʝ E2 ʩʝ ʥʘʣʘʟʠ ʠʟʥʘʜ H1 ʩʪʘˁʘ, ʘʣʠ ʿʝ ʝʣʝʢʪʨʦʥʩʢʦ ʩʪʘˁʝ ʥʘʿʥʠʞʝ ʝʥʝʨʛʠʿʝ ɽ1 

ʟʥʘʪʥʦ ʠʩʧʦʜ H1 ʩʪʘˁʘ, ʰʪʦ ʿʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʩʪʨʫʢʪʫʨʘ ʩʘ ʨʘʟʣʦʤˀʝʥʠʤ ʝʥʝʨʛʝʪʩʢʠʤ 

ʧʨʦʮʝʧʦʤ. ʊʘʢʦʹʝ, ʤʦʞʝ ʩʝ ʧʨʠʤʝʪʠʪʠ ʧʦʩʪʦʿʘˁʝ ʠʥʚʝʨʟʠʿʝ ʠ ʠʟʤʝʹʫ ɽ1 ʠ H2 ʰʪʦ ʧʨʝʜʩʪʘʚˀʘ 

ʤʦʛʫ˂ʫ ʠʥʜʠʢʘʮʠʿʫ ʜʘ ʿʝ ʜʦʰʣʦ ʜʦ ʪʦʧʦʣʦʰʢʝ ʧʨʦʤʝʥʝ ʢʚʘʥʪʥʝ ʬʘʟʝ (Krishtopenko ʠ ʩʘʨ., 

2016B). ʉ ʦʙʟʠʨʦʤ ʜʘ ʿʝ ʢʦʥʬʠʥʠʨʘʿʫ˂ʠ ʧʦʪʝʥʮʠʿʘʣ SDQW ʩʠʤʝʪʨʠʯʘʥ ʫ ʦʜʩʫʩʪʚʫ 

ʩʧʦˀʘʰˁʝʛ ʧʦˀʘ,  ʩʪʘˁʘ ʩʫ ʜʝʛʝʥʝʨʠʩʘʥʘ ʫ ʯʠʪʘʚʦʿ ɹʨʠʣʫʝʥʦʚʦʿ ʟʦʥʠ. 

ʅʘ ʩʣ. 3.4 (ʘ) ʠ (ʙ) ʩʫ ʧʨʠʢʘʟʘʥʝ ʜʠʩʧʝʨʟʠʦʥʝ ʨʝʣʘʮʠʿʝ SDQW ʩʪʨʫʢʪʫʨʝ ʟʘ ʩʣʫʯʘʿ ʢʘʜʘ 

ʿʝ ʧʨʠʩʫʪʥʦ ʥʦʨʤʘʣʥʦ ʤʘʛʥʝʪʩʢʦ ʧʦˀʝ ὄ υ 4 ʠ ὄ τπ 4, ʨʝʩʧʝʢʪʠʚʥʦ. ʋʩʣʝʜ ʧʨʠʩʫʩʪʚʘ 

ʥʦʨʤʘʣʥʦʛ ʤʘʛʥʝʪʩʢʦʛ ʧʦʘˀ, ʜʦʣʘʟʠ ʜʦ ʥʘʨʫʰʘʚʘˁʘ ʩʠʤʝʪʨʠʿʝ ʟʘʩʥʦʚʘʥʝ ʥʘ ʠʥʚʝʨʟʠʿʠ 

ʚʨʝʤʝʥʘ. ʈʘʟʣʠʢʘ ʝʥʝʨʛʠʿʘ ʩʪʘˁʘ ʩʧʠʥʘ ʛʦʨʝ ʠ ʩʧʠʥʘ ʜʦʣʝ ʿʝ ʜʠʨʝʢʪʥʦ ʧʨʦʧʦʨʮʠʦʥʘʣʥʘ ʩʘ ὄ. 
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ʉʘ ʩʣ. 3.4 ʩʝ ʫʦʯʘʚʘ ʧʦʤʝʨʘʿ ˁʠʭʦʚʠʭ ʝʥʝʨʛʠʿʘ ʫʩʣʝʜ ɿʝʤʘʥʦʚʦʛ ʝʬʝʢʪʘ ʢʦʿʠ ʧʦʩʪʘʿʝ 

ʠʟʨʘʞʝʥʠʿʠ ʩʘ ʧʦʚʝ˂ʘˁʝʤ ʚʨʝʜʥʦʩʪʠ ὄ. ʊʦ ʩʝ ʤʦʞʝ ʦʙʿʘʩʥʠʪʠ ʯʠˁʝʥʠʮʦʤ ʜʘ ʿʝ ʤʘʪʨʠʮʘ Ὄ  

ʜʠʨʝʢʪʥʦ ʩʨʘʟʤʝʨʥʘ ʩʘ ὄ (ʚʠʜʝʪʠ ʿʝʜʥʘʯʠʥʫ 2.1.52). ʅʘ ʩʣ. 3.4 ʿʝ ʠʟʚʨʰʝʥʘ ʩʧʠʥʩʢʘ 

ʢʣʘʩʠʬʠʢʘʮʠʿʘ ʩʪʘˁʘ ʫ ʩʚʘʢʦʿ Ὧȿȿ ʪʘʯʢʠ, ʧʦʩʝʙʥʦ. ʋʜʝʦ ʩʧʠʥ ʛʦʨʝ ʠ ʩʧʠʥ ʜʦʣʝ ʩʪʘˁʘ ʫ ʫʢʫʧʥʦʿ 

ʪʘʣʘʩʥʦʿ ʬʫʥʢʮʠʿʠ ʿʝ ʧʨʝʜʩʪʘʚˀʝʥ ʥʘ ʩʣʠʮʠ ʨʘʟʣʠʯʠʪʠʤ ʥʠʿʘʥʩʘʤʘ ʮʨʥʝ ʠ ʥʘʨʘʥ˅ʘʩʪʝ ʙʦʿʝ, 

ʨʝʩʧʝʢʪʠʚʥʦ. ʋʦʯʝʥʦ ʿʝ ʠʥʪʝʨʝʩʘʥʪʥʦ ʧʦʥʘʰʘˁʝ ʩʪʘˁʘ ʯʠʿʠ ʫʢʫʧʥʠ ʫʛʘʦʥʠ ʤʦʤʝʥʪ ʠʟʥʦʩʠ 

Ὦ σςϳ  ʫ ʧʨʠʩʫʩʪʚʫ ʥʦʨʤʘʣʥʦʛ ʤʘʛʥʝʪʩʢʦʛ ʧʦˀʘ. ʉʘ ʩʣʠʢʝ ʩʝ ʚʠʜʠ ʜʘ ʩʘ ʧʨʦʤʝʥʦʤ 

ʚʨʝʜʥʦʩʪʠ ʪʘʣʘʩʥʦʛ ʚʝʢʪʦʨʘ ʜʦʣʘʟʠ ʜʦ ʘʥʪʠʫʢʨʰʪʘˁʘ ʝʥʝʨʛʠʿʝ ʩʪʘˁʘ ʩʫʧʨʦʪʥʠʭ ʩʧʠʥʦʚʘ. 

ʇʨʠʣʠʢʦʤ ʘʥʪʠʫʢʨʰʪʘˁʘ ʜʦʣʘʟʠ ʜʦ ʠʟʤʝʥʝ ʜʦʤʠʥʘʥʪʥʝ ʩʧʠʥʩʢʝ ʢʦʤʧʦʥʝʥʪʝ ʧʨʠ 

ʘʥʪʠʫʢʨʰʪʘˁʫ ʩʪʘˁʘ, ʰʪʦ ʩʝ ʤʦʞʝ ʚʠʜʝʪʠ ʥʘ ʫʤʝʮʠʤʘ ʩʣ. 3.4 (ʘ) ʠ ʩʣ. 3.4 (ʙ).  

 

 
 

ʉʣʠʢʘ 3.4. ɼʠʩʧʝʨʟʠʦʥʝ ʨʝʣʘʮʠʿʝ ʫ SDQW ʩʪʨʫʢʪʫʨʠ ʟʘ ʚʨʝʜʥʦʩʪʠ ύ ύ φ ÎÍ ʠ ὰ
ςȟυ ÎÍ (ʘ) ʢʘʜʘ ʿʝ  ὄ υ 4 ʠ (ʙ) ʢʘʜʘ ʿʝ ὄ τπ 4. ʋʩʣʝʜ ʜʝʿʩʪʚʘ ʥʦʨʤʘʣʥʦʛ ʤʘʛʥʝʪʩʢʦʛ ʧʦˀʘ 
ʜʦʣʘʟʠ ʜʦ ʥʘʨʫʰʘʚʘˁʘ ʩʧʠʥʩʢʝ ʜʝʛʝʥʝʨʘʮʠʿʝ. ʉʪʘˁʘ ʩʫ ʝʥʝʨʛʝʪʩʢʠ ʧʦʤʝʨʝʥʘ ʟʙʦʛ ɿʝʤʘʥʦʚʦʛ 

ʝʬʝʢʪʘ. ʃʝʚʠ ʧʘʥʝʣ ʩʣʠʢʘ (ʘ)-(ʙ) ʩʝ ʦʜʥʦʩʠ ʥʘ ʩʣʫʯʘʿ ʢʘʜʘ ʿʝ Ὧȿȿ Ὧ ([100] ʧʨʘʚʘʮ), ʜʦʢ ʿʝ 

ʜʝʩʥʠ ʧʘʥʝʣ ʬʦʨʤʠʨʘʥ ʟʘ Ὧ Ὧ ʛʜʝ ʿʝ Ὧȿȿ ЍςὯ ([110] ʧʨʘʚʘʮ). ʉʧʠʥ ʛʦʨʝ (ʩʧʠʥ ʜʦʣʝ) 

ʩʪʘˁʘ ʩʫ ʧʨʝʜʩʪʘʚˀʝʥʘ ʮʨʥʦʤ (ʥʘʨʘʥ˅ʘʩʪʦʤ) ʣʠʥʠʿʦʤ. ʋʤʝʮʠ ʥʘ ʩʣʠʢʘʤʘ ʧʨʠʢʘʟʫʿʫ ʝʥʝʨʛʠʿʝ 

ʦʢʦ ʌʝʨʤʠʿʝʚʦʛ ʥʠʚʦʘ ʠʟʤʝʹʫ ʢʦʿʠʭ ʜʦʣʘʟʠ ʜʦ ʘʥʪʠʫʢʨʰʪʘˁʘ ʠ ʠʟʤʝʥʝ ʜʦʤʠʥʘʥʪʥʝ ʩʧʠʥʩʢʝ 

ʢʦʤʧʦʥʝʥʪʝ. 

 

ʅʘ ʩʣ. 3.5 (ʘ) ʩʫ ʧʨʠʢʘʟʘʥʝ ʜʠʩʧʝʨʟʠʦʥʝ ʨʝʣʘʮʠʿʝ ʫ ʩʣʫʯʘʿʫ ʢʘʜʘ ʧʦʩʪʦʿʠ ʩʧʦˀʘʰˁʝ 

ʝʣʝʢʪʨʠʯʥʦ ʧʦˀʝ. ʉʣʠʯʥʦ ʢʘʦ ʠ ʢʦʜ ʜʚʦʩʣʦʿʥʦʛ ʛʨʘʬʝʥʘ (Min ʠ ʩʘʨ., 2007), ʝʥʝʨʛʝʪʩʢʠ ʧʨʦʮʝʧ 

ʠʟʤʝʹʫ H1 ʠ H2 ʟʦʥʘ ʩʝ ʤʦʞʝ ʝʬʠʢʘʩʥʦ ʧʦʜʝʰʘʚʘʪʠ ʧʦʤʦ˂ʫ ʩʧʦˀʘʰˁʝʛ ʝʣʝʢʪʨʠʯʥʦʛ ʧʦˀʘ. 

ʇʨʠʤʝʥʘ ʝʣʝʢʪʨʠʯʥʦʛ ʧʦˀʘ ʜʦʚʦʜʠ ʜʦ ʥʘʨʫʰʘʚʘˁʘ ʩʧʠʥʩʢʝ ʜʝʛʝʥʝʨʘʮʠʿʝ ʫ ʪʘʯʢʘʤʘ Ὧȿȿ π, 

ʰʪʦ ʿʝ ʧʦʩʣʝʜʠʮʘ ʈʘʰʙʠʥʦʛ (ʝʥʛʣ. Rashba) ʝʬʝʢʪʘ. ʊʘʢʦʹʝ, ʜʦʣʘʟʠ ʜʦ ʦʪʚʘʨʘˁʘ ʤʘʣʦʛ 

ʠʥʜʠʨʝʢʪʥʦʛ ʝʥʝʨʛʝʪʩʢʦʛ ʧʨʦʮʝʧʘ Ў ʠʟʤʝʹʫ H1 ʠ H2 ʟʦʥʘ ʫ ʙʣʠʟʠʥʠ ʪʘʯʢʝ Ὧȿȿ π. ʄʦʞʝ ʩʝ 

ʧʨʠʤʝʪʠʪʠ ʜʘ ʜʠʩʧʝʨʟʠʦʥʝ ʨʝʣʘʮʠʿʝ H1 ʠ H2 ʟʦʥʘ ʠʤʘʿʫ ʢʘʨʘʢʪʝʨʠʩʪʠʯʘʥ ʦʙʣʠʢ Ăʤʝʢʩʠʯʢʦʛ 



51 
 

ʰʝʰʠʨʘñ (He ʠ ʩʘʨ., 2014) (ʚʠʜʝʪʠ ʩʣ. 3.5 (ʘ)), ʰʪʦ ʿʝ ʚʝʦʤʘ ʩʣʠʯʥʦ ʝʬʝʢʪʫ ʢʦʿʠ ʩʝ ʿʘʚˀʘ ʫ 

ʜʚʦʩʣʦʿʥʦʤ ʛʨʘʬʝʥʫ ʢʘʜʘ ʩʝ ʠʟʣʦʞʠ ʜʝʿʩʪʚʫ ʥʦʨʤʘʣʥʦʛ ʝʣʝʢʪʨʠʯʥʦʛ ʧʦˀʘ (Min ʠ ʩʘʨ., 2007).  

ʆʚʘʢʘʚ ʦʙʣʠʢ ʜʠʩʧʝʨʟʠʦʥʠʭ ʨʝʣʘʮʠʿʘ ʿʝ ʧʦʩʣʝʜʠʮʘ ʤʝʰʘˁʘ ʩʪʘˁʘ H1 ʠ H2 ʟʦʥʘ ʧʨʠ ʢʦʥʘʯʥʦʿ 

ʚʨʝʜʥʦʩʪʠ Ὧȿȿ. ʆʚʦ ʤʝʰʘˁʝ ʫʟʨʦʢʫʿʝ ʘʥʪʠʫʢʨʰʪʘˁʝ ˁʠʭʦʚʠʭ ʜʠʩʧʝʨʟʠʦʥʠʭ ʨʝʣʘʮʠʿʘ ʰʪʦ 

ʜʦʚʦʜʠ ʜʦ ʧʦʿʘʚʝ ʧʨʦʮʝʧʘ ʫ ʦʢʦʣʠʥʠ ʪʘʯʢʝ Ὧȿȿ π. ʉʘ ʧʦʚʝ˂ʘʚʘˁʝʤ ʿʘʯʠʥʝ ʝʣʝʢʪʨʠʯʥʦʛ ʧʦˀʘ, 

ʚʝʨʦʚʘʪʥʦ˂ʘ ʪʫʥʝʣʦʚʘˁʘ ʠʟ ʿʝʜʥʝ ʿʘʤʝ ʫ ʜʨʫʛʫ ʿʘʤʫ ʩʝ ʧʦʚʝ˂ʘʚʘ. ʉʭʦʜʥʦ ʪʦʤʝ, ʘʥʪʠʫʢʨʰʪʘˁʝ 

ʩʝ ʧʦʤʝʨʘ ʢʘ ʚʠʰʠʤ ʚʨʝʜʥʦʩʪʠʤʘ Ὧȿȿ. ʊʘʢʦʹʝ, ʫʩʣʝʜ ʩʧʠʥ-ʦʨʙʠʪʥʝ ʠʥʪʝʨʘʢʮʠʿʝ ʜʦʣʘʟʠ ʜʦ 

ʥʘʨʫʰʘʚʘˁʘ ʩʧʠʥʩʢʝ ʜʝʛʝʥʝʨʘʮʠʿʝ, ʧʘ ʚʝʣʠʯʠʥʘ ʠ ʧʦʟʠʮʠʿʘ ʝʥʝʨʛʝʪʩʢʦʛ ʧʨʦʮʝʧʘ ʧʦʩʪʘʿʝ 

ʩʧʠʥʩʢʠ ʟʘʚʠʩʥʘ.  

 

 
 

ʉʣʠʢʘ 3.5. ɼʠʩʧʝʨʟʠʦʥʝ ʨʝʣʘʮʠʿʝ ʫ SDQW ʩʪʨʫʢʪʫʨʠ ʢʦʿʘ ʿʝ ʩʣʠʯʥʘ ʜʚʦʩʣʦʿʥʦʤ ʛʨʘʬʝʥʫ ʟʘ 

ʚʨʝʜʥʦʩʪʠ ύ ύ φ ÎÍ ʠ ὰ ςȟυ ÎÍ (ʘ) ʢʘʜʘ ʿʝ Ὂ ρυ Ë6ÃÍϳ  ʪhʦ ʜʦʚʦʜʠ ʜʦ ʦʪʚʘʨʘˁʘ 

ʝʥʝʨʛʝʪʩʢʦʛ ʧʨʦʮʝʧʘ Ў ʠʟʤʝʹʫ H1 ʠ H2 ʟʦʥʘ ʠ ʧʦʿʘʚʝ ʩʧʠʥʩʢʦʛ ʮʝʧʘˁʘ ʫʩʣʝʜ ʈʘʰʙʠʥʦʚʦʛ 

ʝʬʝʢʪʘ. (ʙ) ɼʠʩʧʝʨʟʠʦʥʝ ʨʝʣʘʮʠʿe ADQW ʩʪʨʫʢʪʫʨʝ ʢʘʜʘ ʿʝ ύ φ ÎÍ, ύ χȟψ ÎÍ ʠ ὰ
ςȟυ ÎÍ ʫ ʦʜʩʫʩʪʚʫ ʝʣʝʢʪʨʠʯʥʦʛ ʧʦˀʘ. ʋʩʣʝʜ ʩʪʨʫʢʪʫʨʘʣʥʝ ʘʩʠʤʝʪʨʠʿʝ ʝʥʝʨʛʝʪʩʢʠ ʧʨʦʮʝʧ Ў 

ʠʟʤʝʹʫ H1 ʠ H2 ʟʦʥʘ ʠʥʭʝʨʝʥʪʥʦ ʧʦʩʪʦʿʠ, ʘ ʩʧʠʥʩʢʘ ʜʝʛʝʥʝʨʘʮʠʿʘ ʠʟʤʝʹʫ ʝʥʝʨʛʝʪʩʢʠʭ ʥʠʚʦʘ ʿʝ 

ʥʘʨʫʰʝʥʘ. ʍʠʙʨʠʜʠʟʘʮʠʦʥʠ ʧʨʦʮʝʧ ʿʝ ʦʟʥʘʯʝʥ ʩʘ Ў. ʃʝʚʠ ʧʘʥʝʣ ʩʣʠʢʘ (ʘ)-(ʙ) ʩʝ ʦʜʥʦʩʠ ʥʘ 

ʩʣʫʯʘʿ ʢʘʜʘ ʿʝ Ὧȿȿ Ὧ ([100] ʧʨʘʚʘʮ), ʜʦʢ ʿʝ ʜʝʩʥʠ ʧʘʥʝʣ ʬʦʨʤʠʨʘʥ ʟʘ Ὧ Ὧ ʛʜʝ ʿʝ Ὧȿȿ

ЍςὯ ([110] ʧʨʘʚʘʮ). ʇʫʥʝ/ʠʩʧʨʝʢʠʜʘʥʝ ʣʠʥʠʿʝ ʦʟʥʘʯʘʚʘʿʫ ʩʪʘˁʘ ʢʦʿʘ ʩʫ ʜʦʤʠʥʘʥʪʥʦ ʩʧʠʥ 

ʛʦʨʝ/ʜʦʣʝ. 

  

ʇʨʦʥʘʹʝʥʦ ʿʝ ʜʘ Ў ʠʤʘ ʨʝʣʘʪʠʚʥʦ ʤʘʣʝ ʚʨʝʜʥʦʩʪʠ (ʨʝʜʘ ʥʝʢʦʣʠʢʦ meV) ʢʘʜʘ ʩʝ 

ʧʨʠʤʝʥʠ ʨʝʣʘʪʠʚʥʦ ʿʘʢʦ ʝʣʝʢʪʨʠʯʥʦ ʧʦˀʝ. ʅʘ ʧʨʠʤʝʨ, ʟʘ Ὂ ρυ Ë6ÃÍϳ , ʝʥʝʨʛʝʪʩʢʠ ʧʨʦʮʝʧ 

ʠʟʥʦʩʠ Ў ρςȟψ ÍÅ6. Ў ʥʝ ʧʨʝʜʩʪʘʚˀʘ ʤʦʥʦʪʦʥʫ ʬʫʥʢʮʠʿʫ ʝʣʝʢʪʨʠʯʥʦʛ ʧʦˀʘ ʰʪʦ ʿʝ 

ʧʦʩʣʝʜʠʮʘ ʧʦʩʪʦʿʘˁʘ ʣʦʢʘʣʥʠʭ ʝʢʩʪʨʝʤʫʤʘ H1 ʠ H2 ʟʦʥʘ ʫ ʪʘʯʢʘʤʘ Ὧȿȿ π (Krishtopenko ʠ 

ʩʘʨ., 2016B). ɽʣʝʢʪʨʠʯʥʦ ʧʦˀʝ ʧʦʪʨʝʙʥʦ ʟʘ ʧʦʿʘʚʫ ʚʝ˂ʝʛ ʝʥʝʨʛʝʪʩʢʦʛ ʧʨʦʮʝʧʘ ʤʦʞʝ ʜʘ ʜʦʚʝʜʝ 

ʜʦ ʝʣʝʢʪʨʠʯʥʦʛ ʧʨʦʙʦʿʘ. ɼʦʜʘʪʥʦ, ʩʘ ʧʦʚʝ˂ʘʚʘˁʝʤ ʝʣʝʢʪʨʠʯʥʦʛ ʧʦˀʘ ʜʦʣʘʟʠ ʜʦ ʧʦʿʘʚʝ ʥʦʚʦʛ 
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ʝʬʝʢʪʘ ʢʦʿʠ ʩʝ ʦʜʥʦʩʠ ʥʘ ʧʦʤʝʨʘˁʝ ʝʢʩʪʨʝʤʫʤʘ ʟʦʥʘ ʠ ʝʥʝʨʛʝʪʩʢʦʛ ʧʨʦʮʝʧʘ ʢʘ ʚʝ˂ʠʤ 

ʚʨʝʜʥʦʩʪʠʤʘ Ὧȿȿ.  

ʋʤʝʩʪʦ ʝʣʝʢʪʨʠʯʥʦʛ ʧʦˀʘ, ʩʘʜʘ ˂ʝ ʙʠʪʠ ʧʦʢʘʟʘʥʦ ʜʘ ʠ ʘʩʠʤʝʪʨʠʿʘ ʧʦʪʝʥʮʠʿʘʣʘ ʠʚʠʮʘ 

ʟʦʥʘ ʜʦʚʦʜʠ ʜʦ ʦʪʚʘʨʘˁʘ ʧʨʦʮʝʧʘ. ɼʦʢ ʩʝ ʧʨʦʮʝʧ ʠʟʤʝʹʫ H1 ʠ H2 ʟʦʥʘ ʫ SDQW ʦʪʚʘʨʘ ʧʦʤʦ˂ʫ 

ʝʣʝʢʪʨʠʯʥʦʛ ʧʦˀʘ, ʦʚʜʝ ʧʨʦʮʝʧ ʠʥʭʝʨʝʥʪʥʦ ʧʦʩʪʦʿʠ ʠ ʧʦʩʣʝʜʠʮʘ ʿʝ ʘʩʠʤʝʪʨʠʿʝ. ʅʘ ʧʨʠʤʝʨ, 

ʢʘʜʘ ʩʫ ʰʠʨʠʥʝ HgTe ʢʚʘʥʪʥʠʭ ʿʘʤʘ ύ φ ÎÍ ʠ ύ χȟψ ÎÍ, ʚʝʣʠʯʠʥʘ ʝʥʝʨʛʝʪʩʢʦʛ 
ʧʨʦʮʝʧʘ ʠʟʥʦʩʠ Ў ψȟφ ÍÅ6 (ʚʠʜʝʪʠ ʩʣ. 3.5 (ʙ)). ʉʧʨʝʟʘˁʝ ʜʦʤʠʥʘʥʪʥʦ ʝʣʝʢʪʨʦʥʩʢʠʭ ʠ 

ʰʫʧˀʠʥʩʢʠʭ ʟʦʥʘ ʥʝ ʧʦʩʪʦʿʠ ʫ ʪʘʯʢʠ Ὧȿȿ π. ʋʩʣʝʜ ʩʪʨʫʢʪʫʨʘʣʥʝ ʘʩʠʤʝʪʨʠʿʝ ʜʦʣʘʟʠ ʜʦ 

ʥʘʨʫʰʘʚʘˁʘ ʩʧʠʥʩʢʝ ʜʝʛʝʥʝʨʘʮʠʿʝ ʫ ʪʘʯʢʘʤʘ Ὧȿȿ π, ʩʣʠʯʥʦ ʢʘʦ ʫ SDQW ʩʪʨʫʢʪʫʨʠ ʢʘʜʘ ʩʝ 

ʠʟʣʦʞʠ ʜʝʿʩʪʚʫ ʝʣʝʢʪʨʠʯʥʦʛ ʧʦˀʘ. ʄʝʹʫʪʠʤ, ʜʠʩʧʝʨʟʠʦʥʝ ʨʝʣʘʮʠʿʝ H1 ʠ H2 ʟʦʥʘ ʩʘʜʘ ʥʝʤʘʿʫ 

ʦʙʣʠʢ Ăʤʝʢʩʠʯʢʦʛ ʰʝʰʠʨʘñ. ʋʩʣʝʜ ʨʘʟʣʠʯʠʪʠʭ ʰʠʨʠʥʘ ʿʘʤʘ, ʧʦʩʪʦʿʝ ʨʘʟʣʠʢʝ ʫ ʣʦʢʘʣʠʟʘʮʠʿʠ 

ʩʪʘˁʘ ʢʦʿʘ ʧʨʠʧʘʜʘʿʫ ʧʦʩʤʘʪʨʘʥʠʤ ʟʦʥʘʤʘ. ʉ ʦʙʟʠʨʦʤ ʥʘ ʪʦ, ʜʦʣʘʟʠ ʜʦ ʮʝʧʘˁʘ ʟʦʥʘ ʠ 

ʦʪʚʘʨʘˁʘ ʝʥʝʨʛʝʪʩʢʦʛ ʧʨʦʮʝʧʘ ʫ ʪʘʯʢʠ Ὧȿȿ π. ʄʝʹʫ ʯʝʪʠʨʠ ʧʨʝʜʩʪʘʚˀʝʥʝ ʟʦʥʝ, ʩʘʤʦ ʢʦʜ E1 ʠ 

H2 ʩʝ ʿʘʚˀʘ ʠʟʨʘʞʝʥʦ ʩʧʠʥʩʢʦ ʮʝʧʘˁʝ, ʰʪʦ ʩʝ ʤʦʞʝ ʚʠʜʝʪʠ ʥʘ ʩʣ. 3.5 (ʙ). ʊʦ ʿʝ ʟʙʦʛ ʠʟʨʘʞʝʥʦʛ 

ʩʧʨʝʟʘˁʘ ʠʟʤʝʹʫ ʦʚʠʭ ʟʦʥʘ ʫ ʦʢʦʣʠʥʠ ʪʘʯʢʝ ʘʥʪʠʫʢʨʰʪʘˁʘ Ὧ πȟρτ ÎÍ . ʋ ʦʚʦʿ ʪʘʯʢʠ, 

ʩʪʘˁʘ ʜʚʝ ʟʦʥʝ ʩʫ ʿʘʢʦ ʭʠʙʨʠʜʠʟʦʚʘʥʘ ʰʪʦ ʜʦʚʦʜʠ ʜʦ ʦʪʚʘʨʘˁʘ ʤʘʣʦʛ ʭʠʙʨʠʜʠʟʘʮʠʦʥʦʛ 

ʧʨʦʮʝʧʘ Ў, ʯʠʿʘ ʧʦʟʠʮʠʿʘ ʠ ʚʝʣʠʯʠʥʘ ʟʘʚʠʩʝ ʦʜ ʩʧʠʥʘ.    

 

 
 

ʉʣʠʢʘ 3.6. ɻʫʩʪʠʥʝ ʚʝʨʦʚʘʪʥʦ˂ʘ ʫ ʪʘʯʢʠ ὯȟὯ πȟπ ÎÍ  ʟʘ SDQW ʩʪʨʫʢʪʫʨʫ ʢʘʜʘ ʿʝ 

ύ ύ φ ÎÍ ʠ Ὂ π. ɻʫʩʪʠʥʝ ʚʝʨʦʚʘʪʥʦ˂ʘ ʩʧʠʥʦʨʘ ʘʥʚʝʣʦʧʥʠʭ ʬʫʥʢʮʠʿʘ E2 ʠ H1 ʩʪʘˁʘ 

ʩʫ ʧʨʝʜʩʪʘʚˀʝʥʝ ʥʘ ʣʝʚʦʤ ʧʘʥʝʣʫ (ʘ), ʜʦʢ ʩʫ E1 ʠ H2 ʩʪʘˁʘ ʧʨʠʢʘʟʘʥʘ ʥʘ ʜʝʩʥʦʤ ʧʘʥʝʣʫ (ʙ). 

ɿʙʦʛ ʙʦˀʝ ʚʠʜˀʠʚʦʩʪʠ, ʛʫʩʪʠʥʝ ʚʝʨʦʚʘʪʥʦ˂ʘ ʩʫ ʚʝʨʪʠʢʘʣʥʦ ʦʜʚʦʿʝʥʝ ʟʘ 0,07 (ʨʝʣ. ʿʝʜ.). ʋʩʣʝʜ 

ʩʧʠʥʩʢʝ ʜʝʛʝʥʝʨʘʮʠʿʝ, ʛʫʩʪʠʥʝ ʚʝʨʦʚʘʪʥʦ˂ʘ ʟʘ ʩʧʠʥ ʛʦʨʝ ʠ ʩʧʠʥ ʜʦʣʝ ʩʪʘˁʘ ʩʫ ʠʩʪʝ.  

 

ʋ ʮʠˀʫ ʜʘ ʩʝ ʦʜʨʝʜʠ ʥʘ ʢʦʿʠ ʥʘʯʠʥ ʘʩʠʤʝʪʨʠʿʘ ʧʦʪʝʥʮʠʿʘʣʘ ʩʪʨʫʢʪʫʨʝ ʫʪʠʯʝ ʥʘ 

ʣʦʢʘʣʠʟʘʮʠʿʫ ʥʦʩʠʣʘʮʘ ʥʘʝʣʝʢʪʨʠʩʘˁʘ, ʥʘ ʩʣ. (3.6-3.8) ʿʝ ʧʨʠʢʘʟʘʥʘ ʟʘʚʠʩʥʦʩʪ ʛʫʩʪʠʥʝ 

ʚʝʨʦʚʘʪʥʦ˂ʘ ʦʜ ʢʦʦʨʜʠʥʘʪʝ ᾀ, ʟʘ ʩʚʝ ʯʝʪʠʨʠ ʟʦʥʝ ʫ ʪʘʯʢʠ Ὧȿȿ π. ʅʘ ʩʣ. 3.6 ʠ ʩʣ. 3.7, ʩʫ ʜʘʪʝ 

ʛʫʩʪʠʥʝ ʚʝʨʦʚʘʪʥʦ˂ʘ ʫ SDQW ʩʪʨʫʢʪʫʨʠ ʟʘ ʩʣʫʯʘʿ ʢʘʜʘ ʿʝ Ὂ π ʠ Ὂ ρυ Ë6ÃÍϳ , 

ʨʝʩʧʝʢʪʠʚʥʦ. ʅʘ ʩʣ. 3.8 ʩʫ ʧʨʠʢʘʟʘʥʠ ʨʝʟʫʣʪʘʪʠ ʟʘ ADQW ʩʪʨʫʢʪʫʨʫ. ʉʪʘˁʘ ʢʦʿʘ ʧʨʠʧʘʜʘʿʫ E2 

ʠ H1 ʟʦʥʘʤʘ ʩʫ ʧʨʠʢʘʟʘʥʘ ʥʘ ʩʣ. 3.6 (ʘ), 3.7 (ʘ) ʠ 3.8 (ʘ), ʜʦʢ ʩʫ ʩʪʘˁʘ ʢʦʿʘ ʧʨʠʧʘʜʘʿʫ E1 ʠ H2 

ʟʦʥʘʤʘ ʧʨʠʢʘʟʘʥʘ ʥʘ ʩʣ. 3.6 (ʙ), 3.7 (ʙ) ʠ 3.8 (ʙ). ɼʦʤʠʥʘʥʪʥʦ ʝʣʝʢʪʨʦʥʩʢʝ ʟʦʥʝ, E1 ʠ E2 ʩʫ 

ʬʦʨʤʠʨʘʥʝ ʦʜ ȿɜȟρςϳἃ ʠ ȿɜȟρςϳἃ ɹʣʦʭʦʚʠʭ ʩʪʘˁʘ ʫ ʮʝʥʪʨʫ ɹʨʠʣʫʝʥʦʚʝ ʟʦʥʝ, ʜʦʢ H1 ʠ H2 

ʟʦʥʝ ʧʦʪʠʯʫ ʠʩʢˀʫʯʠʚʦ ʦʜ ȿɜȟσςϳἃ ʩʪʘˁʘ. H1 ʠ H2, ʢʘʦ ʠ ȿɜȟρςϳἃ ʢʦʤʧʦʥʝʥʪʘ E1 ʠ E2 

ʟʦʥʘ ʩʫ ʚʝ˂ʠʤ ʜʝʣʦʤ ʣʦʢʘʣʠʟʦʚʘʥʘ ʫ ʮʝʥʪʨʘʣʥʠʤ ʜʝʣʦʚʠʤʘ HgTe ʢʚʘʥʪʥʠʭ ʿʘʤʘ. ʉʘ ʜʨʫʛʝ 

ʩʪʨʘʥʝ, ȿɜȟρςϳἃ ʢʦʤʧʦʥʝʥʪʝ E1 ʠ E2 ʩʫ ʣʦʢʘʣʠʟʦʚʘʥʝ ʥʘ ʛʨʘʥʠʯʥʦʿ ʧʦʚʨʰʠʥʠ ʿʘʤʘ ʠ 

ʙʘʨʠʿʝʨʘ. 

ʋ ʦʜʩʫʩʪʚʫ ʝʣʝʢʪʨʠʯʥʦʛ ʧʦˀʘ, ʟʘ ʠʟʘʙʨʘʥʝ ʜʠʤʝʥʟʠʿʝ SDQW ʩʪʨʫʢʪʫʨʝ ʩʝ ʤʦʞʝ 

ʚʠʜʝʪʠ ʜʘ ʧʦʩʪʦʿʠ ʜʝʛʝʥʝʨʘʮʠʿʘ ʠʟʤʝʹʫ H1 ʠ H2 ʟʦʥʘ ʫ ʪʘʯʢʠ Ὧȿȿ π. ɳʠʭʦʚʘ ʩʪʘˁʘ ʩʫ ʩʣʠʯʥʦ 

ʣʦʢʘʣʠʟʦʚʘʥʘ (ʚʠʜʝʪʠ ʩʣ. 3.6 (ʘ) ʠ ʩʣ. 3.6 (ʙ)) ʠ ʧʦʩʝʜʫʿʫ ʩʫʧʨʦʪʥʫ ʧʘʨʥʦʩʪ. ɽʣʝʢʪʨʠʯʥʦ ʧʦˀʝ 
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ʧʦʚʝ˂ʘʚʘ ʚʝʨʦʚʘʪʥʦ˂ʫ ʪʫʥʝʣʦʚʘˁʘ ʠʟʤʝʹʫ ʿʘʤʘ, ʰʪʦ ʜʦʚʦʜʠ ʜʦ ʧʨʦʩʪʦʨʥʝ ʨʘʟʜʚʦʿʝʥʦʩʪʠ 

ʩʪʘˁʘ H1 ʠ H2 ʟʦʥʘ (ʚʠʜʝʪʠ ʩʣ. 3.7 (ʘ) ʠ ʩʣ. 3.7 (ʙ)) ʠ ʦʪʚʘʨʘˁʘ ʝʥʝʨʛʝʪʩʢʦʛ ʧʨʦʮʝʧʘ. ʅʘ ʩʣ. 3.8 

(ʘ) ʠ ʩʣ. 3.8 (ʙ) ʩʝ ʤʦʞʝ ʚʠʜʝʪʠ ʜʘ ʝʣʝʢʪʨʦʥʩʢʘ ʠ ʰʫʧˀʠʥʩʢʘ ʩʪʘˁʘ ɸDQW ʩʪʨʫʢʪʫʨʝ 

ʠʩʧʦˀʘʚʘʿʫ ʦʩʦʙʠʥʫ ʘʩʠʤʝʪʨʠʿʝ.  

 

 
 

ʉʣʠʢʘ 3.7. ɻʫʩʪʠʥʝ ʚʝʨʦʚʘʪʥʦ˂ʘ ʫ ʪʘʯʢʠ ὯȟὯ πȟπ ÎÍ  ʟʘ SDQW ʩʪʨʫʢʪʫʨʫ ʢʘʜʘ ʿʝ 

ύ ύ φ ÎÍ ʠ Ὂ ρυ Ë6ÃÍϳ . ɻʫʩʪʠʥʝ ʚʝʨʦʚʘʪʥʦ˂ʘ ʩʧʠʥʦʨʘ ʘʥʚʝʣʦʧʥʠʭ ʬʫʥʢʮʠʿʘ E2 ʠ 

H1 ʩʪʘˁʘ ʩʫ ʧʨʝʜʩʪʘʚˀʝʥʝ ʥʘ ʣʝʚʦʤ ʧʘʥʝʣʫ (ʘ), ʜʦʢ ʩʫ E1 ʠ H2 ʩʪʘˁʘ ʧʨʠʢʘʟʘʥʘ ʥʘ ʜʝʩʥʦʤ 

ʧʘʥʝʣʫ (ʙ). ɿʙʦʛ ʙʦˀʝ ʚʠʜˀʠʚʦʩʪʠ, ʛʫʩʪʠʥʝ ʚʝʨʦʚʘʪʥʦ˂ʘ ʩʫ ʚʝʨʪʠʢʘʣʥʦ ʦʜʚʦʿʝʥʝ ʟʘ 0,07 (ʨʝʣ. 

ʿʝʜ.). ʋʩʣʝʜ ʩʧʠʥʩʢʝ ʜʝʛʝʥʝʨʘʮʠʿʝ, ʛʫʩʪʠʥʝ ʚʝʨʦʚʘʪʥʦ˂ʘ ʟʘ ʩʧʠʥ ʛʦʨʝ ʠ ʩʧʠʥ ʜʦʣʝ ʩʪʘˁʘ ʩʫ 

ʠʩʪʝ.   

 

 
 

ʉʣʠʢʘ 3.8. ɻʫʩʪʠʥʝ ʚʝʨʦʚʘʪʥʦ˂ʘ ʫ ʪʘʯʢʠ ὯȟὯ πȟπ ÎÍ ʟʘ ADQW ʩʪʨʫʢʪʫʨʫ ʢʘʜʘ ʿʝ 

ύ φ ÎÍ, ύ χȟψ ÎÍ ʠ Ὂ π. ɻʫʩʪʠʥʝ ʚʝʨʦʚʘʪʥʦ˂ʘ ʩʧʠʥʦʨʘ ʘʥʚʝʣʦʧʥʠʭ ʬʫʥʢʮʠʿʘ E2 ʠ 

H1 ʩʪʘˁʘ ʩʫ ʧʨʝʜʩʪʘʚˀʝʥʝ ʥʘ ʣʝʚʦʤ ʧʘʥʝʣʫ (ʘ), ʜʦʢ ʩʫ E1 ʠ H2 ʩʪʘˁʘ ʧʨʠʢʘʟʘʥʘ ʥʘ ʜʝʩʥʦʤ 

ʧʘʥʝʣʫ (ʙ). ɿʙʦʛ ʙʦˀʝ ʚʠʜˀʠʚʦʩʪʠ, ʛʫʩʪʠʥʝ ʚʝʨʦʚʘʪʥʦ˂ʘ ʩʫ ʚʝʨʪʠʢʘʣʥʦ ʦʜʚʦʿʝʥʝ ʟʘ 0,07 (ʨʝʣ. 

ʿʝʜ.). ʋʩʣʝʜ ʩʧʠʥʩʢʝ ʜʝʛʝʥʝʨʘʮʠʿʝ, ʛʫʩʪʠʥʝ ʚʝʨʦʚʘʪʥʦ˂ʘ ʟʘ ʩʧʠʥ ʛʦʨʝ ʠ ʩʧʠʥ ʜʦʣʝ ʩʪʘˁʘ ʩʫ 

ʠʩʪʝ.  

 

ʉʣʠʯʥʦ ʢʘʦ ʫ SDQW ʩʪʨʫʢʪʫʨʠ ʢʘʜʘ ʿʝ Ὂ π, ʤʦʞʝ ʩʝ ʧʨʠʤʝʪʠʪʠ ʜʘ ʩʫ ȿɜȟρςϳἃ ʠ 
ȿɜȟρςϳἃ ʢʦʤʧʦʥʝʥʪʝ E1 ʠ E2 ʟʦʥʘ ʚʝ˂ʠʤ ʜʝʣʦʤ ʣʦʢʘʣʠʟʦʚʘʥʝ ʩʘʤʦ ʫ ʿʝʜʥʦʿ ʦʜ ʿʘʤʘ. 

ɼʦʜʘʪʥʦ, ȿɜȟρςϳἃ ʢʦʤʧʦʥʝʥʪʘ ʿʝ ʧʦʤʝʨʝʥʘ ʧʨʝʤʘ ʠʚʠʮʘʤʘ ʢʚʘʥʪʥʠʭ ʿʘʤʘ. ɿʘ ʩʣʫʯʘʿ ADQW 

ʩʪʨʫʢʪʫʨʝ, ʦʩʥʦʚʥʦ ʰʫʧˀʠʥʩʢʦ ʩʪʘˁʝ H1 ʿʝ ʣʦʢʘʣʠʟʦʚʘʥʦ ʫ ʰʠʨʦʿ ʿʘʤʠ (ʩʣ. 3.8 (ʘ)), ʜʦʢ ʿʝ 

ʧʨʚʦ ʝʢʩʮʠʪʦʚʘʥʦ H2 ʩʪʘˁʝ ʣʦʢʘʣʠʟʦʚʘʥʦ ʫ ʫʞʦʿ ʿʘʤʠ (ʩʣ. 3.8 (ʙ)).    

ɼʘ ʙʠ ʩʝ ʨʘʟʿʘʩʥʠʦ ʝʬʝʢʘʪ ʭʠʙʨʠʜʠʟʘʮʠʿʝ ʠʣʠ ʩʧʨʝʟʘˁʘ ʠʟʤʝʹʫ ʩʪʘˁʘ, ʧʦʪʨʝʙʥʦ ʿʝ 

ʜʝʪʘˀʥʦ ʘʥʘʣʠʟʠʨʘʪʠ ʦʙʣʠʢ ʛʫʩʪʠʥʘ ʚʝʨʦʚʘʪʥʦ˂ʘ E1 ʠ H2 ʟʦʥʘ. ʊʦ ˂ʝ ʙʠʪʠ ʫʨʘʹʝʥʦ ʫʧʨʘʚʦ ʟʘ 

ʩʣʫʯʘʿ ADQW ʩʪʨʫʢʪʫʨʝ ʯʠʿʘ ʿʝ ʜʠʩʧʝʨʟʠʿʘ ʧʨʠʢʘʟʘʥʘ ʥʘ ʩʣ. 3.5 (ʙ). ɹʠ˂ʝ ʘʥʘʣʠʟʠʨʘʥʝ ʪʘʣʘʩʥʝ 
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ʬʫʥʢʮʠʿʝ ʟʘ ʦʙʝ ʚʨʝʜʥʦʩʪʠ ʩʧʠʥʘ ʫ ʜʚʝ ʨʘʟʣʠʯʠʪʝ ʪʘʯʢʝ, 1) ὯȟὯ πȟπ ÎÍ  ʠ 2) 

ὯȟὯ πȟρτȟπ ÎÍ . ʈʘʜʠ ʿʝʜʥʦʩʪʘʚʥʦʩʪʠ, ʫʤʝʩʪʦ ʧʦʿʝʜʠʥʘʯʥʠʭ ʢʦʤʧʦʥʝʥʪʠ ʩʧʠʥʦʨʘ 

ʘʥʚʝʣʦʧʥʠʭ ʬʫʥʢʮʠʿʘ, ʧʦʩʤʘʪʨʘ˂ʝ ʩʝ ʫʢʫʧʥʘ ʛʫʩʪʠʥʘ ʚʝʨʦʚʘʪʥʦ˂ʝ ɧἳȿȿ В … Ὧȿȿȟᾀ  

ʥʦʨʤʘʣʠʟʦʚʘʥʘ ʥʘ ʿʝʜʠʥʠʮʫ (Xu ʠ ʩʘʨ., 2010). ʈʝʟʫʣʪʘʪʠ ʟʘ ʩʣʫʯʘʿ ʢʘʜʘ ʿʝ ὯȟὯ

πȟπ ÎÍ  ʠ ὯȟὯ πȟρτ ȟπ ÎÍ  ʩʫ ʧʨʝʜʩʪʘʚˀʝʥʠ ʥʘ ʩʣ. 3.9 ʠ 3.10, ʨʝʩʧʝʢʪʠʚʥʦ.  

 

 
 

ʉʣʠʢʘ 3.9. ʋʢʫʧʥʘ ʛʫʩʪʠʥʘ ʚʝʨʦʚʘʪʥʦ˂ʝ ʫ ʪʘʯʢʠ ὯȟὯ πȟπ ÎÍ  ʟʘ ɸDQW ʩʪʨʫʢʪʫʨʫ 

ʢʘʜʘ ʿʝ ύ φ ÎÍ, ύ χȟψ ÎÍ ʠ Ὂ π. ɺʝʨʪʠʢʘʣʥʝ (ʟʝʣʝʥʝ) ʠʩʧʨʝʢʠʜʘʥʝ ʣʠʥʠʿʝ 

ʧʨʝʜʩʪʘʚˀʘʿʫ ʛʨʘʥʠʮʝ ʩʣʦʿʝʚʘ. ʇʫʥʝ/ʠʩʧʨʝʢʠʜʘʥʝ ʣʠʥʠʿʝ ʦʟʥʘʯʘʚʘʿʫ ʩʧʠʥ ʛʦʨʝ/ʜʦʣʝ ʩʪʘˁʘ. 

ɿʙʦʛ ʙʦˀʝ ʚʠʜˀʠʚʦʩʪʠ, ʛʫʩʪʠʥʝ ʚʝʨʦʚʘʪʥʦ˂ʘ ʩʫ ʚʝʨʪʠʢʘʣʥʦ ʨʘʟʜʚʦʿʝʥʝ ʟʘ 0,2 (ʨʝʣ. ʿʝʜ.).  

 

 
 

ʉʣʠʢʘ 3.10. ʋʢʫʧʥʘ ʛʫʩʪʠʥʘ ʚʝʨʦʚʘʪʥʦ˂ʝ ʫ ʪʘʯʢʠ ὯȟὯ πȟρτ ȟπ ÎÍ  ʟʘ ɸDQW 

ʩʪʨʫʢʪʫʨʫ ʢʘʜʘ ʿʝ ύ φ ÎÍ, ύ χȟψ ÎÍ ʠ Ὂ π. ɺʝʨʪʠʢʘʣʥʝ (ʟʝʣʝʥʝ) ʠʩʧʨʝʢʠʜʘʥʝ ʣʠʥʠʿʝ 

ʧʨʝʜʩʪʘʚˀʘʿʫ ʛʨʘʥʠʮʝ ʩʣʦʿʝʚʘ. ʇʫʥʝ/ʠʩʧʨʝʢʠʜʘʥʝ ʣʠʥʠʿʝ ʦʟʥʘʯʘʚʘʿʫ ʩʧʠʥ ʛʦʨʝ/ʜʦʣʝ ʩʪʘˁʘ. 

ɿʙʦʛ ʙʦˀʝ ʚʠʜˀʠʚʦʩʪʠ, ʛʫʩʪʠʥʝ ʚʝʨʦʚʘʪʥʦ˂ʘ ʩʫ ʚʝʨʪʠʢʘʣʥʦ ʨʘʟʜʚʦʿʝʥʝ ʟʘ 0,2 (ʨʝʣ. ʿʝʜ.).  
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ʉʧʠʥʩʢʘ ʠ ʦʨʙʠʪʘʣʥʘ ʢʣʘʩʠʬʠʢʘʮʠʿʘ ʧʨʠʢʘʟʘʥʠʭ ʩʪʘˁʘ ʿʝ ʠʟʚʨʰʝʥʘ ʥʘ ʦʩʥʦʚʫ ʦʩʦʙʠʥʘ 

ʦʜʛʦʚʘʨʘʿʫ˂ʠʭ ʪʘʣʘʩʥʠʭ ʬʫʥʢʮʠʿʘ ʫ ὯȟὯ πȟπ ÎÍ  (Xu ʠ ʩʘʨ., 2010; Krishtopenko ʠ 

ʩʘʨ., 2016B). ʇʫʥʠʤ/ʠʩʧʨʝʢʠʜʘʥʠʤ ʣʠʥʠʿʘʤʘ ʩʫ ʦʟʥʘʯʝʥʘ ʩʪʘˁʘ ʩʧʠʥʘ ʛʦʨʝ/ʜʦʣʝ. ɿʙʦʛ ʙʦˀʝ 

ʚʠʜˀʠʚʦʩʪʠ, ʛʫʩʪʠʥʝ ʚʝʨʦʚʘʪʥʦ˂ʘ ʟʘ E1 ʠ H2 ʟʦʥʝ ʩʫ ʧʦʤʝʨʝʥʝ ʧʦ ώ ʦʩʠ ʟʘ 0,2 (ʨʝʣ. ʿʝʜ.). 

ʊʘʢʦʹʝ, ʨʝʜʦʩʣʝʜ ʪʘʣʘʩʥʠʭ ʬʫʥʢʮʠʿʘ ʦʜʛʦʚʘʨʘ ʨʝʜʦʩʣʝʜʫ ˁʠʭʦʚʠʭ ʜʠʩʧʝʨʟʠʦʥʠʭ ʨʝʣʘʮʠʿʘ ʫ 

ʪʘʯʢʠ ὯȟὯ πȟρτ ȟπ ÎÍ , h ʪʦ ʩʝ ʤʦʞʝ ʚʠʜʝʪʠ ʫʢʦʣʠʢʦ ʩʝ ʫʧʦʨʝʜʠ ʩʣ. 3.5 (ʙ) ʩʘ ʩʣ. 3.9 

ʠ ʩʣ. 3.10.  

ʅʘ ʩʣ. 3.9 ʩʝ ʤʦʞʝ ʚʠʜʝʪʠ ʜʘ ʟʘ ὯȟὯ πȟπ ÎÍ  ʩʧʨʝʟʘˁʝ ʠʟʤʝʹʫ E1 ʠ H2 ʟʦʥʘ 

ʥʠʿʝ ʠʟʨʘʞʝʥʦ. ʉʘ ʠʩʪʝ ʩʣʠʢʝ ʩʝ ʧʨʠʤʝ˂ʫʿʝ ʜʘ ʟʘ ʩʣʫʯʘʿ ʢʘʜʘ ʿʝ ὯȟὯ πȟπ ÎÍ  ʧʦʩʪʦʿʠ 

ʜʝʛʝʥʝʨʘʮʠʿʘ ʠʟʤʝʹʫ ʩʧʠʥ ʛʦʨʝ ʠ ʩʧʠʥ ʜʦʣʝ ʩʪʘˁʘ E1 ʠ H2 ʟʦʥʘ ʠ ʟʘʚʠʩʥʦʩʪ ˁʠʭʦʚʠʭ ʛʫʩʪʠʥʘ 

ʚʝʨʦʚʘʪʥʦ˂ʘ ʦʜ ʢʦʦʨʜʠʥʘʪʝ ᾀ ʿʝ ʠʜʝʥʪʠʯʥʘ. H2 ʟʦʥʘ ʿʝ ʥʘʿʚʝ˂ʠʤ ʜʝʣʦʤ ʣʦʢʘʣʠʟʦʚʘʥʘ ʫ ʫʞʦʿ 

QW1 HgTe ʿ ʘʤʠ, ʜʦʢ ʿʝ E1 ʟʦʥʘ ʟʘ ʦʙʝ ʚʨʝʜʥʦʩʪʠ ʩʧʠʥʘ ʣʦʢʘʣʠʟʦʚʘʥʘ ʚʝ˂ʠʤ ʜʝʣʦʤ ʧʦ ʠʚʠʮʘʤʘ 

ʰʠʨʝ HgTe QW2 ʿʘʤʝ. ʂʘʜʘ ʿʝ ὯȟὯ πȟρτ ȟπ ÎÍ , ʩʪʘˁʘ E1 ʠ H2 ʟʦʥʘ ʥʠʩʫ ʩʧʠʥʩʢʠ 

ʜʝʛʝʥʝʨʠʩʘʥʘ (ʩʣ 3.5 (ʙ)). ʅʘ ʩʣ. 3.10 ʩʝ ʤʦʞʝ ʿʘʩʥʦ ʚʠʜʝʪʠ ʜʘ ʫ ʪʦʤ ʩʣʫʯʘʿʫ ʨʘʩʧʦʜʝʣʘ 

ʚʝʨʦʚʘʪʥʦ˂ʘ ʩʪʘˁʘ ʩʧʠʥ ʛʦʨʝ/ʜʦʣʝ ʚʠʰʝ ʥʠʩʫ ʠʩʪʘ. ʉʘ ʧʦʨʘʩʪʦʤ Ὧȿȿ ʜʦʣʘʟʠ ʜʦ ʠʟʨʘʞʝʥʦʛ 

ʩʧʨʝʟʘˁʘ ʠʟʤʝʹʫ E1 ʩʧʠʥ ʛʦʨʝ ʠ H2 ʩʧʠʥ ʛʦʨʝ ʩʪʘˁʘ ʫ ʦʙʝ HgTe ʿʘʤʝ. ʆʚʦ ʩʧʨʝʟʘˁʝ ʿʝ 

ʠʟʨʘʞʝʥʠʿʝ ʫ ʧʦʨʝʹʝˁʫ ʩʘ ʩʧʨʝʟʘˁʝʤ ʠʟʤʝʹʫ ʩʧʠʥ ʜʦʣʝ ʩʪʘˁʘ. ɿʙʦʛ ʪʦʛʘ ʿʝ ʚʨʝʜʥʦʩʪ 

ʭʠʙʨʠʜʠʟʘʮʠʦʥʦʛ ʝʥʝʨʛʝʪʩʢʦʛ ʧʨʦʮʝʧʘ Ў ʟʘ ʩʧʠʥ ʛʦʨʝ ʩʪʘˁʘ ʥʝʰʪʦ ʤʘˁʘ ʫ ʧʦʨʝʹʝˁʫ ʩʘ 

ʝʥʝʨʛʝʪʩʢʠʤ ʧʨʦʮʝʧʦʤ ʟʘ ʩʧʠʥ ʜʦʣʝ ʩʪʘˁʘ. ɽʥʝʨʛʝʪʩʢʠ ʧʨʦʮʝʧ ʠʟʤʝʹʫ ʩʧʠʥ ʛʦʨʝ ʩʪʘˁʘ E1 ʠ 

H2 ʟʦʥʘ ʠʟʥʦʩʠ Ў σȟω ÍÅ6.      
 

 
 

ʉʣʠʢʘ 3.11. (ʘ) ɽʥʝʨʛʝʪʩʢʠ ʧʨʦʮʝʧ Ў ʠʟʤʝʹʫ H1 ʠ H2 ʟʦʥʘ ʢʘʦ ʬʫʥʢʮʠʿʘ ʨʝʣʘʪʠʚʥʦʛ ʦʜʥʦʩʘ 

‚ ύ ύϳ  ʟʘ ʚʨʝʜʥʦʩʪʠ ʤʦʣʘʨʥʦʛ ʫʜʝʣʘ ὼɴ πȟυ ȟπȟχ ȟπȟω ʥʘ ʪʝʤʧʝʨʘʪʫʨʠ Ὕ π +.  

 

ɽʥʝʨʛʝʪʩʢʠ ʧʨʦʮʝʧ ʫ SDQW ʩʝ ʧʦʚʝ˂ʘʚʘ ʩʘ ʝʣʝʢʪʨʠʯʥʠʤ ʧʦˀʝʤ.  ʉʣʠʯʘʥ ʟʘʢˀʫʯʘʢ ʙʠ 

ʤʦʛʘʦ a priori ʜʘ ʩʝ ʠʟʚʝʜʝ ʟʘ ʩʣʫʯʘʿ ʠʟʨʘʞʝʥʝ ʘʩʠʤʝʪʨʠʿʝ ʧʦʪʝʥʮʠʿʘʣʘ ʠʚʠʮʘ ʟʦʥʘ ʫ ADQW. 

ʉʪʝʧʝʥ ʘʩʠʤʝʪʨʠʿʝ ʙʠ ʫʪʠʮʘʦ ʥʘ ʧʨʦʮʝʧ ʠʟʤʝʹʫ ʰʫʧˀʠʥʩʢʠʭ ʩʪʘˁʘ, ʢʘʦ ʠ ʥʘ ʧʨʦʮʝʧ ʠʟʤʝʹʫ 

ʝʣʝʢʪʨʦʥʩʢʠʭ ʠ ʰʫʧˀʠʥʩʢʠʭ ʩʪʘˁʘ. ʅʘ ʧʨʠʤʝʨ, ʘʩʠʤʝʪʨʠʿʘ ʙʠ ʩʝ ʤʦʛʣʘ ʢʦʥʪʨʦʣʠʩʘʪʠ 

ʚʘʨʠʨʘˁʝʤ ʰʠʨʠʥʝ ʿʝʜʥʝ ʦʜ ʢʚʘʥʪʥʠʭ ʿʘʤʘ, ʜʦʢ ʙʠ ʰʠʨʠʥʘ ʜʨʫʛʝ ʿʘʤʝ ʙʠʣʘ ʢʦʥʩʪʘʥʪʥʘ. ʋ 

ʨʘʜʫ ʿʝ ʰʠʨʠʥʘ ʧʨʚʝ ʢʚʘʥʪʥʝ ʿʘʤʝ QW1 ʬʠʢʩʠʨʘʥʘ ʥʘ ʚʨʝʜʥʦʩʪ ύ φ ÎÍ, ʜʦʢ ʿʝ ʰʠʨʠʥʘ 
ʜʨʫʛʝ ʢʚʘʥʪʥʝ ʿʘʤʝ ʚʘʨʠʨʘʥʘ ʫ ʦʧʩʝʛʫ ʦʜ ύ ᶰφȟρρ ÎÍ. ʅʘ ʩʣ. 3.11 ʠ ʩʣ. 3.12 ʿʝ ʧʨʠʢʘʟʘʥʘ 

ʟʘʚʠʩʥʦʩʪ ʝʥʝʨʛʝʪʩʢʠʭ ʧʨʦʮʝʧʘ Ў ʠ Ў ʦʜ ʨʝʣʘʪʠʚʥʦʛ ʦʜʥʦʩʘ (‚ ύ ύϳ ) ʰʠʨʠʥʘ HgTe 

ʢʚʘʥʪʥʠʭ ʿʘʤʘ. ʇʨʝʪʭʦʜʥʦ ʿʝ ʧʦʢʘʟʘʥʦ ʜʘ ʿʝ ʟʘ Ὧȿȿ π ʣʦʢʘʣʠʟʘʮʠʿʘ ʩʪʘˁʘ ʫ H1 ʟʦʥʠ ʧʨʝʪʝʞʥʦ 

ʫ ʰʠʨʦʿ ʿʘʤʠ, ʜʦʢ ʿʝ ʟʘ H2 ʟʦʥʫ ʣʦʢʘʣʠʟʘʮʠʿʘ ʧʨʝʪʝʞʥʦ ʫ ʫʞʦʿ ʿʘʤʠ. ʐʪʦ ʿʝ ʚʝ˂ʘ ʨʘʟʣʠʢʘ 

ʠʟʤʝʹʫ ʰʠʨʠʥʘ ʿʘʤʘ, ʪʦ ʿʝ ʚʝ˂ʘ ʨʘʟʣʠʢʘ ʫ ˁʠʭʦʚʠʤ ʝʥʝʨʛʠʿʘʤʘ ʢʦʥʬʠʥʠʨʘˁʘ. ʉ ʦʙʟʠʨʦʤ ʥʘ 
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ʪʦ, ʩʘ ʧʦʨʘʩʪʦʤ ‚ ʨʘʟʣʠʢʘ ʠʟʤʝʹʫ ʝʥʝʨʛʠʿʘ ʜʚʘ ʩʪʘˁʘ ʩʝ ʧʦʚʝ˂ʘʚʘ. ɼʨʫʛʠʤ ʨʝʯʠʤʘ, ʝʥʝʨʛʝʪʩʢʠ 
ʧʨʦʮʝʧ Ў ʠʟʤʝʹʫ ʰʫʧˀʠʥʩʢʠʭ ʩʪʘˁʘ ʨʘʩʪʝ ʩʘ ‚, ʰʪʦ ʿʝ ʧʨʠʢʘʟʘʥʦ ʥʘ ʩʣ. 3.11. ɼʦʜʘʪʥʦ, 

ʜʠʩʧʦʟʠʮʠʿʘ ʟʦʥʘ ʟʘʚʠʩʠ ʠ ʦʜ ʤʦʣʘʨʥʦʛ ʫʜʝʣʘ ὼ ʢʦʿʠ ʩʝ ʢʦʨʠʩʪʠ ʟʘ ʬʠʥʦ ʧʦʜʝʰʘʚʘˁʝ 

ʝʣʝʢʪʨʦʥʩʢʠʭ ʦʩʦʙʠʥʘ ʩʠʩʪʝʤʘ ʢʦʿʠ ʩʝ ʩʘʩʪʦʿʠ ʦʜ ʢʚʘʥʪʥʠʭ ʿʘʤʘ (Sengupta ʠ ʩʘʨ., 2013). 

ʄʦʛʫ˂ʝ ʿʝ ʧʨʠʤʝʪʠʪʠ ʜʘ ʩʝ ʟʦʥʩʢʠ ʦʬʩʝʪ ʟʘ ʰʫʧˀʠʥʝ ʧʦʚʝ˂ʘʚʘ ʩʘ ʧʦʚʝ˂ʘʚʘˁʝʤ ʚʨʝʜʥʦʩʪʠ ὼ 
ʪʝ ʢʦʥʬʠʥʠʨʘˁʝ ʰʫʧˀʠʥʘ ʧʦʩʪʘʿʝ ʠʟʨʘʞʝʥʠʿʝ ʯʠʤʝ ʩʝ ʩʤʘˁʫʿʝ ʚʝʨʦʚʘʪʥʦ˂ʘ ʟʘ ʪʫʥʝʣʦʚʘˁʝ 

ʠʟʤʝʹʫ ʿʘʤʘ. ʆʚʦ ʜʦʚʦʜʠ ʜʦ ʧʦʚʝ˂ʘˁʘ ʝʥʝʨʛʝʪʩʢʦʛ ʧʨʦʮʝʧʘ Ў. 

 

 
 

ʉʣʠʢʘ 3.12. ʍʠʙʨʠʜʠʟʘʮʠʦʥʠ ʧʨʦʮʝʧ Ў ʠʟʤʝʹʫ E1 ʠ H2 ʟʦʥʘ ʢʘʦ ʬʫʥʢʮʠʿʘ ʨʝʣʘʪʠʚʥʦʛ ʦʜʥʦʩʘ 

‚ ύ ύϳ  ʟʘ ʚʨʝʜʥʦʩʪʠ ʤʦʣʘʨʥʦʛ ʫʜʝʣʘ ὼɴ πȟυȟπȟχȟπȟω ʥʘ ʪʝʤʧʝʨʘʪʫʨʠ Ὕ π +. ʉʧʠʥʩʢʘ 

ʩʪʘˁʘ ʩʫ ʦʟʥʘʯʝʥʘ ʩʪʨʝʣʠʮʘʤʘ ʥʝʧʦʩʨʝʜʥʦ ʫʟ ʦʜʛʦʚʘʨʘʿʫ˂ʫ ʣʠʥʠʿʫ.  

 

ʂʦʥʘʯʥʦ, ʘʥʘʣʠʟʠʨʘʥ ʿʝ ʠ ʫʪʠʮʘʿ ʝʬʝʢʘʪʘ ʘʩʠʤʝʪʨʠʿʝ ʠ ʤʦʣʩʢʦʛ ʫʜʝʣʘ ʥʘ 

ʭʠʙʨʠʜʠʟʘʮʠʦʥʠ ʧʨʦʮʝʧ ʫ ADQW. ʋ ʩʠʤʝʪʨʠʯʥʠʤ ʿʘʤʘʤʘ, E1 ʠ H2 ʟʦʥʝ ʩʫ ʛʦʪʦʚʦ 

ʜʝʛʝʥʝʨʠʩʘʥʝ ʟʘ ʚʝ˂ʝ ʚʨʝʜʥʦʩʪʠ Ὧȿȿ (ʚʠʜʝʪʠ ʩʣ. 3.3). ʂʘʜʘ ʿʝʜʥʘ ʦʜ ʜʚʝ ʿʘʤʝ ʧʦʩʪʘʥʝ ʰʠʨʘ, ʟʦʥʝ 

ʩʘʯʠˁʝʥʝ ʦʜ ʩʪʘˁʘ ʢʦʿʘ ʩʫ ʚʝ˂ʠʤ ʜʝʣʦʤ ʣʦʢʘʣʠʟʦʚʘʥʘ ʫ ʫʞʦʿ ʿʘʤʠ ʠʤʘʿʫ ʫʦʙʠʯʘʿʝʥ ʟʦʥʩʢʠ 

ʨʘʩʧʦʨʝʜ. ʉʘ ʜʨʫʛʝ ʩʪʨʘʥʝ, ʟʦʥʝ ʢʦʤʧʦʥʦʚʘʥʝ ʦʜ ʩʪʘˁʘ ʢʦʿʘ ʩʫ ʣʦʢʘʣʠʟʦʚʘʥʘ ʫ ʰʠʨʦʿ ʿʘʤʠ ʩʫ 

ʠʥʚʝʨʪʦʚʘʥʝ. E1 ʠ H2 ʟʦʥʝ ʩʝ ʮʝʧʘʿʫ ʠ ʟʘ ʦʜʨʝʹʝʥʫ ʚʨʝʜʥʦʩʪ ʬʘʢʪʦʨʘ ʘʩʠʤʝʪʨʠʿʝ ‚, ʜʦʣʘʟʠ ʜʦ 
ʦʪʚʘʨʘˁʘ ʭʠʙʨʠʜʠʟʘʮʠʦʥʦʛ ʧʨʦʮʝʧʘ Ў ʧʨʠ ʢʦʥʘʯʥʦʿ ʚʨʝʜʥʦʩʪʠ Ὧȿȿ. ʉʘ ʜʘˀʠʤ ʧʦʚʝ˂ʘʚʘˁʝʤ ‚, 

ʝʥʝʨʛʝʪʩʢʠ ʚʠʰʘ ʣʘʢʦʰʫʧˀʠʥʩʢʘ ʟʦʥʘ ʩʝ ʧʨʠʙʣʠʞʘʚʘ ʝʥʝʨʛʝʪʩʢʠ ʥʠʞʦʿ ʝʣʝʢʪʨʦʥʩʢʦʿ E1 ʟʦʥʠ 

ʧʨʠ ʯʝʤʫ ʜʦʣʘʟʠ ʜʦ ˁʠʭʦʚʦʛ ʤʝʰʘˁʘ. ʉʘ ʧʦʚʝ˂ʘˁʝʤ ‚ ʜʦʣʘʟʠ ʜʦ ʤʝʰʘˁʘ ʠ ʩʘ ʟʦʥʦʤ E1, ʰʪʦ 

ʜʦʚʦʜʠ ʜʦ ʧʦʩʪʝʧʝʥʦʛ ʩʤʘˁʝˁʘ ʠ ʠʰʯʝʟʘʚʘˁʘ ʧʨʦʮʝʧʘ. ʉʘ ʧʦʚʝ˂ʘʚʘˁʝʤ ʤʦʣʘʨʥʦʛ ʫʜʝʣʘ, 

ʜʦʣʘʟʠ ʜʦ ʩʥʘʞʥʠʿʝʛ ʢʦʥʬʠʥʠʨʘˁʘ ʝʣʝʢʪʨʦʥʘ ʠ ʰʫʧˀʠʥʘ ʰʪʦ ʜʦʚʦʜʠ ʜʦ ʦʰʪʨʠʭ 

ʘʥʪʠʫʢʨʰʪʘˁʘ ʠʟʤʝʹʫ ʟʦʥʘ ʠ ʩʭʦʜʥʦ ʪʦʤʝ ʜʦ ʦʧʘʜʘˁʘ ʚʨʝʜʥʦʩʪʠ ʭʠʙʨʠʜʠʟʘʮʠʦʥʦʛ ʧʨʦʮʝʧʘ 

Ў. 

  

 

3.4 ʉʘʞʝʪʘʢ 
 

ʋ ʦʚʦʿ ʛʣʘʚʠ ʩʫ ʪʝʦʨʠʿʩʢʠ ʠʩʪʨʘʞʝʥʘ ʩʚʦʿʩʪʚʝʥʘ ʩʪʘˁʘ ʫ ʩʪʨʫʢʪʫʨʠ ʘʩʠʤʝʪʨʠʯʥʠʭ 

HgTe/CdxHg1-xTe ʢʚʘʥʪʥʠʭ ʿʘʤʘ ʧʦʤʦ˂ʫ ʦʩʤʦʟʦʥʩʢʦʛ ʂʝʿʥʦʚʦʛ ἳϽἸ ʤʦʜʝʣʘ. ʇʨʦʥʘʹʝʥʘ ʩʫ 

ʩʧʝʮʠʬʠʯʥʘ ʩʪʘˁʘ ʩʘ ʫʢʫʧʥʠʤ ʫʛʘʦʥʠʤ ʤʦʤʝʥʪʦʤ Ὦ σςϳ, ʠʟʤʝʹʫ ʢʦʿʠʭ ʜʦʣʘʟʠ ʜʦ ʦʪʚʘʨʘˁʘ 
ʝʥʝʨʛʝʪʩʢʦʛ ʧʨʦʮʝʧʘ ʯʘʢ ʠ ʢʘʜʘ ʿʝ ʝʣʝʢʪʨʠʯʥʦ ʧʦˀʝ ʿʝʜʥʘʢʦ ʥʫʣʠ. ɺʝʣʠʯʠʥʘ ʦʚʦʛ ʝʥʝʨʛʝʪʩʢʦʛ 

ʧʨʦʮʝʧʘ ʩʝ ʤʦʞʝ ʝʬʠʢʘʩʥʦ ʧʦʜʝʰʘʚʘʪʠ ʚʘʨʠʨʘˁʝʤ ʚʨʝʜʥʦʩʪʠ ʦʜʥʦʩʘ ʰʠʨʠʥʘ HgTe ʿʘʤʘ (‚). 
ɿʘ ʦʜʨʝʹʝʥʠ ʦʧʩʝʛ ʚʨʝʜʥʦʩʪʠ ‚ ʿʘʚˀʘ ʩʝ ʠʟʨʘʞʝʥʘ ʭʠʙʨʠʜʠʟʘʮʠʿʘ ʠʟʤʝʹʫ ʝʣʝʢʪʨʦʥʩʢʠʭ ʠ 
ʰʫʧˀʠʥʩʢʠʭ ʩʪʘˁʘ. ɿʙʦʛ ʪʦʛʘ, ʜʦʣʘʟʠ ʜʦ ʧʦʿʘʚʝ ʭʠʙʨʠʜʠʟʘʮʠʦʥʦʛ ʧʨʦʮʝʧʘ ʧʨʠ ʢʦʥʘʯʥʦʿ 
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ʚʨʝʜʥʦʩʪʠ Ὧȿȿ. ɼʦʙʠʿʝʥʠ ʨʝʟʫʣʪʘʪʠ ʫʢʘʟʫʿʫ ʥʘ ʤʦʛʫ˂ʥʦʩʪʠ ʧʦʜʝʰʘʚʘˁʘ ʝʥʝʨʛʝʪʩʢʦʛ ʧʨʦʮʝʧʘ ʫ 

ʘʩʠʤʝʪʨʠʯʥʠʤ HgTe/CdxHg1-xTe ʢʚʘʥʪʥʠʤ ʿʘʤʘʤʘ ʙʠʣʦ ʚʘʨʠʨʘˁʝʤ ʰʠʨʠʥʝ ʿʝʜʥʝ ʦʜ ʢʚʘʥʪʥʠʭ 

ʿʘʤʘ, ʙʠʣʦ ʧʨʦʤʝʥʦʤ ʚʨʝʜʥʦʩʪʠ ʤʦʣʘʨʥʦʛ ʫʜʝʣʘ Cd ʫ CdxHg1-xTe ʣʝʛʫʨʠ. ʇʨʦʥʘʹʝʥʦ ʿʝ ʜʘ 

ʚʝʣʠʯʠʥʘ ʭʠʙʨʠʜʠʟʘʮʠʦʥʦʛ ʧʨʦʮʝʧʘ ʤʦʞʝ ʠʤʘʪʠ ʚʨʝʜʥʦʩʪ ʦʜ ʧʨʠʙʣʠʞʥʦ ρς ÍÅ6 ʢʘʜʘ ʥʠʿʝ 
ʧʨʠʤʝˁʝʥ ʥʘʧʦʥ ʥʘ ʛʝʿʪʫ. ʊʦ ʿʝ ʫʧʦʨʝʜʠʚʦ ʩʘ ʝʥʝʨʛʝʪʩʢʠʤ ʧʨʦʮʝʧʦʤ ʩʠʤʝʪʨʠʯʥʦʛ ʩʠʩʪʝʤʘ 

ʢʘʜʘ ʩʝ ʧʨʠʤʝʥʠ ʝʣʝʢʪʨʠʯʥʦ ʧʦˀʝ Ὂ ρυ Ë6ÃÍϳ . ʊʘʢʦʹʝ, ʟʦʥʝ ʠʩʧʦˀʘʚʘʿʫ ʠʥʚʝʨʪʦʚʘʥʠ 

ʨʘʩʧʦʨʝʜ, ʧʘ ʩ ʦʙʟʠʨʦʤ ʥʘ ʪʦ ʧʘʞˀʠʚʦ ʜʠʟʘʿʥʠʨʘʥ ʘʩʠʤʝʪʨʠʯʥʠ ʩʠʩʪʝʤ ʙʠ ʤʦʛʘʦ ʠʩʧʦˀʠʪʠ 

ʪʦʧʦʣʦʰʢʝ ʝʬʝʢʪʝ ʩʣʠʯʥʦ ʦʩʪʘʣʠʤ ʩʪʨʫʢʪʫʨʘʤʘ ʢʦʿʝ ʩʝ ʙʘʟʠʨʘʿʫ ʥʘ HgTe/CdxHg1-xTe 

ʢʚʘʥʪʥʠʤ ʿʘʤʘʤʘ. 
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4. ɽʣʝʢʪʨʦʥʩʢʘ ʩʪʘˁʘ ʫ 2ɼ HgTe ʥʘʥʦʩʪʨʫʢʪʫʨʘʤʘ ʫ ʧʨʠʩʫʩʪʚʫ 

ʥʦʨʤʘʣʥʦʛ ʤʘʛʥʝʪʩʢʦʛ ʧʦˀʘ 
 

 

4.1 ʋʚʦʜ 
 

ʂʚʘʥʪʥʝ ʪʘʯʢʝ (ʩʢʨ. QD; ʝʥʛʣ. Quantum Dot) ʩʫ ʩʠʩʪʝʤʠ ʫ ʢʦʿʠʤʘ ʿʝ ʢʨʝʪʘˁʝ ʝʣʝʢʪʨʦʥʘ 

ʠ ʰʫʧˀʠʥʘ ʦʛʨʘʥʠʯʝʥʦ ʫ ʩʚʘ ʪʨʠ ʧʨʦʩʪʦʨʥʘ ʧʨʘʚʮʘ. ʆʚʠ ʩʠʩʪʝʤʠ ʧʦʩʝʜʫʿʫ ʜʠʩʢʨʝʪʘʥ 

ʝʥʝʨʛʝʪʩʢʠ ʩʧʝʢʪʘʨ ʠ ʧʦʜʝʩʠʚʘ ʦʧʪʠʯʢʘ ʩʚʦʿʩʪʚʘ. ʋ ʦʚʦʤ ʦʜʝˀʢʫ ʩʫ ʧʨʦʫʯʝʥʘ ʝʣʝʢʪʨʦʥʩʢʘ ʠ 

ʦʧʪʠʯʢʘ ʩʚʦʿʩʪʚʘ HgTe ʢʚʘʥʪʥʠʭ ʪʘʯʘʢʘ. 

ʋ ʧʦʩʣʝʜˁʠʭ ʧʘʨ ʛʦʜʠʥʘ HgTe ʿʝʜʠˁʝˁʝ ʿʝ ʧʦʩʪʘʣʦ ʧʦʧʫʣʘʨʥʦ ʟʙʦʛ ʿʝʜʠʥʩʪʚʝʥʠʭ 

ʪʦʧʦʣʦʰʢʠʭ ʦʩʦʙʠʥʘ. ɼʦʙʨʦ ʿʝ ʧʦʟʥʘʪʦ ʜʘ ʚʘʣʝʥʪʥʘ ʟʦʥʘ HgTe ʚʦʜʠ ʧʦʨʝʢʣʦ ʦʜ s-ʦʨʙʠʪʘʣʝ ʠ 

ʧʦʩʝʜʫʿʝ ũ6 ʩʠʤʝʪʨʠʿʫ, ʜʦʢ ʿʝ ʧʨʦʚʦʜʥʘ ʟʦʥʘ ʥʘʩʪʘʣʘ ʦʜ p-ʦʨʙʠʪʘʣa ʠ ʠʤʘ ũ8 ʩʠʤʝʪʨʠʿʫ. 

ʇʨʠʣʠʢʦʤ ʠʥʚʝʨʟʠʿʝ ʟʦʥʘ ʜʦʣʘʟʠ ʜʦ ʧʨʦʤʝʥʝ ʢʚʘʥʪʥʝ ʬʘʟʝ ʠʟ ʩʪʘˁʘ ʥʦʨʤʘʣʥʦʛ ʠʟʦʣʘʪʦʨʘ ʫ 

ʩʪʘˁʝ ʪʦʧʦʣʦʰʢʦʛ ʠʟʦʣʘʪʦʨʘ (Sengupta ʠ ʩʘʨ., 2013). ʅʝʜʘʚʥʠʤ ʪʝʦʨʠʿʩʢʠʤ ʠʩʪʨʘʞʠʚʘˁʠʤʘ ʿʝ 

ʫʩʪʘʥʦʚˀʝʥʦ ʜʘ ʯʘʢ ʠ ʤʦʥʦʩʣʦʿ HgTe ʤʦʞʝ ʧʦʩʝʜʦʚʘʪʠ ʥʝʪʨʠʚʠʿʘʣʥʫ ʪʦʧʦʣʦʰʢʫ ʬʘʟʫ ʢʘʜʘ ʩʝ 

ʠʟʣʦʞʠ ʜʝʿʩʪʚʫ ʪʝʥʟʠʦʥʦʛ ʥʘʧʨʝʟʘˁʘ ʫ ʨʘʚʥʠ (Li ʠ ʩʘʨ., 2015). HgTe ʢʚʘʥʪʥʝ ʿʘʤʝ ʠʤʘʿʫ 

ʝʥʝʨʛʝʪʩʢʠ ʧʨʦʮʝʧ ʫ ʢʦʿʝʤ ʜʦʣʘʟʠ ʜʦ ʧʦʿʘʚʝ ʩʪʘˁʘ ʩʘ ʠʚʠʯʥʦʤ ʣʦʢʘʣʠʟʘʮʠʿʦʤ ʢʦʿʘ ʩʫ 

ʟʘʰʪʠ˂ʝʥʘ ʩʠʤʝʪʨʠʿʦʤ ʟʘʩʥʦʚʘʥʦʤ ʥʘ ʠʥʚʝʨʟʠʿʠ ʚʨʝʤʝʥʘ (Bernevieg ʠ ʩʘʨ., 2006; Kºnig ʠ ʩʘʨ., 

2007B; Topaloviĺ ʠ ʩʘʨ., 2019; Topaloviĺ ʠ ʩʘʨ., 2020). ʇʦʨʝʜ ʪʦʛʘ, ʥʘ ʦʩʥʦʚʫ ʤʦʜʝʣʘ ʬʦʥʦʥʩʢʝ 

ʜʠʩʧʝʨʟʠʿʝ ʿʝ ʫʩʪʘʥʦʚˀʝʥʦ ʜʘ ʩʫ 2ɼ HgTe ʩʘ˂ʘʩʪʠ ʤʦʥʦʩʣʦʿʝʚʠ ʜʠʥʘʤʠʯʢʠ ʩʪʘʙʠʣʥʠ ʠ ʜʘ ʩʝ 

ʤʦʛʫ ʠʩʢʦʨʠʩʪʠʪʠ ʟʘ ʨʝʘʣʠʟʘʮʠʿʫ ʥʦʚʠʭ 2ɼ ʭʝʪʝʨʦʩʪʨʫʢʪʫʨʥʠʭ ʥʘʧʨʘʚʘ (Zheng ʠ ʩʘʨ., 2015).  

ʅʘʚʝʜʝʥʘ ʠʩʪʨʘʞʠʚʘˁʘ ʩʫ ʧʦʩʣʫʞʠʣʘ ʢʘʦ ʤʦʪʠʚʘʮʠʿʘ ʜʘ ʩʝ ʫ ʦʚʦʤ ʧʦʛʣʘʚˀʫ ʠʩʪʨʘʞʝ 

ʝʣʝʢʪʨʦʥʩʢʘ ʩʪʘˁʘ ʠ ʦʧʪʠʯʢʘ ʩʚʦʿʩʪʚʘ 2ɼ HgTe ʢʚʘʜʨʘʪʥʠʭ ʢʚʘʥʪʥʠʭ ʪʘʯʘʢʘ (ʩʢʨ. SQD; ʝʥʛʣ. 

Square Quantum Dot), ʭʝʢʩʘʛʦʥʘʣʥʠʭ ʢʚʘʥʪʥʠʭ ʪʘʯʘʢʘ (ʩʢʨ. HQD; ʝʥʛʣ. Hexagonal Quantum 

Dot), ʢʚʘʜʨʘʪʥʠʭ ʢʚʘʥʪʥʠʭ ʧʨʩʪʝʥʦʚʘ (ʩʢʨ. SQR; ʝʥʛʣ. Square Quantum Ring) ʠ ʭʝʢʩʘʛʦʥʘʣʥʠʭ 

ʢʚʘʥʪʥʠʭ ʧʨʩʪʝʥʦʚʘ (ʩʢʨ. HQR; ʝʥʛʣ. Hexagonal Quantum Ring) ʫ ʥʦʨʤʘʣʥʦʤ ʤʘʛʥʝʪʩʢʦʤ 

ʧʦˀʫ. ʋ ʦʜʥʦʩʫ ʥʘ ʢʚʘʥʪʥʝ ʪʘʯʢʝ ʢʚʘʥʪʥʠ ʧʨʩʪʝʥʦʚʠ (ʩʢʨ. QR; ʝʥʛʣ. Quantum Ring) ʩʫ 

ʧʦʩʝʙʥʦ ʠʥʪʝʨʝʩʘʥʪʥʠ ʿʝʨ ʜʦʜʘʪʥʦ ʦʛʨʘʥʠʯʘʚʘʿʫ ʢʨʝʪʘˁʝ ʥʦʩʠʣʘʮʘ ʥʘʝʣʝʢʪʨʠʩʘˁʘ ʫʩʣʝʜ 

ʧʨʠʩʫʩʪʚʘ ʫʥʫʪʨʘʰˁʠʭ ʠʚʠʮʘ. ʆʚʦ ʜʦʚʦʜʠ ʜʦ ʧʦʿʘʚʝ ʥʦʚʠʭ ʠʥʪʝʨʝʩʘʥʪʥʠʭ ʝʬʝʢʘʪʘ ʫ 

ʤʘʛʥʝʪʩʢʦʤ ʧʦˀʫ ʢʦʿʠ ʩʫ ʧʦʚʝʟʘʥʠ ʩʘ ʧʦʿʘʚʦʤ ɸʭʘʨʦʥʦʚ-ɹʦʤʦʚʠʭ (ʩʢʨ. AB; ʝʥʛʣ. Aharonov-

Bohm) ʦʩʮʠʣʘʮʠʿʘ (Aharonov ʠ Bohm, 1959). ɺʘʞʥʦ ʿʝ ʥʘʧʦʤʝʥʫʪʠ ʜʘ ʩʫ ʜʦ ʩʘʜʘ ʧʨʦʠʟʚʝʜʝʥʠ 

HgTe ʢʚʘʥʪʥʠ ʧʨʩʪʝʥʦʚʠ ʤʝʟʦʩʢʦʧʩʢʠʭ ʜʠʤʝʥʟʠʿʘ ʩʘ ʩʨʝʜˁʠʤ ʨʘʜʠʿʫʩʦʤ ʦʜ ρ ‘Í, ʢʦʜ ʢʦʿʠʭ 

ʜʦʣʘʟʠ ʜʦ ʧʦʿʘʚʝ ʤʘʣʠʭ AB ʦʩʮʠʣʘʮʠʿʘ ʫ ʦʢʚʠʨʫ ʝʢʩʧʝʨʠʤʝʥʘʪʘ (König ʠ ʩʘʨ., 2007B). 

ʅʘʥʦʩʢʦʧʩʢʠ HgTe ʧʨʩʪʝʥʦʚʠ ʧʨʦʩʝʯʥʦʛ ʨʘʜʠʿʫʩʘ ʦʜ ʥʝʢʦʣʠʢʦ ʥʘʥʦʤʝʪʘʨʘ ʜʦ ʩʘʜʘ ʥʠʩʫ 

ʧʨʦʠʟʚʝʜʝʥʠ. ʄʝʹʫʪʠʤ, ʩʘ ʜʘˀʠʤ ʥʘʧʨʝʪʢʦʤ ʧʦʩʪʫʧʘʢʘ ʧʨʦʠʟʚʦʜˁʝ ʦʯʝʢʫʿʝ ʩʝ ʫ ʙʣʠʩʢʦʿ 

ʙʫʜʫ˂ʥʦʩʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʘ ʨʝʘʣʠʟʘʮʠʿʘ ʠ ʦʚʘʢʚʠʭ HgTe ʥʘʥʦʩʪʨʫʢʪʫʨʘ. ʊʨʝʥʫʪʥʦ ʩʫ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦ ʨʝʘʣʠʟʦʚʘʥʝ ʩʘʤʦ HgTe CQD ʩʘ ʨʘʜʠʿʫʩʦʤ ʤʘˁʠʤ ʦʜ ρπ ÎÍ, ʘ ʚʝʨʫʿʝ ʩʝ ʜʘ 

˂ʝ ʠ ʢʚʘʥʪʥʝ ʪʘʯʢʝ ʠ ʧʨʩʪʝʥʦʚʠ ʦʜ ʤʦʥʦʩʣʦʿʘ HgTe ʩʣʠʯʥʠʭ ʜʠʤʝʥʟʠʿʘ ʙʠʪʠ ʫʩʢʦʨʦ 

ʧʨʦʠʟʚʝʜʝʥʠ.  

ɽʣʝʢʪʨʦʥʩʢʘ ʩʪʘˁʘ ʫ ʥʘʥʦʩʪʨʫʢʪʫʨʘʤʘ ʩʝ ʤʦʛʫ ʟʥʘʯʘʿʥʦ ʤʝˁʘʪʠ ʠ ʧʨʦʤʝʥʦʤ ˁʠʭʦʚʠʭ 

ʛʝʦʤʝʪʨʠʿʩʢʠʭ ʧʘʨʘʤʝʪʘʨʘ (Holtkemper ʠ ʩʘʨ., 2018). ʋ ʦʚʦʿ ʛʣʘʚʠ ˂ʝ ʙʠʪʠ ʠʩʪʨʘʞʝʥʝ 

ʨʘʟʣʠʯʠʪʝ ʤʦʛʫ˂ʥʦʩʪʠ ʢʦʥʪʨʦʣʝ ʦʩʦʙʠʥʘ 2ɼ HgTe QD ʠ QR ʩʪʨʫʢʪʫʨʘ ʧʨʦʤʝʥʦʤ ˁʠʭʦʚʦʛ 

ʦʙʣʠʢʘ ʠ ʪʠʧʘ ʛʨʘʥʠʮʘ. ʎʠˀ ʿʝ ʜʘ ʩʝ ʪʝʦʨʠʿʩʢʠ ʠʩʧʠʪʘ ʠ ʧʦʥʘʰʘˁʝ ʩʪʘˁʘ ʫ S(H)QD ʠ S(H)QR 

ʩʪʨʫʢʪʫʨʘʤʘ ʫ ʥʦʨʤʘʣʥʦʤ ʤʘʛʥʝʪʩʢʦʤ ʧʦˀʫ. ʋ ʩʝʢʮʠʿʠ 4.2 ˂ʝ ʧʨʚʦ ʙʠʪʠ ʧʨʝʜʩʪʘʚˀʝʥ ʤʦʜʝʣ 

ʢʦʿʠ ʩʝ ʟʘʩʥʠʚʘ ʥʘ ʝʤʧʠʨʠʿʩʢʦʿ ʤʝʪʦʜʠ ʿʘʢʝ ʚʝʟʝ. ʆʚʜʝ ˂ʝ ʙʠʪʠ ʧʦʢʘʟʘʥʦ ʢʘʢʦ ʿʝ ʩʧʦˀʘʰˁʝ 

ʤʘʛʥʝʪʩʢʦ ʧʦˀʝ ʫʢˀʫʯʝʥʦ ʫ ʤʦʜʝʣ. ʈʝʟʫʣʪʘʪʠ ʟʘ ʝʥʝʨʛʝʪʩʢʝ ʥʠʚʦʝ ʠ ʦʧʪʠʯʢʠ ʩʧʝʢʪʘʨ ˂ʝ ʙʠʪʠ 

ʧʨʝʜʩʪʘʚˀʝʥʠ ʫ ʩʝʢʮʠʿʠ 4.3. ʂʦʥʘʯʥʦ, ʫ ʩʝʢʮʠʿʠ 4.4 ˂ʝ ʙʠʪʠ ʜʘʪ ʩʘʞʝʪʘʢ ʜʦʙʠʿʝʥʠʭ ʨʝʟʫʣʪʘʪʘ 

ʠ ʠʟʚʝʜʝʥ ʢʦʥʮʠʟʘʥ ʟʘʢˀʫʯʘʢ.  

 



59 
 

4.2 ʊʝʦʨʠʿʩʢʠ ʤʦʜʝʣ ʿʘʢʝ ʚʝʟʝ ʟʘ ʢʚʘʥʪʥʝ ʪʘʯʢʝ ʠ ʧʨʩʪʝʥʦʚʝ 
 

ʅʘ ʩʣ. 4.1 ʠ ʩʣ. 4.2 ʿʝ ʜʘʪ ʰʝʤʘʪʩʢʠ ʧʨʠʢʘʟ ʥʫʤʝʨʠʯʢʠ ʧʨʦʫʯʝʥʠʭ 2ɼ S(H)QD ʠ 

S(H)QR ʢʦʿʝ ʩʫ ʧʦʟʠʮʠʦʥʠʨʘʥʝ ʫ x-y ʨʘʚʥʠ. ʅʘ ʩʣ. 4.1 ʿʝ ʩʘ Ὠ  ʦʟʥʘʯʝʥʘ ʜʫʞʠʥʘ ʠʚʠʮʝ 

ʧʦʣʠʛʦʥʘʣʥʝ QD, ʜʦʢ ʿʝ ʥʘ ʩʣ. 4.2 ʩʘ Ὠ  ʦʟʥʘʯʝʥʘ ʜʫʞʠʥʘ ʩʧʦˀʘʰˁʝ ʠʚʠʮʝ,  Ὠ  ʜʫʞʠʥʘ 

ʫʥʫʪʨʘʰˁʝ ʠʚʠʮʝ, ʘ ύ ʿʝ ʰʠʨʠʥʘ ʢʚʘʥʪʥʦʛ ʧʨʩʪʝʥʘ. ʋ ʢʚʘʜʨʘʪʥʠʤ ʩʪʨʫʢʪʫʨʘʤʘ ʩʫ ʧʨʠʩʫʪʥʠ 

Ăʤʝʰʘʥʝñ ʬʦʪʝˀʘʩʪʝ (ʩʢʨ. AC; ʝʥʛʣ. ArmChair) ʠ ʮʠʢ-ʮʘʢ (ʩʢʨ. ZZ; ʝʥʛʣ. Zig-Zag) ʠʚʠʮʝ, ʜʦʢ 

ʭʝʢʩʘʛʦʥʘʣʥʝ ʩʪʨʫʢʪʫʨʝ ʠʤʘʿʫ ʩʘʤʦ ZZ ʠʚʠʮʝ. ʉʚʝ ʥʘʥʦʩʪʨʫʢʪʫʨʝ ʠʤʘʿʫ ʧʦʜʿʝʜʥʘʢʫ ʧʦʚʨʰʠʥʫ 

Ὓ ςυȟσπ ÎÍ. ʋ ʪʘʙʝʣʠ 4.1 ʩʫ ʧʨʝʜʩʪʘʚˀʝʥʠ ʛʝʦʤʝʪʨʠʿʩʢʠ ʧʘʨʘʤʝʪʨʠ (Ὠ , Ὠ , ύ) ʠ ʙʨʦʿ 
ʠʚʠʯʥʠʭ ʘʪʦʤʘ (ὔȟ ) ʫ ʨʘʟʤʦʪʨʝʥʠʤ ʥʘʥʦʩʪʨʫʢʪʫʨʘʤʘ. 

 

 
 

ʉʣʠʢʘ 4.1. ʐʝʤʘʪʩʢʠ ʧʨʠʢʘʟ ʫ x-y ʨʘʚʥʠ ʥʫʤʝʨʠʯʢʠ ʠʩʪʨʘʞʝʥʠʭ (ʘ) SQD ʠ (ʙ) HQD. Ὠ  ʿʝ 

ʜʫʞʠʥʘ ʠʚʠʮʝ ʧʦʣʠʛʦʥʘʣʥʝ QD. AC ʠ ZZ ʦʟʥʘʯʘʚʘʿʫ ʬʦʪʝˀʘʩʪʠ ʠ ʮʠʢ-ʮʘʢ ʪʠʧ ʠʚʠʮʘ, 

ʨʝʩʧʝʢʪʠʚʥʦ. ɿʝʣʝʥʠ (ʮʨʚʝʥʠ) ʢʨʫʞʠ˂ʠ ʦʟʥʘʯʘʚʘʿʫ Te(Hg) ʘʪʦʤʝ. 

 

 
 

ʉʣʠʢʘ 4.2. ʐʝʤʘʪʩʢʠ ʧʨʠʢʘʟ ʫ x-y ʨʘʚʥʠ ʥʫʤʝʨʠʯʢʠ ʠʩʪʨʘʞʝʥʠʭ (ʘ) SQR ʠ (ʙ) HQR. Ὠ  ʿʝ 

ʜʫʞʠʥʘ ʩʧʦˀʘʰˁʝ ʠʚʠʮʝ ʟʘ QR, Ὠ  ʿʝ ʜʫʞʠʥʘ ʫʥʫʪʨʘʰˁʝ ʠʚʠʮʝ, ʠ ύ ʿʝ ʰʠʨʠʥʘ QR. AC ʠ ZZ 

ʦʟʥʘʯʘʚʘʿʫ ʬʦʪʝˀʘʩʪʠ ʠ ʮʠʢ-ʮʘʢ ʪʠʧ ʠʚʠʮʘ, ʨʝʩʧʝʢʪʠʚʥʦ. ɿʝʣʝʥʠ (ʮʨʚʝʥʠ) ʢʨʫʞʠ˂ʠ 

ʦʟʥʘʯʘʚʘʿʫ Te(Hg) ʘʪʦʤʝ. 

  

ʊʘʙʝʣʘ 4.1. ʇʨʝʛʣʝʜ ʛʝʦʤʝʪʨʠʿʩʢʠʭ ʧʘʨʘʤʝʪʘʨʘ (Ὠ , Ὠ , ύ) ʠ ʙʨʦʿʘ ʠʚʠʯʥʠʭ ʘʪʦʤʘ (ὔȟ ) ʟʘ 

ʦʜʨʝʹʝʥʠ ʦʙʣʠʢ ʠ ʪʠʧ ʥʘʥʦʩʪʨʫʢʪʫʨʝ. Ὠ  ʦʟʥʘʯʘʚʘ ʜʫʞʠʥʫ ʠʚʠʮʝ ʟʘ QD ʠʣʠ ʜʫʞʠʥʫ 

ʩʧʦˀʘʰˁʝ ʠʚʠʮʝ ʟʘ QR, Ὠ  ʿʝ ʜʫʞʠʥʘ ʫʥʫʪʨʘʰˁʝ ʠʚʠʮʝ ʟʘ QR, ʜʦʢ ʿʝ ύ ʰʠʨʠʥʘ ʧʨʩʪʝʥʘ. AC 

ʠ ZZ ʩʫ ʦʟʥʘʢʝ ʟʘ ʬʦʪʝˀʘʩʪʠ ʠ ʮʠʢ-ʮʘʢ ʪʠʧ ʠʚʠʮʘ, ʨʝʩʧʝʢʪʠʚʥʦ.  

 

ʆʙʣʠʢ ʊʠʧ ɻʨʘʥʠʮʘ 
Ὠ (Ὠ ) 

(nm) 
ύ (nm) ὔȟ  

 ʊʘʯʢʘ AC + ZZ 5,03(-)  46 

 ʊʘʯʢʘ ZZ 3,12(-)  40 

 ʇʨʩʪʝʥ AC + ZZ 5,63(2,53) 1,55 76 

 ʇʨʩʪʝʥ ZZ 3,52(1,63) 1,89 68 
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 ɿʘ ʤʦʜʝʣʦʚʘˁʝ ʝʣʝʢʪʨʦʥʩʢʠʭ ʩʪʘˁʘ ʫ HgTe ʢʚʘʥʪʥʠʤ ʪʘʯʢʘʤʘ ʠ ʧʨʩʪʝʥʦʚʠʤʘ ʫʚʦʜʠ ʩʝ 

ʭʘʤʠʣʪʦʥʠʿʘʥ ʧʨʝʤʘ ʤʦʜʝʣʫ ʿʘʢʝ ʚʝʟʝ ʥʘʧʠʩʘʥ ʫ ʬʦʨʤʘʣʠʟʤʫ ʩʝʢʫʥʜʘʨʥʝ ʢʚʘʥʪʠʟʘʮʠʿʝ (Slater 

ʠ Koster, 1954; Shen, 2012): 

 

Ὄ ‭ὧ ȟὧȟ
ȟ ȟᴻȢ

ὸȟὧ ȟὧȟ
ộȟỚȟ ȟᴻȢ

Ȣ                                      τȢςȢρ 

 

ʉʘ ʠʥʜʝʢʩʦʤ Ὥ ʫ ʿʝʜʥʘʯʠʥʠ (4.2.1) ʩʫ ʦʟʥʘʯʝʥʘ ʘʪʦʤʩʢʘ ʤʝʩʪʘ ʫ ʢʨʠʩʪʘʣʥʦʿ ʨʝʰʝʪʢʠ, Ὦ ʩʝ 
ʦʜʥʦʩʠ ʥʘ ʥʘʿʙʣʠʞʝ ʩʫʩʝʜʥʝ ʘʪʦʤʝ ʘʪʦʤʫ Ὥ, ʜʦʢ ʩʫ ʩʘ „ ʦʟʥʘʯʝʥʘ ʝʣʝʢʪʨʦʥʩʢʘ ʩʪʘˁʘ ʩʧʠʥʘ 

ʛʦʨʝ ()ᴻ ʠ ʩʧʠʥʘ ʜʦʣʝ ()Ȣ, ʨʝʩʧʝʢʪʠʚʥʦ. ‭ ʿʝ ʤʘʪʨʠʮʘ ñon-siteò ʝʥʝʨʛʠʿʘ ʘʪʦʤʘ Ὥ, ʜʦʢ ʿʝ 
ʩʦʧʩʪʚʝʥʘ ʩʧʠʥ-ʦʨʙʠʪʥʘ ʠʥʪʝʨʘʢʮʠʿʘ (ʩʢʨ. SOI; ʝʥʛʣ. Spin Orbit Interaction) ʫʢˀʫʯʝʥʘ ʫ ʤʦʜʝʣ 

ʢʨʦʟ ʥʝʜʠʿʘʛʦʥʘʣʥʝ ʯʣʘʥʦʚʝ ʦʚʝ ʤʘʪʨʠʮʝ (Chadi, 1977). ɼʚʝ ʦʚʘʢʚʝ ʤʘʪʨʠʮʝ ʩʫ ʧʦʩʝʙʥʦ 

ʬʦʨʤʠʨʘʥʝ ʟʘ Te ʘʥʿʦʥ ʠ Hg ʢʘʪʿʦʥ. ὸȟ ñoff-siteò ʤʘʪʨʠʮʝ ʦʧʠʩʫʿʫ ʝʣʝʢʪʨʦʥʩʢʠ ʩʢʦʢ (ʧʨʝʣʘʟ) 

ʩʘ ʘʪʦʤʘ Ὦ ʥʘ ʘʪʦʤ Ὥ (Shen, 2012). ὧ ȟ ʠ ὧȟ ʩʫ ʦʧʝʨʘʪʦʨʠ ʢʨʝʘʮʠʿʝ ʠ ʘʥʠʭʠʣʘʮʠʿʝ ʝʣʝʢʪʨʦʥʘ 

ʩʘ ʩʧʠʥʦʤ „ ʥʘ ʤʝʩʪʫ Ὥ. ʋ ʘʧʨʦʢʩʠʤʘʮʠʿʠ ʤʝʪʦʜʘ ʿʘʢʝ ʚʝʟʝ ʢʦʨʠʰ˂ʝʥ ʿʝ sp3d5s* ʙʘʟʠʩʥʠ ʩʢʫʧ, ʘ 

ʝʣʝʢʪʨʦʥʩʢʠ ʩʢʦʢʦʚʠ ʩʫ ʦʛʨʘʥʠʯʝʥʠ ʥʘ ʧʨʚʦʛ ʥʘʿʙʣʠʞʝʛ ʩʫʩʝʜʘ. ɸʪʦʤʠ ʩʘ ʤʘˁʝ ʦʜ ʜʚʝ ʚʝʟʝ ʩʫ 

ʫʢʣʦˁʝʥʠ ʠʟ ʩʪʨʫʢʪʫʨʘ. ɺʨʝʜʥʦʩʪʠ ñon-siteò ʝʥʝʨʛʠʿʘ ʠ ʝʥʝʨʛʠʿʘ ʩʢʦʢʦʚʘ ʩʫ ʧʨʝʜʩʪʘʚˀʝʥʠ ʫ 

ʇʨʠʣʦʛʫ 2. ʋ ʦʜʩʫʩʪʚʫ ʩʧʦˀʘʰˁʝʛ ʤʘʛʥʝʪʩʢʦʛ ʧʦˀʘ ʝʥʝʨʛʠʿʝ ʩʫ ʜʚʦʩʪʨʫʢʦ ʜʝʛʝʥʝʨʠʩʘʥʝ, ʰʪʦ 

ʿʝ ʧʦʩʣʝʜʠʮʘ ʩʠʤʝʪʨʠʿʝ ʟʘʩʥʦʚʘʥʝ ʥʘ ʠʥʚʝʨʟʠʿʠ ʚʨʝʤʝʥʘ ʦʧʠʩʘʥʝ ʫ ʂʨʘʤʝʨʩʦʚʦʿ (ʭʦʣ. 

Kramers) ʪʝʦʨʝʤʠ (Klein, 1952).  

 ʋʪʠʮʘʿ ʤʘʛʥʝʪʩʢʦʛ ʧʦˀʘ ʿʝ ʫʢˀʫʯʝʥ ʫ ʤʦʜʝʣ ʢʨʦʟ ʇʘʿʝʨʣʩʦʚʫ ʟʘʤʝʥʫ ʢʦʿʘ ʤʦʜʠʬʠʢʫʿʝ 

ñoff-siteò ʤʘʪʨʠʮʫ ʫʚʦʹʝˁʝʤ ʬʘʟʥʦʛ ʧʦʤʝʨʘʿʘ ʢʦʿʠ ʟʘʚʠʩʠ ʦʜ ʤʘʛʥʝʪʩʢʦʛ ʚʝʢʪʦʨ ʧʦʪʝʥʮʠʿʘʣʘ 

(Graf ʠ Vogl, 1995; Pertsova ʠ ʩʘʨ., 2015): 

 

ὸȟᴼὸȟὩ
᷿ Ἃ Ἲ
Ἲἲ
Ἲ ȟ                                                               τȢςȢς 

 

ʛʜʝ ʿʝ ɮ ὬȾὩ ʢʚʘʥʪ ʤʘʛʥʝʪʩʢʦʛ ʬʣʫʢʩʘ, Ὤ ʿʝ ʇʣʘʥʢʦʚʘ ʢʦʥʩʪʘʥʪʘ, Ὡ ʿʝ ʝʣʝʤʝʥʪʘʨʥʦ 
ʥʘʝʣʝʢʪʨʠʩʘˁʝ ʠ Ἃ ʿʝ ʤʘʛʥʝʪʩʢʠ ʚʝʢʪʦʨ ʧʦʪʝʥʮʠʿʘʣ. ʋ ʧʨʚʦʿ ʘʧʨʦʢʩʠʤʘʮʠʿʠ, ʢʘʜʘ ʩʫ ʝʬʝʢʪʠ 

ʤʘʛʥʝʪʩʢʦʛ ʧʦˀʘ ʥʘ ʩʪʘˁʘ ʫʥʫʪʘʨ ʘʪʦʤʘ ʟʘʥʝʤʘʨʝʥʠ, ʦʚʘ ʤʦʜʠʬʠʢʘʮʠʿʘ ʿʝ ʠʥʚʘʨʠʿʘʥʪʥʘ ʫ 

ʦʜʥʦʩʫ ʥʘ ʢʘʣʠʙʨʘʮʠʿʫ (Graf ʠ Vogl, 1995; Boykin ʠ ʩʘʨ., 2001). ʂʦʨʠʰ˂ʝʥʘ ʿʝ ʃʘʥʜʘʫʦʚʘ 

ʢʘʣʠʙʨʘʮʠʿʘ Ἃ πȟὄὼȟπ ʫ ʦʢʚʠʨʫ ʢʦʿʝ ʿʝ ʤʘʛʥʝʪʩʢʦ ʧʦˀʝ ʦʨʠʿ ʝʥʪʠʩʘʥʦ ʜʫʞ ᾀ ʦʩʝ. ɿʘ 
ʝʣʝʢʪʨʦʥʩʢʝ ʩʢʦʢʦʚʝ ʩʘ ʤʝʩʪʘ Ὥ ʥʘ ʤʝʩʪʦ Ὦ, ʛʨʘʥʠʮʝ ʠʥʪʝʛʨʘʣʘ ʫ ʿʝʜʥʘʯʠʥʠ (4.2.2) ʩʝ ʟʘʤʝˁʫʿʫ, 

ʧʘ ʿʝ ʟʙʦʛ ʪʦʛʘ ὸȟ ὸȟ. ʂʘʜʘ ʿʝ ʩʧʠʥ ʫʢˀʫʯʝʥ, ʩʚʦʿʩʪʚʝʥʝ ʝʥʝʨʛʠʿʝ ʩʪʘˁʘ ʩʘ ʩʧʠʥʦʤ ʛʦʨʝ 

(ʩʧʠʥʦʤ ʜʦʣʝ) ʩʝ ʩʤʘˁʫʿʫ (ʧʦʚʝ˂ʘʚʘʿʫ) ʧʨʦʧʦʨʮʠʦʥʘʣʥʦ ʩʘ ʚʨʝʜʥʦʰ˂ʫ ʤʘʛʥʝʪʩʢʦʛ ʧʦˀʘ (Graf 

ʠ Vogl, 1995). ʉ ʦʙʟʠʨʦʤ ʜʘ ʥʝʤʘ ʬʠʟʠʯʢʦʛ ʟʥʘʯʘʿʘ ʧʨʠʣʠʢʦʤ ʦʙʿʘʰˁʘʚʘˁʘ ʨʘʟʤʦʪʨʝʥʠʭ 

ʝʬʝʢʘʪʘ, ʠʥʪʝʨʘʢʮʠʿʘ ʩʧʦˀʘʰˁʝʛ ʤʘʛʥʝʪʩʢʦʛ ʧʦˀʘ ʩʘ ʩʧʠʥʩʢʠʤ ʤʘʛʥʝʪʩʢʠʤ ʜʠʧʦʣʥʠʤ 

ʤʦʤʝʥʪʦʤ ʝʣʝʢʪʨʦʥʘ ʥʠʿʝ ʫʢˀʫʯʝʥʘ ʫ ʤʦʜʝʣ (Pertsova ʠ ʩʘʨ., 2015). ʉʚʦʿʩʪʚʝʥʝ ʝʥʝʨʛʠʿʝ ʠ 

ʩʚʦʿʩʪʚʝʥʠ ʚʝʢʪʦʨʠ ʩʫ ʧʨʦʥʘʹʝʥʠ ʥʫʤʝʨʠʯʢʠ ʧʦʤʦ˂ʫ PYBINDING ʩʦʬʪʚʝʨʩʢʦʛ ʧʘʢʝʪʘ 

(Moldovan ʠ Peeters, PYBINDING v0.8.0) ʢʦʿʠ ʚʨʰʠ ʜʠʿʘʛʦʥʘʣʠʟʘʮʠʿʫ ʿʝʜʥʘʯʠʥʝ (4.2.1).  

 ɻʫʩʪʠʥʘ ʝʣʝʢʪʨʦʥʩʢʠʭ ʩʪʘˁʘ (DOS) QD ʩʠʩʪʝʤʘ ʿʝ ʧʨʝʜʩʪʘʚˀʝʥʘ ʩʫʤʦʤ ʜʝʣʪʘ 

ʬʫʥʢʮʠʿʘ ʢʦʿʝ ʩʫ ʮʝʥʪʨʠʨʘʥʝ ʥʘ ʧʦʟʠʮʠʿʘʤʘ ʩʚʦʿʩʪʚʝʥʠʭ ʝʥʝʨʛʠʿʘ ʩʠʩʪʝʤʘ. ʂʚʘʥʪʥʝ ʪʘʯʢʝ ʩʝ 

ʦʙʠʯʥʦ ʧʨʦʠʟʚʦʜʝ ʫ ʘʥʩʘʤʙʣʠʤʘ, ʛʜʝ ʚʝʣʠʯʠʥʘ ʪʘʯʢʝ ʥʝ ʤʦʞʝ ʙʠʪʠ ʫ ʧʦʪʧʫʥʦʩʪʠ 

ʢʦʥʪʨʦʣʠʩʘʥʘ. ʆʚʘ ʚʘʨʠʿʘʮʠʿʘ ʫ ʚʝʣʠʯʠʥʠ ʜʦʚʦʜʠ ʜʦ ʧʦʿʘʚʝ ʥʝʭʦʤʦʛʝʥʦʛ ʰʠʨʝˁʘ 

ʩʧʝʢʪʨʘʣʥʠʭ ʣʠʥʠʿʘ ʦʧʪʠʯʢʝ ʘʧʩʦʨʧʮʠʿʝ ʠʣʠ ʝʤʠʩʠʿʝ. ɼʘ ʙʠ ʩʝ ʦʧʠʩʘʣʦ ʦʚʦ ʰʠʨʝˁʝ, ʠʟʨʘʟ ʟʘ 

DOS ʩʝ ʤʦʜʠʬʠʢʫʿʝ 

 

$/3Ὁ ɜὉ Ὁȟ                                                          τȢςȢσ 
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ʛʜʝ ʿʝ Ὁ, ʝʥʝʨʛʠʿʘ ὲ-ʦʛ ʩʪʘˁʘ ʜʦʢ ʿʝ ɜ ɻʘʫʩʦʚʘ (ʥʝʤ. Gauß) ʬʫʥʢʮʠʿʘ (Yates ʠ ʩʘʨ., 2007; Li ʠ 

ʩʘʨ., 2017) 

 

ɜɝὉ
ρ

ὧЍς“
Ὡ Ȣ                                                            τȢςȢτ 

 

ʆʚʘʢʦ ʤʦʜʠʬʠʢʦʚʘʥ ʠʟʨʘʟ ʟʘ DOS ʫ ʟʥʘʯʘʿʥʦʿ ʤʝʨʠ ʦʣʘʢʰʘʚʘ ʥʫʤʝʨʠʯʢʠ ʨʘʯʫʥ ʦʧʪʠʯʢʝ 

ʘʧʩʦʨʧʮʠʿʝ. ʄʦʞʝ ʩʝ ʫʩʚʦʿʠʪʠ ʜʘ ʿʝ ʬʘʢʪʦʨ ʰʠʨʝˁʘ ὧ ʢʦʥʩʪʘʥʪʘʥ ʟʘ ʩʚʝ ʟʦʥʝ (Yates ʠ ʩʘʨ., 

2007).   

 ɼʠʧʦʣʥʠ ʤʘʪʨʠʯʥʠ ʝʣʝʤʝʥʪ Ἔȟ ἂὮȿἺȿὭἃ ʠʟʤʝʹʫ ʩʪʘˁʘ Ὥ ʠ Ὦ ʿʝ ʦʜʨʝʹʝʥ ʫʢˀʫʯʠʚʘˁʝʤ 

ʩʘʤʦ ʠʥʪʨʘʦʨʙʠʪʘʣʥʠʭ ʯʣʘʥʦʚʘ, ʰʪʦ ʩʝ ʧʦʢʘʟʘʣʦ ʢʘʦ ʜʦʙʨʘ ʘʧʨʦʢʩʠʤʘʮʠʿʘ ʫ ʥʝʜʘʚʥʠʤ 

ʤʦʜʝʣʠʤʘ ʘʧʩʦʨʧʮʠʦʥʦʛ ʩʧʝʢʪʨʘ ʬʦʩʬʦʨʝʥʩʢʠʭ ʢʚʘʥʪʥʠʭ ʪʘʯʘʢʘ (Li ʠ ʩʘʨ., 2017), ʢʘʦ ʠ 

ʢʚʘʥʪʥʠʭ ʪʘʯʘʢʘ ʦʜ ʩʠʣʠʮʝʥʘ ʠ ʛʨʘʬʝʥʘ (Abdelsalam ʠ ʩʘʨ., 2016). ɸʧʩʦʨʧʮʠʿʘ ὃ ʟʘʚʠʩʠ ʦʜ 

ʤʘʪʨʠʯʥʠʭ ʝʣʝʤʝʥʘʪʘ, ʠ ʫ ʩʢʣʘʜʫ ʿʝ ʩʘ ʟʘʢʦʥʦʤ ʦ ʦʜʨʞʘˁʫ ʝʥʝʨʛʠʿʝ (Abdelsalam ʠ ʩʘʨ., 2016): 

 

ὃᴐ‫ Ὁ Ὁ Ἔȟ ɜὉ Ὁ ᴐ‫

ȟ

Ȣ                                     τȢςȢυ 

 

ʆʚʜʝ ᴐ,ʧʨʝʜʩʪʘʚˀʘ ʝʥʝʨʛʠʿʫ ʬʦʪʦʥʘ, Ὁ ʠ Ὁ ʩʫ ʝʥʝʨʛʠʿʝ ʠʥʠʮʠʿʘʣʥʦʛ ʠ ʬʠʥʘʣʥʦʛ ʩʪʘˁʘ ‫ 

ʨʝʩʧʝʢʪʠʚʥʦ, ʜʦʢ ʿʝ  ʚʝʢʪʦʨ ʧʦʣʘʨʠʟʘʮʠʿʝ ʩʚʝʪʣʦʩʪʠ. 

 

 

4.3 ʈʝʟʫʣʪʘʪʠ ʠ ʜʠʩʢʫʩʠʿʘ 
 

4.3.1 ʋʪʠʮʘʿ ʛʝʦʤʝʪʨʠʿʝ, ʪʠʧʘ ʥʘʥʦʩʪʨʫʢʪʫʨʝ ʠ ʧʨʠʤʝˁʝʥʠʭ ʛʨʘʥʠʯʥʠʭ ʫʩʣʦʚʘ 

 

ʃʘʪʝʨʘʣʥʝ ʜʠʤʝʥʟʠʿʝ ʢʚʘʥʪʥʠʭ ʪʘʯʘʢʘ ʠ ʧʨʩʪʝʥʦʚʘ, ʜʘʪʝ ʫ ʪʘʙʝʣʠ 4.1., ʩʫ ʠʟʘʙʨʘʥʝ ʪʘʢʦ 

ʜʘ ʦʜʛʦʚʘʨʘʿʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦ ʨʝʘʣʠʟʦʚʘʥʠʤ HgTe ʢʚʘʥʪʥʠʤ ʪʘʯʢʘʤʘ ʢʦʿʝ ʠʤʘʿʫ ʧʨʝʯʥʠʢ ʫ 

ʦʧʩʝʛʫ ʦʜ 4 nm ʜʦ 15 nm (Keuleyan ʠ ʩʘʨ., 2011B). ʉʚʦʿʩʪʚʝʥʝ ʝʥʝʨʛʠʿʝ ʘʥʘʣʠʟʠʨʘʥʠʭ 

ʢʚʘʥʪʥʠʭ ʪʘʯʘʢʘ ʠ ʧʨʩʪʝʥʦʚʘ ʫ ʦʜʩʫʩʪʚʫ ʤʘʛʥʝʪʩʢʦʛ ʧʦˀʘ ʩʫ ʧʨʠʢʘʟʘʥʝ ʥʘ ʩʣ. 4.3 (ʘ). 

ɿʘʚʠʩʥʦʩʪ ʛʫʩʪʠʥʝ ʝʣʝʢʪʨʦʥʩʢʠʭ ʩʪʘˁʘ ʦʜ ʝʥʝʨʛʠʿʝ ʟʘ ʯʝʪʠʨʠ ʪʠʧʘ ʩʪʨʫʢʪʫʨʘ ʿʝ ʠʟʨʘʯʫʥʘʪʘ 

ʢʦʨʠʰ˂ʝˁʝʤ ʠʩʪʝ ʚʨʝʜʥʦʩʪʠ ʬʘʢʪʦʨʘ ʰʠʨʝˁʘ ὧ ρπ ÍÅ6 (Li ʠ ʩʘʨ., 2017) ʠ ʧʨʝʜʩʪʘʚˀʝʥʘ ʿʝ 

ʥʘ ʩʣ. 4.3 (ʙ).  

 ʅʘ ʩʣ. 4.3 (ʘ) ʩʝ ʤʦʞʝ ʚʠʜʝʪʠ ʜʘ ʝʥʝʨʛʝʪʩʢʠ ʥʠʚʦʠ ʩʚʘ ʯʝʪʠʨʠ ʩʠʩʪʝʤʘ ʚʘʨʠʨʘʿʫ ʩʣʠʯʥʦ 

ʩʘ ʧʨʦʤʝʥʦʤ ʨʝʜʥʦʛ ʙʨʦʿʘ ʩʪʘˁʘ. ɼʝʪʘˀʥʦ ʿʝ ʨʘʟʤʦʪʨʝʥ ʜʝʦ ʩʧʝʢʪʨʘ ʫʥʫʪʘʨ ʬʫʥʜʘʤʝʥʪʘʣʥʦʛ 

ʝʥʝʨʛʝʪʩʢʦʛ ʧʨʦʮʝʧʘ ʟʘ ʤʦʥʦʩʣʦʿ HgTe ʙʝʩʢʦʥʘʯʥʠʭ ʣʘʪʝʨʘʣʥʠʭ ʜʠʤʝʥʟʠʿʘ (2ɼ HgTe). ʆʥ ʩʝ 

ʿʘʚˀʘ ʠʟʤʝʹʫ ũ4 ʧʨʦʚʦʜʥʝ ʟʦʥʝ ʠ ũ5,6 ʚʘʣʝʥʪʥʠʭ ʟʦʥʘ (Li ʠ ʩʘʨ., 2015). ʆʚʘʿ ʧʨʦʮʝʧ ʠʤʘ 

ʚʨʝʜʥʦʩʪ ʦʜ ρȟψς Å6 ʠ ʦʟʥʘʯʝʥ ʿʝ ʭʦʨʠʟʦʥʪʘʣʥʠʤ ˀʫʙʠʯʘʩʪʠʤ ʠʩʧʨʝʢʠʜʘʥʠʤ ʣʠʥʠʿʘʤʘ ʥʘ ʩʣ. 
4.3 (ʘ). ʋ HgTe QD ʠ QR ʩʪʨʫʢʪʫʨʘʤʘ ʥʝ ʧʦʩʪʦʿʝ ʢʦʥʪʠʥʫʘʣʥʝ ʟʦʥʝ, ʘʣʠ ʩʝ ʩʘ ʩʣ. 4.3 (ʘ) ʤʦʞʝ 

ʚʠʜʝʪʠ ʜʘ ʩʫ ʜʠʩʢʨʝʪʥʘ ʩʪʘˁʘ ʦʨʛʘʥʠʟʦʚʘʥʘ ʫ ʢʚʘʟʠʟʦʥʝ. ʇʨʦʥʘʹʝʥʦ ʿʝ ʫʢʫʧʥʦ ʧʝʪ ʢʚʘʟʠʟʦʥʘ ʫ 

ʦʧʩʝʛʫ ʦʜ ρρ Å6 ʜʦ ρωȟυ Å6. ʆʚʜʝ ʿʝ ʚʘʞʥʦ ʥʘʧʦʤʝʥʫʪʠ, ʜʘ ʿʝ ʟʘ ʧʦʯʝʪʘʢ ʝʥʝʨʛʝʪʩʢʝ ʩʢʘʣʝ 
ʫʟʝʪ ʚʨʭ ʚʘʣʝʥʪʥʝ ʟʦʥʝ 2ɼ HgTe.  

ʋ ʝʥʝʨʛʝʪʩʢʠʤ ʧʨʦʮʝʧʠʤʘ ʠʟʤʝʹʫ ʢʚʘʟʠʟʦʥʘ ʛʫʩʪʠʥʘ ʝʣʝʢʪʨʦʥʩʢʠʭ ʩʪʘˁʘ ʠʩʯʝʟʘʚʘ ʠ, 

ʫʩʣʝʜ ʢʚʘʥʪʥʦʛ ʢʦʥʬʠʥʠʨʘˁʘ, ʚʨʝʜʥʦʩʪʠ ʦʚʠʭ ʧʨʦʮʝʧʘ ʩʫ ʚʝ˂ʝ ʦʜ ʚʨʝʜʥʦʩʪʠ ʬʫʥʜʘʤʝʥʪʘʣʥʦʛ 

ʝʥʝʨʛʝʪʩʢʦʛ ʧʨʦʮʝʧʘ (ʚʠʜʝʪʠ ʪʘʙʝʣʫ 4.2). ʊʘʢʦʹʝ, ʩʘ ʩʣ. 4.3 (ʙ) ʩʝ ʤʦʞʝ ʚʠʜʝʪʠ ʜʘ DOS 

ʧʦʩʝʜʫʿʝ ʦʰʪʨʝ ʧʠʢʦʚʝ ʫ ʦʢʦʣʠʥʠ ʝʢʩʪʨʝʤʫʤʘ ʢʚʘʟʠʟʦʥʘ. ʇʠʢʦʚʠ ʛʫʩʪʠʥʝ ʝʣʝʢʪʨʦʥʩʢʠʭ ʩʪʘˁʘ 

ʩʫ ʩʣʠʯʥʦʛ ʧʦʣʦʞʘʿʘ ʠ ʠʥʪʝʥʟʠʪʝʪʘ ʢʦʜ ʩʚʠʭ ʪʠʧʦʚʘ ʥʘʥʦʩʪʨʫʢʪʫʨʘ. ʀʧʘʢ, ʧʦʩʪʦʿʝ ʫʦʯˀʠʚʝ 

ʨʘʟʣʠʢʝ ʩʪʘˁʘ ʫʥʫʪʘʨ ʝʥʝʨʛʝʪʩʢʦʛ ʧʨʦʮʝʧʘ ʰʪʦ ʩʝ ʤʦʞʝ ʚʠʜʝʪʠ ʩʘ ʩʣ. 4.4. ʆʚʘʿ ʜʝʦ ʩʧʝʢʪʨʘ ʿʝ 

ʟʘ ʩʚʝ ʯʝʪʠʨʠ ʩʪʨʫʢʪʫʨʝ ʧʦʧʫʣʠʩʘʥ ʠʚʠʯʥʠʤ ʩʪʘˁʠʤʘ, ʢʦʿʘ ʩʫ ʩʣʠʯʥʘ ʠʚʠʯʥʠʤ ʩʪʘˁʠʤʘ 

ʧʨʦʥʘʹʝʥʠʤ ʫ ʩʠʣʠʮʝʥʩʢʠʤ, ʛʝʨʤʘʥʝʥʩʢʠʤ ʠ ʬʦʩʬʦʨʝʥʩʢʠʤ ʢʚʘʥʪʥʠʤ ʪʘʯʢʘʤʘ ʠ ʧʨʩʪʝʥʦʚʠʤʘ 
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(Li ʠ ʩʘʨ., 2017; Jakovljeviĺ ʠ ʩʘʨ., 2017). ʆʚʘ ʩʪʘˁʘ ʩʫ ʦʟʥʘʯʝʥʘ ʩʘ ʨʠʤʩʢʠʤ ʙʨʦʿʝʤ II ʥʘ ʩʣ. 

4.4. 

 
 

ʉʣʠʢʘ 4.3. (ʘ) ɼʠʩʪʨʠʙʫʮʠʿʘ ʝʥʝʨʛʝʪʩʢʠʭ ʥʠʚʦʘ ʫ S(H)QD ʠ S(H)QR ʥʘʥʦʩʪʨʫʢʪʫʨʘʤʘ ʫ 

ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʨʝʜʥʦʛ ʙʨʦʿʘ ʩʪʘˁʘ ὲ. ʈʝʟʫʣʪʘʪʠ ʟʘ ʨʘʟʣʠʯʠʪʝ ʩʪʨʫʢʪʫʨʝ ʩʫ ʧʦʤʝʨʝʥʠ ʟʘ Ўὲ
τππ. ɼʝʦ ʝʥʝʨʛʝʪʩʢʦʛ ʩʧʝʢʪʨʘ ʢʦʿʠ ʦʜʛʦʚʘʨʘ ʝʥʝʨʛʝʪʩʢʦʤ ʧʨʦʮʝʧʫ 2ɼ HgTe ʿʝ ʦʟʥʘʯʝʥ ʩʘ 

ʭʦʨʠʟʦʥʪʘʣʥʠʤ ʠʩʧʨʝʢʠʜʘʥʠʤ ʣʠʥʠʿʘʤʘ ˀʫʙʠʯʘʩʪʝ ʙʦʿʝ. (ʙ) ɺʘʨʠʿʘʮʠʿʘ ʛʫʩʪʠʥʝ ʝʣʝʢʪʨʦʥʩʢʠʭ 

ʩʪʘˁʘ ʩʘ ʝʥʝʨʛʠʿʦʤ ʫ S(H)QD ʠ S(H)QR ʥʘʥʦʩʪʨʫʢʪʫʨʘʤʘ. ʈʝʟʫʣʪʘʪʠ ʟʘ ʨʘʟʣʠʯʠʪʝ ʩʪʨʫʢʪʫʨʝ 

ʩʫ ʧʦʤʝʨʝʥʠ ʟʘ ρπππ Å6 . 

 

 
 

ʉʣʠʢʘ 4.4. ɼʝʪʘˀʘʥ ʧʨʠʢʘʟ ʝʥʝʨʛʝʪʩʢʠʭ ʥʠʚʦʘ ʢʦʿʠ ʩʫ ʥʘ ʩʣ. 4.3 (ʘ) ʦʩʝʥʯʝʥʠ ʞʫʪʠʤ 

ʧʨʘʚʦʫʛʘʦʥʠʢʦʤ. ɻʫʩʪʠʥʘ ʝʣʝʢʪʨʦʥʩʢʠʭ ʩʪʘˁʘ ʟʘ ʥʝʢʦʣʠʢʦ ʦʜʘʙʨʘʥʠʭ ʩʪʘˁʘ ʢʦʿʘ ʩʫ ʦʟʥʘʯʝʥʘ 

ʨʠʤʩʢʠʤ ʙʨʦʿʝʚʠʤʘ I, II ʠ III  ʿʝ ʧʨʠʢʘʟʘʥʘ ʥʘ ʩʣ. 4.5 ʠ ʩʣ. 4.6. 
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ʊʘʙʝʣʘ 4.2. ɺʨʝʜʥʦʩʪʠ ʝʥʝʨʛʝʪʩʢʦʛ ʧʨʦʮʝʧʘ (ʜʘʪʝ ʫ ʿʝʜʠʥʠʮʘʤʘ eV) ʫ S(H)QD ʠ S(H)QR 

ʩʪʨʫʢʪʫʨʘʤʘ.  

 

Ὁȟ  Ὁȟ  Ὁȟ  Ὁȟ  

1,875 1,876 2,046 2,048 

 

 
 

ʉʣʠʢʘ 4.5. ɻʫʩʪʠʥʘ ʚʝʨʦʚʘʪʥʦ˂ʝ ʥʘʣʘʞʝˁʘ ʟʘ ʩʪʘˁʝ ʩʘ ʜʥʘ ʧʨʦʚʦʜʥʝ ʟʦʥʝ, ʠʚʠʯʥʠʭ ʩʪʘˁʘ ʠ 

ʩʪʘˁʘ ʩʘ ʚʨʭʘ ʚʘʣʝʥʪʥʝ ʟʦʥʝ ʫ SQD ʠ HQD ʢʦʿʘ ʩʫ ʦʟʥʘʯʝʥʘ ʨʠʤʩʢʠʤ ʙʨʦʿʝʚʠʤʘ I, II ʠ III  ʥʘ 

ʩʣ. 4.4 ʢʘʜʘ ʿʝ ʤʘʛʥʝʪʩʢʦ ʧʦˀʝ ʿʝʜʥʘʢʦ ʥʫʣʠ. ɻʦʨˁʠ ʧʘʥʝʣ: ɻʫʩʪʠʥʘ ʚʝʨʦʚʘʪʥʦ˂ʝ ʥʘʣʘʞʝˁʘ 

ʝʥʝʨʛʝʪʩʢʠ ʥʘʿʥʠʞʝʛ ʩʪʘˁʘ ʠʟ ʧʨʦʚʦʜʥʝ ʟʦʥʝ ȿʕȿʫ (ʘ) SQD ʠ (ʙ) HQD. ʉʨʝʜˁʠ ʧʘʥʝʣ: ʉʫʤʘ 

ʛʫʩʪʠʥʘ ʚʝʨʦʚʘʪʥʦ˂ʘ ʥʘʣʘʞʝˁʘ ȿʕȿ ʠʚʠʯʥʠʭ ʩʪʘˁʘ ʫ (ʚ) SQD ʠ (ʛ) HQD. ɼʦˁʠ ʧʘʥʝʣ: 

ɻʫʩʪʠʥʘ ʚʝʨʦʚʘʪʥʦ˂ʝ ʥʘʣʘʞʝˁʘ ʝʥʝʨʛʝʪʩʢʠ ʥʘʿʚʠʰˁʝʛ ʩʪʘˁʘ ʠʟ ʚʘʣʝʥʪʥʝ ʟʦʥʝ ȿʕ ȿ ʫ (ʜ) 

SQD ʠ ( )́ HQD. 

 

ʀʘʢʦ ʩʫ ʠʚʠʯʥʘ ʩʪʘˁʘ ʧʨʦʥʘʹʝʥʘ ʫ ʩʚʠʤ ʩʪʨʫʢʪʫʨʘʤʘ, ʧʦʩʪʦʿʝ ʠʟʚʝʩʥʝ ʨʘʟʣʠʢʝ ʫ ˁʠʭʦʚʠʤ 

ʦʩʦʙʠʥʘʤʘ ʢʦʿʝ ʫ ʟʥʘʯʘʿʥʠʿʦʿ ʤʝʨʠ ʦʜʨʝʹʫʿʫ ʦʧʪʠʯʢʘ ʩʚʦʿʩʪʚʘ ʘʥʘʣʠʟʠʨʘʥʠʭ ʩʪʨʫʢʪʫʨʘ. ʆʚʝ 

ʨʘʟʣʠʢʝ ˂ʝ ʫ ʥʘʩʪʘʚʢʫ ʙʠʪʠ ʜʝʪʘˀʥʦ ʠʩʧʠʪʘʥʝ. ʋ ʮʠˀʫ ʠʣʫʩʪʨʘʮʠʿʝ ʨʘʟʣʠʯʠʪʠʭ ʪʠʧʦʚʘ 

ʝʣʝʢʪʨʦʥʩʢʝ ʣʦʢʘʣʠʟʘʮʠʿʝ, ʥʘ ʩʣ. 4.5 ʠ ʩʣ. 4.6 ʿʝ ʧʨʠʢʘʟʘʥʦ ʥʝʢʦʣʠʢʦ ʩʪʘˁʘ ʠʟ ʢʚʘʟʠʟʦʥʘ 

S(H)QD ʠ S(H)QR, ʢʦʿʝ ʩʝ ʥʘʣʘʟʝ ʫ ʦʢʦʣʠʥʠ ʝʥʝʨʛʝʪʩʢʦʛ ʧʨʦʮʝʧʘ 2ɼ HgTe. ʆʚʘ ʩʪʘˁʘ ʩʫ 
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ʦʟʥʘʯʝʥʘ ʨʠʤʩʢʠʤ ʙʨʦʿʝʚʠʤʘ I ʠ III ʥʘ ʩʣ. 4.4. ʀʟʘʙʨʘʥʘ ʩʪʘˁʘ ʠʤʘʿʫ ʝʥʝʨʛʠʿʝ ʫʥʫʪʘʨ 

ʝʥʝʨʛʝʪʩʢʦʛ ʧʨʦʮʝʧʘ 2ɼ HgTe. ʅʘ ʛʦʨˁʝʤ ʧʘʥʝʣʫ ʩʣ. 4.5 ʠ ʩʣ. 4.6 ʿʝ ʧʨʠʢʘʟʘʥʘ ʛʫʩʪʠʥʘ 

ʚʝʨʦʚʘʪʥʦ˂ʝ ʥʘʣʘʞʝˁʘ ʝʥʝʨʛʝʪʩʢʠ ʥʘʿʥʠʞʝʛ ʩʪʘˁʘ ʠʟ ʧʨʦʚʦʜʥʝ ʟʦʥʝ ȿʕȿ ʫ S(H)QD ʠ 

S(H)QR ʥʘʥʦʩʪʨʫʢʪʫʨʘʤʘ, ʨʝʜʦʤ. ʉʫʤʘ ʛʫʩʪʠʥʘ ʚʝʨʦʚʘʪʥʦ˂ʘ ʥʘʣʘʞʝˁʘ ȿʕȿ ʠʚʠʯʥʠʭ ʩʪʘˁʘ 

ʿʝ ʧʨʠʢʘʟʘʥʘ ʥʘ ʩʨʝʜˁʝʤ ʧʘʥʝʣʫ (ʩʣ. 4.5 (ʚ, ʛ) ʠ ʩʣ. 4.6 (ʚ, ʛ)), ʜʦʢ ʿʝ ʥʘ ʜʦˁʝʤ ʧʘʥʝʣʫ 

ʧʨʝʜʩʪʘʚˀʝʥʘ ʛʫʩʪʠʥʘ ʚʝʨʦʚʘʪʥʦ˂ʝ ʥʘʣʘʞʝˁʘ ʝʥʝʨʛʝʪʩʢʠ ʥʘʿʚʠʰˁʝʛ ʩʪʘˁʘ ʠʟ ʚʘʣʝʥʪʥʝ ʟʦʥʝ 

ȿʕ ȿ (ʩʣ. 4.5 (ʜ, ʹ) ʠ ʩʣ. 4.6 (ʜ, ʹ)).  

 

 
 

ʉʣʠʢʘ 4.6. ɻʫʩʪʠʥʘ ʚʝʨʦʚʘʪʥʦ˂ʝ ʥʘʣʘʞʝˁʘ ʟʘ ʩʪʘˁʝ ʩʘ ʜʥʘ ʧʨʦʚʦʜʥʝ ʟʦʥʝ, ʠʚʠʯʥʠʭ ʩʪʘˁʘ ʠ 

ʩʪʘˁʘ ʩʘ ʚʨʭʘ ʚʘʣʝʥʪʥʝ ʟʦʥʝ ʫ SQR ʠ HQR ʢʦʿʘ ʩʫ ʦʟʥʘʯʝʥʘ ʨʠʤʩʢʠʤ ʙʨʦʿʝʚʠʤʘ I, II ʠ III  ʥʘ 

ʩʣ. 4.4 ʢʘʜʘ ʿʝ ʤʘʛʥʝʪʩʢʦ ʧʦˀʝ ʿʝʜʥʘʢʦ ʥʫʣʠ. ɻʦʨˁʠ ʧʘʥʝʣ: ɻʫʩʪʠʥʘ ʚʝʨʦʚʘʪʥʦ˂ʝ ʥʘʣʘʞʝˁʘ 

ʝʥʝʨʛʝʪʩʢʠ ʥʘʿʥʠʞʝʛ ʩʪʘˁʘ ʠʟ ʧʨʦʚʦʜʥʝ ʟʦʥʝ ȿʕȿʫ (ʘ) SQR ʠ (ʙ) HQR. ʉʨʝʜˁʠ ʧʘʥʝʣ: ʉʫʤʘ 

ʛʫʩʪʠʥʘ ʚʝʨʦʚʘʪʥʦ˂ʘ ʥʘʣʘʞʝˁʘ ȿʕȿ ʠʚʠʯʥʠʭ ʩʪʘˁʘ ʫ (ʚ) SQR ʠ (ʛ) HQR. ɼʦˁʠ ʧʘʥʝʣ: 

ɻʫʩʪʠʥʘ ʚʝʨʦʚʘʪʥʦ˂ʝ ʥʘʣʘʞʝˁʘ ʝʥʝʨʛʝʪʩʢʠ ʥʘʿʚʠʰˁʝʛ ʩʪʘˁʘ ʠʟ ʚʘʣʝʥʪʥʝ ʟʦʥʝ ȿʕ ȿ ʫ (ʜ) 

SQR ʠ ( )́ HQR. 

 

ʉʘ ʩʣ. 4.5 ʠ ʩʣ 4.6 ʩʝ ʤʦʞʝ ʚʠʜʝʪʠ ʜʘ ʩʫ ʝʣʝʢʪʨʦʥʩʢʘ ʩʪʘˁʘ ʠʟ ʧʨʦʚʦʜʥʝ ʠ ʚʘʣʝʥʪʥʝ ʟʦʥʝ 

ʣʦʢʘʣʠʟʦʚʘʥʘ ʧʦ ʚʝ˂ʝʤ ʜʝʣʫ ʧʦʚʨʰʠʥʝ ʪʘʯʢʝ (ʧʨʩʪʝʥʘ) ʠ ʟʙʦʛ ʪʝ ʦʩʦʙʠʥʝ ʦʚʘ ʩʪʘˁʘ ʩʫ 

ʦʟʥʘʯʝʥʘ ʢʘʦ ʙʘʣʢʦʚʩʢʘ ʩʪʘˁʘ. ʉʘ ʜʨʫʛʝ ʩʪʨʘʥʝ, ʩʪʘˁʘ ʧʨʠʢʘʟʘʥʘ ʥʘ ʩʣ. 4.5 (ʚ, ʛ) ʠ ʩʣ. 4.6 (ʚ, ʛ) 
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ʩʫ ʪʟʚ. ʠʚʠʯʥʘ ʩʪʘˁʘ ʯʠʿʘ ʿʝ ʪʘʣʘʩʥʘ ʬʫʥʢʮʠʿʘ ʣʦʢʘʣʠʟʦʚʘʥʘ ʧʦ ʠʚʠʮʘʤʘ ʪʘʯʢʝ ʠ ʧʨʩʪʝʥʘ. 

ʇʦʰʪʦ ʠʚʠʯʥʘ ʩʪʘˁʘ ʠʤʘʿʫ ʝʥʝʨʛʠʿʝ ʫʥʫʪʘʨ ʝʥʝʨʛʝʪʩʢʦʛ ʧʨʦʮʝʧʘ 2ɼ HgTe ʟʦʚʫ ʩʝ ʿʦʰ ʠ 

ʩʪʘˁʘ ʫʥʫʪʘʨ ʧʨʦʮʝʧʘ (ʝʥʛʣ. in-gap states). ʃʘʢʦ ʩʝ ʤʦʞʝ ʧʦʢʘʟʘʪʠ ʜʘ ʿʝ ʙʨʦʿ ʦʚʠʭ ʩʪʘˁʘ 

ʿʝʜʥʘʢ ʟʙʠʨʫ ʠʚʠʯʥʠʭ Hg ʠ Te ʘʪʦʤʘ. ʂʘʢʦ ʢʚʘʥʪʥʠ ʧʨʩʪʝʥʦʚʠ ʠʤʘʿʫ ʚʝ˂ʫ ʜʫʞʠʥʫ 

ʩʧʦˀʘʰˁʠʭ ʠʚʠʮʘ ʫ ʦʜʥʦʩʫ ʥʘ ʢʚʘʥʪʥʝ ʪʘʯʢʝ ʠʩʪʝ ʧʦʚʨʰʠʥʝ, ʙʨʦʿ ʠʚʠʯʥʠʭ ʩʪʘˁʘ ʫ 

ʧʨʩʪʝʥʦʚʠʤʘ ʿʝ ʚʝ˂ʠ. ʋ ʩʚʠʤ ʩʣʫʯʘʿʝʚʠʤʘ ʠʚʠʯʥʘ ʩʪʘˁʘ ʩʫ ʜʦʤʠʥʘʥʪʥʦ ʣʦʢʘʣʠʟʦʚʘʥʘ ʥʘ Te 

ʘʪʦʤʠʤʘ (ʚʠʜʝʪʠ ʩʨʝʜˁʠ ʧʘʥʝʣ ʩʣ. 4.5 ʠ ʩʣ. 4.6). ʊʦ ʿʝ ʧʦʩʣʝʜʠʮʘ ʚʝ˂ʝ ʇʦʣʠʥʛʦʚʝ (ʝʥʛʣ. 

Pauling) ʝʣʝʢʪʨʦʥʝʛʘʪʠʚʥʦʩʪʠ Te ʫ ʦʜʥʦʩʫ ʥʘ Hg (Zheng ʠ ʩʘʨ., 2015). ʉʘ ʩʣ. 4.5 ʠ ʩʣ. 4.6 ʩʝ 

ʫʦʯʘʚʘ ʜʘ ʩʫ ʠʚʠʯʥʘ ʩʪʘˁʘ ʣʦʢʘʣʠʟʦʚʘʥʘ ʠ ʥʘ ZZ ʠ ʥʘ AC ʠʚʠʮʘʤʘ.   

 

 

4.3.2 ʋʪʠʮʘʿ ʥʦʨʤʘʣʥʦʛ ʤʘʛʥʝʪʩʢʦʛ ʧʦˀʘ 
 

ʅʘ ʩʣ. 4.7 ʠ ʩʣ 4.8 ʿʝ ʧʨʠʢʘʟʘʥʦ ʢʘʢʦ ʥʦʨʤʘʣʥʦ ʤʘʛʥʝʪʩʢʦ ʧʦˀʝ ʫʪʠʯʝ ʥʘ ʝʥʝʨʛʝʪʩʢʠ 

ʩʧʝʢʪʘʨ ʨʘʟʤʦʪʨʝʥʠʭ ʥʘʥʦʩʪʨʫʢʪʫʨʘ. ɺʘʨʠʿʘʮʠʿʝ ʝʥʝʨʛʝʪʩʢʠʭ ʥʠʚʦʘ ʩʘ ʤʘʛʥʝʪʩʢʠʤ ʬʣʫʢʩʦʤ 

ɮ ʫ SQD ʠ SQR ʩʫ ʜʘʪʝ ʥʘ ʩʣ. 4.7 (ʘ) ʠ 4.7 (ʙ), ʜʦʢ ʩʫ ʥʘ ʩʣ. 4.8 (ʘ) ʠ 4.8 (ʙ) ʧʨʠʢʘʟʘʥʘ ʩʪʘˁʘ 

ʠʟ HQD ʠ HQR ʥʘʥʦʩʪʨʫʢʪʫʨʘ, ʨʝʩʧʝʢʪʠʚʥʦ. ɿʘ ʜʘʪʫ ʚʨʝʜʥʦʩʪ ʤʘʛʥʝʪʩʢʦʛ ʧʦˀʘ ʨʘʯʫʥʘʪ ʿʝ 

ʬʣʫʢʩ ʢʨʦʟ ʧʦʚʨʰʠʥʫ ʧʨʠʤʠʪʠʚʥʝ ˂ʝʣʠʿʝ 2ɼ HgTe ʠ ʪʘ ʚʨʝʜʥʦʩʪ ʿʝ ʩʢʘʣʠʨʘʥʘ (ʧʦʜʝˀʝʥʘ) ʩʘ 

ʿʝʜʥʠʤ ʢʚʘʥʪʦʤ ʬʣʫʢʩʘ ɮ. ʇʦʚʨʰʠʥʘ ʧʨʠʤʠʪʠʚʥʝ ˂ʝʣʠʿʝ ʿʝ ʠʩʪʘ ʟʘ ʩʚʝ ʨʘʟʤʦʪʨʝʥʝ 
ʤʦʨʬʦʣʦʛʠʿʝ ʠ ʦʚʘʢʦ ʜʝʬʠʥʠʩʘʥʦ ɮ ʦʤʦʛʫ˂ʘʚʘ ʢʦʥʟʠʩʪʝʥʪʘʥ ʧʨʠʩʪʫʧ ʧʨʠʣʠʢʦʤ ʧʦʨʝʹʝˁʘ 

ʨʘʟʣʠʯʠʪʠʭ ʩʪʨʫʢʪʫʨʘ. ʆʚʘʢʘʚ ʧʨʠʩʪʫʧ ʩʝ ʯʝʩʪʦ ʢʦʨʠʩʪʠ (ʚʠʜʝʪʠ ʥʧʨ. ʨʝʬʝʨʝʥʮʫ, Li ʠ ʩʘʨ., 

2017), ʠʘʢʦ ɮ  ʦʜʛʦʚʘʨʘ ʚʝʣʠʢʦʿ ʚʨʝʜʥʦʩʪʠ ʤʘʛʥʝʪʩʢʦʛ ʧʦˀʘ (ɮ ɮϳ ὄςςωσφϳ  4). 

ʂʘʜʘ ʩʝ ʧʨʠʤʝʥʠ ʤʘʛʥʝʪʩʢʦ ʧʦˀʝ ʜʦʣʘʟʠ ʜʦ ʥʘʨʫʰʘʚʘˁʘ ʩʠʤʝʪʨʠʿʝ ʟʘʩʥʦʚʘʥʝ ʥʘ 

ʠʥʚʝʨʟʠʿʠ ʚʨʝʤʝʥʘ. ɿʙʦʛ ʪʦʛʘ ʜʦʣʘʟʠ ʜʦ ʨʘʟʙʠʿʘˁʘ ʩʧʠʥʩʢʝ ʜʝʛʝʥʝʨʘʮʠʿʝ ʠ ʪʘʣʘʩʥʘ ʬʫʥʢʮʠʿʘ 

ʩʚʘʢʦʛ ʩʪʘˁʘ ʧʨʝʜʩʪʘʚˀʘ ʩʫʧʝʨʧʦʟʠʮʠʿʫ ʪʘʣʘʩʥʠʭ ʬʫʥʢʮʠʿʘ ʩʧʠʥʘ ʛʦʨʝ ʠ ʩʧʠʥʘ ʜʦʣʝ. ʋʜʝʦ 

ʩʪʘˁʘ ʩʘ ʩʧʠʥʦʤ ʛʦʨʝ (ʜʦʣʝ) ʫ ʫʢʫʧʥʦʿ ʪʘʣʘʩʥʦʿ ʬʫʥʢʮʠʿʠ ʿʝ ʦʟʥʘʯʝʥ ʨʘʟʣʠʯʠʪʠʤ ʥʠʿʘʥʩʘʤʘ ʦʜ 

ʟʘʛʘʩʠʪʦ ʮʨʚʝʥʝ (ʢʘʜʘ ʿʝ ʩʪʘˁʝ ʩʧʠʥʘ ʛʦʨʝ), ʜʦ ʪʘʤʥʦ ʧʣʘʚʝ ʙʦʿʝ (ʢʘʜʘ ʿʝ ʩʪʘˁʝ ʩʧʠʥʘ ʜʦʣʝ). 

ʇʨʦʤʝʥʦʤ ʚʨʝʜʥʦʩʪʠ ʤʘʛʥʝʪʩʢʦʛ ʬʣʫʢʩʘ, ʝʥʝʨʛʠʿʝ ʩʪʘˁʘ ʩʫʧʨʦʪʥʠʭ ʩʧʠʥʦʚʘ ʩʝ ʘʥʪʠʫʢʨʰʪʘʿʫ 

(Jakovljeviĺ ʠ ʩʘʨ., 2017), ʧʨʠʣʠʢʦʤ ʯʝʛʘ ʜʦʣʘʟʠ ʜʦ ʠʟʤʝʥʝ ʜʦʤʠʥʘʥʪʥʝ ʩʧʠʥʩʢʝ ʢʦʤʧʦʥʝʥʪʝ 

ʠʟʤʝʹʫ ʩʪʘˁʘ. ʋ ʢʚʘʥʪʥʦʿ ʪʘʯʢʠ ʚʝ˂ʠʭ ʜʠʤʝʥʟʠʿʘ, ʫʪʠʮʘʿ ʢʦʥʬʠʥʠʨʘʿʫ˂ʝʛ ʧʦʪʝʥʮʠʿʘʣʘ ʥʘ 

ʝʣʝʢʪʨʦʥʝ ʿʝ ʤʘˁʠ ʫ ʧʦʨʝʹʝˁʫ ʩʘ ʤʘʛʥʝʪʩʢʠʤ ʧʦˀʝʤ. ʋ ʦʚʦʤ ʩʣʫʯʘʿʫ ʝʥʝʨʛʝʪʩʢʠ ʥʠʚʦʠ 

ʢʦʥʚʝʨʛʠʨʘʿʫ ʢʘ ʃʘʥʜʘʫʦʚʠʤ ʥʠʚʦʠʤʘ 2ɼ ʩʠʩʪʝʤʘ (Li ʠ ʩʘʨ., 2017) ʰʪʦ ʩʝ ʤʦʞʝ ʚʠʜʝʪʠ ʥʘ ʩʣ. 

4.7 ʠ ʩʣ 4.8. ɼʦʜʘʪʥʦ, ʩʘ ʩʣ. 4.7 (ʘ) ʩʝ ʤʦʞʝ ʚʠʜʝʪʠ ʜʘ ʩʝ ʙʘʣʢʦʚʩʢʘ ʠ ʠʚʠʯʥʘ ʩʪʘˁʘ ʨʘʟʣʠʯʠʪʦ 

ʧʦʥʘʰʘʿʫ ʫ ʧʨʠʩʫʩʪʚʫ ʥʦʨʤʘʣʥʦʛ ʤʘʛʥʝʪʩʢʦʛ ʧʦˀʘ. ʊʦ ʿʝ ʟʙʦʛ ʪʦʛʘ ʰʪʦ ʿʝ ʝʣʝʢʪʨʦʥʩʢʘ 

ʪʘʣʘʩʥʘ ʬʫʥʢʮʠʿʘ ʣʦʢʘʣʠʟʦʚʘʥʘ ʥʘ ʧʦʚʨʰʠʥʠ ʯʠʿʘ ʿʝ ʜʠʤʝʥʟʠʿʘ ʤʥʦʛʦ ʤʘˁʘ ʫ ʧʦʨʝʹʝˁʫ ʩʘ 

ʤʘʛʥʝʪʩʢʦʤ ʜʫʞʠʥʦʤ ὰ ᴐὩὄϳ  ʠ ʤʘʛʥʝʪʩʢʦ ʧʦˀʝ ʥʝ ʤʦʞʝ ʫ ʟʥʘʯʘʿʥʦʿ ʤʝʨʠ ʜʘ ʧʦʤʝʨʠ 

ʝʥʝʨʛʝʪʩʢʝ ʥʠʚʦʝ. ʅʘ ʧʨʠʤʝʨ, ʤʘʛʥʝʪʩʢʦʤ ʧʦˀʫ ʿʘʯʠʥʝ ὄ ρπ 4, ʦʜʛʦʚʘʨʘ ʤʘʛʥʝʪʩʢʘ ʜʫʞʠʥʘ 
ὰ υȟχσ ÎÍ, ʜʦʢ ʿʝ ʠʚʠʯʥʦ ʩʪʘˁʝ ʣʦʢʘʣʠʟʦʚʘʥʦ ʥʘ ʨʘʩʪʦʿʘˁʫ ʯʠʿʘ ʿʝ ʜʠʤʝʥʟʠʿʘ ʫʧʦʨʝʜʠʚʘ ʩʘ 
ʧʘʨʘʤʝʪʨʦʤ ʢʨʠʩʪʘʣʥʝ ʨʝʰʝʪʢʝ HgTe. ʋʧʨʘʚʦ ʠʟ ʦʚʦʛ ʨʘʟʣʦʛʘ ʝʥʝʨʛʠʿʝ ʠʚʠʯʥʠʭ ʩʪʘˁʘ ʩʝ 

ʚʝʦʤʘ ʩʣʘʙʦ ʤʝˁʘʿʫ ʩʘ ʧʨʦʤʝʥʦʤ ʤʘʛʥʝʪʩʢʦʛ ʧʦˀʘ, ʠ ʜʠʿʘʛʨʘʤ ʟʘʚʠʩʥʦʩʪʠ ˁʠʭʦʚʠʭ ʝʥʝʨʛʠʿʘ 

ʦʜ ʤʘʛʥʝʪʩʢʦʛ ʧʦˀʘ ʿʝ ʧʨʝʜʩʪʘʚˀʝʥ ʨʘʚʥʠʤ ʣʠʥʠʿʘʤʘ. ʊʘʢʦʹʝ, ɿʝʤʘʥʦʚʦ ʩʧʠʥʩʢʦ ʮʝʧʘˁʝ ʿʝ 

ʩʢʦʨʦ ʥʝʟʥʘʪʥʦ ʟʘ ʦʧʩʝʛ ʚʨʝʜʥʦʩʪʠ ʤʘʛʥʝʪʩʢʦʛ ʧʦˀʘ ʢʦʿʠ ʿʝ ʧʨʝʜʩʪʘʚˀʝʥ ʥʘ ʩʣ. 4.7 ʠ ʩʣ 4.8. 

ʇʦʨʝʹʝˁʝʤ ʩʣ. 4.7 (ʘ) ʠ 4.7 (ʙ) ʫʩʪʘʥʦʚˀʝʥʦ ʿʝ ʥʝʢʦʣʠʢʦ ʙʠʪʥʠʭ ʨʘʟʣʠʢʘ ʫ ʧʦʥʘʰʘˁʫ 

ʝʥʝʨʛʝʪʩʢʠʭ ʩʪʘˁʘ SQR ʩʪʨʫʢʪʫʨʝ ʫ ʦʜʥʦʩʫ ʥʘ SQD ʩʪʨʫʢʪʫʨʫ ʢʘʜʘ ʿʝ ʧʨʠʩʫʪʥʦ ʤʘʛʥʝʪʩʢʦ 

ʧʦˀʝ. ʇʨʚʦ, ʟʘ ʙʘʣʢʦʚʩʢʘ ʩʪʘˁʘ ʠʟ SQR ʩʝ ʧʨʠʤʝ˂ʫʿʫ AB ʦʩʮʠʣʘʮʠʿʝ, ʰʪʦ ʥʠʿʝ ʩʚʦʿʩʪʚʦ SQD 

ʩʠʩʪʝʤʘ. ʇʝʨʠʦʜ ʦʚʠʭ ʦʩʮʠʣʘʮʠʿʘ ʧʨʠʙʣʠʞʥʦ ʦʜʛʦʚʘʨʘ ʿʝʜʥʦʤ ʢʚʘʥʪʫ ʬʣʫʢʩʘ ʢʦʿʠ ʧʝʥʝʪʨʠʨʘ 

ʢʨʦʟ ʧʦʚʨʰʠʥʫ ʿʝʜʥʦʜʠʤʝʥʟʠʦʥʦʛ ʢʨʫʞʥʦʛ ʧʨʩʪʝʥʘ ʧʦʚʨʰʠʥʝ ὃ Ὠ Ὠ ςϳ . ɼʨʫʛʦ, 

ʦʜʨʝʹʝʥʘ ʠʚʠʯʥʘ ʩʪʘˁʘ ʠʟ SQR ʫ ʟʥʘʯʘʿʥʦʿ ʤʝʨʠ ʦʩʝ˂ʘʿʫ ʫʪʠʮʘʿ ʤʘʛʥʝʪʩʢʦʛ ʧʦˀʘ, ʠ ˁʠʭʦʚʝ 

ʝʥʝʨʛʠʿʝ ʦʩʮʠʣʫʿʫ ʩʘ ʧʨʦʤʝʥʦʤ ʚʨʝʜʥʦʩʪʠ ʤʘʛʥʝʪʩʢʦʛ ʧʦˀʘ ʩʣʠʯʥʦ ʢʘʦ ʠ ʝʥʝʨʛʠʿʝ ʙʘʣʢʦʚʩʢʠʭ 

ʩʪʘˁʘ. ʇʝʨʠʦʜ ʦʚʠʭ ʦʩʮʠʣʘʮʠʿʘ ʟʘʚʠʩʠ ʦʜ ʰʠʨʠʥʝ ʠ ʚʝʣʠʯʠʥʝ ʧʨʩʪʝʥʘ.  

 



66 
 

 
 

ʉʣʠʢʘ 4.7. ɿʘʚʠʩʥʦʩʪ ʝʥʝʨʛʝʪʩʢʠʭ ʥʠʚʦʘ ʦʜ ʥʦʨʤʘʣʥʦʛ ʤʘʛʥʝʪʩʢʦʛ ʧʦˀʘ ʫ (ʘ) SQD ʠ (ʙ) SQR. 

ɻʦʨˁʠ ʧʘʥʝʣ ʧʨʠʢʘʟʫʿʝ ʝʣʝʢʪʨʦʥʩʢʘ ʩʪʘˁʘ ʩʘ ʜʥʘ ʧʨʦʚʦʜʥʝ ʟʦʥʝ, ʩʨʝʜʠʰˁʠ ʧʘʥʝʣ ʧʨʠʢʘʟʫʿʝ 

ʠʚʠʯʥʘ ʩʪʘˁʘ, ʜʦʢ ʩʫ ʥʘ ʜʦˁʝʤ ʧʘʥʝʣʫ ʧʨʝʜʩʪʘʚˀʝʥʘ ʩʪʘˁʘ ʩʘ ʚʨʭʘ ʚʘʣʝʥʪʥʝ ʟʦʥʝ. ʉʪʘˁʝ 

ʩʧʠʥʘ ʛʦʨʝ ʿʝ ʟʘʛʘʩʠʪʦ ʮʨʚʝʥʝ ʙʦʿʝ, ʜʦʢ ʿʝ ʩʪʘˁʝ ʩʧʠʥʘ ʜʦʣʝ ʪʘʤʥʦ ʧʣʘʚʝ ʙʦʿʝ. ʉʧʠʥʩʢʠ 

ʤʝʰʘʥʘ ʩʪʘˁʘ ʩʘ ʜʦʤʠʥʘʥʪʥʠʤ ʫʜʝʣʦʤ ʩʪʘˁʘ ʩʧʠʥʘ ʛʦʨʝ (ʜʦʣʝ) ʩʫ ʧʨʠʢʘʟʘʥʘ ʨʘʟʣʠʯʠʪʠʤ 

ʥʠʿʘʥʩʘʤʘ ʮʨʚʝʥʝ (ʧʣʘʚʝ) ʙʦʿʝ.   

 
 

ʉʣʠʢʘ 4.8. ɿʘʚʠʩʥʦʩʪ ʝʥʝʨʛʝʪʩʢʠʭ ʥʠʚʦʘ ʦʜ ʥʦʨʤʘʣʥʦʛ ʤʘʛʥʝʪʩʢʦʛ ʧʦˀʘ ʫ (ʘ) HQD ʠ (ʙ) 

HQR. ɻʦʨˁʠ ʧʘʥʝʣ ʧʨʠʢʘʟʫʿʝ ʝʣʝʢʪʨʦʥʩʢʘ ʩʪʘˁʘ ʩʘ ʜʥʘ ʧʨʦʚʦʜʥʝ ʟʦʥʝ, ʩʨʝʜʠʰˁʠ ʧʘʥʝʣ 

ʧʨʠʢʘʟʫʿʝ ʠʚʠʯʥʘ ʩʪʘˁʘ, ʜʦʢ ʩʫ ʥʘ ʜʦˁʝʤ ʧʘʥʝʣʫ ʧʨʝʜʩʪʘʚˀʝʥʘ ʩʪʘˁʘ ʩʘ ʚʨʭʘ ʚʘʣʝʥʪʥʝ ʟʦʥʝ. 

ʉʪʘˁʝ ʩʧʠʥʘ ʛʦʨʝ ʿʝ ʟʘʛʘʩʠʪʦ ʮʨʚʝʥʝ ʙʦʿʝ, ʜʦʢ ʿʝ ʩʪʘˁʝ ʩʧʠʥʘ ʜʦʣʝ ʪʘʤʥʦ ʧʣʘʚʝ ʙʦʿʝ. ʉʧʠʥʩʢʠ 

ʤʝʰʘʥʘ ʩʪʘˁʘ ʩʘ ʜʦʤʠʥʘʥʪʥʠʤ ʫʜʝʣʦʤ ʩʪʘˁʘ ʩʧʠʥʘ ʛʦʨʝ (ʜʦʣʝ) ʩʫ ʧʨʠʢʘʟʘʥʘ ʨʘʟʣʠʯʠʪʠʤ 

ʥʠʿʘʥʩʘʤʘ ʮʨʚʝʥʝ (ʧʣʘʚʝ) ʙʦʿʝ.  
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ɸʥʘʣʠʟʠʨʘʥʠ ʩʫ ʧʨʩʪʝʥʦʚʠ ʢʦʿʠ ʠʤʘʿʫ ʘʧʨʦʢʩʠʤʘʪʠʚʥʦ ʠʩʪʫ ʧʦʚʨʰʠʥʫ Ὓ, ʘʣʠ ʩʫ 
ʨʘʟʣʠʯʠʪʝ ʰʠʨʠʥʝ. ʅʘ ʩʣ. 4.9 (ʘ)-4.9 (ʟ) ʿʝ ʧʨʠʢʘʟʘʥʘ ʛʫʩʪʠʥʘ ʚʝʨʦʚʘʪʥʦ˂ʝ ʥʘʣʘʞʝˁʘ 

ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʠʭ ʩʧʠʥʩʢʠʭ ʜʫʙʣʝʪʘ ʫ (ʘ-ʚ) 1,23-, (ʛ-ʹ) 1,55- ʠ (ʝ-ʟ) 1,87 nm ʰʠʨʦʢʠʤ 

ʢʚʘʜʨʘʪʥʠʤ ʧʨʩʪʝʥʦʚʠʤʘ. ʄʦʛʫ˂ʝ ʿʝ ʧʨʠʤʝʪʠʪʠ ʜʘ ʜʠʿʘʛʨʘʤʠ ʩʘ ʩʣʠʢʝ ʥʠʩʫ ʩʠʤʝʪʨʠʯʥʠ ʫ 

ʦʜʥʦʩʫ ʥʘ ʦʧʝʨʘʮʠʿʫ ʨʦʪʘʮʠʿʝ ʟʘ “ςϳ  ʠʣʠ “ ÒÁÄ ʦʢʦ ʦʩʝ ʢʦʿʘ ʧʨʦʣʘʟʠ ʢʨʦʟ ʮʝʥʪʘʨ ʧʨʩʪʝʥʘ ʠ 
ʦʨʪʦʛʦʥʘʣʥʘ ʿʝ ʥʘ ˁʝʛʦʚʫ ʨʘʚʘʥ.  

 

 
 

ʉʣʠʢʘ 4.9. ɻʫʩʪʠʥʘ ʚʝʨʦʚʘʪʥʦ˂ʝ ʟʘ ʩʣʫʯʘʿ ʢʘʜʘ ʿʝ ʤʘʛʥʝʪʩʢʦ ʧʦˀʝ ʿʝʜʥʘʢʦ ʥʫʣʠ ʟʘ ʜʚʘ ʨʘʚʥʘ 

ʠʚʠʯʥʘ ʩʪʘˁʘ (ʦʟʥʘʯʝʥʘ ʩʘ ʈʘʚʥʦ-I ʠ ʈʘʚʥʦ-II) ʠ ʿʝʜʥʦʛ ʦʩʮʠʣʘʪʦʨʥʦʛ ʠʚʠʯʥʦʛ ʩʪʘˁʘ 

(ʦʟʥʘʯʝʥʦ ʩʘ ʆʩʮʠʣʘʪʦʨʥʦ) ʫ (ʘ-ʚ) 1,23-, (ʛ-ʹ) 1,55- ʠ (ʝ-ʟ) 1,87-nm ʰʠʨʦʢʦʤ SQR. (ʠ) 

ɽʥʝʨʛʝʪʩʢʠ ʥʠʚʦʠ ʟʘ ʈʘʚʥʦ-I ʠ ʈʘʚʥʦ-II  ʠʚʠʯʥʘ ʩʪʘˁʘ ʫ ʬʫʥʢʮʠʿʠ ʥʦʨʤʘʣʥʦʛ ʤʘʛʥʝʪʩʢʦʛ ʧʦˀʘ 

ʟʘ SQR ʰʠʨʠʥʝ 1,23-, 1,55- ʠ 1,87-nm. ʉʧʠʥ ʛʦʨʝ (ʩʧʠʥ ʜʦʣʝ) ʩʪʘˁʘ ʩʫ ʧʨʝʜʩʪʘʚˀʝʥʘ ʮʨʚʝʥʦʤ 

(ʧʣʘʚʦʤ) ʣʠʥʠʿʦʤ. (ʿ) ɿʘʚʠʩʥʦʩʪ ʝʥʝʨʛʝʪʩʢʠʭ ʥʠʚʦʘ ʦʩʮʠʣʘʪʦʨʥʦʛ ʠʚʠʯʥʦʛ ʩʪʘˁʘ ʦʜ 

ʥʦʨʤʘʣʥʦʛ ʤʘʛʥʝʪʩʢʦʛ ʧʦˀʘ ʫ 1,23-,1,55- ʠ 1,87 nm ʰʠʨʦʢʠʤ ʧʨʩʪʝʥʦʚʠʤʘ. ʉʧʠʥ ʛʦʨʝ (ʩʧʠʥ 

ʜʦʣʝ) ʩʪʘˁʘ ʩʫ ʧʨʝʜʩʪʘʚˀʝʥʘ ʮʨʚʝʥʦʤ (ʧʣʘʚʦʤ) ʣʠʥʠʿʦʤ. 

 

ʊʘʣʘʩʥʘ ʬʫʥʢʮʠʿʘ ʩʪʘˁʘ ʢʦʿʘ ʩʫ ʧʨʠʢʘʟʘʥʘ ʥʘ ʣʝʚʦʤ ʧʘʥʝʣʫ ʿʝ ʣʦʢʘʣʠʟʦʚʘʥʘ ʥʘ ʩʧʦˀʘʰˁʦʿ 

(ʣʝʚʦʿ) ʮʠʢ-ʮʘʢ ʠʚʠʮʠ ʟʘ ʩʚʝ ʪʨʠ ʚʨʝʜʥʦʩʪʠ ʰʠʨʠʥʝ ʧʨʩʪʝʥʘ (ʚʠʜʝʪʠ ʩʣ. 4.9 (ʘ), 4.9 (ʛ) ʠ 4.9 

(ʝ)). ʉʪʘˁʘ ʢʦʿʘ ʩʫ ʧʦ ʝʥʝʨʛʠʿʠ ʥʘʿʙʣʠʞʘ ʦʚʠʤ ʩʪʘˁʠʤʘ ʩʫ ʣʦʢʘʣʠʟʦʚʘʥʘ ʧʦ ʜʝʩʥʦʿ 

ʫʥʫʪʨʘʰˁʦʿ ʠʚʠʮʠ (ʚʠʜʝʪʠ ʩʣ. 4.9 (ʙ), 4.9 (ʜ) ʠ 4.9 (ʞ)). ɿʘ ʦʚʘ ʩʪʘˁʘ ʿʝ ʦʯʠʛʣʝʜʥʦ ʜʘ ʥʝ 

ʧʦʩʪʦʿʠ ʮʠʨʢʫʣʘʮʠʿʘ ʪʘʣʘʩʥʠʭ ʬʫʥʢʮʠʿʘ ʜʫʞ ʠʚʠʮʘ ʧʨʩʪʝʥʦʚʘ ʙʝʟ ʦʙʟʠʨʘ ʥʘ ˁʠʭʦʚʫ ʰʠʨʠʥʫ. 
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ʂʘʜʘ ʩʝ ʧʨʠʤʝʥʠ ʥʦʨʤʘʣʥʦ ʤʘʛʥʝʪʩʢʦ ʧʦˀʝ, ʜʠʿʘʛʨʘʤʠ ʩʚʦʿʩʪʚʝʥʠʭ ʝʥʝʨʛʠʿʘ ʦʚʠʭ ʩʪʘˁʘ ʩʘ 

ʧʨʦʤʝʥʦʤ ʚʨʝʜʥʦʩʪʠ ʬʣʫʢʩʘ ʩʫ ʛʦʪʦʚʦ ʨʘʚʥʝ ʣʠʥʠʿʝ, ʰʪʦ ʩʝ ʤʦʞʝ ʠ ʚʠʜʝʪʠ ʥʘ ʩʣ. 4.9 (ʠ). ɿʙʦʛ 

ʪʦʛʘ ʩʫ ʩʪʘˁʘ ʢʦʿʘ ʩʫ ʧʨʠʢʘʟʘʥʘ ʥʘ ʦʚʦʿ ʩʣʠʮʠ ʦʟʥʘʯʝʥʘ ʢʘʦ ʨʘʚʥʘ ʠʚʠʯʥʘ ʩʪʘˁʘ. ʉʘ ʜʨʫʛʝ 

ʩʪʨʘʥʝ, ʜʠʿʘʛʨʘʤʠ ʛʫʩʪʠʥʝ ʚʝʨʦʚʘʪʥʦ˂ʝ ʥʘʣʘʞʝˁʘ ʢʦʿʠ ʩʫ ʧʨʠʢʘʟʘʥʠ ʥʘ ʜʝʩʥʦʤ ʧʘʥʝʣʫ (ʩʣ. 4.9 

(ʚ), 4.9 (ʹ) ʠ 4.9 (ʟ)) ʫʢʘʟʫʿʫ ʥʘ ʜʝʣʠʤʠʯʥʦ ʜʝʣʦʢʘʣʠʟʦʚʘʥʫ ʪʘʣʘʩʥʫ ʬʫʥʢʮʠʿʫ, ʧʨʠ ʯʝʤʫ ʿʝ 

ʣʦʢʘʣʠʟʘʮʠʿʘ ʧʨʠʩʫʪʥʘ ʥʘ ʚʠʰʝ ʦʜ ʿʝʜʥʝ ʠʚʠʮʝ. ʋ ʦʚʦʤ ʩʣʫʯʘʿʫ, ʩʚʦʿʩʪʚʝʥʝ ʝʥʝʨʛʠʿʝ ʦʩʮʠʣʫʿʫ 

ʩʘ ʤʘʛʥʝʪʩʢʠʤ ʧʦˀʝʤ ʰʪʦ ʩʝ ʤʦʞʝ ʚʠʜʝʪʠ ʥʘ ʩʣ. 4.9 (ʿ). ʉ ʦʙʟʠʨʦʤ ʜʘ ʿʝ ʝʣʝʢʪʨʦʥ ʫ ʦʚʦʤ 

ʩʪʘˁʫ ʣʦʢʘʣʠʟʦʚʘʥ ʠ ʥʘ ʩʧʦˀʘʰˁʠʤ ʠ ʥʘ ʫʥʫʪʨʘʰˁʠʤ ʠʚʠʮʘʤʘ, ʩʤʘʪʨʘ ʩʝ ʜʘ ʩʫ ʥʘʩʧʨʘʤʥʝ 

ʠʚʠʮʝ ʜʫʞ ʧʨʩʪʝʥʘ ʩʧʨʝʛʥʫʪʝ. ʉʘ ʩʣ. 4.9 ʩʝ ʧʨʠʤʝ˂ʫʿʝ ʜʘ ʿʝ ʩʧʨʝʟʘˁʝ ʿʘʯʝ ʫʢʦʣʠʢʦ ʿʝ ʧʨʩʪʝʥ 

ʫʞʠ, ʧʨʠʣʠʢʦʤ ʯʝʛʘ ʠʚʠʯʥʦ ʩʪʘˁʝ ʧʦʩʪʘʿʝ ʚʠʰʝ ʜʝʣʦʢʘʣʠʟʦʚʘʥʦ. ʇʝʨʠʦʜ ʦʩʮʠʣʘʮʠʿʘ ʩʝ 

ʧʦʚʝ˂ʘʚʘ ʩʘ ʧʦʚʝ˂ʘˁʝʤ ʰʠʨʠʥʝ ʧʨʩʪʝʥʘ ʠ ʘʧʨʦʢʩʠʤʘʪʠʚʥʦ ʠʟʥʦʩʠ πȟππχɮ , πȟπρρɮ  ʠ 

πȟπρσɮ  ʫ 1,23-, 1,55- ʠ 1,87 nm ʰʠʨʦʢʠʤ ʧʨʩʪʝʥʦʚʠʤʘ, ʨʝʩʧʝʢʪʠʚʥʦ. ʉ ʦʙʟʠʨʦʤ ʜʘ ʩʚʠ 

ʧʨʩʪʝʥʦʚʠ ʠʤʘʿʫ ʧʨʠʙʣʠʞʥʦ ʠʩʪʠ ʙʨʦʿ ʘʪʦʤʘ, ʤʦʞʝ ʩʝ ʟʘʢˀʫʯʠʪʠ ʜʘ ʰʪʦ ʿʝ ʧʨʩʪʝʥ ʫʞʠ, ʚʝ˂ʘ 

ʿʝ ʧʦʚʨʰʠʥʘ ʢʦʿʫ ʟʘʪʚʘʨʘ, ʧʘ ʩʘʤʠʤ ʪʠʤ ʜʦʣʘʟʠ ʠ ʜʦ ʧʦʚʝ˂ʘˁʘ ʤʘʛʥʝʪʩʢʦʛ ʬʣʫʢʩʘ ʢʨʦʟ 

ʧʨʩʪʝʥ. ɿʙʦʛ ʪʦʛʘ ʧʝʨʠʦʜ ʦʩʮʠʣʘʮʠʿʘ ʠʚʠʯʥʠʭ ʩʪʘˁʘ ʦʧʘʜʘ. ʇʝʨʠʦʜ ʦʩʮʠʣʘʮʠʿʘ ʙʘʣʢʦʚʩʢʠʭ 

ʩʪʘˁʘ ʩʝ ʤʝˁʘ ʥʘ ʩʣʠʯʘʥ ʥʘʯʠʥ ʢʘʦ ʠ ʧʝʨʠʦʜ ʦʩʮʠʣʘʮʠʿʘ ʠʚʠʯʥʠʭ ʩʪʘˁʘ ʩʘ ʧʨʦʤʝʥʦʤ ʰʠʨʠʥʝ 

ʧʨʩʪʝʥʘ. ɼʦʜʘʪʥʦ, ʦʩʮʠʣʘʮʠʿʝ ʝʥʝʨʛʠʿʘ ʫ ʫʞʠʤ ʧʨʩʪʝʥʦʚʠʤʘ ʠʤʘʿʫ ʧʨʘʚʠʣʥʠʿʠ ʦʙʣʠʢ ʰʪʦ ʩʝ 

ʿʘʩʥʦ ʚʠʜʠ ʥʘ ʩʣ. 4.9 (ʠ). ʇʦʚʨʰʠʥʘ ʢʦʿʫ ʟʘʪʚʘʨʘ ʪʘʣʘʩʥʘ ʬʫʥʢʮʠʿʘ ʠʚʠʯʥʦʛ ʩʪʘˁʘ ʿʝ ʥʝʰʪʦ 

ʚʝ˂ʘ ʫ ʦʜʥʦʩʫ ʥʘ ʙʘʣʢʦʚʩʢʘ ʩʪʘˁʘ. ɿʙʦʛ ʪʦʛʘ ʿʝ ʧʝʨʠʦʜ AB ʦʩʮʠʣʘʮʠʿʘ ʠʚʠʯʥʠʭ ʩʪʘˁʘ ʥʝʰʪʦ 

ʤʘˁʠ ʫ ʧʦʨʝʹʝˁʫ ʩʘ ʧʝʨʠʦʜʦʤ ʙʘʣʢʦʚʩʢʠʭ ʩʪʘˁʘ. 

 

 
 

ʉʣʠʢʘ 4.10. ɻʫʩʪʠʥʘ ʚʝʨʦʚʘʪʥʦ˂ʝ ʥʘʣʘʞʝˁʘ ʟʘ (ʘ) ʨʘʚʥʦ ʠʚʠʯʥʦ ʩʪʘˁʝ ʠʟ SQD ʠ (ʙ) ʟʘ 

ʦʩʮʠʣʘʪʦʨʥʦ ʠʚʠʯʥʦ ʩʪʘˁʝ ʠʟ HQD. ɽʥʝʨʛʠʿʝ ʧʨʠʢʘʟʘʥʠʭ ʩʪʘˁʘ ʩʫ ʦʟʥʘʯʝʥʝ ʟʝʣʝʥʠʤ 

ʢʚʘʜʨʘʪʠʤʘ ʥʘ ʩʣ. 4.7 (ʘ) ʠ 4.8 (ʘ). 

  

ɿʘʚʠʩʥʦʩʪ ʩʚʦʿʩʪʚʝʥʠʭ ʝʥʝʨʛʠʿʘ HQD ʠ HQR ʥʘʥʦʩʪʨʫʢʪʫʨʘ ʦʜ ʤʘʛʥʝʪʩʢʦʛ ʧʦˀʘ ʿʝ 

ʧʨʝʜʩʪʘʚˀʝʥʘ ʥʘ ʩʣ. 4.8 (ʘ) ʠ 4.8 (ʙ), ʨʝʩʧʝʢʪʠʚʥʦ. ʇʦʨʝʹʝˁʝʤ ʩʣ. 4.7 (ʘ) ʠ 4.8 (ʘ) ʩʝ ʤʦʞʝ 

ʚʠʜʝʪʠ ʜʘ ʝʥʝʨʛʠʿʝ ʙʘʣʢʦʚʩʢʠʭ ʩʪʘˁʘ ʠʟ SQD ʠ HQD ʩʪʨʫʢʪʫʨʘ ʠʤʘʿʫ ʢʚʘʣʠʪʘʪʠʚʥʦ ʩʣʠʯʥʫ 

ʟʘʚʠʩʥʦʩʪ ʦʜ ὄ. ʊʦ ʿʝ ʧʦʩʣʝʜʠʮʘ ʿʝʜʥʦʩʪʨʫʢʝ ʧʦʚʝʟʘʥʦʩʪʠ ʠ ʛʦʪʦʚʦ ʠʩʪʦʛ ʙʨʦʿʘ ʘʪʦʤʘ ʫ ʦʙʘ 

ʩʠʩʪʝʤʘ. ʊʘʢʦʹʝ, ʩʪʘˁʘ ʫ HQD ʠʤʘʿʫ ʪʝʥʜʝʥʮʠʿʫ ʢʦʥʚʝʨʛʠʨʘˁʘ ʢʘ ʃʘʥʜʘʫʦʚʠʤ ʥʠʚʦʠʤʘ  ʟʘ 

ʚʝ˂ʝ ʚʨʝʜʥʦʩʪʠ ʤʘʛʥʝʪʩʢʦʛ ʧʦˀʘ. ʀʧʘʢ, ʠʚʠʯʥʘ ʩʪʘˁʘ ʫ HQD ʠʩʧʦˀʘʚʘʿʫ ʦʜʨʝʹʝʥʘ 

ʩʧʝʮʠʬʠʯʥʘ ʩʚʦʿʩʪʚʘ ʿʝʨ ʥʝʢʘ ʠʚʠʯʥʘ ʩʪʘˁʘ ʦʩʮʠʣʫʿʫ ʩʘ ʤʘʛʥʝʪʩʢʠʤ ʧʦˀʝʤ ʩʣʠʯʥʦ ʢʘʦ ʠ ʫ 

SQR ʩʪʨʫʢʪʫʨʠ. ʆʚʦ ʤʦʞʝ ʙʠʪʠ ʦʙʿʘʰˁʝʥʦ ʧʦʨʝʹʝˁʝʤ ʩʪʘˁʘ ʫ ʦʜʩʫʩʪʚʫ ʤʘʛʥʝʪʩʢʦʛ ʧʦˀʘ, 

ʢʦʿʘ ʩʫ ʦʟʥʘʯʝʥʘ ʟʝʣʝʥʠʤ ʢʚʘʜʨʘʪʠʤʘ ʥʘ ʩʣ. 4.7 (ʘ) ʠ 4.8 (ʘ) ʠ ʯʠʿʝ ʪʘʣʘʩʥʝ ʬʫʥʢʮʠʿʝ ʩʫ 
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ʧʨʝʜʩʪʘʚˀʝʥʝ ʥʘ ʩʣ. 4.10 (ʘ) ʠ 4.10 (ʙ). ʉʘ ʩʣ. 4.10 (ʘ) ʩʝ ʚʠʜʠ ʜʘ ʿʝ ʩʪʘˁʝ ʫ SQD ʣʦʢʘʣʠʟʦʚʘʥʦ 

ʩʘʤʦ ʜʫʞ ʿʝʜʥʝ ZZ ʠʚʠʮʝ ʢʚʘʜʨʘʪʘ, ʜʦʢ ʿʝ ʪʘʣʘʩʥʘ ʬʫʥʢʮʠʿʘ ʩʪʘˁʘ HQD ʧʨʠʢʘʟʘʥʘ ʥʘ ʩʣ. 4.10 

(ʙ) ʜʠʩʪʨʠʙʫʠʨʘʥʘ ʜʫʞ ʩʚʠʭ ʠʚʠʮʘ ʭʝʢʩʘʛʦʥʘ. ʆʚʘʢʚʘ ʪʘʣʘʩʥʘ ʬʫʥʢʮʠʿʘ ʢʦʿʘ ʿʝ 

ʜʝʣʦʢʘʣʠʟʦʚʘʥʘ ʜʫʞ ʠʚʠʮʘ ʭʝʢʩʘʛʦʥʘ ʿʝ ʦʜʛʦʚʦʨʥʘ ʟʘ ʧʦʿʘʚʫ AB ʦʩʮʠʣʘʮʠʿʘ ʫ HQD, ʜʦʢ 

ʦʩʮʠʣʘʮʠʿʝ ʠʚʠʯʥʠʭ ʩʪʘˁʘ ʫ SQD ʩʪʨʢʪʫʨʠ ʥʠʩʫ ʧʨʠʩʫʪʥʝ.  

ʉʣʫʯʘʿ HQR ʩʪʨʫʢʪʫʨʝ ʢʦʿʠ ʿʝ ʧʨʠʢʘʟʘʥ ʥʘ ʩʣ. 4.8 (ʙ) ʿʝ ʩʣʠʯʘʥ SQR ʩʣʫʯʘʿʫ ʩʘ ʩʣ. 4.7 

(ʙ), ʯʠʤʝ ʩʝ ʧʦʢʘʟʫʿʝ ʜʘ ʿʝ ʧʦʥʘʰʘˁʝ ʠ ʙʘʣʢʦʚʩʢʠʭ ʠ ʠʚʠʯʥʠʭ ʩʪʘˁʘ ʫ ʤʘʛʥʝʪʩʢʦʤ ʧʦˀʫ 

ʧʦʚʝʟʘʥʦ ʩʘ ʪʦʧʦʣʦʛʠʿʦʤ. ʋ HQR ʩʪʨʫʢʪʫʨʠ ʿʝ ʧʨʦʥʘʹʝʥʦ ʜʘ ʩʫ ʪʘʣʘʩʥʝ ʬʫʥʢʮʠʿʝ ʩʚʠʭ ʩʪʘˁʘ 

ʣʦʢʘʣʠʟʦʚʘʥʝ ʫ ʙʣʠʟʠʥʠ ʠʚʠʮʘ ʠ ʜʘ ʙʘʣʢʦʚʩʢʘ ʩʪʘˁʘ ʠʩʧʦˀʘʚʘʿʫ AB ʦʩʮʠʣʘʮʠʿʝ. ʊʘʢʦʹʝ, 

ʠʚʠʯʥʘ ʩʪʘˁʘ ʫ HQR ʧʦʩʝʜʫʿʫ ʪʘʣʘʩʥʝ ʬʫʥʢʮʠʿʝ ʢʦʿʝ ʩʫ ʣʦʢʘʣʠʟʦʚʘʥʝ ʥʘ ʦʜʨʝʹʝʥʠʤ ʤʝʩʪʠʤʘ 

ʜʫʞ ʠʚʠʮʝ ʠʣʠ ʩʫ ʜʝʣʦʢʘʣʠʟʦʚʘʥʝ ʜʫʞ ʩʚʠʭ ʠʚʠʮʘ ʩʪʨʫʢʪʫʨʝ. ɽʥʝʨʛʠʿʝ ʠʚʠʯʥʠʭ ʩʪʘˁʘ ʢʦʿʘ ʩʫ 

ʜʝʣʦʢʘʣʠʟʦʚʘʥʘ ʜʫʞ ʩʚʠʭ ʠʚʠʮʘ ʦʩʮʠʣʫʿʫ ʫ ʧʨʠʩʫʩʪʚʫ ʤʘʛʥʝʪʩʢʦʛ ʧʦˀʘ. ʆʩʮʠʣʘʮʠʿʝ ʠ 

ʙʘʣʢʦʚʩʢʠʭ ʠ ʠʚʠʯʥʠʭ ʩʪʘˁʘ ʠʟ HQR ʩʫ ʧʨʘʚʠʣʥʠʿʝ ʫ ʧʦʨʝʹʝˁʫ ʩʘ SQR ʩʪʨʫʢʪʫʨʦʤ (ʚʠʜʝʪʠ 

ʩʣ. 4.7 (ʙ) ʠ 4.8 (ʙ)). ʊʦ ʿʝ ʟʙʦʛ ʪʦʛʘ ʰʪʦ ʩʝ ʦʙʣʠʢ HQR ʥʝ ʨʘʟʣʠʢʫʿʝ ʤʥʦʛʦ ʦʜ ʢʨʫʞʥʦʛ 

ʧʨʩʪʝʥʘ ʫ ʢʦʿʝʤ ʩʝ ʦʩʮʠʣʘʮʠʿʝ ʜʝʰʘʚʘʿʫ ʩʘ ʬʠʢʩʥʠʤ ʧʝʨʠʦʜʦʤ.  

 

 

4.3.3 ʆʧʪʠʯʢʘ ʘʧʩʦʨʧʮʠʿʘ ʫ ʧʨʠʩʫʩʪʚʫ ʤʘʛʥʝʪʩʢʦʛ ʧʦˀʘ 

 

ʇʦʢʘʟʘʥʦ ʿʝ ʜʘ ʝʣʝʢʪʨʦʥʩʢʘ ʩʪʘˁʘ 2ɼ HgTe ʢʚʘʥʪʥʠʭ ʪʘʯʘʢʘ ʠ ʧʨʩʪʝʥʦʚʘ ʠʤʘʿʫ 

ʦʜʨʝʹʝʥʝ ʩʧʝʮʠʬʠʯʥʦʩʪʠ ʢʦʿʝ ʩʫ ʧʦʚʝʟʘʥʝ ʩʘ ʦʩʦʙʠʥʘʤʘ ʤʘʪʝʨʠʿʘʣʘ, ʦʙʣʠʢʦʤ ʩʪʨʫʢʪʫʨʝ ʠ 

ʪʦʧʦʣʦʛʠʿʦʤ. ʆʚʘ ʝʣʝʢʪʨʦʥʩʢʘ ʩʪʘˁʘ ʫʪʠʯʫ ʥʘ ʦʧʪʠʯʢʫ ʘʧʩʦʨʧʮʠʿʫ. ʉ ʦʙʟʠʨʦʤ ʜʘ ʩʚʝ ʯʝʪʠʨʠ 

ʩʪʨʫʢʪʫʨʝ ʠʤʘʿʫ ʠ ʙʘʣʢʦʚʩʢʘ ʠ ʠʚʠʯʥʘ ʩʪʘˁʘ, ʦʧʪʠʯʢʘ ʘʧʩʦʨʧʮʠʿʘ ʤʦʞʝ ʥʘʩʪʘʪʠ ʫʩʣʝʜ (i) 

ʧʨʝʣʘʟʘ ʠʟʤʝʹʫ ʙʘʣʢʦʚʩʢʠʭ ʩʪʘˁʘ, ʦʟʥʘʯʝʥʠʭ ʩʘ b-b; (ii) ʧʨʝʣʘʟʘ ʠʟʤʝʹʫ ʙʘʣʢʦʚʩʢʠʭ ʠ 

ʠʚʠʯʥʠʭ ʩʪʘˁʘ, ʩʢʨʘ˂ʝʥʦ ʦʟʥʘʯʝʥʠʭ ʩʘ b-e ʠ (iii)  ʝ-ʝ ʧʨʝʣʘʟʘ ʢʦʿʠ ʩʝ ʦʜʚʠʿʘʿʫ ʩʘʤʦ ʠʟʤʝʹʫ 

ʠʚʠʯʥʠʭ ʩʪʘˁʘ. ʇʨʝʪʧʦʩʪʘʚˀʝʥʦ ʿʝ ʜʘ ʿʝ ʌʝʨʤʠʿʝʚ (ʠʪʘʣ. Fermi) ʥʠʚʦ ʘʧʨʦʢʩʠʤʘʪʠʚʥʦ 

ʧʦʟʠʮʠʦʥʠʨʘʥ ʥʘ ʩʨʝʜʠʥʠ ʝʥʝʨʛʝʪʩʢʦʛ ʧʨʦʮʝʧʘ ʠʟʤʝʹʫ ʧʨʦʚʦʜʥʝ ʠ ʚʘʣʝʥʪʥʝ ʟʦʥʝ ʠ ˁʝʛʦʚʘ 

ʚʨʝʜʥʦʩʪ ʿʝ Ὁ ḙπȟω Å6 ʟʘ SQD ʩʪʨʫʢʪʫʨʫ ʠ Ὁ ḙρȟπχ Å6 ʟʘ HQD ʩʪʨʫʢʪʫʨʫ, ʪʘʢʦ ʜʘ 

ʌʝʨʤʠʿʝʚ ʥʠʚʦ ʧʨʦʣʘʟʠ ʢʨʦʟ ʢʚʘʟʠʟʦʥʫ ʠʚʠʯʥʠʭ ʩʪʘˁʘ. ʉʘ ʩʣ. 4.11 ʠ ʩʣ. 4.12 ʩʝ ʤʦʞʝ ʚʠʜʝʪʠ 

ʜʘ ʥʘʿʚʝ˂ʠ ʘʧʩʦʨʧʮʠʦʥʠ ʧʠʢ ʟʘ SQD ʠ HQD ʥʘʩʪʘʿʝ ʫʩʣʝʜ ʧʨʝʣʘʟʘ ʠʟʤʝʹʫ ʩʪʘˁʘ ʫ ʦʢʦʣʠʥʠ 

ʌʝʨʤʠʿʝʚʦʛ ʥʠʚʦʘ. ʆʚʜʝ ʿʝ ʧʨʝʪʧʦʩʪʘʚˀʝʥʦ ʜʘ ʩʫ ʘʧʩʦʨʧʮʠʦʥʝ ʣʠʥʠʿʝ ʧʨʦʰʠʨʝʥʝ ʟʘ ς ÍÅ6, 
ʢʘʦ ʫ ʨʝʬʝʨʝʥʮʠ (Abdelsalam ʠ ʩʘʨ., 2016), ʜʦʢ ʿʝ ʫʟʝʪʦ ʜʘ ʿʝ ʪʝʤʧʝʨʘʪʫʨʘ Ὕ π +. 

 ʆʧʪʠʯʢʘ ʘʧʩʦʨʧʮʠʿʘ ʿʝ ʠʟʨʘʯʫʥʘʪʘ ʫ ʦʜʩʫʩʪʚʫ ʩʧʦˀʘʰˁʝʛ ʧʦˀʘ ʟʘ ʩʣʫʯʘʿ ʩʚʝʪʣʦʩʪʠ 

ʢʦʿʘ ʿʝ ʧʦʣʘʨʠʟʦʚʘʥʘ ʜʫʞ ὼ ʠ ώ ʦʩʘ. ɿʘ ʦʙʘ ʧʦʣʘʨʠʟʘʮʠʦʥʘ ʧʨʘʚʮʘ ʘʧʩʦʨʧʮʠʿʘ ʿʝ ʠʟʨʘʯʫʥʘʪʘ ʟʘ 
ʝʥʝʨʛʠʿʝ ʬʦʪʦʥʘ ʫ ʦʧʩʝʛʫ ʦʜ π ʜʦ υ Å6. ʂʘʜʘ ʿʝ ʤʘʛʥʝʪʩʢʦ ʧʦˀʝ ʿʝʜʥʘʢʦ ʥʫʣʠ, ʩʧʝʢʪʘʨ ʦʧʪʠʯʢʝ 

ʘʧʩʦʨʮʧʠʿʝ ʠʤʘ ʩʣʠʯʘʥ ʦʙʣʠʢ ʟʘ ʩʚʝ ʯʝʪʠʨʠ ʥʘʥʦʩʪʨʫʢʪʫʨʝ (ʫʧʦʨʝʜʠʪʠ ʥʘ ʧʨʠʤʝʨ ʩʣ. 4.11 ʠ 

ʩʣ. 4.12). ʂʚʘʣʠʪʘʪʠʚʥʝ ʩʣʠʯʥʦʩʪʠ ʩʫ ʧʦʩʣʝʜʠʮʘ (1) ʚʠʩʦʢʝ ʨʘʚʘʥʩʢʝ ʩʠʤʝʪʨʠʿʝ ʩʪʨʫʢʪʫʨʘ, (2) 

ʧʦʟʠʮʠʿʝ ʌʝʨʤʠʿʝʚʦʛ ʥʠʚʦʘ ʥʘ ʩʨʝʜʠʥʠ ʠʟʤʝʹʫ ʧʨʦʚʦʜʥʝ ʠ ʚʘʣʝʥʪʥʝ ʢʚʘʟʠʟʦʥʝ, (3) 

ʧʨʠʙʣʠʞʥʦ ʠʩʪʦʛ ʙʨʦʿʘ ʘʪʦʤʘ ʠ ʠʚʠʯʥʠʭ ʩʪʘˁʘ ʫ ʩʚʠʤ ʩʪʨʫʢʪʫʨʘʤʘ ʠ (4) ʣʦʢʘʣʠʟʘʮʠʿʝ 

ʠʚʠʯʥʠʭ ʩʪʘˁʘ ʠ ʥʘ AC ʠ ʥʘ ZZ ʠʚʠʮʘʤʘ. ɿʙʦʛ ʪʦʛʘ ʩʚʝ ʯʝʪʠʨʠ ʩʪʨʫʢʪʫʨʝ ʠʤʘʿʫ ʩʣʠʯʥʫ ʝ-ʝ 

ʦʧʪʠʯʢʫ ʘʧʩʦʨʧʮʠʿʫ ʟʘ ʦʙʝ ʧʦʣʘʨʠʟʘʮʠʿʝ. ʆʧʪʠʯʢʘ ʘʧʩʦʨʧʮʠʿʘ SQD ʩʪʨʫʢʪʫʨʝ ʫ ʦʜʩʫʩʪʚʫ 

ʤʘʛʥʝʪʩʢʦʛ ʧʦˀʘ (ʚʠʜʝʪʠ ʩʣ. 4.11) ʠʤʘ ʦʜʨʝʹʝʥʝ ʩʣʠʯʥʦʩʪʠ ʠ ʨʘʟʣʠʢʝ ʩʘ ʘʧʩʦʨʧʮʠʦʥʠʤ 

ʩʧʝʢʪʨʦʤ ʬʦʩʬʦʨʝʥʩʢʠʭ ʢʚʘʜʨʘʪʥʠʭ ʢʚʘʥʪʥʠʭ ʪʘʯʘʢʘ ʢʦʿʠ ʿʝ ʠʟʨʘʯʫʥʘʪ ʫ ʨʝʬʝʨʝʥʮʠ (Li ʠ 

ʩʘʨ., 2017). ʈʘʟʣʠʢʝ ʩʫ ʧʦʩʣʝʜʠʮʘ ʨʘʟʣʠʯʠʪʠʭ ʝʥʝʨʛʝʪʩʢʠʭ ʧʨʦʮʝʧʘ ʜʚʘ ʤʘʪʝʨʠʿʘʣʘ. ʌʦʩʬʦʨʝʥ 

ʧʦʩʝʜʫʿʝ ʚʝʣʠʢʠ ʝʥʝʨʛʝʪʩʢʠ ʧʨʦʮʝʧ ʠ ʠʚʠʯʥʘ ʩʪʘˁʘ ʩʫ ʝʥʝʨʛʝʪʩʢʠ ʫʜʘˀʝʥʘ ʦʜ ʧʨʦʚʦʜʥʝ ʠ 

ʚʘʣʝʥʪʥʝ ʟʦʥʝ. ʉ ʦʙʟʠʨʦʤ ʥʘ ʪʦ, b-b, b-e ʠ ʝ-ʝ ʧʨʝʣʘʟʠ ʩʫ ʜʦʙʨʦ ʨʘʟʜʚʦʿʝʥʠ. ʋ ʘʥʘʣʠʟʠʨʘʥʠʤ 

HgTe ʢʚʘʥʪʥʠʤ ʪʘʯʢʘʤʘ ʠ ʧʨʩʪʝʥʦʚʠʤʘ, ʠʚʠʯʥʘ ʩʪʘˁʘ ʩʫ ʝʥʝʨʛʝʪʩʢʠ ʟʥʘʪʥʦ ʙʣʠʞʘ ʧʨʦʚʦʜʥʦʿ 

ʠ ʚʘʣʝʥʪʥʦʿ ʟʦʥʠ. ɿʙʦʛ ʪʦʛʘ ʩʝ ʘʧʩʦʨʧʮʠʦʥʝ ʣʠʥʠʿʝ ʢʦʿʝ ʧʦʪʠʯʫ ʦʜ ʨʘʟʣʠʯʠʪʠʭ ʪʠʧʦʚʘ ʧʨʝʣʘʟʘ 

ʧʨʝʢʣʘʧʘʿʫ ʠʟʤʝʹʫ ʩʝʙʝ. ʀ ʧʦʨʝʜ ʪʦʛʘ, ʯʘʢ ʠ ʟʘ ʩʣʫʯʘʿ HgTe ʤʦʛʫ˂ʝ ʿʝ ʦʜʨʝʜʠʪʠ ʧʦʟʠʮʠʿʫ 

ʦʧʪʠʯʢʦʛ ʘʧʩʦʨʧʮʠʦʥʦʛ ʧʨʦʮʝʧʘ. ʆʧʪʠʯʢʠ ʧʨʦʮʝʧ, ʛʨʫʙʦ ʛʣʝʜʘʥʦ, ʨʘʟʜʚʘʿʘ ʦʧʩʝʛʝ ʛʜʝ ʥʘʩʪʘʿʫ 

b-b ʧʨʝʣʘʟʠ ʩʘ ʿʝʜʥʝ ʩʪʨʘʥʝ ʠ ʛʜʝ ʥʘʩʪʘʿʫ b-e ʠ ʝ-ʝ ʧʨʝʣʘʟʠ ʩʘ ʜʨʫʛʝ ʩʪʨʘʥʝ (ʚʠʜʝʪʠ ʩʣ. 4.11). 

ʋʩʣʝʜ ʩʣʠʯʥʝ ʣʦʢʘʣʠʟʘʮʠʿʝ ʙʘʣʢʦʚʩʢʠʭ ʩʪʘˁʘ, ʢʦʿʘ ʜʦʚʦʜʠ ʜʦ ʠʟʨʘʞʝʥʦʛ ʧʨʝʢʣʘʧʘˁʘ ʠʟʤʝʹʫ 
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ʪʘʣʘʩʥʠʭ ʬʫʥʢʮʠʿʘ, b-b ʧʠʢʦʚʠ ʠʤʘʿʫ ʟʥʘʪʥʦ ʚʝ˂ʝ ʘʤʧʣʠʪʫʜʝ ʫ ʧʦʨʝʹʝˁʫ ʩʘ b-e ʠ ʝ-ʝ 

ʧʠʢʦʚʠʤʘ. ʊʘʢʦʹʝ, ʫʦʯʝʥʠ ʩʫ ʚʠʩʦʢʠ ʝ-ʝ ʧʠʢʦʚʠ ʥʘ ʧʨʠʙʣʠʞʥʦ ςυ ÍÅ6 ʟʘ ὼ ʧʦʣʘʨʠʟʘʮʠʿʫ ʠ ʥʘ 

υπ ÍÅ6 ʟʘ ώ ʧʦʣʘʨʠʟʘʮʠʿʫ ʫʧʘʜʥʝ ʩʚʝʪʣʦʩʪʠ. ɿʘ ʨʘʟʣʠʢʫ ʦʜ SQD, ʫʩʣʝʜ ʩʠʤʝʪʨʠʿʝ HQD 

ʩʪʨʫʢʪʫʨʝ ʫ ʦʙʘ ʧʨʘʚʮʘ x-y ʨʘʚʥʠ, ʧʦʟʠʮʠʿʝ ʝ-ʝ ʧʠʢʦʚʘ ʩʫ ʧʨʠʙʣʠʞʥʦ ʠʩʪʝ (ςω ÍÅ6) ʟʘ ʦʙʝ 
ʧʦʣʘʨʠʟʘʮʠʿʝ (ʚʠʜʝʪʠ ʩʣ. 4.12). 

 

 
 

ʉʣʠʢʘ 4.11. ʉʧʝʢʪʘʨ ʦʧʪʠʯʢʝ ʘʧʩʦʨʮʧʠʿʝ ʟʘ SQD ʥʘʥʦʩʪʨʫʢʪʫʨʫ ʫ ʦʜʩʫʩʪʚʫ ʩʧʦˀʘʰˁʠʭ 

ʧʦˀʘ ʟʘ ὼ ʠ ώ ʧʦʣʘʨʠʟʘʮʠʿʝ. ʈʝʟʫʣʪʘʪʠ ʟʘ ώ ʧʦʣʘʨʠʟʘʮʠʿʫ ʩʫ ʥʘ ʩʣʠʮʠ ʧʦʤʝʨʝʥʠ ʟʘ 10 
ʨʝʣʘʪʠʚʥʠʭ ʿʝʜʠʥʠʮʘ. ʎʨʚʝʥʘ ʚʝʨʪʠʢʘʣʥʘ ʣʠʥʠʿʘ ʦʟʥʘʯʘʚʘ ʬʫʥʜʘʤʝʥʪʘʣʥʠ ʧʨʦʮʝʧ, ʜʦʢ ʩʠʚʘ 

ʚʝʨʪʠʢʘʣʥʘ ʠʩʧʨʝʢʠʜʘʥʘ ʣʠʥʠʿʘ ʦʟʥʘʯʘʚʘ ʤʠʥʠʤʫʤ ʝʥʝʨʛʠʿʝ ʢʦʿʘ ʿʝ ʧʦʪʨʝʙʥʘ ʟʘ (b-e) 

ʪʨʘʥʟʠʮʠʿʫ. ʅʘ ʩʣʠʮʠ ʩʫ ʥʘʟʥʘʯʝʥʠ ʝʥʝʨʛʝʪʩʢʠ ʦʧʩʝʟʠ ʟʘ (b-b) ʠ (b-e) ʪʨʘʥʟʠʮʠʿʝ ʢʘʦ ʠ 

ʜʦʤʠʥʘʥʪʥʠ (ʝ-e) ʧʠʢʦʚʠ ʟʘ ʦʙʝ ʧʦʣʘʨʠʟʘʮʠʿʝ ʩʚʝʪʣʦʩʪʠ. ʌʝʨʤʠʿʝʚ ʥʠʚʦ ʠʟʥʦʩʠ Ὁ πȟω Å6. 
 

 
 

ʉʣʠʢʘ 4.12. ʉʧʝʢʪʘʨ ʦʧʪʠʯʢʝ ʘʧʩʦʨʮʧʠʿʝ ʟʘ HQD ʥʘʥʦʩʪʨʫʢʪʫʨʫ ʫ ʦʜʩʫʩʪʚʫ ʩʧʦˀʘʰˁʠʭ 

ʧʦˀʘ ʟʘ ὼ ʠ ώ ʧʦʣʘʨʠʟʘʮʠʿʝ. ʈʝʟʫʣʪʘʪʠ ʟʘ ώ ʧʦʣʘʨʠʟʘʮʠʿʫ ʩʫ ʥʘ ʩʣʠʮʠ ʧʦʤʝʨʝʥʠ ʟʘ 10 
ʨʝʣʘʪʠʚʥʠʭ ʿʝʜʠʥʠʮʘ. ʎʨʚʝʥʘ ʚʝʨʪʠʢʘʣʥʘ ʣʠʥʠʿʘ ʦʟʥʘʯʘʚʘ ʬʫʥʜʘʤʝʥʪʘʣʥʠ ʧʨʦʮʝʧ, ʜʦʢ ʩʠʚʘ 

ʚʝʨʪʠʢʘʣʥʘ ʠʩʧʨʝʢʠʜʘʥʘ ʣʠʥʠʿʘ ʦʟʥʘʯʘʚʘ ʤʠʥʠʤʫʤ ʝʥʝʨʛʠʿʝ ʢʦʿʘ ʿʝ ʧʦʪʨʝʙʥʘ ʟʘ (b-e) 

ʪʨʘʥʟʠʮʠʿʫ. ʅʘ ʩʣʠʮʠ ʩʫ ʥʘʟʥʘʯʝʥʠ ʝʥʝʨʛʝʪʩʢʠ ʦʧʩʝʟʠ ʟʘ (b-b) ʠ (b-e) ʪʨʘʥʟʠʮʠʿʝ ʢʘʦ ʠ 

ʜʦʤʠʥʘʥʪʥʠ (ʝ-e) ʧʠʢʦʚʠ ʟʘ ʦʙʝ ʧʦʣʘʨʠʟʘʮʠʿʝ ʩʚʝʪʣʦʩʪʠ. ʌʝʨʤʠʿʝʚ ʥʠʚʦ ʠʟʥʦʩʠ Ὁ ρȟπχ Å6. 
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 ɸʥʘʣʠʟʠʨʘʥʠ ʦʧʪʠʯʢʠ ʩʧʝʢʪʘʨ ʧʦʢʘʟʫʿʝ ʠʟʨʘʞʝʥʝ ʨʘʟʣʠʢʝ ʫ ʧʦʨʝʹʝˁʫ ʩʘ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʤ ʨʝʟʫʣʪʘʪʠʤʘ ʢʦʿʠ ʩʫ ʧʨʝʪʭʦʜʥʦ ʧʫʙʣʠʢʦʚʘʥʠ ʟʘ 3ɼ ʢʦʣʦʠʜʥʝ ʢʚʘʥʪʥʝ 

ʪʘʯʢʝ, ʠʘʢʦ ʩʫ ˁʠʭʦʚʝ ʜʠʤʝʥʟʠʿʝ ʫʧʦʨʝʜʠʚʝ ʩʘ ʜʠʤʝʥʟʠʿʘʤʘ ʨʘʟʤʦʪʨʝʥʠʭ ʥʘʥʦʩʪʨʫʢʪʫʨʘ 

(Keuleyan ʠ ʩʘʨ., 2011A). ʂʦʣʦʠʜʥʝ ʢʚʘʥʪʥʝ ʪʘʯʢʝ ʩʝ ʝʬʝʢʪʠʚʥʦ ʩʘʩʪʦʿʝ ʦʜ ʚʝʝ˂ʛ ʙʨʦʿʘ ʩʣʦʿʝʚʘ 

2ɼ HgTe (Keuleyan ʠ ʩʘʨ., 2011B) ʧʘ ʿʝ ˁʠʭʦʚ ʝʥʝʨʛʝʪʩʢʠ ʧʨʦʮʝʧ ʤʘˁʠ ʫ ʧʦʨʝʹʝˁʫ ʩʘ 

ʪʘʯʢʘʤʘ ʢʦʿʝ ʩʫ ʬʦʨʤʠʨʘʥʝ ʦʜ ʤʦʥʦʩʣʦʿʘ HgTe. ʉ ʦʙʟʠʨʦʤ ʜʘ ʿʝ ʪʘʣʘʩʥʘ ʬʫʥʢʮʠʿʘ ʫ 3ɼ 

ʩʣʫʯʘʿʫ ʧʨʦʰʠʨʝʥʘ ʥʘ ʚʠʰʝ HgTe ʩʣʦʿʝʚʘ, ʘʧʩʦʨʧʮʠʦʥʘ ʠʚʠʮʘ ʥʘ ʥʠʞʠʤ ʝʥʝʨʛʠʿʘʤʘ ʟʘ 

ʢʦʣʦʠʜʥʫ ʢʚʘʥʪʥʫ ʪʘʯʢʫ ʿʝ ʧʦʩʪʘʚˀʝʥʘ ʥʠʞʝ ʫ ʦʜʥʦʩʫ ʥʘ ʝʥʝʨʛʝʪʩʢʠ ʥʘʿʥʠʞʠ b-b ʧʨʝʣʘʟ ʫ 

ʘʥʘʣʠʟʠʨʘʥʦʿ ʢʚʘʜʨʘʪʥʦʿ ʢʚʘʥʪʥʦʿ ʪʘʯʢʠ. ʏʘʢ ʰʪʘ ʚʠʰʝ, ʧʨʝʣʘʟʠ ʢʦʿʠ ʩʝ ʦʜʚʠʿʘʿʫ ʠʟʤʝʹʫ 

ʠʚʠʯʥʠʭ ʩʪʘˁʘ ʠ ʦʩʪʘʣʠʭ ʩʪʘˁʘ ʫ ʘʥʘʣʠʟʠʨʘʥʦʤ 2ɼ ʩʠʩʪʝʤʫ ʧʨʦʰʠʨʫʿʫ ʘʧʩʦʨʧʮʠʦʥʠ ʩʧʝʢʪʘʨ 

ʜʦ ʪʘʣʘʩʥʝ ʜʫʞʠʥʝ ʦʜ υπ ‘Í. ʆʚʘ ʚʨʝʜʥʦʩʪ ʿʝ ʫ ʟʥʘʯʘʿʥʦʿ ʤʝʨʠ ʚʝ˂ʘ ʦʜ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦ 

ʜʦʙʠʿʝʥʝ ʛʨʘʥʠʮʝ ʟʘ ʘʧʩʦʨʧʮʠʿʫ ʢʦʣʦʠʜʥʠʭ ʢʚʘʥʪʥʠʭ ʪʘʯʘʢʘ, ʢʦʿʘ ʠʟʥʦʩʠ υ ‘Í ʟʘ ʪʘʯʢʫ ʯʠʿʠ 

ʿʝ ʧʨʦʩʝʯʥʠ ʜʠʿʘʤʝʪʘʨ ρπȟυ ÎÍ (Keuleyan ʠ ʩʘʨ., 2011B). 

 

 
 

ʉʣʠʢʘ 4.13. ʂʦʥʪʫʨʥʠ ʮʨʪʝʞ ʟʘʚʠʩʥʦʩʪʠ ʘʤʧʣʠʪʫʜʝ ʦʧʪʠʯʢʝ ʘʧʩʦʨʧʮʠʿʝ ʢʦʿʘ ʥʘʩʪʘʿʝ ʫʩʣʝʜ 

ʧʨʝʣʘʟʘ ʠʟʤʝʹʫ (ʘ) ʨʘʚʥʠʭ ʠʚʠʯʥʠʭ ʩʪʘˁʘ ʫ SQD ʠ (ʙ) ʦʩʮʠʣʘʪʦʨʥʠʭ ʠʚʠʯʥʠʭ ʩʪʘˁʘ ʫ HQD 

ʦʜ ʤʘʛʥʝʪʩʢʦʛ ʧʦˀʘ ʠ ʝʥʝʨʛʠʿʝ ʘʧʩʦʨʧʮʠʿʝ. ʆʚʜʝ ʿʝ ʘʧʩʦʨʧʮʠʿʘ ʠʟʨʘʯʫʥʘʪʘ ʢʘʦ ʩʨʝʜˁʘ 

ʚʨʝʜʥʦʩʪ ʘʧʩʦʨʧʮʠʿʘ ʟʘ ὼ ʠ ώ ʧʦʣʘʨʠʟʘʮʠʿʝ ʠ ʩʢʘʣʠʨʘʥʘ ʪʘʢʦ ʜʘ ˁʝʥ ʤʘʢʩʠʤʫʤ ʦʜʛʦʚʘʨʘ 
ʿʝʜʠʥʠʮʠ. ʋʤʝʮʠ ʥʘ ʩʣʠʢʘʤʘ ʧʨʠʢʘʟʫʿʫ ʝʥʝʨʛʝʪʩʢʘ ʩʪʘˁʘ ʦʢʦ ʌʝʨʤʠʿʝʚʦʛ ʥʠʚʦʘ ʢʦʿʘ ʟʥʘʯʘʿʥʦ 

ʜʦʧʨʠʥʦʩʝ ʦʪʧʠʯʢʦʤ ʩʧʝʢʪʨʫ.  

 

 ʂʦʥʘʯʥʦ, ʩʘʜʘ ˂ʝ ʙʠʪʠ ʨʘʟʤʦʪʨʝʥ ʫʪʠʮʘʿ ʩʧʦˀʘʰˁʝʛ ʤʘʛʥʝʪʩʢʦʛ ʧʦˀʘ ʥʘ ʝ-ʝ ʧʨʝʣʘʟʝ ʫ 

SQD ʠ HQD ʩʪʨʫʢʪʫʨʘʤʘ. ʉʘ ʩʣ. 4.13 (ʘ) ʠ 4.13 (ʙ) ʩʝ ʤʦʞʝ ʚʠʜʝʪʠ ʜʘ ʩʝ ʘʧʩʦʨʧʮʠʦʥʠ ʩʧʝʢʪʨʠ 

ʫ ʦʚʠʤ ʩʪʨʫʢʪʫʨʘʤʘ ʫ ʟʥʘʯʘʿʥʦʿ ʤʝʨʠ ʨʘʟʣʠʢʫʿʫ. ʆʚʜʝ ʿʝ ʘʧʩʦʨʧʮʠʿʘ ʠʟʨʘʯʫʥʘʪʘ ʢʘʦ ʩʨʝʜˁʘ 
















































































