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ɸʅʆʊɸʎɯʗ 

 

 

ʂʦʥʜʨʠʢ ʆ. ɯ. ɺʧʣʠʚ ʨʘʜʽʘʮʽʡʥʠʭ ʽ ʬʦʥʦʚʠʭ ʜʝʬʝʢʪʽʚ ʥʘ ʚʣʘʩʪʠʚʦʩʪʽ GaAs, CdTe, 

CdZnTe ʽ ʜʝʪʝʢʪʦʨʽʚ ʽʦʥʽʟʫʶʯʠʭ ʚʠʧʨʦʤʽʥʶʚʘʥʴ ʥʘ ʾʭ ʦʩʥʦʚʽ. ï ʂʚʘʣʽʬʽʢʘʮʽʡʥʘ 

ʥʘʫʢʦʚʘ ʧʨʘʮʷ ʥʘ ʧʨʘʚʘʭ ʨʫʢʦʧʠʩʫ.   

 

ɼʠʩʝʨʪʘʮʽʷ ʥʘ ʟʜʦʙʫʪʪʷ ʥʘʫʢʦʚʦʛʦ ʩʪʫʧʝʥʷ ʢʘʥʜʠʜʘʪʘ ʬʽʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʥʠʭ ʥʘʫʢ 

ʟʘ ʩʧʝʮʽʘʣʴʥʽʩʪʶ 01.04.21 ï ʨʘʜʽʘʮʽʡʥʘ ʬʽʟʠʢʘ ʽ ʷʜʝʨʥʘ ʙʝʟʧʝʢʘ (ʬʽʟʠʢʦ-

ʤʘʪʝʤʘʪʠʯʥʽ ʥʘʫʢʠ). ï ʅʘʮʽʦʥʘʣʴʥʠʡ ʥʘʫʢʦʚʠʡ ʮʝʥʪʨ çʍʘʨʢʽʚʩʴʢʠʡ ʬʽʟʠʢʦ-

ʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪè ʅɸʅ ʋʢʨʘʾʥʠ. ï ʅʘʮʽʦʥʘʣʴʥʠʡ ʥʘʫʢʦʚʠʡ ʮʝʥʪʨ 

çʍʘʨʢʽʚʩʴʢʠʡ ʬʽʟʠʢʦ-ʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪè ʅɸʅ ʋʢʨʘʾʥʠ. ï ʍʘʨʢʽʚ, 2019.  

 

ɼʠʩʝʨʪʘʮʽʷ ʧʨʠʩʚʷʯʝʥʘ ʟôʷʩʫʚʘʥʥʶ ʫʤʦʚ ʝʬʝʢʪʠʚʥʦʾ ʨʦʙʦʪʠ ʪʘ 

ʧʦʣʽʧʰʝʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ ʜʝʪʝʢʪʦʨʽʚ ʥʘ ʦʩʥʦʚʽ GaAs, 

CdTe ʽ CdZnTe. ɹʫʣʘ ʜʦʩʣʽʜʞʝʥʘ ʜʠʥʘʤʽʢʘ ʟʤʽʥʠ ʝʣʝʢʪʨʦʬʽʟʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

GaAs, CdTe, CdZnTe ʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʝʪʝʢʪʦʨʽʚ ʷʜʝʨʥʠʭ ʚʠʧʨʦʤʽʥʶʚʘʥʴ ʥʘ 

ʦʩʥʦʚʽ ʮʠʭ ʩʧʦʣʫʢ ʚ ʟʘʣʝʞʥʦʩʪʽ ʨʘʜʽʘʮʽʡʥʦ-ʩʪʠʤʫʣʴʦʚʘʥʠʭ ʪʘ ʚʣʘʩʥʠʭ ʜʝʬʝʢʪʽʚ, 

ʷʢʽ ʫʪʚʦʨʶʶʪʴʩʷ ʚ ʢʨʠʩʪʘʣʘʭ ʧʨʠ ʾʭ ʦʜʝʨʞʘʥʥʽ ʪʘ ʚ ʭʦʜʽ ʧʦʜʘʣʴʰʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ 

ʚ ʫʤʦʚʘʭ ʘʛʨʝʩʠʚʥʦʛʦ ʨʘʜʽʘʮʽʡʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ʇʦʙʫʜʦʚʘʥʘ ʫʪʦʯʥʝʥʘ 

ʙʘʛʘʪʦʨʽʚʥʝʚʘ ʤʦʜʝʣʴ ʢʦʤʧʝʥʩʘʮʽʾ ʝʥʝʨʛʝʪʠʯʥʠʭ ʨʽʚʥʽʚ ʫ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘʭ ʜʣʷ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʟʤʽʥ ʝʣʝʢʪʨʦʥʥʦʾ ʨʫʭʣʠʚʦʩʪʽ (ɛn), ʧʠʪʦʤʦʛʦ ʦʧʦʨʫ (ɟ), ʧʦʣʦʞʝʥʥʷ 

ʨʽʚʥʷ ʌʝʨʤʽ (F) ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ ʦʜʥʦ- ʜʚʦ- ʪʘ ʪʨʠ-ʟʘʨʷʜʥʠʭ 

ʜʦʥʦʨʽʚ ʪʘ ʘʢʮʝʧʪʦʨʽʚ, ʘʤʬʦʪʝʨʥʠʭ ʜʦʤʽʰʦʢ ʪʠʧʫ ʜʦʥʦʨ-ʘʢʮʝʧʪʦʨ DA, ʜʦʥʦʨ-

ʜʦʥʦʨ-ʘʢʮʝʧʪʦʨ DDA, ʜʦʥʦʨ-ʘʢʮʝʧʪʦʨ-ʘʢʮʝʧʪʦʨ DAA, ʾʭ ʝʥʝʨʛʝʪʠʯʥʦʛʦ 

ʧʦʣʦʞʝʥʥʷ ʚ ʟʘʙʦʨʦʥʝʥʽʡ ʟʦʥʽ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘ, ʥʝʦʜʥʦʨʽʜʥʦʩʪʝʡ ʩʪʨʫʢʪʫʨʠ ʽ 

ʣʝʛʫʚʘʥʥʷ (ʦʙʣʘʩʪʝʡ ʥʘʢʦʧʠʯʝʥʥʷ ʜʝʬʝʢʪʽʚ ʽ ʜʦʤʽʰʢʦʚʠʭ ʢʣʘʩʪʝʨʽʚ) ʚ ʰʠʨʦʢʦʤʫ 

ʪʝʤʧʝʨʘʪʫʨʥʦʤʫ ʽʥʪʝʨʚʘʣʽ. ʉʪʚʦʨʝʥʝ ʥʘ ʦʩʥʦʚʽ ʜʘʥʦʾ ʬʽʟʠʯʥʦʾ ʤʦʜʝʣʽ ʨʽʚʥʷʥʥʷ 

ʝʣʝʢʪʨʦʥʝʡʪʨʘʣʴʥʦʩʪʽ ʜʣʷ ʜʦʚʽʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ ʙʘʛʘʪʦʟʘʨʷʜʥʠʭ ʜʦʤʽʰʦʢ ʪʘ 

ʜʝʬʝʢʪʽʚ, ʷʢʝ ʟʘʚʞʜʠ ʤʘʻ ʪʽʣʴʢʠ ʦʜʠʥ ʢʦʨʽʥʴ, ʚʠʨʽʰʫʚʘʣʦʩʴ ʯʠʩʝʣʴʥʦ ʤʝʪʦʜʦʤ 

ʧʦʣʦʚʠʥʥʦʛʦ ʜʽʣʝʥʥʷ. ʇʽʩʣʷ ʚʠʨʽʰʝʥʥʷ ʨʽʚʥʷʥʥʷ ʝʣʝʢʪʨʦʥʝʡʪʨʘʣʴʥʦʩʪʽ 
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ʧʨʦʚʦʜʠʣʦʩʴ ʦʙʯʠʩʣʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʪʘ ʨʫʭʣʠʚʦʩʪʽ ʚʽʣʴʥʠʭ ʝʣʝʢʪʨʦʥʽʚ ɛn, 

ʚʤʽʩʪʫ ʥʝʡʪʨʘʣʴʥʠʭ ʪʘ ʟʘʨʷʜʞʝʥʠʭ ʮʝʥʪʨʽʚ ʚ ʦʙʣʘʩʪʽ ʧʨʦʩʪʦʨʦʚʦʛʦ ʟʘʨʷʜʫ, 

ʧʠʪʦʤʦʛʦ ʦʧʦʨʫ ɟ, ʯʘʩʫ ʞʠʪʪʷ ʥʝʨʽʚʥʦʚʘʞʥʠʭ ʝʣʝʢʪʨʦʥʽʚ Űn, ʪʘ ʜʽʨʦʢ Űp ʪʘʢʦʞ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʙʦʨʫ ʟʘʨʷʜʽʚ ɖ ʜʝʪʝʢʪʦʨʽʚ ʽʦʥʽʟʫʶʯʠʭ ʚʠʧʨʦʤʽʥʶʚʘʥʴ ʥʘ ʦʩʥʦʚʽ 

ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ. ɼʣʷ ʨʦʟʨʘʭʫʥʢʫ Űn, Űp, ɖ ʚ 

ʜʝʪʝʢʪʦʨʘʭ ʥʘ ʦʩʥʦʚʽ CdTe CdZnTe ʚʧʝʨʰʝ ʙʫʣʘ ʟʘʩʪʦʩʦʚʘʥʘ ʤʦʜʝʣʴ 

ʨʝʢʦʤʙʽʥʘʮʽʾ ʐʦʢʣʽ-ʈʽʜʘ-ʍʦʣʣʘ. ʇʨʠ ʦʙʯʠʩʣʝʥʥʽ ʝʣʝʢʪʨʦʥʥʦʾ ʨʫʭʣʠʚʦʩʪʽ ʚʧʝʨʰʝ 

ʙʫʣʘ ʟʨʦʙʣʝʥʘ ʧʦʧʨʘʚʢʘ ʚ ʤʦʜʝʣʴ ɹʨʫʢʩʘ-ʍʝʨʨʽʥʛʘ ʰʣʷʭʦʤ ʚʚʝʜʝʥʥʷ ʜʦʜʘʪʢʦʛʦ 

ʝʢʨʘʥʫʚʘʥʥʷ ʨʦʟʩʽʶʚʘʣʴʥʠʭ ʮʝʥʪʨʽʚ ʫ GaAs, CdTe ʽ CdZnTe ʽʦʥʽʟʦʚʘʥʠʤʠ 

ʛʣʠʙʦʢʠʤʠ ʨʽʚʥʷʤʠ ʪʘ ʧʦʢʘʟʘʥʦ, ʱʦ ʧʘʨʮʽʘʣʴʥʫ ʨʫʭʣʠʚʽʩʪʴ ʝʣʝʢʪʨʦʥʽʚ ʜʣʷ ʾʭ 

ʥʝʧʨʫʞʥʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ ʥʘ ʧʦʣʷʨʥʠʭ ʦʧʪʠʯʥʠʭ ʬʦʥʦʥʘʭ ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ 

ʘʥʘʣʽʪʠʯʥʠʤ ʚʠʨʘʟʦʤ ʟʘʤʽʩʪʴ ʯʠʩʝʣʴʥʦʛʦ ʚʠʨʽʰʝʥʥʷ ʨʽʚʥʷʥʥʷ ɹʦʣʴʮʤʘʥʘ. 

ʄʝʪʦʜʦʤ ʤʦʜʝʣʶʚʘʥʥʷ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʢʽʣʴʢʽʩʥʝ ʜʦʩʣʽʜʞʝʥʥʷ 

ʝʣʝʢʪʨʦʬʽʟʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʘʨʩʝʥʽʜʫ ʛʘʣʽʶ ʚ ʰʠʨʦʢʦʤʫ ʜʽʘʧʘʟʦʥʽ ʪʝʤʧʝʨʘʪʫʨ 

ʽ ʢʦʥʮʝʥʪʨʘʮʽʡ ʜʦʤʽʰʦʢ ʪʘ ʩʪʨʫʢʪʫʨʥʠʭ ʜʝʬʝʢʪʽʚ. ɺʠʚʯʝʥʠʡ ʚʧʣʠʚ ʩʪʨʫʢʪʫʨʥʦʛʦ 

ʜʝʬʝʢʪʫ EL-2 ʧʽʩʣʷ ʨʘʜʽʘʮʽʡʥʦʛʦ ʦʧʨʦʤʽʥʝʥʥʷ ʽ ʥʘʩʪʫʧʥʦʾ ʪʝʨʤʦʦʙʨʦʙʢʠ ʥʘ 

ʦʩʥʦʚʥʽ ʝʣʝʢʪʨʦʬʽʟʠʯʥʽ ʧʘʨʘʤʝʪʨʠ GaAs. ɺʠʚʯʝʥʘ ʟʤʽʥʘ Õn ʚ ʽʥʪʝʨʚʘʣʽ 300 Ò T Ò 

1100 K ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʚʤʽʩʪʫ EL-2, ʢʣʘʩʪʝʨʽʚ ʽ ʟôʷʩʦʚʘʥʽ ʤʝʭʘʥʽʟʤʠ ʚʧʣʠʚʫ 

ʜʝʬʝʢʪʽʚ ʥʘ Õn ʽ ɟ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʪʦʯʢʦʚʽ ʜʝʬʝʢʪʠ, ʷʢʽ ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ 

ʟʘʙʦʨʦʥʝʥʽʡ ʟʦʥʽ ʤʽʣʢʠʤʠ ʨʽʚʥʷʤʠ, ʘ ʪʘʢʦʞ ʣʽʥʽʡʥʽ ʜʝʬʝʢʪʠ ʤʦʞʫʪʴ ʧʦʤʽʪʥʦ 

ʚʧʣʠʚʘʪʠ ʥʘ ʝʣʝʢʪʨʦʥʥʫ ʨʫʭʣʠʚʽʩʪʴ ɛn ʚ ʘʨʩʝʥʽʜʽ ʛʘʣʽʶ, ʷʢʱʦ ʚʦʥʠ ʨʦʟʧʦʜʽʣʝʥʽ ʚ 

ʤʘʪʨʠʮʽ ʫ ʚʠʛʣʷʜʽ ʟʘʨʷʜʞʝʥʠʭ ʩʢʫʧʯʝʥʴ ʜʝʬʝʢʪʽʚ, ʢʣʘʩʪʝʨʽʚ, ʥʝʦʜʥʦʨʽʜʥʦʩʪʝʡ 

ʣʝʛʫʚʘʥʥʷ. ɺʣʘʩʥʠʡ ʜʝʬʝʢʪ EL-2, ʷʢʠʡ ʚʥʦʩʠʪʴ ʚ ʟʘʙʦʨʦʥʝʥʫ ʟʦʥʫ ʛʣʠʙʦʢʠʡ 

ʨʽʚʝʥʴ ʝʥʝʨʛʽʾ, ʧʦʤʽʪʥʦ ʚʧʣʠʚʘʻ ʥʘ ɛn ʚ GaAs ʥʘʚʽʪʴ ʧʨʠ ʡʦʛʦ ʦʜʥʦʨʽʜʥʦʤʫ 

ʨʦʟʧʦʜʽʣʽ ʚ ʤʘʪʨʠʮʽ ʢʨʠʩʪʘʣʫ. 

ʇʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʨʷʜʫ ʩʧʦʣʫʢ ʽ ʙʫʣʦ ʟʥʘʡʜʝʥʦ, ʱʦ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ GaAs 

ʙʽʣʴʰ ʧʝʨʩʧʝʢʪʠʚʥʠʤʠ ʜʝʪʝʢʪʦʨʥʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ ʻ CdTe ʪʘ Cd1-xZnxTe ʧʦ 

ʧʨʠʯʠʥʽ ʤʝʥʰʦʛʦ ʯʘʩʫ ʞʠʪʪʷ ʥʝʨʽʚʥʦʚʘʞʥʠʭ ʥʦʩʽʾʚ ʟʘʨʷʜʫ ʚ GaAs (Ű~10-9 ʩʝʢ) ʫ 

ʧʦʨʽʚʥʷʥʥʽ ʟ CdTe ʽ CdZnTe (Ű~10-6cʝʢ ). ɼʣʷ GaAs, CdTe ʽ Cd1-xZnxTe ʤʝʪʦʜʦʤ 

ʤʦʜʝʣʶʚʘʥʥʷ ʜʦʩʣʽʜʞʝʥʽ ʜʨʝʡʬʦʚʘ ʨʫʭʣʠʚʽʩʪʴ ʝʣʝʢʪʨʦʥʽʚ ʧʨʦʚʽʜʥʦʩʪʽ, ʧʠʪʦʤʠʡ 
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ʦʧʽʨ ɟ, ʯʘʩ ʞʠʪʪʷ Ű, ʥʝʨʽʚʥʦʚʘʞʥʠʭ ʥʦʩʽʾʚ ʟʘʨʷʜʫ, ʘ ʪʘʢʦʞ ʝʬʝʢʪʠʚʥʽʩʪʴ ʟʙʦʨʫ 

ʟʘʨʷʜʽʚ ɖ, ʜʣʷ ʜʝʪʝʢʪʦʨʽʚ ʽʦʥʽʟʫʶʯʠʭ ʚʠʧʨʦʤʽʥʶʚʘʥʴ ʚ ʰʠʨʦʢʠʭ ʜʽʘʧʘʟʦʥʘʭ 

ʢʦʥʮʝʥʪʨʘʮʽʡ ʜʦʤʽʰʦʢ ʽ ʜʝʬʝʢʪʽʚ ʧʨʠ ʊ=300 ʂ, ʘ ʪʘʢʦʞ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʚʝʣʠʯʠʥ ʢʦʥʮʝʥʪʨʘʮʽʾ ʮʠʥʢʫ x ʜʣʷ Cd1-xZnxTe. ɿʥʘʡʜʝʥʦ ʧʦʷʩʥʝʥʥʷ ʦʜʝʨʞʘʥʠʭ 

ʟʘʣʝʞʥʦʩʪʝʡ ɛn, ɟ, Űn, Űp ʽ ɖ ʚʽʜ ʩʢʣʘʜʫ ʤʘʪʨʠʮʽ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʦʩʥʦʚʥʠʡ 

ʚʥʝʩʦʢ ʫ ʝʣʝʢʪʨʦʥʥʫ ʨʫʭʣʠʚʽʩʪʴ ɛn ʚ CdTe ʽ CdZnTe ʜʘʻ ʨʦʟʩʽʶʚʘʥʥʷ ʥʘ 

ʧʦʣʷʨʥʠʭ ʦʧʪʠʯʥʠʭ ʬʦʥʦʥʘʭ, ʪʦʤʫ ɛn ʩʣʘʙʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʜʦʤʽʰʢʦʚʦʛʦ ʩʢʣʘʜʫ ʟʘ 

ʫʤʦʚʠ ʨʽʚʥʦʤʽʨʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʪʦʯʢʦʚʠʭ ʜʝʬʝʢʪʽʚ ʽ ʜʦʤʽʰʦʢ ʚ ʦʙôʻʤʽ ʢʨʠʩʪʘʣʫ. 

ʍʘʨʘʢʪʝʨ ʟʤʽʥʠ ʟʘʣʝʞʥʦʩʪʝʡ ɟ  ̔Õn ʚʽʜ ʩʢʣʘʜʫ ʷʢʽʩʥʦ ʩʭʦʞʠʡ ʜʣʷ CdTe ʽ CdZnTe, 

ʨʽʟʥʠʮʷ ʧʦʣʷʛʘʻ ʪʽʣʴʢʠ ʫ ʚʝʣʠʯʠʥʽ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʧʠʪʦʤʦʛʦ ʦʧʦʨʫ ɟmax, ʷʢʠʡ ʜʣʷ 

CdTe ʜʦʨʽʚʥʶʻ 1010 ʆʤĀʩʤ, ʜʣʷ Cd0.9Zn0.1Te ɟmax= 1011 ʆʤĀʩʤ, ʘ ʜʣʷ Cd0.8Zn0.2Te 

ɟmax= 1012 ʆʤĀʩʤ. ɻʣʠʙʦʢʽ ʜʦʥʦʨʠ ʚ CdTe ʽ CdZnTe ʟʙʽʣʴʰʫʶʪʴ ʨʦʟʤʽʨ 

ʥʘʧʽʚʽʟʦʣʶʶʯʦʾ ʦʙʣʘʩʪʽ, ʷʢʘ ʦʭʦʧʣʶʻʪʴʩʷ ʜʽʘʧʘʟʦʥʘʤʠ ʟʤʽʥʠ ʢʦʥʮʝʥʪʨʘʮʽʡ 

ʤʽʣʢʠʭ ʘʢʮʝʧʪʦʨʽʚ ʪʘ ʜʦʥʦʨʽʚ. ɺ CdTe ʽ CdZnTe ʦʙʣʘʩʪʴ ~106 ʆʤĀʩʤ ʟôʷʚʣʷʻʪʴʩʷ 

ʧʨʠ ʥʝʧʦʚʥʽʡ ʢʦʤʧʝʥʩʘʮʽʾ ʨʽʚʥʷ ʝʥʝʨʛʽʾ ʚʘʢʘʥʩʽʡ ʢʘʜʤʽʶ, ʘ ʦʙʣʘʩʪʴ ~1010ï1012 

ʆʤĀʩʤ ï ʚ ʨʝʟʫʣʴʪʘʪʽ ʥʝʧʦʚʥʦʾ ʢʦʤʧʝʥʩʘʮʽʾ ʨʽʚʥʷ ʘʥʪʠʩʪʨʫʢʪʫʨʥʦʛʦ ʜʝʬʝʢʪʫ TeCd, 

ʷʢʠʡ ʻ ʛʣʠʙʦʢʠʤ ʜʦʥʦʨʦʤ ʟ ʝʥʝʨʛʽʻʶ ~ 0,8 ʝɺ. ɿʥʘʡʜʝʥʽ ʦʧʪʠʤʘʣʴʥʽ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʝʣʝʢʪʨʠʯʥʦ ʘʢʪʠʚʥʠʭ ʜʦʤʽʰʦʢ ʪʘ ʜʝʬʝʢʪʽʚ, ʘ ʪʘʢʦʞ ʨʦʟʧʦʜʽʣ ʮʠʭ ʢʦʥʮʝʥʪʨʘʮʽʡ ʫ 

ʤʽʞʝʣʝʢʪʨʦʜʥʦʤʫ ʧʨʦʤʽʞʢʫ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʚʠʩʦʢʦʦʤʥʦʛʦ ʩʪʘʥʫ ʟ ʤʘʢʩʠʤʘʣʴʥʠʤ 

ɟ ʜʝʪʝʢʪʦʨʥʠʭ ʤʘʪʝʨʽʘʣʽʚ CdTe ʽ CdZnTe ʪʘ ʟ ʚʠʩʦʢʦʶ ʝʣʝʢʪʨʦʥʥʦʶ ʨʫʭʣʠʚʽʩʪʶ 

ɛn ʽ ʤʘʢʩʠʤʘʣʴʥʦʶ ʝʬʝʢʪʠʚʥʽʩʪʶ ʟʙʦʨʫ ʟʘʨʷʜʽʚ ɖ ʫ ʜʝʪʝʢʪʦʨʘʭ ʽʦʥʽʟʫʶʯʠʭ 

ʚʠʧʨʦʤʽʥʶʚʘʥʴ ʥʘ ʾʭ ʦʩʥʦʚʽ ʟ ʧʣʦʩʢʦ-ʧʘʨʘʣʝʣʴʥʦʶ, ʩʬʝʨʠʯʥʦʶ ʪʘ 

ʮʠʣʽʥʜʨʠʯʥʦʶ ʬʦʨʤʦʶ ʝʣʝʢʪʨʦʜʽʚ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʟʘ ʩʫʢʫʧʥʽʩʪʶ 

ʚʠʱʝʚʢʘʟʘʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʥʘʡʙʽʣʴʰ ʧʨʠʜʘʪʥʠʤʠ ʻ ʧʣʦʩʢʽ ʜʝʪʝʢʪʦʨʠ ʥʘ ʦʩʥʦʚʽ 

Cd0.9Zn0.1Te. ɺʧʝʨʰʝ ʟôʷʩʦʚʘʥʦ, ʱʦ ʜʣʷ ʟʙʽʣʴʰʝʥʥʷ ɖ ʥʘ ~30% ʧʦʪʨʽʙʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʝʪʝʢʪʦʨʥʠʡ ʤʘʪʝʨʽʘʣ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʚʦʭ ʯʘʩʪʠʥ, ʨʽʟʥʠʭ ʟʘ 

ʜʦʤʽʰʢʦʚʠʤ ʩʢʣʘʜʦʤ: ʟ p >> n ʚ ʤʝʥʰʽʡ ʯʘʩʪʠʥʽ ʤʽʞʝʣʝʢʪʨʦʜʥʦʛʦ ʟʘʟʦʨʫ 

ʧʦʙʣʠʟʫ ʘʥʦʜʘ ʟ pÓn ï ʚ ʨʝʰʪʽ ʙʽʣʴʰʦʾ ʯʘʩʪʠʥʠ ʟʘʟʦʨʫ ʧʦʙʣʠʟʫ ʢʘʪʦʜʘ. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʨʠʡʥʷʪʥʦʾ ʜʝʪʝʢʪʦʨʥʦʾ ʷʢʦʩʪʽ ʚʠʩʦʢʦʦʤʥʦʛʦ Cd1-xZnxTe 

ʤʦʞʥʘ ʜʦʩʷʛʪʠ ʟʘ ʫʤʦʚʠ ʡʦʛʦ ʟʙʘʣʘʥʩʦʚʘʥʦʛʦ ʩʢʣʘʜʫ, ʢʦʣʠ ʢʦʥʮʝʥʪʨʘʮʽʷ 
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ʬʦʥʦʚʠʭ ʜʦʤʽʰʦʢ Ti, V, Ni, Sn, Ge ʥʝ ʧʝʨʝʚʠʱʫʻ ʩʫʤʘʨʥʦʛʦ ʚʤʽʩʪʫ ʩʪʨʫʢʪʫʨʥʠʭ 

ʜʝʬʝʢʪʽʚ ʽ ʾʭ ʢʦʤʧʣʝʢʩʽʚ. ɼʦʤʽʰʢʠ ʟ ʛʣʠʙʦʢʠʤʠ ʜʦʥʦʨʥʠʤʠ ʨʽʚʥʷʤʠ ʟʙʽʣʴʰʫʶʪʴ 

ɟ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʝʥʝʨʛʽʾ ʮʠʭ ʨʽʚʥʽʚ. ɿʥʠʞʝʥʥʷ ʝʣʝʢʪʨʦʥʥʦʾ ʨʫʭʣʠʚʦʩʪʽ ʚ CdTe ʽ 

CdZnTe ʤʦʞʝ ʙʫʪʠ ʚʠʢʣʠʢʘʥʦ ʫʪʚʦʨʝʥʥʷʤ ʩʢʫʧʯʝʥʴ ʫ ʚʠʛʣʷʜʽ ʜʦʤʽʰʢʦʚʠʭ 

ʢʣʘʩʪʝʨʽʚ. ʇʨʠ ʦʜʥʦʨʽʜʥʦʤʫ ʨʦʟʧʦʜʽʣʽ ʜʦʤʽʰʦʢ ʚ ʦʙ'ʻʤʽ ʢʨʠʩʪʘʣʘ ʾʭ ʩʫʤʘʨʥʘ 

ʢʦʥʮʝʥʪʨʘʮʽʷ ʤʦʞʝ ʜʦʩʷʛʘʪʠ ~ 1016 ʩʤ-3 ʙʝʟ ʧʦʤʽʪʥʦʛʦ ʟʥʠʞʝʥʥʷ ɛn, ʧʨʦʪʝ ʚ 

ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʤʦʞʝ ʨʽʟʢʦ ʟʤʝʥʰʠʪʠʩʷ ʜʦʙʫʪʦʢ ɛnĀŰn, (ʯʪʦ ʟʘ ʩʠʤʚʦʣ ʧʦʩʣʝ ɛ?) ʘ 

ʪʘʢʦʞ ʚʝʣʠʯʠʥʘ ɖ.  

ʇʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʢʦʨʝʣʷʮʽʾ ʤʽʞ ʨʘʜʽʘʮʽʡʥʠʤʠ ʜʝʬʝʢʪʘʤʠ, ʷʢʽ 

ʚʠʥʠʢʘʶʪʴ ʚ CdTe:Cl ʽ CdZnTe ʧʽʩʣʷ ʞʦʨʩʪʢʦʛʦ ʨʝʥʪʛʝʥʽʚʩʴʢʦʛʦ ʦʧʨʦʤʽʥʝʥʥʷ ʽ ɟ, 

ɖ ʜʝʪʝʢʪʦʨʽʚ ʥʘ ʾʭ ʦʩʥʦʚʽ. ɺʠʟʥʘʯʝʥʘ ʨʦʣʴ ʨʘʜʽʘʮʽʡʥʠʭ ʜʝʬʝʢʪʽʚ ʫ ʧʨʦʮʝʩʘʭ 

ʜʝʛʨʘʜʘʮʽʾ ʜʝʪʝʢʪʦʨʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ CdTe:Cl. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʦʩʥʦʚʥʠʡ 

ʚʥʝʩʦʢ ʚ ʜʝʛʨʘʜʘʮʽʶ ʜʝʪʝʢʪʦʨʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ CdTe:Cl ʚ ʫʤʦʚʘʭ ʞʦʨʩʪʢʦʛʦ 

ʨʝʥʪʛʝʥʽʚʩʴʢʦʛʦ ʦʧʨʦʤʽʥʝʥʥʷ ʜʘʻ ʟʥʠʞʝʥʥʷ ʧʠʪʦʤʦʛʦ ʦʧʦʨʫ ʥʘ ʪʨʠ ʧʦʨʷʜʢʠ 

ʚʥʘʩʣʽʜʦʢ ʧʦʤʽʪʥʦʛʦ ʟʤʽʱʝʥʥʷ ʟʘʣʝʞʥʦʩʪʽ ɟ ʚʽʜ ʚʤʽʩʪʫ Cl ʚ ʩʪʦʨʦʥʫ ʙʽʣʴʰʠʭ 

ʢʦʥʮʝʥʪʨʘʮʽʡ ʭʣʦʨʫ, ʘ ʪʘʢʦʞ ʧʦ ʧʨʠʯʠʥʽ ʟʘʭʦʧʣʝʥʥʷ ʚʽʣʴʥʠʭ ʥʦʩʽʾʚ ʟʘʨʷʜʫ ʥʘ 

ʨʘʜʽʘʮʽʡʥʠʭ ʛʣʠʙʦʢʠʭ ʘʢʮʝʧʪʦʨʥʠʭ ʨʽʚʥʷʭ J (EV + 0.53 ʝɺ) ʽ Z (EV + 0.47 ʝɺ). 

ʉʝʨʝʜʥʽʡ ʯʘʩ ʜʨʝʡʬʫ ʥʝʨʽʚʥʦʚʘʞʥʠʭ ʥʦʩʽʾʚ ʟʘʨʷʜʫ ʚ ʜʝʪʝʢʪʦʨʽ ʜʦ ʾʭ ʟʘʭʦʧʣʝʥʥʷ 

ʥʘ ʨʘʜʽʘʮʽʡʥʠʭ ʜʝʬʝʢʪʘʭ ʟʤʝʥʰʫʻʪʴʩʷ ʥʘ ʜʚʘ-ʪʨʠ ʧʦʨʷʜʢʠ ʚʝʣʠʯʠʥʠ.  

ɺʧʝʨʰʝ ʙʫʣʦ ʟʥʘʡʜʝʥʦ, ʱʦ ʙʽʣʴʰ ʚʠʩʦʢʘ ʨʘʜʽʘʮʽʡʥʘ ʩʪʽʡʢʽʩʪʴ ʜʝʪʝʢʪʦʨʽʚ 

ʥʘ ʦʩʥʦʚʽ CdZnTe, ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʜʝʪʝʢʪʦʨʘʤʠ ʥʘ ʦʩʥʦʚʽ CdTe:Cl, ʧʦʷʩʥʶʻʪʴʩʷ 

ʤʝʥʰʦʶ ʰʚʠʜʢʽʩʪʶ ʫʪʚʦʨʝʥʥʷ ʨʘʜʽʘʮʽʡʥʠʭ ʜʝʬʝʢʪʽʚ A00 (EV + 0.06 ʝɺ), D (EV + 

0.41 ʝɺ) ʽ J (EV + 0.53 ʝɺ) ʚ CdZnTe. ɿʙʽʣʴʰʝʥʥʷ ʚʤʽʩʪʫ ʮʠʭ ʜʝʬʝʢʪʽʚ ʧʦʚ'ʷʟʘʥʝ ʟʽ 

ʟʨʦʩʪʘʥʥʷʤ ʢʦʥʮʝʥʪʨʘʮʽʾ ʚʘʢʘʥʩʽʡ Cd ʽ Zn. ɺʧʝʨʰʝ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʥʝʛʘʪʠʚʥʠʡ 

ʚʧʣʠʚ ʜʝʬʝʢʪʫ J ʰʣʷʭʦʤ ʟʘʭʦʧʣʝʥʥʷ ʥʠʤ ʥʦʩʽʾʚ ʟʘʨʷʜʫ ʚ CdZnTe 

ʥʝʡʪʨʘʣʽʟʫʻʪʴʩʷ ʛʣʠʙʦʢʠʤ ʜʦʥʦʨʦʤ H1, ʢʦʥʮʝʥʪʨʘʮʽʷ ʷʢʦʛʦ ʧʦʤʽʪʥʦ ʟʨʦʩʪʘʻ ʧʨʠ 

ʚʽʜʥʦʩʥʦ ʥʝʚʝʣʠʢʠʭ ʜʦʟʘʭ ʦʧʨʦʤʽʥʝʥʥ,̫ ʱʦ ʚ ʩʚʦʶ ʯʝʨʛʫ ʚʽʜʪʷʛʫʻ ʨʽʚʝʥʴ ʌʝʨʤʽ 

ʚ ʩʝʨʝʜʠʥʫ ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ, ʟʙʽʣʴʰʫʶʯʠ ɟ ʽ ʟʤʝʥʰʫʶʯʠ ʟʘʭʦʧʣʝʥʥʷ ʥʦʩʽʾʚ 

ʟʘʨʷʜʫ ʥʘ ʨʽʚʥʽ J. 
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ʇʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʽ ʚʢʘʟʘʥʽ ʤʦʞʣʠʚʽ ʧʨʠʯʠʥʠ ʟʤʽʥ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʛʣʠʙʦʢʠʭ 

ʨʽʚʥʽʚ ʫ ʚʠʩʦʢʦʦʤʥʦʤʫ Cd0.9Zn0.1Te:Al ʧʽʩʣʷ ɔ-ʦʧʨʦʤʽʥʝʥʥʷ ʪʘ ʧʨʦʪʷʛʦʤ 

ʧʦʩʪʨʘʜʽʘʮʽʡʥʦʾ ʨʝʣʘʢʩʘʮʽʾ. ɼʦʩʣʽʜʞʝʥʽ ʟʤʽʥʠ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʣʦʩʢʦʛʦ ʜʝʪʝʢʪʦʨʘ 

ʥʘ ʦʩʥʦʚʽ Cd0.9Zn0.1Te:Al ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ ʽ ʨʽʚʥʷ ʝʥʝʨʛʽʾ ʛʣʠʙʦʢʦʛʦ 

ʜʦʥʦʨʘ, ʥʝʦʙʭʽʜʥʦʛʦ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʚʠʩʦʢʦʦʤʥʦʛʦ ʩʪʘʥʫ, ʘ ʪʘʢʦʞ ʚʽʜ ʩʪʫʧʝʥʷ 

ʣʝʛʫʚʘʥʥʷ ʤʽʣʢʠʤ ʜʦʥʦʨʦʤ. ɺʠʟʥʘʯʝʥʽ ʫʤʦʚʠ ʜʝʛʨʘʜʘʮʽʾ ʨʝʻʩʪʨʫʚʘʣʴʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʜʝʪʝʢʪʦʨʘ ʥʘ ʧʦʯʘʪʢʦʚʦʤʫ ʝʪʘʧʽ ʡʦʛʦ ʝʢʩʧʣʫʘʪʘʮʽʾ ʧʽʜ ʜʽʻʶ 

ʘʛʨʝʩʠʚʥʦʛʦ ʨʘʜʽʘʮʽʡʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ.  

ɺʧʝʨʰʝ ʙʫʣʦ ʟʥʘʡʜʝʥʦ, ʱʦ ʥʝʩʧʨʠʷʪʣʠʚʠʡ ʚʧʣʠʚ ʨʘʜʽʘʮʽʡʥʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʝʪʝʢʪʦʨʽʚ ʥʘ ʦʩʥʦʚʽ CdTe ʪʘ CdZnTe ʧʨʦʪʷʛʦʤ 

ʾʭ ʝʢʩʧʣʫʘʪʘʮʽʾ ʧʦʣʷʛʘʻ ʫ ʚʠʥʠʢʥʝʥʥʽ ʪʘ ʟʙʽʣʴʰʝʥʥʽ ʩʫʤʘʨʥʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʽʦʥʽʟʦʚʘʥʠʭ ʛʣʠʙʦʢʠʭ ʪʘ ʤʽʣʢʠʭ ʘʢʮʝʧʪʦʨʽʚ, ʟʦʢʨʝʤʘ ʚʘʢʘʥʩʽʡ ʢʘʜʤʽʶ VCd ʪʘ 

ʮʠʥʢʫ VZn, ʘ ʪʘʢʦʞ ʢʦʤʧʣʝʢʩʽʚ ʜʝʬʝʢʪʽʚ ʪʠʧʫ ʜʦʤʽʰʢʘïʚʘʢʘʥʩʽʷ, ʱʦ 

ʜʝʤʦʥʩʪʨʫʻʪʴʩʷ ʟʤʽʱʝʥʥʷʤ ʚ ʧʨʦʮʝʩʽ ʦʧʨʦʤʽʥʝʥʥʷ ʟʘʣʝʞʥʦʩʪʝʡ ɟ ʽ ɖ ʚʽʜ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʤʽʣʢʦʛʦ ʜʦʥʦʨʘ. ʂʨʽʤ ʪʦʛʦ, ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʝʣʝʢʪʨʦʬʽʟʠʯʥʽ ʪʘ 

ʜʝʪʝʢʪʦʨʥʽ ʚʣʘʩʪʠʚʦʩʪʽ Cd0.9Zn0.1Te ʧʦʢʨʘʱʫʶʪʴʩʷ ʥʘ ʧʦʯʘʪʢʦʚʽʡ ʩʪʘʜʽʾ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʧʨʠ ʤʘʣʠʭ ʜʦʟʘʭ ʦʧʨʦʤʽʥʝʥʥʷ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʤʦʜʝʣʶʚʘʥʥʷ, ʝʣʝʢʪʨʦʬʽʟʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʦʧʨʦʤʽʥʶʚʘʥʥʷ, 

ʜʝʪʝʢʪʦʨ ɔ-ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʨʘʜʽʘʮʽʡʥʝ ʜʝʬʝʢʪʦʫʪʚʦʨʝʥʥʷ, GaAs, CdTe, CdZnTe.  

 

ʉʧʠʩʦʢ ʥʘʫʢʦʚʠʭ ʧʨʘʮʴ, ʫ ʷʢʠʭ ʦʧʫʙʣʽʢʦʚʘʥʽ ʦʩʥʦʚʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʠʩʝʨʪʘʮʽʾ: 

1. ɺʦʜʷʥʠʮʢʠʡ ɸ.ɸ., ɾʫʢʦʚ ɸ.ʀ., ʂʦʚʪʫʥ ɻ.ʇ., ʂʦʥʜʨʠʢ ɸ.ʀ., ʂʨʘʚʯʝʥʢʦ ɸ.ʀ., 

ʗʮʝʥʢʦ ɸ.ɸ. ʂʦʤʧʴʶʪʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ GaAs ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʜʝʨʞʘʥʠʷ ʚ ʥʝʤ ʩʪʨʫʢʪʫʨʥʳʭ ʥʝʩʦʚʝʨʰʝʥʩʪʚ // 

ʌʫʥʢʮʠʦʥʘʣʴʥʳʝ ʄʘʪʝʨʠʘʣʳ. 1994. ʊʦʤ 1, ˉ2. ʉ. 77-84.  

2. Kovtun G.P., Kondrik A.I., Yatsenko A.A. Quantitative model for forecasting 

changes in electric properties of direct gap semiconductors // Functional Materials. 

2000. Vol.7, ˉ 2. P. 228-234. 
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3. Davydov L.N., Datsenko ʆ.ɸ., Kovtun G.P., Kondrik A.I., Kutnij V.E., Rybka 

A.V. Numerical simulation of CdZnTe semiconductor resistivity as a function of the 

impurity composition // Functional materials. 2001. Vol. 8, ˉ 2. P. 255-261.   

4. Datsenko ʆ.ɸ., KondrikA.I. Electrophysical properties forecasting for CdTe 

semiconductor materials depending on the impurity composition // Functional 

Materials. 2001. Vol. 8, ˉ 3. P. 516-521.   

5. ʂʦʥʜʨʠʢ A.ʀ., ʂʦʚʪʫʥ ɻ.ʇ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʚʦʡʩʪʚ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʜʝʪʝʢʪʦʨʦʚ ʠʦʥʠʟʠʨʫʶʱʠʭ ʠʟʣʫʯʝʥʠʡ // ʊʝʭʥʦʣʦʛʠʷ ʠ 

ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʝ ʚ ʵʣʝʢʪʨʦʥʥʦʡ ʘʧʧʘʨʘʪʫʨʝ. 2003. ˉ 6. ʉ. 3-6. 

6. ʂʦʥʜʨʠʢ ɸ.ʀ. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʩʚʦʡʩʪʚ CdZnTe ʠ ʧʘʨʘʤʝʪʨʦʚ ʜʝʪʝʢʪʦʨʦʚ ɔ-

ʠʟʣʫʯʝʥʠʷ ʥʘ ʝʛʦ ʦʩʥʦʚʝ // ʊʝʭʥʦʣʦʛʠʷ ʠ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʝ ʚ ʵʣʝʢʪʨʦʥʥʦʡ 

ʘʧʧʘʨʘʪʫʨʝ. 2004. ˉ 6. ʉ. 17-22. 

7. ʂʦʥʜʨʠʢ ɸ.ʀ., ʂʦʚʪʫʥ ɻ.ʇ. ʈʘʩʯʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʙʦʨʘ ʟʘʨʷʜʦʚ ʚ ʜʘʪʯʠʢʘʭ 

ʠʦʥʠʟʠʨʫʶʱʠʭ ʠʟʣʫʯʝʥʠʡ ʥʘ ʦʩʥʦʚʝ GaAs, CdTe, CdZnTe // ɺʽʩʥʠʢ ʂʨʅʋ ʽʤʝʥʽ 

ʄʠʭʘʡʣʘ ʆʩʪʨʦʛʨʘʜʩʴʢʦʛʦ. 2011. ɺʠʧʫʩʢ 4 (69). ʏʘʩʪʠʥʘ 1. ʉ. 81-85. 

8. ʂʦʥʜʨʠʢ ɸ.ʀ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʩʙʦʨʘ ʟʘʨʷʜʦʚ ʚ ʜʘʪʯʠʢʘʭ ɔ-ʠʟʣʫʯʝʥʠʷ ʩ 

ʨʘʟʣʠʯʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʝʡ ʵʣʝʢʪʨʦʜʦʚ // ʊʝʭʥʦʣʦʛʠʷ ʠ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʝ ʚ 

ʵʣʝʢʪʨʦʥʥʦʡ ʘʧʧʘʨʘʪʫʨʝ.  2012. ˉ4. ʉ. 47-51. 

9. Kondrik A.I. Effect of irradiation on properties of CdTe detectors // East 

European Journal of Physics. 2014. Vol. 1, ˉ 1. P. 47-52.  

10. Kondrik A.I. Influence of radiation-induced defects on CdTe and CdZnTe 

detectors properties // Problems of atomic science and technology. Ser.: Physics of 

Radiation Effect and Radiation Materials Science (105). 2015. ˉ 2 (96). P. 18-24. 

11. ʂʦʥʜʨʠʢ ɸ.ʀ. ɼʝʪʝʢʪʦʨʥʳʝ ʩʚʦʡʩʪʚʘ Cd0.9Z0.1Te:Al ʧʦʜ ʚʣʠʷʥʠʝʤ ɔ-

ʦʙʣʫʯʝʥʠʷ ʤʘʣʦʡ ʜʦʟʳ // ʊʝʭʥʦʣʦʛʠʷ ʠ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʝ ʚ ʵʣʝʢʪʨʦʥʥʦʡ 

ʘʧʧʘʨʘʪʫʨʝ. 2016. ˉ1. C. 12-19. 

ʉʧʠʩʦʢ ʧʫʙʣʽʢʘʮʽʡ, ʷʢʽ ʟʘʩʚʽʜʯʫʶʪʴ ʘʧʨʦʙʘʮʽʶ ʤʘʪʝʨʽʘʣʽʚ ʜʠʩʝʨʪʘʮʽʾ: 

12. ʂʦʥʜʨʠʢ A.ʀ., ʂʦʚʪʫʥ ɻ.ʇ. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʜʝʪʝʢʪʦʨʦʚ ʠʦʥʠʟʠʨʫʶʱʠʭ ʠʟʣʫʯʝʥʠʡ // IV 

ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ  çʉʦʚʨʝʤʝʥʥʳʝ 
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ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʠ ʵʣʝʢʪʨʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠè, 19-23 ʤʘʷ 2003 ʛ.: ʪʨʫʜʳ / ʆʅʇʋ, 

ʆʜʝʩʩʘ, ʋʢʨʘʠʥʘ, 2003. C. 302, (ʜʦʧʦʚʽʜʘʯ).  

13. ʂʦʥʜʨʠʢ ɸ.ʀ. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʜʝʪʝʢʪʦʨʥʳʭ ʩʚʦʡʩʪʚ CdZnTe ʠ ʧʘʨʘʤʝʪʨʦʚ 

ʜʝʪʝʢʪʦʨʦʚ ɔ-ʠʟʣʫʯʝʥʠʷ ʥʘ ʝʛʦ ʦʩʥʦʚʝ // V ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ 

ʢʦʥʬʝʨʝʥʮʠʷ çʉʦʚʨʝʤʝʥʥʳʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʠ ʵʣʝʢʪʨʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠè, 24-

28 ʤʘʷ 2004 ʛ.: ʪʨʫʜʳ / ʆʅʇʋ, ʆʜʝʩʩʘ, ʋʢʨʘʠʥʘ. 2004. -  C. 267, (ʜʦʧʦʚʽʜʘʯ). 

14. ʂʦʥʜʨʠʢ ɸ.ʀ. ʈʘʩʯʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʙʦʨʘ ʟʘʨʷʜʦʚ ʜʣʷ ʜʝʪʝʢʪʦʨʦʚ ʥʘ 

ʦʩʥʦʚʝ ʣʝʛʠʨʦʚʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ CdZnTe // VI ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-

ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çʉʦʚʨʝʤʝʥʥʳʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʠ ʵʣʝʢʪʨʦʥʥʳʝ 

ʪʝʭʥʦʣʦʛʠʠè,  23-27 ʤʘʷ 2005 ʛ.: ʪʨʫʜʳ / ʆʅʇʋ, ʆʜʝʩʩʘ, ʋʢʨʘʠʥʘ. 2005. ʉ. 355, 

(ʜʦʧʦʚʽʜʘʯ). 

15. ʂʦʥʜʨʠʢ ɸ.ʀ., ʂʦʚʪʫʥ ɻ.ʇ. ʈʘʩʯʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʙʦʨʘ ʟʘʨʷʜʦʚ ʚ ʜʘʪʯʠʢʘʭ 

ʠʦʥʠʟʠʨʫʶʱʠʭ ʠʟʣʫʯʝʥʠʡ ʥʘ ʦʩʥʦʚʝ GaAs, CdTe ʠ CdZnTe // I ʄʽʞʥʘʨʦʜʥʘ 

ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ çʅʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʽ ʤʘʪʝʨʽʘʣʠ, ʽʥʬʦʨʤʘʮʽʡʥʽ 

ʪʝʭʥʦʣʦʛʽʾ ʪʘ ʬʦʪʦʚʦʣʴʪʘʾʢʘè, 5-7 ʪʨʘʚʥʷ, 2011 ʨ.: ʪʝʟʠ ʜʦʧʦʚʽʜʝʡ / ʂʨʅʋ ʽʤ. 

ʆʩʪʨʦʛʨʘʜʩʴʢʦʛʦ. ʤ. ʂʨʝʤʝʥʯʫʢ, ʋʢʨʘʾʥʘ. 2011. C. 72-74, (ʜʦʧʦʚʽʜʘʯ). 

16. ʂʦʥʜʨʠʢ ɸ.ʀ. ɺʣʠʷʥʠʝ ʨʘʜʠʘʮʠʦʥʥʳʭ ʜʝʬʝʢʪʦʚ ʥʘ ʩʚʦʡʩʪʚʘ ʜʝʪʝʢʪʦʨʦʚ ʥʘ ʦʩʥʦʚʝ 

CdTe ʠ CdZnTe // XV ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ 

çʉʦʚʨʝʤʝʥʥʳʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʠ ʵʣʝʢʪʨʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠè, 26ï30 ʤʘʷ 2014 ʛ.: 

ʪʨʫʜʳ / ʆʅʇʋ, ʆʜʝʩʩʘ, ʋʢʨʘʠʥʘ. 2014. ʊʦʤ 2. ʉ.109-110, (ʜʦʧʦʚʽʜʘʯ). 

17. ʂʦʥʜʨʠʢ ɸ.ʀ. ɺʣʠʷʥʠʝ ʧʨʠʤʝʩʝʡ ʠ ʜʝʬʝʢʪʦʚ ʥʘ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʝ ʠ ʜʝʪʝʢʪʦʨʥʳʝ 

ʩʚʦʡʩʪʚʘ CdTe ʠ CdZnTe // IV ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çɺʳʩʦʢʦʯʠʩʪʳʝ 

ʤʘʪʝʨʠʘʣʳ: ʧʦʣʫʯʝʥʠʝ, ʧʨʠʤʝʥʝʥʠʝ, ʩʚʦʡʩʪʚʘè, 12-15 ʩʝʥʪʷʙʨʷ 2017 ʛ.: ʤʘʪʝʨʠʘʣʳ 

ʜʦʢʣʘʜʦʚ / ʅʅʎ ʍʌʊʀ. ʍʘʨʴʢʦʚ, ʋʢʨʘʠʥʘ. 2017. ʉ. 59, (ʜʦʧʦʚʽʜʘʯ).  

18. ʂʦʥʜʨʠʢ ɸ.ʀ., ʂʦʚʪʫʥ ɻ.ʇ. ɺʣʠʷʥʠʝ ʬʦʥʦʚʳʭ ʧʨʠʤʝʩʝʡ ʥʘ ʩʚʦʡʩʪʚʘ Cd1-xZnxTe // 
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ABSTRACT 
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The thesis presents the results of clarification of the conditions of effective operation 

and improvement of characteristics of semiconductor detectors based on GaAs, CdTe 

and CdZnTe. The dynamics of changes in the electrophysical properties of GaAs, 

CdTe, CdZnTe and in the characteristics of nuclear radiation detectors on the basis of 

these compounds was investigated, depending on radiation-stimulated and intrinsic 

defects that are formed in crystals during their production and subsequent operation 

under aggressive radiation environment.  

A specified multilevel compensation model was developed to predict the 

changes in mobility (ɛ), specific resistance (ɟ), Fermi level (F), depending on the 

concentration of one-, two- and three-charged donors and acceptors, amphoteric 

impurities such as donor acceptor DA, donor- donor-acceptor DDA, donor-acceptor-

acceptor DAA, on their energy position in the semiconductor bandgap, on 

irregularities of structure and doping (areas of accumulation of defects and admixture 

clusters) over a wide temperature range. On the basis of this physical model an 

algorithm was determined for numerical solution of the electric neutrality equation 

which always has only one root, for an arbitrary amount of impurities and defects. 

After solving the equation of electroneutrality the calculations of the concentration of 

free electrons n and their mobility ɛn, the content of neutral and charged centers in the 

space-charge region, the specific resistance ɟ, the lifetime of nonequilibrium 

electrons Űn and holes Űp as well as the charge collection efficiency ɖ of ionizing 
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radiation detectors made on the basis of investigated semiconductor materials were 

carried out. The Shockley-Reed-Hall recombination model was first used for the 

calculation of Űn, Űp, ɖ in the detectors based on CdTe CdZnTe. In calculating eltktron 

mobility, for the first time, an amendment was made to the Brooks-Herring model by 

introducing additional shielding of scattering centers in GaAs, CdTe and CdZnTe by 

ionized deep levels, and it was shown that the partial mobility of electrons for their 

inelastic scattering on polar optical phonons can be represented by an analytical 

expression instead of numerical solution of Boltzmann equation. 

By the method of simulation, the quantitative study of the electrophysical 

properties of gallium arsenide in a wide range of temperatures, concentrations of 

impurities and structural defects was carried out. The influence of structural defect 

EL-2 on the basic electro-physical parameters of GaAs was studied after ionizing 

irradiation and the subsequent heat treatment. The variation of ɛn within the interval 

300 Ò T Ò 1100 K depending on the content of EL-2 and clusters has been was 

investigated, and the mechanisms of influence of defects on ɛn and ɟ have been 

determined. It has been established that point defects, which are represented in the 

bandgap with shallow levels, as well as linear defects can significantly affect the 

electron mobility ɛn in gallium arsenide if they are distributed in the matrix in the 

form of charged clusters of defects and irregularities of doping. The proper defect 

EL-2, which introduces a deep energy level into the bandgap, significantly affects ɛn 

in GaAs, even in the case of its homogeneous distribution in the crystal.  

A number of compounds have been analyzed and it has been found that CdTe 

and Cd1-xZnxTe are the more promising detector materials in comparison with GaAs 

due to the shorter lifetime of nonequilibrium charge carriers (Ű~10-9 sec) in GaAs 

compared with lifetime in CdTe and CdZnTe (Ű~10-6 sec). By the method of 

simulation, the drift mobility of conduction electrons ɛn, the specific resistance ɟ, the 

lifetime of non-equilibrium electrons Űn  and holes Űp, the efficiency of charge 

collection ɖ of ionizing radiation detectors are investigated for GaAs, CdTe, and Cd1-

xZnxTe in the wide ranges of impurities and defects concentrations at the temperature 

T = 300 K as well as depending on the zinc concentration x for Cd1-xZnxTe. The 
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explanation of the obtained dependences of ɛn, ɟ, Ű, ɖ on the composition of the 

crystal was found. It has been established that scattering on polar optical phonons 

makes the main affect to the electronic mobility ɛn in CdTe and CdZnTe, therefore ɛn 

is weakly dependent on the impurity composition provided that the point defects and 

impurities is uniformly distributed over the crystal volume. The character of the 

change in the dependences of ɟ and ɛn on the composition is qualitatively similar to 

that for CdTe and CdZnTe, and the difference lies only in the magnitude of the 

specific resistance maximum ɟmax which equals 1010 ɋĀcm for CdTe, and ɟmax = 1011 

ɋĀcm for Cd0.9Zn0.1Te, as well as ɟmax = 1012 ɋĀcm for Cd0.8Zn0.2Te. Deep donors in 

CdTe and CdZnTe increase the dimension of semi-insulating area which is covered 

by the range of changes in concentrations of shallow acceptors and donors. In CdTe 

and CdZnTe, the area ~ 106 ɋĀcm appears in the case of partial compensation of 

cadmium vacancies energy level, and the region ~ 1010-1012 ɋĀcm is a result of 

incomplete compensation of the antisite defect TeCd level, which is a deep donor with 

an energy of ~ 0.8 eV. The optimal concentrations of electrically active impurities and 

defects as well as the distribution of these concentrations within an interelectrode gap 

have been found to reach a high-resistance state with maximal value ɟ for CdTe and 

CdZnTe detector materials, as well as with high electron mobility and maximal 

efficiency of charge collection in ionizing radiation detectors with plane-parallel, 

spherical and cylindrical shape of electrodes. It is established that by the set of the 

above mentioned characteristics the most suitable detector is the flat one based on 

Cd0.9Zn0.1Te. For the first time it was found that to increase ɖ by ~ 30% it is necessary 

using a detector material consisting of two parts, different in the impurity 

composition: with p>>n in the less part of the interelectrode gap near the anode and 

wirh pÓn ï in the rest part of the gap near the cathode.  

It is established that the acceptable detector quality of high-resistance Cd1-

xZnxTe can be achieved provided by its balanced content, when the concentration of 

background impurities Ti, V, Ni, Sn, Ge does not exceed the total content of structural 

defects and their complexes. Impurities with deep donor levels increase ɟ with an 

increase in the energy position of these levels. The reduction of electron mobility in 
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CdTe and CdZnTe may be due to the formation of aggregates in the form of 

admixture clusters. At the homogeneous distribution of the impurities in the volume 

of the crystal, their total concentration can reach ~ 1016 cm-3 without noticeable 

decrease of ɛn, but in this case the product ɛnĀŰn, as well as the magnitude of charge 

collection efficiency ɖ, may decrease sharply. 

The investigation of correlation between radiation defects, originating in 

CdTe:Cl and CdZnTe after hard X-ray irradiation, and ɟ, ɖ of detectors based on 

these materials was carried out. The role of radiation defects was determined in the 

processes of degradation of the detector characteristics of CdTe:Cl. It was established 

that the main contribution to the degradation of the detector properties of CdTe:Cl 

under hard X-ray irradiation conditions gives reducing the resistivity by three orders 

of magnitude due to a shift in the dependence of the specific resistance on the 

chlorine concentration towards higher values of the Cl content, as well as owing to 

capturing free charge carriers at radiation-induced deep acceptor levels J (EV + 0.53 

eV) and Z (EV + 0.47 eV). Besides the average drift time of non-equilibrium charge 

carriers in a detector before their capture on radiation defects decreases by two or 

three orders of magnitude.  

For the first time it was found that the higher radiation resistance of CdZnTe-

based detectors in comparison with the CdTe-based detectors is due to the lower rate 

of generation of radiation defects A00 (EV +0.06 eV), D (EV + 0.41 eV) and J (EV + 

0.53 eV) in CdZnTe. The increase in the content of these defects is associated with an 

increase in the concentration of Cd and Zn vacancies. It was first established that the 

negative effect of the defect J by means of capturing charge carriers in the CdZnTe is 

neutralized by a deep donor H1, whose concentration is noticeably increased at low 

doze of irradiation, and this drags the Fermi level into the middle of bandgap, 

increasing ɟ and decreasing the capture of charge carriers at the level J.  

The analysis was accomplished and possible reasons for changes in the 

characteristics of deep levels in high-resistivity Cd0.9Zn0.1Te:Al after gamma-

irradiation and during postradiational relaxation are pointed out. The changes in the 

properties of a plane detector based on Cd0.9Zn0.1Te:Al are studied depending on the 
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concentration and energy level position of the deep donor required to achieve a high-

resistivity state, as well as on the degree of doping with a shallow donor. Degradation 

conditions of registering properties of detector at the initial stage of its operation 

under the action of an aggressive radiation environment are determined.  

It was first discovered that the adverse effect of the radiation environment on 

the characteristics of the CdTe and CdZnTe detectors during their operation consists 

in the origination and increase of concentrations of shallow and deep acceptors, in 

particular vacancies of cadmium VCd and zinc VZn, as well as defect complexes such 

as impurityïvacancy. It is demonstrated by the displacement of the dependences ɟ 

and ɖ on the concentration of the shallow donor. In addition, the electrophysical and 

detector properties of Cd0.9Zn0.1Te are improved at the initial stage of operation under 

low doses of irradiation.  

Key words: simulation, electrophysical properties, irradiation, ɔ-radiation 

detector, radiation defect formation, GaAs, CdTe, CdZnTe. 
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ʇɽʈɽʃɯʂ ʋʄʆɺʅʀʍ ʇʆɿʅɸʏɽʅʔ 

d0   ʢʦʦʨʜʠʥʘʪʘ ʚʽʜʥʦʩʥʦ ʢʘʪʦʜʘ ʪʦʯʢʠ ʚʠʥʠʢʥʝʥʥʷ ʥʝʨʽʚʥʦʚʘʞʥʠʭ 

    ʥʦʩʽʾʚ ʟʘʨʷʜʫ ʚ ʜʝʪʝʢʪʦʨʽ, ʤʤ; 

E   ʝʥʝʨʛʽʷ, ʝɺ; 

EDA, (EDD)  ʝʥʝʨʛʽʷ ʛʣʠʙʦʢʦʛʦ ʘʢʮʝʧʪʦʨʘ (ʜʦʥʦʨʘ), ʝɺ 

Ei,   ʧʦʣʦʞʝʥʥʷ i-ʛʦ ʨʽʚʥʷ ʝʥʝʨʛʽʾ ʜʝʬʝʢʪʫ ʚ ʟʘʙʦʨʦʥʝʥʽʡ ʟʦʥʽ, ʝɺ; 

EG   ʰʠʨʠʥʘ ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ, ʝɺ; 

F   ʧʦʣʦʞʝʥʥʷ ʨʽʚʥʷ ʌʝʨʤʽ, ʝɺ; 

k   ʩʪʘʣʘ ɹʦʣʴʮʤʘʥʘ ʝɺ/ʛʨʘʜ; 

Nd, (Na)  ʢʦʥʮʝʥʪʨʘʮʽʷ ʤʽʣʢʠʭ ʜʦʥʦʨʽʚ (ʘʢʮʝʧʪʦʨʽʚ) ʩʤ-3; 

NDD (NDA)  ʢʦʥʮʝʥʪʨʘʮʽʷ ʛʣʠʙʦʢʠʭ ʜʦʥʦʨʽʚ (ʘʢʮʝʧʪʦʨʽʚ), ʩʤ-3; 

NT, Ni   ʢʦʥʮʝʥʪʨʘʮʽʷ ʛʣʠʙʦʢʠʭ ʨʽʚʥʽʚ (ʧʘʩʪʦʢ), ʩʤ-3; 

N(X)   ʢʦʥʮʝʥʪʨʘʮʽʷ ʜʦʥʦʨʘ X, ʘʙʦ X - ʙʫʜʴ-ʷʢʠʡ ʝʣʝʤʝʥʪ, ʩʤ-3; 

n (p)   ʢʦʥʮʝʥʪʨʘʮʽʷ ʚʽʣʴʥʠʭ ʝʣʝʢʪʨʦʥʽʚ (ʜʽʨʦʢ) ʩʤ-3; 

SIMPA  ʤʝʪʦʜʠʢʘ simultaneous peak analysis 

T   ʪʝʤʧʝʨʘʪʫʨʘ, ʂ; 

VCd   ʚʘʢʘʥʩʽʷ ʢʘʜʤʽʶ; 

VZn   ʚʘʢʘʥʩʽʷ ʮʠʥʢʫ; 

ʈɼ   ʨʘʜʽʘʮʽʡʥʠʡ ʜʝʬʝʢʪ; 

ɖ   ʝʬʝʢʪʠʚʥʽʩʪʴ ʟʙʦʨʫ ʟʘʨʷʜʽʚ ʜʝʪʝʢʪʦʨʘ; 

ɛ    ʨʫʭʣʠʚʽʩʪʴ ʚʽʣʴʥʠʭ ʥʦʩʽʾʚ ʟʘʨʷʜʫ, ʩʤ2/(ɺĀʩʝʢ) ; 

ɛn,(ɛe) ʽ ɛp(ɛh)  ʚʽʜʧʦʚʽʜʥʦ ʝʣʝʢʪʨʦʥʥʘ ʽ ʜʽʨʢʦʚʘ ʨʫʭʣʠʚʦʩʪʽ, ʩʤ2/(ɺĀʩʝʢ) ; 

ɟ   ʧʠʪʦʤʠʡ ʦʧʽʨ, ʆʤĀʩʤ; 

ůi   ʧʣʦʱʘ ʧʝʨʝʨʽʟʫ ʟʘʭʦʧʣʝʥʥʷ (ʟʘʭʚʘʪʫ) ʥʝʨʽʚʥʦʚʘʞʥʠʭ ʥʦʩʽʾʚ 

   ʟʘʨʷʜʫ ʥʘ i-ʤʫ ʝʥʝʨʛʝʪʠʯʥʦʤʫ ʨʽʚʥʽ, ʩʤ2; 

Ű   ʯʘʩ ʞʠʪʪʷ ʥʝʨʽʚʥʦʚʘʞʥʠʭ ʥʦʩʽʾʚ ʟʘʨʷʜʫ, ʩʝʢ; 

Űn(Űe) ʽ Űp(Űh)  ʯʘʩ ʞʠʪʪʷ ʥʝʨʽʚʥʦʚʘʞʥʠʭ ʝʣʝʢʪʨʦʥʽʚ ʽ ʜʽʨʦʢ, ʩʝʢ; 
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ɺʉʊʋʇ 

ʈʦʟʚʠʪʦʢ ʷʜʝʨʥʠʭ ʝʥʝʨʛʝʪʠʯʥʠʭ ʫʩʪʘʥʦʚʦʢ ʧʦʪʨʝʙʫʻ ʚʽʜʧʦʚʽʜʥʠʭ ʪʝʭʥʦʣʦʛʽʡ 

ʨʘʜʽʘʮʽʡʥʦʾ ʜʽʘʛʥʦʩʪʠʢʠ, ʱʦ ʩʫʧʨʦʚʦʜʞʫʶʪʴʩʷ ʨʦʟʨʦʙʢʦʶ ʽ ʚʜʦʩʢʦʥʘʣʝʥʥʷʤ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ ʝʣʝʢʪʨʦʥʥʠʭ ʧʨʠʣʘʜʽʚ ï ʜʝʪʝʢʪʦʨʽʚ, ʧʨʘʮʶʶʯʠʭ ʚ ʫʤʦʚʘʭ 

ʽʦʥʽʟʫʶʯʠʭ ʚʠʧʨʦʤʽʥʶʚʘʥʴ. ɺʣʘʩʪʠʚʦʩʪʽ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʽʚ ʯʫʪʣʠʚʽ ʜʦ ʚʤʽʩʪʫ ʜʦʤʽʰʦʢ ʽ 

ʜʝʬʝʢʪʽʚ ʪʘ ʜʽʾ ʨʘʜʽʘʮʽʾ. ʆʩʥʦʚʥʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ ʜʣʷ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ ʜʝʪʝʢʪʦʨʽʚ ʻ 

ʛʝʨʤʘʥʽʡ ʪʘ ʢʨʝʤʥʽʡ. ɻʝʨʤʘʥʽʡ ʧʦʪʨʽʙʥʦ ʦʭʦʣʦʜʞʫʚʘʪʠ, ʘ ʧʠʪʦʤʠʡ ʦʧʽʨ Si ʪʝʞ ʥʝ 

ʜʦʩʪʘʪʥʴʦ ʚʠʩʦʢʠʡ, ʱʦʙ ʦʪʨʠʤʘʪʠ ʜʝʪʝʢʪʦʨʠ ʟ ʥʠʟʴʢʠʤ ʚʽʜʥʦʰʝʥʥʷʤ ʩʠʛʥʘʣ / ʰʫʤ ʧʨʠ 

ʢʽʤʥʘʪʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ. ʊʝʣʫʨʠʜ ʢʘʜʤʽʶ ʽ ʧʦʪʨʽʡʥʽ ʩʧʦʣʫʢʠ ʥʘ ʡʦʛʦ ʦʩʥʦʚʽ ʟʥʘʡʰʣʠ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʩʦʥʷʯʥʠʭ ʝʣʝʤʝʥʪʘʭ, ʤʝʜʠʯʥʠʭ ʧʨʠʩʪʨʦʷʭ ʢʦʥʪʨʦʣʶ ʜʦʟʠ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʽ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʷʢ ʧʝʨʩʧʝʢʪʠʚʥʽ ʤʘʪʝʨʽʘʣʠ ʜʣʷ ʧʨʠʣʘʜʽʚ 

ʨʘʜʽʘʮʽʡʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ï ʥʝʦʭʦʣʦʜʞʫʚʘʥʠʭ ʜʝʪʝʢʪʦʨʽʚ ʽʦʥʽʟʫʶʯʠʭ ʚʠʧʨʦʤʽʥʶʚʘʥʴ. 

ʗʢ ʘʣʴʪʝʨʥʘʪʠʚʥʠʡ ʤʘʪʝʨʽʘʣ ʜʣʷ ʜʝʪʝʢʪʦʨʽʚ ʚʠʧʨʦʤʽʥʶʚʘʥʴ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʪʘʢʦʞ 

ʘʨʩʝʥʽʜ ʛʘʣʽʶ, ʷʢʠʡ ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʚ ʢʚʘʥʪʦʚʽʡ ʽ ʦʧʪʦʝʣʝʢʪʨʦʥʽʮʽ, ʅɺʏ-ʪʝʭʥʽʮʽ.  

ɼʝʪʝʢʪʦʨʠ ʥʘ ʦʩʥʦʚʽ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ ʩʧʦʣʫʢ ʧʦʚʠʥʥʽ ʤʘʪʠ ʚʠʩʦʢʽ 

ʚʝʣʠʯʠʥʠ ʧʠʪʦʤʦʛʦ ʦʧʦʨʫ ɟ (108ï1011 ʆʤĀʩʤ), ʨʫʭʣʠʚʦʩʪʽ ʝʣʝʢʪʨʦʥʽʚ Õn 

(~103cʤ2/ɺĀʩʝʢ) ʽ ʯʘʩʫ ʞʠʪʪʷ ʥʝʨʽʚʥʦʚʘʞʥʠʭ ʝʣʝʢʪʨʦʥʽʚ Űn ʪʘ ʜʽʨʦʢ Űp (~10-5ï10-6 

ʩʝʢ), ʷʢʽ, ʚ ʩʚʦʶ ʯʝʨʛʫ, ʽʩʪʦʪʥʦ ʟʘʣʝʞʘʪʴ ʚʽʜ ʩʢʣʘʜʫ ʤʘʪʨʠʮʽ, ʚʤʽʩʪʫ ʣʝʛʫʶʯʠʭ ʪʘ 

ʬʦʥʦʚʠʭ ʜʦʤʽʰʦʢ ʽ ʩʪʨʫʢʪʫʨʥʠʭ ʜʝʬʝʢʪʽʚ, ʱʦ ʫʪʚʦʨʶʶʪʴ ʚ ʟʘʙʦʨʦʥʝʥʽʡ ʟʦʥʽ 

ʝʥʝʨʛʝʪʠʯʥʽ ʨʽʚʥʽ. ɺʥʘʩʣʽʜʦʢ ʜʽʾ ʽʦʥʽʟʫʶʯʠʭ ʚʠʧʨʦʤʽʥʶʚʘʥʴ ʥʘ ʜʝʪʝʢʪʦʨʥʽ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʽ ʩʧʦʣʫʢʠ (GaAs, CdTe, CdZnTe) ʚ ʾʭ ʦʙôʻʤʽ ʚʠʥʠʢʘʶʪʴ 

ʝʣʝʢʪʨʠʯʥʦ ʘʢʪʠʚʥʽ ʨʘʜʽʘʮʽʡʥʽ ʜʝʬʝʢʪʠ, ʷʢʽ ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʚʘʶʪʴ ʥʘ 

ʨʝʻʩʪʨʫʚʘʣʴʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʜʝʪʝʢʪʦʨʽʚ ʰʣʷʭʦʤ ʟʥʠʞʝʥʥʷ ɟ, Ű, ɛn ʽ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʟʙʦʨʫ ʟʘʨʷʜʽʚ ɖ ʚʥʘʩʣʽʜʦʢ ʟʤʝʥʰʝʥʥʷ ʩʪʫʧʝʥʷ ʢʦʤʧʝʥʩʘʮʽʾ, ʟʘʭʦʧʣʝʥʥʷ 

ʝʣʝʢʪʨʦʥʽʚ ʪʘ ʜʽʨʦʢ, ʜʨʝʡʬʫʶʯʠʭ ʚ ʤʽʞʝʣʝʢʪʨʦʜʥʦʤʫ ʧʨʦʤʽʞʢʫ, ʝʥʝʨʛʝʪʠʯʥʠʤʠ 

ʨʽʚʥʷʤʠ ʜʝʬʝʢʪʽʚ ï ʧʘʩʪʢʘʤʠ, ʘ ʪʘʢʦʞ ʨʦʟʩʽʶʚʘʥʥʷ ʥʘ ʩʢʫʧʯʝʥʥʷʭ ʜʝʬʝʢʪʽʚ. 

ʅʘʚʽʪʴ ʽʜʝʥʪʠʬʽʢʘʮʽʷ ʝʥʝʨʛʝʪʠʯʥʠʭ ʨʽʚʥʽʚ ʫ CdTe ʽ CdZnTe ʫʩʢʣʘʜʥʝʥʘ, ʘ ʚ 

ʨʽʟʥʠʭ ʚʠʨʦʙʥʠʢʽʚ ʜʝʪʝʢʪʦʨʽʚ ʚʠʤʽʨʷʥʽ ʧʘʨʘʤʝʪʨʠ ʨʽʚʥʽʚ: ʝʥʝʨʛʽʾ Ei, ʧʝʨʝʨʽʟʫ 

ʟʘʭʦʧʣʝʥʥʷ ůi, ʢʦʥʮʝʥʪʨʘʮʽʾ Ni ï ʧʦʤʽʪʥʦ ʚʽʜʨʽʟʥʷʶʪʴʩʷ. ɺʠʤʽʨʶʚʘʥʥʷ ʮʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʪʘ ʽʜʝʥʪʠʬʽʢʘʮʽʷ ʜʝʬʝʢʪʽʚ ʫʩʢʣʘʜʥʝʥʽ ʯʝʨʝʟ ʚʠʩʦʢʠʡ ʧʠʪʦʤʠʡ ʦʧʽʨ 

(109ï1011 ʆʤĿʩʤ) ʪʘ ʨʽʟʥʽ ʫʤʦʚʠ ʢʦʤʧʝʥʩʘʮʽʾ ʚ ʥʘʧʽʚʽʟʦʣʶʶʯʠʭ ʜʝʪʝʢʪʦʨʥʠʭ 
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ʤʘʪʝʨʽʘʣʘʭ, ʪʦʤʫ ʟʘʣʠʰʘʻʪʴʩʷ ʥʝʟôʷʩʦʚʘʥʠʤ ʧʠʪʘʥʥʷ ʧʨʦ ʢʦʥʢʨʝʪʥʠʡ ʚʧʣʠʚ 

ʨʘʜʽʘʮʽʡʥʦ-ʩʪʠʤʫʣʴʦʚʘʥʠʭ, ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʽ ʬʦʥʦʚʠʭ ʜʝʬʝʢʪʽʚ ʥʘ Õn, ɟ, Ű, ʚ GaAs, 

CdTe, CdZnTe ʽ ʝʬʝʢʪʠʚʥʽʩʪʴ ʟʙʦʨʫ ʟʘʨʷʜʽʚ ʜʝʪʝʢʪʦʨʽʚ ʽʦʥʽʟʫʶʯʠʭ 

ʚʠʧʨʦʤʽʥʶʚʘʥʴ ʷʢ ʚ ʧʦʯʘʪʢʦʚʦʤʫ ʩʪʘʥʽ, ʪʘʢ ʽ ʧʽʜ ʜʽʻʶ ʘʛʨʝʩʠʚʥʦʛʦ ʨʘʜʽʘʮʽʡʥʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ. 

ʈʦʟʨʦʙʢʘ ʨʘʜʽʘʮʽʡʥʦ-ʩʪʽʡʢʠʭ ʤʘʪʝʨʽʘʣʽʚ ʜʣʷ ʜʝʪʝʢʪʦʨʽʚ ʻ ʙʘʛʘʪʦʧʣʘʥʦʚʦʶ ʽ 

ʜʦʨʦʛʦʶ ʬʽʟʠʢʦ-ʪʝʭʥʦʣʦʛʽʯʥʦʶ ʪʘ ʢʦʥʩʪʨʫʢʪʦʨʩʴʢʦʶ ʟʘʜʘʯʝʶ, ʪʦʤʫ ʻ ʚʝʣʴʤʠ 

ʘʢʪʫʘʣʴʥʠʤʠ ʨʦʟʨʘʭʫʥʢʦʚʽ ʤʝʪʦʜʠ ʪʘ ʤʘʪʝʤʘʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʜʣʷ ʟôʷʩʫʚʘʥʥʷ 

ʚʧʣʠʚʫ ʜʝʬʝʢʪʽʚ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʧʽʜ ʚʧʣʠʚʦʤ ʽʦʥʽʟʫʶʯʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʪʘ 

ʪʝʭʥʦʣʦʛʽʡ ʦʜʝʨʞʘʥʥʷ ʥʘ ʝʣʝʢʪʨʦʬʽʟʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ 

ʜʝʪʝʢʪʦʨʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʪʚʦʨʝʥʠʭ ʥʘ ʾʭ ʦʩʥʦʚʽ ʧʨʠʣʘʜʽʚ 

ʨʘʜʽʘʮʽʡʥʦʾ ʜʦʟʠʤʝʪʨʽʾ. ʊʘʢʝ ʤʦʜʝʣʶʚʘʥʥʷ ʤʦʞʥʘ ʟʜʽʡʩʥʶʚʘʪʠ ʰʚʠʜʢʦ, 

ʝʬʝʢʪʠʚʥʦ ʽ ʙʝʟ ʟʥʘʯʥʠʭ ʟʘʪʨʘʪ. 

ɿʚ'ʷʟʦʢ ʨʦʙʦʪʠ ʟ ʥʘʫʢʦʚʠʤʠ ʧʨʦʛʨʘʤʘʤʠ, ʧʣʘʥʘʤʠ, ʪʝʤʘʤʠ. ɼʠʩʝʨʪʘʮʽʡʥʘ 

ʨʦʙʦʪʘ ʙʫʣʘ ʚʠʢʦʥʘʥʘ ʚ ʅʘʮʽʦʥʘʣʴʥʦʤʫ ʥʘʫʢʦʚʦʤʫ ʮʝʥʪʨʽ çʍʘʨʢʽʚʩʴʢʠʡ ʬʽʟʠʢʦ-

ʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪè. ʊʝʤʘ, ʷʢʽʡ ʧʨʠʩʚʷʯʝʥʘ ʜʠʩʝʨʪʘʮʽʷ, ʧʦʚôʷʟʘʥʘ ʟ ʥʘʩʪʫʧʥʠʤʠ 

ʧʨʦʛʨʘʤʘʤʠ ʜʦʩʣʽʜʞʝʥʴ ʽ ʧʨʦʝʢʪʽʚ, ʫ ʚʠʢʦʥʘʥʥʽ ʷʢʠʭ ʘʚʪʦʨ ʧʨʠʡʤʘʚ 

ʙʝʟʧʦʩʝʨʝʜʥʶ ʫʯʘʩʪʴ: 

ï ʙʘʛʘʪʦʛʘʣʫʟʝʚʘ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʘ ʧʨʦʛʨʘʤʘ çʇʨʦʛʨʘʤʘ ʧʨʦʚʝʜʝʥʥʷ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʧʦ ʘʪʦʤʥʽʡ ʥʘʫʮʽ ʽ ʪʝʭʥʽʮʽ ʅʅʎ ʍʌʊɯ ʥʘ 2001-

2005 ʨʨè, ʱʦ ʚʠʢʦʥʫʚʘʣʘʩʴ ʟʘ ʨʦʟʧʦʨʷʜʞʝʥʥʷʤ ʂʄʋ ʚʽʜ 13.09.2001 ʨ ˉ421-ʨ, 

ˉ ʜʝʨʞʨʝʻʩʪʨʘʮʽʾ 080901UP0009;   

ï ʜʝʨʞʘʚʥʘ ʧʨʦʛʨʘʤʘ ʧʨʦʚʝʜʝʥʥʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʟ ʘʪʦʤʥʦʾ 

ʥʘʫʢʠ ʽ ʪʝʭʥʽʢʠ ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʥʘʫʢʦʚʦʛʦ ʮʝʥʪʨʫ çʍʘʨʢʽʚʩʴʢʠʡ ʬʽʟʠʢʦ-

ʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪè ʥʘ 2006ï2010 ʨʨ, ʷʢʘ ʚʠʢʦʥʫʚʘʣʘʩʷ ʟʛʽʜʥʦ ʟ 

ʨʦʟʧʦʨʷʜʞʝʥʥʷʤ ʂʄʋ ʚʽʜ 13.06.2005 ˉ421-ʨ, ˉ ʜʝʨʞʨʝʻʩʪʨʘʮʽʾ 080906UP0010; 

ï ʜʝʨʞʘʚʥʘ ʧʨʦʛʨʘʤʘ çʈʝʩʫʨʩ-2004è, ʅɸʅ ʋʢʨʘʾʥʠ, ʪʝʤʘ çʈʦʟʨʦʙʢʘ ʪʘ 

ʩʪʚʦʨʝʥʥʷ ʩʝʥʩʦʨʥʠʭ ʧʨʠʣʘʜʽʚ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʫ ʜʽʾ ʜʣʷ ʨʘʜʽʘʮʽʡʥʦʛʦ ʽ ʷʜʝʨʥʦʛʦ 

ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʢʦʥʪʨʦʣʶ ʚ ʩʠʩʪʝʤʽ ɸɽʉ ʥʘ ʦʩʥʦʚʽ ʨʘʜʽʘʮʽʡʥʦ-ʩʪʽʡʢʠʭ 
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ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ ʩʝʥʩʦʨʽʚ ʟ CdTe, CdZnTe ʽ ʰʪʫʯʥʠʭ ʜʽʘʤʘʥʪʦʚʠʭ ʧʣʽʚʦʢè, ˉ 

ʜʝʨʞʨʝʻʩʪʨʘʮʽʾ 0104U007429;  

ï ʧʨʦʝʢʪʥʘ ʫʛʦʜʘ ʟ ʋʢʨʘʾʥʩʴʢʠʤ ʥʘʫʢʦʚʦ-ʪʝʭʥʦʣʦʛʽʯʥʠʤ ʮʝʥʪʨʦʤ ˉ 1810 

(2002ï2003 ʨʨ) çʇʨʦʛʥʦʟʫʚʘʥʥʷ ʟʤʽʥ ʚʣʘʩʪʠʚʦʩʪʝʡ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʝʢʩʪʨʝʤʘʣʴʥʠʭ ʫʤʦʚʘʭè;  

ï ʙʘʛʘʪʦʛʘʣʫʟʝʚʘ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʘ ʧʨʦʛʨʘʤʘ çʇʨʦʛʨʘʤʘ ʧʨʦʚʝʜʝʥʥʷ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʧʦ ʘʪʦʤʥʽʡ ʥʘʫʮʽ ʽ ʪʝʭʥʽʮʽ ʅʅʎ ʍʌʊɯ ʥʘ 2011-

2015 ʨʽʢè, ʱʦ ʚʠʢʦʥʫʚʘʣʘʩʴ ʟʛʽʜʥʦ ʟ ʧʦʩʪʘʥʦʚʦʶ ɹʶʨʦ ʚʽʜʜʽʣʝʥʥʷ ʗʌɽ ʅɸʅ 

ʋʢʨʘʾʥʠ ʚʽʜ 07.10.2010 ʨ., ʧʨʦʪʦʢʦʣ ˉ7(76), ˉ ʜʝʨʞʨʝʻʩʪʨʘʮʽʾ  0111U008993.  

ʄʝʪʘ ʽ ʟʘʜʘʯ ̔ʜʦʩʣʽʜʞʝʥʥʷ ʄʝʪʦʶ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʻ ʟôʷʩʫʚʘʥʥʷ 

ʤʝʪʦʜʦʤ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʚʧʣʠʚʫ ʨʘʜʽʘʮʽʡʥʠʭ ʽ ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʜʝʬʝʢʪʽʚ ʥʘ ʧʠʪʦʤʠʡ ʦʧʽʨ ɟ, ʯʘʩ ʞʠʪʪʷ ʥʝʨʽʚʥʦʚʘʞʥʠʭ ʥʦʩʽʾʚ ʟʘʨʷʜʫ Ű, 

ʨʫʭʣʠʚʽʩʪʴ ʝʣʝʢʪʨʦʥʽʚ Õn ʚ GaAs, CdTe, CdZnTe, ʘ ʪʘʢʦʞ ʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʟʙʦʨʫ 

ʟʘʨʷʜʽʚ ʜʝʪʝʢʪʦʨʽʚ ʽʦʥʽʟʫʶʯʠʭ ʚʠʧʨʦʤʽʥʶʚʘʥʴ ʥʘ ʾʭ ʦʩʥʦʚʽ. 

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ ʥʝʦʙʭʽʜʥʦ ʙʫʣʦ ʚʠʨʽʰʠʪʠ ʥʘʩʪʫʧʥʽ 

ʟʘʜʘʯʽ:  

ï ʨʦʟʨʦʙʠʪʠ ʤʦʜʝʣʴ ʽ ʤʝʪʦʜʠʢʫ ʨʦʟʨʘʭʫʥʢʫ ʩʪʫʧʝʥʷ ʢʦʤʧʝʥʩʘʮʽʾ ʝʣʝʢʪʨʠʯʥʦ 

ʘʢʪʠʚʥʠʭ ʙʘʛʘʪʦʟʘʨʷʜʥʠʭ ʮʝʥʪʨʽʚ ʫ ʩʧʦʣʫʢʘʭ ɸ3ɺ5 ʽ ɸ2ɺ6 ʧʨʠ ʾʭ ʜʦʚʽʣʴʥʽʡ 

ʢʽʣʴʢʦʩʪʽ ʥʘ ʦʩʥʦʚʽ ʯʠʩʝʣʴʥʦʛʦ ʚʠʨʽʰʝʥʥʷ ʨʽʚʥʷʥʥʷ ʝʣʝʢʪʨʦʥʝʡʪʨʘʣʴʥʦʩʪʽ ʽ 

ʦʙʯʠʩʣʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʚʽʣʴʥʠʭ ʥʦʩʽʾʚ ʟʘʨʷʜʫ ʪʘ ʟʘʨʷʜʞʝʥʠʭ ʽ ʥʝʡʪʨʘʣʴʥʠʭ 

ʛʣʠʙʦʢʠʭ ʮʝʥʪʨʽʚ, ʧʠʪʦʤʦʛʦ ʦʧʦʨʫ ɟ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟ ʧʦʩʣʽʜʫʶʯʠʤ 

ʨʦʟʨʘʭʫʥʢʦʤ ʝʣʝʢʪʨʦʥʥʦʾ ʨʫʭʣʠʚʦʩʪʽ ɛn, ʯʘʩʫ ʞʠʪʪʷ ʥʝʨʽʚʥʦʚʘʞʥʠʭ ʥʦʩʽʾʚ 

ʟʘʨʷʜʫ Ű, ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʙʦʨʫ ʟʘʨʷʜʽʚ ʜʝʪʝʢʪʦʨʽʚ ɖ ʫ ʰʠʨʦʢʦʤʫ ʽʥʪʝʨʚʘʣʽ 

ʪʝʤʧʝʨʘʪʫʨ ʽ ʢʦʥʮʝʥʪʨʘʮʽʡ ʜʝʬʝʢʪʽʚ;  

ï ʚʩʪʘʥʦʚʠʪʠ ʧʘʨʘʤʝʪʨʠ ʛʣʠʙʦʢʠʭ ʨʽʚʥʽʚ ʜʦʤʽʰʦʢ ʪʘ ʜʝʬʝʢʪʽʚ, ʾʭ ʚʤʽʩʪ ʚ GaAs, 

CdTe ʽ CdZnTe ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ ʜʝʪʝʢʪʦʨʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʚʠʩʦʢʠʭ 

ʚʝʣʠʯʠʥ ʧʠʪʦʤʦʛʦ ʦʧʦʨʫ, ʝʣʝʢʪʨʦʥʥʦʾ ʨʫʭʣʠʚʦʩʪʽ ʽ ʯʘʩʫ ʞʠʪʪʷ ʥʝʨʽʚʥʦʚʘʞʥʠʭ 

ʥʦʩʽʾʚ ʟʘʨʷʜʫ; 
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- ʚʠʚʯʠʪʠ ʝʣʝʢʪʨʦʬʽʟʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʥʝʦʧʨʦʤʽʥʝʥʠʭ ʜʝʪʝʢʪʦʨʽʚ ʽʦʥʽʟʫʶʯʠʭ 

ʚʠʧʨʦʤʽʥʶʚʘʥʴ ʥʘ ʦʩʥʦʚʽ Cd1-xZnxTe ʜʣʷ ʨʽʟʥʠʭ ʚʝʣʠʯʠʥ ʢʦʥʮʝʥʪʨʘʮʽʾ x ʮʠʥʢʫ ʚ 

ʰʠʨʦʢʠʭ ʜʽʘʧʘʟʦʥʘʭ ʢʦʥʮʝʥʪʨʘʮʽʡ ʣʝʛʫʶʯʠʭ ʜʦʤʽʰʦʢ; 

- ʜʦʩʣʽʜʠʪʠ ʨʝʻʩʪʨʫʚʘʣʴʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʜʝʪʝʢʪʦʨʽʚ ʛʘʤʤʘ- ʽ ʨʝʥʪʛʝʥʽʚʩʴʢʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʴ ʥʘ ʦʩʥʦʚʽ GaAs, CdTe ʽ CdZnTe ʟ ʨʽʟʥʦʶ ʢʦʥʬʽʛʫʨʘʮʽʻʶ 

ʝʣʝʢʪʨʦʜʽʚ, ʘ ʪʘʢʦʞ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʧʨʦʩʪʦʨʦʚʦʛʦ ʨʦʟʧʦʜʽʣʫ ʩʢʣʘʜʫ 

ʜʝʪʝʢʪʦʨʥʦʛʦ ʤʘʪʝʨʽʘʣʫ Cd1-xZnxTe, ʨʦʟʤʽʱʝʥʦʛʦ ʤʽʞʝʣʝʢʪʨʦʜʥʦʤʫ ʧʨʦʤʽʞʢʫ; 

- ʚʩʪʘʥʦʚʠʪʠ ʭʘʨʘʢʪʝʨ ʚʧʣʠʚʫ ʨʘʜʽʘʮʽʡʥʠʭ ʜʝʬʝʢʪʽʚ, ʱʦ ʫʪʚʦʨʶʶʪʴʩʷ ʚ 

ʨʝʟʫʣʴʪʘʪʽ ʛʘʤʤʘ- ʽ ʨʝʥʪʛʝʥʽʚʩʴʢʦʛʦ ʦʧʨʦʤʽʥʝʥʥʷ ʥʘ ʟʤʽʥʫ ʽ ʜʝʛʨʘʜʘʮʽʶ 

ʝʣʝʢʪʨʦʬʽʟʠʯʥʠʭ ʪʘ ʨʝʻʩʪʨʫʚʘʣʴʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʜʝʪʝʢʪʦʨʽʚ ʥʘ ʦʩʥʦʚʽ CdTe ʽ 

CdZnTe; 

ʆʙ'ʻʢʪ ʜʦʩʣʽʜʞʝʥʥʷ: ʥʝʦʧʨʦʤʽʥʝʥʽ ʪʘ ʦʧʨʦʤʽʥʝʥʽ CdTe, CdZnTe, GaAs ʽ 

ʜʝʪʝʢʪʦʨʠ ʽʦʥʽʟʫʶʯʠʭ ʚʠʧʨʦʤʽʥʶʚʘʥʴ ʥʘ ʾʭ ʦʩʥʦʚʽ. 

ʇʨʝʜʤʝʪ ʜʦʩʣʽʜʞʝʥʥʷ: ʜʠʥʘʤʽʢʘ ʟʤʽʥʠ ʝʣʝʢʪʨʦʬʽʟʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

CdTe, CdZnTe, GaAs ̔ ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʙʦʨʫ ʟʘʨʷʜʽʚ ɖ ʜʝʪʝʢʪʦʨʽʚ ʽʦʥʽʟʫʶʯʠʭ 

ʚʠʧʨʦʤʽʥʶʚʘʥʴ ʥʘ ʾʭ ʦʩʥʦʚʽ ʚ ʧʦʯʘʪʢʦʚʦʤʫ ʩʪʘʥʽ, ʘ ʪʘʢʦʞ ʧʽʩʣʷ ʛʘʤʤʘ-  ̔

ʨʝʥʪʛʝʥʽʚʩʴʢʦʛʦ ʦʧʨʦʤʽʥʝʥʥʷ.  

ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥ.̫ ɺ ʧʨʦʮʝʩʽ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʠ ʟʘʩʪʦʩʦʚʘʥʽ ʥʘʩʪʫʧʥʽ 

ʘʧʨʦʙʦʚʘʥʽ ʤʝʪʦʜʠ ʬʽʟʠʢʠ ʪʚʝʨʜʦʛʦ ʪʽʣʘ, ʨʘʜʽʘʮʽʡʥʦʾ ʬʽʟʠʢʠ, ʘ ʩʘʤʝ: ʩʪʘʪʠʩʪʠʯʥʘ 

ʪʝʦʨʽʷ ɻʽʙʙʩʘ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʩʪʫʧʝʥʷ ʟʘʧʦʚʥʝʥʥʷ ʙʘʛʘʪʦʟʘʨʷʜʥʠʭ ʮʝʥʪʨʽʚ, 

ʩʪʘʪʠʩʪʠʢʘ ʨʝʢʦʤʙʽʥʘʮʽʾ ʐʦʢʣʽ-ʈʽʜʘ-ʍʦʣʣʘ ʜʣʷ ʦʙʯʠʩʣʝʥʥʷ ʯʘʩʫ ʞʠʪʪʷ 

ʥʝʨʽʚʥʦʚʘʞʥʠʭ ʥʦʩʽʾʚ ʟʘʨʷʜʫ, ʢʽʥʝʪʠʯʥʘ ʪʝʦʨʽʷ ʨʦʟʩʽʶʚʘʥʥʷ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ 

ʝʣʝʢʪʨʦʥʥʦʾ ʨʫʭʣʠʚʦʩʪʽ, ʯʠʩʝʣʴʥʠʡ ʘʥʘʣʽʟ ʪʘ ʢʦʤʧôʶʪʝʨʥʝ ʤʦʜʝʣʶʚʘʥʥʷ.  

ʇʨʠ ʜʦʩʣʽʜʞʝʥʥʽ ɟ, Ű, Õ, ɖ ʤʝʪʦʜʦʤ ʢʦʤʧôʶʪʝʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʚʭʽʜʥʠʤʠ 

ʜʘʥʠʤʠ ʩʣʫʛʫʚʘʣʠ ʧʘʨʘʤʝʪʨʠ ʥʝʦʜʥʦʨʽʜʥʦʩʪʝʡ ʣʝʛʫʚʘʥʥʷ ʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ 

ʚʠʤʽʨʷʥʽ ʪʘ ʦʧʫʙʣʽʢʦʚʘʥʽ ʚ ʣʽʪʝʨʘʪʫʨʽ ʚʝʣʠʯʠʥʠ Ei, ůi, Ni ʜʣʷ ʜʦʩʣʽʜʞʫʚʘʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ.  

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. ʇʨʠ ʚʠʢʦʥʘʥʥʽ ʜʠʩʝʨʪʘʮʽʡʥʦʾ 

ʨʦʙʦʪʠ ʙʫʣʠ ʦʜʝʨʞʘʥʽ ʥʘʩʪʫʧʥʽ ʥʦʚʽ ʨʝʟʫʣʴʪʘʪʠ:  
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1. ʇʦʙʫʜʦʚʘʥʘ ʤʦʜʝʣʴ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʟʘʨʷʜʦʚʦʛʦ ʩʪʘʥʫ ʙʘʛʘʪʦʟʘʨʷʜʥʠʭ 

ʜʦʤʽʰʦʢ ʽ ʜʝʬʝʢʪʽʚ ʧʨʠ ʾʭ ʜʦʚʽʣʴʥʽʡ ʢʽʣʴʢʦʩʪʽ ʫ ʩʧʦʣʫʢʘʭ A3B5, A2B6 ʫ ʧʦʻʜʥʘʥʥʽ 

ʟ ʦʙʯʠʩʣʝʥʥʷʤ ʝʣʝʢʪʨʦʥʥʦʾ ʨʫʭʣʠʚʦʩʪʽ ɛn, ʢʦʥʮʝʥʪʨʘʮʽʾ ʚʽʣʴʥʠʭ ʝʣʝʢʪʨʦʥʽʚ n0 ʪʘ 

ʜʽʨʦʢ p0 ʽ ʧʠʪʦʤʦʛʦ ʦʧʦʨʫ ɟ, ʨʽʚʥʷ ʌʝʨʤʽ F ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʙʘʛʘʪʦʟʘʨʷʜʥʠʭ ʜʦʥʦʨʽʚ ʪʘ ʘʢʮʝʧʪʦʨʽʚ, ʘʤʬʦʪʝʨʥʠʭ ʜʦʤʽʰʦʢ ʪʠʧʫ DA, DDA, 

DAA, ʾʭ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʧʦʣʦʞʝʥʥʷ ʚ ʟʘʙʦʨʦʥʝʥʽʡ ʟʦʥʽ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘ ʽ 

ʪʝʤʧʝʨʘʪʫʨʠ; ʚʧʝʨʰʝ ʟʘʩʪʦʩʦʚʘʥʘ ʤʦʜʝʣʴ ʨʝʢʦʤʙʽʥʘʮʽʾ ʐʦʢʣʽ-ʈʽʜʘ-ʍʦʣʣʘ ʜʣʷ 

ʨʦʟʨʘʭʫʥʢʫ ʯʘʩʫ ʞʠʪʪʷ ʥʝʨʽʚʥʦʚʘʞʥʠʭ ʥʦʩʽʾʚ ʟʘʨʷʜʫ Ű ʚ CdTe, CdZnTe ʽ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʙʦʨʫ ʟʘʨʷʜʽʚ ɖ ʜʝʪʝʢʪʦʨʽʚ ʽʦʥʽʟʫʶʯʠʭ ʚʠʧʨʦʤʽʥʶʚʘʥʴ ʥʘ ʾʭ ʦʩʥʦʚʽ. 

2. ɺʧʝʨʰʝ ʟʨʦʙʣʝʥʘ ʧʦʧʨʘʚʢʘ ʚ ʤʦʜʝʣʴ ɹʨʫʢʩʘ-ʍʝʨʨʽʥʛʘ ʰʣʷʭʦʤ ʚʚʝʜʝʥʥʷ 

ʜʦʜʘʪʢʦʚʦʛʦ ʝʢʨʘʥʫʚʘʥʥʷ ʛʣʠʙʦʢʠʤʠ ʽʦʥʽʟʦʚʘʥʠʤʠ ʨʽʚʥʷʤʠ ʨʦʟʩʽʶʚʘʣʴʥʠʭ 

ʣʦʢʘʣʴʥʠʭ ʮʝʥʪʨʽʚ ʫ GaAs, CdTe ʽ CdZnTe ʪʘ ʧʦʢʘʟʘʥʦ, ʱʦ ʧʘʨʮʽʘʣʴʥʫ 

ʨʫʭʣʠʚʽʩʪʴ ʜʣʷ ʥʝʧʨʫʞʥʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ ʝʣʝʢʪʨʦʥʽʚ ʥʘ ʧʦʣʷʨʥʠʭ ʦʧʪʠʯʥʠʭ 

ʬʦʥʦʥʘʭ ʫ GaAs ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ ʘʥʘʣʽʪʠʯʥʠʤ ʚʠʨʘʟʦʤ ʟʘʤʽʩʪʴ ʯʠʩʝʣʴʥʦʛʦ 

ʚʠʨʽʰʝʥʥʷ ʨʽʚʥʷʥʥʷ ɹʦʣʴʮʤʘʥʘ.  

3. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʟʘʣʝʞʥʦʩʪʽ ɟ ʽ ɟĿŰĿɛn ʜʣʷ Cd1-xZnxTe (0<x<0.3) ʚʽʜ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʤʽʣʢʠʭ ʜʦʥʦʨʽʚ ʧʨʦʭʦʜʷʪʴ ʯʝʨʝʟ ʤʘʢʩʠʤʫʤ, ʚ ʷʢʦʤʫ ʚʽʜʥʦʰʝʥʥʷ 

ʢʦʥʮʝʥʪʨʘʮʽʡ ʚʽʣʴʥʠʭ ʜʽʨʦʢ p0 ʽ ʝʣʝʢʪʨʦʥʽʚ n0 ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʤʝʞʘʭ 

102<p0/n0<103, ʱʦ ʻ ʧʨʠʡʥʷʪʥʠʤ ʜʣʷ ʷʢʽʩʥʦʛʦ ʜʝʪʝʢʪʦʨʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʟ 

ʚʠʩʦʢʠʤʠ ʚʝʣʠʯʠʥʘʤʠ ɟ (1010ï1011 ʆʤĿʩʤ) Űn, Űp (10-5 ʩʝʢ), ɛn (1100 ʩʤ
2/(ɺĀʩʝʢ)); 

ʚʧʝʨʰʝ ʧʦʢʘʟʘʥʦ, ʱʦ ʟʙʽʣʴʰʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʙʦʨʫ ʟʘʨʷʜʽʚ ɖ (~30%) ʤʦʞʣʠʚʝ, 

ʢʦʣʠ ʤʘʪʝʨʽʘʣ CdZnTe ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʚʦʭ ʨʽʟʥʠʭ ʯʘʩʪʠʥ, ʱʦ ʤʘʶʪʴ ʨʽʟʥʝ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʡ ʚʽʣʴʥʠʭ ʥʦʩʽʾʚ ʟʘʨʷʜʫ: p0>>n0 ʙʣ̔ʷ ʘʥʦʜʘ ʪʘ p0 Ón0  

ʙʽʣʷ ʢʘʪʦʜʘ.  

4. ɺʧʝʨʰʝ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚ ʨʝʟʫʣʴʪʘʪʽ ʨʝʥʪʛʝʥʽʚʩʴʢʦʛʦ ʦʧʨʦʤʽʥʝʥʥʷ 

CdTe:Cl,  Cd0.9Zn0.1Te ʪʘ ɔ-ʦʧʨʦʤʽʥʝʥʥʷ Cd0,9Zn0,1Te:Al  ʟʙʽʣʴʰʫʻʪʴʩʷ ʚʤʽʩʪ 

ʝʣʝʢʪʨʠʯʥʦ ʘʢʪʠʚʥʠʭ ʘʢʮʝʧʪʦʨʽʚ, ʱʦ ʜʝʤʦʥʩʪʨʫʻʪʴʩʷ ʟʤʽʱʝʥʥʷʤ ʟʘʣʝʞʥʦʩʪʽ 

ʧʠʪʦʤʦʛʦ ʦʧʦʨʫ ɟ ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ ʤʽʣʢʦʛʦ ʜʦʥʦʨʘ Nd ʚ ʙʽʢ ʙʽʣʴʰʠʭ Nd, ʧʨʠʯʦʤʫ 

ʧʨʠ ʜʦʟʘʭ ʦʧʨʦʤʽʥʝʥʥʷ CdTe:Cl ʽ Cd0.9Zn0.1Te ʚ ʩʦʪʥʽ ʢɻʨ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʟʤʝʥʰʝʥʥʷ ɟ ʥʘ 3-4 ʧʦʨʷʜʢʠ ʚʥʘʩʣʽʜʦʢ ʧʦʥʠʞʝʥʥʷ ʨʽʚʥʷ ʌʝʨʤʽ ʪʘ ʟʤʝʥʰʝʥʥʷ 
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ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʙʦʨʫ ʟʘʨʷʜʽʚ ɖ ʚʥʘʩʣʽʜʦʢ ʟʘʭʦʧʣʝʥʥʷ ʥʝʨʽʚʥʦʚʘʞʥʠʭ ʥʦʩʽʾʚ ʟʘʨʷʜʫ 

ʛʣʠʙʦʢʠʤ ʨʽʚʥʝʤ ʨʘʜʽʘʮʽʡʥʦʛʦ ʜʝʬʝʢʪʫ J (EV+0.53 ʝɺ), ʘ ʧʨʠ ʤʘʣʠʭ ʜʦʟʘʭ (ʢʽʣʴʢʘ 

ʢɻʨ) ɔ-ʦʧʨʦʤʽʥʝʥʥʷ Cd0.9Zn0.1Te:Al  ʟʙʽʣʴʰʫʻʪʴʩʷ ɟ ʽ ɖ.  

5. ɺʧʝʨʰʝ ʟôʷʩʦʚʘʥʘ ʧʨʠʯʠʥʘ ʚʠʩʦʢʦʾ ʨʘʜʽʘʮʽʡʥʦʾ ʩʪʽʡʢʦʩʪʽ Cd0,9Zn0,1Te:Al , 

ʷʢʘ ʧʦʚôʷʟʘʥʘ ʟ ʤʝʥʰʦʶ ʰʚʠʜʢʽʩʪʶ ʫʪʚʦʨʝʥʥʷ ʘʢʮʝʧʪʦʨʥʠʭ ʨʘʜʽʘʮʽʡʥʠʭ 

ʜʝʬʝʢʪʽʚ, ʘ ʪʘʢʦʞ ʟʥʠʞʝʥʥʷʤ ʟʘʭʦʧʣʝʥʥʷ ʥʦʩʽʾʚ ʟʘʨʷʜʫ ʘʢʮʝʧʪʦʨʥʠʤ 

ʨʘʜʽʘʮʽʡʥʠʤ ʜʝʬʝʢʪʦʤ J ʚʥʘʩʣʽʜʦʢ ʚʧʣʠʚʫ ʛʣʠʙʦʢʦʛʦ ʜʦʥʦʨʘ, ʢʦʥʮʝʥʪʨʘʮʽʷ ʷʢʦʛʦ 

ʟʨʦʩʪʘʻ ʧʨʠ ʦʧʨʦʤʽʥʝʥʥʽ, ʚʽʜʩʫʚʘʶʯʠ ʨʽʚʝʥʴ ʌʝʨʤʽ ʚ ʩʝʨʝʜʠʥʫ ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ 

ʪʘ ʟʙʽʣʴʰʫʶʯʠ ʧʠʪʦʤʠʡ ʦʧʽʨ ɟ. 

ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. ʈʝʟʫʣʴʪʘʪʠ, ʦʪʨʠʤʘʥʽ ʚ 

ʜʠʩʝʨʪʘʮʽʡʥʽʡ ʨʦʙʦʪʽ ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ ʜʣʷ ʦʜʝʨʞʘʥʥʷ ʥʦʚʠʭ 

ʜʝʪʝʢʪʦʨʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʥʘ ʦʩʥʦʚʽ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ ʩʧʦʣʫʢ AIIIBV, AIIBVI. 

ʈʦʟʨʦʙʣʝʥʠʡ ʧʽʜʭʽʜ ʜʦ ʦʙʯʠʩʣʝʥʥʷ ʝʣʝʢʪʨʦʬʽʟʠʯʥʠʭ ʽ ʜʝʪʝʢʪʦʨʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʚʩʪʘʥʦʚʠʪʠ ʦʧʪʠʤʘʣʴʥʠʡ ʩʢʣʘʜ ʜʦʤʽʰʦʢ ʪʘ 

ʜʝʬʝʢʪʽʚ ʫ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ ʩʧʦʣʫʢʘʭ AIIIBV ʽ AIIBVI, ʧʨʠʜʘʪʥʠʭ ʜʣʷ 

ʩʪʚʦʨʝʥʥʷ ʥʘ ʜʝʪʝʢʪʦʨʽʚ ʚʠʩʦʢʦʾ ʩʧʝʢʪʨʦʩʢʦʧʽʯʥʦʾ ʷʢʦʩʪʽ. 

ʈʦʟʨʦʙʣʝʥʠʡ ʧʽʜʭʽʜ ʪʘ ʦʜʝʨʞʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʦʙˇʨʫʥʪʦʚʫʶʪʴ ʥʝʦʙʭʽʜʥʽ 

ʨʝʞʠʤʠ ʪʝʭʥʦʣʦʛʽʡ ʦʜʝʨʞʘʥʥʷ GaAs, CdTe, CdZnTe ʜʣʷ ʾʭ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ 

ʧʨʠʣʘʜʘʭ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʷʜʝʨʥʽʡ ʜʦʟʠʤʝʪʨʽʾ, ʚ ʤʽʢʨʦ- ʽ 

ʦʧʪʦʝʣʝʢʪʨʦʥʽʮʽ. 

ʉʫʢʫʧʥʽʩʪʴ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʽ ʩʬʦʨʤʫʣʴʦʚʘʥʠʭ ʚʠʩʥʦʚʢʽʚ ʧʨʦ 

ʜʠʥʘʤʽʢʫ ʧʦʚʝʜʽʥʢʠ ʝʣʝʢʪʨʦʬʽʟʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʚʠʭʽʜʥʠʭ ʽ ʦʧʨʦʤʽʥʝʥʠʭ 

GaAs, CdTe, CdZnTe ʤʦʞʝ ʩʪʘʪʠ ʦʩʥʦʚʦʶ ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʟʤʽʥ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʜʝʪʝʢʪʦʨʽʚ ʽʦʥʽʟʫʶʯʠʭ ʚʠʧʨʦʤʽʥʶʚʘʥʴ ʧʽʜ ʚʧʣʠʚʦʤ ʘʛʨʝʩʠʚʥʦʛʦ ʨʘʜʽʘʮʽʡʥʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ, ʱʦ ʧʦʚʠʥʥʦ ʩʧʨʠʷʪʠ ʨʦʟʨʦʙʮʽ ʥʦʚʠʭ ʜʝʪʝʢʪʦʨʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʜʣʷ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʜʦʟʠʤʝʪʨʽʾ ʷʜʝʨʥʦʛʦ ʪʘ ʽʦʥʽʟʫʶʯʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ.  

ʈʦʟʨʦʙʣʝʥʦ ʧʽʜʭʽʜ, ʧʨʠʜʘʪʥʠʡ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʤʦʜʝʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ ʩʧʦʣʫʢ ʪʠʧʫ AIIIBV ʽ AIIBVI ʟ ʤʝʪʦʶ ʨʦʟʨʦʙʢʠ ʤʘʪʝʨʽʘʣʽʚ, ʷʢʽ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʧʨʠʣʘʜʘʭ ʨʽʟʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ.   
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ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ. ʆʩʥʦʚʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ 

ʟʜʦʙʫʚʘʯʝʤ ʦʪʨʠʤʘʥʽ ʩʘʤʦʩʪʽʡʥʦ, ʧʨʠʯʦʤʫ ʨʝʟʫʣʴʪʘʪʠ 9 ʨʦʙʽʪ, ʱʦ ʥʘʚʝʜʝʥʦ ʚ 

ɼʦʜʘʪʢʫ ɸ, [ɸ.6, ɸ.8-ɸ.11, ɸ.13, ɸ.14, ɸ.16, ɸ.17] ʦʪʨʠʤʘʥʽ ʙʝʟ ʩʧʽʚʘʚʪʦʨʩʪʚʘ. ɺ 

ʦʧʫʙʣʽʢʦʚʘʥʠʭ ʚ ʩʧʽʚʘʚʪʦʨʩʪʚʽ ʨʦʙʦʪʘʭ ʟʜʦʙʫʚʘʯ ʟʜʽʡʩʥʶʚʘʚ ʧʦʰʫʢ ʪʘ ʘʥʘʣʽʟ 

ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʘʥʠʭ, ʧʨʦʚʦʜʠʚ ʯʠʩʝʣʴʥʽ ʨʦʟʨʘʭʫʥʢʠ, ʙʨʘʚ ʙʝʟʧʦʩʝʨʝʜʥʶ ʫʯʘʩʪʴ ʫ 

ʘʥʘʣʽʟʽ ʪʘ ʦʙʛʦʚʦʨʝʥʥʽ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʨʝʟʫʣʴʪʘʪʽʚ,  ʬʦʨʤʫʣʶʚʘʥʥʽ ʚʠʩʥʦʚʢʽʚ, 

ʧʽʜʛʦʪʦʚʮʽ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦ ʜʨʫʢʫ. ʋ ʨʦʙʦʪʘʭ, ʥʘʧʠʩʘʥʠʭ ʽ ʦʧʫʙʣʽʢʦʚʘʥʠʭ ʚ 

ʩʧʽʚʘʚʪʦʨʩʪʚʽ, ʦʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʘʚʪʦʨʘ ʢʦʥʢʨʝʪʥʦ ʧʦʣʷʛʘʻ ʚ ʥʘʩʪʫʧʥʦʤʫ. 

ɺ ʨʦʙʦʪʽ [ɸ.1] ʟʜʦʙʫʚʘʯ ʧʨʠʡʤʘʚ ʙʝʟʧʦʩʝʨʝʜʥʶ ʫʯʘʩʪʴ ʫ ʚʠʟʥʘʯʝʥʥʽ ʪʘ 

ʦʙˇʨʫʥʪʫʚʘʥʥʽ ʧôʷʪʠʨʽʚʥʝʚʦʾ ʤʦʜʝʣʽ ʢʦʤʧʝʥʩʘʮʽʾ, ʬʽʟʠʯʥʠʭ ʤʦʜʝʣʝʡ ʨʦʟʩʽʶʚʘʥʥʷ 

ʚʽʣʴʥʠʭ ʥʦʩʽʾʚ ʟʘʨʷʜʫ ʪʘ ʜʦʩʣʽʜʞʝʥʥʽ ʤʝʪʦʜʦʤ ʯʠʩʝʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʟʤʽʥʠ 

ʧʠʪʦʤʦʛʦ ʦʧʦʨʫ, ʝʣʝʢʪʨʦʥʥʦʾ ʨʫʭʣʠʚʦʩʪʽ ʪʘ ʨʽʚʥʷ ʌʝʨʤʽ ʚ ʘʨʩʝʥʽʜʽ ʛʘʣʽʶ ʚ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ ʘʢʮʝʧʪʦʨʽʚ, ʜʦʥʦʨʽʚ ʽ ʩʪʨʫʢʪʫʨʥʦʾ ʜʦʩʢʦʥʘʣʦʩʪʽ 

ʤʘʪʨʠʮʽ. 

ɺ ʨʦʙʦʪʽ [ɸ.2] ʟʜʦʙʫʚʘʯ ʧʨʠʡʤʘʚ ʙʝʟʧʦʩʝʨʝʜʥʶ ʫʯʘʩʪʴ ʚ ʨʦʟʨʦʙʮʽ ʤʦʜʝʣʽ 

ʢʦʤʧʝʥʩʘʮʽʾ ʜʣʷ ʙʘʛʘʪʦʟʘʨʷʜʥʠʭ ʮʝʥʪʨʽʚ, ʚʠʟʥʘʯʝʥʥʽ ʤʝʭʘʥʽʟʤʽʚ ʨʦʟʩʽʶʚʘʥʥʷ 

ʚʽʣʴʥʠʭ ʥʦʩʽʾʚ ʟʘʨʷʜʫ ʚ GaAs ʪʘ ʜʦʨʦʙʮʽ ʬʦʨʤʫʣʠ ʜʣʷ ʟʥʘʭʦʜʞʝʥʥʷ ʧʘʨʮʽʘʣʴʥʦʾ 

ʨʫʭʣʠʚʦʩʪʽ ʝʣʝʢʪʨʦʥʽʚ ʧʨʠ ʨʦʟʩʽʶʚʘʥʥʽ ʥʘ ʧʦʣʷʨʥʠʭ ʦʧʪʠʯʥʠʭ ʬʦʥʦʥʘʭ, 

ʯʠʩʝʣʴʥʦʤʫ ʨʽʰʝʥʥʽ ʨʽʚʥʷʥʥʷ ʝʣʝʢʪʨʦʥʝʡʪʨʘʣʴʥʦʩʪʽ ʜʣʷ ʜʦʚʽʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ 

ʙʘʛʘʪʦʟʘʨʷʜʥʠʭ ʜʦʥʦʨʽʚ, ʘʢʮʝʧʪʦʨʽʚ ʪʘ ʘʤʬʦʪʝʨʥʠʭ ʜʦʤʽʰʦʢ ʪʠʧʫ DA, DDA, 

DAA, ʦʙʯʠʩʣʝʥʥʽ ʧʠʪʦʤʦʛʦ ʦʧʦʨʫ ʪʘ ʝʣʝʢʪʨʦʥʥʦʾ ʨʫʭʣʠʚʦʩʪʽ, ʘ ʪʘʢʦʞ ʚ 

ʜʦʩʣʽʜʞʝʥʥʽ ʚʧʣʠʚʫ ʜʝʬʝʢʪʽʚ EL-2 ʪʘ ʢʣʘʩʪʝʨʽʚ ʥʘ ʧʦʚʝʜʽʥʢʫ ʝʣʝʢʪʨʦʥʥʦʾ 

ʨʫʭʣʠʚʦʩʪʽ ʽ ʧʠʪʦʤʦʛʦ ʦʧʦʨʫ GaAs ʚ ʰʠʨʦʢʦʤʫ ʽʥʪʝʨʚʘʣʽ ʪʝʤʧʝʨʘʪʫʨ. 

ɺ ʨʦʙʦʪʽ [ɸ.3] ʟʜʦʙʫʚʘʯʝʤ ʧʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʜʦʤʽʰʢʦʚʦʛʦ ʩʢʣʘʜʫ ʜʣʷ 

ʦʜʝʨʞʘʥʥʷ CdTe ʜʝʪʝʢʪʦʨʥʦʾ ʷʢʦʩʪʽ ʟ ʤʘʢʩʠʤʘʣʴʥʠʤ ʧʠʪʦʤʠʤ ʦʧʦʨʦʤ ʪʘ ʟ 

ʚʠʩʦʢʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʜʨʝʡʬʦʚʦʾ ʨʫʭʣʠʚʦʩʪʽ ʚʽʣʴʥʠʭ ʝʣʝʢʪʨʦʥʽʚ, ʚʠʟʥʘʯʝʥʥʷ 

ʚʧʣʠʚʫ ʥʘ ʝʣʝʢʪʨʦʥʥʫ ʨʫʭʣʠʚʽʩʪʴ ʤʝʭʘʥʽʟʤʽʚ ʝʢʨʘʥʫʚʘʥʥʷ ʽ ʨʦʟʩʽʶʚʘʥʥʷ ʥʘ 

ʬʦʥʦʥʘʭ ʪʘ ʽʦʥʽʟʦʚʘʥʠʭ ʮʝʥʪʨʘʭ. 

ɺ ʨʦʙʦʪʽ [ɸ.4] ʟʜʦʙʫʚʘʯʝʤ ʧʨʦʘʥʘʣʽʟʦʚʘʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʣʦʢʘʣʴʥʠʭ ʛʣʠʙʦʢʠʭ 

ʨʽʚʥʽʚ ʚ ʤʘʪʝʨʽʘʣʘʭ CdTe ʪʘ CdZnTe, ʢʽʣʴʢʽʩʥʦ ʜʦʩʣʽʜʞʝʥʽ ʦʧʪʠʤʘʣʴʥʽ ʜʽʘʧʘʟʦʥʠ 
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ʢʦʥʮʝʥʪʨʘʮʽʡ ʜʦʤʽʰʦʢ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʥʘʧʽʚʽʟʦʣʶʶʯʦʛʦ CdZnTe, ʧʨʦʚʝʜʝʥʦ 

ʧʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʤʦʜʝʣʴʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʟʤʽʥʠ ʧʠʪʦʤʦʛʦ ʦʧʦʨʫ CdTe ʽ 

CdZnTe ʧʨʠ ʘʥʘʣʦʛʽʯʥʠʭ ʜʦʤʽʰʢʦʚʠʭ ʩʢʣʘʜʘʭ, ʜʦʚʝʜʝʥʽ ʧʝʨʝʚʘʛʠ ʤʘʪʝʨʽʘʣʫ 

ʪʝʣʫʨʠʜʫ ʢʘʜʤʽʶ ʟ ʮʠʥʢʦʤ. 

ɺ ʨʦʙʦʪʘʭ [ɸ.5, ɸ.12] ʟʜʦʙʫʚʘʯʝʤ ʜʦʩʣʽʜʞʝʥʘ ʢʦʥʢʨʝʪʥʘ ʨʦʣʴ ʧʨʠʩʫʪʥʽʭ ʚ 

ʟʘʙʦʨʦʥʝʥʽʡ ʟʦʥʽ ʝʥʝʨʛʝʪʠʯʥʠʭ ʨʽʚʥʽʚ ʫ ʧʨʦʮʝʩʘʭ ʟʘʭʦʧʣʝʥʥʷ ʥʝʨʽʚʥʦʚʘʞʥʠʭ 

ʥʦʩʽʾʚ ʟʘʨʷʜʫ, ʧʦʩʪʘʚʣʝʥʘ ʟʘʜʘʯʘ ʪʘ ʧʨʦʚʝʜʝʥʦ ʤʦʜʝʣʶʚʘʥʥʷ ʽ ʚʠʟʥʘʯʝʥʦ: ʘ) 

ʤʦʣʴʥʫ ʯʘʩʪʢʫ x, ʷʢʘ ʩʢʣʘʜʘʻ ZnTe ʚ Cd1-xZnxTe; ʙ) ʚʤʽʩʪ ʜʦʤʽʰʦʢ ʽ ʜʝʬʝʢʪʽʚ ʪʘ 

ʥʝʦʙʭʽʜʥʽʩʪʴ ʾʭ ʥʝʨʽʚʥʦʤʽʨʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʠʭ 

ʚʝʣʠʯʠʥ ɛn, ɟ ʽ ʦʜʝʨʞʘʥʥʷ ʤʘʪʝʨʽʘʣʫ ʚʠʩʦʢʦʾ ʜʝʪʝʢʪʦʨʥʦʾ ʷʢʦʩʪʽ.  

ɺ ʨʦʙʦʪʘʭ [ɸ.7, ɸ.15] ʟʜʦʙʫʚʘʯ ʧʨʦʚʽʚ ʧʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʟʙʦʨʫ ʟʘʨʷʜʽʚ ɖ ʜʣʷ ʜʝʪʝʢʪʦʨʽʚ ʟ ʨʽʟʥʦʶ ʬʦʨʤʦʶ ʝʣʝʢʪʨʦʜʽʚ ʽ ʚʠʟʥʘʯʠʚ 

ʦʧʪʠʤʘʣʴʥʠʡ ʨʦʟʧʦʜʽʣ ʢʦʥʮʝʥʪʨʘʮʽʾ ʣʝʛʫʶʯʦʛʦ ʤʽʣʢʦʛʦ ʜʦʥʦʨʘ ʚ CdxZn1-xTe, 

ʷʢʠʡ ʨʦʟʤʽʱʝʥʦ ʚ ʤʽʞʝʣʝʢʪʨʦʜʥʦʤʫ ʧʨʦʤʽʞʢʫ ʜʝʪʝʢʪʦʨʘ, ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ 

ʤʘʢʩʠʤʘʣʴʥʦʾ ɖ, ʜʦʩʣʽʜʠʚ ʪʘ ʚʩʪʘʥʦʚʠʚ ʢʦʥʮʝʥʪʨʘʮʽʾ Zn ʚ CdZnTe, ʱʦ 

ʜʦʟʚʦʣʷʶʪʴ ʚʠʢʦʨʠʩʪʘʪʠ ʮʝʡ ʤʘʪʝʨʽʘʣ ʚ ʜʝʪʝʢʪʦʨʘʭ ʽʦʥʽʟʫʶʯʠʭ ʚʠʧʨʦʤʽʥʶʚʘʥʴ.   

ɺ ʨʦʙʦʪʽ [ɸ.18] ʟʜʦʙʫʚʘʯʝʤ ʙʫʚ ʚʩʪʘʥʦʚʣʝʥʠʡ ʢʦʥʢʨʝʪʥʠʡ ʚʧʣʠʚ ʬʦʥʦʚʠʭ 

ʜʦʤʽʰʦʢ, ʱʦ ʤʽʩʪʷʪʴʩʷ ʫ Cd, Zn, Te, ʪʘ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ ʾʭ ʢʦʥʮʝʥʪʨʘʮʽʷʤʠ ʚ 

Cd1-xZnxTe ʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʟʙʦʨʫ ʟʘʨʷʜʽʚ ʜʝʪʝʢʪʦʨʘ. ɿôʷʩʦʚʘʥʘ ʨʦʣʴ ʛʣʠʙʦʢʠʭ 

ʜʦʥʦʨʽʚ ʥʘ ʝʣʝʢʪʨʦʬʽʟʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʚʠʩʦʢʦʦʤʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʜʝʪʝʢʪʦʨʥʦʾ 

ʷʢʦʩʪʽ. ɿôʷʩʦʚʘʥʦ, ʱʦ ʦʩʥʦʚʥʦʶ ʧʨʠʯʠʥʦʶ ʧʦʤʽʪʥʦʛʦ ʟʥʠʞʝʥʥʷ ʝʣʝʢʪʨʦʥʥʦʾ 

ʨʫʭʣʠʚʦʩʪʽ ʚ ʜʝʪʝʢʪʦʨʘʭ ʥʘ ʦʩʥʦʚʽ CdZnTe ʻ ʨʦʟʩʽʶʚʘʥʥʷ ʝʣʝʢʪʨʦʥʽʚ ʥʘ 

ʩʢʫʧʯʝʥʥʷʭ ʜʦʤʽʰʢʦʚʠʭ ʘʪʦʤʽʚ.  

ɸʧʨʦʙʘʮʽʷ ʨʝʟʫʣʴʪʘʪʽʚ ʜʠʩʝʨʪʘʮʽʾ. ʆʩʥʦʚʥʽ ʧʦʣʦʞʝʥʥʷ ʽ ʨʝʟʫʣʴʪʘʪʠ 

ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʜʦʧʦʚʽʜʘʣʠʩʴ ʪʘ ʦʪʨʠʤʘʣʠ ʧʦʟʠʪʠʚʥʫ ʦʮʽʥʢʫ ʥʘ ʥʘʩʪʫʧʥʠʭ 

ʤʽʞʥʘʨʦʜʥʠʭ ʢʦʥʬʝʨʝʥʮʽʷʭ: IV ʤʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ 

çʉʫʯʘʩʥʽ ʽʥʬʦʨʤʘʮʽʡʥʽ ʽ ʝʣʝʢʪʨʦʥʽ ʪʝʭʥʦʣʦʛʽʾè, ʤ. ʆʜʝʩʘ, ʋʢʨʘʾʥʘ, 2003 [ɸ.12]; V 

ʤʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ çʉʫʯʘʩʥʽ ʽʥʬʦʨʤʘʮʽʡʥʽ ʽ ʝʣʝʢʪʨʦʥʽ 

ʪʝʭʥʦʣʦʛʽʾè, ʤ. ʆʜʝʩʘ, ʋʢʨʘʾʥʘ, 2004 [ɸ.13]; VI  ʤʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʘ 

ʢʦʥʬʝʨʝʥʮʽʷ çʉʫʯʘʩʥʽ ʽʥʬʦʨʤʘʮʽʡʥʽ ʽ ʝʣʝʢʪʨʦʥʥʽ ʪʝʭʥʦʣʦʛʽʾè, ʤ. ʆʜʝʩʘ, ʋʢʨʘʾʥʘ, 
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2005 [ɸ.14]; I ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ çʅʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʽ 

ʤʘʪʝʨʽʘʣʠ, ʽʥʬʦʨʤʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ ʪʘ ʬʦʪʦʚʦʣʴʪʘʾʢʘè, ʤ. ʂʨʝʤʝʥʯʫʢ, ʋʢʨʘʾʥʘ, 

2011 [ɸ.15]; XV ʤʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ çʉʫʯʘʩʥʽ 

ʽʥʬʦʨʤʘʮʽʡʥʽ ʽ ʝʣʝʢʪʨʦʥʥʽ ʪʝʭʥʦʣʦʛʽʾè, ʤ. ʆʜʝʩʘ, ʋʢʨʘʾʥʘ, 2014 [ɸ.16]; IV 

ʤʽʞʥʘʨʦʜʥʘ ʢʦʥʬʝʨʝʥʮʽʷ çɺʠʩʦʢʦʯʠʩʪʽ ʤʘʪʝʨʽʘʣʠ: ʦʜʝʨʞʘʥʥʷ, ʟʘʩʪʦʩʫʚʘʥʥʷ, 

ʚʣʘʩʪʠʚʦʩʪʽè, ʤ. ʍʘʨʢʽʚ, ʋʢʨʘʾʥʘ, 2017 [ɸ.17]; V ʤʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʘ 

ʢʦʥʬʝʨʝʥʮʽʷ çʅʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʽ ʤʘʪʝʨʽʘʣʠ, ʽʥʬʦʨʤʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ ʪʘ 

ʬʦʪʦʚʦʣʴʪʘʾʢʘè, ʤ. ʂʨʝʤʝʥʯʫʢ, ʋʢʨʘʾʥʘ, 2018 [ɸ.18].  

ʇʫʙʣʽʢʘʮʽʾ. ʈʝʟʫʣʴʪʘʪʠ ʨʦʙʦʪʠ ʧʦʚʥʽʩʪʶ ʚʽʜʦʙʨʘʞʝʥʦ ʫ 18 ʥʘʫʢʦʚʠʭ ʧʨʘʮʷʭ, 

ʱʦ ʥʘʚʝʜʝʥʦ ʚ ɼʦʜʘʪʢʫ ɸ, ʘ ʩʘʤʝ: ʫ 9 ʩʪʘʪʪʷʭ [ɸ.1-ɸ.6, ɸ.8-ɸ.10] ʫ 

ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʬʘʭʦʚʠʭ ʥʘʫʢʦʚʠʭ ʚʠʜʘʥʥʷʭ ʋʢʨʘʾʥʠ, ʷʢʽ ʟʘʜʦʚʦʣʴʥʷʶʪʴ 

ʚʠʤʦʛʘʤ, ʱʦ ʧʨʝʜôʷʚʣʷʶʪʴʩʷ ʜʦ ʧʫʙʣʽʢʘʮʽʡ, ʥʘ ʷʢʠʭ ˇʨʫʥʪʫʻʪʴʩʷ ʜʠʩʝʨʪʘʮʽʷ, 2 

ʩʪʘʪʪʷʭ [ɸ.7, ɸ.11] ʫ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʥʘʫʢʦʚʠʭ ʚʠʜʘʥʥʷʭ ʋʢʨʘʾʥʠ, ʷʢʽ ʜʦʜʘʪʢʦʚʦ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʜʠʩʝʨʪʘʮʽʶ, 7 ʤʘʪʝʨʽʘʣʘʭ ʽ ʪʝʟʘʭ ʜʦʧʦʚʽʜʝʡ ʥʘ ʥʘʫʢʦʚʠʭ 

ʢʦʥʬʝʨʝʥʮʽʷʭ [ɸ.12-ɸ.18]. ʉʪʘʪʪʽ [ɸ.1ïɸ.6, ɸ.8, ɸ.10, ɸ.11] ʦʧʫʙʣʽʢʦʚʘʥʦ ʫ 

ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʬʘʭʦʚʠʭ ʥʘʫʢʦʚʠʭ ʚʠʜʘʥʥʷʭ, ʷʢʽ ʚʢʣʶʯʝʥʦ ʜʦ ʤʽʞʥʘʨʦʜʥʠʭ 

ʥʘʫʢʦʤʝʪʨʠʯʥʠʭ ʙʘʟ ʜʘʥʠʭ (DOAJ, CrossRef (DOI), Ulrichôs Periodicals Directory, 

e-library ʪʘ ʽʥ.), ʟʦʢʨʝʤʘ ʩʪʘʪʪʽ [ɸ.1-ɸ.4, ɸ.10] ʦʧʫʙʣʽʢʦʚʘʥʦ ʫ ʞʫʨʥʘʣʘʭ, ʱʦ 

ʚʭʦʜʷʪʴ ʜʦ Q3 ʫ SJR, ʘ ʪʘʢʦʞ ʽʥʜʝʢʩʫʶʪʴʩʷ Scopus ʪʘ Web of Science. 

ʉʪʨʫʢʪʫʨʘ ʽ ʦʩʷʛ ʨʦʙʦʪʠ. ɼʠʩʝʨʪʘʮʽʷ ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ ʚʩʪʫʧʫ, ʧ'ʷʪʠ ʨʦʟʜʽʣʽʚ 

ʦʩʥʦʚʥʦʛʦ ʪʝʢʩʪʫ ʟ 42 ʨʠʩʫʥʢʘʤʠ ʽ 6 ʪʘʙʣʠʮʷʤʠ, ʚʠʩʥʦʚʢʽʚ, ʩʧʠʩʢʫ 

ʚʠʢʦʨʠʩʪʘʥʠʭ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ ʟʽ 150 ʥʘʡʤʝʥʫʚʘʥʴ ʪʘ ʜʦʜʘʪʢʫ. ʇʦʚʥʠʡ 

ʦʙʩʷʛ ʜʠʩʝʨʪʘʮʽʾ ʩʪʘʥʦʚʠʪʴ 155 ʩʪʦʨʽʥʦʢ, ʟ ʷʢʠʭ 14 ʩʪʦʨʽʥʦʢ ʟʘʡʤʘʻ ʩʧʠʩʦʢ 

ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ, 3 ʩʪʦʨʽʥʢʠ ʟʘʡʤʘʻ ʜʦʜʘʪʦʢ. 
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ʈʆɿɼɯʃ 1  

ʆɻʃʗɼ ʃɯʊɽʈɸʊʋʈʀ: ʇʈʆɹʃɽʄʀ ɼʆʉʃɯɼɾɽʅʅʗ ɼɽʊɽʂʊʆʈʅʀʍ 

ʍɸʈɸʂʊɽʈʀʉʊʀʂ ɯ ɽʅɽʈɻɽʊʀʏʅʀʍ ʈɯɺʅɯɺ 

 

 ɺ ʜʘʥʦʤʫ ʨʦʟʜʽʣʽ ʩʬʦʨʤʫʣʴʦʚʘʥʽ ʚʠʤʦʛʠ ʜʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʝʪʝʢʪʦʨʽʚ 

ʽʦʥʽʟʫʶʯʠʭ ʚʠʧʨʦʤʽʥʶʚʘʥʴ ʥʘ ʦʩʥʦʚʽ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʚ̔. ɺʠʩʚʽʪʣʝʥʘ ʚʘʞʣʠʚʽʩʪʴ 

ʛʣʠʙʦʢʠʭ ʨʽʚʥʽʚ, ʷʢʽ ʚʠʥʠʢʘʶʪʴ ʚ ʜʝʪʝʢʪʦʨʥʠʭ ʤʘʪʝʨʽʘʣʘʭ ʧʨʠ ʦʜʝʨʞʘʥʥ ̔ ʽ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʧʽʜ ʜʽʻʶ ʦʧʨʦʤʽʥʝʥʥʷ ʪʘ ʪʨʫʜʥʦʱʽ ʚʠʤʽʨʶʚʘʥʥʷ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʨʽʚʥʽʚ. ʆʙ̌ ʨʫʥʪʦʚʘʥʘ ʤʦʜʝʣʴ ʢʽʣʴʢʽʩʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʜʝʪʝʢʪʦʨʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʽ 

ʚʢʘʟʘʥʽ ʧʨʦʙʣʝʤʠ ʩʘʤʦʢʦʤʧʝʥʩʘʮʠʠ ʧʨʠ ʾʭ ʦʜʝʨʞʘʥʥʽ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʾ. 

 

1.1 ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʝʪʝʢʪʦʨʽʚ ʽʦʥʽʟʫʶʯʠʭ ʚʠʧʨʦʤʽʥʶʚʘʥʴ, 

ʚʣʘʩʪʠʚʦʩʪʽ ʜʝʪʝʢʪʦʨʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʽ ʨʦʣʴ ʨʽʚʥʽʚ ʨʘʜʽʘʮʽʡʥʠʭ ʜʝʬʝʢʪʽʚ 

ʆʜʥʠʤʠ ʟ ʥʘʡʙʽʣʴʰ ʚʘʞʣʠʚʠʭ ʝʣʝʢʪʨʦʬʽʟʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʽʚ, ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʭ ʜʣʷ ʜʝʪʝʢʪʦʨʽʚ ʽʦʥʽʟʫʶʯʠʭ ʚʠʧʨʦʤʽʥʶʚʘʥʴ, 

ʻ ʨʫʭʣʠʚʽʩʪʴ ɛ ʧʠʪʦʤʠʡ ʦʧʽʨ ɟ ʽ ʯʘʩ ʞʠʪʪʷ ʥʝʨʽʚʥʦʚʘʞʥʠʭ ʥʦʩʽʾʚ ʟʘʨʷʜʫ Ű. ɼʣʷ 

ʝʬʝʢʪʠʚʥʦʾ ʨʦʙʦʪʠ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ ʜʝʪʝʢʪʦʨʽʚ ʛʘʤʤʘ ʚʠʧʨʦʤʽʥʶʚʘʥʴ 

ʥʝʦʙʭʽʜʥʽ ʤʘʪʝʨʽʘʣʠ ʟ ʚʝʣʠʢʠʤ ʘʪʦʤʥʠʤ ʥʦʤʝʨʦʤ Z, ʚʠʩʦʢʠʤʠ ʚʝʣʠʯʠʥʘʤʠ ɟ, 

ʨʫʭʣʠʚʦʩʪʽ ʚʽʣʴʥʠʭ ʝʣʝʢʪʨʦʥʽʚ ɛn ʪʘ ʜʽʨʦʢ ɛp, ʯʘʩʫ ʞʠʪʪʷ ʥʝʨʽʚʥʦʚʘʞʥʠʭ 

ʝʣʝʢʪʨʦʥʽʚ Űn ʽ ʜʽʨʦʢ Űp. ʅʘ ʜʝʪʝʢʪʫʚʘʣʴʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʚʧʣʠʚʘʻ ʪʘʢʦʞ ʛʫʩʪʠʥʘ G ʽ 

ʤʦʣʝʢʫʣʷʨʥʘ ʤʘʩʘ M ʜʝʪʝʢʪʦʨʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. ʇʝʨʝʣʽʯʝʥʽ ʝʣʝʢʪʨʦʬʽʟʠʯʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ ʻ ʚʟʘʻʤʦʟʘʣʝʞʥʠʤʠ ʽ ʚʧʣʠʚʘʶʪʴ ʥʘ ʚʘʞʣʠʚʠʡ ʪʝʭʥʽʯʥʠʡ ʧʘʨʘʤʝʪʨ - 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʟʙʦʨʫ ʟʘʨʷʜʽʚ ʜʝʪʝʢʪʦʨʘ, ɖ. ʆʜʥʠʤʠ ʟ ʥʘʡʙʽʣʴʰ ʧʽʜʭʦʜʷʱʠʭ 

ʤʘʪʝʨʽʘʣʽʚ, ʱʦ ʤʘʶʪʴ ʭʦʨʦʰʽ ʜʝʪʝʢʪʫʚʘʣʴʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʽ ʦʧʪʠʤʘʣʴʥʝ ʧʦʻʜʥʘʥʥʷ 

G, ʄ, Z, ɟ, ɛ, Űe, Űp, ʻ CdZnTe, HgJ2, CdTe ʽ GaAs [1]. ʐʠʨʦʢʝ ʧʨʘʢʪʠʯʥʝ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʟʥʘʭʦʜʠʪʴ CdZnTe, ʱʦ ʤʘʻ ʚʢʘʟʘʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʽ ʜʦʟʚʦʣʷʻ 

ʦʪʨʠʤʫʚʘʪʠ ʜʝʪʝʢʪʦʨʠ ʟ ʚʝʣʠʢʠʤ ʦʙ'ʻʤʦʤ ʘʢʪʠʚʥʦʾ ʦʙʣʘʩʪʽ ʧʨʠ ʥʠʟʴʢʠʭ ʪʦʢʘʭ 

ʚʠʪʦʢʫ ʽ ʚʽʜʩʫʪʥʦʩʪʽ ʝʬʝʢʪʽʚ ʧʦʣʷʨʠʟʘʮʽʾ. 

ʇʨʠʥʮʠʧ ʨʦʙʦʪʠ ʪʚʝʨʜʦʪʽʣʴʥʦʛʦ ʜʝʪʝʢʪʦʨʘ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʟʙʦʨʽ ʟʘʨʷʜʽʚ, 

ʩʪʚʦʨʝʥʠʭ ʧʨʠ ʧʦʛʣʠʥʘʥʥʽ ʬʦʪʦʥʽʚ ʤʘʪʨʠʮʝʶ ʜʝʪʝʢʪʦʨʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʽ 
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ʜʨʝʡʬʫʶʯʠʭ ʫ ʝʣʝʢʪʨʠʯʥʦʤʫ ʧʦʣʽ ʤʽʞ ʢʘʪʦʜʦʤ ʽ ʘʥʦʜʦʤ. ʆʩʥʦʚʥʠʡ ʚʥʝʩʦʢ ʚ 

ʧʦʛʣʠʥʘʥʥʷ ʨʝʥʪʛʝʥʽʚʩʴʢʦʛʦ ʽ ʛʘʤʤʘ-ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʟ ʝʥʝʨʛʽʻʶ ʘʞ ʜʦ Eɔ=1 

ʄʝɺ ʜʘʶʪʴ ʜʚʘ ʝʬʝʢʪʠ: ʬʦʪʦʝʣʝʢʪʨʠʯʥʠʡ ʽ ʢʦʤʧʪʦʥʽʚʩʴʢʝ ʨʦʟʩʽʶʚʘʥʥʷ. ʗʢʱʦ Eɔ 

Ó 1.02 ʄʝɺ, ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʚʠʥʠʢʥʝʥʥʷ ʝʣʝʢʪʨʦʥ-ʧʦʟʠʪʨʦʥʥʠʭ ʧʘʨ. ʇʨʠ 

ʬʦʪʦʝʬʝʢʪʽ ʤʘʻ ʤʽʩʮʝ ʧʦʚʥʘ ʧʝʨʝʜʘʯʘ ʝʥʝʨʛʽʾ ʧʘʜʘʶʯʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ 

ʘʪʦʤʥʠʤ ʝʣʝʢʪʨʦʥʘʤ, ʱʦ ʜʘʻ ʢʦʨʠʩʥʫ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʝʥʝʨʛʽʶ ʬʦʪʦʥʽʚ. ʇʨʠ 

ʢʦʤʧʪʦʥʽʚʩʴʢʦʤʫ ʨʦʟʩʽʶʚʘʥʥʽ ʝʣʝʢʪʨʦʥʘ ʧʝʨʝʜʘʻʪʴʩʷ ʪʽʣʴʢʠ ʯʘʩʪʠʥʘ ʝʥʝʨʛʽʾ 

ʬʦʪʦʥʘ. ʇʝʨʝʨʽʟ ʚʟʘʻʤʦʜʽʾ Sint ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʟ ʤʘʪʨʠʮʝʶ ʜʫʞʝ ʩʠʣʴʥʦ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʘʪʦʤʥʦʛʦ ʥʦʤʝʨʘ Z ʜʝʪʝʢʪʦʨʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. ɼʣʷ ʬʦʪʦʝʣʝʢʪʨʠʯʥʦʛʦ 

ʧʦʛʣʠʥʘʥʥʷ Sint ~ Z4.5, ʧʨʠ ʢʦʤʧʪʦʥʽʚʩʴʢʦʤʫ ʨʦʟʩʽʶʚʘʥʥʽ Sint ~ Z, ʘ ʜʣʷ ʫʪʚʦʨʝʥʥʷ 

ʝʣʝʢʪʨʦʥ-ʧʦʟʠʪʨʦʥʥʠʭ ʧʘʨ Sint ~ Z2. ʋ ʜʝʪʝʢʪʦʨʽ ʟ ʭʦʨʦʰʠʤʠ ʩʧʝʢʪʨʦʩʢʦʧʽʯʥʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʧʦʚʠʥʝʥ ʧʝʨʝʚʘʞʘʪʠ ʬʦʪʦʝʬʝʢʪ, ʪʘʢ ʱʦ ʜʣʷ ʜʝʪʝʢʪʫʚʘʥʥʷ 

ʨʝʥʪʛʝʥʽʚʩʴʢʦʛʦ ʽ ɔ-ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʥʘʙʘʛʘʪʦ ʢʨʘʱʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʤʘʪʝʨʽʘʣʠ 

ʟ ʚʝʣʠʢʠʤʠ ʘʪʦʤʥʠʤ ʥʦʤʝʨʦʤ ʽ ʛʫʩʪʠʥʦʶ. ʂʨʝʤʥʽʡ ʽ ʛʝʨʤʘʥʽʡ ʻ ʪʨʘʜʠʮʽʡʥʠʤʠ 

ʜʝʪʝʢʪʦʨʥʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ, ʪʘʢ ʷʢ ʜʝʪʝʢʪʦʨʠ ʚʠʧʨʦʤʽʥʶʚʘʥʴ ʥʘ ʾʭ ʦʩʥʦʚʽ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʚʠʩʦʢʠʤ ʝʥʝʨʛʝʪʠʯʥʠʤ ʨʦʟʨʽʟʥʝʥʥʷʤ ʽ ʭʦʨʦʰʠʤʠ 

ʪʨʘʥʩʧʦʨʪʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ: ʚʠʩʦʢʦʶ ʨʫʭʣʠʚʽʩʪʶ ʽ ʚʝʣʠʢʠʤ ʯʘʩʦʤ ʞʠʪʪʷ 

ʥʦʩʽʾʚ ʟʘʨʷʜʫ. ɿ ʽʥʰʦʛʦ ʙʦʢʫ, Si ʽ Ge ʤʘʶʪʴ ʩʣʘʙʢʫ ʛʘʣʴʤʽʚʥʫ ʟʜʘʪʥʽʩʪʴ ʧʨʠ 

ʧʨʦʭʦʜʞʝʥʥʽ ʚʠʩʦʢʦʝʥʝʨʛʝʪʠʯʥʠʭ ʬʦʪʦʥʽʚ, ʮʝ ʦʙʤʝʞʫʻ ʾʭ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʣʷ 

ʨʝʻʩʪʨʘʮʽʾ ʞʦʨʩʪʢʠʭ ʨʝʥʪʛʝʥʽʚʩʴʢʠʭ ʽ ʛʘʤʤʘ-ʚʠʧʨʦʤʽʥʶʚʘʥʴ. ɹʽʣʴʰ ʪʦʛʦ, 

ʥʝʚʝʣʠʢʘ ʰʠʨʠʥʘ ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ EG ʛʝʨʤʘʥʽʶ (0,67 ʝɺ) ʽ, ʦʪʞʝ, ʥʠʟʴʢʠʡ 

ʧʠʪʦʤʠʡ ʦʧʽʨ ɟ ʜʦʟʚʦʣʷʻ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʡʦʛʦ ʪʽʣʴʢʠ ʧʨʠ ʢʨʽʦʛʝʥʥʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ. ʋ ʢʨʝʤʥʽʾ EG = 1.12 ʝɺ ʽ ɟ = 104 ʆʤĿʩʤ, ʱʦ ʷʚʥʦ ʥʝʜʦʩʪʘʪʥʴʦ ʜʣʷ 

ʦʪʨʠʤʘʥʥʷ ʜʝʪʝʢʪʦʨʽʚ ʟ ʥʠʟʴʢʠʤ ʚʽʜʥʦʰʝʥʥʷʤ ʩʠʛʥʘʣ / ʰʫʤ. 

 ɺʝʣʠʢʠʡ ʽʥʪʝʨʝʩ ʜʦ ʜʝʪʝʢʪʦʨʽʚ, ʱʦ ʧʨʘʮʶʶʪʴ ʧʨʠ ʢʽʤʥʘʪʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ, 

ʩʪʠʤʫʣʶʚʘʚ ʨʦʟʨʦʙʢʫ ʩʢʣʘʜʝʥʠʭ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟ ʰʠʨʦʢʦʶ 

ʟʘʙʦʨʦʥʝʥʦʶ ʟʦʥʦʶ. ʐʠʨʦʢʦʟʦʥʥʽ ʩʢʣʘʜʝʥ̔ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʠ ʚ ʦʩʥʦʚʥʦʤʫ 

ʦʪʨʠʤʘʥʽ ʟ ʝʣʝʤʝʥʪʽʚ ʛʨʫʧ III ʽ V (ʥʘʧʨʠʢʣʘʜ, GaAs), ʘ ʪʘʢʦʞ ʛʨʫʧ II ʽ VI 

(ʥʘʧʨʠʢʣʘʜ, CdTe). ʂʨʽʤ ʙʽʥʘʨʥʠʭ ʩʧʦʣʫʢ ʦʪʨʠʤʘʥʽ ʪʘʢʦʞ ʽ ʧʦʪʨʽʡʥʽ ʩʧʦʣʫʢʠ ʟ 

ʚʝʣʠʢʠʤ ʘʪʦʤʥʠʤ ʥʦʤʝʨʦʤ, ʥʘʧʨʠʢʣʘʜ, ʪʘʢʽ ʷʢ CdZnTe, CdMnTe, CdHgTe. 
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 ɺ ʪʘʙʣʠʮʽ 1.1 [2] ʥʘʚʝʜʝʥʽ ʧʦʨʽʚʥʷʣʴʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʝʷʢʠʭ 

ʜʝʪʝʢʪʦʨʥʠʭ ʤʘʪʝʨʽʘʣʽʚ.  ɿ ʪʘʙʣʠʮʽ 1.1 ʚʠʜʥʦ, ʱʦ CdTe ʽ CdZnTe ʤʘʶʪʴ 

ʩʫʢʫʧʥʽʩʪʴ ʪʘʢʠʭ ʚʘʞʣʠʚʠʭ ʜʣʷ ʜʝʪʝʢʪʦʨʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʷʢ ʰʠʨʦʢʘ 

ʟʘʙʦʨʦʥʝʥʘ ʟʦʥʘ ʽ ʚʠʩʦʢʠʡ ʧʠʪʦʤʠʡ ʦʧʽʨ, ʚʝʣʠʢʠʡ ʘʪʦʤʥʠʡ ʥʦʤʝʨ ʽ ʛʫʩʪʠʥʘ, 

ʚʽʜʥʦʩʥʦ ʚʝʣʠʢʘ ʚʝʣʠʯʠʥʘ ʜʦʙʫʪʢʫ ɛnĀŰn, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʟʥʘʯʥʫ ʚʝʣʠʯʠʥʫ 

ʚʽʣʴʥʦʛʦ ʧʨʦʙʽʛʫ ʝʣʝʢʪʨʦʥʽʚ. ʊʘʢʠʤ ʯʠʥʦʤ ʥʘʧʽʚʽʟʦʣʶʶʯʽ CdTe ʽ CdZnTe ʧʦ 

ʧʨʘʚʫʚʚʘʞʘʶʪʴʩʷ ʧʝʨʩʧʝʢʪʠʚʥʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʪʚʝʨʜʦʪʽʣʴʥʠʭ 

ʜʝʪʝʢʪʦʨʽʚ ʛʘʤʤʘ ʽ ʨʝʥʪʛʝʥʽʚʩʴʢʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʴ, ʷʢʽ ʝʢʩʧʣʫʘʪʫʶʪʴʩʷ ʧʨʠ 

ʢʽʤʥʘʪʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ [3ï5]], ʧʝʨʰ ʟʘ ʚʩʝ  ʟʘʚʜʷʢʠ ʰʠʨʦʢʽʡ ʟʘʙʦʨʦʥʝʥʽʡ ʟʦʥʽ EG, 

ʚʝʣʠʢʠʤ ʚʝʣʠʯʠʥʘʤ ʛʫʩʪʠʥʠ ʽ ʘʪʦʤʥʦʛʦ ʥʦʤʝʨʘ, ʧʠʪʦʤʦʛʦ ʦʧʦʨʫ ɟ, ʝʣʝʢʪʨʦʥʥʦʾ  

ʊʘʙʣʠʮʷ 1.1 

ɺʣʘʩʪʠʚʦʩʪʽ ʜʝʷʢʠʭ ʜʝʪʝʢʪʦʨʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʧʨʠ ʢʽʤʥʘʪʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ 

ʄʘʪʝʨʽʘʣ Si Ge GaAs CdTe Cd0.9Zn0.1Te HgI2 TlBr 

ɸʪʦʤʥʠʡ ʥʦʤʝʨ 14 32 31, 33 48, 52 48, 30, 52 80, 53 81, 35 

ɻʫʩʪʠʥʘ, ʛ/ʩʤ3 2.33 5.33 5.32 6.2 5.78 6.4 7.56 

ʐʠʨʠʥʘ ʟʘʙʦʨʦʥ 

ʟʦʥʠ, ʝɺ 
1.12 0.67 1.42 1.44 1.57 2.13 2.68 

ɽʥʝʨʛʽʷ ʫʪʚʦʨʝʥï

ʥʷ ʝʣʝʢʪʨʦʥ-ʜʽʨï

ʢʦʚʦ ʾʧʘʨʠ, ʝɺ 

3.62 2.96 4.2 4.43 4.6 4.2 6.5 

ʇʠʪʦʤʠʡ ʦʧʽʨ, 

ʆʤȚʩʤ 
104 50 108 109-1010 1010-1011 1013 1012 

ɛnĀŰn, ʩʤ2/ɺ > 1 > 1 10-5 10-3 10-3ï10-2 10-4 10-5 

ɛpĀŰp, ʩʤ2/ɺ ~ 1 > 1 10-6 10-4 10-5 10-5 10-6 

 

ʨʫʭʣʠʚʦʩʪʽ ɛn, ʯʘʩʫ ʞʠʪʪʷ ʝʣʝʢʪʨʦʥʽʚ Űn ʽ ʜʽʨʦʢ Űp. 

ʗʢ ʘʣʴʪʝʨʥʘʪʠʚʥʠʡ ʤʘʪʝʨʽʘʣ ʜʣʷ ʜʝʪʝʢʪʦʨʽʚ ʚ ʨʷʜʽ ʚʠʧʘʜʢʽʚ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ 

ʪʘʢʦʞ ʽ ʘʨʩʝʥʽʜ ʛʘʣʽʶ [6ï8] . ʎʴʦʤʫ ʩʧʨʠʷʻ ʚʝʣʠʢʽ ʢʦʝʬʽʮʽʻʥʪʠ ʧʦʛʣʠʥʘʥʥʷ ɔ-

ʢʚʘʥʪʽʚ ʽ ʨʝʥʪʛʝʥʽʚʩʴʢʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʚʠʩʦʢʘ ʝʣʝʢʪʨʦʥʥʘ ʨʫʭʣʠʚʽʩʪʴ ʽ 

ʤʦʞʣʠʚʽʩʪʴ ʨʦʙʦʪʠ ʧʨʠ ʢʽʤʥʘʪʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ. ɼʦʩʣʽʜʞʝʥʥʷ ʧʦ ʚʠʢʦʨʠʩʪʘʥʥʶ 

GaAs ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʜʝʪʝʢʪʦʨʽʚ ʟʘʨʷʜʞʝʥʠʭ ʯʘʩʪʠʥʦʢ ʽ ʢʚʘʥʪʽʚ ʽʦʥʽʟʫʶʯʠʭ 

ʚʠʧʨʦʤʽʥʶʚʘʥʴ ʙʫʣʠ ʨʦʟʧʦʯʘʪʽ ʙʽʣʴʰʝ 40 ʨʦʢʽʚ ʪʦʤʫ. ʊʝʭʥʦʣʦʛʽʾ ʚʠʨʦʱʫʚʘʥʥʷ 

ʤʦʥʦʢʨʠʩʪʘʣʽʚ ʽ ʝʧʽʪʘʢʩʽʘʣʴʥʠʭ ʰʘʨʽʚ ʻ ʙʘʟʦʚʠʤʠ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʜʝʪʝʢʪʦʨʽʚ 
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ʥʘ ʦʩʥʦʚʽ GaAs. ɽʧʽʪʘʢʩʽʘʣʴʥʠʡ GaAs ʤʘʻ ʙʽʣʴʰ ʚʠʩʦʢʠʡ ʩʪʫʧʽʥʴ ʩʪʝʭʽʦʤʝʪʨʽʾ 

ʩʢʣʘʜʫ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʤʦʥʦʢʨʠʩʪʘʣʽʯʥʠʤ ʤʘʪʝʨʽʘʣʦʤ, ʪʦʙʪʦ ʥʘ ʢʽʣʴʢʘ ʧʦʨʷʜʢʽʚ 

ʤʝʥʰʦʶ ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʚʣʘʩʥʠʭ ʜʝʬʝʢʪʽʚ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʘʥʪʠʩʪʨʫʢʪʫʨʥʦʛʦ 

ʜʝʬʝʢʪʫ - ʮʝʥʪʨʫ EL2. ɺ ʨʝʟʫʣʴʪʘʪʽ, ʯʘʩ ʞʠʪʪʷ ʝʣʝʢʪʨʦʥʽʚ ʚ ʝʧʽʪʘʢʩʽʘʣʴʥʦʤʫ 

GaAs ʟʥʘʯʥʦ ʚʠʱʠʡ, ʥʽʞ ʚ ʤʦʥʦʢʨʠʩʪʘʣʘʭ GaAs. ʊʦʤʫ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʜʝʪʝʢʪʦʨʽʚ 

ʟ ʚʠʩʦʢʠʤʠ ʝʥʝʨʛʝʪʠʯʥʠʤ ʨʦʟʨʽʟʥʝʥʥʷʤ ʽ ʝʬʝʢʪʠʚʥʽʩʪʶ ʟʙʦʨʫ ʟʘʨʷʜʫ 

ʝʧʽʪʘʢʩʽʘʣʴʥʽ ʰʘʨʠ ʻ ʥʘʙʘʛʘʪʦ ʢʨʘʱʠʤʠ [9]. ʆʜʥʘʢ Cd ʽ Te ʤʘʶʪʴ ʚʠʱʽ Z, ʱʦ 

ʢʨʘʱʝ ʜʣʷ ʨʝʻʩʪʨʘʮʽʾ ʨʝʥʪʛʝʥʽʚʩʴʢʠʭ ʽ ʛʘʤʤʘ-ʢʚʘʥʪʽʚ ʚʠʩʦʢʠʭ ʝʥʝʨʛʽʡ, ʽ ʜʦʙʫʪʦʢ 

ɛnĀŰn ʚ CdTe ʽ CdZnTe ʧʦʤʽʪʥʦ ʙʽʣʴʰʠʡ, ʥʽʞ ʚ GaAs. ʇʨʦʪʝ, ʤʘʡʙʫʪʥʻ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ ʜʝʪʝʢʪʦʨʽʚ ʫ ʬʽʟʠʯʥʦʤʫ ʝʢʩʧʝʨʠʤʝʥʪʽ ʚ 

ʟʥʘʯʥʽʡ ʤʽʨʽ ʙʫʜʝ ʚʠʟʥʘʯʘʪʠʩʷ ʤʦʞʣʠʚʦʩʪʷʤʠ ʪʝʭʥʦʣʦʛʽʾ ʩʪʚʦʨʝʥʥʷ 

ʚʠʩʦʢʦʰʚʠʜʢʽʩʥʠʭ ʜʝʪʝʢʪʦʨʽʚ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʥʝʦʙʭʽʜʥʽ ʰʚʠʜʢʦʩʪʽ 

ʟʯʠʪʫʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʪʘ ʤʦʞʣʠʚʦʩʪʷʤʠ ʨʦʙʦʪʠ ʜʝʪʝʢʪʦʨʽʚ ʚ ʫʤʦʚʘʭ ʛʨʘʥʠʯʥʦ 

ʚʠʩʦʢʠʭ ʨʘʜʽʘʮʽʡʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ. ʈʦʟʚʠʪʦʢ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʬʽʟʠʢʠ ʩʣʽʜʫʻ ʚ 

ʥʘʧʨʷʤʢʫ ʟʙʽʣʴʰʝʥʥʷ ʨʘʜʽʘʮʽʡʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ. ʎʝ ʧʦʪʨʝʙʫʻ ʚ ʥʘʡʙʣʠʞʯʦʤʫ 

ʤʘʡʙʫʪʥʴʦʤʫ ʚʠʢʦʨʠʩʪʘʥʥʷ ʫ ʬʽʟʠʯʥʦʤʫ ʝʢʩʧʝʨʠʤʝʥʪʽ ʟ ʚʠʩʦʢʠʤʠ ʨʘʜʽʘʮʽʡʥʠʤʠ 

ʥʘʚʘʥʪʘʞʝʥʥʷʤʠ ʜʝʪʝʢʪʦʨʽʚ ʟ ʪʘʢʠʭ ʤʘʪʝʨʽʘʣʽʚ ʷʢ ʘʨʩʝʥʽʜ ʛʘʣʽʶ ʘʙʦ ʰʪʫʯʥʽ 

ʘʣʤʘʟʠ [10].  

ʇʨʘʢʪʠʯʥʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʝʪʝʢʪʦʨʽʚ ʦʙʫʤʦʚʣʶʻ ʾʭ ʝʢʩʧʣʫʘʪʘʮʽʶ ʚ 

ʘʛʨʝʩʠʚʥʦʤʫ ʨʘʜʽʘʮʽʡʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʧʨʠ ʟʥʘʯʥʠʭ ʝʢʩʧʦʟʠʮʽʷʭ ʽʦʥʽʟʫʶʯʦʛʦ 

ʦʧʨʦʤʽʥʝʥʥʷ, ʷʢʝ ʤʦʞʝ ʚʚʝʩʪʠ ʟʥʘʯʥʽ ʨʘʜʽʘʮʽʡʥʽ ʧʦʰʢʦʜʞʝʥʥʷ ʚ ʤʘʪʝʨʽʘʣʽ ʽ 

ʩʫʪʪʻʚʦ ʟʤʽʥʠʪʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʝʪʝʢʪʦʨʘ [11ï17]. ɺʟʘʻʤʦʜʽʷ ʽʦʥʽʟʫʶʯʠʭ 

ʯʘʩʪʠʥʦʢ ʽ ʢʚʘʥʪʽʚ ʚ ʜʝʪʝʢʪʦʨʥʦʤʫ ʤʘʪʝʨʽʘʣʽ ʚʠʢʣʠʢʘʻ ʜʝʛʨʘʜʘʮʽʶ ʝʥʝʨʛʝʪʠʯʥʦʛʦ 

ʨʦʟʨʽʟʥʝʥʥʷ ʽ ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʙʦʨʫ ʟʘʨʷʜʽʚ [11, 17]. ɺ ʜʘʥʠʡ ʯʘʩ ʜʦ ʢʽʥʮʷ ʥʝ 

ʟʨʦʟʫʤʽʣʽ ʢʦʥʢʨʝʪʥʽ ʧʨʠʯʠʥʠ ʮʠʭ ʷʚʠʱ, ʧʦʚ'ʷʟʘʥʠʭ ʟ ʚʠʥʠʢʥʝʥʥʷʤ ʝʣʝʢʪʨʠʯʥʦ 

ʘʢʪʠʚʥʠʭ ʜʝʬʝʢʪʽʚ. ʈʘʜʽʘʮʽʡʥʽ ʜʝʬʝʢʪʠ ʚʥʦʩʷʪʴ ʚ ʟʘʙʦʨʦʥʝʥʫ ʟʦʥʫ ʛʣʠʙʦʢʽ ʨʽʚʥʽ, 

ʷʢʽ ʜʽʶʪʴ ʷʢ ʮʝʥʪʨʠ ʟʘʭʦʧʣʝʥʥʷ ʽ ʨʝʢʦʤʙʽʥʘʮʽʾ ʚʽʣʴʥʠʭ ʝʣʝʢʪʨʦʥʽʚ ʽ ʜʽʨʦʢ, 

ʧʦʤʽʪʥʦ ʚʧʣʠʚʘʶʯʠ ʪʠʤ ʩʘʤʠʤ ʥʘ ʧʨʦʮʝʩʠ ʧʝʨʝʥʦʩʫ ʟʘʨʷʜʫ ʚ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʫ. 

ɿ'ʷʩʫʚʘʥʥʷ ʚʧʣʠʚʫ ʜʝʬʝʢʪʽʚ ʥʘ ʨʝʻʩʪʨʫʚʘʣʴʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʜʝʪʝʢʪʦʨʽʚ, ʘ ʪʘʢʦʞ 

ʨʦʟʫʤʽʥʥʷ ʧʦʚʝʜʽʥʢʠ ʜʝʬʝʢʪʽʚ ʚ ʫʤʦʚʘʭ ʨʘʜʽʘʮʽʡʥʦʛʦ ʦʧʨʦʤʽʥʝʥʥʷ  ̒ ʜʫʞʝ 
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ʚʘʞʣʠʚʠʤʠ ʜʣʷ ʧʦʣʽʧʰʝʥʥʷ ʜʝʪʝʢʪʦʨʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ʆʜʥʠʤʠ ʟ 

ʥʘʡʚʘʞʣʠʚʽʰʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʜʝʪʝʢʪʦʨʽʚ ʷʜʝʨʥʠʭ ʚʠʧʨʦʤʽʥʶʚʘʥʴ ʻ ʚʽʜʥʦʰʝʥʥʷ 

ʩʠʛʥʘʣ/ʰʫʤ ʽ ʝʬʝʢʪʠʚʥʽʩʪʴ ʟʙʦʨʫ ʟʘʨʷʜʽʚ, ʜʣʷ ʷʢʠʭ ʥʝʦʙʭʽʜʥʠʡ ʚʠʩʦʢʠʡ ʧʠʪʦʤʠʡ 

ʦʧʽʨ ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʥʠʟʴʢʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʛʣʠʙʦʢʠʭ ʨʽʚʥʽʚ, ʷʢʽ ʚʠʩʪʫʧʘʶʪʴ ʚ ʨʦʣʽ 

ʧʘʩʪʦʢ ʜʣʷ ʥʦʩʽʾʚ ʟʘʨʷʜʫ, ʱʦ ʜʨʝʡʬʫʶʪʴ ʫ ʤʽʞʝʣʝʢʪʨʦʜʥʦʤʫ ʧʨʦʩʪʦʨʽ. 

ʆʩʥʦʚʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ -̔ʪʠʭ ʛʣʠʙʦʢʠʭ ʨʽʚʥʽʚ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʜʝʪʝʢʪʦʨʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ GaAs, CdTe, CdZnTe, ʩʣʫʞʘʪʴ ʢʦʥʮʝʥʪʨʘʮʽʷ Ni, ʧʝʨʝʨʽʟ ʟʘʭʦʧʣʝʥʥʷ 

ůi ʽ ʧʦʣʦʞʝʥʥʷ ʚ ʟʘʙʦʨʦʥʝʥʽʡ ʟʦʥʽ (ʝʥʝʨʛʽʷ ʘʢʪʠʚʘʮʽʾ) Ei [11, 12, 18, 19]. ʊʦʯʥʝ 

ʚʠʤʽʨʶʚʘʥʥʷ ʮʠʭ ʧʘʨʘʤʝʪʨʽʚ ʧʨʝʜʩʪʘʚʣʷʻ ʟʥʘʯʥʽ ʪʨʫʜʥʦʱʽ. ʆʩʥʦʚʥʦʶ 

ʧʨʠʯʠʥʦʶ ʟʘʟʥʘʯʝʥʦʾ ʧʨʦʙʣʝʤʠ ʚʚʘʞʘʻʪʴʩʷ ʚʠʩʦʢʠʡ ʧʠʪʦʤʠʡ ʦʧʽʨ, ʷʢʠʡ ʜʣʷ 

GaAs ʤʦʞʝ ʜʦʩʷʛʘʪʠ 108 ʆʤĿʩʤ, ʘ ʜʣʷ CdTe ʽ Cd0.9Zn0.1Te ~ 109-1011 ʆʤĿʩʤ. 

 1.2 ɯʜʝʥʪʠʬʽʢʘʮʽʷ ʨʽʚʥʽʚ ʜʝʬʝʢʪʽʚ ʽ ʚʠʟʥʘʯʝʥʥʷ ʾʭ ʧʘʨʘʤʝʪʨʽʚ 

ɽʥʝʨʛʝʪʠʯʥʽ ʨʽʚʥʽ ʜʝʬʝʢʪʽʚ ʧʦʤʽʪʥʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʯʘʩ ʞʠʪʪʷ 

ʥʝʨʽʚʥʦʚʘʞʥʠʭ ʥʦʩʽʾʚ ʟʘʨʷʜʫ, ʦʪʞʝ, ʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʟʙʦʨʫ ʟʘʨʷʜʽʚ ʜʝʪʝʢʪʦʨʘ, ʽ, 

ʢʨʤ̔ ʪʦʛʦ, ʥʘ ʧʠʪʦʤʠʡ ʦʧʽʨ ʜʝʪʝʢʪʦʨʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. ɺ ʜʘʥʠʡ ʯʘʩ ʜʣʷ 

ʚʠʤʽʨʶʚʘʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʽʚʥʽʚ ʚ GaAs, CdTe ʽ CdZnTe ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʨʷʜ ʤʝʪʦʜʠʢ. ʅʘʧʨʠʢʣʘʜ, ʪʝʨʤʦʩʪʠʤʫʣʴʦʚʘʥʘ ʩʪʨʫʤʦʚʘ ʩʧʝʢʪʨʦʩʢʦʧʽʷ TSC 

(thermally stimulated current spectroscopy), ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʘ ʝʤʽʩʽʡʥʘ 

ʩʧʝʢʪʨʦʩʢʦʧʽʷ TEES (thermoelectric emission spectroscopy) ʐʠʨʦʢʦ 

ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʪʘʢʠʡ ʨʽʟʥʦʚʠʜ ʥʝʩʪʘʮʽʦʥʘʨʥʦʾ ʩʧʝʢʪʨʦʩʢʦʧʽʾ ʛʣʠʙʦʢʠʭ ʨʽʚʥʽʚ, ʷʢ 

ʬʦʪʦʩʪʠʤʫʣʴʦʚʘʥʘ ʩʪʨʫʤʦʚʘ ʥʝʩʪʘʮʽʦʥʘʨʥʘ ʩʧʝʢʪʨʦʩʢʦʧʽʷ, PICTS (photo induced 

current transient spectroscopy). ʆʜʥʘʢ ʧʨʦʚʝʜʝʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʝʣʝʢʪʨʦʬʽʟʠʯʥʠʭ ʽ 

ʪʨʘʥʩʧʦʨʪʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ CdTe ʽ CdZnTe ʧʦʢʘʟʘʣʦ, ʱʦ ʧʠʪʦʤʠʡ ʦʧʽʨ ʽ ʯʘʩ 

ʞʠʪʪʷ, ʦʙʯʠʩʣʝʥʽ ʥʘ ʦʩʥʦʚʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʚʠʤʽʨʷʥʠʭ ʤʝʪʦʜʦʤ PICTS [12, 18, 

20] ʧʝʨʝʨʽʟʽʚ ʟʘʭʚʘʪʫ ůi, ʢʦʥʮʝʥʪʨʘʮʽʡ Ni ʽ ʨʽʚʥʽʚ ʝʥʝʨʛʽʾ Ei, ʚ ʜʝʷʢʠʭ ʚʠʧʘʜʢʘʭ 

ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʥʘ ʜʚʘ- ʪʨʠ ʧʦʨʷʜʢʠ ʚʽʜ ʚʽʜʦʤʠʭ ʚʝʣʠʯʠʥ. 

ɺʠʤʽʨʶʚʘʥʥʷ Ni, ůi, Ei ʟʜʽʡʩʥʶʶʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʠʢ, ʱʦ 

ˇʨʫʥʪʫʶʪʴʩʷ ʥʘ ʧʨʠʤʫʩʦʚʦʤʫ ʟʘʧʦʚʥʝʥʥʽ ʝʥʝʨʛʝʪʠʯʥʠʭ ʨʽʚʥʽʚ ʝʣʝʢʪʨʦʥʘʤʠ ʽ 

ʜʽʨʢʘʤʠ ʟ ʧʦʜʘʣʴʰʦʶ ʾʭ ʝʤʽʩʽʻʶ ʚ ʚʽʜʧʦʚʽʜʥʽ ʟʦʥʠ. ɺʠʤʽʨʶʚʘʥʥʷ ʩʪʨʫʤʽʚ ʥʦʩʽʾʚ 

ʟʘʨʷʜʫ, ʝʤʽʪʦʚʘʥʠʭ ʟ ʨʽʚʥʽʚ ʚ ʰʠʨʦʢʦʤʫ ʽʥʪʝʨʚʘʣʽ ʪʝʤʧʝʨʘʪʫʨ, ʜʦʟʚʦʣʷʶʪʴ 
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ʦʪʨʠʤʘʪʠ ʩʧʝʢʪʨʠ ʟ ʷʚʥʦ ʚʠʨʘʞʝʥʠʤʠ ʧʽʢʘʤʠ ʧʨʠ ʜʝʷʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʷʢʽ 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʧʝʚʥʠʤ ʧʦʣʦʞʝʥʥʷʤ ʨʽʚʥʽʚ ʝʥʝʨʛʽʡ. ɺʠʩʦʪʘ ʧʽʢʽʚ ʽ ʾʭ ʰʠʨʠʥʘ 

ʚʠʟʥʘʯʘʶʪʴʩʷ ʚʽʜʧʦʚʽʜʥʦ ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʨʽʚʥʽʚ ʽ ʧʦʧʝʨʝʯʥʠʤ ʧʝʨʝʨʽʟʦʤ ʟʘʭʚʘʪʫ 

ʥʦʩʽʾʚ ʟʘʨʷʜʫ. ʇʝʨʝʢʨʠʪʪʷ ʮʠʭ ʧʽʢʽʚ ʤʦʞʝ ʥʝ ʪʽʣʴʢʠ ʧʦʤʽʪʥʦ ʩʧʦʪʚʦʨʠʪʠ 

ʩʧʨʘʚʞʥʽ ʚʝʣʠʯʠʥʠ Ni, Ei  ̔ůi, ʘ ʡ ʧʨʠʟʚʝʩʪʠ ʜʦ ʥʝʧʨʘʚʠʣʴʥʦʾ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʨʽʚʥʽʚ, 

ʨʝʻʩʪʨʘʮʽʾ ʥʝʽʩʥʫʶʯʠʭ ʘʙʦ ʚʪʨʘʪʠ ʨʝʘʣʴʥʠʭ ʨʽʚʥʽʚ ʜʝʬʝʢʪʽʚ. ʋ ʟʚ'ʷʟʢʫ ʟ ʮʠʤ ʚ 

ʮʽʣʦʤʫ ʨʷʜʽ ʨʦʙʽʪ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʨʦʟʙʽʞʥʦʩʪʽ ʧʨʠ ʚʠʤʽʨʘʭ ʧʦʣʦʞʝʥʴ ʨʽʚʥʽʚ 

ʝʥʝʨʛʽʾ ʚ ʟʘʙʦʨʦʥʝʥʽʡ ʟʦʥʽ [18, 20ï26]. ʊʘʢʠʤ ʯʠʥʦʤ ʽʩʥʫʻ ʧʨʦʙʣʝʤʘ ʧʨʘʚʠʣʴʥʦʾ 

ʽʜʝʥʪʠʬʽʢʘʮʽʾ, ʘ ʪʘʢʦʞ ʚʠʤʽʨʶʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʨʽʚʥʽʚ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʨʦʙʦʪʫ 

ʜʝʪʝʢʪʦʨʘ ʽ ʚʽʜʧʦʚʽʜʥʦ ʟʘʣʠʰʘʻʪʴʩʷ ʚʽʜʢʨʠʪʠʤ ʧʠʪʘʥʥʷ ʧʨʦ ʢʦʥʢʨʝʪʥʽ ʧʨʠʯʠʥʠ 

ʜʝʛʨʘʜʘʮʽʾ ʨʝʻʩʪʨʫʚʘʣʴʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʜʝʪʝʢʪʦʨʘ ʧʽʜ ʚʧʣʠʚʦʤ ʽʦʥʽʟʫʶʯʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. ʎʽʢʘʚʘ ʩʧʨʦʙʘ ʚʠʨʽʰʝʥʥʷ ʮʽʻʾ ʧʨʦʙʣʝʤʠ ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʚ [27, 

28], ʜʝ ʜʣʷ ʽʥʪʝʨʧʨʝʪʘʮʽʾ ʩʧʝʢʪʨʽʚ TSC ʽ ʚʠʟʥʘʯʝʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʽʚʥʽʚ 

ʜʝʬʝʢʪʽʚ ʚʠʢʦʨʠʩʪʘʥʠʡ ʤʝʪʦʜ SIMPA (simultaneous multiple peak analysis), ʚ 

ʷʢʦʤʫ ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʽʜʛʦʥʢʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʩʧʝʢʪʨʽʚ ʽ ʘʥʘʣʽʪʠʯʥʦʾ ʢʨʠʚʦʾ, 

ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʩʫʤʠ ʦʢʨʝʤʠʭ ʧʽʢʽʚ ʨʽʚʥʽʚ, ʢʦʞʝʥ ʟ ʷʢʠʭ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ 

ʛʘʫʩʦʚʠʤ ʨʦʟʧʦʜʽʣʦʤ. ɺʠʟʥʘʯʝʥʽ ʪʘʢʠʤ ʯʠʥʦʤ Ni, Ei ʽ ůi ʜʣʷ ʢʦʞʥʦʛʦ ʨʽʚʥʷ, ʧʝʚʥʦ, 

ʻ ʥʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʦʜʥʠʤʠ ʟ ʥʘʡʙʽʣʴʰ ʜʦʩʪʦʚʽʨʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ 

ʜʘʥʠʭ (ʜʠʚ., ʥʘʧʨʠʢʣʘʜ, [29]).  

ʋ ʜʝʷʢʠʭ ʨʦʙʦʪʘʭ ʙʫʣʠ ʧʨʦʚʝʜʝʥʽ ʪʝʦʨʝʪʠʯʥʽ ʨʦʟʨʘʭʫʥʢʠ ʧʦʣʦʞʝʥʥʷ ʨʽʚʥʽʚ 

ʝʥʝʨʛʽʾ, ʚʠʭʦʜʷʯʠ ʟ ʧʝʨʰʠʭ ʧʨʠʥʮʠʧʽʚ, ʟ ʧʦʜʘʣʴʰʠʤ ʧʦʨʽʚʥʷʥʥʷʤ ʟ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʝʢʩʧʝʨʠʤʝʥʪʫ [30ï33]. ɽʥʝʨʛʽʾ ʘʢʪʠʚʘʮʽʾ ʨʽʚʥʽʚ ʚʣʘʩʥʠʭ ʽ 

ʜʦʤʽʰʢʦʚʠʭ ʜʝʬʝʢʪʽʚ, ʦʙʯʠʩʣʝʥʠʭ ʨʽʟʥʠʤʠ ʘʚʪʦʨʘʤʠ, ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʙʽʣʴʰ, ʥʽʞ ʚ 

ʜʚʘ ʨʘʟʠ, ʱʦ ʽ ʩʣʽʜ ʙʫʣʦ ʦʯʽʢʫʚʘʪʠ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʪʦʯʥʦʩʪʽ ʢʚʘʥʪʦʚʦ-ʤʝʭʘʥʽʯʥʠʭ 

ʦʙʯʠʩʣʝʥʴ [34]. ʎʝ ʪʘʢʦʞ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʥʝʦʜʥʦʟʥʘʯʥʦʩʪʽ ʚ ʽʜʝʥʪʠʬʽʢʘʮʽʾ 

ʟʘʨʝʻʩʪʨʦʚʘʥʠʭ ʨʽʚʥʽʚ. ʗʢ ʧʨʠʢʣʘʜ ʤʦʞʥʘ ʥʘʚʝʩʪʠ ʟʘʚʞʜʠ ʧʨʠʩʫʪʥʽʡ ʚ ʤʘʪʨʠʮʽ 

CdTe ʽ CdZnTe ʚʣʘʩʥʠʡ ʜʝʬʝʢʪ - ʜʚʦʨʘʟʦʚʦ ʟʘʨʷʜʞʝʥʫ ʚʘʢʘʥʩʽʶ ʢʘʜʤʽʶ . 

ʈʽʚʝʥʴ ʝʥʝʨʛʽʾ ʟʘʟʥʘʯʝʥʦʛʦ ʩʪʨʫʢʪʫʨʥʦʛʦ ʜʝʬʝʢʪʫ, ʚʠʟʥʘʯʝʥʠʡ ʨʽʟʥʠʤʠ 

ʜʦʩʣʽʜʥʠʢʘʤʠ, ʤʘʻ ʥʘʩʪʫʧʥʽ ʟʥʘʯʝʥʥʷ, ʝɺ: 0.20 [31], 0,40 [35], 0.47 [18], 0.507, 

0.509 [19, 36], 0.735 [37], 0.8 [33], 0.9 [18], ʪʦʙʪʦ ʟʤʽʥʶʻʪʴʩʷ ʚ ʰʠʨʦʢʠʭ ʤʝʞʘʭ. 
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ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʘʚʪʦʨʠ ʨʦʙʽʪ [39, 40] ʥʘ ʧʽʜʩʪʘʚʽ ʜʦʩʣʽʜʞʝʥʴ ʩʧʝʢʪʨʽʚ 

ʝʣʝʢʪʨʦʥʥʦʛʦ ʧʘʨʘʤʘʛʥʽʪʥʦʛʦ ʨʝʟʦʥʘʥʩʫ (ɽʇʈ) ʟʨʦʙʠʣʠ ʚʠʩʥʦʚʦʢ ʧʨʦ ʪʝ, ʱʦ 

ʜʚʦʨʘʟʦʚʦ ʟʘʨʷʜʞʝʥʠʡ ʘʢʮʝʧʪʦʨ -2

CdV  ʥʝ ʤʦʞʝ ʙʫʪʠ ʛʣʠʙʰʝ ʨʽʚʥʷ 0,47 ʝɺ ʽ ʚ [18] 

ʧʨʠʧʠʩʘʣʠ ʮʴʦʛʦ ʜʝʬʝʢʪʫ ʩʘʤʝ ʪʘʢʝ ʟʥʘʯʝʥʥʷ. ɿ ʽʥʰʦʛʦ ʙʦʢʫ, ʚ ʨʦʙʦʪʽ [14] 

ʚʟʘʛʘʣʽ ʥʝ ʙʫʣʦ ʟʘʬʽʢʩʦʚʘʥʦ ʚʘʢʘʥʩʽʾ ʢʘʜʤʽʶ, ʘ ʨʽʚʝʥʴ 0,47 ʝɺ ʙʫʚ 

ʽʜʝʥʪʠʬʽʢʦʚʘʥʠʡ ʷʢ ʝʣʝʢʪʨʦʥʥʘ ʧʘʩʪʢʘ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʜʦʥʦʨʥʦʤʫ ʮʝʥʪʨʫ. 

ɸʥʘʣʦʛʽʯʥʽ ʧʨʦʙʣʝʤʠ ʚʠʥʠʢʘʶʪʴ ʧʨʠ ʩʧʨʦʙʽ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʽʥʰʠʭ ʩʪʨʫʢʪʫʨʥʠʭ 

ʜʝʬʝʢʪʽʚ, ʷʢʠʤ ʚ ʟʘʙʦʨʦʥʝʥʽʡ ʟʦʥʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʩʘʤʝ ʛʣʠʙʦʢʽ ʨʽʚʥʽ, ʥʘʧʨʠʢʣʘʜ, 

ʚʘʢʘʥʩʽʾ ʪʝʣʫʨʫ +2

TeV  [34]. ɽʥʝʨʛʽʷ ʚʽʜʧʦʚʽʜʥʦʛʦ ʛʣʠʙʦʢʦʛʦ ʜʦʥʦʨʥʦʛʦ ʨʽʚʥʷ ( )+2TeVE  

ʪʘʢʦʞ ʤʘʻ ʨʦʟʢʠʜ ʟʘ ʚʝʣʠʯʠʥʦʶ, ʝɺ: 0,34 [41], 0.43 [42], 0,6 [20]. ɭʜʠʥʠʤ 

ʧʠʪʘʥʥʷʤ, ʟʘ ʷʢʠʤ ʜʦʩʷʛʥʫʪʦ ʤʘʡʞʝ ʧʦʚʥʫ ʦʜʥʦʩʪʘʡʥʽʩʪʴ ʩʝʨʝʜ ʜʦʩʣʽʜʥʠʢʽʚ, ʻ 

ʪʠʧ ʪʦʯʢʦʚʦʛʦ ʜʝʬʝʢʪʫ ʚ CdTe. ʊʘʢ ʦʜʥʠʤ ʛʣʠʙʦʢʠʤ ʘʢʮʝʧʪʦʨʥʠʤ ʜʝʬʝʢʪʦʤ 

ʚʠʩʪʫʧʘʶʪʴ ʜʚʦʢʨʘʪʥʦ ʟʘʨʷʜʞʝʥʽ ʚʘʢʘʥʩʽʾ ʢʘʜʤʽʶ. ɺʘʢʘʥʩʽʾ ʪʝʣʫʨʫ +

TeV , +2

TeV , 

ʤʽʞʚʫʟʝʣʴʥʽ ʘʪʦʤʠ ʢʘʜʤʽʶ +

iCd , ʽ ʪʝʣʫʨʫ +2

iCd , ʘ ʪʘʢʦʞ ʘʥʪʠʩʪʨʫʢʪʫʨʥ ̔ʜʝʬʝʢʪʠ - 

ʪʝʣʫʨ ʥʘ ʤʽʩʮʽ ʢʘʜʤʽʶ +

CdTe , +2

CdTe  ʽ ʢʘʜʤʽʡ ʥʘ ʤʽʩʮʽ ʪʝʣʫʨʫ +2

TeCd  ʙʝʨʫʪʴ ʫʯʘʩʪʴ ʚ 

ʧʨʦʮʝʩʘʭ ʢʦʤʧʝʥʩʘʮʽʾ ʷʢ ʜʦʥʦʨʥʽ ʮʝʥʪʨʠ [20, 31, 38, 41, 43ï45]. ʑʦ ʩʪʦʩʫʻʪʴʩʷ 

ʟʥʘʯʥʠʭ ʨʦʟʙʽʞʥʦʩʪʝʡ ʧʦ ʚʝʣʠʯʠʥʘʤ ʚʠʤʽʨʷʥʠʭ ʧʦʣʦʞʝʥʴ ʨʽʚʥʽʚ ʝʥʝʨʛʽʾ ʚ 

ʟʘʙʦʨʦʥʝʥʽʡ ʟʦʥʽ, ʧʝʨʝʨʽʟʘʭ ʟʘʭʦʧʣʝʥʥʷ ʽ ʢʦʥʮʝʥʪʨʘʮʽʡ ʜʝʬʝʢʪʽʚ, ʪʦ ʮʝ 

ʧʨʘʢʪʠʯʥʦ ʥʝ ʟʥʘʭʦʜʠʪʴ ʧʦʷʩʥʝʥʥʷ ʚ ʨʦʙʦʪʘʭ, ʦʧʫʙʣʽʢʦʚʘʥʠʭ ʫ ʚʽʜʢʨʠʪʦʤʫ ʜʨʫʢʫ. 

ʇʝʚʥʠʡ ʚʠʥʷʪʦʢ ʩʪʘʥʦʚʠʪʴ ʨʦʙʦʪʘ [46], ʜʝ ʥʘ ʧʨʠʢʣʘʜʽ ʢʨʝʤʥʽʶ ʙʫʣʦ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʢʘʟʘʥʦ, ʱʦ ʚʠʤʽʨʷʥʽ ʚʝʣʠʯʠʥʠ ʢʦʥʮʝʥʪʨʘʮʽʡ ʝʣʝʢʪʨʠʯʥʦ 

ʘʢʪʠʚʥʠʭ ʘʪʦʤʽʚ ʣʝʛʫʶʯʦʾ ʜʦʤʽʰʢʠ ʟʘʣʝʞʘʪʴ ʚʽʜ ʪʠʧʫ ʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ʚʠʭʽʜʥʠʭ 

ʜʦʤʽʰʦʢ, ʘ, ʦʪʞʝ, ʚʽʜ ʩʪʫʧʝʥʷ ʢʦʤʧʝʥʩʘʮʽʾ. ɸʚʪʦʨ ʪʘʢʦʞ ʟʨʦʙʠʚ ʚʠʩʥʦʚʦʢ ʧʨʦ ʪʝ, 

ʱʦ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʩʪʫʧʝʥʷ ʢʦʤʧʝʥʩʘʮʽʾ ʤʘʪʝʨʽʘʣʫ ʽ ʫʤʦʚ ʝʢʩʧʝʨʠʤʝʥʪʫ, ʦʜʥʽ ʽ 

ʪʽ ʞ ʜʦʤʽʰʢʦʚʽ ʘʪʦʤʠ ʟ ʛʣʠʙʦʢʠʤʠ ʝʥʝʨʛʝʪʠʯʥʠʤʠ ʨʽʚʥʷʤʠ ʤʦʞʫʪʴ ʚʥʝʩʪʠ ʚ 

ʟʘʙʦʨʦʥʝʥʫ ʟʦʥʫ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘ ʨʽʟʥʽ ʧʦʣʦʞʝʥʥʷ ʮʠʭ ʨʽʚʥʽʚ, ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ 

ʧʝʚʥʠʤ ʩʪʘʥʘʤ ʚ ʢʨʠʩʪʘʣʽʯʥʽʡ ʨʝʰʽʪʮʽ. ʄʘʙʫʪʴ ʚʠʩʥʦʚʢʠ ʨʦʙʦʪʠ [46] ʤʦʞʥʘ 

ʟʘʩʪʦʩʫʚʘʪʠ ʡ ʜʣʷ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. ʊʘʢʠʤ ʯʠʥʦʤ, ʩʧʠʨʘʶʯʠʩʴ ʥʘ 

ʨʝʟʫʣʴʪʘʪʠ ʨʦʙʦʪʠ [46], ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʚʠʩʦʢʦʦʤʥʽ GaAs, CdTe ʽ 
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CdZnTe ʧʨʠ ʢʽʤʥʘʪʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʩʪʘʥʽ ʩʠʣʴʥʦʾ ʢʦʤʧʝʥʩʘʮʽʾ, 

ʢʦʣʠ ʢʦʥʮʝʥʪʨʘʮʽʷ ʚʽʣʴʥʠʭ ʝʣʝʢʪʨʦʥʽʚ n ʽ ʜʽʨʦʢ p ʧʨʠʙʣʠʟʥʦ ʥʘ ʰʽʩʪʴ ʧʦʨʷʜʢʽʚ 

ʥʠʞʯʝ ʢʦʥʮʝʥʪʨʘʮʽʾ ʥʝʨʫʭʦʤʠʭ ʽʦʥʽʟʦʚʘʥʠʭ ʮʝʥʪʨʽʚ I

iN . ɿʽ ʟʥʠʞʝʥʥʷʤ 

ʪʝʤʧʝʨʘʪʫʨʠ ʨʽʟʥʠʮʷ ʤʽʞ n, p  ̔ I

iN  ʟʙʽʣʴʰʫʻʪʴʩʷ ʱʝ ʙʽʣʴʰʝ. ɺ ʮʠʭ ʫʤʦʚʘʭ 

ʥʘʚʢʦʣʦ ʽʦʥʽʟʦʚʘʥʠʭ ʣʦʢʘʣʴʥʠʭ ʮʝʥʪʨʽʚ ʚʠʥʠʢʘʶʪʴ ʩʠʣʴʥʽ ʝʣʝʢʪʨʠʯʥʽ ʧʦʣʷ, ʘ ʚ 

ʨʝʰʽʪʮʽ ʟ'ʷʚʣʷʶʪʴʩʷ ʦʙʣʘʩʪʽ ʟ ʧʦʨʫʰʝʥʥʷʤʠ ʝʣʝʢʪʨʦʥʝʡʪʨʘʣʴʥʦʩʪʽ, ʽ ʪʦʜʽ 

ʜʝʬʝʢʪʥʘ ʩʪʨʫʢʪʫʨʘ ʢʨʠʩʪʘʣʘ ʤʦʞʝ ʩʠʣʴʥʦ ʟʤʽʥʶʚʘʪʠʩʷ. ʋ ʩʠʣʴʥʦ 

ʢʦʤʧʝʥʩʦʚʘʥʦʤʫ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʫ ʩʠʩʪʝʤʘ ʚʽʣʴʥʠʭ ʥʦʩʽʾʚ ʟʘʨʷʜʫ ʽ ʥʝʨʫʭʦʤʠʭ 

ʽʦʥʽʟʦʚʘʥʠʭ ʮʝʥʪʨʽʚ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʥʝʨʽʚʥʦʚʘʞʥʦʤʫ ʩʪʘʥʽ, ʪʘʢʠʤ ʯʠʥʦʤ, ʙʫʜʴ-

ʷʢʠʡ ʟʦʚʥʽʰʥʽʡ ʚʧʣʠʚ ʤʦʞʝ ʟʤʽʥʶʚʘʪʠ ʝʣʝʢʪʨʦʥʥʫ ʩʪʨʫʢʪʫʨʫ ʜʝʬʝʢʪʽʚ ʽ 

ʚʧʣʠʚʘʪʠ ʥʘ ʾʭ ʚʟʘʻʤʦʜʽʶ ʟ ʚʽʣʴʥʠʤʠ ʝʣʝʢʪʨʦʥʘʤʠ ʽ ʜʽʨʢʘʤʠ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʮʴʦʛʦ, 

ʥʘ ʜʫʤʢʫ ʘʚʪʦʨʘ [46], ʜʝʬʝʢʪʠ ʨʝʰʽʪʢʠ ʥʝ ʤʘʶʪʴ ʬʽʢʩʦʚʘʥʠʭ ʩʪʘʥʽʚ ʽ ʟʤʫʰʝʥʽ 

ʧʝʨʝʙʫʜʦʚʫʚʘʪʠʩʷ ʧʽʜ ʚʧʣʠʚʦʤ ʟʦʚʥʽʰʥʽʭ ʯʠʥʥʠʢʽʚ: ʪʝʤʧʝʨʘʪʫʨʠ, ʪʠʩʢʫ, 

ʝʣʝʢʪʨʠʯʥʠʭ ʧʦʣʽʚ ʽ ʪ. ʧ., ʘ ʢʦʞʥʦʤʫ ʢʚʘʟʽʨʽʚʥʦʚʘʞʥʦʤʫ ʩʪʘʥʫ ʨʝʰʽʪʢʠ 

ʚʽʜʧʦʚʽʜʘʻ ʪʽʣʴʢʠ ʧʝʚʥʠʡ ʩʪʘʥ ʜʝʬʝʢʪʽʚ ʽ ʧʦʣʦʞʝʥʥʷ ʾʭ ʨʽʚʥʽʚ ʚ ʟʘʙʦʨʦʥʝʥʽʡ ʟʦʥʽ. 

ʊʘʢ ʱʦ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʩʪʫʧʝʥʷ ʢʦʤʧʝʥʩʘʮʽʾ ʤʘʪʝʨʽʘʣʫ ʽ ʫʤʦʚ ʝʢʩʧʝʨʠʤʝʥʪʫ, 

ʩʪʘʥʠ ʜʝʬʝʢʪʽʚ, ʜʦʤʽʰʢʦʚʠʭ ʘʪʦʤʽʚ ʽ ʚʽʜʧʦʚʽʜʥʽ ʾʤ ʝʥʝʨʛʝʪʠʯʥʽ ʨʽʚʥʽ ʥʝ ʻ 

ʬʽʢʩʦʚʘʥʠʤʠ, ʘ ʤʦʞʫʪʴ ʤʘʪʠ ʨʽʟʥʽ ʟʥʘʯʝʥʥʷ [46]. 

ɿ ʽʥʰʦʛʦ ʙʦʢʫ, ʘʥʘʣʽʟ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʘʥʠʭ ʧʦʢʘʟʫʻ, ʱʦ ʧʣʦʱʘ ʧʝʨʝʨʽʟʫ 

ʟʘʭʚʘʪʫ ʚʽʣʴʥʠʭ ʥʦʩʽʾʚ ʟʘʨʷʜʫ ʣʦʢʘʣʴʥʠʤʠ ʮʝʥʪʨʘʤʠ ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʦʣʦʞʝʥʥʷ 

ʛʣʠʙʦʢʠʭ ʨʽʚʥʽʚ, ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʮʠʤ ʮʝʥʪʨʘʤ. ɯʥʰʠʤʠ ʩʣʦʚʘʤʠ, ʚ ʜʝʪʝʢʪʦʨʥʠʭ 

ʤʘʪʝʨʽʘʣʘʭ GaAs, CdTe ʽ CdZnTe ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʚʠʤʽʨʷʥʽ ʧʘʨʘʤʝʪʨʠ 

ʛʣʠʙʦʢʠʭ ʨʽʚʥʽʚ ʝʥʝʨʛʽʾ ʟʘʣʝʞʘʪʴ ʚʽʜ ʩʪʫʧʝʥʷ ʢʦʤʧʝʥʩʘʮʽʾ ʮʠʭ ʤʘʪʝʨʽʘʣʽʚ ʽ ʫʤʦʚ 

ʝʢʩʧʝʨʠʤʝʥʪʫ. ʊʝʦʨʽʷ ʛʣʠʙʦʢʠʭ ʨʽʚʥʽʚ ʚ ʩʠʣʴʥʦ ʢʦʤʧʝʥʩʦʚʘʥʠʭ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘʭ ʱʝ ʥʝ ʩʪʚʦʨʝʥʘ. ʆʩʦʙʣʠʚʠʡ ʽʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʻ ʪʦʯʥʝ ʟʥʘʥʥʷ 

ʧʨʦ ʪʘʢʠʡ ʚʘʞʣʠʚʠʡ ʧʘʨʘʤʝʪʨ, ʷʢ ʢʦʥʮʝʥʪʨʘʮʽʷ ʛʣʠʙʦʢʠʭ ʨʽʚʥʽʚ. ʏʝʨʝʟ ʚʠʩʦʢʠʡ 

ʧʠʪʦʤʠʡ ʦʧʽʨ CdTe ʽ CdZnTe, ʘ ʪʘʢʦʞ ʚʥʘʩʣʽʜʦʢ ʚʠʱʝʚʠʢʣʘʜʝʥʠʭ ʤʽʨʢʫʚʘʥʴ, 

ʚʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʛʣʠʙʦʢʠʭ ʨʽʚʥʽʚ ʪʨʘʜʠʮʽʡʥʦ ʥʘʰʪʦʚʭʫʻʪʴʩʷ ʥʘ ʚʝʣʠʢʽ 

ʪʨʫʜʥʦʱʽ, ʽ ʨʦʟʙʽʞʥʦʩʪʽ ʚ ʚʠʤʽʨʷʥʠʭ ʚʝʣʠʯʠʥʘʭ ʢʦʥʮʝʥʪʨʘʮʽʡ, ʦʧʫʙʣʽʢʦʚʘʥʠʭ ʫ 

ʚʽʜʢʨʠʪʽʡ ʧʨʝʩʽ, ʤʦʞʝ ʜʦʩʷʛʘʪʠ ʜʚʦʭ-ʪʨʴʦʭ ʧʦʨʷʜʢʽʚ ʧʦ ʘʙʩʦʣʶʪʥʽʡ ʚʝʣʠʯʠʥʽ. 
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1.3 ʇʨʦʮʝʩʠ ʜʝʬʝʢʪʦʫʪʚʦʨʝʥʥʷ ʚ ʫʤʦʚʘʭ ʞʦʨʩʪʢʦʛʦ ʨʘʜʽʘʮʽʡʥʦʛʦ 

ʦʧʨʦʤʽʥʝʥʥʷ 

ʈʦʙʦʯʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ ʧʨʠʣʘʜʽʚ ʟʘʣʝʞʘʪʴ ʚʽʜ 

ʝʣʝʢʪʨʦʬʽʟʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʘʪʝʨʽʘʣʫ ʽ ʦʙʫʤʦʚʣʝʥʽ ʡʦʛʦ ʧʨʠʨʦʜʦʶ, 

ʜʦʤʽʰʢʦʚʠʤ ʽ ʜʝʬʝʢʪʥʠʤ ʩʢʣʘʜʦʤ, ʘ ʪʘʢʦʞ ʭʘʨʘʢʪʝʨʦʤ ʽ ʽʥʪʝʥʩʠʚʥʽʩʪʶ 

ʟʦʚʥʽʰʥʽʭ ʦʧʨʦʤʽʥʶʚʘʥʴ, ʷʢʽ ʚʠʥʠʢʘʶʪʴ ʚ ʧʨʦʮʝʩʽ ʝʢʩʧʣʫʘʪʘʮʽʾ. ɿ ʜʝʬʝʢʪʽʚ 

ʩʪʨʫʢʪʫʨʠ, ʷʢʽ ʥʘʡʙʽʣʴʰ ʩʠʣʴʥʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʝʣʝʢʪʨʦʬʽʟʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘ, ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ ʜʠʩʣʦʢʘʮʽʾ, ʪʦʯʢʦʚʽ ʜʝʬʝʢʪʠ [47] ʽ ʾʭ 

ʩʢʫʧʯʝʥʥʷ. ɺ ʧʨʦʮʝʩʽ ʝʢʩʧʣʫʘʪʘʮʽʾ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ ʧʨʠʣʘʜʽʚ ʚʦʥʠ ʤʦʞʫʪʴ 

ʧʽʜʜʘʚʘʪʠʩʷ ʚʧʣʠʚʫ ʨʘʜʽʘʮʽʡʥʦʛʦ ʦʧʨʦʤʽʥʝʥʥʷ ʚʘʞʢʠʤʠ ʯʘʩʪʠʥʢʘʤʠ ʽ ɔ-

ʢʚʘʥʪʘʤʠ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʚʠʥʠʢʥʝʥʥʷ ʚʘʢʘʥʩʽʡ (V), ʚʣʘʩʥʠʭ ʤʽʞʚʫʟʣʦʚʠʭ 

ʘʪʦʤʽʚ (I), ʘ ʪʘʢʦʞ ʩʢʫʧʯʝʥʴ V ʽ I. ʂʨʽʤ ʪʦʛʦ, ʧʨʠ ʦʧʨʦʤʽʥʝʥʥʽ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʽʚ 

ʚʘʞʢʠʤʠ ʯʘʩʪʠʥʢʘʤʠ ʚʠʥʠʢʘʶʪʴ ʩʢʣʘʜʥʽ ʩʪʨʫʢʪʫʨʥʽ ʧʦʰʢʦʜʞʝʥʥʷ - 

ʨʦʟʫʧʦʨʷʜʢʦʚʘʥʽ ʦʙʣʘʩʪʽ (ʈʆ), ʷʢʽ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʩʦʙʦʶ ʱʽʣʴʥʽ ʩʢʫʧʯʝʥʥʷ 

ʜʝʬʝʢʪʽʚ, ʱʦ ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʷʜʨʘ, ʥʘʩʠʯʝʥʦʛʦ ʜʠʚʘʢʘʥʩʽʷʤʠ (VV) ʽ ʦʪʦʯʝʥʦʛʦ 

ʦʙʦʣʦʥʢʦʶ, ʷʢʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʢʦʤʧʣʝʢʩʽʚ ʚʘʢʘʥʩʽʷ + ʘʪʦʤ ʜʦʤʽʰʢʠ [48]. ʈʆ, 

ʪʦʯʢʦʚʽ ʽ ʣʽʥʽʡʥʽ ʩʪʨʫʢʪʫʨʥʽ ʜʝʬʝʢʪʠ, ʘ ʪʘʢʦʞ ʢʦʤʧʣʝʢʩʠ ʚʠʢʣʠʢʘʶʪʴ ʧʦʷʚʫ 

ʟʥʘʯʥʠʭ ʜʝʬʦʨʤʘʮʽʡ, ʘ ʪʘʢʦʞ ʝʣʝʢʪʨʦʩʪʘʪʠʯʥʦʛʦ, ʧʦʣʷʨʠʟʘʮʽʡʥʦʛʦ 

(ʧôʻʟʦʝʣʝʢʪʨʠʯʥʦʛʦ ʽ ʬʣʝʢʩʦʤʝʪʨʠʯʥʦʛʦ) ʧʦʪʝʥʮʽʘʣʽʚ, ʱʦ ʽʩʪʦʪʥʦ ʚʧʣʠʚʘʻ ʥʘ 

ʝʣʝʢʪʨʦʬʽʟʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʽʚ.  

 ɺʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ, ʥʘʢʦʧʠʯʝʥʠʭ ʨʘʜʽʘʮʽʡʥʦ ʁ

ʬʽʟʠʢʦʶ, ʩʚʽʜʯʘʪʴ ʧʨʦ ʽʩʪʦʪʥʠʡ ʚʧʣʠʚ ʫʤʦʚ ʜʝʩʪʨʫʢʪʫʶʯʦʛʦ ʦʧʨʦʤʽʥʝʥʥʷ ʥʘ 

ʟʤʽʥʫ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ ʽ ʧʨʠʣʘʜʽʚ ʥʘ 

ʾʭ ʦʩʥʦʚʽ. ʇʨʠ ʮʴʦʤʫ ʨʝʘʣʴʥʝ ʨʦʟʫʤʽʥʥʷ ʦʩʥʦʚʥʠʭ ʬʽʟʠʯʥʠʭ ʧʨʦʮʝʩʽʚ, ʱʦ 

ʚʽʜʙʫʚʘʶʪʴʩʷ ʚ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘʭ ʧʨʠ ʦʧʨʦʤʽʥʝʥʥʽ, ʚʠʥʠʢʘʻ ʥʘ ʰʣʷʭʫ ʨʦʟʚʠʪʢʫ 

ʢʽʣʴʢʽʩʥʠʭ ʤʦʜʝʣʝʡ, ʷʢʽ ʚʨʘʭʦʚʫʶʪʴ ʚʧʣʠʚ ʜʝʬʦʨʤʘʮʽʡ, ʷʢʽ ʚʚʦʜʷʪʴʩʷ ʜʝʬʝʢʪʘʤʠ, 

ʽ ʾʭ ʟʘʨʷʜʦʚʠʭ ʩʪʘʥʽʚ ʥʘ ʰʚʠʜʢʽʩʪʴ ʨʘʜʽʘʮʽʡʥʦʛʦ ʜʝʬʝʢʪʦʫʪʚʦʨʝʥʥʷ [49,50] . 

ɺ ʧʨʦʮʝʩʽ ʝʢʩʧʣʫʘʪʘʮʽʾ ʜʝʪʝʢʪʦʨʽʚ ʚ ʫʤʦʚʘʭ ʞʦʨʩʪʢʦʛʦ ʨʘʜʽʘʮʽʡʥʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ ʰʚʠʜʢʽʩʪʴ ʚʚʝʜʝʥʥʷ ʨʘʜʽʘʮʽʡʥʠʭ ʜʝʬʝʢʪʽʚ (ʈɼ) ʟʘʣʝʞʠʪʴ ʚʽʜ ʫʤʦʚ 
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ʦʧʨʦʤʽʥʝʥʥʷ ʽ ʚʠʭʽʜʥʦʛʦ (ʧʦʯʘʪʢʦʚʦʛʦ) ʩʪʘʥʫ ʤʘʪʝʨʽʘʣʫ: ʩʪʫʧʝʥʷ ʢʦʤʧʝʥʩʘʮʽʾ, 

ʪʠʧʫ ʣʝʛʫʶʯʦʾ ʜʦʤʽʰʢʠ, ʥʘʷʚʥʦʩʪʽ ʩʪʦʢʽʚ, ʘ ʪʘʢʦʞ ʚʽʜ ʜʝʬʦʨʤʘʮʽʡ, ʱʦ 

ʚʠʥʠʢʘʶʪʴ ʚ ʨʝʰʽʪʮʽ ʥʘʚʢʦʣʦ ʜʝʬʝʢʪʽʚ, ʾʭ ʟʘʨʷʜʦʚʦʛʦ ʩʪʘʥʫ [49, 50]. ʇʨʠ 

ʙʦʤʙʘʨʜʫʚʘʥʥʽ GaAs ʚʘʞʢʠʤʠ ʯʘʩʪʠʥʢʘʤʠ ʫʪʚʦʨʶʶʪʴʩʷ ʨʦʟʫʧʦʨʷʜʢʦʚʘʥʽ 

ʦʙʣʘʩʪʽ, ʱʦ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʩʦʙʦʶ ʱʽʣʴʥʽ ʩʢʫʧʯʝʥʥʷ ʜʝʬʝʢʪʽʚ, ʧʨʠʯʦʤʫ 

ʜʝʬʦʨʤʘʮʽʷ, ʱʦ ʚʚʦʜʠʪʴʩʷ ʪʦʯʢʦʚʠʤʠ ʜʝʬʝʢʪʘʤʠ ʈʆ ʨʦʙʣʷʪʴ ʩʠʣʴʥʠʡ ʚʧʣʠʚ ʥʘ 

ʝʣʝʢʪʨʦʬʽʟʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʽʚ, ʷʢʽ ʾʭ ʤʽʩʪʷʪʴ [50ï53]. ɸʚʪʦʨʠ 

ʨʦʙʦʪʠ [50] ʟʘʧʨʦʧʦʥʫʚʘʣʠ ʚ ʥʘʙʣʠʞʝʥʥʽ ʽʟʦʪʨʦʧʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʢʽʣʴʢʽʩʥʫ 

ʤʦʜʝʣʴ ʢʽʥʝʪʠʢʠ ʬʦʨʤʫʚʘʥʥʷ ʽʟʦʣʴʦʚʘʥʠʭ ʨʦʟʫʧʦʨʷʜʢʦʚʘʥʠʭ ʦʙʣʘʩʪʝʡ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʜʝʬʦʨʤʘʮʽʡʥʦʾ, ʧʦʣʷʨʠʟʘʮʽʡʥʦʾ ʽ ʝʣʝʢʪʨʦʩʪʘʪʠʯʥʦʾ ʚʟʘʻʤʦʜʽʾ 

ʜʝʬʝʢʪʽʚ ʚ ʈʆ. ʋ ʣʽʪʝʨʘʪʫʨʽ ʚʽʜʩʫʪʥʷ ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʜʦʩʣʽʜʞʝʥʥʷ ʈʆ ʚ CdTe ʽ 

CdZnTe, ʜʣʷ ʷʢʠʭ ʚʠʚʯʘʣʦʩʷ ʪʽʣʴʢʠ ʨʘʜʽʘʮʽʡʥʝ ʫʪʚʦʨʝʥʥʷ ʢʦʤʧʣʝʢʩʽʚ ʜʝʬʝʢʪʽʚ, 

ʥʘʧʨʠʢʣʘʜ, ʪʠʧʫ ʚʘʢʘʥʩʽʷ-ʜʦʤʽʰʢʘ. ɼʣʷ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʽʚ ʢʫʙʽʯʥʦʾ ʩʠʤʝʪʨʽʾ ʚ 

ʥʘʙʣʠʞʝʥʥʽ ʘʥʽʟʦʪʨʦʧʥʦʛʦ ʢʦʥʪʠʥʫʫʤʫ ʦʪʨʠʤʘʥʽ ʚʠʨʘʟʠ ʜʣʷ ʝʥʝʨʛʽʾ ʚʟʘʻʤʦʜʽʾ 

U12 (r) ʜʚʦʭ ʪʦʯʢʦʚʠʭ ʜʝʬʝʢʪʽʚ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʟʘʻʤʥʦʛʦ ʚʧʣʠʚʫ ʧʦʣʷʨʠʟʘʮʽʾ ʽ 

ʜʝʬʦʨʤʘʮʽʾ ʢʨʠʩʪʘʣʘ ʥʘʚʢʦʣʦ ʜʝʬʝʢʪʽʚ [49]. ʇʦʢʘʟʘʥʦ, ʱʦ ʚ ʨʷʜʽ ʚʠʧʘʜʢʽʚ 

ʤʦʞʣʠʚʝ ʧʦʜʘʥʥʷ () dpk UUUrU 12121212 ++= , ʜʝ   , , 121212

dpk UUU  ï ʢʫʣʦʥʽʚʩʴʢʘ, 

ʧʦʣʷʨʠʟʘʮʽʡʥʘ ʽ ʜʝʬʦʨʤʘʮʽʡʥʘ ʩʢʣʘʜʦʚʽ ʚʟʘʻʤʦʜʽʾ. ʅʘ ʧʨʠʢʣʘʜʽ GaAs ʦʙʯʠʩʣʝʥʽ 

ʟʥʘʯʝʥʥʷ pU12 ʽ 
dU12 ʜʣʷ ʭʘʨʘʢʪʝʨʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʪʦʯʢʦʚʠʭ ʜʝʬʝʢʪʽʚ. ʇʦʢʘʟʘʥʦ, ʱʦ 

ʜʝʬʦʨʤʘʮʽʡʥʘ ʽ ʧʦʣʷʨʠʟʘʮʽʡʥʘ ʩʢʣʘʜʦʚʽ ʤʦʞʫʪʴ ʩʢʣʘʜʘʪʠ ʧʦʤʽʪʥʫ ʯʘʩʪʠʥʫ 

ʧʦʚʥʦʾ ʝʥʝʨʛʽʾ ʚʟʘʻʤʦʜʽʾ. ʅʘ ʧʨʠʢʣʘʜʽ ʫʪʚʦʨʝʥʥʷ ɸ-ʮʝʥʪʨʽʚ ʚ n-Si ʧʦʢʘʟʘʥʦ, ʱʦ 

ʢʦʨʦʪʢʦʜʽʶʯʘ ʚʟʘʻʤʦʜʽʷ dp UU 1212+  ʚʘʢʘʥʩʽʾ ʽ ʘʪʦʤʘ ʨʦʟʯʠʥʝʥʦʛʦ ʢʠʩʥʶ ʝʬʝʢʪʠʚʥʦ 

ʧʨʦʷʚʣʷʻ ʩʝʙʝ ʷʢ ʝʥʝʨʛʝʪʠʯʥʠʡ ʙʘʨôʻʨ ʨʝʘʢʮʽʾ ɋ*. ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʮʽʻʾ ʚʟʘʻʤʦʜʽʾ 

ʚʜʘʣʦʩʷ ʦʪʨʠʤʘʪʠ ʫʟʛʦʜʞʝʥʥʷ ʟ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʜʘʥʠʤʠ ʧʦ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ ʰʚʠʜʢʦʩʪʝʡ ʫʪʚʦʨʝʥʥʷ E-ʮʝʥʪʨʽʚ ʽ A-ʮʝʥʪʨʽʚ ʚ Si. ʇʦʢʘʟʘʥʦ, 

ʱʦ ʧʦʣʷʨʠʟʘʮʽʡʥʘ ʽ ʜʝʬʦʨʤʘʮʽʡʥʘ ʚʟʘʻʤʦʜʽʷ ʧʨʦʷʚʣʷʶʪʴ ʩʝʙʝ ʫ ʚʠʛʣʷʜʽ 

ʝʬʝʢʪʠʚʥʦʛʦ ʙʘʨ'ʻʨʫ ɋ* ʧʨʠ ʨʝʘʢʮʽʷʭ ʫʪʚʦʨʝʥʥʷ ʽʥʰʠʭ ʜʝʬʝʢʪʥʠʭ ʢʦʤʧʣʝʢʩʽʚ ʽ 

ʥʝ ʪʽʣʴʢʠ ʚ ʢʨʝʤʥʽʾ. ʋ ʟʚ'ʷʟʢʫ ʟ ʮʠʤ ʤʦʞʥʘ ʦʙʯʠʩʣʠʪʠ ʝʥʝʨʛʽʶ ʚʟʘʻʤʦʜʽʾ ʜʚʦʭ 

ʪʦʯʢʦʚʠʭ ʜʝʬʝʢʪʽʚ, ʱʦ ʫʪʚʦʨʶʶʪʴ ʢʦʤʧʣʝʢʩʠ ʚʘʢʘʥʩʽʷ-ʜʦʤʽʰʢʦʚʠʡ ʘʪʦʤ, ʱʦʙ 
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ʦʮʽʥʠʪʠ ʰʚʠʜʢʽʩʪʴ ʫʪʚʦʨʝʥʥʷ ʮʠʭ A-ʮʝʥʪʨʽʚ ʚ CdTe ʧʽʜ ʚʧʣʠʚʦʤ ʨʘʜʽʘʮʽʡʥʦʛʦ 

ʦʧʨʦʤʽʥʝʥʥʷ.  

ʊʦʯʢʦʚʽ ʨʘʜʽʘʮʽʡʥʽ ʜʝʬʝʢʪʠ ʚ CdTe ʤʦʞʫʪʴ ʜʽʷʪʠ ʷʢ ʮʝʥʪʨʠ ʨʝʢʦʤʙʽʥʘʮʽʾ, 

ʟʤʽʥʶʶʯʠ ʧʨʠ ʮʴʦʤʫ ʯʘʩ ʞʠʪʪʷ ʥʝʦʩʥʦʚʥʠʭ ʥʦʩʽʾʚ ʟʘʨʷʜʫ, ʘʙʦ ʷʢ ʮʝʥʪʨʠ 

ʟʘʭʦʧʣʝʥʥʷ, ʟʥʠʞʫʶʯʠ ʢʦʥʮʝʥʪʨʘʮʽʶ ʦʩʥʦʚʥʠʭ ʥʦʩʽʾʚ. ʉʪʫʧʽʥʴ ʚʧʣʠʚʫ ʪʦʯʢʦʚʠʭ 

ʜʝʬʝʢʪʽʚ ʷʢ ʽʦʥʽʟʦʚʘʥʠʭ ʨʦʟʩʽʶʶʯʠʭ ʮʝʥʪʨʽʚ ʥʘ ʚʽʜʧʦʚʽʜʥʫ ʧʘʨʮʽʘʣʴʥʫ 

ʝʣʝʢʪʨʦʥʥʫ ʨʫʭʣʠʚʽʩʪʴ ʚ CdTe ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʽʜʥʦʩʥʦʛʦ ʚʢʣʘʜʫ ʽʥʰʠʭ ʤʝʭʘʥʽʟʤʽʚ 

ʨʦʟʩʽʶʚʘʥʥʷ. 

ɽʬʝʢʪʠʚʥʽʩʪʴ ʜʝʬʝʢʪʦʫʪʚʦʨʝʥʥʷ ʽ ʪʠʧ ʈɼ, ʱʦ ʚʚʦʜʠʪʴʩʷ ʩʠʣʴʥʦ ʟʘʣʝʞʘʪʴ 

ʚʽʜ ʝʣʝʢʪʨʦʥʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʚʠʭʽʜʥʦʛʦ ʤʘʪʝʨʽʘʣʫ (ʧʦʣʦʞʝʥʥʷ ʨʽʚʥʷ ʘʙʦ 

ʢʚʘʟʠʨʽʚʥʷ ʌʝʨʤʽ) ʽ ʧʨʦʪʽʢʘʶʪʴ ʧʦ ʨʽʟʥʦʤʫ ʚ ʥʝʡʪʨʘʣʴʥʽʡ ʦʙʣʘʩʪʽ ʽ ʦʙʣʘʩʪʽ 

ʧʨʦʩʪʦʨʦʚʦʛʦ ʟʘʨʷʜʫ ʤʘʪʝʨʽʘʣʫ [54ï56]. ɺʠʚʯʝʥʥʷ ʚʧʣʠʚʫ ʜʝʩʪʨʫʢʪʫʶʯʦʛʦ 

ʦʧʨʦʤʽʥʝʥʥʷ ʥʘ ʚʣʘʩʪʠʚʦʩʪʽ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʽʚ, ʷʢ ʧʨʘʚʠʣʦ, ʚʢʣʶʯʘʻ ʜʦʩʣʽʜʞʝʥʥʷ 

ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʭ ʽ ʝʣʝʢʪʨʦʥʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʈɼ, ʾʭ ʘʪʦʤʥʦʾ ʢʦʥʬʽʛʫʨʘʮʽʾ, ʱʦ 

ʚʠʤʘʛʘʻ ʚʝʣʠʢʦʾ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʙʘʟʠ ʜʘʥʠʭ. ʆʜʥʘʢ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʚʽʜʧʦʚʽʜʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʤʝʪʦʜʠʢ, ʥʘʧʨʠʢʣʘʜ, ʝʣʝʢʪʨʦʥʥʦʛʦ 

ʧʘʨʘʤʘʛʥʽʪʥʦʛʦ ʨʝʟʦʥʘʥʩʫ ʚʽʜʥʦʩʥʦ ʥʝʚʝʣʠʢʘ. ʄʘʪʝʨʽʘʣʠ GaAs, CdTe ʽ CdZnTe 

ʤʘʶʪʴ, ʜʦ ʪʦʛʦ ʞ, ʚʠʩʦʢʠʡ ʧʠʪʦʤʠʡ ʦʧʽʨ, ʱʦ ʚʥʦʩʠʪʴ ʜʦʜʘʪʢʦʚʽ ʪʨʫʜʥʦʱʽ ʧʨʠ 

ʚʠʤʽʨʶʚʘʥʥʽ ʾʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ʊʘʢ ʱʦ ʜʘʥʽ ʧʨʦ ʈɼ ʚ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘʭ 

ʫʨʠʚʯʘʩʪʽ ʽ ʥʝʧʦʚʥʽ, ʦʩʦʙʣʠʚʦ ʮʝ ʩʪʦʩʫʻʪʴʩʷ CdTe ʽ CdZnTe. 

1.4 ʄʦʜʝʣʴ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʭʽʜʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʽ ʧʨʦʙʣʝʤʠ 

ʩʘʤʦʢʦʤʧʝʥʩʘʮʠʠ ʧʨʠ ʣʝʛʫʚʘʥʥʽ 

ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʤʝʪʦʜʦʤ ʤʦʜʝʣʶʚʘʥʥʷ ʟʤʽʥʠ ʝʣʝʢʪʨʦʬʽʟʠʯʥʠʭ ʽ 

ʜʝʪʝʢʪʦʨʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ GaAs, CdTe, CdZnTe ʧʽʜ ʚʧʣʠʚʦʤ ʘʛʨʝʩʠʚʥʦʛʦ 

ʨʘʜʽʘʮʽʡʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʥʝʦʙʭʽʜʥʦ ʩʧʦʯʘʪʢʫ ʨʦʟʨʦʙʠʪʠ ʤʦʜʝʣʴ ʜʣʷ 

ʜʦʩʣʽʜʞʝʥʥʷ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʦʯʘʪʢʦʚʠʭ (ʚʠʭʽʜʥʠʭ), ʥʝʦʧʨʦʤʽʥʝʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʚ 

ʪʦʤʫ ʯʠʩʣʽ ʥʘʜʯʠʩʪʠʭ ʽ ʣʝʛʦʚʘʥʠʭ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʥʘʧʝʨʝʜ ʟʘʜʘʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ʉʢʣʘʜ ʧʦʯʘʪʢʦʚʠʭ CdTe ʽ CdZnTe ʜʦʩʠʪʴ ʩʢʣʘʜʥʠʡ ʽ ʤʦʞʝ 

ʚʢʣʶʯʘʪʠ ʙʣʠʟʴʢʦ 10ï15 ʨʽʟʥʠʭ ʜʦʤʽʰʦʢ ʽ ʜʝʬʝʢʪʽʚ, ʱʦ ʩʪʚʦʨʶʶʪʴ ʚ 
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ʟʘʙʦʨʦʥʝʥʽʡ ʟʦʥʽ ʚʽʜʧʦʚʽʜʥʽ ʤʽʣʢʽ ʪʘ ʛʣʠʙʦʢʽ ʨʽʚʥʽ [14, 18, 20, 21, 24]. ɼʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʧʠʪʦʤʦʛʦ ʦʧʦʨʫ ɟ, ʜʨʝʡʬʦʚʦʾ ʨʫʭʣʠʚʦʩʪʽ ɛ ʽ ʯʘʩʫ ʞʠʪʪʷ 

ʥʝʨʽʚʥʦʚʘʞʥʠʭ ʥʦʩʽʾʚ ʟʘʨʷʜʫ Ű ʥʝʦʙʭʽʜʥʦ ʧʝʨʰ ʟʘ ʚʩʝ ʟʥʘʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʚʽʣʴʥʠʭ ʥʦʩʽʾʚ ʟʘʨʷʜʫ, ʘ ʪʘʢʦʞ ʟʘʨʷʜʞʝʥʠʭ ʮʝʥʪʨʽʚ ʽ ʩʪʫʧʽʥʴ ʾʭ ʟʘʧʦʚʥʝʥʥʷ, ʷʢʽ 

ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʰʣʷʭʦʤ ʚʠʨʽʰʝʥʥʷ ʨʽʚʥʷʥʥʷ ʝʣʝʢʪʨʦʥʝʡʪʨʘʣʴʥʦʩʪʽ. ʊʘʢʝ 

ʚʠʨʽʰʝʥʥʷ ʚ ʘʥʘʣʽʪʠʯʥʦʤʫ ʚʠʛʣʷʜʽ ʤʦʞʣʠʚʦ, ʷʢʱʦ ʻ ʤʘʢʩʠʤʫʤ ʜʚʘ-ʪʨʠ ʜʝʬʝʢʪʠ 

ʘʙʦ ʜʦʤʽʰʢʠ. ʋ ʙʽʣʴʰ ʩʢʣʘʜʥʦʤʫ ʚʠʧʘʜʢʫ ʟ ʚʝʣʠʢʦʶ ʢʽʣʴʢʽʩʪʶ ʨʽʚʥʽʚ ʚʢʘʟʘʥʝ 

ʨʽʚʥʷʥʥʷ ʤʦʞʥʘ ʚʠʨʽʰʫʚʘʪʠ ʪʽʣʴʢʠ ʯʠʩʝʣʴʥʦ ʚʽʜʥʦʩʥʦ ʢʦʥʮʝʥʪʨʘʮʽʾ ʚʽʣʴʥʠʭ 

ʥʦʩʽʾʚ ʟʘʨʷʜʫ ʘʙʦ ʨʽʚʥʷ ʌʝʨʤʽ. ɼʦʤʽʰʢʠ ʽ ʜʝʬʝʢʪʠ ʤʦʞʫʪʴ ʙʫʪʠ ʦʜʥʦ-, ʜʚʦ- ʘʙʦ 

ʪʨʠʟʘʨʷʜʥʠʤʠ ʜʦʥʦʨʘʤʠ ʘʙʦ ʘʢʮʝʧʪʦʨʘʤʠ ʽ ʥʘʚʽʪʴ ʚʠʷʚʣʷʪʠ ʘʤʬʦʪʝʨʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ. ʊʘʢʠʤ ʯʠʥʦʤ ʥʝʦʙʭʽʜʥʦ ʧʦʙʫʜʫʚʘʪʠ ʙʘʛʘʪʦʨʽʚʥʝʚʫ ʤʦʜʝʣʴ 

ʢʦʤʧʝʥʩʘʮʽʾ ʜʣʷ ʜʦʚʽʣʴʥʦʛʦ ʯʠʩʣʘ ʙʘʛʘʪʦʟʘʨʷʜʥʠʭ ʽ ʘʤʬʦʪʝʨʥʠʭ ʮʝʥʪʨʽʚ 

ʜʦʤʽʰʦʢ ʽ ʜʝʬʝʢʪʽʚ. ʊʘʢʘ ʤʦʜʝʣʴ ʚ ʧʦʻʜʥʘʥʥʽ ʟ ʤʦʜʝʣʷʤʠ ʨʦʟʩʽʶʚʘʥʥʷ ʽ 

ʨʝʢʦʤʙʽʥʘʮʽʾ ʚʽʣʴʥʠʭ ʥʦʩʽʾʚ ʟʘʨʷʜʫ ʧʦʚʠʥʥʘ ʧʨʘʚʠʣʴʥʦ ʦʧʠʩʫʚʘʪʠ ʚʽʜʦʤʽ 

ʚʝʣʠʯʠʥʠ ɟ, ɛ, Ű ʜʣʷ ʧʦʯʘʪʢʦʚʠʭ ʥʝʦʧʨʦʤʽʥʝʥʠʭ, ʥʘʜʯʠʩʪʠʭ ʽ ʣʝʛʦʚʘʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ, ʱʦ ʜʘʣʦ ʙ ʤʦʞʣʠʚʽʩʪʴ ʟ'ʷʩʫʚʘʪʠ ʫʤʦʚʠ ʽ ʧʘʨʘʤʝʪʨʠ ʜʣʷ GaAs, CdTe ʽ 

CdZnTe ʟ ʧʝʚʥʠʤʠ, ʥʘʧʝʨʝʜ ʟʘʜʘʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ, ʥʝʦʙʭʽʜʥʠʤʠ ʜʣʷ 

ʩʪʚʦʨʝʥʥʷ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ ʧʨʠʣʘʜʽʚ, ʪʘʢʠʭ ʷʢ ʜʝʪʝʢʪʦʨʽʚ ʷʜʝʨʥʠʭ 

ʚʠʧʨʦʤʽʥʶʚʘʥʴ.  

ɼʣʷ ʦʜʝʨʞʘʥʥʷ ʧʦʪʨʽʙʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʠʭʽʜʥʠʭ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʩʣʽʜ ʧʨʦʚʝʩʪʠ ʾʭ ʜʦʩʣʽʜʞʝʥʥʷ ʚ ʰʠʨʦʢʦʤʫ ʽʥʪʝʨʚʘʣʽ ʢʦʥʮʝʥʪʨʘʮʽʡ 

ʬʦʥʦʚʠʭ ʜʝʬʝʢʪʽʚ ʽ ʣʝʛʫʶʯʠʭ ʜʦʤʽʰʦʢ. ʇʨʠ ʮʴʦʤʫ ʚʢʨʘʡ ʚʘʞʣʠʚʦ ʚʽʜʧʦʚʽʜʥʽʩʪʴ, 

ʥʘʧʨʠʢʣʘʜ, ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʚʠʤʽʨʷʥʦʛʦ ɟ ʟ ʡʦʛʦ ʦʙʯʠʩʣʝʥʠʤ ʟʥʘʯʝʥʥʷʤ ʜʣʷ 

ʚʽʜʦʤʦʛʦ ʩʢʣʘʜʫ ʽ ʩʪʫʧʝʥʷ ʣʝʛʫʚʘʥʥʷ. ʉʣʽʜ, ʦʜʥʘʢ, ʚʽʜʟʥʘʯʠʪʠ, ʱʦ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚ ʦʙʣʘʩʪʽ ʣʝʛʫʚʘʥʥʷ ʰʠʨʦʢʦʟʦʥʥʠʭ ʩʧʦʣʫʢ II-VI 

ʱʝ ʟ 60-ʭ ʨʦʢʽʚ ʥʘʰʪʦʚʭʫʚʘʣʠʩʷ ʥʘ ʧʝʚʥʽ ʪʨʫʜʥʦʱʽ. ʂʦʥʮʝʥʪʨʘʮʽʾ ʚʽʣʴʥʠʭ ʥʦʩʽʾʚ 

ʟʘʨʷʜʫ ʚ ʨʷʜʽ ʮʠʭ ʩʧʦʣʫʢ ʥʝ ʤʦʞʫʪʴ ʙʫʪʠ ʦʪʨʠʤʘʥʽ ʚʠʱʝ ʜʝʷʢʠʭ ʛʨʘʥʠʯʥʠʭ 

ʟʥʘʯʝʥʴ, ʽʩʪʦʪʥʦ ʤʝʥʰʠʭ, ʥʽʞ ʢʦʥʮʝʥʪʨʘʮʽʷ ʚʥʝʩʝʥʠʭ ʜʦʤʽʰʢʦʚʠʭ ʘʪʦʤʽʚ [57]. 

ɻʨʘʥʠʯʥʽ ʟʥʘʯʝʥʥʷ ʟʘʣʝʞʘʪʴ ʚʽʜ ʢʦʥʢʨʝʪʥʦʛʦ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘ ʽ ʪʠʧʫ ʚʥʝʩʝʥʦʾ 

ʜʦʤʽʰʢʠ. ɯʥʰʠʤʠ ʩʣʦʚʘʤʠ, ʤʘʻ ʤʽʩʮʝ ʪʘʢ ʟʚʘʥʘ ʩʘʤʦʢʦʤʧʝʥʩʘʮʽʷ (ʉʂ), ʷʢʘ 
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ʭʘʨʘʢʪʝʨʠʟʫʻ ʧʨʦʮʝʩʠ, ʱʦ ʧʝʨʝʰʢʦʜʞʘʶʪʴ ʜʦʩʷʛʥʝʥʥʶ ʥʠʟʴʢʦʦʤʥʠʭ ʩʪʘʥʽʚ. 

ʄʽʨʦʶ ʉʂ ʩʣʫʞʠʪʴ ʚʽʜʭʠʣʝʥʥʷ ʚʽʜ 1 ʚʽʜʥʦʰʝʥʥʷ n/Nd ʘʙʦ p/Na, ʜʝ Nd ʽ Na ï 

ʚʽʜʧʦʚʽʜʥʦ ʢʦʥʮʝʥʪʨʘʮʽʾ ʤʽʣʢʠʭ ʜʦʥʦʨʽʚ ʽ ʘʢʮʝʧʪʦʨʽʚ. ɼʣʷ ʨʽʟʥʠʭ ʜʦʤʽʰʦʢ ʚ 

ʩʧʦʣʫʢʘʭ II-VI ʮʝʡ ʧʦʢʘʟʥʠʢ ʩʪʘʥʦʚʠʪʴ 10-2-10-8 ʽ ʚ ʨʽʟʥʠʭ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘʭ ʉʂ 

ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʨʽʟʥʠʤʠ ʤʝʭʘʥʽʟʤʘʤʠ. ɿʛʽʜʥʦ ʟ ʟʘʧʨʦʧʦʥʦʚʘʥʠʤʠ ʤʦʜʝʣʷʤʠ 

ʩʘʤʦʢʦʤʧʝʥʩʘʮʽʷ ʤʦʞʝ ʟʘʙʝʟʧʝʯʫʚʘʪʠʩʷ ʪʘʢʠʤʠ ʦʩʥʦʚʥʠʤʠ ʧʨʦʮʝʩʘʤʠ [57]. 

ʄʝʞʘ ʨʦʟʯʠʥʥʦʩʪʽ ʜʦʤʽʰʦʢ. ʉʘʤʦʢʦʤʧʝʥʩʘʮʽʷ ʚ GaAs ʥʘʡʩʠʣʴʥʽʰʝ 

ʧʨʦʷʚʣʷʻʪʴʩʷ ʧʨʠ ʣʝʛʫʚʘʥʥʽ ʜʦʤʽʰʢʘʤʠ IV ʛʨʫʧʠ ʽ ʧʦʷʩʥʶʻʪʴʩʷ ʘʤʬʦʪʝʨʥʠʤ 

ʭʘʨʘʢʪʝʨʦʤ ʧʦʚʝʜʽʥʢʠ ʮʠʭ ʜʦʤʽʰʦʢ: ʫ ʚʫʟʣʘʭ ʨʝʰʽʪʢʠ A ʚʦʥʠ ʚʠʷʚʣʷʶʪʴʩʷ 

ʜʦʥʦʨʘʤʠ, ʘ ʚ ʨʝʰʽʪʮʽ B - ʘʢʮʝʧʪʦʨʘʤʠ. ɺ [58] ʙʫʣʦ ʧʦʢʘʟʘʥʦ, ʱʦ ʨʽʟʥʠʮʷ ʚ 

ʝʥʪʘʣʴʧʽʷʭ ʨʦʟʯʠʥʝʥʥʷ ʚ ʜʚʦʭ ʧʽʜˇʨʘʪʢʘʭ ʤʽʥʽʤʘʣʴʥʘ ʜʣʷ ʜʦʤʽʰʢʠ ʚʫʛʣʝʮʶ, ʱʦ 

ʦʟʥʘʯʘʻ ʤʽʥʽʤʘʣʴʥʫ ʨʽʟʥʠʮʶ ʚ ʢʦʥʮʝʥʪʨʘʮʽʷʭ ʚʽʣʴʥʠʭ ʝʣʝʢʪʨʦʥʽʚ ʽ ʜʽʨʦʢ, ʱʦ 

ʧʦʩʪʘʚʣʷʶʪʴʩʷ ʜʦ ʚʽʜʧʦʚʽʜʥʠʭ ʟʦʥ ʘʤʬʦʪʝʨʥʦʶ ʜʦʤʽʰʢʦʶ ʉ, ʽ ʚʽʜʧʦʚʽʜʥʦ 

ʤʘʢʩʠʤʘʣʴʥʫ ʢʦʤʧʝʥʩʘʮʽʶ ʧʨʠ ʣʝʛʫʚʘʥʥʽ ʚʫʛʣʝʮʝʤ, ʷʢʠʡ ʟʘʡʤʘʻ ʧʝʨʝʚʘʞʥʦ 

ʤʽʩʮʷ ʚ ʚʫʟʣʘʭ As, ʪʦʙʪʦ ʚʠʩʪʫʧʘʻ ʚ ʷʢʦʩʪʽ ʘʢʮʝʧʪʦʨʘ. ɿ ʽʥʰʦʛʦ ʙʦʢʫ ʚ ʨʦʙʦʪʽ [59] 

ʟʘʟʥʘʯʝʥʦ, ʱʦ ʛʨʘʥʠʯʥʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʚʽʣʴʥʠʭ ʥʦʩʽʾʚ ʟʘʨʷʜʫ ʚ ʘʨʩʝʥʽʜʽ ʛʘʣʽʶ 

ʜʦʩʷʛʘʻ ʜʣʷ ʚʽʣʴʥʠʭ ʝʣʝʢʪʨʦʥʽʚ n = 2.6Ŀ1019 ʩʤ-3 ʧʨʠ ʣʝʛʫʚʘʥʥʽ Te, ʘ ʜʣʷ ʜʽʨʦʢ p = 

1.5Ā1021ʩʤ-3 ʧʨʠ ʣʝʛʫʚʘʥʥʽ ʚʫʛʣʝʮʝʤ. ʊʘʢʠʤ ʯʠʥʦʤ ʧʨʠ ʜʦʩʣʽʜʞʝʥʥʽ GaAs 

ʤʝʪʦʜʦʤ ʤʦʜʝʣʶʚʘʥʥʷ ʤʦʞʥʘ ʟʘʜʘʚʘʪʠ ʚ ʷʢʦʩʪʽ ʚʠʭʽʜʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʰʠʨʦʢʽ 

ʜʽʘʧʘʟʦʥʠ ʟʤʽʥʠ ʢʦʥʮʝʥʪʨʘʮʽʡ ʣʝʛʫʶʯʠʭ ʜʦʤʽʰʦʢ. ʑʦ ʩʪʦʩʫʻʪʴʩʷ ʩʧʦʣʫʢ II-VI, 

ʟʦʢʨʝʤʘ CdTe, ʪʦ ʚ [60] ʙʫʣʦ ʧʦʢʘʟʘʥʦ, ʱʦ ʨʦʟʯʠʥʥʽʩʪʴ ʜʦʤʽʰʦʢ ʤʦʞʝ ʟʘʣʝʞʘʪʠ 

ʚʽʜ ʨʽʚʥʷ ʌʝʨʤʽ, ʪʦʙʪʦ ʚʽʜ ʨʽʚʥʷ ʣʝʛʫʚʘʥʥʷ, ʽ ʰʠʨʠʥʠ ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ; ʚ ʪʽʡ ʞʝ 

ʨʦʙʦʪʽ ʙʫʣʦ ʦʪʨʠʤʘʥʦ ʚʠʨʘʟ ʜʣʷ ʨʽʚʥʦʚʘʞʥʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ ND ʝʣʝʢʪʨʠʯʥʦ 

ʘʢʪʠʚʥʦʾ ʜʦʤʽʰʢʠ: 

( )
02

lnln
4

3
ln2

kT

E
NN

m

m
N G

ci

e

h
D -+öö

÷

õ
ææ
ç

å
º ,    (1.1) 

ʜʝ me ʽ mh ï ʝʬʝʢʪʠʚʥʽ ʤʘʩʠ ʝʣʝʢʪʨʦʥʽʚ ʽ ʜʽʨʦʢ, Ni ï ʢʦʥʮʝʥʪʨʘʮʽʷ ʜʦʤʽʰʦʢ ʚ 

ʨʦʟʧʣʘʚʽ, Nc ï ʝʬʝʢʪʠʚʥʘ ʛʫʩʪʠʥʘ ʩʪʘʥʽʚ ʚ ʟʦʥʽ ʧʨʦʚʽʜʥʦʩʪʽ, T0 ï ʪʝʤʧʝʨʘʪʫʨʘ 

çʟʘʤʦʨʦʞʫʚʘʥʥʷè ʜʦʤʽʰʦʢ, ʧʨʠ ʷʢʽʡ ʜʠʬʫʟʽʷ ʜʦʤʽʰʦʢ ʬʘʢʪʠʯʥʦ ʧʨʠʧʠʥʷʻʪʴʩʷ, 

EG - ʰʠʨʠʥʘ ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ, k - ʧʦʩʪʽʡʥʘ ɹʦʣʴʮʤʘʥʘ. ɹʫʣʠ ʧʨʦʚʝʜʝʥʽ 
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ʨʦʟʨʘʭʫʥʢʠ ʧʦ ʬʦʨʤʫʣʽ (1.1) ʛʨʘʥʠʯʥʦʾ ʨʦʟʯʠʥʥʦʩʪʽ ʤʽʣʢʠʭ ʜʦʤʽʰʦʢ ʚ CdTe ʜʣʷ 

Ni = 4Ā10
20ʩʤ-3, T0 = 1000 K ʽ ʦʪʨʠʤʘʥʦ, ʱʦ ʧʨʠ ʢʽʤʥʘʪʥʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ (300 K) 

ʚʝʣʠʯʠʥʘ ND å 4Ā1017ʩʤ-3, ʱʦ ʮʽʣʢʦʤ ʜʦʩʠʪʴ ʧʨʠ ʤʦʜʝʣʶʚʘʥʥʽ ʜʣʷ ʛʘʨʘʥʪʦʚʘʥʦʛʦ 

ʧʝʨʝʢʨʠʪʪʷ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʥʘʧʽʚʽʟʦʣʶʶʯʦʾ ʦʙʣʘʩʪʽ ʥʠʟʴʢʦʦʤʥʠʤʠ ʦʙʣʘʩʪʷʤʠ ʟ p- 

ʪʘ n-ʧʨʦʚʽʜʥʦʩʪʷʤʠ.  

ɻʝʥʝʨʘʮʽʷ ʚʣʘʩʥʠʭ ʜʝʬʝʢʪʽʚ ʨʝʰʽʪʢʠ. ʋ ʤʦʜʝʣʽ ʮʴʦʛʦ ʧʨʦʮʝʩʫ 

ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ, ʱʦ ʚʥʝʩʝʥʥʷ ʚ ʢʨʠʩʪʘʣ ʜʦʥʦʨʥʠʭ ʜʦʤʽʰʦʢ ʽʥʜʫʢʫʻ ʧʝʨʝʭʽʜ 

ʜʝʷʢʦʾ ʢʽʣʴʢʦʩʪʽ ʘʪʦʤʽʚ ʤʝʪʘʣʫ ʟ ʢʨʠʩʪʘʣʘ ʚ ʛʘʟʦʚʫ ʬʘʟʫ ʽ ʩʪʚʦʨʝʥʥʷ ʧʽʜʚʠʱʝʥʦʾ ʚ 

ʧʦʨʽʚʥʷʥʥʽ ʟ ʨʽʚʥʦʚʘʞʥʦʶ ʢʦʥʮʝʥʪʨʘʮʽʾ ʚʘʢʘʥʩʽʡ ʤʝʪʘʣʫ. ɺ CdTe ʪʘʢʠʤʠ 

ʚʘʢʘʥʩʽʷʤʠ ʻ ʜʚʦʢʨʘʪʥʦ ʟʘʨʷʜʞʝʥʠʡ ʘʢʮʝʧʪʦʨ ʚʘʢʘʥʩʽʡ ʢʘʜʤʽʶ +2

CdV  ʟ ʝʥʝʨʛʽʻʶ 

ʙʣʠʟʴʢʦ 0,45-0,47 ʝɺ, ʘ ʣʝʛʫʶʯʠʤ ʜʦʥʦʨʦʤ - ʘʪʦʤʠ Cl, Al, In. ʄʽʣʢʽ ʘʢʮʝʧʪʦʨʥʽ 

ʜʦʤʽʰʢʠ ʢʦʤʧʝʥʩʫʶʪʴʩʷ ʩʪʚʦʨʝʥʥʷʤ ʚʣʘʩʥʠʭ ʜʦʥʦʨʥʠʭ ʜʝʬʝʢʪʽʚ - ʚʘʢʘʥʩʽʡ 

ʭʘʣʴʢʦʛʝʥʜ̔ʘ (Te) ʘʙʦ ʤʽʞʚʫʟʣʦʚʠʭ ʘʪʦʤʽʚ ʤʝʪʘʣʫ (Cd). ɽʥʝʨʛʝʪʠʯʥʠʡ ʚʠʛʨʘʰ ʚʽʜ 

ʉʂ ʟʘ ʮʠʤ ʤʝʭʘʥʽʟʤʦʤ ʩʪʘʥʦʚʠʪʴ ʙʣʠʟʴʢʦ 2EG, ʘ ʝʥʝʨʛʽʷ, ʥʝʦʙʭʽʜʥʘ ʜʣʷ 

ʩʪʚʦʨʝʥʥʷ ʚʘʢʘʥʩʽʾ, ʧʨʠʙʣʠʟʥʦ ʜʦʨʽʚʥʶʻ 4ĀEb [57], ʜʝ Eb - ʝʥʝʨʛʽʷ ʟʚ'ʷʟʢʫ ʤʽʞ 

ʘʪʦʤʘʤʠ ʨʝʰʽʪʢʠ. ʆʪʞʝ ʫʪʚʦʨʝʥʥʷ ʚʘʢʘʥʩʽʡ ʙʫʜʝ ʝʥʝʨʛʝʪʠʯʥʦ ʚʠʛʽʜʥʠʤ, ʷʢʱʦ ʚ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʫ EG > 2Eb ʘʙʦ 2>
b

G

E
E . ɼʣʷ GaAs 3.0º

b

G

E
E , ʘ ʜʣʷ CdTe 1º

b

G

E
E . 

ʎʽ ʧʨʦʩʪʽ ʦʮʽʥʢʠ ʜʦʟʚʦʣʷʶʪʴ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ ʧʨʦ ʪʝ, ʱʦ ʷʚʠʱʝ ʉʂ, ʷʢʝ 

ʨʝʘʣʽʟʫʻʪʴʩʷ ʯʝʨʝʟ ʛʝʥʝʨʘʮʽʶ ʚʣʘʩʥʠʭ ʜʝʬʝʢʪʽʚ ʨʝʰʽʪʢʠ, ʥʝ ʟʘʚʘʞʘʻ 

ʜʦʩʣʽʜʞʫʚʘʪʠ ʝʣʝʢʪʨʦʬʽʟʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ GaAs, CdTe ʽ CdZnTe ʚ ʰʠʨʦʢʦʤʫ 

ʽʥʪʝʨʚʘʣʽ ʢʦʥʮʝʥʪʨʘʮʽʡ ʜʦʤʽʰʦʢ, ʰʣʷʭʦʤ ʾʭ ʟʘʜʘʥʥʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʷʢ ʚʭʽʜʥʽ 

ʧʘʨʘʤʝʪʨʠ. ɺʽʜʟʥʘʯʠʤʦ, ʱʦ ʜʣʷ ʨʦʟʨʘʭʫʥʢʽʚ ʝʥʝʨʛʽʡ ʬʦʨʤʫʚʘʥʥʷ ʪʘ 

ʢʦʥʮʝʥʪʨʘʮʽʡ ʚʣʘʩʥʠʭ ʜʝʬʝʢʪʽʚ ʚ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʤʘʪʝʨʽʘʣʘʭ ʟʘʟʚʠʯʘʡ 

ʟʘʣʫʯʘʶʪʴʩʷ ʩʫʯʘʩʥʽ, ʘʣʝ ʚʝʣʴʤʠ ʩʢʣʘʜʥʽ ʢʦʤʧ'ʶʪʝʨʥʽ ʤʝʪʦʜʠʢʠ, ʥʘʧʨʠʢʣʘʜ, ʚ 

ʥʘʙʣʠʞʝʥʥʽ ʧʩʝʚʜʦʧʦʪʝʥʮʽʘʣʫ [61] ʘʙʦ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʭʝʤʠ ʟʤʽʰʘʥʦʛʦ ʙʘʟʠʩʫ 

[62]. 

ʂʦʤʧʝʥʩʘʮʽʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʦʤʧʣʝʢʩʽʚ ʜʦʤʽʰʢʘ-ʜʝʬʝʢʪ. ʈʦʟʨʘʭʫʥʦʢ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʜʝʬʝʢʪʽʚ ʚ ʣʝʛʦʚʘʥʠʭ ʢʨʠʩʪʘʣʘʭ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʫʪʚʦʨʝʥʥʷ 

ʢʦʤʧʣʝʢʩʽʚ ʫ ʧʨʦʮʝʩʽ ʩʘʤʦʢʦʤʧʝʥʩʘʮʽʾ ʧʨʦʚʦʜʠʚʩʷ ʚ ʨʦʙʦʪʽ [63]. ɹʽʣʴʰ ʜʝʪʘʣʴʥʦ 
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ʮʝʡ ʧʨʦʮʝʩ ʨʦʟʛʣʷʥʫʪʦ ʚ ʦʙʟʦʨʽ [64]. ɼʣʷ ʨʦʟʨʘʭʫʥʢʫ ʢʦʥʮʝʥʪʨʘʮʽʡ ʜʝʬʝʢʪʽʚ 

ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʾʭ ʢʫʣʦʥʽʚʩʴʢʫ ʽ ʧʨʫʞʥʫ ʚʟʘʻʤʦʜʽʶ, ʱʦ ʚʠʥʠʢʘʻ ʯʝʨʝʟ 

ʜʝʬʦʨʤʘʮʽʾ ʨʝʰʽʪʢʠ, ʘ ʪʘʢʦʞ ʢʦʚʘʣʝʥʪʥʫ ʚʟʘʻʤʦʜʽʶ, ʱʦ ʧʨʠʚʦʜʠʪʴ ʜʦ ʫʪʚʦʨʝʥʥʷ 

ʢʦʤʧʣʝʢʩʽʚ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʪʠʧʫ. ɺʥʘʩʣʽʜʦʢ ʚʝʣʠʢʦʛʦ ʨʘʜʽʫʩʫ ʟʘʭʚʘʪʫ ʢʫʣʦʥʽʚʩʴʢʘ 

ʚʟʘʻʤʦʜʽʷ ʛʨʘʻ ʧʝʨʝʚʘʞʥʫ ʨʦʣʴ ʚ ʧʨʦʮʝʩʘʭ ʢʦʤʧʣʝʢʩʦʫʪʚʦʨʝʥʥʷ, ʦʜʥʘʢ ʧʨʫʞʥʘ 

(ʜʝʬʦʨʤʘʮʽʡʥʘ) ʚʟʘʻʤʦʜʽʷ ʤʘʻ ʧʦʨʽʚʥʷʥʥʫ ʚʝʣʠʯʠʥʫ ʽ ʪʘʢʦʞ ʻ ʚʘʞʣʠʚʦʶ ʚ 

ʩʧʦʣʫʢʘʭ III-V ʽ II-VI [52, 65, 66]. ʈʦʟʨʘʭʫʥʦʢ ʨʽʚʥʦʚʘʞʥʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʢʦʤʧʣʝʢʩʽʚ ʚ ʩʧʦʣʫʢʘʭ II-VI ʤʦʞʥʘ ʧʨʦʚʦʜʠʪʠ ʟʘ ʟʘʢʦʥʦʤ ʜʽʶʯʠʭ ʤʘʩ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʟʤʽʥʠ ʝʥʪʘʣʴʧʽʾ ʽ ʝʥʪʨʦʧʽʾ ʩʠʩʪʝʤʠ ʧʨʠ ʫʪʚʦʨʝʥʥʽ ʢʦʤʧʣʝʢʩʫ [67], 

ʧʨʠʯʦʤʫ ʚ ʟʤʽʥʽ ʝʥʪʘʣʴʧʽʾ ʚʨʘʭʦʚʫʻʪʴʩʷ ʪʽʣʴʢʠ ʢʫʣʦʥʽʚʩʴʢʘ ʚʟʘʻʤʦʜʽʷ. 

ʈʦʟʨʘʭʫʥʦʢ ʰʚʠʜʢʦʩʪʽ ʫʪʚʦʨʝʥʥʷ ʢʦʤʧʣʝʢʩʽʚ ʧʦʚʠʥʝʥ ʪʘʢʦʞ ʚʨʘʭʦʚʫʚʘʪʠ ʚʧʣʠʚ 

ʜʝʬʦʨʤʘʮʽʾ ʥʘ ʝʣʝʢʪʨʦʩʪʘʪʠʯʥʫ ʚʟʘʻʤʦʜʽʶ [66, 68] ʤʽʞ ʪʦʯʢʦʚʠʤʠ ʜʝʬʝʢʪʘʤʠ. 

ʇʦʣʦʞʝʥʥʷ ʨʽʚʥʽʚ ʝʥʝʨʛʽʡ ʢʦʤʧʣʝʢʩʽʚ ʤʦʞʥʘ ʦʮʽʥʠʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʥʘʙʣʠʞʝʥʥʷ 

ʜʦʩʠʪʴ ʤʽʣʢʠʭ ʨʽʚʥʽʚ, ʷʢʽ ʤʦʞʫʪʴ ʦʧʠʩʫʚʘʪʠʩʷ ʭʚʠʣʴʦʚʠʤʠ ʬʫʥʢʮʽʷʤʠ 

ʚʽʜʧʦʚʽʜʥʠʭ ʟʦʥ (ʧʨʦʚʽʜʥʦʩʪʽ ʘʙʦ ʚʘʣʝʥʪʥʦʾ). ʉʪʦʩʦʚʥʦ ʜʦ CdTe ʮʷ ʤʦʜʝʣʴ 

ʚʢʣʶʯʘʻ ʢʦʤʧʣʝʢʩ ʜʚʦʨʘʟʦʚʦ ʟʘʨʷʜʞʝʥʦʾ ʚʘʢʘʥʩʽʾ ʢʘʜʤʽʶ VCd ʟ Cl ʘʙʦ In, Al, Br - 

ʭʽʤʽʯʥʘ ʧʨʠʨʦʜʘ ʜʦʥʦʨʥʦʾ ʜʦʤʽʰʢʠ ʩʣʘʙʦ ʚʧʣʠʚʘʻ ʥʘ ʩʪʘʥ ʨʽʚʥʷ. ʈʦʟʨʘʭʫʥʦʢ 

ʧʦʣʦʞʝʥʥʷ ʝʥʝʨʛʽʾ ʢʦʤʧʣʝʢʩʫ VCd-Cl, ʘ ʪʘʢʦʞ VCd-In, VCd-Al ʟʘ ʮʽʻʶ ʤʦʜʝʣʣʶ [69] 

ʜʘʻ 0,03 ʝɺ, ʱʦ ʜʦʙʨʝ ʫʟʛʦʜʞʫʻʪʴʩʷ ʟ ʜʘʥʠʤʠ ʝʢʩʧʝʨʠʤʝʥʪʫ [70]. ʄʦʜʝʣʴ ʟʛʦʜʦʤ 

ʦʪʨʠʤʘʣʘ ʯʠʩʣʝʥʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʧʽʜʪʚʝʨʜʞʝʥʥʷ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ɽʇʈ ʽ ʤʘʛʥʽʪʥʦʛʦ ʨʝʟʦʥʘʥʩʫ, ʱʦ ʦʧʪʠʯʥʦ ʜʝʪʝʢʪʫʻʪʴʩʷ [71]. 

ʋʪʚʦʨʝʥʥʷ ʢʦʤʧʣʝʢʩʽʚ ʜʦʤʽʰʢʘ-ʜʝʬʝʢʪ ʩʣʽʜ ʚʨʘʭʦʚʫʚʘʪʠ ʧʨʠ ʣʝʛʫʚʘʥʥʽ ʽ ʚ 

ʧʨʦʮʝʩʽ ʜʝʛʨʘʜʘʮʽʾ ʧʨʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ʜʝʪʝʢʪʦʨʽʚ ʧʽʜ ʦʧʨʦʤʽʥʝʥʥʷʤ. 

ʈʝʣʘʢʩʘʮʽʷ ʨʝʰʽʪʢʠ ʧʦʙʣʠʟʫ ʘʪʦʤʘ ʜʦʤʽʰʢʠ. ɺʙʫʜʦʚʫʚʘʥʥʷ ʘʪʦʤʽʚ 

ʜʦʤʽʰʢʠ ʚ ʛʨʘʪʢʫ ʚʠʢʣʠʢʘʻ ʨʝʣʘʢʩʘʮʽʶ ʦʪʦʯʫʶʯʠʭ ʘʪʦʤʽʚ ʚʥʘʩʣʽʜʦʢ ʨʽʟʥʦʛʦ 

ʨʦʟʤʽʨʫ ʧʨʦʥʠʢʣʠʭ ʯʫʞʦʨʽʜʥʠʭ ʮʝʥʪʨʽʚ ʽ ʘʪʦʤʽʚ ʤʘʪʨʠʮʽ, ʱʦ, ʚ ʩʚʦʶ ʯʝʨʛʫ, 

ʚʧʣʠʚʘʻ ʥʘ ʩʫʤʘʨʥʫ ʝʥʝʨʛʽʶ ʢʨʠʩʪʘʣʘ. ʗʢʱʦ ʨʝʣʘʢʩʘʮʽʷ ʩʠʣʴʥʘ, ʪʦ ʟʚ'ʷʟʦʢ ʚ 

ʙʝʟʧʦʩʝʨʝʜʥʽʡ ʙʣʠʟʴʢʦʩʪʽ ʚʽʜ ʧʨʦʥʠʢʣʦʛʦ ʘʪʦʤʘ ʤʦʞʝ ʙʫʪʠ ʨʦʟʽʨʚʘʥʠʡ, ʱʦ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʬʦʨʤʫʚʘʥʥʷ ʟʘʨʷʜʞʝʥʦʛʦ ʢʦʤʧʝʥʩʫʶʯʦʛʦ ʜʝʬʝʢʪʥʦʛʦ ʮʝʥʪʨʫ [72]. 

ʇʦʤʽʯʝʥʘ ʪʘʢʦʞ ʪʝʨʤʽʯʥʘ ʥʝʩʪʘʙʽʣʴʥʽʩʪʴ ʣʝʛʦʚʘʥʠʭ ʩʧʦʣʫʢ II-VI ʪʘ ʟʤʽʥʘ 
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ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʽʩʣʷ ʪʨʠʚʘʣʦʛʦ ʟʙʝʨʽʛʘʥʥʷ [73] ʚʥʘʩʣʽʜʦʢ ʯʦʛʦ ʟʙʽʣʴʰʫʻʪʴʩʷ ʦʧʽʨ. 

ʊʘʢʽ ʧʨʦʮʝʩʠ çʩʪʘʨʽʥʥʷè ï ʮʝ ʧʨʦʷʚ ʥʠʟʴʢʦʪʝʤʧʝʨʘʪʫʨʥʦʾ ʩʘʤʦʢʦʤʧʝʥʩʘʮʠʠ, ʷʢʘ 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʩʘʤʦʶ ʜʦʤʽʰʢʦʶ ʽ ʧʦʚ'ʷʟʘʥʘ ʟʽ ʟʤʽʥʦʶ ʧʦʣʦʞʝʥʥʷ ʚ ʨʝʰʽʪʮʽ ʘʪʦʤʘ 

ʜʦʤʽʰʢʠ ʘʙʦ ʩʫʩʽʜʥʴʦʛʦ ʟ ʥʠʤ ʘʪʦʤʘ ʨʝʰʽʪʢʠ. ʊʝʦʨʝʪʠʯʥʘ ʤʦʜʝʣʴ ʪʘʢʦʾ 

ʩʪʨʫʢʪʫʨʥʦʾ ʨʝʣʘʢʩʘʮʽʾ ʙʫʣʘ ʨʦʟʨʦʙʣʝʥʘ ʩʧʦʯʘʪʢʫ ʜʣʷ ʩʧʦʣʫʢ III-V (GaAs) [74], ʘ 

ʧʦʪʽʤ ʜʣʷ ʩʧʦʣʫʢ II-VI [75, 76]. ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʥʘʧʽʚʽʟʦʣʶʶʯʦʛʦ ʩʪʘʥʫ CdTe ʽ 

CdZnTe ʣʝʛʫʶʪʴ ʜʦʥʦʨʥʠʤʠ ʜʦʤʽʰʢʘʤʠ, ʪʦʤʫ ʨʦʟʛʣʷʥʝʤʦ ʩʘʤʝ ʮʶ ʤʦʜʝʣʴ. ɺ [72] 

ʙʫʣʦ ʧʦʢʘʟʘʥʦ, ʱʦ ʜʦʥʦʨʠ ʚ CdTe ʬʦʨʤʫʶʪʴ ʤʽʣʢʽ ʪʘ ʩʪʘʙʽʣʴʥʽ ʛʣʠʙʦʢʽ ʮʝʥʪʨʠ, 

ʘʥʘʣʦʛʽʯʥʽ DX-ʮʝʥʪʨʘʤ ʚ GaAlAs. ʌʦʨʤʫʚʘʥʥʷ DX-ʮʝʥʪʨʽʚ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʛʽʜʥʦ 

ʨʝʘʢʮʽʾ: 2d0Ÿ DXï + d+, ʜʝ d - ʜʦʤʽʰʢʘ ʟʘʤʽʱʝʥʥʷ, DX - ʛʣʠʙʦʢʠʡ ʮʝʥʪʨ, 

ʩʬʦʨʤʦʚʘʥʠʡ ʨʦʟʨʠʚʦʤ ʟʚ'ʷʟʢʫ ʽ ʟʤʽʱʝʥʥʷʤ ʜʦʥʦʨʥʦʾ ʜʦʤʽʰʢʠ ʚ ʥʘʧʨʷʤʢʫ 

<111> (ʜʠʚ ʨʠʩ.1.1).  

 

ʈʠʩ. 1.1. ʉʭʝʤʘʪʠʯʥʘ ʘʪʦʤʥʘ ʢʦʥʬʽʛʫʨʘʮʽʷ ʜʦʥʦʨʽʚ ʫ ʧʣʦʱʠʥʽ (110) ʘ) 

ʤʽʣʢʠʡ ʜʦʥʦʨ ï ʜʦʤʽʰʢʘ ʟʘʤʽʱʝʥʥʷ, b) ʛʝʦʤʝʪʨʽʷ ʚʝʣʠʢʦʾ ʨʝʣʘʢʩʘʮʽʾ ʨʝʰʽʪʢʠ 

ʜʣʷ ʜʦʥʦʨʘ III ʛʨʫʧʠ (In) ʩ) DX1 d) DX2 e) DX3 - ʩʪʨʫʢʪʫʨʠ ʚʝʣʠʢʦʾ ʨʝʣʘʢʩʘʮʽʾ 

ʨʝʰʽʪʢʠ ʜʣʷ ʜʦʥʦʨʘ VII ʛʨʫʧʠ (Cl ) [72]. 

 

ʇʝʨʝʭʽʜ ʜʦʤʽʰʢʠ ʟ ʚʫʟʣʘ ʚ ʤʽʞʚʫʟʣʷ. ʋ ʧʦʧʝʨʝʜʥʴʦʤʫ ʚʠʧʘʜʢʫ ʥʝ 

ʨʦʟʛʣʷʜʘʣʘʩʷ ʤʦʞʣʠʚʽʩʪʴ ʫʪʚʦʨʝʥʥʷ ʩʪʘʙʽʣʴʥʠʭ ʤʽʞʚʫʟʝʣʴʥʠʭ ʩʪʘʥʽʚ ʜʦʤʽʰʢʠ ʟ 
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ʤʘʣʠʤ ʢʦʚʘʣʝʥʪʥʠʤ ʨʘʜʽʫʩʦʤ ʷʢ, ʥʘʧʨʠʢʣʘʜ, Li, ʚʚʝʜʝʥʠʡ ʚ CdTe. ɺ ʨʦʙʦʪʽ [77] 

ʙʫʣʦ ʧʦʢʘʟʘʥʦ, ʱʦ ʧʽʩʣʷ ʪʨʠʚʘʣʦʛʦ ʚʠʪʨʠʤʫʚʘʥʥʷ ʣʝʛʦʚʘʥʦʛʦ ʥʠʟʴʢʦʦʤʥʦʛʦ 

ʤʘʪʝʨʽʘʣʫ CdTe:Li ʧʨʠ 300-500 ʂ ʡʦʛʦ ʦʧʽʨ ʟʨʦʩʪʘʚ ʥʘ 3-4 ʧʦʨʷʜʢʠ, 

ʩʧʦʩʪʝʨʽʛʘʣʦʩʷ ʟʥʘʯʥʝ ʟʙʽʣʴʰʝʥʥʷ ʦʧʪʠʯʥʦʛʦ ʧʦʛʣʠʥʘʥʥʷ, ʧʦʚ'ʷʟʘʥʝ ʟ ʽʦʥʽʟʘʮʽʻʶ 

ʜʝʬʝʢʪʫ -

CdV . ɹʫʚ ʟʨʦʙʣʝʥʠʡ ʚʠʩʥʦʚʦʢ, ʱʦ ʚ ʧʨʦʮʝʩʽ ʩʪʘʨʽʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʧʝʨʝʭʽʜ ʘʪʦʤʽʚ Li ʟ ʚʫʟʣʽʚ ʫ ʤʽʞʚʫʟʣʷ. ʋʪʚʦʨʝʥʽ ʚʘʢʘʥʩʽʾ -

CdV  ʧʦʚʥʽʩʪʶ 

ʢʦʤʧʝʥʩʫʶʪʴʩʷ ʤʽʞʚʫʟʝʣʴʥʠʤʠ ʘʪʦʤʘʤʠ +

ILi , ʪʦʤʫ ʨʽʚʝʥʴ ʌʝʨʤʽ ʨʦʟʪʘʰʦʚʫʚʘʚʩʷ 

ʤʽʞ ʨʽʚʥʷʤʠ ʦʜʥʦʨʘʟʦʚʦ -

CdV  ʽ ʜʚʦʨʘʟʦʚʦ -2

CdV  ʽʦʥʽʟʦʚʘʥʠʤʠ ʚʘʢʘʥʩʽʷʤʠ ʢʘʜʤʽʶ.  

ʇʨʠ ʣʝʛʫʚʘʥʥʽ ʤʽʣʢʠʤʠ ʜʦʥʦʨʘʤʠ ʚ ʫʤʦʚʘʭ, ʱʦ ʧʝʨʝʰʢʦʜʞʘʶʪʴ 

ʫʪʚʦʨʝʥʥʶ ʚʣʘʩʥʠʭ ʜʝʬʝʢʪʽʚ ʚ ʙʽʣʴʰʦʩʪʽ ʩʧʦʣʫʢ II-VI, ʚ ʪʦʤʫ ʯʠʩʣʽ ʚ CdTe 

(CdZnTe), ʚʜʘʣʦʩʷ ʜʦʩʷʛʪʠ ʭʦʨʦʰʦʾ ʝʣʝʢʪʨʦʥʥʦʾ ʧʨʦʚʽʜʥʦʩʪʽ, ʦʜʥʘʢ ʧʨʠ 

ʜʦʢʣʘʜʥʦʤʫ ʜʦʩʣʽʜʞʝʥʥʽ ʟ'ʷʩʫʚʘʣʦʩʷ, ʱʦ ʤʘʻ ʤʽʩʮʝ ʯʘʩʪʢʦʚʘ ʢʦʤʧʝʥʩʘʮʽʷ [57]. ʋ 

ʢʨʠʩʪʘʣʘʭ CdTe, ʣʝʛʦʚʘʥʠʭ Cl ʜʦ n = (1-5)Ā1017ʩʤ-3 ʚ ʫʤʦʚʘʭ, ʱʦ ʧʝʨʝʰʢʦʜʞʘʶʪʴ 

ʫʪʚʦʨʝʥʥʶ ʢʦʤʧʝʥʩʫʶʯʠʭ ʜʝʬʝʢʪʽʚ CdV  (ʟʨʘʟʢʠ ʚʽʜʧʘʣʶʚʘʣʠ ʚ ʧʘʨʘʭ Cd), 

ʩʧʦʩʪʝʨʽʛʘʣʘʩʷ ʟʘʣʠʰʢʦʚʘ ʜʦʚʛʦʪʨʠʚʘʣʘ ʨʝʣʘʢʩʘʮʽʷ ʬʦʪʦʧʨʦʚʽʜʥʦʩʪʽ [78]. ɿʤʽʥʠ 

ʚ ʩʧʝʢʪʨʘʭ ʜʦʤʽʰʢʦʚʦʛʦ ʧʦʛʣʠʥʘʥʥʷ ʧʽʩʣʷ ʬʦʪʦʟʙʫʜʞʝʥʥʷ ʧʦʷʩʥʶʚʘʣʠʩʷ 

ʤʦʜʝʣʣʶ ʛʣʠʙʦʢʦʛʦ ʮʝʥʪʨʫ, ʱʦ ʚʠʥʠʢʘʻ ʧʨʠ ʣʝʛʫʚʘʥʥʽ Cl ʽ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ 

ʚʘʢʘʥʩʽʶ Te (VTe) ʽ ClTe. ɿ ʜʘʥʠʭ ʧʦ ʚʠʤʽʨʶʚʘʥʥʶ ʝʬʝʢʪʫ ʍʦʣʣʘ ʙʫʣʘ ʚʠʟʥʘʯʝʥʘ 

ʪʝʨʤʽʯʥʘ ʝʥʝʨʛʽʷ ʽʦʥʽʟʘʮʽʾ ET ʢʦʤʧʝʥʩʫʶʯʦʛʦ ʘʢʮʝʧʪʦʨʥʦʛʦ ʜʝʬʝʢʪʫ VTe-ClTe, ʱʦ 

ʜʦʨʽʚʥʶʻ 0.1 ʝɺ ʚʽʜʥʦʩʥʦ ʟʦʥʠ ʧʨʦʚʽʜʥʦʩʪʽ. ʄʦʞʣʠʚʘ ʧʨʠʨʦʜʘ ʜʝʬʝʢʪʫ - ʘʥʘʣʦʛ 

DX-ʮʝʥʪʨʫ, ʧʨʠʯʦʤʫ ʘʢʮʝʧʪʦʨʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʮʴʦʛʦ ʜʝʬʝʢʪʫ ʚʠʭʦʜʷʪʴ, ʷʢʱʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʢʦʚʘʣʝʥʪʥʫ ʩʭʝʤʫ ʟʽ ʟʚ'ʷʟʢʽʚ; ʧʨʠ ʮʴʦʤʫ ʩʪʘʥ VTe ʚʠʥʠʢʘʻ ʟʽ 

ʩʪʘʥʽʚ ʚʘʣʝʥʪʥʦʾ ʟʦʥʠ, ʘʣʝ ʾʾ ʨʽʚʝʥʴ ʜʫʞʝ ʛʣʠʙʦʢʠʡ ʽ ʟʥʘʭʦʜʠʪʴʩʷ ʧʦʙʣʠʟʫ ʟʦʥʠ 

ʧʨʦʚʽʜʥʦʩʪʽ. ɺʧʣʠʚ ʙʣʠʟʴʢʦ ʨʦʟʪʘʰʦʚʘʥʦʾ ʜʦʥʦʨʥʦʾ ʜʦʤʽʰʢʠ ʥʘ ʩʪʘʥ VTe ʜʫʞʝ 

ʩʣʘʙʢʠʡ ʯʝʨʝʟ ʩʠʣʴʥʫ ʣʦʢʘʣʽʟʘʮʽʶ VTe. 

ʊʘʢʠʤ ʯʠʥʦʤ, CdTe ʽ CdZnTe ʤʦʞʥʘ ʣʝʛʫʚʘʪʠ ʜʦʥʦʨʥʠʤʠ ʽ ʘʢʮʝʧʪʦʨʥʠʤʠ 

ʜʦʤʽʰʢʘʤʠ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʥʠʟʴʢʦʦʤʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. ɿ ʽʥʰʦʛʦ ʙʦʢʫ, ʧʨʦʮʝʩʠ 

ʩʘʤʦʢʦʤʧʝʥʩʘʮʽʾ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʩʪʘʙʽʣʴʥʠʭ 

ʥʘʧʽʚʽʟʦʣʶʶʯʠʭ ʢʨʠʩʪʘʣʽʚ ʪʝʣʫʨʠʜʫ ʢʘʜʤʽʶ, ʚ ʷʢʠʭ ʧʦʣʦʞʝʥʥʷ ʨʽʚʥʷ ʌʝʨʤʽ 
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ʟʘʢʨʽʧʣʶʻʪʴʩʷ ʧʦʙʣʠʟʫ ʩʝʨʝʜʠʥʠ ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ ʽ ʩʣʘʙʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʠʧʫ ʽ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʬʦʥʦʚʠʭ (ʚʠʧʘʜʢʦʚʠʭ) ʜʦʤʽʰʦʢ. ʂʨʠʩʪʘʣʠ ʪʘʢʦʛʦ ʪʠʧʫ, ʥʘʧʨʠʢʣʘʜ, 

CdTe:Cl ʦʪʨʠʤʫʶʪʴ ʣʝʛʫʚʘʥʥʷʤ ʟ ʨʦʟʧʣʘʚʫ ʟ ʚʝʣʠʢʦʶ ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʤʽʣʢʠʭ 

ʜʦʥʦʨʽʚ ʽ ʪʨʠʚʘʣʦʤʫ ʦʭʦʣʦʜʞʝʥʥʽ [79], ʚ ʭʦʜʽ ʷʢʦʛʦ ʥʘ ʨʽʟʥʠʭ ʩʪʘʜʽʷʭ 

ʫʪʚʦʨʶʶʪʴʩʷ ʨʽʟʥʽ ʢʦʤʧʝʥʩʫʶʯʽ ʜʝʬʝʢʪʠ. ʎʝ ʚʘʢʘʥʩʽʾ ʢʘʜʤʽʶ -2

CdV , ʱʦ ʚʠʥʠʢʘʶʪʴ 

ʧʨʠ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʢʦʤʧʣʝʢʩʠ (VCdïCl)ï ʽ (VCdï2Cl)0, ʱʦ ʚʠʥʠʢʘʶʪʴ ʧʨʠ 

ʧʨʦʤʽʞʥʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʥʘʨʝʰʪʽ, ʢʦʤʧʣʝʢʩʠ (VCd-Cl)ï+ 0

ICd , ʱʦ ʫʪʚʦʨʶʶʪʴʩʷ 

ʧʨʠ ʙʽʣʴʰ ʥʠʟʴʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚʽʜʧʘʣʫ ʚʥʘʩʣʽʜʦʢ ʨʝʣʘʢʩʘʮʽʾ ʘʪʦʤʘ ʨʝʰʽʪʢʠ 

ʧʦʙʣʠʟʫ ʘʪʦʤʘ Cl ʽ ʧʝʨʝʭʦʜʫ ʩʫʩʽʜʥʴʦʛʦ ʘʪʦʤʘ Cd ʚ ʤʽʞʚʫʟʣʷ [57, 77]. ɿ ʧʦʟʠʮʽʡ 

ʤʦʜʝʣʶʚʘʥʥʷ, ʮʝ ʦʟʥʘʯʘʻ ʤʦʞʣʠʚʽʩʪʴ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʭʽʜʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʚ ʩʘʤʦʤʫ 

ʰʠʨʦʢʦʤʫ ʽʥʪʝʨʚʘʣʽ ʢʦʥʮʝʥʪʨʘʮʽʡ ʜʦʤʽʰʦʢ ʽ ʜʝʬʝʢʪʽʚ, ʘ ʪʘʢʦʞ ʧʨʠ ʨʽʟʥʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ.  

1.5 ʇʨʦʮʝʩʠ ʩʘʤʦʢʦʤʧʝʥʩʘʮʽʾ ʚ ʜʝʪʝʢʪʦʨʥʠʭ ʤʘʪʝʨʽʘʣʘʭ ʚ ʫʤʦʚʘʭ 

ʘʛʨʝʩʠʚʥʦʛʦ ʨʘʜʽʘʮʽʡʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ 

ɺ ʧʨʦʮʝʩʽ ʨʘʜʽʘʮʽʡʥʦʛʦ ʦʧʨʦʤʽʥʝʥʥʷ CdTe ʽ CdZnTe ʩʧʦʩʪʝʨʽʛʘʣʦʩʷ 

ʟʙʽʣʴʰʝʥʥʷ ʧʠʪʦʤʦʛʦ ʦʧʦʨʫ ʮʠʭ ʤʘʪʝʨʽʘʣʽʚ [14, 16, 19] c ʧʦʜʘʣʴʰʦʶ 

ʩʪʘʙʽʣʽʟʘʮʽʻʶ ɟ ʫ ʚʠʩʦʢʦʦʤʥʦʤʫ ʩʪʘʥʽ. ʎʝʡ ʝʬʝʢʪ ʦʙʫʤʦʚʣʝʥʠʡ ʟʘʢʨʽʧʣʝʥʥʷʤ 

(ʧʽʥʽʥʛʘ) ʨʽʚʥʷ ʌʝʨʤʽ ʚ ʩʝʨʝʜʠʥʽ ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ ʽ ʚʧʝʨʰʝ ʙʫʚ ʚʠʷʚʣʝʥʠʡ 

ʘʚʪʦʨʘʤʠ ʨʦʙʦʪʠ [80]. ɹʫʚ ʜʦʩʣʽʜʞʝʥʠʡ ʰʠʨʦʢʠʡ ʢʣʘʩ ʩʧʦʣʫʢ III-V, ʘ ʪʘʢʦʞ 

ʧʦʪʨʽʡʥʠʭ ʩʧʦʣʫʢ II-IV-V2 ʽ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʰʠʨʠʥʠ ʤʽʥʽʤʘʣʴʥʦʾ 

ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ ʢʨʠʩʪʘʣʘ ʨʝʘʢʮʽʷ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʦʛʦ ʤʘʪʝʨʽʘʣʫ ʥʘ ʜʽʶ 

ʞʦʨʩʪʢʦʾ ʨʘʜʽʘʮʽʾ - ʮʝ ʟʘʚʞʜʠ ʧʨʦʮʝʩ ʩʘʤʦʢʦʤʧʝʥʩʘʮʽʾ, ʚ ʨʝʟʫʣʴʪʘʪʽ ʷʢʦʛʦ ʨʽʚʝʥʴ 

ʌʝʨʤʽ ʧʝʨʝʭʦʜʠʪʴ ʚ ʩʪʘʮʽʦʥʘʨʥʠʡ "ʛʨʘʥʠʯʥʠʡ" ʩʪʘʥ Flim. ʇʨʠ ʮʴʦʤʫ ʧʝʨʚʠʥʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ ʤʘʪʝʨʽʘʣʫ (ʪʠʧ ʧʨʦʚʽʜʥʦʩʪʽ, ʨʽʚʝʥʴ ʣʝʛʫʚʘʥʥʷ, ʜʦʤʽʰʢʦʚʠʡ ʩʢʣʘʜ), ʘ 

ʪʘʢʦʞ ʫʤʦʚʠ ʦʧʨʦʤʽʥʝʥʥʷ ʚʠʟʥʘʯʘʶʪʴ ʪʽʣʴʢʠ ʰʚʠʜʢʽʩʪʴ ʜʦʩʷʛʥʝʥʥʷ ʮʴʦʛʦ 

ʩʪʘʮʽʦʥʘʨʥʦʛʦ ʛʨʘʥʠʯʥʦʛʦ ʩʪʘʥʫ. ʎʝʡ ʩʪʘʥ ʦʧʨʦʤʽʥʝʥʦʛʦ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘ 

ʚʽʜʧʦʚʽʜʘʻ ʧʨʘʢʪʠʯʥʦ ʧʦʚʥʽʡ ʚʟʘʻʤʥʽʡ ʢʦʤʧʝʥʩʘʮʽʾ ʨʘʜʽʘʮʽʡʥʠʭ ʜʦʥʦʨʽʚ ʽ 

ʘʢʮʝʧʪʦʨʽʚ, ʧʨʠ ʮʴʦʤʫ ʛʫʩʪʠʥʘ ʟʚ'ʷʟʘʥʦʛʦ ʥʘ ʜʝʬʝʢʪʘʭ ʟʘʨʷʜʫ ʧʽʩʣʷ ʦʧʨʦʤʽʥʝʥʥʷ 

ʧʝʨʝʚʠʱʫʻ ʛʫʩʪʠʥʫ ʚʽʣʴʥʠʭ ʥʦʩʽʾʚ ʥʘʚʽʪʴ ʫ ʚʠʨʦʜʞʝʥʠʭ ʤʘʪʝʨʽʘʣʘʭ [81]. ʉdTe ʽ 

ʉdZnTe ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʩʧʦʣʫʢ II-VI ʽ ʜʣʷ ʥʠʭ ʥʝ ʧʨʦʚʦʜʠʣʠʩʷ ʪʘʢʽ ʰʠʨʦʢʽ 
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ʜʦʩʣʽʜʞʝʥʥʷ. ʆʜʥʘʢ GaAs ʽ CdTe ʮʝ ʙʣʠʟʴʢʽ ʟʘ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʤʘʪʝʨʽʘʣʠ, 

ʥʘʧʨʠʢʣʘʜ, ʚʦʥʠ ʤʘʶʪʴ ʦʜʥʘʢʦʚʫ ʢʨʠʩʪʘʣʽʯʥʫ ʩʪʨʫʢʪʫʨʫ ʽ ʩʪʫʧʽʥʴ ʽʦʥʥʦʩʪʽ 

ʟʚ'ʷʟʢʫ, ʙʣʠʟʴʢʫ ʟʘ ʚʝʣʠʯʠʥʦʶ ʰʠʨʠʥʫ ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ ʧʨʠ ʢʽʤʥʘʪʥʽʡ 

ʪʝʤʧʝʨʘʪʫʨʽ. ɿ ʮʽʻʾ ʧʨʠʯʠʥʠ ʨʝʟʫʣʴʪʘʪʠ [54, 81] ʤʦʞʥʘ ʫʟʘʛʘʣʴʥʠʪʠ ʥʘ CdTe ʽ 

CdZnTe, ʧʨʠ ʮʴʦʤʫ ʽʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʻ ʟ'ʷʩʫʚʘʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ çʛʨʘʥʠʯʥʦʛʦè 

ʩʪʘʮʽʦʥʘʨʥʦʛʦ ʩʪʘʥʫ ʮʠʭ ʤʘʪʝʨʽʘʣʽʚ: ʧʠʪʦʤʦʛʦ ʦʧʦʨʫ, ʪʠʧʫ ʧʨʦʚʽʜʥʦʩʪʽ, 

ʛʨʘʥʠʯʥʦʛʦ ʨʽʚʥʷ ʌʝʨʤʽ Flim ʧʨʠ ʨʦʙʦʯʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʜʝʪʝʢʪʦʨʽʚ (300 ʂ) . 

ʗʢʱʦ ʚʠʤʽʨʷʥʽ ʧʘʨʘʤʝʪʨʠ ʚʩʽʭ ʨʘʜʽʘʮʽʡʥʠʭ ʜʝʬʝʢʪʽʚ, ʪʦ ʧʦʚʝʜʽʥʢʫ ʨʽʚʥʷ 

ʌʝʨʤʽ ʚ ʦʧʨʦʤʽʥʝʥʦʤʫ ʤʘʪʝʨʽʘʣʽ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʰʣʷʭʦʤ ʯʠʩʝʣʴʥʦʛʦ ʨʽʰʝʥʥʷ 

ʨʽʚʥʷʥʥʷ ʝʣʝʢʪʨʦʥʝʡʪʨʘʣʴʥʦʩʪʽ [54]: 

( ) ( )( )Ai Ai Dj Dj d an I G f E p I G f E N N+ = + + -ä ä ,   (1.2) 

ʜʝ n, p ï ʢʦʥʮʝʥʪʨʘʮʽʷ ʚʽʣʴʥʠʭ ʝʣʝʢʪʨʦʥʽʚ ʽ ʜʽʨʦʢ; I ï ʽʥʪʝʛʨʘʣʴʥʠʡ ʧʦʪʽʢ 

ʦʧʨʦʤʽʥʝʥʥʷ; GDj, GAi, ï ʰʚʠʜʢʽʩʪʴ ʚʚʝʜʝʥʥʷ ʚʽʜʧʦʚʽʜʥʦ ʨʘʜʽʘʮʽʡʥʠʭ ʜʦʥʦʨʽʚ ʽ 

ʘʢʮʝʧʪʦʨʽʚ;  f(Eti) = 1/{1 + gti exp[(Eti ī F)/kT]}  ï ʬʫʥʢʮʽʷ ʟʘʧʦʚʥʝʥʥʷ ʨʽʚʥʷ ʟ 

ʬʘʢʪʦʨʦʤ ʚʠʨʦʜʞʝʥʥʷ gti,; t = D, A; Nd, Na ï ʢʦʥʮʝʥʪʨʘʮʽʷ ʜʦʤʽʰʢʦʚʠʭ ʚʽʜʧʦʚʽʜʥʦ 

ʜʦʥʦʨʽʚ ʽ ʘʢʮʝʧʪʦʨʽʚ, T ï ʪʝʤʧʝʨʘʪʫʨʘ, k ï ʧʦʩʪʽʡʥʘ ɹʦʣʴʮʤʘʥʘ. ʂʦʥʮʝʥʪʨʘʮʽʾ 

ʜʦʤʽʰʦʢ ʩʣʽʜ ʚʨʘʭʦʚʫʚʘʪʠ ʪʽʣʴʢʠ ʥʘ ʧʦʯʘʪʢʦʚʠʭ ʩʪʘʜʽʷʭ ʦʧʨʦʤʽʥʝʥʥʷ, ʢʦʣʠ ʚʦʥʠ 

ʧʝʨʝʚʠʱʫʶʪʴ ʢʦʥʮʝʥʪʨʘʮʽʾ ʨʘʜʽʘʮʽʡʥʠʭ ʜʝʬʝʢʪʽʚ. ɺ ʜʘʥʠʡ ʯʘʩ ʚ ʥʘʫʢʦʚʽʡ 

ʣʽʪʝʨʘʪʫʨʽ ʧʨʘʢʪʠʯʥʦ ʚʽʜʩʫʪʥʽ ʨʦʙʦʪʠ, ʧʨʠʩʚʷʯʝʥʽ ʪʘʢʠʤ ʜʦʩʣʽʜʞʝʥʥʷʤ, ʦʩʢʽʣʴʢʠ 

ʚʽʜʩʫʪʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʘʥʽ ʧʨʦ ʧʦʚʥʠʡ ʩʧʝʢʪʨ ʈɼ ʙʽʣʴʰʦʩʪʽ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʽʚ. ʅʝʜʦʣʽʢ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʧʘʨʘʤʝʪʨʠ ʈɼ ʟʫʤʦʚʣʶʻ ʨʦʟʨʦʙʢʫ 

ʧʨʦʛʥʦʩʪʠʯʥʠʭ ʤʦʜʝʣʝʡ, ʟʜʘʪʥʠʭ ʦʧʠʩʘʪʠ ʬʽʟʠʯʥʽ ʧʨʦʮʝʩʠ, ʱʦ ʧʨʦʪʽʢʘʶʪʴ ʚ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘʭ ʧʨʠ ʨʘʜʽʘʮʽʡʥʦʤʫ ʦʧʨʦʤʽʥʝʥʥʽ [54, 81]. 

ʗʢ ʫʞʝ ʟʘʟʥʘʯʘʣʦʩʷ, ʚ ʨʝʟʫʣʴʪʘʪʽ ʚʧʣʠʚʫ ʞʦʨʩʪʢʦʾ ʨʘʜʽʘʮʽʾ ʥʘ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʡ ʢʨʠʩʪʘʣ ʚ ʡʦʛʦ ʦʙôʻʤʽ ʚʠʥʠʢʘʶʪʴ ʧʨʦʮʝʩʠ ʩʘʤʦʢʦʤʧʝʥʩʘʮʽʾ. 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʮʴʦʛʦ ʨʽʚʝʥʴ ʌʝʨʤʽ ʧʝʨʝʭʦʜʠʪʴ ʚ ʩʪʘʮʽʦʥʘʨʥʠʡ "ʛʨʘʥʠʯʥʠʡ" ʩʪʘʥ 

Flim, ʚʝʣʠʯʠʥʘ ʷʢʦʛʦ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʷʢʦʩʪʽ ʤʘʪʝʨʽʘʣʫ ʽ ʫʤʦʚ ʦʧʨʦʤʽʥʝʥʥʷ. ɺ 

ʨʝʟʫʣʴʪʘʪʽ ʦʧʨʦʤʽʥʝʥʥʷ ʤʘʪʝʨʽʘʣʫ ʚʽʥ ʧʝʨʝʭʦʜʠʪʴ ʚ ʥʘʧʽʚʽʟʦʣʶʶʯʠʡ ʩʪʘʥ, ʢʦʣʠ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʤʘʡʞʝ ʧʦʚʥʘ ʚʟʘʻʤʥʘ ʢʦʤʧʝʥʩʘʮʽʷ ʨʘʜʽʘʮʽʡʥʠʭ ʜʦʥʦʨʽʚ ʽ 

ʘʢʮʝʧʪʦʨʽʚ. ɺʽʜʙʫʚʘʻʪʴʩʷ ʩʪʘʙʽʣʽʟʘʮʽʷ ʨʽʚʥʷ ʌʝʨʤʽ ʧʦʙʣʠʟʫ Flim, ʪʦʙʪʦ ʰʚʠʜʢʦʩʪʽ 
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ʥʘʢʦʧʠʯʝʥʥʷ ʟʘʨʷʜʞʝʥʠʭ ʈɼ ʜʦʥʦʨʥʦʛʦ ʽ ʘʢʮʝʧʪʦʨʥʦʛʦ ʪʠʧʽʚ ʚʠʨʽʚʥʶʶʪʴʩʷ. 

ɻʫʩʪʠʥʘ ʟʚ'ʷʟʘʥʠʭ ʟʘʨʷʜʽʚ ʧʝʨʝʚʠʱʫʻ ʛʫʩʪʠʥʫ ʚʽʣʴʥʠʭ ʥʦʩʽʾʚ ʥʘʚʽʪʴ ʷʢʱʦ Flim 

ʧʦʪʨʘʧʣʷʻ ʚ ʟʦʥʫ ʧʨʦʚʽʜʥʦʩʪʽ ʘʙʦ ʚʘʣʝʥʪʥʫ [81]. 

ɽʣʝʢʪʨʦʬʽʟʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʦʧʨʦʤʽʥʝʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʚʠʟʥʘʯʘʶʪʴʩʷ ʪʽʣʴʢʠ 

ʦʩʦʙʣʠʚʦʩʪʷʤʠ ʡʦʛʦ ʝʣʝʢʪʨʦʥʥʦʛʦ ʩʧʝʢʪʨʘ E(k) ʧʦʙʣʠʟʫ ʡʦʛʦ ʤʽʥʽʤʘʣʴʥʦʾ 

ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ EG, ʪʦʙʪʦ ʟʘʣʝʞʘʪʴ ʚʽʜ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʟʘʟʦʨʫ ʤʽʞ ʧʦʣʦʞʝʥʥʷʤ 

Flim ʽ ʥʘʡʙʣʠʞʯʠʤʠ ʝʢʩʪʨʝʤʫʤʘʤʠ ʟʦʥʠ ʧʨʦʚʽʜʥʦʩʪʽ ʘʙʦ ʚʘʣʝʥʪʥʦʾ. ɺ ʧʨʦʮʝʩʽ 

ʞʦʨʩʪʢʦʛʦ ʨʘʜʽʘʮʽʡʥʦʛʦ ʦʧʨʦʤʽʥʝʥʥʷ ʨʽʚʝʥʴ ʌʝʨʤʽ ʟʤʽʱʫʻʪʴʩʷ ʟ ʧʦʣʦʞʝʥʥʷ, ʱʦ 

ʟʘʜʘʻʪʴʩʷ ʨʽʚʥʝʤ ʣʝʛʫʚʘʥʥʷ ʭʽʤʽʯʥʦʾ ʜʦʤʽʰʢʦʶ, ʚ ʥʘʡʙʽʣʴʰ ʛʣʠʙʦʢʠʡ ʩʪʘʥ Flim ʚ 

ʝʥʝʨʛʝʪʠʯʥʦʤʫ ʧʨʦʤʽʞʢʫ ʤʽʞ ʟʦʥʦʶ ʧʨʦʚʽʜʥʦʩʪʽ ʽ ʚʘʣʝʥʪʥʦʶ ʟʦʥʦʶ ʢʨʠʩʪʘʣʘ ʚ 

ʤʝʞʘʭ ʚʩʽʻʾ ʟʦʥʠ ɹʨʽʣʣʶʝʥʘ. ʈʽʚʝʥʴ Flim ʚʠʩʪʫʧʘʻ ʷʢ "ʮʝʥʪʨ ʪʷʞʽʥʥʷ" ʜʣʷ ʚʩʴʦʛʦ 

ʥʘʙʦʨʫ ʨʘʜʽʘʮʽʡʥʠʭ ʜʝʬʝʢʪʽʚ ʽ ʧʨʦʷʚʣʷʻʪʴʩʷ ʷʢ ʛʨʘʥʠʯʥʠʡ ʨʽʚʝʥʴ ʌʝʨʤʽ ʚ 

ʦʧʨʦʤʽʥʝʥʦʤʫ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʫ. ɺ ʫʤʦʚʘʭ ʟʘʢʨʽʧʣʝʥʥʷ ʨʽʚʥʷ ʌʝʨʤʽ ʚ 

ʦʧʨʦʤʽʥʝʥʦʤʫ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʫ ʨʽʚʥʷʥʥʷ ʝʣʝʢʪʨʦʥʝʡʪʨʘʣʴʥʦʩʪʽ (1.2) ʤʦʞʥʘ 

ʧʝʨʝʪʚʦʨʠʪʠ ʜʦ ʚʠʛʣʷʜʫ: 

( ) ( ) limlim pnEfIEfID
l

AlAlDm

m

Dm -º-ää ,   (1.3) 

ʜʝ nlim ʽ plim - ʚʽʜʧʦʚʽʜʥʦ ʛʨʘʥʠʯʥʽ ʟʥʘʯʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʚʽʣʴʥʠʭ ʝʣʝʢʪʨʦʥʽʚ ʽ 

ʜʽʨʦʢ. ʈʽʚʥʷʥʥʷ (1.3) ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʘʥʘʣʽʟʫ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʦʧʨʦʤʽʥʝʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʷʢʱʦ ʟʥʘʪʠ ʚʝʣʠʯʠʥʫ Flim.  

ʊʘʢʠʤ ʯʠʥʦʤ, ʦʙʯʠʩʣʝʥʥʷ ʧʘʨʘʤʝʪʨʘ Flim, ʷʢ ʙʘʟʦʚʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʤʘʪʝʨʽʘʣʫ, ʜʦʟʚʦʣʠʪʴ ʟʤʦʜʝʣʶʚʘʪʠ ʟʤʽʥʫ ʝʣʝʢʪʨʦʬʽʟʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʚ ʧʦʣʷʭ 

ʞʦʨʩʪʢʦʾ ʨʘʜʽʘʮʽʾ [81]. ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ Flim ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʢʦʥʮʝʧʮʽʷ 

ʪʦʯʢʠ ʨʦʟʛʘʣʫʞʝʥʥʷ ʢʦʤʧʣʝʢʩʥʦʾ ʟʦʥʥʦʾ ʩʪʨʫʢʪʫʨʠ ʢʨʠʩʪʘʣʘ, ʪʦʙʪʦ ʨʽʚʥʷ 

ʣʦʢʘʣʴʥʦʾ ʟʘʨʷʜʦʚʦʾ ʥʝʡʪʨʘʣʴʥʦʩʪʽ, ʘʙʦ çʥʝʡʪʨʘʣʴʥʦʾè ʪʦʯʢʠ ʢʨʠʩʪʘʣʘ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʽʟʥʠʭ ʝʚʨʠʩʪʠʯʥʠʭ ʤʦʜʝʣʝʡ [82, 83], ʱʦ ʚʠʤʘʛʘʻ ʟʥʘʯʥʦʛʦ 

ʦʙʩʷʛʫ ʦʙʯʠʩʣʝʥʴ. ʊʦʤʫ ʤʘʻ ʩʝʥʩ ʩʢʦʨʠʩʪʘʪʠʩʷ ʧʨʦʩʪʠʤ ʧʽʜʭʦʜʦʤ, ʨʦʟʨʦʙʣʝʥʠʤ 

ʚ ʨʦʙʦʪʽ [81], ʜʝ ʚʠʩʚʽʪʣʶʻʪʴʩʷ ʧʨʦʩʪʘ ʤʦʜʝʣʴ ʦʧʨʦʤʽʥʝʥʦʛʦ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘ, 

ʱʦ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʨʦʟʚʠʪʢʫ ʤʦʜʝʣʽ ʩʘʤʦʢʦʤʧʝʥʩʘʮʽʾ ʧʨʠ ʜʽʾ ʞʦʨʩʪʢʦʾ ʨʘʜʽʘʮʽʾ ʥʘ 

ʤʘʪʝʨʽʘʣ, ʰ ʷʢʘ ʧʨʠʜʘʪʥʘ ʜʣʷ ʯʠʩʣʝʥʥʠʭ ʧʨʦʛʥʦʟʥʠʭ ʦʮʽʥʦʢ ʡʦʛʦ 
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ʝʣʝʢʪʨʦʬʽʟʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ. ʄʦʜʝʣʴ ʚʨʘʭʦʚʫʻ, ʱʦ ʈɼ - ʮʝ ʜʝʬʝʢʪʠ ʪʠʧʫ 

ʦʙʽʨʚʘʥʠʭ ʟʚ'ʷʟʢʽʚ, ʷʢʽ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ "ʛʣʠʙʦʢʠʭ" ʩʪʘʥʽʚ ʢʨʠʩʪʘʣʘ ʽ ʤʽʩʪʠʪʴ 

ʚʥʝʩʦʢ ʚʽʜ ʙʣʦʭʽʚʩʴʢʠʭ ʩʪʘʥʽʚ ʟʦʥ ʧʨʦʚʽʜʥʦʩʪʽ ʽ ʚʘʣʝʥʪʥʠʭ ʟʦʥ ʟʽ ʟʥʘʯʝʥʥʷʤʠ 

ʭʚʠʣʴʦʚʦʛʦ ʚʝʢʪʦʨʫ k ʟ ʫʩʽʻʾ ʟʦʥʠ ɹʨʽʣʶʝʥʘ ʢʨʠʩʪʘʣʘ. ʋ ʬʦʨʤʫʚʘʥʥʽ ʪʘʢʠʭ 

ʩʪʘʥʽʚ ʜʦʤʽʥʫʶʯʫ ʨʦʣʴ ʷʢʨʘʟ ʚʠʢʦʥʫʶʪʴ ʟʦʥʥʽ ʩʪʘʥʠ E(k) ʟ ʭʚʠʣʴʦʚʠʤʠ 

ʚʝʢʪʦʨʘʤʠ k, ʧʦʨʽʚʥʷʥʥʠʤʠ ʟ ʚʝʢʪʦʨʦʤ ʦʙʝʨʥʝʥʦʾ ʨʝʰʽʪʢʠ ʢʨʠʩʪʘʣʘ.  

ɻʣʠʙʦʢʽ ʨʘʜʽʘʮʽʡʥʽ ʜʝʬʝʢʪʠ ʚʠʟʥʘʯʘʶʪʴ ʛʨʘʥʠʯʥʝ ʧʦʣʦʞʝʥʥʷ ʨʽʚʥʷ ʌʝʨʤʽ 

ʚ ʦʧʨʦʤʽʥʝʥʦʤʫ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʫ, ʪʦʤʫ ʚ ʷʢʦʩʪʽ "ʟʘʙʦʨʦʥʝʥʦʾ" ʝʥʝʨʛʝʪʠʯʥʦʾ 

ʱʽʣʠʥʠ ʦʧʨʦʤʽʥʝʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʚ ʨʦʙʦʪʽ [81] ʚʠʢʦʨʠʩʪʘʥʠʡ ʥʝ ʤʽʥʽʤʘʣʴʥʠʡ 

ʝʥʝʨʛʝʪʠʯʥʠʡ ʟʘʟʦʨ EG ʤʽʞ ʟʦʥʦʶ ʧʨʦʚʽʜʥʦʩʪʽ ʽ ʚʘʣʝʥʪʥʦʶ, ʘ ʚʝʣʠʯʠʥʘ 

VCG EEE -= . ʊʫʪ ( )VC EE  - ʩʝʨʝʜʥʽʡ ʧʦ ʝʥʝʨʛʽʾ ʨʽʚʝʥʴ ʟʦʥʠ ʧʨʦʚʽʜʥʦʩʪʽ 

(ʚʘʣʝʥʪʥʦʾ ʟʦʥʠ) ʚ ʤʝʞʘʭ ʚʩʽʻʾ ʟʦʥʠ ɹʨʽʣʣʶʝʥʘ ʢʨʠʩʪʘʣʘ. ʎʝ ʜʦʟʚʦʣʠʣʦ 

ʧʝʨʝʪʚʦʨʠʪʠ ʝʥʝʨʛʝʪʠʯʥʠʡ ʩʧʝʢʪʨ ʪʨʠʚʠʤʽʨʥʦʛʦ ʢʨʠʩʪʘʣʘ ʚ ʩʧʝʢʪʨ 

ʦʜʥʦʚʠʤʽʨʥʦʛʦ ʢʨʠʩʪʘʣʘ ʟ ʽʟʦʪʨʦʧʥʦʶ ʝʥʝʨʛʝʪʠʯʥʦʶ ʱʽʣʠʥʦʶ GE  ʽ ʚʽʜʧʦʚʽʜʥʦ 

ʜʦ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʟʨʘʭʫʥʢʽʚ ʜʣʷ ʦʜʥʦʚʠʤʽʨʥʦʛʦ ʢʨʠʩʪʘʣʘ [84] ʦʙʯʠʩʣʠʪʠ 

ʝʥʝʨʛʝʪʠʯʥʠʡ ʩʪʘʥ ʪʦʯʢʠ ʨʦʟʛʘʣʫʞʝʥʥʷ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘ ʷʢ ʚʝʣʠʯʠʥʫ 
2

GE  

[85]. ɼʣʷ ʨʦʟʨʘʭʫʥʢʫ GE  ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʩʧʝʮ. ʪʦʯʢʠ ʟʘʛʘʣʴʥʦʛʦ ʚʠʜʫ (gsp) 

[86]. ʗʢʱʦ ʚʝʩʪʠ ʚʽʜʣʽʢ GE  ʚʽʜ ʩʪʝʣʽ ʚʘʣʝʥʪʥʦʾ ʟʦʥʠ, ʪʦ ʜʣʷ ʰʠʨʦʢʦʟʦʥʥʦʛʦ 

CdTe ʚʠʢʦʥʫʻʪʴʩʷ ʫʤʦʚʘ 22lim GG EEF º¹ .  

ʆʙʯʠʩʣʠʚʰʠ Flim, ʽ ʟʘʜʘʶʯʠ ʚ ʨʽʚʥʷʥʥʽ ʝʣʝʢʪʨʦʥʝʡʪʨʘʣʴʥʦʩʪʽ ʨʽʟʥʽ ʜʽʘʧʘʟʦʥʠ 

ʟʤʽʥʠ ʢʦʥʮʝʥʪʨʘʮʽʾ ʨʘʜʽʘʮʽʡʥʠʭ ʜʝʬʝʢʪʽʚ, ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʪʘʢʽ ʾʭ ʢʦʥʮʝʥʪʨʘʮʽʾ, 

ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ Flim ʚ ʤʘʪʝʨʽʘʣʽ, ʱʦ ʟʘʟʥʘʚ ʞʦʨʩʪʢʦʛʦ ʨʘʜʽʘʮʽʡʥʦʛʦ ʦʧʨʦʤʽʥʝʥʥʷ 

ʚʘʞʢʠʤʠ ʯʘʩʪʠʥʢʘʤʠ, ʥʘʧʨʠʢʣʘʜ, ʥʝʡʪʨʦʥʘʤʠ ʘʙʦ ʧʨʦʪʦʥʘʤʠ. ʇʦʪʽʤ ʮʽ ʜʘʥʽ 

ʤʦʞʥʘ ʧʦʨʽʚʥʶʚʘʪʠ ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ ʝʢʩʧʝʨʠʤʝʥʪʽʚ, ʜʝ ʜʦʩʣʽʜʞʫʚʘʣʠʩʷ 

ʚʣʘʩʪʠʚʦʩʪʽ ʦʧʨʦʤʽʥʝʥʠʭ ʜʝʪʝʢʪʦʨʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʥʘ ʦʩʥʦʚʽ ʪʝʣʫʨʠʜʫ ʢʘʜʤʽʶ, ʽ 

ʰʣʷʭʦʤ ʧʦʨʽʚʥʷʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʩʧʨʦʙʫʚʘʪʠ ʚʠʟʥʘʯʠʪʠ ʧʨʠʯʠʥʠ ʪʘ ʫʤʦʚʠ 

ʜʝʛʨʘʜʘʮʽʾ ʨʝʻʩʪʨʫʚʘʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ ʜʝʪʝʢʪʦʨʽʚ ʧʨʠ ʚʝʣʠʢʠʭ ʜʦʟʘʭ ʞʦʨʩʪʢʦʛʦ 

ʦʧʨʦʤʽʥʝʥʥʷ.  



47 

ʊʘʢʠʤ ʯʠʥʦʤ, ʪʦʯʥʠʡ ʪʝʦʨʝʪʠʯʥʠʡ ʨʦʟʨʘʭʫʥʦʢ ʽ ʧʨʘʚʠʣʴʥʝ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ ʚʠʤʽʨʶʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʨʘʜʽʘʮʽʡʥʠʭ ʜʝʬʝʢʪʽʚ, ʱʦ 

ʚʧʣʠʚʘʶʪʴ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʝʪʝʢʪʦʨʽʚ ʥʘ ʦʩʥʦʚʽ CdZnTe, ʜʦʩʠʪʴ ʫʩʢʣʘʜʥʝʥʽ. 

ɺʽʜʩʫʪʥʽ ʧʦʚʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʘʥʽ ʧʨʦ ʈɼ. ɿ ʮʽʻʾ ʧʨʠʯʠʥʠ ʥʝʦʙʭʽʜʥʦ 

ʜʦʜʘʪʢʦʚʦ ʜʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʤʝʪʦʜʽʚ, ʟʘʩʪʦʩʫʚʘʪʠ ʢʦʤʧ'ʶʪʝʨʥʝ 

ʤʦʜʝʣʶʚʘʥʥʷ ʜʣʷ ʟôʷʩʫʚʘʥʥʷ ʟʘʣʝʞʥʦʩʪʽ ʥʝʦʙʭʽʜʥʠʭ ʝʣʝʢʪʨʦʬʽʟʠʯʥʠʭ ʽ 

ʜʝʪʝʢʪʦʨʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ GaAs, CdTe ʽ CdZnTe ʚʽʜ ʧʘʨʘʤʝʪʨʽʚ ʨʽʚʥʽʚ ʷʢ ʫ 

ʚʠʭʽʜʥʠʭ ʤʘʪʝʨʽʘʣʘʭ, ʪʘʢ ʽ ʚ ʪʠʭ, ʱʦ ʧʽʜʜʘʚʘʣʠʩʷ ʨʘʜʽʘʮʽʡʥʦʤʫ ʦʧʨʦʤʽʥʶʚʘʥʥʶ.  

ʇʨʠ ʮʴʦʤʫ ʨʽʟʥʽ ʧʨʦʮʝʩʠ ʩʘʤʦʢʦʤʧʝʥʩʘʮʽʾ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʧʨʠ ʣʝʛʫʚʘʥʥʽ ʽ 

ʨʘʜʽʘʮʽʡʥʝ ʦʧʨʦʤʽʥʝʥʥʷ ʥʝ ʦʙʤʝʞʫʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʪʘʢʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ 

ʚʠʭʽʜʥʠʭ ʽ ʦʧʨʦʤʽʥʝʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʚ ʰʠʨʦʢʦʤʫ ʽʥʪʝʨʚʘʣʽ ʢʦʥʮʝʥʪʨʘʮʽʡ ʜʦʤʽʰʦʢ 

ʽ ʜʝʬʝʢʪʽʚ, ʘ ʪʘʢʦʞ ʧʨʠ ʨʽʟʥʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ.  

1.6 ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 1 ʽ ʟʘʜʘʯʽ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʘʥʘʣʽʟʫ ʦʧʫʙʣʽʢʦʚʘʥʠʭ ʜʘʥʠʭ ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ: 

ï ʽʩʥʫʶʪʴ ʧʨʦʙʣʝʤʠ ʪʦʯʥʦʛʦ ʚʠʤʽʨʶʚʘʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʛʣʠʙʦʢʠʭ ʽ ʤʽʣʢʠʭ 

ʮʝʥʪʨʽʚ Ni, ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʧʦʣʦʞʝʥʥʷ Ei ʾʭ ʨʽʚʥʽʚ ʚ ʟʘʙʦʨʦʥʝʥʽʡ ʟʦʥʽ, ʧʝʨʝʨʽʟʫ 

ʟʘʭʦʧʣʝʥʥʷ ůi ʜʣʷ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ Si, GaAs, CdTe, CdZnTe; 

ï ʚʠʤʽʨʷʥʽ ʧʘʨʘʤʝʪʨʠ ʨʽʚʥʽʚ ʚ ʩʠʣʴʥʦ ʢʦʤʧʝʥʩʦʚʘʥʠʭ CdTe ʽ CdZnTe ʥʝ 

ʜʦʟʚʦʣʷʶʪʴ ʪʦʯʥʦ ʚʠʟʥʘʯʘʪʠ ʾʭ ʜʝʪʝʢʪʦʨʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʨʝʢʦʤʙʽʥʘʮʽʾ ʥʘ ʛʣʠʙʦʢʠʭ ʨʽʚʥʷʭ ʯʝʨʝʟ ʚʠʥʠʢʥʝʥʥʷ ʨʽʟʥʠʭ ʢʚʘʟʽʨʽʚʥʦʚʘʞʥʠʭ 

ʩʪʘʥʽʚ ʟ ʨʽʟʥʠʤʠ ʚʝʣʠʯʠʥʘʤʠ ʝʥʝʨʛʽʡ ʽ ʢʦʥʮʝʥʪʨʘʮʽʡ ʨʽʚʥʽʚ ʚ ʽʥʪʝʨʚʘʣʽ 

ʪʝʤʧʝʨʘʪʫʨ: ʚʽʜ 10 ʜʦ 350 K; 

ï ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ɟ, ɛ, Ű ʽ ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʙʦʨʫ ʟʘʨʷʜʽʚ ɖ, ʷʢʽ ʩʠʣʴʥʦ ʟʘʣʝʞʘʪʴ ʚʽʜ 

Ni, ůi, Ei, ʥʝʦʙʭʽʜʥʦ ʨʦʟʨʦʙʠʪʠ ʙʘʛʘʪʦʨʽʚʥʝʚʫ ʤʦʜʝʣʴ ʢʦʤʧʝʥʩʘʮʽʾ ʟ ʧʦʙʫʜʦʚʦʶ 

ʚʽʜʧʦʚʽʜʥʦʛʦ ʨʽʚʥʷʥʥʷ ʝʣʝʢʪʨʦʥʝʡʪʨʘʣʴʥʦʩʪʽ, ʷʢʝ ʤʦʞʥʘ ʚʠʨʽʰʫʚʘʪʠ ʪʽʣʴʢʠ 

ʯʠʩʝʣʴʥʦ, ʜʣʷ ʜʦʚʽʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ ʙʘʛʘʪʦʟʘʨʷʜʥʠʭ ʜʦʤʽʰʦʢ ʽ ʜʝʬʝʢʪʽʚ; 

ï ʧʨʦʮʝʩʠ ʩʘʤʦʢʦʤʧʝʥʩʘʮʽʾ ʚ GaAs, CdTe ʽ CdZnTe ʥʝ ʧʝʨʝʰʢʦʜʞʘʶʪʴ 

ʜʦʩʷʛʥʝʥʥʶ ʥʠʟʴʢʦʦʤʥʠʭ ʩʪʘʥʽʚ n- ʽ p-ʪʠʧʫ ʧʨʦʚʽʜʥʦʩʪʽ ʧʦ ʦʙʠʜʚʽ ʩʪʦʨʦʥʠ 

ʚʠʩʦʢʦʦʤʥʠʭ ʦʙʣʘʩʪʝʡ ʧʨʠ ʣʝʛʫʚʘʥʥʽ ʜʦʤʽʰʢʘʤʠ, ʪʦʙʪʦ ʻ ʤʦʞʣʠʚʽʩʪʴ 
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ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʭʽʜʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʚ ʰʠʨʦʢʦʤʫ ʽʥʪʝʨʚʘʣʽ ʢʦʥʮʝʥʪʨʘʮʽʡ ʜʦʤʽʰʦʢ ʽ 

ʜʝʬʝʢʪʽʚ.  

ï ʥʝʦʙʭʽʜʥʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʤʘʪʝʤʘʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʥʘ ʦʩʥʦʚʽ ʘʧʨʦʙʦʚʘʥʠʭ 

ʬʽʟʠʯʥʠʭ ʤʦʜʝʣʝʡ ʜʣʷ ʢʽʣʴʢʽʩʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʟʘʣʝʞʥʦʩʪʽ ʥʝʦʙʭʽʜʥʠʭ 

ʝʣʝʢʪʨʦʬʽʟʠʯʥʠʭ ʽ ʜʝʪʝʢʪʦʨʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʚʽʜ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʽʚʥʽʚ ʫ 

ʚʠʭʽʜʥʠʭ ʽ ʦʧʨʦʤʽʥʝʥʠʭ ʤʘʪʝʨʽʘʣʘʭ. 

ʊʘʢʠʤ ʯʠʥʦʤ ʤʝʪʦʶ ʨʦʙʦʪʠ ʻ ʟôʷʩʫʚʘʥʥʷ ʤʝʪʦʜʦʤ ʤʘʪʝʤʘʪʠʯʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ ʚʧʣʠʚʫ ʨʘʜʽʘʮʽʡʥʠʭ ʽ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʜʝʬʝʢʪʽʚ ʥʘ ʧʠʪʦʤʠʡ ʦʧʽʨ ɟ, 

ʯʘʩ ʞʠʪʪʷ ʥʝʨʽʚʥʦʚʘʞʥʠʭ ʥʦʩʽʾʚ ʟʘʨʷʜʫ Ű, ʨʫʭʣʠʚʽʩʪʴ ʝʣʝʢʪʨʦʥʽʚ Õn ʚ GaAs, CdTe, 

CdZnTe, ʘ ʪʘʢʦʞ ʥʘ ʨʝʻʩʪʨʫʚʘʣʴʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʜʝʪʝʢʪʦʨʽʚ ʽʦʥʽʟʫʶʯʠʭ 

ʚʠʧʨʦʤʽʥʶʚʘʥʴ ʥʘ ʾʭ ʦʩʥʦʚʽ.  

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʮʽʻʾ ʤʝʪʠ ʧʦʪʨʽʙʥʦ ʚʠʨʽʰʠʪʠ ʪʘʢʽ ʟʘʜʘʯʽ:  

- ʨʦʟʨʦʙʠʪʠ ʤʦʜʝʣʽ ʽ ʤʝʪʦʜʠʢʠ ʨʦʟʨʘʭʫʥʢʫ ʝʣʝʢʪʨʠʯʥʦʾ ʢʦʤʧʝʥʩʘʮʽʾ ʩʧʦʣʫʢ ɸ3ɺ5 

ʽ ɸ2ɺ6 ʜʣʷ ʜʦʚʽʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ ʙʘʛʘʪʦʟʘʨʷʜʥʠʭ ʮʝʥʪʨʽʚ ʥʘ ʦʩʥʦʚʽ ʯʠʩʝʣʴʥʦʛʦ 

ʨʽʰʝʥʥʷ ʨʽʚʥʷʥʥʷ ʝʣʝʢʪʨʦʥʝʡʪʨʘʣʴʥʦʩʪʽ ʽ ʦʙʯʠʩʣʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʟʘʨʷʜʞʝʥʠʭ ʽ 

ʥʝʡʪʨʘʣʴʥʠʭ ʛʣʠʙʦʢʠʭ ʮʝʥʪʨʽʚ, ʧʠʪʦʤʦʛʦ ʦʧʦʨʫ ɟ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, 

ʝʣʝʢʪʨʦʥʥʦʾ ʨʫʭʣʠʚʦʩʪʽ ɛn, ʯʘʩʫ ʞʠʪʪʷ ʥʝʨʽʚʥʦʚʘʞʥʠʭ ʥʦʩʽʾʚ ʟʘʨʷʜʫ Ű, 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʙʦʨʫ ʟʘʨʷʜʽʚ ʜʝʪʝʢʪʦʨʽʚ ɖ ʚ ʰʠʨʦʢʦʤʫ ʽʥʪʝʨʚʘʣʽ ʪʝʤʧʝʨʘʪʫʨ ʽ 

ʢʦʥʮʝʥʪʨʘʮʽʡ ʜʝʬʝʢʪʽʚ; 

- ʚʩʪʘʥʦʚʠʪʠ ʧʘʨʘʤʝʪʨʠ ʛʣʠʙʦʢʠʭ ʨʽʚʥʽʚ ʜʦʤʽʰʦʢ ʽ ʜʝʬʝʢʪʽʚ, ʾʭ ʚʤʽʩʪ ʚ GaAs, 

CdTe ʽ CdZnTe ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ ʜʝʪʝʢʪʦʨʥʠʭ ʤʘʪʝʨʽʘʣʽʚ 

ʚʠʩʦʢʠʭ ʚʝʣʠʯʠʥ ɟ, ɛn ʽ Ű;  

- ʚʠʚʯʠʪʠ ʝʣʝʢʪʨʦʬʽʟʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʥʝʦʧʨʦʤʽʥʝʥʠʭ ʜʝʪʝʢʪʦʨʽʚ ʽʦʥʽʟʫʶʯʠʭ 

ʚʠʧʨʦʤʽʥʶʚʘʥʴ ʥʘ ʦʩʥʦʚʽ Cd1-xZnxTe ʜʣʷ ʨʽʟʥʠʭ ʚʝʣʠʯʠʥ ʢʦʥʮʝʥʪʨʘʮʽʾ x ʮʠʥʢʫ ʚ 

ʰʠʨʦʢʠʭ ʜʽʘʧʘʟʦʥʘʭ ʢʦʥʮʝʥʪʨʘʮʽʡ ʣʝʛʫʶʯʠʭ ʜʦʤʽʰʦʢ; 

- ʜʦʩʣʽʜʠʪʠ ʨʝʻʩʪʨʫʚʘʣʴʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʜʝʪʝʢʪʦʨʽʚ ʛʘʤʤʘ ʽ ʨʝʥʪʛʝʥʽʚʩʴʢʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʥʘ ʦʩʥʦʚʽ GaAs, CdTe ʽ CdZnTe ʟ ʨʽʟʥʦʶ ʢʦʥʬʽʛʫʨʘʮʽʻʶ 

ʝʣʝʢʪʨʦʜʽʚ, ʘ ʪʘʢʦʞ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʧʨʦʩʪʦʨʦʚʦʛʦ ʨʦʟʧʦʜʽʣʫ ʜʝʪʝʢʪʦʨʥʦʛʦ 

ʤʘʪʝʨʽʘʣʫ Cd1-xZnxTe, ʨʦʟʤʽʱʝʥʦʛʦ ʚ ʤʽʞʝʣʝʢʪʨʦʜʥʦʤʫ ʧʨʦʤʽʞʢʫ;  
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- ʚʩʪʘʥʦʚʠʪʠ ʭʘʨʘʢʪʝʨ ʚʧʣʠʚʫ ʨʘʜʽʘʮʽʡʥʠʭ ʜʝʬʝʢʪʽʚ, ʱʦ ʫʪʚʦʨʶʶʪʴʩʷ ʚ 

ʨʝʟʫʣʴʪʘʪʽ ʛʘʤʤʘ ʽ ʨʝʥʪʛʝʥʽʚʩʴʢʦʛʦ ʦʧʨʦʤʽʥʝʥʥʷ ʥʘ ʟʤʽʥʫ ʽ ʜʝʛʨʘʜʘʮʽʶ 

ʨʝʻʩʪʨʫʚʘʣʴʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʜʝʪʝʢʪʦʨʽʚ ʥʘ ʦʩʥʦʚʽ CdTe ʽ CdZnTe. 
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ʈʆɿɼɯʃ 2  

ʄʆɼɽʃɯ ɼʃʗ ʆʇʀʉɸʅʅʗ ɽʃɽʂʊʈʆʌɯɿʀʏʅʀʍ ɺʃɸʉʊʀɺʆʉʊɽʁ 

ɺʀʍɯɼʅʀʍ ʊɸ ʆʇʈʆʄɯʅɽʅʀʍ GaAs, CdTe, CdZnTe 

 ɺ ʜʘʥʦʤʫ ʨʦʟʜʽʣʽ ʧʨʝʜʩʪʘʚʣʝʥʽ ʬʽʟʠʯʥʽ ʪʘ ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ (ʨʦʙʦʪʠ [ɸ.1, 

ɸ.2], ʱʦ ʥʘʚʝʜʝʥʽ ʚ ɼʦʜʘʪʢʫ ɸ) ʜʣʷ ʢʽʣʴʢʽʩʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʽ ʝʣʝʢʪʨʦʬʽʟʠʯʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ GaAs, CdTe, CdZnTe. ʇʨʝʜʩʪʘʚʣʝʥʦ ʤʦʜʝʣʴ ʢʦʤʧʝʥʩʘʮʽʾ 

ʙʘʛʘʪʦʟʘʨʷʜʥʠʭ ʪʘ ʘʤʬʦʪʝʨʥʠʭ ʝʥʝʨʛʝʪʠʯʥʠʭ ʨʽʚʥʽʚ, ʱʦ ʫʪʚʦʨʶʶʪʴʩʷ 

ʜʝʬʝʢʪʘʤʠ ʪʘ ʜʦʤʽʰʢʘʤʠ ʚ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʤʘʪʝʨʽʘʣʘʭ. ʈʦʟʛʣʷʥʫʪʦ ʤʝʭʘʥʽʟʤʠ 

ʨʦʟʩʽʶʚʘʥʥʷ ʝʣʝʢʪʨʦʥʽʚ ʥʘ ʬʦʥʦʥʘʭ, ʥʝʡʪʨʘʣʴʥʠʭ ʪʘ ʽʦʥʽʟʦʚʘʥʠʭ ʮʝʥʪʨʘʭ, 

ʩʢʫʧʯʝʥʥʷʭ ʜʝʬʝʢʪʽʚ, ʜʠʩʣʦʢʘʮʽʷʭ, ʚ ʧʦʪʨʽʡʥʠʭ ʩʧʦʣʫʢʘʭ (ʩʧʣʘʚʘʭ). ʆʧʠʩʘʥʠʡ 

ʚʧʣʠʚ ʯʘʩʫ ʞʠʪʪʷ ʥʝʨʽʚʥʦʚʘʞʥʠʭ ʥʦʩʽʾʚ ʟʘʨʷʜʫ ʥʘ ʜʝʪʝʢʪʦʨʥʽ ʚʣʘʩʪʠʚʦʩʪʽ 

ʤʘʪʝʨʽʘʣʽʚ. 

 

2.1 ʄʦʜʝʣʴ ʝʣʝʢʪʨʠʯʥʦʾ ʢʦʤʧʝʥʩʘʮʽʾ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʽʚ ʟʘ ʫʯʘʩʪʶ 

ʜʦʚʽʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ ʙʘʛʘʪʦʟʘʨʷʜʥʠʭ ʜʝʬʝʢʪʽʚ 

ʇʨʠ ʦʧʨʦʤʽʥʝʥʥʽ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʽʚ ʫʪʚʦʨʶʶʪʴʩʷ ʨʽʟʥʦʤʘʥʽʪʥʽ ʜʝʬʝʢʪʠ 

ʢʨʠʩʪʘʣʽʯʥʦʾ ʩʪʨʫʢʪʫʨʠ: ʚʘʢʘʥʩʽʾ, ʜʠʚʘʢʘʥʩʽʾ, ʢʦʤʧʣʝʢʩʠ ʚʘʢʘʥʩʽʡ ʽ ʜʦʤʽʰʢʦʚʠʭ 

ʝʣʝʤʝʥʪʽʚ, ʚʘʢʘʥʩʽʡ ʽ ʤʽʞʚʫʟʣʦʚʠʭ ʘʪʦʤʽʚ, ʩʢʫʧʯʝʥʥʷ ʪʦʯʢʦʚʠʭ ʜʝʬʝʢʪʽʚ ʽ ʪ.ʧ. 

ʇʨʠ ʫʪʚʦʨʝʥʥʽ ʜʝʬʝʢʪʽʚ ʩʪʨʫʢʪʫʨʠ ʚ ʟʘʙʦʨʦʥʝʥʽʡ ʟʦʥʽ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘ 

ʟ'ʷʚʣʷʶʪʴʩʷ ʚʽʜʧʦʚʽʜʥʽ ʨʽʚʥʽ ʝʥʝʨʛʽʾ, ʷʢʽ ʟʜʘʪʥʽ ʟʘʭʦʧʣʶʚʘʪʠ ʚʽʣʴʥʽ ʥʦʩʽʾ ʟʘʨʷʜʫ. 

ʈʽʚʥʽ ʝʥʝʨʛʽʾ ʨʘʜʽʘʮʽʡʥʦ-ʩʪʠʤʫʣʴʦʚʘʥʠʭ ʜʝʬʝʢʪʽʚ ʤʦʞʫʪʴ ʧʨʦʷʚʣʷʪʠ ʩʝʙʝ ʷʢ 

ʙʘʛʘʪʦʟʘʨʷʜʥʽ ʜʦʥʦʨʠ ʽ ʘʢʮʝʧʪʦʨʠ ʘʙʦ ʷʢ ʘʤʬʦʪʝʨʥʽ ʜʝʬʝʢʪʠ. ʇʨʠʡʥʷʪʘ ʤʦʜʝʣʴ 

ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʩʪʫʧʝʥʷ ʟʘʧʦʚʥʝʥʥʷ ʝʣʝʢʪʨʦʥʘʤʠ ʙʘʛʘʪʦʟʘʨʷʜʥʠʭ ʮʝʥʪʨʽʚ, ʘ 

ʪʘʢʦʞ ʢʦʥʮʝʥʪʨʘʮʽʾ ʚʽʣʴʥʠʭ ʥʦʩʽʾʚ ʟʘʨʷʜʫ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʢʘʥʦʥʽʯʥʦʤʫ ʨʦʟʧʦʜʽʣʽ 

ɻʽʙʙʩʘ ʜʣʷ ʩʠʩʪʝʤʠ ʟʽ ʟʤʽʥʥʦʶ ʢʽʣʴʢʽʩʪʶ ʯʘʩʪʠʥʦʢ.  

ɺʚʝʜʝʤʦ ʥʘʩʪʫʧʥʽ ʫʤʦʚʥʽ ʧʦʟʥʘʯʝʥʥʷ. Ni - ʢʦʥʮʝʥʪʨʘʮʽʷ i - ʪʦʛʦ ʮʝʥʪʨʫ, mi 

ï ʡʦʛʦ ʟʘʨʷʜʦʚʠʡ ʩʪʘʥ; di, ai -  ʢʽʣʴʢʽʩʪʴ ʚʽʜʧʦʚʽʜʥʦ ʜʦʥʦʨʥʠʭ ʽ ʘʢʮʝʧʪʦʨʥʠʭ 

ʨʽʚʥʽʚ i - ʪʦʛʦ ʮʝʥʪʨʫ, ʧʨʠʯʦʤʫ di+ai = mi; eij  - j - ʪʠʡ ʨʽʚʝʥʴ ʝʥʝʨʛʽʾ i-ʪʦʛʦ ʮʝʥʪʨʘ, 

1 ¢ j ¢ mi, ʧʨʠʯʦʤʫ eio ¹ 0 ¢ ei1 ¢ ei2 ¢ ...¢ Ůimi, ʘ eio - ʚʽʜʧʦʚʽʜʘʻ ʛʣʠʙʦʢʦʤʫ ʮʝʥʪʨʫ, 
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ʥʘ ʷʢʦʤʫ ʚʽʜʩʫʪʥʽ ʝʣʝʢʪʨʦʥʠ, ei1 - ʚʽʜʧʦʚʽʜʘʻ ʛʣʠʙʦʢʦʤʫ ʮʝʥʪʨʫ, ʥʘ ʷʢʦʤʫ ʻ 1 

ʝʣʝʢʪʨʦʥ ʠ ʪ. ʜ.;  

Ůidi - ʨʽʚʝʥʴ ʥʝʡʪʨʘʣʴʥʦʛʦ ʩʪʘʥʫ ʜʦʥʦʨʘ, ʟʘʨʷʜ ʜʦʨʽʚʥʶʻ ʥʫʣʶ; Ůimi - ʤʘʢʩʠʤʘʣʴʥʦ 

ʟʘʨʷʜʞʝʥʠʡ ʘʢʮʝʧʪʦʨʥʠʡ ʨʽʚʝʥʴ ʝʥʝʨʛʽʾ; gij - ʩʪʫʧʽʥʴ ʚʠʨʦʜʞʝʥʥʷ ʨʽʚʥʷ j ʮʝʥʪʨʘ i; 

Na ï ʩʫʤʘʨʥʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʚʩʽʭ ʤʽʣʢʠʭ ʘʢʮʝʧʪʦʨʽʚ; Nd ï ʩʫʤʘʨʥʘ ʢʦʥʮʝʥʪʨʘʮʽʷ 

ʚʩʽʭ ʤʽʣʢʠʭ ʜʦʥʦʨʽʚ; n0, p0 - ʢʦʥʮʝʥʪʨʘʮʽʷ ʚʽʣʴʥʠʭ ʝʣʝʢʪʨʦʥʽʚ ʽ ʜʽʨʦʢ. 

 ɹʝʟ ʫʨʘʭʫʚʘʥʥʷ ʟʙʫʜʞʝʥʠʭ ʩʪʘʥʽʚ ʟʛʽʜʥʦ ʟʽ ʩʪʘʪʠʩʪʠʢʦʶ ɻʽʙʙʩʘ, 

ʡʤʦʚʽʨʥʽʩʪʴ fij
0 ʪʦʛʦ, ʱʦ ʚ ʩʪʘʥʽ ʪʝʨʤʦʜʠʥʘʤʽʯʥʦʾ ʨʽʚʥʦʚʘʛʠ ʥʘ i-ʤʫ ʮʝʥʪʨʽ 

ʟʥʘʭʦʜʠʪʴʩʷ j ʝʣʝʢʪʨʦʥʽʚ, ʪʦʙʪʦ, ʱʦ ʡʦʛʦ ʟʘʨʷʜ ʜʦʨʽʚʥʶʻ -ʝ(j-di): 
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, ʜʝ gio - ʢʨʘʪʥʽʩʪʴ ʚʠʨʦʜʞʝʥʥʷ ʦʩʥʦʚʥʦʛʦ ʨʽʚʥʷ 

ʜʦʤʽʰʢʠ ʩʦʨʪʫ i.   

ʗʢ ʚʠʧʣʠʚʘʻ ʟ ʘʥʘʣʽʟʫ ʯʠʩʣʝʥʥʠʭ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʘʥʠʭ, ʟʘʨʷʜʦʚʠʡ ʩʪʘʥ 

ʙʘʛʘʪʦʟʘʨʷʜʥʠʭ ʜʦʤʽʰʦʢ ʚ ʨʝʘʣʴʥʠʭ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘʭ ʧʨʘʢʪʠʯʥʦ ʟʨʽʜʢʘ 

ʧʝʨʝʚʠʱʫʻ 3, ʘ ʘʤʬʦʪʝʨʥʠʭ - 2. ʊʦʤʫ ʨʦʟʛʣʷʜʘʣʠʩʷ ʦʜʥʦ-, ʜʚʦ- ʽ ʪʨʠ-ʟʘʨʷʜʦʚʽ 

ʩʪʘʥʠ ʛʣʠʙʦʢʠʭ ʜʦʥʦʨʽʚ ʽ ʘʢʮʝʧʪʦʨʽʚ, ʢʦʣʠ di=1, 2, 3; ai=1, 2, 3  ʽ ʘʤʬʦʪʝʨʥʽ 

ʜʦʤʽʰʢʠ ʪʠʧʫ DA (di = 1, ai = 1), ʪʠʧʫ DDA (di = 2, ai = 1) ʽ ʪʠʧʫ DAA (di = 1, ai = 

2). ʋ ʤʘʪʨʠʮʽ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘ ʢʨʽʤ ʛʣʠʙʦʢʠʭ ʮʝʥʪʨʽʚ ʧʨʠʩʫʪʥʽ ʪʘʢʦʞ ʤʽʣʢʽ 

ʮʝʥʪʨʠ. ʊʦʜʽ ʧʨʠ ʥʘʷʚʥʦʩʪʽ ʜʦʤʽʰʦʢ ʚʩʽʭ ʟʘʟʥʘʯʝʥʠʭ ʩʦʨʪʽʚ ʤʘʻʤʦ ʚ ʟʘʛʘʣʴʥʦʤʫ 

ʚʠʧʘʜʢʫ K - ʨʽʚʥʝʚʫ ʤʦʜʝʣʴ ʢʦʤʧʝʥʩʘʮʽʾ, ʜʝ ( )ä
=

+=
N

i

ii adK
1

 . ʊʘʢʠʤ ʯʠʥʦʤ, ʷʢʱʦ ʚ 

ʤʘʪʨʠʮʽ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘ ʧʨʠʩʫʪʥʷ ʟʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ N ʤʽʣʢʠʭ ʽ ʛʣʠʙʦʢʠʭ 

ʮʝʥʪʨʽʚ, ʪʦ ʤʦʜʝʣʴ ʜʦʟʚʦʣʷʻ ʧʨʦʚʦʜʠʪʠ ʢʽʣʴʢʽʩʥʽ ʨʦʟʨʘʭʫʥʢʠ ʜʣʷ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʽʚ ʟ ʧʨʘʢʪʠʯʥʦ ʙʫʜʴ-ʷʢʠʤ ʩʢʣʘʜʦʤ ʽ ʚʽʜʦʙʨʘʞʘʻʪʴʩʷ ʥʘʩʪʫʧʥʠʤ 

ʨʽʚʥʷʥʥʷʤ ʝʣʝʢʪʨʦʥʝʡʪʨʘʣʴʥʦʩʪʽ: 
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     (2.2)  

ɸʥʘʣʽʟ ʨʽʚʥʷʥʥʷ (2.2) ʧʦʢʘʟʘʚ, ʱʦ ʡʦʛʦ ʣʽʚʘ ʯʘʩʪʠʥʘ ʤʘʻ ʤʦʥʦʪʦʥʥʠʡ ʭʘʨʘʢʪʝʨ 

ʟʤʽʥʠ ʙʝʟ ʝʢʩʪʨʝʤʫʤʽʚ ʟʽ ʟʤʽʥʦʶ n ʘʙʦ F, ʦʜʠʥ ʨʘʟ ʟʤʽʥʶʻ ʟʥʘʢ ʥʘ ʧʨʦʪʠʣʝʞʥʠʡ, 

ʧʨʦʭʦʜʷʯʠ ʯʝʨʝʟ ʥʫʣʴ ʽ ʪʦʤʫ ʤʘʻ ʻʜʠʥʝ ʚʠʨʽʰʝʥʥʷ. ʈʽʚʥʷʥʥʷ (2.2) ʤʦʞʥʘ 

ʚʠʨʽʰʫʚʘʪʠ ʯʠʩʝʣʴʥʦ ʤʝʪʦʜʦʤ ʧʦʣʦʚʠʥʥʦʛʦ ʜʽʣʝʥʥʷ ʚʽʜʥʦʩʥʦ n0, p0 ʘʙʦ ʚʽʜʥʦʩʥʦ 

ʨʽʚʥʷ ʌʝʨʤʽ F. ʃʽʚʫ ʯʘʩʪʠʥʫ ʨʽʚʥʷʥʥʷ (2.2) ,ʙʫʣʦ ʚʠʟʥʘʯʝʥʦ ʷʢ ʬʫʥʢʮʽʶ ʨʽʚʥʷ 

ʌʝʨʤʽ f(F) ʽ ʚʠʨʽʰʫʚʘʣʦʩʴ ʯʠʩʝʣʴʥʦ ʚʽʜʥʦʩʥʦ F. 

 ʇʦʪʽʤ ʚʠʟʥʘʯʘʣʠʩʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʚʽʣʴʥʠʭ ʝʣʝʢʪʨʦʥʽʚ n0 ʽ ʚʽʣʴʥʠʭ ʜʽʨʦʢ p0: 
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ʜʝ 
*

nm , *

pm - ʝʬʝʢʪʠʚʥʽ ʤʘʩʠ ʝʣʝʢʪʨʦʥʽʚ ʽ ʜʽʨʦʢ ʚʽʜʧʦʚʽʜʥʦ ʜʣʷ ʟʦʥ ʧʨʦʚʽʜʥʦʩʪʽ ʪʘ 

ʚʘʣʝʥʪʥʦʾ; EC ï ʜʥʦ ʟʦʥʠ ʧʨʦʚʽʜʥʦʩʪʽ; EV - ʩʪʝʣʷ ʚʘʣʝʥʪʥʦʾ ʟʦʥʠ.  

ɺ ʬʦʨʤʫʣʘʭ (2.1)ï (2.3) ʥʝʷʚʥʦ ʤʽʩʪʠʪʴʩʷ ʚʝʣʠʯʠʥʘ ʰʠʨʠʥʠ ʟʘʙʦʨʦʥʝʥʦʾ 

ʟʦʥʠ Eg, ʱʦ, ʚʟʘʛʘʣʽ ʢʘʞʫʯʠ, ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ. ɺ ʙʽʣʴʰʦʩʪʽ ʧʨʘʢʪʠʯʥʦ 

ʚʘʞʣʠʚʠʭ ʚʠʧʘʜʢʽʚ ʮʶ ʟʘʣʝʞʥʽʩʪʴ ʤʦʞʥʘ ʘʧʨʦʢʩʠʤʫʚʘʪʠ ʚʠʨʘʟʦʤ [87]: 

()
b

a

+
-=

T

T
ETEg

2

0 , ʜʝ Ŭ ʽ ɓ ï ʢʦʥʩʪʘʥʪʠ, ʷʢʽ ʧʽʜʙʠʨʘʶʪʴʩʷ ʝʤʧʽʨʠʯʥʦ. ɸʚʪʦʨʠ 

ʨʦʙʦʪʠ [88] ʟ ʧʦʩʠʣʘʥʥʷʤ ʥʘ [89] ʧʨʦʧʦʥʫʶʪʴ ʧʨʠ ʨʦʟʨʘʭʫʥʢʘʭ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʫʟʘʛʘʣʴʥʝʥʫ ʬʦʨʤʫʣʫ, ʷʢʘ ʦʧʠʩʫʻ ʟʘʣʝʞʥʽʩʪʴ ʰʠʨʠʥʠ ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ 

Cd1īxZnxTe ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ x ʮʠʥʢʫ ʽ ʪʝʤʧʝʨʘʪʫʨʠ T: 

( ) .
1

105.4
463.038.0,

24
2

0
b+

ÖÖ
-++=

- T
xxETxEg      (2.4) 

ʗʢʱʦ ʚ ʮʽʡ ʬʦʨʤʫʣʽ ʧʨʠʡʥʷʪʠ E0 = 1.606 ʝɺ, ɓ = 265, ʪʦ ʚʠʭʦʜʷʪʴ ʟʥʘʯʝʥʥʷ Eg(x, 

T), ʷʢʽ ʜʦʩʠʪʴ ʜʦʙʨʝ ʫʟʛʦʜʞʫʶʪʴʩʷ ʟ ʚʝʣʠʯʠʥʘʤʠ, ʥʘʚʝʜʝʥʠʤʠ ʚ ʣʽʪʝʨʘʪʫʨʽ. 

ʆʜʥʘʢ ʚ [90] ʙʫʣʦ ʟʘʟʥʘʯʝʥʦ ʥʘ ʚʽʜʩʫʪʥʽʩʪʴ ʚ ʜʘʥʽʡ ʬʦʨʤʫʣʽ ʟʘʣʝʞʥʦʩʪʽ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ ʰʠʨʠʥʠ ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ ʮʠʥʢʫ x, 
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ʭʦʯʘ ʚ ʪʚʝʨʜʠʭ ʨʦʟʯʠʥʘʭ ʥʘ ʦʩʥʦʚʽ CdTe ʮʝʡ ʢʦʝʬʽʮʽʻʥʪ ʤʦʞʝ ʩʠʣʴʥʦ ʟʘʣʝʞʘʪʠ 

ʚʽʜ x [91]. ɸʚʪʦʨʠ [90] ʥʘ ʦʩʥʦʚʽ ʦʪʨʠʤʘʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ 

ʟʘʧʨʦʧʦʥʫʚʘʣʠ ʧʨʝʜʩʪʘʚʣʷʪʠ ʟʘʣʝʞʥʽʩʪʴ Eg(T) ʣʽʥʽʡʥʠʤʠ ʘʧʨʦʢʩʠʤʘʮʽʷʤʠ 

() eBTTEg  1052.4608.1 4-Ö+=  ʜʣʷ CdTe ʽ () eBTTEg  1032.4664.1 4-Ö+=  ʜʣʷ Cd0.9Zn0.1Te.  

ʂʦʣʠ ʜʦ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʽʚ ʧʨʠʢʣʘʜʘʶʪʴʩʷ ʚʝʣʠʢʽ 

ʝʣʝʢʪʨʠʯʥʽ ʧʦʣʷ, ʘʙʦ ʚʦʥʠ ʥʘʛʨʽʚʘʶʪʴʩʷ ʜʦ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʚʽʣʴʥʽ ʥʦʩʽʾ 

ʟʘʨʷʜʫ ʤʦʞʫʪʴ ʥʘʙʫʚʘʪʠ ʚʠʩʦʢʠʭ ʝʥʝʨʛʽʡ ʽ ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʧʦʪʨʽʙʥʦ 

ʚʨʘʭʦʚʫʚʘʪʠ ʚʽʜʭʠʣʝʥʥʷ ʟʘʢʦʥʫ ʜʠʩʧʝʨʩʽʾ E(k) ʚʽʜ ʧʘʨʘʙʦʣʽʯʥʦʛʦ. ɼʣʷ ʮʴʦʛʦ 

ʟʘʟʚʠʯʘʡ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʪʝʦʨʽ ̫ʂʝʡʥʘ [92, 93], ʘ ʪʘʢʦʞ ʨʝʟʫʣʴʪʘʪʠ ʨʦʙʦʪʠ [94] 

ʜʝ ʪʝʦʨʽʷ ʂʝʡʥʘ ʙʫʣʘ ʚʜʦʩʢʦʥʘʣʝʥʘ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʙʘʛʘʪʦʟʦʥʥʦʾ ʤʦʜʝʣʽ ʽ ʙʫʣʘ 

ʧʦʢʘʟʘʥʘ ʧʨʠʜʘʪʥʽʩʪʴ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʪʝʦʨʽʾ ʜʣʷ ʩʧʦʣʫʢ AIIIBV, ʟʦʢʨʝʤʘ GaAs. 

ɽʬʝʢʪʠʚʥʘ ʤʘʩʘ ʚʽʣʴʥʠʭ ʥʦʩʽʾʚ ʙʽʣʷ ʢʨʘʶ ʟʦʥʠ ʚʠʟʥʘʯʘʻʪʴʩʷ ʽʟ ʟʘʛʘʣʴʥʦʛʦ ʚʠʨʘʟʫ 

()
2

2

2
*

dk

kEd
m

Z
= , ʜʝ E(k) ï ʜʠʩʧʝʨʩʽʡʥʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ.  

2.2 ʄʝʭʘʥʽʟʤʠ ʨʦʟʩʽʶʚʘʥʥʷ ʚʽʣʴʥʠʭ ʥʦʩʽʾʚ ʟʘʨʷʜʫ  

ɽʣʝʢʪʨʦʥʥʘ ʨʫʭʣʠʚʽʩʪʴ ɛn , ʧʠʪʦʤʠʡ ʦʧʽʨ ɟ, ʚʠʟʥʘʯʘʶʪʴʩʷ ʨʦʟʩʽʶʚʘʥʥʷʤ ʥʘ 

ʢʦʣʠʚʘʥʥʷʭ ʨʝʰʽʪʢʠ ʪʘ ʧʨʠʩʫʪʥʽʭ ʚ ʤʘʪʨʠʮʽ ʨʘʜʽʘʮʽʡʥʠʭ ʽ ʚʣʘʩʥʠʭ ʜʝʬʝʢʪʘʭ 

ʩʪʨʫʢʪʫʨʠ. ɼʣʷ ʨʦʟʨʘʭʫʥʢʫ ʝʣʝʢʪʨʦʥʥʦʾ ʨʫʭʣʠʚʦʩʪʽ ʙʫʣʦ ʚʟʷʪʦ ʟʘ ʦʩʥʦʚʫ 

ʥʘʙʣʠʞʝʥʥʷ ʯʘʩʫ ʨʝʣʘʢʩʘʮʽʾ (Ű-ʥʘʙʣʠʞʝʥʥʷ):  

 ä=
j jtt

11
,      (2.5) 

 ʜʝ tj - ʭʘʨʘʢʪʝʨʥʽ ʯʘʩʠ ʨʝʣʘʢʩʘʮʽʾ ʜʣʷ ʦʢʨʝʤʠʭ ʤʝʭʘʥʽʟʤʽʚ ʨʦʟʩʽʶʚʘʥʥʷ. ʋ 

ʨʦʟʨʘʭʫʥʢʦʚʫ ʤʦʜʝʣʴ ʙʫʣʠ ʚʢʣʶʯʝʥʽ ʤʝʭʘʥʽʟʤʠ ʨʦʟʩʽʶʚʘʥʥʷ ʚʽʣʴʥʠʭ ʥʦʩʽʾʚ 

ʟʘʨʷʜʫ ʥʘ ʘʢʫʩʪʠʯʥʠʭ ʜʝʬʦʨʤʘʮʽʡʥʠʭ ʬʦʥʦʥʘʭ [95], ʘʢʫʩʪʠʯʥʠʭ 

ʧôʻʟʦʝʣʝʢʪʨʠʯʥʠʭ ʬʦʥʦʥʘʭ [96, 97], ʧʦʣʷʨʠʟʦʚʘʥʠʭ ʽ ʥʝʧʦʣʷʨʥʠʭ ʦʧʪʠʯʥʠʭ 

ʬʦʥʦʥʘʭ [95], ʥʘ ʽʦʥʽʟʦʚʘʥʠʭ ʮʝʥʪʨʘʭ, ʥʝʡʪʨʘʣʴʥʠʭ ʮʝʥʪʨʘʭ, ʥʘ ʥʝʦʜʥʦʨʽʜʥʦʩʪʷʭ 

ʣʝʛʫʚʘʥʥʷ (ʢʣʘʩʪʝʨʘʭ), ʥʘ central-cell ʧʦʪʝʥʮʽʘʣ, ʥʘ ʨʦʟʧʣʘʚʽ, ʥʘ ʜʠʩʣʦʢʘʮʽʷʭ. 

ʈʦʟʛʣʷʜ ʤʝʭʘʥʽʟʤʫ ʨʦʟʩʽʶʚʘʥʥʷ ʥʘ ʧʦʣʷʨʠʟʦʚʘʥʠʭ ʦʧʪʠʯʥʠʭ ʬʦʥʦʥʘʭ ʚ 
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ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʚʠʨʘʟʫ ʜʣʷ ʚʽʜʧʦʚʽʜʥʦʛʦ ʯʘʩʫ ʨʝʣʘʢʩʘʮʽʾ ŰPO: 

( )
2 *

2 2

4 21

PO O

kT Ze m

M E

p

t w

Ö
=
W Ö

, ʜʝ M ï ʟʚʝʜʝʥʘ ʤʘʩʘ ʘʪʦʤʽʚ; ʷʢʱʦ ʚ ʥʘʷʚʥʦʩʪʽ ʘʪʦʤʠ ʜʚʦʭ 

ʨʽʟʥʠʭ ʩʦʨʪʽʚ M1 ʽ M2 ʪʦ 
21

21

MM

MM
M

+
= ; Ze - ʝʬʝʢʪʠʚʥʠʡ ʟʘʨʷʜ ʘʪʦʤʽʚ (Z - ʩʪʫʧʽʥʴ 

ʽʦʥʥʦʩʪʽ); wo - ʛʨʘʥʠʯʥʘ ʯʘʩʪʦʪʘ ʦʧʪʠʯʥʦʛʦ ʬʦʥʦʥʘ, ʨʘʜ/ʩʝʢ; 

ʆʜʥʘʢ ʨʦʟʩʽʷʥʥʷ ʥʘ ʧʦʣʷʨʠʟʦʚʘʥʠʭ ʦʧʪʠʯʥʠʭ ʬʦʥʦʥʘʭ ʚ GaAs ʥʝʧʨʫʞʥʝ, ʪʦʤʫ 

ʥʘʙʣʠʞʝʥʥʷ ʯʘʩʫ ʨʝʣʘʢʩʘʮʽʾ ʪʫʪ ʥʝ ʜʽʡʩʥʝ. ɺ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʥʝʦʙʭʽʜʥʦ 

ʚʠʨʽʰʫʚʘʪʠ ʨʽʚʥʷʥʥʷ ɹʦʣʴʮʤʘʥʘ, ʥʘʧʨʠʢʣʘʜ ʤʝʪʦʜʦʤ ʽʪʝʨʘʮʽʡ [98], ʘʙʦ ʤʦʞʥʘ 

ʚʠʢʦʨʠʩʪʘʪʠ ʧʽʜʭʽʜ, ʱʦ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʥʘʧʽʚʝʤʧʽʨʠʯʥʦʤʫ ʯʘʩʽ ʨʝʣʘʢʩʘʮʽʾ [99]: 

( )
[ ]124

1

1

*2*

2

0 -
W

-

+

=
Zl

Z

op e
mee

kTM

Z
kT

E

e

kT

E

wet Z
,      (2.6) 

ʜʝ ()
Sd

S
lMe

ee

e
we

1
12

0

2*

öö
÷

õ
ææ
ç

å
-W= ; 

kT
Z lwZ= ; ɤl ï ʧʦʜʦʚʞʥʷ ʯʘʩʪʦʪʘ ʦʧʪʠʯʥʠʭ ʢʦʣʠʚʘʥʴ; ed 

ï ʚʠʩʦʢʦʯʘʩʪʦʪʥʘ ʜʽʝʣʝʢʪʨʠʯʥʘ ʧʨʦʥʠʢʥʽʩʪʴ; ŮS ï ʩʪʘʪʠʯʥʘ ʜʽʝʣʝʢʪʨʠʯʥʘ 

ʧʨʦʥʠʢʥʽʩʪʴ; e* ï ʝʬʝʢʪʠʚʥʠʡ ʟʘʨʷʜ ʂʦʣʝʥʘ; M - ʟʚʝʜʝʥʘ ʤʘʩʘ; ɋ ï ʦʙôʻʤ 

ʝʣʝʤʝʥʪʘʨʥʦʾ ʢʦʤʽʨʢʘ ʢʨʠʩʪʘʣʫ, ʤ3.  

ʇʦʧʝʨʝʜʥʽ ʨʦʟʨʘʭʫʥʢʠ ʧʦʢʘʟʘʣʠ, ʱʦ ʦʙʯʠʩʣʝʥʥʷ ʨʫʭʣʠʚʦʩʪʽ ʟʘ ʬʦʨʤʫʣʦʶ 

(2.6) ʨʦʙʦʪʠ [99] ʜʣʷ GaAs ʥʝ ʟʘʚʞʜʠ ʟʘʜʦʚʽʣʴʥʦ ʟʙʽʛʘʻʪʴʩʷ ʟ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ, ʦʩʦʙʣʠʚʦ ʚ ʰʠʨʦʢʦʤʫ ʽʥʪʝʨʚʘʣʽ ʪʝʤʧʝʨʘʪʫʨ 

4 - 300 ʂ. ɿ ʮʽʻʾ ʧʨʠʯʠʥʠ, ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʨʝʟʫʣʴʪʘʪʽʚ ɽʨʝʥʨʘʡʭʘ [100] ʙʫʣʘ 

ʟʥʘʡʜʝʥʘ ʝʤʧʽʨʠʯʥʘ ʬʦʨʤʫʣʘ ʜʣʷ ʦʙʯʠʩʣʝʥʥʷ ʧʘʨʮʽʘʣʴʥʦʾ ʨʫʭʣʠʚʦʩʪʽ ʧʨʠ 

ʨʦʟʩʽʶʚʘʥʥʽ ʝʣʝʢʪʨʦʥʽʚ ʥʘ ʧʦʣʷʨʥʠʭ ʦʧʪʠʯʥʠʭ ʬʦʥʦʥʘʭ ʚ GaAs:  
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ʇʘʨʮʽʘʣʴʥʘ ʨʫʭʣʠʚʽʩʪʴ ʧʨʠ ʨʦʟʩʽʶʚʘʥʥʽ ʚʽʣʴʥʠʭ ʥʦʩʽʾʚ ʟʘʨʷʜʫ ʥʘ ʧʦʣʷʨʥʠʭ 

ʦʧʪʠʯʥʠʭ ʬʦʥʦʥʘʭ ʚ  CdTe ʦʙʯʠʩʣʶʚʘʣʘʩʴ ʧʦ ʬʦʨʤʫʣʽ (7) ʟ ʨʦʙʦʪʠ [101].  
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 ɼʣʷ ʨʦʟʩʽʶʚʘʥʥʷ ʥʘ ʽʦʥʽʟʦʚʘʥʠʭ ʮʝʥʪʨʘʭ ʚ ʩʣʘʙʦ ʽ ʧʦʤʽʨʥʦ ʣʝʛʦʚʘʥʠʭ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘʭ ʽʩʥʫʶʪʴ ʤʦʜʝʣʽ, ʷʢʽ ʦʧʠʩʫʶʪʴʩʷ ʬʦʨʤʫʣʘʤʠ ɹʨʫʢʩʘ-ʍʝʨʨʽʥʛʘ 

[102] ʽ ʂʦʥʫʝʣʣ-ɺʘʡʩʢʦʧʬʘ [103]. ɹʫʣʦ ʟʨʦʙʣʝʥʦ ʫʪʦʯʥʝʥʥʷ ʬʦʨʤʫʣʠ ɹʨʫʢʩʘ-

ʍʝʨʨʽʥʛʘ, ʷʢʘ ʚʨʘʭʦʚʫʻ ʝʢʨʘʥʫʚʘʥʥʷ ʪʽʣʴʢʠ ʚʽʣʴʥʠʤʠ ʥʦʩʽʷʤʠ ʟʘʨʷʜʫ. ʋ ʤʦʜʝʣʴ, 

ʢʨʽʤ ʝʢʨʘʥʫʚʘʥʥʷ ʚʽʣʴʥʠʤʠ ʥʦʩʽʷʤʠ ʟʘʨʷʜʫ, ʙʫʣʦ ʚʚʝʜʝʥʦ ʝʢʨʘʥʫʚʘʥʥʷ 

ʛʣʠʙʦʢʠʤʠ ʨʽʚʥʷʤʠ, ʽ ʦʩʪʘʪʦʯʥʘ ʬʦʨʤʫʣʘ ʜʣʷ ʚʽʜʧʦʚʽʜʥʦʛʦ ʯʘʩʫ ʨʝʣʘʢʩʘʮʽʾ Űii 

ʥʘʙʫʣʘ ʚʠʛʣʷʜʫ: 
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X = ; Ů - ʜʽʝʣʝʢʪʨʠʯʥʘ ʧʨʦʥʠʢʥʽʩʪʴ; Ů0 - 

ʝʣʝʢʪʨʠʯʥʘ ʧʦʩʪʽʡʥʘ; 
z

tN  - ʢʦʥʮʝʥʪʨʘʮʽʷ ʟʘʨʷʜʞʝʥʠʭ ʮʝʥʪʨʽʚ ʨʦʟʩʽʶʚʘʥʥʷ; QDZ - 

ʢʦʥʮʝʥʪʨʘʮʽʷ ʟʘʨʷʜʞʝʥʠʭ ʛʣʠʙʦʢʠʭ ʨʽʚʥʽʚ. ʈʦʟʨʘʭʫʥʢʠ ʟʘ ʬʦʨʤʫʣʦʶ (2.8) 

ʪʦʯʥʽʰʝ ʚʽʜʦʙʨʘʞʘʣʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʟʘʣʝʞʥʦʩʪʽ ʨʫʭʣʠʚʦʩʪʽ ʝʣʝʢʪʨʦʥʽʚ ʚʽʜ 

ʪʝʤʧʝʨʘʪʫʨʠ ʜʣʷ ʚʠʭʽʜʥʠʭ ʝʪʘʣʦʥʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. ʋ ʤʦʜʝʣʴ ʙʫʚ ʚʢʣʶʯʝʥʠʡ 

ʪʘʢʦʞ ʤʝʭʘʥʽʟʤ ʨʦʟʩʽʶʚʘʥʥʷ ʥʘ ʥʝʡʪʨʘʣʴʥʠʭ ʮʝʥʪʨʘʭ ʽ ʚʽʜʧʦʚʽʜʥʘ ʬʦʨʤʫʣʘ ʜʣʷ 

ʧʘʨʮʽʘʣʴʥʦʾ ʨʫʭʣʠʚʦʩʪʽ mN ʥʘʚʝʜʝʥʘ ʚ [104, 105].  

ɼʣʷ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʽʚ ʟ ʚʝʣʠʢʦʶ ʥʝʦʜʥʦʨʽʜʥʽʩʪʶ ʣʝʛʫʚʘʥʥʷ ʚ ʤʘʪʨʠʮʽ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘ ʤʦʞʫʪʴ ʫʪʚʦʨʶʚʘʪʠʩʷ ʢʣʘʩʪʝʨʠ ʜʦʤʽʰʦʢ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʬʣʫʢʪʫʘʮʽʡ ʥʘ ʢʨʘʷʭ ʟʦʥ. ʎʽ ʬʣʫʢʪʫʘʮʽʾ ʧʝʨʝʚʠʱʫʶʪʴ ʢʽʥʝʪʠʯʥʫ ʝʥʝʨʛʽʶ ʚʽʣʴʥʠʭ 

ʥʦʩʽʾʚ ʟʘʨʷʜʫ. ɺ [106] ʦʪʨʠʤʘʥʦ ʚʠʨʘʟ ʜʣʷ ʨʫʭʣʠʚʦʩʪʽ msc, ʦʙʫʤʦʚʣʝʥʦʾ ʜʘʥʠʤ 

ʤʝʭʘʥʽʟʤʦʤ ʨʦʟʩʽʶʚʘʥʥʷ: 
TkmAN

e

S

SC *2
=m , NS - ʢʦʥʮʝʥʪʨʘʮʽʷ ʢʣʘʩʪʝʨʽʚ, ʩʤ

-3;  

ɸ ï ʝʬʝʢʪʠʚʥʘ ʧʣʦʱʘ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ ʨʦʟʩʽʶʚʘʥʥʷ ʢʣʘʩʪʝʨʘ, ʩʤ2.  

ɺ ʤʦʜʝʣʴ ʙʫʚ ʪʘʢʦʞ ʚʢʣʶʯʝʥʠʡ ʤʝʭʘʥʽʟʤ ʨʦʟʩʽʶʚʘʥʥʷ ʥʘ ʜʠʩʣʦʢʘʮʽʷʭ ʟ 

ʭʘʨʘʢʪʝʨʥʠʤ ʯʘʩʦʤ ʨʝʣʘʢʩʘʮʽʾ td. ɺʽʜʧʦʚʽʜʥʘ ʪʝʦʨʽʷ ʨʦʟʩʽʶʚʘʥʥʷ ʥʘʚʦʜʠʪʴʩʷ ʚ 

ʨʦʙʦʪʘʭ [107ï109].  
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ʈʫʭʣʠʚʽʩʪʴ ʚʽʣʴʥʠʭ ʥʦʩʽʾʚ ʟʘʨʷʜʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʠʨʘʟʦʤ:*m

et
m= , ʜʝ 

ʝʬʝʢʪʠʚʥʘ ʤʘʩʘ m* ʚ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʻ ʪʝʥʟʦʨʦʤ; Ű ʚʠʟʥʘʯʘʻʪʴʩʷ ʬʦʨʤʫʣʦʶ 

(2.5), ʘ ʫʩʝʨʝʜʥʝʥʥʷ ʚʝʜʝʪʴʩʷ ʧʦ ʝʥʝʨʛʽʷʤ ʚʽʣʴʥʠʭ ʥʦʩʽʾʚ. ʇʝʨʝʭʦʜʷʯʠ ʜʦ 

ʽʥʪʝʛʨʫʚʘʥʥʷ ʧʦ ʝʥʝʨʛʽʾ E, ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ: 
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f(E,T) ï ʬʫʥʢʮʽʷ ʌʝʨʤʽ-ɼʽʨʘʢʘ; () ( ) ()[ ]2/12/3*

3
2

2
Ce EkEm

h
EN -=

p ʜʣʷ ʟʦʥʠ ʧʨʦʚʽʜʥʦʩʪʽ; 

() ( ) ()[ ]2/12/3*

3
2

2
kEEm

h
EN Vh -=

p ʜʣʷ ʚʘʣʝʥʪʥʦʾ ʟʦʥʠ; E(k) ï ʜʠʩʧʝʨʩʽʡʥʝ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ, ʚ ʷʢʦʤʫ k ï ʭʚʠʣʴʦʚʠʡ ʚʝʢʪʦʨ; ʨʝʰʪʘ ʚʝʣʠʯʠʥ ʪʽ ʞ, ʱʦ ʽ ʨʘʥʽʰ.  

ʋ ʚʠʧʘʜʢʫ ʧʘʨʘʙʦʣʽʯʥʠʭ ʟʦʥ, ʱʦ ʤʘʻ ʤʽʩʮʝ ʜʣʷ GaAs, CdTe, CdZnTe, 

ʟʘʛʘʣʴʥʘ ʬʦʨʤʫʣʘ ʜʣʷ ʝʣʝʢʪʨʦʥʥʦʾ ʨʫʭʣʠʚʦʩʪʽ [110]: 
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ɺ (2.9) ʽʥʜʝʢʩʦʤ  ̔ʧʦʟʥʘʯʝʥʽ ʤʝʭʘʥʽʟʤʠ, ʜʣʷ ʷʢʠʭ ʧʨʠʡʥʷʪʽ ʤʦʜʝʣʽ ʚʠʟʥʘʯʘʶʪʴ 

ʯʘʩ ʨʝʣʘʢʩʘʮʽʾ ʽʤʧʫʣʴʩʫ, ʘ ʽʥʜʝʢʩʦʤ j - ʤʝʭʘʥʽʟʤʠ, ʜʣʷ ʷʢʠʭ ʧʨʠʡʥʷʪʽ ʤʦʜʝʣʽ 

ʚʠʟʥʘʯʘʶʪʴ ʨʫʭʣʠʚʽʩʪʴ ʚ ʘʥʘʣʽʪʠʯʥʦʤʫ ʚʠʛʣʷʜʽ. ʇʠʪʦʤʠʡ ʦʧʽʨ ʚʠʟʥʘʯʘʣʦʩʷ ʟʘ 

ʬʦʨʤʫʣʦʶ: 
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ʛʜʝ mn ʠ mp - ʜʨʝʡʬʦʚʽ ʨʫʭʣʠʚʦʩʪʽ ʚʽʜʧʦʚʽʜʥʦ ʚʽʣʴʥʠʭ ʝʣʝʢʪʨʦʥʽʚ ʽ ʜʽʨʦʢ. mn ʽ mp 

ʤʦʞʥʘ ʦʜʝʨʞʘʪʠ ʟ (2.9) ʧʨʠ ʧʽʜʩʪʘʥʦʚʮʽ ʚʽʜʧʦʚʽʜʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʜʣʷ ʝʣʝʢʪʨʦʥʽʚ ʽ 

ʜʽʨʦʢ. 

 2.3 ʇʦʪʨʽʡʥʽ ʩʧʦʣʫʢʠ 

ʋ ʚʠʧʘʜʢʫ ʧʦʪʨʽʡʥʦʾ ʩʧʦʣʫʢʠ Cd1-XZnXTe ʚ ʧʨʘʚʽʡ ʯʘʩʪʠʥʽ ʬʦʨʤʫʣʠ (2.5) 

ʟ'ʷʚʣʷʻʪʴʩʷ ʥʦʚʠʡ ʜʦʜʘʥʦʢ, ʷʢʠʡ ʚʽʜʦʙʨʘʞʘʻ ʤʝʭʘʥʽʟʤ ʨʦʟʩʽʶʚʘʥʥʷ ʚ ʩʧʦʣʫʮʽ. 
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ʄʽʞ ʘʪʦʤʘʤʠ Te ʚʠʥʠʢʘʻ ʨʦʟʧʦʜʽʣ ʘʪʦʤʽʚ ʪʠʧʫ Cd ʽ Zn, ʷʢʠʡ ʥʝ ʧʦʚʪʦʨʶʻʪʴʩʷ ʚ 

ʧʝʨʽʦʜʠʯʥʽʡ ʨʝʰʽʪʮʽ. ɿʙʫʨʝʥʥʷ, ʱʦ ʚʠʥʠʢʘʻ ʧʨʠ ʮʴʦʤʫ, ʚʠʢʣʠʢʘʻ ʨʦʟʩʽʶʚʘʥʥʷ ʚ 

ʩʧʦʣʫʮʽ. ɼʣʷ ʩʧʦʣʫʢʠ AXB1-XC ʨʝʟʫʣʴʪʫʶʯʠʡ ʚʠʨʘʟ ʜʣʷ ʚʽʜʧʦʚʽʜʥʦʛʦ ʯʘʩʫ 

ʨʝʣʘʢʩʘʮʽʾ ŰAR [99]: 
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ʊʫʪ NA ï ʢʦʥʮʝʥʪʨʘʮʽʷ ʮʝʥʪʨʽʚ ʩʧʦʣʫʢʠ ʚ ʢʨʠʩʪʘʣʽ; CA - ʘʪʦʤʥʘ ʯʘʩʪʢʘ 

ʢʦʤʧʦʥʝʥʪʘ ɸ, ȹE - ʛʣʠʙʠʥʘ ʧʦʪʝʥʮʽʡʥʦʾ ʨʦʟʩʽʶʚʘʣʴʥʦʾ ʷʤʠ. 

ɺʠʨʘʟʠ ʜʣʷ ʨʽʟʥʠʭ ʤʝʭʘʥʽʟʤʽʚ ʨʦʟʩʽʶʚʘʥʥʷ, ʨʦʟʛʣʷʥʫʪʽ ʨʘʥʽʰʝ, 

ʟʘʣʠʰʘʶʪʴʩʷ ʚ ʩʠʣʽ, ʘʣʝ ʧʘʨʘʤʝʪʨʠ ʢʨʠʩʪʘʣʘ ʪʝʧʝʨ ʫʞʝ ʟʘʣʝʞʘʪʴ ʚʽʜ ʩʢʣʘʜʫ 

ʩʧʦʣʫʢʠ. ɼʦ ʪʘʢʠʭ ʧʘʨʘʤʝʪʨʽʚ ʥʘʣʝʞʘʪʴ ʧʘʨʘʤʝʪʨ ʨʝʰʽʪʢʠ a, ʝʬʝʢʪʠʚʥʘ ʤʘʩʘ 

ʚʽʣʴʥʠʭ ʥʦʩʽʾʚ m*, ʟʚʝʜʝʥʘ ʽʦʥʥʘ ʤʘʩʘ M, ʝʬʝʢʪʠʚʥʠʡ ʟʘʨʷʜ ʂʦʣʣʝʥʘ e*, ʰʠʨʠʥʘ 

ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ Eg, ʩʪʘʪʠʯʥʘ s

re  ʽ ʜʠʥʘʤʽʯʥʘ 
d

re  ʜʽʝʣʝʢʪʨʠʯʥʽ ʧʨʦʥʠʢʥʦʩʪʽ, 

ʧʦʧʝʨʝʯʥʘ ʯʘʩʪʦʪʘ ʧʦʣʷʨʠʟʦʚʘʥʠʭ ʦʧʪʠʯʥʠʭ ʬʦʥʦʥʽʚ ɤT, ʦʙôʻʤ ʝʣʝʤʝʥʪʘʨʥʦʾ 

ʢʦʤʽʨʢʠ ɋ, ʧ'ʻʟʦʝʣʝʢʪʨʠʯʥʽ ʢʦʥʩʪʘʥʪʠ, ʥʘʧʨʠʢʣʘʜ h14. ɺ ʨʦʙʦʪʽ [99] ʙʫʣʠ 

ʟʨʦʙʣʝʥʽ ʜʝʷʢʽ ʜʦʧʫʱʝʥʥʷ ʚʽʜʥʦʩʥʦ ʮʠʭ ʧʘʨʘʤʝʪʨʽʚ.  

 ʇʘʨʘʤʝʪʨ ʨʝʰʽʪʢʠ ʧʽʜʢʦʨʷʻʪʴʩʷ ʟʘʢʦʥʫ ɺʝʛʘʨʜʩʘ:  a = aACA + aBCB, ʜʝ 

ʉB ï ʘʪʦʤʥʘ ʯʘʩʪʢʘ ʢʦʤʧʦʥʝʥʪʘ B ʚ ʩʧʦʣʫʮʽ, aA ʽ aB ï ʧʘʨʘʤʝʪʨʠ ʨʝʰʽʪʦʢ 

ʚʽʜʧʦʚʽʜʥʦ ʜʣʷ ʢʦʤʧʦʥʝʥʪʽʚ A ʽ B.  

ɽʬʝʢʪʠʚʥʘ ʤʘʩʘ ʝʣʝʢʪʨʦʥʽʚ: ***
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ʜʝ 
*
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Bm  ï ʝʬʝʢʪʠʚʥʽ ʤʘʩʠ ʝʣʝʢʪʨʦʥʽʚ ʚʽʜʧʦʚʽʜʥʦ ʚ ʯʠʩʪʠʭ ʢʦʤʧʦʥʝʥʪʘʭ A ʽ B. 

ʐʠʨʠʥʫ ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ ʩʧʦʣʫʢʠ ʤʦʞʥʘ ʨʦʟʨʘʭʫʚʘʪʠ ʧʦ ʬʦʨʤʫʣʽ [111] Eg = A 

+ BĀ x + CĀ x2, ʜʝ x = CA;  A, B, C ï ʢʦʥʩʪʘʥʪʠ, ʘʙʦ ʧʦ ʬʦʨʤʫʣʽ (2.4). 

ɺʽʜʥʦʩʥʘ ʩʪʘʪʠʯʥʘ 
s

re ʽ ʚʽʜʥʦʩʥʘ ʜʠʥʘʤʽʯʥʘ 
d

re  ʜʽʝʣʝʢʪʨʠʯʥʽ ʧʨʦʥʠʢʥʦʩʪʽ: 
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ʇʦʟʜʦʚʞʥʷ ʯʘʩʪʦʪʘ ʦʧʪʠʯʥʠʭ ʢʦʣʠʚʘʥʴ ɤl ʽ ʧʦʧʝʨʝʯʥʘ ʯʘʩʪʦʪʘ ʜʦʚʛʦʭʚʠʣʴʦʚʠʭ 

ʦʧʪʠʯʥʠʭ ʢʦʣʠʚʘʥʴ ɤT ʧʦʚ'ʷʟʘʥʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ [112]: 
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+
= ʜʝ ɤTA ʽ ɤTB ï ʯʘʩʪʦʪʠ ʜʦʚʛʦʭʚʠʣʴʦʚʠʭ ʦʧʪʠʯʥʠʭ ʢʦʣʠʚʘʥʴ 

ʚʽʜʧʦʚʽʜʥʦ ʜʣʷ ʢʦʤʧʦʥʝʥʪʽʚ A ʽ B; Mr, Mr ï ʟʚʝʜʝʥʽ ʤʘʩʠ, MA, MB, MC ï ʤʘʩʠ 

ʘʪʦʤʽʚ ʚʽʜʧʦʚʽʜʥʦ ʢʦʤʧʦʥʝʥʪʽʚ A, B ʽ C; KA ʽ KB ï  ʢʦʝʬʽʮʽʻʥʪʠ ʟʚôʷʟʢʫ 

(ʞʦʨʩʪʢʦʩʪʽ) ʚʽʜʧʦʚʽʜʥʦ ʘʪʦʤʽʚ A ʽ B ʟ ʥʘʡʙʣʠʞʯʠʤ ʘʪʦʤʦʤ C. ʂʦʝʬʽʮʽʻʥʪʠ KA ʽ 

KB ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʨʘʞʝʥʽ ʯʝʨʝʟ ʨʽʚʥʷʥʥʷ ʢʦʣʠʚʘʥʴ ʘʪʦʤʽʚ ʚ ʦʜʥʦʤʽʨʥʽʡ A, B, C 

ʨʝʰʽʪʮʽ.  

ʏʘʩʪʦʪʘ ʨʦʟʩʽʶʚʘʥʥʷ ʚʽʣʴʥʠʭ ʥʦʩʽʾʚ ʟʘʨʷʜʫ ʥʘ ʧʦʣʷʨʠʟʦʚʘʥʠʭ ʦʧʪʠʯʥʠʭ 

ʬʦʥʦʥʘʭ ʧʨʦʧʦʨʮʽʡʥʘ ʚʝʣʠʯʠʥʽ 
()
WM

e
2*

 (ʜʠʚ. ʬʦʨʤʫʣʫ (2.6)), ʱʦ ʜʣʷ ʩʧʦʣʫʢʠ ʤʘʻ 

ʚʠʛʣʷʜ:  
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Be  ï ʝʬʝʢʪʠʚʥʽ ʟʘʨʷʜʠ ʂʦʣʣʝʥʘ 

ʚʽʜʧʦʚʽʜʥʦ ʜʣʷ ʯʠʩʪʠʭ A-C ʽ B-C ʩʧʦʣʫʢ.  

ʈʦʟʛʣʷʜ ʧ'ʻʟʦʝʣʝʢʪʨʠʯʥʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ ʚ ʩʧʦʣʫʮʽ ʜʘʻ ʚʠʨʘʟ ʜʣʷ 

ʧ'ʻʟʦʝʣʝʢʪʨʠʯʥʦʾ ʢʦʥʩʪʘʥʪʠ h14, ʽ ʫʩʝʨʝʜʥʝʥʦʾ ʧʨʫʞʥʦʾ ʩʪʘʣʦʾ C : 
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, ʜʝ u ï ʰʚʠʜʢʽʩʪʴ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ 

ʜʦʚʛʦʭʚʠʣʴʦʚʠʭ ʘʢʫʩʪʠʯʥʠʭ ʢʦʣʠʚʘʥʴ ʚ ʤʘʪʝʨʽʘʣʽ; eIA, eIB ï ʦʜʥʦʨʽʜʥʽ ʟʘʨʷʜʠ. 

ɺʠʨʘʟʠ ʜʣʷ eIA, eIB ʽ u  ʜʦʢʣʘʜʥʦ ʦʧʠʩʘʥʽ ʚ [99].  

2.4 ʏʘʩ ʞʠʪʪʷ ʥʝʨʽʚʥʦʚʘʞʥʠʭ ʥʦʩʽʾʚ ʟʘʨʷʜʫ 

ʏʘʩ ʞʠʪʪʷ ʥʝʨʽʚʥʦʚʘʞʥʠʭ ʥʦʩʽʾʚ ʟʘʨʷʜʫ Űi (ʜʣʷ ʝʣʝʢʪʨʦʥʽʚ - Űn, ʜʣʷ ʜʽʨʦʢ - 

Űp) ʚʠʟʥʘʯʘʻʪʴʩʷ ʧʨʦʮʝʩʘʤʠ ʾʭ ʟʘʭʦʧʣʝʥʥʷ, ʚʠʚʽʣʴʥʝʥʥʷ ʽ ʨʝʢʦʤʙʽʥʘʮʽʾ ʥʘ 

ʪʝʭʥʦʣʦʛʯ̔ʥʠʭ ʪʘ ʨʘʜʽʘʮʽʡʥʠʭ ʜʝʬʝʢʪʘʭ ʩʪʨʫʢʪʫʨʠ ʫ ʚʠʛʣʷʜʽ ʛʣʠʙʦʢʠʭ ʽ ʤʽʣʢʠʭ 

ʪʦʯʢʦʚʠʭ ʮʝʥʪʨʽʚ, ʤʽʢʨʦ-ʥʝʦʜʥʦʨʽʜʥʦʩʪʝʡ, ʣʽʥʽʡʥʠʭ ʜʝʬʝʢʪʽʚ, ʦʙʣʘʩʪʝʡ 

ʩʢʫʧʯʝʥʥʷ ʨʘʜʽʘʮʽʡʥʠʭ ʜʝʬʝʢʪʽʚ, ʘ ʪʘʢʦʞ ʥʘ ʧʨʠʩʫʪʥʽʭ ʚ ʤʘʪʨʠʮʽ ʚʣʘʩʥʠʭ ʽ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʜʝʬʝʢʪʘʭ. ʄʽʞʟʦʥʥʦʶ ʨʝʢʦʤʙʽʥʘʮʽʻʶ ʤʦʞʥʘ ʟʥʝʭʪʫʚʘʪʠ. ʊʘʢʠʡ 

ʚʠʩʥʦʚʦʢ ʚʠʧʣʠʚʘʻ ʟ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʚʠʤʽʨʶʚʘʥʴ ʢʦʝʬʽʮʽʻʥʪʽʚ ʤʽʞʟʦʥʥʦʾ 
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ʨʝʢʦʤʙʽʥʘʮʽʾ ʂzz, ʚʠʢʦʥʘʥʠʭ ʘʚʪʦʨʘʤʠ ʨʦʙʽʪ [113, 114], ʜʝ ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ 

ʜʣʷ CdTe Kzz=3Ā10
ï11ʩʤ3/ʩʝʢ. ɺʽʜʧʦʚʽʜʥʠʡ ʯʘʩ ʞʠʪʪʷ Űzz ʚ CdTe cʢʣʘʜʘʻ ~104 ʩʝʢ, 

ʘ ʚʽʜʦʤʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʚʠʤʽʨʷʥʘ ʚʝʣʠʯʠʥʘ Űn,Űp~10ï5ï10ï6ʩʝʢ. ʂʨʽʤ ʪʦʛʦ, ʥʘʩ 

ʙʫʜʫʪʴ ʮʽʢʘʚʠʪʠ ʚʠʩʦʢʦʦʤʥʽ ʩʪʘʥʠ GaAs, CdTe ʽ CdZnTe, ʢʦʣʠ ʢʦʥʮʝʥʪʨʘʮʽʷ 

ʽʦʥʽʟʦʚʘʥʠʭ ʛʣʠʙʦʢʠʭ ʨʘʜʽʘʮʽʡʥʠʭ ʮʝʥʪʨʽʚ ʧʝʨʝʚʠʱʫʻ ʢʦʥʮʝʥʪʨʘʮʽʶ ʚʽʣʴʥʠʭ 

ʥʦʩʽʾʚ ʟʘʨʷʜʫ ʥʘ 5-6 ʧʦʨʷʜʢʽʚ, ʪʦʤʫ ʾʭ ʨʝʢʦʤʙʽʥʘʮʽʷ ʥʘ ʛʣʠʙʦʢʠʭ ʨʽʚʥʷʭ ʧʦʤʽʪʥʦ 

ʧʝʨʝʚʠʱʫʻ ʤʽʞʟʦʥʥʫ ʨʝʢʦʤʙʽʥʘʮʽʶ. ʊʘʢʠʤ ʯʠʥʦʤ, ʧʦʚʝʜʽʥʢʫ ʥʝʨʽʚʥʦʚʘʞʥʠʭ 

ʥʦʩʽʾʚ ʟʘʨʷʜʫ ʤʦʞʥʘ ʦʧʠʩʘʪʠ ʩʪʘʪʠʩʪʠʢʦʶ ʐʦʢʣʽ-ʈʽʜʘ [115].  

ɺʚʝʜʝʤʦ ʧʦʟʥʘʯʝʥʥʷ. ʅʝʭʘʡ Nt ï ʢʦʥʮʝʥʪʨʘʮʽʷ ʨʝʢʦʤʙʽʥʘʮʽʡʥʠʭ ʮʝʥʪʨʽʚ; Et 

ï ʨʽʚʝʥʴ ʝʥʝʨʛʽʾ ʮʝʥʪʨʫ ʨʝʢʦʤʙʽʥʘʮʽʾ; cn ï ʩʝʨʝʜʥʷ ʡʤʦʚʽʨʥʽʩʪʴ ʪʦʛʦ, ʱʦ ʚ 

ʦʜʠʥʠʮʶ ʯʘʩʫ ʝʣʝʢʪʨʦʥ ʚ ʝʥʝʨʛʝʪʠʯʥʦʤʫ ʽʥʪʝʨʚʘʣʽ (E, E + dE) ʟʘʭʦʧʣʶʻʪʴʩʷ 

ʦʜʥʠʤ ʮʝʥʪʨʦʤ; cp ʩʝʨʝʜʥʷ ʡʤʦʚʽʨʥʽʩʪʴ ʪʦʛʦ, ʱʦ ʚ ʦʜʠʥʠʮʶ ʯʘʩʫ ʚ 

ʝʥʝʨʛʝʪʠʯʥʦʤʫ ʽʥʪʝʨʚʘʣʽ (E, E+dE) ʜʽʨʢʘ ʟʘʭʦʧʣʶʻʪʴʩʷ ʦʜʥʠʤ ʮʝʥʪʨʦʤ; n0, p0 

ʚʽʜʧʦʚʽʜʥʦ ʢʦʥʮʝʥʪʨʘʮʽʷ ʝʣʝʢʪʨʦʥʽʚ ʽ ʜʽʨʦʢ ʚ ʩʪʘʥʽ ʪʝʨʤʦʜʠʥʘʤʽʯʥʦʾ ʨʽʚʥʦʚʘʛʠ; 

Cp, (ʉn) ï ʚʽʜʧʦʚʽʜʥʦ ʡʤʦʚʽʨʥʦʩʪʽ ʚ ʦʜʠʥʠʮʶ ʯʘʩʫ ʟʘʭʦʧʣʝʥʥʷ ʜʽʨʢʠ (ʝʣʝʢʪʨʦʥʘ) 

ʟʘ ʫʤʦʚʠ, ʱʦ ʚʩʽ ʮʝʥʪʨʠ ʟʘʧʦʚʥʝʥʽ ʝʣʝʢʪʨʦʥʘʤʠ (ʧʦʨʦʞʥʽ). 

ʋ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʢʦʥʮʝʥʪʨʘʮʽʷ ʮʝʥʪʨʽʚ ʨʝʢʦʤʙʽʥʘʮʽʾ ʚʝʣʠʢʘ, ʱʦ 

ʥʝʶ ʥʝ ʤʦʞʥʘ ʥʝʭʪʫʚʘʪʠ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʚʽʣʴʥʠʭ ʥʦʩʽʾʚ ʽ ŭn Í ŭp, 

ʯʘʩ ʞʠʪʪʷ ʥʝʨʽʚʥʦʚʘʞʥʠʭ ʝʣʝʢʪʨʦʥʽʚ: 
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ʏʘʩ ʞʠʪʪʷ ʥʝʨʽʚʥʦʚʘʞʥʠʭ ʜʽʨʦʢ: 
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ʢʦʥʮʝʥʪʨʘʮʽʷ ʝʣʝʢʪʨʦʥʥʦʾ ʧʘʩʪʢʠ;  
p

tS , 
p

tN ï ʧʝʨʝʨʽʟ ʟʘʭʚʘʪʫ ʽ ʢʦʥʮʝʥʪʨʘʮʽʷ 

ʜʽʨʢʦʚʦʾ ʧʘʩʪʢʠ; 
*

,

8
,

pn

p

T

n

T
m

kT
vv

Ö
=
p

 ï ʪʝʧʣʦʚʽ ʰʚʠʜʢʦʩʪʽ ʚʽʣʴʥʠʭ ʝʣʝʢʪʨʦʥʽʚ ʽ ʜʽʨʦʢ 

ʚʽʜʧʦʚʽʜʥʦ.  

ʅʘ ʦʩʥʦʚʽ ʧʨʠʡʥʷʪʠʭ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʙʫʣʠ ʧʨʦʚʝʜʝʥʽ ʦʙʯʠʩʣʝʥʥʷ 

ʝʣʝʢʪʨʦʬʽʟʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʧʨʷʤʦ ʟʦʥʥʠʭ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ ʥʘ ʧʨʠʢʣʘʜʽ ʨʦʟʨʘʭʫʥʢʫ ɛn , ɟ, ʽ ʯʘʩʫ ʞʠʪʪʷ 

ʥʝʨʽʚʥʦʚʘʞʥʠʭ ʥʦʩʽʾʚ ʟʘʨʷʜʫ Űn, Űp ʜʣʷ ʘʨʩʝʥʽʜʫ ʛʘʣʽʶ. ʇʨʦʜʝʤʦʥʩʪʨʦʚʘʥʽ 

ʤʦʞʣʠʚʦʩʪʽ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʥʘ ʧʨʠʢʣʘʜʽ ʚʠʚʯʝʥʥʷ ʚʧʣʠʚʫ ʜʝʬʝʢʪʫ EL-2 

ʚ GaAs (ʧʽʩʣʷ ʨʘʜʽʘʮʽʡʥʦʛʦ ʦʧʨʦʤʽʥʝʥʥʷ ʟ ʥʘʩʪʫʧʥʦʶ ʪʝʨʤʦʦʙʨʦʙʢʦʶ) ʥʘ 

ʦʩʥʦʚʥʽ ʝʣʝʢʪʨʦʬʽʟʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʚ ʰʠʨʦʢʦʤʫ ʪʝʤʧʝʨʘʪʫʨʥʦʤʫ ʽʥʪʝʨʚʘʣʽ. 

ʄʘʪʝʨʽʘʣʠ ʜʘʥʦʛʦ ʨʦʟʜʽʣʫ ʦʧʫʙʣʽʢʦʚʘʥʽ ʚ ʨʦʙʦʪʘʭ [ɸ.1, ɸ.2], ʱʦ ʥʘʚʝʜʝʥʽ ʚ 

ɼʦʜʘʪʢʫ ɸ, ʪʘ ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʢʦʥʬʝʨʝʥʮʽʾ [ɸ.12]. 

 

2.5 ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 2 

1. ɺʠʟʥʘʯʝʥʽ ʬʽʟʠʯʥʽ ʪʘ ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʜʣʷ ʦʧʠʩʫ ʟʤʽʥ ʝʣʝʢʪʨʦʬʽʟʠʯʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ (ʧʠʪʦʤʦʛʦ ʦʧʦʨʫ, ʨʫʭʣʠʚʦʩʪʽ, ʯʘʩʫ ʞʠʪʪʷ ʥʝʨʽʚʥʦʚʘʞʥʠʭ ʥʦʩʽʾʚ 

ʟʘʨʷʜʫ) ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʩʢʣʘʜʫ ʧʨʠ ʜʦʚʽʣʴʥʽʡ 

ʢʽʣʴʢʦʩʪʽ ʨʘʜʽʘʮʽʡʥʠʭ ʽ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʜʝʬʝʢʪʽʚ ʨʽʟʥʦʛʦ ʩʦʨʪʫ ʚ ʰʠʨʦʢʦʤʫ 

ʽʥʪʝʨʚʘʣʽ ʪʝʤʧʝʨʘʪʫʨ. 

2. ʆʪʨʠʤʘʥʦ ʧʨʦʩʪʠʡ ʘʥʘʣʽʪʠʯʥʠʡ ʚʠʨʘʟ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʧʘʨʮʽʘʣʴʥʦʾ ʨʫʭʣʠʚʦʩʪʽ 

ʧʨʠ ʥʝʧʨʫʞʥʦʤʫ ʨʦʟʩʽʶʚʘʥʥʽ ʚʽʣʴʥʠʭ ʥʦʩʽʾʚ ʟʘʨʷʜʫ ʥʘ ʧʦʣʷʨʥʠʭ ʦʧʪʠʯʥʠʭ 

ʬʦʥʦʥʘʭ ʚ ʘʨʩʝʥʽʜʽ ʛʘʣʽʶ (ʬʦʨʤʫʣʘ (2.7)). 

3. ʋʪʦʯʥʝʥʦ ʤʦʜʝʣʴ ɹʨʫʢʩʘ-ʍʝʨʨʽʥʛʘ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʧʘʨʮʽʘʣʴʥʦʾ ʨʫʭʣʠʚʦʩʪʽ 

ʚʽʣʴʥʠʭ ʥʦʩʽʾʚ ʟʘʨʷʜʫ ʧʨʠ ʨʦʟʩʽʶʚʘʥʥʽ ʥʘ ʽʦʥʽʟʦʚʘʥʠʭ ʨʘʜʽʘʮʽʡʥʦ-ʩʪʠʤʫʣʴʦʚʘʥʠʭ 

ʽ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʜʝʬʝʢʪʘʭ. 
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ʈʆɿɼɯʃ 3 

ɽʃɽʂʊʈʆʌɯɿʀʏʅɯ ɺʃɸʉʊʀɺʆʉʊɯ ʅɽʆʇʈʆʄɯʅɽʅʀʍ GaAs, CdTe, 

CdZnTe  
 

 ɺ ʜʘʥʦʤʫ ʨʦʟʜʽʣʽ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʦʧʠʩ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ 

ʚʩʪʘʥʦʚʣʝʥʥʷ ʝʣʝʢʪʨʦʬʽʟʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʚʠʭʽʜʥʠʭ ʤʘʪʝʨʽʘʣʽʚ GaAs, CdTe, 

CdZnTe ʭʦʨʦʰʦʾ ʜʝʪʝʢʪʦʨʥʦʾ ʷʢʦʩʪʽ ʜʦ ʾʭ ʦʧʨʦʤʽʥʝʥʥ ̫ʚ ʧʨʦʮʝʩʽ ʝʢʩʧʣʫʘʪʘʮʽʾ 

ʜʝʪʝʢʪʦʨʽʚ. ɼʦʩʣʽʜʞʝʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʝʦʧʨʦʤʽʥʝʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʧʨʦʚʦʜʠʣʦʩʴ 

ʚ ʰʠʨʦʢʦʤʫ ʽʥʪʝʨʚʘʣʽ ʪʝʤʧʝʨʘʪʫʨ ʽ ʢʦʥʮʝʥʪʨʘʮʽʡ ʬʦʥʦʚʠʭ ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʜʦʤʽʰʦʢ ʽ ʩʪʨʫʢʪʫʨʥʠʭ ʜʝʬʝʢʪʽʚ (ʨʦʙʦʪʠ [ɸ.1ïɸ.4, ɸ.17, ɸ.18], ʱʦ ʥʘʚʝʜʝʥʦ ʚ 

ɼʦʜʘʪʢʫ ɸ). ɼʦʩʣʽʜʞʝʥʘ ʢʦʨʝʣʷʮʽʷ ʤʽʞ ʧʠʪʦʤʠʤ ʦʧʦʨʦʤ ɟ ʽ ʝʣʝʢʪʨʦʥʥʦʶ 

ʨʫʭʣʠʚʽʩʪʶ Õn ʚ CdTe  ̔CdZnTe [ɸ.4, ɸ.12]. 

3.1 ɽʣʝʢʪʨʦʬʽʟʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ GaAs ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʚʤʽʩʪʫ 

ʩʪʨʫʢʪʫʨʥʠʭ ʥʝʜʦʩʢʦʥʘʣʦʩʪʝʡ 

ʉʧʦʯʘʪʢʫ ʩʣʽʜ ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʪʠ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʨʝʟʫʣʴʪʘʪʽʚ ʦʙʯʠʩʣʝʥʴ, 

ʟʨʦʙʣʝʥʠʭ ʥʘ ʦʩʥʦʚʽ ʧʨʠʡʥʷʪʠʭ ʤʦʜʝʣʝʡ, ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤ ʨʝʟʫʣʴʪʘʪʘʤ, 

ʦʪʨʠʤʘʥʠʤ ʟ ʥʝʟʘʣʝʞʥʠʭ ʜʞʝʨʝʣ. ɺ ʨʦʙʦʪʽ [116] ʥʘʚʦʜʷʪʴʩʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ 

ʨʝʟʫʣʴʪʘʪʠ ʝʣʝʢʪʨʦʥʥʦʾ ʨʫʭʣʠʚʦʩʪʽ ɛn ʚ ʚʠʩʦʢʦʯʠʩʪʦʤʫ ʟʨʘʟʢʫ ʘʨʩʝʥʽʜʫ ʛʘʣʽʶ, 

ʦʪʨʠʤʘʥʦʤʫ ʤʝʪʦʜʦʤ ʧʘʨʦʬʘʟʥʦʾ ʝʧʽʪʘʢʩʽʾ. ɺ ʨʦʙʦʪʽ [36] ʙʫʣʘ ʚʠʤʽʨʷʥʘ 

ʪʝʤʧʝʨʘʪʫʨʥʘ ʟʘʣʝʞʥʽʩʪʴ ʧʠʪʦʤʦʛʦ ʦʧʦʨʫ Cd0.9Zn0.1Te:In. ʇʽʩʣʷ ʧʽʜʩʪʘʥʦʚʢʠ ʚ 

ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʥʝʦʙʭʽʜʥʠʭ ʧʘʨʘʤʝʪʨʽʚ GaAs, ʚʝʣʠʯʠʥ ʢʦʥʮʝʥʪʨʘʮʽʡ ʽ 

ʝʥʝʨʛʽʡ ʬʦʥʦʚʠʭ ʜʝʬʝʢʪʽʚ ʙʫʣʠ ʦʪʨʠʤʘʥ ̔ ʢʨʠʚʽ, ʧʦʢʘʟʘʥʽ ʥʘ ʨʠʩ.3.1(ʘ,ʙ) 

ʩʫʮʽʣʴʥʠʤʠ ʣʽʥʽʷʤʠ. ʊʘʤ ʞʝ ʥʘʚʦʜʷʪʴʩʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʚʠʤʽʨʷʥʽ ʟʥʘʯʝʥʥʷ 

ʨʫʭʣʠʚʦʩʪʽ, ʚʽʜʤʽʯʝʥʽ ʪʦʯʢʘʤʠ, ʚʟʷʪʽ ʟ ʫʢʘʟʘʥʠʭ ʨʦʙʽʪ. ʗʢ ʙʘʯʠʤʦ, ʻ ʭʦʨʦʰʘ 

ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʤʽʞ ʝʢʩʧʝʨʠʤʝʥʪʦʤ ʽ ʨʝʟʫʣʴʪʘʪʘʤʠ ʦʙʯʠʩʣʝʥʴ ʟʘ ʧʨʠʡʥʷʪʦʶ 

ʤʦʜʝʣʣʶ. ʇʦʨʽʚʥʷʥʥʷ ʤʦʜʝʣʴʥʠʭ ʛʨʘʬʽʢʽʚ ʟ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʨʦʙʦʪʠ [117] ʪʘʢʦʞ ʜʘʻ ʭʦʨʦʰʠʡ ʟʙʽʛ ʢʨʠʚʠʭ, ʷʢʽ ʪʫʪ ʥʝ ʥʘʚʦʜʷʪʴʩʷ. ɺ ʪʘʙʣʠʮʽ 

3.1 ʧʦʢʘʟʘʥʽ ʚʽʜʦʤʽ ʟ ʙʘʛʘʪʴʦʭ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ ʚʝʣʠʯʠʥʠ ʨʫʭʣʠʚʦʩʪʽ ɛn ʪʘ 

ʯʘʩʫ ʞʠʪʪʷ Űn, ʝʣʝʢʪʨʦʥʽʚ, ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʧʠʪʦʤʦʛʦ ʦʧʦʨʫ ɟmax ʚ GaAs, CdTe, 

Cd0.9Zn0.1Te ʽ ʜʣʷ ʧʦʨʽʚʥʷʥʥʷ ï ʚʝʣʠʯʠʥʠ, ʦʙʯʠʩʣʝʥʽ ʚ ʨʘʤʢʘʭ ʧʨʠʡʥʷʪʦʾ ʤʦʜʝʣʽ 

ʜʣʷ ʤʘʪʝʨʽʘʣʽʚ, ʜʦʩʣʽʜʞʝʥʠʭ ʚ ʨʦʙʦʪʘʭ [36, 117]. ʆʯʝʚʠʜʥʠʡ ʭʦʨʦʰʠʡ ʟʙʽʛ 
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ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʟ ʦʙʯʠʩʣʝʥʥʷʤʠ. 

  
    ʘ)       ʙ) 

ʈʠʩ. 3.1. ɿʘʣʝʞʥʦʩʪ̔ (ʘ) ɛn ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ T ʚ GaAs ʪʘ (ʙ) ʥʘʪʫʨʘʣʴʥʦʛʦ 

ʣʦʛʘʨʠʬʤʘ ʧʠʪʦʤʦʛʦ ʦʧʦʨʫ ɟ Cd0.9Zn0.1Te:In (ʙ) ʚʽʜ 1/kT. ɺ GaAs ʢʦʥʮʝʥʪʨʘʮʽʷ 

ʜʦʥʦʨʘ Nd =4,8Ā1013 ʩʤ-3, ʢʦʥʮʝʥʪʨʘʮʽʷ ʘʢʮʝʧʪʦʨʥʦʛʦ ʜʝʬʝʢʪʫ Na = 2,13Ā10
13 cʤ-3, 

ʨʽʚʝʥʴ ʝʥʝʨʛʽʾ ʜʦʥʦʨʘ Ed = 5,52Ā10
-3 ʝɺ.  

 

ʊʘʙʣʠʮʷ 3.1  

ʇʦʨʽʚʥʷʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʽ ʦʙʯʠʩʣʝʥʠʭ ʚʝʣʠʯʠʥ Űn, ɛn, ʽ ɟmax. 

 Űn , ʩʝʢ ɛn , ʩʤ
2/(ɺȚʩʝʢ) ɟmax , ʆʤȚʩʤ 

ʄʘʪʝʨʽʘʣ ɽʢʩʧʝʨʠï

ʤʝʥʪ 

ʈʦʟʨʘʭʫï

ʥʦʢ 

ɽʢʩʧʝʨʠï

ʤʝʥʪ 

ʈʦʟʨʘʭʫï

ʥʦʢ 

ɽʢʩʧʝʨʠ

ïʤʝʥʪ 

ʈʦʟʨʘʭʫ

ïʥʦʢ 

GaAs ~10-9 2Ț10-9 9000 8500 ~108 3Ț108 

CdTe ~10-6 1.5Ț10-6 1100 1080 ~1010 2Ț1010 

CdZnTe ~10-6 5Ț10-6 ~1000 900 ~1011 1.15Ț1011 

 

 ʅʘ ʚʣʘʩʪʠʚʦʩʪʽ ʤʦʥʦʢʨʠʩʪʘʣʽʚ GaAs ʚʝʣʠʢʠʡ ʚʧʣʠʚ ʤʘʻ ʚʠʥʠʢʥʝʥʥʷ ʽ 

ʩʪʘʙʽʣʴʥʽʩʪʴ ʜʝʬʝʢʪʽʚ ʪʠʧʫ EL-2 - ʚʣʘʩʥʦʛʦ ʜʝʬʝʢʪʫ, ʱʦ ʧʨʠʩʫʪʥʽʡ ʥʘʚʽʪʴ ʚ 

ʥʘʧʽʚʽʟʦʣʶʶʯʦʤʫ ʟʨʘʟʢʫ, ʱʦ ʥʝ ʧʽʜʜʘʚʘʚʩʷ ʥʽʷʢʠʤ ʦʙʨʦʙʢʘʤ. ʎʽʥʥʽʩʪʴ ʜʝʬʝʢʪʫ 

EL-2 ʧʦʣʷʛʘʻ ʚ ʤʦʞʣʠʚʦʩʪʽ ʦʪʨʠʤʘʥʥʷ ʥʘʧʽʚʽʟʦʣʶʶʯʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ GaAs ʙʝʟ 

ʩʧʝʮʽʘʣʴʥʦʛʦ ʣʝʛʫʚʘʥʥʷ. ɺʘʞʣʠʚʠʤ ʤʦʤʝʥʪʦʤ ʧʨʠ ʮʴʦʤʫ ʻ ʚʠʚʯʝʥʥʷ ʚʧʣʠʚʫ 
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ʨʽʟʥʠʭ ʽʦʥʽʟʫʶʯʠʭ ʚʠʧʨʦʤʽʥʶʚʘʥʴ ʥʘ ʧʦʚʝʜʽʥʢʫ ʚʣʘʩʥʦʛʦ ʜʝʬʝʢʪʫ EL-2, ʱʦ 

ʬʦʨʤʫʻ ʚʣʘʩʪʠʚʦʩʪʽ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʚ ʰʠʨʦʢʦʤʫ ʽʥʪʝʨʚʘʣʽ 

ʪʝʤʧʝʨʘʪʫʨ. 

ɺ ʨʦʙʦʪʽ [118] ʚʠʚʯʘʣʘʩʷ ʧʦʚʝʜʽʥʢʘ ʜʝʬʝʢʪʽʚ EL-2, ʱʦ ʚʠʥʠʢʘʶʪʴ ʧʨʠ 

ʦʧʨʦʤʽʥʝʥʥʽ ʥʝʡʪʨʦʥʘʤʠ ʽ ʥʘʩʪʫʧʥʦʶ ʪʝʨʤʦʦʙʨʦʙʢʦʶ. ɺʠʷʚʣʝʥʦ ʟʙʽʣʴʰʝʥʥʷ 

ʢʦʥʮʝʥʪʨʘʮʽʾ EL-2 ʟ ʧʽʜʚʠʱʝʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʠ ʚʽʜʧʘʣʫ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʚʠʭʽʜʥʠʤ 

ʩʪʘʥʦʤ ʤʘʪʝʨʽʘʣʫ ʜʦ ʦʧʨʦʤʽʥʝʥʥʷ. ɼʦʩʣʽʜʞʫʚʘʚʩʷ ʚʧʣʠʚ ʜʝʬʝʢʪʫ EL-2 ʥʘ 

ʝʣʝʢʪʨʦʥʥʫ ʨʫʭʣʠʚʽʩʪʴ ɛn(T) ʚ ʪʝʤʧʝʨʘʪʫʨʥʦʤʫ ʽʥʪʝʨʚʘʣʽ 300 õ 1100 ʂ, ʚ ʷʢʦʤʫ 

ʜʝʬʝʢʪ ʟʘʣʠʰʘʻʪʴʩʷ ʩʪʘʙʽʣʴʥʠʤ. ʅʘ ʨʠʩ. 3.2 ʧʦʢʘʟʘʥʽ ʤʦʜʝʣʴʥʽ ʪʝʤʧʝʨʘʪʫʨʥʽ 

ʟʘʣʝʞʥʦʩʪʽ ʨʫʭʣʠʚʦʩʪʽ ʝʣʝʢʪʨʦʥʽʚ (ʩʤ2/ɺĀʩʝʢ) ʚ ʟʨʘʟʢʫ, ʦʯʠʱʝʥʦʤʫ ʚʽʜ ʤʽʣʢʠʭ 

ʮʝʥʪʨʽʚ (ʢʦʥʮʝʥʪʨʘʮʽʷ ʤʽʣʢʠʭ ʨʽʚʥʽʚ ʥʘ 5Ā1013ʩʤ-3) ʜʣʷ ʨʽʟʥʦʛʦ ʚʤʽʩʪʫ ʛʣʠʙʦʢʦʛʦ 

ʜʦʥʦʨʘ EL-2. ɺʠʜʥʦ, ʱʦ ʮʝʥʪʨʠ EL-2 ʽʩʪʦʪʥʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʨʦʟʩʽʶʚʘʥʥʷ ʚʽʣʴʥʠʭ 

ʝʣʝʢʪʨʦʥʽʚ. ʉʣʘʙʦ ʚʠʨʘʞʝʥʠʡ ʤʽʥʽʤʫʤ ʥʘ ʟʘʣʝʞʥʦʩʪʷʭ ʦʙʫʤʦʚʣʝʥʠʡ ʩʧʽʣʴʥʠʤ 

ʚʧʣʠʚʦʤ ʨʦʟʩʽʶʚʘʥʥʷ ʥʘ ʬʦʥʦʥʘʭ, ʽʦʥʽʟʦʚʘʥʠʭ ʪʘ ʥʝʡʪʨʘʣʴʥʠʭ ʜʦʤʽʰʢʘʭ.  

ɿʘʬʽʢʩʫʚʘʚʰʠ ʭʘʨʘʢʪʝʨʥʝ ʟʥʘʯʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ EL-2, ʱʦ ʜʦʨʽʚʥʶʻ 1Ā1016 

ʩʤ-3, ʦʪʨʠʤʘʣʠ ʪʨʠʚʠʤʽʨʥʫ ʤʦʜʝʣʴʥʫ ʟʘʣʝʞʥʽʩʪʴ ʝʣʝʢʪʨʦʥʥʦʾ ʨʫʭʣʠʚʦʩʪʽ ʚʽʜ 

ʚʤʽʩʪʫ ʢʦʤʧʝʥʩʦʚʘʥʦʛʦ ʤʽʣʢʦʛʦ ʘʢʮʝʧʪʦʨʘ Na ʚ ʪʝʤʧʝʨʘʪʫʨʥʦʤʫ ʽʥʪʝʨʚʘʣʽ 10 õ 

500 K (ʨʠʩ.3.3). ʅʘ ʨʠʩʫʥʢʫ ʯʽʪʢʦ ʧʨʦʩʪʝʞʫʻʪʴʩʷ ʤʘʢʩʠʤʫʤ ʧʨʠ ʟʨʦʩʪʘʥʥʽ 

ʪʝʤʧʝʨʘʪʫʨʠ ʊ. ʎʝ ʧʦʷʩʥʶʻʪʴʩʷ ʩʫʢʫʧʥʦʶ ʜʽʻʶ ʤʝʭʘʥʽʟʤʽʚ ʨʦʟʩʽʶʚʘʥʥʷ ʥʘ 

ʽʦʥʽʟʦʚʘʥʠʭ ʜʦʤʽʰʢʘʭ ʽ ʬʦʥʦʥʘʭ. ɿʽ ʟʙʽʣʴʰʝʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʠ ʨʦʟʩʽʶʚʘʥʥʷ 

ʝʣʝʢʪʨʦʥʽʚ ʥʘ ʽʦʥʽʟʦʚʘʥʠʭ ʛʣʠʙʦʢʠʭ ʮʝʥʪʨʘʭ ʜʦʤʽʰʦʢʘ ʽ ʩʪʨʫʢʪʫʨʥʠʭ ʜʝʬʝʢʪʽʚ 

ʟʤʝʥʰʫʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʟʙʽʣʴʰʝʥʥʷ ʝʢʨʘʥʫʚʘʥʥʷ ʨʦʟʩʽʶʚʘʣʴʥʠʭ ʮʝʥʪʨʽʚ 

ʚʽʣʴʥʠʤʠ ʥʦʩʽʷʤʠ ʟʘʨʷʜʫ, ʱʦ ʩʧʨʠʷʻ ʟʙʽʣʴʰʝʥʥʶ ʨʫʭʣʠʚʦʩʪʽ. ɿ ʽʥʰʦʛʦ ʙʦʢʫ, ʟ 

ʨʦʩʪʦʤ ʪʝʤʧʝʨʘʪʫʨʠ ʨʦʟʩʽʶʚʘʥʥʷ ʥʘ ʘʢʫʩʪʠʯʥʠʭ ʪʘ ʧʦʣʷʨʥʠʭ ʦʧʪʠʯʥʠʭ ʬʦʥʦʥʘʭ 

ʟʙʽʣʴʰʫʻʪʴʩʷ, ʱʦ, ʚ ʩʚʦʶ ʯʝʨʛʫ, ʟʤʝʥʰʫʻ ʨʫʭʣʠʚʽʩʪʴ ʚʽʣʴʥʠʭ ʥʦʩʽʾʚ ʟʘʨʷʜʫ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʟ'ʷʚʣʷʻʪʴʩʷ ʤʘʢʩʠʤʫʤ, ʷʢʠʡ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 

ʙʣʠʟʴʢʦ 120 K. ʉʪʨʠʙʢʦʧʦʜʽʙʥʝ ʟʙʽʣʴʰʝʥʥʷ ʨʫʭʣʠʚʦʩʪʽ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʤʽʣʢʦʛʦ ʘʢʮʝʧʪʦʨʘ Na ʧʨʠ ʊ = 120 ʂ ʧʦʷʩʥʶʻʪʴʩʷ ʪʠʤ, ʱʦ ʧʨʠ  
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ʈʠʩ. 3.2. ʊʝʤʧʝʨʘʪʫʨʥʽ ʟʘʣʝʞʥʦʩʪʽ ʝʣʝʢʪʨʦʥʥʦʾ ʨʫʭʣʠʚʦʩʪʽ ʚ ʚʠʩʦʢʦʯʠʩʪʦʤʫ 

GaAs ʧʨʠ ʨʽʟʥʠʭ ʢʦʥʮʝʥʪʨʘʮʽʷʭ ʛʣʠʙʦʢʦʛʦ ʮʝʥʪʨʫ EL2, (ʩʤ-3).  

 
ʈʠʩ. 3.3. ɿʘʣʝʞʥʽʩʪʴ ʝʣʝʢʪʨʦʥʥʦʾ ʨʫʭʣʠʚʦʩʪʽ ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ ʤʽʣʢʦʛʦ ʘʢʮʝʧʪʦʨʘ 

Na ʽ ʪʝʤʧʝʨʘʪʫʨʠ ʊ; 5Ā1015ʩʤ-3 < Na <5Ā10
16 ʩʤ-3;   10 < T < 500 K.  

ʧʝʚʥʽʡ ʢʦʥʮʝʥʪʨʘʮʽʾ Na ʤʽʣʢʠʡ ʘʢʮʝʧʪʦʨ ʟʘʣʠʰʘʻʪʴʩʷ ʥʝʩʢʦʤʧʝʥʩʦʚʘʥʠʤ 

ʽʦʥʽʟʦʚʘʥʠʤʠ ʮʝʥʪʨʘʤʠ ʛʣʠʙʦʢʦʛʦ ʜʦʥʦʨʘ EL-2, ʱʦ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʨʽʟʢʠʤ 

ʟʙʽʣʴʰʝʥʥʷʤ ʢʦʥʮʝʥʪʨʘʮʽʾ ʚʽʣʴʥʠʭ ʜʽʨʦʢ ʽ ʨʘʟʦʤ ʟ ʥʝʶ ʧʦʤʽʪʥʦ ʟʨʦʩʪʘʻ 

ʝʢʨʘʥʫʚʘʥʥʷ ʚʽʣʴʥʠʤʠ ʜʽʨʢʘʤʠ ʽʦʥʽʟʦʚʘʥʠʭ ʮʝʥʪʨʽʚ  (ʟʥʘʯʥʦ ʩʢʦʨʦʯʫʻʪʴʩʷ 

ʜʝʙʘʻʚʩʴʢʠʡ ʨʘʜʽʫʩ ʝʢʨʘʥʫʚʘʥʥʷ). ʇʦʤʽʪʥʠʡ ʩʪʨʠʙʦʢ ʨʫʭʣʠʚʦʩʪʽ ʧʨʠ ʥʠʟʴʢʠʭ 
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ʪʝʤʧʝʨʘʪʫʨʘʭ ʧʦʷʩʥʶʻʪʴʩʷ ʟʤʝʥʰʝʥʥʷʤ ʨʦʟʩʽʶʚʘʥʥʷ ʥʘ ʬʦʥʦʥʘʭ 

(ʚʠʤʦʨʦʞʫʚʘʥʥʷ ʬʦʥʦʥʽʚ) ʚ ʪʦʡ ʯʘʩ ʷʢ ʧʦʤʽʪʥʦʛʦ ʦʙʤʝʞʝʥʥʷ ʨʫʭʣʠʚʦʩʪʽ 

ʤʝʭʘʥʽʟʤʦʤ ʨʦʟʩʽʶʚʘʥʥʷ ʥʘ ʽʦʥʽʟʦʚʘʥʠʭ ʜʦʤʽʰʢʘʭ ʱʝ ʥʝ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ (ʚʦʥʦ 

ʧʨʦʷʚʣʷʻʪʴʩʷ ʧʨʠ Õ > 105 ʩʤ2/(ɺĿc). 

 ɼʦʩʣʽʜʞʫʚʘʣʠʩʷ ʪʝʤʧʝʨʘʪʫʨʥʽ ʟʘʣʝʞʥʦʩʪʽ ʝʣʝʢʪʨʦʥʥʦʾ ʨʫʭʣʠʚʦʩʪʽ ɛn ʚ 

ʘʨʩʝʥʽʜʽ ʛʘʣʽʶ ʜʣʷ ʨʽʟʥʠʭ ʢʦʥʮʝʥʪʨʘʮʽʡ ʜʠʩʣʦʢʘʮʽʡ, ʨʽʚʥʦʤʽʨʥʦ ʨʦʟʧʦʜʽʣʝʥʠʭ ʚ 

ʤʘʪʨʠʮʽ ʽ ʚʠʥʠʢʘʶʪʴ ʚ ʦʩʥʦʚʥʦʤʫ ʧʨʠ ʜʝʬʦʨʤʘʮʽʷʭ, ʘ ʪʘʢʦʞ ʚ ʧʨʦʮʝʩʽ 

ʚʠʨʦʱʫʚʘʥʥʷ ʽ ʪʝʨʤʦʮʠʢʣʶʚʘʥʥʽ [119]. ʈʠʩ. 3.4 ʜʝʤʦʥʩʪʨʫʻ ʚʢʘʟʘʥʽ ʟʘʣʝʞʥʦʩʪʽ.  

 

ʈʠʩ. 3.4. ʆʙʯʠʩʣʝʥʽ ʪʝʤʧʝʨʘʪʫʨʥʽ ʟʘʣʝʞʥʦʩʪʽ ʝʣʝʢʪʨʦʥʥʦʾ ʨʫʭʣʠʚʦʩʪʽ ʚ 

ʙʝʟʜʠʩʣʦʢʘʮʽʡʥʦʤʫ ʢʨʠʩʪʘʣʽ GaAs (ʢʨʠʚʘ G) ʽ ʢʨʠʩʪʘʣʽ ʟ ʧʦʚʝʨʭʥʝʚʦʶ ʛʫʩʪʠʥʦʶ 

ʜʠʩʣʦʢʘʮʽʡ 105 ʩʤ-2 (ʢʨʠʚʘ F). 

 

ɿ ʨʠʩ. 3.4 ʚʠʜʥʦ, ʱʦ ʟʘʣʝʞʥʦʩʪʽ ʨʫʭʣʠʚʦʩʪʽ ɛn ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʷʢ ʜʣʷ 

ʙʝʟʜʠʩʣʦʢʘʮʽʡʥʦʛʦ ʢʨʠʩʪʘʣʫ, ʪʘʢ ʽ ʜʣʷ ʪʘʢʦʛʦ, ʱʦ ʤʽʩʪʠʪʴ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ 

ʜʠʩʣʦʢʘʮʽʡ, ʧʨʘʢʪʠʯʥʦ ʥʝ ʚʽʜʨʽʟʥʷʶʪʴʩʷ. ɯʥʰʠʤʠ ʩʣʦʚʘʤʠ, ʟʤʽʥʘ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʣʽʥʽʡʥʠʭ ʜʝʬʝʢʪʽʚ ʟʘ ʫʤʦʚʠ ʨʽʚʥʦʤʽʨʥʦʛʦ ʾʭ ʨʦʟʧʦʜʽʣʫ ʧʦ ʦʙôʻʤʫ ʢʨʠʩʪʘʣʘ ʥʝ 

ʚʧʣʠʚʘʻ ʥʘ ʟʤʽʥʫ ʨʫʭʣʠʚʦʩʪʽ. ɸʥʘʣʦʛʽʯʥʘ ʩʠʪʫʘʮʽʷ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʽ ʚ 

ʟʘʣʝʞʥʦʩʪʷʭ ʜʣʷ ʧʠʪʦʤʦʛʦ ʦʧʦʨʫ. ʆʜʥʘʢ, ʟ ʝʢʩʧʝʨʠʤʝʥʪʫ ʚʽʜʦʤʦ, ʱʦ ʜʠʩʣʦʢʘʮʽʾ 

ʽʩʪʦʪʥʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʝʣʝʢʪʨʦʬʽʟʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ (ʜʠʚ., ʥʘʧʨʠʢʣʘʜ, [120]). ɿ 

ʦʜʥʦʛʦ ʙʦʢʫ ʚ ʨʦʙʦʪʘʭ [121ï123] ʙʫʚ ʟʨʦʙʣʝʥʠʡ ʚʠʩʥʦʚʦʢ ʧʨʦ ʪʝ, ʱʦ ʚ Si, GaAs ʽ 
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InP ʧʦʤʽʪʥʦ ʧʝʨʝʚʘʞʘʻ ʤʝʭʘʥʽʟʤ ʨʦʟʩʽʶʚʘʥʥʷ ʝʣʝʢʪʨʦʥʽʚ ʥʘ ʩʢʫʧʯʝʥʥʷʭ 

ʜʝʬʝʢʪʽʚ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʨʦʟʩʽʶʚʘʥʥʷʤ ʥʘ ʽʟʦʣʴʦʚʘʥʠʭ ʟʘʨʷʜʞʝʥʠʭ ʜʝʬʝʢʪʘʭ. ɿ 

ʽʥʰʦʛʦ ʙʦʢʫ, ʚ ʧʨʠʡʥʷʪʽʡ ʜʣʷ ʨʦʟʨʘʭʫʥʢʽʚ ʤʦʜʝʣʽ ʨʦʟʩʽʶʚʘʥʥʷ (ʜʠʚ. [107ï109]) 

ʧʨʠʧʫʩʢʘʻʪʴʩʷ ʨʽʚʥʦʤʽʨʥʠʡ ʨʦʟʧʦʜʽʣ ʜʝʬʝʢʪʽʚ. ʊʘʢʠʤ ʯʠʥʦʤ ʨʝʟʫʣʴʪʘʪ 

ʤʦʜʝʣʶʚʘʥʥʷ ʤʦʞʥʘ ʧʦʷʩʥʠʪʠ ʪʠʤ, ʱʦ ʚ ʧʨʠʡʥʷʪʽʡ ʤʦʜʝʣʽ ʨʦʟʩʽʶʚʘʥʥʷ ʥʘ 

ʜʠʩʣʦʢʘʮʽʷʭ ʧʨʠʧʫʩʢʘʻʪʴʩʷ ʦʜʥʦʨʽʜʥʠʡ ʨʦʟʧʦʜʽʣ ʜʠʩʣʦʢʘʮʽʡ ʚ ʦʙ'ʻʤʽ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘ, ʘ ʜʣʷ ʨʝʘʣʴʥʠʭ ʟʨʘʟʢʽʚ ʘʨʩʝʥʽʜʫ ʛʘʣʽʶ ʮʷ ʫʤʦʚʘ ʥʝ ʚʠʢʦʥʫʻʪʴʩʷ. 

ɺ GaAs ʦʯʝʚʠʜʥʦ ʜʠʩʣʦʢʘʮʽʾ ʨʦʟʧʦʜʽʣʝʥʽ ʥʝʨʽʚʥʦʤʽʨʥʦ ʽ ʦʩʥʦʚʥʠʡ ʚʧʣʠʚ 

ʥʘ ʧʨʦʮʝʩʠ ʨʦʟʩʽʶʚʘʥʥʷ ʨʦʙʣʷʪʴ ʩʢʫʧʯʝʥʥʷ ʣʽʥʽʡʥʠʭ ʜʝʬʝʢʪʽʚ. ʉʢʫʧʯʝʥʥʷ 

ʜʠʩʣʦʢʘʮʽʡ ʧʦʚʠʥʥʽ ʫʪʚʦʨʶʚʘʪʠ ʚ ʤʘʪʨʠʮʽ ʟʘʨʷʜʞʝʥʽ ʣʦʢʘʣʴʥʽ ʦʙʣʘʩʪʽ, ʷʢʽ ʪʦ 

ʪʦʛʦ ʞ ʩʠʣʴʥʦ ʩʧʦʪʚʦʨʶʶʪʴ ʨʝʰʽʪʢʫ ʢʨʠʩʪʘʣʘ, ʩʪʚʦʨʶʶʯʠ ʚ ʥʽʡ ʱʝ ʡ ʟʥʘʯʥʽ 

ʤʝʭʘʥʽʯʥʽ ʥʘʧʨʫʛʠ, ʱʦ ʽ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʤʽʪʥʠʭ ʟʤʽʥ ʝʣʝʢʪʨʦʬʽʟʠʯʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ, ʷʢʽ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ. ʊʘʢʦʞ ʽʩʪʦʪʥʫ ʨʦʣʴ ʚ 

ʨʦʟʩʽʷʥʥʽ ʚʽʣʴʥʠʭ ʥʦʩʽʾʚ ʟʘʨʷʜʫ ʤʦʞʫʪʴ ʛʨʘʪʠ ʥʝʦʜʥʦʨʽʜʥʦʩʪʽ ʣʝʛʫʚʘʥʥʷ, ʱʦ 

ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʫʪʚʦʨʝʥʥʷ ʢʣʘʩʪʝʨʽʚ ʽʦʥʽʟʦʚʘʥʠʭ ʜʦʤʽʰʦʢ. ʈʦʟʩʽʶʚʘʥʥʷ ʥʘ 

ʢʣʘʩʪʝʨʘʭ ʚ ʧʝʚʥʠʭ ʫʤʦʚʘʭ ʤʦʞʝ ʙʫʪʠ ʚʠʨʽʰʘʣʴʥʠʤ. ɹʫʣʦ ʧʨʦʚʝʜʝʥʦ 

ʤʦʜʝʣʶʚʘʥʥʷ ʚʧʣʠʚʫ ʦʙʣʘʩʪʝʡ ʩʢʫʧʯʝʥʥʷ ʝʣʝʢʪʨʠʯʥʦ ʘʢʪʠʚʥʠʭ ʜʝʬʝʢʪʽʚ ʟ 

ʝʬʝʢʪʠʚʥʠʤ ʧʝʨʝʨʽʟʦʤ ʨʦʟʩʽʶʚʘʥʥʷ s = 1Ĭ10-6 ʩʤ-2 ʠ ʢʦʥʮʝʥʪʨʘʮʽʻʶ 5Ĭ1010 ʩʤ-3 

ʥʘ ʝʣʝʢʪʨʦʥʥʫ ʨʫʭʣʠʚʽʩʪʴ. ʈʝʟʫʣʴʪʘʪ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩ. 3.5. 

ɺʠʜʥʦ, ʱʦ ʥʘʚʽʪʴ ʚʚʝʜʝʥʥʷ ʚʽʜʥʦʩʥʦ ʥʝʚʝʣʠʢʠʭ ʢʦʥʮʝʥʪʨʘʮʽʡ 

ʤʽʢʨʦʥʝʦʜʥʦʨʽʜʥʦʩʪʝʡ (ʢʣʘʩʪʝʨʽʚ) ʣʝʛʫʚʘʥʥʷ ʩʠʣʴʥʦ ʚʧʣʠʚʘʻ ʥʘ ʨʫʭʣʠʚʽʩʪʴ ʚ 

ʫʩʴʦʤʫ ʽʥʪʝʨʚʘʣʽ ʪʝʤʧʝʨʘʪʫʨ. ʇʦʤʽʪʥʝ ʟʥʠʞʝʥʥʷ ʚʠʤʽʨʷʥʦʾ ʨʫʭʣʠʚʦʩʪʽ ʚ ʟʨʘʟʢʘʭ, 

ʦʪʨʠʤʘʥʠʭ, ʥʘʧʨʠʢʣʘʜ, ʤʝʪʦʜʦʤ ʏʦʭʨʘʣʴʩʴʢʦʛʦ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟʽ ʟʥʘʯʝʥʥʷʤ ɛn ʜʣʷ 

ʽʜʝʘʣʴʥʠʭ ʤʦʥʦʢʨʠʩʪʘʣʽʚ, ʚʠʢʣʠʢʘʥʝ ʥʝʦʜʥʦʨʽʜʥʠʤ ʨʦʟʧʦʜʽʣʦʤ ʣʝʛʫʶʯʠʭ 

ʜʦʤʽʰʦʢ. ʇʨʠʙʣʠʟʥʽ ʢ̔ ʣʴʢʽʩʥʽ ʦʮʽʥʢʠ, ʷʢʽ ʧʨʦʚʦʜʠʣʠʩʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʙʦʪʠ [123] ʧʦʢʘʟʘʣʠ ʪʘʢʦʞ, ʱʦ ʥʘʡʙʽʣʴʰ ʩʠʣʴʥʠʡ ʚʧʣʠʚ ʥʘ ɛn, ʚ 

ʪʦʤʫ ʯʠʩʣʽ ʽ ʚ CdTe, ʨʦʙʠʪʴ ʨʦʟʩʽʶʚʘʥʥʷ ʥʘ ʩʢʫʧʯʝʥʥʷʭ ʟʘʨʷʜʞʝʥʠʭ ʜʝʬʝʢʪʽʚ.  
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ʈʠʩ.3.5. ʊʝʤʧʝʨʘʪʫʨʥʘ ʟʘʣʝʞʥʽʩʪʴ ʝʣʝʢʪʨʦʥʥʦʾ ʨʫʭʣʠʚʦʩʪʽ ʚ GaAs ʜʣʷ ʨʽʟʥʦʛʦ 

ʨʦʟʧʦʜʽʣʫ ʩʪʨʫʢʪʫʨʥʠʭ ʜʝʬʝʢʪʽʚ. ɺ - ʚʠʩʦʢʦʯʠʩʪʠʡ ʢʨʠʩʪʘʣ GaAs ʟ ʦʜʥʦʨʽʜʥʠʤ 

ʨʦʟʧʦʜʽʣʦʤ ʜʝʬʝʢʪʽʚ; C - ʚ ʢʨʠʩʪʘʣʽ ʧʨʠʩʫʪʥʽ ʢʣʘʩʪʝʨʠ ʚ ʢʽʣʴʢʦʩʪʽ 5Ĭ1010 ʩʤ-3.  

 

ɼʣʷ ʟ'ʷʩʫʚʘʥʥʷ ʚʧʣʠʚʫ ʛʣʠʙʦʢʦʛʦ ʘʢʮʝʧʪʦʨʘ ʥʘ ʝʣʝʢʪʨʦʬʽʟʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ 

ʙʫʣʠ ʨʦʟʨʘʭʦʚʘʥʽ ʟʘʣʝʞʥʦʩʪʽ r ʽ mn ʚʽʜ ʨʽʚʥʷ ʝʥʝʨʛʽʾ ʛʣʠʙʦʢʦʛʦ ʘʢʮʝʧʪʦʨʘ EDA ʽ 

ʡʦʛʦ ʢʦʥʮʝʥʪʨʘʮʽʾ NDA, ʟʦʙʨʘʞʝʥʽ ʥʘ ʨʠʩ.3.6, ʧʨʠ ʥʠʟʴʢʠʭ ʢʦʥʮʝʥʪʨʘʮʽʷʭ ʤʽʣʢʠʭ 

ʜʦʥʦʨʽʚ ʽ ʘʢʮʝʧʪʦʨʽʚ (ND= 2Ö1015, NA =1Ö1015 ʩʤ-3) ʽ ʭʘʨʘʢʪʝʨʥʦʤʫ ʜʣʷ GaAs 

ʚʤʽʩʪʽ ʚʣʘʩʥʦʛʦ ʜʝʬʝʢʪʫ EL-2 ï 1Ö1016 cʤ-3. ɿ ʨʠʩʫʥʢʘ 3.6(ʘ) ɺʠʜʥʦ, ʱʦ 

ʦʪʨʠʤʘʥʥʷ ʚʠʩʦʢʦʦʤʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʤʦʞʣʠʚʝ ʧʦʯʠʥʘʶʯʠ ʟ ʨʽʚʥʽʚ ʝʥʝʨʛʽʾ 

ʛʣʠʙʦʢʦʛʦ ʘʢʮʝʧʪʦʨʘ 0,6 ʝɺ. ɿʥʠʢʥʝʥʥʷ ʚʠʩʦʢʦʦʤʥʦʾ ʦʙʣʘʩʪʽ ʧʦʯʠʥʘʻʪʴʩʷ ʟ 

ʨʽʚʥʽʚ ʝʥʝʨʛʽʾ ʙʽʣʴʰʠʭ 1,0 ʝɺ. ʎʝ ʧʦʷʩʥʶʻʪʴʩʷ ʪʠʤ, ʱʦ ʧʨʠ ʜʫʞʝ ʚʠʩʦʢʠʭ ʨʽʚʥʷʭ 

ʟʘʣʷʛʘʥʥʷ ʛʣʠʙʦʢʠʡ ʘʢʮʝʧʪʦʨ ʧʨʠ ʜʘʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʥʝ ʤʦʞʝ ʙʫʪʠ ʽʦʥʽʟʦʚʘʥʠʤ ʚ 

ʜʦʩʪʘʪʥʽʡ ʤʽʨʽ, ʪʦʙʪʦ ʥʝ ʟʘʭʦʧʣʶʻ ʝʣʝʢʪʨʦʥʠ ʽ ʥʝ ʢʦʤʧʝʥʩʫʻ ʤʽʣʢʽ ʜʦʥʦʨʠ. 

ʇʨʠʡʥʷʪʽ ʬʽʟʠʯʥʽ ʤʦʜʝʣʽ ʜʘʶʪʴ ʜʣʷ ʚʠʩʦʢʦʯʠʩʪʛʦ ʥʘʧʽʚʽʟʦʣʶʶʯʦʛʦ GaAs 

ʚʽʨʥʝ ʘʙʩʦʣʶʪʥʝ ʟʥʘʯʝʥʥʷ ʝʣʝʢʪʨʦʥʥʦʾ ʨʫʭʣʠʚʦʩʪʽ ~ (8-9)Ā103 ʆʤĀʩʤ ʽ ʧʠʪʦʤʦʛʦ 

ʦʧʦʨʫ ~108 ʆʤĿʩʤ. ʄʦʜʝʣʶʚʘʥʥʷ ʧʦʢʘʟʘʣʦ ʪʘʢʣʞ, ʱʦ ʧʨʠ ʟʤʽʥʘʭ ʢʦʥʮʝʥʪʨʘʮʽʡ 

ʤʽʣʢʠʭ ʘʢʮʝʧʪʦʨʽʚ ʽ ʜʦʥʦʨʽʚ ʚ ʤʝʞʘʭ ʦʜʥʦʛʦ ʧʦʨʷʜʢʫ, ʟʤʽʥʠ ʝʣʝʢʪʨʦʥʥʦʾ 

ʨʫʭʣʠʚʦʩʪʽ ʥʝ ʧʝʨʝʚʠʱʫʶʪʴ 2000 ʩʤ2/(ɺĀʩʝʢ) (ʜʠʚ. ʨʠʩ. 3.6 (ʙ)). 



68 

 
   ʘ)       ʙ) 

ʈʠʩ.3.6. ɿʘʣʝʞʥʦʩʪʽ r ʽ mn ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ NDA ʽ ʝʥʝʨʛʽʾ EDA ʘʢʮʝʧʪʦʨʘ ʧʨʠ NDD= 

1Ö1016 cʤ-3; NA=1Ö1015ʩʤ-3; ND=2Ö1015ʩʤ-3; 1Ā1015< NDA<1Ā10
16; T=300 K. 

 

ɿʤʽʥʠ ɛn ʨʦʟʨʘʭʦʚʫʚʘʣʠʩʷ ʚ ʧʨʠʧʫʱʝʥʥʽ ʧʨʦ ʨʽʚʥʦʤʽʨʥʠʡ ʨʦʟʧʦʜʽʣ 

ʜʝʬʝʢʪʽʚ ʧʦ ʦʙ'ʻʤʫ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘ, ʱʦ ʥʝ ʟʘʚʞʜʠ ʤʦʞʝ ʙʫʪʠ ʨʝʘʣʽʟʦʚʘʥʦ ʥʘ 

ʧʨʘʢʪʠʮʽ. ɿ ʮʽʻʾ ʧʨʠʯʠʥʠ, ʚ ʪʠʭ ʚʠʧʘʜʢʘʭ, ʢʦʣʠ ʦʙʯʠʩʣʝʥʽ ʟʥʘʯʝʥʥʷ ʝʣʝʢʪʨʦʥʥʦʾ 

ʨʫʭʣʠʚʦʩʪʽ ʚʠʷʚʣʷʶʪʴʩʷ ʚʠʱʠʤʠ, ʥʽʞ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʚʠʤʽʨʷʥʽ, ʮʝ ʩʣʽʜ 

ʧʦ̫ʩʥʠʪʠ ʨʦʟʩʽʶʚʘʥʥʷʤ ʥʘ ʩʢʫʧʯʝʥʥʷʭ ʽʦʥʽʟʦʚʘʥʠʭ ʜʝʬʝʢʪʽʚ ʽ ʢʣʘʩʪʝʨʘʭ 

ʣʝʛʫʶʯʠʭ ʜʦʤʽʰʦʢ, ʷʢʽ, ʜʦ ʪʦʛʦ ʞ, ʩʪʚʦʨʶʶʪʴ ʚ ʨʝʰʽʪʮʽ ʜʝʬʦʨʤʦʚʘʥʽ ʦʙʣʘʩʪʽ, 

ʱʦ ʧʦʤʽʪʥʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʨʦʟʧʦʜʽʣʠ ʟʘʨʷʜʽʚ ʽ ʧʨʦʮʝʩʠ ʨʦʟʩʽʶʚʘʥʥʷ [49, 66]. ʇʨʠ 

ʮʴʦʤʫ ʥʝʡʪʨʘʣʴʥʽ ʩʢʫʧʯʝʥʥʷ ʽʟ 100-150 ʜʝʬʝʢʪʽʚ ʚʠʷʚʣʷʶʪʴʩʷ ʩʠʣʴʥʽʰʠʤʠ 

ʨʦʟʩʽʶʶʯʠʤʠ ʮʝʥʪʨʘʤʠ, ʥʽʞ ʧʦʦʜʠʥʦʢʽ ʽʦʥʠ ʜʦʤʽʰʦʢ [123]. ʂʦʣʠ ʩʢʫʧʯʝʥʥʷ 

ʜʝʬʝʢʪʽʚ ʫ ʥʘʧʽʚʽʟʦʣʶʶʯʦʤʫ GaAs ʤʘʶʪʴ ʚʝʣʠʢʫ ʛʫʩʪʠʥʫ ʟʘʨʷʜʫ, ʱʦ ʧʝʨʝʚʠʱʫʻ 

ʛʫʩʪʠʥʫ ʟʘʨʷʜʫ ʧʦʣʷʨʠʟʘʮʽʾ ʧʨʠ ʧ'ʻʟʦʝʬʝʢʪʽ, ʚʢʣʘʜ ʚ ʧʘʨʮʽʘʣʴʥʫ ʨʫʭʣʠʚʽʩʪʴ 

ʝʣʝʢʪʨʦʥʽʚ ʧʨʠ ʨʦʟʩʽʷʥʥʽ ʥʘ ʟʘʨʷʜʞʝʥʠʭ ʩʢʫʧʯʝʥʥʷʭ ʟʤʝʥʰʫʻʪʴʩʷ ʦʩʢʽʣʴʢʠ ʚ 

ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʨʘʜʽʫʩ ʨʦʟʩʽʶʚʘʣʴʥʦʾ ʦʙʣʘʩʪʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʨʦʟʤʽʨʘʤʠ ʦʙʣʘʩʪʽ 

ʧʨʦʩʪʦʨʦʚʦʛʦ ʟʘʨʷʜʫ, ʷʢʽ ʩʫʪʪʻʚʦ ʧʝʨʝʚʝʨʰʫʶʪʴ ʨʦʟʤʽʨʠ ʩʢʫʧʯʝʥʥʷ [123].  

 

3.2 ɽʣʝʢʪʨʦʬʽʟʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʜʝʪʝʢʪʦʨʥʦʛʦ ʤʘʪʝʨʽʘʣʫ CdTe ʚ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʚʤʽʩʪʫ ʬʦʥʦʚʠʭ ʽ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʜʝʬʝʢʪʽʚ 

ɼʣʷ ʢʦʥʪʨʦʣʶ ʙʝʟʧʝʢʠ ʨʦʙʦʪʠ ʷʜʝʨʥʠʭ ʨʝʘʢʪʦʨʽʚ, ʚʠʟʥʘʯʝʥʥʷ 

ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʚ ʨʘʜʽʦʘʢʪʠʚʥʠʭ ʚʽʜʭʦʜʘʭ ʽ ʤʘʪʝʨʽʘʣʘʭ ɸɽʉ ʟʥʘʡʰʣʠ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʪʚʝʨʜʦʪʽʣʴʥʽ ʜʝʪʝʢʪʦʨʠ ʽʦʥʽʟʫʶʯʠʭ ʚʠʧʨʦʤʽʥʶʚʘʥʴ, ʚʠʢʦʥʘʥʽ ʥʘ ʦʩʥʦʚʽ 
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ʚʠʩʦʢʦʦʤʥʠʭ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ. ʗʢ ʚʞʝ ʟʘʟʥʘʯʘʣʦʩʷ, ʥʘʡʙʽʣʴʰ 

ʚʘʞʣʠʚʠʤʠ ʝʣʝʢʪʨʦʬʽʟʠʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʽʚ, 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʭ ʜʣʷ ʜʝʪʝʢʪʦʨʽʚ ʷʜʝʨʥʠʭ ʚʠʧʨʦʤʽʥʶʚʘʥʴ, ʻ ʚʠʩʦʢʽ ʚʝʣʠʯʠʥʠ 

ʝʣʝʢʪʨʦʥʥʦʲ ʨʫʭʣʠʚʦʩʪʽ mn , ʧʠʪʦʤʦʾ ʦʧʦʨʫ ɟ ʽ ʯʘʩʫ ʞʠʪʪʷ ʥʝʨʽʚʥʦʚʘʞʥʠʭ 

ʝʣʝʢʪʨʦʥʽʚ (Űn) ʽ ʜʽʨʦʢ (Űp). ʂʨʽʤ ʪʦʛʦ, ʥʝʦʙʭʽʜʥʽ ʜʝʪʝʢʪʦʨʠ ʥʘ ʦʩʥʦʚʽ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟ ʚʝʣʠʢʠʤ ʘʪʦʤʥʠʤ ʥʦʤʝʨʦʤ, ʪʘʢ ʷʢ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʝʻʩʪʨʘʮʽʾ ʛʘʤʤʘ ʢʚʘʥʪʽʚ ʧʨʦʧʦʨʮʽʡʥʘ ʟʘʨʷʜʫ ʷʜʨʘ ʚ ʩʪʫʧʝʥʽ 4ï5. 

ʊʘʢʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ ʤʦʞʫʪʴ ʙʫʪʠ CdTe ʽ CdZnTe. 

ʇʦʧʝʨʝʜʥʻ ʤʦʜʝʣʶʚʘʥʥʷ ʧʦʢʘʟʘʣʦ, ʱʦ ʦʩʥʦʚʥʠʡ ʚʢʣʘʜ ʚ ʧʨʦʮʝʩʠ 

ʨʦʟʩʽʶʚʘʥʥʷ ʚʽʣʴʥʠʭ ʥʦʩʽʾʚ ʟʘʨʷʜʫ ʚ CdTe ʽ CdZnTe ʚʥʦʩʠʪʴ ʨʦʟʩʽʶʚʘʥʥʷ ʥʘ 

ʧʦʣʷʨʠʟʦʚʘʥʠʭ ʦʧʪʠʯʥʠʭ ʬʦʥʦʥʘʭ ʽ ʨʫʭʣʠʚʽʩʪʴ ʝʣʝʢʪʨʦʥʽʚ ʚ ʮʠʭ ʤʘʪʝʨʽʘʣʘʭ 

ʤʘʣʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʤʽʩʪʫ ʨʽʚʥʦʤʽʨʥʦ ʨʦʟʧʦʜʽʣʝʥʠʭ ʚ ʤʘʪʨʠʮʽ ʪʦʯʢʦʚʠʭ ʜʝʬʝʢʪʽʚ, 

ʘ ʪʘʢʦʞ ʾʭ ʢʦʤʧʣʝʢʩʽʚ. ʋ ʪʝʭʥʽʯʥʽʡ ʣʽʪʝʨʘʪʫʨʽ ʚʽʜʩʫʪʥʽ ʚʽʜʦʤʦʩʪʽ ʧʨʦ 

ʨʦʟʫʧʦʨʷʜʢʦʚʘʥʽ ʦʙʣʘʩʪʽ ʚ ʤʘʪʨʠʮʽ CdTe ʽ CdZnTe, ʪʦʙʪʦ ʟʘʨʷʜʞʝʥʽ ʩʢʫʧʯʝʥʥʷ 

ʨʘʜʽʘʮʽʡʥʠʭ ʜʝʬʝʢʪʽʚ, ʷʢʽ ʤʦʛʣʠ ʙ ʟʨʦʙʠʪʠ ʧʦʤʽʪʥʠʡ ʚʥʝʩʦʢ ʫ ʨʦʟʩʽʶʚʘʥʥʷ 

ʚʽʣʴʥʠʭ ʥʦʩʽʾʚ ʟʘʨʷʜʫ. ɿ ʮʽʻʾ ʧʨʠʯʠʥʠ ʚ ʮʴʦʤʫ ʧʽʜʨʦʟʜʽʣʽ ʥʝ ʨʦʟʛʣʷʜʘʻʪʴʩʷ 

ʧʦʚʝʜʽʥʢʘ ɛn, ʘ ʦʧʠʩʘʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʟʤʽʥ ʪʽʣʴʢʠ ʧʠʪʦʤʦʛʦ ʦʧʦʨʫ CdTe ʽ CdZnTe 

ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʩʧʽʚʚʽʜʥʦʰʝʥʴ ʤʽʞ ʢʦʥʮʝʥʪʨʘʮʽʷʤʠ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʽ ʬʦʥʦʚʠʭ 

ʜʝʬʝʢʪʽʚ ʩʪʨʫʢʪʫʨʠ, ʘ ʪʘʢʦʞ ʣʝʛʫʶʯʠʭ ʜʦʤʽʰʦʢ. 

ʄʦʜʝʣʶʚʘʥʥʷ ʧʠʪʦʤʦʛʦ ʦʧʦʨʫ ɟ ʜʣʷ CdTe ʧʨʦʚʦʜʠʣʦʩʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʧʦʯʘʪʢʦʚʦʛʦ ʚʤʽʩʪʫ ʬʦʥʦʚʠʭ ʜʝʬʝʢʪʽʚ, ʷʢʽ ʚʠʥʠʢʘʶʪʴ ʚ ʩʫʯʘʩʥʠʭ ʪʝʭʥʦʣʦʛʽʷʭ 

ʚʠʨʦʱʫʚʘʥʥʷ ʢʨʠʩʪʘʣʽʚ [18, 20]. 

ʅʘ ʨʠʩ.3.7 ʟʦʙʨʘʞʝʥʘ ʧʨʦʤʦʜʝʣʴʦʚʘʥʘ ʟʘʣʝʞʥʽʩʪʴ ʧʠʪʦʤʦʛʦ ʦʧʦʨʫ CdTe, 

ʱʦ ʤʽʩʪʠʪʴ ʬʦʥʦʚʽ ʜʦʤʽʰʢʠ ʽ ʜʝʬʝʢʪʠ, ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ ʽ ʨʽʚʥʷ ʝʥʝʨʛʽʾ 

ʦʜʥʦʟʘʨʷʜʦʚʦʛʦ ʛʣʠʙʦʢʦʛʦ ʜʦʥʦʨʘ X, ʚ ʨʦʣʽ ʷʢʦʛʦ ʤʦʞʫʪʴ ʚʠʩʪʫʧʘʪʠ 

ʘʥʪʠʩʪʨʫʢʪʫʨʥʽ ʜʝʬʝʢʪʠ ʪʝʣʫʨ ʥʘ ʤʽʩʮʽ ʢʘʜʤʽʶ TeCd, ʘʙʦ ʪʝʣʫʨ ʫ ʤʽʞʚʫʟʣʽ TeI [19, 

29]. ɿ ʨʠʩʫʥʢʘ ʚʠʜʥʦ, ʱʦ ʜʣʷ ʤʘʢʩʠʤʘʣʴʥʦ ʚʠʩʦʢʦʦʤʥʦʛʦ ʩʪʘʥʫ ʤʘʪʝʨʽʘʣʫ ʟ r ~ 

1010 ʆʤÖʩʤ ʥʝʦʙʭʽʜʥʝ ʚʚʝʜʝʥʥʷ ʛʣʠʙʦʢʦʛʦ ʜʦʥʦʨʘ X ʟ ʨʽʚʥʝʤ ʝʥʝʨʛʽʾ EDD(X), ʱʦ 

ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʜʽʘʧʘʟʦʥʽ 0.72ï0.79 ʝɺ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ NDD(X), ʷʢʘ 

ʧʦʚʠʥʥʘ ʙʫʪʠ ʥʝ ʤʝʥʰʝ 1Ö1016 ʩʤ-3. ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʮʴʦʛʦ ʽ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʙʽʪ [18, 
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20] ʟʘ ʚʠʭʽʜʥʠʡ ʙʫʚ ʧʨʠʡʥʷʪʠʡ ʥʘʩʪʫʧʥʠʡ ʩʢʣʘʜ. ʂʦʥʮʝʥʪʨʘʮʽʷ N(Cl) ~1014 ʩʤ-3, 

ʩʫʤʘʨʥʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʜʦʤʽʰʦʢ ʟʘʤʽʱʝʥʥʷ: Ag ʟʘʤʽʩʪʴ Cd (AgCd), As ʟʘʤʽʩʪʴ Cd 

(AsCd) ʽ P ʟʘʤʽʩʪʴ Cd (PCd), ʘ ʾʭ ʩʫʤʘʨʥʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ä ),,( TeTeCd PAsAg  = 1.5Ö1016 

ʩʤ-3, ʢʦʥʮʝʥʪʨʘʮʽʷ ʚʘʢʘʥʩʽʡ ʢʘʜʤʽʶ VCd ~ 1014 ʩʤ-3, ʚʘʢʘʥʩʽʡ ʪʝʣʫʨʫ VTe = 

5Ö1015ʩʤ-3, ʢʦʥʮʝʥʪʨʘʮʽʷ ʛʣʠʙʦʢʦʛʦ ʜʦʥʦʨʘ X NDD(X)~1016ʩʤ-3. ʊʦʜʽ 

)( CdDADDDA VNNNN -++- -²- ää , ʜʝ ä +

DDN  ʠ ä -

AN ï ʚʽʜʧʦʚʽʜʥʦ ʩʫʤʘʨʥʘ 

ʢʦʥʮʝʥʪʨʘʮʽʷ ʽʦʥʽʟʦʚʘʥʠʭ ʛʣʠʙʦʢʠʭ ʜʦʥʦʨʽʚ ʽ ʤʽʣʢʠʭ ʘʢʮʝʧʪʦʨʽʚ. ɿ ʮʽʻʾ ʧʨʠʯʠʥʠ 

ʚʠʭʦʜʠʪʴ ʥʠʟʴʢʦʦʤʥʠʡ ʟʨʘʟʦʢ p-ʪʠʧʫ ʟ r ~ 102 ʆʤÖʩʤ.  

ɼʣʷ ʢʦʤʧʝʥʩʘʮʽʾ ʤʽʣʢʠʭ ʘʢʮʝʧʪʦʨʽʚ ʟʘʟʚʠʯʘʡ ʥʘʚʤʠʩʥʦ ʚʚʦʜʠʪʴʩʷ ʚ ʨʦʣʽ 

ʤʽʣʢʦʛʦ ʜʦʥʦʨʫ ʜʦʤʽʰʢʘ ʟʘʤʽʱʝʥʥʷ, ʥʘʧʨʠʢʣʘʜ, ʭʣʦʨ ʥʘ ʤʽʩʮʽ Te. ʅʘ ʨʠʩ. 3.8 

ʟʦʙʨʘʞʝʥʦ ʧʦʚʝʜʽʥʢʫ ɟ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʚʤʽʩʪʫ ʣʝʛʫʶʯʦʛʦ ʭʣʦʨʫ ʽ ʚʘʢʘʥʩʽʡ 

ʢʘʜʤʽʶ. ɺʤʽʩʪ ʬʦʥʦʚʠʭ ʜʝʬʝʢʪʽʚ ʪʫʪ ʪʘʢʠʡ ʞʝ, ʷʢ ʽ ʥʘ ʨʠʩ. 3.7. ɼʣʷ ʦʙʣʘʩʪʽ 

ʥʘʧʽʚʽʟʦʣʶʶʯʦʛʦ CdTe ʟ r Ó 1010 ʆʤĀʩʤ, ʜʝ ʤʘʻ ʤʽʩʮʝ ʟʤʽʰʘʥʘ ʧʨʦʚʽʜʥʽʩʪʴ ʟ 

ʧʦʩʪʫʧʦʚʠʤ ʧʝʨʝʭʦʜʦʤ ʚʽʜ p-ʪʠʧʫ ʜʦ n-ʪʠʧʫ, ʚʠʢʦʥʫʻʪʴʩʷ ʫʤʦʚʘ 

( )ää -+-+ --² ADCdDD NClNVNN )()(2 2 , ʜʝ ( )-2CdVN  ï ʢʦʥʮʝʥʪʨʘʮʽʷ ʜʚʦʢʨʘʪʥʦ ʟʘʨʷʜʞʝʥʠʭ 

ʚʘʢʘʥʩʽʡ ʢʘʜʤʽʶ.  

ɿʙʽʣʴʰʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʚʘʢʘʥʩʽʡ ʢʘʜʤʽʶ ʥʘ ʧʦʨʷʜʦʢ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʧʦʷʚʠ ʧʣʘʪʦ ʟ ʜʽʨʢʦʚʦʶ ʧʨʦʚʽʜʥʽʩʪʶ ʽ ʟʥʠʞʝʥʠʤ r~106 ʆʤÖʩʤ (ʨʠʩ.3.9). ʎʝ ʧʣʘʪʦ 

ʜʝʤʦʥʩʪʨʫʻ ʩʪʘʥ ʟ ʚʠʢʦʥʘʥʥʷʤ ʫʤʦʚʠ: ( ) ää -++- -+² ADDDCd NNClNVN )(2 2 , ʢʦʣʠ ʤʘʻ 

ʤʽʩʮʝ ʯʘʩʪʢʦʚʘ ʢʦʤʧʝʥʩʘʮʽʷ ʚʘʢʘʥʩʽʡ Cd, ʪʘʢ ʷʢ. ʧʨʠ ɟ ~ 106 ʆʤȚʩʤ 

( ) ( )-> 2

CdCd VNVN , ʜʝ ( )CdVN  ï ʢʦʥʮʝʥʪʨʘʮʽʷ ʚʩʽʭ ʚʘʢʘʥʩʽʡ ʢʘʜʤʽʶ. ʇʝʨʝʭʽʜ ʜʦ 

ʥʘʧʽʚʽʟʦʣʶʶʯʦʛʦ ʤʘʪʝʨʽʘʣʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʠ ʧʦʚʥʽʡ ʢʦʤʧʝʥʩʘʮʽʾ ʚʘʢʘʥʩʽʡ 

ʢʘʜʤʽʶ. ʊʘʢʠʤ ʯʠʥʦʤ, ʜʣʷ ʦʜʝʨʞʘʥʥʷ ʤʘʪʝʨʽʘʣʫ CdTe ʟ ɟ~106 ʆʤĀʩʤ ʥʝʦʙʭʽʜʥʘ 

ʧʦʚʥʘ ʢʦʤʧʝʥʩʘʮʽʷ ʩʫʤʘʨʥʦʛʦ ʚʤʽʩʪʫ ʤʽʣʢʠʭ ʘʢʮʝʧʪʦʨʽʚ ʽ ʯʘʩʪʢʦʚʘ ʢʦʤʧʝʥʩʘʮʽʷ 

ʛʣʠʙʦʢʠʭ ʘʢʮʝʧʪʦʨʽʚ VCd ʛʣʠʙʦʢʠʤʠ ʜʦʥʦʨʘʤʠ (ʧʨʦʚʽʜʥʽʩʪʴ p-ʪʠʧʫ). ʇʨʠ ʧʦʚʥʽʡ 

ʢʦʤʧʝʥʩʘʮʽʾ ʤʽʣʢʠʭ ʽ ʛʣʠʙʦʢʠʭ ʘʢʮʝʧʪʦʨʽʚ ʛʣʠʙʦʢʠʤʠ ʜʦʥʦʨʘʤʠ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʧʝʨʝʭʽʜ ʚʞʝ ʚ ʥʘʧʽʚʽʟʦʣʶʶʯʽʡ ʦʙʣʘʩʪʽ ʚʽʜ p-ʪʠʧʫ ʜʦ n-ʧʨʦʚʽʜʥʦʩʪʽ.  
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ʈʠʩ. 3.7. ɼʝʩʷʪʢʦʚʠʡ ʣʦʛʘʨʠʬʤ ʧʠʪʦʤʦʛʦ ʦʧʦʨʫ ɟ ʉdTe ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʽ ʨʽʚʥʷ ʝʥʝʨʛʽʾ ʛʣʠʙʦʢʦʛʦ ʜʦʥʦʨʘ X. ʉʢʣʘʜ: ND(Cl)=1Ö1016cʤ-3, 

NA(0.06)=0.5Ö1016cʤ-3, NA(0.08)=0.5Ö1016cʤ-3 , NA(0.10) = 0.5Ö1016cʤ-3, 

NDA(0.47)=1Ö1015ʩʤ-3, NDD=( EC - 1.4 ʝɺ)=3.5Ö1015cʤ-3, 5Ö1014cʤ-3 Ò NDD Ò 1017cʤ-3.  

 

ʈʠʩ. 3.8. ɼʝʩʷʪʢʦʚʠʡ ʣʦʛʘʨʠʬʤ ʧʠʪʦʤʦʛʦ ʦʧʦʨʫ ɟ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʭʣʦʨʫ ʽ ʚʘʢʘʥʩʽʡ ʢʘʜʤʽʶ. ʂʦʥʮʝʥʪʨʘʮʽʷ ʤʽʣʢʦʛʦ ʜʦʥʦʨʫ ʭʣʦʨʫ N(ʉl) ʟʤʽʥʶʻʪʴʩʷ ʚ 

ʤʝʞʘʭ 1Ö1015 õ 1Ŀ1016 ʩʤ-3. ʂʦʥʮʝʥʪʨʘʮʽʷ ʚʘʢʘʥʩʽʡ ʢʘʜʤʽʶ VCd ʚ ʨʦʣ ̔ʛʣʠʙʦʢʦʛʦ 

ʘʢʮʝʧʪʦʨʘ NDA( EV + 0.47 ʝɺ) ï ʚ ʤʝʞʘʭ 1Ö1014Öõ 1Ö1015ʩʤ-3 (VCd). N(X)=1Ā10
16ʩʤ-3. 

ɺʤʽʩʪ ʨʝʰʪʠ ʜʦʤʽʰʦʢ ʪʘʢʠʡ ʞʝ, ʷʢ ʽ ʥʘ ʨʠʩ. 3.7.  
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ʈʠʩ. 3.9. lg(ɟ) ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ ʭʣʦʨʫ  ̔ʚʘʢʘʥʩʽʡ ʢʘʜʤʽʶ ʚ CdTe.  

NDA( EV + 0.47 ʝɺ) = 1Ö1015Öï 1Ö1016ʩʤ-3 (VCd); N(Cl)[EC - 0.014 ʝɺ] = 1Ö1015ï 1016 

ʩʤ-3. ɺʤʽʩʪ ʨʝʰʪʠ ʜʦʤʽʰʦʢ ʪʘʢʠʡ ʞʝ, ʷʢ ʽ ʥʘ ʨʠʩ. 3.7. 

ɺ ʨʝʘʣʴʥʠʭ ʫʤʦʚʘʭ ʦʪʨʠʤʘʥʥʷ ʪʝʣʫʨʠʜʫ ʢʘʜʤʽʶ ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʝʥʘʚʤʠʩʥʝ 

ʚʥʝʩʝʥʥʷ ʨʷʜʫ ʤʝʪʘʣʽʚ (Fe, Sn, Ni) ʚ ʦʙ'ʻʤ ʤʘʪʝʨʽʘʣʫ. ʉʫʤʘʨʥʠʡ ʚʤʽʩʪ ʪʘʢʠʭ 

ʬʦʥʦʚʠʭ ʜʦʤʽʰʦʢ ʤʦʞʝ ʙʫʪʠ ʥʘ ʨʽʚʥʽ (1ï2)Ö1016 ʩʤ-3. ʆʩʢʽʣʴʢʠ ʚʩʽ ʟʘʟʥʘʯʝʥʽ 

ʤʝʪʘʣʠ ʻ ʛʣʠʙʦʢʠʤʠ ʜʦʥʦʨʘʤʠ, ʾʭ ʚʧʣʠʚ ʥʘ ʧʠʪʦʤʠʡ ʦʧʽʨ ʟʨʘʟʢʘ ʙʘʛʘʪʦ ʚ ʯʦʤʫ 

ʩʭʦʞʠʡ. ʎʝ ʤʦʞʥʘ ʥʘʦʯʥʦ ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʪʠ ʩʝʨʽʻʶ ʪʨʠʚʠʤʽʨʥʠʭ ʤʦʜʝʣʴʥʠʭ 

ʟʘʣʝʞʥʦʩʪʝʡ, ʜʝ ʯʽʪʢʦ ʧʨʦʩʪʝʞʫʶʪʴʩʷ ʜʚʽ ʦʙʣʘʩʪʽ: ʥʠʟʴʢʦʦʤʥʘ ʦʙʣʘʩʪʴ p-ʪʠʧʫ 

(ʣʽʚʝ ʧʣʘʪʦ) ʽ ʥʠʟʴʢʦʦʤʥʘ ʦʙʣʘʩʪʴ n-ʪʠʧʫ (ʧʨʘʚʝ ʧʣʘʪʦ). ʈʦʟʤʽʨʠ ʽ ʧʦʣʦʞʝʥʥʷ ʮʠʭ 

ʦʙʣʘʩʪʝʡ ʟʘʣʝʞʘʪʴ ʚʽʜ ʢʽʣʴʢʽʩʥʦʛʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʡ ʜʦʥʦʨʽʚ ʽ 

ʘʢʮʝʧʪʦʨʽʚ, ʘ ʪʘʢʦʞ ʚʽʜ ʧʨʠʨʦʜʠ ʽ ʢʽʣʴʢʦʩʪʽ ʚʥʝʩʝʥʠʭ ʤʝʪʘʣʽʚ, ʪʦʙʪʦ ʾʭ ʟʘʨʷʜʦʚʠʭ 

ʩʪʘʥʽʚ ʽ ʧʦʣʦʞʝʥʴ ʨʽʚʥʽʚ ʝʥʝʨʛʽʾ ʚ ʟʘʙʦʨʦʥʝʥʽʡ ʟʦʥʽ. 

ʊʘʢ ʷʢ ʤʝʪʘʣʠ, ʱʦ ʚʥʦʩʷʪʴʩʷ, ʙʝʨʫʪʴ ʫʯʘʩʪʴ ʚ ʧʨʦʮʝʩʘʭ ʢʦʤʧʝʥʩʘʮʽʾ ʚ d 

ʨʦʣ̔ ʜʦʥʦʨʽʚ,  ̒ʩʤʠʩʣ ʤʦʜʝʣʶʚʘʪʠ ʧʦʚʝʜʽʥʢʫ ɟ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ Me 

ʙʝʟ ʣʝʛʫʚʘʥʥʷ ʜʦʥʦʨʥʦʶ ʜʦʤʽʰʢʦʶ ʭʣʦʨʫ. ʅʘ ʨʠʩ. 3.10 ʽ ʨʠʩ. 3.11, ʷʢ ʧʨʠʢʣʘʜʠ, 

ʥʘʚʝʜʝʥʽ ʪʘʢʽ ʤʦʜʝʣʴʥʽ ʟʘʣʝʞʥʦʩʪʽ ʜʣʷ Fe ʽ Sn ʚʽʜʧʦʚʽʜʥʦ. ɿ ʘʥʘʣʽʟʫ ʮʠʭ 

ʟʘʣʝʞʥʦʩʪʝʡ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʰʠʨʠʥʘ ʥʘʧʽʚʽʟʦʣʶʶʯʦʾ ʦʙʣʘʩʪʽ 

(~1010 ʆʤĀcʤ) ʧʨʦʧʦʨʮʽʡʥʘ ʛʣʠʙʠʥʽ ʟʘʣʷʛʘʥʥʷ ʣʝʛʫʶʯʠʭ ʜʦʥʦʨʽʚ Fe (0,5 ʝɺ) ʽ Sn 

(0,8 ʝɺ) ʱʦʜʦ ʟʦʥʠ ʧʨʦʚʽʜʥʦʩʪʽ. ɺ ʮʠʭ ʤʘʪʝʨʽʘʣʘʭ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʣʝʛʦʚʘʥʠʤʠ 

ʭʣʦʨʦʤ ʥʠʟʴʢʦʦʤʥʘ ʦʙʣʘʩʪʴ p-ʪʠʧʫ ʟʤʝʥʰʫʻʪʴʩʷ ʽ ʟ'ʷʚʣʷʻʪʴʩʷ ʥʠʟʴʢʦʦʤʥʘ 

ʦʙʣʘʩʪʴ n-ʪʠʧʫ. 
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ʈʠʩ. 3.10. ɿʘʣʝʞʥʽʩʪʴ lg(r) ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʡ VCd ʽ Fe ʧʨʠ ʥʫʣʴʦʚʦʤʫ ʚʤʽʩʪʽ 

Cl. 1Ö1015 < N(Fe) < 1Ö1016 ʩʤ-3; 1Ö1015 < N(VCd) < 1Ö1016 ʩʤ-3. Ndd(X)=0. ɺʤʽʩʪ 

ʨʝʰʪʠ ʜʦʤʽʰʦʢ ʪʘʢʠʡ ʞʝ, ʷʢ ʽ ʥʘ ʨʠʩ. 3.7. 

 

ʈʠʩ. 3.11. ɿʘʣʝʞʥʽʩʪʴ lg(r) ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʡ VCd ʽ Sn ʧʨʠ N(Cl)=0; 

1Ö1015<N(Sn)<1Ö1016 ʩʤ-3; 1Ö1015 < N(VCd) < 1Ö1016 ʩʤ-3; Ndd(X)=0. ʉʢʣʘʜ ʨʝʰʪʠ 

ʜʦʤʽʰʦʢ ʪʘʢʠʡ ʞʝ, ʷʢ ʽ ʥʘ ʨʠʩ. 3.7.  

 

ɹʫʣʘ ʧʨʦʤʦʜʝʣʴʦʚʘʥʘ ʧʦʚʝʜʽʥʢʘ r ʜʣʷ ʤʘʪʝʨʽʘʣʫ ʟ ʥʘʡʙʽʣʴʰ ʰʠʨʦʢʦʶ 

ʚʠʩʦʢʦʦʤʥʦʶ ʦʙʣʘʩʪʶ: CdTe, ʱʦ ʤʽʩʪʠʪʴ Ni. ʊʘʢʘ ʟʘʣʝʞʥʽʩʪʴ ʧʦʢʘʟʘʥʘ ʥʘ 

ʨʠʩ.3.12. ɺʠʜʥʦ, ʱʦ ʚ ʜʦʩʣʽʜʞʫʚʘʥʦʤʫ ʽʥʪʝʨʚʘʣʽ ʢʦʥʮʝʥʪʨʘʮʽʡ Ni ʽ Cd ʟʥʠʢʘʻ 

ʥʠʟʴʢʦʦʤʥʘ ʦʙʣʘʩʪʴ n-ʪʠʧʫ ʽ ʚʠʭʦʜʠʪʴ ʤʘʪʝʨʽʘʣ p-ʪʠʧʫ ʟ r Ó 1010 ʆʤÖʩʤ. ʑʝ ʨʘʟ 

ʩʣʽʜ ʚʽʜʤʽʪʠʪʠ, ʱʦ ʥʘ ʨʠʩ.3.10ï3.12, ʷʢ ʽ ʨʘʥʽʰ ʥʘ ʨʠʩ. 3.7ï3.9, ʩʧʦʩʪʝʨʝʞʫʚʘʥʝ  
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ʈʠʩ. 3.12. lg(r) ʚʽʜ ʚʤʽʩʪʫ VCd ʽ Ni ʧʨʠ N(Cl) =0. 1Ö1015 < NNi < 1Ö1016 ʩʤ-3. 1Ö1015 < 

N(VCd) < 1Ö1016 ʩʤ-3. ɺʤʽʩʪ ʨʝʰʪʠ ʜʦʤʽʰʦʢ, ʷʢ ʽ ʥʘ ʨʠʩ. 3.11.  

ʧʣʘʪʦ ʟ r ~ 105 ï 106 ʆʤÖʩʤ ʟôʷʚʣʷʻʪʴʩʷ ʟʘʚʜʷʢʠ ʢʦʤʧʝʥʩʘʮʽʾ ʤʽʣʢʠʭ ʘʢʮʝʧʪʦʨʽʚ ʽ 

ʥʝʧʦʚʥʦʾ ʢʦʤʧʝʥʩʘʮʽʾ ʚʘʢʘʥʩʽʡ ʢʘʜʤʽʶ, ʘ ʚʠʩʦʢʦʦʤʥʘ ʦʙʣʘʩʪʴ ï ʟʘʚʜʷʢʠ ʧʦʚʥʽʡ 

ʢʦʤʧʝʥʩʘʮʽʾ ʛʣʠʙʦʢʠʭ ʘʢʮʝʧʪʦʨʽʚ VCd.  

 3.3 ɽʣʝʢʪʨʦʬʽʟʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ CdZnTe ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʜʦʤʽʰʢʦʚʦʛʦ 

ʽ ʜʝʬʝʢʪʥʦʛʦ ʩʢʣʘʜʫ 

ɺʥʝʩʝʥʥʷ ʚ ʤʘʪʨʠʮʶ CdTe ʘʪʦʤʽʚ Zn, ʱʦ ʟʘʤʽʱʫʶʪʴ ʢʘʜʤʽʡ, ʧʨʠʟʚʦʜʠʪʴ 

ʜʦ ʫʪʚʦʨʝʥʥʷ Cd1-xZnxTe, ʚ ʷʢʦʤʫ ʢʨʘʡ ʚʘʣʝʥʪʥʦʾ ʟʦʥʠ ʥʝ ʟʘʟʥʘʻ ʧʦʤʽʪʥʠʭ ʟʤʽʥ, ʘ 

ʟʩʫʚʘʻʪʴʩʷ ʚ ʦʩʥʦʚʥʦʤʫ ʢʨʘʡ ʟʦʥʠ ʧʨʦʚʽʜʥʦʩʪʽ [124]. ʇʨʠ ʚʚʝʜʝʥʥʽ ʮʠʥʢʫ ʚ 

ʢʽʣʴʢʦʩʪʽ 20% ʘʪ. ʤʘʻʤʦ ʤʘʪʝʨʽʘʣ CdZnTe ʟʽ ʟʙʽʣʴʰʝʥʦʶ ʰʠʨʠʥʦʶ ʟʘʙʦʨʦʥʝʥʦʾ 

ʟʦʥʠ ʧʨʠʙʣʠʟʥʦ ʥʘ 0,2 ʝɺ, ʪʦʙʪʦ ʜʦ 1,8 ʝɺ (ʧʨʠ ʊ = 0 ʂ) [125]. ʊʦʜʽ ʚʩʽ ʬʦʥʦʚʽ 

ʜʦʤʽʰʢʦʚʽ ʨʽʚʥʽ ʩʫʪʪʻʚʦ ʥʝ ʟʤʽʥʷʪʴ ʩʚʦʻ ʧʦʣʦʞʝʥʥʷ ʚʽʜʥʦʩʥʦ ʚʘʣʝʥʪʥʦʾ ʟʦʥʠ. 

ʇʨʝʜʩʪʘʚʣʷʻ ʽʥʪʝʨʝʩ ʜʦʩʣʽʜʠʪʠ ʟʤʽʥʫ r ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʚʠʭʽʜʥʦʛʦ ʜʦʤʽʰʢʦʚʦʛʦ 

ʚʤʽʩʪʫ ʚ CdZnTe, ʷʢʠʡ ʘʥʘʣʦʛʽʯʥʠʡ ʚʤʽʩʪʫ ʚ CdTe.  

ɺ ʧʽʜʨʦʟʜʽʣʽ 3.2 ʨʦʟʛʣʷʜʘʚʩʷ ʚʠʭʽʜʥʠʡ ʩʢʣʘʜ ʬʦʥʦʚʠʭ ʜʦʤʽʰʦʢ ʽ ʜʝʬʝʢʪʽʚ ʚ 

ʟʨʘʟʢʘʭ CdTe, ʦʜʝʨʞʘʥʠʭ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʫʯʘʩʥʠʭ ʪʝʭʥʦʣʦʛʽʡ [18, 20]. ɼʣʷ 

ʜʦʩʣʽʜʞʝʥʥʷ CdZnTe ʧʨʠʡʤʝʤʦ ʪʘʢʠʡ ʞʝ ʩʢʣʘʜ ʤʘʪʨʠʮʽ. ɺ CdZnTe, ʷʢ ʽ ʚ CdTe, 

ʧʦʚʠʥʝʥ ʙʫʪʠ ʧʨʠʩʫʪʥʽʤ ʛʣʠʙʦʢʠʡ ʜʦʥʦʨ X ʟ ʝʥʝʨʛʽʻʶ E = EV
 + 0.82 ʝɺ, ʜʝ EV ï 

ʨʽʚʝʥʴ ʝʥʝʨʛʽʾ ʩʪʝʣʽ ʚʘʣʝʥʪʥʦʾ ʟʦʥʠ. ʗʢ ʦʜʠʥ ʽʟ ʩʧʦʩʦʙʽʚ ʦʜʝʨʞʘʥʥʷ 
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ʥʘʧʽʚʽʟʦʣʶʶʯʦʛʦ CdTe ʚ ʡʦʛʦ ʤʘʪʨʠʮʶ ʥʘʚʤʠʩʥʦ ʚʚʦʜʷʪʴ ʜʦʤʽʰʢʫ ʤʽʣʢʦʛʦ 

ʜʦʥʦʨʘ Cl ʚ ʢʽʣʴʢʦʩʪʽ ~1016 ʩʤ-3, ʷʢʘ ʯʘʩʪʢʦʚʦ ʢʦʤʧʝʥʩʫʻ ʤʽʣʢʽ ʘʢʮʝʧʪʦʨʠ, ʘ 

ʦʩʪʘʪʦʯʥʘ ʢʦʤʧʝʥʩʘʮʽʷ ʜʦʩʷʛʘʻʪʴʩʷ ʜʽʻʶ ʛʣʠʙʦʢʦʛʦ ʜʦʥʦʨʘ X [126], ʚ ʨʦʣʽ ʷʢʦʛʦ 

ʷʢ ʫʞʝ ʚʽʜʤʽʯʘʣʦʩʴ, ʤʦʞʫʪʴ ʚʠʩʪʫʧʘʪʠ ʘʥʪʠʩʪʨʫʢʪʫʨʥʽ ʜʝʬʝʢʪʠ TeCd ʽ TeI. ʊʘʢʠʤ 

ʯʠʥʦʤ ʜʦʥʦʨ X ʟʘʙʝʟʧʝʯʫʻ ʥʘʧʽʚʽʟʦʣʶʶʯʠʡ ʩʪʘʥ CdZnTe.  

ʅʘ ʨʠʩ.3.13(ʘ) ʟʦʙʨʘʞʝʥʘ ʤʦʜʝʣʴʦʚʘʥʘ ʟʘʣʝʞʥʽʩʪʴ ʧʠʪʦʤʦʛʦ ʦʧʦʨʫ 

Cd0,8Zn0,2Te ʧʨʠ ʊ=300 ʂ, ʱʦ ʤʽʩʪʠʪʴ ʚʠʭʽʜʥʽ ʬʦʥʦʚʽ ʜʦʤʽʰʢʠ ʽ ʜʝʬʝʢʪʠ, ʚʽʜ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʽ ʨʽʚʥʷ ʝʥʝʨʛʽʾ ʦʜʥʦʟʘʨʷʜʥʦʛʦ ʛʣʠʙʦʢʦʛʦ ʜʦʥʦʨʘ X. ʊʫʪ 

ʢʦʥʮʝʥʪʨʘʮʽʷ ʛʣʠʙʦʢʦʛʦ ʜʦʥʦʨʘ (NDD) ʟʤʽʥʶʻʪʴʩʷ ʚ ʤʝʞʘʭ ʚʽʜ 3Ö1014 ʜʦ 3Ö1016, ʘ 

ʝʥʝʨʛʽʷ, ʚʽʜʣʽʯʫʚʘʥʘ ʚʽʜ ʜʥʘ ʟʦʥʠ ʧʨʦʚʽʜʥʦʩʪʽ ɽC, ï ʚʽʜ 0,1 ʜʦ 1,2 ʝɺ. ʇʦʨʽʚʥʷʥʥʷ 

ʜʘʥʦʾ ʟʘʣʝʞʥʦʩʪʽ ʟ ʘʥʘʣʦʛʽʯʥʦʶ ʟʘʣʝʞʥʽʩʪʶ ʜʣʷ CdTe, ʷʢʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 

3.13(ʙ), ʧʦʢʘʟʫʻ, ʱʦ ʛʦʣʦʚʥʘ ʚʽʜʤʽʥʥʽʩʪʴ ʤʘʪʝʨʽʘʣʫ CdZnTe ʧʦʣʷʛʘʻ ʚ ʟʙʽʣʴʰʝʥʥʽ 

 
    ʘ)      ʙ)    

ʈʠʩ. 3.13. ɿʘʣʝʞʥʦʩʪʽ lg(ɟ) ʉd0,8Zn0,2Te (ʘ) ʽ CdTe (ʙ) ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ ʽ ʨʽʚʥʷ 

ʝʥʝʨʛʽʾ ʛʣʠʙʦʢʦʛʦ ʜʦʥʦʨʘ ʍ; ND(Cl)[EC - 0.014 ʝɺ]=1Ö1016 cʤ-3; NA(AgCd)[EV+0.06 

ʝɺ] = 0.5Ö1016 cʤ-3; NA(AsTe)[EV+0.08 ʝɺ]=0.5Ö1016cʤ-3; NA(PTe)[EV+ 0.10 ʝɺ] = 

=0.5Ö1016cʤ-3; NDA(VCd)[EV+ 0.47 ɽʚ]=1Ö1015ʩʤ-3; NDD=( VTe)[EC - 1.4 ʝɺ) = 

=3.5Ö1015cʤ-3; a) 3Ö1014< N(ʍ)< 3Ö1016cʤ-3; 0,1 <EDD(ʍ) < 1,2 ʝɺ; 

ʙ) 5Ö1014 < N(X) < 1Ö1016 cʤ-3.  

 

ʧʠʪʦʤʦʛʦ ʦʧʦʨʫ ʧʨʠʙʣʠʟʥʦ ʥʘ ʜʚʘ ʧʦʨʷʜʢʠ. ʎʝʡ ʨʝʟʫʣʴʪʘʪ ʫʟʛʦʜʞʫʻʪʴʩʷ ʟ 

ʜʘʥʠʤʠ, ʦʪʨʠʤʘʥʠʤʠ ʽʥʰʠʤʠ ʜʦʩʣʽʜʥʠʢʘʤʠ (ʜʠʚ., ʥʘʧʨʠʢʣʘʜ, [18, 127ï129]). ɿ 
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ʨʠʩ. 3.13(ʘ) ʪʘʢʦʞ ʚʠʜʥʦ, ʱʦ ʜʣʷ ʤʘʪʝʨʽʘʣʫ ʟ ʤʘʢʩʠʤʘʣʴʥʠʤ r ~ 1012 ʆʤÖʩʤ 

ʥʝʦʙʭʽʜʥʦ ʚʥʝʩʝʥʥʷ ʦʜʥʦʟʘʨʷʜʦʚʦʛʦ ʛʣʠʙʦʢʦʛʦ ʜʦʥʦʨʘ ʍ ʟ ʨʽʚʥʝʤ ʝʥʝʨʛʽʾ ~0,9 ʝɺ, 

ʚʽʜʣʽʯʫʚʘʥʦʛʦ ʚʽʜ ʟʦʥʠ ʧʨʦʚʽʜʥʦʩʪʽ ʽ ʢʦʥʮʝʥʪʨʘʮʽʻʶ N(X) > 7Ö1015 ʩʤ-3. 

ʆʙʯʠʩʣʝʥʘ ʰʠʨʠʥʘ ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ ʜʣʷ CdZnTe ʧʨʠ ʊ=300 ʂ ʜʦʨʽʚʥʶʻ 1.705 

ʝɺ. ʊʘʢʠʤ ʯʠʥʦʤ, ʦʧʪʠʤʘʣʴʥʠʡ ʨʽʚʝʥʴ ʝʥʝʨʛʽʾ ʜʦʥʦʨʘ ʍ, ʚʽʜʣʽʯʫʚʘʥʠʡ ʚʽʜ 

ʚʘʣʝʥʪʥʦʾ ʟʦʥʠ ʜʦʨʽʚʥʶʻ E(ʍ)=EV + 0.805 ʝɺ, ʱʦ ʜʦʩʠʪʴ ʙʣʠʟʴʢʦ ʜʦ ʟʥʘʯʝʥʥʷ 

0,82 ʝɺ, ʧʨʠʡʥʷʪʦʤʫ ʪʫʪ, ʚʠʭʦʜʷʯʠ ʟ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʙʽʪ [18, 20, 130].  

ɼʣʷ ʢʦʤʧʝʥʩʘʮʽʾ ʤʽʣʢʠʭ ʘʢʮʝʧʪʦʨʽʚ ʚ CdZnTe ʥʘʚʤʠʩʥʦ ʚʚʦʜʠʪʴʩʷ 

ʜʦʤʽʰʢʘ ʤʽʣʢʦʛʦ ʜʦʥʦʨʘ, ʥʘʧʨʠʢʣʘʜ, Cl, In, Al. ɼʦʩʣʽʜʞʝʥʥʷ ʦʧʪʠʤʘʣʴʥʠʭ 

ʜʽʘʧʘʟʦʥʽʚ ʢʦʥʮʝʥʪʨʘʮʽʡ ʜʦʤʽʰʦʢ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʥʘʧʽʚʽʟʦʣʶʶʯʠʭ ʩʪʘʥʫ 

ʧʨʦʚʦʜʠʣʦʩʷ ʜʣʷ CdZnTe, ʚ ʷʢʦʤʫ ʦʩʥʦʚʥʠʤ ʢʦʤʧʝʥʩʘʪʦʨʦʤ ʚʠʩʪʫʧʘʻ ʛʣʠʙʦʢʠʡ 

ʜʦʥʦʨ X, ʚ ʨʦʣʽ ʷʢʦʛʦ ʤʦʞʝ ʚʠʩʪʫʧʘʪʠ Teʉd ʘʙʦ Te ʫ ʤʽʞʚʫʟʣʽ TeI.  

ʇʦʣʦʞʝʥʥʷ ʨʽʚʥʽʚ ʝʥʝʨʛʽʡ ʚʩʽʭ ʜʦʤʽʰʦʢ ʽ ʜʝʬʝʢʪʽʚ ʱʦʜʦ ʚʘʣʝʥʪʥʦʾ ʟʦʥʠ 

ʩʣʽʜ ʧʨʠʡʥʷʪʠ ʪʘʢʠʤʠ ʞ, ʷʢ ʽ ʚ CdTe [124]. ʊʦʜʽ ʜʣʷ ʧʨʠʡʥʷʪʦʛʦ ʚʠʭʽʜʥʦʛʦ 

ʩʢʣʘʜʫ ( )ä ä -++- ->- CdDADDDA VNNNN  ʽ ʚʠʭʦʜʠʪʴ ʥʠʟʴʢʦʦʤʥʠʡ ʟʨʘʟʦʢ p-ʪʠʧʫ ʟ r ~ 

102 ʆʤÖʩʤ. ʊʫʪ 
+

DN - ʢʦʥʮʝʥʪʨʘʮʽʷ ʤʽʣʢʠʭ ʜʦʥʦʨʽʚ, 
+

DDN  - ʢʦʥʮʝʥʪʨʘʮʽʷ 

ʽʦʥʽʟʦʚʘʥʠʭ ʛʣʠʙʦʢʠʭ ʜʦʥʦʨʽʚ, 
-

DAN  - ʢʦʥʮʝʥʪʨʘʮʽʷ ʽʦʥʽʟʦʚʘʥʠʭ ʛʣʠʙʦʢʠʭ 

ʘʢʮʝʧʪʦʨʽʚ. ʇʨʠʯʦʤʫ ʚ ʜʽʘʧʘʟʦʥʽ ʢʦʥʮʝʥʪʨʘʮʽʡ 5Ö1014ʩʤ-3 < N(ʍ) , N(VCd) < 

5Ö1015ʩʤ-3 ʧʠʪʦʤʠʡ ʦʧʽʨ ʤʘʡʞʝ ʥʝ ʟʤʽʥʶʻʪʴʩʷ.  

ʊʘʢ ʩʘʤʦ, ʷʢ ʽ ʜʣʷ ʚʠʧʘʜʢʫ CdTe, ʚʥʝʩʝʥʥʷ ʤʽʣʢʦʛʦ ʜʦʥʦʨʘ ʚ CdZnTe, 

ʥʝʦʙʭʽʜʥʝ ʣʠʰʝ ʜʣʷ ʯʘʩʪʢʦʚʦʾ ʢʦʤʧʝʥʩʘʮʽʾ ʩʫʤʘʨʥʦʛʦ ʚʤʽʩʪʫ ʤʽʣʢʠʭ ʘʢʮʝʧʪʦʨʽʚ, 

ʘ ʥʘʧʽʚʽʟʦʣʶʶʯʠʡ ʩʪʘʥ ʜʦʩʷʛʘʻʪʴʩʷ ʚʧʣʠʚʦʤ ʛʣʠʙʦʢʦʛʦ ʜʦʥʦʨʘ. ʇʨʠ ʮʴʦʤʫ 

ʟʙʽʣʴʰʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʥʝ ʪʽʣʴʢʠ ʤʽʣʢʦʛʦ, ʘʣʝ ʽ ʛʣʠʙʦʢʦʛʦ ʜʦʥʦʨʘ ʚ ʢʽʥʮʝʚʦʤʫ 

ʧʽʜʩʫʤʢʫ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʜʦʩʷʛʥʝʥʥʷ ʥʠʟʴʢʦʦʤʥʦʛʦ ʩʪʘʥʫ n-ʪʠʧʫ. ʎʝ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʪʦʤʫ, ʱʦ ʚ ʧʝʚʥʠʡ ʤʦʤʝʥʪ ʚʠʢʦʥʫʻʪʴʩʷ ʫʤʦʚʘ, ʷʢʘ ʚ ʟʘʛʘʣʴʥʦʤʫ 

ʚʠʧʘʜʢʫ ʤʘʻ ʚʠʛʣʷʜ: ( )ää ää +- -+> DDADAD NNNN . ʗʢʱʦ ʚ ʥʘʧʽʚʽʟʦʣʶʶʯʦʤʫ 

ʩʪʘʥʽ ʟʤʝʥʰʫʚʘʪʠ ʢʦʥʮʝʥʪʨʘʮʽʶ ʤʽʣʢʦʛʦ ʜʦʥʦʨʘ, ʪʦ ʚ ʧʝʚʥʠʡ ʤʦʤʝʥʪ ʩʪʘʻ 

ʩʧʨʘʚʝʜʣʠʚʠʤ ʫʤʦʚʘ ( )ää -+ -+> DADDDA NNNN , ʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʝʨʝʭʽʜ ʚʽʜ 
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ʚʠʩʦʢʦʦʤʥʦʾ ʦʙʣʘʩʪʽ ʜʦ ʥʠʟʴʢʦʦʤʥʦʾ p-ʪʠʧʫ. ɿ ʦʩʪʘʥʥʴʦʾ ʫʤʦʚʠ ʤʦʞʥʘ ʙʘʯʠʪʠ, 

ʱʦ ʧʨʠ ʥʘʷʚʥʦʩʪʽ ʜʦʩʠʪʴ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʤʽʣʢʠʭ ʘʢʮʝʧʪʦʨʽʚ, ʟʙʽʣʴʰʝʥʥʷ 

ʩʫʤʘʨʥʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ ʛʣʠʙʦʢʠʭ ʘʢʮʝʧʪʦʨʽʚ ʤʦʞʝ ʧʨʠʚʝʩʪʠ ʜʦ ʧʝʨʝʭʦʜʫ ʚ 

ʥʠʟʴʢʦʦʤʥʠʡ ʩʪʘʥ p-ʪʠʧʫ (ʪʦʤʫ ʱʦ ʟʤʝʥʰʫʻʪʴʩʷ ʨʽʟʥʠʮʷ ʚ ʧʨʘʚʽʡ ʯʘʩʪʠʥʽ). ʋ 

ʥʘʧʽʚʽʟʦʣʶʶʯʽʡ ʦʙʣʘʩʪʽ, ʜʝ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʤʽʰʘʥʘ ʧʨʦʚʽʜʥʽʩʪʴ, ʧʦʚʠʥʥʽ 

ʚʠʢʦʥʫʚʘʪʠʩʷ ʟʘʛʘʣʴʥʽ ʫʤʦʚʠ ʢʦʤʧʝʥʩʘʮʽʾ: ( )ä äää -+² -+

DADADD NNNN  ʜʣʷ 

ʜʽʣʷʥʢʠ ʟ ʥʝʚʝʣʠʢʠʤ ʧʝʨʝʚʘʞʘʥʥʷʤ ʧʨʦʚʽʜʥʦʩʪʽ n-ʪʠʧʫ ʽ 

( )ä äää -+² +-

ADDDA NNNN D  ʜʣʷ ʜʽʣʷʥʢʠ ʟ ʜʝʷʢʦʶ ʧʝʨʝʚʘʛʦʶ ʧʨʦʚʽʜʥʦʩʪʽ p-

ʪʠʧʫ. ʗʢ ʽ ʫ ʚʠʧʘʜʢʫ ʟ CdTe, ʚ ʨʝʘʣʴʥʠʭ ʫʤʦʚʘʭ ʦʜʝʨʞʘʥʥʷ CdZnTe ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʟʘʙʨʫʜʥʝʥʥʷ ʝʣʝʤʝʥʪʘʤʠ ʨʷʜʫ ʤʝʪʘʣʽʚ, ʷʢʽ ʻ ʛʣʠʙʦʢʠʤʠ ʜʦʥʦʨʘʤʠ (Fe, Sn, Pb) ʚ 

ʦʙ'ʻʤʽ ʤʘʪʝʨʽʘʣʫ ʥʘ ʨʽʚʥʽ (1ï2)Ö1016 ʩʤ-3. ɰʭ ʚʧʣʠʚ ʥʘ ʧʠʪʦʤʠʡ ʦʧʽʨ CdZnTe ʽ CdTe 

ʜʫʞʝ ʩʭʦʞʠʡ. ʏʽʪʢʦ ʧʨʦʩʪʝʞʫʶʪʴʩʷ ʜʚʽ ʦʙʣʘʩʪʽ: ʥʠʟʴʢʦʦʤʥʘ ʦʙʣʘʩʪʴ p-ʪʠʧʫ ʽ 

ʥʠʟʴʢʦʦʤʥʘ n-ʦʙʣʘʩʪʴ. ʈʽʟʥʠʮʷ ʧʦʣʷʛʘʻ ʣʠʰʝ ʫ ʚʝʣʠʯʠʥʽ ɟ ʜʣʷ ʥʘʧʽʚʽʟʦʣʶʶʯʦʾ 

ʦʙʣʘʩʪʽ, ʷʢʘ ʜʣʷ Cd0.8Zn0.2Te ʥʘ ʜʚʘ ʧʦʨʷʜʢʠ ʙʽʣʴʰʘ ʥʽʞ ʜʣʷ CdTe.  

ɺ ʨʝʘʣʴʥʠʭ ʫʤʦʚʘʭ ʦʜʝʨʞʘʥʥʷ CdZnTe ʪʘʢʦʞ ʤʦʞʝ ʚʽʜʙʫʚʘʪʠʩʷ 

ʟʘʙʨʫʜʥʝʥʥʷ ʜʦʤʽʰʢʦʚʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ʨʷʜʫ ʤʝʪʘʣʽʚ, ʥʘʧʨʠʢʣʘʜ, Cr, Co, Ni, ʷʢʽ ʻ 

ʛʣʠʙʦʢʠʤʠ ʘʢʮʝʧʪʦʨʘʤʠ. ʈʦʟʛʣʷʥʝʤʦ ʧʦʚʝʜʽʥʢʫ r ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʟʤʽʥʠ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʮʠʭ ʤʝʪʘʣʽʚ ʽ ʟʤʽʥʠ ʢʦʥʮʝʥʪʨʘʮʽʾ ʛʣʠʙʦʢʦʛʦ ʜʦʥʦʨʘ ʍ ʘʥʘʣʦʛʽʯʥʦ 

ʪʦʤʫ, ʷʢ ʮʝ ʙʫʣʦ ʟʨʦʙʣʝʥʦ ʨʘʥʽʰʝ ʜʣʷ ʩʠʩʪʝʤʠ VCd ïX. ʂʦʥʮʝʥʪʨʘʮʽʷ N(VCd) 

ʬʽʢʩʦʚʘʥʘ ʽ ʩʪʘʥʦʚʠʪʴ 1Ö1015 ʩʤ-3, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʬʦʥʦʚʦʤʫ ʚʤʽʩʪʫ. ʂʦʥʮʝʥʪʨʘʮʽʷ 

ʥ̔ʰʠʭ ʬʦʥʦʚʠʭ ʜʦʤʽʰʦʢ ʪʘʢʘ ʞ, ʷʢ ʽ ʜʣʷ ʩʪʘʥʫ, ʟʦʙʨʘʞʝʥʦʛʦ ʥʘ ʨʠʩ.3.13.  

ʅʘ ʨʠʩ.3.14 ʧʦʢʘʟʘʥʘ ʟʤʽʥʘ ɟ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʟʤʽʥʠ ʢʦʥʮʝʥʪʨʘʮʽʾ N(X) ʟ 

EDD
+ = EV + 0,82 ʝɺ ʽ Cr ʟ E2- = EV + 1,34 ʝɺ. ʇʨʠ ʮʴʦʤʫ, 1Ö1016 ¢ N(X) ¢ 1Ö1017, 

1Ö1015 ¢ N(ʉr) ¢ 1Ö1016 ʩʤ-3. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʛʨʘʬʽʢʘ ʨʠʩ.3.15(b) ʪʫʪ ʚʽʜʩʫʪʥʻ 

ʰʠʨʦʢʝ ʧʣʘʪʦ ʟ r ~ 106 ʆʤÖʩʤ, ʷʢʝ ʥʘ ʨʠʩ.3.15(b) ʚʽʜʧʦʚʽʜʘʻ ʚʠʟʥʘʯʘʣʴʥʦʤʫ 

ʚʢʣʘʜʫ ʚ ʜʽʨʢʦʚʫ ʧʨʦʚʽʜʥʽʩʪʴ ʥʝ ʩʢʦʤʧʝʥʩʦʚʘʥʠʭ ʚʘʢʘʥʩʽʡ ʢʘʜʤʽʶ. ɺʽʜʤʽʥʥʽʩʪʴ 

ʧʦʷʩʥʶʻʪʴʩʷ ʪʠʤ, ʱʦ ʨʽʚʝʥʴ ʭʨʦʤʫ 
-2

CrE  = EV + 1.34 ʝɺ ʻ ʟʥʘʯʥʦ ʛʣʠʙʰʠʤ 

ʘʢʮʝʧʪʦʨʥʠʤ ʨʽʚʥʝʤ, ʥʽʞ ʘʥʘʣʦʛʽʯʥʠʡ ʨʽʚʝʥʴ ʚʘʢʘʥʩʽʾ ʢʘʜʤʽʶ ʽ, ʪʦʤʫ, ʧʨʘʢʪʠʯʥʦ 

ʥʝ ʜʘʻ ʜʽʨʦʢ ʫ ʚʘʣʝʥʪʥʽʡ ʟʦʥʽ. ɿ ʮʽʻʾ ʧʨʠʯʠʥʠ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʚʤʽʩʪʫ N(X) 
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ʢʦʤʧʝʥʩʘʮʽʷ ʩʫʤʘʨʥʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ ʤʽʣʢʠʭ ʘʢʮʝʧʪʦʨʽʚ ʚʽʜʨʘʟʫ ʜʘʻ 

ʥʘʧʽʚʽʟʦʣʶʶʯʠʡ ʩʪʘʥ ʟ r ~ 1012 ʆʤÖʩʤ.  

 

 

ʈʠʩ. 3.14. ɿʘʣʝʞʥʽʩʪʴ lg(ɟ) ʜʣʷ ʉdZnTe ʚʽʜ ʚʤʽʩʪʫ ʜʦʥʦʨʘ ʍ ʽ ʜʦʤʽʰʢʠ Cr. N(X) = 

1Ö1016õ1Ö1017 ʩʤ-3; N(Cr) = 1Ö1015õ1Ö1016 ʩʤ-3; ɺʤʽʩʪ ʨʝʰʪʠ ʜʦʤʽʰʦʢ ʪʘʢʠʡ ʞʝ, ʷʢ ʽ 

ʥʘ ʨʠʩ.3.13.  

 

ʅʘ ʨʠʩ.3.15(ʘ) ʟʦʙʨʘʞʝʥʘ ʧʦʚʝʜʽʥʢʘ r ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʛʣʠʙʦʢʦʛʦ ʜʦʥʦʨʘ X ʽ ʚʘʢʘʥʩʽʡ ʢʘʜʤʽʶ. ɺʤʽʩʪ ʬʦʥʦʚʠʭ ʜʝʬʝʢʪʽʚ ʪʫʪ ʪʘʢʠʡ ʞʝ, ʷʢ 

ʽ ʥʘ ʨʠʩ.3.13. ɼʣʷ ʦʙʣʘʩʪʽ ʥʘʧʽʚʽʟʦʣʶʶʯʦʛʦ CdZnTe ʟ r ² 1012 ʆʤÖʩʤ, ʜʝ ʤʘʻ 

ʤʽʩʮʝ ʚ ʦʩʥʦʚʥʦʤʫ ʟʤʽʰʘʥʘ ʧʨʦʚʽʜʥʽʩʪʴ, ʚʠʢʦʥʫʻʪʴʩʷ ʫʤʦʚʘ 

( )ää --² -+

ADCdDADD NClNVNN )()( . 

ɿʙʽʣʴʰʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʚʘʢʘʥʩʽʡ ʢʘʜʤʽʶ ʥʘ ʧʦʨʷʜʦʢ (ʧʨʠ ʪʘʢʦʤʫ ʞ 

ʚʤʽʩʪʽ ʽʥʰʠʭ ʜʦʤʽʰʦʢ ʽ ʜʝʬʝʢʪʽʚ, ʱʦ ʽ ʥʘ ʨʠʩ.3.15 (ʘ)) ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʷʚʠ 

ʧʣʘʪʦ ʟ r~106 ʆʤÖʩʤ ʽ ʜʽʨʢʦʚʦʶ ʧʨʦʚʽʜʥʽʩʪʶ. ʎʝʡ ʚʠʧʘʜʦʢ ʧʦʢʘʟʘʥʠʡ ʥʘ ʨʠʩ.3.15 

(ʙ). ɿʘʟʥʘʯʝʥʝ ʧʣʘʪʦ ʜʝʤʦʥʩʪʨʫʻ ʢʦʤʧʝʥʩʘʮʽʶ ʩʫʤʘʨʥʦʛʦ ʚʤʽʩʪʫ ʤʽʣʢʠʭ 

ʘʢʮʝʧʪʦʨʽʚ ʧʨʠ ʥʝ ʩʢʦʤʧʝʥʩʦʚʘʥʠʭ ʨʽʚʥʷʭ VCd ʪʦʙʪʦ ʚʠʢʦʥʫʻʪʴʩʷ ʫʤʦʚʘ 

( )ä ä --> +- )()(2 ClNNNVN DADDCdDA . ʇʝʨʝʭʽʜ ʜʦ ʥʘʧʽʚʽʟʦʣʶʶʯʠʭ ʤʘʪʝʨʽʘʣʫ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘʚʜʷʢʠ ʢʦʤʧʝʥʩʘʮʽʾ VCd. ʆʧʠʩʘʥʘ ʟʤʽʥʘ ɟ ʘʥʘʣʦʛʽʯʥʘ ʡʦʛʦ 

ʧʦʚʝʜʽʥʮʽ ʚ CdTe, ʚʽʜʦʙʨʘʞʝʥʽʡ ʥʘ ʨʠʩ. 3.8 ʽ 3.9. 
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       ʘ)      

   
ʙ) 

 

ʈʠʩ. 3.15. ɼʝʩʷʪʢʦʚʠʡ ʣʦʛʘʨʠʬʤ ʧʠʪʦʤʦʛʦ ʦʧʦʨʫ ʉdZnTe ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʛʣʠʙʦʢʦʛʦ ʜʦʥʦʨʘ ʍ ʽ ʚʘʢʘʥʩʽʡ ʢʘʜʤʽʶ VCd; ʘ) ND(EC - 0.014 ʝɺ) = 

1Ö1013 ʩʤ-3(Cl); N(ʍ) = 5Ö1015 õ 5Ö1016 ʩʤ-3; N(VCd ) =5Ö1014Öõ5Ö1015ʩʤ-3 , ʙ) N(VCd) 

= 5Ö1015õ 5Ö1016 ʩʤ-3. ɺʤʽʩʪ ʽʥʰʠʭ ʜʦʤʽʰʦʢ ʪʘʢʠʡ ʞʝ ʷʢ ʽ ʥʘ ʨʠʩ 3.14. 
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ɿʙʽʣʴʰʝʥʥʷ ʚʤʽʩʪʫ N (X) ʘʞ ʜʦ ʚʝʣʠʯʠʥ ~ 1018 ʩʤ-3 ʥʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʷʚʠ 

ʥʠʟʴʢʦʦʤʥʦʾ ʦʙʣʘʩʪʽ n-ʪʠʧʫ, ʪʘʢ ʷʢ ʤʽʣʢʠʭ ʜʦʥʦʨʽʚ ʤʠ ʥʝ ʚʚʦʜʠʣʠ, ʘ ʛʣʠʙʦʢʠʡ 

ʜʦʥʦʨ X ʻ ʦʜʥʦʟʘʨʷʜʥʠʤ ʽ ʥʝ ʤʘʻ ʤʽʣʢʠʭ ʜʦʥʦʨʥʠʭ ʨʽʚʥʽʚ. ɯʥʰʠʤʠ ʩʣʦʚʘʤʠ, ʚʩʶʜʠ 

ʚ ʦʙʣʘʩʪʽ N(X) > 3Ö1016 ʩʤ-3 ʚʠʢʦʥʫʻʪʴʩʷ ʫʤʦʚʘ ä ä -+ +> DAADD NNN , ʱʦ ʽ ʟʘʙʝʟʧʝʯʫʻ 

ʥʘʧʽʚʽʟʦʣʶʶʯʽ ʚʣʘʩʪʠʚʦʩʪʽ ʤʘʪʝʨʽʘʣʫ. 

ʋ ʩʠʪʫʘʮʽʾ, ʱʦ ʨʦʟʛʣʷʜʘʻʪʴʩʷ, ʜʦʤʽʰʢʘ Co ʟ E2-=EV+1.25 ʝɺ ʧʨʠʥʮʠʧʦʚʦ ʥʝ 

ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʚʞʝ ʨʦʟʛʣʷʥʫʪʦʛʦ ʚʠʧʘʜʢʫ ʟ ʜʦʤʽʰʢʦʶ Cr ʽ, ʪʦʤʫ, ʚʽʜʧʦʚʽʜʥʘ 

ʟʘʣʝʞʥʽʩʪʴ ʪʘ ʽʥʪʝʨʧʨʝʪʘʮʽʷ ʻ ʧʨʠʙʣʠʟʥʦ ʪʘʢʠʤʠ ʞ.  

ʋ ʩʚʽʪʣʽ ʨʦʟʛʣʷʥʫʪʠʭ ʟʘʛʘʣʴʥʠʭ ʚʠʧʘʜʢʽʚ ʢʦʤʧʝʥʩʘʮʽʾ ʨʽʚʥʽʚ, ʩʪʘʻ ʤʦʞʣʠʚʠʤ 

ʧʦʷʩʥʠʪʠ ʩʧʦʩʪʝʨʝʞʫʚʘʥʠʡ ʥʘ ʨʠʩ.3.13 (ʘ) ʤʘʢʩʠʤʫʤ ɟ ʧʨʠ ʟʤʽʥʽ ʛʣʠʙʠʥʠ 

ʟʘʣʷʛʘʥʥʷ ʦʜʥʦʟʘʨʷʜʥʦʛʦ ʜʦʥʦʨʘ X. ʇʨʠ 0 < 
+

DDE < óEC - 0.9ö ʝɺ ʜʦʥʦʨ X ʤʘʡʞʝ 

ʧʦʚʥʽʩʪʶ ʽʦʥʽʟʦʚʘʥʠʡ ʚ ʮʽʡ ʦʙʣʘʩʪʽ n-ʪʠʧʫ ʽ ʚʠʢʦʥʫʻʪʴʩʷ ʫʤʦʚʘ 

ä +

DDN > ää -+- DADA NNN . ʊʫʪ ä +

DDN  ʚʽʜʧʦʚʽʜʘʻ ʛʦʣʦʚʥʠʤ ʯʠʥʦʤ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʝʣʝʤʝʥʪʫ X; ä -

DAN  ʚʽʜʧʦʚʽʜʘʻ ʢʦʥʮʝʥʪʨʘʮʽʾ ʚʘʢʘʥʩʽʡ ʢʘʜʤʽʶ; ä -AN  ʩʫʤʘʨʥʦʤʫ 

ʚʤʽʩʪʫ ʤʽʣʢʠʭ ʘʢʮʝʧʪʦʨʽʚ AgCd, AsTe, Pte; ä -DN  ʜʦʤʽʰʮʽ ʭʣʦʨʫ. ʇʨʠ ʮʴʦʤʫ, ʟʽ 

ʟʙʽʣʴʰʝʥʥʷʤ ʛʣʠʙʠʥʠ ʢʦʤʧʝʥʩʫʶʯʦʛʦ ʜʦʥʦʨʘ ʟʨʦʩʪʘʻ ʧʠʪʦʤʠʡ ʦʧʽʨ. ʇʨʠ ɽ+ åóEC - 

0.9ö ʝɺ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʥʘʧʽʚʽʟʦʣʶʶʯʘ ʦʙʣʘʩʪʴ ʟʽ ʟʤʽʰʘʥʦʶ ʧʨʦʚʽʜʥʽʩʪʶ. ʇʨʠ 

+

DDE  > îEC - 0.9ö ʝɺ ʜʦʥʦʨ ʩʪʘʻ ʟʘʥʘʜʪʦ ʛʣʠʙʦʢʠʤ ʽ ʜʘʻ ʚ ʟʦʥʫ ʧʨʦʚʽʜʥʦʩʪʽ ʤʝʥʰʝ 

ʝʣʝʢʪʨʦʥʽʚ, ʘ ʢʽʣʴʢʽʩʪʴ ʜʽʨʦʢ ʫ ʚʘʣʝʥʪʥʽʡ ʟʦʥʽ ʟʙʽʣʴʰʫʻʪʴʩʷ, ʪʦʤʫ ʦʧʽʨ ʟʤʝʥʰʫʻʪʴʩʷ 

ʟʽ ʟʨʦʩʪʘʥʥʷʤ ʢʦʥʮʝʥʪʨʘʮʽʾ ʚʽʣʴʥʠʭ ʜʽʨʦʢ. ʋ ʧʝʚʥʠʡ ʤʦʤʝʥʪ ʧʦʯʠʥʘʻ ʚʠʢʦʥʫʚʘʪʠʩʷ 

ʫʤʦʚʘ ä ä ää -+> +-

ADDDDA NNNN , ʪʦʤʫ ʚʞʝ ʦʩʥʦʚʥʠʡ ʚʥʝʩʦʢ ʚ ʧʨʦʚʽʜʥʽʩʪʴ ʜʘʶʪʴ 

ʚʘʢʘʥʩʽʾ ʢʘʜʤʽʶ. ɯʩʥʫʚʘʥʥʷ ʤʝʥʰʦʛʦ ʙʽʯʥʦʛʦ ʛʨʝʙʝʥʷ ʥʘ ʨʠʩ. 3.14 (ʘ) ʧʦʷʩʥʶʻʪʴʩʷ 

ʚʧʣʠʚʦʤ ʚʘʢʘʥʩʽʡ ʢʘʜʤʽʶ.  

ʊʘʢʠʤ ʯʠʥʦʤ, ʩʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʟʙʽʣʴʰʝʥʥʷ ʰʠʨʠʥʠ ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ ʚʽʜ 

1.6 (ʜʣʷ CdTe) ʜʦ 1,8 ʝɺ (ʜʣʷ ʜʣʷ Cd0,8Zn0,2Te) ʧʨʠ ʊ = 0 ʂ, ʧʨʠ ʟʙʝʨʝʞʝʥʥʽ 

ʧʦʣʦʞʝʥʴ ʚʩʽʭ ʨʽʚʥʽʚ ʱʦʜʦ ʚʘʣʝʥʪʥʦʾ ʟʦʥʠ ʥʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʤʽʪʥʠʭ ʟʤʽʥ ʚʠʛʣʷʜʫ 
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ʚʩʽʭ ʜʦʩʣʽʜʞʝʥʠʭ ʨʘʥʽʰʝ ʪʨʠʚʠʤʽʨʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ. ɭʜʠʥʘ ʚʽʜʤʽʥʥʽʩʪʴ ʛʨʘʬʽʢʽʚ 

ʜʣʷ ʉd0,8Zn0,2Te ʚʽʜ ʛʨʘʬʽʢʽʚ ʜʣʷ ZnTe ʧʦʣʷʛʘʻ ʚ ʟʙʽʣʴʰʝʥʥʽ ʧʠʪʦʤʦʾ ʦʧʦʨʫ ɟ 

ʧʨʠʙʣʠʟʥʦ ʥʘ ʜʚʘ ʧʦʨʷʜʢʠ ʫ ʚʩʽʡ ʜʦʩʣʽʜʞʝʥʽʡ ʦʙʣʘʩʪʽ. ʄʦʜʝʣʶʚʘʥʥʷ ʧʦʢʘʟʘʣʦ 

ʪʘʢʦʞ, ʱʦ ʚʥʝʩʝʥʥʷ Zn ʚ ʢʽʣʴʢʦʩʪʽ 10% ʘʪ. ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʧʠʪʦʤʦʛʦ ʦʧʦʨʫ Cd0.9Zn0.1Te ʥʘ ʦʜʠʥ ʧʦʨʷʜʦʢ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ CdTe. 

ʎ̔ ʨʝʟʫʣʴʪʘʪʠ ʟʥʘʡʰʣʠ ʧʽʜʪʚʝʨʜʞʝʥʥ̫ ʚ ʨʦʙʦʪʽ [37]. ʊʘʢʝ ʟʙʽʣʴʰʝʥʥʷ ɟ 

ʧʦʷʩʥʶʻʪʴʩʷ ʪʠʤ, ʱʦ ʢʦʤʧʝʥʩʘʮʽʷ ʛʣʠʙʦʢʠʤ ʜʦʥʦʨʦʤ X ʛʨʘʻ ʚʠʨʽʰʘʣʴʥʫ ʨʦʣʴ ʚ 

ʧʨʦʮʝʩʽ ʦʪʨʠʤʘʥʥʷ ʥʘʧʽʚʽʟʦʣʶʶʯʠʭ ʟʨʘʟʢʽʚ CdTe ʽ CdZnTe. ɼʽʡʩʥʦ, ʟʙʝʨʝʞʝʥʥʷ 

ʧʦʣʦʞʝʥʴ ʚʩʽʭ ʨʽʚʥʽʚ ʱʦʜʦ ʚʘʣʝʥʪʥʦʾ ʟʦʥʠ ʧʨʠ ʦʜʥʦʯʘʩʥʦʤʫ ʟʙʽʣʴʰʝʥʥʽ ʰʠʨʠʥʠ 

ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ ʦʟʥʘʯʘʻ ʟʙʽʣʴʰʝʥʥʷ ʛʣʠʙʠʥʠ ʟʘʣʷʛʘʥʥʷ ʚʩʽʭ ʜʦʥʦʨʽʚ, ʚ ʪʦʤʫ ʯʠʩʣʽ 

ʽ ʢʦʤʧʝʥʩʫʶʯʦʛʦ. ɿʙʽʣʴʰʝʥʥʷ ʛʣʠʙʠʥʠ ʢʦʤʧʝʥʩʫʶʯʦʛʦ ʜʦʥʦʨʘ ʟʤʝʥʰʫʻ ʡʦʛʦ 

ʚʥʝʩʦʢ ʚ ʢʦʥʮʝʥʪʨʘʮʽʶ ʝʣʝʢʪʨʦʥʽʚ ʧʨʦʚʽʜʥʦʩʪʽ, ʟʙʽʣʴʰʫʶʯʠ ʧʠʪʦʤʠʡ ʦʧʽʨ. 

3.4 ʇʦʨʽʚʥʷʥʥʷ ʟʤʽʥʠ ɟ, ɛn ʚ CdZnTe ʽ CdTe ʧʨʠ ʟʤʽʥʽ ʜʝʬʝʢʪʥʦʛʦ ʩʢʣʘʜʫ 

ʋ ʧʽʜʨʦʟʜʽʣʽ 3.3 ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʦʚʝʜʽʥʢʘ ʧʠʪʦʤʦʛʦ ʦʧʦʨʫ CdZnTe ʽ 

CdTe ʧʨʠ ʟʤʽʥʽ ʜʦʤʽʰʢʦʚʦʛʦ ʩʢʣʘʜʫ ʧʨʠʙʣʠʟʥʦ ʦʜʥʘʢʦʚʘ ʽ ʨʽʟʥʠʮʷ ʧʦʣʷʛʘʻ ʣʠʰʝ ʚ 

ʘʙʩʦʣʶʪʥʽʡ ʚʝʣʠʯʠʥʽ ɟ. ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʭʘʨʘʢʪʝʨ ʟʤʽʥʠ ʢʽʣʴʢʦʩʪʽ ʚʽʣʴʥʠʭ ʥʦʩʽʾʚ 

ʟʘʨʷʜʫ ʽ ʽʦʥʽʟʦʚʘʥʠʭ ʮʝʥʪʨʽʚ ʪʘʢʦʞ ʙʫʜʝ ʦʜʥʘʢʦʚʠʤ, ʪʦʙʪʦ ʧʨʦʮʝʩʠ ʝʢʨʘʥʫʚʘʥʥʷ 

ʙʫʜʫʪʴ ʘʥʘʣʦʛʽʯʥʽ, ʦʪʞʝ, ʟʤʽʥʠ ʨʫʭʣʠʚʦʩʪʽ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʟʤʽʥʠ ʜʦʤʽʰʢʦʚʦʛʦ 

ʩʢʣʘʜʫ ʧʦʚʠʥʥʽ ʙʫʪʠ ʩʭʦʞʠʤʠ ʜʣʷ CdTe ʽ CdZnTe. ʊʘʢʠʡ ʚʠʩʥʦʚʦʢ ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ 

ʽ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʦʧʝʨʝʜʥʴʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ, ʟʛʽʜʥʦ ʟ ʷʢʠʤʠ ʘʙʩʦʣʶʪʥʽ ʟʥʘʯʝʥʥʷ ɟ ʽ 

ɛn ʚ CdTe ʽ CdZnTe ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʧʨʠ ʦʜʥʘʢʦʚʦʤʫ ʭʘʨʘʢʪʝʨʽ ʾʭ ʚʽʜʥʦʩʥʠʭ ʟʤʽʥ. 

ʇʘʨʘʤʝʪʨʠ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘ, ʷʢʽ ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʢʦʨʝʢʪʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʨʫʭʣʠʚʦʩʪʽ, 

ʙʽʣʴʰ ʚʽʨʦʛʽʜʥʦ ʚʩʪʘʥʦʚʣʝʥʽ ʜʣʷ CdTe. ʋ ʟʚ'ʷʟʢʫ ʟ ʮʠʤ ʜʣʷ ʚʠʚʯʝʥʥʷ ʢʦʨʝʣʷʮʽʾ ʤʽʞ 

ɟ ʽ ɛn ʚ CdZnTe ʜʦʮʽʣʴʥʦ ʧʨʦʚʝʩʪʠ ʪʘʢʝ ʜʦʩʣʽʜʞʝʥʥʷ ʥʘ ʧʨʠʢʣʘʜʽ CdTe. 

ʅʘ ʨʠʩ.3.16(ʘ) ʟʦʙʨʘʞʝʥʘ ʤʦʜʝʣʴʥʘ ʟʘʣʝʞʥʽʩʪʴ (ʧʨʠ ʊ = 300 ʂ) ʧʠʪʦʤʦʛʦ 

ʦʧʦʨʫ CdTe, ʱʦ ʤʽʩʪʠʪʴ ʧʦʯʘʪʢʦʚʽ ʬʦʥʦʚʽ ʜʦʤʽʰʢʠ ʽ ʜʝʬʝʢʪʠ, ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʛʣʠʙʦʢʦʛʦ ʜʦʥʦʨʘ N(X) ʽ ʨʽʚʥʷ ʝʥʝʨʛʽʾ EDD ʦʜʥʦʟʘʨʷʜʥʦʛʦ ʛʣʠʙʦʢʦʛʦ ʜʦʥʦʨʘ X, ʷʢʠʡ 
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ʧʦʚʠʥʝʥ ʙʫʪʠ ʧʨʠʩʫʪʥʽʤ ʚ ʤʘʪʝʨʽʘʣʽ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʡʦʛʦ ʥʘʧʽʚʽʟʦʣʶʶʯʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ [18, 125]. ʗʢ ʚʞʝ ʚ̔ ʜʟʥʘʯʘʣʦʩʷ ʨʘʥʽʰʝ, ʨʦʟʨʘʭʫʥʦʢ ʧʠʪʦʤʦʾ ʦʧʦʨʫ ʜʣʷ 

CdTe ʧʨʦʚʦʜʠʚʩʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʠʭʽʜʥʦʛʦ ʟʤʽʩʪʫ ʬʦʥʦʚʠʭ ʜʝʬʝʢʪʽʚ, ʦʜʝʨʞʫʚʘʥʠʭ 

ʚ ʩʫʯʘʩʥʠʭ ʪʝʭʥʦʣʦʛʽʷʭ ʚʠʨʦʱʫʚʘʥʥʷ [18, 20]. ʋ ʧʽʜʨʦʟʜʽʣʽ 3.3 ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʘʥʘʣʦʛʽʯʥʘ ʟʘʣʝʞʥʽʩʪʴ (ʨʠʩ 3.13ʙ), ʜʝ CdTe ʣʝʛʫʚʘʚʩʷ ʭʣʦʨʦʤ, ʚ ʥʘʰʦʤʫ ʞ ʚʠʧʘʜʢʫ 

ʢʦʥʮʝʥʪʨʘʮʽʷ Cl ʥʝ ʧʝʨʝʚʠʱʫʻ ʬʦʥʦʚʦʛʦ ʨʽʚʥʷ, ʪʦʙʪʦ ʤʘʻʤʦ CdTe ʙʝʟ ʭʣʦʨʫ. 

ʆʩʢʽʣʴʢʠ ʭʣʦʨ ʻ ʤʽʣʢʠʤ ʜʦʥʦʨʦʤ, ʪʦ ʟʽ ʟʤʝʥʰʝʥʥʷʤ ʡʦʛʦ ʢʦʥʮʝʥʪʨʘʮʽʾ ʥʠʟʴʢʦʦʤʥʘ 

ʦʙʣʘʩʪʴ ʟ ʜʽʨʢʦʚʦʶ ʧʨʦʚʽʜʥʽʩʪʶ ʟʙʽʣʴʰʫʻʪʴʩʷ (ʧʣʘʪʦ r ~102 ʆʤĬʩʤ). ɺʠʩʦʢʦʦʤʥʠʡ 

ʩʪʘʥ ʜʦʩʷʛʘʻʪʴʩʷ ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʽʷʭ ʜʦʥʦʨʘ ʍ ʚʽʜ 1,5Ĭ1016 ʩʤ-3 ʜʦ 3Ĭ1016 ʩʤ-3. 

ʅʘ ʨʠʩ 3.16 (ʙ) ʧʦʢʘʟʘʥʘ ʤʦʜʝʣʴʥʘ ʜʨʝʡʬʦʚʘ ʨʫʭʣʠʚʽʩʪʴ ʝʣʝʢʪʨʦʥʽʚ ɛn ʚ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ ʽ ʨʽʚʥʷ ʝʥʝʨʛʽʾ ʛʣʠʙʦʢʦʛʦ ʜʦʥʦʨʘ ʍ. ʄʦʜʝʣʶʚʘʥʥʷ 

ʨʫʭʣʠʚʦʩʪʽ ʧʨʦʚʦʜʠʣʦʩʷ ʧʨʠ 300 ʂ. ʄʦʜʝʣʶʚʘʥʥʷ ʧʦʢʘʟʘʣʦ, ʱʦ ʨʫʭʣʠʚʦʩʪʽ ʚʽʣʴʥʠʭ 

ʥʦʩʽʾʚ ʟʘʨʷʜʫ ʙʝʟʭʣʦʨʥʦʛʦ CdTe ʽ CdTe:Cl ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʤʘʣʦ. ɿ ʨʠʩ. 3.16 (ʙ) ʚʠʜʥʦ, 

ʱʦ ʜʣʷ ʧʦʯʘʪʢʦʚʦʛʦ ʩʢʣʘʜʫ ʬʦʥʦʚʠʭ ʜʦʤʽʰʦʢ ʚ CdTe ʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ʛʣʠʙʦʢʦʛʦ 

ʜʦʥʦʨʘ ʍ ~ 1016 ʩʤ-3 ʤʘʻʤʦ ʤʘʪʝʨʽʘʣ CdTe c ʚʠʩʦʢʦʶ ʨʫʭʣʠʚʽʩʪʶ ~103 ʩʤ2/(ɺĬʩ), ʘ 

ʚʽʜʥʦʩʥʽ ʟʤʽʥʠ ʚʝʣʠʯʠʥ ɛn ʩʪʘʥʦʚʣʷʪʴ ʙʣʠʟʴʢʦ 1% ʟʘ ʫʤʦʚʠ ʨʽʚʥʦʤʽʨʥʦʛʦ ʨʦʟʧʦʜʽʣʫ. 

 
   a)       ʙ) 

ʈʠʩ. 3.16. ɽʣʝʢʪʨʦʬʽʟʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʉdTe ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ ʽ ʨʽʚʥʷ 

ʝʥʝʨʛʽʾ ʦʜʥʦʟʘʨʷʜʥʦʛʦ ʛʣʠʙʦʢʦʛʦ ʜʦʥʦʨʘ ʍ; ʘ) ʟʘʣʝʞʥʽʩʪʴ lg (ɟ); ʙ) ʟʘʣʝʞʥʽʩʪʴ 

ʨʫʭʣʠʚʦʩʪʽ. ʉʢʣʘʜ ʬʦʥʦʚʠʭ ʜʦʤʽʰʦʢ ʪʦʡ ʞʝ, ʱʦ ʽ ʨʘʥʽʰʝ. N(ʍ) = 3Ĭ1015cʤ-3 õ 

3Ĭ1016 cʤ-3. EDD (X) = 0,4 ʝɺ õ 1,4 ʝɺ  ̔ʚʽʜʣʽʯʫʻʪʴʩʷ ʚʽʜ ʟʦʥʠ ʧʨʦʚʽʜʥʦʩʪʽ. 
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ʜʝʬʝʢʪʽʚ ʽ ʜʦʤʽʰʦʢ ʧʦ ʦʙ'ʻʤʫ. ʋ ʟʚ'ʷʟʢʫ ʟ ʮʠʤ ʙʫʚ ʦʮʽʥʝʥʠʡ ʚʥʝʩʦʢ ʫ ʨʫʭʣʠʚʽʩʪʴ ʚʽʜ 

ʪʨʘʜʠʮʽʡʥʠʭ ʤʝʭʘʥʽʟʤʽʚ ʨʦʟʩʽʶʚʘʥʥʷ ʚʽʣʴʥʠʭ ʥʦʩʽʾʚ ʟʘʨʷʜʫ ʆʜʝʨʞʘʥʽ ʟʥʘʯʝʥʥʷ 

ʨʫʭʣʠʚʦʩʪʽ, ʨʦʟʨʘʭʦʚʘʥʽ ʟʘ ʬʦʨʤʫʣʦʶ (2.9), ʟʙʽʛʘʶʪʴʩʷ ʟ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ 

ʜʘʥʠʤʠ [131]. ʇʨʠ ʢʽʤʥʘʪʥʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚʠʟʥʘʯʘʣʴʥʠʡ ʚʧʣʠʚ ʯʠʥʠʪʴ 

ʨʦʟʩʽʶʚʘʥʥʷ ʥʘ ʧʦʣʷʨʥʠʭ ʦʧʪʠʯʥʠʭ ʬʦʥʦʥʘʭ. ʉʘʤʝ ʮʝ ʨʦʟʩʽʶʚʘʥʥʷ ʽ ʚʠʟʥʘʯʘʻ 

ʦʪʨʠʤʘʥʫ ʚʝʣʠʯʠʥʫ (~103 ʩʤ2/ɺĬʩ) ʨʫʭʣʠʚʦʩʪʽ ʝʣʝʢʪʨʦʥʽʚ, ʷʢʝ ʚʠʤʽʨʶʻʪʴʩʷ ʚ 

ʝʢʩʧʝʨʠʤʝʥʪʘʭ. ʅʝʚʝʣʠʢʠʡ ʚʧʣʠʚ ʧʨʠ ʢʽʤʥʘʪʥʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʩʧʨʘʚʣʷʻ ʪʘʢʦʞ 

ʨʦʟʩʽʶʚʘʥʥʷ ʥʘ ʽʦʥʽʟʦʚʘʥʠʭ ʜʦʤʽʰʢʘʭ ʪʘ ʜʝʬʝʢʪʘʭ. ɼʣʷ ʦʮʽʥʢʠ ʚʢʣʘʜʽʚ ʙʫʚ ʦʙʨʘʥʠʡ 

ʜʦʤʽʰʢʦʚʠʡ ʩʢʣʘʜ ʨʠʩ.3.17 ʧʨʠ ʊ = 300 ʂ ʽ ʬʽʢʩʦʚʘʥʠʭ ʟʥʘʯʝʥʥʷʭ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʭʨʦʤʫ N(Cr) = 3Ā1016 cʤ-3 ʽ ʭʣʦʨʫ N(Cl) = 5Ā1015ʩʤ-3. ʄʦʜʝʣʶʚʘʥʥʷ ʧʦʢʘʟʘʣʦ, ʱʦ 

ʚʥʝʩʦʢ ʤʝʭʘʥʽʟʤʫ ʨʦʟʩʽʶʚʘʥʥʷ ʥʘ ʧʦʣʷʨʥʠʭ ʦʧʪʠʯʥʠʭ ʬʦʥʦʥʘʭ (ʬʦʨʤʫʣʘ 2.7) 

ʩʪʘʥʦʚʠʪʴ 96%, ʥʘ ʽʦʥʽʟʦʚʘʥʠʭ ʜʦʤʽʰʢʘʭ (ʬʦʨʤʫʣʘ 2.8) - 3%, ʩʫʤʘʨʥʠʡ ʚʥʝʩʦʢ ʚʩʽʭ 

ʽʥʰʠʭ ʤʝʭʘʥʽʟʤʽʚ ʩʪʘʥʦʚʠʪʴ ʙʣʠʟʴʢʦ 1%. ʇʨʠ ʟʤʽʥʽ ʨʫʭʣʠʚʦʩʪʽ ʚʽʜ ʾʾ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ 1037 ʩʤ2 / (ɺĀʩ) ʜʦ ʤʽʥʽʤʘʣʴʥʦʛʦ ~1000 ʩʤ2/(ɺĬʩʝʢ) 

ʟʤʽʥʶʻʪʴʩʷ ʪʽʣʴʢʠ ʯʘʩʪʦʪʘ ʟʽʪʢʥʝʥʥʷ ʝʣʝʢʪʨʦʥʽʚ ʧʨʦʚʽʜʥʦʩʪʽ ʟ ʽʦʥʽʟʦʚʘʥʠʤʠ 

ʜʦʤʽʰʢʘʤʠ 1/<tim>, ʯʘʩʪʦʪʠ ʟʽʪʢʥʝʥʴ ʜʣʷ ʽʥʰʠʭ ʤʝʭʘʥʽʟʤʽʚ ʟʘʣʠʰʘʶʪʴʩʷ 

ʥʝʟʤʽʥʥʠʤʠ. ʇʨʠ ʮʴʦʤʫ ʟʤʽʥʘ ʚʝʣʠʯʠʥʠ 1/<tim>, ʷʢ ʽ ʩʣʽʜ ʙʫʣʦ ʦʯʽʢʫʚʘʪʠ, ʥʝ 

ʧʝʨʝʚʠʱʫʻ 3% ʚʽʜ ʟʘʛʘʣʴʥʦʾ ʯʘʩʪʦʪʠ ʟʽʪʢʥʝʥʴ. ʋ ʟʚ'ʷʟʢʫ ʟ ʮʠʤ ʥʘʚʽʪʴ ʟʥʘʯʥʘ ʟʤʽʥʘ 

ʢʦʥʮʝʥʪʨʘʮʽʡ ʟʘʨʷʜʞʝʥʠʭ ʮʝʥʪʨʽʚ (ʟʘ ʫʤʦʚʠ ʨʽʚʥʦʤʽʨʥʦʛʦ ʾʭ ʨʦʟʧʦʜʽʣʫ ʚ ʦʙʩʷʟʽ) 

ʤʘʣʦ ʚʧʣʠʚʘʻ ʥʘ ʟʤʽʥʫ ʨʫʭʣʠʚʦʩʪʽ ʧʨʠ ʢʽʤʥʘʪʥʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. ʗʢ ʧʦʢʘʟʫʶʪʴ 

ʨʦʟʨʘʭʫʥʢʠ, ʧʨʠ ʥʠʟʴʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ (~10 K) ʦʩʥʦʚʥʠʡ ʚʥʝʩʦʢ ʚʥʦʩʠʪʴ 

ʨʦʟʩʽʶʚʘʥʥʷ ʝʣʝʢʪʨʦʥʽʚ ʥʘ ʽʦʥʽʟʦʚʘʥʠʭ ʜʦʤʽʰʢʘʭ (99,8%).   

ʇʨʠ ʦʪʨʠʤʘʥʥʽ CdTe ʤʦʞʝ ʚʽʜʙʫʚʘʪʠʩʷ ʚʥʝʩʝʥʥʷ ʚ ʥʴʦʛʦ ʤʝʪʘʣʽʚ (Cr, Co), ʷʢʽ 

ʻ ʛʣʠʙʦʢʠʤʠ ʘʢʮʝʧʪʦʨʘʤʠ. ɼʦʥʦʨ Cl ʽ ʛʣʠʙʦʢʽ ʘʢʮʝʧʪʦʨʠ ʚʟʘʻʤʥʦ ʢʦʤʧʝʥʩʫʶʪʴʩʷ, 

ʪʦʤʫ ʤʦʞʥʘ ʨʦʟʛʣʷʥʫʪʠ ʧʦʚʝʜʽʥʢʫ ɟ ʽ Õn ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʟʤʽʥʠ ʢʦʥʮʝʥʪʨʘʮʽʾ ʮʠʭ 

ʤʝʪʘʣʽʚ ʽ Cl. ʅʘ ʨʠʩ. 3.17 ʥʘʚʝʜʝʥʽ ʟʘʣʝʞʥʦʩʪʽ ʜʣʷ Cr, ʚʧʣʠʚ ʽʥʰʠʭ ʘʢʮʝʧʪʦʨʽʚ 

ʘʥʘʣʦʛʽʯʥʠʡ. ɿ ʨʠʩ. 3.17 ʚʠʜʥʦ, ʱʦ ʟʙʽʣʴʰʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʪʽʣʴʢʠ ʛʣʠʙʦʢʦʛʦ 

ʜʦʥʦʨʘ ʽʩʪʦʪʥʦ ʟʙʽʣʴʰʫʻ ʨʦʟʤʽʨ ʚʠʩʦʢʦʦʤʥʽʡ ʦʙʣʘʩʪʽ ʽ, ʦʪʞʝ, ʧʦʤʽʪʥʦ ʧʦʣʝʛʰʫʻ 
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ʦʪʨʠʤʘʥʥʷ ʥʝʦʙʭʽʜʥʦʛʦ ʥʘʧʽʚʽʟʦʣʶʶʯʠʭ ʩʪʘʥʫ ʢʨʠʩʪʘʣʘ. ʋ ʪʦʡ ʞʝ ʯʘʩ ʟʤʽʥʘ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʛʣʠʙʦʢʦʛʦ ʘʢʮʝʧʪʦʨʘ ʥʝ ʚʧʣʠʚʘʻ ʥʘ ʨʦʟʤʽʨ ʟʘʟʥʘʯʝʥʦʾ ʚʠʩʦʢʦʦʤʥʦʾ 

ʦʙʣʘʩʪʽ.  

ʋ ʤʝʭʘʥʽʟʤʽ ʨʦʟʩʽʶʚʘʥʥʷ ʥʘ ʽʦʥʽʟʦʚʘʥʠʭ ʜʦʤʽʰʢʘʭ ʚʨʘʭʦʚʫʚʘʣʦʩʷ 

ʝʢʨʘʥʫʚʘʥʥʷ ʚʽʣʴʥʠʤʠ ʥʦʩʽʷʤʠ ʟʘʨʷʜʫ ʽ ʟʘʨʷʜʞʝʥʠʤʠ ʛʣʠʙʦʢʠʤʠ ʮʝʥʪʨʘʤʠ. ɼʣʷ 

ʟ'ʷʩʫʚʘʥʥʷ ʧʨʠʯʠʥ ʟʤʽʥʠ ʨʫʭʣʠʚʦʩʪʽ ʧʨʠ ʟʤʽʥʽ ʩʢʣʘʜʫ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʢʽʣʴʢʽʩʥʠʡ 

ʘʥʘʣʽʟ ʚʽʜʥʦʩʥʦʛʦ ʚʧʣʠʚʫ ʮʠʭ ʝʢʨʘʥʫʚʘʥʴ. ɿʘ ʧʦʯʘʪʢʦʚʫ ʪʦʯʢʫ ʙʫʚ ʧʨʠʡʥʷʪʠʡ 

ʜʦʤʽʰʢʦʚʠʡ ʩʢʣʘʜ ʨʠʩ.3.17 ʟ N(Cl)= 5Ö1016 ʩʤ-3 ʽ N(Cr) = 5Ö1016 ʩʤ-3, ʘ ʜʣʷ 

ʧʦʨʽʚʥʷʥʥʷ - ʪʦʯʢʠ ʟ ʤʘʢʩʠʤʘʣʴʥʦʶ ʝʣʝʢʪʨʦʥʥʦʶ ʪʘ ʜʽʨʢʦʚʦʶ ʧʨʦʚʽʜʥʦʩʪʷʤʠ. ʋ 

ʟʘʟʥʘʯʝʥʠʭ ʪʦʯʢʘʭ ʧʦ ʯʝʨʟʽ ʚʢʣʶʯʘʣʠʩʷ ʽ ʚʠʢʣʶʯʘʣʠʩʷ ʝʢʨʘʥʫʚʘʥʥʷ ʚʽʣʴʥʠʤʠ 

ʥʦʩʽʷʤʠ ʽ ʛʣʠʙʦʢʠʤʠ ʨʽʚʥʷʤʠ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚ ʥʘʧʽʚʽʟʦʣʶʶʯʽʡ 

ʦʙʣʘʩʪʽ ʚʠʟʥʘʯʘʣʴʥʠʡ ʚʥʝʩʦʢ ʚ ʝʢʨʘʥʫʚʘʥʥʷ ʜʘʶʪʴ ʽʦʥʽʟʦʚʘʥʽ ʛʣʠʙʦʢʽ ʮʝʥʪʨʠ, ʪʘʢ 

ʷʢ ʪʫʪ ʾʭ ʢʦʥʮʝʥʪʨʘʮʽʷ ʤʘʢʩʠʤʘʣʴʥʘ. ʋ ʥʠʟʴʢʦʦʤʥʠʭ ʦʙʣʘʩʪʷʭ ʝʢʨʘʥʫʚʘʥʥʷ 

ʚʽʣʴʥʠʤʠ ʥʦʩʽʷʤʠ ʟʘʨʷʜʫ ʽ ʛʣʠʙʦʢʠʤʠ  ʮʝʥʪʨʘʤʠ ʚʧʣʠʚʘʶʪʴ ʧʨʠʙʣʠʟʥʦ ʦʜʥʘʢʦʚʦ, 

ʟʘʙʝʟʧʝʯʫʶʯʠ ʩʧʽʣʴʥʦ ʙʽʣʴʰ ʚʠʩʦʢʽ ʟʥʘʯʝʥʥʷ ʨʫʭʣʠʚʦʩʪʽ. ɿ ʨʠʩ.3.17 (ʙ) ʚʠʜʥʦ, ʱʦ 

ʧʦʯʘʪʢʦʚʘ ʪʦʯʢʘ ʣʝʞʠʪʴ ʚ ʦʙʣʘʩʪʽ ʟ ʥʘʡʤʝʥʰʦʶ ʨʫʭʣʠʚʽʩʪʶ mmin. ʄʦʜʝʣʶʚʘʥʥʷ 

ʧʦʢʘʟʫʻ, ʱʦ ʮʷ ʦʙʣʘʩʪʴ (r ~ 101 ʆʤÖʩʤ), ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʨʠʤʠʢʘʶʯʠ ʜʦ 

ʥʘʧʽʚʽʟʦʣʶʶʯʠʭ ʦʙʣʘʩʪʽ, ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʪʠʤ, ʱʦ ʪʫʪ ʩʫʤʘʨʥʘ ʢʦʥʮʝʥʪʨʘʮʽʷ 

ʚʽʣʴʥʠʭ ʥʦʩʽʾʚ ʽ ʽʦʥʽʟʦʚʘʥʠʭ ʛʣʠʙʦʢʠʭ ʮʝʥʪʨʽʚ ( )  ʵʢʨ
ʩʫʤN  ʤʽʥʽʤʘʣʴʥʘ. ʑʝ ʦʜʥʠʤ 

ʬʘʢʪʦʨʦʤ, ʱʦ ʚʧʣʠʚʘʻ ʥʘ ʨʫʭʣʠʚʽʩʪʴ, ʻ ʢʦʥʮʝʥʪʨʘʮʽʷ ʩʘʤʠʭ ʨʦʟʩʽʶʚʘʣʴʥʠʭ ʮʝʥʪʨʽʚ. 

ʉʘʤʝ ʪʦʤʫ ʥʘ ʭʘʨʘʢʪʝʨ ʟʤʽʥʠ ɛn ʥʘʢʣʘʜʘʻʪʴʩʷ ʤʦʥʦʪʦʥʥʝ ʟʤʝʥʰʝʥʥʷ ʧʨʠ 

ʟʙʽʣʴʰʝʥʥʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ʭʣʦʨʫ ʽ ʭʨʦʤʫ. ʅʘ ʨʠʩ. 3.16 ʪʘʢʦʞ ʙʘʯʠʤʦ, ʱʦ ɛn ʜʦʩʷʛʘʻ 

ʤʘʢʩʠʤʘʣʴʥʦʾ ʚʝʣʠʯʠʥʠ ʚ ʥʠʟʴʢʦʦʤʥʽʡ ʦʙʣʘʩʪʽ ʟʘ ʚʠʥʷʪʢʦʤ ʪʦʯʢʠ ʟ ʤʽʥʽʤʘʣʴʥʦʶ 

ʝʥʝʨʛʽʻʶ ʛʣʠʙʦʢʦʛʦ ʜʦʥʦʨʘ Edd  ̔ ʡʦʛʦ ʤʘʢʩʠʤʘʣʴʥʦʶ ʢʦʥʮʝʥʪʨʘʮʽʻʶ N(X), ʜʝ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʨʽʟʢʝ ʟʙʽʣʴʰʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʨʦʟʩʽʶʚʘʣʴʥʠʭ ʮʝʥʪʨʽʚ. 
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ʘ)        ʙ) 

 

   ʚ)        ʛ) 

ʈʠʩ. 3.17. ɽʣʝʢʪʨʦʬʽʟʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʉdTe ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʟʤʽʥʠ ʢʦʥʮʝʥʪʨʘʮʽʾ Cl 

ʽ ʘʢʮʝʧʪʦʨʘ Cr ʟ ʝʥʝʨʛʽʻʶ E2-=Ev+1,34 ʝɺ. N(ʍ)=1Ĭ1016ʩʤ-3. ɺʤʽʩʪ ʨʝʰʪʠ ʜʦʤʽʰʦʢ 

ʪʘʢʠʡ ʞʝ, ʷʢ ʽ ʥʘ ʨʠʩ.3.16. 5Ĭ1015cʤ-3Ò N(Cl) Ò 5Ĭ1016cʤ-3; 5Ĭ1015cʤ-3 Ò N(Cr) Ò 

5Ĭ1016cʤ-3; ʘ, ʚ ï ʧʠʪʦʤʠʡ ʦʧʽʨ; ʙ, ʛ - ʨʫʭʣʠʚʽʩʪʴ. 

  

ɿ ʨʠʩ.3.17, ʪʘʢ ʩʘʤʦ ʷʢ ʟ ʨʠʩ. 3.16 ʚʠʜʥʦ, ʱʦ ʨʫʭʣʠʚʽʩʪʴ ʝʣʝʢʪʨʦʥʽʚ, ʤʘʣʦ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʟʤʽʥʠ ʥʘ ʧʦʨʷʜʦʢ ʢʦʥʮʝʥʪʨʘʮʽʾ ʜʦʤʽʰʦʢ, ʱʦ ʜʽʶʪʴ, ʷʢ ʽʦʥʽʟʦʚʘʥʽ 

ʪʦʯʢʦʚʽ ʜʝʬʝʢʪʠ ʟʘ ʫʤʦʚʠ ʾʭ ʨʽʚʥʦʤʽʨʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʚ ʤʘʪʨʠʮʽ. ʊʦʙʪʦ ʧʨʠ 

ʩʫʪʪʻʚʦʤʫ ʟʙʽʣʴʰʝʥʥʽ ɟ ʚ ʜʝʪʝʢʪʦʨʘʭ ʥʘ ʦʩʥʦʚʽ CdZnTe ʘʙʩʦʣʶʪʥʝ ʟʥʘʯʝʥʥʷ 

ʨʫʭʣʠʚʦʩʪʽ ʝʣʝʢʪʨʦʥʽʚ ʧʨʘʢʪʠʯʥʦ ʤʘʣʦ ʟʤʽʥʶʻʪʴʩʷ. ʅʘ ʝʣʝʢʪʨʦʥʥʫ ʨʫʭʣʠʚʽʩʪʴ ɛn 

ʚʝʣʴʤʠ ʧʦʤʽʪʥʦ ʚʧʣʠʚʘʻ ʥʝʦʜʥʦʨʽʜʥʠʡ ʨʦʟʧʦʜʽʣ ʜʦʤʽʰʦʢ, ʪʦʙʪʦ ʩʢʫʧʯʝʥʥʷ 

ʜʦʤʽʰʦʢ. ʎʝʡ ʚʧʣʠʚ ʚʠʜʥʦ ʟ ʨʠʩʫʥʢʘ 3.18, ʜʝ ʧʦʢʘʟʘʥʽ ʪʝʤʧʝʨʘʪʫʨʥʽ ʟʘʣʝʞʥʦʩʪʽ ɛn 

ʧʨʠ ʨʽʟʥʠʭ ʢʦʥʮʝʥʪʨʘʮʽʷʭ ʩʢʫʧʯʝʥʴ ʜʦʤʽʰʦʢ, ʪʦʙʪʦ ʜʦʤʽʰʢʦʚʠʭ ʢʣʘʩʪʝʨʽʚ.  
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ʈʠʩ. 3.18. ʊʝʤʧʝʨʘʪʫʨʥʽ ʟʘʣʝʞʥʦʩʪʽ ʝʣʝʢʪʨʦʥʥʦʾ ʨʫʭʣʠʚʦʩʪʽ ɛn ʚ Cd0,9Zn0,1Te ʧʨʠ 

ʨʽʟʥʠʭ ʢʦʥʮʝʥʪʨʘʮʽʷʭ ʜʦʤʽʰʢʦʚʠʭ ʢʣʘʩʪʝʨʽʚ ʟ ʧʣʦʱʝʶ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ 

S=1Ț10-6 ʩʤ2. 

 

ʄʦʞʥʘ ʙʘʯʠʪʠ, ʱʦ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʢʦʥʮʝʥʪʨʘʮʽʾ ʩʢʫʧʯʝʥʴ ʜʦʤʽʰʦʢ 

ʧʨʠʙʣʠʟʥʦ ʥʘ ʧʦʨʷʜʦʢ ʧʦʤʽʪʥʦ ʟʥʠʞʫʻʪʴʩʷ ʝʣʝʢʪʨʦʥʥʘ ʨʫʭʣʠʚʽʩʪʴ ɛn ʧʨʠ T=300 K 

ï ʨʦʙʦʯʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʜʝʪʝʢʪʦʨʘ. 

 ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʜʽʣʫ ʦʧʫʙʣʽʢʦʚʘʥʽ ʚ ʨʦʙʦʪʘʭ [ɸ.1-ɸ.5], ʱʦ ʥʘʚʝʜʝʥʦ ʚ ɼʦʜʘʪʢʫ 

ɸ, ʪʘ ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʢʦʥʬʝʨʝʥʮʮʽʷʭ [ɸ.12, ɸ.17, ɸ.18]. 

3.5 ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 3 

1. ɹʘʛʘʪʦʨʽʚʥʝʚʘ ʤʦʜʝʣʴ ʢʦʤʧʝʥʩʘʮʽʾ ʜʣʷ ʜʦʚʽʣʴʥʦʛʦ ʯʠʩʣʘ ʙʘʛʘʪʦʟʘʨʷʜʥʠʭ 

ʜʦʤʽʰʦʢ ʜʦʟʚʦʣʠʣʘ ʦʪʨʠʤʘʪʠ ʙʣʠʟʴʢʽ ʜʦ ʝʢʩʧʝʨʠʤʝʥʪʫ ʚʝʣʠʯʠʥʠ ɟ ʽ ʝʣʝʢʪʨʦʥʥʦʾ 

ʨʫʭʣʠʚʦʩʪʽ ɛn ʚ GaAs ʽ CdTe ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʫʪʦʯʥʝʥʠʭ ʤʝʭʘʥʽʟʤʽʚ ʨʦʟʩʽʶʚʘʥʥʷ ʽ 

ʝʢʨʘʥʫʚʘʥʥʷ. 

2. ʄʽʣʢʽ ʨʽʚʥʽ, ʪʦʯʢʦʚʽ ʽ ʣʽʥʽʡʥʽ ʜʝʬʝʢʪʠ ʤʦʞʫʪʴ ʧʦʤʽʪʥʦ ʚʧʣʠʚʘʪʠ ʥʘ ɛn ʚ 

GaAs, ʷʢʱʦ ʚʦʥʠ ʨʦʟʧʦʜʽʣʝʥʽ ʚ ʤʘʪʨʠʮʽ ʫ ʚʠʛʣʷʜʽ ʟʘʨʷʜʞʝʥʠʭ ʩʢʫʧʯʝʥʴ ʜʝʬʝʢʪʽʚ, 
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ʢʣʘʩʪʝʨʽʚ, ʥʝʦʜʥʦʨʽʜʥʦʩʪʝʡ ʣʝʛʫʚʘʥʥʷ. ʇʨʠʨʦʜʥʠʡ ʜʝʬʝʢʪ EL-2 ʧʦʤʽʪʥʦ ʚʧʣʠʚʘʻ ʥʘ 

ɛn ʚ GaAs ʥʘʚʽʪʴ ʧʨʠ ʡʦʛʦ ʦʜʥʦʨʽʜʥʦʤʫ ʨʦʟʧʦʜʽʣʽ ʚ ʤʘʪʨʠʮʽ. 

3. ɺʠʟʥʘʯʘʣʴʥʠʡ ʚʥʝʩʦʢ ʫ ʚʝʣʠʯʠʥʫ ʝʣʝʢʪʨʦʥʥʦʾ ʨʫʭʣʠʚʦʩʪ̔ ɛn ʚ CdTe ʽ 

CdZnTe ʜʘʻ ʨʦʟʩʽʶʚʘʥʥʷ ʥʘ ʧʦʣʷʨʥʠʭ ʦʧʪʠʯʥʠʭ ʬʦʥʦʥʘʭ, ʪʦʤʫ ɛn ʩʣʘʙʦ ʟʘʣʝʞʠʪʴ 

ʚʽʜ ʜʦʤʽʰʢʦʚʦʛʦ ʩʢʣʘʜʫ ʟʘ ʫʤʦʚʠ ʨʽʚʥʦʤʽʨʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʪʦʯʢʦʚʠʭ ʜʝʬʝʢʪʽʚ ʽ 

ʜʦʤʽʰʦʢ ʧʦ ʦʙôʻʤʫ ʢʨʠʩʪʘʣʘ. ʍʘʨʘʢʪʝʨ ʟʤʽʥʠ ʟʘʣʝʞʥʦʩʪʝʡ ɟ ʽ mn ʚʽʜ ʩʢʣʘʜʫ ʷʢʽʩʥʦ 

ʧʦʜʽʙʥʠʡ ʜʣʷ CdTe ʽ CdZnTe. 

4. ɻʣʠʙʦʢʽ ʜʦʥʦʨʠ ʚ CdTe ʽ CdZnTe ʟʙʽʣʴʰʫʶʪʴ ʨʦʟʤʽʨ ʥʘʧʽʚʽʟʦʣʶʶʯʦʾ 

ʦʙʣʘʩʪʽ ʟʤʽʥʠ ʢʦʥʮʝʥʪʨʘʮʽʡ ʤʽʣʢʠʭ ʨʽʚʥʽʚ. ɿʙʽʣʴʰʝʥʥʷ ʰʠʨʠʥʠ ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ 

ʚʽʜ 1.6 ʜʣʷ CdTe ʜʦ 1,8 ʝɺ ʽ ʙʽʣʴʰʝ ʜʣʷ Cd0.8 Zn0.2Te ʧʨʠ ʊ = 0 ʂ ʥʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʧʦʤʽʪʥʠʭ ʟʤʽʥ ʪʨʠʚʠʤʽʨʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ɟ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ CdTe, ʘʣʝ ʤʘʢʩʠʤʘʣʴʥʘ 

ʚʝʣʠʯʠʥʘ ɟ ʟʙʽʣʴʰʫʻʪʴʩʷ ʥʘ ʜʚʘ ʧʦʨʷʜʢʠ.  

5. ɺ CdTe ʽ CdZnTe ʦʙʣʘʩʪʴ ~106 ʆʤĀʩʤ ʟôʷʚʣʷʻʪʴʩʷ ʧʨʠ ʥʝʧʦʚʥʽʡ ʢʦʤʧʝʥʩʘʮʽʾ 

ʚʘʢʘʥʩʽʡ ʢʘʜʤʽʶ, ʘ ʦʙʣʘʩʪʴ ~1010ï1012 ʆʤĀʩʤ ï ʚ ʨʝʟʫʣʴʪʘʪʽ ʥʝʧʦʚʥʦʾ ʢʦʤʧʝʥʩʘʮʽʾ 

ʛʣʠʙʦʢʦʛʦ ʜʦʥʦʨʘ X ʟ ʛʣʠʙʠʥʦʶ ʟʘʣʷʛʘʥʥʷ ~ 0,8 ʝɺ.  
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ʈʆɿɼɯʃ 4 

ɺʃɸʉʊʀɺʆʉʊɯ ɼɽʊɽʂʊʆʈɯɺ ũɸʄʄɸ-ɺʀʇʈʆʄɯʅʖɺɸʅʅʗ ʅɸ 

ʆʉʅʆɺɯ GaAs, CdxZn1-xTe  

ɺ ʨʦʟʜʽʣʽ 4 ʧʨʝʜʩʪʘʚʣʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʫʤʦʚ, ʢʦʣʠ ʚʠʩʦʢʦʦʤʥʠʡ CdZnTe ʟ 

ʚʠʩʦʢʠʤ ɛn ʤʘʻ ʭʦʨʦʰʽ ʜʝʪʝʢʪʦʨʥʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʪʦʙʪʦ ʚʠʩʦʢʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʟʙʦʨʫ 

ʟʘʨʷʜʽʚ ɖ (ʨʦʙʦʪʠ [ɸ.5ïɸ.8, ɸ.13, ɸ.15], ʱʦ ʥʘʚʝʜʝʥʦ ʚ ɼʦʜʘʪʢʫ ɸ). ɹʫʚ ʟô̫ ʩʦʚʘʥʠʡ 

ʩʢʣʘʜ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʤʘʪʝʨʽʘʣʽʚ CdxZn1-xTe (0,4 < x<1), ʧʨʠ ʷʢʦʤʫ ʚʦʥʠ ʤʘʶʪʴ 

ʥʝʦʙʭʽʜʥʽ ʚʠʩʦʢʽ ʚʝʣʠʯʠʥʠ ʧʠʪʦʤʦʛʦ ʦʧʦʨʫ ɟ ʽ ʝʣʝʢʪʨʦʥʥʦʾ ʨʫʭʣʠʚʦʩʪʽ ɛn, ʱʦ 

ʚʽʜʧʦʚʽʜʘʣʦ ʨʝʟʫʣʴʪʘʪʘʤ ʜʦʩʣʽʜʞʝʥʴ, ʦʧʠʩʘʥʠʭ ʚ ʨʦʟʜʽʣʽ 3. ɹʫʣʠ ʨʦʟʛʣʷʥʫʪʽ 

ʤʘʪʝʨʽʘʣʠ ʟ ʨʽʟʥʠʤ ʚʤʽʩʪʦʤ Zn, ʚʠʢʦʥʘʥʠʡ ʾʭ ʧʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʪʘ ʚʩʪʘʥʦʚʣʝʥʽ 

ʥʘʡʙʽʣʴʰ ʧʨʠʜʘʪʥʽ ʜʣʷ ʜʝʪʝʢʪʫʚʘʥʥʷ ʽʦʥʽʟʫʶʯʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. ɹʫʚ 

ʜʦʩʣʽʜʞʝʥʠʡ ʪʘʢʦʞ ʢʨʠʩʪʘʣʽʯʥʠʡ ʘʨʩʝʥʽʜ ʛʘʣʽʶ [ɸ.7]  ̔ʟôʷʩʦʚʘʥʽ ʪʨʫʜʥʦʱʽ ʡʦʛʦ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʨʦʣʽ ʜʝʪʝʢʪʦʨʽʚ. ɼʦʩʣʽʜʞʝʥʽ ʜʝʪʝʢʪʦʨʠ ʥʘ ʦʩʥʦʚʽ Cd0.7Zn0.3Te ʟ 

ʨʽʟʥʦʶ ʢʦʥʬʽʛʫʨʘʮʽʻʶ ʝʣʝʢʪʨʦʜʽʚ ʪʘ ʟʨʦʙʣʝʥʠʡ ʾʭ ʧʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ [ɸ.8, ɸ.15]. 

ɺʩʪʘʥʦʚʣʝʥʽ ʰʢʽʜʣʠʚʽ ʬʦʥʦʚʽ ʜʦʤʽʰʢʠ ʚ Cd0.9Zn0.1Te, ʷʢʽ ʟʥʘʯʥʦ ʟʥʠʞʫʶʪʴ ɖ 

ʜʝʪʝʢʪʦʨʘ [ɸ.18].  

4.1 ɺʣʘʩʪʠʚʦʩʪʽ ʜʝʪʝʢʪʦʨʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʽ ʧʣʦʩʢʦʧʘʨʘʣʝʣʴʥʠʭ ʜʝʪʝʢʪʦʨʽʚ 

ʥʘ ʾʭ ʦʩʥʦʚʽ 

ʗʢ ʚʞʝ ʟʘʟʥʘʯʘʣʦʩʴ, ʜʣʷ ʝʬʝʢʪʠʚʥʦʾ ʨʝʻʩʪʨʘʮʽʾ ʛʘʤʤʘ, ʨʝʥʪʛʝʥʽʚʩʴʢʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʽ ʩʧʝʢʪʨʦʩʢʦʧʽʾ ʟʘʨʷʜʞʝʥʠʭ ʯʘʩʪʠʥʦʢ ʥʝʦʙʭʽʜʥʽ ʜʝʪʝʢʪʦʨʠ ʥʘ 

ʦʩʥʦʚʽ ʢʨʠʩʪʘʣʽʯʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟ ʚʝʣʠʢʠʤ ʧʠʪʦʤʠʤ ʦʧʦʨʦʤ ɟ ʽ ʘʪʦʤʥʦʶ ʤʘʩʦʶ, 

ʚʠʩʦʢʠʤʠ ʚʝʣʠʯʠʥʘʤʠ ʝʣʝʢʪʨʦʥʥʦʾ ʨʫʭʣʠʚʦʩʪʽ ɛn ʽ ʯʘʩʫ ʞʠʪʪʷ Ű ʥʝʨʽʚʥʦʚʘʞʥʠʭ 

ʥʦʩʽʾʚ ʟʘʨʷʜʫ. ʈʦʟʨʦʙʢʘ ʩʫʯʘʩʥʠʭ ʜʝʪʝʢʪʦʨʽʚ, ʱʦ ʧʨʘʮʶʶʪʴ ʧʨʠ ʢʽʤʥʘʪʥʽʡ 

ʪʝʤʧʝʨʘʪʫʨʽ, ʷʢ ʧʨʘʚʠʣʦ, ʧʨʦʚʦʜʠʪʴʩʷ ʚ ʥʘʧʨʷʤʢʫ ʦʧʪʠʤʽʟʘʮʽʾ ʛʝʦʤʝʪʨʽʾ ʝʣʝʢʪʨʦʜʽʚ 

[132ï134], ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʩʠʩʪʝʤʠ ʨʝʻʩʪʨʘʮʽʾ [135, 136] ʘʙʦ ʨʦʟʨʦʙʢʠ ʤʝʪʦʜʽʚ 

ʚʠʤʽʨʶʚʘʥʥʷ ɔ-ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ [137], ʦʜʥʘʢ ʻ ʧʦʩʪʽʡʥʘ ʧʦʪʨʝʙʘ ʚ ʫʜʦʩʢʦʥʘʣʝʥʥʽ 

ʜʝʪʝʢʪʦʨʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟ ʧʦʣʽʧʰʝʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. 
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ʄʝʪʦʜʦʤ ʤʦʜʝʣʶʚʘʥʥʷ ʤʦʞʥʘ ʜʦʩʣʽʜʞʫʚʘʪʠ ɟ, ɛn ʽ Ű, ʷʢʽ ʟʘʣʝʞʘʪʴ ʚʽʜ 

ʜʦʤʽʰʢʦʚʦʛʦ ʽ ʜʝʬʝʢʪʥʦʛʦ ʩʢʣʘʜʫ ʤʘʪʨʠʮʽ. ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʧʨʦʛʨʝʩ, ʜʦʩʷʛʥʫʪʠʡ ʚ 

ʪʝʭʥʦʣʦʛʽʾ ʦʪʨʠʤʘʥʥʷ ʜʝʪʝʢʪʦʨʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʚʣʘʩʪʠʚʦʩʪʽ ʧʝʨʝʥʦʩʫ ʟʘʨʷʜʫ ʚ 

ʘʢʪʠʚʥʽʡ ʦʙʣʘʩʪʽ ʜʝʪʝʢʪʦʨʘ ʧʨʠ ʨʝʻʩʪʨʘʮʽʾ ɔ-ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʱʝ ʜʘʣʝʢʽ ʚʽʜ 

ʧʨʠʡʥʷʪʥʠʭ. ɯʩʥʫʻ ʧʨʦʙʣʝʤʘ ʥʝʧʦʚʥʦʛʦ ʟʙʦʨʫ ʟʘʨʷʜʽʚ ʜʝʪʝʢʪʦʨʽʚ ʥʘ ʦʩʥʦʚʽ CdTe ʽ 

CdZnTe, ʧʦʚ'ʷʟʘʥʘ ʟ ʨʽʟʥʠʮʝʶ ʚ ʨʫʭʣʠʚʦʩʪʷʭ ʚʽʣʴʥʠʭ ʝʣʝʢʪʨʦʥʽʚ ʽ ʜʽʨʦʢ ʽ ʤʘʣʠʤ 

ʟʥʘʯʝʥʥʷʤ ʜʦʙʫʪʢʫ ɛhĀŰh, ʜʝ ɛh ʽ Űh - ʚʽʜʧʦʚʽʜʥʦ ʨʫʭʣʠʚʽʩʪʴ ʽ ʯʘʩ ʞʠʪʪʷ 

ʥʝʨ̔ʚʥʦʚʘʞʥʠʭ ʜʽʨʦʢ. ɺʝʣʠʢʘ ʨʽʟʥʠʮʷ ʚ ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʙʦʨʫ ʝʣʝʢʪʨʦʥʽʚ ʽ ʜʽʨʦʢ 

ʟʥʘʯʥʦ ʧʦʛʽʨʰʫʻ ʝʥʝʨʛʝʪʠʯʥʫ ʨʦʟʜʽʣʴʥʫ ʟʜʘʪʥʽʩʪʴ ʜʝʪʝʢʪʦʨʘ. ʎʝ ʧʨʦʷʚʣʷʻʪʴʩʷ ʥʘ 

ʘʤʧʣʽʪʫʜʥʠʭ ʩʧʝʢʪʨʘʭ ʩʧʦʪʚʦʨʝʥʥʷʤ ʬʦʨʤʠ ʣʽʥʽʾ ʧʦʚʥʦʛʦ ʧʦʛʣʠʥʘʥʥʷ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʽ ʫʪʚʦʨʝʥʥʷʤ ʭʚʦʩʪʘ ʚ ʦʙʣʘʩʪʽ ʙʽʣʴʰ ʥʠʟʴʢʠʭ ʝʥʝʨʛʽʡ. ʎʶ 

ʧʨʦʙʣʝʤʫ ʚʠʨʽʰʫʶʪʴ ʨʽʟʥʠʤʠ ʤʝʪʦʜʘʤʠ [132ï136], ʷʢʽ ʧʨʠʧʫʩʢʘʶʪʴ ʚʝʣʠʯʠʥʠ 

ʨʫʭʣʠʚʦʩʪʽ ɛ ʽ ʯʘʩʫ ʞʠʪʪʷ Ű ʜʣʷ ʝʣʝʢʪʨʦʥʽʚ ʽ ʜʽʨʦʢ ʬʽʢʩʦʚʘʥʠʤʠ ʽ ʟʘʟʜʘʣʝʛʽʜʴ 

ʟʘʜʘʥʠʤʠ. ʆʜʥʘʢ ʥʘ ɛ ʽ Ű ʚʧʣʠʚʘʶʪʴ ʜʦʤʽʰʢʦʚʠʡ ʪʘ ʜʝʬʝʢʪʥʠʡ ʩʢʣʘʜ, ʘ ʪʘʢʦʞ 

ʤʦʣʷʨʥʘ ʯʘʩʪʢʘ x ʩʧʦʣʫʢʠ CdTe ʚ CdXZn1-XTe (0 <x <1). ʉʘʤʽ ʚʝʣʠʯʠʥʠ Ű ʽ ɛ 

ʚʠʟʥʘʯʘʶʪʴ ʝʬʝʢʪʠʚʥʽʩʪʴ ʟʙʦʨʫ ʟʘʨʷʜʽʚ h. 

ɺʠʩʦʢʽ ʚʝʣʠʯʠʥʠ ʨʫʭʣʠʚʦʩʪʽ ʽ ʧʠʪʦʤʦʛʦ ʦʧʦʨʫ ʻ ʙʘʞʘʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ 

ʤʘʪʝʨʽʘʣʽʚ ʪʚʝʨʜʦʪʽʣʴʥʠʭ ʜʝʪʝʢʪʦʨʽʚ, ʪʦʤʫ ʚ ʧʦʧʝʨʝʜʥʴʦʤʫ ʨʦʟʜʽʣʽ, ʘ ʪʘʢʦʞ ʚ 

ʨʦʙʦʪʘʭ [125, 126, 138] ʧʨʦʚʦʜʠʚʩʷ ʧʦʰʫʢ ʫʤʦʚ ʜʦʩʷʛʥʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʠʭ ʚʝʣʠʯʠʥ 

ɛn ʽ ɟ. ʆʜʥʘʢ ɛn , Ű ʽ ɟ ʻ ʚʟʘʻʤʥʦ ʟʘʣʝʞʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʘ ʚ ʮʠʭ ʨʦʙʦʪʘʭ ʥʝ 

ʚʠʚʯʘʣʘʩʷ ʧʦʚʝʜʽʥʢʘ Ű, ʽ, ʱʦ ʥʘʡʛʦʣʦʚʥʽʰʝ, ʜʦʩʣʽʜʞʝʥʽ ʚʝʣʠʯʠʥʠ ʥʝ ʧʦʚ'ʷʟʫʚʘʣʠʩʴ ʟ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʜʝʪʝʢʪʦʨʘ, ʥʘ ʷʢʽ ʚʦʥʠ ʚʧʣʠʚʘʶʪʴ.  

ɯʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʻ ʧʨʦʚʝʜʝʥʥʷ ʢʽʣʴʢʽʩʥʦʛʦ ʧʦʰʫʢʫ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʧʦʻʜʥʘʥʥʷ Űn, Űp, ɛn ʽ ɟ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʜʝʬʝʢʪʥʦʛʦ ʽ ʜʦʤʽʰʢʦʚʦʛʦ ʩʢʣʘʜʫ, ʧʨʠ ʷʢʠʭ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʟʙʦʨʫ ʟʘʨʷʜʽʚ ʤʘʢʩʠʤʘʣʴʥʘ ʜʣʷ ʥʘʡʙʽʣʴʰ ʧʨʦʩʪʦʛʦ 

ʧʣʦʩʢʦʧʘʨʘʣʣʝʣʴʥʦʛʦ ʜʝʪʝʢʪʦʨʘ ɔ-ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʥʘ ʦʩʥʦʚʽ CdxZn1-xTe.  

ɼʣʷ ʦʙʯʠʩʣʝʥʥʷ ɛn ʽ ɟ ʙʫʣʘ ʚʠʢʦʨʠʩʪʘʥʘ ʤʦʜʝʣʴ, ʦʧʠʩʘʥʘ ʚ ʨʦʟʜʽʣʽ 2 ʽ ʚ ʨʦʙʦʪʽ 

[138]. ɹʫʣʦ ʟʘʙʝʟʧʝʯʝʥʦ ʪʦʯʥʝ ʚʨʘʭʫʚʘʥʥʷ ʰʠʨʠʥʠ ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ Eg(x) ʧʨʠ 
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ʢʽʤʥʘʪʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʤʦʣʴʥʦʾ ʯʘʩʪʢʠ CdTe. ɺ ʨʦʙʦʪʽ [139] 

ʟʘʣʝʞʥʽʩʪʴ Eg(x) ʘʧʨʦʢʩʠʤʫʚʘʣʘʩʴ ʢʚʘʜʨʘʪʥʠʤ ʪʨʠʯʣʝʥʦʤ ʧʨʠ ʢʽʤʥʘʪʥʽʡ 

ʪʝʤʧʝʨʘʪʫʨʽ. ʗʢʱʦ ʧʨʦʚʦʜʠʪʠ ʪʘʢʫ ʘʧʨʦʢʩʠʤʘʮʽʶ ʜʣʷ ʥʠʟʴʢʦʪʝʤʧʝʨʘʪʫʨʥʦʾ 

ʰʠʨʠʥʠ ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ Ego, ʧʦʪʽʤ ʚʚʝʩʪʠ ʧʦʧʨʘʚʢʫ ʥʘ ʪʝʤʧʝʨʘʪʫʨʫ [87, 138] ʽ 

ʦʪʨʠʤʘʥʽ ʟʥʘʯʝʥʥʷ Eg(x) ʧʦʨʽʚʥʷʪʠ ʟ ʚʽʜʦʤʠʤʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ, 

ʪʦ ʚ ʨʝʟʫʣʴʪʘʪʽ ʧʨʠ ʊ Ÿ 0 ʦʪʨʠʤʘʻʤʦ ʟʘʣʝʞʥʽʩʪʴ Ego(x) ʜʣʷ Cd1-xZnxTe:  

() 2179.0906.0 xxEgoxEgo Ö+Ö+= .     (4.1) 

ɺ (4.1) Ego ï ʰʠʨʠʥʘ ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ ʜʣʷ CdTe ʧʨʠ TŸ0, ʪʦʜʽ ʨʝʟʫʣʴʪʫʶʯʘ 

ʟʘʣʝʞʥʽʩʪʴ Eg(x, T) ʤʘʣʦ ʚʽʜʨʽʟʥʷʣʘʩʴ ʚʽʜ ʨʦʟʨʘʭʦʚʘʥʦʾ ʧʦ ʬʦʨʤʫʣʽ (2.4).  

ɻʘʤʤʘ-ʢʚʘʥʪʠ ʨʝʻʩʪʨʦʚʘʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʧʨʦʭʦʜʷʪʴ ʯʝʨʝʟ ʘʢʪʠʚʥʫ ʟʦʥʫ 

ʜʝʪʝʢʪʦʨʘ, ʚʟʘʻʤʦʜʽʶʪʴ ʟ ʾʾ ʤʘʪʝʨʽʘʣʦʤ, ʛʝʥʝʨʫʶʯʠ ʝʣʝʢʪʨʦʥʥʦ-ʜʽʨʢʦʚʽ ʧʘʨʠ. ɸʢʪʠ 

ʚʟʘʻʤʦʜʽʾ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʟ ʤʘʪʝʨʽʘʣʦʤ ʤʦʞʫʪʴ ʚʽʜʙʫʚʘʪʠʩʷ ʟ ʦʜʥʘʢʦʚʦʶ 

ʡʤʦʚʽʨʥʽʩʪʶ ʫ ʚʩʴʦʤʫ ʦʙ'ʻʤʽ ʘʢʪʠʚʥʦʾ ʟʦʥʠ. ɔ-ʢʚʘʥʪʠ ʚʟʘʻʤʦʜʽʶʪʴ ʟ ʨʝʯʦʚʠʥʦʶ 

ʜʝʪʝʢʪʦʨʘ ʽ ʫʪʚʦʨʶʶʪʴ ʝʣʝʢʪʨʦʥʥʦ-ʜʽʨʢʦʚʽ ʧʘʨʠ ʚ ʜʝʷʢʽʡ ʧʨʦʪʷʞʥʽʡ ʦʙʣʘʩʪʽ 

ʤʽʞʝʣʝʢʪʨʦʜʥʦʛʦ ʧʨʦʤʽʞʢʫ. ʇʨʠʯʦʤʫ ʜʦʩʠʪʴ ʩʢʣʘʜʥʦ ʦʙʯʠʩʣʠʪʠ ʟʙʽʨ ʟʘʨʷʜʽʚ ʟ 

ʪʘʢʦʾ ʧʨʦʪʷʞʥʦʾ ʦʙʣʘʩʪʽ ʜʦʚʽʣʴʥʦʾ ʬʦʨʤʠ. ʋ ʟʚ'ʷʟʢʫ ʟ ʮʠʤ ʜʣʷ ʢʨʘʱʦʛʦ ʨʦʟʫʤʽʥʥʷ 

ʚʧʣʠʚʫ ʤʘʪʝʨʽʘʣʫ ʘʢʪʠʚʥʦʾ ʟʦʥʠ ʥʘ ʚʣʘʩʪʠʚʦʩʪʽ ʜʝʪʝʢʪʦʨʘ ʮʽʣʢʦʤ ʜʦʩʪʘʪʥʴʦ 

ʜʦʩʣʽʜʞʫʚʘʪʠ ʬʽʟʠʢʫ ʮʴʦʛʦ ʧʨʦʮʝʩʫ, ʪʦʙʪʦ ʟʘʣʝʞʥʦʩʪʽ ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʙʦʨʫ ʟʘʨʷʜʽʚ ɖ 

ʚʽʜ ʢʦʦʨʜʠʥʘʪʠ d0 ʧʦʯʘʪʢʫ ʜʨʝʡʬʫ ʥʝʨʽʚʥʦʚʘʞʥʠʭ ʝʣʝʢʪʨʦʥʽʚ ʽ ʜʽʨʦʢ ʜʦ 

ʚʽʜʧʦʚʽʜʥʠʭ ʝʣʝʢʪʨʦʜʽʚ. ɼʣʷ ʧʦʙʫʜʦʚʠ ʟʘʣʝʞʥʦʩʪʝʡ ɖ(d0) ʜʣʷ ʨʽʟʥʦʛʦ ʜʦʤʽʰʢʦʚʦʛʦ 

ʩʢʣʘʜʫ ʜʝʪʝʢʪʦʨʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʧʽʜʭʦʜʷʪʴ ʨʦʟʨʘʭʫʥʢʠ ʟʘ ʬʦʨʤʫʣʦʶ ʍʝʛʪʘ:  
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ʜʝ L ï ʚʽʜʩʪʘʥʴ ʤʽʞ ʝʣʝʢʪʨʦʜʘʤʠ; 
+

et  ʽ 
+

ht  ï ʩʝʨʝʜʥʽ ʯʘʩʠ ʜʨʝʡʬʫ ʚʽʜʧʦʚʽʜʥʦ 

ʝʣʝʢʪʨʦʥʽʚ ʽ ʜʽʨʦʢ; em  ʽ hm  ï ʨʫʭʣʠʚʦʩʪʽ ʚʽʜʧʦʚʽʜʥʦ ʝʣʝʢʪʨʦʥʽʚ ʽ ʜʽʨʦʢ; d0 ï 

ʢʦʦʨʜʠʥʘʪʘ ʪʦʯʢʠ ʚʠʥʠʢʥʝʥʥʷ ʥʝʨʽʚʥʦʚʘʞʥʠʭ ʥʦʩʽʾʚ ʟʘʨʷʜʫ, ʚʽʜʣʽʯʫʚʘʥʘ ʚʽʜ ʢʘʪʦʜʘ; 

E ï ʥʘʧʨʫʞʝʥʽʩʪʴ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ ʚ ʤʽʞʝʣʝʢʪʨʦʜʥʦʤʫ ʧʨʦʤʽʞʢʫ ʜʝʪʝʢʪʦʨʘ. ʇʨʠ 

ʮʴʦʤʫ, ʩʝʨʝʜʥʽ ʯʘʩʠ ʜʨʝʡʬʫ ʝʣʝʢʪʨʦʥʽʚ ʽ ʜʽʨʦʢ ʚ ʤʽʞʝʣʝʢʪʨʦʜʥʦʤʫ ʧʨʦʤʽʞʢʫ 
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ʧʨʠʨʽʚʥʶʚʘʣʠʩʴ ʜʦ ʯʘʩʽʚ ʞʠʪʪʷ ʥʝʨʽʚʥʦʚʘʞʥʠʭ ʥʦʩʽʾʚ ʟʘʨʷʜʫ ʜʦ ʾʭ ʟʘʭʚʘʪʫ ʥʘ 

ʨʽʚʥʷʭ, ʪʦʙʪʦ ʙʫʣʦ ʧʨʠʡʥʷʪʦ ne tt=+  ʽ ph tt=+ . ʏʘʩ ʞʠʪʪʷ ʥʝʨʽʚʥʦʚʘʞʥʠʭ ʝʣʝʢʪʨʦʥʽʚ Űn 

ʽ ʜʽʨʦʢ Űp ʦʙʯʠʩʣʶʚʘʚʩʷ ʟʛʽʜʥʦ ʪʝʦʨʽʾ ʐʦʢʣʽ-ʈʽʜʘ-ʍʦʣʣʘ ʜʣʷ ʥʝʚʠʨʦʜʞʝʥʠʭ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʽʚ ʧʨʠ ʜʦʚʽʣʴʥʽʡ ʢʦʥʮʝʥʪʨʘʮʽʾ ʧʘʩʪʦʢ ʽ ʤʘʣʠʭ ʢʦʥʮʝʥʪʨʘʮʽʷʭ 

ʥʝʨʽʚʥʦʚʘʞʥʠʭ ʥʦʩʽʾʚ ʟʘʨʷʜʫ, ʪʦʙʪʦ ʧʦ ʬʦʨʤʫʣʘʤ (2.11) ʽ (2.11ǋ). ɺ ʨʦʙʦʪʘʭ [140, 

141] ʚʠʢʣʘʜʝʥʘ ʤʦʜʝʣʴ ʜʣʷ ʦʙʯʠʩʣʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʙʦʨʫ ʟʘʨʷʜʽʚ ʫ ʜʝʪʝʢʪʦʨʽ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʧʨʦʮʝʩʽʚ ʾʭ ʟʘʭʚʘʪʫ ʽ ʚʠʚʽʣʴʥʝʥʥʷ ʙʝʟ ʫʨʘʭʫʚʘʥʥʷ ʨʝʢʦʤʙʽʥʘʮʽʾ ʯʝʨʝʟ 

ʛʣʠʙʦʢʽ ʨʽʚʥʽ. ɺ ʜʘʥʽʡ ʜʠʩʝʨʪʘʮʽʡʥʽʡ ʨʦʙʦʪʽ ʟʜʦʙʫʚʘʯ ʧʨʦʚʦʜʠʚ ʦʙʯʠʩʣʝʥʥʷ 

ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʤʦʜʝʣʽ ʨʝʢʦʤʙʽʥʘʮʽʾ ʯʝʨʝʟ ʛʣʠʙʦʢʽ ʨʽʚʥʽ ʧʘʩʪʦʢ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʚʩʪʘʥʦʚʣʝʥʠʭ  ʽ ʦʧʫʙʣʽʢʦʚʘʥʠʭ ʚ ʣʽʪʝʨʘʪʫʨʽ [36, 130] ʧʣʦʱ ʾʭ 

ʧʝʨʝʨʽʟʽʚ ʟʘʭʦʧʣʝʥʥʷ (~10-15 ʩʤ2), ʱʦ ʜʦʟʚʦʣʠʣʦ ʦʜʝʨʞʘʪʠ ʚʽʨʥʽ ʚʝʣʠʯʠʥʠ Űn ʽ Űp, ʷʢʽ 

ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ɖ. 

 ɿʘʟʚʠʯʘʡ ʚ ʦʙʯʠʩʣʝʥʥʷʭ ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʙʦʨʫ ʟʘʨʷʜʽʚ ʧʦ ʬʦʨʤʫʣʽ (4.2) 

ʚʝʣʠʯʠʥʠ em , hm , 
+

et  ʽ 
+

ht  ʚʚʘʞʘʶʪʴʩʷ ʚʽʜʦʤʠʤʠ ʽ ʬʽʢʩʦʚʘʥʠʤʠ. ɺ ʜʘʥʦʤʫ 

ʜʦʩʣʽʜʞʝʥʥʽ ʟʘʟʥʘʯʝʥʽ ʚʝʣʠʯʠʥʠ ʙʫʣʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʷʢ ʟʤʽʥʥʽ (ʢʨʽʤ ɛh), ʟʘʣʝʞʥʠʤʠ 

ʚʽʜ ʩʢʣʘʜʫ ʤʘʪʨʠʮʽ ʽ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʦʙʯʠʩʣʶʚʘʣʠʩʷ [142].  

ʇʦʯʘʪʢʦʚʠʡ ʩʢʣʘʜ ʤʘʪʝʨʽʘʣʫ, ʚʠʟʥʘʯʝʥʠʡ ʫ [18, 20] ʟʦʙʨʘʞʝʥʠʡ ʜʣʷ ʥʘʦʯʥʦʩʪʽ 

ʥʘ ʨʠʩ. 4.1, ʘ ʙʽʣʴʰ ʜʝʪʘʣʴʥʦ ʚ ʪʘʙʣʠʮʽ 4.1. ɽʥʝʨʛʝʪʠʯʥʝ ʧʦʣʦʞʝʥʥʷ ʚʩʽʭ ʨʽʚʥʽʚ 

ʥʘʚʝʜʝʥʦ ʜʣʷ ʊ = 300 ʂ.  

ʊʘʙʣʠʮʷ 4.1  

ɺʤʽʩʪ ʜʦʤʽʰʦʢ ʽ ʜʝʬʝʢʪʽʚ ʫ CdTe ʽ CdZnTe 
ɼʦʤʽʰʢʘ, 

ʜʝʬʝʢʪ 
Nd(Cl) Ag-

Cd AsTe
- PTe

- VCd
- VCd

- 
related

*
 VTe

+ related
*   Zn related

*  V2-
Cd VTe

+ H1
+ H2

2-
 

ʂʦʥʮʝʥʪï

ʨʘʮʽʷ, ʩʤ-3 

3Ā1015ï 

2.6Ā1016 5Ā10
15 5Ā1015 5Ā1015 5Ā1014 5Ā1014 1Ā1015 5Ā1015 1Ā1015 3.5Ā1015 2Ā1016 8Ā1014 

ʇʦʣʦʞʝʥʥʷ 

ʚ ʟʘʙʦʨʦʥʝï

ʥʽʡ ʟʦʥʽ, ʝɺ 

   1,59 0,1 0,06 0,08 0,11 0,13 0,14 0,22 0.40 0.406 

 

0,8 

 

0,76 

ʇʝʨʝʨʽʟ ʟʘï

ʭʦʧʣʝʥʥʷ, 

ʩʤ2 

1Ā10-16 2Ā10
-

16 

1Ā10-

16 

1Ā10-

16 

2Ā10-

16 1Ā10-16 1Ā10-17 8Ā10-17 1Ā10-14 1Ā10-16 4Ā10
-

18 

1,5Ā10-

17 

*ʅʝ ʻ ʨʽʚʥʝʤ ʜʝʬʝʢʪʫ, ʘʣʝ ʟ`ʷʚʣʷʻʪʴʩʷ ʚ ʩʧʝʢʪʨʘʭ, ʢʦʣʠ ʨʝʻʩʪʨʫʻʪʴʩʷ ʚʽʜʧʦʚʽʜʥʠʡ 

ʜʝʬʝʢʪ ʯʠ ʜʦʤʽʰʢʘ. 
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ʈʦʟʰʠʬʨʫʚʘʥʥʷ ʧʦʟʥʘʯʝʥʴ ʬʦʥʦʚʠʭ ʜʦʤʽʰʦʢ ʽ ʜʝʬʝʢʪʽʚ ʚ ʪʘʙʣ.4.1 ʟʨʦʙʣʝʥʦ ʚ 

ʨʦʟʜʽʣʽ 3. ʂʨʽʤ ʪʦʛʦ, ʚ ʨʦʙʦʪʽ [20] ʙʫʣʠ ʟʘʨʝʻʩʪʨʦʚʘʥʽ ʨʽʚʥʽ ʦʜʥʦʨʘʟʦʚʦ ʟʘʨʷʜʞʝʥʦʾ 

ʝʣʝʢʪʨʦʥʥʦʾ ʧʘʩʪʢʠ H1
+, ʥʘ ʨʦʣʴ ʷʢʦʾ ʧʽʜʭʦʜʠʪʴ ʜʦʥʦʨ X, ʽ ʨʽʚʥʽ ʜʚʦʨʘʟʦʚʦ 

ʟʘʨʷʜʞʝʥʦʾ ʜʽʨʢʦʚʦʾ ʧʘʩʪʢʠ, ʧʦʟʥʘʯʝʥʦʾ H2- - ʥʘ ʨʦʣʴ ʷʢʦʾ ʧʽʜʭʦʜʷʪʴ ʝʥʝʨʛʝʪʠʯʥʽ 

ʨʽʚʥʽ ʬʦʥʦʚʠʭ ʜʦʤʽʰʦʢ, ʥʘʧʨʠʢʣʘʜ, Cr ʽ Co, ʜʦʩʣʽʜʞʝʥʽ ʚ ʨʦʟʜʽʣʽ 3 ʽ ʷʢʽ ʧʦʚʠʥʥʽ 

ʟʘʙʝʟʧʝʯʠʪʠ ʜʽʨʢʦʚʫ ʧʨʦʚʽʜʥʽʩʪʴ ʫ ʚʠʩʦʢʦʦʤʥʦʤʫ ʩʪʘʥʽ ɟ ~ 109ï1011 ʆʤĿʩʤ. 

 

 

ʈʠʩ. 4.1. ɺʠʭʽʜʥʠʡ ʩʢʣʘʜ CdZnTe. ʈʽʚʥʽ ʝʥʝʨʛʽʾ ʝʣʝʢʪʨʦʥʥʠʭ ʧʘʩʪʦʢ ʚʽʜʣʽʯʫʶʪʴʩʷ 

ʚʽʜ ʟʦʥʠ ʧʨʦʚʽʜʥʦʩʪʽ; ʨʽʚʥʽ ʝʥʝʨʛʽʾ ʜʽʨʢʦʚʠʭ ʧʘʩʪʦʢ - ʚʽʜ ʚʘʣʝʥʪʥʦʾ ʟʦʥʠ. 

12 meV 

Cl+ 

0.40 eV 

-2

CdV
 

1Ț1015cm-3 

60ï100 meV 

AgCd, AsTe, PTe 

1.5Ŀ1016cm-3 

1.15 eV 

0.11eV 

VïCd ï ClTe 

+

TeV

 

H1
+ 

0.79 eV 

Eg(x) 

ɿʦʥʘ ʧʨʦʚʽʜʥʦʩʪʽ 

ɺʘʣʝʥʪʥʘ ʟʦʥʘ 

3.5Ŀ1015cm-3 

2Ŀ1016cm-3 

0.13 eV 

VïCd related 

0.76 eV 

H2ï 

1Ț1015cm-3 

0.22 eV 

Zn related 
VTe related 

0.14 eV 
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ʆʙʯʠʩʣʝʥʥʷ ɛn ʟʜʽʡʩʥʶʚʘʣʦʩʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʪʨʘʜʠʮʽʡʥʠʭ ʤʦʜʝʣʝʡ ʨʦʟʩʽʶʚʘʥʥʷ ʥʘ 

ʘʢʫʩʪʠʯʥʠʭ ʬʦʥʦʥʘʭ (ʥʘʙʣʠʞʝʥʥʷ ʧʦʪʝʥʮʽʘʣʫ ʜʝʬʦʨʤʘʮʽʾ), ʧʦʣʷʨʠʟʦʚʘʥʠʭ 

ʦʧʪʠʯʥʠʭ ʬʦʥʦʥʘʭ, ʘʢʫʩʪʠʯʥʠʭ ʧ'ʻʟʦʝʣʝʢʪʨʠʯʥʠʭ ʬʦʥʦʥʘʭ, ʽʦʥʽʟʦʚʘʥʠʭ ʮʝʥʪʨʘʭ ʽ  

ʨʦʟʩʽʶʚʘʥʥʷ ʚ ʩʧʦʣʫʮʽ, ʷʢ ʟʘʟʥʘʯʝʥʦ ʚ ʨʦʟʜʽʣʽ 2. ɺʝʣʠʯʠʥʘ ɛh ʩʣʘʙʦ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʩʢʣʘʜʫ, ʪʦʤʫ ʚʚʘʞʘʣʘʩʷ ʧʦʩʪʽʡʥʦʶ, ʨʽʚʥʦʶ 70 ʩʤ2/(ɺĀʩ). 

ɼʣʷ ʨʦʟʨʘʭʫʥʢʫ ʯʘʩʫ ʞʠʪʪʷ Űn ʽ Űp ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʴ ʟʥʘʯʝʥʥʷ ʨʽʚʥʽʚ ʝʥʝʨʛʽʾ ʽ 

ʚʽʜʧʦʚʽʜʥʽ ʾʤ ʧʣʦʱʽ ʧʝʨʝʨʽʟʫ ʟʘʭʚʘʪʫ, ʦʜʝʨʞʘʥʽ ʟʽ ʩʧʝʢʪʨʽʚ ʤʝʪʦʜʫ PICTS (photo 

induced current transient spectroscopy) ʘʚʪʦʨʘʤʠ [20]. ʇʽʩʣʷ ʧʦʨʽʚʥʷʥʥʷ ʮʠʭ ʚʝʣʠʯʠʥ 

ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʦʙʽʪ [36, 130] ʽ ʧʨʦʚʝʜʝʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʟʙʽʛ 

ʦʙʯʠʩʣʝʥʠʭ Űn ʽ Űp ʟ ʟʘʛʘʣʴʥʦʚʽʜʦʤʠʤ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤ ʨʝʟʫʣʴʪʘʪʦʤ Űn,p~10-6 ʤʘʚ 

ʤʽʩʮʝ ʫ ʚʠʧʘʜʢʫ ʧʦʥʠʞʝʥʥʷ ʝʬʝʢʪʫ ʨʝʢʦʤʙʽʥʘʮʽʾ ʯʝʨʝʟ ʝʣʝʢʪʨʦʥʥʫ ʧʘʩʪʢʫ 
+

1H  ʽ 

ʜʽʨʢʦʚʫ ʧʘʩʪʢʫ H2ï. ɼʦʩʣʽʜʞʝʥʥʷ, ʧʨʦʚʝʜʝʥʽ ʚ ʨʦʟʜʽʣʽ 3 ʽ ʨʦʙʦʪʘʭ [125, 126], 

ʧʦʢʘʟʘʣʠ, ʱʦ ʪʘʢʽ ʛʣʠʙʦʢʽ ʨʽʚʥʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʥʘʧʽʚʽʟʦʣʶʶʯʽ ʚʣʘʩʪʠʚʦʩʪʽ CdZnTe. 

ʇʦʥʠʞʝʥʥʷ ʝʬʝʢʪʫ ʨʝʢʦʤʙʽʥʘʮʽʾ ʜʦʩʷʛʘʣʦʩʴ ʟʤʝʥʰʝʥʥʷʤ ʚʝʨʝʪʠʥʫ ʟʘʭʚʘʪʫ S1 ʜʣʷ 

ʧʘʩʪʢʠ 
+

1H  ʧʨʠ ʨʦʟʨʘʭʫʥʢʫ Űe ʽ ʧʣʦʱʽ ʧʝʨʝʨʽʟʫ S2 ʧʘʩʪʢʠ H
2ï ʧʨʠ ʨʦʟʨʘʭʫʥʢʫ Űh. 

ʇʣʦʱʽ ʧʝʨʝʨʽʟʫ ʟʘʭʚʘʪʫ ʨʝʰʪʠ ʨʽʚʥʽʚ ʚʽʜʧʦʚʽʜʘʶʪʴ ʨʦʙʦʪʽ [20]. ɺ ʥʘʩʪʫʧʥʦʤʫ 

ʨʦʟʜʽʣʽ ʙʫʜʫʪʴ ʧʨʝʜʩʪʘʚʣʝʥʽ ʚʝʣʠʯʠʥʠ ʧʝʨʝʨʽʟʽʚ ʟʘʭʚʘʪʫ, ʚʠʤʽʨʷʥʽ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʙʽʣʴʰ ʜʦʩʢʦʥʘʣʦʾ ʤʝʪʦʜʠʢʠ SIMPA (simultaneous 

peak analysis), ʚʠʢʦʨʠʩʪʘʥʦʾ ʜʣʷ ʦʙʨʦʙʢʠ ʜʘʥʠʭ TSC (thermally stimulated current) 

ʩʧʝʢʪʨʦʩʢʦʧʽʾ. ʇʝʨʝʨʽʟʠ ʟʘʭʚʘʪʫ ʛʣʠʙʦʢʠʭ ʨʽʚʥʽʚ, ʦʜʝʨʞʘʥʽ ʟ ʤʝʪʦʜʠʢʠ SIMPA, 

ʚʠʷʚʠʣʠʩʴ ʙʣʠʟʴʢʠʤʠ ʜʦ ʚʝʣʠʯʠʥ S1, S2, ʧʨʠʡʥʷʪʠʭ ʚ ʜʘʥʦʤʫ ʨʦʟʜʽʣʽ. 

ɹʫʣʠ ʧʨʠʡʥʷʪʽ ʪʠʧʦʚʽ ʧʘʨʘʤʝʪʨʠ ʜʝʪʝʢʪʦʨʘ: ʤʽʻʝʣʝʢʪʨʦʜʥʘ ʚʽʜʩʪʘʥʴ L = 5 ʤʤ; 

ʥʘʧʨʫʞʝʥʽʩʪʴ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ E ʚ ʤʽʞ ʝʣʝʢʪʨʦʜʘʤʠ 1000 ɺ/ʩʤ. 

ɼʣʷ ʟʤʝʥʰʝʥʥʷ ʪʝʤʥʦʚʠʭ ʩʪʨʫʤʽʚ ʽ ʰʫʤʽʚ ʜʝʪʝʢʪʦʨʘ ʥʝʦʙʭʽʜʥʠʡ ʤʘʪʝʨʽʘʣ ʟ 

ʚʝʣʠʢʠʤ ʧʠʪʦʤʠʤ ʦʧʦʨʦʤ ɟ, ʽ ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʤʘʻʤʦ ʥʝʚʠʨʦʜʞʝʥʠʡ ʩʪʘʥ, ʢʦʣʠ 

ʤʦʞʥʘ ʟʘʩʪʦʩʫʚʘʪʠ ʤʦʜʝʣʴ ʨʦʟʨʘʭʫʥʢʫ Ű (2.11)ï(2.11)ǋ. ɺʝʣʠʢʝ ɟ ʜʦʟʚʦʣʷʻ ʪʘʢʦʞ 

ʟʥʠʟʠʪʠ ʯʘʩ ʜʨʝʡʬʫ ʟʘʨʷʜʽʚ ʰʣʷʭʦʤ ʟʙʽʣʴʰʝʥʥʷ ʥʘʧʨʫʛʠ ʤʽʞ ʝʣʝʢʪʨʦʜʘʤʠ. ʏʝʨʝʟ 
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ʚʝʣʠʢʫ ʨʽʟʥʠʮʶ ʚ ʨʫʭʣʠʚʦʩʪʷʭ ʝʣʝʢʪʨʦʥʽʚ ɛe ~ 1000 ʩʤ
2/(ɺĀʩʝʢ) ʽ ʜʽʨʦʢ ɛp=70 

ʩʤ2/(ɺĀʩʝʢ) ʚ CdZnTe ʥʘ ʘʤʧʣʽʪʫʜʥʠʭ ʩʧʝʢʪʨʘʭ ʨʝʻʩʪʨʫʶʪʴʩʷ ʚ ʦʩʥʦʚʥʦʤʫ 

ʝʣʝʢʪʨʦʥʠ. ɼʣʷ ʟʙʽʣʴʰʝʥʥʷ ʚʽʜʥʦʰʝʥʥʷ ʩʠʛʥʘʣ/ʬʦʥ ʚʽʣʴʥʽ ʝʣʝʢʪʨʦʥʠ ʚ 

ʤʽʞʝʣʝʢʪʨʦʜʥʦʤʫ ʧʨʦʤʽʞʢʫ ʧʦʚʠʥʥʽ ʙʫʪʠ ʥʝʦʩʥʦʚʥʠʤʠ ʥʦʩʽʷʤʠ ʟʘʨʷʜʫ, ʪʦʙʪʦ 

ʧʦʪʨʽʙʝʥ ʥʘʧʽʚʽʟʦʣʶʶʯʠʡ ʤʘʪʝʨʽʘʣ ʟ p-ʪʠʧʦʤ ʧʨʦʚʽʜʥʦʩʪʽ. ʉʧʦʯʘʪʢʫ ʙʫʚ 

ʧʨʦʚʝʜʝʥʠʡ ʧʦʰʫʢ ʽʥʪʝʨʚʘʣʫ ʟʤʽʥʠ ʢʦʥʮʝʥʪʨʘʮʽʾ ʣʝʛʫʶʯʦʾ ʜʦʤʽʰʢʠ ʭʣʦʨʫ, ʷʢʠʡ 

ʧʝʨʝʢʨʠʚʘʚ ʙʠ ʦʙʣʘʩʪʴ ʥʘʧʽʚʽʟʦʣʶʶʯʦʛʦ ʩʪʘʥʫ CdXZn1-XTe ʫ ʚʩʽʭ ʚʠʧʘʜʢʘʭ, ʱʦ 

ʨʦʟʛʣʷʜʘʶʪʴʩʷ. ʈʝʟʫʣʴʪʘʪ ʪʘʢʦʛʦ ʧʦʰʫʢʫ ʟʦʙʨʘʞʝʥʠʡ ʥʘ ʨʠʩ. 4.2, ʜʝ ʧʦʢʘʟʘʥʽ 

ʟʘʣʝʞʥʦʩʪʽ lg(ɟ) ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ ʭʣʦʨʫ ʧʨʠ ʨʽʟʥʦʤʫ ʤʦʣʴʥʦʤʫ ʚʤʽʩʪʽ CdTe. 

ɺʝʨʪʠʢʘʣʴʥʠʤʠ ʣʽʥʽʷʤʠ ʧʨʦʚʝʜʝʥʦ ʨʦʟʤʝʞʫʚʘʥʥʷ ʤʽʞ ʦʙʣʘʩʪʷʤʠ n- ʽ p-ʧʨʦʚʽʜʥʦʩʪʽ 

ʜʣʷ ʤʘʪʝʨʽʘʣʽʚ ʟ ʨʽʟʥʠʤʠ ʤʦʣʴʥʠʤʠ ʯʘʩʪʢʘʤʠ x CdTe, ʧʨʠʯʦʤʫ ʜʣʷ x=0.7 ʽ ʤʝʥʰʝ 

ʚʩʷ ʚʠʩʦʢʦʦʤʥʘ ʦʙʣʘʩʪʴ ʻ ʦʙʣʘʩʪʶ ʜʽʨʢʦʚʦʾ ʧʨʦʚʽʜʥʦʩʪʽ, ʥʝʦʙʭʽʜʥʦ ʁʜʣʷ ʜʝʪʝʢʪʦʨʽʚ.  

 
ʈʠʩ. 4.2. ɼʝʩʷʪʢʦʚʠʡ ʣʦʛʘʨʠʬʤ ʧʠʪʦʤʦʛʦ ʦʧʦʨʫ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʤʽʣʢʦʛʦ ʜʦʥʦʨʘ Cl ʜʣʷ ʤʘʪʝʨʽʘʣʽʚ CdxZn1-xTe ʟ ʨʽʟʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ x. ʇʦʢʘʟʘʥʽ 

ʦʙʣʘʩʪʽ p- ʽ n-ʧʨʦʚʽʜʥʦʩʪʽ ʜʣʷ x= 1.0, 0.9, 0,8. ɼʣʷ x=0.4 ï 0.7 ʚʩʷ ʥʘʧʽʚʽʟʦʣʶʶʯʘ 

ʦʙʣʘʩʪʴ ʤʘʻ p-ʧʨʦʚʽʜʥʽʩʪʴ.  
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ɿ ʨʠʩ. 4.2 ʪʘʢʦʞ ʚʠʜʥʦ, ʱʦ Cd0,9Zn0,1Te ʻ ʢʨʘʱʠʤ, ʥʽʞ CdTe, ʘ Cd0,8Zn0,2Te ʽ 

Cd0,7Zn0,3Te ʧʽʜʭʦʜʪ̫ʴ ʧʦ p-ʧʨʦʚʽʜʥʦʩʪʽ, ʦʜʥʘʢ ʤʘʶʪʴ ʟʘʥʘʜʪʦ ʚʝʣʠʢʠʡ  ʧʠʪʦʤʠʡ 

ʦʧʽʨ, ʚʥʘʩʣʽʜʦʢ ʯʦʛʦ ʚʘʞʢʦ ʢʦʥʪʨʦʣʶʚʘʪʠ ʾʭ ʩʢʣʘʜ ʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʪʦʤʫ ʧʝʨʝʚʘʞʥʘ 

ʢʽʣʴʢʽʩʪʴ ʧʫʙʣʽʢʘʮʽʡ ʚ ʪʝʭʥʽʯʥʽʡ ʣʽʪʝʨʘʪʫʨʽ ʧʨʠʩʚʷʯʝʥʘ ʩʘʤʝ ʤʘʪʝʨʽʘʣʘʤ Cd0,9Zn0,1Te, 

ʥʘʧʽʚʽʟʦʣʶʶʯʘ ʦʙʣʘʩʪʴ ʷʢʠʭ ʤʘʻ ʨ-ʪʠʧ ʝʣʝʢʪʨʠʯʥʦʾ ʧʨʦʚʽʜʥʦʩʪʽ.  

ɼʣʷ ʧʦʨʽʚʥʷʥʥʷ ʟ CdZnTe ʥʘ ʈʠʩ. 4.3 ʧʦʢʘʟʘʥʽ ʢʨʠʚʽ ʟʤʽʥʠ ʧʠʪʦʤʦʛʦ ʦʧʦʨʫ 

ʘʨʩʝʥʽʜʫ ʛʘʣʽʶ, ʘ ʪʘʢʦʞ ʢʦʥʮʝʥʪʨʘʮʽʾ ʚʽʣʴʥʠʭ ʝʣʝʢʪʨʦʥʽʚ n ʽ ʜʽʨʦʢ p ʚ ʟʘʣʝʞʥʦʩʪʽ 

ʚʽʜ ʟʤʽʥʠ ʢʦʥʮʝʥʪʨʘʮʽʾ ʣʝʛʫʶʯʦʾ ʜʦʤʽʰʢʠ Cr. ɺʠʜʥʦ, ʱʦ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ CdZnTe, ʚ 

GaAs ʤʘʢʩʠʤʘʣʴʥʠʡ ʧʠʪʦʤʠʡ ʦʧʽʨ ʟʥʘʯʥʦ ʥʠʞʯʠʡ: ɟ ~ 108 ʆʤĀʩʤ. ʂʨʽʤ ʪʦʛʦ, 

ʦʙʣʘʩʪʴ ʢʦʥʮʝʥʪʨʘʮʽʡ ʟ p-ʪʠʧʦʤ ʧʨʦʚʽʜʥʦʩʪʽ ʥʝ ʻ ʧʝʨʝʚʘʞʘʶʯʦʶ, ʭʦʯʘ ʤʘʢʩʠʤʫʤ ɟ 

ʧʦʧʘʜʘʻ ʚ ʦʙʣʘʩʪʴ ʟ ʜʽʨʢʦʚʦʶ ʧʨʦʚʽʜʥʽʩʪʶ. ʎʽ ʞ ʚʠʩʥʦʚʢʠ ʟʘʣʠʰʠʣʠʩʴ 

ʩʧʨʘʚʝʜʣʠʚʠʤʠ ʧʽʩʣʷ ʧʨʦʚʝʜʝʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʩʦʢʦʦʤʥʦʾ ʦʙʣʘʩʪʽ GaAs, 

ʣʝʛʦʚʘʥʦʛʦ ʢʠʩʥʝʤ ʽ ʟʘʣʽʟʦʤ. 

 

ʈʠʩ. 4.3. ʇʠʪʦʤʠʡ ʦʧʽʨ GaAs ʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ʚʽʣʴʥʠʭ ʝʣʝʢʪʨʦʥʽʚ n ʽ ʜʽʨʦʢ p ʚ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʚʤʽʩʪʫ ʭʨʦʤʫ. ʂʦʥʮʝʥʪʨʘʮʽʷ ʤʽʣʢʠʭ ʜʦʥʦʨʽʚ Nd = 1Ā10
16ʩʤ-3, ʤʽʣʢʠʭ 

ʘʢʮʝʧʪʦʨʽʚ Na=1Ā10
16ʩʤ-3, NEL2 = 1Ā10

16 ʩʤ-3.  
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ɹʫʣʠ ʨʦʟʨʘʭʦʚʘʥʽ ʢʨʠʚʽ ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʙʦʨʫ ʟʘʨʷʜʽʚ ɖ ʜʣʷ ʚʽʣʴʥʠʭ ʥʦʩʽʾʚ 

ʟʘʨʷʜʫ, ʜʨʝʡʬʫʶʯʠʭ ʚ ʝʣʝʢʪʨʠʯʥʦʤʫ ʧʦʣʽ ʜʦ ʚʽʜʧʦʚʽʜʥʠʭ ʝʣʝʢʪʨʦʜʽʚ ʚʽʜ ʧôʷʪʠ 

ʪʦʯʦʢ, ʨʦʟʪʘʰʦʚʘʥʠʭ ʥʘ ʨʽʟʥʠʭ ʚʽʜʩʪʘʥʷʭ d0 ʚʽʜ  ʢʘʪʦʜʫ. ʈʝʟʫʣʴʪʘʪ ʤʦʜʝʣʶʚʘʥʥʷ ɖ 

ʜʣʷ ʘʨʩʝʥʽʜʫ ʛʘʣʽʶ ʥʘʚʝʜʝʥʠʡ ʥʘ ʨʠʩ. 4.4. 

ɿʽʩʪʘʚʣʷʶʯʠ ʨʠʩ. 4.3 ʽ ʨʠʩ. 4.4 ʙʘʯʠʤʦ, ʱʦ ʚ ʚʠʩʦʢʦʦʤʥʽʡ ʦʙʣʘʩʪʽ (ɟ Ó 108 

ʆʤĀʩʤ) ʘʨʩʝʥʽʜʫ ʛʘʣʽʶ ʚʝʣʠʯʠʥʘ ɖ ʤʘʻ ʜʫʞʝ ʤʘʣʽ ʟʥʘʯʝʥʥʷ, ʙʣʠʟʴʢʽ ʜʦ ʥʫʣʷ. 

ɿʘʜʦʚʽʣʴʥʦ ʧʨʠʡʥʷʪʥʽ ʚʝʣʠʯʠʥʠ ɖ ~ 0,2ï0,3 ʤʘʶʪʴ ʤʽʩʮʝ ʜʣʷ ɟ ~ 107 ʆʤĀʩʤ, ʷʢʽ, ʚ 

ʩʚʦʶ ʯʝʨʛʫ, ʜʦʩʷʛʘʶʪʴʩʷ ʚ ʜʫʞʝ ʚʫʟʴʢʽʡ ʦʙʣʘʩʪʽ ʢʦʥʮʝʥʪʨʘʮʽʡ ʜʦʤʽʰʦʢ, ʚʝʣʠʯʠʥʫ 

ʷʢʦʾ ʧʦʪʨʽʙʥʦ ʟʘʙʝʟʧʝʯʠʪʠ ʫ ʚʩʴʦʤʫ ʦʙôʻʤʽ ʜʝʪʝʢʪʦʨʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. ʄʘʣʽ ɖ ʜʣʷ 

ʚʠʩʦʢʦʦʤʥʦʾ ʦʙʣʘʩʪʽ ʧʦʷʩʥʶʶʪʴʩʷ ʪʠʤ, ʱʦ ʚ GaAs ʨʽʚʥʽ ʜʝʬʝʢʪʽʚ, ʨʦʟʪʘʰʦʚʘʥʽ ʚ 

ʩʝʨʝʜʠʥʽ ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ  ̔ʤʘʶʪʴ ʚʽʜʥʦʩʥʦ ʚʝʣʠʢʽ ʧʣʦʱʽ ʧʝʨʝʨʽʟʫ ʟʘʭʚʘʪʫ ů. 

 

ʈʠʩ. 4.4. ɽʬʝʢʪʠʚʥʽʩʪʴ ʟʙʦʨʫ ʟʘʨʷʜʽʚ ʫ ʧʣʦʩʢʦʤʫ ʜʝʪʝʢʪʦʨʽ ʥʘ ʦʩʥʦʚʽ GaAs, 

ʣʝʛʦʚʘʥʦʤʫ ʭʨʦʤʦʤ ʚ ʜʽʘʧʘʟʦʥʽ ʢʦʥʮʝʥʪʨʘʮʽʡ 1Ā1014ʩʤ-3ï1.5Ā1016ʩʤ-3 

ʊʘʢ, ʨʽʚʥʽ, ʚʽʜʜʘʣʝʥʽ ʚʽʜ ʚʘʣʝʥʪʥʦʾ ʟʦʥʠ ʥʘ 0,5ï0,9 ʝɺ, ʤʘʶʪʴ  ů ~ 10-10ï10-12 ʩʤ2, ʚ 

ʪʦ ʯʘʩ ʷʢ ʜʣʷ ʤʽʣʢʠʭ ʨʽʚʥʽʚ, ʨʦʟʪʘʰʦʚʘʥʠʭ ʧʦʙʣʠʟʫ ʚʽʜʧʦʚʽʜʥʠʭ ʟʦʥ, ů ~ 10-15ï10-18 

ʩʤ2 [143]. ɺ ʥʘʧʽʚʽʟʦʣʶʶʯʦʤʫ ʩʪʘʥʽ GaAs ʨʽʚʝʥʴ ʌʝʨʤʽ ʟʤʽʱʫʻʪʴʩʷ ʜʦ ʩʝʨʝʜʠʥʠ 

ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ ʽ ʦʙʫʤʦʚʣʶʻ ʯʘʩʪʢʦʚʝ ʟʘʧʦʚʥʝʥʥʷ ʛʣʠʙʦʢʠʭ ʨʽʚʥʽʚ, ʱʦ ʚʢʣʶʯʘʻ ʾʭ 

ʚ ʧʨʦʮʝʩ ʟʘʭʚʘʪʫ ʚʽʣʴʥʠʭ ʥʦʩʽʾʚ. ɺʝʣʠʢʽ ʧʣʦʱʽ ʧʝʨʝʨʽʟʫ ʟʘʭʚʘʪʫ ʚʽʣʴʥʠʭ ʥʦʩʽʾʚ 

ʛʣʠʙʦʢʠʤʠ ʨʽʚʥʷʤʠ ʚʠʟʥʘʯʘʶʪʴ ʚʠʩʦʢʽ ʪʝʤʧʠ ʨʝʢʦʤʙʽʥʘʮʽʾ, ʪʦʤʫ ʯʘʩ ʞʠʪʪʷ 
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ʥʝʨʽʚʥʦʚʘʞʥʠʭ ʥʦʩʽʾʚ ʟʘʨʷʜʫ ʚ ʢʨʠʩʪʘʣʽʯʥʦʤʫ GaAs ʧʦ ʧʦʨʷʜʢʫ ʚʝʣʠʯʠʥʠ ~10-9 ʩʝʢ. 

ɿʘʩʪʦʩʫʚʘʥʥʷ GaAs ʜʝʪʝʢʪʦʨʽʚ ʫ ʩʝʨʝʜʦʚʠʱʽ ʟ ʞʦʨʩʪʢʠʤ ʨʘʜʽʘʮʽʡʥʠʤ 

ʦʧʨʦʤʽʥʝʥʥʷʤ ʧʨʠʚʦʜʠʪʴ ʜʦ ʧʦʷʚʠ ʛʣʠʙʦʢʠʭ ʨʘʜʽʘʮʽʡʥʠʭ ʜʝʬʝʢʪʽʚ, ʷʢʽ ʟʥʠʞʫʶʪʴ 

ʯʘʩ ʞʠʪʪʷ ʥʝʨʽʚʥʦʚʘʞʥʠʭ ʥʦʩʽʾʚ ʟʘʨʷʜʫ ʘʞ ʜʦ 10 ʧʽʢʦʩʝʢʫʥʜ [143]. ɿ ʽʥʰʦʛʦ ʙʦʢʫ, 

ʧʨʠʡʥʷʪʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʟʙʦʨʫ ʟʘʨʷʜʽʚ ʜʦʩʷʛʘʻʪʴʩʷ ʧʨʠ ɟ ~ 107 ʆʤĀʩʤ, ʘ ʧʨʠ ʪʘʢʦʤʫ 

ʚʽʜʥʦʩʥʦ ʥʝʚʠʩʦʢʦʤʫ ʧʠʪʦʤʦʤʫ ʦʧʦʨʽ ʟʨʦʩʪʘʶʪʴ ʬʦʥʦʚʽ ʰʫʤʠ ʽ ʪʝʤʥʦʚʽ ʩʪʨʫʤʠ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʢʨʽʤ ʤʝʥʰʠʭ ʟʥʘʯʝʥʴ ʤʦʣʝʢʫʣʷʨʥʦʾ ʤʘʩʠ ʄ ʽ ʘʪʦʤʥʦʛʦ ʥʦʤʝʨʫ Z 

ʩʢʣʘʜʦʚʠʭ ʝʣʝʤʝʥʪʽʚ, ʘ ʪʘʢʦʞ ʙʽʣʴʰ ʥʠʟʴʢʦʛʦ ʧʠʪʦʤʦʛʦ ʦʧʦʨʫ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ 

CdZnTe ʜʦ ʥʝʜʦʣʽʢʽʚ ʢʨʠʩʪʘʣʽʯʥʦʛʦ GaAs ʩʣʽʜ ʚʽʜʥʝʩʪʠ ʤʘʣʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʟʙʦʨʫ 

ʟʘʨʷʜʽʚ, ʦʙʫʤʦʚʣʝʥʫ ʤʘʣʠʤ ʯʘʩʦʤ ʞʠʪʪʷ ʥʝʨʽʚʥʦʚʘʞʥʠʭ ʥʦʩʽʾʚ ʟʘʨʷʜʫ. 

ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʜʦʙʨʝ ʚʽʜʦʤʦ, ʱʦ ʚʝʣʠʯʠʥʠ Ű, ɟ ʽ ɛ ʚʟʘʻʤʥʦ ʚʧʣʠʚʘʶʪʴ 

ʦʜʥʘ ʥʘ ʦʜʥʫ, ʧʨʠ ʮʴʦʤʫ ʟʙʽʣʴʰʝʥʥʷ ʦʜʥʽʻʾ ʟ ʥʠʭ ʯʘʩʪʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʝʥʰʝʥʥʷ 

ʨʝʰʪʠ. ɽʬʝʢʪʠʚʥʽ ʜʝʪʝʢʪʦʨʠ ʚʠʭʦʜʷʪʴ ʥʘ ʤʘʪʝʨʽʘʣʘʭ ʟ ʤʘʢʩʠʤʘʣʴʥʦʶ ʚʝʣʠʯʠʥʦʶ 

ʜʦʙʫʪʢʫ ɛȚŰȚɟ [144]. ɺ ʟʚôʷʟʢʫ ʟ ʮʠʤ ʙʫʣʘ ʜʦʩʣʽʜʞʝʥʘ ʧʦʚʝʜʽʥʢʘ ʮʽʻʾ ʚʝʣʠʯʠʥʠ ʚ 

CdZnTe. ʈʝʟʫʣʴʪʘʪ ʮʴʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 4.5. ʅʘ ʟʘʣʝʞʥʦʩʪʷʭ ʨʠʩ. 

4.5ï4.7 ʙʫʚ ʚʠʙʨʘʥʠʡ ʦʜʥʘʢʦʚʠʡ ʩʢʣʘʜ ʪʘ ʽʥʪʝʨʚʘʣ ʟʤʽʥʠ ʢʦʥʮʝʥʪʨʘʮʽʾ ʤʽʣʢʦʛʦ 

ʜʦʥʦʨʘ, ʱʦ ʽ ʥʘ ʨʠʩ.4.2, ʟʘ ʚʠʢʣʶʯʝʥʥʷʤ ʢʦʥʮʝʥʪʨʘʮʽʾ N(X), ʷʢʘ ʜʦʨʽʚʥʶʻ 1Ŀ1016ʩʤ-

3.  ɿ ʨʠʩʫʥʢʘ 4.5 ʚʠʜʥʦ, ʱʦ ʩʢʽʣʴʢʠ-ʥʝʙʫʜʴ ʧʦʤʽʪʥʝ ʟʨʦʩʪʘʥʥʷ ʜʦʙʫʪʢʫ ɛnȚŰnȚɟ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʠ ʟʤʝʥʰʝʥʥʽ x ʚʽʜ 1 ʜʦ 0,8. ʄʘʪʝʨʽʘʣ ʟ x = 0.7 ʤʘʻ ʙʽʣʴʰ ʚʠʩʦʢʝ 

ɛnȚŰnȚɟ ʚ ʜʫʞʝ ʚʫʟʴʢʽʡ ʦʙʣʘʩʪʽ, ʜʝ ʤʘʻ ʤʽʩʮʝ ʧʦʤʽʪʥʠʡ ʚʢʣʘʜ ʚʽʜ ʝʣʝʢʪʨʦʥʥʦʾ 

ʧʨʦʚʽʜʥʦʩʪʽ, ʪʦʙʪʦ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʤʽʰʘʥʘ ʧʨʦʚʽʜʥʽʩʪʴ, ʱʦ ʥʝ ʜʫʞʝ ʜʦʙʨʝ ʜʣʷ 

ʜʝʪʝʢʪʦʨʽʚ. ʊʘʢ ʱʦ, ʷʢʱʦ ʚ ʨʦʣʽ ʢʨʠʪʝʨʽʷ ʚʽʜʙʦʨʫ ʤʘʪʝʨʽʘʣʫ ʧʨʠʡʥʷʪʠ ʚʢʘʟʘʥʠʡ 

ʜʦʙʫʪʦʢ, ʘ ʪʝʭʥʦʣʦʛʽʷ ʚʠʨʦʱʫʚʘʥʥʷ ʜʦʟʚʦʣʷʻ ʜʦʩʠʪʴ ʪʦʯʥʦ ʢʦʥʪʨʦʣʶʚʘʪʠ ʩʢʣʘʜ, ʪʦ 

ʻ ʩʤʠʩʣ ʦʜʝʨʞʫʚʘʪʠ ʤʘʪʝʨʽʘʣ ʟ x=0.8ï0.9. ɿ ʽʥʰʦʛʦ ʙʦʢʫ, ʚ ʧʦʧʝʨʝʜʥʴʦʤʫ ʨʦʟʜʽʣʽ 

ʙʫʣʦ ʧʦʢʘʟʘʥʦ, ʱʦ ʧʠʪʦʤʠʡ ʦʧʽʨ Cd0.8Zn0.2Te ʚ ʽʜʝʘʣʽ ʤʦʞʝ ʜʦʩʷʛʘʪʠ 10
12 ʆʤĀʩʤ. 

ʈʦʙʦʪʘ ʟ ʪʘʢʠʤ ʚʠʩʦʢʦʦʤʥʠʤ ʤʘʪʝʨʽʘʣʦʤ ʚʝʣʴʤʠ ʫʩʢʣʘʜʥʝʥʘ, ʽ ʥʘʚʽʪʴ ʚʠʤʽʨʶʚʘʥʥʷ 

ɟ ʤʦʞʝ ʧʨʝʜʩʪʘʚʠʪʠ ʟʥʘʯʥʫ ʧʨʦʙʣʝʤʫ, ʥʝ ʢʘʞʫʯʠ ʚʞʝ ʧʨʦ ʥʘʜʽʡʥʠʡ ʢʦʥʪʨʦʣʴ 

ʜʦʤʽʰʢʦʚʦʛʦ ʚʤʽʩʪʫ. ʊʦʤʫ ʥʘ ʥʠʥʽʰʥʴʦʤʫ ʝʪʘʧʽ ʨʦʟʚʠʪʢʫ ʪʝʭʥʦʣʦʛʽʡ ʦʜʝʨʞʘʥʥʷ ʽ 
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ʤʝʪʦʜʠʢ ʚʠʤʽʨʶʚʘʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘʡʢʨʘʱʠʤ ʤʘʪʝʨʽʘʣʦʤ ʜʣʷ ʜʝʪʝʢʪʦʨʽʚ 

ʽʦʥʽʟʫʶʯʠʭ ʚʠʧʨʦʤʽʥʶʚʘʥʴ ʻ Cd0.9Zn0.1Te. ʄʘʪʝʨʽʘʣʠ Cd0.8Zn0.2Te ʠ Cd0.7Zn0.3Te 

ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ ʜʦ ʨʦʟʨʷʜʫ ʧʝʨʩʧʝʢʪʠʚʥʠʭ. ʊʘʢʠʡ ʚʠʩʥʦʚʦʢ ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʪʠʤ, 

ʱʦ, ʷʢ ʚʞʝ ʟʘʟʥʘʯʘʣʦʩʴ, ʧʝʨʝʚʘʞʥʘ ʙʽʣʴʰʽʩʪʴ ʨʦʙʽʪ, ʦʧʫʙʣʽʢʦʚʘʥʠʭ ʚ ʥʘʫʢʦʚʦ-

ʪʝʭʥʽʯʥʽʡ ʣʽʪʝʨʘʪʫʨʽ, ʧʨʠʩʚʷʯʝʥʘ ʩʘʤʝ ʤʘʪʝʨʽʘʣʫ Cd0.9Zn0.1Te.  

 

 

ʈʠʩ. 4.5. ɼʝʩʷʪʢʦʚʠʡ ʣʦʛʘʨʠʬʤ ʚʽʜ ʜʦʙʫʪʢʫ ʨʫʭʣʠʚʦʩʪʽ ʥʘ ʯʘʩ ʞʠʪʪʷ ʽ ʥʘ ʧʠʪʦʤʠʡ 

ʦʧʽʨ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ ʜʦʥʦʨʘ ʭʣʦʨʫ ʜʣʷ ʤʘʪʝʨʽʘʣʽʚ CdxZn1-xTe ʟ 

ʨʽʟʥʠʤʠ ʚʝʣʠʯʠʥʘʤʠ x. 

ʄʘʪʝʨʽʘʣ Cd0.8Zn0.2Te, ʱʦ ʙʫʣʦ ʦʜʝʨʞʘʥʦ ʘʚʪʦʨʘʤʠ ʨʦʙʦʪʠ [20], ʷʢ ʚʠʜʥʦ ʟ 

ʤʦʜʝʣʴʥʠʭ ʢʨʠʚʠʭ ʨʠʩ. 4.2, ʤʘʻ ʜʦʩʠʪʴ ʚʠʩʦʢʠʡ ʧʠʪʦʤʠʡ ʦʧʽʨ (~1011 ʆʤĿʩʤ), ʘ ʟ 

ʽʥʰʦʛʦ ʙʦʢʫ, ʷʢ ʜʦʙʨʝ ʚʽʜʦʤʦ ʟ ʝʢʩʧʝʨʠʤʝʥʪʫ, ʮʝʡ ʤʘʪʝʨʽʘʣ ʤʘʻ ʚʠʩʦʢʫ ʝʣʝʢʪʨʦʥʥʫ 

ʨʫʭʣʠʚʽʩʪʴ ɛe, ʷʢʘ ʟʘʙʝʟʧʝʯʫʻ ʧʨʠʡʥʷʪʥʠʡ ʟʙʽʨ ʝʣʝʢʪʨʦʥʽʚ. ʅʘ ʨʠʩ. 4.6 ʧʦʢʘʟʘʥʠʡ 

ʨʝʟʫʣʴʪʘʪ ʨʦʟʨʘʭʫʥʢʫ ʫ ʚʠʛʣʷʜʽ ʧôʷʪʠ ʢʨʠʚʠʭ, ʱʦ ʚʽʜʦʙʨʘʞʘʶʪʴ ʝʬʝʢʪʠʚʥʽʩʪʴ ʟʙʦʨʫ 
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ʟʘʨʷʜʽʚ ɖ ʜʣʷ ʥʝʨʽʚʥʦʚʘʞʥʠʭ ʥʦʩʽʾʚ, ʜʨʝʡʬʫʶʯʠʭ ʚ ʤʽʞʝʣʝʢʪʨʦʜʥʦʤʫ ʧʨʦʤʽʞʢʫ ʚʽʜ 

ʧôʷʪʠ ʨʽʟʥʠʭ ʪʦʯʦʢ ʟ ʢʦʦʨʜʠʥʘʪʘʤʠ d0 ʧʦʯʘʪʢʫ ʜʨʝʡʬʫ. ɺʫʟʴʢʘ ʦʙʣʘʩʪʴ, ʱʦ ʟʙʝʨʽʛʘʻ 

ʜʽʨʢʦʚʫ ʧʨʦʚʽʜʥʽʩʪʴ ʽ ʚʽʜʧʦʚʽʜʘʻ ʫʤʦʚʽ ʢʦʤʧʝʥʩʘʮʽʾ ʤʽʣʢʠʭ ʜʦʥʦʨʽʚ (ʚ ʜʘʥʦʤʫ 

ʚʠʧʘʜʢʫ ʭʣʦʨʫ) ʤʽʣʢʠʤʠ ʘʢʮʝʧʪʦʨʘʤʠ, ʻ ʦʙʣʘʩʪʶ ʟ ʥʘʡʙʽʣʴʰ ʚʠʩʦʢʠʤ ʧʠʪʦʤʠʤ 

ʦʧʦʨʦʤ ʜʣʷ ʚʤʽʩʪʫ CdTe ʤʝʥʰʝ 0.8. ʎʶ ʦʙʣʘʩʪʴ, ʷʢʘ ʟʥʘʭʦʜʠʪʴʩʷ ʧʦʙʣʠʟʫ ʧʝʨʝʭʦʜʫ 

ʚ ʥʠʟʴʢʦʦʤʥʠʡ ʩʪʘʥ n-ʪʠʧʫ, ʧʦʟʥʘʯʠʤʦ ʷʢ ʦʙʣʘʩʪʴ ɸ. ɺ ʥʘʰʦʤʫ ʚʠʧʘʜʢʫ 

ʢʦʥʮʝʥʪʨʘʮʽʷ ʣʝʛʫʶʯʦʾ ʜʦʤʽʰʢʠ ʭʣʦʨʫ ʪʫʪ ʧʨʠʙʣʠʟʥʦ ʜʦʨʽʚʥʶʻ 1.8Ŀ1016ʩʤ-3.  

 
ʈʠʩ. 4.6. ɽʬʝʢʪʠʚʥʽʩʪʴ ʟʙʦʨʫ ʟʘʨʷʜʽʚ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ ʤʽʣʢʦʛʦ 

ʜʦʥʦʨʘ Cl ʜʣʷ ʚʽʣʴʥʠʭ ʥʦʩʽʾʚ, ʜʨʝʡʬʫʶʯʠʭ ʚʽʜ ʨʽʟʥʠʭ ʪʦʯʦʢ d0 ʫʪʚʦʨʝʥʥʷ 

ʝʣʝʢʪʨʦʥʥʦ-ʜʽʨʢʦʚʠʭ ʧʘʨ ʧʨʠ ʚʟʘʻʤʦʜʽʾ ɔ-ʢʚʘʥʪʽʚ ʟ ʜʝʪʝʢʪʦʨʥʠʤ ʤʘʪʝʨʽʘʣʦʤ 

Cd0,8Zn0,2Te. 

ʇʨʠ ʛʝʥʝʨʘʮʽʾ ʝʣʝʢʪʨʦʥʥʦ-ʜʽʨʢʦʚʦʾ ʧʘʨʠ ʧʦʙʣʠʟʫ ʢʘʪʦʜʘ (d0=0.5 ʽ 1,5 ʤʤ) 

ʤʦʞʥʘ ʜʦʩʷʛʪʠ ʤʘʢʩʠʤʘʣʴʥʦʾ ʚʝʣʠʯʠʥʠ ɖ ʚ ʦʙʣʘʩʪʽ A. ʊʫʪ ʟʘʣʝʞʥʽʩʪʴ ɖ ʚʽʜ d0 

ʥʘʡʙʽʣʴʰ ʩʠʣʴʥʘ. ʗʢʱʦ ʘʢʪ ʛʝʥʝʨʘʮʽʾ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʦʙʣʠʟʫ ʘʥʦʜʘ (d0=3.5 ʽ 4.5 ʤʤ.), 

ʪʦ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʡ ʟʙʽʨ ʟʘʨʷʜʫ ʤʘʻ ʤʽʩʮʝ ʚ ʥʘʧʽʚʽʟʦʣʶʶʯʠʭ ʤʘʪʝʨʽʘʣʘʭ p-ʪʠʧʫ ʩ 

ʤʘʢʩʠʤʘʣʴʥʦʶ ʢʽʣʴʢʽʩʪʶ ʜʽʨʦʢ, ʪʦʙʪʦ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʝʨʝʜ ʧʝʨʝʭʦʜʦʤ ʚ 

ʥʠʟʴʢʦʦʤʥʠʡ ʩʪʘʥ. ɺ ʥʘʰʦʤʫ ʢʦʥʢʨʝʪʥʦʤʫ ʚʠʧʘʜʢʫ ʮʝ ʦʙʣʘʩʪʴ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʤʽʣʢʦʛʦ ʜʦʥʦʨʘ (2õ3)Ŀ1015ʩʤ-3, ʜʝ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʤʘʢʩʠʤʫʤʠ ɖ, ʽ ʷʢʫ ʙʫʜʝʤʦ 
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ʥʘʟʠʚʘʪʠ ʦʙʣʘʩʪʶ B.  ʅʘʡʙʽʣʴʰʽ ʟʥʘʯʝʥʥʷ ɖ ʜʦʩʷʛʘʶʪʴʩʷ ʚ ʤʘʪʝʨʽʘʣʘʭ p-ʪʠʧʫ ʟ 

ʦʙʣʘʩʪʽ A ʜʣʷ ʘʢʪʽʚ ʚʟʘʻʤʦʜʽʾ ʧʦʙʣʠʟʫ ʢʘʪʦʜʘ. ɿʚʽʜʩʠ ʩʣʽʜʫʻ ʚʠʩʥʦʚʦʢ ʧʨʦ ʪʝ, ʱʦ 

ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʤʠ ʧʦʚʠʥʥʽ ʙʫʪʠ ʜʝʪʝʢʪʦʨʠ, ʚ ʷʢʠʭ ʦʩʥʦʚʥʘ ʤʘʩʘ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʦʛʦ ʤʘʪʝʨʽʘʣʫ A (ʘ ʟʥʘʯʠʪʴ ʽ ʢʽʣʴʢʽʩʪʴ ʘʢʪʽʚ ʚʟʘʻʤʦʜʽʾ) 

ʟʦʩʝʨʝʜʞʝʥʘ ʙʣʠʞʯʝ ʜʦ ʢʘʪʦʜʫ. ɺ ʙʽʣʴʰ ʪʦʥʢʽʡ ʧʨʠʘʥʦʜʥʦʡ ʦʙʣʘʩʪʽ ʩʣʽʜ ʧʦʤʽʩʪʠʪʠ 

ʤʘʪʝʨʽʘʣ ʟ ʦʙʣʘʩʪʽ B, ʱʦ ʜʦʟʚʦʣʠʪʴ ʜʦʜʘʪʢʦʚʦ ʧʽʜʚʠʱʠʪʠ ɖ. ʅʘ ʩʫʯʘʩʥʦʤʫ ʝʪʘʧʽ 

ʨʦʟʚʠʪʢʫ ʪʝʭʥʦʣʦʛʽʡ ʚʠʛʦʪʦʚʣʝʥʥʷ ʜʝʪʝʢʪʦʨʽʚ ʜʦʩʠʪʴ ʚʘʞʢʦ, ʷʢʱʦ ʚʟʘʛʘʣʽ ʤʦʞʥʘ, 

ʩʪʚʦʨʠʪʠ ʧʣʦʩʢʽ ʜʝʪʝʢʪʦʨʠ, ʷʢʽ ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʜʚʦʭ ʨʽʟʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. ʆʜʥʘʢ 

ʜʝʪʝʢʪʦʨʘʤʠ, ʜʝ ʦʩʥʦʚʥʘ ʤʘʩʘ ʤʘʪʝʨʽʘʣʫ A ʟʦʩʝʨʝʜʞʝʥʘ ʧʦʙʣʠʟʫ ʢʘʪʦʜʘ, ʻ, 

ʥʘʧʨʠʢʣʘʜ, ʩʬʝʨʠʯʥʽ ʽ ʮʠʣʽʥʜʨʠʯʥʽ ʜʝʪʝʢʪʦʨʠ, ʚ ʷʢʠʭ ʢʘʪʦʜʦʤ ʩʣʫʞʠʪʴ ʟʦʚʥʽʰʥʽʡ 

ʝʣʝʢʪʨʦʜ, ʘ ʨʘʜʽʫʩ ʚʥʫʪʨʽʰʥʴʦʛʦ ʝʣʝʢʪʨʦʜʘ ï ʘʥʦʜʘ ï ʚʽʜʥʦʩʥʦ ʥʝʚʝʣʠʢʠʡ. ʄʘʪʝʨʽʘʣ 

ʧʦʚʠʥʝʥ ʙʫʪʠ ʥʘʧʽʚʽʟʦʣʶʶʯʠʤ ʟ ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʜʽʨʦʢ p ʚʩʴʦʛʦ ʣʠʰʝ ʚ ʢʽʣʴʢʘ ʨʘʟʽʚ 

ʙʽʣʴʰʦʶ, ʥʽʞ ʢʦʥʮʝʥʪʨʘʮʽʷ ʝʣʝʢʪʨʦʥʽʚ n, (p Ó n). ʅʘ ʪʝʧʝʨʽʰʥʽʡ ʯʘʩ ʷʢ 

ʘʣʴʪʝʨʥʘʪʠʚʘ ʧʣʦʩʢʠʤ ʜʝʪʝʢʪʦʨʘʤ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʚ ʦʩʥʦʚʥʦʤʫ ʩʬʝʨʠʯʥʽ ʜʝʪʝʢʪʦʨʠ. 

ɼʝʪʝʢʪʦʨʠ, ʷʢʽ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʥʘ ʧʨʘʢʪʠʮʽ (ʧʣʦʩʢʽ ʪʘ ʩʬʝʨʠʯʥʽ), ʥʘʧʨʘʚʣʝʥʽ ʜʦ 

ʜʞʝʨʝʣʘ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʩʘʤʝ ʢʘʪʦʜʦʤ [145], ʪʘʢ ʷʢ ʚ ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ 

ʧʽʜʚʠʱʫʻʪʴʩʷ ʝʥʝʨʛʝʪʠʯʥʝ ʨʦʟʨʽʟʥʝʥʥʷ ʧʽʢʽʚ ʥʘ ʩʧʝʢʪʨʽ ʯʝʨʝʟ ʙʽʣʴʰ ʚʠʩʦʢʫ 

ʨʫʭʣʠʚʽʩʪʴ ʝʣʝʢʪʨʦʥʽʚ ɛn ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʨʫʭʣʠʚʽʩʪʶ ʜʽʨʦʢ ɛp. ʅʘʰ ʘʥʘʣʽʟ ʧʦʢʘʟʫʻ, 

ʱʦ ʚ ʮʠʭ ʫʤʦʚʘʭ ʧʽʜʚʠʱʫʻʪʴʩʷ ʪʘʢʦʞ ʽ ʝʬʝʢʪʠʚʥʽʩʪʴ ʟʙʦʨʫ ʟʘʨʷʜʽʚ.  

ɼʣʷ ʧʦʚʥʦʪʠ ʢʘʨʪʠʥʠ, ʥʝʦʙʭʽʜʥʦ ʟʤʦʜʝʣʶʚʘʪʠ ʧʦʚʝʜʽʥʢʫ ɖ ʜʣʷ ʤʘʪʝʨʽʘʣʽʚ 

CdxZn1-xTe ʟ ʨʽʟʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ x. ɼʣʷ ʮʴʦʛʦ ʙʫʣʠ ʚʠʙʨʘʥʽ ʪʨʠ ʪʦʯʢʠ: ʧʦʙʣʠʟʫ 

ʢʘʪʦʜʘ (d0=0.5 ʤʤ), ʧʦʩʝʨʝʜʠʥʽ ʜʝʪʝʢʪʦʨʘ (d0=2.5 ʤʤ) ʽ ʧʦʙʣʠʟʫ ʘʥʦʜʘ (d0=4.5 ʤʤ). 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʤʦʜʝʣʶʚʘʥʥʷ ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʜʣʷ  ʧʘʨʠ ʝʣʝʢʪʨʦʥ-ʜʽʨʢʘ, ʱʦ 

ʫʪʚʦʨʶʶʪʴʩʷ ʚ ʧʨʦʤʽʞʢʫ ʚʽʜ ʩʝʨʝʜʠʥʠ ʤʽʞʝʣʝʢʪʨʦʜʥʦʛʦ ʧʨʦʩʪʦʨʫ ʜʦ ʢʘʪʦʜʘ, 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʜʦʩʠʪʴ ʧʦʤʽʪʥʘ ʟʘʣʝʞʥʽʩʪʴ ʚʽʜ ʚʤʽʩʪʫ Zn ʧʨʘʢʪʠʯʥʦ ʫ ʚʩʴʦʤʫ 

ʜʽʘʧʘʟʦʥʽ ʟʤʽʥʠ ʢʦʥʮʝʥʪʨʘʮʽʾ ʤʽʣʢʦʛʦ ʜʦʥʦʨʘ (ʘ ʟʥʘʯʠʪʴ ʽ ɟ). ɺʠʢʣʶʯʝʥʥʷʤ ʻ 

ʦʙʣʘʩʪʴ A, ʜʝ ʟʘʣʝʞʥʽʩʪʴ ʚʽʜ ʢʦʥʢʨʝʪʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʧʨʘʢʪʠʯʥʦ ʚʽʜʩʫʪʥʷ, ʘ ɖ ʻ 

ʚʠʩʦʢʦʶ. ʍʘʨʘʢʪʝʨʥʦ, ʱʦ ʥʘʡʢʨʘʱʠʡ ʟʙʽʨ ʟʘʨʷʜʽʚ ʧʦʚʠʥʝʥ ʩʧʦʩʪʝʨʽʛʘʪʠʩʷ ʜʣʷ 
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CdTe (x=1) ʚ ʦʙʣʘʩʪʽ B, ʦʜʥʘʢ ʪʝ, ʱʦ ʮʝʡ ʤʘʪʝʨʽʘʣ ʤʘʻ ʥʘʡʤʝʥʰʫ ʚʝʣʠʯʠʥʫ ɟ (ʜʠʚ. 

ʨʠʩ. 4.2) ʟʘʩʪʘʚʣʷʻ ʦʙʤʝʞʠʪʠʩʷ ʤʘʪʝʨʽʘʣʘʤʠ ʟ ʦʙʣʘʩʪʽ A ʟ x Ò 0,9. ɼʣʷ ʝʣʝʢʪʨʦʥʥʦ-

ʜʽʨʢʦʚʠʭ ʧʘʨ, ʫʪʚʦʨʝʥʠʭ ʧʦʙʣʠʟʫ ʘʥʦʜʘ, ʤʘʡʞʝ ʚʽʜʩʫʪʥʷ ʷʢʘ-ʥʝʙʫʜʴ ʟʘʣʝʞʥʽʩʪʴ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʙʦʨʫ ʚʽʜ ʢʦʥʢʨʝʪʥʦʛʦ ʤʘʪʝʨʽʘʣʫ CdxZn1-xTe, ʪʦʤʫ ʫʷʚʣʝʥʥʷ ʧʨʦ ʾʾ 

ʧʦʚʝʜʽʥʢʫ ʤʦʞʥʘ ʦʜʝʨʞʘʪʠ ʟ ʢʨʠʚʦʾ ʟ d0=4.5 ʨʠʩ. 4.6. ɺʠʜʥʦ, ʱʦ ʜʣʷ ʥʦʩʽʾʚ ʟʘʨʷʜʫ, 

ʫʪʚʦʨʝʥʠʭ ʧʦʙʣʠʟʫ ʘʥʦʜʘ, ʤʘʢʩʠʤʘʣʴʥʘ ʚʝʣʠʯʠʥʘ ɖ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʜʣʷ 

ʚʠʩʦʢʦʦʤʥʠʭ ʤʘʪʝʨʽʘʣʽʚ p-ʪʠʧʫ ʦʙʣʘʩʪʽ B. ʅʘ ʨʠʩ. 4.7 ʧʦʢʘʟʘʥʦ ɖ ʧʨʠ ʨʽʟʥʠʭ x ʜʣʷ 

ʚʠʧʘʜʢʽʚ d0=2.5 ʤʤ ʽ d0=0.5ʤʤ.  

ɿ ʫʩʴʦʛʦ ʩʢʘʟʘʥʦʛʦ ʚʠʧʣʠʚʘʻ, ʱʦ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʤʠ ʧʦʚʠʥʥʽ ʙʫʪʠ ʜʝʪʝʢʪʦʨʠ, 

ʚ ʷʢʠʭ ʦʩʥʦʚʥʘ ʤʘʩʘ ʤʘʪʝʨʽʘʣʫ ʘʢʪʠʚʥʦʾ ʟʦʥʠ ʟʦʩʝʨʝʜʞʝʥʘ ʧʦʙʣʠʟʫ ʢʘʪʦʜʘ, ʘ ʩʘʤ 

ʤʘʪʝʨʽʘʣ ʘʢʪʠʚʥʦʾ ʟʦʥʠ ʧʦʚʠʥʝʥ ʙʫʪʠ ʥʝʦʜʥʦʨʽʜʥʠʤ. ʅʘʡʧʨʦʩʪʽʰʠʡ ʚʘʨʽʘʥʪ 

ʧʦʣʷʛʘʻ ʚ ʩʪʚʦʨʝʥʥʽ ʜʝʪʝʢʪʦʨʘ ʟ ʘʢʪʠʚʥʦʶ ʟʦʥʦʶ, ʜʝ ʧʦʙʣʠʟʫ ʢʘʪʦʜʘ ʽ ʘʥʦʜʘ 

ʧʨʠʩʫʪʥʽ ʚʽʜʧʦʚʽʜʥʦ ʜʚʘ ʨʽʟʥʠʭ ʤʘʪʝʨʽʘʣʠ. ʇʦʙʣʠʟʫ ʘʥʦʜʘ ʮʝ ʧʦʚʠʥʝʥ ʙʫʪʠ ʤʘʪʝʨʽʘʣ 

ʟ ʦʙʣʘʩʪʽ B, ʪʦʙʪʦ ʪʘʢʠʡ ʤʘʪʝʨʽʘʣ p-ʪʠʧʫ, ʷʢʠʡ ʤʘʻ ʤʘʢʩʠʤʘʣʴʥʫ ʢʽʣʴʢʽʩʪʴ ʜʽʨʦʢ, 

ʘʣʝ ʧʨʠ ʮʴʦʤʫ ʟʘʣʠʰʘʻʪʴʩʷ ʥʘʧʽʚʽʟʦʣʶʶʯʠʤ. ʆʩʥʦʚʥʘ ʤʘʩʘ ʤʘʪʝʨʽʘʣʫ ʘʢʪʠʚʥʦʾ 

ʟʦʥʠ ʧʦʚʠʥʥʘ ʩʢʣʘʜʘʪʠʩʷ ʟ ʤʘʪʝʨʽʘʣʫ ʦʙʣʘʩʪʽ A, ʪʦʙʪʦ ʤʘʪʝʨʽʘʣʫ p-ʪʠʧʫ, ʱʦ ʤʘʻ 

ʢʽʣʴʢʽʩʪʴ ʜʽʨʦʢ p > n ʽ ʤʘʢʩʠʤʘʣʴʥʠʡ ʧʠʪʦʤʠʡ ʦʧʽʨ ɟ. 

 
  ʘ)       ʙ) 

ʈʠʩ. 4.7. ɽʬʝʢʪʠʚʥʽʩʪʴ ʟʙʦʨʫ ʟʘʨʷʜʽʚ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ ʤʽʣʢʦʛʦ ʜʦʥʦʨʘ 

ʜʣʷ CdxZn1-xTe ʟ ʨʽʟʥʠʤʠ x ʧʨʠ d0 = 2.5 ʤʤ (ʘ) ʠ d0=0.5 ʩʤ (ʙ). 
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ʊʘʢʠʤ ʯʠʥʦʤ, ʤʘʪʝʨʽʘʣʠ CdxZn1-xZn ʟ x = 0.9 ʻ ʧʝʚʥʠʤ ʢʦʤʧʨʦʤʽʩʦʤ ʤʽʞ 

ʥʝʦʙʭʽʜʥʽʩʪʶ ʜʦʩʷʛʥʝʥʥʷ ʥʘʧʽʚʽʟʦʣʶʶʯʦʛʦ ʩʪʘʥʫ ʟ ɟ Ó 1010 ʆʤĀʩʤ ʽ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʚʠʩʦʢʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʙʦʨʫ ʟʘʨʷʜʽʚ.  

ɼʝʷʢʽ ʜʦʤʽʰʢʠ ʤʦʞʫʪʴ ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʚʘʪʠ ʥʘ ʜʝʪʝʢʪʦʨʥʽ ʚʣʘʩʪʠʚʦʩʪʽ 

CdZnTe, ʱʦ ʧʨʦʜʝʤʦʥʩʪʨʦʚʘʥʦ ʥʘ ʨʠʩ. 4.8, ʟ ʷʢʦʛʦ ʚʠʜʥʦ, ʱʦ ʽʩʥʫʶʪʴ ʰʢʽʜʣʠʚʽ 

ʤʝʪʘʣʽʯʥʽ ʜʦʤʽʰʢʠ (Ti, V, Ge, Ni, Sn), ʷʢʽ ʧʦʤʽʪʥʦ ʧʦʛʽʨʰʫʶʪʴ ʝʬʝʢʪʠʚʥʽʩʪʴ ʟʙʦʨʫ 

ʟʘʨʷʜʽʚ. ʄʦʜʝʣʶʚʘʥʥʷ ʧʦʢʘʟʘʣʦ, ʱʦ ʧʨʠ ʟʘʙʨʫʜʥʝʥʥʽ ʢʨʠʩʪʘʣʫ ʰʢʽʜʣʠʚʠʤʠ 

ʜʦʤʽʰʢʘʤʠ ʨʽʚʝʥʴ ʌʝʨʤʽ ʧʨʦʭʦʜʠʪʴ ʧʦʙʣʠʟʫ ʨʽʚʥʷ ʚʘʢʘʥʩʽʾ ʢʘʜʤʽʶ, ʥʘ ʷʢʽʡ ʽ 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘʭʚʘʪ ʽ ʨʝʢʦʤʙʽʥʘʮʽʷ ʥʝʨʽʚʥʦʚʘʞʥʠʭ ʥʦʩʽʾʚ ʟʘʨʷʜʫ. ʆʪʞʝ ʚʘʢʘʥʩʽʾ 

ʢʘʜʤʽʶ ʻ ʜʫʞʝ ʰʢʽʜʣʠʚʠʤʠ ʩʪʨʫʢʪʫʨʥʠʤʠ ʜʝʬʝʢʪʘʤʠ ʜʣʷ ʜʝʪʝʢʪʦʨʽʚ. ʊʘʢʠʡ 

ʚʠʩʥʦʚʦʢ ʚʽʜʧʦʚʽʜʘʻ ʟʘʛʘʣʴʥʦʧʨʠʡʥʷʪʠʤ ʫʷʚʣʝʥʥʷʤ. ɽʬʝʢʪʠʚʥʽʩʪʴ ʟʙʦʨʫ ʟʘʨʷʜʽʚ 

ʚʝʣʴʤʠ ʯʫʪʣʠʚʘ ʽ ʜʦ ʚʝʣʠʯʠʥʠ ʧʣʦʱʽ ʧʝʨʝʨʽʟʫ ʟʘʭʦʧʣʝʥʥʷ ʛʣʠʙʦʢʠʭ ʨʽʚʥʽʚ 

ʰʢʽʜʣʠʚʠʭ ʜʦʤʽʰʦʢ, ʪʦʤʫ ʥʘ ʥʠʭ ʪʘʢʦʞ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘʭʦʧʣʝʥʥʷ ʽ ʨʝʢʦʤʙʽʥʘʮʽʷ  

 

ʈʠʩ. 4.8. ɽʬʝʢʪʠʚʥʽʩʪʴ ʟʙʦʨʫ ʟʘʨʷʜʽʚ ʜʝʪʝʢʪʦʨʘ ʥʘ ʦʩʥʦʚʽ ʥʝʦʧʨʦʤʽʥʝʥʦʛʦ 

Cd0.9Zn0.1Te, ʦʜʝʨʞʘʥʦʛʦ ʘʚʪʦʨʘʤʠ [19], ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʚʤʽʩʪʫ ʨʽʟʥʠʭ ʬʦʥʦʚʠʭ 

ʜʦʤʽʰʦʢ. 

ʥʝʨʽʚʥʦʚʘʞʥʠʭ ʥʦʩʽʾʚ ʟʘʨʷʜʫ. ɺʠʤʽʨʷʥʘ ʚ [19] ʢʦʥʮʝʥʪʨʘʮʽʷ ʬʦʥʦʚʠʭ ʜʦʤʽʰʦʢ ʽ 

ʜʝʬʝʢʪʽʚ ʟʥʘʭʦʜʠʪʴʩʷ ʥʘ ʨʽʚʥʽ 1013ï1014ʩʤ-3 ʽ ʚʚʝʜʝʥʥʷ ʰʢʽʜʣʠʚʠʭ ʜʦʤʽʰʦʢ ʚ 
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ʢʽʣʴʢʦʩʪʽ ʙʽʣʴʰʽʡ (1-2)Ā1014 ʧʦʤʽʪʥʦ ʧʦʛʽʨʰʫʻ ʜʝʪʝʢʪʦʨʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʤʘʪʝʨʽʘʣʫ. 

ʂʦʣʠ ʦʜʥʦʯʘʩʥʦ ʧʽʜʚʠʱʫʚʘʪʠ ʢʦʥʮʝʥʪʨʘʮʽʶ ʚʩʽʭ ʬʦʥʦʚʠʭ ʜʦʤʽʰʦʢ ʽ ʜʝʬʝʢʪʽʚ, ʪʦ 

ʧʽʜʚʠʱʫʻʪʴʩʷ ʛʨʘʥʠʯʥʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʰʢʽʜʣʠʚʠʭ ʜʦʤʽʰʦʢ, ʚʠʱʝ ʷʢʦʾ ʧʦʤʽʪʥʦ 

ʩʧʘʜʘʻ ʝʬʝʢʪʠʚʥʽʩʪʴ ʟʙʦʨʫ ʟʘʨʷʜʽʚ. ʊʘʢʠʤ ʯʠʥʦʤ, ʷʢʱʦ ʪʝʭʥʦʣʦʛʽʷ ʨʘʬʽʥʫʚʘʥʥʷ ʽ 

ʚʠʨʦʱʫʚʘʥʥʷ ʜʦʟʚʦʣʷʻ ʦʜʝʨʞʘʪʠ ʤʘʪʝʨʽʘʣ ʉdZnTe ʟ ʧʝʚʥʦʶ ʢʦʥʮʝʥʪʨʘʮʽʻʶ çʬʦʥʫè, 

ʪʦ ʩʣʽʜ ʧʦʪʫʨʙʫʚʘʪʠʩʴ ʧʨʦ ʪʝ, ʱʦʙ ʢʦʥʮʝʥʪʨʘʮʽʷ ʚʢʘʟʘʥʠʭ ʰʢʽʜʣʠʚʠʭ ʜʦʤʽʰʦʢ ʥʝ 

ʧʝʨʝʚʠʱʫʚʘʣʘ ʮʝʡ ʬʦʥʦʚʠʡ ʨʽʚʝʥʴ, ʘ ʱʝ ʢʨʘʱʝ ï ʙʫʣʘ ʥʠʞʯʘ ʟʘ ʥʴʦʛʦ.   

4.2 ɽʬʝʢʪʠʚʥʽʩʪʴ ʟʙʦʨʫ ʟʘʨʷʜʽʚ ʜʝʪʝʢʪʦʨʽʚ ɔ-ʚʠʧʨʦʤʽʥʶʚʘʥʴ ʟ ʨʽʟʥʦʶ 

ʢʦʥʬʽʛʫʨʘʮʽʻʶ ʝʣʝʢʪʨʦʜʽʚ 

ʋ ʧʽʜʨʦʟʜʽʣʽ 4.1 ʙʫʣʦ ʚʢʘʟʘʥʦ ʥʘ ʢʦʨʠʩʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʝʪʝʢʪʦʨʽʚ ʷʜʝʨʥʠʭ 

ʚʠʧʨʦʤʽʥʶʚʘʥʴ ʟʽ ʩʬʝʨʠʯʥʦʶ ʽ ʮʠʣʽʥʜʨʠʯʥʦʶ ʢʦʥʬʽʛʫʨʘʮʽʻʶ ʝʣʝʢʪʨʦʜʽʚ. 

ʈʦʟʛʣʷʥʝʤʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʮʠʭ ʜʝʪʝʢʪʦʨʽʚ ʙʽʣʴʰ ʜʝʪʘʣʴʥʦ ʽ ʧʦʨʽʚʥʷʻʤʦ ʾʭ ʟ 

ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʧʣʦʩʢʦʧʘʨʘʣʝʣʴʥʠʭ ʜʝʪʝʢʪʦʨʽʚ. ʗʢ ʫʞʝ ʟʘʟʥʘʯʘʣʦʩʷ, ʜʣʷ ʟʤʝʥʰʝʥʥʷ 

ʪʝʤʥʦʚʠʭ ʩʪʨʫʤʽʚ ʽ ʰʫʤʽʚ ʜʝʪʝʢʪʦʨʘ ʥʝʦʙʭʽʜʥʠʡ ʤʘʪʝʨʽʘʣ ʟ ʷʢʦʤʦʛʘ ʙʽʣʴʰʠʤ 

ʧʠʪʦʤʠʤ ʦʧʦʨʦʤ ɟ, ʘ ʚʽʣʴʥʽ ʝʣʝʢʪʨʦʥʠ ʚ ʤʽʞʝʣʝʢʪʨʦʜʥʦʤʫ ʧʨʦʩʪʦʨʽ ʧʦʚʠʥʥʽ 

ʚʠʩʪʫʧʘʪʠ ʚ ʷʢʦʩʪʽ ʥʝʦʩʥʦʚʥʠʭ ʥʦʩʽʾʚ ʟʘʨʷʜʫ, ʪʦʙʪʦ ʧʦʪʨʽʙʝʥ ʚʠʩʦʢʦʦʤʥʠʡ ʤʘʪʝʨʽʘʣ 

ʟ p-ʪʠʧʦʤ ʧʨʦʚʽʜʥʦʩʪʽ. ʅʘʡʙʽʣʴʰ ʜʦʩʣʽʜʞʫʚʘʥʠʤ ʜʝʪʝʢʪʦʨʥʠʤ ʤʘʪʝʨʽʘʣʘʤʠ ʻ 

Cd0.9Zn0.1Te, ʘ ʧʝʨʩʧʝʢʪʠʚʥʠʤʠ ʩʣʽʜ ʚʚʘʞʘʪʠ Cd0.8Zn0.2Te ʽ Cd0.7Zn0.3Te.  

ʇʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ ʧʦʢʘʟʘʚ, ʱʦ ɖ ʩʠʣʴʥʦ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʢʦʥʬʽʛʫʨʘʮʽʾ ʝʣʝʢʪʨʦʜʽʚ, ʘʣʝ ʧʨʘʢʪʠʯʥʦ ʤʘʣʦ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʜʣʷ ʤʘʪʝʨʽʘʣʽʚ ʟ 

ʤʦʣʴʥʦʶ ʯʘʩʪʢʦʶ CdTe, ʱʦ ʜʦʨʽʚʥʶʻ 0.7 ʽ 0.8. ɼʝʷʢʫ ʚʽʜʤʽʥʥʽʩʪʴ ʤʦʞʥʘ 

ʩʧʦʩʪʝʨʽʛʘʪʠ ʣʠʰʝ ʜʣʷ ʟʘʨʷʜʽʚ, ʱʦ ʜʠʬʫʥʜʫʶʪʴ ʚʽʜ ʦʙʣʘʩʪʝʡ, ʨʦʟʪʘʰʦʚʘʥʠʭ ʚ 

ʙʝʟʧʦʩʝʨʝʜʥʽʡ ʙʣʠʟʴʢʦʩʪʽ ʜʦ ʥʝʛʘʪʠʚʥʦ ʟʘʨʷʜʞʝʥʦʛʦ ʝʣʝʢʪʨʦʜʫ, ʽ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʠ 

ʧʨʦʚʝʜʝʥʽ ʥʘ ʜʝʪʝʢʪʦʨʥʦʤʫ ʤʘʪʝʨʽʘʣʽ Cd0.7Zn0.3Te, ʩʢʣʘʜ ʷʢʦʛʦ ʚʽʜʦʙʨʘʞʝʥʠʡ ʚ ʪʘʙʣ. 

4.1 ʽ ʥʘ ʨʠʩ. 4.1. ʅʘ ʛʨʘʬʽʢʘʭ ʨʠʩ. 4.9 - 4.11 ʧʨʝʜʩʪʘʚʣʝʥʽ ʢʨʠʚʽ ʟʤʽʥʠ ɖ ʚ ʟʘʣʝʞʥʦʩʪʽ 

ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ ʣʝʛʫʶʯʦʾ ʜʦʤʽʰʢʠ ʜʣʷ ʥʦʩʽʾʚ ʟʘʨʷʜʫ, ʜʨʝʡʬʫʶʯʠʭ ʟ ʨʽʟʥʠʭ ʪʦʯʦʢ 

d0 ʤʽʞ ʝʣʝʢʪʨʦʜʘʤʠ ʟ ʧʣʦʩʢʦʶ, ʮʠʣʽʥʜʨʠʯʥʦʶ ʽ ʩʬʝʨʠʯʥʦʾ ʢʦʥʬʽʛʫʨʘʮʽʻʶ.  
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ʈʠʩ. 4.9. ɽʬʝʢʪʠʚʥʦʩʪʽ ʟʙʦʨʫ ʟʘʨʷʜʽʚ, ʜʨʝʡʬʫʶʯʠʭ ʚʽʜ ʨʽʟʥʠʭ ʪʦʯʦʢ d0 ʚ ʧʣʦʩʢʦʤʫ 

ʜʝʪʝʢʪʦʨʽ ʥʘ ʦʩʥʦʚʽ Cd0.7Zn0.3Te. 

 ɿ ʧʦʨʽʚʥʷʥʥʷ ʨʦʟʨʘʭʦʚʘʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʨʠʩ. 4.9-4.11 ʚʠʜʥʦ, ʱʦ ʻ 

ʦʩʦʙʣʠʚʦʩʪʽ, ʭʘʨʘʢʪʝʨʥʽ ʜʣʷ ʚʩʽʭ ʪʠʧʽʚ ʜʝʪʝʢʪʦʨʽʚ. ɺ ʦʙʣʘʩʪʽ, ʜʝ p >> n, ʤʘʻ ʤʽʩʮʝ 

ʤʘʢʩʠʤʫʤ ɖ ʜʣʷ ʟʘʨʷʜʽʚ, ʜʨʝʡʬʫʶʯʠʭ ʟ ʪʦʯʦʢ, ʨʦʟʪʘʰʦʚʘʥʠʭ ʚ ʧʨʠʘʥʦʜʥʽʡ 

ʧʦʣʦʚʠʥʽ ʤʽʞʝʣʝʢʪʨʦʜʥʦʛʦ ʧʨʦʤʽʞʢʫ, ʪʦʙʪʦ 2,5 Ò d0 Ò 5 ʤʤ.  

 

   ʘ)      ʙ) 

ʈʠʩ. 4.10. ɽʬʝʢʪʠʚʥʦʩʪʽ ʟʙʦʨʫ ʟʘʨʷʜʽʚ, ʜʨʝʡʬʫʶʯʠʭ ʚʽʜ ʨʽʟʥʠʭ ʪʦʯʦʢ d0 ʚ 

ʮʠʣʽʥʜʨʠʯʥʦʤʫ ʜʝʪʝʢʪʦʨʽ ʥʘ ʦʩʥʦʚʽ Cd0.7Zn0.3Te; ʘ) ʟʦʚʥʽʰʥʽʡ ʝʣʝʢʪʨʦʜ - ʢʦʣʝʢʪʦʨ 

ʜʽʨʦʢ, ʙ) ʟʦʚʥʽʰʥʽʡ ʝʣʝʢʪʨʦʜ - ʢʦʣʝʢʪʦʨ ʝʣʝʢʪʨʦʥʽʚ. 
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ʄʘʢʩʠʤʫʤ ɖ ʚ ʧʨʠʘʥʦʜʥʽʡ ʦʙʣʘʩʪʽ ʚʠʥʠʢʘʻ ʯʝʨʝʟ ʚʠʩʦʢʽ ʚʝʣʠʯʠʥ Űp ʧʨʠ p >> n. ɿʙʽʨ 

ʟʘʨʷʜʽʚ, ʱʦ ʚʠʥʠʢʣʠ ʚ ʧʨʠʢʘʪʦʜʥʽʡ ʧʦʣʦʚʠʥʽ (0Ò d0 Ò 2,5 ʤʤ), ʟʨʦʩʪʘʻ ʚ ʫʩʽʡ 

ʥʘʧʽʚʽʟʦʣʶʶʯʽʡ ʦʙʣʘʩʪʽ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʢʦʥʮʝʥʪʨʘʮʽʾ ʢʦʤʧʝʥʩʫʶʯʦʛʦ ʤʽʣʢʦʛʦ  

 
   ʘ)                  ʙ) 

ʈʠʩ. 4.11. ɽʬʝʢʪʠʚʥʦʩʪʽ ʟʙʦʨʫ ʟʘʨʷʜʽʚ, ʜʨʝʡʬʫʶʯʠʭ ʚʽʜ ʨʽʟʥʠʭ ʪʦʯʦʢ d0 ʚ 

ʩʬʝʨʠʯʥʦʤʫ ʜʝʪʝʢʪʦʨʽ ʥʘ ʦʩʥʦʚʽ Cd0.7Zn0.3Te; ʘ) ʟʦʚʥʽʰʥʽʡ ʝʣʝʢʪʨʦʜ - ʢʦʣʝʢʪʦʨ 

ʜʽʨʦʢ, ʙ) ʟʦʚʥʽʰʥʽʡ ʝʣʝʢʪʨʦʜ - ʢʦʣʝʢʪʦʨ ʝʣʝʢʪʨʦʥʽʚ.  

ʜʦʥʦʨʘ ʽ ʜʦʩʷʛʘʻ ʤʘʢʩʠʤʘʣʴʥʦʾ ʚʝʣʠʯʠʥʠ ʧʨʠ pÓn. ʅʘʡʙʽʣʴʰʽ ʚʝʣʠʯʠʥʠ ɖ ʫ ʚʩʽʡ 

ʚʠʩʦʢʦʦʤʥʽʡ ʦʙʣʘʩʪʽ ʟʤʽʥʠ ʢʦʥʮʝʥʪʨʘʮʽʡ Nd ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʜʣʷ ʧʣʦʩʢʦʛʦ 

ʜʝʪʝʢʪʦʨʘ. ɼʣʷ ʮʠʣʽʥʜʨʠʯʥʦʛʦ ʜʝʪʝʢʪʦʨʘ ʟʥʘʯʝʥʥʷ ɖ ʥʠʞʯʽ, ʥʽʞ ʫ ʧʣʦʩʢʦʛʦ, ʘ ʜʣʷ 

ʩʬʝʨʠʯʥʦʛʦ - ʥʘʡʥʠʞʯʽ. ʎʝ ʧʦʷʩʥʶʻʪʴʩʷ ʪʠʤ, ʱʦ ʥʘ ʚʩʴʦʤʫ ʤʽʞʝʣʝʢʪʨʦʜʥʦʤʫ 

ʧʨʦʤʽʞʢʫ ʧʣʦʩʢʦʛʦ ʜʝʪʝʢʪʦʨʘ ʧʨʠʩʫʪʥʻ ʛʨʘʥʠʯʥʝ ʝʣʝʢʪʨʠʯʥʝ ʧʦʣʝ (1000 ɺ / ʩʤ). ʋ 

ʮʠʣʽʥʜʨʠʯʥʦʤʫ ʽ ʩʬʝʨʠʯʥʦʤʫ ʜʝʪʝʢʪʦʨʽ ʧʦʣʝ E ʙʽʣʷ ʝʣʝʢʪʨʦʜʫ ʙʽʣʴʰʦʛʦ ʨʘʜʽʫʩʫ 

ʚʽʜʧʦʚʽʜʥʦ ʜʦʨʽʚʥʶʻ 500 ɺ/ʩʤ ʽ 250 ɺ/ʩʤ, ʜʦʩʷʛʘʶʯʠ ʛʨʘʥʠʯʥʦʾ ʚʝʣʠʯʠʥʠ ʪʽʣʴʢʠ 

ʙʽʣʷ ʝʣʝʢʪʨʦʜʘ ʤʝʥʰʦʛʦ ʨʘʜʽʫʩʘ.  

ɺ ʦʙʣʘʩʪʽ pÓn ʝʬʝʢʪʠʚʥʽʩʪʴ ʟʙʦʨʫ ʟʘʨʷʜʽʚ ʧʨʠʙʣʠʟʥʦ ʦʜʥʘʢʦʚʘ ʜʣʷ ʚʩʽʭ ʜʝʪʝʢʪʦʨʽʚ.   

ʉʢʣʘʜʥʠʡ ʭʘʨʘʢʪʝʨ ʟʘʣʝʞʥʦʩʪʝʡ ɖ(Nd) ʧʦʷʩʥʶʻʪʴʩʷ ʥʘʷʚʥʽʩʪʶ ʚ ʤʘʪʨʠʮʽ ʛʣʠʙʦʢʠʭ 

ʮʝʥʪʨʽʚ H1
+, H2-

 ʠ V2-
Cd, VTe

+, ʟʘʨʷʜʦʚʠʡ ʩʪʘʥ ʷʢʠʭ ʟʤʽʥʶʻʪʴʩʷ ʚ ʤʽʨʫ ʟʤʽʥʠ 

ʧʦʣʦʞʝʥʥʷ ʨʽʚʥʷ ʌʝʨʤʽ, ʷʢʠʡ, ʚ ʩʚʦʶ ʯʝʨʛʫ, ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʤʽʥʦʶ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʣʝʛʫʶʯʦʾ ʜʦʤʽʰʢʠ. ʅʘ ʨʠʩ. 4.12 ʧʦʢʘʟʘʥʘ ʟʤʽʥʘ ʨʽʚʥʷ ʌʝʨʤʽ ʚʽʜ ʟʤʽʥʠ ʢʦʥʮʝʥʪʨʘʮʽʾ 
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ʤʽʣʢʦʛʦ ʜʦʥʦʨʘ (ʦʪʞʝ, ʚʽʜ ʟʤʽʥʠ ʩʪʫʧʝʥʷ ʢʦʤʧʝʥʩʘʮʽʾ) ʜʣʷ ʤʘʪʝʨʽʘʣʽʚ ʟ ʨʽʟʥʠʤ 

ʚʤʽʩʪʦʤ ʮʠʥʢʫ. ɿʤʽʥʘ ʟʘʨʷʜʦʚʦʛʦ ʩʪʘʥʫ ʛʣʠʙʦʢʠʭ ʮʝʥʪʨʽʚ ʚʧʣʠʚʘʻ ʥʘ ʧʨʦʮʝʩʠ 

ʟʘʭʦʧʣʝʥʥʷ ʥʠʤʠ ʥʝʨʽʚʥʦʚʘʞʛʠʭ ʥʦʩʽʾʚ ʟʘʨʷʜʫ, ʜʨʝʡʬʫʶʯʠʭ ʤʽʞ ʝʣʝʢʪʨʦʜʘʤʠ 

ʜʝʪʝʢʪʦʨʘ. ʆʩʥʦʚʥʫ ʨʦʣʴ ʪʫʪ ʛʨʘʶʪʴ ʜʽʨʢʦʚʘ ʧʘʩʪʢʘ H2- ʠ ʝʣʝʢʪʨʦʥʥʘ ʧʘʩʪʢʘ H1
+, ʘ 

ʪʘʢʦʞ ʚʘʢʘʥʩʽʾ ʪʝʣʫʨʫ (VTe
+) ʽ ʚʘʢʘʥʩʽʾ ʢʘʜʤʽʶ (VCd

2-). ɺʝʣʠʢʠʡ ʨʦʟʢʠʜ ʚʝʣʠʯʠʥ ɖ(d0) 

ʚ ʦʙʣʘʩʪʽ pÓn ʤʦʞʥʘ ʧʦʷʩʥʠʪʠ ʚʝʣʠʢʦʶ ʨʽʟʥʠʮʝʶ (ʥʘ ʧʦʨʷʜʦʢ ʚʝʣʠʯʠʥʠ) ʚ 

ʨʫʭʣʠʚʦʩʪʽ ʝʣʝʢʪʨʦʥʽʚ ʽ ʜʽʨʦʢ. ʎʝ ʩʧʨʘʚʣʷʻ ʧʦʤʽʪʥʠʡ ʚʧʣʠʚ ʥʘ ʨʝʻʩʪʨʘʮʽʶ ʥʦʩʽʾʚ, 

ʜʨʝʡʬʫʶʯʠʭ ʟ ʨʽʟʥʠʭ ʪʦʯʦʢ ʤʽʞʝʣʝʢʪʨʦʜʥʦʛʦ ʧʨʦʤʽʞʢʫ. 

 

ʈʠʩ. 4.12. ʇʦʣʦʞʝʥʥʷ ʨʽʚʥʷ ʌʝʨʤʽ,  ʚʽʜʣʽʯʫʚʘʥʦʛʦ ʚʽʜ ʚʘʣʝʥʪʥʦʾ ʟʦʥʠ, ʚ ʟʘʣʝʞʥʦʩʪʽ 

ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ ʢʦʤʧʝʥʩʫʶʯʦʛʦ ʤʽʣʢʦʛʦ ʜʦʥʦʨʘ. 

 

ɹʽʣʴʰ ʢʨʫʪʘ ʟʘʣʝʞʥʽʩʪʴ ʟʤʽʥʠ ɖ ʚʽʜ Nd ʚ ʤʘʪʨʠʮʽ ʜʝʪʝʢʪʦʨʽʚ ʟ ʮʠʣʽʥʜʨʠʯʥʦʾ ʽ 

ʩʬʝʨʠʯʥʦʾ ʢʦʥʬʽʛʫʨʘʮʽʻʶ ʝʣʝʢʪʨʦʜʽʚ, ʘ ʪʘʢʦʞ ʥʝʙʝʟʧʝʢʘ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʨʦʙʦʶ 

ʧʦʙʣʠʟʫ ʝʣʝʢʪʨʦʜʘ ʤʝʥʰʦʛʦ ʨʘʜʽʫʩʘ ʜʠʢʪʫʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʙʽʣʴʰ ʨʝʪʝʣʴʥʦʛʦ 

ʢʦʥʪʨʦʣʶ ʥʘʜ ʜʦʤʽʰʢʦʚʠʤ ʩʢʣʘʜʦʤ. 

ʏʝʨʝʟ ʙʽʣʴʰ ʚʠʩʦʢʽ ʚʝʣʠʯʠʥʠ ɖ ʚ ʧʣʦʩʢʦʧʘʨʘʣʝʣʴʥʦʤʫ ʜʝʪʝʢʪʦʨʽ ʽ ʧʨʦʩʪʦʪʠ 

ʡʦʛʦ ʚʠʛʦʪʦʚʣʝʥʥʷ ʤʦʞʥʘ ʚʽʜʜʘʪʠ ʡʦʤʫ ʧʝʨʝʚʘʛʫ, ʦʜʥʘʢ ʩʚʦʾ ʧʝʨʝʚʘʛʠ ʻ ʪʘʢʦʞ ʫ 
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ʮʠʣʽʥʜʨʠʯʥʽʡ ʪʘ ʩʬʝʨʠʯʥʽʡ ʢʦʥʬʽʛʫʨʘʮʽʾ. ʗʢ ʚʠʜʥʦ ʟ ʨʠʩ.4.9ï4.11, ʥʘʡʙʽʣʴʰʽ ɖ 

ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʜʣʷ ʟʘʨʷʜʽʚ, ʱʦ ʨʫʭʘʶʪʴʩʷ ʟ ʪʦʯʦʢ, ʨʦʟʪʘʰʦʚʘʥʠʭ ʚ ʧʨʠʢʘʪʦʜʥʽʡ 

ʦʙʣʘʩʪʽ ʽ ʦʩʦʙʣʠʚʦ ʜʣʷ ʢʦʥʮʝʥʪʨʘʮʽʡ ʣʝʛʫʶʯʠʭ ʤʽʣʢʠʭ ʜʦʥʦʨʽʚ ʚ ʦʙʣʘʩʪʽ ɸ. ʎʝ 

ʧʦʷʩʥʶʻʪʴʩʷ ʪʠʤ, ʱʦ ʦʩʥʦʚʥʠʡ ʚʥʝʩʦʢ ʚ ʪʘʢʠʡ ʩʠʛʥʘʣ ʜʘʶʪʴ ʝʣʝʢʪʨʦʥʠ, ʱʦ ʤʘʶʪʴ 

ʚʠʩʦʢʫ ʨʫʭʣʠʚʽʩʪʴ, ʘ ʪʘʢʦʞ ʧʽʜʚʠʱʝʥʫ ʚʝʣʠʯʠʥʫ ʯʘʩʫ ʞʠʪʪʷ ʧʨʠ pÓn. ɺ 

ʮʠʣʽʥʜʨʠʯʥʠʭ ʽ ʩʬʝʨʠʯʥʠʭ ʜʝʪʝʢʪʦʨʘʭ ʚʝʣʠʢʘ ʯʘʩʪʠʥʘ ʤʘʪʝʨʽʘʣʫ ʟʥʘʭʦʜʠʪʴʩʷ 

ʧʦʙʣʠʟʫ ʟʦʚʥʽʰʥʴʦʛʦ ʝʣʝʢʪʨʦʜʘ. ʗʢʱʦ ʚ ʨʦʣʽ ʢʘʪʦʜʘ ʩʣʫʞʠʪʴ ʟʦʚʥʽʰʥʽʡ ʝʣʝʢʪʨʦʜ, 

ʟʙʽʣʴʰʫʻʪʴʩʷ ʝʬʝʢʪʠʚʥʽʩʪʴ ʟʙʦʨʫ ʝʣʝʢʪʨʦʥʽʚ. ɿ ʧʨʝʜʩʪʘʚʣʝʥʠʭ ʛʨʘʬʽʯʥʠʭ 

ʨʝʟʫʣʴʪʘʪʽʚ ʧʦʤʽʪʥʘ ʩʠʣʴʥʘ ʟʘʣʝʞʥʽʩʪʴ ɖ ʚʽʜ ʩʢʣʘʜʫ ʜʝʪʝʢʪʦʨʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʟ 

ʷʩʢʨʘʚʦ ʚʠʨʘʞʝʥʠʤ ʤʘʢʩʠʤʫʤʦʤ (ʚ ʦʙʣʘʩʪʽ ɺ ʧʨʠ p >> n), ʚʝʣʠʯʠʥʘ ʷʢʦʛʦ ʩʠʣʴʥʦ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ ʜʽʨʢʦʚʠʭ ʧʘʩʪʦʢ. ɼʣʷ ʚʩʽʭ ʨʦʟʛʣʷʥʫʪʠʭ ʪʠʧʽʚ ʜʝʪʝʢʪʦʨʽʚ 

ʻ ʤʦʞʣʠʚʽʩʪʴ ʟʘʧʨʦʧʦʥʫʚʘʪʠ ʰʣʷʭʠ ʟʙʽʣʴʰʝʥʥʷ ɖ. ʋ ʧʨʠʢʘʪʦʜʥʽʡ ʦʙʣʘʩʪʽ ʧʨʦʤʽʞʢʫ 

(0 <d0 <2,5) ʤʦʞʥʘ ʧʦʤʽʩʪʠʪʠ ʤʘʪʝʨʽʘʣ ʟ pÓn, ʘ ʚ ʧʨʠʘʥʦʜʥʽʡ (2,5<d0<5) ï ʟ p>>n. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʝʬʝʢʪʠʚʥʽʩʪʴ ʟʙʦʨʫ ʚʽʣʴʥʠʭ ʥʦʩʽʾʚ ʟʘʨʷʜʫ ʧʦʤʽʪʥʦ ʟʘʣʝʞʠʪʴ  

ʚʽʜ ʩʢʣʘʜʫ ʜʝʪʝʢʪʦʨʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʽ ʢʦʥʬʽʛʫʨʘʮʽʾ ʝʣʝʢʪʨʦʜʽʚ ʜʝʪʝʢʪʦʨʘ. 

ɺʩʪʘʥʦʚʣʝʥʘ ʢʦʥʢʨʝʪʥʘ ʨʦʣʴ ʧʨʠʩʫʪʥʽʭ ʚ ʟʘʙʦʨʦʥʝʥʽʡ ʟʦʥʽ ʨʽʚʥʽʚ ʚ ʧʨʦʮʝʩʘʭ 

ʟʘʭʦʧʣʝʥʥʷ ʚʽʣʴʥʠʭ ʥʦʩʽʾʚ ʟʘʨʷʜʫ ʧʽʜ ʯʘʩ ʾʭ ʜʨʝʡʬʫ ʜʦ ʝʣʝʢʪʨʦʜʽʚ. ɿ'ʷʩʦʚʘʥʦ ʚʧʣʠʚ 

ʣʝʛʫʶʯʠʭ ʪʘ ʬʦʥʦʚʠʭ ʜʦʤʽʰʦʢ ʥʘ ʥʘʡʚʘʞʣʠʚʽʰʽ ʚʣʘʩʪʠʚʦʩʪʽ (ɟ, ɟĿŰĿɛ, ɖ) 

ʜʝʪʝʢʪʦʨʥʦʛʦ ʤʘʪʝʨʽʘʣʫ CdZnTe. 

ʄʘʪʝʨʽʘʣʠ ʨʦʟʜʽʣʫ 4 ʦʧʫʙʣʽʢʦʚʘʥʽ ʚ ʨʦʙʦʪʘʭ [ɸ.5ïɸ.8], ʱʦ ʥʘʚʝʜʝʥʦ ʚ ɼʦʜʘʪʢʫ ɸ, 

ʪʘ ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʢʦʥʬʝʨʝʥʮʽʷʭ [ɸ.13-ɸ.15, ɸ.18]. 

 

 4.3 ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 4 

1. ʅʝʜʦʣʽʢʦʤ ʦʙ'ʻʤʥʠʭ ʢʨʠʩʪʘʣʽʚ GaAs ʻ ʤʘʣʠʡ ʯʘʩ ʞʠʪʪʷ (10-9 ʩʝʢ) 

ʥʝʨʽʚʥʦʚʘʞʥʠʭ ʥʦʩʽʾʚ ʟʘʨʷʜʫ ʚ ʚʠʩʦʢʦʦʤʥʽʡ ʦʙʣʘʩʪʽ, ʱʦ ʚʠʟʥʘʯʘʻ ʟʥʘʯʥʽ ʪʨʫʜʥʦʱʽ 

ʩʪʚʦʨʝʥʥʷ ʝʬʝʢʪʠʚʥʠʭ ʜʝʪʝʢʪʦʨʽʚ ʥʘ ʙʘʟʽ ʢʨʠʩʪʘʣʽʯʥʦʛʦ GaAs. 

2. ɽʬʝʢʪʠʚʥʽʩʪʴ ʟʙʦʨʫ ʚʽʣʴʥʠʭ ʥʦʩʽʾʚ ʟʘʨʷʜʫ ʧʦʤʽʪʥʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʩʢʣʘʜʫ 

ʜʝʪʝʢʪʦʨʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʽ ʚ ʜʝʷʢʽʡ ʤʽʨʽ - ʚʽʜ ʢʦʥʬʽʛʫʨʘʮʽʾ ʝʣʝʢʪʨʦʜʽʚ ʜʝʪʝʢʪʦʨʘ. ɿʘ 
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ʩʫʢʫʧʥʽʩʪʶ ʚʩʽʭ ʧʘʨʘʤʝʪʨʽʚ ʥʘʡʙʽʣʴʰ ʧʨʠʡʥʷʪʥʠʤʠ ʻ ʧʣʦʩʢʽ ʜʝʪʝʢʪʦʨʠ ʥʘ ʦʩʥʦʚʽ 

Cd0.9Zn0.1Te, ʘ ʧʝʨʩʧʝʢʪʠʚʥʠʤʠ ï Cd0.8Zn0.2Te ʽ Cd0.7Zn0.3Te.  

3. ɿʙʽʨ ʟʘʨʷʜʽʚ, ʜʨʝʡʬʫʶʯʠʭ ʚʽʜ ʨʽʚʥʦʚʽʜʜʘʣʝʥʠʭ ʪʦʯʦʢ, ʙʽʣʴʰʠʡ ʚ 

ʧʣʦʩʢʠʭ ʜʝʪʝʢʪʦʨʘʭ. ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʩʬʝʨʠʯʥʦʾ ʽ ʮʠʣʽʥʜʨʠʯʥʦʾ ʛʝʦʤʝʪʨʽʾ 

ʝʣʝʢʪʨʦʜʽʚ ʥʝʦʜʥʦʨʽʜʥʠʡ ʚʤʽʩʪ ʣʝʛʫʶʯʠʭ ʜʦʤʽʰʦʢ ʚ ʤʘʪʝʨʽʘʣʽ ʘʢʪʠʚʥʦʾ ʟʦʥʠ 

ʚʧʣʠʚʘʻ ʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʟʙʦʨʫ ʟʘʨʷʜʽʚ, ʽ ʜʣʷ ʟʙʽʣʴʰʝʥʥʷ ɖ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʜʝʪʝʢʪʦʨʥʠʡ ʤʘʪʝʨʽʘʣ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʚʦʭ ʨʽʟʥʠʭ ʟʘ ʜʦʤʽʰʢʦʚʠʤ ʩʢʣʘʜʦʤ: ʟ p >> 

n ʚ ʤʝʥʰʽʡ ʯʘʩʪʠʥʽ ʤʽʞʝʣʝʢʪʨʦʜʥʦʛʦ ʟʘʟʦʨʫ ʧʦʙʣʠʟʫ ʘʥʦʜʘ ʽ ʟ p Ó n ï ʚ ʨʝʰʪʽ 

ʙʽʣʴʰʦʾ ʯʘʩʪʠʥʠ ʟʘʟʦʨʫ.   

4. ʇʨʠ ʦʜʥʦʨʽʜʥʦʤʫ ʨʦʟʧʦʜʽʣʽ ʜʦʤʽʰʦʢ ʚ ʢʨʠʩʪʘʣʽ ʾʭ ʩʫʤʘʨʥʘ 

ʢʦʥʮʝʥʪʨʘʮʽʷ ʤʦʞʝ ʜʦʩʪʠʛʘʪʠ ~1016 ʩʤ-3 ʙʝʟ ʧʦʤʽʪʥʦʛʦ ʟʥʠʞʝʥʥʷ ʝʣʝʢʪʨʦʥʥʦʾ 

ʨʫʭʣʠʚʦʩʪʽ ɛn. ɿʥʠʞʝʥʥʷ ʝʣʝʢʪʨʦʥʥʦʾ ʨʫʭʣʠʚʦʩʪʽ ʚ CdTe ʽ CdZnTe ʤʦʞʝ  

ʚʠʢʣʠʢʘʪʠʩʷ ʫʪʚʦʨʝʥʥʷʤ ʥʝʦʜʥʦʨʽʜʥʦʩʪʝʡ ʨʦʟʧʦʜʽʣʫ ʜʦʤʽʰʦʢ ï ʾʭ ʩʢʫʧʯʝʥʴ. 

5. ʇʨʠʡʥʷʪʥʦʾ ʜʝʪʝʢʪʦʨʥʦʾ ʷʢʦʩʪʽ ʚʠʩʦʢʦʦʤʥʦʛʦ Cd1-xZnxTe ʤʦʞʥʘ 

ʜʦʩʷʛʪʠ ʟʘ ʫʤʦʚʠ ʡʦʛʦ ʟʙʘʣʘʥʩʦʚʘʥʦʛʦ ʩʢʣʘʜʫ, ʢʦʣʠ ʢʦʥʮʝʥʪʨʘʮʽʷ ʪʘʢʠʭ ʰʢʽʜʣʠʚʠʭ 

ʜʦʤʽʰʦʢ ʷʢ Ti, V, Ni, Sn, Ge ʥʝ ʧʝʨʝʚʠʱʫʻ ʚʤʽʩʪʫ ʨʝʰʪʠ ʬʦʥʦʚʠʭ ʜʦʤʽʰʦʢ, 

ʩʪʨʫʢʪʫʨʥʠʭ ʜʝʬʝʢʪʽʚ ʽ ʾʭ ʢʦʤʧʣʝʢʩʽʚ. 
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ʈʆɿɼɯʃ 5  

ɼɽʊɽʂʊʆʈʅɯ ʊɸ ɽʃɽʂʊʈʆʌɯɿʀʏʅɯ ɺʃɸʉʊʀɺʆʉʊɯ CdTe ʽ CdZnTe ʇɯɼ 

ɺʇʃʀɺʆʄ ɯʆʅɯɿʋʖʏʆɻʆ ʆʇʈʆʄɯʅɽʅʅʗ 

 

 ɺ ʜʘʥʦʤʫ ʨʦʟʜʽʣʽ ʦʧʠʩʘʥʘ ʟʤʽʥʘ ʝʣʝʢʪʨʦʬʽʟʠʯʥʠʭ ʪʘ ʜʝʪʝʢʪʦʨʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ CdTe ʪʘ Cd9ZnTe, ʦʧʪʠʤʘʣʴʥʠʡ ʩʢʣʘʜ ʷʢʠʭ ʙʫʚ ʚʩʪʘʥʦʚʣʝʥʠʡ ʚ 

ʨʦʟʜʽʣʘʭ 3, 4, ʧʽʜ ʜʽʻʶ ʨʝʥʪʛʝʥʽʚʩʴʢʦʛʦ ʽ ʛʘʤʤʘ-ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ (ʨʦʙʦʪʠ [ɸ.9-

ɸ.11, ɸ.16-ɸ18], ʱʦ ʥʘʚʝʜʝʥʦ ʚ ɼʦʜʘʪʢʫ ɸ). ʇʦʷʩʥʝʥ ̔ ʧʨʠʯʠʥʠ ʜʝʛʨʘʜʘʮʽʾ 

ʝʣʝʢʪʨʦʬʽʟʠʯʥʠʭ ʽ ʜʝʪʝʢʪʦʨʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʤʘʪʝʨʽʘʣʽʚ [ɸ.9, 

ɸ.11, ɸ.16-ɸ.18] ʧʽʜ ʜʽʻʶ ʨʝʥʪʛʝʥʽʚʩʴʢʦʛʦ ʦʧʨʦʤʽʥʝʥʥʷ. ɺʢʘʟʘʥ̔ ʧʨʠʯʠʥʠ ʙʽʣʴʰ 

ʚʠʩʦʢʦʾ ʨʘʜʽʘʮʽʡʥʦʾ ʩʪʽʡʢʦʩʪʽ CdZnTe ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ CdTe [ɸ.10]. 

ʇʨʦʜʝʤʦʥʩʪʨʦʚʘʥʘ ʟʤʽʥʘ ʚʣʘʩʪʠʚʦʩʪʝʡ Cd0.9Zn0.1Te ʧʽʜ ʜʽʻʶ ɔ-ʦʧʨʦʤʽʥʝʥʥʷ ʤʘʣʦʾ 

ʜʦʟʠ [ɸ.11, ɸ.17].  

ɼʝʪʝʢʪʦʨʠ ɔ- ʽ ʨʝʥʪʛʝʥʽʚʩʴʢʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʥʘ ʦʩʥʦʚʽ CdTe ʽ Cd1-xZnxTe, 

ʷʢ ʧʨʘʚʠʣʦ, ʧʨʘʮʶʶʪʴ ʚ ʘʛʨʝʩʠʚʥʦʤʫ ʨʘʜʽʘʮʽʡʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʽ ʚ ʧʨʦʮʝʩʽ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʧʽʜʜʘʶʪʴʩʷ ʚʧʣʠʚʫ ʨʝʥʪʛʝʥʽʚʩʴʢʦʛʦ ʽ ɔ-ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʚ ʨʝʟʫʣʴʪʘʪʽ 

ʷʢʦʛʦ ʚ ʤʽʞʝʣʝʢʪʨʦʜʥʦʤʫ ʤʘʪʝʨʽʘʣʽ ʫʪʚʦʨʶʶʪʴʩʷ ʥʝʨʽʚʥʦʚʘʞʥʽ ʥʦʩʽʾ ʟʘʨʷʜʫ, ʘ 

ʪʘʢʦʞ ʨʘʜʽʘʮʽʡʥʽ ʜʝʬʝʢʪʠ, ʷʢʽ ʫʪʚʦʨʶʶʪʴ ʚ ʟʘʙʦʨʦʥʝʥʽʡ ʟʦʥʽ ʤʽʣʢʽ ʽ ʛʣʠʙʦʢʽ ʨʽʚʥʽ, 

ʱʦ ʜʽʶʪʴ ʷʢ ʧʘʩʪʢʠ ʜʣʷ ʥʝʨʽʚʥʦʚʘʞʥʠʭ ʥʦʩʽʾʚ ʟʘʨʷʜʫ, ʜʨʝʡʬʫʶʯʠʭ ʚ ʝʣʝʢʪʨʠʯʥʦʤʫ 

ʧʦʣʽ ʜʝʪʝʢʪʦʨʘ. ɽʣʝʢʪʨʠʯʥʦ ʘʢʪʠʚʥʽ ʨʘʜʽʘʮʽʡʥʽ ʜʝʬʝʢʪʠ ʽ ʜʦʤʽʰʢʠ ʯʠʥʷʪʴ ʧʦʤʽʪʥʠʡ 

ʚʧʣʠʚ ʥʘ ʫʤʦʚʠ ʢʦʤʧʝʥʩʘʮʽʾ, ʚʠʟʥʘʯʘʶʪʴ ʧʠʪʦʤʠʡ ʦʧʽʨ ʽ ʧʨʦʮʝʩʠ ʟʘʭʦʧʣʝʥʥʷ ʥʦʩʽʾʚ 

ʟʘʨʷʜʫ. ʊʘʢʠʤ ʯʠʥʦʤ ʷʜʝʨʥʽ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚʧʣʠʚʘʶʪʴ ʥʘ ʪʘʢʽ ʝʣʝʢʪʨʠʯʥʽ ʽ 

ʪʨʘʥʩʧʦʨʪʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʷʢ ʧʠʪʦʤʠʡ ʦʧʽʨ ɟ ʽ ʯʘʩ ʞʠʪʪʷ Ű ʥʝʨʽʚʥʦʚʘʞʥʠʭ ʥʦʩʽʾʚ 

ʟʘʨʷʜʫ. ʆʩʥʦʚʥʠʤʠ ʚʠʤʦʛʘʤʠ ʜʦ ʤʘʪʝʨʽʘʣʽʚ, ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʭ ʚ ʜʝʪʝʢʪʦʨʘʭ 

ʽʦʥʽʟʫʶʯʠʭ ʚʠʧʨʦʤʽʥʶʚʘʥʴ, ʻ ʚʠʩʦʢʽ ɟ ʽ Ű. ɼʣʷ ʪʦʛʦ, ʱʦʙ Ű ʟʙʝʨʽʛʘʣʦʩʷ ʥʘ ʨʽʚʥʽ ~ 10-

6 ʩʝʢ, ʥʝʦʙʭʽʜʥʘ ʥʠʟʴʢʘ ʢʦʥʮʝʥʪʨʘʮʽʷ Ni ʧʘʩʪʦʢ. ɯʦʥʽʟʫʶʯʽ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ 

ʧʦʛʽʨʰʫʶʪʴ ʪʘʢʦʞ ʝʥʝʨʛʝʪʠʯʥʫ ʨʦʟʜʽʣʴʥʫ ʟʜʘʪʥʽʩʪʴ ʜʝʪʝʢʪʦʨʽʚ, ʚʠʢʣʠʢʘʶʯʠ 

ʟʤʽʱʝʥʥʷ ʩʧʝʢʪʨʘʣʴʥʠʭ ʧʽʢʽʚ, ʱʦ ʤʦʞʝ ʧʨʠʚʝʩʪʠ ʜʦ ʧʦʚʥʦʾ ʚʪʨʘʪʠ ʝʬʝʢʪʠʚʥʦʩʪʽ 
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ʟʙʦʨʫ ʟʘʨʷʜʽʚ ɖ. ɿ'ʷʩʫʚʘʥʥʷ ʚʧʣʠʚʫ ʜʝʬʝʢʪʽʚ ʥʘ ʨʝʻʩʪʨʫʚʘʣʴʥʽ ʚʣʘʩʪʠʚʦʩʪʽ 

ʜʝʪʝʢʪʦʨʽʚ, ʘ ʪʘʢʦʞ ʨʦʟʫʤʽʥʥʷ ʧʦʚʝʜʽʥʢʠ ʜʝʬʝʢʪʽʚ ʧʽʜ ʚʧʣʠʚʦʤ ʘʛʨʝʩʠʚʥʦʾ 

ʨʘʜʽʘʮʽʡʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʜʫʞʝ ʚʘʞʣʠʚʦ ʜʣʷ ʧʦʣʽʧʰʝʥʥʷ ʜʝʪʝʢʪʦʨʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ʗʢ ʫʞʝ ʟʘʟʥʘʯʘʣʦʩʷ, ʟʥʘʯʥʽ ʪʨʫʜʥʦʱʽ ʧʨʝʜʩʪʘʚʣʷʻ ʪʦʯʥʝ 

ʚʠʤʽʨʶʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ i-ʪʠʭ ʜʝʬʝʢʪʽʚ: ʢʦʥʮʝʥʪʨʘʮʽʾ ʧʘʩʪʦʢ Ni, ʾʭ ʧʝʨʝʨʽʟʫ 

ʟʘʭʦʧʣʝʥʥʷ ůi, ʧʦʣʦʞʝʥʥʷ ʾʭ ʨʽʚʥʽʚ ʝʥʝʨʛʽʾ ʚ ʟʘʙʦʨʦʥʝʥʽʡ ʟʦʥʽ Ei ʯʝʨʝʟ ʚʠʩʦʢʠʡ 

ʧʠʪʦʤʠʡ ʦʧʽʨ, ʷʢʠʡ ʜʣʷ Cd0.9Zn0.1Te ʤʦʞʝ ʜʦʩʷʛʘʪʠ ~ 1011 ʆʤĀʩʤ ʧʨʠ ʢʽʤʥʘʪʥʽʡ 

ʪʝʤʧʝʨʘʪʫʨʽ. 

 

5.1 ʆʧʨʦʤʽʥʝʥʥʷ ʨʝʥʪʛʝʥʽʚʩʴʢʠʤʠ ʢʚʘʥʪʘʤʠ 

ɼʣʷ ʤʦʜʝʣʴʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʝʣʝʢʪʨʦʬʽʟʠʯʥʠʭ ʪʘ ʜʝʪʝʢʪʦʨʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

CdTe ʽ CdZnTe ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʤʦʜʝʣʽ ʪʘ ʦʙʯʠʩʣʝʥʥʷ, ʦʧʠʩʘʥʽ ʚ ʨʦʙʦʪʘʭ [142, 

146] ʪʘ ʚ ʨʦʟʜʽʣʽ 2. ʌʽʟʠʯʥʽ ʤʦʜʝʣʽ, ʧʦʢʣʘʜʝʥʽ ʚ ʦʩʥʦʚʫ ʧʨʦʛʨʘʤʠ, ʻ ʜʦʙʨʝ 

ʧʝʨʝʚʽʨʝʥʠʤʠ ʤʦʜʝʣʷʤʠ ʢʦʤʧʝʥʩʘʮʽʾ ʽ ʨʦʟʩʽʶʚʘʥʥʷ ʝʣʝʢʪʨʦʥʽʚ ʚ ʥʘʙʣʠʞʝʥʥʽ ʯʘʩʫ 

ʨʝʣʘʢʩʘʮʽʾ ʜʣʷ ʦʙʯʠʩʣʝʥʥʷ ʧʠʪʦʤʦʛʦ ʦʧʦʨʫ ʽ ʝʣʝʢʪʨʦʥʥʦʾ ʨʫʭʣʠʚʦʩʪʽ. ʗʢ ʚʞʝ 

ʟʘʟʥʘʯʘʣʦʩʴ ʚ ʨʦʟʜʽʣʽ 2, ʟ ʨʝʟʫʣʴʪʘʪʽʚ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʚʠʤʽʨʶʚʘʥʴ ʢʦʝʬʽʮʽʻʥʪʽʚ 

ʤʽʞʟʦʥʥʦʾ ʨʝʢʦʤʙʽʥʘʮʽʾ ʂzz, ʚʠʢʦʥʘʥʠʭ ʘʚʪʦʨʘʤʠ ʨʦʙʽʪ [113, 114], ʚʠʧʣʠʚʘʻ, ʱʦ 

ʤʽʞʟʦʥʥʦʶ ʨʝʢʦʤʙʽʥʘʮʽʻʶ ʚ ʰʠʨʦʢʦʟʦʥʥʠʭ CdTe, CdZnTe ʤʦʞʥʘ ʟʥʝʭʪʫʚʘʪʠ. ɿ ʮʽʻʾ 

ʧʨʠʯʠʥʠ ʜʣʷ ʦʙʯʠʩʣʝʥʥʷ ʯʘʩʫ ʞʠʪʪʷ Ű ʜʦʮʽʣʴʥʦ ʟʘʩʪʦʩʫʚʘʪʠ ʩʪʘʪʠʩʪʠʢʫ ʐʦʢʣ-̔

ʈʽʜʘ-ʍʦʣʣʘ, ʷʢʘ ʪʘʢʦʞ ʜʦʙʨʝ ʟʘʨʝʢʦʤʝʥʜʫʚʘʣʘ ʩʝʙʝ ʜʣʷ ʥʝʧʨʷʤʦʟʦʥʥʦʛʦ Si. ʂʨʽʤ 

ʪʦʛʦ, ʧʦʧʝʝʜʥʽ ʨʦʟʨʘʭʫʥʢʠ ʧʦʢʘʟʘʣʠ, ʱʦ ʫ ʚʠʧʘʜʢʫ ʚʠʩʦʢʦʦʤʥʠʭ ʽ ʩʠʣʴʥʦ 

ʩʢʦʤʧʝʥʩʦʚʘʥʠʭ CdTe ʽ CdZnTe ʢʦʥʮʝʥʪʨʘʮʽʷ ʛʣʠʙʦʢʠʭ ʽʦʥʽʟʦʚʘʥʠʭ ʮʝʥʪʨʽʚ 

ʨʝʢʦʤʙʽʥʘʮʽʾ Ni ʧʝʨʝʚʠʱʫʻ ʢʦʥʮʝʥʪʨʘʮʽʶ ʚʽʣʴʥʠʭ ʥʦʩʽʾʚ ʟʘʨʷʜʫ ʥʘ ʰʽʩʪʴ ʧʦʨʷʜʢʽʚ, 

ʪʦʤʫ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ Ű ʥʝʦʙʭʽʜʥʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʚʠʱʝʚʢʘʟʘʥʫ ʩʪʘʪʠʩʪʠʢʫ 

ʝʣʝʢʪʨʦʥʥʦ-ʜʽʨʢʦʚʦʾ ʨʝʢʦʤʙʽʥʘʮʽʾ ʥʘ ʛʣʠʙʦʢʠʭ ʨʽʚʥʷʭ. ɼʣʷ ʦʮʽʥʢʠ ʨʝʻʩʪʨʫʚʘʣʴʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʜʝʪʝʢʪʦʨʘ ʟʘʩʪʦʩʦʚʫʚʘʣʦʩʷ ʤʦʜʝʣʶʚʘʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʙʦʨʫ ʟʘʨʷʜʽʚ 

ɖ ʚ ʚʠʭʽʜʥʦʤʫ ʪʘ ʦʧʨʦʤʽʥʝʥʦʛʦ ʤʘʪʝʨʽʘʣʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʽʚʥʷʥʥʷ ʍʝʛʪʘ (4.2), ʚ 

ʷʢʝ ʧʽʜʩʪʘʚʣʷʣʠʩʷ ʦʙʯʠʩʣʝʥʽ ʟʥʘʯʝʥʥʷ ʝʣʝʢʪʨʦʥʥʦʾ ʨʫʭʣʠʚʦʩʪʽ ʽ ʯʘʩʫ ʞʠʪʪʷ 



111 

ʥʝʨʽʚʥʦʚʘʞʥʠʭ ʥʦʩʽʾʚ ʟʘʨʷʜʫ. ʇʨʠ ʨʦʟʨʘʭʫʥʢʘʭ ʪʦʚʱʠʥʘ ʧʣʦʩʢʦʧʘʨʘʣʣʝʣʴʥʠʭ 

ʜʝʪʝʢʪʦʨʽʚ ʥʘ ʦʩʥʦʚʽ CdTe ʽ CdZnTe ʧʨʠʡʤʘʣʘʩʷ ʨʽʚʥʦʶ 5 ʤʤ, ʘ ʥʘʧʨʫʞʝʥʽʩʪʴ 

ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ ʚ ʤʽʞʝʣʝʢʪʨʦʜʥʦʤʫ ʟʘʟʦʨʽ - 1000 ɺ/ʩʤ.  

ɺ ʨʦʙʦʪʘʭ [12, 18, 20] ʦʧʫʙʣʽʢʦʚʘʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʨʝʟʫʣʴʪʘʪʠ, ʷʢʽ 

ʜʦʟʚʦʣʠʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʦʧʝʨʝʜʥʽʭ ʨʦʟʨʘʭʫʥʢʽʚ ʚʠʟʥʘʯʠʪʠ ʚʣʘʩʪʠʚʦʩʪʽ ʨʽʚʥʽʚ 

ʜʝʬʝʢʪʽʚ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʚ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʤʘʪʝʨʽʘʣʘʭ. ʋ ʪʘʙʣʠʮʽ 5.1 ʧʝʨʝʨʘʭʦʚʘʥʽ 

ʜʝʬʝʢʪʠ ʽ ʚʽʜʧʦʚʽʜʥʽ ʧʘʨʘʤʝʪʨʠ ʜʣʷ ʚʠʭʽʜʥʦʛʦ CdTe:Cl ʽ ʤʘʪʝʨʽʘʣʫ, ʱʦ ʧʽʜʜʘʚʘʚʩʷ 

ʨʝʥʪʛʝʥʽʚʩʴʢʦʤʫ ʦʧʨʦʤʽʥʝʥʥʶ ʜʦʟʦʶ 260 ʢɻʨ [12]. ʈʽʚʥʽ A00, A0, A ʠ A1 ï ʤʽʣʢʽ 

ʘʢʮʝʧʪʦʨʠ ʽ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʪʘʢ ʟʚʘʥʠʭ ɸ-ʮʝʥʪʨʽʚ [147, 148]. ʃʝʛʫʶʯʘ ʜʦʤʽʰʢʘ Cl 

ʫʪʚʦʨʶʻ ʚ ʟʘʙʦʨʦʥʝʥʽʡ ʟʦʥʽ ʤʽʣʢʠʡ ʜʦʥʦʨʥʠʡ ʨʽʚʝʥʴ. ʅʘʣʝʞʥʽʩʪʴ ʽʥʰʠʭ ʨʽʚʥʽʚ ʜʦʩʽ 

ʟʘʣʠʰʘʻʪʴʩʷ ʪʝʤʦʶ ʜʣʷ ʜʠʩʢʫʩʽʡ, ʭʦʯʘ ʚ ʨʦʙʦʪʽ [20] ʙʫʣʘ ʧʨʦʚʝʜʝʥʘ ʽʜʝʥʪʠʬʽʢʘʮʽʷ 

ʙʽʣʴʰʦʩʪʽ ʨʽʚʥʽʚ, ʧʨʠʩʫʪʥʽʭ ʚ CdTe ʽ CdZnTe. A1, Z - ʨʘʜʽʘʮʽʡʥʦ-ʩʪʠʤʫʣʴʦʚʘʥʽ ʨʽʚʥʽ 

ʽ ʟ'ʷʚʣʷʶʪʴʩʷ ʪʽʣʴʢʠ ʧʽʩʣʷ ʦʧʨʦʤʽʥʝʥʥʷ, ʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʜʝʬʝʢʪʘ J ʧʨʠ ʮʴʦʤʫ 

ʟʨʦʩʪʘʻ ʤʘʡʞʝ ʥʘ ʧʦʨʷʜʦʢ. ʗʢ ʫʞʝ ʟʘʟʥʘʯʘʣʦʩʷ ʚ ʨʦʟʜʽʣʽ 1, ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʽʚʥʽʚ 

ʤʦʞʫʪʴ ʟʘʣʝʞʘʪʠ ʚʽʜ ʫʤʦʚ ʝʢʩʧʝʨʠʤʝʥʪʫ, ʪʦʤʫ ʧʘʨʘʤʝʪʨʠ ʜʝʬʝʢʪʽʚ, ʚʠʤʽʨʷʥʽ ʜʣʷ 

ʨʽʟʥʠʭ ʟʨʘʟʢʽʚ ʽ ʫ ʨʽʟʥʠʭ ʘʚʪʦʨʽʚ, ʤʦʞʫʪʴ ʧʦʤʽʪʥʦ ʚʽʜʨʽʟʥʷʶʪʠʩʷ, ʘ ʾʭ ʪʦʯʥʝ 

ʚʠʟʥʘʯʝʥʥʷ ʚ ʩʠʣʴʥʦ ʢʦʤʧʝʥʩʦʚʘʥʠʭ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘʭ ʚʝʣʴʤʠ ʧʨʦʙʣʝʤʘʪʠʯʥʝ. ʇʨʠ 

ʧʝʨʝʨʽʟʘʭ ʟʘʭʦʧʣʝʥʥʷ ʨʽʚʥʽʚ J, H ʽ H1 ʧʦʨʷʜʢʫ ~10-15ʩʤ2, ʤʘʻ ʤʽʩʮʝ ʚʽʜʧʦʚʽʜʥʽʩʪʴ 

ʦʙʯʠʩʣʝʥʠʭ ʟʥʘʯʝʥʴ ʯʘʩʫ ʞʠʪʪʷ ʥʝʨʽʚʥʦʚʘʞʥʠʭ ʥʦʩʽʾʚ ʟʘʨʷʜʫ ʚʽʜʦʤʽʡ ʚʝʣʠʯʠʥʽ 

Ű~10-6 ʩʝʢ. ʇʦʧʝʨʝʜʥʻ ʤʦʜʝʣʶʚʘʥʥʷ ʧʦʢʘʟʘʣʦ, ʱʦ ʜʣʷ ʚʠʤʽʨʷʥʦʛʦ ʚ ʨʦʙʦʪʽ [12] 

ʧʠʪʦʤʦʛʦ ʦʧʦʨʫ ʚʠʭʽʜʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ɟ = 2Ā109 ʆʤĀʩʤ ʧʦʪʨʽʙʥʘ ʢʦʥʮʝʥʪʨʘʮʽʾ ʭʣʦʨʫ 

8.25Ā1012cʤ-3 ʟʘ ʫʤʦʚʠ, ʱʦ ʢʦʥʮʝʥʪʨʘʮʽʾ ʽ ʝʥʝʨʛʽʾ ʽʥʰʠʭ ʨʽʚʥʽʚ ʜʦʨʽʚʥʶʶʪʴ 

ʚʝʣʠʯʠʥʘʤ, ʧʨʝʜʩʪʘʚʣʝʥʠʤ ʚ ʪʘʙʣʠʮʽ 5.1. ɺ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʧʨʦʚʽʜʥʽʩʪʴ 

ʚʠʩʦʢʦʦʤʥʦʛʦ CdTe:Cl ʻ ʝʣʝʢʪʨʦʥʥʦʶ, ʱʦ ʩʫʧʝʨʝʯʠʪʴ ʝʢʩʧʝʨʠʤʝʥʪʫ [12]  ̔

ʪʝʭʥʽʯʥʠʤ ʫʤʦʚʘʤ ʝʢʩʧʣʫʘʪʘʮʽʾ ʜʝʪʝʢʪʦʨʽʚ. ʂʦʣʠ ʧʽʜʚʠʱʠʪʠ ʢʦʥʮʝʥʪʨʘʮʽʶ ʤʽʣʢʠʭ 

ʘʢʮʝʧʪʦʨʽʚ A0 ʥʘ ʧʦʨʷʜʦʢ ʜʦ ʚʝʣʠʯʠʥʠ N(A0)=2.8Ț1013 ʩʤ-3 (ʜʠʚ. ʪʘʙʣ. 5.1), ʪʦ 

ʦʜʝʨʞʠʤʦ ʤʘʪʝʨʽʘʣ p-ʪʠʧʫ ʟ ɟ~106 ʆʤȚʩʤ ʽ ʡʦʛʦ ʥʘʩʪʫʧʥʝ ʣʝʛʫʚʘʥʥʷ ʭʣʦʨʦʤ ʜʦ 

ʢʦʥʮʝʥʪʨʘʮʽʾ 1,38Ț1013ʩʤ-3 ʜʣʷ ʢʦʤʧʝʥʩʘʮʽʾ ʤʽʣʢʠʭ ʘʢʮʝʧʪʦʨʽʚ ʜʘʻ ʧʦʪʨʽʙʥʝ 
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ʟʥʘʯʝʥʥʷ ʧʠʪʦʤʦʛʦ ʦʧʦʨʫ ɟ=2Ț109 ʆʤȚʩʤ, ʧʨʠ ʷʢʦʤʫ ʢʦʥʮʝʥʪʨʘʮʽʷ ʚʽʣʴʥʠʭ ʜʽʨʦʢ p0 

ʧʝʨʝʚʠʱʫʻ ʢʦʥʮʝʥʪʨʘʮʽʶ ʚʽʣʴʥʠʭ ʝʣʝʢʪʨʦʥʽʚ n0 ʥʘ ʜʚʘ ʧʦʨʷʜʢʠ ö
÷

õ
æ
ç

å º440
0

0

n
p , ʱʦ ʻ 

ʭʦʨʦʰʠʤ ʧʦʢʘʟʥʠʢʦʤ ʜʣʷ ʜʝʪʝʢʪʦʨʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. ʊʘʢʠʤ ʯʠʥʦʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʨʽʚʥʽʚ ʚ CdZnTe ʜʦ ʽ ʧʽʩʣʷ ʦʧʨʦʤʽʥʝʥʥʷ ʨʝʥʪʛʝʥʦʤ ʜʦʟʦʶ 260 ʢɻʨ. ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ 

ʪʘʙʣʠʮʽ 5.2. ʈʽʚʥʽ ʝʥʝʨʛʽʾ A00, D ʽ J - ʨʘʜʽʘʮʽʡʥʦ-ʩʪʠʤʫʣʴʦʚʘʥʽ. 

 

ʊʘʙʣʠʮʷ 5.1 

ʇʘʨʘʤʝʪʨʠ ʨʽʚʥʽʚ CdTe:Cl ʜʦ ʽ ʧʽʩʣʷ ʨʝʥʪʛʝʥʽʚʩʴʢʦʛʦ ʦʧʨʦʤʽʥʝʥʥʷ [12, 18, 20] 

ʈʽʚʝʥʴ*  ɽʥʝʨʛʽʷ ʨʽʚʥʷ ʚʽʜ 

ʚʘʣʝʥʪʥʦʾ EV ʘʙʦ 

ʟʦʥʠ ʧʨʦʚʽʜʥʦʩʪʽ 

EC, ʝɺ 

ʂʦʥʮʝʥʪʨʘʮʽʷ ʨʽʚʥʽʚ, ʩʤ-3 ʇʝʨʝʨʽʟ 

ʟʘʭʚʘʪʫ,  

ʩʤ-2 

ʊʠʧ ʨʽʚʥʷ**  ʽ 

ʟʘʨʷʜʦʚʠʡ ʩʪʘʥ ʇʦʯʘʪʢʦʚʠʡ ʆʧʨʦʤʽʥʝʥʠʡ 

ʜʦʟʦʶ 260 ʢɻʨ 

A00 EV + 0.06 2.6Ț1012 2.6Ț1012 1Ț10-16 Aï 

A0 EV +0.12 2.8Ț1012 

(2.8Ț1013) 

2.8Ț1012 2Ț10-16 Aï 

ɸ EV +0.15 3Ț1012 3Ț1012 1Ț10-16 Aï 

ɸ1 EV +0.16 0 1Ț1012 4Ț10-17 Aï 

X EV +0.36 3.5Ț1011 1Ț1012 2Ț10-15 DA2ï 

Z EV +0.47 0 3Ț1012 1Ț10-14 DAï 

J EV +0.53  4.5Ț1011 2.5Ț1012 1Ț10-15 DAï 

H EV +0.76 2.4Ț1012 6Ț1012 1Ț10-15 DAï 

H1 EC ï 0.79 3Ț1013 5Ț1013 1.5Ț10-15 DD+ 

I EC ï 1.0 1014 1.6Ț1014 1.3Ț10-12 DD+ 

Cl EC ï 0.014 1.38Ț1013 1.2Ț1013 1Ț10-16 D+ 

*ʇʦʟʥʘʯʝʥʥʷ ʨʽʚʥʽʚ ʧʨʠʡʥʷʪʽ ʚ [12] ʽ ʨʷʜʽ ʽʥʰʠʭ ʨʦʙʽʪ;  

** A ï ʘʢʮʝʧʪʦʨ, DA ï ʛʣʠʙʦʢʠʡ ʘʢʮʝʧʪʦʨ, D ï ʤʽʣʢʠʡ ʜʦʥʦʨ, DD ï ʛʣʠʙʦʢʠʡ ʜʦʥʦʨ. 

ɺ ʪʘʙʣʠʮʽ 5.2 ʧʦʢʘʟʘʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʽʚʥʽʚ ʚ  Cd0.9Zn0.1Te ʜʦ ʽ ʧʽʩʣʷ 

ʨʝʥʪʛʝʥʽʚʩʴʢʦʛʦ ʦʧʨʦʤʽʥʝʥʥʷ ʜʦʟʦʶ 260 ʢɻʨ. ɺʦʥʠ ʚʽʜʧʦʚʽʜʘʶʪʴ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ 

ʚʠʤʽʨʷʥʠʤ ʜʘʥʠʤ [12, 18, 20], ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʷʢʠʭ ʦʙʯʠʩʣʝʥʽ ʟʥʘʯʝʥʥʷ ʝʣʝʢʪʨʦʥʥʦʾ 
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ʨʫʭʣʠʚʦʩʪʽ (1050 ʩʤ2/(ɺĀʩ) ʽ ʯʘʩʫ ʞʠʪʪʷ ʥʝʨʽʚʥʦʚʘʞʥʠʭ ʥʦʩʽʾʚ ʟʘʨʷʜʫ (~10-6 ʩʝʢ), ʘ 

ʦʜʝʨʞʘʥ ̔ʚʝʣʠʯʠʥʠ Űn, Űp, Õn ʚʽʜʧʦʚʽʜʘʶʪʴ ʚʽʜʦʤʠʤ ʧʘʨʘʤʝʪʨʘʤ CdZnTe. ɺ ʨʦʙʦʪʽ 

[12] ʟʘʟʥʘʯʝʥʦ, ʱʦ ʚʠʤʽʨʷʥʠʡ ʧʠʪʦʤʠʡ ʦʧʽʨ Cd0.9Zn0.1Te ʜʦʨʽʚʥʶʻ 1Ā10
11 ʆʤĀʩʤ ʧʨʠ 

ʢʽʤʥʘʪʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ. ɼʝʬʝʢʪʠ A00, D  ̔ H1 ï ʨʘʜ̔ʘʮʽʡʥʦ-ʩʪʠʤʫʣʴʦʚʘʥʽ. 

ʂʦʥʮʝʥʪʨʘʮʽʷ H1 ʚ Cd ʧʽʩʣʷ ʦʧʨʦʤʽʥʝʥʥʷ ʟʨʦʩʪʘʻ ʥʘ ʧʦʨʷʜʦʢ, ʧʦʤʽʪʥʦ ʚʧʣʠʚʘʶʯʠ 

ʪʠʤ ʩʘʤʠʤ ʥʘ ʜʝʪʝʢʪʦʨʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʦʧʨʦʤʽʥʝʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. 

 ʅʘ ʨʠʩ. 5.1 ʧʦʢʘʟʘʥʽ ʦʙʯʠʩʣʝʥʽ ʟʘʣʝʞʥʦʩʪʽ ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʙʦʨʫ ʟʘʨʷʜʽʚ ɖ ʚʽʜ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʣʝʛʫʶʯʦʛʦ ʭʣʦʨʫ ʜʣʷ ʚʠʭʽʜʥʦʛʦ (ʥʝʦʧʨʦʤʽʥʝʥʦʛʦ) ʽ ʦʧʨʦʤʽʥʝʥʦʛʦ 

 

ʊʘʙʣʠʮʷ. 5.2 

ʈʽʚʥʽ ʚ Cd0,9Zn0,1Te ʜʦ ʽ ʧʽʩʣʷ ʨʝʥʪʛʝʥʽʚʩʴʢʦʛʦ ʦʧʨʦʤʽʥʝʥʥʷ [12, 18, 20] 

ʈʽʚʝʥʴ ɽʥʝʨʛʽʷ ʨʽʚʥʷ ʚʽʜ 

ʚʘʣʝʥʪʥʦʾ EV ʘʙʦ 

ʟʦʥʠ ʧʨʦʚʽʜʥʦʩʪʽ EC, 

ʝɺ 

ɺʠʤʽʨʷʥʘ ʢʦʥʮʝʥʪʨʘʮʽʷ 

ʨʽʚʥʽʚ, ʩʤ-3 

ʇʝʨʝʨʽʟ 

ʟʘʭʚʘʪʫ, ʩʤ-2 

ʊʠʧ ʨʽʚʥʷ**  ʽ 

ʟʘʨʷʜʦʚʠʡ ʩʪʘʥ 

ʇʦʯʘʪʢʦʚʠʡ ʆʧʨʦʤʽʥʝʥʠʡ 

ʜʦʟʦʶ 260 ʢɻʨ 

A00 EV + 0,06 0 1,4Ț1012 1Ț10-16 Aï 

ɸ1 EV +0,16 1Ț1012 1Ț1012 4Ț10-17 Aï 

K EV +0,26 2Ț1012 2Ț1012  5Ț10-16 DAï 

D EV +0,41 0 9Ț1010 8Ț10-16 DAï 

J EV +0,53  0 1.4Ț1011 1Ț10-15 DAï 

Y EV +0,64 1.3Ț1011 1.3Ț1011 1Ț10-14 DAï 

W EV +0.71 1.7Ț1011 1.7Ț1011 1,5Ț10-14 DAï 

H1 EC ï0,79 2Ț1012 1.5Ț1013 4Ț10-14 DD+ 

I EC ï1,0 1Ț1014 1.6Ț1014 9Ț10-11 DD+ 

Nd 1,66 (EC ï 0.014) 2.5Ț1012 2.5Ț1012 2Ț10-16 D+ 

CdTe:Cl. ɺʝʨʪʠʢʘʣʴʥʦʶ ʰʪʨʠʭʦʚʦʶ ʣʽʥʽʻʶ ʚʽʜʟʥʘʯʝʥʠʡ ʜʦʩʣʽʜʞʫʚʘʥʠʡ ʤʘʪʝʨʽʘʣ, 

ʩʢʣʘʜ ʷʢʦʛʦ ʙʫʚ ʚʠʤʽʨʷʥʠʡ ʫ ʨʦʙʦʪʽ [12], ʜʝ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʙʫʣʦ ʧʦʢʘʟʘʥʦ, ʱʦ 

ʧʽʩʣʷ ʨʝʥʪʛʝʥʽʚʩʴʢʦʛʦ ʦʧʨʦʤʽʥʝʥʥʷ ʜʦʟʦʶ 260 ʢɻʨ ʜʝʪʝʢʪʦʨ ɔ-ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ 

ʧʦʤʽʪʥʦ ʚʪʨʘʯʘʻ ʩʚʦʾ ʨʝʻʩʪʨʫʚʘʣʴʥʽ ʚʣʘʩʪʠʚʦʩʪʽ. ʄʦʜʝʣʶʚʘʥʥʷ ʧʦʢʘʟʫʻ (ʨʠʩ. 5.1), 
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ʱʦ ʜʣʷ ʚʠʤʽʨʷʥʦʛʦ ʩʢʣʘʜʫ ʜʝʬʝʢʪʽʚ ʝʬʝʢʪʠʚʥʽʩʪʴ ʟʙʦʨʫ ʟʘʨʷʜʽʚ ʟʤʝʥʰʫʻʪʴʩʷ 

ʧʨʠʙʣʠʟʥʦ ʥʘ 10-15%. ɼʝʷʢʝ ʨʦʟʭʦʜʞʝʥʥʷ ʟ ʜʘʥʠʤʠ ʝʢʩʧʝʨʠʤʝʥʪʫ ʤʦʛʣʦ ʤʘʪʠ 

ʤʽʩʮʝ ʯʝʨʝʟ ʥʝʪʦʯʥʦʩʪʽ ʧʨʠ ʚʠʟʥʘʯʝʥʥʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ʨʽʚʥʽʚ ʫ CdTe ʧʦ ʧʨʠʯʠʥʽ 

ʨʽʟʥʠʭ ʫʤʦʚ ʢʦʤʧʝʥʩʘʮʽʾ, ʜʦ ʽ ʧʽʩʣʷ ʦʧʨʦʤʽʥʝʥʥʷ, ʧʨʦ ʱʦ ʙʫʣʦ ʚʢʘʟʘʥʦ ʚ ʨʦʟʜʽʣʽ 1. 

 
ʈʠʩ. 5.1. ɽʬʝʢʪʠʚʥʽʩʪʴ ʟʙʦʨʫ ʟʘʨʷʜʽʚ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ ʭʣʦʨʫ ʚ 

ʥʝʦʧʨʦʤʽʥʝʥʦʤʫ (ʩʫʮʽʣʴʥʽ ʢʨʠʚʽ) ʽ ʦʧʨʦʤʽʥʝʥʦʤʫ (ʧʫʥʢʪʠʨʥʽ) ʜʝʪʝʢʪʦʨʽ ʥʘ ʦʩʥʦʚʽ 

CdTe:Cl ʜʣʷ ʥʦʩʽʾʚ ʟʘʨʷʜʫ, ʜʨʝʡʬʫʶʯʠʭ ʚʽʜ ʢʦʦʨʜʠʥʘʪ d0 ʚʽʜʥʦʩʥʦ ʢʘʪʦʜʘ. 

ɺʝʨʪʠʢʘʣʴʥʘ ʧʫʥʢʪʠʨʥʘ ʣʽʥʽʷ ʧʦʟʥʘʯʘʻ ʜʦʩʣʽʜʞʫʚʘʥʠʡ ʤʘʪʝʨʽʘʣ. 

 

ʗʢ ʧʦʢʘʟʘʥʦ ʚ [17] ʪʘ ʜʝʷʢʠʭ ʽʥʰʠʭ ʨʦʙʦʪʘʭ, ʧʦʚʥʘ ʜʝʛʨʘʜʘʮʽʷ ʜʝʪʝʢʪʦʨʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘʩʪʘʻ ʧʽʩʣʷ ʧʦʷʚʠ ʨʘʜʽʘʮʽʡʥʦʛʦ ʜʝʬʝʢʪʫ Z. ʆʩʢʽʣʴʢʠ ʚʪʨʘʪʘ 

ʟʜʘʪʥʦʩʪʽ ʜʦ ʨʝʻʩʪʨʘʮʽʾ ʚʠʧʨʦʤʽʥʶʚʘʥʴ ʧʦʚ'ʷʟʫʻʪʴʩʷ ʟ ʨʽʚʥʝʤ Z, ʧʨʝʜʩʪʘʚʣʷʣʦ 

ʽʥʪʝʨʝʩ ʟôʷʩʫʚʘʥʥʷ ʚʧʣʠʚʫ ʮʴʦʛʦ ʨʽʚʥʷ ʥʘ ɖ. ʅʘ ʨʠʩ. 5.2 ʧʦʢʘʟʘʥʠʡ ʨʝʟʫʣʴʪʘʪ 

ʨʦʟʨʘʭʫʥʢʫ ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʙʦʨʫ ʟʘʨʷʜʽʚ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʚʤʽʩʪʫ ʨʘʜʽʘʮʽʡʥʦʛʦ 

ʜʝʬʝʢʪʫ Z ʜʣʷ ʦʧʨʦʤʽʥʝʥʦʛʦ ʜʝʪʝʢʪʦʨʘ ʟ ʢʦʥʮʝʥʪʨʘʮʽʷʤʠ ʽʥʰʠʭ ʜʝʬʝʢʪʽʚ, 

ʟʘʟʥʘʯʝʥʠʤʠ ʚ ʪʘʙʣʠʮʽ 5.1. ɺʠʜʥʦ, ʱʦ ʧʦʚʥʘ ʚʪʨʘʪʘ ʨʝʻʩʪʨʫʚʘʣʴʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʽʷʭ ʜʝʬʝʢʪʫ Z~ 4Ț1013 ʩʤ-3. ɼʣʷ ʮʽʻʾ ʢʦʥʮʝʥʪʨʘʮʽʾ Z 

ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʦʙʯʠʩʣʝʥʥʷ ʟʘʣʝʞʥʦʩʪʽ ɖ ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ ʣʝʛʫʶʯʦʛʦ ʭʣʦʨʫ. 

ʈʝʟʫʣʴʪʘʪ ʨʦʟʨʘʭʫʥʢʽʚ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʥʘ ʨʠʩ. 5.3. ɿ ʧʦʨʽʚʥʷʥʥʷ ʨʠʩʫʥʢʽʚ 5.1 ʽ 5.3  
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ʈʠʩ. 5.2. ɽʬʝʢʪʠʚʥʽʩʪʴ ʟʙʦʨʫ ʟʘʨʷʜʽʚ ʚ ʦʧʨʦʤʽʥʝʥʦʤʫ CdTe:Cl ʜʝʪʝʢʪʦʨʽ ʚ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ ʨʘʜʽʘʮʽʡʥʦʛʦ ʜʝʬʝʢʪʫ Z ʜʣʷ ʟʘʨʷʜʽʚ, ʜʨʝʡʬʫʶʯʠʭ ʚʽʜ 

ʨʽʟʥʠʭ ʢʦʦʨʜʠʥʘʪ d0 ʚʽʜʥʦʩʥʦ ʢʘʪʦʜʘ. ɺʝʨʪʠʢʘʣʴʥʘ ʰʪʨʠʭʦʚʘ ʣʽʥʽʷ ʚʽʜʟʥʘʯʘʻ 

ʚʠʤʽʨʷʥʫ ʢʦʥʮʝʥʪʨʘʮʽʶ Z ʚ ʜʦʩʣʽʜʞʫʚʘʥʦʤʫ ʜʝʪʝʢʪʦʨʽ.  

 
ʈʠʩ. 5.3. ɽʬʝʢʪʠʚʥʽʩʪʴ ʟʙʦʨʫ ʟʘʨʷʜʽʚ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʚʤʽʩʪʫ ʣʝʛʫʶʯʦʛʦ ʭʣʦʨʫ ʚ 

ʜʝʪʝʢʪʦʨʽ CdTe: Cl ʧʽʩʣʷ ʦʧʨʦʤʽʥʝʥʥʷ ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʽʾ ʨʘʜʽʘʮʽʡʥʦʛʦ ʜʝʬʝʢʪʫ Z 

4Ț1013ʩʤ-3. ɺʝʨʪʠʢʘʣʴʥʘ ʽ ʛʦʨʠʟʦʥʪʘʣʴʥʘ ʧʫʥʢʪʠʨʥʽ ʣʽʥʽʾ ʚʽʜʦʙʨʘʞʘʶʪʴ 

ʢʦʥʮʝʥʪʨʘʮʽʶ Cl ʽ ɖ ʚ ʜʦʩʣʽʜʞʫʚʘʥʦʤʫ ʜʝʪʝʢʪʦʨʽ.  
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ʚʠʜʥʦ, ʱʦ ʚ ʜʦʩʣʽʜʞʫʚʘʥʦʤʫ ʤʘʪʝʨʽʘʣʽ ʝʬʝʢʪʠʚʥʽʩʪʴ ʟʙʦʨʫ ʟʘʨʷʜʽʚ ʟʤʝʥʰʠʣʘʩʷ, 

ʱʦʥʘʡʤʝʥʰʝ, ʥʘ ʧʦʨʷʜʦʢ. ʗʢʱʦ ʧʨʠ ʨʦʟʨʘʭʫʥʢʘʭ ʟʘʤʽʩʪʴ ʜʝʬʝʢʪʫ Z ʚʠʢʦʨʠʩʪʘʪʠ 

ʧʘʨʘʤʝʪʨʠ ʨʘʜʽʘʮʽʡʥʦʛʦ ʜʝʬʝʢʪʫ A1, ʪʦ ʦʪʨʠʤʫʶʪʩɹ ̫ʧʨʠʙʣʠʟʥʦ ʪʘʢʽ ʞ ʟʘʣʝʞʥʦʩʪʽ, 

ʱʦ ʽ ʥʘ ʨʠʩ. 5.3. ɺʠʭʦʜʷʯʠ ʟ ʮʴʦʛʦ, ʘ ʪʘʢʦʞ ʟ ʧʦʨʽʚʥʷʥʥʷ ʨʠʩʫʥʢʽʚ 5.1ï5.3 ʤʦʞʥʘ 

ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʜʝʛʨʘʜʘʮʽʷ ʜʝʪʝʢʪʦʨʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʽʜʦʙʨʘʞʘʻʪʴʩʷ 

ʟʩʫʚʦʤ ʟʘʣʝʞʥʦʩʪʽ ɖ ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ ʭʣʦʨʫ ʚ ʩʪʦʨʦʥʫ ʙʽʣʴʰʠʭ ʢʦʥʮʝʥʪʨʘʮʽʡ Cl. ɸ 

ʮʝ ʦʟʥʘʯʘʻ, ʱʦ ʜʝʛʨʘʜʘʮʽʷ ʧʨʠ ʦʧʨʦʤʽʥʝʥʥʽ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʫʪʚʦʨʝʥʥʷʤ 

ʽʦʥʽʟʦʚʘʥʠʭ ʨʘʜʽʘʮʽʡʥʠʭ ʘʢʮʝʧʪʦʨʽʚ, ʢʽʣʴʢʽʩʪʴ ʷʢʠʭ ʧʝʨʝʚʘʞʘʻ ʚʤʽʩʪ ʽʦʥʽʟʦʚʘʥʠʭ 

ʨʘʜʽʘʮʽʡʥʠʭ ʜʦʥʦʨʽʚ.  

ʅʘ ʨʠʩ.5.4 ʧʦʢʘʟʘʥʽ ʟʘʣʝʞʥʦʩʪʽ ʧʠʪʦʤʦʛʦ ʦʧʦʨʫ CdTe:Cl ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʭʣʦʨʫ ʜʣʷ ʧʝʨʚʠʥʥʦʛʦ ʥʝʦʧʨʦʤʽʥʝʥʦʛʦ ʤʘʪʝʨʽʘʣʫ (ʢʨʠʚʘ 1), ʧʽʩʣʷ ʨʝʥʪʛʝʥʽʚʩʴʢʦʛʦ 

ʦʧʨʦʤʽʥʝʥʥʷ ʟ ʚʠʤʽʨʷʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ (ʢʨʠʚʘ 2) ʽ ʜʣʷ ʦʧʨʦʤʽʥʝʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, 

ʷʢʠʡ ʚʪʨʘʯʘʻ ʩʚʦʾ ʜʝʪʝʢʪʦʨʥʽ ʚʣʘʩʪʠʚʦʩʪʽ (ʢʨʠʚʘ 3) ʟʛʽʜʥʦ ʟ ʦʙʯʠʩʣʝʥʥʷʤʠ ʧʨʠ 

N(Z)= 4Ā1013 ʩʤ-3. ɺ ʦʩʪʘʥʥʴʦʤʫ ʚʠʧʘʜʢʫ ʧʠʪʦʤʠʡ ʦʧʽʨ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʟʨʘʟʢʘ 

ʟʤʝʥʰʫʻʪʴʩʷ ʥʘ ʪʨʠ ʧʦʨʷʜʢʠ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʪʝʤʥʦʚʦʛʦ ʩʪʨʫʤʫ 

ʚʠʪʦʢʫ ʽ, ʪʘʢʠʤ ʯʠʥʦʤ, ʜʦʜʘʪʢʦʚʦ ʧʦʛʽʨʰʫʻ ʡʦʛʦ ʜʝʪʝʢʪʦʨʥʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʚ ʪʦʡ ʯʘʩ 

ʷʢ ʜʣʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʚʠʤʽʨʷʥʦ ʾ ʢʦʥʮʝʥʪʨʘʮʽʾ N(Z)=2Ŀ1012ʩʤ-3 ʚ ʤʘʪʝʨʽʘʣʽ, 

ʦʧʨʦʤʽʥʝʥʦʤʫ ʜʦʟʦʶ 260 ʢɻʨ, ʦʙʯʠʩʣʝʥʠʡ ʧʠʪʦʤʠʡ ʦʧʽʨ ʥʘʚʽʪʴ ʜʝʱʦ ʟʙʽʣʴʰʫʻʪʴʩʷ 

(ʨʠʩ. 5.4, ʢʨʠʚʽ 1, 2). ɼʣʷ N(Z)=4Ț1013 ʩʤ-3 ʦʙʯʠʩʣʝʥʝ ʟʥʘʯʝʥʥʷ ʯʘʩʫ ʞʠʪʪʷ 

ʥʝʨʽʚʥʦʚʘʞʥʠʭ ʥʦʩʽʾʚ ʟʘʨʷʜʫ ʚ ʜʦʩʣʽʜʞʫʚʘʥʦʤʫ ʦʧʨʦʤʽʥʝʥʦʤʫ ʟʨʘʟʢʫ ʟʤʝʥʰʫʻʪʴʩʷ 

ʜʣʷ ʝʣʝʢʪʨʦʥʽʚ ʧʨʠʙʣʠʟʥʦ ʥʘ ʜʚʘ ʧʦʨʷʜʢʠ (Űeå2Ț10
-8 ʩʝʢ), ʘ ʜʣʷ ʜʽʨʦʢ ï ʥʘ ʪʨʠ 

ʧʦʨʷʜʢʠ (Űp~10ï9 ʩʝʢ). ʇʨʠ ʮʴʦʤʫ ʚʝʣʠʯʠʥʘ ʝʣʝʢʪʨʦʥʥʦʾ ʨʫʭʣʠʚʦʩʪʽ ʧʽʩʣʷ 

ʦʧʨʦʤʽʥʝʥʥʷ ʧʨʘʢʪʠʯʥʦ ʥʝ ʟʤʽʥʶʻʪʴʩʷ ʟʘ ʫʤʦʚʠ ʨʽʚʥʦʤʽʨʥʦʛʦ ʨʦʟʧʦʜʽʣʫ 

ʨʘʜʽʘʮʽʡʥʠʭ ʜʝʬʝʢʪʽʚ ʚ ʢʨʠʩʪʘʣʽ.  

ʈʽʚʝʥʴ ʌʝʨʤʽ ʜʣʷ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʦʧʨʦʤʽʥʝʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʟʥʘʭʦʜʠʪʴʩʷ ʙʽʣʷ 

ʟʥʘʯʝʥʥʷ EV + 0.52 ʝɺ, ʱʦ ʙʣʠʟʴʢʦ ʜʦ ʨʽʚʥʷ ʨʘʜʽʘʮʽʡʥʦʛʦ ʜʝʬʝʢʪʫ Z, ʘ ʪʘʢʦʞ 

ʜʝʬʝʢʪʫ J, ʢʦʥʮʝʥʪʨʘʮʽʷ ʷʢʦʛʦ ʟʥʘʯʥʦ ʟʨʦʩʣʘ ʧʽʩʣʷ ʦʧʨʦʤʽʥʝʥʥʷ (ʨʠʩ. 5.5). ʊʘʢʠʤ  
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ʈʠʩ. 5.4. ɿʘʣʝʞʥʽʩʪʴ ʧʠʪʦʤʦʛʦ ʦʧʦʨʫ CdTe:Cl ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ ʣʝʛʫʶʯʦʛʦ ʭʣʦʨʫ. 1 - 

ʥʝʦʧʨʦʤʽʥʝʥʠʡ ʤʘʪʝʨʽʘʣ; 2 - ʧʽʩʣʷ ʦʧʨʦʤʽʥʝʥʥʷ ʜʦʟʦʶ 260 ʢɻʨ; 3 - ʜʣʷ 

ʦʧʨʦʤʽʥʝʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʟ ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʨʘʜʽʘʮʽʡʥʦʛʦ ʜʝʬʝʢʪʫ N(Z)=4Ț1013ʩʤï3, 

ʧʨʠ ʷʢʽʡ ʚʪʨʘʯʘʶʪʴʩʷ ʜʝʪʝʢʪʦʨʥʽ ʚʣʘʩʪʠʚʦʩʪʽ. 

 

ʈʠʩ. 5.5. ʇʦʚʝʜʽʥʢʘ ʨʽʚʥʷ ʌʝʨʤʽ F ʚ CdTe:Cl ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʣʝʛʫʶʯʦʾ ʜʦʤʽʰʢʠ; 1 - ʥʝʦʧʨʦʤʽʥʝʥʠʡ ʤʘʪʝʨʽʘʣ; 2 - ʦʧʨʦʤʽʥʝʥʠʡ CdTe:Cl ʟ 

ʚʠʤʽʨʷʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʨʽʚʥʽʚ; 3 - ʦʧʨʦʤʽʥʝʥʠʡ CdTe:Cl ʟ ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʨʽʚʥʷ Z 

4Ā1013ʩʤ-3, ʧʨʠ ʷʢʽʡ ʜʝʪʝʢʪʦʨ ʚʪʨʘʯʘʻ ʨʝʻʩʪʨʫʚʘʣʴʥʽ ʚʣʘʩʪʠʚʦʩʪʽ.  
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ʯʠʥʦʤ, ʚ ʦʧʨʦʤʽʥʝʥʦʤʫ ʜʝʪʝʢʪʦʨʽ ʥʘ ʦʩʥʦʚʽ CdTe:Cl ʦʩʥʦʚʥʫ ʨʦʣʴ ʚ ʧʦʛʽʨʰʝʥʥʽ ʯʠ 

ʧʦʚʥʽ ʜʝʛʨʘʜʘʮʽʾ ʨʝʻʩʪʨʫʚʘʣʴʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʚʽʜʽʛʨʘʻ ʟʘʭʦʧʣʝʥʥʷ ʚʽʣʴʥʠʭ ʥʦʩʽʾʚ 

ʟʘʨʷʜʫ ʥʘ ʛʣʠʙʦʢʠʭ ʨʘʜʽʘʮʽʡʥʠʭ ʨʽʚʥʷʭ Z ʽ J, ʘ ʪʘʢʦʞ ʟʥʘʯʥʝ ʟʤʝʥʰʝʥʥʷ ʧʠʪʦʤʦʛʦ 

ʝʣʝʢʪʨʦʦʧʦʨʫ.  

ɽʢʩʧʝʨʠʤʝʥʪ, ʧʨʦʚʝʜʝʥʠʡ ʚ ʨʦʙʦʪʽ [12] ʧʦʢʘʟʘʚ, ʱʦ ʜʝʪʝʢʪʦʨ ʥʘ ʦʩʥʦʚʽ 

Cd0.9Zn0.1Te ʧʽʩʣʷ ʨʝʥʪʛʝʥʽʚʩʴʢʦʛʦ ʦʧʨʦʤʽʥʝʥʥʷ ʜʦʟʦʶ 260 ʢɻʨ ʧʨʘʢʪʠʯʥʦ ʥʝ 

ʚʪʨʘʯʘʻ ʩʚʦʾʭ ʨʝʻʩʪʨʫʚʘʣʴʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ CdTe. ʇʨʠʯʠʥʠ ʪʘʢʦʾ 

ʙʽʣʴʰ ʚʠʩʦʢʦʾ ʨʘʜʽʘʮʽʡʥʦʾ ʩʪʽʡʢʦʩʪʽ ʟʘʣʠʰʘʣʠʩʷ ʥʝ ʟ'ʷʩʦʚʘʥʠʤʠ. ɺ ʦʧʨʦʤʽʥʝʥʦʤʫ 

Cd0.9Zn0.1Te ʟ'ʷʚʣʷʶʪʴʩʷ ʜʝʬʝʢʪʠ A00 ʽ D (ʪʘʙʣ. 5.2), ʷʢʽ ʥʝ ʤʦʞʫʪʴ ʙʝʟʧʦʩʝʨʝʜʥʴʦ 

ʚʧʣʠʚʘʪʠ ʥʘ ʜʨʝʡʬ ʥʝʨʽʚʥʦʚʘʞʥʠʭ ʥʦʩʽʾʚ ʟʘʨʷʜʫ ʚ ʜʝʪʝʢʪʦʨʽ. ʈʽʚʝʥʴ A00 ʟʘʥʘʜʪʦ 

ʤʽʣʢʠʡ ʽ ʡʦʛʦ ʧʣʦʱʘ ʧʝʨʝʨʽʟʫ ʟʘʭʦʧʣʝʥʥʷ ʜʫʞʝ ʤʘʣʘ, ʪʦʤʫ ʚʽʥ ʧʨʘʢʪʠʯʥʦ ʥʝ 

ʟʘʭʦʧʣʶʻ ʜʨʝʡʬʫʶʯʽ ʥʝʨʽʚʥʦʚʘʞʥʽ ʥʦʩʽʾ ʟʘʨʷʜʫ. ʑʦ ʩʪʦʩʫʻʪʴʩʷ ʨʽʚʥʷ D, ʪʦ, ʷʢ 

ʧʦʢʘʟʘʣʦ ʤʦʜʝʣʶʚʘʥʥʷ, ʩʫʢʫʧʥʽʩʪʴ ʪʘʢʠʭ ʧʘʨʘʤʝʪʨʽʚ ʷʢ ʢʦʥʮʝʥʪʨʘʮʽʷ (9Ț1010ʩʤ-3), 

ʧʦʣʦʞʝʥʥʷ ʡʦʛʦ ʝʥʝʨʛʽʾ ʚ ʟʘʙʦʨʦʥʝʥʽʡ ʟʦʥʽ (EV+0.41) ʽ ʧʣʦʱʘ ʧʝʨʝʨʽʟʫ ʟʘʭʦʧʣʝʥʥʷ 

(8Ā10-16ʩʤ-2) ʪʘʢʦʞ ʥʝ ʜʦʟʚʦʣʷʶʪʴ ʡʦʤʫ ʤʘʪʠ ʟʥʘʯʥʠʡ ʚʧʣʠʚ ʥʘ ʜʨʝʡʬ ʚʽʣʴʥʠʭ 

ʝʣʝʢʪʨʦʥʽʚ ʽ ʜʽʨʦʢ, ʘ ʟʥʘʯʠʪʴ ʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʟʙʦʨʫ ʟʘʨʷʜʽʚ. ʈʽʚʥʽ J ʽ H1 ʤʦʞʥʘ 

ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʦʩʥʦʚʥʠʡ ʬʘʢʪʦʨ ʤʦʞʣʠʚʦʾ ʜʝʛʨʘʜʘʮʽʾ ʩʧʝʢʪʨʦʩʢʦʧʽʯʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʜʝʪʝʢʪʦʨʘ Cd0.9Zn0.1Te ʟʘ ʫʤʦʚʠ ʟʥʘʯʥʦʛʦ ʟʙʽʣʴʰʝʥʥʷ ʜʦʟʠ 

ʦʧʨʦʤʽʥʝʥʥʷ ʧʦʥʘʜ 260 ʢɻʨ. ɻʣʠʙʠʥʠ ʟʘʣʷʛʘʥʥʷ ʽ ʧʝʨʝʨʽʟʫ ʟʘʭʦʧʣʝʥʥʷ ʮʠʭ ʨʽʚʥʽʚ 

ʜʦʩʠʪʴ ʚʝʣʠʢʽ, ʾʭ ʢʦʥʮʝʥʪʨʘʮʽʾ ʧʽʩʣʷ ʦʧʨʦʤʽʥʝʥʥʷ ʟʨʦʩʪʘʶʪʴ ʤʘʡʞʝ ʥʘ ʧʦʨʷʜʦʢ, 

ʜʦʩʷʛʘʶʯʠ ʜʣʷ H1 ʚʝʣʠʯʠʥʠ (1,5Ā1013ʩʤ-3) (ʜʠʚ. ʪʘʙʣ. 5.2). ɺʠʭʦʜʷʯʠ ʟ 

ʚʠʱʝʩʢʘʟʘʥʦʛʦ, ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʨʘʜʽʘʮʽʡʥʦ-ʩʪʠʤʫʣʴʦʚʘʥʠʭ 

ʨʽʚʥʽʚ J ʽ H1 ʥʘ ʜʝʪʝʢʪʦʨʥʽ ʚʣʘʩʪʠʚʦʩʪʽ Cd0.9Zn0.1Te.  

ʅʘ ʨʠʩ. 5.6 ʧʦʢʘʟʘʥʽ ʟʘʣʝʞʥʦʩʪʽ ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʙʦʨʫ ʟʘʨʷʜʽʚ ʜʝʪʝʢʪʦʨʘ ʧʨʠ 

ʨʽʟʥʠʭ ʢʦʥʮʝʥʪʨʘʮʽʷʭ ʜʝʬʝʢʪʽʚ J ʽ H1 ʚʽʜ ʢʦʦʨʜʠʥʘʪʠ ʧʦʯʘʪʢʫ ʜʨʝʡʬʫ ʜʦ ʝʣʝʢʪʨʦʜʽʚ 

ʚʽʣʴʥʠʭ ʥʦʩʽʾʚ ʟʘʨʷʜʫ. ʈʠʩ. 5.6 (ʘ) ʜʝʤʦʥʩʪʨʫʻ ʚʧʣʠʚ ʜʝʬʝʢʪʫ J ʥʘ ʟʙʽʨ ʟʘʨʷʜʽʚ. ɼʣʷ 
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a)         ʙ) 

ʈʠʩ. 5.6. ɽʬʝʢʪʠʚʥʽʩʪʴ ʟʙʦʨʫ ʟʘʨʷʜʽʚ ʜʣʷ ʚʽʣʴʥʠʭ ʥʦʩʽʾʚ, ʜʨʝʡʬʫʶʯʠʭ ʚʽʜ ʨʽʟʥʠʭ 

ʪʦʯʦʢ d0 ʤʽʞʝʣʝʢʪʨʦʜʥʦʛʦ ʧʨʦʤʽʞʢʫ ʜʝʪʝʢʪʦʨʘ ʥʘ ʦʩʥʦʚʽ Cd0.9Zn0.1Te. ʘ) ʧʨʠ 

ʟʨʦʩʪʘʶʯʠʭ ʢʦʥʮʝʥʪʨʘʮʽʷʭ J  ̔ʧʨʠ ʚʠʤʽʨʷʥʠʭ ʢʦʥʮʝʥʪʨʘʮʽʷʭ H1: ʧʦʯʘʪʢʦʚʦʶ ʽ ʧʽʩʣʷ 

ʦʧʨʦʤʽʥʝʥʥʷ; b) ï ʧʨʠ ʟʨʦʩʪʘʶʯʠʭ ʢʦʥʮʝʥʪʨʘʮʽʷʭ J ʽ H1 ʚ ʧʨʦʮʝʩʽ ʦʧʨʦʤʽʥʝʥʥʷ. 

 

ʚʝʨʭʥʴʦʾ ʢʨʠʚʦʾ ʢʦʥʮʝʥʪʨʘʮʽʷ ʜʝʬʝʢʪʫ H1 ʜʦʨʽʚʥʶʻ ʡʦʛʦ ʧʦʯʘʪʢʦʚʽʡ ʢʦʥʮʝʥʪʨʘʮʽʾ ʚ 

ʥʝʦʧʨʦʤʽʥʝʥʦʤʫ ʟʨʘʟʢʫ 2Ā1012ʩʤ-3 ʽ N(J)=0. ɼʣʷ ʨʝʰʪʠ ʟʘʣʝʞʥʦʩʪʝʡ ʢʦʥʮʝʥʪʨʘʮʽʷ 

N(H1)=1.5Ț1013ʩʤ-3 ʚʽʜʧʦʚʽʜʘʻ ʚʝʣʠʯʠʥʽ, ʚʠʤʽʨʷʥʽʡ ʧʽʩʣʷ ʦʧʨʦʤʽʥʝʥʥʷ. ɼʣʷ 

ʧʦʨʽʚʥʷʥʥʷ ʥʘ ʨʠʩ.5.6 (ʙ) ʥʘʚʝʜʝʥʦ ʟʘʣʝʞʥʦʩʪʽ ʧʨʘʢʪʠʯʥʦ ʜʣʷ ʪʠʭ ʞʝ J, ʘʣʝ ʧʨʠ 

ʨʽʟʥʠʭ ʢʦʥʮʝʥʪʨʘʮʽʷʭ H1, ʷʢʽ ʚ ʧʨʦʮʝʩʽ ʦʧʨʦʤʽʥʝʥʥʷ ʟʙʽʣʴʰʫʶʪʴʩʷ ʘʞ ʜʦ 

1,5Ț1015ʩʤ-3. ʄʦʞʥʘ ʙʘʯʠʪʠ, ʱʦ ʜʣʷ ʚʠʤʽʨʷʥʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ H1 ʧʦʚʥʘ ʜʝʛʨʘʜʘʮʽʷ 

ʜʝʪʝʢʪʦʨʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʠ N(J) = 2Ā1013ʩʤ-3, ʭʦʯʘ ʜʣʷ ʮʽʻʾ ʞ 

ʢʦʥʮʝʥʪʨʘʮʽʾ J ʧʨʠ ʟʙʽʣʴʰʝʥʦʤʫ ʥʘ ʜʚʘ ʧʦʨʷʜʢʠ ʚʤʽʩʪʽ H1 ʧʦʚʥʦʾ ʜʝʛʨʘʜʘʮʽʾ ʥʝʤʘʻ. 

ʇʦʨʽʚʥʶʶʯʠ ʨʠʩ. 5.6 (a) ʽ ʨʠʩ. 5.6 (ʙ), ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʚʠʨʽʰʘʣʴʥʠʡ 

ʚʥʝʩʦʢ ʫ ʧʦʛʽʨʰʝʥʥʷ ʨʝʻʩʪʨʫʚʘʣʴʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʜʝʪʝʢʪʦʨʘ ʚʥʦʩʠʪʴ ʨʽʚʝʥʴ J. ʎʝ 

ʪʘʢʦʞ ʥʘʦʯʥʦ ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʨʠʩ. 5.7, ʟ ʷʢʦʛʦ ʷʩʥʦ ʚʠʜʥʦ, ʱʦ ʧʨʠʩʫʪʥʽʩʪʴ H1 

ʯʘʩʪʢʦʚʦ ʥʝʡʪʨʘʣʽʟʫʻ ʥʝʛʘʪʠʚʥʠʡ ʚʧʣʠʚ ʨʽʚʥʷ J ʥʘ ʚʣʘʩʪʠʚʦʩʪʽ ʜʝʪʝʢʪʦʨʘ. ʎʝ ʦʜʥʘ ʟ 

ʧʨʠʯʠʥ ʙʽʣʴʰ ʚʠʩʦʢʦʾ ʨʘʜʽʘʮʽʡʥʦʾ ʩʪʽʡʢʦʩʪʽ ʜʝʪʝʢʪʦʨʘ ʥʘ ʦʩʥʦʚʽ Cd0.9Zn0.1Te ʫ 

ʧʦʨʽʚʥʷʥʥʽ ʟ ʜʝʪʝʢʪʦʨʦʤ ʥʘ ʦʩʥʦʚʽ CdTe:Cl. 
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ʈʠʩ. 5.7. ɽʬʝʢʪʠʚʥʽʩʪʴ ʟʙʦʨʫ ʟʘʨʷʜʽʚ ʚ ʦʧʨʦʤʽʥʝʥʦʤʫ Cd0.9Zn0.1Te ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʚʤʽʩʪʫ ʨʘʜʽʘʮʽʡʥʦʛʦ ʜʝʬʝʢʪʫ J ʧʨʠ ʨʽʟʥʠʭ ʢʦʥʮʝʥʪʨʘʮʽʷʭ  H1, ʩʤ-3: 1 ï 1Ț1013; 2 ï 

1.5Ț1013; 3 ï 2Ț1013; 4 ï 2.5Ț1013; 5 ï 5Ț1013; 6 ï 2Ț1014; 7 ï 8Ț1014; 8 ï 3Ț1015.  

 ɼʣʷ ʧʦʷʩʥʝʥʥʷ ʮʴʦʛʦ ʝʬʝʢʪʫ ʤʦʞʥʘ ʨʦʟʛʣʷʥʫʪʠ ʚʧʣʠʚ ʨʽʚʥʽʚ J ʽ H1 ʥʘ 

ʧʦʚʝʜʽʥʢʫ ʨʽʚʥʷ ʌʝʨʤʽ F. ʅʘ ʨʠʩ. 5.8 ʧʦʢʘʟʘʥʽ ʟʘʣʝʞʥʦʩʪʽ ʧʦʣʦʞʝʥʥʷ ʨʽʚʥʷ ʌʝʨʤʽ ʚ 

ʟʘʙʦʨʦʥʝʥʽʡ ʟʦʥʽ ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ J ʧʨʠ ʨʽʟʥʦʤʫ ʚʤʽʩʪʽ ʜʝʬʝʢʪʫ H1, ʘ ʪʘʢʦʞ 

ʧʦʣʦʞʝʥʥʷ ʨʽʚʥʽʚ J, Y, W, H1. ɿ ʨʠʩ. 5.8 ʚʠʧʣʠʚʘʻ, ʱʦ ʟʙʽʣʴʰʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ H1 

ʧʽʜʚʠʱʫʻ ʧʦʣʦʞʝʥʥʷ ʨʽʚʥʷ ʌʝʨʤʽ, ʚ ʪʦʡ ʯʘʩ ʷʢ ʟʙʽʣʴʰʝʥʥʷ ʚʤʽʩʪʫ ʜʝʬʝʢʪʫ J 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʥʠʞʝʥʥʷ F ʜʦ ʟʥʘʯʝʥʴ ʝʥʝʨʛʽʾ, ʷʢʽ ʙʣʠʟʴʢʽ ʜʦ ʨʽʚʥʷ J. ʇʦʨʽʚʥʶʶʯʠ 

ʨʠʩʫʥʢʠ 5.6 ʽ 5.7, ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ ʧʨʦ ʪʝ, ʱʦ ʜʝʛʨʘʜʘʮʽʷ ʨʝʻʩʪʨʫʚʘʣʴʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʜʝʪʝʢʪʦʨʘ ʥʘ ʦʩʥʦʚʽ Cd0.9Zn0.1Te ʤʦʞʝ ʚʽʜʙʫʚʘʪʠʩʷ ʰʣʷʭʦʤ 

ʟʘʭʦʧʣʝʥʥʷ ʚʽʣʴʥʠʭ ʥʦʩʽʾʚ ʟʘʨʷʜʫ ʥʘ ʨʽʚʥʽ J. ɿʙʽʣʴʰʝʥʥʷ ʚʤʽʩʪʫ H1 ʚʽʜʪʷʛʫʻ ʨʽʚʝʥʴ 

ʌʝʨʤʽ ʚ ʩʝʨʝʜʠʥʫ ʽ ʚʝʨʭʥʶ ʯʘʩʪʠʥʫ ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ, ʧʦʩʣʘʙʣʶʶʯʠ ʪʠʤ ʩʘʤʠʤ 

ʧʨʦʮʝʩʠ ʟʘʭʦʧʣʝʥʥʷ ʚʽʣʴʥʠʭ ʝʣʝʢʪʨʦʥʽʚ ʽ ʜʽʨʦʢ ʥʘ ʨʽʚʥʽ J. ʄʦʜʝʣʶʚʘʥʥʷ, ʧʨʦʚʝʜʝʥʝ 

ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʢʦʥʮʝʥʪʨʘʮʽʡ ʨʘʜʽʘʮʽʡʥʠʭ ʜʝʬʝʢʪʽʚ ʟ ʪʘʙʣʠʮʴ 5.1 ʽ 5.2, ʧʦʢʘʟʘʣʦ, ʱʦ 

ʨʘʜʽʘʮʽʡʥʦ-ʩʪʠʤʫʣʴʦʚʘʥ ̔ʜʝʬʝʢʪʠ A00 ʽ D ʚ Cd0.9Zn0.1Te ʧʦʤʽʪʥʦ ʤʝʥʰʝ ʚʧʣʠʚʘʶʪʴ 

ʥʘ ɟ ʽ ɖ ʥʽʞ ʨʘʜʽʘʮʽʡʥ ̔ʜʝʬʝʢʪʠ A1 ʽ Z ʚ CdTe. ʇʨʠʯʠʥʦʶ ʮʴʦʛʦ ʷʚʠʱʘ ʻ ʪʝ, ʱʦ ʧʨʠ 

ʦʧʨʦʤʽʥʝʥʥʽ ʟʨʦʩʪʘʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽ ʾ A1 ʽ Z ʚ CdTe:Cl ʧʦʤʽʪʥʦ ʙʽʣʴʰʝ, ʥʽʞ 

ʟʙʽʣʴʰʝʥʥʷ ʚʤʽʩʪʫ A00 ʽ D ʚ Cd0.9Zn0.1Te. ʎʝ ʪʘʢʦʞ ʩʣʫʞʠʪʴ ʧʨʠʯʠʥʦʶ ʙʽʣʴʰ 
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ʚʠʩʦʢʦʾ ʨʘʜʽʘʮʽʡʥʦʾ ʩʪʽʡʢʦʩʪʽ ʦʧʨʦʤʽʥʝʥʠʭ ʜʝʪʝʢʪʦʨʽʚ ʥʘ ʦʩʥʦʚʽ CdZnTe, ʪʘʢ ʷʢ 

ʨʽʚʥʽ ʜʝʬʝʢʪʽʚ A00 ʽ D ʙʝʨʫʪʴ ʫʯʘʩʪʴ ʚ ʧʨʦʮʝʩʘʭ ʢʦʤʧʝʥʩʘʮʽʾ ʽ ʤʘʣʘ ʾʭ ʢʦʥʮʝʥʪʨʘʮʽʷ 

ʩʣʘʙʦ ʚʧʣʠʚʘʻ ʥʘ ʧʦʣʦʞʝʥʥʷ ʨʽʚʥʷ ʌʝʨʤʽ ʽ ʧʠʪʦʤʠʡ ʦʧʽʨ ʮʴʦʛʦ ʤʘʪʝʨʽʘʣʫ.  

ʃʝʛʢʦ ʟʨʦʟʫʤʽʪʠ, ʱʦ ʧʨʠ ʦʧʨʦʤʽʥʝʥʥʽ ʜʝʛʨʘʜʘʮʽʷ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʩʫʧʨʦʚʦʜʞʫʚʘʥʘ ʟʤʽʱʝʥʥʷʤ ʨʽʚʥʷ ʌʝʨʤʽ ʙʣʠʞʯʝ ʜʦ 

ʚʘʣʝʥʪʥʦʾ ʟʦʥʠ, ʧʦʚ'ʷʟʘʥʘ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʢʦʥʮʝʥʪʨʘʮʽʡ ʘʢʮʝʧʪʦʨʥʠʭ ʨʽʚʥʽʚ 

ʜʚʦʨʘʟʦʚʦ ʟʘʨʷʜʞʝʥʠʭ ʚʘʢʘʥʩʽʡ Cd2-, Zn2-, ʘ ʪʘʢʦʞ ʾʭ ʢʦʤʧʣʝʢʩʽʚ ʟ ʬʦʥʦʚʠʤʠ ʽ 

ʣʝʛʫʶʯʠʤʠ ʜʦʤʽʰʢʘʤʠ. ʊʘʢʦʞ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʦʮʝʩ ʩʘʤʦʢʦʤʧʝʥʩʘʮʽʾ ʧʨʠ 

ʦʧʨʦʤʽʥʝʥʥʽ, ʷʢʠʡ ʧʦʣʷʛʘʻ ʚ ʟʙʽʣʴʰʝʥʥʽ ʚʤʽʩʪʫ ʛʣʠʙʦʢʦʛʦ ʜʦʥʦʨʘ, ʷʢʠʡ ʚʽʜʪʷʛʫʻ 

ʨʽʚʝʥʴ ʌʝʨʤʽ ʚ ʙʽʢ ʟʦʥʠ ʧʨʦʚʽʜʥʦʩʪʽ. ʋ ʨʦʣʽ ʪʘʢʦʛʦ ʛʣʠʙʦʢʦʛʦ ʜʦʥʦʨʘ ʤʦʞʫʪʴ 

ʚʠʩʪʫʧʘʪʠ ʚʘʢʘʥʩʽʾ ʪʝʣʫʨʫ VTe, ʪʝʣʫʨ ʫ ʤʽʞʚʫʟʣʽ TeI, ʘʙʦ ʡʦʛʦ ʢʦʤʧʣʝʢʩʠ. ʆʯʝʚʠʜʥʦ, 

ʱʦ ʮʽ ʜʚʘ ʢʦʥʢʫʨʫʶʯʽ ʧʨʦʮʝʩʠ ʚʧʣʠʚʘʶʪʴ ʥʝ ʪʽʣʴʢʠ ʥʘ ʟʘʭʦʧʣʝʥʥʷ ʥʝʨʽʚʥʦʚʘʞʥʠʭ 

ʥʦʩʽʾʚ ʟʘʨʷʜʫ, ʘʣʝ ʡ ʥʘ ʧʠʪʦʤʠʡ ʦʧʽʨ CdTe ʽ CdZnTe.  

 
ʈʠʩ. 5.8. ʇʦʚʝʜʽʥʢʘ ʨʽʚʥʷ ʌʝʨʤʽ ʚ ʟʘʙʦʨʦʥʝʥʽʡ ʟʦʥʽ Cd0.9Zn0.1Te ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʚʤʽʩʪʫ ʜʝʬʝʢʪʽʚ J ʽ H1.  

ʈʠʩ.5.9 ʜʝʤʦʥʩʪʨʫʻ ʧʦʚʝʜʽʥʢʫ ʧʠʪʦʤʦʛʦ ʦʧʦʨʫ ɟ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʥʝʩʢʦʤʧʝʥʩʦʚʘʥʦʾ ʯʘʩʪʠʥʠ ʤʽʣʢʠʭ ʜʦʥʦʨʽʚ Nd - Na ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʚʤʽʩʪʫ 

ʨʘʜʽʘʮʽʡʥʠʭ ʜʝʬʝʢʪʽʚ J ʽ H1 ʽ ʧʨʦʧʦʨʮʽʡʥʦʤʫ ʟʙʽʣʴʰʝʥʥʽ ʢʦʥʮʝʥʪʨʘʮʽʡ ʨʘʜʽʘʮʽʡʥʠʭ 
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ʜʝʬʝʢʪʽʚ A00 ʽ D ʚ ʧʨʦʮʝʩʽ ʦʧʨʦʤʽʥʝʥʥʷ. ɿ ʨʠʩʫʥʢʘ ʚʠʜʥʦ, ʱʦ ʧʽʩʣʷ ʦʧʨʦʤʽʥʝʥʥʷ 

ʜʦʟʦʶ 260 ʢɻʨ (ʢʨʠʚʘ 2) ʧʠʪʦʤʠʡ ʦʧʽʨ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʟʨʘʟʢʘ ʪʨʦʭʠ ʟʤʝʥʰʫʻʪʴʩʷ ʚ 

ʧʦʨʽʚʥʷʥʥʽ ʟ ʥʝʦʧʨʦʤʽʥʝʥʠʤ ʩʪʘʥʦʤ (ʢʨʠʚʘ 1). ʇʦʜʘʣʴʰʝ ʟʙʽʣʴʰʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʨʘʜʽʘʮʽʡʥʠʭ ʜʝʬʝʢʪʽʚ J ʽ H1 ʧʨʠ ʦʧʨʦʤʽʥʝʥʥʽ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʩʪʫʧʦʚʦʛʦ 

ʟʤʝʥʰʝʥʥʷ ɟ ʧʨʠʙʣʠʟʥʦ ʚ ʜʚʘ ʨʘʟʠ (ʢʨʠʚʽ 3-6). ʊʘʢʠʤ ʯʠʥʦʤ ʨʽʚʥʽ ʨʘʜʽʘʮʽʡʥʦ-

ʩʪʠʤʫʣʴʦʚʘʥʠʭ ʜʝʬʝʢʪʽʚ A00 ʽ D ʥʝ ʚʧʣʠʚʘʶʪʴ ʥʘ ʜʨʝʡʬ ʽ ʟʘʭʦʧʣʝʥʥʷ 

ʥʝʨʽʚʥʦʚʘʞʥʠʭ ʥʦʩʽʾʚ ʟʘʨʷʜʫ ʚ ʤʽʞʝʣʝʢʪʨʦʜʥʦʤʫ ʧʨʦʩʪʦʨʽ, ʧʨʦʪʝ ʧʨʦʧʦʨʮʽʡʥʝ 

ʟʙʽʣʴʰʝʥʥʷ ʾʭ ʢʦʥʮʝʥʪʨʘʮʽʾ ʚ ʧʨʦʮʝʩʽ ʦʧʨʦʤʽʥʝʥʥʷ ʩʪʘʙʽʣʽʟʫʻ ʧʠʪʦʤʠʡ ʦʧʽʨ. 

ʈʦʟʛʣʷʥʝʤʦ ʨʠʩ. 5.10, ʥʘ ʷʢʦʤʫ ʟʦʙʨʘʞʝʥʘ ʟʘʣʝʞʥʽʩʪʴ ʧʠʪʦʤʦʛʦ ʦʧʦʨʫ ʚʽʜ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʜʝʬʝʢʪʫ H1 ʧʨʠ ʬʽʢʩʦʚʘʥʠʭ ʚʠʤʽʨʷʥʠʭ ʢʦʥʮʝʥʪʨʘʮʽʷʭ A00, D. 

   
ʈʠʩ. 5.9. ɿʘʣʝʞʥʦʩʪʽ ɟ Cd0.9Zn0.1Te ʚʽʜ ʥʝʢʦʤʧʝʥʩʦʚʘʥʦʾ ʯʘʩʪʠʥʠ ʤʽʣʢʠʭ ʜʦʥʦʨʽʚ ʜʣʷ 

ʟʨʦʩʪʘʶʯʠʭ ʢʦʥʮʝʥʪʨʘʮʽʡ ʨʘʜʽʘʮʽʡʥʦ-ʩʪʠʤʫʣʴʦʚʘʥʠʭ ʜʝʬʝʢʪʽʚ J, H1, A00, D, ʩʤ-3.  

1 ï ʥʝʦʧʨʦʤʽʥʝʥʠʡ (N(J)=0, N(H1)=2Ț1012cʤ-3); 2 ï N(J)=1,5Ț1011, N(H1)=1.5Ț1013, 

N(A00)=1.4Ț1012, N(D)=9Ț1010; 3 ï N(J)=5Ț1011, N(H1)=5Ț1013, N(A00)=4.5Ț1012, 

N(D)=3Ț1011; 4 ï N(J)=2Ț1012, N(H1)=2Ț1014, N(A00)=1.8Ț1013, N(D)=1.2Ț1012; 5ï

N(J)=8Ț1012, N(H1)= 8Ț1014, N(A00)=7.0Ț1013, N(D)=4.8Ț1012; 6 ï N(J)=1,3Ț1013, 

N(H1)= 1,3Ț1015; N(A00)=1.0Ț1014, N(D)=7.2Ț1012. 
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ɿʙʽʣʴʰʝʥʥʷ ʚʤʽʩʪʫ H1 ʚʧʣʠʚʘʻ ʥʘ ʨʽʚʝʥʴ ʌʝʨʤʽ ʽ ʪʦʤʫ ʧʦʤʽʪʥʦ ʧʽʜʚʠʱʫʻ ʧʠʪʦʤʠʡ 

ʦʧʽʨ CdZnTe. ʇʨʠ N(J)=2Ț1013 ʩʤ-3, ʢʦʣʠ ʜʝʪʝʢʪʦʨ ʟʥʘʯʥʦ ʚʪʨʘʯʘʻ ʨʝʻʩʪʨʫʚʘʣʴʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ, ʧʽʜʚʠʱʝʥʥʷ ʚʤʽʩʪʫ ʜʝʬʝʢʪʫ H1 ʚʽʜ 1Ā1013 ʜʦ 1Ā1014 ʩʤ-3 ʟʙʽʣʴʰʫʻ 

ʧʠʪʦʤʠʡ ʦʧʽʨ ʥʘ ʧ'ʷʪʴ ʧʦʨʷʜʢʽʚ (ʨʠʩ. 5.10, ʢʨʠʚʽ 1 ʽ 6). ʋ ʮʴʦʤʫ ʪʘʢʦʞ ʧʨʦʷʚʣʷʻʪʴʩʷ 

ʧʦʟʠʪʠʚʥʠʡ ʚʧʣʠʚ ʨʽʚʥʷ H1 ʥʘ ʨʘʜʽʘʮʽʡʥʫ ʩʪʽʡʢʽʩʪʴ ʜʝʪʝʢʪʦʨʘ ʥʘ CdZnTe.  

ʇʨʝʜʩʪʘʚʣʝʥʽ ʚ ʜʘʥʽʡ ʨʦʙʦʪʽ ʟʘʣʝʞʥʦʩʪʽ, ʷʢʽ ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʥʘ ʦʩʥʦʚʽ 

ʧʨʠʡʥʷʪʠʭ ʬʽʟʠʯʥʠʭ ʤʦʜʝʣʝʡ, ʜʦʟʚʦʣʷʶʪʴ ʚ ʦʩʥʦʚʥʦʤʫ ʷʢʽʩʥʦ ʦʧʠʩʘʪʠ ʚʧʣʠʚ 

ʨʘʜʽʘʮʽʡʥʦ-ʩʪʠʤʫʣʴʦʚʘʥʠʭ ʨʽʚʥʽʚ ʥʘ ʚʣʘʩʪʠʚʦʩʪʽ ʜʝʪʝʢʪʦʨʽʚ ʥʘ ʦʩʥʦʚʽ CdTe ʽ 

CdZnTe. ʂʽʣʴʢʽʩʥʽ ʦʮʽʥʢʠ ʥʦʩʷʪʴ ʧʨʠʙʣʠʟʥʠʡ ʭʘʨʘʢʪʝʨ ʯʝʨʝʟ ʟʥʘʯʥʽ ʪʨʫʜʥʦʱʽ 

ʪʦʯʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʛʣʠʙʦʢʠʭ ʨʽʚʥʽʚ ʚ ʩʠʣʴʥʦ ʢʦʤʧʝʥʩʦʚʘʥʠʭ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘʭ.  

 
ʈʠʩ. 5.10. ʇʠʪʦʤʠʡ ʦʧʽʨ Cd0.9Zn0.1Te ʚʽʜ Nd-Na ʧʨʠ ʬʽʢʩʦʚʘʥʽʡ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʨʘʜʽʘʮʽʡʥʠʭ ʜʝʬʝʢʪʽʚ N(J)=2Ț1013, N(A00)=1.4Ț1012, N(D)=9Ț1010ʩʤ-3 ʽ ʨʽʟʥʠʭ 

ʢʦʥʮʝʥʪʨʘʮʽʷʭ ʜʝʬʝʢʪʫ H1; 1 ï N(H1)=1.0Ț1014; 2 ï N(H1)=4.0Ț1013; 3 ï 

N(H1)=3.0Ț1013; 4 ï N(H1)=2.0Ț1013; 5 ï N(H1)=1.50Ț1013; 6 ï N(H1)=1.0Ț1013 ʩʤ-3. 
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5.2 ʆʧʨʦʤʽʥʝʥʥʷ ʛʘʤʤʘ-ʢʚʘʥʪʘʤʠ 

ʄʝʪʦʜʦʤ ʢʦʤʧ'ʶʪʝʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʙʫʣʦ ʚʠʚʯʝʥʦ ʟʤʽʥʘ ʧʠʪʦʤʦʾ ʦʧʦʨʫ ʪʘ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʙʦʨʫ ʟʘʨʷʜʽʚ ʜʝʪʝʢʪʦʨʽʚ ʽʦʥʽʟʫʶʯʠʭ ʚʠʧʨʦʤʽʥʶʚʘʥʴ ʥʘ ʦʩʥʦʚʽ 

Cd0.9Zn0.1Te, ʱʦ ʧʽʜʜʘʚʘʣʠʩʷ ɔ-ʦʧʨʦʤʽʥʝʥʥʶ ʤʘʣʦʾ ʜʦʟʠ. ɺ ʷʢʦʩʪʽ ʚʚ̔ʜʥʠʭ ʩʣʫʞʠʣʠ 

ʜʘʥ̔, ʦʪʨʠʤʘʥʽ ʚ [19], ʜʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʩʧʝʢʪʨʠ ʪʝʨʤʦʩʪʠʤʫʣʴʦʚʘʥʦʾ 

ʩʪʨʫʤʦʚʦʾ ʩʧʝʢʪʨʦʩʢʦʧʽʾ (TSC), ʦʙʨʦʙʣʝʥʽ ʤʝʪʦʜʦʤ SIMPA [27, 28].  

ʋ ʪʘʙʣʠʮʽ 5.3 ʧʨʝʜʩʪʘʚʣʝʥʽ ʜʘʥʽ ʧʨʦ ʚʝʣʠʯʠʥʠ ʢʦʥʮʝʥʪʨʘʮʽʾ Ni, ʧʦʣʦʞʝʥʥʷ 

ʨʽʚʥʽʚ ʝʥʝʨʛʽʾ Ei ʽ ʧʝʨʝʨʽʟʫ ʟʘʭʦʧʣʝʥʥʷ ůi ʨʘʜʽʘʮʽʡʥʠʭ ʽ ʬʦʥʦʚʠʭ ʜʝʬʝʢʪʽʚ 

Cd0.9Zn0.1Te:Al, ʥʘʚʝʜʝʥʽ ʚ [19]. ʈʽʚʥʽ ʝʥʝʨʛʽʡ ʘʢʮʝʧʪʦʨʽʚ ʚʽʜʣʽʯʫʶʪʴʩʷ ʚʽʜ ʚʘʣʝʥʪʥʦʾ 

ʟʦʥʠ, ʘ ʜʦʥʦʨʽʚ - ʚʽʜ ʟʦʥʠ ʧʨʦʚʽʜʥʦʩʪʽ. ɼʦʩʣʽʜʞʝʥʥʷ ʚ ʨʦʙʦʪʽ [19] ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ 

ʥʝʦʧʨʦʤʽʥʝʥʠʭ ʟʨʘʟʢʘʭ, ʧʽʩʣʷ ɔ-ʦʧʨʦʤʽʥʝʥʥʷ ʜʦʟʦʶ 2,7 ʢɻʨ ʽ ʯʝʨʝʟ ʤʽʩʷʮʴ 

ʚʠʪʨʠʤʢʠ ʧʽʩʣʷ ʦʧʨʦʤʽʥʝʥʥʷ. ʄʝʪʦʜʦʤ TSC ʙʫʣʠ ʚʠʤʽʨʷʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʝʚ'ʷʪʠ 

ʜʝʬʝʢʪʽʚ. ɼʝʩʷʪʠʡ ʜʝʬʝʢʪ, ʷʢʠʡ ʚʠʩʪʫʧʘʻ ʚ ʨʦʣʽ ʛʣʠʙʦʢʦʛʦ ʜʦʥʦʨʘ, ʙʫʚ 

ʟʘʨʝʻʩʪʨʦʚʘʥʠʡ ʰʣʷʭʦʤ ʟʘʧʠʩʫ ʩʧʝʢʪʨʘ ʪʝʤʥʦʚʦʛʦ ʩʪʨʫʤʫ ʙʝʟ ʬʦʪʦʟʙʫʜʞʝʥʥʷ. 

ʊʘʢʠʤ ʤʝʪʦʜʦʤ ʤʦʞʥʘ ʚʠʤʽʨʶʚʘʪʠ ʧʦʣʦʞʝʥʥʷ ʨʽʚʥʷ ʝʥʝʨʛʽʾ, ʘʣʝ ʥʝ ʡʦʛʦ 

ʢʦʥʮʝʥʪʨʘʮʽʶ ʽ ʧʝʨʝʨʽʟ ʟʘʭʦʧʣʝʥʥʷ, ʪʦʤʫ ʜʣʷ ʨʽʚʥʷ ʝʥʝʨʛʽʾ ʛʣʠʙʦʢʦʛʦ ʜʦʥʦʨʘ Edd 

ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ ʧʝʨʝʨʽʟ ʟʘʭʦʧʣʝʥʥʷ 5Ā10-18 ʩʤ2, ʱʦ ʧʨʠʙʣʠʟʥʦ ʚʽʜʧʦʚʽʜʘʻ ʧʝʨʝʨʽʟʫ 

ʟʘʭʦʧʣʝʥʥʷ, ʷʢʽ ʤʘʶʪʴ ʩʫʩʽʜʥʽ ʨʽʚʥʽ. ʎʝ ʜʘʣʦ ʚʽʜʦʤʝ ʟʥʘʯʝʥʥʷ ʯʘʩʫ ʞʠʪʪʷ 

ʥʝʨʽʚʥʦʚʘʞʥʠʭ ʥʦʩʽʾʚ ʟʘ-ʨʷʜʫ ~10-6ʩʝʢ. ʂʦʥʮʝʥʪʨʘʮʽʷ Ndd ʨʽʚʥʷ ʛʣʠʙʦʢʦʛʦ ʜʦʥʦʨʘ 

Edd ʚʘʨʽʶʚʘʣʘʩʷ ʚ ʰʠʨʦʢʠʭ ʤʝʞʘʭ, ʟ ʬʽʢʩʘʮʽʻʶ ʤʦʤʝʥʪʫ ʧʝʨʝʭʦʜʫ ʚʽʜ ʥʠʟʴʢʦʤʥʦʛʦ 

ʜʦ ʥʘʧʽʚʽʟʦʣʶʶʯʦʛʦ ʩʪʘʥʫ, ʚ ʷʢʦʤʫ ʧʨʘʮʶʶʪʴ ʩʫʯʘʩʥʽ ʜʝʪʝʢʪʦʨʠ. 

ʋ ʨʽʚʥʷʥʥʷ ʝʣʝʢʪʨʦʥʝʡʪʨʘʣʴʥʦʩʪʽ (2.2) ʙʫʣʠ ʚʢʣʶʯʝʥʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ʽ ʨʽʚʥʽ 

ʝʥʝʨʛʽʡ 10 ʜʝʬʝʢʪʽʚ ʟ ʊʘʙʣʠʮʽ 5.3, ʘ ʪʘʢʦʞ ʣʝʛʫʶʯʦʛʦ ʘʣʶʤʽʥʽʶ, ʷʢʠʡ ʻ ʤʽʣʢʠʤ 

ʜʦʥʦʨʦʤ. ʇʦʪʽʤ ʨʦʟʨʘʭʦʚʫʚʘʣʘʩʷ ʨʫʭʣʠʚʽʩʪʴ ʝʣʝʢʪʨʦʥʽʚ ʥʘ ʦʩʥʦʚʽ ʢʣʘʩʠʯʥʦʾ ʪʝʦʨʽʾ 

ʨʦʟʩʽʶʚʘʥʥʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʪʨʘʜʠʮʽʡʥʠʭ ʤʝʭʘʥʽʟʤʽʚ ʨʦʟʩʽʶʚʘʥʥʷ ʥʘ ʜʦʤʽʰʢʘʭ ʽ 

ʬʦʥʦʥʘʭ. ʇʠʪʦʤʠʡ ʦʧʽʨ ʚʠʟʥʘʯʘʣʦʩʷ ʟʘ ʬʦʨʤʫʣʦʶ (2.10). ʈʫʭʣʠʚʽʩʪʴ ʜʽʨʦʢ ɛp 

ʧʨʠʡʤʘʣʘʩʷ ʨʽʚʥʦʶ 70 ʩʤ2/(ɺĿʩ). ɼʝʪʝʢʪʦʨ ʧʨʠʧʫʩʢʘʚʩʷ ʧʣʦʩʢʦʧʘʨʘʣʝʣʴʥʠʤ ʟ 

ʚʽʜʩʪʘʥʥʶ 5 ʤʤ ʤʽʞ ʝʣʝʢʪʨʦʜʘʤʠ, ʽ ʥʘʧʨʫʞʝʥʽʩʪʶ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ 1000 ɺ/ʩʤ. 
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ʏʘʩ ʞʠʪʪʷ ʥʦʩʽʾʚ ʟʘʨʷʜʫ, ʱʦ ʜʨʝʡʬʫʶʪʴ ʚ ʤʽʞʝʣʝʢʪʨʦʜʥʦʤʫ ʧʨʦʩʪʦʨʽ ʜʝʪʝʢʪʦʨʘ, 

ʚʠʟʥʘʯʘʚʩʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʪʝʦʨʽʾ ʐʦʢʣʽ-ʈʽʜʘ-ʍʦʣʣʘ. ʆʪʨʠʤʘʥʽ ʟʥʘʯʝʥʥʷ ʨʫʭʣʠʚʦʩʪʽ, 

ʯʘʩʫ ʞʠʪʪʷ ʽ ʧʘʨʘʤʝʪʨʠ ʜʝʪʝʢʪʦʨʘ ʧʽʜʩʪʘʚʣʷʣʠʩʷ ʚ ʬʦʨʤʫʣʫ ʍʝʛʪʘ (4.2) ʽ ʪʘʢʠʤ 

ʯʠʥʦʤ ʚʠʟʥʘʯʘʣʘʩʷ ʝʬʝʢʪʠʚʥʽʩʪʴ ʟʙʦʨʫ ʟʘʨʷʜʽʚ. 

ɿ ʪʘʙʣʠʮʽ 5.3 ʚʠʜʥʦ, ʱʦ ʚ ʭʦʜʽ ʦʧʨʦʤʽʥʝʥʥʷ ʽ ʧʦʜʘʣʴʰʦʾ ʚʠʪʨʠʤʢʠ ʧʨʦʪʷʛʦʤ 1 

ʤʽʩʷʮʷ ʟʤʽʥʶʶʪʴʩʷ ʚʩʽ ʧʘʨʘʤʝʪʨʠ (Ni, Ei, ůi) ʚʩʽʭ ʟʘʨʝʻʩʪʨʦʚʘʥʠʭ ʜʝʬʝʢʪʽʚ. ʊʘʢʫ 

ʟʤʽʥʫ ʥʝ ʤʦʞʥʘ ʧʦʷʩʥʠʪʠ ʥʘʚʽʪʴ ʜʣʷ ʩʪʘʜʽʾ ɔ-ʦʧʨʦʤʽʥʝʥʥʷ, ʷʢʝ ʚʠʙʠʚʘʻ ʘʪʦʤʠ ʟ  

 

ʊʘʙʣʠʮʷ 5.3  

ʇʘʨʘʤʝʪʨʠ ʨʽʚʥʽʚ ʚ Cd0.9Zn0.1Te:Al, ʚʠʤʽʨʷʥʽ ʤʝʪʦʜʦʤ TSC ʜʣʷ ʥʝʦʧʨʦʤʽʥʝʥʦʛʦ 

ʟʨʘʟʢʘ, ʧʽʩʣʷ ʦʧʨʦʤʽʥʝʥʥʷ ʽ ʯʝʨʝʟ 1 ʤʽʩʷʮʴ ʚʠʪʨʠʤʢʠ ʧʽʩʣʷ ʦʧʨʦʤʽʥʝʥʥʷ [19].  

ʈʽʚʝʥʴ 

ɽʥʝʨʛʽʷ i-ʪʦʛʦ ʨʽʚʥʷ Ei, ʝɺ ʂʦʥʮʝʥʪʨʘʮʽʷ Ni, ʩʤ-3 ʇʝʨʝʨʽʟ ʟʘʭʚʘʪʫ ůi, ʩʤ2 

ʥʝʦʧʨʦʤ

ʽʥʝʥʠʡ 

ʧʽʩʣʷ 

ʦʧʨʦʤʽʥʝʥʥ

 ̫

ʯʝʨʝʟ 1 

ʤʽʩʷʮʴ 

ʚʠʪʨʠʤʢ

ʠ 

ʥʝʦʧʨʦʤʽʥʝʥʠ

ʡ 

ʧʽʩʣʷ 

ʦʧʨʦʤʽʥʝʥʥ

 ̫

ʯʝʨʝʟ 1 

ʤʽʩʷʮʴ 

ʚʠʪʨʠʤʢ

ʠ 

ʥʝʦʧʨʦʤʽʥʝʥʠ

ʡ 

ʧʽʩʣʷ 

ʦʧʨʦʤʽʥʝʥʥ

 ̫

ʯʝʨʝʟ 1 

ʤʽʩʷʮʴ 

ʚʠʪʨʠʤʢ

ʠ 

1E-(Ag, Au) 0.047 ï 0.051 3Ț1014 ï 6.6Ț1014 1.16Ț10-14 ï 9.44Ț10-14 

2E- (VCd) 
0.094 0.102 0.099  3.6Ț1014 3.9Ț1014 4.0Ț1014 3.63Ț10-19 3.72Ț10-19 3.75Ț10-19 

3E-(A) 0.127  0.129 0.128 1.5Ț1014 1.2Ț1014 1.8Ț1014 1.08Ț10-18 8.8Ț10-19 9.77Ț10-19 

4E-(TeCd ) 
0.185 ï ï 8.1Ț1013 ï ï 4,06Ț10-18 ï ï 

5E-(ʉ) 0.236 0.232 0,234 4.2Ț1013 3.1Ț1014 3.3Ț1014 2.18Ț10-18 1.00Ț10-18 9.56Ț10-19 

6E-(Cu) 0.291 0.309 0.312 4.1Ț1014 5.5Ț1014 5.8Ț1014 1.71Ț10-18 1.91Ț10-18 1.82Ț10-18 

2

7E +
(TeCd) 

0.371 0.368 0.372 4.6Ț1014 3.5Ț1014 3.8Ț1014 6,66Ț10-18 7,77Ț10-18 7,61Ț10-18 

9E-(VCd) 
0.507 0.488 0.487 7.2Ț1014 9.5Ț1014 8.8Ț1014 2.83Ț10-18 2.74Ț10-18 2.99Ț10-18 

9E-(VZn) 
0.620 0.621 0.624 1.1Ț1014 2.0Ț1014 2.7Ț1014 6.8Ț10-17 9.16Ț10-18 9.68Ț10-18 

ddE+  0.554 0.792 0.782 1Ŀ1014ï 4.9Ț1015 5.0Ț10-18 
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ʨʝʰʽʪʢʠ ʟʽ ʩʚʦʾʭ ʚʫʟʣʽʚ ʽ ʟʙʽʣʴʰʫʻ ʢʦʥʮʝʥʪʨʘʮʽʶ ʨʘʜʽʘʮʽʡʥʠʭ ʜʝʬʝʢʪʽʚ, ʦʜʥʘʢ ʥʝ 

ʤʦʞʝ ʟʤʽʥʶʚʘʪʠ ʢʦʥʮʝʥʪʨʘʮʽʶ (ʘ ʪʘʢʦʞ ůi ʽ Ei) ʚʩʽʭ ʟʘʨʝʻʩʪʨʦʚʘʥʠʭ ʜʝʬʝʢʪʽʚ. ʊʠʤ 

ʙʽʣʴʰ ʜʠʚʥʦ ʚʠʛʣʷʜʘʻ ʟʤʽʥʘ Ni, ůi ʽ Ei ʚʩʽʭ ʜʝʬʝʢʪʽʚ ʚ ʧʨʦʮʝʩʽ ʧʦʩʪʨʘʜʽʘʮʽʡʥʦʾ 

ʚʠʪʨʠʤʢʠ. ʇʨʦʪʝ ʤʦʞʥʘ ʧʨʠʧʫʩʪʠʪʠ, ʱʦ ʚ ʭʦʜʽ ɔ-ʦʧʨʦʤʽʥʝʥʥʷ ʽ ʧʦʜʘʣʴʰʦʾ 

ʧʦʩʪʨʘʜʽʘʮʽʡʥʦʾ ʚʠʪʨʠʤʢʠ ʚ ʨʝʟʫʣʴʪʘʪʽ ʨʽʟʥʠʭ ʜʠʬʫʟʽʡʥʠʭ ʽ ʨʝʣʘʢʩʘʮʽʡʥʠʭ ʧʨʦʮʝʩʽʚ 

ʟʤʽʥʶʻʪʴʩʷ ʟʘʨʷʜʦʚʠʡ ʩʪʘʥ ʣʦʢʘʣʴʥʠʭ ʮʝʥʪʨʽʚ ʽ ʢʦʤʧʣʝʢʩʽʚ ʜʝʬʝʢʪʽʚ. ʎʝ, ʚ ʩʚʦʶ 

ʯʝʨʛʫ, ʟʤʽʥʶʻ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ ʢʦʥʮʝʥʪʨʘʮʽʷʤʠ ʟʘʨʷʜʞʝʥʠʭ ʮʝʥʪʨʽʚ ʽ ʚʽʣʴʥʠʭ 

ʥʦʩʽʾʚ ʟʘʨʷʜʫ, ʪʦʙʪʦ ʩʪʫʧʽʥʴ ʢʦʤʧʝʥʩʘʮʽʾ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘ. ɿ ʽʥʰʦʛʦ ʙʦʢʫ, ʚ ʨʦʙʦʪʽ 

[46] ʥʘ ʧʨʠʢʣʘʜʽ ʢʨʝʤʥʽʶ ʙʫʣʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʢʘʟʘʥʦ, ʱʦ ʚʠʤʽʨʷʥʽ ʚʝʣʠʯʠʥʠ 

ʢʦʥʮʝʥʪʨʘʮʽʡ ʝʣʝʢʪʨʠʯʥʦ ʘʢʪʠʚʥʠʭ ʘʪʦʤʽʚ ʣʝʛʫʶʯʦʾ ʜʦʤʽʰʢʠ ʟʘʣʝʞʘʪʴ ʚʽʜ ʪʠʧʫ ʽ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʚʠʭʽʜʥʠʭ ʜʦʤʽʰʦʢ. ɸʚʪʦʨ ʪʘʢʦʞ ʟʨʦʙʠʚ ʚʠʩʥʦʚʦʢ ʧʨʦ ʪʝ, ʱʦ ʚ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʩʪʫʧʝʥʷ ʢʦʤʧʝʥʩʘʮʽʾ ʤʘʪʝʨʽʘʣʫ ʽ ʫʤʦʚ ʝʢʩʧʝʨʠʤʝʥʪʫ, ʦʜʥʽ ʽ ʪʽ ʞ 

ʜʦʤʽʰʢʦʚʽ ʘʪʦʤʠ ʟ ʛʣʠʙʦʢʠʤʠ ʝʥʝʨʛʝʪʠʯʥʠʤʠ ʨʽʚʥʷʤʠ ʤʦʞʫʪʴ ʩʪʚʦʨʠʪʠ ʚ 

ʟʘʙʦʨʦʥʝʥʽʡ ʟʦʥʽ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘ ʨʽʟʥʽ ʚʝʣʠʯʠʥʠ ʮʠʭ ʨʽʚʥʽʚ, ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ 

ʧʝʚʥʠʤ ʩʪʘʥʘʤ ʚ ʢʨʠʩʪʘʣʽʯʥʽʡ ʨʝʰʽʪʮʽ. ɺʠʩʥʦʚʢʠ ʨʦʙʦʪʠ [46] ʤʦʞʥʘ ʟʘʩʪʦʩʫʚʘʪʠ ʽ 

ʜʣʷ ʚʠʧʘʜʢʫ CdZnTe, ʱʦ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʚ ʜʠʩʝʨʪʘʮʽʾ. ʊʦʜʽ ʦʪʨʠʤʫʶʪʴ ʧʦʷʩʥʝʥʥʷ 

ʚʠʤʽʨʷʥʽ ʚ [19] ʟʤʽʥʠ ʢʦʥʮʝʥʪʨʘʮʽʾ, ʧʝʨʝʨʽʟʫ ʟʘʭʦʧʣʝʥʥʷ ʽ ʧʦʣʦʞʝʥʥʷ ʨʽʚʥʽʚ ʝʥʝʨʛʽʾ 

ʜʝʬʝʢʪʽʚ ʨʝʰʽʪʢʠ ʚ Cd0.9Zn0.1Te:Al. ʊʘʢʠʤ ʯʠʥʦʤ, ʨʝʟʫʣʴʪʘʪʠ [19] ʤʦʞʥʘ ʧʦʷʩʥʠʪʠ 

ʥʘ ʦʩʥʦʚʽ ʚʠʩʥʦʚʢʽʚ ʨʦʙʦʪʠ [46]: ʚ ʨʘʟʽ ʩʠʣʴʥʦ ʢʦʤʧʝʥʩʦʚʘʥʦʛʦ CdZnTe 

ʧʦʨʫʰʫʶʪʴʩʷ ʫʤʦʚʠ ʣʦʢʘʣʴʥʦʾ ʝʣʝʢʪʨʦʥʝʡʪʨʘʣʴʥʦʩʪʽ ʚ ʨʝʰʽʪʮʽ, ʟʤʽʥʶʻʪʴʩʷ 

ʧʦʪʝʥʮʽʘʣ ʥʘʚʢʦʣʦ ʜʝʬʝʢʪʫ ʽ ʜʝʬʝʢʪʥʘ ʩʪʨʫʢʪʫʨʘ ʢʨʠʩʪʘʣʽʯʥʦʾ ʨʝʰʽʪʢʠ. ɺ ʮʴʦʤʫ 

ʚʠʧʘʜʢʫ ʩʠʩʪʝʤʘ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʥʝʨʽʚʥʦʚʘʞʥʦʤʫ ʩʪʘʥʽ ʽ ʚʧʣʠʚ ʪʝʤʧʝʨʘʪʫʨʠ, ʪʠʩʢʫ, ʘ 

ʪʘʢʦʞ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ ʘʪʦʤʽʚ ʽʦʥʥʦʛʦ ʦʩʪʦʚʫ ʟʤʽʥʶʻ ʝʣʝʢʪʨʦʥʥʫ ʩʪʨʫʢʪʫʨʫ 

ʜʝʬʝʢʪʽʚ ʽ ʫʤʦʚʠ ʚʟʘʻʤʦʜʽʾ ʜʝʬʝʢʪʽʚ ʽ ʚʽʣʴʥʠʭ ʥʦʩʽʾʚ ʟʘʨʷʜʫ. ɿ ʮʽʻʾ ʧʨʠʯʠʥʠ ʛʣʠʙʦʢʽ 

ʨʽʚʥʽ ʜʝʬʝʢʪʽʚ ʨʝʰʽʪʢʠ ʚ ʮʠʭ ʫʤʦʚʘʭ ʥʝ ʤʘʶʪʴ ʬʽʢʩʦʚʘʥʠʭ ʩʪʘʥʽʚ, ʷʢ ʚ 

ʥʝʩʢʦʤʧʝʥʩʦʚʘʥʦʤʫ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʫ, ʘ ʧʦʩʪʽʡʥʦ ʧʝʨʝʙʫʜʦʚʫʶʪʴʩʷ ʧʽʜ ʚʧʣʠʚʦʤ 

ʟʦʚʥʽʰʥʽʭ ʬʘʢʪʦʨʽʚ. ʇʨʠ ʮʴʦʤʫ ʢʦʞʥʦʤʫ ʢʚʘʟʽʨʽʚʥʦʚʘʞʥʦʤʫ ʩʪʘʥʫ ʨʝʰʽʪʢʠ 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʪʽʣʴʢʠ ʧʝʚʥʽ ʩʪʘʥʠ ʜʝʬʝʢʪʽʚ ʽ ʜʦʤʽʰʦʢ (ʧʦʣʦʞʝʥʥʷ ʾʭ ʚ ʨʝʰʽʪʮʽ, 
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ʝʥʝʨʛʝʪʠʯʥʽ ʨʽʚʥʽ). ʊʘʢ ʱʦ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʩʪʫʧʝʥʷ ʢʦʤʧʝʥʩʘʮʽʾ ʤʘʪʝʨʽʘʣʫ ʽ ʫʤʦʚ 

ʝʢʩʧʝʨʠʤʝʥʪʫ, ʩʪʘʥʫ ʜʝʬʝʢʪʽʚ, ʜʦʤʽʰʢʦʚʠʭ ʘʪʦʤʽʚ ʽ ʚʽʜʧʦʚʽʜʥʽ ʾʤ ʝʥʝʨʛʝʪʠʯʥʽ ʨʽʚʥʽ 

ʥʝ ʻ ʬʽʢʩʦʚʘʥʠʤʠ, ʘ ʤʦʞʫʪʴ ʤʘʪʠ ʨʽʟʥʽ ʟʥʘʯʝʥʥʷ [46]. 

ɼʘʥʽ, ʧʨʝʜʩʪʘʚʣʝʥʽ, ʚ ʪʘʙʣʠʮʽ 5.3, ʦʪʨʠʤʘʥʽ ʰʣʷʭʦʤ ʦʙʨʦʙʢʠ TSC-ʩʧʝʢʪʨʽʚ, 

ʟʘʧʠʩʘʥʠʭ ʚ ʪʝʤʧʝʨʘʪʫʨʥʦʤʫ ʽʥʪʝʨʚʘʣʽ 25ï310 ʂ, ʜʝ ʤʽʣʢʠʤ ʨʽʚʥʷʤʠ ʚʽʜʧʦʚʽʜʘʣʠ 

ʥʠʟʴʢʦʪʝʤʧʝʨʘʪʫʨʥʽ ʧʽʢʠ, ʘ ʛʣʠʙʦʢʠʤ - ʧʽʢʠ ʧʨʠ ʧʽʜʚʠʱʝʥʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʘʞ ʜʦ 

ʢʽʤʥʘʪʥʠʭ. ʆʜʥʘʢ ʨʽʟʥʠʤ ʪʝʤʧʝʨʘʪʫʨʘʤ ʚʽʜʧʦʚʽʜʘʶʪʴ ʨʽʟʥʽ ʩʪʫʧʝʥʽ ʢʦʤʧʝʥʩʘʮʽʾ ʽ, 

ʦʪʞʝ, ʨʽʟʥʽ ʢʚʘʟʽʨʽʚʥʦʚʘʞʥʽ ʩʪʘʥʠ. ɼʝʪʝʢʪʦʨʠ ɔ-ʚʠʧʨʦʤʽʥʶʚʘʥʴ ʥʘ ʦʩʥʦʚʽ CdZnTe 

ʧʨʘʮʶʶʪʴ ʧʨʠ ʢʽʤʥʘʪʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ, ʪʦʙʪʦ ʚ ʫʤʦʚʘʭ, ʚʽʜʤʽʥʥʠʭ ʚʽʜ ʪʠʭ, ʧʨʠ ʷʢʠʭ 

ʚʠʤʽʨʶʚʘʣʠʩʷ ʚʝʣʠʯʠʥʠ Ni, Ei ʽ ůi ʜʣʷ ʙʽʣʴʰʦʩʪʽ ʨʽʚʥʽʚ. ʊʘʢʠʤ ʯʠʥʦʤ, ʤʝʪʦʜ TSC ʪʘ 

ʽʥʰʽ ʩʫʯʘʩʥʽ ʤʝʪʦʜʠʢʠ ʥʝ ʜʦʟʚʦʣʷʶʪʴ ʦʪʨʠʤʘʪʠ ʪʦʯʥʽ ʚʝʣʠʯʠʥʠ Ni, Ei, ůi ʛʣʠʙʦʢʠʭ 

ʨʽʚʥʽʚ ʧʨʠ ʨʦʙʦʯʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʜʝʪʝʢʪʦʨʘ ʥʘ ʦʩʥʦʚʽ ʩʠʣʴʥʦ ʢʦʤʧʝʥʩʦʚʘʥʦʛʦ 

CdZnTe. ʋ ʟʚ'ʷʟʢʫ ʟ ʮʠʤ ʤʘʻ ʩʝʥʩ ʧʨʦʚʦʜʠʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʝʣʝʢʪʨʦʬʽʟʠʯʥʠʭ ʪʘ 

ʜʝʪʝʢʪʦʨʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ Cd0.9Zn0.1Te:Al ʚ ʰʠʨʦʢʦʤʫ ʽʥʪʝʨʚʘʣʽ ʢʦʥʮʝʥʪʨʘʮʽʡ ʽ 

ʝʥʝʨʛʽʡ ʛʣʠʙʦʢʠʭ ʨʽʚʥʽʚ ʜʝʬʝʢʪʽʚ, ʦʩʦʙʣʠʚʦ ʪʠʭ, ʷʢʽ ʧʦʤʽʪʥʦ ʚʧʣʠʚʘʶʪʴ ʥʘ 

ʟʘʭʦʧʣʝʥʥʷ ʥʦʩʽʾʚ ʟʘʨʷʜʫ ʚ ʜʝʪʝʢʪʦʨʽ. 

ʃʝʛʫʚʘʥʥʷ ʘʣʶʤʽʥʽʻʤ - ʪʨʘʜʠʮʽʡʥʝ ʚʥʝʩʝʥʥʷ ʤʽʣʢʦʛʦ ʜʦʥʦʨʘ ʜʣʷ ʢʦʤʧʝʥʩʘʮʽʾ 

ʤʽʣʢʠʭ ʘʢʮʝʧʪʦʨʽʚ ʽ ʯʘʩʪʢʦʚʦʾ ʢʦʤʧʝʥʩʘʮʽʾ ʛʣʠʙʦʢʠʭ ʘʢʮʝʧʪʦʨʽʚ, ʚ ʨʦʣʽ ʷʢʠʭ 

ʚʠʩʪʫʧʘʶʪʴ ʜʚʦʨʘʟʦʚʦ ʟʘʨʷʜʞʝʥʽ ʚʘʢʘʥʩʽʾ ʢʘʜʤʽʶ 
-2

CdV (ʨʽʚʝʥʴ E8) ʽ ʦʜʥʦʢʨʘʪʥʦ 

ʟʘʨʷʜʞʝʥʽ ʚʘʢʘʥʩʽʾ ʮʠʥʢʫ, 
-

ZnV  (ʨʽʚʝʥʴ E9, ʜʠʚ. ʪʘʙʣ. 5.3). 
-

ZnV  ʘʢʪʠʚʥʦ ʙʝʨʫʪʴ ʫʯʘʩʪʴ 

ʚ ʧʨʦʮʝʩʘʭ ʟʘʭʦʧʣʝʥʥʷ ʥʦʩʽʾʚ ʟʘʨʷʜʫ, ʜʨʝʡʬʫʶʯʠʭ ʫ ʤʽʞʝʣʝʢʪʨʦʜʥʦʤʫ ʧʨʦʩʪʦʨʽ, 

ʪʦʤʫ ʩʠʣʴʥʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʨʝʻʩʪʨʫʚʘʣʴʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʜʝʪʝʢʪʦʨʘ. ʇʽʩʣʷ ʢʦʤʧʝʥʩʘʮʽʾ 

ʤʽʣʢʠʭ ʘʢʮʝʧʪʦʨʽʚ ʽ ʚʘʢʘʥʩʽʡ ʢʘʜʤʽʶ 
-2

CdV , ʢʦʥʮʝʥʪʨʘʮʽʷ ʚʽʣʴʥʠʭ ʥʦʩʽʾʚ ʟʘʨʷʜʫ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ ʤʽʞ ʢʦʥʮʝʥʪʨʘʮʽʷʤʠ ʛʣʠʙʦʢʦʛʦ ʘʢʮʝʧʪʦʨʘ 
-

ZnV  ʽ 

ʛʣʠʙʦʢʦʛʦ ʜʦʥʦʨʘ, ʧʦʟʥʘʯʝʥʦʛʦ ʚ ʪʘʙʣʠʮʽ 5.3 ʷʢ 
+

ddE , ʷʢʠʡ ʽ ʟʘʙʝʟʧʝʯʫʻ ʚʠʩʦʢʦʦʤʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ ʤʘʪʝʨʽʘʣʫ ɟ~1010 ʆʤĿʩʤ. ʇʦʧʝʨʝʜʥʽ ʨʦʟʨʘʭʫʥʢʠ ʧʦʢʘʟʘʣʠ, ʱʦ ʜʣʷ 

ʨʦʟʛʣʷʥʫʪʦʛʦ ʚʠʧʘʜʢʫ ʦʧʪʠʤʘʣʴʥʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʘʣʶʤʽʥʽʶ N(Al)=8Ŀ1014ʩʤ-3. ɹʫʣʦ 
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ʧʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʟʘʣʝʞʥʦʩʪʽ ʧʠʪʦʤʦʛʦ ʦʧʦʨʫ ɟ ʚʠʭʽʜʥʦʛʦ ʟʨʘʟʢʘ ʚʽʜ ʟʤʽʥʠ 

ʢʦʥʮʝʥʪʨʘʮʽʾ Ndd ʽ ʝʥʝʨʛʽʾ 
+

ddE  ʛʣʠʙʦʢʦʛʦ ʜʦʥʦʨʘ. ʅʘ ʨʠʩ. 5.11 ʧʦʢʘʟʘʥʽ ʪʨʠʚʠʤʽʨʥʽ 

ʟʘʣʝʞʥʦʩʪʽ lg (ɟ) ʥʝʦʧʨʦʤʽʥʝʥʦʛʦ (ʘ, ʙ) ʽ ʦʧʨʦʤʽʥʝʥʦʛʦ (ʚ, ʛ) Cd0.9Zn0.1Te:Al ʜʣʷ 

ʨʽʟʥʠʭ ʢʦʥʮʝʥʪʨʘʮʽʡ ʚʘʢʘʥʩʽʡ ʮʠʥʢʫ. Edd ʚʽʜʣʽʯʫʻʪʴʩʷ ʚʽʜ ʤʘʢʩʠʤʫʤʫ ʚʘʣʝʥʪʥʦʾ 

ʟʦʥʠ.  

ɿ ʨʠʩ. 5.11 ʚʠʜʥʦ, ʱʦ ʦʧʪʠʤʘʣʴʥʠʡ ʜʣʷ ʨʦʙʦʪʠ ʜʝʪʝʢʪʦʨʘ ʧʠʪʦʤʠʡ ʦʧʽʨ ɟ> 

1010 ʆʤĿʩʤ ʤʘʻ ʤʽʩʮʝ ʚ ʦʙʣʘʩʪʽ ʝʥʝʨʛʽʡ ʛʣʠʙʦʢʦʛʦ ʜʦʥʦʨʘ Edd å 0.8 ʝɺ, ʱʦ 

ʚʽʜʣʽʯʫʻʪʴʩʷ ʚʽʜ ʚʘʣʝʥʪʥʦʾ ʟʦʥʠ. ɿʘʛʘʣʴʥʦʧʨʠʡʥʷʪʘ ʠhʨʠʥʘ ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ 

Cd0.9Zn0.1Te ʧʨʠ ʢʽʤʥʘʪʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʜʦʨʽʚʥʶʻ 1,57 ʝɺ. ɺʽʜʥʦʩʥʦ ʥʠʟʴʢʦʦʤʥʝ 

ʧʣʘʪʦ (~ 107 ʆʤĿʩʤ) ʧʝʨʝʜ ʚʠʩʦʢʦʦʤʥʠʤ ʧʽʢʦʤ ʚʽʜʧʦʚʽʜʘʻ ʥʝʧʦʚʥʽʡ ʢʦʤʧʝʥʩʘʮʽʾ 

ʜʚʦʨʘʟʦʚʦ ʟʘʨʷʜʞʝʥʠʭ ʚʘʢʘʥʩʽʡ ʢʘʜʤʽʶ. ɺʠʜʥʦ, ʱʦ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʢʦʥʮʝʥʪʨʘʮʽʾ 

VZn ʟʤʝʥʰʫʻʪʴʩʷ ʚʠʩʦʢʦʦʤʥʘ ʦʙʣʘʩʪʴ, ʧʨʠʜʘʪʥʘ ʜʣʷ ʨʦʙʦʪʠ ʜʝʪʝʢʪʦʨʘ. ʂʨʽʤ ʪʦʛʦ, ʟʽ 

ʟʙʽʣʴʰʝʥʥʷʤ ʢʦʥʮʝʥʪʨʘʮʽʾ VZn ʟʤʽʥʶʻʪʴʩʷ ʨʽʚʝʥʴ ʝʥʝʨʛʽʾ ʛʣʠʙʦʢʦʛʦ ʜʦʥʦʨʘ, ʷʢʠʡ 

ʥʝʦʙʭʽʜʥʠʡ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʥʘʧʽʚʽʟʦʣʶʶʯʠʭ ʩʪʘʥʫ ɟ> 1010 ʆʤĀʩʤ, ʪʦʙʪʦ ʜʦʥʦʨ 

ʧʦʚʠʥʝʥ ʩʪʘʚʘʪʠ ʙʽʣʴʰ ʛʣʠʙʦʢʠʤ. ʆʪʞʝ, ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʢʦʥʢʨʝʪʥʦʛʦ ʩʢʣʘʜʫ 

ʤʘʪʝʨʽʘʣʫ ʽʩʥʫʻ ʜʝʷʢʘ ʢʨʠʪʠʯʥʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʚʘʢʘʥʩʽʡ ʮʠʥʢʫ, ʧʝʨʝʚʠʱʝʥʥʷ ʷʢʦʾ 

ʚʠʢʣʠʢʘʻ ʥʝʧʨʠʡʥʷʪʥʝ ʜʣʷ ʜʝʪʝʢʪʦʨʘ ʟʥʠʞʝʥʥʷ ɟ ʥʘ ʜʚʘ-ʪʨʠ ʧʦʨʷʜʢʠ.  

ɿʘʣʝʞʥʦʩʪʽ ʨʠʩ. 5.11 ʨʦʟʨʘʭʦʚʘʥʽ ʜʣʷ ʦʜʥʘʢʦʚʠʭ ʜʽʘʧʘʟʦʥʽʚ ʢʦʥʮʝʥʪʨʘʮʽʡ ʽ 

ʨʽʚʥʽʚ ʝʥʝʨʛʽʾ Edd, ʪʦʤʫ ʾʭ ʟʨʫʯʥʦ ʧʦʨʽʚʥʶʚʘʪʠ. ʇʦʨʽʚʥʷʥʥʷ ʨʠʩ. 5.11 a) ʽ ʚ), ʘ ʪʘʢʦʞ 

ʨʠʩ. 5.1 ʙ) ʽ ʛ) ʜʦʟʚʦʣʷʻ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ɔ-ʦʧʨʦʤʽʥʝʥʥʷ ʤʘʣʦʾ ʜʦʟʠ, ʷʢʦʤʫ 

ʧʽʜʜʘʻʪʴʩʷ ʜʝʪʝʢʪʦʨ ʚ ʧʨʦʮʝʩʽ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʚʽʜʨʘʟʫ ʞ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʝʥʰʝʥʥʷ 

ʦʙʣʘʩʪʽ ʚʠʩʦʢʦʦʤʥʦʛʦ ʩʪʘʥʫ ʚ ʨʦʟʛʣʷʥʫʪʦʤʫ ʬʽʢʩʦʚʘʥʦʤʫ ʜʽʘʧʘʟʦʥʽ ʟʤʽʥʠ Ndd, ʘʙʦ 

ʧʨʦʩʪʦ ʟʤʽʱʝʥʥʷ ʮʽʻʾ ʦʙʣʘʩʪʽ ʚ ʩʪʦʨʦʥʫ ʙʽʣʴʰʠʭ ʢʦʥʮʝʥʪʨʘʮʽʡ Ndd. ʎʝ ʦʟʥʘʯʘʻ 

ʧʦʯʘʪʦʢ ʧʨʦʮʝʩʫ ʜʝʛʨʘʜʘʮʽʾ ɟ ʤʘʪʝʨʽʘʣʫ ʜʝʪʝʢʪʦʨʘ ʥʘ ʡʦʛʦ ʦʩʥʦʚʽ. ɸʚʪʦʨʠ ʨʦʙʦʪʠ 

[19] ʟʘʬʽʢʩʫʚʘʣʠ ʟʙʽʣʴʰʝʥʥʷ ɟ ʧʽʩʣʷ ʦʧʨʦʤʽʥʝʥʥʷ. ɿʙʽʣʴʰʝʥʥʷ ʘʙʦ ʟʤʝʥʰʝʥʥʷ ɟ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʜʽʡʩʥʠʤʠ ʚʝʣʠʯʠʥʘʤʠ ʢʦʥʮʝʥʪʨʘʮʽʡ ʽ ʧʦʣʦʞʝʥʥʷʤʠ ʨʽʚʥʽʚ ʝʥʝʨʛʽʾ 

ʜʝʬʝʢʪʽʚ, ʪʦʯʥʦ ʚʠʤʽʨʷʪʠ ʷʢʽ ʧʦʢʠ ʱʦ ʥʝʤʦʞʣʠʚʦ ʜʣʷ ʩʠʣʴʥʦ ʢʦʤʧʝʥʩʦʚʘʥʦʛʦ 

ʤʘʪʝʨʽʘʣʫ. 
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  ʘ)       ʙ) 

 

 
  ʚ)       ʛ) 

ʈʠʩ. 5.11. lg(ɟ) Cd0.9Zn0.1Te:Al ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ ʽ ʝʥʝʨʛʽʾ ʛʣʠʙʦʢʦʛʦ ʜʦʥʦʨʘ. 

ʅʝʦʧʨʦʤʽʥʝʥʠʡ ʜʣʷ ʢʦʥʮʝʥʪʨʘʮʽʡ VZn: 1.1Ŀ10
14ʩʤ-3 (a) ʽ 2Ț1015ʩʤ-3 (ʙ); ʦʧʨʦʤʽʥʝʥʠʡ 

ɔ-ʢʚʘʥʪʘʤʠ ʜʦʟʦʶ 2,7 ʢɻʨ ʜʣʷ ʢʦʥʮʝʥʪʨʘʮʽʡ ʚʘʢʘʥʩʽʾ ʮʠʥʢʫ 2Ŀ1014ʩʤ-3(ʚ) ʽ 2Ŀ1015ʩʤ-3 

(ʛ). ʇʘʨʘʤʝʪʨʠ ʨʝʰʪʠ ʜʝʬʝʢʪʽʚ ʚʢʘʟʘʥʽ ʚ ʪʘʙʣʠʮʽ 5.3.  

ɼʣʷ ʙʽʣʴʰ ʪʦʯʥʦʛʦ ʧʦʨʽʚʥʷʥʥʷ ʥʘ ʨʠʩ 5.12 ʧʨʝʜʩʪʘʚʣʝʥʽ ʟʘʣʝʞʥʦʩʪʽ ʧʠʪʦʤʦʛʦ 

ʦʧʦʨʫ Cd0.9Zn0.1Te:Al ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ ʣʝʛʫʶʯʦʛʦ ʘʣʶʤʽʥʽʶ ʜʦ ʽ ʧʽʩʣʷ ʦʧʨʦʤʽʥʝʥʥʷ 

ʜʣʷ ʨʽʟʥʠʭ ʧʦʣʦʞʝʥʴ ʨʽʚʥʷ ʝʥʝʨʛʽʾ ʛʣʠʙʦʢʦʛʦ ʜʦʥʦʨʘ Edd. ʅʘ ʨʠʩ. 5.12 (a) ʢʨʠʚʘ 1 

ʨʦʟʨʘʭʦʚʘʥʘ ʜʣʷ ʚʠʤʽʨʷʥʦʾ ʚʝʣʠʯʠʥʠ Edd = 0,554 ʝɺ ʥʝʦʧʨʦʤʽʥʝʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʘ 
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ʥʘ ʨʠʩ. 5.12 (ʙ) ʢʨʠʚʘ 6 - ʜʣʷ ʚʠʤʽʨʷʥʦʾ ʚʝʣʠʯʠʥʠ Edd = 0,792 ʝɺ ʧʽʩʣʷ ʦʧʨʦʤʽʥʝʥʥʷ 

ʜʦʟʦʶ 2,7 ʢɻʨ. ɼʝʬʝʢʪʥʠʡ ʩʢʣʘʜ ʦʙʦʭ ʤʘʪʝʨʽʘʣʽʚ ʧʦʢʘʟʘʥʠʡ ʚ ʪʘʙʣʠʮʽ 5.3. 

ɿ ʨʠʩ. 5.12 ʚʽʜʨʘʟʫ ʚʠʜʥʦ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʦʙʯʠʩʣʝʥʠʭ ʢʨʠʚʠʭ ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʦʙʦʪʠ 

[19], ʘʞ ʜʦ ʚʠʤʽʨʷʥʦʾ ʧʽʩʣʷ ʦʧʨʦʤʽʥʝʥʥʷ ʚʝʣʠʯʠʥʠ Edd = 0.792 ʝɺ (ʢʨʠʚʘ 6). ɸ ʩʘʤʝ: 

ʧʨʠ ʦʜʥʘʢʦʚʠʭ ʢʦʥʮʝʥʪʨʘʮʽʷʭ ʣʝʛʫʚʘʥʥʷ ʘʣʶʤʽʥʽʻʤ, ʪʦʙʪʦ ʜʣʷ ʦʜʥʘʢʦʚʠʭ ʟʨʘʟʢʽʚ, 

ʧʽʩʣʷ ɔ-ʦʧʨʦʤʽʥʝʥʥʷ ʤʘʣʠʤʠ ʜʦʟʘʤʠ ʧʠʪʦʤʠʡ ʦʧʽʨ ʤʘʪʝʨʽʘʣʫ ʟʙʽʣʴʰʫʻʪʴʩʷ ʜʣʷ 

ʦʜʥʠʭ ʽ ʪʠʭ ʞʝ ʚʝʣʠʯʠʥ Edd. ʎʝʡ ʚʠʩʥʦʚʦʢ ʫʟʛʦʜʞʫʻʪʴʩʷ ʪʘʢʦʞ ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʨʦʙʦʪʠ [16], ʜʝ ʜʣʷ Cd0.9Zn0.1Te ʙʫʣʦ ʟʘʨʝʻʩʪʨʦʚʘʥʦ  ʟʙʽʣʴʰʝʥʥʷ ɟ ʥʘ ʧʦʯʘʪʢʦʚʦʤʫ 

ʝʪʘʧʽ ɔ-ʦʧʨʦʤʽʥʝʥʥʷ. ʂʨʽʤ ʪʦʛʦ, ʟ ʧʦʨʽʚʥʷʥʥʷ ʨʠʩ. 5.12 (ʘ) ʽ ʨʠʩ. 5.12 (ʙ) ʤʦʞʥʘ 

ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʚ ʧʨʦʮʝʩʽ ʦʧʨʦʤʽʥʝʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʩʫʚ ʟʘʣʝʞʥʦʩʪʽ ɟ ʚʽʜ  

 

   ʘ)       ʙ) 

ʈʠʩ. 5.12. ʇʠʪʦʤʠʡ ʦʧʽʨ Cd0.9Zn0.1Te:Al ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ ʣʝʛʫʶʯʦʛʦ Al ʚ 

ʥʝʦʧʨʦʤʽʥʝʥʦʤʫ ʤʘʪʝʨʽʘʣʽ (a) ʽ ʧʽʩʣʷ ɔ-ʦʧʨʦʤʽʥʝʥʥʷ ʜʦʟʦʶ 2,7 ʢɻʨ (ʙ) ʜʣʷ ʨʽʟʥʠʭ 

ʨʽʚʥʽʚ ʝʥʝʨʛʽʾ Edd, ʚʽʜʜʘʣʝʥʠʭ ʚʽʜ ʟʦʥʠ ʧʨʦʚʽʜʥʦʩʪʽ, ʝɺ: 1 ï 0.554, 2 ï 0.604, 3 ï 

0.654, 4 ï 0.704, 5 ï 0.754, 6 ï 0.792, 7 ï 0.821, 8 ï 0.842. 

N(Al) ʚ ʩʪʦʨʦʥʫ ʙʽʣʴʰʠʭ ʢʦʥʮʝʥʪʨʘʮʽʡ ʘʣʶʤʽʥʽʶ. ʎʝʡ ʨʝʟʫʣʴʪʘʪ ʫʟʛʦʜʞʫʻʪʴʩʷ ʟ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʦʧʝʨʝʜʥʴʦʛʦ ʧʽʜʨʦʟʜʽʣʫ 5.1 ʽ ʨʦʙʽʪ [149, 150], ʜʝ ʜʦʩʣʽʜʞʫʚʘʣʘʩʷ 

ʜʝʛʨʘʜʘʮʽʷ ʜʝʪʝʢʪʦʨʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ Cd0.9Zn0.1Te ʧʽʜ ʚʧʣʠʚʦʤ ʨʝʥʪʛʝʥʽʚʩʴʢʦʛʦ 

ʦʧʨʦʤʽʥʝʥʥʷ. ʊʘʢ ʱʦ, ʷʢʱʦ ʢʦʥʮʝʥʪʨʘʮʽʷ ʣʝʛʫʶʯʦʛʦ ʘʣʶʤʽʥʽʶ ʥʝʜʦʩʪʘʪʥʷ ʧʦ 
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ʚʝʣʠʯʠʥʽ, ʪʦ ʚ ʧʨʦʮʝʩʽ ʝʢʩʧʣʫʘʪʘʮʽʾ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʧʝʨʝʜʯʘʩʥʝ ʟʥʠʞʝʥʥʷ ɟ, ʷʢʝ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʩʪʨʫʤʽʚ ʚʠʪʦʢʫ ʽ ʟʤʝʥʰʝʥʥʷ ʚʽʜʥʦʰʝʥʥʷ ʩʠʛʥʘʣ / ʰʫʤ, 

ʱʦ ʚʠʢʣʠʢʘʻ ʟʥʠʞʝʥʥʷ ʨʝʻʩʪʨʫʚʘʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ ʜʝʪʝʢʪʦʨʘ. ɺ [19] ʜʣʷ 

ʥʝʦʧʨʦʤʽʥʝʥʦʛʦ ʟʨʘʟʢʘ ʙʫʣʘ ʟʘʬʽʢʩʦʚʘʥʘ ʝʥʝʨʛʽʷ ʛʣʠʙʦʢʦʛʦ ʜʦʥʦʨʘ Edd = 0.554 ʝɺ ʠ 

ɟ = 7,5Ŀ109 ʆʤȚʩʤ, ʘ ʜʣʷ ʦʧʨʦʤʽʥʝʥʦʛʦ - Edd = 0.792 ʝɺ ʠ ɟ = 5,6Ț10
10 ʆʤĿʩʤ. ʆʜʥʘʢ ʟ 

ʨʠʩ. 5.12(a) ʚʠʜʥʦ, ʱʦ ʜʣʷ ʚʠʤʽʨʷʥʦʛʦ ʩʢʣʘʜʫ ʽ ʧʘʨʘʤʝʪʨʽʚ ʜʝʬʝʢʪʽʚ ʚʠʭʽʜʥʦʛʦ 

ʟʨʘʟʢʘ ʤʘʡʞʝ ʥʝʤʦʞʣʠʚʦ ʦʪʨʠʤʘʪʠ ʡʦʛʦ ʚʠʩʦʢʦʦʤʥʠʡ ʩʪʘʥ ʧʨʠ ʙʫʜʴ-ʷʢʦʤʫ ʨʽʚʥʽ 

ʣʝʛʫʚʘʥʥʷ ʟʘ ʚʠʥʷʪʢʦʤ ʜʫʞʝ ʚʫʟʴʢʦʾ ʦʙʣʘʩʪʽ ʧʨʠ N(Al) = 2.37Ț1014 ʩʤ-3, ʢʦʣʠ ɟ = 

2,6Ț109 ʆʤȚʩʤ. ʇʨʠʯʦʤʫ ʚʢʘʟʘʥʠʡ ʚʠʩʦʢʦʦʤʥʠʡ ʩʪʘʥ ʚʽʜʨʘʟʫ ʞ ʜʝʛʨʘʜʫʻ ʚ ʭʦʜʽ 

ʦʧʨʦʤʽʥʝʥʥʷ, ʱʦ ʩʫʧʝʨʝʯʠʪʴ ʝʢʩʧʝʨʠʤʝʥʪʫ, ʜʝ ɟ ʟʙʽʣʴʰʫʻʪʴʩʷ. ʇʨʠʯʠʥʦʶ ʪʘʢʦʾ 

ʥʝʚʽʜʧʦʚʽʜʥʦʩʪʽ ʻ ʥʝʤʦʞʣʠʚʽʩʪʴ ʚʠʤʽʨʶʚʘʥʥʷ ʰʣʷʭʦʤ ʟʘʧʠʩʫ ʩʧʝʢʪʨʘ ʪʝʤʥʦʚʦʛʦ 

ʩʪʨʫʤʫ ʙʝʟ ʬʦʪʦʟʙʫʜʞʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʛʣʠʙʦʢʦʛʦ ʜʦʥʦʨʘ, ʝʥʝʨʛʽʷ ʷʢʦʛʦ 

ʟʙʽʣʴʰʫʻʪʴʩʷ ʚ ʧʨʦʮʝʩʽ ʦʧʨʦʤʽʥʝʥʥʷ. ʋ ʟʚ'ʷʟʢʫ ʟ ʮʠʤ ʥʝʤʘʻ ʩʝʥʩʫ ʦʧʝʨʫʚʘʪʠ 

ʪʦʯʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʢʦʥʮʝʥʪʨʘʮʽʡ ʽ ʧʦʣʦʞʝʥʴ ʨʽʚʥʽʚ ʜʝʬʝʢʪʽʚ, ʜʦʩʪʘʪʥʴʦ ʷʢʽʩʥʦʛʦ 

ʨʦʟʛʣʷʜʫ ʜʠʥʘʤʽʢʠ ʧʦʚʝʜʽʥʢʠ ʨʘʜʽʘʮʽʡʥʠʭ ʜʝʬʝʢʪʽʚ. ʊʘʢʦʞ ʧʨʦʚʦʜʠʣʠʩʷ 

ʨʦʟʨʘʭʫʥʢʠ ʜʣʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʚʠʤʽʨʷʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ (ʜʠʚ. ʪʘʙʣ. 5.3) 

ʜʝʬʝʢʪʽʚ ʚʠʭʽʜʥʦʛʦ ʥʝʦʧʨʦʤʽʥʝʥʦʛʦ ʟʨʘʟʢʘ, ʦʧʨʦʤʽʥʝʥʦʛʦ ʜʦʟʦʶ 2,7 ʢɻʨ ʽ ʤʘʪʝʨʽʘʣʫ, 

ʷʢʠʡ ʚʠʪʨʠʤʫʚʘʚʩʷ 1 ʤʽʩʷʮʴ ʧʽʩʣʷ ʦʧʨʦʤʽʥʝʥʥʷ. ɼʣʷ ʮʠʭ ʤʘʪʝʨʽʘʣʽʚ ʦʙʯʠʩʣʶʚʘʣʠʩʷ 

ʧʠʪʦʤʠʡ ʦʧʽʨ ʽ ʝʬʝʢʪʠʚʥʽʩʪʴ ʟʙʦʨʫ ʟʘʨʷʜʽʚ, ʜʨʝʡʬʫʶʯʠʭ ʚʽʜ ʩʝʨʝʜʠʥʠ 

ʤʽʞʝʣʝʢʪʨʦʜʥʦʛʦ ʧʨʦʩʪʦʨʫ ʜʝʪʝʢʪʦʨʘ, ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ ʣʝʛʫʶʯʦʛʦ 

ʘʣʶʤʽʥʽʶ. ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʧʦʢʘʟʘʥʽ ʥʘ ʨʠʩ. 5.13. ɺʠʜʥʦ, ʱʦ ʚ ʧʨʦʮʝʩʽ ɔ-

ʦʧʨʦʤʽʥʝʥʥʷ ʽ ʧʦʜʘʣʴʰʦʾ ʚʠʪʨʠʤʢʠ ʧʨʦʪʷʛʦʤ 1 ʤʽʩʷʮʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʝ ʪʽʣʴʢʠ ʟʩʫʚ 

ʟʘʣʝʞʥʦʩʪʽ ɟ ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ ʘʣʶʤʽʥʽʶ ʚ ʩʪʦʨʦʥʫ ʙʽʣʴʰʠʭ ʚʝʣʠʯʠʥ N(Al), ʘʣʝ ʽ 

ʟʙʽʣʴʰʝʥʥʷ ʧʠʪʦʤʦʾ ʦʧʦʨʫ ʷʢ ʦʧʨʦʤʽʥʝʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʪʘʢ ʽ ʚʠʪʨʠʤʘʥʦʛʦ ʧʨʦʪʷʛʦʤ 

1 ʤʽʩʷʮʷ ʧʽʩʣʷ ʦʧʨʦʤʽʥʝʥʥʷ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʥʝʦʧʨʦʤʽʥʝʥʠʤ ʚʠʭʽʜʥʠʤ ʟʨʘʟʢʦʤ. 

ɽʬʝʢʪʠʚʥʽʩʪʴ ʟʙʦʨʫ ʟʘʨʷʜʽʚ (ʨʠʩ. 5.13ʙ) ʜʝʪʝʢʪʦʨʘ ʥʘ ʦʩʥʦʚʽ ʥʝʦʧʨʦʤʽʥʝʥʦʛʦ 

Cd0.9Zn0.1Te:Al ʢʦʨʝʣʶʻ ʟ ʡʦʛʦ ʧʠʪʦʤʠʤ ʦʧʦʨʦʤ, ʟʙʝʨʽʛʘʶʯʠ ʚʠʩʦʢʝ ʟʥʘʯʝʥʥʷ ʥʝ 

ʪʽʣʴʢʠ ʚ ʚʠʩʦʢʦʦʤʥʽʡ ʦʙʣʘʩʪʽ (~109 ʆʤĀʩʤ), ʘʣʝ ʽ ʚ ʦʙʣʘʩʪʽ ʟʥʠʞʝʥʦʛʦ ɟ ~ 106- 107 



132 

ʆʤĀʩʤ ʽ ʟʥʘʯʥʦ ʜʝʛʨʘʜʫʻ ʪʽʣʴʢʠ ʟ ʨʽʟʢʠʤ ʧʘʜʽʥʥʷʤ ʧʠʪʦʤʦʛʦ ʦʧʦʨʫ ʜʦ ʥʠʟʴʢʦʦʤʥʠʭ 

ʚʝʣʠʯʠʥ (ʢʨʠʚʘ 1 ). ʑʦ ʩʪʦʩʫʻʪʴʩʷ ʜʝʪʝʢʪʦʨʘ ʥʘ ʦʩʥʦʚʽ ʦʧʨʦʤʽʥʝʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʪʦ, 

ʷʢ ʚʠʜʥʦ ʟ ʨʠʩ. 5.13 ʙ) (ʢʨʠʚʽ 2 ʽ 3),  ʜʣʷ ʥʴʦʛʦ ʝʬʝʢʪʠʚʥʽʩʪʴ ʟʙʦʨʫ ʟʘʨʷʜʽʚ ɖ 

ʟʙʝʨʽʛʘʻ ʚʠʩʦʢʽ ʟʥʘʯʝʥʥʷ ʫ ʚʩʽʡ ʜʦʩʣʽʜʞʫʚʘʥʽʡ ʦʙʣʘʩʪʽ ʢʦʥʮʝʥʪʨʘʮʽʡ Al. ʎʝ 

ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʝʢʩʧʝʨʠʤʝʥʪʦʤ ʚ ʨʘʙʦʪʽ [19]. ʇʦʤʽʪʥʝ ʟʥʠʞʝʥʥʷ ɖ (ʜʦ ʚʝʣʠʯʠʥ 0.4) 

ʱʦʡʥʦ ʦʧʨʦʤʽʥʝʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʘ ʪʘʢʦʞ ʯʝʨʝʟ ʤʽʩʷʮʴ ʚʠʪʨʠʤʢʠ ʧʽʩʣʷ ʦʧʨʦʤʽʥʝʥʥʷ, 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʽʷʭ Al ~1016 ʩʤ-3 (ʥʘ ʨʠʩʫʥʢʫ ʥʝ ʧʦʢʘʟʘʥʦ). 

 

       ʘ)           ʙ) 

 ʈʠʩ. 5.13. ɿʘʣʝʞʥʦʩʪʽ ʧʠʪʦʤʦʛʦ ʦʧʦʨʫ (a) ʽ ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʙʦʨʫ ʟʘʨʷʜʽʚ (ʙ) ʚʽʜ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʘʣʶʤʽʥʽʶ ʚ Cd0,9Zn0.1Te:Al. 1 - ʥʝʦʧʨʦʤʽʥʝʥʠʡ ʟʨʘʟʦʢ, 2 - ʧʽʩʣʷ ɔ-

ʦʧʨʦʤʽʥʝʥʥʷ ʜʦʟʦʶ 2,7 ʢɻʨ., 3 - ʯʝʨʝʟ ʦʜʠʥ ʤʽʩʷʮʴ ʧʽʩʣʷ ʦʧʨʦʤʽʥʝʥʥʷ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʜʝʪʝʢʪʦʨ ʥʘ ʦʩʥʦʚʽ Cd0,9Zn0.1Te:Al, ʧʨʘʮʶʶʯʠʡ ʧʽʜ ʚʧʣʠʚʦʤ ɔ-

ʦʧʨʦʤʽʥʝʥʥʷ, ʤʦʞʝ ʧʦʣ̔ʧh ʠʪʠ ʩʚʦʾ ʨʝʻʩʪʨʫʚʘʣʴʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʥʘ ʧʦʯʘʪʢʦʚʽʡ ʩʪʘʜʽʾ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʰʣʷʭʦʤ ʧʽʜʚʠʱʝʥʥʷ ɟ ʽ ɖ. ɿʥʠʞʝʥʥʷ ɟ ʽ ɖ ʤʦʞʝ ʚʠʥʠʢʥʫʪʠ ʪʽʣʴʢʠ ʧʨʠ 

ʚʝʣʠʢʠʭ ʜʦʟʘʭ ʦʧʨʦʤʽʥʝʥʥʷ, ʱʦ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʟʙʽʣʴʰʝʥʥʷʤ ʚʤʽʩʪʫ VZn.  

 ʄʘʪʝʨʽʘʣʠ ʨʦʟʜʽʣʫ ʦʧʫʙʣʽʢʦʚʘʥʽ ʚ ʨʦʙʦʪʘʭ [ɸ.9-ɸ.11], ʱʦ ʥʘʚʝʜʝʥʦ ʚ ɼʦʜʘʪʢʫ 

ɸ, ʽ ʧʨʘʮʷʭ [ɸ.16-ɸ.18] ʥʘʫʢʦʚʠʭ ʢʦʥʬʝʨʝʥʮʽʡ.  
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  5.3 ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 5 

1. ʇʘʨʘʤʝʪʨʠ ʛʣʠʙʦʢʠʭ ʨʽʚʥʽʚ, ʚʠʤʽʨʷʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʠʢ, ʱʦ 

ˇʨʫʥʪʫʶʪʴʩʷ ʥʘ ʟʘʧʠʩʽ ʩʧʝʢʪʨʽʚ ʫ ʰʠʨʦʢʦʤʫ ʪʝʤʧʝʨʘʪʫʨʥʦʤʫ ʽʥʪʝʨʚʘʣʽ, ʥʝ 

ʜʦʟʚʦʣʷʶʪʴ ʪʦʯʥʦ ʚʽʜʪʚʦʨʠʪʠ ʤʝʪʦʜʦʤ ʤʦʜʝʣʶʚʘʥʥʷ ɟ ʽ ʜʝʪʝʢʪʦʨʥ̔ ʚʣʘʩʪʠʚʦʩʪʽ 

ʩʠʣʴʥʦ ʢʦʤʧʝʥʩʦʚʘʥʠʭ ʤʘʪʝʨʽʘʣʽʚ CdTe ʽ CdZnTe.  

2. ɺʠʤʽʨʶʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʛʣʠʙʦʢʠʭ ʨʽʚʥʽʚ, ʷʢʽ ʨʝʘʣʴʥʦ ʚʧʣʠʚʘʶʪʴ ʥʘ 

ʟʘʭʦʧʣʝʥʥʷ ʥʦʩʽʾʚ ʟʘʨʷʜʫ, ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʙʣʠʟʴʢʠʭ ʜʦ ʨʦʙʦʯʠʭ 

ʪʝʤʧʝʨʘʪʫʨ ʜʝʪʝʢʪʦʨʘ, ʱʦ ʨʦʙʠʪʴ ʧʨʠʡʥʷʪʥʠʤ ʷʢʽʩʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʤʝʪʦʜʦʤ 

ʤʦʜʝʣʶʚʘʥʥʷ ʝʣʝʢʪʨʦʬʽʟʠʯʥʠʭ ʪʘ ʨʝʻʩʪʨʫʚʘʣʴʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʜʝʪʝʢʪʦʨʘ, ʷʢ 

ʥʝʦʧʨʦʤʽʥʝʥʦʛʦ, ʪʘʢ ʽ ʧʽʩʣʷ ʜʽʾ ʽʦʥʽʟʫʶʯʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. 

3. ʆʩʥʦʚʥʠʡ ʚʥʝʩʦʢ ʚ ʜʝʛʨʘʜʘʮʽʶ ʜʝʪʝʢʪʦʨʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ CdTe:Cl ʚ 

ʫʤʦʚʘʭ ʞʦʨʩʪʢʦʛʦ ʨʝʥʪʛʝʥʽʚʩʴʢʦʛʦ ʦʧʨʦʤʽʥʝʥʥʷ ʜʘʻ ʟʥʠʞʝʥʥʷ ʧʠʪʦʤʦʛʦ ʦʧʦʨʫ 

ʥʘ ʪʨʠ ʧʦʨʷʜʢʠ, ʘ ʪʘʢʦʞ ʟʘʭʦʧʣʝʥʥʷ ʚʽʣʴʥʠʭ ʥʦʩʽʾʚ ʟʘʨʷʜʫ ʥʘ ʨʘʜʽʘʮʽʡʥʠʭ 

ʛʣʠʙʦʢʠʭ ʨʽʚʥʷʭ J (EV + 0.53 ʝɺ) ʽ Z (EV + 0.47 ʝɺ). ʉʝʨʝʜʥʽʡ ʯʘʩ ʜʨʝʡʬʫ 

ʥʝʨʽʚʥʦʚʘʞʥʠʭ ʥʦʩʽʾʚ ʟʘʨʷʜʫ ʚ ʜʝʪʝʢʪʦʨʽ ʜʦ ʾʭ ʟʘʭʦʧʣʝʥʥʷ ʥʘ ʨʘʜʽʘʮʽʡʥʠʭ 

ʜʝʬʝʢʪʘʭ ʟʤʝʥʰʫʻʪʴʩʷ ʥʘ ʜʚʘ-ʪʨʠ ʧʦʨʷʜʢʠ ʚʝʣʠʯʠʥʠ. 

4. ɹʽʣʴʰ ʚʠʩʦʢʘ ʨʘʜʽʘʮʽʡʥʘ ʩʪʽʡʢʽʩʪʴ CdZnTe ʜʝʪʝʢʪʦʨʽʚ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ 

CdTe ʜʝʪʝʢʪʦʨʘʤʠ ʧʦʷʩʥʶʻʪʴʩʷ ʤʝʥʰʦʶ ʰʚʠʜʢʽʩʪʶ ʫʪʚʦʨʝʥʥʷ ʨʘʜʽʘʮʽʡʥʠʭ 

ʜʝʬʝʢʪʽʚ A00 (EV + 0.06 ʝɺ), D (EV + 0.41 ʝɺ) ʽ J (EV + 0.53 ʝɺ), ʟʙʽʣʴʰʝʥʥʷ 

ʚʤʽʩʪʫ ʷʢʠʭ ʧʦʚ'ʷʟʘʥʝ ʟʽ ʟʨʦʩʪʘʥʥʷʤ ʢʦʥʮʝʥʪʨʘʮʽʾ ʚʘʢʘʥʩʽʡ Cd ʽ Zn. ʂʨʽʤ ʪʦʛʦ, 

ʥʝʛʘʪʠʚʥʠʡ ʚʧʣʠʚ ʜʝʬʝʢʪʫ J ʥʘ ʟʘʭʦʧʣʝʥʥʷ ʥʦʩʽʾʚ ʟʘʨʷʜʫ ʚ CdZnTe 

ʥʝʡʪʨʘʣʽʟʫʻʪʴʩʷ ʛʣʠʙʦʢʠʤ ʜʦʥʦʨʦʤ H1, ʢʦʥʮʝʥʪʨʘʮʽʷ ʷʢʦʛʦ ʧʦʤʽʪʥʦ ʟʨʦʩʪʘʻ ʧʨʠ 

ʦʧʨʦʤʽʥʝʥʥʽ, ʱʦ ʚʽʜʪʷʛʫʻ ʨʽʚʝʥʴ ʌʝʨʤʽ ʚ ʩʝʨʝʜʠʥʫ ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ, 

ʟʙʽʣʴʰʫʶʯʠ ɟ ʽ ʟʤʝʥʰʫʶʯʠ ʟʘʭʦʧʣʝʥʥʷ ʥʦʩʽʾʚ ʟʘʨʷʜʫ ʥʘ ʨʽʚʥʽ J. 

5. ʅʝʩʧʨʠʷʪʣʠʚʠʤ ʬʘʢʪʦʨʦʤ ʜʣʷ ʨʝʻʩʪʨʫʚʘʣʴʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʜʝʪʝʢʪʦʨʘ 

ʥʘ Cd0.9Zn0.1Te ʻ ʧʽʜʚʠʱʝʥʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʚʘʢʘʥʩʽʡ ʮʠʥʢʫ VZn, ʽ ʢʘʜʤʽʶ VCd, ʱʦ 
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ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʥʠʞʝʥʥʷ ɟ ʥʘ 2-3 ʧʦʨʷʜʢʠ. VZn ʽ VCd ʤʦʞʫʪʴ ʚʠʥʠʢʥʫʪʠ ʥʘ ʩʪʘʜʽʾ 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʽ ʧʽʜ ʚʧʣʠʚʦʤ ɔ-ʦʧʨʦʤʽʥʝʥʥʷ.  

6. ɼʝʛʨʘʜʘʮʽʷ CdTe ʽ ʉd0,9Zn0,1Te ʜʝʪʝʢʪʦʨʽʚ ʚ ʧʨʦʮʝʩʽ ʽʦʥʽʟʫʶʯʦʛʦ 

ʦʧʨʦʤʽʥʝʥʥʷ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʟʙʽʣʴʰʝʥʥʷʤ ʚʤʽʩʪʫ ʘʢʮʝʧʪʦʨʽʚ, ʱʦ 

ʜʝʤʦʥʩʪʨʫʻʪʴʩʷ ʟʤʽʱʝʥʥʷʤ ʟʘʣʝʞʥʦʩʪʝʡ ɟ(Nd) ʽ ɖ(Nd) ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ Nd 

ʤʽʣʢʦʛʦ ʜʦʥʦʨʘ ʚ ʩʪʦʨʦʥʫ ʙʽʣʴʰʠʭ ʚʝʣʠʯʠʥ Nd ʧʨʠ ʮʴʦʤʫ ʤʦʞʣʠʚʝ ʟʥʠʞʝʥʥʷ 

ʧʠʪʦʤʦʛʦ ʦʧʦʨʫ. ʇʨʠ ʤʘʣʠʭ ʜʦʟʘʭ ɔ-ʦʧʨʦʤʽʥʝʥʥʷ Cd0.9Zn0.1Te ʧʦʢʨʘʱʫʶʪʴʩʷ 

ʚʣʘʩʪʠʚʦʩʪʽ ʤʘʪʝʨʽʘʣʫ, ʱʦ ʚʠʨʘʞʘʻʪʴʩʷ ʚ ʟʙʽʣʴʰʝʥʥʽ ɟ ʽ ʧʽʜʚʠʱʝʥʥʽ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʙʦʨʫ ʟʘʨʷʜʽʚ ʜʝʪʝʢʪʦʨʘ ʥʘ ʡʦʛʦ ʦʩʥʦʚʽ.  
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ɺʀʉʅʆɺʂʀ 

 ʋ ʜʠʩʝʨʪʘʮʽʡʥʽʡ ʨʦʙʦʪʽ ʚʠʨʽʰʝʥʘ ʚʘʞʣʠʚʘ ʥʘʫʢʦʚʘ ʟʘʜʘʯʘ ʟ'ʷʩʫʚʘʥʥʷ ʚʧʣʠʚʫ 

ʨʘʜʽʘʮʽʡʥʠʭ, ʜʦʤʽʰʢʦʚʠʭ, ʬʦʥʦʚʠʭ ʜʝʬʝʢʪʽʚ ʽ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ ʝʣʝʢʪʨʦʬʽʟʠʯʥʽ ʪʘ 

ʜʝʪʝʢʪʦʨʥʽ ʚʣʘʩʪʠʚʦʩʪʽ GaAs, CdTe, CdZnTe. ʉʠʩʪʝʤʘʪʠʯʥʝ ʜʦʩʣʽʜʞʝʥʥʷ 

ʤʝʪʦʜʦʤ ʤʦʜʝʣʶʚʘʥʥʷ ʧʦʚʝʜʽʥʢʠ ʝʣʝʢʪʨʦʥʥʦʾ ʨʫʭʣʠʚʦʩʪʽ ɛn, ʧʠʪʦʤʦʛʦ ʦʧʦʨʫ ɟ, 

ʨʽʚʥʷ ʌʝʨʤʽ F, ʢʦʥʮʝʥʪʨʘʮʽʾ ʟʘʨʷʜʞʝʥʠʭ ʮʝʥʪʨʽʚ ʽ ʚʽʣʴʥʠʭ ʥʦʩʽʾʚ ʟʘʨʷʜʫ ʚ GaAs, 

CdTe, CdZnTe ʪʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʙʦʨʫ ʟʘʨʷʜʽʚ ʚ ʜʝʪʝʢʪʦʨʘʭ ʽʦʥʽʟʫʶʯʠʭ 

ʚʠʧʨʦʤʽʥʶʚʘʥʴ ʥʘ ʾʭ ʦʩʥʦʚʽ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʚʤʽʩʪʫ ʜʦʤʽʰʦʢ ʽ ʨʘʜʽʘʮʽʡʥʠʭ 

ʜʝʬʝʢʪʽʚ ʜʦʟʚʦʣʠʣʦ ʚʩʪʘʥʦʚʠʪʠ ʥʘʩʪʫʧʥʝ:  

1. ʈʦʟʨʦʙʣʝʥʘ ʤʝʪʦʜʠʢʘ ʤʦʜʝʣʴʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ  ʝʣʝʢʪʨʦʬʽʟʠʯʥʠʭ ʽ 

ʜʝʪʝʢʪʦʨʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʘʪʝʨʽʘʣʽʚ A3B5, A2B6 ʷʢʘ ʥʘ ʦʩʥʦʚʽ ʘʧʨʦʙʦʚʘʥʠʭ 

ʤʦʜʝʣʝʡ ʨʦʟʩʽʶʚʘʥʥʷ, ʨʝʢʦʤʙʽʥʘʮʽʾ ʽ ʝʣʝʢʪʨʠʯʥʦʾ ʢʦʤʧʝʥʩʘʮʽʾ ʨʽʚʥʽʚ 

ʙʘʛʘʪʦʟʘʨʷʜʥʠʭ ʮʝʥʪʨʽʚ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ ʚʣʘʩʪʠʚʦʩʪʽ ʮʠʭ ʩʧʦʣʫʢ ʚ ʟʘʣʝʞʥʦʩʪʽ 

ʚʽʜ ʜʦʤʽʰʢʦʚʦʛʦ, ʜʝʬʝʢʪʥʦʛʦ ʩʢʣʘʜʫ ʽ ʪʝʤʧʝʨʘʪʫʨʠ, ʱʦ ʥʘʙʘʛʘʪʦ ʜʝʰʝʚʰʝ ʽ 

ʰʚʠʜʰʝ, ʥʽʞ ʧʨʦʚʝʜʝʥʥʷ ʚʽʜʧʦʚʽʜʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʜʫʨ.   

2. ɺʩʪʘʥʦʚʣʝʥʽ ʧʘʨʘʤʝʪʨʠ ʪʘ ʢʦʥʮʝʥʪʨʘʮʽʾ ʛʣʠʙʦʢʠʭ ʨʽʚʥʽʚ ʜʦʤʽʰʦʢ ʽ 

ʜʝʬʝʢʪʽʚ, ʷʢʽ ʧʦʪʨʽʙʥʽ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʥʝʦʙʭʽʜʥʠʭ ʝʣʝʢʪʨʦʬʽʟʠʯʥʠʭ ʽ ʜʝʪʝʢʪʦʨʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ (ɛn, ɟ, Űn, Űp, ɖ) ʥʝʦʧʨʦʤʽʥʝʥʠʭ GaAs, Cd1-xZnxTe ʽ CdTe; ʚʠʟʥʘʯʝʥʘ 

ʟʤʽʥʘ ʚʣʘʩʪʠʚʦʩʪʝʡ ʜʝʪʝʢʪʦʨʽʚ ʥʘ ʦʩʥʦʚʽ ʮʠʭ ʤʘʪʝʨʽʘʣʽʚ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʩʪʫʧʝʥʷ 

ʣʝʛʫʚʘʥʥʷ ʪʘ ʧʽʜ ʜʽʻʶ ʦʧʨʦʤʽʥʝʥʥʷ.  

3. ɺʧʝʨʰʝ ʚʩʪʘʥʦʚʣʝʥʽ ʟʘʣʝʞʥʦʩʪʽ ɛn, ɟ, Űn, Űp ʽ ɖ ʜʣʷ ʜʝʪʝʢʪʦʨʽʚ ʥʘ ʦʩʥʦʚʽ 

GaAs ʪʘ Cd1-xZnxTe ʚʽʜ ʚʤʽʩʪʫ ʽ ʨʦʟʧʦʜʽʣʫ ʜʦʤʽʰʦʢ ʚ ʜʝʪʝʢʪʦʨʥʦʤʫ ʤʘʪʝʨʽʘʣʽ ʽ 

ʚʠʟʥʘʯʝʥʠʡ ʡʦʛʦ ʦʧʪʠʤʘʣʴʥʠʡ ʩʢʣʘʜ. ɿôʷʩʦʚʘʥʘ ʢʦʨʝʣʷʮʽʷ ʤʽʞ ɛn ʪʘ ɟ ʜʣʷ CdZnTe ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʫʪʦʯʥʝʥʠʭ ʤʦʜʝʣʝʡ ʝʢʨʘʥʫʚʘʥʥʷ ʽ ʨʦʟʩʽʶʚʘʥʥʷ. ɿʘʣʝʞʥʦʩʪʽ ɛn ʽ ɟ ʜʣʷ 

CdTe ʚʽʜ ʚʤʽʩʪʫ ʜʦʤʽʰʦʢ ʜʝʬʝʢʪʽʚ ʧʦʜʽʙʥʽ ʘʥʘʣʦʛʽʯʥʠʤ ʟʘʣʝʞʥʦʩʪʷʤ ʜʣʷ Cd1-xZnxTe 

ʧʨʠ x<0,3.  
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4. ɺʧʝʨʰʝ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʟʙʽʣʴʰʝʥʥʷ ɖ (~30%) ʤʦʞʣʠʚʝ ʧʨʠ 

ʥʝʦʜʥʦʨʽʜʥʦʤʫ ʩʢʣʘʜʽ CdZnTe. ɿʙʽʨ ʟʘʨʷʜʽʚ, ʱʦ ʜʨʝʡʬʫʶʪʴ ʚʽʜ ʨʽʚʥʦʚʽʜʜʘʣʝʥʠʭ 

ʪʦʯʦʢ, ʚʠʱʠʡ ʚ ʧʣʦʩʢʠʭ ʜʝʪʝʢʪʦʨʘʭ, ʥʽʞ ʫ ʩʬʝʨʠʯʥʠʭ ʽ ʮʠʣʽʥʜʨʠʯʥʠʭ.  

 5. ʆʧʨʦʤʽʥʝʥʥʷ ʜʝʪʝʢʪʦʨʽʚ ʥʘ ʦʩʥʦʚʽ CdTe ʽ ʉd0,9Zn0,1Te ʟʙʽʣʴʰʫʻ ʚʤʽʩʪ 

ʘʢʮʝʧʪʦʨʽʚ, ʱʦ ʜʝʤʦʥʩʪʨʫʻʪʴʩʷ ʟʩʫʚʦʤ ʟʘʣʝʞʥʦʩʪʝʡ ɟ(Nd) ʽ ɖ(Nd) ʚ ʙʽʢ ʙʽʣʴʰʠʭ 

ʢʦʥʮʝʥʪʨʘʮʽʡ Nd ʤʽʣʢʦʛʦ ʜʦʥʦʨʘ. ʇʨʠ ʤʘʣʠʭ ʜʦʟʘʭ ʦʧʨʦʤʽʥʝʥʥʷ ʧʽʜʚʠʱʫʻʪʴʩʷ ɟ ʽ ɖ, 

ʟ̔  ʟʙʽʣʴʰʝʥʥʷʤ ʜʦʟʠ ʟʥʠʞʫʻʪʴʩʷ ɟ, ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘʭʦʧʣʝʥʥʷ ʽ ʨʝʢʦʤʙʽʥʘʮʽʷ 

ʥʝʨʽʚʥʦʚʘʞʥʠʭ ʥʦʩʽʾʚ ʟʘʨʷʜʫ ʥʘ ʨʘʜʽʘʮʽʡʥʠʭ ʜʝʬʝʢʪʘʭ Z (EV + 0.53 ʝɺ) ʽ J (EV + 

0.47 ʝɺ), ʟʤʝʥʰʫʻʪʴʩʷ ʯʘʩ ʾʭ ʜʨʝʡʬʫ ʚ ʜʝʪʝʢʪʦʨʽ.  

6. ɺʧʝʨʰʝ ʦʜʝʨʞʘʥʦ ʧʦʷʩʥʝʥʥʷ ʚʠʩʦʢʦʾ ʨʘʜʽʘʮʽʡʥʦʾ ʩʪʽʡʢʦʩʪʽ CdZnTe, ʱʦ 

ʧʦʚôʷʟʘʥʦ ʟ ʤʘʣʦʶ ʰʚʠʜʢʽʩʪʶ ʫʪʚʦʨʝʥʥʷ ʨʘʜʽʘʮʽʡʥʠʭ ʘʢʮʝʧʪʦʨʥʠʭ ʜʝʬʝʢʪʽʚ, ʘ 

ʪʘʢʦʞ ʚʧʣʠʚʦʤ ʥʘ ʨʽʚʝʥʴ ʌʝʨʤʽ ʛʣʠʙʦʢʦʛʦ ʜʦʥʦʨʘ, ʢʦʥʮʝʥʪʨʘʮʽʷ ʷʢʦʛʦ ʧʦʤʽʪʥʦ 

ʟʨʦʩʪʘʻ ʧʨʠ ʦʧʨʦʤʽʥʝʥʥʽ. 

 ʈʦʟʨʦʙʣʝʥʠʡ ʧʽʜʭʽʜ ʪʘ ʦʜʝʨʞʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʟʚʦʣʷʶʪʴ ʧʽʜʙʠʨʘʪʠ ʨʝʞʠʤʠ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʛʣʠʙʦʢʦʛʦ ʨʘʬʽʥʫʚʘʥʥʷ Ga, As, , Cd, Zn, Te ʽ ʚʠʟʥʘʯʠʪʠ 

ʦʧʪʠʤʘʣʴʥʽ ʫʤʦʚʠ ʦʜʝʨʞʘʥʥʷ ʤʘʪʝʨʽʘʣʽʚ GaAs, CdTe, CdZnTe ʚʠʩʦʢʦʾ ʜʝʪʝʢʪʦʨʥʦʾ 

ʷʢʦʩʪʽ ʽ ʚ ʧʝʚʥʽʡ ʤʽʨʽ ʧʦʣʝʛʰʠʪʠ ʢʝʨʫʚʘʥʥʷ ʚʤʽʩʪʦʤ ʝʣʝʢʪʨʠʯʥʦ ʘʢʪʠʚʥʠʭ ʜʦʤʽʰʦʢ 

ʽ ʚʣʘʩʥʠʭ ʜʝʬʝʢʪʽʚ.  

 ʉʫʢʫʧʥʽʩʪʴ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʽ ʩʬʦʨʤʫʣʴʦʚʘʥʠʭ ʚʠʩʥʦʚʢʽʚ ʧʨʦ ʜʠʥʘʤʽʢʫ 

ʧʦʚʝʜʽʥʢʠ ʝʣʝʢʪʨʦʬʽʟʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʚʠʭʽʜʥʠʭ ʽ ʦʧʨʦʤʽʥʝʥʠʭ GaAs, CdTe, 

CdZnTe ʤʦʞʝ ʩʪʘʪʠ ʦʩʥʦʚʦʶ ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʟʤʽʥ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʝʪʝʢʪʦʨʽʚ 

ʽʦʥʽʟʫʶʯʠʭ ʚʠʧʨʦʤʽʥʶʚʘʥʴ ʧʽʜ ʚʧʣʠʚʦʤ ʘʛʨʝʩʠʚʥʦʛʦ ʨʘʜʽʘʮʽʡʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʱʦ 

ʧʦʚʠʥʥʦ ʩʧʨʠʷʪʠ ʨʦʟʨʦʙʮʽ ʥʦʚʠʭ ʜʝʪʝʢʪʦʨʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʜʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ 

ʜʦʟʠʤʝʪʨʽʾ ʷʜʝʨʥʦʛʦ ʪʘ ʽʦʥʽʟʫʶʯʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. 
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 ʅʘ ʟʘʢʽʥʯʝʥʥʷ ʭʦʯʫ ʚʠʩʣʦʚʠʪʠ ʱʠʨʫ ʧʦʜʷʢʫ ʤʦʻʤʫ ʥʘʫʢʦʚʦʤʫ ʢʝʨʽʚʥʠʢʫ, 

ʜʦʢʪʦʨʫ ʬʽʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʥʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʦʨʫ ʂʦʚʪʫʥʫ ɻʝʥʥʘʜʽʶ ʇʨʦʢʦʧʦʚʠʯʫ ʟʘ  

ʟʘʧʨʦʧʦʥʦʚʘʥʫ ʮʽʢʘʚʫ ʪʝʤʫ ʜʦʩʣʽʜʞʝʥʴ, ʩʧʨʠʷʥʥʷ, ʮʽʥʥʽ ʧʦʨʘʜʠ, ʧʦʩʪʽʡʥʫ 

ʧʽʜʪʨʠʤʢʫ ʥʘ ʚʩʽʭ ʝʪʘʧʘʭ ʚʠʢʦʥʘʥʥʷ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ. 

 ɸʚʪʦʨ ʚʜʷʯʥʠʡ ʢʘʥʜʠʜʘʪʫ ʬʽʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʥʠʭ ʥʘʫʢ ɼʘʚʠʜʦʚʫ ʃʝʦʥʽʜʫ 

ʄʠʢʦʣʘʡʦʚʠʯʫ, ʜʦʢʪʦʨʫ ʬʽʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʥʠʭ ʥʘʫʢ ʄʘʨʯʝʥʢʦ ɯʚʘʥʫ ɻʨʠʛʦʨʦʚʠʯʫ ʟʘ 

ʢʦʨʠʩʥʫ ʜʠʩʢʫʩʽʶ ʪʘ ʢʨʠʪʠʯʥʽ ʟʘʫʚʘʞʝʥʥʷ ʟʘ ʤʘʪʝʨʽʘʣʘʤʠ ʜʠʩʝʨʪʘʮʽʾ. 

 ʊʘʢʦʞ ʭʦʯʫ ʚʠʩʣʦʚʠʪʠ ʚʜʷʯʥʽʩʪʴ ʤʦʾʤ ʩʧʽʚʘʚʪʦʨʘʤ ʢʘʥʜʠʜʘʪʫ ʬʽʟʠʢʦ-

ʤʘʪʝʤʘʪʠʯʥʠʭ ʥʘʫʢ ʈʠʙʮʽ ʆʣʝʢʩʘʥʜʨʫ ɺʽʢʪʦʨʦʚʠʯʫ, ʢʘʥʜʠʜʘʪʫ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ 

ʂʫʪʥʻʤʫ ɺʦʣʦʜʠʤʠʨʫ ɭʚʜʦʢʠʤʦʚʠʯʫ, ʢʘʥʜʠʜʘʪʫ ʬʽʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʥʠʭ ʥʘʫʢ ɾʫʢʦʚʫ 

ʆʣʝʢʩʘʥʜʨʫ ɯʚʘʥʦʚʠʯʫ, ʤʦʣʦʜʰʦʤʫ ʥʘʫʢʦʚʦʤʫ ʩʧʽʚʨʦʙʽʪʥʠʢʫ ɼʘʮʝʥʢʦ ʆʣʴʟʽ 

ɸʥʘʪʦʣʽʾʚʥʽ ʟʘ ʧʣʽʜʥʫ ʩʧʽʚʧʨʘʮʶ.  

 ɸʚʪʦʨ ʚʚʘʞʘʻ ʩʚʦʾʤ ʦʙʦʚ`ʷʟʢʦʤ ʟʛʘʜʘʪʠ ʜʦʙʨʠʤ ʩʣʦʚʦʤ ʩʧʽʚʘʚʪʦʨʽʚ ʥʘʫʢʦʚʠʭ 

ʧʨʘʮʴ ʟʘ ʪʝʤʦʶ ʜʠʩʝʨʪʘʮʽʾ, ʷʢʽ ʥʘ ʞʘʣʴ ʚʞʝ ʧʽʣhʠ ʟ ʞʠʪʪʷ, ʗʮʝʥʢʦ ʆʣʝʢʩʘʥʜʨʘ 

ʆʣʝʢʩʘʥʜʨʦʚʠʯʘ ʽ ɺʦʜʷʥʠʮʴʢʦʛʦ ʆʣʝʢʩʘʥʜʨʘ ɸʥʘʪʦʣʽʻʚʠʯʘ. 
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