
    

ʀʩʩʣʝʜʦʚʘʥʠʷ ʠ ʨʘʟʨʘʙʦʪʢʠ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʩʚʝʪʦʜʠʦʜʦʚ  

ʠ ʧʝʨʩʧʝʢʪʠʚʳ ʠʭ ʧʨʠʤʝʥʝʥʠʡ 

ɸ.ʅ.ʊʫʨʢʠʥ         
ʬʠʟʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ ʄɻʋ ʠʤʝʥʠ ʄ.ɺ.ʃʦʤʦʥʦʩʦʚʘ, 

ʢʘʬʝʜʨʘ ʦʧʪʠʢʠ, ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʠ ʬʠʟʠʢʠ ʥʘʥʦʩʠʩʪʝʤ 

andrey@turkin.su 

1 

mailto:yunovich@phys.msu.ru


    

ʃʘʙʦʨʘʪʦʨʠʷ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʦʡ 

ʩʚʷʟʠ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʦʧʪʠʢʠ 

Âʌʠʟʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ ʚʦʣʦʢʦʥʥʦ-

ʦʧʪʠʯʝʩʢʦʡ ʩʚʷʟʠ 
ʈʫʢʦʚʦʜʠʪʝʣʴ ʥʘʧʨʘʚʣʝʥʠʷ: ʧʨʦʬ. ʜ.ʬ.-ʤ.ʥ. ʅʘʥʠʡ ʆʣʝʛ ɽʚʛʝʥʴʝʚʠʯ 

Âʌʠʟʠʢʘ ʪʚʝʨʜʦʪʝʣʴʥʳʭ ʠ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʠʩʪʦʯʥʠʢʦʚ 

ʠʟʣʫʯʝʥʠʷ 
ʈʫʢʦʚʦʜʠʪʝʣʴ ʥʘʧʨʘʚʣʝʥʠʷ: ʜʦʮ., ʢ.ʬ.-ʤ.ʥ. ʊʫʨʢʠʥ ɸʥʜʨʝʡ ʅʠʢʦʣʘʝʚʠʯ 

 

ʈʫʢʦʚʦʜʠʪʝʣʴ ʣʘʙʦʨʘʪʦʨʠʠ: ʧʨʦʬ. ʜ.ʬ.-ʤ.ʥ. ʅʘʥʠʡ ʆʣʝʛ ɽʚʛʝʥʴʝʚʠʯ 
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    ʌʠʟʠʢʘ ʪʚʝʨʜʦʪʝʣʴʥʳʭ ʠ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʠʩʪʦʯʥʠʢʦʚ 

ʠʟʣʫʯʝʥʠʷ 
ʅʘʧʨʘʚʣʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ: 

Â ʀʩʩʣʝʜʦʚʘʥʠʝ ʤʝʭʘʥʠʟʤʦʚ ʠʟʣʫʯʝʥʠʷ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ 

ʩʚʝʪʦʜʠʦʜʦʚ ʠ ʣʘʟʝʨʦʚ 

Â ʀʩʩʣʝʜʦʚʘʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʚʝʪʦʜʠʦʜʦʚ ʜʣʷ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʧʨʠʤʝʥʝʥʠʡ ʠ ʚ ʩʚʝʪʦʪʝʭʥʠʢʝ 

Â ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨ ʜʣʷ ʉɺʏ-

ʧʨʠʤʝʥʝʥʠʷ 

Â ʀʩʩʣʝʜʦʚʘʥʠʝ ʜʠʥʘʤʠʢʠ ʠʟʣʫʯʝʥʠʷ ʤʥʦʛʦʤʦʜʦʚʳʭ 

ʪʚʝʨʜʦʪʝʣʴʥʳʭ ʠ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʣʘʟʝʨʦʚ 

Â ʀʩʩʣʝʜʦʚʘʥʠʝ ʬʠʟʠʯʝʩʢʠʭ ʷʚʣʝʥʠʡ ʚ ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ 

ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʠʭ ʜʘʪʯʠʢʘʭ 
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ʊɽʄʓ ʂʋʈʉʆɺʓʍ ʈɸɹʆʊ 
Âʆʧʪʠʯʝʩʢʠʝ ʠ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʩʚʝʪʦʜʠʦʜʥʳʭ 

ʛʝʪʝʨʦʩʪʨʫʢʪʫʨ 

Âʎʚʝʪʥʳʝ ʩʚʝʪʦʜʠʦʜʳ ʥʘ ʦʩʥʦʚʝ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ 

ʩʪʨʫʢʪʫʨ 

Âʉʚʝʪʦʜʠʦʜʳ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʡ (ʋʌ) ʦʙʣʘʩʪʠ 

ʩʧʝʢʪʨʘ 

Âʉʚʝʪʦʜʠʦʜʳ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʡ (ʋʌ) ʦʙʣʘʩʪʠ 

ʩʧʝʢʪʨʘ 

Âʉʚʝʪʦʜʠʦʜʳ ʚ ʚʦʣʦʢʦʥʥʦʡ ʦʧʪʠʢʝ  

Âʉʚʝʪʦʜʠʦʜʳ ʚ ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʝ ʠ ʬʠʪʦʦʩʚʝʱʝʥʠʠ 

Âʉʚʝʪʦʜʠʦʜʳ ʚ ʤʝʜʠʮʠʥʝ 

Âɹʘʢʪʝʨʠʮʠʜʥʦʝ ʦʙʣʫʯʝʥʠʝ ʥʘ ʦʩʥʦʚʝ ʩʚʝʪʦʜʠʦʜʦʚ 4 



    

ʉɺɽʊʆɼʀʆɼʓ 

 ʉʚʝʪʦʜʠʦʜ (ʉɼ, ʘʥʛʣ. LED ï Light -

emitting diode) ï ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʡ 

ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʡ ʠʩʪʦʯʥʠʢ ʩʚʝʪʘ, 

ʠʟʣʫʯʘʶʱʠʡ ʩʚʝʪ ʧʨʠ ʧʨʦʪʝʢʘʥʠʠ 

ʯʝʨʝʟ ʥʝʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ. 

ʀʟʣʫʯʘʝʤʳʡ ʩʚʝʪ ʣʝʞʠʪ ʚ ʫʟʢʦʤ 

ʜʠʘʧʘʟʦʥʝ ʩʧʝʢʪʨʘ, ʝʛʦ ʮʚʝʪ ʩʚʝʯʝʥʠʷ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʜʣʠʥʦʡ ʚʦʣʥʳ ʠʟʣʫʯʝʥʠʷ, 

ʢʦʪʦʨʘʷ  ʟʘʚʠʩʠʪ ʦʪ ʭʠʤʠʯʝʩʢʦʛʦ 

ʩʦʩʪʘʚʘ ʚʝʱʝʩʪʚʘ ʧʦʣʫʧʨʦʚʦʜʥʠʢʘ.  

 ʇʨʠ ʧʨʦʪʝʢʘʥʠʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ ʚ 

ʧʨʷʤʦʤ ʥʘʧʨʘʚʣʝʥʠʠ, ʥʦʩʠʪʝʣʠ 

ʟʘʨʷʜʘ ï ʵʣʝʢʪʨʦʥʳ ʠ ʜʳʨʢʠ ï  

ʨʝʢʦʤʙʠʥʠʨʫʶʪ ʩ ʠʟʣʫʯʝʥʠʝʤ ʬʦʪʦʥʦʚ. 
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ʀʉʊʆʈʀʗ ʇʆʃʋʇʈʆɺʆɼʅʀʂʆɺʓʍ ʉɼ 

ʕʪʘʧʳ ʨʘʟʚʠʪʠʷ: 

Å 1907 ʛʦʜ ï ɻ.ɼʞ.ʈʘʫʥʜ ï ʩʚʝʯʝʥʠʝ ʢʨʠʩʪʘʣʣʦʚ 

SiC. 

Å 1923 ʛʦʜ ï ʆ.ɺ.ʃʦʩʝʚ ï 

ʵʣʝʢʪʨʦʣʶʤʠʥʝʩʮʝʥʮʠʷ ʚ ʜʠʦʜʘʭ ʐʦʪʪʢʠ ʥʘ 

SiC. 

Å 60-70 ʛʦʜʳ XX ʚʝʢʘ ï ʧʝʨʚʳʝ ʩʚʝʪʦʜʠʦʜʳ ʥʘ 

ʦʩʥʦʚʝ GaAs, GaP ʠ ʠʭ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ. 

Å 1989 ʛʦʜ ï ʍ.ɸʤʘʥʦ, ʀ.ɸʢʘʩʘʢʠ, ʫʥʠʚʝʨʩʠʪʝʪ 

ʅʘʛʦʠ ï ʧʝʨʚʳʡ ʩʚʝʪʦʜʠʦʜ ʥʘ ʦʩʥʦʚʝ GaN ʩʦ 

ʩʣʦʝʤ p-ʪʠʧʘ. 

Å 1993-1995 ʛʦʜʳ ï ʐ.ʅʘʢʘʤʫʨʘ, Nichia 

Chemical ï ʧʝʨʚʳʝ ʩʚʝʪʦʜʠʦʜʳ ʩʠʥʝʛʦ ʠ 

ʟʝʣʝʥʦʛʦ ʮʚʝʪʘ ʥʘ ʦʩʥʦʚʝ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨ 

AlGaN/InGaN/GaN. 

Å 1996 ʛʦʜ ï ʐ.ʅʘʢʘʤʫʨʘ, Nichia Chemical ï 

ʧʝʨʚʳʡ ʩʚʝʪʦʜʠʦʜ ʙʝʣʦʛʦ ʮʚʝʪʘ ʥʘ ʦʩʥʦʚʝ 

ʩʠʩʪʝʤʳ ʩʠʥʠʡ InGaN/GaN-ʢʨʠʩʪʘʣʣ ʠ YAG 

ʣʶʤʠʥʦʬʦʨ. 
6 



    ʇʨʝʦʙʨʘʟʦʚʘʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʚ ʩʚʝʪʦʚʫʶ - ʩʚʝʪʦʜʠʦʜʳ 

  ʀʩʘʤʫ ɸʢʘʩʘʢʠ       ʍʠʨʦʩʠ ɸʤʘʥʦ      ʐʫʜʞʠ ʅʘʢʘʤʫʨʘ 

ʅʦʙʝʣʝʚʩʢʘʷ ʧʨʝʤʠʷ 2014 ʛʦʜʘ ʧʨʠʩʫʞʜʝʥʘ  

ʀ.ɸʢʘʩʘʢʠ ʠ ʍ.ɸʤʘʥʦ (ʋʥʠʚʝʨʩʠʪʝʪ ʅʘʛʦʷ) ʠ  

ʐ. ʅʘʢʘʤʫʨʘ (ʋʥʠʚʝʨʩʠʪʝʪ ʂʘʣʠʬʦʨʥʠʠ, ʉʐɸ;  

ʨʘʥʝʝ ï ʬʠʨʤʘ çʅʠʯʠʷ ʂʝʤʠʢʘʣè, ʗʧʦʥʠʷ)  
ʟʘ ʩʦʟʜʘʥʠʝ ʷʨʢʠʭ ʩʠʥʠʭ ʉɼ ʠ, ʥʘ ʠʭ ʦʩʥʦʚʝ,  

ʩʚʝʪʦʜʠʦʜʦʚ ʙʝʣʦʛʦ ʩʚʝʯʝʥʠʷ.  

ɹʝʣʳʝ ʉɼ ʩʪʘʣʠ ʦʩʥʦʚʦʡ ʦʩʚʝʱʝʥʠʷ ʙʫʜʫʱʝʛʦ, 

ʩ ʙʦʣʴʰʦʡ ʵʢʦʥʦʤʠʝʡ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ.      
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      Isamu Akasaki (Kyoto Prize 2009), Hiroshi Amano, Nagoya University. 

MOC-ȮȳȯȻȳȯȸȫɊ ɈȺȳȽȫȵȼȳɊ  GaN ɂȰȻȰȲ ȬȾȿȰȻȸɆȴ ȼȶȹȴ AlN, 1986. 

ȚȶȰȸȵȳ GaN ȼ ȾȷȰȸɇɃȰȸȸȹȴ ȺȶȹȽȸȹȼȽɇɉ ȯȳȼȶȹȵȫɁȳȴ. ȋȵȽȳȭȫɁȳɊ 

ȫȵɁȰȺȽȹȻȹȭ Mg ɈȶȰȵȽȻȹȸȸɆȷ ȺȾɂȵȹȷ, 1988. GaN  p-n-ȺȰȻȰɀȹȯɆ. 1989 ð 

ȼȳȸȳȰ Ȝȏ. I.Akasaki and H.Amano, òBreakthroughs in improving crystal 
quality of  GaN and invention of  the pðn junction blue-LEDó, Jpn. J. Appl. 
Phys. 45, 2006, 9001-9010. 
  Shuji Nakamura, çNichia Cemicalè; ȼȰȴɂȫȼ - University of  California at 

Santa Barbara (UCSB). ȏȭȫ ȺȹȽȹȵȫ ȮȫȲȹȭ ȭ ȗșȜ-ȮȳȯȻȳȯȸȹȴ ɈȺȳȽȫȵȼȳȳ. 

ȝȰȻȷȳɂȰȼȵȫɊ ȫȵȽȳȭȫɁȳɊ Mg ȭ N 2, 1991.  ȎȰȽȰȻȹȼȽȻȾȵȽȾȻɆ InGaN/ GaN. 

ȚȰȻȭɆȰ ȵȹȷȷȰȻɂȰȼȵȳȰ Ȝȏ ȳ ȶȫȲȰȻɆ, 1992-1995. ȌȰȶɆȰ ȼȭȰȽȹȯȳȹȯɆ, 

1995. Shuji Nakamura. òA Hystory of InGaN based LEDó. òStrategies in 
Lightó, Febr. 12-13, Santa-Clara CA.     ȟȾȸȯȫȷȰȸȽȫȶɇȸȫɊ ȳ ȺȻȳȵȶȫȯȸȫɊ 
ȸȫȾȵȫ ð ȭȷȰȼȽȰ!!! 

ɸ.ʕ.ʖʥʦʚʠʯ.  ʉʚʝʪʦʜʠʦʜʳ ʥʘ ʦʩʥʦʚʝ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨ ʠʟ GaN ʠ ʝʛʦ ʪʚʝʨʜʳʭ 

ʨʘʩʪʚʦʨʦʚ. ʉʚʝʪʦʪʝʭʥʠʢʘ, 1996 ʛ.,  ʚʳʧ. 5/6, ʩ. 2 -7. ʃʘʫʨʝʘʪ ʇʨʝʤʠʠ ʂʠʦʪʦ 

2009 ʛʦʜʘ ʀʩʘʤʫ ɸʢʘʩʘʢʠ ʠ ʥʝʤʥʦʛʦ ʠʩʪʦʨʠʠ ʩʚʝʪʦʜʠʦʜʦʚ. ʉʚʝʪʦʪʝʭʥʠʢʘ, 

2010, ˉ2, ʩ. 65-66.  ʆ.ʀ.ʈʘʙʠʥʦʚʠʯ, ɸ.ʕ. ʖʥʦʚʠʯ. çʆʙ ʦʪʢʨʳʪʠʠ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʠʩʪʦʯʥʠʢʦʚ ʩʚʝʪʘ (ʢ ʠʩʪʦʨʠʠ ʩʦʟʜʘʥʠʷ ʩʚʝʪʦʜʠʦʜʦʚ)è; 

çʉʚʝʪʦʪʝʭʥʠʢʘè, 2014, ˉ3, ʩʪʨ. 40-45.  
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ʈʘʙʦʪʳ ʚ ʄɻʋ 
ʈʘʙʦʪʘʤ ʀ.ɸʢʘʩʘʢʠ ʠ ʍ.ɸʤʘʥʦ ʧʨʝʜʰʝʩʪʚʦʚʘʣʠ ʨʘʙʦʪʳ ʛʨʫʧʧʳ ʩʦʪʨʫʜʥʠʢʦʚ ʢʘʬʝʜʨ 
ʵʣʝʢʪʨʦʥʠʢʠ (ɻ.ɺ.ʉʘʧʘʨʠʥ) ʠ ʬʠʟʠʢʠ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ (ʄ.ɺ.ʏʫʢʠʯʝʚ) ʬʠʟʠʯʝʩʢʦʛʦ 
ʬʘʢʫʣʴʪʝʪʘ ʄɻʋ (1981-82 ʛʛ.). ɸʢʪʠʚʘʮʠ ̫ʘʢʮʝʧʪʦʨʦʚ ʮʠʥʢʘ Zn ʚ GaN ʵʣʝʢʪʨʦʥʥʳʤ ʧʫʯʢʦʤ 
ʚ ʨʘʩʪʨʦʚʦʤ ʵʣʝʢʪʨʦʥʥʦʤ ʤʠʢʨʦʩʢʦʧʝ. ʇʘʪʝʥʪ ʥʘ ʟʘʧʠʩʴ ʠʥʬʦʨʤʘʮʠʠ c ʨʘʟʨʝʰʝʥʠʝʤ <1 ʤʢʤ. 

ɻ.ɺ.ʉʘʧʘʨʠʥ   

ʄ.ɺ.ʏʫʢʠʯʝʚ 

ɻ.ɺ.ʉʘʧʘʨʠʥ, ʉ.ʂ.ʆʙʳʜʝʥ, ʀ.ʌ.ʏʝʪʚʝʨʠʢʦʚʘ, 
ʄ.ɺ.ʏʫʢʠʯʝʚ. ɹʶʣʣ. ʄʦʩʢ. ʋʥ-ʪʘ, ʩʝʨ. 3 (ʌʠʟ. ʠ 
ɸʩʪʨ.), 1983, ʪ. 24, 3̄, ʩʪʨ. 56-59; v. 38, pp. 66-69 

(in English). ɻ.ɺ.ʇʝʨʣʦʚʩʢʠʡ, ʉ.ʂ.ʆʙʳʜʝʥ, 
ɻ.ɺ.ʉʘʧʘʨʠʥ,ʉ.ʀ.ʇʦʧʦʚ. ɹʶʣʣ. ʄʦʩʢ. ʋʥ-ʪʘ, ʩʝʨ. 3 
(ʌʠʟ. ʠ ɸʩʪʨ.), 1984, ʪ. 25, ̄ 3, ʩʪʨ. 21-26; 1984 v. 

39, pp. 24-29 (in English). ʊʝʤʧʝʨʘʪʫʨʥʘʷ 
ʨʝʣʘʢʩʘʮʠʷ  ʢʘʪʦʜʦʣʶʤʠʥʝʩʮʝʥʮʠʠ, 

ʘʢʪʠʚʠʨʦʚʘʥʥʦʡ ʵʣʝʢʪʨʦʥʥʳʤ ʧʫʯʢʦʤ ʚ GaN:Zn. 

ʉ ʥʘʯʘʣʘ 1996 ʛʦʜʘ çʠʜʝʡʥʳʤ 
ʚʜʦʭʥʦʚʠʪʝʣʝʤè ʨʘʙʦʪ ʧʦ 
ʩʚʝʪʦʜʠʦʜʘʤ ʥʘ ʦʩʥʦʚʝ 
ʛʝʪʝʨʦʩʪʨʫʢʪʫʨ ʥʠʪʨʠʜʘ 
ʛʘʣʣʠʷ ʠ ʝʛʦ ʪʚʝʨʜʳʭ 
ʨʘʩʪʚʦʨʦʚ ʥʘ ʬʠʟʠʯʝʩʢʦʤ 
ʬʘʢʫʣʴʪʝʪʝ ʄɻʋ ʷʚʣʷʝʪʩʷ 
ʧʨʦʬʝʩʩʦʨ ɸ.ʕ.ʖʥʦʚʠʯ 

ɸ.ʕ.ʖʥʦʚʠʯ   



    

  

ȜȺȰȵȽȻɆ Ȝȏ ȸȫ ȹȼȸȹȭȰ InGaN (ȱȳȻȸɆȰ ȵȻȳȭɆȰ) ȳ AlInGaP 

(ȺȾȸȵȽȳȻȸɆȰ) ȺȻȳ ȵȹȷȸȫȽȸȹȴ ȝ.  ȜȭȰȻɀɅɊȻȵȳȰ ȼȳȸȳȰ, ȲȰȶȰȸɆȰ ȳ 

Ȟȟ Ȝȏ ȳȲ ȮȰȽȰȻȹȼȽȻȾȵȽȾȻ InGaN/AlGaN/GaN.  ɸ.ʕ.ʖʥʦʚʠʯ. ʍʠʤʠʷ ʠ ɾʠʟʥʴ, 

1999, N 5-6, ʩ.46- 48. ʇʨʠʨʦʜʘ, 2001, N 6, ʩ. 38-46. ɺ ʩʙʦʨʥʠʢʝ çʈʦʩʩʠʡʩʢʘʷ ʥʘʫʢʘ: 

ɻʨʘʥʠ ʪʚʦʨʯʝʩʪʚʘ ʥʘ ʛʨʘʥʠ ʚʝʢʦʚè. ʀʟʜ. çʅʘʫʯʥʳʡ ʤʠʨè, 2000 ʛ., ʩ. 94-99.  

ȖɉȷȳȸȰȼɁȰȸɁȳɊ ɈȿȿȰȵȽȳȭȸɆɀ ȼȭȰȽȹȯȳȹȯȹȭ ȸȫ ȹȼȸȹȭȰ 

ȼȹȰȯȳȸȰȸȳȴ AIII BV  ȺȰȻȰȵȻɆȭȫȰȽ ȭȳȯȳȷɆȴ ȯȳȫȺȫȲȹȸ ȯȶȳȸ ȭȹȶȸ. 
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hw, eV  

l, nm 

 

  



    ʊʠʧʳ ʙʝʣʳʭ ʩʚʝʪʦʜʠʦʜʦʚ  
ȯɚɗɟɍɚɕ ȽȰ+ɒɬɗɞɧɕ

 ɗɪɘɔəɚɠɚɜ

ȿɀ ȽȰ +

 ɗɪɘɔəɚɠɚɜRGB

ɻʦʣʫʙʦʡ ʇʠʢ

ɿʝʣʸʥʳʡ ʇʠʢ

ʂʨʘʩʥʳʡ ʇʠʢ

ʉʧʝʢʪʨ
ʉʠʥʝʛʦ ʉɼʉʤʝʰʘʥʥʳʡ

ʉʧʝʢʪʨ
ʀʟʣʫʯʝʥʠʝ

ʃʶʤʠʥʦʬʦʨʘ

ʉʧʝʢʪʨ
ʉʠʥʝʛʦ ʉɼʉʤʝʰʘʥʥʳʡ

ʉʧʝʢʪʨ

ʉʤʝʰʘʥʥʳʡ
ʉʧʝʢʪʨ

ʀʟʣʫʯʝʥʠʝ
ʃʶʤʠʥʦʬʦʨʘ

ʉʧʝʢʪʨ
ʋʌ ʉɼ ʉʤʝʰʘʥʥʳʡ

ʉʧʝʢʪʨ

ʀʟʣʫʯʝʥʠʝ
ʃʶʤʠʥʦʬʦʨʘ

ɸ.ʕ.ʖʥʦʚʠʯ. ʉʚʝʪʦʜʠʦʜʳ ʢʘʢ ʦʩʥʦʚʘ ʦʩʚʝʱʝʥʠʷ ʙʫʜʫʱʝʛʦ. ʉʚʝʪʦʪʝʭʥʠʢʘ, 2003, N 3, ʩ.2-7.  
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ɹʝʣʳʝ ʉɼ.  ʎʚʝʪʦʚʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʉɼ  

ʉʧʝʢʪʨʘʣʴʥʘʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ 
ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʟʨʝʥʠʷ V(l) ʜʣʷ ʨʘʟʥʳʭ 
ʮʚʝʪʦʚ (ʩʠʥʝʛʦ ʟʝʣʝʥʦʛʦ, ʢʨʘʩʥʦʛʦ) ʜʦʣʞʥʘ 
ʙʳʪʴ ʧʨʠʥʷʪʘ ʚʦ ʚʥʠʤʘʥʠʝ  ʜʣʷ 
ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʦʧʠʩʘʥʠʷ ʩʚʦʡʩʪʚ ʉɼ. 
ʂʦʦʨʜʠʥʘʪʳ ʮʚʝʪʥʦʩʪʠ ʉɼ ʧʦʢʘʟʘʥʳ 
ʥʘ ʮʚʝʪʦʚʦʡ ʜʠʘʛʨʘʤʤʝ ʄʂʆ.  

ʂʦʨʨʝʣʠʨʦʚʘʥʥʘʷ ʮʚʝʪʦʚʘʷ ʪʝʤʧʝʨʘʪʫʨʘ 
(ʂʎʊ, CCT) (ʩʨʘʚʥʝʥʠʝ ʩʦ ʩʧʝʢʪʨʦʤ 
ʯʝʨʥʦʛʦ ʪʝʣʘ, ʢʨʠʚʘʷ ʇʣʘʥʢʘ). ñʊʝʧʣʳʝ, 
natural ʠ ʭʦʣʦʜʥʳʝòʠʩʪʦʯʥʠʢʠ ʩʚʝʪʘ (ʂʎʊ 
(CCT): <3000 K, ~4000 K, ~6000 K). 
ʂʦʦʨʜʠʥʘʪʳ ʮʚʝʪʥʦʩʪʠ (x,y) ʥʘ ʜʠʘʛʨʘʤʤʝ 
ʄʂʆ.  

ʀʥʜʝʢʩ ʮʚʝʪʦʧʝʨʝʜʘʯʠ (CRI) ïʩʧʝʢʪʨʳ 
ʦʪʨʘʞʝʥʠʷ  ʦʪ 8 ʠʣʠ 14 ʩʪʘʥʜʘʨʪʥʳʭ 
ʧʦʚʝʨʭʥʦʩʪʝʡ ʜʣʷ ʠʟʣʫʯʝʥʠʷ ʉɼ ʚ 
ʩʨʘʚʥʝʥʠʠ ʩʦ ʩʪʘʥʜʘʨʪʥʳʤ ʠʩʪʦʯʥʠʢʦʤ 
ʩʚʝʪʘ CRI - ʜʦ 100. ʇʨʦʙʣʝʤʘ:  CRI  
ʫʚʝʣʠʯʠʚʘʝʪʩʷ Ÿ K ʧʘʜʘʝʪ. 

 

ɼʣʷ ʦʩʚʝʱʝʥʠʷ ʥʫʞʥʳ  

ʉɺɽʊʆɼʀʆɼʓ  ɹɽʃʆɻʆ ʉɺɽʏɽʅʀʗ !  

12 

 

 

 



    ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʉɼ 
ʕʣʝʢʪʨʠʯʝʩʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ: helectr.  

ɺʥʫʪʨʝʥʥʠʡ ʢʚʘʥʪʦʚʳʡ ʚʳʭʦʜ: hi = 

       = ʇʦʪʦʢ ʠʟʣʫʯʘʪʝʣʴʥʦʡ ʨʝʢʦʤʙʠʥʘʮʠʠ/ʇʦʣʥʳʡ ʧʦʪʦʢ ʨʝʢʦʤʙʠʥʘʮʠʠ. 

ʂʦʵʬʬʠʮʠʝʥʪ ʦʧʪʠʯʝʩʢʦʛʦ ʚʳʚʦʜʘ: hopt. 

ɺʥʝʰʥʠʡ ʢʚʘʥʪʦʚʳʡ ʚʳʭʦʜ ʠʟʣʫʯʝʥʠʷ: hext = hiĿhopt.  

ʀʟʤʝʨʝʥʠʷ hext ʩʪʘʥʜʘʨʪʠʟʦʚʘʥʳ!  

ʂʦʵʬʬʠʮʠʝʥʪ ʧʦʣʝʟʥʦʛʦ ʜʝʡʩʪʚʠʷ hW = helectrĿhiĿhopt 

ɺʥʝʰʥʠʡ ʢʚʘʥʪʦʚʳʡ ʚʳʭʦʜ ʠʟʣʫʯʝʥʠʷ 

ʉɼ ʥʘ ʦʩʥʦʚʝ InGaN/AlGaN/GaN  

[H.Amano, IWN -2010, Sept. 2010, N5.1]    
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hext 

ʉʚʝʪʦʚʦʡ ʧʦʪʦʢ: Fl(ʣʤ).   ʉʚʝʪʦʚʘʷ 
ʵʬʬʝʢʪʠʚʥʦʩʪʴ (ʣʶʤʝʥ-ʵʢʚʠʚʘʣʝʥʪ) K:  

K(ʣʤ/ɺʪ) = Fl/Popt= 
=683[ʣʤ/ɺʪ]ĿñP(l)ĿV(l)dl/ñP(l)dl  

ʂʦʵʬ. ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʣʶʤʠʥʦʬʦʨʘ, hconv. 

ʉʚʝʪʦʚʘʷ ʦʪʜʘʯʘ hʌ(ʣʤ/ɺʪ)= 

= Fl/Pel = 

= KĿhelectrĿhiĿhoptĿhconv 

 



    ʈʝʘʣʴʥʳʝ ʫʩʧʝʭʠ ʚ ʨʘʟʚʠʪʠʠ ʬʠʟʠʢʠ ʠ ʪʝʭʥʦʣʦʛʠʠ ʉɼ, ʚ ʠʭ 

ʧʨʠʤʝʥʝʥʠʠ ʚ ʦʩʚʝʱʝʥʠʠ, ʧʨʝʚʟʦʰʣʠ ʧʨʝʜʩʢʘʟʘʥʠʷ ʦ 

ʩʚʝʪʦʜʠʦʜʥʦʤ ʙʫʜʫʱʝʤ, ʩʜʝʣʘʥʥʳʝ ʥʘ ʛʨʘʥʠ ʚʝʢʦʚ 

ʉʚʝʪʦʚʘʷ ʦʪʜʘʯʘ ʙʝʣʳʭ ʉɼ 
ʜʦʩʪʠʛʣʘ ʩʚʝʪʦʦʪʜʘʯʠ  
ʣʘʤʧ ʥʘʢʘʣʠʚʘʥʠʷ  

 (18 ʣʤ/ɺʪ) ʚ 2001 ʛ.  

ʈʘʟʚʠʪʠʝ ʉɼ ʧʦʩʣʝ 2000 ʛ.  
ʧʦʢʘʟʘʥʦ ʦʪ 1940 ʛ. ʠ 
ʧʨʝʜʩʢʘʟʘʥʠʷʤʠ ʜʦ 2020 ʛ. 
ʆʥʠ ʙʳʣʠ ʧʨʝʚʟʦʡʜʝʥʳ 
ʚʜʚʦʝ ʚ 2011 ʛ.  

çCreeè ʩʦʦʙʱʠʣʘ ʚ ʤʘʨʪʝ 
2014 ʛ. ʦ ʩʚʝʪʦʚʦʡ ʦʪʜʘʯʝ 
ʙʝʣʳʭ ʉɼ  

  303 ʣʤ/ɺʪ! 
ɼʝʩʷʪʢʠ ʙʣʝʩʪʷʱʠʭ ʫʯʝʥʳʭ, ʩʦʪʥʠ 
ʪʨʫʞʝʥʠʢʦʚ ʥʘʫʢʠ ʠ ʠʥʞʝʥʝʨʦʚ, 
ʪʳʩʷʯʠ ʨʘʙʦʯʠʭ ʚʦ ʚʩʝʤ ʤʠʨʝ 
ʦʙʝʩʧʝʯʠʣʠ ʵʪʦʪ ʧʨʦʛʨʝʩʩ.  
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ʉɺɽʊʆɼʀʆɼʓ ʢʘʢ ʦʩʥʦʚʘ ʙʫʜʫʱʝʛʦ ʦʩʚʝʱʝʥʠʷ  

ʇʨʝʠʤʫʱʝʩʪʚʘ ʉɼ  

Â ʈʝʢʦʨʜ ʩʚʝʪʦʦʪʜʘʯʠ ʜʣʷ ʙʝʣʳʭ ʉɼ 303 lm/W  (çCreeè, 2014);   
 ʣʫʯʰʠʝ ʢʦʤʤʝʨʯʝʩʢʠʝ ʉɼ 160-180 lm/W,  

 ʤʘʩʩʦʚʳʝ ʧʨʦʤʳʰʣʝʥʥʳʝ ʉɼ - 100-120  lm/W.  

 (ʣʫʯʰʠʝ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʳʝ ʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ʣʘʤʧʳ ï  

   100-120 lm/W; ʣʘʤʧʳ ʥʘʢʘʣʠʚʘʥʠʷ ï 18 lm/W).  

Âɺʨʝʤʷ ʞʠʟʥʠ: ʩʚʝʪʦʚʦʡ ʧʦʪʦʢ ʧʘʜʘʝʪ ʥʘ 70% -  

      ʧʦʩʣʝ 40000 ʯʘʩʦʚ ʧʨʠ 80ÁC. 

Â ʅʘʧʨʘʚʣʝʥʥʦʝ ʠʟʣʫʯʝʥʠʝ: ʚʳʰʝ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʣʘʤʧ. 

Âɺʠʙʨʦʩʪʦʡʢʦʩʪʴ ï ʥʝʪ ʥʠʪʠ. 

Â ʉʪʘʙʠʣʴʥʦʩʪʴ ʧʨʠ ʥʠʟʢʠʭ ʊ: ʥʝʪ ʧʨʦʙʣʝʤ ʧʨʠ ʚʢʣʶʯʝʥʠʠ. 

Â ɹʝʟʦʧʘʩʥʦʩʪʴ ʚ ʧʦʞʘʨʦ- ʠ ʚʟʨʳʚʦʦʧʘʩʥʳʭ ʧʦʤʝʱʝʥʠʷʭ. 

Â ʄʛʥʦʚʝʥʥʦʝ ʚʢʣʶʯʝʥʠʝ: ʥʘʥʦʩʝʢʫʥʜʳ.  

Â ʋʜʘʣʝʥʥʳʡ ʢʦʥʪʨʦʣʴ ï ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʝ ʦʩʚʝʱʝʥʠʝ. 

Âʎʚʝʪ: CRI>90, ʧʦʯʪʠ ʝʩʪʝʩʪʚʝʥʥʳʡ ʠʥʜʝʢʩ ʮʚʝʪʦʧʝʨʝʜʘʯʠ.  
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    ʇʨʦʤʳʰʣʝʥʥʳʝ ʉɼ ʚ ʉʐɸ: ʩʚʝʪʦʪʝʭʥʠʯʝʩʢʠʝ ʫʩʪʨʦʡʩʪʚʘ ʥʘ ʦʩʥʦʚʝ ʉɼ 

ʧʨʝʚʳʩʠʣʠ ʧʦ ʩʚʝʪʦʦʪʜʘʯʝ ʫʩʪʨʦʡʩʪʚʘ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʣʘʤʧʘʤʠ ʚ 2012 ʛ. !    
ʆʙʲʝʤ ʧʨʦʜʘʞ ʉɼ ʚ 

2012 ʛ. ʚ ʤʠʨʝ ʜʦʩʪʠʛ 

13,3 ʤʣʨʜ. $. 
ʇʨʠʤʝʥʝʥʠʷ ʉɼ: 

ʘʚʪʦʤʦʙʠʣʠ, ʜʠʩʧʣʝʠ ʠ 

ʵʢʨʘʥʳ, ʤʦʙʠʣʴʥʳʝ 

ʫʩʪʨʦʡʩʪʚʘ, ʤʝʜʠʮʠʥʘ, 

ʟʥʘʢʦʚʳʝ ʠʥʜʠʢʘʪʦʨʳ.  

ɺ 2012 ʛ. 26% - 

ʆɹʑɽɽ ʆʉɺɽʑɽʅʀɽ 

! 

ʆʮʝʥʢʘ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ ʚ ʈʦʩʩʠʠ 

ʇʦʪʨʝʙʣʝʥʠʝ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʥʘ ʦʩʚʝʱʝʥʠʝ ʚ ʈʦʩʩʠʠ 
ʩʦʩʪʘʚʣʷʝʪ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 140 ʤʣʨʜ. ʢɺʪÖʯʘʩ/ʛʦʜ,  

ʠʟ ʥʠʭ ʙʦʣʴʰʫʶ ʯʘʩʪʴ ʧʦʪʨʝʙʣʷʶʪ ʣʘʤʧʳ 
ʥʘʢʘʣʠʚʘʥʠʷ; ʩʪʦʠʤʦʩʪʴ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʩʦʩʪʘʚʣʷʝʪ 

4.5 ʨʫʙ./ʢɺʪÖʯʘʩ.  

ɽʩʣʠ ʢ 2016-17 ʛʛ. ʣʠʰʴ ʧʦʣʦʚʠʥʘ ʵʪʦʡ ʵʥʝʨʛʠʠ ʙʫʜʝʪ 
ʩʵʢʦʥʦʤʣʝʥʘ ʟʘ ʩʯʝʪ ʧʨʠʤʝʥʝʥʠʷ ʩʚʝʪʦʜʠʦʜʦʚ, ʪʦ  

ʵʪʦ ʜʘʩʪ ʵʢʦʥʦʤʠʶ ʙʦʣʝʝ 300 ʤʣʨʜ. ʨʫʙ./ʛʦʜ.  

16 

! 



    

17 

ʉɼ ʩʚʝʪʦʬʦʨʳ ʚ ʄʦʩʢʚʝ, ʬʠʨʤʘ çʉʚʝʯʘè (ɿʝʣʝʥʦʛʨʘʜ); ʟʝʣʝʥʳʡ ï ʉɼ ʠʟ GaN 
ʦʪ çNichia Chemicalè;  ʄʦʩʢʚʘ ʙʳʣʘ 1-ʤ ʛʦʨʦʜʦʤ  ʚ ʤʠʨʝ (1997 ʛ.)  

ʩ ʤʘʩʩʦʚʳʤ (1000 ʚ ʉʘʜʦʚʦʤ ʢʦʣʴʮʝ) ʧʨʠʤʝʥʝʥʠʝʤ ʉɼ ʩʚʝʪʦʬʦʨʦʚ.  
(ʍʦʟ. ɼʦʛ. N 12/96. ʌʠʟ. ʬʘʢ-ʪ ʩ ʅʘʫʯʥʦ-ʇʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʬʠʨʤʦʡ çʉʚʝʯʘè, 1996-97 

ʛʛ.) 

ʇʨʠʤʝʨʳ ʧʨʠʤʝʥʝʥʠʷ ʩʚʝʪʦʜʠʦʜʦʚ 



    

ȵɔɊɍɋɒɓɆɥ ɕɆɖɐɔɈɐɆ (ȷɋɈɋɖɓɆɥ ȰɆɖɔɑɎɓɆ, ȷȾȦ) ȦɈɘɔɍɆɕɖɆɈɔɝɓɆɥ ɗɘɆɓɜɎɥ BP (ȷȾȦ) 

ȷɈɋɘɔɊɎɔɊɓɡɋ ɗɈɋɘɎɑɢɓɎɐɎ ɓɆ ɆɈɘɔɗɘɖɆɊɋ (ȷȾȦ) ȴɚɎɗɓɡɋ ɗɈɋɘɎɑɢɓɎɐɎ ɓɆ ɗɈɋɘɔɊɎɔɊɆɛ 

ʇʨʠʤʝʨʳ ʧʨʠʤʝʥʝʥʠʷ ʩʚʝʪʦʜʠʦʜʦʚ ʟʘ ʨʫʙʝʞʦʤ  

18 



    

ȵɔɊɍɋɒɓɡɏ ɕɋɖɋɛɔɊ (ȲɔɗɐɈɆ, ɒ. çȶɎɌɗɐɆɥè) 

ȴɗɈɋɟɋɓɎɋ ɍɊɆɓɎɥ ɜɋɖɐɈɎ (ȨɑɆɊɎɒɎɖ) 

ȴɗɈɋɟɋɓɎɋ ɜɋɛɆ (ȲɔɗɐɈɆ, 
ȭɋɑɋɓɔɉɖɆɊ, ȴȦȴ çȱɔɉɎɐɆè) 

ȹɑɎɝɓɔɋ ɔɗɈɋɟɋɓɎɋ (ȲɔɗɐɈɆ, 
ɕɖɔɋɍɊ ȪəɇɔɈɔɏ ȶɔɟɎ) 

ʇʨʠʤʝʨʳ ʧʨʠʤʝʥʝʥʠʷ ʩʚʝʪʦʜʠʦʜʦʚ ʚ ʈʦʩʩʠʠ  
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ȹɑɎɝɓɡɋ ɗɈɋɘɔɊɎɔɊɓɡɋ ɗɈɋɘɎɑɢɓɎɐɎ, ɕɖɔɋɐɘ LED City (ȷȾȦ) ȶɎɉɋɑɢɓɔɋ ɔɗɈɋɟɋɓɎɋ ɗɈɋɘɔɊɎɔɊɓɡɒɎ ɗɈɋɘɎɑɢɓɎɐɆɒɎ ɗɘɆɓɜɎɎ 
ȾɋɐɗɓɆ, ɕɖɔɋɐɘ ȶȬȪ (ȶɔɗɗɎɥ) 

ȵɖɔɋɐɘɡ ɖɋɆɑɎɍɔɈɆɓɡ Ɉ ɖɆɒɐɆɛ ɜɋɑɋɈɡɛ ɕɖɔɉɖɆɒɒ ɕɔ ɣɓɋɖɉɔɗɇɋɖɋɌɋɓɎɤ 
ɆɊɒɎɓɎɗɘɖɆɜɎɎ ɞɘɆɘɆ ȷɋɈɋɖɓɆɥ ȰɆɖɔɑɎɓɆ (ȷȾȦ) Ɏ ȴȦȴ ȶȬȪ (ȶɔɗɗɎɥ)  

20 

ʇʨʦʝʢʪʳ ʠ ʧʨʦʛʨʘʤʤʳ ʩʚʝʪʦʜʠʦʜʥʦʛʦ 

ʦʩʚʝʱʝʥʠʷ  


