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ɺɺɽɼɽʅʀɽ 

ɸʢʪʫʘʣʴʥʦʩʪʴ. ʇʨʦʛʨʝʩʩ ʚ ʦʙʣʘʩʪʠ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ 

ʪʝʭʥʦʣʦʛʠʡ ʩʧʦʩʦʙʩʪʚʫʝʪ ʠʭ ʰʠʨʦʢʦʤʫ ʧʨʠʤʝʥʝʥʠʶ ʚ ʵʣʝʢʪʨʦʥʠʢʝ ʠ ʵʥʝʨʛʝʪʠ-

ʢʝ. ɺʩʝ ʙʦʣʝʝ ʘʢʪʫʘʣʴʥʳʤ ʩʪʘʥʦʚʠʪʩʷ ʧʦʣʫʯʝʥʠʝ ʚ ʙʦʣʴʰʠʭ ʤʘʩʰʪʘʙʘʭ ʢʘʯʝ-

ʩʪʚʝʥʥʳʭ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʢʨʠʩʪʘʣʣʦʚ, ʚ ʯʘʩʪʥʦʩʪʠ, CdTe. ɼʘʥʥʳʝ ʢʨʠʩʪʘʣ-

ʣʳ ʷʚʣʷʶʪʩʷ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʨʝʥʪʛʝ-

ʥʦʚʩʢʠʭ ʠ ʛʘʤʤʘ ʜʝʪʝʢʪʦʨʦʚ, ʨʘʙʦʪʘʶʱʠʭ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʬʦʪʦ-

ʵʣʝʢʪʨʦʥʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ. ɺ ʩʠʣʫ ʩʣʦʞʥʦʩʪʠ ʧʦʣʫʯʝʥʠʷ ʢʘʯʝʩʪʚʝʥʥʳʭ 

ʢʨʠʩʪʘʣʣʦʚ CdTe ʧʨʝʜʩʪʘʚʣʷʶʪ ʠʥʪʝʨʝʩ ʤʝʪʦʜʳ ʫʣʫʯʰʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʫʞʝ 

ʚʳʨʘʱʝʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ. ʀʟʚʝʩʪʥʦ, ʩʣʘʙʳʝ ʤʘʛʥʠʪʥʳʝ ʧʦʣʷ (ʧʦʣʷ, ʜʣʷ ʢʦʪʦʨʳʭ 

ʚʳʧʦʣʥʷʝʪʩʷ ʫʩʣʦʚʠʝ ɛBB ᾽᾽ kT, ʛʜʝ ɛB ï ʤʘʛʥʝʪʦʥ ɹʦʨʘ, k ï ʧʦʩʪʦʷʥʥʘʷ ɹʦʣʴʮ-

ʤʘʥʘ, ʊ ï ʪʝʤʧʝʨʘʪʫʨʘ, ɺ ï ʠʥʜʫʢʮʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ) ʦʢʘʟʳʚʘʶʪ ʚʦʟʜʝʡʩʪʚʠʝ 

ʥʘ ʜʝʬʝʢʪʥʫʶ ʧʨʠʤʝʩʥʫʶ ʩʪʨʫʢʪʫʨʫ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ, ʯʪʦ ʧʨʠʚʦʜʠʪ, ʚʦ ʤʥʦ-

ʛʠʭ ʩʣʫʯʘʷʭ, ʢ ʥʝʦʙʨʘʪʠʤʦʤʫ ʠʟʤʝʥʝʥʠʶ ʜʝʬʝʢʪʥʦʡ ʩʪʨʫʢʪʫʨʳ ʠ ʩʚʦʡʩʪʚ. ʊʘ-

ʢʠʤ ʦʙʨʘʟʦʤ, ʩʣʘʙʦʝ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʷʚʣʷʝʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʤʝʪʦʜʦʤ ʫʧʨʘʚ-

ʣʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʅʘʧʨʠʤʝʨ, ʠʟʚʝʩʪʥʦ 

[1] ʦ ʜʦʣʛʦʚʨʝʤʝʥʥʳʭ, ʥʝʦʙʨʘʪʠʤʳʭ ʠʟʤʝʥʝʥʠʷʭ ʩʪʨʫʢʪʫʨʳ ʠ ʩʚʦʡʩʪʚ ʢʨʠʩʪʘʣ-

ʣʦʚ CdHgTe, CdTe ʠ InSb ʧʦʩʣʝ ʚʦʟʜʝʡʩʪʚʠʷ ʩʣʘʙʳʭ ʠʤʧʫʣʴʩʥʳʭ ʤʘʛʥʠʪʥʳʭ 

ʧʦʣʝʡ (ʜʘʣʝʝ ʀʄʇ). ʆʜʥʘʢʦ, ʥʝ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʢʦʤʧʣʝʢʩʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʚʦʟʜʝʡʩʪʚʠʷ ʩʣʘʙʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ ʥʘ ʩʪʨʫʢʪʫʨʥʦ-ʟʘʚʠʩʠʤʳʝ ʩʚʦʡʩʪʚʘ ʧʦʣʫ-

ʧʨʦʚʦʜʥʠʢʦʚʳʭ ʢʨʠʩʪʘʣʣʦʚ ʩ ʨʘʟʥʳʤʠ ʩʦʜʝʨʞʘʥʠʷʤʠ ʠ ʪʠʧʘʤʠ ʧʨʠʤʝʩʝʡ. ʕʪʠ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʟʚʦʣʷʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʦʟʜʝʡʩʪʚʠʷ ʩʣʘʙʳʤʠ ʤʘʛʥʠʪʥʳʤʠ ʧʦʣʷʤʠ 

ʚ ʢʘʯʝʩʪʚʝ ʤʝʪʦʜʘ ʦʮʝʥʢʠ ʜʝʬʝʢʪʥʦʩʪʠ ʢʨʠʩʪʘʣʣʦʚ (ʚ ʯʘʩʪʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ 

ʪʠʧʦʚ ʦʩʥʦʚʥʳʭ ʧʨʠʤʝʩʝʡ ʚ ʢʨʠʩʪʘʣʣʘʭ), ʘ ʪʘʢʞʝ ʚ ʢʘʯʝʩʪʚʝ ʤʝʪʦʜʘ ʚʣʠʷʥʠ ̫ʥʘ 

ʜʝʬʝʢʪʥʫʶ ʩʪʨʫʢʪʫʨʫ ʢʨʠʩʪʘʣʣʦʚ. ɺʘʞʥʦʡ ʟʘʜʘʯʝʡ ʷʚʣʷʶʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʦʟ-

ʜʝʡʩʪʚʠʷ ʩʣʘʙʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ ʥʘ ʩʚʦʡʩʪʚʘ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʢʨʠʩʪʘʣʣʦʚ 

ʠ ʧʨʠʙʦʨʦʚ, ʪʘʢ ʢʘʢ ʩʣʘʙʳʝ ʤʘʛʥʠʪʥʳʝ ʧʦʣʷ ʷʚʣʷʶʪʩʷ ʧʦʩʪʦʷʥʥʳʤ ʬʦʥʦʚʳʤ 

ʬʘʢʪʦʨʦʤ. ʇʨʝʜʩʪʘʚʣʷʶʪ ʠʥʪʝʨʝʩ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʦʟʜʝʡʩʪʚʠʡ ʩʣʘʙʳʭ ʀʄʇ ʠ ʧʦ-

ʩʪʦʷʥʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ (ʜʘʣʝʝ ʇʄʇ) ʥʘ ʩʪʨʫʢʪʫʨʥʳʝ ʩʚʦʡʩʪʚʘ ʜʠʘʤʘʛʥʠʪ-

ʥʳʭ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʢʨʠʩʪʘʣʣʦʚ, ʚ ʩʚʷʟʠ ʩ ʨʦʜʩʪʚʝʥʥʦʩʪʴʶ ʵʪʠʭ ʚʥʝʰʥʠʭ 
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ʚʦʟʜʝʡʩʪʚʠʡ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʠ ʷʚʥʳʝ ʨʘʟʣʠʯʠʷ ʚ ʤʝʭʘʥʠʟʤʘʭ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ 

ʢʨʠʩʪʘʣʣʳ. 

ʂ ʥʘʯʘʣʫ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʚʦʟʜʝʡʩʪʚʠʷ ʩʣʘʙʳʭ ʀʄʇ ʥʘ ʜʠʘʤʘʛʥʠʪʥʳʝ 

ʢʨʠʩʪʘʣʣʳ ʩʯʠʪʘʣʠʩʴ ʥʝʩʫʱʝʩʪʚʝʥʥʳʤ ʯʘʩʪʥʳʤ ʩʣʫʯʘʝʤ ʚʦʟʜʝʡʩʪʚʠʡ ʇʄʇ. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʧʨʠʣʦʞʝʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʢ ʦʙʲʝʢʪʫ, ʧʦʜʚʝʨʛʘʚʰʝʤʫʩʷ 

ʚʦʟʜʝʡʩʪʚʠʶ ʩʣʘʙʳʤʠ ʇʄʇ, ʩʧʦʩʦʙʥʦ ʧʨʠʚʦʜʠʪʴ ʢ ʫʩʠʣʝʥʠʶ ʦʪʢʣʠʢʘ ʤʘʪʝʨʠʘ-

ʣʘ ʥʘ ʤʘʛʥʠʪʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ. ʇʨʠ ʚʢʣʶʯʝʥʠʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʘ ʠʣʠ ʧʦʤʝʱʝʥʠʠ 

ʦʙʨʘʟʮʘ ʚ ʇʄʇ ʥʘʙʣʶʜʘʝʪʩʷ ʝʜʠʥʠʯʥʳʡ ʠʥʪʝʨʚʘʣ ʨʦʩʪʘ ʠʥʜʫʢʮʠʠ B ʤʘʛʥʠʪʥʦ-

ʛʦ ʧʦʣʷ ʦʪ ʚʨʝʤʝʥʠ, ʯʪʦ ʚʳʟʳʚʘʝʪ ʦʜʥʦʢʨʘʪʥʦʝ ʚʦʟʙʫʞʜʝʥʠʝ ʚ ʦʙʨʘʟʮʝ ʚʠʭʨʝʚʦ-

ʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ, ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʢʦʪʦʨʦʛʦ ʧʦ ʟʘʢʦʥʫ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ 

ʠʥʜʫʢʮʠʠ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʩʢʦʨʦʩʪʠ ʥʘʨʘʩʪʘʥʠʷ B, ʯʪʦ ʪʘʢʞʝ ʤʦʛʣʦ ʙʳ ʦʢʘʟʳ-

ʚʘʪʴ ʫʩʠʣʠʚʘʶʱʝʝ ʚʣʠʷʥʠʝ ʥʘ ʤʘʛʥʠʪʥʳʡ ʦʪʢʣʠʢ ʤʘʪʝʨʠʘʣʘ. ʆʜʥʘʢʦ ʜʘʥʥʦʝ 

ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ [2, 3] ʦʢʘʟʘʣʦʩʴ ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʜʝʡʩʪʚʠ-

ʪʝʣʴʥʦʩʪʠ, ʘ ʚʦʟʜʝʡʩʪʚʠʝ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʣʝʡ, ʚʦʟʥʠʢʘʶʱʠʭ ʧʨʠ ʝʜʠʥʠʯʥʦʤ 

ʧʝʨʚʠʯʥʦʤ ʥʘʨʘʩʪʘʥʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʙʳʣʦ ʦʧʨʝʜʝʣʝʥʦ ʢʘʢ ʩʪʦʣʴ ʤʘʣʦʝ, ʯʪʦ 

ʦʥʦ ʥʝ ʤʦʛʣʦ ʦʢʘʟʘʪʴ ʢʘʢʦʛʦ-ʣʠʙʦ ʟʘʤʝʪʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʧʨʦʮʝʩʩʳ, ʧʨʦʠʩʭʦʜʷ-

ʱʠʝ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʷʭ ʩʣʘʙʳʭ ʇʄʇ. ʕʪʦʪ ʚʳʚʦʜ ʙʳʣ ʧʨʠʥʷʪ ʠ ʢʘʩʘʪʝʣʴʥʦ ʩʣʘ-

ʙʳʭ ʀʄʇ. ʆʜʥʘʢʦ, ʩʣʘʙʳʝ ʀʄʇ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʧʦʚʪʦʨʷʶʱʠʝʩʷ ʩ ʦʧʨʝʜʝ-

ʣʝʥʥʦʡ ʧʝʨʠʦʜʠʯʥʦʩʪʴʶ ʵʪʘʧʳ ʥʘʨʘʩʪʘʥʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʜʦ ʤʘʢʩʠʤʫʤʘ ʩ ʧʦ-

ʩʣʝʜʫʶʱʠʤ ʝʛʦ ʧʘʜʝʥʠʝʤ. ʇʨʠʯʝʤ ʠʥʪʝʨʚʘʣʳ ʥʘʨʘʩʪʘʥʠʷ ʤʘʢʩʠʤʫʤʘ ʘʤʧʣʠʪʫ-

ʜʳ ʚ ʩʣʫʯʘʝ ʩʣʘʙʳʭ ʀʄʇ ʤʦʛʫʪ ʙʳʪʴ ʟʥʘʯʠʪʝʣʴʥʦ ʢʦʨʦʯʝ. ɺ ʚʠʜʫ ʵʪʦʛʦ, ʚ ʩʣʘ-

ʙʳʭ ʀʄʇ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʧʦʣʷ ʷʚʣʷʶʪʩʷ ʧʦʩʪʦʷʥʥʳʤ ʬʘʢʪʦʨʦʤ, ʦʢʘʟʳʚʘʶʱʠʤ 

ʚʣʠʷʥʠʝ ʥʘ ʠʩʩʣʝʜʫʝʤʳʝ ʤʘʪʝʨʠʘʣʳ.  

ʎʝʣʴʶ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʠʥʜʫʮʠʨʦʚʘʥʥʳʭ 

ʩʣʘʙʳʤʠ ʀʄʇ ʠ ʇʄʇ ʜʦʣʛʦʚʨʝʤʝʥʥʳʭ ʠʟʤʝʥʝʥʠʡ ʨʝʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʳ ʠ 

ʩʚʦʡʩʪʚ ʜʠʘʤʘʛʥʠʪʥʳʭ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʢʨʠʩʪʘʣʣʦʚ CdTe. 
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ʆʩʥʦʚʥʳʤʠ ʟʘʜʘʯʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʣʠʩʴ: 

¶ ʇʨʦʚʝʜʝʥʠʝ ʢʦʤʧʣʝʢʩʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʨʝʟʫʣʴʪʘʪʦʚ ʚʦʟʜʝʡʩʪʚʠʡ ʩʣʘʙʳʭ 

ʀʄʇ ʥʘ ʦʙʲʝʤʥʳʝ (ʪʝʤʥʦʚʘʷ ʧʨʦʚʦʜʠʤʦʩʪʴ ʠ ʤʠʢʨʦʪʚʝʨʜʦʩʪʴ) ʠ ʧʦʚʝʨʭ-

ʥʦʩʪʥʳʝ (ʰʝʨʦʭʦʚʘʪʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʠ) ʩʚʦʡʩʪʚʘ ʢʨʠʩʪʘʣʣʦʚ CdTe(Cl) ʠ 

CdTe(Cl,Fe). ʇʨʦʚʝʜʝʥʠʝ ʩʨʘʚʥʠʪʝʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʦʟʜʝʡʩʪʚʠʡ ʩʣʘ-

ʙʳʭ ʀʄʇ ʠ ʇʄʇ ʥʘ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʝ ʢʨʠʩʪʘʣʣʳ CdTe(Cl) ʠ 

CdTe(Cl,Fe). 

¶ ʆʧʨʝʜʝʣʝʥʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʫʣʫʯʰʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ 

ʢʨʠʩʪʘʣʣʦʚ CdTe(Cl) ʠ CdTe(Cl,Fe), ʧʦʩʣʝ ʚʦʟʜʝʡʩʪʚʠʷ ʩʣʘʙʳʭ ʀʄʇ.  

¶ ʆʧʨʝʜʝʣʝʥʠʝ ʫʩʣʦʚʠʡ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʦʪʢʣʠʢʘ ʩʚʦʡʩʪʚ ʢʨʠʩʪʘʣʣʦʚ CdTe(Cl) 

ʠ CdTe(Cl,Fe), ʥʘ ʚʦʟʜʝʡʩʪʚʠʝ ʩʣʘʙʳʤʠ ʀʄʇ. 

¶ ʆʧʨʝʜʝʣʝʥʠʝ ʚʦʟʤʦʞʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʚʦʟʜʝʡʩʪʚʠʷ ʩʣʘʙʳʭ ʀʄʇ ʥʘ ʩʚʦʡ-

ʩʪʚʘ ʢʨʠʩʪʘʣʣʦʚ CdTe(Cl) ʠ CdTe(Cl,Fe). 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ 

¶ ʇʨʦʚʝʜʝʥʳ ʢʦʤʧʣʝʢʩʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʦʟʜʝʡʩʪʚʠʡ ʩʣʘʙʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦ-

ʣʝʡ ʥʘ ʢʨʠʩʪʘʣʣʳ CdTe(Cl) ʠ CdTe(Cl,Fe), ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʧʨʦʚʦʜʠʤʦʩʪʠ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚʦʟʜʝʡʩʪʚʠʝ ʩʣʘʙʳʭ ʀʄʇ ʧʨʠʚʦʜʠʪ ʢ ʜʦʣʛʦʚʨʝʤʝʥʥʳʤ ʠʟ-

ʤʝʥʝʥʠʷʤ ʩʝʨʠʠ ʩʪʨʫʢʪʫʨʥʦ-ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʩʚʦʡʩʪʚ, ʪʘʢʠʭ ʢʘʢ ʪʚʝʨʜʦʩʪʴ 

ʢʨʠʩʪʘʣʣʦʚ, ʫʜʝʣʴʥʘʷ ʪʝʤʥʦʚʘʷ ʧʨʦʚʦʜʠʤʦʩʪʴ ʠ ʰʝʨʦʭʦʚʘʪʦʩʪʴ ʧʦʚʝʨʭʥʦ-

ʩʪʠ ʦʙʨʘʟʮʦʚ. ʇʨʠ ʵʪʦʤ ʢʨʠʩʪʘʣʣʳ CdTe, ʣʝʛʠʨʦʚʘʥʥʳʝ ʨʘʟʣʠʯʥʳʤʠ ʧʨʠ-

ʤʝʩʷʤʠ, ʠʤʝʶʪ ʨʘʟʣʠʯʥʫʶ ʚʝʣʠʯʠʥʫ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʠʟʤʝʥʝʥʠ ̫ʩʚʦʡʩʪʚ, 

ʚʳʟʚʘʥʥʳʭ ʚʦʟʜʝʡʩʪʚʠʝʤ ʩʣʘʙʦʛʦ ʀʄʇ. 

¶ ɺʧʝʨʚʳʝ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʦʟʜʝʡʩʪʚʠʝ ʩʣʘʙʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ ʥʘ ʜʠʘ-

ʤʘʛʥʠʪʥʳʝ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʝ ʢʨʠʩʪʘʣʣʳ CdTe(Cl) ʠ CdTe(Cl,Fe) ʧʨʠʚʦ-

ʜʠʪ ʢ ʟʥʘʯʠʪʝʣʴʥʳʤ ʠʟʤʝʥʝʥʠʷʤ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʚ ʯʘʩʪʥʦʩʪʠ 

ʫʜʝʣʴʥʦʡ ʪʝʤʥʦʚʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ ʢʨʠʩʪʘʣʣʦʚ. ʆʙʥʘʨʫʞʝʥ ʧʝʨʚʠʯʥʳʡ ʧʠʢ 

ʠʟʤʝʥʝʥʠʷ ʧʨʦʚʦʜʠʤʦʩʪʠ, ʥʘʙʣʶʜʘʝʤʳʡ ʩʨʘʟʫ ʧʦʩʣʝ ʚʦʟʜʝʡʩʪʚʠʷ ʩʣʘʙʦʛʦ 
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ʀʄʇ, ʠ, ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ ʧʝʨʚʠʯʥʫʶ ʧʝʨʝʩʪʨʦʡʢʫ ʚ 

ʩʠʩʪʝʤʘʭ ʜʝʬʝʢʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʠʥʠʮʠʠʨʫʝʤʫ  ʁʚʥʝʰʥʠʤ ʤʘʛʥʠʪʥʳʤ ʧʦ-

ʣʝʤ. 

¶ ʆʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʢʨʠʩʪʘʣʣʳ CdTe(Cl) ʠ CdTe(Cl,Fe), n-ʪʠʧʘ ʧʨʦʚʦʜʠʤʦʩʪʠ, 

ʧʦʢʘʟʳʚʘʶʪ ʦʙʨʘʪʠʤʦʝ ʫʚʝʣʠʯʝʥʠʝ ʫʜʝʣʴʥʦʡ ʪʝʤʥʦʚʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ, ʚ ʪʦ 

ʚʨʝʤʷ, ʢʘʢ ʢʨʠʩʪʘʣʣʳ CdTe(Cl) ʠ CdTe(Cl,Fe), p-ʪʠʧʘ ʧʨʦʚʦʜʠʤʦʩʪʠ, ʧʦʢʘ-

ʟʳʚʘʶʪ ʥʝʦʙʨʘʪʠʤʦʝ ʧʘʜʝʥʠʝ ʫʜʝʣʴʥʦʡ ʪʝʤʥʦʚʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ, ʧʦʩʣʝ 

ʚʦʟʜʝʡʩʪʚʠʷ ʩʣʘʙʳʭ ʀʄʇ. 

¶ ʇʨʦʚʝʜʝʥʳ ʩʨʘʚʥʠʪʝʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʚʦʟʜʝʡʩʪʚʠʷ ʩʣʘʙʳʭ 

ʀʄʇ ʠ ʇʄʇ, ʚ ʦʜʠʥʘʢʦʚʳʭ ʧʦ ʘʤʧʣʠʪʫʜʝ Bmax ʠ ʜʣʠʪʝʣʴʥʦʩʪʠ ʚʦʟʜʝʡ-

ʩʪʚʠʷ tʵʢʩʧ, ʥʘ ʫʜʝʣʴʥʫʶ ʪʝʤʥʦʚʫʶ ʧʨʦʚʦʜʠʤʦʩʪʴ ʢʨʠʩʪʘʣʣʦʚ CdTe. ʇʦʢʘʟʘ-

ʥʦ, ʯʪʦ ʠʟʤʝʥʝʥʠʝ ʫʜʝʣʴʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ ʢʨʠʩʪʘʣʣʦʚ CdTe ʥʘʙʣʶʜʘʝʪʩʷ ʚ 

ʦʙʦʠʭ ʩʣʫʯʘʷʭ, ʦʜʥʘʢʦ, ʘʤʧʣʠʪʫʜʘ ʧʠʢʦʚʦʛʦ ʫʚʝʣʠʯʝʥʠʷ ʧʨʦʚʦʜʠʤʦʩʪʠ ʦʪ-

ʣʠʯʘʝʪʩʷ: ʧʝʨʚʠʯʥʳʡ ʧʠʢ ʫʚʝʣʠʯʝʥʠʷ ʧʨʦʚʦʜʠʤʦʩʪʠ ʚ ~2 ʨʘʟʘ ʚʳʰʝ ʜʣʷ 

ʩʣʫʯʘʷ ʚʦʟʜʝʡʩʪʚʠʷ ʇʄʇ, ʚʪʦʨʠʯʥʳʡ ʧʠʢ ʫʚʝʣʠʯʝʥʠʷ ʧʨʦʚʦʜʠʤʦʩʪʠ ʚ ~4 

ʨʘʟʘ ʚʳʰʝ ʜʣʷ ʩʣʫʯʘʷ ʚʦʟʜʝʡʩʪʚʠʷ ʇʄʇ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʩʚʷʟʴ ʢʦʥʮʝʥʪʨʘ-

ʮʠʠ ʧʨʝʦʙʨʘʟʦʚʘʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʩ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ 

ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʧʦʣʷ, ʠʤʝʶʱʘʷ ʚʠʜ B2Ātɻʢʩʧ ʩʧʨʘʚʝʜʣʠʚʘ ʜʣʷ ʩʣʫʯʘʷ ʇʄʇ, ʥʦ 

ʜʣʷ ʩʣʫʯʘʷ ʚʦʟʜʝʡʩʪʚʠʷ ʀʄʇ ʪʨʝʙʫʝʪ ʫʯʝʪʘ ʪʘʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʦʣʷ ʢʘʢ, 

ʜʣʠʪʝʣʴʥʦʩʪʴ, ʬʦʨʤʘ ʠ ʢʦʣʠʯʝʩʪʚʦ ʠʤʧʫʣʴʩʦʚ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʚʦʟʜʝʡ-

ʩʪʚʫʶʱʝʛʦ ʥʘ ʦʙʨʘʟʝʮ.  

ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ. ʈʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʨʘʙʦʪʝ, 

ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʥʘʧʨʘʚʣʝʥʥʦʡ ʤʦʜʠʬʠʢʘʮʠʠ ʩʚʦʡʩʪʚ ʧʦʣʫʧʨʦʚʦʜ-

ʥʠʢʦʚʳʭ ʢʨʠʩʪʘʣʣʦʚ CdTe(Cl) ʠ CdTe(Cl,Fe) c ʧʦʤʦʱʴʶ ʩʣʘʙʳʭ ʀʄʇ, ʯʪʦ ʧʦʟ-

ʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʧʦʩʪ-ʨʦʩʪʦʚʦʝ ʫʣʫʯʰʝʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʨʠʩʪʘʣʣʦʚ, ʥʝ ʪʨʝ-

ʙʫʷ ʧʨʠ ʵʪʦʤ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʜʦʨʦʛʦʩʪʦʷʱʝʛʦ ʠ ʩʣʦʞʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʈʝ-

ʟʫʣʴʪʘʪʳ ʧʦʟʚʦʣʷʶʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʦʟʜʝʡʩʪʚʠʝ ʀʄʇ, ʢʘʢ ʤʝʪʦʜ ʦʧʨʝʜʝʣʝʥʠʷ 

ʦʩʥʦʚʥʦʛʦ ʪʠʧʘ ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʘ ʠ ʦʧʨʝʜʝʣʝʥʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʨʝʘʣʴʥʦʡ ʩʪʨʫʢ-

ʪʫʨʳ ʢʨʠʩʪʘʣʣʘ ʢ ʚʥʝʰʥʠʤ ʚʦʟʜʝʡʩʪʚʠʷʤ, ʚ ʯʘʩʪʥʦʩʪʠ ʢ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʤʫ. 

ʄʦʜʝʨʥʠʟʘʮʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʫʩʪʘʥʦʚʦʢ ʧʦ ʠʟʤʝʨʝʥʠʶ ʧʨʦʚʦʜʠʤʦ-
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ʩʪʠ, ʘ ʪʘʢʞʝ ʛʝʥʝʨʘʮʠʠ ʀʄʇ, ʨʘʩʰʠʨʠʣʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʛʝʥʝʨʠʨʫʝʤʦʛʦ ʀʄʇ 

ʠ ʧʦʟʚʦʣʠʣʠ ʧʨʦʚʝʩʪʠ ʥʝʧʨʝʨʳʚʥʳʝ ʜʦʣʛʦʚʨʝʤʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ 

ʚʦʟʜʝʡʩʪʚʠʷ ʩʣʘʙʳʭ ʀʄʇ ʥʘ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʠʩʩʣʝʜʫʝʤʳʭ ʧʦʣʫʧʨʦ-

ʚʦʜʥʠʢʦʚʳʭ ʢʨʠʩʪʘʣʣʦʚ.  

ʆʙʲʝʢʪʳ ʠ ʤʝʪʦʜʠʢʠ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʆʙʲʝʢʪʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʚʳ-

ʙʨʘʥʳ ʢʨʠʩʪʘʣʣʳ CdTe(Cl) ʠ CdTe(Cl,Fe), ʚʳʨʘʱʝʥʥʳʝ ʤʝʪʦʜʦʤ ʆʙʨʝʠʤʦʚʘ-

ʐʫʙʥʠʢʦʚʘ ʚ ʀʥʩʪʠʪʫʪʝ ʂʨʠʩʪʘʣʣʦʛʨʘʬʠʠ ʠʤ. ɸ.ɺ. ʐʫʙʥʠʢʦʚʘ ʈɸʅ. ʀʩʩʣʝʜʫ-

ʝʤʳʝ ʦʙʨʘʟʮʳ ʠʤʝʣʠ ʬʦʨʤʫ ʧʨʷʤʦʫʛʦʣʴʥʦʛʦ ʧʘʨʘʣʣʝʣʝʧʠʧʝʜʘ ʠ ʦʙʣʘʜʘʣʠ ʨʘʟ-

ʣʠʯʥʳʤʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʤʠ ʨʘʟʤʝʨʘʤʠ, ʥʠʢʦʛʜʘ ʥʝ ʧʨʝʚʳʰʘʶʱʠʤʠ 10ʭ5ʭ5 ʤʤ. 

ɺ ʢʘʞʜʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʩʧʝʮʠʘʣʴʥʦ ʦʛʦʚʦʨʝʥʥʳʭ ʩʣʫʯʘʝʚ, ʠʩ-

ʧʦʣʴʟʦʚʘʣʠʩʴ ʦʙʨʘʟʮʳ, ʦʙʣʘʜʘʶʱʠʝ ʠʜʝʥʪʠʯʥʳʤʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʤʠ ʨʘʟʤʝʨʘʤʠ. 

ʉʦʩʪʘʚ ʠ ʩʦʜʝʨʞʘʥʠʝ ʧʨʠʤʝʩʝʡ ʚ ʠʩʩʣʝʜʫʝʤʳʭ ʢʨʠʩʪʘʣʣʘʭ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʩ 

ʧʦʤʦʱʴʶ ʩʦʚʨʝʤʝʥʥʦʛʦ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʘ ʩ ʠʥʜʫʢʪʠʚʥʦ ʩʚʷʟʘʥʥʦʡ ʧʣʘʟʤʦʡ 

iCAP-Q (Thermo Scientific). ʉʣʘʙʦʝ ʀʄʇ, ʠʩʧʦʣʴʟʫʝʤʦʝ ʚ ʨʘʙʦʪʝ, ʠʤʝʣʦ ʩʣʝʜʫ-

ʶʱʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ: ʘʤʧʣʠʪʫʜʘ Bmax=1,04 ʊʣ, ʯʘʩʪʦʪʘ ʩʣʝʜʦʚʘʥʠʷ ʠʤʧʫʣʴʩʦʚ 

ɡ=12 ɻʮ, ʜʣʠʪʝʣʴʥʦʩʪʴ ʤʘʛʥʠʪʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ tʵʢʩʧ=10 ʤʠʥ, ʧʨʦʜʦʣʞʠʪʝʣʴ-

ʥʦʩʪʴ ʠʤʧʫʣʴʩʘ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ~6Ā10-4 ʩ, ʧʨʠʯʝʤ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʬʨʦʥʪʘ 

ʥʘʨʘʩʪʘʥʠʷ ʠʤʧʫʣʴʩʘ ~10-6ʩ, ʠʥʪʝʨʚʘʣ ʤʝʞʜʫ ʠʤʧʫʣʴʩʘʤʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ 

~8,3Ā10-2 ʩ. ʆʙʨʘʟʝʮ ʚ ʧʨʦʮʝʩʩʝ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘʭʦʜʠʣʩʷ ʥʘ ʥʝʤʘʛʥʠʪʥʦʡ ʧʦʜʩʪʘʚ-

ʢʝ, ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʚ ʮʝʥʪʨʝ ʤʘʛʥʠʪʥʦʡ ʢʘʪʫʰʢʠ, ʩʚʦʠʤʠ ʨʘʟʤʝʨʘʤʠ ʚʦ ʤʥʦʛʦ 

ʨʘʟ ʧʨʝʚʳʰʘʶʱʝʡ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʨʘʟʤʝʨʳ ʦʙʨʘʟʮʘ. ʉʣʘʙʦʝ ʀʄʇ ʧʨʠʚʦʜʠʪ ʢ 

ʥʝʟʥʘʯʠʪʝʣʴʥʦʤʫ ʥʘʛʨʝʚʫ ʦʙʨʘʟʮʦʚ CdTe (ʥʝ ʙʦʣʝʝ ʯʝʤ ʥʘ 1,5 K), ʯʪʦ ʥʝ ʤʦʞʝʪ 

ʧʨʠʚʦʜʠʪʴ ʢ ʢʘʢʠʤ-ʣʠʙʦ ʟʥʘʯʠʪʝʣʴʥʳʤ ʠʟʤʝʥʝʥʠʷʤ. ʇʄʇ ʩʦʟʜʘʚʘʣʦʩʴ ʩ ʧʦʤʦ-

ʱʴ ʁʵʣʝʢʪʨʦʤʘʛʥʠʪʘ, ʦʙʨʘʟʝʮ ʚ ʧʨʦʮʝʩʩʝ ʜʘʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʩʚʦʙʦʜʥʦ ʩʪʦʷʣ 

ʥʘ ʥʝʤʘʛʥʠʪʥʦʡ ʧʦʜʩʪʘʚʢʝ ʤʝʞʜʫ ʧʦʣʶʩʘʤʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʘ, ʜʠʘʤʝʪʨ ʢʦʪʦʨʳʭ 

ʚʦ ʤʥʦʛʦ ʨʘʟ ʧʨʝʚʳʰʘʣ ʨʘʟʤʝʨʳ ʦʙʨʘʟʮʘ. ʉʣʘʙʦʝ ʇʄʇ, ʠʩʧʦʣʴʟʫʝʤʦʝ ʚ ʨʘʙʦʪʝ, 

ʠʤʝʣʦ ʩʣʝʜʫʶʱʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ: ʘʤʧʣʠʪʫʜʘ Bmax=1 ʊʣ, ʜʣʠʪʝʣʴʥʦʩʪʴ ʵʢʩʧʦ-

ʟʠʮʠʠ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ tʵʢʩʧ=10 ʤʠʥ, ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʬʨʦʥʪʘ ʥʘʨʘʩʪʘʥʠʷ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ~0,1 ʩ. ɺʦʟʜʝʡʩʪʚʠʝ ʩʣʘʙʳʤʠ ʀʄʇ ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʧʨʠ ʨʘʟ-

ʣʠʯʥʦʡ ʦʨʠʝʥʪʘʮʠʠ ʦʙʨʘʟʮʦʚ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ, ʘ ʠʤʝʥʥʦ: ʚʝʢʪʦʨ B ʧʝʨʧʝʥʜʠ-
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ʢʫʣʷʨʝʥ ʧʣʦʩʢʦʩʪʠ (110) ʠʣʠ ʧʣʦʩʢʦʩʪʠ ρρρ ʠʩʩʣʝʜʫʝʤʳʭ ʢʨʠʩʪʘʣʣʦʚ. ɺʦʟ-

ʜʝʡʩʪʚʠʝ ʩʣʘʙʳʤʠ ʇʄʇ ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʧʨʠ ʦʨʠʝʥʪʘʮʠʠ ʚʝʢʪʦʨʘ B ʧʝʨʧʝʥʜʠʢʫ-

ʣʷʨʥʦ ʧʣʦʩʢʦʩʪʠ ʦʙʨʘʟʮʘ (110). ʉʚʦʡʩʪʚʘ ʠʩʩʣʝʜʫʝʤʳʭ ʢʨʠʩʪʘʣʣʦʚ ʠʩʩʣʝʜʦʚʘ-

ʣʠʩʴ ʥʘ:  

¶ ʣʘʙʦʨʘʪʦʨʥʦʡ ʫʩʪʘʥʦʚʢʝ ʧʦ ʠʟʤʝʨʝʥʠ ʁ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘ 

ʙʘʟʝ ʧʠʢʦʘʤʧʝʨʤʝʪʨʘ Keithley 6487,  

¶ ʥʘʥʦʪʚʝʨʜʦʤʝʨʝ çʅʘʥʦʉʢʘʥ-3Dè,  

¶ ʤʝʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʤ ʬʦʪʦʤʠʢʨʦʩʢʦʧʝ NEOPHOT-21,  

¶ ʉʢʘʥʠʨʫʶʱʠʭ ʟʦʥʜʦʚʳʭ ʤʠʢʨʦʩʢʦʧʘʭ Solver PRO M (NT-ʄDʊ) ʠ 

NTEGRA PRIMA (NT-MDT). 

ʇʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ: 

1. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʦʙʥʘʨʫʞʝʥʠʝ ʠʟʤʝʥʝʥʠʡ ʫʜʝʣʴʥʦʡ ʪʝʤʥʦʚʦʡ ʧʨʦʚʦʜʠ-

ʤʦʩʪʠ, ʪʚʝʨʜʦʩʪʠ ʠ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ ʢʨʠʩʪʘʣʣʦʚ CdTe(Cl) ʠ 

CdTe(Cl,Fe), ʧʦʩʣʝ ʚʦʟʜʝʡʩʪʚʠʷ ʩʣʘʙʦʛʦ ʀʄʇ. ʂʨʠʩʪʘʣʣʳ CdTe, ʣʝʛʠʨʦ-

ʚʘʥʥʳʝ ʨʘʟʣʠʯʥʳʤʠ ʧʨʠʤʝʩʷʤʠ, ʠʤʝʶʪ ʨʘʟʣʠʯʥʫʶ ʚʝʣʠʯʠʥʫ ʦʪʥʦʩʠʪʝʣʴ-

ʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʩʚʦʡʩʪʚ, ʚʳʟʚʘʥʥʳʭ ʚʦʟʜʝʡʩʪʚʠʝʤ ʩʣʘʙʦʛʦ ʀʄʇ. 

2. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʦʙʥʘʨʫʞʝʥʠʝ ʨʘʟʣʠʯʥʦʡ ʜʠʥʘʤʠʢʠ ʤʘʛʥʠʪʦʠʥʜʫʮʠʨʦ-

ʚʘʥʥʳʭ ʠʟʤʝʥʝʥʠʡ ʫʜʝʣʴʥʦʡ ʪʝʤʥʦʚʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ ʠ ʪʚʝʨʜʦʩʪʠ ʢʨʠʩʪʘʣ-

ʣʦʚ CdTe(Cl) ʠ CdTe(Cl,Fe), ʠʤʝʶʱʠʭ ʨʘʟʣʠʯʥʳʡ ʪʠʧ ʧʨʦʚʦʜʠʤʦʩʪʠ: ʢʨʠ-

ʩʪʘʣʣʳ CdTe, n-ʪʠʧʘ ʧʨʦʚʦʜʠʤʦʩʪʠ ʧʦʢʘʟʳʚʘʶʪ ʠʥʪʝʨʚʘʣʳ ʫʚʝʣʠʯʝʥʠʝ 

ʧʨʦʚʦʜʠʤʦʩʪʠ ʠ ʨʘʟʫʧʨʦʯʥʝʥʠ;̫ ʢʨʠʩʪʘʣʣʳ CdTe, p-ʪʠʧʘ ʧʨʦʚʦʜʠʤʦʩʪʠ 

ʧʦʢʘʟʳʚʘʶʪ ʠʥʪʝʨʚʘʣʳ ʧʘʜʝʥʠʷ ʫʜʝʣʴʥʦʡ ʪʝʤʥʦʚʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ, ʘ ʪʘʢʞʝ 

ʫʧʨʦʯʥʝʥʠʝ.  

3. ʕʬʬʝʢʪ ʥʝʦʙʨʘʪʠʤʦʛʦ ʧʘʜʝʥʠʷ ʧʨʦʚʦʜʠʤʦʩʪʠ ʢʨʠʩʪʘʣʣʦʚ CdTe(Cl) ʠ 

CdTe(Cl,Fe), ʠʤʝʶʱʠʭ p-ʪʠʧ ʧʨʦʚʦʜʠʤʦʩʪʠ, ʧʦʩʣʝ ʚʦʟʜʝʡʩʪʚʠʷ ʩʣʘʙʦʛʦ 

ʀʄʇ. 

4. ʆʙʥʘʨʫʞʝʥʠʝ ʨʘʟʣʠʯʠʡ ʚ ʜʠʥʘʤʠʢʝ ʤʘʛʥʠʪʦʠʥʜʫʮʠʨʦʚʘʥʥʦʛʦ ʠʟʤʝʥʝʥʠʷ 

ʫʜʝʣʴʥʦʡ ʪʝʤʥʦʚʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ ʢʨʠʩʪʘʣʣʦʚ CdTe(Cl), ʧʦʩʣʝ ʚʦʟʜʝʡʩʪʚʠʷ 

ʩʣʘʙʳʭ ʇʄʇ ʠ ʀʄʇ, ʠʤʝʶʱʠʭ ʩʭʦʜʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʘʤʧʣʠʪʫʜʳ B ʠ 

ʚʨʝʤʝʥʠ ʵʢʩʧʦʟʠʮʠʠ ʦʙʨʘʟʮʘ ʚ ʧʦʣʝ tʵʢʩʧ, ʜʣʷ ʫʜʦʚʣʝʪʚʦʨʝʥʠʷ ʫʩʣʦʚʠʶ 
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B2tʵʢʩʧ. ʇʨʠ ʵʪʦʤ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʩʚʷʟʴ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʨʝʦʙʨʘʟʦʚʘʥʥʳʭ ʢʦʤ-

ʧʣʝʢʩʦʚ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʩ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʧʦʣʷ, ʠʤʝ-

ʶʱʘʷ ʚʠʜ B2Ātɻʢʩʧ ʩʧʨʘʚʝʜʣʠʚʘ ʜʣʷ ʩʣʫʯʘʷ ʇʄʇ, ʥʦ ʜʣʷ ʩʣʫʯʘʷ ʚʦʟʜʝʡʩʪʚʠʷ 

ʀʄʇ ʪʨʝʙʫʝʪ ʫʯʝʪʘ ʪʘʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʦʣʷ ʢʘʢ, ʜʣʠʪʝʣʴʥʦʩʪʴ, ʬʦʨʤʘ ʠ ʢʦ-

ʣʠʯʝʩʪʚʦ ʠʤʧʫʣʴʩʦʚ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʚʦʟʜʝʡʩʪʚʫʶʱʝʛʦ ʥʘ ʦʙʨʘʟʝʮ. 

ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ. ɺ ʜʠʩʩʝʨʪʘʮʠʠ ʠʟʣʦʞʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪ, ʚʳ-

ʧʦʣʥʝʥʥʳʝ ʘʚʪʦʨʦʤ ʚ ʪʝʯʝʥʠʝ ʧʦʩʣʝʜʥʠʭ 5 ʣʝʪ. ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ ʚ ʜʠʩʩʝʨ-

ʪʘʮʠʦʥʥʫʶ ʨʘʙʦʪʫ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ʠ ʤʦʜʝʨʥʠʟʘʮʠʠ ʠʩʧʦʣʴʟʫʝ-

ʤʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʧʦʩʪʘʥʦʚʢʝ ʟʘʜʘʯ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʦʪʙʦʨʝ ʠ ʧʦʜʛʦʪʦʚʢʝ ʦʙ-

ʨʘʟʮʦʚ, ʚ ʧʨʦʚʝʜʝʥʠʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʚ ʦʙʩʫʞʜʝ-

ʥʠʠ, ʘʥʘʣʠʟʝ ʠ ʦʙʨʘʙʦʪʢʝ ʨʝʟʫʣʴʪʘʪʦʚ, ʘ ʪʘʢʞʝ ʬʦʨʤʫʣʠʨʦʚʘʥʠʠ ʦʩʥʦʚʥʳʭ ʚʳ-

ʚʦʜʦʚ. ɸʥʘʣʠʟ ʠ ʦʙʦʙʱʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦ ʘʪʦʤʥʦ-ʩʠʣʦʚʦʡ ʤʠʢʨʦʩʢʦʧʠʠ, ʤʘʩʩ-

ʩʧʝʢʪʨʦʤʝʪʨʠʠ ʠ ʠʩʩʣʝʜʦʚʘʥʠʶ ʤʝʭʘʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʳʧʦʣʥʝʥʳ ʚ ʩʦ-

ʘʚʪʦʨʩʪʚʝ. ʇʦʜʛʦʪʦʚʢʘ ʦʩʥʦʚʥʳʭ ʧʫʙʣʠʢʘʮʠʡ ʧʦ ʨʘʙʦʪʝ. 

ɸʧʨʦʙʘʮʠʷ ʨʘʙʦʪʳ. ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʜʦʢʣʘʜʳʚʘʣʠʩʴ ʥʘ ʤʦʣʦʜʝʞʥʦʤ 

ʢʦʥʢʫʨʩʝ ʌʅʀʎ çʂʨʠʩʪʘʣʣʦʛʨʘʬʠʷ ʠ ʬʦʪʦʥʠʢʘè ʈɸʅ, ʚ ʩʝʢʮʠʠ çʂʨʠʩʪʘʣʣʦʛʨʘ-

ʬʠʷè 2018 ʛ. (ʈʘʙʦʪʘ ʫʜʦʩʪʦʝʥʘ ʪʨʝʪʴʝʡ ʧʨʝʤʠʠ). ʆʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ ʠ ʨʝʟʫʣʴʪʘ-

ʪr  ʨʘʙʦʪʳ ʜʦʢʣʘʜʳʚʘʣʠʩʴ ʥʘ: ʉʦʚʝʱʘʥʠʠ ʠ ʄʦʣʦʜʝʞʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʈʅʉʀ-

ʂʉ-2014; ʈʦʩʩʠʡʩʢʦʤ ʩʠʤʧʦʟʠʫʤʝ ʧʦ ʨʘʩʪʨʦʚʦʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʠ 

ʘʥʘʣʠʪʠʯʝʩʢʠʤ ʤʝʪʦʜʘʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʚʸʨʜʳʭ ʪʝʣ (ʈʕʄ-2015); VI, VII  ʠ VIII  (2 

ʜʦʢʣʘʜʘ) ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çʂʨʠʩʪʘʣʣʦʬʠʟʠʢʘ ʠ ʜʝʬʦʨʤʘʮʠʦʥʥʦʝ 

ʧʦʚʝʜʝʥʠʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʤʘʪʝʨʠʘʣʦʚè; ʐʢʦʣʘʭ ʌʠʟʠʢʠ ʂʦʥʜʝʥʩʠʨʦʚʘʥʥʦʛʦ 

ʉʦʩʪʦʷʥʠʷ (ʌʂʉ) 2014, 2015, 2018 (2 ʜʦʢʣʘʜʘ), 2019; ʇʝʨʚʦʤ ʈʦʩʩʠʡʩʢʦʤ ʂʨʠ-

ʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʤ ʂʦʥʛʨʝʩʩʝ (2016); ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ 

ʢʦʥʬʝʨʝʥʮʠʠ INTERMATIC ï 2018; ʈʦʩʩʠʡʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʧʦ ʵʣʝʢʪʨʦʥʥʦʡ 

ʤʠʢʨʦʩʢʦʧʠʠ (ʈʂʕʄ-2018); ʄʝʞʜʫʥʘʨʦʜʥʦʤ ʩʝʤʠʥʘʨʝ ʄʅʊ-XV çʉʪʨʫʢʪʫʨʥʳʝ 

ʦʩʥʦʚʳ ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʷ ʤʘʪʝʨʠʘʣʦʚè, ʛ. ʆʙʥʠʥʩʢ (2019);  XII  ɽʞʝʛʦʜʥʦʤ ʟʘ-

ʩʝʜʘʥʠʠ ʅʘʫʯʥʦʛʦ ʉʦʚʝʪʘ ʈɸʅ ʧʦ ʬʠʟʠʢʝ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʭ ʩʨʝʜ (2019). 

ʇʫʙʣʠʢʘʮʠʠ ʧʦ ʪʝʤʝ ʜʠʩʩʝʨʪʘʮʠʠ. ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʠʟʣʦʞʝ-
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ʥʳ ʚ 18 ʥʘʫʯʥʳʭ ʨʘʙʦʪʘʭ, ʚ ʪʦʤ ʯʠʩʣʝ ʚ 2 ʩʪʘʪʴʷʭ ʚ ʞʫʨʥʘʣʘʭ, ʠʥʜʝʢʩʠʨʫʝʤʳʭ 

ʤʝʞʜʫʥʘʨʦʜʥʳʤʠ ʙʘʟʘʤʠ (Scopus, Web of Science) ʠ ʨʝʢʦʤʝʥʜʦʚʘʥʥʳʭ ɺɸʂ, ʘ 

ʪʘʢʞʝ ʚ 16 ʜʦʢʣʘʜʘʭ ʥʘ ʢʦʥʬʝʨʝʥʮʠʷʭ. 

ʉʪʨʫʢʪʫʨʘ ʠ ʦʙʲʝʤ ʨʘʙʦʪʳ. ɼʠʩʩʝʨʪʘʮʠʷ ʩʦʩʪʦʠʪ ʠʟ ʚʚʝʜʝʥʠʷ, ʯʝʪʳʨʝʭ 

ʛʣʘʚ, ʦʩʥʦʚʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ, ʚʳʚʦʜʦʚ ʠ ʩʧʠʩʢʘ ʣʠʪʝʨʘʪʫʨʳ. ʆʙʱʠʡ ʦʙʲʝʤ ʜʠʩ-

ʩʝʨʪʘʮʠʠ ï 139 ʩʪʨʘʥʠʮ, ʚʢʣʶʯʘʷ 45 ʨʠʩʫʥʢʦʚ, 7 ʪʘʙʣʠʮ ʠ 169 ʮʠʪʠʨʫʝʤʳʭ ʠʩ-

ʪʦʯʥʠʢʘ ʣʠʪʝʨʘʪʫʨʳ. 

ʇʦ ʩʚʦʝʡ ʩʪʨʫʢʪʫʨʝ ʜʠʩʩʝʨʪʘʮʠʷ ʩʦʩʪʦʠʪ ʠʟ ʯʝʪʳʨʝʭ ʛʣʘʚ, ʚʚʝʜʝʥʠʷ ʠ ʟʘ-

ʢʣʶʯʝʥʠʷ. 

ɺ ʧʝʨʚʦʡ ʛʣʘʚʝ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʧʨʠʚʝʜʝʥ ʦʙʟʦʨ ʣʠʪʝʨʘʪʫʨʳ, ʢʘʩʘʶʱʝʡʩʷ 

ʦʩʥʦʚʥʳʭ ʘʩʧʝʢʪʦʚ ʠʟʫʯʝʥʠʷ ʚʦʟʜʝʡʩʪʚʠʡ ʩʣʘʙʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ ʥʘ ʩʪʨʫʢ-

ʪʫʨʥʦ-ʯʫʚʩʪʚʠʪʝʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʥʝʤʘʛʥʠʪʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʠ ʠʭ ʨʝʟʫʣʴʪʘʪʦʚ. 

ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʝʥʦ ʨʘʩʩʤʦʪʨʝʥʠʶ ʨʘʙʦʪ, ʧʦʩʚʷʱʝʥʥʳʭ ʠʟʫʯʝʥʠʶ ʚʣʠʷ-

ʥʠʷ ʧʨʠʤʝʩʝʡ, ʢʘʢ ʚʘʞʥʦʛʦ ʬʘʢʪʦʨʘ ʚʦʟʜʝʡʩʪʚʠʷ ʩʣʘʙʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ ʥʘ 

ʩʪʨʫʢʪʫʨʫ ʠ ʩʚʦʡʩʪʚʘ ʥʝʤʘʛʥʠʪʥʳʭ ʢʨʠʩʪʘʣʣʦʚ. ʇʨʠʚʝʜʝʥ ʦʙʟʦʨ ʣʠʪʝʨʘʪʫʨʳ, 

ʢʘʩʘʶʱʝʡʩʷ ʦʩʥʦʚʥʳʭ ʦʙʲʝʢʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ, 

ʘ ʠʤʝʥʥʦ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʢʨʠʩʪʘʣʣʦʚ CdTe. ɺ ʯʘʩʪʥʦʩʪʠ, ʧʦʩʚʷʱʝʥʥʳʭ 

ʩʪʨʫʢʪʫʨʝ ʠ ʩʚʦʡʩʪʚʘʤ ʜʘʥʥʦʛʦ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʦʛʦ ʩʦʝʜʠʥʝʥʠʷ. ʇʨʠʚʝʜʝʥ ʦʙ-

ʟʦʨ ʨʘʙʦʪ, ʧʦʩʚʷʱʝʥʥʳʭ ʠʟʫʯʝʥʠʶ ʜʝʬʝʢʪʦʚ ʚ ʢʨʠʩʪʘʣʣʘʭ CdTe: ʠʟʫʯʝʥʠʶ ʩʦʙ-

ʩʪʚʝʥʥʳʭ ʜʝʬʝʢʪʦʚ ʠ ʧʨʠʤʝʩʥʳʭ ʜʝʬʝʢʪʦʚ Cl ʠ Fe.  

ɺʪʦʨʘʷ ʛʣʘʚʘ ʧʦʩʚʷʱʝʥʘ ʤʝʪʦʜʠʢʝ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. ʆʧʠʩʘʥʳ 

ʦʩʥʦʚʥʳʝ ʵʪʘʧʳ ʧʦʜʛʦʪʦʚʢʠ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʦʚ, ʘ ʪʘʢʞʝ ʦʩʦʙʝʥʥʦʩʪʠ ʧʦʜ-

ʛʦʪʦʚʢʠ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʨʘʟʣʠʯʥʳʭ ʩʪʨʫʢʪʫʨʥʦ-ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʩʚʦʡʩʪʚ ʢʨʠ-

ʩʪʘʣʣʦʚ. ʆʧʠʩʘʥʳ ʦʩʥʦʚʥʳʝ ʫʩʪʘʥʦʚʢʠ ʠ ʤʝʪʦʜʠʢʠ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʜʘʥʥʦʡ ʨʘ-

ʙʦʪʝ: ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʢʨʠʩʪʘʣʣʦʚ, ʘ ʪʘʢ-

ʞʝ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʩʪʦʷʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ. ʆʧʠʩʘʥʘ ʤʦʜʝʨʥʠʟʠʨʦʚʘʥʥʘʷ 

ʫʩʪʘʥʦʚʢʘ ʧʦ ʥʝʧʨʝʨʳʚʥʦʤʫ ʩʥʷʪʠʶ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚ ʪʝʯʝʥʠʠ 

ʜʣʠʪʝʣʴʥʳʭ ʚʨʝʤʝʥ ʩ ʤʘʣʳʤ ʰʘʛʦʤ ʠʟʤʝʨʝʥʠʷ (1,5 ʩʝʢʫʥʜʳ), ʧʦʟʚʦʣʷʶʱʘʷ ʧʦ-

ʣʫʯʘʪʴ ʙʦʣʴʰʦʡ ʤʘʩʩʠʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʪʦʯʝʢ (ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʤʠʣʣʠʦʥʦʚ 
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ʠʟʤʝʨʝʥʠʡ). 

ɺ ʪʨʝʪʴʝʡ ʛʣʘʚʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʦʟʜʝʡʩʪʚʠʷ 

ʩʣʘʙʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ ʥʘ ʩʪʨʫʢʪʫʨʥʦ-ʯʫʚʩʪʚʠʪʝʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʢʨʠʩʪʘʣʣʦʚ 

CdTe(Cl). ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚʦʟʜʝʡʩʪʚʠʝ ʩʣʘʙʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ ʧʨʠʚʦʜʠʪ ʢ ʜʦʣ-

ʛʦʚʨʝʤʝʥʥʳʤ ʠʟʤʝʥʝʥʠʷʤ ʫʜʝʣʴʥʦʡ ʪʝʤʥʦʚʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ ʠ ʪʚʝʨʜʦʩʪʠ ʢʨʠ-

ʩʪʘʣʣʦʚ, ʘ ʪʘʢʞʝ ʢ ʠʟʤʝʥʝʥʠʶ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ ʢʨʠʩʪʘʣʣʦʚ CdTe. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʠʟʤʝʥʝʥʠʷ ʪʚʝʨʜʦʩʪʠ ʠ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʢʨʠʩʪʘʣʣʦʚ CdTe, ʧʦʩʣʝ 

ʤʘʛʥʠʪʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ, ʦʙʨʘʪʠʤʦ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʜʠʥʘʤʠʢʘ ʠʟʤʝʥʝʥʠʷ ʫʜʝʣʴ-

ʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ ʠ ʪʚʝʨʜʦʩʪʠ ʢʨʠʩʪʘʣʣʦʚ CdTe, ʧʦʩʣʝ ʤʘʛʥʠʪʥʦʛʦ ʚʦʟʜʝʡ-

ʩʪʚʠʷ, ʠʤʝʝʪ ʨʘʟʣʠʯʥʳʡ ʭʘʨʘʢʪʝʨ, ʜʣʷ ʢʨʠʩʪʘʣʣʦʚ p- ʠ n-ʪʠʧʦʚ ʧʨʦʚʦʜʠʤʦʩʪʠ. 

ʊʘʢ ʢʨʠʩʪʘʣʣʳ CdTe, n-ʪʠʧʘ ʧʨʦʚʦʜʠʤʦʩʪʠ ʧʦʢʘʟʳʚʘʶʪ ʦʙʨʘʪʠʤʦʝ ʥʝʤʦʥʦʪʦʥ-

ʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʧʨʦʚʦʜʠʤʦʩʪʠ ʠ ʨʘʟʫʧʨʦʯʥʝʥʠʝ, ʘ ʢʨʠʩʪʘʣʣʳ CdTe, p-ʪʠʧʘ ʧʨʦ-

ʚʦʜʠʤʦʩʪʠ ʧʦʢʘʟʳʚʘʶʪ ʥʝʦʙʨʘʪʠʤʦʝ ʥʝʤʦʥʦʪʦʥʥʦʝ ʧʘʜʝʥʠʝ ʧʨʦʚʦʜʠʤʦʩʪʠ, ʘ 

ʪʘʢʞʝ ʦʙʨʘʪʠʤʦʝ ʫʧʨʦʯʥʝʥʠʝ. ʇʦʢʘʟʘʥʦ ʯʪʦ ʢʨʠʩʪʘʣʣʳ CdTe(Cl) n-ʪʠʧʘ, ʠʤʝʶʪ 

ʨʘʟʣʠʯʥʫʶ ʜʠʥʘʤʠʢʫ ʨʦʩʪʘ ʫʜʝʣʴʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ, ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʥʠʭ 

ʩʣʘʙʳʭ ʀʄʇ ʠ ʇʄʇ, ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʨʝʣʘʢʩʘʮʠʝʡ ʜʦ ʠʩʭʦʜʥʳʭ ʟʥʘʯʝʥʠʡ. ʇʦ-

ʢʘʟʘʥʦ, ʯʪʦ ʩʚʷʟʴ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʨʝʦʙʨʘʟʦʚʘʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ 

ʩ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʧʦʣʷ, ʠʤʝʶʱʘʷ ʚʠʜ B2Ātɻʢʩʧ ʩʧʨʘʚʝʜʣʠʚʘ ʜʣʷ 

ʩʣʫʯʘʷ ʇʄʇ, ʥʦ ʜʣʷ ʩʣʫʯʘʷ ʚʦʟʜʝʡʩʪʚʠʷ ʀʄʇ ʪʨʝʙʫʝʪ ʫʯʝʪʘ ʪʘʢʠʭ ʧʘʨʘʤʝʪʨʦʚ 

ʧʦʣʷ ʢʘʢ, ʜʣʠʪʝʣʴʥʦʩʪʴ, ʬʦʨʤʘ ʠ ʢʦʣʠʯʝʩʪʚʦ ʠʤʧʫʣʴʩʦʚ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʚʦʟ-

ʜʝʡʩʪʚʫʶʱʝʛʦ ʥʘ ʦʙʨʘʟʝʮ. 

ɺ ʯʝʪʚʝʨʪʦʡ ʛʣʘʚʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʦʟʜʝʡʩʪʚʠʷ 

ʩʣʘʙʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ ʥʘ ʩʪʨʫʢʪʫʨʥʦ-ʯʫʚʩʪʚʠʪʝʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʢʨʠʩʪʘʣʣʦʚ 

CdTe(Cl,Fe), ʘ ʪʘʢʞʝ ʧʨʦʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʫʜʝʣʴʥʦʡ 

ʪʝʤʥʦʚʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ ʠ ʪʚʝʨʜʦʩʪʠ ʢʨʠʩʪʘʣʣʦʚ CdTe(Cl) ʠ CdTe(Cl,Fe), ʦʙʨʘ-

ʙʦʪʘʥʥʳʭ ʀʄʇ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʫ ʢʨʠʩʪʘʣʣʦʚ CdTe(Cl,Fe) ʤʘʛʥʠʪʦʠʥʜʫʮʠʨʦʚʘʥ-

ʥʳʝ ʠʟʤʝʥʝʥʠʷ ʪʝʤʥʦʚʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ ʠ ʪʚʝʨʜʦʩʪʠ, ʧʦʩʣʝ ʚʦʟʜʝʡʩʪʚʠʷ ʀʄʇ, 

ʙʦʣʝʝ ʧʨʦʜʦʣʞʠʪʝʣʴʥʳ ʧʦ ʚʨʝʤʝʥʠ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʤʘʛʥʠʪʦʠʥʜʫʮʠʨʦʚʘʥʥʳʤʠ 

ʠʟʤʝʥʝʥʠʷ ʚ ʢʨʠʩʪʘʣʣʘʭ CdTe(Cl). 
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ɺ ʟʘʢʣʶʯʝʥʠʠ ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʧʨʝʜʧʦʣʘʛʘʝʤʳʝ ʤʝʭʘʥʠʟʤʳ ʚʦʟʜʝʡʩʪʚʠʷ 

ʩʣʘʙʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ ʥʘ ʩʪʨʫʢʪʫʨʫ ʠ ʩʚʦʡʩʪʚʘ ʥʝʤʘʛʥʠʪʥʳʭ ʧʦʣʫʧʨʦʚʦʜʥʠ-

ʢʦʚʳʭ ʢʨʠʩʪʘʣʣʦʚ CdTe(Cl) ʠ CdTe(Cl,Fe), ʘ ʪʘʢʞʝ ʦʩʥʦʚʥʳʝ ʚʳʚʦʜʳ ʜʠʩʩʝʨʪʘ-

ʮʠʦʥʥʦʡ ʨʘʙʦʪʳ. 
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ɻʃɸɺɸ 1. ʃʀʊɽʈɸʊʋʈʅʓʁ ʆɹɿʆʈ 

 

1.1. ɺʦʟʜʝʡʩʪʚʠʷ ʩʣʘʙʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ ʥʘ ʩʪʨʫʢʪʫʨʫ ʠ ʩʚʦʡʩʪʚʘ ʥʝ-

ʤʘʛʥʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ  

 

ɺ ʥʘʰʝ ʚʨʝʤʷ ʚʦʟʜʝʡʩʪʚʠʝ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ ʥʘ ʤʘʪʝʨʠʘʣʳ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ 

ʥʝʤʘʛʥʠʪʥʳʝ (ʤʘʪʝʨʠʘʣʳ, ʠʤʝʶʱʝʶ ʨʘʟʫʧʦʨʷʜʦʯʝʥʥʫʶ ʤʘʛʥʠʪʥʫʶ ʩʪʨʫʢʪʫʨʫ, 

ʪʘʢʠʝ ʢʘʢ ʜʠʘʤʘʛʥʝʪʠʢʠ), ʚ ʩʣʫʯʘʝ ʨʘʚʥʦʚʝʩʥʳʭ ʩʠʩʪʝʤ ʥʘʭʦʜʠʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴ-

ʥʦʝ ʦʙʲʷʩʥʝʥʠʝ ʚ ʨʘʤʢʘʭ ʢʚʘʥʪʦʚʦʡ ʪʝʦʨʠʠ ʤʘʛʥʝʪʠʟʤʘ [4]. ɺ ʨʘʤʢʘʭ ʵʪʠʭ ʦʙʲ-

ʷʩʥʝʥʠʡ ʧʦʷʚʠʣʠʩʴ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʚʝʣʠʯʠʥʳ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʩʧʦʩʦʙʥʦʛʦ ʚʦʟ-

ʜʝʡʩʪʚʦʚʘʪʴ ʥʘ ʪʝ, ʠʣʠ ʜʨʫʛʠʝ ʧʨʦʮʝʩʩʳ. ʉʪʦʠʪ ʫʯʝʩʪʴ, ʯʪʦ ʧʦʜ ʩʣʘʙʳʤʠ ʤʘʛ-

ʥʠʪʥʳʤʠ ʧʦʣʷʤʠ ʧʦʜʨʘʟʫʤʝʚʘʶʪʩʷ ʧʦʣʷ, ʚ ʢʦʪʦʨʳʭ ʚʳʧʦʣʥʷʝʪʩʷ ʫʩʣʦʚʠʝ:  

ɛBB ᾽᾽ kT, (1) 

ʘ ʚ ʩʣʫʯʘʝ ʤʝʪʘʣʣʦʚ ʜʦʙʘʚʣʷʝʪʩʷ [5]: 

ɤ=Be/m ᾽᾽ ɤc, (2) 

ʛʜʝ ɛB ï ʤʘʛʥʝʪʦʥ ɹʦʨʘ, k ï ʧʦʩʪʦʷʥʥʘʷ ɹʦʣʴʮʤʘʥʘ, ʊ ï ʪʝʤʧʝʨʘʪʫʨʘ, ɺ ï ʠʥʜʫʢ-

ʮʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ɤ ï ʮʠʢʣʦʪʨʦʥʥʘʷ ʯʘʩʪʦʪʘ, e ʠ m ï ʟʘʨʷʜ ʠ ʤʘʩʩʘ ʵʣʝʢʪʨʦ-

ʥʘ, ɤʩ ï ʯʘʩʪʦʪʘ ʩʪʦʣʢʥʦʚʝʥʠʡ ʵʣʝʢʪʨʦʥʘ ʩ ʨʘʩʩʝʠʚʘʶʱʠʤʠ ʮʝʥʪʨʘʤʠ. 

ʉʣʘʙʳʝ ʤʘʛʥʠʪʥʳʝ ʧʦʣʷ ʤʦʛʫʪ ʦʢʘʟʳʚʘʪʴ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ 

ʩʪʨʫʢʪʫʨʫ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʤʘʪʝʨʠʘʣʦʚ [6-14]. ɺ ʵʪʦʤ ʢʣʶʯʝ 

ʦʩʦʙʝʥʥʦ ʠʥʪʝʨʝʩʥʳʤʠ ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʚʦʟʜʝʡʩʪʚʠ ̫ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ ʥʘ ʤʘʢ-

ʨʦʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʝʤʘʛʥʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭʩʷ ʥʝʨʘʚʥʦʚʝʩ-

ʥʦʡ ʩʪʨʫʢʪʫʨʦʡ. 

ʂʨʦʤʝ ʪʦʛʦ, ʤʘʛʥʠʪʥʳʝ ʧʦʣʷ ʤʦʛʫʪ ʠʤʝʪʴ ʥʝ ʪʦʣʴʢʦ ʧʨʠʨʦʜʥʦʝ, ʥʦ ʠ ʪʝʭ-

ʥʦʛʝʥʥʦʝ ʧʨʦʠʩʭʦʞʜʝʥʠʝ. ʉʫʱʝʩʪʚʫʶʪ ʢʘʢ ʩʧʝʮʠʘʣʴʥʦ ʛʝʥʝʨʠʨʫʝʤʳʝ ʤʘʛʥʠʪ-

ʥʳʝ ʧʦʣʷ, ʠʩʧʦʣʴʟʫʶʱʠʝʩʷ ʚ ʚʦʝʥʥʦʡ ʪʝʭʥʠʢʝ, ʪʘʢ ʠ ʤʘʛʥʠʪʥʳʝ ʧʦʣʷ, ʰʠʨʦʢʦ 



16 
 

ʧʨʠʤʝʥʷʝʤʳʝ ʚ ʤʝʜʠʮʠʥʝ, ʥʘʧʨʠʤʝʨ, ʚ ʤʘʛʥʠʪʥʦ-ʨʝʟʦʥʘʥʩʥʦʡ ʪʦʤʦʛʨʘʬʠʠ ʠ ʚ 

ʨʘʟʣʠʯʥʳʭ ʬʠʟʠʦʪʝʨʘʧʝʚʪʠʯʝʩʢʠʭ ʫʩʪʘʥʦʚʢʘʭ. ʐʠʨʦʢʦ ʠʟʚʝʩʪʥʦ ʦ ʰʠʨʦʢʦʤ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʠ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ ʚ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ, ʚ ʯʘʩʪʥʦʩʪʠ ʜʣʷ ʧʨʝʜʧʦ-

ʩʝʚʥʦʡ ʧʦʜʛʦʪʦʚʢʠ ʩʝʤʷʥ ʠ ʚʝʛʝʪʠʨʫʶʱʠʭ ʧʦʩʝʚʦʚ [15,16]. ʀʟʚʝʩʪʥʦ ʦ ʚʣʠʷʥʠʠ, 

ʦʢʘʟʳʚʘʝʤʦʤ ʩʣʘʙʳʤʠ ʤʘʛʥʠʪʥʳʤʠ ʧʦʣʷʤʠ ʥʘ ʧʨʦʮʝʩʩʳ ʨʦʩʪʘ ʠ ʬʘʟʦʚʳʭ ʧʝʨʝ-

ʭʦʜʦʚ ʤʥʦʛʠʭ ʤʘʪʝʨʠʘʣʦʚ [17,18]  ʇʨʠʤʝʥʷʶʪʩʷ ʤʘʛʥʠʪʥʳʝ ʧʦʣʷ ʠ ʚ ʢʘʯʝʩʪʚʝ 

ʤʝʪʦʜʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʦʥʢʦʡ ʩʪʨʫʢʪʫʨʳ ʚʝʱʝʩʪʚʘ ʨʘʟʣʠʯʥʳʤʠ ʤʝʪʦʜʘʤʠ ʤʘʛ-

ʥʠʪʥʦʛʦ ʨʝʟʦʥʘʥʩʘ, ʪʘʢʠʤʠ ʢʘʢ ʵʣʝʢʪʨʦʥʥʳʡ ʧʘʨʘʤʘʛʥʠʪʥʳʡ ʨʝʟʦʥʘʥʩ (ʕʇʈ), 

ʷʜʝʨʥʳʡ ʤʘʛʥʠʪʥʳʡ ʨʝʟʦʥʘʥʩʘ (ʗʄʈ) ʠ ʠʥʳʤʠ ʚʠʜʘʤʠ ʤʘʛʥʠʪʦʨʝʟʦʥʘʥʩʥʦʡ 

ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʛʜʝ ʥʝʦʙʭʦʜʠʤʦ ʙʳʪʴ ʫʚʝʨʝʥʥʳʤ ʚ ʦʪʩʫʪʩʪʚʠʠ ʩʫʱʝʩʪʚʝʥʥʦʛʦ 

ʚʣʠʷʥʠʷ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʟʦʥʜʠʨʫʶʱʝʛʦ ʧʦʣʷ ʥʘ ʧʨʦʮʝʩʩʳ ʚ ʠʩʩʣʝʜʫʝʤʦʤ ʦʙʲʝʢ-

ʪʝ. ɸʥʘʣʦʛʠʯʥʦʝ ʪʨʝʙʦʚʘʥʠʝ ʚʦʟʥʠʢʘʝʪ ʧʨʠ ʩʦʟʜʘʥʠʠ ʚʳʩʦʢʦʯʫʚʩʪʚʠʪʝʣʴʥʳʭ 

ʬʠʟʠʯʝʩʢʠʭ ʫʩʪʘʥʦʚʦʢ, ʪʘʢʠʭ ʢʘʢ ʛʨʘʚʠʪʘʮʠʦʥʥʳʝ ʘʥʪʝʥʥʳ, ʠ ʦʙʨʘʙʦʪʢʠ ʧʦʣʫ-

ʯʝʥʥʳʭ ʥʘ ʥʠʭ ʨʝʟʫʣʴʪʘʪʦʚ. ɺ ʦʧʠʩʘʥʥʳʭ ʚʳʰʝ ʩʣʫʯʘʷʭ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ 

ʚʦʟʤʦʞʥʦʩʪʴ ʚʣʠʷʥʠʷ ʩʣʘʙʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ, ʙʣʠʟʢʠʭ ʧʦ ʩʚʦʠʤ ʚʝʣʠʯʠʥʘʤ ʢ 

ʝʩʪʝʩʪʚʝʥʥʳʤ ʧʦʣʷʤ ɿʝʤʣʠ (~25-65 ʤʢʊʣ), ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʵʣʝʤʝʥʪʦʚ ʦʙʦʨʫ-

ʜʦʚʘʥʠʷ, ʩʧʦʩʦʙʥʳʭ ʧʨʠʚʦʜʠʪʴ ʢ ʠʟʤʝʥʝʥʠʶ ʠʭ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝ-

ʨʠʩʪʠʢʠ. ɺʩʝ ʵʪʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʤʦʞʝʪ ʩʢʘʟʳʚʘʪʴʩʷ ʥʘ ʠʭ ʨʘʙʦʪʝ ʠ ʥʘ ʧʦʢʘʟʘʥʠʷʭ 

ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʧʨʠʙʦʨʦʚ [5]. ɺ ʨʝʟʫʣʴʪʘʪʝ ʢʨʘʡʥʝ ʥʝʦʙʭʦʜʠʤʦ ʧʦʥʠʤʘʥʠʝ ʧʦ-

ʩʣʝʜʩʪʚʠʡ ʠ ʤʝʭʘʥʠʟʤʦʚ ʚʦʟʜʝʡʩʪʚʠʷ ʩʣʘʙʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ ʥʘ ʩʪʨʫʢʪʫʨʫ ʠ 

ʩʚʦʡʩʪʚʘ ʢʘʢ ʤʘʛʥʠʪʦʫʧʦʨʷʜʦʯʝʥʥʳʭ, ʪʘʢ ʠ ʥʝʤʘʛʥʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

  

1.1.1. ɺʦʟʜʝʡʩʪʚʠʷ ʩʣʘʙʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ ʥʘ ʤʝʭʘʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢʠ ʠ ʜʠʩʣʦʢʘʮʠʦʥʥʦʝ ʧʦʚʝʜʝʥʠʝ ʜʠʘʤʘʛʥʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

 

ʌʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʚʝʨʜʳʭ ʪʝʣ ʠ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ 

ʥʘ ʠʭ ʦʩʥʦʚʝ, ʦʧʨʝʜʝʣʷʶʪʩʷ ʫʧʨʫʛʠʤʠ ʩʚʦʡʩʪʚʘ ʠ ʧʨʦʮʝʩʩʘʤʠ ʥʝʫʧʨʫʛʦʩʪʠ, ʧʨʦ-

ʪʝʢʘʶʱʠʤʠ ʥʘ ʨʘʟʣʠʯʥʳʭ ʫʨʦʚʥʷʭ ʩʪʨʫʢʪʫʨʳ: ʘʪʦʤʘʨʥʦʤ, ʜʠʩʣʦʢʘʮʠʦʥʥʳʤ, 

ʤʝʟʦʩʪʨʫʢʪʫʨʥʦʤ ʠ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʦʤ. ɼʣʷ ʠʜʝʘʣʴʥʦʛʦ ʥʝʤʘʛʥʠʪʥʦʛʦ ʢʨʠʩʪʘʣ-
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ʣʘ ʪʨʝʙʫʶʪʩʷ ʢʨʘʡʥʝ ʚʳʩʦʢʠʝ ʤʘʛʥʠʪʥʳʝ ʧʦʣʷ, ʧʦʨʷʜʢʘ 100 ʊʣ ʠ ʚʳʰʝ, ʜʣʷ ʠʟ-

ʤʝʥʝʥʠʷ ʝʛʦ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. ʃʠʰʴ ʚ ʨʝʜʢʠʭ ʩʣʫʯʘʷʭ ʜʦʩʪʠʛʘʝʪʩʷ çʢʚʘʥ-

ʪʦʚʳʡ ʧʨʝʜʝʣè, ʧʨʠ ʢʦʪʦʨʦʤ ʚ ʦʙʣʘʩʪʠ ʛʝʣʠʝʚʳʭ ʪʝʤʧʝʨʘʪʫʨ ʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ 

çʤʘʛʥʠʪʥʳʡ ʧʨʦʙʦʡè, ʩʧʦʩʦʙʥʳʡ ʦʢʘʟʘʪʴ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʨʘʟʣʠʯʥʳʝ ʪʝʨʤʦʜʠ-

ʥʘʤʠʯʝʩʢʠ ʨʘʚʥʦʚʝʩʥʳʝ ʩʚʦʡʩʪʚʘ ʥʝʤʘʛʥʠʪʥʦʛʦ ʢʨʠʩʪʘʣʣʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʤʝʭʘ-

ʥʠʯʝʩʢʠʝ [19]. ʆʜʥʘʢʦ ʧʨʦʠʩʭʦʜʠʪ ʵʪʦ ʣʠʰʴ ʚ ʩʣʫʯʘʝ ʦʢʠʩʣʦʚ, ʩʧʣʘʚʦʚ ʠ ʥʝʢʦ-

ʪʦʨʳʭ ʤʝʪʘʣʣʦʚ, ʪʘʢʠʭ ʢʘʢ Bi, Be, Al, Nb, ʩ ʤʘʣʳʤ ʧʝʨʝʢʨʳʪʠʝʤ ʟʦʥ ʠʣʠ ʫʟʢʦʡ 

ʱʝʣʴʶ ʤʝʞʜʫ ʟʦʥʘʤʠ. ɺ ʜʘʥʥʳʭ ʩʣʫʯʘʷʭ ʤʘʛʥʠʪʥʘʷ ʵʥʝʨʛʠʷ Um ~ ɛBB ʧʨʝʚʳʰʘ-

ʝʪ æU (ʧʦʨʦʛʦʚʦʝ ʟʥʘʯʝʥʠʝ) ʧʨʠ B ʨʘʚʥʦʤ ʫʞʝ 10 ʊʣ. ɺ ʥʦʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ, 

ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʊʢʦʤʥ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʤʘʛʥʠʪʥʳʝ ʧʦʣʷ ʩ B Ò 10 

ʊʣ ʫʞʝ ʩʯʠʪʘʶʪʩʷ ʩʣʘʙʳʤʠ ʚ ʩʣʫʯʘʝ ʠʭ ʧʨʠʣʦʞʝʥʠʷ ʢ ʥʝʤʘʛʥʠʪʥʳʤ ʤʘʪʝʨʠʘ-

ʣʘʤ. ʉʯʠʪʘʝʪʩʷ, ʯʪʦ ʤʘʣʳʝ ʤʘʛʥʠʪʥʳʝ ʧʦʣʷ ʥʝ ʤʦʛʫʪ ʚ ʧʨʠʥʮʠʧʝ ʟʘʤʝʪʥʦ ʚʣʠʷʪʴ 

ʥʘ ʩʪʨʫʢʪʫʨʫ ʠ ʩʚʦʡʩʪʚʘ ʥʝʤʘʛʥʠʪʥʳʭ ʪʚʝʨʜʳʭ ʪʝʣ. ʀ ʜʝʡʩʪʚʠʪʝʣʴʥʦ, ʝʩʣʠ ʨʘʩ-

ʩʤʦʪʨʝʪʴ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠ ʨʘʚʥʦʚʝʩʥʫʶ ʩʠʩʪʝʤʫ, ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʘʛʥʠʪ-

ʥʦʛʦ ʧʦʣʷ, ʠʤʝʶʱʝʛʦ B ~ 1 ʊʣ, ʤʦʞʥʦ ʧʨʝʜʧʦʣʘʛʘʪʴ ʥʘʣʠʯʠʝ ʧʨʦʮʝʩʩʦʚ, ʠʤʝʶ-

ʱʠʭ ʪʦʣʴʢʦ ʩʣʘʙʫʶ ʵʥʝʨʛʠʶ (ɛBB/kTʢʦʤʥ ~ 10-3). 

ʇʨʠʤʝʨʦʤ ʪʘʢʠʭ ʚʦʟʜʝʡʩʪʚʠʡ, ʦʢʘʟʳʚʘʝʤʳʭ ʩʣʘʙʳʤʠ ʤʘʛʥʠʪʥʳʤʠ ʧʦʣʷʤʠ 

ʥʘ ʤʝʭʘʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʨʠʩʪʘʣʣʦʚ, ʥʝʩʤʦʪʨʷ ʥʘ ʩʣʘʙʫʶ ʵʥʝʨʛʝʪʠʯʝ-

ʩʢʫʶ ʩʦʩʪʘʚʣʷʶʱʫʶ ʜʘʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ, ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʨʘʙʦʪʳ [20-22]. ɺ 

[22], ʚ ʯʘʩʪʥʦʩʪʠ, ʙʳʣʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ ʚʦʟʜʝʡʩʪʚʠʝ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʥʘ 

ʭʦʜ ʟʘʚʠʩʠʤʦʩʪʠ ʧʨʝʜʝʣʘ ʪʝʢʫʯʝʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʩʢʦʨʦʩʪʠ ʜʝʬʦʨʤʘʮʠʠ ʚ 

ʢʨʠʩʪʘʣʣʘʭ Nb ʠ Mo ʧʨʠ 77 ï 300 K. ʊʘʢ ʢʘʢ ʠʩʧʦʣʴʟʫʝʤʳʝ ʤʘʛʥʠʪʥʳʝ ʧʦʣʷ ʙʳ-

ʣʠ ʢʨʘʡʥʝ ʤʘʣʳ, ʧʦʨʷʜʢʘ 0,15 ï 0,25 ʊʣ, ʪʦ ʦʥʠ ʫʜʦʚʣʝʪʚʦʨʷʣʠ ʢʨʠʪʝʨʠʷʤ çʩʣʘ-

ʙʦʩʪʠè. ʇʣʘʩʪʠʯʥʦʩʪʴ ʠ ʨʝʣʘʢʩʘʮʠʷ ʥʘʧʨʷʞʝʥʠʡ ʚ ʵʪʠʭ ʢʨʠʩʪʘʣʣʘʭ ʨʘʩʪʝʪ ʚ 

ʦʧʨʝʜʝʣʝʥʥʦʡ ʦʙʣʘʩʪʠ ʪʝʤʧʝʨʘʪʫʨ, ʘ ʵʥʝʨʛʠʷ ʘʢʪʠʚʘʮʠʠ ʫʤʝʥʴʰʘʝʪʩʷ ʧʨʠ ʜʝ-

ʬʦʨʤʘʮʠʠ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ.  

ʇʦʜʨʦʙʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʦʟʜʝʡʩʪʚʠʷ ʩʣʘʙʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ ʥʘ ʥʝ-

ʤʘʛʥʠʪʥʳʝ ʢʨʠʩʪʘʣʣʳ ʥʘʯʘʣʠʩʴ ʩ 1970-ʭ ʛʦʜʦʚ XX ʚʝʢʘ. ʀʟʚʝʩʪʥʳ ʨʘʙʦʪʳ [23, 

24], ʚ ʢʦʪʦʨʳʭ ʧʨʠʚʦʜʠʣʠʩʴ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʦʩʚʷʱʝʥʥʳʭ ʢʨʘʡʥʝ 
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ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʤʫ ʧʦ ʚʨʝʤʝʥʠ ʚʦʟʜʝʡʩʪʚʠʶ ʩʣʘʙʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ, ʩ B Ò 5 

ʊʣ, ʥʘ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʦʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ. ɺ ʯʘʩʪʥʦʩʪʠ, 

ʠʩʩʣʝʜʦʚʘʣʦʩʴ ʚʦʟʜʝʡʩʪʚʠʝ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ ʥʘ ʤʠʢʨʦʪʚʝʨʜʦʩʪʴ [23] ʠ ʥʘ ʠʟʤʝ-

ʥʝʥʠʝ ʧʨʦʙʝʛʦʚ ʜʠʩʣʦʢʘʮʠʡ [24], ʦʜʥʘʢʦ ʪʦʛʜʘ ʵʪʠ ʠʟʤʝʥʝʥʠʷ ʦʙʲʷʩʥʷʣʠʩʴ ʥʝ 

ʚʦʟʜʝʡʩʪʚʠʝ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʥʘ ʜʝʬʝʢʪʳ ʢʨʠʩʪʘʣʣʦʚ, ʘ ʜʝʡʩʪʚʠʝʤ ʚʠʭʨʝʚʳʭ 

ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʣʝʡ ʥʘ ʟʘʨʷʞʝʥʥʳʝ ʢʨʘʝʚʳʝ ʜʠʩʣʦʢʘʮʠʠ. ʇʨʠ ʵʪʦʤ ʜʘʥʥʫʶ ʛʠ-

ʧʦʪʝʟʫ ʚʧʦʩʣʝʜʩʪʚʠʠ ʧʨʠʰʣʦʩʴ ʦʪʙʨʦʩʠʪʴ, ʪʘʢ ʢʘʢ ʜʣʷ ʚʦʟʙʫʞʜʝʥʠʷ ʩʤʝʱʝʥʠʷ 

ʜʠʩʣʦʢʘʮʠʡ ʥʝʦʙʭʦʜʠʤʳ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʧʦʣʷ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʝ, ʯʝʤ ʪʝ, ʯʪʦ 

ʩʦʟʜʘʶʪʩʷ ʧʨʠ ʚʢʣʶʯʝʥʠʠ ʇʄʇ ʩ B ~ 1 ʊʣ (ʧʦʜʨʦʙʥʝʝ ʚ ʛʣ. 1.6.). ʇʦʟʜʥʝʝ ʙʳʣʠ 

ʦʙʥʘʨʫʞʝʥʳ ʠ ʤʥʦʛʠʝ ʜʨʫʛʠʝ ʤʘʛʥʠʪʦʧʣʘʩʪʠʯʝʩʢʠʝ ʵʬʬʝʢʪʳ ʥʘ ʥʝʤʘʛʥʠʪʥʳʭ 

ʢʨʠʩʪʘʣʣʘʭ, ʥʘʙʣʶʜʘʝʤʳʝ ʧʦ ʠʟʤʝʥʝʥʠʷʤ ʤʝʭʘʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʘʪʝʨʠ-

ʘʣʦʚ. ʊʘʢ ʥʘ ʠʦʥʥʳʭ ʢʨʠʩʪʘʣʣʘʭ (NaCl, LiF, KCl, KBr) ʙʳʣʠ ʧʦʢʘʟʘʥʳ ʠʟʤʝʥʝ-

ʥʠʷ ʩʢʦʨʦʩʪʠ ʤʘʢʨʦʧʣʘʩʪʠʯʝʩʢʦʛʦ ʪʝʯʝʥʠʷ [25], ʧʦʣʟʫʯʝʩʪʠ [26, 27], ʧʨʝʜʝʣʘ ʪʝ-

ʢʫʯʝʩʪʠ [28, 29], ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ [30], ʚʥʫʪʨʝʥʥʝʛʦ ʪʨʝʥʠʷ [31-34] ʧʦʜ ʜʝʡʩʪʚʠ-

ʝʤ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʨʝʟʫʣʴʪʘʪʳ ʜʘʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʦʙʲʷʩʥʷʣʠʩʴ ʥʝ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʚʦʟʜʝʡʩʪʚʠʷ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʚʠʭʨʝʚʳʭ ʧʦʣʝʡ, ʢʘʢ 

ʚ [23,24], ʘ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʦ ʚʦʟʜʝʡʩʪʚʠʷʭ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʥʘ 

ʧʨʦʪʝʢʘʥʠʝ çʢʦʨʦʪʢʠʭè ʩʪʘʜʠʡ ʩʧʠʥ-ʟʘʚʠʩʠʤʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʤʝʞʜʫ ʜʝʬʝʢ-

ʪʘʤʠ, ʪʘʢ ʢʘʢ ʚ ʥʝʤʘʛʥʠʪʥʳʭ ʢʨʠʩʪʘʣʣʘʭ ʤʘʛʥʠʪʥʳʤ ʤʦʤʝʥʪʦʤ ʩʧʦʩʦʙʥʳ ʦʙʣʘ-

ʜʘʪʴ ʪʦʣʴʢʦ ʜʝʬʝʢʪʥʳʝ ʩʪʨʫʢʪʫʨʳ. ʇʦʟʜʥʝʝ, ʵʬʬʝʢʪʳ ʤʘʛʥʠʪʦʠʥʜʫʮʠʨʦʚʘʥʥʳʭ 

ʠʟʤʝʥʝʥʠʡ ʤʝʭʘʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʠ ʥʘ ʜʨʫʛʠʭ ʤʘʪʝʨʠ-

ʘʣʘʭ, ʥʘʧʨʠʤʝʨ, ʥʘ Al [10,35] ʠ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʢʨʠʩʪʘʣʣʘʭ GaP ʠ AsGa 

[36]. ɺʩʝ ʥʘʙʣʶʜʘʝʤʳʝ ʠʟʤʝʥʝʥʠʷ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʥʝ-

ʩʢʦʣʴʢʠʤʠ ʥʝʟʘʚʠʩʠʤʳʤʠ ʛʨʫʧʧʘʤʠ, ʯʪʦ ʣʠʰʴ ʧʦʜʪʚʝʨʞʜʘʣʦ ʩʫʱʝʩʪʚʦʚʘʥʠʝ 

ʦʪʢʣʠʢʘ ʥʘ ʩʣʘʙʦʝ ʤʘʛʥʠʪʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ. ɼʘʣʴʥʝʡʰʝʝ ʠʟʫʯʝʥʠʝ ʚʦʟʜʝʡʩʪʚʠʷ 

ʩʣʘʙʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ ʥʘ ʩʚʦʡʩʪʚʘ ʠ ʩʪʨʫʢʪʫʨʫ ʥʝʤʘʛʥʠʪʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʙʳ-

ʣʠ ʥʘʧʨʘʚʣʝʥʳ, ʢʘʢ ʥʘ ʧʦʧʳʪʢʠ ʙʦʣʝʝ ʯʝʪʢʦʛʦ ʧʦʥʠʤʘʥʠʷ ʤʝʭʘʥʠʟʤʦʚ ʧʨʦʠʩʭʦ-

ʜʷʱʠʭ ʧʨʦʮʝʩʩʦʚ, ʪʘʢ ʠ ʥʘ ʦʙʥʘʨʫʞʝʥʠʷ ʩʦʚʝʨʰʝʥʥʦ ʥʦʚʳʭ ʦʪʢʣʠʢʦʚ ʤʘʪʝʨʠʘ-

ʣʦʚ ʥʘ ʤʘʛʥʠʪʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ. 



19 
 

ʅʦʚʳʡ ʪʦʣʯʦʢ ʚ ʧʦʥʠʤʘʥʠʠ ʧʨʦʮʝʩʩʦʚ ʚʦʟʜʝʡʩʪʚʠʡ ʩʣʘʙʳʭ ʤʘʛʥʠʪʥʳʭ 

ʧʦʣʝʡ ʥʘ ʩʪʨʫʢʪʫʨʫ ʠ ʩʚʦʡʩʪʚʘ ʥʝʤʘʛʥʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʘʣʘ ʨʘʙʦʪʘ ɺ.ʀ. ɸʣʴ-

ʰʠʮʘ [37]. ɺ ʥʝʡ ʘʚʪʦʨʳ ʦʧʠʩʳʚʘʣʠ ʩʪʠʤʫʣʠʨʦʚʘʥʥʦʝ ʩʣʘʙʳʤ ʇʄʇ, ʠʤʝʶʱʠʤ 

B å 1 ʊʣ, ʜʚʠʞʝʥʠʝ ʜʠʩʣʦʢʘʮʠʡ ʚ ʤʦʥʦʢʨʠʩʪʘʣʣʘʭ NaCl. ɼʠʩʣʦʢʘʮʠʠ ʚ ʦʧʠʩʘʥ-

ʥʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ ʚʚʦʜʠʣʠʩʴ ʩʣʘʙʳʤ ʫʜʘʨʦʤ ʠ ʷʚʣʷʣʠʩʴ ʤʘʨʢʝʨʦʤ ʧʨʦʠʩʭʦʜʷ-

ʱʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʢʨʠʩʪʘʣʣʝ. ʆʪʩʫʪʩʪʚʠʝ ʢʘʢʠʭ-ʣʠʙʦ ʚʥʝʰʥʠʭ ʥʘʛʨʫʟʦʢ ʠ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʝ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʥʝ ʯʫʚʩʪʚʠʪʝʣʴʥʦʛʦ ʢ ʚʦʟʜʝʡʩʪʚʠʷʤ ʤʘʛʥʠʪʥʦʛʦ ʧʦ-

ʣʷ, ʧʦʟʚʦʣʠʣʦ ʠʟʙʘʚʠʪʴʩʷ ʦʪ ʧʨʦʙʣʝʤ, ʚʦʟʥʠʢʰʠʭ ʫ ʨʷʜʘ ʘʚʪʦʨʦʚ, ʚ ʩʭʦʞʠʭ ʠʩ-

ʩʣʝʜʦʚʘʥʠʷʭ [38-42]. ʋʧʦʤʠʥʘʝʤʳʝ ʧʨʦʙʣʝʤʳ, ʚʦʟʥʠʢʘʣʠ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʠʩʧʳʪʘʪʝʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʧʦʜʚʠʞʥʳʝ ʯʘʩʪʠ ʢʦʪʦʨʦʛʦ ʯʫʚʩʪʚʠʪʝʣʴʥʳ ʢ 

ʤʘʛʥʠʪʥʳʤ ʧʦʣʷʤ. ɼʘʥʥʦʡ ʧʨʦʙʣʝʤʦʡ ʤʦʞʥʦ ʧʨʝʥʝʙʨʝʯʴ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʩʠʣʴʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ, ʦʜʥʘʢʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʦʣʝʡ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʭ 

ʢʨʠʪʝʨʠʷʤ ʩʣʘʙʦʩʪʠ, ʧʦʛʨʝʰʥʦʩʪʠ, ʚʥʦʩʠʤʳʝ ʚʦʟʜʝʡʩʪʚʠʝʤ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʥʘ 

ʘʧʧʘʨʘʪʫʨʫ, ʧʨʠʭʦʜʠʪʩʷ ʫʯʠʪʳʚʘʪʴ. ʊʘʢ, ʚ ʨʘʙʦʪʘʭ [38-42], ʠʟ-ʟʘ ʦʧʠʩʘʥʥʦʡ 

ʚʳʰʝ ʧʨʦʙʣʝʤʳ, ʚʝʣʠʯʠʥʳ ʨʝʛʠʩʪʨʠʨʫʝʤʳʭ ʤʘʛʥʠʪʦʧʣʘʩʪʠʯʝʩʢʠʭ ʦʪʢʣʠʢʦʚ 

ʫʤʝʥʴʰʠʣʠʩʴ ʧʨʘʢʪʠʯʝʩʢʠ ʥʘ ʧʦʨʷʜʦʢ ʠʟʤʝʨʷʝʤʳʭ ʟʥʘʯʝʥʠʡ, ʘ ʥʝʢʦʪʦʨʳʝ ʨʝ-

ʟʫʣʴʪʘʪʳ [42] ʧʦʚʪʦʨʠʪʴ ʪʘʢ ʠ ʥʝ ʫʜʘʣʦʩʴ. 

ʆʧʳʪʳ, ʧʨʦʚʦʜʠʤʳʝ ʛʨʫʧʧʦʡ ɺ.ʀ. ɸʣʴʰʠʮʘ, ʧʨʦʚʦʜʠʣʠʩʴ ʧʨʠ ʢʦʤʥʘʪʥʳʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ, ʯʪʦ ʧʦʣʥʦʩʪʴʶ ʫʜʦʚʣʝʪʚʦʨʷʣʦ ʢʨʠʪʝʨʠʷʤ çʩʣʘʙʦʩʪʠè ʠʩʧʦʣʴʟʫʝ-

ʤʳʭ ʧʦʣʝʡ. ʆʧʫʙʣʠʢʦʚʘʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʚ ʪʦʪ ʤʦʤʝʥʪ, ʧʨʝʜʩʪʘʚʣʷʣʠʩʴ ʯʝʤ-ʪʦ 

ʩʧʦʨʥʳʤ, ʚ ʩʚʷʟʠ ʩ ʯʝʤ, ʩʘʤʠ ʘʚʪʦʨʳ ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʦʪʥʦʩʠʣʠʩʴ ʢ ʩʚʦʠʤ ʜʘʥ-

ʥʳʤ ʩ ʥʝʢʦʪʦʨʦʡ ʜʦʣʝʡ ʩʢʝʧʩʠʩʘ. ʆʜʥʘʢʦ, ʠʤʝʥʥʦ ʵʪʘ ʨʘʙʦʪʘ [37] ʧʦʟʚʦʣʠʣʘ 

ʥʘʯʘʪʴ ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʝ ʠʟʫʯʝʥʠʝ ʚʦʟʜʝʡʩʪʚʠʷ ʩʣʘʙʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ ʥʘ ʤʝ-

ʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʢʨʠʩʪʘʣʣʦʚ, ʘ ʪʘʢʞʝ ʠʩʩʣʝʜʦʚʘʥʠ ̫ʥʦʚʦʛʦ ʬʠʟʠʯʝʩʢʦʛʦ ʷʚ-

ʣʝʥʠʷ, ʥʘʟʚʘʥʥʦʛʦ ʤʘʛʥʠʪʦʧʣʘʩʪʠʯʝʩʢʠʤ ʵʬʬʝʢʪʦʤ. 

ɼʘʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʢʘʟʘʣʠʩʴ ʢʨʘʡʥʝ ʮʝʥʥʳ ʝʱʝ ʠ ʧʦʪʦʤʫ, ʯʪʦ ʧʦʚʝʜʝ-

ʥʠʝ ʜʠʩʣʦʢʘʮʠʡ ʷʚʣʷʝʪʩʷ ʭʦʨʦʰʠʤ ʤʘʨʢʝʨʦʤ ʠʟʤʝʥʝʥʠʷ ʩʚʦʡʩʪʚ ʢʨʠʩʪʘʣʣʦʚ. 

ʇʦʩʣʝ ʨʘʙʦʪʳ [35] ʜʚʠʞʝʥʠʝ ʜʠʩʣʦʢʘʮʠʡ ʚ ʇʄʇ ʚ ʦʪʩʫʪʩʪʚʠʝ ʚʥʝʰʥʠʭ ʥʘʛʨʫ-
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ʞʝʥʠʡ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʚ ʱʝʣʦʯʥʦ-ʛʘʣʦʠʜʥʳʭ ʢʨʠʩʪʘʣʣʘʭ NaCl [43,44], LiF 

[45,46] CsI [46], ʤʝʪʘʣʣʘʭ Zn [47], Al [ 45,48], ʧʦʣʫʧʨʦʚʦʜʥʠʢʘʭ InSb [49].  

 

ʈʠʩ. 1. ɼʠʩʣʦʢʘʮʠʦʥʥʳʝ ʩʤʝʱʝʥʠʷ ʚ ʢʨʠʩʪʘʣʣʝ NaCl ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʤʘʛ-

ʥʠʪʥʦʛʦ ʧʦʣʷ B = 0,5 ʊʣ ʚ ʪʝʯʝʥʠʝ 3 ʤʠʥ: 1,2 ʠ ʪ.ʜ. - ʥʘʯʘʣʴʥʳʝ ʧʦʣʦʞʝʥʠʷ ʜʠʩ-

ʣʦʢʘʮʠʡ; 1', 2ó ʠ ʪ.ʜ. - ʢʦʥʝʯʥʳʝ ʧʦʟʠʮʠʠ ʜʠʩʣʦʢʘʮʠʠ. [44]. 

ʅʘʙʣʶʜʘʝʤʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʧʨʦʙʝʛʘ ʜʠʩʣʦʢʘʮʠʡ ʦʪ ʚʝʣʠʯʠʥʳ ʤʘʛʥʠʪʥʦʡ 

ʠʥʜʫʢʮʠʠ (ɺ) ʚ [44] ʷʚʣʷʣʘʩʴ ʢʚʘʜʨʘʪʠʯʥʦʡ. ʇʨʠ ʵʪʦʤ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʟʘʚʠ-

ʩʠʤʦʩʪʴ ʤʘʛʥʠʪʦʠʥʜʫʮʠʨʦʚʘʥʥʳʭ ʠʟʤʝʥʝʥʠʡ ʦʪ ʚʝʣʠʯʠʥʳ ʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ 

ʥʝ ʚʩʝʛʜʘ ʥʦʩʠʪ ʢʚʘʜʨʘʪʠʯʥʳʡ ʭʘʨʘʢʪʝʨ [50,51]. ɺ ʦʧʠʩʘʥʥʳʭ ʚʳʰʝ ʦʧʳʪʘʭ 

ʪʘʢʞʝ ʙʳʣʘ ʧʦʢʘʟʘʥʘ ʥʝʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʜʠʩʣʦʢʘʮʠʡ ʢ ʩʤʝʥʝ ʥʘʧʨʘʚʣʝʥʠʷ ʧʦ-

ʣ,̫ ʯʪʦ, ʚʢʫʧʝ ʩ ʤʘʣʳʤʠ ʠʩʧʦʣʴʟʫʝʤʳʤʠ ʧʦʣʷʤʠ, ʠʩʢʣʶʯʘʣʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦ 

ʩʠʣʦʚʦʤ ʚʦʟʙʫʞʜʝʥʠʠ ʟʘʨʷʞʝʥʥʦʡ ʜʠʩʣʦʢʘʮʠʠ ʤʘʛʥʠʪʥʳʤ ʧʦʣʝʤ. ʊʘʢʞʝ 

ʥʘʙʣʶʜʘʣʦʩʴ ʜʚʠʞʝʥʠʝ ʠ ʥʝʟʘʨʷʞʝʥʥʳʭ ʚʠʥʪʦʚʳʭ ʜʠʩʣʦʢʘʮʠʡ [45,46]. ʆʮʝʥʢʘ 

ʚʝʣʠʯʠʥ ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʦʥʥʳʭ ʢʦʥʩʪʘʥʪ ʜʣʷ ʵʪʠʭ ʤʘʪʝʨʠʘʣʦʚ, ʥʘ ʥʝʩʢʦʣʴʢʦ 

ʧʦʨʷʜʢʦʚ ʧʨʝʚʳʰʘʶʱʘ ̫ ʥʝʦʙʭʦʜʠʤʳʝ ʟʥʘʯʝʥʠʷ, ʧʨʠ ʢʦʪʦʨʳʭ ʜʦʣʞʥʳ ʙʳʣʠ 

ʥʘʙʣʶʜʘʪʴʩʷ ʜʘʥʥʳʝ ʵʬʬʝʢʪʳ, ʧʦʟʚʦʣʷʣʘ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʧʨʠʨʦʜʘ ʥʘʙʣʶʜʘ-

ʝʤʳʭ ʵʬʬʝʢʪʦʚ ʥʝ ʙʳʣʘ ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʦʥʥʦʡ.  
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ʇʦʟʜʥʝʝ, ʥʘʨʷʜʫ ʩ ʜʚʠʞʝʥʠʝʤ ʜʠʩʣʦʢʘʮʠʡ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʧʨʦʮʝʩʩʝ 

ʧʨʠʣʦʞʝʥʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʚ ʥʝʤʘʛʥʠʪʥʳʭ ʢʨʠʩʪʘʣʣʘʭ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ 

ʧʨʦʮʝʩʩʳ ʨʦʩʪʘ ʧʦʜʚʠʞʥʦʩʪʠ ʜʠʩʣʦʢʘʮʠʡ, ʫʞʝ ʧʦʩʣʝ ʦʪʢʣʦʥʝʥʠʷ ʚʥʝʰʥʝʛʦ ʧʦ-

ʣ̫. ɺʳʰʝʦʧʠʩʘʥʥʳʝ ʵʬʬʝʢʪʳ ʥʘʙʣʶʜʘʣʠʩʴ ʚ ʇʄʇ [52,53], ʀʄʇ [54,55], ʘ ʪʘʢ-

ʞʝ ʚ ʧʝʨʝʤʝʥʥʦʤ ʵʣʝʢʪʨʠʯʝʩʢʦʤ ʧʦʣʝ [56]. ʈʝʛʠʩʪʨʠʨʦʚʘʣʦʩʴ ʵʪʦ ʚ ʚʠʜʝ ʨʦʩʪʘ 

ʧʨʦʙʝʛʘ ʜʠʩʣʦʢʘʮʠʡ ʧʨʠ ʩʤʝʱʝʥʠʠ ʜʠʩʣʦʢʘʮʠʡ, ʠʤʝʶʱʠʭ ʤʝʩʪʦ ʚ ʩʣʫʯʘʝ 

ʚʥʝʰʥʝʛʦ ʥʘʛʨʫʞʝʥʠʷ ʢʨʠʩʪʘʣʣʦʚ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʨʝʘʣʠʟʘʮʠʠ ʨʘʟʣʠʯʥʳʭ 

ʚʳʰʝʦʧʠʩʘʥʥʳʭ ʵʬʬʝʢʪʦʚ ʜʘʣʠ ʚʦʟʤʦʞʥʦʩʪʴ ʩʜʝʣʘʪʴ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦ ʤʦʜʠ-

ʬʠʢʘʮʠʠ ʩʠʩʪʝʤʳ ʪʦʯʝʯʥʳʭ ʜʝʬʝʢʪʦʚ ʢʨʠʩʪʘʣʣʦʚ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ. ʇʨʦʚʝʜʝ-

ʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʧʦʟʚʦʣʷʶʱʠʭ ʥʘʙʣʶʜʘʪʴ ʟʘ ʜʚʠʞʝʥʠʝʤ ʜʠʩʣʦʢʘʮʠʡ ʚ ʥʝ-

ʤʘʛʥʠʪʥʳʭ ʢʨʠʩʪʘʣʣʘʭ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ, ʢʘʢ ʚ ʠʤʧʫʣʴʩʝ ʤʘʛʥʠʪʥʦ-

ʛʦ ʧʦʣʷ, ʪʘʢ ʠ ʧʦʩʣʝ ʦʪʢʣʦʥʝʥʠʷ ʜʘʥʥʦʛʦ ʧʦʣʷ, ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ, ʯʪʦ ʜʚʠ-

ʞʝʥʠʝ ʜʠʩʣʦʢʘʮʠʡ ʠʤʝʶʪ ʵʬʬʝʢʪʳ ʧʦʩʣʝʜʝʡʩʪʚʠʷ, ʩ ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʜʦʣʞʠʪʝʣʴ-

ʥʳʤʠ ʚʨʝʤʝʥʥʳʤʠ ʠʥʪʝʨʚʘʣʘʤʠ çʦʩʪʘʥʦʚʦʢè, ʧʦʩʣʝ ʦʢʦʥʯʘʥʠʷ ʠʤʧʫʣʴʩʘ. ɼʘʥ-

ʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʥʘʛʣʷʜʥʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ, ʯʪʦ ʠʟʤʝʥʝʥʠʷ ʚ ʤʘʛʥʠʪʥʳʭ ʧʦ-

ʣʷʭ ʤʦʛʫʪ ʧʨʦʠʩʭʦʜʠʪʴ, ʢʘʢ ʚʦ ʚʨʝʤʷ ʵʢʩʧʦʟʠʮʠʠ ʚ ʧʦʣʝ [43], ʢʦʛʜʘ ʟʘʜʝʡʩʪʚʦ-

ʚʘʥʳ ʜʠʩʣʦʢʘʮʠʷ-ʧʘʨʘʤʘʛʥʠʪʥʳʡ ʮʝʥʪʨ, ʪʘʢ ʠ ʯʝʨʝʟ ʥʝʢʦʪʦʨʦʝ ʚʨʝʤʷ, ʧʦʩʣʝ 

ʩʥʷʪʠʷ ʤʘʛʥʠʪʥʦʤ ʧʦʣʷ. ɺ ʧʦʩʣʝʜʥʝʤ ʩʣʫʯʘʝ ʧʨʝʜʧʦʣʘʛʘʶʪʩʷ ʠʟʤʝʥʝʥʠʷ ʚ ʧʦʜ-

ʩʠʩʪʝʤʘʭ ʪʦʯʝʯʥʳʭ ʜʝʬʝʢʪʦʚ, ʥʝ ʩʧʦʩʦʙʥʳʭ ʧʝʨʝʩʪʨʘʠʚʘʪʴʩʷ ʤʛʥʦʚʝʥʥʦ. ʈʝʘʢ-

ʮʠʠ ʢʘʢʦʛʦ ʚʠʜʘ ʙʫʜʫʪ ʧʨʝʦʙʣʘʜʘʪʴ, ʟʘʚʠʩʠʪ ʦʪ ʧʨʠʤʝʩʥʦʛʦ ʩʦʩʪʘʚʘ ʠ ʧʨʝʜʳʩʪʦ-

ʨʠʠ ʢʨʠʩʪʘʣʣʘ [57,58], ʧʨʠ ʵʪʦ ʚʘʞʥʦ, ʢʘʢ ʦʙʨʘʙʘʪʳʚʘʣʠʩʴ ʦʙʨʘʟʮʳ ʜʦ ʵʢʩʧʝʨʠ-

ʤʝʥʪʘ: ʪʝʨʤʦʦʙʨʘʙʦʪʢʦʡ, ʦʪʞʠʛʦʤ ʠʣʠ ʟʘʢʘʣʠʚʘʥʠʝʤ.  

ʅʘʫʯʥʦʡ ʛʨʫʧʧʦʡ ʅ.ɸ. ʊʷʧʫʥʠʥʦʡ [33] ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ, 

ʛʦʚʦʨʷʱʠʝ ʦ ʚʦʟʜʝʡʩʪʚʠʠ, ʦʢʘʟʳʚʘʝʤʦʤ ʧʨʠʣʦʞʝʥʠʝʤ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʥʘ ʘʤ-

ʧʣʠʪʫʜʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʚʥʫʪʨʝʥʥʝʛʦ ʪʨʝʥʠʷ. ɺ ʨʷʜʝ ʨʘʙʦʪ [31,33,59-61] ʧʨʠʚʦ-

ʜʠʣʠʩʴ ʨʝʟʫʣʴʪʘʪʳ ʚʦʟʜʝʡʩʪʚʠʡ ʩʣʘʙʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ ʥʘ ʥʝʫʧʨʫʛʠʝ ʩʚʦʡ-

ʩʪʚʘ ʢʨʠʩʪʘʣʣʦʚ, ʥʝ ʷʚʣʷʶʱʠʭʩʷ ʤʘʛʥʠʪʥʳʤʠ, ʘ ʪʘʢʞʝ ʧʨʝʜʣʦʞʝʥʳ ʪʝʦʨʝʪʠʯʝ-

ʩʢʠʝ ʦʧʠʩʘʥʠʷ ʜʘʥʥʳʭ ʧʨʦʮʝʩʩʦʚ. ʇʨʠ ʵʪʦʤ ʩʪʦʠʪ ʫʧʦʤʷʥʫʪʴ, ʯʪʦ ʥʘʛʨʫʞʝʥʠʝ 

ʦʙʨʘʟʮʦʚ ʚ ʜʘʥʥʳʭ ʨʘʙʦʪʘʭ, ʧʦʩʣʝ ʚʦʟʜʝʡʩʪʚʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣ̫, ʷʚʣʷʣʦʩʴ ʟʥʘ-
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ʢʦʧʝʨʝʤʝʥʥʳʤ. ʀʟ ʚʳʰʝʧʨʠʚʝʜʝʥʥʳʭ ʨʘʙʦʪ ʙʳʣʠ ʩʜʝʣʘʥʳ ʚʳʚʦʜʳ, ʯʪʦ ʚʥʫʪ-

ʨʝʥʥʝʝ ʪʨʝʥʠʝ, ʢʘʢ ʘʤʧʣʠʪʫʜʥʦ-ʟʘʚʠʩʠʤʦʝ, ʪʘʢ ʠ ʥʝʟʘʚʠʩʠʤʦʝ, ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ 

ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʤʦʜʫʣʷ ʖʥʛʘ, ʟʥʘʯʝʥʠʷ ʢʦʪʦʨʦʛʦ ʧʘʜʘʶʪ. ʇʨʠ 

ʵʪʦʤ ʨʦʩʪ ʚʥʫʪʨʝʥʥʝʛʦ ʪʨʝʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʣʠʥʝʡʥʦ, ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʢʚʘʜʨʘʪʘ 

ʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ, ʧʨʠ ʜʦʩʪʠʞʝʥʠʠ ʥʝʢʦʪʦʨʦʛʦ ʧʦʛʨʘʥʠʯʥʦʛʦ ʟʥʘʯʝʥʠʷ. 

ʊʘʢʞʝ ʚ ʨʘʙʦʪʘʭ [31,33,59-61] ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʨʘʟʣʠʯʥʳʝ ʚʨʝʤʝʥʥʳʝ ʟʘʚʠʩʠ-

ʤʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʩʚʦʡʩʪʚ, ʪʘʢʠʝ ʢʘʢ ʵʬʬʝʢʪʳ ʤʘʛʥʠʪʥʦʡ ʧʘʤʷʪʠ ʠʣʠ ʤʘʛʥʠʪʥʦ-

ʛʦ ʧʦʩʣʝʜʝʡʩʪʚʠʷ [61]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʠʩʣʦʢʘʮʠʦʥʥʦʛʦ ʜʚʠʞʝ-

ʥʠʷ ʢʨʠʩʪʘʣʣʦʚ ʠ ʠʟʤʝʥʝʥʠʷ ʥʝʫʧʨʫʛʠʭ ʩʚʦʡʩʪʚ ʢʨʠʩʪʘʣʣʦʚ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʣʘ-

ʙʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ ʫʙʝʜʠʪʝʣʴʥʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ, ʯʪʦ ʤʘʛʥʠʪʦʠʥʜʫʮʠ-

ʨʦʚʘʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʩʧʦʩʦʙʥʳ ʧʨʦʠʩʭʦʜʠʪʴ ʥʝ ʪʦʣʴʢʦ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʤʘʛ-

ʥʠʪʥʦʤ ʧʦʣʝ, ʥʦ ʠ ʧʦʩʣʝ ʝʛʦ ʩʥʷʪʠʷ (ʨʠʩ. 2.). 

 

ʈʠʩ. 2. ʊʨʠ ʦʩʥʦʚʥʳʭ ʪʠʧʘ ʧʦʚʝʜʝʥʠʷ ʥʝʤʘʛʥʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚ ʤʘʛʥʠʪ-

ʥʦʤ ʧʦʣʝ ʧʦ [5]: 1 ï ʵʬʬʝʢʪʳ in situ; 2 ï ʥʝʦʙʨʘʪʠʤʳʝ ʧʦʩʪʵʬʬʝʢʪʳ; 3 ï ʵʬʬʝʢ-

ʪʳ ʧʦʩʣʝʜʝʡʩʪʚʠʷ ʩ ʤʝʜʣʝʥʥʦʡ ʨʝʣʘʢʩʘʮʠʝʡ. 

ʂʨʦʤʝ ʪʦʛʦ, ʙʳʣʦ ʦʧʨʝʜʝʣʝʥʦ, ʯʪʦ ʚ ʥʝʤʘʛʥʠʪʥʳʭ ʢʨʠʩʪʘʣʣʘʭ, ʪʘʢʠʭ ʢʘʢ 

ʱʝʣʦʯʥʦ-ʛʘʣʦʠʜʥʳʝ, ʧʨʠ ʢʦʤʧʣʝʢʩʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʫʣʴʪʨʘʟʚʫʢʘ ʠ ʤʘʛʥʠʪʥʦʛʦ 

ʧʦʣʷ, ʧʨʦʠʩʭʦʜʠʪ ʫʚʝʣʠʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʜʠʩʣʦʢʘʮʠʡ [59]. ʉʭʦʞʠʝ ʨʝʟʫʣʴʪʘʪʳ 

ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʠ ʥʘ ʜʨʫʛʠʭ ʤʘʪʝʨʠʘʣʘʭ, ʪʘʢʠʭ ʢʘʢ ʤʝʪʘʣʣʳ [62], ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʩʭʦʞʝʩʪʠ ʧʦʚʝʜʝʥʠʷ ʘʤʧʣʠʪʫʜʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʚʥʫʪʨʝʥʥʝʛʦ 

ʪʨʝʥʠʷ ʧʨʠ ʧʨʠʣʦʞʝʥʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ ʱʝʣʦʯʥʦ-ʛʘʣʦʠʜʥʳʭ ʢʨʠʩʪʘʣʣʘʭ ʠ 
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ʤʝʪʘʣʣʘʭ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʘʚʪʦʨʳ [54] ʧʨʠʰʣʠ ʢ ʚʳʚʦʜʫ, ʯʪʦ ʤʘʛʥʠʪʥʳʝ ʧʦʣʷ ʦʢʘ-

ʟʳʚʘʶʪ ʢʦʤʧʣʝʢʩʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʥʝʤʘʛʥʠʪʥʳʝ ʢʨʠʩʪʘʣʣʳ, ʚʦʟʜʝʡʩʪʚʫʷ ʢʘʢ 

ʥʘ ʪʦʯʝʯʥʳʝ ʜʝʬʝʢʪʳ, ʪʘʢ ʠ ʥʘ ʜʠʩʣʦʢʘʮʠʠ ʧʦ ʦʪʜʝʣʴʥʦʩʪʠ. ɼʘʥʥʳʝ ʚʳʚʦʜʳ ʦʩ-

ʥʦʚʳʚʘʶʪʩʷ ʥʘ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʜʠʩʣʦʢʘʮʠʡ ʢ ʩʦʩʪʦʷʥʠʷʤ ʪʦʯʝʯʥʳʭ ʜʝʬʝʢʪʦʚ, 

ʧʦʟʚʦʣʷʶʱʠʭ ʦʮʝʥʠʪʴ ʢʠʥʝʪʠʢʫ ʚʦʟʙʫʞʜʝʥʠʷ ʪʦʯʝʯʥʳʭ ʜʝʬʝʢʪʦʚ ʥʝʤʘʛʥʠʪʥʳʭ 

ʢʨʠʩʪʘʣʣʦʚ ʧʨʠ ʧʨʠʣʦʞʝʥʠʠ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ (ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʠʤʧʫʣʴʩʥʳʭ), ʘ 

ʪʘʢʞʝ ʧʨʦʠʟʚʝʩʪʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʪʦʯʥʫʶ ʦʮʝʥʢʫ ʢʠʥʝʪʠʢʠ ʠʭ ʨʝʣʘʢʩʘʮʠʠ, ʧʦʩʣʝ 

ʦʪʢʣʶʯʝʥʠʷ ʚʥʝʰʥʝʛʦ ʧʦʣʷ. ʈʝʣʘʢʩʘʮʠʷ ʜʝʬʝʢʪʦʚ ʜʦ ʥʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ ʧʨʦʠʩ-

ʭʦʜʠʪ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʝʢʦʤʙʠʥʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʚʦʟʥʠʢʘʶʱʠʭ ʚ ʤʦʤʝʥʪ ʩʥʷ-

ʪʠʷ ʚʥʝʰʥʝʡ ʩʠʣʳ, ʠ ʠʤʝʝʪ ʤʥʦʛʦ ʦʙʱʝʛʦ ʩ ʜʠʬʬʫʟʠʦʥʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ, ʚ ʩʠʣʫ 

ʯʝʛʦ ʷʚʣʷʝʪʩʷ ʪʝʨʤʦʘʢʪʠʚʠʨʫʝʤʳʤʠ [58]. 

ɺʘʞʥʳʤ ʚʢʣʘʜʦʤ ʚ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʚʦʟʜʝʡʩʪʚʠʡ ʩʣʘʙʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ 

ʥʘ ʤʝʭʘʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʝʤʘʛʥʠʪʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʩʪʘʣʠ ʨʝʟʫʣʴʪʘʪʳ, 

ʧʦʣʫʯʝʥʥʳʝ ʛʨʫʧʧʦʡ ɸ.ɸ. ʋʨʫʩʦʚʩʢʦʡ [23,63]. ɺ ʥʠʭ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʚʦʟʜʝʡ-

ʩʪʚʠʝ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʥʘ ʧʣʘʩʪʠʯʥʦʩʪʴ ʠʦʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʥʘ ʤʘʢʨʦʩʢʦʧʠʯʝ-

ʩʢʦʤ ʫʨʦʚʥʝ, ʘ ʪʘʢʞʝ ʠʟʤʝʥʝʥʠʝ ʪʚʝʨʜʦʩʪʠ ʧʦʩʣʝ ʵʢʩʧʦʟʠʮʠʠ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ 

ʦʙʨʘʟʮʦʚ LiF. ʉʪʦʠʪ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʚʳʰʝʦʧʠʩʘʥʥʳʝ ʵʬʬʝʢʪʳ ʠʤʝʣʠ ʧʨʷʤʫʶ ʟʘ-

ʚʠʩʠʤʦʩʪʴ ʦʪ ʚʝʣʠʯʠʥʳ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ [54,63]. ʕʪʠ ʠʟʤʝʥʝʥʠʷ ʩʚʦʡʩʪʚ ʢʨʠ-

ʩʪʘʣʣʦʚ ʥʝʚʦʟʤʦʞʥʳ, ʝʩʣʠ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʥʝ ʜʦʩʪʠʛʘʝʪ ʥʝʢʦʪʦʨʦʡ ʢʨʠʪʠʯʝʩʢʦʡ 

ʚʝʣʠʯʠʥʳ, ʠ ʜʦʩʪʠʛʘʶʪ ʥʘʩʳʱʝʥʠʷ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʟʥʘʯʝʥʠʡ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ 

[63-65]. ʆʙʥʘʨʫʞʝʥʥʳʝ ʵʬʬʝʢʪʳ ʠʤʝʶʪ ʩʚʷʟʴ ʠ ʩʦ ʩʢʦʨʦʩʪʷʤʠ ʜʝʬʦʨʤʘʮʠʠ, 

ʧʨʠʥʠʤʘʶʱʠʤʠ, ʦʜʥʘʢʦ ʦʙʨʘʪʥʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ. ʇʨʠ ʚʩʝʤ 

ʵʪʦʤ, ʚʝʣʠʯʠʥʳ ʧʨʝʜʝʣʘ ʪʝʢʫʯʝʩʪʠ ʠʤʝʶʪ ʩʠʣʴʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʧʨʠʤʝʩʥʦʛʦ 

ʩʦʩʪʘʚʘ ʦʙʨʘʟʮʦʚ [31,66].  

ɺ ʥʝʢʦʪʦʨʳʭ ʨʘʙʦʪʘʭ [67] ʩʦʚʤʝʩʪʥʦ ʩ ʤʘʛʥʠʪʥʳʤ ʧʦʣʝʤ ʢ ʢʨʠʩʪʘʣʣʘʤ 

ʧʨʠʢʣʘʜʳʚʘʣʦʩʴ ʠ ʤʘʣʦʝ ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʧʦʣʝ, ʢʦʪʦʨʦʝ ʫʩʠʣʠʚʘʣʦ ʚʦʟʜʝʡʩʪʚʠʝ 

ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ ʥʘ ʨʝʛʠʩʪʨʠʨʫʝʤʳʝ ʜʝʬʦʨʤʘʮʠʦʥʥʳʝ ʧʨʦʮʝʩʩʳ. ʕʪʦʪ ʵʬʬʝʢʪ 

ʙʳʣ ʠʟʫʯʝʥ ʧʦʜʨʦʙʥʝʝ ʥʘʫʯʥʦʡ ʛʨʫʧʧʦʡ ʖ.ʀ. ɻʦʣʦʚʠʥʘ ʧʨʠ ʠʟʫʯʝʥʠʠ ʢʠʥʝʪʠʢʠ 

ʪʦʯʝʯʥʳʭ ʜʝʬʝʢʪʦʚ ʠ ʠʭ ʩʦʩʪʦʷʥʠʡ ʚ ʥʝʤʘʛʥʠʪʥʳʭ ʢʨʠʩʪʘʣʣʘʭ [68-70] ʚ ʫʩʣʦʚʠ-
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ʷʭ ʚʢʣʶʯʝʥʠʷ ʠʤʧʫʣʴʩʘ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʚʳʟʳʚʘʶʱʝʛʦ ʩʢʘʯʢʦʦʙʨʘʟʥʦʝ ʫʚʝʣʠ-

ʯʝʥʠʝ ʜʝʬʦʨʤʘʮʠʠ (ʨʠʩ. 3.). ɺ ʥʝʢʦʪʦʨʳʭ ʞʝ ʨʘʙʦʪʘʭ [71,72] ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ 

ʥʘʣʠʯʠʝ ʟʘʚʠʩʠʤʦʩʪʝʡ ʚʳʰʝʦʧʠʩʘʥʥʦʛʦ ʵʬʬʝʢʪʘ ʦʪ ʚʝʣʠʯʠʥʳ ʤʘʛʥʠʪʥʳʭ ʧʦ-

ʣʝʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʚ ʚʠʜʝ ʵʬʬʝʢʪʦʚ ʧʦʩʣʝʜʝʡʩʪʚʠʷ.  

 

ʈʠʩ. 3. ɿʘʚʠʩʠʤʦʩʪʠ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʜʝʬʦʨʤʘʮʠʠ Ů (1) ʠ ʚʝʣʠʯʠʥʳ ʝʝ ʩʢʘʯʢʘ 

æŮ (2), ʚʳʟʚʘʥʥʦʛʦ ʠʤʧʫʣʴʩʦʤ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʦʪ ʣʠʥʝʡʥʦ ʥʘʨʘʩʪʘʶʱʝʡ ʩʦ 

ʚʨʝʤʝʥʝʤ ʤʝʭʘʥʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʠ ů ʠ ʚʨʝʤʝʥʠ ʥʘʛʨʫʞʝʥʠʷ t ʜʣʷ ʢʨʠʩʪʘʣʣʦʚ 

KCl. ʅʘ ʚʨʝʟʢʝ ð ʬʨʘʛʤʝʥʪ ʟʘʚʠʩʠʤʦʩʪʠ Ů ʦʪ t ʧʦʩʣʝ ʚʢʣʶʯʝʥʠʷ ʠʤʧʫʣʴʩʘ ʤʘʛ-

ʥʠʪʥʦʛʦ ʧʦʣʷ ʧʨʠ Ů Ḑ 0.1%. [68] 

ʀʟʤʝʨʝʥʠʝ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʢʨʠʩʪʘʣʣʦʚ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʩʧʦʩʦʙʦʤ ʜʝʪʝʢ-

ʪʠʨʦʚʘʥʠʷ ʢʘʯʝʩʪʚʝʥʥʳʭ ʠʟʤʝʥʝʥʠʡ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʚ ʜʝʬʝʢʪʥʦʡ ʩʪʨʫʢʪʫʨʝ 

ʢʨʠʩʪʘʣʣʦʚ. ʊʘʢ, ʚ ʛʨʫʧʧʝ ʖ.ʀ. ɻʦʣʦʚʠʥʘ ʠʟʤʝʨʝʥʠʝ ʚʝʣʠʯʠʥʳ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ 

ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʠʟʤʝʥʝʥʠʡ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʚ ʜʝʬʝʢʪʥʦʡ ʩʪʨʫʢ-

ʪʫʨʝ ʨʘʟʣʠʯʥʳʭ ʥʝʤʘʛʥʠʪʥʳʭ ʢʨʠʩʪʘʣʣʦʚ [68,69,73] ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʤʘʛʥʠʪʥʳʭ 

ʧʦʣʝʡ ʠ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʦʙʨʘʙʦʪʦʢ. ɸʥʘʣʦʛʠʯʥʳʤ ʦʙʨʘʟʦʤ, ʚ ʢʘʯʝ-
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ʩʪʚʝ ʢʦʩʚʝʥʥʦʛʦ ʤʝʪʦʜʘ ʘʥʘʣʠʟʘ ʠʟʤʝʥʝʥʠʷ ʜʝʬʝʢʪʥʦʡ ʩʪʨʫʢʪʫʨʳ ʢʨʠʩʪʘʣʣʦʚ, 

ʦʮʝʥʠʚʘʶʪʩʷ ʠ ʠʟʤʝʥʝʥʠʷ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʢʨʠʩʪʘʣʣʦʚ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ 

ʘʣʶʤʠʥʠʷ [74] ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʣʘʙʦʛʦ ʇʄʇ, ʘ ʪʘʢʞʝ ʵʬʬʝʢʪ ʤʘʛʥʠʪʥʦʡ çʧʘʤʷ-

ʪʠè ʚ ʤʦʥʦʢʨʠʩʪʘʣʣʘʭ ZnO [75], ʥʘʙʣʶʜʘʝʤʳʡ ʥʘ ʧʨʠʤʝʨʝ ʠʟʤʝʥʝʥʠʷ ʪʚʝʨʜʦʩʪʠ 

ʢʨʠʩʪʘʣʣʦʚ, ʧʦʩʣʝ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʥʠʭ ʩʣʘʙʳʭ ʇʄʇ. ʊʘʢʞʝ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ 

ʵʬʬʝʢʪʳ ʠʟʤʝʥʝʥʠʷ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʢʨʠʩʪʘʣʣʦʚ KDP [76], ʧʦʩʣʝ ʚʦʟʜʝʡʩʪʚʠʷ 

ʥʘ ʥʠʭ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʧʨʠʯʝʤ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʟʤʝʥʝʥʠʝ ʪʚʝʨʜʦʩʪʠ ʦʪʣʠʯʘ-

ʝʪʩʷ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʝʢʪʦʨʘ ʨʦʩʪʘ, ʠʟ ʢʦʪʦʨʦʛʦ ʙʳʣ ʚʳʨʝʟʘʥ ʦʙʨʘʟʝʮ. ɺ ʧʦ-

ʩʣʝʜʥʝʝ ʚʨʝʤʷ ʥʘʠʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʚʦʟʜʝʡʩʪʚʠʷʤ ʩʣʘʙʳʭ 

ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ ʥʘ ʤʝʭʘʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʨʠʩʪʘʣʣʦʚ ʚʝʜʝʪʩʷ ʩ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʝʤ ʢʘʢ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʢʨʠʩʪʘʣʣʳ ʩʣʘʙʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ [61-63], 

ʪʘʢ ʠ ʦʙʨʘʙʦʪʢʠ ʠʩʩʣʝʜʫʝʤʳʭ ʢʨʠʩʪʘʣʣʦʚ ʚ ʧʦʣʷʭ ʚ ʩʭʝʤʝ ʕʇʈ [76,77]. ʇʨʦʚʝ-

ʜʝʥʠʝ ʜʘʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʦʙʫʩʣʦʚʣʝʥʦ ʪʝʤ, ʯʪʦ ʠʤʝʥʥʦ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʚ ʩʭʝʤʝ ʕʇʈ ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʧʦʜʪʚʝʨʞʜʝʥʠʝ 

ʩʧʠʥʦʚʦʡ ʧʨʠʨʦʜʳ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʷʚʣʝʥʠʡ [78-80]. ʇʦʟʜʥʝʝ, ʚ ʨʘʙʦʪʝ [81], 

ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʨʝʟʫʣʴʪʘʪʳ, ʪʘʢʞʝ ʛʦʚʦʨʷʱʠʝ ʦ ʩʧʠʥʦʚʦʡ ʧʨʠʨʦʜʝ ʤʘʛʥʠʪʦʠʥ-

ʜʫʮʠʨʦʚʘʥʥʳʭ ʠʟʤʝʥʝʥʠʡ. ʉʪʦʠʪ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʚʩʝ ʧʝʨʝʯʠʩʣʝʥʥʳʝ ʨʘʙʦʪʳ ʠʩ-

ʧʦʣʴʟʫʶʪ ʚ ʢʘʯʝʩʪʚʝ ʨʘʙʦʯʝʡ ʤʦʜʝʣʠ ʥʘʙʣʶʜʘʝʤʳʭ ʠʟʤʝʥʝʥʠʡ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ 

ʧʝʨʝʩʪʨʦʡʢʝ ʧʦʜʩʠʩʪʝʤ ʪʦʯʝʯʥʳʭ ʜʝʬʝʢʪʦʚ, ʧʨʠʩʫʪʩʪʚʫʶʱʠʭ ʚ ʢʨʠʩʪʘʣʣʝ ʚ ʨʝ-

ʟʫʣʴʪʘʪʝ ʤʘʛʥʠʪʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ, ʣʠʙʦ ʩʪʠʤʫʣʠʨʦʚʘʥʥʦʝ ʤʘʛʥʠʪʥʳʤ ʧʦʣʝ ʜʚʠ-

ʞʝʥʠʝ ʜʠʩʣʦʢʘʮʠʡ. 

 

1.1.2. ɺʦʟʜʝʡʩʪʚʠʝ ʩʣʘʙʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ ʥʘ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢʠ ʥʝʤʘʛʥʠʪʥʳʭ ʢʨʠʩʪʘʣʣʦʚ 

 

ɺʦʟʜʝʡʩʪʚʠʝ ʥʘ ʥʝʤʘʛʥʠʪʥʳʝ ʢʨʠʩʪʘʣʣʳ ʨʘʟʣʠʯʥʳʭ ʩʣʘʙʳʭ ʤʘʛʥʠʪʥʳʭ 

ʧʦʣʝʡ ʩʧʦʩʦʙʥʦ ʧʨʠʚʦʜʠʪʴ ʥʝ ʪʦʣʴʢʦ ʢ ʠʟʤʝʥʝʥʠʶ ʤʝʭʘʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʤʘʪʝʨʠʘʣʦʚ, ʥʦ ʠ ʢ ʠʟʤʝʥʝʥʠʶ ʠʥʳʭ ʩʚʦʡʩʪʚ, ʪʘʢʠʭ ʢʘʢ ʵʣʝʢʪʨʠʯʝʩʢʠʝ. ʊʘʢ, ʚ 
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ʨʘʙʦʪʘʭ [82-84] ʙʳʣʦ ʚʳʷʚʣʝʥʦ ʟʘʤʝʪʥʦʝ ʠʟʤʝʥʝʥʠʝ ʬʦʪʦʧʨʦʚʦʜʠʤʦʩʪʠ C60 ʚ 

ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʩ ʠʥʜʫʢʮʠʝʡ B<1 ʊʣ (ʨʠʩ. 4.). 

 

ʈʠʩ. 4. ɿʘʚʠʩʠʤʦʩʪʴ ʧʨʠʙʘʚʢʠ ʬʦʪʦʪʦʢʘ æI, ʚʳʟʚʘʥʥʦʡ ʥʘʣʦʞʝʥʠʝʤ ʧʦʩʪʦ-

ʷʥʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʦʪ ʝʛʦ ʠʥʜʫʢʮʠʠ B ʜʣʷ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʉ60. [82-84]. 

 ʊʘʢ ʢʘʢ ʠʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʥʦʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ, ʪʦ ʧʦʣʝ ʫʜʦ-

ʚʣʝʪʚʦʨʷʣʦ ʢʨʠʪʝʨʠʶ çʩʣʘʙʦʩʪʠè. ʋʚʝʣʠʯʝʥʠʝ ʬʦʪʦʪʦʢʘ æI ʚ ʤʦʤʝʥʪ ʚʢʣʶʯʝʥʠʷ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʥʝ ʦʙʫʩʣʦʚʣʠʚʘʣʦʩʴ ʚʟʘʠʤʥʦʡ ʦʨʠʝʥʪʘʮʠʝʡ ʚʝʢʪʦʨʦʚ ʧʦʣʷ ʠ 

ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ ʠ ʜʦʩʪʠʛʘʣʦ ʪʦʯʢʠ ʥʘʩʳʱʝʥʠʷ ʫʞʝ ʧʨʠ B Ḑ 0.2 ʊʣ. ʆʜʥʘʢʦ ʩʘʤʦ 

ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʥʝ ʚʦʟʜʝʡʩʪʚʦʚʘʣʦ ʥʘ ʚʝʣʠʯʠʥʫ ʪʝʤʥʦʚʦʛʦ ʪʦʢʘ. ɼʘʥʥʳʝ ʦʩʦ-

ʙʝʥʥʦʩʪʠ ʥʝ ʜʘʶʪ ʦʙʲʷʩʥʠʪʴ ʥʘʙʣʶʜʘʝʤʦʝ ʷʚʣʝʥʠʝ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʩʫʛʫʙʦ ʢʣʘʩ-

ʩʠʯʝʩʢʠʭ ʛʘʣʴʚʘʥʦʤʘʛʥʠʪʥʳʭ ʵʬʬʝʢʪʦʚ, ʪʘʢʠʭ ʢʘʢ ʵʬʬʝʢʪ ʍʦʣʣʘ ʠʣʠ ʤʘʛʥʠʪʦ-

ʩʦʧʨʦʪʠʚʣʝʥʠʝ. ʆʥʦ ʩʢʦʨʝʝ ʩʭʦʞʝ ʩ ʚʦʟʜʝʡʩʪʚʠʝʤ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʥʘ ʬʦʪʦʧʨʦ-

ʚʦʜʠʤʦʩʪʴ ʤʦʣʝʢʫʣʷʨʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ, ʥʘʰʝʜʰʝʝ 

ʦʙʲʷʩʥʝʥʠʝ ʚ ʨʘʤʢʘʭ ʩʧʠʥ-ʟʘʚʠʩʠʤʦʡ ʪʝʦʨʠʠ ʨʝʢʦʤʙʠʥʘʮʠʠ ʵʣʝʢʪʨʦʥʥʦ-

ʜʳʨʦʯʥʳʭ ʧʘʨ [84,85]. ʊʘʢʦʝ ʦʙʲʷʩʥʝʥʠʝ ʦʙʥʘʨʫʞʝʥʥʦʛʦ ʦʪʢʣʠʢʘ ʚ C60 ʩʦʛʣʘʩʫ-

ʝʪʩʷ ʩ ʨʝʟʢʠʤ ʨʦʩʪʦʤ ʬʦʪʦʪʦʢʘ æI, ʚʦʟʥʠʢʘʶʱʝʛʦ ʧʨʠ ʩʦʟʜʘʥʠʠ ʧʘʨʘʤʘʛʥʠʪʥʦʛʦ 

ʨʝʟʦʥʘʥʩʘ, ʨʝʘʣʠʟʦʚʘʥʥʦʛʦ ʟʘ ʩʯʝʪ ʥʘʣʦʞʝʥʠʷ ʜʨʫʛ ʥʘ ʜʨʫʛʘ ʧʦʩʪʦʷʥʥʦʛʦ ʠ ʤʠʢ-

ʨʦʚʦʣʥʦʚʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ [83].  
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ʕʪʦ ʞʝ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʚʳʚʦʜʘʤʠ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʨʘʙʦʪ [86-93], ʚ ʢʦ-

ʪʦʨʳʭ ʠʟʫʯʘʣʦʩʴ ʚʦʟʜʝʡʩʪʚʠʝ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ ʥʘ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʠ ʬʦʪʦʵʣʝʢ-

ʪʨʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʨʘʡʥʝ ʨʘʟʣʠʯʥʦʛʦ ʩʧʠʩʢʘ ʥʝʤʘʛʥʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

ɺʦ ʚʩʝʭ ʚʳʰʝʦʧʠʩʘʥʥʳʭ ʨʘʙʦʪʘʭ ʘʚʪʦʨʳ ʩʚʷʟʳʚʘʣʠ ʦʙʥʘʨʫʞʝʥʥʳʝ ʵʬʬʝʢʪʳ ʩʦ 

ʩʧʠʥ-ʟʘʚʠʩʠʤʳʤʠ ʧʨʦʮʝʩʩʘʤʠ, ʘʢʪʠʚʠʨʫʝʤʳʤʠ ʠ ʫʧʨʘʚʣʷʝʤʳʤʠ ʤʘʛʥʠʪʥʳʤ 

ʧʦʣʝʤ. ʇʨʠ ʵʪʦʤ ʠʟ ʵʪʠʭ ʨʘʙʦʪ ʩʣʝʜʫʝʪ, ʯʪʦ ʘʢʪʠʚʘʮʠʷ ʩʣʘʙʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ 

(B å 10ī2ī10ī1 ʊʣ) ʦʢʘʟʳʚʘʝʪ ʢʨʘʡʥʝ ʤʘʣʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʭʘʨʘʢ-

ʪʝʨʠʩʪʠʢʠ. ʊʘʢ ʧʨʠ ʛʝʣʠʝʚʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʠʟʤʝʥʝʥʠʷ ʩʦʩʪʘʚʣʷʣʠ ʥʝ ʙʦʣʝʝ ʥʝ-

ʩʢʦʣʴʢʠʭ ʧʨʦʮʝʥʪʦʚ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʧʨʠ ʢʦʤʥʘʪʥʳʭ ʫʩʣʦʚʠʷʭ ʥʘʙʣʶʜʘʝʤʳʝ ʠʟ-

ʤʝʥʝʥʠʷ ʙʳʣʠ ʝʱʝ ʤʝʥʴʰʝ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʠʟʤʝʥʝʥʠʷ ʧʣʘʩʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢ ʚ ʘʥʘʣʦʛʠʯʥʳʭ ʫʩʣʦʚʠʷʭ ʥʘ ʪʝʭ ʞʝ ʢʨʠʩʪʘʣʣʘʭ ʩʦʩʪʘʚʣʷʣʠ ʜʝʩʷʪʢʠ ï ʩʦʪʥʠ 

ʧʨʦʮʝʥʪʦʚ. ʉʪʦʠʪ ʫʯʝʩʪʴ, ʯʪʦ ʚ ʚʳʰʝʦʧʠʩʘʥʥʳʭ ʨʘʙʦʪʘʭ ʥʝ ʧʨʦʚʦʜʠʣʠʩʴ ʠʩʩʣʝ-

ʜʦʚʘʥʠʷ ʪʝʤʥʦʚʦʡ, ʩʦʙʩʪʚʝʥʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʢʨʠʩʪʘʣʣʦʚ, 

ʢʦʪʦʨʘʷ, ʪʘʢʞʝ ʜʦʣʞʥʘ ʙʳʪʴ ʩʧʦʩʦʙʥʘ ʠʟʤʝʥʷʪʩʷ ʧʦʩʣʝ ʚʦʟʜʝʡʩʪʚʠʷ ʩʣʘʙʳʤʠ 

ʀʄʇ. ɼʘʥʥʦʝ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦʙʫʩʣʦʚʣʝʥʦ ʪʝʤ, ʯʪʦ ʚ ʣʝʛʠʨʦʚʘʥʥʳʭ ʧʦʣʫʧʨʦ-

ʚʦʜʥʠʢʘʭ ʧʨʠʤʝʩʥʘʷ ʧʨʦʚʦʜʠʤʦʩʪʴ ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʳʰʘʝʪ ʩʦʙʩʪʚʝʥʥʫʶ, ʘ 

ʩʣʘʙʳʝ ʤʘʛʥʠʪʥʳʝ ʧʦʣʷ ʚʦʟʜʝʡʩʪʚʫʶʪ ʥʘ ʜʝʬʝʢʪʥʫʶ ʩʪʨʫʢʪʫʨʫ ʢʨʠʩʪʘʣʣʦʚ, ʢ 

ʢʦʪʦʨʦʡ ʦʪʥʦʩʷʪʩʷ ʠ ʧʨʠʤʝʩʥʳʝ ʢʦʤʧʣʝʢʩʳ. ʇʨʠ ʵʪʦʤ ʀʄʇ ʧʦʣʷ ʠʤʝʶʪ, ʚʠʜʠ-

ʤʦ, ʥʝʩʢʦʣʴʢʦ ʦʪʣʠʯʥʳʡ ʤʝʭʘʥʠʟʤ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʥʝʤʘʛʥʠʪʥʳʝ ʢʨʠʩʪʘʣʣʳ, 

ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʨʘʟʣʠʯʠʷʤʠ ʤʘʛʥʠʪʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ. ʊʘʢ, ʧʨʠ ʟʘʧʫʩʢʝ ʵʣʝʢʪʨʦ-

ʤʘʛʥʠʪʘ, ʠʣʠ ʧʨʠ ʧʦʤʝʱʝʥʠʠ ʦʙʨʘʟʮʘ ʚ ʫʞʝ ʩʦʟʜʘʥʥʦʝ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ, ʚʦʟʥʠ-

ʢʘʝʪ ʠʥʪʝʨʚʘʣ ʥʘʨʘʩʪʘʥʠʷ ʚʝʣʠʯʠʥʳ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ɼʘʥʥʳʡ ʠʥʪʝʨʚʘʣ ʢʨʘʡʥʝ 

ʥʝʧʨʦʜʦʣʞʠʪʝʣʝʥ ʧʦ ʚʨʝʤʝʥʠ, ʥʦ ʦʥ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʟʘʤʢʥʫʪʳʭ ʚʠʭʨʝ-

ʚʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʣʝʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʘ, ʯʪʦ, ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ, 

ʪʘʢʞʝ ʤʦʛʣʦ ʙʳ ʦʢʘʟʳʚʘʪʴ ʫʩʠʣʠʚʘʶʱʝʝ ʚʣʠʷʥʠʝ ʥʘ ʤʘʛʥʠʪʥʳʡ ʦʪʢʣʠʢ ʤʘʪʝʨʠ-

ʘʣʘ. ʆʜʥʘʢʦ ʜʘʥʥʦʝ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦʢʘʟʘʣʦʩʴ ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʜʝʡʩʪʚʠ-

ʪʝʣʴʥʦʩʪʠ ʚ ʩʣʫʯʘʝ ʚʦʟʜʝʡʩʪʚʠʷ ʇʄʇ, ʪʘʢ ʢʘʢ ʩʣʘʙʳʝ ʚʠʭʨʝʚʳʝ ʵʣʝʢʪʨʠʯʝʩʢʠʝ 

ʧʦʣʷ, ʚʦʟʥʠʢʘʶʱʠʝ ʧʨʠ ʝʜʠʥʠʯʥʦʤ ʧʝʨʚʠʯʥʦʤ ʥʘʨʘʩʪʘʥʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, 

ʦʢʘʟʘʣʠʩʴ ʩʪʦʣʴ ʤʘʣʳ, ʯʪʦ ʦʥʠ ʥʝ ʤʦʛʣʠ ʦʢʘʟʘʪʴ ʢʘʢʦʛʦ-ʣʠʙʦ ʟʘʤʝʪʥʦʛʦ ʚʣʠʷʥʠʷ 

ʥʘ ʧʨʦʠʩʭʦʜʷʱʠʝ ʧʨʦʮʝʩʩʳ [2,3]. ʕʪʦʪ ʚʳʚʦʜ ʙʳʣ ʧʨʠʥʷʪ ʠ ʢʘʩʘʪʝʣʴʥʦ ʩʣʘʙʳʭ 
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ʀʄʇ, ʜʝʣʘʷ ʠʭ ʯʘʩʪʥʳʤ ʩʣʫʯʘʝʤ ʇʄʇ. ʆʜʥʘʢʦ, ʚ ʩʣʘʙʳʭ ʀʄʇ, ʥʘʨʘʩʪʘʥʠʝ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʧʨʦʠʩʭʦʜʠʪ ʙʦʣʝʝ ʩʪʨʝʤʠʪʝʣʴʥʦ, ʧʨʠʚʦʜʷ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʚʠʭ-

ʨʝʚʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʣʝʡ, ʠʤʝʶʱʠʭ ʙʦʣʴʰʫʶ ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 

ʧʦʣʷ. ʂʨʦʤʝ ʪʦʛʦ, ʦʥʠ ʤʦʛʫʪ ʧʨʝʜʩʪʘʚʣʷʪʴ ʩʦʙʦʡ ʧʦʚʪʦʨʷʶʱʠʝʩʷ, ʩ ʦʧʨʝʜʝʣʝʥ-

ʥʦʡ ʧʝʨʠʦʜʠʯʥʦʩʪʴʶ, ʦʧʠʩʘʥʥʳʝ ʚʳʰʝ ʵʪʘʧʳ ʥʘʨʘʩʪʘʥʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʜʦ 

ʤʘʢʩʠʤʫʤʘ, ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʝʛʦ ʧʘʜʝʥʠʝʤ. ɺ ʚʠʜʫ ʵʪʦʛʦ, ʚ ʩʣʘʙʳʭ ʀʄʇ ʟʘ-

ʤʢʥʫʪʳʝ ʚʠʭʨʝʚʳʝ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʧʦʣʷ ʷʚʣʷʶʪʩʷ ʧʦʩʪʦʷʥʥʳʤ ʬʘʢʪʦʨʦʤ, ʦʢʘʟʳ-

ʚʘʶʱʠʤ ʚʣʠʷʥʠʝ ʥʘ ʠʩʩʣʝʜʫʝʤʳʝ ʤʘʪʝʨʠʘʣʳ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʯʠʪʳʚʘʷ ʧʝʨʠʦʜʠʯʥʦʩʪʴ ʨʝʟʢʠʭ ʥʘʨʘʩʪʘʥʠʡ ʠ ʧʘʜʝʥʠʡ 

ʚʝʣʠʯʠʥʳ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʀʄʇ, ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ 

ʚʦʟʜʝʡʩʪʚʠʝ ʀʄʇ ʠ ʇʄʇ ʥʘ ʜʠʘʤʘʛʥʠʪʥʳʝ ʢʨʠʩʪʘʣʣʳ ʙʫʜʝʪ ʥʝʩʢʦʣʴʢʦ ʨʘʟ-

ʣʠʯʥʳʤ. 

 

1.1.3. ʇʨʠʤʝʩʠ, ʢʘʢ ʦʙʲʝʢʪ ʚʦʟʜʝʡʩʪʚʠʷ ʩʣʘʙʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ 

 

ʆʩʦʙʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʚʦʟʜʝʡʩʪʚʠʝ ʩʣʘʙʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ ʥʘ 

ʩʚʦʡʩʪʚʘ ʠ ʩʪʨʫʢʪʫʨʫ ʥʝʤʘʛʥʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʠʤʝʶʱʠʭ ʨʘʟʣʠʯʥʳʝ ʣʝʛʠʨʫʶ-

ʱʠʝ ʧʨʠʤʝʩʠ, ʪʘʢ ʢʘʢ ʙʳʣʦ ʚʳʜʚʠʥʫʪʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʤʘʛʥʠʪʥʳʝ ʧʦʣʷ 

ʦʢʘʟʳʚʘʶʪ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʪʦʯʝʯʥʳʝ ʜʝʬʝʢʪʳ (ʢ ʢʦʤʧʣʝʢʩʘʤ ʢʦʪʦʨʳʭ ʦʪʥʦʩʷʪʩʷ 

ʠ ʧʨʠʤʝʩʥʳʝ ʢʦʤʧʣʝʢʩʳ) ʠ ʜʝʬʝʢʪʳ ʢʨʠʩʪʘʣʣʘ. ɺʘʞʥʳʡ ʚʢʣʘʜ ʚ ʜʘʥʥʦʝ ʧʨʝʜ-

ʩʪʘʚʣʝʥʠʝ ʦʢʘʟʘʣʠ ʨʘʙʦʪʳ ɺ.ʇ. ʃʝʙʝʜʝʚʘ [94,95]. ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʚ 

ʦʙʣʘʩʪʠ ʛʝʣʠʝʚʳʭ ʪʝʤʧʝʨʘʪʫʨ, ʪʘʢ ʯʪʦ ʠʩʧʦʣʴʟʫʝʤʳʝ ʤʘʛʥʠʪʥʳʝ ʧʦʣʷ ʥʝ ʫʜʦ-

ʚʣʝʪʚʦʨʷʣʠ ʫʩʣʦʚʠʷʤ çʩʣʘʙʦʩʪʠè, ʦʜʥʘʢʦ ʧʦʢʘʟʘʥʥʳʡ ʫʧʨʦʯʥʷʶʱʠʡ ʧʨʠʨʦʩʪ 

ʜʝʬʦʨʤʠʨʫʶʱʝʛʦ ʥʘʧʨʷʞʝʥʠʷ, ʚʦʟʥʠʢʘʶʱʠʡ ʧʨʠ ʧʨʠʣʦʞʝʥʠʠ ʠ ʩʥʷʪʠʠ ʤʘʛ-

ʥʠʪʥʦʛʦ ʧʦʣʷ, ʟʘʚʠʩʠʪ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʧʨʠʤʝʩʠ. ɺ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʯʠʩʪʳʭ ʢʨʠ-

ʩʪʘʣʣʘʭ Al ʵʬʬʝʢʪ ʟʥʘʯʠʪʝʣʝʥ ʠ ʧʨʦʷʚʣʷʝʪʩʷ ʥʘ ʙʦʣʝʝ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʩʪʝ-

ʧʝʥʠ ʜʝʬʦʨʤʘʮʠʠ. ɼʘʥʥʳʝ ʚʳʚʦʜʳ ʦʢʘʟʘʣʠʩʴ ʩʧʨʘʚʝʜʣʠʚʳ ʠ ʚ ʩʣʫʯʘʝ ʚʦʟʜʝʡ-

ʩʪʚʠʡ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʭ ʢʨʠʪʝʨʠʷʤ ʩʣʘʙʦʩʪʠ.   
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ʇʦʟʜʥʝʝ ʙʳʣʠ ʩʜʝʣʘʥʳ ʚʳʚʦʜʳ, ʯʪʦ ʥʝʨʘʚʥʦʚʝʩʥʦʩʪʴ ʢʨʠʩʪʘʣʣʦʚ, ʚʦʟʥʠ-

ʢʘʶʱʘʷ ʠʟ-ʟʘ ʜʝʬʝʢʪʦʚ ʠʣʠ ʥʘʣʠʯʠʷ ʧʨʠʤʝʩʝʡ, ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ, ʠ ʢʘʢ ʚʳʷʩʥʠ-

ʣʦʩʴ, ʥʝʦʙʭʦʜʠʤʳʤ ʫʩʣʦʚʠʝʤ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʤ ʚʳʩʦʢʫʶ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ 

ʩʚʦʡʩʪʚ ʠ ʩʪʨʫʢʪʫʨʳ ʢʨʠʩʪʘʣʣʦʚ ʢ ʩʣʘʙʳʤ ʚʥʝʰʥʠʤ ʠʣʠ ʚʥʫʪʨʝʥʥʠʤ ʤʘʛʥʠʪ-

ʥʳʤ ʧʦʣʷʤ [5]. ʕʪʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʚ ʜʘʣʴʥʝʡʰʠʤ ʧʦʜʪʚʝʨʞʜʝʥʥʦʝ ʥʝʟʘʚʠʩʠ-

ʤʳʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ, ʙʳʣʦ ʩʜʝʣʘʥʦ ʠʩʭʦʜʷ ʠʟ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʡ ʠ ʢʠʥʝʪʠ-

ʯʝʩʢʦʡ ʦʩʦʙʝʥʥʦʩʪʠ ʦʪʢʨʳʪʦʛʦ ʤʘʛʥʠʪʦʧʣʘʩʪʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ. ʉʪʦʠʪ ʟʘʤʝʪʠʪʴ, 

ʯʪʦ ʚʣʠʷʥʠʝ ʜʘʞʝ ʤʘʣʳʭ ʣʝʛʠʨʫʶʱʠʭ ʧʨʠʤʝʩʝʡ ʥʘ ʦʪʢʣʠʢ ʨʝʛʠʩʪʨʠʨʫʝʤʳʭ 

ʩʚʦʡʩʪʚ ʧʨʠ ʤʘʛʥʠʪʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʢʨʠʩʪʘʣʣʳ, ʙʳʣʦ ʚʝʩʴʤʘ ʟʥʘʯʠʪʝʣʥɹʦ [7-

9,50,95-102]. ɺ ʨʘʙʦʪʝ [101] ʠʟʤʝʨʷʣʠʩʴ ʟʘʚʠʩʠʤʦʩʪʠ ʩʨʝʜʥʝʡ ʜʣʠʥʘ ʧʨʦʙʝʛʘ (l) 

ʜʠʩʣʦʢʘʮʠʡ ʦʪ ʯʘʩʪʦʪʳ (ɜ) ʚʨʘʱʝʥʠʷ ʦʙʨʘʟʮʦʚ ʯʠʩʪʳʭ ʢʨʠʩʪʘʣʣʦʚ NaCl ʠ ʢʨʠ-

ʩʪʘʣʣʦʚ NaCl(Ni)  ʚ ʇʄʇ. ʍʘʨʘʢʪʝʨ ʜʚʫʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʢʨʠʚʳʭ ʦʢʘʟʘʣʩʷ 

ʩʭʦʞ, ʦʜʥʘʢʦ, ʢʨʠʪʠʯʝʩʢʠʝ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʦʪʣʠʯʘʣʠʩʴ: ʜʣʷ 

ʢʨʠʩʪʘʣʣʦʚ NaCl(Ni) ʢʨʠʪʠʯʝʩʢʘʷ ʯʘʩʪʦʪʘ ɜʩå80 ɻʮ, ʜʣʷ ʢʨʠʩʪʘʣʣʦʚ NaCl å 10 

ɻʮ, ʧʨʠ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʚ 0,3 ʊʣ. ɺ ʜʘʣʴʥʝʡʰʝʤ, ʧʨʠʥʮʠʧʠʘʣʴʥʘʷ ʨʘʟʥʠʮʘ ʚ 

ʜʣʠʥʝ ʧʨʦʙʝʛʘ ʜʠʩʣʦʢʘʮʠʡ, ʧʦʩʣʝ ʚʦʟʜʝʡʩʪʚʠʷ ʩʣʘʙʦʛʦ ʇʄʇ, ʜʣʷ ʢʨʠʩʪʘʣʣʦʚ 

NaCl ʠ NaCl(Ni) ʙʳʣʘ ʦʧʨʝʜʝʣʝʥʘ ʠ ʧʨʠ ʦʙʳʯʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ [94,95] ʵʪʦʛʦ ʵʬʬʝʢʪʘ ʥʘ ʩʝʨʠʷʭ ʜʨʫʛʠʭ ʢʨʠʩʪʘʣʣʦʚ ʧʦʢʘʟʘʣʠ, ʯʪʦ 

ʢʨʠʪʠʯʝʩʢʘʷ ʯʘʩʪʦʪʘ (ɜʩ) ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʵʣʝʤʝʥʪʘʨʥʳʡ ʘʢʪ ʤʘʛʥʠʪʥʦʛʦ ʧʨʝʦʙʨʘ-

ʟʦʚʘʥʠʷ ʧʨʠʤʝʩʥʦʛʦ ʮʝʥʪʨʘ ʥʘ ʜʠʩʣʦʢʘʮʠʠ. ɺ ʯʘʩʪʥʦʩʪʠ, ʦʢʘʟʘʣʦʩʴ [7], ʯʪʦ ʚʝ-

ʣʠʯʠʥʘ ɜc ʦʙʨʘʪʥʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʚʨʝʤʝʥʠ Űdp ʦʪʢʨʝʧʣʝʥʠʷ ʜʠʩʣʦʢʘʮʠʠ ʦʪ 

ʧʨʠʤʝʩʥʦʛʦ ʮʝʥʪʨʘ. ʀʟ ʵʪʦʛʦ ʙʳʣ ʩʜʝʣʘʥ ʚʳʚʦʜ, ʯʪʦ ʚʨʝʤʷ ʤʘʛʥʠʪʥʦʛʦ ʦʪʢʨʝʧ-

ʣʝʥʠʷ ʜʠʩʣʦʢʘʮʠʠ ʦʪ ʧʨʠʤʝʩʠ Ni ʧʨʠʤʝʨʥʦ ʥʘ ʧʦʨʷʜʦʢ ʤʝʥʴʰʝ, ʯʝʤ ʦʪ ʧʨʠʤʝʩʠ 

Ca, ʷʚʣʷʶʱʝʡʩʷ ʧʦʩʪʦʷʥʥʦʡ ʬʦʥʦʚʦʡ ʧʨʠʤʝʩʴʶ ʢʨʠʩʪʘʣʣʦʚ NaCl. ɺ ʨʘʙʦʪʝ 

[101] ʧʦʰʣʠ ʜʘʣʴʰʝ ʠ ʦʙʥʘʨʫʞʠʣʠ, ʯʪʦ ʤʘʛʥʠʪʦʧʣʘʩʪʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʜʣʷ ʢʨʠ-

ʩʪʘʣʣʦʚ NaCl ʠ NaCl(Ni) (ʧʨʠʯʝʤ ʢʦʥʮʝʥʪʨʘʮʠʷ Ni å0,06 ppm) ʧʨʠ ʠʭ ʵʢʩʧʦʟʠ-

ʮʠʠ ʚ ʇʄʇ, ʨʘʟʣʠʯʘʣʩʷ. ɼʣʷ ʢʨʠʩʪʘʣʣʦʚ NaCl(Ni) ʥʘʙʣʶʜʘʝʤʳʡ ʵʬʬʝʢʪ ʙʳʣ 

ʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʳʤ, ʘ ʧʦʨʦʛʦʚʘʷ ʚʝʣʠʯʠʥʘ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʚ ʫʩʣʦʚʠʷʭ ʨʝʟʦ-

ʥʘʥʩʘ, ʜʣʷ ʜʘʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʙʳʣʘ ʚ 5 ʨʘʟ ʤʝʥʴʰʝ, ʧʨʠ ʠʜʝʥʪʠʯʥʦʡ ʚʝʣʠʯʠʥʝ 

ʧʦʨʦʛʦʚʦʛʦ ʇʄʇ. ɺ [76] ʥʘʛʣʷʜʥʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʨʘʟʥʠʮʫ ʜʠʥʘʤʠʢʠ ʠʟ-
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ʤʝʥʝʥʠʷ ʩʚʦʡʩʪʚ ʢʨʠʩʪʘʣʣʦʚ, ʧʦʩʣʝ ʤʘʛʥʠʪʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʩʦʜʝʨʞʘʥʠʷ ʧʨʠʤʝʩʝʡ, ʘ ʪʘʢʞʝ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʝʢʪʦʨʦʚ ʨʦʩʪʘ, ʠʟ ʢʦʪʦʨʳʭ 

ʙʳʣʠ ʚʳʨʝʟʘʥʳ ʢʨʠʩʪʘʣʣʳ. ɺ ʨʘʙʦʪʘʭ [50,104] ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʦʜʥʠʤ ʠʟ 

ʠʩʪʦʯʥʠʢʦʚ ʤʘʛʥʠʪʦʧʣʘʩʪʠʯʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʦʙʲʝʜʠʥʝʥʠʝ ʜʠʬʬʫʥʜʠʨʫʶʱʠʭ ʧʘ-

ʨʘʤʘʛʥʠʪʥʳʭ ʠʦʥʦʚ ʧʨʠʤʝʩʝʡ ʚ ʢʣʘʩʪʝʨʳ, ʜʠʤʝʨʳ ʠ ʪʨʠʤʝʨʳ, ʧʨʠʯʝʤ ʩʪʦʠʪ ʦʪ-

ʤʝʪʠʪʴ, ʯʪʦ ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʨʘʙʦʪʝ [50] ʝʜʠʥʦʞʜʳ ʜʝʬʦʨʤʠʨʦʚʘʥʥʳʝ ʢʨʠʩʪʘʣ-

ʣʳ ʥʝ ʠʤʝʣʠ ʦʪʢʣʠʢʘ ʥʘ ʧʦʚʪʦʨʥʦʝ ʀʄʇ ʚʦʟʜʝʡʩʪʚʠʝ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʜʘʥʥʳʡ 

ʦʪʢʣʠʢ ʩʪʘʙʠʣʴʥʦ ʥʘʙʣʶʜʘʣʩʷ ʧʨʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʤ ʧʦʚʪʦʨʥʦʤ ʜʝʬʦʨʤʠʨʦʚʘ-

ʥʠʠ ʢʨʠʩʪʘʣʣʘ.  

ɺ [76] ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʢʨʠʩʪʘʣʣʳ KDP ʠʤʝʶʪ ʨʘʟʣʠʯʥʫʶ ʜʠʥʘʤʠʢʫ 

ʠʟʤʝʥʝʥʠʷ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ, ʧʦʩʣʝ ʚʦʟʜʝʡʩʪʚʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʩʝʢʪʦʨʘ ʨʦʩʪʘ, ʠʟ ʢʦʪʦʨʦʛʦ ʦʥʠ ʙʳʣʠ ʚʳʨʝʟʘʥʳ, ʠ ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʚ ʟʘʚʠʩʠʤʦ-

ʩʪʠ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʥʝʜʨʝʥʥʳʭ ʥʘʥʦʯʘʩʪʠʮ TiO2, ʚʳʩʪʫʧʘʶʱʠʭ ʚ ʨʦʣʠ ʧʨʠ-

ʤʝʩʠ. ʆʙʨʘʟʮʳ, ʚʳʨʝʟʘʥʥʳʝ ʠʟ ʨʘʟʣʠʯʥʳʭ ʩʝʢʪʦʨʦʚ ʨʦʩʪʘ, ʧʦʢʘʟʳʚʘʣʠ ʨʘʟʣʠʯ-

ʥʫʶ ʜʠʥʘʤʠʢʫ ʠʟʤʝʥʝʥʠʷ ʪʚʝʨʜʦʩʪʠ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘ-

ʮʠʠ çʧʨʠʤʝʩʥʳʭè ʥʘʥʦʯʘʩʪʠʮ TiO2 ʨʘʟʫʧʨʦʯʥʝʥʠʝ ʦʙʨʘʟʮʦʚ ʧʦʩʣʝ ʤʘʛʥʠʪʥʦʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ ʧʦʩʪʝʧʝʥʥʦ ʩʭʦʜʠʪ ʥʘ ʥʝʪ, ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʧʨʠʥʮʠʧʠʘʣʴʥʦʤ ʚʣʠʷʥʠʠ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʨʠʤʝʩʠ ʥʘ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠʟʤʝʥʝʥʠ ̫ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʨʠʩʪʘʣʣʦʚ, 

ʧʦʩʣʝ ʤʘʛʥʠʪʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ. 

 

1.1.4. ɺʦʟʜʝʡʩʪʚʠʷ ʩʣʘʙʳʭ ʠʤʧʫʣʴʩʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ ʥʘ ʩʚʦʡʩʪʚʘ ʠ 

ʩʪʨʫʢʪʫʨʫ ʥʝʤʘʛʥʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʚʦʟʜʝʡʩʪʚʠʡ ʩʣʘʙʳʭ ʀʄʇ ʥʘ ʩʚʦʡʩʪʚʘ ʠ ʩʪʨʫʢʪʫʨʫ ʥʝʤʘʛ-

ʥʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʙʝʨʫʪ ʩʚʦʝ ʥʘʯʘʣʦ ʚ 1980ʭ ʛʦʜʘʭ. ʊʘʢ, ʚ 1983 ʛʦʜʫ ɻ.ʀ. 

ɼʠʩʪʣʝʨʦʤ ʩ ʢʦʣʣʝʛʘʤʠ ʙʳʣʘ ʦʧʫʙʣʠʢʦʚʘʥʘ ʨʘʙʦʪʘ [105], ʚ ʢʦʪʦʨʦʡ ʧʨʠʚʦʜʠ-

ʣʠʩʴ ʜʘʥʥʳʝ ʦ ʨʘʩʧʘʜʝ ʧʨʠʤʝʩʥʦʡ ʬʘʟʳ ʚ ʢʨʠʩʪʘʣʣʘʭ NaCl ʧʦʩʣʝ ʚʳʜʝʨʞʢʠ ʚ 
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ʩʣʘʙʦʤ ʀʄʇ ʩ ʤʘʢʩʠʤʫʤʦʤ ʠʥʜʫʢʮʠʠ B ~ 2 ʊʣ ʠ ʯʘʩʪʦʪʦʡ ʩʣʝʜʦʚʘʥʠʷ ʠʤʧʫʣʴ-

ʩʦʚ ʚ 5 ɻʮ (ʨʠʩ. 5.).  

 

ʈʠʩ. 5. ʉʪʘʜʠʠ ʨʘʩʧʘʜʘ ʧʨʠʤʝʩʥʦʡ ʬʘʟʳ ʚ ʢʨʠʩʪʘʣʣʝ NaCl c CdCl, ʠʥʠʮʠʠ-

ʨʦʚʘʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʝʤ ʩʣʘʙʦʛʦ ʠʤʧʫʣʴʩʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ: ʘ, ʙ - ʜʦ ʚʦʟ-

ʜʝʡʩʪʚʠʷ; ʚ, ʛ, ʜ - ʯʝʨʝʟ 6, 10, 20 ʩʫʪʦʢ ʧʦʩʣʝ ʤʘʛʥʠʪʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ [105]. 

ʇʨʠʤʝʩʠ, ʠʟʥʘʯʘʣʴʥʦ ʠʤʝʚʰʠʝ ʩʦʩʪʦʷʥʠʝ ʢʨʫʧʥʳʭ ʯʘʩʪʠʮ, ʧʝʨʝʩʪʨʘʠʚʘ-

ʣʠʩʴ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʦʟʜʝʡʩʪʚʠʷ ʩʣʘʙʦʛʦ ʀʄʇ, ʟʘ ʧʨʦʜʦʣʞʠʪʝʣʴʥʳʝ ʚʨʝʤʝʥʘ, ʜʦ 

ʩʦʩʪʦʷʥʠʡ ʢʦʤʧʣʝʢʩʦʚ ʪʦʯʝʯʥʳʭ ʜʝʬʝʢʪʦʚ. ʅʘʙʣʶʜʘʝʤʘʷ ʧʝʨʝʩʪʨʦʡʢʘ ʙʳʣʘ 

ʘʥʘʣʦʛʠʯʥʘ ʧʝʨʝʩʪʨʦʡʢʝ ʧʨʠ ʦʪʞʠʛʝ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ ʚ 500ï600ʦʉ ʩ ʧʦʩʣʝʜʫʶ-

ʱʝʡ ʟʘʢʘʣʢʦʡ. ʈʝʟʫʣʴʪʘʪʳ, ʬʠʢʩʠʨʫʶʱʠʝʩʷ ʤʝʪʦʜʦʤ ʜʝʢʦʨʠʨʦʚʘʥʠʷ ʩʧʫʩʪʷ 10-

20 ʩʫʪʦʢ ʧʦʩʣʝ ʤʘʛʥʠʪʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ, ʪʘʢʞʝ ʛʦʚʦʨʠʣʠ ʦ ʚʦʟʜʝʡʩʪʚʠʠ ʤʘʛʥʠʪ-

ʥʦʛʦ ʧʦʣʷ ʥʘ ʧʨʠʤʝʩʥʳʝ ʩʪʨʫʢʪʫʨʳ ʠ ʜʝʬʝʢʪʳ ʚ ʥʝʤʘʛʥʠʪʥʳʭ ʢʨʠʩʪʘʣʣʘʭ, ʯʪʦ 

ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʚʳʚʦʜʘʤʠ, ʧʨʠʚʦʜʠʚʰʠʤʠʩʷ ʚ ʜʨʫʛʠʭ ʨʘʙʦʪʘʭ [94,95]. 
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ʄʝʞʜʫ ʪʝʤ, ʜʘʥʥʳʝ ʨʘʙʦʪʳ ʚ ʪʦ ʚʨʝʤʷ ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʪʦʣʴʢʦ ʢʘʢ ʣʶ-

ʙʦʧʳʪʥʳʝ ʘʨʪʝʬʘʢʪʳ, ʥʝ ʥʘʭʦʜʠʚʰʠʝ ʩʝʙʝ ʤʝʩʪʘ ʚ ʧʨʝʜʩʪʘʚʣʝʥʠʷʭ ʦ ʩʣʘʙʳʭ 

ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ ʪʦʛʦ ʚʨʝʤʝʥʠ ʧʦ ʥʝʩʢʦʣʴʢʠʤ ʧʨʠʯʠʥʘʤ. ɼʦ ʦʪʢʨʳʪʠʷ ʚ 1987 

ʛʦʜʫ ʤʘʛʥʠʪʦʧʣʘʩʪʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ [37] ʥʝ ʩʫʱʝʩʪʚʦʚʘʣʦ ʜʦʩʪʦʚʝʨʥʦʛʦ ʧʦʜ-

ʪʚʝʨʞʜʝʥʠʷ ʠ ʦʙʲʷʩʥʝʥʠʷ ʚʦʟʤʦʞʥʦʩʪʠ ʜʦʣʛʦʠʛʨʘʶʱʠʭ ʠʟʤʝʥʝʥʠʡ ʬʠʟʠʢʦ-

ʤʝʭʘʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚ ʜʠʘʤʘʛʥʠʪʥʳʭ ʢʨʠʩʪʘʣʣʘʭ. ʇʦʵʪʦʤʫ, ʥʘʧʨʠʤʝʨ, 

ʨʘʙʦʪʳ [23,24,106], ʭʦʪʴ ʠ ʙʳʣʠ ʧʦʩʚʷʱʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷʤ ʚʦʟʜʝʡʩʪʚʠʡ ʇʄʇ 

ʥʘ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʝʤʘʛʥʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʥʝ ʚʳʟʳʚʘ-

ʣʠ ʙʦʣʴʰʦʛʦ ʠʥʪʝʨʝʩʘ. ɺ ʩʣʫʯʘʝ ʩʣʘʙʳʭ ʀʄʇ [1,105-110] ʩʠʪʫʘʮʠʷ ʩʢʣʘʜʳʚʘ-

ʣʘʩʴ ʥʝʤʥʦʛʦ ʠʥʳʤ ʦʙʨʘʟʦʤ. ʀʄʇ ʚʦʟʜʝʡʩʪʚʫʶʪ ʥʘ ʩʪʨʫʢʪʫʨʫ ʠ ʩʚʦʡʩʪʚʘ ʢʨʠ-

ʩʪʘʣʣʘ, ʢʘʢ ʤʘʛʥʠʪʥʳʤ ʧʦʣʝʤ, ʪʘʢ ʠ ʦʙʨʘʟʫʶʱʠʤʩʷ ʚʠʭʨʝʚʳʤ ʵʣʝʢʪʨʠʯʝʩʢʠʤ 

ʧʦʣʝʤ. ʇʦʩʣʝʜʥʝʝ ʪʘʢʞʝ ʠʤʝʝʪ ʤʝʩʪʦ ʧʨʠ ʟʘʧʫʩʢʝ ʇʄʇ ʠʣʠ ʧʝʨʝʤʝʥʥʦʛʦ ʤʘʛ-

ʥʠʪʥʦʛʦ ʧʦʣ̫ ʠ ʧʨʠ ʚʥʝʩʝʥʠʠ ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʨʘʟʮʘ ʚ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ. ʅʦ ʚʢʣʘʜ 

ʚʠʭʨʝʚʦʛʦ ʧʦʣʷ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʥʘʤʥʦʛʦ ʤʝʥʴʰʝ, ʯʝʤ ʧʨʠ ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʡ 

ʥʘʢʘʯʢʝ ʦʙʨʘʟʮʦʚ ʢʦʨʦʪʢʠʤʠ ʠʤʧʫʣʴʩʘʤʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʠʤʝʶʱʠʤʠ ʧʨʘʢʪʠ-

ʯʝʩʢʠ ʚʝʨʪʠʢʘʣʴʥʳʡ ʬʨʦʥʪ ʥʘʨʘʩʪʘʥʠʷ, ʠʟ-ʟʘ ʢʦʪʦʨʦʛʦ ʧʨʠʩʫʪʩʪʚʫʝʪ ʟʥʘʯʠʪʝʣʴ-

ʥʘʷ ʚʠʭʨʝʚʘʷ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ, ʧʦʵʪʦʤʫ ʚ ʠʩʩʣʝʜʦʚʘʥʠʷʭ, ʥʝ ʩʚʷ-

ʟʘʥʥʳʭ ʩ ʠʤʧʫʣʴʩʘʤʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʠʤ ʧʨʝʥʝʙʨʝʛʘʶʪ.  

ɺʠʭʨʝʚʦʝ ʞʝ ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʧʦʣʝ ʩʦʟʜʘʝʪ ʩʣʦʞʥʫʶ ʩʠʩʪʝʤʫ ʚʥʫʪʨʝʥʥʠʭ 

ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʣʝʡ, ʯʪʦ ʫʩʣʦʞʥʷʝʪ ʧʨʦʮʝʩʩʳ, ʧʨʦʠʩʭʦʜʷʱʠʝ ʚ ʢʨʠʩʪʘʣʣʝ ʧʨʠ 

ʚʳʜʝʨʞʢʝ ʚ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ. ʇʦʵʪʦʤʫ ʦʙʲʷʩʥʝʥʠʝ ʤʝʭʘʥʠʟʤʘ ʚʦʟʜʝʡʩʪʚʠʷ 

ʀʄʇ ʥʘ ʩʚʦʡʩʪʚʘ ʠ ʩʪʨʫʢʪʫʨʫ ʥʝʤʘʛʥʠʪʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʙʳʣʦ ʠ ʷʚʣʷʝʪʩʷ ʦʯʝʥʴ 

ʩʣʦʞʥʦʡ ʟʘʜʘʯʝʡ.  ɹʦʣʴʰʠʥʩʪʚʦ ʞʝ ʵʢʩʧʝʨʪʦʚ ʨʘʩʩʤʘʪʨʠʚʘʣʦ ʚʦʟʜʝʡʩʪʚʠʷ, ʦʢʘ-

ʟʳʚʘʝʤʳʝ ʀʄʇ ʥʝ ʢʘʢ ʩʣʦʞʥʳʡ ʢʦʤʧʣʝʢʩ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʩʠʣ, ʘ ʩ ʪʦʯʢʠ 

ʟʨʝʥʠʷ ʧʨʝʦʙʣʘʜʘʥʠʷ ʣʠʙʦ ʵʣʝʢʪʨʠʯʝʩʢʠʭ, ʣʠʙʦ ʤʘʛʥʠʪʥʳʭ ʩʠʣ, ʩʯʠʪʘʷ ʦʜʥʫ ʠʟ 

ʥʠʭ ʥʝʩʫʱʝʩʪʚʝʥʥʦʡ. ʅʘʧʨʠʤʝʨ, ʝʱʝ ʚ 1965 ʛʦʜʫ ʚ ʨʘʙʦʪʝ ʅ.ɺ. ɿʘʛʦʨʫʡʢʦ [24] 

ʙʳʣʠ ʦʧʫʙʣʠʢʦʚʘʥʳ ʨʝʟʫʣʴʪʘʪʳ, ʛʦʚʦʨʠʚʰʠʝ ʦ ʧʝʨʝʤʝʱʝʥʠʠ ʜʠʩʣʦʢʘʮʠʡ ʥʘ 

ʬʨʦʥʪʝ ʥʘʨʘʩʪʘʥʠʷ ʠʤʧʫʣʴʩʘ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʩ ʘʤʧʣʠʪʫʜʦʡ ʚ 17 ʊʣ. ʊʘʢ ʢʘʢ 

ʥʘʧʨʘʚʣʝʥʠʝ ʧʝʨʝʤʝʱʝʥʠʡ ʜʠʩʣʦʢʘʮʠʡ ʙʳʣʦ ʯʫʚʩʪʚʠʪʝʣʴʥʦ ʢ ʥʘʧʨʘʚʣʝʥʠʶ ʧʦ-
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ʣʷ, ʥʘʙʣʶʜʘʝʤʳʡ ʨʦʩʪ ʧʨʦʙʝʛʦʚ ʘʚʪʦʨʳ ʩʚʷʟʘʣʠ ʪʦʣʴʢʦ ʩ ʜʚʠʞʝʥʠʝʤ ʟʘʨʷʞʝʥ-

ʥʳʭ ʜʠʩʣʦʢʘʮʠʡ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʚʦʟʥʠʢʘʶʱʝʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ. ʇʨʠ ʵʪʦʤ 

ʩʘʤʦ ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʧʦʣʝ ʥʝ ʦʢʘʟʳʚʘʝʪ ʩʪʦʣʴ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ 

ʩʚʦʡʩʪʚʘ ʠ ʩʪʨʫʢʪʫʨʫ ʢʨʠʩʪʘʣʣʦʚ, ʢʘʢ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ. ʊʘʢʞʝ ʩʣʝʜʫʝʪ ʫʯʠʪʳ-

ʚʘʪʴ, ʯʪʦ ʩʫʤʤʘʨʥʦʝ ʤʘʛʥʠʪʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʩʝʨʠʠ ʢʦʨʦʪʢʠʭ ʠʤʧʫʣʴʩʦʚ ʙʫʜʝʪ 

ʤʥʦʛʦ ʤʝʥʴʰʝ, ʯʝʤ ʵʥʝʨʛʠʷ ʇʄʇ, ʩʭʦʞʝʡ ʚʝʣʠʯʠʥʳ ʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ Bmax. 

ʇʨʠ ʵʪʦʤ ʢʦʥʢʨʝʪʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʚʝʣʠʯʠʥʳ ʤʘʛʥʠʪʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʠʤʧʫʣʴ-

ʩʦʚ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʢʨʘʡʥʝ ʪʨʫʜʦʝʤʢʠʡ ʧʨʦʮʝʩʩ ʜʘʞʝ ʚ ʥʘʰʝ ʚʨʝʤʷ, ʚ ʩʚʷʟʠ ʩ 

ʥʝʣʠʥʝʡʥʦʡ ʩʚʷʟʴʶ ʦʙʱʝʡ ʚʝʣʠʯʠʥʳ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʠ ʢʦʣʠʯʝʩʪʚʘ ʠʤʧʫʣʴʩʦʚ 

ʜʘʥʥʦʛʦ ʧʦʣʷ. ɺʩʝ ʵʪʦ ʟʘʩʪʘʚʠʣʦ ʩʧʝʮʠʘʣʠʩʪʦʚ ʦʪʥʦʩʠʪʴʩʷ ʢʨʘʡʥʝ ʩʢʝʧʪʠʯʝʩʢʠ ʢ 

ʦʧʫʙʣʠʢʦʚʘʥʥʳʤ ʜʘʥʥʳʤ, ʘ ʦʪʩʫʪʩʪʚʠʝ ʚ ʙʣʠʞʘʡʰʠʝ ʛʦʜʳ ʜʦʩʪʦʚʝʨʥʳʭ ʧʦʧʳ-

ʪʦʢ ʦʙʲʷʩʥʠʪʴ ʤʝʭʘʥʠʟʤʳ ʚʦʟʜʝʡʩʪʚʠʷ ʀʄʇ ʥʘ ʩʪʨʫʢʪʫʨʫ ʜʠʘʤʘʛʥʠʪʥʳʭ ʢʨʠ-

ʩʪʘʣʣʦʚ ʦʪ ʥʝʟʘʚʠʩʠʤʳʭ ʛʨʫʧʧ ʫʯʝʥʳʭ ʪʦʣʴʢʦ ʫʤʝʥʴʰʠʣʦ ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʦʩʪʴ ʚ 

ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʀʄʇ ʚ ʪʦ ʚʨʝʤʷ. 

ʆʪʢʨʳʪʠʝ ʤʘʛʥʠʪʦʧʣʘʩʪʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ ʧʦʩʧʦʩʦʙʩʪʚʦʚʘʣʦ ʚʦʟʦʙʥʦʚ-

ʣʝʥʠʶ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʦʟʜʝʡʩʪʚʠʡ ʀʄʇ ʥʘ ʥʝʤʘʛʥʠʪʥʳʝ ʢʨʠʩʪʘʣʣʳ. ʊʘʢ, ʧʦʜ 

ʜʝʡʩʪʚʠʝʤ ʝʜʠʥʠʯʥʦʛʦ ʠʤʧʫʣʴʩʘ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʥʘʙʣʶʜʘʣʠ ʜʚʠʞʝʥʠʝ ʜʠʩʣʦ-

ʢʘʮʠʡ ʙʝʟ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʥʘʛʨʫʟʦʢ ʚ ʢʨʠʩʪʘʣʣʘʭ NaCl, LiF, KCl [54,55], ʩʭʦ-

ʞʝʝ ʩ ʜʚʠʞʝʥʠʝʤ ʜʠʩʣʦʢʘʮʠʡ, ʚʦʟʥʠʢʘʶʱʠʤ ʧʦʩʣʝ ʧʨʠʣʦʞʝʥʠʷ ʇʄʇ. ɸʢʪʠʚʠ-

ʟʠʨʦʚʘʣʠʩʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʦʟʜʝʡʩʪʚʠʡ ʩʣʘʙʳʭ ʀʄʇ ʥʘ ʥʝʤʘʛʥʠʪʥʳʝ ʤʘʪʝʨʠʘ-

ʣʳ. ʅʘʙʣʶʜʘʣʠʩʴ ʟʥʘʯʠʪʝʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʘʚʣʝʥʠʷ ʧʦʣʫʧʨʦ-

ʚʦʜʥʠʢʦʚʳʭ ʢʨʠʩʪʘʣʣʦʚ InAs, ʧʦʩʣʝ ʚʦʟʜʝʡʩʪʚʠʷ ʩʣʘʙʳʭ ʀʄʇ (B ~ 0,3 ʊʣ ʠ B ~ 

0,5 ʊʣ) [111]. ʀʩʩʣʝʜʦʚʘʣʠʩʴ ʦʩʦʙʝʥʥʦʩʪʠ ʤʘʛʥʠʪʦʧʣʘʩʪʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ ʧʦʩʣʝ 

ʦʜʥʦʢʨʘʪʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʠʤʧʫʣʴʩʘ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ (ɺ ʦʪ 5 ʜʦ 40 ʊʣ) ʥʘ ʬʦʣʴ-

ʛʠ ʠʟ Al ʠ Al-Zn [112]. ʇʨʠʯʝʤ, ʚ ʨʘʙʦʪʝ [112] ʥʘʙʣʶʜʘʣʦʩʴ ʥʝʦʙʨʘʪʠʤʦʝ 

ʫʧʨʦʯʥʝʥʠʝ ʠʩʩʣʝʜʫʝʤʳʭ ʬʦʣʴʛ (ʨʠʩ. 6.).  
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ʈʠʩ. 6. ɿʘʚʠʩʠʤʦʩʪʠ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʪʚʝʨʜʦʩʪʠ (æʅ) ʦʪ ʘʤ-

ʧʣʠʪʫʜʳ ʠʥʜʫʢʮʠʠ (ɺ) ʠʤʧʫʣʴʩʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʜʣʷ ʬʦʣʴʛʠ ʠʟ Al(a) ʠ 

ʬʦʣʴʛʠ ʠʟ Al-Zn(b) [112]. 

ʇʨʦʚʦʜʠʣʠʩʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʠʟʫʯʝʥʠʶ ʚʦʟʜʝʡʩʪʚʠʷ ʀʄʇ ʥʘ ʤʠʢʨʦ-

ʪʚʝʨʜʦʩʪʴ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ C60 [113], ʘ ʪʘʢʞʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʝʨʝʤʝʱʝʥʠʷ ʜʠʩʣʦ-

ʢʘʮʠʡ ʚ ʢʨʠʩʪʘʣʣʘʭ NaCl ʚ ʩʭʝʤʝ ʕʇʈ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ɿʝʤʣʠ ʩ ʠʤʧʫʣʴʩʥʦʡ 

ʥʘʢʘʯʢʦʡ (ʘʤʧʣʠʪʫʜʘ B~3ʤʊʣ) [114]. ʂʨʦʤʝ ʪʦʛʦ, ʩʫʱʝʩʪʚʫʶʱʠʝ ʨʘʙʦʪʳ ʛʦʚʦ-

ʨʷʪ ʦʙ ʠʟʤʝʥʝʥʠʷʭ ʩʦʩʪʦʷʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʣʦʝʚ ʥʝʤʘʛ-

ʥʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʣʘʙʳʭ ʀʄʇ [1,115] ʠ ʩʣʘʙʳʭ ʇʄʇ [116]. 

ɺ ʮʝʣʦʤ, ʥʘʙʣʶʜʘʝʤʳʝ ʠʟʤʝʥʝʥʠʷ ʧʨʠʥʷʪʦ ʩʚʷʟʳʚʘʪʴ ʩ ʨʝʘʢʮʠʷʤʠ ʧʝʨʝ-

ʩʪʨʦʝʥʠ ̫ʜʝʬʝʢʪʥʳʭ ʩʪʨʫʢʪʫʨ ʚ ʢʨʠʩʪʘʣʣʘʭ, ʟʘ ʩʯʝʪ ʩʥʷʪʠʷ ʟʘʧʨʝʪʘ ʥʘ ʦʧʨʝʜʝ-

ʣʝʥʥʳʝ ʩʧʠʥ-ʟʘʚʠʩʠʤʳʝ ʧʝʨʝʭʦʜʳ. 
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1.1.5. ʇʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʤʝʭʘʥʠʟʤʘʭ ʤʘʛʥʠʪʦʠʥʜʫʮʠʨʦʚʘʥʥʳʭ ʠʟʤʝʥʝʥʠʷʭ 

ʩʪʨʫʢʪʫʨʳ ʠ ʩʚʦʡʩʪʚ ʥʝʤʘʛʥʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

 

ʀʟʤʝʥʝʥʠʷ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʝʤʘʛʥʠʪʥʳʭ ʤʘʪʝʨʠʘ-

ʣʦʚ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʩʣʘʙʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ [23,24] ʠʟʥʘʯʘʣʴʥʦ ʦʙʲʷʩʥʷʣʠʩʴ 

ʥʝ ʤʘʛʥʠʪʥʦʧʣʘʩʪʠʯʝʩʢʠʤ ʵʬʬʝʢʪʦʤ, ʘ ʜʝʡʩʪʚʠʝʤ ʚʠʭʨʝʚʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦ-

ʣʝʡ ʥʘ ʟʘʨʷʞʝʥʥʳʝ ʢʨʘʝʚʳʝ ʜʠʩʣʦʢʘʮʠʠ. ɼʘʥʥʘʷ ʛʠʧʦʪʝʟʘ ʙʳʣʘ ʦʪʙʨʦʰʝʥʘ, ʪʘʢ 

ʢʘʢ ʩʦʛʣʘʩʥʦ [117] ʜʣʷ ʟʘʧʫʩʢʘ ʩʤʝʱʝʥʠʷ ʜʠʩʣʦʢʘʮʠʡ ʥʝʦʙʭʦʜʠʤʳ ʵʣʝʢʪʨʠʯʝ-

ʩʢʠʝ ʧʦʣʷ ~ 106 ɺ/ʤ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚʦʟʥʠʢʘʶʱʠʝ ʧʨʠ ʚʢʣʶʯʝʥʠʠ ʵʣʝʢʪʨʠʯʝʩʢʠʝ 

ʧʦʣʷ [117]: 

ͯ  ͯπȟρ ˏϽ̍ , (3) 

ʇʨʠ B0 ~ 1 ʊʣ (ʜʣʷ ʫʜʦʚʣʝʪʚʦʨʝʥʠʷ ʫʩʣʦʚʠʡ ʩʣʘʙʦʩʪʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ) ʠ 

ʨʘʟʤʝʨʘʭ ʦʙʨʘʟʮʘ d ~ 10-2 ʤ ʟʘ ʚʨʝʤʷ t = 0,1-1 ʩ. ɻʜʝ d ï ʨʘʟʤʝʨ ʦʙʨʘʟʮʘ, B0 ï ʠʥ-

ʜʫʢʮʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʚʦʟʥʠʢʘʶʱʠʝ ʧʨʠ ʚʢʣʶʯʝʥʠʠ, t ï ʚʨʝʤʷ, ʟʘ ʢʦʪʦʨʦʝ 

ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʚʳʭʦʜʠʪ ʥʘ ʧʦʩʪʦʷʥʥʳʝ ʟʥʘʯʝʥʠʷ ʠʥʜʫʢʮʠʠ. ɺʠʜʥʦ, ʯʪʦ ʩʠʣʘ 

ʃʦʨʝʥʮʘ, ʦʢʘʟʳʚʘʶʱʘʷ ʚʣʠʷʥʠʷ ʥʘ ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʦʥʥʳʝ ʵʬʬʝʢʪʳ ʠ ʟʘʨʷʞʝʥ-

ʥʳʝ ʜʠʩʣʦʢʘʮʠʠ, ʧʨʠ ʚʢʣʶʯʝʥʠʠ ʇʄʇ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʝʛʦ ʢʨʠʪʝʨʠʷʤ ʩʣʘʙʦʩʪʠ, 

ʥʝ ʤʦʞʝʪ ʚʳʟʳʚʘʪʴ ʩʤʝʱʝʥʠʝ ʜʠʩʣʦʢʘʮʠʡ, ʪʘʢ ʢʘʢ ʦʥʘ ʥʘ 6-7 ʧʦʨʷʜʢʦʚ ʤʝʥʴʰʝ 

ʥʝʦʙʭʦʜʠʤʦʡ ʜʣʷ ʦʪʢʨʝʧʣʝʥʠʷ ʜʠʩʣʦʢʘʮʠʡ ʦʪ ʩʪʦʧʦʨʦʚ. 

ʉʧʫʩʪʷ ʥʝʢʦʪʦʨʦʝ ʚʨʝʤʷ, ʧʦʩʣʝ ʦʪʢʨʳʪʠʷ ʤʘʛʥʠʪʦʧʣʘʩʪʠʯʝʩʢʦʛʦ ʵʬʬʝʢ-

ʪʘ, ʢʘʢ ʘʚʪʦʨʘʤʠ [35], ʪʘʢ ʠ ʜʨʫʛʠʤʠ ʥʝʟʘʚʠʩʠʤʳʤʠ ʛʨʫʧʧʘʤʠ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ 

ʩʭʦʞʠʝ ʦʪʢʣʠʢʠ ʩʪʨʫʢʪʫʨʳ ʠ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʦʚ ʥʝ ʪʦʣʴʢʦ ʥʘ NaCl, ʥʦ ʠ ʥʘ 

ʤʥʦʞʝʩʪʚʝ ʜʨʫʛʠʭ ʤʘʪʝʨʠʘʣʦʚ, ʪʘʢʠʭ ʢʘʢ - LiF, CsI, InSb [43,47,51,118-122], Zn 

[47], Al [ 35,49]. ɹʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʦʜʩʪʚʝʥʥʳʭ ʷʚʣʝ-

ʥʠʡ, ʟʘʢʣʶʯʘʶʱʠʭʩʷ ʚ ʟʘʤʝʪʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʨʘʟʣʠʯʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ ʥʘ 

ʩʧʝʢʪʨ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʠ ʜʨʫʛʠʭ ʩʪʨʫʢʪʫʨʥʦ-ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʩʚʦʡʩʪʚ ʥʝ-

ʤʘʛʥʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ɺʘʞʥʳʤ ʰʘʛʦʤ ʩʪʘʣʦ ʧʨʦʚʝʜʝʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʵʢʩ-

ʧʝʨʠʤʝʥʪʦʚ ʧʦ ʧʝʨʝʤʝʥʝ ʟʥʘʢʘ ʧʦʣʷ ʥʘ ʦʙʨʘʪʥʳʡ. ʕʪʦ ʧʦʢʘʟʘʣʦ ʦʪʩʫʪʩʪʚʠʝ ʩʫ-
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ʱʝʩʪʚʝʥʥʦʛʦ ʚʣʠʷʥʠʷ ʧʦʥʜʝʨʦʤʦʪʦʨʥʳʭ ʩʠʣ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ ʠ ʚʠʭʨʝʚʦʛʦ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ, ʚʦʟʥʠʢʘʶʱʝʛʦ ʧʨʠ ʟʘʧʫʩʢʝ ʠ ʦʪʢʣʶʯʝʥʠʠ ʇʄʇ ʠʣʠ ʚʥʝ-

ʩʝʥʠʠ ʚ ʥʝʛʦ ʦʙʨʘʟʮʘ. ʂʘʢ ʨʝʟʫʣʴʪʘʪ, ʫ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʧʦʷʚʠʣʘʩʴ ʚʦʟʤʦʞʥʦʩʪʴ 

ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʪʴ ʠʟʤʝʥʝʥʠʷ ʥʘʙʣʶʜʘʝʤʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʪʦʣʴʢʦ ʤʘʛʥʠʪʥʳʭ ʩʠʣ ʠ ʠʭ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʥʝ-

ʩʦʚʝʨʰʝʥʩʪʚʘ ʠʣʠ ʜʝʬʝʢʪʳ ʢʨʠʩʪʘʣʣʦʚ, ʦʧʫʩʢʘʷ ʠʥʳʝ ʧʨʦʮʝʩʩʳ.  

ʇʦʧʳʪʢʠ ʪʦʯʥʦʛʦ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʦʙʲʷʩʥʝʥʠʷ ʥʘʙʣʶʜʘʝʤʳʭ ʧʨʦʮʝʩʩʦʚ ʠ 

ʤʝʭʘʥʠʟʤʦʚ ʤʘʛʥʠʪʦʧʣʘʩʪʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ, ʧʨʝʜʧʨʠʥʷʪʳʝ ʚʦ ʤʥʦʛʠʭ ʚʳʰʝʧʝ-

ʨʝʯʠʩʣʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʨʘʙʦʪʘʭ, ʘ ʪʘʢʞʝ ʚ [98,104,123-127], ʧʦʟʚʦʣʷ-

ʶʪ ʥʘʜʝʞʥʦ ʩʚʷʟʳʚʘʪʴ ʝʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʝ ʩ ʧʨʝʜʩʪʘʚʣʝʥʠʷʤʠ ʦ ʩʧʠʥ-

ʟʘʚʠʩʠʤʳʭ ʵʣʝʢʪʨʦʥʥʳʭ ʧʝʨʝʭʦʜʘʭ ʢʘʢ ʚ ʩʠʩʪʝʤʝ ʜʠʩʣʦʢʘʮʠʷ ï ʧʨʠʤʝʩʥʳʡ 

ʮʝʥʪʨ, ʪʘʢ ʠ ʚ ʩʠʩʪʝʤʝ ʪʦʯʝʯʥʳʭ ʜʝʬʝʢʪʦʚ. ʉʫʱʝʩʪʚʫʶʪ ʪʘʢʞʝ ʪʝʦʨʝʪʠʯʝʩʢʠʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʠʨʦʜʳ ʤʘʛʥʠʪʦʧʣʘʩʪʠʯʥʦʩʪʠ, ʠʟ ʢʦʪʦʨʳʭ ʥʘʠʙʦʣʴʰʠʡ ʠʥʪʝʨʝʩ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʝʨʠʷ ʨʘʙʦʪ ɹʫʯʘʯʝʥʢʦ [98,123,124,127], ʩʦʜʝʨʞʘʱʠʭ ʮʝʣʳʡ ʨʷʜ 

ʦʨʠʛʠʥʘʣʴʥʳʭ ʠʜʝʡ, ʢʘʩʘʶʱʠʭʩʷ ʦʙʲʷʩʥʝʥʠʷ ʤʘʛʥʠʪʦʧʣʘʩʪʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ ʩ 

ʧʦʟʠʮʠʡ ʩʧʠʥʦʚʦʛʦ çʥʘʥʦʨʝʘʢʪʦʨʘè. 

ɻʠʧʦʪʝʟʘ ʦ ʪʦʤ, ʯʪʦ ʧʨʦʮʝʩʩʳ, ʧʨʦʪʝʢʘʶʱʠʝ ʚ ʩʠʩʪʝʤʝ ʜʝʬʝʢʪʦʚ ʥʝʤʘʛ-

ʥʠʪʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʣʘʙʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ, ʧʦʜʦʙʥʳ ʩʧʠʥʦ-

ʚʳʤ ʵʬʬʝʢʪʘʤ ʚ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʷʭ, ʙʳʣʘ ʚʳʜʚʠʥʫʪʘ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ 

ʜʦʢʘʟʘʥʘ ʚ [119]. ʇʦʟʜʥʝʝ ʜʘʥʥʘʷ ʛʠʧʦʪʝʟʘ ʧʦʣʫʯʠʣʘ ʧʦʜʪʚʝʨʞʜʝʥʠʝ ʚ [79,81]. 

ʊʘʢʞʝ ʩʫʱʝʩʪʚʫʶʪ ʪʝʦʨʠʠ, ʜʘʶʱʠʝ ʦʙʲʷʩʥʝʥʠʷ ʤʝʭʘʥʠʟʤʘ ʠʟʤʝʥʝʥʠʷ 

ʩʪʨʫʢʪʫʨʳ ʠ ʩʚʦʡʩʪʚ ʥʝʤʘʛʥʠʪʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʥʘ ʧʨʠʤʝʨʝ ʜʚʠʞʝʥʠʷ ʜʠʩʣʦʢʘ-

ʮʠʡ. ʆʥʠ ʧʨʝʜʩʪʘʚʣʷʪʁ ʠʥʪʝʨʝʩ ʠʟ-ʟʘ ʪʦʛʦ, ʯʪʦ ʩʧʠʥʦʚʘʷ ʢʦʥʚʝʨʩʠʷ ʚ ʤʘʛʥʠʪ-

ʥʦʤ ʧʦʣʝ ʤʦʞʝʪ ʧʨʦʠʟʦʡʪʠ ʪʦʣʴʢʦ ʚ ʧʨʦʮʝʩʩʝ ʢʦʨʦʪʢʦʞʠʚʫʱʠʭ ʚʦʟʙʫʞʜʝʥʠʡ, 

ʚʦʟʥʠʢʘʶʱʠʭ ʠʟ-ʟʘ ʙʝʟʫʩʧʝʰʥʳʭ ʧʦʧʳʪʦʢ ʜʝʬʝʢʪʦʚ ʢʨʠʩʪʘʣʣʘ, ʥʘʧʨʠʤʝʨ, ʜʠʩ-

ʣʦʢʘʮʠʡ, ʧʨʝʦʜʦʣʝʪʴ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʙʘʨʴʝʨ. ʊʘʢ ʄ. ʄʦʣʦʮʢʠʡ ʧʦʣʘʛʘʝʪ 

[126,128], ʯʪʦ ʜʠʩʣʦʢʘʮʠʷ ʧʨʝʦʜʦʣʝʚʘʝʪ ʩʪʦʧʦʨ ʩ ʧʦʤʦʱʴʶ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʙʦ-

ʢʦʚʦʛʦ ʜʚʠʞʝʥʠʷ ʧʝʨʝʛʠʙʘ ʧʦ ʜʠʩʣʦʢʘʮʠʦʥʥʦʡ ʣʠʥʠʠ, ʠ ʦʮʝʥʠʚʘʝʪ ʭʘʨʘʢʪʝʨʥʦʝ 

ʚʨʝʤʷ ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʝʣʠʯʠʥʦʡ Ḑ 10ī7ī10ī9 ʩ. ʆʧʠʩʘʥʥʳʡ ʠʤ ʩʧʦʩʦʙ ʧʨʝ-
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ʦʜʦʣʝʥʠʷ ʣʦʢʘʣʴʥʳʭ ʙʘʨʴʝʨʦʚ ʚʨʷʜ ʣʠ ʤʦʞʝʪ ʙʳʪʴ ʦʩʥʦʚʥʳʤ ʠ ʝʜʠʥʩʪʚʝʥʥʳʤ. 

ʅʦ ʜʘʥʥʦʝ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʭʦʨʦʰʦ ʦʧʠʩʳʚʘʝʪ ʜʣʠʪʝʣʴʥʦʩʪʴ ʩʪʘʜʠʠ ʧʨʝʦʜʦʣʝ-

ʥʠʷ ʩʪʦʧʦʨʘ. ʖ.ʀ. ɻʦʣʦʚʠʥ ʚ ʩʚʦʝʤ ʦʙʟʦʨʝ [5] ʧʨʠʚʦʜʠʪ ʜʘʥʥʳʝ ʦ ʪʦʤ, ʯʪʦ 

ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʝʱʝ ʥʝʩʢʦʣʴʢʦ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʩʪʘʜʠʡ ʧʨʝʦʜʦʣʝʥʠʷ ʜʠʩʣʦʢʘ-

ʮʠʝʡ ʩʪʦʧʦʨʘ. ʊʘʢ, ʧʨʠ ʧʨʠʙʣʠʞʝʥʠʠ ʜʠʩʣʦʢʘʮʠʠ ʢ ʩʪʦʧʦʨʫ, ʜʦʣʞʥʦ ʚʦʟʥʠʢʥʫʪʴ 

ʠ ʵʣʝʢʪʨʦʥʥʦʝ, ʠ ʤʦʣʝʢʫʣʷʨʥʦʝ ʚʦʟʙʫʞʜʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʝʛʦ 

ʜʠʩʣʦʢʘʮʠʦʥʥʦʛʦ ʩʝʛʤʝʥʪʘ ʠ ʘʪʦʤʦʚ ʩʪʦʧʦʨʘ, ʠ ʪʦʣʴʢʦ ʟʘʪʝʤ ʥʘʯʥʝʪʩʷ ʦʞʠʜʘʥʠʝ 

ʥʝʦʙʭʦʜʠʤʦʡ ʬʣʫʢʪʫʘʮʠʠ. ʆʜʥʘʢʦ, ʧʨʦʠʩʭʦʜʠʪ ʵʪʦ ʪʦʣʴʢʦ ʚ ʪʦʤ ʩʣʫʯʘʝ, ʝʩʣʠ 

ʩʪʦʧʦʨ ʥʝ ʙʳʣ ʧʨʝʦʜʦʣʝʥ ʚʥʘʯʘʣʝ. ɸʥʘʣʦʛʠʯʥʦ, ʧʦʩʣʝ ʫʩʧʝʰʥʦʛʦ ʩʧʠʥʦʚʦʛʦ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʚ ʨʘʜʠʢʘʣʴʥʦʡ ʧʘʨʝ, ʥʝʦʙʭʦʜʠʤʦ ʥʝʢʦʪʦʨʦʝ ʚʨʝʤʷ, ʟʘ ʢʦʪʦʨʦʝ 

ʟʘʪʦʨʤʦʞʝʥʥʳʡ ʜʠʩʣʦʢʘʮʠʦʥʥʳʡ ʩʝʛʤʝʥʪ ʥʘ ʧʘʨʘʤʝʪʨʘʭ ʨʝʰʝʪʢʠ ʫʜʘʣʷʝʪʩʷ ʦʪ 

ʘʪʦʤʦʚ ʩʪʦʧʦʨʘ. ʅʦ ʠ ʥʘ ʵʪʦʤ ʧʫʪʠ ʦʥ ʪʦʞʝ ʤʦʞʝʪ ʙʳʪʴ ʟʘʭʚʘʯʝʥ ʜʨʫʛʠʤʠ ʯʘ-

ʩʪʷʤʠ ʧʨʠʤʝʩʥʦʛʦ ʢʦʤʧʣʝʢʩʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʨʘʡʥʝ ʚʝʨʦʷʪʥʦ ʤʥʦʛʦʩʪʘʜʠʡʥʦʝ 

ʧʨʝʦʜʦʣʝʥʠʝ ʢʦʤʧʣʝʢʩʘ. 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʧʨʝʜʣʦʞʝʥʳ ʨʘʟʣʠʯʥʳʝ ʦʙʲʷʩʥʝʥʠʷ ʩʧʝʢʪʨʘ 

ʥʘʙʣʶʜʘʝʤʳʭ ʠʟʤʝʥʝʥʠʡ ʚʦ ʚʥʝʰʥʝʤ ʤʘʛʥʠʪʥʳʤ ʧʦʣʝ. ʅʘʧʨʠʤʝʨ, ʘʚʪʦʨʳ 

[129,130] ʧʨʠʜʝʨʞʠʚʘʶʪʩʷ ʤʦʜʝʣʠ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ, ʩʦʟʜʘ-

ʚʘʝʤʦʛʦ ʪʦʢʦʤ ʧʝʨʝʧʦʣʷʨʠʟʘʮʠʠ ʢʨʠʩʪʘʣʣʘ ʧʨʠ ʩʤʝʱʝʥʠʠ ʜʦʤʝʥʥʦʡ ʛʨʘʥʠʮʳ. 

ʊʘʢʞʝ ʩʫʱʝʩʪʚʫʝʪ ʚʝʨʩʠʷ ʤʝʭʘʥʠʟʤʘ [131], ʩʚʷʟʳʚʘʶʱʝʛʦ ʥʘʙʣʶʜʘʝʤʳʝ ʵʬʬʝʢ-

ʪʳ ʩ ʤʘʛʥʠʪʦʩʪʠʤʫʣʠʨʦʚʘʥʥʳʤ ʠʟʤʝʥʝʥʠʝʤ ʜʝʬʝʢʪʥʦʡ ʧʦʜʩʠʩʪʝʤʳ ʢʨʠʩʪʘʣʣʘ, 

ʥʘ ʢʦʪʦʨʦʡ ʧʨʦʠʩʭʦʜʠʪ ʧʠʥʥʠʥʛ ʜʦʤʝʥʥʳʭ ʩʪʝʥʦʢ. ʆʜʥʘʢʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʦʛʨʦʤ-

ʥʳʡ ʰʘʛ, ʩʜʝʣʘʥʥʳʡ ʚ ʩʪʦʨʦʥʫ ʧʦʥʠʤʘʥʠʷ ʤʝʭʘʥʠʟʤʦʚ ʚʦʟʜʝʡʩʪʚʠʷ ʩʣʘʙʳʭ 

ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ, ʚʦʟʥʠʢʣʦ ʤʥʦʞʝʩʪʚʦ ʚʦʧʨʦʩʦʚ, ʢʘʩʘʶʱʠʭʩʷ ʠʭ ʧʨʠʨʦʜʳ. ɼʘ-

ʞʝ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʝʪ ʯʝʪʢʦʛʦ ʧʦʥʠʤʘʥʠʷ, ʝʜʠʥʩʪʚʝʥʥʳʡ ʤʝʭʘʥʠʟʤ ʠʣʠ ʥʝ-

ʩʢʦʣʴʢʦ ʨʘʟʥʳʭ ʦʧʨʝʜʝʣʷʶʪ ʧʨʠʨʦʜʫ ʠ ʧʨʦʮʝʩʩʳ ʤʘʛʥʠʪʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ 

ʩʪʨʫʢʪʫʨʥʳʝ ʠ ʠʥʳʝ ʩʚʦʡʩʪʚʘ ʤʘʪʝʨʠʘʣʦʚ ʩ ʨʘʟʣʠʯʥʳʤ ʪʠʧʦʤ ʩʚʷʟʠ, ʜʝʬʝʢʪʥʦʡ 

ʩʪʨʫʢʪʫʨʳ, ʩʦʩʪʘʚʘ ʠ ʪ.ʧ.  

ʊʘʢʞʝ ʩʪʦʠʪ ʫʯʠʪʳʚʘʪʴ ʠ ʪʦ, ʯʪʦ ʚʩʝ ʟʘʬʠʢʩʠʨʦʚʘʥʥʳʝ ʵʬʬʝʢʪʳ, ʚʦʟ-

ʥʠʢʰʠʝ ʠʟ-ʟʘ ʵʢʩʧʦʟʠʮʠʠ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ, ʠʤʝʶʪ ʨʘʟʣʠʯʥʳʝ ʚʨʝʤʝʥʥʳʝ ʭʘ-
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ʨʘʢʪʝʨʠʩʪʠʢʠ. ʊʘʢ, ʥʝʢʦʪʦʨʳʝ ʦʪʢʣʠʢʠ ʧʨʦʷʚʣʷʶʪʩʷ ʪʦʣʴʢʦ ʚ ʧʨʦʮʝʩʩʝ ʚʳʜʝʨʞ-

ʢʠ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ, ʜʨʫʛʠʝ ʠʤʝʶʪ ʜʣʠʪʝʣʴʥʦʝ ʧʦʩʣʝʜʝʡʩʪʚʠʝ, ʧʨʠ ʵʪʦʤ ʠʟʤʝ-

ʥʝʥʠʷ ʩʚʦʡʩʪʚ ʠ ʩʪʨʫʢʪʫʨʳ ʤʦʛʫʪ ʙʳʪʴ ʢʘʢ ʦʙʨʘʪʠʤʳʤʠ, ʪʘʢ ʠ ʥʝʦʙʨʘʪʠʤʳʤʠ. 

ʂʨʦʤʝ ʪʦʛʦ, ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ ʥʘʙʣʶʜʘʶʪʩʷ ʚʨʝʤʝʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʩ ʣʘʪʝʥʪʥʳʤ 

ʧʝʨʠʦʜʦʤ ʚʳʜʝʨʞʢʠ ʧʦʩʣʝ ʦʪʢʣʶʯʝʥʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʥʝʤʦʥʦʪʦʥʥʳʝ ʠʣʠ ʞʝ 

ʟʥʘʢʦʧʝʨʝʤʝʥʥʳʝ [5]. ʅʝʩʤʦʪʨʷ ʥʘ ʙʦʣʴʰʦʡ ʦʙʲʝʤ ʨʘʙʦʪ ʧʦ ʠʟʫʯʝʥʠʶ ʤʘʛʥʠʪ-

ʥʦʛʦ ʧʦʣʷ, ʘ ʪʘʢʞʝ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ, ʦʙʲ-

ʷʩʥʠʪʴ ʨʘʟʣʠʯʠʝ ʧʦʚʝʜʝʥʠʷ ʚʨʝʤʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʣʷ ʥʝʤʘʛʥʠʪʥʳʭ ʤʘʪʝʨʠ-

ʘʣʦʚ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʥʝ ʫʜʘʝʪʩʷ. 

 

1.2. ʇʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʝ ʢʨʠʩʪʘʣʣʳ CdTe 

 

ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʦʟʜʝʡʩʪʚʠʡ ʩʣʘʙʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ 

ʥʘ ʩʪʨʫʢʪʫʨʫ ʠ ʩʚʦʡʩʪʚʘ ʥʝʤʘʛʥʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʙʳʣʠ ʚʳʙʨʘʥʳ ʧʦʣʫʧʨʦʚʦʜ-

ʥʠʢʦʚʳʝ ʢʨʠʩʪʘʣʣʳ CdTe, ʚʳʨʘʱʝʥʥʳʝ ʤʝʪʦʜʦʤ ʆʙʨʝʠʤʦʚʘ-ʐʫʙʥʠʢʦʚʘ ʚ ʀʥ-

ʩʪʠʪʫʪʝ ʂʨʠʩʪʘʣʣʦʛʨʘʬʠʠ ʠʤ. ɸ.ɺ. ʐʫʙʥʠʢʦʚʘ. ʊʝʣʣʫʨʠʜ ʢʘʜʤʠʷ (CdTe) ʷʚʣʷ-

ʝʪʩʷ ʧʨʝʜʩʪʘʚʠʪʝʣʝʤ ʢʣʘʩʩʘ ʰʠʨʦʢʦʟʦʥʥʳʭ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ ʩʦʝʜʠʥʝʥʠʷ ɸ2ɺ6, 

ʚʳʜʝʣʷʶʱʠʤʩʷ ʩʨʝʜʠ ʘʥʘʣʦʛʦʚ ʧʦ ʮʝʣʦʤʫ ʨʷʜʫ ʩʚʦʡʩʪʚ. ʆʙʨʘʟʫʶʱʠʝ CdTe 

ʘʪʦʤʳ ʪʝʣʣʫʨʘ Te ʠ ʢʘʜʤʠʷ Cd ʠʤʝʶʪ ʚʳʩʦʢʠʝ ʘʪʦʤʥʳʝ ʥʦʤʝʨʘ (52 ʠ 48, ʩʦʦʪ-

ʚʝʪʩʪʚʝʥʥʦ), ʯʪʦ ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʙʦʣʴʰʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʪʦʨʤʦʞʝʥʠʷ ʛʘʤʤʘ-

ʠʟʣʫʯʝʥʠʷ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʥʴʰʠʭ ʦʙʲʝʤʦʚ ʤʘʪʝʨʠʘʣʦʚ ʧʨʠ ʩʦʟʜʘʥʠʠ ʨʝʥʪʛʝ-

ʥʦʚʩʢʠʭ ʜʝʪʝʢʪʦʨʦʚ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ ʧʦʣʫʧʨʦʚʦʜʥʠʢʘʤʠ: 

Si, Ge, GaAs. ɼʘʥʥʳʝ ʦʙʩʪʦʷʪʝʣʴʩʪʚʘ ʠʤʝʶʪ ʦʩʦʙʝʥʥʦ ʚʘʞʥʫʶ ʨʦʣʴ ʧʨʠ ʩʦʟʜʘ-

ʥʠʠ ʤʥʦʛʦʵʣʝʤʝʥʪʥʳʭ ʜʝʪʝʢʪʦʨʦʚ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʪʘʢ ʢʘʢ ʚʳʩʦʢʘʷ 

ʪʦʨʤʦʟʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʤʘʪʝʨʠʘʣʘ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʜʝʪʝʢʪʦʨʳ, ʠʩʧʦʣʴʟʫʝ-

ʤʳʝ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʵʥʝʨʛʠʡ ï ʦʪ 5 ʂʵɺ ʜʦ 10 ʄʵɺ, ʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʤʝʥʴʰʠʭ ʦʙʲʝʤʦʚ ʤʘʪʝʨʠʘʣʘ ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʚʝʣʠʯʝʥʠʶ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʟ-

ʨʝʰʝʥʠʷ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʢʘʯʝʩʪʚʘ ʠʟʦʙʨʘʞʝʥʠʷ. ʐʠʨʠʥʘ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ 

CdTe (Egå1,513 ʵɺ ʧʨʠ 300 K [132]) ʧʨʝʚʦʩʭʦʜʠʪ ʪʘʢʦʚʫʶ ʚ Si, Ge ʠ GaAs, 
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ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʜʝʪʝʢʪʦʨʳ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ ʥʘ ʦʩʥʦʚʝ CdTe 

ʤʦʛʫʪ ʵʬʬʝʢʪʠʚʥʦ ʨʘʙʦʪʘʪʴ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, CdTe 

ʠ ʪʚʝʨʜʳʝ ʨʘʩʪʚʦʨʳ ʥʘ ʝʛʦ ʦʩʥʦʚʝ ʪʘʢʠʝ ʢʘʢ CdZnTe, HgCdTe (ʨʝʞʝ CdZnTeSe 

ʠʣʠ ʜʨ.) ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʷʚʣʷʶʪʩʷ ʣʫʯʰʠʤʠ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʜʝʪʝʢʪʦʨʦʚ 

ʠʦʥʠʟʠʨʫʶʱʝʛʦ ʠʟʣʫʯʝʥʠʷ. ʅʘʨʷʜʫ ʩ ʜʝʪʝʢʪʦʨʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ CdTe ʦʙʣʘʜʘʝʪ 

ʥʝʦʨʜʠʥʘʨʥʳʤʠ ʦʧʪʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ. ʀʭ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʚʳʩʦʢʦʝ ʧʨʦʧʫʩʢʘ-

ʥʠʝ ʚ ʀʂ-ʜʠʘʧʘʟʦʥʝ ʩʧʝʢʪʨʘ ʠʟʣʫʯʝʥʠʷ (0,8-25 ʤʢʤ). ɺʝʣʠʯʠʥʘ ʵʣʝʢʪʨʦʦʧʪʠʯʝ-

ʩʢʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ CdTe ʚ 4 ʨʘʟʘ ʧʨʝʚʦʩʭʦʜʠʪ GaAs. ʂʨʠʩʪʘʣʣʳ CdTe, ʣʝʛʠ-

ʨʦʚʘʥʥʳʝ ʧʝʨʝʭʦʜʥʳʤʠ ʤʝʪʘʣʣʘʤʠ ʦʙʣʘʜʘʶʪ ʬʦʪʦʨʝʬʨʘʢʪʠʚʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. 

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʤʘʪʝʨʠʘʣ ʚʝʩʴʤʘ ʧʝʨʩʧʝʢʪʠʚʝʥ ʜʣʷ ʠʥʬʨʘʢʨʘʩʥʦʡ ʦʧʪʠʢʠ ʠ ʵʣʝʢ-

ʪʨʦʦʧʪʠʢʠ. CdTe ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʣʘʟʝʨʥʳʭ ʟʘʪʚʦʨʘʭ (Q ï switch), ʠʩʧʦʣʴ-

ʟʫʝʤʳʭ ʚ ʉʆ2 -  ʣʘʟʝʨʘʭ. ʆʩʦʙʦʝ ʤʝʩʪʦ ʢʨʠʩʪʘʣʣʳ CdTe ʟʘʥʠʤʘʶʪ ʧʨʠ ʠʩʧʦʣʴ-

ʟʦʚʘʥʠʠ ʠʭ ʚ ʚʠʜʝ ʧʦʜʣʦʞʝʢ ʜʣʷ ʵʧʠʪʘʢʩʠʘʣʴʥʦʛʦ ʥʘʨʘʱʠʚʘʥʠʷ ʩʣʦʝʚ HgCdTe, 

ʧʨʠʤʝʥʷʝʤʳʭ ʚ ʢʘʯʝʩʪʚʝ ʠʥʬʨʘʢʨʘʩʥʳʭ ʜʝʪʝʢʪʦʨʦʚ. ʊʝʣʣʫʨʠʜ ʢʘʜʤʠʷ ʥʘʨʷʜʫ ʩ 

ʧʝʨʝʯʠʩʣʝʥʥʳʤʠ ʚʘʞʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʤʠ ʝʛʦ ʧʨʠʤʝʥʝʥʠʝ ʚ 

ʮʝʣʦʤ ʨʷʜʝ ʦʙʣʘʩʪʝʡ, ʦʙʣʘʜʘʝʪ ʝʱʝ ʦʜʥʠʤ ʫʥʠʢʘʣʴʥʳʤ ʩʚʦʡʩʪʚʦʤ.  

ʉ ʥʝʜʘʚʥʠʭ ʧʦʨ ʨʘʩʪʝʪ ʧʨʠʤʝʥʝʥʠʝ ʪʝʣʣʫʨʠʜʘ ʢʘʜʤʠʷ ʧʨʠ ʩʦʟʜʘʥʠʠ ʪʦʥ-

ʢʦʧʣʝʥʦʯʥʳʭ ʬʦʪʦʵʣʝʢʪʨʦʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ (ʌʕʇ). ʉʨʝʜʠ ʩʦʝʜʠʥʝʥʠʡ ɸ2ɺ6 ʦʥ 

ʦʙʣʘʜʘʝʪ ʠʜʝʘʣʴʥʦʡ ʰʠʨʠʥʦʡ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ ʜʣʷ ʧʨʷʤʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 

ʩʦʣʥʝʯʥʦʛʦ ʩʚʝʪʘ ʚ ʵʣʝʢʪʨʦʵʥʝʨʛʠʶ, ʪʘʢ ʢʘʢ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʝ ʤʘʪʝʨʠʘʣʳ ʩ 

ʰʠʨʠʥʦʡ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ 1,5-1,6 ʵɺ ʠʤʝʶʪ ʥʘʠʣʫʯʰʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʢʘʢ 

ʩʦʣʥʝʯʥʳʝ ʵʣʝʤʝʥʪʳ. ʃʠʰʴ ʚʳʩʦʢʠʝ ʮʝʥʳ ʥʘ ʜʦʩʪʘʪʦʯʥʦ ʯʠʩʪʳʡ ʤʘʪʝʨʠʘʣ ʠ 

ʧʦʜʣʦʞʢʠ ʠʟ CdTe, ʘ ʪʘʢʞʝ ʟʥʘʯʠʪʝʣʴʥʳʝ ʪʨʫʜʥʦʩʪʠ ʧʦʣʫʯʝʥʠʷ ʙʦʣʴʰʠʭ ʦʙʲʝ-

ʤʦʚ CdTe ʥʝʦʙʭʦʜʠʤʦʡ ʯʠʩʪʦʪʳ ʠ ʢʘʯʝʩʪʚʘ ʦʛʨʘʥʠʯʠʚʘʶʪ ʠʭ ʧʨʠʤʝʥʝʥʠʝ ʚ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʚʦʟʤʦʞʥʦʩʪʠ ʫʣʫʯʰʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʠ ʩʚʦʡʩʪʚ 

ʫʞʝ ʚʳʨʘʱʝʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ CdTe, ʩ ʧʦʤʦʱʴʶ ʚʥʝʰʥʠʭ ʚʦʟʜʝʡʩʪʚʠʡ, ʪʘʢʠʭ 

ʢʘʢ ʩʣʘʙʳʝ ʤʘʛʥʠʪʥʳʝ ʧʦʣʷ, ʷʚʣʷʶʪʩʷ ʢʨʘʡʥʝ ʠʥʪʝʨʝʩʥʳʤʠ ʠ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ.  
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1.2.1. ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ CdTe 

 

ʉʦʝʜʠʥʝʥʠʷ A2B6 ʧʨʠ ʥʦʨʤʘʣʴʥʳʭ ʩʪʘʪʠʯʝʩʢʠʭ ʜʘʚʣʝʥʠʷʭ ʤʦʛʫʪ ʧʨʠ-

ʥʘʜʣʝʞʘʪʴ ʢ ʜʚʫʤ ʦʩʥʦʚʥʳʤ ʩʪʨʫʢʪʫʨʥʳʤ ʪʠʧʘʤ: ʢʫʙʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʝ ʮʠʥʢʦ-

ʚʦʡ ʦʙʤʘʥʢʠ (ʩʬʘʣʝʨʠʪʘ) ï ʪʠʧ ɺ3, ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʛʨʫʧʧʘ (Td
2) ʠ ʛʝʢʩʘʛʦ-

ʥʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʝ ʚʶʨʮʠʪʘ P63mc (C6V
4) [133], ʜʣʷ ʢʦʪʦʨʳʭ ʭʘʨʘʢʪʝʨʥʦ ʪʝʪʨʘ-

ʵʜʨʠʯʝʩʢʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʘʪʦʤʦʚ, ʘʥʘʣʦʛʠʯʥʦ ʥʘʙʣʶʜʘʝʤʦʤʫ ʫ ʧʦʣʫʧʨʦʚʦʜʥʠ-

ʢʦʚ IV ʛʨʫʧʧʳ. ʉʪʨʫʢʪʫʨʳ ʩʬʘʣʝʨʠʪʘ ʠ ʚʶʨʮʠʪʘ ʦʯʝʥʴ ʩʭʦʜʥʳ ʤʝʞʜʫ ʩʦʙʦʡ. 

ʆʙʝ ʩʪʨʫʢʪʫʨʳ ʠʤʝʶʪ 4 ʘʪʦʤʘ ʚ ʧʝʨʚʦʡ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʩʬʝʨʝ ʠ 12 ï ʚʦ ʚʪʦ-

ʨʦʡ. ʄʝʞʘʪʦʤʥʳʝ ʨʘʩʩʪʦʷʥʠʷ ʚ ʪʝʪʨʘʵʜʨʘʭ ʦʙʝʠʭ ʤʦʜʠʬʠʢʘʮʠʡ ʦʯʝʥʴ ʙʣʠʟʢʠ 

ʢʘʢ ʚʠʜʥʦ ʠʟ ʪʘʙʣʠʮʳ 1. ʉʬʘʣʝʨʠʪʥʘʷ ʬʘʟʘ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʩʪʘʙʠʣʴʥʦʡ, ʚʶʨ-

ʮʠʪʥʘʷ ʤʦʜʠʬʠʢʘʮʠʷ ʤʦʞʝʪ ʧʦʣʫʯʝʥʘ ʪʦʣʴʢʦ ʚ ʥʝʨʘʚʥʦʚʝʩʥʳʭ ʫʩʣʦʚʠʷʭ ʧʨʠ 

ʦʩʘʞʜʝʥʠʠ ʥʘ ʦʭʣʘʞʜʘʝʤʫʶ ʧʦʜʣʦʞʢʫ ʠʣʠ ʥʘ ʧʦʜʣʦʞʢʫ ʠʟ ʜʨʫʛʦʛʦ ʚʶʨʮʠʪʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ A2B6
 [134,135]. ɺʚʠʜʫ ʙʣʠʟʦʩʪʠ ʦʙʦʠʭ ʪʠʧʦʚ ʩʪʨʫʢʪʫʨ, ʭʘʣʴʢʦʛʝʥʠʜʳ 

ʢʘʜʤʠʷ ʚ ʧʨʦʮʝʩʩʝ ʧʦʣʫʯʝʥʠʷ ʠʟ ʛʘʟʦʚʦʡ ʬʘʟʳ, ʢʨʠʩʪʘʣʣʠʟʫʶʪʩʷ ʥʝ ʪʦʣʴʢʦ ʚ 

ʪʨʝʭʩʣʦʡʥʦʡ (ʢʫʙʠʯʝʩʢʦʡ), ʥʦ ʠ ʚ ʜʚʫʭʩʣʦʡʥʦʡ (ʛʝʢʩʘʛʦʥʘʣʴʥʦʡ) ʫʧʘʢʦʚʢʝ. 

ɺʦʟʤʦʞʥʳ ʩʪʨʫʢʪʫʨʳ ʩ ʥʘʨʫʰʝʥʠʝʤ ʧʦʨʷʜʢʘ ʯʝʨʝʜʦʚʘʥʠʷ ʩʣʦʝʚ, ʯʪʦ ʧʨʠʚʦʜʠʪ 

ʢ ʤʥʦʛʦʩʣʦʡʥʳʤ ʧʦʣʠʪʠʧʥʳʤ ʬʦʨʤʘʤ, ʢʘʢ ʵʪʦ ʥʘʙʣʶʜʘʝʪʩʷ ʚ SiC. 

ʊʘʙʣʠʮʘ 1. ʆʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʭʘʣʴʢʦʛʝʥʠʜʦʚ 

ʢʘʜʤʠʷ [133,136]. 

ʉʦʝʜʠʥʝʥʠʝ ʊʠʧ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ 

ʩʪʨʫʢʪʫʨʳ 

ʇʝʨʠʦʜ ʨʝʰʝʪʢʠ, 

ʥʤ 

ʇʣʦʪʥʦʩʪʴ, 

ʛ/ʩʤ3 

CdS ʉʬʘʣʝʨʠʪ 0,583 - - 

ɺʶʨʮʠʪ 0,41348 0,6749 4,82 

CdSe ʉʬʘʣʝʨʠʪ 0,6084 - - 

ɺʶʨʮʠʪ 0,4309 0,7021 5,81 

CdTe ʉʬʘʣʝʨʠʪ 0,6481 - 5,86 

ɺʶʨʮʠʪ 0,457 0,747 - 
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CdTe, ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ, ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʚ ʩʪʨʫʢʪʫʨʝ ʮʠʥʢʦʚʦʡ 

ʦʙʤʘʥʢʠ (ʨʠʩ. 7. ʘ.), ʥʘ ʦʜʥʫ ʵʣʝʤʝʥʪʘʨʥʫʶ ʷʯʝʡʢʫ ʢʦʪʦʨʦʡ ʧʨʠʭʦʜʠʪʩʷ 4 ʤʦʣʝ-

ʢʫʣʳ ZnS, ʘʪʦʤʳ ʢʦʪʦʨʳʭ ʟʘʥʠʤʘʶʪ ʦʩʦʙʳʝ ʧʦʣʦʞʝʥʠʷ ʩ ʢʦʦʨʜʠʥʘʪʘʤʠ: 4S ʚ 

ʧʦʣʦʞʝʥʠʷʭ (ʘ) 0, 0, 0; 0, İ, İ; İ, 0, İ; İ, İ,0 ʠ 4Zn ʚ ʧʦʣʦʞʝʥʠʷʭ (ʩ) ı, ı, ı; 

ı, Ĳ, Ĳ; Ĳ, ı, Ĳ; Ĳ, Ĳ, ı. ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʩʬʘʣʝʨʠʪʘ, ʠʣʠ ʮʠʥʢʦʚʦʡ 

ʦʙʤʘʥʢʠ, ʙʣʠʟʢʘ ʢ ʩʪʨʫʢʪʫʨʝ ʘʣʤʘʟʘ, ʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʥʝʛʦ ʪʝʤ, ʯʪʦ ʦʥʘ ʩʦʜʝʨ-

ʞʠʪ ʘʪʦʤʳ ʨʘʟʥʦʛʦ ʩʦʨʪʘ. 

 

ʈʠʩ.7. ʉʪʨʫʢʪʫʨʳ ʮʠʥʢʦʚʦʡ ʦʙʤʘʥʢʠ (ʘ) ʠ ʚʶʨʮʠʪʘ (ʙ). ʈʘʩʧʦʣʦʞʝʥʠʝ ʘʪʦ-

ʤʦʚ ʤʝʪʘʣʣʘ (ʞʝʣʪʳʝ ʩʬʝʨʳ) ʠ ʥʝʤʝʪʘʣʣʘ (ʩʝʨʳʝ ʩʬʝʨʳ) ʚ ʩʪʨʫʢʪʫʨʝ. 

ɺʘʞʥʘʷ ʦʩʦʙʝʥʥʦʩʪʴ ʩʪʨʦʝʥʠʷ ʮʠʥʢʦʚʦʡ ʦʙʤʘʥʢʠ ï ʦʪʩʫʪʩʪʚʠʝ ʮʝʥʪʨʘ 

ʩʠʤʤʝʪʨʠʠ ʠʣʠ ʠʥʚʝʨʩʠʠ. ʉʣʦʠ Zn ï S (ʠʣʠ ʪʝʪʨʘʵʜʨʳ ZnS4) ʦʨʠʝʥʪʠʨʦʚʘʥʳ 

ʚʜʦʣʴ ʥʘʧʨʘʚʣʝʥʠʡ <111>. ɺʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ ʢʨʠʩʪʘʣʣʳ ʷʚʣʷʶʪʩʷ ʧʦʣʷʨʥʳʤʠ, ʘ 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʚ ʥʠʭ ʧʣʦʩʢʦʩʪʠ (hkl) ʠ ʥʘʧʨʘʚʣʝʥʠʷ [hkl] ʤʦ-

ʛʫʪ ʠʤʝʪʴ ʨʘʟʣʠʯʥʳʝ ʬʠʟʠʯʝʩʢʠʝ ʠ ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ. ɹʣʘʛʦʜʘʨʷ ʵʪʦʤʫ ʢʨʠ-

ʩʪʘʣʣʳ ʮʠʥʢʦʚʦʡ ʦʙʤʘʥʢʠ ʧʨʦʷʚʣʷʶʪ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ. ʂʨʦʤʝ ʪʦ-

ʛʦ, ʚ ʩʦʝʜʠʥʝʥʠʷʭ ɸ2ɺ6 ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʩʬʘʣʝʨʠʪʘ ʥʘʙʣʶʜʘʝʪʩʷ ʩʧʘʡʥʦʩʪʴ ʦʩʪʦʚʘ 

ʧʦ ʧʣʦʩʢʦʩʪʷʤ ʢʫʙʘ (100), ʢʦʪʦʨʘʷ ʭʘʨʘʢʪʝʨʥʘ ʜʣʷ ʚʝʱʝʩʪʚ ʩ ʙʦʣʴʰʝʡ ʜʦʣʝʡ 

ʠʦʥʥʦʩʪʠ ʩʚʷʟʠ. 
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1.2.2. ʉʠʩʪʝʤʘ Cd-ʊʝ 

 

ʉʦʝʜʠʥʝʥʠʝ Cdʊʝ ʧʣʘʚʠʪʩʷ ʢʦʥʛʨʫʵʥʪʥʦ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1365 ʂ ʠ ʦʙʨʘ-

ʟʫʝʪ ʚʳʨʦʞʜʝʥʥʳʝ ʵʚʪʝʢʪʠʢʠ ʩʦ ʩʚʦʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ. ʆʙʨʘʟʦʚʘʥʠʝ ʩʦʝʜʠʥʝ-

ʥʠʷ CdTe ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʘ ʜʠʘʛʨʘʤʤʝ ʩʦʩʪʦʷʥʠʷ ʦʩʪʨʳʤ ʧʠʢʦʤ, ʢʦʪʦʨʳʡ 

ʩʤʝʱʝʥ ʦʪ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʚ ʩʪʦʨʦʥʫ ʠʟʙʳʪʢʘ ʊʝ ʥʘ ʚʝʣʠʯʠʥʫ 

1,4.1017 ʘʪ/ʩʤ3.  

ʅʘ ʨʠʩʫʥʢʝ 8 ʧʦʢʘʟʘʥʘ ʦʙʣʘʩʪʴ ʛʦʤʦʛʝʥʥʦʩʪʠ ʩʦʝʜʠʥʝʥʠʷ CdTe [137], ʧʦ-

ʩʪʨʦʝʥʥʘʷ ʥʘ ʦʩʥʦʚʝ ʤʘʩʩʠʚʘ ʜʘʥʥʳʭ ʦ CdTe. ɼʘʥʥʳʝ ʦ ʧʨʝʜʝʣʴʥʦʡ ʨʘʩʪʚʦʨʠ-

ʤʦʩʪʠ ʩʦʝʜʠʥʝʥʠʡ ʚ CdTe, ʙʳʣʠ ʧʦʣʫʯʝʥʳ c ʧʦʤʦʱʴʶ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ ʠ 

ʠʟʤʝʨʝʥʠʷ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ ʧʘʨʘ [138,139]. ʊʝʤʧʝʨʘʪʫʨʳ ʬʘʟʦʚʳʭ ʧʝʨʝ-

ʭʦʜʦʚ ʚʙʣʠʟʠ ʛʨʘʥʠʮ ʛʦʤʦʛʝʥʥʦʩʪʠ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʩ ʧʦʤʦʱʴʶ ʘʥʘʣʠʟʘ ʠʟʣʦ-

ʤʦʚ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ, ʧʦʣʫʯʝʥʥʳʭ ʤʝʪʦʜʦʤ ʵ.ʜ.ʩ. [140]. ʊʝʤʧʝʨʘ-

ʪʫʨʥʳʝ ʦʙʣʘʩʪʠ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʩʤʝʩʠ ʜʚʫʭ ʬʘʟ ʧʦʣʫʯʝʥʳ ʠʟ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʜʠʬʬʫʟʠʠ ʧʨʠʤʝʩʝʡ ʠʥʜʠʷ ʚ ʢʨʠʩʪʘʣʣʘʭ CdTe [141]. 

ʀʩʧʦʣʴʟʦʚʘʥʥʳʝ ʤʝʪʦʜʳ ʠʟʤʝʨʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʡ ʨʘʩʪʚʦʨʝʥʥʳʭ ʢʦʤʧʦ-

ʥʝʥʪʦʚ ʥʝ ʟʘʚʠʩʷʪ ʦʪ ʟʘʨʷʜʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ ʪʦʯʝʯʥʳʭ ʜʝʬʝʢʪʦʚ ʠ ʧʦʵʪʦʤʫ ʜʘʶʪ 

ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʠʝ ʚʝʣʠʯʠʥʳ ʨʘʩʪʚʦʨʠʤʦʩʪʝʡ ʧʦʨʷʜʢʘ 1019 ï 1020 ʩʤ-3, ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʤʝʪʦʜʘʤʠ, ʦʩʥʦʚʘʥʥʳʤʠ ʥʘ ʠʟʤʝʨʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʡ ʟʘʨʷʞʝʥʥʳʭ 

ʜʝʬʝʢʪʦʚ [142]. 

ʋʩʪʘʥʦʚʣʝʥʥʳʡ ʩʣʦʞʥʳʡ ʭʘʨʘʢʪʝʨ ʛʨʘʥʠʮ ʛʦʤʦʛʝʥʥʦʩʪʠ, ʦʙʫʩʣʦʚʣʝʥ 

ʥʘʣʠʯʠʝʤ ʚ CdTe ʧʦʣʠʤʦʨʬʥʳʭ ʧʨʝʚʨʘʱʝʥʠʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʧʝʨʝʭʦʜʦʤ ʚʶʨʮʠʪ-

ʩʬʘʣʝʨʠʪ. 
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ʈʠʩ. 8. ʆʙʣʘʩʪʴ ʛʦʤʦʛʝʥʥʦʩʪʠ CdTe. 

 

1.2.3. ʕʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ CdTe 

 

ʍʠʤʠʯʝʩʢʘʷ ʩʚʷʟʴ ʚ CdTe ʥʦʩʠʪ ʩʤʝʰʘʥʥʳʡ ʢʦʚʘʣʝʥʪʥʦ-ʠʦʥʥʳʡ ʭʘʨʘʢʪʝʨ. 

ʀʦʥʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʩʚʷʟʠ ʚ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʷʭ ʜʦʩʪʠʛʘʝʪ 45-70%. ɹʦʣʴʰʘʷ 

ʜʦʣʷ ʠʦʥʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʩʚʷʟʠ ʚ ʩʦʝʜʠʥʝʥʠʷʭ A2B6 ʦʙʫʩʣʦʚʣʝʥʘ ʟʥʘʯʠʪʝʣʴ-

ʥʳʤʠ ʨʘʟʣʠʯʠʷʤʠ ʚ ʵʣʝʢʪʨʦʦʪʨʠʮʘʪʝʣʴʥʦʩʪʠ ʵʣʝʤʝʥʪʦʚ (ɸ2<ɺ6), ʦʙʨʘʟʫʶʱʠʭ 
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ʩʦʝʜʠʥʝʥʠʝ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʙʦʣʴʰʠʤ ʟʥʘʯʝʥʠʷʤ ʰʠʨʠʥʳ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ ʠ 

ʙʦʣʝʝ ʥʠʟʢʠʤ ʟʥʘʯʝʥʠʷʤ ʧʦʜʚʠʞʥʦʩʪʠ ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʘ ʚ ʛʦʤʦʣʦʛʠʯʝʩʢʦʤ ʨʷ-

ʜʫ. ɺ ʪʘʙʣʠʮʝ 2 ʧʨʠʚʝʜʝʥʳ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʝ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠ-

ʢʠ CdTe. 

ʆʜʠʥ ʠʟ ʦʩʥʦʚʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʦʙʨʘʟʦʚʘʥʠʷ ʬʘʟ ʧʝʨʝʤʝʥʥʦʛʦ ʩʦʩʪʘʚʘ ʥʘ 

ʦʩʥʦʚʝ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ ʩʦʩʪʦʠʪ ʚ ʨʘʩʧʦʣʦʞʝʥʠʠ ʠʟʙʳʪʦʯʥʳʭ ʘʪʦʤʦʚ ʢʦʤʧʦ-

ʥʝʥʪʦʚ ʚ ʫʟʣʘʭ ʩʚʦʝʡ ʧʦʜʨʝʰʝʪʢʠ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚ ʜʨʫʛʦʡ ʧʦʜʨʝʰʝʪʢʝ ʚʦʟʥʠ-

ʢʘʶʪ ʚʘʢʘʥʩʠʠ, ʦʙʨʘʟʫʶʪʩʷ ʨʘʩʪʚʦʨʳ ʚʳʯʠʪʘʥʠʷ. ʋʜʝʣʴʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʠ 

ʪʠʧ ʧʨʦʚʦʜʠʤʦʩʪʠ ʚ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʷʭ ʦʧʨʝʜʝʣʷʶʪʩʷ ʥʝ ʩʪʦʣʴʢʦ ʣʝʛʠʨʫʶʱʠʤʠ 

ʧʨʠʤʝʩʷʤʠ, ʩʢʦʣʴʢʦ ʭʘʨʘʢʪʝʨʥʳʤʠ ʜʣʷ ʥʠʭ ʩʪʨʫʢʪʫʨʥʳʤʠ ʜʝʬʝʢʪʘʤʠ, ʩʚʷʟʘʥ-

ʥʳʤʠ ʩ ʦʪʢʣʦʥʝʥʠʝʤ ʠʭ ʩʦʩʪʘʚʘ ʦʪ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʦʛʦ. ʀʟʙʳʪʦʢ ʤʝʪʘʣʣʠʯʝ-

ʩʢʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʵʣʝʢʪʨʦʥʥʫʶ ʧʨʦʚʦʜʠʤʦʩʪʴ, ʠʟʙʳʪʦʢ ʭʘʣʴ-

ʢʦʛʝʥʦʚ ð ʜʳʨʦʯʥʫʶ. 

ʊʘʙʣʠʮʘ 2. ʕʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ CdTe [143]. 
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ʅʘʠʙʦʣʝʝ ʚʘʞʥʳʤʠ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʢʨʠʩʪʘʣʣʦʚ 

CdTe ʷʚʣʷʶʪʩʷ ʫʜʝʣʴʥʦʡ ʩʦʧʨʦʪʠʚʣʝʥʠʝ, ʢʦʥʮʝʥʪʨʘʮʠʷ ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʘ ʠ 

ʧʨʦʠʟʚʝʜʝʥʠʝ ʚʨʝʤʝʥʠ ʞʠʟʥʠ ʥʘ ʧʦʜʚʠʞʥʦʩʪʴ. ʊʘʢ, ʰʠʨʠʥʘ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ 

Eg ï ʦʜʥʘ ʠʟ ʥʘʠʙʦʣʝʝ ʩʫʱʝʩʪʚʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʣʫʧʨʦʚʦʜʥʠʢʘ. ʆʥʘ ʦʧʨʝ-

ʜʝʣʷʝʪ ʨʷʜ ʜʨʫʛʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʦʪ ʢʦʪʦʨʳʭ ʟʘʚʠʩʠʪ ʢʘʯʝʩʪʚʦ ʨʘʙʦʪʳ ʜʝʪʝʢʪʦʨʘ. 

ʕʪʦ, ʥʘʧʨʠʤʝʨ, ʧʦʜʚʠʞʥʦʩʪʴ ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʘ ɛe,h, ʢʦʪʦʨʘʷ, ʢʘʢ ʧʨʘʚʠʣʦ, ʠʟʤʝ-

ʥʷʝʪʩʷ ʦʙʨʘʪʥʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʰʠʨʠʥʝ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ, ʠʣʠ ʫʜʝʣʴʥʦʝ ʩʦ-

ʧʨʦʪʠʚʣʝʥʠʝ ɟ, ʢʦʪʦʨʦʝ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ ʨʦʩʪʦʤ Eg. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʪʝʤʥʦʚʳʝ 

ʪʦʢʠ ʠ ʰʫʤʳ ʫʤʝʥʴʰʘʶʪʩʷ ʩ ʨʦʩʪʦʤ Eg.  

ɼʣʷ ʧʨʠʤʝʥʝʥʠʷ ʨʘʜʠʘʮʠʦʥʥʳʭ ʜʝʪʝʢʪʦʨʦʚ ʪʨʝʙʫʝʪʩʷ ʤʘʪʝʨʠʘʣʳ ʩ ʚʳʩʦ-

ʢʠʤ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʫʜʝʣʴʥʳʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʠ ʚʳʩʦʢʠʤ ʚʨʝʤʝʥʝʤ ʞʠʟʥʠ (ʨʝ-

ʢʦʤʙʠʥʘʮʠʷ ʠ ʟʘʭʚʘʪ ʣʦʚʫʰʢʦʡ) ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʘ, ʘ ʪʘʢʞʝ ʧʦ ʭʦʨʦʰʝʤʫ ʧʝʨʝ-

ʥʦʩʫ ʦʙʦʠʭ ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʘ. ʕʪʠ ʪʨʝʙʦʚʘʥʠʷ ʤʠʥʠʤʠʟʠʨʦʚʘʥʳ ʩʘʤʠʤ ʚʳʙʦʨʦʤ 

CdTe, ʪʘʢ ʢʘʢ ʦʥ ʦʙʣʘʜʘʝʪ ʩʨʘʚʥʠʪʝʣʴʥʦ ʭʦʨʦʰʠʤʠ ʧʦʜʚʠʞʥʦʩʪʷʤʠ ʥʦʩʠʪʝʣʝʡ 

ʟʘʨʷʜʦʚ, ʘ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʚʨʝʤʝʥʘ ʞʠʟʥʠ ʜʣʷ ʜʳʨʦʢ ʠ ʵʣʝʢʪʨʦʥʦʚ, ʚʳʯʠʩʣʝʥʥʳʝ 

ʩ ʧʦʤʦʱʴʶ ʢʦʵʬʬʠʮʠʝʥʪʘ ʦʧʪʠʯʝʩʢʦʛʦ ʧʦʛʣʦʱʝʥʠʷ, ʧʨʠʛʦʜʥʳ ʜʣʷ ʥʝʧʦʩʨʝʜ-

ʩʪʚʝʥʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ [144,145]. ʇʨʠ ʵʪʦʤ ʥʘʜʦ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʵʪʠ ʧʘʨʘʤʝʪ-

ʨʳ ʜʦʩʪʠʛʘʶʪ ʤʘʢʩʠʤʫʤʘ ʪʦʣʴʢʦ ʚ ʩʦʙʩʪʚʝʥʥʦʤ ʤʘʪʝʨʠʘʣʝ ʠ ʦʯʝʥʴ ʯʫʚʩʪʚʠ-

ʪʝʣʴʥʳ ʢ ʪʦʯʝʯʥʳʤ ʜʝʬʝʢʪʘʤ, ʢʦʪʦʨʳʝ ʠʛʨʘʶʪ ʨʦʣʴ ʮʝʥʪʨʦʚ ʨʝʢʦʤʙʠʥʘʮʠʠ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ, ʚ ʨʝʘʣʴʥʳʭ ʢʨʠʩʪʘʣʣʘʭ ʚʨʝʤʷ ʞʠʟʥʠ ʥʘ ʤʥʦʛʦ ʧʦʨʷʜʢʦʚ ʤʝʥʴʰʝ 

ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʟʥʘʯʝʥʠʡ. ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʪʦʯʝʯʥʳʝ ʜʝʬʝʢʪʳ (ʭʠʤʠʯʝʩʢʠʝ ʧʨʠ-

ʤʝʩʠ ʠ ʩʦʙʩʪʚʝʥʥʳʝ ʜʝʬʝʢʪʳ), ʚʝʜʫʱʠʝ ʩʝʙʷ ʢʘʢ ʥʝʛʣʫʙʦʢʠʝ ʣʦʚʫʰʢʠ, ʠ ʣʠʥʝʡ-

ʥʳʝ ʠʣʠ ʦʙʲʝʤʥʳʝ ʜʝʬʝʢʪʳ ʷʚʣʷʶʪʩʷ ʛʣʘʚʥʳʤʠ ʧʨʠʯʠʥʘʤʠ ʜʝʛʨʘʜʘʮʠʠ ʜʘʥʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ. 

ɻʣʫʙʦʢʠʝ ʧʨʠʤʝʩʠ ʚ ʢʨʠʩʪʘʣʣʝ CdTe ʤʦʛʫʪ ʨʘʙʦʪʘʪʴ ʢʘʢ ʣʦʚʫʰʢʠ ʜʣʷ ʥʦ-

ʩʠʪʝʣʝʡ ʟʘʨʷʜʘ, ʟʘʭʚʘʪʳʚʘʶʱʠʝ ʵʣʝʢʪʨʦʥʳ ʠ ʜʳʨʢʠ. ʊʘʢʞʝ ʦʥʠ ʤʦʛʫʪ ʨʘʙʦʪʘʪʴ 

ʢʘʢ ʮʝʥʪʨʳ ʨʝʢʦʤʙʠʥʘʮʠʠ, ʟʘʭʚʘʪʳʚʘʷ ʵʣʝʢʪʨʦʥʳ ʠ ʜʳʨʢʠ, ʫʥʠʯʪʦʞʘʷ ʠʭ. ɿʘ-

ʭʚʘʪʳ ʠ ʨʝʢʦʤʙʠʥʘʮʠʠ ʩʧʦʩʦʙʩʪʚʫʶʪ ʧʦʪʝʨʝ ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʘ ʠ, ʩʣʝʜʦʚʘʪʝʣʴ-

ʥʦ, ʫʤʝʥʴʰʘʶʪ ʩʨʝʜʥʝʝ ʚʨʝʤʷ ʞʠʟʥʠ ʥʦʩʠʪʝʣʝʡ. ʉʪʨʫʢʪʫʨʥʳʝ ʜʝʬʝʢʪʳ, ʪʘʢʠʝ 
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ʢʘʢ ʪʦʯʝʯʥʳʝ ʜʝʬʝʢʪʳ (ʚʘʢʘʥʩʠʠ ʠ ʤʝʞʫʟʝʣʴʥʳʝ ʜʝʬʝʢʪʳ, ʢʦʪʦʨʳʝ ʚʝʜʫʪ ʩʝʙʷ 

ʢʘʢ ʘʢʮʝʧʪʦʨʳ ʠ ʜʦʥʦʨʳ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ), ʘ ʪʘʢʞʝ ʣʠʥʝʡʥʳʝ ʜʝʬʝʢʪʳ ʠʣʠ ʜʠʩ-

ʣʦʢʘʮʠʠ, ʧʦʷʚʣʷʶʪʩʷ ʚ ʨʝʰʝʪʢʝ ʥʘʧʨʷʞʝʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ, ʠ ʤʦʛʫʪ ʚʝʩʪʠ ʢ ʟʘ-

ʭʚʘʪʫ ʠ ʧʦʪʝʨʝ ʥʦʩʠʪʝʣʝʡ. 

ʄʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʢʨʠʩʪʘʣʣʦʚ CdTe ʟʥʘʯʠʪʝʣʴʥʦ ʟʘʚʠʩʷʪ ʦʪ ʩʦʩʪʘʚʘ 

ʢʨʠʩʪʘʣʣʦʚ ʠ ʣʝʛʠʨʫʶʱʠʭ ʧʨʠʤʝʩʝʡ, ʜʦʙʘʚʣʷʝʤʳʭ ʚ ʧʨʦʮʝʩʩʝ ʨʦʩʪʘ ʜʣʷ ʢʦʤ-

ʧʝʥʩʘʮʠʠ ʩʦʙʩʪʚʝʥʥʳʭ ʜʝʬʝʢʪʦʚ ʠ ʫʣʫʯʰʝʥʠʷ ʥʝʦʙʭʦʜʠʤʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

ʊʘʢ, ʠʟʚʝʩʪʥʦ, ʯʪʦ ʢʨʠʩʪʘʣʣʳ CdTe(Ge) [146] CdTe(In) [147], CdTe(Cl) [147] ʠ 

CdZnTe [148] ʚʝʜʫʪ ʩʝʙʷ ʢʘʢ ʧʘʨʘʤʘʛʥʝʪʠʢʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʥʠʞʝ 50ʂ, ʟʘ 

ʩʯʝʪ ʚʢʣʘʜʘ ɺʘʥ-ʌʣʝʢʦʚʩʢʦʛʦ ʧʘʨʘʤʘʛʥʝʪʠʟʤʘ. ɺ ʦʙʣʘʩʪʠ ʪʝʤʧʝʨʘʪʫʨ 50-300ʂ 

ʧʘʨʘʤʘʛʥʠʪʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʫʤʝʥʴʰʘʝʪʩʷ, ʧʦʢʘ ʥʝ ʧʨʦʧʘʜʘʝʪ ʚʦʚʩʝ. ʊʝʤ ʥʝ 

ʤʝʥʝʝ, ʜʘʞʝ ʧʨʠ 300ʂ ʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʢʨʠʩʪʘʣʣʦʚ CdTe ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠ-

ʯʘʶʪʩʷ, ʯʪʦ ʧʦʢʘʟʘʥʦ ʚ ʪʘʙʣ. 3 

ʊʘʙʣʠʮʘ 3. ʌʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʢʨʠʩʪʘʣʣʦʚ CdTe [147]. 

ʆʙʨʘʟʝʮ ʊʠʧ ʧʨʦʚʦʜʠ-

ʤʦʩʪʠ 

ʋʜʝʣʴʥʦʝ ʵʣʝʢʪʨʦʩʦ-

ʧʨʦʪʠʚʣʝʥʠʝ, ʆʤĀʩʤ 

ʄʘʛʥʠʪʥʘʷ ʚʦʩʧʨʠʠʤ-

ʯʠʚʦʩʪʴ, ɢĀ108, ʩʤ3/ʛ 

CdTe p 104 -23 

CdTe(In) n 3ʭ107 -15 

CdTe(Cl) p 3ʭ108 -35 

 

1.2.4. ʉʦʙʩʪʚʝʥʥʳʝ ʜʝʬʝʢʪʳ ʠ ʧʨʠʤʝʩʠ ʚ CdTe 

 

ʅʘʣʠʯʠʝ ʚ ʢʨʠʩʪʘʣʣʘʭ ʨʘʟʣʠʯʥʳʭ ʩʪʨʫʢʪʫʨʥʳʭ ʜʝʬʝʢʪʦʚ ʠ ʥʝʟʥʘʯʠʪʝʣʴ-

ʥʳʭ ʧʨʠʤʝʩʝʡ, ʢʘʢ ʧʠʩʘʣʦʩʴ ʚʳʰʝ, ʦʢʘʟʳʚʘʝʪ ʩʠʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʩʚʦʡʩʪʚʘ ʢʨʠ-

ʩʪʘʣʣʘ. ʉʚʦʡʩʪʚʘ ʩʦʝʜʠʥʝʥʠʡ ɸ2ɺ6, ʪʘʢʞʝ, ʢʘʢ ʠ ʜʨʫʛʠʭ ʩʦʝʜʠʥʝʥʠʡ ʩ ʫʟʢʦʡ ʦʙ-

ʣʘʩʪʴʶ ʛʦʤʦʛʝʥʥʦʩʪʠ ʠ ʯʝʨʝʜʦʚʘʥʠʝʤ ʬʘʟ, ʦʧʨʝʜʝʣʷʶʪʩʷ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʧʨʠ-

ʨʦʜʦʡ ʠ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʪʦʯʝʯʥʳʭ ʜʝʬʝʢʪʦʚ. 
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ɺ ʨʘʚʥʦʚʝʩʥʦʤ ʩʦʩʪʦʷʥʠʠ ʪʦʯʝʯʥʳʝ ʜʝʬʝʢʪʳ ʚ ʢʨʠʩʪʘʣʣʝ ʪʝʨʤʦʜʠʥʘʤʠʯʝ-

ʩʢʠ ʩʪʘʙʠʣʴʥʳ. ʂʘʢ ʩʦʙʩʪʚʝʥʥʳʝ ʜʝʬʝʢʪʳ, ʪʘʢ ʠ ʧʨʠʤʝʩʠ ʚ CdTe ʤʦʛʫʪ ʧʨʠʥʠ-

ʤʘʪʴ ʫʯʘʩʪʠʝ ʚ ʩʦʟʜʘʥʠʠ ʜʝʬʝʢʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. ʂʦʥʮʝʥʪʨʘʮʠʠ ʨʘʟʥʳʭ ʪʠʧʦʚ 

ʜʝʬʝʢʪʦʚ ʚ ʢʨʠʩʪʘʣʣʝ ʷʚʣʷʶʪʩʷ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʤʠ. ʇʨʦʮʝʩʩʳ ʦʙʨʘʟʦʚʘʥʠʷ ʪʦ-

ʯʝʯʥʳʭ ʜʝʬʝʢʪʦʚ ʦʙʳʯʥʦ ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʚ ʚʠʜʝ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ, ʢʦʪʦʨʳʝ 

ʧʦʣʫʯʠʣʠ ʥʘʟʚʘʥʠʝ çʢʚʘʟʠʭʠʤʠʯʝʩʢʠʭè [149,150], ʧʦʩʢʦʣʴʢʫ ʢʦʤʧʦʥʝʥʪʘʤʠ ʨʝ-

ʘʢʮʠʡ ʷʚʣʷʶʪʩʷ ʥʝ ʭʠʤʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ, ʘ ʜʝʬʝʢʪʳ ʠ ʠʭ ʢʦʤʧʣʝʢʩʳ. ʅʝʩʤʦʪʨʷ 

ʥʘ ʥʘʣʠʯʠʝ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ ʨʘʟʥʦ-

ʦʙʨʘʟʥʳʭ ʜʝʬʝʢʪʥʳʭ ʮʝʥʪʨʘʭ ʚ CdTe, ʧʨʠʨʦʜʘ ʵʪʠʭ ʮʝʥʪʨʦʚ, ʠʭ ʭʠʤʠʯʝʩʢʠʡ ʩʦ-

ʩʪʘʚ, ʧʨʦʮʝʩʩʳ ʦʙʨʘʟʦʚʘʥʠʷ, ʪʝʤʧʝʨʘʪʫʨʳ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʥʘʭʦʜʷʪʩʷ ʪʦʣʴʢʦ ʚ 

ʩʪʘʜʠʠ ʠʟʫʯʝʥʠʷ.  

ʊʘʢ, ʙʠʥʘʨʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʪʝʣʣʫʨʠʜʘ ʢʘʜʤʠʷ ʧʨʠ ʟʘʜʘʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 

ʦʙʨʘʟʫʝʪ ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ, ʢʦʪʦʨʘʷ ʦʪʚʝʯʘʝʪ ʤʠʥʠʤʫʤʫ ʩʚʦʙʦʜʥʦʡ 

ʵʥʝʨʛʠʠ ɻʠʙʙʩʘ G: 

G = H - TĀS (4),  

ʛʜʝ ʅ ð ʵʥʪʘʣʴʧʠʷ, S ð ʵʥʪʨʦʧʠʷ ʩʠʩʪʝʤʳ, ʊ ð ʘʙʩʦʣʶʪʥʘʷ ʪʝʤʧʝʨʘʪʫ-

ʨʘ.  

ʇʨʠ T = 0 G = ʅ ʠ ʚʩʝ ʘʪʦʤʳ ʉd ʠ ʊe ʥʘʭʦʜʷʪʩʷ ʥʘ ʩʚʦʠʭ ʩʦʙʩʪʚʝʥʥʳʭ ʫʟ-

ʣʘʭ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ. ʇʨʠ ʜʘʥʥʳʭ ʫʩʣʦʚʠʷʭ ʢʨʠʩʪʘʣʣ ʥʘʭʦʜʠʪʩʷ ʚ ʩʪʝ-

ʭʠʦʤʝʪʨʠʯʝʩʢʦʤ ʠ ʧʦʣʥʦʩʪʴʶ ʫʧʦʨʷʜʦʯʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ. ʇʨʠ ʊ Í 0 ʩʦʩʪʦʷʥʠʝ ʩ 

ʤʠʥʠʤʫʤʦʤ ʵʥʝʨʛʠʠ ɻʠʙʙʩʘ (G) ʙʫʜʝʪ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʢʨʠʩʪʘʣʣʫ ʩ ʦʧʨʝʜʝʣʝʥ-

ʥʦʡ ʥʝʫʧʦʨʷʜʦʯʝʥʥʦʩʪʴʶ. ɸʪʦʤʳ ʉd ʠ ʊe ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʤʦʛʫʪ ʥʘʭʦʜʠʪʩʷ ʥʝ 

ʥʘ ʩʚʦʠʭ ʩʦʙʩʪʚʝʥʥʳʭ ʫʟʣʘʭ ʨʝʰʝʪʢʠ, ʦʙʨʘʟʦʚʳʚʘʷ ʩʦʙʩʪʚʝʥʥʳʝ ʪʦʯʝʯʥʳʝ ʜʝ-

ʬʝʢʪʳ: ʚʘʢʘʥʩʠʠ (VCd, VTe), ʤʝʞʫʟʝʣʴʥʳʝ ʘʪʦʤʳ (ʉd, ʊe) ʠ ʠʥʳʝ ʤʝʞʫʟʝʣʴʥʳʝ 

ʜʝʬʝʢʪʳ. ʉʦʙʩʪʚʝʥʥʳʝ ʜʝʬʝʢʪʳ ʤʦʛʫʪ ʪʘʢʞʝ ʚʚʦʜʠʪʴʩʷ ʚ ʢʨʠʩʪʘʣʣ ʧʨʠ ʦʧʨʝʜʝ-

ʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʨʦʩʪʘ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʥʝʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʭ ʢʨʠʩʪʘʣʣʦʚ, ʠʣʠ ʩ 

ʧʦʤʦʱʴʶ ʦʪʞʠʛʘ ʢʨʠʩʪʘʣʣʘ ʚ ʘʪʤʦʩʬʝʨʝ ʧʘʨʦʚ ʉd ʠʣʠ ʊe. ʂʨʦʤʝ ʪʦʛʦ ʩʦʙ-

ʩʪʚʝʥʥʳʝ ʜʝʬʝʢʪʳ ʤʦʛʫʪ ʚʦʟʥʠʢʘʪʴ ʠ ʧʨʠ ʨʘʜʠʘʮʠʦʥʥʦʤ ʦʙʣʫʯʝʥʠʠ ʢʨʠʩʪʘʣʣʦʚ.  
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ʆʯʝʚʠʜʥʦ, ʯʪʦ ʠʟʙʳʪʦʢ ʢʘʜʤʠʷ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʤʝʞʫʟʝʣʴ-

ʥʦʛʦ ʉd ʠʣʠ ʞʝ ʚʘʢʘʥʩʠʷʤ ʪʝʣʣʫʨʘ VTe, ʘ ʠʟʙʳʪʦʢ ʪʝʣʣʫʨʘ ð ʤʝʞʫʟʝʣʴʥʦʛʦ ʊe 

ʠʣʠ ʚʘʢʘʥʩʠʷʤ ʢʘʜʤʠʷ VCd. ʄʝʞʫʟʝʣʴʥʳʡ ʤʝʪʘʣʣ Cd, ʢʘʢ ʠ ʚʘʢʘʥʩʠʷ ʥʝʤʝʪʘʣʣʘ 

VTe ʜʦʣʞʥʳ ʙʳʪʴ ʜʦʥʦʨʘʤʠ, ʪʦʛʜʘ ʢʘʢ ʤʝʞʫʟʝʣʴʥʳʡ ʥʝʤʝʪʘʣʣ ʊʝ ʠ ʚʘʢʘʥʩʠʷ ʤʝ-

ʪʘʣʣʘ VCd ð ʘʢʮʝʧʪʦʨʘʤʠ. ɺ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ ʩʠʪʫʘʮʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʥʝ-

ʩʢʦʣʴʢʦ ʩʣʦʞʥʝʝ.  

ɽʩʣʠ ʧʦʣʥʦʝ ʯʠʩʣʦ ʫʟʣʦʚ ʨʝʰʝʪʢʠ ʦʙʦʟʥʘʯʠʪʴ N, ʘ ʯʠʩʣʦ ʘʪʦʤʦʚ ʚ ʫʟʣʘʭ 

Cd ʠ ʊe ʢʘʢ NCd ʠ NTe, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʪʦ ʤʝʨʦʡ ʩʪʝʭʠʦʤʝʪʨʠʯʥʦʩʪʠ ʢʨʠʩʪʘʣʣʘ 

Sst, ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʩʦʦʪʥʦʰʝʥʠʝ: 

Sst =  (5) 

ʇʦʣʥʦʩʪʴʶ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʦʤʫ ʢʨʠʩʪʘʣʣʫ ʙʫʜʝʪ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ Sst=0. 

ʇʨʠ Sst > 0 ʚ ʢʨʠʩʪʘʣʣʝ ʙʫʜʝʪ ʥʘʙʣʶʜʘʪʴʩʷ ʠʟʙʳʪʦʢ ʢʘʜʤʠʷ, ʧʨʠ Sst<0 ð ʠʟʙʳ-

ʪʦʢ ʪʝʣʣʫʨʘ.  

ʊʘʙʣʠʮʘ 4. ʌʨʘʛʤʝʥʪ ʪʘʙʣʠʮʳ ʄʝʥʜʝʣʝʝʚʘ ʩ ʭʠʤʠʯʝʩʢʠʤʠ ʵʣʝʤʝʥʪʘʤʠ, 

ʢʦʪʦʨʳʝ ʬʦʨʤʠʨʫʶʪ ʩʦʝʜʠʥʝʥʠʷ A2B6 [151].  

 

ʂʨʦʤʝ ʪʦʛʦ, ʚ ʢʨʠʩʪʘʣʣ ʤʦʛʫʪ ʧʦʧʘʜʘʪʴ ʧʨʠʤʝʩʥʳʝ ʘʪʦʤʳ ʢʘʢʦʛʦ-ʣʠʙʦ 

ʵʣʝʤʝʥʪʘ X, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʩʪʘʥʦʚʠʪʴʩʷ ʧʨʠʤʝʩʷʤʠ ʟʘʤʝʱʝʥʠʷ (ʍCd, ʍʊʝ) ʠʣʠ 

ʧʨʠʤʝʩʷʤʠ ʚʥʝʜʨʝʥʠʷ (Xi). ʊʦʛʜʘ, ʝʩʣʠ Nʍ ð ʯʠʩʣʦ ʧʨʠʤʝʩʥʳʭ ʘʪʦʤʦʚ, ʪʦ ʦʪʥʦ-

ʩʠʪʝʣʴʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʧʨʠʤʝʩʝʡ ʙʫʜʝʪ: 
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ὲ  (6), 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʪʘʙʣʠʮʳ 3 ʵʣʝʤʝʥʪʳ V ʛʨʫʧʧʳ ʈ, ɸs, Sb ʷʚʣʷʶʪʩʷ ʘʢʮʝʧʪʦ-

ʨʘʤʠ, ʢʦʛʜʘ ʦʥʠ ʟʘʤʝʱʘʶʪ ʊe, ʘ ʉu, ɸg, ɸu, ʷʚʣʷʶʪʩʷ ʘʢʮʝʧʪʦʨʘʤʠ, ʢʦʛʜʘ ʦʥʠ 

ʟʘʤʝʱʘʶʪ Cd. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ɸl, Ga, In ʥʘ ʤʝʩʪʝ ʉd, a Cl, ɺr, I ð ʥʘ ʤʝʩʪʝ ʊe 

ʜʦʣʞʥʳ ʙʳʪʴ ʜʦʥʦʨʘʤʠ. 

ɼʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ʝʩʣʠ ʧʨʠʤʝʩʷʤʠ ʟʘʤʝʱʝʥʠʷ ʤʝʪʘʣʣʘ ʠʣʠ ʥʝʤʝʪʘʣʣʘ ʚʳ-

ʩʪʫʧʘʶʪ ʘʪʦʤʳ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʠʟ ʩʦʩʝʜʥʝʡ ʛʨʫʧʧʳ ʪʘʙʣʠʮʳ ʄʝʥʜʝʣʝʝ-

ʚʘ, ʪʦ ʦʥʠ ʤʦʛʫʪ ʦʪʜʘʚʘʪʴ ʠʣʠ ʧʨʠʥʠʤʘʪʴ ʣʠʰʴ ʦʜʠʥ ʵʣʝʢʪʨʦʥ. ʊʘʢʠʝ ʧʨʠʤʝʩʠ 

ʥʘʟʳʚʘʶʪʩʷ ʧʨʦʩʪʳʤʠ ʧʨʠʤʝʩʷʤʠ. ʆʥʠ ʤʦʛʫʪ ʥʘʭʦʜʠʪʴʩʷ ʚ ʥʝʡʪʨʘʣʴʥʦʤ ʠʣʠ 

ʦʜʥʦʢʨʘʪʥʦ ʟʘʨʷʞʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʠ ʦʙʨʘʟʫʶʪ ʚ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʝ ʣʦʢʘʣʴʥʳʡ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʫʨʦʚʝʥʴ. ʇʨʠʤʝʩʠ IV ʛʨʫʧʧʳ ʪʘʙʣʠʮʳ ʄʝʥʜʝʣʝʝʚʘ ʤʦʛʫʪ ʦʙʨʘ-

ʟʦʚʳʚʘʪʴ ʢʘʢ ʦʜʥʦʢʨʘʪʥʦ, ʪʘʢ ʠ ʜʚʫʢʨʘʪʥʦ ʠʦʥʠʟʠʨʦʚʘʥʥʳʝ ʜʝʬʝʢʪʳ ʟʘʤʝʱʝʥʠʷ 

ʚ ʦʙʝʠʭ ʧʦʜʨʝʰʝʪʢʘʭ ʠ ʷʚʣʷʶʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʥʳʤʠ ʚ ʦʧʠʩʘʥʠʠ.  

ʇʨʦʩʪʦʡ ʜʦʥʦʨ, ʥʘʧʨʠʤʝʨ, ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʵʥʝʨʛʠʝʡ ʩʘʤʦʛʦ ʥʠʟʢʦʛʦ 

ʫʨʦʚʥʷ ʵʣʝʢʪʨʦʥʘ ED (ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʫʨʦʚʝʥʴ ʜʦʥʦʨʘ), ʥʘʭʦʜʷʱʝʛʦʩʷ ʥʘ ʜʘʥʥʦʡ 

ʧʨʠʤʝʩʠ. ʕʥʝʨʛʠʷ ʠʦʥʠʟʘʮʠʠ ʪʘʢʦʛʦ ʜʦʥʦʨʘ ʨʘʚʥʘ ʨʘʟʥʠʮʝ ɽʉ - ɽD ʠ ʩʦʦʪʚʝʪ-

ʩʪʚʫʝʪ ʤʠʥʠʤʫʤʫ ʵʥʝʨʛʠʠ, ʥʝʦʙʭʦʜʠʤʦʤʫ, ʜʣʷ ʧʝʨʝʭʦʜʘ ʵʣʝʢʪʨʦʥʘ ʠʟ ʩʚʷʟʘʥʥʦ-

ʛʦ ʩʦʩʪʦʷʥʠʷ, ʥʘ ʥʝʡʪʨʘʣʴʥʦʤ ʜʦʥʦʨʝ, ʚ ʩʦʩʪʦʷʥʠʝ ʩʚʦʙʦʜʥʦʛʦ ʵʣʝʢʪʨʦʥʘ, ʥʘ ʜʥʝ 

ʟʦʥʳ ʧʨʦʚʦʜʠʤʦʩʪʠ ɽʉ. ʇʨʠʤʝʩʴ ʧʨʠ ʵʪʦʤ ʙʫʜʝʪ ʧʦʣʫʯʘʪʴ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʟʘ-

ʨʷʜ. ɸʥʘʣʦʛʠʯʥʦ, ʧʨʦʩʪʦʡ ʘʢʮʝʧʪʦʨ ʟʘʭʚʘʪʳʚʘʷ ʵʣʝʢʪʨʦʥ ʠʟ ʚʘʣʝʥʪʥʦʡ ʟʦʥʳ, 

ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʚ ʧʦʩʣʝʜʥʝʡ ʩʚʦʙʦʜʥʦʡ ʜʳʨʢʠ. ʇʨʠ ʵʪʦʤ ʧʨʠʤʝʩʴ ʙʫ-

ʜʝʪ ʠʤʝʪʴ ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʟʘʨʷʜ. ʕʥʝʨʛʠʷ ʠʦʥʠʟʘʮʠʠ ʘʢʮʝʧʪʦʨʥʦʛʦ ʫʨʦʚʥʷ ʙʫʜʝʪ 

ʨʘʚʥʷʪʴʩʷ ʨʘʟʥʠʮʝ ʤʝʞʜʫ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤ ʫʨʦʚʥʝʤ ʘʢʮʝʧʪʦʨʘ ɽɸ ʠ ʤʘʢʩʠʤʘʣʴ-

ʥʳʤ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤ ʫʨʦʚʥʝʤ ʚʘʣʝʥʪʥʦʡ ʟʦʥʳ ð (ɽɸ - ɽV). ʋʨʦʚʥʠ ʧʨʠʤʝʩʝʡ ʠ 

ʜʨʫʛʠʭ ʪʦʯʝʯʥʳʭ ʜʝʬʝʢʪʦʚ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʚʠʜʝ ʤʘʨʢʝʨʘ ʜʝʬʝʢʪʘ ʚ ʜʚʫʭ 

ʟʘʨʷʜʦʚʳʭ ʩʦʩʪʦʷʥʠʷʭ, ʢʦʪʦʨʳʝ ʦʪʚʝʯʘʶʪ ʟʘʥʷʪʦʤʫ ʠ ʥʝʟʘʥʷʪʦʤʫ ʫʨʦʚʥʷʤ. ɺ 

ʪʘʢʠʭ ʦʙʦʟʥʘʯʝʥʠʷʭ ʜʦʥʦʨʥʳʡ ʫʨʦʚʝʥʴ ɽD ʙʫʜʝʪ ʦʪʨʘʞʘʪʴʩʷ ɽ(+/0) ʠʣʠ ɽ(+/0); 

ʘʢʮʝʧʪʦʨʥʳʡ ɽɸ ð ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ɽ(-/0) ʠʣʠ ɽ(-/0). 
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ɽʩʣʠ ʪʦʯʝʯʥʳʡ ʜʝʬʝʢʪ ʤʦʞʝʪ ʧʨʠʥʠʤʘʪʴ ʠʣʠ ʦʪʜʘʚʘʪʴ ʙʦʣʴʰʝ ʯʝʤ ʦʜʠʥ 

ʵʣʝʢʪʨʦʥ, ʪʦ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʩʧʝʢʪʨ ʪʘʢʦʛʦ ʮʝʥʪʨʘ ʷʚʣʷʝʪʩʷ ʩʣʦʞʥʝʝ. ɺ ʩʣʫʯʘʝ, 

ʢʦʛʜʘ ʘʢʮʝʧʪʦʨʥʘʷ ʧʨʠʤʝʩʴ X, ʥʘʧʨʠʤʝʨ, ʤʦʞʝʪ ʧʨʠʥʠʤʘʪʴ ʦʜʠʥ ʠʣʠ ʜʚʘ ʵʣʝʢ-

ʪʨʦʥʘ, ʪʦ ʵʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʦʥʘ ʤʦʞʝʪ ʥʘʭʦʜʠʪʴʩʷ ʚ ʪʨʝʭ ʟʘʨʷʜʦʚʳʭ ʩʦʩʪʦʷʥʠʷʭ 

ð ʍÁ, ʍ~, ʍ2- ʠ ʧʨʠʚʦʜʠʪʴ ʢ ʧʦʷʚʣʝʥʠʶ ʚ ʵʥʝʨʛʝʪʠʯʝʩʢʦʤ ʩʧʝʢʪʨʝ ʜʚʫʭ ʣʦʢʘʣʴ-

ʥʳʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʫʨʦʚʥʝʡ. 

ʊʘʢ, ʚʘʢʘʥʩʠʷ ʢʘʜʤʠʷ ʤʦʞʝʪ ʥʘʭʦʜʠʪʴʩʷ ʚ ʪʨʝʭ ʟʘʨʷʜʦʚʳʭ ʩʦʩʪʦʷʥʠʷʭ: 

VCd
2-, VCd

-, VCd
0. ʇʨʦʮʝʩʩʳ ʦʙʨʘʟʦʚʘʥʠʷ ʨʘʟʥʳʭ ʟʘʨʷʜʦʚʳʭ ʩʦʩʪʦʷʥʠʡ VCd ʤʦʞʥʦ 

ʦʧʠʩʘʪʴ ʩ ʧʦʤʦʱʴʶ ʢʚʘʟʠʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ [152]: 

VCd
-źVCd

0+e+ 1, (7) 

VCd
2-źVCd

-+e+ 2. (8) 

ɺʝʨʭʥʠʡ ʠʥʜʝʢʩ ʦʪʚʝʯʘʝʪ ʵʬʬʝʢʪʠʚʥʦʤʫ ʟʘʨʷʜʫ, 1 ʠ 2 - ʵʥʝʨʛʠʠ ʨʝʘʢʮʠʡ, 

ʢʦʪʦʨʘʷ ʨʘʚʥʷʝʪʩʷ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʵʥʝʨʛʠʷʤ ʠʦʥʠʟʘʮʠʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʦ-

ʩʪʦʷʥʠʡ. ɸʪʦʤʳ Cd ʠʣʠ ʊe ʤʦʛʫʪ ʚʳʭʦʜʠʪʴ ʠʟ ʤʝʞʫʟʝʣʴʥʦʡ ʧʦʟʠʮʠʠ, ʦʙʨʘʟʦʚʳ-

ʚʘʷ ʤʝʞʫʟʝʣʴʥʳʝ ʜʝʬʝʢʪʳ. ʇʨʦʮʝʩʩ ʠʦʥʠʟʘʮʠʠ ʤʝʞʫʟʣʦʚʦʛʦ ʢʘʜʤʠʷ ʤʦʞʝʪ 

ʙʳʪʴ ʦʧʠʩʘʥ, ʥʘʧʨʠʤʝʨ, ʪʘʢ: 

Cd0źCdi
++e+ 3 (9) 

ʆʪʥʦʩʠʪʝʣʴʥʦ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʧʦʣʦʞʝʥʠʷ ʫʨʦʚʥʝʡ ʵʪʠʭ ʜʝʬʝʢʪʦʚ ʚ CdTe 

ʚ ʣʠʪʝʨʘʪʫʨʝ ʝʩʪʴ ʦʧʨʝʜʝʣʝʥʥʳʝ ʨʘʩʭʦʞʜʝʥʠʷ. ɹʦʣʴʰʠʥʩʪʚʦ ʘʚʪʦʨʦʚ ʩʭʦʜʷʪʩʷ 

ʥʘ ʪʦʤ, ʯʪʦ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʫʨʦʚʥʠ ʚʘʢʘʥʩʠʡ VCd
- ʠ VCd

2- ʥʘʭʦʜʷʪʩʷ ʚ ʠʥʪʝʨʚʘʣʘʭ 

ɽ(-/0)= EV+0,05õ0,4 ʵɺ ʠ ɽ(2-/-)=EV+0,6õ0,9 ʵɺ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʍʦʪʷ ʧʦ ʜʘʥ-

ʥʳʤ, ʢʦʪʦʨʳʝ ʧʦʣʫʯʝʥʳ ʙʦʣʝʝ ʪʦʯʥʳʤʠ ʠ ʙʦʣʝʝ ʥʘʜʝʞʥʳʤʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴ-

ʥʳʤʠ ʤʝʪʦʜʘʤʠ [149], ʪʦʣʴʢʦ ʜʚʘʞʜʳ ʟʘʨʷʞʝʥʥʘʷ ʚʘʢʘʥʩʠʷ ʢʘʜʤʠʷ ʜʘʝʪ ʫʨʦʚʝʥʴ 

ʚ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʝ, ʵʥʝʨʛʠʷ ʠʦʥʠʟʘʮʠʠ ʢʦʪʦʨʦʛʦ ʥʝ ʙʦʣʴʰʝ 0,47 ʵɺ, ʪʦ ʝʩʪʴ 

ɽ(2-/-)= ɽV+0,47 ʵɺ. ʋʨʦʚʝʥʴ ʩ ʵʥʝʨʛʠʝʡ ɽ(-/0) ʥʝ ʧʦʧʘʜʘʝʪ ʚ ʟʘʧʨʝʱʝʥʥʫʶ ʟʦʥʫ. 

ʄʝʞʫʟʝʣʴʥʳʡ ʞʝ ʢʘʜʤʠʡ ʷʚʣʷʝʪʩʷ ʤʝʣʢʠʤ ʜʦʥʦʨʦʤ ʩ ʵʥʝʨʛʠʝʡ ɽCdi=ɽʉ - 0,002 

ʵɺ. 
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ɺʘʢʘʥʩʠʷ ʪʝʣʣʫʨʘ ʚ CdTe ʪʘʢʞʝ ʤʦʞʝʪ ʥʘʭʦʜʠʪʴʩʷ ʚ ʪʨʝʭ ʟʘʨʷʜʦʚʳʭ ʩʦ-

ʩʪʦʷʥʠʷʭ VTe
2+, VTe

+, VTe
0. ɺ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʝ ʥʘʭʦʜʠʪʩʷ ʪʦʣʴʢʦ ʫʨʦʚʝʥʴ 

ɽ(+/0)= ɽV+0,2 ʵɺ, ʪʦʛʜʘ ʢʘʢ ʫʨʦʚʝʥʴ ɽ(2+/+) ʥʘʭʦʜʠʪʩʷ ʚ ʚʘʣʝʥʪʥʦʡ ʟʦʥʝ [153]. 

ʀʟ ʚʩʝʭ ʚʦʟʤʦʞʥʳʭ ʣʝʛʠʨʫʶʱʠʭ ʧʨʠʤʝʩʝʡ ʦʩʥʦʚʥʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʝʥʦ 

ʧʨʠʤʝʩʷʤ ʭʣʦʨʘ ʠ ʢʦʤʧʣʝʢʩʘʤ ʩ ʠʭ ʫʯʘʩʪʠʝʤ, ʧʦʩʢʦʣʴʢʫ ʠʤʝʥʥʦ CdTe, ʣʝʛʠʨʦ-

ʚʘʥʥʳʡ ʭʣʦʨʦʤ, ʷʚʣʷʝʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʤʘʪʝʨʠʘʣʦʤ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʜʝʪʝʢ-

ʪʦʨʦʚ ʚ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ. 

 

1.2.5. ʇʨʠʤʝʩʠ ʠ ʢʦʤʧʣʝʢʩʳ ʭʣʦʨʘ CdTe 

 

ʇʦʚʝʜʝʥʠʝ ʭʣʦʨʘ ʚ ʉdTe ʠʟʫʯʘʝʪʩʷ ʤʥʦʛʠʤʠ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ ʩ ʪʝʭ ʧʦʨ, 

ʢʘʢ ʙʳʣʦ ʧʨʝʜʣʦʞʝʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʉdʊʝ(Cl) ʚ ʢʘʯʝʩʪʚʝ ʤʘʪʝʨʠʘʣʘ ʜʣʷ ʜʝʪʝʢʪʦ-

ʨʦʚ ʠʦʥʠʟʠʨʫʶʱʝʛʦ ʠʟʣʫʯʝʥʠʷ. 

ɺʳʨʘʱʝʥʥʳʡ ʤʝʪʦʜʦʤ ʥʘʧʨʘʚʣʝʥʥʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʠ ʣʝʛʠʨʦʚʘʥʥʳʡ 

ʭʣʦʨʦʤ ʉdʊʝ ʷʚʣʷʝʪʩʷ, ʚ ʦʪʩʫʪʩʪʚʠʠ ʜʨʫʛʠʭ ʣʝʛʠʨʫʶʱʠʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʚʳʩʦʢʦ-

ʦʤʥʳʤ ʤʘʪʝʨʠʘʣʦʤ (ɟ ι 107 ʆʤĀʩʤ) ʨ-ʪʠʧʘ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʜʳʨʦʢ ʨ~108ʩʤ-3 

(ʧʨʠ 300 ʂ) ʠ ʭʦʣʣʦʚʩʢʦʡ ʧʦʜʚʠʞʥʦʩʪʴʶ ʜʳʨʦʢ ɛh~50 ʩʤ
2Āɺ-1Āc-1 [154]. ɺʳʩʦʢʦʝ 

ʫʜʝʣʴʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʤʘʪʝʨʠʘʣʘ ʚʦʟʥʠʢʘʝʪ ʠʟ-ʟʘ ʢʦʤʧʝʥʩʘʮʠʠ ʠ ʦʙʨʘʟʦʚʘʥʠʷ 

ʜʝʬʝʢʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʠʟ ʧʨʠʤʝʩʥʳʭ (ʉlʊʝ) ʠ ʩʦʙʩʪʚʝʥʥʳʭ (Vʉd) ʜʝʬʝʢʪʦʚ. ʇʦ-

ʩʣʝ ʦʪʞʠʛʘ ʚ ʘʪʤʦʩʬʝʨʝ ʥʘʩʳʱʝʥʥʦʡ ʧʘʨʘʤʠ ʢʘʜʤʠʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʊ=500-

900Áʉ, ʚ ʪʝʯʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʯʘʩʦʚ, ʢʨʠʩʪʘʣʣ ʩʪʘʥʦʚʠʪʩʷ ʥʠʟʢʦʦʤʥʳʤ, ʩ n-

ʪʠʧʦʤ ʧʨʦʚʦʜʠʤʦʩʪʠ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʢʦʤʧʝʥʩʘʮʠʷ ʧʨʘʢʪʠʯʝʩʢʠ ʠʩʯʝʟʘʝʪ, ʠ ʢʦʥ-

ʮʝʥʪʨʘʮʠʷ ʩʚʦʙʦʜʥʳʭ ʵʣʝʢʪʨʦʥʦʚ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ n~2Ā1017 ʩʤ-3. ʉʦʛʣʘʩʥʦ ʢʣʘʩ-

ʩʠʯʝʩʢʠʤ ʨʘʙʦʪʘʤ [149, 152] ʦʪʞʠʛ ʚ ʘʪʤʦʩʬʝʨʝ ʧʘʨʦʚ ʢʘʜʤʠʷ ʧʨʠʚʦʜʠʪ ʢ 

ʫʤʝʥʴʰʝʥʠʶ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʘʢʘʥʩʠʡ ʢʘʜʤʠʷ ʜʦ 1015 ʩʤ-3, ʚ ʥʘʨʫʰʝʥʠʠ, ʪʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʫʩʣʦʚʠʷ ʢʦʤʧʝʥʩʘʮʠʠ.  
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ɽʤʢʦʩʪʥʳʝ ʠʟʤʝʨʝʥʠʷ, ʧʨʦʚʦʜʠʚʰʠʝʩʷ ʚ ʜʘʥʥʳʭ ʨʘʙʦʪʘʭ, ʧʦʢʘʟʘʣʠ, ʯʪʦ                      

(ND
+-NA

-)~9,6Ā1016 ʩʤ-3, ʯʪʦ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʩʚʦʙʦʜʥʳʭ 

ʵʣʝʢʪʨʦʥʦʚ. ʊʦ ʝʩʪʴ, ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʭʣʦʨ, ʢʦʪʦʨʳʡ ʠʤʝʝʪ 7 ʵʣʝʢʪʨʦʥʦʚ ʥʘ ʚʥʝʰ-

ʥʝʡ ʦʙʦʣʦʯʢʝ, ʟʘʤʝʱʘʝʪ ʪʝʣʣʫʨ ʠ ʚʝʜʝʪ ʩʝʙʷ, ʢʘʢ ʧʨʦʩʪʦʡ ʜʦʥʦʨ. ɸʥʘʣʦʛʠʯʥʳʝ 

ʨʝʟʫʣʴʪʘʪʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʠ ʜʣʷ Cdʊʝ(In) [155]. ʊʨʝʭʚʘʣʝʥʪʥʳʡ ʠʥʜʠʡ, ʟʘʤʝ-

ʱʘʶʱʠʡ ʢʘʜʤʠʡ, ʚʝʜʝʪ ʩʝʙʷ ʪʘʢʞʝ ʢʘʢ ʜʦʥʦʨ. 

ɺ ʨʝʘʣʴʥʳʭ ʢʨʠʩʪʘʣʣʘʭ ʨʘʟʥʦʠʤʝʥʥʦ ʟʘʨʷʞʝʥʥʳʝ ʧʨʠʤʝʩʠ ʠ ʩʦʙʩʪʚʝʥʥʳʝ 

ʜʝʬʝʢʪʳ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʤʦʛʫʪ ʚʩʪʫʧʘʪʴ ʚʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʠ ʦʙʨʘ-

ʟʦʚʳʚʘʪʴ ʢʦʤʧʣʝʢʩʳ (ʘʩʩʦʮʠʘʪʳ). ʕʥʝʨʛʝʪʠʯʝʩʢʠʝ ʫʨʦʚʥʠ ʩʦʩʪʘʚʣʷʶʱʠʭ ʢʦʤ-

ʧʣʝʢʩʘ ʠʩʯʝʟʘʶʪ ʠ ʧʦʷʚʣʷʶʪʩʷ ʫʨʦʚʥʠ, ʢʦʪʦʨʳʝ ʧʨʠʧʠʩʳʚʘʶʪʩʷ ʥʦʚʦʦʙʨʘʟʦ-

ʚʘʥʥʦʤʫ ʢʦʤʧʣʝʢʩʫ. ʂʦʤʧʣʝʢʩʳ ʤʦʛʫʪ ʪʘʢʞʝ ʜʠʩʩʦʮʠʠʨʦʚʘʪʴ. ʂʦʥʮʝʥʪʨʘʮʠʠ 

ʩʦʩʪʘʚʣʷʶʱʠʭ ʠ ʠʭ ʢʦʤʧʣʝʢʩʦʚ ʤʦʛʫʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʳ ʥʘ ʦʩʥʦʚʝ ʟʘʢʦʥʘ ʜʝʡ-

ʩʪʚʫʶʱʠʭ ʤʘʩʩ: 

AB źA++B- (10) 

ɽʩʣʠ [ɸ], [ɺ] ʠ [ɸɺ] ð ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ, ʪʦ ʪʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘ-

ʚʠʩʠʤʦʩʪʴ ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʦʤʧʣʝʢʩʘ [ɸɺ] ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʦʦʪʥʦʰʝʥʠʷʤʠ: 

ˍˏ #ˍ ˏ ÅØÐ  
Ў

 (11) 

ɸ ʢʦʥʩʪʘʥʪʘ ʜʠʩʩʦʮʠʘʮʠʠ: 

ὑ ὅὩὼὴ
Ў

 (12) 

ʧʦʟʚʦʣʷʝʪ ʥʘʡʪʠ ʵʥʝʨʛʠʶ ʩʚʷʟʠ ʢʦʤʧʣʝʢʩʘ æ. ɺ ʢʘʯʝʩʪʚʝ ʢʦʤʧʦʥʝʥʪʦʚ ɸ ʠ ʤʦ-

ʛʫʪ ʚʳʩʪʫʧʘʪʴ ʢʘʢ ʧʨʠʤʝʩʠ, ʪʘʢ ʠ ʤʝʞʫʟʝʣʴʥʳʝ ʘʪʦʤʳ ʠ ʚʘʢʘʥʩʠʠ. 

ɺ ʉdʊʝ ʥʘʠʙʦʣʝʝ ʠʟʚʝʩʪʥʳʤʠ ʠ ʠʟʫʯʝʥʥʳʤʠ ʷʚʣʷʶʪʩʷ ʢʦʤʧʣʝʢʩʳ, ʦʜʥʦʡ 

ʠʟ ʢʦʤʧʦʥʝʥʪ ʢʦʪʦʨʳʭ ʚʳʩʪʫʧʘʝʪ ʘʢʮʝʧʪʦʨʥʘʷ ʚʘʢʘʥʩʠʷ ʉd, ʘ ʚ ʢʘʯʝʩʪʚʝ ʜʦʥʦʨʘ 

ʚʳʩʪʫʧʘʶʪ ʵʣʝʤʝʥʪʳ VII  (ʉl) ʠʣʠ III  (In) ʛʨʫʧʧ ʪʘʙʣʠʮʳ ʄʝʥʜʝʣʝʝʚʘ, ʢʦʪʦʨʳʝ 

ʟʘʤʝʱʘʶʪ ʊe ʠʣʠ ʉd ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɻʣʫʙʠʥʘ ʟʘʣʝʛʘʥʠʷ ʫʨʦʚʥʝʡ ʢʦʤʧʣʝʢʩʦʚ 

ʤʦʞʝʪ ʙʳʪʴ ʦʮʝʥʝʥʘ ʠʟ ʩʦʦʪʥʦʰʝʥʠʷ: 
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Ὁ Ὁ  (13) 

ʉʣʘʛʘʝʤʦʝ ʝ2/ Rn ʟʘʜʘʝʪ ʩʤʝʱʝʥʠʝ ʫʨʦʚʥʝʡ ʚʘʢʘʥʩʠʡ VCd
2- ʠʣʠ VCd

- ʢʦʪʦ-

ʨʦʝ ʧʨʝʜʦʧʨʝʜʝʣʝʥʦ ʥʘʣʠʯʠʝʤ ʟʘʨʷʞʝʥʥʦʛʦ ʜʦʥʦʨʘ, ʥʘʧʨʠʤʝʨ, ʉ1Te
+ ʚ ʦʪʜʘʣʝ-

ʥʠʠ Rn ʦʪ ʚʘʢʘʥʩʠʠ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʦʣʦʞʝʥʠʷ ʫʨʦʚʥʷ ʌʝʨʤʠ ʵʪʠ ʫʨʦʚʥʠ ʤʦ-

ʛʫʪ ʠʛʨʘʪʴ ʨʦʣʴ ʮʝʥʪʨʦʚ ʟʘʭʚʘʪʘ ʠ ʦʙʝʩʧʝʯʠʚʘʪʴ ʨʘʚʥʦʚʝʩʥʫʶ ʧʨʦʚʦʜʠʤʦʩʪʴ. ɺ 

ʨʘʙʦʪʝ [156] ʠʟ ʠʟʤʝʨʝʥʠʡ ʵʬʬʝʢʪʘ ʍʦʣʣʘ ʠ ʩʧʝʢʪʨʘʣʴʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʵʬʬʝʢʪʘ 

ʬʦʪʦ-ʍʦʣʣʘ ʫʩʪʘʥʦʚʣʝʥʦ ʥʘʣʠʯʠʝ ʫʨʦʚʥʷ EV+0,95 ʵɺ, ʢʦʪʦʨʳʡ ʧʨʠʧʠʩʳʚʘʝʪʩʷ 

VCd
2-. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʣʝʛʠʨʦʚʘʥʠʝ ʭʣʦʨʦʤ CdTe ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʢʦʥ-

ʮʝʥʪʨʘʮʠʡ ʠʟʦʣʠʨʦʚʘʥʥʳʭ ʚʘʢʘʥʩʠʡ VCd. ʅʘ ʨʠʩʫʥʢʝ 9 [157], ʧʨʠʚʝʜʝʥʘ ʟʘʚʠʩʠ-

ʤʦʩʪʴ ʢʦʥʮʝʥʪʨʘʮʠʡ ʨʘʟʥʳʭ ʜʝʬʝʢʪʦʚ ʠ ʢʦʤʧʣʝʢʩʦʚ ʧʨʠ ʫʯʘʩʪʠʠ ʭʣʦʨʘ (NT) ʦʪ 

ʢʦʥʮʝʥʪʨʘʮʠʡ ʚʚʝʜʝʥʥʦʛʦ ʭʣʦʨʘ ʉl. ɺʠʜʥʦ, ʯʪʦ ʢʦʥʮʝʥʪʨʘʮʠʷ VCd, ʢʦʪʦʨʳʝ ʜʝʡ-

ʩʪʚʫʶʪ ʢʘʢ ʘʢʮʝʧʪʦʨʳ, ʩʠʣʴʥʦ ʫʤʝʥʴʰʘʝʪʩʷ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʝʞ-

ʫʟʝʣʴʥʦʛʦ ʢʘʜʤʠʷ ʠ ʢʦʤʧʣʝʢʩʦʚ ʧʨʠ ʫʯʘʩʪʠʠ ʭʣʦʨʘ ð ʨʘʩʪʫʪ. ʇʦ ʦʮʝʥʢʘʤ ʘʚʪʦ-

ʨʦʚ [155] ʧʨʠ T=450Áʉ VCd ʚ ʦʩʥʦʚʥʦʤ ʩʚʷʟʘʥʳ ʚ ʢʦʤʧʣʝʢʩʳ. ɼʦʤʠʥʠʨʫʶʪ ʘʢ-

ʮʝʧʪʦʨʥʳʝ (VCd
2-Cl+) (59%) ʠ ʥʝʡʪʨʘʣʴʥʳʝ (VCd

2-2Cl+) (40%) ʢʦʤʧʣʝʢʩʳ, ʪʦʛʜʘ 

ʢʘʢ ʠʟʦʣʠʨʦʚʘʥʥʳʤʠ ʦʩʪʘʶʪʩʷ ʪʦʣʴʢʦ 0,089% ʦʪ ʚʩʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʚʘʢʘʥʩʠʡ 

ʢʘʜʤʠʷ. 
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ʈʠʩ. 9. ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʥʮʝʥʪʨʘʮʠʠ ʜʝʬʝʢʪʦʚ ʠ ʢʦʤʧʣʝʢʩʦʚ ʦʪ ʢʦʣʠʯʝʩʪʚʘ 

ʭʣʦʨʘ ʜʣʷ ʢʨʠʩʪʘʣʣʦʚ CdTe(Cl) [157]. 

ɺ ʢʨʠʩʪʘʣʣʘʭ CdTe(ʉl) ʠʤʝʝʪ ʤʝʩʪʦ ʨʷʜ ʠʥʪʝʨʝʩʥʳʭ ʵʬʬʝʢʪʦʚ, ʢʦʪʦʨʳʝ 

ʥʝʣʴʟʷ ʦʙʲʷʩʥʠʪʴ ʚ ʨʘʤʢʘʭ ʤʦʜʝʣʝʡ ʠʟʦʣʠʨʦʚʘʥʥʳʭ ʜʦʥʦʨʦʚ ʠʣʠ ʘʢʮʝʧʪʦʨʦʚ. ɺ 

ʯʘʩʪʥʦʩʪʠ, ʚ [158] ʥʘʙʣʶʜʘʣʘʩʴ ʦʯʝʥʴ ʤʝʜʣʝʥʥʘʷ ʢʠʥʝʪʠʢʘ ʬʦʪʦʧʨʦʚʦʜʠʤʦʩʪʠ ʠ 

ʬʦʪʦʝʤʢʦʩʪʠ ʚ ʦʙʨʘʟʮʘʭ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʭʣʦʨʘ NCl~1017ð1018 ʩʤ-3. ʇʨʠʯʝʤ ʠʥ-

ʪʝʨʝʩʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʢʨʠʩʪʘʣʣʳ CdTe(Cl) ʦʢʘʟʘʣʠʩʴ ʚʝʩʴʤʘ ʯʫʚʩʪʚʠʪʝʣʴʥʳ ʢ 

ʤʠʢʨʦʚʦʣʥʦʚʦʤʫ ʠʟʣʫʯʝʥʠʶ [159,160], ʢʦʪʦʨʦʝ, ʘʢʪʠʚʠʨʫʷ ʮʝʥʪʨʳ ClTe, ʧʨʠʚʦ-

ʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʣʠʥʠʡ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ ʵʢʩʠʪʦʥʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʩʦʦʪʚʝʪ-

ʩʪʚʫʶʱʠʤʠ ʜʦʥʦʨʥʳʤʠ ʮʝʥʪʨʘʤʠ ClTe. 

ɺ ʫʩʣʦʚʠʷʭ ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʜʘʚʣʝʥʠʷ Pι108 ʇʘ ʚ ʪʘʢʠʭ ʦʙʨʘʟʮʘʭ ʠʤʝʝʪ 

ʤʝʩʪʦ ʩʠʣʴʥʳʡ ʨʦʩʪ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʘ ʪʘʢʞʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʍʦʣʣʘ Rn. ʕʪʠ ʠ 

ʜʨʫʛʠʝ ʵʬʬʝʢʪʳ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʭʣʦʨ ʚʚʝʜʝʥʥʳʡ ʚ CdTe ʧʨʝʜʦʧʨʝ-



55 
 

ʜʝʣʷʝʪ, ʢʨʦʤʝ ʧʨʦʩʪʳʭ ʩʣʫʯʘʝʚ, ʧʦʷʚʣʝʥʠʝ ʙʦʣʝʝ ʩʣʦʞʥʳʭ ʮʝʥʪʨʦʚ ʩ ʥʝʦʙʳʯ-

ʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ.  

ʍʣʦʨ ʠ ʚʘʢʘʥʩʠʠ ʢʘʜʤʠʷ ʤʦʛʫʪ ʫʯʘʩʪʚʦʚʘʪʴ ʠ ʚ ʙʦʣʴʰʠʭ ʩʣʦʞʥʳʭ ʢʦʤ-

ʧʣʝʢʩʘʭ. ɺ ʯʘʩʪʥʦʩʪʠ, ʧʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʣʝʛʠʨʦʚʘʥʠʠ CdTe Cu ʠ Cl ʤʦʛʫʪ ʦʙʨʘ-

ʟʦʚʳʚʘʪʴʩʷ ʢʦʤʧʣʝʢʩʳ ʩ (VCd
-,Cl+) ʠ CuCd ʠʣʠ Cui

+ - (ClTe
+VCd

-CuCd,i
Ñ) [160,161]. 

ʆʜʥʠʤ ʠʟ ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʠʤʤʝʪʨʠʠ ʠ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ 

ʵʪʠʭ ʢʦʤʧʣʝʢʩʦʤ ʷʚʣʷʝʪʩʷ ʤʝʪʦʜ ʠʥʬʨʘʢʨʘʩʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ [162], ʢʦʪʦʨʳʡ 

ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʠʟʫʯʠʪʴ ʯʘʩʪʦʪʳ ʣʦʢʘʣʴʥʳʭ ʢʦʣʝʙʘʥʠʡ, ʢʦʪʦʨʳʡ ʦʙʫʩʣʦʚʣʝ-

ʥʳ ʢʦʤʧʣʝʢʩʘʤʠ. 

 

1.2.6. ʇʨʠʤʝʩʠ ʠ ʢʦʤʧʣʝʢʩʳ Fe ʚ ʉdʊʝ 

 

ɾʝʣʝʟʦ, ʚ ʢʘʯʝʩʪʚʝ ʣʝʛʠʨʫʶʱʝʛʦ ʢʦʤʧʦʥʝʥʪʘ ʢʨʠʩʪʘʣʣʦʚ CdTe, ʥʘ ʩʝʛʦ-

ʜʥʷʰʥʠʡ ʜʝʥʴ, ʜʦʚʦʣʴʥʦ ʰʠʨʦʢʦ ʠʩʩʣʝʜʦʚʘʥʦ. ɼʘʥʥʳʡ ʵʣʝʤʝʥʪ ʪʘʢ ʞʝ, ʢʘʢ ʠ Cl, 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʢʦʤʧʝʥʩʘʮʠʠ ʚʳʨʘʱʝʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ. ʂʨʠʩʪʘʣʣʳ CdTe(Fe) 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʠʟ ʩʝʙʷ ʚʳʩʦʢʦʦʤʥʳʝ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʝ ʢʨʠʩʪʘʣʣʳ p-ʪʠʧʘ, ʧʨʠ 

ʦʪʩʫʪʩʪʚʠʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʣʝʛʠʨʫʶʱʠʭ ʢʦʤʧʦʥʝʥʪʦʚ. ʆʜʥʘʢʦ, ʚ ʩʣʫʯʘʝ ʧʦʣʠ-

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʣʠʪʢʦʚ CdTe(Fe), ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʠʟ ʩʝʙʷ ʪʝʢʩʪʫʨʳ ʩ ʨʘʟʤʝ-

ʨʦʤ ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʟʝʨʝʥ 1-2 ʤʤ, ʧʦʣʫʯʝʥʥʳʡ ʤʘʪʝʨʠʘʣ ʙʫʜʝʪ ʥʠʟʢʦʦʤ-

ʥʳʤ (ɟå10-3-10-4 ʆʤĀʩʤ [157]). ʂʨʠʩʪʘʣʣʳ CdTe(Fe), ʚ ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʨʘʙʦʪʳ, 

ʠʥʪʝʨʝʩʥʳ ʪʝʤ, ʯʪʦ ʜʘʥʥʳʝ ʢʨʠʩʪʘʣʣʳ ʣʝʛʠʨʦʚʘʥʳ ʤʘʛʥʠʪʥʳʤ ʤʘʪʝʨʠʘʣʦʤ. ɺʳ-

ʩʦʢʦʝ ʫʜʝʣʴʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ [163] ʜʘʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʚʦʟʥʠʢʘʝʪ ʠʟ-ʟʘ ʫʧʦʤʷ-

ʥʫʪʦʡ ʚʳʰʝ ʢʦʤʧʝʥʩʘʮʠʠ ʠ ʦʙʨʘʟʦʚʘʥʠʷ ʜʝʬʝʢʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʠʟ ʧʨʠʤʝʩʥʳʭ 

(FeCd) ʠ ʩʦʙʩʪʚʝʥʥʳʭ ʜʝʬʝʢʪʦʚ (VCd, Teʤʝʞʫʟ). ʊʘʢ, Fe2+ ʟʘʤʝʱʘʝʪ Cd2+ ʚ ʩʣʫʯʘʡ-

ʥʳʭ ʧʦʟʠʮʠʷʭ ʨʝʰʝʪʢʠ [164]. ʈʝʧʨʝʟʝʥʪʘʪʠʚʥʳʝ ʩʧʝʢʪʨʳ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ, 

ʧʦʣʫʯʝʥʥʳʝ ʚ ʨʘʙʦʪʘʭ [157,163,165] ʧʦʢʘʟʘʣʠ, ʯʪʦ ʩʫʱʝʩʪʚʫʶʱʠʝ ʧʦʣʦʩʳ ʣʶ-

ʤʠʥʝʩʮʝʥʮʠʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʵʢʩʠʪʦʥʥʦʤʫ ʠ ʤʝʞʧʨʠʤʝʩʥʦʤʫ ʠʟʣʫʯʝʥʠʶ ʜʦʥʦʨ-

ʥʦ-ʘʢʮʝʧʪʦʨʥʳʭ ʧʘʨ ʩ ʫʯʘʩʪʠʝʤ ʤʝʣʢʠʭ ʜʦʥʦʨʦʚ ʠ ʘʢʮʝʧʪʦʨʦʚ A-ʮʝʥʪʨʦʚ 
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(VCdD). ʇʨʠʯʝʤ ʚ ʜʘʥʥʳʭ ʨʘʙʦʪʘʭ ʩʧʝʢʪʨʳ, ʦʪʚʝʯʘʶʱʠʝ ʧʨʠʤʝʩʥʳʤ ʜʝʬʝʢʪʘʤ 

Fe, ʥʝʩʢʦʣʴʢʦ ʦʪʣʠʯʘʶʪʩʷ: 1,48 ʵɺ [157], 1,475 ʵɺ [163] ʠ 1,465ʵɺ [165]. ɺʧʨʦ-

ʯʝʤ, ʚ ʨʘʙʦʪʝ [148] ʫʧʦʤʠʥʘʶʪʩʷ ʥʝ ʪʦʣʴʢʦ ʟʘʨʷʞʝʥʥʳʝ ʜʦʥʦʨʳ Fe2+, ʥʦ ʠ Fe3+, ʘ 

ʥʠʞʥʠʡ ʧʨʝʜʝʣ ʨʘʩʧʦʣʦʞʝʥʠʷ ʫʨʦʚʥʷ Fe ʚ ʚʘʣʝʥʪʥʦʡ ʟʦʥʝ ʦʧʨʝʜʝʣʝʥ ʢʘʢ (Eg-

E0), ʛʜʝ Eg ï ʰʠʨʠʥʘ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ å1,595 ʵɺ [166], E0 ï ʵʥʝʨʛʠʷ ʦʧʪʠʯʝ-

ʩʢʦʡ ʠʦʥʠʟʘʮʠʠ Fe å1,465 ʵɺ. ʅʠʞʥʠʡ ʧʨʝʜʝʣ ʨʘʩʧʦʣʦʞʝʥʠʷ Fe ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

130 ʤʵɺ ʚ ʚʘʣʝʥʪʥʦʡ ʟʦʥʝ (ʈʠʩ. 10.) ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʳʣʦ ʦʧʨʝʜʝʣʝʥʦ, ʯʪʦ ʜʦ-

ʥʦʨʥʳʡ ʫʨʦʚʝʥʴ Fe2+/3+ ʚ CdTe ʣʝʞʠʪ ʥʘ 130-135 ʤʵɺ ʚʳʰʝ ʚʘʣʝʥʪʥʦʡ ʟʦʥʳ.  

 

ʈʠʩ. 10. ʇʦʣʦʞʝʥʠʝ ʜʦʥʦʨʥʦʛʦ ʫʨʦʚʥʷ Fe2+/3+ ʚ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʝ CdTe. 

ʋʨʦʚʝʥʴ Fe ʨʘʩʧʦʣʦʞʝʥ ʚ ʟʘʪʝʥʝʥʥʦʡ ʦʙʣʘʩʪʠ [165].  

ɹʳʣʦ ʦʧʨʝʜʝʣʝʥʦ, ʯʪʦ, ʢʦʛʜʘ ʜʦʥʦʨʳ Fe ʢʦʤʧʝʥʩʠʨʫʶʪʩʷ ʤʝʣʢʠʤʠ ʘʢʮʝʧ-

ʪʦʨʘʤʠ, ʪʘʢ ʯʪʦ ʫʨʦʚʝʥʴ ʌʝʨʤʠ ʥʘʭʦʜʠʪʩʷ ʙʣʠʟʢʦ ʢ ʫʨʦʚʥʶ ʞʝʣʝʟʘ, ʚ ʢʨʠʩʪʘʣʣʝ 

ʩʫʱʝʩʪʚʫʶʪ ʮʝʥʪʨʳ ʞʝʣʝʟʘ ʢʘʢ ʚ ʟʘʨʷʜʦʚʳʭ ʩʦʩʪʦʷʥʠʷʭ Fe 2+, ʪʘʢ ʠ ʚ Fe 3+. ɺ 

ʵʪʦʤ ʩʣʫʯʘʝ ʚʦʟʤʦʞʥʳ ʦʧʪʠʯʝʩʢʠʝ ʧʝʨʝʭʦʜʳ ʤʝʞʜʫ ʚʘʣʝʥʪʥʦʡ ʟʦʥʦʡ ʠ ʫʨʦʚʥʷ-

ʤʠ ʞʝʣʝʟʘ. 

ʇʦ ʘʥʘʣʦʛʠʠ ʩ ʜʝʬʝʢʪʥʳʤʠ ʧʨʠʤʝʩʥʳʤʠ ʢʦʤʧʣʝʢʩʘʤʠ Cl ʧʨʠ ʣʝʛʠʨʦʚʘ-

ʥʠʠ CdTe ʫʤʝʥʴʰʘʝʪʩʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʠʟʦʣʠʨʦʚʘʥʥʳʭ ʚʘʢʘʥʩʠʡ VCd. ʏʪʦ ʧʨʠʚʦ-

ʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʥʝʡʪʨʘʣʴʥʳʭ ʢʦʤʧʣʝʢʩʦʚ (VCd
2-Fe2+), ʘ ʪʘʢʞʝ ʥʝʢʦʪʦʨʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʩ Fe3+, ʦʜʥʘʢʦ ʠʭ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʠ ʢʦʥʮʝʥʪʨʘʮʠʷ 

ʥʝʩʚʷʟʘʥʥʳʭ ʚʘʢʘʥʩʠʡ VCd, ʥʘʩʢʦʣʴʢʦ ʠʟʚʝʩʪʥʦ ʘʚʪʦʨʫ ʜʘʥʥʦʡ ʨʘʙʦʪʳ, ʥʘ ʜʘʥ-
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ʥʳʡ ʤʦʤʝʥʪ ʥʝ ʦʧʨʝʜʝʣʝʥʦ. ʂʨʦʤʝ ʪʦʛʦ, ʦʩʪʘʝʪʩʷ ʥʝ ʩʦʚʩʝʤ ʷʩʥʦ ʧʦʣʦʞʝʥʠʝ 

Fe3+ ʚ ʩʠʩʪʝʤʘʭ ʜʝʬʝʢʪʥʳʭ ʧʨʠʤʝʩʥʳʭ ʢʦʤʧʣʝʢʩʦʚ.  

ʇʨʠ ʣʝʛʠʨʦʚʘʥʠʠ ʦʜʥʦʚʨʝʤʝʥʥʦ Cl ʠ Fe, ʣʝʛʠʨʫʶʱʠʝ ʵʣʝʤʝʥʪʳ ʤʦʛʫʪ 

ʫʯʘʩʪʚʦʚʘʪʴ ʢʘʢ ʚ ʤʘʣʳʭ ʢʦʤʧʣʝʢʩʘʭ, ʦʧʠʩʘʥʥʳʭ ʚʳʰʝ, ʪʘʢ ʠ ʚ ʙʦʣʴʰʠʭ ʩʣʦʞ-

ʥʳʭ ʢʦʤʧʣʝʢʩʘʭ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ, ʤʦʛʫʪ ʦʙʨʘʟʦʚʳʚʘʪʴʩʷ ʢʦʤʧʣʝʢʩʳ ʩ (VCd
-

,Cl+) ʠ FeCd (ʣʠʙʦ ʦʙʨʘʪʥʳʝ, ʪ.ʝ. Fe ʠ Cl ʟʘʤʝʥʷʶʪ ʜʨʫʛ ʜʨʫʛʘ), ʘ ʪʘʢʞʝ ʩʣʦʞʥʳʝ 

ʢʦʤʧʣʝʢʩʳ ʪʠʧʘ Fei
2+ - (ClTe+VCd-FeCdi

Ñ), ʢʦʪʦʨʳʝ ʪʘʢʞʝ ʤʦʛʫʪ ʷʚʣʷʪʴʩʷ ʦʙʨʘʪ-

ʥʳʤʠ. ʆʜʥʘʢʦ ʚ ʜʘʥʥʳʭ ʩʠʩʪʝʤʘʭ ʦʩʪʘʝʪʩʷ ʥʝʧʦʥʷʪʥʳʤ ʤʝʩʪʦ Fe3+, ʚ ʩʣʫʯʘʝ 

ʚʩʪʨʘʠʚʘʥʠʷ ʝʛʦ ʚ ʩʣʦʞʥʳʝ ʜʝʬʝʢʪʥʳʝ ʢʦʤʧʣʝʢʩʳ. 
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ɻʃɸɺɸ 2. ʄɽʊʆɼʀʂɸ ʀ ʋʉʃʆɺʀʗ ʕʂʉʇɽʈʀʄɽʅʊʆɺ  

 

2.1. ʋʩʪʘʥʦʚʢʠ ʧʦ ʚʦʟʜʝʡʩʪʚʠ ʁʩʣʘʙʳʤʠ ʤʘʛʥʠʪʥʳʤʠ ʧʦʣʷʤʠ 

 

ʇʦʩʪʘʚʣʝʥʥʘʷ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʟʘʜʘʯʘ ʧʦ ʠʟʫʯʝʥʠʶ ʨʝʟʫʣʴʪʘʪʦʚ ʚʦʟʜʝʡ-

ʩʪʚʠʡ ʩʣʘʙʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ ʥʘ ʩʪʨʫʢʪʫʨʫ ʠ ʩʚʦʡʩʪʚʘ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ 

CdTe(Cl) ʠ CdTe(Cl,Fe), ʚʳʧʦʣʥʷʣʘʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʣʘʙʦʨʘʪʦʨʥʦʡ ʫʩʪʘʥʦʚ-

ʢʠ ʧʦ ʛʝʥʝʨʘʮʠʠ ʩʣʘʙʦʛʦ ʀʄʇ ʠ ʫʩʪʘʥʦʚʢʠ ʧʦ ʛʝʥʝʨʘʮʠʠ ʩʣʘʙʦʛʦ ʇʄʇ. ɺʦʟ-

ʜʝʡʩʪʚʠʝʤ ʩʣʘʙʳʤ ʀʄʇ ʧʨʦʚʦʜʠʣʦʩʴ ʥʘ ʫʩʪʘʥʦʚʢʝ (ʨʠʩ. 11.), ʧʦʟʚʦʣʷʶʱʝʡ ʧʦ-

ʣʫʯʘʪʴ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʠʤʧʫʣʴʩʦʚ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʟʘ ʩʯʝʪ ʧʝʨʠʦʜʠʯʝʩʢʦʛʦ 

ʨʘʟʨʷʜʘ ʥʘʢʦʧʠʪʝʣʴʥʦʡ ʝʤʢʦʩʪʠ ʥʘ ʠʥʜʫʢʪʦʨ. ʅʘ ʨʠʩʫʥʢʝ 12 ʧʨʝʜʩʪʘʚʣʝʥʘ ʦʩ-

ʮʠʣʣʦʛʨʘʤʤʘ ʝʜʠʥʠʯʥʦʛʦ ʠʤʧʫʣʴʩʘ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʜʝʡʩʪʚʫʶʱʝʛʦ ʥʘ ʦʙʨʘʟʝʮ, 

ʚ ʧʨʦʮʝʩʩʝ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʥʝʛʦ ʩʣʘʙʳʤ ʀʄʇ. ʀʥʪʝʨʚʘʣ ʤʝʞʜʫ ʠʤʧʫʣʴʩʘʤʠ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʩʦʩʪʘʚʣʷʣ å8,3Ā10-2 ʩ. ʆʙʨʘʟʝʮ ʨʘʩʧʦʣʘʛʘʣʩʷ ʥʘ ʜʠʘʤʘʛʥʠʪʥʦʡ 

ʧʦʜʩʪʘʚʢʝ ʚ ʮʝʥʪʨʝ ʩʦʣʝʥʦʠʜʘ, ʧʨʠʯʝʤ ʨʘʟʤʝʨ ʩʦʣʝʥʦʠʜʘ ʚʦ ʤʥʦʛʦ ʨʘʟ ʧʨʝʚʳ-

ʰʘʝʪ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʨʘʟʤʝʨʳ ʦʙʨʘʟʮʘ. ʇʦʣʦʞʝʥʠʝ ʦʙʨʘʟʮʘ, ʚ ʧʨʦʮʝʩʩʝ ʚʦʟʜʝʡ-

ʩʪʚʠʷ ʩʣʘʙʦʛʦ ʀʄʇ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʦ ʧʦʣʦʞʝʥʠʶ ʩ ʤʠʥʠʤʫʤʦʤ ʛʨʘʜʠʝʥʪʘ ʤʘʛ-

ʥʠʪʥʦʛʦ ʧʦʣʷ.  
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ʈʠʩ. 11. ʆʙʱʠʡ ʚʠʜ ʫʩʪʘʥʦʚʢʠ ʧʦ ʛʝʥʝʨʘʮʠʠ ʩʣʘʙʦʛʦ ʀʄʇ. 

 

ʈʠʩ. 12. ʆʩʮʠʣʣʦʛʨʘʤʤʘ ʠʤʧʫʣʴʩʘ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ɺʨʝʤʝʥʥʳʝ ʧʝʨʠʦʜʳ 

ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʠʤʧʫʣʴʩʘ, ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ, ʧʦʩʪʦʷʥʥʳ ʜʣʷ ʣʶ-

ʙʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʘʛʥʠʪʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ: ʬʨʦʥʪ ʥʘʨʘʩʪʘʥʠʷ ʠʤʧʫʣʴʩʘ †

ρπ ,̒ ʬʨʦʥʪ ʧʦʩʣʝʜʫʶʱʝʛʦ ʧʘʜʝʥʠʷ † ρπ ̒, ʠ çʦʙʨʘʪʥʘʷè ʯʘʩʪʴ ʠʤʧʫʣʴ-

ʩʘ † υϽρπ. ʆʙʱʘʷ ʜʣʠʪʝʣʴʥʦʩʪʴ ʠʤʧʫʣʴʩʘ † φ Ͻρπ ̒. ʀʥʪʝʨʚʘʣ ʤʝʞ-

ʜʫ ʠʤʧʫʣʴʩʘʤʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ~8,3Ā10-2 ʩ. 



60 
 

ʇʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʀʄʇ ʥʘ ʦʙʨʘʟʮʳ, ʟʘ ʩʯʝʪ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠ ʤʘʛʥʠʪʥʳʭ 

ʩʚʦʡʩʪʚ ʠʩʧʦʣʴʟʫʝʤʳʭ ʦʙʨʘʟʮʦʚ, ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʥʘʛʨʝʚ ʦʙʨʘʟʮʦʚ ʠʟ-ʟʘ ʦʙ-

ʨʘʟʦʚʘʥʠʷ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠ ʤʘʛʥʠʪʥʳʭ ʧʦʪʝʨʴ. ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʠʩʢʣʶʯʠʪʴ 

ʚʣʠʷʥʠʝ ʥʘʛʨʝʚʘ ʥʘ ʥʘʙʣʶʜʘʝʤʳʝ ʤʘʛʥʠʪʦʠʥʜʫʮʠʨʦʚʘʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʥʝʦʙʭʦ-

ʜʠʤʦ ʚʳʧʦʣʥʠʪʴ ʧʦʜʙʦʨ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʣʘʙʦʛʦ ʀʄʇ, ʧʨʠ ʢʦʪʦʨʦʤ ʙʫʜʝʪ 

ʥʘʙʣʶʜʘʪʴʩʷ ʟʥʘʯʠʪʝʣʴʥʳʡ ʦʪʢʣʠʢ ʥʘ ʚʦʟʜʝʡʩʪʚʠʝ ʩʣʘʙʳʤ ʀʄʇ ʧʨʠ ʥʘʠʤʝʥʴ-

ʰʝʤ ʥʘʛʨʝʚʝ ʦʙʨʘʟʮʘ. ɺ ʭʦʜʝ ʧʨʦʚʝʜʝʥʥʳʭ ʠʟʤʝʨʝʥʠʡ ʙʳʣʦ ʦʧʨʝʜʝʣʝʥʦ, ʯʪʦ ʜʣʷ 

ʚʳʧʦʣʥʝʥʠʷ ʜʘʥʥʦʛʦ ʫʩʣʦʚʠʷ ʦʧʪʠʤʘʣʴʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʩʣʘʙʦʛʦ ʀʄʇ 

ʷʚʣʷʶʪʩʷ: ʤʘʢʩʠʤʫʤ ʘʤʧʣʠʪʫʜʳ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ (Bmax)=1,04 ʊʣ ʩʦ ʚʨʝʤʝʥʝʤ 

(tʵʢʩʧ) ʵʢʩʧʦʟʠʮʠʠ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ =10 ʤʠʥ ʠ ʯʘʩʪʦʪʦʡ ʩʣʝʜʦʚʘʥʠʷ ʠʤʧʫʣʴʩʦʚ 

(ɜ)=12 ɻʮ. ʇʨʠ ʜʘʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʩʣʘʙʦʛʦ ʀʄʇ ʥʘʙʣʶʜʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴ-

ʥʳʡ ʦʪʢʣʠʢ ʤʘʪʝʨʠʘʣʘ ʥʘ ʚʦʟʜʝʡʩʪʚʠʷ ʩʣʘʙʳʤʠ ʀʄʇ ʧʨʠ ʥʘʛʨʝʚʝ ʦʙʨʘʟʮʘ, ʧʨʦ-

ʠʩʭʦʜʷʱʝʤ ʚ ʧʨʦʮʝʩʩʝ ʤʘʛʥʠʪʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ, ʥʝ ʙʦʣʝʝ ʯʝʤ ʥʘ 1,5 K, ʚ ʩʣʫʯʘʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʠʩʪʝʤʳ ʚʦʟʜʫʰʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ ʦʙʨʘʟʮʦʚ, ʠ ʥʝ ʙʦʣʝʝ ʯʝʤ ʥʘ 5-

6 ʂ ʚ ʦʪʩʫʪʩʪʚʠʠ ʩʠʩʪʝʤʳ ʚʦʟʜʫʰʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ. ʀʟʤʝʨʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʦʙ-

ʨʘʟʮʦʚ ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʭʨʦʤʝʣʴ-ʘʣʶʤʝʣʝʚʦʡ ʪʝʨʤʦʧʘʨʳ ʠ ʫʥʠ-

ʚʝʨʩʘʣʴʥʦʛʦ ʚʦʣʴʪʤʝʪʨʘ ʑ31. 

ʉʣʘʙʦʝ ʇʄʇ ʩʦʟʜʘʚʘʣʦʩʴ ʵʣʝʢʪʨʦʤʘʛʥʠʪʦʤ. ʆʙʨʘʟʝʮ ʩʚʦʙʦʜʥʦ ʩʪʦʷʣ ʥʘ 

ʜʠʘʤʘʛʥʠʪʥʦʡ ʧʦʜʩʪʘʚʢʝ ʤʝʞʜʫ ʧʦʣʶʩʘʤʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʘ, ʜʠʘʤʝʪʨ ʢʦʪʦʨʳʭ ʚʦ 

ʤʥʦʛʦ ʨʘʟ ʧʨʝʚʳʰʘʣ ʨʘʟʤʝʨʳ ʦʙʨʘʟʮʘ. ʉʣʘʙʦʝ ʇʄʇ, ʠʩʧʦʣʴʟʫʝʤʦʝ ʚ ʨʘʙʦʪʝ, 

ʠʤʝʣʦ ʩʣʝʜʫʶʱʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ: ʘʤʧʣʠʪʫʜʘ Bmax=1 ʊʣ, ʜʣʠʪʝʣʴʥʦʩʪʴ ʵʢʩʧʦ-

ʟʠʮʠʠ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ (tʵʩʢʧ)=10 ʤʠʥ, ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʬʨʦʥʪʘ ʥʘʨʘʩʪʘʥʠʷ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ † ~0,1 ʩ. ʅʘ ʨʠʩʫʥʢʝ 13 ʧʨʝʜʩʪʘʚʣʝʥ ʪʝʦʨʝʪʠʯʝʩʢʠʡ ʚʠʜ 

ʤʦʤʝʥʪʘ çʚʢʣʶʯʝʥʠʷè ʧʦʩʪʦʷʥʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. 
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ʈʠʩ. 13. ʊʝʦʨʝʪʠʯʝʩʢʠʡ ʚʠʜ ʤʦʤʝʥʪʘ çʚʢʣʶʯʝʥʠʷè ʧʦʩʪʦʷʥʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ 

ʧʦʣʷ ʧʨʠ Bmax=1 ʊʣ, ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠ ʚ [2]. 

ɺʝʢʪʦʨ ʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ B ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʧʦ ʚʦʟʜʝʡʩʪʚʠʶ ʩʣʘʙʳʤʠ 

ʀʄʇ ʠʣʠ ʇʄʇ ʥʘ ʠʩʩʣʝʜʫʝʤʳʝ ʢʨʠʩʪʘʣʣʳ, ʙʳʣ ʧʝʨʧʝʥʜʠʢʫʣʷʨʝʥ ʧʣʦʩʢʦʩʪʷʤ 

ʢʨʠʩʪʘʣʣʘ ρρπ ʠʣʠ ρρρ (ʈʠʩ. 14.). 

 

ʈʠʩ. 14. ʅʘʧʨʘʚʣʝʥʠʝ ʚʝʢʪʦʨʘ ʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ B, ʦʪʥʦʩʠʪʝʣʴʥʦ ʠʩʩʣʝ-

ʜʫʝʤʦʛʦ ʢʨʠʩʪʘʣʣʘ: ʘ) - B ʧʝʨʧʝʥʜʠʢʫʣʷʨʝʥ ʧʣʦʩʢʦʩʪʠ ρρπ; b) - B ʧʝʨʧʝʥʜʠʢʫ-

ʣʷʨʝʥ ʧʣʦʩʢʦʩʪʠ ρρρ; ρρπ ï ʨʘʙʦʯʘʷ ʧʣʦʩʢʦʩʪʴ ʢʨʠʩʪʘʣʣʘ, ʦʙʨʘʟʦʚʘʥʥʘʷ 

ʩʢʦʣʦʤ ʧʦ ʧʣʦʩʢʦʩʪʠ ʩʧʘʡʥʦʩʪʠ. 
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2.2. ʇʦʜʛʦʪʦʚʢʘ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʦʚ 

 

ʆʙʲʝʢʪʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʣʠʩʴ ʢʨʠʩʪʘʣʣʳ CdTe, ʚʳʨʘʱʝʥʥʳʝ ʤʝʪʦ-

ʜʦʤ ʆʙʨʝʠʤʦʚʘïʐʫʙʥʠʢʦʚʘ ʚ ʀʥʩʪʠʪʫʪʝ ʂʨʠʩʪʘʣʣʦʛʨʘʬʠʠ ʠʤ. ɸ.ɺ. ʐʫʙʥʠʢʦ-

ʚʘ ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʣʝʛʠʨʫʶʱʠʭ ʢʦʤʧʝʥʩʘʮʠʦʥʥʳʭ ʧʨʠʤʝʩʝʡ Cl ʠʣʠ Fe. ɺ ʨʘʙʦʪʝ 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʢʨʠʩʪʘʣʣʳ CdTe(Cl), ʘ ʪʘʢʞʝ ʢʨʠʩʪʘʣʣʳ CdTe(Cl,Fe). ʂʨʠʩʪʘʣ-

ʣʳ ʣʝʛʠʨʦʚʘʣʠʩʴ ʭʣʦʨʦʤ, ʚʚʦʜʠʤʳʤ ʚ ʩʣʘʙʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚ ʚʠʜʝ CdCl2. ʂʨʠ-

ʩʪʘʣʣʳ CdTe(Cl) ʦʙʣʘʜʘʣʠ ʠʟʙʳʪʢʦʤ Cd ʚ 0,0054% (n-ʪʠʧ ʧʨʦʚʦʜʠʤʦʩʪʠ), ʘ 

ʪʘʢʞʝ ʩ ʠʟʙʳʪʢʦʤ Te ʚ 0,0054% (pïʪʠʧ ʧʨʦʚʦʜʠʤʦʩʪʠ). ʂʨʠʩʪʘʣʣʳ CdTe(Cl,Fe) 

ʠʤʝʣʠ pïʪʠʧ ʧʨʦʚʦʜʠʤʦʩʪʠ ʠ ʦʙʣʘʜʘʣʠ ʠʟʙʳʪʢʦʤ Te ʚ 0,0021% (ʧʦʜʨʦʙʥʝʝ ʦ 

ʧʨʠʤʝʩʥʦʤ ʩʦʩʪʘʚʝ ʠʩʩʣʝʜʫʝʤʳʭ ʢʨʠʩʪʘʣʣʦʚ ʚ ʪʘʙʣ. 5). 

ʈʘʙʦʯʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʙʳʣʠ ʦʙʨʘʟʦʚʘʥʳ ʝʩʪʝʩʪʚʝʥʥʳʤʠ ʩʢʦʣʘʤʠ ʧʦ ʧʣʦʩ-

ʢʦʩʪʷʤ ʩʧʘʡʥʦʩʪʠ (110). ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʨʘʙʦʯʝʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʚ ʩʣʫ-

ʯʘʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʦʩʪʦʷʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ, ʦʙʨʘʟʮʳ ʩʢʘʣʳʚʘʣʠʩʴ ʧʨʠ ʪʝʤʧʝʨʘʪʫ-

ʨʝ ʞʠʜʢʦʛʦ ʘʟʦʪʘ. ʇʣʦʩʢʦʩʪʠ ρρρ ʠ ρρς ʦʙʨʘʟʮʦʚ CdTe ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ 

ʧʦʜʚʝʨʛʘʣʠʩʴ ʰʣʠʬʦʚʢʝ ʘʣʤʘʟʥʳʤʠ ʧʦʨʦʰʢʘʤʠ ɸʉʄ 7/5, ɸʉʄ 5/3 ʠ ɸʉʄ 3/1, 

ʜʣʷ ʩʥʷʪʠʷ ʟʘʛʨʷʟʥʝʥʠʡ ʠ ʧʣʝʥʢʠ ʦʢʠʩʣʦʚ, ʘ ʪʘʢʞʝ ʜʦʩʪʠʞʝʥʠʷ ʥʝʦʙʭʦʜʠʤʳʭ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʨʘʟʤʝʨʦʚ. ʀʩʩʣʝʜʫʝʤʳʝ ʦʙʨʘʟʮʳ ʠʤʝʣʠ ʬʦʨʤʫ ʧʨʷʤʦʫʛʦʣʴʥʦʛʦ 

ʧʘʨʘʣʣʝʣʝʧʠʧʝʜʘ ʠ ʦʙʣʘʜʘʣʠ ʨʘʟʣʠʯʥʳʤʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʤʠ ʨʘʟʤʝʨʘʤʠ, ʥʠʢʦʛʜʘ 

ʥʝ ʧʨʝʚʳʰʘʶʱʠʤʠ 10ʭ5ʭ5 ʤʤ. ɺ ʢʘʞʜʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʦʙʨʘʟ-

ʮʳ, ʠʤʝʶʱʠʝ ʠʜʝʥʪʠʯʥʳʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʨʘʟʤʝʨʳ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʩʧʝʮʠʘʣʴ-

ʥʦ ʦʛʦʚʦʨʝʥʥʳʭ ʩʣʫʯʘʝʚ. 

ɺ ʢʘʞʜʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʧʨʠʩʫʪʩʪʚʦʚʘʣ ʢʦʥʪʨʦʣʴʥʳʡ ʦʙʨʘʟʝʮ, ʷʚʣʷʶ-

ʱʠʡʩʷ ʟʝʨʢʘʣʴʥʳʤ ʩʢʦʣʦʤ ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʨʘʟʮʘ. ʂʘʞʜʳʡ ʢʦʥʪʨʦʣʴʥʳʡ ʦʙʨʘ-

ʟʝʮ ʧʦʜʛʦʪʘʚʣʠʚʘʣʩʷ ʠʜʝʥʪʠʯʥʦ ʠʩʩʣʝʜʫʝʤʦʤʫ ʦʙʨʘʟʮʫ. ʋʩʣʦʚʠʷ ʭʨʘʥʝʥʠʷ ʠ 

ʠʟʤʝʨʝʥʠʷ ʢʦʥʪʨʦʣʴʥʳʭ ʦʙʨʘʟʮʦʚ ʙʳʣʠ ʠʜʝʥʪʠʯʥʳ ʠʩʩʣʝʜʫʝʤʳʤ ʦʙʨʘʟʮʘʤ. ɼʣʷ 

ʩʥʷʪʠʷ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʥʘ ʨʘʙʦʯʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʦʚ ʥʘʥʦ-

ʩʠʣʠʩʴ ʟʦʣʦʪʳʝ ʢʦʥʪʘʢʪʳ. ʇʦʩʣʝ ʯʝʛʦ ʥʘ ʦʙʨʘʟʮʘʭ ʩ ʥʘʥʝʩʝʥʥʳʤʠ ʟʦʣʦʪʳʤʠ 
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ʢʦʥʪʘʢʪʘʤʠ ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʝ ʠʟʤʝʨʝʥʠʝ ʚʦʣʴʪ-ʘʤʧʝʨʥʳʭ ʭʘʨʘʢ-

ʪʝʨʠʩʪʠʢ (ʨʠʩ. 15.), ʘ ʪʘʢʞʝ ʩʥʷʪʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʪʦʢʘ ʦʪ ʚʨʝʤʝʥʠ (I(t)) ʜʣʷ ʦʧʨʝ-

ʜʝʣʝʥʠʷ ʩʪʘʙʠʣʴʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʘʥʥʳʭ ʦʙʨʘʟʮʦʚ ʠ ʦʮʝʥʢʠ 

ʢʘʯʝʩʪʚʘ ʥʘʥʝʩʝʥʥʳʭ ʢʦʥʪʘʢʪʦʚ (ʨʠʩ. 16.). ɼʣʷ ʠʩʢʣʶʯʝʥʠʷ ʚʣʠʷʥʠʷ ʚʢʣʘʜʘ ʢʦʥ-

ʪʘʢʪʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʜʫʙʣʠʨʫʶʱʠʝ ʧʨʦʚʝʨʦʯʥʳʝ ʵʢʩʧʝʨʠʤʝʥ-

ʪʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʝʨʝʙʨʷʥʳʭ ʢʦʥʪʘʢʪʦʚ.  

 

ʈʠʩ. 15. ʊʠʧʠʯʥʘʷ ɺʦʣʴʪ-

ɸʤʧʝʨʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʠʩʧʦʣʴʟʫ-

ʝʤʳʭ ʦʙʨʘʟʮʦʚ CdTe, ʩ ʥʘʥʝʩʝʥʥʳʤ 

ʟʦʣʦʪʳʤ ʢʦʥʪʘʢʪʦʤ. 

 

ʈʠʩ. 16. ʊʠʧʠʯʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ 

ʪʦʢʘ (I) ʦʪ ʚʨʝʤʝʥʠ (t), ʩʥʷʪʘʷ ʧʦʩʣʝ 

ʥʘʥʝʩʝʥʠʷ ʟʦʣʦʪʳʭ ʢʦʥʪʘʢʪʦʚ, ʧʨʠ U=5 

ɺ. ʇʝʨʚʦʥʘʯʘʣʴʥʦʝ ʧʘʜʝʥʠʝ ʪʦʢʘ ʦʙʫ-

ʩʣʦʚʣʝʥʦ ʨʝʣʘʢʩʘʮʠʝʡ ʬʦʪʦʪʦʢʘ, ʚʦʟʥʠ-

ʢʘʶʱʝʡ ʠʟ-ʟʘ ʧʦʤʝʱʝʥʠʷ ʦʙʨʘʟʮʘ ʚ 

ʠʟʦʣʠʨʦʚʘʥʥʫʶ ʦʪ ʩʚʝʪʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ 

ʢʘʤʝʨʫ (ʧʨʝʜʤʝʪʥʳʡ ʩʪʦʣʠʢ ʥʘ ʨʠʩʫʥ-

ʢʘʭ 18 ʠ 19). 

ɼʣʷ ʧʨʦʚʝʨʢʠ ʥʘʙʣʶʜʘʝʤʳʭ ʵʬʬʝʢʪʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʦʙʨʘʟʮʳ ʤʦʥʦ-

ʩʫʣʴʬʠʜʘ ʩʘʤʘʨʠʷ (SmS), ʧʦʣʫʯʝʥʥʳʝ ʧʨʝʩʩʦʚʘʥʠʝʤ ʠ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʤ 

ʊɺʏ ʦʪʞʠʛʦʤ. ʆʙʨʘʟʮʳ SmS ʷʚʣʷʣʠʩʴ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʤ ʤʘʪʝʨʠʘʣʦʤ, ʠʤʝ-

ʶʱʠʤ n-ʪʠʧ ʧʨʦʚʦʜʠʤʦʩʪʠ. ʆʙʨʘʟʮʳ SmS ʙʳʣʠ ʠʟʛʦʪʦʚʣʝʥʳ ʚ ʚʠʜʝ ʩʧʨʝʩʩʦ-

ʚʘʥʥʳʭ ʮʠʣʠʥʜʨʦʚ, ʠʤʝʶʱʠʭ ʚʳʩʦʪʫ ʠ ʨʘʜʠʫʩ 2,5ʭ10 ʤʤ. ɼʣʷ ʠʟʤʝʨʝʥʠʷ ʚʦʣʴʪ-

ʘʤʧʝʨʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʦʥʦʩʫʣʴʬʠʜʘ ʩʘʤʘʨʠʷ ʥʘ ʠʩʩʣʝʜʫʝʤʳʝ ʦʙʨʘʟʮʳ 
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ʥʘʥʦʩʠʣʠʩʴ ʩʝʨʝʙʨʷʥʳʝ ʢʦʥʪʘʢʪʳ. ʅʘ ʨʠʩʫʥʢʝ 17 ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʙʱʠʝ ʚʠʜʳ ʠʩ-

ʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʦʚ, ʧʨʦʰʝʜʰʠʭ ʨʘʟʣʠʯʥʳʝ ʩʪʘʜʠʠ ʧʨʦʙʦʧʦʜʛʦʪʦʚʢʠ. 

 

ʈʠʩ. 17. ʆʙʱʠʡ ʚʠʜ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʦʚ: 1-ʦʙʨʘʟʝʮ CdTe, ʦʙʨʘʟʦʚʘʥ-

ʥʳʡ ʩʢʦʣʦʤ ʧʦ ʧʣʦʩʢʦʩʪʠ ʩʧʘʡʥʦʩʪʠ (110); 2-ʦʙʨʘʟʝʮ CdTe, ʧʦʩʣʝ ʰʣʠʬʦʚʢʠ; 3- 

ʦʙʨʘʟʝʮ CdTe, c ʥʘʥʝʩʝʥʥʳʤʠ ʟʦʣʦʪʳʤʠ ʢʦʥʪʘʢʪʘʤʠ; 4-ʦʙʨʘʟʝʮ SmS, ʩ ʥʘʥʝʩʝʥ-

ʥʳʤ ʩʝʨʝʙʨʷʥʳʤʠ ʢʦʥʪʘʢʪʘʤʠ; 5-ʦʙʨʘʟʝʮ SmS, ʩ ʥʘʥʝʩʝʥʥʳʤ ʩʝʨʝʙʨʷʥʳʤ ʢʦʥ-

ʪʘʢʪʦʤ. 

ɼʣʷ ʚʳʧʦʣʥʝʥʠʷ ʟʘʜʘʯʠ ʧʦ ʘʥʘʣʠʟʫ ʧʨʠʤʝʩʥʦʛʦ ʩʦʩʪʘʚʘ ʠʩʩʣʝʜʫʝʤʳʭ ʤʦ-

ʥʦʢʨʠʩʪʘʣʣʦʚ CdTe(Cl) ʠ CdTe(Cl,Fe) ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨ iCAP-Q 

(ʈʠʩ. 18.). ɼʘʥʥʳʡ ʧʨʠʙʦʨ ʷʚʣʷʝʪʩʷ ʚʳʩʦʢʦʯʫʚʩʪʚʠʪʝʣʴʥʳʤ ʤʘʩʩ-

ʩʧʝʢʪʨʦʤʝʪʨʦʤ ʩ ʠʥʜʫʢʪʠʚʥʦ-ʩʚʷʟʘʥʥʦʡ ʧʣʘʟʤʦʡ ʠ ʢʚʘʜʨʫʧʦʣʴʥʳʤ ʤʘʩʩ-

ʘʥʘʣʠʟʘʪʦʨʦʤ. ʂʦʥʩʪʨʫʢʮʠʷ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʘ ʧʦʟʚʦʣʷʝʪ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʧʨʠ-

ʤʝʩʥʳʡ ʩʦʩʪʘʚ ʜʘʞʝ ʩʚʝʨʭʯʠʩʪʳʭ ʦʙʨʘʟʮʦʚ. ʆʪʣʠʯʠʪʝʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʜʘʥ-

ʥʦʛʦ ʧʨʠʙʦʨʘ ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʨʝʘʢʮʠʦʥʥʦ-ʩʪʦʣʢʥʦʚʠʪʝʣʴʥʦʡ ʷʯʝʡʢʠ, ʧʦʟʚʦ-

ʣʷʶʱʝʡ ʨʘʙʦʪʘʪʴ ʩ ʪʨʘʜʠʮʠʦʥʥʦ ʪʨʫʜʥʦʦʧʨʝʜʝʣʠʤʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʜʣʷ ʤʘʩʩ-

ʩʧʝʪʨʦʤʝʪʨʦʚ ʪʘʢʦʛʦ ʪʠʧʘ. ɼʘʥʥʳʝ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʘʥʘ-

ʣʠʟ ʦʙʨʘʟʮʦʚ ʩ ʨʘʟʣʠʯʥʳʤ ʪʠʧʦʤ ʠ ʩʦʜʝʨʞʘʥʠʝʤ ʧʨʠʤʝʩʝʡ ʩ ʪʦʯʥʦʩʪʴʶ ʥʝ ʭʫʞʝ 

0,0001%.  
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ʈʠʩ. 18. ʄʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨ iCAP-Q ʩ ʠʥʜʫʢʪʠʚʥʦ-ʩʚʷʟʘʥʥʦʡ ʧʣʘʟʤʦʡ 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʝʪʦʜʘʤʠ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

ʜʘʥʥʳʝ ʧʨʠʤʝʩʥʦʛʦ ʩʦʩʪʘʚʘ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʦʚ CdTe(Cl) ʠ CdTe(Cl,Fe) 

(ʪʘʙʣ. 5). 

ʊʘʙʣʠʮʘ 5. ʇʨʠʤʝʩʥʳʡ ʩʦʩʪʘʚ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʦʚ CdTe. 

ʀʟʙʳʪʦʢ 

CdTe(Cl), nïʪʠʧ 

ʧʨʦʚʦʜʠʤʦʩʪʠ 

CdTe(Cl), pïʪʠʧ ʧʨʦ-

ʚʦʜʠʤʦʩʪʠ 

CdTe(Cl,Fe), pï

ʪʠʧ ʧʨʦʚʦʜʠʤʦ-

ʩʪʠ 

Cd, ʤʘʩʩ. % 0,0054 - - 

Te, ʤʘʩʩ. % - 0,0054 0,0021 

Cl, ʤʘʩʩ. % 0,02-0,03 0,02-0,03 0,015 

Fe, ʤʘʩʩ. % - - 0,0016 
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2.3. ʋʩʪʘʥʦʚʢʠ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʨʠʩʪʘʣʣʦʚ 

CdTe, ʜʦ ʠ ʧʦʩʣʝ ʚʦʟʜʝʡʩʪʚʠʷ ʩʣʘʙʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ 

 

ɿʘʜʘʯʘ, ʧʦʩʪʘʚʣʝʥʥʘʷ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ, ʧʦ ʠʟʫʯʝʥʠʶ ʠʟʤʝʥʝʥʠʷ ʵʣʝʢʪʨʠ-

ʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ CdTe (Cl), ʧʦʩʣʝ ʚʦʟʜʝʡʩʪʚʠʷ ʩʣʘʙʳʭ 

ʀʄʇ ʠ ʇʄʇ, ʘ ʪʘʢʞʝ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ CdTe (Cl,Fe), ʧʦʩʣʝ ʚʦʟʜʝʡʩʪʚʠʷ ʩʣʘʙʳʭ 

ʀʄʇ, ʧʦʪʨʝʙʦʚʘʣʘ ʩʦʟʜʘʥʠʷ ʧʨʝʜʤʝʪʥʦʛʦ ʩʪʦʣʠʢʘ, ʧʦʟʚʦʣʷʶʱʝʛʦ ʠʟʦʣʠʨʦʚʘʪʴ 

ʠʩʩʣʝʜʫʝʤʳʡ ʦʙʨʘʟʝʮ ʦʪ ʚʥʝʰʥʠʭ ʩʚʝʪʦʚʳʭ ʠʟʣʫʯʝʥʠʡ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʪʝʤʥʦʚʦʡ 

ʧʨʦʚʦʜʠʤʦʩʪʠ (ʜʘʣʝʝ ʧʨʦʚʦʜʠʤʦʩʪʠ) ʢʨʠʩʪʘʣʣʦʚ. ʀʟʤʝʨʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ 

ʠʟʤʝʥʝʥʠʷ ʪʝʤʥʦʚʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʩ ʧʦʤʦʱʴʶ ʩʪʘʥʜʘʨʪʥʦʛʦ 

ʜʚʫʭ-ʢʦʥʪʘʢʪʥʦʛʦ ʤʝʪʦʜʘ. ʄʝʪʦʜʠʯʝʩʢʘʷ ʩʣʦʞʥʦʩʪʴ ʧʦʩʪʘʚʣʝʥʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥ-

ʪʘ ʟʘʢʣʶʯʘʝʪʩʷ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʚ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʠʟʤʝʨʷʪʴ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʭʘʨʘʢ-

ʪʝʨʠʩʪʠʢʠ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʚʨʝʤʝʥ (ʦʪ ʥʝʩʢʦʣʴʢʠʭ ʜʦ ʩʦʪʝʥ ʯʘʩʦʚ) ʩ ʤʘʣʳʤ 

ʰʘʛʦʤ ʠʟʤʝʨʝʥʠʷ. ʅʘ ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʵʢʩʧʝʨʠ-

ʤʝʥʪʘʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ, ʩʦʩʪʦʷʱʘʷ ʠʟ ʫʥʠʚʝʨʩʘʣʴʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʧʠʪʘʥʠʷ ʋʀʇ ï 

2, ʧʨʦʛʨʘʤʤʠʨʫʝʤʦʛʦ ʚʦʣʴʪʤʝʪʨʘ ɺ7-46/1, ʘ ʪʘʢʞʝ ʧʨʝʜʤʝʪʥʦʛʦ ʩʪʦʣʠʢʘ, ʦʧʠ-

ʩʘʥʥʦʛʦ ʚʳʰʝ. ɼʘʥʥʘʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʩʠʩʪʝʤʘ (ʨʠʩ. 19.) ʧʦʟʚʦʣʷʣʘ ʩʥʠʤʘʪʴ 

ʚʦʣʴʪʘʤʧʝʨʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʨʘʟʮʘ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ. ʐʘʛ 

ʵʢʩʧʝʨʠʤʝʥʪʘ ʩʦʩʪʘʚʣʷʣ å 0,5 ʯʘʩʦʚ. ɼʣʷ ʠʟʤʝʨʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢ ʙʳʣʦ ʥʝʦʙʭʦʜʠʤʦ ʧʦʩʪʦʷʥʥʦʝ ʣʠʯʥʦʝ ʧʨʠʩʫʪʩʪʚʠʝ, ʯʪʦ ʜʝʣʘʣʦ ʥʝʚʦʟʤʦʞ-

ʥʳʤ ʥʝʧʨʝʨʳʚʥʦʝ ʩʥʷʪʠʷ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚ ʪʝʯʝʥʠʝ ʜʣʠʪʝʣʴʥʳʭ 

ʚʨʝʤʝʥ (ʜʦ 200 ʯʘʩʦʚ), ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʠʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʩʪʘʜʠʡʥʦ. 
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ʈʠʩ. 19. ʉʭʝʤʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ ʧʦ ʩʥʷʪʠʶ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʭʘ-

ʨʘʢʪʝʨʠʩʪʠʢ, ʩʦʩʪʦʷʱʘʷ ʠʟ ʫʥʠʚʝʨʩʘʣʴʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʧʠʪʘʥʠʷ ʋʀʇ ï 2, ʧʨʦ-

ʛʨʘʤʤʠʨʫʝʤʦʛʦ ʚʦʣʴʪʤʝʪʨʘ ɺ7-46/1, ʘ ʪʘʢʞʝ ʧʨʝʜʤʝʪʥʦʛʦ ʩʪʦʣʠʢʘ. 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʥʝʧʨʝʨʳʚʥʳʭ ʜʘʥʥʳʭ ʦʙ ʠʟʤʝʥʝʥʠʠ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʭʘʨʘʢ-

ʪʝʨʠʩʪʠʢ, ʚ ʪʝʯʝʥʠʝ ʜʣʠʪʝʣʴʥʳʭ ʚʨʝʤʝʥ, ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ ʙʳʣʘ 

ʤʦʜʝʨʥʠʟʠʨʦʚʘʥʘ. ʄʦʜʝʨʥʠʟʠʨʦʚʘʥʥʘʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ ʩʦʩʪʦʷʣʘ 

ʠʟ ʧʠʢʦʘʤʧʝʨʤʝʪʨʘ Keithley 6487, ʧʨʝʜʤʝʪʥʦʛʦ ʩʪʦʣʠʢʘ, ʤʦʜʫʣʷ bluetooth ʠ 

ʫʧʨʘʚʣʷʶʱʝʛʦ ʢʦʤʧʴʶʪʝʨʘ (ʨʠʩ. 20.). ʄʦʜʝʨʥʠʟʠʨʦʚʘʥʥʘʷ ʫʩʪʘʥʦʚʢʘ ʧʦʟʚʦʣʷʣʘ 

ʧʨʦʠʟʚʦʜʠʪʴ ʠʟʤʝʨʝʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝ-

ʤʝʥʠ ʚ ʪʝʯʝʥʠʝ ʜʣʠʪʝʣʴʥʦʛʦ ʚʨʝʤʝʥʠ, ʩ ʘhʛʦʤ ʠʟʤʝʨʝʥʠʷ ʦʪ 5 ʜʦ 1,5ʩ, ʯʪʦ ʧʦʟ-

ʚʦʣʠʣʦ ʧʦʣʫʯʘʪʴ ʥʝʧʨʝʨʳʚʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʧʨʦʚʦʜʠʤʦʩʪʠ (æů) ʦʪ 

ʚʨʝʤʝʥʠ (t), ʧʦʩʣʝ ʚʦʟʜʝʡʩʪʚʠʷ ʩʣʘʙʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʳʣ 

ʧʦʣʫʯʝʥ ʙʦʣʴʰʦʡ ʤʘʩʩʠʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʪʦʯʝʢ (ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʤʠʣʣʠʦ-

ʥʦʚ), ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʜʝʪʘʣʴʥʦ ʨʘʩʩʤʦʪʨʝʪʴ ʟʘʚʠʩʠʤʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʵʣʝʢʪʨʠʯʝ-

ʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʩʣʝ ʚʦʟʜʝʡʩʪʚʠʷ ʩʣʘʙʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ. 

ɺ ʪʝʯʝʥʠʝ ʚʩʝʛʦ ʚʨʝʤʝʥʠ ʵʢʩʧʝʨʠʤʝʥʪʘ ʠʩʩʣʝʜʫʝʤʳʝ ʠ ʢʦʥʪʨʦʣʴʥʳʡ ʦʙʨʘʟ-

ʮʳ ʥʘʭʦʜʠʣʠʩʴ ʚ ʩʚʝʪʦʠʟʦʣʠʨʦʚʘʥʥʦʡ ʢʘʤʝʨʝ. ʀʩʩʣʝʜʫʝʤʳʡ ʦʙʨʘʟʝʮ ʚʳʥʠʤʘʣʩʷ 

ʠʟ ʩʚʝʪʦʠʟʦʣʠʨʦʚʘʥʥʦʡ ʢʘʤʝʨʳ ʜʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʥʝʛʦ ʤʘʛ-

ʥʠʪʥʦʛʦ ʧʦʣʷ, ʦʜʥʘʢʦ ʚʦʟʜʝʡʩʪʚʠʝ ʀʄʇ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʚ ʪʝʤʥʦʡ ʢʦʤʥʘʪʝ, ʚ 
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ʦʪʩʫʪʩʪʚʠʠ ʠʩʪʦʯʥʠʢʦʚ ʦʩʚʝʱʝʥʠʷ. ʊʝʤʧʝʨʘʪʫʨʘ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʚ ʧʨʦʮʝʩʩʝ 

ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʦʙʨʘʟʝʮ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʠ ʠʟʤʝʨʝʥʠʷ ʩʚʦʡʩʪʚ ʦʙʨʘʟʮʘ ʥʝ ʠʟʤʝ-

ʥʷʣʘʩʴ ʠ ʩʦʩʪʘʚʣʷʣʘ ~20-22ʦʉ. 

 

ʈʠʩ. 20. ʉʭʝʤʘ ʤʦʜʝʨʥʠʟʠʨʦʚʘʥʥʦʡ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ ʧʦ ʩʥʷ-

ʪʠʶ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʩʦʩʪʦʷʱʘʷ ʠʟ ʧʠʢʦʘʤʧʝʨʤʝʪʨʘ Keithley 6487, 

ʧʨʝʜʤʝʪʥʦʛʦ ʩʪʦʣʠʢʘ, ʤʦʜʫʣʷ bluetooth ʠ ʫʧʨʘʚʣʷʶʱʝʛʦ ʢʦʤʧʴʶʪʝʨʘ. 

ʈʘʩʯʸʪ ʠʟʤʝʥʝʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ ʩʪʨʫʢʪʫʨʥʦ-ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʩʚʦʡʩʪʚ (ʪʘʢʠʭ 

ʢʘʢ ʠʟʤʝʥʝʥʠʝ ʫʜʝʣʴʥʦʡ ʪʝʤʥʦʚʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ-æů; ʠʟʤʝʥʝʥʠʝ ʪʚʝʨʜʦʩʪʠ-æʅ; 

ʠʟʤʝʥʝʥʠʝ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʦʡ ʰʝʨʦʭʦʚʘʪʦʩʪʠ-æSq) ʢʨʠʩʪʘʣʣʦʚ ʦʪ ʚʨʝʤʝʥʠ 

(t), ʧʨʦʰʝʜʰʝʛʦ ʧʦʩʣʝ ʚʦʟʜʝʡʩʪʚʠʷ ʩʣʘʙʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ, ʧʨʦʚʦʜʠʣʩʷ ʧʦ 

ʬʦʨʤʫʣʝ (14): 

Ўὢ
ὢ ὢ

ὢ
ρππ       ρτ 

ʛʜʝ, æʍ ï ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʠʟʤʝʥʝʥʠʝ ʠʟʤʝʨʷʝʤʦʡ ʚʝʣʠʯʠʥʳ, ʚ ʧʨʦʮʝʥʪʘʭ 

(æů, æʅ, æSq); ʍi ï ʟʥʘʯʝʥʠʝ ʠʟʤʝʨʷʝʤʦʡ ʚʝʣʠʯʠʥʳ ʚ ʢʦʥʢʨʝʪʥʦʡ ʪʦʯʢʝ ʚʨʝʤʝʥ-

ʥʦʡ ʪʦʯʢʝ - i; X0 ï ʠʩʭʦʜʥʦʝ ʟʥʘʯʝʥʠʝ ʠʟʤʝʨʷʝʤʦʡ ʚʝʣʠʯʠʥʳ ʚ 0 ʪʦʯʢʝ (ʜʦ ʚʦʟ-

ʜʝʡʩʪʚʠʷ ʩʣʘʙʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ). 



69 
 

2.4. ʋʩʪʘʥʦʚʢʠ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʪʚʝʨʜʦʩʪʠ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ CdTe, ʜʦ ʠ ʧʦʩʣʝ 

ʚʦʟʜʝʡʩʪʚʠʷ ʩʣʘʙʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ 

 

ɼʣʷ ʚʳʧʦʣʥʝʥʠʷ ʟʘʜʘʯʠ ʧʦ ʠʟʫʯʝʥʠʶ ʚʦʟʜʝʡʩʪʚʠʷ ʩʣʘʙʳʭ ʀʄʇ ʥʘ ʤʝʭʘ-

ʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʚ ʯʘʩʪʥʦʩʪʠ ʪʚʝʨʜʦʩʪʴ, ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʢʨʠʩʪʘʣ-

ʣʦʚ CdTe(Cl) ʠ CdTe(Cl,Fe) ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʩʢʘʥʠʨʫʶʱʠʡ ʟʦʥʜʦʚʳʡ ʤʠʢʨʦʩʢʦʧ 

ʥʘʥʦʪʚʝʨʜʦʤʝʨ çʅʘʥʦʉʢʘʥ-3Dè ʠ ʤʝʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʡ ʬʦʪʦʤʠʢʨʦʩʢʦʧ 

NEOPHOT-21.  

ʅʘʥʦʪʚʝʨʜʦʤʝʨ çʅʘʥʦʉʢʘʥ-3Dè (ʈʠʩ. 21.) ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʢʦʤʧʣʝʢʩʥʦ-

ʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʚ ʜʠʘʧʘʟʦʥʝ ʥʘʛʨʫʟʦʢ ʜʦ 100 ʤʅ. 

ʅʘʥʦʪʚʝʨʜʦʤʝʨ ʦʩʥʘʱʝʥ ʦʧʪʠʯʝʩʢʠʤ ʤʠʢʨʦʩʢʦʧʦʤ ʠ ʤʦʪʦʨʠʟʦʚʘʥʥʳʤ ʧʨʝʜ-

ʤʝʪʥʳʤ ʩʪʦʣʠʢʦʤ ʜʣʷ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦʚʘʥʠʷ.  

 

ʈʠʩ. 21. ʋʩʪʨʦʡʩʪʚʦ ʩʢʘʥʠʨʫʶʱʝʛʦ ʥʘʥʦʪʚʝʨʜʦʤʝʨʘ çʅʘʥʦʉʢʘʥ-3Dè. 

ɺʳʩʦʢʘʷ ʩʪʝʧʝʥʴ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʠʟʤʝʨʝʥʠʡ ʧʦʟʚʦʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳ-

ʩʠʪʴ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʪʝʯʝʥʠʝ ʧʨʦʜʦʣʞʠʪʝʣʴʥʳʭ ʵʢʩʧʝʨʠ-

ʤʝʥʪʦʚ. ʀʟʤʝʨʝʥʠʷ ʪʚʝʨʜʦʩʪʠ ʧʨʦʚʦʜʠʣʠʩʴ ʤʝʪʦʜʦʤ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʥʘʥʦʠʥʜʝʥ-

ʪʠʨʦʚʘʥʠʷ [167]. ʈʝʟʫʣʴʪʘʪ ʢʘʞʜʦʡ ʪʦʯʢʠ ʟʘʚʠʩʠʤʦʩʪʝʡ ʠʟʤʝʥʝʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ 
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ʪʚʝʨʜʦʩʪʠ (æH) ʦʪ ʚʨʝʤʝʥʠ (t), ʧʦʣʫʯʝʥʥʳʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʢʘʥʠʨʫʶʱʝʛʦ 

ʥʘʥʦʪʚʝʨʜʦʤʝʨʘ çʅʘʥʦʉʢʘʥ-3Dè, ʷʚʣʷʝʪʩʷ ʫʩʨʝʜʥʝʥʠʝʤ ʧʦ 70 ʠʥʜʝʥʪʘʤ, ʧʦʣʫ-

ʯʝʥʥʳʤ ʩ ʦʙʣʘʩʪʠ 50ʭ50 ʤʢʤ, ʩ ʥʘʛʨʫʟʢʦʡ ʦʪ 5 ʜʦ 30 ʤʅ. ɼʣʷ ʢʘʞʜʦʛʦ ʠʥʜʝʥʪʘ 

ʚʳʯʠʩʣʷʣʦʩʴ ʟʥʘʯʝʥʠʝ ʪʚʝʨʜʦʩʪʠ ʠ ʨʘʩʩʯʠʪʳʚʘʣʦʩʴ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʷ ʜʣʷ ʚʩʝʡ 

ʩʝʨʠʠ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʟʘʚʠʩʠʤʦʩʪʠ ʚʝʣʠʯʠʥʳ ʪʚʝʨʜʦʩʪʠ ʦʪ ʛʣʫʙʠʥʳ 

ʚʥʝʜʨʝʥʠʷ ʠʥʜʝʥʪʦʨʘ ʚ ʢʨʠʩʪʘʣʣ ʥʝ ʦʙʥʘʨʫʞʝʥʦ ʚʦ ʚʩʝʤ ʜʠʘʧʘʟʦʥʝ ʧʨʠʣʦʞʝʥ-

ʥʳʭ ʥʘʛʨʫʟʦʢ (ʨʠʩ. 22.). ɻʣʫʙʠʥʘ ʚʜʘʚʣʠʚʘʥʠʷ ʟʦʥʜʘ ʩʦʩʪʘʚʣʷʣʘ ʜʦ 2 ʤʢʤ. 

ʆh ʠʙʢʘ ʠʟʤʝʨʝʥʠʷ ʪʚʝʨʜʦʩʪʠ ʩ ʧʦʤʦʱʴʶ ʥʘʥʦʪʚʝʨʜʦʤʝʨʘ çʅʘʥʦʉʢʘʥ-3Dè ʚ 

ʩʨʝʜʥʝʤ ʩʦʩʪʘʚʣʷʣʘ å 3-5%. ʅʘ ʨʠʩʫʥʢʝ 23 ʧʨʝʜʩʪʘʚʣʝʥ ʦʙʱʠʡ ʚʠʜ ʢʨʠʚʦʡ 

ʥʘʛʨʫʞʝʥʠʷ ʠ ʩʭʝʤʘ ʢʦʥʪʘʢʪʘ ʠʥʜʝʥʪʦʨʘ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ. ʅʘ ʨʠʩʫʥʢʝ 24 ʧʨʝʜ-

ʩʪʘʚʣʝʥʳ ʢʨʠʚʳʝ ʥʘʛʨʫʞʝʥʠʷ ʠ ʨʘʟʛʨʫʟʢʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʛʣʫʙʠʥʳ ʠ ʧʨʠʣʦ-

ʞʝʥʥʳʭ ʥʘʛʨʫʟʦʢ ʜʣʷ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʦʚ CdTe(Cl) ʠ CdTe(Cl,Fe). 

 

ʈʠʩ. 22. ʄʘʩʩʠʚ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʷ ʪʚʝʨʜʦʩʪʠ (ʅ) ʦʪ ʛʣʫʙʠʥʳ ʚʜʘʚʣʠ-

ʚʘʥʠʷ (d) ʠʥʜʝʥʪʦʨʘ ʚ ʠʩʩʣʝʜʫʝʤʳʡ ʦʙʨʘʟʝʮ, ʧʦʣʫʯʝʥʥʳʡ ʥʘ ʥʘʥʦʪʚʝʨʜʦʤʝʨʝ 

ʅʘʥʦʉʢʘʥ-3D, ʧʨʠ ʥʘʛʨʫʟʢʘʭ ʦʪ 5 ʜʦ 30 ʤʅ. ʄʘʩʩʠʚ ʪʘʢʦʛʦ ʚʠʜʘ ʜʘʝʪ ʦʜʥʫ ʪʦʯ-

ʢʫ ʥʘ ʟʘʚʠʩʠʤʦʩʪʷʭ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʪʚʝʨʜʦʩʪʠ (æʅ) ʦʪ ʚʨʝʤʝʥʠ (t). 
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 ʈʠʩ. 23. ʆʙʱʠʡ ʚʠʜ ʢʨʠʚʦʡ ʥʘʛʨʫʞʝʥʠʷ ʠ ʩʭʝʤʘ ʢʦʥʪʘʢʪʘ ʠʥʜʝʥʪʦʨʘ ʩ ʧʦ-

ʚʝʨʭʥʦʩʪʴʶ ʩ ʦʙʦʟʥʘʯʝʥʠʷʤʠ ʚʝʣʠʯʠʥ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʤʝʪʦʜʠʢʝ ʨʘʩʯʝʪʘ ʤʦʜʫ-

ʣʷ ʫʧʨʫʛʦʩʪʠ ʠ ʪʚʝʨʜʦʩʪʠ. 

  

ʈʠʩ. 24. ʂʨʠʚʳʝ ʥʘʛʨʫʞʝʥʠʷ ʠ ʨʘʟʛʨʫʟʢʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʛʣʫʙʠʥʳ ʠ ʧʨʠ-

ʣʦʞʝʥʥʳʭ ʥʘʛʨʫʟʦʢ ʜʣʷ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʦʚ CdTe. 
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ʄʝʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʡ ʬʦʪʦʤʠʢʨʦʩʢʦʧ NEOPHOT-21 (ʈʠʩ. 25.) ʧʨʝʜʥʘʟʥʘ-

ʯʝʥ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʳ ʠ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʨʝʣʴʝʬʘ ʤʘʪʝʨʠʘʣʦʚ. ʇʦʟʚʦ-

ʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʤʝʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʢʘʯʝʩʪʚʘ ʤʘʪʝʨʠʘʣʦʚ, ʢʦʣʠʯʝʩʪʚʝʥ-

ʥʫʶ ʦʮʝʥʢʫ ʩʪʨʫʢʪʫʨʥʳʭ ʵʣʝʤʝʥʪʦʚ. ɸ ʪʘʢʞʝ ʧʨʦʚʦʜʠʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʨʫʢʪʫ-

ʨʳ ʧʦ ʤʝʪʦʜʫ ʩʚʝʪʣʦʛʦ ʠ ʪʝʤʥʦʛʦ ʧʦʣʷ ʚ ʦʪʨʘʞʝʥʥʦʤ ʩʚʝʪʝ. ʀʟʤʝʨʝʥʠʷ ʥʘ ʤʝ-

ʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʤ ʤʠʢʨʦʩʢʦʧʝ NEOPHOT-21 ʧʨʦʠʟʚʦʜʠʣʠʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʠʥʜʝʥʪʦʨʘ ɺʠʢʢʝʨʩʘ. ʆʪʧʝʯʘʪʦʢ ʠʤʝʣ ʬʦʨʤʫ ʢʚʘʜʨʘʪʘ ʩ ʜʠʘʛʦʥʘʣʴʶ ʚ 24 - 25 

ʤʤ. ʅʘʛʨʫʟʢʘ ʩʦʩʪʘʚʣʷʣʘ å 16 ʛ, ʛʣʫʙʠʥʘ ʚʜʘʚʣʠʚʘʥʠʷ 4 ʤʢʤ, ʧʣʦʱʘʜʴ 600 ʤʢʤ ʚ 

ʢʚʘʜʨʘʪʝ. 

 

ʈʠʩ. 25. ʄʝʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʡ ʬʦʪʦʤʠʢʨʦʩʢʦʧ NEOPHOT-21. 
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2.5. ʋʩʪʘʥʦʚʢʠ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ ʤʦʥʦʢʨʠʩʪʘʣ-

ʣʦʚ CdTe(Cl), ʜʦ ʠ ʧʦʩʣʝ ʚʦʟʜʝʡʩʪʚʠʷ ʩʣʘʙʳʭ ʀʄʇ 

 

ɼʣʷ ʚʳʧʦʣʥʝʥʠʷ ʟʘʜʘʯʠ ʧʦ ʠʟʫʯʝʥʠʶ ʚʦʟʜʝʡʩʪʚʠʷ ʩʣʘʙʳʭ ʀʄʇ ʥʘ ʩʦʩʪʦ-

ʷʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ, ʘ ʠʤʝʥʥʦ ʰʝʨʦʭʦʚʘʪʦʩʪʴ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʢʨʠʩʪʘʣʣʦʚ 

CdTe(Cl), ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʩʢʘʥʠʨʫʶʱʠʡ ʟʦʥʜʦʚʳʡ ʤʠʢʨʦʩʢʦʧ Solver PRO M 

(NT-ʄDʊ) ʠ ʘʪʦʤʥʦ-ʩʠʣʦʚʦʡ ʤʠʢʨʦʩʢʦʧ NTEGRA PRIMA (NT-MDT). 

ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʩʢʘʥʠʨʫʶʱʝʛʦ ʟʦʥʜʦʚʦʛʦ ʤʠʢʨʦʩʢʦʧʘ NTEGRA PRIMA 

(ʈʠʩ. 26.) ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ, ʦʩʥʦʚʘʥ ʥʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʟʦʥʜʘ-ʢʘʥʪʠʣʝʚʝʨʘ 

ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʨʘʟʮʘ. ʂʘʥʪʠʣʝʚʝʨ ʤʦʞʝʪ ʠʟʛʠʙʘʪʴʩʷ ʥʝ ʪʦʣʴʢʦ 

ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʢʦʥʪʘʢʪʥʳʭ ʩʠʣ, ʥʦ ʪʘʢʞʝ ʠ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʠʣ, 

ʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʨʘʩʩʪʦʷʥʠʠ ï ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʨʦʪʢʦʜʝʡʩʪʚʫʶʱʠʭ ɺʘʥ-ʜʝʨ-

ɺʘʘʣʴʩʦʚʳʭ ʠ ʙʦʣʝʝ ʜʘʣʴʥʦʜʝʡʩʪʚʫʶʱʠʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠ ʤʘʛʥʠʪʥʳʭ ʩʠʣ. ɼʘʥ-

ʥʳʡ ʤʠʢʨʦʩʢʦʧ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʠʟʦʙʨʘʞʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʤʠʢʨʦ- ʠ ʥʘʥʦ-

ʦʙʲʝʢʪʦʚ ʩ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ ʚʧʣʦʪʴ ʜʦ ʘʪʦʤʘʨʥʦʛʦ. ɺʦʟʤʦʞʥʦ 

ʧʦʣʫʯʝʥʠʝ 3D-ʤʦʜʝʣʠ ʧʦʚʝʨʭʥʦʩʪʠ, ʦʧʨʝʜʝʣʝʥʠʝ ʝʝ ʰʝʨʦʭʦʚʘʪʦʩʪʠ. ʇʦʟʚʦʣʷʝʪ 

ʧʦʣʫʯʘʪʴ ʤʠʢʨʦʬʦʪʦʛʨʘʬʠʠ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ.  
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ʈʠʩ. 26.  ʄʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʳʡ ʧʨʠʙʦʨ ʜʣʷ ʨʝʰʝʥʠʷ ʥʘʠʙʦʣʝʝ ʪʠʧʦʚʳʭ 

ʟʘʜʘʯ ʚ ʦʙʣʘʩʪʠ ʉʢʘʥʠʨʫʶʱʝʡ ɿʦʥʜʦʚʦʡ ʄʠʢʨʦʩʢʦʧʠʠ NTEGRA PRIMA (NT-

MDT). 

ʉʢʘʥʠʨʫʶʱʠʡ ʟʦʥʜʦʚʳʡ ʤʠʢʨʦʩʢʦʧ Solver PRO M (ʈʠʩ. 27.) ʧʦʟʚʦʣʷʝʪ 

ʨʘʙʦʪʘʪʴ ʚ ʨʝʞʠʤʝ ʘʪʦʤʥʦ-ʩʠʣʦʚʦʛʦ ʤʠʢʨʦʩʢʦʧʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʣʠʯʥʳʭ 

ʤʝʪʦʜʠʢ ʟʦʥʜʦʚʦʡ ʤʠʢʨʦʩʢʦʧʠʠ. ɸʪʦʤʥʦ-ʩʠʣʦʚʘʷ ʤʠʢʨʦʩʢʦʧʠʷ ʨʝʘʣʠʟʫʝʪ ʧʨʠʥ-

ʮʠʧ ʠʟʤʝʨʝʥʠʡ ʩʠʣʳ, ʜʝʡʩʪʚʫʶʱʝʡ ʥʘ ʦʩʪʨʠʝ ʤʠʢʨʦʟʦʥʜʘ ʩʦ ʩʪʦʨʦʥʳ ʠʩʩʣʝʜʫ-

ʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʢʘʢ ʧʨʦʚʦʜʷʱʠʭ, ʪʘʢ ʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʨʝʜ. ʇʦʜʜʝʨʞʠʚʘʷ 

ʩ ʧʦʤʦʱʴʶ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ ʧʦʩʪʦʷʥʥʦʡ ʩʠʣʫ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʤʠʢʨʦʟʦʥ-

ʜʦʤ ʠ ʧʦʚʝʨʭʥʦʩʪʴʶ ʦʙʨʘʟʮʘ, ʨʝʛʠʩʪʨʠʨʫʶʪ ʧʦʣʦʞʝʥʠʝ ʦʩʪʨʠʷ ʤʠʢʨʦʟʦʥʜʘ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʪʨʝʭʤʝʨʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʪʦʧʦʛʨʘʬʠʠ ʧʦʚʝʨʭʥʦʩʪʠ. ɺ ʢʘʯʝ-

ʩʪʚʝ ʟʦʥʜʘ ʚ ʘʪʦʤʥʦ-ʩʠʣʦʚʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʯʫʚʩʪʚʠʪʝʣʴʥʳʡ ʵʣʝ-

ʤʝʥʪ - ʢʘʥʪʠʣʝʚʝʨ, ʢʦʪʦʨʳʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʨʝʤʥʠʝʚʳʡ ʤʦʥʦʢʨʠʩʪʘʣʣ, ʥʘ 

ʢʦʪʦʨʦʤ ʩʬʦʨʤʠʨʦʚʘʥʘ ʙʘʣʦʯʥʘʷ ʩʪʨʫʢʪʫʨʘ ʩ ʦʩʪʨʠʝʤ ʚ ʚʠʜʝ ʤʠʢʨʦʠʛʣʳ. 
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ʈʠʩ. 27.  ʉʢʘʥʠʨʫʶʱʠʡ ʟʦʥʜʦʚʳʡ ʤʠʢʨʦʩʢʦʧ Solver PRO M (NT-ʄDʊ). 

ʆʙʨʘʟʮʳ ʢʨʠʩʪʘʣʣʦʚ CdTe(Cl), ʧʦʜʛʦʪʦʚʣʝʥʥʳʝ ʧʦ ʤʝʪʦʜʠʢʝ, ʦʧʠʩʘʥʥʦʡ ʚ 

ʛʣʘʚʝ 2.2, ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʥʘ ʦʧʠʩʘʥʥʳʭ ʚʳʰʝ ʤʠʢʨʦʩʢʦʧʘʭ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʩʝʨʠʠ 

ʩʥʠʤʢʦʚ ʧʦʚʝʨʭʥʦʩʪʠ, ʧʦʟʚʦʣʷʶʱʠʭ ʧʨʦʚʦʜʠʪʴ ʘʥʘʣʠʟ ʧʦʢʘʟʘʪʝʣʝʡ ʰʝʨʦʭʦʚʘ-

ʪʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ ʢʨʠʩʪʘʣʣʦʚ CdTe(Cl). ʅʘ ʨʠʩʫʥʢʝ 28 ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʨʠʤʝʨʳ 

ɸʉʄ ï ʠʟʦʙʨʘʞʝʥʠʡ, ʧʦʣʫʯʝʥʥʳʝ ʥʘ ʧʨʠʙʦʨʘʭ Solver PRO M ʠ NTEGRA 

PRIMA. ɺ ʪʘʙʣʠʮʝ 6 ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʨʘʚʥʝʥʠʷ ʟʥʘʯʝʥʠʡ ʩʨʝʜʥʝʡ ʘʨʠʬʤʝʪʠʯʝ-

ʩʢʦʡ (Sa) ʠ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʦʡ (Sq) ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ ʢʨʠʩʪʘʣʣʦʚ 

CdTe(Cl), ʧʦʣʫʯʝʥʥʳʝ ʥʘ ʧʨʠʙʦʨʘʭ Solver PRO M ʠ NTEGRA PRIMA. ɿʥʘʯʝʥʠʷ 

ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʦʡ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʦʚ ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ ʩʦ ʩʢʘʥʦʚ ʨʘʟʤʝʨʘʤʠ 3ʭ3 ʠʣʠ 3,5x3,5 ʤʢʤ.  ʆʙʨʘʟʮʳ, ʠʤʝʶʱʠʝ ʩʭʦ-

ʞʠʝ ʧʦʢʘʟʘʪʝʣʠ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʦʡ ʰʝʨʦʭʦʚʘʪʦʩʪʠ (Sq) ʥʘ ʩʪʫʧʝʥʷʭ, ʧʦ ʚʩʝʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʢʨʠʩʪʘʣʣʘ, ʧʦʜʚʝʨʛʘʣʠ ʚʦʟʜʝʡʩʪʚʠʶ ʩʣʘʙʳʤʠ ʀʄʇ ʩʪʘʥʜʘʨʪʥʦʡ 

ʢʦʥʬʠʛʫʨʘʮʠʠ. 
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ʈʠʩ. 28. ʇʨʠʤʝʨʳ ɸʉʄ-ʠʟʦʙʨʘʞʝʥʠʡ ʧʦʚʝʨʭʥʦʩʪʠ ʢʨʠʩʪʘʣʣʦʚ CdTe, ʧʦʣʫ-

ʯʝʥʥʳʝ ʥʘ ʧʨʠʙʦʨʝ: ʘ ï Solver PRO M; b - NTEGRA PRIMA. 

 

ʊʘʙʣʠʮʘ 6. ʉʨʘʚʥʝʥʠʝ ʟʥʘʯʝʥʠʡ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ ʢʨʠʩʪʘʣʣʘ 

CdTe, ʧʦʣʫʯʝʥʥʳʭ ʥʘ ʧʨʠʙʦʨʘʭ Solver PRO M ʠ NTEGRA PRIMA. 

ʅʘʟʚʘʥʠʝ ʧʨʠʙʦʨʘ ʅʦʤʝʨ ʩʢʘʥʘ Sa, ʥʤ Sq, ʥʤ 

Solver PRO M 1 0,468 0,618 

2 0,615 0,812 

3 0,787 1,142 

NTEGRA PRIMA 4 0,573 0,801 

5 0,591 0,800 

6 0,866 1,177 
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2.6. ɺʳʚʦʜʳ ʚ ʛʣʘʚʝ 2 

 

ɺ ʵʪʦʡ ʛʣʘʚʝ ʦʧʠʩʘʥʳ ʤʝʪʦʜʳ ʧʦʜʛʦʪʦʚʢʠ ʠ ʠʭ ʦʩʦʙʝʥʥʦʩʪʠ, ʜʣʷ ʢʨʠʩʪʘʣ-

ʣʦʚ CdTe, ʣʝʛʠʨʦʚʘʥʥʳʭ ʨʘʟʣʠʯʥʳʤʠ ʢʦʤʧʝʥʩʘʮʠʦʥʥʳʤʠ ʧʨʠʤʝʩʷʤʠ. ʆʧʠʩʘʥʳ 

ʦʩʥʦʚʥʳʝ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʥʦ-ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʩʚʦʡʩʪʚ ʢʨʠʩʪʘʣ-

ʣʦʚ CdTe(Cl) ʠ CdTe(Cl,Fe). ʇʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʧʨʠʤʝʩʥʦʛʦ ʘʥʘʣʠʟʘ ʠʩʩʣʝ-

ʜʫʝʤʳʭ ʢʨʠʩʪʘʣʣʦʚ. ʆʧʠʩʘʥʳ ʫʩʪʘʥʦʚʢʠ ʧʦ ʚʦʟʜʝʡʩʪʚʠʶ ʩʣʘʙʳʤʠ ʀʄʇ ʠ ʇʄʇ 

ʥʘ ʠʩʩʣʝʜʫʝʤʳʝ ʢʨʠʩʪʘʣʣʳ. ʆʧʠʩʘʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʫʩʪʘʥʦʚʢʠ ʧʦ ʩʥʷʪʠʶ 

ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʘ ʪʘʢʞʝ ʦʧʠʩʘʥʘ ʤʦʜʝʨʥʠʟʠʨʦʚʘʥʥʘʷ ʫʩʪʘʥʦʚʢʘ 

ʧʦ ʥʝʧʨʝʨʳʚʥʦʤʫ ʩʥʷʪʠʶ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚ ʪʝʯʝʥʠʠ ʜʣʠʪʝʣʴʥʳʭ 

ʚʨʝʤʝʥ ʩ ʤʘʣʳʤ ʰʘʛʦʤ ʠʟʤʝʨʝʥʠʷ (1,5 ʩʝʢʫʥʜʳ). ʇʦʢʘʟʘʥʳ ʦʙʱʠʝ ʚʠʜʳ ʠʩʩʣʝ-

ʜʫʝʤʳʭ ʦʙʨʘʟʮʦʚ, ʧʨʦʰʝʜʰʠʭ ʨʘʟʣʠʯʥʳʝ ʵʪʘʧʳ ʧʨʦʙʦʧʦʜʛʦʪʦʚʢʠ, ʘ ʪʘʢʞʝ ʪʠ-

ʧʠʯʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʩʥʷʪʳʝ ʥʘ ʦʧʠʩʘʥʥʦʤ ʵʢʩ-

ʧʝʨʠʤʝʥʪʘʣʴʥʦʤ ʦʙʦʨʫʜʦʚʘʥʠʠ. ʇʨʠʚʝʜʝʥʳ ʢʨʠʚʳʝ ʥʘʛʨʫʞʝʥʠʷ ʠ ʨʘʟʛʨʫʟʢʠ, 

ʧʦʣʫʯʝʥʥʳʝ ʥʘ ʥʘʥʦʪʚʝʨʜʦʤʝʨʝ çʅʘʥʦʉʢʘʥ-3Dè, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʛʣʫʙʠʥʳ ʠ 

ʧʨʠʣʦʞʝʥʥʳʭ ʥʘʛʨʫʟʦʢ ʜʣʷ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʦʚ CdTe(Cl) ʠ CdTe(Cl,Fe), ʘ 

ʪʘʢʞʝ ʧʨʠʤʝʨʳ ɸʉʄ-ʠʟʦʙʨʘʞʝʥʠʡ ʧʦʚʝʨʭʥʦʩʪʠ ʢʨʠʩʪʘʣʣʦʚ CdTe, ʧʦʣʫʯʝʥʥʳʭ 

ʥʘ ʧʨʠʙʦʨʘʭ Solver PRO M ʠ NTEGRA PRIMA. ʊʘʢʞʝ ʧʨʠʚʝʜʝʥʘ ʪʘʙʣʠʮʘ ʩʨʘʚ-

ʥʝʥʠʷ ʟʥʘʯʝʥʠʡ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ ʢʨʠʩʪʘʣʣʦʚ CdTe(Cl), ʧʦʣʫʯʝʥʥʳʭ 

ʥʘ ʧʨʠʙʦʨʘʭ Solver PRO M ʠ NTEGRA PRIMA. 
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ɻʃɸɺɸ 3. ʈɽɿʋʃʔʊɸʊʓ ɺʆɿɼɽʁʉʊɺʀʗ ʉʃɸɹʓʍ ʄɸɻʅʀʊ-

ʅʓʍ ʇʆʃɽʁ ʅɸ ʉʊʈʋʂʊʋʈʅʆ-ʏʋɺʉʊɺʀʊɽʃʔʅʓɽ ʉɺʆʁʉʊɺɸ 

ʂʈʀʉʊɸʃʃʆɺ CdTe(Cl) 

 

ʋʯʠʪʳʚʘʷ ʦʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ CdTe, ʚʘʞʥʝʡʰʠʤʠ ʝʛʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ 

ʷʚʣʷʶʪʩʷ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ, ʪʘʢʠʝ ʢʘʢ ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʫʜʝʣʴʥʦʝ ʩʦ-

ʧʨʦʪʠʚʣʝʥʠʷ, ʚʨʝʤʷ ʞʠʟʥʠ ʟʘʨʷʜʘ ʠ ʪ.ʧ., ʘ ʪʘʢʞʝ ʩʦʩʪʦʷʥʠʝ ʝʛʦ ʧʦʚʝʨʭʥʦʩʪʠ, ʪʘʢ 

ʢʘʢ ʪʝʣʣʫʨʠʜ ʢʘʜʤʠʷ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʤʘʪʝʨʠʘʣʦʤ ʜʣʷ ʨʘʟʨʘ-

ʙʦʪʢʠ ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʠ ʛʘʤʤʘ ʜʝʪʝʢʪʦʨʦʚ, ʨʘʙʦʪʘʶʱʠʭ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘ-

ʪʫʨʝ.  ʀʟ ʦʙʟʦʨʘ ʨʘʙʦʪ, ʧʦʩʚʷʱʝʥʥʳʭ ʚʦʟʜʝʡʩʪʚʠʷʤ ʩʣʘʙʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ ʥʘ 

ʩʪʨʫʢʪʫʨʫ ʠ ʩʚʦʡʩʪʚʘ ʜʠʘʤʘʛʥʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚʠʜʥʦ, ʯʪʦ ʚʦʟʜʝʡʩʪʚʠʷ ʩʣʘʙʳ-

ʤʠ ʤʘʛʥʠʪʥʳʤʠ ʧʦʣʷʤʠ ʩʧʦʩʦʙʥʦ ʧʨʠʚʦʜʠʪʴ ʢ ʠʟʤʝʥʝʥʠʶ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ 

ʩʪʨʫʢʪʫʨʥʳʭ-ʟʘʚʠʩʠʤʳʭ ʩʚʦʡʩʪʚ ʜʠʘʤʘʛʥʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ɹʦʣʝʝ ʪʦʛʦ, ʩʫʱʝ-

ʩʪʚʫʶʱʠʝ ʨʘʙʦʪʳ ʛʦʚʦʨʷʪ ʦ ʧʨʠʩʫʪʩʪʚʠʠ ʢʘʢ ʦʙʨʘʪʠʤʳʭ, ʪʘʢ ʠ ʥʝʦʙʨʘʪʠʤʳʭ 

ʵʬʬʝʢʪʦʚ ʚʦʟʜʝʡʩʪʚʠʷ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ ʥʘ ʜʠʘʤʘʛʥʠʪʥʳʝ ʤʘʪʝʨʠʘʣʳ (ʈʠʩ. 2.). 

ʋʯʠʪʳʚʘʷ ʵʪʦ, ʧʨʝʜʩʪʘʚʣʷʶʪ ʠʥʪʝʨʝʩ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʦʟʜʝʡʩʪʚʠʷ ʩʣʘʙʳʭ ʤʘʛ-

ʥʠʪʥʳʭ ʧʦʣʝʡ ʥʘ ʦʩʥʦʚʥʳʝ ʩʪʨʫʢʪʫʨʥʦ-ʟʘʚʠʩʠʤʳʝ ʩʚʦʡʩʪʚʘ ʢʨʠʩʪʘʣʣʦʚ CdTe, 

ʣʝʛʠʨʦʚʘʥʥʳʭ ʨʘʟʣʠʯʥʳʤʠ ʢʦʤʧʝʥʩʘʮʠʦʥʥʳʤʠ ʧʨʠʤʝʩʷʤʠ (ʚ ʯʘʩʪʥʦʩʪʠ Cl ʠ 

Fe). ɼʣʷ ʨʝʰʝʥʠʷ ʜʘʥʥʳʭ ʟʘʜʘʯ ʙʳʣʠ ʧʦʜʛʦʪʦʚʣʝʥʳ ʢʨʠʩʪʘʣʣʳ CdTe, ʣʝʛʠʨʦ-

ʚʘʥʥʳʝ Cl, nï ʠ pïʪʠʧʦʚ ʧʨʦʚʦʜʠʤʦʩʪʠ, ʩ ʠʟʙʳʪʢʦʤ Cd ʠ Te ʚ 0,0054 ʤʘʩʩ.%, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʘ ʪʘʢʞʝ ʢʨʠʩʪʘʣʣʳ CdTe(Cl,Fe), p ï ʪʠʧʘ ʧʨʦʚʦʜʠʤʦʩʪʠ, ʩ ʩʦ-

ʜʝʨʞʘʥʠʝʤ Cl ʠ Fe ʚ 0,015 ʠ 0,0016 ʤʘʩʩ.%, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʦʜʨʦʙʥʝʝ ʦ ʧʨʠ-

ʤʝʩʥʦʤ ʩʦʩʪʘʚʝ ʠʩʧʦʣʴʟʫʝʤʳʭ ʢʨʠʩʪʘʣʣʦʚ ʚ ʛʣʘʚʝ 2.2. ʉʪʦʠʪ ʪʘʢʞʝ ʦʪʤʝʪʠʪʴ, 

ʯʪʦ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʠʩʧʦʣʴʟʫʝʤʳʭ ʢʨʠʩʪʘʣʣʘʭ ʚ ʩʨʝʜʥʝʤ ʩʦ-

ʩʪʘʚʣʷʣʘ ʤʝʥʴʰʝ 0,00002 ʤʘʩʩ.% (ʤʝʥʴʰʝ ʧʨʝʜʝʣʘ ʦʙʥʘʨʫʞʝʥʠʷ ʤʝʪʦʜʘ ʤʘʩʩ-

ʩʧʝʢʪʨʦʤʝʪʨʠʠ). ɼʘʥʥʳʝ ʢʨʠʩʪʘʣʣʳ ʦʙʣʘʜʘʣʠ ʠʟʚʝʩʪʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʫʜʝʣʴʥʦ-

ʛʦ ʵʣʝʢʪʨʦʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠ ʫʜʝʣʴʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ, ʘ ʪʘʢʞʝ, ʚ ʪʝʯʝʥʠʝ ʜʣʠ-

ʪʝʣʴʥʳʭ ʚʨʝʤʝʥ, ʧʦʢʘʟʳʚʘʣʠ ʩʪʘʙʠʣʴʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʵʪʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ.  
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3.1. ʈʝʟʫʣʴʪʘʪʳ ʚʦʟʜʝʡʩʪʚʠ ̫ʩʣʘʙʦʛʦ ʀʄʇ ʥʘ ʫʜʝʣʴʥʫʶ ʪʝʤʥʦʚʫʶ 

ʧʨʦʚʦʜʠʤʦʩʪʴ (ů) ʢʨʠʩʪʘʣʣʦʚ CdTe(Cl) 

 

ʆʜʥʠʤʠ ʠʟ ʦʧʨʝʜʝʣʷʶʱʠʭ ʩʚʦʡʩʪʚ ʢʨʠʩʪʘʣʣʦʚ CdTe ʷʚʣʷʶʪʩʷ ʝʛʦ ʵʣʝʢ-

ʪʨʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʂʘʢ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʚ ʛʣʘʚʝ 1, ʨʘʙʦʪʳ ʧʦ ʠʟʫʯʝʥʠʶ 

ʚʦʟʜʝʡʩʪʚʠʡ ʩʣʘʙʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ ʥʘ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʜʠʘʤʘʛʥʠʪʥʳʭ 

ʢʨʠʩʪʘʣʣʦʚ ʩʫʱʝʩʪʚʫʶʪ. ʆʜʥʘʢʦ ʤʘʛʥʠʪʦʩʪʠʤʫʣʠʨʦʚʘʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʪʝʤʥʦ-

ʚʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ ʜʠʘʤʘʛʥʠʪʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʧʦʜʨʦʙʥʦ ʥʝ ʠʟʫʯʘʣʠʩʴ, ʙʦʣʝʝ ʪʦ-

ʛʦ, ʦʙʥʘʨʫʞʝʥʥʳʝ ʦʪʢʣʠʢʠ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, 

ʥʘ ʚʦʟʜʝʡʩʪʚʠʷ ʩʣʘʙʳʤʠ ʇʄʇ ʦʢʘʟʘʣʠʩʴ ʢʨʘʡʥʝ ʤʘʣʳ [91-97]. ʊʘʢ, ʧʨʠ ʛʝʣʠʝ-

ʚʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʢʦʛʜʘ ʫʩʣʦʚʠʝ ɛBB᾽k̓T ʜʣʷ ʨʘʚʥʦʚʝʩʥʦʡ ʩʠʩʪʝʤʳ ʥʝ ʚʳʧʦʣ-

ʥʷʝʪʩʷ, ʦʪʢʣʠʢ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘ ʚʦʟʜʝʡʩʪʚʠʷ ʤʘʛʥʠʪʥʳʤʠ ʧʦʣʷ-

ʤʠ ʜʦʩʪʠʛʘʣ ʣʠʰʴ ʥʝʩʢʦʣʴʢʠʭ ʧʨʦʮʝʥʪʦʚ. ʇʨʠ ʵʪʦʤ ʤʘʛʥʠʪʦʠʥʜʫʮʠʨʦʚʘʥʥʳʝ 

ʠʟʤʝʥʝʥʠʷ ʧʣʘʩʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʚ ʪʝʭ ʞʝ ʫʩʣʦʚʠʷʭ ʥʘ ʘʥʘʣʦʛʠʯʥʳʭ 

ʢʨʠʩʪʘʣʣʘʭ ʩʦʩʪʘʚʣʷʣʠ ʜʝʩʷʪʢʠ ï ʩʦʪʥʠ ʧʨʦʮʝʥʪʦʚ. ʅʘʙʣʶʜʘʝʤʳʝ ʠʟʤʝʥʝʥʠʷ 

ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʙʲʷʩʥʷʣʠʩʴ ʚ ʨʘʤʢʘʭ ʩʧʠʥ-ʟʘʚʠʩʠʤʦʡ ʪʝʦʨʠʠ ʨʝ-

ʢʦʤʙʠʥʘʮʠʠ ʵʣʝʢʪʨʦʥʥʦ-ʜʳʨʦʯʥʳʭ ʧʘʨ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʚʦʟʜʝʡʩʪʚʠʷ ʩʣʘʙʳʭ ʤʘʛ-

ʥʠʪʥʳʭ ʧʦʣʝʡ ʥʘ ʜʝʬʝʢʪʥʫʶ ʩʪʨʫʢʪʫʨʫ ʜʠʘʤʘʛʥʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʨʠʚʦʜʠʪ ʢ 

ʟʥʘʯʠʪʝʣʴʥʳʤ ʠʟʤʝʥʝʥʠʷʤ ʚ ʧʨʠʤʝʩʥʦʡ ʜʝʬʝʢʪʥʦʡ ʩʪʨʫʢʪʫʨʝ ʠʩʩʣʝʜʫʝʤʳʭ 

ʦʙʲʝʢʪʦʚ. ʆʜʥʘʢʦ ʚ ʩʣʫʯʘʝ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ ʠʟʤʝʥʝʥʠʝ ʜʝʬʝʢʪʥʦʡ ʩʪʨʫʢʪʫʨʳ 

ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʠʟʤʝʥʝʥʠʶ ʮʝʣʦʛʦ ʩʧʝʢʪʨʘ ʩʪʨʫʢʪʫʨʥʦ-ʟʘʚʠʩʠʤʳʭ ʩʚʦʡʩʪʚ. 

ʂʘʢ ʠʟʚʝʩʪʥʦ, ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ ʨʘʟʣʠʯʥʦʛʦ ʪʠʧʘ ʧʨʦʚʦ-

ʜʠʤʦʩʪʠ ʠ ʫʣʫʯʰʝʥʠʷ ʠʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠʩʧʦʣʴʟʫʝʪʩʷ ʮʝʣʳʡ 

ʩʧʝʢʪʨ ʣʝʛʠʨʫʶʱʠʭ ʤʘʪʝʨʠʘʣʦʚ, ʧʨʠʚʦʜʷʱʠʭ ʢ ʚʳʜʝʣʝʥʠʶ ʧʨʠʤʝʩʥʦʡ ʧʨʦʚʦ-

ʜʠʤʦʩʪʠ, ʢʘʢ ʦʩʥʦʚʥʦʛʦ ʪʠʧʘ ʧʨʦʚʦʜʠʤʦʩʪʠ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʤʦʞʥʦ ʧʨʝʜʧʦʣʦ-

ʞʠʪʴ, ʯʪʦ ʚʦʟʜʝʡʩʪʚʠʝ ʩʣʘʙʳʤʠ ʤʘʛʥʠʪʥʳʤʠ ʧʦʣʷʤʠ ʥʘ ʣʝʛʠʨʦʚʘʥʥʳʝ ʧʨʦʚʦʜ-

ʥʠʢʠ, ʚʣʠʷʶʱʝʝ ʥʘ ʠʭ ʜʝʬʝʢʪʥʫ  ʁʧʨʠʤʝʩʥʫ  ʁʩʪʨʫʢʪʫʨʫ, ʜʦʣʞʥʦ ʧʨʠʚʦʜʠʪʴ ʠ ʢ 

ʟʘʤʝʪʥʦʤʫ ʠʟʤʝʥʝʥʠʶ ʠʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ.  
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ɼʣʷ ʧʨʦʚʝʨʢʠ ʜʘʥʥʦʛʦ ʧʨʝʜʧʦʣʦʞʝʥʠʷ ʙʳʣʠ ʧʦʜʛʦʪʦʚʣʝʥʳ ʢʨʠʩʪʘʣʣʳ 

CdTe(Cl), n- ʠ p-ʪʠʧʦʚ ʧʨʦʚʦʜʠʤʦʩʪʠ, ʧʦʜʛʦʪʦʚʣʝʥʥʳʝ ʧʦ ʤʝʪʦʜʠʢʝ, ʦʧʠʩʘʥʥʦʡ 

ʚ ʛʣʘʚʝ 2.2. ɿʥʘʯʝʥʠʷ ʫʜʝʣʴʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ (ů) ʧʦʜʛʦʪʦʚʣʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʩʦ-

ʦʪʚʝʪʩʪʚʦʚʘʣʠ ʠʟʚʝʩʪʥʳʤ ʟʥʘʯʝʥʠʷʤ ʜʣʷ ʦʙʨʘʟʮʦʚ ʜʘʥʥʳʭ ʪʠʧʦʚ: ů=28,5Ā10-9 

ʆʤ-1Āʤ-1 ʜʣʷ ʢʨʠʩʪʘʣʣʦʚ CdTe(Cl) n-ʪʠʧʘ ʧʨʦʚʦʜʠʤʦʩʪʠ ʠ ů=2,25Ā10-9 ʆʤ-1Āʤ-1 ʜʣʷ 

ʢʨʠʩʪʘʣʣʦʚ CdTe(Cl) p-ʪʠʧʘ ʧʨʦʚʦʜʠʤʦʩʪʠ. ʇʦʣʦʞʝʥʠʝ ʦʙʨʘʟʮʦʚ ʚ ʩʦʣʝʥʦʠʜʝ, ʚ 

ʧʨʦʮʝʩʩʝ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʥʠʭ ʩʣʘʙʦʛʦ ʀʄʇ, ʙʳʣʦ ʩʪʘʪʠʯʥʳʤ, ʘ ʦʨʠʝʥʪʘʮʠʷ ʚʝʢ-

ʪʦʨʘ B ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʙʳʣʘ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʘ ʧʣʦʩʢʦʩʪʠ (110).  

ʇʦʩʣʝ ʤʘʛʥʠʪʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ, ʦʙʨʘʟʮʳ ʧʦʤʝʱʘʣʠʩʴ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴ-

ʥʫʶ ʫʩʪʘʥʦʚʢʫ ʜʣʷ ʩʥʷʪʠʷ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ʅʘ ʨʠʩ. 29. ʧʨʝʜʩʪʘʚ-

ʣʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʫʜʝʣʴʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ (æů) ʢʨʠʩʪʘʣʣʦʚ CdTe(Cl) 

ʦʪ ʚʨʝʤʝʥʠ (t), ʧʦʩʣʝ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʥʠʭ ʩʣʘʙʦʛʦ ʀʄʇ. ʇʦʛʨʝʰʥʦʩʪʴ ʠʟʤʝʨʝ-

ʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʦʩʪʘʚʣʷʣʘ 4% [A, B]. 
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ʈʠʩ. 29. ɿʘʚʠʩʠʤʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʫʜʝʣʴʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ (æů) ʢʨʠʩʪʘʣʣʦʚ 

CdTe(Cl) (nï ʠ pïʪʠʧʦʚ ʧʨʦʚʦʜʠʤʦʩʪʠ) ʦʪ ʚʨʝʤʝʥʠ (t). ʐʘʛ ʠʟʤʝʨʝʥʠʷ å1 ʯ. 

ʂʨʠʚʘʷ 1 - æů(t) CdTe(Cl), nïʪʠʧʘ, ʧʦʜʚʝʨʛʰʝʛʦʩʷ ʚʦʟʜʝʡʩʪʚʠʶ ʩʣʘʙʦʛʦ ʀʄʇ; 

ʂʨʠʚʘʷ 2 - æů(t) CdTe(Cl), pïʪʠʧʘ, ʧʦʜʚʝʨʛʰʝʛʦʩʷ ʚʦʟʜʝʡʩʪʚʠʶ ʩʣʘʙʦʛʦ ʀʄʇ; 

ʂʨʠʚʘʷ 3 - æů(t) ʢʦʥʪʨʦʣʴʥʦʛʦ ʦʙʨʘʟʮʘ CdTe(Cl). ɺʝʢʪʦʨ B ʧʝʨʧʝʥʜʠʢʫʣʷʨʝʥ 

ʧʣʦʩʢʦʩʪʠ (110). ɺʨʝʤʝʥʥʳʝ ʠʥʪʝʨʚʘʣʳ: ʘ-0ï275 ʯʘʩʦʚ; b-70ï85 ʯʘʩʦʚ. ʅʘ ʚʨʝʟ-

ʢʝ ʨʠʩʫʥʢʘ: ʘ - ʫʚʝʣʠʯʝʥʥʘʷ ʦʙʣʘʩʪʴ 145-155 ʯʘʩʦʚ ʩ ʫʢʘʟʘʥʥʳʤʠ ʦʰʠʙʢʘʤʠ ʠʟ-

ʤʝʨʝʥʠʡ. ɺʦʟʜʝʡʩʪʚʠʝ ʀʄʇ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʥʘ ʚʨʝʤʝʥʥʦʡ ʦʪʤʝʪʢʝ ʚ 75 ʯʘʩʦʚ. 
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ʅʘ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ (ʨʠʩ. 29.) ʟʘʚʠʩʠʤʦʩʪʠ ʦʪʯʝʪʣʠʚʦ ʟʘʤʝʪʥʳ ʧʝʨʚʠʯʥʳʝ 

ʧʠʢʠ ʠʟʤʝʥʝʥʠʷ ʫʜʝʣʴʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ ʢʨʠʩʪʘʣʣʦʚ CdTe(Cl), ʧʨʦʠʩʭʦʜʷʱʠʝ ʚ 

ʧʝʨʚʳʝ 5 ʯʘʩʦʚ, ʧʦʩʣʝ ʚʦʟʜʝʡʩʪʚʠʷ ʩʣʘʙʦʛʦ ʀʄʇ. ɼʠʥʘʤʠʢʘ ʠʟʤʝʥʝʥʠʡ ʫʜʝʣʴ-

ʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ ʢʨʠʩʪʘʣʣʦʚ CdTe(Cl), ʠʤʝʶʱʠʭ n- ʠ p-ʪʠʧ ʧʨʦʚʦʜʠʤʦʩʪʠ, 

ʟʘʤʝʪʥʦ ʨʘʟʣʠʯʘʝʪʩʷ. ʂʨʠʩʪʘʣʣʳ CdTe(Cl), n-ʪʠʧʘ ʧʨʦʚʦʜʠʤʦʩʪʠ, ʧʦʢʘʟʳʚʘʶʪ 2 

ʠʥʪʝʨʚʘʣʘ ʥʝʤʦʥʦʪʦʥʥʦʛʦ ʫʚʝʣʠʯʝʥʠʷ ʧʨʦʚʦʜʠʤʦʩʪʠ, ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʨʝʣʘʢʩʘ-

ʮʠʝʡ ʜʦ ʠʩʭʦʜʥʳʭ (ʢʦʥʪʨʦʣʴʥʳʭ) ʟʥʘʯʝʥʠʡ. ʂʨʠʩʪʘʣʣʳ p-ʪʠʧʘ ʧʨʦʚʦʜʠʤʦʩʪʠ 

ʧʦʢʘʟʳʚʘʶʪ ʠʥʦʡ ʦʪʢʣʠʢ ʥʘ ʚʦʟʜʝʡʩʪʚʠʝ ʩʣʘʙʦʛʦ ʀʄʇ: ʥʘʙʣʶʜʘʝʪʩʷ ʦʙʱʝʝ ʧʘ-

ʜʝʥʠʝ ʧʨʦʚʦʜʠʤʦʩʪʠ ʥʘ 10-25% ʥʠʞʝ ʢʦʥʪʨʦʣʴʥʳʭ ʟʥʘʯʝʥʠʡ. ʂʨʠʩʪʘʣʣʳ p-ʪʠʧʘ 

ʧʦʢʘʟʳʚʘʶʪ ʪʨʠ ʠʥʪʝʨʚʘʣʘ ʥʝʤʦʥʦʪʦʥʥʳʭ ʠʟʤʝʥʝʥʠʡ ʧʨʦʚʦʜʠʤʦʩʪʠ, ʚ ʜʘʥʥʦʤ 

ʩʣʫʯʘʝ ï ʧʘʜʝʥʠʷ ʧʨʦʚʦʜʠʤʦʩʪʠ. ʂʨʦʤʝ ʪʦʛʦ, ʢʨʠʩʪʘʣʣʳ CdTe(Cl), p-ʪʠʧʘ ʧʨʦ-

ʚʦʜʠʤʦʩʪʠ, ʥʝ ʧʦʢʘʟʳʚʘʶʪ ʨʝʣʘʢʩʘʮʠʠ ʧʦʢʘʟʘʪʝʣʝʡ ů ʜʦ ʠʩʭʦʜʥʳʭ (ʢʦʥʪʨʦʣʴ-

ʥʳʭ) ʟʥʘʯʝʥʠʡ, ʩʪʘʙʠʣʠʟʠʨʫʷʩʴ ʥʘ ʟʥʘʯʝʥʠʷʭ ůå2Ā10-9 ʆʤ-1Āʤ-1, ʯʪʦ ʥʘ å10% ʥʠ-

ʞʝ ʠʩʭʦʜʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ů. 

ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ æů(t) ʢʨʠʩʪʘʣʣʦʚ CdTe(Cl), n- ʠ p- ʪʠʧʦʚ 

ʧʨʦʚʦʜʠʤʦʩʪʠ, ʠʤʝʶʪ ʦʙʨʘʪʥʫʶ ʜʠʥʘʤʠʢʫ ʠʟʤʝʥʝʥʠʷ ʧʨʦʚʦʜʠʤʦʩʪʠ, ʧʦʩʣʝ ʚʦʟ-

ʜʝʡʩʪʚʠʷ ʩʣʘʙʦʛʦ ʀʄʇ. ʇʝʨʚʠʯʥʳʝ ʧʠʢʠ ʠʟʤʝʥʝʥʠʷ ʧʨʦʚʦʜʠʤʦʩʪʠ ʥʘʙʣʶʜʘʶʪ-

ʩʷ ʚ ʩʭʦʞʠʝ ʚʨʝʤʝʥʘ (ʨʠʩ. 29. b.). ɺʪʦʨʦʡ ʧʠʢ ʠʟʤʝʥʝʥʠʷ ʧʨʦʚʦʜʠʤʦʩʪʠ ʢʨʠ-

ʩʪʘʣʣʦʚ CdTe(Cl), p-ʪʠʧʘ, ʥʝ ʠʤʝʝʪ ʩʦʧʦʩʪʘʚʠʤʦʛʦ ʧʠʢʘ ʥʘ ʟʘʚʠʩʠʤʦʩʪʠ æů(t) 

ʢʨʠʩʪʘʣʣʦʚ CdTe(Cl), n-ʪʠʧʘ. ʊʨʝʪʠʡ ʧʠʢ ʧʘʜʝʥʠʷ ʧʨʦʚʦʜʠʤʦʩʪʠ ʢʨʠʩʪʘʣʣʦʚ 

CdTe(Cl), p-ʪʠʧʘ, ʠ ʚʪʦʨʦʡ ʧʠʢ ʫʚʝʣʠʯʝʥʠʷ ʧʨʦʚʦʜʠʤʦʩʪʠ ʢʨʠʩʪʘʣʣʦʚ CdTe(Cl), 

n-ʪʠʧʘ, ʧʨʦʠʩʭʦʜʷʪ ʚ ʩʭʦʞʠʝ ʚʨʝʤʝʥʘ: 50-60 ʯʘʩʦʚ ʠ 50-80 ʯʘʩʦʚ, ʧʦʩʣʝ ʚʦʟʜʝʡ-

ʩʪʚʠʷ ʀʄʇ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʂʨʠʩʪʘʣʣʳ CdTe(Cl) p-ʪʠʧʘ ʥʝ ʪʦʣʴʢʦ ʥʝ ʧʦʢʘʟʳʚʘʶʪ ʨʝʣʘʢʩʘʮʠʠ ʧʦʢʘʟʘ-

ʪʝʣʝʡ ʧʨʦʚʦʜʠʤʦʩʪʠ ʜʦ ʠʩʭʦʜʥʳʭ ʟʥʘʯʝʥʠʡ, ʥʦ ʠ ʦʩʪʘʶʪʩʷ ʥʝʯʫʚʩʪʚʠʪʝʣʴʥʳʤʠ 

ʢ ʧʦʚʪʦʨʥʦʤʫ ʚʦʟʜʝʡʩʪʚʠʶ ʩʣʘʙʦʛʦ ʀʄʇ (ʨʠʩ. 30.) ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʢʨʠʩʪʘʣʣʳ 

CdTe(Cl) n-ʪʠʧʘ ʧʦʢʘʟʳʚʘʶʪ ʥʝʟʥʘʯʠʪʝʣʴʥʳʡ ʦʪʢʣʠʢ ʥʘ ʧʦʚʪʦʨʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ 

ʩʣʘʙʳʤ ʀʄʇ (ʨʠʩ. 31.). ʇʦʩʣʝʜʫʶʱʠʝ ʚʦʟʜʝʡʩʪʚʠʝ ʩʣʘʙʳʤʠ ʀʄʇ ʥʘ ʢʨʠʩʪʘʣ-

ʣʳ CdTe(Cl) n-ʪʠʧʘ ʪʘʢʞʝ ʥʝ ʧʦʢʘʟʳʚʘʣʦ ʢʘʢʦʛʦ-ʣʠʙʦ ʦʪʢʣʠʢʘ. 
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ʈʠʩ. 30. ɿʘʚʠʩʠʤʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʫʜʝʣʴʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ (æů) ʢʨʠʩʪʘʣʣʦʚ 

CdTe(Cl) (pïʪʠʧʘ ʧʨʦʚʦʜʠʤʦʩʪʠ) ʦʪ ʚʨʝʤʝʥʠ (t). ʐʘʛ ʠʟʤʝʨʝʥʠʷ å 10 ʯ. ʂʨʠʚʘʷ 

1 - æů(t) CdTe(Cl), pïʪʠʧʘ, ʧʦʩʣʝ ʧʝʨʚʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʩʣʘʙʦʛʦ ʀʄʇ; ʂʨʠʚʘʷ 2 - 

æů(t) CdTe(Cl), pïʪʠʧʘ, ʧʦʩʣʝ ʧʦʚʪʦʨʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʩʣʘʙʦʛʦ ʀʄʇ; ʂʨʠʚʘʷ 3 -  

ů(t) ʢʦʥʪʨʦʣʴʥʦʛʦ ʦʙʨʘʟʮʘ CdTe(Cl). ɺʝʢʪʦʨ B ʧʝʨʧʝʥʜʠʢʫʣʷʨʝʥ ʧʣʦʩʢʦʩʪʠ 

ρρρ. ʇʝʨʚʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʀʄʇ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʥʘ ʚʨʝʤʝʥʥʦʡ ʦʪʤʝʪʢʝ ʚ 75 

ʯʘʩʦʚ, ɺʪʦʨʦʝ (ʧʦʚʪʦʨʥʦʝ) ʚʦʟʜʝʡʩʪʚʠʝ ʀʄʇ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʥʘ ʚʨʝʤʝʥʥʦʡ ʦʪ-

ʤʝʪʢʝ ʚ 275 ʯʘʩʦʚ. 
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ʈʠʩ. 31. ɿʘʚʠʩʠʤʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʫʜʝʣʴʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ (æů) ʢʨʠʩʪʘʣʣʦʚ 

CdTe(Cl) (nïʪʠʧʘ ʧʨʦʚʦʜʠʤʦʩʪʠ) ʦʪ ʚʨʝʤʝʥʠ (t). ʐʘʛ ʠʟʤʝʨʝʥʠʷ å 10 ʯ. ʂʨʠʚʘʷ 

1 - æů(t) CdTe(Cl), nïʪʠʧʘ, ʧʦʩʣʝ ʧʝʨʚʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʩʣʘʙʦʛʦ ʀʄʇ; ʂʨʠʚʘʷ 2 - 

æů(t) CdTe(Cl), nïʪʠʧʘ, ʧʦʩʣʝ ʧʦʚʪʦʨʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʩʣʘʙʦʛʦ ʀʄʇ; ʂʨʠʚʘʷ 3 -  

ů(t) ʢʦʥʪʨʦʣʴʥʦʛʦ ʦʙʨʘʟʮʘ CdTe(Cl). ɺʝʢʪʦʨ B ʧʝʨʧʝʥʜʠʢʫʣʷʨʝʥ ʧʣʦʩʢʦʩʪʠ 

(110). ʇʝʨʚʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʀʄʇ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʥʘ ʚʨʝʤʝʥʥʦʡ ʦʪʤʝʪʢʝ ʚ 75 ʯʘ-

ʩʦʚ, ɺʪʦʨʦʝ (ʧʦʚʪʦʨʥʦʝ) ʚʦʟʜʝʡʩʪʚʠʝ ʀʄʇ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʥʘ ʚʨʝʤʝʥʥʦʡ ʦʪ-

ʤʝʪʢʝ ʚ 275 ʯʘʩʦʚ. 

ɼʣʷ ʧʨʦʚʝʨʢʠ ʥʘʙʣʶʜʘʝʤʳʭ ʠʥʜʫʮʠʨʦʚʘʥʥʳʭ ʚʦʟʜʝʡʩʪʚʠʝʤ ʩʣʘʙʦʛʦ ʀʄʇ 

ʠʟʤʝʥʝʥʠʡ ʧʨʦʚʦʜʠʤʦʩʪʠ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʚʦʟʜʝʡ-

ʩʪʚʠ ̫ʩʣʘʙʦʛʦ ʀʄʇ ʥʘ ʢʝʨʘʤʠʯʝʩʢʠʝ ʦʙʨʘʟʮʳ ʤʦʥʦʩʫʣʴʬʠʜʘ ʩʘʤʘʨʠʷ (SmS). 

ɼʣʷ ʠʟʤʝʨʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘ ʦʙʨʘʟʮʳ SmS ʙʳʣʠ ʥʘʥʝʩʝʥʳ 
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ʩʝʨʝʙʨʷʥʝr ʧʨʦʚʦʜʷʱʠʝ ʢʦʥʪʘʢʪʳ, ʧʦʩʣʝ ʯʝʛʦ ʙʳʣʘ ʧʨʦʠʟʚʝʜʝʥʘ ʩʪʘʥʜʘʨʪʥʘʷ 

ʧʨʦʚʝʨʢʘ ʢʘʯʝʩʪʚʘ ʜʘʥʥʳʭ ʢʦʥʪʘʢʪʦʚ ʠ ʦʧʨʝʜʝʣʝʥʳ ʩʪʝʧʝʥʠ ʠʭ ʦʤʤʠʯʥʦʩʪʠ. 

ɹʳʣʠ ʦʪʦʙʨʘʥʳ 3 ʦʙʨʘʟʮʘ SmS, ʠʤʝʶʱʠʝ ʠʜʝʥʪʠʯʥʳʝ ʩʪʘʙʠʣʴʥʳʝ ʟʥʘʯʝʥʠʷ 

ʧʨʦʚʦʜʠʤʦʩʪʠ, ʜʚʘ ʠʟ ʢʦʪʦʨʳʭ ʧʦʜʚʝʨʛʣʠʩʴ ʚʦʟʜʝʡʩʪʚʠʶ ʩʣʘʙʦʛʦ ʀʄʇ ʩʪʘʥ-

ʜʘʨʪʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ (Bmax=1,04 ʊʣ; ɡ=12 ɻʮ; ʚʨʝʤʷ ʵʢʩʧʦʟʠʮʠʠ ʦʙʨʘʟʮʘ ʚ 

ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ tʵʢʩʧ=10 ʤʠʥ), ʘ ʦʜʠʥ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʚ ʢʘʯʝʩʪʚʝ ʢʦʥʪʨʦʣʴʥʦʛʦ 

ʦʙʨʘʟʮʘ. ʐʘʛ ʠʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʤʦʩʪʠ ʩʦʩʪʘʚʣʷʣ å1,5 ʩ. ʆʰʠʙʢʘ ʠʟʤʝʨʝʥʠʷ 

Ñ1%. 

 

ʈʠʩ. 32. ɿʘʚʠʩʠʤʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʫʜʝʣʴʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ (æů) ʦʙʨʘʟʮʦʚ 

SmS (nïʪʠʧʘ ʧʨʦʚʦʜʠʤʦʩʪʠ) ʦʪ ʚʨʝʤʝʥʠ (t). ʐʘʛ ʠʟʤʝʨʝʥʠʷ å 1,5ʩ. ʂʨʠʚʘʷ 1 - 

æů(t) SmS, nïʪʠʧʘ, ʧʦʜʚʝʨʛʰʝʛʦʩʷ ʚʦʟʜʝʡʩʪʚʠ ʁʩʣʘʙʦʛʦ ʀʄʇ; ʂʨʠʚʘʷ 2 ï æů(t) 

ʢʦʥʪʨʦʣʴʥʦʛʦ ʦʙʨʘʟʮʘ SmS. ɺʦʟʜʝʡʩʪʚʠʝ ʀʄʇ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʥʘ ʚʨʝʤʝʥʥʦʡ 

ʦʪʤʝʪʢʝ ʚ 15 ʯʘʩʦʚ. 
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ɹʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʚʦʟʜʝʡʩʪʚʠʝ ʩʣʘʙʦʛʦ ʀʄʇ ʩʧʦʩʦʙʥʦ ʧʨʠʚʦʜʠʪʴ ʢ 

ʟʥʘʯʠʪʝʣʴʥʳʤ ʜʦʣʛʦʚʨʝʤʝʥʥʳʤ ʠʟʤʝʥʝʥʠʷʤ ʪʝʤʥʦʚʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ (ů) ʦʙʨʘʟ-

ʮʦʚ SmS (ʈʠʩ. 32.) ʇʨʠʯʝʤ ʟʘʚʠʩʠʤʦʩʪʴ æů(t) ʢʝʨʘʤʠʯʝʩʢʠʭ ʦʙʨʘʟʮʦʚ SmS ʠʤʝ-

ʝʪ ʦʙʱʫʶ ʜʠʥʘʤʠʢʫ ʩ ʟʘʚʠʩʠʤʦʩʪʷʤʠ æů(t) ʦʙʨʘʟʮʦʚ CdTe(Cl), n-ʪʠʧʘ ʧʨʦʚʦʜʠ-

ʤʦʩʪʠ (ʨʠʩ. 29. ʂʨʠʚʘʷ 1), ʪʘʢʞʝ ʧʦʢʘʟʳʚʘʷ ʥʝʤʦʥʦʪʦʥʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʧʨʦʚʦʜʠ-

ʤʦʩʪʠ. ʊʘʢ, ʫ ʦʙʨʘʟʮʦʚ SmS ʥʘʙʣʶʜʘʝʪʩʷ ʧʝʨʚʠʯʥʳʡ ʧʠʢ ʠʟʤʝʥʝʥʠʷ ʧʨʦʚʦʜʠ-

ʤʦʩʪʠ, ʥʘʙʣʶʜʘʝʤʳʡ ʚ ʠʥʪʝʨʚʘʣʝ 0-7 ʯʘʩʦʚ, ʧʦʩʣʝ ʚʦʟʜʝʡʩʪʚʠʷ ʩʣʘʙʳʤ ʀʄʇ. ɸ 

ʪʘʢʞʝ, ʚʪʦʨʦʝ ʠʥʪʝʨʚʘʣ ʥʝʤʦʥʦʪʦʥʥʦʛʦ ʫʚʝʣʠʯʝʥʠʷ ʧʨʦʚʦʜʠʤʦʩʪʠ, ʧʨʦʠʩʭʦʜʷ-

ʱʠʡ ʯʝʨʝʟ 30 ʯʘʩʦʚ, ʧʦʩʣʝ ʚʦʟʜʝʡʩʪʚʠʷ ʩʣʘʙʦʛʦ ʀʄʇ. ɹʦʣʴʰʘʷ ʚʝʣʠʯʠʥʘ ʦʪʥʦ-

ʩʠʪʝʣʴʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʫʜʝʣʴʥʦʡ ʪʝʤʥʦʚʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ, ʘ ʪʘʢʞʝ ʩʤʝʱʝʥʠʝ 

ʚʨʝʤʝʥʥʳʭ ʠʥʪʝʨʚʘʣʦʚ ʥʝʤʦʥʦʪʦʥʥʦʛʦ ʫʚʝʣʠʯʝʥʠʷ ʧʨʦʚʦʜʠʤʦʩʪʠ ʩʚʷʟʘʥʦ, ʧʦ-

ʚʠʜʠʤʦʤʫ, ʩ ʢʝʨʘʤʠʯʝʩʢʦʡ ʧʨʠʨʦʜʦʡ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʦʚ, ʭʘʨʘʢʪʝʨʠʟʫʶ-

ʱʠʭʩʷ ʤʝʥʴʰʝʡ ʩʪʘʙʠʣʴʥʦʩʪʴʶ ʩʠʩʪʝʤʳ, ʯʝʤ ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʦʙʨʘʟʮʳ. 

ʉʪʦʠʪ ʪʘʢʞʝ ʦʪʤʝʪʠʪʴ ʟʥʘʯʠʪʝʣʴʥʫʶ ʥʝʩʪʘʙʠʣʴʥʦʩʪʴ ʧʦʢʘʟʘʪʝʣʝʡ ʧʨʦʚʦʜʠʤʦ-

ʩʪʠ ʦʙʨʘʟʮʦʚ SmS ʚʥʝ ʦʙʣʘʩʪʝʡ ʧʠʢʦʚʳʭ ʫʚʝʣʠʯʝʥʠʡ ʧʨʦʚʦʜʠʤʦʩʪʠ, ʯʪʦ ʪʘʢʞʝ 

ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʢʝʨʘʤʠʯʝʩʢʦʡ ʧʨʠʨʦʜʦʡ ʜʘʥʥʳʭ ʦʙʨʘʟʮʦʚ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʳ ʤʦʞʝʤ ʨʝʟʶʤʠʨʦʚʘʪʴ, ʯʪʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʢʝʨʘʤʠʯʝʩʢʫʶ 

ʧʨʠʨʦʜʫ, ʦʙʨʘʟʮʳ SmS, n-ʪʠʧʘ ʧʨʦʚʦʜʠʤʦʩʪʠ, ʧʦʢʘʟʳʚʘʶʪ ʩʭʦʞʫʶ ʜʠʥʘʤʠʢʫ 

ʠʟʤʝʥʝʥʠʷ ʧʨʦʚʦʜʠʤʦʩʪʠ ʩ ʢʨʠʩʪʘʣʣʘʤʠ CdTe(Cl), n-ʪʠʧʘ ʧʨʦʚʦʜʠʤʦʩʪʠ. ʏʪʦ 

ʤʦʞʝʪ ʛʦʚʦʨʠʪʴ ʦ ʪʦʤ, ʯʪʦ ʟʘ ʦʙʱʫʶ ʜʠʥʘʤʠʢʫ ʠʟʤʝʥʝʥʠʷ ʩʪʨʫʢʪʫʨʥʦ-

ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʩʚʦʡʩʪʚ, ʧʦʩʣʝ ʚʦʟʜʝʡʩʪʚʠʷ ʩʣʘʙʳʤʠ ʀʄʇ, ʦʪʚʝʯʘʶʪ ʜʝʬʝʢʪʳ, 

ʦʧʨʝʜʝʣʷʶʱʠʝ ʪʠʧ ʧʨʦʚʦʜʠʤʦʩʪʠ. ʇʨʠʯʝʤ ʧʨʠʥʮʠʧʠʘʣʴʥʳʤ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʷʚ-

ʣʷʝʪʩʷ ʥʝ ʢʦʥʢʨʝʪʥʳʡ ʣʝʛʠʨʫʶʱʠʡ ʵʣʝʤʝʥʪ, ʦʧʨʝʜʝʣʷʶʱʠʡ ʪʠʧ ʧʨʦʚʦʜʠʤʦʩʪʠ, 

ʘ ʠʤʝʥʥʦ ʦʩʥʦʚʥʦʡ ʪʠʧ ʩʚʦʙʦʜʥʳʭ ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʦʚ. 

ʇʦʜʚʦʜʷ ʧʨʦʤʝʞʫʪʦʯʥʳʡ ʠʪʦʛ, ʤʳ ʤʦʞʝʤ ʩʢʘʟʘʪʴ: 

¶ ʇʝʨʚʦʥʘʯʘʣʴʥʦʝ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʚʦʟʜʝʡʩʪʚʠʝ ʩʣʘʙʳʤʠ ʀʄʇ ʥʘ ʣʝʛʠʨʦ-

ʚʘʥʥʳʝ ʢʦʤʧʝʥʩʘʮʠʦʥʥʳʤʠ ʧʨʠʤʝʩʷʤʠ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʝ ʢʨʠʩʪʘʣʣʳ 
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CdTe, ʜʦʣʞʥʦ ʧʨʠʚʦʜʠʪʴ ʢ ʟʘʤʝʪʥʦʤʫ ʜʦʣʛʦʚʨʝʤʝʥʥʦʤʫ ʠʟʤʝʥʝʥʠʶ ʠʭ 

ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʦʢʘʟʘʣʦʩʴ ʚʝʨʥʳʤ; 

¶ ɹʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʥʝʦʙʨʘʪʠʤʦʝ ʠʟʤʝʥʝʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʢʨʠʩʪʘʣʣʦʚ CdTe(Cl), p-ʪʠʧʘ ʧʨʦʚʦʜʠʤʦʩʪʠ, ʧʦʩʣʝ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʥʠʭ ʩʣʘ-

ʙʳʭ ʀʄʇ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʫʯʝʥʦ ʧʦʜʪʚʝʨʞʜʝʥʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʩʪ-

ʨʦʩʪʦʚʦʡ ʤʦʜʠʬʠʢʘʮʠʠ ʢʨʠʩʪʘʣʣʦʚ CdTe ʩ ʧʦʤʦʱʴʶ ʩʣʘʙʳʭ ʀʄʇ; 

¶ ʂʨʠʩʪʘʣʣʳ CdTe(Cl), p-ʪʠʧʘ, ʧʦʩʣʝ ʧʝʨʚʠʯʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʩʣʘʙʦʛʦ ʀʄʇ 

ʩʪʘʥʦʚʷʪʩʷ ʥʝʯʫʚʩʪʚʠʪʝʣʴʥʳʤʠ ʢ ʧʦʚʪʦʨʥʳʤ ʚʦʟʜʝʡʩʪʚʠʷʤ ʀʄʇ. ʂʨʠʩʪʘʣ-

ʣʳ n-ʪʠʧʘ ʯʫʚʩʪʚʠʪʝʣʴʥʳ ʢ ʧʦʚʪʦʨʥʦʤʫ ʚʦʟʜʝʡʩʪʚʠʶ ʩʣʘʙʳʤ ʀʄʇ. 

¶ ʂʨʠʩʪʘʣʣʳ CdTe(Cl), n-ʪʠʧʘ ʧʨʦʚʦʜʠʤʦʩʪʠ ʠ ʦʙʨʘʟʮʳ SmS, ʠʤʝʶʱʠʝ ʪʘʢʞʝ 

n-ʪʠʧ ʧʨʦʚʦʜʠʤʦʩʪʠ, ʧʦʢʘʟʘʣʠ ʦʙʱʫʶ ʜʠʥʘʤʠʢʫ ʠʟʤʝʥʝʥʠʷ ʧʨʦʚʦʜʠʤʦʩʪʠ, 

ʧʨʠʯʝʤ ʚʝʣʠʯʠʥʘ ʠʟʤʝʥʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʟʥʘʯʠʪʝʣʴʥʦ ʦʪʣʠʯʘʝʪ-

ʩʷ. ʏʪʦ ʤʦʞʝʪ ʛʦʚʦʨʠʪʴ ʦ ʪʦʤ, ʯʪʦ ʦʙʱʫʶ ʜʠʥʘʤʠʢʫ ʠʥʜʫʮʠʨʦʚʘʥʥʦʛʦ ʚʦʟ-

ʜʝʡʩʪʚʠʝʤ ʩʣʘʙʦʛʦ ʀʄʇ, ʠʟʤʝʥʝʥʠʷ ʩʚʦʡʩʪʚ ʦʧʨʝʜʝʣʷʶʪ ʧʨʦʮʝʩʩʳ ʧʝʨʝ-

ʩʪʨʦʝʥʠʷ ʜʝʬʝʢʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʠʤʝʶʱʠʭ ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ ʢʦʤʧʣʝʢʩʳ, 

ʦʧʨʝʜʝʣʷʶʱʠʝ ʪʠʧ ʧʨʦʚʦʜʠʤʦʩʪʠ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʦʙʨʘʟʮʦʚ. 

 

3.2. ʈʝʟʫʣʴʪʘʪʳ ʚʦʟʜʝʡʩʪʚʠʷ ʩʣʘʙʦʛʦ ʀʄʇ ʥʘ ʪʚʝʨʜʦʩʪʴ ʢʨʠʩʪʘʣʣʦʚ 

CdTe(Cl) 

 

ɺ ʛʣʘʚʝ 1 ʥʝʦʜʥʦʢʨʘʪʥʦ ʛʦʚʦʨʠʣʦʩʴ ʦ ʨʝʟʫʣʴʪʘʪʘʭ ʚʦʟʜʝʡʩʪʚʠʡ ʩʣʘʙʦʛʦ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʥʘ ʤʝʭʘʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʠʘʤʘʛʥʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

ʉʫʪʴ ʦʧʠʩʳʚʘʝʤʳʭ ʵʬʬʝʢʪʦʚ ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʤʘʛʥʠʪʥʦʝ 

ʧʦʣʝ ʩʪʠʤʫʣʠʨʫʝʪ ʜʠʬʬʫʟʠʦʥʥʳʝ ʧʨʦʮʝʩʩʳ [1,5,115], ʧʨʦʠʩʭʦʜʷʱʠʝ ʚ ʜʝʬʝʢʪ-

ʥʦʡ ʩʪʨʫʢʪʫʨʝ ʨʘʟʣʠʯʥʳʭ ʜʠʘʤʘʛʥʠʪʥʳʭ ʢʨʠʩʪʘʣʣʦʚ, ʪʘʢʠʭ ʢʘʢ ʱʝʣʦʯʥʦ-

ʛʘʣʦʠʜʥʳʝ ʢʨʠʩʪʘʣʣʳ, ʧʦʣʫʧʨʦʚʦʜʥʠʢʠ ʠ ʥʝʢʦʪʦʨʳʝ ʤʝʪʘʣʣʳ. ɼʘʥʥʳʝ ʵʬʬʝʢʪʳ 

ʧʨʦʷʚʣʷʶʪʩʷ ʚ ʫʚʝʣʠʯʝʥʠʠ ʧʦʜʚʠʞʥʦʩʪʠ ʜʠʩʣʦʢʘʮʠʡ [37], ʢʠʥʝʪʠʢʝ ʜʝʬʦʨʤʘ-

ʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ [25,27], ʚʝʣʠʯʠʥʝ ʧʨʝʜʝʣʘ ʪʝʢʫʯʝʩʪʠ [28,29], ʠʟʤʝʥʝʥʠʠ 
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ʪʚʝʨʜʦʩʪʠ ʤʘʪʝʨʠʘʣʦʚ [30,168], ʘ ʪʘʢʞʝ ʚ ʠʟʤʝʥʝʥʠʠ ʚʥʫʪʨʝʥʥʝʛʦ ʪʨʝʥʠʷ 

[25,27,28,30].  

ʈʘʥʝʝ ʫʞʝ ʛʦʚʦʨʠʣʦʩʴ, ʯʪʦ ʤʝʭʘʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʯʠʪʘʶʪʩʷ ʙʦʣʝʝ 

ʯʫʚʩʪʚʠʪʝʣʴʥʳʤʠ ʢ ʩʣʘʙʳʤ ʤʘʛʥʠʪʥʳʤ ʚʦʟʜʝʡʩʪʚʠʷʤ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʵʣʝʢʪʨʠ-

ʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʜʠʘʤʘʛʥʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʅʦ, ʪʘʢ ʢʘʢ ʚ ʧʨʝʜʳʜʫ-

ʱʝʡ ʛʣʘʚʝ ʙʳʣʦ ʦʧʨʝʜʝʣʝʥʦ, ʯʪʦ ʚʦʟʜʝʡʩʪʚʠʝ ʩʣʘʙʦʛʦ ʀʄʇ ʩʧʦʩʦʙʥʦ ʧʨʠʚʦʜʠʪʴ 

ʢ ʩʫʱʝʩʪʚʝʥʥʳʤ ʜʦʣʛʦʚʨʝʤʝʥʥʳʤ ʠʟʤʝʥʝʥʠʷʤ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ (ʚ 

ʯʘʩʪʥʦʩʪʠ, ʧʨʦʚʦʜʠʤʦʩʪʠ) ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʢʨʠʩʪʘʣʣʦʚ CdTe(Cl), ʪʦ ʧʨʝʜ-

ʩʪʘʚʣʷʶʪ ʠʥʪʝʨʝʩ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʟʤʝʥʝʥʠʡ ʤʝʭʘʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʘʥ-

ʥʳʭ ʢʨʠʩʪʘʣʣʦʚ, ʧʦʩʣʝ ʚʦʟʜʝʡʩʪʚʠʷ ʩʣʘʙʳʤʠ ʀʄʇ, ʘ ʪʘʢʞʝ ʩʨʘʚʥʝʥʠʝ ʠʭ ʠʥ-

ʪʝʥʩʠʚʥʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ.  

ʆʙʨʘʟʮʳ ʢʨʠʩʪʘʣʣʦʚ CdTe(Cl), n- ʠ p-ʪʠʧʦʚ ʧʨʦʚʦʜʠʤʦʩʪʠ, ʧʦʜʛʦʪʦʚʣʝʥ-

ʥʳʝ ʧʦ ʤʝʪʦʜʠʢʝ, ʦʧʠʩʘʥʥʦʡ ʚ ʛʣʘʚʝ 2, ʧʦʤʝʱʘʣʠ ʚ ʩʢʘʥʠʨʫʶʱʠʡ ʥʘʥʦʪʚʝʨʜʦ-

ʤʝʨ çʅʘʥʦʉʢʘʥ-3Dè ʠ ʄʝʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʡ ʬʦʪʦʤʠʢʨʦʩʢʦʧ NEOPHOT-21 ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ ʪʚʝʨʜʦʩʪʠ (H) ʢʨʠʩʪʘʣʣʦʚ CdTe(Cl). ʇʦʩʣʝ, ʧʦʣʫʯʝʥ-

ʥʳʝ ʟʥʘʯʝʥʠʷ ʪʚʝʨʜʦʩʪʠ (H) ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʦʚ ʩʦʧʦʩʪʘʚʣʷʣʠ ʜʨʫʛ ʩ ʜʨʫʛʦʤ, 

ʜʣʷ ʦʪʙʦʨʘ, ʠʩʩʣʝʜʫʝʤʦʛʦ ʠ ʢʦʥʪʨʦʣʴʥʦʛʦ ʦʙʨʘʟʮʦʚ ʦʜʥʦʛʦ ʪʠʧʘ ʧʨʦʚʦʜʠʤʦʩʪʠ, 

ʠʤʝʶʱʠʭ ʩʭʦʞʠʝ ʟʥʘʯʝʥʠʷ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ (H) ʠ, ʚ ʩʣʫʯʘʝ ʠʭ ʩʦʦʪʚʝʪʩʪʚʠʷ, 

ʧʦʜʚʝʨʛʘʣʠ ʚʦʟʜʝʡʩʪʚʠʶ ʩʣʘʙʳʤʠ ʀʄʇ. ʆʨʠʝʥʪʘʮʠʷ ʦʙʨʘʟʮʦʚ ʚ ʩʣʘʙʦʤ ʀʄʇ 

ʦʪʣʠʯʘʣʘʩʴ ʜʣʷ ʦʙʨʘʟʮʦʚ, ʠʩʩʣʝʜʫʝʤʳʭ ʥʘ ʥʘʥʦʪʚʝʨʜʦʤʝʨʝ çʅʘʥʦʉʢʘʥ-3Dè ʠ 

ʤʝʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʤ ʬʦʪʦʤʠʢʨʦʩʢʦʧʝ NEOPHOT-21. ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʚʝʢʪʦʨ B 

ʙʳʣ ʧʝʨʧʝʥʜʠʢʫʣʷʨʝʥ ʧʣʦʩʢʦʩʪʠ (110), ʚʦ ʚʪʦʨʦʤ ʧʣʦʩʢʦʩʪʠ ρρρ. ʇʦʩʣʝ ʚʦʟ-

ʜʝʡʩʪʚʠʷ ʩʣʘʙʦʛʦ ʀʄʇ ʦʙʨʘʟʮʳ ʧʦʤʝʱʘʣʠʩ ɹʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʫʩʪʘʥʦʚʢʠ 

ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ ʪʚʝʨʜʦʩʪʠ (ʅ) ʠ ʧʦʩʪʨʦʝʥʠʷ ʟʘʚʠʩʠʤʦʩʪʠʦʪʥʦʩʠ-

ʪʝʣʴʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ ʪʚʝʨʜʦʩʪʠ (æH) ʦʪ ʚʨʝʤʝʥʠ (t), ʧʦʩʣʝ ʚʦʟʜʝʡ-

ʩʪʚʠʷ ʀʄʇ. ʆʰʠʙʢʘ ʠʟʤʝʨʝʥʠʡ ʩʦʩʪʘʚʣʷʣʘ Ñ3-5% 

ɹʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʢʘʢ ʫʧʨʦʯʥʝʥʠʝ, ʪʘʢ ʠ ʨʘʟʫʧʨʦʯʥʝʥʠʝ ʢʨʠʩʪʘʣʣʦʚ 

CdTe(Cl), ʧʦʩʣʝ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʥʠʭ ʩʣʘʙʳʭ ʀʄʇ. ʇʨʠʯʝʤ ʨʘʟʣʠʯʠʷ ʚ ʜʠʥʘʤʠʢʝ 
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ʠʟʤʝʥʝʥʠʡ ʥʘʙʣʶʜʘʶʪʩʷ ʫ ʢʨʠʩʪʘʣʣʦʚ CdTe(Cl), ʠʤʝʶʱʠʭ ʨʘʟʣʠʯʥʳʡ ʪʠʧ ʧʨʦ-

ʚʦʜʠʤʦʩʪʠ.  

 

ʈʠʩ. 33. ɿʘʚʠʩʠʤʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʪʚʝʨʜʦʩʪʠ (æʅ) ʢʨʠʩʪʘʣʣʦʚ CdTe (nï ʠ pï

ʪʠʧʦʚ ʧʨʦʚʦʜʠʤʦʩʪʠ) ʦʪ ʚʨʝʤʝʥʠ (t). ʐʘʛ ʠʟʤʝʨʝʥʠʷ å20 ʯ. ʂʨʠʚʘʷ 1 - æʅ(t) 

CdTe(Cl), nïʪʠʧʘ, ʧʦʜʚʝʨʛʰʝʛʦʩʷ ʚʦʟʜʝʡʩʪʚʠʶ ʩʣʘʙʦʛʦ ʀʄʇ; ʂʨʠʚʘʷ 2 - æʅ(t) 

CdTe(Cl), pïʪʠʧʘ, ʧʦʜʚʝʨʛʰʝʛʦʩʷ ʚʦʟʜʝʡʩʪʚʠʶ ʩʣʘʙʦʛʦ ʀʄʇ; ʂʨʠʚʘʷ 3 ï æʅ(t) 

ʢʦʥʪʨʦʣʴʥʳʭ ʦʙʨʘʟʮʦʚ CdTe(Cl). ɺʝʢʪʦʨ B ʧʝʨʧʝʥʜʠʢʫʣʷʨʝʥ ʧʣʦʩʢʦʩʪʠ (110). 

ʅʘ ʚʨʝʟʢʝ ʫʚʝʣʠʯʝʥʥʘʷ ʦʙʣʘʩʪʴ 275-315 ʯʘʩʦʚ ʩ ʫʢʘʟʘʥʥʳʤʠ ʦʰʠʙʢʘʤʠ ʠʟʤʝʨʝ-

ʥʠʡ. ɺʦʟʜʝʡʩʪʚʠʝ ʀʄʇ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʥʘ ʚʨʝʤʝʥʥʦʡ ʦʪʤʝʪʢʝ ʚ 120 ʯʘʩʦʚ. 

ʊʘʢ, ʢʨʠʩʪʘʣʣʳ CdTe, nïʪʠʧʘ ʧʨʦʚʦʜʠʤʦʩʪʠ, ʧʦʢʘʟʳʚʘʶʪ ʨʘʟʫʧʨʦʯʥʝʥʠʝ 

(ʈʠʩ. 33. ʂʨʠʚʘʷ 1), ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʨʝʣʘʢʩʘʮʠʝʡ ʧʦʢʘʟʘʪʝʣʝʡ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ 

ʜʦ ʢʦʥʪʨʦʣʴʥʳʭ ʟʥʘʯʝʥʠʡ, ʩʧʫʩʪʷ 300 ʯʘʩʦʚ, ʧʦʩʣʝ ʚʦʟʜʝʡʩʪʚʠʷ ʩʣʘʙʦʛʦ ʀʄʇ. 

ʅʘ ʜʘʥʥʳʭ ʢʨʠʩʪʘʣʣʘʭ ʥʘʙʣʶʜʘʝʪʩʷ ʜʚʘ ʚʨʝʤʝʥʥʳʭ ʠʥʪʝʨʚʘʣʘ ʧʠʢʦʚʦʛʦ 
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ʨʘʟʫʧʨʦʯʥʝʥʠʷ ʢʨʠʩʪʘʣʣʦʚ CdTe. ʉʧʫʩʪʷ 20 ʯʘʩʦʚ, ʧʦʩʣʝ ʚʦʟʜʝʡʩʪʚʠʷ ʀʄʇ 

ʥʘʙʣʶʜʘʝʪʩʷ ʧʝʨʚʳʡ, ʥʝʟʥʘʯʠʪʝʣʴʥʳʡ ʧʠʢ ʫʤʝʥʴʰʝʥʠʷ ʪʚʝʨʜʦʩʪʠ ʢʨʠʩʪʘʣʣʦʚ 

CdTe. ʅʘʙʣʶʜʘʝʤʦʝ ʫʤʝʥʴʰʝʥʠʝ ʪʚʝʨʜʦʩʪʠ ʩʦʩʪʘʚʠʣʦ å3,5 %, ʯʪʦ ʥʘʭʦʜʠʪʩʷ ʚ 

ʧʨʝʜʝʣʘʭ ʦʰʠʙʢʠ ʠʟʤʝʨʝʥʠʷ. ɺʪʦʨʦʡ ʧʠʢ ʨʘʟʫʧʨʦʯʥʝʥʠʷ ʢʨʠʩʪʘʣʣʘ ʙʦʣʝʝ ʠʥ-

ʪʝʥʩʠʚʥʳʡ - ʥʘʙʣʶʜʘʝʪʩʷ ʧʠʢʦʚʦʝ ʫʤʝʥʴʰʝʥʠʝ ʧʦʢʘʟʘʪʝʣʝʡ ʪʚʝʨʜʦʩʪʠ ʥʘ 

11,1%, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʴʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ. 

ʂʨʠʩʪʘʣʣʳ CdTe(Cl), pïʪʠʧʘ ʧʨʦʚʦʜʠʤʦʩʪʠ, ʠʩʩʣʝʜʦʚʘʥʥʳʝ ʩ ʧʦʤʦʱʴʶ 

ʩʢʘʥʠʨʫʶʱʝʛʦ ʥʘʥʦʪʚʝʨʜʦʤʝʨʘ çʅʘʥʦʉʢʘʥ-3Dè, ʧʦʢʘʟʘʣʠ ʫʧʨʦʯʥʝʥʠʝ ʢʨʠʩʪʘʣ-

ʣʦʚ (ʨʠʩ. 33. ʂʨʠʚʘʷ 2), ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʨʝʣʘʢʩʘʮʠʡ ʜʦ ʢʦʥʪʨʦʣʴʥʳʭ ʟʥʘʯʝʥʠʡ, 

ʩʧʫʩʪʷ 300 ʯʘʩʦʚ, ʧʦʩʣʝ ʚʦʟʜʝʡʩʪʚʠʷ ʩʣʘʙʦʛʦ ʀʄʇ. ʅʘʙʣʶʜʘʝʪʩʷ ʪʨʠ ʧʠʢʘ ʫʚʝ-

ʣʠʯʝʥʠʷ ʪʚʝʨʜʦʩʪʠ (H). ʇʝʨʚʠʯʥʳʡ ʧʠʢ ʠʟʤʝʥʝʥʠʷ ʪʚʝʨʜʦʩʪʠ ʧʨʦʠʩʭʦʜʠʪ ʚ ʪʝ 

ʞʝ ʚʨʝʤʝʥʘ, ʯʪʦ ʠ ʜʣʷ ʢʨʠʩʪʘʣʣʦʚ CdTe n-ʪʠʧʘ ʧʨʦʚʦʜʠʤʦʩʪʠ. ʇʨʠ ʵʪʦʤ ʫʚʝʣʠ-

ʯʝʥʠʝ ʧʦʢʘʟʘʪʝʣʝʡ ʪʚʝʨʜʦʩʪʠ (H) ʥʘ 4,3 % ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʴʥʳʤʠ ʟʥʘʯʝ-

ʥʠʷʤʠ ʪʘʢʞʝ ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʦʰʠʙʢʠ ʦʧʨʝʜʝʣʝʥʠʷ ʪʚʝʨʜʦʩʪʠ ʧʨʠʙʦʨʦʤ. 

ɺʪʦʨʦʡ ʧʠʢ ʪʘʢʞʝ ʠʤʝʝʪ ʙʦʣʴʰʫʶ ʠʥʪʝʥʩʠʚʥʦʩʪʴ, ʥʘʙʣʶʜʘʝʤʦʝ ʫʚʝʣʠʯʝʥʠʝ 

ʪʚʝʨʜʦʩʪʠ ʩʦʩʪʘʚʣʷʝʪ 7,4%. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʘʙʣʶʜʘʝʤʳʡ ʚʪʦʨʦʡ ʧʠʢ 

ʫʧʨʦʯʥʝʥʠʷ ʢʨʠʩʪʘʣʣʦʚ CdTe, p-ʪʠʧʘ ʥʝ ʠʤʝʝʪ ʩʦʧʦʩʪʘʚʠʤʦʛʦ ʧʦ ʚʨʝʤʝʥʘʤ ʧʠʢʘ 

ʠʟʤʝʥʝʥʠʷ ʪʚʝʨʜʦʩʪʠ ʜʣʷ ʢʨʠʩʪʘʣʣʦʚ CdTe nïʪʠʧʘ ʧʨʦʚʦʜʠʤʦʩʪʠ. ʊʨʝʪʠʡ ʧʠʢ 

ʫʧʨʦʯʥʝʥʠʷ ʢʨʠʩʪʘʣʣʦʚ p-ʪʠʧʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʚʪʦʨʦʤʫ ʧʠʢʫ ʨʘʟʫʧʨʦʯʥʝʥʠʝ ʢʨʠ-

ʩʪʘʣʣʦʚ n-ʪʠʧʘ, ʦʜʥʘʢʦ ʚʝʣʠʯʠʥʘ ʫʧʨʦʯʥʝʥʠʝ ʩʦʩʪʘʚʣʷʝʪ ʚʩʝʛʦ 4,5% ʠ ʥʘʭʦʜʠʪʩʷ 

ʚ ʧʨʝʜʝʣʘʭ ʦʰʠʙʢʠ ʠʟʤʝʨʝʥʠʷ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʷ ʪʚʝʨʜʦʩʪʠ, ʧʦʣʫʯʝʥʥʳʝ ʥʘ ʤʝʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʤ 

ʬʦʪʦʤʠʢʨʦʩʢʦʧʝ NEOPHOT-21 ʧʦʢʘʟʳʚʘʶʪ ʠʥʫʶ ʜʠʥʘʤʠʢʫ ʟʘʚʠʩʠʤʦʩʪʠ æʅ(t) 

ʜʣʷ ʢʨʠʩʪʘʣʣʦʚ CdTe(Cl), p-ʪʠʧʘ ʧʨʦʚʦʜʠʤʦʩʪʠ (ʨʠʩ. 34.). ʅʘʙʣʶʜʘʝʪʩʷ 

ʨʘʟʫʧʨʦʯʥʝʥʠʝ ʢʨʠʩʪʘʣʣʦʚ CdTe(Cl), p-ʪʠʧʘ ʧʨʦʚʦʜʠʤʦʩʪʠ, ʯʪʦ ʧʨʦʪʠʚʦʨʝʯʠʪ 

ʧʨʝʜʳʜʫʱʠʤ ʨʝʟʫʣʴʪʘʪʘʤ, ʧʦʣʫʯʝʥʥʳʤ ʥʘ ʥʘʥʦʪʚʝʨʜʦʤʝʨʝ çʅʘʥʦʉʢʘʥ-3Dè. 

ʇʨʠ ʵʪʦʤ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʘʙʣʶʜʘʝʤʳʝ ʧʠʢʠ ʨʘʟʫʧʨʦʯʥʝʥʠʷ ʢʨʠʩʪʘʣʣʦʚ 

ʩʦʚʧʘʜʘʶʪ ʧʦ ʩʚʦʠʤ ʚʨʝʤʝʥʘʤ ʩ ʧʝʨʚʳʤʠ ʜʚʫʤʷ ʧʠʢʘʤʠ ʫʧʨʦʯʥʝʥʠʷ, ʥʘʙʣʶʜʘ-

ʝʤʳʤʠ ʥʘ ʩʢʘʥʠʨʫʶʱʝʤ ʥʘʥʦʪʚʝʨʜʦʤʝʨʝ çʅʘʥʦʉʢʘʥ-3Dè. ʇʨʠ ʵʪʦʤ ʠʥʪʝʥʩʠʚ-
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ʥʦʩʪʠ ʨʘʟʫʧʨʦʯʥʝʥʠʷ ʟʥʘʯʠʪʝʣʴʥʘ: 8% ʜʣʷ ʧʝʨʚʦʛʦ ʧʠʢʘ ʨʘʟʫʧʨʦʯʥʝʥʠʷ ʠ 12% 

ʜʣʷ ʚʪʦʨʦʛʦ.  

 

 

ʈʠʩ. 34. ɿʘʚʠʩʠʤʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʪʚʝʨʜʦʩʪʠ (H) ʤʦʥʦʢʨʠʩʪʘʣʣʘ CdTe(Cl), pï

ʪʠʧʘ ʧʨʦʚʦʜʠʤʦʩʪʠ, ʦʪ ʚʨʝʤʝʥʠ (t), ʧʦʜʚʝʨʛʰʝʛʦʩʷ ʚʦʟʜʝʡʩʪʚʠʶ ʩʣʘʙʦʛʦ ʀʄʇ. 

ɺʝʢʪʦʨ B ʧʝʨʧʝʥʜʠʢʫʣʷʨʝʥ ʧʣʦʩʢʦʩʪʠ ρρρȢ ʆʰʠʙʢʘ ʠʟʤʝʨʝʥʠʷ ~4%. 

ʇʦʣʫʯʝʥʥʳʝ ʧʨʦʪʠʚʦʨʝʯʠʷ ʤʦʛʫʪ ʦʙʲʷʩʥʷʪʴʩʷ ʨʘʟʣʠʯʠʷʤʠ ʚ ʤʝʪʦʜʠʢʝ 

ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʘ ʪʘʢʞʝ ʨʘʟʣʠʯʥʦʡ ʦʨʠʝʥʪʘʮʠʝʡ ʚʝʢʪʦʨʘ B ʦʪʥʦʩʠ-

ʪʝʣʴʥʦ ʢʨʠʩʪʘʣʣʘ. ɺʪʦʨʦʝ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ, 

ʪʘʢ ʢʘʢ ʜʘʣʝʝ, ʚ ɻʣʘʚʝ 3.4. ʠʩʩʣʝʜʫʝʪʩʷ ʚʣʠʷʥʠʝ ʦʨʠʝʥʪʘʮʠʠ ʢʨʠʩʪʘʣʣʦʚ ʚ ʩʣʘ-

ʙʦʤ ʀʄʇ ʥʘ ʜʠʥʘʤʠʢʫ ʠʟʤʝʥʝʥʠʷ ʩʚʦʡʩʪʚ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʜʝʣʘʝʪʩʷ ʚʳʚʦʜ, 

ʯʪʦ ʩʤʝʥʘ ʦʨʠʝʥʪʘʮʠʠ ʥʝ ʩʧʦʩʦʙʥʘ ʧʨʠʚʦʜʠʪʴ ʢ ʧʨʠʥʮʠʧʠʘʣʴʥʦʤʫ ʠʟʤʝʥʝʥʠʶ 

ʜʠʥʘʤʠʢʠ ʠʟʤʝʥʝʥʠʷ ʩʚʦʡʩʪʚ ʢʨʠʩʪʘʣʣʦʚ, ʘ ʪʦʣʴʢʦ ʠʟʤʝʥʷʪʴ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʦʪ-

ʢʣʠʢʘ ʢʨʠʩʪʘʣʣʘ, ʧʦʩʣʝ ʚʦʟʜʝʡʩʪʚʠʷ ʩʣʘʙʦʛʦ ʀʄʇ. ʈʘʟʣʠʯʠʷ ʞʝ ʚ ʤʝʪʦʜʠʢʝ 

ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʚʳʧʦʣʥʝʥʥʳʭ ʩ ʧʦʤʦʱʴʶ ʥʘʥʦʪʚʝʨʜʦʤʝʨʘ 

çʅʘʥʦʉʢʘʥ-3Dè ʠ ʬʦʪʦʤʠʢʨʦʩʢʦʧʘ NEOPHOT-21 ʩʚʷʟʘʥʳ ʩ ʚʝʣʠʯʠʥʘʤʠ ʥʘʛʨʫ-

ʟʦʢ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʧʨʠ ʠʥʜʝʥʪʠʨʦʚʘʥʠʠ, ʠ ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʛʣʫʙʠʥʘʤʠ ʧʦʛʨʫʞʝ-

ʥʠʷ ʠʥʜʝʥʪʦʚ (1 ʤʢʤ ʠ 4 ʤʢʤ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ).  
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ʋʯʠʪʳʚʘʷ ʵʪʦ, ʚʦʟʤʦʞʥʳ ʜʚʝ ʧʨʠʯʠʥʳ ʥʘʙʣʶʜʘʝʤʳʭ ʧʨʦʪʠʚʦʨʝʯʠʡ. ʇʝʨ-

ʚʘʷ ʥʘʧʨʷʤʫʶ ʩʚʷʟʘʥʘ ʩ ʚʝʣʠʯʠʥʦʡ ʥʘʛʨʫʟʢʠ ʠʥʜʝʥʪʦʨʘ ʧʨʠ ʠʟʤʝʨʝʥʠʠ ʪʚʝʨʜʦ-

ʩʪʠ, ʪʘʢ ʢʘʢ ʠʟʚʝʩʪʥʦ [169], ʯʪʦ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʩʠʣʳ ʚʜʘʚʣʠʚʘʥʠʷ ʠʥʜʝʥʪʦʨʘ ʚ 

ʤʘʪʝʨʠʘʣ ʨʘʩʪʝʪ ʚʢʣʘʜ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʦʪʧʝʯʘʪʢʘ, 

ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʠʩʢʘʞʝʥʠʶ ʟʘʚʠʩʠʤʦʩʪʠ ʚʝʣʠʯʠʥʳ ʥʘʛʨʫʟʢʠ (P) ʦʪ ʛʣʫʙʠʥʳ 

ʚʜʘʚʣʠʚʘʥʠʷ (h). ɼʣʷ ʢʨʠʩʪʘʣʣʦʚ CdTe(Cl), ʧʨʠ ʠʟʤʝʨʝʥʠʠ ʪʚʝʨʜʦʩʪʠ ʥʘ 

ʥʘʥʦʪʚʝʨʜʦʤʝʨʝ çʅʘʥʦʉʢʘʥ-3Dè ʫʞʝ ʧʨʠ ʥʘʛʨʫʟʢʝ ʚ 40 ʤʅ ʥʘʙʣʶʜʘʝʪʩʷ ʠʩʢʘ-

ʞʝʥʠʝ ʜʘʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʥʘʛʨʫʟʢʘ ʧʨʠ ʠʟʤʝʨʝʥʠʠ ʝʚ ʬʦʪʦʤʠʢ-

ʨʦʩʢʦʧʝ ʩʦʩʪʘʚʣʷʝʪ ~160 ʤʅ, ʩ ʯʝʤ ʠ ʤʦʛʫʪ ʙʳʪʴ ʩʚʷʟʘʥʳ ʥʘʙʣʶʜʘʝʤʳʝ ʧʨʦʪʠ-

ʚʦʨʝʯʠʷ. ɺʪʦʨʘʷ ʚʦʟʤʦʞʥʘʷ ʧʨʠʯʠʥʘ ʥʘʙʣʶʜʘʝʤʳʭ ʧʨʦʪʠʚʦʨʝʯʠʡ ʤʦʞʝʪ ʙʳʪʴ 

ʩʚʷʟʘʥʘ ʩ ʛʣʫʙʠʥʦʡ ʧʦʛʨʫʞʝʥʠʷ ʟʦʥʜʘ, ʙʝʟ ʧʨʷʤʦʡ ʩʚʷʟʠ ʩ ʠʟʤʝʥʝʥʠʝʤ ʥʝʧʦ-

ʩʨʝʜʩʪʚʝʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʟʦʥʜ-ʤʘʪʝʨʠʘʣ. ʅʘʤ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʚʦʟʜʝʡʩʪʚʠʝ 

ʩʣʘʙʦʛʦ ʀʄʇ ʥʘ ʜʠʘʤʘʛʥʠʪʥʳʝ ʤʘʪʝʨʠʘʣʳ ʩʧʦʩʦʙʥʦ ʧʨʠʚʦʜʠʪ ɹʢ ʠʟʤʝʥʝʥʠʶ 

ʩʦʩʪʦʷʥʠʷ ʠʭ ʧʦʚʝʨʭʥʦʩʪʠ [1], ʦ ʯʝʤ ʙʫʜʝʪ ʙʦʣʝʝ ʧʦʜʨʦʙʥʦ ʩʢʘʟʘʥʦ ʚ ʩʣʝʜʫʶ-

ʱʝʡ ʛʣʘʚʝ. ʏʪʦ ʜʘʝʪ ʥʘʤ ʚʦʟʤʦʞʥʦʩʪʴ ʫʩʣʦʚʥʦ ʨʘʟʜʝʣʠʪʴ ʧʨʦʠʩʭʦʜʷʱʠʝ, ʧʦʩʣʝ 

ʚʦʟʜʝʡʩʪʚʠʷ ʩʣʘʙʳʭ ʀʄʇ, ʧʨʦʮʝʩʩʳ ʥʘ ʧʨʦʠʩʭʦʜʷʱʠʝ ʚ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʳʭ 

ʩʣʦʷʭ ʢʨʠʩʪʘʣʣʦʚ ʠ ʚ ʦʙʲʝʤʝ. ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ, ʥʘʙʣʶʜʘʝʤʦʝ ʧʨʦʪʠʚʦʨʝʯʠʝ ʤʦ-

ʞʝʪ ʦʙʲʷʩʥʷʪʴʩʷ ʥʝʢʦʪʦʨʳʤ ʨʘʟʣʠʯʠʝʤ ʨʝʣʘʢʩʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʠʩʭʦ-

ʜʷʱʠʭ ʚ ʨʘʟʥʳʭ ʩʣʦʷʭ ʢʨʠʩʪʘʣʣʘ. ʆʜʥʘʢʦ ʜʣʷ ʦʙʲʷʩʥʝʥʠʷ ʜʘʥʥʦʛʦ ʧʨʦʪʠʚʦʨʝ-

ʯʠʷ ʥʝʦʙʭʦʜʠʤʳ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ.  

ʇʦʜʚʦʜʷ ʧʨʦʤʝʞʫʪʦʯʥʳʡ ʠʪʦʛ, ʤʳ ʤʦʞʝʤ ʩʢʘʟʘʪʴ: 

¶ ɺʦʟʜʝʡʩʪʚʠʝ ʩʣʘʙʦʛʦ ʀʄʇ ʥʘ ʜʠʘʤʘʛʥʠʪʥʳʝ ʢʨʠʩʪʘʣʣʳ CdTe(Cl) ʩʧʦʩʦʙʥʦ 

ʧʨʠʚʦʜʠʪʴ ʢ ʜʦʣʛʦʚʨʝʤʝʥʥʳʤ ʠʟʤʝʥʝʥʠʷʤ ʪʚʝʨʜʦʩʪʠ ʜʘʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ. 

ʆʜʥʘʢʦ, ʥʘʙʣʶʜʘʝʤʳʝ ʠʟʤʝʥʝʥʠʷ ʤʝʥʴʰʝ, ʯʝʤ ʠʟʤʝʥʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

¶ ʀʟʤʝʨʝʥʠʝ ʪʚʝʨʜʦʩʪʠ ʢʨʠʩʪʘʣʣʦʚ CdTe(Cl), ʧʦʩʣʝ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʥʠʭ ʩʣʘ-

ʙʳʤ ʀʄʇ, ʩ ʧʦʤʦʱʴʶ ʥʘʥʦʪʚʝʨʜʦʤʝʨʘ çʅʘʥʦʉʢʘʥ-3Dè ʧʦʢʘʟʘʣʦ, ʯʪʦ ʟʘʚʠ-

ʩʠʤʦʩʪʠ æH(t) ʢʨʠʩʪʘʣʣʦʚ n- ʠ p-ʪʠʧʦʚ ʧʨʦʚʦʜʠʤʦʩʪʠ ʪʘʢ ʞʝ, ʢʘʢ ʠ ʟʘʚʠʩʠ-

ʤʦʩʪʠ æů(t) ʠʤʝʶʪ ʦʙʨʘʪʥʫʶ ʜʠʥʘʤʠʢʫ. 
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¶ ʅʘʙʣʶʜʘʝʪʩʷ ʧʨʦʪʠʚʦʨʝʯʠʝ ʚ ʨʝʟʫʣʴʪʘʪʘʭ ʠʟʤʝʥʝʥʠʷ ʪʚʝʨʜʦʩʪʠ ʢʨʠʩʪʘʣʣʦʚ 

CdTe(Cl), p-ʪʠʧʘ, ʧʦʣʫʯʝʥʥʳʭ ʥʘ ʨʘʟʣʠʯʥʦʤ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤ ʦʙʦʨʫʜʦʚʘ-

ʥʠʠ: ʥʘʥʦʪʚʝʨʜʦʤʝʨʝ çʅʘʥʦʉʢʘʥ-3Dè ʠ ʬʦʪʦʤʠʢʨʦʩʢʦʧʝ NEOPHOT-21. ʆʙ-

ʩʫʞʜʘʶʪʩʷ ʚʦʟʤʦʞʥʳʝ ʧʨʠʯʠʥʳ ʜʘʥʥʦʛʦ ʧʨʦʪʠʚʦʨʝʯʠʷ. ʇʨʠ ʵʪʦʤ ʥʘʙʣʶʜʘ-

ʝʤʳʝ ʧʠʢʠ ʨʘʟʫʧʨʦʯʥʝʥʠʷ ʢʨʠʩʪʘʣʣʦʚ ʩʦʚʧʘʜʘʶʪ ʧʦ ʩʚʦʠʤ ʚʨʝʤʝʥʘʤ ʩ ʧʝʨ-

ʚʳʤʠ ʜʚʫʤʷ ʧʠʢʘʤʠ ʫʧʨʦʯʥʝʥʠʷ, ʥʘʙʣʶʜʘʝʤʳʤʠ ʥʘ ʩʢʘʥʠʨʫʶʱʝʤ 

ʥʘʥʦʪʚʝʨʜʦʤʝʨʝ çʅʘʥʦʉʢʘʥ-3Dè. 

 

3.3. ʈʝʟʫʣʴʪʘʪʳ ʚʦʟʜʝʡʩʪʚʠ ̫ʩʣʘʙʦʛʦ ʠʤʧʫʣʴʩʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʥʘ ʩʦ-

ʩʪʦʷʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʢʨʠʩʪʘʣʣʦʚ CdTe(Cl) 

 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ CdTe ʚ ʢʘʯʝʩʪʚʝ ʧʦʜʣʦʞʝʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʜʣʷ ʵʧʠʪʘʢʩʠ-

ʘʣʴʥʳʭ ʩʣʦʝʚ HgCdTe, ʘ ʪʘʢʞʝ ʝʛʦ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʚ ʢʘʯʝʩʪʚʝ ʤʘʪʝʨʠʘʣʘ ʜʣʷ 

ʨʘʟʨʘʙʦʪʢʠ ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʠ ʛʘʤʤʘ ʜʝʪʝʢʪʦʨʦʚ, ʨʘʙʦʪʘʶʱʠʭ ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ, ʦʧʨʝʜʝʣʷʶʪ ʠʥʪʝʨʝʩ ʢ ʠʩʩʣʝʜʦʚʘʥʠʷʤ ʨʝʟʫʣʴʪʘʪʦʚ ʚʦʟʜʝʡʩʪʚʠʡ 

ʩʣʘʙʳʭ ʀʄʇ ʥʘ ʩʦʩʪʦʷʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʣʦʝʚ ʢʨʠʩʪʘʣʣʦʚ 

CdTe. ʉʫʱʝʩʪʚʫʶʱʠʝ ʨʘʙʦʪʳ ʛʦʚʦʨʷʪ ʦʙ ʠʟʤʝʥʝʥʠʷʭ ʩʦʩʪʦʷʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʠ 

ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʣʦʝʚ ʥʝʤʘʛʥʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʣʘʙʳʭ ʀʄʇ 

ʠ ʇʄʇ [111]. ʕʪʦ, ʘ ʪʘʢʞʝ ʦʧʠʩʘʥʥʳʝ ʚ ʧʨʝʜʳʜʫʱʝʡ ʛʣʘʚʝ ʦʙʥʘʨʫʞʝʥʥʳʝ ʠʟ-

ʤʝʥʝʥʠʷ ʤʝʭʘʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ (ʪʚʝʨʜʦʩʪʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ) 

ʢʨʠʩʪʘʣʣʦʚ CdTe(Cl), ʧʦʩʣʝ ʚʦʟʜʝʡʩʪʚʠʷ ʩʣʘʙʳʭ ʀʄʇ, ʩʪʠʤʫʣʠʨʫʶʪ ʠʥʪʝʨʝʩ ʢ 

ʠʟʫʯʝʥʠʶ ʨʝʟʫʣʴʪʘʪʦʚ ʚʦʟʜʝʡʩʪʚʠʡ ʩʣʘʙʳʭ ʀʄʇ ʥʘ ʩʦʩʪʦʷʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ 

ʢʨʠʩʪʘʣʣʦʚ CdTe, ʣʝʛʠʨʦʚʘʥʥʳʭ ʨʘʟʣʠʯʥʳʤʠ ʢʦʤʧʝʥʩʘʮʠʦʥʥʳʤʠ ʧʨʠʤʝʩʷʤʠ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʩʦʩʪʦʷʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʦʚʦʜʠʣʠʩʴ ʩ ʧʦʤʦʱʴʶ ʩʢʘʥʠʨʫ-

ʶʱʝʛʦ ʟʦʥʜʦʚʦʛʦ ʤʠʢʨʦʩʢʦʧʘ Solver PRO M (NT-ʄDʊ) ʠ ʘʪʦʤʥʦ-ʩʠʣʦʚʦʛʦ 

ʤʠʢʨʦʩʢʦʧʘ NTEGRA PRIMA (NT-MDT). ɺ ʢʘʞʜʦʤ ʠʟʤʝʨʝʥʠʠ ʧʨʠʩʫʪʩʪʚʦʚʘʣ 

ʢʦʥʪʨʦʣʴʥʳʡ ʦʙʨʘʟʝʮ, ʷʚʣʷʶʱʠʡʩʷ ʟʝʨʢʘʣʴʥʳʤ ʩʢʦʣʦʤ ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʨʘʟʮʘ, 
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ʠʤʝʶʱʠʡ ʠʜʝʥʪʠʯʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʦʡ ʰʝʨʦʭʦʚʘʪʦʩʪʠ. 

ʆʰʠʙʢʘ ʠʟʤʝʨʝʥʠʷ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʩʦʩʪʘʚʣʷʣʘ Ñ10%. 

ʆʙʨʘʟʮʳ ʢʨʠʩʪʘʣʣʦʚ CdTe(Cl), ʧʦʜʛʦʪʦʚʣʝʥʥʳʝ ʧʦ ʤʝʪʦʜʠʢʝ, ʦʧʠʩʘʥʥʦʡ ʚ 

ʛʣʘʚʝ 2, ʧʦʤʝʱʘʣʠ ʚ ʩʢʘʥʠʨʫʶʱʠʡ ʟʦʥʜʦʚʳʡ ʤʠʢʨʦʩʢʦʧ Solver PRO M (NT-

ʄDʊ) ʠ ʘʪʦʤʥʦ-ʩʠʣʦʚʦʡ ʤʠʢʨʦʩʢʦʧ NTEGRA PRIMA (NT-MDT) ʜʣʷ ʦʧʨʝʜʝʣʝ-

ʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʦʡ ʰʝʨʦʭʦʚʘʪʦʩʪʠ (Sq). ʋ ʠʩʩʣʝʜʫʝʤʦʛʦ ʠ 

ʢʦʥʪʨʦʣʴʥʦʛʦ ʢʨʠʩʪʘʣʣʦʚ ʧʦʤʝʯʘʣʘʩʴ ʦʙʣʘʩʪʴ ʧʦʚʝʨʭʥʦʩʪʠ ʢʨʠʩʪʘʣʣʘ, ʠʤʝʶʱʘʷ 

ʠʜʝʥʪʠʯʥʳʝ ʧʦʢʘʟʘʥʠʷ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʠ ʜʘʣʴʥʝʡʰʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠ-

ʣʠʩʴ ʪʦʣʴʢʦ ʩ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ. ɺʝʢʪʦʨ B, ʚ ʧʨʦʮʝʩʩʝ ʚʦʟʜʝʡʩʪʚʠʷ ʩʣʘʙʦʛʦ ʀʄʇ 

ʙʳʣ ʧʝʨʧʝʥʜʠʢʫʣʷʨʝʥ ʧʣʦʩʢʦʩʪʠ ρρρ ʠʩʩʣʝʜʫʝʤʳʭ ʢʨʠʩʪʘʣʣʦʚ CdTe(Cl). ʇʦ-

ʩʣʝ ʚʦʟʜʝʡʩʪʚʠʷ ʩʣʘʙʦʛʦ ʀʄʇ ʦʙʨʘʟʮʳ ʧʦʤʝʱʘʣʠ ʚ ʩʢʘʥʠʨʫʶʱʠʡ ʟʦʥʜʦʚʳʡ 

ʤʠʢʨʦʩʢʦʧ Solver PRO M (NT-ʄDʊ) ʠ ʘʪʦʤʥʦ-ʩʠʣʦʚʦʡ ʤʠʢʨʦʩʢʦʧ NTEGRA 

PRIMA (NT-MDT) ʜʣʷ ʩʢʘʥʠʨʦʚʘʥʠʷ ʩʦʩʪʦʷʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʥʝʝ ʧʦʤʝʯʝʥʥʦʡ 

ʦʙʣʘʩʪʠ. ʇʦʩʣʝ ʯʝʛʦ ʧʨʦʠʟʚʦʜʠʣʠʩʴ ʠʟʤʝʨʝʥʠʷ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ ʚʳ-

ʙʨʘʥʥʦʡ ʦʙʣʘʩʪʠ ʩ ʰʘʛʦʤ ʠʟʤʝʨʝʥʠʷ å 10-20 ʯʘʩʦʚ. ʇʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʰʝ-

ʨʦʭʦʚʘʪʦʩʪʠ ʦʙʨʘʙʘʪʳʚʘʣʠʩʴ, ʠ ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʧʦʩʪʨʦʝʥʠʝ ʟʘʚʠʩʠʤʦʩʪʝʡ ʦʪʥʦ-

ʩʠʪʝʣʴʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʦʡ ʰʝʨʦʭʦʚʘʪʦʩʪʠ (æSq) ʦʪ ʚʨʝʤʝʥʠ (t), 

ʧʨʦʰʝʜʰʝʛʦ ʩ ʚʦʟʜʝʡʩʪʚʠʷ ʩʣʘʙʦʛʦ ʀʄʇ (ʨʠʩ. 35.). 

ɹʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʧʠʢʦʚʦʝ ʫʤʝʥʴʰʝʥʠʝ ʧʦʢʘʟʘʪʝʣʝʡ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʦʡ 

ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʚʳʙʨʘʥʥʦʡ ʦʙʣʘʩʪʠ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʦʚ CdTe(Cl), ʩʧʫʩʪʷ 75 

ʠ 100 ʯʘʩʦʚ, ʧʦʩʣʝ ʚʦʟʜʝʡʩʪʚʠʷ ʩʣʘʙʦʛʦ ʀʄʇ, ʜʣʷ ʦʙʨʘʟʮʦʚ CdTe(Cl) n- ʠ p-

ʪʠʧʘ ʧʨʦʚʦʜʠʤʦʩʪʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʊʘʢ, ʥʘ ʨʠʩ. 35 ʧʨʝʜʩʪʘʚʣʝʥʳ ɸʉʄ-ʩʥʠʤʢʠ 

ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʦʚ CdTe(Cl), ʠʤʝʶʱʠʭ n- ʠ p-ʪʠʧ ʧʨʦʚʦʜʠʤʦʩʪʠ, ʧʨʠʯʝʤ 

ʩʪʦʠʪ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʥʘ ʨʠʩʫʥʢʝ 36 (ʘ) ʠ ʥʘ ʨʠʩʫʥʢʝ 36 (b) ʦʙʣʘʩʪʠ ʘʥʘʣʠʟʠʨʫʝ-

ʤʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʩʪʦʷʥʥʳ ʜʣʷ ʢʘʞʜʦʛʦ ʢʨʠʩʪʘʣʣʘ. ɿʘʤʝʪʥʦ, ʯʪʦ ʦʪʢʣʦʥʝʥʠʷ 

ʤʘʢʩʠʤʫʤʦʚ ʠ ʤʠʥʠʤʫʤʦʚ ʧʨʦʬʠʣʝʡ ʦʪ ʥʦʨʤʘʣʝʡ ʟʥʘʯʠʪʝʣʴʥʦ ʦʪʣʠʯʘʶʪʩʷ ʜʣʷ 

ʠʜʝʥʪʠʯʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʜʦ ʠ ʧʦʩʣʝ ʚʦʟʜʝʡʩʪʚʠʷ ʩʣʘʙʦʛʦ ʀʄʇ. ʊʘʢ, ʜʣʷ ʢʨʠ-

ʩʪʘʣʣʦʚ CdTe(Cl), n-ʪʠʧʘ ʧʨʦʚʦʜʠʤʦʩʪʠ, ʧʝʨʝʧʘʜ ʚʳʩʦʪ ʨʝʣʴʝʬʘ ʤʝʥʷʝʪʩʷ ʩ 0-

1400 ʥʤ, ʜʦ ʚʦʟʜʝʡʩʪʚʠʷ, ʥʘ 0-600 ʥʤ, ʯʝʨʝʟ 100 ʯʘʩʦʚ, ʧʦʩʣʝ ʚʦʟʜʝʡʩʪʚʠʷ ʀʄʇ. 
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ɸʥʘʣʦʛʠʯʥʘʷ ʩʠʪʫʘʮʠʷ ʥʘʙʣʶʜʘʝʪʩʷ ʜʣʷ ʢʨʠʩʪʘʣʣʦʚ CdTe(Cl), p-ʪʠʧʘ ʧʨʦʚʦʜʠ-

ʤʦʩʪʠ: ʧʝʨʝʧʘʜ ʚʳʩʦʪ ʨʝʣʴʬʘ ʤʝʥʷʝʪʩʷ ʩ 0-1600 ʥʤ, ʜʦ ʚʦʟʜʝʡʩʪʚʠʷ, ʥʘ 0-800, 

ʧʦʩʣʝ ʚʦʟʜʝʡʩʪʚʠʷ ʀʄʇ.  ʐʝʨʦʭʦʚʘʪʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʦʚ CdTe(Cl), n- ʠ 

p-ʪʠʧʦʚ ʧʨʦʚʦʜʠʤʦʩʪʠ, ʧʦʩʣʝ ʚʦʟʜʝʡʩʪʚʠʷ ʩʣʘʙʦʛʦ ʀʄʇ, ʚʝʜʝʪ ʩʝʙʷ ʩʭʦʞʝ. 

ʅʘʙʣʶʜʘʝʪʩʷ ʧʘʜʝʥʠʝ ʧʦʢʘʟʘʪʝʣʝʡ ʰʝʨʦʭʦʚʘʪʦʩʪʠ, ʧʨʠʯʝʤ ʥʘʙʣʶʜʘʝʤʦʝ ʧʠʢʦ-

ʚʦʝ ʫʤʝʥʴʰʝʥʠʝ ʧʦʢʘʟʘʪʝʣʝʡ Sq ʧʨʦʠʩʭʦʜʠʪ ʚ ʠʜʝʥʪʠʯʥʳʝ ʚʨʝʤʝʥʘ: 100ï165 

ʯʘʩʦʚ ʜʣʷ ʦʙʨʘʟʮʦʚ nïʪʠʧʘ ʠ 115ï180 ʯʘʩʦʚ ʜʣʷ ʦʙʨʘʟʮʦʚ pïʪʠʧʘ. ʇʨʠ ʵʪʦʤ ʚʝ-

ʣʠʯʠʥʳ ʠʟʤʝʥʝʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʦʡ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʪʘʢʞʝ ʩʭʦ-

ʞʠ: ʫʤʝʥʴʰʝʥʠʝ ʥʘ 32% ʦʪ ʠʩʭʦʜʥʳʭ (ʢʦʥʪʨʦʣʴʥʳʭ) ʟʥʘʯʝʥʠʡ, ʜʣʷ ʢʨʠʩʪʘʣʣʦʚ 

nïʪʠʧʘ ʠ ʫʤʝʥʴʰʝʥʠʷ ʥʘ 37,8% ʦʪ ʠʩʭʦʜʥʳʭ (ʢʦʥʪʨʦʣʴʥʳʭ) ʟʥʘʯʝʥʠʷ ʜʣʷ ʢʨʠ-

ʩʪʘʣʣʦʚ pïʪʠʧʘ ʧʨʦʚʦʜʠʤʦʩʪʠ. ʇʦ ʧʨʦʰʝʩʪʚʠʠ 140 ʯʘʩʦʚ, ʧʦʩʣʝ ʚʦʟʜʝʡʩʪʚʠʷ 

ʩʣʘʙʳʤʠ ʀʄʇ, ʢʨʠʩʪʘʣʣʳ ʦʙʦʠʭ ʪʠʧʦʚ ʧʨʦʚʦʜʠʤʦʩʪʠ ʧʦʢʘʟʳʚʘʶʪ ʨʝʣʘʢʩʘʮʠʶ 

ʧʦʢʘʟʘʪʝʣʝʡ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʦʡ ʰʝʨʦʭʦʚʘʪʦʩʪʠ (Sq) ʧʦʚʝʨʭʥʦʩʪʠ ʜʦ ʟʥʘʯʝʥʠʡ, 

ʙʣʠʟʢʠʭ ʢ ʠʩʭʦʜʥʳʤ (ʢʦʥʪʨʦʣʴʥʳʤ). 
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ʈʠʩ. 35. ɿʘʚʠʩʠʤʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʦʡ ʰʝʨʦʭʦʚʘʪʦʩʪʠ (æSq) 

ʧʦʚʝʨʭʥʦʩʪʠ ʢʨʠʩʪʘʣʣʦʚ CdTe(Cl) ʦʪ ʚʨʝʤʝʥʠ (t): ʂʨʠʚʘʷ 1 ï æSq(t) ʢʨʠʩʪʘʣʣʦʚ 

CdTe(Cl), pïʪʠʧʘ ʧʨʦʚʦʜʠʤʦʩʪʠ, ʧʦʜʚʝʨʛʰʠʭʩʷ ʚʦʟʜʝʡʩʪʚʠʶ ʩʣʘʙʦʛʦ ʀʄʇ; 

ʂʨʠʚʘʷ 2 ï æSq(t) ʢʨʠʩʪʘʣʣʦʚ CdTe(Cl), nïʪʠʧʘ ʧʨʦʚʦʜʠʤʦʩʪʠ, ʧʦʜʚʝʨʛʰʠʭʩʷ 

ʚʦʟʜʝʡʩʪʚʠʶ ʩʣʘʙʦʛʦ ʀʄʇ. ʂʨʠʚʘʷ 3 - æSq(t) ʢʦʥʪʨʦʣʴʥʳʭ ʦʙʨʘʟʮʦʚ. ɺʝʢʪʦʨ B 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʝʥ ʧʣʦʩʢʦʩʪʠ ρρρ. ʅʘ ʚʨʝʟʢʝ -  ʫʚʝʣʠʯʝʥʥʘʷ ʦʙʣʘʩʪʴ 185-225 

ʯʘʩʦʚ ʩ ʫʢʘʟʘʥʥʳʤʠ ʦʰʠʙʢʘʤʠ ʠʟʤʝʨʝʥʠʡ. ɺʦʟʜʝʡʩʪʚʠʝ ʀʄʇ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ 

ʥʘ ʚʨʝʤʝʥʥʦʡ ʦʪʤʝʪʢʝ ʚ 50 ʯʘʩʦʚ. 
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ʈʠʩ. 36. ɸʉʄ ï ʩʥʠʤʢʠ ʧʦʚʝʨʭʥʦʩʪʠ ʢʨʠʩʪʘʣʣʦʚ CdTe(Cl) ʜʦ ʚʦʟʜʝʡʩʪʚʠʷ 

ʩʣʘʙʦʛʦ ʀʄʇ ʠ ʯʝʨʝʟ 75-100 ʯʘʩʦʚ, ʧʦʩʣʝ ʚʦʟʜʝʡʩʪʚʠʷ ʩʣʘʙʦʛʦ ʀʄʇ; a ï ʢʨʠ-

ʩʪʘʣʣʳ CdTe(Cl), n-ʪʠʧʘ ʧʨʦʚʦʜʠʤʦʩʪʠ; b ï ʢʨʠʩʪʘʣʣʳ CdTe(Cl), p-ʪʠʧʘ ʧʨʦʚʦ-

ʜʠʤʦʩʪʠ. 

ʊʘʢʞʝ ʠʥʪʝʨʝʩʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʦ ʚʨʝʤʝʥʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʚʨʝʤʝʥʘʤ 

ʥʘʠʙʦʣʴʰʝʛʦ ʤʘʛʥʠʪʦʠʥʜʫʮʠʨʦʚʘʥʥʦʛʦ ʠʟʤʝʥʝʥʠ ̫ ʰʝʨʦʭʦʚʘʪʦʩʪʠ, ʘ ʠʤʝʥʥʦ 

ʯʝʨʝʟ 65-130 ʯʘʩʦʚ, ʧʦʩʣʝ ʚʦʟʜʝʡʩʪʚʠʷ ʩʣʘʙʦʛʦ ʀʄʇ ʥʘ ʠʩʩʣʝʜʫʝʤʳʡ ʦʙʨʘʟʝʮ, 

ʥʘʙʣʶʜʘʝʪʩʷ ʨʝʟʢʦʝ ʫʚʝʣʠʯʝʥʠʝ ʰʫʤʘ ʧʨʠ ʠʟʤʝʨʝʥʠʠ ʪʚʝʨʜʦʩʪʠ (ʪʘʙʣ. 7). ʊʘʢ, 

ʩʪʘʥʜʘʨʪʥʳʡ ʰʫʤ ʠʟʤʝʨʝʥʠʷ ʪʚʝʨʜʦʩʪʠ, ʧʨʠ ʥʘʛʨʫʟʢʘʭ 5-30 ʤʅ ʩʦʩʪʘʚʣʷʝʪ 3-

5%. ʅʘʯʠʥʘʷ ʩ ~80 ʯʘʩʦʚ, ʧʦʩʣʝ ʚʦʟʜʝʡʩʪʚʠʷ ʩʣʘʙʦʛʦ ʀʄʇ, ʥʘʙʣʶʜʘʝʪʩʷ ʫʚʝʣʠ-

ʯʝʥʠʝ ʨʘʟʙʨʦʩʘ ʟʥʘʯʝʥʠʷ ʪʚʝʨʜʦʩʪʠ (ʨʠʩ. 37.). ʏʝʨʝʟ ~100 ʯʘʩʦʚ, ʧʦʩʣʝ ʚʦʟʜʝʡ-

ʩʪʚʠʷ ʩʣʘʙʦʛʦ ʀʄʇ, ʪ.ʝ. ʚʦ ʚʨʝʤʷ ʥʘʠʙʦʣʴʰʝʛʦ ʧʘʜʝʥʠʷ ʰʝʨʦʭʦʚʘʪʦʩʪʠ (ʨʠʩ. 


































































