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

 
 
 
 
 

ɼʠʩʩʝʨʪʘʮʠʷ ʥʘ ʩʦʠʩʢʘʥʠʝ ʫʯʸʥʦʡ ʩʪʝʧʝʥʠ ʜʦʢʪʦʨʘ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ 
 
 
 
 

ʅʘʫʯʥʳʡ ʢʦʥʩʫʣʴʪʘʥʪ: 

ʜʦʢʪʦʨ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ɺʣʘʜʠʤʠʨ ʀʟʷʩʣʘʚʦʚʠʯ ɻʘʚʨʠʣʝʥʢʦ 
 

 
 
 
 
 
 

 

ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ 

2022 ʛ.  



2 

 

ʆʛʣʘʚʣʝʥʠʝ 

ɺʚʝʜʝʥʠʝ ...................................................................................................................... 6 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ ................................................................................................. 10 

ʉʪʝʧʝʥʴ ʨʘʟʨʘʙʦʪʘʥʥʦʩʪʠ ʪʝʤʳ ........................................................................... 13 

ʎʝʣʠ ʠ ʟʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ................................................................................. 18 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ..................................................................................................... 19 

ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʠ ʧʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ ........................................ 21 

ʄʝʪʦʜʦʣʦʛʠʷ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ................................................................. 22 

ʇʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ ..................................................................... 23 

ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ............................................................ 24 

ɸʧʨʦʙʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ .......................................................................................... 25 

ʇʫʙʣʠʢʘʮʠʠ ʧʦ ʪʝʤʝ ʨʘʙʦʪʳ ................................................................................. 26 

ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ ............................................................................................. 27 

ʆʙʲʝʤ ʠ ʩʪʨʫʢʪʫʨʘ ʜʠʩʩʝʨʪʘʮʠʠ .......................................................................... 28 

ɻʣʘʚʘ 1. ʕʧʠʪʘʢʩʠʘʣʴʥʳʝ ʧʣʝʥʢʠ ʠ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʳ ʩ ʢʚʘʥʪʦʚʳʤʠ ʷʤʘʤʠ 

ʥʘ ʦʩʥʦʚʝ ʫʟʢʦʟʦʥʥʳʭ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ HgCdTe ʢʘʢ ʤʘʪʝʨʠʘʣ ʜʣʷ ʣʘʟʝʨʦʚ 

ʩʨʝʜʥʝʛʦ ʠ ʜʘʣʴʥʝʛʦ ʀʂ ʜʠʘʧʘʟʦʥʦʚ. ʉʦʚʨʝʤʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʠ  

ʧʝʨʩʧʝʢʪʠʚʳ ................................................................................................................. 35 

1.1 ɺʚʝʜʝʥʠʝ ............................................................................................................... 35 

1.2 ʊʚʝʨʜʳʝ ʨʘʩʪʚʦʨʳ HgCdTe ʠ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʳ ʩ ʢʚʘʥʪʦʚʳʤʠ ʷʤʘʤʠ ʚ 

ʦʧʪʦʵʣʝʢʪʨʦʥʠʢʝ ʩʨʝʜʥʝʛʦ ʠ ʜʘʣʴʥʝʛʦ ʀʂ ʜʠʘʧʘʟʦʥʦʚ ......................................... 37 

1.3 ʄʝʭʘʥʠʟʤʳ ʨʝʢʦʤʙʠʥʘʮʠʠ ʠ ʚʨʝʤʝʥʘ ʞʠʟʥʠ ʥʦʩʠʪʝʣʝʡ ʚ ʤʘʪʝʨʠʘʣʘʭ ʥʘ 

ʦʩʥʦʚʝ HgCdTe ........................................................................................................... 41 

1.4 ʇʨʠʤʝʩʠ ʠ ʪʦʯʝʯʥʳʝ ʜʝʬʝʢʪʳ ʚ ʩʪʨʫʢʪʫʨʘʭ ʥʘ ʦʩʥʦʚʝ HgCdTe .................... 52 

ɻʣʘʚʘ 2. ʌʦʪʦʧʨʦʚʦʜʠʤʦʩʪʴ ʠ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʷ ʫʟʢʦʟʦʥʥʳʭ ʪʚʝʨʜʳʭ 

ʨʘʩʪʚʦʨʦʚ HgCdTe ....................................................................................................... 56 



3 

 

2.1 ʀʩʩʣʝʜʫʝʤʳʝ ʦʙʨʘʟʮʳ ......................................................................................... 58 

2.2 ʄʝʪʦʜʠʢʘ ʠʟʤʝʨʝʥʠʷ ʩʧʝʢʪʨʦʚ ʬʦʪʦʧʨʦʚʦʜʠʤʦʩʪʠ ......................................... 60 

2.3 ʍʘʨʘʢʪʝʨʠʟʘʮʠʷ ʦʙʲʝʤʥʳʭ ʵʧʠʪʘʢʩʠʘʣʴʥʳʭ ʧʣʝʥʦʢ HgCdTe ʧʦ ʩʧʝʢʪʨʘʤ 

ʬʦʪʦʧʨʦʚʦʜʠʤʦʩʪʠ .................................................................................................... 62 

2.4 ʀʩʩʣʝʜʦʚʘʥʠʷ ʩʧʝʢʪʨʦʚ ʬʦʪʦʧʨʦʚʦʜʠʤʦʩʪʠ ʠ ʧʨʦʧʫʩʢʘʥʠʷ ʧʨʠ ʨʘʟʣʠʯʥʳʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʠ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ ............................................................................ 69 

2.5 ʄʝʪʦʜʠʢʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʧʝʢʪʨʦʚ ʠ ʢʠʥʝʪʠʢʠ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ ............ 76 

2.6 ʌʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ ʦʙʲʝʤʥʳʭ ʵʧʠʪʘʢʩʠʘʣʴʥʳʭ ʩʣʦʝʚ ʂʈʊ ʧʨʠ 

ʥʝʧʨʝʨʳʚʥʦʤ ʚʦʟʙʫʞʜʝʥʠʠ ...................................................................................... 82 

2.7 ʄʝʪʦʜʠʢʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʠʥʝʪʠʢʠ ʬʦʪʦʧʨʦʚʦʜʠʤʦʩʪʠ ʚ ʫʟʢʦʟʦʥʥʳʭ 

ʩʪʨʫʢʪʫʨʘʭ ʥʘ ʦʩʥʦʚʝ HgCdTe .................................................................................. 85 

2.8 ʀʩʩʣʝʜʦʚʘʥʠʷ ʢʠʥʝʪʠʢʠ ʨʝʣʘʢʩʘʮʠʠ ʬʦʪʦʧʨʦʚʦʜʠʤʦʩʪʠ ʠ ʚʨʝʤʝʥʠ ʞʠʟʥʠ 

ʥʦʩʠʪʝʣʝʡ ʚ ʦʙʲʝʤʥʳʭ ʧʣʝʥʢʘʭ HgCdTe ................................................................. 93 

ɻʣʘʚʘ 3. ʌʦʪʦʧʨʦʚʦʜʠʤʦʩʪʴ ʠ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʷ ʚ ʩʨʝʜʥʝʤ ʠ ʜʘʣʴʥʝʤ ʀʂ 

ʜʠʘʧʘʟʦʥʘʭ ʚ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʘʭ ʩ ʢʚʘʥʪʦʚʳʤʠ ʷʤʘʤʠ ʥʘ ʦʩʥʦʚʝ HgCdTe ...... 98 

3.1 ʀʩʩʣʝʜʫʝʤʳʝ ʩʪʨʫʢʪʫʨʳ ..................................................................................... 99 

3.2 ʈʘʩʯʝʪ ʟʦʥʥʦʛʦ ʩʧʝʢʪʨʘ ʩʪʨʫʢʪʫʨ ʩ ʢʚʘʥʪʦʚʳʤʠ ʷʤʘʤʠ ................................ 102 

3.3 ʉʧʝʢʪʨʦʩʢʦʧʠʷ ʬʦʪʦʧʨʦʚʦʜʠʤʦʩʪʠ ʠ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ ʩʪʨʫʢʪʫʨ ʩ 

ʢʚʘʥʪʦʚʳʤʠ ʷʤʘʤʠ ʥʘ ʦʩʥʦʚʝ HgCdTe .................................................................. 104 

3.4 ɺʨʝʤʝʥʘ ʞʠʟʥʠ ʠ ʤʝʭʘʥʠʟʤʳ ʨʝʣʘʢʩʘʮʠʠ ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʘ ʚ ʩʪʨʫʢʪʫʨʘʭ ʩ 

ʢʚʘʥʪʦʚʳʤʠ ʷʤʘʤʠ .................................................................................................. 113 

ɻʣʘʚʘ 4. ʀʩʩʣʝʜʦʚʘʥʠʝ ʪʦʯʝʯʥʳʭ ʜʝʬʝʢʪʦʚ ʚ ʩʪʨʫʢʪʫʨʘʭ HgCdTe ʤʝʪʦʜʘʤʠ 

ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʚ ʜʘʣʴʥʝʤ ʀʂ ʜʠʘʧʘʟʦʥʝ .............................................................. 126 

4.1 ʆʩʦʙʝʥʥʦʩʪʠ ʩʧʝʢʪʨʦʚ ʬʦʪʦʧʨʦʚʦʜʠʤʦʩʪʠ ʵʧʠʪʘʢʩʠʘʣʴʥʳʭ ʩʣʦʝʚ HgCdTe n- 

ʠ p-ʪʠʧʘ ʚ ʜʘʣʴʥʝʤ ʀʂ ʜʠʘʧʘʟʦʥʝ, ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʦʩʪʘʪʦʯʥʳʤʠ ʘʢʮʝʧʪʦʨʘʤʠ

 ................................................................................................................................... 128 



4 

 

4.2 ʆʩʦʙʝʥʥʦʩʪʠ ʩʧʝʢʪʨʦʚ ʬʦʪʦʧʨʦʚʦʜʠʤʦʩʪʠ ʩʪʨʫʢʪʫʨ ʩ ʢʚʘʥʪʦʚʳʤʠ ʷʤʘʤʠ ʚ 

ʜʘʣʴʥʝʤ ʀʂ ʜʠʘʧʘʟʦʥʝ, ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʦʩʪʘʪʦʯʥʳʤʠ ʘʢʮʝʧʪʦʨʘʤʠ ................. 137 

4.3 ʆʩʦʙʝʥʥʦʩʪʠ ʩʧʝʢʪʨʦʚ ʌʃ, ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʧʨʠʤʝʩʷʤʠ ʠ ʜʝʬʝʢʪʘʤʠ ʚ 

ʜʘʣʴʥʝʤ ʀʂ ʜʠʘʧʘʟʦʥʝ ʚ ʵʧʠʪʘʢʩʠʘʣʴʥʳʭ ʧʣʝʥʢʘʭ ʠ ʢʚʘʥʪʦʚʳʭ ʷʤʘʭ ʥʘ ʦʩʥʦʚʝ 

HgCdTe ..................................................................................................................... 142 

ɻʣʘʚʘ 5. ʉʪʠʤʫʣʠʨʦʚʘʥʥʦʝ ʠʟʣʫʯʝʥʠʝ ʥʘ ʤʝʞʟʦʥʥʳʭ ʧʝʨʝʭʦʜʘʭ ʚ 

ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʘʭ ʩ ʢʚʘʥʪʦʚʳʤʠ ʷʤʘʤʠ HgTe/CdHgTe ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ  

4 ʜʦ 31 ʤʢʤ .................................................................................................................. 151 

5.1 ʀʩʩʣʝʜʫʝʤʳʝ ʩʪʨʫʢʪʫʨʳ ʠ ʦʩʦʙʝʥʥʦʩʪʠ ʤʝʪʦʜʠʢʠ ʠʟʤʝʨʝʥʠʡ ʩʧʝʢʪʨʦʚ 

ʩʪʠʤʫʣʠʨʦʚʘʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ................................................................................ 152 

5.2 ʉʪʠʤʫʣʠʨʦʚʘʥʥʦʝ ʠʟʣʫʯʝʥʠʝ ʚ ʦʙʣʘʩʪʠ 4 ï 18 ʤʢʤ ʚ ʢʚʘʥʪʦʚʳʭ ʷʤʘʭ ʥʘ ʦʩʥʦʚʝ 

HgCdTe ..................................................................................................................... 157 

5.3 ɸʥʘʣʠʟ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʦʞʝ-ʧʨʦʮʝʩʩʦʚ ʚ ʢʚʘʥʪʦʚʳʭ ʷʤʘʭ ʥʘ ʦʩʥʦʚʝ HgCdTe

 ................................................................................................................................... 170 

5.4 ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʦʞʝ-ʧʨʦʮʝʩʩʦʚ ʚ 

ʢʚʘʥʪʦʚʳʭ ʷʤʘʭ ʥʘ ʦʩʥʦʚʝ HgCdTe ....................................................................... 173 

5.5 ɺʣʠʷʥʠʝ ʨʘʟʦʛʨʝʚʘ ʥʘ ʤʘʢʩʠʤʘʣʴʥʫʶ ʪʝʤʧʝʨʘʪʫʨʫ ʥʘʙʣʶʜʝʥʠʷ 

ʩʪʠʤʫʣʠʨʦʚʘʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ................................................................................ 180 

5.6 ʃʦʢʘʣʠʟʘʮʠʷ ʠʟʣʫʯʝʥʠʷ ʟʘ ʩʯʝʪ ʦʪʨʘʞʝʥʠʷ ʚ ʦʙʣʘʩʪʠ ʦʩʪʘʪʦʯʥʳʭ ʣʫʯʝʡ ʚ 

ʧʦʜʣʦʞʢʝ GaAs ʠ ʩʪʠʤʫʣʠʨʦʚʘʥʥʦʝ ʠʟʣʫʯʝʥʠʝ ʚ ʜʠʘʧʘʟʦʥʝ ʜʣʠʥ ʚʦʣʥ 20 ï 31 ʤʢʤ

 ................................................................................................................................... 185 

ɻʣʘʚʘ 6. ʉʪʠʤʫʣʠʨʦʚʘʥʥʦʝ ʠʟʣʫʯʝʥʠʝ ʚ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʘʭ HgTe/HgCdTe ʚ 

ʦʢʥʝ ʧʨʦʟʨʘʯʥʦʩʪʠ ʘʪʤʦʩʬʝʨʳ 3 ï 4 ʤʢʤ ʧʨʠ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʦʤ  

ʦʭʣʘʞʜʝʥʠʠ ................................................................................................................. 188 

6.1 ʆʙʟʦʨ ʢʦʤʧʘʢʪʥʳʭ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʠʩʪʦʯʥʠʢʦʚ ʠʟʣʫʯʝʥʠʷ ʚ ʦʢʥʝ 

ʧʨʦʟʨʘʯʥʦʩʪʠ ʘʪʤʦʩʬʝʨʳ 3 ï 5 ʤʢʤ ....................................................................... 188 



5 

 

6.2 ʉʪʠʤʫʣʠʨʦʚʘʥʥʦʝ ʠʟʣʫʯʝʥʠʝ ʚ ʦʙʣʘʩʪʠ ʜʣʠʥ ʚʦʣʥ 2.8 ï 3.7 ʤʢʤ ʧʨʠ 

ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʦʤ ʦʭʣʘʞʜʝʥʠʠ .......................................................................... 191 

6.3 ɸʥʘʣʠʟ ʙʝʩʧʦʨʦʛʦʚʦʡ ʦʞʝ-ʨʝʢʦʤʙʠʥʘʮʠʠ ʚ ʩʪʨʫʢʪʫʨʘʭ ʩ ʢʚʘʥʪʦʚʳʤʠ ʷʤʘʤʠ

 ................................................................................................................................... 197 

ɿʘʢʣʶʯʝʥʠʝ ................................................................................................................. 203 

ʉʧʠʩʦʢ ʧʫʙʣʠʢʘʮʠʡ ʘʚʪʦʨʘ ..................................................................................... 208 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ ................................................................................................... 217 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



6 

 

ɺʚʝʜʝʥʠʝ  

ʉʪʨʝʤʠʪʝʣʴʥʦʝ ʨʘʟʚʠʪʠʝ ʪʝʭʥʦʣʦʛʠʠ ʣʘʟʝʨʦʚ ʚʠʜʠʤʦʛʦ ʠ ʙʣʠʞʥʝʛʦ 

ʠʥʬʨʘʢʨʘʩʥʦʛʦ (ʀʂ) ʜʠʘʧʘʟʦʥʘ ʚ 60-ʭ ʛʦʜʘʭ ʧʨʦʰʣʦʛʦ ʩʪʦʣʝʪʠʷ ʦʧʨʝʜʝʣʠʣʦ ʚʝʢʪʦʨ 

ʨʘʟʚʠʪʠʷ ʠ ʚʦ ʤʥʦʛʦʤ ʩʬʦʨʤʠʨʦʚʘʣʦ ʦʙʨʘʟ ʩʦʚʨʝʤʝʥʥʦʡ ʮʠʚʠʣʠʟʘʮʠʠ. ʃʘʟʝʨʳ 

ʧʨʠʤʝʥʷʶʪʩʷ ʚʦ ʚʩʝʭ ʩʬʝʨʘʭ ʞʠʟʥʠ, ʥʘʯʠʥʘʷ ʦʪ ʭʨʘʥʝʥʠʷ ʠ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ, 

ʜʦ ʚʳʩʦʢʦʪʦʯʥʳʭ ʠʟʤʝʨʝʥʠʡ ʠ ʜʦ ʧʨʦʤʳʰʣʝʥʥʦʡ ʨʝʟʢʠ ʠ ʩʚʘʨʢʠ 

ʤʝʪʘʣʣʦʢʦʥʩʪʨʫʢʮʠʡ. ʆʜʥʦʡ ʠʟ ʥʘʠʙʦʣʝʝ ʘʢʪʫʘʣʴʥʳʭ ʧʨʦʙʣʝʤ ʩʦʚʨʝʤʝʥʥʦʡ ʬʠʟʠʢʠ 

ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʦʚ ʛʝʥʝʨʘʮʠʠ ʢʦʛʝʨʝʥʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʥʝ ʪʦʣʴʢʦ ʚ 

ʚʠʜʠʤʦʤ ʜʠʘʧʘʟʦʥʝ, ʥʦ ʠ ʚ ʜʨʫʛʠʭ ʦʙʣʘʩʪʷʭ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʩʧʝʢʪʨʘ. ɺ 

ʯʘʩʪʥʦʩʪʠ, ʦʜʥʠʤʠ ʠʟ ʥʘʠʙʦʣʝʝ ʠʥʪʝʨʝʩʥʳʭ ʩ ʧʨʘʢʪʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʷʚʣʷʶʪʩʷ 

ʜʠʘʧʘʟʦʥʳ ʩʨʝʜʥʝʛʦ ʠ ʜʘʣʴʥʝʛʦ ʀʂ ʠʟʣʫʯʝʥʠʷ (ʜʣʠʥʘ ʚʦʣʥʳ ʦʪ 3 ʜʦ 60 ʤʢʤ), 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʨʠʤʳʢʘʶʱʠʝ ʢ ʦʙʣʘʩʪʠ ʙʣʠʞʥʝʛʦ ʀʂ ʠʟʣʫʯʝʥʠʷ. ʀʩʪʦʯʥʠʢʠ 

ʠʟʣʫʯʝʥʠʷ ʜʘʥʥʦʛʦ ʜʠʘʧʘʟʦʥʘ ʥʝʦʙʭʦʜʠʤʳ ʜʣʷ ʨʝʰʝʥʠʷ ʤʥʦʛʠʭ ʧʨʠʢʣʘʜʥʳʭ ʟʘʜʘʯ, 

ʩʚʷʟʘʥʥʳʭ ʩ ʠʥʬʨʘʢʨʘʩʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʝʡ, ʚ ʯʘʩʪʥʦʩʪʠ, ʛʘʟʦʚʳʭ ʩʨʝʜ ʠ ʪʚʝʨʜʦʛʦ 

ʪʝʣʘ, ʥʘʧʨʠʤʝʨ, ʚ ʚʦʧʨʦʩʘʭ ʤʦʥʠʪʦʨʠʥʛʘ ʦʢʨʫʞʘʶʱʝʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ [1, 2, 3]. 

ʇʦʜʘʚʣʷʶʱʝʝ ʙʦʣʴʰʠʥʩʪʚʦ ʛʘʟʦʦʙʨʘʟʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠʤʝʝʪ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ʚ ʩʨʝʜʥʝʤ ʠ ʜʘʣʴʥʝʤ ʠʥʬʨʘʢʨʘʩʥʦʤ 

ʜʠʘʧʘʟʦʥʝ. ʀʟ-ʟʘ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʫʥʠʢʘʣʴʥʳʭ ʥʘʙʦʨʦʚ ʣʠʥʠʡ ʧʦʛʣʦʱʝʥʠʷ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʨʘʟʣʠʯʥʳʤ ʚʝʱʝʩʪʚʘʤ, ʩʨʝʜʥʠʡ ʀʂ ʜʠʘʧʘʟʦʥ ʯʘʩʪʦ ʥʘʟʳʚʘʶʪ 

ʦʙʣʘʩʪʴʶ çʦʪʧʝʯʘʪʢʦʚ ʧʘʣʴʮʝʚè ʚʝʱʝʩʪʚ. ʊʘʢ, ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʣʠʥʠʠ 

ʧʦʛʣʦʱʝʥʠʷ ʤʥʦʛʠʭ çʩʣʝʜʦʚʳʭè ʛʘʟʦʚ, ʢʦʪʦʨʳʝ ʟʘʯʘʩʪʫʶ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʥʳʤ 

ʬʘʢʪʦʨʦʤ ʟʘʛʨʷʟʥʝʥʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ: ʤʝʪʘʥʘ, ʜʚʫʦʢʠʩʠ ʫʛʣʝʨʦʜʘ, ʫʛʘʨʥʦʛʦ 

ʛʘʟʘ, ʬʦʨʤʘʣʴʜʝʛʠʜʘ ʠ ʜʨ, - ʣʝʞʘʪ ʚ ʜʠʘʧʘʟʦʥʝ ʜʣʠʥ ʚʦʣʥ ʦʪ 3 ʜʦ 5 ʤʢʤ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʦʢʥʫ ʧʨʦʟʨʘʯʥʦʩʪʠ ʘʪʤʦʩʬʝʨʳ [4]. ʉʧʝʢʪʨʦʩʢʦʧʠʷ ʧʦʛʣʦʱʝʥʠʷ 

ʀʂ ʠʟʣʫʯʝʥʠʷ ʚ ʜʘʥʥʦʤ ʜʠʘʧʘʟʦʥʝ ʜʣʠʥ ʚʦʣʥ ʤʦʞʝʪ ʩʪʘʪʴ ʦʩʥʦʚʦʡ ʵʬʬʝʢʪʠʚʥʳʭ 

ʠʥʩʪʨʫʤʝʥʪʦʚ ʜʣʷ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʟʘʛʨʷʟʥʷʶʱʠʭ ʛʘʟʦʚ, ʚ ʯʘʩʪʥʦʩʪʠ, ʤʝʪʘʥʘ (CH4), 

ʙʝʩʮʚʝʪʥʦʛʦ ʛʘʟʘ, ʥʝ ʠʤʝʶʱʝʛʦ ʟʘʧʘʭʘ, ʩʤʝʩʴ ʢʦʪʦʨʦʛʦ ʩ ʚʦʟʜʫʭʦʤ ʚʟʨʳʚʦʦʧʘʩʥʘ 

[5]. ʆʪʜʝʣʴʥʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʪʁ çʩʚʝʨʭʜʣʠʥʥʦʚʦʣʥʦʚʳʡè ʜʠʘʧʘʟʦʥ (very 

longwavelength infrared range, VLWIR), ʟʘʥʠʤʘʶʱʠʡ ʦʙʣʘʩʪʴ ʜʣʠʥ ʚʦʣʥ 15 ï 30 ʤʢʤ, 

ʠ ʧʨʠʤʳʢʘʶʱʠʡ ʢ ʥʝʤʫ ʩ ʜʣʠʥʥʦʚʦʣʥʦʚʦʡ ʩʪʦʨʦʥʳ çʪʝʨʘʛʝʨʮʦʚʳʡè ʜʠʘʧʘʟʦʥ, 
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ʦʩʚʦʝʥʠʝ ʢʦʪʦʨʳʭ ʘʢʪʠʚʥʦ ʚʝʜʝʪʩʷ ʚ ʪʝʯʝʥʠʝ ʧʦʩʣʝʜʥʠʭ 50 ʣʝʪ. ɺ 

ʩʚʝʨʭʜʣʠʥʥʦʚʦʣʥʦʚʦʤ ʠ ʪʝʨʘʛʝʨʮʦʚʦʤ ʜʠʘʧʘʟʦʥʘʭ ʣʝʞʘʪ ʣʠʥʠʠ ʧʦʛʣʦʱʝʥʠʷ 

ʪʷʞʝʣʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʤʦʣʝʢʫʣ, ʘ ʤʥʦʛʠʝ ʥʝʧʨʦʟʨʘʯʥʳʝ ʤʘʪʝʨʠʘʣʳ ʤʦʛʫʪ ʩʚʦʙʦʜʥʦ 

ʧʨʦʧʫʩʢʘʪʴ ʜʣʠʥʥʦʚʦʣʥʦʚʦʝ ʠʟʣʫʯʝʥʠʝ. ɹʣʘʛʦʜʘʨʷ ʵʪʦʤʫ, ʪʝʨʘʛʝʨʮʦʚʳʡ ʜʠʘʧʘʟʦʥ 

ʚʦʩʪʨʝʙʦʚʘʥ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʤʝʜʠʮʠʥʩʢʠʭ ʧʨʠʣʦʞʝʥʠʡ [6], ʚ ʩʬʝʨʝ ʦʙʱʝʩʪʚʝʥʥʦʡ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ʚʟʨʳʚʯʘʪʳʭ ʠ ʥʘʨʢʦʪʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ [7, 8, 9], ʠ ʜʣʷ 

ʜʨʫʛʠʭ ʧʨʠʣʦʞʝʥʠʡ [10, 11, 12, 13, 14]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʚʘʞʥʳʭ 

ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʘʜʘʯ (ʚʦʧʨʦʩʳ ʛʘʟʦʘʥʘʣʠʟʘ, ʥʘʧʨʠʤʝʨ, ʘʥʘʣʠʟʘ ʚʳʜʳʭʘʝʤʦʛʦ 

ʚʦʟʜʫʭʘ ʚ ʤʝʜʠʮʠʥʝ, ʤʦʥʠʪʦʨʠʥʛ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʦʙʥʘʨʫʞʝʥʠʝ ʚʟʨʳʚʯʘʪʳʭ 

ʚʝʱʝʩʪʚ ʠ ʪ.ʧ.) ʪʨʝʙʫʝʪ ʫʟʢʦʧʦʣʦʩʥʳʭ, ʧʝʨʝʩʪʨʘʠʚʘʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʢʦʛʝʨʝʥʪʥʦʛʦ 

ʠʟʣʫʯʝʥʠʷ ʜʘʣʴʥʝʛʦ ʠ ʩʨʝʜʥʝʛʦ ʀʂ ʜʠʘʧʘʟʦʥʦʚ.  

ʂ ʢʦʛʝʨʝʥʪʥʳʤ ʠʩʪʦʯʥʠʢʘʤ ʜʘʣʴʥʝʛʦ ʀʂ ʜʠʘʧʘʟʦʥʘ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʥʝʩʢʦʣʴʢʦ 

ʢʣʘʩʩʦʚ ʫʩʪʨʦʡʩʪʚ, ʪʘʢʠʭ ʢʘʢ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʝ ʦʩʮʠʣʣʷʪʦʨʳ [15], ʛʝʥʝʨʘʪʦʨʳ 

ʨʘʟʥʦʩʪʥʦʡ ʛʘʨʤʦʥʠʢʠ [16], ʣʘʟʝʨʳ ʥʘ ʩʚʦʙʦʜʥʳʭ ʵʣʝʢʪʨʦʥʘʭ, ʘ ʪʘʢʞʝ 

ʪʚʝʨʜʦʪʝʣʴʥʳʝ [17, 18], ʚʦʣʦʢʦʥʥʳʝ [19] ʠ ʛʘʟʦʚʳʝ [20] ʣʘʟʝʨʳ. ʅʝʩʤʦʪʨʷ ʥʘ 

ʚʳʩʦʢʠʝ ʚʳʭʦʜʥʳʝ ʤʦʱʥʦʩʪʠ ʠ ʦʧʪʠʯʝʩʢʦʝ ʢʘʯʝʩʪʚʦ ʧʫʯʢʘ, ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʝ 

ʠʩʪʦʯʥʠʢʠ ʠʟʣʫʯʝʥʠʷ, ʢʘʢ ʧʨʘʚʠʣʦ, ʠʤʝʶʪ ʩʣʦʞʥʦʝ ʫʩʪʨʦʡʩʪʚʦ, ʪʨʝʙʫʶʪ ʦʪʣʘʜʢʠ 

ʦʧʪʠʯʝʩʢʠʭ ʩʭʝʤ ʠ ʦʙʣʘʜʘʶʪ ʚʥʫʰʠʪʝʣʴʥʳʤʠ ʨʘʟʤʝʨʘʤʠ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʜʣʷ 

ʧʨʘʢʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʛʘʟʦʚ ʦʙʳʯʥʦ ʪʨʝʙʦʚʘʥʠʷ ʢ ʢʘʯʝʩʪʚʫ ʧʫʯʢʘ ʥʝ 

ʷʚʣʷʶʪʩʷ ʩʪʨʦʛʠʤʠ ʠ ʜʦʩʪʘʪʦʯʥʦ ʠʩʪʦʯʥʠʢʘ ʠʟʣʫʯʝʥʠʷ ʩʦ ʩʨʝʜʥʝʡ ʤʦʱʥʦʩʪʴʶ ~ 1 

ʤɺʪ [21]. ʇʦʵʪʦʤʫ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʜʣʷ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ 

ʷʚʣʷʶʪʩʷ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʝ ʣʘʟʝʨʳ ʙʣʘʛʦʜʘʨʷ ʩʚʦʝʡ ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʠ, 

ʢʦʤʧʘʢʪʥʦʩʪʠ ʠ ʧʨʦʩʪʦʪʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. 

ʉʦʟʜʘʥʠʝ ʣʘʟʝʨʦʚ ʜʣʷ ʩʨʝʜʥʝʛʦ ʠ ʜʘʣʴʥʝʛʦ ʀʂ ʜʠʘʧʘʟʦʥʦʚ ʦʩʣʦʞʥʝʥʦ 

ʥʝʩʢʦʣʴʢʠʤʠ ʬʘʢʪʦʨʘʤʠ, ʢʦʪʦʨʳʝ ʦʪʩʫʪʩʪʚʫʶʪ ʚ ʦʙʣʘʩʪʠ ʙʣʠʞʥʝʛʦ ʀʂ ʜʠʘʧʘʟʦʥʘ. 

ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʧʨʦʙʣʝʤʦʡ ʷʚʣʷʝʪʩʷ ʫʤʝʥʴʰʝʥʠʝ ʚʝʨʦʷʪʥʦʩʪʠ 

ʠʟʣʫʯʘʪʝʣʴʥʦʡ ʨʝʢʦʤʙʠʥʘʮʠʠ ʠ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʙʝʟʳʟʣʫʯʘʪʝʣʴʥʳʭ 

ʧʨʦʮʝʩʩʦʚ ï ʦʞʝ-ʨʝʢʦʤʙʠʥʘʮʠʠ ʠ ʨʝʢʦʤʙʠʥʘʮʠʠ ʯʝʨʝʟ ʫʨʦʚʥʠ ʣʦʚʫʰʝʢ ʚ 

ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʝ (ʧʨʦʮʝʩʩ ʐʦʢʣʠ-ʈʠʜʘ-ʍʦʣʣʘ). ɺʦ-ʚʪʦʨʳʭ, ʧʨʠ ʜʣʠʥʝ ʚʦʣʥʳ 
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ʠʟʣʫʯʝʥʠʷ ʧʦʨʷʜʢʘ 10 ʤʢʤ ʠ ʙʦʣʝʝ ʙʣʠʟʦʩʪʴ ʟʥʘʯʝʥʠʡ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʵʥʝʨʛʠʠ 

ʠʟʣʫʯʘʪʝʣʴʥʦʛʦ ʧʝʨʝʭʦʜʘ ʧʨʠʚʦʜʠʪ ʢ ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʨʘʟʤʳʪʠʶ ʬʫʥʢʮʠʠ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠ ʧʨʝʧʷʪʩʪʚʫʝʪ ʩʦʟʜʘʥʠʶ ʠʥʚʝʨʩʠʠ ʥʘʩʝʣʝʥʥʦʩʪʝʡ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʜʠʟʘʡʥʳ ʩʪʨʫʢʪʫʨ ʜʣʷ ʢʦʨʦʪʢʦʚʦʣʥʦʚʦʡ ʦʙʣʘʩʪʠ ʩʧʝʢʪʨʘ ʦʢʘʟʳʚʘʶʪʩʷ ʥʝ 

ʵʬʬʝʢʪʠʚʥʳʤʠ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʩʨʝʜʥʝʤʫ ʠ ʜʘʣʴʥʝʤʫ ʀʂ ʜʠʘʧʘʟʦʥʘʤ, ʠ ʚ ʜʘʥʥʳʭ 

ʜʠʘʧʘʟʦʥʘʭ ʜʣʷ ʩʦʟʜʘʥʠʷ ʠʩʪʦʯʥʠʢʦʚ ʥʝʦʙʭʦʜʠʤʳ ʘʣʴʪʝʨʥʘʪʠʚʥʳʝ ʨʝʰʝʥʠʷ, ʠʟ 

ʢʦʪʦʨʳʭ ʥʘʠʙʦʣʴʰʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʧʦʣʫʯʠʣʠ 

ʢʚʘʥʪʦʚʳʝ ʢʘʩʢʘʜʥʳʝ ʣʘʟʝʨʳ (ʂʂʃ) ʠ ʤʝʞʟʦʥʥʳʝ ʢʘʩʢʘʜʥʳʝ ʣʘʟʝʨʳ (ʄʂʃ). 

ʅʝʩʤʦʪʨʷ ʥʘ ʟʥʘʯʠʪʝʣʴʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʂʂʃ ʠ ʄʂʃ, ʠʭ ʩʫʱʝʩʪʚʝʥʥʳʤ 

ʥʝʜʦʩʪʘʪʢʦʤ ʷʚʣʷʝʪʩʷ ʩʣʦʞʥʳʡ ʜʠʟʘʡʥ ʘʢʪʠʚʥʦʡ ʦʙʣʘʩʪʠ, ʩʦʜʝʨʞʘʱʠʡ ʩʦʪʥʠ 

ʢʚʘʥʪʦʚʳʭ ʷʤ (ʂʗ), ʠʟ-ʟʘ ʯʝʛʦ ʪʝʭʥʦʣʦʛʠʷ ʠʭ ʨʦʩʪʘ ʜʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ ʥʝ 

ʨʝʘʣʠʟʦʚʘʥʘ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ɼʨʫʛʦʡ ʚʘʞʥʦʡ ʧʨʦʙʣʝʤʦʡ ʢʘʩʢʘʜʥʳʭ ʣʘʟʝʨʦʚ 

ʷʚʣʷʝʪʩʷ ʩʣʦʞʥʦʩʪʴ ʧʝʨʝʩʪʨʦʡʢʠ ʜʣʠʥʳ ʚʦʣʥʳ, ʦʧʨʝʜʝʣʷʝʤʘʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʤʠ 

ʧʨʠʥʮʠʧʘʤʠ ʩʪʨʦʝʥʠʷ ʪʘʢʠʭ ʣʘʟʝʨʦʚ. ɼʣʷ ʨʘʙʦʪʳ ʂʂʃ ʥʝʦʙʭʦʜʠʤʦ ʪʦʯʥʦʝ 

ʩʦʦʪʚʝʪʩʪʚʠʝ ʤʝʞʜʫ ʵʥʝʨʛʠʷʤʠ ʧʦʜʟʦʥ ʨʘʟʤʝʨʥʦʛʦ ʢʚʘʥʪʦʚʘʥʠʷ ʚ ʩʦʩʝʜʥʠʭ ʂʗ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʝʝ ʵʬʬʝʢʪʠʚʥʦʝ ʪʫʥʥʝʣʠʨʦʚʘʥʠʝ ʥʦʩʠʪʝʣʝʡ, ʢʦʪʦʨʦʝ ʞʝʩʪʢʦ ʩʚʷʟʘʥʦ 

ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ ʠʟʣʫʯʝʥʠʷ. ʇʦʵʪʦʤʫ ʧʝʨʝʩʪʨʦʡʢʘ ʜʣʠʥʳ ʚʦʣʥʳ ʢʘʩʢʘʜʥʳʭ ʣʘʟʝʨʦʚ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʟʘ ʩʯʝʪ ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʨʝʟʦʥʘʪʦʨʘ ʠ ʚʦʟʤʦʞʥʘ ʣʠʰʴ ʚ ʫʟʢʦʤ 

ʩʧʝʢʪʨʘʣʴʥʦʤ ʜʠʘʧʘʟʦʥʝ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʘʢʪʠʚʥʦ ʚʝʜʝʪʩʷ ʧʦʠʩʢ 

ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʠʟʣʫʯʝʥʠʷ, ʧʨʝʞʜʝ ʚʩʝʛʦ ʚ ʢʦʨʦʪʢʦʚʦʣʥʦʚʦʡ ʦʙʣʘʩʪʠ 

ʩʨʝʜʥʝʛʦ ʀʂ ʜʠʘʧʘʟʦʥʘ, ʛʜʝ ʚʣʠʷʥʠʝ ʦʞʝ-ʨʝʢʦʙʠʥʘʮʠʠ ʚʳʨʘʞʝʥʦ ʩʣʘʙʝʝ. ʆʪʜʝʣʴʥʦ 

ʩʪʦʠʪ ʧʨʦʙʣʝʤʘ ʩʦʟʜʘʥʠʷ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʣʘʟʝʨʦʚ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ ʦʪ 20 ʜʦ 60 

ʤʢʤ. ʂʘʢ ʦʪʤʝʯʘʣʦʩʴ ʚʳʰʝ, ʂʂʃ ʧʨʝʜʧʦʣʘʛʘʝʪ ʨʦʩʪ ʙʦʣʴʰʦʛʦ ʤʘʩʩʠʚʘ ʢʚʘʥʪʦʚʳʭ 

ʷʤ ʩ ʠʜʝʥʪʠʯʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʯʪʦ ʥʘ ʜʘʥʥʦʤ ʵʪʘʧʝ ʨʘʟʚʠʪʠʷ ʪʝʭʥʦʣʦʛʠʠ 

ʜʦʩʪʫʧʥʦ ʪʦʣʴʢʦ ʜʣʷ ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʯʠʩʣʘ ʩʦʝʜʠʥʝʥʠʡ ʪʠʧʘ ɸ3ɺ5, 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ GaAs ʠʣʠ InP. ɺʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ ʦʙʣʘʩʪʴ ʀʂ ʩʧʝʢʪʨʘ ʥʘ ʜʣʠʥʘʭ 

ʚʦʣʥ ʙʦʣʝʝ 20 ʤʢʤ ʠ ʤʝʥʝʝ 60 ʤʢʤ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʦʩʚʦʝʥʘ ʂʂʃ ʠʟ-ʟʘ ʩʠʣʴʥʦʛʦ 

ʬʦʥʦʥʥʦʛʦ ʧʦʛʣʦʱʝʥʠʷ ʚ ʠʩʧʦʣʴʟʫʝʤʳʭ ɸ3ɺ5 ʤʘʪʝʨʠʘʣʘʭ ʚ ʫʢʘʟʘʥʥʦʤ 

ʩʧʝʢʪʨʘʣʴʥʦʤ ʜʠʘʧʘʟʦʥʝ (ʩʤ. ʧʦʜʨʦʙʥʝʝ ʥʠʞʝ). ʉʢʘʟʘʥʥʦʝ ʦʙʲʷʩʥʷʝʪ ʠʥʪʝʨʝʩ ʢ 
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ʤʘʪʝʨʠʘʣʴʥʳʤ ʩʠʩʪʝʤʘʤ ʩ ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʥʳʤ ʬʦʥʦʥʥʳʤ ʩʧʝʢʪʨʦʤ, ʯʝʤ ʚ 

ʤʘʪʝʨʠʘʣʘʭ ʪʠʧʘ ɸ3ɺ5. ʆʜʥʠʤ ʠʟ ʪʘʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʷʚʣʷʝʪʩʷ ʪʚʝʨʜʳʝ ʨʘʩʪʚʦʨʳ 

HgCdTe (ʢʘʜʤʠʡ-ʨʪʫʪʴ-ʪʝʣʣʫʨ, ʂʈʊ). 

ʄʝʞʟʦʥʥʳʝ ʣʘʟʝʨʳ ʥʘ ʦʩʥʦʚʝ ʥʘʥʦʛʝʪʝʨʦʩʪʨʫʢʪʫʨ HgCdTe ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʠʥʪʝʨʝʩ ʚ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʦʚ ʠʟʣʫʯʝʥʠʷ ʚ ʰʠʨʦʢʦʡ ʦʙʣʘʩʪʠ ʩʧʝʢʪʨʘ, ʥʘʯʠʥʘʷ ʦʪ 3 

ʤʢʤ ʠ ʟʘʢʘʥʯʠʚʘʷ ʦʙʣʘʩʪʴʶ ʜʘʣʴʥʝʛʦ ʀʂ ʜʠʘʧʘʟʦʥʘ, ʬʘʢʪʠʯʝʩʢʠ ʪʝʨʘʛʝʨʮʦʚʳʤ 

ʜʠʘʧʘʟʦʥʦʤ. ɹʣʘʛʦʜʘʨʷ ʦʪʨʘʙʦʪʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʨʦʩʪʘ, ʘ ʪʘʢʞʝ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʧʨʦʩʪʦʤʫ ʫʩʪʨʦʡʩʪʚʫ ʪʘʢʠʭ ʩʪʨʫʢʪʫʨ, ʦʥʠ ʤʦʛʫʪ ʙʳʪʴ ʚʦʩʪʨʝʙʦʚʘʥʳ ʥʘ ʜʣʠʥʘʭ ʚʦʣʥ 

ʦʪ 3 ʜʦ 5 ʤʢʤ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʙʣʠʟʢʠʭ ʢ ʢʦʤʥʘʪʥʦʡ ʜʣʷ ʩʦʟʜʘʥʠʷ ʢʦʤʧʘʢʪʥʳʭ 

ʠʩʪʦʯʥʠʢʦʚ ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ʅʘ ʙʦʣʴʰʠʭ ʜʣʠʥʘʭ ʚʦʣʥ 

ʩʪʨʫʢʪʫʨʳ ʥʘ ʦʩʥʦʚʝ ʂʈʊ ʤʦʛʫʪ ʧʨʠʤʝʥʷʪʴʩʷ ʠ ʚʦ ʚʪʦʨʦʤ ʦʢʥʝ ʧʨʦʟʨʘʯʥʦʩʪʠ 

ʘʪʤʦʩʬʝʨʳ ʚ ʪʝʭ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʘʩʢʘʜʥʳʭ ʣʘʟʝʨʦʚ ʦʩʣʦʞʥʝʥʦ 

(ʥʘʧʨʠʤʝʨ, ʚ ʟʘʜʘʯʘʭ, ʪʨʝʙʫʶʱʠʭ ʧʝʨʝʩʪʨʦʡʢʠ ʜʣʠʥʳ ʚʦʣʥʳ ʠʟʣʫʯʝʥʠʷ), ʘ ʪʘʢʞʝ ʚ 

ʜʠʘʧʘʟʦʥʝ ʜʣʠʥ ʚʦʣʥ ʦʪ 28 ʜʦ 60 ʤʢʤ, ʛʜʝ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʢʦʤʧʘʢʪʥʳʝ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʝ ʠʩʪʦʯʥʠʢʠ ʬʘʢʪʠʯʝʩʢʠ ʦʪʩʫʪʩʪʚʫʶʪ. ɼʣʷ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ 

HgCdTe ʩ ʜʦʣʝʡ Cd x = 0.7 (ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʠʧʠʯʥʦʤʫ ʩʦʩʪʘʚʫ ʙʘʨʴʝʨʥʳʭ ʩʣʦʝʚ 

ʚ ʩʪʨʫʢʪʫʨʘʭ ʩ ʂʗ) ʵʥʝʨʛʠʷ ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʛʦ CdTe-ʧʦʜʦʙʥʦʛʦ ʊʆ-

ʬʦʥʦʥʘ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 18 ʤʵɺ, ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʦʣʦʩʘ ʜʚʫʭʬʦʥʦʥʥʦʛʦ 

ʧʦʛʣʦʱʝʥʠʷ ʟʘʢʘʥʯʠʚʘʝʪʩʷ ʚʙʣʠʟʠ ʵʥʝʨʛʠʠ 39 ʤʵɺ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʜʣʠʥʝ ʚʦʣʥʳ 

ʠʟʣʫʯʝʥʠʷ 31 ʤʢʤ. ʀʤʝʥʥʦ ʪʘʢʘʷ ʜʣʠʥʘ ʚʦʣʥʳ ʠ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʩʨʘʚʥʠʪʝʣʴʥʦ ʣʝʛʢʦ 

ʜʦʩʪʠʞʠʤʦʡ ʚ ʤʝʞʟʦʥʥʳʭ ʣʘʟʝʨʘʭ ʥʘ ʦʩʥʦʚʝ ʥʘʥʦʛʝʪʝʨʦʩʪʨʫʢʪʫʨ HgCdTe, ʚ ʪʦ 

ʚʨʝʤʷ ʢʘʢ ʜʦ ʥʘʯʘʣʘ ʨʘʙʦʪʳ ʥʘʜ ʥʘʩʪʦʷʱʝʡ ʜʠʩʩʝʨʪʘʮʠʝʡ ʤʘʢʩʠʤʘʣʴʥʘʷ ʜʣʠʥʘ 

ʚʦʣʥʳ ʢʦʛʝʨʝʥʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʧʦʣʫʯʝʥʥʦʛʦ ʚ ʩʪʨʫʢʪʫʨʘʭ ʥʘ ʦʩʥʦʚʝ HgCdTe, 

ʩʦʩʪʘʚʣʷʣʘ 5.3 ʤʢʤ. ɼʠʩʩʝʨʪʘʮʠʦʥʥʘʷ ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʠʩʩʣʝʜʦʚʘʥʠʶ ʬʠʟʠʯʝʩʢʠʭ 

ʦʩʥʦʚ ʜʣʷ ʩʦʟʜʘʥʠʷ ʜʣʠʥʥʦʚʦʣʥʦʚʳʭ ʤʝʞʟʦʥʥʳʭ HgCdTe-ʣʘʟʝʨʦʚ ʧʨʠ ʧʦʜʘʚʣʝʥʠʠ 

ʙʝʟʳʟʣʫʯʘʪʝʣʴʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʨʝʢʦʤʙʠʥʘʮʠʠ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʦʞʝ-ʧʨʦʮʝʩʩʦʚ, 

ʟʘ ʩʯʝʪ ʫʥʠʢʘʣʴʥʳʭ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʩʚʦʡʩʪʚ ʠʩʩʣʝʜʫʝʤʳʭ ʩʪʨʫʢʪʫʨ.  
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ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ 

ʈʝʘʣʠʟʘʮʠʷ ʢʦʤʧʘʢʪʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʠʟʣʫʯʝʥʠʷ ʜʣʷ ʩʨʝʜʥʝʛʦ ʀʂ ʜʠʘʧʘʟʦʥʘ 

ʦʩʪʘʝʪʩʷ ʚʦʩʪʨʝʙʦʚʘʥʥʦʡ ʚ ʨʷʜʝ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʠ 

ʧʨʠʢʣʘʜʥʳʭ ʟʘʜʘʯ, ʩʚʷʟʘʥʥʳʭ ʩʦ ʩʧʝʢʪʨʦʩʢʦʧʠʝʡ ʛʘʟʦʚ ʠ ʪʚʝʨʜʳʭ ʪʝʣ, ʚ ʯʘʩʪʥʦʩʪʠ 

ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʠʣʠ ʤʝʜʠʮʠʥʩʢʦʡ ʜʠʘʛʥʦʩʪʠʢʠ. ɺ ʟʘʜʘʯʘʭ 

ʤʦʥʠʪʦʨʠʥʛʘ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʤʠ ʷʚʣʷʶʪʩʷ ʜʣʠʥʳ ʚʦʣʥ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʦʢʥʘʤ ʧʨʦʟʨʘʯʥʦʩʪʠ ʘʪʤʦʩʬʝʨʳ; ʚ ʯʘʩʪʥʦʩʪʠ ʜʠʘʧʘʟʦʥ 3 ï 5 ʤʢʤ, 

ʩʦʜʝʨʞʘʱʠʡ ʣʠʥʠʠ ʧʦʛʣʦʱʝʥʠʷ ʤʥʦʛʠʭ ʛʘʟʦʚ-ʟʘʛʨʷʟʥʠʪʝʣʝʡ, ʥʘʧʨʠʤʝʨ, ʤʝʪʘʥʘ [22, 

23]. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʜʣʷ ʥʝʢʦʪʦʨʳʭ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʟʘʜʘʯ ʚ ʜʣʠʥʥʦʚʦʣʥʦʚʦʤ 

ʜʠʘʧʘʟʦʥʝ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʥʘ ʠʟʫʯʝʥʠʝ ʪʦʥʢʦʡ ʩʪʨʫʢʪʫʨʳ ʣʠʥʠʡ ʚʨʘʱʘʪʝʣʴʥʳʭ 

ʠ ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʧʝʨʝʭʦʜʦʚ ʨʘʟʣʠʯʥʳʭ ʤʦʣʝʢʫʣ ʚ ʘʩʪʨʦʬʠʟʠʢʝ ʠ ʤʝʜʠʮʠʥʝ [24], 

ʤʝʣʢʠʭ ʧʨʠʤʝʩʝʡ ʚ ʧʦʣʫʧʨʦʚʦʜʥʠʢʘʭ [25, 26], ʤʝʞʟʦʥʥʳʭ ʧʝʨʝʭʦʜʦʚ ʠ ʬʦʪʦʦʪʢʣʠʢʘ 

ʜʚʫʩʣʦʡʥʦʛʦ ʛʨʘʬʝʥʘ [27] ʠ ʧʨ., ʤʦʛʫʪ ʦʢʘʟʘʪʴʩʷ ʚʝʩʴʤʘ ʧʦʣʝʟʥʳʤʠ ʣʘʟʝʨʳ ʩ 

ʨʘʙʦʯʝʡ ʜʣʠʥʦʡ ʚʦʣʥʳ ʙʦʣʝʝ 20 ʤʢʤ, ʚʳʙʦʨ ʢʦʪʦʨʳʭ ʩʝʡʯʘʩ ʜʦʩʪʘʪʦʯʥʦ ʦʛʨʘʥʠʯʝʥ 

[28]. ɻʘʟʦʚʳʝ ʣʘʟʝʨʳ ʜʦʩʪʫʧʥʳ ʣʠʰʴ ʜʣʷ ʦʪʜʝʣʴʥʳʭ ʜʣʠʥ ʚʦʣʥ ʠ ʜʦʩʪʘʪʦʯʥʦ 

ʛʨʦʤʦʟʜʢʠ. ʉʨʝʜʠ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʣʘʟʝʨʦʚ ʚ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʥʘʠʣʫʯʰʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʘʢʪʠʯʝʩʢʠ ʚʦ ʚʩʝʤ ʩʨʝʜʥʝʤ ʀʂ ʜʠʘʧʘʟʦʥʝ ʜʝʤʦʥʩʪʨʠʨʫʶʪ 

ʢʚʘʥʪʦʚʳʝ ʢʘʩʢʘʜʥʳʝ ʣʘʟʝʨʳ (ʂʂʃ) [29, 30], ʦʜʥʘʢʦ ʜʘʥʥʳʝ ʠʩʪʦʯʥʠʢʠ ʥʝʣʴʟʷ 

ʥʘʟʚʘʪʴ ʧʦʣʥʦʩʪʴʶ ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʤʠ ʟʘʧʨʦʩʳ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʜʣʠʥʥʦʚʦʣʥʦʚʦʡ 

ʦʙʣʘʩʪʠ ʀʂ ʜʠʘʧʘʟʦʥʘ. ʂʂʃ ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʥʳ ʚ ʠʟʛʦʪʦʚʣʝʥʠʠ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʠʭ 

ʚʳʩʦʢʦʡ ʩʝʙʝʩʪʦʠʤʦʩʪʠ, ʠ ʚ ʙʘʟʦʚʦʤ ʩʣʫʯʘʝ ʥʝ ʦʙʣʘʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴʶ 

ʩʫʱʝʩʪʚʝʥʥʦʡ ʧʝʨʝʩʪʨʦʡʢʠ ʨʘʙʦʯʝʡ ʯʘʩʪʦʪʳ ʠʟʣʫʯʝʥʠʷ [ʩʤ., ʥʘʧʨʠʤʝʨ, 

https://www.alpeslasers.ch/]. ʀʟ-ʟʘ ʚʳʩʦʢʠʭ ʪʨʝʙʦʚʘʥʠʡ ʢ ʪʝʭʥʦʣʦʛʠʠ ʨʦʩʪʘ, ʂʂʃ 

ʪʨʘʜʠʮʠʦʥʥʦ ʠʟʛʦʪʘʚʣʠʚʘʶʪʩʷ ʥʘ ʦʩʥʦʚʝ ʩʦʝʜʠʥʝʥʠʡ GaAs ʠʣʠ InP, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 

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

ʬʦʥʦʥʥʦʛʦ ʧʦʛʣʦʱʝʥʠʷ ʚ ʵʪʠʭ ʤʘʪʝʨʠʘʣʘʭ. ʇʦ ʵʪʦʡ ʞʝ ʧʨʠʯʠʥʝ ʚʦʟʥʠʢʘʶʪ 

ʧʨʦʙʣʝʤʳ ʠ ʚ ʂʂʃ ʥʘ ʦʩʥʦʚʝ InAs/AlSb, ʭʦʪʷ ʥʘʠʙʦʣʴʰʘʷ ʜʦʩʪʠʛʥʫʪʘʷ ʜʣʠʥʘ ʚʦʣʥʳ 

ʠʟʣʫʯʝʥʠʷ ʩʦʩʪʘʚʠʣʘ ʟʜʝʩʴ ʦʢʦʣʦ 25 ʤʢʤ [31]. ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʂʂʃ ʚ ʜʠʘʧʘʟʦʥʝ 

ʦʪ 20 ʜʦ 30 ʤʢʤ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʳ ʣʠʰʴ ʜʣʷ ʦʪʜʝʣʴʥʳʭ ʜʣʠʥ ʚʦʣʥ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʤʠʥʠʤʫʤʘʤ ʨʝʰʝʪʦʯʥʦʛʦ ʧʦʛʣʦʱʝʥʠʷ,  ʥʘʠʙʦʣʴʰʘʷ ʠʟ ʢʦʪʦʨʳʭ 
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~ 28 ʤʢʤ [32]. ʈʘʙʦʪʳ ʧʦ ʩʦʟʜʘʥʠʶ ʜʣʠʥʥʦʚʦʣʥʦʚʳʭ ʂʂʃ ʥʘ ʦʩʥʦʚʝ 

ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʪʘʢʞʝ ʜʘʣʝʢʠ ʦʪ ʟʘʚʝʨʰʝʥʠʷ: ʜʣʷ ʩʠʩʪʝʤʳ GaN/AlGaN 

ʚ ʢʦʥʬʝʨʝʥʮʠʦʥʥʦʡ ʧʫʙʣʠʢʘʮʠʠ ʩʦʦʙʱʘʣʦʩʴ ʦ ʂʂʃ, ʨʘʙʦʪʘʶʱʝʤ ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ 

~ 40 ʤʢʤ (7 ʊɻʮ) [33], ʦʜʥʘʢʦ ʩʣʦʞʥʦʩʪʠ, ʠʤʝʶʱʠʝʩʷ ʚ ʪʝʭʥʦʣʦʛʠʠ ʨʦʩʪʘ, ʠ 

ʩʣʦʞʥʦʩʪʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʥʠʪʨʠʜʥʳʭ ʩʪʨʫʢʪʫʨ ʥʝ ʧʦʟʚʦʣʷʶʪ ʩʝʡʯʘʩ ʦʮʝʥʠʪʴ 

ʧʝʨʩʧʝʢʪʠʚʳ ʂʂʃ ʥʘ ʦʩʥʦʚʝ GaN/AlGaN. ʆʪʤʝʪʠʤ, ʯʪʦ ʠ ʥʦʚʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʨʘʙʦʪ ʚ ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʧʦʢʘ ʥʝ ʧʦʷʚʠʣʦʩʴ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʥʘ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʝ ʩʫʱʝʩʪʚʫʝʪ ʂʂʃ, ʜʦʩʪʫʧʥʳʭ ʚ ʩʧʝʢʪʨʘʣʴʥʦʤ ʜʠʘʧʘʟʦʥʝ 28 - 

40 ʤʢʤ, ʜʠʘʧʘʟʦʥ ʦʪ 20 ʤʢʤ ʜʦ 28 ʤʢʤ ʧʝʨʝʢʨʳʪ ʠʤʠ ʣʠʰʴ ʯʘʩʪʠʯʥʦ.  

ɽʜʠʥʩʪʚʝʥʥʳʤʠ ʜʦʩʪʘʪʦʯʥʦ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʢʦʛʝʨʝʥʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʚ ʵʪʦʤ ʜʠʘʧʘʟʦʥʝ 

ʷʚʣʷʶʪʩʷ ʣʘʟʝʨʳ ʥʘ ʦʩʥʦʚʝ ʦʙʲʝʤʥʳʭ ʭʘʣʴʢʦʛʝʥʠʜʦʚ ʩʚʠʥʮʘ-ʦʣʦʚʘ, ʨʝʘʣʠʟʫʶʱʠʝ 

ʠʟʣʫʯʝʥʠʝ ʥʘ ʤʝʞʟʦʥʥʳʭ ʧʝʨʝʭʦʜʘʭ. ʈʘʙʦʪʳ ʧʦ ʩʦʟʜʘʥʠʶ ʜʘʥʥʳʭ ʣʘʟʝʨʦʚ ʚʝʣʠʩʴ 

ʝʱʝ ʚ 70-ʳʝ ʛʦʜʳ ʟʘ ʨʫʙʝʞʦʤ, ʠ ʚʧʣʦʪʴ ʜʦ ʢʦʥʮʘ 80-ʳʭ ʚ ʉʉʉʈ (ʩʤ., ʥʘʧʨʠʤʝʨ, 

ʨʘʙʦʪʫ [34] ʠ ʩʩʳʣʢʠ ʚ ʥʝʡ).  ʏʘʩʪʦʪʳ ʦʧʪʠʯʝʩʢʠʭ ʬʦʥʦʥʦʚ ʚ ʤʘʪʝʨʠʘʣʘʭ ʪʠʧʘ 

PbSnSe ʠ PbSnTe ʩʫʱʝʩʪʚʝʥʥʦ ʥʠʞʝ, ʯʝʤ ʚ ʫʧʦʤʷʥʫʪʳʭ ʨʘʥʝʝ ʧʦʣʫʧʨʦʚʦʜʥʠʢʘʭ 

ɸ3ɺ5, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʩʦʟʜʘʪʴ ʣʘʟʝʨʥʳʝ ʜʠʦʜʳ ʩ ʨʘʙʦʯʝʡ ʜʣʠʥʦʡ ʚʦʣʥʳ ʜʦ 50 ʤʢʤ 

[35, 36]. ʌʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʬʠʟʠʯʝʩʢʦʡ ʦʩʥʦʚʦʡ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʤʝʞʟʦʥʥʦʛʦ 

ʫʩʠʣʝʥʠʷ ʚ ʥʘʩʪʦʣʴʢʦ ʫʟʢʦʟʦʥʥʳʭ ʤʘʪʝʨʠʘʣʘʭ (ʢʘʢ ʠ ʚ ʩʪʨʫʢʪʫʨʘʭ ʥʘ ʦʩʥʦʚʝ ʂʗ 

HgCdTe/CdHgTe) ʷʚʣʷʝʪʩʷ ʧʦʜʘʚʣʝʥʠʝ ʙʝʟʳʟʣʫʯʘʪʝʣʴʥʦʡ ʦʞʝ-ʨʝʢʦʤʙʠʥʘʮʠʠ ʟʘ 

ʩʯʝʪ ʩʠʤʤʝʪʨʠʯʥʦʛʦ ʟʘʢʦʥʘ ʜʠʩʧʝʨʩʠʠ ʥʦʩʠʪʝʣʝʡ [37]. ʅʝʩʤʦʪʨʷ ʥʘ ʜʦʩʪʠʛʥʫʪʳʝ 

ʫʩʧʝʭʠ, ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʟʚʠʪʠʷ ʵʪʦ ʥʘʧʨʘʚʣʝʥʠʝ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʧʦʣʫʯʠʣʦ. ɿʘ 

ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʧʨʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʧʦʣʫʯʝʥʘ ʜʣʠʥʘ ʚʦʣʥʳ ʛʝʥʝʨʘʮʠʠ ʜʦ 50 

ʤʢʤ [38]. ʇʨʦʙʣʝʤʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʤʘʣʦʡ ʚʳʭʦʜʥʦʡ ʤʦʱʥʦʩʪʴʶ ʠ ʙʦʣʴʰʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʵʣʝʢʪʨʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʜʝʬʝʢʪʦʚ ʚ ʵʪʠʭ ʤʘʪʝʨʠʘʣʘʭ ʪʘʢ ʠ ʥʝ ʙʳʣʠ 

ʨʝʰʝʥʳ. ʇʦ-ʚʠʜʠʤʦʤʫ, ʵʪʦ ʩʚʷʟʘʥʦ ʩ ʪʨʫʜʥʦʩʪʷʤʠ ʚ ʪʝʭʥʦʣʦʛʠʠ ʨʦʩʪʘ, 

ʦʧʨʝʜʝʣʷʶʱʠʤʠ ʩʣʦʞʥʦʩʪ ɹʬʦʨʤʠʨʦʚʘʥʠ ̫ʢʚʘʥʪʦʚʦʨʘʟʤʝʨʥʳʭ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨ, ʘ 

ʪʘʢʞʝ ʚʳʩʦʢʦʡ ʦʩʪʘʪʦʯʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʦʩʠʪʝʣʝʡ, ʢʦʪʦʨʘʷ ʚ ʣʫʯʰʠʭ ʦʙʨʘʟʮʘʭ ʥʝ 

ʦʧʫʩʢʘʝʪʩʷ ʥʠʞʝ 1017 ʩʤ-3.  
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ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʢʚʘʟʠʨʝʣʷʪʠʚʠʩʪʩʢʠʡ ʟʘʢʦʥ ʜʠʩʧʝʨʩʠʠ ʥʦʩʠʪʝʣʝʡ, 

ʩʧʦʩʦʙʩʪʚʫʶʱʠʡ ʧʦʜʘʚʣʝʥʠʶ ʦʞʝ-ʨʝʢʦʤʙʠʥʘʮʠʠ, ʤʦʞʝʪ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥ ʠ ʚ 

ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʘʭ ʩ ʢʚʘʥʪʦʚʳʤʠ ʷʤʘʤʠ (ʂʗ) HgCdTe/CdHgTe [39, 40]. ɺ ʂʗ 

ʥʘʥʦʤʝʪʨʦʚʦʡ ʪʦʣʱʠʥʳ ʧʦʤʠʤʦ çʛʨʘʬʝʥʦʧʦʜʦʙʥʦʛʦè ʚʠʜʘ ʜʠʩʧʝʨʩʠʠ ʥʦʩʠʪʝʣʝʡ ʩ 

ʙʝʟʤʘʩʩʦʚʳʤʠ ʜʠʨʘʢʦʚʩʢʠʤʠ ʬʝʨʤʠʦʥʘʤʠ, ʤʦʞʥʦ ʝʩʪʝʩʪʚʝʥʥʳʤ ʦʙʨʘʟʦʤ (ʠʟʤʝʥʷʷ 

ʪʦʣʱʠʥʫ ʂʗ ʠʣʠ ʪʝʤʧʝʨʘʪʫʨʫ) ʧʦʣʫʯʠʪʴ ʠ ʢʚʘʟʠʜʠʨʘʢʦʚʩʢʠʡ ʟʘʢʦʥ ʜʠʩʧʝʨʩʠʠ 

ʥʦʩʠʪʝʣʝʡ ʩ ʥʝʥʫʣʝʚʦʡ ʤʘʩʩʦʡ. ʕʪʦ ʦʢʘʟʳʚʘʝʪʩʷ ʚʘʞʥʳʤ ʜʣʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʵʬʬʝʢʪʘ 

ʧʦʜʘʚʣʝʥʠʷ ʦʞʝ-ʧʨʦʮʝʩʩʦʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʘʣʳʭ ʚʦʟʤʫʱʝʥʠʡ ʟʦʥʥʦʛʦ ʩʧʝʢʪʨʘ. 

ʆʪʤʝʪʠʤ, ʯʪʦ ʥʝʩʤʦʪʨʷ ʥʘ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʫʩʠʣʠʷ ʤʥʦʛʠʭ ʛʨʫʧʧ, ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ 

ʛʝʥʝʨʘʮʠʷ ʠʟʣʫʯʝʥʠʷ ʚ ʛʨʘʬʝʥʦʚʳʭ ʩʪʨʫʢʪʫʨʘʭ ʧʦʢʘ ʧʦʣʫʯʝʥʘ ʪʦʣʴʢʦ ʚʙʣʠʟʠ 5 ʊɻʮ 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 100 ʂ [41]. 

ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʤʘʪʝʨʠʘʣʴʥʘʷ ʩʠʩʪʝʤʘ HgCdTe ʠʩʩʣʝʜʫʝʪʩʷ ʫʞʝ ʙʦʣʝʝ 40 ʣʝʪ 

[42], ʚ ʪʦʤ ʯʠʩʣʝ ʜʦʩʪʘʪʦʯʥʦ ʘʢʪʠʚʥʦ ʚ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʚ ʩʚʷʟʠ ʩ ʠʥʪʝʨʝʩʦʤ 

ʢ ʪʝʤʘʪʠʢʝ ʪʦʧʦʣʦʛʠʯʝʩʢʠʭ ʠʟʦʣʷʪʦʨʦʚ [43, 44]. ʕʪʦ ʧʨʠʚʝʣʦ ʢ ʪʦʤʫ, ʯʪʦ ʪʝʭʥʦʣʦʛʠʷ 

ʨʦʩʪʘ ʪʘʢʠʭ ʂʗ ʢ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʭʦʨʦʰʦ ʦʪʨʘʙʦʪʘʥʘ ʠ ʢʘʯʝʩʪʚʦ ʧʦʣʫʯʘʝʤʳʭ 

ʩʪʨʫʢʪʫʨ ʧʦʜʪʚʝʨʞʜʝʥʦ ʤʥʦʛʦʯʠʩʣʝʥʥʳʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʤʥʦʛʠʭ ʥʝʟʘʚʠʩʠʤʳʭ 

ʛʨʫʧʧ [45, 46, 47, 48, 49, 50, 51, 52, 53]. ɿʘ ʩʯʝʪ ʠʟʤʝʥʝʥʠʷ ʰʠʨʠʥʳ ʠ ʩʦʩʪʘʚʘ ʂʗ, 

ʚʦʟʤʦʞʥʦ ʚ ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ ʫʧʨʘʚʣʷʪʴ ʵʥʝʨʛʠʝʡ ʤʝʞʟʦʥʥʳʭ ʧʝʨʝʭʦʜʦʚ, ʜʝʣʘʷ ʝʸ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʢʚʘʥʪʘʤ ʪʝʨʘʛʝʨʮʦʚʦʛʦ, ʜʘʣʴʥʝʛʦ ʠʥʬʨʘʢʨʘʩʥʦʛʦ ʠ ʩʨʝʜʥʝʛʦ 

ʠʥʬʨʘʢʨʘʩʥʦʛʦ ʜʠʘʧʘʟʦʥʦʚ. ʇʨʠ ʵʪʦʤ ʬʦʥʦʥʥʳʝ ʯʘʩʪʦʪʳ ʚ HgCdTe ʩʜʚʠʥʫʪʳ ʚ 

ʥʠʟʢʦʯʘʩʪʦʪʥʫʶ ʦʙʣʘʩʪʴ [54] ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ GaAs, InP,  ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʠʯʴ 

ʫʩʠʣʝʥʠʷ ʥʘ ʤʝʞʟʦʥʥʳʭ ʧʝʨʝʭʦʜʘʭ ʧʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʘʣʳʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ 

ʥʦʩʠʪʝʣʝʡ. ʅʝʩʤʦʪʨʷ ʥʘ ʤʥʦʛʠʝ ʦʛʨʘʥʠʯʝʥʠʷ, ʠʤʝʶʱʠʝʩʷ ʚ ʪʝʭʥʦʣʦʛʠʠ ʨʦʩʪʘ 

ʵʧʠʪʘʢʩʠʘʣʴʥʳʭ ʩʪʨʫʢʪʫʨ ʥʘ ʦʩʥʦʚʝ HgCdTe, ʘ ʪʘʢʞʝ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ çʚʳʟʦʚʳè, 

ʩʚʷʟʘʥʥʳʝ ʩ ʧʨʦʜʚʠʞʝʥʠʝʤ ʧʦ ʜʣʠʥʝ ʚʦʣʥʳ ʠ ʨʘʙʦʯʝʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʥʘ ʜʘʥʥʳʡ 

ʤʦʤʝʥʪ ʨʝʘʣʠʟʘʮʠʷ ʣʘʟʝʨʥʳʭ ʯʠʧʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʩ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʥʘʢʘʯʢʦʡ 

ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʡ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʜʣʠʥ ʚʦʣʥ ʦʪ 2.5 ʜʦ 31 ʤʢʤ.  
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ʉʪʝʧʝʥʴ ʨʘʟʨʘʙʦʪʘʥʥʦʩʪʠ ʪʝʤʳ 

ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʦʙʲʝʤʥʳʝ ʧʣʝʥʢʠ HgCdTe ʟʘʥʠʤʘʶʪ ʣʠʜʠʨʫʶʱʠʝ 

ʧʦʟʠʮʠʠ ʢʘʢ ʤʘʪʝʨʠʘʣ ʜʣʷ ʀʂ ʬʦʪʦʧʨʠʝʤʥʠʢʦʚ ʠ ʙʣʘʛʦʜʘʨʷ ʜʝʩʷʪʠʣʝʪʠʷʤ 

ʘʢʪʠʚʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʚʦʡʩʪʚʘ ʦʙʲʝʤʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʜʦʩʪʘʪʦʯʥʦ ʭʦʨʦʰʦ 

ʠʟʫʯʝʥʳ [42, 55]. ʇʨʦʛʨʝʩʩ ʚ ʪʝʭʥʦʣʦʛʠʠ ʨʦʩʪʘ, ʚ ʯʘʩʪʥʦʩʪʠ ʤʦʣʝʢʫʣʷʨʥʦ-ʧʫʯʢʦʚʦʡ 

ʵʧʠʪʘʢʩʠʠ, ʧʨʠʚʝʣ ʢ ʚʦʟʨʦʞʜʝʥʠʶ ʠʥʪʝʨʝʩʘ ʢ ʵʢʩʪʨʝʤʘʣʴʥʦ ʫʟʢʦʟʦʥʥʳʤ ʠ 

ʙʝʩʱʝʣʝʚʳʤ ʩʦʩʪʘʚʘʤ HgCdTe, ʘ ʪʘʢʞʝ ʢ ʩʪʨʫʢʪʫʨʘʤ ʩ ʂʗ ʩ ʤʘʣʳʤʠ ʰʠʨʠʥʘʤʠ 

ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ. ɺ ʂʗ HgTe/CdHgTe ʟʦʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʧʝʨʝʩʪʨʘʠʚʘʝʪʩʷ, ʧʦ ʤʝʨʝ  

ʫʚʝʣʠʯʝʥʠʷ ʰʠʨʠʥʳ ʂʗ, ʦʪ ʥʦʨʤʘʣʴʥʦʡ (CdTe-ʧʦʜʦʙʥʦʡ) ʢ ʠʥʚʝʨʪʠʨʦʚʘʥʥʦʡ [39]. 

ʇʨʠ ʥʝʢʦʡ ʢʨʠʪʠʯʝʩʢʦʡ ʰʠʨʠʥʝ (dc ~ 6.3 ʥʤ) ʂʗ ʩʪʘʥʦʚʠʪʩʷ ʙʝʩʱʝʣʝʚʦʡ, ʘ ʟʘʢʦʥ 

ʜʠʩʧʝʨʩʠʠ ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʘ ï ʣʠʥʝʡʥʳʤ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʙʝʟʤʘʩʩʦʚʳʤ 

ʜʠʨʘʢʦʚʩʢʠʤ ʬʝʨʤʠʦʥʘʤ, ʧʦ ʘʥʘʣʦʛʠʠ ʩ ʛʨʘʬʝʥʦʤ [40] (ʢʘʢ ʧʦʢʘʟʘʥʦ ʚ ʙʦʣʝʝ 

ʧʦʟʜʥʠʭ ʨʘʙʦʪʘʭ ʩ ʫʯʝʪʦʤ ʧʦʧʨʘʚʦʢ, ʚʦʟʥʠʢʘʶʱʠʭ ʠʟ-ʟʘ ʵʬʬʝʢʪʦʚ ʧʦʥʠʞʝʥʠʷ 

ʩʠʤʤʝʪʨʠʠ, ʰʠʨʠʥʘ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ ʦʩʪʘʝʪʩʷ ʢʦʥʝʯʥʦʡ). ʀʩʩʣʝʜʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨ 

ʩ ʂʗ ʚ ʦʩʥʦʚʥʦʤ ʩʦʩʨʝʜʦʪʦʯʝʥʳ ʚʦʢʨʫʛ ʠʥʪʝʨʝʩʥʳʭ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʵʬʬʝʢʪʦʚ, 

ʩʚʷʟʘʥʥʳʭ ʩ ʪʦʧʦʣʦʛʠʯʝʩʢʠ ʟʘʱʠʱʝʥʥʳʤʠ ʢʨʘʝʚʳʤʠ ʩʦʩʪʦʷʥʠʷʤʠ ʚ ʩʪʨʫʢʪʫʨʘʭ ʩ 

ʠʥʚʝʨʪʠʨʦʚʘʥʥʳʤ ʟʦʥʥʳʤ ʩʧʝʢʪʨʦʤ (ʩʤ., ʥʘʧʨʠʤʝʨ, [43, 44]). 

ʆʜʥʘʢʦ ʥʘʙʦʨ ʫʥʠʢʘʣʴʥʳʭ ʩʚʦʡʩʪʚ ʥʘʥʦʨʘʟʤʝʨʥʳʭ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨ ʥʘ ʦʩʥʦʚʝ 

HgCdTe ʜʝʣʘʝʪ ʠʭ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʤʠ ʠ ʜʣʷ ʩʦʟʜʘʥʠʷ ʠʟʣʫʯʘʪʝʣʝʡ ʀʂ ʜʠʘʧʘʟʦʥʘ. 

ɹʣʘʛʦʜʘʨʷ ʚʦʟʤʦʞʥʦʩʪʠ ʛʠʙʢʦʡ ʧʝʨʝʩʪʨʦʡʢʠ ʵʥʝʨʛʠʠ ʤʝʞʟʦʥʥʳʭ ʧʝʨʝʭʦʜʦʚ ʚ 

ʰʠʨʦʢʦʡ ʩʧʝʢʪʨʘʣʴʥʦʡ ʦʙʣʘʩʪʠ (ʬʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʩʪʴʶ ʧʦʢʨʳʚʘʶʱʝʡ ʚʝʩʴ ʀʂ 

ʜʠʘʧʘʟʦʥ) ʧʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʧʦʜʘʚʣʝʥʠʠ ʦʞʝ-ʨʝʢʦʤʙʠʥʘʮʠʠ ʟʘ ʩʯʝʪ 

ʢʚʘʟʠʨʝʣʷʪʠʚʠʩʪʩʢʦʛʦ ʟʘʢʦʥʘ ʜʠʩʧʝʨʩʠʠ ʵʣʝʢʪʨʦʥʦʚ ʠ ʜʳʨʦʢ (ʩʤ. ʧʦʜʨʦʙʥʝʝ ʥʠʞʝ) 

ʩʪʨʫʢʪʫʨʳ ʩ ʂʗ HgCdTe ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʠ ʢʘʢ ʦʩʥʦʚʘ ʜʣʷ ʠʩʪʦʯʥʠʢʦʚ 

ʠʟʣʫʯʝʥʠʷ ʀʂ ʜʠʘʧʘʟʦʥʘ.  

ʆʩʦʙʝʥʥʦ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʤʠ ʷʚʣʷʶʪʩʷ ʜʠʘʧʘʟʦʥ ʜʣʠʥ ʚʦʣʥ ʦʪ 3 ʜʦ 5 ʤʢʤ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʦʢʥʫ ʧʨʦʟʨʘʯʥʦʩʪʠ ʘʪʤʦʩʬʝʨʳ, ʘ ʪʘʢʞʝ ʜʣʠʥʥʦʚʦʣʥʦʚʘʷ ʦʙʣʘʩʪʴ 

20 ï 60 ʤʢʤ [28]. ʇʦʩʣʝʜʥʠʡ ʠ ʩʝʡʯʘʩ ʦʩʪʘʝʪʩʷ ʢʨʘʡʥʝ ʧʨʦʙʣʝʤʥʳʤ ʜʣʷ ʢʦʤʧʘʢʪʥʳʭ 
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ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʠʩʪʦʯʥʠʢʦʚ ʠ, ʭʦʪʷ ʦʥ ʚ ʥʝʢʦʪʦʨʦʡ ʩʪʝʧʝʥʠ ʧʝʨʝʢʨʳʪ 

ʠʟʣʫʯʘʪʝʣʷʤʠ ʥʘ ʦʩʥʦʚʝ ʭʘʣʴʢʦʛʝʥʠʜʦʚ ʩʚʠʥʮʘ-ʦʣʦʚʘ, ʘ ʪʘʢʞʝ ʪʝʨʘʛʝʨʮʦʚʳʤʠ ʂʂʃ 

ʥʘ ʦʩʥʦʚʝ GaN/AlGaN, ʥʝʜʦʩʪʘʪʦʯʥʘʷ ʤʦʱʥʦʩʪʴ ʠ ʥʝʪʝʭʥʦʣʦʛʠʯʥʦʩʪʴ ʵʪʠʭ 

ʠʩʪʦʯʥʠʢʦʚ ʥʝ ʧʦʟʚʦʣʷʶʪ ʠʤ ʥʘʡʪʠ ʰʠʨʦʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ. ʇʨʠ ʧʨʠʙʣʠʞʝʥʠʠ 

ʨʘʙʦʯʝʡ ʜʣʠʥʳ ʚʦʣʥʳ ʢ ʜʘʥʥʦʤʫ ʜʠʘʧʘʟʦʥʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ɸ3ɺ5 ʢʘʩʢʘʜʥʳʭ 

ʣʘʟʝʨʦʚ, ʟʘʥʠʤʘʶʱʠʭ ʣʠʜʠʨʫʶʱʝʝ ʤʝʩʪʦ ʩʨʝʜʠ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʣʘʟʝʨʦʚ ʚ 

ʩʨʝʜʥʝʤ ʀʂ ʜʠʘʧʘʟʦʥʝ, ʪʘʢʞʝ ʩʫʱʝʩʪʚʝʥʥʦ ʫʭʫʜʰʘʶʪʩʷ ʚʚʠʜʫ ʚʦʟʨʘʩʪʘʶʱʝʡ ʨʦʣʠ 

ʨʝʰʝʪʦʯʥʦʛʦ ʧʦʛʣʦʱʝʥʠʷ. ɺʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ ʥʘ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʂʂʃ ʩ ʨʘʙʦʯʝʡ 

ʜʣʠʥʦʡ ʚʦʣʥʳ ʚ ʜʠʘʧʘʟʦʥʝ 28 ï 40 ʤʢʤ ʦʪʩʫʪʩʪʚʫʶʪ, ʘ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 28 ʜʦ 20 ʤʢʤ 

ʨʝʘʣʠʟʦʚʘʥʳ ʣʠʰʴ ʥʘ ʚʳʜʝʣʝʥʥʳʭ ʜʣʠʥʘʭ ʚʦʣʥ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʤʠʥʠʤʫʤʘʤ 

ʜʚʫʭʬʦʥʦʥʥʦʛʦ ʧʦʛʣʦʱʝʥʠʷ ʧʨʠʤʝʥʷʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ. ɺ 2016 ʛʦʜʫ ʧʦʷʚʠʣʘʩʴ 

ʨʘʙʦʪʘ, ʚʳʧʦʣʥʝʥʥʘʷ ʚ ʩʦʪʨʫʜʥʠʯʝʩʪʚʝ ʰʚʝʡʮʘʨʩʢʦʡ ʠ ʘʚʩʪʨʠʡʩʢʦʡ ʛʨʫʧʧ, ʚ 

ʢʦʪʦʨʦʡ ʙʳʣʘ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʛʝʥʝʨʘʮʠʷ ʚ ʂʂʃ ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ 28.3 ʤʢʤ [32]. 

ʏʪʦʙʳ ʠʟʙʝʞʘʪʴ ʧʦʛʣʦʱʝʥʠʷ AlAs-ʧʦʜʦʙʥʳʤʠ ʦʧʪʠʯʝʩʢʠʤʠ ʬʦʥʦʥʘʤʠ, ʚ ʢʘʯʝʩʪʚʝ 

ʙʘʨʴʝʨʥʳʭ ʩʣʦʝʚ ʚ ʘʢʪʠʚʥʦʡ ʦʙʣʘʩʪʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʚʝʨʜʳʡ ʨʘʩʪʚʦʨ GaAs0.51Sb0.49. 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ 28.3 ʤʢʤ ʦʩʪʘʝʪʩʷ ʨʝʢʦʨʜʥʦʡ ʜʣʠʥʦʡ ʚʦʣʥʳ ʩʨʝʜʠ ʢʚʘʥʪʦʚʳʭ 

ʢʘʩʢʘʜʥʳʭ ʣʘʟʝʨʦʚ ʩʨʝʜʥʝʛʦ ʀʂ ʜʠʘʧʘʟʦʥʘ. ʆʜʥʠʤ ʠʟ ʧʫʪʝʡ ʨʝʰʝʥʠʷ ʫʢʘʟʘʥʥʦʡ 

ʧʨʦʙʣʝʤʳ ʩʦʟʜʘʥʠʷ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʣʘʟʝʨʦʚ ʚ ʜʠʘʧʘʟʦʥʝ 20 ï 60 ʤʢʤ ʷʚʣʷʝʪʩʷ 

ʧʝʨʝʭʦʜ ʢ ʘʣʴʪʝʨʥʘʪʠʚʥʳʤ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʤ ʩʠʩʪʝʤʘʤ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ 

ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ ʂʂʃ ʥʘ ʦʩʥʦʚʝ InAs/AlSb, ʚ ʢʦʪʦʨʳʭ ʛʨʫʧʧʦʡ ʧʨʦʬ. ɸ. ɹʘʨʘʥʦʚʘ 

ʙʳʣʘ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʛʝʥʝʨʘʮʠʷ ʥʘ ʜʣʠʥʘʭ ʚʦʣʥ ʜʦ 25 ʤʢʤ ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ, ʧʦʣʫʯʝʥʥʘʷ ʫʞʝ ʧʦʩʣʝ ʥʘʯʘʣʘ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ 

ʜʘʥʥʦʡ ʨʘʙʦʪʝ [31, 56, 57].  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʩʧʝʢʪʨʘʣʴʥʦʤ ʫʯʘʩʪʢʝ 25 ï 60 ʤʢʤ ʤʝʞʟʦʥʥʳʝ ʣʘʟʝʨʳ ʥʘ 

ʦʩʥʦʚʝ ʥʘʥʦʛʝʪʝʨʦʩʪʨʫʢʪʫʨ HgCdTe ʤʦʛʫʪ ʦʢʘʟʘʪʴʩʷ ʢʦʥʢʫʨʝʥʪʥʦʩʧʦʩʦʙʥʳʤʠ, 

ʧʦʩʢʦʣʴʢʫ ʯʘʩʪʦʪʳ ʦʧʪʠʯʝʩʢʠʭ ʬʦʥʦʥʦʚ ʚ ʵʪʠʭ ʧʦʣʫʧʨʦʚʦʜʥʠʢʘʭ ʥʠʞʝ, ʯʝʤ ʚ ɸ3B5 

ʤʘʪʝʨʠʘʣʘʭ, ʠʩʧʦʣʴʟʫʶʱʠʭʩʷ ʚ ʜʣʠʥʥʦʚʦʣʥʦʚʳʭ ʂʂʃ. ɺʘʞʥʦʩʪʴ ʧʘʨʘʤʝʪʨʦʚ ʂʗ 

ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʧʦʣʫʯʝʥʠʷ ʤʝʞʟʦʥʥʦʛʦ ʫʩʠʣʝʥʠʷ ʦʪʤʝʯʘʣʘʩʴ ʝʱʝ ʚ ʨʘʥʥʠʭ 

ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʨʘʙʦʪʘʭ ʜʨʫʛʠʭ ʛʨʫʧʧ [58, 59], ʦʜʥʘʢʦ ʪʦʣʴʢʦ ʢ ʥʘʩʪʦʷʱʝʤʫ ʤʦʤʝʥʪʫ 



15 

 

ʧʦʣʫʯʠʣʘ ʪʚʝʨʜʦʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʧʦʜʪʚʝʨʞʜʝʥʠʝ ʠ ʪʝʦʨʝʪʠʯʝʩʢʦʝ 

ʦʙʦʩʥʦʚʘʥʠʝ. ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʠʤʝʥʥʦ ʚ ʫʟʢʠʭ ʂʗ ʩ ʥʝʙʦʣʴʰʠʤ 

ʩʦʜʝʨʞʘʥʠʝʤ ʢʘʜʤʠʷ ʨʝʘʣʠʟʫʝʪʩʷ ʤʘʢʩʠʤʘʣʴʥʳʡ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʧʦʨʦʛ ʜʣʷ 

ʨʘʟʣʠʯʥʳʭ ʧʨʦʮʝʩʩʦʚ ʦʞʝ-ʨʝʢʦʤʙʠʥʘʮʠʠ ʟʘ ʩʯʝʪ ʩʠʤʤʝʪʨʠʯʥʳʭ 

ʢʚʘʟʠʛʠʧʝʨʙʦʣʠʯʝʩʢʠʭ ʟʘʢʦʥʦʚ ʜʠʩʧʝʨʩʠʠ ʜʣʷ ʵʣʝʢʪʨʦʥʦʚ ʠ ʜʳʨʦʢ ʠ ʩʠʣʴʥʦʛʦ 

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

ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʚ ʧʨʝʜʳʜʫʱʠʭ ʨʘʙʦʪʘʭ ʧʦ ʣʘʟʝʨʥʦʡ ʛʝʥʝʨʘʮʠʠ ʧʨʠ ʪʦʡ ʞʝ 

ʰʠʨʠʥʝ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ, ʵʬʬʝʢʪ ʧʦʜʘʚʣʝʥʠʷ ʦʞʝ-ʨʝʢʦʤʙʠʥʘʮʠʠ ʦʪʩʫʪʩʪʚʫʝʪ.  

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʠʤʫʣʠʨʦʚʘʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʚ ʩʨʝʜʥʝʡ 

ʀʂ ʦʙʣʘʩʪʠ ʩʧʝʢʪʨʘ ʚ ʩʪʨʫʢʪʫʨʘʭ ʥʘ ʦʩʥʦʚʝ ʂʈʊ ʨʘʥʝʝ ʧʨʦʚʦʜʠʣʠʩʴ ʠʩʢʣʶʯʠʪʝʣʴʥʦ 

ʚ ʢʦʨʦʪʢʦʚʦʣʥʦʚʦʡ ʝʝ ʯʘʩʪʠ. ɺ ʨʘʙʦʪʝ [60] ʚʳʧʦʣʥʝʥ ʢʨʘʪʢʠʡ ʦʙʟʦʨ ʨʘʙʦʪ (ʜʦ 1999 

ʛʦʜʘ), ʧʦʩʚʷʱʝʥʥʳʭ ʣʘʟʝʨʘʤ ʥʘ ʦʩʥʦʚʝ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨ HgCdTe ʜʣʷ ʩʨʝʜʥʝʛʦ ʀʂ 

ʜʠʘʧʘʟʦʥʘ, ʦʪʨʘʞʘʶʱʠʡ ʩʦʩʪʦʷʥʠʝ ʜʝʣ ʚ ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʢ ʤʦʤʝʥʪʫ ʥʘʯʘʣʘ 

ʠʩʩʣʝʜʦʚʘʥʠʡ, ʚʳʧʦʣʥʝʥʥʳʭ ʚ ʜʘʥʥʦʡ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʝ. ʅʘʠʙʦʣʝʝ 

ʜʣʠʥʥʦʚʦʣʥʦʚʘʷ ʛʝʥʝʨʘʮʠʷ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʘ ʜʣʠʥʝ ʚʦʣʥʳ 5.3 ʤʢʤ ʠ ʙʳʣʘ 

ʜʦʩʪʠʛʥʫʪʘ ʚ ʠʥʞʝʢʮʠʦʥʥʦʤ ʣʘʟʝʨʝ ʩ ʘʢʪʠʚʥʦʡ ʦʙʣʘʩʪʴʶ ʠʟ çʦʙʲʝʤʥʦʛʦè ʂʈʊ, ʧʨʠ 

ʵʪʦʤ ʨʘʙʦʯʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʥʝ ʧʨʝʚʳʰʘʣʠ ʪʝʤʧʝʨʘʪʫʨʳ ʞʠʜʢʦʛʦ ʘʟʦʪʘ [61]. ɿʘ 

ʠʩʢʣʶʯʝʥʠʝʤ ʨʘʙʦʪ ʘʚʪʦʨʘ, ʚ ʂʈʊ ʩʪʨʫʢʪʫʨʘʭ ʥʘ ʜʣʠʥʘʭ ʚʦʣʥ ʙʦʣʝʝ 5.3 ʤʢʤ 

ʩʠʩʪʝʤʘʪʠʯʝʩʢʠ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʪʦʣʴʢʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ (ʌʃ). 

ɺ ʦʪʣʠʯʠʝ ʦʪ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ HgCdTe ʩ ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʦʣʴʰʦʡ ʰʠʨʠʥʦʡ 

ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ, ʚ ʢʦʪʦʨʳʭ ʣʝʛʢʦ ʦʙʥʘʨʫʞʠʚʘʶʪʩʷ ʣʠʥʠʠ ʌʃ, ʦʙʫʩʣʦʚʣʝʥʥʳʝ 

ʩʚʦʙʦʜʥʳʤʠ ʠ ʣʦʢʘʣʠʟʦʚʘʥʥʳʤʠ ʵʢʩʠʪʦʥʘʤʠ [53, 62, 63], ʚ ʨʘʩʪʚʦʨʘʭ ʩ ʥʝʙʦʣʴʰʦʡ 

ʜʦʣʝʡ ʢʘʜʤʠʷ ʠʟ-ʟʘ ʤʘʣʦʡ ʵʥʝʨʛʠʠ ʩʚʷʟʠ ʵʢʩʠʪʦʥʘ ʥʘʙʣʶʜʘʝʪʩʷ ʣʠʰʴ ʤʝʞʟʦʥʥʳʝ 

ʧʝʨʝʭʦʜʳ ʠ ʧʝʨʝʭʦʜʳ ʥʘ ʜʠʩʢʨʝʪʥʳʝ ʫʨʦʚʥʠ ʚ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʝ [64]. ʇʦʵʪʦʤʫ ʚ 

ʫʟʢʦʟʦʥʥʳʭ ʩʦʩʪʘʚʘʭ HgCdTe ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʧʦʣʥʝʥʳ ʜʣʷ ʠʜʝʥʪʠʬʠʢʘʮʠʠ 

ʫʨʦʚʥʝʡ ʧʨʠʤʝʩʝʡ, ʜʝʬʝʢʪʦʚ ʠ ʠʭ ʢʦʤʧʣʝʢʩʦʚ, ʘ ʪʘʢʞʝ ʭʘʨʘʢʪʝʨʠʟʘʮʠʠ ʤʘʪʝʨʠʘʣʘ 

[65, 66, 67, 68, 69, 70, 71], ʚ ʯʘʩʪʥʦʩʪʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʪʝʧʝʥʠ ʝʛʦ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ 

[71, 72]. ɼʣʷ ʧʦʜʦʙʥʦʛʦ ʨʦʜʘ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ, ʢʘʢ ʧʨʘʚʠʣʦ, 

ʥʝʧʨʝʨʳʚʥʦʝ ʚʦʟʙʫʞʜʝʥʠʝ. ʆʙ ʠʟʤʝʨʝʥʠʷʭ ʌʃ ʥʘ ʜʣʠʥʘʭ ʚʦʣʥ ʜʦ 18 ʤʢʤ 
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ʫʧʦʤʠʥʘʣʦʩʴ ʚ ʥʝʩʢʦʣʴʢʠʭ ʧʫʙʣʠʢʘʮʠʷʭ, ʥʦ ʧʨʠ ʵʪʦʤ ʥʝ ʧʨʠʚʦʜʠʣʠʩʴ ʩʧʝʢʪʨʳ 

ʤʝʞʟʦʥʥʦʡ ʌʃ. ʅʝʜʘʚʥʦ ʚ ʞʫʨʥʘʣʝ Nature Photonics ʧʦʷʚʠʣʘʩʴ ʨʘʙʦʪʘ, ʚ ʢʦʪʦʨʦʡ 

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʟʜʘʥʠʷ ʣʘʟʝʨʘ ʥʘ ʧʝʨʝʭʦʜʘʭ ʤʝʞʜʫ ʫʨʦʚʥʷʤʠ 

ʃʘʥʜʘʫ ʚ ʙʝʩʱʝʣʝʚʦʤ HgCdTe, ʧʦʤʝʱʝʥʥʦʤ ʚ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ [49]. ɸʚʪʦʨʳ 

ʜʝʤʦʥʩʪʨʠʨʫʶʪ, ʯʪʦ ʚ ʦʪʣʠʯʠʝ ʦʪ ʛʨʘʬʝʥʘ ʠ ʤʘʪʝʨʠʘʣʦʚ ʩ ʧʘʨʘʙʦʣʠʯʝʩʢʠʤ ʟʘʢʦʥʦʤ 

ʜʠʩʧʝʨʩʠʠ ʥʦʩʠʪʝʣʝʡ, ʚ ʥʘʙʦʨʝ ʫʨʦʚʥʝʡ ʃʘʥʜʘʫ ʜʣʷ ʬʝʨʤʠʦʥʦʚ ʂʝʡʥʘ ʦʪʩʫʪʩʪʚʫʶʪ 

ʵʢʚʠʜʠʩʪʘʥʪʥʳʝ ʩʦʩʪʦʷʥʠʷ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʜʘʚʠʪʴ ʨʘʩʩʝʷʥʠʝ ʥʦʩʠʪʝʣʝʡ ʧʦ 

ʤʝʭʘʥʠʟʤʫ ʆʞʝ ʠ ʥʘʙʣʶʜʘʪʴ ʮʠʢʣʦʪʨʦʥʥʫʶ ʵʤʠʩʩʠʶ ʚ ʊɻʮ ʜʠʘʧʘʟʦʥʝ. ɸʚʪʦʨʳ 

ʜʘʶʪ ʦʮʝʥʢʫ ʠʥʚʝʨʩʠʠ ʥʘʩʝʣʝʥʥʦʩʪʝʡ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʫʩʠʣʝʥʠʷ, ʥʦ ʚ ʨʘʙʦʪʝ 

ʧʨʠʚʝʜʝʥʳ ʣʠʰʴ ʩʧʝʢʪʨʳ ʩʧʦʥʪʘʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʧʨʠ 4.2 ʂ. ʂʨʦʤʝ ʪʦʛʦ, ʦʯʝʚʠʜʥʦ, 

ʯʪʦ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʛʝʥʝʨʘʮʠʠ ʥʘ ʜʣʠʥʘʭ ʚʦʣʥ ʚ ʜʠʘʧʘʟʦʥʝ 20 ï 30 ʤʢʤ ʧʦʪʨʝʙʫʶʪʩʷ 

ʤʘʛʥʠʪʥʳʝ ʧʦʣʷ ʚʳʰʝ 4 ʊ, ʥʝ ʚʩʝʛʜʘ ʜʦʩʪʫʧʥʳʝ ʜʘʞʝ ʚ ʥʘʫʯʥʳʭ ʣʘʙʦʨʘʪʦʨʠʷʭ.   

ɺʦʟʚʨʘʱʘʷʩʴ ʢ ʠʩʩʣʝʜʦʚʘʥʠʷʤ ʠʟʣʫʯʘʪʝʣʴʥʳʭ ʩʚʦʡʩʪʚ ʂʈʊ ʩʪʨʫʢʪʫʨ ʚ 

çʢʦʨʦʪʢʦʚʦʣʥʦʚʦʡè ʯʘʩʪʠ ʩʨʝʜʥʝʛʦ ʀʂ ʜʠʘʧʘʟʦʥʘ, ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʯʨʝʟʚʳʯʘʡʥʦ 

ʚʘʞʥʳʤ ʜʣʷ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʧʨʠʤʝʥʝʥʠʡ ʚ ʦʙʣʘʩʪʠ ʵʢʦʣʦʛʠʠ, ʭʠʤʠʠ, ʙʠʦʣʦʛʠʠ ʠ 

ʤʝʜʠʮʠʥʳ, ʭʦʯʝʪʩʷ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʠ ʚ ʵʪʦʤ ʜʠʘʧʘʟʦʥʝ ʧʦʪʝʥʮʠʘʣ ʂʈʊ ʩʪʨʫʢʪʫʨ ʥʝ 

ʠʩʯʝʨʧʘʥ. ɽʩʣʠ ʛʦʚʦʨʠʪʴ ʦʙ ʠʩʪʦʯʥʠʢʘʭ ʠʟʣʫʯʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʂʈʊ, ʢʦʪʦʨʳʝ ʚ 

ʜʠʘʧʘʟʦʥʝ 25 ï 60 ʤʢʤ ʤʦʛʫʪ ʙʳʪʴ ʢʦʥʢʫʨʝʥʪʥʦʩʧʦʩʦʙʥʳ ʜʘʞʝ ʧʨʠ ʢʨʠʦʛʝʥʥʳʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ, ʪʦ ʚ ʦʙʣʘʩʪʠ ʦʜʥʦʛʦ ʠʟ ʦʢʦʥ ʧʨʦʟʨʘʯʥʦʩʪʠ ʘʪʤʦʩʬʝʨʳ, ʘ ʠʤʝʥʥʦ, 3 ï 

5 ʤʢʤ, ʥʘʠʙʦʣʴʰʠʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʧʦʚʳʰʝʥʠʝ ʨʘʙʦʯʠʭ ʪʝʤʧʝʨʘʪʫʨ ʂʈʊ 

ʣʘʟʝʨʦʚ ʜʦ ʢʦʤʥʘʪʥʦʡ ʠʣʠ ʙʣʠʟʢʦʡ ʢ ʥʝʡ. ʂ ʥʘʩʪʦʷʱʝʤʫ ʤʦʤʝʥʪʫ ʟʥʘʯʠʪʝʣʴʥʦʛʦ 

ʧʨʦʛʨʝʩʩʘ ʚ ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʠʟ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʠʩʪʦʯʥʠʢʦʚ ʜʦʩʪʠʛʣʠ 

(ʤʝʞʟʦʥʥʳʝ) ʢʘʩʢʘʜʥʳʝ ʣʘʟʝʨʳ. ɺ ʯʫʪʴ ʙʦʣʝʝ ʜʣʠʥʥʦʚʦʣʥʦʚʦʤ ʜʠʘʧʘʟʦʥʝ 5 ʜʦ 10 

ʤʢʤ ʥʘʠʣʫʯʰʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʫʥʠʧʦʣʷʨʥʳʝ ʂʂʃ.  ʊʘʢ, ʚ ʂʂʃ ʥʘ 

ʦʩʥʦʚʝ ʥʘʧʨʷʞʝʥʥʳʭ ʩʪʨʫʢʪʫʨ InGaAs/AlInAs, ʚʳʨʘʱʝʥʥʳʭ ʥʘ InP ʧʦʜʣʦʞʢʝ, 

ʫʜʘʣʦʩʴ ʧʦʣʫʯʠʪʴ ʥʝʧʨʝʨʳʚʥʫʶ ʛʝʥʝʨʘʮʠʶ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʥʘ ʜʣʠʥʝ 

ʚʦʣʥʳ ʦʢʦʣʦ 5 ʤʢʤ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʧʝʨʝʩʪʨʦʡʢʠ ʚ ʧʨʝʜʝʣʘʭ 160 ʩʤ-1 [73],  ʜʦʙʠʪʴʩʷ 

ʚʳʭʦʜʥʦʡ ʤʦʱʥʦʩʪʠ ʚ ʥʝʩʢʦʣʴʢʦ ʚʘʪʪ ʠ ʧʦʜʥʷʪʴ ʂʇɼ ʚʳʰʝ 20 % ʚ ʥʝʧʨʝʨʳʚʥʦʤ 

ʨʝʞʠʤʝ [74]. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ, ʯʪʦ ʂʂʃ ʥʘ ʦʩʥʦʚʝ InGaAs/AlInAs 
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ʩʧʦʩʦʙʥʳ ʨʘʙʦʪʘʪʴ ʠ ʥʘ ʤʝʥʴʰʠʭ ʜʣʠʥʘʭ ʚʦʣʥ, ʚʧʣʦʪʴ ʜʦ 3 ʤʢʤ ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʥʝʧʨʝʨʳʚʥʦʤ ʨʝʞʠʤʝ [75], ʢʘʢ ʠ ʂʂʃ ʥʘ ʦʩʥʦʚʝ ʩʦʝʜʠʥʝʥʠʡ 

InAs/AlSb [76, 77], ʦʜʥʘʢʦ ʩ ʤʝʥʴʰʝʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʥʝʩʤʦʪʨʷ ʥʘ 

ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʜʦʩʪʦʠʥʩʪʚʘ ʂʂʃ, ʩʣʦʞʥʦʩʪʴ ʪʝʭʥʦʣʦʛʠʠ ʨʦʩʪʘ ʩʪʨʫʢʪʫʨ (ʚʚʠʜʫ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʂʗ ʩ ʥʘʥʦʤʝʪʨʦʚʳʤ ʢʦʥʪʨʦʣʝʤ ʪʦʣʱʠʥʳ 

ʢʘʞʜʦʡ ʠʟ ʥʠʭ) ʜʝʣʘʝʪ ʟʘʪʨʫʜʥʠʪʝʣʴʥʳʤ ʠʭ ʤʘʩʩʦʚʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ. ʀʩʪʦʯʥʠʢʠ, 

ʥʘʠʙʦʣʝʝ ʙʣʠʟʢʠʝ ʧʦ ʩʚʦʝʤʫ ʫʩʪʨʦʡʩʪʚʫ ʢ ʂʂʃ, ʤʝʞʟʦʥʥʳʝ ʢʘʩʢʘʜʥʳʝ ʣʘʟʝʨʳ 

(ʄʂʃ) ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʛʠʙʨʠʜ ʤʝʞʜʫ ʂʂʃ ʠ ʢʣʘʩʩʠʯʝʩʢʠʤʠ ʜʠʦʜʥʳʤʠ 

ʣʘʟʝʨʘʤʠ. ʂ ʥʘʩʪʦʷʱʝʤʫ ʤʦʤʝʥʪʫ ʄʂʃ ʥʘ ʦʩʥʦʚʝ InAs/GaSb/AlSb/GaInSb 

ʧʝʨʝʢʨʳʚʘʶʪ ʚʝʩʴ ʩʧʝʢʪʨʘʣʴʥʳʡ ʜʠʘʧʘʟʦʥ ʦʪ 3 ʜʦ 5 ʤʢʤ, ʦʙʝʩʧʝʯʠʚʘʷ  

ʥʝʧʨʝʨʳʚʥʫʶ ʛʝʥʝʨʘʮʠʶ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ [78]. ʆʩʥʦʚʥʳʤ ʠʭ 

ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʧʝʨʝʜ ʂʂʃ ʷʚʣʷʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʴʰʘʷ ʧʦʨʦʛʦʚʘʷ ʧʣʦʪʥʦʩʪʴ 

ʪʦʢʘ, ʧʦʟʚʦʣʷʶʱʘʷ ʜʦʙʠʚʘʪʴʩʷ ʙʦʣʴʰʝʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚ ʟʘʜʘʯʘʭ, ʚ ʢʦʪʦʨʳʭ 

ʚʳʭʦʜʥʘʷ ʤʦʱʥʦʩʪʴ ʥʝ ʪʘʢ ʚʘʞʥʘ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʧʦ ʧʨʠʯʠʥʝ ʩʭʦʜʩʪʚʘ ʧʨʠʥʮʠʧʘ 

ʨʘʙʦʪʳ, ʄʂʃ ʦʙʣʘʜʘʶʪ ʪʝʤʠ ʞʝ ʥʝʜʦʩʪʘʪʢʘʤʠ, ʯʪʦ ʠ ʂʂʃ, ʘ ʠʤʝʥʥʦ ʩʣʦʞʥʦʩʪʴʶ 

ʧʨʦʠʟʚʦʜʩʪʚʘ, ʚʳʩʦʢʦʡ ʩʪʦʠʤʦʩʪʴʶ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʘʣʦʡ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʤʝʞʟʦʥʥʳʤʠ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʤʠ ʣʘʟʝʨʘʤʠ, ʚʦʟʤʦʞʥʦʩʪʴʶ ʧʝʨʝʩʪʨʦʡʢʠ. 

ʉʣʝʜʫʝʪ ʪʘʢʞʝ ʫʧʦʤʷʥʫʪʴ ʦʙ ʠʥʪʝʥʩʠʚʥʦ ʨʘʟʚʠʚʘʚʰʝʤʩʷ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ 

ʥʘʧʨʘʚʣʝʥʠʠ ʧʦ ʩʦʟʜʘʥʠʶ ʥʘ ʦʩʥʦʚʝ ʩʦʝʜʠʥʝʥʠʡ GaInAsSb ʩʚʝʪʦʜʠʦʜʦʚ ʜʣʷ 

ʩʨʝʜʥʝʡ ʀʂ ʦʙʣʘʩʪʠ ʩʧʝʢʪʨʘ, ʦʧʠʩʘʥʠʝ ʢʦʪʦʨʳʭ ʧʨʠʚʝʜʝʥʦ ʚ ʨʘʙʦʪʝ [79]. 

ʇʨʝʜʩʪʘʚʣʷʝʪʩʷ, ʯʪʦ ʚ ʙʫʜʫʱʝʤ ʪʘʢʠʝ ʠʩʪʦʯʥʠʢʠ ʤʦʛʫʪ ʧʦʩʣʫʞʠʪʴ ʘʣʴʪʝʨʥʘʪʠʚʦʡ 

ʠʤʝʶʱʠʤʩʷ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ, ʦʜʥʘʢʦ ʢ ʥʘʩʪʦʷʱʝʤʫ ʤʦʤʝʥʪʫ ʦʥʠ ʩʫʱʝʩʪʚʝʥʥʦ 

ʫʩʪʫʧʘʶʪ ʧʦ ʩʚʦʝʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʫʧʦʤʷʥʫʪʳʤ ʚʳʰʝ ʛʨʫʧʧʘʤ ʣʘʟʝʨʦʚ. 

ʂ ʥʘʩʪʦʷʱʝʤʫ ʤʦʤʝʥʪʫ ʩʨʝʜʠ ʨʘʙʦʪ, ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʛʝʥʝʨʘʮʠʠ ʠʟʣʫʯʝʥʠʷ ʚ 

ʜʠʘʧʘʟʦʥʝ 3 ï 5 ʤʢʤ ʚ ʤʘʪʝʨʠʘʣʘʭ ʥʘ ʦʩʥʦʚʝ HgTe/CdTe, ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʫʞʝ 

ʫʧʦʤʠʥʘʚʰʠʝʩʷ ʨʘʙʦʪʳ ʧʝʨʠʦʜʘ 1990 ï 2000 ʛʛ [60, 61, 80, 81] ʠ ʙʦʣʝʝ ʩʚʝʞʠʝ 

ʨʘʙʦʪʳ [82, 83], ʚ ʢʦʪʦʨʳʭ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʢʚʘʟʠʦʙʲʝʤʥʳʝ ʩʣʦʠ ʚ ʢʘʯʝʩʪʚʝ 

ʘʢʪʠʚʥʦʡ ʦʙʣʘʩʪʠ ʠ ʨʘʙʦʯʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʣʘʟʝʨʦʚ ʥʝ ʧʨʝʚʳʰʘʣʘ 150 ʂ. ɺ ʢʘʯʝʩʪʚʝ 

ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʢʦʥʢʫʨʝʥʪʦʚ ʜʣʷ ʩʪʨʫʢʪʫʨ ʩ ʂʗ ʤʦʛʫʪ ʚʳʩʪʫʧʘʪʴ ʩʪʨʫʢʪʫʨʳ ʙʦʣʝʝ 
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ʥʠʟʢʦʡ ʨʘʟʤʝʨʥʦʩʪʠ, ʚ ʯʘʩʪʥʦʩʪʠ ʢʦʣʣʦʠʜʥʳʝ ʢʚʘʥʪʦʚʳʝ ʪʦʯʢʠ [84]. ʈʘʙʦʪ, 

ʧʦʩʚʷʱʝʥʥʳʭ ʦʧʪʦʵʣʝʢʪʨʦʥʥʳʤ ʧʨʠʤʝʥʝʥʠʷʤ ʢʚʘʥʪʦʚʳʭ ʪʦʯʝʢ ʥʘ ʦʩʥʦʚʝ HgTe 

ʠʟʚʝʩʪʥʦ ʜʦʩʪʘʪʦʯʥʦ ʤʥʦʛʦ (ʩʤ. ʦʙʟʦʨ [85]). ʅʝʜʘʚʥʦ ʧʦʷʚʠʣʠʩʴ ʩʦʦʙʱʝʥʠʷ ʦ 

ʚʦʟʤʦʞʥʦʩʪʠ ʫʩʠʣʝʥʠʷ ʠʟʣʫʯʝʥʠʷ ʚ ʦʢʨʝʩʪʥʦʩʪʠ 1.3 ʤʢʤ ʚ ʢʦʣʣʦʠʜʥʳʭ ʢʚʘʥʪʦʚʳʭ 

ʪʦʯʢʘʭ HgTe ʧʨʠ ʵʢʩʪʨʝʤʘʣʴʥʦ ʤʘʣʳʭ ʧʣʦʪʥʦʩʪʷʭ ʥʘʢʘʯʢʠ ʚ ʥʝʩʢʦʣʴʢʦ ʜʝʩʷʪʢʦʚ 

ʤɺʪ/ʩʤ2 [86], ʦʜʥʘʢʦ ʚ ʙʦʣʝʝ ʜʣʠʥʥʦʚʦʣʥʦʚʦʤ ʜʠʘʧʘʟʦʥʝ ʧʦʢʘ ʥʘʙʣʶʜʘʣʘʩʴ ʪʦʣʴʢʦ 

ʌʃ. ʇʨʝʜʝʣʴʥʘʷ ʜʣʠʥʘ ʚʦʣʥʳ ʚ ʨʘʟʣʠʯʥʳʭ ʨʘʙʦʪʘʭ ʚʘʨʴʠʨʫʝʪʩ ̫ʦʪ 5 ʜʦ 8 ʤʢʤ, 

ʦʜʥʘʢʦ ʢʚʘʥʪʦʚʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʟʣʫʯʝʥʠʷ ʧʨʠ ʵʪʦʤ ʩʦʩʪʘʚʣʷʝʪ ʧʦʨʷʜʢʘ ʦʜʥʦʛʦ 

ʧʨʦʮʝʥʪʘ [85].  

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʫʟʢʠʭ ʂʗ ʠ ʜʝʪʘʣʴʥʳʡ ʘʥʘʣʠʟ 

ʙʝʟʳʟʣʫʯʘʪʝʣʴʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʨʝʢʦʤʙʠʥʘʮʠʠ ʧʦʟʚʦʣʠʣʠ ʧʦʜʥʷʪʴ ʤʘʢʩʠʤʘʣʴʥʫʶ 

ʪʝʤʧʝʨʘʪʫʨʫ ʛʝʥʝʨʘʮʠʠ ʥʘ ʤʝʞʟʦʥʥʳʭ ʧʝʨʝʭʦʜʘʭ ʚ ʜʠʘʧʘʟʦʥʝ ʧʨʦʟʨʘʯʥʦʩʪʠ 

ʘʪʤʦʩʬʝʨʳ 3 ï 4 ʤʢʤ ʚ ʩʪʨʫʢʪʫʨʘʭ ʥʘ ʦʩʥʦʚʝ HgCdTe ʚʳʰʝ 200 ʂ, ʘ ʧʨʠ ʙʦʣʝʝ 

ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʜʦʩʪʠʯʴ ʥʝʜʦʩʪʫʧʥʦʡ ʜʣʷ ʩʫʱʝʩʪʚʫʶʱʠʭ ʂʂʃ ʜʣʠʥʳ ʚʦʣʥʳ 

31 ʤʢʤ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʳʧʦʣʥʝʥʥʦʝ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʷʚʣʷʝʪʩʷ 

ʘʢʪʫʘʣʴʥʳʤ, ʦʨʠʛʠʥʘʣʴʥʳʤ, ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʦʚʨʝʤʝʥʥʳʤ ʪʝʥʜʝʥʮʠʷʤ ʨʘʟʚʠʪʠʷ 

ʦʧʪʦʵʣʝʢʪʨʦʥʠʢʠ ʩʨʝʜʥʝʛʦ ʀʂ ʜʠʘʧʘʟʦʥʘ ʠ ʦʧʨʝʜʝʣʷʝʪ ʤʠʨʦʚʦʡ ʫʨʦʚʝʥʴ ʚ 

ʥʘʧʨʘʚʣʝʥʠʠ ʛʝʥʝʨʘʮʠʠ ʢʦʛʝʨʝʥʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʚ ʤʘʪʝʨʠʘʣʘʭ ʥʘ ʦʩʥʦʚʝ HgCdTe. 

 

ʎʝʣʠ ʠ ʟʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʎʝʣʴʶ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ 

ʠʟʣʫʯʘʪʝʣʴʥʦʡ ʠ ʙʝʟʳʟʣʫʯʘʪʝʣʴʥʦʡ ʨʝʢʦʤʙʠʥʘʮʠʠ ʥʝʨʘʚʥʦʚʝʩʥʳʭ ʥʦʩʠʪʝʣʝʡ 

ʟʘʨʷʜʘ ʚ ʦʙʲʝʤʥʳʭ ʧʣʝʥʢʘʭ ʠ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʘʭ ʩ ʢʚʘʥʪʦʚʳʤʠ ʷʤʘʤʠ ʥʘ ʦʩʥʦʚʝ 

ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ ʢʘʜʤʠʡ-ʨʪʫʪʴ-ʪʝʣʣʫʨ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʠʩʪʦʯʥʠʢʦʚ ʠʟʣʫʯʝʥʠʷ ʚ 

ʩʨʝʜʥʝʤ ʠʥʬʨʘʢʨʘʩʥʦʤ ʜʠʘʧʘʟʦʥʝ. ʕʪʦ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʨʝʰʝʥʠʝ ʩʣʝʜʫʶʱʠʭ ʟʘʜʘʯ: 

- ʀʩʩʣʝʜʦʚʘʥʠʝ ʤʝʞʟʦʥʥʳʭ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ ʠ ʬʦʪʦʧʨʦʚʦʜʠʤʦʩʪʠ 

ʦʙʲʝʤʥʳʭ ʩʣʦʝʚ ʠ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨ ʩ ʢʚʘʥʪʦʚʳʤʠ ʷʤʘʤʠ ʚ ʜʣʠʥʥʦʚʦʣʥʦʚʦʡ 

ʯʘʩʪʠ ʩʨʝʜʥʝʛʦ ʠʥʬʨʘʢʨʘʩʥʦʛʦ ʜʠʘʧʘʟʦʥʘ.  
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- ʀʩʩʣʝʜʦʚʘʥʠʝ ʦʩʦʙʝʥʥʦʩʪʝʡ ʩʧʝʢʪʨʦʚ ʧʨʠʤʝʩʥʦ-ʜʝʬʝʢʪʥʦʡ 

ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ ʠ ʬʦʪʦʧʨʦʚʦʜʠʤʦʩʪʠ ʚ ʫʟʢʦʟʦʥʥʳʭ ʧʣʝʥʢʘʭ ʠ 

ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʘʭ ʩ ʢʚʘʥʪʦʚʳʤʠ ʷʤʘʤʠ. 

- ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʨʝʤʝʥ ʞʠʟʥʠ ʥʝʨʘʚʥʦʚʝʩʥʳʭ ʥʦʩʠʪʝʣʝʡ ʚ ʵʪʠʭ ʩʪʨʫʢʪʫʨʘʭ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʟʤʝʨʝʥʠʡ ʢʠʥʝʪʠʢʠ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ ʠ 

ʬʦʪʦʧʨʦʚʦʜʠʤʦʩʪʠ, ʘ ʪʘʢʞʝ ʠʭ ʵʚʦʣʶʮʠʠ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ 

ʦʧʪʠʯʝʩʢʦʛʦ ʚʦʟʙʫʞʜʝʥʠʷ. 

- ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʚʦʣʥʦʚʦʜʥʳʭ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʩʪʠʤʫʣʠʨʦʚʘʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʚ ʩʨʝʜʥʝʤ ʠʥʬʨʘʢʨʘʩʥʦʤ ʜʠʘʧʘʟʦʥʝ. 

- ɸʥʘʣʠʟ ʩʧʝʢʪʨʦʚ ʩʪʠʤʫʣʠʨʦʚʘʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʠ ʠʭ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʧʘʨʘʤʝʪʨʦʚ ʥʘʢʘʯʢʠ ʚ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʘʭ ʩ ʨʘʟʣʠʯʥʳʤʠ 

ʜʠʟʘʡʥʘʤʠ. 

 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ 

1. ɺʧʝʨʚʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʜʦʩʪʦʚʝʨʥʦʩʪʴ 

ʧʩʝʚʜʦʨʝʣʷʪʠʚʠʩʪʢʦʛʦ ʦʧʠʩʘʥʠʷ ʵʣʝʢʪʨʦʥʦʚ ʠ ʣʝʛʢʠʭ ʜʳʨʦʢ ī ʬʝʨʤʠʦʥʦʚ ʂʝʡʥʘ ī 

ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʧʝʨʝʩʪʨʦʡʢʠ ʟʦʥʥʦʛʦ ʩʧʝʢʪʨʘ ʚ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʘʭ Hg1-xCdxTe ʦʪ 

ʠʥʚʝʨʪʠʨʦʚʘʥʥʦʛʦ ʢ ʙʝʩʱʝʣʝʚʦʤʫ ʠ ʥʦʨʤʘʣʴʥʦʤʫ ʟʘ ʩʯʝʪ ʚʘʨʴʠʨʦʚʘʥʠ ̫

ʪʝʤʧʝʨʘʪʫʨʳ.   

2. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ, ʥʘ ʧʨʠʤʝʨʝ ʩʪʨʫʢʪʫʨʳ ʩ Eg = 120 

ï 140 ʤʵɺ ʧʨʠ ʊ = 77 ʂ, ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʥʦʛʦ ʧʦʜʘʚʣʝʥʠʷ ʦʞʝ-ʨʝʢʦʤʙʠʥʘʮʠʠ ʚ 

ʩʪʨʫʢʪʫʨʘʭ ʩ ʂʗ HgTe, ʢʦʛʜʘ ʨʝʣʘʢʩʘʮʠʷ ʥʝʨʘʚʥʦʚʝʩʥʳʭ ʥʦʩʠʪʝʣʝʡ ʧʦʣʥʦʩʪʴʶ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʟʣʫʯʘʪʝʣʴʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ. 

3. ɺʧʝʨʚʳʝ ʠʩʩʣʝʜʦʚʘʥʘ ʜʠʥʘʤʠʢʘ ʧʨʦʧʫʩʢʘʥʠʷ ʫʟʢʦʟʦʥʥʦʡ (Eg = 20 ʤʵɺ) 

ʩʪʨʫʢʪʫʨʳ ʩ ʂʗ ʤʝʪʦʜʦʤ ʥʘʢʘʯʢʘ-ʟʦʥʜʠʨʦʚʘʥʠʝ ʩ ʚʨʝʤʝʥʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ ~ 10 ʧʩ, 
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ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʦʮʝʥʠʪʴ ʧʣʦʪʥʦʩʪʴ ʤʦʱʥʦʩʪʠ, ʪʨʝʙʫʝʤʫʶ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʠʥʚʝʨʩʠʠ 

ʥʘʩʝʣʝʥʥʦʩʪʝʡ ʢʘʢ 10 ʢɺʪ/ʩʤ2 ʧʨʠ ʜʣʠʥʝ ʚʦʣʥʳ ʥʘʢʘʯʢʠ 1 ʤʢʤ. 

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

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

ʦʩʥʦʚʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʘʢʮʝʧʪʦʨʘ ʥʘ ʤʝʣʢʦ ʟʘʣʝʛʘʶʱʠʝ ʚʦʟʙʫʞʜʝʥʥʳʝ ʩʦʩʪʦʷʥʠʷ (ʩ 

ʙʦʣʴʰʠʤ ʤʘʪʨʠʯʥʳʤ ʵʣʝʤʝʥʪʦʤ) ʠ ʧʦʩʣʝʜʫʶʱʝʡ ʪʝʨʤʠʯʝʩʢʦʡ ʠʦʥʠʟʘʮʠʝʡ, ʘ ʥʝ 

ʧʝʨʝʭʦʜʘʤʠ ʜʳʨʦʢ ʩ ʘʢʮʝʧʪʦʨʘ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʢʦʥʪʠʥʫʫʤ ʚʘʣʝʥʪʥʦʡ ʟʦʥʳ.  

5. ɺʧʝʨʚʳʝ ʠʩʩʣʝʜʦʚʘʥʘ ʪʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʘʢʮʝʧʪʦʨʥʦʡ ʌʇ ʚ 

ʦʪʦʞʞʝʥʥʳʭ ʩʣʦʷʭ ʂʈʊ ʨ-ʪʠʧʘ, ʠ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʣʠʥʠʠ ʌʇ, 

ʚʦʟʥʠʢʘʶʱʝʡ ʠʟ-ʟʘ ʦʪʨʳʚʘ ʚʪʦʨʦʡ ʜʳʨʢʠ ʦʪ ʚʘʢʘʥʩʠʠ ʨʪʫʪʠ ʫʙʳʚʘʝʪ ʩ 

ʪʝʤʧʝʨʘʪʫʨʦʡ ʤʝʜʣʝʥʥʝʝ, ʯʝʤ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʣʠʥʠʠ ʌʇ, ʩʚʷʟʘʥʥʦʡ ʩ ʦʪʨʳʚʦʤ 

ʧʝʨʚʦʡ ʜʳʨʢʠ, ʠʟ-ʟʘ ʙʦʣʴʰʝʡ ʵʥʝʨʛʠʠ ʩʚʷʟʠ ʚʦʟʙʫʞʜʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʦʜʥʦʢʨʘʪʥʦ 

ʠʦʥʠʟʦʚʘʥʥʦʛʦ ʮʝʥʪʨʘ, ʩ ʢʦʪʦʨʦʛʦ ʧʨʦʠʩʭʦʜʠʪ ʪʝʨʤʠʯʝʩʢʘʷ ʠʦʥʠʟʘʮʠʷ.  

6. ʆʙʥʘʨʫʞʝʥʘ ʊɻʮ ʌʃ, ʦʙʫʩʣʦʚʣʝʥʥʘʷ ʦʧʪʠʯʝʩʢʠʤʠ ʧʝʨʝʭʦʜʘʤʠ ʤʝʞʜʫ 

ʚʦʟʙʫʞʜʝʥʥʳʤʠ ʠ ʦʩʥʦʚʥʳʤʠ ʩʦʩʪʦʷʥʠʷʤʠ ʥʝʡʪʨʘʣʴʥʦʛʦ ʠ ʦʜʥʦʢʨʘʪʥʦ 

ʠʦʥʠʟʦʚʘʥʥʦʛʦ ʜʚʦʡʥʦʛʦ ʘʢʮʝʧʪʦʨʘ ï ʚʘʢʘʥʩʠʠ ʨʪʫʪʠ. 

7. ɺʧʝʨʚʳʝ ʧʨʝʜʣʦʞʝʥ ʜʠʟʘʡʥ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨ ʩ ʂʗ ʥʘ ʦʩʥʦʚʝ ʪʚʝʨʜʦʛʦ 

ʨʘʩʪʚʦʨʘ CdHgTe, ʚʳʨʘʱʠʚʘʝʤʳʭ ʥʘ ʧʦʜʣʦʞʢʝ GaAs, ʩ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʤʠ 

ʚʦʣʥʦʚʦʜʘʤʠ, ʧʦʜʜʝʨʞʠʚʘʶʱʠʤʠ ʤʦʜʫ ʊɽ0 ʟʘ ʩʯʝʪ ʦʪʨʘʞʝʥʠʷ ʚ ʦʢʨʝʩʪʥʦʩʪʠ 

ʧʦʣʦʩʳ ʦʩʪʘʪʦʯʥʳʭ ʣʫʯʝʡ ʘʨʩʝʥʠʜʘ ʛʘʣʣʠʷ (ʜʣʠʥʘ ʚʦʣʥʳ 30 ï 32 ʤʢʤ). ɺʧʝʨʚʳʝ ʚ 

ʚʦʣʥʦʚʦʜʥʳʭ ʩʪʨʫʢʪʫʨʘʭ ʩ ʤʥʦʞʝʩʪʚʝʥʥʳʤʠ ʂʗ ʚ ʧʫʯʥʦʩʪʷʭ ʤʦʜʳ ʧʦʣʫʯʝʥʦ 

ʩʪʠʤʫʣʠʨʦʚʘʥʥʦʝ ʠʟʣʫʯʝʥʠʝ ʩ ʜʣʠʥʘʤʠ ʚʦʣʥ 19.5 ï 31 ʤʢʤ. ɺʧʝʨʚʳʝ ʚ ʚʦʣʥʦʚʦʜʥʳʭ 

ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʘʭ ʩ ʫʟʢʠʤʠ ʂʗ ʥʘ ʦʩʥʦʚʝ HgCdTe ʧʦʣʫʯʝʥʦ ʩʪʠʤʫʣʠʨʦʚʘʥʥʦʝ 

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

ʧʦʨʦʛʦʚʳʭ ʠ ʙʝʩʧʦʨʦʛʦʚʳʭ ʧʨʦʮʝʩʩʦʚ ʦʞʝ-ʨʝʢʦʤʙʠʥʘʮʠʠ. 
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ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʠ ʧʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ 

ʈʘʟʚʠʪʳʝ ʤʝʪʦʜʠʢʠ ʜʠʘʛʥʦʩʪʠʢʠ ʦʜʥʦʨʦʜʥʦʩʪʠ ʠ ʜʝʬʝʢʪʥʦʩʪʠ ʦʙʲʝʤʥʳʭ 

ʧʣʝʥʦʢ ʠ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨ ʩ ʢʚʘʥʪʦʚʳʤʠ ʷʤʘʤʠ, ʧʨʠʚʝʜʝʥʥʳʝ ʚ ʛʣʘʚʘʭ 1 ʠ 2, ʤʦʛʫʪ 

ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʪʝʭʥʦʣʦʛʠʠ ʵʧʠʪʘʢʩʠʠ ʩʪʨʫʢʪʫʨ ʥʘ 

ʦʩʥʦʚʝ ʂʈʊ ʢʘʢ ʜʣʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʪʘʢ ʠ ʜʣʷ ʧʨʘʢʪʠʯʝʩʢʠʭ 

ʧʨʠʤʝʥʝʥʠʡ. ʈʘʟʚʠʪʘʷ ʚ ʨʘʙʦʪʝ ʤʝʪʦʜʠʢʘ ʠʟʤʝʨʝʥʠʷ ʩʧʝʢʪʨʦʚ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ 

ʠ ʬʦʪʦʧʨʦʚʦʜʠʤʦʩʪʠ ʚ ʩʨʝʜʥʝʤ ʠ ʜʘʣʴʥʝʤ ʀʂ ʜʠʘʧʘʟʦʥʘʭ ʚ ʫʩʣʦʚʠʷʭ ʩʠʣʴʥʦʡ 

ʬʦʥʦʚʦʡ ʟʘʩʚʝʪʢʠ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʝ ʪʦʣʴʢʦ ʩʪʨʫʢʪʫʨ ʥʘ ʦʩʥʦʚʝ 

ʂʈʊ, ʥʦ ʠ ʜʨʫʛʠʭ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʫʟʢʦʟʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʪʘʢʠʭ ʢʘʢ ʭʘʣʴʢʦʛʝʥʠʜʳ 

ʩʚʠʥʮʘ-ʦʣʦʚʘ, ʩʪʨʫʢʪʫʨʳ InAs/AlSb ʠ ʜʨ.  

ʀʩʩʣʝʜʦʚʘʥʠʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʜʝʬʝʢʪʦʚ ʚ ʪʨʦʡʥʳʭ ʨʘʩʪʚʦʨʘʭ ʢʘʜʤʠʡ-

ʨʪʫʪʴ-ʪʝʣʣʫʨ ï ʚʘʢʘʥʩʠʡ ʨʪʫʪʠ ʠ ʘʩʩʦʮʠʠʨʫʝʤʳʭ ʩ ʥʠʤʠ ʣʠʥʠʡ 

ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ ʠ ʬʦʪʦʧʨʦʚʦʜʠʤʦʩʪʠ, ʧʨʠʚʝʜʝʥʥʳʝ ʚ ʛʣʘʚʝ 3 ī ʠʤʝʶʪ 

ʧʨʘʢʪʠʯʝʩʢʫʶ ʟʥʘʯʠʤʦʩʪʴ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʥʘ ʦʩʥʦʚʝ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠʩʪʦʯʥʠʢʦʚ ʠ 

ʧʨʠʝʤʥʠʢʦʚ ʠʟʣʫʯʝʥʠʷ, ʧʦʩʢʦʣʴʢʫ ʜʘʥʥʳʡ ʪʠʧ ʜʝʬʝʢʪʦʚ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ 

ʦʧʨʝʜʝʣʷʝʪ ʩʢʦʨʦʩʪʴ ʨʝʢʦʤʙʠʥʘʮʠʠ ʥʝʨʘʚʥʦʚʝʩʥʳʭ ʥʦʩʠʪʝʣʝʡ ʚ ʫʩʣʦʚʠʷʭ ʩʣʘʙʦʛʦ 

ʚʦʟʙʫʞʜʝʥʠʷ. ʇʦʤʠʤʦ ʵʪʦʛʦ, ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʘʢʘʥʩʠʡ ʨʪʫʪʠ ʠʤʝʶʪ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʨʘʟʚʠʪʠʷ ʤʦʜʝʣʝʡ ʦʧʠʩʘʥʠʷ ʜʚʫʭʟʘʨʷʜʦʚʳʭ 

ʧʨʠʤʝʩʝʡ ʢʘʢ ʚ ʩʦʝʜʠʥʝʥʠʷʭ ʢʘʜʤʠʡ-ʨʪʫʪʴ-ʪʝʣʣʫʨ, ʪʘʢ ʠ ʚ ʜʨʫʛʠʭ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʤʘʪʝʨʠʘʣʘʭ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʪʠʤʫʣʠʨʦʚʘʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʚ ʚʦʣʥʦʚʦʜʥʳʭ 

ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʘʭ ʩ ʢʚʘʥʪʦʚʳʤʠ ʷʤʘʤʠ, ʦʧʠʩʘʥʥʳʝ ʚ ʛʣʘʚʘʭ 4 ʠ 5, ʤʦʛʫʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʩʦʟʜʘʥʠʷ ʠʩʪʦʯʥʠʢʦʚ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʥʘ ʤʝʞʟʦʥʥʳʭ 

ʧʝʨʝʭʦʜʘʭ ʥʘ ʦʩʥʦʚʝ ʩʦʝʜʠʥʝʥʠʡ ʢʘʜʤʠʡ-ʨʪʫʪʴ-ʪʝʣʣʫʨ. ʀʩʪʦʯʥʠʢʠ ʥʘ ʦʩʥʦʚʝ 

ʢʘʜʤʠʡ-ʨʪʫʪʴ-ʪʝʣʣʫʨ ʩʧʦʩʦʙʥʳ ʨʘʙʦʪʘʪʴ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʙʣʠʟʢʠʭ ʢ ʢʦʤʥʘʪʥʦʡ ʚ 

ʜʠʘʧʘʟʦʥʝ ʜʣʠʥ ʚʦʣʥ ʜʦ 5 ʤʢʤ, ʘ ʚʦʟʤʦʞʥʦʩʪʴ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʧʝʨʝʩʪʨʦʡʢʠ ʩʧʝʢʪʨʘ 

ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʠʭ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʚ 

ʧʨʠʣʦʞʝʥʠʷʭ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʛʘʟʦʚ. ʇʨʠ ʢʨʠʦʛʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʛʝʥʝʨʘʮʠʷ 

ʠʟʣʫʯʝʥʠʷ ʚ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʘʭ ʢʘʜʤʠʡ-ʨʪʫʪʴ-ʪʝʣʣʫʨ ʚʦʟʤʦʞʥʘ ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ 31 



22 

 

ʤʢʤ, ʢʦʪʦʨʘʷ ʣʝʞʠʪ ʚʥʝ ʜʠʘʧʘʟʦʥʘ ʨʘʙʦʪʳ ʢʚʘʥʪʦʚʦ-ʢʘʩʢʘʜʥʳʭ ʣʘʟʝʨʦʚ. ɺ 

ʩʧʝʢʪʨʘʣʴʥʦʤ ʜʠʘʧʘʟʦʥʝ 31 ï 20 ʤʢʤ ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʟʚʦʣʷʶʪ 

çʧʝʨʝʢʨʳʪʴè ʫʢʘʟʘʥʥʳʡ ʜʠʘʧʘʟʦʥ ʝʱʝ ʦʜʥʠʤ ʪʠʧʦʤ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʣʘʟʝʨʦʚ 

ʥʘʨʘʚʥʝ ʩ ʣʘʟʝʨʘʤʠ ʥʘ ʦʩʥʦʚʝ ʭʘʣʴʢʦʛʝʥʠʜʦʚ ʩʚʠʥʮʘ-ʦʣʦʚʘ. ʉʦʟʜʘʥʠʝ ʣʘʟʝʨʦʚ, 

ʨʘʙʦʪʘʶʱʠʭ ʧʨʠ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʦʤ ʦʭʣʘʞʜʝʥʠʠ ʠ ʦʙʣʘʜʘʶʱʠʭ ʚʦʟʤʦʞʥʦʩʪʴʶ 

ʧʝʨʝʩʪʨʦʡʢʠ ʜʣʠʥʳ ʚʦʣʥʳ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ, ʧʦʚʳʩʠʪ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʴ 

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

HgCdTe ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʀʂ ʜʝʪʝʢʪʦʨʦʚ, ʨʝʘʣʠʟʘʮʠʷ ʜʣʠʥʥʦʚʦʣʥʦʚʳʭ ʠʩʪʦʯʥʠʢʦʚ 

ʥʘ ʦʩʥʦʚʝ ʪʦʛʦ ʞʝ ʤʘʪʝʨʠʘʣʘ ʩʦʟʜʘʝʪ ʧʨʝʜʧʦʩʳʣʢʠ ʜʣʷ ʩʦʟʜʘʥʠʷ ʦʧʪʦʧʘʨ ʣʘʟʝʨ-

ʧʨʠʝʤʥʠʢ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʧʨʦʩʪʝʡʰʠʭ ʢʦʤʧʘʢʪʥʳʭ 

ʩʧʝʢʪʨʦʤʝʪʨʦʚ ʩʨʝʜʥʝʛʦ ʀʂ ʜʠʘʧʘʟʦʥʘ. ʌʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ, 

ʩʦʩʨʝʜʦʪʦʯʝʥʥʳʝ ʚ ʦʩʥʦʚʥʦʤ ʚʦʢʨʫʛ ʧʨʦʙʣʝʤʳ ʨʘʟʦʛʨʝʚʘ ʥʦʩʠʪʝʣʝʡ ʠ 

ʩʦʧʫʪʩʪʚʫʶʱʝʡ çʘʢʪʠʚʘʮʠʠè ʦʞʝ-ʨʝʢʦʤʙʠʥʘʮʠʠ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʨʝʞʠʤʘʭ ʥʘʢʘʯʢʠ, 

ʙʫʜʫʪ ʠʥʪʝʨʝʩʥʳ ʰʠʨʦʢʦʤʫ ʢʨʫʛʫ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ, ʟʘʥʠʤʘʶʱʠʭʩʷ ʨʘʟʚʠʪʠʝʤ 

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

ʦʜʥʦʡ ʠʟ ʥʝʤʥʦʛʠʭ ʩʠʩʪʝʤ, ʚ ʢʦʪʦʨʦʡ ʤʦʞʥʦ ʜʦʙʠʪʴʩʷ ʛʨʘʬʝʥʦʧʦʜʦʙʥʦʛʦ ʟʘʢʦʥʘ 

ʜʠʩʧʝʨʩʠʠ, ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʫʶ ʮʝʥʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ʙʫʜʫʪ ʠʤʝʪʴ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʠʟʣʫʯʘʶʱʠʭ ʩʪʨʫʢʪʫʨ ʥʘ ʦʩʥʦʚʝ ʛʨʘʬʝʥʘ, ʚ ʢʦʪʦʨʦʤ 

ʧʨʦʙʣʝʤʘ ʨʘʟʦʛʨʝʚʘ ʥʦʩʠʪʝʣʝʡ ʷʚʣʷʝʪʩʷ ʢʨʠʪʠʯʝʩʢʠʤ ʬʘʢʪʦʨʦʤ, ʦʛʨʘʥʠʯʠʚʘʶʱʠʤ 

ʚʦʟʤʦʞʥʦʩʪʴ ʫʩʠʣʝʥʠʷ [87].  

 

ʄʝʪʦʜʦʣʦʛʠʷ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ɺ ʨʘʙʦʪʝ ʧʨʠʤʝʥʝʥʳ ʘʧʨʦʙʠʨʦʚʘʥʥʳʝ ʠ ʭʦʨʦʰʦ ʟʘʨʝʢʦʤʝʥʜʦʚʘʚʰʠʝ ʩʝʙʷ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʤʝʪʦʜʠʢʠ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʦʪʨʘʙʦʪʘʥʥʳʝ ʟʘ ʜʦʣʛʠʝ ʛʦʜʳ 

ʧʨʦʚʝʜʝʥʠʷ ʠʟʤʝʨʝʥʠʡ ʚ ʩʨʝʜʥʝʤ ʠ ʜʘʣʴʥʝʤ ʀʂ ʜʠʘʧʘʟʦʥʝ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʧʨʦʚʦʞʜʘʣʠʩʴ ʪʝʦʨʝʪʠʯʝʩʢʠʤ ʘʥʘʣʠʟʦʤ. 
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ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʧʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʦʙʲʝʤʥʳʭ ʧʣʝʥʦʢ ʠ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨ ʥʘ 

ʦʩʥʦʚʝ ʂʈʊ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʢʦʤʙʠʥʘʮʠʷ ʤʝʪʦʜʠʢ ʬʫʨʴʝ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ 

ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ ʠ ʬʦʪʦʧʨʦʚʦʜʠʤʦʩʪʠ. 

ɼʣʷ ʠʟʫʯʝʥʠʷ ʧʨʦʮʝʩʩʦʚ ʨʝʢʦʤʙʠʥʘʮʠʠ ʧʨʠʤʝʥʷʣʘʩʴ ʧʨʷʤʘʷ ʤʝʪʦʜʠʢʘ 

ʠʟʤʝʨʝʥʠʷ ʢʠʥʝʪʠʢʠ ʨʝʣʘʢʩʘʮʠʠ ʬʦʪʦʧʨʦʚʦʜʠʤʦʩʪʠ. ɼʣʷ ʩʦʟʜʘʥʠʷ ʥʝʨʘʚʥʦʚʝʩʥʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʵʣʝʢʪʨʦʥ-ʜʳʨʦʯʥʳʭ ʧʘʨ ʧʨʠʤʝʥʷʣʦʩʴ ʚʦʟʙʫʞʜʝʥʠʝ ʠʤʧʫʣʴʩʥʳʤ 

ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʤ ʛʝʥʝʨʘʪʦʨʦʤ ʠʥʬʨʘʢʨʘʩʥʦʛʦ ʜʠʘʧʘʟʦʥʘ ʩ ʧʝʨʝʩʪʨʘʠʚʘʝʤʦʡ 

ʜʣʠʥʦʡ ʚʦʣʥʳ ʠ ʜʣʠʪʝʣʴʥʦʩʪʴʶ ʠʤʧʫʣʴʩʘ 10 ʥʩ.  

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʨʝʤʝʥ ʤʝʥʴʰʠʭ 10 ʥʩ ʧʨʠʤʝʥʷʣʘʩʴ ʤʝʪʦʜʠʢʘ ʥʘʢʘʯʢʘ-

ʟʦʥʜʠʨʦʚʘʥʠʝ (pump-probe) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʣʘʟʝʨʘ ʥʘ ʩʚʦʙʦʜʥʳʭ ʵʣʝʢʪʨʦʥʘʭ 

FELBE ʚ HZDR (ɼʨʝʟʜʝʥ, ɻʝʨʤʘʥʠʷ). 

 

ʇʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ 

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

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

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʚʳʩʦʢʠʤ ʩʪʨʫʢʪʫʨʥʳʤ ʩʦʚʝʨʰʝʥʩʪʚʦʤ, ʧʨʦʷʚʣʷʶʱʠʤʩʷ ʚ 

ʙʣʠʟʢʦʡ ʢ ʪʝʦʨʝʪʠʯʝʩʢʦʤʫ ʧʨʝʜʝʣʫ 1.8kɺT ʰʠʨʠʥʝ ʣʠʥʠʠ ʌʃ ʧʨʠ ʊ > 70 ʂ ʠ ʤʘʣʦʡ 

ʚʝʣʠʯʠʥʝ ʵʥʝʨʛʠʠ ʋʨʙʘʭʘ, ʦʧʠʩʳʚʘʶʱʝʡ  ʫʰʠʨʝʥʠʝ ʢʨʘʩʥʦʡ ʛʨʘʥʠʮʳ ʤʝʞʟʦʥʥʦʡ 

ʬʦʪʦʧʨʦʚʦʜʠʤʦʩʪʠ. ʊʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʵʥʝʨʛʠʠ ʋʨʙʘʭʘ ʫʢʘʟʳʚʘʝʪ ʥʘ 

ʜʦʤʠʥʠʨʫʶʱʫʶ ʨʦʣʴ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʫʰʠʨʝʥʠʷ ʢʨʘʷ ʧʦʛʣʦʱʝʥʠʷ, 

ʦʙʫʩʣʦʚʣʝʥʥʦʛʦ ʪʝʧʣʦʚʳʤʠ ʢʦʣʝʙʘʥʠʷʤʠ ʨʝʰʝʪʢʠ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʥʘʨʫʰʝʥʠʷ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʩʦʚʝʨʰʝʥʩʪʚʘ ʤʘʪʝʨʠʘʣʘ ʜʘʶʪ ʧʨʝʥʝʙʨʝʞʠʤʦ ʤʘʣʳʡ ʚʢʣʘʜ ʚ 

ʵʥʝʨʛʠʶ ʋʨʙʘʭʘ. 

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

ʨʪʫʪʠ ʷʚʣʷʶʪʩʷ ʜʚʦʡʥʳʤʠ ʘʢʮʝʧʪʦʨʘʤʠ ʩ ʭʘʨʘʢʪʝʨʥʳʤʠ ʵʥʝʨʛʠʷʤʠ ʠʦʥʠʟʘʮʠʠ ~ 10 

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

ʠʦʥʠʟʦʚʘʥʥʦʛʦ ʘʢʮʝʧʪʦʨʘ (ʦʪʨʳʚ ʚʪʦʨʦʡ ʜʳʨʢʠ), ʧʨʦʷʚʣʷʶʱʠʭʩʷ ʚ ʩʧʝʢʪʨʘʭ ʌʇ ʚ 

ʚʠʜʝ ʣʠʥʠʡ, ʦʙʫʩʣʦʚʣʝʥʥʳʭ ʧʝʨʝʭʦʜʘʤʠ ʚ ʚʦʟʙʫʞʜʝʥʥʳʝ ʩʦʩʪʦʷʥʠʷ ʩ ʤʘʣʦʡ 
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ʵʥʝʨʛʠʝʡ ʠʦʥʠʟʘʮʠʠ, ʘ ʚ ʂʗ ʚ ʚʠʜʝ ʙʦʣʝʝ ʰʠʨʦʢʠʭ ʧʦʣʦʩ ʠʟ-ʟʘ ʜʠʩʧʝʨʩʠʠ ʵʥʝʨʛʠʠ 

ʩʚʷʟʠ ʮʝʥʪʨʦʚ. ɺ ʩʧʝʢʪʨʘʭ ʌʃ ʥʘʙʣʶʜʘʶʪʩʷ ʣʠʥʠʠ ʩ ʪʝʤ ʞʝ ʩʧʝʢʪʨʘʣʴʥʳʤ 

ʧʦʣʦʞʝʥʠʝʤ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʨʦʮʝʩʩʘʤ ʟʘʭʚʘʪʘ ʜʳʨʦʢ ʥʘ ʩʦʩʪʦʷʥʠʷ 

ʜʚʫʭʟʘʨʷʜʥʦʛʦ ʘʢʮʝʧʪʦʨʘ. 

3. ʂʚʘʟʠʨʝʣʷʪʠʚʠʪʩʢʠʡ ʟʘʢʦʥ ʜʠʩʧʝʨʩʠʠ ʵʣʝʢʪʨʦʥʦʚ ʠ ʜʳʨʦʢ ʚ ʂʗ ʩ ʤʘʣʦʡ ʜʦʣʝʡ 

ʢʘʜʤʠʷ ʭ < 0.1 ʠ ʤʘʣʦʡ ʰʠʨʠʥʦʡ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ Eg < 140 ʤʵɺ ʧʨʠʚʦʜʠʪ ʢ 

ʧʦʜʘʚʣʝʥʠʶ ʪʨʝʭʯʘʩʪʠʯʥʦʛʦ ʉʉʅ-ʉ ʧʨʦʮʝʩʩʘ ʙʝʟʳʟʣʫʯʘʪʝʣʴʥʦʡ ʦʞʝ-

ʨʝʢʦʤʙʠʥʘʮʠʠ ʠ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʩʪʠʤʫʣʠʨʦʚʘʥʥʦʝ ʠʟʣʫʯʝʥʠʝ (ʉʀ) ʥʘ 

ʤʝʞʟʦʥʥʳʭ ʧʝʨʝʭʦʜʘʭ ʚ ʩʪʨʫʢʪʫʨʘʭ ʩ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʤ ʚʦʣʥʦʚʦʜʦʤ. 

4. ʈʦʩʪ ʢʦʵʬʬʠʮʠʝʥʪʘ ʦʪʨʘʞʝʥʠʷ ʧʨʠ ʧʨʠʙʣʠʞʝʥʠʠ ʢ ʛʨʘʥʠʮʝ ʦʙʣʘʩʪʠ 

ʦʩʪʘʪʦʯʥʳʭ ʣʫʯʝʡ ʚ ʘʨʩʝʥʠʜʝ ʛʘʣʣʠʷ (ʜʣʠʥʘ ʚʦʣʥʳ 33.9 ʤʢʤ) ʩ ʢʦʨʦʪʢʦʚʦʣʥʦʚʦʡ 

ʩʪʦʨʦʥʳ ʧʦʟʚʦʣʷʝʪ ʜʦʙʠʪʴʩʷ ʣʦʢʘʣʠʟʘʮʠʠ ʚʦʣʥʦʚʦʜʥʦʡ ʤʦʜʳ ʜʣʷ ʜʣʠʥ ʚʦʣʥ 30 ï 32 

ʤʢʤ ʚ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʘʭ ʥʘ ʦʩʥʦʚʝ HgCdTe, ʚʳʨʘʱʠʚʘʝʤʳʭ ʥʘ GaAs ʧʦʜʣʦʞʢʝ, ʧʨʠ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠ ʜʦʩʪʠʞʠʤʳʭ ʚ ʤʝʪʦʜʝ ʄʃʕ ʪʦʣʱʠʥʘʭ. 

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

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

ʤʢʤ (ʦʢʥʦ ʧʨʦʟʨʘʯʥʦʩʪʠ ʘʪʤʦʩʬʝʨʳ) ʧʨʠ ʊ > 200 K, ʜʦʩʪʠʞʠʤʦʡ ʩ ʧʦʤʦʱʴʶ 

ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʦʭʣʘʞʜʝʥʠʷ. 

 

ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ 

ʇʦʣʫʯʝʥʥʳʝ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʝʟʫʣʴʪʘʪʳ ʠʤʝʶʪ ʚʳʩʦʢʫʶ ʩʪʝʧʝʥʴ 

ʜʦʩʪʦʚʝʨʥʦʩʪʠ, ʯʪʦ ʧʦʜʢʨʝʧʣʝʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʷʜʘ ʨʘʟʣʠʯʥʳʭ ʘʧʨʦʙʠʨʦʚʘʥʥʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʤʝʪʦʜʠʢ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʩʦʛʣʘʩʠʝʤ ʤʝʞʜʫ 

ʨʝʟʫʣʴʪʘʪʘʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʚ ʨʘʤʢʘʭ ʧʨʠʤʝʥʝʥʠʷ ʵʪʠʭ ʤʝʪʦʜʠʢ, ʘ ʪʘʢʞʝ ʭʦʨʦʰʠʤ 

ʩʦʛʣʘʩʠʝʤ ʵʢʩʧʝʨʠʤʝʥʪʘ ʠ ʪʝʦʨʠʠ (ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʚ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʪʝʦʨʝʪʠʯʝʩʢʦʝ 

ʨʘʩʩʤʦʪʨʝʥʠʝ ʧʨʝʜʰʝʩʪʚʦʚʘʣʦ ʵʢʩʧʝʨʠʤʝʥʪʫ). ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʪʘʢʞʝ 

ʩʦʛʣʘʩʫʶʪʩʷ ʠ ʩ ʠʤʝʶʱʠʤʠʩʷ ʚ ʣʠʪʝʨʘʪʫʨʝ ʜʘʥʥʳʤʠ ʧʦ ʧʨʦʙʣʝʤʝ ʠʩʩʣʝʜʦʚʘʥʠʡ. 
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ɸʧʨʦʙʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ 

ʈʝʟʫʣʴʪʘʪʳ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʜʠʩʩʝʨʪʘʮʠʠ, ʜʦʢʣʘʜʳʚʘʣʠʩʴ ʠ ʦʙʩʫʞʜʘʣʠʩʴ 

ʥʘ ʩʝʤʠʥʘʨʘʭ ʚ ʀʌʄ ʈɸʅ, ʀʇʌ ʈɸʅ, ʙʳʣʠ ʘʧʨʦʙʠʨʦʚʘʥʳ ʥʘ ʙʦʣʴʰʦʤ ʧʝʨʝʯʥʝ 

ʈʦʩʩʠʡʩʢʠʭ ʠ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʢʦʥʬʝʨʝʥʮʠʡ, ʪʘʢʠʭ ʢʘʢ XXII  ʄʝʞʜʫʥʘʨʦʜʥʘʷ 

ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʧʦ ʬʦʪʦʵʣʝʢʪʨʦʥʠʢʝ ʠ ʧʨʠʙʦʨʘʤ ʥʦʯʥʦʛʦ 

ʚʠʜʝʥʠʷ (ʄʦʩʢʚʘ, 2012 ʛ.), XI ʈʦʩʩʠʡʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʧʦ ʬʠʟʠʢʝ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ 

(ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, 2013 ʛ.), XIII  ʈʦʩʩʠʡʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʧʦ ʬʠʟʠʢʝ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ (ɽʢʘʪʝʨʠʥʙʫʨʛ, 2017 ʛ.), XVIII  ï XXIV  ʄʝʞʜʫʥʘʨʦʜʥʳʝ 

ʩʠʤʧʦʟʠʫʤʳ çʅʘʥʦʬʠʟʠʢʘ ʠ ʥʘʥʦʵʣʝʢʪʨʦʥʠʢʘè (ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ 2014ï2020 ʛ.), ʘ 

ʪʘʢʞʝ ʥʘ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʢʦʥʬʝʨʝʥʮʠʷʭ, ʧʨʦʚʦʜʠʤʳʭ ʟʘ ʨʫʙʝʞʦʤ: 41st International 

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

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

France, 2019 ʛ.), International Conference on Mid-Infrared Optoelectronics: Materials 

and Devices (Beijing, China, 2016 ʛ.), 5th Russia-Japan-USA-EuropeSymp. On 

Fundamental & Applied Problems of Terahertz Devices & Technologies (Sendai, Japan, 

2016 ʛ.), 5th EOS Topical Meeting on Terahertz Science and technology (Pecs, Hungary, 

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

ʈʦʩʩʠʷ, 2016 ʛ.) ʠ ʧʨ. 

ʅʝʩʢʦʣʴʢʦ ʨʝʟʫʣʴʪʘʪʦʚ, ʚʦʰʝʜʰʠʭ ʚ ʜʠʩʩʝʨʪʘʮʠʶ, ʙʳʣʠ ʚʢʣʶʯʝʥʳ ʚ ʩʧʠʩʦʢ 

ʚʘʞʥʝʡʰʠʭ ʨʝʟʫʣʴʪʘʪʦʚ ʀʇʌ ʈɸʅ, ʥʘʧʨʘʚʣʷʝʤʳʭ ʚ ʈʦʩʩʠʡʩʢʫʶ ʘʢʘʜʝʤʠʶ ʥʘʫʢ; 

ʦʜʠʥ ʠʟ ʥʠʭ ʙʳʣ ʦʪʤʝʯʝʥ ʚ ʜʦʢʣʘʜʝ ʇʨʝʟʠʜʠʫʤʘ ʈɸʅ ʠ ʚʢʣʶʯʝʥ ʚ ʨʝʟʫʣʴʪʘʪʳ, 

ʧʨʝʜʩʪʘʚʣʷʝʤʳʝ ʚ ʜʦʢʣʘʜ ʧʨʝʟʠʜʝʥʪʘ ʈɸʅ ʠ ʦʪʯʝʪ ʈɸʅ ʚ 2017 ʛ.  

ɿʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʜʠʩʩʝʨʪʘʮʠʠ ʧʦʣʫʯʝʥʘ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ 

ʩʣʝʜʫʶʱʠʭ ʧʨʦʝʢʪʦʚ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ʜʠʩʩʝʨʪʘʥʪʘ: 

ʈʅʌ 17-12-01360 ʃʘʟʝʨʳ ʠ ʩʧʘʟʝʨʳ ʜʘʣʴʥʝʛʦ ʀʂ ʜʠʘʧʘʟʦʥʘ ʥʘ ʦʩʥʦʚʝ 

ʥʘʥʦʩʪʨʫʢʪʫʨ HgCdTe, 
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ʈʌʌʀ 13-02-01154 ʉʧʝʢʪʨʦʢʠʥʝʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʝʨʘʛʝʨʮʦʚʦʡ 

ʬʦʪʦʧʨʦʚʦʜʠʤʦʩʪʠ ʚ ʫʟʢʦʟʦʥʥʳʭ ʥʘʥʦʩʪʨʫʢʪʫʨʘʭ ʥʘ ʦʩʥʦʚʝ ʢʚʘʥʪʦʚʳʭ ʷʤ  

Hg1-xCdxTe/CdyHg1-yTe ʠ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʩʪʨʫʢʪʫʨʘʭ ʩ ʤʝʣʢʠʤʠ ʧʨʠʤʝʩʷʤʠ, 

ʈʌʌʀ 16-02-00685 ʉʧʝʢʪʨʦʢʠʥʝʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʝʨʘʛʝʨʮʦʚʦʡ 

ʬʦʪʦʧʨʦʚʦʜʠʤʦʩʪʠ ʠ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ ʚ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʘʭ HgCdTe ʠ 

ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʘʭ c ʢʚʘʥʪʦʚʳʤʠ ʷʤʘʤʠ ʥʘ ʦʩʥʦʚʝ Hg1-xCdxTe/CdyHg1-yTe, 

ʈʌʌʀ 18-52-16009 ʊɻʮ ʠʟʣʫʯʝʥʠʝ ʠ ʬʦʪʦʦʪʢʣʠʢ ʚ ʩʪʨʫʢʪʫʨʘʭ ʥʘ ʦʩʥʦʚʝ ʂʗ 

HgTe/CdHgTe ʩ ʢʚʘʟʠʜʠʨʘʢʦʚʩʢʠʤ ʟʘʢʦʥʦʤ ʜʠʩʧʝʨʩʠʠ, 

ʈʌʌʀ 18-52-50024 ʅʘʥʦʩʪʨʫʢʪʫʨʳ ʩ ʜʠʨʘʢʦʚʩʢʠʤ ʟʘʢʦʥʦʤ ʜʠʩʧʝʨʩʠʠ ʢʘʢ 

ʩʨʝʜʘ ʩ ʫʩʠʣʝʥʠʝʤ ʠʟʣʫʯʝʥʠʷ ʪʝʨʘʛʝʨʮʦʚʦʛʦ ʜʠʘʧʘʟʦʥʘ, 

ʈʌʌʀ 19-02-00827 ɻʝʪʝʨʦʩʪʨʫʢʪʫʨʳ ʩ ʢʚʘʥʪʦʚʳʤʠ ʷʤʘʤʠ HgTe/CdHgTe ʜʣʷ 

ʣʘʟʝʨʦʚ ʩʨʝʜʥʝʛʦ (3 ï 5 ʤʢʤ) ʀʂ ʜʠʘʧʘʟʦʥʘ, 

ʠ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʨʘʙʦʪ ʚ ʢʘʯʝʩʪʚʝ ʠʩʧʦʣʥʠʪʝʣʷ ʚ ʧʨʦʝʢʪʘʭ ʈʅʌ 20-42-09039 

ʂʦʣʣʝʢʪʠʚʥʳʝ ʷʚʣʝʥʠʷ ʚ ʪʦʧʦʣʦʛʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʘʭ, ʈʅʌ 16-12-10317 ʌʘʟʦʚʳʝ 

ʧʝʨʝʭʦʜʳ ʚ ʜʚʫʤʝʨʥʳʭ ʪʦʧʦʣʦʛʠʯʝʩʢʠʭ ʠʟʦʣʷʪʦʨʘʭ, ʘ ʪʘʢʞʝ ʚ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʧʦ 

ʧʨʦʛʨʘʤʤʘʤ ʄʠʥʠʩʪʝʨʩʪʚʘ ʥʘʫʢʠ ʠ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ˉ 075-15-2020-797 

"ʂʚʘʥʪʦʚʳʝ ʩʪʨʫʢʪʫʨʳ ʜʣʷ ʧʦʩʪʢʨʝʤʥʠʝʚʦʡ ʵʣʝʢʪʨʦʥʠʢʠ" ʠ ˉ 075-15-2020-906 

"ʅʎʄʋ ʌʆʊʆʅʀʂɸ" ʠ ʚ ʨʘʤʢʘʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ.  

 

ʇʫʙʣʠʢʘʮʠʠ ʧʦ ʪʝʤʝ ʨʘʙʦʪʳ 

ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ 43 ʩʪʘʪʴʷʭ ʚ ʚʝʜʫʱʠʭ 

ʨʦʩʩʠʡʩʢʠʭ ʠ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʞʫʨʥʘʣʘʭ ʧʝʨʚʦʛʦ ʠ ʚʪʦʨʦʛʦ ʢʚʘʨʪʠʣʷ (ʧʦ ʙʘʟʝ 

Scopus): Applied Physics Letters (6), Nature Communications (1), Physical Review B 

(1), ACS Photonics (1), Optics Express (1), APL Materials (1), Journal of Applied 

Physics (2), Semiconductor Science and Technology (2), Journal of Physics: Condensed 

Matter (1), Journal of Physics: Conference Series (1), Journal of Infrared, Millimeter, and 

Terahertz Waves (1), Nanomaterials (1), Optical Engineering (2), Laser Physics (1), 
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ʇʠʩʴʤʘ ʚ ʞʫʨʥʘʣ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʠ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʬʠʟʠʢʠ (5), ʂʚʘʥʪʦʚʘʷ 

ʵʣʝʢʪʨʦʥʠʢʘ (1), ɾʫʨʥʘʣ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʠ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʬʠʟʠʢʠ (1), physica 

status solidi (b) (1), ʌʠʟʠʢʘ ʠ ʪʝʭʥʠʢʘ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ (12), EPJ Web of Conferences 

(1). 

 

ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ 

ɺʩʝ ʦʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʣʫʯʝʥʳ ʘʚʪʦʨʦʤ ʣʠʯʥʦ, ʣʠʙʦ ʧʨʠ ʝʛʦ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʤ ʫʯʘʩʪʠʠ ʠʣʠ ʨʫʢʦʚʦʜʩʪʚʝ. ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʷ 

ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʦʚʦʜʠʣʘʩʴ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʜʠʩʩʝʨʪʘʥʪʦʤ, ʣʠʙʦ ʝʛʦ ʚʢʣʘʜ ʙʳʣ 

ʦʧʨʝʜʝʣʷʶʱʠʤ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʣʫʯʝʥʳ ʘʚʪʦʨʦʤ ʣʠʯʥʦ, ʣʠʙʦ 

ʧʦʜ ʝʛʦ ʨʫʢʦʚʦʜʩʪʚʦʤ. ɺʢʣʘʜ ʘʚʪʦʨʘ ʜʠʩʩʝʨʪʘʮʠʠ ʚ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʩʦʩʪʦʠʪ ʚ ʧʦʩʪʘʥʦʚʢʝ ʟʘʜʘʯ ʠ ʩʦʧʦʩʪʘʚʣʝʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʩ 

ʵʢʩʧʝʨʠʤʝʥʪʦʤ.  

ɺʚʠʜʫ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʨʘʙʦʪʳ ʤʥʦʛʠʝ ʨʝʟʫʣʴʪʘʪʳ ʙʳʣʦ 

ʙ  rʥʝʚʦʟʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʙʝʟ ʫʯʘʩʪʠʷ ʢʦʣʣʝʢʪʠʚʘ ʩʦʘʚʪʦʨʦʚ, ʢʦʪʦʨʳʝ ʟʘʥʠʤʘʣʠʩʴ 

ʨʦʩʪʦʤ ʩʪʨʫʢʪʫʨ, ʘ ʪʘʢʞʝ ʧʦʜʛʦʪʦʚʢʦʡ ʠ ʧʨʦʚʝʜʝʥʠʝʤ ʠʟʤʝʨʝʥʠʡ. ʅʘʠʙʦʣʝʝ 

ʟʥʘʯʠʤʳʡ ʚʢʣʘʜ ʚʥʝʩʣʠ ʩʣʝʜʫʶʱʠʝ ʢʦʣʣʝʛʠ: ʅ. ʅ. ʄʠʭʘʡʣʦʚ ʠ ʉ. ɸ. ɼʚʦʨʝʮʢʠʡ 

(ʀʌʇ ʉʆ ʈɸʅ) ʧʨʦʚʦʜʠʣʠ ʨʦʩʪ ʦʙʨʘʟʮʦʚ, ɺ. ɺ. ʈʫʤʷʥʮʝʚ ʫʯʘʩʪʚʦʚʘʣ ʚ ʧʨʦʚʝʜʝʥʠʠ 

ʠʟʤʝʨʝʥʠʡ ʩʧʝʢʪʨʦʚ ʠ ʢʠʥʝʪʠʢʠ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ ʠ ʬʦʪʦʧʨʦʚʦʜʠʤʦʩʪʠ, ʘ ʪʘʢʞʝ 

ʚ ʢʦʥʮʝʧʪʫʘʣʠʟʘʮʠʠ ʠ ʦʙʩʫʞʜʝʥʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʚ ʛʣʘʚʘʭ 1 ʠ 2; ɸ. ʄ. ʂʘʜʳʢʦʚ 

(ʘʩʧʠʨʘʥʪ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ʘʚʪʦʨʘ ʜʠʩʩʝʨʪʘʮʠʠ 2014 ï 2018 ʛ.) ʚʥʝʩ ʚʢʣʘʜ ʚ 

ʧʦʣʫʯʝʥʠʝ ʩʪʠʤʫʣʠʨʦʚʘʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʄ. ɸ. ʌʘʜʝʝʚ (ʘʩʧʠʨʘʥʪ ʧʦʜ 

ʨʫʢʦʚʦʜʩʪʚʦʤ ʘʚʪʦʨʘ ʜʠʩʩʝʨʪʘʮʠʠ 2016 ï 2020 ʛ.) ʫʯʘʩʪʚʦʚʘʣ ʚ ʠʩʩʣʝʜʦʚʘʥʠʷʭ 

ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʩʪʠʤʫʣʠʨʦʚʘʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʠ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ, 

ʫʯʘʩʪʚʦʚʘʣ ʚ ʦʙʩʫʞʜʝʥʠʠ ʨʝʟʫʣʴʪʘʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʛʣʘʚʝ 5. ʆʪʜʝʣʴʥʦ ʩʣʝʜʫʝʪ 

ʦʪʤʝʪʠʪʴ ʩʠʣʴʥʫʶ ʪʝʦʨʝʪʠʯʝʩʢʫʶ ʧʦʜʜʝʨʞʢʫ ʨʘʙʦʪʳ, ʦʢʘʟʘʥʥʫʶ ʄ. ʉ. ɾʦʣʫʜʝʚʳʤ 

(ʨʘʩʯʝʪʳ ʟʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʠ ʫʨʦʚʥʝʡ ʨʘʟʤʝʨʥʦʛʦ ʢʚʘʥʪʦʚʘʥʠʷ ʚ ʂʗ ʨʪʫʪʴ-ʪʝʣʣʫʨ), 

ɺ. ʗ. ɸʣʝʰʢʠʥʳʤ (ʨʘʩʯʝʪʳ ʧʨʦʮʝʩʩʦʚ ʨʝʢʦʤʙʠʥʘʮʠʠ ʚ ʂʗ ʨʪʫʪʴ-ʪʝʣʣʫʨ) ʠ ɸ. ɸ. 
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ɼʫʙʠʥʦʚʳʤ (ʨʘʩʯʝʪ ʣʦʢʘʣʠʟʘʮʠʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ ʚʦʣʥʦʚʦʜʥʳʭ 

ʩʪʨʫʢʪʫʨʘʭ ʠ ʦʮʝʥʢʘ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʫʩʠʣʝʥʠʷ). 

 

ʆʙʲʝʤ ʠ ʩʪʨʫʢʪʫʨʘ ʜʠʩʩʝʨʪʘʮʠʠ 

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

ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ ʘʚʪʦʨʦʤ ʧʦ ʪʝʤʝ ʜʠʩʩʝʨʪʘʮʠʠ ʠ ʩʧʠʩʢʘ ʮʠʪʠʨʫʝʤʦʡ ʣʠʪʝʨʘʪʫʨʳ, 

ʢʦʪʦʨʳʡ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ 201 ʥʘʠʤʝʥʦʚʘʥʠʡ. ʆʙʱʠʡ ʦʙʲʝʤ ʜʠʩʩʝʨʪʘʮʠʠ ʩʦʩʪʘʚʣʷʝʪ 

238 ʩʪʨʘʥʠʮʳ, ʚʢʣʶʯʘʷ 65 ʨʠʩʫʥʢʦʚ. 

 ɺʦ ɺʚʝʜʝʥʠʠ ʦʙʦʩʥʦʚʘʥʘ ʘʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʝʝ 

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

ʥʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʨʘʙʦʪʳ, ʝʝ ʪʝʦʨʝʪʠʯʝʩʢʘʷ ʠ ʧʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ, 

ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʧʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ, ʠ ʦʪʨʘʞʝʥ ʣʠʯʥʳʡ ʚʢʣʘʜ 

ʘʚʪʦʨʘ ʚ ʧʦʣʫʯʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ. 

ʇʝʨʚʘʷ ʛʣʘʚʘ ʜʠʩʩʝʨʪʘʮʠʷ ʧʦʩʚʷʱʝʥʘ ʦʙʟʦʨʫ ʣʠʪʝʨʘʪʫʨʳ. ɺʦ ʚʚʦʜʥʦʤ 

ʨʘʟʜʝʣʝ 1.1 ʜʘʝʪʩʷ ʦʙʱʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʘʭ HgCdTe, ʠʭ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʣʷ ʩʦʟʜʘʥʠʷ ʀʂ ʬʦʪʦʧʨʠʝʤʥʠʢʦʚ, ʢʚʘʥʪʦʚʳʭ ʷʤʘʭ (ʂʗ) 

HgTe/CdHgTe, ʠʭ ʟʦʥʥʦʡ ʩʪʨʫʢʪʫʨʝ ʠ ʫʥʠʢʘʣʴʥʳʭ ʩʚʦʡʩʪʚʘʭ, ʪʘʢʠʭ ʢʘʢ ʬʘʟʦʚʳʡ 

ʪʦʧʦʣʦʛʠʯʝʩʢʠʡ ʧʝʨʝʭʦʜ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʰʠʨʠʥʳ ʂʗ, ʩʦʩʪʦʷʥʠʝ ʜʚʫʤʝʨʥʦʛʦ 

ʪʦʧʦʣʦʛʠʯʝʩʢʦʛʦ ʠʟʦʣʷʪʦʨʘ ʠ ʛʠʛʘʥʪʩʢʦʛʦ ʩʧʠʥʦʚʦʛʦ ʨʘʩʱʝʧʣʝʥʠʷ ʈʘʰʙʳ 

ʚ ʩʪʨʫʢʪʫʨʘʭ ʩ ʠʥʚʝʨʪʠʨʦʚʘʥʥʳʤ ʟʦʥʥʳʤ ʩʧʝʢʪʨʦʤ ʠ ʧʝʨʝʢʨʳʪʠʷ ʚʘʣʝʥʪʥʦʡ ʟʦʥʳ 

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

ʦʧʪʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ ʦʙʲʝʤʥʳʭ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ HgCdTe ʠ ʂʗ ʥʘ ʠʭ ʦʩʥʦʚʝ, 

ʚʳʨʘʱʠʚʘʝʤʳʭ ʤʝʪʦʜʦʤ ʤʦʣʝʢʫʣʷʨʥʦ-ʣʫʯʝʚʦʡ ʵʧʠʪʘʢʩʠʠ (ʄʃʕ). ɺ ʨʘʟʜʝʣʝ 1.3 

ʜʘʝʪʩʷ ʦʙʟʦʨ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʨʝʤʝʥ ʞʠʟʥʠ ʥʝʨʘʚʥʦʚʝʩʥʳʭ ʥʦʩʠʪʝʣʝʡ ʚ ʩʪʨʫʢʪʫʨʘʭ 

ʥʘ ʦʩʥʦʚʝ HgCdTe. ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʪʨʠ ʦʩʥʦʚʥʳʭ ʤʝʭʘʥʠʟʤʘ ʤʝʞʟʦʥʥʦʡ 

ʨʝʢʦʤʙʠʥʘʮʠʠ: ʠʟʣʫʯʘʪʝʣʴʥʘʷ ʨʝʢʦʤʙʠʥʘʮʠʷ, ʙʝʟʳʟʣʫʯʘʪʝʣʴʥʳʝ ʦʞʝ-

ʨʝʢʦʤʙʠʥʘʮʠʷ ʠ ʨʝʢʦʤʙʠʥʘʮʠʷ ʐʦʢʣʠ-ʈʠʜʘ-ʍʦʣʣʘ (ʐʈʍ) ʯʝʨʝʟ ʩʦʩʪʦʷʥʠʷ 

ʧʨʠʤʝʩʝʡ ʠ ʜʝʬʝʢʪʦʚ ʚ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʝ. ʈʘʟʜʝʣ 1.4 ʧʦʩʚʷʱʝʥ ʚʣʠʷʥʠʶ ʧʨʠʤʝʩʝʡ 

ʠ ʜʝʬʝʢʪʦʚ ʥʘ ʦʧʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʩʪʨʫʢʪʫʨ ʥʘ ʦʩʥʦʚʝ HgCdTe. ʊʦʯʝʯʥʳʝ ʜʝʬʝʢʪʳ 
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ʧʨʦʷʚʣʷʶʪ ʩʝʙʷ ʥʝ ʪʦʣʴʢʦ ʢʘʢ ʠʩʪʦʯʥʠʢ ʜʠʩʢʨʝʪʥʳʭ ʫʨʦʚʥʝʡ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ 

ʧʦʛʣʦʱʝʥʠʠ ʠ ʠʟʣʫʯʝʥʠʠ ʩʚʝʪʘ, ʥʦ ʠ ʢʘʢ ʢʘʥʘʣ ʙʝʟʳʟʣʫʯʘʪʝʣʴʥʦʡ ʨʝʢʦʤʙʠʥʘʮʠʠ 

ʐʈʍ.  

ɺʦ ʚʪʦʨʦʡ ʛʣʘʚʝ ʜʠʩʩʝʨʪʘʮʠʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʤʝʞʟʦʥʥʦʡ ʬʦʪʦʧʨʦʚʦʜʠʤʦʩʪʠ (ʌʇ) ʠ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ (ʌʃ) ʫʟʢʦʟʦʥʥʳʭ 

ʦʙʲʝʤʥʳʭ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ HgCdTe ʠ ʤʘʛʥʠʪʦʧʦʛʣʦʱʝʥʠʷ ʚ ʰʠʨʦʢʦʤ 

ʩʧʝʢʪʨʘʣʴʥʦʤ ʜʠʘʧʘʟʦʥʝ (ʜʣʠʥʘ ʚʦʣʥʳ ʦʪ 2 ʜʦ 36 ʤʢʤ). ʎʝʣʴʶ ʵʪʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʙʳʣʦ ʠʟʫʯʝʥʠʝ ʦʧʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʤʝʪʦʜʦʤ 

ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʄʃʕ ʥʘ ʧʦʣʫʠʟʦʣʠʨʫʶʱʠʭ ʧʦʜʣʦʞʢʘʭ GaAs(013) ï ʤʝʪʦʜʠʢʠ 

ʨʦʩʪʘ, ʠʩʧʦʣʴʟʦʚʘʥʥʦʡ ʚʧʦʩʣʝʜʩʪʚʠʠ ʜʣʷ ʨʦʩʪʘ ʢʚʘʥʪʦʚʳʭ ʷʤ (ʂʗ) Hg1-

xCdʭTe/CdYHg1-YTe, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʥʳʤ ʦʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ. ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʨʘʟʚʠʪʘ ʤʝʪʦʜʠʢʘ ʠʟʤʝʨʝʥʠʷ 

ʩʧʝʢʪʨʦʚ ʌʃ ʚ ʩʨʝʜʥʝʤ ʠ ʜʘʣʴʥʝʤ ʀʂ ʜʠʘʧʘʟʦʥʘʭ ʧʨʠ ʥʝʧʨʝʨʳʚʥʦʤ ʚʦʟʙʫʞʜʝʥʠʠ 

ʠ ʠʤʧʫʣʴʩʥʦʤ ʚʦʟʙʫʞʜʝʥʠʠ ʩ ʙʦʣʴʰʦʡ ʩʢʚʘʞʥʦʩʪʴʶ ʚ ʫʩʣʦʚʠʷʭ ʩʠʣʴʥʦʡ ʬʦʥʦʚʦʡ 

ʟʘʩʚʝʪʢʠ ʤʝʪʦʜʦʤ ʬʫʨʴʝ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʩ ʧʦʰʘʛʦʚʳʤ ʧʝʨʝʤʝʱʝʥʠʝʤ ʟʝʨʢʘʣʘ 

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

ʩ ʬʦʪʦʧʨʠʝʤʥʠʢʘ ʩ ʦʧʨʝʜʝʣʝʥʥʦʡ ʟʘʜʝʨʞʢʦʡ ʧʦʩʣʝ ʧʝʨʝʤʝʱʝʥʠʷ ʟʝʨʢʘʣʘ ʬʫʨʴʝ-

ʩʧʝʢʪʨʦʤʝʪʨʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʟʙʝʞʘʪʴ ʤʦʜʫʣʷʮʠʠ ʩʠʛʥʘʣʘ ʬʦʥʦʚʦʛʦ (ʪʝʧʣʦʚʦʛʦ) 

ʠʟʣʫʯʝʥʠʷ ʠ ʚʳʜʝʣʠʪʴ ʥʘ ʝʛʦ ʬʦʥʝ ʩʣʘʙʳʡ ʩʠʛʥʘʣ ʌʃ. ɺʝʣʠʯʠʥʘ ʟʘʜʝʨʞʢʠ ʜʦʣʞʥʘ 

ʧʨʝʚʳʰʘʪʴ ʥʝʩʢʦʣʴʢʦ ʧʦʩʪʦʷʥʥʳʭ ʚʨʝʤʝʥʠ ʬʦʪʦʧʨʠʝʤʥʠʢʘ ʠ/ʠʣʠ ʚʨʝʤʷ ʚʳʭʦʜʘ ʠʟ 

ʥʘʩʳʱʝʥʠʷ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʩʭʝʤʳ, ʚʦʟʥʠʢʘʶʱʝʛʦ ʚʩʣʝʜʩʪʚʠʝ ʤʦʜʫʣʷʮʠʠ ʬʦʥʦʚʦʛʦ 

ʠʟʣʫʯʝʥʠʷ ʧʨʠ ʧʝʨʝʤʝʱʝʥʠʠ ʧʦʜʚʠʞʥʦʛʦ ʟʝʨʢʘʣʘ ʠʥʪʝʨʬʝʨʦʤʝʪʨʘ ʬʫʨʴʝ-

ʩʧʝʢʪʨʦʤʝʪʨʘ. ɺ ʨʘʟʜʝʣʝ 2.1 ʧʨʠʚʝʜʝʥʳ ʦʧʠʩʘʥʠʝ ʠ ʧʘʨʘʤʝʪʨʳ ʠʩʩʣʝʜʫʝʤʳʭ 

ʵʧʠʪʘʢʩʠʘʣʴʥʳʭ ʩʣʦʝʚ HgCdTe. ʈʘʟʜʝʣ 2.2 ʧʦʩʚʷʱʝʥ ʤʝʪʦʜʠʢʝ ʠʟʤʝʨʝʥʠʡ ʩʧʝʢʪʨʦʚ 

ʌʇ ʤʝʪʦʜʦʤ ʬʫʨʴʝ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ. ʇʨʠ ʭʘʨʘʢʪʝʨʠʟʘʮʠʠ ʦʙʲʝʤʥʳʭ ʧʣʝʥʦʢ HgCdTe 

ʤʝʪʦʜʦʤ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʌʇ ʧʝʨʚʦʩʪʝʧʝʥʥʳʤʠ ʷʚʣʷʶʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʣʦʞʝʥʠʷ 

ʠ ʧʨʦʬʠʣʷ ʢʨʘʩʥʦʡ ʛʨʘʥʠʮʳ ʤʝʞʟʦʥʥʦʛʦ ʬʦʪʦʦʪʢʣʠʢʘ, ʢʦʪʦʨʳʝ ʧʨʦʚʦʜʷʪʩʷ ʚ 

ʨʘʟʜʝʣʝ 2.3. ɺ ʜʘʥʥʦʤ ʨʘʟʜʝʣʝ ʪʘʢʞʝ ʠʩʩʣʝʜʫʝʪʩʷ ʵʥʝʨʛʠʷ ʋʨʙʘʭʘ, ʦʧʠʩʳʚʘʶʱʘʷ 

ʭʘʨʘʢʪʝʨʥʳʡ ʤʘʩʰʪʘʙ çʨʘʟʤʳʪʠʷè ʢʨʘʩʥʦʡ ʛʨʘʥʠʮʳ, ʢʦʪʦʨʘʷ ʚʢʣʶʯʘʝʠ ʚ ʩʝʙʷ ʯʣʝʥ, 

ʦʙʫʩʣʦʚʣʝʥʥʳʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴʶ ʩʪʨʫʢʪʫʨʳ ʠ ʩʪʘʪʠʯʝʩʢʠʤʠ ʜʝʬʝʢʪʘʤʠ ʝʝ 
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ʨʝʰʝʪʢʠ, ʢʦʪʦʨʳʡ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ, ʠ ʪʝʤʧʝʨʘʪʫʨʥʦ-ʟʘʚʠʩʠʤʳʡ ʯʣʝʥ, 

ʦʙʫʩʣʦʚʣʝʥʥʳʡ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʤ ʵʣʝʢʪʨʦʥ-ʬʦʥʦʥʥʳʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ. ɺ 

ʨʘʟʜʝʣʝ 2.4 ʧʨʦʚʦʜʠʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʣʦʞʝʥʠʷ ʢʨʘʩʥʦʡ ʛʨʘʥʠʮʳ ʤʝʞʟʦʥʥʦʡ ʌʇ 

ʩ ʧʦʤʦʱʴʶ ʜʚʫʭ ʧʦʜʭʦʜʦʚ ʢ ʫʧʨʘʚʣʝʥʠʶ ʰʠʨʠʥʦʡ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ: ʩ ʧʦʤʦʱʴʶ 

ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʩ ʧʦʤʦʱʴʶ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ɺ ʨʘʟʜʝʣʝ 2.5 ʦʧʠʩʘʥʘ 

ʤʝʪʦʜʠʢʘ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʧʝʢʪʨʦʚ ʠ ʢʠʥʝʪʠʢʠ ʌʃ ʦʙʲʝʤʥʳʭ ʧʣʝʥʦʢ HgCdTe ʚ 

ʜʠʘʧʘʟʦʥʝ ʜʣʠʥ ʚʦʣʥ ʦʪ 8 ʜʦ 30 ʤʢʤ. ʈʘʟʜʝʣ 2.6 ʧʦʩʚʷʱʝʥ ʠʩʩʣʝʜʦʚʘʥʠʷʤ ʌʃ ʧʨʠ 

ʥʝʧʨʝʨʳʚʥʦʤ ʦʧʪʠʯʝʩʢʦʤ ʚʦʟʙʫʞʜʝʥʠʠ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʌʃ ʚ ʮʝʣʦʤ ʧʦʜʜʪʚʝʨʜʠʣʠ 

ʚʳʚʦʜʳ ʦ ʚʳʩʦʢʦʡ ʦʜʥʦʨʦʜʥʦʩʪʠ ʩʪʨʫʢʪʫʨ ʠ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʣʫʯʝʥʠʷ ʤʝʞʟʦʥʥʦʡ 

ʵʤʠʩʩʠʠ ʚ ʵʧʠʪʘʢʩʠʘʣʴʥʦʤ HgCdTe, ʚʳʨʘʱʝʥʥʳʤ ʤʝʪʦʜʦʤ ʄʃʕ ʥʘ GaAs 

ʧʦʜʣʦʞʢʘʭ, ʚʧʣʦʪʴ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ ʜʦʩʪʠʞʠʤʦʡ ʧʨʠ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʦʤ 

ʦʭʣʘʞʜʝʥʠʠ. ʈʘʟʚʠʪʘʷ ʤʝʪʦʜʠʢʘ ʠʟʤʝʨʝʥʠʡ ʌʃ ʧʦʟʚʦʣʠʣʘ ʧʝʨʝʡʪʠ ʢ ʠʩʩʣʝʜʦʚʘʥʠʶ 

ʵʤʠʩʩʠʠ ʠʟ ʢʚʘʥʪʦʚʳʭ ʷʤ ʚ ʫʩʣʦʚʠʷʭ ʠʥʪʝʥʩʠʚʥʦʛʦ ʠʤʧʫʣʴʩʥʦʛʦ ʚʦʟʙʫʞʜʝʥʠʷ, ʯʪʦ 

ʚ ʢʦʥʝʯʥʦʤ ʩʯʝʪʝ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʉʀ. 

ɻʣʘʚʘ 3 ʧʦʩʚʷʱʝʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤʫ ʠʩʩʣʝʜʦʚʘʥʠʶ ʦʧʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

ʛʝʪʝʨʦʩʪʨʫʢʪʫʨ ʩ ʂʗ Hg1-xCdʭTe/CdYHg1-YTe (ʦʧʠʩʘʥʥʳʤʠ ʚ ʨʘʟʜʝʣʝ 3.1) ʧʨʠ 

ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʩ ʧʦʤʦʱʴʶ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʌʇ ʠ ʌʃ (ʚ ʪʦʤ ʯʠʩʣʝ 

ʨʘʟʨʝʰʝʥʥʳʭ ʧʦ ʚʨʝʤʝʥʠ) ʚ ʩʨʝʜʥʝʤ ʠ ʜʘʣʴʥʝʤ ʀʂ ʜʠʘʧʘʟʦʥʘʭ. ʆʩʥʦʚʥʦʝ ʚʥʠʤʘʥʠʝ 

ʫʜʝʣʝʥʦ çʚʦʣʥʦʚʦʜʥʳʤè ʩʪʨʫʢʪʫʨʘʤ, ʢʦʪʦʨʳʝ ʩʦʜʝʨʞʘʪ ʤʘʩʩʠʚ ʂʗ, ʚʳʨʘʱʝʥʥʳʭ 

ʚʥʫʪʨʠ ʰʠʨʦʢʦʟʦʥʥʳʭ ʩʣʦʝʚ CdHgTe, ʬʦʨʤʠʨʫʶʱʠʭ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʡ ʚʦʣʥʦʚʦʜ. 

ɼʘʥʥʳʝ ʩʪʨʫʢʪʫʨʳ ʙʳʣʠ ʩʧʝʮʠʘʣʴʥʦ ʩʢʦʥʩʪʨʫʠʨʦʚʘʥʳ ʠ ʚʳʨʘʱʝʥʳ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʩʪʠʤʫʣʠʨʦʚʘʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ. ʄʝʪʦʜʳ ʨʘʩʯʝʪʘ ʟʦʥʥʦʛʦ ʩʧʝʢʪʨʘ ʂʗ Hg1-

xCdʭTe/CdYHg1-YTe ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʨʘʟʜʝʣʝ 3.2. ɺ ʨʘʟʜʝʣʝ 3.3 ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʧʝʢʪʨʦʚ ʌʇ ʠ ʌʃ ʩʪʨʫʢʪʫʨ ʩ ʂʗ ʥʘ ʦʩʥʦʚʝ HgCdTe. 

ɼʝʪʘʣʴʥʘʷ ʭʘʨʘʢʪʝʨʠʟʘʮʠʷ ʩʪʨʫʢʪʫʨ ʷʚʣʷʝʪʩʷ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʚʘʞʥʦʡ ʜʣʷ 

ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʥʘʙʣʶʜʘʝʤʳʭ ʚʨʝʤʝʥ ʞʠʟʥʠ ʠ ʧʦʠʩʢʘ ʧʫʪʝʡ ʦʧʪʠʤʠʟʘʮʠʠ ʜʠʟʘʡʥʘ 

ʘʢʪʠʚʥʦʡ ʦʙʣʘʩʪʠ. ʅʘ ʦʩʥʦʚʝ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʦʞʥʦ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ 

ʩʪʝʧʝʥʴ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʧʘʨʘʤʝʪʨʦʚ ʩʪʨʫʢʪʫʨ ʂʗ ʙʦʣʴʰʝ, ʯʝʤ ʫ ʦʙʲʝʤʥʳʭ ʧʣʝʥʦʢ, 

ʯʪʦ ʩʚʷʟʳʚʘʝʪʩʷ ʩ ʬʣʫʢʪʫʘʮʠʷʤʠ ʰʠʨʠʥʳ ʂʗ. ʈʘʟʜʝʣ 3.4 ʧʦʩʚʷʱʝʥ ʠʩʩʣʝʜʦʚʘʥʠʶ 

ʚʨʝʤʝʥ ʞʠʟʥʠ ʥʦʩʠʪʝʣʝʡ ʚ ʂʗ ʥʘ ʦʩʥʦʚʝ HgCdTe. ʀʟʫʯʝʥʠʝ ʚʨʝʤʝʥʥʦʡ ʜʠʥʘʤʠʢʠ 
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ʥʝʨʘʚʥʦʚʝʩʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʘ ʙʳʣʦ ʚʳʧʦʣʥʝʥʦ ʩ ʧʦʤʦʱʴʶ 

ʧʨʷʤʳʭ ʠʟʤʝʨʝʥʠʡ ʢʠʥʝʪʠʢʠ ʌʇ ʧʦʩʣʝ ʠʤʧʫʣʴʩʥʦʛʦ ʚʦʟʙʫʞʜʝʥʠʷ. ʇʦʜʦʙʥʳʝ 

ʠʟʤʝʨʝʥʠʷ ʧʦʟʚʦʣʷʶʪ ʚʦʩʩʪʘʥʦʚʠʪʴ ʟʘʚʠʩʠʤʦʩʪʴ ʤʛʥʦʚʝʥʥʦʛʦ ʚʨʝʤʝʥʠ ʞʠʟʥʠ 

ʥʦʩʠʪʝʣʝʡ ʦʪ ʠʭ ʢʦʥʮʝʥʪʨʘʮʠʠ ʜʘʞʝ ʚ ʩʣʫʯʘʝ ʩʣʦʞʥʦʡ ʥʝʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʡ 

ʢʠʥʝʪʠʢʠ ʬʦʪʦʦʪʢʣʠʢʘ. 

ʏʝʪʚʝʨʪʘʷ ʛʣʘʚʘ ʜʠʩʩʝʨʪʘʮʠʠ ʧʦʩʚʷʱʝʥʘ ʠʩʩʣʝʜʦʚʘʥʠʶ ʩʦʩʪʦʷʥʠʡ 

ʘʢʮʝʧʪʦʨʦʚ, ʥʘʙʣʶʜʘʝʤʳʭ ʚ ʩʧʝʢʪʨʘʭ ʌʇ ʠ ʌʃ ʢʘʢ ʚ ʵʧʠʪʘʢʩʠʘʣʴʥʳʭ ʧʣʝʥʢʘʭ 

ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ HgCdTe, ʪʘʢ ʠ ʚ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʘʭ ʩ ʂʗ. ʋʥʠʚʝʨʩʘʣʴʥʦʩʪʴ 

ʥʘʙʣʶʜʘʝʤʳʭ ʚ ʩʧʝʢʪʨʘʭ ʦʩʦʙʝʥʥʦʩʪʝʡ (ʠʭ ʥʘʣʠʯʠʝ ʚ ʦʙʨʘʟʮʘʭ ʨ-ʪʠʧʘ ʠ n-ʪʠʧʘ, 

ʵʧʠʪʘʢʩʠʘʣʴʥʳʭ ʩʣʦʷʭ ʠ ʂʗ) ʠ ʠʭ ʥʘʣʠʯʠʝ ʚ ʦʙʨʘʟʮʘʭ, ʥʝ ʣʝʛʠʨʦʚʘʥʥʳʭ ʥʘʤʝʨʝʥʥʦ, 

ʧʦʟʚʦʣʠʣʘ ʩʚʷʟʘʪʴ ʠʭ ʩ ʚʘʢʘʥʩʠʷʤʠ ʨʪʫʪʠ ï ʜʚʦʡʥʳʤʠ ʘʢʮʝʧʪʦʨʘʤʠ, ʢʦʪʦʨʳʝ ʚʩʝʛʜʘ 

ʧʨʠʩʫʪʩʪʚʫʶʪ ʚ HgCdTe ʠʟ-ʟʘ ʩʣʘʙʦʩʪʠ ʩʚʷʟʠ Hg-Te. ɺ ʨʘʟʜʝʣʝ 4.1 ʧʨʠʚʝʜʝʥʳ 

ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʙʲʝʤʥʳʭ ʵʧʠʪʘʢʩʠʘʣʴʥʳʭ ʩʣʦʝʚ HgCdTe ʤʝʪʦʜʦʤ ʌʇ. 

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

ʧʨʦʚʦʜʠʤʦʩʪʠ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ 4 ʩʧʝʢʪʨʘʣʴʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ, ʢʦʪʦʨʳʝ ʙʳʣʠ 

ʠʥʪʝʨʧʨʠʪʠʨʦʚʘʥʥʳ ʚ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʦʩʦʙʝʥʥʦʩʪʠ 1 ʠ 2 ʩʚʷʟʘʥʳ ʩ 

ʬʦʪʦʚʦʟʙʫʞʜʝʥʠʝʤ ʚʘʢʘʥʩʠʠ ʨʪʫʪʠ ï ʥʝʡʪʨʘʣʴʥʦʛʦ ʠ ʦʜʥʦʢʨʘʪʥʦ ʠʦʥʠʟʠʨʦʚʘʥʥʦʛʦ 

ʮʝʥʪʨʘ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ; ʧʦʣʦʞʝʥʠʝ ʣʠʥʠʠ 3 ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʵʥʝʨʛʠʝʡ 

ʠʦʥʠʟʘʮʠʠ ʥʝʡʪʨʘʣʴʥʦʡ ʚʘʢʘʥʩʠʠ ʨʪʫʪʠ, ʨʘʩʩʯʠʪʘʥʥʦʡ ʙʝʟ ʫʯʝʪʘ ʭʠʤʠʯʝʩʢʦʛʦ 

ʩʜʚʠʛʘ; ʣʠʥʠʷ 4 ʧʦ ʧʦʣʦʞʝʥʠʶ ʚ ʩʧʝʢʪʨʝ ʠ ʰʠʨʠʥʝ ʩʦʚʧʘʜʘʝʪ ʩ ʧʦʣʦʩʦʡ ʦʩʪʘʪʦʯʥʳʭ 

ʣʫʯʝʡ ʚ ʧʦʜʣʦʞʢʝ GaAs ʠ ʩʚʷʟʘʥʘ ʩ çʨʝʟʦʥʘʥʩʥʳʤè ʫʩʠʣʝʥʠʝʤ ʩʠʛʥʘʣʘ ʌʇ ʚ 

ʩʪʨʫʢʪʫʨʝ ʟʘ ʩʯʝʪ ʧʦʯʪʠ ʧʦʣʥʦʛʦ ʦʪʨʘʞʝʥʠʷ ʚʦʟʙʫʞʜʘʶʱʝʛʦ ʠʟʣʫʯʝʥʠʷ ʦʪ 

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

ʥʘʙʣʶʜʘʶʪʩʷ ʧʨʠʤʝʨʥʦ ʚ ʪʦʡ ʞʝ ʦʙʣʘʩʪʠ ʜʣʠʥ ʚʦʣʥ, ʯʪʦ ʠ ʚ ʦʙʲʝʤʥʳʭ ʧʣʝʥʢʘʭ 

(ʨʘʟʜʝʣ 4.2). ʆʥʠ ʥʝ ʤʝʥʷʶʪ ʩʚʦʝʛʦ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ ʠ 

ʯʫʚʩʪʚʠʪʝʣʴʥʳ ʢ ʧʦʜʩʚʝʪʢʝ ʦʙʨʘʟʮʘ ʢʦʨʦʪʢʦʚʦʣʥʦʚʳʤ ʠʟʣʫʯʝʥʠʝʤ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ 

ʩʚʷʟʘʪʴ ʠʭ ʪʘʢʞʝ ʩ ʩʦʩʪʦʷʥʠʷʤʠ ʘʢʮʝʧʪʦʨʦʚ. ɺ ʩʪʨʫʢʪʫʨʘʭ ʩ ʂʗ ʦʩʥʦʚʥʦʡ ʠʥʪʝʨʝʩ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ʌʃ ʩ ʫʯʘʩʪʠʝʤ ʘʢʮʝʧʪʦʨʦʚ, ʧʦʟʚʦʣʷʶʱʠʝ ʦʮʝʥʠʪʴ 

ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʪʘʢʠʭ ʩʪʨʫʢʪʫʨ ʜʣʷ ʩʦʟʜʘʥʠʷ ʠʟʣʫʯʘʪʝʣʝʡ (ʨʘʟʜʝʣ 4.3). 



32 

 

ʇʷʪʘʷ ʛʣʘʚʘ ʜʠʩʩʝʨʪʘʮʠʠ ʧʦʩʚʷʱʝʥʘ ʠʩʩʣʝʜʦʚʘʥʠʷʤ ʩʪʠʤʫʣʠʨʦʚʘʥʥʦʛʦ 

ʠʟʣʫʯʝʥʠʷ (ʉʀ) ʚ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʘʭ ʩ ʂʗ ʥʘ ʦʩʥʦʚʝ HgCdTe ʚ ʜʠʘʧʘʟʦʥʝ ʜʣʠʥ ʚʦʣʥ 

ʦʪ 4 ï 5 ʤʢʤ (ʛʜʝ ʉʀ ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʜʦʩʪʘʪʦʯʥʦ ʜʘʚʥʦ) ʜʦ 25 ï 31 ʤʢʤ, ʚ ʢʦʪʦʨʦʤ 

ʉʀ ʚʧʝʨʚʳʝ ʧʦʣʫʯʝʥʦ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ. ʆʩʥʦʚʥʳʝ ʬʘʢʪʦʨʳ, ʧʨʝʧʷʪʩʪʚʫʶʱʠʝ 

ʧʦʣʫʯʝʥʠʶ ʉʀ ʚ ʫʟʢʦʟʦʥʥʳʭ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʤʘʪʝʨʠʘʣʘʭ, ʩʚʦʜʷʪʩʷ ʢ 

ʚʦʟʨʘʩʪʘʥʠʶ ʩʢʦʨʦʩʪʠ (ʚʝʨʦʷʪʥʦʩʪʠ) ʦʞʝ-ʨʝʢʦʤʙʠʥʘʮʠʠ ʧʨʠ ʫʤʝʥʴʰʝʥʠʠ ʰʠʨʠʥʳ 

ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ, ʘ ʪʘʢʞʝ ʧʘʜʝʥʠʶ ʚʝʨʦʷʪʥʦʩʪʠ ʠʟʣʫʯʘʪʝʣʴʥʦʡ ʨʝʢʦʤʙʠʥʘʮʠʠ ʩ 

ʫʚʝʣʠʯʝʥʠʝʤ ʜʣʠʥʳ ʚʦʣʥʳ ʠʟʣʫʯʝʥʠʷ ʠ ʩʣʦʞʥʦʩʪʠ ʨʝʘʣʠʟʘʮʠʠ ʦʧʪʠʯʝʩʢʦʛʦ 

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

ʠʩʩʣʝʜʫʝʤʳʝ ʩʪʨʫʢʪʫʨʳ ʠ ʦʩʦʙʝʥʥʦʩʪʠ ʤʝʪʦʜʠʢʠ ʠʟʤʝʨʝʥʠʡ ʩʧʝʢʪʨʦʚ ʉʀ. ɺ 

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

ʇʝʨʝʭʦʜ ʦʪ ʩʧʦʥʪʘʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʢ ʩʪʠʤʫʣʠʨʦʚʘʥʥʦʤʫ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʣʩʷ ʧʦ 

ʩʚʝʨʭʣʠʥʝʡʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʠʥʪʝʛʨʘʣʴʥʦʡ ʤʦʱʥʦʩʪʴ ʠʟʣʫʯʝʥʠʷ ʦʪ ʥʘʢʘʯʢʠ ʠ ʧʦ 

ʨʝʟʢʦʤʫ ʦʙʫʞʝʥʠʶ ʩʧʝʢʪʨʘ ʠʟʣʫʯʝʥʠʷ. ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʣʦʞʝʥʠʝ 

ʣʠʥʠʠ ʉʀ ʩʜʚʠʛʘʝʪʩʷ ʚ ʦʙʣʘʩʪʴ ʙʦʣʴʰʠʭ ʵʥʝʨʛʠʡ ʢʚʘʥʪʘ, ʘ ʠʥʪʝʥʩʠʚʥʦʩʪʴ 

ʫʤʝʥʴʰʘʝʪʩʷ. ʇʨʠ ʵʪʦʤ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʪʨʫʢʪʫʨʘ ʩ ʙʦʣʝʝ ʫʟʢʦʡ ʂʗ (ʩ 

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

ʤʝʥʴʰʠʭ ʫʨʦʚʥʷʭ ʚʦʟʙʫʞʜʝʥʠʷ ʠ ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʘʢʘʯʢʠ ʩ ʙʦʣʴʰʝʡ ʜʣʠʥʦʡ 

ʚʦʣʥʳ ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʧʦʨʦʛʘ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʉʀ (ʚ ʪʦʤ ʯʠʩʣʝ ʚ ʧʝʨʝʩʯʝʪʝ 

ʥʘ ʧʦʪʦʢ ʬʦʪʦʥʦʚ ʥʘʢʘʯʢʠ). ʈʘʟʜʝʣ 5.3 ʧʦʩʚʷʱʝʥ ʘʥʘʣʠʟʫ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʦʞʝ-

ʧʨʦʮʝʩʩʦʚ ʚ ʂʗ ʥʘ ʦʩʥʦʚʝ HgCdTe. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʢʘʟʘʣʠ, ʯʪʦ 

ʥʘʠʙʦʣʝʝ ʦʧʪʠʤʘʣʴʥʳʤʠ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʡ ʧʦʨʦʛʦʚʦʡ ʵʥʝʨʛʠʠ ʦʞʝ-

ʨʝʢʦʤʙʠʥʘʮʠʠ ʷʚʣʷʶʪʩʷ ʩʪʨʫʢʪʫʨʳ ʩ ʜʦʣʝʡ Cd ʚ ʙʘʨʴʝʨʘʭ 0.6-0.7, ʯʪʦ 

ʙʣʘʛʦʧʨʠʷʪʥʳʤ ʦʙʨʘʟʦʤ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʪʝʭʥʦʣʦʛʠʠ ʄʃʕ. ɼʣʷ ʂʗ ʩ 

ʪʘʢʠʤʠ ʙʘʨʴʝʨʘʤʠ ʭʘʨʘʢʪʝʨʥʦʝ ʟʥʘʯʝʥʠʝ ʧʦʨʦʛʦʚʦʡ ʵʥʝʨʛʠʠ CCH-C ʧʨʦʮʝʩʩʦʚ 

ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 20 - 30 ʤʵɺ (ʯʪʦ ʙʣʠʟʢʦ ʢ ʵʥʝʨʛʝʪʠʯʝʩʢʦʤʫ ʟʘʟʦʨʫ ʤʝʞʜʫ 

ʚʝʨʰʠʥʦʡ ʚʝʨʭʥʝʡ ʚʘʣʝʥʪʥʦʡ ʧʦʜʟʦʥʳ ʧʨʠ k = 0 ʠ çʙʦʢʦʚʳʤʠ ʤʘʢʩʠʤʘʤʠè ʚ ʥʝʡ). 

ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʞʝ-ʧʨʦʮʝʩʩʦʚ ʠ ʠʭ ʚʣʠʷʥʠʷ ʥʘ ʉʀ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʨʘʟʜʝʣʝ 5.4. ɹr ʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʤʘʢʩʠʤʘʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ, ʧʨʠ 

ʢʦʪʦʨʦʡ ʫʜʘʝʪʩʷ ʥʘʙʣʶʜʘʪʴ ʉʀ, ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʧʦʨʦʛʦʚʦʡ ʵʥʝʨʛʠʝʡ ʦʞʝ-ʧʨʦʮʝʩʩʘ ʩ 
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ʫʯʘʩʪʠʝʤ ʜʚʫʭ ʵʣʝʢʪʨʦʥʦʚ ʠ ʜʳʨʢʠ. ɹʝʩʧʦʨʦʛʦʚʘʷ ʦʞʝ-ʨʝʢʦʤʙʠʥʘʮʠʷ ʠʤʝʝʪ ʤʝʩʪʦ 

ʚ ʪʦʤ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʰʠʨʠʥʘ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ ʩʪʘʥʦʚʠʪʩʷ (ʥʘʧʨʠʤʝʨ, ʧʨʠ 

ʠʟʤʝʥʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ) ʨʘʚʥʦʡ ʨʘʟʥʠʮʝ ʵʥʝʨʛʠʡ ʧʨʠ k = 0 ʤʝʞʜʫ ʚʝʨʭʥʝʡ 

ʚʘʣʝʥʪʥʦʡ ʧʦʜʟʦʥʦʡ ʠ ʚʦʟʙʫʞʜʝʥʥʦʡ ʚʘʣʝʥʪʥʦʡ ʧʦʜʟʦʥʦʡ, ʚ ʢʦʪʦʨʫʶ ʧʝʨʝʭʦʜʠʪ 

ʜʳʨʢʘ, ʫʥʦʩʷʱʘʷ ʵʥʝʨʛʠʶ. ɺ ʨʘʟʜʝʣʝ 5.5 ʦʙʩʫʞʜʘʶʪʩʷ ʵʬʬʝʢʪʳ ʨʘʟʦʛʨʝʚʘ 

ʥʝʨʘʚʥʦʚʝʩʥʳʭ ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʘ ʥʘ ʉʀ. ɺ ʩʣʫʯʘʝ ʤʦʱʥʦʡ ʥʘʢʘʯʢʠ, ʥʝʦʙʭʦʜʠʤʦʡ 

ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʛʝʥʝʨʘʮʠʠ ʧʨʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʧʝʨʝʛʨʝʚ ʥʦʩʠʪʝʣʝʡ 

ʩʪʘʥʦʚʠʪʩʷ ʥʝʠʟʙʝʞʥʳʤ, ʧʦʩʢʦʣʴʢʫ ʬʦʪʦʥʳ ʥʘʢʘʯʢʠ ʥʝʩʫʪ ʤʥʦʛʦ ʠʟʙʳʪʦʯʥʦʡ 

ʵʥʝʨʛʠʠ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʰʠʨʠʥʦʡ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ, ʢʦʪʦʨʘʷ ʨʘʩʩʝʠʚʘʝʪʩʷ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʂʗ, ʠ ʚʦʟʨʘʩʪʘʝʪ ʨʦʣʴ ʨʘʟʦʛʨʝʚʘ ʥʦʩʠʪʝʣʝʡ ʟʘ ʩʯʝʪ ʦʞʝ-

ʧʨʦʮʝʩʩʦʚ. ʈʘʟʜʝʣ 5.6 ʧʦʩʚʷʱʝʥ ʵʬʬʝʢʪʫ ʣʦʢʘʣʠʟʘʮʠʠ ʠʟʣʫʯʝʥʠʷ ʚ ʩʪʨʫʢʪʫʨʘʭ ʩ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʤ ʚʦʣʥʦʚʦʜʦʤ ʚʙʣʠʟʠ ʦʙʣʘʩʪʠ ʦʩʪʘʪʦʯʥʳʭ ʣʫʯʝʡ ʚ ʧʦʜʣʦʞʢʝ GaAs 

ʠ ʉʀ ʚ ʜʠʘʧʘʟʦʥʝ ʜʣʠʥ ʚʦʣʥ 20 ï 31 ʤʢʤ ʚ ʩʪʨʫʢʪʫʨʘʭ ʩ ʂʗ HgCdTe. ɺ ʨʘʙʦʪʝ ʩ 

ʫʯʝʪʦʤ ʦʛʨʘʥʠʯʝʥʠʡ ʥʘ ʦʙʱʫʶ ʪʦʣʱʠʥʫ ʩʪʨʫʢʪʫʨʳ ʫʜʘʣʦʩʴ ʨʝʘʣʠʟʦʚʘʪʴ ʜʠʟʘʡʥ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʚʦʣʥʦʚʦʜʘ, ʢʦʪʦʨʳʡ ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʣʠʟʢʫʶ ʩʪʝʧʝʥʴ ʣʦʢʘʣʠʟʘʮʠʠ 

ʊɽ0 ʤʦʜʳ ʥʘ ʜʣʠʥʘʭ ʚʦʣʥ 20 ï 25 ʤʢʤ ʠ 31 ï 33 ʤʢʤ ʟʘ ʩʯʝʪ ʨʝʟʢʦʛʦ ʩʢʘʯʢʘ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʚ ʦʙʣʘʩʪʠ ʬʦʥʦʥʥʦʛʦ ʧʦʛʣʦʱʝʥʠʷ ʚ ʧʦʜʣʦʞʢʝ 

GaAs.  ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʘʩʩʯʠʪʘʥʥʳʤʠ ʜʠʟʘʡʥʘʤʠ ʙʳʣʠ ʚʳʨʘʱʝʥʳ ʜʚʝ ʩʪʨʫʢʪʫʨʳ 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʉʀ ʚ ʜʘʥʥʳʭ ʩʪʨʫʢʪʫʨʘʭ ʧʦʜʪʚʝʨʜʠʣʠ ʚʩʝ ʦʞʠʜʘʝʤʳʝ ʠʟ ʪʝʦʨʠʠ 

ʨʝʟʫʣʴʪʘʪʳ. 

ɻʣʘʚʘ 6 ʧʦʩʚʷʱʝʥʘ ʠʩʩʣʝʜʦʚʘʥʠʷʤ ʉʀ ʥʘ ʤʝʞʟʦʥʥʳʭ ʧʝʨʝʭʦʜʘʭ ʚ 

ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʘʭ ʩ ʂʗ HgCdTe/CdHgTe ʚ ʜʠʘʧʘʟʦʥʝ 3 ï 4 ʤʢʤ (ʚ ʦʢʥʝ ʧʨʦʟʨʘʯʥʦʩʪʠ 

ʘʪʤʦʩʬʝʨʳ). ɺ ʨʘʙʦʪʝ ʙʳʣʠ ʩʢʦʥʩʪʨʫʠʨʦʚʘʥʳ ʩʪʨʫʢʪʫʨʳ, ʚ ʢʦʪʦʨʳʭ, ʢʘʢ ʠ ʚ 

ʩʪʨʫʢʪʫʨʘʭ, ʨʘʩʩʯʠʪʘʥʥʳʭ ʥʘ ʛʝʥʝʨʘʮʠʶ ʚ ʜʣʠʥʥʦʚʦʣʥʦʚʦʡ ʦʙʣʘʩʪʠ ʩʧʝʢʪʨʘ 

ʦʙʩʫʞʜʘʝʤʳʭ ʚ ɻʣʘʚʝ 5, ʫʜʘʣʦʩʴ ʩʫʱʝʩʪʚʝʥʥʦ ʦʩʣʘʙʠʪʴ ʚʣʠʷʥʠʝ ʦʞʝ-ʧʨʦʮʝʩʩʦʚ 

ʥʘ ʨʝʢʦʤʙʠʥʘʮʠʶ ʥʦʩʠʪʝʣʝʡ ʠ ʫʚʝʣʠʯʠʪʴ ʤʘʢʩʠʤʘʣʴʥʫʶ ʪʝʤʧʝʨʘʪʫʨʫ ʥʘʙʣʶʜʝʥʠʷ 

ʉʀ ʜʦ 200-270 ʂ, ʪ.ʝ ʜʦ ʪʝʤʧʝʨʘʪʫʨ ʜʦʩʪʠʞʠʤʳʭ ʩ ʧʦʤʦʱʴʶ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 

ʦʭʣʘʞʜʝʥʠʷ. ʈʘʟʜʝʣ 6.1 ʧʦʩʚʷʱʝʥ ʦʙʟʦʨʫ ʠʟʚʝʩʪʥʳʭ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ 

ʠʩʪʦʯʥʠʢʦʚ ʠʟʣʫʯʝʥʠʷ ʚ ʦʢʥʝ ʧʨʦʟʨʘʯʥʦʩʪʠ ʘʪʤʦʩʬʝʨʳ 3-5 ʤʢʤ. ʈʝʟʫʣʴʪʘʪʳ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʉʀ ʚ ʦʙʣʘʩʪʠ ʜʣʠʥ ʚʦʣʥ 2.8 ï 3.7 ʤʢʤ ʧʨʠ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʦʤ 
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ʦʭʣʘʞʜʝʥʠʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʨʘʟʜʝʣʝ 6.2. ɸʥʘʣʠʟʫ ʙʝʩʧʦʨʦʛʦʚʦʡ ʦʞʝ-

ʨʝʢʦʤʙʠʥʘʮʠʠ ʚ ʚʦʣʥʦʚʦʜʥʳʭ ʩʪʨʫʢʪʫʨʘʭ ʩ ʢʚʘʥʪʦʚʳʤʠ ʷʤʘʤʠ ʧʦʩʚʷʱʝʥ ʨʘʟʜʝʣ 

6.3. ɺ ʨʘʙʦʪʝ ʙʳʣʘ ʠʩʩʣʝʜʦʚʘʥʘ ʩʪʨʫʢʪʫʨʘ, ʚ ʢʦʪʦʨʦʡ ʫʜʘʣʦʩʴ ʫʚʝʣʠʯʠʪʴ ʜʦʣʶ 

ʢʘʜʤʠʷ ʚ ʙʘʨʴʝʨʘʭ ʜʦ 75 %, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʧʦʜʘʚʠʪʴ ʙʝʩʧʦʨʦʛʦʚʳʡ ʦʞʝ-ʧʨʦʮʝʩʩ, 

ʩʚʷʟʘʥʥʳʡ ʩ ʚʳʙʨʦʩʦʤ ʵʣʝʢʪʨʦʥʦʚ ʚ ʢʦʥʪʠʥʫʫʤ ʟʦʥʳ ʧʨʦʚʦʜʠʤʦʩʪʠ ʚ ʙʘʨʴʝʨʘʭ, ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʥʠʞʝ 250 ʂ (ʜʣʷ ʜʳʨʦʢ ʵʪʦ ʥʝ ʨʝʘʣʠʟʫʝʪʩʷ ʥʠ ʧʨʠ ʢʘʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ). ʀʩʩʣʝʜʦʚʘʥʠʷ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʛʘʰʝʥʠʷ ʌʃ ʜʘʣʠ ʭʘʨʘʢʪʝʨʥʫʶ 

ʵʥʝʨʛʠʶ ʘʢʪʠʚʘʮʠʠ (55 ʤʵɺ), ʯʪʦ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʚʳʯʠʩʣʝʥʥʦʡ ʧʦʨʦʛʦʚʦʡ 

ʵʥʝʨʛʠʝʡ CCH-C-ʧʨʦʮʝʩʩʘ ʠ ʫʢʘʟʳʚʘʝʪ ʥʘ ʝʛʦ ʜʦʤʠʥʠʨʫʶʱʫʶ ʨʦʣʴ ʚ ʦʞʝ-

ʨʝʢʦʤʙʠʥʘʮʠʠ.  

ɺ ɿʘʢʣʶʯʝʥʠʠ ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʦʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ.  
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ɻʣʘʚʘ 1. ʕʧʠʪʘʢʩʠʘʣʴʥʳʝ ʧʣʝʥʢʠ ʠ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʳ ʩ ʢʚʘʥʪʦʚʳʤʠ ʷʤʘʤʠ 

ʥʘ ʦʩʥʦʚʝ ʫʟʢʦʟʦʥʥʳʭ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ HgCdTe ʢʘʢ ʤʘʪʝʨʠʘʣ ʜʣʷ ʣʘʟʝʨʦʚ 

ʩʨʝʜʥʝʛʦ ʠ ʜʘʣʴʥʝʛʦ ʀʂ ʜʠʘʧʘʟʦʥʦʚ. ʉʦʚʨʝʤʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʠ ʧʝʨʩʧʝʢʪʠʚʳ 

 

1.1 ɺʚʝʜʝʥʠʝ  

ʊʚʝʨʜʳʝ ʨʘʩʪʚʦʨʳ ʢʘʜʤʠʡ-ʨʪʫʪʴ-ʪʝʣʣʫʨ (ʂʈʊ) ʠʩʩʣʝʜʫʶʪʩʷ ʫʞʝ ʙʦʣʝʝ ʩʦʨʦʢʘ 

ʣʝʪ, ʯʪʦ ʚʦ ʤʥʦʛʦʤ ʩʚʷʟʘʥʦ ʩ ʧʨʘʢʪʠʯʝʩʢʠʤʠ ʟʘʜʘʯʘʤʠ ʩʦʟʜʘʥʠʷ ʥʘ ʦʩʥʦʚʝ ʂʈʊ 

ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʨʠʝʤʥʠʢʦʚ ʠ ʧʨʠʝʤʥʳʭ ʤʘʪʨʠʮ ʩʨʝʜʥʝʛʦ ʠʥʬʨʘʢʨʘʩʥʦʛʦ (ʀʂ) 

ʜʠʘʧʘʟʦʥʘ (ʩʤ., ʥʘʧʨʠʤʝʨ, ʦʙʟʦʨʳ [42, 88] ʠ ʩʩʳʣʢʠ ʚ ʥʠʭ), ʠ ʢ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ 

ʥʘʢʦʧʣʝʥ ʚʝʩʴʤʘ ʙʦʣʴʰʦʡ ʤʘʩʩʠʚ ʜʘʥʥʳʭ ʧʦ ʪʝʭʥʦʣʦʛʠʠ ʠ ʩʚʦʡʩʪʚʘʤ ʵʪʠʭ 

ʩʦʝʜʠʥʝʥʠʡ. ɿʘ ʩʯʝʪ ʠʟʤʝʥʝʥʠʷ ʩʦʩʪʘʚʘ ʟʜʝʩʴ ʚʦʟʤʦʞʥʘ ʧʝʨʝʩʪʨʦʡʢʘ ʰʠʨʠʥʳ 

ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ ʚ ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ, ʦʪ ʥʫʣʷ ʜʦ 1.6 ʵɺ, ʦʜʥʘʢʦ ʣʠʰʴ ʥʝʙʦʣʴʰʦʝ 

ʯʠʩʣʦ ʨʘʙʦʪ ʙʳʣʦ ʥʘʧʨʘʚʣʝʥʦ ʥʘ ʠʟʫʯʝʥʠʝ ʫʟʢʦʟʦʥʥʳʭ (ʭ < 0.2) ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ 

ʂʈʊ ʚ ʜʘʣʴʥʝʤ ʀʂ ʜʠʘʧʘʟʦʥʝ. ʇʨʠʥʷʪʦ ʩʯʠʪʘʪʴ, ʯʪʦ ʜʣʷ ʦʙʣʘʩʪʠ ʜʣʠʥ ʚʦʣʥ ɚc > 15 

ʤʢʤ ʦʙʲʝʤʥʳʝ ʩʪʨʫʢʪʫʨ rHgCdTe ʙʳʣʠ ʥʝʧʨʠʛʦʜʥʳ ʠʟ-ʟʘ ʩʠʣʴʥʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ 

ʩʦʩʪʘʚʘ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ x (ʤʦʣʷʨʥʦʡ ʜʦʣʠ Cd). ʀʟ-ʟʘ ʩʠʣʴʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ 

ʰʠʨʠʥʳ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ Eg ʦʪ ʭ ʧʨʠ ʤʘʣʳʭ ʟʥʘʯʝʥʠʷʭ Eg ʬʣʫʢʪʫʘʮʠʠ x ʧʨʠʚʦʜʪ̫ 

ʢ ʥʝʜʦʧʫʩʪʠʤʦ ʙʦʣʴʰʠʤ ʦʪʢʣʦʥʝʥʠʷʤ Eg ʦʪ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ, ʯʪʦ ʚʝʜʝʪ ʢ 

ʥʝʛʘʪʠʚʥʳʤ ʧʦʩʣʝʜʩʪʚʠʷʤ ʚ ʚʠʜʝ ʚʳʩʦʢʦʛʦ ʪʝʤʥʦʚʦʛʦ ʪʦʢʘ ʠ ʤʘʣʳʭ ʚʨʝʤʝʥ ʞʠʟʥʠ 

ʥʦʩʠʪʝʣʝʡ (ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚ ʢʘʯʝʩʪʚʝ ʬʦʪʦʯʫʚʩʪʚʠʪʝʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ).  

ɺ ʧʦʩʣʝʜʥʠʝ 10 ï 15 ʣʝʪ ʜʦʩʪʠʛʥʫʪ rʟʥʘʯʠʪʝʣʴʥʳʝ ʫʩʧʝʭʠ ʚ ʪʝʭʥʦʣʦʛʠʠ ʨʦʩʪʘ 

ʵʧʠʪʘʢʩʠʘʣʴʥʳʭ ʩʪʨʫʢʪʫʨ ʥʘ ʦʩʥʦʚʝ ʂʈʊ. ʉʦʚʝʨʰʝʥʩʚʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʠ ʨʦʩʪʘ 

ʂʈʊ ʤʝʪʦʜʦʤ ʤʦʣʝʢʫʣʷʨʥʦ-ʣʫʯʝʚʦʡ ʵʧʠʪʘʢʩʠʠ (ʄʃʕ) ʧʨʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʘ 

ʪʘʢʞʝ ʚʥʝʜʨʝʥʠʝ in situ ʵʣʣʠʧʩʦʤʝʪʨʠʯʝʩʢʦʛʦ ʢʦʥʪʨʦʣʷ ʩʦʩʪʘʚʘ ʠ ʪʦʣʱʠʥʳ ʩʣʦʝʚ 

[89, 90, 91] ʧʨʠʚʝʣʦ ʢ ʚʦʟʨʦʞʜʝʥʠʶ ʠʥʪʝʨʝʩʘ ʢ ʦʙʲʝʤʥʳʤ ʵʧʠʪʘʢʩʠʘʣʴʥʳʤ ʧʣʝʥʢʘʤ 

ʫʟʢʦʟʦʥʥʳʭ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ ʂʈʊ ʩ ʤʦʣʷʨʥʦʡ ʜʦʣʝʡ ʢʘʜʤʠʷ ʚ ʧʨʝʜʝʣʘʭ 0.16 < x 

< 0.2 (ʧʨʠ x ~ 0.16 ʰʠʨʠʥʘ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ ʦʙʨʘʱʘʝʪʩʷ ʚ ʥʦʣʴ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 
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T = 4.2 K), ʘ ʪʘʢʞʝ ʢ ʫʟʢʦʟʦʥʥʳʤ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʤ ʥʘʥʦʛʝʪʝʨʦʩʪʨʫʢʪʫʨʘʤ ʩ 

ʢʚʘʥʪʦʚʳʤʠ ʷʤʘʤʠ (ʂʗ) ʥʘ ʦʩʥʦʚʝ ʂʈʊ.  

ɿʦʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʂʗ HgTe/CdHgTe ʧʝʨʝʩʪʨʘʠʚʘʝʪʩʷ, ʧʦ ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ 

ʰʠʨʠʥʳ ʂʗ HgTe, ʦʪ ʥʦʨʤʘʣʴʥʦʡ (CdTe-ʧʦʜʦʙʥʦʡ) ʜʦ ʠʥʚʝʨʪʠʨʦʚʘʥʥʦʡ, ʧʝʨʝʭʦʜʷ 

ʯʝʨʝʟ ʥʝʢʦʪʦʨʫʶ ʢʨʠʪʠʯʝʩʢʫʶ ʪʦʯʢʫ (ʰʠʨʠʥʘ ʂʗ dc ~ 6.3 ʥʤ), ʚ ʢʦʪʦʨʦʡ ʟʦʥʘ 

ʧʨʦʚʦʜʠʤʦʩʪʠ ʠ ʚʘʣʝʥʪʥʘʷ ʟʦʥʘ ʩʤʳʢʘʶʪʩʷ1, ʘ ʟʘʢʦʥ ʜʠʩʧʝʨʩʠʠ ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʘ 

ʩʪʘʥʦʚʠʪʩʷ ʣʠʥʝʡʥʳʤ, ʢʘʢ ʚ ʛʨʘʬʝʥʝ [40], ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʜʠʩʧʝʨʩʠʠ 

ʙʝʟʤʘʩʩʦʚʳʭ ʜʠʨʘʢʦʚʩʢʠʭ ʬʝʨʤʠʦʥʦʚ. 

ʂ ʥʘʩʪʦʷʱʝʤʫ ʤʦʤʝʥʪʫ ʥʘʢʦʧʣʝʥʦ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʦ ʟʦʥʥʦʡ ʩʪʨʫʢʪʫʨʝ ʂʗ ʥʘ ʦʩʥʦʚʝ ʂʈʊ. ʀʟ-ʟʘ ʤʘʣʦʡ 

ʚʝʣʠʯʠʥʳ ʰʠʨʠʥʳ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ ʚ ʦʙʲʝʤʥʳʭ ʩʪʨʫʢʪʫʨʘʭ ʂʈʊ ʠ ʤʘʣʦʡ ʵʥʝʨʛʠʠ 

ʤʝʞʟʦʥʥʳʭ ʧʝʨʝʭʦʜʦʚ ʤʝʞʜʫ ʦʩʥʦʚʥʳʤʠ ʫʨʦʚʥʷʤʠ ʨʘʟʤʝʨʥʦʛʦ ʢʚʘʥʪʦʚʘʥʠʷ ʚ 

ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʘʭ ʩ ʢʚʘʥʪʦʚʳʤʠ ʷʤʘʤʠ HgCdTe/CdHgTe ʚʝʣʠʯʠʥʘ ʵʬʬʝʢʪʠʚʥʦʡ 

ʤʘʩʩʳ ʵʣʝʢʪʨʦʥʦʚ ʚ ʪʘʢʠʭ ʩʪʨʫʢʪʫʨʘʭ ʤʦʞʝʪ ʙʳʪʴ ʵʢʩʪʨʝʤʘʣʴʥʦ ʤʘʣʦʡ, ʘ 

ʧʦʜʚʠʞʥʦʩʪʴ ʥʦʩʠʪʝʣʝʡ ʩʦʩʪʘʚʣʷʝʪ ʧʨʠ ʛʝʣʠʝʚʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʥʝʩʢʦʣʴʢʦ ʩʦʪʝʥ 

ʪʳʩʷʯ ʩʤ2/ɺĀʩ. ɺ ʪʘʢʠʭ ʫʟʢʦʟʦʥʥʥʳʭ ʩʪʨʫʢʪʫʨʘʭ ʩ ʂʗ ʥʘ ʦʩʥʦʚʝ HgCdTe ʦʙʥʘʨʫʞʝʥ 

ʨʷʜ ʠʥʪʝʨʝʩʥʳʭ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʵʬʬʝʢʪʦʚ. ɺ ʯʘʩʪʥʦʩʪʠ, ʥʘʧʨʠʤʝʨ, ʚ ʨʘʙʦʪʘʭ [92, 

93] ʙʳʣʘ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ  ʛʠʛʘʥʪʩʢʘʷ ʚʝʣʠʯʠʥʘ ʩʧʠʥʦʚʦʛʦ ʨʘʩʱʝʧʣʝʥʠʷ ʚ 

ʥʫʣʝʚʦʤ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʥʠʞʥʝʡ (ʜʳʨʦʯʥʦʛʦ ʪʠʧʘ) ʧʦʜʟʦʥʳ ʚ ʟʦʥʝ ʧʨʦʚʦʜʠʤʦʩʪʠ, 

ʜʦʩʪʠʛʘʶʱʘʷ 30 ʤʵɺ (ʥʘ ʧʦʣʪʦʨʘ ʧʦʨʷʜʢʘ ʙʦʣʴʰʝ, ʯʝʤ ʚ ʫʟʢʦʟʦʥʥʳʭ 

ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʘʭ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ ɸ3ɺ5) ʚʩʣʝʜʩʪʚʠʝ ʵʬʬʝʢʪʘ ʈʘʰʙʳ ʧʨʠ 

ʧʨʠʣʦʞʝʥʠʠ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʧʦʨʷʜʢʘ 105 ɺ/ʩʤ, ʯʪʦ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʠʧʠʯʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʵʣʝʢʪʨʦʥʦʚ ʦʢʦʣʦ 1012 ʩʤ-2. ʉʣʝʜʫʝʪ 

ʦʪʤʝʪʠʪʴ ʪʘʢʞʝ ʠ ʥʝʜʘʚʥʠʝ ʩʦʦʙʱʝʥʠʷ ʦʙ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʚ ʵʪʦʡ 

ʛʝʪʝʨʦʩʠʩʪʝʤʝ ʜʚʫʤʝʨʥʦʛʦ ʪʦʧʦʣʦʛʠʯʝʩʢʦʛʦ ʠʟʦʣʷʪʦʨʘ ʠ ʢʚʘʥʪʦʚʦʛʦ ʭʦʣʣʦʚʩʢʦʛʦ 

ʩʧʠʥʦʚʦʛʦ ʠʟʦʣʷʪʦʨʘ [43, 44, 94] ʠ ʜʚʫʤʝʨʥʦʛʦ ʧʦʣʫʤʝʪʘʣʣʘ [95]. ʏʪʦ ʢʘʩʘʝʪʩʷ 

 
1 ̏ ʪʦ ʩʧʨʘʚʜʝʣʠʚʦ ʚ ʧʝʨʚʦʤ ʧʨʠʙʣʠʞʝʥʠʠ; ʩ ʫʯʝʪʦʤ ʧʦʧʨʘʚʦʢ, ʚʦʟʥʠʢʘʶʱʠʭ ʠʟ-ʟʘ ʵʬʬʝʢʪʦʚ ʧʦʥʠʞʝʥʠʷ ʩʠʤʤʝʪʨʠʠ, 

ʰʠʨʠʥʘ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ ʦʩʪʘʝʪʩʷ ʢʦʥʝʯʥʦʡ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʢʘʢ ʧʦʢʘʟʳʚʘʶʪ ʨʘʩʯʝʪʳ, ʵʪʠ ʵʬʬʝʢʪʳ ʜʦʩʪʘʪʦʯʥʦ 

ʩʣʘʙʳʝ ʠ ʚ ʜʘʣʴʥʝʡʰʝʤ ʦʙʩʫʞʜʘʪʴʩʷ ʥʝ ʙʫʜʫʪ. 
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ʦʙʲʝʤʥʳʭ ʩʪʨʫʢʪʫʨ, ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʨʘʙʦʪʳ ʚ Nature Physics [96], Nature 

Communications [A4] ʠ Nature Photonics [49], ʚ ʢʦʪʦʨʳʭ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʫʥʠʢʘʣʴʥʳʭ ʩʚʦʡʩʪʚ ʙʝʟʤʘʩʩʦʚʳʭ ʢʝʡʥʦʚʩʢʠʭ ʬʝʨʤʠʦʥʦʚ ʚ 

ʦʙʲʝʤʥʳʭ ʩʣʦʷʭ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ ʂʈʊ, ʚʳʨʘʱʝʥʥʳʭ ʤʝʪʦʜʦʤ ʄʃʕ.  

 

1.2 ʊʚʝʨʜʳʝ ʨʘʩʪʚʦʨʳ HgCdTe ʠ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʳ ʩ ʢʚʘʥʪʦʚʳʤʠ ʷʤʘʤʠ ʚ 

ʦʧʪʦʵʣʝʢʪʨʦʥʠʢʝ ʩʨʝʜʥʝʛʦ ʠ ʜʘʣʴʥʝʛʦ ʀʂ ʜʠʘʧʘʟʦʥʦʚ 

ʋʥʠʢʘʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʩʪʨʫʢʪʫʨ ʥʘ ʦʩʥʦʚʝ HgCdTe ʜʝʣʘʶʪ ʠʭ 

ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʤʠ ʠ ʜʣʷ ʧʨʠʣʦʞʝʥʠʡ ʚ ʪʝʨʘʛʝʨʮʦʚʦʡ ʦʧʪʦʵʣʝʢʪʨʦʥʠʢʝ. ɼʦʣʛʦʝ 

ʚʨʝʤʷ ʩʯʠʪʘʣʦʩʴ, ʯʪʦ çʧʨʦʜʚʠʞʝʥʠʶè ʧʨʠʙʦʨʦʚ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʬʦʪʦʨʝʟʠʩʪʦʨʦʚ 

ʠ ʤʘʪʨʠʮ ʥʘ ʦʩʥʦʚʝ Hg1-xCdʭTe ʚ ʪʝʨʘʛʝʨʮʦʚʳʡ ʠ ʤʫʣʴʪʠʪʝʨʘʛʝʨʮʦʚʳʡ ʜʠʘʧʘʟʦʥʳ 

(ʜʣʠʥʘ ʚʦʣʥʳ ʙʦʣʝʝ 20 ʤʢʤ) ʧʨʝʧʷʪʩʪʚʫʶʪ ʬʣʫʢʪʫʘʮʠʠ ʩʦʩʪʘʚʘ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ 

x, ʧʨʠʚʦʜʷʱʠʝ ʢ ʥʝʜʦʧʫʩʪʠʤʦ ʙʦʣʴʰʠʤ ʚʘʨʠʘʮʠʷʤ ʰʠʨʠʥʳ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ Eg 

ʧʦ ʦʙʨʘʟʮʫ. ʉʦʚʨʝʤʝʥʥʳʝ ʤʝʪʦʜʳ ʄʃʕ ʧʦʟʚʦʣʷʶʪ ʧʨʦʚʦʜʠʪʴ ʨʦʩʪ ʩʣʦʝʚ HgCdTe 

ʧʨʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʦʜʥʘʢʦ ʦʧʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʦʙʲʝʤʥʳʭ ʪʚʝʨʜʳʭ 

ʨʘʩʪʚʦʨʦʚ ʩ ʜʦʣʝʡ Cd ʤʝʥʴʰʝ 20 % ʠ ʂʗ ʙʳʣʠ ʠʟʫʯʝʥʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʣʘʙʦ. ɺ ʢʥʠʛʝ 

[97] ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʝʦʧʫʙʣʠʢʦʚʘʥʥʳʝ ʠʟʤʝʨʝʥʥʳʝ ʠ ʨʘʩʩʯʠʪʘʥʥʳʝ ʩʧʝʢʪʨʳ 

ʧʦʛʣʦʱʝʥʠʷ ʚ ʪʚʝʨʜʦʤ ʨʘʩʪʚʦʨʝ ʂʈʊ ʩ ʤʘʣʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʢʘʜʤʠʷ ʭ = 0.2, ʠʟ 

ʢʦʪʦʨʳʭ ʩʣʝʜʫʝʪ, ʯʪʦ ʟʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʦʛʣʦʱʝʥʠʷ ʦʪ ʯʘʩʪʦʪʳ ʷʚʣʷʝʪʩʷ 

ʦʯʝʥʴ ʧʣʘʚʥʦʡ (ʚ ʦʪʣʠʯʠʝ ʦʪ ʧʨʠʚʝʜʝʥʥʦʡ ʥʘ ʪʦʤ ʞʝ ʛʨʘʬʠʢʝ ʟʘʚʠʩʠʤʦʩʪʠ ʜʣʷ 

ʩʚʝʨʭʨʝʰʝʪʢʠ HgTe/CdHgTe ʩ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʪʘʢʦʡ ʞʝ ʰʠʨʠʥʦʡ ʟʘʧʨʝʱʝʥʥʦʡ 

ʟʦʥʳ). ʈʘʟʤʳʪʠʝ ʢʨʘʷ ʧʦʛʣʦʱʝʥʠʷ ʩʚʷʟʳʚʘʝʪʩʷ ʢʘʢ ʩ ʧʦʣʦʛʦʡ ʟʘʚʠʩʠʤʦʩʪʴʶ 

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

ʬʣʫʢʪʫʘʮʠʷʤʠ ʩʦʩʪʘʚʘ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ.  

ɺʳʩʦʢʦʝ ʢʘʯʝʩʪʚʦ ʩʦʚʨʝʤʝʥʥʳʭ ʩʪʨʫʢʪʫʨ ʥʘ ʦʩʥʦʚʝ ʂʈʊ ʧʦʟʚʦʣʠʣʦ ʟʘʜʘʪʴʩʷ 

ʚʦʧʨʦʩʦʤ ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʩʦʟʜʘʥʠʷ ʥʘ ʦʩʥʦʚʝ ʂʈʊ-ʩʪʨʫʢʪʫʨ ʥʝ ʪʦʣʴʢʦ ʧʨʠʝʤʥʠʢʦʚ 

ʠʟʣʫʯʝʥʠʷ ʜʘʣʴʥʝʛʦ ʀʂ ʜʠʘʧʘʟʦʥʘ, ʥʦ ʠ ʜʣʠʥʥʦʚʦʣʥʦʚʳʭ ʣʘʟʝʨʦʚ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʠʤʫʣʠʨʦʚʘʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʚ ʩʪʨʫʢʪʫʨʘʭ ʥʘ 
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ʦʩʥʦʚʝ ʂʈʊ ʨʘʥʝʝ ʧʨʦʚʦʜʠʣʠʩʴ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʚ ʢʦʨʦʪʢʦʚʦʣʥʦʚʦʡ ʯʘʩʪʠ ʩʨʝʜʥʝʛʦ 

ʠʥʬʨʘʢʨʘʩʥʦʛʦ ʜʠʘʧʘʟʦʥʘ. ɺ ʨʘʙʦʪʝ [60] ʩʦʙʨʘʥʳ ʨʝʟʫʣʴʪʘʪʳ (ʧʦʣʫʯʝʥʥʳʝ ʜʦ 1999 

ʛʦʜʘ) ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʤʝʞʟʦʥʥʳʭ ʣʘʟʝʨʦʚ ʥʘ ʦʩʥʦʚʝ HgCdTe (ʩʤ. ʈʠʩʫʥʦʢ 1.1). 

ʅʘʠʙʦʣʝʝ ʜʣʠʥʥʦʚʦʣʥʦʚʘʷ ʛʝʥʝʨʘʮʠʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʜʣʠʥʝ ʚʦʣʥʳ 5.3 ʤʢʤ ʠ 

ʜʦʩʪʠʛʥʫʪʘ ʚ ʠʥʞʝʢʮʠʦʥʥʦʤ ʣʘʟʝʨʝ ʩ ʘʢʪʠʚʥʦʡ ʦʙʣʘʩʪʴʶ ʠʟ çʦʙʲʝʤʥʦʛʦè ʂʈʊ, ʧʨʠ 

ʵʪʦʤ ʨʘʙʦʯʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʥʝ ʧʨʝʚʳʰʘʣʠ ʪʝʤʧʝʨʘʪʫʨʳ ʞʠʜʢʦʛʦ ʘʟʦʪʘ [61]. ɺ 

ʨʘʙʦʪʝ [60] ʘʚʪʦʨʳ ʧʨʠʭʦʜʷʪ ʢ ʚʳʚʦʜʫ, ʯʪʦ ʤʝʞʟʦʥʥʳʝ ʣʘʟʝʨʳ ʥʘ ʦʩʥʦʚʝ HgCdTe ʩ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʤ ʚʦʣʥʦʚʦʜʦʤ ʥʝʢʦʥʢʫʨʝʥʪʥʦʩʧʦʩʦʙʥʳ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʂʂʃ. 

ʆʜʥʘʢʦ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʘʚʪʦʨʳ ʨʘʙʦʪʳ [61] ʫʢʘʟʳʚʘʶʪ ʥʘ ʚʦʟʤʦʞʥʦʩʪʴ 

ʧʦʜʘʚʣʝʥʠʷ ʦʞʝ-ʨʝʢʦʤʙʠʥʘʮʠʠ ʚ ʢʚʘʥʪʦʚʳʭ ʷʤʘʭ HgCdTe (ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʦʙʲʝʤʥʳʤ ʤʘʪʝʨʠʘʣʦʤ ʩ ʪʦʡ ʞʝ ʰʠʨʠʥʦʡ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ). ʕʬʬʝʢʪ ʧʦʜʘʚʣʝʥʠʷ 

ʦʞʝ-ʨʝʢʦʤʙʠʥʘʮʠʠ ʦʪʤʝʯʘʣʩʷ ʨʘʥʝʝ ʚ ʫʟʢʦʟʦʥʥʳʭ ʭʘʣʴʢʦʛʝʥʠʜʘʭ ʩʚʠʥʮʘ ʠ 

ʩʚʷʟʳʚʘʣʩʷ ʩ çʩʠʤʤʝʪʨʠʝʡè ʟʘʢʦʥʦʚ ʜʠʩʧʝʨʩʠʠ ʟʦʥʳ ʧʨʦʚʦʜʠʤʦʩʪʠ ʠ ʚʘʣʝʥʪʥʦʡ 

ʟʦʥʳ [37].  

ɼʦ ʥʝʜʘʚʥʝʛʦ ʚʨʝʤʝʥʠ ʚ ʂʈʊ ʩʪʨʫʢʪʫʨʘʭ ʥʘ ʜʣʠʥʘʭ ʚʦʣʥ ʙʦʣʝʝ 5.3 ʤʢʤ 

ʩʠʩʪʝʤʘʪʠʯʝʩʢʠ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʪʦʣʴʢʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ (ʌʃ). 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʩʪʦʣʴ ʫʟʢʦʟʦʥʥʳʭ ʩʪʨʫʢʪʫʨ ʙʳʣʠ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʥʘʮʝʣʝʥʳ ʥʘ 

ʭʘʨʘʢʪʝʨʠʟʘʮʠʶ ʤʘʪʝʨʠʘʣʘ ʠ ʠʜʝʥʪʠʬʠʢʘʮʠʶ ʧʨʠʤʝʩʥʦ-ʜʝʬʝʢʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. 

ʊʘʢ, ʚ ʨʘʙʦʪʝ [69] ʘʚʪʦʨʳ ʚʳʧʦʣʥʠʣʠ ʠʟʤʝʨʝʥʠʷ ʩʧʝʢʪʨʦʚ ʌʃ ʜʣʷ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ 

Hg0.77Cd0.23Te ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚʳʰʝ ʪʝʤʧʝʨʘʪʫʨʳ ʞʠʜʢʦʛʦ ʘʟʦʪʘ. ɺ ʩʧʝʢʪʨʝ ʌʃ ʚ 

ʜʠʘʧʘʟʦʥʝ ʜʣʠʥ ʚʦʣʥ ʙʦʣʝʝ 10 ʤʢʤ ʩ ʧʦʤʦʱʴʶ ʜʝʢʦʥʚʦʣʶʮʠʠ ʩʧʝʢʪʨʘ ʚʳʜʝʣʝʥʳ 

ʣʠʥʠʠ, ʩʚʷʟʳʚʘʝʤʳʝ, ʧʦʤʠʤʦ ʤʝʞʟʦʥʥʳʭ ʧʝʨʝʭʦʜʦʚ, ʩ ʧʝʨʝʭʦʜʘʤʠ ʩ ʫʯʘʩʪʠʝʤ 

ʨʘʟʣʠʯʥʳʭ ʜʝʬʝʢʪʦʚ. ɺ ʨʘʙʦʪʝ [98] ʠʩʩʣʝʜʦʚʘʣʘʩʴ ʌʃ ʩʚʝʨʭʨʝʰʝʪʢʠ HgTe/CdHgTe 

ʥʘ ʜʣʠʥʘʭ ʚʦʣʥ ʜʦ 12 ʤʢʤ ʚ ʦʙʣʘʩʪʠ ʪʝʤʧʝʨʘʪʫʨ 11-250 K. ʂʘʢ ʠ ʚ ʨʘʙʦʪʝ [69], 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʚ ʩʧʝʢʪʨ ʌʃ, ʘʚʪʦʨʳ ʚʳʜʝʣʠʣʠ ʚʢʣʘʜʳ ʦʪ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ 

ʧʝʨʝʭʦʜʦʚ. ɺ ʨʘʙʦʪʘʭ [53, 71, 99, 100, 101, 102, 103] ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʌʃ ʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʰʠʨʦʢʦʟʦʥʥʳʭ (x > 0.3) ʩʪʨʫʢʪʫʨʘʭ HgCdTe, ʚʳʨʘʱʝʥʥʳʭ 

ʤʝʪʦʜʦʤ ʄʃʕ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʦʡ ʞʝ ʨʦʩʪʦʚʦʡ ʪʝʭʥʦʣʦʛʠʠ, ʯʪʦ ʠ ʜʣʷ ʩʪʨʫʢʪʫʨ, 

ʦʙʩʫʞʜʘʝʤʳʭ ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ. ʆʩʥʦʚʥʦʡ ʮʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʦ ʠʟʫʯʝʥʠʝ 
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ʜʝʬʝʢʪʦʚ ʠ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ. ɹʦʣʝʝ ʧʦʜʨʦʙʥʳʡ ʦʙʟʦʨ ʨʝʟʫʣʴʪʘʪʦʚ ʵʪʠʭ 

ʨʘʙʦʪ ʧʨʠʚʝʜʝʥ ʚ ʨʘʟʜʝʣʝ 1.4, ʧʦʩʚʷʱʝʥʥʦʤ ʧʨʠʤʝʩʥʦ-ʜʝʬʝʢʪʥʳʤ ʮʝʥʪʨʘʤ ʚ ʂʈʊ.  

 

ʈʠʩʫʥʦʢ 1.1 - ʉʚʦʜʥʳʝ ʜʘʥʥʳʝ ʦ ʜʦʩʪʫʧʥʳʭ ʥʘ 1999 ʛ. ʠʩʪʦʯʥʠʢʘʭ 

ʠʟʣʫʯʝʥʠʷ ʢʦʨʦʪʢʦʚʦʣʥʦʚʦʡ ʯʘʩʪʠ ʩʨʝʜʥʝʛʦ ʀʂ ʜʠʘʧʘʟʦʥʘ ʠ ʠʭ ʤʘʢʩʠʤʘʣʴʥʳʭ 

ʨʘʙʦʯʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʨʘʙʦʪʝ [60]. ʂʨʝʩʪ ʫʢʘʟʳʚʘʝʪ ʥʘ 

ʪʝʦʨʝʪʠʯʝʩʢʠ ʧʨʝʜʩʢʘʟʘʥʥʳʝ ʚ ʨʘʙʦʪʝ [58] ʧʘʨʘʤʝʪʨʳ 

ɺ çʢʦʨʦʪʢʦʚʦʣʥʦʚʦʡè ʯʘʩʪʠ ʩʨʝʜʥʝʛʦ ʀʂ ʜʠʘʧʘʟʦʥʘ, ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ 

ʯʨʝʟʚʳʯʘʡʥʦ ʚʘʞʥʳʤ ʜʣʷ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʧʨʠʤʝʥʝʥʠʡ ʚ ʦʙʣʘʩʪʠ ʵʢʦʣʦʛʠʠ, ʭʠʤʠʠ, 

ʙʠʦʣʦʛʠʠ ʠ ʤʝʜʠʮʠʥʳ, ʙʳʣʦ ʚʳʧʦʣʥʝʥʦ ʜʦʩʪʘʪʦʯʥʦ ʤʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʪʨʫʢʪʫʨ 

ʥʘ ʦʩʥʦʚʝ ʂʈʊ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʚʦʧʨʦʩʫ ʩʦʟʜʘʥʠʷ ʤʝʞʟʦʥʥʳʭ ʣʘʟʝʨʦʚ. 

ʈʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʢʘʢ ʪʨʘʜʠʮʠʦʥʥʳʝ ʧʦʣʦʩʢʦʚʳʝ ʣʘʟʝʨʥʳʝ ʤʝʟʘʩʪʨʫʢʪʫʨʳ [60], ʪʘʢ 

ʠ ʚʝʨʪʠʢʘʣʴʥʦ ʠʟʣʫʯʘʶʱʠʝ ʣʘʟʝʨʳ [104, 105]. ʀʩʧʦʣʴʟʫʷ ʚ ʢʘʯʝʩʪʚʝ ʘʢʪʠʚʥʦʡ ʩʨʝʜʳ 

ʦʙʲʝʤʥʳʡ ʩʣʦʡ HgCdTe, ʘʚʪʦʨʘʤ ʧʨʝʜʰʝʩʪʚʫʶʱʠʭ ʨʘʙʦʪ ʫʜʘʣʦʩʴ ʚ ʨʝʞʠʤʝ 

ʦʧʪʠʯʝʩʢʦʡ ʥʘʢʘʯʢʠ ʜʦʙʠʪʴʩʷ ʩʪʠʤʫʣʠʨʦʚʘʥʥʦʡ ʵʤʠʩʩʠʠ ʚ ʜʠʘʧʘʟʦʥʝ ʜʣʠʥ ʚʦʣʥ 1.5 

ï 2.2 ʤʢʤ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ [104, 106] ʠ ʜʦ 3.5 ʤʢʤ ʧʨʠ ʢʨʠʦʛʝʥʥʳʭ (ʥʠʞʝ 

200 K) ʪʝʤʧʝʨʘʪʫʨʘʭ [105, 80, 106]. ʉʪʠʤʫʣʠʨʦʚʘʥʥʦʝ ʠʟʣʫʯʝʥʠʝ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ 

2.5 ʤʢʤ ʚ ʦʙʲʝʤʥʦʤ ʩʪʨʫʢʪʫʨʝ HgCdTe ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʫʜʘʣʦʩʴ 

ʧʦʣʫʯʠʪʴ ʣʠʰʴ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʜʘʚʥʦ [107]. ʇʦʤʠʤʦ ʵʪʦʛʦ, ʚ ʨʷʜʝ ʨʘʙʦʪ ʫʜʘʣʦʩʴ 

ʧʦʣʫʯʠʪʴ ʩʧʦʥʪʘʥʥʦʝ [108, 109] (ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ) ʠ ʣʘʟʝʨʥʦʝ [110, 111] 
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(ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʥʠʞʝ 160 K) ʠʟʣʫʯʝʥʠʝ ʚʙʣʠʟʠ ʜʣʠʥʳ ʚʦʣʥʳ 3 ʤʢʤ ʧʨʠ ʪʦʢʦʚʦʡ 

ʥʘʢʘʯʢʝ ʩʪʨʫʢʪʫʨ ʜʘʥʥʦʛʦ ʪʠʧʘ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʧʦʪʝʥʮʠʘʣ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ 

HgCdTe ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʥʝ ʠʩʯʝʨʧʘʥʥʳʤ ʠ ʚ ʵʪʦʤ ʜʠʘʧʘʟʦʥʝ, ʪʘʢ ʢʘʢ ʪʝʦʨʝʪʠʯʝʩʢʠʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ, ʚʳʧʦʣʥʝʥʥʳʝ ʚ ʨʘʙʦʪʘʭ [58, 112] ʠ ʥʝʜʘʚʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ 

ʨʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ, ʧʦʢʘʟʳʚʘʶʪ ʛʝʥʝʨʘʮʠʷ ʢʦʛʝʨʝʥʪʥʦʛʦ 

ʠʟʣʫʯʝʥʠʷ ʚ ʂʈʊ ʣʘʟʝʨʘʭ ʚʦʟʤʦʞʥʘ ʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚʙʣʠʟʠ ʢʦʤʥʘʪʥʦʡ ʥʘ 

ʢʦʨʦʪʢʦʚʦʣʥʦʚʦʤ ʢʨʘʶ ʩʨʝʜʥʝʛʦ ʀʂ ʜʠʘʧʘʟʦʥʘ, ʚ ʦʢʨʝʩʪʥʦʩʪʠ 3 ʤʢʤ.  

ɺ ʨʘʙʦʪʝ 1999 ʛʦʜʘ [60] ʘʚʪʦʨʳ ʜʝʣʘʶʪ ʚʳʚʦʜ ʦ ʙʝʩʧʝʨʩʧʝʢʪʠʚʥʦʩʪʠ ʩʪʨʫʢʪʫʨ 

ʥʘ ʦʩʥʦʚʝ ʂʈʊ ʜʣʷ ʠʟʣʫʯʘʪʝʣʝʡ ʚ ʩʨʝʜʥʝʡ ʠ ʜʘʣʴʥʝʡ ʀʂ ʦʙʣʘʩʪʷʭ ʩʧʝʢʪʨʘ (ʚ 

ʩʨʘʚʥʝʥʠʠ ʩ ʙʳʩʪʨʦ ʨʘʟʚʠʚʘʶʱʠʤʠʩʷ ʚ ʪʝ ʛʦʜʳ ʂʂʃ), ʧʨʝʜʩʢʘʟʳʚʘʷ ʨʝʟʢʦʝ 

ʫʚʝʣʠʯʝʥʠʝ ʚʢʣʘʜʘ ʙʝʟʳʟʣʫʯʘʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ ʐʦʢʣʠ-ʈʠʜʘ-ʍʦʣʣʘ ʠ ʦʞʝ-

ʨʝʢʦʤʙʠʥʘʮʠʠ ʧʨʠ ʫʤʝʥʴʰʝʥʠʠ ʰʠʨʠʥʳ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ ʚ ʦʙʲʝʤʥʳʭ ʩʣʦʷʭ 

HgCdTe. ʆʜʥʘʢʦ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʘʥʥʳʝ ʧʨʝʜʧʦʣʦʞʝʥʠʷ ʦʩʥʦʚʳʚʘʣʠʩʴ ʥʘ 

ʦʮʝʥʢʘʭ ʪʝʤʧʦʚ ʙʝʟʳʟʣʫʯʘʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʨʘʤʢʘʭ ʤʦʜʝʣʠ ʧʘʨʘʙʦʣʠʯʝʩʢʦʛʦ 

ʟʘʢʦʥʘ ʜʠʩʧʝʨʩʠʠ ʠ ʜʣʷ ʩʪʨʫʢʪʫʨ ʩ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʦʩʪʘʪʦʯʥʦʡ 

ʧʨʠʤʝʩʠ ʠ ʜʝʬʝʢʪʦʚ. ʆʮʝʥʢʘ ʚʦʟʤʦʞʥʦʩʪʠ ʜʦʩʪʠʞʝʥʠʷ ʛʝʥʝʨʘʮʠʠ ʥʘ ʤʝʞʟʦʥʥʳʭ 

ʧʝʨʝʭʦʜʘʭ ʪʝʩʥʦ ʩʚʷʟʘʥʘ ʩ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʨʝʢʦʤʙʠʥʘʮʠʠ ʥʝʨʘʚʥʦʚʝʩʥʳʭ 

ʥʦʩʠʪʝʣʝʡ, ʪ.ʢ. ʟʥʘʥʠʝ ʚʨʝʤʝʥʠ ʞʠʟʥʠ ʥʦʩʠʪʝʣʝʡ ʧʦʟʚʦʣʷʶʪ ʦʮʝʥʠʪʴ ʠʥʪʝʥʩʠʚʥʦʩʪʴ 

ʥʘʢʘʯʢʠ, ʪʨʝʙʫʝʤʫʶ ʜʣʷ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʠʥʚʝʨʩʠʠ ʥʘʩʝʣʝʥʥʦʩʪʝʡ, ʘ ʪʘʢʞʝ ʦʮʝʥʠʪʴ 

ʜʦʩʪʠʞʠʤʫʶ ʢʚʘʥʪʦʚʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʟʣʫʯʝʥʠʷ. ɺʨʝʤʝʥʘ ʞʠʟʥʠ ʥʦʩʠʪʝʣʝʡ ʚ 

ʫʟʢʦʟʦʥʥʳʭ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʘʭ ʥʘ ʦʩʥʦʚʝ Hg1-xCdxTe ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʚ ʙʦʣʴʰʦʤ 

ʯʠʩʣʝ ʨʘʙʦʪ [113, 114, 115, 116, 117, 118] ʠʟ-ʟʘ ʣʠʜʠʨʫʶʱʝʡ ʨʦʣʠ HgCdTe ʢʘʢ 

ʤʘʪʝʨʠʘʣʘ ʜʣʷ ʀʂ ʬʦʪʦʧʨʠʝʤʥʠʢʦʚ, ʦʜʥʘʢʦ ʪʦʛʦ ʞʝ ʥʝʣʴʟʷ ʩʢʘʟʘʪʴ ʦ ʩʪʨʫʢʪʫʨʘʭ ʩ 

ʂʗ, ʦʩʦʙʝʥʥʦ ʩ ʰʠʨʠʥʦʡ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ ʤʝʥʝʝ 100 ʤʵɺ, ʛʜʝ ʧʨʦʮʝʩʩʳ 

ʤʝʞʟʦʥʥʦʡ ʨʝʢʦʤʙʠʥʘʮʠʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʙʳʣʠ ʠʟʫʯʝʥʳ.  
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1.3 ʄʝʭʘʥʠʟʤʳ ʨʝʢʦʤʙʠʥʘʮʠʠ ʠ ʚʨʝʤʝʥʘ ʞʠʟʥʠ ʥʦʩʠʪʝʣʝʡ ʚ ʤʘʪʝʨʠʘʣʘʭ ʥʘ 

ʦʩʥʦʚʝ HgCdTe 

ɺ ʨʘʙʦʪʘʭ ʧʦ ʤʝʞʟʦʥʥʦʡ ʨʝʢʦʤʙʠʥʘʮʠʠ ʵʣʝʢʪʨʦʥʦʚ ʠ ʜʳʨʦʢ ʚ 

ʧʦʣʧʨʦʚʦʜʥʠʢʘʭ ʩʣʝʜʫʶʱʠʝ ʤʝʭʘʥʠʟʤʳ ʩʯʠʪʘʶʪʩʷ ʦʩʥʦʚʥʳʤʠ: ʠʟʣʫʯʘʪʝʣʴʥʘʷ 

ʨʝʢʦʤʙʠʥʘʮʠʷ, ʦʞʝ-ʨʝʢʦʤʙʠʥʘʮʠʷ (ʫʜʘʨʥʘʷ ʨʝʢʦʤʙʠʥʘʮʠʷ) ʠ ʨʝʢʦʤʙʠʥʘʮʠʷ 

ʐʦʢʣʠ-ʈʠʜʘ-ʍʦʣʣʘ [115, 118] (ʭʦʪʷ ʚ ʥʘʠʙʦʣʝʝ ʫʟʢʦʟʦʥʥʳʭ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʘʭ 

ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ ʠ ʬʦʥʦʥʥʫʶ ʨʝʢʦʤʙʠʥʘʮʠʶ [119], ʘ ʪʘʢʞʝ ʨʝʢʦʤʙʠʥʘʮʠʶ ʩ 

ʠʩʧʫʩʢʘʥʠʝʤ ʧʣʘʟʤʦʥʘ [34]).  ʀʟʣʫʯʘʪʝʣʴʥʘʷ ʨʝʢʦʤʙʠʥʘʮʠʷ ï ʵʪʦ ʧʨʦʮʝʩʩ, ʧʨʠ 

ʢʦʪʦʨʦʤ ʵʥʝʨʛʠʷ, ʚʳʩʚʦʙʦʞʜʘʶʱʘʷʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʝʢʦʤʙʠʥʘʮʠʠ ʵʣʝʢʪʨʦʥʘ ʠ 

ʜʳʨʢʠ, ʧʝʨʝʜʘʝʪʩʷ ʬʦʪʦʥʫ. ʀʟ-ʟʘ ʫʯʘʩʪʠʷ ʜʚʫʭ ʥʦʩʠʪʝʣʝʡ (ʵʣʝʢʪʨʦʥʘ ʠ ʜʳʨʢʠ), ʪʝʤʧ 

ʠʟʣʫʯʘʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ ʧʨʷʤʦ ʧʨʦʧʦʨʮʠʦʥʘʣʝʥ ʚʪʦʨʦʡ ʩʪʝʧʝʥʠ ʥʝʨʘʚʥʦʚʝʩʥʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʠ. ɺʳʯʠʩʣʝʥʠʷ ʚʨʝʤʝʥʠ ʞʠʟʥʠ ʥʦʩʠʪʝʣʝʡ ʧʨʠ ʠʟʣʫʯʘʪʝʣʴʥʦʡ 

ʨʝʢʦʤʙʠʥʘʮʠʠ ʢʘʢ ʧʨʘʚʠʣʦ ʧʨʦʚʦʜʷʪʩʷ ʩ ʧʦʤʦʱʴʶ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ɺʘʥ ʈʫʩʙʨʝʢʦʤ 

ʠ ʐʦʢʣʠ [120] ʧʦʜʭʦʜʘ, ʚ ʨʘʤʢʘʭ ʢʦʪʦʨʦʛʦ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʠ 

ʨʝʢʦʤʙʠʥʘʮʠʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʟʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʦʛʣʦʱʝʥʠʷ Ŭ(hɜ) ʠ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ Ů(hɜ) ʦʪ ʯʘʩʪʦʪʳ, ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʦʣʫʯʝʥʥʳʝ 

ʪʝʦʨʝʪʠʯʝʩʢʠ ʠʣʠ ʠʟ ʵʢʩʧʝʨʠʤʝʥʪʘ: 
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(1.3.1) 

ʛʜʝ n0, p0 ï ʪʝʤʥʦʚʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʵʣʝʢʪʨʦʥʦʚ ʠ ʜʳʨʦʢ, ȹn ï ʥʝʨʘʚʥʦʚʝʩʥʘʷ 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʥʦʩʠʪʝʣʝʡ, ʩʦʟʜʘʚʘʝʤʘʷ ʩʚʝʪʦʤ. 

ʇʦʜʩʪʘʚʣʷʷ ʚ (1.3.1) ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʧʦʛʣʦʱʝʥʠʷ ʜʣʷ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ ʂʈʊ ʟʘʜʘʥʥʦʛʦ ʩʦʩʪʘʚʘ, ʢʘʢ ʵʪʦ ʩʜʝʣʘʥʦ, 

ʥʘʧʨʠʤʝʨ ʚ [121],  ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʚʳʨʘʞʝʥʠʝ, ʦʧʠʩʳʚʘʶʱʝʝ ʚʨʝʤʷ ʞʠʟʥʠ 

ʥʦʩʠʪʝʣʝʡ ʧʨʠ ʠʟʣʫʯʘʪʝʣʴʥʦʡ ʨʝʢʦʤʙʠʥʘʮʠʠ (1.3.2).  ʀʟ ʵʪʦʛʦ ʚʳʨʘʞʝʥʠʷ, ʚ 

ʯʘʩʪʥʦʩʪʠ, ʩʣʝʜʫʝʪ, ʯʪʦ ʚʝʨʦʷʪʥʦʩʪʴ ʠʟʣʫʯʘʪʝʣʴʥʦʡ ʨʝʢʦʤʙʠʥʘʮʠʠ ʫʙʳʚʘʝʪ ʩ 
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ʨʦʩʪʦʤ ʰʠʨʠʥʳ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ, ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʢʘʢ Eg ʚ ʩʪʝʧʝʥʠ ʙʣʠʟʢʦʡ ʢ 

ʤʠʥʫʩ ʝʜʠʥʠʮʝ (ʩ ʫʯʝʪʦʤ ʟʘʚʠʩʠʤʦʩʪʠ ʵʬʬʝʢʪʠʚʥʦʡ ʤʘʩʩʳ ʵʣʝʢʪʨʦʥʦʚ ʦʪ Eg): 
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(1.3.2) 

ʊʘʢʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʠ ʪʦʯʥʳʤʠ ʨʘʩʯʝʪʘʤʠ ʥʘ ʦʩʥʦʚʝ ʟʦʥʥʳʭ 

ʩʧʝʢʪʨʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʨʘʤʢʘʭ ʙʦʣʝʝ ʜʝʪʘʣʴʥʳʭ ʤʦʜʝʣʝʡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʧʨʠʙʣʠʞʝʥʠʝʤ ʵʬʬʝʢʪʠʚʥʦʡ ʤʘʩʩʳ [114, 115]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩ ʫʤʝʥʴʰʝʥʠʝʤ 

ʵʥʝʨʛʠʠ ʬʦʪʦʥʘ, ʨʦʞʜʘʶʱʝʛʦʩʷ ʧʨʠ ʤʝʞʟʦʥʥʦʡ ʨʝʢʦʤʙʠʥʘʮʠʠ, ʝʸ ʩʢʦʨʦʩʪʴ ʧʘʜʘʝʪ, 

ʠ ʚʩʣʝʜʩʪʠʝ ʵʪʦʛʦ ʚ ʫʟʢʦʟʦʥʥʳʭ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʘʭ HgCdTe ʚʢʣʘʜ ʠʟʣʫʯʘʪʝʣʴʥʦʛʦ 

ʧʨʦʮʝʩʩʘ ʚ ʦʙʱʫʶ ʚʝʨʦʷʪʥʦʩʪʴ ʨʝʢʦʤʙʠʥʘʮʠʠ ʵʣʝʢʪʨʦʥʘ ʠ ʜʳʨʢʠ ʩʯʠʪʘʝʪʩʷ ʤʘʣʳʤ 

[118], ʚ ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʠ ʥʝʚʳʩʦʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʚʦʙʦʜʥʳʭ ʥʦʩʠʪʝʣʝʡ.  

ɺʣʠʷʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʩʢʦʨʦʩʪʴ ʠʟʣʫʯʘʪʝʣʴʥʦʡ ʨʝʢʦʤʙʠʥʘʮʠʠ ʪʘʢʞʝ 

ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʠʩʭʦʜʷ ʠʟ ʬʦʨʤʫʣʳ (1.3.2), ʥʦ ʧʨʠ ʵʪʦʤ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ 

ʧʦʤʠʤʦ ʷʚʥʦ ʚʭʦʜʷʱʠʭ ʯʣʝʥʦʚ, ʪʝʤʧʝʨʘʪʫʨʘ ʪʘʢʞʝ ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ ʰʠʨʠʥʳ 

ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ ʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʦʩʠʪʝʣʝʡ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʵʬʬʝʢʪʠʚʥʳʭ 

ʤʘʩʩ ʵʣʝʢʪʨʦʥʦʚ ʠ ʜʳʨʦʢ. ɽʩʣʠ ʚ ʚʳʨʘʞʝʥʠʝ (1.3.2) ʧʦʜʩʪʘʚʠʪʴ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ 

ʟʥʘʯʝʥʠʷ ʜʣʷ Eg(T), me(T) ʠ mh(T), ʪʦ ʤʦʞʥʦ ʢʘʯʝʩʪʚʝʥʥʦ ʧʦʣʫʯʠʪʴ ʭʘʨʘʢʪʝʨ 

ʟʘʚʠʩʠʤʦʩʪʠ ʚʨʝʤʝʥʠ ʠʟʣʫʯʘʪʝʣʴʥʦʡ ʨʝʢʦʤʙʠʥʘʮʠʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ. ɼʣʷ 

ʫʟʢʦʟʦʥʥʳʭ ʵʧʠʪʘʢʩʠʘʣʴʥʳʭ ʧʣʝʥʦʢ ʂʈʊ ʪʠʧʠʯʝʥ ʵʣʝʢʪʨʦʥʥʳʡ ʪʠʧ ʦʩʪʘʪʦʯʥʦʛʦ 

ʣʝʛʠʨʦʚʘʥʠʷ. ʇʨʠ ʵʪʦʤ, ʪʘʢ ʢʘʢ ʵʬʬʝʢʪʠʚʥʘʷ ʤʘʩʩʘ ʵʣʝʢʪʨʦʥʦʚ ʤʘʣʘ, ʜʦʥʦʨʳ 

ʦʢʘʟʳʚʘʶʪʩʷ ʤʝʣʢʠʤʠ, ʠ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʢʦʥʮʝʥʪʨʘʮʠʷ ʥʦʩʠʪʝʣʝʡ ʚ ʰʠʨʦʢʦʤ 

ʜʠʘʧʘʟʦʥʝ (ʥʠʟʢʠʭ) ʪʝʤʧʝʨʘʪʫʨ ʦʩʪʘʝʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʠʟʤʝʥʥʦʡ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ 

ʚʨʝʤʷ ʞʠʟʥʠ ʥʦʩʠʪʝʣʝʡ ʧʨʠ ʠʟʣʫʯʘʪʝʣʴʥʦʡ ʨʝʢʦʤʙʠʥʘʮʠʠ ʩʣʘʙʦ (ʩʪʝʧʝʥʥʳʤ 

ʦʙʨʘʟʦʤ) ʟʘʚʠʩʠʪ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ, ʥʦ ʚ ʮʝʣʦʤ ʫʤʝʥʴʰʘʝʪʩʷ ʩ ʧʦʥʠʞʝʥʠʝʤ ʊ ʠʟ-ʟʘ 

ʫʚʝʣʠʯʝʥʠʷ ɺ(ʊ). ɺ ʦʙʣʘʩʪʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ, ʢʦʛʜʘ ʤʘʪʝʨʠʘʣ ʩʪʘʥʦʚʠʪʩʷ 

ʬʘʢʪʠʯʝʩʢʠ ʩʦʙʩʪʚʝʥʥʳʤ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʤ, ʚʨʝʤʷ ʠʟʣʫʯʘʪʝʣʴʥʦʡ ʨʝʢʦʤʙʠʥʘʮʠʠ 
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ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦ ʧʘʜʘʝʪ ʠʟ-ʟʘ ʫʚʝʣʠʯʠʚʘʶʱʝʡʩʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʦʩʠʪʝʣʝʡ. ʊʦʯʥʳʡ 

ʨʘʩʯʝʪ ʠʟ ʨʘʙʦʪʳ [115], ʨʝʟʫʣʴʪʘʪʳ ʢʦʪʦʨʦʛʦ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 1.2, 

ʧʦʜʪʚʝʨʞʜʘʝʪ ʩʧʨʘʚʝʜʣʠʚʦʩʪʴ ʪʘʢʦʡ ʢʘʨʪʠʥʳ.  

 

ʈʠʩʫʥʦʢ 1.2 - ʈʘʩʩʯʠʪʘʥʥʳʝ ʚʨʝʤʝʥʘ ʞʠʟʥʠ ʥʦʩʠʪʝʣʝʡ ʚ ʪʚʝʨʜʦʤ ʨʘʩʪʚʦʨʝ 

Hg0.776Cd0.224Te ʜʣʷ ʦʩʥʦʚʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʨʝʢʦʤʙʠʥʘʮʠʠ ʠʟ ʨʘʙʦʪʳ [115]. 

ʊʦʯʢʘʤʠ ʧʦʢʘʟʘʥʳ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʝʨʘʚʥʦʚʝʩʥʳʭ ʥʦʩʠʪʝʣʝʡ æn ʚʨʝʤʷ 

ʠʟʣʫʯʘʪʝʣʴʥʦʡ ʨʝʢʦʤʙʠʥʘʮʠʠ ʫʤʝʥʴʰʘʝʪʩʷ ʦʙʨʘʪʥʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ æn, ʠʟ ʯʝʛʦ, 

ʚ ʯʘʩʪʥʦʩʪʠ, ʩʣʝʜʫʝʪ, ʯʪʦ ʢʠʥʝʪʠʢʘ ʩʧʘʜʘ ʚʳʩʦʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʥʝʨʘʚʥʦʚʝʩʥʳʭ 

ʥʦʩʠʪʝʣʝʡ (ʪʦ ʝʩʪʴ æn ʢʘʢ ʬʫʥʢʮʠʷ ʚʨʝʤʝʥʠ t) ʟʘ ʩʯʝʪ ʤʝʞʟʦʥʥʳʭ ʠʟʣʫʯʘʪʝʣʴʥʳʭ 

ʧʨʦʮʝʩʩʦʚ ʥʘ ʥʘʯʘʣʴʥʦʤ ʫʯʘʩʪʢʝ ʭʦʨʦʰʦ ʦʧʠʩʳʚʘʝʪʩʷ ʛʠʧʝʨʙʦʣʠʯʝʩʢʠʤ ʟʘʢʦʥʦʤ 

[122]. ʉʢʘʟʘʥʥʦʝ ʩʧʨʘʚʝʜʣʠʚʦ, ʝʩʣʠ ʧʨʠ ʘʥʘʣʠʟʝ ʚʨʝʤʝʥʥʦʡ ʜʠʥʘʤʠʢʠ 

ʥʝʨʘʚʥʦʚʝʩʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʦʞʥʦ ʧʨʝʥʝʙʨʝʯʴ ʧʝʨʝʧʦʛʣʦʱʝʥʠʝʤ ʠʟʣʫʯʝʥʥʳʭ 

ʬʦʪʦʥʦʚ, ʘ ʪʘʢʞʝ ʵʬʬʝʢʪʘʤʠ, ʩʚʷʟʘʥʥʳʤʠ ʩ ʧʨʦʮʝʩʩʘʤʠ ʩʪʠʤʫʣʠʨʦʚʘʥʥʦʛʦ 
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ʠʟʣʫʯʝʥʠʷ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʠ ʪʦʪ, ʠ ʜʨʫʛʦʡ ʧʨʦʮʝʩʩ ʤʦʛʫʪ ʚʣʠʷʪʴ ʥʘ ʥʘʙʣʶʜʘʝʤʦʝ ʚ 

ʵʢʩʧʝʨʠʤʝʥʪʝ ʚʨʝʤʷ ʞʠʟʥʠ ʥʦʩʠʪʝʣʝʡ ʧʨʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʫʩʣʦʚʠʷʭ [118, 122, 

123].  

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

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʡ ʟʘʭʚʘʪ ʵʣʝʢʪʨʦʥʘ ʠ ʜʳʨʢʠ ʥʘ ʦʜʥʦ ʠ ʪʦ ʞʝ 

ʣʦʢʘʣʠʟʦʚʘʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʚ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʝ ʧʦʣʫʧʨʦʚʦʜʥʠʢʘ. ɺ ʤʦʜʝʣʠ ʐʦʢʣʠ 

ʠ ʈʠʜʘ [121, 122], ʚ ʨʘʤʢʘʭ ʢʦʪʦʨʦʡ ʦʙʳʯʥʦ ʚʳʯʠʩʣʷʝʪʩʷ ʚʨʝʤʷ ʞʠʟʥʠ ʧʨʠ 

ʨʝʢʦʤʙʠʥʘʮʠʠ ʯʝʨʝʟ ʫʨʦʚʥʠ ʚ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʝ, ʯʠʩʣʦ ʣʦʚʫʰʝʢ ʧʨʠʥʠʤʘʝʪʩʷ 

ʥʝʙʦʣʴʰʠʤ ʩ ʪʝʤ, ʯʪʦʙʳ ʤʦʞʥʦ ʙʳʣʦ ʚʚʝʩʪʠ ʝʜʠʥʦʝ ʚʨʝʤʷ ʞʠʟʥʠ ʵʣʝʢʪʨʦʥ-

ʜʳʨʦʯʥʦʡ ʧʘʨʳ. ɼʣʷ ʜʘʥʥʦʛʦ ʚʨʝʤʝʥʠ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʩʣʝʜʫʶʱʝʝ ʚʳʨʘʞʝʥʠʝ 

 †
† ὴ ὴ ῳὲ

ὲ  ὴ  ῳὲ 

† ὲ ὲ ῳὲ

ὲ  ὴ  ῳὲ
 (1.3.3) 

ʛʜʝ ὲ ὔὩὼὴ
  

ȟὴ ὔὩὼὴ
    

 ï ʩʨʝʜʥʠʝ  ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʦʩʠʪʝʣʝʡ ʧʨʠ 

ʫʨʦʚʥʝ ʌʝʨʤʠ, ʨʘʩʧʦʣʦʞʝʥʥʦʤ ʥʘ ʩʦʩʪʦʷʥʠʠ ʣʦʚʫʰʝʢ, ʘ † ȟ†  ï 

ʧʦʩʪʦʷʥʥʳʝ ʚʨʝʤʝʥʠ ʟʘʭʚʘʪʘ ʵʣʝʢʪʨʦʥʦʚ/ʜʳʨʦʢ ʥʘ ʧʨʠʤʝʩʥʳʝ ʩʦʩʪʦʷʥʠʷ. 

ʇʦʩʢʦʣʴʢʫ ʜʘʥʥʳʝ ʩʦʩʪʦʷʥʠʷ, ʢʘʢ ʧʨʘʚʠʣʦ, ʦʙʫʩʣʦʚʣʝʥʳ ʜʝʬʝʢʪʘʤʠ ʠ 

ʧʨʠʤʝʩʷʤʠ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʝ ʤʘʪʝʨʠʘʣʘ, ʚʢʣʘʜ ʤʝʭʘʥʠʟʤʘ 

ʨʝʢʦʤʙʠʥʘʮʠʠ ʐʈʍ ʚ ʦʙʱʝʝ ʚʨʝʤʷ ʞʠʟʥʠ ʤʦʞʝʪ ʙʳʪʴ ʠʩʢʣʶʯʝʥ ʩ ʫʣʫʯʰʝʥʠʝʤ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʩʦʚʝʨʰʝʥʩʪʚʘ ʠ ʯʠʩʪʦʪʳ ʤʘʪʝʨʠʘʣʘ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʢʘʥʘʣ 

ʨʝʢʦʤʙʠʥʘʮʠʠ ʐʈʍ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʢʦʣʠʯʝʩʪʚʦʤ ʣʦʚʫʰʝʢ ʚ ʠʩʩʣʝʜʫʝʤʦʤ 

ʤʘʪʝʨʠʘʣʝ, ʠʟ-ʟʘ ʯʝʛʦ ʚʨʝʤʷ ʨʝʢʦʤʙʠʥʘʮʠʠ ʧʦ ʤʝʭʘʥʠʟʤʫ ʐʈʍ ʩʪʨʝʤʠʪʩʷ ʢ 

ʢʦʥʝʯʥʦʡ ʚʝʣʠʯʠʥʝ, ʝʩʣʠ ʥʝʨʘʚʥʦʚʝʩʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ æn ʜʦʩʪʘʪʦʯʥʦ ʚʝʣʠʢʘ 

 †¤ †   †  (1.3.4) 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʥʘʩʳʱʝʥʠʝ ʨʝʢʦʤʙʠʥʘʮʠʠ ʯʝʨʝʟ ʫʨʦʚʥʠ ʣʦʚʫʰʝʢ 

ʥʘʙʣʶʜʘʣʦʩʴ ʚ ɸ3ɺ5 ʤʘʪʝʨʠʘʣʘʭ, ʥʘʧʨʠʤʝʨ ʚ ʨʘʙʦʪʝ [124]. ʂʦʩʚʝʥʥʳʝ ʧʨʠʟʥʘʢʠ 

çʟʘʤʝʜʣʝʥʠʷè ʨʝʢʦʤʙʠʥʘʮʠʠ ʧʦ ʤʝʭʘʥʠʟʤʫ ʐʈʍ, ʦʙʫʩʣʦʚʣʝʥʥʦʛʦ ʥʘʩʳʱʝʥʠʝʤ 
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ʮʝʥʪʨʦʚ ʙʝʟʳʟʣʫʯʘʪʝʣʴʥʦʡ ʨʝʢʦʤʙʠʥʘʮʠʠ ʧʨʠ ʚʳʩʦʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʦʩʠʪʝʣʝʡ, 

ʥʘʙʣʶʜʘʣʠʩʴ ʚ ʂʗ ʥʘ ʦʩʥʦʚʝ HgCdTe ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʌʃ ʚ ʘʚʪʦʨʩʢʦʡ ʨʘʙʦʪʝ 

[ɸ13]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʐʈʍ ʤʦʞʝʪ ʙʳʪʴ ʦʩʥʦʚʥʳʤ ʤʝʭʘʥʠʟʤʦʤ, 

ʦʪʚʝʯʘʶʱʠʤ ʟʘ ʥʘʙʣʶʜʘʝʤʦʝ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ ʚʨʝʤʷ ʞʠʟʥʠ ʧʨʠ ʫʩʣʦʚʠʷʭ ʙʣʠʟʢʠʭ ʢ 

ʨʘʚʥʦʚʝʩʥʳʤ (ʢʘʢ ʵʪʦ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 1.2), ʪ.ʝ. ʧʨʠ ʤʘʣʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʥʝʨʘʚʥʦʚʝʩʥʳʭ ʥʦʩʠʪʝʣʝʡ, ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʥʝʨʘʚʥʦʚʝʩʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʝʛʦ ʨʦʣʴ 

ʫʤʝʥʴʰʘʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʠʟʣʫʯʘʪʝʣʴʥʦʡ ʠ ʦʞʝ-ʨʝʢʦʤʙʠʥʘʮʠʠ. 

ʇʨʠ ʚʳʩʦʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʥʝʨʘʚʥʦʚʝʩʥʳʭ ʥʦʩʠʪʝʣʝʡ, ʧʨʘʢʪʠʯʝʩʢʠ 

ʥʝʠʟʙʝʞʥʳʭ ʚ ʩʣʫʯʘʝ ʣʘʟʝʨʥʳʭ ʩʪʨʫʢʪʫʨ, ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʤ ʙʝʟʳʟʣʫʯʘʪʝʣʴʥʳʤ 

ʧʨʦʮʝʩʩʦʤ ʩʯʠʪʘʝʪʩʷ ʦʞʝ-ʨʝʢʦʤʙʠʥʘʮʠʷ (ʢʦʪʦʨʫʶ ʪʘʢʞʝ ʥʘʟʳʚʘʶʪ ʫʜʘʨʥʦʡ 

ʨʝʢʦʤʙʠʥʘʮʠʝʡ, ʧʦʩʢʦʣʴʢʫ ʦʥʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʨʦʮʝʩʩ, ʦʙʨʘʪʥʳʡ ʫʜʘʨʥʦʡ 

ʠʦʥʠʟʘʮʠʠ ʥʦʩʠʪʝʣʝʡ ʧʨʠ ʤʝʞʟʦʥʥʦʤ ʧʨʦʙʦʝ). ɺ ʦʞʝ-ʧʨʦʮʝʩʩʝ ʵʥʝʨʛʠʷ 

ʨʝʢʦʤʙʠʥʘʮʠʠ ʵʣʝʢʪʨʦʥ-ʜʳʨʦʯʥʦʡ ʧʘʨʳ ʧʝʨʝʜʘʝʪʩʷ ʪʨʝʪʴʝʤʫ ʥʦʩʠʪʝʣʶ. 

ʇʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʦʙʲʝʤʥʳʤ ʤʘʪʝʨʠʘʣʘʤ, ʨʘʟʣʠʯʥʳʤ ʢʦʤʙʠʥʘʮʠʷʤ ʫʯʘʩʪʚʫʶʱʠʭ ʚ 

ʵʪʦʤ ʧʨʦʮʝʩʩʝ ʥʦʩʠʪʝʣʝʡ (ʵʣʝʢʪʨʦʥ, ʪʷʞʝʣʘʷ ʠ ʣʝʛʢʘʷ ʜʳʨʢʠ) ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʜʝʩʷʪʴ 

ʧʦʜʪʠʧʦʚ ʦʞʝ-ʨʝʢʦʤʙʠʥʘʮʠʠ [121] (ʈʠʩʫʥʦʢ 1.3).  
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ʈʠʩʫʥʦʢ 1.3 - ʉʭʝʤʘʪʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʨʘʟʣʠʯʥʳʭ ʧʦʜʪʠʧʦʚ ʧʨʦʮʝʩʩʘ 

ʦʞʝ-ʨʝʢʦʤʙʠʥʘʮʠʠ, ʚʦʟʤʦʞʥʳʭ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʵʣʝʢʪʨʦʥʦʚ, ʣʝʛʢʠʭ ʠ 

ʪʷʞʝʣʳʭ ʜʳʨʦʢ [121] 

ʊʝʤʧ ʦʞʝ-ʨʝʢʦʤʙʠʥʘʮʠʠ ʧʨʦʧʦʨʮʠʦʥʘʣʝʥ ʪʨʝʪʴʝʡ ʩʪʝʧʝʥʠ ʥʝʨʘʚʥʦʚʝʩʥʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʠ æn ʠʟ-ʟʘ ʪʦʛʦ, ʯʪʦ ʚ ʧʨʦʮʝʩʩʝ ʧʨʠʥʠʤʘʶʪ ʫʯʘʩʪʠʝ ʪʨʠ ʥʦʩʠʪʝʣʷ 

ʟʘʨʷʜʘ. ɼʣʷ ʠʥʪʝʥʩʠʚʥʦʡ ʦʧʪʠʯʝʩʢʦʡ ʥʘʢʘʯʢʠ æn = æp, ʠ ʧʨʠ ʵʪʦʤ æn ʤʥʦʛʦ ʙʦʣʴʰʝ 

ʨʘʚʥʦʚʝʩʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʵʣʝʢʪʨʦʥʦʚ ʠ ʜʳʨʦʢ, ʠ ʠʟ-ʟʘ ʙʦʣʝʝ ʩʠʣʴʥʦʡ ʩʪʝʧʝʥʥʦʡ 

ʟʘʚʠʩʠʤʦʩʪʠ ʪʝʤʧ ʦʞʝ-ʨʝʢʦʤʙʠʥʘʮʠʠ ʧʨʝʚʦʩʭʦʜʠʪ ʪʝʤʧ ʠʟʣʫʯʘʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ. 

ʊʝʤ ʥʝ ʤʝʥʝʝ, ʟʘʢʦʥʳ ʩʦʭʨʘʥʝʥʠʷ ʵʥʝʨʛʠʠ ʠ ʢʚʘʟʠʠʤʧʫʣʴʩʘ ʧʨʠ ʦʞʝ-ʧʨʦʮʝʩʩʝ 

ʥʘʢʣʘʜʳʚʘʶʪ ʦʧʨʝʜʝʣʝʥʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ ʥʘʯʘʣʴʥʳʝ ʩʦʩʪʦʷʥʠʷ 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʯʘʩʪʠʮ. ɼʣʷ ʦʞʝ-ʧʨʦʮʝʩʩʘ ʢʘʞʜʦʛʦ ʪʠʧʘ ʤʦʞʥʦ ʚʚʝʩʪʠ ʪʘʢ 

ʥʘʟʳʚʘʝʤʫʶ ʧʦʨʦʛʦʚʫʶ ʵʥʝʨʛʠʶ, ʦʧʨʝʜʝʣʷʝʤʫʶ ʢʘʢ ʤʠʥʠʤʫʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ 

ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʪʨʝʭ ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʘ ʚ ʥʘʯʘʣʴʥʦʤ ʩʦʩʪʦʷʥʠʠ, ʧʨʠ ʢʦʪʦʨʦʤ 

ʧʝʨʝʭʦʜʳ ʵʣʝʢʪʨʦʥʦʚ ʠ ʜʳʨʦʢ ʧʨʠ ʦʞʝ-ʨʝʢʦʤʙʠʥʘʮʠʠ ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʟʘʢʦʥʘʤ 

ʩʦʭʨʘʥʝʥʠʷ. ɺ ʧʨʦʩʪʝʡʰʝʤ ʩʣʫʯʘʝ ʦʙʲʝʤʥʦʛʦ ʧʦʣʫʧʨʦʚʦʜʥʠʢʘ ʩ ʧʘʨʘʙʦʣʠʯʝʩʢʠʤʠ 

ʟʘʢʦʥʘʤʠ ʜʠʩʧʝʨʩʠʠ ʚʝʣʠʯʠʥʫ ʧʦʨʦʛʘ ʦʞʝ-ʨʝʢʦʤʙʠʥʘʮʠʠ ʣʝʛʢʦ ʦʮʝʥʠʪʴ (ʩʤ. ʨʠʩ. 

1.4). ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʥʦʩʠʪʝʣʴ ʟʘʨʷʜʘ ʩ ʵʬʬʝʢʪʠʚʥʦʡ ʤʘʩʩʦʡ m1, ʢʦʪʦʨʦʤʫ 
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ʧʝʨʝʜʘʝʪʩʷ ʚʳʜʝʣʠʚʰʠʝʩʷ ʧʨʠ ʨʝʢʦʤʙʠʥʘʮʠʠ ʵʥʝʨʛʠʷ (ʧʦʨʷʜʢʘ Eg), ʥʝʠʟʙʝʞʥʦ 

ʧʨʠʦʙʨʝʪʘʝʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʦʣʴʰʦʡ ʢʚʘʟʠʠʤʧʫʣʴʩ Ὧͯ ςάὉ. ɺ ʩʠʣʫ ʟʘʢʦʥʦʚ 

ʩʦʭʨʘʥʝʥʠʷ ʥʘʯʘʣʴʥʘʷ ʩʠʩʪʝʤʘ ʠʟ 3 ʯʘʩʪʠʮ ʜʦʣʞʥʘ ʦʙʣʘʜʘʪʴ ʨʘʚʥʳʤ 

ʢʚʘʟʠʠʤʧʫʣʴʩʦʤ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʥʘʯʘʣʴʥʦʡ çʢʠʥʝʪʠʯʝʩʢʦʡè ʵʥʝʨʛʠʠ, 

ʦʛʨʘʥʠʯʝʥʥʦʡ ʩʥʠʟʫ. ʄʠʥʠʤʫʤ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʜʦʩʪʠʛʘʝʪʩʷ, ʝʩʣʠ ʦʩʥʦʚʥʫʶ 

ʯʘʩʪʴ ʢʚʘʟʠʠʤʧʫʣʴʩʘ ʚ ʥʘʯʘʣʴʥʦʤ ʩʦʩʪʦʷʥʠʠ ʩʦʦʙʱʠʪʴ ʥʘʠʙʦʣʝʝ ʪʷʞʝʣʦʤʫ 

ʥʦʩʠʪʝʣʶ. ʆʙʦʟʥʘʯʘʷ ʤʘʩʩʫ çʪʷʞʝʣʦʛʦè ʥʦʩʠʪʝʣʷ m2, ʚ ʧʨʝʜʝʣʝ m2 >> m1  ʧʦʣʫʯʘʝʤ, 

ʯʪʦ ʥʘʯʘʣʴʥʘʷ ʢʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʯʘʩʪʠʮ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʤʝʥʴʰʝ ʧʦʨʦʛʦʚʦʛʦ 

ʟʥʘʯʝʥʠʷ Ὁ  ͯ ‘Ὁ, ʛʜʝ Õ = m1/m2 << 1. ʊʦʯʥʦʝ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʚʝʣʠʯʠʥʳ 

ʧʦʨʦʛʦʚʦʡ ʵʥʝʨʛʠʠ ʚ ʤʦʜʝʣʠ ʧʘʨʘʙʦʣʠʯʝʩʢʠʭ ʟʦʥ ʧʨʠʚʝʜʝʥʦ ʚ [125] 

 Ὁ
ά

ά ά
Ὁ (1.3.5) 

ʇʨʠʙʣʠʞʝʥʠʝ m1 <<  m2 ʭʦʨʦʰʦ ʚʳʧʦʣʥʷʝʪʩʷ ʚ ʦʙʲʝʤʥʳʭ ʩʣʦʷʭ HgCdTe ʧʨʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ, ʚ ʨʘʤʢʘʭ ʦʞʝ-ʨʝʢʦʤʙʠʥʘʮʠʠ, ʵʣʝʢʪʨʦʥʦʚ ʩ ʪʷʞʝʣʳʤʠ ʜʳʨʢʘʤʠ. ʇʦ 

ʵʪʦʡ ʧʨʠʯʠʥʝ ʚ ʤʘʪʝʨʠʘʣʘʭ n-ʪʠʧʘ ʧʨʝʦʙʣʘʜʘʝʪ CCH-C-ʨʝʢʦʤʙʠʥʘʮʠʷ (AM-1, 

ʨʠʩʫʥʦʢ 1.4), ʚ ʢʦʪʦʨʦʤ ʧʨʠʥʠʤʘʶʪ ʫʯʘʩʪʠʝ ʜʚʘ ʵʣʝʢʪʨʦʥʘ ʠ ʪʷʞʝʣʘʷ ʜʳʨʢʘ, ʪ.ʢ. 

ʧʦʨʦʛʦʚʘʷ ʵʥʝʨʛʠʷ ʜʣʷ ʥʝʛʦ ʦʢʘʟʳʚʘʝʪʩʷ ʤʠʥʠʤʘʣʴʥʦʡ.  ɺʩʝ ʦʞʝ-ʧʨʦʮʝʩʩʳ ʩ 

ʫʯʘʩʪʠʝʤ ʣʝʛʢʠʭ ʜʳʨʦʢ, ʢʘʢ ʧʨʘʚʠʣʦ, ʠʤʝʶʪ ʙʦʣʝʝ ʥʠʟʢʫʶ ʚʝʨʦʷʪʥʦʩʪʴ ʠʟ-ʟʘ ʤʘʣʦʡ 

ʜʦʣʠ ʣʝʛʢʠʭ ʜʳʨʦʢ ʦʪ ʠʭ ʦʙʱʝʛʦ ʯʠʩʣʘ. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʦʮʝʩʩʳ ɸʄ-2 ʠ ɸʄ-6 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʚʳʩʦʢʦʡ ʧʦʨʦʛʦʚʦʡ ʵʥʝʨʛʠʝʡ (ʪʘʢ ʢʘʢ ʵʬʬʝʢʪʠʚʥʳʝ ʤʘʩʩʳ ʣʝʛʢʠʭ 

ʜʳʨʦʢ ʠ ʵʣʝʢʪʨʦʥʦʚ ʙʣʠʟʢʠ).  
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ʈʠʩʫʥʦʢ 1.4 - ʉʭʝʤʘ ʦʞʝ-ʧʨʦʮʝʩʩʘ ʩ ʫʯʘʩʪʠʝʤ ʜʚʫʭ ʵʣʝʢʪʨʦʥʦʚ ʠ ʜʳʨʢʠ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʟ ʦʩʪʘʚʰʠʭʩʷ ʦʞʝ-ʧʨʦʮʝʩʩʦʚ ʚ ʣʠʪʝʨʘʪʫʨʝ ʥʘʠʙʦʣʝʝ 

ʚʘʞʥʳʤʠ ʥʘʟʳʚʘʶʪ AM-3 ʠ ɸʄ-7, ʢʦʪʦʨʳʝ ʚʘʞʥʳ ʚ Hg1-xCdxTe ʨ-ʪʠʧʘ. ʀʟ-ʟʘ 

ʙʦʣʴʰʦʡ ʵʬʬʝʢʪʠʚʥʦʡ ʤʘʩʩʳ ʜʳʨʢʠ ʧʨʦʮʝʩʩ ʠʤʝʝʪ ʚʳʩʦʢʫʶ ʧʦʨʦʛʦʚʫʶ ʵʥʝʨʛʠʶ  

~ Eg ʠ ʠʛʨʘʝʪ ʩʫʱʝʩʪʚʝʥʥʫʶ ʨʦʣʴ ʪʦʣʴʢʦ ʧʨʠ ʙʦʣʴʰʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʜʳʨʦʢ. 

ʇʨʦʮʝʩʩ AM-7 ʠʤʝʝʪ ʧʦʨʦʛʦʚʫʶ ʵʥʝʨʛʠʶ ʙʣʠʟʢʫʶ ʢ ʧʨʦʮʝʩʩʫ ɸʄ-1, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʚ ʧʝʨʚʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʩʯʠʪʘʪʴ ʚʨʝʤʝʥʘ ʨʝʢʦʤʙʠʥʘʮʠʠ ʧʦ ʤʝʭʘʥʠʟʤʘʤ AM-3 ʠ ɸʄ-

7 ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳʤʠ ʩ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ɔ, ʢʦʪʦʨʳʡ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʣʦʚʠʡ 

ʚʘʨʴʠʨʫʝʪʩʷ ʦʪ 0.1 ʜʦ 6 [121]. 

ʅʘʣʠʯʠʝ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʧʦʨʦʛʘ ʦʞʝ-ʨʝʢʦʤʙʠʥʘʮʠʠ ʩʫʱʝʩʪʚʝʥʥʦ 

ʦʛʨʘʥʠʯʠʚʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʜʘʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʜʘʞʝ ʚ ʫʟʢʦʟʦʥʥʳʭ ʤʘʪʝʨʠʘʣʘʭ. ɺ 

ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʤʦʞʥʦ ʧʨʠʚʝʩʪʠ ʪʚʝʨʜʳʝ ʨʘʩʪʚʦʨʳ PbSnTe(Se). çɿʝʨʢʘʣʴʥʦʩʪʴè 

ʟʘʢʦʥʦʚ ʜʠʩʧʝʨʩʠʠ ɻ ʣʝʢʪʨʦʥʦʚ ʠ ʜʳʨʦʢ ʧʨʠʚʦʜʠʪ ʢ ʧʦʜʘʚʣʝʥʠʶ ʦʞʝ-ʨʝʢʦʤʙʠʥʘʮʠʠ 

ʚ ʵʪʠʭ ʤʘʪʝʨʠʘʣʘʭ, ʥʝʩʤʦʪʨʷ ʥʘ ʭʘʨʘʢʪʝʨʥʳʡ ʜʣʷ ʥʠʭ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʦʩʪʘʪʦʯʥʦʛʦ 
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ʣʝʛʠʨʦʚʘʥʠʷ [34]. ʆʜʥʘʢʦ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʫʟʢʦʟʦʥʥʳʭ ʧʦʣʫʧʨʦʚʦʜʥʠʢʘʭ 

ʟʘʢʦʥ ʜʠʩʧʝʨʩʠʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʟʥʘʯʠʪʝʣʴʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʧʘʨʘʙʦʣʠʯʝʩʢʦʛʦ, ʯʪʦ 

ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʠʟʤʝʥʝʥʠʶ ʧʦʨʦʛʘ ʦʞʝ-ʨʝʢʦʤʙʠʥʘʮʠʠ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩʦ ʟʥʘʯʝʥʠʝʤ, ʧʨʝʜʩʢʘʟʳʚʘʝʤʳʤ ʚ ʧʨʠʙʣʠʞʝʥʠʠ ʧʦʩʪʦʷʥʥʳʭ 

ʵʬʬʝʢʪʠʚʥʳʭ ʤʘʩʩ [126]. ɺ ʯʘʩʪʥʦʩʪʠ, ʧʨʠ ʨʝʣʷʪʠʚʠʩʪʩʢʦʤ ʜʠʨʘʢʦʚʩʢʦʤ ʟʘʢʦʥʝ 

ʜʠʩʧʝʨʩʠʠ ʩ ʥʝʥʫʣʝʚʦʡ ʤʘʩʩʦʡ ʧʦʢʦʷ ʚʳʧʦʣʥʠʪʴ ʟʘʢʦʥʳ ʩʦʭʨʘʥʝʥʠʷ ʵʥʝʨʛʠʠ ʠ 

ʠʤʧʫʣʴʩʘ ʧʨʠ ʦʞʝ-ʧʨʦʮʝʩʩʝ ʥʝ ʫʜʘʝʪʩʷ, ʧʦʪɻʦʤʫ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʧʦʨʦʛ ʦʞʝ-

ʨʝʢʦʤʙʠʥʘʮʠʠ ʩʪʘʥʦʚʠʪʩʷ ʙʝʩʢʦʥʝʯʥʳʤ [119]. ɺ ʤʘʪʝʨʠʘʣʘʭ ʩ ʩʠʣʴʥʦʡ 

ʥʝʧʨʘʙʦʣʠʯʥʦʩʪʴʶ ʟʘʢʦʥʦʚ ʜʠʩʧʝʨʩʠʠ, ʚʝʣʠʯʠʥʫ ʧʦʨʦʛʦʚʦʡ ʵʥʝʨʛʠʠ ʦʞʝ-

ʨʝʢʦʤʙʠʥʘʮʠʠ ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʷʪʴ ʛʨʘʬʠʯʝʩʢʠʤʠ [125] ʠʣʠ ʯʠʩʣʝʥʥʳʤʠ 

ʤʝʪʦʜʘʤʠ. 

ʇʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʞʝ-ʨʝʢʦʤʙʠʥʘʮʠʠ ʧʦʤʠʤʦ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʧʦʨʦʛʘ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʥʠʤʘʪʴ ʚʦ ʚʥʠʤʘʥʠʝ ʠ ʤʘʪʨʠʯʥʳʝ 

ʵʣʝʤʝʥʪ r ʧʝʨʝʭʦʜʦʚ ʥʦʩʠʪʝʣʝʡ, ʧʨʠʥʠʤʘʶʱʠʭ ʫʯʘʩʪʠʝ ʚ ʦʞʝ-ʧʨʦʮʝʩʩʝ. ɺ 

ʧʠʦʥʝʨʩʢʦʡ ʨʘʙʦʪʝ ɹʠʪʪʠ ʠ ʃʘʥʜʩʙʝʨʛʘ [127] ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʚʳʨʘʞʝʥʠʝ ʜʣʷ 

ʚʨʝʤʝʥʠ ʞʠʟʥʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʞʝ-ʨʝʢʦʤʙʠʥʘʮʠʠ. 

 †̨̇̆
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ɿʜʝʩʴ ʙʦʣʴʫhʶ ʯʘʩʪʴ ʧʘʨʘʤʝʪʨʦʚ ʦʢʘʟʳʚʘʝʪʩʷ ʚʦʟʤʦʞʥʳʤ ʥʝʟʘʚʠʩʠʤʦ 

ʦʧʨʝʜʝʣʠʪʴ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʧʫʪʝʤ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʠʥʪʝʛʨʘʣ ʧʝʨʝʢʨʳʪʠʷ 

ʙʣʦʭʦʚʩʢʠʭ ʬʫʥʢʮʠʡ ȿὊὊȿ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʥʦʩʠʪʝʣʝʡ, ʘ ʪʘʢʞʝ 

ʙʝʟʨʘʟʤʝʨʥʳʡ ʠʥʪʝʛʨʘʣ ὐ, ʦʧʠʩʳʚʘʶʱʠʡ ʵʢʨʘʥʠʨʦʚʢʫ ʢʫʣʦʥʦʚʩʢʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʯʘʩʪʠʮʘʤʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʘʢ ʢʦʥʩʪʘʥʪʳ 

ʠʣʠ ʧʦʜʛʦʥʦʯʥʳʝ ʧʘʨʘʤʝʪʨʳ. ʅʝʩʤʦʪʨʷ ʥʘ ʦʛʨʦʤʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʙʦʪ, 

ʠʩʧʦʣʴʟʫʶʱʠʭ ʪʘʢʦʡ ʧʦʜʭʦʜ, ʦʥ ʥʝʦʜʥʦʢʨʘʪʥʦ ʧʦʜʚʝʨʛʘʣʩʷ ʢʨʠʪʠʢʝ [128, 126] ʠ ʚ 
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ʨʘʙʦʪʝ [115] ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦ ʥʝʟʘʚʠʩʠʤʦʩʪʠ ʠʥʪʝʛʨʘʣʘ ʧʝʨʝʢʨʳʪʠʷ 

ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʩʦʩʪʘʚʘ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ ʬʘʢʪʠʯʝʩʢʠ ʥʝ ʩʦʩʪʦʷʪʝʣʴʥʦ, ʘ ʫʯʝʪ 

ʵʢʨʘʥʠʨʦʚʢʠ ʚ ʨʘʩʯʝʪʘʭ ʨʘʜʠʢʘʣʴʥʦ ʠʟʤʝʥʷʝʪ ʚʨʝʤʷ ʦʞʝ-ʨʝʢʦʤʙʠʥʘʮʠʠ [118].  

ʊʨʫʜʥʦʩʪʴ ʚ ʪʦʯʥʦʤ ʚʳʯʠʩʣʝʥʠʠ ʚʨʝʤʝʥʠ ʦʞʝ-ʨʝʢʦʤʙʠʥʘʮʠʠ ʩʚʷʟʘʥʘ ʠ ʩ ʪʝʤ, 

ʯʪʦ ʫʯʘʩʪʚʫʶʱʠʝ ʚ ʦʞʝ-ʧʨʦʮʝʩʩʝ ʯʘʩʪʠʮʳ ʥʘʭʦʜʷʪʩʷ ʜʘʣʝʢʦ ʦʪ ʵʢʩʪʨʝʤʫʤʦʚ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʟʦʥ, ʯʪʦ ʥʘʢʣʘʜʳʚʘʝʪ ʩʝʨʴʝʟʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʥʘ ʪʦʯʥʦʩʪʴ 

ʚʳʯʠʩʣʝʥʠʷ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʩʧʝʢʪʨʦʚ ʠ ʚʦʣʥʦʚʳʭ ʬʫʥʢʮʠʡ ʥʦʩʠʪʝʣʝʡ. ɺ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʥʘʙʣʶʜʘʝʪʩʷ ʥʝʢʦʪʦʨʘʷ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ ʚ ʵʪʦʤ ʦʪʥʦʰʝʥʠʠ [97]: ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʩʧʦʣʴʟʫʝʤʦʡ ʤʦʜʝʣʠ ʜʣʷ ʨʘʩʯʝʪʘ ʟʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʚ Hg1-xCdxTe ʩ 

ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʢʘʜʤʠʷ ʭ ~ 0.2 ʚʨʝʤʷ ʞʠʟʥʠ ʥʦʩʠʪʝʣʝʡ ʤʦʞʝʪ ʙʳʪʴ ʢʘʢ ʦʛʨʘʥʠʯʝʥʦ 

ʦʞʝ-ʧʨʦʮʝʩʩʘʤʠ, ʪʘʢ ʠ ʦʧʨʝʜʝʣʷʪʴʩʷ ʪʝʭʥʦʣʦʛʠʝʡ ʨʦʩʪʘ ʠ ʩʪʝʧʝʥʴʶ ʣʝʛʠʨʦʚʘʥʠʷ 

ʤʘʪʝʨʠʘʣʘ, ʪ.ʝ. ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʨʝ ʟʘʚʠʩʝʪʴ ʦʪ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʤʝʭʘʥʠʟʤʘ 

ʨʝʢʦʤʙʠʥʘʮʠʠ ʐʦʢʣʠ-ʈʠʜʘ-ʍʦʣʣʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʢʦʥʯʘʪʝʣʴʥʳʡ ʚʳʚʦʜ ʤʦʞʝʪ 

ʙʳʪʴ ʩʜʝʣʘʥ ʪʦʣʴʢʦ ʧʦʩʣʝ ʜʝʪʘʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ.  

ɺʦʧʨʦʩ ʦ ʪʝʤʧʘʭ ʨʘʟʣʠʯʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʨʝʢʦʤʙʠʥʘʮʠʠ ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʘ ʚ 

Hg1-xCdxTe/Cd1-yHgyTe ʩʪʨʫʢʪʫʨʘʭ ʩ ʂʗ ʝʱʝ ʙʦʣʝʝ ʩʣʦʞʝʥ. ʂʘʢ ʫʞʝ ʙʳʣʦ ʩʢʘʟʘʥʦ, ʚ 

ʫʟʢʦʟʦʥʥʳʭ ʪʨʦʡʥʳʭ ʨʘʩʪʚʦʨʘʭ Hg1-xCdxTe ʵʬʬʝʢʪʠʚʥʳʝ ʤʘʩʩ r ʵʣʝʢʪʨʦʥʦʚ ʠ 

ʪʷʞʝʣʳʭ ʜʳʨʦʢ ʨʘʟʣʠʯʘʶʪʩʷ ʥʘ ʧʦʨʷʜʢʠ, ʠ ʧʦʵʪʦʤʫ ʧʦʨʦʛʦʚʘʷ ʵʥʝʨʛʠʷ ʦʞʝ-

ʧʨʦʮʝʩʩʘ AM-1 ʩʦʩʪʘʚʣʷʝʪ ʜʦʣʠ ʤʵɺ. ʅʘʧʨʦʪʠʚ, ʚ ʂʗ ʧʦʜʙʦʨʦʤ ʧʘʨʘʤʝʪʨʦʚ ʤʦʞʥʦ 

ʜʦʙʠʪʴʩʷ ʢʚʘʟʠʩʠʤʤʝʪʨʠʯʝʥʥʦʛʦ ʩʧʝʢʪʨʘ ʥʦʩʠʪʝʣʝʡ ʚ ʥʝʢʦʪʦʨʦʡ ʦʢʨʝʩʪʥʦʩʪʠ ɻ-

ʪʦʯʢʠ, ʫʚʝʣʠʯʠʚ ʪʝʤ ʩʘʤʳʤ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʧʦʨʦʛ ʦʞʝ-ʨʝʢʦʤʙʠʥʘʮʠʠ ʜʦ ʚʝʣʠʯʠʥʳ 

ʧʦʨʷʜʢʘ ~ 0.5Eg [A11] . ʊʝʤ ʥʝ ʤʝʥʝʝ, ʭʦʪʷ ʨʷʜ ʨʘʙʦʪ ʠ ʫʢʘʟʳʚʘʝʪ ʥʘ ʧʦʜʘʚʣʝʥʠʝ ʦʞʝ-

ʨʝʢʦʤʙʠʥʘʮʠʠ ʚ ʩʪʨʫʢʪʫʨʘʭ ʩ ʂʗ [58, 59], ʩʜʝʣʘʪʴ ʦʜʥʦʟʥʘʯʥʳʡ ʚʳʚʦʜ ʦ 

ʧʨʝʠʤʫʱʝʩʪʚʘʭ ʂʗ ʧʝʨʝʜ ʦʙʲʝʤʥʳʤ ʤʘʪʝʨʠʘʣʦʤ ʟʘʪʨʫʜʥʠʪʝʣʴʥʦ, ʪʘʢ ʢʘʢ 

ʨʘʩʩʝʷʥʠʝ ʥʘ ʛʝʪʝʨʦʛʨʘʥʠʮʝ ʦʩʣʘʙʣʷʝʪ ʪʨʝʙʦʚʘʥʠʷ ʥʘ ʚʳʧʦʣʥʝʥʠʝ ʟʘʢʦʥʦʚ 

ʩʦʭʨʘʥʝʥʠʷ ʵʥʝʨʛʠʠ ʠ ʢʚʘʟʠʠʤʧʫʣʴʩʘ ʠ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʦʞʝ-

ʧʨʦʮʝʩʩʦʚ, ʦʩʦʙʝʥʥʦ ʧʨʠ ʤʘʣʦʡ ʰʠʨʠʥʝ ʂʗ [129].  
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ʅʘʠʙʦʣʝʝ ʠʩʯʝʨʧʳʚʘʶʱʠʡ ʠ ʬʠʟʠʯʝʩʢʠ ʥʘʛʣʷʜʥʳʡ ʘʥʘʣʠʟ ʵʪʦʛʦ ʚʦʧʨʦʩʘ, 

ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʨʘʙʦʪʝ [130], ʭʦʪʷ ʩʪʨʫʢʪʫʨʳ ʩ ʂʗ ʥʘ ʦʩʥʦʚʝ HgCdTe ʚ ʥʝʡ ʥʝ 

ʫʧʦʤʠʥʘʶʪʩʷ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʂʗ, ʢʨʦʤʝ ʧʦʨʦʛʦʚʦʡ ʦʞʝ-

ʨʝʢʦʤʙʠʥʘʮʠʠ, ʘʥʘʣʦʛʠʯʥʦʡ ʩʣʫʯʘʶ ʦʙʲʝʤʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʚʦʟʤʦʞʥʳ ʠ ʜʨʫʛʠʝ 

ʦʞʝ-ʧʨʦʮʝʩʩʳ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʧʦʜʨʘʟʜʝʣʠʪʴ ʥʘ çʢʚʘʟʠʙʝʩʧʦʨʦʛʦʚʳʝè ʠ 

çʙʝʩʧʦʨʦʛʦʚʳʝè. ʇʝʨʚʳʝ ʩʚʷʟʘʥʳ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʥʦʩʠʪʝʣʝʡ ʧʝʨʝʭʦʜʠʪʴ ʠʟ 

ʦʩʥʦʚʥʳʭ ʧʦʜʟʦʥ ʨʘʟʤʝʨʥʦʛʦ ʢʚʘʥʪʦʚʘʥʠʷ ʥʘ ʩʦʩʪʦʷʥʠʷ ʩʣʝʜʫʶʱʠʭ ʧʦʜʟʦʥ. ɼʣʷ 

ʪʘʢʠʭ ʧʨʦʮʝʩʩʦʚ ʪʘʢʞʝ ʤʦʞʥʦ ʚʚʝʩʪʠ ʧʦʥʷʪʠʝ ʧʦʨʦʛʦʚʦʡ ʵʥʝʨʛʠʠ, ʭʦʪʷ ʦʥʘ ʤʦʞʝʪ 

ʙʳʪʴ ʥʫʣʝʚʦʡ ʧʨʠ ʥʘʣʠʯʠʠ çʨʝʟʦʥʘʥʩʘè ʤʝʞʜʫ ʵʥʝʨʛʠʝʡ ʤʝʞʟʦʥʥʦʛʦ ʠ 

ʤʝʞʧʦʜʟʦʥʥʦʛʦ ʧʝʨʝʭʦʜʘ ʧʨʠ ʦʞʝ-ʧʨʦʮʝʩʩʝ. ʀʩʪʠʥʥʦ ʙʝʩʧʦʨʦʛʦʚʳʤ ʷʚʣʷʝʪʩʷ 

ʧʨʦʮʝʩʩ, ʧʨʠ ʢʦʪʦʨʦʤ ʥʦʩʠʪʝʣʴ, ʫʥʦʩʷʱʠʡ ʵʥʝʨʛʠʶ ʚ ʭʦʜʝ ʦʞʝ-ʨʝʢʦʤʙʠʥʘʮʠʠ, 

ʦʢʘʟʳʚʘʝʪʩʷ ʚʳʙʨʦʰʝʥʥʳʤ ʚ ʙʘʨʴʝʨ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʟʘʢʦʥʳ ʩʦʭʨʘʥʝʥʠʷ ʥʝ ʧʨʠʚʦʜʷʪ 

ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʧʦʨʦʛʘ ʦʞʝ-ʨʝʢʦʤʙʠʥʘʮʠʠ. 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ [130] ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʙʝʩʧʦʨʦʛʦʚʳʝ ʦʞʝ-ʧʨʦʮʝʩʩʳ 

ʧʦʜʘʚʣʷʶʪʩʷ ʚ ʫʟʢʦʟʦʥʥʳʭ ʩʪʨʫʢʪʫʨʘʭ ʩ ʰʠʨʠʥʦʡ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ Eg ʤʝʥʴʰʝʡ, 

ʯʝʤ ʵʥʝʨʛʠʷ ʚʳʭʦʜʘ ʵʣʝʢʪʨʦʥʦʚ ʠ ʜʳʨʦʢ ʠʟ ʂʗ ʚ ʢʦʥʪʠʥʫʫʤ (Ec ʠ Ev, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ): Eg < Ec, Ev, ʘ ʪʘʢʞʝ ʤʝʥʴʰʝʡ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʟʘʟʦʨʘ ʤʝʞʜʫ 

ʨʘʟʣʠʯʥʳʤʠ ʧʦʜʟʦʥʘʤʠ ʨʘʟʤʝʨʥʦʛʦ ʢʚʘʥʪʦʚʘʥʠʷ: Eg < E2 - E1. ʇʨʠʤʝʥʠʪʝʣʴʥʦ ʢ 

ʩʪʨʫʢʪʫʨʘʤ ʩ ʂʗ HgTe/Cd0.7Hg0.3Te, ʧʝʨʚʦʤʫ ʫʩʣʦʚʠʶ ʩ ʭʦʨʦʰʠʤ ʟʘʧʘʩʦʤ 

ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʚʩʝ ʩʪʨʫʢʪʫʨʳ ʩ ʰʠʨʠʥʦʡ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ ʤʝʥʴʰʝ 100 ʤʵɺ; 

ʦʯʝʚʠʜʥʦ, ʯʪʦ ʵʪʦ ʫʩʣʦʚʠʝ ʙʫʜʝʪ ʚʳʧʦʣʥʷʪʴʩʷ ʠ ʜʣʷ ʙʦʣʝʝ ʫʟʢʦʟʦʥʥʳʭ ʩʪʨʫʢʪʫʨ. 

ɼʣʷ ʚʳʧʦʣʥʝʥʠʷ ʚʪʦʨʦʛʦ ʫʩʣʦʚʠʷ ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʘʢ ʤʦʞʥʦ ʙʦʣʝʝ ʫʟʢʠʝ 

ʂʗ ʜʣʷ ʫʩʠʣʝʥʠʷ ʵʬʬʝʢʪʦʚ ʨʘʟʤʝʨʥʦʛʦ ʢʚʘʥʪʦʚʘʥʠʷ ʠʣʠ ʞʝ çʩʣʝʜʠʪʴè ʟʘ 

ʦʪʩʫʪʩʪʚʠʝʤ çʨʝʟʦʥʘʥʩʦʚè ʤʝʞʜʫ ʵʥʝʨʛʠʝʡ ʤʝʞʟʦʥʥʦʛʦ ʠ ʤʝʞʧʦʜʟʦʥʥʦʛʦ 

ʧʝʨʝʭʦʜʘ. ʆʪʤʝʪʠʤ, ʯʪʦ ʘʥʘʣʦʛʠʯʥʳʝ ʧʦ ʩʫʪʠ ʨʝʟʦʥʘʥʩʳ ʚʦʟʤʦʞʥʳ ʠ ʚ ʦʙʲʝʤʥʳʭ 

ʤʘʪʝʨʠʘʣʘʭ [125], ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʂʈʊ [121], ʛʜʝ çʚʳʙʨʦʩè ʜʳʨʦʢ ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ 

ʚ ʩʧʠʥʦʪʱʝʧʣʝʥʥʫʶ ʧʦʜʟʦʥʫ (ʚ ʫʟʢʦʟʦʥʥʳʭ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʘʭ ʩ x < 0.5 ʵʪʦʪ 

ʧʨʦʮʝʩʩ ʥʝ ʠʛʨʘʝʪ ʨʦʣʠ, ʪʘʢ ʢʘʢ ʩʧʠʥ-ʦʪʰʝʧʣʝʥʥʘʷ ʧʦʜʟʦʥʘ ʥʘʭʦʜʠʪʩʷ ʩʣʠʰʢʦʤ 

ʥʠʟʢʦ ʧʦ ʵʥʝʨʛʠʠ). ʂʘʢ ʧʦʢʘʟʳʚʘʶʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʜʨʫʛʠʭ ʤʘʪʝʨʠʘʣʘʭ ʪʘʢʠʝ 
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ʧʨʦʮʝʩʩʳ ʤʦʛʫʪ ʧʨʠʚʦʜʠʪʴ ʢ ʛʘʰʝʥʠʶ ʩʪʠʤʫʣʠʨʦʚʘʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʩ 

ʪʝʤʧʝʨʘʪʫʨʦʡ [131, 132]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʘʞʝ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ çʨʝʟʦʥʘʥʩʘè ʥʘʣʠʯʠʝ 

ʧʦʜʟʦʥ ʨʘʟʤʝʨʥʦʛʦ ʢʚʘʥʪʦʚʘʥʠʷ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʜʦʩʪʘʪʦʯʥʦ ʙʣʠʟʢʦ ʢ ʧʝʨʚʦʡ ʤʦʞʝʪ 

ʫʚʝʣʠʯʠʚʘʪʴ ʪʝʤʧʳ ʦʞʝ-ʨʝʢʦʤʙʠʥʘʮʠʠ. ʇʦʜʨʦʙʥʝʝ ʵʪʦʪ ʚʦʧʨʦʩ ʙʫʜʝʪ ʨʘʩʩʤʦʪʨʝʥ ʚ 

ʦʨʠʛʠʥʘʣʴʥʦʡ ʯʘʩʪʠ ʨʘʙʦʪʳ (ʩʤ. ʛʣʘʚʳ 5 ʠ 6).  

ʂʘʢ ʧʨʘʚʠʣʦ, ʥʘʙʣʶʜʘʝʤʦʝ ʚʨʝʤʷ ʞʠʟʥʠ ʚ ʂʗ ʚ ʨʝʞʠʤʝ ʩʣʘʙʦʛʦ ʚʦʟʙʫʞʜʝʥʠʷ 

ʩʚʷʟʳʚʘʝʪʩʷ ʩ ʤʝʭʘʥʠʟʤʦʤ ʐʈʍ, ʥʦ ʧʨʠ ʵʪʦʤ ʦʢʘʟʳʚʘʝʪʩʷ ʤʝʥʴʰʝ, ʯʝʤ ʫ ʦʙʲtʤʥʳʭ 

ʩʪʨʫʢʪʫʨ ʩ ʪʦʡ ʞʝ ʰʠʨʠʥʦʡ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ [133, 134]. ʕʪʦ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ 

ʙʦʣʝʝ ʙʳʩʪʨʳʤ ʟʘʭʚʘʪʦʤ ʥʦʩʠʪʝʣʝʡ, ʣʦʢʘʣʠʟʦʚʘʥʥʳʭ ʚ ʂʗ, ʥʘ ʮʝʥʪʨʳ 

ʙʝʟʳʟʣʫʯʘʪʝʣʴʥʦʡ ʨʝʢʦʤʙʠʥʘʮʠʠ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʢʘʢ ʧʦʢʘʟʳʚʘʶʪ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʚ ʩʪʨʫʢʪʫʨʘʭ, ʥʝ ʧʦʜʚʝʨʛʥʫʪʳʭ ʦʪʞʠʛʫ ʜʣʷ 

ʫʚʝʣʠʯʝʥʠʷ ʯʠʩʣʘ ʚʘʢʘʥʩʠʡ ʨʪʫʪʠ, ʩ ʨʦʩʪʦʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʝʨʘʚʥʦʚʝʩʥʳʭ 

ʥʦʩʠʪʝʣʝʡ ʵʪʦʪ ʢʘʥʘʣ ʨʝʢʦʤʙʠʥʘʮʠʠ ʥʘʩʳʱʘʝʪʩʷ, ʠ ʦʩʥʦʚʥʳʤ ʩʪʘʥʦʚʠʪʩʷ ʚʦʧʨʦʩ ʦ 

çʢʦʥʢʫʨʝʥʮʠʠè ʠʟʣʫʯʘʪʝʣʴʥʦʡ ʠ ʦʞʝ-ʨʝʢʦʤʙʠʥʘʮʠʠ. 

 

1.4 ʇʨʠʤʝʩʠ ʠ ʪʦʯʝʯʥʳʝ ʜʝʬʝʢʪʳ ʚ ʩʪʨʫʢʪʫʨʘʭ ʥʘ ʦʩʥʦʚʝ HgCdTe 

ʂʘʢ ʙʳʣʦ ʫʧʦʤʷʥʫʪʦ ʚʳʰʝ, ʚ ʭʦʜʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʩʪʨʫʢʪʫʨ ʥʘ ʦʩʥʦʚʝ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ ʂʈʊ ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʤʥʦʞʝʩʪʚʦ 

ʩʚʠʜʝʪʝʣʴʩʪʚ ʪʦʛʦ, ʯʪʦ ʧʨʠʤʝʩʥʦ-ʜʝʬʝʢʪʥʳʝ ʮʝʥʪʨʳ ʦʢʘʟʳʚʘʶʪ ʩʫʱʝʩʪʚʝʥʥʦʝ 

ʚʣʠʷʥʠʝ ʥʘ ʦʧʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʢʘʢ ʦʙʴʝʤʥʳʭ ʧʣʝʥʦʢ HgCdTe, ʪʘʢ ʠ ʂʗ 

HgCdTe/CdHgTe. ʊʦʯʝʯʥʳʝ ʜʝʬʝʢʪʳ ʧʨʦʷʚʣʷʶʪ ʩʝʙʷ ʥʝ ʪʦʣʴʢʦ ʢʘʢ ʠʩʪʦʯʥʠʢ 

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

ʙʝʟʳʟʣʫʯʘʪʝʣʴʥʦʡ ʨʝʢʦʤʙʠʥʘʮʠʠ ʐʦʢʣʠ-ʈʠʜʘ-ʍʦʣʣʘ. ʍʦʨʦʰʦ ʠʟʚʝʩʪʥʦʡ 

ʦʩʦʙʝʥʥʦʩʪʴʶ ʤʘʪʝʨʠʘʣʦʚ ʂʈʊ ʷʚʣʷʝʪʩʷ ʩʣʘʙʦʩʪʴ ʭʠʤʠʯʝʩʢʦʡ ʩʚʷʟʠ Hg-Te, ʠʟ-ʟʘ 

ʢʦʪʦʨʦʡ ʘʪʦʤʳ ʨʪʫʪʠ ʠ ʪʝʣʣʫʨʘ ʤʦʛʫʪ ʦʢʘʟʳʚʘʪʴʩʷ ʚʥʝ çʥʘʜʣʝʞʘʱʠʭè ʧʦʟʠʮʠʡ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ [88]. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʦʷʚʣʝʥʠʶ ʨʘʟʣʠʯʥʳʭ ʜʝʬʝʢʪʦʚ, 

ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʠʟ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʚʘʢʘʥʩʠʷ ʨʪʫʪʠ. ɺʩʪʨʘʠʚʘʷʩʴ ʚ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʨʝʰʝʪʢʫ, ʘʪʦʤ ʨʪʫʪʠ ʦʪʜʘʝʪ ʜʚʘ ʵʣʝʢʪʨʦʥʘ, ʧʦʵʪʦʤʫ 
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ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʜʝʬʝʢʪʘ ʧʨʠʚʦʜʠʪ ʢ çʥʝʜʦʩʪʘʯʝè ʜʚʫʭ ʵʣʝʢʪʨʦʥʦʚ ʚ ʚʘʣʝʥʪʥʦʡ ʟʦʥʝ. 

ʉʘʤʘ ʚʘʢʘʥʩʠʷ ʨʪʫʪʠ ʧʨʠ ʵʪʦʤ ʠʛʨʘʝʪ ʨʦʣʴ ʜʚʫʭʟʘʨʷʜʥʦʛʦ (ʜʚʫʭʚʘʣʝʥʪʥʦʛʦ) 

ʘʢʮʝʧʪʦʨʘ. ʇʦʤʠʤʦ ʚʘʢʘʥʩʠʠ ʨʪʫʪʠ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʨʘʩʩʤʘʪʨʠʚʘʣʠ ʪʘʢʠʝ ʪʦʯʝʯʥʳʝ 

ʜʝʬʝʢʪʳ ʢʘʢ ʘʥʪʠʩʪʨʫʢʪʫʨʥʳʡ ʪʝʣʣʫʨ [135] ʠ  ʤʝʞʜʦʫʟʝʣʴʥʳʝ ʘʪʦʤʳ ʤʝʪʘʣʣʘ (Hg, 

Cd) [136].  

ʀʤʝʶʱʠʝʩʷ ʚ ʣʠʪʝʨʘʪʫʨʝ ʩʚʝʜʝʥʠʷ ʦ ʤʝʣʢʠʭ çʚʦʜʦʨʦʜʦʧʦʜʦʙʥʳʭè ʧʨʠʤʝʩʷʭ 

ʚ ʂʈʊ ʦʪʥʦʩʷʪʩʷ ʧʦʯʪʠ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʢ ʘʢʮʝʧʪʦʨʘʤ. ɼʣʷ ʜʦʥʦʨʥʳʭ ʞʝ ʮʝʥʪʨʦʚ 

ʵʥʝʨʛʠʷ ʩʚʷʟʠ ʩʦʩʪʘʚʣʷʝʪ ʜʦʣʠ ʤʵɺ ï ʟʘ ʩʯʝʪ ʚʝʩʴʤʘ ʤʘʣʦʡ ʵʬʬʝʢʪʠʚʥʦʡ ʤʘʩʩʳ 

ʵʣʝʢʪʨʦʥʦʚ ī ʠ ʪʘʢʠʝ ʮʝʥʪʨʳ ʧʨʦʷʚʣʷʶʪ ʩʝʙʷ ʣʠʰʴ ʚ ʤʘʛʥʠʪʦʧʦʛʣʦʱʝʥʠʠ ʚ ʚʠʜʝ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʩʪʨʫʢʪʫʨ rʚ ʩʧʝʢʪʨʘʭ ʮʠʢʣʦʪʨʦʥʥʦʛʦ ʨʝʟʦʥʘʥʩʘ [137]. ʏʪʦ ʞʝ 

ʢʘʩʘʝʪʩʷ ʘʢʮʝʧʪʦʨʦʚ, ʠʭ ʵʥʝʨʛʠʷ ʩʚʷʟʠ ʚʘʨʴʠʨʫʝʪʩʷ ʦʪ ʝʜʠʥʠʮ ʜʦ ʜʝʩʷʪʢʦʚ ʤʵɺ (ʩʤ., 

ʥʘʧʨʠʤʝʨ, [138, 139]). ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʜʘʶʪ ʜʦʚʦʣʴʥʦ 

ʙʦʛʘʪʳʡ ʨʘʟʙʨʦʩ ʟʥʘʯʝʥʠʡ. ɼʘʞʝ ʜʣʷ ʦʜʥʦʚʘʣʝʥʪʥʦʡ ʘʢʮʝʧʪʦʨʥʦʡ ʧʨʠʤʝʩʠ As 

(ʢʦʪʦʨʘʷ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʧʨʠʟʥʘʥʘ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʢʘʥʜʠʜʘʪʦʤ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʣʝʛʠʨʦʚʘʥʥʳʭ ʩʪʨʫʢʪʫʨ p-ʪʠʧʘ) ʜʘʥʥʳʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʵʥʝʨʛʠʠ 

ʠʦʥʠʟʘʮʠʠ ʥʝʣʴʟʷ ʥʘʟʚʘʪʴ ʦʧʨʝʜʝʣʝʥʥʳʤʠ.  

ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʨʘʙʦʪ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʵʥʝʨʛʠʠ ʠʦʥʠʟʘʮʠʠ ʧʨʠʤʝʩʠ ʤʳʰʴʷʢʘ 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʢʦʩʚʝʥʥʳʝ ʤʝʪʦʜʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʨʝʟʫʣʴʪʘʪʦʚ 

ʠʟʤʝʨʝʥʠʡ ʵʬʬʝʢʪʘ ʍʦʣʣʘ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʧʦʜʛʦʥʦʯʥʳʭ ʧʘʨʘʤʝʪʨʦʚ [140, 141]. ɺ ʜʘʥʥʳʭ ʨʘʙʦʪʘʭ, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʨʠʚʦʜʷʪʩʷ 

ʤʘʣʳʝ ʵʥʝʨʛʠʠ ʠʦʥʠʟʘʮʠʠ ʚ ʜʠʘʧʘʟʦʥʝ 4 ï 6 ʤʵɺ (ʠʩʢʣʶʯʝʥʠʝ ʩʦʩʪʘʚʣʷʝʪ ʨʘʙʦʪʘ 

[142], ʛʜʝ ʵʥʝʨʛʠʷ ʠʦʥʠʟʘʮʠʠ ʧʨʠʥʠʤʘʝʪʩʷ ʟʘ 15 ʤʵɺ) ʜʣʷ ʜʦʣʠ ʢʘʜʤʠʷ 0.2 ï 0.3. 

ʋʯʠʪʳʚʘʷ, ʯʪʦ ʚ ʩʪʨʫʢʪʫʨʘʭ ʥʘ ʦʩʥʦʚʝ HgCdTe ʚʩʝʛʜʘ ʧʨʠʩʫʪʩʪʚʫʶʪ ʦʩʪʘʪʦʯʥʳʝ 

ʜʚʫʭʚʘʣʝʥʪʥʳʝ ʘʢʮʝʧʪʦʨʳ ï ʚʘʢʘʥʩʠʠ ʨʪʫʪʠ, ʜʘʥʥʳʝ ʪʨʘʥʩʧʦʨʪʥʳʭ ʠʟʤʝʨʝʥʠʡ 

ʩʣʦʞʥʳ ʜʣʷ ʦʜʥʦʟʥʘʯʥʦʡ ʠʥʪʝʨʧʨʝʪʘʮʠʠ, ʠ ʚ ʨʷʜʝ ʨʘʙʦʪ ʫʢʘʟʳʚʘʶʪ ʥʝʩʢʦʣʴʢʦ 

ʵʥʝʨʛʠʡ ʠʦʥʠʟʘʮʠʠ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʘʢʮʝʧʪʦʨʦʚ [143]. ʆʧʪʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ, 

ʚ ʦʩʥʦʚʥʦʤ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ, ʚ ʥʝʜʘʚʥʠʭ ʨʘʙʦʪʘʭ ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʜʣʷ ʵʥʝʨʛʠʠ ʠʦʥʠʟʘʮʠʠ ʤʳʰʴʷʢʘ ~ 20 ʤʵɺ  [144, 

145]. ɺ ʥʝʢʦʪʦʨʳʭ ʨʘʙʦʪʘʭ ʩʦʦʙʱʘʣʦʩʴ ʦ ʯʨʝʟʚʳʯʘʡʥʦ ʩʠʣʴʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ 
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ʵʥʝʨʛʠʠ ʩʚʷʟʠ ʦʪ ʩʦʩʪʘʚʘ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ: ʦʪ ~ 8 ʤʵɺ ʧʨʠ ʭ = 0.2 ʜʦ 92 ʤʵɺ, ʧʨʠ ʭ 

= 1, ʛʜʝ ʭ ï ʜʦʣʷ Cd (ʩʤ. ʨʘʙʦʪʫ [146] ʠ ʩʩʳʣʢʠ ʚ ʥʝʡ). 

ɼʘʥʥʳʝ ʦʙ ʦʩʪʘʪʦʯʥʳʭ ʘʢʮʝʧʪʦʨʘʭ ï ʚʘʢʘʥʩʠʷʭ ʨʪʫʪʠ ï ʝʱʝ ʙʦʣʝʝ 

ʥʝʦʧʨʝʜʝʣʝʥʥʳʝ, ʯʪʦ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʜʘʥʥʳʡ ʮʝʥʪʨ ʷʚʣʷʝʪʩʷ 

ʜʚʫʭʟʘʨʷʜʦʚʳʤ. ʊʘʢ, ʚ ʨʘʙʦʪʝ [147] ʚ ʩʣʦʷʭ p-Hg0.6Cd0.4Te ʙʳʣ ʦʙʥʘʨʫʞʝʥ ʘʢʮʝʧʪʦʨ 

ʩ ʵʥʝʨʛʠʝʡ ʠʦʥʠʟʘʮʠʠ ~ 14 ʤʵɺ; ʚ [148] ʫʢʘʟʳʚʘʝʪʩʷ ʥʘ ʧʨʠʤʝʩʥʳʡ ʫʨʦʚʝʥʴ ʩ 

ʵʥʝʨʛʠʝʡ ʠʦʥʠʟʘʮʠʠ 10-12 ʤʵɺ, ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʟʘʚʠʩʷʱʝʡ ʦʪ ʜʦʣʠ ʢʘʜʤʠʷ ʚ ʩʣʦʝ ʚ 

ʜʠʘʧʘʟʦʥʝ ʭ = 0.2 - 0.4. ɹʣʠʟʢʠʝ ʟʥʘʯʝʥʠʷ ʵʥʝʨʛʠʠ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʜʣʷ ʩʭʦʞʠʭ 

ʦʙʨʘʟʮʘʭ ʠ ʚ ʨʘʙʦʪʘʭ [149, 150], ʦʜʥʘʢʦ ʧʨʠ ʵʪʦʤ ʦʙʥʘʨʫʞʠʚʘʣʘʩʴ ʟʘʤʝʪʥʘʷ 

ʟʘʚʠʩʠʤʦʩʪʴ ʵʥʝʨʛʠʠ ʠʦʥʠʟʘʮʠʠ ʦʪ ʩʦʩʪʘʚʘ [150]. ɺ ʥʝʜʘʚʥʠʭ ʨʘʙʦʪʘʭ ʛʨʫʧʧʳ ʠʟ 

ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʘ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʙʦʣʴʰʦʛʦ ʤʘʩʩʠʚʘ ʩʪʨʫʢʪʫʨ c x ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 

0.3 ʜʦ 0.4, ʚʳʨʘʱʝʥʥʳʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʦʡ ʞʝ ʪʝʭʥʦʣʦʛʠʠ, ʯʪʦ ʠ ʩʪʨʫʢʪʫʨʳ ʚ 

ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ, ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʦ ʥʘʣʠʯʠʝ ʪʨʝʭ ʘʢʮʝʧʪʦʨʥʳʭ ʩʦʩʪʦʷʥʠʡ ʩ 

ʵʥʝʨʛʠʷʤʠ 14 ʤʵɺ, 18 ʤʵɺ ʠ 27 ʤʵɺ [70, 100, 101, 102, 103]. ɸʚʪʦʨʳ ʫʢʘʟʳʚʘʶʪ, ʯʪʦ 

ʵʪʠ ʘʢʮʝʧʪʦʨʥʳʝ ʩʦʩʪʦʷʥʠʷ ʩʚʷʟʘʥʳ ʩ ʚʘʢʘʥʩʠʷʤʠ ʨʪʫʪʠ, ʥʦ ʦʜʥʦʟʥʘʯʥʦʡ 

ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʧʨʠʨʦʜʳ ʥʝ ʧʨʠʚʦʜʠʪʩʷ.  

ʆʪʜʝʣʴʥʳʡ ʠʥʪʝʨʝʩ ʜʣʷ ʠʟʫʯʝʥʠʷ ʧʨʝʜʩʪʘʚʣʷʶʪ ʛʣʫʙʦʢʠʝ ʧʨʠʤʝʩʥʦ-

ʜʝʬʝʢʪʥʳʝ ʮʝʥʪʨʳ ʠ ʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʰʠʨʦʢʦʟʦʥʥʦʤ (ʭ > 0.2) ʂʈʊ. ʊʘʢʠʝ ʮʝʥʪʨʳ, 

ʷʚʣʷʶʱʠʝʩʷ ʵʬʬʝʢʪʠʚʥʳʤʠ ʣʦʚʫʰʢʘʤʠ ʜʣʷ ʵʣʝʢʪʨʦʥʦʚ ʠ ʜʳʨʦʢ ʠ ʩʫʱʝʩʪʚʝʥʥʦ 

ʚʣʠʷʶʱʠʝ ʥʘ ʚʨʝʤʝʥʘ ʞʠʟʥʠ ʥʦʩʠʪʝʣʝʡ, ʘʢʪʠʚʥʦ ʠʟʫʯʘʣʠʩʴ ʚ ʨʘʙʦʪʘʭ [151, 152] ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʪʨʘʥʩʧʦʨʪʥʳʤ ʤʝʪʦʜʠʢ; ʦʪʤʝʪʠʤ, ʯʪʦ ʚ ʪʘʢʠʭ ʤʝʪʦʜʠʢʘʭ 

ʧʦʛʨʝʰʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʵʥʝʨʛʠʠ ʫʨʦʚʥʝʡ ʜʦʩʪʘʪʦʯʥʦ ʚʝʣʠʢʘ. ʉʚʦʜʥʳʝ ʜʘʥʥʳʝ ʦ 

ʟʘʚʠʩʠʤʦʩʪʠ ʵʥʝʨʛʠʠ ʛʣʫʙʦʢʠʭ ʮʝʥʪʨʦʚ (ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʚʦʟʥʠʢʘʪʴ ʥʝ ʪʦʣʴʢʦ 

ʙʣʘʛʦʜʘʨʷ ʦʪʜʝʣʴʥʳʤ ʧʨʠʤʝʩʷʤ ʠʣʠ ʜʝʬʝʢʪʘʤ, ʥʦ ʪʘʢʞʝ ʠ ʧʨʠ ʦʙʨʘʟʦʚʘʥʠʠ 

ʧʨʠʤʝʩʥʦ-ʜʝʬʝʢʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ) ʦʪ ʩʦʩʪʘʚʘ ʩʣʦʷ (x = 0.2 ï 0.4) ʧʨʠʚʝʜʝʥʳ ʚ 

ʦʙʟʦʨʥʳʭ ʩʪʘʪʴʷʭ [153, 154]. ʇʨʘʢʪʠʯʝʩʢʠ ʚʦ ʚʩʝʭ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʦʙʨʘʟʮʘʭ ʂʈʊ 

ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ ʥʘʣʠʯʠʝ ʮʝʥʪʨʦʚ D1 ʠ D2 ʩ ʵʥʝʨʛʠʷʤʠ Ev + 0.4Eg ʠ Ev + 0.75Eg, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ [154]. ɺ [153] ʢʦʥʮʝʥʪʨʘʮʠʷ ʮʝʥʪʨʦʚ D1 ʙʳʣʘ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʜʳʨʦʢ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʩʚʷʟʘʪʴ ʜʘʥʥʳʡ ʮʝʥʪʨ ʩ ʚʘʢʘʥʩʠʷʤʠ ʢʘʪʠʦʥʦʚ. 
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ɺ ʥʝʢʦʪʦʨʳʭ ʨʘʙʦʪʘʭ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʠ ʦʧʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʧʦʣʦʞʝʥʠʷ ʛʣʫʙʦʢʠʭ ʮʝʥʪʨʦʚ [152, 155, 156], ʦʜʥʘʢʦ 

ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʟʘʢʣʶʯʝʥʠʷ ʦ ʜʝʬʝʢʪʘʭ, ʬʦʨʤʠʨʫʶʱʠʭ ʵʪʠ ʩʦʩʪʦʷʥʠʷ ʩʜʝʣʘʥʦ ʥʝ 

ʙʳʣʦ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʥʘʣʠʟ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʥʘ ʜʘʥʥʳʡ 

ʤʦʤʝʥʪ ʫʩʪʘʥʦʚʣʝʥʥʳʤ ʬʘʢʪʦʤ ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʚ ʪʚʝʨʜʳʭ ʨʘʩʪʦʨʘʭ ʂʈʊ ʤʝʣʢʠʭ 

ʜʚʫʟʘʨʷʜʥʳʭ ʘʢʮʝʧʪʦʨʦʚ, ʬʦʨʤʠʨʫʝʤʳʭ ʚʘʢʘʥʩʠʷʤʠ ʨʪʫʪʠ. ʕʥʝʨʛʠʠ ʠʦʥʠʟʘʮʠʠ 

ʦʜʥʦʛʦ ʠʟ ʩʦʩʪʦʷʥʠʡ ʣʝʞʘʪ ʚ ʜʠʘʧʘʟʦʥʝ 10 ï 20 ʤʵɺ ʜʣʷ ʩʦʩʪʘʚʦʚ ʩ ʭ ~ 0.3, ʚ 

ʦʪʥʦʰʝʥʠʠ ʙʦʣʝʝ ʛʣʫʙʦʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʦʜʥʦʟʥʘʯʥʦʛʦ ʤʥʝʥʠʷ ʥʝʪ, ʢʘʢ ʠ ʧʦʜʨʦʙʥʳʭ 

ʜʘʥʥʳʭ ʜʣʷ ʩʦʩʪʘʚʦʚ ʩ x ʦʪ 0.15 ʜʦ 0.23.  ʉ ʚʳʩʦʢʦʡ ʚʝʨʦʷʪʥʦʩʪʴʶ ʧʦʤʠʤʦ ʚʘʢʘʥʩʠʡ 

ʨʪʫʪʠ ʚ ʩʪʨʫʢʪʫʨʘʭ ʥʘʙʣʶʜʘʶʪʩʷ ʠ ʘʢʮʝʧʪʦʨʳ, ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʢʦʤʧʣʝʢʩʘʤʠ ʩ 

ʫʯʘʩʪʠʝʤ ʚʘʢʘʥʩʠʡ, ʦʙʨʘʟʦʚʘʥʠʝ ʢʦʪʦʨʳʭ ʟʘʚʠʩʠʪ ʦʪ ʫʩʣʦʚʠʡ ʨʦʩʪʘ ʠ ʢʦʪʦʨʳʝ ʤʦʛʫʪ 

ʙʳʪʴ ʨʘʟʨʫʰʝʥʳ ʧʨʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʦʪʞʠʛʘʭ, ʦʜʥʘʢʦ ʦʙʱʝʧʨʠʟʥʘʥʥʳʝ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʥʠʭ ʦʪʩʫʪʩʪʚʫʶʪ.  
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ɻʣʘʚʘ 2. ʌʦʪʦʧʨʦʚʦʜʠʤʦʩʪʴ ʠ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʷ ʫʟʢʦʟʦʥʥʳʭ ʪʚʝʨʜʳʭ 

ʨʘʩʪʚʦʨʦʚ HgCdTe 

 

ɺ ʥʘʩʪʦʷʱʝʡ ʛʣʘʚʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʧʝʢʪʨʦʚ ʤʝʞʟʦʥʥʦʡ ʬʦʪʦʧʨʦʚʦʜʠʤʦʩʪʠ (ʌʇ), ʤʝʞʟʦʥʥʦʡ 

ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ (ʌʃ), ʤʘʛʥʠʪʦʧʨʦʧʫʩʢʘʥʠʷ ʚ ʰʠʨʦʢʦʤ ʩʧʝʢʪʨʘʣʴʥʦʤ 

ʜʠʘʧʘʟʦʥʝ (ʜʣʠʥʘ ʚʦʣʥʳ ʦʪ 2 ʜʦ 36 ʤʢʤ), ʘ ʪʘʢʞʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʨʝʤʝʥ ʞʠʟʥʠ, 

ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʠʟʫʯʝʥʠʠ ʢʠʥʝʪʠʢʠ ʨʝʣʘʢʩʘʮʠʠ ʩʠʛʥʘʣʘ ʤʝʞʟʦʥʥʦʡ 

ʬʦʪʦʧʨʦʚʦʜʠʤʦʩʪʠ ʧʨʠ ʠʤʧʫʣʴʩʥʦʤ ʦʧʪʠʯʝʩʢʦʤ ʚʦʟʙʫʞʜʝʥʠʠ ʠʟʣʫʯʝʥʠʝʤ ʩ 

ʨʘʟʣʠʯʥʦʡ ʵʥʝʨʛʠʝʡ ʢʚʘʥʪʘ. ɺʳʰʝʫʧʦʤʷʥʫʪʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʧʨʠʟʚʘʥʳ 

ʠʟʫʯʠʪʴ ʦʧʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʦʙʲʝʤʥʦʛʦ ʤʘʪʝʨʠʘʣʘ HgCdTe (ʂʈʊ), ʥʘʥʝʩʝʥʥʦʛʦ ʥʘ 

ʧʦʜʣʦʞʢʠ GaAs (013) ʤʝʪʦʜʦʤ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʤʦʣʝʢʫʣʷʨʥʦ-ʣʫʯʝʚʦʡ 

ʵʧʠʪʘʢʩʠʠ (ʄʃʕ) ï ʤʝʪʦʜʠʢʠ ʨʦʩʪʘ, ʠʩʧʦʣʴʟʦʚʘʥʥʦʡ ʚʧʦʩʣʝʜʩʪʚʠʠ ʜʣʷ ʨʦʩʪʘ 

ʢʚʘʥʪʦʚʳʭ ʷʤ (ʂʗ) Hg1-xCdʭTe/CdYHg1-YTe, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʥʳʤ ʦʙʲʝʢʪʦʤ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ. ɼʦʣʛʦʝ ʚʨʝʤʷ ʩʯʠʪʘʣʦʩʴ, ʯʪʦ 

çʧʨʦʜʚʠʞʝʥʠʶè ʧʨʠʙʦʨʦʚ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʬʦʪʦʨʝʟʠʩʪʦʨʦʚ ʠ ʤʘʪʨʠʮ ʥʘ ʦʩʥʦʚʝ 

Hg1-xCdʭTe ʚ ʪʝʨʘʛʝʨʮʦʚʳʡ ʠ ʤʫʣʴʪʠʪʝʨʘʛʝʨʮʦʚʳʡ  ʜʠʘʧʘʟʦʥʳ (ʜʣʠʥʘ ʚʦʣʥʳ ʙʦʣʝʝ 

20 ʤʢʤ) ʧʨʝʧʷʪʩʪʚʫʶʪ ʬʣʫʢʪʫʘʮʠʠ ʩʦʩʪʘʚʘ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ x, ʧʨʠʚʦʜʷʱʠʝ ʢ 

ʥʝʜʦʧʫʩʪʠʤʦ ʙʦʣʴʰʠʤ ʚʘʨʠʘʮʠʷʤ ʰʠʨʠʥʳ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ Eg ʧʦ ʦʙʨʘʟʮʫ [42]. 

ʉʦʚʨʝʤʝʥʥʳʝ ʤʝʪʦʜʳ ʄʃʕ ʧʦʟʚʦʣʷʶʪ ʧʨʦʚʦʜʠʪʴ ʨʦʩʪ ʩʣʦʝʚ HgCdTe ʚʳʩʦʢʦʛʦ 

ʢʘʯʝʩʪʚʘ, ʦʜʥʘʢʦ ʤʝʞʟʦʥʥʳʝ ʌʇ ʠ ʌʃ ʚ ʦʙʲʝʤʥʳʭ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʘʭ ʩ ʜʦʣʝʡ Cd 

ʤʝʥʴʰʝ 19 % (ʯʪʦ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʢʨʘʩʥʦʡ ʛʨʘʥʠʮʝ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʛʦ ʧʦʛʣʦʱʝʥʠʷ 20 ʤʢʤ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʞʠʜʢʦʛʦ ʘʟʦʪʘ) ʚ 

ʪʝʨʘʛʝʨʮʦʚʦʤ ʜʠʘʧʘʟʦʥʝ ʙʳʣʠ ʠʟʫʯʝʥʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʣʘʙʦ. ʉʨʝʜʠ ʨʘʙʦʪ ʚ ʵʪʦʤ 

ʥʘʧʨʘʚʣʝʥʠʠ ʤʦʞʥʦ ʫʢʘʟʘʪʴ ʢʘʥʜʠʜʘʪʩʢʫʶ ʜʠʩʩʝʨʪʘʮʠʶ ɺ.ɺ. ʈʫʤʷʥʮʝʚʘ [157], ʚ 

ʢʦʪʦʨʦʡ ʦʜʥʦʨʦʜʥʦʩʪʴ ʩʪʨʫʢʪʫʨ ʙʳʣʘ ʦʮʝʥʝʥʘ ʣʠʰʴ ʢʘʯʝʩʪʚʝʥʥʦ, ʚ ʩʨʘʚʥʝʥʠʠ ʩ 

ʦʙʨʘʟʮʘʤʠ ʚʳʨʘʱʝʥʥʳʤʠ ʤʝʪʦʜʦʤ ʛʘʟʦʪʨʘʥʩʧʦʨʪʥʦʡ ʵʧʠʪʘʢʩʠʠ, ʘ ʪʘʢʞʝ ʥʝʜʘʚʥʦ 

ʧʦʷʚʠʚʰʠʝʩʷ ʨʘʙʦʪʳ ʛʨʫʧʧʳ ʠʟ ʄɻʋ [51, 158], ʩʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʝ ʦʢʦʣʦ 

ʧʨʝʜʧʦʣʘʛʘʝʤʳʭ çʪʦʧʦʣʦʛʠʯʝʩʢʠʭè ʵʬʬʝʢʪʦʚ ʚ ʬʦʪʦʦʪʢʣʠʢʝ ʦʙʨʘʟʮʦʚ ʚ 
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ʦʢʨʝʩʪʥʦʩʪʠ ʢʨʠʪʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʭ = 0.16, ʧʨʠ ʢʦʪʦʨʦʤ ʧʨʦʠʩʭʦʜʠʪ ʠʥʚʝʨʩʠʷ ʟʦʥ. 

ɼʣʷ ʘʥʘʣʦʛʠʯʥʳʭ ʦʙʨʘʟʮʦʚ ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʩʧʝʢʪʨʳ ʤʘʛʥʠʪʦʧʨʦʧʫʩʢʘʥʠʷ ʜʣʷ 

ʜʝʤʦʥʩʪʨʘʮʠʠ ʥʘʣʠʯʠʷ ʙʝʟʤʘʩʩʦʚʳʭ ʬʝʨʤʠʦʥʦʚ ʂʝʡʥʘ ʚ ʦʙʲʝʤʥʦʤ HgCdTe [96] ʠ 

ʚʦʟʤʦʞʥʦʩʪʠ ʛʝʥʝʨʘʮʠʠ ʪʝʨʘʛʝʨʮʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ ʧʨʠ ʧʝʨʝʭʦʜʘʭ ʬʝʨʤʠʦʥʦʚ ʂʝʡʥʘ 

ʤʝʞʜʫ ʫʨʦʚʥʷʤʠ ʃʘʥʜʘʫ ʚ ʢʚʘʥʪʫʶʱʠʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ [49]. 

ɺ ʦʪʥʦʰʝʥʠʠ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʤʝʞʟʦʥʥʦʡ ʌʃ, ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʤʦʡ ʚ 

ʙʣʠʞʥʝʤ ʀʂ ʜʠʘʧʘʟʦʥʝ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʦʩʥʦʚʥʳʝ ʪʨʫʜʥʦʩʪʠ ʚ ʝʝ ʧʨʠʤʝʥʝʥʠʠ 

ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʫʟʢʦʟʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩʚʷʟʘʥʳ ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʚʝʨʦʷʪʥʦʩʪʠ 

ʠʟʣʫʯʘʪʝʣʴʥʦʡ ʨʝʢʦʤʙʠʥʘʮʠʠ ʠ ʫʚʝʣʠʯʝʥʠʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʙʝʟʳʟʣʫʯʘʪʝʣʴʥʳʭ 

ʧʨʦʮʝʩʩʦʚ ʧʨʠ ʫʤʝʥʴʰʝʥʠʠ ʰʠʨʠʥʳ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ, ʘ ʪʘʢʞʝ ʩʦ ʩʣʦʞʥʦʩʪʴʶ 

ʦʪʩʪʨʦʡʢʠ ʠʣʠ ʧʦʜʘʚʣʝʥʠʷ ʩʠʛʥʘʣʘ ʪʝʧʣʦʚʦʛʦ ʬʦʥʘ, ʢʦʪʦʨʳʡ ʚ ʜʠʘʧʘʟʦʥʝ ʵʥʝʨʛʠʡ 

ʢʚʘʥʪʘ ʤʝʥʴʰʝ 300 ʤʵɺ ʧʨʠʚʦʜʠʪ ʢ ʥʘʣʠʯʠʶ ʚ ʩʧʝʢʪʨʝ ʰʠʨʦʢʦʡ ʠ ʤʦʱʥʦʡ 

çʧʦʜʩʪʘʚʢʠè ʧʣʘʥʢʦʚʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ 300 ʂ. ʀʟ-ʟʘ ʧʝʨʝʯʠʩʣʝʥʥʳʭ 

ʧʨʠʯʠʥ, ʘ ʪʘʢʞʝ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʠʟ-ʟʘ ʥʝʜʦʩʪʘʪʦʯʥʦʛʦ ʢʘʯʝʩʪʚʘ ʤʘʪʝʨʠʘʣʘ, 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʝʞʟʦʥʥʦʡ ʌʃ ʚ ʩʪʨʫʢʪʫʨʘʭ ʥʘ ʦʩʥʦʚʝ ʂʈʊ ʙʳʣʠ ʦʛʨʘʥʠʯʝʥʳ 

ʜʠʘʧʘʟʦʥʦʤ ʜʣʠʥ ʚʦʣʥ ʢʦʨʦʯʝ 13 ʤʢʤ [69, 98]. ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʌʃ ʫʟʢʦʟʦʥʥʳʭ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ, ʚ ʯʘʩʪʥʦʩʪʠ ʩʪʨʫʢʪʫʨ ʥʘ ʦʩʥʦʚʝ ʂʈʊ ʩ ʰʠʨʠʥʦʡ ʟʘʧʨʝʱʝʥʥʦʡ 

ʟʦʥʳ ʤʝʥʴʰʝ 300 ʤʵɺ, ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʳʝ ʤʦʜʫʣʷʮʠʦʥʥʳʝ 

ʤʝʪʦʜʠʢʠ, ʩʥʠʞʘʶʱʠʝ ʚʢʣʘʜ ʪʝʧʣʦʚʦʛʦ ʬʦʥʘ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ [159, 160, 161]. ɺ 

ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣʘ ʨʘʟʚʠʪʘ ʤʝʪʦʜʠʢʘ ʠʟʤʝʨʝʥʠʷ ʩʧʝʢʪʨʦʚ ʌʃ ʚ ʩʨʝʜʥʝʤ ʠ 

ʜʘʣʴʥʝʤ ʀʂ ʜʠʘʧʘʟʦʥʘʭ ʧʨʠ ʥʝʧʨʝʨʳʚʥʦʤ ʚʦʟʙʫʞʜʝʥʠʠ ʠ ʠʤʧʫʣʴʩʥʦʤ 

ʚʦʟʙʫʞʜʝʥʠʠ ʩ ʙʦʣʴʰʦʡ ʩʢʚʘʞʥʦʩʪʴʶ ʚ ʫʩʣʦʚʠʷʭ ʩʠʣʴʥʦʡ ʬʦʥʦʚʦʡ ʟʘʩʚʝʪʢʠ 

ʤʝʪʦʜʦʤ ʬʫʨʴʝ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʩ ʧʦʰʘʛʦʚʳʤ ʧʝʨʝʤʝʱʝʥʠʝʤ ʟʝʨʢʘʣʘ ʩʧʝʢʪʨʦʤʝʪʨʘ 

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

ʩ ʦʧʨʝʜʝʣʝʥʥʦʡ ʟʘʜʝʨʞʢʦʡ ʧʦʩʣʝ ʧʝʨʝʤʝʱʝʥʠʷ ʟʝʨʢʘʣʘ ʬʫʨʴʝ-ʩʧʝʢʪʨʦʤʝʪʨʘ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʠʟʙʝʞʘʪʴ ʤʦʜʫʣʷʮʠʠ ʩʠʛʥʘʣʘ ʬʦʥʦʚʦʛʦ (ʪʝʧʣʦʚʦʛʦ) ʠʟʣʫʯʝʥʠʷ ʠ 

ʚʳʜʝʣʠʪʴ ʥʘ ʝʛʦ ʬʦʥʝ ʩʣʘʙʳʡ ʩʠʛʥʘʣ ʌʃ. ɺʝʣʠʯʠʥʘ ʟʘʜʝʨʞʢʠ ʜʦʣʞʥʘ ʧʨʝʚʳʰʘʪʴ 

ʥʝʩʢʦʣʴʢʦ ʧʦʩʪʦʷʥʥʳʭ ʚʨʝʤʝʥʠ ʬʦʪʦʧʨʠʝʤʥʠʢʘ ʠ/ʠʣʠ ʚʨʝʤʷ ʚʳʭʦʜʘ ʠʟ ʥʘʩʳʱʝʥʠʷ 

ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʩʭʝʤʳ, ʚʦʟʥʠʢʘʶʱʝʛʦ ʚʩʣʝʜʩʪʚʠʝ ʤʦʜʫʣʷʮʠʠ ʬʦʥʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ 
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ʧʨʠ ʧʝʨʝʤʝʱʝʥʠʠ ʧʦʜʚʠʞʥʦʛʦ ʟʝʨʢʘʣʘ ʠʥʪʝʨʬʝʨʦʤʝʪʨʘ ʬʫʨʴʝ-ʩʧʝʢʪʨʦʤʝʪʨʘ [A1, 

A5, A32, A33, A35]. ɼʦʧʦʣʥʠʪʝʣʴʥʳʤ ʬʘʢʪʦʨʦʤ, ʦʩʣʦʞʥʷʶʱʠʤ ʠʟʫʯʝʥʠʝ 

ʤʝʞʟʦʥʥʳʭ ʧʝʨʝʭʦʜʦʚ, ʷʚʣʷʝʪʩʷ ʥʘʣʦʞʝʥʠʝ ʥʘ ʥʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ, ʦʙʫʩʣʦʚʣʝʥʥʳʭ 

ʥʘʣʠʯʠʝʤ ʚ ʦʙʨʘʟʮʘʭ ʦʩʪʘʪʦʯʥʳʭ ʘʢʮʝʧʪʦʨʦʚ ï ʚʘʢʘʥʩʠʡ ʨʪʫʪʠ. ʉʦʚʤʝʩʪʥʦʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʪʦʜʦʚ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʌʇ, ʌʃ ʠ ʤʘʛʥʠʪʦʧʨʦʧʫʩʢʘʥʠʷ ʚ 

ʫʟʢʦʟʦʥʥʳʭ ʧʣʝʥʢʘʭ ʥʘ ʦʩʥʦʚʝ ʂʈʊ ʧʦʟʚʦʣʷʝʪ ʥʝ ʪʦʣʴʢʦ ʪʦʯʥʦ ʦʧʨʝʜʝʣʠʪʴ ʟʥʘʯʝʥʠʝ 

ʰʠʨʠʥʳ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ, ʥʦ ʠ ʦʮʝʥʠʪʴ ʧʦʪʝʥʮʠʘʣ ʵʪʠʭ ʩʪʨʫʢʪʫʨ ʜʣʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʭ ʚ ʢʘʯʝʩʪʚʝ ʤʝʞʟʦʥʥʳʭ ʧʨʠʝʤʥʠʢʦʚ ʠ ʠʟʣʫʯʘʪʝʣʝʡ ʚ ʩʨʝʜʥʝʤ ʠ 

ʜʘʣʴʥʝʤ ʀʂ ʜʠʘʧʘʟʦʥʝ.  

 

2.1 ʀʩʩʣʝʜʫʝʤʳʝ ʦʙʨʘʟʮʳ 

ʀʩʩʣʝʜʦʚʘʥʥʳʝ ʵʧʠʪʘʢʩʠʘʣʴʥʳʝ ʩʣʦʠ HgCdTe ʚʳʨʘʱʠʚʘʣʠʩʴ ʤʝʪʦʜʦʤ ʄʃʕ 

ʥʘ ʧʦʣʫʠʟʦʣʠʨʫʶʱʝʡ ʧʦʜʣʦʞʢʝ GaAs ʩ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʡ ʦʨʠʝʥʪʘʮʠʝʡ (013) 

[162, 163]. ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʚʳʨʘʱʠʚʘʣʠʩʴ ʙʫʬʝʨ ZnTe ʪʦʣʱʠʥʦʡ 30 ï 50 ʥʤ, 

ʨʝʣʘʢʩʠʨʦʚʘʥʥʳʡ ʙʫʬʝʨʥʳʡ ʩʣʦʡ CdTe ʪʦʣʱʠʥʦʡ ʦʢʦʣʦ 5 ʤʢʤ, ʠ ʦʩʥʦʚʥʘʷ ʯʘʩʪʴ 

ʩʪʨʫʢʪʫʨʳ - ʩʣʦʡ Hg1-xCdxTe ʩ ʥʠʟʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʢʘʜʤʠʷ (ʭ = 0.152 ï 0.23), 

ʦʢʨʫʞʝʥʥʳʡ ʚʘʨʠʟʦʥʥʳʤʠ ʩʣʦʷʤʠ Hg1-yCdyTe ʪʦʣʱʠʥʦʡ ʦʢʦʣʦ 1 ʤʢʤ, ʚ ʢʦʪʦʨʳʭ 

ʩʦʩʪʘʚ y ʧʣʘʚʥʦ ʫʚʝʣʠʯʠʚʘʣʩʷ ʜʦ ʟʥʘʯʝʥʠʡ ~ 0.5 ï 1. ʇʦʜʦʙʥʘʷ ʨʦʩʪʦʚʘʷ ʩʭʝʤʘ 

ʧʨʝʜʥʘʟʥʘʯʘʣʘʩʴ ʜʣʷ ʧʦʜʘʚʣʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʨʝʢʦʤʙʠʥʘʮʠʠ [164] ʥʘ ʠʥʪʝʨʬʝʡʩʝ  

(ʈʠʩʫʥʦʢ 2.1). ʂʘʢ ʧʨʘʚʠʣʦ, ʦʩʥʦʚʥʘʷ ʯʘʩʪʴ ʩʪʨʫʢʪʫʨʳ ʟʘʱʠʱʘʣʘʩʴ ʦʪ ʚʣʠʷʥʠʷ 

ʘʪʤʦʩʬʝʨʳ ʧʦʢʨʦʚʥʳʤ ʩʣʦʝʤ CdTe. ʇʘʨʘʤʝʪʨʳ ʚʩʝʭ ʠʩʩʣʝʜʦʚʘʥʥʳʭ 

ʵʧʠʪʘʢʩʠʘʣʴʥʳʭ ʩʣʦʝʚ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 2.1.  
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ʈʠʩʫʥʦʢ 2.1 - ʆʙʦʙʱʝʥʥʘʷ ʨʦʩʪʦʚʘʷ ʩʭʝʤʘ ʩʪʨʫʢʪʫʨʳ (ʩʣʝʚʘ) ʠ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩʦʩʪʘʚʘ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ (ʩʧʨʘʚʘ) ʚ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʘʭ  

Hg1-xCdxTe ʥʘ ʧʨʠʤʝʨʝ ʩʪʨʫʢʪʫʨʳ ˉ 120613 

ʊʘʙʣʠʮʘ 2.1 - ʇʘʨʘʤʝʪʨʳ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʦʚ. ʆʙʦʟʥʘʯʝʥʠʷ: ʭ ï ʜʦʣʷ ʢʘʜʤʠʷ, d 

ï ʪʦʣʱʠʥʘ ʦʩʥʦʚʥʦʛʦ ʩʣʦʷ HgCdTe 

ʅʦʤʝʨ ʩʪʨʫʢʪʫʨʳ x, % d, ʤʢʤ ʇʦʜʣʦʞʢʘ 

101007 15.5 5 GaAs 

110429 17.4 4 GaAs 

120208 18.9 4.2 GaAs 

110330 19 6 GaAs 

120210 19.1 3.84 GaAs 

120626 21 3.84 GaAs 

120613 22.2 4 GaAs 

120621 23 6 GaAs 

151012 23.2  7.7 Si 

150901 29.2 7.3 Si 

 

GaAs (013) 

ZnTe 

CdTe 

HgCdTe 

HgCdTe 

HgCdTe 

CdTe 
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ʉʪʨʫʢʪʫʨʳ ʦʙʣʘʜʘʣʠ ʵʣʝʢʪʨʦʥʥʳʤ ʪʠʧʦʤ ʧʨʦʚʦʜʠʤʦʩʪʠ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʚ 

ʜʠʘʧʘʟʦʥʝ ʦʪ 2Ā1014 ʩʤ-3 ʜʦ 5Ā1014 ʩʤ-3 (ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 4.2 ʂ). ʊʘʢ ʢʘʢ ʪʝʤʥʦʚʘʷ 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʵʣʝʢʪʨʦʥʦʚ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʦʩʪʘʪʦʯʥʳʤʠ ʤʝʣʢʠʤʠ ʜʦʥʦʨʘʤʠ, ʧʨʠ 77 

ʂ ʢʦʥʮʝʥʪʨʘʮʠʷ ʩʚʦʙʦʜʥʳʭ ʥʦʩʠʪʝʣʝʡ ʠʟʤʝʥʷʣʘʩʴ ʩʣʘʙʦ, ʦʩʪʘʚʘʷʩʴ ʚ ʧʨʝʜʝʣʘʭ 

3Ā1014 ʩʤ-3 ʜʦ 6Ā1014 ʩʤ-3. ɺ ʦʜʥʦʤ ʠʟ ʦʙʨʘʟʮʦʚ (ˉ 101007), ʜʦʧʦʣʥʠʪʝʣʴʥʦ 

ʣʝʛʠʨʦʚʘʥʥʳʤ ʠʥʜʠʝʤ, ʦʧʨʝʜʝʣʝʥʥʘʷ ʧʦ ʠʟʤʝʨʝʥʠʷʤ ʵʬʬʝʢʪʘ ʍʦʣʣʘ ʢʦʥʮʝʥʪʨʘʮʠʷ 

ʩʦʩʪʘʚʠʣʘ 5Ā1015 ʩʤ-3. 

 

2.2 ʄʝʪʦʜʠʢʘ ʠʟʤʝʨʝʥʠʷ ʩʧʝʢʪʨʦʚ ʬʦʪʦʧʨʦʚʦʜʠʤʦʩʪʠ 

ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʬʦʪʦʧʨʦʚʦʜʠʤʦʩʪʠ (ʌʇ) ʦʙʨʘʟʝʮ ʚʳʩʪʫʧʘʝʪ ʚ ʢʘʯʝʩʪʚʝ 

ʜʝʪʝʢʪʦʨʘ, ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢʦʪʦʨʦʛʦ ʠʟʤʝʥʷʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʜʣʠʥʳ ʚʦʣʥʳ 

ʧʘʜʘʶʱʝʛʦ ʠʟʣʫʯʝʥʠʷ. ʆʙʨʘʟʮʳ ʨʘʩʧʦʣʘʛʘʣʠʩʴ ʥʘ ʢʦʥʮʝ ʩʚʝʪʦʚʦʜʥʦʡ ʚʩʪʘʚʢʠ ʢ 

ʪʨʘʥʩʧʦʨʪʥʦʤʫ ʩʦʩʫʜʫ ɼʴʶʘʨʘ (ʉʊɻ-40 ʠʣʠ ʉʂ-40 ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʟʤʝʨʝʥʠʡ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʞʠʜʢʦʛʦ ʛʝʣʠʷ, ʊ = 4.2 K, ʠ ʞʠʜʢʦʛʦ ʘʟʦʪʘ, ʊ = 77 K, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). 

ʉʚʝʪʦʚʦʜʥʘʷ ʚʩʪʘʚʢʘ ʚʳʧʦʣʥʝʥʘ ʚ ʚʠʜʝ ʧʦʣʠʨʦʚʘʥʥʦʡ ʪʨʫʙʳ ʠʟ ʥʝʨʞʘʚʝʶʱʝʡ ʩʪʘʣʠ 

ʜʠʘʤʝʪʨʦʤ 18 ʤʤ, ʚʘʢʫʫʤʥʦ ʩʦʧʨʷʞʝʥʥʦʡ ʩ ʀʂ ʬʫʨʴʝ-ʩʧʝʢʪʨʦʤʝʪʨʦʤ, ʥʘ ʢʦʥʮʝ 

ʢʦʪʦʨʦʡ ʩ ʧʦʤʦʱʴʶ ʨʘʩʧʦʣʦʞʝʥ ʩʦʙʠʨʘʶʱʠʡ ʢʦʥʫʩ ʜʣʷ ʩʙʦʨʘ ʚʦʟʙʫʞʜʘʶʱʝʛʦ 

ʠʟʣʫʯʝʥʠʷ ʥʘ ʦʙʨʘʟʝʮ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʦʙʨʘʟʝʮ ʧʦʧʘʜʘʝʪ ʣʠʰʴ ʤʦʜʫʣʠʨʦʚʘʥʥʦʝ, 

çʧʦʣʝʟʥʦʝè ʠʟʣʫʯʝʥʠʝ ʠ ʥʝʙʦʣʴʰʘʷ ʜʦʣʷ ʪʝʧʣʦʚʦʛʦ ʬʦʥʘ ʦʪ ʩʚʝʪʦʚʦʜʘ ʠ ʩʪʝʥʦʢ 

ʩʧʝʢʪʨʦʤʝʪʨʘ. ɺ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʚʩʪʨʦʝʥʥʳʝ ʚ ʩʧʝʢʪʨʦʤʝʪʨ 

ʛʣʦʙʘʨ (ʜʣʷ ʩʨʝʜʥʝʛʦ/ʜʘʣʴʥʝʛʦ ʀʂ ʜʠʘʧʘʟʦʥʘ) ʠ, ʨʝʞʝ, ʨʪʫʪʥʘʷ ʣʘʤʧʘ (ʜʣʷ 

ʠʟʤʝʨʝʥʠʡ ʚ ʜʘʣʴʥʝʤ ʀʂ/ʪʝʨʘʛʝʨʮʦʚʦʤ ʜʠʘʧʘʟʦʥʝ). 

ɺʘʞʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʩʧʝʢʪʨʦʤʝʪʨʘ çBruker Vertex 80vè 

ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʚʦʜʠʪʴ ʦʪʢʘʯʢʫ ʦʧʪʠʯʝʩʢʦʛʦ ʪʨʘʢʪʘ ʜʦ ʜʘʚʣʝʥʠʡ ʧʦʨʷʜʢʘ 

10-5 ʙʘʨ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʫʤʝʥʴʰʠʪʴ ʘʪʤʦʩʬʝʨʥʦʝ ʧʦʛʣʦʱʝʥʠʝ ʥʘ 

ʜʣʠʥʘʭ ʚʦʣʥ ɚ > 15 ʤʢʤ. ʋʯʘʩʪʦʢ ʩʚʝʪʦʚʦʜʘ ʚʥʫʪʨʠ ʩʦʩʫʜʘ ɼʴʶʘʨʘ ʦʪʜʝʣʷʣʩʷ ʦʪ 

ʦʪʢʘʯʘʥʥʦʛʦ ʦʙʲʝʤʘ ʩʧʝʢʪʨʦʤʝʪʨʘ ʩ ʧʦʤʦʱʴʶ ʛʝʨʤʝʪʠʯʥʦʛʦ ʬʠʣʴʪʨʘ (ʧʦʣʠʵʪʠʣʝʥ 

ʣʠʙʦ ʂʈʉ-5, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʜʠʘʧʘʟʦʥʘ ʠʩʩʣʝʜʦʚʘʥʠʡ). ɺ 
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ʥʝʢʦʪʦʨʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʠʩʧʦʣʴʟʦʚʘʣʩʷ çʭʦʣʦʜʥʳʡè ʬʠʣʴʪʨ ʠʟ ʯʝʨʥʦʛʦ 

ʧʦʣʠʵʪʠʣʝʥʘ, ʨʘʩʧʦʣʦʞʝʥʥʳʡ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʝʨʝʜ ʦʙʨʘʟʮʦʤ ʜʣʷ ʧʦʜʘʚʣʝʥʠʷ 

ʪʝʧʣʦʚʦʡ çʟʘʩʚʝʪʢʠè. 

ɺ ʭʦʜʝ ʧʦʜʛʦʪʦʚʢʠ ʩʪʨʫʢʪʫʨ ʚʳʢʘʣʳʚʘʣʠʩʴ ʦʙʨʘʟʮʳ (ʭʘʨʘʢʪʝʨʥʳʡ ʨʘʟʤʝʨ 

5ʭ5 ʤʤ2) ʥʘ ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ ʤʝʪʦʜʦʤ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʧʘʡʢʠ ʥʘʥʦʩʠʣʠʩʴ 

ʧʦʣʦʩʢʦʚʳʝ ʠʥʜʠʝʚʳʝ ʢʦʥʪʘʢʪʳ. ɺ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʧʦʩʪʦʷʥʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ 

ʩʤʝʱʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʪʦʢʦʚʳʡ ʫʩʠʣʠʪʝʣʴ çStanford Research Systemsè SR570 ʩ 

ʚʦʟʤʦʞʥʦʩʪʴʶ ʢʦʤʧʝʥʩʘʮʠʠ ʧʦʩʪʦʷʥʥʦʛʦ çʪʝʤʥʦʚʦʛʦè ʪʦʢʘ. ʕʪʦʪ ʞʝ ʫʩʠʣʠʪʝʣʴ 

ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʜʣʷ ʨʝʛʠʩʪʨʘʮʠʠ ʠ ʧʨʝʜʫʩʠʣʝʥʠʷ ʧʦʣʝʟʥʦʛʦ ʩʠʛʥʘʣʘ. ɼʘʣʝʝ ʩʠʛʥʘʣ 

ʌʇ ʧʦʩʪʫʧʘʣ ʥʘ ʧʨʝʜʫʩʠʣʠʪʝʣʴ ʥʘʧʨʷʞʝʥʠʷ (SR560) ʜʣʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ 

ʫʩʠʣʝʥʠʷ ʠ ʬʠʣʴʪʨʘʮʠʠ ʧʦʤʝʭ, ʠ ʟʘʪʝʤ ʥʘ ʚʭʦʜ ʘʥʘʣʦʛʦ-ʮʠʬʨʦʚʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ 

(ɸʎʇ) ʬʫʨʴʝ-ʩʧʝʢʪʨʦʤʝʪʨʘ (ʈʠʩʫʥʦʢ 2.2).  

 

ʈʠʩʫʥʦʢ 2.2 - ʉʭʝʤʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʧʝʢʪʨʦʚ 

ʬʦʪʦʧʨʦʚʦʜʠʤʦʩʪʠ ʦʙʨʘʟʮʦʚ 

������������
������������
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ʅʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʦʩʣʝ ʠʟʤʝʨʝʥʠʡ ʩʧʝʢʪʨʦʚ ʌʇ ʦʙʨʘʟʮʦʚ ʩ ʧʦʤʦʱʴʶ 

ʥʝʩʝʣʝʢʪʠʚʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʧʨʠʝʤʥʠʢʘ ʠʟʤʝʨʷʣʠʩʴ ʢʘʣʠʙʨʦʚʦʯʥʳʝ ʩʧʝʢʪʨʳ 

ʧʨʦʧʫʩʢʘʥʠʷ ʦʧʪʠʯʝʩʢʦʛʦ ʪʨʘʢʪʘ. ʇʦʣʫʯʘʝʤʳʝ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʩʧʝʢʪʨ rʩʦʜʝʨʞʘʣʠ 

ʠʥʬʦʨʤʘʮʠʶ ʦ ʩʧʝʢʪʨʘʣʴʥʳʭ ʦʩʦʙʝʥʥʦʩʪʷʭ ʠʩʪʦʯʥʠʢʘ, ʜʝʣʠʪʝʣʷ ʠ ʦʧʪʠʯʝʩʢʦʛʦ 

ʬʠʣʴʪʨʘ ʠ ʚ ʜʘʣʴʥʝʡʰʝʤ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʣʷ ʥʦʨʤʠʨʦʚʢʠ ʠʟʤʝʨʝʥʥʳʭ ʩʧʝʢʪʨʦʚ ʌʇ 

ʠ çʦʪʩʣʝʞʠʚʘʥʠʷè ʘʨʪʝʬʘʢʪʦʚ. 

ɺ ʜʦʧʦʣʥʝʥʠʝ ʢ ʠʟʤʝʨʝʥʠʷʤ ʧʦ ʦʧʠʩʘʥʥʦʡ ʚʳʰʝ çʙʘʟʦʚʦʡè ʤʝʪʦʜʠʢʝ, ʚ ʭʦʜʝ 

ʨʘʙʦʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʫʩʣʦʚʠʷʭ ʧʣʘʚʥʦ ʚʘʨʴʠʨʫʝʤʳʭ ʚʥʝʰʥʠʭ 

ʧʘʨʘʤʝʪʨʦʚ - ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʚʥʝʰʥʝʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ʊʘʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʦʤʠʤʦ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ ʚʣʠʷʥʠʠ ʵʪʠʭ ʧʘʨʘʤʝʪʨʦʚ ʥʘ ʰʠʨʠʥʫ 

ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ, ʧʨʝʜʩʪʘʚʣʷʶʪ ʠ ʤʝʪʦʜʠʯʝʩʢʠʡ ʠʥʪʝʨʝʩ, ʧʦʩʢʦʣʴʢʫ ʧʦʟʚʦʣʷʶʪ 

ʧʨʦʚʦʜʠʪʴ çʦʪʩʪʨʦʡʢʫè ʢʨʘʩʥʦʡ ʛʨʘʥʠʮʳ ʌʇ ʦʪ ʦʙʣʘʩʪʝʡ ʥʝʧʨʦʟʨʘʯʥʦʩʪʠ 

ʦʧʪʠʯʝʩʢʦʛʦ ʪʨʘʢʪʘ ʠ ʣʠʥʠʡ, ʩʚʷʟʘʥʥʳʭ ʩ çʧʨʠʤʝʩʥʦʡè ʌʇ (ʩʤ. ʛʣʘʚʫ 4). ɼʣʷ 

ʠʟʤʝʨʝʥʠʡ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʦʙʨʘʟʝʮ ʨʘʟʤʝʱʘʣʩʷ ʚʥʫʪʨʠ ʩʚʝʨʭʧʨʦʚʦʜʷʱʝʛʦ 

ʩʦʣʝʥʦʠʜʘ, ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʥʘ ʢʦʥʮʝ ʩʚʝʪʦʚʦʜʥʦʡ ʚʩʪʘʚʢʠ. ʊʘʢʘʷ ʩʠʩʪʝʤʘ 

ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʩʧʝʢʪʨʳ ʌʇ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʞʠʜʢʦʛʦ ʛʝʣʠʷ ʚ ʤʘʛʥʠʪʥʳʭ 

ʧʦʣʷʭ ʜʦ 3 ʊ. ɺ ʩʣʫʯʘʝ ʠʟʤʝʨʝʥʠʡ ʩʧʝʢʪʨʦʚ ʌʇ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ 

ʠʟʣʫʯʝʥʠʝ ʠʟ ʩʧʝʢʪʨʦʤʝʪʨʘ ʩʭʦʞʠʤ ʦʙʨʘʟʦʤ ʟʘʚʦʜʠʣʦʩʴ ʚ ʦʧʪʠʯʝʩʢʠʡ ʢʨʠʦʩʪʘʪ 

ʟʘʤʢʥʫʪʦʛʦ ʮʠʢʣʘ. 

 

2.3 ʍʘʨʘʢʪʝʨʠʟʘʮʠʷ ʦʙʲʝʤʥʳʭ ʵʧʠʪʘʢʩʠʘʣʴʥʳʭ ʧʣʝʥʦʢ HgCdTe ʧʦ ʩʧʝʢʪʨʘʤ 

ʬʦʪʦʧʨʦʚʦʜʠʤʦʩʪʠ  

ʇʨʠ ʭʘʨʘʢʪʝʨʠʟʘʮʠʠ ʦʙʲʝʤʥʳʭ ʧʣʝʥʦʢ ʂʈʊ ʤʝʪʦʜʦʤ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʌʇ 

ʧʝʨʚʦʩʪʝʧʝʥʥʳʤʠ ʷʚʣʷʶʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʣʦʞʝʥʠʷ ʠ ʧʨʦʬʠʣʷ çʢʨʘʩʥʦʡ 

ʛʨʘʥʠʮʳè ʤʝʞʟʦʥʥʦʛʦ ʬʦʪʦʦʪʢʣʠʢʘ. ʋʨʦʚʝʥʴ ʦʜʥʦʨʦʜʥʦʩʪʠ ʠ ʢʦʥʮʝʥʪʨʘʮʠʷ 

ʜʝʬʝʢʪʦʚ ʚ ʩʪʨʫʢʪʫʨʘʭ, ʟʘʚʠʩʷʱʠʝ ʚʦ ʤʥʦʛʦʤ ʦʪ ʠʩʧʦʣʴʟʫʝʤʦʡ ʪʝʭʥʦʣʦʛʠʠ ʨʦʩʪʘ, 

ʦʧʨʝʜʝʣʷʶʪ ʬʦʨʤʫ çʢʨʘʩʥʦʡ ʛʨʘʥʠʮʳè ʤʝʞʟʦʥʥʳʭ ʧʝʨʝʭʦʜʦʚ. ɺ ʫʟʢʦʟʦʥʥʳʭ 

ʪʨʦʡʥʳʭ ʨʘʩʪʚʦʨʘʭ ʂʈʊ ʢʨʘʡ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʛʦ ʧʦʛʣʦʱʝʥʠʷ ʥʝ ʦʧʠʩʳʚʘʝʪʩʷ 
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ʧʨʦʩʪʦʡ ʢʦʨʥʝʚʦʡ ʬʫʥʢʮʠʝʡ, ʚʦʟʨʘʩʪʘʶʱʝʡ ʦʪ ʥʫʣʷ ʧʨʠ ʧʨʝʚʳʰʝʥʠʠ ʵʥʝʨʛʠʝʡ 

ʬʦʪʦʥʦʚ ʰʠʨʠʥʳ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ Eg, ʠ ʚʝʣʠʯʠʥʘ Eg, ʠʟʚʣʝʢʘʝʤʘʷ ʠʟ ʩʧʝʢʪʨʦʚ 

ʌʇ, ʦʢʘʟʳʚʘʝʪʩʷ ʤʦʜʝʣʴʥʦ-ʟʘʚʠʩʠʤʦʡ. ɺʦ ʤʥʦʛʠʭ ʨʘʙʦʪʘʭ (ʩʤ. ʥʘʧʨʠʤʝʨ, [165, 166, 

167, 168]) ʧʦʢʘʟʘʥʦ, ʯʪʦ ʜʣʠʥʥʦʚʦʣʥʦʚʳʡ ʫʯʘʩʪʦʢ ʩʧʝʢʪʨʘ ʧʦʛʣʦʱʝʥʠʷ ʪʚʝʨʜʳʭ 

ʨʘʩʪʚʦʨʦʚ Hg1-xCdxTe ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʳʡ (ʧʦʜʯʠʥʷʶʱʠʡʩʷ 

çʧʨʘʚʠʣʫ ʋʨʙʘʭʘè) ʭʚʦʩʪ ʚ ʦʙʣʘʩʪʠ ʵʥʝʨʛʠʡ Ὤ’ Ὁ: 

 
‌ ‌ÅØÐ

ᴐʖ Ὁ

ὡ
 

 

(2.3.1) 

ʇʨʠ ʫʯʝʪʝ ʜʘʥʥʦʛʦ ʧʦʛʣʦʱʝʥʠʷ ʋʨʙʘʭʘ ʧʦʜ çʦʧʪʠʯʝʩʢʦʡ ʰʠʨʠʥʦʡ 

ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳè ʤʦʞʥʦ ʧʦʥʠʤʘʪʴ ʵʥʝʨʛʠʶ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʪʦʯʢʝ ʧʝʨʝʭʦʜʘ 

ʦʪ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʛʦ ʥʘʨʘʩʪʘʥʠʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʚ ʩʧʝʢʪʨʘʭ ʌʇ ʢ ʢʦʨʥʝʚʦʤʫ 

ʟʘʢʦʥʫ ʨʦʩʪʘ, ʪ.ʝ. ʪʦʯʢʘ ʧʝʨʝʛʠʙʘ ʠʣʠ ʪʦʯʢʘ ʤʘʢʩʠʤʫʤʘ ʧʝʨʚʦʡ ʧʨʦʠʟʚʦʜʥʦʡ ʩʧʝʢʪʨʘ 

ʧʦʛʣʦʱʝʥʠʷ.  

ʉʫʱʝʩʪʚʫʶʪ ʨʘʟʣʠʯʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʧʨʠʯʠʥʘʭ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʫʯʘʩʪʢʘ 

ʋʨʙʘʭʘ ʥʘ ʩʧʝʢʪʨʘʭ ʧʦʛʣʦʱʝʥʠʷ Hg1-xCdxTe, ʦʜʥʘʢʦ ʠʟʚʝʩʪʥʦ [169], ʯʪʦ ʦʜʥʦʡ ʠʟ 

ʥʠʭ ʷʚʣʷʝʪʩʷ çʭʚʦʩʪè ʧʣʦʪʥʦʩʪʠ ʩʦʩʪʦʷʥʠʡ ʚ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʝ, ʦʙʫʩʣʦʚʣʝʥʥʳʡ 

ʬʣʫʢʪʫʘʮʠʷʤʠ ʩʦʩʪʘʚʘ ʠ ʜʝʬʝʢʪʥʦʩʪʴʶ ʦʙʨʘʟʮʦʚ, ʪ.ʝ. ʧʨʦʪʷʞʝʥʥʦʩʪʴ ʫʯʘʩʪʢʘ 

ʋʨʙʘʭʘ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʯʝʩʪʚʘ ʩʪʨʫʢʪʫʨʳ. ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ, 

ʵʥʝʨʛʠʷ ʋʨʙʘʭʘ W, ʭʘʨʘʢʪʝʨʠʟʫʶʱʘʷ çʨʘʟʤʳʪʠʝè ʢʨʘʩʥʦʡ ʛʨʘʥʠʮʳ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʛʦ ʧʦʛʣʦʱʝʥʠʷ, ʚʢʣʶʯʘʝʪ ʩʣʘʛʘʝʤʦʝ, ʦʙʫʩʣʦʚʣʝʥʥʦʝ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʤ ʥʝʩʦʚʝʨʰʝʥʩʪʚʦʤ ʩʪʨʫʢʪʫʨʳ, ʢʦʪʦʨʦʝ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ, 

ʠ ʟʘʚʠʩʷʰʝʝ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʩʣʘʛʘʝʤʦʝ, ʩʚʷʟʘʥʥʦʝ ʩ ʵʣʝʢʪʨʦʥ-ʬʦʥʦʥʥʳʤ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ.  ʇʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʩʧʝʢʪʨʘʤ ʌʇ, ʠʩʩʣʝʜʦʚʘʥʥʳʤ ʚ ʜʘʥʥʦʡ 

ʨʘʙʦʪʝ, ʵʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʜʣʠʥʥʦʚʦʣʥʦʚʳʡ çʬʨʦʥʪè ʩʧʝʢʪʨʘ ʧʨʠ ʙʦʣʝʝ ʚʳʩʦʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʚʩʝʛʜʘ ʰʠʨʝ, ʯʝʤ ʧʨʠ ʥʠʟʢʠʭ, ʘ ʦʪʥʦʰʝʥʠʝ ʰʠʨʠʥ çʬʨʦʥʪʦʚè ʧʨʠ 

ʨʘʟʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʤʝʨʦʡ ʢʘʯʝʩʪʚʘ ʦʙʨʘʟʮʘ. ɺ ʩʣʫʯʘʝ 

çʠʜʝʘʣʴʥʦʡè ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʨʘʟʤʳʪʠʝ ʧʦʣʥʦʩʪʴʶ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʵʣʝʢʪʨʦʥ-ʬʦʥʦʥʥʳʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ, ʧʦʵʪʦʤʫ ʧʨʠ ʩʪʨʝʤʣʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʢ 

ʥʫʣʶ, ʢʨʘʩʥʘʷ ʛʨʘʥʠʮʘ ʙʫʜʝʪ ʩʪʘʥʦʚʠʪʴʩʷ ʚʩʝ ʙʦʣʝʝ ʨʝʟʢʦʡ. ɽʩʣʠ ʞʝ ʧʨʝʦʙʣʘʜʘʶʪ 
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ʩʪʘʪʠʯʝʩʢʠʝ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ, ʪʦ ʦʪʣʠʯʠʝ ʤʝʞʜʫ ʰʠʨʠʥʦʡ ʢʨʘʷ ʌʇ ʧʨʠ ʨʘʟʥʳʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʙʫʜʝʪ ʥʝʩʫʱʝʩʪʚʝʥʥʳʤ. ʅʘ ʨʠʩʫʥʢʝ 2.3 ʧʨʠʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ 

ʧʨʦʬʠʣʷ ʢʨʘʩʥʦʡ ʛʨʘʥʠʮʳ ʤʝʞʟʦʥʥʳʭ ʧʝʨʝʭʦʜʦʚ ʩʪʨʫʢʪʫʨʳ ˉ 120210 ʠ ʦʜʥʦʡ ʠʟ 

ʩʪʨʫʢʪʫʨ ʠʟ ʨʘʙʦʪʳ [167] ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. ʍʘʨʘʢʪʝʨʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ 

ʩʪʨʫʢʪʫʨ ʩ ʥʠʟʢʦʡ (x < 0.5) ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʢʘʜʤʠʷ ʷʚʣʷʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ ʰʠʨʠʥʳ 

ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ (ʢʘʢ ʠ ʚ ʯʠʩʪʦʤ ʪʝʣʣʫʨʠʜʝ ʨʪʫʪʠ, ʛʜʝ ʰʠʨʠʥʘ 

ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ ʧʦʣʘʛʘʝʪʩʷ ʦʪʨʠʮʘʪʝʣʴʥʦʡ). ɺʠʜʥʦ, ʯʪʦ ʥʘ ʨʠʩʫʥʢʝ 2.3 (ʙ) 

ʥʘʢʣʦʥ ʜʣʠʥʥʦʚʦʣʥʦʚʦʛʦ ʢʨʘʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʛʦ ʧʦʛʣʦʱʝʥʠʷ ʚ ʣʦʛʘʨʠʬʤʠʯʝʩʢʦʤ 

ʤʘʩʰʪʘʙʝ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʦʩʪʘʝʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʩʪʦʷʥʥʳʤ, 

ʧʦʢʘʟʳʚʘʷ, ʯʪʦ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʩʦʩʪʘʚʘ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ 

ʬʘʢʪʦʨʦʤ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʫʯʘʩʪʢʘ ʋʨʙʘʭʘ. ɼʘʥʥʳʡ ʚʳʚʦʜ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ 

ʪʝʦʨʝʪʠʯʝʩʢʠʤ ʘʥʘʣʠʟʦʤ, ʚʳʧʦʣʥʝʥʥʳʤ ʚ ʨʘʙʦʪʝ [167]. ɺ ʦʪʣʠʯʠʝ ʦʪ ʨʠʩʫʥʢʘ 2.3 

(ʙ), ʨʝʟʢʦʩʪʴ çʢʨʘʩʥʦʡ ʛʨʘʥʠʮʳè ʩʪʨʫʢʪʫʨʳ ˉ 120210 ʟʘʤʝʪʥʦ ʤʝʥʷʝʪʩʷ ʩ 

ʪʝʤʧʝʨʘʪʫʨʦʡ (ʈʠʩʫʥʦʢ 2.3 (ʘ)).  
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ʈʠʩʫʥʦʢ 2.3 - (ʘ) ɼʣʠʥʥʦʚʦʣʥʦʚʳʡ ʢʨʘʡ ʩʧʝʢʪʨʦʚ ʌʇ ʜʣʷ ʩʪʨʫʢʪʫʨ ˉ 120210 

ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ; (ʙ) ʉʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ  

Hg1-xCdxTe ʩ ʭ = 0.21 ʜʣʷ ʨʘʟʥʳʭ ʪʝʤʧʝʨʘʪʫʨ, ʧʨʠʚʝʜʝʥʥʳʝ ʠʟ ʨʘʙʦʪʳ [167] 

 

(ʘ) 

(ʙ) 
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ɺ ʣʠʪʝʨʘʪʫʨʝ ʚʩʪʨʝʯʘʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʦʧʠʩʘʥʠʷ ʟʘʚʠʩʠʤʦʩʪʠ 

W(T), ʥʦ ʚ ʥʘʠʙʦʣʝʝ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʤʦʡ ʤʦʜʝʣʠ ʂʦʜʠ [170], ʵʥʝʨʛʠʷ ʋʨʙʘʭʘ 

ʩʢʣʘʜʳʚʘʝʪʩʷ ʠʟ ʯʣʝʥʘ P/2, ʦʪʨʘʞʘʶʱʝʛʦ çʩʪʘʪʠʯʝʩʢʠʝè ʜʝʬʝʢʪʳ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ 

ʨʝʰʝʪʢʠ ʠ ʥʝ ʟʘʚʠʩʷʱʝʛʦ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ, ʠ ʪʝʤʧʝʨʘʪʫʨʥʦ-ʟʘʚʠʩʠʤʦʛʦ ʯʣʝʥʘ, 

ʦʧʠʩʳʚʘʶʱʝʛʦ ɻ ʣʝʢʪʨʦʥ-ʬʦʥʦʥʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ, ʛʜʝ ʊ0 å Ĳ ʊɼ (ʊɼ ï ʪʝʤʧʝʨʘʪʫʨʘ 

ɼʝʙʘʷ) [171]: 
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(2.3.2) 

ɼʣʷ ʚʩʝʭ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʦʙʨʘʟʮʦʚ ʵʧʠʪʘʢʩʠʘʣʴʥʳʭ 

ʧʣʝʥʦʢ HgCdTe ʧʦʣʫʯʝʥʳ ʟʥʘʯʝʥʠʷ ʵʥʝʨʛʠʠ ʋʨʙʘʭʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 4.2 ʂ ʚ 

ʜʠʘʧʘʟʦʥʝ ʦʪ 1 ʜʦ 2 ʤʵɺ [A2] (ʩʤ. ʪʘʙʣʠʮʫ 2.2), ʯʪʦ ʥʘ ʧʦʨʷʜʦʢ ʤʝʥʴʰʝ ʜʘʥʥʳʭ 

ʧʨʝʜʰʝʩʪʚʫʶʱʠʭ ʨʘʙʦʪ, ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʩʪʨʫʢʪʫʨʘʤ, ʚʳʨʘʱʝʥʥʳʤ ʄʃʕ [167, 172] 

ʠ ʧʦ ʧʦʨʷʜʢʫ ʚʝʣʠʯʠʥʳ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʣʫʯʰʠʤ ʦʙʨʘʟʮʘʤ GaAs [171]. ʕʥʝʨʛʠʷ 

ʋʨʙʘʭʘ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʧʫʪʝʤ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʜʣʠʥʥʦʚʦʣʥʦʚʦʡ ʛʨʘʥʠʮʳ ʩʧʝʢʪʨʘ 

ʌʇ ʩ ʧʦʤʦʱʴʶ ʚʳʨʘʞʝʥʠʷ (2.3.1) (ʩʤ. ʨʠʩʫʥʦʢ 2.4(ʘ)). ɺʝʨʭʥʷʷ ʛʨʘʥʠʮʘ ʦʙʣʘʩʪʠ 

ʘʧʧʨʦʢʩʠʤʘʮʠʠ (ʪʦʯʢʘ ɽ0) ʦʧʨʝʜʝʣʣ̫ʘʩʴ ʧʦ ʤʘʢʩʠʤʫʤʫ ʧʝʨʚʦʡ ʧʨʦʠʟʚʦʜʥʦʡ 

ʩʧʝʢʪʨʘ ʌʇ ʚʙʣʠʟʠ ʜʣʠʥʥʦʚʦʣʥʦʚʦʛʦ ʢʨʘʷ, ʪʘʢ ʢʘʢ ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ ʫʯʘʩʪʢʘ ʋʨʙʘʭʘ 

ʢ ʦʙʣʘʩʪʠ ʤʝʞʟʦʥʥʳʭ ʧʝʨʝʭʦʜʦʚ ʩ ʵʥʝʨʛʠʝʡ ʚʳʰʝ Eg (ʚ ʘʥʛʣʦʷʟʳʯʥʦʡ ʣʠʪʝʨʘʪʫʨʝ 

ʝʛʦ ʠʥʦʛʜʘ ʥʘʟʳʚʘʶʪ ʫʯʘʩʪʢʦʤ ʂʝʡʥʘ) ʬʫʥʢʮʠʷ, ʦʧʠʩʳʚʘʶʱʘʷ ʟʘʚʠʩʠʤʦʩʪʴ 

ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʩʦʩʪʦʷʥʠʡ ʦʪ ʵʥʝʨʛʠʠ ʧʝʨʝʭʦʜʘ ʩʪʘʥʦʚʠʪʩʷ ʚʳʧʫʢʣʦʡ 

ʚʚʝʨʭ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʬʫʥʢʮʠʠ, ʦʧʠʩʳʚʘʶʱʝʡʩʷ ʚʳʨʘʞʝʥʠʝʤ (2.3.1).  

ʉ ʨʦʩʪʦʤ ʪʝʤʧʝʨʘʪʫʨʳ ʵʥʝʨʛʠʷ ʋʨʙʘʭʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ. ʈʝʟʫʣʴʪʘʪʳ 

ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ (ʈʠʩʫʥʦʢ 2.4 (ʙ)) ʤʦʜʝʣʴʶ ʂʦʜʠ [172] 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʧʨʝʦʙʣʘʜʘʶʱʝʡ ʨʦʣʠ çʜʠʥʘʤʠʯʝʩʢʦʛʦè ʫʰʠʨʝʥʠʷ ʢʨʘʷ 

ʧʦʛʣʦʱʝʥʠʷ, ʩʚʷʟʘʥʥʦʛʦ ʩ ʵʣʝʢʪʨʦʥ-ʬʦʥʦʥʥʳʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ, ʘ ʥʝ ʩ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʤ ʥʝʩʦʚʝʨʰʝʥʩʪʚʦʤ ʩʪʨʫʢʪʫʨ, ʢʘʢ ʚ ʨʘʙʦʪʘʭ [167, 172]. ɺ ʯʘʩʪʥʦʩʪʠ, 

ʢʦʵʬʬʠʮʠʝʥʪ ʈ ʜʣʷ ʧʦʜʛʦʥʦʯʥʦʡ ʢʨʠʚʦʡ, ʧʨʠʚʝʜʝʥʥʦʡ ʥʘ ʨʠʩʫʥʢʝ 2.4 (ʙ), 

ʩʦʩʪʘʚʣʷʝʪ 0.0 ʩ ʦʰʠʙʢʦʡ 0.25. ʇʨʠ ʵʪʦʤ ʢʦʵʬʬʠʮʠʝʥʪʳ, ʦʪʚʝʯʘʶʱʠʝ 

ʪʝʤʧʝʨʘʪʫʨʥʦ-ʟʘʚʠʩʠʤʦʤʫ ʯʣʝʥʫ ʚ ʵʥʝʨʛʠʠ ʋʨʙʘʭʘ ʥʘʭʦʜʷʪʩʷ ʚ ʭʦʨʦʰʝʤ ʩʦʛʣʘʩʠʠ 
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ʩ ʫʧʦʤʷʥʫʪʳʤʠ ʨʘʙʦʪʘʤʠ [167, 172], ʘ ʪʝʤʧʝʨʘʪʫʨʘ ɼʝʙʘʷ, ʦʧʨʝʜʝʣʝʥʥʘʷ ʠʟ 

ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʜʛʦʥʢʠ ʩʦʩʪʘʚʣʷʝʪ 144 ʂ Ñ 27 ʂ, ʯʪʦ ʪʘʢʞʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʣʠʪʝʨʘʪʫʨʥʳʤ ʜʘʥʥʳʤ. ɼʣʷ ʥʝʢʦʪʦʨʳʭ ʦʙʨʘʟʮʦʚ ʟʘʚʠʩʠʤʦʩʪʴ ʵʥʝʨʛʠʠ ʋʨʙʘʭʘ ʦʪ 

ʪʝʤʧʝʨʘʪʫʨʳ ʥʝ ʫʜʘʝʪʩʷ ʩ ʭʦʨʦʰʝʡ ʪʦʯʥʦʩʪʴʶ ʘʧʧʨʦʢʩʠʤʠʨʦʚʘʪʴ ʤʦʜʝʣʴʶ ʂʦʜʠ, 

ʯʪʦ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʤʥʦʛʠʭ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ [173, 174]. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʫʶʪ 

ʤʦʜʝʣʴ ɺʘʩʠʤʘ [173], ʚʠʜʘ   
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(2.3.3) 

ʛʜʝ N ï ʜʦʣʷ ʬʦʥʦʥʥʳʭ ʤʦʜ, ʢʦʪʦʨʳʝ ʧʨʠʥʠʤʘʶʪ ʫʯʘʩʪʠʝ ʚ çʨʘʟʤʳʪʠʠè ʢʨʘʩʥʦʡ 

ʛʨʘʥʠʮʳ ʩʧʝʢʪʨʦʚ ʌʇ. ʅʘʛʣʷʜʥʦʡ ʬʠʟʠʯʝʩʢʦʡ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʧʨʠʯʠʥ ʦʪʣʠʯʠʷ N ʦʪ 

1 ʚ ʣʠʪʝʨʘʪʫʨʝ ʥʝ ʧʨʠʚʦʜʠʪʩʷ, ʭʦʪʷ ʦʥʠ ʤʦʛʫʪ ʙʳʪʴ ʚʝʩʴʤʘ ʟʥʘʯʠʪʝʣʴʥʳʤʠ. 

ʅʘʧʨʠʤʝʨ, ʚ ʨʘʙʦʪʝ  [174] ʜʣʷ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ (Bi0.89In0.11)2Se3, N, ʦʧʨʝʜʝʣʝʥʥʦʝ 

ʠʟ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʩʦʩʪʦʚʠʣʦ 0.574, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʜʣʷ ʙʠʥʘʨʥʦʛʦ ʤʘʪʝʨʠʘʣʘ Bi2Se3 

N = 0.998. ɸʚʪʦʨʳ ʩʚʷʟʳʚʘʶʪ ʩʠʣʴʥʦʝ ʦʪʣʠʯʠʝ ʜʦʣʠ ʬʦʥʦʥʥʳʭ ʤʦʜ ʦʪ ʝʜʠʥʠʮ ʩ 

ʥʠʟʢʠʤ ʩʪʨʫʢʪʫʨʥʳʤ ʩʦʚʝʨʰʝʥʩʪʚʦʤ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ, ʜʣʷ ʢʦʪʦʨʦʛʦ 

ʢʦʵʬʬʠʮʠʝʥʪ ʈ ʩʦʩʪʘʚʣʷʝʪ 2.325 (ʜʣʷ Bi2Se3 P = 0.114). ʆʪʤʝʪʠʤ, ʯʪʦ ʜʣʷ 

ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʩʪʨʫʢʪʫʨ HgCdTe ʟʥʘʯʝʥʠʝ N, ʦʧʨʝʜʝʣʝʥʥʦʝ ʠʟ ʘʧʧʨʦʢʩʠʤʘʮʠʡ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʙʳʣʦ ʥʝ ʤʝʥʴʰʝ 0.95.  

ʊʘʙʣʠʮʘ 2.2 - ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʵʥʝʨʛʠʠ ʋʨʙʘʭʘ. ʆʙʦʟʥʘʯʝʥʠʷ: ʭ ï 

ʩʦʜʝʨʞʘʥʠʝ ʢʘʜʤʠʷ, d ï ʪʦʣʱʠʥʘ ʵʧʠʪʘʢʩʠʘʣʴʥʦʡ ʧʣʝʥʢʠ, W ï ʵʥʝʨʛʠʷ ʋʨʙʘʭʘ 

ʅʦʤʝʨ ʩʪʨʫʢʪʫʨʳ x d, ʥʤ 
W, ʤʵɺ 

4.2 ʂ 77 ʂ 

1 (130905) 0.18 8000 0.95 Ñ 0.25 1.6 Ñ 0.6 

2 (120208) 0.189 4200 1.5 Ñ 0.4 2.5 Ñ 0.2 

3 (120210) 0.191 3840 1.4 Ñ 0.25 2.1 Ñ 0.1 

4 (120613) 0.22 3940 ï 3.5 Ñ 0.2 

5 (120621) 0.23 5960 2.35 Ñ 0.25 3.7 Ñ 0.6 

6 (151012) 0.232 7700 ï ï 
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ʋʧʦʤʷʥʫʪʳʝ ʚʳʰʝ ʤʦʜʝʣʠ ʦʧʠʩʘʥʠʷ ʵʥʝʨʛʠʠ ʋʨʙʘʭʘ ʷʚʣʷʶʪʩʷ 

ʬʝʥʦʤʝʥʦʣʦʛʠʯʝʩʢʠʤʠ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʨʘʩʭʦʞʜʝʥʠʷ ʧʨʠ ʘʥʘʣʠʟʝ ʨʘʟʣʠʯʥʳʭ 

ʩʪʨʫʢʪʫʨ ʚʦʟʤʦʞʥʳ ʚ ʩʠʣʫ ʤʥʦʛʠʭ ʧʨʠʯʠʥ, ʦʜʥʘʢʦ ʩʣʝʜʫʝʪ ʧʦʜʯʝʨʢʥʫʪʴ, ʯʪʦ ʚ 

ʣʶʙʦʤ ʩʣʫʯʘʝ ʚʳʨʘʞʝʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʵʥʝʨʛʠʠ ʋʨʙʘʭʘ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʩʦ ʚʩʝʭ 

ʠʩʩʣʝʜʦʚʘʥʳʭ ʩʪʨʫʢʪʫʨʘʭ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʦʜʥʦʟʥʘʯʥʳʡ ʚʳʚʦʜ, ʯʪʦ ʚ 

ʵʧʠʪʘʢʩʠʘʣʴʥʳʭ ʩʣʦʷʭ, ʚʳʨʘʱʝʥʥʳʭ ʠʩʧʦʣʴʟʫʝʤʳʤ ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʤʝʪʦʜʦʤ 

ʄʃʕ, ʨʘʟʤʳʪʠʝ ʜʣʠʥʥʦʚʦʣʥʦʚʦʛʦ ʢʨʘʷ ʩʧʝʢʪʨʦʚ ʌʇ ʠʟ-ʟʘ ʜʝʬʝʢʪʦʚ ʠ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʩʦʩʪʘʚʘ ʥʝ ʧʨʝʚʘʣʠʨʫʝʪ ʥʘʜ ʨʘʟʤʳʪʠʝʤ, ʦʙʫʩʣʦʚʣʝʥʥʳʤ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʩ ʬʦʥʦʥʘʤʠ. ɺ ʵʪʦʤ ʩʤʳʩʣʝ ʢʘʯʝʩʪʚʦ 

ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ ʙʣʠʟʢʦ ʢ ʪʝʦʨʝʪʠʯʝʩʢʦʤʫ ʧʨʝʜʝʣʫ ʠ ʥʝ ʤʦʞʝʪ ʙʳʪʴ 

ʩʫʱʝʩʪʚʝʥʥʦ ʫʣʫʯʰʝʥʦ. 

 

  
ʈʠʩʫʥʦʢ 2.4 - (ʘ) ʊʠʧʠʯʥʳʡ ʚʠʜ ʢʨʘʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʛʦ ʧʦʛʣʦʱʝʥʠʷ 

ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʦʚ, ʝʛʦ ʧʝʨʚʘʷ ʧʨʦʠʟʚʦʜʥʘʷ, ʠʩʧʦʣʴʟʫʝʤʘʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʥʘʯʘʣʘ ʫʯʘʩʪʢʘ ʋʨʙʘʭʘ, ʠ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʘʷ ʘʧʧʨʦʢʩʠʤʘʮʠʷ ʫʯʘʩʪʢʘ ʋʨʙʘʭʘ 

ʦʙʨʘʟʮʘ ˉ 120626 ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 4.2 ʂ; (ʙ) ɿʘʚʠʩʠʤʦʩʪʴ ʵʥʝʨʛʠʠ ʋʨʙʘʭʘ ʦʪ 

ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʝʝ ʘʧʧʨʦʢʩʠʤʘʮʠʷ ʤʦʜʝʣʴʥʦʡ ʟʘʚʠʩʠʤʦʩʪʴʶ ʂʦʜʠ ʦʙʨʘʟʮʘ  

ˉ 120210 

(ʙ) (ʘ) 
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2.4 ʀʩʩʣʝʜʦʚʘʥʠʷ ʩʧʝʢʪʨʦʚ ʬʦʪʦʧʨʦʚʦʜʠʤʦʩʪʠ ʠ ʧʨʦʧʫʩʢʘʥʠʷ ʧʨʠ ʨʘʟʣʠʯʥʳʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʠ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ 

ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʩʧʝʢʪʨʦʚ ʌʇ ʚ ʥʘʠʙʦʣʝʝ ʫʟʢʦʟʦʥʥʳʭ ʦʙʨʘʟʮʘʭ (ʩ ʩʦʩʪʘʚʦʤ 

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

ʧʨʠʦʙʨʝʪʘʝʪ ʩʣʦʞʥʫʶ ʬʦʨʤʫ ʠʟ-ʟʘ ʣʠʥʠʡ ʧʦʛʣʦʱʝʥʠʷ ʦʧʪʠʯʝʩʢʠʭ ʬʦʥʦʥʦʚ ʂʈʊ, ʘ 

ʪʘʢʞʝ ʦʩʦʙʝʥʥʦʩʪʝʡ, ʩʚʷʟʘʥʥʳʭ, ʢʘʢ ʙʫʜʝʪ ʧʦʢʘʟʘʥʦ ʚ ʜʘʣʴʥʝʡʰʝʤ, ʩ ʩʦʩʪʦʷʥʠʷʤʠ 

ʦʩʪʘʪʦʯʥʳʭ ʘʢʮʝʧʪʦʨʦʚ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʥʘ ʨʠʩʫʥʢʝ 2.5 ʧʦʢʘʟʘʥʳ ʩʧʝʢʪʨʳ ʌʇ 

ʨʷʜʘ ʵʧʠʪʘʢʩʠʘʣʴʥʳʭ ʧʣʝʥʦʢ ʩ ʩʦʩʪʘʚʦʤ, ʙʣʠʟʢʠʤ ʢ ʙʝʩʱʝʣʝʚʦʤʫ. ʍʘʨʘʢʪʝʨʥʳʝ 

ʦʩʦʙʝʥʥʦʩʪʠ ʩʧʝʢʪʨʦʚ ʚʦʩʧʨʦʠʟʚʦʜʷʪʩʷ ʚ ʨʘʟʥʳʭ ʩʪʨʫʢʪʫʨʘʭ ʚʥʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʩʦʩʪʘʚʘ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ ʠ ʤʝʪʦʜʘ ʨʦʩʪʘ ʩʪʨʫʢʪʫʨ. ʅʘʠʙʦʣʝʝ ʷʨʢʠʤʠ 

ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʷʚʣʷʶʪʩʷ ʧʠʢʠ ʚ ʦʢʨʝʩʪʥʦʩʪʠ 19 ʤʵɺ, ʘ ʪʘʢʞʝ ʧʠʢ ʚ ʦʢʨʝʩʪʥʦʩʪʠ 

35 ʤʵɺ. ɺ ʭʦʜʝ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʩʦʙʝʥʥʦʩʪʴ ʥʘ 

35 ʤʵɺ ʦʙʫʩʣʦʚʣʝʥʘ ʵʬʬʝʢʪʠʚʥʳʤ ʦʪʨʘʞʝʥʠʝʤ ʧʘʜʘʶʱʝʛʦ ʠʟʣʫʯʝʥʠʷ ʦʪ ʧʦʜʣʦʞʢʠ 

GaAs ʟʘ ʩʯʝʪ ʵʬʬʝʢʪʘ çʦʩʪʘʪʦʯʥʳʭ ʣʫʯʝʡè, ʧʨʠʚʦʜʷʱʠʤ ʢ çʨʝʟʦʥʘʥʩʥʦʤʫè 

ʫʩʠʣʝʥʠʶ ʧʦʛʣʦʱʝʥʠʷ ʚ ʧʣʝʥʢʝ ʂʈʊ, ʘ ʦʩʦʙʝʥʥʦʩʪʠ ʚ ʜʠʘʧʘʟʦʥʝ 18 ï 20 ʤʵɺ 

ʩʚʷʟʘʥʳ ʩ ʌʇ ʘʢʮʝʧʪʦʨʥʳʭ ʩʦʩʪʦʷʥʠʡ ʚ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʘʭ ʂʈʊ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʠʟ-

ʟʘ ʩʣʘʙʦʩʪʠ ʭʠʤʠʯʝʩʢʦʡ ʩʚʷʟʠ Hg-Te ʚ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʘʭ ʂʈʊ ʚʩʝʛʜʘ ʧʨʠʩʫʪʩʪʚʫʶʪ 

ʚʘʢʘʥʩʠʠ ʨʪʫʪʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʚ ʦʙʨʘʟʮʘʭ n-ʪʠʧʘ. ʅʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʨʝʟʫʣʴʪʘʪʦʚ 

ʠʟʤʝʨʝʥʠʡ ʵʬʬʝʢʪʘ ʍʦʣʣʘ ʚ ʙʦʣʴʰʦʤ ʢʦʣʠʯʝʩʪʚʝ ʩʪʨʫʢʪʫʨ, ʦʩʪʘʪʦʯʥʫʶ 

ʢʦʥʮʝʥʪʨʘʮʠʶ ʚʘʢʘʥʩʠʡ ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʩʚʝʨʭʫ ʚʝʣʠʯʠʥʦʡ 1014 ʩʤ-3. ʂʘʢ ʙʫʜʝʪ 

ʧʦʢʘʟʘʥʦ ʜʘʣʝʝ, ʧʦʩʣʝ ʦʪʞʠʛʘ, ʫʚʝʣʠʯʠʚʘʶʱʝʛʦ ʢʦʥʮʝʥʪʨʘʮʠʶ ʚʘʢʘʥʩʠʡ ʠ 

ʧʝʨʝʚʦʜʷʱʝʛʦ ʪʠʧ ʧʨʦʚʦʜʠʤʦʩʪʠ ʧʣʝʥʢʠ ʚ ʜʳʨʦʯʥʳʡ, ʧʨʘʢʪʠʯʝʩʢʠ ʠʜʝʥʪʠʯʥʳʝ ʧʦ 

ʬʦʨʤʝ ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʦʷʚʣʷʶʪʩʷ ʠ ʥʘ ʩʧʝʢʪʨʘʭ ʌʇ ʰʠʨʦʢʦʟʦʥʥʳʭ ʩʪʨʫʢʪʫʨ, ʯʪʦ ʠ 

ʧʦʟʚʦʣʷʝʪ ʩʚʷʟʘʪʴ ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ ʥʝʢʦʪʦʨʳʝ ʠʟ ʥʠʭ ʩ ʚʘʢʘʥʩʠʷʤʠ ʨʪʫʪʠ. ʆʪʤʝʪʠʤ, 

ʯʪʦ ʥʘ ʰʠʨʦʢʠʡ ʤʘʢʩʠʤʫʤ ʌʇ ʚ ʦʙʣʘʩʪʠ 12 ï 20 ʤʵɺ ʜʦʧʦʣʥʠʪʝʣʴʥʦ 

ʥʘʢʣʘʜʳʚʘʶʪʩʷ ʤʘʢʩʠʤʫʤʳ ʨʝʰʝʪʦʯʥʦʛʦ ʧʦʛʣʦʱʝʥʠʷ ʚ ʂʈʊ ʥʘ HgTe-ʧʦʜʦʙʥʳʭ ʠ 

CdTe-ʧʦʜʦʙʥʳʭ TO-ʬʦʥʦʥʘʭ (15 ʤʵɺ ʠ 19 ʤʵɺ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). ʇʦʤʠʤʦ ʵʪʦʛʦ, ʥʘ 

ʚʩʝʭ ʩʧʝʢʪʨʘʭ ʚʠʜʥʘ ʰʠʨʦʢʘʷ, ʥʦ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʤʘʣʦʠʥʪʝʥʩʠʚʥʘʷ ʬʦʥʦʚʘʷ ʌʇ. 
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ʈʠʩʫʥʦʢ 2.5 - ʉʧʝʢʪʨʳ ʌʇ ʥʘʠʙʦʣʝʝ ʫʟʢʦʟʦʥʥʳʭ ʵʧʠʪʘʢʩʠʘʣʴʥʳʭ ʧʣʝʥʦʢ, 

ʚʳʨʘʱʝʥʥʳʭ ʤʝʪʦʜʦʤ ʤʦʣʝʢʫʣʷʨʥʦ-ʣʫʯʝʚʦʡ (ˉ 101007 ʠ ˉ 110429), ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 4.2ʂ. ʉʧʝʢʪʨʳ ʦʪʥʦʨʤʠʨʦʚʘʥʳ ʥʘ çʩʧʝʢʪʨ ʧʨʦʧʫʩʢʘʥʠʷè 

ʦʧʪʠʯʝʩʢʦʛʦ ʪʨʘʢʪʘ 

ɹʦʣʝʝ ʧʦʜʨʦʙʥʦ ʧʨʦʠʩʭʦʞʜʝʥʠʝ ʠ ʩʚʦʡʩʪʚʘ ʩʧʝʢʪʨʘʣʴʥʳʭ ʣʠʥʠʡ 

ʬʦʪʦʧʨʦʚʦʜʠʤʦʩʪʠ, ʦʙʫʩʣʦʚʣʝʥʥʳʭ ʩʦʩʪʦʷʥʠʷʤʠ ʧʨʠʤʝʩʝʡ/ʜʝʬʝʢʪʦʚ ʙʫʜʫʪ 

ʨʘʩʩʤʦʪʨʝʥʳ ʚ ʛʣʘʚʝ 4. ɿʜʝʩʴ ʣʠʰʴ ʧʦʷʩʥʠʤ ʤʝʭʘʥʠʟʤ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʤʘʢʩʠʤʫʤʦʚ 

ʌʇ, ʬʦʨʤʠʨʫʶʱʠʭʩʷ ʟʘ ʩʯʝʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʚʘʢʘʥʩʠʡ, ʥʦ 

ʧʨʝʚʦʩʭʦʜʷʱʠʭ ʧʦ ʚʝʣʠʯʠʥʝ ʩʠʛʥʘʣʘ ʤʝʞʟʦʥʥʳʡ ʬʦʪʦʦʪʣʠʢ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, 

ʥʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʦʩʦʙʝʥʥʦʩʪʠ, ʬʦʨʤʠʨʫʝʤʳʝ ʥʘ ʩʧʝʢʪʨʝ ʌʇ, ʩʚʷʟʘʥʳ ʩ 

ʩʦʩʪʦʷʥʠʷʤʠ ʘʢʮʝʧʪʦʨʦʚ, ʵʪʠ ʩʦʩʪʦʷʥʠʷ ʧʦʧʘʜʘʶʪ ʚ ʢʦʥʪʠʥʫʫʤ ʟʦʥʳ 

ʧʨʦʚʦʜʠʤʦʩʪʠ, ʠ ʩʠʛʥʘʣ ʌʇ ʦʙʝʩʧʝʯʠʚʘʶʪ ʚ ʦʩʥʦʚʥʦʤ ʵʣʝʢʪʨʦʥʳ, ʪʘʢ ʢʘʢ ʧʦʩʣʝ 

ʧʝʨʝʭʦʜʘ ʥʘ ʩʦʩʪʦʷʥʠʷ ʨʝʟʦʥʘʥʩʥʦʛʦ ʘʢʮʝʧʪʦʨʘ ʦʥʠ ʨʘʩʩʝʠʚʘʶʪʩʷ ʚ ʢʦʥʪʠʥʫʫʤ 

ʟʦʥʳ ʧʨʦʚʦʜʠʤʦʩʪʠ ʠ ʜʘʶʪ ʟʥʘʯʠʪʝʣʴʥʳʡ ʚʢʣʘʜ ʚ ʬʦʪʦʪʦʢ ʠʟ-ʟʘ ʚʳʩʦʢʦʡ 

ʧʦʜʚʠʞʥʦʩʪʠ. ɺ ʩʣʫʯʘʝ ʰʠʨʦʢʦʟʦʥʥʳʭ ʩʪʨʫʢʪʫʨ ʨ-ʪʠʧʘ, ʛʜʝ ʪʝ ʞʝ ʩʦʩʪʦʷʥʠʷ 

ʘʢʮʝʧʪʦʨʦʚ ʥʘʭʦʜʷʪʩʷ ʚ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʝ, ʦʧʪʠʯʝʩʢʦʝ ʚʦʟʙʫʞʜʝʥʠʝ ʥʘ ʯʘʩʪʦʪʝ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʠʦʥʠʟʘʮʠʠ ʘʢʮʝʧʪʦʨʦʚ, ʧʨʠʚʦʜʠʪ ʣʠʰʴ ʢ ʧʦʷʚʣʝʥʠʶ ʜʳʨʦʢ ʚ 

ʚʘʣʝʥʪʥʦʡ ʟʦʥʝ, ʢʦʪʦʨʳʝ ʦʙʣʘʜʘʶʪ ʢʘʢ ʤʠʥʠʤʫʤ ʥʘ ʧʦʨʷʜʦʢ ʤʝʥʴʰʝʡ 

ʧʦʜʚʠʞʥʦʩʪʴʶ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʵʣʝʢʪʨʦʥʘʤʠ, ʠ ʘʤʧʣʠʪʫʜʘ ʩʠʛʥʘʣʘ ʌʇ, ʩʚʷʟʘʥʥʦʡ ʩ 
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ʘʢʮʝʧʪʦʨʘʤʠ, ʦʢʘʟʳʚʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ ʘʤʧʣʠʪʫʜʳ ʤʝʞʟʦʥʥʦʡ ʌʇ, ʯʪʦ 

ʪʠʧʠʯʥʦ ʜʣʷ ʧʨʠʤʝʩʥʦʡ ʬʦʪʦʧʨʦʚʦʜʠʤʦʩʪʠ. ɽʩʣʠ ʚʝʨʥʫʪʴʩʷ ʢ ʠʩʩʣʝʜʦʚʘʥʠʶ 

ʤʝʞʟʦʥʥʦʡ ʬʦʪʦʧʨʦʚʦʜʠʤʦʩʪʠ, ʩʪʘʥʦʚʠʪʩʷ ʷʩʥʦ, ʯʪʦ ʚ ʩʣʫʯʘʝ ʩʪʨʫʢʪʫʨ ʩ ʰʠʨʠʥʦʡ 

ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ ʤʝʥʝʝ 25 ʤʵɺ, ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʣʦʞʝʥʠʷ ʢʨʘʩʥʦʡ ʛʨʘʥʠʮʳ ʌʇ 

ʥʝʦʙʭʦʜʠʤʦ ʠʟʤʝʥʠʪʴ ʫʩʣʦʚʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʠʟʙʝʞʘʪʴ ʝʝ 

ʧʝʨʝʢʨʳʪʠʷ ʩ ʦʙʣʘʩʪʴʶ çʧʨʠʤʝʩʥʦʡè ʌʇ. 

ɼʣʷ ʵʪʦʡ ʮʝʣʠ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʚʘ ʨʘʟʣʠʯʥʳʭ ʤʝʪʦʜʘ ʧʝʨʝʩʪʨʦʡʢʠ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʩʧʝʢʪʨʘ ʦʙʨʘʟʮʦʚ: ʩ ʧʦʤʦʱʴʶ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʩ 

ʧʦʤʦʱʴʶ ʚʥʝʰʥʝʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ (ʈʠʩʫʥʦʢ 2.6 (ʘ, ʙ)) [A3]. ʇʦʚʳʰʝʥʠʝ 

ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʠʚʦʜʠʪ ʢ ʫʰʠʨʝʥʠʶ ʢʨʘʷ ʤʝʞʟʦʥʥʦʛʦ ʧʦʛʣʦʱʝʥʠʷ ʠ ʧʘʜʝʥʠʶ 

ʦʪʥʦʰʝʥʠʷ ʩʠʛʥʘʣ-ʰʫʤ, ʯʪʦ ʦʛʨʘʥʠʯʠʚʘʝʪ ʧʨʠʤʝʥʠʤʦʩʪʴ ʪʘʢʦʛʦ ʧʦʜʭʦʜʘ. 

ʀʟʤʝʨʝʥʠʷ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʧʦʟʚʦʣʷʶʪ çʦʪʩʪʨʦʠʪʴʩʷè ʦʪ ʦʩʦʙʝʥʥʦʩʪʝʡ ʌʇ, 

ʩʚʷʟʘʥʥʳʭ ʩ ʧʨʠʩʫʪʩʪʚʠʝʤ ʦʩʪʘʪʦʯʥʳʭ ʘʢʮʝʧʪʦʨʦʚ ʫʞʝ ʚ ʥʝʙʦʣʴʰʠʭ ʧʦʣʷʭ < 3 ʊʣ 

ʟʘ ʩʯʝʪ ʩʠʣʴʥʦʛʦ ʢʚʘʥʪʦʚʘʥʠʷ ʵʣʝʢʪʨʦʥʦʚ ʩ ʤʘʣʦʡ ʵʬʬʝʢʪʠʚʥʦʡ ʤʘʩʩʦʡ, 

ʧʨʠʚʦʜʷʱʝʡ ʢ ʫʚʝʣʠʯʝʥʠʶ ʰʠʨʠʥʳ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ ʠ ʩʜʚʠʛʫ ʢʨʘʩʥʦʡ ʛʨʘʥʠʮʳ 

ʩʧʝʢʪʨʦʚ ʌʇ. ʆʜʥʘʢʦ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʰʠʨʠʥʳ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ ʥʝʦʙʭʦʜʠʤʦ 

ʧʨʦʠʟʚʦʜʠʪʴ ʵʢʩʪʨʘʧʦʣʷʮʠʶ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʡ ʢ ʥʫʣʝʚʦʤʫ ʤʘʛʥʠʪʥʦʤʫ ʧʦʣʶ. 

ɺ ʫʟʢʦʟʦʥʥʳʭ ʦʙʨʘʟʮʘʭ ʠʟ-ʟʘ ʩʠʣʴʥʦʡ ʥʝʧʘʨʘʙʦʣʠʯʥʦʩʪʠ ʟʘʢʦʥʦʚ ʜʠʩʧʝʨʩʠʠ 

ʵʣʝʢʪʨʦʥʦʚ ʪʨʝʙʫʝʪʩʷ ʧʨʠʙʝʛʘʪʴ ʢ ʧʦʤʦʱʠ ʯʠʩʣʝʥʥʳʭ ʨʘʩʯʝʪʦʚ ʫʨʦʚʥʝʡ ʃʘʥʜʘʫ. ɺ 

ʵʪʦʤ ʩʤʳʩʣʝ ʪʘʢʘʷ ʤʝʪʦʜʠʢʘ ʥʝ ʠʤʝʝʪ ʟʥʘʯʠʪʝʣʴʥʳʭ ʧʨʝʠʤʫʱʝʩʪʚ ʧʝʨʝʜ 

ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʤʘʛʥʠʪʦʧʨʦʧʫʩʢʘʥʠʷ, ʢʦʪʦʨʳʝ ʜʘʶʪ ʙʦʣʝʝ ʜʝʪʘʣʴʥʫʶ ʢʘʨʪʠʥʫ 

ʧʝʨʝʭʦʜʦʚ ʤʝʞʜʫ ʫʨʦʚʥʷʤʠ ʃʘʥʜʘʫ, ʘ ʩʣʫʞʠʪ ʧʦʣʝʟʥʳʤ ʜʦʧʦʣʥʝʥʠʝʤ ʚ ʤʘʣʳʭ 

ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ (ʜʦ 1 ʊʣ), ʢʦʛʜʘ ʚʠʜʥʦʩʪʴ ʦʩʦʙʝʥʥʦʩʪʝʡ ʥʘ ʤʘʛʥʠʪʦʦʧʪʠʯʝʩʢʠʭ 

ʩʧʝʢʪʨʘʭ ʩʥʠʞʘʝʪʩʷ.  
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ʈʠʩʫʥʦʢ 2.6 - ʉʧʝʢʪʨʳ ʌʇ ʦʙʨʘʟʮʘ ˉ 110429, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʨʘʟʣʠʯʥʳʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ (ʘ) ʠ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ (ʙ). ʉʧʝʢʪʨʳ ʤʘʛʥʠʪʦʧʨʦʧʫʩʢʘʥʠʷ ʦʙʨʘʟʮʘ 

ˉ 110429, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ: 120 ʂ (ʚ), 77 ʂ (ʛ). 

ʇʦʢʘʟʘʥʳ ʧʝʨʝʭʦʜʳ ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ ʫʨʦʚʥʷʤʠ ʃʘʥʜʘʫ ʠ ʰʠʨʠʥʘ 

ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ ʦʙʨʘʟʮʘ ʚ ʥʫʣʝʚʦʡ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ 

ʉʧʝʢʪʨʦʩʢʦʧʠʷ ʤʘʛʥʠʪʦʧʨʦʧʫʩʢʘʥʠʷ ʜʣʷ ʭʘʨʘʢʪʝʨʠʟʘʮʠʠ ʩʪʨʫʢʪʫʨ ʙʳʣʘ 

ʫʩʧʝʰʥʦ ʠʩʧʦʣʴʟʦʚʘʥʘ ʚ ʘʚʪʦʨʩʢʦʡ ʨʘʙʦʪʝ [ɸ4], ʛʜʝ ʧʨʦʩʣʝʞʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ 

ʵʥʝʨʛʠʡ ʤʝʞʟʦʥʥʳʭ ʧʝʨʝʭʦʜʦʚ (ʧʝʨʝʭʦʜʦʚ ʤʝʞʜʫ ʫʨʦʚʥʷʤʠ ʃʘʥʜʘʫ, ʚʦʟʥʠʢʘʶʱʠʭ 

(ʘ) (ʙ) 

(ʚ) 

(ʛ) 
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ʚ ʚʘʣʝʥʪʥʦʡ ʟʦʥʝ ʠ ʟʦʥʝ ʧʨʦʚʦʜʠʤʦʩʪʠ) ʦʪ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ 

(ʜʦ 13 ʊʣ) ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ï ʨʠʩʫʥʦʢ 2.6 (ʚ, ʛ). ʉʦʩʪʦʷʥʠʷ ʘʢʮʝʧʪʦʨʦʚ, 

ʭʦʨʦʰʦ ʟʘʤʝʪʥʳʝ ʠ ʥʘ ʩʧʝʢʪʨʘʭ ʤʘʛʥʠʪʦʧʦʛʣʦʱʝʥʠʷ (ʈʠʩʫʥʦʢ 2.6 (ʚ)) ʚ 

ʦʢʨʝʩʪʥʦʩʪʠ ʵʥʝʨʛʠʡ ʧʝʨʝʭʦʜʘ 10 ʤʵɺ ʠ 20 ʤʵɺ, ʠʟ-ʟʘ ʙʦʣʴʰʦʡ ʵʬʬʝʢʪʠʚʥʦʡ ʤʘʩʩʳ 

ʚ ʚʘʣʝʥʪʥʦʡ ʟʦʥʝ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʩʧʳʪʳʚʘʶʪ ʚʣʠʷʥʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʠ 

ʩʧʝʢʪʨʘʣʴʥʦʝ ʧʦʣʦʞʝʥʠʝ ʦʩʦʙʝʥʥʦʩʪʝʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʥʠʤʠ, ʩʦʭʨʘʥʷʝʪʩʷ.  

ʂʘʢ ʫʞʝ ʙʳʣʦ ʦʪʤʝʯʝʥʦ ʚʳʰʝ, ʧʨʠ ʤʘʣʦʡ ʚʝʣʠʯʠʥʝ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ 

ʦʧʠʩʘʥʠʝ ʩʦʩʪʦʷʥʠʡ ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʘ ʚ ʨʘʤʢʘʭ ʧʘʨʘʙʦʣʠʯʝʩʢʦʛʦ ʟʘʢʦʥʘ ʜʠʩʧʝʨʩʠʠ 

ʧʨʠʤʝʥʠʤʦ ʪʦʣʴʢʦ ʚ ʦʯʝʥʴ ʥʝʙʦʣʴʰʦʡ ʦʢʨʝʩʪʥʦʩʪʠ ɻ-ʪʦʯʢʠ, ʯʪʦ ʚ ʪʦʤ ʯʠʩʣʝ 

ʧʨʠʚʦʜʠʪ ʢ ʦʪʢʣʦʥʝʥʠʶ ʦʪ ʣʠʥʝʡʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʵʥʝʨʛʠʠ ʫʨʦʚʥʝʡ ʃʘʥʜʘʫ ʦʪ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʢʘʢ ʭʦʨʦʰʦ ʚʠʜʥʦ ʥʘ ʨʠʩʫʥʢʝ 2.6 (ʚ, ʛ). ʆʜʥʘʢʦ ʤʦʞʥʦ ʧʦʢʘʟʘʪʴ, 

ʯʪʦ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʦʧʠʩʘʥʠʝʤ ʵʣʝʢʪʨʦʥʥʳʭ ʩʦʩʪʦʷʥʠʡ ʚ ʢʨʠʩʪʘʣʣʝ ʙʫʜʝʪ ʪʘʢ 

ʥʘʟʳʚʘʝʤʳʡ çʧʩʝʜʥʦʨʝʣʷʪʠʚʠʩʪʩʢʠʡè ʟʘʢʦʥ ʜʠʩʧʝʨʩʠʠ ʥʦʩʠʪʝʣʝʡ, ʧʨʠ ʢʦʪʦʨʦʤ 

ʟʦʥʫ ʪʷʞʝʣʳʭ ʜʳʨʦʢ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʤʥʦʞʝʩʪʚʦʤ ʩʦʩʪʦʷʥʠʡ ʩ ʥʫʣʝʚʦʡ ʵʥʝʨʛʠʝʡ ʠ 

ʚʩʝʚʦʟʤʦʞʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʢʚʘʟʠʠʤʧʫʣʴʩʘ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʙʝʩʢʦʥʝʯʥʦʡ ʤʘʩʩʝ 

ʜʳʨʦʢ (ʚ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ ʪʷʞʝʣʳʝ ʜʳʨʢʠ ʦʙʣʘʜʘʶʪ ʤʘʩʩʦʡ ʦʢʦʣʦ ʧʦʣʦʚʠʥʳ 

ʤʘʩʩʳ ʩʚʦʙʦʜʥʦʛʦ ʵʣʝʢʪʨʦʥʘ), ʘ ʟʦʥʳ ʣʝʛʢʠʭ ʜʳʨʦʢ ʠ ʵʣʝʢʪʨʦʥʦʚ ʦʧʠʩʳʚʘʪʴ 

ʨʝʣʷʪʠʚʠʩʪʩʢʠʤ ʟʘʢʦʥʦʤ ʜʠʩʧʝʨʩʠʠ ʩ ʤʘʩʩʦʡ ʧʦʢʦʷ, ʨʘʚʥʦʡ ʵʬʬʝʢʪʠʚʥʦʡ ʤʘʩʩʝ 

ʥʦʩʠʪʝʣʝʡ ʥʘ ʜʥʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʟʦʥ (ʈʠʩʫʥʦʢ 2.7(ʘ)). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʟʘʢʦʥ 

ʜʠʩʧʝʨʩʠʠ ʤʦʞʥʦ ʦʧʠʩʘʪʴ ʚʳʨʘʞʝʥʠʝʤ  

 Ὁ ὴ  ὲάὧǿ ρ ὲ ά ὧǿ ὴὧǿ (2.4.1) 

ʛʜʝ n ï ʮʝʣʦʝ ʯʠʩʣʦ, ʤʝʥʷʶʱʝʝʩʷ ʦʪ -1 ʜʦ 1 ʠ ʦʙʦʟʥʘʯʘʶʱʝʝ ʥʦʤʝʨ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ 

ʟʦʥʳ (n = -1 ʦʪʚʝʯʘʝʪ ʣʝʛʢʠʤ ʜʳʨʢʘʤ, n = 0 ʪʷʞʝʣʳʤ ʜʳʨʢʘʤ ʠ n = 1 ʵʣʝʢʪʨʦʥʘʤ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ), ά ï ʘʥʘʣʦʛ ʤʘʩʩʳ ʧʦʢʦʷ ʜʣʷ ʵʣʝʢʪʨʦʥʦʚ (ά ʩʪʘʥʦʚʠʪʩʷ 

ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʧʦʩʣʝ ʠʥʚʝʨʩʠʠ ʟʦʥ), ὧǿ ï ʘʥʘʣʦʛ ʩʢʦʨʦʩʪʠ ʩʚʝʪʘ, ɡά  ï ʬʫʥʢʮʠʷ 

ʍʝʚʠʩʘʡʜʘ, ʨʘʚʥʘʷ ʝʜʠʥʠʮʝ ʜʣʷ ʥʝʦʪʨʠʮʘʪʝʣʴʥʳʭ  ά ʠ ʥʫʣʶ ʜʣʷ ά π.  

ɺ ʨʘʙʦʪʝ [ɸ4] ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ, ʯʪʦ ʧʦʜʦʙʥʦʝ 

ʦʧʠʩʘʥʠʝ ʩʧʨʘʚʝʜʣʠʚʦ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʵʥʝʨʛʠʡ ʵʣʝʢʪʨʦʥʦʚ ʠ ʣʝʛʢʠʭ ʜʳʨʦʢ, ʘ 



74 

 

ʘʥʘʣʦʛ ʩʢʦʨʦʩʪʠ ʩʚʝʪʘ ʜʣʷ ʪʘʢʠʭ çʨʝʣʷʪʠʚʠʩʪʩʢʠʭè ʥʦʩʠʪʝʣʝʡ ʷʚʣʷʝʪʩʷ 

ʫʥʠʚʝʨʩʘʣʴʥʦʡ ʢʦʥʩʪʘʥʪʦʡ, ʥʝ ʟʘʚʠʩʷʱʝʡ ʦʪ ʩʦʩʪʘʚʘ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ ʠ 

ʪʝʤʧʝʨʘʪʫʨʳ (ʈʠʩʫʥʦʢ 2.7 (ʙ)). ʇʦʜʙʠʨʘʷ ʪʝʤʧʝʨʘʪʫʨʫ ʠʟʤʝʨʝʥʠʡ, ʫʜʘʣʦʩʴ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ ʢʦʨʥʝʚʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʵʥʝʨʛʠʠ ʧʝʨʝʭʦʜʘ ʦʪ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, 

ʭʘʨʘʢʪʝʨʥʫʶ ʜʣʷ ʙʝʟʤʘʩʩʦʚʳʭ ʧʩʝʚʜʦʨʝʣʷʪʠʚʠʪʩʢʠʭ ʬʝʨʤʠʦʥʦʚ ʂʝʡʥʘ, ʪ.ʝ. 

ʦʧʨʝʜʝʣʠʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʧʝʨʝʭʦʜʘ ʦʪ ʠʥʚʝʨʪʠʨʦʚʘʥʥʦʡ ʢ ʥʦʨʤʘʣʴʥʦʡ ʟʦʥʥʦʡ 

ʩʪʨʫʢʪʫʨʝ ʚ ʤʘʪʝʨʠʘʣʝ ʩ ʥʫʣʝʚʦʡ ʱʝʣʴʶ ʠ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ 

ʫʩʪʘʥʦʚʠʪʴ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʧʩʝʚʜʦʨʝʣʷʪʠʚʠʩʪʢʦʛʦ ʦʧʠʩʘʥʠʷ ʵʣʝʢʪʨʦʥʦʚ ʠ ʣʝʛʢʠʭ 

ʜʳʨʦʢ ï ʬʝʨʤʠʦʥʦʚ ʂʝʡʥʘ ʚ ʨʘʤʢʘʭ ʧʨʦʩʪʦʡ ʤʦʜʝʣʠ (ʈʠʩʫʥʦʢ 2.7 (ʚ)). 

ʇʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʜʘʣʴʥʝʡʰʠʤ ʠʩʩʣʝʜʦʚʘʥʠʷʤ, ʚʳʧʦʣʥʝʥʥʳʤ ʚ ʥʘʩʪʦʷʱʝʡ 

ʜʠʩʩʝʨʪʘʮʠʠ, ʵʪʦ ʩʪʘʣʦ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʤ ʨʝʟʫʣʴʪʘʪʦʤ ʨʘʙʦʪʳ [ɸ4], ʙʣʘʛʦʜʘʨʷ 

ʚʦʟʤʦʞʥʦʩʪʠ ʢʦʥʮʝʧʪʫʘʣʠʟʠʨʦʚʘʪʴ ʧʦʜʭʦʜ ʢ ʦʧʪʠʤʠʟʘʮʠʠ ʩʪʨʫʢʪʫʨ ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʠʟʣʫʯʘʪʝʣʝʡ, ʪʘʢ ʢʘʢ ʧʦʜʘʚʣʝʥʠʝ ʦʞʝ-ʨʝʢʦʤʙʠʥʘʮʠʠ ʜʣʷ ʵʣʝʢʪʨʦʥʦʚ ʠ ʧʦʟʠʪʨʦʥʦʚ 

ʚ ʨʝʣʷʪʠʚʠʪʩʢʦʡ ʬʠʟʠʢʝ ʷʚʣʷʝʪʩʷ ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʳʤ ʬʘʢʪʦʤ. ʂʨʦʤʝ ʪʦʛʦ, ʙʳʣʘ 

ʘʧʨʦʙʠʨʦʚʘʥʘ ʤʝʪʦʜʠʢʘ ʦʧʨʝʜʝʣʝʥʠʷ ʜʦʣʠ ʢʘʜʤʠʷ ʚ ʦʙʨʘʟʮʘʭ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʙʝʩʱʝʣʝʚʳʤ (ʧʦʣʫʤʝʪʘʣʣʠʯʝʩʢʠʤ) ʬʘʟʘʤ HgCdTe, ʚ ʯʘʩʪʥʦʩʪʠ ʜʣʷ ʦʙʨʘʟʮʘ  

 ̄ 101007 ʩ ʭ = 0.155, ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʢʦʥʮʝʥʪʨʘʮʠʷ ʢʘʜʤʠʷ, ʟʥʘʯʠʪʝʣʴʥʦ 

ʦʪʣʠʯʘʶʱʘʷʩʷ ʦʪ ʧʘʩʧʦʨʪʥʳʭ ʜʘʥʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʛʨʫʧʧʳ x = 0.165. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʩʦʚʤʝʩʪʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʪʦʜʠʢ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʧʝʢʪʨʦʚ ʌʇ ʧʨʠ 

ʧʨʠʣʦʞʝʥʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʠ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʤʘʛʥʠʪʦʧʨʦʧʫʩʢʘʥʠʷ ʩ 

ʚʦʟʤʦʞʥʦʩʪʴʶ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʟʚʦʣʷʝʪ ʦʪʜʝʣʠʪʴ ʧʝʨʝʭʦʜʳ, ʩʚʷʟʘʥʥʳʝ ʩ 

ʦʩʪʘʪʦʯʥʳʤʠ ʘʢʮʝʧʪʦʨʘʤʠ ʦʪ ʤʝʞʟʦʥʥʳʭ ʧʝʨʝʭʦʜʦʚ, ʠ ʫʪʦʯʥʠʪʴ ʧʘʨʘʤʝʪʨʳ 

ʦʙʨʘʟʮʦʚ ʩ ʰʠʨʠʥʦʡ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ ʦʪ ʥʝʩʢʦʣʴʢʠʭ ʜʝʩʷʪʢʦʚ ʤʵɺ ʚʧʣʦʪʴ ʜʦ 

ʥʫʣʷ. 
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ʈʠʩʫʥʦʢ 2.7 - (ʘ) ʉʭʝʤʘʪʠʯʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʪʨʘʥʬʦʨʤʘʮʠʠ ʟʘʢʦʥʘ 

ʜʠʩʧʝʨʩʠʠ ʚʙʣʠʟʠ ʪʦʯʢʠ ʠʥʚʝʨʩʠʠ ʜʣʷ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ HgCdTe; (ʙ) 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʦʧʨʝʜʝʣʝʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʘʥʘʣʦʛʘ ʩʢʦʨʦʩʪʠ ʩʚʝʪʘ ὧǿ ʦʪ 
ʪʝʤʧʝʨʘʪʫʨʳ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʦʙʨʘʟʮʦʚ HgCdTe; (ʚ) ʂʘʨʪʠʥʘ ʣʠʥʠʡ 

ʤʘʛʥʠʪʦʧʦʛʣʦʱʝʥʠʷ ʚ ʦʙʲʝʤʥʦʡ ʧʣʝʥʢʝ Hg0.845Cd0.155Te ʜʣʷ ʢʨʠʪʠʯʝʩʢʦʡ 

ʪʝʤʧʝʨʘʪʫʨʳ 77 ʂ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʪʦʯʢʝ ʠʥʚʝʨʩʠʠ ʟʦʥ 

(ʘ) 

(ʙ) 

(ʚ) 
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ɺ ʮʝʣʦʤ, ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʢʦʩʚʝʥʥʦ ʧʦʟʚʦʣʷʶʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ 

ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʤ ʢʘʯʝʩʪʚʝ ʩʪʨʫʢʪʫʨ, ʚʳʨʘʱʝʥʥʳʭ ʄʃʕ, ʚ ʦʪʥʦʰʝʥʠʠ 

ʦʜʥʦʨʦʜʥʦʩʪʠ ʩʦʩʪʘʚʘ, ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʩʦʚʝʨʰʝʥʩʪʚʘ ʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʜʝʬʝʢʪʦʚ. 

ʊʝʤ ʥʝ ʤʝʥʝʝ, ʜʘʥʥʳʝ ʌʇ ʥʝ ʜʘʶʪ ʠʩʯʝʨʧʳʚʘʶʱʝʡ ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʠʩʩʣʝʜʫʝʤʳʭ 

ʩʪʨʫʢʪʫʨʘʭ. ɺ ʯʘʩʪʥʦʩʪʠ, ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʰʠʨʠʥʳ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ ʚʦʟʤʦʞʥʘ 

ʩʠʩʪʝʤʘʪʠʯʝʩʢʘʷ ʧʦʛʨʝʰʥʦʩʪʴ ʠʟ-ʟʘ ʵʬʬʝʢʪʘ ɹʫʨʰʪʝʡʥʘ-ʄʦʩʩʘ, ʘ ʬʦʨʤʘ ʫʯʘʩʪʢʘ 

ʋʨʙʘʭʘ ʥʘ ʩʧʝʢʪʨʝ ʬʦʪʦʦʪʢʣʠʢʘ ʤʦʞʝʪ ʦʧʨʝʜʝʣʷʪʴʩʷ ʥʝ ʪʦʣʴʢʦ ʟʘʚʠʩʠʤʦʩʪʴʶ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʦʛʣʦʱʝʥʠʷ ʦʪ ʯʘʩʪʦʪʳ ʚ ʦʙʣʘʩʪʠ çʭʚʦʩʪʘè ʧʣʦʪʥʦʩʪʠ ʩʦʩʪʦʷʥʠʡ, ʥʦ 

ʠ ʧʦʜʚʠʞʥʦʩʪʴʶ ʥʦʩʠʪʝʣʝʡ ʚ ʵʪʠʭ ʩʦʩʪʦʷʥʠʷʭ. ʇʦʜʢʨʝʧʠʪʴ ʨʝʟʫʣʴʪʘʪʳ ʠ ʚʳʚʦʜʳ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚʳʰʝ, ʧʦʟʚʦʣʷʶʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ʌʃ, ʦʧʠʩʘʥʥʳʝ ʚ ʩʣʝʜʫʶʱʝʤ 

ʨʘʟʜʝʣʝ. 

. 

2.5 ʄʝʪʦʜʠʢʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʧʝʢʪʨʦʚ ʠ ʢʠʥʝʪʠʢʠ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ 

ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʌʃ ʚ ʩʨʝʜʥʝʤ ʠ ʜʘʣʴʥʝʤ 

ʀʂ ʜʠʘʧʘʟʦʥʘʭ ʥʘ ʜʣʠʥʘʭ ʚʦʣʥ ʦʪ 2.5 ʜʦ 30 ʤʢʤ (ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʠʟʣʫʯʘʪʝʣʴʥʳʭ 

ʧʝʨʝʭʦʜʦʚ ʩ ʫʯʘʩʪʠʝʤ ʩʦʩʪʦʷʥʠʡ ʘʢʮʝʧʪʦʨʦʚ). ɺ ʵʪʠʭ ʜʠʘʧʘʟʦʥʘʭ ʤʝʪʦʜʠʢʘ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʌʃ ʠʤʝʝʪ ʨʷʜ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ, ʢʦʪʦʨʳʝ ʚʳʟʚʘʥʳ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʤʠ ʦʛʨʘʥʠʯʝʥʠʷʤʠ. 

ɺʦ-ʧʝʨʚʳʭ, ʢʘʢ ʫʞʝ ʦʪʤʝʯʘʣʦʩʴ, ʚʝʨʦʷʪʥʦʩʪʴ ʤʝʞʟʦʥʥʳʭ ʠʟʣʫʯʘʪʝʣʴʥʳʭ 

ʧʝʨʝʭʦʜʦʚ ʧʘʜʘʝʪ ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʰʠʨʠʥʳ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ. ɺʦ-ʚʪʦʨʳʭ, ʩ ʨʦʩʪʦʤ 

ʜʣʠʥʳ ʚʦʣʥʳ ʚ ʩʨʝʜʥʝʤ ʠ, ʚ ʦʩʦʙʝʥʥʦʩʪʠ, ʚ ʜʘʣʴʥʝʤ ʀʂ ʜʠʘʧʘʟʦʥʘʭ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʜʦʩʪʫʧʥʳʭ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʨʠʝʤʥʠʢʦʚ ʚ ʮʝʣʦʤ ʩʥʠʞʘʝʪʩʷ, 

ʠ ʜʣʷ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʩʣʘʙʳʭ ʩʠʛʥʘʣʦʚ ʧʨʠʭʦʜʠʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʭʣʘʞʜʘʝʤʳʝ 

ʪʝʧʣʦʚʳʝ ʧʨʠʝʤʥʠʢʠ ï ʙʦʣʦʤʝʪʨʳ, ʦʙʣʘʜʘʶʱʠʝ ʙʦʣʴʰʦʡ ʠʥʝʨʮʠʦʥʥʦʩʪʴʶ. ɺ-

ʪʨʝʪʴʠʭ, ʚ ʩʨʝʜʥʝʤ ʀʂ ʜʠʘʧʘʟʦʥʝ ʥʘʭʦʜʠʪʩʷ ʧʠʢ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠʟʣʫʯʝʥʠʷ 

ʢʦʤʥʘʪʥʦʛʦ ʬʦʥʘ. ʄʘʢʩʠʤʫʤ ʠʟʣʫʯʝʥʠʷ ʪʝʣ, ʥʘʛʨʝʪʳʭ ʜʦ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ, 

ʥʘʭʦʜʠʪʩʷ ʦʢʦʣʦ 10 ʤʢʤ; ʚ ʩʚʷʟʠ ʩ ʵʪʠʤ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʌʃ ʧʨʠʭʦʜʠʪʩʷ 

ʩʪʘʣʢʠʚʘʪʴʩʷ ʩ ʠʥʪʝʥʩʠʚʥʦʡ ʟʘʩʚʝʪʢʦʡ ʧʨʠʝʤʥʠʢʘ ʬʦʥʦʚʳʤ ʪʝʧʣʦʚʳʤ ʠʟʣʫʯʝʥʠʝʤ. 
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ʂʘʢ ʩʣʝʜʩʪʚʠʝ, ʧʨʠ ʧʨʷʤʳʭ ʠʟʤʝʨʝʥʠʷʭ ʩ ʥʝʧʨʝʨʳʚʥʦʡ ʥʘʢʘʯʢʦʡ ʩʪʨʫʢʪʫʨ 

ʥʝʦʙʭʦʜʠʤʦ ʠʟʤʝʨʷʪʴ ʤʘʣʳʡ ʩʠʛʥʘʣ ʌʃ ʦʪ ʦʙʨʘʟʮʘ ʥʘ ʬʦʥʝ ʙʦʣʴʰʦʛʦ ʩʠʛʥʘʣʘ 

çʢʦʤʥʘʪʥʦʛʦ ʬʦʥʘè, ʢʦʪʦʨʳʡ ʦʛʨʘʥʠʯʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʫʩʠʣʝʥʠʷ. ʇʨʠ 

ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʌʃ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʩʧʝʮʠʘʣʴʥʘʷ ʤʦʜʫʣʷʮʠʦʥʥʘʷ 

ʤʝʪʦʜʠʢʘ, ʦʧʠʩʘʥʥʘʷ ʚ ʩʪʘʪʴʝ ʛʨʫʧʧʳ ʘʚʪʦʨʦʚ ʠʟ ʂʠʪʘʷ [161], ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʪʝʭʥʠʢʫ ʩʠʥʭʨʦʥʥʦʛʦ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʨʝʞʠʤʦʤ ʧʦʰʘʛʦʚʦʛʦ 

ʩʢʘʥʠʨʦʚʘʥʠʷ ʬʫʨʴʝ-ʩʧʝʢʪʨʦʤʝʪʨʘ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʦʥʘ ʙʳʣʘ ʘʜʘʧʪʠʨʦʚʘʥʘ ʜʣʷ 

ʠʟʤʝʨʝʥʠʡ ʧʨʠ ʠʤʧʫʣʴʩʥʦʤ ʚʦʟʙʫʞʜʝʥʠʠ ʙʦʣʴʰʦʡ ʩʢʚʘʞʥʦʩʪʠ, ʢʦʛʜʘ ʚʳʜʝʣʝʥʠʝ 

ʩʠʛʥʘʣʘ ʥʘ ʦʜʥʦʡ ʠʟ ʛʘʨʤʦʥʠʢ ʯʘʩʪʦʪʳ ʤʦʜʫʣʷʮʠʠ ʥʝʵʬʬʝʢʪʠʚʥʦ. ɺʤʝʩʪʦ 

ʩʠʥʭʨʦʜʝʪʝʢʪʦʨʘ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʩʪʨʦʙʦʩʢʦʧʠʯʝʩʢʠʡ ʠʥʪʝʛʨʘʪʦʨ ï ʙʦʢʩʢʘʨ ʠʣʠ 

ʚʝʣʘʩʴ ʧʨʷʤʘʷ ʟʘʧʠʩʴ ʩʠʛʥʘʣʘ ʩ ʧʦʤʦʱʴʶ ʙʳʩʪʨʦʡ ʧʣʘʪʳ ʘʥʘʣʦʛʦ-ʮʠʬʨʦʚʦʛʦ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ (ɸʎʇ) (ʚʨʝʤʝʥʥʦʝ ʨʘʟʨʝʰʝʥʠʝ ʜʦ 5 ʥʩ, 12 ʙʠʪ). ʂʣʶʯʝʚʦʡ 

ʦʩʦʙʝʥʥʦʩʪʴʶ ʪʘʢʦʛʦ ʧʦʜʭʦʜʘ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʡ 

ʟʘʜʝʨʞʢʠ ʧʝʨʝʜ ʥʘʯʘʣʦʤ ʟʘʧʠʩʠ ʩʠʛʥʘʣʘ ʧʦʩʣʝ ʦʯʝʨʝʜʥʦʛʦ ʰʘʛʘ ʟʝʨʢʘʣʘ. ɺʝʣʠʯʠʥʘ 

ʟʘʜʝʨʞʢʠ ʦʧʨʝʜʝʣʷʣʘʩʴ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ, ʠʩʭʦʜʷ ʠʟ ʢʨʠʪʝʨʠʷ ʜʦʩʪʘʪʦʯʥʦʛʦ (ʜʣʷ 

ʟʘʧʠʩʠ ʩʠʛʥʘʣʘ ʜʘʥʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ) ʟʘʪʫʭʘʥʠʷ ʨʝʣʘʢʩʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ 

ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʩʭʝʤʝ ʧʦʩʣʝ ʦʯʝʨʝʜʥʦʛʦ ʰʘʛʘ ʟʝʨʢʘʣʘ. ʇʨʠ ʥʝʧʦʜʚʠʞʥʦʤ ʞʝ ʟʝʨʢʘʣʝ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʟʘʧʠʩʴ ʣʠʰʴ ʧʦʣʝʟʥʦʛʦ ʤʦʜʫʣʠʨʦʚʘʥʥʦʛʦ ʩʠʛʥʘʣʘ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ 

ʬʦʥʦʚʦʝ ʠʟʣʫʯʝʥʠʝ ʥʝ ʦʢʘʟʳʚʘʝʪ ʙʦʣʝʝ ʚʣʠʷʥʠʷ ʥʘ ʨʝʟʫʣʴʪʘʪ ʠʟʤʝʨʝʥʠʡ (ʈʠʩʫʥʦʢ 

2.8 (ʙ), (ʚ)) [A1, A32, A33, A35]. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʬʦʪʦʥʥʳʭ ʜʝʪʝʢʪʦʨʦʚ 

ʦʢʘʟʳʚʘʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦʡ, ʢʘʢ ʧʨʘʚʠʣʦ, ʟʘʜʝʨʞʢʠ ʥʘ ʫʨʦʚʥʝ 500 ï 1000 ʤʩ, ʜʣʷ 

ʢʨʝʤʥʠʝʚʦʛʦ ʙʦʣʦʤʝʪʨʘ ʵʪʘ ʚʝʣʠʯʠʥʘ ʩʦʩʪʘʚʣʷʝʪ ʦʪ 2 ʜʦ 5 ʩ. 
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ʈʠʩʫʥʦʢ 2.8 - (ʘ) ʉʭʝʤʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʠʟʤʝʨʝʥʠʡ ʩʧʝʢʪʨʦʚ 

ʌʃ ʠ ʩʪʠʤʫʣʠʨʦʚʘʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ (ʉʀ). ʄʦʜʫʣʷʪʦʨ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʧʨʠ 

ʚʦʟʙʫʞʜʝʥʠʠ ʌʃ ʠ ʉʀ ʥʝʧʨʝʨʳʚʥʳʤ ʣʘʟʝʨʦʤ; (ʙ) ʇʨʠʤʝʨ ʩʧʝʢʪʨʦʚ ʌʃ ʚ 

ʜʘʣʴʥʝʤ ʀʂ ʜʠʘʧʘʟʦʥʝ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʫʟʢʦʟʦʥʥʳʭ ʩʪʨʫʢʪʫʨʘʭ InAs/GaSb, ʠʟ 

ʨʘʙʦʪʳ [ɸ32]; (ʚ) ʇʨʠʤʝʨ ʨʘʟʨʝʰʝʥʥʳʭ ʧʦ ʚʨʝʤʝʥʠ ʩʧʝʢʪʨʦʚ ʌʃ ʚ ʦʙʣʘʩʪʠ 

ʤʘʢʩʠʤʫʤʘ ʠʟʣʫʯʝʥʠʷ ʪʝʧʣʦʚʦʛʦ ʬʦʥʘ. ʃʠʥʠʷ 1 ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʤʝʞʟʦʥʥʳʤ 

ʧʝʨʝʭʦʜʘʤ ʚ ʦʙʲʝʤʥʦʡ ʧʣʝʥʢʝ Hg0.78Cd0.22Te (ʦʙʨʘʟʝʮ ˉ 120613), ʣʠʥʠʷ 2 ï 

ʤʝʞʟʦʥʥʳʤ ʧʝʨʝʭʦʜʘʤ ʚ ʪʦʥʢʦʤ ʩʣʦʝ ʤʝʞʜʫ ʙʫʬʝʨʦʤ CdTe ʠ ʚʘʨʠʟʦʥʥʳʤʠ 

ʩʣʦʷʤʠ, ʦʢʨʫʞʘʶʱʠʤʠ ʦʩʥʦʚʥʫʶ ʯʘʩʪʴ ʩʪʨʫʢʪʫʨʳ (ʩʤ. ʨʠʩʫʥʦʢ 2.1) 

(ʘ) 

(ʙ) (ʚ) 



79 

 

ʇʨʠ ʠʤʧʫʣʴʩʥʳʭ ʠʟʤʝʨʝʥʠʷʭ ʜʣʷ ʟʘʧʠʩʠ ʢʠʥʝʪʠʢʠ ʨʝʣʘʢʩʘʮʠʠ ʌʃ ʥʘ ʢʘʞʜʦʤ 

çʰʘʛʝè ʩʢʘʥʠʨʦʚʘʥʠʷ ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʠʟʤʝʨʝʥʠʝ ʢʠʥʝʪʠʢʠ ʩʠʛʥʘʣʘ ʜʣʷ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʪʦʯʢʠ ʠʥʪʝʨʬʝʨʦʛʨʘʤʤʳ ʩ ʟʘʧʫʩʢʦʤ ʧʦ ʩʠʥʭʨʦʥʠʟʠʨʫʶʱʝʤʫ 

ʠʤʧʫʣʴʩʫ. ʀʟʤʝʨʝʥʠʷ ʤʦʞʥʦ ʙʳʣʦ ʧʨʦʚʦʜʠʪʴ ʩ ʥʘʩʪʨʘʠʚʘʝʤʳʤ ʚʨʝʤʝʥʥʳʤ 

ʨʘʟʨʝʰʝʥʠʝʤ ʠ ʢʦʣʠʯʝʩʪʚʦʤ ʫʩʨʝʜʥʝʥʠʡ ʩ ʫʯʝʪʦʤ ʙʳʩʪʨʦʜʝʡʩʪʚʠʷ ʧʨʠʝʤʥʠʢʘ ʠ 

ʯʘʩʪʦʪʥʦʡ ʧʦʣʦʩʳ ʫʩʠʣʠʪʝʣʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʩʣʫʯʘʝ ʠʤʧʫʣʴʩʥʦʛʦ ʚʦʟʙʫʞʜʝʥʠʷ 

ʫʜʘʝʪʩʷ ʟʘʧʠʩʘʪʴ ʜʣʷ ʢʘʞʜʦʡ ʪʦʯʢʠ ʠʥʪʝʨʬʝʨʦʛʨʘʤʤʳ ʜʠʥʘʤʠʢʫ ʚʦ ʚʨʝʤʝʥʠ ʠ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʦʩʣʝ ʬʫʨʴʝ-ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʧʦʣʫʯʠʪʴ ʢʠʥʝʪʠʢʫ ʜʣʷ ʢʘʞʜʦʡ ʪʦʯʢʠ 

ʩʧʝʢʪʨʘ, ʪ.ʝ. ʨʝʘʣʠʟʦʚʘʪʴ ʨʘʟʨʝʰʝʥʥʫʶ ʧʦ ʚʨʝʤʝʥʠ ʩʧʝʢʪʨʦʩʢʦʧʠʶ ʌʃ [A5] 

(ʈʠʩʫʥʦʢ 2.8 (ʚ)). 

ʆʙʨʘʟʝʮ ʙʳʣ ʨʘʩʧʦʣʦʞʝʥ ʚʥʫʪʨʠ ʛʝʣʠʝʚʦʛʦ ʦʧʪʠʯʝʩʢʦʛʦ ʢʨʠʦʩʪʘʪʘ 

ʟʘʤʢʥʫʪʦʛʦ ʮʠʢʣʘ (ʜʠʘʧʘʟʦʥ ʪʝʤʧʝʨʘʪʫʨ 8-300 K). ɺ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ 

ʦʧʪʠʯʝʩʢʦʛʦ ʚʦʟʙʫʞʜʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʣʠʙʦ ʠʤʧʫʣʴʩʥʳʝ ʣʘʟʝʨʥʳʝ ʠʩʪʦʯʥʠʢʠ, 

ʣʠʙʦ ʤʦʜʫʣʠʨʦʚʘʥʥʦʝ ʤʝʭʘʥʠʯʝʩʢʠʤ ʧʨʝʨʳʚʘʪʝʣʝʤ ʠʟʣʫʯʝʥʠʝ ʥʝʧʨʝʨʳʚʥʦʛʦ 

ʣʘʟʝʨʘ (ʩʤ. ʪʘʙʣʠʮʫ 2.3). ʀʟʣʫʯʝʥʠʝ ʌʃ ʟʘʚʦʜʠʣʦʩʴ ʚ ʬʫʨʴʝ-ʩʧʝʢʪʨʦʤʝʪʨ ʩ 

ʧʦʤʦʱʴʶ ʵʣʣʠʧʪʠʯʝʩʢʦʛʦ ʟʝʨʢʘʣʘ ʣʠʙʦ ʩ ʧʦʤʦʱʴʶ ʚʦʣʥʦʚʦʜʥʦʡ ʚʩʪʘʚʢʠ, ʚʘʢʫʫʤʥʦ 

ʩʦʧʨʷʛʘʶʱʝʡ ʢʨʠʦʩʪʘʪ ʟʘʤʢʥʫʪʦʛʦ ʮʠʢʣʘ ʩ ʬʫʨʴʝ-ʩʧʝʢʪʨʦʤʝʪʨʦʤ. ʈʘʩʩʝʷʥʥʦʝ 

ʠʟʣʫʯʝʥʠʝ ʣʘʟʝʨʘ ʦʪʩʝʢʘʣʦʩʴ ʦʧʪʠʯʝʩʢʠʤʠ ʬʠʣʴʪʨʘʤʠ, ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʥʘ 

ʚʭʦʜʥʦʤ ʦʢʥʝ ʩʧʝʢʪʨʦʤʝʪʨʘ. 

ɼʣʷ ʫʩʠʣʝʥʠʷ ʩʠʛʥʘʣʘ ʩ ʧʨʠʝʤʥʠʢʘ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʤʘʣʦʰʫʤʷʱʠʡ 

ʫʩʠʣʠʪʝʣʴ ʥʘʧʨʷʞʝʥʠʷ SR560 (çStanford Research Systemsè). ʅʠʞʥʷʷ ʛʨʘʥʠʯʥʘʷ 

ʯʘʩʪʦʪʘ ʧʦʣʦʩʳ ʫʩʠʣʝʥʠʷ ʚʳʙʠʨʘʣʘʩʴ, ʢʘʢ ʧʨʘʚʠʣʦ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 100-300 ɻʮ 

(ʤʝʥʴʰʝʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʠʟʤʝʨʝʥʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʦʩʪʘʪʦʯʥʦ ʠʥʝʨʮʠʦʥʥʦʛʦ 

ʙʦʣʦʤʝʪʨʘ, ʙʦʣʴʰʝʝ ʜʣʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʳʩʪʨʳʭ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʜʝʪʝʢʪʦʨʦʚ) ʩ 

ʪʝʤ, ʯʪʦʙʳ ʵʬʬʝʢʪʠʚʥʦ ʧʦʜʘʚʠʪʴ ʤʦʱʥʳʝ ʥʠʟʢʦʯʘʩʪʦʪʥʳʝ ʧʦʤʝʭʠ, ʚʦʟʥʠʢʘʶʱʠʝ 

ʧʨʠ ʨʘʙʦʪʝ ʢʨʠʦʩʪʘʪʘ ʟʘʤʢʥʫʪʦʛʦ ʮʠʢʣʘ. ʇʦʩʣʝ ʫʩʠʣʝʥʠʷ ʟʘʧʠʩʴ ʩʠʛʥʘʣʘ 

ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʧʣʘʪʦʡ ʘʥʘʣʦʛʦ-ʮʠʬʨʦʚʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ (ɸʎʇ) ʩ ʚʨʝʤʝʥʥʳʤ 

ʨʘʟʨʝʰʝʥʠʝʤ ʜʦ 5 ʥʩ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʨʝʤʝʥʥʦʝ ʨʘʟʨʝʰʝʥʠʝ ʚʩʝʛʦ ʤʝʪʦʜʘ 

ʦʛʨʘʥʠʯʠʚʘʣʦʩʴ ʤʘʢʩʠʤʘʣʴʥʦʡ ʧʦʣʦʩʦʡ ʧʨʦʧʫʩʢʘʥʠʷ ʫʩʠʣʠʪʝʣʷ, ʩʦʩʪʘʚʣʷʶʱʝʡ 1 
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ʄɻʮ ʧʨʠ ʤʠʥʠʤʘʣʴʥʦʤ ʫʩʠʣʝʥʠʠ ʠ ʜʦʩʪʠʛʘʣʦ, ʚ ʦʧʪʠʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ, 350 ʥʩ. ɺ 

ʩʣʫʯʘʝ ʥʝʧʨʝʨʳʚʥʦʛʦ ʚʦʟʙʫʞʜʝʥʠʷ, ʠʟʣʫʯʝʥʠʝ ʥʝʧʨʝʨʳʚʥʦʛʦ ʣʘʟʝʨʘ 

ʤʦʜʫʣʠʨʦʚʘʣʦʩʴ ʩ ʧʦʤʦʱʴʶ ʦʙʪʶʨʘʪʦʨʘ, ʘ ʜʣʷ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʩʠʛʥʘʣʘ 

ʠʩʧʦʣʴʟʦʚʘʣʩʷ, ʢʘʢ ʠ ʚ ʨʘʙʦʪʝ [161], ʩʠʥʭʨʦʥʥʳʡ ʜʝʪʝʢʪʦʨ ʩ ʧʦʩʪʦʷʥʥʦʡ ʚʨʝʤʝʥʠ 

ʥʝ ʤʝʥʝʝ ʯʝʤ ʚ 5 ʨʘʟ ʤʝʥʴʰʝ, ʯʝʤ ʟʘʜʝʨʞʢʘ ʠʟʤʝʨʝʥʠʡ ʧʦʩʣʝ ʦʩʪʘʥʦʚʢʠ ʟʝʨʢʘʣʘ. 

ʏʘʩʪʦʪʘ ʤʦʜʫʣʷʮʠʠ ʚʳʙʠʨʘʣʘʩʴ ʥʘ ʦʩʥʦʚʝ ʢʦʤʧʨʦʤʠʩʩʘ ʤʝʞʜʫ ʦʪʩʪʨʦʡʢʦʡ ʦʪ 

ʥʠʟʢʦʯʘʩʪʦʪʥʳʭ ʰʫʤʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʨʘʙʦʪʦʡ ʢʨʠʦʩʪʘʪʘ, ʠ ʧʘʜʝʥʠʝʤ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʧʨʠʝʤʥʠʢʘ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʯʘʩʪʦʪʳ (ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʵʪʦ 

ʦʪʥʦʩʠʪʩʷ ʢ ʙʦʣʦʤʝʪʨʫ, ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢʦʪʦʨʦʛʦ ʧʘʜʘʝʪ ʩ ʨʦʩʪʦʤ ʯʘʩʪʦʪʳ 

ʤʦʜʫʣʷʮʠʠ ʚʳʰʝ 200 ɻʮ). ɼʣʷ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʜʝʪʝʢʪʦʨʦʚ ʥʘ ʦʩʥʦʚʝ HgCdTe ʩ 

ʚʳʩʦʢʠʤ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝʤ ʯʘʩʪʦʪʫ ʤʦʜʫʣʷʮʠʠ ʤʦʞʥʦ ʙʳʣʦ ʜʦʚʦʜʠʪʴ ʜʦ 4 ʢɻʮ ʜʣʷ 

ʧʦʩʣʝʜʫʶʱʝʛʦ ʧʦʜʘʚʣʝʥʠʷ ʠʥʪʝʥʩʠʚʥʳʭ ʥʠʟʢʦʯʘʩʪʦʪʥʳʭ ʰʫʤʦʚ ʦʪ ʚʠʙʨʘʮʠʡ 

ʢʨʠʦʩʪʘʪʘ ʩ ʧʦʤʦʱʴʶ ʬʠʣʴʪʨʘʮʠʠ ʧʦ ʯʘʩʪʦʪʝ ʚ ʧʨʝʜʫʩʠʣʠʪʝʣʝ. 
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ʊʘʙʣʠʮʘ 2.3 - ʀʩʪʦʯʥʠʢʠ ʠʟʣʫʯʝʥʠʷ, ʠʩʧʦʣʴʟʦʚʘʥʥʳʝ ʜʣʷ ʚʦʟʙʫʞʜʝʥʠʷ ʩʪʨʫʢʪʫʨ 

ʧʨʠ ʠʟʤʝʨʝʥʠʷʭ ʌʃ 

ʅʘʟʚʘʥʠʝ Tsunami APT 

LIGHTING 

SCIENCE & 

TECHNOLOG

Y CO., LTD 

Matisse Solar Spitfire Infralight 

ʊʠʧ ʂʚʘʟʠ-

ʥʝʧʨʝʨʳʚ-

ʥʳʡ 

ʅʝʧʨʝ-

ʨʳʚʥʳʡ 

ʅʝʧʨʝ-

ʨʳʚʥʳʡ 

ʀʤʧʫ-

ʣʴʩʥʳʡ 

ʀʤʧʫ-

ʣʴʩʥʳʡ 

ʀʤʧʫ-

ʣʴʩʥʳʡ 

ɼʣʠʥʘ 

ʚʦʣʥʳ 

800 ï 940 

ʥʤ 
808 ʥʤ 

850 ï 

915 ʥʤ 

1064 

ʥʤ 
800 ʥʤ 10.6 ʤʢʤ 

ɼʣʠʪʝʣʴʥ

ʦʩʪʴ 

ʠʤʧʫʣʴʩʘ 

- - - 10 ʥʩ 30 ʬʩ 100 ʥʩ 

ʏʘʩʪʦʪʘ 

ʧʦʚʪʦʨʝʥ

ʠ ̫

-      - - 10 ɻʮ 5 ʢɻʮ ɼʦ 50 ɻʮ 

ʕʥʝʨʛʠʷ ʚ 

ʠʤʧʫʣʴʩʝ

/ 

ʤʦʱʥʦʩʪʴ 

1 ɺʪ 1 ɺʪ 1 ɺʪ 10 ʤɼʞ 
150 

ʤʢɼʞ 
10 ʤɼʞ 

ʈʘʟʤʝʨ 

(ʜʠʘʤʝʪʨ) 

ʧʫʯʢʘ  

3 ʤʤ 3 ʤʤ 3 ʤʤ 10 ʤ 3 ʤʤ 5 ʭ12 ʤʤ 
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2.6 ʌʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ ʦʙʲʝʤʥʳʭ ʵʧʠʪʘʢʩʠʘʣʴʥʳʭ ʩʣʦʝʚ ʂʈʊ ʧʨʠ 

ʥʝʧʨʝʨʳʚʥʦʤ ʚʦʟʙʫʞʜʝʥʠʠ 

ʅʘ ʨʠʩʫʥʢʝ 2.9 ʧʨʠʚʝʜʝʥʳ ʩʧʝʢʪʨʳ ʌʃ ʦʙʲʝʤʥʳʭ ʧʣʝʥʦʢ ʂʈʊ, ʠʟʤʝʨʝʥʥʳʝ 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 18 ʂ ʚ ʫʩʣʦʚʠʷʭ ʥʝʧʨʝʨʳʚʥʦʡ ʦʧʪʠʯʝʩʢʦʡ ʥʘʢʘʯʢʠ ʣʘʟʝʨʦʤ ʩ 

ʜʣʠʥʦʡ ʚʦʣʥʳ 900 ʥʤ. ʇʦʣʦʞʝʥʠʝ ʣʠʥʠʠ ʌʃ ʩʤʝʱʘʝʪʩʷ ʚ ʩʪʦʨʦʥʫ ʙʦʣʴʰʠʭ ʜʣʠʥ 

ʚʦʣʥ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʪʫʪʠ ʚ ʩʪʨʫʢʪʫʨʝ ʠ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ 

çʢʨʘʩʥʦʡ ʛʨʘʥʠʮʝʡè ʩʧʝʢʪʨʦʚ ʌʇ, ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ 4.2 ʂ ʜʣʷ ʪʝʭ ʞʝ ʦʙʨʘʟʮʦʚ ʩ 

ʫʯʝʪʦʤ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʰʠʨʠʥʳ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ Eg (ʩʢʦʨʦʩʪʴ 

ʫʚʝʣʠʯʝʥʠʷ ʰʠʨʠʥʳ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ ʩʦʩʪʘʚʣʷʝʪ ~ 0.25 ʤʵɺ / ʂ). 

ɺ ʯʘʩʪʥʦʩʪʠ, ʜʣʷ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʦʚ ʥʝ ʥʘʙʣʶʜʘʣʦʩʴ ʩʪʦʢʩʦʚʘ ʩʜʚʠʛʘ ʣʠʥʠʠ 

ʌʃ, ʢʦʪʦʨʳʡ ʤʦʞʥʦ ʙʳʣʦ ʙʳ ʦʞʠʜʘʪʴ ʜʣʷ ʤʘʪʝʨʠʘʣʘ ʩ ʧʨʦʪʷʞʝʥʥʳʤʠ ʭʚʦʩʪʘʤʠ 

ʧʣʦʪʥʦʩʪʠ ʩʦʩʪʦʷʥʠʡ ʚ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʝ. ʀʟʚʝʩʪʥʦ, ʚ çʤʦʜʝʣʴʥʦʤè ʩʣʫʯʘʝ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʘ ʩ ʢʦʨʥʝʚʦʡ ʟʘʚʠʩʠʤʦʩʪʴʶ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʩʦʩʪʦʷʥʠʡ 

ʦʪ ʵʥʝʨʛʠʠ, ʧʦʣʦʞʝʥʠʝ ʤʘʢʩʠʤʫʤʘ ʌʃ ʩʜʚʠʥʫʪʦ ʥʘ ʚʝʣʠʯʠʥʫ 0.5kɺT ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʟʥʘʯʝʥʠʷ Eg. C ʫʯʝʪʦʤ ʚʩʝʭ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʩʜʚʠʛʦʚ, ʧʦʣʦʞʝʥʠʝ ʤʘʢʩʠʤʫʤʘ ʌʃ, ʢʘʢ 

ʧʨʘʚʠʣʦ, ʦʢʘʟʳʚʘʝʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʩʜʚʠʥʫʪʦ ʚ ʢʦʨʦʪʢʦʚʦʣʥʦʚʫʶ ʩʪʦʨʦʥʫ 

(ʥʘʧʨʠʤʝʨ, ʜʣʷ ʦʙʨʘʟʮʘ ʩ ʭ = 0.18 ʥʘ ʨʠʩʫʥʢʝ 2.9 ʤʘʢʩʠʤʫʤ ʌʃ ʥʘʭʦʜʠʪʩʷ ʥʘ ʜʣʠʥʝ 

ʚʦʣʥʳ 36 ʤʢʤ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ çʢʨʘʩʥʘʷ ʛʨʘʥʠʮʘè ʌʇ ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ 48 ʤʢʤ) ʥʘ 1 

ï 3 ʤʵɺ, ʯʪʦ ʩʚʷʟʳʚʘʝʪʩʷ ʩ ʨʘʟʦʛʨʝʚʦʤ ʵʣʝʢʪʨʦʥʥʦʛʦ ʛʘʟʘ ʧʨʠ ʚʦʟʙʫʞʜʝʥʠʠ ʌʃ 

ʢʦʨʦʪʢʦʚʦʣʥʦʚʳʤ (800 ï 900 ʥʤ) ʠʟʣʫʯʝʥʠʝʤ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʦʡ ʤʦʱʥʦʩʪʠ (50 

ï 100 ʤɺʪ). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʦʞʝʥʠʝ ʣʠʥʠʠ ʌʃ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʰʠʨʠʥʝ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʚʷʟʘʪʴ ʝʸ ʩ ʤʝʞʟʦʥʥʳʤʠ 

ʠʟʣʫʯʘʪʝʣʴʥʳʤʠ ʧʝʨʝʭʦʜʘʤʠ. 
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ʈʠʩʫʥʦʢ 2.9 - ʉʧʝʢʪʨʳ ʌʃ (ʚʝʨʭʥʠʡ ʛʨʘʬʠʢ) ʠ ʩʧʝʢʪʨʳ ʌʇ (ʥʠʞʥʠʡ 

ʛʨʘʬʠʢ) ʩʝʨʠʠ ʦʙʲʝʤʥʳʭ ʧʣʝʥʦʢ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʢʘʜʤʠʷ x ʦʪ 0.18 ʜʦ 0.23 ʧʨʠ 18 

ʂ ʠ 4.2 ʂ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺʩʝ ʩʧʝʢʪʨʳ ʥʦʨʤʠʨʦʚʘʥʳ ʥʘ ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ  

ʉʣʘʙʦʝ ʪʝʤʧʝʨʘʪʫʨʥʦʝ ʛʘʰʝʥʠʝ ʌʃ ʧʦʟʚʦʣʷʝʪ ʧʨʦʩʣʝʜʠʪʴ ʟʘ ʰʠʨʠʥʦʡ ʣʠʥʠʠ 

ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ (ʈʠʩʫʥʦʢ 2.10 (ʘ), (ʙ)). ɼʣʷ çʠʜʝʘʣʴʥʦʛʦè 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʘ ʩ ʢʦʨʥʝʚʦʡ ʟʘʚʠʩʠʤʦʩʪʴʶ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʩʦʩʪʦʷʥʠʡ 

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

ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʰʠʨʠʥʳ ʣʠʥʠʠ ʜʣʷ ʨʷʜʘ ʠʩʩʣʝʜʫʝʤʳʭ ʧʣʝʥʦʢ ʧʨʠʚʝʜʝʥʳ ʥʘ 

ʨʠʩʫʥʢʝ 2.10 (ʚ). ʇʨʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʰʠʨʠʥʘ ʣʠʥʠʠ ʌʃ ʧʨʘʢʪʠʯʝʩʢʠ 

ʜʦʩʪʠʛʘʝʪ ʩʚʦʝʛʦ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʧʨʝʜʝʣʘ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʤʘʣʳʡ ʚʢʣʘʜ 

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

ʆʪʣʠʯʠʷ ʤʦʛʫʪ ʙʳʪʴ ʩʚʷʟʘʥʳ ʩ ʥʘʣʠʯʠʝʤ ʫʨʙʘʭʦʚʩʢʦʛʦ ʭʚʦʩʪʘ, ʘ ʪʘʢʞʝ ʩ ʨʘʟʦʛʨʝʚʦʤ 

ʠʟʣʫʯʝʥʠʝʤ ʥʘʢʘʯʢʠ (ʠʟ-ʟʘ ʛʘʰʝʥʠʷ ʌʃ ʧʨʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʪʨʝʙʫʝʤʘʷ 

ʤʦʱʥʦʩʪʴ ʚʦʟʙʫʞʜʝʥʠʷ ʜʣʷ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʛʦ ʦʪʥʦʰʝʥʠʷ ʩʠʛʥʘʣ/ʰʫʤ 

ʚʦʟʨʘʩʪʘʝʪ ʜʦ 20 ï 50 ʤɺʪ). ʆʮʝʥʠʪʴ ʚʝʣʠʯʠʥʫ ʪʘʢʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʤʦʞʥʦ ʧʨʠ 

ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʢʦʛʜʘ ʩ ʭʦʨʦʰʝʡ ʪʦʯʥʦʩʪʴʶ ʤʦʞʥʦ ʩʯʠʪʘʪʴ, ʯʪʦ ʰʠʨʠʥʘ 

ʩʧʝʢʪʨʘ ʌʃ ʧʦʣʥʦʩʪʴʶ ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʘʟʙʨʦʩʦʤ ʧʘʨʘʤʝʪʨʦʚ ʩʪʨʫʢʪʫʨʳ. ʊʠʧʠʯʥʘʷ 

ʰʠʨʠʥʘ ʩʧʝʢʪʨʘ ʩʦʩʪʘʚʣʷʝʪ ~ 7 ʤʵɺ, ʯʪʦ ʚ ʧʝʨʝʩʯʝʪʝ ʥʘ ʜʦʣʶ ʉd ʜʘʝʪ ʚʝʣʠʯʠʥʫ 
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ʨʘʟʙʨʦʩʘ ȹʭ ~ 0.0004 (ʧʦ ʧʣʦʱʘʜʠ ʩʪʨʫʢʪʫʨʳ), ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʶʱʫʶʩʷ ʩ ʜʘʥʥʳʤʠ 

ʦʪ ʪʝʭʥʦʣʦʛʦʚ. 

  

 

ʈʠʩʫʥʦʢ 2.10 - (ʘ) ʉʧʝʢʪʨʳ ʌʃ ʵʧʠʪʘʢʩʠʘʣʴʥʦʛʦ ʩʣʦʷ ˉ 120613 ʧʨʠ ʨʘʟʣʠʯʥʳʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ: 1 ï 18 ʂ, 2 ï 70 ʂ, 3 ï 140 ʂ, 4 ï 200 ʂ; (ʙ) ʉʧʝʢʪʨʳ ʌʃ ʩʪʨʫʢʪʫʨʳ 

 ̄130905 (Hg0.72Cd0.18Te) ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. ʉʧʝʢʪʨʳ ʥʦʨʤʠʨʦʚʘʥʳ 

ʥʘ ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ; (ʚ) ɿʘʚʠʩʠʤʦʩʪʴ ʧʦʣʫʰʠʨʠʥʳ ʣʠʥʠʠ ʌʃ ʦʪ 

ʪʝʤʧʝʨʘʪʫʨʳ ʜʣʷ ʨʷʜʘ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʦʙʨʘʟʮʦʚ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʩʣʝʜʦʚʘʥʠʷ ʌʃ ʚ ʮʝʣʦʤ ʧʦʜʪʚʝʨʞʜʘʶʪ ʚʳʚʦʜʳ ʦ ʚʳʩʦʢʦʡ 

ʦʜʥʦʨʦʜʥʦʩʪʠ ʩʪʨʫʢʪʫʨ ʠ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʣʫʯʝʥʠʷ ʤʝʞʟʦʥʥʦʡ ʵʤʠʩʩʠʠ ʚ 

ʵʧʠʪʘʢʩʠʘʣʴʥʦʤ HgCdTe, ʚʳʨʘʱʝʥʥʤr ʤʝʪʦʜʦʤ ʄʃʕ ʥʘ GaAs ʧʦʜʣʦʞʢʘʭ, ʚʧʣʦʪʴ 

ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ ʜʦʩʪʠʞʠʤʦʡ ʧʨʠ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʦʤ ʦʭʣʘʞʜʝʥʠʠ. ʈʘʟʚʠʪʘʷ 

ʤʝʪʦʜʠʢʘ ʠʟʤʝʨʝʥʠʡ ʌʃ ʧʦʟʚʦʣʠʣʘ ʧʝʨʝʡʪʠ ʢ ʠʩʩʣʝʜʦʚʘʥʠʶ ʵʤʠʩʩʠʠ ʠʟ ʢʚʘʥʪʦʚʳʭ 

(ʘ) (ʙ) 

(ʚ) 
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ʷʤ ʚ ʫʩʣʦʚʠʷʭ ʠʥʪʝʥʩʠʚʥʦʛʦ ʠʤʧʫʣʴʩʥʦʛʦ ʚʦʟʙʫʞʜʝʥʠʷ, ʯʪʦ ʚ ʢʦʥʝʯʥʦʤ ʩʯʝʪʝ 

ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʉʀ. 

 

2.7 ʄʝʪʦʜʠʢʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʠʥʝʪʠʢʠ ʬʦʪʦʧʨʦʚʦʜʠʤʦʩʪʠ ʚ ʫʟʢʦʟʦʥʥʳʭ 

ʩʪʨʫʢʪʫʨʘʭ ʥʘ ʦʩʥʦʚʝ HgCdTe 

ʉ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ, ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʫʜʦʙʥʳʭ ʩʧʦʩʦʙʦʚ 

ʦʧʠʩʘʥʠʷ ʨʝʢʦʤʙʠʥʘʮʠʠ ʥʝʨʘʚʥʦʚʝʩʥʳʭ ʥʦʩʠʪʝʣʝʡ ʷʚʣʷʝʪʩʷ ñʬʦʨʤʘʣʠʟʤ ʚʨʝʤʝʥ 

ʞʠʟʥʠò. ʆʩʥʦʚʥʳʤ ʧʦʥʷʪʠʝʤ, ʠʩʧʦʣʴʟʫʝʤʳʤ ʚ ʨʘʤʢʘʭ ʵʪʦʛʦ ʦʧʠʩʘʥʠʷ, ʷʚʣʷʝʪʩʷ 

ʭʘʨʘʢʪʝʨʥʦʝ ʚʨʝʤʷ ʨʝʣʘʢʩʘʮʠʠ, ʦʧʨʝʜʝʣʷʶʱʝʝ ʚʨʝʤʝʥʥʦʡ ʠʥʪʝʨʚʘʣ, ʟʘ ʢʦʪʦʨʳʡ 

ʩʠʩʪʝʤʘ ʚʦʟʚʨʘʱʘʝʪʩʷ ʢ ʨʘʚʥʦʚʝʩʥʦʤʫ ʩʦʩʪʦʷʥʠʶ ʚ ʦʪʩʫʪʩʪʚʠʝ ʚʥʝʰʥʝʛʦ 

ʚʦʟʙʫʞʜʝʥʠʷ. 

 
Ὢὸ ὪπὩὼὴ

ὸ

†
 (2.7.1) 

ɿʜʝʩʴ f(t) ï ʵʪʦ ʢʘʢʦʡ-ʣʠʙʦ ʥʝʨʘʚʥʦʚʝʩʥʳʡ ʧʘʨʘʤʝʪʨ ʩʠʩʪʝʤʳ, ʚ ʯʘʩʪʥʦʤ ʩʣʫʯʘʝ, 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʥʝʨʘʚʥʦʚʝʩʥʳʭ ʥʦʩʠʪʝʣʝʡ, ʘ Ű ï ʚʨʝʤʷ ʨʝʣʘʢʩʘʮʠʠ. ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ 

ʟʘʧʠʩʘʪʴ ʚʳʨʘʞʝʥʠʝ ʚʠʜʘ (2.7.1) ʜʣʷ ʧʨʦʮʝʩʩʦʚ ʨʝʢʦʤʙʠʥʘʮʠʠ ʥʝʨʘʚʥʦʚʝʩʥʳʭ 

ʥʦʩʠʪʝʣʝʡ ʥʝʚʦʟʤʦʞʥʦ, ʧʦʩʢʦʣʴʢʫ ʢʦʥʮʝʥʪʨʘʮʠʠ ʵʣʝʢʪʨʦʥʦʚ ʠ ʜʳʨʦʢ, ʚʦʦʙʱʝ 

ʛʦʚʦʨʷ, ʥʝʟʘʚʠʩʠʤʳ, ʠ ʦʧʠʩʳʚʘʶʪʩʷ ʫʨʘʚʥʝʥʠʷʤʠ ʙʘʣʘʥʩʘ [122] 

 Ὠῳὲ

Ὠὸ
ὨὭὺὮ Ὃ Ὑ  

 
Ὠῳὴ

Ὠὸ
ὨὭὺὮ Ὃ Ὑ  

 

(2.7.2) 

ɺʦʟʙʫʞʜʝʥʠʝ ʦʙʨʘʟʮʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʢʦʨʦʩʪʴʶ ʛʝʥʝʨʘʮʠʠ ʩʚʦʙʦʜʥʳʭ 

ʵʣʝʢʪʨʦʥʦʚ ʠ ʜʳʨʦʢ (Gn ʠ Gp) ʚ ʝʜʠʥʠʮʝ ʦʙʲʝʤʘ ʚ ʝʜʠʥʠʮʫ ʚʨʝʤʝʥʠ. ɸʥʘʣʦʛʠʯʥʳʤ 

ʦʙʨʘʟʦʤ ʚʚʦʜʠʪʩʷ ʠ ʩʢʦʨʦʩʪʴ ʨʝʢʦʤʙʠʥʘʮʠʠ (Rn, Rp) ī ʯʠʩʣʦ ʥʦʩʠʪʝʣʝʡ, 

ʠʩʯʝʟʘʶʱʠʭ ʚ ʝʜʠʥʠʮʝ ʦʙʲʝʤʘ ʚ ʝʜʠʥʠʮʫ ʚʨʝʤʝʥʠ. ɼʠʬʬʫʟʠʷ ʥʦʩʠʪʝʣʝʡ 

ʦʧʠʩʳʚʘʝʪʩʷ ʪʦʢʦʚʳʤʠ ʯʣʝʥʘʤʠ (jn, jp). ʂʦʛʜʘ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʝʨʘʚʥʦʚʝʩʥʳʭ 



86 

 

ʵʣʝʢʪʨʦʥʦʚ ʠ ʜʳʨʦʢ ʥʝʟʘʚʠʩʠʤʳ, ʪʦ ʧʦʣʥʦʝ ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʡ 

(2.7.2) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʪʨʫʜʥʫʶ ʟʘʜʘʯʫ. 

ɺ ʩʣʫʯʘʝ ʤʝʞʟʦʥʥʦʛʦ ʦʧʪʠʯʝʩʢʦʛʦ ʚʦʟʙʫʞʜʝʥʠʷ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʨʷʜ 

ʫʧʨʦʱʝʥʠʡ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʩʚʝʩʪʠ ʟʘʜʘʯʫ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʡ ʙʘʣʘʥʩʘ ʢ ʙʦʣʝʝ 

ʧʨʦʩʪʦʤʫ ʚʠʜʫ. ʇʨʠʥʠʤʘʷ ʚʦ ʚʥʠʤʘʥʠʝ, ʯʪʦ ʤʝʞʟʦʥʥʘʷ ʛʝʥʝʨʘʮʠʷ ʠ ʨʝʢʦʤʙʠʥʘʮʠʷ 

ʧʨʠʚʦʜʷʪ ʢ ʨʦʞʜʝʥʠʶ ʠ ʫʥʠʯʪʦʞʝʥʠʶ ʵʣʝʢʪʨʦʥ-ʜʳʨʦʯʥʳʭ ʧʘʨ, ʤʦʞʥʦ ʚʚʝʩʪʠ 

ʦʙʫɦʶ ʩʢʦʨʦʩʪʴ ʛʝʥʝʨʘʮʠʠ/ʨʝʢʦʤʙʠʥʘʮʠʠ ʜʣʷ ʧʘʨ: GGG pn == , RRR pn == . ɺ 

ʩʣʫʯʘʝ, ʢʦʛʜʘ ʪʝʤʥʦʚʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʤʘʣʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 

ʬʦʪʦʚʦʟʙʫʞʜʝʥʥʳʭ ʥʦʩʠʪʝʣʝʡ, ʤʦʞʥʦ ʧʨʠʥʷʪʴ ῳn=ῳp, ʘ ʠʭ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩʯʠʪʘʪʴ 

ʦʜʥʦʨʦʜʥʳʤ. ʊʦʛʜʘ ʩʠʩʪʝʤʘ (2.7.2) ʤʦʞʝʪ ʙʳʪʴ ʩʚʝʜʝʥʘ ʢ ʦʜʥʦʤʫ ʫʨʘʚʥʝʥʠʶ 

 Ὠῳὲ

Ὠὸ
Ὃ Ὑ 

(2.7.3) 

ɽʩʣʠ ʟʘʧʠʩʘʪʴ ʪʝʤʧ ʨʝʢʦʤʙʠʥʘʮʠʠ ʥʦʩʠʪʝʣʝʡ ʚ ʚʠʜʝ Ὑ , ʛʜʝ Ű ï ʚʨʝʤʷ 

ʞʠʟʥʠ ʵʣʝʢʪʨʦʥ-ʜʳʨʦʯʥʦʡ ʧʘʨʳ, ʪʦ ʜʣʷ ʦʙʱʝʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʝʨʘʚʥʦʚʝʩʥʳʭ 

ʥʦʩʠʪʝʣʝʡ ʚ ʦʪʩʫʪʩʪʚʠʝ ʚʥʝʰʥʝʛʦ ʠʟʣʫʯʝʥʠʷ ʧʦʣʫʯʠʪʩʷ ʚʳʨʘʞʝʥʠʝ, ʘʥʘʣʦʛʠʯʥʦʝ 

ʚʳʨʘʞʝʥʠʶ (2.7.1) 

 
ῳὲὸ ῳὲπὩὼὴ

ὸ

†
 (2.7.4) 

ɺʦʦʙʱʝ ʛʦʚʦʨʷ, ʚʨʝʤʷ ʞʠʟʥʠ Ű ʷʚʣʷʝʪʩʷ ʚʝʣʠʯʠʥʦʡ, ʟʘʚʠʩʷʱʝʡ ʦʪ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʝʨʘʚʥʦʚʝʩʥʳʭ ʥʦʩʠʪʝʣʝʡ. ɺ ʨʝʞʠʤʝ ʩʣʘʙʦʡ ʥʘʢʘʯʢʠ (ʚ ʨʘʤʢʘʭ 

ʣʠʥʝʡʥʦʛʦ ʧʨʠʙʣʠʞʝʥʠʷ) ʝʛʦ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʢʦʥʩʪʘʥʪʦʡ, ʦʧʠʩʳʚʘʶʱʝʡ ʪʝʤʧ 

ʨʝʢʦʤʙʠʥʘʮʠʠ ʚ ʜʘʥʥʳʭ ʢʚʘʟʠʨʘʚʥʦʚʝʩʥʳʭ ʫʩʣʦʚʠʷʭ, ʦʜʥʘʢʦ ʧʨʠ ῳn  n0 (n0 ï 

ʪʝʤʥʦʚʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʥʦʩʠʪʝʣʝʡ ʚ ʦʙʨʘʟʮʝ) ʩʧʘʜ ʥʝʨʘʚʥʦʚʝʩʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʤʦʞʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʪʴʩʷ ʦʪ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʛʦ. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʠʙʣʠʞʝʥʠʷ 

ῳn=ῳp ʠ †n = †p ʥʝ ʩʧʨʘʚʝʜʣʠʚʳ, ʩʪʨʦʛʦ ʛʦʚʦʨʷ, ʚ ʩʣʫʯʘʝ ʨʝʢʦʤʙʠʥʘʮʠʠ ʥʦʩʠʪʝʣʝʡ 

ʧʦʩʨʝʜʩʪʚʦʤ ʟʘʭʚʘʪʘ ʥʘ ʣʦʢʘʟʠʟʦʚʘʥʥʳʝ ʩʦʩʪʦʷʥʠʷ ʚ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʝ. ɺ ʵʪʦʤ 

ʩʣʫʯʘʝ ʫʨʘʚʥʝʥʠʷ (2.7.2) ʥʝʦʙʭʦʜʠʤʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʚʤʝʩʪʝ ʩ ʫʨʘʚʥʝʥʠʷʤʠ ʜʣʷ 

ʥʘʩʝʣʝʥʥʦʩʪʝʡ ʩʦʩʪʦʷʥʠʡ ʣʦʚʫʰʝʢ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʤʫ ʫʨʘʚʥʝʥʠʶ 
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2-ʦʡ ʩʪʝʧʝʥʠ, ʨʝʰʝʥʠʝ ʢʦʪʦʨʦʛʦ ʩʦʜʝʨʞʠʪ ʜʚʘ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦ ʩʧʘʜʘʶʱʠʭ 

ʩʣʘʛʘʝʤʳʭ ʜʘʞʝ ʜʣʷ ʤʘʣʳʭ ῳn. ɺ ʫʢʘʟʘʥʥʳʭ ʩʣʫʯʘʷʭ ʥʝ ʫʜʘʝʪʩʷ ʜʣʷ ʦʧʠʩʘʥʠʷ 

ʚʨʝʤʝʥʥʦʡ ʜʠʥʘʤʠʢʠ ʥʝʨʘʚʥʦʚʝʩʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʚʝʩʪʠ ʝʜʠʥʫʶ ʚʨʝʤʝʥʥʫʶ 

ʢʦʥʩʪʘʥʪʫ, ʠ ʩʠʩʪʝʤʘ ʚ ʢʘʞʜʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ çʤʛʥʦʚʝʥʥʳʤ 

ʚʨʝʤʝʥʝʤ ʞʠʟʥʠè, ʦʧʨʝʜʝʣʷʝʤʳʤ ʯʝʨʝʟ ʦʪʥʦʰʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʦʩʠʪʝʣʝʡ ʢ ʝʸ 

ʧʨʦʠʟʚʦʜʥʦʡ ʧʦ ʚʨʝʤʝʥʠ:  

 
†ῳὲ

ῳὲ

ὨῳὲȾὨὸ
 

(2.7.5) 

ɺ ʧʨʠʙʣʠʞʝʥʠʠ ʤʘʣʳʭ nD  ʫʨʘʚʥʝʥʠʝ (2.7.3) ʣʝʛʢʦ ʨʝʰʘʝʪʩʷ ʧʨʠ ʣʶʙʦʡ 

ʟʘʚʠʩʠʤʦʩʪʠ G ʦʪ ʚʨʝʤʝʥʠ. ɺ ʯʘʩʪʥʦʩʪʠ, ʜʣʷ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʨʝʞʠʤʘ ʧʦʣʫʯʘʝʤ 

 ῳὲ Ὃ† (2.7.6) 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʨʝʤʷ ʞʠʟʥʠ ʦʧʨʝʜʝʣʷʝʪ ʢʠʥʝʪʠʢʫ ʩʧʘʜʘ ʠ ʥʘʨʘʩʪʘʥʠʷ 

ʢʦʥʮʝʥʪʨʘʮʠʠ, ʘ ʪʘʢʞʝ ʝʸ ʟʥʘʯʝʥʠʝ ʚ ʩʪʘʮʠʦʥʘʨʥʦʤ ʨʝʞʠʤʝ. ʌʦʨʤʫʣʫ (2.7.6) ʤʦʞʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʥʝʧʨʷʤʦʛʦ ʤʝʪʦʜʘ ʠʟʤʝʨʝʥʠʷ ʚʨʝʤʝʥʠ ʨʝʣʘʢʩʘʮʠʠ. 

ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʌʃ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʦʣʠʯʝʩʪʚʦʤ ʥʦʩʠʪʝʣʝʡ, ʢʦʪʦʨʳʝ 

ʨʝʢʦʤʙʠʥʠʨʫʶʪ ʩ ʠʩʧʫʩʢʘʥʠʝʤ ʬʦʪʦʥʘ, ʠ ʚʳʨʘʞʘʝʪʩʷ ʚ ʚʠʜʝ ʪʝʤʧʘ ʠʟʣʫʯʘʪʝʣʴʥʦʡ 

ʨʝʢʦʤʙʠʥʘʮʠʠ, Rʠ 

 
Ὑ

ῳὲ

†
 

(2.7.7) 

ɺ ʩʪʘʮʠʦʥʘʨʥʦʤ ʩʣʫʯʘʝ ʧʦʣʫʯʘʝʤ 

 
Ὑ

ῳὲ

†

Ὃ†

†
 

(2.7.8) 

ɿʜʝʩʴ Űʠ ï çʠʟʣʫʯʘʪʝʣʴʥʦʝè ʚʨʝʤʷ ʞʠʟʥʠ, ʪʦ ʝʩʪʴ ʚʨʝʤʷ, ʟʘ ʢʦʪʦʨʦʝ ʩʠʪʝʤʘ 

ʚʦʟʚʨʘʱʘʝʪʩʷ ʢ ʨʘʚʥʦʚʝʩʠʶ, ʧʨʠ ʥʘʣʠʯʠʠ ʝʜʠʥʩʪʚʝʥʥʦʛʦ ʠʟʣʫʯʘʪʝʣʴʥʦʛʦ 

ʤʝʭʘʥʠʟʤʘ ʨʝʢʦʤʙʠʥʘʮʠʠ. ɺ ʨʝʘʣʴʥʳʭ ʩʠʩʪʝʤʘʭ, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʨʠʩʫʪʩʪʚʫʶʪ 

ʥʝʩʢʦʣʴʢʦ ʢʦʥʢʫʨʠʨʫʶʱʠʭ ʤʝʭʘʥʠʟʤʦʚ ʨʝʢʦʤʙʠʥʘʮʠʠ, ʩʫʤʤʘʨʥʳʡ ʵʬʬʝʢʪ 

ʢʦʪʦʨʳʭ ʦʧʠʩʳʚʘʝʪʩʷ ʦʙʱʠʤ ʚʨʝʤʝʥʝʤ Ű. 
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 ρ

†

ρ

†

ρ

†

ρ

†
ȣ 

(2.7.9) 

ʀʟ ʫʨʘʚʥʝʥʠʡ (2.7.8) ʠ (2.7.9) ʩʣʝʜʫʝʪ, ʯʪʦ ʜʣʷ ʣʶʙʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʦʙʱʝʛʦ 

ʚʨʝʤʝʥʠ ʞʠʟʥʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ, ʚ ʪʦʤ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʠʟʣʫʯʘʪʝʣʴʥʘʷ ʨʝʢʦʤʙʠʥʘʮʠʷ 

ʷʚʣʷʝʪʩʷ ʜʦʤʠʥʠʨʫʶʱʠʤ ʧʨʦʮʝʩʩʦʤ ʨʝʢʦʤʙʠʥʘʮʠʠ, ʪʦ ʝʩʪʴ, †u <<  †˥˝ ,s †̨̇,̆ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʌʃ ʥʝ ʙʫʜʝʪ ʟʘʚʠʩʝʪʴ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ. 

 
Ὑ

ῳὲ

†

Ὃ†

†
 Ὃ 

(2.7.10) 

ʅʘʠʙʦʣʝʝ ʧʦʣʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʧʨʦʮʝʩʩʝ ʨʝʢʦʤʙʠʥʘʮʠʠ ʥʦʩʠʪʝʣʝʡ ʤʦʞʥʦ 

ʧʦʣʫʯʠʪʴ, ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘʙʣʶʜʘʷ ʢʨʠʚʫʶ ʩʧʘʜʘ ʥʝʨʘʚʥʦʚʝʩʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ, 

ʚ ʯʘʩʪʥʦʩʪʠ, ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʢʠʥʝʪʠʢʠ ʨʝʣʘʢʩʘʮʠʠ ʬʦʪʦʧʨʦʚʦʜʠʤʦʩʪʠ ʠʣʠ 

ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʜʣʷ ʘʥʘʣʠʟʘ ʢʠʥʝʪʠʢʠ ʬʦʪʦʦʪʢʣʠʢʘ ʚ 

ʦʩʥʦʚʥʦʤ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʟʘʚʠʩʠʤʦʩʪʴ ʪʝʤʧʦʚ ʨʝʢʦʤʙʠʥʘʮʠʠ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʥʝʨʘʚʥʦʚʝʩʥʳʭ ʥʦʩʠʪʝʣʝʡ, ʪʘʢ ʢʘʢ ʟʘʯʘʩʪʫʶ ʦʥʘ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ 

ʜʦʤʠʥʠʨʫʶʱʝʤ ʢʘʥʘʣʝ ʨʝʢʦʤʙʠʥʘʮʠʠ ʙʝʟ ʩʣʦʞʥʳʭ ʤʦʜʝʣʴʥʦ-ʟʘʚʠʩʠʤʳʭ ʨʘʩʯʝʪʦʚ. 

ʇʦʣʫʯʘʷ ʚʩʝʛʦ ʦʜʥʫ ʢʨʠʚʫʶ ʩʧʘʜʘ ʬʦʪʦʦʪʢʣʠʢʘ ʧʨʠ ʠʥʪʝʥʩʠʚʥʦʤ ʚʦʟʙʫʞʜʝʥʠʠ 

(ʢʦʛʜʘ ʥʘʯʘʣʴʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʳʰʘʝʪ ʪʝʤʥʦʚʫʶ) ʠ ʘʥʘʣʠʟʠʨʫʷ ʝʸ 

ʨʘʟʣʠʯʥʳʝ ʫʯʘʩʪʢʠ, ʤʦʞʥʦ ʧʨʦʩʣʝʜʠʪʴ, ʢʘʢ ʩ ʠʟʤʝʥʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʠʟʤʝʥʷʶʪʩʷ ʚʨʝʤʝʥʘ ʞʠʟʥʠ ʥʦʩʠʪʝʣʝʡ ʠ ʦʧʨʝʜʝʣʠʪʴ ʦʩʥʦʚʥʦʡ ʤʝʭʘʥʠʟʤ 

ʨʝʢʦʤʙʠʥʘʮʠʠ ʙʣʘʛʦʜʘʨʷ ʪʦʤʫ, ʯʪʦ ʜʣʷ ʢʘʞʜʦʛʦ ʠʟ ʥʠʭ ʭʘʨʘʢʪʝʨʥʘ ʩʚʦʷ 

ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ.   

ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ, ʚ ʤʦʜʝʣʠ ʐʈʍ ʩʧʘʜ ʥʝʨʘʚʥʦʚʝʩʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʥʝʵʢʩʧʦʥʝʥʮʠʘʣʝʥ ʜʘʞʝ ʧʨʠ ʤʘʣʦʤ ʫʨʦʚʥʝ ʚʦʟʙʫʞʜʝʥʠʷ, ʘ ʧʨʠ ʠʟʤʝʨʝʥʠʷʭ ʩ 

ʨʘʟʣʠʯʥʦʡ ʥʘʯʘʣʴʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʚʦʟʙʫʞʜʝʥʠʷ ʫʜʘʝʪʩʷ ʥʘʙʣʶʜʘʪʴ ʩʣʦʞʥʫʶ 

ʵʚʦʣʶʮʠʶ ʢʨʠʚʦʡ ʩʧʘʜʘ ʌʇ. ɺ ʯʘʩʪʥʦʩʪʠ, ʢʘʢ ʙʫʜʝʪ ʧʦʢʘʟʘʥʦ ʜʘʣʝʝ ʧʨʠʤʝʥʠʪʝʣʴʥʦ 

ʢ ʂʗ ʥʘ ʦʩʥʦʚʝ HgCdTe, ʠʩʩʣʝʜʫʝʤʳʤ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ, ʢʨʠʚʘʷ ʩʧʘʜʘ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʯʘʩʪʦ ʦʢʘʟʳʚʘʝʪʩʷ ʣʠʥʝʡʥʦʡ, ʯʪʦ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ, ʢʘʢ ʯʘʩʪʥʳʡ ʩʣʫʯʘʡ 

ʙʠʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ [ɸ34]. ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ 
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ʥʝʨʘʚʥʦʚʝʩʥʳʭ ʥʦʩʠʪʝʣʝʡ ʤʝʭʘʥʠʟʤ ʐʈʍ ʠʤʝʝʪ ʪʝʥʜʝʥʮʠʶ ʢ ʥʘʩʳʱʝʥʠʶ, ʚ ʪʦ 

ʚʨʝʤʷ ʢʘʢ ʪʝʤʧʳ ʠʟʣʫʯʘʪʝʣʴʥʦʡ ʠ ʦʞʝ-ʨʝʢʦʤʙʠʥʘʮʠʠ ʨʘʩʪʫʪ. 

ɺ ʩʣʫʯʘʝ ʠʟʣʫʯʘʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ ʪʝʤʧ ʨʝʢʦʤʙʠʥʘʮʠʠ ʧʨʠ ʙʦʣʴʰʦʡ 

ʥʝʨʘʚʥʦʚʝʩʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ȹn(t) ʧʨʦʧʦʨʮʠʦʥʘʣʝʥ ʝʸ ʢʚʘʜʨʘʪʫ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʧʦʷʚʣʝʥʠʶ ʛʠʧʝʨʙʦʣʠʯʝʩʢʦʛʦ ʫʯʘʩʪʢʘ ʩʧʘʜʘ ʬʦʪʦʦʪʢʣʠʢʘ, ʢʦʪʦʨʳʡ ʟʘʪʝʤ 

ʧʝʨʝʭʦʜʠʪ ʚ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʩ ʭʘʨʘʢʪʝʨʥʳʤ ʚʨʝʤʝʥʝʤ †ʠ. ʆʜʥʘʢʦ 

ʟʘʯʘʩʪʫʶ ʫʜʘʝʪʩʷ ʧʨʦʩʣʝʜʠʪʴ ʪʦʣʴʢʦ ʛʠʧʝʨʙʦʣʠʯʝʩʢʠʡ ʫʯʘʩʪʦʢ, ʪʘʢ ʢʘʢ ʧʨʠ 

ʟʥʘʯʠʪʝʣʴʥʦʤ ʩʥʠʞʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʪʘʥʦʚʠʪʩʷ ʚʘʞʥʳʤ ʤʝʭʘʥʠʟʤ ʐʈʍ ʠ 

ʤʛʥʦʚʝʥʥʦʝ ʚʨʝʤʷ ʩʧʘʜʘ ʩʣʦʞʥʳʤ ʦʙʨʘʟʦʤ ʟʘʚʠʩʠʪ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ. 

ʂʦʥʮʝʥʪʨʘʮʠʦʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʪʝʤʧʘ ʦʞʝ-ʨʝʢʦʤʙʠʥʘʮʠʠ ʝʱʝ ʙʦʣʝʝ ʨʝʟʢʘʷ, 

ʯʝʤ ȹn2, ʠʟ-ʟʘ ʫʯʘʩʪʠʷ ʪʨʝʭ ʥʦʩʠʪʝʣʝʡ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʚʦʟʨʘʩʪʘʥʠʠ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʵʣʝʢʪʨʦʥʦʚ ʠ ʜʳʨʦʢ ʪʝʤʧ ʦʞʝ-ʨʝʢʦʤʙʠʥʘʮʠʠ ʨʘʩʪʝʪ ʙʳʩʪʨʝʝ, ʯʝʤ 

ʩʢʦʨʦʩʪʴ ʠʟʣʫʯʘʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ2. ɺ ʣʶʙʦʤ ʩʣʫʯʘʝ, ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ çʥʘʯʘʣʦè 

ʦʞʝ-ʨʝʢʦʤʙʠʥʘʮʠʠ ʤʦʞʥʦ ʧʦ çʦʪʨʠʮʘʪʝʣʴʥʦʡè ʚʳʧʫʢʣʦʩʪʠ ʬʫʥʢʮʠʠ 1/ȹn(t) ʥʘ 

ʥʘʯʘʣʴʥʦʤ ʫʯʘʩʪʢʝ, ʛʜʝ ȹn(t) ʤʘʢʩʠʤʘʣʴʥʘ. ɹʝʟʫʩʣʦʚʥʦ, ʠʩʯʝʨʧʳʚʘʶʱʠʡ ʘʥʘʣʠʟ 

ʤʝʭʘʥʠʟʤʦʚ ʨʝʢʦʤʙʠʥʘʮʠʠ ʪʨʝʙʫʝʪ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦʜʭʦʜʘ, ʚʢʣʶʯʘʶʱʝʛʦ ʚ ʩʝʙʷ 

ʨʘʩʯʸʪʳ ʚʝʨʦʷʪʥʦʩʪʝʡ ʨʘʟʣʠʯʥʳʭ ʧʨʦʮʝʩʩʦʚ. ʆʜʥʘʢʦ ʧʨʠʝʤʳ, ʠʟʣʦʞʝʥʥʳʝ ʚ 

ʜʘʥʥʦʤ ʨʘʟʜʝʣʝ, ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ, ʯʘʩʪʦ 

ʧʦʟʚʦʣʷʶʪ ʩʜʝʣʘʪʴ ʦʩʥʦʚʥʳʝ ʚʳʚʦʜʳ, ʠʩʭʦʜʷ ʪʦʣʴʢʦ ʠʟ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʜʘʥʥʳʭ. 

ɺʨʝʤʝʥʥʦʝ ʨʘʟʨʝʰʝʥʠʝ ʤʝʪʦʜʠʢʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʜʚʫʤʷ ʦʩʥʦʚʥʳʤʠ ʬʘʢʪʦʨʘʤʠ: 

ʜʣʠʥʦʡ ʚʦʟʙʫʞʜʘʶʱʝʛʦ ʠʤʧʫʣʴʩʘ ʠ ʯʘʩʪʦʪʥʦʡ ʧʦʣʦʩʦʡ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʩʭʝʤʳ. 

ʇʦʩʢʦʣʴʢʫ ʚʨʝʤʝʥʘ ʞʠʟʥʠ ʥʦʩʠʪʝʣʝʡ ʚ ʫʟʢʦʟʦʥʥʳʭ ʂʈʊ-ʩʪʨʫʢʪʫʨʘʭ ʤʦʛʫʪ 

ʚʘʨʴʠʨʦʚʘʪʴʩʷ ʦʪ ʝʜʠʥʠʮ ʤʠʢʨʦʩʝʢʫʥʜ ʜʦ ʜʦʣʝʡ ʥʘʥʦʩʝʢʫʥʜ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʪʨʝʙʦʚʘʥʠʷ ʥʘʢʣʘʜʳʚʘʶʪʩʷ ʥʘ ʠʟʤʝʨʠʪʝʣʴʥʫʶ ʩʭʝʤʫ ī ʢʘʢ ʥʘ ʠʩʪʦʯʥʠʢʠ 

ʚʦʟʙʫʞʜʘʶʱʝʛʦ ʠʟʣʫʯʝʥʠʷ, ʪʘʢ ʠ ʥʘ ʩʠʩʪʝʤʫ ʨʝʛʠʩʪʨʘʮʠʠ. ɺ ʯʘʩʪʥʦʩʪʠ, 

 
2 ʆʜʥʘʢʦ, ʢʘʢ ʧʨʘʚʠʣʦ, ʚʩʝ-ʪʘʢʠ ʩʣʘʙʝʝ, ʯʝʤ ȹn3, ʠʟ-ʟʘ ʵʬʬʝʢʪʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʵʢʨʘʥʠʨʦʚʢʦʡ. 
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ʥʝʦʙʭʦʜʠʤʦ ʦʙʝʩʧʝʯʠʪʴ ʭʦʨʦʰʝʝ ʩʦʛʣʘʩʦʚʘʥʠʝ ʠʤʧʝʜʘʥʩʦʚ ʚ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʮʝʧʠ 

ʠ ʜʦʩʪʘʪʦʯʥʫʶ ʧʦʣʦʩʫ ʧʨʦʧʫʩʢʘʥʠʷ ʧʨʠʤʝʥʷʝʤʳʭ ʫʩʠʣʠʪʝʣʝʡ ʠ ʦʩʮʠʣʣʦʛʨʘʬʦʚ. 

ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʢʠʥʝʪʠʢʠ ʌʇ ʦʙʨʘʟʝʮ ʨʘʩʧʦʣʘʛʘʣʩʷ ʚ ʪʨʘʥʩʧʦʨʪʥʦʤ 

ʩʦʩʫʜʝ ɼʴʶʘʨʘ (ʉʊɻ-40 ʠʣʠ ʉʂ-40) ʠ ʩʠʛʥʘʣ ʬʦʪʦʦʪʢʣʠʢʘ ʧʦ ʢʦʘʢʩʠʘʣʴʥʦʤʫ 

ʢʘʙʝʣʶ ʩ ʚʦʣʥʦʚʳʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ 50 ʆʤ ʧʦʩʪʫʧʘʣ ʥʘ ʪʦʢʦʚʳʡ ʧʨʝʜʫʩʠʣʠʪʝʣʴ ʩ 

ʚʝʨʭʥʝʡ ʛʨʘʥʠʯʥʦʡ ʯʘʩʪʦʪʦʡ ʜʦ 200 ʄɻʮ ʠ ʜʘʣʝʝ ʥʘ 50-ʦʤʥʳʡ ʚʭʦʜ ʮʠʬʨʦʚʦʛʦ 

ʦʩʮʠʣʣʦʛʨʘʬʘ ʩ ʧʦʣʦʩʦʡ ʧʨʦʧʫʩʢʘʥʠʷ ʥʝ ʤʝʥʝʝ 350 ʄɻʮ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʚʨʝʤʝʥʥʦʝ ʨʘʟʨʝʰʝʥʠʝ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʯʘʩʪʠ ʫʩʪʘʥʦʚʢʠ ʩʦʩʪʘʚʣʷʣʦ ʦʪ 2 (1.75) ʜʦ 5 

(4,375) ʥʩ. ɹʣʦʢ-ʩʭʝʤʘ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 2.11(ʘ). ɺ ʨʷʜʝ 

ʩʣʫʯʘʝʚ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʫʩʠʣʠʪʝʣʴ ʋ3-33 ʩ ʧʦʣʦʩʦʡ ʧʨʦʧʫʩʢʘʥʠʷ 50 ʢɻʮ ï 400 ʄɻʮ 

ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʚʨʝʤʝʥʥʦʛʦ ʨʘʟʨʝʰʝʥʠʷ ʜʦ 1 ʥʩ. 

ɼʣʷ ʦʧʪʠʯʝʩʢʦʛʦ ʚʦʟʙʫʞʜʝʥʠʷ ʩʪʨʫʢʪʫʨ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʛʝʥʝʨʘʪʦʨ ʨʘʟʥʦʩʪʥʦʡ 

ʛʘʨʤʦʥʠʢʠ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʩʚʝʪʘ (ʇɻʉ çSolar OPOè). ʅʘ ʚʳʭʦʜʝ 

ʙʣʦʢʘ ʛʝʥʝʨʘʮʠʠ ʨʘʟʥʦʩʪʥʦʡ ʛʘʨʤʦʥʠʢʠ ʵʪʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʚʦʟʥʠʢʘʝʪ ʫʟʢʦʧʦʣʦʩʥʦʝ 

(~ 5 ʩʤ-1) ʠʟʣʫʯʝʥʠʝ, ʧʝʨʝʩʪʨʘʠʚʘʝʤʦʝ ʧʦ ʜʣʠʥʝ ʚʦʣʥʳ ʚ ʧʨʝʜʝʣʘʭ ʜʠʘʧʘʟʦʥʘ 11 ï 17 

ʤʢʤ (560 ʩʤ-1 ï 910 ʩʤ-1, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ) ʩ ɻʥʝʨʛʠʝʡ ʚ ʠʤʧʫʣʴʩʝ ʜʦ 300 ʤʢɼʞ 

(ʈʠʩʫʥʦʢ 2.11 (ʙ)). ʆʩʮʠʣʣʦʛʨʘʤʤʘ ʚʳʭʦʜʥʦʛʦ ʠʤʧʫʣʴʩʘ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 2.11 

(ʚ). ɺʠʜʥʦ, ʯʪʦ ʜʣʠʪʝʣʴʥʦʩʪʴ ʠʤʧʫʣʴʩʘ ʥʘ ʫʨʦʚʥʝ 0.5 ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 7 ʥʩ, ʯʪʦ ʠ 

ʦʧʨʝʜʝʣʷʝʪ ʚʨʝʤʝʥʥʦʝ ʨʘʟʨʝʰʝʥʠʝ ʚʩʝʛʦ ʤʝʪʦʜʘ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʘʥʥʦʛʦ 

ʠʩʪʦʯʥʠʢʘ.  

ɺ ʥʘʠʙʦʣʝʝ ʫʟʢʦʟʦʥʥʳʭ ʩʪʨʫʢʪʫʨʘʭ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ 

ʚʨʝʤʝʥʥʦʛʦ ʨʘʟʨʝʰʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʠʩʪʦʯʥʠʢ ʚʦʟʙʫʞʜʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʢʨʠʩʪʘʣʣʘ 

ZnTe, ʚ ʢʦʪʦʨʦʤ ʧʨʦʠʩʭʦʜʠʣʦ ʦʧʪʠʯʝʩʢʦʝ ʚʳʧʨʷʤʣʝʥʠʝ ʠʤʧʫʣʴʩʦʚ 

ʬʝʤʪʦʩʝʢʫʥʜʥʦʛʦ ʣʘʟʝʨʘ çTsunamiè, ʫʩʠʣʝʥʥʳʭ ʨʝʛʝʨʘʪʠʚʥʳʤ ʫʩʠʣʠʪʝʣʝʤ 

çSpitFireè. ɼʣʠʪʝʣʴʥʦʩʪʴ ʧʦʣʫʯʘʝʤʳʭ ʪʝʨʘʛʝʨʮʦʚʳʭ ʠʤʧʫʣʴʩʦʚ (ʩ ʰʠʨʦʢʠʤ 

ʩʧʝʢʪʨʦʤ ʦʪ 0.5 ʜʦ 3 ʊɻʮ) ʩʦʩʪʘʚʣʷʣʘ ~ 1 ʧʩ ʠ ʧʦʟʚʦʣʷʣʘ ʠʩʩʣʝʜʦʚʘʪʴ ʚʨʝʤʝʥʥʫʶ 

ʜʠʥʘʤʠʢʫ ʌʇ ʩ ʨʘʟʨʝʰʝʥʠʝʤ 1 ʥʩ, ʦʧʨʝʜʝʣʷʝʤʳʤ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʩʭʝʤʦʡ (ʩʤ. 

ʚʳʰʝ). 
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ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʇɻʉ çSolar OPOè ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ 

ʚʳʙʦʨʘ ʜʣʠʥʳ ʚʦʣʥʳ ʚʦʟʙʫʞʜʝʥʠʷ, ʙʣʠʟʢʦʡ ʢ ʢʨʘʶ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʛʦ ʧʦʛʣʦʱʝʥʠʷ, 

ʧʦʟʚʦʣʷʣʦ ʩʦʟʜʘʚʘʪʴ ʥʝʨʘʚʥʦʚʝʩʥʳʝ ʥʦʩʠʪʝʣʠ ʩ ʤʘʣʦʡ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʝʡ ʠ 

ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʚʣʠʷʥʠʝ ʨʘʟʦʛʨʝʚʘ ʥʦʩʠʪʝʣʝʡ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʘ ʩ ʜʨʫʛʦʡ ï 

ʜʦʙʠʪʴʩʷ ʚʳʩʦʢʦʡ ʦʜʥʦʨʦʜʥʦʩʪʠ ʚʦʟʙʫʞʜʝʥʠʷ ʧʦ ʛʣʫʙʠʥʝ ʩʪʨʫʢʪʫʨʳ. ʇɻʉ çSolar 

OPOè, ʧʦʤʠʤʦ ʙʣʦʢʘ ʛʝʥʝʨʘʮʠʠ ʨʘʟʥʦʩʪʥʦʡ ʯʘʩʪʦʪʳ, ʩʦʜʝʨʞʠʪ ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ 

ʙʣʦʢʠ, ʧʦʟʚʦʣʷʶʱʠʝ ʧʦʣʫʯʠʪʴ ʠʟʣʫʯʝʥʠʝ ʠ ʚ ʙʦʣʝʝ ʢʦʨʦʪʢʦʚʦʣʥʦʚʦʤ ʜʠʘʧʘʟʦʥʝ ʦʪ 

9.6 ʜʦ 3.6 ʤʢʤ, ʘ ʪʘʢʞʝ ʦʪ 1.95 ʤʢʤ ʜʦ 2.35 ʤʢʤ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴ 

ʚʦʟʙʫʞʜʝʥʠʝ ʜʦʩʪʘʪʦʯʥʦ ʰʠʨʦʢʦʟʦʥʥʳʭ ʦʙʨʘʟʮʦʚ, ʘ ʚʦʟʤʦʞʥʦʩʪʴ ʧʣʘʚʥʦʡ 

ʧʝʨʝʩʪʨʦʡʢʠ ʜʣʠʥʳ ʚʦʣʥʳ ʦʢʘʟʳʚʘʝʪʩʷ ʦʩʦʙʝʥʥʦ ʧʦʣʝʟʥʦʡ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ 

ʨʝʣʘʢʩʘʮʠʠ ʌʇ ʚ ʩʪʨʫʢʪʫʨʘʭ ʩ ʂʗ, ʪʘʢ ʢʘʢ ʧʦʟʚʦʣʷʝʪ ʬʘʢʪʠʯʝʩʢʠ ʫʧʨʘʚʣʷʪʴ 

ʥʘʯʘʣʴʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʵʣʝʢʪʨʦʥʦʚ ʠ ʜʳʨʦʢ ʚ ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ (ʩʤ. ʛʣʘʚʫ 3). 
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ʈʠʩʫʥʦʢ 2.11 - (ʘ) ʉʭʝʤʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʢʠʥʝʪʠʢʠ ʨʝʣʘʢʩʘʮʠʠ ʬʦʪʦʧʨʦʚʦʜʠʤʦʩʪʠ; (ʙ) ɿʘʚʠʩʠʤʦʩʪʴ ʵʥʝʨʛʠʠ ʠʤʧʫʣʴʩʘ 

ʙʣʦʢʘ ʛʝʥʝʨʘʮʠʠ ʨʘʟʥʦʩʪʥʦʡ ʯʘʩʪʦʪʳ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʩʚʝʪʘ çSolar 

OPOè ʦʪ ʯʘʩʪʦʪʳ; (ʚ) ɺʨʝʤʝʥʥʦʡ ʧʨʦʬʠʣʴ ʠʥʪʝʥʩʠʚʥʦʩʪʠ (ʚ ʦʪʥʦʩʠʪʝʣʴʥʳʭ 

ʝʜʠʥʠʮʘʭ) ʠʟʣʫʯʝʥʠʷ ʥʘ ʚʳʭʦʜʝ ʙʣʦʢʘ ʛʝʥʝʨʘʮʠʠ ʨʘʟʥʦʩʪʥʦʡ ʯʘʩʪʦʪʳ 

ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʩʚʝʪʘ çSolar OPOè ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ 17 ʤʢʤ 

(ʘ) 

(ʙ) (ʚ) 
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2.8 ʀʩʩʣʝʜʦʚʘʥʠʷ ʢʠʥʝʪʠʢʠ ʨʝʣʘʢʩʘʮʠʠ ʬʦʪʦʧʨʦʚʦʜʠʤʦʩʪʠ ʠ ʚʨʝʤʝʥʠ ʞʠʟʥʠ 

ʥʦʩʠʪʝʣʝʡ ʚ ʦʙʲʝʤʥʳʭ ʧʣʝʥʢʘʭ HgCdTe  

ʀʟʤʝʨʝʥʠʷ ʚʨʝʤʝʥ ʞʠʟʥʠ ʥʦʩʠʪʝʣʝʡ ʢʘʢ çʧʦʢʘʟʘʪʝʣʷè ʢʘʯʝʩʪʚʘ ʩʪʨʫʢʪʫʨʳ 

ʦʙʳʯʥʦ ʧʨʦʠʟʚʦʜʷʪʩʷ ʚ ʫʩʣʦʚʠʷʭ ʩʣʘʙʦʛʦ ʚʦʟʙʫʞʜʝʥʠʷ, ʪ.ʝ. ʚ ʫʩʣʦʚʠʷʭ, ʢʦʛʜʘ 

ʜʦʙʘʚʦʯʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʥʦʩʠʪʝʣʝʡ, ʛʝʥʝʨʠʨʫʝʤʦʡ ʚʦʟʙʫʞʜʘʶʱʠʤ ʠʟʣʫʯʝʥʠʝʤ, 

ʤʦʞʥʦ ʧʨʝʥʝʙʨʝʯʴ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʝʤʥʦʚʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ. ɺ ʜʘʥʥʦʤ ʨʝʞʠʤʝ 

ʩʧʘʜ ʢʠʥʝʪʠʢʠ ʨʝʣʘʢʩʘʮʠʠ ʌʇ ʤʦʞʥʦ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʝʜʠʥʩʪʚʝʥʥʳʤ ʚʨʝʤʝʥʝʤ 

ʨʝʣʘʢʩʘʮʠʠ, ʭʦʪʷ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʚʨʝʤʷ ʞʠʟʥʠ ʥʝʨʘʚʥʦʚʝʩʥʳʭ ʥʦʩʠʪʝʣʝʡ ʟʘʚʠʩʠʪ 

ʦʪ ʠʭ ʢʦʥʮʝʥʪʨʘʮʠʠ. ʇʨʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʨʝʘʣʠʟʦʚʘʪʴ ʨʝʞʠʤ 

ʩʣʘʙʦʛʦ ʚʦʟʙʫʞʜʝʥʠʷ ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʟʘʯʘʩʪʫʶ ʧʨʦʙʣʝʤʘʪʠʯʥʦ, ʪʘʢ ʢʘʢ ʩʠʛʥʘʣ 

ʬʦʪʦʦʪʢʣʠʢʘ ʩʪʘʥʦʚʠʪʩʷ ʩʣʠʰʢʦʤ ʩʣʘʙʳʤ, ʥʦ ʚ ʮʝʣʦʤ ʧʦ ʤʝʨʝ ʫʤʝʥʴʰʝʥʠʷ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚʦʟʙʫʞʜʝʥʠʷ ʟʘʢʦʥ ʩʧʘʜʘ ʌʇ ʚʦ ʚʨʝʤʝʥʠ ʜʝʡʩʪʚʠʪʝʣʴʥʦ 

ʧʨʠʙʣʠʞʘʝʪʩʷ ʢ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʤʫ. 

ʇʦ ʤʝʨʝ ʫʤʝʥʴʰʝʥʠʷ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ ʚʨʝʤʷ ʨʝʣʘʢʩʘʮʠʠ ʌʇ ʫʤʝʥʴʰʘʝʪʩʷ 

ʩ 9 ʤʢʩ (ʜʣʷ ʦʙʨʘʟʮʘ ʩ xCd = 0.22) ʜʦ 200 ʥʩ (ʜʣʷ ʦʙʨʘʟʮʘ ʩ xCd = 0.19). ɺ ʙʦʣʝʝ 

ʫʟʢʦʟʦʥʥʳʭ ʦʙʨʘʟʮʘʭ ʚʨʝʤʷ ʨʝʣʘʢʩʘʮʠʠ ʌʇ ʩʪʘʥʦʚʠʪʩʷ ʩʦʧʦʩʪʘʚʠʤʦ ʩ ʚʨʝʤʝʥʥʳʤ 

ʨʘʟʨʝʰʝʥʠʝʤ ʩʠʩʪʝʤʳ. ɺ ʙʝʩʱʝʣʝʚʦʤ ʦʙʨʘʟʮʝ  ̄ 101007 (x = 0.15) ʚʨʝʤʷ 

ʨʝʣʘʢʩʘʮʠʠ ʬʦʪʦʧʨʦʚʦʜʠʤʦʩʪʠ ʩʦʩʪʘʚʣʷʝʪ ʥʝ ʙʦʣʝʝ 2 ʥʩ, ʠ ʬʦʨʤʘ ʩʠʛʥʘʣʘ ʚ 

ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʨʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʨʝʤʝʥʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ ʫʩʪʘʥʦʚʢʠ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʚʨʝʤʷ ʞʠʟʥʠ ʥʦʩʠʪʝʣʝʡ ʨʘʩʪʝʪ ʩ ʰʠʨʠʥʦʡ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ, ʯʪʦ ʦʟʥʘʯʘʝʪ 

ʫʤʝʥʴʰʝʥʠʝ ʪʝʤʧʘ ʦʩʥʦʚʥʦʛʦ ʨʝʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʧʨʦʮʝʩʩʘ. ɺʨʝʤʷ ʨʝʣʘʢʩʘʮʠʠ ʌʇ 

ʚ ʦʙʨʘʟʮʝ ˉ 120613 (x = 0.22) ʧʨʠ 4.2 ʂ ʙʣʠʟʢʦ ʢ ʨʝʟʫʣʴʪʘʪʘʤ ʨʘʩʯʝʪʘ 

ʠʟʣʫʯʘʪʝʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʞʠʟʥʠ, ʚʳʧʦʣʥʝʥʥʦʛʦ ʚ ʨʘʙʦʪʝ ʜʣʷ ʩʪʨʫʢʪʫʨʳ ʩ ʭ = 0.224 

ʠ ʪʝʤʥʦʚʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʦʩʠʪʝʣʝʡ n = 5Ā1014 ʩʤ-3, ʪʠʧʠʯʥʦʡ ʜʣʷ ʠʩʩʣʝʜʫʝʤʳʭ 

ʩʪʨʫʢʪʫʨ. ʇʦʩʢʦʣʴʢʫ ʚʨʝʤʝʥʘ ʠʟʣʫʯʘʪʝʣʴʥʦʡ ʨʝʢʦʤʙʠʥʘʮʠʠ ʨʘʩʪʫʪ ʩ ʫʤʝʥʴʰʝʥʠʝʤ 

ʰʠʨʠʥʳ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ, ʫʤʝʥʴʰʝʥʠʝ ʭʘʨʘʢʪʝʨʥʦʛʦ ʚʨʝʤʝʥʠ ʩʧʘʜʘ ʌʇ ʩ 

ʫʤʝʥʴʰʝʥʠʝʤ ʭ (ʧʨʠ ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 4.2 ʂ) ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ 

ʜʦʤʠʥʠʨʫʶʱʠʤ ʷʚʣʷʝʪʩʷ ʙʝʟʳʟʣʫʯʘʪʝʣʴʥʳʡ ʤʝʭʘʥʠʟʤ ʨʝʢʦʤʙʠʥʘʮʠʠ ʥʦʩʠʪʝʣʝʡ. 

ɺʥʦʚʴ ʦʙʨʘʪʠʚʰʠʩʴ ʢ ʣʠʪʝʨʘʪʫʨʥʳʤ ʜʘʥʥʳʤ, ʤʦʞʥʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʜʣʷ ʥʠʟʢʠʭ 
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ʪʝʤʧʝʨʘʪʫʨ (ʟʥʘʯʠʪʝʣʴʥʦ ʥʠʞʝ ʪʝʤʧʝʨʘʪʫʨʳ ʧʝʨʝʭʦʜʘ ʢ ʩʦʙʩʪʚʝʥʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ 

kBT << Eg/2) ʚʝʨʦʷʪʥʦʩʪʴ ʦʞʝ-ʨʝʢʦʤʙʠʘʮʠʠ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ ʚʝʨʦʷʪʥʦʩʪʠ 

ʠʟʣʫʯʘʪʝʣʴʥʦʡ ʨʝʢʦʤʙʠʥʘʮʠʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʫʩʣʦʚʠʷʭ ʩʣʘʙʦʛʦ ʚʦʟʙʫʞʜʝʥʠʷ 

ʜʦʤʠʥʠʨʫʶʱʠʡ ʧʨʦʮʝʩʩ ï ʵʪʦ ʨʝʢʦʤʙʠʥʘʮʠʷ ʐʈʍ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʠ 

ʣʠʪʝʨʘʪʫʨʥʳʤʠ ʜʘʥʥʳʤʠ. ʆʪʤʝʪʠʤ, ʯʪʦ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʚʨʝʤʝʥʘ ʞʠʟʥʠ ʥʦʩʠʪʝʣʝʡ 

ʜʦʣʞʥʳ ʩʠʣʴʥʦ ʟʘʚʠʩʝʪʴ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʨʠʤʝʩʝʡ ʠ ʜʝʬʝʢʪʦʚ, ʩʦʟʜʘʶʱʠʭ 

ʜʠʩʢʨʝʪʥʳʝ ʫʨʦʚʥʠ-ʣʦʚʫʰʢʠ ʚ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʝ. ʇʦʩʢʦʣʴʢʫ ʠʩʩʣʝʜʫʝʤʳʝ ʦʙʨʘʟʮʳ 

ʥʘʤʝʨʝʥʥʦ ʥʝ ʣʝʛʠʨʦʚʘʣʠʩʴ, ʘ ʵʥʝʨʛʠʷ ʠʦʥʠʟʘʮʠʠ ʜʦʥʦʨʦʚ ʯʨʝʟʚʳʯʘʡʥʘ ʤʘʣʘ, 

ʦʩʥʦʚʥʦʡ ʚʢʣʘʜ ʚ ʧʨʦʮʝʩʩ ʐʈʍ ʙʫʜʫʪ ʚʥʦʩʠʪʴ ʘʢʮʝʧʪʦʨʳ, ʢʦʪʦʨʳʝ, ʢʘʢ ʫʞʝ 

ʫʧʦʤʠʥʘʣʦʩʴ, ʚ ʥʝʣʝʛʠʨʦʚʘʥʥʳʭ ʦʙʨʘʟʮʘʭ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚʘʢʘʥʩʠʷʤʠ ʨʪʫʪʠ ʠ 

ʢʦʤʧʣʝʢʩʘʤʠ ʩ ʠʭ ʫʯʘʩʪʠʝʤ. ʕʪʦ ʧʦʣʥʦʩʪʴʶ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʧʨʠ ʩʨʘʚʥʝʥʠʠ 

ʨʝʟʫʣʴʪʘʪʦʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʢʠʥʝʪʠʢʠ ʌʇ ʚ ʦʙʨʘʟʮʘʭ n-ʪʠʧʘ ʠ 

ʩʪʨʫʢʪʫʨ ʨ-ʪʠʧʘ, ʧʦʣʫʯʝʥʥʳʭ ʠʟ ʪʝʭ ʞʝ ʦʙʨʘʟʮʦʚ ʧʨʠ ʧʦʩʪʨʦʩʪʦʚʦʤ ʦʪʞʠʛʝ (ʟʘ ʩʯʝʪ 

ʫʚʝʣʠʯʝʥʠ ̫ʢʦʥʮʝʥʪʨʘʮʠʷ ʚʘʢʘʥʩʠʡ ʨʪʫʪʠ ʜʦ ʟʥʘʯʝʥʠʡ ~ 1016 ʩʤ-3). ʅʘ ʨʠʩʫʥʢʝ 2.12 

ʧʨʝʜʩʪʘʚʣʝʥ ʧʨʠʤʝʨ ʪʘʢʦʛʦ ʩʨʘʚʥʝʥʠʷ ʜʣʷ ʩʪʨʫʢʪʫʨʳ ʩ x = 0.19. ʇʦʩʢʦʣʴʢʫ 

ʘʢʮʝʧʪʦʨʳ ʦʙʣʘʜʘʶʪ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʡ ʵʥʝʨʛʠʝʡ ʠʦʥʠʟʘʮʠʠ ʧʨʠ 4.2 ʂ, ʜʳʨʢʠ 

çʚʳʤʦʨʦʞʝʥʳè ʥʘ ʘʢʮʝʧʪʦʨʥʳʝ ʮʝʥʪʨʳ, ʠ ʢʦʥʮʝʥʪʨʘʮʠʷ ʩʚʦʙʦʜʥʳʭ ʥʦʩʠʪʝʣʝʡ 

ʦʢʘʟʳʚʘʝʪʩʷ ʛʦʨʘʟʜʦ ʤʝʥʴʰʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʚʦʙʦʜʥʳʭ ʥʦʩʠʪʝʣʝʡ ʚ ʦʙʨʘʟʮʘʭ n-

ʪʠʧʘ. ʇʦʵʪʦʤʫ, ʝʩʣʠ ʙʳ ʜʦʤʠʥʠʨʫʶʱʠʤ ʤʝʭʘʥʠʟʤʦʤ ʨʝʢʦʤʙʠʥʘʮʠʠ ʙʳʣ 

ʠʟʣʫʯʘʪʝʣʴʥʳʡ ʠʣʠ ʦʞʝ-ʧʨʦʮʝʩʩ, ʚʨʝʤʷ ʞʠʟʥʠ ʥʦʩʠʪʝʣʝʡ ʚ ʦʙʨʘʟʮʘʭ ʨ-ʪʠʧʘ ʥʝ 

ʤʦʛʣʦ ʙʳʪʴ ʤʝʥʴʰʝ ʥʘʙʣʶʜʘʝʤʦʛʦ ʜʣʷ ʤʘʪʝʨʠʘʣʘ ʩ ʵʣʝʢʪʨʦʥʥʳʤ ʪʠʧʦʤ 

ʧʨʦʚʦʜʠʤʦʩʪʠ ʠ ʪʦʡ ʞʝ ʰʠʨʠʥʦʡ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ (ʥʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʬʦʨʤʘ 

ʬʦʪʦʦʪʢʣʠʢʘ ʙʳʣʘ ʙʳ ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʥʦʡ ʦʪ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʡ). ʅʘ ʨʠʩʫʥʢʝ 

2.12, ʥʘʧʨʦʪʠʚ, ʥʘʙʣʶʜʘʝʪʩʷ ʢʘʨʜʠʥʘʣʴʥʦʝ ʫʤʝʥʴʰʝʥʠʝ ʚʨʝʤʝʥʠ ʩʧʘʜʘ ʌʇ ʚ 

ʦʙʨʘʟʮʘʭ ʨ-ʪʠʧʘ ʜʦ ʟʥʘʯʝʥʠʡ ~ 8 ʥʩ ʢʘʢ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʞʠʜʢʦʛʦ ʛʝʣʠʷ, ʪʘʢ ʠ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ ʞʠʜʢʦʛʦ ʘʟʦʪʘ, ʯʪʦ ʝʩʪʝʩʩʪʚʝʥʥʦ ʩʚʷʟʘʪʴ ʜʦʤʠʥʠʨʦʚʘʥʠʝʤ ʤʝʭʘʥʠʟʤʘ 

ʐʈʍ ʠʟ-ʟʘ ʫʚʝʣʠʯʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʜʝʬʝʢʪʥʳʭ ʮʝʥʪʨʦʚ, ʦʙʨʘʟʦʚʘʥʥʳʭ 

ʚʘʢʘʥʩʠʷʤʠ ʨʪʫʪʠ.  
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ʆʪʤʝʪʠʤ, ʥʘ ʨʠʩʫʥʢʝ 2.12 ʚʠʜʥʦ, ʯʪʦ ʜʣʷ ʜʘʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʚ ʦʙʨʘʟʮʝ n-ʪʠʧʘ 

ʚʨʝʤʷ ʩʧʘʜʘ ʌʇ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ, ʯʪʦ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʠ ʚ ʨʘʙʦʪʝ 

[ɸ3]. ʕʪʦ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʚ ʨʝʞʠʤʝ ʩʣʘʙʦʛʦ ʚʦʟʙʫʞʜʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʴ ʦʞʝ-

ʨʝʢʦʤʙʠʥʘʮʠʠ ʧʨʝʥʝʙʨʝʞʠʤʘ ʤʘʣʘ, ʪʘʢ ʢʘʢ ʜʣʷ ʦʞʝ-ʧʨʦʮʝʩʩʦʚ ʚʝʨʦʷʪʥʦʩʪʴ 

ʨʝʢʦʤʙʠʥʘʮʠʠ ʤʦʥʦʪʦʥʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ. ʄʦʞʥʦ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ 

ʧʦʢʘʟʘʪʴ, ʢʘʢ ʵʪʦ ʩʜʝʣʘʥʦ ʚ ʜʠʩʩʨʝʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʝ ɺ. ɺ. ʈʫʤʷʥʮʝʚʘ, ʯʪʦ ʩ 

ʫʚʝʣʠʯʝʥʠʝʤ ʥʝʨʘʚʥʦʚʝʩʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʦʩʠʪʝʣʝʡ ʜʦʤʠʥʠʨʫʶʱʠʤ ʤʝʭʘʥʠʟʤʦʤ 

ʨʝʢʦʤʙʠʥʘʮʠʠ ʩʪʘʥʦʚʠʪʩʷ ʠʟʣʫʯʘʪʝʣʴʥʳʡ ʧʨʦʮʝʩʩ. ɸʥʘʣʦʛʠʯʥʘʷ ʤʝʪʦʜʠʢʘ ʘʥʘʣʠʟʘ 

ʢʠʥʝʪʠʢʠ ʬʦʪʦʦʪʢʣʠʢʘ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʦʨʠʛʠʥʘʣʴʥʳʭ 

ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʠ ʫʩʪʘʥʦʚʣʝʥʠʠ ʜʦʤʠʥʠʨʫʶʱʝʛʦ ʤʝʭʘʥʠʟʤʘ ʨʝʢʦʤʙʠʥʘʮʠʠ ʚ 

ʩʪʨʫʢʪʫʨʘʭ ʩ ʂʗ ʚ ʛʣʘʚʝ 3. 

 

ʈʠʩʫʥʦʢ 2.12 - ʂʠʥʝʪʠʢʘ ʨʝʣʘʢʩʘʮʠʠ ʬʦʪʦʧʨʦʚʦʜʠʤʦʩʪʠ ʦʙʨʘʟʮʦʚ n- ʠ p-

ʪʠʧʘ ʦʙʲʝʤʥʦʛʦ ʩʣʦʷ HgCdTe ʩ ʜʦʣʝʡ ʢʘʜʤʠʷ 19 % ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʞʠʜʢʦʛʦ 

ʛʝʣʠʷ ʠ ʞʠʜʢʦʛʦ ʘʟʦʪʘ 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʦʙʲʝʤʥʳʭ ʧʣʝʥʢʘʭ HgCdTe ʚ ʫʩʣʦʚʠʷʭ ʩʣʘʙʦʛʦ 

ʚʦʟʙʫʞʜʝʥʠʷ ʜʦʤʠʥʠʨʫʶʱʠʤ ʤʝʭʘʥʠʟʤʦʤ ʨʝʢʦʤʙʠʥʘʮʠʠ ʥʦʩʠʪʝʣʝʡ ʷʚʣʘʝʪʩʷ 

ʨʝʢʦʤʙʠʥʘʮʠʷ ʐʈʍ, ʧʨʦʭʦʜʷʱʘʷ ʯʝʨʝʟ ʩʦʩʪʦʷʥʠʷ ʧʨʠʤʝʩʝʡ/ʜʝʬʝʢʪʦʚ. ɺ ʦʙʨʘʟʮʘʭ 

n-ʪʠʧʘ ʩ ʤʘʣʦʡ ʦʩʪʘʪʦʯʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʚʘʢʘʥʩʠʡ ʨʪʫʪʠ ʚʨʝʤʝʥʘ ʠʟʣʫʯʘʪʝʣʴʥʦʡ 

ʨʝʢʦʤʙʠʥʘʮʠʠ ʠ ʨʝʢʦʤʙʠʥʘʮʠʠ ʐʈʍ ʩʦʧʦʩʪʘʚʠʤʳ, ʠ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʥʝʨʘʚʥʦʚʝʩʥʳʭ ʥʦʩʠʪʝʣʝʡ ʠʭ ʚʨʝʤʷ ʞʠʟʥʠ ʚ ʙʦʣʴʰʝʡ ʤʝʨʝ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʠʟʣʫʯʘʪʝʣʴʥʦʡ ʨʝʢʦʤʙʠʥʘʮʠʝʡ. ɺʣʠʷʥʠʝ ʠʟʣʫʯʘʪʝʣʴʥʦʡ ʨʝʢʦʤʙʠʥʘʮʠʠ 

ʧʨʦʷʚʣʷʝʪʩʷ ʩʠʣʴʥʝʝ ʚ ʙʦʣʝʝ ʰʠʨʦʢʦʟʦʥʥʳʭ ʩʪʨʫʢʪʫʨʘʭ, ʠ, ʥʘʧʨʠʤʝʨ, ʚ ʦʙʨʘʟʮʝ  

 ̄120613 ʟʘʤʝʪʥʦ ʜʘʞʝ ʚ ʫʩʣʦʚʠʷʭ çʩʣʘʙʦʛʦè ʚʦʟʙʫʞʜʝʥʠʷ. ʆʪʤʝʪʠʤ, ʯʪʦ ʠʤʝʥʥʦ 

ʚ ʵʪʦʡ ʩʪʨʫʢʪʫʨʝ ʫʜʘʣʦʩʴ ʦʙʥʘʨʫʞʠʪʴ ʩʚʠʜʝʪʝʣʴʩʪʚʘ ʫʩʠʣʝʥʠʷ ʠʟʣʫʯʝʥʠʷ ʚʙʣʠʟʠ 

ʜʣʠʥʳ ʚʦʣʥʳ 8 ʤʢʤ [ɸ5]. ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʘʢʘʥʩʠʡ ʧʨʠ ʦʪʞʠʛʝ 

ʩʪʨʫʢʪʫʨ ʚ ʘʪʤʦʩʬʝʨʝ ʠʥʝʨʪʥʦʛʦ ʛʘʟʘ, ʚʨʝʤʝʥʘ ʨʝʢʦʤʙʠʥʘʮʠʠ ʨʝʟʢʦ ʧʘʜʘʶʪ. ʕʪʦ 

ʠʣʣʶʩʪʨʠʨʫʝʪ ʥʝʛʘʪʠʚʥʫʶ ʨʦʣʴ ʚʘʢʘʥʩʠʡ ʠ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʜʣʷ 

ʨʝʘʣʠʟʘʮʠʠ ʩʪʨʫʢʪʫʨ c ʨ-n ʧʝʨʝʭʦʜʦʤ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʢʣʘʩʩʠʯʝʩʢʦʡ ʩʭʝʤʳ 

ʠʥʞʝʢʮʠʦʥʥʦʡ ʥʘʢʘʯʢʠ ʚ ʣʘʟʝʨʥʳʭ ʩʪʨʫʢʪʫʨʘʭ, ʚʘʢʘʥʩʠʦʥʥʦʝ ʣʝʛʠʨʦʚʘʥʠʝ 

ʥʝʧʨʠʛʦʜʥʦ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʧʦʩʢʦʣʴʢʫ ʚʘʢʘʥʩʠʠ ʨʪʫʪʠ ʚʩʝʛʜʘ ʧʨʠʩʫʪʩʪʚʫʶʪ ʚ 

ʤʘʪʝʨʠʘʣʘʭ ʥʘ ʦʩʥʦʚʝ HgCdTe, ʘʢʪʫʘʣʴʥʦʩʪʴ ʠʭ ʠʟʫʯʝʥʠʷ ʩʦʭʨʘʥʷʝʪʩʷ, ʯʝʤʫ 

ʧʦʩʚʷʱʝʥʘ ʛʣʘʚʘ 4.  

ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʭʦʜʝ ʦʙʩʫʞʜʝʥʠʷ ʢʠʥʝʪʠʢʠ ʨʝʣʘʢʩʘʮʠʠ ʌʇ 

ʚʣʠʷʥʠʝ ʦʞʝ-ʨʝʢʦʤʙʠʥʘʮʠʠ ʟʘʪʨʘʛʠʚʘʣʦʩʴ ʩʣʘʙʦ. ʇʦʜʨʦʙʥʦ ʵʪʦʪ ʤʝʭʘʥʠʟʤ ʙʫʜʝʪ 

ʨʘʩʩʤʦʪʨʝʥ ʚ ʛʣʘʚʝ 5 ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʠʩʩʣʝʜʦʚʘʥʠʷʤ ʩʪʠʤʫʣʠʨʦʚʘʥʥʦʛʦ 

ʠʟʣʫʯʝʥʠʷ ʚ ʩʪʨʫʢʪʫʨʘʭ ʩ ʂʗ. ɿʜʝʩʴ ʞʝ ʦʪʤʝʪʠʤ, ʯʪʦ ʠʟ-ʟʘ ʩʠʣʴʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ 

ʩʢʦʨʦʩʪʠ ʦʞʝ ʨʝʢʦʤʙʠʥʘʮʠʠ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʝʨʘʚʥʦʚʝʩʥʳʭ ʥʦʩʠʪʝʣʝʡ, ʵʪʦʪ 

ʤʝʭʘʥʠʟʤ ʚ ʣʶʙʦʤ ʩʣʫʯʘʝ ʩʪʘʥʦʚʠʪʩʷ ʜʦʤʠʥʠʨʫʶʱʠʤ3 ʚ ʫʩʣʦʚʠʷʭ ʜʦʩʪʘʪʦʯʥʦ 

ʩʠʣʴʥʦʛʦ ʚʦʟʙʫʞʜʝʥʠʷ, ʥʝʦʙʭʦʜʠʤʦʛʦ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʉʀ, ʦʜʥʘʢʦ ʧʨʠ ʵʪʦʤ 

ʭʘʨʘʢʪʝʨʥʳʝ ʚʨʝʤʝʥʘ ʞʠʟʥʠ ʥʦʩʠʪʝʣʝʡ ʩʪʘʥʦʚʷʪʩʷ ʤʘʣʳ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʚʨʝʤʝʥʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ ʠʩʧʦʣʴʟʫʝʤʦʡ ʤʝʪʦʜʠʢʠ. ʅʝʩʤʦʪʨʷ ʥʘ ʵʪʦ, ʦʞʝ-

 
3 ʀʣʠ ʧʦ ʤʝʥʴʰʝʡ ʤʝʨʝ ʩʨʘʚʥʠʤʳʤ ʧʦ ʩʢʦʨʦʩʪʠ ʩ ʧʣʘʟʤʦʥʥʦʡ ʨʝʢʦʤʙʠʥʘʮʠʝʡ, ʢʦʪʦʨʫʶ ʷ ʟʜʝʩʴ ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʶ. 
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ʨʝʢʦʤʙʠʥʘʮʠʷ, ʧʨʦʷʚʣʷʝʪʩʷ, ʥʘʧʨʠʤʝʨ, ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʩʧʝʢʪʨʦʚ ʌʃ (ʚ ʚʠʜʝ 

ʥʘʩʳʱʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʌʃ ʩ ʨʦʩʪʦʤ ʤʦʱʥʦʩʪʠ ʥʘʢʘʯʢʠ), ʠ, ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ, 

ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʦʡ ʧʨʠʯʠʥʦʡ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʛʘʰʝʥʠʷ ʌʃ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʛʣʘʚʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʧʝʢʪʨʦʚ 

ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ ʠ ʬʦʪʦʧʨʦʚʦʜʠʤʦʩʪʠ ʵʧʠʪʘʢʩʠʘʣʴʥʳʭ ʧʣʝʥʦʢ Hg1-xCdxTe 

(0.152 Ò x Ò 0.23). ʄʝʞʟʦʥʥʘʷ ʌʃ ʥʘʙʣʶʜʘʝʪʩʷ ʥʘ ʜʣʠʥʘʭ ʚʦʣʥ ʦʪ 36 ʜʦ 6 ʤʢʤ ʚ 

ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ ʦʪ 18 ʜʦ 200 ʂ. ʇʦʣʫʰʠʨʠʥʘ ʣʠʥʠʠ ʌʃ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 6 

ʤʵɺ (4 ʢʊ) ʧʨʠ 18 ʂ ʠ ʧʨʠʙʣʠʞʘʝʪʩʷ ʢ ʪʝʦʨʝʪʠʯʝʩʢʦʤʫ ʧʨʝʜʝʣʫ 1.8ʢʊ ʧʨʠ ʙʦʣʝʝ 

ʚʳʩʦʢʠʭ ʟʥʘʯʝʥʠʷʭ ʪʝʤʧʝʨʘʪʫʨʳ. ɺ ʥʘʠʙʦʣʝʝ ʫʟʢʦʟʦʥʥʳʭ ʧʣʝʥʢʘʭ ʢʨʦʤʝ ʧʦʣʦʩ ʌʇ, 

ʩʚʷʟʘʥʥʳʭ ʩ ʤʝʞʟʦʥʥʳʤʠ ʧʝʨʝʭʦʜʘʤʠ, ʥʘʙʣʶʜʘʣʠʩʴ ʣʠʥʠʠ, ʩʚʷʟʳʚʘʝʤʳʝ ʩ 

çʤʝʣʢʠʤʠè ʘʢʮʝʧʪʦʨʘʤʠ, ʚ ʢʘʯʝʩʪʚʝ ʢʦʪʦʨʳʭ ʚʳʩʪʫʧʘʶʪ, ʢʘʢ ʙʫʜʝʪ ʧʦʢʘʟʘʥʦ ʚ 

ʛʣʘʚʝ 4, ʚʘʢʘʥʩʠʠ ʨʪʫʪʠ.  

ʅʘʜʝʞʥʦʝ ʦʙʥʘʨʫʞʝʥʠʝ ʩʠʛʥʘʣʘ ʌʃ ʚ ʦʙʲʝʤʥʳʭ ʩʪʨʫʢʪʫʨʘʭ ʜʦ 36 ʤʢʤ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʚʳʩʦʢʦʡ ʦʜʥʦʨʦʜʥʦʩʪʠ ʠ ʥʠʟʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʜʝʬʝʢʪʦʚ ʚ 

ʠʩʩʣʝʜʫʝʤʳʭ ʩʪʨʫʢʪʫʨʘʭ, ʯʪʦ ʪʘʢʞʝ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʨʝʟʢʠʤʠ ʛʨʘʥʠʮʘʤʠ ʩʧʝʢʪʨʦʚ 

ʌʇ ʠ ʠʟʤʝʨʝʥʠʷʤʠ ʚʨʝʤʝʥʠ ʞʠʟʥʠ ʥʦʩʠʪʝʣʝʡ ʚ ʫʩʣʦʚʠʷʭ ʩʠʣʴʥʦʛʦ ʚʦʟʙʫʞʜʝʥʠʷ. ɺ 

ʦʙʝ̡ʤʥʳʭ ʩʪʨʫʢʪʫʨʘʭ ʠʟʣʫʯʘʪʝʣʴʥʘʷ ʨʝʢʦʤʙʠʥʘʮʠʷ ʜʦʤʠʥʠʨʫʝʪ ʥʘʜ ʦʞʝ-

ʨʝʢʦʤʙʠʥʘʮʠʝʡ ʧʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʚʳʩʦʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʥʝʨʘʚʥʦʚʝʩʥʳʭ 

ʥʦʩʠʪʝʣʝʡ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʢʘʢ ~ 1016 ʩʤ-3. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʤʘʣʳʡ ʧʦʨʦʛ ʦʞʝ-

ʨʝʢʦʤʙʠʥʘʮʠʠ ʩʫʱʝʩʪʚʝʥʥʦ ʫʚʝʣʠʯʠʚʘʝʪ ʝʸ ʚʝʨʦʷʪʥʦʩʪʴ, ʦʩʦʙʝʥʥʦ ʧʨʠ ʚʳʩʦʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ, ʠ ʧʨʝʧʷʪʩʪʚʫʝʪ ʨʘʟʚʠʪʠʶ ʉʀ ʚ ʦʙʲʝʤʥʳʭ ʧʣʝʥʢʘʭ ʧʨʠ ʚʳʩʦʢʦʡ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚʦʟʙʫʞʜʝʥʠʷ, ʪʨʝʙʫʷ ʧʝʨʝʭʦʜʘ ʢ ʥʠʟʢʦʨʘʟʤʝʨʥʳʤ ʩʪʨʫʢʪʫʨʘʤ. 
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ɻʣʘʚʘ 3. ʌʦʪʦʧʨʦʚʦʜʠʤʦʩʪʴ ʠ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʷ ʚ ʩʨʝʜʥʝʤ ʠ ʜʘʣʴʥʝʤ ʀʂ 

ʜʠʘʧʘʟʦʥʘʭ ʚ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʘʭ ʩ ʢʚʘʥʪʦʚʳʤʠ ʷʤʘʤʠ ʥʘ ʦʩʥʦʚʝ HgCdTe 

ɼʘʥʥʘʷ ʛʣʘʚʘ ʧʦʩʚʷʱʝʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤʫ ʠʩʩʣʝʜʦʚʘʥʠʶ ʦʧʪʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨ ʩ ʂʗ Hg1-xCdʭTe/CdʫHg1-ʫTe ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʩ 

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

ʩʨʝʜʥʝʤ ʠ ʜʘʣʴʥʝʤ ʀʂ ʜʠʘʧʘʟʦʥʘʭ. ʉʨʘʚʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ, 

ʧʨʠʚʝʜʝʥʥʳʭ ʚ ʜʘʥʥʦʡ ʛʣʘʚʝ, ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʘʥʘʣʦʛʠʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʵʧʠʪʘʢʩʠʘʣʴʥʳʭ ʧʣʝʥʦʢ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ Hg1-xCdʭTe, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʛʣʘʚʝ 2, 

ʧʦʢʘʟʳʚʘʝʪ ʚʢʣʘʜʳ ʵʬʬʝʢʪʦʚ ʨʘʟʤʝʨʥʦʛʦ ʢʚʘʥʪʦʚʘʥʠʷ, ʬʣʫʢʪʫʘʮʠʡ ʰʠʨʠʥʳ ʂʗ ʠ 

ʢʘʯʝʩʪʚʘ ʛʝʪʝʨʦʛʨʘʥʠʮ ʚ ʫʰʠʨʝʥʠʝ ʩʧʝʢʪʨʘʣʴʥʳʭ ʣʠʥʠʡ ʤʝʞʟʦʥʥʦʡ ʌʃ ʠ 

çʨʘʟʤʳʚʘʥʠʝè ʢʨʘʷ ʤʝʞʟʦʥʥʦʡ ʌʇ.  ɼʘʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʦʙʫʩʣʦʚʣʝʥʳ ʠ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʧʨʦʩʣʝʜʠʪʴ ʠʟʤʝʥʝʥʠʷ ʚ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʤʝʞʟʦʥʥʦʡ ʌʃ ʧʨʠ 

ʧʝʨʝʭʦʜʝ ʦʪ ʦʙʲʝʤʥʳʭ ʩʣʦʝʚ ʂʈʊ ʢ ʂʗ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʠ ʩʪʨʫʢʪʫʨ 

ʩ ʂʗ ʚ ʢʘʯʝʩʪʚʝ ʤʘʪʝʨʠʘʣʘ ʜʣʷ ʤʝʞʟʦʥʥʳʭ ʠʟʣʫʯʘʪʝʣʝʡ ʩʨʝʜʥʝʛʦ ʠ ʜʘʣʴʥʝʛʦ ʀʂ 

ʜʠʘʧʘʟʦʥʦʚ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʢʠʥʝʪʠʢʠ ʨʝʣʘʢʩʘʮʠʠ ʌʃ ʠ ʌʇ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨ ʩ ʂʗ 

Hg1-xCdʭTe/CdʫHg1-ʫTe ʧʦʟʚʦʣʠʣʠ ʦʧʨʝʜʝʣʠʪʴ ʧʣʦʪʥʦʩʪʠ ʤʦʱʥʦʩʪʠ ʦʧʪʠʯʝʩʢʦʡ 

ʥʘʢʘʯʢʠ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʤʝʞʟʦʥʥʦʡ ʠʥʚʝʨʩʠʠ ʥʘʩʝʣʝʥʥʦʩʪʝʡ ʚ ʵʪʠʭ 

ʩʪʨʫʢʪʫʨʘʭ. ʇʨʠʚʝʜʝʥʥʳʝ ʚ ʥʘʩʪʦʷʱʝʡ ʛʣʘʚʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ 

ʜʦʧʦʣʥʝʥʳ ʨʘʩʯʝʪʘʤʠ ʵʥʝʨʛʠʡ ʫʨʦʚʥʝʡ ʨʘʟʤʝʨʥʦʛʦ ʢʚʘʥʪʦʚʘʥʠʷ, ʚʨʝʤʝʥʠ ʞʠʟʥʠ ʠ 

ʫʩʠʣʝʥʠʷ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʥʝʨʘʚʥʦʚʝʩʥʳʭ ʥʦʩʠʪʝʣʝʡ ʚ ʠʩʩʣʝʜʫʝʤʳʭ 

ʩʪʨʫʢʪʫʨʘʭ. ʆʩʥʦʚʥʦʝ ʚʥʠʤʘʥʠʝ ʚ ʥʘʩʪʦʷʱʝʡ ʛʣʘʚʝ ʫʜʝʣʝʥʦ ʠʟʫʯʝʥʠʶ 

çʚʦʣʥʦʚʦʜʥʳʭè ʩʪʨʫʢʪʫʨ ʩ ʂʗ, ʢʦʪʦʨʳʝ ʩʦʜʝʨʞʘʪ ʤʘʩʩʠʚ ʂʗ, ʚʳʨʘʱʝʥʥʳʭ ʚʥʫʪʨʠ 

ʰʠʨʦʢʦʟʦʥʥʳʭ ʩʣʦʝʚ CdHgTe (ʧʦʜʨʦʙʥʝʝ ʩʤ. ʛʣʘʚʫ ʥʠʞʝ), ʬʦʨʤʠʨʫʶʱʠʭ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʡ ʚʦʣʥʦʚʦʜ. ɼʘʥʥʳʝ ʩʪʨʫʢʪʫʨʳ ʙʳʣʠ ʩʧʝʮʠʘʣʴʥʦ ʩʢʦʥʩʪʨʫʠʨʦʚʘʥʳ 

ʠ ʚʳʨʘʱʝʥʳ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʩʪʠʤʫʣʠʨʦʚʘʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʠʩʩʣʝʜʦʚʘʥʠʶ ʢʦʪʦʨʦʛʦ 

ʧʦʩʚʷʱʝʥʳ ʛʣʘʚʳ 5 ʠ 6.  
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3.1 ʀʩʩʣʝʜʫʝʤʳʝ ʩʪʨʫʢʪʫʨʳ 

ɺʩʝ ʩʪʨʫʢʪʫʨʳ, ʠʩʩʣʝʜʦʚʘʥʥʳʝ ʚ ʜʘʥʥʦʡ ʛʣʘʚʝ, ʙʳʣʠ ʚʳʨʘʱʝʥʳ ʤʝʪʦʜʦʤ 

ʄʃʕ ʥʘ ʧʦʣʫʠʟʦʣʠʨʫʶʱʝʡ ʧʦʜʣʦʞʢʝ GaAs (013). ʂʘʢ ʠ ʚ ʩʣʫʯʘʝ ʦʙʲʝʤʥʳʭ ʩʣʦʝʚ, 

ʥʘ ʧʦʜʣʦʞʢʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʚʳʨʘʱʠʚʘʣʠʩʴ ʙʫʬʝʨʥʳʡ ʩʣʦʡ ZnTe ʪʦʣʱʠʥʦʡ 50 

ʥʤ, ʟʘʪʝʤ ʨʝʣʘʢʩʠʨʦʚʘʥʥʳʡ ʙʫʬʝʨ CdTe ʪʦʣʱʠʥʦʡ ʦʢʦʣʦ 5 ʠʣʠ 10 ʤʢʤ. 

ʅʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʵʪʦʤ CdTe ʙʫʬʝʨʝ ʚʳʨʘʱʠʚʘʣʩʷ ʥʠʞʥʠʡ ʙʘʨʴʝʨʥʳʡ ʩʣʦʡ 

CdʫHg1-ʫTe (ʫ ~ 0.7), ʟʘʪʝʤ ʢʚʘʥʪʦʚʘʷ ʷʤʘ Hg1-ʭCdʭTe ʩ ʥʝʙʦʣʴʰʠʤ ʩʦʜʝʨʞʘʥʠʝʤ 

ʢʘʜʤʠʷ ʭ (ʦʪ 0 ʜʦ 0.2), ʚʝʨʭʥʠʡ ʙʘʨʴʝʨ CdʫHg1-ʫTe ʩ ʫ ~ 0.7, ʠ ʧʦʢʨʦʚʥʳʡ ʩʣʦʡ CdTe 

(ʈʠʩʫʥʦʢ 3.1). ʊʦʣʱʠʥʘ ʂʗ ʢʘʢ ʧʨʘʚʠʣʦ ʥʘʭʦʜʠʣʘʩʴ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 5 ʜʦ 30 ʥʤ (ʩʤ. 

ʪʘʙʣʠʮʫ 3.1).  

  

ʈʠʩʫʥʦʢ 3.1 - (ʘ) ʆʙʦʙʱʝʥʥʘʷ ʩʭʝʤʘ ʩʪʨʫʢʪʫʨʳ; (ʙ) ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʩʦʩʪʘʚʘ 

ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ ʚ ʠʩʩʣʝʜʫʝʤʳʭ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʘʭ ʩ ʢʚʘʥʪʦʚʳʤʠ ʷʤʘʤʠ ʥʘ 

ʧʨʠʤʝʨʝ ʦʙʨʘʟʮʘ ˉ 100628 

ʇʦʤʠʤʦ ʩʪʨʫʢʪʫʨ ʩ ʦʜʠʥʦʯʥʳʤʠ ʂʗ, ʙʳʣʠ ʚʳʨʘʱʝʥʳ ʠ ʠʩʩʣʝʜʦʚʘʥʳ 

çʚʦʣʥʦʚʦʜʥʳʝè ʩʪʨʫʢʪʫʨʳ, ʪ.ʝ. ʩʪʨʫʢʪʫʨʳ, ʚ ʢʦʪʦʨʳʭ ʤʘʩʩʠʚ ʦʪ 5 ʜʦ 20 ʂʗ ʙʳʣ 

ʦʢʨʫʞʝʥ ʪʦʣʩʪʳʤʠ ʚʦʣʥʦʚʦʜʥʳʤʠ ʩʣʦʷʤʠ ʩ ʚʳʩʦʢʠʤ (50 % - 70 %) ʩʦʜʝʨʞʘʥʠʝʤ 

ʢʘʜʤʠʷ, ʙʣʠʟʢʠʤ ʢ ʩʦʜʝʨʞʘʥʠʶ ʢʘʜʤʠʷ ʚ ʙʘʨʴʝʨʘʭ (ʈʠʩʫʥʦʢ 3.2). ʇʦʩʢʦʣʴʢʫ ʚ 

ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʠʤʫʣʠʨʦʚʘʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ 

(ʘ) (ʙ) 
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ʩʪʨʫʢʪʫʨʘʭ ʙʝʟ ʨʝʟʦʥʘʪʦʨʘ, ʠ ʩʪʠʤʫʣʠʨʦʚʘʥʥʦʝ ʠʟʣʫʯʝʥʠʝ ʚʦʟʥʠʢʘʣʦ ʟʘ ʩʯʝʪ 

ʦʜʥʦʧʨʦʭʦʜʥʦʛʦ ʫʩʠʣʝʥʠʷ, ʚ ʜʘʣʴʥʝʡʰʝʤ ʚ ʦʪʥʦʰʝʥʠʠ ʵʪʠʭ ʩʪʨʫʢʪʫʨ ʙʫʜʝʤ 

ʫʧʦʪʨʝʙʣʷʪʴ ʪʝʨʤʠʥ çʚʦʣʥʦʚʦʜʥʳʝè, ʭʦʪʷ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ 

ʟʝʨʢʘʣ ʥʘ ʛʨʘʥʷʭ ʦʙʨʘʟʮʘ ʪʘʢʠʝ ʩʪʨʫʢʪʫʨʳ ʙʫʜʫʪ ʧʨʝʜʩʪʘʚʣʷʪʴ ʩʦʙʦʡ ʧʦʣʥʦʮʝʥʥʳʝ 

ʣʘʟʝʨʥʳʝ çʯʠʧʳè ʩ ʦʧʪʠʯʝʩʢʦʡ ʥʘʢʘʯʢʦʡ. ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 

ʚʦʣʥʦʚʦʜʘ ʚ ʜʣʠʥʥʦʚʦʣʥʦʚʦʤ ʜʠʘʧʘʟʦʥʝ ʪʨʝʙʫʶʪʩʷ ʚʝʩʴʤʘ ʪʦʣʩʪʳʝ ʩʣʦʠ 

ʰʠʨʦʢʦʟʦʥʥʦʛʦ ʂʈʊ (ʜʦ 10 ʤʢʤ), ʧʦʵʪʦʤʫ ʚ ʦʪʣʠʯʠʝ ʦʪ ʦʜʠʥʦʯʥʳʭ ʂʗ ʧʨʦʮʝʩʩ 

ʨʦʩʪʘ ʧʨʦʭʦʜʠʣ ʩ ʧʝʨʝʤʝʥʥʦʡ ʩʢʦʨʦʩʪʴʶ - ʙʳʩʪʨʳʡ ʨʦʩʪ ʚʦʣʥʦʚʦʜʥʳʭ ʩʣʦʝʚ, ʜʣʷ 

ʢʦʪʦʨʳʭ ʥʝ ʩʪʦʣʴ ʚʘʞʥʘ ʦʜʥʦʨʦʜʥʦʩʪʴ ʩʦʩʪʘʚʘ, ʩʤʝʥʷʣʩʷ ʥʘ ʤʝʜʣʝʥʥʳʡ ʨʦʩʪ ʚ 

ʘʢʪʠʚʥʦʡ ʦʙʣʘʩʪʠ, ʛʜʝ ʥʝʦʙʭʦʜʠʤʦ ʩʪʨʦʛʦʝ ʩʦʦʪʚʝʪʩʪʚʠʝ ʪʦʣʱʠʥ ʂʗ ʠ ʩʦʩʪʘʚʘ 

ʙʘʨʴʝʨʦʚ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʪʨʝʙʫʝʤʦʡ ʰʠʨʠʥʳ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ. ʂʨʦʤʝ ʪʦʛʦ, ʚ 

ʚʦʣʥʦʚʦʜʥʳʭ ʩʪʨʫʢʪʫʨʘʭ ʪʦʣʱʠʥʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʙʫʬʝʨʘ CdTe ʙʳʣʘ ʫʚʝʣʠʯʝʥʘ 

ʜʦ 10 ʤʢʤ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʣʦʢʘʣʠʟʘʮʠʠ ʠʟʣʫʯʝʥʠʷ ʚ ʧʨʝʜʝʣʘʭ ʘʢʪʠʚʥʦʡ ʦʙʣʘʩʪʠ. 

ʇʘʨʘʤʝʪʨʳ ʂʗ ʚ ʚʦʣʥʦʚʦʜʥʳʭ ʩʪʨʫʢʪʫʨʘʭ ʧʨʠʚʝʜʝʥʳ ʚ ʊʘʙʣʠʮʝ 3.2. 

ʊʘʙʣʠʮʘ 3.1 - ʇʘʨʘʤʝʪʨʳ ʩʪʨʫʢʪʫʨ ʩ ʦʜʠʥʦʯʥʳʤʠ ʂʗ Hg1-xCdxTe/CdʫHg1-ʫTe. 

ʆʙʦʟʥʘʯʝʥʠʷ: x ï ʜʦʣʷ ʢʘʜʤʠʷ ʚ ʂʗ, ʫ ï ʜʦʣʷ ʢʘʜʤʠʷ ʚ ʙʘʨʴʝʨʝ, dʂʗ ï ʪʦʣʱʠʥʘ ʂʗ 

 

 

 

ʅʦʤʝʨ ʩʪʨʫʢʪʫʨʳ x ʫ dʂʗ, ʥʤ 

110621 0 0.7 4.8 

110622 0 0.65 5.6 

100707-1 0.166 0.702 30 

100708-1 0.154 0.646 30 

091225-1 0.138 0.72 30 

100628 0.239 0.72 100 

160126 0 0.76 4.8 
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ʈʠʩʫʥʦʢ 3.2 - ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʩʦʩʪʘʚʘ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ ʚ ʚʦʣʥʦʚʦʜʥʦʡ 

ʩʪʨʫʢʪʫʨʝ ʩ ʢʚʘʥʪʦʚʳʤʠ ʷʤʘʤʠ ʥʘ ʧʨʠʤʝʨʝ ʦʙʨʘʟʮʘ ˉ 161103 

 

ʊʘʙʣʠʮʘ 3.2 - ʇʘʨʘʤʝʪʨʳ ʂʗ Hg1-xCdxTe/CdYHg1-YTe ʚ ʠʩʩʣʝʜʦʚʘʥʥʳʭ 

ʚʦʣʥʦʚʦʜʥʳʭ ʩʪʨʫʢʪʫʨʘʭ (Y ï ʜʦʣʷ ʢʘʜʤʠʷ ʚ ʚʦʣʥʦʚʦʜʝ, dʂʗ ï ʪʦʣʱʠʥʘ ʂʗ, X ï 

ʜʦʣʷ ʢʘʜʤʠʷ ʚ ʂʗ) ʠ ʨʘʩʩʯʠʪʘʥʥʳʝ ʟʥʘʯʝʥʠʷ ʰʠʨʠʥʳ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ Eg ʚ ʤʵɺ 

ʠ ʤʢʤ 

 

ʅʦʤʝʨ ʩʪʨʫʢʪʫʨʳ Y dʂʗ, ʥʤ X Eg, ʤʵɺ Eg, ʤʢʤ 

141226 0.7 95 0.33 271.5 4.6 

141227 0.7 40 0.345 291.4 4.3 

150120 0.57 3.2 0 126.5 9.8 

161103 0.65 2.8 0 169.9 7.3 

161111 0.7 100 0.265 169.9 7.3 

161222 0.63 6.1 0.108 110.3 11.2 

170126 0.66 7.6  0.1 64.5 19.2 

170127 0.66 7.4 0.105 81.8 15.2 

170130 0.66 7.8 0.08 59.5 20.8 

170202 0.60 7.3  0.1 84.3 14.7 
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3.2 ʈʘʩʯʝʪ ʟʦʥʥʦʛʦ ʩʧʝʢʪʨʘ ʩʪʨʫʢʪʫʨ ʩ ʢʚʘʥʪʦʚʳʤʠ ʷʤʘʤʠ 

ɼʣʷ ʘʥʘʣʠʟʘ ʨʝʟʫʣʴʪʘʪʦʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʚ ʯʘʩʪʥʦʩʪʠ ʜʣʷ 

ex situ ʫʪʦʯʥʝʥʠʷ ʨʦʩʪʦʚʳʭ ʧʘʨʘʤʝʪʨʦʚ ʂʗ ʙʳʣʦ ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʘʩʯʝʪʳ 

ʟʘʢʦʥʦʚ ʜʠʩʧʝʨʩʠʠ ʥʦʩʠʪʝʣʝʡ ʚʚʠʜʫ ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʟʦʥʥʦʛʦ 

ʩʧʝʢʪʨʘ ʂʗ ʦʪ ʧʘʨʘʤʝʪʨʦʚ ʷʤʳ ʠ ʙʘʨʴʝʨʥʳʭ ʩʣʦʝʚ. 

ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʂʗ HgTe/CdHgTe 

ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʀʌʄ ʈɸʅ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʛʘʤʠʣʴʪʦʥʠʘʥʘ ʂʝʡʥʘ 8ʭ8 ʚ ʢʘʯʝʩʪʚʝ 

ʦʧʝʨʘʪʦʨʘ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ. ʈʘʩʯʝʪ ʟʦʥʥʦʛʦ ʩʧʝʢʪʨʘ ʂʗ ʙʳʣ ʚʳʧʦʣʥʝʥ ʚ 

ʯʝʪʳʨʝʭʟʦʥʥʦʡ ʤʦʜʝʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ ʦʛʠʙʘʶʱʠʭ ʬʫʥʢʮʠʡ. ɺ ʵʪʦʤ 

ʩʣʫʯʘʝ ʵʣʝʢʪʨʦʥʥʘʷ ʚʦʣʥʦʚʘʷ ʬʫʥʢʮʠʷ ʥʘʭʦʜʠʪʩʷ ʚ ʚʠʜʝ ʨʘʟʣʦʞʝʥʠʷ ʧʦ ʙʘʟʠʩʫ ʠʟ 

ʙʣʦʭʦʚʩʢʠʭ ʚʦʣʥʦʚʳʭ ʬʫʥʢʮʠʡ ʥʘ ʢʨʘʷʭ ʂʗ (k = 0): 

 
 ὶ ÅØÐ ὭὯὼ ὭὯώ Ὂᾀό ὶ (3.2.1) 

ʌʫʥʢʮʠʠ uj(r) ʚʳʙʠʨʘʣʠʩʴ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʘʙʦʪʦʡ [175] ʠ ʩʯʠʪʘʣʠʩʴ 

ʦʜʠʥʘʢʦʚʳʤʠ ʜʣʷ ʂʗ ʠ ʙʘʨʴʝʨʥʳʭ ʩʣʦʝʚ. ʆʛʠʙʘʶʱʠʝ ʬʫʥʢʮʠʠ Fj(z) ʠʩʢʘʣʠʩʴ ʢʘʢ 

ʨʝʰʝʥʠʷ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʐʨʝʜʠʥʛʝʨʘ. ʅʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ 

ʠʩʩʣʝʜʫʝʤʳʝ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʳ ʚʳʨʘʱʝʥʳ ʥʘ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʡ ʧʣʦʩʢʦʩʪʠ ʩ 

ʥʝʪʨʠʚʠʘʣʴʥʦʡ ʦʨʠʝʥʪʘʮʠʝʡ (013). ɼʣʷ ʵʪʦʛʦ ʩʣʫʯʘʝ ʛʘʤʠʣʴʪʦʥʠʘʥ, ʫʯʠʪʳʚʘʶʱʠʡ 

ʚʩʪʨʦʝʥʥʳʝ ʥʘʧʨʷʞʝʥʠʷ, ʧʦʣʫʯʝʥ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʘʙʦʪʦʡ [176]. ɿʘʚʠʩʠʤʦʩʪʠ 

ʧʘʨʘʤʝʪʨʦʚ ɻʘʤʠʣʴʪʦʥʠʘʥʘ ʦʪ ʩʦʩʪʘʚʘ x ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ Hg1-xCdxTe, ʩʯʠʪʘʣʠʩʴ 

ʣʠʥʝʡʥʳʤʠ ʜʣʷ ʚʩʝʭ ʧʘʨʘʤʝʪʨʦʚ ʢʨʦʤʝ ʰʠʨʠʥʳ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ, ʜʣʷ ʢʦʪʦʨʦʡ 

ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʬʦʨʤʫʣʘ ʠʟ [42]. 

ʈʘʩʯʝʪʳ ʦʛʠʙʘʶʱʝʡ ʚʦʣʥʦʚʦʡ ʬʫʥʢʮʠʠ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʤʝʪʦʜʦʤ 

ʨʘʟʣʦʞʝʥʠʷ ʧʦ ʧʣʦʩʢʠʤ ʚʦʣʥʘʤ. ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʯʠʩʣʝʥʥʳʭ ʨʘʩʯʝʪʦʚ ʬʫʥʢʮʠʠ 

ʦʛʠʙʘʶʱʝʡ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʵʥʝʨʛʠʠ ʵʣʝʢʪʨʦʥʦʚ ʩʪʨʫʢʪʫʨʘ ʧʨʝʜʩʪʘʚʣʷʣʘʩʴ ʚ 

ʚʠʜʝ ʩʚʝʨʭʨʝʰʝʪʢʠ ʩʣʘʙʦʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʂʗ. ʇʝʨʠʦʜ ʨʝʰʝʪʢʠ L ʚʳʙʠʨʘʣʩʷ ʩ 

ʪʝʤ, ʯʪʦʙʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʂʗ ʥʝ ʦʢʘʟʳʚʘʣʦ ʟʘʤʝʪʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ 

ʩʧʝʢʪʨ ʦʪʜʝʣʴʥʦʡ ʂʗ.  



103 

 

ʅʘ ʨʠʩʫʥʢʝ 3.3 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʘʩʯʝʪʳ ʵʥʝʨʛʠʠ ʦʩʥʦʚʥʳʭ ʧʦʜʟʦʥ ʨʘʟʤʝʨʥʦʛʦ 

ʢʚʘʥʪʦʚʘʥʠʷ ʜʣʷ ʵʣʝʢʪʨʦʥʦʚ ʠ ʜʳʨʦʢ ʚ ʜʚʫʭ ʨʘʟʣʠʯʥʳʭ ʩʪʨʫʢʪʫʨʘʭ. ɺ ʧʝʨʚʦʤ 

ʩʣʫʯʘʝ ʵʪʦ ʩʪʨʫʢʪʫʨʘ ʩ ʂʗ ʠʟ ʯʠʩʪʦʛʦ HgTe, ʩ ʰʠʨʠʥʦʡ ʷʤʳ 4.2 ʥʤ, ʘ ʚʦ ʚʪʦʨʦʤ - 

ʙʦʣʝʝ ʰʠʨʦʢʘʷ ʂʗ ʠʟ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ Hg0.87Cd0.13Te. ʂʘʢ ʧʦʢʘʟʳʚʘʝʪ ʨʠʩʫʥʦʢ 3.3, 

ʧʝʨʝʩʪʨʦʡʢʘ ʩʧʝʢʪʨʘ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ ʚ ʵʪʠʭ ʩʪʨʫʢʪʫʨʘʭ ʧʨʦʠʩʭʦʜʠʪ ʧʦ-ʨʘʟʥʦʤʫ. 

ɽʩʣʠ ʧʨʠ 4.2 ʂ ʰʠʨʠʥʘ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ ʚ ʦʙʝʠʭ ʩʪʨʫʢʪʫʨʘʭ ʦʜʠʥʘʢʦʚʘ, ʪʦ ʫʞʝ 

ʧʨʠ 77 ʂ ʚ ʂʗ ʠʟ ʙʠʥʘʨʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʟʘʧʨʝʱʝʥʥʘʷ ʟʦʥʘ ʥʘ 5 ʤʵɺ ʧʨʝʚʳʰʘʝʪ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʟʥʘʯʝʥʠʝ ʚ ʙʦʣʝʝ ʰʠʨʦʢʦʡ ʂʗ. ʊʘʢʦʝ ʧʦʚʝʜʝʥʠʝ ʧʦʭʦʞʝ ʥʘ 

ʟʘʚʠʩʠʤʦʩʪʴ ʰʠʨʠʥʳ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ, ʥʘʙʣʶʜʘʝʤʫʶ ʚ 

ʦʙʲʝʤʥʳʭ ʧʣʝʥʢʘʭ: ʢʘʢ ʠ ʚ ʫʟʢʦʟʦʥʥʳʭ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʘʭ, ʛʜʝ ʩʢʦʨʦʩʪʴ ʨʦʩʪʘ Eg ʩ 

ʪʝʤʧʝʨʘʪʫʨʦʡ ʩʪʘʥʦʚʠʪʩʷ ʙʦʣʴʰʝ ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʩʦʜʝʨʞʘʥʠʷ ʢʘʜʤʠʷ, ʚ ʂʗ ʩ 

ʤʝʥʴʰʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʢʘʜʤʠʷ ʵʥʝʨʛʠʷ ʦʩʥʦʚʥʦʛʦ ʤʝʞʟʦʥʥʦʛʦ ʧʝʨʝʭʦʜʘ ʙʳʩʪʨʝʝ 

ʨʘʩʪʝʪ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ. 

 

ʈʠʩʫʥʦʢ 3.3 - ʕʥʝʨʛʝʪʠʯʝʩʢʠʡ ʩʧʝʢʪʨ ʦʩʥʦʚʥʳʭ ʧʦʜʟʦʥ ʜʣʷ ʩʪʨʫʢʪʫʨ ʩ 

ʨʘʟʣʠʯʥʳʤ ʩʦʩʪʘʚʦʤ ʂʗ: (ʘ) ï ʂʗ HgTe/Cd0.65Hg0.35Te ʪʦʣʱʠʥʦʡ 4.2 ʥʤ 

(ʩʧʣʦʰʥʳʝ ʢʨʠʚʳʝ), (ʙ) ï ʂʗ Hg0.87Cd0.13Te/Cd0.65Hg0.35Te ʪʦʣʱʠʥʦʡ 11.3 ʥʤ 

(ʧʫʥʢʪʠʨʥʳʝ ʢʨʠʚʳʝ) ʧʨʠ ʊ =4.2 ʂ, ʊ =77 ʂ ʠ ʊ =300 ʂ 

ɺ ʧʨʠʚʝʜʝʥʥʦʤ ʚʳʰʝ ʧʨʠʤʝʨʝ ʨʘʩʭʦʞʜʝʥʠʝ ʚ ʟʘʚʠʩʠʤʦʩʪʷʭ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ 

ʩʧʝʢʪʨʘ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʨʘʟʥʳʭ ʩʪʨʫʢʪʫʨʘʭ ʜʦʩʪʘʪʦʯʥʦ ʤʘʣʦ, ʧʦʵʪʦʤʫ 

ʦʧʨʝʜʝʣʝʥʠʝ ʝʛʦ ʩ ʧʦʤʦʱʴʶ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʌʇ ʪʨʝʙʫʝʪ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʠ 
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ʠʟʤʝʨʝʥʠʡ. ɺ ʥʘʠʙʦʣʝʝ ʢʦʨʦʪʢʦʚʦʣʥʦʚʳʭ ʦʙʨʘʟʮʘʭ ʩ ʤʘʩʩʠʚʦʤ ʂʗ ʫʜʘʝʪʩʷ 

ʧʨʦʚʦʜʠʪʴ ʠʟʤʝʨʝʥʠʷ ʩʧʝʢʪʨʦʚ ʌʇ ʚʧʣʦʪʴ ʜʦ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ, ʯʪʦ 

ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʰʘʝʪ ʪʦʯʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʂʗ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʠʟʤʝʨʝʥʠʷ ʌʇ, ʩʦʧʨʦʚʦʞʜʘʝʤʳʝ ʨʘʩʯʝʪʘʤʠ, ʧʦʟʚʦʣʷʶʪ ʫʩʪʘʥʦʚʠʪʴ 

ʩʦʩʪʘʚ ʠ ʰʠʨʠʥʫ ʂʗ. ɼʣʷ ʵʪʦʛʦ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦʜʛʦʥʢʘ ʨʘʩʯʝʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ 

ʩʪʨʫʢʪʫʨʳ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʰʠʨʠʥʘ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʘ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʜʘʥʥʳʤ ʚʦ ʚʩʝʤ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ. 

 

3.3 ʉʧʝʢʪʨʦʩʢʦʧʠʷ ʬʦʪʦʧʨʦʚʦʜʠʤʦʩʪʠ ʠ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ ʩʪʨʫʢʪʫʨ ʩ 

ʢʚʘʥʪʦʚʳʤʠ ʷʤʘʤʠ ʥʘ ʦʩʥʦʚʝ HgCdTe  

ʇʝʨʝʭʦʜ ʦʪ ʦʙʲʝʤʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʢ ʂʗ, ʪʨʝʙʫʝʤʳʤ ʜʣʷ ʩʦʟʜʘʥʠʷ ʘʢʪʠʚʥʦʡ 

ʩʨʝʜʳ ʜʣʷ ʣʘʟʝʨʦʚ, ʧʨʠʚʦʜʠʪ ʢ ʧʝʨʝʩʪʨʦʡʢʝ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʩʧʝʢʪʨʘ ʥʦʩʠʪʝʣʝʡ, 

ʚʠʜ ʢʦʪʦʨʦʛʦ ʦʢʘʟʳʚʘʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʟʣʠʯʥʳʤ ʜʘʞʝ ʚ ʂʗ ʩ ʦʜʠʥʘʢʦʚʦʡ 

ʰʠʨʠʥʦʡ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ. ɹʣʘʛʦʜʘʨʷ ʠʥʚʝʨʪʠʨʦʚʘʥʥʦʤʫ ʟʦʥʥʦʤʫ ʩʧʝʢʪʨʫ 

ʩʦʩʪʘʚʦʚ Hg1-xCdxTe c x < 0.168, ʦʜʠʥʘʢʦʚʫʶ ʰʠʨʠʥʫ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ ʤʦʞʥʦ 

ʧʦʣʫʯʠʪʴ ʚ ʩʪʨʫʢʪʫʨʘʭ ʩ ʨʘʟʣʠʯʥʳʤ ʜʠʟʘʡʥʦʤ. ɺʘʞʥʦ ʧʦʜʯʝʨʢʥʫʪʴ, ʯʪʦ ʥʝʙʦʣʴʰʠʝ 

ʨʘʟʣʠʯʠʷ ʚ ʧʘʨʘʤʝʪʨʘʭ ʩʪʨʫʢʪʫʨ ʧʨʠʚʦʜʷʪ ʢ ʩʫʱʝʩʪʚʝʥʥʦʡ ʨʘʟʥʠʮʝ ʚ ʠʭ ʦʧʪʠʯʝʩʢʠʭ 

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

ʯʪʦ ʦʩʥʦʚʥʳʝ ʤʝʭʘʥʠʟʤʳ ʨʝʢʦʤʙʠʥʘʮʠʠ ʠ ʚʥʫʪʨʝʥʥʠʭ ʧʦʪʝʨʴ ʚ ʩʪʨʫʢʪʫʨʝ ʟʘʤʝʪʥʦ 

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

ʜʝʪʘʣʴʥʘʷ ʭʘʨʘʢʪʝʨʠʟʘʮʠʷ ʩʪʨʫʢʪʫʨ ʷʚʣʷʝʪʩʷ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʚʘʞʥʦʡ ʜʣʷ 

ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʥʘʙʣʶʜʘʝʤʳʭ ʚʨʝʤʝʥ ʞʠʟʥʠ ʠ ʧʦʠʩʢʘ ʧʫʪʝʡ ʦʧʪʠʤʠʟʘʮʠʠ ʜʠʟʘʡʥʘ 

ʘʢʪʠʚʥʦʡ ʦʙʣʘʩʪʠ. ʂʘʢ ʧʦʢʘʟʘʣʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʚ ʚʳʨʘʱʠʚʘʝʤʳʭ 

ʂʗ ʠʟ ʥʦʤʠʥʘʣʴʥʦ ʙʠʥʘʨʥʦʛʦ HgTe ʥʘʙʣʶʜʘʣʦʩʴ ʥʘʣʠʯʠʝ ʦʩʪʘʪʦʯʥʦʛʦ ʢʘʜʤʠʷ. ɼʣʷ 

ʦʜʥʦʟʥʘʯʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʩʪʨʫʢʪʫʨʳ (ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʰʠʨʠʥʳ ʂʗ ʠ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʘʜʤʠʷ ʚ ʥʝʡ) ʙʳʣ ʧʨʠʤʝʥʝʥ ʢʦʤʧʣʝʢʩ ʤʝʪʦʜʦʚ, ʚʢʣʶʯʘʶʱʠʭ 

ʧʨʦʩʚʝʯʠʚʘʶʱʫʶ ʵʣʝʢʪʨʦʥʥʫʶ ʤʠʢʨʦʩʢʦʧʠʶ [A6], ʚʪʦʨʠʯʥʦ-ʠʦʥʥʫʶ ʤʘʩʩ 

ʩʧʝʢʪʨʦʩʢʦʧʠʶ, ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ, ʩʧʝʢʪʨʦʩʢʦʧʠʶ ʌʇ ʠ ʌʃ [A6, A8, 

A9], ʘ ʪʘʢʞʝ ʤʘʛʥʠʪʦʧʨʦʧʫʩʢʘʥʠʷ [A6]. ʈʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʥʝʩʤʦʪʨʷ ʥʘ 
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ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʝ ʩʦʛʣʘʩʠʝ ʧʘʨʘʤʝʪʨʦʚ ʩʪʨʫʢʪʫʨ, ʦʧʨʝʜʝʣʷʝʤʳʭ ʠʟ ʧʝʨʚʳʭ ʪʨʝʭ 

ʤʝʪʦʜʦʚ, ʪʨʝʙʫʝʤʫʶ ʪʦʯʥʦʩʪʴ ʭʘʨʘʢʪʝʨʠʟʘʮʠʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʪʦʣʴʢʦ ʦʧʪʠʯʝʩʢʠʝ 

ʤʝʪʦʜʳ, ʚ ʦʩʥʦʚʥʦʤ ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʌʇ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ 

ʤʘʛʥʠʪʦʧʨʦʧʫʩʢʘʥʠʷ ʚ ʩʠʣʴʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ. ʆʩʥʦʚʥʳʤ ʚʳʚʦʜʦʤ 

ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʭʘʨʘʢʪʝʨʠʟʘʮʠʠ ʩʪʨʫʢʪʫʨ ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ 

ʭʦʨʦʰʝʛʦ ʩʦʦʪʚʝʪʩʪʚʠʷ ʰʠʨʠʥʳ ʂʗ ʜʘʥʥʳʤ in situ ʵʣʣʠʧʩʦʤʝʪʨʠʠ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ 

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

ʅʘ ʨʠʩʫʥʢʝ 3.4 ʧʨʝʜʩʪʘʚʣʝʥ ʪʠʧʠʯʥʳʝ ʜʣʷ ʩʪʨʫʢʪʫʨ Hg(Cd)Te/CdHgTe ʩ ʂʗ 

(ʚ ʜʘʣʴʥʝʡʰʝʤ ʧʨʦʩʪʦ ʂʗ) ʩʧʝʢʪʨ rʌʇ. ɺ ʜʘʥʥʦʡ ʩʣʫʯʘʝ ʰʠʨʠʥʘ ʟʘʧʨʝʱʝʥʥʦʡ 

ʟʦʥʳ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 70 ʤʵɺ. ʇʦʤʠʤʦ ʧʦʣʦʩʳ ʤʝʞʟʦʥʥʳʭ ʧʝʨʝʭʦʜʦʚ, ʢʦʪʦʨʘʷ, ʢʘʢ 

ʠ ʚ ʦʙʲʝʤʥʳʭ ʧʣʝʥʢʘʭ, ʩʤʝʱʘʝʪʩʷ ʚ ʩʪʦʨʦʥʫ ʢʦʨʦʪʢʠʭ ʜʣʠʥ ʚʦʣʥ ʩ ʨʦʩʪʦʤ 

ʪʝʤʧʝʨʘʪʫʨʳ, ʥʘ ʩʧʝʢʪʨʘʭ ʧʨʠ 4.2 ʂ ʟʘʤʝʪʥʳ ʧʦʣʦʩʳ ʬʦʪʦʦʪʢʣʠʢʘ ʦʢʦʣʦ 25 ʤɺɻ, 

ʢʦʪʦʨʳʝ ʥʝ ʥʘʙʣʶʜʘʶʪʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʞʠʜʢʦʛʦ ʘʟʦʪʘ. ɼʘʥʥʳʝ ʧʦʣʦʩʳ ʚ 

ʩʧʝʢʪʨʘʭ ʌʇ ʧʨʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʥʘʙʣʶʜʘʣʠʩʴ ʧʨʘʢʪʠʯʝʩʢʠ ʚʦ ʚʩʝʭ 

ʠʩʩʣʝʜʫʝʤʳʭ ʩʪʨʫʢʪʫʨʘʭ ʩ ʂʗ (ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʜʣʷ çʘʢʪʠʚʘʮʠʠè ʵʪʠʭ ʧʦʣʦʩ 

ʥʝʦʙʭʦʜʠʤʘ ʧʦʜʩʚʝʪʢʘ ʩʪʨʫʢʪʫʨʳ ʢʦʨʦʪʢʦʚʦʣʥʦʚʳʤ ʠʟʣʫʯʝʥʠʝʤ). ʂʘʢ ʧʦʢʘʟʳʚʘʶʪ 

ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʩʪʦʷʥʠʡ çʤʝʣʢʠʭè ʘʢʮʝʧʪʦʨʦʚ ʚ ʂʈʊ, ʘ ʪʘʢʞʝ 

ʩʨʘʚʥʝʥʠʝ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʧʝʢʪʨʦʚ ʌʇ ʠ ʌʃ ʦʙʲʝʤʥʳʭ 

ʵʧʠʪʘʢʩʠʘʣʴʥʳʭ ʩʣʦʝʚ, ʵʪʠ ʧʦʣʦʩʳ ʩʚʷʟʘʥʳ ʩ ʩʦʩʪʦʷʥʠʷʤʠ ʦʩʪʘʪʦʯʥʳʭ ʘʢʮʝʧʪʦʨʦʚ. 

ʇʦʜʨʦʙʥʦ ʠʭ ʩʚʦʡʩʪʚʘ ʙʫʜʫʪ ʦʧʠʩʘʥʳ ʚ ʛʣʘʚʝ 4 ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ. 
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ʈʠʩʫʥʦʢ 3.4 - ʉʧʝʢʪʨʳ ʌʇ ʩʪʨʫʢʪʫʨ ʩ ʂʗ: (ʘ) ˉ 100707-1, (ʙ) ˉ110622. 

ʉʧʝʢʪʨʳ ʥʝ ʥʦʨʤʠʨʦʚʘʥʳ. ʇʨʦʚʘʣʳ ʥʘ ʯʘʩʪʦʪʘʭ 680 ʩʤ-1, 720 ʩʤ-1 ʠ 880 ʩʤ-1 

ʦʙʫʩʣʦʚʣʝʥʳ ʠʩʧʦʣʴʟʫʝʤʳʤʠ ʬʠʣʴʪʨʦʤ ʠ ʩʚʝʪʦʜʝʣʠʪʝʣʝʤ. ʉʧʨʘʚʘ ʧʨʠʚʝʜʝʥʳ 

ʜʠʟʘʡʥʳ ʩʪʨʫʢʪʫʨ 

ʀʟʥʘʯʘʣʴʥʦ ʧʨʝʜʧʦʣʘʛʘʣʦʩʴ, ʯʪʦ ʨʦʩʪ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨ ʩ ʂʗ ʠʟ ʯʠʩʪʦʛʦ HgTe 

ʧʦʟʚʦʣʠʪ ʨʝʰʠʪʴ ʧʨʦʙʣʝʤʫ ʬʣʫʢʪʫʘʮʠʠ ʩʦʩʪʘʚʘ, ʭʘʨʘʢʪʝʨʥʫʶ ʜʣʷ ʪʚʝʨʜʳʭ 

ʨʘʩʪʚʦʨʦʚ HgCdTe (ʩʯʠʪʘʣʦʩʴ, ʯʪʦ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʪʦʣʱʠʥʫ ʂʗ ʧʨʦʱʝ, ʯʝʤ ʩʦʩʪʘʚ 

ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ, ʘ ʬʣʫʢʪʫʘʮʠʠ ʩʦʩʪʘʚʘ ʤʘʪʝʨʠʘʣʘ ʚ ʙʘʨʴʝʨʘʭ ʩʣʘʙʦ ʦʪʨʘʞʘʶʪʩʷ 

ʥʘ ʵʥʝʨʛʠʠ ʤʝʞʟʦʥʥʳʭ ʧʝʨʝʭʦʜʦʚ ʚ ʂʗ. ʂʨʦʤʝ ʪʦʛʦ, ʭʘʨʘʢʪʝʨʥʘʷ ʜʣʷ ʂʗ ʙʦʣʝʝ 

ʨʝʟʢʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʧʣʦʪʥʦʩʪʠ ʩʦʩʪʦʷʥʠʡ ʦʪ ʵʥʝʨʛʠʠ ʢʚʘʥʪʘ ʪʘʢʞʝ ʜʦʣʞʥʘ 

ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʙʦʣʝʝ ʨʝʟʢʦʤʫ çʧʨʦʬʠʣʶè ʢʨʘʩʥʦʡ ʛʨʘʥʠʮʳ ʌʇ.) ʊʝʤ ʥʝ ʤʝʥʝʝ, ʢʘʢ 

ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʚ ʧʨʝʜʳʜʫʱʝʡ ʛʣʘʚʝ, ʨʝʟʢʦʩʪʴ ʜʣʠʥʥʦʚʦʣʥʦʚʦʛʦ ʬʨʦʥʪʘ 

ʬʦʪʦʦʪʢʣʠʢʘ ʚ ʦʙʲʝʤʥʳʭ ʩʪʨʫʢʪʫʨʘʭ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʦʛʨʘʥʠʯʝʥʘ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʤʠ ʬʘʢʪʦʨʘʤʠ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚʦ ʚʩʝʭ ʩʪʨʫʢʪʫʨʘʭ ʩ ʂʗ ʧʦʣʦʩʘ 

(ʘ) 

(ʙ) 
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ʤʝʞʟʦʥʥʳʭ ʧʝʨʝʭʦʜʦʚ ʥʘ ʩʧʝʢʪʨʘʭ ʌʇ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʤʝʥʝʝ ʨʝʟʢʠʤ 

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

ʘʥʘʣʦʛʠʠ ʩ ʦʙʲʝʤʥʳʤ ʩʣʫʯʘʝʤ, ʵʥʝʨʛʠʷ ʋʨʙʘʭʘ, ʦʧʠʩʳʚʘʶʱʘʷ ʨʝʟʢʦʩʪʴ ʢʨʘʷ, 

ʩʦʩʪʘʚʣʷʝʪ 1.5 ï 6.5 ʤʵɺ ʠ ʠʤʝʝʪ ʪʝʥʜʝʥʮʠʶ ʢ ʫʚʝʣʠʯʝʥʠʶ ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʰʠʨʠʥʳ 

ʂʗ (ʈʠʩʫʥʦʢ 3.5) [A2]. ʈʝʟʢʦʩʪʴ ʜʣʠʥʥʦʚʦʣʥʦʚʦʡ ʛʨʘʥʠʮʳ ʩʧʝʢʪʨʦʚ ʌʇ ʚ 

ʚʦʣʥʦʚʦʜʥʳʭ, ʪ.ʝ. ʚ ʩʪʨʫʢʪʫʨʘʭ ʩ ʙʦʣʴʰʠʤ (5 ï 20) ʢʦʣʠʯʝʩʪʚʦʤ ʂʗ ʪʘʢʞʝ 

ʥʝʩʢʦʣʴʢʦ ʭʫʞʝ, ʯʝʤ ʚ ʩʪʨʫʢʪʫʨʘʭ ʩ ʦʜʠʥʦʯʥʳʤʠ ʂʗ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʚ ʩʪʨʫʢʪʫʨʘʭ ʩ 

ʪʦʣʱʠʥʦʡ ʂʗ ʙʦʣʝʝ 5 ʥʤ çʨʘʟʤʳʪʠʝè ʢʨʘʩʥʦʡ ʛʨʘʥʠʮʳ ʧʨʠʤʝʨʥʦ ʦʜʠʥʘʢʦʚʦ ʜʣʷ 

ʚʩʝʭ ʨʦʩʪʦʚʳʭ ʩʝʨʠʡ, ʠ ʥʝ ʦʪʣʠʯʘʝʪʩʷ ʜʣʷ ʩʪʨʫʢʪʫʨ, ʠʟʣʫʯʘʶʱʠʭ ʥʘ ʙʦʣʝʝ ʢʦʨʦʪʢʠʭ 

ʜʣʠʥʘʭ ʚʦʣʥ (5-10 ʤʢʤ) ʠ ʩʚʳʰʝ 10 ʤʢʤ, ʥʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʙʦʣʝʝ ʜʣʠʥʥʦʚʦʣʥʦʚʳʝ 

ʩʪʨʫʢʪʫʨʳ ʪʨʝʙʫʶʪ ʙʦʣʝʝ ʪʦʣʩʪʳʭ ʚʦʣʥʦʚʦʜʥʳʭ ʩʣʦʝʚ ʜʣʷ ʣʦʢʘʣʠʟʘʮʠʠ ʠʟʣʫʯʝʥʠʷ 

ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʙʳʣʠ ʚʳʨʘʱʝʥʳ ʩ ʧʝʨʝʤʝʥʥʦʡ ʩʢʦʨʦʩʪʴʶ. ʂʘʢ ʙʳʣʦ 

ʚʧʦʩʣʝʜʩʪʠʠ ʫʩʪʘʥʦʚʣʝʥʦ, ʢʨʘʡ ʤʝʞʟʦʥʥʦʡ ʌʇ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʧʦʣʦʞʝʥʠʝʤ 

ʣʠʥʠʠ ʩʪʠʤʫʣʠʨʦʚʘʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʜʣʷ ʚʩʝʭ ʩʪʨʫʢʪʫʨ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʝʩʤʦʪʨʷ 

ʥʘ ʪʦ, ʯʪʦ ʩʪʝʧʝʥʴ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʧʘʨʘʤʝʪʨʦʚ ʩʪʨʫʢʪʫʨ ʩ ʂʗ ʭʫʞʝ, ʯʝʤ ʚ ʦʙʲʝʤʥʳʭ 

ʧʣʝʥʢʘʭ, ʜʘʞʝ ʚ ʩʘʤʳʭ ʫʟʢʠʭ ʂʗ (ʩʤ. ʛʣʘʚʳ 5 ʠ 6) ʥʝ ʷʚʣʷʶʪʩʷ ʛʣʘʚʥʳʤ ʬʘʢʪʦʨʦʤ, 

ʦʛʨʘʥʠʯʠʚʘʶʱʠʤ ʧʦʣʫʯʝʥʠʝ ʩʪʠʤʫʣʠʨʦʚʘʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ.  

ʇʘʨʘʤʝʪʨʳ ʩʪʨʫʢʪʫʨʳ ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʫʜʘʚʘʣʦʩʴ ʦʧʨʝʜʝʣʠʪʴ ʠ ʧʦ 

ʝʜʠʥʩʪʚʝʥʥʦʤʫ ʩʧʝʢʪʨʫ ʌʇ, ʝʩʣʠ ʥʘ ʩʧʝʢʪʨʝ ʭʦʨʦʰʦ ʨʘʟʣʠʯʠʤʳ ʧʝʨʝʭʦʜʳ ʤʝʞʜʫ 

ʙʦʣʝʝ ʚʳʩʦʢʦʵʥʝʨʛʝʪʠʯʥʳʤʠ ʧʦʜʟʦʥʘʤʠ ʨʘʟʤʝʨʥʦʛʦ ʢʚʘʥʪʦʚʘʥʠʷ. ʇʨʠʤʝʨ ʪʘʢʦʛʦ 

ʩʧʝʢʪʨʘ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 3.6. ʇʨʝʠʤʫʱʝʩʪʚʦʤ ʪʘʢʦʛʦ ʤʝʪʦʜʘ ʷʚʣʷʝʪʩʷ 

ʤʠʥʠʤʘʣʴʥʦʝ ʪʝʤʧʝʨʘʪʫʨʥʦʝ ʨʘʟʤʳʪʠʝ ʛʨʘʥʠʮʳ ʥʘʙʣʶʜʘʝʤʳʭ ʧʝʨʝʭʦʜʦʚ (ʝʩʣʠ 

ʠʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʷʪʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʞʠʜʢʦʛʦ ʛʝʣʠʷ), ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩ ʚʳʩʦʢʦʡ 

ʪʦʯʥʦʩʪʴʶ ʦʧʨʝʜʝʣʠʪʴ ʧʘʨʘʤʝʪʨʳ ʠʩʩʣʝʜʫʝʤʳʭ ʩʪʨʫʢʪʫʨ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʠ ʚ ʵʪʦʤ 

ʩʣʫʯʘʝ ʠʟ-ʟʘ ʙʦʣʴʰʦʡ ʚʘʨʠʘʪʠʚʥʦʩʪʠ ʚʦʟʤʦʞʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʂʗ ʧʨʠ ʦʜʥʦʡ ʠ ʪʦʡ 

ʞʝ ʵʥʝʨʛʠʠ ʦʩʥʦʚʥʦʛʦ ʧʝʨʝʭʦʜʘ ʢʘʢ ʧʨʘʚʠʣʦ ʪʨʝʙʫʝʪʩʷ ʣʠʙʦ ʟʘʨʘʥʝʝ ʟʥʘʪʴ 

ʧʨʠʙʣʠʟʠʪʝʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ʩʪʨʫʢʪʫʨʳ (ʦʧʨʝʜʝʣʝʥʥʳʝ ʩ ʧʦʤʦʱʴʶ ʜʨʫʛʠʭ 

ʤʝʪʦʜʦʚ, ʥʘʧʨʠʤʝʨ ʤʘʛʥʠʪʦʦʧʪʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ), ʣʠʙʦ ʚʳʧʦʣʥʠʪʴ ʠʟʤʝʨʝʥʠʷ 

ʩʧʝʢʪʨʦʚ ʌʇ ʧʨʠ ʥʝʩʢʦʣʴʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʚ ʯʘʩʪʥʦʩʪʠ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʧʨʘʚʠʣʴʥʦ  
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ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʤʝʞʟʦʥʥʳʝ ʧʝʨʝʭʦʜʳ ʠ çʦʪʜʝʣʠʪʴè ʠʭ ʦʪ ʯʘʩʪʦ ʚʩʪʨʝʯʘʶʱʠʭʩʷ 

ʦʩʦʙʝʥʥʦʩʪʝʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʨʝʟʦʥʘʥʩʥʳʤʠ ʩʦʩʪʦʷʥʠʷʤʠ ʘʢʮʝʧʪʦʨʦʚ. ʅʘʧʨʠʤʝʨ, ʥʘ 

ʨʠʩʫʥʢʝ 3.6 ʧʦ ʪʝʤʧʝʨʘʪʫʨʥʦʤʫ ʩʜʚʠʛʫ ʭʦʨʦʰʦ ʦʙʥʘʨʫʞʠʚʘʶʪʩʷ ʢʘʢ ʦʩʥʦʚʥʦʡ 

ʧʝʨʝʭʦʜ, ʦʙʦʟʥʘʯʘʝʤʳʡ ʢʘʢ v1 ï c1, ʪʘʢ ʠ ʧʝʨʝʭʦʜ ʠʟ ʚʪʦʨʦʡ ʧʦʜʟʦʥʳ ʚʘʣʝʥʪʥʦʡ ʟʦʥʳ 

v2 ʚʦ ʚʪʦʨʫʶ ʧʦʜʟʦʥʫ ʟʦʥʳ ʧʨʦʚʦʜʠʤʦʩʪʠ c2 ʧʨʠ ʪʝʭ ʞʝ ʧʘʨʘʤʝʪʨʘʭ ʩʪʨʫʢʪʫʨʳ, 

ʢʦʪʦʨʳʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʥʘʙʣʶʜʘʝʤʦʤʫ ʧʦʣʦʞʝʥʠʶ ʢʨʘʩʥʦʡ ʛʨʘʥʠʮʳ (ʩʜʚʠʛ ʢʨʘʷ 

çʩʪʫʧʝʥʴʢʠè ʜʣʷ ʧʝʨʝʭʦʜʘ v2-c2 ʤʝʥʴʰʝ, ʯʝʤ ʦʩʥʦʚʥʦʛʦ, ʪʘʢ ʢʘʢ ʧʦʜʟʦʥʳ ʩ ʙʦʣʴʰʦʡ 

ʵʥʝʨʛʠʝʡ ʚ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ ʠʟʤʝʥʷʶʪ ʩʚʦʝ ʧʦʣʦʞʝʥʠʝ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ), ʚ ʪʦ ʚʨʝʤʷ 

ʢʘʢ ʩʧʝʢʪʨʘʣʴʥʦʝ ʧʦʣʦʞʝʥʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʚʙʣʠʟʠ 75 ʤʵɺ ʩʪʘʙʠʣʴʥʦ ʧʦ ʪʝʤʧʝʨʘʪʫʨʝ 

ʠ ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʘʩʯʝʪʥʳʤ ʵʥʝʨʛʠʷʤ ʤʝʞʟʦʥʥʳʭ ʧʝʨʝʭʦʜʦʚ. ʕʪʦ ʷʚʣʷʝʪʩʷ 

ʘʨʛʫʤʝʥʪʦʤ ʚ ʧʦʣʴʟʫ ʧʨʠʤʝʩʥʦʡ ʧʨʠʨʦʜʳ ʥʘʙʣʶʜʘʝʤʳʭ ʧʝʨʝʭʦʜʦʚ ʠ ʧʦʟʚʦʣʷʝʪ 

ʩʚʷʟʘʪʴ ʠʭ ʩ ʦʩʪʘʪʦʯʥʳʤʠ ʘʢʮʝʧʪʦʨʘʤʠ. ʂʘʢ ʧʦʢʘʟʘʣʠ ʨʘʩʯʝʪʳ, ʚʳʧʦʣʥʝʥʥʳʝ 

ʂʦʟʣʦʚʳʤ ɼ.ɺ. ʜʣʷ ʜʘʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʵʥʝʨʛʠʷ ʠʦʥʠʟʘʮʠʠ ʦʜʥʦʢʨʘʪʥʦ ʠʦʥʠʟʦʚʘʥʥʦʡ 

ʚʘʢʘʥʩʠʠ ʨʪʫʪʠ, ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʚ ʂʗ, ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 75 ʤʵɺ. 

ʆʩʦʙʝʥʥʦʩʪʴ, ʩʚʷʟʘʥʥʘʷ ʩ ʵʪʠʤ ʮʝʥʪʨʦʤ, ʧʨʦʷʚʣʷʝʪʩʷ ʠ ʚ ʩʧʝʢʪʨʘʭ ʌʃ, ʛʜʝ ʦʥʘ 

ʪʘʢʞʝ ʥʝ ʩʤʝʱʘʝʪʩʷ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ (ʈʠʩʫʥʦʢ 3.7). 

  

ʈʠʩʫʥʦʢ 3.5 - (ʘ) ʉʧʝʢʪʨʳ ʌʇ ʩʪʨʫʢʪʫʨʳ ˉ 170331 ʧʨʠ ʨʘʟʣʠʯʥʳʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʠ ʘʧʧʨʦʢʩʠʤʘʮʠʷ ʠʭ ʜʣʠʥʥʦʚʦʣʥʦʚʦʛʦ ʢʨʘʷ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʡ 

ʬʫʥʢʮʠʝʡ; (ʙ) ʉʧʝʢʪʨʳ ʌʇ ʩʪʨʫʢʪʫʨ ˉ 150120 (Str1) ʠ ˉ 161222 (Str2) ʧʨʠ 

ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. ɺʠʜʥʘ ʨʘʟʥʠʮʘ ʚ ʨʝʟʢʦʩʪʠ ʢʨʘʩʥʦʡ ʛʨʘʥʠʮʳ ʜʣʷ 

ʩʪʨʫʢʪʫʨ ʩ ʰʠʨʠʥʦʡ ʂʗ 3.2 (Str1) ʠ 6.1 ʥʤ (Str2), ʩʤ. ʪʘʙʣʠʮʫ 4.1 

(ʘ) (ʙ) 
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ʈʠʩʫʥʦʢ 3.6 - ʉʧʝʢʪʨ ʌʇ ʩʪʨʫʢʪʫʨʳ ʩ ʂʗ ˉ 170331 ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʞʠʜʢʦʛʦ 

ʛʝʣʠʷ ʠ ʞʠʜʢʦʛʦ ʘʟʦʪʘ. ʉʪʨʝʣʢʘʤʠ ʦʙʦʟʥʘʯʝʥʳ ʵʥʝʨʛʠʠ ʧʝʨʝʭʦʜʦʚ, ʧʦʣʫʯʝʥʥʳʝ 

ʥʘ ʦʩʥʦʚʘʥʠʠ ʨʘʩʯʝʪʦʚ ʟʦʥʥʦʛʦ ʩʧʝʢʪʨʘ. ʇʦʜʧʠʩʠ ʦʙʦʟʥʘʯʘʶʪ ʫʨʦʚʥʠ 

ʢʚʘʥʪʦʚʘʥʠʷ ʵʣʝʢʪʨʦʥʦʚ (c1..cn) ʠ ʜʳʨʦʢ (v1..vn), ʫʯʘʩʪʚʫʶʱʠʝ ʚ ʧʝʨʝʭʦʜʝ 

 

ʈʠʩʫʥʦʢ 3.7 - ʉʧʝʢʪʨʳ ʌʃ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʜʣʷ ʦʙʨʘʟʮʘ ˉ 170331 

(ʦʪʥʦʨʤʠʨʦʚʘʥʳ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʘʤʧʣʠʪʫʜʘ ʩʠʛʥʘʣʘ ʤʝʞʟʦʥʥʦʡ ʌʃ ʙʳʣʘ 

ʨʘʚʥʘ 1). ʉʪʨʝʣʢʦʡ ʫʢʘʟʘʥʦ ʧʦʣʦʞʝʥʠʝ ʦʩʥʦʚʥʦʛʦ ʤʝʞʟʦʥʥʦʛʦ ʧʝʨʝʭʦʜʘ ʧʨʠ  

4.2 ʂ, ʦʧʨʝʜʝʣʝʥʥʦʝ ʠʟ ʩʧʝʢʪʨʦʚ ʌʇ 

ʉʧʝʢʪʨʦʩʢʦʧʠʷ ʌʃ ʤʦʞʝʪ ʚ ʨʘʚʥʦʡ ʩʪʝʧʝʥʠ ʧʨʠʤʝʥʷʪʴʩʷ ʜʣʷ ʭʘʨʘʢʪʝʨʠʟʘʮʠʠ 

ʛʝʪʝʨʦʩʪʨʫʢʪʫʨ ʩ ʂʗ, ʯʪʦ ʦʩʦʙʝʥʥʦ ʘʢʪʫʘʣʴʥʦ ʜʣʷ ʪʝʭ ʦʙʨʘʟʮʦʚ, ʜʣʷ ʢʦʪʦʨʳʭ 
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ʪʨʝʙʫʝʪʩʷ ʭʘʨʘʢʪʝʨʠʟʘʮʠʷ ʙʝʟ ʥʘʥʝʩʝʥʠʷ ʢʦʥʪʘʢʪʦʚ. ɺ ʩʣʫʯʘʝ ʌʃ ʫʜʘʝʪʩʷ 

ʥʘʙʣʶʜʘʪʴ ʪʦʣʴʢʦ ʦʩʥʦʚʥʦʡ ʧʝʨʝʭʦʜ ʚ ʂʗ, ʧʦʵʪʦʤʫ ʦʧʨʝʜʝʣʝʥʠʝ ʨʦʩʪʦʚʳʭ 

ʧʘʨʘʤʝʪʨʦʚ ʂʗ ʚʦʟʤʦʞʥʦ ʪʦʣʴʢʦ ʧʦ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ, ʦʜʥʘʢʦ 

ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʜʠʘʧʘʟʦʥ ʠʟʤʝʨʝʥʠʡ ʤʦʞʝʪ ʙʳʪʴ ʦʯʝʥʴ ʰʠʨʦʢʠʤ ï ʦʪ 8 ʂ ʜʦ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ. ɺʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʌʃ ʧʨʠ 

ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʷʚʣʷʝʪʩʷ ʩʣʝʜʩʪʚʠʝʤ ʩʣʘʙʦʛʦ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʛʘʰʝʥʠʷ ʌʃ 

[A7, A8], ʢʦʪʦʨʦʝ ʦʪʤʝʯʘʝʪʩʷ ʠ ʜʨʫʛʠʤʠ ʛʨʫʧʧʘʤʠ [63] ʚ ʩʪʨʫʢʪʫʨʘʭ ʩ ʂʗ ʥʘ ʦʩʥʦʚʝ 

HgCdTe, ʚʳʨʘʱʝʥʥʳʭ ʤʝʪʦʜʦʤ ʄʃʕ.  

ʍʘʨʘʢʪʝʨʠʟʘʮʠʷ ʚʦʣʥʦʚʦʜʥʳʭ ʩʪʨʫʢʪʫʨ ʷʚʣʷʝʪʩʷ ʚʘʞʥʦʡ ʟʘʜʘʯʝʡ, ʪʘʢ ʢʘʢ ʩ 

ʦʜʥʦʡ ʩʪʦʨʦʥʳ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʵʪʠʭ ʩʪʨʫʢʪʫʨʘʭ ʥʝʦʙʭʦʜʠʤʦ ʜʦʩʪʠʯʴ 

ʦʧʪʠʤʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʜʣʷ ʛʝʥʝʨʘʮʠʠ ʩʪʠʤʫʣʠʨʦʚʘʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʘ ʩ ʜʨʫʛʦʡ 

ʩʪʦʨʦʥʳ ʚʳʩʦʢʘʷ ʩʢʦʨʦʩʪʴ ʨʦʩʪʘ, ʙʦʣʴʰʦʝ ʯʠʩʣʦ ʂʗ ʠ ʙʦʣʴʰʠʝ ʪʦʣʱʠʥʳ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʚʦʣʥʦʚʦʜʥʳʭ ʩʣʦʝʚ ʤʦʛʫʪ ʧʦʚʣʠʷʪʴ ʥʘ ʦʧʪʠʯʝʩʢʦʝ çʢʘʯʝʩʪʚʦè 

ʩʪʨʫʢʪʫʨʳ ʠʟ-ʟʘ ʦʩʦʙʝʥʥʦʩʪʝʡ ʪʝʭʥʦʣʦʛʠʠ ʨʦʩʪʘ. ʇʦʵʪʦʤʫ ʜʣʷ ʭʘʨʘʢʪʝʨʠʟʘʮʠʠ 

ʚʦʣʥʦʚʦʜʥʳʭ ʩʪʨʫʢʪʫʨ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʢʦʤʧʣʝʢʩʥʳʡ ʧʦʜʭʦʜ, ʚʢʣʶʯʘʶʱʠʡ ʚ ʩʝʙʷ 

ʠʟʤʝʨʝʥʠʷ ʩʧʝʢʪʨʦʚ ʬʦʪʦʧʨʦʚʦʜʠʤʦʩʪʠ ʠ ʬʦʪʦʣʶʤʠʥʝʮʝʥʮʠʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʪʝʤʧʝʨʘʪʫʨʳ. ʆʪʜʝʣʴʥʦ ʭʦʯʝʪʩʷ ʦʪʤʝʪʠʪʴ ʤʝʪʦʜʠʢʫ ʠʟʤʝʨʝʥʠʡ ʌʃ ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ. ɼʝʣʦ ʚ ʪʦʤ, ʯʪʦ ʩʪʨʫʢʪʫʨʳ ʩ ʫʟʢʠʤʠ ʂʗ ʢʘʢ ʧʨʘʚʠʣʦ ʦʙʣʘʜʘʶʪ 

ʟʘʤʝʪʥʳʤ ʨʘʟʙʨʦʩʦʤ ʰʠʨʠʥʳ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ ʧʦ ʧʣʦʱʘʜʠ ʩʪʨʫʢʪʫʨʳ. ʕʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʧʘʨʘʤʝʪʨʳ ʦʜʥʦʛʦ ʦʙʨʘʟʮʘ, ʦʪʢʦʣʦʪʦʛʦ ʦʪ ʦʙʱʝʡ ʧʦʜʣʦʞʢʠ, 

ʤʦʛʫʪ ʦʪʣʠʯʘʪʴʩʷ ʦʪ ʜʨʫʛʠʭ ʦʙʨʘʟʮʦʚ, ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʪʦʡ ʞʝ ʩʪʨʫʢʪʫʨʝ. ʕʪʦʪ ʬʘʢʪ 

ʤʦʞʝʪ ʦʢʘʟʳʚʘʪʴ ʧʨʷʤʦʝ ʚʣʠʷʥʠʝ ʥʘ ʦʧʪʠʯʝʩʢʦʝ ʢʘʯʝʩʪʚʦ ʦʙʨʘʟʮʦʚ ʠ ʥʝʛʘʪʠʚʥʦ 

ʚʣʠʷʪʴ ʥʘ ʩʪʠʤʫʣʠʨʦʚʘʥʥʦʝ ʠʟʣʫʯʝʥʠʝ. ɽʩʣʠ ʚ ʠʩʩʣʝʜʫʝʤʦʤ ʦʙʨʘʟʮʝ ʧʨʠʩʫʪʩʪʚʫʝʪ 

ʙʦʣʴʰʦʡ ʛʨʘʜʠʝʥʪ ʰʠʨʠʥʳ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ, ʵʪʦ ʧʨʠʚʦʜʠʪ ʢ ʨʘʟʤʳʪʠʶ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʫʩʠʣʝʥʠʷ ʠ ʤʝʥʴʰʝʡ ʠʟʣʫʯʘʪʝʣʴʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʪʘʢʦʛʦ ʦʙʨʘʟʮʘ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʩʧʝʢʪʨʦʚ ʌʃ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʩʫʱʝʩʪʚʝʥʥʦ ʦʙʣʝʛʯʘʶʪ 

ʨʘʙʦʪʫ ʩʦ ʩʪʨʫʢʪʫʨʘʤʠ. ɻʣʘʚʥʳʤ ʜʦʩʪʦʠʥʩʪʚʦʤ ʵʪʦʛʦ ʤʝʪʦʜʘ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ 

ʨʝʘʣʠʟʦʚʘʪʴ ʵʢʧʝʨʠʤʝʥʪ ʚ ʦʪʢʨʳʪʦʡ ʫʩʪʘʥʦʚʢʝ, ʢʦʛʜʘ ʦʙʨʘʟʝʮ ʟʘʢʨʝʧʣʷʝʪʩʷ ʥʝ 

ʚʥʫʪʨʠ ʢʨʠʦʩʪʘʪʘ, ʘ ʥʘ ʤʝʪʘʣʣʠʯʝʩʢʦʤ ʨʘʜʠʘʪʦʨʝ. ɹʣʘʛʦʜʘʨʷ ʩʦʯʝʪʘʥʠʶ ʵʪʦʛʦ 
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ʬʘʢʪʦʨʘ ʠ ʚʳʩʦʢʦʡ ʩʚʝʪʠʤʦʩʪʠ ʦʙʨʘʟʮʦʚ, ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʰʘʝʪʩʷ ʩʢʦʨʦʩʪʴ 

ʧʨʦʚʝʜʝʥʠʷ ʠʟʤʝʨʝʥʠʡ. ɺ ʥʘʠʙʦʣʝʝ ʢʘʯʝʩʪʚʝʥʥʳʭ ʩʪʨʫʢʪʫʨʘʭ ʦʙʱʝʝ ʚʨʝʤʷ, 

ʥʝʦʙʭʦʜʠʤʦʝ ʥʘ ʟʘʧʠʩʴ ʩʧʝʢʪʨʘ ʠ ʩʤʝʥʫ ʦʙʨʘʟʮʘ, ʩʦʩʪʘʚʣʷʝʪ ʚʩʝʛʦ ʥʝʩʢʦʣʴʢʦ ʤʠʥʫʪ.  

  

 

ʈʠʩʫʥʦʢ 3.8 - (ʘ) ʉʧʝʢʪʨʳ ʌʃ ʩʪʨʫʢʪʫʨʳ ˉ 170127 (ʩʤ. ʪʘʙʣʠʮʫ 3.2) ʧʨʠ 

ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʠ (ʙ) ʜʣʷ ʊ = 8 ʂ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʤʦʱʥʦʩʪʷʭ 

ʚʦʟʙʫʞʜʝʥʠʷ ʥʝʧʨʝʨʳʚʥʳʤ ʣʘʟʝʨʦʤ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ 808 ʥʤ; (ʚ) ʉʧʝʢʪʨʳ 

ʤʝʞʟʦʥʥʦʡ ʌʃ ʩʪʨʫʢʪʫʨʳ ˉ 160126 ʧʨʠ ʤʦʱʥʦʩʪʠ ʚʦʟʙʫʞʜʝʥʠʷ 300 ʤɺʪ. 

ɼʠʘʤʝʪʨ ʣʘʟʝʨʥʦʛʦ ʧʫʯʢʘ 3 ʤʤ 

(ʘ) (ʙ) 

(ʚ) 
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ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʩʝʨʠʠ ʠʟʤʝʨʝʥʠʡ ʠ ʩʦʩʪʘʚʣʷʪʴ ʜʣʷ ʢʘʞʜʦʡ ʠʟ ʩʪʨʫʢʪʫʨ 

çʪʦʧʦʛʨʘʬʠʯʝʩʢʫʶ ʢʘʨʪʫè - ʟʘʚʠʩʠʤʦʩʪʴ ʰʠʨʠʥʳ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ ʦʙʨʘʟʮʘ ʦʪ ʝʛʦ 

ʨʘʩʧʦʣʦʞʝʥʠʷ ʥʘ ʨʦʩʪʦʚʦʡ ʧʣʘʩʪʠʥʝ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʧʨʝʚʨʘʪʠʪʴ 

ʧʦʪʝʥʮʠʘʣʴʥʦ ʥʝʛʘʪʠʚʥʳʡ ʵʬʬʝʢʪ ʚ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʧʦʜʩʪʨʦʝʯʥʳʡ ʧʘʨʘʤʝʪʨ, 

ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʩʪʨʫʢʪʫʨʫ ʩ ʟʘʜʘʥʥʦʡ ʰʠʨʠʥʦʡ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ. 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʧʨʠʚʝʜʝʥʥʳʭ ʨʠʩʫʥʢʦʚ, ʰʠʨʠʥʘ ʩʧʝʢʪʨʘ ʌʃ ʜʘʞʝ ʚ ʦʜʠʥʦʯʥʳʭ 

ʷʤʘʭ ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʳʰʘʝʪ ʪʝʦʨʝʪʠʯʝʩʢʠʡ ʧʨʝʜʝʣ ʜʣʷ ʜʚʫʤʝʨʥʦʛʦ ʩʣʫʯʘʷ [A7-

A9], ʢʦʪʦʨʳʡ ʩʦʩʪʘʚʣʷʝʪ 0.7kɺT ʟʘ ʩʯʝʪ ʙʦʣʝʝ ʨʝʟʢʦʛʦ ʨʦʩʪʘ ʧʣʦʪʥʦʩʪʠ ʩʦʩʪʦʷʥʠʡ ʚ 

ʂʗ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʙʲʝʤʥʳʤ ʤʘʪʝʨʠʘʣʦʤ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ 

ʩʪʝʧʝʥʴ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʧʘʨʘʤʝʪʨʦʚ ʩʪʨʫʢʪʫʨ ʂʗ ʚ ʮʝʣʦʤ ʙʦʣʴʰʝ, ʯʝʤ ʫ ʦʙʲʝʤʥʳʭ 

ʧʣʝʥʦʢ, ʯʪʦ ʩʚʷʟʳʚʘʝʪʩʷ ʩ ʬʣʫʢʪʫʘʮʠʷʤʠ ʰʠʨʠʥʳ ʂʗ. ɺ ʣʫʯʰʠʭ ʦʙʨʘʟʮʘʭ ʰʠʨʠʥʘ 

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

ʟʥʘʯʝʥʠʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʚʝʣʠʯʠʥʘʤ 6 ï 8 ʤʵɺ. ʆʮʝʥʠʚʘʝʤʳʡ ʩʚʝʨʭʫ ʤʘʩʰʪʘʙ 

ʥʝʦʜʥʦʨʦʜʥʦʛʦ ʫʰʠʨʝʥʠʷ ʵʥʝʨʛʠʠ ʤʝʞʟʦʥʥʦʛʦ ʧʝʨʝʭʦʜʘ ʩʦʩʪʘʚʣʷʝʪ ʥʝ ʙʦʣʝʝ 8 ʤʵɺ, 

ʯʪʦ ʤʝʥʴʰʝ ʵʥʝʨʛʠʠ ʢʚʘʟʠʫʨʦʚʥʝʡ ʌʝʨʤʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʥʘʯʘʣʫ ʫʩʠʣʝʥʠʷ ʥʘ 

ʤʝʞʟʦʥʥʳʭ ʧʝʨʝʭʦʜʘʭ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʵʥʝʨʛʠʷʤ ʚ ʜʠʘʧʘʟʦʥʝ 15 ï 20 ʤʵɺ. 

ʇʦʩʣʝʜʥʝʝ ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʯʠʪʳʚʘʪʴ ʥʘ ʫʤʝʨʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ 

ʩʪʨʫʢʪʫʨ ʥʘ ʚʝʣʠʯʠʥʫ ʧʦʨʦʛʦʚʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʥʘʢʘʯʢʠ ʜʣʷ ʛʝʥʝʨʘʮʠʠ ʠʟʣʫʯʝʥʠʷ. 

ɺ ʵʪʦʡ ʩʚʷʟʠ ʦʩʥʦʚʥʳʤ ʬʘʢʪʦʨʦʤ, ʦʪʚʝʪʩʪʚʝʥʥʳʤ ʟʘ ʚʦʟʤʦʞʥʦʩʪʴ ʛʝʥʝʨʘʮʠʠ, 

ʩʪʘʥʦʚʷʪʩʷ ʚʨʝʤʝʥʘ ʞʠʟʥʠ ʥʦʩʠʪʝʣʝʡ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʧʦʨʦʛʦʚʫʶ ʧʣʦʪʥʦʩʪʴ 

ʚʦʟʙʫʞʜʝʥʠʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʠʥʚʝʨʩʠʠ ʥʘʩʝʣʝʥʥʦʩʪʝʡ. 

ɺ ʢʘʯʝʩʪʚʝ ʠʪʦʛʘ ʜʘʥʥʦʛʦ ʨʘʟʜʝʣʘ ʧʨʠʚʝʜʝʤ ʘʣʛʦʨʠʪʤ ʭʘʨʘʢʪʝʨʠʟʘʮʠʠ 

ʩʪʨʢʫʪʫʨ, ʠʩʧʦʣʴʟʦʚʘʥʥʳʡ ʧʝʨʝʜ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʤ ʠʩʩʣʝʜʦʚʘʥʠʝʤ ʉʀ: 

1. ʀʩʩʣʝʜʦʚʘʥʠʷ ʌʃ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʩʝʨʠʠ ʦʙʨʘʟʮʦʚ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʨʘʟʙʨʦʩʘ ʨʦʩʪʦʚʳʭ ʧʘʨʘʤʝʪʨʦʚ ʧʦ ʧʣʦʱʘʜʠ ʩʪʨʫʢʪʫʨʳ, ʦʪʙʦʨ 

ʦʙʨʘʟʮʦʚ ʜʣʷ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

2. ʀʩʩʣʝʜʦʚʘʥʠʷ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʩʧʝʢʪʨʦʚ ʌʇ ʜʣʷ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦʛʦ 

ʦʧʨʝʜʝʣʝʥʠʷ ʰʠʨʠʥʳ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʝ ʚ ʩʪʨʫʢʪʫʨʝ. 
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3. ʀʩʩʣʝʜʦʚʘʥʠʷ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʌʃ/ʌʇ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʧʘʨʘʤʝʪʨʦʚ ʂʗ - ʰʠʨʠʥʳ ʷʤʳ ʠ ʩʦʜʝʨʞʘʥʠʷ ʢʘʜʤʠʷ. 

4. ʋʪʦʯʥʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʂʗ ʧʫʪʝʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʝʨʝʭʦʜʦʚ ʥʘ ʙʦʣʝʝ 

ʚʳʩʦʢʠʝ ʫʨʦʚʥʠ ʨʘʟʤʝʨʥʦʛʦ ʢʚʘʥʪʦʚʘʥʠʷ, ʧʨʦʷʚʣʷʶʱʠʭʩʷ ʚ 

ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʩʧʝʢʪʨʘʭ ʌʇ. 

5. ʀʩʩʣʝʜʦʚʘʥʠʷ ʢʠʥʝʪʠʢʠ ʨʝʣʘʢʩʘʮʠʠ ʌʇ/ʌʃ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʩʥʦʚʥʳʭ 

ʨʝʢʦʤʙʠʥʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ; ʧʦʣʫʯʝʥʠʝ ʩʪʠʤʫʣʠʨʦʚʘʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʠ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʝʛʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

 

3.4 ɺʨʝʤʝʥʘ ʞʠʟʥʠ ʠ ʤʝʭʘʥʠʟʤʳ ʨʝʣʘʢʩʘʮʠʠ ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʘ ʚ ʩʪʨʫʢʪʫʨʘʭ ʩ 

ʢʚʘʥʪʦʚʳʤʠ ʷʤʘʤʠ 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʚʨʝʤʝʥ ʞʠʟʥʠ ʚ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʘʭ HgCdTe ʩ ʂʗ ʠʤʝʶʪ 

ʨʝʰʘʶʱʝʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʠ ʪʘʢʠʭ ʩʪʨʫʢʪʫʨ ʚ ʢʘʯʝʩʪʚʝ 

ʜʣʠʥʥʦʚʦʣʥʦʚʳʭ ʠʩʪʦʯʥʠʢʦʚ ʠʟʣʫʯʝʥʠʷ. ɹʣʘʛʦʜʘʨʷ ʠʩʩʣʝʜʦʚʘʥʠʷʤ ʚʨʝʤʝʥ ʞʠʟʥʠ 

ʥʦʩʠʪʝʣʝʡ ʚ ʂʗ ʙʳʣʘ ʦʙʥʘʨʫʞʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʜʦʩʪʠʞʝʥʠʷ ʠʥʚʝʨʩʠʠ 

ʥʘʩʝʣʝʥʥʦʩʪʝʡ ʚ ʩʪʨʫʢʪʫʨʘʭ ʩ ʂʗ, ʯʪʦ ʚ ʢʦʥʝʯʥʦʤ ʩʯʝʪʝ ʦʧʨʝʜʝʣʠʣʦ ʚʝʢʪʦʨ 

ʨʘʟʚʠʪʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ. 

ɺ ʨʝʞʠʤʝ ʩʣʘʙʦʡ ʥʘʢʘʯʢʠ ʚʨʝʤʝʥʘ ʨʝʣʘʢʩʘʮʠʠ ʌʇ ʚ ʂʗ ʤʦʛʫʪ ʙʳʪʴ ʥʘ 

ʧʦʨʷʜʦʢ ʤʝʥʴʰʝ, ʯʝʤ ʚ ʦʙʲʝʤʥʳʭ ʧʣʝʥʢʘʭ ʩʦ ʩʨʘʚʥʠʤʦʡ ʵʥʝʨʛʠʝʡ ʤʝʞʟʦʥʥʳʭ 

ʧʝʨʝʭʦʜʦʚ. ʊʘʢ, ʜʣʷ ʦʙʨʘʟʮʘ ˉ 100707-1 (ʰʠʨʠʥʘ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ ʧʨʠ 4.2 ʂ å 70 

ʤʵɺ) ʚʨʝʤʷ ʨʝʣʘʢʩʘʮʠʠ ʌʇ ʩʦʩʪʘʚʠʣʦ ʧʦʨʷʜʢʘ 100 ʥʩ ʧʨʠ ʪʝʤʧʝʪʘʨʫʨʝ ʊ = 77 ʂ ʠ 

ʜʦ ~ 10 ʥʩ ʧʨʠ T = 4.2 K. ɼʘʥʥʳʝ ʚʝʣʠʯʠʥʳ ʟʥʘʯʠʪʝʣʴʥʦ ʫʩʪʫʧʘʶʪ ʦʙʲʝʤʥʳʤ 

ʧʣʝʥʢʘʤ ʩ ʙʣʠʟʢʦʡ ʰʠʨʠʥʦʡ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ, ʚ ʢʦʪʦʨʦʡ ʚʨʝʤʷ ʞʠʟʥʠ ʥʦʩʠʪʝʣʝʡ 

ʜʦʩʪʠʛʘʝʪ ʥʝʩʢʦʣʴʢʠʭ ʤʠʢʨʦʩʝʢʫʥʜ. ɺʨʝʤʝʥʘ ʨʝʣʘʢʩʘʮʠʠ ʌʇ ʙʦʣʝʝ ʫʟʢʦʟʦʥʥʳʭ 

ʩʪʨʫʢʪʫʨ (ʥʘʧʨʠʤʝʨ, ˉ 100708-1) ʝʱʝ ʤʝʥʴʰʝ ʠ ʧʨʠʙʣʠʞʘʶʪʩʷ ʢ ʧʨʝʜʝʣʫ 

ʚʦʟʤʦʞʥʦʩʪʝʡ ʠʩʧʦʣʴʟʫʝʤʦʡ ʤʝʪʦʜʠʢʠ ʢʠʥʝʪʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ: ʦʥʠ ʥʝ 

ʧʨʝʚʳʰʘʶʪ 10 ʥʩ ʢʘʢ ʧʨʠ ʘʟʦʪʥʳʭ, ʪʘʢ ʠ ʧʨʠ ʛʝʣʠʝʚʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ (ʈʠʩʫʥʦʢ 3.9). 
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ʇʦ-ʚʠʜʠʤʦʤʫ, ʚʨʝʤʝʥʘ ʨʝʣʘʢʩʘʮʠʠ ʌʇ ʧʨʠ ʥʝʙʦʣʴʰʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʥʦʩʠʪʝʣʝʡ ʚ 

ʂʗ ʩʚʷʟʘʥʳ, ʢʘʢ ʠ ʚ ʩʣʫʯʘʝ ʩ ʦʙʲʝʤʥʳʤʠ ʦʙʨʘʟʮʘʤʠ, ʩ ʙʝʟʳʟʣʫʯʘʪʝʣʴʥʦʡ ʐʈʍ-

ʨʝʢʦʤʙʠʥʘʮʠʝʡ. ɺ ʧʦʣʴʟʫ ʵʪʦʛʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʧʦʚʝʜʝʥʠʝ ʢʠʥʝʪʠʢʠ ʬʦʪʦʦʪʢʣʠʢʘ 

ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʤʦʱʥʦʩʪʠ ʚʦʟʙʫʞʜʝʥʠʷ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʦʙʲʝʤʥʳʭ ʧʣʝʥʦʢ, ʚ 

ʩʪʨʫʢʪʫʨʘʭ ʩ ʂʗ ʦʥʦ ʧʨʠʚʦʜʠʪ ʢ ʥʝʙʦʣʴʰʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ʚʨʝʤʝʥʠ ʨʝʣʘʢʩʘʮʠʠ. 

ʀʥʳʤʠ ʩʣʦʚʘʤʠ, ʨʝʢʦʤʙʠʥʘʮʠʷ ʵʣʝʢʪʨʦʥʦʚ ʠ ʜʳʨʦʢ ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ ʤʝʭʘʥʠʟʤʦʤ, 

ʩʢʦʨʦʩʪʴ ʢʦʪʦʨʦʛʦ ʥʝ ʫʤʝʥʴʰʘʝʪʩʷ ʩ ʨʦʩʪʦʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʦʩʠʪʝʣʝʡ, ʯʪʦ 

ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʨʝʢʦʤʙʠʥʘʮʠʠ ʐʈʍ ʚ ʧʨʝʜʝʣʝ ʩʠʣʴʥʦʛʦ ʚʦʟʙʫʞʜʝʥʠʷ. 

 

ʈʠʩʫʥʦʢ 3.9 - ʆʩʮʠʣʣʦʛʨʘʤʤʳ ʨʝʣʘʢʩʘʮʠʠ ʌʇ ʜʣʷ ʩʪʨʫʢʪʫʨʳ ˉ 100708 ʧʨʠ 

ʬʦʪʦʚʦʟʙʫʞʜʝʥʠʠ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ 17 ʤʢʤ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 77 ʂ  

ʋʩʢʦʨʝʥʠʝ ʨʝʢʦʤʙʠʥʘʮʠʠ ʐʈʍ ʚ 2D ʩʣʫʯʘʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʙʲʝʤʥʳʤ 

ʤʘʪʝʨʠʘʣʦʤ ʤʦʞʝʪ ʙʳʪʴ ʢʘʯʝʩʪʚʝʥʥʦ ʦʙʲʷʩʥʝʥʦ, ʚʦ-ʧʝʨʚʳʭ, ʙʦʣʝʝ ʙʳʩʪʨʳʤ 

ʟʘʭʚʘʪʦʤ ʣʦʢʘʣʠʟʦʚʘʥʥʳʭ ʚ ʂʗ ʥʦʩʠʪʝʣʝʡ, ʘ ʚʦ-ʚʪʦʨʳʭ, ʚʦʟʤʦʞʥʳʤ ʥʘʣʠʯʠʝʤ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʮʝʥʪʨʦʚ ʙʝʟʳʣʫʯʘʪʝʣʴʥʦʡ ʨʝʢʦʤʙʠʥʘʮʠʠ, çʛʨʫʧʧʠʨʫʶʱʠʭʩʷè ʫ 

ʛʝʪʝʨʦʛʨʘʥʠʮ. ʂʦʣʠʯʝʩʪʚʝʥʥʦʝ ʦʧʠʩʘʥʠʝ ʵʪʦʛʦ ʚʦʧʨʦʩʘ ʝʱʝ ʪʦʣʴʢʦ ʧʨʝʜʩʪʦʠʪ 

ʚʳʧʦʣʥʠʪʴ, ʪʘʢ ʢʘʢ ʦʥʦ ʪʨʝʙʫʝʪ ʜʝʪʘʣʴʥʦʛʦ ʠʟʫʯʝʥʠʷ ʮʝʥʪʨʦʚ (ʚ ʯʘʩʪʥʦʩʪʠ, ʨʘʩʯʝʪʘ 
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ʠʣʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʪʝʤʧʦʚ ʟʘʭʚʘʪʘ ʥʘ ʥʠʭ), ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʟʘ 

ʨʝʢʦʤʙʠʥʘʮʠʶ ʐʈʍ ʚ ʩʪʨʫʢʪʫʨʘʭ ʩ ʂʗ (ʚ ʵʪʦʤ ʦʪʥʦʰʝʥʠʠ ʩʤ. ʩʣʝʜʫʶʱʫʶ ʛʣʘʚʫ). 

ʆʜʥʘʢʦ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ çʠʟʣʫʯʘʶʱʠʤè ʩʚʦʡʩʪʚʘʤ ʩʪʨʫʢʪʫʨ ʩ ʂʗ ʙʦʣʝʝ 

ʧʨʠʥʮʠʧʠʘʣʴʥʳʤʠ ʷʚʣʷʶʪʩʷ ʠʤʝʥʥʦ ʚʦʧʨʦʩʳ ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʥʘʩʳʱʝʥʠʷ 

ʤʝʭʘʥʠʟʤʘ ʐʈʍ ʚ ʠʩʩʣʝʜʫʝʤʳʭ ʂʗ ʠ ʜʦʩʪʠʞʠʤʳʭ ʚʨʝʤʝʥʘʭ ʞʠʟʥʠ ʥʦʩʠʪʝʣʝʡ, ʘ 

ʪʘʢʞʝ ʦ ʢʦʥʢʫʨʝʥʮʠʠ ʠʟʣʫʯʘʪʝʣʴʥʦʡ ʠ ʦʞʝ-ʨʝʢʦʤʙʠʥʘʮʠʠ ʚ ʫʩʣʦʚʠʷʭ ʙʦʣʴʰʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʦʩʠʪʝʣʝʡ. ʕʪʠ ʚʦʧʨʦʩʳ ʪʘʢ ʠʣʠ ʠʥʘʯʝ ʜʦʣʞʥʳ ʙʳʪʴ ʨʝʰʝʥʳ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ. 

ɺ ʙʦʣʝʝ ʰʠʨʦʢʦʟʦʥʥʳʭ ʩʪʨʫʢʪʫʨʘʭ ʩ ʂʗ ʪʝʤʧ ʨʝʢʦʤʙʠʥʘʮʠʠ ʐʈʍ 

ʩʪʘʥʦʚʠʪʩʷ ʥʠʞʝ, ʘ ʩʢʦʨʦʩʪʴ ʠʟʣʫʯʘʪʝʣʴʥʦʡ ʨʝʢʦʤʙʠʥʘʮʠʠ ʨʘʩʪʝʪ. ɹʣʘʛʦʜʘʨʷ ʵʪʦʤʫ 

ʫʜʘʣʦʩʴ ʜʦʙʠʪʴʩʷ ʩʠʪʫʘʮʠʠ, ʢʦʛʜʘ ʨʝʣʘʢʩʘʮʠʷ ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʘ ʧʨʘʢʪʠʯʝʩʢʠ 

ʧʦʣʥʦʩʪʴʶ ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʟʣʫʯʘʪʝʣʴʥʦʡ ʨʝʢʦʤʙʠʥʘʮʠʝʡ, ʜʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ʧʦʯʪʠ 

ʚʩʝ ʥʝʨʘʚʥʦʚʝʩʥʳʝ ʥʦʩʠʪʝʣʠ ʚ ʂʗ ʨʝʢʦʤʙʠʥʠʨʫʶʪ ʩ ʠʩʧʫʩʢʘʥʠʝʤ ʬʦʪʦʥʘ.  

ʊʝʤʧ ʠʟʣʫʯʘʪʝʣʴʥʦʡ ʨʝʢʦʤʙʠʥʘʮʠʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʚʘʜʨʘʪʦʤ ʥʝʨʘʚʥʦʚʝʩʥʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʨʠ ʚʳʩʦʢʦʤ ʫʨʦʚʥʝ ʚʦʟʙʫʞʜʝʥʠʷ ʠʟ-ʟʘ ʫʯʘʩʪʠʷ ʜʚʫʭ ʯʘʩʪʠʮ ʚ ʘʢʪʝ 

ʠʟʣʫʯʝʥʠʷ ʬʦʪʦʥʘ. ɼʣʷ ʚʨʝʤʝʥʠ ʠʟʣʫʯʘʪʝʣʴʥʦʡ ʨʝʢʦʤʙʠʥʘʮʠʠ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ 

 
†

ρ

ὲ ὴ  ῳὲὄ
 

(3.4.1) 

ʛʜʝ ὲȟὴ ï ʨʘʚʥʦʚʝʩʥʳʝ çʪʝʤʥʦʚʳʝè ʢʦʥʮʝʥʪʨʘʮʠʠ ʵʣʝʢʪʨʦʥʦʚ ʠ ʜʳʨʦʢ, ʘ B ï 

ʢʦʥʩʪʘʥʪʘ, ʥʝ ʟʘʚʠʩʷʱʘʷ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ. ʈʝʰʘʷ ʫʨʘʚʥʝʥʠʝ  

 Ὠὲ

Ὠὸ
 
ῳὲ

†
 

(3.4.2) 

ʧʦʣʫʯʘʝʤ 

 
ῳὲὸ

ῳὲπ ὲ  ὴ

ὲ  ὴ  ῳὲπ Ὡὼὴ
ὸ
†

ῳὲπ
 

(3.4.3) 

ʛʜʝ † ὄȾὲ ὴ  ï ʠʟʣʫʯʘʪʝʣʴʥʦʝ ʚʨʝʤʷ ʚ ʨʝʞʠʤʝ ʩʣʘʙʦʛʦ ʚʦʟʙʫʞʜʝʥʠʷ ῳὲḺ

 ὲȟὴ. ɺʠʜʥʦ, ʯʪʦ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʧʨʦʩʪʦʡ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʡ ʬʫʥʢʮʠʝʡ 

ʦʧʠʩʳʚʘʝʪʩʷ ʜʠʥʘʤʠʢʘ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚ ʤʠʥʫʩ ʧʝʨʚʦʡ ʩʪʝʧʝʥʠ. ʈʘʟʣʦʞʠʚ 
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ʵʢʩʧʦʥʝʥʪʫ ʥʘ ʥʘʯʘʣʴʥʦʤ ʫʯʘʩʪʢʝ ʟʘʚʠʩʠʤʦʩʪʠ 1/ȹn(t), ʧʦʣʫʯʠʤ ʣʠʥʝʡʥʫʶ 

ʬʫʥʢʮʠʶ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʛʠʧʝʨʙʦʣʠʯʝʩʢʦʤʫ ʫʯʘʩʪʢʫ ʩʧʘʜʘ ʢʦʥʮʝʥʪʨʘʮʠʠ [122]. 

ʅʘ ʨʠʩʫʥʢʝ 3.10 ʧʦʢʘʟʘʥʘ ʢʠʥʝʪʠʢʘ ʨʝʣʘʢʩʘʮʠʠ ʌʇ ʩʪʨʫʢʪʫʨʳ ˉ 150120 ʧʨʠ 

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

ʣʦʛʘʨʠʬʤʠʯʝʩʢʦʤ ʤʘʩʰʪʘʙʝ, ʪʘʢ ʢʘʢ ʥʘʯʘʣʴʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʥʦʩʠʪʝʣʝʡ  

1.5Ā1010 ʩʤ-2 ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʳʰʘʝʪ ʪʝʤʥʦʚʫʶ ~ 1.2Ā109 ʩʤ-2 (ʦʧʨʝʜʝʣʝʥʘ ʧʦ 

ʠʟʤʝʨʝʥʠʷʤ ʵʬʬʝʢʪʘ ʍʦʣʣʘ). ʇʨʠ ʵʪʦʤ ʟʘʚʠʩʠʤʦʩʪʴ ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʪ ʚʨʝʤʝʥʠ 

ʙʣʠʟʢʘ ʢ ʧʨʝʜʩʢʘʟʳʚʘʝʤʦʡ ʜʣʷ ʠʟʣʫʯʘʪʝʣʴʥʦʡ ʨʝʢʦʤʙʠʥʘʮʠʠ ʚʳʨʘʞʝʥʠʝʤ (3.4.3) ʚʦ 

ʚʩʝʤ ʠʥʪʝʨʚʘʣʝ ʠʟʤʝʨʝʥʠʡ. ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʥʘʯʘʣʴʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʪʘʢʘʷ 

ʟʘʚʠʩʠʤʦʩʪʴ ʩʦʭʨʘʥʷʝʪʩʷ, ʧʝʨʝʭʦʜʷ ʚ ʧʨʦʪʷʞʝʥʥʳʡ ʫʯʘʩʪʦʢ ʛʠʧʝʨʙʦʣʠʯʝʩʢʦʛʦ 

ʩʧʘʜʘ, ʚʧʣʦʪʴ ʜʦ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʉʀ [A10, A11]. ɺʚʦʜʷ ʙʝʟʨʘʟʤʝʨʥʫʶ 

ʢʦʥʮʝʥʪʨʘʮʠʶ  

 
ὔὸ

ῳὲὸ

ὲ ὴ
ȟ ὔ ὔπȟ 

(3.4.4) 

ʧʦʣʫʯʘʝʤ 

 
ρ

ρ

ὔὸ
ρ

ρ

ὔ
Ὡὼὴ

ὸ

†
Ȣ (3.4.5) 

 

ʈʠʩʫʥʦʢ 3.10 - ʂʠʥʝʪʠʢʘ ʌʇ ʩʪʨʫʢʪʫʨʳ ˉ 150120 ʚ ʣʦʛʘʨʠʬʤʠʯʝʩʢʦʤ ʤʘʩʰʪʘʙʝ 

ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʘʩʯʝʪʦʚ ʜʠʥʘʤʠʢʠ ʥʝʨʘʚʥʦʚʝʩʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʟʘ 

ʩʯʝʪ ʠʟʣʫʯʘʪʝʣʴʥʦʡ ʨʝʢʦʤʙʠʥʘʮʠʠ. ɺʥʠʟʫ ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʠʥʝʪʠʢʘ ʌʇ ʚ 

ʩʧʨʷʤʣʷʶʱʠʭ ʢʦʦʨʜʠʥʘʪʘʭ ʠ ʝʝ ʘʧʧʨʦʢʩʠʤʘʮʠʷ ʚʳʨʘʞʝʥʠʝʤ (3.4.5) 
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ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʥʘ ʨʠʩʫʥʢʝ 3.10 ʭʦʨʦʰʦ ʘʧʧʨʦʢʩʠʤʠʨʫʶʪʩʷ 

ʚʳʨʘʞʝʥʠʝʤ (3.4.5). ʅʘ ʨʠʩʫʥʢʝ 3.10 ʧʫʥʢʪʠʨʦʤ ʧʦʢʘʟʘʥ ʨʝʟʫʣʴʪʘʪ ʪʦʯʥʦʛʦ ʨʘʩʯʝʪʘ 

ʜʠʥʘʤʠʢʠ ʩʧʘʜʘ ʥʝʨʘʚʥʦʚʝʩʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʦ ʤʝʭʘʥʠʟʤʫ ʠʟʣʫʯʘʪʝʣʴʥʦʡ 

ʨʝʢʦʤʙʠʥʘʮʠʠ, ʚʳʧʦʣʥʝʥʥʳʡ ɸʣʝʰʢʠʥʳʤ ɺ. ʗ. ʙʝʟ ʧʦʜʛʦʥʦʯʥʳʭ ʧʘʨʘʤʝʪʨʦʚ.  

ʇʨʠ ʚʳʩʦʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʥʦʩʠʪʝʣʝʡ, ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʣʘʟʝʨʥʳʭ ʩʪʨʫʢʪʫʨ 

ʚ ʨʝʞʠʤʝ ʠʥʚʝʨʩʠʠ, ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʤ ʧʨʦʮʝʩʩʦʤ ʙʝʟʳʟʣʫʯʘʪʝʣʴʥʦʡ ʨʝʢʦʤʙʠʥʘʮʠʠ 

ʷʚʣʷʝʪʩʷ ʦʞʝ-ʨʝʢʦʤʙʠʥʘʮʠʷ. ʕʪʦʪ ʧʨʦʮʝʩʩ ʯʘʩʪʦ ʪʘʢʞʝ ʥʘʟʳʚʘʶʪ ʫʜʘʨʥʦʡ 

ʨʝʢʦʤʙʠʥʘʮʠʝʡ, ʧʦʩʢʦʣʴʢʫ ʦʥ ʦʙʨʘʪʝʥ ʫʜʘʨʥʦʡ ʠʦʥʠʟʘʮʠʠ ʥʦʩʠʪʝʣʝʡ ʧʨʠ 

ʤʝʞʟʦʥʥʦʤ ʧʨʦʙʦʝ. ɺ ʦʞʝ-ʧʨʦʮʝʩʩʝ ʵʥʝʨʛʠʷ ʨʝʢʦʤʙʠʥʘʮʠʠ ʵʣʝʢʪʨʦʥ-ʜʳʨʦʯʥʦʡ 

ʧʘʨʳ ʧʝʨʝʜʘʝʪʩʷ ʪʨʝʪʴʝʤʫ ʥʦʩʠʪʝʣʶ, ʠ, ʧʦʩʢʦʣʴʢʫ ʜʘʥʥʳʡ ʧʨʦʮʝʩʩ ʷʚʣʷʝʪʩʷ 

ʪʨʝʭʯʘʩʪʠʯʥʳʤ, ʝʛʦ ʪʝʤʧ ʧʨʦʧʦʨʮʠʦʥʘʣʝʥ ʢʫʙʫ ʥʝʨʘʚʥʦʚʝʩʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ æn (ʚ 

ʩʣʫʯʘʝ ʤʦʱʥʦʡ ʦʧʪʠʯʝʩʢʦʡ ʥʘʢʘʯʢʠ, ʢʦʛʜʘ ʚʝʣʠʯʠʥʘ æn ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʳʰʘʝʪ 

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

ʦʞʠʜʘʪʴ, ʯʪʦ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʦʩʠʪʝʣʝʡ ʩʢʦʨʦʩʪʴ ʦʞʝ-ʨʝʢʦʤʙʠʥʘʮʠ ̫

ʥʘʨʘʩʪʘʝʪ ʙʳʩʪʨʝʝ, ʯʝʤ ʜʣʷ ʠʟʣʫʯʘʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ. ʊʝʤ ʥʝ ʤʝʥʝʝ, 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚʳʧʦʣʥʝʥʠʷ ʟʘʢʦʥʦʚ ʩʦʭʨʘʥʝʥʠʷ ʵʥʝʨʛʠʠ ʠ ʢʚʘʟʠʠʤʧʫʣʴʩʘ ʧʨʠ ʦʞʝ-

ʧʨʦʮʝʩʩʝ ʧʨʠʚʦʜʠʪ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʧʦʨʦʛʘ ʜʣʷ ʦʞʝ-

ʨʝʢʦʤʙʠʥʘʮʠʠ [122]. ʇʦʨʦʛʦʚʘʷ ʵʥʝʨʛʠʷ Eth ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʤʠʥʠʤʘʣʴʥʘʷ 

ʩʫʤʤʘʨʥʘʷ ʢʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʪʨʝʭ ʯʘʩʪʠʮ, ʧʨʠ ʢʦʪʦʨʦʡ ʚʦʟʤʦʞʝʥ ʦʞʝ-ʧʨʦʮʝʩʩ, 

ʥʝ ʥʘʨʫʰʘʶʱʠʡ ʟʘʢʦʥʳ ʩʦʭʨʘʥʝʥʠʷ [177]. ɼʣʷ ʧʘʨʘʙʦʣʠʯʝʩʢʠʭ ʟʦʥ ʵʣʝʢʪʨʦʥʦʚ ʠ 

ʜʳʨʦʢ ʩ ʵʬʬʝʢʪʠʚʥʳʤʠ ʤʘʩʩʘʤʠ me ʠ mh ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʦʥʘ ʩʦʩʪʘʚʣʷʝʪ  

 
Ὁ Ὁ  

  
(3.4.6) 

ɿʘ ʩʯʝʪ çʩʠʤʤʝʪʨʠʟʘʮʠʠè ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʩʧʝʢʪʨʘ ʚ ʩʪʨʫʢʪʫʨʘʭ ʩ ʂʗ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʦʙʲʝʤʥʳʤ ʤʘʪʝʨʠʘʣʦʤ ʦʞʠʜʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʧʦʨʦʛʘ 

ʦʞʝ-ʨʝʢʦʤʙʠʥʘʮʠʠ ʚʧʣʦʪʴ ʜʦ ʚʝʣʠʯʠʥʳ Eg/2. ʉ ʵʪʠʤ, ʚ ʪʦʤ ʯʠʩʣʝ, ʩʚʷʟʳʚʘʝʪʩʷ ʠ 

ʙʦʣʝʝ ʩʣʘʙʦʝ ʪʝʤʧʝʨʘʪʫʨʥʦʝ ʛʘʰʝʥʠʝ ʌʃ ʚ ʂʗ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʙʲʝʤʥʳʤʠ ʩʣʦʷʤʠ 

[A7]. ʆʜʥʘʢʦ ʩʣʝʜʫʝʪ ʧʦʜʯʝʨʢʥʫʪʴ, ʯʪʦ ʜʣʷ ʧʦʜʘʚʣʝʥʠʷ ʦʞʝ-ʨʝʢʦʤʙʠʥʘʮʠʠ ʚʘʞʥʘ 

ʥʝ ʪʦʣʴʢʦ ʩʠʤʤʝʪʨʠʯʥʦʩʪʴ ʟʘʢʦʥʦʚ ʜʠʩʧʝʨʩʠʠ ʵʣʝʢʪʨʦʥʦʚ ʠ ʜʳʨʦʢ, ʥʦ ʠ ʠʭ ʩʠʣʴʥʘʷ 
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ʥʝʧʘʨʘʙʦʣʠʯʥʦʩʪʴ. ɺʘʞʥʦ, ʯʪʦ ʚ ʠʩʩʣʝʜʫʝʤʳʭ ʂʗ ʨʝʘʣʠʟʫʝʪʩʷ 

ʢʚʘʟʠʨʝʣʷʪʠʚʠʩʪʩʢʠʡ ʟʘʢʦʥ ʜʠʩʧʝʨʩʠʠ ʩ ʛʠʧʝʨʙʦʣʠʯʝʩʢʦʡ ʟʘʚʠʩʠʤʦʩʪʴʶ ʵʥʝʨʛʠʠ 

ʯʘʩʪʠʮ ʦʪ ʢʚʘʟʠʠʤʧʫʣʴʩʘ. ɼʣʷ ʯʠʩʪʦ ʨʝʣʷʪʠʚʠʩʪʩʢʦʛʦ ʟʘʢʦʥʘ ʦʞʝ-ʨʝʢʦʤʙʠʥʘʮʠʷ 

ʧʦʣʥʦʩʪʴʶ ʟʘʧʨʝʱʝʥʘ ʟʘʢʦʥʘʤʠ ʩʦʭʨʘʥʝʥʠʷ ʵʥʝʨʛʠʠ-ʠʤʧʫʣʴʩʘ, ʯʪʦ ʣʝʛʢʦ 

ʢʘʯʝʩʪʚʝʥʥʦ ʧʦʥʷʪʴ ʠʟ ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʧʦʩʪʨʦʝʥʠʷ ʤʥʦʞʝʩʪʚʘ ʤʝʞʟʦʥʥʳʭ ʠ 

ʚʥʫʪʨʠʟʦʥʥʳʭ ʧʝʨʝʭʦʜʦʚ (ʈʠʩʫʥʦʢ 3.11). 

 

ʈʠʩʫʥʦʢ 3.11 - ʀʣʣʶʩʪʨʘʮʠʷ ʥʝʚʦʟʤʦʞʥʦʩʪʠ ʚʳʧʦʣʥʝʥʠʷ ʟʘʢʦʥʦʚ 

ʩʦʭʨʘʥʝʥʠʷ ʵʥʝʨʛʠʠ-ʢʚʘʟʠʠʤʧʫʣʴʩʘ ʧʨʠ ʨʝʣʷʪʠʚʠʩʪʩʢʦʤ ʟʘʢʦʥʝ ʜʠʩʧʝʨʩʠʠ 

ʵʣʝʢʪʨʦʥʦʚ ʠ ʜʳʨʦʢ: ʚ ʢʦʦʨʜʠʥʘʪʘʭ (ȹk, ȹE) ʥʝ ʩʫʱʝʩʪʚʫʝʪ ʧʘʨʳ ʠʟ ʤʝʞʟʦʥʥʦʛʦ 

ʧʝʨʝʭʦʜʘ (ʚʩʝʚʦʟʤʦʞʥʳʝ ʧʝʨʝʭʦʜʳ ʦʙʦʟʥʘʯʝʥʳ ʟʝʣʝʥʦʡ ʦʙʣʘʩʪʴʶ) ʠ 

ʚʥʫʪʨʠʟʦʥʥʦʛʦ ʧʝʨʝʭʦʜʘ (ʢʨʘʩʥʘʷ ʦʙʣʘʩʪʴ ʜʣʷ ʜʳʨʦʢ ʠ ʩʠʥʷʷ ʜʣʷ ʵʣʝʢʪʨʦʥʦʚ), 

ʫʜʦʚʣʝʪʚʦʨʷʶʱʝʡ ʪʨʝʙʦʚʘʥʠʶ ʘʥʪʠʢʦʣʣʠʥʝʘʨʥʦʩʪʠ, ʢʦʪʦʨʦʝ ʩʣʝʜʫʝʪ ʠʟ ʟʘʢʦʥʦʚ 

ʩʦʭʨʘʥʝʥʠʷ ʵʥʝʨʛʠʠ ʠ ʢʚʘʟʠʠʤʧʫʣʴʩʘ (ʦʪʩʫʪʩʪʚʫʶʪ ʧʝʨʝʩʝʯʝʥʠʷ ʟʝʣʝʥʦʡ 

ʦʙʣʘʩʪʠ ʩ ʢʨʘʩʥʦʡ ʠʣʠ ʩʠʥʝʡ) 

ʋʚʝʣʠʯʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʘʜʤʠʷ ʚ ʂʗ ʧʨʠʚʦʜʠʪ ʢ ʨʝʟʢʦʤʫ ʠʟʤʝʥʝʥʠʶ 

ʜʠʥʘʤʠʢʠ ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʘ. ʅʘ ʨʠʩʫʥʢʝ 3.12 ʧʨʠʚʝʜʝʥʳ ʢʠʥʝʪʠʢʠ ʌʇ ʩʪʨʫʢʪʫʨ ˉ 

161222 ʠ ˉ 150120 ʩ ʙʣʠʟʢʠʤʠ ʰʠʨʠʥʘʤʠ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ (ʩʤ. ʨʠʩʫʥʦʢ 3.5). 

ʀʟʤʝʥʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʩʪʨʫʢʪʫʨʳ ʧʨʠʚʦʜʠʪ ʢ ʩʤʝʥʝ ʜʦʤʠʥʠʨʫʶʱʝʛʦ ʢʘʥʘʣʘ 

ʨʝʢʦʤʙʠʥʘʮʠʠ ʩ ʠʟʣʫʯʘʪʝʣʴʥʦʛʦ ʥʘ ʦʞʝ-ʧʨʦʮʝʩʩ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʫʢʦʨʦʯʝʥʠʝʤ 

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

ʫʤʝʥʴʰʝʥʠʝʤ ʧʦʨʦʛʦʚʦʡ ʵʥʝʨʛʠʠ ʦʞʝ-ʨʝʢʦʤʙʠʥʘʮʠʠ ʩ ʫʯʘʩʪʠʝʤ ʜʚʫʭ ʵʣʝʢʪʨʦʥʦʚ ʠ 

ʜʳʨʢʠ ʠʟ-ʟʘ ʧʦʜʥʷʪʠʷ ʙʦʢʦʚʳʭ ʤʘʢʩʠʤʫʤʦʚ ʚ ʧʝʨʚʦʡ ʚʘʣʝʥʪʥʦʡ ʧʦʜʟʦʥʝ ʩ 
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ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʘʜʤʠʷ ʚ ʂʗ. ʇʣʦʪʥʦʩʪʴ ʩʦʩʪʦʷʥʠʡ ʚ ʙʦʢʦʚʳʭ 

ʤʘʢʩʠʤʫʤʘʭ ʚʝʣʠʢʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʢʨʝʩʪʥʦʩʪʴʶ ɻ-ʪʦʯʢʠ, ʠ ʥʘʭʦʜʷʱʠʝʩʷ ʚ ʥʠʭ 

ʜʳʨʢʠ ʤʦʛʫʪ ʫʯʘʩʪʚʦʚʘʪʴ ʚ ʦʞʝ-ʧʨʦʮʝʩʩʝ, ʪʘʢ ʢʘʢ ʦʥʠ ʦʙʣʘʜʘʶʪ ʢʠʥʝʪʠʯʝʩʢʦʡ 

ʵʥʝʨʛʠʝʡ ʚʳʰʝ ʧʦʨʦʛʦʚʦʡ.  

 

ʈʠʩʫʥʦʢ 3.12 - ʉʨʘʚʥʝʥʠʝ ʢʠʥʝʪʠʢ ʌʇ ʩʪʨʫʢʪʫʨ ˉ 161222 ʠ ˉ 150120 ʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʜʠʥʘʤʠʢʠ ʥʝʨʘʚʥʦʚʝʩʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʟʘ ʩʯʝʪ ʦʞʝ- ʠ ʠʟʣʫʯʘʪʝʣʴʥʦʡ ʨʝʢʦʤʙʠʥʘʮʠʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʜʣʷ ʥʘʩʳʱʝʥʠʷ ʢʘʥʘʣʘ ʨʝʢʦʤʙʠʥʘʮʠʠ ʐʈʍ ʪʨʝʙʫʝʪʩʷ 

ʟʥʘʯʠʪʝʣʴʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʥʝʨʘʚʥʦʚʝʩʥʳʭ ʥʦʩʠʪʝʣʝʡ, ʜʦʩʪʠʛʥʫʪʴ ʢʦʪʦʨʦʡ ʚ 

ʫʩʣʦʚʠʷʭ ʠʟʤʝʨʝʥʠʷ ʢʠʥʝʪʠʢʠ ʨʝʣʘʢʩʘʮʠʠ ʌʇ ʧʨʠ çʜʣʠʥʥʦʚʦʣʥʦʚʦʤè 

ʚʦʟʙʫʞʜʝʥʠʠ ʩ ʧʦʤʦʱʴʶ ʛʝʥʝʨʘʪʦʨʘ ʨʘʟʥʦʩʪʥʦʡ ʯʘʩʪʦʪʳ (ɻʈʏ) ʥʝ ʚʩʝʛʜʘ ʫʜʘʝʪʩʷ 

ʚʚʠʜʫ ʥʠʟʢʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʦʛʣʦʱʝʥʠʷ ʂʗ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʪʘʢ ʢʘʢ ʚ 

ʰʠʨʦʢʦʟʦʥʥʳʭ ʂʗ ʚʨʝʤʷ ʨʝʣʘʢʩʘʮʠʠ ʌʇ ʥʝ ʫʤʝʥʴʰʘʝʪʩʷ ʩ ʨʦʩʪʦʤ ʥʘʢʘʯʢʠ, ʘ, 

ʥʘʧʨʦʪʠʚ, ʩʣʝʛʢʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʤʦʞʥʦ ʧʨʝʜʣʦʧʦʣʦʞʠʪʴ, ʯʪʦ ʤʝʭʘʥʠʟʤ 

ʨʝʢʦʤʙʠʥʘʮʠʠ ʐʈʍ ʜʦʣʞʝʥ ʙʳʪʴ ʥʘʩʳʱʝʥ ʧʨʠ ʜʘʣʴʥʝʡʰʝʤ ʫʚʝʣʠʯʝʥʠʠ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʦʩʠʪʝʣʝʡ, ʥʘʧʨʠʤʝʨ, ʚ ʫʩʣʦʚʠʷʭ, ʢʦʛʜʘ ʠʭ ʛʝʥʝʨʘʮʠʷ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʚ ʂʗ, ʥʦ ʠ ʚ ʙʘʨʴʝʨʝ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʜʦʧʦʣʥʠʪʝʣʴʥʦʤʫ 

ʨʦʩʪʫ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚ ʂʗ ʟʘ ʩʯʝʪ ʠʥʞʝʢʮʠʠ ʠʟ ʙʘʨʴʝʨʦʚ.  
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ʇʨʠ ʪʘʢʦʤ ʧʦʜʭʦʜʝ, ʪʝʤ ʥʝ ʤʝʥʝʝ, ʦʧʠʩʘʥʥʘʷ ʩʭʝʤʘ ʠʟʤʝʨʝʥʠʡ ʨʝʣʘʢʩʘʮʠʠ 

ʌʇ ʧʝʨʝʩʪʘʝʪ ʙʳʪʴ ʫʜʦʙʥʦʡ ʤʝʪʦʜʠʢʦʡ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʨʝʤʝʥʠ ʞʠʟʥʠ 

ʥʦʩʠʪʝʣʝʡ ʚ ʂʗ, ʪʘʢ ʢʘʢ ʢʠʥʝʪʠʢʘ çʠʥʪʝʛʨʘʣʴʥʦʡè ʌʇ ʩʦʜʝʨʞʠʪ ʚʢʣʘʜ ʠ 

ʬʦʪʦʦʪʢʣʠʢʘ ʦʪ ʙʘʨʴʝʨʥʳʭ ʩʣʦʝʚ (ʢʦʪʦʨʳʡ ʚ ʪʦʤ ʯʠʩʣʝ ʤʦʞʝʪ ʙʳʪʴ ʜʨʫʛʦʛʦ ʟʥʘʢʘ). 

ʂʨʦʤʝ ʪʦʛʦ, ʠʟʤʝʥʝʥʠʝ ʧʦʜʚʠʞʥʦʩʪʠ ʛʦʨʷʯʠʭ ʥʦʩʠʪʝʣʝʡ, ʠʥʞʝʢʪʠʨʫʝʤʳʭ ʠʟ 

ʙʘʨʴʝʨʦʚ, ʧʦ ʤʝʨʝ çʦʩʪʳʚʘʥʠʷè ʬʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʙʫʜʝʪ ʪʘʢʞʝ ʦʪʨʘʞʘʪʴʩʷ ʥʘ 

ʩʠʛʥʘʣʝ ʌʇ, ʧʨʠʚʦʜʷ ʢ ʦʰʠʙʢʘʤ ʚ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʩʧʘʜʘ ʌʇ ʢʘʢ ʨʝʣʘʢʩʘʮʠʠ 

ʥʝʨʘʚʥʦʚʝʩʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʦʩʠʪʝʣʝʡ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʙʦʣʝʝ ʥʘʛʣʷʜʥʳʤ ʠ 

ʠʥʬʦʨʤʘʪʠʚʥʳʤ ʤʝʪʦʜʦʤ ʠʟʫʯʝʥʠʷ ʨʝʢʦʤʙʠʥʘʮʠʠ ʥʦʩʠʪʝʣʝʡ ʦʢʘʟʳʚʘʝʪʩʷ 

ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʌʃ, ʨʘʟʨʝʰʝʥʥʘʷ ʧʦ ʚʨʝʤʝʥʠ.  

ʅʘ ʨʠʩʫʥʢʝ 3.13 ʚ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʠʥʝʪʠʢʘ ʩʧʝʢʪʨʦʚ ʌʃ ʜʣʷ 

ʩʪʨʫʢʪʫʨ ʩ ʦʜʠʥʦʯʥʳʤʠ ʂʗ ˉ 100707-1 ʠ ˉ 110621 ʠʟ ʨʘʙʦʪʳ [A7]. ʅʘʢʘʯʢʘ 

ʩʪʨʫʢʪʫʨ ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʠʤʧʫʣʴʩʘʤʠ Nd:YAG ʣʘʟʝʨʘ ʬʠʨʤʳ çSolarè ʥʘ ʜʣʠʥʝ 

ʚʦʣʥʳ 1064 ʥʤ ʩ ʤʘʢʩʠʤʘʣʴʥʦʡ ʧʠʢʦʚʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʥʘ ʦʙʨʘʟʮʝ 1 ʄɺʪ/ʩʤ2. 

ʉʦʩʪʘʚ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ ʚ ʙʘʨʴʝʨʘʭ ʜʣʷ ʜʚʫʭ ʩʪʨʫʢʪʫʨ ʦʜʠʥʘʢʦʚ ʠ ʩʦʩʪʘʚʣʷʝʪ 

 ~ 0.7, ʥʦ ʩʪʨʫʢʪʫʨʘ ˉ 110621 ʩʦʜʝʨʞʠʪ ʫʟʢʫʶ (4.8 ʥʤ) ʷʤʫ ʠʟ ʯʠʩʪʦʛʦ HgTe, ʘ 

ʩʪʨʫʢʪʫʨʘ ˉ 100707-1 ï ʦʪʥʦʩʠʪʝʣʴʥʦ ʰʠʨʦʢʫʶ ʷʤʫ (30 ʥʤ) ʠʟ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ 

HgCdTe. 

ʅʘʠʙʦʣʝʝ ʜʣʠʥʥʦʚʦʣʥʦʚʘʷ ʣʠʥʠʷ ʌʃ (ʣʠʥʠʷ 1) ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʤʝʞʟʦʥʥʳʤ 

ʧʝʨʝʭʦʜʘʤ ʚ ʂʗ. ʆʩʪʘʣʴʥʳʝ ʣʠʥʠʠ ʩʚʷʟʳʚʘʶʪʩʷ ʩ ʦʧʪʠʯʝʩʢʠʤʠ ʧʝʨʝʭʦʜʘʤʠ ʚ 

ʙʘʨʴʝʨʘʭ. ʂʦʨʦʪʢʦʚʦʣʥʦʚʘʷ ʣʠʥʠʷ 3, çʦʙʨʝʟʘʥʥʘʷè ʩʦ ʩʪʦʨʦʥʳ ʚʳʩʦʢʠʭ ʯʘʩʪʦʪ 

ʦʧʪʠʯʝʩʢʠʤ ʬʠʣʴʪʨʦʤ, ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʜʣʠʥʥʦʚʦʣʥʦʚʦʤʫ çʭʚʦʩʪʫè ʤʝʞʟʦʥʥʳʭ 

ʧʝʨʝʭʦʜʦʚ ʚ ʙʘʨʴʝʨʥʳʭ ʩʣʦʷʭ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʣʠʥʠʷ 2 ʩʚʷʟʘʥʘ ʧʝʨʝʭʦʜʘʤʠ ʩ 

ʫʯʘʩʪʠʝʤ ʛʣʫʙʦʢʠʭ ʮʝʥʪʨʦʚ. ʉʭʝʤʘ, ʧʦʷʩʥʷʶʱʘʷ ʤʝʭʘʥʠʟʤ ʥʘʙʣʶʜʘʝʤʳʭ 

ʧʝʨʝʭʦʜʦʚ, ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 3.14, ʘ ʢʠʥʝʪʠʢʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʣʠʥʠʡ ʥʘ 

ʨʠʩʫʥʢʝ 3.15. ʃʠʥʠʷ ʤʝʞʟʦʥʥʦʡ ʌʃ ʠʟ ʙʘʨʴʝʨʦʚ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʘʠʙʦʣʝʝ 

ʙʩrʪʨʳʤ ʩʧʘʜʦʤ.  
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ʈʠʩʫʥʦʢ 3.13 - ʉʧʝʢʪʨʳ ʌʃ, ʨʘʟʨʝʰʝʥʥʳʝ ʧʦ ʚʨʝʤʝʥʠ ʜʣʷ ʩʪʨʫʢʪʫʨ 

 (ʘ) ˉ100707-1, (ʙ) ˉ110621 ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 18 ʂ 

 

ʈʠʩʫʥʦʢ 3.14 - ʉʭʝʤʘ ʠʟʣʫʯʘʪʝʣʴʥʳʭ ʧʝʨʝʭʦʜʦʚ, ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʟʘ 

ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʣʠʥʠʡ ʌʃ 1 ï 3 ʥʘ ʨʠʩʫʥʢʝ 3.15 

 

(a) (ʙ) 
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ʈʠʩʫʥʦʢ 3.15 - ʂʠʥʝʪʠʢʠ ʨʘʟʣʠʯʥʳʭ ʣʠʥʠʡ ʌʃ ʜʣʷ ʦʙʨʘʟʮʘ  

ˉ 100707-1 ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 18 ʂ 

ɺʠʜʥʦ, ʯʪʦ ʧʦʢʘ ʚ ʩʧʝʢʪʨʝ ʚʠʜʥʘ ʣʠʥʠʷ ʌʃ 3, ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʧʝʨʝʭʦʜʘʤ ʚ 

ʙʘʨʴʝʨʝ, ʣʠʥʠʷ ʌʃ 2, ʩʚʷʟʘʥʥʘʷ ʩ ʛʣʫʙʦʢʠʤʠ ʮʝʥʪʨʘʤʠ ʨʘʩʪʝʪ ʧʦ ʠʥʪʝʥʩʠʚʥʦʩʪʠ, 

ʪ.ʝ. ʛʣʫʙʦʢʠʝ ʮʝʥʪʨʳ ʟʘʭʚʘʪʳʚʘʶʪ ʥʦʩʠʪʝʣʠ, ʧʦʢʘ ʧʦʩʣʝʜʥʠʝ ʧʨʠʩʫʪʩʪʚʫʶʪ ʚ 

ʙʘʨʴʝʨʘʭ. ʃʠʥʠʷ 1, ʢʦʪʦʨʘʷ ʦʪʚʝʯʘʝʪ ʤʝʞʟʦʥʥʦʤʫ ʧʝʨʝʭʦʜʫ ʤʝʞʜʫ ʩʦʩʪʦʷʥʠʷʤʠ ʚ 

ʂʗ, ʪʘʢʞʝ ʠʤʝʝʪ ʙʦʣʴʰʝʝ ʭʘʨʘʢʪʝʨʥʦʝ ʚʨʝʤʷ ʥʘʨʘʩʪʘʥʠʷ, ʢʦʪʦʨʦʝ ʧʦ ʚʩʝʡ 

ʚʠʜʠʤʦʩʪʠ ʦʪʨʘʞʘʝʪ ʧʦʩʪʫʧʣʝʥʠʝ ʥʦʩʠʪʝʣʝʡ ʠʟ ʙʘʨʴʝʨʘ ʚ ʂʗ, ʦʜʥʘʢʦ ʠʟ-ʟʘ ʙʳʩʪʨʦʡ 

ʤʝʞʟʦʥʥʦʡ ʨʝʢʦʤʙʠʥʘʮʠʠ ʧʨʠ ʚʳʩʦʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʦʩʠʪʝʣʝʡ ʩʧʘʜ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʌʃ ʚ ʣʠʥʠʠ 1 ʥʘʯʠʥʘʝʪʩʷ ʨʘʥʴʰʝ, ʯʝʤ ʣʠʥʠʠ 2. ʅʘ ʦʩʥʦʚʝ 

ʧʨʠʚʝʜʝʥʥʳʭ ʜʘʥʥʳʭ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʜʚʘ ʦʩʥʦʚʥʳʭ ʚʳʚʦʜʘ. ɺʦ-ʧʝʨʚʳʭ, ʚ 

ʠʩʩʣʝʜʫʝʤʳʭ ʩʪʨʫʢʪʫʨʘʭ ʧʨʠʩʫʪʩʪʚʫʶʪ ʩʦʩʪʦʷʥʠʷ ʛʣʫʙʦʢʠʭ ʮʝʥʪʨʦʚ, ʢʦʪʦʨʳʝ 

ʜʦʩʪʘʪʦʯʥʦ ʵʬʬʝʢʪʠʚʥʦ ʟʘʭʚʘʪʳʚʘʶʪ ʥʦʩʠʪʝʣʠ ʠ ʚ ʩʣʫʯʘʝ ʚʦʣʥʦʚʦʜʥʳʭ ʩʪʨʫʢʪʫʨ ʩ 

ʪʦʣʩʪʳʤʠ ʦʙʢʣʘʜʦʯʥʳʤʠ ʩʣʦʷʤʠ ʠ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʂʗ ʤʦʛʫʪ ʧʨʝʧʷʪʩʪʚʦʚʘʪʴ 

ʠʥʞʝʢʮʠʠ ʥʦʩʠʪʝʣʝʡ ʚ ʂʗ. ɼʘʥʥʦʝ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʢʘʯʝʩʪʚʝʥʥʦ ʧʦʜʪʚʝʨʜʠʣʦʩʴ ʧʨʠ 

ʠʩʩʣʝʜʦʚʘʥʠʠ ʩʪʠʤʫʣʠʨʦʚʘʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʚ ʪʘʢʠʭ ʩʪʨʫʢʪʫʨʘʭ. ʂʘʢ ʙʫʜʝʪ 

ʧʦʢʘʟʘʥʦ ʜʘʣʝʝ, ʥʘʠʣʫʯʰʠʝ ʫʩʣʦʚʠʷ ʜʣʷ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʉʀ ʚʦʟʥʠʢʘʶʪ ʧʨʠ 

çʧʦʜʙʘʨʴʝʨʥʦʡè ʥʘʢʘʯʢʝ, ʢʦʛʜʘ ʧʦʛʣʦʱʝʥʠʝ ʠʟʣʫʯʝʥʠʷ ʠʜʝʪ ʪʦʣʴʢʦ ʚ ʂʗ. ɺʦ-



123 

 

ʚʪʦʨʳʭ, ʜʣʷ ʣʠʥʠʠ 1 ʚʨʝʤʷ ʩʧʘʜʘ ʌʃ ʩʦʩʪʘʚʣʷʝʪ ʝʜʠʥʠʮʳ ʤʠʢʨʦʩʝʢʫʥʜ ʠ 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʤʝʥʷʝʪʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʜʦ 100 ʂ [A7]. ʉʣʝʜʫʝʪ, 

ʦʜʥʘʢʦ, ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʘʥʥʦʝ ʚʨʝʤʷ ʩʧʘʜʘ ʩʠʛʥʘʣʘ ʌʃ ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ ʥʘʢʘʯʢʘʭ 

ʙʣʠʟʢʠʭ ʢ ʤʘʢʩʠʤʘʣʴʥʳʤ ~ 1 ʄɺʪ/ʩʤ2. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʟʜʝʩʴ ʩ ʫʚʝʣʠʯʝʥʠʝʤ 

ʤʦʱʥʦʩʪʠ ʥʘʢʘʯʢʠ ʚ ʩʪʨʫʢʪʫʨʘʭ ʚ ʂʗ ʨʘʩʪʝʪ ʠ ʥʘʙʣʶʜʘʝʤʦʝ ʚʨʝʤʷ ʨʝʣʘʢʩʘʮʠʠ. ʕʪʦ 

ʭʦʨʦʰʦ ʚʠʜʥʦ ʥʘ ʨʠʩʫʥʢʝ 3.16: ʜʣʷ ʦʙʨʘʟʮʘ  ̄ 100707-1 ʧʨʠ ʧʷʪʠʢʨʘʪʥʦʤ 

ʫʚʝʣʠʯʝʥʠʠ ʤʦʱʥʦʩʪʠ ʥʘʢʘʯʢʠ ʚʨʝʤʷ ʩʧʘʜʘ ʌʃ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚʜʚʦʝ. ʊʘʢʦʝ 

ʥʝʪʠʧʠʯʥʦʝ ʧʦʚʝʜʝʥʠʝ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʤʝʭʘʥʠʟʤ ʐʈʍ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʤʦʞʝʪ ʙʳʪʴ 

ʥʘʩʳʱʝʥ ʚ ʠʩʩʣʝʜʫʝʤʳʭ ʂʗ. ɹʦʣʴʰʦʝ ʚʨʝʤʷ ʞʠʟʥʠ ʥʦʩʠʪʝʣʝʡ ʧʦʟʚʦʣʷʝʪ 

çʥʘʢʘʧʣʠʚʘʪʴè ʥʦʩʠʪʝʣʠ ʚ ʷʤʝ ʠ ʩʦʟʜʘʝʪ ʙʣʘʛʦʧʨʠʷʪʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʚʦʟʥʠʢʥʦʚʝʥʠʷ 

ʠʥʚʝʨʩʠʠ ʥʘʩʝʣʝʥʥʦʩʪʝʡ ʠ ʧʦʣʫʯʝʥʠʷ ʩʪʠʤʫʣʠʨʦʚʘʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ4.  

 

ʈʠʩʫʥʦʢ 3.16 - ʂʠʥʝʪʠʢʘ ʌʃ ʜʣʷ ʦʙʨʘʟʮʘ ˉ 100707-1 ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 18 ʂ ʠ 

ʨʘʟʣʠʯʥʳʭ ʠʥʪʝʥʩʠʚʥʦʩʪʷʭ ʥʘʢʘʯʢʠ (ʧʨʠʚʝʜʝʥʦ ʯʠʩʣʦ ʨʘʟ, ʚ ʢʦʪʦʨʦʝ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʥʘʢʘʯʢʠ ʤʝʥʴʰʝ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʡ  

ʜʣʷ ʜʘʥʥʦʛʦ ʠʩʪʦʯʥʠʢʘ) 

 
4 ɺ ʩʧʝʢʪʨʘʭ ʌʃ ʩʪʨʫʢʪʫʨ ʩ ʦʜʠʥʦʯʥʳʤʠ ʷʤʘʤʠ ʉʀ ʥʝ ʤʦʛʣʦ ʙʳʪʴ ʧʦʣʫʯʝʥʦ ʚ ʩʚʷʟʠ ʩ ʦʪʩʫʪʩʪʚʠʝʤ ʚ ʥʠʭ ʚʦʣʥʦʚʦʜʘ 

ʜʣʷ ʜʣʠʥʥʦʚʦʣʥʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʪʦʣʱʠʥʘ ʘʢʪʠʚʥʦʛʦ ʩʣʦʷ ʩ ʫʟʢʦʟʦʥʥʳʤ ʩʦʩʪʘʚʦʤ Hg1-ʭCdʭTe (4 ï 30 

ʥʤ) ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʙʦʣʴʰʠʤ ʧʦʢʘʟʘʪʝʣʝʤ ʧʨʝʣʦʤʣʝʥʠʷ, ʧʦʯʪʠ ʥʘ ʪʨʠ ʧʦʨʷʜʢʘ ʤʝʥʴʰʝ ʭʘʨʘʢʪʝʨʥʦʡ ʜʣʠʥʳ ʚʦʣʥʳ 

ʜʣʷ ʤʝʞʟʦʥʥʳʭ ʧʝʨʝʭʦʜʦʚ (10 ʤʢʤ), ʠ ʝʸ ʥʝʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʫʜʝʨʞʘʥʠʷ ʠʟʣʫʯʝʥʠʷ ʚ ʘʢʪʠʚʥʦʡ ʦʙʣʘʩʪʠ. 
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ɺ ʩʪʨʫʢʪʫʨʘʭ ʩ ʤʝʥʴʰʝʡ ʵʥʝʨʛʠʝʡ ʦʩʥʦʚʥʦʛʦ ʤʝʞʟʦʥʥʦʛʦ ʧʝʨʝʭʦʜʘ ʚʨʝʤʷ 

ʞʠʟʥʠ ʥʦʩʠʪʝʣʝʡ ʦʞʠʜʘʝʤʦ ʫʤʝʥʴʰʘʝʪʩʷ ʧʦʜ ʚʣʠʷʥʠʝʤ ʙʝʟʳʟʣʫʯʘʪʝʣʴʥʳʭ 

ʤʝʭʘʥʠʟʤʦʚ ʨʝʢʦʤʙʠʥʘʮʠʠ, ʠʟ-ʟʘ ʯʝʛʦ ʚʨʝʤʝʥʥʦʛʦ ʨʘʟʨʝʰʝʥʠʷ ʤʝʪʦʜʠʢʠ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʠʥʝʪʠʢʠ ʬʦʪʦʦʪʢʣʠʢʘ ʩʪʘʥʦʚʠʪʩʷ ʥʝʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʠʟʤʝʨʝʥʠʷ 

ʚʨʝʤʝʥ ʨʝʢʦʤʙʠʥʘʮʠʠ ʚ ʥʘʠʙʦʣʝʝ ʫʟʢʦʟʦʥʥʳʭ ʩʪʨʫʢʪʫʨʘʭ. ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʚʨʝʤʝʥ ʞʠʟʥʠ ʚ ʩʫʙ-ʥʘʥʦʩʝʢʫʥʜʥʦʤ ʜʠʘʧʘʟʦʥʝ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʤʝʪʦʜʠʢʦʡ çʥʘʢʘʯʢʘ-ʟʦʥʜʠʨʦʚʘʥʠʝè (pump-probe) ʚ ʪʝʨʘʛʝʨʮʦʚʦʤ ʜʠʘʧʘʟʦʥʝ ʩ 

ʧʦʤʦʱʴʶ ʣʘʟʝʨʘ ʥʘ ʩʚʦʙʦʜʥʳʭ ʵʣʝʢʪʨʦʥʘʭ (ʃʉʕ; ʜʣʠʪʝʣʴʥʦʩʪʴ ʠʤʧʫʣʴʩʘ 

ʠʟʣʫʯʝʥʠʷ 10 ʧʩ) ʚ ʀʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʤ ʮʝʥʪʨʝ ɼʨʝʟʜʝʥ-ʈʦʩʩʝʥʜʦʨʬ ʧʨʠ ʨʘʟʣʠʯʥʦʡ 

ʜʣʠʥʝ ʚʦʣʥ rʚʦʟʙʫʞʜʝʥʠʷ. ɺ ʭʦʜʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʜʠʥʘʤʠʢʘ ʧʨʦʧʫʩʢʘʥʠʷ ʦʙʨʘʟʮʘ 

ʠʟʤʝʨʷʝʪʩʷ ʟʘ ʩʯʝʪ ʠʟʤʝʥʝʥʠʷ ʚʨʝʤʝʥʥʦʡ ʟʘʜʝʨʞʢʠ ʤʝʞʜʫ ʠʤʧʫʣʴʩʘʤʠ ʥʘʢʘʯʢʠ ʠ 

ʟʦʥʜʠʨʫʶʱʠʤ ʠʤʧʫʣʴʩʦʤ. ɺ ʫʩʣʦʚʠʷʭ ʠʥʪʝʥʩʠʚʥʦʛʦ ʚʦʟʙʫʞʜʝʥʠʷ, ʢʦʛʜʘ ʟʦʥʘ 

ʧʨʦʚʦʜʠʤʦʩʪʠ ʠ ʚʘʣʝʥʪʥʘʷ ʟʦʥʘ ʟʘʧʦʣʥʝʥʳ ʥʝʨʘʚʥʦʚʝʩʥʳʤʠ ʥʦʩʠʪʝʣʷʤʠ, ʩʢʦʨʦʩʪʴ 

ʤʝʞʟʦʥʥʦʡ ʨʝʢʦʤʙʠʥʘʮʠʠ ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʧʦ ʚʨʝʤʝʥʥʦʡ ʜʠʥʘʤʠʢʝ ʧʨʦʧʫʩʢʘʥʠʷ ʥʘ 

ʜʣʠʥʝ ʚʦʣʥʳ ʥʝʤʥʦʛʦ ʢʦʨʦʯʝ ʢʨʘʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʛʦ ʧʦʛʣʦʱʝʥʠʷ.  

ʅʘ ʨʠʩʫʥʢʝ 3.17 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ çʥʘʢʘʯʢʘ-

ʟʦʥʜʠʨʦʚʘʥʠʝè ʚ ʩʪʨʫʢʪʫʨʝ ˉ 100708-1. ʉʪʨʫʢʪʫʨʘ ʩʦʜʝʨʞʠʪ ʦʜʥʫ ʂʗ 

Cd0.65Hg0.35Te/Hg0.17Cd0.83Te ʪʦʣʱʠʥʦʡ 30 ʥʤ, ʚʳʨʘʱʝʥʥʫʶ ʥʘ ʧʦʜʣʦʞʢʝ GaAs ʩ 

ʙʫʬʝʨʦʤ CdTe ʪʦʣʱʠʥʦʡ 5 ʤʢʤ. ʂʠʥʝʪʠʢʘ ʧʨʦʧʫʩʢʘʥʠʷ ʠʤʝʝʪ ʜʚʘ ʭʘʨʘʢʪʝʨʥʳʭ 

ʚʨʝʤʝʥʥʳʭ ʤʘʩʰʪʘʙʘ - ʥʘʯʘʣʴʥʳʡ ʫʯʘʩʪʦʢ ʙʳʩʪʨʦʛʦ ʩʧʘʜʘ ʠ ʩʤʝʥʷʶʱʝʝ ʝʛʦ 

ʤʝʜʣʝʥʥʦʝ ʟʘʪʫʭʘʥʠʝ. ɺʨʝʤʷ ʤʝʜʣʝʥʥʦʛʦ ʟʘʪʫʭʘʥʠʷ ʧʨʝʚʦʩʭʦʜʠʪ ʤʘʢʩʠʤʘʣʴʥʦ 

ʜʦʩʪʫʧʥʦʝ ʚʨʝʤʷ ʟʘʜʝʨʞʢʠ, ʦʜʥʘʢʦ ʠʟʤʝʨʝʥʠʷ ʨʝʣʘʢʩʘʮʠʠ ʌʇ ʧʦʟʚʦʣʷʶʪ ʦʮʝʥʠʪʴ 

ʝʛʦ ʢʘʢ ʚʝʣʠʯʠʥʫ ʧʦʨʷʜʢʘ 10 ʥʩ. ʄʠʥʠʤʘʣʴʥʦʝ ʚʨʝʤʷ, ʥʘʙʣʶʜʘʝʤʦʝ ʚ ʫʩʣʦʚʠʷʭ 

ʜʘʥʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʥʘ ʫʯʘʩʪʢʝ ʙʳʩʪʨʦʛʦ ʥʘʯʘʣʴʥʦʛʦ ʩʧʘʜʘ, ʩʦʩʪʘʚʣʷʝʪ 100 ʧʩ 

[A12]. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʵʪʘ ʚʝʣʠʯʠʥʘ ʥʘ ʥʝʩʢʦʣʴʢʦ ʧʦʨʷʜʢʦʚ ʥʠʞʝ, ʯʝʤ ʚ 

ʩʪʨʫʢʪʫʨʘʭ ʩ ʙʦʣʴʰʝʡ ʰʠʨʠʥʦʡ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ, ʧʘʜʘʶʱʫʶ ʥʘ ʦʙʨʘʟʝʮ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʦʧʪʠʯʝʩʢʦʛʦ ʚʦʟʙʫʞʜʝʥʠʷ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ 1 ʤʢʤ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ 

ʪʨʝʙʫʝʤʦʡ ʜʣʷ ʤʝʞʟʦʥʥʦʛʦ ʫʩʠʣʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʢʘʢ 10 ʢɺʪ/ʩʤ2. 
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ʈʠʩʫʥʦʢ 3.17 - ʂʠʥʝʪʠʢʘ ʧʨʦʧʫʩʢʘʥʠʷ ʩʪʨʫʢʪʫʨʳ ʩ ʦʜʠʥʦʯʥʦʡ ʂʗ ʩ 

ʰʠʨʠʥʦʡ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ 20 ʤʵɺ ʧʨʠ 5.5 ʂ, ʧʦʣʫʯʝʥʥʦʡ ʤʝʪʦʜʦʤ ʥʘʢʘʯʢʘ-

ʟʦʥʜʠʨʦʚʘʥʠʝ; ʜʣʠʥʘ ʚʦʣʥʳ ʚʦʟʙʫʞʜʘʶʱʝʛʦ ʠʟʣʫʯʝʥʠʷ 42 ʤʢʤ. ɺ ʣʝʛʝʥʜʝ 

ʫʢʘʟʘʥʦ ʯʠʩʣʦ ʬʦʪʦʥʦʚ ʥʘ ʝʜʠʥʠʮʫ ʧʣʦʱʘʜʠ ʚ ʧʘʜʘʶʱʝʤ ʥʘ ʦʙʨʘʟʝʮ ʠʤʧʫʣʴʩʝ 

ʠʟʣʫʯʝʥʠʷ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʦʩʪʠʛʥʫʪʦʝ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʩʫʱʝʩʪʚʝʥʥʦʝ ʫʣʫʯʰʝʥʠʝ 

ʢʘʯʝʩʪʚʘ ʪʝʭʥʦʣʦʛʠʠ ʄʃʕ ʨʦʩʪʘ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨ ʩ ʂʗ ʥʘ ʦʩʥʦʚʝ ʫʟʢʦʟʦʥʥʳʭ 

ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ Hg1-xCdxTe, ʘ ʪʘʢʞʝ ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠ 

ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʙʦʣʴʰʠʝ ʟʥʘʯʝʥʠʷ ʚʨʝʤʝʥ ʞʠʟʥʠ ʚ ʪʘʢʠʭ 

ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʘʭ ʩʦʟʜʘʶʪ ʧʨʝʜʧʦʩʳʣʢʠ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʜʣʠʥʥʦʚʦʣʥʦʚʳʭ ʣʘʟʝʨʦʚ 

ʥʘ ʦʩʥʦʚʝ ʂʈʊ ʠ ʜʝʣʘʶʪ ʟʘʜʘʯʫ ʦʙ ʠʟʫʯʝʥʠʠ ʩʪʠʤʫʣʠʨʦʚʘʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʚ 

ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʘʭ ʩ ʢʚʘʥʪʦʚʳʤʠ ʷʤʘʤʠ Hg1-xCdxTe/ CdyHg1-yTe ʚ ʜʠʘʧʘʟʦʥʝ ʜʣʠʥ 

ʚʦʣʥ ɚ ʙʦʣʝʝ 5 ʤʢʤ (ʧʨʝʜʝʣʴʥʘʷ ʜʣʠʥʘ ʚʦʣʥʳ ʢʦʛʝʨʝʥʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʧʦʣʫʯʝʥʥʘʷ 

ʚ HgCdTe ʨʘʥʝʝ) ʘʢʪʫʘʣʴʥʦʡ.  
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ɻʣʘʚʘ 4. ʀʩʩʣʝʜʦʚʘʥʠʝ ʪʦʯʝʯʥʳʭ ʜʝʬʝʢʪʦʚ ʚ ʩʪʨʫʢʪʫʨʘʭ HgCdTe ʤʝʪʦʜʘʤʠ 

ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʚ ʜʘʣʴʥʝʤ ʀʂ ʜʠʘʧʘʟʦʥʝ 

 

ʆʪʜʝʣʴʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʨʘʙʦʪʳ ʙʳʣʦ ʧʦʩʚʷʱʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ʩʦʩʪʦʷʥʠʡ 

ʘʢʮʝʧʪʦʨʦʚ, ʥʘʙʣʶʜʘʝʤʳʭ ʚ ʩʧʝʢʪʨʘʭ ʌʇ ʠ ʌʃ ʢʘʢ ʚ ʵʧʠʪʘʢʩʠʘʣʴʥʳʭ ʧʣʝʥʢʘʭ 

ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ ʂʈʊ, ʪʘʢ ʠ ʚ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʘʭ ʩ ʂʗ. ʋʥʠʚʝʨʩʘʣʴʥʦʩʪʴ 

ʥʘʙʣʶʜʘʝʤʳʭ ʚ ʩʧʝʢʪʨʘʭ ʦʩʦʙʝʥʥʦʩʪʝʡ (ʠʭ ʥʘʣʠʯʠʝ ʚ ʦʙʨʘʟʮʘʭ ʨ-ʪʠʧʘ ʠ n-ʪʠʧʘ 

ʵʧʠʪʘʢʩʠʘʣʴʥʳʭ ʩʣʦʝʚ ʠ ʂʗ) ʠ ʠʭ ʥʘʣʠʯʠʝ ʚ ʥʘʤʝʨʝʥʥʦ ʥʝ ʣʝʛʠʨʦʚʘʥʥʳʭ ʦʙʨʘʟʮʘʭ 

ʧʦʟʚʦʣʠʣʘ ʜʦʚʦʣʴʥʦ ʙʳʩʪʨʦ ʩʚʷʟʘʪʴ ʠʭ ʩ ʚʘʢʘʥʩʠʝʡ ʨʪʫʪʠ ï ʜʚʦʡʥʳʤ ʘʢʮʝʧʪʦʨʦʤ, 

ʚʩʝʛʜʘ ʚ ʥʝʢʦʪʦʨʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʨʠʩʫʪʩʪʚʫʶʱʠʤ ʚ ʂʈʊ ʠʟ-ʟʘ ʩʣʘʙʦʩʪʠ ʩʚʷʟʠ  

Hg-Te. ɺ ʥʘʠʙʦʣʝʝ ʫʟʢʦʟʦʥʥʳʭ ʩʪʨʫʢʪʫʨʘʭ ʥʘ ʦʩʥʦʚʝ ʂʈʊ ʨʝʘʣʠʟʫʝʪʩʷ ʩʠʪʫʘʮʠʷ, 

ʧʨʠ ʢʦʪʦʨʦʡ ʵʥʝʨʛʠʷ ʩʚʷʟʠ ʤʝʣʢʦʛʦ ʘʢʮʝʧʪʦʨʘ ʩʨʘʚʥʠʤʘ ʩ ʰʠʨʠʥʦʡ ʟʘʧʨʝʱʝʥʥʦʡ 

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

ʧʦʧʘʜʘʝʪ ʚ ʢʦʥʪʠʥʫʫʤ ʟʦʥʳ ʧʨʦʚʦʜʠʤʦʩʪʠ ʠ ʩʪʘʥʦʚʠʪʩʷ ʨʝʟʦʥʘʥʩʥʳʤ. 

ɼʚʫʭʟʘʨʷʜʦʚʦʩʪʴ ʚʘʢʘʥʩʠʡ ʨʪʫʪʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʦʩʣʦʞʥʷʝʪ ʠʥʪʝʨʧʨʝʪʘʮʠʶ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ, ʪ.ʢ. ʵʥʝʨʛʠʷ ʠʦʥʠʟʘʮʠʠ ʜʣʷ ʪʘʢʠʭ ʩʦʩʪʦʷʥʠʡ ʟʘʚʠʩʠʪ 

ʦʪ ʪʦʛʦ, ʷʚʣʷʝʪʩʷ ʣʠ ʜʘʥʥʳʡ ʮʝʥʪʨ ʦʜʥʦʢʨʘʪʥʦ ʠʦʥʠʟʦʚʘʥʥʳʤ ʠʣʠ ʥʝʡʪʨʘʣʴʥʳʤ.  

ʂʘʢ ʫʞʝ ʦʪʤʝʯʘʣʦʩʴ ʚ ʛʣʘʚʝ 1, ʠʩʩʣʝʜʦʚʘʥʠʶ ʧʨʠʤʝʩʥʳʭ ʮʝʥʪʨʦʚ ʚ ʂʈʊ 

ʧʦʩʚʷʱʝʥʦ ʟʥʘʯʠʪʝʣʴʥʦʝ ʯʠʩʣʦ ʨʘʙʦʪ (ʩʤ. ʥʘʧʨʠʤʝʨ [65, 66, 100, 101, 102, 138, 139, 

148, 151, 153, 155, 178, 179, 180, 181, 182, 183]), ʦʜʥʘʢʦ ʧʦʣʥʦʡ ʷʩʥʦʩʪʠ ʚ 

ʦʪʥʦʰʝʥʠʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʩʧʝʢʪʨʘ ʦʩʪʘʪʦʯʥʳʭ ʘʢʮʝʧʪʦʨʦʚ ʚ ʂʈʊ ʥʝʪ, ʭʦʪʷ 

ʥʘʙʣʶʜʘʝʤʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʧʦʯʪʠ ʚʩʝʛʜʘ ʩʚʷʟʳʚʘʶʪʩʷ ʘʚʪʦʨʘʤʠ ʩ ʚʘʢʘʥʩʠʷʤʠ 

ʨʪʫʪʠ. ɺʩʪʨʘʠʚʘʷʩʴ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʨʝʰʝʪʢʫ HgTe, ʘʪʦʤ ʨʪʫʪʠ ʦʪʜʘʝʪ ʚ 

ʚʘʣʝʥʪʥʫʶ ʟʦʥʫ ʜʚʘ ʵʣʝʢʪʨʦʥʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʘʞʜʘʷ ʚʘʢʘʥʩʠʠ ʨʪʫʪʠ ʦʟʥʘʯʘʝʪ 

ʥʝʜʦʩʪʘʪʦʢ ʚ ʚʘʣʝʥʪʥʦʡ ʟʦʥʝ ʜʚʫʭ ʵʣʝʢʪʨʦʥʦʚ, ʪ.ʝ. ʵʬʬʝʢʪʠʚʥʦ ʩʦʟʜʘʝʪ ʜʚʝ ʜʳʨʢʠ. 

ʂʨʦʤʝ ʪʦʛʦ, ʦʪʩʫʪʩʪʚʠʝ ʠʦʥʘ ʨʪʫʪʠ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʤʝʩʪʝ ʨʝʰʝʪʢʠ ʧʨʠʚʦʜʠʪ ʢ 

ʧʦʷʚʣʝʥʠʶ ʜʦʙʘʚʢʠ ʢ ʧʝʨʠʦʜʠʯʝʩʢʦʤʫ ʧʦʪʝʥʮʠʘʣʫ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ, 

ʦʧʠʩʳʚʘʶʱʝʡʩʷ ʚ ʧʨʠʙʣʠʞʝʥʠʠ ʵʬʬʝʢʪʠʚʥʦʡ ʤʘʩʩʳ ʢʘʢ ʧʦʪʝʥʮʠʘʣ ʪʦʯʝʯʥʦʛʦ 

ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʟʘʨʷʜʘ, ʨʘʚʥʦʛʦ ʧʦ ʚʝʣʠʯʠʥʝ ʜʚʫʤ ʟʘʨʷʜʘʤ ʵʣʝʢʪʨʦʥʘ. ʊʘʢʠʤ 



127 

 

ʦʙʨʘʟʦʤ, ʚʘʢʘʥʩʠʷ ʨʪʫʪʠ ʦʧʠʩʳʚʘʝʪʩʷ ʢʘʢ ʜʚʫʭʚʘʣʝʥʪʥʳʡ (ʜʚʦʡʥʦʡ) ʘʢʮʝʧʪʦʨ, 

ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʥʘʭʦʜʠʪʴʩʷ ʚ ʪʨʝʭ ʟʘʨʷʜʦʚʳʭ ʩʦʩʪʦʷʥʠʷʭ: A2
0, A2

-1, A2
-2 (ʟʜʝʩʴ ʩ 

ʮʝʥʪʨʦʤ ʩʚʷʟʘʥʳ ʜʚʝ, ʦʜʥʘ ʠ ʥʠ ʦʜʥʦʡ ʜʳʨʢʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). ʇʨʦʚʦʜʷ ʘʥʘʣʦʛʠʶ 

ʩ ʘʪʦʤʦʤ ʛʝʣʠʷ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʵʥʝʨʛʠʷ ʠʦʥʠʟʘʮʠʠ ʧʝʨʚʦʡ ʜʳʨʢʠ ʩ 

ʘʢʮʝʧʪʦʨʘ ʜʦʣʞʥʘ ʙʳʪʴ ʤʝʥʴʰʝ ʟʘ ʩʯʝʪ ʵʢʨʘʥʠʨʦʚʢʠ ʢʫʣʦʥʦʚʩʢʦʛʦ ʧʦʣʷ ʦʩʪʦʚʘ 

ʚʪʦʨʦʡ (ʦʩʪʘʶʱʝʡʩʷ ʥʘ ʮʝʥʪʨʝ) ʜʳʨʢʦʡ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʣʠʯʠʝ ʚʘʢʘʥʩʠʡ ʨʪʫʪʠ ʚ 

ʪʚʝʨʜʦʤ ʨʘʩʪʚʦʨʝ ʜʦʣʞʥʦ ʧʨʠʚʦʜʠʪʴ ʢ ʧʦʷʚʣʝʥʠʶ ʜʚʫʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʥʘ ʩʧʝʢʪʨʘʭ 

ʧʦʛʣʦʱʝʥʠʷ, ʌʇ ʠ ʌʃ ʩ ʨʘʟʥʳʤʠ ʵʥʝʨʛʠʷʤʠ ʠʦʥʠʟʘʮʠʠ. ɺ ʥʝʢʦʪʦʨʳʭ ʨʘʙʦʪʘʭ 

ʚʳʩʢʘʟʳʚʘʣʠʩʴ ʧʨʝʜʧʦʣʦʞʝʥʠʷ, ʯʪʦ ʚʘʢʘʥʩʠʷ ʨʪʫʪʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʮʝʥʪʨ ʩ 

ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʵʥʝʨʛʠʝʡ ʍʘʙʙʘʨʜʘ, ʪ.ʝ. ʫʪʚʝʨʞʜʘʣʦʩʴ, ʯʪʦ ʵʥʝʨʛʠʷ ʦʪʨʳʚʘ ʧʝʨʚʦʡ 

ʜʳʨʢʠ ʦʪ ʚʘʢʘʥʩʠʠ ʨʪʫʪʠ ʙʦʣʴʰʝ, ʯʝʤ ʚʪʦʨʦʡ [65]; ʧʨʠ ʵʪʦʤ ʥʘʣʠʯʠʝ ʪʘʢʦʛʦ 

ʵʬʬʝʢʪʘ ʟʘʚʠʩʝʣʦ ʦʪ ʩʦʩʪʘʚʘ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ [178], ʥʦ ʵʪʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʥʝ 

ʧʦʜʪʚʝʨʜʠʣʦʩʴ ʚ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ.  

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʨʠʤʝʩʥʦ-ʜʝʬʝʢʪʥʳʝ ʮʝʥʪʨʳ ʚ ʦʙʲʝʤʥʳʭ 

ʵʧʠʪʘʢʩʠʘʣʴʥʳʭ ʩʣʦʷʭ ʂʈʊ ʠ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʘʭ ʥʘ ʦʩʥʦʚʝ ʂʈʊ ʩ ʂʗ ʠʩʩʣʝʜʦʚʘʣʠʩʴ 

ʧʦ ʦʩʦʙʝʥʥʦʩʪʷʤ ʚ ʩʧʝʢʪʨʘʭ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ (ʌʃ) ʠ ʬʦʪʦʧʨʦʚʦʜʠʤʦʩʪʠ (ʌʇ) 

ʚ ʜʘʣʴʥʝʤ ʠʥʬʨʘʢʨʘʩʥʦʤ ʜʠʘʧʘʟʦʥʝ. ɽʩʣʠ ʩʦʩʪʦʷʥʠʷ ʪʘʢʠʭ ʮʝʥʪʨʦʚ ʦʢʘʟʳʚʘʶʪʩʷ ʚ 

ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʝ, ʪʦ ʦʥʠ ʧʨʦʷʚʣʷʶʪʩʷ ʩʝʙʷ ʢʘʢ ʧʦʣʦʩʳ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʚ ʛʦʨʘʟʜʦ 

ʙʦʣʝʝ ʜʣʠʥʥʦʚʦʣʥʦʚʦʡ ʦʙʣʘʩʪʠ, ʥʝʞʝʣʠ ʢʨʘʡ ʤʝʞʟʦʥʥʳʭ ʧʝʨʝʭʦʜʦʚ ʚ ʩʧʝʢʪʨʘʭ ʌʃ 

ʠ ʌʇ. ɽʩʣʠ ʞʝ ʫʨʦʚʥʠ ʧʨʠʤʝʩʝʡ ʠ ʜʝʬʝʢʪʦʚ ʦʢʘʟʳʚʘʶʪʩʷ ʨʝʟʦʥʘʥʩʥʳʤʠ, ʪ.ʝ. 

ʧʦʧʘʜʘʶʪ ʚ ʢʦʥʪʠʥʫʫʤ ʟʦʥʳ ʧʨʦʚʦʜʠʤʦʩʪʠ, ʪʦ ʧʨʠʤʝʩʥʦ-ʜʝʬʝʢʪʥʳʝ ʣʠʥʠʠ 

ʥʘʙʣʶʜʘʶʪʩʷ ʥʘ ʬʦʥʝ ʤʝʞʟʦʥʥʳʭ ʧʝʨʝʭʦʜʦʚ.  

ɺ ʜʘʥʥʦʤ ʨʘʟʜʝʣʝ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʙʲʝʤʥʳʭ 

ʵʧʠʪʘʢʩʠʘʣʴʥʳʭ ʩʣʦʝʚ ʂʈʊ, ʚʳʨʘʱʝʥʥʳʭ ʤʝʪʦʜʦʤ ʄʃʕ ʥʘ ʧʦʜʣʦʞʢʘʭ GaAs 

(ʦʙʨʘʟʮʳ ˉ 110330,  ̄120210,  ̄120613,  ̄120621) ʠ Si (ʦʙʨʘʟʮʳ ˉ 151012, ̄  

150901) ʚ ʥʘʧʨʘʚʣʝʥʠʠ (013) (ʩʤ. ʪʘʙʣʠʮʫ 2.1). ʀʟʥʘʯʘʣʴʥʦ ʩʪʨʫʢʪʫʨʳ ʙʳʣʠ ʥʝ 

ʣʝʛʠʨʦʚʘʥʳ ʠ ʦʙʣʘʜʘʣʠ (ʦʩʪʘʪʦʯʥʦʡ) ʧʨʦʚʦʜʠʤʦʩʪʴʶ n-ʪʠʧʘ; ʧʨʦʚʦʜʠʤʦʩʪʴ ʞʝ p-

ʪʠʧʘ ʚʦʟʥʠʢʘʣʘ ʠʤʝʥʥʦ ʟʘ ʩʯʝʪ çʚʘʢʘʥʩʠʦʥʥʦʛʦ ʣʝʛʠʨʦʚʘʥʠʷè: ʧʨʠ ʦʪʞʠʛʝ ʩʪʨʫʢʪʫʨ 

ʚ ʘʪʤʦʩʬʝʨʝ ʠʥʝʨʪʥʦʛʦ ʛʘʟʘ ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʘʟʦʚʘʥʠʝ ʚʘʢʘʥʩʠʡ ʨʪʫʪʠ ʧʨʠ ʚʳʭʦʜʝ 
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ʘʪʦʤʦʚ ʧʦʩʣʝʜʥʝʡ ʠʟ ʩʪʨʫʢʪʫʨʳ, ʯʪʦ ʩʦʟʜʘʝʪ ʠʟʙʳʪʦʯʥʫ  ʁʢʦʥʮʝʥʪʨʘʮʠʷ ʘʢʮʝʧʪʦʨʦʚ 

ʥʘʜ ʠʩʭʦʜʥʦʡ ʜʦʥʦʨʥʦʡ ʧʨʠʤʝʩʴʶ.  

 

4.1 ʆʩʦʙʝʥʥʦʩʪʠ ʩʧʝʢʪʨʦʚ ʬʦʪʦʧʨʦʚʦʜʠʤʦʩʪʠ ʵʧʠʪʘʢʩʠʘʣʴʥʳʭ ʩʣʦʝʚ HgCdTe 

n- ʠ p-ʪʠʧʘ ʚ ʜʘʣʴʥʝʤ ʀʂ ʜʠʘʧʘʟʦʥʝ, ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʦʩʪʘʪʦʯʥʳʤʠ 

ʘʢʮʝʧʪʦʨʘʤʠ 

ʅʘ ʨʠʩʫʥʢʝ 4.1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʧʝʢʪʨʳ ʌʇ ʂʈʊ ʩʪʨʫʢʪʫʨ ʧʦʩʣʝ ʦʪʞʠʛʘ ʚ 

ʘʪʤʦʩʬʝʨʝ ʠʥʝʨʪʥʦʛʦ ʛʘʟʘ: ˉ 110330p, ˉ 120210p,  ̄ 120613p,  ̄ 120621p, ̄  

151012p, ̄  150901p pïʪʠʧʘ ʩ ʰʠʨʠʥʦʡ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ ʦʪ 38 ʤʵɺ (ʩʪʨʫʢʪʫʨʘ ˉ 

110330p) ʜʦ 95 ʤʵɺ (ʩʪʨʫʢʪʫʨʘ ˉ 120621p) [A13]. ɼʦʣʷ ʢʘʜʤʠʷ ʚ ʦʙʨʘʟʮʘʭ 

ʧʨʠʚʝʜʝʥʘ ʚ ʧʦʜʧʠʩʠ ʢ ʨʠʩʫʥʢʫ 4.1. ɺ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʩʧʝʢʪʨʘʭ ʩʪʨʫʢʪʫʨ ʢʨʘʩʥʘʷ 

ʛʨʘʥʠʮʘ ʧʦʣʦʩʳ ʌʇ, ʩʚʷʟʘʥʥʦʡ ʩ ʤʝʞʟʦʥʥʳʤʠ ʧʝʨʝʭʦʜʘʤʠ, ʩʤʝʱʘʝʪʩʷ ʚ 

ʢʦʨʦʪʢʦʚʦʣʥʦʚʫʶ ʦʙʣʘʩʪʴ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʜʦʣʠ ʢʘʜʤʠʷ ʚ ʪʚʝʨʜʦʤ ʨʘʩʪʚʦʨʝ. ʂʨʦʤʝ 

ʌʇ, ʩʚʷʟʘʥʥʦʡ ʩ ʤʝʞʟʦʥʥʳʤʠ ʧʝʨʝʭʦʜʘʤʠ, ʚ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʥʘ ʨʠʩʫʥʢʝ 4.1 

ʩʧʝʢʪʨʘʭ ʠʤʝʶʪʩʷ ʦʩʦʙʝʥʥʦʩʪʠ, ʧʦʣʦʞʝʥʠʝ ʢʦʪʦʨʳʭ ʩʣʘʙʦ ʟʘʚʠʩʠʪ ʦʪ ʩʦʩʪʘʚʘ 

ʦʙʨʘʟʮʦʚ: 

¶ ʆʩʦʙʝʥʥʦʩʪʴ 1 ï ʧʦʣʦʩʘ ʦʢʦʣʦ 6 ï 12 ʤʵɺ, ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʩʧʝʢʪʨʘʭ ʩʪʨʫʢʪʫʨ 

 ̄110330p,  ̄120210p, ˉʤ 151012p ʠ  ̄150901p.  

¶ ʆʩʦʙʝʥʥʦʩʪʴ 2 ï ʧʦʣʦʩʘ ʦʢʦʣʦ 20 ʤʵɺ, ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʩʧʝʢʪʨʘʭ ʚʩʝʭ 

ʠʩʩʣʝʜʫʝʤʳʭ ʩʪʨʫʢʪʫʨ. 

¶ ʆʩʦʙʝʥʥʦʩʪʴ 3 ï ʧʦʣʦʩʘ ʦʢʦʣʦ 27 ʤʵɺ, ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʩʧʝʢʪʨʘʭ ʩʪʨʫʢʪʫʨ ˉ 

110330p,  ̄120210p,  ̄120621p. 

¶ ʆʩʦʙʝʥʥʦʩʪʴ 4 ï ʫʟʢʘʷ ʣʠʥʠʷ ʦʢʦʣʦ 36 ʤʵɺ, ʥʘʙʣʶʜʘʶʱʘʷʩʷ ʚ ʩʧʝʢʪʨʘʭ 

ʩʪʨʫʢʪʫʨ ˉ 120613p ʠ  ̄120621p. ʇʦ ʧʦʣʦʞʝʥʠʶ ʚ ʩʧʝʢʪʨʝ ʠ ʧʦ ʰʠʨʠʥʝ ʵʪʘ 

ʣʠʥʠʷ 4 ʩʦʚʧʘʜʘʝʪ ʩ ʧʦʣʦʩʦʡ ʦʩʪʘʪʦʯʥʳʭ ʣʫʯʝʡ ʚ ʧʦʜʣʦʞʢʝ GaAs, ʧʦʵʪʦʤʫ 

ʦʥʘ ʩʚʷʟʳʚʘʝʪʩʷ ʩ ʫʩʠʣʝʥʠʝʤ ʩʠʛʥʘʣʘ ʌʇ ʚ ʩʪʨʫʢʪʫʨʝ ʟʘ ʩʯʝʪ ʝʛʦ ʧʦʯʪʠ 

ʧʦʣʥʦʛʦ ʦʪʨʘʞʝʥʠʷ ʦʪ ʧʦʜʣʦʞʢʠ. ʕʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʠ ʪʝʤ, ʯʪʦ ʚ ʩʧʝʢʪʨʘʭ 

ʌʇ ʩʪʨʫʢʪʫʨ, ʚʳʨʘʱʝʥʥʳʭ ʥʘ ʧʦʜʣʦʞʢʝ ʠʟ ʢʨʝʤʥʠʷ, ʣʠʥʠʷ 4 ʦʪʩʫʪʩʪʚʫʝʪ. 
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ʈʠʩʫʥʦʢ 4.1 - ʉʧʝʢʪʨʳ ʌʇ ʵʧʠʪʘʢʩʠʘʣʴʥʳʭ ʂʈʊ ʧʣʝʥʦʢ p-ʪʠʧʘ ʩ ʨʘʟʥʳʤ 

ʩʦʜʝʨʞʘʥʠʝʤ Cd, ʚʳʨʘʱʝʥʥʳʝ ʥʘ ʨʘʟʥʳʭ ʧʦʜʣʦʞʢʘʭ, ʠʟʤʝʨʝʥʥʳʝ ʧʨʠ  

ʊ = 4.2 ʂ: (ʘ) ˉ 110330 ï GaAs ʧʦʜʣʦʞʢʘ, xCd = 0.190; (ʙ) ˉ 120210 ï GaAs 

ʧʦʜʣʦʞʢʘ, xCd = 0.191; (ʚ) ˉ 120621 ï GaAs ʧʦʜʣʦʞʢʘ, xCd = 0.23; (ʛ) ˉ 

151012 ï Si ʧʦʜʣʦʞʢʘ, xCd = 0.23; (ʜ) ˉ 120613 ï GaAs ʧʦʜʣʦʞʢʘ, xCd = 

0.22; (ʝ) ˉ 150901 ï Si ʧʦʜʣʦʞʢʘ xCd = 0.295 

 

 

 

(ʘ) (ʙ) 

(ʚ) (ʛ) 

(ʜ) (ʝ) 
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ʇʦʩʢʦʣʴʢʫ ʧʨʠ ʦʪʞʠʛʝ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʯʠʩʣʦ ʚʘʢʘʥʩʠʡ ʨʪʫʪʠ, ʪʦ ʧʦ ʢʨʘʡʥʝʡ 

ʤʝʨʝ ʥʝʢʦʪʦʨʳʝ ʠʟ ʦʙʥʘʨʫʞʝʥʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʜʦʣʞʥʳ ʙʳʪʴ ʩʚʷʟʘʥʳ ʩ 

ʚʘʢʘʥʩʠʷʤʠ ʨʪʫʪʠ. ʀʟʥʘʯʘʣʴʥʦ ʠʩʩʣʝʜʫʝʤʳʝ ʦʙʨʘʟʮʳ ʦʙʣʘʜʘʣʠ ʧʨʦʚʦʜʠʤʦʩʪʴʶ  

n-ʪʠʧʘ, ʪ.ʝ. ʜʦ ʦʪʞʠʛʘ ʢʦʥʮʝʥʪʨʘʮʠʷ ʜʦʥʦʨʦʚ ʧʨʝʚʦʩʭʦʜʠʣʘ ʩʫʤʤʘʨʥʫʶ 

ʢʦʥʮʝʥʪʨʘʮʠʶ ʚʩʝʭ ʘʢʮʝʧʪʦʨʦʚ. ʇʨʠ ʦʪʞʠʛʝ ʩʪʨʫʢʪʫʨ ʩʦʟʜʘʶʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ 

ʘʢʮʝʧʪʦʨʥʳʝ ʮʝʥʪʨʳ, ʥʘ ʢʦʪʦʨʳʭ ʨʝʢʦʤʙʠʥʠʨʫʶʪ ʣɻʝʢʪʨʦʥʳ, ʩʚʷʟʘʥʥʳʝ ʩ 

ʜʦʥʦʨʘʤʠ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʦʩʪʘʚʰʠʝʩʷ ʜʳʨʢʠ ʨʘʩʧʨʝʜʝʣʷʶʪʩʷ ʧʦ ʘʢʮʝʧʪʦʨʥʳʤ 

ʩʦʩʪʦʷʥʠʷʤ. ʇʨʠ ʵʪʦʤ ʵʣʝʢʪʨʦʥʘʤʠ ʢʦʤʧʝʥʩʠʨʫʶʪʩʷ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʫʨʦʚʥʠ 

ʩʘʤʳʭ ʤʝʣʢʠʭ ʘʢʮʝʧʪʦʨʦʚ, ʟʘʪʝʤ ʙʦʣʝʝ ʛʣʫʙʦʢʠʭ ʮʝʥʪʨʦʚ. ʅʘ ʩʘʤʳʭ ʤʝʣʢʠʭ 

ʮʝʥʪʨʘʭ, ʩ ʠʦʥʠʟʘʮʠʝʡ ʢʦʪʦʨʳʭ ʩʚʷʟʘʥʘ ʣʠʥʠʷ 1, ʜʳʨʢʠ ʦʩʪʘʥʫʪʩʷ ʪʦʣʴʢʦ ʧʨʠ 

ʫʩʣʦʚʠʠ, ʯʪʦ ʢʦʥʮʝʥʪʨʘʮʠʷ ʪʘʢʠʭ ʮʝʥʪʨʦʚ (NA1) ʦʢʘʞʝʪʩʷ ʙʦʣʴʰʝ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʜʦʥʦʨʦʚ (Nd). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʣʠʥʠʷ 1 ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʩʧʝʢʪʨʝ ʌʇ, ʝʩʣʠ 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʮʝʥʪʨʦʚ, ʩ ʚʦʟʙʫʞʜʝʥʠʝʤ ʢʦʪʦʨʳʭ ʦʥʘ ʩʚʷʟʘʥʘ, ʩʪʘʣʘ ʧʦʩʣʝ ʦʪʞʠʛʘ 

ʙʦʣʴʰʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʜʦʥʦʨʦʚ. ɼʣʷ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʥʘʙʣʶʜʘʝʤʳʭ ʩʧʝʢʪʨʦʚ 

ʥʝʦʙʭʦʜʠʤʦ ʨʘʩʩʤʦʪʨʝʪʴ, ʢʘʢ ʚʘʢʘʥʩʠʷ ʨʪʫʪʠ ʫʯʘʩʪʚʫʝʪ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʩʧʝʢʪʨʦʚ 

ʬʦʪʦʧʨʦʚʦʜʠʤʦʩʪʠ. 

ʂʘʢ ʫʞʝ ʦʪʤʝʯʘʣʦʩʴ, ʚʘʢʘʥʩʠʷ ʨʪʫʪʠ ʢʘʢ ʜʚʫʭʚʘʣʝʥʪʥʳʡ ʘʢʮʝʧʪʦʨ ʤʦʞʝʪ 

ʥʘʭʦʜʠʪʴʩʷ ʚ ʪʨʝʭ ʟʘʨʷʜʦʚʳʭ ʩʦʩʪʦʷʥʠʷʭ: A2
0, A2

-1, A2
-2, ʢʦʛʜʘ ʩ ʮʝʥʪʨʦʤ ʩʚʷʟʘʥʳ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʜʚʝ, ʦʜʥʘ ʠ ʥʠ ʦʜʥʦʡ ʜʳʨʢʠ. ʅʘʙʣʶʜʘʝʤʳʤʠ ʚʝʣʠʯʠʥʘʤʠ ʷʚʣʷʶʪʩʷ 

ʵʥʝʨʛʠʠ ʠʦʥʠʟʘʮʠʠ A2
0 ï ʮʝʥʪʨʘ (ʦʙʦʟʥʘʯʠʤ ʝ yE1) ʠ ʵʥʝʨʛʠʷ ʠʦʥʠʟʘʮʠʠ A2

-1 ʮʝʥʪʨʘ 

(ʦʙʦʟʥʘʯʠʤ ʝ yE2). ʈʘʩʩʤʦʪʨʠʤ A2
0 ʮʝʥʪʨ, ʪ.ʝ. ʘʢʮʝʧʪʦʨ, ʩ ʢʦʪʦʨʳʤ ʩʚʷʟʘʥʳ ʜʚʝ 

ʜʳʨʢʠ. ɺ ʥʠʞʥʝʤ ʵʥʝʨʛʝʪʠʯʝʩʢʦʤ ʩʦʩʪʦʷʥʠʠ ʵʪʠ ʜʚʝ ʜʳʨʢʠ ʠʤʝʶʪ ʦʜʠʥʘʢʦʚʫʶ 

ʵʥʝʨʛʠʶ ʩʚʷʟʠ (ʦʙʦʟʥʘʯʠʤ ʝ yE). ʊʦʛʜʘ, ʵʥʝʨʛʠʷ ʜʚʫʭ ʜʳʨʦʢ ʥʘ A2
0 ʮʝʥʪʨʝ ʙʫʜʝʪ 

ʨʘʚʥʘ -2E. ʏʪʦʙʳ ʦʪʦʨʚʘʪʴ ʦʜʥʫ ʜʳʨʢʫ ʦʪ A2
0 ʮʝʥʪʨʘ ʥʫʞʥʦ ʟʘʪʨʘʪʠʪʴ ʵʥʝʨʛʠʶ E1, 

ʪ.ʝ. -2E + E1 = -E2, ʛʜʝ E2 ʦʙʦʟʥʘʯʘʝʪ ʵʥʝʨʛʠʶ ʜʳʨʢʠ ʥʘ A2
-1 ʮʝʥʪʨʝ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, 

E = (E2 + E1)/2. ʕʥʝʨʛʠʷ E ʩʪʨʦʛʦ ʤʝʥʴʰʝ, ʯʝʤ E2, ʧʦʩʢʦʣʴʢʫ ʚ ʩʣʫʯʘʝ A2
-1 ʮʝʥʪʨʘ 

ʜʳʨʢʘ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʪʦʣʴʢʦ ʩ ʦʪʨʠʮʘʪʝʣʴʥʳʤ ʠʦʥʦʤ ʘʢʮʝʧʪʦʨʘ, ʘ ʚ ʩʣʫʯʘʝ A2
0 

ʮʝʥʪʨʘ ʧʦʪʝʥʮʠʘʣʴʥʘʷ ʵʥʝʨʛʠʷ ʢʘʞʜʦʡ ʜʳʨʢʠ ʩʢʣʘʜʳʚʘʝʪʩʷ ʠʟ ʵʥʝʨʛʠʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʠʦʥʦʤ ʠ ʩ ʜʨʫʛʦʡ ʜʳʨʢʦʡ, ʠ ʪʘʢʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʫʤʝʥʴʰʘʝʪ 
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ʵʥʝʨʛʠʶ ʩʚʷʟʠ. ʊ.ʝ. E = (E2 + E1)/2 < E2, ʘ ʟʥʘʯʠʪ E1 < E2. ʆʪʦʨʚʘʪʴ ʧʝʨʚʫʶ ʜʳʨʢʫ ʦʪ 

ʜʚʫʭʚʘʣʝʥʪʥʦʛʦ ʘʢʮʝʧʪʦʨʘ ʣʝʛʯʝ, ʯʝʤ ʚʪʦʨʫʶ. ʀʟ ʵʪʦʛʦ ʩʣʝʜʫʝʪ, ʯʪʦ ʧʨʠ ʥʘʣʠʯʠʠ 

ʧʦʣʥʦʩʪʴʶ ʠʦʥʠʟʦʚʘʥʥʳʭ ʘʢʮʝʧʪʦʨʦʚ A2
-2, ʜʚʫʤ ʜʳʨʢʘʤ ʵʥʝʨʛʝʪʠʯʝʩʢʠ ʚʳʛʦʜʥʝʝ 

ʟʘʧʦʣʥʠʪʴ ʩʦʩʪʦʷʥʠʷ ʥʘ ʨʘʟʥʳʭ ʘʢʮʝʧʪʦʨʥʳʭ ʮʝʥʪʨʘʭ, ʘ ʥʝ ʥʘ ʦʜʥʦʤ. 

ʀʥʦʛʜʘ ʦʧʠʩʳʚʘʪʴ ʩʦʩʪʦʷʥʠʷ ʮʝʥʪʨʘ ʫʜʦʙʥʝʝ çʥʘ ʷʟʳʢʝ ʵʣʝʢʪʨʦʥʦʚè. ʊʦʛʜʘ 

A2
0 ʮʝʥʪʨ ʥʝ ʟʘʥʷʪ ʵʣʝʢʪʨʦʥʘʤʠ, ʠ, ʯʪʦʙʳ ʠʦʥʠʟʦʚʘʪʴ ʝʛʦ, ʥʫʞʥʦ ʟʘʙʨʦʩʠʪʴ ʥʘ ʥʝʛʦ 

ʵʣʝʢʪʨʦʥ ʠʟ ʚʘʣʝʥʪʥʦʡ ʟʦʥʳ. ɼʣʷ ʵʪʦʛʦ ʥʫʞʥʦ ʟʘʪʨʘʪʠʪʴ ʵʥʝʨʛʠʶ, ʨʘʚʥʫʶ ʵʥʝʨʛʠʠ 

ʠʦʥʠʟʘʮʠʠ A2
0 ʮʝʥʪʨʘ (E1). ɺ ʨʝʟʫʣʴʪʘʪʝ ʟʘʙʨʦʩʘ ʯʘʩʪʠʮʳ ʚʦʟʥʠʢʥʝʪ ʠʦʥʠʟʦʚʘʥʥʳʡ 

A2
-1. ʊʦʛʜʘ, ʩʦʩʪʦʷʥʠʝ ʵʣʝʢʪʨʦʥʘ ʥʘ A2

-1 ʮʝʥʪʨʝ ʠʤʝʝʪ ʵʥʝʨʛʠʶ ʥʘ E1 ʙʦʣʴʰʝ ʧʦʪʦʣʢʘ 

ʚʘʣʝʥʪʥʦʡ ʟʦʥʳ. ʏʪʦʙʳ ʠʦʥʠʟʦʚʘʪʴ A2
-1 ʮʝʥʪʨ, ʥʫʞʥʦ ʟʘʙʨʦʩʠʪʴ ʚʪʦʨʦʡ ʵʣʝʢʪʨʦʥ ʠʟ 

ʚʘʣʝʥʪʥʦʡ ʟʦʥʳ. ɼʣʷ ʵʪʦʛʦ ʪʨʝʙʫʝʪʩʷ ʟʘʪʨʘʪʠʪʴ ʵʥʝʨʛʠʶ E2. ɺ ʨʝʟʫʣʴʪʘʪʝ, ʚʦʟʥʠʢʘʝʪ 

ʜʚʘʞʜʳ ʠʦʥʠʟʦʚʘʥʥʳʡ A2
-2 ʮʝʥʪʨ, ʩ ʢʦʪʦʨʳʤ ʩʚʷʟʘʥʳ ʜʚʘ ʵʣʝʢʪʨʦʥʘ, ʢʘʞʜʳʡ ʩ 

ʵʥʝʨʛʠʝʡ ʥʘ (E2 + E1)/2 ʚʳʰʝ ʧʦʪʦʣʢʘ ʚʘʣʝʥʪʥʦʡ ʟʦʥʳ. 

ʈʘʩʩʤʦʪʨʠʤ ʌʇ, ʚʦʟʥʠʢʘʶʱʫʶ ʚʩʣʝʜʩʪʚʠʝ ʦʧʪʠʯʝʩʢʠʭ ʧʝʨʝʭʦʜʦʚ ʤʝʞʜʫ 

ʩʦʩʪʦʷʥʠʷʤʠ, ʩʚʷʟʘʥʥʳʤʠ ʩ ʚʘʣʝʥʪʥʦʡ ʟʦʥʦʡ. ʌʦʪʦʪʦʢ ʚʦʟʥʠʢʘʝʪ ʧʨʠ ʧʦʷʚʣʝʥʠʠ 

ʩʚʦʙʦʜʥʳʭ ʥʦʩʠʪʝʣʝʡ ʚ ʚʘʣʝʥʪʥʦʡ ʟʦʥʝ - ʜʳʨʦʢ. ʕʪʠ ʥʦʩʠʪʝʣʠ ʚ ʟʦʥʝ ʚʦʟʥʠʢʘʶʪ ʧʨʠ 

ʧʝʨʝʭʦʜʘʭ ʵʣʝʢʪʨʦʥʦʚ ʠʟ ʚʘʣʝʥʪʥʦʡ ʟʦʥʳ ʥʘ ʘʢʮʝʧʪʦʨʥʳʝ ʫʨʦʚʥʠ ʚ ʟʘʧʨʝʱʝʥʥʦʡ 

ʟʦʥʝ (ʠʣʠ, ʧʨʠ ñʜʳʨʦʯʥʦʤò ʦʧʠʩʘʥʠʠ, ʧʝʨʝʭʦʜʘʭ ʜʳʨʦʢ ʩ ʘʢʮʝʧʪʦʨʥʳʭ ʮʝʥʪʨʦʚ ʚ 

ʚʘʣʝʥʪʥʫʶ ʟʦʥʫ), ʪ.ʝ. ʧʨʠ ʠʦʥʠʟʘʮʠʠ ʘʢʮʝʧʪʦʨʥʳʭ ʮʝʥʪʨʦʚ. ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʪʘʢʠʝ 

ʧʝʨʝʭʦʜʳ ʵʣʝʢʪʨʦʥʦʚ ʙʳʣʠ ʚʦʟʤʦʞʥʳ, ʚ ʤʘʪʝʨʠʘʣʝ ʜʦʣʞʥʳ ʧʨʠʩʫʪʩʪʚʦʚʘʪʴ ʥʝ 

ʧʦʣʥʦʩʪʴʶ ʠʦʥʠʟʦʚʘʥʥʳʝ ʘʢʮʝʧʪʦʨʥʳʝ ʮʝʥʪʨʳ, ʥʘ ʫʨʦʚʥʷʭ ʢʦʪʦʨʳʭ ʧʨʠʩʫʪʩʪʚʫʶʪ 

ʜʳʨʢʠ, ʪ.ʝ. A2
-1 ʠ A2

0 ʮʝʥʪʨʳ. ʊʦʛʜʘ ʚ ʩʧʝʢʪʨʝ ʌʇ ʚʦʟʥʠʢʘʶʪ ʜʚʝ ʧʦʣʦʩʳ ʩʠʛʥʘʣʘ, 

ʩʚʷʟʘʥʥʳʝ ʩ ʠʦʥʠʟʘʮʠʝʡ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ A2
0 ʠ A2

-1 ʮʝʥʪʨʦʚ. ʇʦʩʢʦʣʴʢʫ ʩʦʩʪʦʷʥʠʷ 

A2
0 ʮʝʥʪʨʘ ʤʝʣʴʯʝ, ʯʝʤ A2

-1 ʮʝʥʪʨʘ, ʣʠʥʠʷ 1 ʜʦʣʞʥʘ ʙʳʪʴ ʙʦʣʝʝ ʜʣʠʥʥʦʚʦʣʥʦʚʘʷ, 

ʯʝʤ ʣʠʥʠʷ 2.  
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ʈʠʩʫʥʦʢ 4.2 - ʌʦʨʤʠʨʦʚʘʥʠʝ ʩʧʝʢʪʨʘ ʌʇ, ʩʚʷʟʘʥʥʦʡ ʩ ʘʢʮʝʧʪʦʨʘʤʠ ï ʜʳʨʢʘ 

ʧʝʨʝʭʦʜʠʪ ʩ ʘʢʮʝʧʪʦʨʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚ  ʚʘʣʝʥʪʥʫʶ ʟʦʥʫ: (ʘ) A2
-2 ʥʝ ʤʦʞʝʪ 

ʫʯʘʩʪʚʦʚʘʪʴ ʚ ʌʇ (ʥʘ ʮʝʥʪʨʝ ʥʝʪ ʜʳʨʦʢ); (ʙ) ʜʳʨʢʘ, ʧʦʛʣʦʱʘʷ ʬʦʪʦʥ ʩ ʵʥʝʨʛʠʝʡ 

ʨʘʚʥʦʡ ʵʥʝʨʛʠʠ ʠʦʥʠʟʘʮʠʠ  A2
-1 ʮʝʥʪʨʘ (E2) ʧʝʨʝʭʦʜʠʪ ʚ ʚʘʣʝʥʪʥʫʶ ʟʦʥʫ, 

ʦʙʨʘʟʫʝʪʩʷ A2
-2 ʮʝʥʪʨ; (ʚ) ʜʳʨʢʘ, ʧʦʛʣʦʱʘʷ ʬʦʪʦʥ ʩ ʵʥʝʨʛʠʝʡ ʨʘʚʥʦʡ ʵʥʝʨʛʠʠ 

ʠʦʥʠʟʘʮʠʠ  A2
0 ʮʝʥʪʨʘ (E1) ʧʝʨʝʭʦʜʠʪ ʚ ʚʘʣʝʥʪʥʦʶ ʟʦʥʫ, ʦʙʨʘʟʫʝʪʩʷ A2

-1 ʮʝʥʪʨ 

(ʘ) 

(ʙ) 

(ʚ) 
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ɺ ʩʧʝʢʪʨʘʭ ʌʇ ʩʣʦʝʚ n-ʪʠʧʘ ʥʝ ʜʦʣʞʥʦ ʙʳʪʴ ʣʠʥʠʡ, ʩʚʷʟʘʥʥʳʭ ʩ 

ʚʦʟʙʫʞʜʝʥʠʝʤ ʘʢʮʝʧʪʦʨʦʚ, ʯʪʦ ʠ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ (ʨʠʩʫʥʦʢ 4.3 (ʘ)). ɺ 

ʩʧʝʢʪʨʘʭ ʌʇ ʦʙʨʘʟʮʦʚ p-ʪʠʧʘ ʩ ʬʦʪʦʚʦʟʙʫʞʜʝʥʠʝʤ ʚʘʢʘʥʩʠʡ ʨʪʫʪʠ ʤʦʛʫʪ ʙʳʪʴ 

ʩʚʷʟʘʥʳ ʜʚʝ ʣʠʥʠʠ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʦʪʥʦʰʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʜʦʥʦʨʦʚ ʠ 

ʜʚʫʭʚʘʣʝʥʪʥʳʭ ʘʢʮʝʧʪʦʨʦʚ ï ʚʘʢʘʥʩʠʡ ʨʪʫʪʠ, ʚʦʟʤʦʞʥʳ ʪʨʠ ʩʠʪʫʘʮʠʠ: 

1) ʏʠʩʣʦ ʜʦʥʦʨʦʚ (Nd) ʙʦʣʝʝ ʯʝʤ ʚ ʜʚʘ ʨʘʟʘ ʙʦʣʴʰʝ ʯʠʩʣʘ ʜʚʫʭʚʘʣʝʥʪʥʳʭ 

ʘʢʮʝʧʪʦʨʦʚ ï ʚʘʢʘʥʩʠʡ ʨʪʫʪʠ (Nɸ): Nd > 2Nɸ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʵʣʝʢʪʨʦʥʦʚ, ʦʪʜʘʥʥʳʭ 

ʜʦʥʦʨʘʤʠ ʙʦʣʴʰʝ, ʯʝʤ ʧʦ ʜʚʘ ʥʘ ʘʢʮʝʧʪʦʨʥʳʡ ʮʝʥʪʨ, ʠ ʚʩʝ ʩʦʩʪʦʷʥʠʷ ʚʘʢʘʥʩʠʡ 

ʨʪʫʪʠ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʥʦʩʪʴʶ ʟʘʧʦʣʥʝʥʳ ʵʣʝʢʪʨʦʥʘʤʠ. ʊʦʛʜʘ ʧʨʠ ʥʠʟʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʚʩʝ ʜʚʫʭʚʘʣʝʥʪʥʳʝ ʘʢʮʝʧʪʦʨʳ ʙʫʜʫʪ ʥʘʭʦʜʠʪʴʩʷ ʚ ʟʘʨʷʜʦʚʦʤ 

ʩʦʩʪʦʷʥʠʠ A2
-2. 

2) ʏʠʩʣʦ ʜʦʥʦʨʦʚ ʙʦʣʴʰʝ ʢʦʣʠʯʝʩʪʚʘ ʜʚʫʭʚʘʣʝʥʪʥʳʭ ʘʢʮʝʧʪʦʨʦʚ, ʥʦ ʤʝʥʴʰʝ 

ʠʭ ʫʜʚʦʝʥʥʦʛʦ ʯʠʩʣʘ (Nɸ < Nd < 2Nɸ). ʂʘʢ ʠ ʚ ʧʝʨʚʦʤ ʩʣʫʯʘʝ, ʵʣʝʢʪʨʦʥʳ, ʦʪʜʘʥʥʳʝ 

ʜʦʥʦʨʘʤʠ, ʟʘʧʦʣʥʷʶʪ ʩʦʩʪʦʷʥʠʷ ʘʢʮʝʧʪʦʨʦʚ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʘʢʮʝʧʪʦʨʥʳʝ ʮʝʥʪʨʳ 

ʧʨʠ ʥʠʟʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʙʫʜʫʪ ʥʘʭʦʜʠʪʴʩʷ ʚ ʟʘʨʷʜʦʚʳʭ ʩʦʩʪʦʷʥʠʷʭ A2
-1 ʠ A2

-2. 

ʏʠʩʣʦ ʪʘʢʠʭ ʮʝʥʪʨʦʚ ʙʫʜʝʪ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʩʦʩʪʘʚʣʷʪʴ 2Nɸ - Nd ʠ Nd - NA. 

3) ʏʠʩʣʦ ʜʦʥʦʨʦʚ ʤʝʥʴʰʝ ʯʠʩʣʘ ʘʢʮʝʧʪʦʨʦʚ (Nd < Nɸ). ɺ ʵʪʦʤ ʩʣʫʯʘʝ 

ʵʣʝʢʪʨʦʥʦʚ ʩ ʜʦʥʦʨʥʳʭ ʫʨʦʚʥʝʡ ʤʝʥʴʰʝ, ʯʝʤ ʘʢʮʝʧʪʦʨʥʳʭ ʮʝʥʪʨʦʚ ʠ ʯʘʩʪʴ ʵʪʠʭ 

ʮʝʥʪʨʦʚ ʙʫʜʝʪ ʩʚʦʙʦʜʥʦ ʦʪ ʵʣʝʢʪʨʦʥʦʚ (A2
0 ʮʝʥʪʨʳ, ʠʭ ʯʠʩʣʦ Nɸ - Nd), ʘ ʯʘʩʪʴ 

ʘʢʮʝʧʪʦʨʦʚ ʙʫʜʝʪ ʩʚʷʟʳʚʘʪʴ ʧʦ ʦʜʥʦʤʫ ʵʣʝʢʪʨʦʥʫ (A2
-1 ʮʝʥʪʨʳ, ʠʭ ʯʠʩʣʦ ʨʘʚʥʦ Nd).  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʦʣʝʝ ʢʦʨʦʪʢʦʚʦʣʥʦʚʘʷ ʦʩʦʙʝʥʥʦʩʪʴ, ʩʚʷʟʘʥʥʘʷ ʩ ʠʦʥʠʟʘʮʠʝʡ 

A2
-1 ʮʝʥʪʨʦʚ, ʜʦʣʞʥʘ ʧʨʠʩʫʪʩʪʚʦʚʘʪʴ ʧʨʠ ʣʶʙʦʡ ʩʪʝʧʝʥʠ ʢʦʤʧʝʥʩʘʮʠʠ ʚ ʩʧʝʢʪʨʘʭ 

ʩʪʨʫʢʪʫʨ ʨ-ʪʠʧʘ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʦʩʦʙʝʥʥʦʩʪʠ, ʩʚʷʟʘʥʥʦʡ ʩ ʦʪʨʳʚʦʤ ʧʝʨʚʦʡ ʜʳʨʢʠ ʦʪ 

ʥʝʡʪʨʘʣʴʥʦʛʦ A2
0 ʮʝʥʪʨʘ, ʢʦʪʦʨʘʷ ʥʝ ʤʦʞʝʪ ʥʘʙʣʶʜʘʪʴʩʷ, ʝʩʣʠ ʚʩʝ ʚʘʢʘʥʩʠʠ ʧʦ 

ʢʨʘʡʥʝʡ ʤʝʨʝ ʦʜʥʦʢʨʘʪʥʦ ʠʦʥʠʟʦʚʘʥʳ. ɺʦ ʚʩʝʭ ʩʧʝʢʪʨʘʭ ʌʇ ʠʩʩʣʝʜʫʝʤʳʭ 

ʦʪʦʞʞʝʥʥʳʭ ʂʈʊ ʧʣʝʥʦʢ (ʩʤ. ʨʠʩʫʥʦʢ 4.1) ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʣʦʩʘ ʦʢʦʣʦ 20 ʤʵɺ 

(ʦʩʦʙʝʥʥʦʩʪʴ 2 ʥʘ ʨʠʩʫʥʢʝ 4.1). ɺʳʰʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʦʣʦʩʘ ʌʇ 6 ï 12 ʤʵɺ 

(ʦʩʦʙʝʥʥʦʩʪʴ 1 ʥʘ ʨʠʩʫʥʢʝ 4.1) ʜʦʣʞʥʘ ʙʳʪʴ ʩʚʷʟʘʥʘ ʩ ʠʦʥʠʟʘʮʠʝʡ ʚʘʢʘʥʩʠʠ ʨʪʫʪʠ. 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʜʣʠʥʥʦʚʦʣʥʦʚʘʷ ʦʩʦʙʝʥʥʦʩʪʴ 1 ʩʚʷʟʘʥʘ ʩ 

ʠʦʥʠʟʘʮʠʝʡ ʥʝʡʪʨʘʣʴʥʦʡ ʚʘʢʘʥʩʠʠ, ʘ ʣʠʥʠʷ 2 ʩʚʷʟʘʥʘ ʩ ʠʦʥʠʟʘʮʠʝʡ A2
-1 ʮʝʥʪʨʦʚ. 

ʈʘʩʯʝʪ ʩʦʩʪʦʷʥʠʡ ʜʚʫʭʚʘʣʝʥʪʥʦʛʦ ʘʢʮʝʧʪʦʨʘ ʚ HgCdTe ʙʳʣ ʚʳʧʦʣʥʝʥ ʂʦʟʣʦʚʳʤ 

ɼ.ɺ. ʚ ʨʘʙʦʪʘʭ [ɸ13, A14]. ʉʨʘʚʥʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʨʘʩʯʝʪʘ ʧʦʢʘʟʘʣʦ ʥʘʣʠʯʠʝ ʩʫʱʝʩʪʚʝʥʥʦʛʦ çʭʠʤʠʯʝʩʢʦʛʦ ʩʜʚʠʛʘè, ʫʤʝʥʴʰʘʶʱʝʛʦ 

ʵʥʝʨʛʠʶ ʠʦʥʠʟʘʮʠʠ ʚʘʢʘʥʩʠʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʦʜʝʣʠ ʵʬʬʝʢʪʠʚʥʦʡ ʤʘʩʩʳ, ʧʨʠʯʝʤ 

ʚʝʣʠʯʠʥʘ ʧʦʪʝʥʮʠʘʣʘ çʮʝʥʪʨʘʣʴʥʦʡ ʷʯʝʡʢʠè, ʥʘʡʜʝʥʥʦʛʦ ʠʟ ʩʦʧʦʩʪʘʚʣʝʥʠʷ 

ʨʘʩʯʝʪʦʚ ʩ ʥʘʙʣʶʜʘʝʤʳʤʠ ʵʥʝʨʛʠʷʤʠ ʧʝʨʝʭʦʜʦʚ, ʦʢʘʟʘʣʘʩʴ ʦʜʠʥʘʢʦʚʦʡ ʢʘʢ ʜʣʷ 

ʥʝʡʪʨʘʣʴʥʳʭ, ʪʘʢ ʠ ʜʣʷ ʦʜʥʦʢʨʘʪʥʦ ʠʦʥʠʟʦʚʘʥʥʳʭ ʮʝʥʪʨʦʚ. ʀʟ-ʟʘ ʩʞʘʪʠʷ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ ʚʦʢʨʫʛ ʚʘʢʘʥʩʠʠ ʚʦʟʥʠʢʘʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ 

ʦʪʪʘʣʢʠʚʘʶʱʠʡ (ʧʦʣʦʞʠʪʝʣʴʥʳʡ) ʧʦʪʝʥʮʠʘʣ ʜʣʷ ʜʳʨʦʢ, ʫʤʝʥʴʰʘʶʱʠʡ ʵʥʝʨʛʠʶ 

ʠʦʥʠʟʘʮʠʠ ʮʝʥʪʨʘ (ʧʦʪʝʥʮʠʘʣ ʮʝʥʪʨʘʣʴʥʦʡ ʷʯʝʡʢʠ).  

ɺ ʩʧʝʢʪʨʘʭ ʌʇ ʧʨʠʩʫʪʩʪʚʫʶʪ ʝʱʝ ʦʩʦʙʝʥʥʦʩʪʴ ʦʢʦʣʦ 27 ʤʵɺ (ʣʠʥʠʷ 3). 

ʇʦʣʦʞʝʥʠʝ ʵʪʦʡ ʣʠʥʠʠ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʵʥʝʨʛʠʝʡ ʠʦʥʠʟʘʮʠʠ ʥʝʡʪʨʘʣʴʥʦʡ 

ʚʘʢʘʥʩʠʠ ʨʪʫʪʠ, ʨʘʩʩʯʠʪʘʥʥʦʡ ʙʝʟ ʫʯʝʪʘ ʭʠʤʠʯʝʩʢʦʛʦ ʩʜʚʠʛʘ, ʪ.ʝ. ʢʦʛʜʘ ʩʞʘʪʠʷ 

ʨʝʰʝʪʢʠ ʚʦʢʨʫʛ ʵʪʦʛʦ ʘʢʮʝʧʪʦʨʘ ʥʝ ʧʨʦʠʩʭʦʜʠʪ. ɺʦʟʤʦʞʥʦ ʵʪʦ ð ʚʩʪʨʦʠʚʰʠʡʩʷ ʥʘ 

ʤʝʩʪʦ ʘʪʦʤʘ ʨʪʫʪʠ ʘʪʦʤ ʩ ʦʯʝʥʴ ʚʳʩʦʢʦʡ ʵʣʝʢʪʨʦʥʝʡʪʨʘʣʴʥʦʩʪʴʶ (ʥʘʧʨʠʤʝʨ, 

ʢʠʩʣʦʨʦʜ).  

ʉ ʨʦʩʪʦʤ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʙʣʶʜʘʝʪʩʷ ʙʳʩʪʨʦʝ ʛʘʰʝʥʠʝ ʦʙʝʠʭ ʣʠʥʠʡ ʌʇ (ʧʨʠ  

ʊ > 15 K ʩʧʝʢʪʨʳ ʌʇ, ʩʚʷʟʘʥʥʳʝ ʩ ʘʢʮʝʧʪʦʨʘʤʠ ʩʪʘʥʦʚʷʪʩʷ ʥʝʨʘʟʣʠʯʠʤʳ ʥʘ ʬʦʥʝ 

ʰʫʤʘ) ï ʨʠʩʫʥʦʢ 4.3 (ʙ), ʢʦʪʦʨʦʝ ʩʚʷʟʘʥʦ ʩ ʨʝʟʢʠʤ ʨʦʩʪʦʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʜʳʨʦʢ ʚ 

ʚʘʣʝʥʪʥʦʡ ʟʦʥʝ. ʇʨʠ ʵʪʦʤ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʣʠʥʠʠ 2 ʩ ʨʦʩʪʦʤ ʪʝʤʧʝʨʘʪʫʨʳ 

ʫʤʝʥʴʰʘʝʪʩʷ ʤʝʜʣʝʥʥʝʝ, ʯʝʤ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʣʠʥʠʠ 1. ʆʜʥʘʢʦ ʵʪʦ ʥʝʣʴʟʷ ʦʙʲʷʩʥʠʪʴ 

ʨʦʩʪʦʤ ʢʦʥʮʝʥʪʨʘʮʠʠ A2
-1 ʮʝʥʪʨʦʚ ʧʨʠ ʠʦʥʠʟʘʮʠʠ ʮʝʥʪʨʦʚ A2

0, ʪʘʢ ʢʘʢ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʜʦ 15 K ʧʦ ʨʘʩʯʝʪʘʤ ʵʪʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʟʘʤʝʪʥʦ ʥʝ ʤʝʥʷʶʪʩʷ [A14].  

ɽʱʝ ʦʜʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ, ʭʘʨʘʢʪʝʨʥʦʡ ʜʣʷ ʥʘʙʣʶʜʘʝʤʳʭ ʩʧʝʢʪʨʦʚ ʷʚʣʷʝʪʩʷ 

ʥʝʪʠʧʠʯʥʘʷ ʜʣʷ ñʧʨʠʤʝʩʥʦʡò ʬʦʪʦʧʨʦʚʦʜʠʤʦʩʪʠ ʬʦʨʤʘ ʩʧʝʢʪʨʘ ʬʦʪʦʦʪʢʣʠʢʘ. 

ɼʘʞʝ ʩ ʫʯʝʪʦʤ ʧʨʦʚʘʣʦʚ ʚ ʨʘʡʦʥʝ 15 ʠ 19 ʤʵɺ, ʩʚʷʟʘʥʥʳʭ ʩ ʧʦʛʣʦʱʝʥʠʝʤ HgTe-
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ʧʦʜʦʙʥʳʤʠ ʠ CdTe-ʧʦʜʦʙʥʳʤʠ ʬʦʥʦʥʘʤʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ [54], ʚ ʩʧʝʢʪʨʘʭ ʌʇ 

ʜʦʤʠʥʠʨʫʶʪ ʫʟʢʠʝ ʣʠʥʠʠ, ʩʧʘʜʘʶʱʠʝ ʥʘ ʤʘʩʰʪʘʙʝ 2 ʤʵɺ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʧʦʣʦʩʳ 

ʧʨʠʤʝʩʥʦʡ ʌʇ ʪʘʢʠʭ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ, ʢʘʢ Ge, Si ʠ GaAs, ʩʚʷʟʘʥʥʳʝ ʩ ʧʝʨʝʭʦʜʘʤʠ 

ʚ ʥʝʧʨʝʨʳʚʥʳʡ ʩʧʝʢʪʨ, ʦʙʳʯʥʦ ʠʤʝʶʪ ʧʦʣʦʛʠʡ ʢʦʨʦʪʢʦʚʦʣʥʦʚʳʡ ʬʨʦʥʪ [184, 185]. 

ɺʤʝʩʪʝ ʩ ʪʝʤ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʚ ʩʧʝʢʪʨʘʭ ʧʨʠʤʝʩʥʦʡ ʌʇ ʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ ʣʠʥʠʠ, 

ʩʚʷʟʘʥʥʳʝ ʩ ʪʝʨʤʠʯʝʩʢʦʡ ʘʢʪʠʚʘʮʠʝʡ ʚ ʟʦʥʫ [184, 186] ʥʦʩʠʪʝʣʝʡ, ʧʝʨʝʰʝʜʰʠʭ ʥʘ 

ʚʦʟʙʫʞʜʝʥʥʳʝ ʫʨʦʚʥʠ ʮʝʥʪʨʦʚ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʦʧʪʠʯʝʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ. ʂʘʢ 

ʧʨʘʚʠʣʦ, ʚ ʵʣʝʤʝʥʪʘʨʥʳʭ ʧʦʣʫʧʨʦʚʦʜʥʠʢʘʭ ʠ ʙʠʥʘʨʥʳʭ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ 

ʩʦʝʜʠʥʝʥʠʷʭ ʪʘʢʠʝ ʣʠʥʠʠ ʟʥʘʯʠʪʝʣʴʥʦ ʫʞʝ 1 ʤʵɺ, ʚ ʪʦ ʞʝ ʚʨʝʤʷ, ʥʘʩʢʦʣʴʢʦ 

ʠʟʚʝʩʪʥʦ ʘʚʪʦʨʫ, ʚ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʘʭ ʪʘʢʠʝ ʧʝʨʝʭʦʜʳ ʚ ʚʦʟʙʫʞʜʝʥʥʳʝ ʩʦʩʪʦʷʥʠʷ 

ʤʝʣʢʠʭ ʮʝʥʪʨʦʚ ʥʝ ʫʜʘʝʪʩʷ ʥʘʙʣʶʜʘʪʴ ʠʟ-ʟʘ ʬʣʫʢʪʫʘʮʠʡ ʩʦʩʪʘʚʘ ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

ʧʦʪʝʥʮʠʘʣʘ. ɺ ʯʘʩʪʥʦʩʪʠ, ʜʦʙʘʚʣʝʥʠʝ 1 % Ge ʚ ʪʚʝʨʜʳʡ ʨʘʩʪʚʦʨ ʩ Si:B ʧʨʠʚʦʜʠʪ ʢ 

ʧʦʣʥʦʤʫ ʠʩʯʝʟʥʦʚʝʥʠʶ ʣʠʥʝʡʯʘʪʦʡ ʩʪʨʫʢʪʫʨʳ ʩʧʝʢʪʨʘ ʧʨʠʤʝʩʥʦʡ ʌʇ, 

ʦʙʫʩʣʦʚʣʝʥʥʦʡ ʧʝʨʝʭʦʜʘʤʠ ʜʳʨʦʢ ʥʘ ʤʝʣʢʠʝ ʚʦʟʙʫʞʜʝʥʥʳʝ ʩʦʩʪʦʷʥʠʷ ʘʢʮʝʧʪʦʨʘ 

[187]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʙʥʘʨʫʞʝʥʠʝ ʚ ʩʧʝʢʪʨʘʭ ʌʇ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ HgCdTe 

ʣʠʥʠʡ ʧʝʨʝʭʦʜʦʚ ʚ ʤʝʣʢʠʝ ʚʦʟʙʫʞʜʝʥʥʳʝ ʩʦʩʪʦʷʥʠʷ ʘʢʮʝʧʪʦʨʦʚ ʪʘʢʞʝ ʢʦʩʚʝʥʥʦ 

ʫʢʘʟʳʚʘʝʪ ʥʘ ʚʳʩʦʢʫʶ ʦʜʥʦʨʦʜʥʦʩʪʴ ʤʘʪʝʨʠʘʣʘ, ʚʳʨʘʱʠʚʘʝʤʦʛʦ ʤʝʪʦʜʦʤ ʄʃʕ.  

ʈʘʩʯʝʪʳ ʚʦʣʥʦʚʳʭ ʬʫʥʢʮʠʡ ʜʳʨʦʢ ʥʘ ʜʚʦʡʥʳʭ ʘʢʮʝʧʪʦʨʘʭ - ʚʘʢʘʥʩʠʷʭ ʨʪʫʪʠ 

ʚ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʘʭ HgCdTe ʧʦʢʘʟʘʣʠ ʥʘʣʠʯʠʝ ʚʦʟʙʫʞʜʝʥʥʳʭ ʩʦʩʪʦʷʥʠʡ, 

ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʩʦʩʪʦʷʥʠʷʤʠ ʣʝʛʢʠʭ ʜʳʨʦʢ ʠ ʦʙʣʘʜʘʶʱʠʭ ʩ 

ʤʘʣʦʡ ʵʥʝʨʛʠʝʡ ʠʦʥʠʟʘʮʠʠ: 0.4 ʤʵɺ ʜʣʷ ʥʝʡʪʨʘʣʴʥʳʭ ʠ 1.1 ʤʵɺ ʜʣʷ ʦʜʥʦʢʨʘʪʥʦ 

ʠʦʥʠʟʦʚʘʥʥʳʭ ʮʝʥʪʨʦʚ. ʆʧʪʠʯʝʩʢʠʤ ʧʝʨʝʭʦʜʘʤ ʚ ʪʘʢʠʝ ʩʦʩʪʦʷʥʠʷ ʩ ʦʩʥʦʚʥʳʭ 

ʩʦʩʪʦʷʥʠʡ ʘʢʮʝʧʪʦʨʦʚ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʙʦʣʴʰʠʝ (ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʝʨʝʭʦʜʘʤʠ ʥʘ 

ʩʦʩʝʜʥʠʝ ʚʦʟʙʫʞʜʝʥʥʳʝ ʫʨʦʚʥʠ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʩʦʩʪʦʷʥʠʷʤʠ 

ʪʷʞʝʣʳʭ ʜʳʨʦʢ) ʟʥʘʯʝʥʠʷ ʤʘʪʨʠʯʥʳʭ ʵʣʝʤʝʥʪʦʚ. ʇʨʠ ʢʘʯʝʩʪʚʝʥʥʦʤ ʘʥʘʣʠʟʝ ʵʪʠ 

ʫʨʦʚʥʠ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʦʜʥʠ ʠʟ ʥʠʞʥʠʭ ʫʨʦʚʥʝʡ ʘʢʮʝʧʪʦʨʦʚ (ʪ.ʝ. 

ʩʦʩʪʦʷʥʠʡ ʩ ʙʦʣʴʰʠʤ ʤʘʪʨʠʯʥʳʤ ʵʣʝʤʝʥʪʦʤ ʧʝʨʝʭʦʜʘ ʩ ʦʩʥʦʚʥʦʛʦ ʩʦʩʪʦʷʥʠʷ, 

ʩʚʷʟʘʥʥʳʭ ʩ ʧʦʜʟʦʥʦʡ ʣʝʛʢʠʭ ʜʳʨʦʢ ʧʨʠ ʚʩʝʡ ʫʩʣʦʚʥʦʩʪʠ ʪʘʢʦʛʦ ʨʘʩʩʤʦʪʨʝʥʠʷ 

ʘʢʮʝʧʪʦʨʘ ʚ ʚʳʨʦʞʜʝʥʥʦʡ ʚʘʣʝʥʪʥʦʡ ʟʦʥʝ) [A14]. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʩʚʷʟʘʪʴ 
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ʦʙʥʘʨʫʞʝʥʥʳʝ ʣʠʥʠʠ ʪʝʨʘʛʝʨʮʦʚʦʡ ʌʇ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ ʂʈʊ ʩ ʧʦʩʣʝʜʫʶʱʝʡ 

ʪʝʨʤʠʯʝʩʢʦʡ ʠʦʥʠʟʘʮʠʝʡ ʥʦʩʠʪʝʣʝʡ ʩ ʜʘʥʥʳʭ ʩʦʩʪʦʷʥʠʡ. ʊʘʢʘʷ ʠʥʪʝʨʧʨʝʪʘʮʠʷ 

ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʘʣʦʡ ʰʠʨʠʥʦʡ ʥʘʙʣʶʜʘʝʤʳʭ ʣʠʥʠʡ ʌʇ ʠ ʧʦʟʚʦʣʷʝʪ 

ʦʙʲʷʩʥʠʪʴ ʠʟʤʝʥʝʥʠʝ ʩʦʦʪʥʦʰʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʣʠʥʠʡ 1 ʠ 2 ʩ ʨʦʩʪʦʤ 

ʪʝʤʧʝʨʘʪʫʨʳ ʨʘʟʥʦʡ ʵʥʝʨʛʠʝʡ ʩʚʷʟʠ ʚʦʟʙʫʞʜʝʥʥʳʭ ʩʦʩʪʦʷʥʠʡ, c ʢʦʪʦʨʳʭ 

ʧʨʦʠʩʭʦʜʠʪ ʜʦʠʦʥʠʟʘʮʠʷ. ɺ ʧʨʝʜʝʣʝ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʚʳʨʘʞʝʥʠʝ, ʦʧʠʩʳʚʘʶʱʝʝ 

ʚʝʨʦʷʪʥʦʩʪʴ ʬʦʪʦʪʝʨʤʠʯʝʩʢʦʡ ʠʦʥʠʟʘʮʠʠ ʤʝʣʢʠʭ ñʧʨʠʤʝʩʥʳʭò ʩʚʦʜʠʪʩʷ ʢ 

exp(īEi/kBT), ʛʜʝ Ei ï ʵʥʝʨʛʠʷ ʠʦʥʠʟʘʮʠʠ ʚʦʟʙʫʞʜʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ [186]. 

ɺʳʨʘʞʝʥʥʳʝ ʚ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʝʜʠʥʠʮʘʭ Ei ʜʣʷ A2
0 ʠ A2

-1 ʮʝʥʪʨʦʚ ʩʦʦʪʚʝʪʩʪʚʫʶʪ 5 

ʠ 13 ʂ, ʯʪʦ ʢʘʯʝʩʪʚʝʥʥʦ ʦʙʲʷʩʥʷʝʪ ʨʦʩʪ ʣʠʥʠʠ 2 ʦʪʥʦʩʠʪʝʣʴʥʦ ʣʠʥʠʠ 1 ʚ ʠʥʪʝʨʚʘʣʝ 

ʪʝʤʧʝʨʘʪʫʨ ʦʪ 4 ʜʦ 9 ʂ [A14]. 

 
 

 

ʈʠʩʫʥʦʢ 4.3 - (ʘ) ʉʧʝʢʪʨʳ ʌʇ ʂʈʊ ʧʣʝʥʢʠ, ʚʳʨʘʱʝʥʥʦʡ ʥʘ ʧʦʜʣʦʞʢʝ GaAs c 

ʜʦʣʝʡ Cd x = 0.19, ʠʟʤʝʨʝʥʥʳʝ ʧʨʠ T = 4.2 K (ʦʙʨʘʟʝʮ ˉ 110330). ʉʝʨʘʷ ʣʠʥʠʷ ï 

ʦʙʨʘʟʝʮ ʜʦ ʦʪʞʠʛʘ (ʩ ʧʨʦʚʦʜʠʤʦʩʪʴʶ n-ʪʠʧʘ), ʯʝʨʥʘʷ ʣʠʥʠʷ ï ʦʪʦʞʞʝʥʥʘʷ 

ʩʪʨʫʢʪʫʨʘ p-ʪʠʧʘ. ʅʘ ʚʩʪʘʚʢʝ ʩʭʝʤʘ ʦʧʠʩʘʥʠʷ ʩʦʩʪʦʷʥʠʡ ʜʚʫʭʚʘʣʝʥʪʥʦʛʦ 

ʘʢʮʝʧʪʦʨʘ ʢʘʢ ʩʦʩʪʦʷʥʠʡ ʜʳʨʦʢ; ʜʣʷ ʫʜʦʙʩʪʚʘ ʚʦʩʧʨʠʷʪʠʷ ʦʩʴ ʵʥʝʨʛʠʠ 

ʥʘʧʨʘʚʣʝʥʘ ʚʚʝʨʭ; (ʙ) ʉʧʝʢʪʨʳ ʌʇ ʵʧʠʪʘʢʩʠʘʣʴʥʦʡ ʧʣʝʥʢʠ Hg0.78Cd0.22Te 

(ʦʙʨʘʟʝʮ ˉ 120613) ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. ʉʪʨʝʣʢʠ ʧʦʢʘʟʳʚʘʶʪ ʧʨʦʚʘʣʳ 

ʚ ʩʧʝʢʪʨʝ ʠʟ-ʟʘ ʧʦʛʣʦʱʝʥʠʷ ʥʘ HgTe- ʠ CdTe-ʧʦʜʦʙʥʳʭ ʦʧʪʠʯʝʩʢʠʭ ʬʦʥʦʥʘʭ. ʅʘ 

ʚʩʪʘʚʢʝ ʧʨʠʚʝʜʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʘʤʧʣʠʪʫʜʳ ʣʠʥʠʡ 1 ʠ 2 ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ 

 

 

 

(ʘ) (ʙ) 
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4.2 ʆʩʦʙʝʥʥʦʩʪʠ ʩʧʝʢʪʨʦʚ ʬʦʪʦʧʨʦʚʦʜʠʤʦʩʪʠ ʩʪʨʫʢʪʫʨ ʩ ʢʚʘʥʪʦʚʳʤʠ ʷʤʘʤʠ ʚ 

ʜʘʣʴʥʝʤ ʀʂ ʜʠʘʧʘʟʦʥʝ, ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʦʩʪʘʪʦʯʥʳʤʠ ʘʢʮʝʧʪʦʨʘʤʠ 

ɺ ʩʧʝʢʪʨʘʭ ʌʇ ʩʪʨʫʢʪʫʨ ʩ ʂʗ HgCdTe/CdHgTe, ʢʘʢ ʠ ʚ ʦʙʲʝʤʥʳʭ ʧʣʝʥʢʘʭ, 

ʥʘʙʣʶʜʘʶʪʩʷ ʧʦʣʦʩʳ ʚ ʦʙʣʘʩʪʠ ʜʣʠʥ ʚʦʣʥ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʝ ʢʨʘʩʥʦʡ ʛʨʘʥʠʮʳ 

ʤʝʞʟʦʥʥʦʡ ʬʦʪʦʧʨʦʚʦʜʠʤʦʩʪʠ (ʈʠʩʫʥʦʢ 4.4). ʆʥʠ ʥʝ ʤʝʥʷʶʪ ʩʚʦʝʛʦ ʩʧʝʢʪʨʘʣʴʥʦʛʦ 

ʧʦʣʦʞʝʥʠʷ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ ʠ ʯʫʚʩʪʚʠʪʝʣʴʥʳ ʢ ʧʦʜʩʚʝʪʢʝ ʦʙʨʘʟʮʘ ʢʦʨʦʪʢʦʚʦʣʥʦʚʳʤ 

ʠʟʣʫʯʝʥʠʝʤ, ʢʘʢ ʵʪʦ ʙʳʣʦ ʧʦʜʨʦʙʥʦ ʦʧʠʩʘʥʦ ʚ ʜʠʩʩʝʨʪʘʮʠʦʥʥʳʭ ʨʘʙʦʪʘʭ ʄ. ʉ. 

ɾʦʣʫʜʝʚʘ [188] ʠ ɺ. ɺ. ʈʫʤʷʥʮʝʚʘ [157], ʯʪʦ ʪʘʢʞʝ ʧʦʟʚʦʣʠʣʦ ʩʚʷʟʘʪʴ ʠʭ ʩ 

ʩʦʩʪʦʷʥʠʷʤʠ ʘʢʮʝʧʪʦʨʦʚ. ɺ ʜʘʥʥʦʤ ʨʘʟʜʝʣʝ ʧʨʠʚʦʜʠʪʩʷ ʢʨʘʪʢʠʡ ʦʙʟʦʨ ʧʦʣʫʯʝʥʥʳʭ 

ʨʘʥʝʝ ʨʝʟʫʣʴʪʘʪʦʚ ʜʣʷ ʧʦʥʠʤʘʥʠʷ ʦʨʠʛʠʥʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʧʝʢʪʨʦʚ ʌʃ, 

ʦʙʩʫʣʦʚʣʝʥʥʳʭ ʪʝʤʠ ʞʝ ʘʢʮʝʧʪʦʨʥʳʤʠ ʩʦʩʪʦʷʥʠʷʤʠ.  

ʀʩʩʣʝʜʦʚʘʥʠʷ ʦʪʦʞʞʝʥʥʳʭ ʧʣʝʥʦʢ HgCdTe ʨ-ʪʠʧʘ, ʧʨʠʚʝʜʝʥʥʳʝ ʚ 

ʧʨʝʜʳʜʫʱʝʤ ʨʘʟʜʝʣʝ, ʧʦʟʚʦʣʠʣʠ ʙʦʣʝʝ ʥʘʜʝʞʥʦ ʩʚʷʟʘʪʴ ʩ ʚʘʢʘʥʩʠʷʤʠ ʨʪʫʪʠ 

ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʥʠʟʢʦʯʘʩʪʦʪʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʚ ʩʧʝʢʪʨʘʭ ʌʇ, ʥʘʙʣʶʜʘʚʰʠʝʩʷ 

ʨʘʥʝʝ ʚ ʦʙʲʝʤʥʳʭ ʧʣʝʥʢʘʭ ʠ ʩʪʨʫʢʪʫʨʘʭ ʩ ʂʗ. ʆʪʤʝʪʠʤ, ʯʪʦ ʥʝʢʦʪʦʨʳʝ ʩʪʨʫʢʪʫʨʳ 

ʩ ʂʗ, ʚ ʢʦʪʦʨʳʭ ʥʘʙʣʶʜʘʶʪʩʷ ʵʪʠ ʦʩʦʙʝʥʥʦʩʪʠ ʠʤʝʣʠ ʵʣʝʢʪʨʦʥʥʳʡ ʪʠʧ 

ʧʨʦʚʦʜʠʤʦʩʪʠ ʚ çʪʝʤʥʦʚʳʭè ʫʩʣʦʚʠʷʭ. ʇʨʠ ʠʟʤʝʨʝʥʠʷʭ ʌʇ ʠʟʣʫʯʝʥʠʝ ʧʨʦʭʦʜʠʪ 

ʯʝʨʝʟ ʦʢʥʦ ʠʣʠ ʠʟ ʧʨʦʟʨʘʯʥʦʛʦ ʧʦʣʠʵʪʠʣʝʥʘ, ʧʨʦʧʫʩʢʘʶʱʝʛʦ ʙʣʠʞʥʝʝ ʀʂ 

ʠʟʣʫʯʝʥʠʝ, ʠʣʠ ʠʟ ʯʝʨʥʦʛʦ ʧʦʣʠʵʪʠʣʝʥʘ, ʧʨʦʟʨʘʯʥʦʛʦ ʚ ʜʘʣʴʥʝʤ ʠ ʩʨʝʜʥʝʤ ʀʂ 

ʜʠʘʧʘʟʦʥʘʭ, ʥʦ ʦʪʩʝʢʘʶʱʝʛʦ ʢʦʨʦʪʢʦʚʦʣʥʦʚʦʝ ʠʟʣʫʯʝʥʠʝ ʛʣʦʙʘʨʘ ʚ ʚʠʜʠʤʦʡ ʠ 

ʙʣʠʞʥʝʡ ʀʂ ʦʙʣʘʩʪʠ. ʆʜʥʘʢʦ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʰʠʨʦʢʦʧʦʣʦʩʥʦʝ ʠʟʣʫʯʝʥʠʝ, 

ʧʨʦʧʫʩʢʘʝʤʦʝ ʧʦʣʠʵʪʠʣʝʥʦʚʳʤ ʦʢʥʦʤ (ʜʘʞʝ ʚ ʩʣʫʯʘʝ ʯʝʨʥʦʛʦ ʧʦʣʠʵʪʠʣʝʥʘ), 

ʥʘʨʫʰʘʝʪ ʨʘʚʥʦʚʝʩʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʘ ʧʦ ʩʦʩʪʦʷʥʠʷʤ, ʚʳʟʳʚʘʷ 

ʧʝʨʝʭʦʜʳ ʵʣʝʢʪʨʦʥʦʚ ʤʝʞʜʫ ʫʨʦʚʥʷʤʠ ʘʢʮʝʧʪʦʨʥʳʭ ʮʝʥʪʨʦʚ ʠ ʚʘʣʝʥʪʥʦʡ ʟʦʥʦʡ, ʚ 

ʪʦʤ ʯʠʩʣʝ ʚ ʩʪʨʫʢʪʫʨʘʭ n-ʪʠʧʘ. ʅʘ ʵʪʦ ʫʢʘʟʳʚʘʝʪ ʩʠʣʴʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʘʤʧʣʠʪʫʜʳ 

ʦʙʩʫʞʜʘʝʤʳʭ ʧʦʣʦʩ ʦʪ çʟʘʩʚʝʪʢʠè ʦʙʨʘʟʮʘ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʬʠʣʴʪʨʘ ʠʟ 

ʧʨʦʟʨʘʯʥʦʛʦ ʧʦʣʠʵʪʠʣʝʥʘ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʧʨʦʠʟʚʦʜʠʪʴ ʥʝʧʨʝʨʳʚʥʫʶ 

ʧʦʜʩʚʝʪʢʫ ʠʟʣʫʯʝʥʠʝʤ ʚʠʜʠʤʦʛʦ (ʢʨʘʩʥʳʡ ʠʣʠ ʩʠʥʠʡ ʩʚʝʪʦʜʠʦʜ) ʜʠʘʧʘʟʦʥʘ, 

ʘʤʧʣʠʪʫʜʘ ʧʦʣʦʩʳ ʌʇ ʚʙʣʠʟʠ 25 ʤʵɺ ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ. 
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ʂʦʨʦʪʢʦʚʦʣʥʦʚʦʝ ʠʟʣʫʯʝʥʠʝ, ʧʦʛʣʦʱʘʝʤʦʝ ʚ ʙʘʨʴʝʨʥʳʭ ʩʣʦʷʭ, ʧʨʠʚʦʜʠʪ ʢ 

ʛʝʥʝʨʘʮʠʠ ʜʳʨʦʢ, ʢʦʪʦʨʳʝ ʟʘʪʝʤ ʟʘʭʚʘʪʳʚʘʶʪʩʷ ʥʘ ʩʦʩʪʦʷʥʠʷ ʤʝʣʢʠʭ ʘʢʮʝʧʪʦʨʦʚ ʠ 

ʧʨʠʚʦʜʷʪ ʢ ʧʦʷʚʣʝʥʠʶ ʧʦʣʦʩʳ ʌʇ ʚ ʙʦʣʝʝ ʜʣʠʥʥʦʚʦʣʥʦʚʦʡ ʦʙʣʘʩʪʠ ʧʦ ʩʨʘʚʥʝʥʠʶ 

ʩ ʤʝʞʟʦʥʥʳʤʠ ʧʝʨʝʭʦʜʘʤʠ. ʆʩʦʙʝʥʥʦ ʭʦʨʦʰʦ ʵʪʦʪ ʵʬʬʝʢʪ ʧʨʦʷʚʣʷʝʪʩʷ ʚ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʰʠʨʦʢʦʟʦʥʥʳʭ ʩʪʨʫʢʪʫʨʘʭ, ʛʜʝ ʢʨʘʩʥʘʷ ʛʨʘʥʠʮʘ ʤʝʞʟʦʥʥʳʭ 

ʧʝʨʝʭʦʜʦʚ ʩʠʣʴʥʦ ʩʤʝʱʝʥʘ ʚ ʢʦʨʦʪʢʦʚʦʣʥʦʚʫʶ ʩʪʦʨʦʥʫ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʣʦʩʳ ʌʇ, 

ʩʚʷʟʘʥʥʦʡ ʩ ʘʢʮʝʧʪʦʨʘʤʠ. ɺ ʦʙʨʘʟʮʘʭ ʨ-ʪʠʧʘ ʚʣʠʷʥʠʝ ʧʦʜʩʚʝʪʢʠ ʪʘʢʞʝ 

ʧʨʠʩʫʪʩʪʚʫʝʪ, ʥʦ ʚʳʨʘʞʝʥʦ ʤʝʥʝʝ ʷʨʢʦ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʙʣʘʛʦʜʘʨʷ ʵʬʬʝʢʪʫ 

ʦʩʪʘʪʦʯʥʦʡ ʌʇ, ʤʦʞʥʦ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ, 

ʯʪʦ ʥʘʙʣʶʜʘʝʤʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʩʚʷʟʘʥʳ ʠʤʝʥʥʦ ʩ ʜʚʫʭʟʘʨʷʜʥʳʤ ʮʝʥʪʨʦʤ, ʘ ʥʝ 

ʜʚʫʤʷ ʦʜʥʦʚʘʣʝʥʪʥʳʤʠ ʘʢʮʝʧʪʦʨʘʤʠ [A15]. 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʙʲʝʤʥʳʤ ʤʘʪʝʨʠʘʣʦʤ, ʧʦʣʦʩʳ, 

ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʧʝʨʝʭʦʜʘʤʠ ʤʝʞʜʫ ʩʦʩʪʦʷʥʠʷʤʠ ʚʘʢʘʥʩʠʡ ʨʪʫʪʠ, ʜʦʣʞʥʳ ʙʳʪʴ 

ʟʥʘʯʠʪʝʣʴʥʦ çʫʰʠʨʝʥʳè ʚʩʣʝʜʩʪʚʠʝ ʜʠʩʧʝʨʩʠʠ ʵʥʝʨʛʠʠ ʩʚʷʟʠ ʠʟ-ʟʘ ʨʘʟʣʠʯʥʦʛʦ 

ʧʦʣʦʞʝʥʠʷ ʚʘʢʘʥʩʠʠ ʚ ʂʗ ʠ ʚ ʙʘʨʴʝʨʝ. ɺ ʰʠʨʦʢʦʟʦʥʥʳʭ ʩʪʨʫʢʪʫʨʘʭ ʘʢʮʝʧʪʦʨʥʳʝ 

ʩʦʩʪʦʷʥʠʷ ʷʚʣʷʶʪʩʷ ʣʦʢʘʣʠʟʦʚʘʥʥʳʤʠ, ʠ ʥʘʙʣʶʜʘʝʤʳʝ ʚ ʩʧʝʢʪʨʘʭ ʌʇ ʧʝʨʝʭʦʜʳ ʩ 

ʠʭ ʫʯʘʩʪʠʝʤ ï ʵʪʦ ʧʝʨʝʭʦʜʳ ʜʳʨʦʢ ʩ ʣʦʢʘʣʠʟʦʚʘʥʥʳʭ ʩʦʩʪʦʥʠʡ ʚ ʚʘʣʝʥʪʥʫʶ ʟʦʥʫ. 

ʆʜʥʘʢʦ, ʢʘʢ ʠ ʚ ʩʣʫʯʘʝ ʦʙʲʝʤʥʳʭ ʦʙʨʘʟʮʦʚ, ʦʥʠ ʤʦʛʫʪ ʙʳʪʴ ʠ ʨʝʟʦʥʘʥʩʥʳʤʠ (ʩʤ. 

ʥʠʞʝ), ʪʦ ʝʩʪʴ ʤʦʞʝʪ ʨʝʘʣʠʟʦʚʘʪʴʩʷ ʩʠʪʫʘʮʠʷ, ʢʦʛʜʘ ʩʠʛʥʘʣ ʌʇ, ʩʚʷʟʘʥʥʳʡ ʩ 

ʩʦʩʪʦʷʥʠʷʤʠ ʘʢʮʝʧʪʦʨʦʚ, ʧʝʨʝʢʨʳʚʘʝʪʩʷ ʩ ʧʦʣʦʩʦʡ ʤʝʞʟʦʥʥʳʭ ʧʝʨʝʭʦʜʦʚ. ɼʣʷ 

ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʠʟʤʝʨʝʥʥʳʭ ʩʧʝʢʪʨʦʚ ʌʇ ʂʈʊ ʩʪʨʫʢʪʫʨ ʩ ʂʗ ʂʦʟʣʦʚʳʤ ɼ. ɺ. ʙʳʣ 

ʧʨʦʚʝʜʝʥ ʨʘʩʯʝʪ ʩʦʩʪʦʷʥʠʡ ʚʘʢʘʥʩʠʠ ʨʪʫʪʠ ʚ ʢʚʘʥʪʦʚʳʭ ʷʤʘʭ. ʇʦʜʨʦʙʥʦʩʪʠ ʨʘʩʯʝʪʘ 

ʤʦʞʥʦ ʥʘʡʪʠ ʚ ʧʫʙʣʠʢʘʮʠʷʭ [ɸ9, ɸ41] ʠ ʩʩʳʣʢʘʭ ʚ ʥʠʭ, ʦʜʥʘʢʦ ʠʭ ʨʘʩʩʤʦʪʨʝʥʠʝ 

ʣʝʞʠʪ ʟʘ ʨʘʤʢʘʤʠ ʮʝʣʝʡ ʜʘʥʥʦʡ ʨʘʙʦʪʳ. ɺ ʩʪʨʫʢʪʫʨʘʭ ʩ ʂʗ ʦʩʥʦʚʥʦʡ ʠʥʪʝʨʝʩ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ʌʃ ʩ ʫʯʘʩʪʠʝʤ ʘʢʮʝʧʪʦʨʦʚ, ʧʦʟʚʦʣʷʶʱʠʝ ʦʮʝʥʠʪʴ 

ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʪʘʢʠʭ ʩʪʨʫʢʪʫʨ ʜʣʷ ʩʦʟʜʘʥʠʷ ʠʟʣʫʯʘʪʝʣʝʡ. ʅʠʞʝ ʣʠʰʴ ʢʨʘʪʢʦ 

ʧʨʠʚʦʜʠʪʩʷ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʥʘʙʣʶʜʘʝʤʳʭ ʥʘ ʦʩʥʦʚʝ ʩʨʘʚʥʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʜʘʥʥʳʭ ʩ ʨʘʩʯʝʪʘʤʠ, ʚʳʧʦʣʥʝʥʥʳʤʠ ʜʣʷ ʂʗ. 
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ʈʠʩʫʥʦʢ 4.4 - ʉʧʝʢʪʨʳ ʌʇ ʩʪʨʫʢʪʫʨ ʩ ʂʗ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʚ ʢʘʯʝʩʪʚʝ ʦʢʥʘ ʢʨʠʦʤʘʛʥʠʪʥʦʡ ʚʩʪʘʚʢʠ ʯʝʨʥʦʛʦ ʧʦʣʠʵʪʠʣʝʥʘ. ʉʚʝʪʣʦ-ʩʝʨʘʷ 

ʣʠʥʠʷ ð ʌʇ ʦʙʨʘʟʮʘ ˉ 091225-1, ʯʝʨʥʘʷ ʢʨʠʚʘʷ ð ʌʇ ʩʪʨʫʢʪʫʨʳ ˉ 100708-1 

ʠ ʩʝʨʘʷ ʢʨʠʚʘʷ ð ʌʇ ʦʙʨʘʟʮʘ ˉ 100707-1. ʉʪʨʝʣʢʘʤʠ ʦʪʤʝʯʝʥʦ ʧʦʣʦʞʝʥʠʝ 

ʢʨʘʩʥʦʡ ʛʨʘʥʠʮʳ ʤʝʞʟʦʥʥʦʡ ʌʇ 

 

ʈʠʩʫʥʦʢ 4.5 - ʉʧʝʢʪʨʳ ʌʇ ʩʪʨʫʢʪʫʨ ʩ ʂʗ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʚ ʢʘʯʝʩʪʚʝ ʦʢʥʘ ʢʨʠʦʤʘʛʥʠʪʥʦʡ ʚʩʪʘʚʢʠ ʙʝʣʦʛʦ ʧʦʣʠʵʪʠʣʝʥʘ. ʏʝʨʥʘʷ ʢʨʠʚʘʷ ð 

ʩʧʝʢʪʨ ʌʇ ʩʪʨʫʢʪʫʨʳ ˉ 100708, ʩʝʨʘʷ ʢʨʠʚʘʷ ð ʩʧʝʢʪʨ ʌʇ ʩʪʨʫʢʪʫʨʳ  

ˉ 100707 
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ʈʘʩʯʝʪ ʧʦʢʘʟʘʣ, ʯʪʦ ʵʥʝʨʛʠʷ ʠʦʥʠʟʘʮʠʠ ɸ2
0 ʮʝʥʪʨʘ ʤʝʥʷʝʪʩʷ ʦʪ 15 ʤʵɺ ʜʣʷ 

ʘʢʮʝʧʪʦʨʘ ʚ ʮʝʥʪʨʝ ʂʗ ʜʦ 7 ʤʵɺ ʜʣʷ ʘʢʮʝʧʪʦʨʘ ʥʘ ʛʝʪʝʨʦʛʨʘʥʠʮʝ, ʘ ʵʥʝʨʛʠʷ 

ʠʦʥʠʟʘʮʠʠ ɸ2
-1 ʮʝʥʪʨʘ ʤʝʥʷʝʪʩʷ ʦʪ 28 ʤʵɺ ʜʣʷ ʘʢʮʝʧʪʦʨʘ ʚ ʮʝʥʪʨʝ ʂʗ ʜʦ 14 ʤʵɺ ʜʣʷ 

ʘʢʮʝʧʪʦʨʘ ʥʘ ʛʝʪʝʨʦʛʨʘʥʠʮʝ. ʇʨʠ ʵʪʦʤ ʵʥʝʨʛʠʠ ʠʦʥʠʟʘʮʠʠ ʥʘʯʠʥʘʶʪ ʤʝʥʷʪʴʩʷ 

ʪʦʣʴʢʦ ʧʨʠ ʧʨʠʙʣʠʞʝʥʠʠ ʮʝʥʪʨʘ ʢ ʛʝʪʝʨʦʛʨʘʥʠʮʝ ʥʘ ʨʘʩʩʪʦʷʥʠʝ ʤʝʥʴʰʝ 30 ɸ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʝʩʣʠ ʚʘʢʘʥʩʠʠ ʨʪʫʪʠ ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʳ ʧʦ ʩʣʦʶ ʂʗ 

ʩʪʨʫʢʪʫʨʳ, ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʘʢʮʝʧʪʦʨʥʳʭ ʮʝʥʪʨʦʚ ʠʤʝʝʪ ʵʥʝʨʛʠʠ ʠʦʥʠʟʘʮʠʠ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʵʥʝʨʛʠʷʤ ʠʦʥʠʟʘʮʠʠ ʘʢʮʝʧʪʦʨʦʚ ʚ ʮʝʥʪʨʝ ʂʗ, ʪ.ʝ. 28 ʤʵɺ ʜʣʷ 

ʠʦʥʠʟʘʮʠʠ ɸ2
-1 ʠ 15 ʤʵɺ ʜʣʷ ɸ2

0 ʮʝʥʪʨʘ. ʆʪʤʝʪʠʤ, ʯʪʦ ʵʥʝʨʛʠʷ ʩʚʷʟʠ ʘʢʮʝʧʪʦʨʦʚ, 

ʧʦʤʝʱʝʥʥʳʭ ʚ ʂʗ ʂʈʊ ʩʪʨʫʢʪʫʨ, ʤʝʥʷʝʪʩʷ ʤʝʥʴʰʝ ʯʝʤ ʥʘ 1% ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʜʦʣʠ 

ʢʘʜʤʠʷ ʚ ʷʤʝ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 0.135 ʜʦ 0.17 ʠ ʚ ʙʘʨʴʝʨʝ ʦʪ 0.65 ʜʦ 0.75. 

ʉʠʛʥʘʣ ʌʇ ʚʦʟʥʠʢʘʝʪ ʠʟ-ʟʘ ʠʦʥʠʟʘʮʠʠ ʠʟʣʫʯʝʥʠʝʤ ʟʘʩʝʣʝʥʥʳʭ ʜʳʨʢʘʤʠ 

ʘʢʮʝʧʪʦʨʥʳʭ ʫʨʦʚʥʝʡ. ʇʝʨʝʭʦʜʳ ʚ ʩʧʝʢʪʨʝ ɸ2
0 ʠ ɸ2

-1 ʮʝʥʪʨʦʚ ʬʦʨʤʠʨʫʶʪ ʧʦʣʦʩʫ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʵʥʝʨʛʠʷʤ ʬʦʪʦʥʦʚ 8-35 ʤʵɺ, ʥʘʙʣʶʜʘʝʤʫʶ ʚ ʩʧʝʢʪʨʘʭ ʌʇ 

ʠʟʫʯʘʝʤʳʭ ʩʪʨʫʢʪʫʨ. ʊʘʢ, ʵʥʝʨʛʠʷ ʠʦʥʠʟʘʮʠʠ ɸ2
-1 ʮʝʥʪʨʘ, ʧʦʤʝʱʝʥʥʦʛʦ ʚ ʩʝʨʝʜʠʥʫ 

ʢʚʘʥʪʦʚʦʡ ʷʤ r (28 ʤʵɺ), ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʧʦʣʦʞʝʥʠʝʤ ʤʘʢʩʠʤʫʤʘ 

ʢʦʨʦʪʢʦʚʦʣʥʦʚʦʡ ʯʘʩʪʠ ʪʘʢʦʡ ʧʦʣʦʩʳ ʌʇ (20 ð 35 ʤʵɺ, ʩʤ. ʨʠʩʫʥʢʠ 4.4 ʠ 4.5). 

ʕʥʝʨʛʠʠ ʠʦʥʠʟʘʮʠʠ ɸ2
0 ʮʝʥʪʨʘ (7-15 ʤʵɺ) ʩʦʚʧʘʜʘʶʪ ʩ ʧʦʣʦʞʝʥʠʝʤ 

ʜʣʠʥʥʦʚʦʣʥʦʚʦʡ ʯʘʩʪʠ ʥʘʙʣʶʜʘʝʤʦʡ ʧʦʣʦʩʳ ʌʇ (8 -16 ʤʵɺ ʩʤ. ʨʠʩʫʥʢʠ 4.6 ʠ 4.7).  

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʰʠʨʠʥʘ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ ʦʢʘʟʳʚʘʝʪʩʷ ʩʨʘʚʥʠʤʦʡ ʩ 

ʵʥʝʨʛʠʷʤʠ ʠʦʥʠʟʘʮʠʠ ʘʢʮʝʧʪʦʨʥʳʭ ʮʝʥʪʨʦʚ, ʘ ʟʥʘʯʠʪ ʫʨʦʚʝʥʴ ʌʝʨʤʠ, ʥʘʭʦʜʷʱʠʡʩʷ 

ʚʙʣʠʟʠ ʢʨʘʷ ʟʦʥʳ ʧʨʦʚʦʜʠʤʦʩʪʠ, ʥʘʭʦʜʠʪʩʷ ʪʘʢʞʝ ʚʙʣʠʟʠ ʫʨʦʚʥʝʡ ʘʢʮʝʧʪʦʨʦʚ. ʇʨʠ 

ʵʪʦʤ, ʫʨʦʚʝʥʴ ʌʝʨʤʠ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʘʢʮʝʧʪʦʨʥʳʤ ʫʨʦʚʥʷʤ ʤʦʞʝʪ ʦʢʘʟʳʚʘʪʴʩʷ ʚ 

ʩʣʝʜʫʶʱʠʭ ʧʦʣʦʞʝʥʠʷʭ: 

1. ʋʨʦʚʝʥʴ ʌʝʨʤʠ ʥʘʭʦʜʠʪʩʷ ʚ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʝ ʠ ʨʘʩʧʦʣʦʞʝʥ ʥʠʞʝ ʵʥʝʨʛʠʠ 

ʩʚʷʟʠ ɸ2
0 ʮʝʥʪʨʘ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʥʫʣʝʚʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʩʪʨʫʢʪʫʨʝ ʙʫʜʫʪ 

ʧʨʠʩʫʪʩʪʚʦʚʘʪʴ ʪʦʣʴʢʦ ʥʝʡʪʨʘʣʴʥʳʝ ɸ2
0
 ʮʝʥʪʨʳ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʚ ʩʧʝʢʪʨʝ ʌʇ, 

ʠʟʤʝʨʝʥʥʦʤ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʬʠʣʴʪʨʘ ʠʟ ʯʝʨʥʦʛʦ ʧʦʣʠʵʪʠʣʝʥʘ (ʪ.ʝ. ʚ 
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ʩʠʪʫʘʮʠʠ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʘʚʥʦʚʝʩʠʷ), ʜʦʣʞʥʘ ʥʘʙʣʶʜʘʪʴʩʷ ʧʦʣʦʩʘ ʩ 

ʵʥʝʨʛʠʷʤʠ ʢʚʘʥʪʦʚ ʦʢʦʣʦ 7-15 ʤʵɺ, ʘ ʧʦʣʦʩʘ ʚ ʜʠʘʧʘʟʦʥʝ 15-35 ʤʵɺ 

ʦʪʩʫʪʩʪʚʦʚʘʪɹ.  

2. ʋʨʦʚʝʥʴ ʌʝʨʤʠ ʩʦʚʧʘʜʘʝʪ ʩ ʵʥʝʨʛʠʝʡ ʩʚʷʟʠ ɸ2
0 ʮʝʥʪʨʘ, ʯʪʦ, ʚ ʯʘʩʪʥʦʩʪʠ, 

ʚʦʟʤʦʞʥʦ ʚ ʩʪʨʫʢʪʫʨʝ ˉ 091225-1. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ, ʚ ʦʙʨʘʟʮʝ ʙʫʜʫʪ 

ʧʨʠʩʫʪʩʪʚʦʚʘʪʴ ʢʘʢ ʥʝʡʪʨʘʣʴʥʳʝ ɸ2
0, ʪʘʢ ʠ ʯʘʩʪʠʯʥʦ ʠʦʥʠʟʦʚʘʥʥʳʝ ɸ2

-1 

ʮʝʥʪʨʳ. ɺ ʩʧʝʢʪʨʝ ʌʇ ʧʨʠ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʤ ʨʘʚʥʦʚʝʩʠʠ ʜʦʣʞʥʘ 

ʧʨʠʩʫʪʩʪʚʦʚʘʪʴ ʧʦʣʦʩʘ ʦʪ 7 ʜʦ 35 ʤʵɺ, ʩʚʷʟʘʥʥʘʷ ʩ ʠʦʥʠʟʘʮʠʝʡ ʠ ɸ2
0, ʠ ɸ2

-1  

ʮʝʥʪʨʦʚ, ʯʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʢʘʨʪʠʥʦʡ ʧʝʨʝʭʦʜʦʚ, ʥʘʙʣʶʜʘʝʤʦʡ ʚ ʩʪʨʫʢʪʫʨʝ ˉ 

091225-1 ʧʨʠ ʠʟʤʝʨʝʥʠʷʭ ʩ ʬʠʣʴʪʨʦʤ ʠʟ ʯʝʨʥʦʛʦ ʧʦʣʠʵʪʠʣʝʥʘ (ʨʠʩʫʥʦʢ 4.4). 

3. ʋʨʦʚʝʥʴ ʌʝʨʤʠ ʥʘʭʦʜʠʪʩʷ ʚʳʰʝ ʵʥʝʨʛʠʠ ʩʚʷʟʠ ɸ2
0 ʮʝʥʪʨʘ, ʥʦ ʥʠʞʝ 

ʦʩʥʦʚʥʦʛʦ ʫʨʦʚʥʷ ɸ2
-1 ʮʝʥʪʨʘ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʧʨʠ ʥʫʣʝʚʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ 

ʦʙʨʘʟʮʝ ʦʪʩʫʪʩʪʚʫʶʪ ʥʝʡʪʨʘʣʴʥʳʝ ʘʢʮʝʧʪʦʨʳ. ɺ ʩʧʝʢʪʨʘʭ ʌʇ, ʠʟʤʝʨʝʥʥʳʭ ʩ 

ʬʠʣʴʪʨʦʤ ʠʟ ʯʝʨʥʦʛʦ ʧʦʣʠʵʪʠʣʝʥʘ, ʧʨʠʩʫʪʩʪʚʫʝʪ ʧʦʣʦʩʘ ʚ ʜʠʘʧʘʟʦʥʝ ʵʥʝʨʛʠʡ 

16 ï 35 ʤʵɺ, ʠ ʦʪʩʫʪʩʪʚʫʝʪ ʩʠʛʥʘʣ ʌʇ ʚ ʙʦʣʝʝ ʜʣʠʥʥʦʚʦʣʥʦʚʦʡ ʦʙʣʘʩʪʠ, ʢʘʢ, 

ʥʘʧʨʠʤʝʨ, ʚ ʦʙʨʘʟʮʝ ˉ 110622 (ʨʠʩʫʥʦʢ 3.4). 

4. ʋʨʦʚʝʥʴ ʌʝʨʤʠ ʥʘʭʦʜʠʪʩʷ ʚʳʰʝ ʦʩʥʦʚʥʦʛʦ ʫʨʦʚʥʷ ɸ2
-1 ʮʝʥʪʨʘ.  ɺ ʵʪʦʤ ʩʣʫʯʘʝ 

ʚ ʦʙʨʘʟʮʝ ʧʨʠ ʥʫʣʝʚʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʠʤʝʶʪʩʷ ʪʦʣʴʢʦ ʧʦʣʥʦʩʪʴʶ 

ʠʦʥʠʟʦʚʘʥʥʳʝ ʜʚʫʢʨʘʪʥʦ ʟʘʨʷʞʝʥʥʳʝ ɸ2
-2 ʮʝʥʪʨʳ. ʇʨʠ ʦʪʣʠʯʥʦʡ ʦʪ ʥʫʣʷ 

ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʦʙʨʘʟʮʝ ʧʨʠʩʫʪʩʪʚʫʝʪ ʥʝʢʦʪʦʨʦʝ ʢʦʣʠʯʝʩʪʚʦ ɸ2
-1 ʮʝʥʪʨʦʚ, ʝʩʣʠ 

ʫʨʦʚʝʥʴ ʌʝʨʤʠ ʨʘʩʧʦʣʦʞʝʥ ʙʣʠʟʢʦ ʧʦ ʵʥʝʨʛʠʠ ʢ ʦʩʥʦʚʥʦʤʫ ʫʨʦʚʥʶ ɸ2
-1 

ʮʝʥʪʨʘ. ʊʘʢʠʝ ɸ2
-1 ʮʝʥʪʨʳ ʤʦʛʫʪ ʚʦʟʥʠʢʘʪʴ ʧʨʠ ʥʘʣʠʯʠʠ ʬʦʥʦʚʦʡ ʧʦʜʩʚʝʪʢʠ. 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʬʠʣʴʪʨʘ ʠʟ ʧʨʦʟʨʘʯʥʦʛʦ ʧʦʣʠʵʪʠʣʝʥʘ ʬʦʥʦʚʘʷ ʧʦʜʩʚʝʪʢʘ 

ʟʘʩʝʣʷʝʪ ʜʳʨʢʘʤʠ ʫʨʦʚʥʠ ʘʢʮʝʧʪʦʨʦʚ, ʢʦʥʮʝʥʪʨʘʮʠʷ ɸ2
-1 ʠ ɸ2

0 ʮʝʥʪʨʦʚ 

ʚʦʟʨʘʩʪʘʝʪ, ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʨʝʟʢʦ ʚʦʟʨʘʩʪʘʝʪ ʘʤʧʣʠʪʫʜʘ ʩʣʘʙʦʡ 

ʜʣʠʥʥʦʚʦʣʥʦʚʦʡ ʧʦʣʦʩʳ ʌʇ (ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʤʝʞʟʦʥʥʳʤ ʧʝʨʝʭʦʜʘʤ). ʊʘʢʘʷ 

ʢʘʨʪʠʥʘ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʩʧʝʢʪʨʘʭ ʌʇ ʩʪʨʫʢʪʫʨʳ ˉ 100707-1 (ʨʠʩʫʥʦʢ 4.5). 

ʆʪʤʝʪʠʤ, ʯʪʦ ʧʦʣʫʯʝʥʥʳʝ ʚ ʨʘʩʯʝʪʝ ʵʥʝʨʛʠʠ ʠʦʥʠʟʘʮʠʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʪʝʤ ʞʝ 
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ʧʘʨʘʤʝʪʨʘʤ ʇʎʗ, ʯʪʦ ʠ ʨʘʥʝʝ ʜʣʷ ʦʙʭʲʝʤʥʳʭ ʩʣʦʝʚ. ɸʢʮʝʧʪʦʨʳ ʩ ʙʦʣʝʝ ʚʳʩʦʢʠʤʠ 

ʵʥʝʨʛʠʷʤʠ ʠʦʥʠʟʘʮʠʠ, ʦʙʥʘʨʫʞʝʥʥʳʝ ʥʘ ʩʧʝʢʪʨʘʭ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʥʘ ʨʠʩʫʥʢʘʭ 

3.6, 3.7, ʧʦ-ʚʠʜʠʤʦʤʫ, ʬʦʨʤʠʨʫʶʪʩʷ ʜʨʫʛʠʤ ʪʠʧʦʤ ʮʝʥʪʨʦʚ, ʧʨʠʨʦʜʫ ʢʦʪʦʨʦʡ ʝʱʝ 

ʧʨʝʜʩʪʦʠʪ ʫʩʪʘʥʦʚʠʪʴ. ɺ ʯʘʩʪʥʦʩʪʠ, ʣʠʥʠʠ ʌʇ ʠ ʌʃ ʚ ʦʢʨʝʩʪʥʦʩʪʠ 75 ʤʵɺ ʤʦʛʫʪ 

ʙʳʪʴ ʩʚʷʟʘʥʳ ʩ ʚʘʢʘʥʩʠʷʤʠ ʨʪʫʪʠ, ʜʣʷ ʢʦʪʦʨʳʭ ʇʎʗ ʙʣʠʟʦʢ ʢ ʥʫʣʶ (ʩ ʢʦʪʦʨʳʤʠ 

ʩʚʷʟʳʚʘʝʪʩʷ ʦʩʦʙʝʥʥʦʩʪʴ 3 ʥʘ ʨʠʩʫʥʢʝ 4.1). ʅʘ ʚʩʝʭ ʩʧʝʢʪʨʘʭ ʥʘ ʨʠʩʫʥʢʝ 4.1 ʪʘʢʠʝ 

ʚʘʢʘʥʩʠʠ ʜʦʣʞʥʳ ʥʘʭʦʜʷʪʩʷ ʚ ʩʦʩʪʦʷʥʠʠ ɸ2
0 (ʪʘʢ ʢʘʢ ʵʣʝʢʪʨʦʥʳ ʩ ʢʦʤʧʝʥʩʠʨʫʶʱʠʭ 

ʜʦʥʦʨʦʚ çʧʦʪʨʘʯʝʥʳè ʥʘ ʙʦʣʝʝ ʤʝʣʢʠʝ ʘʢʮʝʧʪʦʨʳ) ʠ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʵʥʝʨʛʠʶ 

ʠʦʥʠʟʘʮʠʠ ɸ2
-1 ʥʝʣʴʟʷ ʦʧʨʝʜʝʣʠʪʴ ʠʟ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ. ʆʜʥʘʢʦ ʝʸ ʤʦʞʥʦ 

ʦʮʝʥʠʪʴ ʢʘʢ 50 ʤʵɺ ʥʘ ʦʩʥʦʚʝ ʩʦʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ ʵʥʝʨʛʠʷʤʠ ʦʪʨʳʚʘ ʧʝʨʚʦʡ ʠ 

ʚʪʦʨʦʡ ʜʳʨʢʠ ʜʣʷ ʙʦʣʝʝ ʤʝʣʢʠʭ ʚʘʢʘʥʩʠʡ. ʉ ʫʯʝʪʦʤ, ʫʚʝʣʠʯʝʥʠʷ ʵʥʝʨʛʠʠ ʩʚʷʟʠ ʚ 

ʮʝʥʪʨʝ ʂʗ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʙʲʝʤʥʳʤʠ ʩʣʦʷʤʠ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʚ ʧʦʣʪʦʨʘ ʨʘʟʘ, 

ʟʥʘʯʝʥʠʝ 75 ʤʵɺ ʥʘʭʦʜʠʪʩʷ ʚ ʫʜʦʚʣʝʪʨʦʚʠʪʝʣʴʥʦʤ ʩʦʛʣʘʩʠʠ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ 

ʜʘʥʥʳʤʠ ʥʘ ʨʠʩʫʥʢʘʭ 3.6, 3.7.   

 

4.3 ʆʩʦʙʝʥʥʦʩʪʠ ʩʧʝʢʪʨʦʚ ʌʃ, ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʧʨʠʤʝʩʷʤʠ ʠ ʜʝʬʝʢʪʘʤʠ ʚ 

ʜʘʣʴʥʝʤ ʀʂ ʜʠʘʧʘʟʦʥʝ ʚ ʵʧʠʪʘʢʩʠʘʣʴʥʳʭ ʧʣʝʥʢʘʭ ʠ ʢʚʘʥʪʦʚʳʭ ʷʤʘʭ ʥʘ 

ʦʩʥʦʚʝ HgCdTe  

ʈʘʩʩʤʦʪʨʠʤ ʤʝʭʘʥʠʟʤ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʌʃ, ʩʚʷʟʘʥʥʳʡ ʩ ʩʦʩʪʦʷʥʠʷʤʠ ʜʚʦʡʥʳʭ 

ʘʢʮʝʧʪʦʨʦʚ. ʊʘʢʘʷ ʌʃ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʘ ʢʘʢ ʩ ʧʝʨʝʭʦʜʘʤʠ ʤʝʞʜʫ ʩʦʩʪʦʷʥʠʷʤʠ, 

ʦʪʥʦʩʷʱʠʤʠʩʷ ʢ ʨʘʟʥʳʤ ʟʦʥʘʤ (ʥʘʧʨʠʤʝʨ, ʩ ʧʝʨʝʭʦʜʘʤʠ ʵʣʝʢʪʨʦʥʦʚ ʠʟ ʟʦʥʳ 

ʧʨʦʚʦʜʠʤʦʩʪʠ ʥʘ ʫʨʦʚʥʠ ʘʢʮʝʧʪʦʨʥʳʭ ʮʝʥʪʨʦʚ), ʪʘʢ ʠ ʩ ʧʝʨʝʭʦʜʘʤʠ ʤʝʞʜʫ 

ʩʦʩʪʦʷʥʠʷʤʠ, ʩʚʷʟʘʥʥʳʤʠ ʩ ʦʜʥʦʡ ʟʦʥʦʡ. ʆʪʜʝʣʠʪʴ ʦʩʦʙʝʥʥʦʩʪʠ ʧʝʨʚʦʛʦ ʪʠʧʘ ʦʪ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʚʪʦʨʦʛʦ ʪʠʧʘ ʧʦʤʦʛʘʶʪ ʠʟʤʝʨʝʥʠʷ ʩʧʝʢʪʨʦʚ ʧʨʠ ʨʘʟʥʳʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ: ʣʠʥʠʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʧʝʨʝʭʦʜʘʤʠ ʤʝʞʜʫ ʩʦʩʪʦʷʥʠʷʤʠ, ʦʪʥʦʩʷʱʠʤʠʩʷ 

ʢ ʨʘʟʥʳʤ ʟʦʥʘʤ, ʩʤʝʱʘʶʪʩʷ ʚ ʢʦʨʦʪʢʦʚʦʣʥʦʚʫʶ ʦʙʣʘʩʪʴ ʩ ʨʦʩʪʦʤ ʪʝʤʧʝʨʘʪʫʨʳ, ʠʟ-

ʟʘ ʫʚʝʣʠʯʝʥʠʷ ʰʠʨʠʥʳ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ ʩʪʨʫʢʪʫʨʳ, ʪʦʛʜʘ ʢʘʢ ʩʧʝʢʪʨʘʣʴʥʦʝ 

ʧʦʣʦʞʝʥʠʝ ʣʠʥʠʡ ʌʃ, ʩʚʷʟʘʥʥʳʭ ʩ ʧʝʨʝʭʦʜʘʤʠ ʤʝʞʜʫ ʫʨʦʚʥʷʤʠ, ʩʚʷʟʘʥʥʳʤʠ ʩ 

ʦʜʥʦʡ ʟʦʥʦʡ, ʥʝ ʤʝʥʷʝʪʩʷ. ɺʦ ʚʩʝʭ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʜʘʣʝʝ ʩʧʝʢʪʨʘʭ ʌʃ ʣʠʥʠʠ, 



143 

 

ʩʚʷʟʘʥʥʳʝ ʩ ʠʩʩʣʝʜʫʝʤʳʤʠ ʮʝʥʪʨʘʤʠ, ʥʝ ʤʝʥʷʶʪ ʩʚʦʝʛʦ ʧʦʣʦʞʝʥʠʷ ʩ ʨʦʩʪʦʤ 

ʪʝʤʧʝʨʘʪʫʨʳ, ʪ.ʝ. ʦʥʠ ʤʦʛʫʪ ʙʳʪʴ ʩʚʷʟʘʥʳ ʣʠʙʦ ʩ ʟʘʭʚʘʪʦʤ ʜʳʨʦʢ ʠʟ ʚʘʣʝʥʪʥʦʡ ʟʦʥʳ 

ʥʘ ʘʢʮʝʧʪʦʨʥʳʝ ʩʦʩʪʦʷʥʠʷ, ʣʠʙʦ ʩ ʟʘʭʚʘʪʦʤ ʵʣʝʢʪʨʦʥʦʚ ʥʘ ʩʦʩʪʦʷʥʠʷ ʜʦʥʦʨʦʚ. 

ʇʦʩʢʦʣʴʢʫ, ʢʘʢ ʦʪʤʝʯʘʣʦʩʴ ʚʳʰʝ, ʩʦʩʪʦʷʥʠʷ ʜʦʥʦʨʦʚ ʠʟ-ʟʘ ʤʘʣʦʡ ʵʬʬʝʢʪʠʚʥʦʡ 

ʤʘʩʩʳ ʵʣʝʢʪʨʦʥʦʚ ʷʚʣʷʶʪʩʷ ʦʯʝʥʴ ʤʝʣʢʠʤʠ, ʫʧʦʤʷʥʫʪʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʪʘʢʞʝ 

ʦʙʫʩʣʦʚʣʝʥʳ ʟʘʭʚʘʪʦʤ ʜʳʨʦʢ ʠʟ ʚʘʣʝʥʪʥʦʡ ʟʦʥʳ ʥʘ ʘʢʮʝʧʪʦʨʥʳʝ ʩʦʩʪʦʷʥʠʷ. 

ɼʘʥʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʭʦʨʦʰʦ ʩʦʚʧʘʜʘʶʪ ʧʦ ʩʧʝʢʪʨʘʣʴʥʦʤʫ ʧʦʣʦʞʝʥʠʶ ʩ ʣʠʥʠʷʤʠ 

ʌʇ, ʦʧʠʩʘʥʥʳʤʠ ʚ ʧʨʝʜʳʜʫʱʝʤ ʨʘʟʜʝʣʝ ʠ ʠʭ ʝʩʪʝʩʪʚʝʥʥʦ ʪʘʢʞʝ ʩʚʷʟʘʪʴ ʩ 

ʚʘʢʘʥʩʠʷʤʠ ʨʪʫʪʠ. 

ʈʘʩʩʤʘʪʨʠʚʘʝʤʘʷ ʌʃ ʚʦʟʥʠʢʘʝʪ ʠʟ-ʟʘ ʠʟʣʫʯʘʪʝʣʴʥʳʭ ʧʝʨʝʭʦʜʦʚ ʵʣʝʢʪʨʦʥʦʚ ʩ 

ʘʢʮʝʧʪʦʨʥʳʭ ʩʦʩʪʦʷʥʠʡ ʚ ʚʘʣʝʥʪʥʫʶ ʟʦʥʫ. ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʪʘʢʠʝ ʧʝʨʝʭʦʜʳ ʙʳʣʠ 

ʚʦʟʤʦʞʥʳ, ʥʝʦʙʭʦʜʠʤʦ, ʯʪʦʙʳ ʚ ʚʘʣʝʥʪʥʦʡ ʟʦʥʝ ʠʤʝʣʠʩʴ ʜʳʨʢʠ, ʘ ʥʘ ʘʢʮʝʧʪʦʨʥʳʭ 

ʫʨʦʚʥʷʭ ʧʨʠʩʫʪʩʪʚʦʚʘʣʠ ʵʣʝʢʪʨʦʥʳ (ʪ.ʝ. ʘʢʮʝʧʪʦʨʳ ʙʳʣʠ ʧʦʣʥʦʩʪʴʶ ʠʣʠ ʯʘʩʪʠʯʥʦ 

ʠʦʥʠʟʦʚʘʥʳ). ɼʳʨʢʠ ʚ ʚʘʣʝʥʪʥʦʡ ʟʦʥʝ ʩʦʟʜʘʶʪʩʷ ʤʝʞʟʦʥʥʦʡ ʧʦʜʩʚʝʪʢʦʡ, ʘ ʜʣʷ 

ʧʨʠʩʫʪʩʪʚʠʷ ʵʣʝʢʪʨʦʥʦʚ ʥʘ ʘʢʮʝʧʪʦʨʥʳʭ ʫʨʦʚʥʷʭ, ʚ ʤʘʪʝʨʠʘʣʝ ʜʦʣʞʥʳ 

ʩʫʱʝʩʪʚʦʚʘʪʴ ʚʘʢʘʥʩʠʠ ʨʪʫʪʠ ʚ ʟʘʨʷʜʦʚʳʭ ʩʦʩʪʦʷʥʠʷʭ A2
-2 ʠ A2

-1, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ 

ʥʝʡʪʨʘʣʴʥʳʝ ʘʢʮʝʧʪʦʨʳ ʚ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ ʥʝ ʫʯʘʩʪʚʫʶʪ. ʋʭʦʜ ʵʣʝʢʪʨʦʥʦʚ ʚ 

ʚʘʣʝʥʪʥʫʶ ʟʦʥʫ ʩ A2
-2 ʮʝʥʪʨʘ (ʠʣʠ ʟʘʭʚʘʪ ʜʳʨʢʠ ʥʘ ʪʘʢʦʡ ʮʝʥʪʨ) ʩ ʠʟʣʫʯʝʥʠʝʤ 

ʬʦʪʦʥʘ ʠ ʦʙʨʘʟʦʚʘʥʠʝʤ A2
-1 ʮʝʥʪʨʘ ï ʧʨʦʮʝʩʩ, ʦʙʨʘʪʥʳʡ ʧʨʦʮʝʩʩʫ ʠʦʥʠʟʘʮʠʠ A2

-1 

ʮʝʥʪʨʘ ʧʨʠ ʧʦʛʣʦʱʝʥʠʠ ʢʚʘʥʪʘ ʠʟʣʫʯʝʥʠʷ, ʘ ʫʭʦʜ ʵʣʝʢʪʨʦʥʦʚ ʚ ʚʘʣʝʥʪʥʫʶ ʟʦʥʫ ʩ 

A2
-1 ʮʝʥʪʨʘ ï ʧʨʦʮʝʩʩ, ʦʙʨʘʪʥʳʡ ʧʨʦʮʝʩʩʫ ʠʦʥʠʟʘʮʠʠ ʥʝʡʪʨʘʣʴʥʦʛʦ A2

0 ʮʝʥʪʨʘ. ʀʟ-

ʟʘ ʬʦʪʦʪʝʨʤʠʯʝʩʢʦʡ ʠʦʥʠʟʘʮʠʠ ʘʢʮʝʧʪʦʨʥʳʭ ʮʝʥʪʨʦʚ ʧʨʠ ʧʦʛʣʦʱʝʥʠʠ ʬʦʪʦʥʦʚ 

ʚʦʟʥʠʢʘʝʪ ʩʠʛʥʘʣ ʌʇ ʥʘ ʯʘʩʪʦʪʘʭ ʧʦʛʣʦʱʝʥʥʳʭ ʬʦʪʦʥʦʚ. ʅʘ ʵʪʠʭ ʞʝ ʯʘʩʪʦʪʘʭ 

ʠʟʣʫʯʘʶʪʩʷ ʬʦʪʦʥʳ ʧʨʠ ʧʨʦʮʝʩʩʘʭ, ʦʙʨʘʪʥʳʭ ʠʦʥʠʟʘʮʠʠ ʘʢʮʝʧʪʦʨʥʳʭ ʮʝʥʪʨʦʚ 

(ʨʠʩʫʥʦʢ 4.6). ɺʦʟʤʦʞʥʦʩʪʴ ʥʘʙʣʶʜʘʪʴ ʪʘʢʫʶ ʌʃ ʚ ʥʝʣʝʛʠʨʦʚʘʥʥʳʭ ʩʪʨʫʢʪʫʨʘʭ ʥʘ 

ʦʩʥʦʚʝ ʂʈʊ ʟʘʚʠʩʠʪ ʦʪ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʘʢʘʥʩʠʡ ʨʪʫʪʠ ʧʦ ʟʘʨʷʜʦʚʳʤ ʩʦʩʪʦʷʥʠʷʤ.  

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʦʪʣʠʯʠʝ ʦʪ ʥʘʙʣʶʜʝʥʠʡ ʌʇ, ʧʨʠ ʠʟʫʯʝʥʠʠ ʌʃ ʪʘʢʦʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʤʦʞʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʪʴʩʷ ʦʪ ʨʘʚʥʦʚʝʩʥʦʛʦ.  
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ʈʠʩʫʥʦʢ 4.6 - ʌʦʨʤʠʨʦʚʘʥʠʝ ʩʧʝʢʪʨʘ ʌʃ, ʩʚʷʟʘʥʥʦʡ ʩ ʘʢʮʝʧʪʦʨʘʤʠ: - 

ʜr ʨʢʘ ʟʘʭʚʘʪʳʚʘʝʪʩʷ ʥʘ ʘʢʮʝʧʪʦʨʥʳʡ ʮʝʥʪʨ ʠʟ ʚʘʣʝʥʪʥʦʡ ʟʦʥʳ: (ʘ) A20 ʥʝ ʤʦʞʝʪ 

ʫʯʘʩʪʚʦʚʘʪʴ ʚ ʌʃ (ʥʝʢʫʜʘ ʧʝʨʝʭʦʜʠʪʴ ʜʳʨʢʘʤ); (ʙ) ʜʳʨʢʘ ʟʘʭʚʘʪʳʚʘʝʪʩʷ ʥʘ A2-1 

ʮʝʥʪʨ, ʠʟʣʫʯʘʝʪʩʷ ʬʦʪʦʥ ʩ ʵʥʝʨʛʠʝʡ ʨʘʚʥʦʡ ʵʥʝʨʛʠʠ ʠʦʥʠʟʘʮʠʠ  A20 ʮʝʥʪʨʘ (E1); 

(ʚ) ʜʳʨʢʘ ʟʘʭʚʘʪʳʚʘʝʪʩʷ ʥʘ A2-2 ʮʝʥʪʨ, ʠʟʣʫʯʘʝʪʩʷ ʬʦʪʦʥ ʩ ʵʥʝʨʛʠʝʡ ʨʘʚʥʦʡ 

ʵʥʝʨʛʠʠ ʠʦʥʠʟʘʮʠʠ  A2-1 ʮʝʥʪʨʘ (E2) 

(ʘ) 

(ʙ) 

(ʚ) 
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ɺ ʥʘʰʝʤ ʩʣʫʯʘʝ ʥʘʙʣʶʜʝʥʠʝ ʌʃ ʧʨʦʠʩʭʦʜʠʣʦ ʧʨʠ ʥʝʧʨʝʨʳʚʥʦʤ ʦʧʪʠʯʝʩʢʦʤ 

ʚʦʟʙʫʞʜʝʥʠʠ: ʠʟʫʯʘʣʘʩʴ ʌʃ ʢʘʢ ʦʙʲʝʤʥʳʭ ʂʈʊ ʧʣʝʥʦʢ, ʪʘʢ ʠ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨ 

HgTe/CdHgTe ʩ ʂʗ. 

ʅʘ ʨʠʩʫʥʢʝ 4.7 (ʘ) ʧʨʠʚʝʜʝʥʳ ʩʧʝʢʪʨʳ ʌʃ ʦʙʲʝʤʥʦʛʦ ʩʣʦʷ Hg0.81ʉd0.19Te n-

ʪʠʧʘ (ʦʙʨʘʟʝʮ ˉ 120210) ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨ rʚ ʠʥʪʝʨʚʘʣʝ 20 - 100 ʂ. ɺʦ 

ʚʩʝʭ ʩʧʝʢʪʨʘʭ ʥʘʙʣʶʜʘʶʪʩʷ ʜʣʠʥʥʦʚʦʣʥʦʚʘʷ ʣʠʥʠʷ ʌʃ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ 

ʵʥʝʨʛʠʷʤ ʢʚʘʥʪʦʚ ʠʟʣʫʯʝʥʠʷ ʦʪ 5 ʤʵɺ ʜʦ 12 ʤʵɺ (ʣʠʥʠʷ 1), ʘ ʪʘʢʞʝ ʣʠʥʠʷ ʚ 

ʜʠʘʧʘʟʦʥʝ 16 ï 25 ʤʵɺ (ʣʠʥʠʷ 2). ʉʧʝʢʪʨʘʣʴʥʦʝ ʧʦʣʦʞʝʥʠʝ ʵʪʠʭ ʣʠʥʠʡ ʩʦʚʧʘʜʘʝʪ ʩ 

ʧʦʣʦʞʝʥʠʝʤ ʦʩʦʙʝʥʥʦʩʪʝʡ, ʦʙʫʩʣʦʚʣʝʥʥʳʭ ʚʘʢʘʥʩʠʷʤʠ ʨʪʫʪʠ ʚ ʩʧʝʢʪʨʘʭ ʌʇ ʩʣʦʝʚ 

HgCdTe ʪʦʛʦ ʞʝ ʩʦʩʪʘʚʘ ʩ ʧʨʦʚʦʜʠʤʦʩʪʴʶ p-ʪʠʧʘ (ʈʠʩʫʥʦʢ 4.1). ɿʜʝʩʴ ʥʝʦʙʭʦʜʠʤʦ 

ʧʦʷʩʥʠʪʴ, ʯʪʦ ʚʘʢʘʥʩʠʠ ʨʪʫʪʠ ʚʩʝʛʜʘ ʬʦʨʤʠʨʫʶʪʩʷ ʚ ʧʨʦʮʝʩʩʝ ʨʦʩʪʘ ʂʈʊ ʩʪʨʫʢʪʫʨ 

ʚ ʪʦʡ ʠʣʠ ʠʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ, ʠ ʤʦʛʫʪ ʥʘʙʣʶʜʘʪʴʩʷ ʠ ʚ ʩʣʦʷʭ ʩ ʧʨʦʚʦʜʠʤʦʩʪʴʶ n-

ʪʠʧʘ, ʯʪʦ ʠ ʠʤʝʝʪ ʤʝʩʪʦ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ.  

ɺ ʦʙʨʘʟʮʝ n-ʪʠʧʘ ʯʠʩʣʦ ʜʦʥʦʨʦʚ ʙʦʣʴʰʝ ʫʜʚʦʝʥʥʦʛʦ ʯʠʩʣʘ ʚʘʢʘʥʩʠʡ ʨʪʫʪʠ ʠ 

ʚʩʝ ʚʘʢʘʥʩʠʠ ʨʪʫʪʠ ʧʨʠ ʥʠʟʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʥʘʭʦʜʷʪʩʷ ʚ ʟʘʨʷʜʦʚʦʤ ʩʦʩʪʦʷʥʠʠ A2
-2. 

ɽʩʣʠ ʙʳ ʚʩʝ ʘʢʮʝʧʪʦʨʥʳʝ ʮʝʥʪʨʳ ʥʘʭʦʜʠʣʠʩʴ ʚ ʜʘʥʥʦʤ ʟʘʨʷʜʦʚʦʤ ʩʦʩʪʦʷʥʠʠ, ʚ 

ʩʧʝʢʪʨʝ ʌʃ ʥʘʙʣʶʜʘʣʘʩʴ ʙʳ ʪʦʣʴʢʦ ʦʩʦʙʝʥʥʦʩʪʴ ʩ ʵʥʝʨʛʠʝʡ ʢʚʘʥʪʘ ʦʢʦʣʦ ʵʥʝʨʛʠʠ 

ʠʦʥʠʟʘʮʠʠ A2
-1 ʮʝʥʪʨʘ, ʢʦʪʦʨʘʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʣʠʥʠʠ 2. ʅʘʙʣʶʜʘʶʱʘʷʩʷ ʚ ʩʧʝʢʪʨʘʭ 

ʌʃ ʣʠʥʠʷ 1 ʚʦʟʥʠʢʘʝʪ ʧʨʠ ʟʘʭʚʘʪʝ ʜʳʨʢʠ ʥʘ A2
-1 ʮʝʥʪʨ. ʇʨʠ ʥʠʟʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ 

ʦʪʩʫʪʩʪʚʠʝ ʧʦʜʩʚʝʪʢʠ ʚ ʦʙʨʘʟʮʝ n-ʪʠʧʘ ʪʘʢʠʭ ʮʝʥʪʨʦʚ ʥʝʪ. ʇʨʠ ʤʝʞʟʦʥʥʦʡ 

ʧʦʜʩʚʝʪʢʝ ʮʝʥʪʨʳ A2
-1, ʪʨʝʙʫʝʤʳʝ ʜʣʷ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʣʠʥʠʠ 1 ʚ ʩʧʝʢʪʨʝ ʌʃ, 

ʧʦʷʚʣʷʶʪʩʷ ʠʟ-ʟʘ ʟʘʭʚʘʪʘ ʥʝʨʘʚʥʦʚʝʩʥʳʭ ʜʳʨʦʢ ʠʟ ʚʘʣʝʥʪʥʦʡ ʟʦʥʳ (ʚ ʪʦʤ ʯʠʩʣʝ 

ʙʝʟʳʟʣʫʯʘʪʝʣʴʥʦʛʦ). ʀʟ ʨʠʩʫʥʢʘ 4.7 (ʘ) ʚʠʜʥʦ, ʯʪʦ ʣʠʥʠʠ ʌʃ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ 

ʪʝʤʧʝʨʘʪʫʨʳ ʩʦʭʨʘʥʷʶʪ ʩʚʦʝ ʧʦʣʦʞʝʥʠʝ ʠ ʰʠʨʠʥʫ, ʦʜʥʘʢʦ ʘʤʧʣʠʪʫʜʘ ʣʠʥʠʠ 1 

ʥʝʤʦʥʦʪʦʥʥʦ ʠʟʤʝʥʷʝʪʩʷ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ (ʩʤ. ʚʩʪʘʚʢʫ ʢ ʨʠʩʫʥʢʫ 4.7): ʧʨʠ ʨʦʩʪʝ 

ʪʝʤʧʝʨʘʪʫʨʳ ʜʦ 40 ʂ ʥʘʙʣʶʜʘʝʪʩʷ ʩʧʘʜ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʣʠʥʠʠ 1, ʘ ʧʨʠ ʜʘʣʴʥʝʡʰʝʤ 

ʫʚʝʣʠʯʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʜʦ 65 ʂ ʩʠʛʥʘʣ ʌʃ ʚʦʟʨʘʩʪʘʝʪ ʙʦʣʝʝ ʯʝʤ ʚ ʪʨʠ ʨʘʟʘ. ʊʘʢʘʷ 

ʟʘʚʠʩʠʤʦʩʪʴ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʌʃ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʥʝ ʷʚʣʷʝʪʩʷ ʭʘʨʘʢʪʝʨʥʦʡ ʜʣʷ 

"ʧʨʠʤʝʩʥʦʡ" ʌʃ [189, 190]. ʄʦʞʥʦ ʙʳʣʦ ʙʳ ʦʞʠʜʘʪʴ, ʯʪʦ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʌʃ 
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ʜʦʣʞʥʘ ʤʦʥʦʪʦʥʥʦ ʩʧʘʜʘʪʴ ʩ ʨʦʩʪʦʤ ʪʝʤʧʝʨʘʪʫʨʳ ʠʟ-ʟʘ ʚʦʟʨʘʩʪʘʥʠʷ ʚʝʨʦʷʪʥʦʩʪʠ 

ʟʘʭʚʘʪʘ ʩ ʠʩʧʫʩʢʘʥʠʝʤ ʬʦʥʦʥʦʚ. ʆʜʥʘʢʦ ʚ ʩʣʫʯʘʝ ʜʚʫʟʘʨʷʜʥʦʛʦ ʘʢʮʝʧʪʦʨʘ ʧʨʠ 

ʦʧʨʝʜʝʣʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʟʘʚʠʩʷʱʝʡ ʦʪ ʩʪʝʧʝʥʠ ʢʦʤʧʝʥʩʘʮʠʠ L = 2NA/ND (c 

ʫʯʝʪʦʤ ʜʚʫʭ-ʚʘʣʝʥʪʥʦʩʪʠ ʘʢʮʝʧʪʦʨʦʚ), ʚʦʟʥʠʢʘʶʪ ʨʘʚʥʦʚʝʩʥʳʝ A2
-1 ʮʝʥʪʨʳ. ʉ ʵʪʠʤ 

ʩʚʷʟʘʥʘ ʥʝʤʦʥʦʪʦʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʌʃ ʣʠʥʠʠ 1 ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ, 

ʧʦʢʘʟʘʥʥʘʷ ʥʘ ʚʩʪʘʚʢʝ ʨʠʩʫʥʢʝ 4.7. ʈʘʩʯʝʪ ʨʘʚʥʦʚʝʩʥʦʡ ʟʘʩʝʣʝʥʥʦʩʪʠ ʨʘʟʣʠʯʥʳʭ 

ʮʝʥʪʨʦʚ ʙʳʣ ʚʳʧʦʣʥʝʥ ʩ ʧʦʤʦʱʴʶ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʝʥʠʷ ʵʣʝʢʪʨʦʥʝʡʪʨʘʣʴʥʦʩʪʠ. 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʩʪʝʧʝʥʝʡ ʢʦʤʧʝʥʩʘʮʠʠ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩʫʥʢʝ 4.7 

(ʙ) ɺʠʜʥʦ, ʯʪʦ ʤʘʢʩʠʤʫʤ ʥʘ ʟʘʚʠʩʠʤʦʩʪʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʌʃ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ 

ʩʦʦʪʥʦʩʠʪʩʷ ʩ ʚʳʭʦʜʦʤ ʟʘʚʠʩʠʤʦʩʪʠ ʜʦʣʠ ʨʘʚʥʦʚʝʩʥʳʭ A2
-1 ʮʝʥʪʨʦʚ ʥʘ ʥʘʩʳʱʝʥʠʝ, 

ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ ʩʪʝʧʝʥʴ ʢʦʤʧʝʥʩʘʮʠʠ K Ò 40 % [A16]. 

 

 

ʈʠʩʫʥʦʢ 4.7 - (ʘ) ʉʧʝʢʪʨʳ ʌʃ ʦʙʲʝʤʥʦʛʦ ʩʣʦʷ Hg0.81ʉd0.19Te (ʦʙʨʘʟʝʮ ˉ 120210), 

ʠʟʤʝʨʝʥʥʳʝ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. ʅʘ ʚʩʪʘʚʢʝ ʧʦʢʘʟʘʥʘ ʟʘʚʠʩʠʤʦʩʪʴ 

ʠʥʪʝʛʨʘʣʴʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʌʃ ʣʠʥʠʠ 1 ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ; (ʙ) ɿʘʚʠʩʠʤʦʩʪʴ ʦʪ 

ʪʝʤʧʝʨʘʪʫʨʳ ʜʦʣʠ A2
-1 ï ʮʝʥʪʨʦʚ ʦʪ ʦʙʱʝʛʦ ʯʠʩʣʘ ʚʘʢʘʥʩʠʡ ʨʪʫʪʠ ʚ ʦʙʲʝʤʥʦʤ 

ʂʈʊ ʩʣʦʝ Hg0.81ʉd0.19Te nïʪʠʧʘ ʧʨʠ ʨʘʟʣʠʯʥʦʡ ʩʪʝʧʝʥʠ ʢʦʤʧʝʥʩʘʮʠʠ 2NA/ND 

(ʫʢʘʟʘʥʘ ʚ ʧʨʦʮʝʥʪʘʭ) 

 

(ʙ) 

(ʘ) 
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ʃʠʥʠʷ 2 ʚ ʩʧʝʢʪʨʝ ʌʃ ʚʦʟʥʠʢʘʝʪ ʙʣʘʛʦʜʘʨʷ ʟʘʭʚʘʪʫ ʜʳʨʦʢ ʥʘ A2-2 ʮʝʥʪʨʳ. 

ʊʘʢʠʭ ʮʝʥʪʨʦʚ ʧʨʠ ʥʠʟʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʝ, ʯʝʤ A2-1 ʮʝʥʪʨʦʚ, 

ʧʦʵʪʦʤʫ ʩʣʝʜʦʚʘʣʦ ʙʳ ʦʞʠʜʘʪʴ, ʯʪʦ ʘʤʧʣʠʪʫʜʘ ʣʠʥʠʠ 2 ʙʫʜʝʪ ʧʨʝʚʳʰʘʪʴ ʘʤʧʣʠʪʫʜʫ 

ʣʠʥʠʠ 1, ʦʜʥʘʢʦ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ ʥʘʙʣʶʜʘʝʪʩʷ ʦʙʨʘʪʥʘʷ ʩʠʪʫʘʮʠʷ. ʇʦ-ʚʠʜʠʤʦʤʫ, ʵʪʦ 

ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʟʘʭʚʘʪ ʜʳʨʦʢ ʥʘ A2-2 ʮʝʥʪʨʳ ʤʦʞʝʪ ʠʜʪʠ ʙʝʟʳʟʣʫʯʘʪʝʣʴʥʦ ʩ 

ʠʩʧʫʩʢʘʥʠʝʤ ʦʧʪʠʯʝʩʢʦʛʦ ʬʦʥʦʥʘ, ʵʥʝʨʛʠʷ ʢʦʪʦʨʦʛʦ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 20 ʤʵɺ. 

ɺʝʨʦʷʪʥʦʩʪʴ ʪʘʢʦʛʦ ʙʝʟʳʟʣʫʯʘʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ, ʢʘʢ ʧʨʘʚʠʣʦ, ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʰʝ, 

ʯʝʤ ʠʟʣʫʯʘʪʝʣʴʥʦʛʦ, ʯʪʦ ʨʘʜʠʢʘʣʴʥʦ ʫʤʝʥʴʰʘʝʪ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʣʠʥʠʠ 2 (ʠ ʧʨʠʚʦʜʠʪ 

ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ A2-1 ʮʝʥʪʨʦʚ). 

ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʌʃ ʧʦʟʚʦʣʷʶʪ ʩʫʜʠʪʴ, ʥʘʩʢʦʣʴʢʦ ʵʬʬʝʢʪʠʚʥʦ 

ʥʝʨʘʚʥʦʚʝʩʥʳʝ ʥʦʩʠʪʝʣʠ ʟʘʭʚʘʪʳʚʘʶʪʩʷ ʥʘ ʮʝʥʪʨʳ ʙʝʟʳʟʣʫʯʘʪʝʣʴʥʦʡ 

ʨʝʢʦʤʙʠʥʘʮʠʠ ʚ ʠʩʩʣʝʜʫʝʤʳʭ ʩʪʨʫʢʪʫʨʘʭ, ʪ.ʝ. ʬʘʢʪʠʯʝʩʢʠ çʚʠʟʫʘʣʠʟʠʨʫʶʪè 

ʤʝʭʘʥʠʟʤ ʨʝʢʦʤʙʠʥʘʮʠʠ ʐʈʍ. ʀʥʪʝʨʝʩʥʦ ʚ ʵʪʦʡ ʩʚʷʟʠ ʧʨʦʩʣʝʜʠʪʴ ʟʘ ʠʟʤʝʥʝʥʠʷʤʠ 

ʚ ʩʧʝʢʪʨʘʭ ʌʃ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʤʦʱʥʦʩʪʠ ʥʘʢʘʯʢʠ ʚ ʩʪʨʫʢʪʫʨʘʭ ʩ ʂʗ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ 

ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʢʘʯʝʩʪʚʝ ʘʢʪʠʚʥʦʡ ʩʨʝʜʳ ʜʣʷ ʛʝʥʝʨʘʮʠʠ ʠʟʣʫʯʝʥʠʷ ʥʘ 

ʤʝʞʟʦʥʥʳʭ ʧʝʨʝʭʦʜʘʭ. ʅʘ ʨʠʩʫʥʢʝ 4.8 ʧʨʝʜʩʪʘʚʣʝʥ ʩʧʝʢʪʨ ʌʃ ʩʪʨʫʢʪʫʨʳ ʩ ʂʗ  

ˉ 160126 ʠʟʤʝʨʝʥʥʳʡ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 30 ʂ ʠ ʨʘʟʥʳʭ ʤʦʱʥʦʩʪʷʭ ʚʦʟʙʫʞʜʘʶʱʝʛʦ 

ʠʟʣʫʯʝʥʠʷ. ɺʠʜʥʳ ʜʣʠʥʥʦʚʦʣʥʦʚʳʝ ʧʦʣʦʩʳ ʌʃ, ʩʚʷʟʳʚʘʝʤʳʝ ʩ ʩʦʩʪʦʷʥʠʷʤʠ 

ʘʢʮʝʧʪʦʨʦʚ, ʠ ʢʦʨʦʪʢʦʚʦʣʥʦʚʘʷ ʧʦʣʦʩʘ, ʦʙʫʩʣʦʚʣʝʥʥʘʷ ʤʝʞʟʦʥʥʳʤʠ ʧʝʨʝʭʦʜʘʤʠ. 

ɼʘʥʥʘʷ ʧʦʣʦʩʘ ʧʦʷʚʣʷʝʪʩʷ ʪʦʣʴʢʦ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʤʦʱʥʦʩʪʠ ʥʘʢʘʯʢʠ ʜʦ 100 ʤɺʪ, 

ʧʨʠ ʥʠʟʢʦʡ ʤʦʱʥʦʩʪʠ ʚʦʟʙʫʞʜʝʥʠʷ ʵʪʘ ʦʩʦʙʝʥʥʦʩʪʴ ʚ ʩʧʝʢʪʨʝ ʦʪʩʫʪʩʪʚʫʝʪ, ʚ ʪʦ 

ʚʨʝʤʷ ʢʘʢ ʘʤʧʣʠʪʫʜʘ ʜʣʠʥʥʦʚʦʣʥʦʚʦʡ ʧʦʣʦʩʳ ʌʃ ʨʘʩʪʝʪ ʩ ʨʦʩʪʦʤ ʤʦʱʥʦʩʪʠ 

ʥʘʢʘʯʢʠ ʢʘʢ ʨʘʟ ʜʦ 100 ʤɺʪ, ʘ ʟʘʪʝʤ ʩʥʠʞʘʝʪʩʷ [A9].  
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ʈʠʩʫʥʦʢ 4.8 - ʉʧʝʢʪʨʳ ʌʃ ʩʪʨʫʢʪʫʨʳ ˉ 160126, ʠʟʤʝʨʝʥʥʳʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ  

30 K ʠ ʧʨʠ ʤʦʱʥʦʩʪʠ ʥʘʢʘʯʢʠ ʦʪ 3 ʜʦ 300 ʤɺʪ. ʉʪʨʫʢʪʫʨʘ ʩʦʜʝʨʞʘʣʘ ʦʜʠʥʦʯʥʫʶ 

ʂʗ Hg0.24ʉd0.76Te/HgTe ʪʦʣʱʠʥʦʡ 4.8 ʥʤ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʤʘʣʳʭ ʤʦʱʥʦʩʪʷʭ ʚʦʟʙʫʞʜʝʥʠʷ, ʪ.ʝ. ʧʨʠ ʤʘʣʳʭ 

ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʥʝʨʘʚʥʦʚʝʩʥʳʭ ʥʦʩʠʪʝʣʝʡ, ʜʦʤʠʥʠʨʫʶʱʠʤ ʢʘʥʘʣʦʤ ʨʝʢʦʤʙʠʥʘʮʠʠ 

ʷʚʣʷʝʪʩʷ ʤʝʭʘʥʠʟʤ ʐʈʍ, ʠ ʚ ʩʧʝʢʪʨʘʭ ʌʃ ʚʠʜʥʘ ʪʦʣʴʢʦ ʧʦʣʦʩʘ, ʩʚʷʟʘʥʥʘʷ ʩ 

ʟʘʭʚʘʪʦʤ ʜʳʨʦʢ ʥʘ ʩʦʩʪʦʷʥʠʷ ʚʘʢʘʥʩʠʡ ʨʪʫʪʠ. ʆʜʥʘʢʦ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʵʪʦʡ ʧʦʣʦʩʳ 

ʩ ʨʦʩʪʦʤ ʤʦʱʥʦʩʪʠ ʚʦʟʙʫʞʜʘʶʱʝʛʦ ʠʟʣʫʯʝʥʠʷ ʥʘʯʠʥʘʝʪ ʧʘʜʘʪʴ ʧʨʠ ʧʦʷʚʣʝʥʠʠ 

ʣʠʥʠʠ ʌʃ, ʩʚʷʟʘʥʥʦʡ ʩ ʤʝʞʟʦʥʥʳʤʠ ʧʝʨʝʭʦʜʘʤʠ. ɺʦʟʥʠʢʥʦʚʝʥʠʝ ʵʪʦʡ ʣʠʥʠʠ 

ʦʙʫʩʣʦʚʣʝʥʦ ʫʚʝʣʠʯʝʥʠʝʤ ʪʝʤʧʘ ʤʝʞʟʦʥʥʦʡ ʠʟʣʫʯʘʪʝʣʴʥʦʡ ʨʝʢʦʤʙʠʥʘʮʠʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʝʢʦʤʙʠʥʘʮʠʠ ʧʦ ʤʝʭʘʥʠʟʤʫ ʐʈʍ, ʜʣʷ ʢʦʪʦʨʦʛʦ ʟʘʚʠʩʠʤʦʩʪʴ 

ʚʨʝʤʝʥʠ ʨʝʢʦʤʙʠʥʘʮʠʠ ʥʘʩʳʱʘʝʪʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʦʩʠʪʝʣʝʡ. ʇʨʠ 

ʵʪʦʤ ʫʤʝʥʴʰʘʝʪʩʷ ʯʠʩʣʦ ʜʳʨʦʢ ʚ ʚʘʣʝʥʪʥʦʡ ʟʦʥʝ, ʢʦʪʦʨʳʝ ʤʦʛʣʠ ʙʳ ʧʝʨʝʭʦʜʠʪʴ ʥʘ 

A2
-1
 ʮʝʥʪʨʳ ʠ ʪʝʤ ʩʘʤʳʤ ʬʦʨʤʠʨʦʚʘʪʴ ʜʣʠʥʥʦʚʦʣʥʦʚʫʶ ʧʦʣʦʩʫ ʌʃ, ʧʦʵʪʦʤʫ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʌʃ, ʩʚʷʟʘʥʥʦʡ ʩ ʧʝʨʝʭʦʜʘʤʠ ʥʘ ʘʢʮʝʧʪʦʨʥʳʝ ʮʝʥʪʨʳ, ʩʥʠʞʘʝʪʩʷ. 

ɺʦʟʤʦʞʥʦʩʪʴ ʥʘʩʳʱʝʥʠʷ ʤʝʭʘʥʠʟʤʘ ʐʈʍ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʨʝ ʟʘʚʠʩʠʪ ʦʪ 

çʫʩʧʝʰʥʦʩʪʠè ʧʨʦʮʝʩʩʘ ʨʦʩʪʘ ʜʣʷ ʢʦʥʢʨʝʪʥʦʡ ʩʪʨʫʢʪʫʨʳ ʚ ʩʤʳʩʣʝ ʢʦʥʮʝʥʪʨʘʮʠʠ 
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ʚʘʢʘʥʩʠʡ ʨʪʫʪʠ ʠ (ʚʦʟʤʦʞʥʦ) ʜʨʫʛʠʭ ʦʩʪʘʪʦʯʥʳʭ ʘʢʮʝʧʪʦʨʥʳʭ ʮʝʥʪʨʦʚ/ʪʦʯʝʯʥʳʭ 

ʜʝʬʝʢʪʦʚ. ʅʘ ʨʠʩʫʥʢʝ 4.9 ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʧʝʢʪʨʳ ʊɻʮ ʌʃ ʩʪʨʫʢʪʫʨʳ  ̄110621, 

ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʥʝʩʢʦʣʴʢʠʭ ʟʥʘʯʝʥʠʷʭ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʧʨʠ ʤʦʱʥʦʩʪʠ ʥʘʢʘʯʢʠ 300 

ʤBʪ. ɼʘʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʦʯʝʥʴ ʙʣʠʟʢʘ ʢ  ̄ 160126 ʧʦ ʧʘʨʘʤʝʪʨʘʤ ï ʩʪʨʫʢʪʫʨʘ   

Hg1-xʉdxTe/HgTe ʩ ʂʗ ʪʦʣʱʠʥʦʡ 48 ɸ. ɺ ʩʧʝʢʪʨʘʭ ʩʪʨʫʢʪʫʨʳ ʪʘʢʞʝ ʚʠʜʥʘ 

ʜʣʠʥʥʦʚʦʣʥʦʚʘʷ ʧʦʣʦʩʘ ʌʃ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʵʥʝʨʛʠʷʤ ʢʚʘʥʪʦʚ 40-250 ʩʤ-1, ʩ 

ʧʨʦʚʘʣʦʤ ʦʢʦʣʦ 160 ʩʤ-1, ʢʦʪʦʨʳʡ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʦʛʣʦʱʝʥʠʶ ʥʘ ʯʘʩʪʦʪʝ CdTe-

ʧʦʜʦʙʥʦʛʦ ʧʦʧʝʨʝʯʥʦʛʦ ʦʧʪʠʯʝʩʢʦʛʦ ʬʦʥʦʥʘ. ʕʪʘ ʧʦʣʦʩʘ ʌʃ ʥʝ ʤʝʥʷʝʪ ʩʚʦʝʛʦ 

ʧʦʣʦʞʝʥʠʷ ʩ ʠʟʤʝʥʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʩʚʷʟʘʥʘ ʩ ʩʦʩʪʦʷʥʠʷʤʠ ʚʘʢʘʥʩʠʡ ʨʪʫʪʠ. 

ʆʜʥʘʢʦ ʚ ʩʪʨʫʢʪʫʨʝ ˉ 110621 ʫʜʘʣʦʩʴ ʧʦʣʫʯʠʪʴ ʤʝʞʟʦʥʥʫʶ ʌʃ ʪʦʣʴʢʦ ʧʨʠ 

ʤʦʱʥʦʡ ʠʤʧʫʣʴʩʥʦʡ ʥʘʢʘʯʢʝ (ʩʤ. ʛʣʘʚʫ 3), ʧʦʵʪʦʤʫ ʥʘ ʨʠʩʫʥʢʝ 4.9 ʦʥʘ ʥʝ 

ʧʨʠʚʝʜʝʥʘ. ʅʝʤʦʥʦʪʦʥʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʌʃ ʩʪʨʫʢʪʫʨʳ ˉ 110621 ʦʪ 

ʪʝʤʧʝʨʘʪʫʨʳ ʩ ʣʦʢʘʣʴʥʳʤ ʤʘʢʩʠʤʫʤʦʤ ʧʨʠ 60 ʂ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ, ʢʘʢ ʠ ʚ ʩʧʝʢʪʨʘʭ 

ʌʃ ʦʙʲʝʤʥʦʡ ʧʣʝʥʢʠ ʂʈʊ, ʫʚʝʣʠʯʝʥʠʝʤ ʯʠʩʣʘ çʨʘʚʥʦʚʝʩʥʳʭè A2
-1 ʮʝʥʪʨʦʚ ʠʟ-ʟʘ 

ʪʝʨʤʠʯʝʩʢʦʡ ʠʦʥʠʟʘʮʠʠ ʥʝʡʪʨʘʣʴʥʳʭ ʘʢʮʝʧʪʦʨʦʚ.  

 

ʈʠʩʫʥʦʢ 4.9 - ʉʧʝʢʪʨʳ ʌʃ ʩʪʨʫʢʪʫʨʳ ˉ 110621, ʠʟʤʝʨʝʥʥʳʝ ʧʨʠ ʨʘʟʣʠʯʥʳʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ 

ʇʦʜʚʦʜʷ ʠʪʦʛʠ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʚʳʧʦʣʥʝʥʥʳʭ ʚ ʜʘʥʥʦʡ ʛʣʘʚʝ, ʩʣʝʜʫʝʪ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʘʢʮʝʧʪʦʨʥʳʭ ʩʦʩʪʦʷʥʠʡ ʚ ʫʟʢʦʟʦʥʥʳʭ ʩʪʨʫʢʪʫʨʘʭ ʥʘ 

ʦʩʥʦʚʝ HgCdTe ʜʘʣʝʢʠ ʦʪ ʟʘʚʝʨʰʝʥʠʷ. ʕʪʦ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʩʚʷʟʘʥʦ ʩ 
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ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʪʝʭʥʦʣʦʛʠʠ, ʪ.ʢ. ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʦʩʪʘʪʦʯʥʳʭ ʘʢʮʝʧʪʦʨʦʚ ʬʘʢʪʠʯʝʩʢʠ 

ʷʚʣʷʝʪʩʷ ʧʘʨʘʟʠʪʥʳʤ ʧʨʦʮʝʩʩʦʤ, ʘ ʩ ʜʨʫʛʦʡ ʪʝʤ, ʯʪʦ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʡ ʩʣʫʯʘʡ 

ʠʤʝʝʪ ʤʥʦʛʦ ʩʣʦʞʥʳʭ ʠ ʥʝʩʪʘʥʜʘʨʪʥʳʭ ʘʩʧʝʢʪʦʚ: ʚʦʟʤʦʞʥʘʷ ʜʚʫʭʟʘʨʷʜʥʦʩʪʴ ʠ 

ʨʝʟʦʥʘʥʩʥʦʩʪʴ ʩʦʩʪʦʷʥʠʡ ʘʢʮʝʧʪʦʨʘ, ʟʥʘʯʠʪʝʣʴʥʳʡ ʭʠʤʠʯʝʩʢʠʡ ʩʜʚʠʛ, ʙʣʠʟʦʩʪʴ 

ʟʦʥʳ ʧʨʦʚʦʜʠʤʦʩʪʠ ʠ ʧʨ. ʅʘ ʜʘʥʥʦʤ ʵʪʘʧʝ ʫʜʘʣʦʩʴ ʩʚʷʟʘʪʴ ʥʘʙʣʶʜʘʝʤʳʝ 

ʧʨʘʢʪʠʯʝʩʢʠ ʚʦ ʚʩʝʭ ʩʪʨʫʢʪʫʨʘʭ ʜʣʠʥʥʦʚʦʣʥʦʚʳʝ ʧʦʣʦʩʳ ʌʇ ʠ ʌʃ ʩ ʩʦʩʪʦʷʥʠʷʤʠ 

ʚʘʢʘʥʩʠʡ ʨʪʫʪʠ ï ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʠ ʚ ʣʶʙʦʤ ʩʣʫʯʘʝ ʧʨʠʩʫʪʩʪʚʫʶʱʝʤ 

ʚ ʤʘʪʝʨʠʘʣʝ HgCdTe ʪʦʯʝʯʥʦʤ ʜʝʬʝʢʪʝ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʚʧʝʨʚʳʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

ʩʧʝʢʪʨʳ ʪʝʨʘʛʝʨʮʦʚʦʡ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ, ʩʚʷʟʘʥʥʦʡ ʩ ʩʦʩʪʦʷʥʠʷʤʠ ʪʘʢʠʭ 

ʤʝʣʢʠʭ ʘʢʮʝʧʪʦʨʦʚ ʚ ʩʪʨʫʢʪʫʨʘʭ ʥʘ ʦʩʥʦʚʝ HgCdTe, ʧʨʠ ʥʝʧʨʝʨʳʚʥʦʤ ʦʧʪʠʯʝʩʢʦʤ 

ʚʦʟʙʫʞʜʝʥʠʠ. ʆʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʟʘʚʠʩʠʤʦʩʪʴ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʪʘʢʦʡ ʌʃ ʦʪ 

ʪʝʤʧʝʨʘʪʫʨʳ ʤʦʞʝʪ ʙʳʪʴ ʥʝʤʦʥʦʪʦʥʥʦʡ. ʕʪʦ ʩʦʟʜʘʝʪ ʦʩʥʦʚʫ ʜʣʷ ʚʦʟʤʦʞʥʦʩʪʠ 

ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʪʘʢʠʭ ʧʦʣʦʩ, ʦʪʜʝʣʝʥʠʷ ʠʭ ʦʪ ʦʩʦʙʝʥʥʦʩʪʝʡ, ʩʚʷʟʘʥʥʳʭ ʩ 

ʤʝʞʟʦʥʥʳʤʠ ʧʝʨʝʭʦʜʘʤʠ, ʯʪʦ ʩ ʤʝʪʦʜʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʦʯʝʥʴ ʚʘʞʥʦ ʧʨʠ 

ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʩʪʨʫʢʪʫʨ, ʙʣʠʟʢʠʭ ʢ ʙʝʩʱʝʣʝʚʳʤ. ʂʨʦʤʝ ʪʦʛʦ, ʦʙʥʘʨʫʞʝʥʘ 

ʥʝʤʦʥʦʪʦʥʥʦʩʪʴ ʟʘʚʠʩʠʤʦʩʪʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʠʛʥʘʣʘ ʜʣʠʥʥʦʚʦʣʥʦʚʦʡ ʧʦʣʦʩʳ 

ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ ʦʪ ʤʦʱʥʦʩʪʠ ʚʦʟʙʫʞʜʘʶʱʝʛʦ ʠʟʣʫʯʝʥʠʷ, ʩʚʷʟʘʥʥʘʷ ʩ 

ʥʘʩʳʱʝʥʠʝʤ ʯʠʩʣʘ ʯʘʩʪʠʯʥʦ ʠʦʥʠʟʦʚʘʥʥʳʭ ʚʘʢʘʥʩʠʡ ʨʪʫʪʠ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʥʘʢʘʯʢʠ, ʪ.ʝ. ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ 

ʧʝʨʝʢʣʶʯʝʥʠʷ ʜʦʤʠʥʠʨʫʶʱʝʛʦ ʢʘʥʘʣʘ ʨʝʢʦʤʙʠʥʘʮʠʠ ʩ ʤʝʭʘʥʠʟʤʘ ʐʈʍ ʥʘ 

ʠʟʣʫʯʘʪʝʣʴʥʳʡ ʧʨʠ ʚʳʩʦʢʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚʦʟʙʫʞʜʝʥʠʷ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ 

ʚʘʞʥʦʡ ʧʨʝʜʧʦʩʳʣʢʦʡ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʠʩʪʦʯʥʠʢʦʚ ʠʟʣʫʯʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʪʘʢʠʭ 

ʩʪʨʫʢʪʫʨ. 
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ɻʣʘʚʘ 5. ʉʪʠʤʫʣʠʨʦʚʘʥʥʦʝ ʠʟʣʫʯʝʥʠʝ ʥʘ ʤʝʞʟʦʥʥʳʭ ʧʝʨʝʭʦʜʘʭ ʚ 

ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʘʭ ʩ ʢʚʘʥʪʦʚʳʤʠ ʷʤʘʤʠ HgTe/CdHgTe ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 4 ʜʦ 31 

ʤʢʤ 

ɺ ʜʘʥʥʦʡ ʛʣʘʚʝ ʨʘʩʩʤʦʪʨʝʥʳ ʚʦʧʨʦʩʳ, ʢʘʩʘʶʱʠʝʩʷ ʧʦʣʫʯʝʥʠʷ 

ʩʪʠʤʫʣʠʨʦʚʘʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ (ʉʀ) ʚ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʘʭ ʩ ʂʗ ʥʘ ʦʩʥʦʚʝ HgCdTe. 

ʆʩʥʦʚʥʳʝ ʬʘʢʪʦʨʳ, ʧʨʝʧʷʪʩʪʚʫʶʱʠʝ ʧʦʣʫʯʝʥʠʶ ʉʀ ʚ ʫʟʢʦʟʦʥʥʳʭ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʤʘʪʝʨʠʘʣʘʭ, ʩʚʦʜʷʪʩʷ ʢ ʚʦʟʨʘʩʪʘʥʠʶ ʩʢʦʨʦʩʪʠ (ʚʝʨʦʷʪʥʦʩʪʠ) 

ʦʞʝ-ʨʝʢʦʤʙʠʥʘʮʠʠ ʧʨʠ ʫʤʝʥʴʰʝʥʠʠ ʰʠʨʠʥʳ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ, ʘ ʪʘʢʞʝ ʧʘʜʝʥʠʶ 

ʚʝʨʦʷʪʥʦʩʪʠ ʠʟʣʫʯʘʪʝʣʴʥʦʡ ʨʝʢʦʤʙʠʥʘʮʠʠ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʜʣʠʥʳ ʚʦʣʥʳ ʠʟʣʫʯʝʥʠʷ 

ʠ ʩʣʦʞʥʦʩʪʠ ʨʝʘʣʠʟʘʮʠʠ ʦʧʪʠʯʝʩʢʦʛʦ ʦʛʨʘʥʠʯʝʥʠʷ ʠ ʫʩʠʣʝʥʠʷ ʜʣʷ ʙʦʣʴʰʠʭ ʜʣʠʥ 

ʚʦʣʥ. ʅʠʞʝ ʧʦʢʘʟʘʥʦ, ʢʘʢʠʝ ʵʬʬʝʢʪʳ ʩʪʘʥʦʚʷʪʩʷ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʤʠ ʩ ʫʚʝʣʠʯʝʥʠʝʤ 

ʜʣʠʥʳ ʚʦʣʥʳ ʢʦʛʝʨʝʥʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʦʪ ʦʙʣʘʩʪʠ 4 ï 5 ʤʢʤ (ʛʜʝ ʉʀ ʧʦʣʫʯʝʥʦ 

ʜʦʩʪʘʪʦʯʥʦ ʜʘʚʥʦ ʜʨʫʛʠʤʠ ʛʨʫʧʧʘʤʠ) ʜʦ ʜʠʘʧʘʟʦʥʘ ʜʣʠʥ ʚʦʣʥ 25 ï 31 ʤʢʤ, ʚ 

ʢʦʪʦʨʦʤ ʉʀ ʚʧʝʨʚʳʝ ʧʦʣʫʯʝʥʦ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ. 

ɺʦ ʚʩʝʭ ʧʫʙʣʠʢʘʮʠʷʭ ʜʦ ʥʘʯʘʣʘ ʨʘʙʦʪʳ ʥʘʜ ʥʘʩʪʦʷʱʝʡ ʜʠʩʩʝʨʪʘʮʠʝʡ 

ʢʦʛʝʨʝʥʪʥʦʝ ʠʟʣʫʯʝʥʠʝ ʠʟ ʩʪʨʫʢʪʫʨ ʥʘ ʦʩʥʦʚʝ HgCdTe ʠʟʫʯʘʣʦʩʴ ʥʘ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʢʦʨʦʪʢʠʭ ʜʣʠʥʘʭ ʚʦʣʥ (1.5 ï 5.3 ʤʢʤ). ʄʘʢʩʠʤʘʣʴʥʘʷ ʜʣʠʥʘ ʚʦʣʥʳ ʠʟʣʫʯʝʥʠʷ ï 5.3 

ʤʢʤ ʧʨʠ 45 K ï ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʚ ʜʠʦʜʥʦʤ ʣʘʟʝʨʝ, ʛʜʝ ʚ ʢʘʯʝʩʪʚʝ ʘʢʪʠʚʥʦʡ ʩʨʝʜʳ 

ʚʳʩʪʫʧʘʣ ʦʙʲʝʤʥʳʡ ʩʣʦʡ HgCdTe [61]. ʂ ʤʦʤʝʥʪʫ ʥʘʯʘʣʘ ʨʘʟʨʘʙʦʪʢʠ ʜʠʟʘʡʥʦʚ 

ʚʦʣʥʦʚʦʜʥʳʭ ʩʪʨʫʢʪʫʨ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʩʪʠʤʫʣʠʨʦʚʘʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʧʨʦʚʝʜʝʥʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʫʙʝʜʠʪʝʣʴʥʦ ʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ, ʯʪʦ ʪʝʤʧʝʨʘʪʫʨʥʦʝ ʛʘʰʝʥʠʝ ʌʃ ʙʳʣʦ 

ʩʣʘʙʝʝ ʚʳʨʘʞʝʥʦ ʚ ʩʪʨʫʢʪʫʨʘʭ ʩ ʂʗ, ʯʪʦ ʢʦʩʚʝʥʥʦ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʣʦ ʦ ʚʦʟʤʦʞʥʦʤ 

ʧʦʜʘʚʣʝʥʠʠ ʦʞʝ-ʨʝʢʦʤʙʠʥʘʮʠʠ ʧʨʠ ʧʦʥʠʞʝʥʠʠ ʨʘʟʤʝʨʥʦʩʪʠ, ʢʦʪʦʨʦʝ 

ʧʨʝʜʩʢʘʟʳʚʘʣʦʩʴ ʚ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʨʘʙʦʪʘʭ ʜʨʫʛʠʭ ʘʚʪʦʨʦʚ [58, 59]. ʉ ʜʨʫʛʦʡ 

ʩʪʦʨʦʥʳ, ʪʝ ʞʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʣʠ, ʯʪʦ ʫʰʠʨʝʥʠʝ ʩʧʝʢʪʨʦʚ ʌʃ ʚ ʂʗ ʚʝʣʠʢʦ, 

ʦʩʦʙʝʥʥʦ ʚ ʩʪʨʫʢʪʫʨʘʭ ʩ ʫʟʢʠʤʠ ʂʗ, ʘ ʚʨʝʤʝʥʘ ʞʠʟʥʠ ʥʦʩʠʪʝʣʝʡ ʧʨʠ ʫʤʝʨʝʥʥʳʭ 

ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʤʝʥʴʰʝ, ʯʝʤ ʚ ʦʙʲʝʤʥʳʭ ʧʣʝʥʢʘʭ ʙʦʣʝʝ ʯʝʤ ʥʘ ʧʦʨʷʜʦʢ. 

ʇʨʦʷʚʣʝʥʠʝ ʥʘ ʩʧʝʢʪʨʘʭ ʌʃ ʛʣʫʙʦʢʠʭ ʮʝʥʪʨʦʚ ʚ ʙʘʨʴʝʨʥʳʭ ʩʣʦʷʭ, ʚʳʩʪʫʧʘʶʱʠʭ 

ʢʘʢ ʵʬʬʝʢʪʠʚʥʳʝ ʣʦʚʫʰʢʠ ʜʣʷ ʥʦʩʠʪʝʣʝʡ, ʟʘʩʪʘʚʣʷʣʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʚʘʨʠʘʥʪ 
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çʧʦʜʙʘʨʴʝʨʥʦʛʦè ʦʧʪʠʯʝʩʢʦʛʦ ʚʦʟʙʫʞʜʝʥʠʷ, ʪ.ʝ. ʩ ʵʥʝʨʛʠʡ ʢʚʘʥʪʘ ʤʝʥʴʰʝ, ʯʝʤ 

ʰʠʨʠʥʘ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ ʙʘʨʴʝʨʦʚ. ɺ ʩʦʚʦʢʫʧʥʦʩʪʠ ʵʪʦ ʧʦʜʪʘʣʢʠʚʘʣʦ ʢ ʨʦʩʪʫ 

ʰʠʨʦʢʠʭ ʂʗ, ʚ ʢʦʪʦʨʳʭ ʬʣʫʢʪʫʘʮʠʠ ʪʦʣʱʠʥʳ ʂʗ ʥʝ ʧʨʠʚʦʜʠʣʠ ʙʳ ʢ 

ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʨʘʟʤʳʪʠʶ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʢʦʥʪʫʨʘ ʫʩʠʣʝʥʠʷ, ʘ ʚ ʧʦʛʣʦʱʝʥʠʠ 

ʠʟʣʫʯʝʥʠʷ ʥʘʢʘʯʢʠ ʚ ʂʗ ʫʯʘʩʪʚʦʚʘʣʠ ʙʳ ʤʥʦʞʝʩʪʚʝʥʥʳʝ ʧʦʜʟʦʥ rʨʘʟʤʝʨʥʦʛʦ 

ʢʚʘʥʪʦʚʘʥʠʷ, ʧʦʟʚʦʣʷʷ ʜʦʙʠʪʴʩʷ ʚʳʩʦʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʦʩʠʪʝʣʝʡ ʜʘʞʝ ʧʨʠ 

çʧʦʜʙʘʨʴʝʨʥʦʤè ʚʦʟʙʫʞʜʝʥʠʠ. ʕʪʦʪ ʧʦʜʭʦʜ ʠ ʙʳʣ ʨʝʘʣʠʟʦʚʘʥ ʥʘ ʥʘʯʘʣʴʥʳʭ ʵʪʘʧʘʭ. 

ʆʜʥʘʢʦ ʫʞʝ ʧʝʨʚʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʙʦʣʝʝ ʫʟʢʠʝ ʂʗ ʜʝʤʦʥʩʪʨʠʨʫʶʪ 

ʣʫʯʰʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʉʀ, ʧʦʵʪʦʤʫ ʚ ʜʘʣʴʥʝʡʰʝʤ ʙʳʣʘ ʩʢʦʥʩʪʨʫʠʨʦʚʘʥʘ ʩʝʨʠʷ 

ʩʪʨʫʢʪʫʨ ʩ ʨʘʟʣʠʯʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ (ʩʤ. ʪʘʙʣʠʮʫ 4.1) ʠ ʫʩʪʘʥʦʚʣʝʥʳ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʫʟʢʠʭ ʂʗ ʜʣʷ ʛʝʥʝʨʘʮʠʠ ʠʟʣʫʯʝʥʠʷ ʚ 

ʜʣʠʥʥʦʚʦʣʥʦʚʦʤ ʜʠʘʧʘʟʦʥʝ. 

 

5.1 ʀʩʩʣʝʜʫʝʤʳʝ ʩʪʨʫʢʪʫʨʳ ʠ ʦʩʦʙʝʥʥʦʩʪʠ ʤʝʪʦʜʠʢʠ ʠʟʤʝʨʝʥʠʡ ʩʧʝʢʪʨʦʚ 

ʩʪʠʤʫʣʠʨʦʚʘʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ 

ʈʦʩʪʫ ʚʦʣʥʦʚʦʜʥʳʭ ʩʪʨʫʢʪʫʨ ʧʨʝʜʰʝʩʪʚʦʚʘʣʠ ʨʘʩʯʝʪʳ ʧʦʣʦʞʝʥʠʡ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʧʦʜʟʦʥ ʨʘʟʤʝʨʥʦʛʦ ʢʚʘʥʪʦʚʘʥʠʷ ʵʣʝʢʪʨʦʥʦʚ ʠ ʜʳʨʦʢ ʂʗ 

HgCdTe/CdHgTe, ʬʦʨʤʠʨʫʝʤʳʭ ʚ ʘʢʪʠʚʥʦʡ ʦʙʣʘʩʪʠ ʚʦʣʥʦʚʦʜʥʦʡ ʩʪʨʫʢʪʫʨʳ. 

ʄʝʪʦʜ ʨʘʩʯʝʪʘ ʜʝʪʘʣʴʥʦ ʠʟʣʦʞʝʥ ʚ ʨʘʙʦʪʘʭ [50, 191]. ʇʨʠ ʧʦʜʙʦʨʝ ʰʠʨʠʥʳ 

ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ ʜʣʷ ʧʝʨʚʳʭ ʩʪʨʫʢʪʫʨ ʚ ʢʘʯʝʩʪʚʝ ʦʪʧʨʘʚʥʦʡ ʪʦʯʢʠ ʙʳʣʘ ʚʳʙʨʘʥʘ 

ʜʣʠʥʘ ʚʦʣʥʳ ~ 4 ʤʢʤ, ʢʘʢ ʙʣʠʟʢʘʷ ʢ ʧʨʝʜʝʣʴʥʳʤ (ʧʦ ʜʣʠʥʝ ʚʦʣʥʳ) ʨʝʟʫʣʴʪʘʪʘʤ, 

ʧʦʣʫʯʝʥʥʳʤ ʜʨʫʛʠʤʠ ʛʨʫʧʧʘʤʠ ʚ ʨʘʙʦʪʘʭ [60, 61, 82]. ʅʘ ʩʣʝʜʫʶʱʝʤ ʰʘʛʝ 

ʚʳʧʦʣʥʷʣʩʷ ʧʦʜʙʦʨ ʧʘʨʘʤʝʪʨʦʚ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʚʦʣʥʦʚʦʜʘ ʜʣʷ ʜʣʠʥ ʚʦʣʥ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʵʥʝʨʛʠʷʤ ʤʝʞʟʦʥʥʳʭ ʧʝʨʝʭʦʜʦʚ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʂʗ 

(ʈʠʩʫʥʦʢ 5.1). ʇʦʜʨʦʙʥʳʝ ʨʘʩʯʝʪʳ ʣʦʢʘʣʠʟʘʮʠʠ ʠʟʣʫʯʝʥʠʷ ʚ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʊɽ0 

ʤʦʜʝ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ɸ. ɸ. ɼʫʙʠʥʦʚʳʤ ʤʝʪʦʜʦʤ ʤʘʪʨʠʮʳ ʧʝʨʝʥʦʩʘ. ɼʘʥʥʳʝ ʧʦ 

ʧʦʢʘʟʘʪʝʣʶ ʧʨʝʣʦʤʣʝʥʠʷ ʙʳʣʠ ʚʟʷʪʳ ʠʟ ʩʧʨʘʚʦʯʥʠʢʘ ʆ. ʄʘʜʝʣʫʥʛʘ [192].  



153 

 

 
 

ʈʠʩʫʥʦʢ 5.1 - (ʘ) ʊʠʧʠʯʥʘʷ ʨʦʩʪʦʚʘʷ ʩʭʝʤʘ ʦʩʥʦʚʥʦʡ ʯʘʩʪʠ (ʚʳʨʘʱʠʚʘʝʤʦʡ ʥʘ 

ʙʫʬʝʨʝ CdTe) ʚʦʣʥʦʚʦʜʥʦʡ ʩʪʨʫʢʪʫʨʳ c ʦʙʦʟʥʘʯʝʥʠʷʤʠ ʪʘʙʣʠʮʳ 5.1; (ʙ) ʇʨʠʤʝʨ 

ʨʝʟʫʣʴʪʘʪʘ ʨʘʩʯʝʪʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʊɽ0 ʤʦʜʳ ʚ ʦʜʥʦʡ ʠʟ 

ʠʩʩʣʝʜʫʝʤʳʭ ʩʪʨʫʢʪʫʨ 

ʊʘʙʣʠʮʘ 5.1 - ʇʘʨʘʤʝʪʨʳ ʠʩʩʣʝʜʫʝʤʳʭ ʩʪʨʫʢʪʫʨ: Ὠ  ï ʪʦʣʱʠʥʘ ʚʦʣʥʦʚʦʜʥʦʛʦ 

ʩʣʦʷ ʩʦ ʩʪʦʨʦʥʳ ʧʦʜʣʦʞʢʠ; Ὠ  ï ʪʦʣʱʠʥʘ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʚʦʣʥʦʚʦʜʥʦʛʦ ʩʣʦʷ; 

Ὠ  ï ʪʦʣʱʠʥʘ çʘʢʪʠʚʥʦʡè ʦʙʣʘʩʪʠ ʩʪʨʫʢʪʫʨʳ; ὼ  ï ʩʦʜʝʨʞʘʥʠʝ Cd ʚ 

ʚʦʣʥʦʚʦʜʥʳʭ ʩʣʦʷʭ (ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ὼ ʚ Hg1-xCdxTe); ὼ  ï ʩʦʜʝʨʞʘʥʠʝ Cd ʚ 

ʙʘʨʴʝʨʥʳʭ ʩʣʦʷʭ, ʨʘʟʜʝʣʷʶʱʠʭ ʦʜʠʥʦʯʥʳʝ ʂʗ; ὲ  ï ʯʠʩʣʦ ʂʗ ʚ ʘʢʪʠʚʥʦʡ 

ʦʙʣʘʩʪʠ ʩʪʨʫʢʪʫʨʳ; Ὠ  ï ʪʦʣʱʠʥʘ ʦʜʥʦʡ ʂʗ; ὼ  ï ʩʦʜʝʨʞʘʥʠʝ Cd ʚ ʂʗ; Ὁ ï 

ʰʠʨʠʥʳ ʟʘʧʨʝʱʝʥʥʳʭ ʟʦʥ ʩʪʨʫʢʪʫʨ, ʨʘʩʩʯʠʪʘʥʥʳʝ ʚ ʨʘʤʢʘʭ ʤʦʜʝʣʠ ʂʝʡʥʘ 8Ĭ8 

ʜʣʷ T = 0 ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʟʥʘʯʝʥʠʝ ʜʣʠʥʳ ʚʦʣʥʳ ɚ ʚ ʤʢʤ 

ʅʦʤʝʨ 

ʩʪʨʫʢʪʫʨʳ 

Ὠ , 

ʤʢʤ 

Ὠ , 

ʤʢʤ 

Ὠ ,  

ʤʢʤ 
ὼ  ὼ  ὲ  

Ὠ ,  

ʥʤ 
ὼ  

Ὁ, 

ʤʵɺ 

ɚ,  

ʤʢʤ 

141226 5.5 1 ï 0.66 ï 1 95 0.33 271.5 4.6 

141227 5.5 2 1.1 0.70 0.70 3 40 0.345 291.4 4.3 

150120 10 1.9 0.4 0.60 0.57 5 3.2 0 126.5 9.8 

161103 1.9 3 0.4 0.69 0.65 5 4.3 0.085 159.2 7.8 

161110 1.9 3 0.4 0.62 0.6 5 4.3 0.07 133.2 9.3 

(ʘ) (ʙ) 










































































































































































