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ʉʪʠʤʫʣʠʨʦʚʘʥʥʦʝ ʠʟʣʫʯʝʥʠʝ ʚ ʩʨʝʜʥʝʤ ʠ ʜʘʣʴʥʝʤ ʠʥʬʨʘʢʨʘʩʥʦʤ ʜʠʘʧʘʟʦʥʘʭ 

ʚ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʘʭ ʩ ʢʚʘʥʪʦʚʳʤʠ ʷʤʘʤʠ ʥʘ ʦʩʥʦʚʝ HgCdTe 

 

 

2.2.2 ð ʕʣʝʢʪʨʦʥʥʘʷ ʢʦʤʧʦʥʝʥʪʥʘʷ ʙʘʟʘ ʤʠʢʨʦ- ʠ ʥʘʥʦʵʣʝʢʪʨʦʥʠʢʠ,  
ʢʚʘʥʪʦʚʳʭ ʫʩʪʨʦʡʩʪʚ  

 

 

ɸɺʊʆʈɽʌɽʈɸʊ 
ʜʠʩʩʝʨʪʘʮʠʠ ʥʘ ʩʦʠʩʢʘʥʠʝ ʫʯʝʥʦʡ ʩʪʝʧʝʥʠ 
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ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʀʥʩʪʠʪʫʪʝ ʬʠʟʠʢʠ ʤʠʢʨʦʩʪʨʫʢʪʫʨ ʈɸʅ ð ʬʠʣʠʘʣʝ ʌʝʜʝʨʘʣʴʥʦʛʦ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʙʶʜʞʝʪʥʦʛʦ ʥʘʫʯʥʦʛʦ ʫʯʨʝʞʜʝʥʠʷ çʌʝʜʝʨʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʮʝʥʪʨ 

ʀʥʩʪʠʪʫʪ ʧʨʠʢʣʘʜʥʦʡ ʬʠʟʠʢʠ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢè (ʀʌʄ ʈɸʅ, ʛ. ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ) 

 

ʅʘʫʯʥʳʡ ʢʦʥʩʫʣʴʪʘʥʪ     ɻʘʚʨʠʣʝʥʢʦ ɺʣʘʜʠʤʠʨ ʀʟʷʩʣʘʚʦʚʠʯ 

        ʜʦʢʪʦʨ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ, 

ʧʨʦʬʝʩʩʦʨ, ʟʘʤ. ʜʠʨʝʢʪʦʨʘ ʀʌʄ ʈɸʅ 

    ʧʦ ʥʘʫʯʥʦʡ ʨʘʙʦʪʝ 

 

ʆʬʠʮʠʘʣʴʥʳʝ ʦʧʧʦʥʝʥʪʳ:     ɾʫʢʦʚ ɸʣʝʢʩʝʡ ɽʚʛʝʥʴʝʚʠʯ  

ʜʦʢʪʦʨ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ, 

ʯʣʝʥ-ʢʦʨʨʝʩʧʦʥʜʝʥʪ ʈɸʅ,  

ʅʀʋ ɺʐʕ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ,  

ʧʨʦʬʝʩʩʦʨ ʜʝʧʘʨʪʘʤʝʥʪʘ ʬʠʟʠʢʠ 

ʟʘʤ. ʜʝʢʘʥʘ ʧʦ ʥʘʫʯʥʦʡ ʨʘʙʦʪʝ 

 

 

ʍʦʭʣʦʚ ɼʤʠʪʨʠʡ ʈʝʤʦʚʠʯ  

ʜʦʢʪʦʨ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ, 

ʧʨʦʬʝʩʩʦʨ, ʯʣʝʥ-ʢʦʨʨʝʩʧʦʥʜʝʥʪ ʈɸʅ, 

ʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ 

ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʄ.ɺ.ʃʦʤʦʥʦʩʦʚʘ, 

ʟʘʚʝʜʫʶʱʠʡ ʢʘʬʝʜʨʦʡ 

 

ʌʠʨʩʦʚ ɼʤʠʪʨʠʡ ɸʥʘʪʦʣʴʝʚʠʯ, ʜʦʢʪʦʨ 

ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ, 

ʧʨʦʬʝʩʩʦʨ, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ 

ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ  

ʇʝʪʨʘ ɺʝʣʠʢʦʛʦ, ʧʨʦʬʝʩʩʦʨ 

 

ɺʝʜʫʱʘʷ ʦʨʛʘʥʠʟʘʮʠʷ:     ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ  

     ʙʶʜʞʝʪʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ʥʘʫʢʠ 

 ʌʠʟʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ʠʤ. ʇ.ʅ.ʃʝʙʝʜʝʚʘ  

ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ 

 

ɿʘʱʠʪʘ ʩʦʩʪʦʠʪʩʷ 10 ʥʦʷʙʨʷ 2022 ʛ. ʚ 14-00 ʯʘʩʦʚ ʥʘ ʟʘʩʝʜʘʥʠʠ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʩʦʚʝʪʘ 

24.1.238.02 ʧʨʠ ʌʝʜʝʨʘʣʴʥʦʤ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤ ʙʶʜʞʝʪʥʦʤ ʥʘʫʯʥʦʤ ʫʯʨʝʞʜʝʥʠʠ çʌʝʜʝʨʘʣʴʥʳʡ 

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʮʝʥʪʨ ʀʥʩʪʠʪʫʪ ʧʨʠʢʣʘʜʥʦʡ ʬʠʟʠʢʠ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢè ʧʦ ʘʜʨʝʩʫ: 

603087, ʅʠʞʝʛʦʨʦʜʩʢʘʷ ʦʙʣʘʩʪʴ, ʂʩʪʦʚʩʢʠʡ ʨʘʡʦʥ, ʜ. ɸʬʦʥʠʥʦ, ʫʣ. ɸʢʘʜʝʤʠʯʝʩʢʘʷ, ʜ. 7, 

ʘʫʜ. 237 

 

ʉ ʜʠʩʩʝʨʪʘʮʠʝʡ ʤʦʞʥʦ ʦʟʥʘʢʦʤʠʪʴʩʷ ʚ ʙʠʙʣʠʦʪʝʢʝ ʀʌʄ ʈɸʅ ʠ ʥʘ ʩʘʡʪʝ 

http://ipmras.ru/UserFiles/Diss/2022_MorozovSV/diss_MorozovSV.pdf 

 

ɸʚʪʦʨʝʬʝʨʘʪ ʨʘʟʦʩʣʘʥ ç___è _ʦʢʪʷʙʨʷ__ 2022 ʛ. 

 

ʋʯʝʥʳʡ ʩʝʢʨʝʪʘʨʴ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʩʦʚʝʪʘ 24.1.238.02 

ʜ. ʬ.-ʤ.ʥ., ʧʨʦʬʝʩʩʦʨ ʈɸʅ       _____________ ɼ.ʖ. ɺʦʜʦʣʘʟʦʚ
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ʆʙʱʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʨʘʙʦʪʳ 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʠ ʩʪʝʧʝʥʴ ʨʘʟʨʘʙʦʪʘʥʥʦʩʪʠ ʪʝʤʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʈʝʘʣʠʟʘʮʠʷ ʢʦʤʧʘʢʪʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʠʟʣʫʯʝʥʠʷ ʜʣʷ ʩʨʝʜʥʝʛʦ ʀʂ ʜʠʘʧʘʟʦʥʘ ʦʩʪʘʝʪʩʷ 

ʚʦʩʪʨʝʙʦʚʘʥʥʦʡ ʚ ʨʷʜʝ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʠ ʧʨʠʢʣʘʜʥʳʭ ʟʘʜʘʯ, ʩʚʷʟʘʥʥʳʭ ʩʦ 

ʩʧʝʢʪʨʦʩʢʦʧʠʝʡ ʛʘʟʦʚ ʠ ʪʚʝʨʜʳʭ ʪʝʣ, ʚ ʯʘʩʪʥʦʩʪʠ ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʠʣʠ 

ʤʝʜʠʮʠʥʩʢʦʡ ʜʠʘʛʥʦʩʪʠʢʠ. ɺ ʟʘʜʘʯʘʭ ʤʦʥʠʪʦʨʠʥʛʘ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʤʠ 

ʷʚʣʷʶʪʩʷ ʜʣʠʥʳ ʚʦʣʥ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʦʢʥʘʤ ʧʨʦʟʨʘʯʥʦʩʪʠ ʘʪʤʦʩʬʝʨʳ; ʚ ʯʘʩʪʥʦʩʪʠ ʜʠʘʧʘʟʦʥ 

3 ï 5 ʤʢʤ, ʩʦʜʝʨʞʘʱʠʡ ʣʠʥʠʠ ʧʦʛʣʦʱʝʥʠʷ ʤʥʦʛʠʭ ʛʘʟʦʚ-ʟʘʛʨʷʟʥʠʪʝʣʝʡ, ʥʘʧʨʠʤʝʨ ʤʝʪʘʥʘ [1]. 

ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʜʣʷ ʥʝʢʦʪʦʨʳʭ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʟʘʜʘʯ ʚ ʜʣʠʥʥʦʚʦʣʥʦʚʦʤ ʜʠʘʧʘʟʦʥʝ, 

ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʥʘ ʠʟʫʯʝʥʠʝ ʪʦʥʢʦʡ ʩʪʨʫʢʪʫʨʳ ʣʠʥʠʡ ʚʨʘʱʘʪʝʣʴʥʳʭ ʠ ʢʦʣʝʙʘʪʝʣʴʥʳʭ 

ʧʝʨʝʭʦʜʦʚ ʨʘʟʣʠʯʥʳʭ ʤʦʣʝʢʫʣ ʚ ʘʩʪʨʦʬʠʟʠʢʝ ʠ ʤʝʜʠʮʠʥʝ [2], ʤʝʣʢʠʭ ʧʨʠʤʝʩʝʡ 

ʚ ʧʦʣʫʧʨʦʚʦʜʥʠʢʘʭ [3], ʤʝʞʟʦʥʥʳʭ ʧʝʨʝʭʦʜʦʚ ʠ ʬʦʪʦʦʪʢʣʠʢʘ ʜʚʫʩʣʦʡʥʦʛʦ ʛʨʘʬʝʥʘ ʠ ʧʨ., ʤʦʛʫʪ 

ʦʢʘʟʘʪʴʩʷ ʚʝʩʴʤʘ ʧʦʣʝʟʥʳʤʠ ʣʘʟʝʨʳ ʩ ʨʘʙʦʯʝʡ ʜʣʠʥʦʡ ʚʦʣʥʳ ʙʦʣʝʝ 20 ʤʢʤ, ʚʳʙʦʨ ʢʦʪʦʨʳʭ 

ʩʝʡʯʘʩ ʜʦʩʪʘʪʦʯʥʦ ʦʛʨʘʥʠʯʝʥ [4]. ɻʘʟʦʚʳʝ ʣʘʟʝʨʳ ʜʦʩʪʫʧʥʳ ʣʠʰʴ ʜʣʷ ʦʪʜʝʣʴʥʳʭ ʜʣʠʥ ʚʦʣʥ 

ʠ ʜʦʩʪʘʪʦʯʥʦ ʛʨʦʤʦʟʜʢʠ. ʉʨʝʜʠ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʣʘʟʝʨʦʚ ʚ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʥʘʠʣʫʯʰʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʘʢʪʠʯʝʩʢʠ ʚʦ ʚʩʝʤ ʩʨʝʜʥʝʤ ʀʂ ʜʠʘʧʘʟʦʥʝ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʢʚʘʥʪʦʚʳʝ 

ʢʘʩʢʘʜʥʳʝ ʣʘʟʝʨʳ (ʂʂʃ), ʢʦʪʦʨʳʝ ʪʨʘʜʠʮʠʦʥʥʦ ʠʟʛʦʪʘʚʣʠʚʘʶʪʩʷ ʥʘ ʦʩʥʦʚʝ ʩʦʝʜʠʥʝʥʠʡ ɸ3ɺ5, 

ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʩʣʦʞʥʦʩʪʷʤ ʧʨʠ ʧʨʦʜʚʠʞʝʥʠʠ ʚ ʜʠʘʧʘʟʦʥ ʜʣʠʥ ʚʦʣʥ 20 ï 60 ʤʢʤ ʠʟ-ʟʘ ʩʠʣʴʥʦʛʦ 

ʬʦʥʦʥʥʦʛʦ ʧʦʛʣʦʱʝʥʠʷ ʚ ʵʪʠʭ ʤʘʪʝʨʠʘʣʘʭ. ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʂʂʃ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 20 ʜʦ 30 ʤʢʤ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʳ ʣʠʰʴ ʜʣʷ ʦʪʜʝʣʴʥʳʭ ʜʣʠʥ ʚʦʣʥ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʤʠʥʠʤʫʤʘʤ 

ʨʝʰʝʪʦʯʥʦʛʦ ʧʦʛʣʦʱʝʥʠʷ, ʥʘʠʙʦʣʴʰʘʷ ʠʟ ʢʦʪʦʨʳʭ ~ 28 ʤʢʤ [5]. ɺ ʢʦʥʬʝʨʝʥʮʠʦʥʥʦʡ 

ʧʫʙʣʠʢʘʮʠʠ [6] ʩʦʦʙʱʘʣʦʩʴ ʦ ʂʂʃ ʥʘ ʦʩʥʦʚʝ GaN/AlGaN, ʨʘʙʦʪʘʶʱʝʤ ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ ~ 40 

ʤʢʤ (7 ʊɻʮ), ʦʜʥʘʢʦ ʵʪʦʪ ʨʝʟʫʣʴʪʘʪ ʥʝ ʧʦʣʫʯʠʣ ʜʘʣʴʥʝʡʰʝʛʦ ʧʦʜʪʚʝʨʞʜʝʥʠʷ.  

ɽʜʠʥʩʪʚʝʥʥʳʤʠ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʢʦʛʝʨʝʥʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʚ ʜʠʘʧʘʟʦʥʝ 

30-50 ʤʢʤ ʷʚʣʷʶʪʩʷ ʣʘʟʝʨʳ ʥʘ ʤʝʞʟʦʥʥʳʭ ʧʝʨʝʭʦʜʘʭ ʥʘ ʦʩʥʦʚʝ ʦʙʲʝʤʥʳʭ ʭʘʣʴʢʦʛʝʥʠʜʦʚ 

ʩʚʠʥʮʘ-ʦʣʦʚʘ. ʏʘʩʪʦʪʳ ʦʧʪʠʯʝʩʢʠʭ ʬʦʥʦʥʦʚ ʚ ʤʘʪʝʨʠʘʣʘʭ ʪʠʧʘ PbSnSe ʠ PbSnTe ʩʫʱʝʩʪʚʝʥʥʦ 

ʥʠʞʝ, ʯʝʤ ʚ ʫʧʦʤʷʥʫʪʳʭ ʨʘʥʝʝ ʧʦʣʫʧʨʦʚʦʜʥʠʢʘʭ ɸ3ɺ5, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʩʦʟʜʘʪʴ ʣʘʟʝʨʥʳʝ ʜʠʦʜʳ 

ʩ ʨʘʙʦʯʝʡ ʜʣʠʥʦʡ ʚʦʣʥʳ ʜʦ 50 ʤʢʤ [7, 8]. ʌʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʬʠʟʠʯʝʩʢʦʡ ʦʩʥʦʚʦʡ ʜʣʷ 

ʨʝʘʣʠʟʘʮʠʠ ʤʝʞʟʦʥʥʦʛʦ ʫʩʠʣʝʥʠʷ ʚ ʵʪʠʭ ʫʟʢʦʟʦʥʥʳʭ ʤʘʪʝʨʠʘʣʘʭ (ʢʘʢ ʠ ʚ ʩʪʨʫʢʪʫʨʘʭ ʥʘ ʦʩʥʦʚʝ 

ʂʗ HgCdTe/CdHgTe) ʷʚʣʷʝʪʩʷ ʧʦʜʘʚʣʝʥʠʝ ʙʝʟʳʟʣʫʯʘʪʝʣʴʥʦʡ ʦʞʝ-ʨʝʢʦʤʙʠʥʘʮʠʠ ʟʘ ʩʯʝʪ 

ʩʠʤʤʝʪʨʠʯʥʦʛʦ ʢʚʘʟʠʨʝʣʷʪʠʚʠʩʪʩʢʦʛʦ ʟʘʢʦʥʘ ʜʠʩʧʝʨʩʠʠ ʥʦʩʠʪʝʣʝʡ. ʅʝʩʤʦʪʨʷ ʥʘ ʜʦʩʪʠʛʥʫʪʳʝ 

ʫʩʧʝʭʠ, ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʟʚʠʪʠʷ ʵʪʦ ʥʘʧʨʘʚʣʝʥʠʝ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʧʦʣʫʯʠʣʦ ʠʟ-ʟʘ ʙʦʣʴʰʦʡ, 1017 - 

1019 ʩʤ-3, ʢʦʥʮʝʥʪʨʘʮʠʠ ʵʣʝʢʪʨʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʜʝʬʝʢʪʦʚ ʚ ʵʪʠʭ ʤʘʪʝʨʠʘʣʘʭ. 

ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʩʠʤʤʝʪʨʠʯʥʳʡ ʢʚʘʟʠʨʝʣʷʪʠʚʠʩʪʩʢʠʡ ʟʘʢʦʥ ʜʠʩʧʝʨʩʠʠ ʥʦʩʠʪʝʣʝʡ, 

ʩʧʦʩʦʙʩʪʚʫʶʱʠʡ ʧʦʜʘʚʣʝʥʠʶ ʦʞʝ-ʨʝʢʦʤʙʠʥʘʮʠʠ, ʤʦʞʝʪ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥ ʠ ʚ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʘʭ 



4 

ʩ ʢʚʘʥʪʦʚʳʤʠ ʷʤʘʤʠ (ʂʗ) HgCdTe/CdHgTe [9]. ɺ ʂʗ ʥʘʥʦʤʝʪʨʦʚʦʡ ʪʦʣʱʠʥʳ ʧʦʤʠʤʦ 

çʛʨʘʬʝʥʦʧʦʜʦʙʥʦʛʦè ʟʘʢʦʥʘ ʜʠʩʧʝʨʩʠʠ ʩ ʙʝʟʤʘʩʩʦʚʳʤʠ ʜʠʨʘʢʦʚʩʢʠʤʠ ʬʝʨʤʠʦʥʘʤʠ ʤʦʞʥʦ 

ʝʩʪʝʩʪʚʝʥʥʳʤ ʦʙʨʘʟʦʤ (ʠʟʤʝʥʷʷ ʪʦʣʱʠʥʫ ʂʗ ʠʣʠ ʪʝʤʧʝʨʘʪʫʨʫ) ʧʦʣʫʯʠʪʴ ʠ ʢʚʘʟʠʜʠʨʘʢʦʚʩʢʠʡ 

ʟʘʢʦʥ ʜʠʩʧʝʨʩʠʠ ʥʦʩʠʪʝʣʝʡ ʩ ʥʝʥʫʣʝʚʦʡ ʤʘʩʩʦʡ. ʕʪʦ ʦʢʘʟʳʚʘʝʪʩʷ ʚʘʞʥʳʤ ʜʣʷ ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʵʬʬʝʢʪʘ ʧʦʜʘʚʣʝʥʠʷ ʦʞʝ-ʧʨʦʮʝʩʩʦʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʘʣʳʭ ʚʦʟʤʫʱʝʥʠʡ ʟʦʥʥʦʛʦ ʩʧʝʢʪʨʘ. 

ʆʪʤʝʪʠʤ, ʯʪʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʫʩʠʣʠʷ ʤʥʦʛʠʭ ʛʨʫʧʧ, ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʛʝʥʝʨʘʮʠʷ 

ʠʟʣʫʯʝʥʠʷ ʚ ʛʨʘʬʝʥʦʚʳʭ ʩʪʨʫʢʪʫʨʘʭ ʧʦʢʘ ʧʦʣʫʯʝʥʘ ʪʦʣʴʢʦ ʚʙʣʠʟʠ 5 ʊɻʮ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 100 ʂ 

[10]. 

ʊʚʝʨʜʳʝ ʨʘʩʪʚʦʨʳ HgCdTe ʠʩʩʣʝʜʫʶʪʩʷ ʫʞʝ ʙʦʣʝʝ 50 ʣʝʪ ʠ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʦʙʲʝʤʥʳʝ 

ʧʣʝʥʢʠ HgCdTe ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʥʳʤ ʤʘʪʝʨʠʘʣʦʤ ʜʣʷ ʀʂ ʬʦʪʦʧʨʠʝʤʥʠʢʦʚ ʠ ʬʦʪʦʧʨʠʝʤʥʳʭ 

ʤʘʪʨʠʮ. ʇʨʦʛʨʝʩʩ ʚ ʪʝʭʥʦʣʦʛʠʠ ʤʦʣʝʢʫʣʷʨʥʦ-ʣʫʯʝʚʦʡ ʵʧʠʪʘʢʩʠʠ ʧʨʠʚʝʣ ʢ ʚʦʟʨʦʞʜʝʥʠʶ 

ʠʥʪʝʨʝʩʘ ʢ ʵʢʩʪʨʝʤʘʣʴʥʦ ʫʟʢʦʟʦʥʥʳʤ ʠ ʙʝʩʱʝʣʝʚʳʤ ʩʦʩʪʘʚʘʤ HgCdTe, ʘ ʪʘʢʞʝ ʢ ʩʪʨʫʢʪʫʨʘʤ 

ʩ ʂʗ ʩ ʤʘʣʦʡ ʰʠʨʠʥʦʡ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ, ʚ ʪʦʤ ʯʠʩʣʝ ʚ ʩʚʷʟʠ ʩ ʙʫʨʥʳʤ ʨʦʩʪʦʤ ʯʠʩʣʘ ʨʘʙʦʪ ʧʦ 

ʪʦʧʦʣʦʛʠʯʝʩʢʠʤ ʠʟʦʣʷʪʦʨʘʤ [11]. ʕʪʦ ʧʨʠʚʝʣʦ ʢ ʪʦʤʫ, ʯʪʦ ʪʝʭʥʦʣʦʛʠʷ ʨʦʩʪʘ ʪʘʢʠʭ ʂʗ 

ʢ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʭʦʨʦʰʦ ʦʪʨʘʙʦʪʘʥʘ ʠ ʢʘʯʝʩʪʚʦ ʧʦʣʫʯʘʝʤʳʭ ʩʪʨʫʢʪʫʨ ʧʦʜʪʚʝʨʞʜʝʥʦ 

ʤʥʦʛʦʯʠʩʣʝʥʥʳʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʤʥʦʛʠʭ ʥʝʟʘʚʠʩʠʤʳʭ ʛʨʫʧʧ. ɿʘ ʩʯʝʪ ʠʟʤʝʥʝʥʠʷ ʰʠʨʠʥʳ 

ʠ ʩʦʩʪʘʚʘ ʂʗ, ʚʦʟʤʦʞʥʦ ʚ ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ ʫʧʨʘʚʣʷʪʴ ʵʥʝʨʛʠʝʡ ʤʝʞʟʦʥʥʳʭ ʧʝʨʝʭʦʜʦʚ, ʜʝʣʘʷ 

ʝʸ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʢʚʘʥʪʘʤ ʩʨʝʜʥʝʛʦ ʠ ʜʘʣʴʥʝʛʦ ʠʥʬʨʘʢʨʘʩʥʦʛʦ ʜʠʘʧʘʟʦʥʦʚ. ʇʨʠ ʵʪʦʤ 

ʬʦʥʦʥʥʳʝ ʯʘʩʪʦʪʳ ʚ HgCdTe ʩʜʚʠʥʫʪʳ ʚ ʥʠʟʢʦʯʘʩʪʦʪʥʫʶ ʦʙʣʘʩʪʴ [12] ʧʦ ʩʨʘʚʥʝʥʠʶ 

ʤʘʪʝʨʠʘʣʘʤʠ ɸ3ɺ5, ʠʟ ʢʦʪʦʨʳʭ ʠʟʛʦʪʘʚʣʠʚʘʶʪʩʷ ʂʂʃ. 

ɿʦʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʂʗ HgTe/CdHgTe ʧʝʨʝʩʪʨʘʠʚʘʝʪʩʷ ʦʪ ʥʦʨʤʘʣʴʥʦʡ (CdTe-ʧʦʜʦʙʥʦʡ) ʜʦ 

ʠʥʚʝʨʪʠʨʦʚʘʥʥʦʡ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʰʠʨʠʥʳ ʂʗ HgTe [9]. ʇʨʠ ʢʨʠʪʠʯʝʩʢʦʡ ʰʠʨʠʥʝ ʂʗ 

dc ~ 6.3 ʥʤ ʟʦʥʘ ʧʨʦʚʦʜʠʤʦʩʪʠ ʠ ʚʘʣʝʥʪʥʘʷ ʟʦʥʘ ʩʤʳʢʘʶʪʩʷ, ʘ ʟʘʢʦʥ ʜʠʩʧʝʨʩʠʠ ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʘ 

ʩʪʘʥʦʚʠʪʩʷ ʣʠʥʝʡʥʳʤ (ʙʝʟʤʘʩʩʦʚʳʝ ʜʠʨʘʢʦʚʩʢʠʝ ʬʝʨʤʠʦʥʳ), ʢʘʢ ʚ ʛʨʘʬʝʥʝ (ʚ ʙʦʣʝʝ ʧʦʟʜʥʠʭ 

ʨʘʙʦʪʘʭ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʩ ʫʯʝʪʦʤ ʧʦʧʨʘʚʦʢ, ʚʦʟʥʠʢʘʶʱʠʭ ʠʟ-ʟʘ ʵʬʬʝʢʪʦʚ ʧʦʥʠʞʝʥʠʷ ʩʠʤʤʝʪʨʠʠ, 

ʰʠʨʠʥʘ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ ʦʩʪʘʝʪʩʷ ʢʦʥʝʯʥʦʡ). ʀʩʩʣʝʜʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨ ʩ ʂʗ ʚ ʦʩʥʦʚʥʦʤ 

ʩʦʩʨʝʜʦʪʦʯʝʥʳ ʚʦʢʨʫʛ ʥʦʚrʭ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʵʬʬʝʢʪʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʪʦʧʦʣʦʛʠʯʝʩʢʠ 

ʟʘʱʠʱʝʥʥʳʤʠ ʢʨʘʝʚʳʤʠ ʩʦʩʪʦʷʥʠʷʤʠ ʚ ʩʪʨʫʢʪʫʨʘʭ ʩ ʠʥʚʝʨʪʠʨʦʚʘʥʥʳʤ ʟʦʥʥʳʤ ʩʧʝʢʪʨʦʤ. 

ʋʥʠʢʘʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʥʘʥʦʨʘʟʤʝʨʥʳʭ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨ ʥʘ ʦʩʥʦʚʝ HgCdTe ʜʝʣʘʪʁ ʠʭ 

ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʤʠ ʠ ʜʣʷ ʩʦʟʜʘʥʠʷ ʠʟʣʫʯʘʪʝʣʝʡ ʀʂ ʜʠʘʧʘʟʦʥʘ. ɹʣʘʛʦʜʘʨʷ ʚʦʟʤʦʞʥʦʩʪʠ ʛʠʙʢʦʡ 

ʧʝʨʝʩʪʨʦʡʢʠ ʵʥʝʨʛʠʠ ʤʝʞʟʦʥʥʳʭ ʧʝʨʝʭʦʜʦʚ ʚ ʰʠʨʦʢʦʡ ʩʧʝʢʪʨʘʣʴʥʦʡ ʦʙʣʘʩʪʠ (ʬʘʢʪʠʯʝʩʢʠ 

ʧʦʣʥʦʩʪʴʶ ʧʦʢʨʳʚʘʶʱʝʡ ʚʝʩʴ ʀʂ ʜʠʘʧʘʟʦʥ) ʧʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʧʦʜʘʚʣʝʥʠʠ ʦʞʝ-

ʨʝʢʦʤʙʠʥʘʮʠʠ ʟʘ ʩʯʝʪ ʢʚʘʟʠʨʝʣʷʪʠʚʠʩʪʩʢʦʛʦ ʟʘʢʦʥʘ ʜʠʩʧʝʨʩʠʠ ʵʣʝʢʪʨʦʥʦʚ ʠ ʜʳʨʦʢ (ʩʤ. 

ʧʦʜʨʦʙʥʝʝ ʥʠʞʝ) ʩʪʨʫʢʪʫʨʳ ʩ ʂʗ ʥʘ ʦʩʥʦʚʝ HgCdTe ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʠ ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʠʩʪʦʯʥʠʢʦʚ ʠʟʣʫʯʝʥʠʷ ʀʂ ʜʠʘʧʘʟʦʥʘ. ʆʩʦʙʝʥʥʦ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʤʠ ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʜʠʘʧʘʟʦʥ 
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ʜʣʠʥ ʚʦʣʥ ʦʪ 3 ʜʦ 5 ʤʢʤ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʦʢʥʫ ʧʨʦʟʨʘʯʥʦʩʪʠ ʘʪʤʦʩʬʝʨʳ, ʘ ʪʘʢʞʝ 

ʜʣʠʥʥʦʚʦʣʥʦʚʘʷ ʦʙʣʘʩʪʴ 20 ï 40 ʤʢʤ, ʛʜʝ ʤʝʞʟʦʥʥʳʝ ʣʘʟʝʨʳ ʥʘ ʦʩʥʦʚʝ ʥʘʥʦʛʝʪʝʨʦʩʪʨʫʢʪʫʨ 

HgCdTe ʤʦʛʫʪ ʦʢʘʟʘʪʴʩʷ ʢʦʥʢʫʨʝʥʪʥʦʩʧʦʩʦʙʥʳʤʠ, ʧʦʩʢʦʣʴʢʫ ʯʘʩʪʦʪʳ ʦʧʪʠʯʝʩʢʠʭ ʬʦʥʦʥʦʚ ʚ 

ʵʪʠʭ ʧʦʣʫʧʨʦʚʦʜʥʠʢʘʭ ʥʠʞʝ, ʯʝʤ ʚ ɸ3B5 ʤʘʪʝʨʠʘʣʘʭ, ʠʩʧʦʣʴʟʫʶʱʠʭʩʷ ʚ ʜʣʠʥʥʦʚʦʣʥʦʚʳʭ ʂʂʃ. 

ɺʘʞʥʦʩʪʴ ʧʘʨʘʤʝʪʨʦʚ ʂʗ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʧʦʣʫʯʝʥʠʷ ʤʝʞʟʦʥʥʦʛʦ ʫʩʠʣʝʥʠʷ ʦʪʤʝʯʘʣʘʩʴ ʝʱʝ ʚ 

ʨʘʥʥʠʭ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʨʘʙʦʪʘʭ ʜʨʫʛʠʭ ʛʨʫʧʧ (ʩʤ., ʥʘʧʨʠʤʝʨ, [13]), ʦʜʥʘʢʦ ʪʦʣʴʢʦ ʢ ʥʘʩʪʦʷʱʝʤʫ 

ʤʦʤʝʥʪʫ ʧʦʣʫʯʠʣʘ ʪʚʝʨʜʦʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʧʦʜʪʚʝʨʞʜʝʥʠʝ ʠ ʪʝʦʨʝʪʠʯʝʩʢʦʝ ʦʙʦʩʥʦʚʘʥʠʝ. 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʠʤʝʥʥʦ ʚ ʫʟʢʠʭ ʂʗ ʩ ʥʝʙʦʣʴʰʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʢʘʜʤʠʷ 

ʨʝʘʣʠʟʫʝʪʩʷ ʤʘʢʩʠʤʘʣʴʥʳʡ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʧʦʨʦʛ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʧʨʦʮʝʩʩʦʚ ʦʞʝ-ʨʝʢʦʤʙʠʥʘʮʠʠ 

ʟʘ ʩʯʝʪ ʩʠʤʤʝʪʨʠʯʥʳʭ ʢʚʘʟʠʛʠʧʝʨʙʦʣʠʯʝʩʢʠʭ ʟʘʢʦʥʦʚ ʜʠʩʧʝʨʩʠʠ ʜʣʷ ʵʣʝʢʪʨʦʥʦʚ ʠ ʜʳʨʦʢ 

ʠ ʩʠʣʴʥʦʛʦ ʨʘʟʤʝʨʥʦʛʦ ʢʚʘʥʪʦʚʘʥʠʷ ʚ ʂʗ. ɺ ʰʠʨʦʢʠʭ ʂʗ ʠʟ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ HgCdTe, 

ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʚ ʧʨʝʜʳʜʫʱʠʭ ʨʘʙʦʪʘʭ ʧʦ ʣʘʟʝʨʥʦʡ ʛʝʥʝʨʘʮʠʠ ʧʨʠ ʪʦʡ ʞʝ ʰʠʨʠʥʝ 

ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ, ʵʬʬʝʢʪ ʧʦʜʘʚʣʝʥʠʷ ʦʞʝ-ʨʝʢʦʤʙʠʥʘʮʠʠ ʦʪʩʫʪʩʪʚʫʝʪ.  

ɺ ʦʢʥʝ ʧʨʦʟʨʘʯʥʦʩʪʠ ʘʪʤʦʩʬʝʨʳ 3-5 ʤʢʤ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʂʂʃ 

ʷʚʣʷʶʪʩʷ ʪʘʢ ʥʘʟʳʚʘʝʤʳʤʠ ʤʝʞʟʦʥʥʳʝ ʢʘʩʢʘʜʥʳʝ ʣʘʟʝʨʳ (ʄʂʃ) ʥʘ ʦʩʥʦʚʝ InAs/GaInSb/AlSb, 

ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʩʦʙʦʡ ʚ ʥʝʢʦʪʦʨʦʤ ʩʤʳʩʣʝ ʛʠʙʨʠʜ ʂʂʃ ʠ ʢʣʘʩʩʠʯʝʩʢʠʭ ʜʠʦʜʥʳʭ ʣʘʟʝʨʦʚ. 

ʄʂʃ ʩʧʦʩʦʙʥʳ ʨʘʙʦʪʘʪʴ ʚ ʥʝʧʨʝʨʳʚʥʦʤ ʨʝʞʠʤʝ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚʦ ʚʩʝʤ ʜʠʘʧʘʟʦʥʝ 

ʜʣʠʥ ʚʦʣʥ ʦʪ 3 ʜʦ 5 ʤʢʤ [14]. ʆʩʥʦʚʥʳʤ ʠʭ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʧʝʨʝʜ ʂʂʃ ʷʚʣʷʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʦ 

ʤʝʥʴʰʘʷ ʧʦʨʦʛʦʚʘʷ ʧʣʦʪʥʦʩʪʴ ʪʦʢʘ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʜʦʙʠʚʘʪʴʩʷ ʙʦʣʴʰʝʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚ 

ʟʘʜʘʯʘʭ, ʚ ʢʦʪʦʨʳʭ ʚʳʭʦʜʥʘʷ ʤʦʱʥʦʩʪʴ ʥʝ ʪʘʢ ʚʘʞʥʘ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʄʂʃ ʦʙʣʘʜʘʶʪ ʪʝʤʠ ʞʝ 

ʥʝʜʦʩʪʘʪʢʘʤʠ, ʯʪʦ ʠ ʂʂʃ, ʘ ʠʤʝʥʥʦ, ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʩʣʦʞʥʦʩʪʴʶ ʧʨʦʠʟʚʦʜʩʪʚʘ (ʚ ʯʘʩʪʥʦʩʪʠ, ʚ 

ʈʦʩʩʠʠ ʄʂʃ ʥʝ ʠʟʛʦʪʘʚʣʠʚʘʶʪʩʷ), ʚʳʩʦʢʦʡ ʩʪʦʠʤʦʩʪʴʶ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʘʣʦʡ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʤʝʞʟʦʥʥʳʤʠ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʤʠ ʣʘʟʝʨʘʤʠ, ʚʦʟʤʦʞʥʦʩʪʴʶ ʧʝʨʝʩʪʨʦʡʢʠ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʠʤʫʣʠʨʦʚʘʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʩʨʝʜʥʝʛʦ 

ʠʥʬʨʘʢʨʘʩʥʦʛʦ ʜʠʘʧʘʟʦʥʘ ʚ ʩʪʨʫʢʪʫʨʘʭ ʥʘ ʦʩʥʦʚʝ HgCdTe ʨʘʥʝʝ ʧʨʦʚʦʜʠʣʠʩʴ ʠʩʢʣʶʯʠʪʝʣʴʥʦ 

ʚ ʢʦʨʦʪʢʦʚʦʣʥʦʚʦʡ ʝʛʦ ʯʘʩʪʠ. ɺ ʨʘʙʦʪʝ [15] ʚʳʧʦʣʥʝʥ ʢʨʘʪʢʠʡ ʦʙʟʦʨ ʨʘʙʦʪ ʧʦ ʩʦʟʜʘʥʠʶ ʣʘʟʝʨʦʚ 

ʩʨʝʜʥʝʛʦ ʀʂ ʜʠʘʧʘʟʦʥʘ (ʜʦ 1999 ʛʦʜʘ) ʥʘ ʦʩʥʦʚʝ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨ HgCdTe, ʦʪʨʘʞʘʶʱʠʡ 

ʩʦʩʪʦʷʥʠʝ ʜʝʣ ʚ ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʢ ʤʦʤʝʥʪʫ ʥʘʯʘʣʘ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʚʳʧʦʣʥʝʥʥʳʭ ʚ ʜʘʥʥʦʡ 

ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʝ. ʅʘʠʙʦʣʝʝ ʜʣʠʥʥʦʚʦʣʥʦʚʘʷ ʛʝʥʝʨʘʮʠʷ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʘ ʜʣʠʥʝ ʚʦʣʥʳ 

5.3 ʤʢʤ ʠ ʙʳʣʘ ʜʦʩʪʠʛʥʫʪʘ ʚ ʠʥʞʝʢʮʠʦʥʥʦʤ ʣʘʟʝʨʝ ʩ ʘʢʪʠʚʥʦʡ ʦʙʣʘʩʪʴʶ ʠʟ çʦʙʲʝʤʥʦʛʦè ʂʈʊ, 

ʧʨʠ ʵʪʦʤ ʨʘʙʦʯʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʥʝ ʧʨʝʚʳʰʘʣʠ ʪʝʤʧʝʨʘʪʫʨʳ ʞʠʜʢʦʛʦ ʘʟʦʪʘ [16]. ɿʘ ʠʩʢʣʶʯʝʥʠʝʤ 

ʨʘʙʦʪ ʘʚʪʦʨʘ, ʚ ʩʪʨʫʢʪʫʨʘʭ HgCdTe ʥʘ ʜʣʠʥʘʭ ʚʦʣʥ ʙʦʣʝʝ 5.3 ʤʢʤ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠ ʙʳʣʠ 

ʚʳʧʦʣʥʝʥʳ ʪʦʣʴʢʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ (ʌʃ). ɺ ʦʪʣʠʯʠʝ ʦʪ ʰʠʨʦʢʦʟʦʥʥʳʭ 

ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ HgCdTe, ʚ ʢʦʪʦʨʳʭ ʭʦʨʦʰʦ ʟʘʤʝʪʥʳ ʣʠʥʠʠ ʌʃ, ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʩʚʦʙʦʜʥʳʤʠ 

ʠ ʣʦʢʘʣʠʟʦʚʘʥʥʳʤʠ ʵʢʩʠʪʦʥʘʤʠ (ʩʤ., ʥʘʧʨʠʤʝʨ, [17]), ʚ ʙʦʣʝʝ ʫʟʢʦʟʦʥʥʳʭ ʤʘʪʝʨʠʘʣʘʭ ʠʟ-ʟʘ 
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ʤʘʣʦʡ ʵʥʝʨʛʠʠ ʩʚʷʟʠ ʵʢʩʠʪʦʥʘ ʥʘʙʣʶʜʘʪʁʩʷ ʣʠʰʴ ʤʝʞʟʦʥʥʘʷ ʠʟʣʫʯʘʪʝʣʴʥʘʷ ʨʝʢʦʤʙʠʥʘʮʠʷ 

ʠ ʧʝʨʝʭʦʜʳ ʥʘ ʫʨʦʚʥʠ ʧʨʠʤʝʩʝʡ/ʜʝʬʝʢʪʦʚ [18]. ɺ ʫʟʢʦʟʦʥʥʳʭ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʘʭ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʦʩʥʦʚʥʦʤ ʧʨʠ ʥʝʧʨʝʨʳʚʥʦʤ ʚʦʟʙʫʞʜʝʥʠʠ ʠ ʙʳʣʠ ʥʘʮʝʣʝʥʳ ʥʘ ʠʜʝʥʪʠʬʠʢʘʮʠʶ 

ʫʨʦʚʥʝʡ ʧʨʠʤʝʩʝʡ, ʜʝʬʝʢʪʦʚ ʠ ʠʭ ʢʦʤʧʣʝʢʩʦʚ, ʘ ʪʘʢʞʝ ʭʘʨʘʢʪʝʨʠʟʘʮʠʶ ʤʘʪʝʨʠʘʣʘ, ʚ ʯʘʩʪʥʦʩʪʠ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʪʝʧʝʥʠ ʝʛʦ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ [19]. ɺ ʨʷʜʝ ʨʘʙʦʪ ʩʦʦʙʱʘʣʦʩʴ ʦ ʥʘʙʣʶʜʝʥʠʠ ʌʃ 

ʚʧʣʦʪʴ ʜʦ ʜʣʠʥ ʚʦʣʥ 18 ʤʢʤ, ʦʜʥʘʢʦ ʩʧʝʢʪʨʳ ʠʟʣʫʯʝʥʠʷ ʥʝ ʧʨʠʚʦʜʠʣʠʩʴ.  

ʂ ʥʘʩʪʦʷʱʝʤʫ ʤʦʤʝʥʪʫ ʩʨʝʜʠ ʨʘʙʦʪ, ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʛʝʥʝʨʘʮʠʠ ʠʟʣʫʯʝʥʠʷ ʚ ʜʠʘʧʘʟʦʥʝ 3 ï 

5 ʤʢʤ ʚ ʤʘʪʝʨʠʘʣʘʭ ʥʘ ʦʩʥʦʚʝ HgTe/CdTe, ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʫʞʝ ʫʧʦʤʠʥʘʚʰʠʝʩʷ ʨʘʙʦʪʳ 

ʧʝʨʠʦʜʘ 1990 ï 2000 ʛʛ. [15, 16] ʠ ʙʦʣʝʝ ʩʚʝʞʠʝ ʨʘʙʦʪʳ (ʩʤ, ʥʘʧʨʠʤʝʨ, [20]), ʚ ʢʦʪʦʨʳʭ 

ʚ ʢʘʯʝʩʪʚʝ ʘʢʪʠʚʥʦʡ ʦʙʣʘʩʪʠ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʢʚʘʟʠʦʙʲʝʤʥʳʝ ʩʣʦʠ ʠ ʨʘʙʦʯʘʷ ʪʝʤʧʝʨʘʪʫʨʘ 

ʣʘʟʝʨʦʚ ʥʝ ʧʨʝʚʳʰʘʣʘ 150 ʂ.  

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʫʟʢʠʭ ʂʗ ʠ ʜʝʪʘʣʴʥʳʡ ʘʥʘʣʠʟ ʙʝʟʳʟʣʫʯʘʪʝʣʴʥʳʭ 

ʤʝʭʘʥʠʟʤʦʚ ʨʝʢʦʤʙʠʥʘʮʠʠ ʧʦʟʚʦʣʠʣʠ ʧʦʜʥʷʪʴ ʤʘʢʩʠʤʘʣʴʥʫʶ ʪʝʤʧʝʨʘʪʫʨʫ ʛʝʥʝʨʘʮʠʠ 

ʥʘ ʤʝʞʟʦʥʥʳʭ ʧʝʨʝʭʦʜʘʭ ʚ ʜʠʘʧʘʟʦʥʝ ʧʨʦʟʨʘʯʥʦʩʪʠ ʘʪʤʦʩʬʝʨʳ 3 ï 4 ʤʢʤ ʚ ʩʪʨʫʢʪʫʨʘʭ 

ʥʘ ʦʩʥʦʚʝ HgCdTe ʚʳʰʝ 200 ʂ, ʘ ʧʨʠ ʙʦʣʝʝ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʜʦʩʪʠʯʴ ʥʝʜʦʩʪʫʧʥʦʡ ʜʣʷ 

ʩʫʱʝʩʪʚʫʶʱʠʭ ʂʂʃ ʜʣʠʥʳ ʚʦʣʥʳ 31 ʤʢʤ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʳʧʦʣʥʝʥʥʦʝ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʝ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʳʤ, ʦʨʠʛʠʥʘʣʴʥʳʤ, ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʩʦʚʨʝʤʝʥʥʳʤ ʪʝʥʜʝʥʮʠʷʤ 

ʨʘʟʚʠʪʠʷ ʦʧʪʦʵʣʝʢʪʨʦʥʠʢʠ ʩʨʝʜʥʝʛʦ ʀʂ ʜʠʘʧʘʟʦʥʘ ʠ ʦʧʨʝʜʝʣʷʝʪ ʤʠʨʦʚʦʡ ʫʨʦʚʝʥʴ 

ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʛʝʥʝʨʘʮʠʠ ʢʦʛʝʨʝʥʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʚ ʤʘʪʝʨʠʘʣʘʭ ʥʘ ʦʩʥʦʚʝ HgCdTe. 

ʎʝʣʠ ʠ ʟʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʎʝʣʴʶ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʠʟʣʫʯʘʪʝʣʴʥʦʡ 

ʠ ʙʝʟʳʟʣʫʯʘʪʝʣʴʥʦʡ ʨʝʢʦʤʙʠʥʘʮʠʠ ʥʝʨʘʚʥʦʚʝʩʥʳʭ ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʘ ʚ ʦʙʲʝʤʥʳʭ ʧʣʝʥʢʘʭ 

ʠ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʘʭ ʩ ʢʚʘʥʪʦʚʳʤʠ ʷʤʘʤʠ ʥʘ ʦʩʥʦʚʝ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ ʢʘʜʤʠʡ-ʨʪʫʪʴ-ʪʝʣʣʫʨ ʜʣʷ 

ʨʝʘʣʠʟʘʮʠʠ ʠʩʪʦʯʥʠʢʦʚ ʠʟʣʫʯʝʥʠʷ ʚ ʩʨʝʜʥʝʤ ʠʥʬʨʘʢʨʘʩʥʦʤ ʜʠʘʧʘʟʦʥʝ. ʕʪʦ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ 

ʨʝʰʝʥʠʝ ʩʣʝʜʫʶʱʠʭ ʟʘʜʘʯ: 

1. ʀʩʩʣʝʜʦʚʘʥʠʝ ʤʝʞʟʦʥʥʳʭ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ ʠ ʬʦʪʦʧʨʦʚʦʜʠʤʦʩʪʠ ʦʙʲʝʤʥʳʭ ʩʣʦʝʚ 

ʠ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨ ʩ ʢʚʘʥʪʦʚʳʤʠ ʷʤʘʤʠ ʚ ʜʣʠʥʥʦʚʦʣʥʦʚʦʡ ʯʘʩʪʠ ʩʨʝʜʥʝʛʦ ʠʥʬʨʘʢʨʘʩʥʦʛʦ 

ʜʠʘʧʘʟʦʥʘ.  

2. ʀʩʩʣʝʜʦʚʘʥʠʝ ʦʩʦʙʝʥʥʦʩʪʝʡ ʩʧʝʢʪʨʦʚ ʧʨʠʤʝʩʥʦ-ʜʝʬʝʢʪʥʦʡ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ 

ʠ ʬʦʪʦʧʨʦʚʦʜʠʤʦʩʪʠ ʫʟʢʦʟʦʥʥʳʭ ʧʣʝʥʦʢ ʠ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨ ʩ ʢʚʘʥʪʦʚʳʤʠ ʷʤʘʤʠ. 

3. ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʨʝʤʝʥ ʞʠʟʥʠ ʥʝʨʘʚʥʦʚʝʩʥʳʭ ʥʦʩʠʪʝʣʝʡ ʚ ʵʪʠʭ ʩʪʨʫʢʪʫʨʘʭ 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʟʤʝʨʝʥʠʡ ʢʠʥʝʪʠʢʠ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ ʠ ʬʦʪʦʧʨʦʚʦʜʠʤʦʩʪʠ, 

ʘ ʪʘʢʞʝ ʠʭ ʵʚʦʣʶʮʠʠ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʦʧʪʠʯʝʩʢʦʛʦ ʚʦʟʙʫʞʜʝʥʠʷ. 
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4. ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʚʦʣʥʦʚʦʜʥʳʭ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʩʪʠʤʫʣʠʨʦʚʘʥʥʦʛʦ 

ʠʟʣʫʯʝʥʠʷ ʚ ʩʨʝʜʥʝʤ ʠʥʬʨʘʢʨʘʩʥʦʤ ʜʠʘʧʘʟʦʥʝ 

5. ɸʥʘʣʠʟ ʩʧʝʢʪʨʦʚ ʩʪʠʤʫʣʠʨʦʚʘʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʠ ʠʭ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ 

ʠ ʧʘʨʘʤʝʪʨʦʚ ʥʘʢʘʯʢʠ ʚ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʘʭ ʩ ʨʘʟʣʠʯʥʳʤʠ ʜʠʟʘʡʥʘʤʠ. 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʤʦʞʝʪ ʙʳʪʴ ʢʨʘʪʢʦ ʩʬʦʨʤʫʣʠʨʦʚʘʥʘ ʩʣʝʜʫʶʱʠʤ 

ʦʙʨʘʟʦʤ: 

1. ɺʧʝʨʚʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʧʩʝʚʜʦʨʝʣʷʪʠʚʠʩʪʢʦʛʦ 

ʦʧʠʩʘʥʠʷ ʵʣʝʢʪʨʦʥʦʚ ʠ ʣʝʛʢʠʭ ʜʳʨʦʢ - ʬʝʨʤʠʦʥʦʚ ʂʝʡʥʘ ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʧʝʨʝʩʪʨʦʡʢʠ 

ʟʦʥʥʦʛʦ ʩʧʝʢʪʨʘ ʚ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʘʭ Hg1-xCdxTe ʦʪ ʠʥʚʝʨʪʠʨʦʚʘʥʥʦʛʦ ʢ ʙʝʩʱʝʣʝʚʦʤʫ 

ʠ ʥʦʨʤʘʣʴʥʦʤʫ ʚʘʨʴʠʨʦʚʘʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ.   

2. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʥʦʛʦ ʧʦʜʘʚʣʝʥʠʷ ʦʞʝ-

ʨʝʢʦʤʙʠʥʘʮʠʠ ʚ ʩʪʨʫʢʪʫʨʘʭ ʩ ʂʗ HgTe, ʢʦʛʜʘ ʨʝʣʘʢʩʘʮʠʷ ʥʝʨʘʚʥʦʚʝʩʥʳʭ ʥʦʩʠʪʝʣʝʡ 

ʧʦʣʥʦʩʪʴʶ ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʟʣʫʯʘʪʝʣʴʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ, ʥʘ ʧʨʠʤʝʨʝ ʩʪʨʫʢʪʫʨʳ ʩ Eg = 120 ï

140 ʤʵɺ ʧʨʠ ʊ = 77 ʂ. 

3. ɺʧʝʨʚʳʝ ʠʩʩʣʝʜʦʚʘʥʘ ʜʠʥʘʤʠʢʘ ʧʨʦʧʫʩʢʘʥʠʷ ʩʪʨʫʢʪʫʨʳ ʂʗ ʩ ʰʠʨʠʥʦʡ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ 

Eg = 20 ʤʵɺ ʤʝʪʦʜʦʤ ʥʘʢʘʯʢʘ-ʟʦʥʜʠʨʦʚʘʥʠʝ ʩ ʚʨʝʤʝʥʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ ~10 ʧʩ, ʯʪʦ 

ʧʦʟʚʦʣʠʣʦ ʦʮʝʥʠʪʴ ʧʣʦʪʥʦʩʪʴ ʤʦʱʥʦʩʪʠ, ʪʨʝʙʫʝʤʫʶ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʠʥʚʝʨʩʠʠ ʥʘʩʝʣʝʥʥʦʩʪʝʡ 

ʢʘʢ 10 ʢɺʪ/ʩʤ2. 

4. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʣʠʥʠʠ, ʥʘʙʣʶʜʘʶʱʠʝʩʷ ʦʢʦʣʦ 10 ʠ 20 ʤʵɺ ʚ ʩʧʝʢʪʨʘʭ ʬʦʪʦʧʨʦʚʦʜʠʤʦʩʪʠ 

(ʌʇ) ʦʙʲʝʤʥʳʭ ʩʣʦʝʚ p-Hg1-xCdxTe (ʭ = 0.19 ï 0.295) ʦʙʫʩʣʦʚʣʝʥʳ ʧʝʨʝʭʦʜʘʤʠ ʩ ʦʩʥʦʚʥʦʛʦ 

ʥʘ ʤʝʣʢʠʝ ʚʦʟʙʫʞʜʝʥʥʳʝ ʩʦʩʪʦʷʥʠʷ ʘʢʮʝʧʪʦʨʘ ʩ ʙʦʣʴʰʠʤ ʤʘʪʨʠʯʥʳʤ ʵʣʝʤʝʥʪʦʤ ʩ 

ʧʦʩʣʝʜʫʶʱʝʡ ʪʝʨʤʠʯʝʩʢʦʡ ʠʦʥʠʟʘʮʠʝʡ, ʘ ʥʝ ʧʝʨʝʭʦʜʘʤʠ ʜʳʨʦʢ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ 

ʢʦʥʪʠʥʫʫʤ ʚʘʣʝʥʪʥʦʡ ʟʦʥʳ.  

5. ɺʧʝʨʚʳʝ ʠʩʩʣʝʜʦʚʘʥʘ ʪʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʘʢʮʝʧʪʦʨʥʦʡ ʌʇ ʚ ʦʪʦʞʞʝʥʥʳʭ ʩʣʦʷʭ 

ʂʈʊ ʨ-ʪʠʧʘ, ʠ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʣʠʥʠʠ ʌʇ, ʚʦʟʥʠʢʘʶʱʝʡ ʠʟ-ʟʘ ʦʪʨʳʚʘ ʚʪʦʨʦʡ 

ʜʳʨʢʠ ʦʪ ʚʘʢʘʥʩʠʠ ʨʪʫʪʠ ʫʙʳʚʘʝʪ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ ʤʝʜʣʝʥʥʝʝ, ʯʝʤ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʣʠʥʠʠ ʌʇ, 

ʩʚʷʟʘʥʥʦʡ ʩ ʦʪʨʳʚʦʤ ʧʝʨʚʦʡ ʜʳʨʢʠ, ʠʟ-ʟʘ ʙʦʣʴʰʝʡ ʵʥʝʨʛʠʠ ʩʚʷʟʠ ʚʦʟʙʫʞʜʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʦʜʥʦʢʨʘʪʥʦ ʠʦʥʠʟʦʚʘʥʥʦʛʦ ʮʝʥʪʨʘ, ʩ ʢʦʪʦʨʦʛʦ ʧʨʦʠʩʭʦʜʠʪ ʪʝʨʤʠʯʝʩʢʘʷ ʠʦʥʠʟʘʮʠʷ.  

6. ʆʙʥʘʨʫʞʝʥʘ ʊɻʮ ʌʃ, ʦʙʫʩʣʦʚʣʝʥʥʘʷ ʦʧʪʠʯʝʩʢʠʤʠ ʧʝʨʝʭʦʜʘʤʠ ʤʝʞʜʫ ʚʦʟʙʫʞʜʝʥʥʳʤʠ ʠ 

ʦʩʥʦʚʥʳʤʠ ʩʦʩʪʦʷʥʠʷʤʠ ʥʝʡʪʨʘʣʴʥʦʛʦ ʠ ʦʜʥʦʢʨʘʪʥʦ ʠʦʥʠʟʦʚʘʥʥʦʛʦ ʜʚʦʡʥʦʛʦ ʘʢʮʝʧʪʦʨʘ ï 

ʚʘʢʘʥʩʠʠ ʨʪʫʪʠ. 

7. ɺʧʝʨʚʳʝ ʧʨʝʜʣʦʞʝʥ ʜʠʟʘʡʥ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨ ʩ ʂʗ ʥʘ ʦʩʥʦʚʝ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ CdHgTe 

ʚʳʨʘʱʠʚʘʝʤʳʭ ʥʘ ʧʦʜʣʦʞʢʝ GaAs, ʩ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʚʦʣʥʦʚʦʜʘʤʠ, ʧʦʜʜʝʨʞʠʚʘʶʱʠʤʠ 

ʤʦʜʫ ʊɽ0 ʟʘ ʩʯʝʪ ʦʪʨʘʞʝʥʠʷ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʧʦʣʦʩʳ ʦʩʪʘʪʦʯʥʳʭ ʣʫʯʝʡ ʘʨʩʝʥʠʜʘ ʛʘʣʣʠʷ (ʜʠʥʘ 
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ʚʦʣʥʳ 30 ï 32 ʤʢʤ). ɺʧʝʨʚʳʝ ʚ ʚʦʣʥʦʚʦʜʥʳʭ ʩʪʨʫʢʪʫʨʘʭ ʩ ʤʥʦʞʝʩʪʚʝʥʥʳʤʠ ʂʗ ʚ ʧʫʯʥʦʩʪʷʭ 

ʤʦʜʳ ʧʦʣʫʯʝʥʦ ʩʪʠʤʫʣʠʨʦʚʘʥʥʦʝ ʠʟʣʫʯʝʥʠʝ ʩ ʜʣʠʥʘʤʠ ʚʦʣʥ 19.5 ï 31 ʤʢʤ. ɺʧʝʨʚʳʝ 

ʚ ʚʦʣʥʦʚʦʜʥʳʭ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʘʭ ʩ ʫʟʢʠʤʠ ʂʗ ʥʘ ʦʩʥʦʚʝ HgCdTe ʧʦʣʫʯʝʥʦ 

ʩʪʠʤʫʣʠʨʦʚʘʥʥʦʝ ʠʟʣʫʯʝʥʠʝ ʚ ʜʠʘʧʘʟʦʥʝ 2.8 - 3.7 ʤʢʤ ʧʨʠ ʊ > 240 ʂ, ʙʣʘʛʦʜʘʨʷ ʧʦʜʘʚʣʝʥʠʶ 

ʧʦʨʦʛʦʚʳʭ ʠ ʙʝʩʧʦʨʦʛʦʚʳʭ ʧʨʦʮʝʩʩʦʚ ʦʞʝ-ʨʝʢʦʤʙʠʥʘʮʠʠ. 

ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʠ ʧʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ 

ʈʘʟʚʠʪʳʝ ʤʝʪʦʜʠʢʠ ʜʠʘʛʥʦʩʪʠʢʠ ʦʜʥʦʨʦʜʥʦʩʪʠ ʠ ʜʝʬʝʢʪʥʦʩʪʠ ʦʙʲʝʤʥʳʭ ʧʣʝʥʦʢ 

ʠ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨ ʩ ʢʚʘʥʪʦʚʳʤʠ ʷʤʘʤʠ, ʧʨʠʚʝʜʝʥʥʳʝ ʚ ʨʘʟʜʝʣʘʭ 1 ʠ 2, ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ 

ʜʣʷ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʪʝʭʥʦʣʦʛʠʠ ʵʧʠʪʘʢʩʠʠ ʩʪʨʫʢʪʫʨ ʥʘ ʦʩʥʦʚʝ ʂʈʊ ʢʘʢ ʜʣʷ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʪʘʢ ʠ ʜʣʷ ʧʨʘʢʪʠʯʝʩʢʠʭ ʧʨʠʤʝʥʝʥʠʡ. ʈʘʟʚʠʪʘʷ ʚ ʨʘʙʦʪʝ 

ʤʝʪʦʜʠʢʘ ʠʟʤʝʨʝʥʠʷ ʩʧʝʢʪʨʦʚ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ ʠ ʬʦʪʦʧʨʦʚʦʜʠʤʦʩʪʠ ʚ ʩʨʝʜʥʝʤ ʠ ʜʘʣʴʥʝʤ 

ʀʂ ʜʠʘʧʘʟʦʥʘʭ ʚ ʫʩʣʦʚʠʷʭ ʩʠʣʴʥʦʡ ʬʦʥʦʚʦʡ ʟʘʩʚʝʪʢʠ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʥʝ ʪʦʣʴʢʦ ʩʪʨʫʢʪʫʨ ʥʘ ʦʩʥʦʚʝ ʂʈʊ, ʥʦ ʠ ʜʨʫʛʠʭ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʫʟʢʦʟʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʪʘʢʠʭ 

ʢʘʢ ʭʘʣʴʢʦʛʝʥʠʜʳ ʩʚʠʥʮʘ-ʦʣʦʚʘ, ʩʪʨʫʢʪʫʨʳ InAs/AlSb, BiSeIn ʠ ʜʨ.  

ʀʩʩʣʝʜʦʚʘʥʠʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʜʝʬʝʢʪʦʚ ʚ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʘʭ ʢʘʜʤʠʡ-ʨʪʫʪʴ-ʪʝʣʣʫʨ ï 

ʚʘʢʘʥʩʠʡ ʨʪʫʪʠ ʠ ʘʩʩʦʮʠʠʨʫʝʤʳʭ ʩ ʥʠʤʠ ʣʠʥʠʡ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ ʠ ʬʦʪʦʧʨʦʚʦʜʠʤʦʩʪʠ, 

ʧʨʠʚʝʜʝʥʥʳʝ ʚ ɻʣʘʚʝ 4, ʠʤʝʶʪ ʧʨʘʢʪʠʯʝʩʢʫʶ ʟʥʘʯʠʤʦʩʪʴ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʠʩʪʦʯʥʠʢʦʚ 

ʠ ʧʨʠʝʤʥʠʢʦʚ ʠʟʣʫʯʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ ʢʘʜʤʠʡ-ʨʪʫʪʴ-ʪʝʣʣʫʨ, ʧʦʩʢʦʣʴʢʫ ʜʘʥʥʳʡ 

ʪʠʧ ʜʝʬʝʢʪʦʚ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʦʧʨʝʜʝʣʷʝʪ ʩʢʦʨʦʩʪʴ ʨʝʢʦʤʙʠʥʘʮʠʠ ʥʝʨʘʚʥʦʚʝʩʥʳʭ 

ʥʦʩʠʪʝʣʝʡ ʚ ʫʩʣʦʚʠʷʭ ʩʣʘʙʦʛʦ ʚʦʟʙʫʞʜʝʥʠʷ. ʇʦʤʠʤʦ ʵʪʦʛʦ, ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʘʢʘʥʩʠʡ ʨʪʫʪʠ ʠʤʝʶʪ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʨʘʟʚʠʪʠʷ ʤʦʜʝʣʝʡ ʦʧʠʩʘʥʠʷ ʜʚʫʭʟʘʨʷʜʦʚʳʭ ʧʨʠʤʝʩʝʡ ʢʘʢ 

ʚ ʩʦʝʜʠʥʝʥʠʷʭ ʢʘʜʤʠʡ-ʨʪʫʪʴ-ʪʝʣʣʫʨ, ʪʘʢ ʠ ʚ ʜʨʫʛʠʭ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʤʘʪʝʨʠʘʣʘʭ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʪʠʤʫʣʠʨʦʚʘʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʚ ʚʦʣʥʦʚʦʜʥʳʭ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʘʭ 

ʩ ʢʚʘʥʪʦʚʳʤʠ ʷʤʘʤʠ, ʦʧʠʩʘʥʥʳʝ ʚ ɻʣʘʚʘʭ 5 ʠ 6, ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʠʩʪʦʯʥʠʢʦʚ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʥʘ ʤʝʞʟʦʥʥʳʭ ʧʝʨʝʭʦʜʘʭ ʥʘ ʦʩʥʦʚʝ ʩʦʝʜʠʥʝʥʠʡ ʢʘʜʤʠʡ-ʨʪʫʪʴ-

ʪʝʣʣʫʨ. ʀʩʪʦʯʥʠʢʠ ʥʘ ʦʩʥʦʚʝ ʢʘʜʤʠʡ-ʨʪʫʪʴ-ʪʝʣʣʫʨ ʩʧʦʩʦʙʥʳ ʨʘʙʦʪʘʪʴ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 

ʙʣʠʟʢʠʭ ʢ ʢʦʤʥʘʪʥʦʡ ʚ ʜʠʘʧʘʟʦʥʝ ʜʣʠʥ ʚʦʣʥ ʜʦ 5 ʤʢʤ, ʘ ʚʦʟʤʦʞʥʦʩʪʴ ʪʝʤʧʝʨʘʪʫʨʥʦʡ 

ʧʝʨʝʩʪʨʦʡʢʠ ʩʧʝʢʪʨʘ ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʠʭ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ 

ʚ ʧʨʠʣʦʞʝʥʠʷʭ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʛʘʟʦʚ. ʇʨʠ ʢʨʠʦʛʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʛʝʥʝʨʘʮʠʷ ʠʟʣʫʯʝʥʠʷ 

ʚ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʘʭ ʢʘʜʤʠʡ-ʨʪʫʪʴ-ʪʝʣʣʫʨ ʚʦʟʤʦʞʥʘ ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ 31 ʤʢʤ, ʢʦʪʦʨʘʷ ʣʝʞʠʪ ʚʥʝ 

ʜʠʘʧʘʟʦʥʘ ʨʘʙʦʪʳ ʢʚʘʥʪʦʚʦ-ʢʘʩʢʘʜʥʳʭ ʣʘʟʝʨʦʚ. ɺ ʩʧʝʢʪʨʘʣʴʥʦʤ ʜʠʘʧʘʟʦʥʝ 31 ï 20 ʤʢʤ 

ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʟʚʦʣʷʶʪ çʧʝʨʝʢʨʳʪʴè ʫʢʘʟʘʥʥʳʡ ʜʠʘʧʘʟʦʥ ʝʱʝ ʦʜʥʠʤ ʪʠʧʦʤ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʣʘʟʝʨʦʚ ʥʘʨʘʚʥʝ ʩ ʣʘʟʝʨʘʤʠ ʥʘ ʦʩʥʦʚʝ ʭʘʣʴʢʦʛʝʥʠʜʦʚ ʩʚʠʥʮʘ-ʦʣʦʚʘ. 

ʉʦʟʜʘʥʠʝ ʣʘʟʝʨʦʚ, ʨʘʙʦʪʘʶʱʠʭ ʧʨʠ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʦʤ ʦʭʣʘʞʜʝʥʠʠ ʠ ʦʙʣʘʜʘʶʱʠʭ 
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ʚʦʟʤʦʞʥʦʩʪʴʶ ʧʝʨʝʩʪʨʦʡʢʠ ʜʣʠʥʳ ʚʦʣʥʳ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ, ʧʦʚʳʩʷʪ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʴ 

ʠʩʪʦʯʥʠʢʦʚ ʥʘ ʦʩʥʦʚʝ HgCdTe ʚ ʜʠʘʧʘʟʦʥʝ 3 ï 5 ʤʢʤ. ʉ ʫʯʝʪʦʤ ʣʠʜʠʨʫʶʱʝʡ ʨʦʣʠ HgCdTe 

ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʀʂ ʜʝʪʝʢʪʦʨʦʚ, ʨʝʘʣʠʟʘʮʠʷ ʜʣʠʥʥʦʚʦʣʥʦʚʳʭ ʠʩʪʦʯʥʠʢʦʚ ʥʘ ʦʩʥʦʚʝ ʪʦʛʦ ʞʝ 

ʤʘʪʝʨʠʘʣʘ ʩʦʟʜʘʝʪ ʧʨʝʜʧʦʩʳʣʢʠ ʜʣʷ ʩʦʟʜʘʥʠʷ ʦʧʪʦʧʘʨ ʣʘʟʝʨ-ʧʨʠʝʤʥʠʢ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʧʨʦʩʪʝʡʰʠʭ ʢʦʤʧʘʢʪʥʳʭ ʩʧʝʢʪʨʦʤʝʪʨʦʚ ʩʨʝʜʥʝʛʦ ʀʂ ʜʠʘʧʘʟʦʥʘ. 

ʌʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʩʦʩʨʝʜʦʪʦʯʝʥʥʳʝ ʚ ʦʩʥʦʚʥʦʤ ʚʦʢʨʫʛ ʧʨʦʙʣʝʤʳ ʨʘʟʦʛʨʝʚʘ 

ʥʦʩʠʪʝʣʝʡ ʠ ʩʦʧʫʪʩʪʚʫʶʱʝʡ çʘʢʪʠʚʘʮʠʠè ʦʞʝ-ʨʝʢʦʤʙʠʥʘʮʠʠ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʨʝʞʠʤʘʭ ʥʘʢʘʯʢʠ, 

ʙʫʜʫʪ ʠʥʪʝʨʝʩʥʳ ʰʠʨʦʢʦʤʫ ʢʨʫʛʫ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ, ʟʘʥʠʤʘʶʱʠʭʩʷ ʨʘʟʚʠʪʠʝʤ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʣʘʟʝʨʦʚ. ʉ ʫʯʝʪʦʤ ʪʦʛʦ, ʯʪʦ ʂʗ HgCdTe/CdHgTe ʷʚʣʷʶʪʩʷ ʦʜʥʦʡ ʠʟ 

ʥʝʤʥʦʛʠʭ ʩʠʩʪʝʤ, ʚ ʢʦʪʦʨʦʡ ʤʦʞʥʦ ʜʦʙʠʪʴʩʷ ʛʨʘʬʝʥʦʧʦʜʦʙʥʦʛʦ ʟʘʢʦʥʘ ʜʠʩʧʝʨʩʠʠ, 

ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʫʶ ʮʝʥʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʙʫʜʫʪ ʠʤʝʪʴ ʜʣʷ 

ʨʘʟʨʘʙʦʪʢʠ ʠʟʣʫʯʘʶʱʠʭ ʩʪʨʫʢʪʫʨ ʥʘ ʦʩʥʦʚʝ ʛʨʘʬʝʥʘ, ʚ ʢʦʪʦʨʦʤ ʧʨʦʙʣʝʤʘ ʨʘʟʦʛʨʝʚʘ ʥʦʩʠʪʝʣʝʡ 

ʚ̫ʣʷʝʪʩʷ ʢʨʠʪʠʯʝʩʢʠʤ ʬʘʢʪʦʨʦʤ, ʦʛʨʘʥʠʯʠʚʘʶʱʠʤ ʚʦʟʤʦʞʥʦʩʪʴ ʫʩʠʣʝʥʠʷ.  

ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ɺ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʭʦʨʦʰʦ ʟʘʨʝʢʦʤʝʥʜʦʚʘʚʰʠʝ ʩʝʙʷ ʘʧʨʦʙʠʨʦʚʘʥʥʳʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʤʝʪʦʜʠʢʠ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʦʪʨʘʙʦʪʘʥʥʳʝ ʟʘ ʜʦʣʛʠʝ ʛʦʜʳ ʧʨʦʚʝʜʝʥʠʷ 

ʠʟʤʝʨʝʥʠʡ ʚ ʩʨʝʜʥʝʤ ʠ ʜʘʣʴʥʝʤ ʀʂ ʜʠʘʧʘʟʦʥʝ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʩʦʧʨʦʚʦʞʜʘʣʠʩʴ ʪʝʦʨʝʪʠʯʝʩʢʠʤ ʘʥʘʣʠʟʦʤ. 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʧʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʦʙʲʝʤʥʳʭ ʧʣʝʥʦʢ ʠ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨ ʥʘ ʦʩʥʦʚʝ ʂʈʊ 

ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʢʦʤʙʠʥʘʮʠʷ ʤʝʪʦʜʠʢ ʬʫʨʴʝ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ 

ʠ ʬʦʪʦʧʨʦʚʦʜʠʤʦʩʪʠ. ɼʣʷ ʠʟʫʯʝʥʠʷ ʧʨʦʮʝʩʩʦʚ ʨʝʢʦʤʙʠʥʘʮʠʠ ʧʨʠʤʝʥʷʣʘʩʴ ʧʨʷʤʘʷ ʤʝʪʦʜʠʢʘ 

ʠʟʤʝʨʝʥʠʷ ʢʠʥʝʪʠʢʠ ʨʝʣʘʢʩʘʮʠʠ ʬʦʪʦʧʨʦʚʦʜʠʤʦʩʪʠ. ɼʣʷ ʩʦʟʜʘʥʠʷ ʥʝʨʘʚʥʦʚʝʩʥʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʵʣʝʢʪʨʦʥ-ʜʳʨʦʯʥʳʭ ʧʘʨ ʧʨʠʤʝʥʷʣʦʩʴ ʚʦʟʙʫʞʜʝʥʠʝ ʠʤʧʫʣʴʩʥʳʤ 

ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʤ ʛʝʥʝʨʘʪʦʨʦʤ ʠʥʬʨʘʢʨʘʩʥʦʛʦ ʜʠʘʧʘʟʦʥʘ ʩ ʧʝʨʝʩʪʨʘʠʚʘʝʤʦʡ ʜʣʠʥʦʡ ʚʦʣʥʳ 

ʠ ʜʣʠʪʝʣʴʥʦʩʪʴʶ ʠʤʧʫʣʴʩʘ 10 ʥʩ. ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʨʝʤʝʥ ʤʝʥʴʰʠʭ 10 ʥʩ ʧʨʠʤʝʥʷʣʘʩʴ 

ʤʝʪʦʜʠʢʘ ʥʘʢʘʯʢʘ-ʟʦʥʜʠʨʦʚʘʥʠʝ (pump-probe) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʣʘʟʝʨʘ ʥʘ ʩʚʦʙʦʜʥʳʭ 

ʵʣʝʢʪʨʦʥʘʭ FELBE ʚ HZDR (ɼʨʝʟʜʝʥ, ɻʝʨʤʘʥʠʷ). 

ʇʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ 

1. ʆʙʲʝʤʥʳʝ ʩʣʦʠ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ Hg1-ʭCdʭTe (ʭ = 0.17 ï 0.23), ʚʳʨʘʱʠʚʘʝʤʳʝ 

ʤʝʪʦʜʦʤ ʤʦʣʝʢʫʣʷʨʥʦ-ʣʫʯʝʚʦʡ ʵʧʠʪʘʢʩʠʠ (ʄʃʕ) ʥʘ ʧʦʜʣʦʞʢʘʭ GaAs(013), ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 

ʚʳʩʦʢʠʤ ʩʪʨʫʢʪʫʨʥʳʤ ʩʦʚʝʨʰʝʥʩʪʚʦʤ, ʧʨʦʷʚʣʷʶʱʠʤʩʷ ʚ ʙʣʠʟʢʦʡ ʢ ʪʝʦʨʝʪʠʯʝʩʢʦʤʫ ʧʨʝʜʝʣʫ 

1.8kɺT ʰʠʨʠʥʝ ʣʠʥʠʠ ʌʃ ʧʨʠ ʊ > 70 ʂ ʠ ʤʘʣʦʡ ʚʝʣʠʯʠʥʝ ʵʥʝʨʛʠʠ ʋʨʙʘʭʘ, ʦʧʠʩʳʚʘʶʱʝʡ  

ʫʰʠʨʝʥʠʝ ʢʨʘʩʥʦʡ ʛʨʘʥʠʮʳ ʤʝʞʟʦʥʥʦʡ ʬʦʪʦʧʨʦʚʦʜʠʤʦʩʪʠ. ʊʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ 

ʵʥʝʨʛʠʠ ʋʨʙʘʭʘ ʫʢʘʟʳʚʘʝʪ ʥʘ ʜʦʤʠʥʠʨʫʶʱʫʶ ʨʦʣʴ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʫʰʠʨʝʥʠʷ 
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ʢʨʘʷ ʧʦʛʣʦʱʝʥʠʷ, ʦʙʫʩʣʦʚʣʝʥʥʦʛʦ ʪʝʧʣʦʚʳʤʠ ʢʦʣʝʙʘʥʠʷʤʠ ʨʝʰʝʪʢʠ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʥʘʨʫʰʝʥʠʷ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʩʦʚʝʨʰʝʥʩʪʚʘ ʤʘʪʝʨʠʘʣʘ ʜʘʶʪ ʧʨʝʥʝʙʨʝʞʠʤʦ ʤʘʣʳʡ ʚʢʣʘʜ ʚ ʵʥʝʨʛʠʶ ʋʨʙʘʭʘ. 

2. ɺ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʘʭ Hg1-xCdxTe (ʭ < 0.29) ʠ ʂʗ HgCdTe/CdHgTe ʚʘʢʘʥʩʠʠ ʨʪʫʪʠ 

ʷʚʣʷʶʪʩʷ ʜʚʦʡʥʳʤʠ ʘʢʮʝʧʪʦʨʘʤʠ ʩ ʭʘʨʘʢʪʝʨʥʳʤʠ ʵʥʝʨʛʠʷʤʠ ʠʦʥʠʟʘʮʠʠ ~ 10 ʤʵɺ ʜʣʷ 

ʥʝʡʪʨʘʣʴʥʦʛʦ ʘʢʮʝʧʪʦʨʘ (ʦʪʨʳʚ ʧʝʨʚʦʡ ʜʳʨʢʠ) ʠ ~ 20 ʤʵɺ ʜʣʷ ʦʜʥʦʢʨʘʪʥʦ ʠʦʥʠʟʦʚʘʥʥʦʛʦ 

ʘʢʮʝʧʪʦʨʘ (ʦʪʨʳʚ ʚʪʦʨʦʡ ʜʳʨʢʠ), ʧʨʦʷʚʣʷʶʱʠʭʩʷ ʚ ʩʧʝʢʪʨʘʭ ʌʇ ʚ ʚʠʜʝ ʣʠʥʠʡ, ʦʙʫʩʣʦʚʣʝʥʥʳʭ 

ʧʝʨʝʭʦʜʘʤʠ ʚ ʚʦʟʙʫʞʜʝʥʥʳʝ ʩʦʩʪʦʷʥʠʷ ʩ ʤʘʣʦʡ ʵʥʝʨʛʠʝʡ ʠʦʥʠʟʘʮʠʠ, ʘ ʚ ʂʗ ʚ ʚʠʜʝ ʙʦʣʝʝ 

ʰʠʨʦʢʠʭ ʧʦʣʦʩ ʠʟ-ʟʘ ʜʠʩʧʝʨʩʠʠ ʵʥʝʨʛʠʠ ʩʚʷʟʠ ʮʝʥʪʨʦʚ. ɺ ʩʧʝʢʪʨʘʭ ʌʃ ʥʘʙʣʶʜʘʶʪʩʷ ʣʠʥʠʠ ʩ 

ʪʝʤ ʞʝ ʩʧʝʢʪʨʘʣʴʥʳʤ ʧʦʣʦʞʝʥʠʝʤ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʨʦʮʝʩʩʘʤ ʟʘʭʚʘʪʘ ʜʳʨʦʢ ʥʘ ʩʦʩʪʦʷʥʠʷ 

ʜʚʫʭʟʘʨʷʜʥʦʛʦ ʘʢʮʝʧʪʦʨʘ. 

3. ʂʚʘʟʠʨʝʣʷʪʠʚʠʪʩʢʠʡ ʟʘʢʦʥ ʜʠʩʧʝʨʩʠʠ ʵʣʝʢʪʨʦʥʦʚ ʠ ʜʳʨʦʢ ʚ ʂʗ ʩ ʤʘʣʦʡ (ʭ < 0.1) 

ʜʦʣʝʡ ʢʘʜʤʠʷ ʠ ʤʘʣʦʡ ʰʠʨʠʥʦʡ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ Eg < 140 ʤʵɺ ʧʨʠʚʦʜʠʪ ʢ ʧʦʜʘʚʣʝʥʠʶ 

ʪʨʝʭʯʘʩʪʠʯʥʦʛʦ ʉʉʅ-ʉ ʧʨʦʮʝʩʩʘ ʙʝʟʳʟʣʫʯʘʪʝʣʴʥʦʡ ʦʞʝ-ʨʝʢʦʤʙʠʥʘʮʠʠ ʠ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ 

ʩʪʠʤʫʣʠʨʦʚʘʥʥʦʝ ʠʟʣʫʯʝʥʠʝ (ʉʀ) ʥʘ ʤʝʞʟʦʥʥʳʭ ʧʝʨʝʭʦʜʘʭ ʚ ʩʪʨʫʢʪʫʨʘʭ ʩ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʤ 

ʚʦʣʥʦʚʦʜʦʤ. 

4. ʈʦʩʪ ʢʦʵʬʬʠʮʠʝʥʪʘ ʦʪʨʘʞʝʥʠʷ ʧʨʠ ʧʨʠʙʣʠʞʝʥʠʠ ʢ ʛʨʘʥʠʮʝ ʦʙʣʘʩʪʠ ʦʩʪʘʪʦʯʥʳʭ ʣʫʯʝʡ 

ʚ ʘʨʩʝʥʠʜʝ ʛʘʣʣʠʷ (ʜʣʠʥʘ ʚʦʣʥʳ 33.9 ʤʢʤ) ʩ ʢʦʨʦʪʢʦʚʦʣʥʦʚʦʡ ʩʪʦʨʦʥʳ ʧʦʟʚʦʣʷʝʪ ʜʦʙʠʪʴʩʷ 

ʣʦʢʘʣʠʟʘʮʠʠ ʚʦʣʥʦʚʦʜʥʦʡ ʤʦʜʳ ʜʣʷ ʜʣʠʥ ʚʦʣʥ 30 ï 32 ʤʢʤ ʚ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʘʭ ʥʘ ʦʩʥʦʚʝ 

HgCdTe, ʚʳʨʘʱʠʚʘʝʤʳʭ ʥʘ GaAs ʧʦʜʣʦʞʢʝ, ʧʨʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠ ʜʦʩʪʠʞʠʤʳʭ ʚ ʤʝʪʦʜʝ ʄʃʕ 

ʪʦʣʱʠʥʘʭ. 

5. ʀʥʞʝʥʝʨʠʷ ʟʦʥʥʦʛʦ ʩʧʝʢʪʨʘ ʂʗ ʥʘ ʦʩʥʦʚʝ HgCdTe ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʚ 

ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʘʭ ʩ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʤ ʚʦʣʥʦʚʦʜʦʤ ʉʀ ʚ ʜʠʘʧʘʟʦʥʝ ʜʣʠʥ ʚʦʣʥ 3 ï 4 ʤʢʤ (ʦʢʥʦ 

ʧʨʦʟʨʘʯʥʦʩʪʠ ʘʪʤʦʩʬʝʨʳ) ʧʨʠ ʊ > 200 K, ʜʦʩʪʠʞʠʤʦʡ ʩ ʧʦʤʦʱʴʶ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 

ʦʭʣʘʞʜʝʥʠʷ. 

ʉʪʝʧʝʥʴ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʠ ʘʧʨʦʙʘʮʠʷ ʨʘʙʦʪʳ 

ɺʩʝ ʨʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ, ʠʤʝʶʪ ʚʳʩʦʢʫʶ ʩʪʝʧʝʥʴ ʜʦʩʪʦʚʝʨʥʦʩʪʠ, 

ʢʦʪʦʨʘʷ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʧʨʦʙʠʨʦʚʘʥʥʳʭ ʤʝʪʦʜʠʢ, ʭʦʨʦʰʠʤ ʩʦʛʣʘʩʠʝʤ ʤʝʞʜʫ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠʤʠ ʜʘʥʥʳʤʠ (ʚ ʪʦʤ ʯʠʩʣʝ ʚ ʪʝʭ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ 

ʪʝʦʨʝʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʨʝʜʰʝʩʪʚʦʚʘʣ ʵʢʩʧʝʨʠʤʝʥʪʫ), ʩʦʛʣʘʩʠʝʤ ʤʝʞʜʫ ʨʝʟʫʣʴʪʘʪʘʤʠ, 

ʧʦʣʫʯʝʥʥʳʤʠ ʚ ʨʘʤʢʘʭ ʨʘʟʣʠʯʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʤʝʪʦʜʠʢ, ʘ ʪʘʢʞʝ ʩʦʧʦʩʪʘʚʣʝʥʠʝʤ 

ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʩ ʜʘʥʥʳʤʠ, ʥʘʡʜʝʥʥʳʤʠ ʚ ʣʠʪʝʨʘʪʫʨʝ. 

ɼʠʩʩʝʨʪʘʮʠʷ ʚʳʧʦʣʥʝʥʘ ʚ ʀʥʩʪʠʪʫʪʝ ʬʠʟʠʢʠ ʤʠʢʨʦʩʪʨʫʢʪʫʨ ʈɸʅ (ʀʌʄ ʈɸʅ) ʚ ʧʝʨʠʦʜ 

ʩ 2012 ʧʦ 2021 ʛʛ. ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʜʠʩʩʝʨʪʘʮʠʠ ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ 43 ʩʪʘʪʴʷʭ, ʩʧʠʩʦʢ 

ʢʦʪʦʨʳʭ ʧʨʠʚʝʜʝʥ ʚ ʢʦʥʮʝ ʘʚʪʦʨʝʬʝʨʘʪʘ [A1-A43]. ʈʝʟʫʣʴʪʘʪʳ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʜʠʩʩʝʨʪʘʮʠʠ, 

ʜʦʢʣʘʜʳʚʘʣʠʩʴ ʠ ʦʙʩʫʞʜʘʣʠʩʴ ʥʘ ʩʝʤʠʥʘʨʘʭ ʚ ʀʌʄ ʈɸʅ, ʀʇʌ ʈɸʅ, ʠ ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʥʘ ʨʘʟʣʠʯʥʳʭ ʨʦʩʩʠʡʩʢʠʭ ʠ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʢʦʥʬʝʨʝʥʮʠʷʭ, ʪʘʢʠʭ ʢʘʢ XXII  ʄʝʞʜʫʥʘʨʦʜʥʘʷ 
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ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʧʦ ʬʦʪʦʵʣʝʢʪʨʦʥʠʢʝ ʠ ʧʨʠʙʦʨʘʤ ʥʦʯʥʦʛʦ ʚʠʜʝʥʠʷ (ʄʦʩʢʚʘ, 

2012 ʛ.), XI ʈʦʩʩʠʡʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʧʦ ʬʠʟʠʢʝ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ (ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, 2013 ʛ.), 

XIII  ʈʦʩʩʠʡʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʧʦ ʬʠʟʠʢʝ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ (ɽʢʘʪʝʨʠʥʙʫʨʛ, 2017 ʛ.), XVIII  ï 

XXIV  ʄʝʞʜʫʥʘʨʦʜʥʳʝ ʩʠʤʧʦʟʠʫʤʳ çʅʘʥʦʬʠʟʠʢʘ ʠ ʥʘʥʦʵʣʝʢʪʨʦʥʠʢʘè (ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ 

2014ï2020 ʛ.), ʘ ʪʘʢʞʝ ʥʘ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʢʦʥʬʝʨʝʥʮʠʷʭ, ʧʨʦʚʦʜʠʤʳʭ ʟʘ ʨʫʙʝʞʦʤ: 41st 

International Conference on Infrared, Millimeter, and Terahertz waves (Copengahen, Denmark, 2016 

ʛ.), 44th International Conference on Infrared, Millimeter, and Terahertz Waves (Paris, France, 2019 

ʛ.), International Conference on Mid-Infrared Optoelectronics: Materials and Devices (Beijing, China 

2016 ʛ.), 5th Russia-Japan-USA-EuropeSymp. On Fundamental & Applied Problems of Terahertz 

Devices & Technologies (Sendai, Japan 2016 ʛ.), 5th EOS Topical Meeting on Terahertz Science and 

technology (Pecs, Hungary 2016 ʛ.),4th Int. Conf. ñNanostructures: physics and technologiesò, (ʉʘʥʢʪ-

ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ, 2016 ʛ.) ʠ ʜʨ. ʩʦʠʩʢʘʪʝʣʝʤ ʣʠʯʥʦ ʠʣʠ ʚ ʨʘʤʢʘʭ ʜʦʢʣʘʜʦʚ ʩʦʘʚʪʦʨʦʚ. 

ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ 

ɺʩʝ ʦʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʣʫʯʝʥʳ ʘʚʪʦʨʦʤ ʣʠʯʥʦ, ʣʠʙʦ ʧʨʠ ʝʛʦ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʤ 

ʫʯʘʩʪʠʠ ʠʣʠ ʨʫʢʦʚʦʜʩʪʚʝ. ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʦʚʦʜʠʣʘʩʴ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʜʠʩʩʝʨʪʘʥʪʦʤ, ʣʠʙʦ ʝʛʦ ʚʢʣʘʜ ʙʳʣ ʦʧʨʝʜʝʣʷʶʱʠʤ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ 

ʨʝʟʫʣʴʪʘʪʳ ʧʦʣʫʯʝʥʳ ʘʚʪʦʨʦʤ ʣʠʯʥʦ, ʣʠʙʦ ʧʦʜ ʝʛʦ ʨʫʢʦʚʦʜʩʪʚʦʤ. ɺʢʣʘʜ ʘʚʪʦʨʘ ʜʠʩʩʝʨʪʘʮʠʠ ʚ 

ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʩʪʦʠʪ ʚ ʧʦʩʪʘʥʦʚʢʝ ʟʘʜʘʯ ʠ ʩʦʧʦʩʪʘʚʣʝʥʠʠ ʧʦʣʫʯʝʥʥʳʭ 

ʨʝʟʫʣʴʪʘʪʦʚ ʩ ʵʢʩʧʝʨʠʤʝʥʪʦʤ.  

ʆʩʥʦʚʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʨʘʙʦʪʳ 

ɼʠʩʩʝʨʪʘʮʠʷ ʩʦʩʪʦʠʪ ʠʟ ʚʚʝʜʝʥʠʷ, ʰʝʩʪʠ ʛʣʘʚ, ʟʘʢʣʶʯʝʥʠʷ, ʩʧʠʩʢʘ ʨʘʙʦʪ, 

ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ ʘʚʪʦʨʦʤ ʧʦ ʪʝʤʝ ʜʠʩʩʝʨʪʘʮʠʠ ʠ ʩʧʠʩʢʘ ʮʠʪʠʨʫʝʤʦʡ ʣʠʪʝʨʘʪʫʨʳ, ʢʦʪʦʨʳʡ 

ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ 201 ʥʘʠʤʝʥʦʚʘʥʠʡ. ʆʙʱʠʡ ʦʙʲʝʤ ʜʠʩʩʝʨʪʘʮʠʠ ʩʦʩʪʘʚʣʷʝʪ 238 ʩʪʨʘʥʠʮ,r 

ʚʢʣʶʯʘʷ 65 ʨʠʩʫʥʢʦʚ. 

 ɺʦ ɺʚʝʜʝʥʠʠ ʦʙʦʩʥʦʚʘʥʘ ʘʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʝʝ 

ʨʘʟʨʘʙʦʪʘʥʥʦʩʪʴ, ʠʟʣʦʞʝʥʳ ʮʝʣʠ ʠ ʟʘʜʘʯʠ ʨʘʙʦʪʳ, ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʦʢʘʟʘʥʘ ʥʘʫʯʥʘʷ 

ʥʦʚʠʟʥʘ ʨʘʙʦʪʳ, ʝʝ ʪʝʦʨʝʪʠʯʝʩʢʘʷ ʠ ʧʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ, ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʧʦʣʦʞʝʥʠʷ, 

ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ, ʠ ʦʪʨʘʞʝʥ ʣʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ ʚ ʧʦʣʫʯʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ. 

ʇʝʨʚʘʷ ʛʣʘʚʘ ʜʠʩʩʝʨʪʘʮʠʷ ʧʦʩʚʷʱʝʥʘ ʦʙʟʦʨʫ ʣʠʪʝʨʘʪʫʨʳ. ɺʦ ʚʚʦʜʥʦʤ ʨʘʟʜʝʣʝ 1.1 

ʜʘʝʪʩʷ ʦʙʱʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʘʭ HgCdTe, ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʣʷ ʩʦʟʜʘʥʠʷ ʀʂ 

ʬʦʪʦʧʨʠʝʤʥʠʢʦʚ, ʢʚʘʥʪʦʚʳʭ ʷʤʘʭ (ʂʗ) HgTe/CdHgTe, ʠʭ ʟʦʥʥʦʡ ʩʪʨʫʢʪʫʨʝ ʠ ʫʥʠʢʘʣʴʥʳʭ 

ʩʚʦʡʩʪʚʘʭ, ʪʘʢʠʭ ʢʘʢ ʬʘʟʦʚʳʡ ʪʦʧʦʣʦʛʠʯʝʩʢʠʡ ʧʝʨʝʭʦʜ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʰʠʨʠʥʳ ʂʗ, ʩʦʩʪʦʷʥʠʝ 

ʜʚʫʤʝʨʥʦʛʦ ʪʦʧʦʣʦʛʠʯʝʩʢʦʛʦ ʠʟʦʣʷʪʦʨʘ ʠ ʛʠʛʘʥʪʩʢʦʛʦ ʩʧʠʥʦʚʦʛʦ ʨʘʩʱʝʧʣʝʥʠʷ ʈʘʰʙʳ 

ʚ ʩʪʨʫʢʪʫʨʘʭ ʩ ʠʥʚʝʨʪʠʨʦʚʘʥʥʳʤ ʟʦʥʥʳʤ ʩʧʝʢʪʨʦʤ ʠ ʧʝʨʝʢʨʳʪʠʷ ʚʘʣʝʥʪʥʦʡ ʟʦʥʳ ʠ ʟʦʥʳ 

ʧʨʦʚʦʜʠʤʦʩʪʠ ʚ ʰʠʨʦʢʠʭ ʂʗ (ʜʚʫʤʝʨʥʳʡ ʧʦʣʫʤʝʪʘʣʣ). ʈʘʟʜʝʣ 1.2 ʧʦʩʚʷʱʝʥ ʦʧʪʠʯʝʩʢʠʤ 

ʩʚʦʡʩʪʚʘʤ ʦʙʲʝʤʥʳʭ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ HgCdTe ʠ ʂʗ ʥʘ ʠʭ ʦʩʥʦʚʝ, ʚʳʨʘʱʠʚʘʝʤʳʭ ʤʝʪʦʜʦʤ 
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ʄʃʕ. ɼʦʣʛʦʝ ʚʨʝʤʷ ʩʯʠʪʘʣʦʩʴ, ʯʪʦ ʧʨʦʜʚʠʞʝʥʠʶ ʧʨʠʙʦʨʦʚ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʬʦʪʦʨʝʟʠʩʪʦʨʦʚ 

ʠ ʤʘʪʨʠʮ ʥʘ ʦʩʥʦʚʝ Hg1-xCdʭTe, ʚ ʦʙʣʘʩʪʴ ʜʣʠʥ ʚʦʣʥ ʙʦʣʝʝ 20 ʤʢʤ ʧʨʝʧʷʪʩʪʚʫʶʪ ʬʣʫʢʪʫʘʮʠʠ 

ʩʦʩʪʘʚʘ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ x, ʧʨʠʚʦʜʷʱʠʝ ʢ ʥʝʜʦʧʫʩʪʠʤʦ ʙʦʣʴʰʠʤ ʚʘʨʠʘʮʠʷʤ ʰʠʨʠʥʳ 

ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ Eg ʧʦ ʦʙʨʘʟʮʫ [21]. ʉʦʚʨʝʤʝʥʥʳʝ ʤʝʪʦʜʳ ʄʃʕ ʧʦʟʚʦʣʷʶʪ ʧʨʦʚʦʜʠʪʴ ʨʦʩʪ 

ʩʣʦʝʚ HgCdTe ʚʳʩʦʢʦʛʦ ʢʘʯʝʩʪʚʘ, ʦʜʥʘʢʦ ʤʝʞʟʦʥʥʳʝ ʌʇ ʠ ʌʃ ʚ ʦʙʲʝʤʥʳʭ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʘʭ 

ʩ ʜʦʣʝʡ Cd ʤʝʥʴʰʝ 20 % ʙʳʣʠ ʠʟʫʯʝʥʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʣʘʙʦ. ɺ ʢʥʠʛʝ [22] ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʥʝʦʧʫʙʣʠʢʦʚʘʥʥʳʝ ʠʟʤʝʨʝʥʥʳʝ ʠ ʨʘʩʩʯʠʪʘʥʥʳʝ ʩʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ ʚ ʪʚʝʨʜʦʤ ʨʘʩʪʚʦʨʝ 

HgCdTe ʩ ʤʘʣʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʢʘʜʤʠʷ ʭ = 0.2, ʠʟ ʢʦʪʦʨʳʭ ʩʣʝʜʫʝʪ, ʯʪʦ ʟʘʚʠʩʠʤʦʩʪʴ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʦʛʣʦʱʝʥʠʷ ʦʪ ʯʘʩʪʦʪʳ ʷʚʣʷʝʪʩʷ ʦʯʝʥʴ ʧʣʘʚʥʦʡ (ʚ ʦʪʣʠʯʠʝ ʦʪ ʧʨʠʚʝʜʝʥʥʦʡ 

ʥʘ ʪʦʤ ʞʝ ʛʨʘʬʠʢʝ ʟʘʚʠʩʠʤʦʩʪʠ ʜʣʷ ʩʚʝʨʭʨʝʰʝʪʢʠ HgTe/CdHgTe ʩ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʪʘʢʦʡ ʞʝ 

ʰʠʨʠʥʦʡ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ). ʈʘʟʤʳʪʠʝ ʢʨʘʷ ʧʦʛʣʦʱʝʥʠʷ ʩʚʷʟʳʚʘʝʪʩʷ ʢʘʢ ʩ ʧʦʣʦʛʦʡ 

ʟʘʚʠʩʠʤʦʩʪʴʶ ʤʝʞʟʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʩʦʩʪʦʷʥʠʡ ʦʪ ʯʘʩʪʦʪʳ ʚ ʦʙʲʝʤʥʦʤ ʤʘʪʝʨʠʘʣʝ, ʪʘʢ ʠ 

ʩ ʬʣʫʢʪʫʘʮʠʷʤʠ ʩʦʩʪʘʚʘ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ. ʉʨʝʜʠ ʥʝʜʘʚʥʠʭ ʨʘʙʦʪ ʚ ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʤʦʞʥʦ 

ʫʢʘʟʘʪʴ ʢʘʥʜʠʜʘʪʩʢʫʶ ʜʠʩʩʝʨʪʘʮʠʶ ɺ.ɺ. ʈʫʤʷʥʮʝʚʘ [23], ʚ ʢʦʪʦʨʦʡ ʦʜʥʦʨʦʜʥʦʩʪʴ ʩʪʨʫʢʪʫʨ 

ʙʳʣʘ ʦʮʝʥʝʥʘ ʣʠʰʴ ʢʘʯʝʩʪʚʝʥʥʦ.  

ɺʳʩʦʢʦʝ ʢʘʯʝʩʪʚʦ ʩʦʚʨʝʤʝʥʥʳʭ ʩʪʨʫʢʪʫʨ ʥʘ ʦʩʥʦʚʝ HgCdTe ʧʦʟʚʦʣʠʣʦ ʧʦʩʪʘʚʠʪʴ ʚʦʧʨʦʩ 

ʩʦʟʜʘʥʠʷ ʥʘ ʠʭ ʦʩʥʦʚʝ ʥʝ ʪʦʣʴʢʦ ʧʨʠʝʤʥʠʢʦʚ, ʥʦ ʠ ʠʩʪʦʯʥʠʢʦʚ ʠʟʣʫʯʝʥʠʷ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʠʤʫʣʠʨʦʚʘʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ (ʉʀ) ʚ ʩʪʨʫʢʪʫʨʘʭ ʥʘ ʦʩʥʦʚʝ HgCdTe ʨʘʥʝʝ 

ʧʨʦʚʦʜʠʣʠʩʴ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʚ ʢʦʨʦʪʢʦʚʦʣʥʦʚʦʡ ʯʘʩʪʠ ʩʨʝʜʥʝʛʦ ʠʥʬʨʘʢʨʘʩʥʦʛʦ ʜʠʘʧʘʟʦʥʘ [15]. 

ʅʘʠʙʦʣʝʝ ʜʣʠʥʥʦʚʦʣʥʦʚʘʷ ʛʝʥʝʨʘʮʠʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʜʣʠʥʝ ʚʦʣʥʳ 5.3 ʤʢʤ ʠ ʜʦʩʪʠʛʥʫʪʘ 

ʚ ʠʥʞʝʢʮʠʦʥʥʦʤ ʣʘʟʝʨʝ ʩ ʘʢʪʠʚʥʦʡ ʦʙʣʘʩʪʴʶ ʠʟ çʦʙʲʝʤʥʦʛʦè HgCdTe, ʧʨʠ ʵʪʦʤ ʨʘʙʦʯʠʝ 

ʪʝʤʧʝʨʘʪʫʨʳ ʥʝ ʧʨʝʚʳʰʘʣʠ ʪʝʤʧʝʨʘʪʫʨʳ ʞʠʜʢʦʛʦ ʘʟʦʪʘ [16]. ɹʳʣ ʩʜʝʣʘʥ ʚʳʚʦʜ, ʯʪʦ ʤʝʞʟʦʥʥʳʝ 

ʣʘʟʝʨʳ ʥʘ ʦʩʥʦʚʝ HgCdTe ʥʝʢʦʥʢʫʨʝʥʪʥʦʩʧʦʩʦʙʥʳ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʫʥʠʧʦʣʷʨʥʳʤʠ ʂʂʃ 

ʩʨʝʜʥʝʛʦ ʀʂ ʜʠʘʧʘʟʦʥʘ ʠʟ-ʟʘ ʫʩʠʣʝʥʠʷ ʙʝʟʳʟʣʫʯʘʪʝʣʴʥʦʡ ʦʞʝ-ʨʝʢʦʤʙʠʥʘʮʠʠ ʩ ʫʤʝʥʴʰʝʥʠʝʤ 

ʰʠʨʠʥʳ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʚ ʨʘʙʦʪʝ [13] ʫʢʘʟʳʚʘʣʦʩʴ ʥʘ ʚʦʟʤʦʞʥʦʩʪʴ 

ʧʦʜʘʚʣʝʥʠʷ ʦʞʝ-ʨʝʢʦʤʙʠʥʘʮʠʠ ʚ ʂʗ HgCdTe (ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʙʲʝʤʥʳʤ ʤʘʪʝʨʠʘʣʦʤ ʩ ʪʦʡ ʞʝ 

ʰʠʨʠʥʦʡ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ). ʕʬʬʝʢʪ ʧʦʜʘʚʣʝʥʠʷ ʦʞʝ-ʨʝʢʦʤʙʠʥʘʮʠʠ ʦʪʤʝʯʘʣʩʷ ʨʘʥʝʝ 

ʚ ʫʟʢʦʟʦʥʥʳʭ ʭʘʣʴʢʦʛʝʥʠʜʘʭ ʩʚʠʥʮʘ ʠ ʩʚʷʟʳʚʘʣʩʷ ʩ çʩʠʤʤʝʪʨʠʝʡè ʟʘʢʦʥʦʚ ʜʠʩʧʝʨʩʠʠ ʟʦʥʳ 

ʧʨʦʚʦʜʠʤʦʩʪʠ ʠ ʚʘʣʝʥʪʥʦʡ ʟʦʥʳ.  

ɼʦ ʥʘʯʘʣʘ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʚ ʫʟʢʦʟʦʥʥʳʭ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʘʭ HgCdTe ʥʘ ʜʣʠʥʘʭ ʚʦʣʥ 

ʙʦʣʝʝ 5.3 ʤʢʤ ʠʩʩʣʝʜʦʚʘʣʦʩʴ ʪʦʣʴʢʦ ʩʧʦʥʪʘʥʥʦʝ ʠʟʣʫʯʝʥʠʝ (ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ, ʌʃ), ʢʦʪʦʨʳʝ 

ʙʳʣʠ ʥʘʮʝʣʝʥʳ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʥʘ ʠʜʝʥʪʠʬʠʢʘʮʠʶ ʫʨʦʚʥʝʡ ʧʨʠʤʝʩʝʡ, ʜʝʬʝʢʪʦʚ ʠ ʠʭ 

ʢʦʤʧʣʝʢʩʦʚ, ʘ ʪʘʢʞʝ ʥʘ ʭʘʨʘʢʪʝʨʠʟʘʮʠʶ ʤʘʪʝʨʠʘʣʘ. ɹʦʣʝʝ ʧʦʜʨʦʙʥʳʡ ʦʙʟʦʨ ʨʝʟʫʣʴʪʘʪʦʚ ʵʪʠʭ 

ʨʘʙʦʪ ʧʨʠʚʝʜʝʥ ʚ ʨʘʟʜʝʣʝ 1.4, ʧʦʩʚʷʱʝʥʥʦʤ ʧʨʠʤʝʩʥʦ-ʜʝʬʝʢʪʥʳʤ ʮʝʥʪʨʘʤ. ɺ ʨʷʜʝ ʨʘʙʦʪ 
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ʩʦʦʙʱʘʣʦʩʴ ʦ ʥʘʙʣʶʜʝʥʠʠ ʤʝʞʟʦʥʥʦʡ ʌʃ ʚʧʣʦʪʴ ʜʦ ʜʣʠʥ ʚʦʣʥ 18 ʤʢʤ, ʦʜʥʘʢʦ ʩʧʝʢʪʨʳ 

ʠʟʣʫʯʝʥʠʷ ʥʝ ʧʨʠʚʦʜʠʣʠʩʴ.  

ɺ çʢʦʨʦʪʢʦʚʦʣʥʦʚʦʡè ʯʘʩʪʠ ʩʨʝʜʥʝʛʦ ʀʂ ʜʠʘʧʘʟʦʥʘ, ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʯʨʝʟʚʳʯʘʡʥʦ 

ʚʘʞʥʳʤ ʜʣʷ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʧʨʠʤʝʥʝʥʠʡ, ʚʳʧʦʣʥʝʥʦ ʜʦʩʪʘʪʦʯʥʦ ʤʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʡ ʣʘʟʝʨʦʚ ʥʘ 

ʦʩʥʦʚʝ HgCdTe. ʈʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʢʘʢ ʪʨʘʜʠʮʠʦʥʥʳʝ ʧʦʣʦʩʢʦʚʳʝ ʣʘʟʝʨ r[16], ʪʘʢ ʠ ʚʝʨʪʠʢʘʣʴʥʦ 

ʠʟʣʫʯʘʶʱʠʝ ʣʘʟʝʨʳ [24]. ʀʟʣʫʯʝʥʠʝ ʥʘ ʜʣʠʥʘʭ ʚʦʣʥ 1.5 ï 2.2 ʤʢʤ ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʧʨʠ 

ʦʧʪʠʯʝʩʢʦʡ ʥʘʢʘʯʢʝ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʘ ʥʘ ʜʣʠʥʘʭ ʚʦʣʥ ʦʪ 2.5 ʜʦ 3.5 ʤʢʤ - ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʥʠʞʝ 200 ʂ [24]. ɺ ʥʝʜʘʚʥʝʡ ʨʘʙʦʪʝ [25] ʩʦʦʙʱʘʣʦʩʴ ʦ ʩʪʠʤʫʣʠʨʦʚʘʥʥʦʤ 

ʠʟʣʫʯʝʥʠʠ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ 2.5 ʤʢʤ ʚ ʦʙʲʝʤʥʦʤ ʩʪʨʫʢʪʫʨʝ HgCdTe ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. 

ʊʘʢʞʝ ʚ ʨʷʜʝ ʨʘʙʦʪ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʜʣʠʥʳ ʚʦʣʥʳ 3 ʤʢʤ ʥʘʙʣʶʜʘʣʦʩʴ ʩʧʦʥʪʘʥʥʦʝ (ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 300 ʂ) ʠ ʣʘʟʝʨʥʦʝ (ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʥʠʞʝ 160 ʂ) ʠʟʣʫʯʝʥʠʝ ʧʨʠ ʪʦʢʦʚʦʡ ʥʘʢʘʯʢʝ. 

ʊʝʤ ʥʝ ʤʝʥʝʝ, ʧʦʪʝʥʮʠʘʣ ʤʘʪʝʨʠʘʣʦʚ HgCdTe ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʥʝ ʠʩʯʝʨʧʘʥʥʳʤ ʠ ʚ ʵʪʦʡ ʯʘʩʪʠ 

ʩʨʝʜʥʝʛʦ ʀʂ ʜʠʘʧʘʟʦʥʘ. ʊʘʢ, ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʣʘʟʝʨʥʦʡ 

ʛʝʥʝʨʘʮʠʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚʙʣʠʟʠ ʢʦʤʥʘʪʥʦʡ ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ 4 ʤʢʤ ʚ ʩʪʨʫʢʪʫʨʘʭ ʩ ʂʗ 

ʠʟ ʯʠʩʪʦʛʦ HgTe [13].  

ɺ ʨʘʟʜʝʣʝ 1.3 ʜʘʝʪʩʷ ʦʙʟʦʨ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʨʝʤʝʥ ʞʠʟʥʠ ʥʝʨʘʚʥʦʚʝʩʥʳʭ ʥʦʩʠʪʝʣʝʡ 

ʚ ʩʪʨʫʢʪʫʨʘʭ ʥʘ ʦʩʥʦʚʝ HgCdTe. ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʪʨʠ ʦʩʥʦʚʥʳʭ ʤʝʭʘʥʠʟʤʘ ʤʝʞʟʦʥʥʦʡ 

ʨʝʢʦʤʙʠʥʘʮʠʠ: ʠʟʣʫʯʘʪʝʣʴʥʘʷ ʨʝʢʦʤʙʠʥʘʮʠʷ, ʙʝʟʳʟʣʫʯʘʪʝʣʴʥʳʝ ʦʞʝ-ʨʝʢʦʤʙʠʥʘʮʠʷ 

ʠ ʨʝʢʦʤʙʠʥʘʮʠʷ ʐʦʢʣʠ-ʈʠʜʘ-ʍʦʣʣʘ ʯʝʨʝʟ ʩʦʩʪʦʷʥʠʷ ʧʨʠʤʝʩʝʡ ʠ ʜʝʬʝʢʪʦʚ ʚ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʝ. 

ʇʦʣʫʯʝʥʥʦʝ ʚ ʨʘʙʦʪʝ [26] ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʚʳʨʘʞʝʥʠʝ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʚʝʨʦʷʪʥʦʩʪʴ 

ʠʟʣʫʯʘʪʝʣʴʥʦʡ ʨʝʢʦʤʙʠʥʘʮʠʠ ʟʘʚʠʩʠʪ ʦʪ ʤʥʦʛʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʪʘʢʠʭ ʢʘʢ ʢʦʥʮʝʥʪʨʘʮʠʷ 

ʨʘʚʥʦʚʝʩʥʳʭ ʥʦʩʠʪʝʣʝʡ, ʵʬʬʝʢʪʠʚʥʳʝ ʤʘʩʩʳ ʵʣʝʢʪʨʦʥʦʚ ʠ ʜʳʨʦʢ ʠ ʜʨ. ʇʨʠ ʚʳʩʦʢʦʤ ʫʨʦʚʥʝ 

ʦʧʪʠʯʝʩʢʦʛʦ ʚʦʟʙʫʞʜʝʥʠʷ ʦʥʘ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʝʨʘʚʥʦʚʝʩʥʳʭ ʥʦʩʠʪʝʣʝʡ 

ʠ ʫʙʳʚʘʝʪ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʰʠʨʠʥʝ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ. 

ʈʝʢʦʤʙʠʥʘʮʠʶ ʧʦ ʤʝʭʘʥʠʟʤʫ ʐʦʢʣʠ-ʈʠʜʘ-ʍʦʣʣʘ (ʐʈʍ) ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ 

ʧʦʦʯʝʨʝʜʥʳʡ ʟʘʭʚʘʪ ʵʣʝʢʪʨʦʥʘ ʠ ʜʳʨʢʠ ʥʘ ʦʜʥʦ ʠ ʪʦ ʞʝ ʣʦʢʘʣʠʟʦʚʘʥʥʦʝ ʩʦʩʪʦʷʥʠʝ 

ʚ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʝ ʧʦʣʫʧʨʦʚʦʜʥʠʢʘ. ʆʙʱʝʧʨʠʥʷʪʦʡ ʤʦʜʝʣʴʶ ʦʧʠʩʘʥʠʷ ʙʝʟʳʟʣʫʯʘʪʝʣʴʥʦʡ 

ʨʝʢʦʤʙʠʥʘʮʠʠ ʜʘʥʥʦʛʦ ʪʠʧʘ ʷʚʣʷʝʪʩʷ ʤʦʜʝʣʴ ʐʦʢʣʠ ʠ ʈʠʜʘ [26], ʚ ʢʦʪʦʨʦʡ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ 

ʤʘʣʦʝ ʯʠʩʣʦ ʣʦʚʫʰʝʢ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʚʚʝʩʪʠ ʝʜʠʥʦʝ ʚʨʝʤʷ ʞʠʟʥʠ ʵʣʝʢʪʨʦʥ-ʜʳʨʦʯʥʦʡ ʧʘʨʳ.  

ʇʦʩʢʦʣʴʢʫ ʜʘʥʥʳʝ ʩʦʩʪʦʷʥʠʷ, ʢʘʢ ʧʨʘʚʠʣʦ, ʦʙʫʩʣʦʚʣʝʥʳ ʜʝʬʝʢʪʘʤʠ ʠ ʧʨʠʤʝʩʷʤʠ 

ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʝ ʤʘʪʝʨʠʘʣʘ, ʚʢʣʘʜ ʤʝʭʘʥʠʟʤʘ ʨʝʢʦʤʙʠʥʘʮʠʠ ʐʈʍ ʚ ʦʙʱʝʝ ʚʨʝʤʷ 

ʞʠʟʥʠ ʤʦʞʝʪ ʙʳʪʴ ʠʩʢʣʶʯʝʥ ʩ ʫʣʫʯʰʝʥʠʝʤ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʩʦʚʝʨʰʝʥʩʪʚʘ ʠ ʯʠʩʪʦʪʳ 

ʤʘʪʝʨʠʘʣʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʐʈʍ ʤʦʞʝʪ ʙʳʪʴ ʦʩʥʦʚʥʳʤ ʤʝʭʘʥʠʟʤʦʤ, 

ʦʪʚʝʯʘʶʱʠʤ ʟʘ ʥʘʙʣʶʜʘʝʤʦʝ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ ʚʨʝʤʷ ʞʠʟʥʠ ʧʨʠ ʫʩʣʦʚʠʷʭ ʙʣʠʟʢʠʭ 

ʢ ʨʘʚʥʦʚʝʩʥʳʤ, ʪ.ʝ. ʧʨʠ ʤʘʣʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʝʨʘʚʥʦʚʝʩʥʳʭ ʥʦʩʠʪʝʣʝʡ, ʩ ʫʚʝʣʠʯʝʥʠʝʤ 
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ʥʝʨʘʚʥʦʚʝʩʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʝʛʦ ʨʦʣʴ ʫʤʝʥʴʰʘʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʠʟʣʫʯʘʪʝʣʴʥʦʡ ʠ ʦʞʝ-

ʨʝʢʦʤʙʠʥʘʮʠʠ. 

ʉʯʠʪʘʝʪʩʷ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʤ ʙʝʟʳʟʣʫʯʘʪʝʣʴʥʳʤ ʧʨʦʮʝʩʩʦʤ ʨʝʢʦʤʙʠʥʘʮʠʠ ʧʨʠ 

ʚʳʩʦʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʥʦʩʠʪʝʣʝʡ (ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʣʘʟʝʨʦʚ) ʷʚʣʷʝʪʩʷ ʦʞʝ-ʨʝʢʦʤʙʠʥʘʮʠʷ. 

ʕʥʝʨʛʠʷ, ʚʳʜʝʣʷʶʱʘʷʩʷ ʧʨʠ ʨʝʢʦʤʙʠʥʘʮʠʠ ʵʣʝʢʪʨʦʥ-ʜʳʨʦʯʥʦʡ ʧʘʨʳ, ʚ ʩʣʫʯʘʝ ʦʞʝ-ʧʨʦʮʝʩʩʘ 

ʧʝʨʝʜʘʝʪʩʷ ʪʨʝʪʴʝʤʫ ʥʦʩʠʪʝʣʶ. ʊʘʢ ʢʘʢ ʚ ʦʞʝ-ʧʨʦʮʝʩʩʝ ʫʯʘʩʪʚʫʶʪ ʪʨʠ ʯʘʩʪʠʮʳ, ʝʛʦ ʚʝʨʦʷʪʥʦʩʪʴ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʢʚʘʜʨʘʪʫ (ʘ ʪʝʤʧ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʢʫʙʫ) ʥʝʨʘʚʥʦʚʝʩʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ æn 

(ʚ ʩʣʫʯʘʝ, ʥʘʧʨʠʤʝʨ, ʦʧʪʠʯʝʩʢʦʡ ʥʘʢʘʯʢʠ ʩʪʨʫʢʪʫʨ, ʢʦʛʜʘ æn = æp ʠ ɻʪʠ ʚʝʣʠʯʠʥʳ ʟʥʘʯʠʪʝʣʴʥʦ 

ʧʨʝʚʳʰʘʪʁ ʪʝʤʥʦʚʫʶ ʢʦʥʮʝʥʪʨʘʮʠʶ ʢʘʢ ʵʣʝʢʪʨʦʥʦʚ, ʪʘʢ ʠ ʜʳʨʦʢ). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ 

ʦʞʠʜʘʪʴ, ʯʪʦ ʪʝʤʧ ʦʞʝ-ʨʝʢʦʤʙʠʥʘʮʠʠ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʦʩʠʪʝʣʝʡ ʨʘʩʪʝʪ ʙʳʩʪʨʝʝ, 

ʯʝʤ ʪʝʤʧ ʠʟʣʫʯʘʪʝʣʴʥʦʡ ʨʝʢʦʤʙʠʥʘʮʠʠ. ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʚʳʧʦʣʥʝʥʠʷ ʟʘʢʦʥʦʚ ʩʦʭʨʘʥʝʥʠʷ 

ʵʥʝʨʛʠʠ ʠ ʢʚʘʟʠʠʤʧʫʣʴʩʘ ʧʨʠ ʦʞʝ-ʧʨʦʮʝʩʩʝ ʧʨʠʚʦʜʠʪ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʧʦʨʦʛʘ 

ʜʣʷ ʦʞʝ-ʨʝʢʦʤʙʠʥʘʮʠʠ. ʇʦʨʦʛʦʚʘʷ ʵʥʝʨʛʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʤʠʥʠʤʘʣʴʥʘʷ ʩʫʤʤʘʨʥʘʷ 

ʢʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʪʨʝʭ ʯʘʩʪʠʮ, ʧʨʠ ʢʦʪʦʨʦʡ ʚʦʟʤʦʞʝʥ ʦʞʝ-ʧʨʦʮʝʩʩ, ʥʝ ʥʘʨʫʰʘʶʱʠʡ ʟʘʢʦʥʳ 

ʩʦʭʨʘʥʝʥʠʷ. ɺ ʧʨʦʩʪʝʡʰʝʤ ʩʣʫʯʘʝ ʧʦʣʫʧʨʦʚʦʜʥʠʢʘ ʩ ʧʘʨʘʙʦʣʠʯʝʩʢʠʤʠ ʟʘʢʦʥʘʤʠ ʜʠʩʧʝʨʩʠʠ 

ʚʝʣʠʯʠʥʫ ʧʦʨʦʛʘ ʦʞʝ-ʨʝʢʦʤʙʠʥʘʮʠʠ ʣʝʛʢʦ ʦʮʝʥʠʪʴ ʢʘʢ Eth = Egme/(me+mh) [27]. ɺ ʦʙʲʝʤʥʳʭ 

ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʘʭ HgCdTe mh >> me, ʧʦʵʪʦʤʫ ʚ ʤʘʪʝʨʠʘʣʘʭ n-ʪʠʧʘ ʜʦʤʠʥʠʨʫʶʱʠʤ ʷʚʣʷʝʪʩʷ 

ʦʞʝ-ʧʨʦʮʝʩʩ, ʚ ʢʦʪʦʨʦʤ ʧʨʠʥʠʤʘʶʪ ʫʯʘʩʪʠʝ ʜʚʘ ʵʣʝʢʪʨʦʥʘ ʠ ʪʷʞʝʣʘʷ ʜʳʨʢʘ, ʪ.ʢ. ʧʦʨʦʛʦʚʘʷ 

ʵʥʝʨʛʠʷ ʜʣʷ ʥʝʛʦ ʦʢʘʟʳʚʘʝʪʩʷ ʤʠʥʠʤʘʣʴʥʦʡ.  

ʇʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʞʝ-ʨʝʢʦʤʙʠʥʘʮʠʠ ʧʦʤʠʤʦ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʧʦʨʦʛʘ 

ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʥʠʤʘʪʴ ʚʦ ʚʥʠʤʘʥʠʝ ʠ ʤʘʪʨʠʯʥʳʝ ʵʣʝʤʝʥʪ r ʧʝʨʝʭʦʜʦʚ ʥʦʩʠʪʝʣʝʡ, 

ʧʨʠʥʠʤʘʶʱʠʭ ʫʯʘʩʪʠʝ ʚ ʦʞʝ-ʧʨʦʮʝʩʩʝ [28]. ʇʦʤʠʤʦ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʚʭʦʜʷʱʠʭ 

ʚ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʚʝʨʦʷʪʥʦʩʪʠ ʧʨʦʮʝʩʩʘ [13], ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʠʟ ʵʢʩʧʝʨʠʤʝʥʪʘ, 

ʧʦʩʣʝʜʥʷʷ ʟʘʚʠʩʠʪ ʠ ʦʪ ʠʥʪʝʛʨʘʣʦʚ ʧʝʨʝʢʨʳʪʠʷ ʙʣʦʭʦʚʩʢʠʭ ʬʫʥʢʮʠʡ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ 

ʥʦʩʠʪʝʣʝʡ, ʘ ʪʘʢʞʝ ʦʪ ʙʝʟʨʘʟʤʝʨʥʦʛʦ ʠʥʪʝʛʨʘʣʘ, ʦʧʠʩʳʚʘʶʱʝʛʦ ʵʢʨʘʥʠʨʦʚʢʫ ʢʫʣʦʥʦʚʩʢʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʯʘʩʪʠʮʘʤʠ, ʢʦʪʦʨʳʝ, ʢʘʢ ʧʨʘʚʠʣʦ, ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʘʢ ʢʦʥʩʪʘʥʪʳ ʠʣʠ 

ʧʦʜʛʦʥʦʯʥʳʝ ʧʘʨʘʤʝʪʨʳ. ʊʨʫʜʥʦʩʪʴ ʚ ʪʦʯʥʦʤ ʚʳʯʠʩʣʝʥʠʠ ʚʨʝʤʝʥʠ ʦʞʝ-ʨʝʢʦʤʙʠʥʘʮʠʠ ʩʚʷʟʘʥʘ 

ʠ ʩ ʪʝʤ, ʯʪʦ ʫʯʘʩʪʚʫʶʱʠʝ ʚ ʦʞʝ-ʧʨʦʮʝʩʩʝ ʯʘʩʪʠʮʳ ʥʘʭʦʜʷʪʩʷ ʜʘʣʝʢʦ ʦʪ ʵʢʩʪʨʝʤʫʤʦʚ ʩʚʦʠʭ ʟʦʥ, 

ʯʪʦ ʥʘʢʣʘʜʳʚʘʝʪ ʩʝʨʴʝʟʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʥʘ ʪʦʯʥʦʩʪʴ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʩʧʝʢʪʨʦʚ ʠ ʚʦʣʥʦʚʳʭ 

ʬʫʥʢʮʠʡ ʥʦʩʠʪʝʣʝʡ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʧʨʠ ʨʘʩʯʝʪʘʭ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʢʦʥʯʘʪʝʣʴʥʳʡ ʚʳʚʦʜ ʤʦʞʝʪ 

ʙʳʪʴ ʩʜʝʣʘʥ ʪʦʣʴʢʦ ʧʦʩʣʝ ʜʝʪʘʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ʈʘʟʜʝʣ 1.4 ʧʦʩʚʷʱʝʥ ʚʣʠʷʥʠʶ ʧʨʠʤʝʩʝʡ ʠ ʜʝʬʝʢʪʦʚ ʥʘ ʦʧʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʩʪʨʫʢʪʫʨ 

ʥʘ ʦʩʥʦʚʝ HgCdTe. ʊʦʯʝʯʥʳʝ ʜʝʬʝʢʪʳ ʧʨʦʷʚʣʷʶʪ ʩʝʙʷ ʥʝ ʪʦʣʴʢʦ ʢʘʢ ʠʩʪʦʯʥʠʢ ʜʠʩʢʨʝʪʥʳʭ 

ʫʨʦʚʥʝʡ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʧʦʛʣʦʱʝʥʠʠ ʠ ʠʟʣʫʯʝʥʠʠ ʩʚʝʪʘ, ʥʦ ʠ ʢʘʢ ʢʘʥʘʣ ʙʝʟʳʟʣʫʯʘʪʝʣʴʥʦʡ 

ʨʝʢʦʤʙʠʥʘʮʠʠ ʐʈʍ. ʍʦʨʦʰʦ ʠʟʚʝʩʪʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʤʘʪʝʨʠʘʣʘ ʷʚʣʷʝʪʩʷ ʩʣʘʙʦʩʪʴ 
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ʭʠʤʠʯʝʩʢʦʡ ʩʚʷʟʠ Hg-Te, ʠʟ-ʟʘ ʢʦʪʦʨʦʡ ʘʪʦʤʳ ʨʪʫʪʠ ʠ ʪʝʣʣʫʨʘ ʤʦʛʫʪ ʦʢʘʟʳʚʘʪʴʩʷ ʚʥʝ 

çʥʘʜʣʝʞʘʱʠʭè ʧʦʟʠʮʠʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ [29]. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʦʷʚʣʝʥʠʶ ʨʘʟʣʠʯʥʳʭ 

ʜʝʬʝʢʪʦʚ, ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʠʟ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʚʘʢʘʥʩʠʷ ʨʪʫʪʠ, ʷʚʣʷʶʱʘʷʩʷ 

ʜʚʫʭʟʘʨʷʜʥʳʤ ʘʢʮʝʧʪʦʨʦʤ. ʇʦʤʠʤʦ ʚʘʢʘʥʩʠʠ ʨʪʫʪʠ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʨʘʩʩʤʘʪʨʠʚʘʣʠ ʪʘʢʠʝ 

ʪʦʯʝʯʥʳʝ ʜʝʬʝʢʪʳ ʢʘʢ ʘʥʪʠʩʪʨʫʢʪʫʨʥʳʡ ʪʝʣʣʫʨ ʠ ʤʝʞʜʦʫʟʝʣʴʥʳʝ ʘʪʦʤʳ ʤʝʪʘʣʣʘ. ʀʤʝʶʱʠʝʩʷ 

ʚ ʣʠʪʝʨʘʪʫʨʝ ʩʚʝʜʝʥʠʷ ʦ ʤʝʣʢʠʭ ʧʨʠʤʝʩʷʭ çʚʦʜʦʨʦʜʦʧʦʜʦʙʥʳʭè ʚ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʘʭ HgCdTe 

ʦʪʥʦʩʷʪʩʷ ʧʦʯʪʠ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʢ ʘʢʮʝʧʪʦʨʘʤ, ʪʘʢ ʢʘʢ ʚʩʣʝʜʩʪʚʠʝ ʤʘʣʦʡ ʚʝʣʠʯʠʥʳ 

ʵʬʬʝʢʪʠʚʥʦʡ ʤʘʩʩʳ ʵʣʝʢʪʨʦʥʦʚ ʵʥʝʨʛʠʠ ʩʚʷʟʠ ʤʝʣʢʠʭ ʜʦʥʦʨʦʚ ʩʦʩʪʘʚʣʷʶʪ ʜʦʣʠ ʤʵɺ. ʏʪʦ ʞʝ 

ʢʘʩʘʝʪʩʷ ʘʢʮʝʧʪʦʨʦʚ, ʠʭ ʵʥʝʨʛʠʷ ʩʚʷʟʠ ʚʘʨʴʠʨʫʝʪʩʷ ʦʪ ʝʜʠʥʠʮ ʜʦ ʜʝʩʷʪʢʦʚ ʤʵɺ (ʥʘʧʨʠʤʝʨ, [30]).  

ɻʣʫʙʦʢʠʝ ʮʝʥʪʨʳ ʚ ʩʨʘʚʥʠʪʝʣʴʥʦ ʰʠʨʦʢʦʟʦʥʥʳʭ ʤʘʪʝʨʠʘʣʘʭ HgCdTe (ʭ > 0.2) 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʦʪʜʝʣʴʥʳʡ ʠʥʪʝʨʝʩ ʜʣʷ ʠʟʫʯʝʥʠʷ, ʪ.ʢ. ʷʚʣʷʶʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤʠ ʣʦʚʫʰʢʘʤʠ ʜʣʷ 

ʵʣʝʢʪʨʦʥʦʚ ʠ ʜʳʨʦʢ ʠ ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʶʪ ʥʘ ʚʨʝʤʝʥʘ ʞʠʟʥʠ ʥʦʩʠʪʝʣʝʡ. ɺ ʦʙʟʦʨʥʳʭ ʩʪʘʪʴʷʭ 

(ʩʤ., ʥʘʧʨʠʤʝʨ, [31]) ʧʨʠʚʝʜʝʥʳ ʩʚʦʜʥʳʝ ʜʘʥʥʳʝ ʦ ʟʘʚʠʩʠʤʦʩʪʠ ʵʥʝʨʛʠʠ ʛʣʫʙʦʢʠʭ ʮʝʥʪʨʦʚ 

ʦʪ ʩʦʩʪʘʚʘ x=0.2-0.4. ʊʘʢʠʝ ʮʝʥʪʨʳ ʤʦʛʫʪ ʚʦʟʥʠʢʘʪʴ ʥʝ ʪʦʣʴʢʦ ʙʣʘʛʦʜʘʨʷ ʦʪʜʝʣʴʥʳʤ ʧʨʠʤʝʩʷʤ 

ʠʣʠ ʜʝʬʝʢʪʘʤ, ʥʦ ʪʘʢʞʝ ʠ ʧʨʠ ʦʙʨʘʟʦʚʘʥʠʠ ʧʨʠʤʝʩʥʦ-ʜʝʬʝʢʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʦʜʥʘʢʦ 

ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʟʘʢʣʶʯʝʥʠʷ ʦ ʜʝʬʝʢʪʘʭ, ʬʦʨʤʠʨʫʶʱʠʭ ʵʪʠ ʩʦʩʪʦʷʥʠʷ ʩʜʝʣʘʥʦ ʥʝ ʙʳʣʦ.  

ɺʦ ʚʪʦʨʦʡ ʛʣʘʚʝ ʜʠʩʩʝʨʪʘʮʠʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʝʞʟʦʥʥʦʡ 

ʬʦʪʦʧʨʦʚʦʜʠʤʦʩʪʠ (ʌʇ) ʠ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ (ʌʃ) ʫʟʢʦʟʦʥʥʳʭ ʦʙʲʝʤʥʳʭ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ 

HgCdTe ʠ ʤʘʛʥʠʪʦʧʦʛʣʦʱʝʥʠʷ ʚ ʰʠʨʦʢʦʤ ʩʧʝʢʪʨʘʣʴʥʦʤ ʜʠʘʧʘʟʦʥʝ (ʜʣʠʥʘ ʚʦʣʥʳ ʦʪ 2 ʜʦ 

36 ʤʢʤ). ʎʝʣʴʶ ʵʪʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʦ ʠʟʫʯʝʥʠʝ ʦʧʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʘ, ʧʦʣʫʯʝʥʥʦʛʦ 

ʤʝʪʦʜʦʤ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʄʃʕ ʥʘ ʧʦʣʫʠʟʦʣʠʨʫʶʱʠʭ ʧʦʜʣʦʞʢʘʭ GaAs(013) ï ʤʝʪʦʜʠʢʠ 

ʨʦʩʪʘ, ʠʩʧʦʣʴʟʦʚʘʥʥʦʡ ʚʧʦʩʣʝʜʩʪʚʠʠ ʜʣʷ ʨʦʩʪʘ ʢʚʘʥʪʦʚʳʭ ʷʤ (ʂʗ) Hg1-xCdʭTe/CdYHg1-YTe, 

ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʥʳʤ ʦʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ.  

ʆʩʥʦʚʥʳʝ ʪʨʫʜʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠ ̫ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʤʝʞʟʦʥʥʦʡ ʌʃ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʫʟʢʦʟʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩʚʷʟʘʥʳ ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʚʝʨʦʷʪʥʦʩʪʠ ʠʟʣʫʯʘʪʝʣʴʥʦʡ ʨʝʢʦʤʙʠʥʘʮʠʠ 

ʠ ʫʚʝʣʠʯʝʥʠʝʤ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʙʝʟʳʟʣʫʯʘʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ ʧʨʠ ʫʤʝʥʴʰʝʥʠʠ ʰʠʨʠʥʳ 

ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ, ʘ ʪʘʢʞʝ ʩʦ ʩʣʦʞʥʦʩʪʴʶ ʦʪʩʪʨʦʡʢʠ ʠʣʠ ʧʦʜʘʚʣʝʥʠʷ ʩʠʛʥʘʣʘ ʪʝʧʣʦʚʦʛʦ ʬʦʥʘ, 

ʢʦʪʦʨʳʡ ʚ ʜʠʘʧʘʟʦʥʝ ʵʥʝʨʛʠʡ ʢʚʘʥʪʘ ʤʝʥʴʰʝ 300 ʤʵɺ ʧʨʠʚʦʜʠʪ ʢ ʥʘʣʠʯʠʶ ʚ ʩʧʝʢʪʨʝ ʰʠʨʦʢʦʡ 

ʠ ʤʦʱʥʦʡ çʧʦʜʩʪʘʚʢʠè ʧʣʘʥʢʦʚʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ 300 ʂ. ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ 

ʨʘʟʚʠʪʘ ʤʝʪʦʜʠʢʘ ʠʟʤʝʨʝʥʠʷ ʩʧʝʢʪʨʦʚ ʌʃ ʚ ʩʨʝʜʥʝʤ ʠ ʜʘʣʴʥʝʤ ʀʂ ʜʠʘʧʘʟʦʥʘʭ ʧʨʠ 

ʥʝʧʨʝʨʳʚʥʦʤ ʚʦʟʙʫʞʜʝʥʠʠ ʠ ʠʤʧʫʣʴʩʥʦʤ ʚʦʟʙʫʞʜʝʥʠʠ ʩ ʙʦʣʴʰʦʡ ʩʢʚʘʞʥʦʩʪʴʶ ʚ ʫʩʣʦʚʠʷʭ 

ʩʠʣʴʥʦʡ ʬʦʥʦʚʦʡ ʟʘʩʚʝʪʢʠ ʤʝʪʦʜʦʤ ʬʫʨʴʝ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʩ ʧʦʰʘʛʦʚʳʤ ʧʝʨʝʤʝʱʝʥʠʝʤ ʟʝʨʢʘʣʘ 

ʩʧʝʢʪʨʦʤʝʪʨʘ (ʨʝʞʠʤ çstep-scanè). ʄʝʪʦʜʠʢʘ ʦʩʥʦʚʘʥʘ ʥʘ ʨʝʛʠʩʪʨʘʮʠʠ ʩʠʛʥʘʣʘ 

ʩ ʬʦʪʦʧʨʠʝʤʥʠʢʘ ʩ ʦʧʨʝʜʝʣʝʥʥʦʡ ʟʘʜʝʨʞʢʦʡ ʧʦʩʣʝ ʧʝʨʝʤʝʱʝʥʠʷ ʟʝʨʢʘʣʘ ʬʫʨʴʝ-ʩʧʝʢʪʨʦʤʝʪʨʘ, 

ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʟʙʝʞʘʪʴ ʤʦʜʫʣʷʮʠʠ ʩʠʛʥʘʣʘ ʬʦʥʦʚʦʛʦ (ʪʝʧʣʦʚʦʛʦ) ʠʟʣʫʯʝʥʠʷ ʠ ʚʳʜʝʣʠʪʴ ʥʘ ʝʛʦ 
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ʬʦʥʝ ʩʣʘʙʳʡ ʩʠʛʥʘʣ ʌʃ. ɺʝʣʠʯʠʥʘ ʟʘʜʝʨʞʢʠ ʜʦʣʞʥʘ ʧʨʝʚʳʰʘʪʴ ʥʝʩʢʦʣʴʢʦ ʧʦʩʪʦʷʥʥʳʭ 

ʚʨʝʤʝʥʠ ʬʦʪʦʧʨʠʝʤʥʠʢʘ ʠ/ʠʣʠ ʚʨʝʤʷ ʚʳʭʦʜʘ ʠʟ ʥʘʩʳʱʝʥʠʷ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʩʭʝʤʳ, 

ʚʦʟʥʠʢʘʶʱʝʛʦ ʚʩʣʝʜʩʪʚʠʝ ʤʦʜʫʣʷʮʠʠ ʬʦʥʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ ʧʨʠ ʧʝʨʝʤʝʱʝʥʠʠ ʧʦʜʚʠʞʥʦʛʦ 

ʟʝʨʢʘʣʘ ʠʥʪʝʨʬʝʨʦʤʝʪʨʘ ʬʫʨʴʝ-ʩʧʝʢʪʨʦʤʝʪʨʘ [A1, A5, A32, A33, A35].  

ʀʩʩʣʝʜʦʚʘʥʥʳʝ ʵʧʠʪʘʢʩʠʘʣʴʥʳʝ ʩʣʦʠ HgCdTe ʚʳʨʘʱʠʚʘʣʠʩʴ ʤʝʪʦʜʦʤ ʄʃʕ 

ʥʘ ʧʦʣʫʠʟʦʣʠʨʫʶʱʝʡ ʧʦʜʣʦʞʢʝ GaAs (013) [32] (ʨʘʟʜʝʣ 2.1). ʉʪʨʫʢʪʫʨʳ ʦʙʣʘʜʘʣʠ ʵʣʝʢʪʨʦʥʥʳʤ 

ʪʠʧʦʤ ʧʨʦʚʦʜʠʤʦʩʪʠ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 2Ā1014 ʩʤ-3 ʜʦ 5Ā1014 ʩʤ-3. ʈʘʟʜʝʣ 2.2 

ʧʦʩʚʷʱʝʥ ʤʝʪʦʜʠʢʝ ʠʟʤʝʨʝʥʠʡ ʩʧʝʢʪʨʦʚ ʌʇ ʤʝʪʦʜʦʤ ʬʫʨʴʝ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ. ʇʨʠ 

ʭʘʨʘʢʪʝʨʠʟʘʮʠʠ ʦʙʲʝʤʥʳʭ ʧʣʝʥʦʢ HgCdTe ʤʝʪʦʜʦʤ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʌʇ (ʨʘʟʜʝʣ 2.3) 

ʧʝʨʚʦʩʪʝʧʝʥʥʳʤʠ ʷʚʣʷʶʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʣʦʞʝʥʠʷ ʠ ʧʨʦʬʠʣʷ ʢʨʘʩʥʦʡ ʛʨʘʥʠʮʳ ʤʝʞʟʦʥʥʦʛʦ 

ʬʦʪʦʦʪʢʣʠʢʘ. ʂʨʘʡ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʛʦ ʧʦʛʣʦʱʝʥʠʷ ʚ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʘʭ HgCdTe 

ʥʝ ʦʧʠʩʳʚʘʝʪʩʷ ʬʫʥʢʮʠʝʡ, ʚʦʟʨʘʩʪʘʶʱʝʡ ʦʪ ʥʫʣʷ ʧʦ çʢʦʨʥʝʚʦʤʫè ʟʘʢʦʥʫ ʧʨʠ ʧʨʝʚʳʰʝʥʠʠ 

ʵʥʝʨʛʠʝʡ ʬʦʪʦʥʦʚ ʰʠʨʠʥʳ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ Eg. ɺʦ ʤʥʦʛʠʭ ʨʘʙʦʪʘʭ ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʜʣʠʥʥʦʚʦʣʥʦʚʳʡ ʫʯʘʩʪʦʢ ʩʧʝʢʪʨʘ ʧʦʛʣʦʱʝʥʠʷ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ Hg1-xCdxTe ʥʘʯʠʥʘʝʪʩʷ 

ʩ ʵʥʝʨʛʠʡ ʢʚʘʥʪʘ < Eg ʠ ʧʦʜʯʠʥʷʝʪʩʷ ʪʘʢ ʥʘʟʳʚʘʝʤʦʤʫ çʧʨʘʚʠʣʫ ʋʨʙʘʭʘè Ŭ =Ŭ0exp{(ǩɤ ï E0)/W} , 

ʪ.ʝ. ʥʘʨʘʩʪʘʝʪ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʥʝʥʫʣʝʚʦʤʫ ʢʦʵʬʬʠʮʠʝʥʪʫ ʧʦʛʣʦʱʝʥʠʷ ʧʨʠ 

ǩɤ = Eg å ɽ0 (ʈʠʩʫʥʦʢ 1 (ʘ)).  

 ɺ ʥʘʠʙʦʣʝʝ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʤʦʡ ʤʦʜʝʣʠ ʂʦʜʠ [33], ʵʥʝʨʛʠʷ ʋʨʙʘʭʘ W, ʦʧʠʩʳʚʘʶʱʘʷ 

ʭʘʨʘʢʪʝʨʥʳʡ ʤʘʩʰʪʘʙ çʨʘʟʤʳʪʠʷè ʢʨʘʩʥʦʡ ʛʨʘʥʠʮʳ, ʩʢʣʘʜʳʚʘʝʪʩʷ ʠʟ ʯʣʝʥʘ, ʦʙʫʩʣʦʚʣʝʥʥʦʛʦ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʴʶ ʩʪʨʫʢʪʫʨʳ ʠ ʩʪʘʪʠʯʝʩʢʠʤʠ ʜʝʬʝʢʪʘʤʠ ʝʝ ʨʝʰʝʪʢʠ, ʢʦʪʦʨʳʡ ʥʝ ʟʘʚʠʩʠʪ ʦʪ 

ʪʝʤʧʝʨʘʪʫʨʳ, ʠ ʪʝʤʧʝʨʘʪʫʨʥʦ-ʟʘʚʠʩʠʤʦʛʦ ʯʣʝʥʘ, ʦʙʫʩʣʦʚʣʝʥʥʦʛʦ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʤ ʵʣʝʢʪʨʦʥ-

ʬʦʥʦʥʥʳʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ. ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʦʙʨʘʟʮʦʚ ʵʧʠʪʘʢʩʠʘʣʴʥʳʭ 

  
ʈʠʩʫʥʦʢ 1 - (ʘ) ʊʠʧʠʯʥʳʡ ʚʠʜ ʢʨʘʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʛʦ ʧʦʛʣʦʱʝʥʠʷ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʦʚ, 

ʝʛʦ ʧʝʨʚʘʷ ʧʨʦʠʟʚʦʜʥʘʷ, ʠʩʧʦʣʴʟʫʝʤʘʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʥʘʯʘʣʘ ʫʯʘʩʪʢʘ ʋʨʙʘʭʘ, ʠ 

ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʘʷ ʘʧʧʨʦʢʩʠʤʘʮʠʷ ʫʯʘʩʪʢʘ ʋʨʙʘʭʘ ʦʙʨʘʟʮʘ ˉ 120626 (ʜʦʣʷ Cd ʭ=0.21) ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 4.2 ʂ; (ʙ) ɿʘʚʠʩʠʤʦʩʪʴ ʵʥʝʨʛʠʠ ʋʨʙʘʭʘ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʝʝ ʘʧʧʨʦʢʩʠʤʘʮʠʷ 

ʤʦʜʝʣʴʥʦʡ ʟʘʚʠʩʠʤʦʩʪʴʶ ʂʦʜʠ ʦʙʨʘʟʮʘ ˉ 120210 (ʜʦʣʷ Cd ʭ=0.191) 

(ʘ) (ʙ) 
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ʧʣʝʥʦʢ HgCdTe ʧʦʣʫʯʝʥʳ ʟʥʘʯʝʥʠʷ ʵʥʝʨʛʠʠ ʋʨʙʘʭʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 4.2 ʂ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 1 ʜʦ 2 

ʤʵɺ [A2], ʯʪʦ ʥʘ ʧʦʨʷʜʦʢ ʤʝʥʴʰʝ ʜʘʥʥʳʭ ʧʨʝʜʰʝʩʪʚʫʶʱʠʭ ʨʘʙʦʪ, ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʩʪʨʫʢʪʫʨʘʤ, 

ʚʳʨʘʱʝʥʥʳʤ ʄʃʕ [34] ʠ ʧʦ ʧʦʨʷʜʢʫ ʚʝʣʠʯʠʥʳ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʣʫʯʰʠʤ ʦʙʨʘʟʮʘʤ GaAs. ʉ 

ʨʦʩʪʦʤ ʪʝʤʧʝʨʘʪʫʨʳ ʵʥʝʨʛʠʷ ʋʨʙʘʭʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ. ʈʝʟʫʣʴʪʘʪʳ ʘʧʧʨʦʢʩʠʤʘʮʠʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ (ʈʠʩʫʥʦʢ 1 (ʙ)) ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ 

ʧʨʝʦʙʣʘʜʘʶʱʝʡ ʨʦʣʠ çʜʠʥʘʤʠʯʝʩʢʦʛʦè ʫʰʠʨʝʥʠʷ ʢʨʘʷ ʧʦʛʣʦʱʝʥʠʷ, ʩʚʷʟʘʥʥʦʛʦ ʩ ʵʣʝʢʪʨʦʥ-

ʬʦʥʦʥʥʳʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ, ʘ ʥʝ ʩ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʤ ʥʝʩʦʚʝʨʰʝʥʩʪʚʦʤ ʩʪʨʫʢʪʫʨ.  

ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʩʧʝʢʪʨʦʚ ʌʇ ʚ ʥʘʠʙʦʣʝʝ ʫʟʢʦʟʦʥʥʳʭ ʦʙʨʘʟʮʘʭ (ʩ ʩʦʩʪʘʚʦʤ ʪʚʝʨʜʦʛʦ 

ʨʘʩʪʚʦʨʘ Hg1-xCdxTe ʭ < 0.18) ʜʣʠʥʥʦʚʦʣʥʦʚʘʷ ʦʙʣʘʩʪʴ ʩʧʝʢʪʨʘ ʌʇ ʧʨʠʦʙʨʝʪʘʝʪ ʩʣʦʞʥʫʶ 

ʬʦʨʤʫ ʠʟ-ʟʘ ʦʩʦʙʝʥʥʦʩʪʝʡ ʚ ʦʙʣʘʩʪʠ 8 ï 25 ʤʵɺ, ʩʚʷʟʘʥʥʳʭ, ʢʘʢ ʙʫʜʝʪ ʧʦʢʘʟʘʥʦ ʚ ʛʣʘʚʝ 4, 

ʩ ʬʦʪʦʚʦʟʙʫʞʜʝʥʠʝʤ ʚʘʢʘʥʩʠʡ ʨʪʫʪʠ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʣʦʞʝʥʠʷ ʢʨʘʩʥʦʡ 

ʛʨʘʥʠʮʳ ʤʝʞʟʦʥʥʦʡ ʌʇ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʚʘ ʧʦʜʭʦʜʘ ʢ ʫʧʨʘʚʣʝʥʠʶ ʰʠʨʠʥʦʡ ʟʘʧʨʝʱʝʥʥʦʡ 

ʟʦʥʳ: ʩ ʧʦʤʦʱʴʶ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʩ ʧʦʤʦʱʴʶ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ [A3] (ʨʘʟʜʝʣ 2.4). 

ʇʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʠʚʦʜʠʪ ʢ ʫʰʠʨʝʥʠʶ ʢʨʘʷ ʤʝʞʟʦʥʥʦʛʦ ʧʦʛʣʦʱʝʥʠʷ ʠ ʧʘʜʝʥʠʶ 

ʦʪʥʦʰʝʥʠʷ ʩʠʛʥʘʣ-ʰʫʤ, ʯʪʦ ʦʛʨʘʥʠʯʠʚʘʝʪ ʧʨʠʤʝʥʠʤʦʩʪʴ ʪʘʢʦʛʦ ʧʦʜʭʦʜʘ. ʀʟʤʝʨʝʥʠʷ 

ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʧʦʟʚʦʣʷʶʪ çʦʪʩʪʨʦʠʪʴʩʷè ʦʪ ʦʩʦʙʝʥʥʦʩʪʝʡ ʌʇ, ʩʚʷʟʘʥʥʳʭ ʩ ʧʨʠʩʫʪʩʪʚʠʝʤ 

ʦʩʪʘʪʦʯʥʳʭ ʘʢʮʝʧʪʦʨʦʚ ʫʞʝ ʚ ʥʝʙʦʣʴʰʠʭ ʧʦʣʷʭ < 3 ʊʣ ʟʘ ʩʯʝʪ ʩʠʣʴʥʦʛʦ ʢʚʘʥʪʦʚʘʥʠʷ ʵʣʝʢʪʨʦʥʦʚ 

ʩ ʤʘʣʦʡ ʵʬʬʝʢʪʠʚʥʦʡ ʤʘʩʩʦʡ, ʧʨʠʚʦʜʷʱʝʡ ʢ ʫʚʝʣʠʯʝʥʠʶ ʰʠʨʠʥʳ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ ʠ ʩʜʚʠʛʫ 

ʢʨʘʩʥʦʡ ʛʨʘʥʠʮʳ ʩʧʝʢʪʨʦʚ ʌʇ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʰʠʨʠʥʳ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ ʥʝʦʙʭʦʜʠʤʦ 

ʧʨʦʠʟʚʦʜʠʪʴ ʵʢʩʪʨʘʧʦʣʷʮʠʶ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʡ ʢ ʥʫʣʝʚʦʤʫ ʤʘʛʥʠʪʥʦʤʫ ʧʦʣʶ, ʜʣʷ ʯʝʛʦ ʠʟ-

ʟʘ ʩʠʣʴʥʦʡ ʥʝʧʘʨʘʙʦʣʠʯʥʦʩʪʠ ʟʘʢʦʥʘ ʜʠʩʧʝʨʩʠʠ ʚ ʟʦʥʝ ʧʨʦʚʦʜʠʤʦʩʪʠ ʪʨʝʙʫʝʪʩʷ ʧʨʠʙʝʛʘʪʴ ʢ 

ʧʦʤʦʱʠ ʯʠʩʣʝʥʥʳʭ ʨʘʩʯʝʪʦʚ ʫʨʦʚʥʝʡ ʃʘʥʜʘʫ. ɺ ʵʪʦʤ ʩʤʳʩʣʝ ʪʘʢʘʷ ʤʝʪʦʜʠʢʘ ʥʝ ʠʤʝʝʪ 

ʟʥʘʯʠʪʝʣʴʥʳʭ ʧʨʝʠʤʫʱʝʩʪʚ ʧʝʨʝʜ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʤʘʛʥʠʪʦʧʦʛʣʦʱʝʥʠʷ, ʢʦʪʦʨʳʝ ʜʘʶʪ ʙʦʣʝʝ 

ʜʝʪʘʣʴʥʫʶ ʢʘʨʪʠʥʫ ʧʝʨʝʭʦʜʦʚ ʤʝʞʜʫ ʫʨʦʚʥʷʤʠ ʃʘʥʜʘʫ, ʦʜʥʘʢʦ ʩʣʫʞʠʪ ʧʦʣʝʟʥʳʤ ʜʦʧʦʣʥʝʥʠʝʤ 

ʚ ʤʘʣʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ (ʜʦ 1 ʊʣ), ʢʦʛʜʘ çʚʠʜʥʦʩʪʴè ʦʩʦʙʝʥʥʦʩʪʝʡ ʥʘ ʤʘʛʥʠʪʦʦʧʪʠʯʝʩʢʠʭ 

ʩʧʝʢʪʨʘʭ ʩʥʠʞʘʝʪʩʷ.  

ʉʧʝʢʪʨʦʩʢʦʧʠʷ ʤʘʛʥʠʪʦʧʦʛʣʦʱʝʥʠʷ ʙʳʣʘ ʫʩʧʝʰʥʦ ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ ʭʘʨʘʢʪʝʨʠʟʘʮʠʠ 

ʩʪʨʫʢʪʫʨ ʚ ʘʚʪʦʨʩʢʦʡ ʨʘʙʦʪʝ [ɸ4], ʛʜʝ ʧʨʦʩʣʝʞʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʵʥʝʨʛʠʡ ʤʝʞʟʦʥʥʳʭ ʧʝʨʝʭʦʜʦʚ 

(ʧʝʨʝʭʦʜʦʚ ʤʝʞʜʫ ʫʨʦʚʥʷʤʠ ʃʘʥʜʘʫ, ʚʦʟʥʠʢʘʶʱʠʭ ʚ ʚʘʣʝʥʪʥʦʡ ʟʦʥʝ ʠ ʟʦʥʝ ʧʨʦʚʦʜʠʤʦʩʪʠ) 

ʦʪ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ (ʜʦ 16 ʊʣ) ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. ʉʦʩʪʦʷʥʠʷ 

ʘʢʮʝʧʪʦʨʦʚ ʠʟ-ʟʘ ʙʦʣʴʰʦʡ ʵʬʬʝʢʪʠʚʥʦʡ ʤʘʩʩʳ ʚ ʚʘʣʝʥʪʥʦʡ ʟʦʥʝ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʩʧʳʪʳʚʘʶʪ 

ʚʣʠʷʥʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʠ ʩʧʝʢʪʨʘʣʴʥʦʝ ʧʦʣʦʞʝʥʠʝ ʦʩʦʙʝʥʥʦʩʪʝʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʥʠʤʠ, 

ʩʦʭʨʘʥʷʝʪʩʷ. ʇʦʜʙʠʨʘʷ ʪʝʤʧʝʨʘʪʫʨʫ ʠʟʤʝʨʝʥʠʡ, ʫʜʘʣʦʩʴ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ ʢʦʨʥʝʚʫʶ 

ʟʘʚʠʩʠʤʦʩʪʴ ʵʥʝʨʛʠʠ ʧʝʨʝʭʦʜʘ ʦʪ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʭʘʨʘʢʪʝʨʥʫʶ ʜʣʷ ʙʝʟʤʘʩʩʦʚʳʭ 

ʧʩʝʚʜʦʨʝʣʷʪʠʚʠʪʩʢʠʭ ʬʝʨʤʠʦʥʦʚ ʂʝʡʥʘ, ʪ.ʝ. ʦʧʨʝʜʝʣʠʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʧʝʨʝʭʦʜʘ 
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ʦʪ ʠʥʚʝʨʪʠʨʦʚʘʥʥʦʡ ʢ ʥʦʨʤʘʣʴʥʦʡ ʟʦʥʥʦʡ ʩʪʨʫʢʪʫʨʝ ʚ ʤʘʪʝʨʠʘʣʝ ʩ ʥʫʣʝʚʦʡ ʱʝʣʴʶ ʠ ʫʩʪʘʥʦʚʠʪʴ 

ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʧʩʝʚʜʦʨʝʣʷʪʠʚʠʩʪʢʦʛʦ ʦʧʠʩʘʥʠʷ ʵʣʝʢʪʨʦʥʦʚ ʠ ʣʝʛʢʠʭ ʜʳʨʦʢ ï 

ʬʝʨʤʠʦʥʦʚ.  

ɺ ʨʘʟʜʝʣʝ 2.5 ʦʧʠʩʘʥʘ ʤʝʪʦʜʠʢʘ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʧʝʢʪʨʦʚ ʠ ʢʠʥʝʪʠʢʠ ʌʃ ʦʙʲʝʤʥʳʭ 

ʧʣʝʥʦʢ HgCdTe ʚ ʜʠʘʧʘʟʦʥʝ ʜʣʠʥ ʚʦʣʥ ʦʪ 8 ʜʦ 30 ʤʢʤ. ʀʩʩʣʝʜʫʝʤʳʡ ʦʙʨʘʟʝʮ ʨʘʩʧʦʣʘʛʘʣʩʷ 

ʚʥʫʪʨʠ ʢʨʠʦʩʪʘʪʘ ʟʘʤʢʥʫʪʦʛʦ ʮʠʢʣʘ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 8 ʜʦ 

300 ʂ. ʀʟʣʫʯʝʥʠʝ ʌʃ ʟʘʚʦʜʠʣʦʩʴ ʚ ʬʫʨʴʝ-ʩʧʝʢʪʨʦʤʝʪʨ ʩ ʧʦʤʦʱʴʶ ʵʣʣʠʧʪʠʯʝʩʢʦʛʦ ʟʝʨʢʘʣʘ ʠʣʠ 

ʩ ʧʦʤʦʱʴʶ ʩʧʝʮʠʘʣʴʥʦʡ ʚʦʣʥʦʚʦʜʥʦʡ ʚʩʪʘʚʢʠ, ʛʝʨʤʝʪʠʯʥʦ ʩʦʝʜʠʥʷʶʱʝʡ ʢʨʠʦʩʪʘʪ ʟʘʤʢʥʫʪʦʛʦ 

ʮʠʢʣʘ ʠ ʬʫʨʴʝ-ʩʧʝʢʪʨʦʤʝʪʨ. ʅʘ ʚʭʦʜʥʦʤ ʦʢʥʝ ʩʧʝʢʪʨʦʤʝʪʨʘ ʫʩʪʘʥʘʚʣʠʚʘʣʩʷ ʦʧʪʠʯʝʩʢʠʡ ʬʠʣʴʪʨ, 

ʦʪʩʝʢʘʶʱʠʡ ʨʘʩʩʝʷʥʥʦʝ ʠʟʣʫʯʝʥʠʝ ʚʦʟʙʫʞʜʘʶʱʝʛʦ ʣʘʟʝʨʘ. ɼʣʷ ʚʨʝʤʷʨʘʟʨʝʰʝʥʥʳʭ ʠʟʤʝʨʝʥʠʡ 

ʩʧʝʢʪʨʦʚ ʌʃ ʧʨʠ ʠʤʧʫʣʴʩʥʦʤ ʚʦʟʙʫʞʜʝʥʠʠ ʥʘ ʢʘʞʜʦʤ çʰʘʛʝè ʩʢʘʥʠʨʦʚʘʥʠʷ ʟʝʨʢʘʣʘ ʌʫʨʴʝ-

ʩʧʝʢʪʨʦʤʝʪʨʘ ʧʨʦʚʦʜʠʣʦʩʴ ʠʟʤʝʨʝʥʠʝ ʢʠʥʝʪʠʢʠ ʩʠʛʥʘʣʘ ʜʣʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʪʦʯʢʠ 

ʠʥʪʝʨʬʝʨʦʛʨʘʤʤʳ ʩ ʟʘʧʫʩʢʦʤ ʧʦ ʩʠʥʭʨʦʥʠʟʠʨʫʶʱʝʤʫ ʠʤʧʫʣʴʩʫ, ʯʪʦ ʧʦʟʚʦʣʷʣʦ ʧʦʩʣʝ ʬʫʨʴʝ-

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʧʦʣʫʯʠʪʴ ʢʠʥʝʪʠʢʫ ʜʣʷ ʢʘʞʜʦʡ ʪʦʯʢʠ ʩʧʝʢʪʨʘ, ʪ.ʝ. ʨʝʘʣʠʟʦʚʘʪʴ ʨʘʟʨʝʰʝʥʥʫʶ 

ʧʦ ʚʨʝʤʝʥʠ ʩʧʝʢʪʨʦʩʢʦʧʠʶ ʌʃ [A5]. 

ʈʘʟʜʝʣ 2.6 ʧʦʩʚʷʱʝʥ ʠʩʩʣʝʜʦʚʘʥʠʷʤ ʌʃ ʧʨʠ ʥʝʧʨʝʨʳʚʥʦʤ ʦʧʪʠʯʝʩʢʦʤ ʚʦʟʙʫʞʜʝʥʠʠ. 

ɼʣʷ çʠʜʝʘʣʴʥʦʛʦè ʧʦʣʫʧʨʦʚʦʜʥʠʢʘ ʩ ʢʦʨʥʝʚʦʡ ʟʘʚʠʩʠʤʦʩʪʴʶ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʡ ʧʣʦʪʥʦʩʪʠ 

ʩʦʩʪʦʷʥʠʡ ʩʫʱʝʩʪʚʫʝʪ ʪʝʦʨʝʪʠʯʝʩʢʠʡ ʧʨʝʜʝʣ ʜʣʷ ʰʠʨʠʥʳ ʣʠʥʠʠ ʌʃ FWHM(T) = 1.8kɺT. 

ʅʘ ʨʠʩʫʥʢʝ 2 ʧʦʢʘʟʘʥʘ ʵʚʦʣʶʮʠʷ ʩʧʝʢʪʨʦʚ ʌʃ ʦʜʥʦʛʦ ʠʟ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʦʙʨʘʟʮʦʚ ʠ ʰʠʨʠʥʳ 

ʣʠʥʠʠ ʌʃ ʧʨʠ ʧʦʚʳʰʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ. ʇʨʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʰʠʨʠʥʘ ʣʠʥʠʠ ʌʃ 

ʧʨʘʢʪʠʯʝʩʢʠ ʜʦʩʪʠʛʘʝʪ ʩʚʦʝʛʦ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʧʨʝʜʝʣʘ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʤʘʣʳʡ ʚʢʣʘʜ 

çʧʘʨʘʟʠʪʥʳʭè ʤʝʭʘʥʠʟʤʦʚ ʫʰʠʨʝʥʠʷ, ʚ ʪʦʤ ʯʠʩʣʝ ʟʘ ʩʯʝʪ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʩʦʩʪʘʚʘ. ʆʮʝʥʠʪʴ 

ʚʝʣʠʯʠʥʫ ʪʘʢʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʤʦʞʥʦ ʧʨʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʢʦʛʜʘ ʩ ʭʦʨʦʰʝʡ ʪʦʯʥʦʩʪʴʶ 

ʤʦʞʥʦ ʩʯʠʪʘʪʴ, ʯʪʦ ʰʠʨʠʥʘ ʩʧʝʢʪʨʘ ʌʃ ʧʦʣʥʦʩʪʴʶ ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʘʟʙʨʦʩʦʤ ʧʘʨʘʤʝʪʨʦʚ 

ʩʪʨʫʢʪʫʨʳ. ʊʠʧʠʯʥʘʷ ʰʠʨʠʥʘ ʩʧʝʢʪʨʘ ʩʦʩʪʘʚʣʷʝʪ ~ 7 ʤʵɺ, ʯʪʦ ʚ ʧʝʨʝʩʯʝʪʝ ʥʘ ʜʦʣʶ ʉd ʜʘʝʪ 

ʚʝʣʠʯʠʥʫ ʨʘʟʙʨʦʩʘ ȹʭ~0.0004, ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʶʱʫʶʩʷ ʩ ʜʘʥʥʳʤʠ ʪʝʭʥʦʣʦʛʦʚ. 

 
 

ʈʠʩʫʥʦʢ 2 - (ʘ) ʉʧʝʢʪʨʳ ʌʃ ʵʧʠʪʘʢʩʠʘʣʴʥʦʛʦ ʩʣʦʷ  ̄120613 (ʜʦʣʷ Cd x = 0.22) ʧʨʠ 

(ʘ) (ʙ) 
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ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ: 1 ï 18 ʂ, 2 ï 70 ʂ, 3 ï 140 ʂ, 4 ï 200 ʂ; (ʙ) ɿʘʚʠʩʠʤʦʩʪʴ 

ʧʦʣʫʰʠʨʠʥʳ ʣʠʥʠʠ ʌʃ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʜʣʷ ʨʷʜʘ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʦʙʨʘʟʮʦʚ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʩʣʝʜʦʚʘʥʠʷ ʌʃ ʚ ʮʝʣʦʤ ʧʦʜʪʚʝʨʞʜʘʶʪ ʚʳʚʦʜʳ ʦ ʚʳʩʦʢʦʡ 

ʦʜʥʦʨʦʜʥʦʩʪʠ ʩʪʨʫʢʪʫʨ ʠ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʣʫʯʝʥʠʷ ʤʝʞʟʦʥʥʦʡ ʵʤʠʩʩʠʠ ʚ ʵʧʠʪʘʢʩʠʘʣʴʥʦʤ 

HgCdTe, ʚʳʨʘʱʝʥʥʳʤ ʤʝʪʦʜʦʤ ʄʃʕ ʥʘ GaAs ʧʦʜʣʦʞʢʘʭ, ʚʧʣʦʪʴ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ ʜʦʩʪʠʞʠʤʦʡ 

ʧʨʠ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʦʤ ʦʭʣʘʞʜʝʥʠʠ. ʈʘʟʚʠʪʘʷ ʤʝʪʦʜʠʢʘ ʠʟʤʝʨʝʥʠʡ ʌʃ ʧʦʟʚʦʣʠʣʘ ʧʝʨʝʡʪʠ ʢ 

ʠʩʩʣʝʜʦʚʘʥʠʶ ʵʤʠʩʩʠʠ ʠʟ ʢʚʘʥʪʦʚʳʭ ʷʤ ʚ ʫʩʣʦʚʠʷʭ ʠʥʪʝʥʩʠʚʥʦʛʦ ʠʤʧʫʣʴʩʥʦʛʦ ʚʦʟʙʫʞʜʝʥʠʷ, 

ʯʪʦ ʚ ʢʦʥʝʯʥʦʤ ʩʯʝʪʝ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʉʀ. 

ɻʣʘʚʘ 3 ʧʦʩʚʷʱʝʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤʫ ʠʩʩʣʝʜʦʚʘʥʠʶ ʦʧʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

ʛʝʪʝʨʦʩʪʨʫʢʪʫʨ ʩ ʂʗ Hg1-xCdʭTe/CdyHg1-yTe (ʦʧʠʩʘʥʥʳʤʠ ʚ ʨʘʟʜʝʣʝ 3.1) ʧʨʠ ʨʘʟʣʠʯʥʳʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʩ ʧʦʤʦʱʴʶ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʌʇ ʠ ʌʃ (ʚ ʪʦʤ ʯʠʩʣʝ ʨʘʟʨʝʰʝʥʥʳʭ ʧʦ ʚʨʝʤʝʥʠ) ʚ 

ʩʨʝʜʥʝʤ ʠ ʜʘʣʴʥʝʤ ʀʂ ʜʠʘʧʘʟʦʥʘʭ. ʆʩʥʦʚʥʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʝʥʦ çʚʦʣʥʦʚʦʜʥʳʤè ʩʪʨʫʢʪʫʨʘʤ, 

ʢʦʪʦʨʳʝ ʩʦʜʝʨʞʘʪ ʤʘʩʩʠʚ ʂʗ, ʚʳʨʘʱʝʥʥʳʭ ʚʥʫʪʨʠ ʰʠʨʦʢʦʟʦʥʥʳʭ ʩʣʦʝʚ CdHgTe (ʧʦʜʨʦʙʥʝʝ 

ʩʤ. ɻʣʘʚʫ 5), ʬʦʨʤʠʨʫʶʱʠʭ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʡ ʚʦʣʥʦʚʦʜ. ɼʘʥʥʳʝ ʩʪʨʫʢʪʫʨʳ ʙʳʣʠ ʩʧʝʮʠʘʣʴʥʦ 

ʩʢʦʥʩʪʨʫʠʨʦʚʘʥʳ ʠ ʚʳʨʘʱʝʥʳ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʩʪʠʤʫʣʠʨʦʚʘʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ (ʛʣʘʚʳ 5, 6). 

ʄʝʪʦʜʳ ʨʘʩʯʝʪʘ ʟʦʥʥʦʛʦ ʩʧʝʢʪʨʘ ʂʗ Hg1-xCdʭTe/CdyHg1-yTe ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʨʘʟʜʝʣʝ 3.2. 

ɺ ʨʘʟʜʝʣʝ 3.3 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʧʝʢʪʨʦʚ ʌʇ ʠ ʌʃ ʩʪʨʫʢʪʫʨ ʩ ʂʗ 

ʥʘ ʦʩʥʦʚʝ HgCdTe. ʇʝʨʝʭʦʜ ʦʪ ʦʙʲʝʤʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʢ ʂʗ, ʪʨʝʙʫʝʤʳʭ ʜʣʷ ʩʦʟʜʘʥʠʷ ʘʢʪʠʚʥʦʡ 

ʩʨʝʜʳ ʜʣʷ ʣʘʟʝʨʦʚ, ʧʨʠʚʦʜʠʪ ʢ ʧʝʨʝʩʪʨʦʡʢʝ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʩʧʝʢʪʨʘ ʥʦʩʠʪʝʣʝʡ. ɹʣʘʛʦʜʘʨʷ 

ʠʥʚʝʨʪʠʨʦʚʘʥʥʦʤʫ ʟʦʥʥʦʤʫ ʩʧʝʢʪʨʫ ʩʦʩʪʘʚʦʚ Hg1-xCdxTe c x < 0.168,  ʦʜʠʥʘʢʦʚʫʶ ʰʠʨʠʥʫ 

ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʚ ʩʪʨʫʢʪʫʨʘʭ ʩ ʨʘʟʣʠʯʥʳʤ ʜʠʟʘʡʥʦʤ. ɺʘʞʥʦ ʧʦʜʯʝʨʢʥʫʪʴ, 

ʯʪʦ ʥʝʙʦʣʴʰʠʝ ʨʘʟʣʠʯʠʷ ʚ ʧʘʨʘʤʝʪʨʘʭ ʩʪʨʫʢʪʫʨ ʧʨʠʚʦʜʷʪ ʢ ʩʫʱʝʩʪʚʝʥʥʦʡ ʨʘʟʥʠʮʝ ʚ ʠʭ 

ʦʧʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚʘʭ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʤʝʞʟʦʥʥʦʡ ʵʤʠʩʩʠʠ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, 

ʯʪʦ ʦʩʥʦʚʥʳʝ ʤʝʭʘʥʠʟʤʳ ʨʝʢʦʤʙʠʥʘʮʠʠ ʠ ʚʥʫʪʨʝʥʥʠʭ ʧʦʪʝʨʴ ʚ ʩʪʨʫʢʪʫʨʝ ʟʘʤʝʪʥʦ ʦʪʣʠʯʘʶʪʩʷ 

ʠʟ-ʟʘ ʨʘʟʣʠʯʠʡ ʚ ʟʘʢʦʥʝ ʜʠʩʧʝʨʩʠʠ ʥʦʩʠʪʝʣʝʡ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʝʪʘʣʴʥʘʷ ʭʘʨʘʢʪʝʨʠʟʘʮʠʷ 

ʩʪʨʫʢʪʫʨ ʷʚʣʷʝʪʩʷ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʚʘʞʥʦʡ ʜʣʷ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʥʘʙʣʶʜʘʝʤʳʭ ʚʨʝʤʝʥ ʞʠʟʥʠ ʠ 

ʧʦʠʩʢʘ ʧʫʪʝʡ ʦʧʪʠʤʠʟʘʮʠʠ ʜʠʟʘʡʥʘ ʘʢʪʠʚʥʦʡ ʦʙʣʘʩʪʠ. ʂʘʢ ʧʦʢʘʟʘʣʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ, ʚ ʚʳʨʘʱʠʚʘʝʤʳʭ ʂʗ ʠʟ ʥʦʤʠʥʘʣʴʥʦ ʙʠʥʘʨʥʦʛʦ HgTe ʥʘʙʣʶʜʘʣʦʩʴ ʥʘʣʠʯʠʝ 

ʦʩʪʘʪʦʯʥʦʛʦ ʢʘʜʤʠʷ. ɼʣʷ ʦʜʥʦʟʥʘʯʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʩʪʨʫʢʪʫʨʳ (ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ 

ʰʠʨʠʥʳ ʂʗ ʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʘʜʤʠʷ ʚ ʥʝʡ) ʙʳʣ ʧʨʠʤʝʥʝʥ ʢʦʤʧʣʝʢʩ ʤʝʪʦʜʦʚ, ʚʢʣʶʯʘʶʱʠʭ 

ʧʨʦʩʚʝʯʠʚʘʶʱʫʶ ʵʣʝʢʪʨʦʥʥʫʶ ʤʠʢʨʦʩʢʦʧʠʶ [A6], ʚʪʦʨʠʯʥʦ-ʠʦʥʥʫʶ ʤʘʩʩ ʩʧʝʢʪʨʦʩʢʦʧʠʶ, 

ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ, ʩʧʝʢʪʨʦʩʢʦʧʠʶ ʌʇ ʠ ʌʃ [A6, A8, A9] ʠ ʤʘʛʥʠʪʦʧʦʛʣʦʱʝʥʠʷ [ɸ6] 

ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. ʈʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʝ 

ʩʦʛʣʘʩʠʝ ʧʘʨʘʤʝʪʨʦʚ ʩʪʨʫʢʪʫʨ, ʦʧʨʝʜʝʣʷʝʤʳʭ ʠʟ ʧʝʨʚʳʭ ʪʨʝʭ ʤʝʪʦʜʦʚ, ʪʨʝʙʫʝʤʫʶ ʪʦʯʥʦʩʪʴ 

ʭʘʨʘʢʪʝʨʠʟʘʮʠʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʪʦʣʴʢʦ ʦʧʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ, ʚ ʦʩʥʦʚʥʦʤ ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʌʇ ʚ 
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ʩʦʯʝʪʘʥʠʠ ʩ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʤʘʛʥʠʪʦʧʦʛʣʦʱʝʥʠʷ ʚ ʩʠʣʴʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ. ʆʩʥʦʚʥʳʤ 

ʚʳʚʦʜʦʤ ʷʚʣʷʝʪʩʷ ʭʦʨʦʰʝʝ ʩʦʦʪʚʝʪʩʪʚʠʝ ʰʠʨʠʥʳ ʂʗ ʜʘʥʥʳʤ in situ ʵʣʣʠʧʩʦʤʝʪʨʠʠ, ʚ ʪʦ ʚʨʝʤʷ 

ʢʘʢ ʧʦʧʨʘʚʢʘ ʢ ʩʦʜʝʨʞʘʥʠʶ ʢʘʜʤʠʷ ʤʦʞʝʪ cʦʩʪʘʚʣʷʪʴ ʜʦ 10 % [A6].  

ɺʦ ʚʩʝʭ ʩʪʨʫʢʪʫʨʘʭ ʧʦʣʦʩʘ ʤʝʞʟʦʥʥʳʭ ʧʝʨʝʭʦʜʦʚ ʥʘ ʩʧʝʢʪʨʘʭ ʌʇ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʤʝʥʝʝ 

ʨʝʟʢʠʤ ʜʣʠʥʥʦʚʦʣʥʦʚʳʤ ʢʨʘʝʤ, ʯʝʤ ʚ ʩʧʝʢʪʨʘʭ ʌʇ ʦʙʲʝʤʥʳʭ ʧʣʝʥʦʢ. ɺʚʝʜʝʥʥʘʷ ʧʦ ʘʥʘʣʦʛʠʠ 

ʩ ʦʙʲʝʤʥʳʤ ʩʣʫʯʘʝʤ, ʵʥʝʨʛʠʷ ʋʨʙʘʭʘ, ʦʧʠʩʳʚʘʶʱʘʷ ʨʝʟʢʦʩʪʴ ʢʨʘʷ, ʩʦʩʪʘʚʣʷʝʪ 1.5 ï 6.5 ʤʵɺ 

ʠ ʠʤʝʝʪ ʪʝʥʜʝʥʮʠʶ ʢ ʫʚʝʣʠʯʝʥʠʶ ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʰʠʨʠʥʳ ʂʗ [A2]. 

ɺʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʌʃ ʧʨʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʷʚʣʷʝʪʩʷ 

ʩʣʝʜʩʪʚʠʝʤ ʢʨʘʡʥʝ ʩʣʘʙʦʛʦ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʛʘʰʝʥʠʷ ʌʃ [A7, A8], ʢʦʪʦʨʦʝ ʦʪʤʝʯʘʝʪʩʷ 

ʠ ʜʨʫʛʠʤʠ ʛʨʫʧʧʘʤʠ [35] ʚ ʩʪʨʫʢʪʫʨʘʭ ʩ ʂʗ ʥʘ ʦʩʥʦʚʝ HgCdTe, ʚʳʨʘʱʝʥʥʳʭ ʤʝʪʦʜʦʤ ʄʃʕ. 

ʐʠʨʠʥʘ ʩʧʝʢʪʨʘ ʌʃ ʜʘʞʝ ʚ ʦʜʠʥʦʯʥʳʭ ʷʤʘʭ ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʳʰʘʝʪ ʪʝʦʨʝʪʠʯʝʩʢʠʡ ʧʨʝʜʝʣ ʜʣʷ 

ʜʚʫʤʝʨʥʦʛʦ ʩʣʫʯʘʷ [A7-A9], ʢʦʪʦʨʳʡ ʩʦʩʪʘʚʣʷʝʪ 0.7kɺT ʟʘ ʩʯʝʪ ʙʦʣʝʝ ʨʝʟʢʦʛʦ ʨʦʩʪʘ ʧʣʦʪʥʦʩʪʠ 

ʩʦʩʪʦʷʥʠʡ ʚ ʂʗ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʙʲʝʤʥʳʤ ʤʘʪʝʨʠʘʣʦʤ.  

ɺ ʮʝʣʦʤ ʤʦʞʥʦ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʩʪʝʧʝʥʴ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʧʘʨʘʤʝʪʨʦʚ ʩʪʨʫʢʪʫʨ ʂʗ 

ʙʦʣʴʰʝ, ʯʝʤ ʫ ʦʙʲʝʤʥʳʭ ʧʣʝʥʦʢ, ʯʪʦ ʩʚʷʟʳʚʘʝʪʩʷ ʩ ʬʣʫʢʪʫʘʮʠʷʤʠ ʰʠʨʠʥʳ ʂʗ. ɺ ʣʫʯʰʠʭ 

ʦʙʨʘʟʮʘʭ ʰʠʨʠʥʘ ʣʠʥʠʠ ʤʝʞʟʦʥʥʦʡ ʌʃ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 4 ʤʵɺ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 8 ï 20 ʂ, 

ʪʠʧʠʯʥʦʝ ʟʥʘʯʝʥʠʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʚʝʣʠʯʠʥʘʤ 6 ï 8 ʤʵɺ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʮʝʥʠʚʘʝʤʳʡ ʩʚʝʨʭʫ 

ʤʘʩʰʪʘʙ ʥʝʦʜʥʦʨʦʜʥʦʛʦ ʫʰʠʨʝʥʠʷ ʵʥʝʨʛʠʠ ʤʝʞʟʦʥʥʦʛʦ ʧʝʨʝʭʦʜʘ ʩʦʩʪʘʚʣʷʝʪ ʥʝ ʙʦʣʝʝ 8 ʤʵɺ, 

ʯʪʦ ʤʝʥʴʰʝ ʪʠʧʠʯʥʳʭ ʟʥʘʯʝʥʠʡ ʵʥʝʨʛʠʠ ʢʚʘʟʠʫʨʦʚʥʝʡ ʌʝʨʤʠ (15 ï 20 ʤʵɺ), ʧʨʠ ʢʦʪʦʨʳʭ 

ʚʦʟʥʠʢʘʝʪ ʫʩʠʣʝʥʠʝ ʥʘ ʤʝʞʟʦʥʥʳʭ ʧʝʨʝʭʦʜʘʭ. ʇʦʩʣʝʜʥʝʝ ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʯʠʪʳʚʘʪʴ ʥʘ ʫʤʝʨʝʥʥʦʝ 

ʚʣʠʷʥʠʝ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʩʪʨʫʢʪʫʨ ʥʘ ʚʝʣʠʯʠʥʫ ʧʦʨʦʛʦʚʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʥʘʢʘʯʢʠ ʜʣʷ 

ʛʝʥʝʨʘʮʠʠ ʠʟʣʫʯʝʥʠʷ. ɺ ʵʪʦʡ ʩʚʷʟʠ ʦʩʥʦʚʥʳʤ ʬʘʢʪʦʨʦʤ, ʦʪʚʝʪʩʪʚʝʥʥʳʤ ʟʘ ʚʦʟʤʦʞʥʦʩʪʴ 

ʛʝʥʝʨʘʮʠʠ, ʩʪʘʥʦʚʷʪʩʷ ʚʨʝʤʝʥʘ ʞʠʟʥʠ ʥʦʩʠʪʝʣʝʡ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʧʦʨʦʛʦʚʫʶ ʧʣʦʪʥʦʩʪʴ 

ʚʦʟʙʫʞʜʝʥʠʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʠʥʚʝʨʩʠʠ ʥʘʩʝʣʝʥʥʦʩʪʝʡ. 

ʈʘʟʜʝʣ 3.4 ʧʦʩʚʷʱʝʥ ʠʩʩʣʝʜʦʚʘʥʠʶ ʚʨʝʤʝʥ ʞʠʟʥʠ ʥʦʩʠʪʝʣʝʡ ʚ ʂʗ ʥʘ ʦʩʥʦʚʝ HgCdTe. 

ʀʟʫʯʝʥʠʝ ʚʨʝʤʝʥʥʦʡ ʜʠʥʘʤʠʢʠ ʥʝʨʘʚʥʦʚʝʩʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʘ ʙʳʣʦ ʚʳʧʦʣʥʝʥʦ 

ʩ ʧʦʤʦʱʴʶ ʧʨʷʤʳʭ ʠʟʤʝʨʝʥʠʡ ʢʠʥʝʪʠʢʠ ʌʇ ʧʦʩʣʝ ʠʤʧʫʣʴʩʥʦʛʦ ʚʦʟʙʫʞʜʝʥʠʷ. ʇʦʜʦʙʥʳʝ 

ʠʟʤʝʨʝʥʠʷ ʧʦʟʚʦʣʷʶʪ ʚʦʩʩʪʘʥʦʚʠʪʴ ʟʘʚʠʩʠʤʦʩʪʴ ʤʛʥʦʚʝʥʥʦʛʦ ʚʨʝʤʝʥʠ ʞʠʟʥʠ ʥʦʩʠʪʝʣʝʡ ʦʪ ʠʭ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʜʘʞʝ ʚ ʩʣʫʯʘʝ ʩʣʦʞʥʦʡ ʥʝʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʡ ʢʠʥʝʪʠʢʠ ʬʦʪʦʦʪʢʣʠʢʘ. ʇʨʠ 

ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʢʠʥʝʪʠʢʠ ʌʇ ʦʙʨʘʟʝʮ ʨʘʩʧʦʣʘʛʘʣʩʷ ʚ ʪʨʘʥʩʧʦʨʪʥʦʤ ʩʦʩʫʜʝ ɼʴʶʘʨʘ, ʠ ʩʠʛʥʘʣ 

ʬʦʪʦʦʪʢʣʠʢʘ ʧʦ ʢʦʘʢʩʠʘʣʴʥʦʤʫ ʢʘʙʝʣʶ ʧʦʩʪʫʧʘʣ ʥʘ ʚʭʦʜ ʰʠʨʦʢʦʧʦʣʦʩʥʦʛʦ ʫʩʠʣʠʪʝʣ ̫ʠ ʜʘʣʝʝ 

ʥʘ 50-ʦʤʥʳʡ ʚʭʦʜ ʮʠʬʨʦʚʦʛʦ ʦʩʮʠʣʣʦʛʨʘʬʘ [A3]. ɼʣʷ ʦʧʪʠʯʝʩʢʦʛʦ ʚʦʟʙʫʞʜʝʥʠʷ ʩʪʨʫʢʪʫʨ 

ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʛʝʥʝʨʘʪʦʨ ʨʘʟʥʦʩʪʥʦʡ ʛʘʨʤʦʥʠʢʠ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʩʚʝʪʘ (ʇɻʉ) 

çSolarOPOè (ʜʣʠʥʘ ʚʦʣʥʳ 11 ï 17 ʤʢʤ). ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʇɻʉ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʚʳʙʦʨʘ ʜʣʠʥʳ 

ʚʦʣʥʳ ʚʦʟʙʫʞʜʝʥʠʷ, ʙʣʠʟʢʦʡ ʢ ʢʨʘʶ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʛʦ ʧʦʛʣʦʱʝʥʠʷ, ʧʦʟʚʦʣʷʣʦ ʩʦʟʜʘʚʘʪʴ 
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ʥʝʨʘʚʥʦʚʝʩʥʳʝ ʥʦʩʠʪʝʣʠ ʩ ʤʘʣʦʡ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʝʡ ʠ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʚʣʠʷʥʠʝ ʨʘʟʦʛʨʝʚʘ 

ʥʦʩʠʪʝʣʝʡ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʘ ʩ ʜʨʫʛʦʡ, ʜʦʙʠʪʴʩʷ ʚʳʩʦʢʦʡ ʦʜʥʦʨʦʜʥʦʩʪʠ ʚʦʟʙʫʞʜʝʥʠʷ 

ʧʦ ʛʣʫʙʠʥʝ ʩʪʨʫʢʪʫʨʳ [A10]. 

ʅʘʠʙʦʣʝʝ ʩʣʦʞʝʥ ʜʣʷ ʘʥʘʣʠʟʘ, ʠʟ-ʟʘ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʨʘʟʣʠʯʥʳʭ ʚʘʨʠʘʥʪʦʚ ʬʦʨʤʳ 

ʢʨʠʚʦʡ ʬʦʪʦʦʪʢʣʠʢʘ, ʤʝʭʘʥʠʟʤ ʐʦʢʣʠ-ʈʠʜʘ-ʍʦʣʣʘ (ʐʈʍ), ʦʙʫʩʣʦʚʣʝʥʥʳʡ ʧʦʦʯʝʨʝʜʥʳʤ 

ʟʘʭʚʘʪʦʤ ʜʳʨʢʠ ʠ ʵʣʝʢʪʨʦʥʘ ʥʘ ʫʨʦʚʥʠ ʣʦʚʫʰʝʢ ʚ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʝ. ʉʠʪʫʘʮʠʷ ʢʘʨʜʠʥʘʣʴʥʦ 

ʫʧʨʦʱʘʝʪʩʷ ʚ ʩʣʫʯʘʝ ʚʳʩʦʢʦʛʦ ʩʪʨʫʢʪʫʨʥʦʛʦ ʩʦʚʝʨʰʝʥʩʪʚʘ ʠ ʯʠʩʪʦʪʳ ʤʘʪʝʨʠʘʣʘ ʧʨʠ ʚʳʩʦʢʦʤ 

ʫʨʦʚʥʝ ʦʧʪʠʯʝʩʢʦʛʦ ʚʦʟʙʫʞʜʝʥʠʷ, ʧʨʠʚʦʜʷʱʝʛʦ ʢ çʥʘʩʳʱʝʥʠʶè ʢʘʥʘʣʘ ʨʝʢʦʤʙʠʥʘʮʠʠ ʐʈʍ. 

ʇʨʠʟʥʘʢʠ çʟʘʤʝʜʣʝʥʠʷè ʨʝʢʦʤʙʠʥʘʮʠʠ ʧʦ ʤʝʭʘʥʠʟʤʫ ʐʈʍ ʧʨʠ ʚʳʩʦʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʥʦʩʠʪʝʣʝʡ, ʩʠʩʪʝʤʘʪʠʯʝʩʢʠ ʥʘʙʣʶʜʘʣʠʩʴ ʚ ʂʗ ʥʘ ʦʩʥʦʚʝ HgCdTe ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʌʃ ʠ ʌʇ 

[ɸ7]. ʇʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʂʗ ʥʘ ʦʩʥʦʚʝ HgCdTe, ʠʩʩʣʝʜʫʝʤʳʤ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ, ʧʨʠ ʚʳʩʦʢʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʝʨʘʚʥʦʚʝʩʥʳʭ ʥʦʩʠʪʝʣʝʡ ʜʘʥʥʳʡ ʢʘʥʘʣ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʥʘʩʳʱʝʥʥʳʤ, ʠ ʦʩʥʦʚʥʘʷ 

çʢʦʥʢʫʨʝʥʮʠʷè ʚʦʟʥʠʢʘʝʪ ʤʝʞʜʫ ʧʨʦʮʝʩʩʘʤʠ ʠʟʣʫʯʘʪʝʣʴʥʦʡ ʠ ʦʞʝ-ʨʝʢʦʤʙʠʥʘʮʠʠ. 

ʊʝʤʧ ʠʟʣʫʯʘʪʝʣʴʥʦʡ ʨʝʢʦʤʙʠʥʘʮʠʠ ʧʨʠ ʚʳʩʦʢʦʤ ʫʨʦʚʥʝ ʚʦʟʙʫʞʜʝʥʠʷ ʧʨʦʧʦʨʮʠʦʥʘʣʝʥ 

ʢʚʘʜʨʘʪʫ ʥʝʨʘʚʥʦʚʝʩʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʟ-ʟʘ ʫʯʘʩʪʠʷ ʜʚʫʭ ʯʘʩʪʠʮ ʚ ʘʢʪʝ ʠʟʣʫʯʝʥʠʷ ʬʦʪʦʥʘ. ɼʣʷ 

ʚʨʝʤʝʥʠ ʠʟʣʫʯʘʪʝʣʴʥʦʡ ʨʝʢʦʤʙʠʥʘʮʠʠ ʤʦʞʥʦ ʟʘʧʠʩʘʪ ɹŰRR = B/(n0 + p0 + ȹn), ʛʜʝ n0, p0 ï 

ʨʘʚʥʦʚʝʩʥʳʝ çʪʝʤʥʦʚʳʝè ʢʦʥʮʝʥʪʨʘʮʠʠ ʵʣʝʢʪʨʦʥʦʚ ʠ ʜʳʨʦʢ, ʘ B ï ʢʦʥʩʪʘʥʪʘ, ʥʝ ʟʘʚʠʩʷʱʘʷ ʦʪ 

ʢʦʥʮʝʥʪʨʘʮʠʠ. ʈʝʰʘʷ ʫʨʘʚʥʝʥʠʝ dn/dt =  -ȹn/ŰRR, ʧʦʣʫʯʘʝʤ 
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ʛʜʝ Ű0 = B/(n0 + p0) ï ʠʟʣʫʯʘʪʝʣʴʥʦʝ ʚʨʝʤʷ ʚ ʨʝʞʠʤʝ ʩʣʘʙʦʛʦ ʚʦʟʙʫʞʜʝʥʠʷ ȹn << n0, p0. ɺʠʜʥʦ, 

ʯʪʦ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʧʨʦʩʪʦʡ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʡ ʬʫʥʢʮʠʝʡ ʦʧʠʩʳʚʘʝʪʩʷ ʜʠʥʘʤʠʢʘ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʚ ʤʠʥʫʩ ʧʝʨʚʦʡ ʩʪʝʧʝʥʠ. 

ʅʘʠʙʦʣʝʝ ʚʘʞʥʳʤ ʙʝʟʳʟʣʫʯʘʪʝʣʴʥʳʤ ʧʨʦʮʝʩʩʦʤ ʨʝʢʦʤʙʠʥʘʮʠʠ ʧʨʠ ʚʳʩʦʢʠʭ 

ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʥʦʩʠʪʝʣʝʡ ʷʚʣʷʝʪʩʷ ʦʞʝ-ʨʝʢʦʤʙʠʥʘʮʠʷ. ʕʥʝʨʛʠʷ, ʚʳʜʝʣʷʶʱʘʷʩʷ ʧʨʠ 

ʨʝʢʦʤʙʠʥʘʮʠʠ ʵʣʝʢʪʨʦʥ-ʜʳʨʦʯʥʦʡ ʧʘʨʳ ʚ ʩʣʫʯʘʝ ʦʞʝ-ʧʨʦʮʝʩʩʘ, ʧʝʨʝʜʘʝʪʩʷ ʪʨʝʪʴʝʤʫ ʥʦʩʠʪʝʣʶ. 

ʊʘʢ ʢʘʢ ʚ ʦʞʝ-ʧʨʦʮʝʩʩʝ ʫʯʘʩʪʚʫʶʪ ʪʨʠ ʯʘʩʪʠʮʳ, ʝʛʦ ʪʝʤʧ ʧʨʦʧʦʨʮʠʦʥʘʣʝʥ ʢʫʙʫ ʥʝʨʘʚʥʦʚʝʩʥʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʠ æn ʚ ʩʣʫʯʘʝ, ʢʦʛʜʘ æn = æp (ʥʘʧʨʠʤʝʨ, ʧʨʠ ʦʧʪʠʯʝʩʢʦʡ ʥʘʢʘʯʢʝ ʩʪʨʫʢʪʫʨʳ), ʠ æn 

ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʳʰʘʝʪ ʪʝʤʥʦʚʫʶ ʢʦʥʮʝʥʪʨʘʮʠʶ ʥʦʩʠʪʝʣʝʡ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʦʞʠʜʘʪʴ, 

ʯʪʦ ʪʝʤʧ ʦʞʝ-ʨʝʢʦʤʙʠʥʘʮʠʠ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʦʩʠʪʝʣʝʡ ʨʘʩʪʝʪ ʙʳʩʪʨʝʝ, ʯʝʤ 

ʩʢʦʨʦʩʪʴ ʠʟʣʫʯʘʪʝʣʴʥʦʡ ʨʝʢʦʤʙʠʥʘʮʠʠ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚʳʧʦʣʥʝʥʠʷ ʟʘʢʦʥʦʚ 

ʩʦʭʨʘʥʝʥʠʷ ʵʥʝʨʛʠʠ ʠ ʢʚʘʟʠʠʤʧʫʣʴʩʘ ʧʨʠ ʦʞʝ-ʧʨʦʮʝʩʩʝ ʧʨʠʚʦʜʠʪ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʧʦʨʦʛʘ (ʤʠʥʠʤʘʣʴʥʘʷ ʩʫʤʤʘʨʥʘʷ ʢʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʪʨʝʭ ʫʯʘʩʪʚʫʶʱʠʭ 

ʯʘʩʪʠʮ) ʜʣʷ ʦʞʝ-ʨʝʢʦʤʙʠʥʘʮʠʠ. ɼʣʷ ʧʘʨʘʙʦʣʠʯʝʩʢʠʭ ʟʦʥ ʵʣʝʢʪʨʦʥʦʚ ʠ ʜʳʨʦʢ ʩ ʵʬʬʝʢʪʠʚʥʳʤʠ 

ʤʘʩʩʘʤʠ me ʠ mh ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʦʨʦʛʦʚʘʷ ʵʥʝʨʛʠʷ ʩʦʩʪʘʚʣʷʝʪ [27] Eth = Egme/(me + mh). 
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ɿʘ ʩʯʝʪ çʩʠʤʤʝʪʨʠʟʘʮʠʠè ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʩʧʝʢʪʨʘ ʚ ʩʪʨʫʢʪʫʨʘʭ ʩ ʂʗ ʦʞʠʜʘʝʪʩʷ 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʧʦʨʦʛʘ ʦʞʝ-ʨʝʢʦʤʙʠʥʘʮʠʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʙʲʝʤʥʳʤ ʤʘʪʝʨʠʘʣʦʤ 

ʚʧʣʦʪʴ ʜʦ ʚʝʣʠʯʠʥʳ Eg/2. ʉ ʵʪʠʤ, ʚ ʪʦʤ ʯʠʩʣʝ, ʩʚʷʟʳʚʘʝʪʩʷ ʠ ʙʦʣʝʝ ʩʣʘʙʦʝ ʪʝʤʧʝʨʘʪʫʨʥʦʝ 

ʛʘʰʝʥʠʝ ʌʃ ʚ ʂʗ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʙʲʝʤʥʳʤʠ ʩʣʦʷʤʠ [A7]. ʆʜʥʘʢʦ ʩʣʝʜʫʝʪ ʧʦʜʯʝʨʢʥʫʪʴ, ʯʪʦ 

ʜʣʷ ʧʦʜʘʚʣʝʥʠʷ ʦʞʝ-ʨʝʢʦʤʙʠʥʘʮʠʠ ʚʘʞʥʘ ʥʝ ʪʦʣʴʢʦ ʩʠʤʤʝʪʨʠʯʥʦʩʪʴ ʟʘʢʦʥʦʚ ʜʠʩʧʝʨʩʠʠ 

ʵʣʝʢʪʨʦʥʦʚ ʠ ʜʳʨʦʢ, ʥʦ ʠ ʠʭ ʩʠʣʴʥʘʷ ʥʝʧʘʨʘʙʦʣʠʯʥʦʩʪʴ. ɺ ʠʩʩʣʝʜʫʝʤʳʭ ʂʗ ʨʝʘʣʠʟʫʝʪʩʷ 

 

 

 
 

ʈʠʩʫʥʦʢ 3 - (ʘ) ʀʣʣʶʩʪʨʘʮʠʷ ʥʝʚʦʟʤʦʞʥʦʩʪʠ ʚʳʧʦʣʥʝʥʠʷ ʟʘʢʦʥʦʚ ʩʦʭʨʘʥʝʥʠʷ ʵʥʝʨʛʠʠ-

ʢʚʘʟʠʠʤʧʫʣʴʩʘ ʧʨʠ ʨʝʣʷʪʠʚʠʩʪʩʢʦʤ ʟʘʢʦʥʝ ʜʠʩʧʝʨʩʠʠ ʵʣʝʢʪʨʦʥʦʚ ʠ ʜʳʨʦʢ: ʚ ʢʦʦʨʜʠʥʘʪʘʭ 

(ȹk, ȹE) ʥʝ ʩʫʱʝʩʪʚʫʝʪ ʧʘʨʳ ʠʟ ʤʝʞʟʦʥʥʦʛʦ ʧʝʨʝʭʦʜʘ (ʚʩʝʚʦʟʤʦʞʥʳʝ ʧʝʨʝʭʦʜʳ ʦʙʦʟʥʘʯʝʥʳ 

ʟʝʣʝʥʦʡ ʦʙʣʘʩʪʴʶ) ʠ ʚʥʫʪʨʠʟʦʥʥʦʛʦ ʧʝʨʝʭʦʜʘ (ʢʨʘʩʥʘʷ ʦʙʣʘʩʪʴ ʜʣʷ ʜʳʨʦʢ ʠ ʩʠʥʷʷ ʜʣʷ 

ʵʣʝʢʪʨʦʥʦʚ), ʫʜʦʚʣʝʪʚʦʨʷʶʱʝʡ ʪʨʝʙʦʚʘʥʠʶ ʘʥʪʠʢʦʣʣʠʥʝʘʨʥʦʩʪʠ, ʢʦʪʦʨʦʝ ʩʣʝʜʫʝʪ ʠʟ 

ʟʘʢʦʥʦʚ ʩʦʭʨʘʥʝʥʠʷ ʵʥʝʨʛʠʠ ʠ ʢʚʘʟʠʠʤʧʫʣʴʩʘ (ʦʪʩʫʪʩʪʚʫʶʪ ʧʝʨʝʩʝʯʝʥʠʷ ʟʝʣʝʥʦʡ ʦʙʣʘʩʪʠ ʩ 

ʢʨʘʩʥʦʡ ʠʣʠ ʩʠʥʝʡ); (ʙ) ʂʠʥʝʪʠʢʘ ʌʇ ʩʪʨʫʢʪʫʨʳ ˉ 150120 (ʜʦʣʷ Cd ʚ ʂʗ x = 0, dQW = 3.2 

ʥʤ) ʚ ʣʦʛʘʨʠʬʤʠʯʝʩʢʦʤ ʤʘʩʰʪʘʙʝ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʘʩʯʝʪʦʚ ʜʠʥʘʤʠʢʠ 

ʥʝʨʘʚʥʦʚʝʩʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʟʘ ʩʯʝʪ ʠʟʣʫʯʘʪʝʣʴʥʦʡ ʨʝʢʦʤʙʠʥʘʮʠʠ; (ʚ) ʉʨʘʚʥʝʥʠʝ ʢʠʥʝʪʠʢ 

ʌʇ ʩʪʨʫʢʪʫʨ ˉ 161222 (ʜʦʣʷ Cd ʚ ʂʗ x = 0.108, dQW = 6.1 ʥʤ) ʠ ˉ 150120 ʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʜʠʥʘʤʠʢʠ ʥʝʨʘʚʥʦʚʝʩʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʟʘ ʩʯʝʪ ʦʞʝ- 

ʠ ʠʟʣʫʯʘʪʝʣʴʥʦʡ ʨʝʢʦʤʙʠʥʘʮʠʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ; (ʛ) ʂʠʥʝʪʠʢʘ ʧʨʦʧʫʩʢʘʥʠʷ ʩʪʨʫʢʪʫʨʳ ʩ 

ʦʜʠʥʦʯʥʦʡ ʂʗ ʩ ʰʠʨʠʥʦʡ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ 20 ʤʵɺ ʧʨʠ 5.5 ʂ, ʧʦʣʫʯʝʥʥʦʡ ʤʝʪʦʜʦʤ 

ʥʘʢʘʯʢʘ-ʟʦʥʜʠʨʦʚʘʥʠʝ; ʜʣʠʥʘ ʚʦʣʥʳ ʚʦʟʙʫʞʜʘʶʱʝʛʦ ʠʟʣʫʯʝʥʠʷ 42 ʤʢʤ. ʅʘ ʚʩʪʘʚʢʝ ʫʢʘʟʘʥʦ 

ʯʠʩʣʦ ʬʦʪʦʥʦʚ ʥʘ ʝʜʠʥʠʮʫ ʧʣʦʱʘʜʠ ʚ ʧʘʜʘʶʱʝʤ ʥʘ ʦʙʨʘʟʝʮ ʠʤʧʫʣʴʩʝ ʠʟʣʫʯʝʥʠʷ 

(ʘ) 

(ʚ) (ʛ) 

(ʙ) 
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ʢʚʘʟʠʨʝʣʷʪʠʚʠʩʪʩʢʠʡ ʟʘʢʦʥ ʜʠʩʧʝʨʩʠʠ ʩ ʛʠʧʝʨʙʦʣʠʯʝʩʢʦʡ ʟʘʚʠʩʠʤʦʩʪʴʶ ʵʥʝʨʛʠʠ ʯʘʩʪʠʮ ʦʪ 

ʢʚʘʟʠʠʤʧʫʣʴʩʘ. ɼʣʷ ʯʠʩʪʦ ʨʝʣʷʪʠʚʠʩʪʩʢʦʛʦ ʟʘʢʦʥʘ ʦʞʝ-ʨʝʢʦʤʙʠʥʘʮʠʷ ʧʦʣʥʦʩʪʴʶ ʟʘʧʨʝʱʝʥʘ 

ʟʘʢʦʥʘʤʠ ʩʦʭʨʘʥʝʥʠʷ ʵʥʝʨʛʠʠ-ʠʤʧʫʣʴʩʘ, ʯʪʦ ʣʝʛʢʦ ʢʘʯʝʩʪʚʝʥʥʦ ʧʦʥʷʪʴ ʠʟ ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ 

ʧʦʩʪʨʦʝʥʠʷ ʤʥʦʞʝʩʪʚʘ ʤʝʞʟʦʥʥʳʭ ʠ ʚʥʫʪʨʠʟʦʥʥʳʭ ʧʝʨʝʭʦʜʦʚ (ʈʠʩʫʥʦʢ 3(ʘ)). 

ɺ ʦʪʥʦʩʠʪʝʣʴʥʦ ʰʠʨʦʢʦʟʦʥʥʳʭ ʩʪʨʫʢʪʫʨʘʭ ʩ ʂʗ, ʙʣʘʛʦʜʘʨʷ ʥʘʩʳʱʝʥʠʶ ʨʝʢʦʤʙʠʥʘʮʠʠ 

ʐʈʍ ʠ ʧʦʜʘʚʣʝʥʠʶ ʦʞʝ-ʨʝʢʦʤʙʠʥʘʮʠʠ, ʫʜʘʣʦʩʴ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ, ʯʪʦ 

ʨʝʣʘʢʩʘʮʠʷ ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʘ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʩʪʴʶ ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʟʣʫʯʘʪʝʣʴʥʦʡ 

ʨʝʢʦʤʙʠʥʘʮʠʝʡ, ʜʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ʧʦʯʪʠ ʚʩʝ ʥʝʨʘʚʥʦʚʝʩʥʳʝ ʥʦʩʠʪʝʣʠ ʚ ʂʗ ʨʝʢʦʤʙʠʥʠʨʫʶʪ ʩ 

ʠʩʧʫʩʢʘʥʠʝʤ ʬʦʪʦʥʘ. ʅʘ ʨʠʩʫʥʢʝ 3 (ʙ) ʧʦʢʘʟʘʥʘ ʢʠʥʝʪʠʢʘ ʨʝʣʘʢʩʘʮʠʠ ʌʇ ʩʪʨʫʢʪʫʨʳ ˉ 150120 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 77 ʂ. ɺʠʜʥʦ, ʯʪʦ ʦʩʮʠʣʣʦʛʨʘʤʤʘ ʬʦʪʦʦʪʢʣʠʢʘ ʥʝ ʩʧʨʷʤʣʷʝʪʩʷ ʚ 

ʣʦʛʘʨʠʬʤʠʯʝʩʢʦʤ ʤʘʩʰʪʘʙʝ, ʪʘʢ ʢʘʢ ʥʘʯʘʣʴʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʥʦʩʠʪʝʣʝʡ 1.5Ā1010 ʩʤ-2 

ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʳʰʘʝʪ ʪʝʤʥʦʚʫʶ ~ 1.2Ā109 ʩʤ-2 (ʦʧʨʝʜʝʣʝʥʘ ʧʦ ʠʟʤʝʨʝʥʠʷʤ ʵʬʬʝʢʪʘ ʍʦʣʣʘ). 

ʇʨʠ ʵʪʦʤ ʟʘʚʠʩʠʤʦʩʪʴ ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʪ ʚʨʝʤʝʥʠ ʙʣʠʟʢʘ ʢ ʧʨʝʜʩʢʘʟʳʚʘʝʤʦʡ ʜʣʷ ʠʟʣʫʯʘʪʝʣʴʥʦʡ 

ʨʝʢʦʤʙʠʥʘʮʠʠ ʚʳʨʘʞʝʥʠʝʤ (1). ʅʘ ʨʠʩʫʥʢʝ 3 (ʙ) ʧʫʥʢʪʠʨʦʤ ʧʦʢʘʟʘʥ ʨʝʟʫʣʴʪʘʪ ʪʦʯʥʦʛʦ ʨʘʩʯʝʪʘ 

ʜʠʥʘʤʠʢʠ ʩʧʘʜʘ ʥʝʨʘʚʥʦʚʝʩʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʦ ʤʝʭʘʥʠʟʤʫ ʠʟʣʫʯʘʪʝʣʴʥʦʡ ʨʝʢʦʤʙʠʥʘʮʠʠ, 

ʚʳʧʦʣʥʝʥʥʳʡ ɸʣʝʰʢʠʥʳʤ ɺ. ʗ. ʙʝʟ ʧʦʜʛʦʥʦʯʥʳʭ ʧʘʨʘʤʝʪʨʦʚ. ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʥʘʯʘʣʴʥʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʪʘʢʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʩʦʭʨʘʥʷʝʪʩʷ ʚʧʣʦʪʴ ʜʦ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʩʪʠʤʫʣʠʨʦʚʘʥʥʦʛʦ 

ʠʟʣʫʯʝʥʠʷ (ʉʀ) [A10, A11].  

ʋʚʝʣʠʯʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʘʜʤʠʷ ʚ ʂʗ ʧʨʠʚʦʜʠʪ ʢ ʨʝʟʢʦʤʫ ʠʟʤʝʥʝʥʠʶ ʜʠʥʘʤʠʢʠ 

ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʘ. ʅʘ ʨʠʩʫʥʢʝ 3 (ʚ) ʧʨʠʚʝʜʝʥʳ ʢʠʥʝʪʠʢʠ ʌʇ ʩʪʨʫʢʪʫʨ ˉ 161222 ʠ ˉ 150120 ʩ 

ʙʣʠʟʢʦʡ ʰʠʨʠʥʦʡ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ. ʀʟʤʝʥʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʩʪʨʫʢʪʫʨʳ ʧʨʠʚʦʜʠʪ ʢ ʩʤʝʥʝ 

ʜʦʤʠʥʠʨʫʶʱʝʛʦ ʢʘʥʘʣʘ ʨʝʢʦʤʙʠʥʘʮʠʠ ʩ ʠʟʣʫʯʘʪʝʣʴʥʦʛʦ ʥʘ ʦʞʝ-ʧʨʦʮʝʩʩ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ 

ʫʢʦʨʦʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʞʠʟʥʠ ʥʦʩʠʪʝʣʝʡ [A6, A8]. ʂʘʢ ʙʫʜʝʪ ʧʦʢʘʟʘʥʦ ʜʘʣʝʝ, ʵʪʦ ʩʚʷʟʘʥʦ 

ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʧʦʨʦʛʦʚʦʡ ʵʥʝʨʛʠʠ ʦʞʝ-ʨʝʢʦʤʙʠʥʘʮʠʠ ʠʟ-ʟʘ ʧʦʜʥʷʪʠʷ ʙʦʢʦʚʳʭ ʤʘʢʩʠʤʫʤʦʚ 

ʚ ʧʝʨʚʦʡ ʚʘʣʝʥʪʥʦʡ ʧʦʜʟʦʥʝ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʘʜʤʠʷ ʚ ʂʗ. 

ɺ ʂʗ ʩ ʤʝʥʴʰʝʡ ʰʠʨʠʥʦʡ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ ʚʨʝʤʷ ʞʠʟʥʠ ʥʦʩʠʪʝʣʝʡ ʦʞʠʜʘʝʤʦ 

ʫʤʝʥʴʰʘʝʪʩʷ ʧʦʜ ʚʣʠʷʥʠʝʤ ʙʝʟʳʟʣʫʯʘʪʝʣʴʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʨʝʢʦʤʙʠʥʘʮʠʠ. ʀʩʩʣʝʜʦʚʘʥʠʷ 

ʚʨʝʤʝʥ ʞʠʟʥʠ ʚ ʩʫʙ-ʥʘʥʦʩʝʢʫʥʜʥʦʤ ʜʠʘʧʘʟʦʥʝ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʤʝʪʦʜʦʤ çʥʘʢʘʯʢʘ-

ʟʦʥʜʠʨʦʚʘʥʠʝè (pump-probe) ʚ ʊɻʮ ʜʠʘʧʘʟʦʥʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʣʘʟʝʨʘ ʥʘ ʩʚʦʙʦʜʥʳʭ 

ʵʣʝʢʪʨʦʥʘʭ (ʃʉʕ; ʜʣʠʪʝʣʴʥʦʩʪʴ ʠʤʧʫʣʴʩʘ ʠʟʣʫʯʝʥʠʷ 10 ʧʩ). ɼʠʥʘʤʠʢʘ ʧʨʦʧʫʩʢʘʥʠʷ ʦʙʨʘʟʮʘ 

ʠʟʤʝʨʷʣʘʩʴ ʟʘ ʩʯʝʪ ʠʟʤʝʥʝʥʠʷ ʚʨʝʤʝʥʥʦʡ ʟʘʜʝʨʞʢʠ ʤʝʞʜʫ ʠʤʧʫʣʴʩʘʤʠ ʥʘʢʘʯʢʠ ʠ ʟʦʥʜʠʨʫʶʱʠʤ 

ʠʤʧʫʣʴʩʦʤ. ɺ ʫʩʣʦʚʠʷʭ ʠʥʪʝʥʩʠʚʥʦʛʦ ʚʦʟʙʫʞʜʝʥʠʷ, ʢʦʛʜʘ ʟʦʥʘ ʧʨʦʚʦʜʠʤʦʩʪʠ ʠ ʚʘʣʝʥʪʥʘʷ ʟʦʥʘ 

ʟʘʧʦʣʥʝʥʳ ʥʝʨʘʚʥʦʚʝʩʥʳʤʠ ʥʦʩʠʪʝʣʷʤʠ, ʩʢʦʨʦʩʪʴ ʤʝʞʟʦʥʥʦʡ ʨʝʢʦʤʙʠʥʘʮʠʠ ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʧʦ 

ʚʨʝʤʝʥʥʦʡ ʜʠʥʘʤʠʢʝ ʧʨʦʧʫʩʢʘʥʠʷ ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ ʥʝʤʥʦʛʦ ʢʦʨʦʯʝ ʢʨʘʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʛʦ 

ʧʦʛʣʦʱʝʥʠʷ. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʝ ˉ 100708-1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 3 (ʛ). 
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ʉʪʨʫʢʪʫʨʘ ʩʦʜʝʨʞʠʪ ʦʜʥʫ ʂʗ Hg0.83Cd0.17Te/Cd0.65Hg0.35Te ʪʦʣʱʠʥʦʡ 30 ʥʤ. ʂʠʥʝʪʠʢʘ 

ʧʨʦʧʫʩʢʘʥʠʷ ʠʤʝʝʪ ʜʚʘ ʭʘʨʘʢʪʝʨʥʳʭ ʚʨʝʤʝʥʥʳʭ ʤʘʩʰʪʘʙʘ - ʥʘʯʘʣʴʥʳʡ ʫʯʘʩʪʦʢ ʙʳʩʪʨʦʛʦ ʩʧʘʜʘ 

ʠ ʩʤʝʥʷʶʱʝʝ ʝʛʦ ʤʝʜʣʝʥʥʦʝ ʟʘʪʫʭʘʥʠʝ. ɺʨʝʤʷ ʤʝʜʣʝʥʥʦʛʦ ʟʘʪʫʭʘʥʠʷ ʧʨʝʚʦʩʭʦʜʠʪ ʤʘʢʩʠʤʘʣʴʥʦ 

ʜʦʩʪʫʧʥʦʝ ʚʨʝʤʷ ʟʘʜʝʨʞʢʠ, ʦʜʥʘʢʦ ʠʟʤʝʨʝʥʠʷ ʨʝʣʘʢʩʘʮʠʠ ʌʇ ʧʦʟʚʦʣʷʶʪ ʦʮʝʥʠʪʴ ʝʛʦ ʢʘʢ 

ʚʝʣʠʯʠʥʫ ʧʦʨʷʜʢʘ 10 ʥʩ. ʄʠʥʠʤʘʣʴʥʦʝ ʚʨʝʤʷ, ʥʘʙʣʶʜʘʝʤʦʝ ʚ ʫʩʣʦʚʠʷʭ ʜʘʥʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ 

ʥʘ ʫʯʘʩʪʢʝ ʙʳʩʪʨʦʛʦ ʥʘʯʘʣʴʥʦʛʦ ʩʧʘʜʘ, ʩʦʩʪʘʚʣʷʝʪ 100 ʧʩ [A12]. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʵʪʘ 

ʚʝʣʠʯʠʥʘ ʥʘ ʥʝʩʢʦʣʴʢʦ ʧʦʨʷʜʢʦʚ ʥʠʞʝ, ʯʝʤ ʚ ʩʪʨʫʢʪʫʨʘʭ ʩ ʙʦʣʴʰʝʡ ʰʠʨʠʥʦʡ ʟʘʧʨʝʱʝʥʥʦʡ 

ʟʦʥʳ, ʧʘʜʘʶʱʫʶ ʥʘ ʦʙʨʘʟʝʮ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʦʧʪʠʯʝʩʢʦʛʦ ʚʦʟʙʫʞʜʝʥʠʷ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ 1 ʤʢʤ 

ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʪʨʝʙʫʝʤʦʡ ʜʣʷ ʤʝʞʟʦʥʥʦʛʦ ʫʩʠʣʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʥʘ ʫʨʦʚʥʝ 

10 ʢɺʪ/ʩʤ2. 

ʏʝʪʚʝʨʪʘʷ ʛʣʘʚʘ ʜʠʩʩʝʨʪʘʮʠʠ ʧʦʩʚʷʱʝʥʘ ʠʩʩʣʝʜʦʚʘʥʠʶ ʩʦʩʪʦʷʥʠʡ ʘʢʮʝʧʪʦʨʦʚ, 

ʥʘʙʣʶʜʘʝʤʳʭ ʚ ʩʧʝʢʪʨʘʭ ʌʇ ʠ ʌʃ ʢʘʢ ʚ ʵʧʠʪʘʢʩʠʘʣʴʥʳʭ ʧʣʝʥʢʘʭ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ HgCdTe, 

ʪʘʢ ʠ ʚ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʘʭ ʩ ʂʗ. ʋʥʠʚʝʨʩʘʣʴʥʦʩʪʴ ʥʘʙʣʶʜʘʝʤʳʭ ʚ ʩʧʝʢʪʨʘʭ ʦʩʦʙʝʥʥʦʩʪʝʡ (ʠʭ 

ʥʘʣʠʯʠʝ ʚ ʦʙʨʘʟʮʘʭ ʨ-ʪʠʧʘ ʠ n-ʪʠʧʘ, ʵʧʠʪʘʢʩʠʘʣʴʥʳʭ ʩʣʦʷʭ ʠ ʂʗ) ʠ ʠʭ ʥʘʣʠʯʠʝ ʚ ʦʙʨʘʟʮʘʭ, 

ʥʝ ʣʝʛʠʨʦʚʘʥʥʳʭ ʥʘʤʝʨʝʥʥʦ, ʧʦʟʚʦʣʠʣʘ ʩʚʷʟʘʪʴ ʠʭ ʩ ʚʘʢʘʥʩʠʷʤʠ ʨʪʫʪʠ ï ʜʚʦʡʥʳʤʠ 

ʘʢʮʝʧʪʦʨʘʤʠ, ʢʦʪʦʨʳʝ ʚʩʝʛʜʘ ʧʨʠʩʫʪʩʪʚʫʶʪ ʚ HgCdTe ʠʟ-ʟʘ ʩʣʘʙʦʩʪʠ ʩʚʷʟʠ Hg-Te. ɺ ʥʘʠʙʦʣʝʝ 

ʫʟʢʦʟʦʥʥʳʭ ʩʪʨʫʢʪʫʨʘʭ ʵʥʝʨʛʠʷ ʩʚʷʟʠ ʤʝʣʢʦʛʦ ʘʢʮʝʧʪʦʨʘ ʩʨʘʚʥʠʤʘ ʩ ʰʠʨʠʥʦʡ ʟʘʧʨʝʱʝʥʥʦʡ 

ʟʦʥʳ, ʘ ʤʦʞʝʪ ʠ ʧʨʝʚʦʩʭʦʜʠʪʴ ʝʝ. ɺ ʧʦʩʣʝʜʥʝʤ ʩʣʫʯʘʝ ʩʦʩʪʦʷʥʠʝ ʘʢʮʝʧʪʦʨʘ ʧʦʧʘʜʘʝʪ 

ʚ ʢʦʥʪʠʥʫʫʤ ʟʦʥʳ ʧʨʦʚʦʜʠʤʦʩʪʠ ʠ ʩʪʘʥʦʚʠʪʩʷ ʨʝʟʦʥʘʥʩʥʳʤ.  

ɺ ʨʘʟʜʝʣʝ 4.1 ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʙʲʝʤʥʳʭ ʵʧʠʪʘʢʩʠʘʣʴʥʳʭ ʩʣʦʝʚ 

HgCdTe ʤʝʪʦʜʦʤ ʌʇ. ʉʪʨʫʢʪʫʨʳ ʚʳʨʘʱʠʚʘʣʠʩʴ ʤʝʪʦʜʦʤ ʄʃʕ ʥʘ ʧʦʜʣʦʞʢʘʭ GaAs ʠ Si. 

ʉʪʨʫʢʪʫʨʳ ʥʝ ʙʳʣʠ ʥʘʤʝʨʝʥʥʦ ʣʝʛʠʨʦʚʘʥʳ. ɺʩʝ ʦʙʨʘʟʮʳ ʙʳʣʠ ʠʩʭʦʜʥʦ n-ʪʠʧʘ, ʥʦ ʟʘʪʝʤ 

ʦʪʞʠʛʘʣʠʩʴ ʚ ʘʪʤʦʩʬʝʨʝ ʠʥʝʨʪʥʦʛʦ ʛʘʟʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʪʘʢʦʛʦ ʦʪʞʠʛʘ ʟʘ ʩʯʝʪ ʚʳʭʦʜʘ ʨʪʫʪʠ 

ʠʟ ʩʪʨʫʢʪʫʨʳ ʙʳʣʘ ʩʦʟʜʘʥʘ ʠʟʙʳʪʦʯʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʘʢʮʝʧʪʦʨʦʚ (ʚʘʢʘʥʩʠʡ ʨʪʫʪʠ) ʥʘʜ 

ʜʦʥʦʨʥʦʡ ʧʨʠʤʝʩʴʶ.  

ɺ ʩʧʝʢʪʨʘʭ ʌʇ ʦʙʲʝʤʥʳʭ ʩʪʨʫʢʪʫʨ HgCdTe ʧʦʩʣʝ ʢʦʥʚʝʨʪʘʮʠʠ ʚ ʨ-ʪʠʧ ʧʨʦʚʦʜʠʤʦʩʪʠ 

ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ 4 ʩʧʝʢʪʨʘʣʴʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ: 1 ï ʧʦʣʦʩʘ ʦʢʦʣʦ 6 ï 12 ʤʵɺ, ʥʘʙʣʶʜʘʝʪʩʷ 

ʚ ʩʧʝʢʪʨʘʭ ʌʇ ʙʦʣʴʰʠʥʩʪʚʘ ʠʩʩʣʝʜʫʝʤʳʭ ʩʪʨʫʢʪʫʨ; 2 ï ʧʦʣʦʩʘ ʦʢʦʣʦ 20 ʤʵɺ, ʥʘʙʣʶʜʘʝʪʩʷ 

ʚ ʩʧʝʢʪʨʘʭ ʌʇ ʚʩʝʭ ʠʩʩʣʝʜʫʝʤʳʭ ʩʪʨʫʢʪʫʨ; 3 ï ʧʦʣʦʩʘ ʦʢʦʣʦ 27 ʤʵɺ, ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʩʧʝʢʪʨʘʭ 

ʌʇ ʧʦʣʦʚʠʥʳ ʠʩʩʣʝʜʫʝʤʳʭ ʩʪʨʫʢʪʫʨ; 4 ï ʫʟʢʘʷ ʣʠʥʠʷ ʦʢʦʣʦ 36 ʤʵɺ, ʥʘʙʣʶʜʘʶʱʘʷʩʷ ʚ ʩʧʝʢʪʨʘʭ 

ʌʇ ʥʝʢʦʪʦʨʳʭ ʩʪʨʫʢʪʫʨ, ʚʳʨʘʱʝʥʥʳʭ ʥʘ ʧʦʜʣʦʞʢʝ GaAs, ʥʦ ʦʪʩʫʪʩʪʚʫʶʱʘʷ ʚ ʩʧʝʢʪʨʘʭ 

ʩʪʨʫʢʪʫʨ, ʚʳʨʘʱʝʥʥʳʭ ʥʘ ʧʦʜʣʦʞʢʝ Si. ʃʠʥʠʷ 4 ʧʦ ʧʦʣʦʞʝʥʠʶ ʚ ʩʧʝʢʪʨʝ ʠ ʰʠʨʠʥʝ ʩʦʚʧʘʜʘʝʪ 

ʩ ʧʦʣʦʩʦʡ ʦʩʪʘʪʦʯʥʳʭ ʣʫʯʝʡ ʚ ʧʦʜʣʦʞʢʝ GaAs ʠ ʩʚʷʟʘʥʘ ʩ çʨʝʟʦʥʘʥʩʥʳʤè ʫʩʠʣʝʥʠʝʤ ʩʠʛʥʘʣʘ 

ʌʇ ʚ ʩʪʨʫʢʪʫʨʝ ʟʘ ʩʯʝʪ ʧʦʯʪʠ ʧʦʣʥʦʛʦ ʦʪʨʘʞʝʥʠʷ ʚʦʟʙʫʞʜʘʶʱʝʛʦ ʠʟʣʫʯʝʥʠʷ ʦʪ ʧʦʜʣʦʞʢʠ. 
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ɺ ʨʘʙʦʪʝ [ɸ13] ʧʦʢʘʟʘʥʦ, ʯʪʦ ʦʩʦʙʝʥʥʦʩʪʠ 1 ʠ 2 ʩʚʷʟʘʥʳ ʩ ʬʦʪʦʚʦʟʙʫʞʜʝʥʠʝʤ ʚʘʢʘʥʩʠʠ 

ʨʪʫʪʠ ï ʜʚʫʭʟʘʨʷʜʥʦʛʦ (ʜʚʦʡʥʦʛʦ) ʘʢʮʝʧʪʦʨʘ (ʚ ʥʝʢʦʪʦʨʦʤ ʩʤʳʩʣʝ ʘʥʘʣʦʛʘ ʘʪʦʤʘ ʛʝʣʠʷ). ɺ 

ʤʘʪʝʨʠʘʣʝ ʨ-ʪʠʧʘ ʧʨʠ ʥʠʟʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʜʚʦʡʥʳʝ ʘʢʮʝʧʪʦʨʳ ʤʦʛʫʪ ʥʘʭʦʜʠʪʴʩʷ ʚ ʜʚʫʭ 

ʟʘʨʷʜʦʚʳʭ ʩʦʩʪʦʷʥʠʷʭ ï ʥʝʡʪʨʘʣʴʥʦʤ (A2
0 ʮʝʥʪʨ) ʠ ʦʜʥʦʢʨʘʪʥʦ ʠʦʥʠʟʦʚʘʥʥʦʤ (A2

-1 ʮʝʥʪʨ), ʧʨʠ 

ʵʪʦʤ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʩʪʝʧʝʥʠ ʢʦʤʧʝʥʩʘʮʠʠ ʚ ʤʘʪʝʨʠʘʣʝ ʚʩʝʛʜʘ ʠʤʝʶʪʩʷ ʦʜʥʦʢʨʘʪʥʦ 

ʠʦʥʠʟʦʚʘʥʥʳʝ ʮʝʥʪʨʳ. ʌʇ ʚʦʟʥʠʢʘʝʪ ʣʠʙʦ ʧʨʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʤ ʧʝʨʝʭʦʜʝ ʜʳʨʢʠ ʩ ʮʝʥʪʨʘ ʚ 

ʚʘʣʝʥʪʥʫʶ ʟʦʥʫ (ʬʦʪʦʠʦʥʠʟʘʮʠʠ), ʣʠʙʦ ʧʨʠ ʝʝ ʧʝʨʝʭʦʜʝ ʥʘ ʤʝʣʢʠʡ ʚʦʟʙʫʞʜʝʥʥʳʡ ʫʨʦʚʝʥʴ ʩ 

ʧʦʩʣʝʜʫʶʱʝʡ ʪʝʨʤʠʯʝʩʢʦʡ ʠʦʥʠʟʘʮʠʝʡ. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʵʥʝʨʛʠʷ ʦʪʨʳʚʘ 1-ʦʡ ʜʳʨʢʠ ʦʪ ʜʚʦʡʥʦʛʦ 

ʘʢʮʝʧʪʦʨʘ ʤʝʥʴʰʝ, ʯʝʤ ʵʥʝʨʛʠʷ ʦʪʨʳʚʘ 2-ʦʡ ʜʳʨʢʠ ʦʪ ʦʜʥʦʢʨʘʪʥʦ ʠʦʥʠʟʦʚʘʥʥʦʛʦ ʮʝʥʪʨʘ. 

ʇʦɻʪʦʤʫ ʙʳʣʦ ʝʩʪʝʩʪʚʝʥʥʦ ʩʚʷʟʘʪʴ ʦʩʦʙʝʥʥʦʩʪʴ 1 ʩ ʚʦʟʙʫʞʜʝʥʠʝʤ ʥʝʡʪʨʘʣʴʥʦʛʦ, ʘ ʦʩʦʙʝʥʥʦʩʪʴ 

2 (ʥʘʙʣʶʜʘʝʤʫʶ ʚ ʩʧʝʢʪʨʘʭ ʌʇ ʚʩʝʭ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʦʙʨʘʟʮʦʚ) ï ʩ ʬʦʪʦʚʦʟʙʫʞʜʝʥʠʝʤ 

ʦʜʥʦʢʨʘʪʥʦ ʠʦʥʠʟʦʚʘʥʥʦʛʦ ʮʝʥʪʨʘ.  

ʈʘʩʯʝʪ ʩʦʩʪʦʷʥʠʡ ʜʚʫʭʚʘʣʝʥʪʥʦʛʦ ʘʢʮʝʧʪʦʨʘ ʚ HgCdTe ʙʳʣ ʚʳʧʦʣʥʝʥ ʂʦʟʣʦʚʳʤ ɼ.ɺ. 

[ɸ13, A14]. ʉʨʘʚʥʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʘʩʯʝʪʘ ʧʦʢʘʟʘʣʦ ʥʘʣʠʯʠʝ 

ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ çʭʠʤʠʯʝʩʢʦʛʦ ʩʜʚʠʛʘè, ʫʤʝʥʴʰʘʶʱʝʛʦ ʵʥʝʨʛʠʶ ʠʦʥʠʟʘʮʠʠ 

ʚʘʢʘʥʩʠʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʟʥʘʯʝʥʠʷ ʚ ʤʦʜʝʣʠ ʵʬʬʝʢʪʠʚʥʦʡ ʤʘʩʩʳ, ʧʨʠʯʝʤ ʧʘʨʘʤʝʪʨʳ çʧʦʪʝʥʮʠʘʣʘ 

ʮʝʥʪʨʘʣʴʥʦʡ ʷʯʝʡʢʠè, ʧʦʣʫʯʝʥʥʳʝ ʠʟ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʨʘʩʯʝʪʦʚ ʩ ʥʘʙʣʶʜʘʝʤʳʤʠ ʵʥʝʨʛʠʷʤʠ 

ʧʝʨʝʭʦʜʦʚ, ʦʢʘʟʘʣʠʩʴ ʦʜʠʥʘʢʦʚʳʤʠ ʢʘʢ ʜʣʷ A2
0, ʪʘʢ ʠ ʜʣʷ A2

-1 ʮʝʥʪʨʦʚ. ʀʟ-ʟʘ ʩʞʘʪʠʷ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ ʚʦʢʨʫʛ ʚʘʢʘʥʩʠʠ ʚʦʟʥʠʢʘʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʦʪʪʘʣʢʠʚʘʶʱʠʡ 

ʧʦʪʝʥʮʠʘʣ ʜʣʷ ʜʳʨʦʢ, ʫʤʝʥʴʰʘʶʱʠʡ ʵʥʝʨʛʠʶ ʠʦʥʠʟʘʮʠʠ ʮʝʥʪʨʘ. ʈʘʩʯʝʪʳ ʚʦʣʥʦʚʳʭ ʬʫʥʢʮʠʡ 

ʜʳʨʦʢ ʧʦʢʘʟʘʣʠ ʥʘʣʠʯʠʝ ʚʦʟʙʫʞʜʝʥʥʳʭ ʩʦʩʪʦʷʥʠʡ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 

ʩʦʩʪʦʷʥʠʷʤʠ ʣʝʛʢʠʭ ʜʳʨʦʢ ʠ ʦʙʣʘʜʘʶʱʠʭ ʤʘʣʦʡ ʵʥʝʨʛʠʝʡ ʠʦʥʠʟʘʮʠʠ: 0.4 ʤʵɺ ʜʣʷ A2
0 ʠ 1.1 ʤʵɺ 

ʜʣʷ A2
-1 ʮʝʥʪʨʦʚ. ʆʧʪʠʯʝʩʢʠʤ ʧʝʨʝʭʦʜʘʤ ʚ ʪʘʢʠʝ ʩʦʩʪʦʷʥʠʷ ʩ ʦʩʥʦʚʥʳʭ ʩʦʩʪʦʷʥʠʡ ʘʢʮʝʧʪʦʨʦʚ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʙʦʣʴʰʠʝ (ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʝʨʝʭʦʜʘʤʠ ʥʘ ʩʦʩʝʜʥʠʝ ʚʦʟʙʫʞʜʝʥʥʳʝ ʫʨʦʚʥʠ, 

ʩʬʦʨʤʠʨʦʚʘʥʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʩʦʩʪʦʷʥʠʷʤʠ ʪʷʞʝʣʳʭ ʜʳʨʦʢ) ʟʥʘʯʝʥʠʷ ʤʘʪʨʠʯʥʳʭ 

ʵʣʝʤʝʥʪʦʚ. ʇʨʠ ʢʘʯʝʩʪʚʝʥʥʦʤ ʘʥʘʣʠʟʝ ʵʪʠ ʫʨʦʚʥʠ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʦʜʥʠ ʠʟ ʥʠʞʥʠʭ 

ʫʨʦʚʥʝʡ ʘʢʮʝʧʪʦʨʦʚ (ʪ.ʝ. ʩʦʩʪʦʷʥʠʡ ʩ ʙʦʣʴʰʠʤ ʤʘʪʨʠʯʥʳʤ ʵʣʝʤʝʥʪʦʤ ʧʝʨʝʭʦʜʘ ʩ ʦʩʥʦʚʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ), ʩʚʷʟʘʥʥʳʭ ʩ ʧʦʜʟʦʥʦʡ ʣʝʛʢʠʭ ʜʳʨʦʢ ʧʨʠ ʚʩʝʡ ʫʩʣʦʚʥʦʩʪʠ ʪʘʢʦʛʦ ʨʘʩʩʤʦʪʨʝʥʠʷ 

ʘʢʮʝʧʪʦʨʘ ʚ ʚʳʨʦʞʜʝʥʥʦʡ ʚʘʣʝʥʪʥʦʡ ʟʦʥʝ [A14]. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʩʚʷʟʘʪʴ ʦʙʥʘʨʫʞʝʥʥʳʝ ʣʠʥʠʠ 

ʌʇ 1 ʠ 2 ʩ ʪʝʨʤʠʯʝʩʢʦʡ ʠʦʥʠʟʘʮʠʝʡ ʥʦʩʠʪʝʣʝʡ ʩ ʜʘʥʥʳʭ ʩʦʩʪʦʷʥʠʡ. ʊʘʢʘʷ ʠʥʪʝʨʧʨʝʪʘʮʠʷ 

ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʘʣʦʡ ʰʠʨʠʥʦʡ ʥʘʙʣʶʜʘʝʤʳʭ ʣʠʥʠʡ ʌʇ (ʚ ʩʣʫʯʘʝ ʧʨʷʤʦʡ 

ʬʦʪʦʠʦʥʠʟʘʮʠʠ ʜʦʣʞʥʘ ʥʘʙʣʶʜʘʪʴʩʷ çʩʪʫʧʝʥʯʘʪʘʷè ʬʦʨʤʘ ʩʧʝʢʪʨʘʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʠ) ʠ 

ʧʦʟʚʦʣʷʝʪ ʦʙʲʷʩʥʠʪʴ ʠʟʤʝʥʝʥʠʝ ʩʦʦʪʥʦʰʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʣʠʥʠʡ 1 ʠ 2 ʩ ʨʦʩʪʦʤ 

ʪʝʤʧʝʨʘʪʫʨʳ ʨʘʟʥʦʡ ʵʥʝʨʛʠʝʡ ʩʚʷʟʠ ʚʦʟʙʫʞʜʝʥʥʳʭ ʩʦʩʪʦʷʥʠʡ, c ʢʦʪʦʨʳʭ ʧʨʦʠʩʭʦʜʠʪ ʠʦʥʠʟʘʮʠʷ 

[A14]. ʆʪʤʝʪʠʤ ʪʘʢʞʝ, ʯʪʦ HgCdTe ʷʚʣʷʝʪʩʷ, ʥʘʩʢʦʣʴʢʦ ʠʟʚʝʩʪʥʦ ʘʚʪʦʨʫ, ʝʜʠʥʩʪʚʝʥʥʳʤ 
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ʪʚʝʨʜʳʤ ʨʘʩʪʚʦʨʦʤ, ʚ ʢʦʪʦʨʦʤ ʫʜʘʝʪʩʷ ʥʘʙʣʶʜʘʪʴ ʧʝʨʝʭʦʜʳ ʥʘ ʚʦʟʙʫʞʜʝʥʥʳʝ ʩʦʩʪʦʷʥʠʷ 

ʤʝʣʢʠʭ çʧʨʠʤʝʩʝʡè. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʜʦʙʘʚʣʝʥʠʝ 1 % Ge ʚ ʪʚʝʨʜʳʡ ʨʘʩʪʚʦʨ ʩ Si:B ʧʨʠʚʦʜʠʪ ʢ 

ʧʦʣʥʦʤʫ ʠʩʯʝʟʥʦʚʝʥʠʶ ʣʠʥʝʡʯʘʪʦʡ ʩʪʨʫʢʪʫʨʳ ʩʧʝʢʪʨʘ ʧʨʠʤʝʩʥʦʡ ʌʇ, ʦʙʫʩʣʦʚʣʝʥʥʦʡ 

ʧʝʨʝʭʦʜʘʤʠ ʜʳʨʦʢ ʥʘ ʤʝʣʢʠʝ ʚʦʟʙʫʞʜʝʥʥʳʝ ʩʦʩʪʦʷʥʠʷ ʘʢʮʝʧʪʦʨʘ [36].  

ʏʪʦ ʢʘʩʘʝʪʩʷ ʣʠʥʠʷ 3, ʥʘʙʣʶʜʘʝʤʦʡ ʚ ʩʧʝʢʪʨʘʭ ʌʇ ʚʙʣʠʟʠ 27 ʤʵɺ, ʝʝ ʧʦʣʦʞʝʥʠʝ ʭʦʨʦʰʦ 

ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʵʥʝʨʛʠʝʡ ʠʦʥʠʟʘʮʠʠ ʥʝʡʪʨʘʣʴʥʦʡ ʚʘʢʘʥʩʠʠ ʨʪʫʪʠ, ʨʘʩʩʯʠʪʘʥʥʦʡ ʙʝʟ ʫʯʝʪʘ 

ʭʠʤʠʯʝʩʢʦʛʦ ʩʜʚʠʛʘ, ʪ.ʝ. ʢʦʛʜʘ ʩʞʘʪʠʷ ʨʝʰʝʪʢʠ ʚʦʢʨʫʛ ʵʪʦʛʦ ʘʢʮʝʧʪʦʨʘ ʥʝ ʧʨʦʠʩʭʦʜʠʪ. 

ɺʦʟʤʦʞʥʦ, ʵʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʚʩʪʨʘʠʚʘʥʠʝʤ ʥʘ ʤʝʩʪʦ ʘʪʦʤʘ ʨʪʫʪʠ ʘʪʦʤʦʚ ʩ ʦʯʝʥʴ ʚʳʩʦʢʦʡ 

ʵʣʝʢʪʨʦʥʝʡʪʨʘʣʴʥʦʩʪʴʶ (ʥʘʧʨʠʤʝʨ, ʢʠʩʣʦʨʦʜ). 

ɺ ʩʪʨʫʢʪʫʨʘʭ ʩ ʂʗ HgCdTe/CdHgTe ʧʦʣʦʩʳ ʜʝʬʝʢʪʦʚ ʚ ʩʧʝʢʪʨʘʭ ʌʇ ʥʘʙʣʶʜʘʶʪʩʷ 

ʧʨʠʤʝʨʥʦ ʚ ʪʦʡ ʞʝ ʦʙʣʘʩʪʠ ʜʣʠʥ ʚʦʣʥ, ʯʪʦ ʠ ʚ ʦʙʲʝʤʥʳʭ ʧʣʝʥʢʘʭ (ʨʘʟʜʝʣ 4.2). ʆʥʠ ʥʝ ʤʝʥʷʶʪ 

ʩʚʦʝʛʦ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ ʠ ʯʫʚʩʪʚʠʪʝʣʴʥʳ ʢ ʧʦʜʩʚʝʪʢʝ ʦʙʨʘʟʮʘ 

ʢʦʨʦʪʢʦʚʦʣʥʦʚʳʤ ʠʟʣʫʯʝʥʠʝʤ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʩʚʷʟʘʪʴ ʠʭ ʪʘʢʞʝ ʩ ʩʦʩʪʦʷʥʠʷʤʠ ʘʢʮʝʧʪʦʨʦʚ. 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʙʲʝʤʥʳʤ ʤʘʪʝʨʠʘʣʦʤ, ʧʦʣʦʩʳ, ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʧʝʨʝʭʦʜʘʤʠ 

ʤʝʞʜʫ ʩʦʩʪʦʷʥʠʷʤʠ ʚʘʢʘʥʩʠʡ ʨʪʫʪʠ, ʜʦʣʞʥʳ ʙʳʪʴ ʟʥʘʯʠʪʝʣʴʥʦ çʫʰʠʨʝʥʳè ʚʩʣʝʜʩʪʚʠʝ 

ʜʠʩʧʝʨʩʠʠ ʵʥʝʨʛʠʠ ʩʚʷʟʠ ʠʟ-ʟʘ ʨʘʟʣʠʯʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʚʘʢʘʥʩʠʠ ʚ ʂʗ ʠ ʚ ʙʘʨʴʝʨʝ. ʊʝʤ ʥʝ ʤʝʥʝʝ, 

ʙʣʘʛʦʜʘʨʷ ʵʬʬʝʢʪʫ ʦʩʪʘʪʦʯʥʦʡ ʌʇ, ʤʦʞʥʦ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ, ʯʪʦ ʥʘʙʣʶʜʘʝʤʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʩʚʷʟʘʥʳ ʠʤʝʥʥʦ ʩ ʜʚʫʭʟʘʨʷʜʥʳʤ ʮʝʥʪʨʦʤ, 

ʘ ʥʝ ʜʚʫʤʷ ʦʜʥʦʚʘʣʝʥʪʥʳʤʠ ʘʢʮʝʧʪʦʨʘʤʠ [A15]. ʈʝʟʫʣʴʪʘʪʳ ʩʨʘʚʥʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʜʘʥʥʳʭ ʩ ʨʘʩʯʝʪʘʤʠ, ʚʳʧʦʣʥʝʥʥʳʤʠ ʜʣʷ ʂʗ, ʤʦʞʥʦ ʥʘʡʪʠ ʚ ʧʫʙʣʠʢʘʮʠʷʭ [37, ɸ41]. 

ɺ ʩʪʨʫʢʪʫʨʘʭ ʩ ʂʗ ʦʩʥʦʚʥʦʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ʌʃ ʩ ʫʯʘʩʪʠʝʤ ʘʢʮʝʧʪʦʨʦʚ, 

ʧʦʟʚʦʣʷʶʱʠʝ ʦʮʝʥʠʪʴ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʪʘʢʠʭ ʩʪʨʫʢʪʫʨ ʜʣʷ ʩʦʟʜʘʥʠʷ ʠʟʣʫʯʘʪʝʣʝʡ (ʨʘʟʜʝʣ 4.3). 

ʅʘ ʨʠʩʫʥʢʝ 4 ʧʨʠʚʝʜʝʥʳ ʩʧʝʢʪʨʳ ʌʃ ʦʙʲʝʤʥʦʛʦ ʩʣʦʷ Hg0.81ʉd0.19Te ʧʨʠ ʊ = 18-100 ʂ. ɺʦ 

ʚʩʝʭ ʩʧʝʢʪʨʘʭ ʧʨʠʩʫʪʩʪʚʫʝʪ ʣʠʥʠʷ 1, ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʵʥʝʨʛʠʷʤ ʢʚʘʥʪʦʚ ʠʟʣʫʯʝʥʠʷ ʦʪ 5 ʤʵɺ ʜʦ 

12 ʤʵɺ, ʘ ʪʘʢʞʝ ʣʠʥʠʷ 2 (16ï25 ʤʵɺ). ʉʧʝʢʪʨʘʣʴʥʦʝ ʧʦʣʦʞʝʥʠʝ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʣʠʥʠʡ ʩʦʚʧʘʜʘʝʪ 

ʩ ʧʦʣʦʞʝʥʠʝʤ ʦʩʦʙʝʥʥʦʩʪʝʡ, ʦʙʫʩʣʦʚʣʝʥʥʳʭ ʬʦʪʦʚʦʟʙʫʞʜʝʥʠʝʤ ʚʘʢʘʥʩʠʡ ʨʪʫʪʠ ʚ ʩʧʝʢʪʨʘʭ ʌʇ 

ʩʣʦʷ HgCdTe ʪʦʛʦ ʞʝ ʩʦʩʪʘʚʘ. 

ʈʘʩʩʤʘʪʨʠʚʘʝʤʘʷ ʌʃ ʚʦʟʥʠʢʘʝʪ ʚʩʣʝʜʩʪʚʠʝ ʠʟʣʫʯʘʪʝʣʴʥʳʭ ʧʝʨʝʭʦʜʦʚ ʜʳʨʦʢ, 

ʟʘʭʚʘʯʝʥʥʳʭ ʥʘ ʤʝʣʢʠʝ ʚʦʟʙʫʞʜʝʥʥʳʝ ʫʨʦʚʥʠ ʥʘ ʦʩʥʦʚʥʳʝ ʩʦʩʪʦʷʥʠʷ ʘʢʮʝʧʪʦʨʦʚ. ʈʝʟʫʣʴʪʘʪʳ 

ʠʟʤʝʨʝʥʠʡ ʌʃ ʧʦʟʚʦʣʷʶʪ ʩʫʜʠʪʴ, ʥʘʩʢʦʣʴʢʦ ʵʬʬʝʢʪʠʚʥʦ ʥʝʨʘʚʥʦʚʝʩʥʳʝ ʥʦʩʠʪʝʣʠ 

ʟʘʭʚʘʪʳʚʘʶʪʩʷ ʥʘ ʮʝʥʪʨʳ ʙʝʟʳʟʣʫʯʘʪʝʣʴʥʦʡ ʨʝʢʦʤʙʠʥʘʮʠʠ ʚ ʠʩʩʣʝʜʫʝʤʳʭ ʩʪʨʫʢʪʫʨʘʭ, ʪ.ʝ. 

ʬʘʢʪʠʯʝʩʢʠ çʚʠʟʫʘʣʠʟʠʨʫʶʪè ʤʝʭʘʥʠʟʤ ʨʝʢʦʤʙʠʥʘʮʠʠ ʐʈʍ. ʀʥʪʝʨʝʩʥʦ ʚ ʵʪʦʡ ʩʚʷʟʠ 

ʧʨʦʩʣʝʜʠʪʴ ʟʘ ʠʟʤʝʥʝʥʠʷʤʠ ʚ ʩʧʝʢʪʨʘʭ ʌʃ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʤʦʱʥʦʩʪʠ ʥʘʢʘʯʢʠ ʚ ʩʪʨʫʢʪʫʨʘʭ 

ʩ ʂʗ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʢʘʯʝʩʪʚʝ ʘʢʪʠʚʥʦʡ ʩʨʝʜʳ ʜʣʷ ʛʝʥʝʨʘʮʠʠ ʠʟʣʫʯʝʥʠʷ 

ʥʘ ʤʝʞʟʦʥʥʳʭ ʧʝʨʝʭʦʜʘʭ. ʅʘ ʨʠʩʫʥʢʝ 4 (ʙ) ʧʨʝʜʩʪʘʚʣʝʥ ʩʧʝʢʪʨ ʌʃ ʩʪʨʫʢʪʫʨʳ ʩ ʂʗ, 
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ʠʟʤʝʨʝʥʥʳʡ ʧʨʠ ʨʘʟʥʳʭ ʤʦʱʥʦʩʪʷʭ ʚʦʟʙʫʞʜʘʶʱʝʛʦ ʠʟʣʫʯʝʥʠʷ. ɺʠʜʥʳ ʜʣʠʥʥʦʚʦʣʥʦʚʳʝ 

ʧʦʣʦʩʳ ʌʃ, ʩʚʷʟʳʚʘʝʤʳʝ ʩ ʩʦʩʪʦʷʥʠʷʤʠ ʘʢʮʝʧʪʦʨʦʚ, ʠ ʢʦʨʦʪʢʦʚʦʣʥʦʚʘʷ ʧʦʣʦʩʘ, ʦʙʫʩʣʦʚʣʝʥʥʘʷ 

ʤʝʞʟʦʥʥʳʤʠ ʧʝʨʝʭʦʜʘʤʠ. ʄʝʞʟʦʥʥʘʷ ʌʃ ʧʦʷʚʣʷʝʪʩʷ ʪʦʣʴʢʦ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʤʦʱʥʦʩʪʠ 

ʥʘʢʘʯʢʠ ʜʦ 100 ʤɺʪ, ʧʨʠ ʥʠʟʢʦʡ ʤʦʱʥʦʩʪʠ ʚʦʟʙʫʞʜʝʥʠʷ ʵʪʘ ʦʩʦʙʝʥʥʦʩʪʴ ʚ ʩʧʝʢʪʨʝ ʦʪʩʫʪʩʪʚʫʝʪ, 

ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʘʤʧʣʠʪʫʜʘ ʜʣʠʥʥʦʚʦʣʥʦʚʦʡ ʧʦʣʦʩʳ ʌʃ ʨʘʩʪʝʪ ʩ ʨʦʩʪʦʤ ʤʦʱʥʦʩʪʠ ʥʘʢʘʯʢʠ ʢʘʢ 

ʨʘʟ ʜʦ 100 ʤɺʪ, ʘ ʟʘʪʝʤ ʩʥʠʞʘʝʪʩʷ [A9]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʤʘʣʳʭ ʤʦʱʥʦʩʪʷʭ ʚʦʟʙʫʞʜʝʥʠʷ 

ʜʦʤʠʥʠʨʫʶʱʠʤ ʢʘʥʘʣʦʤ ʨʝʢʦʤʙʠʥʘʮʠʠ ʷʚʣʷʝʪʩʷ ʤʝʭʘʥʠʟʤ ʐʈʍ, ʠ ʚ ʩʧʝʢʪʨʘʭ ʌʃ ʚʠʜʥʘ 

ʪʦʣʴʢʦ ʧʦʣʦʩʘ, ʩʚʷʟʘʥʥʘʷ ʩ ʟʘʭʚʘʪʦʤ ʜʳʨʦʢ ʥʘ ʚʦʟʙʫʞʜʝʥʥʳʝ ʩʦʩʪʦʷʥʠʷ ʚʘʢʘʥʩʠʡ ʨʪʫʪʠ. ʆʜʥʘʢʦ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʵʪʦʡ ʧʦʣʦʩʳ ʩ ʨʦʩʪʦʤ ʥʘʢʘʯʢʠ ʥʘʯʠʥʘʝʪ ʧʘʜʘʪʴ ʧʨʠ ʧʦʷʚʣʝʥʠʠ ʣʠʥʠʠ ʌʃ, 

ʩʚʷʟʘʥʥʦʡ ʩ ʤʝʞʟʦʥʥʳʤʠ ʧʝʨʝʭʦʜʘʤʠ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʥʘʩʳʱʝʥʠʝ ʢʘʥʘʣʘ ʨʝʢʦʤʙʠʥʘʮʠʠ ʐʈʍ. 

 

 

 

 

ʈʠʩʫʥʦʢ 4 - (ʘ) ʉʧʝʢʪʨʳ ʌʃ ʦʙʲʝʤʥʦʛʦ ʩʣʦʷ Hg0.81ʉd0.19Te, ʠʟʤʝʨʝʥʥʳʝ ʧʨʠ ʨʘʟʣʠʯʥʳʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ. ʅʘ ʚʩʪʘʚʢʝ ʧʦʢʘʟʘʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʠʥʪʝʛʨʘʣʴʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʌʃ ʣʠʥʠʠ 1 

ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ; (ʙ) ʉʧʝʢʪʨʳ ʌʃ ʩʪʨʫʢʪʫʨʳ ʩ ʂʗ HgTe/Hg0.24ʉd0.76Te ʪʦʣʱʠʥʦʡ 4.8 ʥʤ, 

ʠʟʤʝʨʝʥʥʳʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 30 K ʧʨʠ ʤʦʱʥʦʩʪʠ ʥʘʢʘʯʢʠ ʦʪ 3 ʜʦ 300 ʤɺʪ  

ʇʷʪʘʷ ʛʣʘʚʘ ʜʠʩʩʝʨʪʘʮʠʠ ʧʦʩʚʷʱʝʥʘ ʠʩʩʣʝʜʦʚʘʥʠʷʤ ʩʪʠʤʫʣʠʨʦʚʘʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ (ʉʀ) 

ʚ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʘʭ ʩ ʂʗ ʥʘ ʦʩʥʦʚʝ HgCdTe ʚ ʜʠʘʧʘʟʦʥʝ ʜʣʠʥ ʚʦʣʥ ʦʪ 4 ï 5 ʤʢʤ (ʛʜʝ ʉʀ ʙʳʣʦ 

ʧʦʣʫʯʝʥʦ ʜʦʩʪʘʪʦʯʥʦ ʜʘʚʥʦ) ʜʦ 25 ï 31 ʤʢʤ, ʚ ʢʦʪʦʨʦʤ ʉʀ ʚʧʝʨʚʳʝ ʧʦʣʫʯʝʥʦ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ. 

ʆʩʥʦʚʥʳʝ ʬʘʢʪʦʨʳ, ʧʨʝʧʷʪʩʪʚʫʶʱʠʝ ʧʦʣʫʯʝʥʠʶ ʉʀ ʚ ʫʟʢʦʟʦʥʥʳʭ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ 

ʤʘʪʝʨʠʘʣʘʭ, ʩʚʦʜʷʪʩʷ ʢ ʚʦʟʨʘʩʪʘʥʠʶ ʩʢʦʨʦʩʪʠ (ʚʝʨʦʷʪʥʦʩʪʠ) ʦʞʝ-ʨʝʢʦʤʙʠʥʘʮʠʠ ʧʨʠ 

ʫʤʝʥʴʰʝʥʠʠ ʰʠʨʠʥʳ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ, ʘ ʪʘʢʞʝ ʧʘʜʝʥʠʶ ʚʝʨʦʷʪʥʦʩʪʠ ʠʟʣʫʯʘʪʝʣʴʥʦʡ 

ʨʝʢʦʤʙʠʥʘʮʠʠ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʜʣʠʥʳ ʚʦʣʥʳ ʠʟʣʫʯʝʥʠʷ ʠ ʩʣʦʞʥʦʩʪʠ ʨʝʘʣʠʟʘʮʠʠ ʦʧʪʠʯʝʩʢʦʛʦ 

ʦʛʨʘʥʠʯʝʥʠʷ ʠ ʫʩʠʣʝʥʠʷ ʜʣʷ ʙʦʣʴʰʠʭ ʜʣʠʥ ʚʦʣʥ. ɺ ʨʘʟʜʝʣʝ 5.1 ʦʧʠʩʘʥʳ ʠʩʩʣʝʜʫʝʤʳʝ 

ʩʪʨʫʢʪʫʨʳ ʠ ʦʩʦʙʝʥʥʦʩʪʠ ʤʝʪʦʜʠʢʠ ʠʟʤʝʨʝʥʠʡ ʩʧʝʢʪʨʦʚ ʉʀ. ʇʨʠ ʧʦʜʙʦʨʝ ʰʠʨʠʥʳ 

ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ ʜʣʷ ʧʝʨʚʳʭ ʩʪʨʫʢʪʫʨ ʚ ʢʘʯʝʩʪʚʝ ʦʪʧʨʘʚʥʦʡ ʪʦʯʢʠ ʙʳʣʘ ʚʳʙʨʘʥʘ ʜʣʠʥʘ ʚʦʣʥʳ 

~ 4 ʤʢʤ, ʢʘʢ ʙʣʠʟʢʘʷ ʢ ʧʨʝʜʝʣʴʥʳʤ (ʧʦ ʜʣʠʥʝ ʚʦʣʥʳ) ʨʝʟʫʣʴʪʘʪʘʤ, ʧʦʣʫʯʝʥʥʳʤ ʚ ʜʨʫʛʠʭ 

ʛʨʫʧʧʘʭ [15, 16]. ɼʘʣʝʝ ʚʳʧʦʣʥʷʣʩʷ ʧʦʜʙʦʨ ʧʘʨʘʤʝʪʨʦʚ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʚʦʣʥʦʚʦʜʘ ʜʣʷ ʜʣʠʥ 

(ʘ) 
(ʙ) 
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ʚʦʣʥ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʵʥʝʨʛʠʷʤ ʤʝʞʟʦʥʥʳʭ ʧʝʨʝʭʦʜʦʚ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʂʗ (ʈʠʩʫʥʦʢ 5). 

ʇʦʜʨʦʙʥʳʝ ʨʘʩʯʝʪʳ ʣʦʢʘʣʠʟʘʮʠʠ ʠʟʣʫʯʝʥʠʷ ʚ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʊɽ0 ʤʦʜʝ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ 

ɸ.ɸ. ɼʫʙʠʥʦʚʳʤ ʤʝʪʦʜʦʤ ʤʘʪʨʠʮʳ ʧʝʨʝʥʦʩʘ.  

  

ʈʠʩʫʥʦʢ 5 - (ʘ) ʊʠʧʠʯʥʘʷ ʨʦʩʪʦʚʘʷ ʩʭʝʤʘ ʦʩʥʦʚʥʦʡ ʯʘʩʪʠ (ʚʳʨʘʱʠʚʘʝʤʦʡ ʥʘ ʙʫʬʝʨʝ CdTe) 

ʚʦʣʥʦʚʦʜʥʦʡ ʩʪʨʫʢʪʫʨʳ c ʦʙʦʟʥʘʯʝʥʠʷʤʠ:  ï ʪʦʣʱʠʥʘ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʚʦʣʥʦʚʦʜʥʦʛʦ 

ʩʣʦʷ;  ï ʪʦʣʱʠʥʘ çʘʢʪʠʚʥʦʡè ʦʙʣʘʩʪʠ ʩʪʨʫʢʪʫʨʳ;  ï ʩʦʜʝʨʞʘʥʠʝ Cd ʚ ʚʦʣʥʦʚʦʜʥʳʭ 

ʩʣʦʷʭ (ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ  ʚ Hg1-xCdxTe);  ï ʩʦʜʝʨʞʘʥʠʝ Cd ʚ ʙʘʨʴʝʨʥʳʭ ʩʣʦʷʭ, 

ʨʘʟʜʝʣʷʶʱʠʭ ʦʜʠʥʦʯʥʳʝ ʂʗ;  ï ʯʠʩʣʦ ʂʗ ʚ ʘʢʪʠʚʥʦʡ ʦʙʣʘʩʪʠ ʩʪʨʫʢʪʫʨʳ;  ï 

ʪʦʣʱʠʥʘ ʦʜʥʦʡ ʂʗ;  ï ʩʦʜʝʨʞʘʥʠʝ Cd ʚ ʂʗ; (ʙ) ʇʨʠʤʝʨ ʨʝʟʫʣʴʪʘʪʘ ʨʘʩʯʝʪʘ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʊɽ0 ʤʦʜʳ ʚ ʦʜʥʦʡ ʠʟ ʠʩʩʣʝʜʫʝʤʳʭ ʩʪʨʫʢʪʫʨ 

ʄʝʪʦʜʠʢʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʧʝʢʪʨʦʚ ʉʀ ʙʣrʘ ʘʥʘʣʦʛʠʯʥʘ ʠʩʧʦʣʴʟʫʝʤʦʡ ʧʨʠ ʠʟʤʝʨʝʥʠʷʭ 

ʌʃ ʩ ʪʦʡ ʣʠʰʴ ʨʘʟʥʠʮʝʡ, ʯʪʦ ʩʙʦʨ ʠʟʣʫʯʝʥʠʷ ʧʨʦʠʟʚʦʜʠʣʩʷ ʩ çʪʦʨʮʘè ʦʙʨʘʟʮʘ. ʀʩʩʣʝʜʫʝʤʳʝ 

ʦʙʨʘʟʮʳ ʪʠʧʠʯʥʦʛʦ ʨʘʟʤʝʨʘ 4x8 ʤʤ2 ʚʳʢʘʣʳʚʘʣʠʩʴ ʠʟ ʚʳʨʘʱʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʜʠʘʤʝʪʨʦʤ 

3 ʜʶʡʤʘ. ʀʟ-ʟʘ ʩʧʝʮʠʬʠʯʝʩʢʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʨʦʩʪʘ (013) çʝʩʪʝʩʪʚʝʥʥʳʝè ʩʢʦʣʳ ʥʘ ʛʨʘʥʷʭ 

ʦʙʨʘʟʮʘ ʥʝ ʧʨʠʚʦʜʷʪ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʨʝʟʦʥʘʪʦʨʘ ʌʘʙʨʠ-ʇʝʨʦ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʉʀ 

ʥʘʙʣʶʜʘʣʦʩʴ ʥʘ ʩʯʝʪ ʫʩʠʣʝʥʠʷ ʥʘ ʦʜʥʦʤ ʧʨʦʭʦʜʝ.  

ɺ ʨʘʟʜʝʣʝ 5.2 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʉʀ ʚ ʦʙʣʘʩʪʠ 4 ï 18 ʤʢʤ. ʇʝʨʚʘ ̫

ʩʝʨʠ ̫ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʩʪʨʫʢʪʫʨ ʚʢʣʶʯʘʣʘ 2 ʦʙʨʘʟʮʘ, ʠʟʣʫʯʘʶʱʠʭ ʚʙʣʠʟʠ ɚ = 4 ʤʢʤ, ʠ ʩʪʨʫʢʪʫʨʫ, 

ʚ ʢʦʪʦʨʦʡ ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʉʀ ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ ~ 10 ʤʢʤ [A17] ʧʨʠ ʊ = 18 ʂ. ʇʦʣʥʘʷ ʰʠʨʠʥʘ 

ʥʘ ʧʦʣʦʚʠʥʝ ʤʘʢʩʠʤʫʤʘ (FWHM) ʠʟʤʝʨʝʥʥʳʭ ʣʠʥʠʡ ʉʀ ʩʦʩʪʘʚʣʷʣʘ 2ï4 ʤʵɺ ʧʨʠ 18 K, ʚ ʪʦ 

ʚʨʝʤʷ ʢʘʢ FWHM ʩʧʦʥʪʘʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʧʨʝʚʳʰʘʣʘ 10 ʤʵɺ. ʇʝʨʝʭʦʜ ʦʪ ʩʧʦʥʪʘʥʥʦʛʦ 

ʠʟʣʫʯʝʥʠʷ ʢ ʩʪʠʤʫʣʠʨʦʚʘʥʥʦʤʫ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʣʩʷ ʧʦ ʩʚʝʨʭʣʠʥʝʡʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ 

ʠʥʪʝʛʨʘʣʴʥʦʡ ʤʦʱʥʦʩʪʴ ʠʟʣʫʯʝʥʠʷ ʦʪ ʥʘʢʘʯʢʠ ʠ ʧʦ ʨʝʟʢʦʤʫ ʦʙʫʞʝʥʠʶ ʩʧʝʢʪʨʘ ʠʟʣʫʯʝʥʠʷ. 

ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʣʦʞʝʥʠʝ ʣʠʥʠʠ ʉʀ ʩʜʚʠʛʘʝʪʩʷ ʚ ʦʙʣʘʩʪʴ ʙʦʣʴʰʠʭ ʵʥʝʨʛʠʡ 

ʢʚʘʥʪʘ, ʘ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʫʤʝʥʴʰʘʝʪʩʷ. ʇʨʠ ʵʪʦʤ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʪʨʫʢʪʫʨʘ ʩ ʙʦʣʝʝ ʫʟʢʦʡ 

ʂʗ (ʩ ʤʝʥʴʰʝʡ ʜʦʣʝʡ Cd) ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʉʀ ʧʨʠ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʠ ʧʨʠ 

(ʘ) (ʙ) 
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ʤʝʥʴʰʠʭ ʫʨʦʚʥʷʭ ʚʦʟʙʫʞʜʝʥʠʷ [A11]. ʊʘʢʞʝ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʘʢʘʯʢʠ 

ʩ ʙʦʣʴʰʝʡ ʜʣʠʥʦʡ ʚʦʣʥʳ (ʪ.ʝ. ʧʝʨʝʭʦʜ ʢ çʧʦʜʙʘʨʴʝʨʥʦʤʫè ʚʦʟʙʫʞʜʝʥʠʶ) ʧʨʠʚʦʜʠʪ 

ʢ ʫʤʝʥʴʰʝʥʠʶ ʧʦʨʦʛʘ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʉʀ (ʚ ʪʦʤ ʯʠʩʣʝ ʚ ʧʝʨʝʩʯʝʪʝ ʥʘ ʧʦʪʦʢ ʬʦʪʦʥʦʚ ʥʘʢʘʯʢʠ). 

ʕʪʦ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʢʦʥʪʨʠʥʪʫʠʪʠʚʥʳʤ ʨʝʟʫʣʴʪʘʪʦʤ, ʦʩʦʙʝʥʥʦ ʚ ʩʣʫʯʘʝ ʫʟʢʠʭ ʂʗ, ʛʜʝ 

ʧʦʛʣʦʱʝʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʥʘ ʧʝʨʝʭʦʜʘʭ ʠʟ ʦʜʥʦʡ ʚʘʣʝʥʪʥʦʡ ʧʦʜʟʦʥʫ ʚ ʦʜʥʫ ʧʦʜʟʦʥʫ ʟʦʥʳ 

ʧʨʦʚʦʜʠʤʦʩʪʠ, ʪʘʢ ʢʘʢ ʟʘ ʩʯʝʪ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʛʦ ʧʦʛʣʦʱʝʥʠʷ ʠʟʣʫʯʝʥʠʷ ʥʘʢʘʯʢʠ ʚ ʙʘʨʴʝʨʘʭ 

ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʫʶ ʧʨʠ ʜʘʥʥʦʤ ʫʨʦʚʥʝ ʥʘʢʘʯʢʠ ʢʦʥʮʝʥʪʨʘʮʠʶ 

ʥʝʨʘʚʥʦʚʝʩʥʳʭ ʥʦʩʠʪʝʣʝʡ ʜʣʷ ʠʥʞʝʢʮʠʠ ʚ ʂʗ. ʇʨʠ çʚʥʫʪʨʠʷʤʥʦʤè ʚʦʟʙʫʞʜʝʥʠʠ, ʢʦʛʜʘ ʦʜʥʘ 

ʂʗ ʧʦʛʣʦʱʘʝʪ ʥʝ ʙʦʣʝʝ ~ 1 % ʠʟʣʫʯʝʥʠʷ, ʤʘʢʩʠʤʘʣʴʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʥʝʨʘʚʥʦʚʝʩʥʳʭ 

ʥʦʩʠʪʝʣʝʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʦʣʠʯʝʩʪʚʦʤ ʂʗ, ʚʳʨʘʱʝʥʥʳʭ ʚ ʘʢʪʠʚʥʦʡ ʦʙʣʘʩʪʠ ʣʘʟʝʨʥʦʡ ʩʪʨʫʢʪʫʨʳ. 

ʄʘʣʘʷ ɻʬʬʝʢʪʠʚʥʦʩʪʴ ʠʥʞʝʢʮʠʠ ʠʟ ʙʘʨʴʝʨʦʚ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʟʘʭʚʘʪʦʤ ʥʦʩʠʪʝʣʝʡ 

ʥʘ ʛʣʫʙʦʢʠʝ ʮʝʥʪʨʳ-ʣʦʚʫʰʢʠ ʚ ʙʘʨʴʝʨʘʭ ʠ ʠʟʣʫʯʘʪʝʣʴʥʦʡ ʨʝʢʦʤʙʠʥʘʮʠʝʡ ʚ ʙʘʨʴʝʨʘʭ. 

  

ʈʠʩʫʥʦʢ 6 - ʉʧʝʢʪʨʳ ʉʀ ʚ ʜʠʘʧʘʟʦʥʝ ʜʣʠʥ ʚʦʣʥ ʦʪ 7 ʜʦ 20 ʤʢʤ ʚ ʩʝʨʠʠ ʠʩʩʣʝʜʦʚʘʥʥʳʭ 

ʩʪʨʫʢʪʫʨ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ 

ʊʘʢ ʢʘʢ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʩʧʝʢʪʨʦʚ ʉʀ ʚ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʚʦʣʥʦʚʦʜʥʳʭ ʩʪʨʫʢʪʫʨʘʭ 

ʧʦʢʘʟʘʣ, ʯʪʦ ʩʪʨʫʢʪʫʨʳ ʩ ʥʝʩʢʦʣʴʢʠʤʠ ʫʟʢʠʤʠ ʂʗ ʙʦʣʝʝ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳ, ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʉʀ 

ʚ ʜʠʘʧʘʟʦʥʝ ʜʣʠʥ ʚʦʣʥ 10 ï 20 ʤʢʤ (ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʪʨʫʢʪʫʨʘʤʠ ʩ ʰʠʨʦʢʦʡ ʂʗ) ʙʳʣʠ 

ʩʢʦʥʩʪʨʫʠʨʦʚʘʥʳ ʩʪʨʫʢʪʫʨʳ, ʩʦʜʝʨʞʘʱʠʝ ʂʗ ʪʦʣʱʠʥʦʡ ʤʝʥʝʝ 10 ʥʤ. ɺʦ ʚʩʝʭ ʠʩʩʣʝʜʦʚʘʥʥʳʭ 

ʩʪʨʫʢʪʫʨʘʭ ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʉʀ ʥʘ ʨʘʩʯʝʪʥʳʭ ʜʣʠʥʘʭ ʚʦʣʥ (ʈʠʩʫʥʦʢ 6) [A18].  

ʈʘʟʜʝʣ 5.3 ʧʦʩʚʷʱʝʥ ʘʥʘʣʠʟʫ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʦʞʝ-ʧʨʦʮʝʩʩʦʚ ʚ ʂʗ ʥʘ ʦʩʥʦʚʝ HgCdTe. 

ʀʟʚʝʩʪʥʦ 10 ʪʠʧʦʚ ʦʞʝ-ʧʨʦʮʝʩʩʦʚ ʚ ʦʙʲʝʤʥʦʤ ʤʘʪʝʨʠʘʣʝ, ʜʣʷ ʢʘʞʜʦʛʦ ʠʟ ʢʦʪʦʨʳʭ ʭʘʨʘʢʪʝʨʥʘ 

ʩʚʦʷ ʚʝʣʠʯʠʥʘ ʧʦʨʦʛʦʚʦʡ ʵʥʝʨʛʠʠ [26]. ɺ ʩʪʨʫʢʪʫʨʘʭ ʩ ʂʗ ʥʘʣʠʯʠʝ ʛʝʪʝʨʦʛʨʘʥʠʮʳ ʩʥʠʤʘʝʪ 

ʯʘʩʪʴ ʦʛʨʘʥʠʯʝʥʠʡ ʥʘ ʧʨʦʮʝʩʩʳ ʵʣʝʢʪʨʦʥ-ʵʣʝʢʪʨʦʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ ʠʟ-ʟʘ ʩʥʷʪʠʷ ʟʘʢʦʥʘ 

ʩʦʭʨʘʥʝʥʠʷ ʜʣʷ ʢʦʤʧʦʥʝʥʪʳ ʢʚʘʟʠʠʤʧʫʣʴʩʘ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʡ ʛʝʪʝʨʦʛʨʘʥʠʮʝ. ʇʦʵʪʦʤʫ 

ʚʦʟʤʦʞʥʳ ʦʞʝ-ʧʨʦʮʝʩʩʳ, ʧʨʠ ʢʦʪʦʨʳʭ ʥʦʩʠʪʝʣʴ ʤʝʥʷʝʪ ʧʦʜʟʦʥʫ ʨʘʟʤʝʨʥʦʛʦ ʢʚʘʥʪʦʚʘʥʠʷ ʠʣʠ 

ʚʳʙʨʘʩʳʚʘʝʪʩʷ ʚ ʙʘʨʴʝʨ. ʇʨʠ ʵʪʦʤ ʧʦʨʦʛʦʚʘʷ ʵʥʝʨʛʠʷ ʪʘʢʠʭ ʧʨʦʮʝʩʩʦʚ ʤʦʞʝʪ ʙʳʪʴ ʨʘʚʥʦʡ 

ʥʫʣʁ. 

(ʘ) (ʙ) 


