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ʂʠʨʠʰ (ʬʘʣʩʘʬʘ ʜʦʢʪʦʨʠ (PhD) ʜʠʩʩʝʨʪʘʮʠʷʩʠ ʘʥʥʦʪʘʮʠʷʩʠ) 

ɼʠʩʩʝʨʪʘʮʠʷ ʤʘʚʟʫʩʠʥʠʥʛ ʜʦʣʟʘʨʙʣʠʛʠ ʚʘ ʟʘʨʫʨʘʪʠ. ɾʘ״ʦʥʜʘ 

ʠʩʪʝʤ̡ʦʣ ץʠʣʠʥʘʜʠʛʘʥ ʵʥʝʨʛʠʷ ʘʩʦʩʘʥ ץʘʟʠʣʤʘ ʸץʠʣסʠʣʘʨʜʘʥ (ʛʘʟ, ʢ˄ʤʠʨ, ʥʝʬʪ 

ʚʘ ʫʨʘʥ) ʬʦʡʜʘʣʘʥʛʘʥ ״ʦʣʜʘ ʦʣʠʥʠʙ, ʫʣʘʨ ʠʩʩʠץʣʠʢ ʵʥʝʨʛʠʷʩʠ ʚʘ ʷʜʨʦ 

ʵʥʝʨʛʠʷʩʠʜʘʥ ʪʘʰʢʠʣ ʪʦʧʘʜʠ. ʃʝʢʠʥ ʙʫʥʜʘʡ ʸץʠʣסʠʣʘʨʥʠʥʛ ʤʠץʜʦʨʠ 

ʯʝʢʣʘʥʛʘʥʣʠʛʠ, ʵʢʦʣʦʛʠʢ ʞʠ״ʘʪʜʘʥ ʪʦʟʘ ʵʤʘʩʣʠʛʠ ʚʘ ʩʝʡʩʤʠʢ ʞʠ״ʘʪʠʜʘʥ 

ʙʘʨץʘʨʦʨ ʵʤʘʩʣʠʛʠ ʩʘʙʘʙʣʠ, ʵʥʝʨʛʠʷ ʪʘʲʤʠʥʦʪʠ ʤʘʩʘʣʘʩʠʜʘ ʵʢʦʣʦʛʠʢ 

ʞʠ״ʘʪʜʘʥ ʪʦʟʘ ʙ˄ʣʛʘʥ  ץʘʡʪʘ ʪʠʢʣʘʥʫʚʯʠ ʵʥʝʨʛʠʷ ʤʘʥʙʘʣʘʨʠ (ʰʘʤʦʣ ʚʘ ץʫʸʰ 

ʵʥʝʨʛʠʷʩʠ), ʘʡʥʠץʩʘ ʬʦʪʦʵʥʝʨʛʝʪʠʢʘ ʘʣʦ״ʠʜʘ ˄ʨʠʥʛʘ ʵʛʘ. ɹʫ ʙʦʨʘʜʘ ʩʘʤʘʨʘʣʠ 

 ʦʩʩʘʩʠʛʘ ʵʛʘ TiO2 ʘʩʦʩʠʜʘʛʠ״ ʫʸʰ ʙʘʪʘʨʝʷʣʘʨʠʥʠ, ʭʫʩʫʩʘʥ ʷʨʠʤ˄ʪʢʘʟʛʠʯץ

ʙ˄yץʣʠ ʢ˄ʧ ץʘʪʣʘʤʣʠ ʩʪʨʫʢʪʫʨʘʣʘʨʜʘʥ ʪʘʰʢʠʣ ʪʦʧʛʘʥ ץʫʸʰ ʵʣʝʤʝʥʪʣʘʨʠʥʠʥʛ 

ʷʨʘʪʠʰ ʤʫ״ʠʤ ʘ״ʘʤʠʷʪ ʢʘʩʙ ʵʪʘʜʠ. 

ɼʫʥʸʥʠʥʛ ʝʪʘʢʯʠ ʣʘʙʦʨʘʪʦʨʠʷʣʘʨʠʜʘ ʦʭʠʨʛʠ ˄ʥ ʡʠʣʣʠʢʜʘ ʶʧץʘ ץʘʪʣʘʤʣʠ 

ʷʨʠʤ˄ʪʢʘʟʛʠʯʣʠ ʧʦʣʠʤʝʨ ʵʣʝʢʪʨʦʣʠʪʣʘʨ, ʪʫʟʣʘʨ ʚʘ ʨʘʥʛʣʦʚʯʠ ʤʦʣʝʢʫʣʷʨ 

ʧʘʨʜʘʣʘʨ (ʙ˄ʸץʣʘʨ)ʜʘʥ ʠʙʦʨʘʪ ʪʫʟʠʣʤʘʣʘʨ ʘʩʦʩʠʜʘ ʷʨʠʤ˄ʪʢʘʟʛʠʯ ʘʩʦʩʣʠ ʶץʦʨʠ 

ʩʝʟʛʠʨ ʙ˄ʸץʣʠ ץʫʸʰ ʵʣʝʤʝʥʪʣʘʨʠ (Dye-sensitized solar cell- DSSC)ʥʠ ̫ʨʘʪʠʰ 

ʙ˄ʡʠʯʘ ʠʣʤʠʡ ʠʟʣʘʥʠʰʣʘʨ ʦʣʠʙ ʙʦʨʠʣʤʦץʜʘ. ʆʜʘʪʜʘʛʠ ץʫʸʰ ʵʣʝʤʝʥʪʣʘʨʠʜʘ 

ʟʘʨʷʜ ʪʘʰʫʚʯʠʣʘʨʥʠ ʘʞʨʘʪʠʰʜʘ p-n ˄ʪʠʰʜʘʛʠ ʵʣʝʢʪʨ ʤʘʡʜʦʥ ˄ʨʥʠʜʘ ʙʝʚʦʩʠʪʘ 

ʙ˄ʸץ ץʘʪʣʘʤʠ ʙʠʣʘʥ ץʦʧʣʘʥʛʘʥ ʵʣʝʢʪʨʦʜʜʘʥ ʬʦʡʜʘʣʘʥʠʰ ʙʠʣʘʥ ʙʦסʣʠץ ʙ˄ʣʠʙ, 

ʙʫ ʙʦʨʘʜʘ ץʘʪʣʘʤʣʘʨ ʧʘʨʘʤʝʪʨʣʘʨʠʥʠ ʦʧʪʠʤʘʣʣʘʰʪʠʨʠʰ ʚʘ ʪʘʡʸʨʣʘʰ 

ʪʝʭʥʦʣʦʛʠʷʩʠʥʠ ʪʘʢʦʤʠʣʣʘʰʪʠʨʠʰ ʦʨץʘʣʠ ʩʘʤʘʨʘʜʦʨ ץʫʸʰ ʙʘʪʘʨʝʷʣʘʨʠʥʠ 

ʷʨʘʪʠʰʛʘ ʘʣʦ״ʠʜʘ ʵʲʪʠʙʦʨ ץʘʨʘʪʠʣʤʦץʜʘ. 

ʈʝʩʧʫʙʣʠʢʘʤʠʟʜʘ ʄʘʣʘʡʟʠʷʥʠʥʛ ñMALAYAò ʋʥʠʚʝʨʩʠʪʝʪʠ ʙʠʣʘʥ 

 ,ʘʣʣʠʡ ʘʰʸʣʘʨ ʘʩʦʩʠʜʘ ʩʦʜʜʘ, ʘʨʟʦʥ״ʘʤʢʦʨʣʠʢʜʘ ʙʠʨʠʥʯʠʣʘʨʜʘʥ ʙ˄ʣʠʙ ʤʘ״

ʶʟʘʥʠʥʛ ʢʘʪʪʘʣʠʛʠ ʚʘ ʘʡʥʠץʩʘ ɶʨʪʘ ʆʩʠʸ ʠץʣʠʤʠ ʰʘʨʦʠʪʠʜʘ ʫʟʦץ ʤʫʜʜʘʪ 

ʜʝʛʨʘʜʘʮʠʷʩʠʟ ʠʰʣʘʡ ʦʣʜʠʛʘʥ ץʫʸʰ ʵʣʝʤʝʥʪʣʘʨʠʥʠ ʷʨʘʪʠʰ ʪʝʭʥʦʣʦʛʠʷʩʠ ʚʘ 

ʬʦʪʦʵʣʝʢʪʨʠʢ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʣʘʨʠʥʠ ʘʩʦʩʣʘʰ ʙʦʨʘʩʠʜʘ ʤʫʘʡʷʥ ʥʘʪʠʞʘʣʘʨʛʘ 

ʵʨʠʰʠʣʤʦץʜʘ. ɶʟʙʝʢʠʩʪʦʥ ʈʝʩʧʫʙʣʠʢʘʩʠʥʠ ʷʥʘʜʘ ʨʠʚʦʞʣʘʥʪʠʨʠʰ ʙ˄ʡʠʯʘ 

 ʦʪ ʚʘ ʠʥʥʦʚʘʮʠʦʥ ʬʘʦʣʠʷʪʥʠץʠץʘʨʘʢʘʪʣʘʨ ʩʪʨʘʪʝʛʠʷʩʠ1ʜʘ ʠʣʤʠʡ ʪʘʜ׳

ʨʘסʙʘʪʣʘʥʪʠʨʠʰ ʤʘʩʘʣʘʣʘʨʠ, ʠʰʣʘʙ ʯʠץʘʨʠʰʛʘ ʵʥʝʨʛʠʷ ʪʝʞʘʤʢʦʨ 

ʪʝʭʥʦʣʦʛʠʷʣʘʨʥʠ ʞʦʨʠʡ ץʠʣʠʰ, ץʘʡʪʘ ʪʠʢʣʘʥʫʚʯʠ ʵʥʝʨʛʠʷ ʤʘʥʙʘʣʘʨʠʜʘʥ 

ʬʦʡʜʘʣʘʥʠʰʥʠ ʢʝʥʛʘʡʪʠʨʠʰ ʚʘʟʠʬʘʣʘʨʠ ʙʝʣʛʠʣʘʙ ʙʝʨʠʣʛʘʥ. ɹʫ ʙʦʨʘʜʘ ʘʨʟʦʥ 

ʷʨʠʤ˄ʪʢʘʟʛʠʯ ʤʘʪʝʨʠʘʣʣʘʨʠ ʘʩʦʩʠʜʘʛʠ ʵʬʬʝʢʪʠʚ ץʫʸʰ ʵʣʝʤʝʥʪʣʘʨʠʥʠ ʠʰʣʘʙ 

ʯʠץʠʰ, ʵʣʝʢʪʨʦʣʠʪ ʘʩʦʩʣʠ ʶץʦʨʠ ʩʝʟʛʠʨ ʙ˄ʸץʣʠ ץʫʸʰ ʵʣʝʤʝʥʪʣʘʨʠʥʠʥʛ 

ʵʣʝʢʪʨʦʬʠʟʠʢ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʣʘʨʠʥʠ ʚʘ ʫʣʘʨʥʠ ʵʣʝʢʪʨʦʣʠʪ ʪʘʨʢʠʙʠʛʘ 

ʙʦסʣʘʥʠʰʠʥʠ ʘʩʦʩʣʘʰ ʤʫ״ʠʤ ʠʣʤʠʡ ʘ״ʘʤʠʷʪʛʘ ʵʛʘ.  

ɶʟʙʝʢʠʩʪʦʥ ʈʝʩʧʫʙʣʠʢʘʩʠ ʇʨʝʟʠʜʝʥʪʠʥʠʥʛ 2017 ʡʠʣ 7 ʬʝʚʨʘʣʜʘʛʠ 

ç2017ï2021 ʡʠʣʣʘʨʜʘ ɶʟʙʝʢʠʩʪʦʥ ʈʝʩʧʫʙʣʠʢʘʩʠʥʠ ʨʠʚʦʞʣʘʥʪʠʨʠʰʥʠʥʛ 

ʙʝʰʪʘ ʫʩʪʫʚʦʨ ʡ˄ʥʘʣʠʰʠ ʙ˄ʡʠʯʘ ׳ʘʨʘʢʘʪʣʘʨ ʩʪʨʘʪʝʛʠʷʩʠ ʪ˄סʨʠʩʠʜʘèʛʠ ʇʌï

4947-ʩʦʥ ʌʘʨʤʦʥʠ ״ʘʤʜʘ 2017 ʡʠʣ 17 ʬʝʚʨʘʣʜʘʛʠ ʇ2789-פ-ʩʦʥ ñʌʘʥʣʘʨ 

ɸʢʘʜʝʤʠʷʩʠʥʠʥʛ ʬʘʦʣʠʷʪʠ ʚʘ ʠʣʤʠʡ-ʪʘʜץʠץʦʪ ʠʰʣʘʨʠʥʠ ʪʘʢʦʤʠʣʣʘʰʪʠʨʠʰ-

ʥʠ ʪʘʰʢʠʣ ץʠʣʠʰ, ʙʦʰץʘʨʠʰ ʚʘ ʤʦʣʠʷʣʘʰʪʠʨʠʰ ʙ˄ʡʠʯʘ ʯʦʨʘ-ʪʘʜʙʠʨʣʘʨʠ 

                                                 
 1ɶʟʙʝʢʠʩʪʦʥ ʈʝʩʧʫʙʣʠʢʘʩʠ ʇʨʝʟʠʜʝʥʪʠʥʠʥʛ 2017 ʡʠʣ 7 ʬʝʚʨʘʣʜʘʛʠ çɶʟʙʝʢʠʩʪʦʥ ʈʝʩʧʫʙʣʠʢʘʩʠʥʠ 

ʷʥʘʜʘ ʨʠʚʦʞʣʘʥʪʠʨʠʰ ׳ʘʨʘʢʘʪʣʘʨ ʩʪʘʨʪʝʛʠʷʩʠ ʪ˄סʨʠʩʠʜʘèʛʠ ʇʌï4947-ʩʦʥ ʌʘʨʤʦʥʠ. 
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ʪ˄סʨʠʩʠʜʘòʛʠ, 2018 ʡʠʣ 14 ʠʶʣʜʘʛʠ ʇʌ-3855-ʩʦʥ ñʀʣʤʠʡ ʚʘ ʠʣʤʠʡ-

ʪʝʭʥʠʢʘʚʠʡ ʬʘʦʣʠʷʪ ʥʘʪʠʞʘʣʘʨʠʥʠ ʪʠʞʦʨʘʪʣʘʰʪʠʨʠʰ ʩʘʤʘʨʘʜʦʨʣʠʛʠʥʠ 

ʦʰʠʨʠʰ ʙ˄ʡʠʯʘ ץ˄ʰʠʤʯʘ ʯʦʨʘ-ʪʘʜʙʠʨʣʘʨ ʪ˄סʨʠʩʠʜʘòʛʠ  ץʘʨʦʨʣʘʨʠ ʚʘ ʤʘʟʢʫʨ 

ʬʘʦʣʠʷʪʛʘ ʪʝʛʠʰʣʠ ʙʦʰץʘ ʤʝʲʸʨʠʡ-״ʫץʫץʠʡ ״ʫʞʞʘʪʣʘʨʜʘ ʙʝʣʛʠʣʘʥʛʘʥ 

ʚʘʟʠʬʘʣʘʨʥʠ ʘʤʘʣʛʘ ʦʰʠʨʠʰʛʘ ʤʘʟʢʫʨ ʜʠʩʩʝʨʪʘʮʠʷ ʪʘʜץʠץʦʪʠ ʤʫʘʡʷʥ 

ʜʘʨʘʞʘʜʘ ʭʠʟʤʘʪ ץʠʣʘʜʠ. 

ʊʘʜץʠץʦʪʥʠʥʛ ɶʟʙʝʢʠʩʪʦʥ ʈʝʩʧʫʙʣʠʢʘʩʠʜʘ ʬʘʥ ʚʘ ʪʝʭʥʦʣʦʛʠʷʥʠ 

ʨʠʚʦʞʣʘʥʠʰʥʠʥʛ ʫʩʪʫʚʦʨ ʡ˄ʥʘʣʠʰʣʘʨʠʛʘ ʤʦʩʣʠʛʠ. ʄʘʟʢʫʨ ʪʘʜץʠץʦʪ 

ʨʝʩʧʫʙʣʠʢʘ ʬʘʥ ʚʘ ʪʝʭʥʦʣʦʛʠʷʣʘʨ ʨʠʚʦʞʣʘʥʠʰʠʥʠʥʛ III ʚʘ IV: çʕʥʝʨʛʠʷ, 

ʵʥʝʨʛʠʷ ʨʝʩʫʨʩʣʘʨʠʥʠ ʪʝʞʘʰ, ʪʨʘʥʩʧʦʨʪ, ʤʘʰʠʥʘʩʦʟʣʠʢ ʚʘ ʘʩʙʦʙʩʦʟʣʠʢ; 

ʟʘʤʦʥʘʚʠʡ ʵʣʝʢʪʨʦʥʠʢʘ, ʤʠʢʨʦʵʣʝʢʪʨʦʥʠʢʘ, ʬʦʪʦʥʠʢʘ, ʵʣʝʢʪʨʦʥ 

ʘʩʙʦʙʩʦʟʣʠʢʥʠ ʨʠʚʦʞʣʘʥʪʠʨʠʰè ʚʘ çפʘʡʪʘ ʪʠʢʣʘʥʘʜʠʛʘʥ ʵʥʝʨʛʠʷ 

ʤʘʥʙʘʣʘʨʠʜʘʥ ʬʦʡʜʘʣʘʥʠʰ ʫʩʫʣʣʘʨʠʥʠ ʠʰʣʘʙ ʯʠץʠʰ, ʥʘʥʦʪʝʭʥʦʣʦʛʠʷ, 

ʬʦʪʦʥʠʢʘ ʚʘ ʙʦʰץʘ ʟʘʤʦʥʘʚʠʡ ʪʝʭʥʦʣʦʛʠʷʣʘʨ ʘʩʦʩʠʜʘ ʷʥʛʠ ʪʝʭʥʦʣʦʛʠʷʣʘʨ ʚʘ 

 .ʙʘʞʘʨʠʣʛʘʥ ץʠʰè ʫʩʪʫʚʦʨ ʡ˄ʥʘʣʠʰʣʘʨʠ ʤʫʚʦʬʠץʫʨʠʣʤʘʣʘʨ ʠʰʣʘʙ ʯʠץ

ʄʫʘʤʤʦʥʠʥʛ ˄ʨʛʘʥʠʣʛʘʥʣʠʢ ʜʘʨʘʞʘʩʠ. ʗʨʠʤ˄ʪʢʘʟʛʠʯ ״ʦʩʩʘʩʠʛʘ ʵʛʘ 

TiO2 ʘʩʦʩʠʜʘʛʠ ʙ˄ʸץʣʠ ʢ˄ʧ ץʘʪʣʘʤʣʠ ʩʪʨʫʢʪʫʨʘʣʘʨʜʘʥ ʪʘʰʢʠʣ ʪʦʧʛʘʥ ץʫʸʰ 

ʵʣʝʤʝʥʪʣʘʨʠʥʠʥʛ ʦʧʪʠʢ ʭʫʩʫʩʠʷʪʣʘʨʠ ʙʠʨʠʥʯʠ ʙ˄ʣʠʙ ʐʚʝʮʠʷ ʌʝʜʝʨʘʣ 

ʊʝʭʥʦʣʦʛʠʷ ʠʥʩʪʠʪʫʪʠʥʠʥʛ ʧʨʦʬʝʩʩʦʨʠ ʄʘʡʢʣ ɻʨʘʮʝʣ ʚʘ ʫʥʠʥʛ 

ʞʘʤʦʘʜʦʰʣʘʨʠ ʪʦʤʦʥʠʜʘʥ ˄ʨʛʘʥʠʣʛʘʥ. ʋʣʘʨ ʪʦʤʦʥʠʜʘʥ ʷʨʘʪʠʣʛʘʥ ʙʫʥʜʘʡ 

ʪʫʨʜʘʛʠ ץʫʸʰ ʵʣʝʤʝʥʪʣʘʨʠʥʠʥʛ ʤʘʢʩʠʤʘʣ ʬʦʡʜʘʣʠ ʠʰ ʢʦʵʬʬʠʮʝʥʪʠ 14.3%, 

ʷʨʦץʣʠʣʠʢ ʤʫʜʜʘʪʠ ʵʩʘ 10 ʡʠʣʜʘʥ ʦʨʪʠץ ʵʢʘʥʣʠʛʠ ʢ˄ʨʩʘʪʠʣʛʘʥ. TiO2 ʘʩʦʩʠʜʘʛʠ 

ʙ˄ʸץʣʠ ʢ˄ʧ ץʘʪʣʘʤʣʠ ʩʪʨʫʢʪʫʨʘʣʘʨʜʘʥ ʪʘʰʢʠʣ ʪʦʧʛʘʥ ץʫʸʰ ʵʣʝʤʝʥʪʣʘʨʠʜʘ 

ʟʘʨʷʜ ʪʘʰʫʚʯʠʣʘʨʥʠʥʛ ʘʩʦʩʠʡ ʧʘʨʘʤʝʪʨʣʘʨʠʥʠ ʦʨʛʘʥʠʢ ʷʨʠʤ˄ʪʢʘʟʛʠʯʣʠ 

ʵʣʝʢʪʨʦʣʠʪ ʪʫʟʠʥʠʥʛ ʢʦʥʮʝʥʪʨʘʮʠʷʩʠʛʘ ʙʦסʣʠץʣʠʛʠʥʠ Mʘʣʘʡʟʠʷʥʠʥʛ 

ñMALAYAò ʋʥʠʚʝʨʩʠʪʝʪʠ ʧʨʦʬʝʩʩʦʨʠ A.K. Arof ʚʘ ʫʥʠʥʛ ʞʘʤʦʘʜʦʰʣʘʨʠ, 

ʶץʦʨʠ ʩʝʟʛʠʨ ʙ˄ʸץʣʠ ץʫʸʰ ʵʣʝʤʝʥʪʣʘʨʠ ʵʣʝʢʪʨʦʣʠʪʣʘʨʠʥʠʥʛ 

˄ʪʢʘʟʫʚʯʘʥʣʠʛʠʥʠ ʘʥʠץʣʘʰʛʘʥ. ʐʫʥʠʥʛʜʝʢ, ʐʚʝʮʠʷʥʠʥʛ ñChalmersò 

ʪʝʭʥʦʣʦʛʠʷ ʫʥʠʚʝʨʩʠʪʝʪʠ  ʧʨʦʬʝʩʩʦʨʣʘʨʠ T.M.Bandara, W.J.Dissanayake ʚʘ 

M.Furlani ʵʣʝʢʪʨʦʣʠʪʣʘʨʥʠʥʛ ˄ʪʢʘʟʫʚʯʘʥʣʠʛʠʥʠ ˄ʣʯʘʰʛʘʥ. ʗʨʠʤ˄ʪʢʘʟʛʠʯ 

ʭʫʩʫʩʠʷʪʠʛʘ ʵʛʘ ʶץʦʨʠ ʩʝʟʛʠʨʣʠ ʙ˄ʸץʣʠ ץʫʸʰ ʵʣʝʤʝʥʪʣʘʨʠʜʘʛʠ ʬʠʟʠʢ ʚʘ 

ʢʠʤʸʚʠʡ ʞʘʨʘʸʥʣʘʨ ʢʝʯʠʰʠʥʠ ʷʧʦʥ ʦʣʠʤʣʘʨʠ K.Kakiage ״ʘʤʜʘ Y.Aoyamaʣʘʨ 

ʘʥʠץʣʘʰʛʘʥ. ʈʦʩʩʠʷʣʠʢ ʦʣʠʤʣʘʨ ʅ.ʀ. ʅʠʢʠʪʠʥ, ɸ.ɺ.ʈʳʞʝʥʢʦʚ ʚʘ 

ʊ.ʅ.ʇʘʪʨʫʰʝʚʘʣʘʨ ʪʦʤʦʥʠʜʘʥ ʙʫ ʪʫʨʜʘʛʠ ץʫʸʰ ʵʣʝʤʝʥʪʣʘʨʠʥʠʥʛ 

ʵʣʝʢʪʨʦʬʠʟʠʢ ʧʘʨʘʤʝʪʨʣʘʨʠ ˄ʨʛʘʥʠʣʛʘʥ ״ʘʤʜʘ פʦʟʦסʠʩʪʦʥ ʨʝʩʧʫʙʣʠʢʘʩʠ 

ʂʘʨʘʛʘʥʜʘ ʫʥʠʚʝʨʩʠʪʝʪʠ ʦʣʠʤʠ ʅ.ʍ.ʀʙʨʘʝʚ ʪʦʤʦʥʠʜʘʥ ʷʥʛʠ ʪʫʨʜʘʛʠ ץʫʸʰ 

ʵʣʝʤʝʥʪʣʘʨʠʥʠʥʛ ʦʧʪʠʢ ʭʦʩʩʘʣʘʨʠʥʠ ˄ʨʛʘʥʠʰ ʙ˄ʡʠʯʘ ʠʣʤʠʡ ʠʟʣʘʥʠʰʣʘʨ ʦʣʠʙ 

ʙʦʨʠʣʤʦץʜʘ. 

ɶʟʙʝʢʠʩʪʦʥʣʠʢ ʤʘʰ״ʫʨ ʘʢʘʜʝʤʠʢʣʘʨ: ʄ.ʉ.ʉʘʠʜʦʚ, ʈ.ɸ.ʄʫʤʠʥʦʚ, ʄ.ʂ. 

ɹʘʭʘʜʠʨʭʘʥʦʚ ʚʘ ʉ.ɿ.ɿʘʡʥʦʙʠʜʜʠʥʦʚ ʠʣʤʠʡ ʤʘʢʪʘʙʣʘʨʠʜʘ ״ʘʤʜʘ 

ʧʨʦʬʝʩʩʦʨʣʘʨ: ʄ.ʊʫʨʩʫʥʦʚ, ʈ.ɸʣʠʝʚ ʚʘ ʈ.ʀʢʨʘʤʦʚʣʘʨ   ʪʦʤʦʥʠʜʘʥ 

ʤʦʥʦʢʨʠʩʪʘʣʣ, ʧʦʣʠʢʨʠʩʪʘʣʣ ʚʘ ʘʤʦʨʬ ʷʨʠʤ˄ʪʢʘʟʛʠʯ ʘʩʦʩʣʠ פʕʣʘʨʠʥʠʥʛ 

ʩʘʤʘʨʘʜʦʨʣʠʛʠʥʠ ʦʰʠʨʠʰ ʙʦʨʘʩʠʜʘ ʢ˄ʧʣʘʙ ʠʣʤʠʡ ʠʟʣʘʥʠʰʣʘʨ ʘʤʘʣʛʘ 

ʦʰʠʨʠʣʛʘʥ. ɹʠʨʦ״ ץʦʟʠʨʛʠ ʢʫʥʛʘ ץʘʜʘʨ ɶʟʙʝʢʠʩʪʦʥ ʈʝʩʧʫʙʣʠʢʘʩʠʜʘ 

ʷʨʠʤ˄ʪʢʘʟʛʠʯ ״ʦʩʩʘʩʠʛʘ ʵʛʘ TiO2 ʘʩʦʩʠʜʘʛʠ ʙ˄ʸץʣʠ ʢ˄ʧ ץʘʪʣʘʤʣʠ 



7 

 

ʩʪʨʫʢʪʫʨʘʣʘʨʜʘʥ ʪʘʰʢʠʣ ʪʦʧʛʘʥ ץʫʸʰ ʵʣʝʤʝʥʪʣʘʨʠʥʠʥʛ ʵʣʝʢʪʨʦʬʠʟʠʢ 

ʭʫʩʫʩʠʷʪʣʘʨʠ, ʠʰʣʘʰ ʧʨʠʥʮʠʧʠ ʚʘ ʪʘʡʸʨʣʘʰ ʪʝʭʥʦʣʦʛʠʷʩʠ ʙ˄ʡʠʯʘ ʠʣʤʠʡ 

ʠʟʣʘʥʠʰʣʘʨ ʦʣʠʙ ʙʦʨʠʣʤʘʛʘʥ. 

ɼʠʩʩʝʨʪʘʮʠʷ ʪʘʜץʠץʦʪʥʠʥʛ ʜʠʩʩʝʨʪʘʮʠʷ ʙʘʞʘʨʠʣʛʘʥ ʦʣʠʡ ʪʘʲʣʠʤ 

ʸʢʠ ʠʣʤʠʡ-ʪʘʜץʠץʦʪ ʤʫʘʩʩʘʩʘʩʠʥʠʥʛ ʠʣʤʠʡ-ʪʘʜץʠץʦʪ ʠʰʣʘʨʠ ʨʝʞʘʣʘʨʠ 

ʙʠʣʘʥ ʙʦסʣʠץʣʠʛʠ. ɼʠʩʩʝʨʪʘʮʠʷ ʪʘʜץʠץʦʪʠ ʅʘʤʘʥʛʘʥ ʤʫ״ʘʥʜʠʩʣʠʢ 

ʪʝʭʥʦʣʦʛʠʷ ʠʥʩʪʠʪʫʪʠ ʚʘ ʄʘʣʘʡʟʠʷʥʠʥʛ ñMALAYAò ʫʥʠʚʝʨʩʠʪʝʪʠ ˄ʨʪʘʩʠʜʘʛʠ 

ʭʘʤʢʦʨʣʠʢ ʰʘʨʪʥʦʤʘʩʠʛʘ ʘʩʦʩʘʥ  ʄʘʣʘʡʟʠʷʥʠʥʛ ñMALAYAò  ʫʥʠʚʝʨʩʠʪʝʪʠ 

ñʌʠʟʠʢʘò ʬʘʢʫʣʴʪʝʪʠ ʀʦʥ ʤʘʨʢʘʟʠ ʠʣʤʠʡ-ʪʘʜץʠץʦʪ ʨʝʞʘʩʠʥʠʥʛ (No. FG029-

17AFR) ʚʘ  (FRGS  054-2014A) ʨʘץʘʤʣʠ ñɹ˄ʸץ ʩʝʟʛʠʨ ץʫʸʰ ״ʫʞʘʡʨʘʩʠʥʠ 

ʪʘʡʸʨʣʘʰ ʫʩʫʣʠ ʚʘ ʫʣʘʨʥʠʥʛ ʬʦʪʦʚʦʣʪʘʠʢ ʭʫʩʫʩʠʷʪʣʘʨʠò ʤʘʚʟʫʩʠʜʘʛʠ ʠʣʤʠʡ-

ʪʘʜץʠץʦʪ ʣʦʡʠ״ʘʣʘʨʠ ʜʦʠʨʘʩʠʜʘ ʙʘʞʘʨʠʣʛʘʥ. 

ʊʘʜץʠץʦʪʥʠʥʛ ʤʘץʩʘʜʠ ʷʨʠʤ˄ʪʢʘʟʛʠʯ ʭʦʩʩʘʩʠʛʘ ʵʛʘ TiO2 ʘʩʦʩʠʜʘʛʠ 

ʙ˄ʸץʣʠ ʢ˄ʧ ץʘʪʣʘʤʣʠ ʩʪʨʫʢʪʫʨʘʣʘʨʜʘʥ ʪʘʰʢʠʣ ʪʦʧʛʘʥ ץʫʸʰ ʵʣʝʤʝʥʪʣʘʨʠʥʠ 

ʠʰʣʘʙ ʯʠץʘʨʠʰ ʪʝʭʥʦʣʦʛʠʷʩʠʥʠ ʷʨʘʪʠʰ, ʫʣʘʨʥʠʥʛ ʵʣʝʢʪʨʦʬʠʟʠʢ, 

ʬʦʪʦʵʣʝʢʪʨʠʢ ʚʘ ʬʦʪʦʛʘʣʴʚʘʥʠʢ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʣʘʨʠʥʠ ״ʘʤʜʘ ʵʣʝʢʪʨʦʣʠʪʜʘʛʠ 

ʟʘʨʷʜ ʪʘʰʫʚʯʠʣʘʨʥʠʥʛ ʵʣʝʢʪʨʦʬʠʟʠʢ ʧʘʨʘʤʝʪʨʣʘʨʠʥʠ ʪʝʤʧʝʨʘʪʫʨʘʛʘ 

ʙʦסʣʠץʣʠʛʠʥʠ ʘʥʠץʣʘʰʜʘʥ ʠʙʦʨʘʪ. 
ʊʘʜץʠץʦʪʥʠʥʛ ʚʘʟʠʬʘʣʘʨʠ: 

TiO2 ʘʩʦʩʠʜʘʛʠ ʙ˄ʸץʣʠ ʢ˄ʧ ץʘʪʣʘʤʣʠ ʩʪʨʫʢʪʫʨʘʣʘʨʜʘʥ ʪʘʰʢʠʣ ʪʦʧʛʘʥ 

 ʫʸʰ ʵʣʝʤʝʥʪʣʘʨʠʥʠʥʛ ʷʥʛʠ, ʦʧʪʠʤʘʣ ʪʘʨʢʠʙʠʡ ʪʫʟʠʣʤʘʣʘʨʠʥʠ ʷʨʘʪʠʰ ʚʘץ

ʪʘʜץʠץ ץʠʣʠʰ; 

TiO2 ʘʩʦʩʠʜʘʛʠ ʙ˄ʸץʣʠ ʢ˄ʧ ץʘʪʣʘʤʣʠ ʩʪʨʫʢʪʫʨʘʣʘʨʜʘʥ ʪʘʰʢʠʣ ʪʦʧʛʘʥ 

 ʫʸʰ ʵʣʝʤʝʥʪʣʘʨʠʥʠʥʛ ʵʣʝʢʪʨʦʣʠʪʣʘʨʠʜʘʛʠ ʟʘʨʷʜ ʪʘʰʫʚʯʠʣʘʨʥʠʥʛץ

ʵʣʝʢʪʨʦʬʠʟʠʢ ʧʘʨʘʤʝʪʨʣʘʨʠʥʠ ״ʘʨʦʨʘʪʛʘ ʙʦסʣʘʥʠʰʠʥʠ ʪʘʜץʠץ ץʠʣʠʰ; 

ʵʣʝʢʪʨʦʣʠʪ ʘʩʦʩʣʠ ʶץʦʨʠ ʩʝʟʛʠʨ ʙ˄ʸץʣʠ ץʫʸʰ ʵʣʝʤʝʥʪʣʘʨʠʥʠʥʛ 

ʵʣʝʢʪʨʦʬʠʟʠʢ, ʬʦʪʦʵʣʝʢʪʨʠʢ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʣʘʨʠʥʠ ʚʘ ʫʣʘʨʥʠ ʵʣʝʢʪʨʦʣʠʪ 

ʪʘʨʢʠʙʠʛʘ ʙʦסʣʘʥʠʰʠʥʠ ʪʘʜץʠץ ץʠʣʠʰ; 

TiO2 ʘʩʦʩʠʜʘʛʠ ʙ˄ʸץʣʠ ʢ˄ʧ ץʘʪʣʘʤʣʠ ʩʪʨʫʢʪʫʨʘʣʘʨʜʘʥ ʪʘʰʢʠʣ ʪʦʧʛʘʥ 

 .ʣʘʰץʫʸʰ ʵʣʝʤʝʥʪʣʘʨʠʥʠʥʛ ʦʧʪʠʤʘʣ ʠʰ ʨʝʞʠʤʠʥʠ ʘʥʠץ

ʊʘʜץʠץʦʪʥʠʥʛ ʦʙʲʝʢʪʠ ʩʠʬʘʪʠʜʘ  ʗʨʠʤ˄ʪʢʘʟʛʠʯ ʘʩʦʩʣʠ ʶץʦʨʠ ʩʝʟʛʠʨ 

ʙ˄ʸץʣʠ ץʫʸʰ ʵʣʝʤʝʥʪʣʘʨʠ; ʦʨʛʘʥʠʢ ʷʨʠʤ˄ʪʢʘʟʛʠʯʣʠ ʩʫʶץ ʚʘ ʛʝʣʴ- ʧʦʣʠʤʝʨ 

ʵʣʝʢʪʨʦʣʠʪʣʘʨ; ʇʦʣʠʵʪʠʣʝʥʦʢʩʠʜ (PEO), ʵʪʠʣʝʥ ʢʘʨʙʦʥʘʪ (EC), ʧʨʦʧʠʣʝʥ 

ʢʘʨʙʦʥʘʪ (PC), ʪʝʪʨʦʧʨʦʧʠʣʘʤʤʦʥʠʡʦʜʠʜ (TPAI), ʡʦʜ (I2), ʚʘ 

ʜʠʤʝʪʠʣʬʦʨʤʦʤʠʜ (DMF) ʦʣʠʥʛʘʥ. 

ʊʘʜץʠץʦʪʥʠʥʛ ʧʨʝʜʤʝʪʠ TiO2 ʘʩʦʩʠʜʘʛʠ ʙ˄ʸץʣʠ ʢ˄ʧ ץʘʪʣʘʤʣʠ 

ʩʪʨʫʢʪʫʨʘʣʘʨʜʘʥ ʪʘʰʢʠʣ ʪʦʧʛʘʥ ץʫʸʰ ʵʣʝʤʝʥʪʣʘʨʠʥʠʥʛ ʵʣʝʢʪʨʦʬʠʟʠʢ ʚʘ 

ʬʦʪʦʵʣʝʢʪʨʠʢ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʣʘʨʠ, ʫʣʘʨʥʠ ʪʘʡʸʨʣʘʰ ʪʝʭʥʦʣʦʛʠʷʣʘʨʠ, ״ʘʤʜʘ 

ʦʧʪʠʤʘʣʣʘʰʪʠʨʠʰ ʫʩʫʣʣʘʨʠʜʘʥ ʠʙʦʨʘʪ. 

ʊʘʜץʠץʦʪʥʠʥʛ ʫʩʫʣʣʘʨʠ. ɼʠʩʩʝʨʪʘʮʠʷʜʘ DSSC ץʫʸʰ ʵʣʝʤʝʥʪʠ 

ʵʣʝʢʪʨʦʣʠʪʣʘʨʠʜʘʛʠ ʟʘʨʷʜ ʪʘʰʫʚʯʠʣʘʨʥʠ  ʵʣʝʢʪʨʦʬʠʟʠʢ ʧʘʨʘʤʝʪʨʣʘʨʠʥʠ 

ʘʥʠץʣʘʰʜʘ ʠʤʧʝʜʘʥʩ ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʫʩʫʣʠʜʘʥ, ʤʦʜʫʣʷʮʠʷʣʘʥʛʘʥ ʬʦʪʦʪʦʢ 

ʠʥʪʝʥʩʠʚʣʠʛʠ ʩʧʝʢʪʨʦʩʢʦʧʠʷʩʠʜʘʥ (IMPS- Intensity modulated photocurrent 

spectroscopy) ״ʘʤʜʘ ʤʦʜʫʣʷʮʠʷʣʘʥʛʘʥ ʬʦʪʦʢʫʯʣʘʥʠʰ ʠʥʪʝʥʩʠʚʣʠʛʠ 

ʩʧʝʢʪʨʦʩʢʦʧʠʷʩʠ (IMVS- Intensity modulated photovoltage spectroscopy) 



8 

 

ʫʩʫʣʣʘʨʠʜʘʥ ״ʘʤʜʘ  ץʫʸʰ ʵʣʝʤʝʥʪʠʛʘ ʪʫʰʫʚʯʠ ʬʦʪʦʥʣʘʨʥʠʥʛ ʬʦʪʦʪʦʢʢʘ 

ʘʡʣʘʥʠʰ ʩʘʤʘʨʘʜʦʨʣʠʛʠʥʠ (IPCE- Incident photon to current conversion 

efficiency) ˄ʣʯʘʰ ʢʘʙʠ ʫʩʫʣʣʘʨʜʘʥ ʬʦʡʜʘʣʘʥʠʣʛʘʥ.  

ʊʘʜץʠץʦʪʥʠʥʛ ʠʣʤʠʡ ʷʥʛʠʣʠʛʠ ץʫʡʠʜʘʛʠʣʘʨʜʘʥ ʠʙʦʨʘʪ: 

ʠʣʢ ʙʦʨ ʷʨʠʤ˄ʪʢʘʟʛʠʯ ʭʦʩʩʘʩʠʛʘ ʵʛʘ TiO2 ʘʩʦʩʠʜʘʛʠ ʙ˄ʸץʣʠ ʢ˄ʧ ץʘʪʣʘʤʣʠ 

ʩʪʨʫʢʪʫʨʘʣʘʨʜʘʥ ʪʘʰʢʠʣ ʪʦʧʛʘʥ ʚʘ ʪʘʨʢʠʙʠʜʘ TPAI ʪʫʟʠ ״ʘʤʜʘ I2 (ʡʦʜ) ʙ˄ʣʛʘʥ 

 ʫʸʰ ʵʣʝʤʝʥʪʣʘʨʠʥʠʥʛ ʷʥʛʠ ʪʫʨʣʘʨʠʥʠ ʪʘʡʸʨʣʘʰ ʪʝʭʥʦʣʦʛʠʷʩʠ ʠʰʣʘʙץ

ʯʠץʠʣʛʘʥ; 

TiO2 ʘʩʦʩʠʜʘʛʠ ʙ˄ʸץʣʠ ʢ˄ʧ ץʘʪʣʘʤʣʠ ʩʪʨʫʢʪʫʨʘʣʘʨʜʘʥ ʪʘʰʢʠʣ ʪʦʧʛʘʥ 

 ʫʸʰ ʵʣʝʤʝʥʪʣʘʨʠʥʠʥʛ ʬʦʪʦʛʘʣʴʚʘʥʠʢ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʣʘʨʠ ï ʬʦʪʦʚʦʣʴʪ-ʘʤʧʝʨץ

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʩʠʥʠʥʛ ʪ˄ʣʜʠʨʠʰ ʢʦʵʬʬʠʮʠʝʥʪʠ (ff), ʢʫʯʣʘʥʠʰ (Umax), ʪʦʢ 

ʟʠʯʣʠʛʠ (Imax), ץʫʚʚʘʪʥʠʥʛ (Pmax) ʵʬʬʝʢʪʠʚ ץʠʡʤʘʪʣʘʨʠ ʚʘ ץʫʸʰ 

ʵʣʝʤʝʥʪʣʘʨʠʥʠʥʛ ʬʦʡʜʘʣʠ ʠʰ ʢʦʵʬʬʠʮʠʝʥʪʣʘʨʠ (h) ʘʥʠץʣʘʥʛʘʥ;  

ʩʫʶץ ʵʣʝʢʪʨʦʣʠʪ ʘʩʦʩʣʠ פʕ ʣʘʨʠ ʬʦʡʜʘʣʠ ʠʰ ʢʦʵʬʬʠʮʠʝʥʪʠʥʠʥʛ ʵʥʛ 

ʶץʦʨʠ ץʠʡʤʘʪʠ 6,74%, ʛʝʣ-ʧʦʣʠʤʝʨ ʵʣʝʢʪʨʦʣʠʪ ʘʩʦʩʣʠ פʕ ʣʘʨʠʥʠʥʛ ʬʦʡʜʘʣʠ 

ʠʰ ʢʦʵʬʬʠʮʠʝʥʪʠ ʵʩʘ 5,5% ʵʢʘʥʣʠʛʠ ʘʥʠץʣʘʥʛʘʥ; 

ʠʣʢ ʙʦʨ TiO2 ʘʩʦʩʠʜʘʛʠ ʙ˄ʸץʣʠ ʢ˄ʧ ץʘʪʣʘʤʣʠ ʩʪʨʫʢʪʫʨʘʣʘʨʜʘʥ ʪʘʰʢʠʣ 

ʪʦʧʛʘʥ ץʫʸʰ ʵʣʝʤʝʥʪʣʘʨʠʜʘʥ ɶʟʙʝʢʠʩʪʦʥ ʠץʣʠʤ ʰʘʨʦʠʪʠʜʘ ʬʦʡʜʘʣʘʥʠʰ 

ʤʘץʩʘʜʠʜʘ, ״ʘʨʦʨʘʪʥʠʥʛ -30õ100Áʉ ʠʥʪʝʨʚʘʣʠʜʘ פʕ ʣʘʨʠʥʠʥʛ ʪʫʨסʫʥ ״ʦʣʘʪʜʘ 

ʠʰʣʘʰʠ ʘʥʠץʣʘʥʛʘʥ; 

ʠʣʢ ʙʦʨ ʶץʦʨʠ ʩʝʟʛʠʨ ʙ˄ʸץʣʠ ץʫʸʰ ʵʣʝʤʝʥʪʣʘʨʠʜʘ TPAI ʪʫʟʠ ʤʠץʜʦʨʠ 

ʦʨʪʠʰʠ ʙʠʣʘʥ ʵʣʝʢʪʨʦʣʠʪʜʘʛʠ ʵʨʢʠʥ ʠʦʥʣʘʨ ʢʦʥʮʝʥʪʨʘʮʠʷʩʠ, ʜʠʬʬʫʟʠʷ 

ʢʦʵʬʠʮʠʝʥʪʠ ״ʘʤʜʘ ʠʦʥ ˄ʪʢʘʟʫʚʯʘʥʣʠʛʠʥʠʥʛ ʦʨʪʠʰʠ ʚʘ ʙʫʥʠʥʛ ʥʘʪʠʞʘʩʠʜʘ 

 ʕ ʥʠʥʛ ʩʘʤʘʨʘʜʦʨʣʠʛʠ ʜʝʷʨʣʠ 2 ʤʘʨʪʘ ʦʨʪʠʙ, 3,29 ʜʘʥ 6,74 ʛʘʯʘ ʝʪʠʰʠפ

ʘʥʠץʣʘʥʛʘʥ. 

ʊʘʜץʠץʦʪʥʠʥʛ ʘʤʘʣʠʡ ʥʘʪʠʞʘʣʘʨʠ ץʫʡʠʜʘʛʠʣʘʨʜʘʥ ʠʙʦʨʘʪ: 

ʷʨʠʤ˄ʪʢʘʟʛʠʯ ʭʦʩʩʘʩʠʛʘ ʵʛʘ TiO2 ʘʩʦʩʠʜʘʛʠ ʙ˄ʸץʣʠ ʢ˄ʧ ץʘʪʣʘʤʣʠ 

ʩʪʨʫʢʪʫʨʘʣʘʨʜʘʥ ʪʘʰʢʠʣ ʪʦʧʛʘʥ ץʫʸʰ ʵʣʝʤʝʥʪʣʘʨʠʥʠ ʬʦʪʦʛʘʣʴʚʘʥʠʢ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʣʘʨʠ ʘʥʠץʣʘʥʛʘʥ; 

 ʶץʦʨʠ ʩʝʟʛʠʨ ʙ˄ʸץʣʠ ץʫʸʰ ʵʣʝʤʝʥʪʣʘʨʠʥʠ ʪʘʡʸʨʣʘʰ ʫʩʫʣʠ ˄ʨʛʘʥʠʣʛʘʥ ʚʘ 

ʷʨʘʪʠʣʛʘʥ, ʰʫʥʠʥʛʜʝʢ ʷʥʛʠ ʘʚʣʦʜ ץʫʸʰ ʵʣʝʤʝʥʪʣʘʨʠ ɶʟʙʝʢʠʩʪʦʥ ʠץʣʠʤʠʛʘ 

ʤʦʩʣʘʰʪʠʨʠʣʛʘʥ. 

ʊʘʜץʠץʦʪ ʥʘʪʠʞʘʣʘʨʠʥʠʥʛ ʠʰʦʥʯʣʠʣʠʛʠ ʦʣʠʙ ʙʦʨʠʣʛʘʥ 

ʪʘʞʨʠʙʘʣʘʨʥʠʥʛ ʫʩʣʫʙʠʡ ʞʠ״ʘʪʜʘʥ ʩʠʥʘʣʛʘʥ, ʤʘʪʝʤʘʪʠʢ ʩʪʘʪʠʩʪʠʢʘ 

ʫʩʫʣʣʘʨʠʜʘʥ ʬʦʡʜʘʣʘʥʠʣʛʘʥʠ ʚʘ ʪʘʞʨʠʙʘʣʘʨ ʜʘʚʦʤʠʜʘ ״ʘʣץʘʨʦ ʪʘʥ ʦʣʠʥʛʘʥ 

ʤʝʪʦʜʣʘʨʜʘʥ ʬʦʡʜʘʣʘʥʠʣʛʘʥʣʠʛʠ ״ʘʤʜʘ ʪʘʞʨʠʙʘʜʘ ʘʥʠץʣʘʥʛʘʥ ʧʘʨʘʤʝʪʨʣʘʨʥʠ 

ʥʘʟʘʨʠʡ ״ʠʩʦʙʣʘʥʛʘʥ ʚʘ ʘʜʘʙʠʸʪʣʘʨʜʘ ʤʘʚʞʫʜ ʥʘʪʠʞʘʣʘʨʛʘ ʤʦʩ ʪʫʰʠʰʠ ʙʠʣʘʥ 

ʘʩʦʩʣʘʥʘʜʠ. 

ʊʘʜץʠץʦʪ ʥʘʪʠʞʘʣʘʨʠʥʠʥʛ ʠʣʤʠʡ ʚʘ ʘʤʘʣʠʡ ʘ״ʘʤʠʷʪʠ. ʊʘʜץʠץʦʪ 

ʥʘʪʠʞʘʣʘʨʠʥʠʥʛ ʠʣʤʠʡ ʘ״ʘʤʠʷʪʠ ʷʨʠʤ˄ʪʢʘʟʛʠʯ ʭʦʩʩʘʩʠʛʘ ʵʛʘ TiO2 ʘʩʦʩʠʜʘʛʠ 

ʙ˄ʸץʣʠ ʢ˄ʧ ץʘʪʣʘʤʣʠ ʩʪʨʫʢʪʫʨʘʣʘʨʜʘʥ ʪʘʰʢʠʣ ʪʦʧʛʘʥ ץʫʸʰ ʵʣʝʤʝʥʪʣʘʨʠʥʠ 

ʵʣʝʢʪʨʦʬʠʟʠʢ ʚʘ ʦʧʪʠʢ ״ʫʩʫʩʠʷʪʣʘʨʠʥʠ ʪʘʜץʠץ ʵʪʠʰ ״ʘʤʜʘ ʬʦʪʦʛʘʣʚʘʥʠʢ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʣʘʨʠʥʠ ʤʦʜʜʘ ʢʦʥʮʝʥʪʨʘʮʠʷʩʠʛʘ ʙʦסʣʠץʣʠʛʠʥʠ ˄ʨʛʘʥʠʰ ץʫʸʰ 

ʵʣʝʤʝʥʪʣʘʨʠ ʩʘʤʘʨʘʜʦʨʣʠʛʠʥʠ ʦʰʠʨʠʰʥʠʥʛ ʥʘʟʘʨʠʡ ʘʩʦʩʣʘʨʠʥʠ 

ʨʠʚʦʞʣʘʥʪʠʨʠʰ ʠʤʢʦʥʣʘʨʠʥʠ ʢ˄ʨʩʘʪʠʰʜʘʥ ʠʙʦʨʘʪ. 
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ʊʘʜץʠץʦʪ ʥʘʪʠʞʘʣʘʨʠʥʠʥʛ ʘʤʘʣʠʡ ʘ״ʘʤʠʷʪʠ ʪʘʥʥʘʨʭʠ ʘʨʟʦʥ  ʚʘ  ʠʰʣʘʙ 

ʯʠץʘʨʠʰ ʪʝʭʥʦʣʦʛʠʷʩʠ ץʫʣʘʡ ʙ˄ʣʛʘʥ  ʷʨʠʤ˄ʪʢʘʟʛʠʯ ʭʦʩʩʘʩʠʛʘ ʵʛʘ TiO2 

ʘʩʦʩʠʜʘʛʠ ʙ˄ʸץʣʠ ʢ˄ʧ ץʘʪʣʘʤʣʠ ʩʪʨʫʢʪʫʨʘʣʘʨʜʘʥ ʪʘʰʢʠʣ ʪʦʧʛʘʥ ץʫʸʰ 

ʵʣʝʤʝʥʪʣʘʨʠʥʠ ʪʘʡʸʨʣʘʰ ʪʝʭʥʦʣʦʛʠʷʩʠʥʠ ʘʤʘʣʠʸʪʛʘ ʪʘʜʙʠץ ʵʪʠʰ ״ʘʤʜʘ 

ɶʟʙʝʢʠʩʪʦʥ ʠץʣʠʤ ʰʘʨʦʠʪʠʛʘ ʤʦʩʣʘʰʪʠʨʠʰ, ʤʘ״ʘʣʣʠʡʣʘʰʪʠʨʠʰ  

ʤʫʤʢʠʥʣʠʛʠʥʠ ʢ˄ʨʩʘʪʠh ʜʘʥ ʠʙʦʨʘʪ. 

ʊʘʜץʠץʦʪ ʥʘʪʠʞʘʣʘʨʠʥʠʥʛ ʞʦʨʠʡ ץʠʣʠʥʠʰʠ. 

ʗʨʠʤ˄ʪʢʘʟʛʠʯ ʭʦʩʩʘʩʠʛʘ ʵʛʘ TiO2 ʘʩʦʩʠʜʘʛʠ ʙ˄ʸץʣʠ ʢ˄ʧ ץʘʪʣʘʤʣʠ 

ʩʪʨʫʢʪʫʨʘʣʘʨʜʘʥ ʪʘʰʢʠʣ ʪʦʧʛʘʥ ץʫʸʰ ʵʣʝʤʝʥʪʣʘʨʠʥʠ ʬʦʪʦʛʘʣʴʚʘʥʠʢ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʣʘʨʠʥʠ ʚʘ ʫʣʘʨʥʠ  ʪʘʡʸʨʣʘʰ ʫʩʫʣʠʥʠ ʪʘʜץʠץ ץʠʣʠʰʜʘ ʦʣʠʥʛʘʥ 

ʠʣʤʠʡ ʥʘʪʠʞʘʣʘʨ ʘʩʦʩʠʜʘ: 

ʣɻʝʢʪʨʦʢʠʤʸʚʠʡ ʠʤʧʝʜʘʥʩ ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʫʩʫʣʠʜʘʥ ʩʫʶץ ʵʣʝʢʪʨʦʣʠʪʣʘʨ, 

ʢʦʥʜʝʥʩʘʪʣʘʥʛʘʥ ʪʫʟʣʘʨ, ʠʦʥ˄ʪʢʘʟʫʚʯʠ ʧʦʣʠʤʝʨʣʘʨ ʚʘ ʰʠʰʘʣʘʨʥʠʥʛ ʠʦʥ 

˄ʪʢʘʟʫʚʯʘʥʣʠʛʠʥʠ ʘʥʠץʣʘʰʜʘ ʚʘ ʫʣʘʨʜʘʛʠ ʟʘʨʷʜ ʪʘʰʫʚʯʠʣʘʨ ʢʦʥʮʝʥʪʨʘʮʠʷʩʠ, 

 ʠʩʦʙʣʘʰ çʌʦʪʦʥè״ ʘʤʜʘ ʜʠʬʬʫʟʠʷ ʢʦʵʬʬʠʮʠʝʥʪʠʥʠ״ ʘʨʘʢʘʪʯʘʥʣʠʛʠ״

ʘʢʮʠʷʜʦʨʣʠʢ ʞʘʤʠʷʪʠʜʘ ץʫʸʰ ʵʣʝʤʝʥʪʣʘʨʠʥʠʥʛ ʥʘʤʫʥʘʣʘʨʠ ʠʰʣʘʙ ʯʠץʠʰʜʘ 

ʬʦʡʜʘʣʘʥʠʣʛʘʥ (çɶʟʵʣʪʝʭʩʘʥʦʘʪè ʘʢʮʠʷʜʦʨʣʠʢ ʢʦʤʧʘʥʠʷʩʠʥʠʥʛ 2020 ʡʠʣ 19 

ʦʢʪʷʙʨʜʘʛʠ 04-1/1922 cʦʥ ʤʘʲʣʫʤʦʪʥʦʤʘʩʠ). ʀʣʤʠʡ ʥʘʪʠʞʘʣʘʨʜʘʥ 

ʬʦʡʜʘʣʘʥʠʰ ʷʨʠʤ˄ʪʢʘʟʛʠʯʣʠ ʵʣʝʢʪʨʦʥ ץʫʨʠʣʤʘʣʘʨ ʠʰʣʘʙ ʯʠץʘʨʠʰ ʠʤʢʦʥʠʥʠ 

ʙʝʨʛʘʥ; 

 ʕ ʵʣʝʢʪʨʦʣʠʪʠ ʪʘʨʢʠʙʠʜʘ TPAI ʪʫʟʠ ʙ˄ʣʛʘʥ ʷʨʠʤ˄ʪʢʘʟʛʠʯ ʭʦʩʩʘʩʠʛʘ ʵʛʘפ

TiO2 ʘʩʦʩʠʜʘʛʠ ʙ˄ʸץʣʠ ʢ˄ʧ ץʘʪʣʘʤʣʠ ʩʪʨʫʢʪʫʨʘʣʘʨʜʘʥ ʪʘʰʢʠʣ ʪʦʧʛʘʥ ץʫʸʰ 

ʵʣʝʤʝʥʪʣʘʨʠʥʠʥʛ ʘʥʠץʣʘʥʛʘʥ ʵʣʝʢʪʨʦʬʠʟʠʢ ʚʘ ʦʧʪʠʢ ʧʘʨʘʤʝʪʨʣʘʨʠʥʠ TPAI 

ʪʫʟʠ ʢʦʥʮʝʥʪʨʘʮʠʷʩʠʛʘ ʚʘ ʪʝʤʧʝʨʘʪʫʨʘʛʘ ʙʦסʣʠץʣʠʛʠ ʙʦʨʘʩʠʜʘʛʠ ʪʘʜץʠץʦʪ 

ʥʘʪʠʞʘʣʘʨʠʜʘʥ ʄʘʣʘʡʟʠʷʥʠʥʛ ñMALAYAò ʫʥʠʚʝʨʩʠʪʝʪʠ ñʀʦʥ ʤʘʨʢʘʟʠò 

ʠʣʤʠʡ ʣʘʙʦʨʘʪʦʨʠʷʩʠʜʘ DSSCʣʘʨʥʠʥʛ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʣʘʨʠʥʠ ʪʘʜץʠץ ʵʪʠʰʜʘ 

 ʘʤʣʠץʘʨʦ ʀʩʣʦʤ ʋʥʠʚʝʨʩʠʪʝʪʠʜʘ FRGSï039ï0647 ʨʘץʘʤʜʘ ʄʘʣʘʡʟʠʷ ʭʘʣ״

ʠʣʤʠʡ ʛʨʘʥʪʣʘʨʜʘ ʬʦʡʜʘʣʘʥʠʣʛʘʥ (ñMALAYAò ʫʥʠʚʝʨʩʠʪʝʪʠʥʠʥʛ 17.08.2020 

ʡʠʣʜʘʛʠ ʚʘ ʄʘʣʘʡʟʠʷ ʭʘʣץʘʨʦ ʀʩʣʦʤ ʋʥʠʚʝʨʩʠʪʝʪʠʥʠʥʛ 30.08.2020 ʡʠʣʜʘʛʠ 

0820-KOE-52 ʨʘץʘʤʣʠ ʤʘʲʣʫʤʦʪʥʦʤʘʣʘʨʠ). ʀʣʤʠʡ ʥʘʪʠʞʘʣʘʨʜʘʥ ʬʦʡʜʘʣʘ-

ʥʠ hDSSC ʣʘʨʠʥʠʥʛ ʩʘʤʘʨʘʜʦʨʣʠʛʠʥʠ ʵʣʝʢʪʨʦʣʠʪ ʪʘʨʢʠʙʠʜʘʛʠ ʪʫʟ ʤʠץʜʦʨʠʛʘ 

ʙʦסʣʠץʣʠʛʠʥʠ ʘʥʠץʣʘʰ, ʫʣʘʨʜʘʥ ʷʥʛʠ ʪʫʨʜʘʛʠ פʕ ʥʠ ʷʨʘʪʠʰ ʠʤʢʦʥʠʥʠ ʙʝʨʛʘʥ.  

ʊʘʜץʠץʦʪ ʥʘʪʠʞʘʣʘʨʠʥʠʥʛ ʘʧʨʦʙʘʮʠʷʩʠ. ɼʠʩʩʝʨʪʘʮʠʷ ʠʰʠʥʠ 

ʙʘʞʘʨʠʰʜʘʥ ʦʣʠʥʛʘʥ ʠʣʤʠʡ ʥʘʪʠʞʘʣʘʨ 4 ʪʘ ʭʘʣץʘʨʦ ʚʘ 2 ʪʘ ʨʝʩʧʫʙʣʠʢʘ ʠʣʤʠʡ-

ʘʤʘʣʠʡ ʘʥʞʫʤʘʥʣʘʨʠʜʘ ʤʘʨʫʟʘ ץʠʣʠʥʛʘʥ ʚʘ ʤʫ״ʦʢʘʤʘʜʘʥ ˄ʪʢʘʟʠʣʛʘʥ. 

ʊʘʜץʠץʦʪ ʥʘʪʠʞʘʣʘʨʠʥʠʥʛ ʵʲʣʦʥ ץʠʣʠʥʠʰʠ. ɼʠʩʩʝʨʪʘʮʠʷ ʤʘʚʟʫʩʠ 

ʙ˄ʡʠʯʘ ʞʘʤʠ 15 ʪʘ ʠʣʤʠʡ ʠʰ, ʰʫʣʘʨʜʘʥ 9 ʪʘ ʤʘץʦʣʘ ɶʟʙʝʢʠʩʪʦʥ ʈʝʩʧʫʙʣʠʢʘʩʠ 

ʆʣʠʡ ʘʪʪʝʩʪʘʮʠʷ ʢʦʤʠʩʩʠʷʩʠʥʠʥʛ ʜʦʢʪʦʨʣʠʢ ʜʠʩʩʝʨʪʘʮʠʷʣʘʨʠ ʘʩʦʩʠʡ ʠʣʤʠʡ 

ʥʘʪʠʞʘʣʘʨʠʥʠ ʯʦʧ ʵʪʠʰ ʪʘʚʩʠʷ ʵʪʠʣʛʘʥ ʠʣʤʠʡ ʥʘʰʨʣʘʨʜʘ, ʯʦʧ ʵʪʠʣʛʘʥ. 

ɼʠʩʩʝʨʪʘʮʠʷʥʠʥʛ ʪʫʟʠʣʠʰʠ ʚʘ ״ʘʞʤʠ. ɼʠʩʩʝʨʪʘʮʠʷ ʢʠʨʠʰ, ʪ˄ʨʪʪʘ ʙʦʙ, 

ʭʫʣʦʩʘ, 115 ʥʦʤʜʘʛʠ ʬʦʡʜʘʣʘʥʠʣʛʘʥ ʘʜʘʙʠʸʪʣʘʨ ʨ˄ʡʭʘʪʠ, 11 ʪʘ ʞʘʜʚʘʣ, 38 ʪʘ 

ʨʘʩʤʜʘʥ ʠʙʦʨʘʪ ʙ˄ʣʠʙ, ״ʘʞʤʠ 116 ʙʝʪʥʠ ʪʘʰʢʠʣ ʵʪʘʜʠ. 
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ɼʀʉʉɽʈʊɸʎʀʗʅʀʅɻ ɸʉʆʉʀʁ ʄɸɿʄʋʅʀ 

ʂʠʨʠʰ ץʠʩʤʠʜʘ ʜʠʩʩʝʨʪʘʮʠʷ ʤʘʚʟʫʩʠʥʠʥʛ ʜʦʣʟʘʨʙʣʠʛʠ ʚʘ ʟʘʨʫʨʘʪʠ 

ʘʩʦʩʣʘʥʛʘʥ, ʪʘʜץʠץʦʪʥʠʥʛ ʨʝʩʧʫʙʣʠʢʘ ʬʘʥ ʚʘ ʪʝʭʥʦʣʦʛʠʷʣʘʨʠ ʨʠʚʦʞʣʘʥʠ-

ʰʠʥʠʥʛ ʫʩʪʫʚʦʨ ʡ˄ʥʘʣʠʰʣʘʨʠʛʘ ʤʦʩʣʠʛʠ ʢ˄ʨʩʘʪʠʣʛʘʥ, ʤʘʚʟʫ ʙ˄ʡʠʯʘ ʭʦʨʠʞʠʡ 

ʠʣʤʠʡ-ʪʘʜץʠץʦʪʣʘʨ ʰʘʨ״ʠ ʚʘ ʤʫʘʤʤʦʥʠʥʛ ˄ʨʛʘʥʠʣʛʘʥʣʠʢ ʜʘʨʘʞʘʩʠ ʢʝʣʪʠʨʠʣ-

ʛʘʥ. ʊʘʜץʠץʦʪ ʤʘץʩʘʜʠ, ʚʘʟʠʬʘʣʘʨʠ, ʦʙʲʝʢʪʠ ʚʘ ʧʨʝʜʤʝʪʠ ʪʘʚʩʠʬʣʘʥʛʘʥ, 

ʪʘʜץʠץʦʪʥʠʥʛ ʠʣʤʠʡ ʷʥʛʠʣʠʛʠ ʚʘ ʘʤʘʣʠʡ ʥʘʪʠʞʘʣʘʨʠ ʙʘʸʥ ץʠʣʠʥʛʘʥ, ʦʣʠʥʛʘʥ 

ʥʘʪʠʞʘʣʘʨʥʠʥʛ ʥʘʟʘʨʠʡ ʚʘ ʘʤʘʣʠʡ ʘ״ʘʤʠʷʪʠ ʦʯʠʙ ʙʝʨʠʣʛʘʥ, ʪʘʜץʠץʦʪ ʥʘʪʠʞʘ-

ʣʘʨʠʥʠʥʛ ʞʦʨʠʡ ץʠʣʠʥʠʰʠ, ʥʘʰʨ ʵʪʠʣʛʘʥ ʠʰʣʘʨ ʚʘ ʜʠʩʩʝʨʪʘʮʠʷ ʪʫʟʠʣʠʰʠ 

ʙ˄ʡʠʯʘ ʤʘʲʣʫʤʦʪʣʘʨ ʙʝʨʠʣʛʘʥ.  

ɼʠʩʩʝʨʪʘʮʠʷʥʠʥʛ çʗʥʛʠ ʘʚʣʦʜ ʢ˄ʧ ץʘʪʣʘʤʣʠ ʩʪʨʫʢʪʫʨʘʣʘʨè ʜʝʙ 

ʥʦʤʣʘʥʛʘʥ ʙʠʨʠʥʯʠ ʙʦʙʠʜʘ ʘʜʘʙʠʸʪʣʘʨʜʘ ʢʝʣʪʠʨʠʣʛʘʥ ʥʘʪʠʞʘʣʘʨ ʪʘ״ʣʠʣ 

 ʫʸʰץ ʣʠץʦʨʠ ʩʝʟʛʠʨ ʙ˄ʸץʠʣʠʥʛʘʥ. ʋʰʙʫ ʙʦʙʜʘ ʷʨʠʤ˄ʪʢʘʟʛʠʯ ʘʩʦʩʣʠ ʶץ

ʵʣʝʤʝʥʪʣʘʨʠ (DSSC- Dye sensitized solar cell)ʥʠ ʘʥʲʘʥʘʚʠʡ ʷʨʠʤ˄ʪʢʘʟʛʠʯʣʠ 

 ʫʸʰ ʵʣʝʤʝʥʪʣʘʨʠʥʠץ ʣʠ ʞʠʭʘʪʣʘʨʠ ʚʘ ʰʫ ʪʫʨʜʘʛʠץʫʸʰ ʵʣʝʤʝʥʪʣʘʨʠʜʘʥ ʬʘʨץ

ʪʫʟʠʣʠʰʠ, ʪʘʡʸʨʣʘʰ ʪʝʭʥʦʣʦʛʠʷʣʘʨʠ ״ʘʤʜʘ ʬʦʪʦʛʘʣʴʚʘʥʠʢ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʣʘʨʠʥʠ ʪʘʜץʠץ ץʠʣʠʰʜʘʥ ʢʝʣʠʙ ʯʠץʘʜʠʛʘʥ ʥʘʪʠʞʘʣʘʨ 

˄ʨʛʘʥʠʣʛʘʥ. ʗʨʠʤ˄ʪʢʘʟʛʠʯ ʘʩʦʩʣʠ DSSC ʣʘʨʜʘ ʵʨʢʠʥ ʟʘʨʷʜ ʪʘʰʫʚʯʠʣʘʨʥʠʥʛ 

 ʦʩʠʣ ʙ˄ʣʠʰ ʞʘʨʘʸʥʠ ʚʘ ʜʫʥʸ ʦʣʠʤʣʘʨʠ ʪʦʤʦʥʠʜʘʥ ˄ʨʛʘʥʠʣʛʘʥ ʵʣʝʢʪʨʦʬʠʟʠʢ״

ʧʘʨʘʤʝʪʨʣʘʨʠ ʙʠʣʘʥ ʙʠʨ ץʘʪʦʨʜʘ ץʫʸʰ ʵʣʝʤʝʥʪʠʥʠʥʛ ʘʡʨʠʤ ʬʠʟʠʢ 

ʧʘʨʘʤʝʪʨʣʘʨʠ ʪʘ״ʣʠʣʠ ʢʝʣʪʠʨʠʣʛʘʥ. ɹʫʣʘʨʜʘʥ ʢʝʣʠʙ ʯʠץץʘʥ ״ʦʣʜʘ 

ʜʠʩʩʝʨʪʘʮʠʷ ʠʰʠʥʠʥʛ ʤʘץʩʘʜ ʚʘ ʚʘʟʠʬʘʣʘʨʠ ʙʝʣʛʠʣʘʥʛʘʥ. 

ɼʠʩʩʝʨʪʘʮʠʷʥʠʥʛ ñTiO 2 ʘʩʦʩʠʜʘʛʠ ʙ˄ʸץʣʠ ʢ˄ʧ ץʘʪʣʘʤʣʠ 

ʩʪʨʫʢʪʫʨʘʣʘʨʜʘʥ ʪʘʰʢʠʣ ʪʦʧʛʘʥ ץʫʸʰ ʵʣʝʤʝʥʪʣʘʨʠʥʠʥʛ ʠʰʣʘʰ 
ʧʨʠʥʮʠʧʠ ʚʘ ʪʘʡʸʨʣʘʰ ʪʝʭʥʦʣʦʛʠʷʣʘʨʠò ʜʝʙ ʥʦʤʣʘʥʛʘʥ ʠʢʢʠʥʯʠ ʙʦʙʠʜʘ 

ʢ˄ʧ ץʘʪʣʘʤʣʠ ʪʫʟʠʣʤʘʣʘʨʜʘʥ ʠʙʦʨʘʪ ʶץʦʨʠ ʩʝʟʛʠʨ ʙ˄ʸץʣʠ פʕ ʣʘʨʠʥʠʥʛ ʠʰʣʘʰ 

ʧʨʠʥʮʠʧʠ ʢʝʣʪʠʨʠʣʛʘʥ 1-ʨʘʩʤ. ʉʫʶץ ʚʘ ʛʝʣ ʧʦʣʠʤʝʨ ʵʣʝʢʪʨʦʣʠʪʣʠ  

ʷʨʠʤ˄ʪʢʘʟʛʠʯ ʘʩʦʩʣʠ DSSC ץʫʸʰ ʵʣʝʤʝʥʪʣʘʨʠʜʘ ץ˄ʣʣʘʥʠʣʘʜʠʛʘʥ 

ʵʣʝʢʪʨʦʣʠʪʣʘʨʥʠ ʪʘʡʸʨʣʘʰ ʪʝʭʥʦʣʦʛʠʷʩʠ ʷʨʘʪʠʣʛʘʥ. ʉʫʶץ ʚʘ ʛʝʣ-ʧʦʣʠʤʝʨ 

ʵʣʝʢʪʨʦʣʠʪʣʘʨʥʠʥʛ ʟʘʨʷʜ ʪʘʰʫʚʯʠʣʘʨʠʥʠ ʜʠʬʬʫʟʠʷ ʢʦʵʬʬʠʮʝʥʪʠ, 

 ʣʘʰ ʫʯʫʥ ʵʣʝʢʪʨʦʢʠʤʸʚʠʡץʘʤʜʘ ʢʦʥʮʝʥʪʨʘʮʠʷʩʠʥʠ ʘʥʠ״ ʘʨʘʢʘʪʯʘʥʣʠʛʠ״

ʠʤʧʝʜʘʥʩ ʫʩʫʣʠʜʘʥ ʬʦʡʜʘʣʘʥʠʰ ʤʫʤʢʠʥ ʵʢʘʥʣʠʛʠ ״ʘʤʜʘ ʪʘʞʨʠʙʘ 

ʥʘʪʠʞʘʣʘʨʠʥʠ ʵʣʝʢʪʨʦʢʠʤʸʚʠʡ ʠʤʧʝʜʘʥʩ ʩʧʝʢʪʨʦʩʢʦʧʠʷʩʠ ʛʨʘʬʠʛʠʜʘʥ 

ʬʦʡʜʘʣʘʥʠʙ ʥʘʟʘʨʠʡ ״ʠʩʦʙ-ʢʠʪʦʙʣʘʨ ʙʠʣʘʥ ʩʦʣʠʰʪʠʨʠʰ ʤʫʤʢʠʥʣʠʛʠ 

ʢ˄ʨʩʘʪʠʣʛʘʥ. ʕʣʝʢʪʨʦʣʠʪʥʠʥʛ ʵʣʝʢʪʨʦʢʠʤʸʚʠʡ ʠʤʧʝʜʘʥʩ ʩʧʝʢʪʨʦʩʢʦʧʠʷʩʠ 

ʫʩʫʣʠʜʘ ʦʣʠʥʛʘʥ ʥʘʪʠʞʘʣʘʨ ʛʨʘʬʠʛʠ 2-ʨʘʩʤʜʘ ʪʘʩʚʠʨʣʘʥʛʘʥ.  

ʄʘʲʣʫʤʢʠ, ʵʣʝʢʪʨʦʣʠʪʥʠʥʛ ץʘʨʰʠʣʠʛʠ ʠʤʧʝʜʘʥʩʠʥʠʥʛ ״ʘץʠץʠʡ ʚʘ 

ʤʘʚ״ʫʤ ץʠʩʤʣʘʨʠ ץʫʡʠʜʘʛʠ ʬʦʨʤʫʣʘʣʘʨ ʦʨץʘʣʠ ʠʬʦʜʘʣʘʥʘʜʠ: 

ὤ
 

       (1) 

ʚʘ  

ὤ
 

       (2) 
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ʙʫ ʝʨʜʘ ὤ ʚʘ ὤ ʤʦʩ ʨʘʚʠʰʜʘ ʠʤʧʝʜʘʥʩʥʠʥʛ ״ʘץʠץʠʡ ʚʘ ʤʘʚ״ʫʤ ץʠʩʤʣʘʨʠ,   

ʣʘʥʘʜʠ ʷʲʥʠ ὴץʯʘʩʪʦʪʘ, ʙʫ ʠʬʦʜʘʣʘʨʜʘʛʠ p  2-ʨʘʩʤʜʘʥ ʘʥʠ 
 

.  

 
ʘ) 

 
ʙ) 

1-ʨʘʩʤ. ʘ) n ïʪʠʧ ʚʘ ʙ) p -ʪʠʧ ʷʨʠʤ˄ʪʢʘʟʛʠʯʣʠ ʶץʦʨʠ ʩʝʟʛʠʨ ʙ˄ʸץʣʠ ץʫʸʰ 

ʵʣʝʤʝʥʪʣʘʨʠʥʠʥʛ ʠʰʣʘʰ ʧʨʠʥʮʠʧʠ ʚʘ ʫʣʘʨʜʘ ʢʝʯʘʜʠʛʘʥ ʬʠʟʠʢ ʞʘʨʘʸʥʣʘʨ. 
 

 
2-ʨʘʩʤ. ʕʣʝʢʪʨʦʣʠʪʥʠʥʛ ʵʣʝʢʪʨʦʢʠʤʸʚʠʡ ʠʤʧʝʜʘʥʩ ʩʧʝʢʪʨʦʩʢʦʧʠʷʩʠ ʛʨʘʬʠʛʠ. 

 

ʀʤʧʝʜʘʥʩʥʠ ״ʘץʠץʠʡ ץʠʩʤʠ ʘʢʪʠʚ ץʘʨʰʠʣʠʢʢʘ ʪʝʥʛ ʙ˄ʣʘʜʠ, ʷʲʥʠRZ
r
= , 

ʙʫ ʢʘʪʪʘʣʠʢʥʠ ʵʣʝʢʪʨʦʣʠʪʥʠʥʛ ʵʣʝʢʪʨʦʢʠʤʸʚʠʡ ʠʤʧʝʜʘʥʩ ʩʧʝʢʪʨʦʩʢʦʧʠʷʩʠ 

ʛʨʘʬʠʛʠʜʘʥ ʬʦʡʜʘʣʘʥʠʙ ʘʥʠץʣʘʥʘʜʠ. k-ʵʩʘ ʵʣʝʢʪʨʦʣʠʪʥʠʥʛ ʵʣʝʢʪʨ ʩʠסʠʤʠʛʘ 

ʪʝʩʢʘʨʠ ʢʘʪʪʘʣʠʢ ʙ˄ʣʠʙ, ʫ 

ὅ Ὧ       (3) 

ʬʦʨʤʫʣʘʜʘʥ ʘʥʠץʣʘʥʘʜʠ. ɹʫ ʬʦʨʤʫʣʘʜʘʛʠ ‐ ʵʣʝʢʪʨʦʣʠʪʥʠʥʛ ʥʠʩʙʠʡ 

ʜʠʵʣʝʢʪʨʠʢ ʩʠʥʛʜʠʨʫʚʯʘʥʣʠʛʠ, ‐ ʵʣʝʢʪʨ ʜʦʠʤʠʡʩʠ, Ὓ ʵʣʝʢʪʨʦʣʠʪ ʚʘ ʢʦʥʪʘʢʪ 
ʯʝʛʘʨʘʣʘʨʠʥʠ ʶʟʘʩʠ, Ὠ ʵʣʝʢʪʨʦʣʠʪ ץʘʪʣʘʤʠʥʠ ץʘʣʠʥʣʠʛʠ. ʅʘʤʫʥʘʥʠʥʛ 

ʠʦʥ˄ʪʢʘʟʫʚʯʘʥʣʠʛʠ  „  ץʫʡʠʜʘʛʠ ʬʦʨʤʫʣʘ ʸʨʜʘʤʠʜʘ ״ʠʩʦʙʣʘʥʜʠ: 

    „        (4) 

ʙʫ ʝʨʜʘ l-ʵʣʝʢʪʨʦʣʠʪ ץʘʣʠʥʣʠʛʠ, R- ʵʣʝʢʪʨʦʣʠʪʥʠʥʛ ʘʢʪʠʚ ץʘʨʰʠʣʠʛʠ, S- 

ʵʣʝʢʪʨʦʣʠʪ ʶʟʘʩʠ.  


