
ʈʆʉʉʀʁʉʂɸʗ ʉʆʃʅɽʏʅɸʗ ʕʅɽʈɻɽʊʀʂɸ ɺ ʆʊʈɸɾɽʅʀʀ ʊɽʍʅʆʃʆɻʀʏɽʉʂʆʁ ʇʃɸʊʌʆʈʄʆʁ  

çʇɽʈʉʇɽʂʊʀɺʅʓɽ ʊɽʍʅʆʃʆɻʀʀ ɺʆɿʆɹʅʆɺʃʗɽʄʆʁ ʕʅɽʈɻɽʊʀʂʀè  

ɼʦʢʣʘʜʯʠʢ - ʉ.ʆ. ʂʦʛʥʦʚʠʮʢʠʡ 

ʌʊʀ ʠʤ. ɸ.ʌ. ʀʦʬʬʝ ,       ʆʆʆ çʉʦʣʥʝʯʥʳʡ ʧʦʪʦʢè 

ʊʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʧʣʘʪʬʦʨʤʘ  

çʇʝʨʩʧʝʢʪʠʚʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚʦʟʦʙʥʦʚʣʷʝʤʦʡ ʵʥʝʨʛʝʪʠʢʠè,  

ʨʘʙʦʯʘʷ ʛʨʫʧʧʘ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ çʉʦʣʥʝʯʥʘʷ ʵʥʝʨʛʝʪʠʢʘè  

ʇʝʨʩʧʝʢʪʠʚʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʠ ʪʝʭʥʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ  

ʚ ʦʙʣʘʩʪʠ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʝʪʠʢʠ  



ʇʦʪʝʥʮʠʘʣ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʨʝʩʫʨʩʦʚ ɿʝʤʣʠ  

(ʦʪʥ. ʝʜ.) 

Source: European Renewable Energy Council, Energy Revolution, January 2007 
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ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʛʦʜʦʚʦʛʦ ʧʦʩʪʫʧʣʝʥʠʷ 

ʩʦʣʥʝʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ  

(ʢɺʪ Ŀ ʯʘʩʦʚ/ʤ2 ʚ ʛʦʜ) ʧʦ ɿʝʤʥʦʤʫ ʰʘʨʫ  
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ʇʨʦʛʥʦʟ ʩʥʠʞʝʥʠʷ ʩʪʦʠʤʦʩʪʠ çʩʦʣʥʝʯʥʦʡè ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ 

ʀʟʤʝʥʝʥʠʝ ʩʪʦʠʤʦʩʪʠ çʩʦʣʥʝʯʥʦʡè ʠ ʩʝʪʝʚʦʡ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʚ 1990-2010 ʛʦʜʘʭ ʠ 

ʧʨʦʛʥʦʟ ʜʦ 2040 ʛʦʜʘ. ʉʪʦʠʤʦʩʪʴ ʩʦʣʥʝʯʥʦʡ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʧʨʠʚʝʜʝʥʘ ʜʣʷ 

ʨʘʟʣʠʯʥʳʭ ʨʝʛʠʦʥʦʚ ɽʚʨʦʧʳ: 900 h/a ï 900 çʩʦʣʥʝʯʥʳʭè ʯʘʩʦʚ ʚ ʛʦʜʫ ʚ ʩʝʚʝʨʥʦʡ 

ɽʚʨʦʧʝ; 1800 h/a ï 1800 çʩʦʣʥʝʯʥʳʭè ʯʘʩʦʚ ʚ ʛʦʜʫ ʚ ʶʞʥʦʡ ɽʚʨʦʧʝ (ʠʩʪʦʯʥʠʢ: EPIA) 

 
ʉʪʦʠʤʦʩʪʴ çʩʦʣʥʝʯʥʦʡè ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ 

çʇʠʢʦʚʘʷè ʩʪʦʠʤʦʩʪʴ ʩʝʪʝʚʦʡ ɻʣʝʢʪʨʦʵʥʝʨʛʠʠ 

ʉʨʝʜʥʷʷ ʩʪʦʠʤʦʩʪʴ ʩʝʪʝʚʦʡ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ 
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ʈʘʩʧʨʝʜʝʣʝʥʠʷ  ʪʝʭʥʦʣʦʛʠʡ ʬʦʪʦʵʥʝʨʛʝʪʠʢʠ  

 ʢʦʥʮʝʥʪʨʘʪʦʨʥʳʝ 

CIGS 

Ŭ-Si 

c-Si 

CdTe 

ʀʟʤʝʥʝʥʠʝ ʚ 1980-2010 ʛ.ʛ. çʜʦʣʠè ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʩʦʣʥʝʯʥʳʭ ʙʘʪʘʨʝʡ ʠ ʧʨʦʛʥʦʟ 

ʜʦ 2020 ʛ., % (ʠʩʪʦʯʥʠʢ: Historical data (until 2009) based on Navigant Consulting Estimations 

based on EPIA analysis) 

% 



ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʩʦʣʥʝʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ  

http://www.nrel.gov/ncpv/images/efficiency_chart.jpg 



ɼʦʨʦʞʥʘʷ ʢʘʨʪʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʢʘʩʢʘʜʥʳʭ ʥʘʟʝʤʥʳʭ ʉʕ (2012-2030 ʛʛ.)  

ɺʝʨʭʥʷʷ ʢʨʠʚʘʷ ï ʨʝʢʦʨʜʥʳʝ ʂʇɼ ʉʕ. ʉʨʝʜʥʷʷ ʢʨʠʚʘʷ ï ʂʇɼ ʉʕ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ. 

ʅʠʞʥʷʷ ʢʨʠʚʘʷ ï ʂʇɼ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʦʜʫʣʝʡ.  



ʆʩʥʦʚʥʦʡ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʪʨʸʭʧʝʨʝʭʦʜʥʳʡ ʉʕ ʩʦ ʩʨʝʜʥʝʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʧʨʠ ʧʨʦʤʳʰʣʝʥʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ ʜʦ 40% ʧʨʠ 

ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʤ ʩʦʣʥʝʯʥʦʤ ʠʟʣʫʯʝʥʠʠ 



ʇʦʜʭʦʜʳ ʢ ʫʚʝʣʠʯʝʥʠʶ ʂʇɼ ʢʘʩʢʘʜʥʳʭ ʉʕ 



ʊʨʝʭʧʝʨʝʭʦʜʥʳʡ ʠ ʯʝʪʳʨʝʭʧʝʨʝʭʦʜʥʳʡ ʉʕ  

ʥʘ ʦʩʥʦʚʝ ʠʥʚʝʨʪʠʨʦʚʘʥʥʦʡ ʤʝʪʘʤʦʨʬʥʦʡ (ʀʄʄ) ʩʪʨʫʢʪʫʨʳ  

ʈʝʢʦʨʜʥʳʝ ʟʥʘʯʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʦʣʫʯʝʥʳ ʚ ʢʦʤʧʘʥʠʠ Sharp 

ʚ ʉʕ ʥʘ ʦʩʥʦʚʝ GaInP/GaAs/GaInAs ʀʄʄ ʩʪʨʫʢʪʫʨʳ.  

ʂʇɼ = 44,4Ñ2,6% (ɸʄ1.5D, 302 ʩʦʣʥʮʘ, ʪʝʤʧʝʨʘʪʫʨʘ 25ʉ).  
(Martin A. Green , Keith Emery , Yoshihiro Hishikawa , Wilhelm Warta  and Ewan D. Dunlop,  

Solar cell efýciency tables (version 42), Progress in Photovoltaics: Research and Applications 2013; 21, 

pp.827ï837)  



6-ʧʝʨʝʭʦʜʥʳʡ  

ʠʥʚʝʨʪʠʨʦʚʘʥʥʳʡ ʤʝʪʘʤʦʨʬʥʳʡ ʉʕ ʩʦ 

ʩʪʨʫʢʪʫʨʦʡ 

AlGaInP/AlGaAs/AlGaAs/GaInAs/GaInAs/GaInAs  

ʠ ʦʞʠʜʘʝʤʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ 50.9%  

ʧʨʠ 500 çʩʦʣʥʮʘʭè. 



ʀʩʪʦʯʥʠʢʠ: ʆʆʆ çʍʝʚʝʣè, ʌʊʀ ʠʤ. ɸ.ʌ. ʀʦʬʬʝ 



ʉʪʨʫʢʪʫʨʘ CIGS ʩʦʣʥʝʯʥʦʛʦ ʵʣʝʤʝʥʪʘ Cu(InGa)Se2 

 Cu Inx Ga(1-x) Se2  

Back contact (1ɛm) 

or polyimide  

or metal foils 



ʄʘʪʝʨʠʘʣʳ Cu(In,Ga)(S,Se,Te)2 ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʠʤ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʟʥʘʯʝʥʠʷ 

ʂʇɼ  ʩʦʣʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʥʘ ʠʭ ʦʩʥʦʚʝ  



ʇʨʝʠʤʫʱʝʩʪʚʘ CIGS ʩʦʣʥʝʯʥʳʭ ʙʘʪʘʨʝʡ 
 

Áʅʘʠʙʦʣʝʝ ʚʳʩʦʢʠʡ ʂʇɼ ʩʨʝʜʠ ʪʦʥʢʦʧʣʸʥʦʯʥʳʭ ʩʦʣʥʝʯʥʳʭ ʙʘʪʘʨʝʡ (ʨʝʢʦʨʜ ï 22.8% (ʢʦʥʮ.), 
ʧʨʦʤʳʰʣʝʥʥʳʡ ʫʨʦʚʝʥʴ - 19%).  
 
Áʈʘʜʠʘʮʠʦʥʥʘʷ ʩʪʦʡʢʦʩʪʴ, ʥʝʦʙʭʦʜʠʤʘʷ ʜʣʷ ʢʦʤʠʯʝʩʢʠʭ ʧʨʠʤʝʥʝʥʠʡ.  
 
Áʄʝʥʴʰʝʝ ʧʘʜʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʠ ʨʘʙʦʪʝ ʚ ʫʩʣʦʚʠʷʭ ʩ ʧʦʚʳʰʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʧʦ 
ʩʨʘʚʥʝʥʠʶ ʩ ʢʨʝʤʥʠʝʚʳʤʠ. 
 
Áɼʦʣʛʦʚʨʝʤʝʥʥʘʷ ʩʪʘʙʠʣʴʥʦʩʪʴ (ʦʢʦʣʦ 20 ʣʝʪ).  
 
Áɺʦʟʤʦʞʥʦʩʪʴ ʠʟʛʦʪʦʚʣʝʥʠʷ ʥʘ ʛʠʙʢʦʡ ʧʦʜʣʦʞʢʝ ʠ ʤʘʣʳʡ ʫʜʝʣʴʥʳʡ ʚʝʩ, ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʝ ʜʣʷ 
ʧʦʨʪʘʪʠʚʥʳʭ ʧʨʠʤʝʥʝʥʠʡ ʠ ʜʣʷ ʚʩʪʨʘʠʚʘʥʠʷ ʚ ʘʨʭʠʪʝʢʪʫʨʫ ʟʜʘʥʠʡ. 
 
Áʄʦʥʦʣʠʪʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʠʟʛʦʪʦʚʣʝʥʠʷ, ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ ʚʳʩʦʢʫʶ ʩʢʦʨʦʩʪʴ ʥʘʥʝʩʝʥʠʷ 
ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʙʦʣʴʰʦʡ ʧʣʦʱʘʜʠ.  
 
Áʄʘʣʳʡ ʨʘʩʭʦʜ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ (ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʡ ʩʣʦʡ ʪʦʣʱʠʥʦʡ 
ʥʝʩʢʦʣʴʢʦ ʤʠʢʨʦʤʝʪʨʦʚ), ʚ ~ 50-100 ʨʘʟ, ʤʝʥʴʰʠʡ, ʯʝʤ ʚ ʢʨʝʤʥʠʝʚʳʭ ʩʦʣʥʝʯʥʳʭ ʙʘʪʘʨʝʷʭ. 
 
Áʄʝʥʴʰʠʝ ʫʜʝʣʴʥʳʝ ʟʘʪʨʘʪʳ ʵʥʝʨʛʠʠ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʨʝʤʥʠʝʚʳʤʠ.  
 
Áʅʠʟʢʘʷ ʩʝʙʝʩʪʦʠʤʦʩʪʴ. 
 
 
 
ÁCIGS ʩʦʣʥʝʯʥʳʝ ʙʘʪʘʨʝʠ ʜʝʰʝʚʣʝ ʠ ʵʬʬʝʢʪʠʚʥʝʝ, ʯʝʤ ʪʦʥʢʦʧʣʸʥʦʯʥʳʝ ʙʘʪʘʨʝʠ ʥʘ ʦʩʥʦʚʝ 
CdTe ʠʣʠ Si. 
 
ÁCIGS-ʩʦʣʥʝʯʥʳʝ ʵʣʝʤʝʥʪʳ ʷʚʣʷʶʪʩʷ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʧʦ ʩʦʦʪʥʦʰʝʥʠʶ 
ʩʝʙʝʩʪʦʠʤʦʩʪʴ-ʵʬʬʝʢʪʠʥʦʩʪʴ. 



ɺʘʨʠʘʥʪʳ ʪʝʭʥʦʣʦʛʠʡ ʩʦʟʜʘʥʠʷ CIGS-ʩʦʣʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ  

Áʅʘʧʳʣʝʥʠʝ ʠʣʠ ʨʘʩʧʳʣʝʥʠʝ ʤʝʜʠ, ʠʥʜʠʷ ʠ ʛʘʣʣʠʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʠʣʠ 

ʦʜʥʦʚʨʝʤʝʥʥʦ; ʧʦʩʣʝʜʫʶʱʘʷ ʦʙʨʘʙʦʪʢʘ ʧʦʣʫʯʝʥʥʦʡ ʧʣʝʥʢʠ ʧʘʨʘʤʠ ʩʝʣʝʥʘ 

(ʩʝʣʝʥʠʟʘʮʠʷ) (ʚʘʢʫʫʤʥʘʷ ʪʝʭʥʦʣʦʛʠʷ).  

 

Áʄʝʪʦʜ ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ ʦʩʘʞʜʝʥʠʷ ʤʘʪʝʨʠʘʣʦʚ CIGS (ʤʝʜʴ, ʛʘʣʣʠʡ, ʠʥʜʠʡ ʠ 

ʩʝʣʝʥ ). ʊʨʝʙʫʝʪ  ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʘʢʫʫʤʥʳʭ ʢʘʤʝʨ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʝʪʦʜʦʚ 

ʠʦʥʥʦʛʦ, ʵʣʝʢʪʨʦʥʥʦʛʦ ʠʣʠ ʪʝʨʤʠʯʝʩʢʦʛʦ  ʨʘʩʧʳʣʝʥʠʷ ʧʣʝʥʢʦʡ ʧʦʢʨʳʚʘʝʪʩʷ ʥʝ 

ʪʦʣʴʢʦ ʧʦʜʣʦʞʢʘ, ʥʦ ʠ ʚʩʷ ʢʘʤʝʨʘ, ʯʪʦ ʚʝʜʸʪ ʢ ʙʦʣʴʰʦʤʫ ʨʘʩʭʦʜʫ ʤʘʪʝʨʠʘʣʦʚ. 

(ʀʩʧʦʣʴʟʫʝʪ ʢʦʤʧʘʥʠʷ AQT). 

 

Áɹʝʟʚʘʢʫʫʤʥʳʡ ʤʝʪʦʜ çʧʝʯʘʪʠè (Roll to Roll), ʦʪ ʪʨʘʬʘʨʝʪʥʦʡ ʧʝʯʘʪʠ ʜʦ ʩʪʨʫʡʥʦʛʦ 
ʦʩʘʞʜʝʥʠʷ çʯʝʨʥʠʣè. ʀʩʧʦʣʴʟʫʶʪ ʪʘʢʠʝ ʬʠʨʤʳ, ʢʘʢ International Solar Electric 
Technology, Nanosolar ʠ ʜʨʫʛʠʝ. ɺ ʵʪʠʭ ʤʝʪʦʜʘʭ ʧʦʣʫʯʘʶʪ ʩʫʩʧʝʥʟʠʠ ʯʘʩʪʠʮ 
ʦʢʩʠʜʦʚ ʤʝʪʘʣʣʦʚ. ʄʝʪʦʜ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʡ, ʧʦʵʪʦʤʫ ʤʦʞʥʦ 
ʧʨʠʤʝʥʷʪʴ ʨʘʟʣʠʯʥʳʝ ʧʦʜʣʦʞʢʠ, ʚʢʣʶʯʘʷ ʧʣʘʩʪʠʢ (ʥʘ ʦʩʥʦʚʝ ʧʦʣʠʠʤʠʜʘ),  
ʤʝʪʘʣʣʠʯʝʩʢʫʶ ʬʦʣʴʛʫ ʠ ʩʪʝʢʣʦ. ɺ ʵʪʠʭ ʤʝʪʦʜʘʭ ʜʦʩʪʠʛʘʝʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪ 
ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʘʪʝʨʠʘʣʦʚ ʚʳʰʝ 90% ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʙʦʣʝʝ ʜʝʰʝʚʦʛʦ 
ʦʙʦʨʫʜʦʚʘʥʠʷ, ʯʝʤ ʪʦ, ʢʦʪʦʨʦʝ ʥʝʦʙʭʦʜʠʤʦ ʚ ʚʘʢʫʫʤʥʳʭ ʧʨʦʮʝʩʩʘʭ. ʇʨʠ 
ʦʩʘʞʜʝʥʠʠ ʯʘʩʪʠʮ ʦʙʨʘʟʫʝʪʩʷ ʧʦʨʠʩʪʘʷ ʧʣʝʥʢʘ, ʢʦʪʦʨʘʷ ʚ ʧʨʦʮʝʩʩʝ ʪʝʨʤʠʯʝʩʢʦʡ 
ʩʪʘʜʠʠ ʫʧʣʦʪʥʷʝʪʩʷ ʠ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʦʪ ʦʢʩʠʜʘ ʜʦ ʤʝʪʘʣʣʘ, ʧʨʦʠʩʭʦʜʠʪ 
ʭʠʤʠʯʝʩʢʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʵʣʝʤʝʥʪʦʚ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ 
ʩʪʨʫʢʪʫʨʳ CIGS-ʧʣʸʥʢʠ.   

 

Áɻʘʣʴʚʘʥʦʧʦʢʨʳʪʠʝ. ʇʨʠʤʝʥʷʝʪ ʢʦʤʧʘʥʠʷ SoloPower. 

 

Áʆʩʘʞʜʝʥʠʝ CIGS-ʩʣʦʷ ʠʟ ʨʘʩʪʚʦʨʘ. (ʈʘʟʨʘʙʘʪʳʚʘʝʪ ʠ ʧʨʠʤʝʥʷʝʪ ʛʨʫʧʧʘ UCLA). 



ʈʘʟʣʠʯʥʳʝ ʩʧʦʩʦʙʳ ʩʠʥʪʝʟʘ ʙʘʟʦʚʳʭ ʩʣʦʝʚ CuInSe2  



ʉʳʨʴʸ 
 

ʅʘ ʠʟʛʦʪʦʚʣʝʥʠʝ CIGS-ʩʦʣʥʝʯʥʳʭ ʙʘʪʘʨʝʡ ʥʘ ʫʩʪʘʥʦʚʣʝʥʥʫʶ ʤʦʱʥʦʩʪʴ 1ɻɺʪ 

ʨʘʩʭʦʜʫʝʪʩʷ 15 ʪ ʤʝʜʠ, 20 ʪ ʠʥʜʠʷ, 4 ʪ ʛʘʣʣʠʷ ʠ 55 ʪ ʩʝʣʝʥʘ. 
 

ɽʞʝʛʦʜʥʦ ʠʟ ʥʝʜʨ ʟʝʤʣʠ ʠʟʚʣʝʢʘʶʪʩʷ ʠ ʧʝʨʝʨʘʙʘʪʳʚʘʶʪʩʷ ʙʦʢʩʠʪʳ, ʪʝʦʨʝʪʠʯʝʩʢʠ 

ʩʦʜʝʨʞʘʱʠʝ ʩʚʳʰʝ 3 ʪʳʩ ʪ ʛʘʣʣʠʷ.  
 

 ʆʙʲʝʤʳ ʤʠʨʦʚʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʝʣʝʥʘ ʟʘ 2008-2010 ʛʛ. ʩʦʩʪʘʚʣʷʶʪ ʦʢʦʣʦ 2600- 2700 

ʪʦʥʥ/ʛʦʜ.   
 

ʄʠʨʦʚʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ  ʠʥʜʠʷ ʟʘ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʩʦʩʪʘʚʠʣʦ ʦʢʦʣʦ 1100 ʪʦʥʥ/ʛʦʜ. 

(ʩʝʛʦʜʥʷ ʚʩʷ ʵʣʝʢʪʨʦʥʠʢʘ ʧʦʪʨʝʙʣʷʝʪ ʦʢʦʣʦ 110 ʪʦʥʥ/ʛʦʜ).  
 

ʀʟ ʠʟʣʦʞʝʥʥʦʛʦ ʩʣʝʜʫʝʪ, ʯʪʦ ʣʠʤʠʪʠʨʫʶʱʠʤ ʩʳʨʴʝʚʳʤ ʬʘʢʪʦʨʦʤ ʜʣʷ CIGS-

ʪʝʭʥʦʣʦʛʠʠ ʩʪʘʥʝʪ ʠʥʜʠʡ.  

ʊ.ʦ., ʝʩʣʠ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʢ 2025 ʛ. ʩʦʣʥʝʯʥʘʷ ʵʥʝʨʛʝʪʠʢʘ ʩʤʦʞʝʪ ʧʦʣʫʯʠʪʴ 300 ʪ 

ʠʥʜʠʷ, ʪʦ ʵʪʦ ʧʦʟʚʦʣʠʪ ʧʨʦʠʟʚʝʩʪʠ ʩʦʣʥʝʯʥʳʝ ʤʦʜʫʣʠ ʤʦʱʥʦʩʪʴʶ 15 ɻɺʪ. ʕʪʦ 

ʩʦʩʪʘʚʠʪ 9-10% ʦʙʱʝʛʦ ʚʳʧʫʩʢʘ ʚ 2025 ʛ.  

ɺʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʘʪʴ ʙʦʣʴʰʠʝ ʢʦʣʠʯʝʩʪʚʘ ʣʠʤʠʪʠʨʫʶʱʝʛʦ ʩʳʨʴʷ ʨʝʘʣʴʥʘ. 

ʈʦʩʩʠʡʩʢʠʡ ʠʥʜʠʡ ʠʟʚʣʝʢʘʝʪʩʷ ʠʟ ʤʝʜʥʦʢʦʣʯʝʜʘʥʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʋʨʘʣʘ (75% 

ʦʙʲʝʤʘ ʚʩʝʭ ʨʦʩʩʠʡʩʢʠʭ ʮʠʥʢʦʚʳʭ ʢʦʥʮʝʥʪʨʘʪʦʚ, ʩʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ ʠʥʜʠʷ 3.2 ʛ/ʪ). 

ʀʥʜʠʡ ʩʦʜʝʨʞʠʪʩʷ ʪʘʢʞʝ ʚ ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ ʖʞʥʦʡ ʉʠʙʠʨʠ ʠ 

ʇʨʠʤʦʨʴʷ (ʩʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ ʠʥʜʠʷ 14.7 ʛ/ʪ). ɺʩʝʛʦ ʞʝ ʟʘʧʘʩʳ  ʨʦʩʩʠʡʩʢʦʛʦ ʠʥʜʠʷ 

ʫʯʪʝʥʳ ʚ ʨʫʜʘʭ 61 ʤʝʩʪʦʨʦʞʜʝʥʠʷ.  

ʄʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʤʘʢʩʠʤʘʣʴʥʳʡ ʚʢʣʘʜ CIGS-ʩʦʣʥʝʯʥʳʭ ʙʘʪʘʨʝʡ ʤʦʞʝʪ 

ʩʦʩʪʘʚʠʪʴ ʜʦ 35-40 ɻɺʪ/ʛʦʜ ʢ 2030 ʛ. (ʠʣʠ 15-20%)  



ʇʨʠʤʝʨʳ ʧʨʠʤʝʥʝʥʠʷ CIGS ʩʦʣʥʝʯʥʳʭ ʙʘʪʘʨʝʡ 


