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ɺɺɽɼɽʅʀɽ 

  

ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

 

ɻʣʦʙʘʣʴʥʦʝ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ ʚ ʥʘʯʘʣʝ XXI  ʚʝʢʘ ʥʝʫʢʣʦʥʥʦ ʨʘʩʪʸʪ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ 

ʠʩʪʦʱʝʥʠʝ ʝʩʪʝʩʪʚʝʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ ʥʝʠʟʙʝʞʥʦ. ʇʦʵʪʦʤʫ ʨʘʟʚʠʪʠʝ ʪʝʭʥʦʣʦʛʠʡ 

ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ. ʉʦʣʥʝʯʥʘʷ ʵʥʝʨʛʝʪʠʢʘ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ 

ʠʟ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʨʘʟʚʠʪʠʷ ʩʝʛʤʝʥʪʘ ʘʣʴʪʝʨʥʘʪʠʚʥʦʡ ʵʥʝʨʛʝʪʠʢʠ. 

ʀʥʜʫʩʪʨʠʷ ʩʦʣʥʝʯʥʳʭ ʙʘʪʘʨʝʡ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʳʩʪʨʦʝʥʘ ʚʦʢʨʫʛ ʪʝʭʥʦʣʦʛʠʠ ʢʨʝʤʥʠʝʚʳʭ 

ʬʦʪʦʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʦʜʣʦʞʝʢ ʨʘʟʣʠʯʥʦʡ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ ʠ 

ʛʝʪʝʨʦʩʪʨʫʢʪʫʨ ʥʘ ʠʭ ʦʩʥʦʚʝ. ʆʩʥʦʚʥʳʝ ʧʨʦʤʳʰʣʝʥʥʳʝ ʤʦʱʥʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʢʨʝʤʥʠʝʚʳʭ 

ʩʦʣʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʩʦʩʨʝʜʦʪʦʯʝʥʳ ʚ ʩʪʨʘʥʘʭ ʮʝʥʪʨʘʣʴʥʦʡ ɸʟʠʠ, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ 

ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʨʘʮʠʦʥʘʣʴʥʦʩʪʴʶ ʥʠʟʢʠʭ ʟʘʪʨʘʪ ʥʘ ʣʦʛʠʩʪʠʢʫ, ʦʧʣʘʪʫ ʪʨʫʜʘ ʠ ʧʨʦʯʠʭ ʬʘʢʪʦʨʦʚ. 

ʋʩʨʝʜʥʝʥʥʳʝ ʨʘʩʯʝʪʳ ʧʦ ʩʝʙʝʩʪʦʠʤʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʦʣʥʝʯʥʳʭ ʧʘʥʝʣʝʡ ʥʘ ʦʩʥʦʚʝ ʢʨʝʤʥʠʷ [1] 

ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʩʪʦʠʤʦʩʪʴ 1 ʤ2 ʦʨʠʝʥʪʠʨʦʚʦʯʥʦ ʨʘʚʥʘ 40 ʜʦʣʣʘʨʘʤ ʉʐɸ (USD). ɺʳʩʦʢʘʷ ʮʝʥʘ 

ʥʘʧʨʷʤʫʶ ʚʣʠʷʝʪ ʥʘ ʩʪʦʠʤʦʩʪʴ ʚʳʨʘʙʦʪʢʠ 1 ʢɺʪ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʧʨʠʤʝʨʥʦ ʦʮʝʥʠʚʘʝʤʦʡ ʚ 0,40 

ʮʝʥʪʦʚ USD. ʊʘʢʦʡ ʫʨʦʚʝʥʴ ʩʪʦʠʤʦʩʪʠ ʷʚʣʷʝʪʩʷ ʚʩʝ ʝʱʸ ʥʝʨʝʥʪʘʙʝʣʴʥʳʤ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ 

ʨʘʟʚʠʚʘʶʱʠʭʩʷ ʩʪʨʘʥʘʭ, ʘ ʪʘʢʞʝ ʥʘ ʪʝʨʨʠʪʦʨʠʷʭ ʩ ʥʠʟʢʠʤ ʫʨʦʚʥʝʤ ʠʥʩʦʣʷʮʠʠ. ʇʦʵʪʦʤʫ ʘʢʪʠʚʥʦ 

ʠʜʫʪ ʨʘʟʨʘʙʦʪʢʠ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʬʦʪʦʚʦʣʴʪʘʠʢʠ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʪ ʩʦʟʜʘʪʴ ʙʦʣʝʝ 

ʜʝʰʝʚʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʮʠʢʣ.  

ʄʥʦʛʦʦʙʝʱʘʶʱʝʡ ʪʝʭʥʦʣʦʛʠʝʡ ʧʨʦʠʟʚʦʜʩʪʚʘ çʜʝʰʝʚʳʭè ʩʦʣʥʝʯʥʳʭ ʙʘʪʘʨʝʡ ʷʚʣʷʝʪʩʷ 

ʧʣʝʥʦʯʥʘʷ ʬʦʪʦʚʦʣʴʪʘʠʢʘ ʥʘ ʦʩʥʦʚʝ ʧʦʣʠʤʝʨʥʳʭ ʠ ʤʝʪʘʣʣ-ʦʨʛʘʥʠʯʝʩʢʠʭ ʧʝʨʦʚʩʢʠʪʥʳʭ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʜʘʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚʦʟʤʦʞʥʦ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʞʠʜʢʦʩʪʥʳʭ 

ʤʝʪʦʜʦʚ ʥʘʥʝʩʝʥʠʷ ʧʝʯʘʪʠ çʨʫʣʦʥ-ʥʘ-ʨʫʣʦʥè [2]. ɺ ʧʝʨʠʦʜ ʩ 2010 ʜʦ 2020 ʛʛ., ʢʦʵʬʬʠʮʠʝʥʪ 

ʧʦʣʝʟʥʦʛʦ ʜʝʡʩʪʚʠʷ (ʂʇɼ) ʩʦʣʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʥʘ ʦʩʥʦʚʝ ʦʨʛʘʥʦ-ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʛʠʙʨʠʜʥʳʭ 

ʧʝʨʦʚʩʢʠʪʦʚ ʚʳʨʦʩ ʠ ʩʦʩʪʘʚʠʣ ʙʦʣʝʝ 25 % [3], ʙʣʘʛʦʜʘʨʷ ʫʥʠʢʘʣʴʥʳʤ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʤ 

ʩʚʦʡʩʪʚʘʤ ʬʦʪʦʘʢʪʠʚʥʦʛʦ ʩʣʦʷ ï ʩʠʣʴʥʦʤʫ ʦʧʪʠʯʝʩʢʦʤʫ ʧʦʛʣʦʱʝʥʠʶ ʚ ʚʠʜʠʤʦʡ ʦʙʣʘʩʪʠ ʩʧʝʢʪʨʘ 

ʩʦʣʥʝʯʥʦʛʦ ʩʚʝʪʘ (>105 ʩʤ-1) [4]; ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʦʣʴʰʠʤ ʜʣʠʥʘʤ ʧʨʦʙʝʛʘ ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʘ 

(ʧʦʨʷʜʢʘ 1 ʤʢʤ) [5] ʠ ʚʳʩʦʢʦʡ ʧʦʜʚʠʞʥʦʩʪʠ ʵʣʝʢʪʨʦʥʦʚ ʠ ʜʳʨʦʢ [6]. 

ʆʜʥʘʢʦ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʨʝʢʦʨʜʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʂʇɼ ʜʣʷ ʧʝʨʦʚʩʢʠʪʥʳʭ ʩʦʣʥʝʯʥʳʭ 

ʵʣʝʤʝʥʪʦʚ (ʇʉʕ) ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʳ ʥʘ ʣʘʙʦʨʘʪʦʨʥʳʭ ʦʙʨʘʟʮʘʭ ʤʘʣʦʡ ʧʣʦʱʘʜʠ (<1 ʩʤ2) ʠ 

ʠʟʛʦʪʦʚʣʝʥʳ ʧʨʠ ʧʦʤʦʱʠ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʷ (ʩʧʠʥ-ʢʦʘʪʠʥʛ) ï ʤʝʪʦʜʦʤ, ʥʝ ʠʤʝʶʱʠʤ 

ʧʝʨʩʧʝʢʪʠʚ ʧʨʠ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʠ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ [7]. ɺ ʢʘʯʝʩʪʚʝ ʧʨʦʤʳʰʣʝʥʥʦ-

ʤʘʩʰʪʘʙʠʨʫʝʤʳʭ ʤʝʪʦʜʦʚ ʧʝʯʘʪʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʨʘʚʥʦʤʝʨʥʦʩʪʴ ʪʦʣʱʠʥʳ ʠ ʤʦʨʬʦʣʦʛʠʠ 
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ʪʦʥʢʠʭ ʧʣʝʥʦʢ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʠʤʝʥʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʤʝʪʦʜʳ: ʪʨʘʬʘʨʝʪʥʳʡ [8ï10], 

ʩʧʨʝʝʚʳʡ [11,12], ʩʪʨʫʡʥʳʡ [13ï15], ʩʢʘʣʴʧʝʣʴʥʳʡ [16,17], ʩʣʦʪ-ʤʘʪʨʠʯʥʳʡ [18ï20]. ʇʨʠ ʵʪʦʤ 

ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʝ ʤʝʪʦʜʳ ʥʘʥʝʩʝʥʠʷ ʪʘʢʞʝ ʧʨʠʤʝʥʠʤʳ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʩʝʣʝʢʪʠʚʥʦ ï 

ʪʨʘʥʩʧʦʨʪʥʳʭ ʠ ʵʣʝʢʪʨʦʜʥʳʭ ʩʣʦʝʚ ʇʉʕ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʚʦʟʤʦʞʥʦ ʚʳʩʪʨʦʠʪʴ ʟʘʤʢʥʫʪʳʡ ʮʠʢʣ 

ʧʝʯʘʪʠ ʠʟʛʦʪʦʚʣʝʥʠʷ ʫʩʪʨʦʡʩʪʚ ʙʝʟ ʦʛʨʘʥʠʯʝʥʠʷ ʧʦ ʛʝʦʤʝʪʨʠʯʝʩʢʠʤ ʛʘʙʘʨʠʪʘʤ [20, 21]. ʉʨʝʜʠ 

ʚʳʰʝʫʢʘʟʘʥʥʳʭ ʤʝʪʦʜʦʚ ʥʘʥʝʩʝʥʠʷ, ʩʣʦʪ-ʤʘʪʨʠʯʥʘʷ ʧʝʯʘʪʴ ʠʤʝʝʪ ʨʷʜ ʧʨʝʠʤʫʱʝʩʪʚ ï ʚʳʩʦʢʫʶ 

ʩʢʦʨʦʩʪʴ ʥʘʥʝʩʝʥʠʷ, ʦʪʩʫʪʩʪʚʠʝ ʧʦʪʝʨʴ ʤʘʪʝʨʠʘʣʘ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʤʦʢʨʦʛʦ ʩʣʦʷ, ʚʦʟʤʦʞʥʦʩʪʴ 

ʧʝʯʘʪʠ ʥʘ ʛʠʙʢʠʭ ʧʦʜʣʦʞʢʘʭ [23,24]. ʕʪʦʪ ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʦʯʝʥʴ ʪʦʯʥʦ ʨʝʛʫʣʠʨʦʚʘʪʴ ʪʦʣʱʠʥʫ 

ʩʣʦʝʚ ʦʪ ʜʝʩʷʪʢʦʚ ʥʘʥʦʤʝʪʨʦʚ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʤʠʢʨʦʥ ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʥʤ. 

ʇʦʤʠʤʦ ʤʝʪʦʜʘ ʞʠʜʢʦʬʘʟʥʦʛʦ ʥʘʥʝʩʝʥʠʷ, ʢʨʠʩʪʘʣʣʠʟʘʮʠʷ ʪʦʥʢʠʭ ʧʣʝʥʦʢ ʠʟ çʤʦʢʨʦʛʦ 

ʩʣʦʷè ʷʚʣʷʝʪʩʷ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳʤ ʧʨʦʮʝʩʩʦʤ ʧʦʣʫʯʝʥʠʷ ʇʉʕ. ʇʨʠ ʩʪʘʥʜʘʨʪʥʦʤ ʣʘʙʦʨʘʪʦʨʥʦʤ 

ʤʝʪʦʜʝ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʧʨʠʤʝʥʷʝʪʩʷ ʦʙʨʘʙʦʪʢʘ ʘʥʪʠʨʘʩʪʚʦʨʠʪʝʣʷʤʠ, ʪʘʢʠʤʠ ʢʘʢ ʭʣʦʨʙʝʥʟʦʣ, 

ʪʦʣʫʦʣ, ʵʪʠʣʘʮʝʪʘʪ ʠ ʧʨ. [25ï28]. ɼʘʥʥʘʷ ʞʠʜʢʦʩʪʥʘʷ ʦʙʨʘʙʦʪʢʘ ʚʳʟʳʚʘʝʪ ʙʳʩʪʨʦʝ 

ʧʝʨʝʥʘʩʳʱʝʥʠʝ ʨʘʩʪʚʦʨʘ ʧʝʨʦʚʩʢʠʪʥʦʛʦ ʧʨʝʢʫʨʩʦʨʘ ʚ çʤʦʢʨʦʤè ʩʣʦʝ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʬʦʨʤʠʨʦʚʘʥʠʶ ʧʨʝʮʠʧʠʪʘʪʘ ʠ ʤʠʢʨʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ ʩʪʨʫʢʪʫʨʳ. ʉ ʧʨʠʤʝʥʝʥʠʝʤ ʦʙʨʘʙʦʪʢʠ 

ʘʥʪʠʨʘʩʪʚʦʨʠʪʝʣʷ ʧʨʠ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʠ ʚʦʟʥʠʢʘʝʪ ʨʘʜʠʘʣʴʥʳʡ ʛʨʘʜʠʝʥʪ ʧʝʨʝʥʘʩʳʱʝʥʠʷ ʠ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ʥʝʦʜʥʦʨʦʜʥʦʝ ʟʘʨʦʞʜʝʥʠʝ ʤʠʢʨʦʢʨʠʩʪʘʣʣʠʪʦʚ ʧʝʨʦʚʩʢʠʪʘ [25,29]. ʈʝʘʣʠʟʘʮʠʷ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʠʟʛʦʪʦʚʣʝʥʠʷ ʇʉʕ ʚ ʧʨʦʤʳʰʣʝʥʥʦʤ ʤʘʩʰʪʘʙʝ, ʨʘʟʨʘʙʦʪʢʘ 

ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʦʙʨʘʙʦʪʢʠ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʨʘʩʪʚʦʨʠʪʝʣʝʡ, ʩʦʚʤʝʩʪʠʤʳʭ ʩʦ ʨʘʟʥʳʤʠ 

ʪʝʭʥʦʣʦʛʠʷʤʠ ʥʘʥʝʩʝʥʠʷ ʚ ʚʦʟʜʫʭʝ ʷʚʣʷʶʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʥʘʫʯʥʦʡ ʟʘʜʘʯʝʡ ʜʣʷ ʢʦʤʧʣʝʢʩʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ. 

 

ʎʝʣʴ ʨʘʙʦʪʳ 

 

ʈʘʟʨʘʙʦʪʢʘ ʪʝʭʥʦʣʦʛʠʠ ʩʣʦʪ-ʤʘʪʨʠʯʥʦʡ ʧʝʯʘʪʠ ʧʝʨʦʚʩʢʠʪʥʳʭ ʩʦʣʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʩ 

çʠʥʚʝʨʪʠʨʦʚʘʥʥʦʡè ʘʨʭʠʪʝʢʪʫʨʦʡ ʧʣʦʱʘʜʴʶ ʙʦʣʝʝ 2 ʩʤ2 ʩ p-i-n ʘʨʭʠʪʝʢʪʫʨʦʡ ʠ ʂʇɼ ʙʦʣʝʝ 15 %. 

 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʮʝʣʠ ʨʘʙʦʪʳ ʨʝʰʘʣʠʩʴ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

 

1. ʈʘʟʨʘʙʦʪʢʘ ʩʦʩʪʘʚʦʚ ʧʨʝʢʫʨʩʦʨʦʚ ʜʣʷ ʩʣʦʪ-ʤʘʪʨʠʯʥʦʡ ʧʝʯʘʪʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʣʦʝʚ 

ʇʉʕ, ʚʢʣʶʯʘʶʱʠʭ ʜʳʨʦʯʥʦ-ʪʨʘʥʩʧʦʨʪʥʳʡ ʩʣʦʡ ï NiOx, ʬʦʪʦ-ʘʢʪʠʚʥʳʡ ʩʣʦʡ ʥʘ 

ʦʩʥʦʚʝ ʛʠʙʨʠʜʥʳʭ ʧʝʨʦʚʩʢʠʪʦʚ ʠ ʵʣʝʢʪʨʦʥʥʦ-ʪʨʘʥʩʧʦʨʪʥʳʝ ʩʣʦʠ ï PCBM 

(ʤʝʪʘʥʦʬʫʣʣʝʨʝʥ)/BCP (ʙʘʪʦʢʫʧʨʦʠʥ). 
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2. ʄʘʩʰʪʘʙʠʨʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʩʣʦʪ-ʤʘʪʨʠʯʥʦʡ ʧʝʯʘʪʠ ʜʣʷ ʥʘʥʝʩʝʥʠʷ 

ʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʣʦʝʚ ʧʝʨʦʚʩʢʠʪʥʳʭ ʩʦʣʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ (ʇʉʕ) 

ʩ ʧʣʦʱʘʜʠ 0,14 ʩʤ2  ʜʦ ʙʦʣʝʝ 2 ʩʤ2. 

3. ʋʩʪʘʥʦʚʣʝʥʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʚʣʠʷʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʝʯʘʪʠ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʣʦʝʚ ʇʉʕ ʥʘ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʝ ʠ ʩʧʝʢʪʨʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʫʩʪʨʦʡʩʪʚ. 

4. ʆʧʨʝʜʝʣʝʥʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʚʳʭʦʜʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʇʉʕ ʦʪ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʧʘʜʘʶʱʝʛʦ ʩʚʝʪʘ. 

5. ʆʧʨʝʜʝʣʝʥʠʝ ʯʠʩʣʝʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʜʝʬʝʢʪʦʚ ʚ ʬʦʪʦ ʧʦʛʣʦʱʘʶʱʠʭ ʩʣʦʷʭ ʇʉʕ 

ʤʝʪʦʜʘʤʠ ʨʝʣʘʢʩʘʮʠʦʥʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʛʣʫʙʦʢʠʭ ʫʨʦʚʥʝʡ ʩ ʵʣʝʢʪʨʠʯʝʩʢʠʤ 

ʚʦʟʙʫʞʜʝʥʠʝʤ (DLTS) ʠ ʦʧʪʠʯʝʩʢʠʤ ʚʦʟʙʫʞʜʝʥʠʝʤ (ODLTS). 

 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʨʘʙʦʪʳ 

 

1. ʈʘʟʨʘʙʦʪʘʥ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʩʣʦʪ ʤʘʪʨʠʯʥʦʡ ʧʝʯʘʪʠ ʬʦʪʦʘʢʪʠʚʥʳʭ ʠ 

ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʣʦʝʚ ʥʘ ʚʦʟʜʫʭʝ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʂʇɼ ʇʉʕ ʥʘ ʦʩʥʦʚʝ CH3NH3PbI3  

ʙʦʣʝʝ 15 %. 

2. ʋʩʪʘʥʦʚʣʝʥʦ ʚʣʠʷʥʠʝ ʭʣʦʨ-ʩʦʜʝʨʞʘʱʠʭ ʢʘʪʠʦʥʥʳʭ ʜʦʙʘʚʦʢ (CH3NH3Cl; HC(NH2)2Cl) 

ʚ ʨʘʩʪʚʦʨʝ ʧʝʨʦʚʩʢʠʪʘ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʧʝʯʘʪʥʦʤ ʤʝʪʦʜʝ ʥʘʥʝʩʝʥʠʷ ʩʣʦʝʚ, ʥʘ 

ʧʦʚʳʰʝʥʠʝ ʚʳʭʦʜʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʫʩʪʨʦʡʩʪʚ. ʆʧʪʠʤʘʣʴʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʭʣʦʨ-

ʩʦʜʝʨʞʘʱʠʭ ʧʨʝʢʫʨʩʦʨʦʚ ʷʚʣʷʝʪʩʷ 10 %, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʣʦʪʥʦʩʪʴ 

ʪʦʢʘ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʫʣʫʯʰʘʝʪʩʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʥʘ 5 %. 

3. ʈʘʟʨʘʙʦʪʘʥʘ ʢʦʥʩʪʨʫʢʮʠʷ ʇʉʕ ʩʦ ʩʪʨʫʢʪʫʨʦʡ ITO/NiOx/CH3NH3PbI3/PCBM/BCP/Cu 

ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʨʘʟʣʠʯʥʳʭ ʢʦʥʬʠʛʫʨʘʮʠʡ ʜʳʨʦʯʥʦ-ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʣʦʷ NiOx 

(ʢʦʤʧʘʢʪʥʳʡ ʩʣʦʡ ʠ ʩʣʦʡ ʠʟ ʥʘʥʦʯʘʩʪʠʮ), ʧʦʟʚʦʣʷʶʱʘʷ ʧʦʣʫʯʘʪʴ ʂʇɼ ʫʩʪʨʦʡʩʪʚʘ 

ʙʦʣʝʝ 30 % ʚ ʫʩʣʦʚʠʷʭ ʥʠʟʢʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʚʝʪʘ ʦʪ 100 ʜʦ 1000 ʣʶʢʩ.  

4. ɺ ʇʉʕ ʥʘ ʦʩʥʦʚʝ Csx(MA0.17FA0.83)(1-x)Pb(I0.83Br0.17)3 ʦʧʨʝʜʝʣʝʥʳ ʛʣʫʙʦʢʠʝ ʫʨʦʚʥʠ 

ʣʦʚʫʰʝʢ ʩ ʵʥʝʨʛʠʷʤʠ 0,57 ʵɺ ʜʣʷ ʜʳʨʦʢ ʠ 0,74 ʵɺ ʜʣʷ ʵʣʝʢʪʨʦʥʦʚ. 

 

ʆʙʲʝʢʪʳ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

 

 ʆʙʲʝʢʪʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʙʦʪʳ ʷʚʣ̫ʣʠʩʴ ʧʣʘʥʘʨʥʳʝ ʧʦʣʥʦʩʪʴʶ ʩʣʦʪ-ʤʘʪʨʠʯʥʳʝ 

ʧʝʯʘʪʥʳʝ ʇʉʕ p-i-n ʩʪʨʫʢʪʫʨ ʠ n-i-p ʤʝʟʦʩʢʦʧʠʯʝʩʢʠʝ ʫʩʪʨʦʡʩʪʚʘ ʩʦ ʩʣʦʪ-ʤʘʪʨʠʯʥʳʤ ʩʣʦʝʤ 

ʧʝʨʦʚʩʢʠʪʘ ʤʫʣʴʪʠʢʘʪʠʦʥʥʳʭ ʩʦʩʪʘʚʦʚ.  

 



7 

 

ɺ ʨʘʙʦʪʝ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʡ: 

ʄʝʪʦʜ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʷ ʜʣʷ ʥʘʥʝʩʝʥʠʷ ʪʦʥʢʠʭ ʧʣʝʥʦʢ ʠʟ ʨʘʩʪʚʦʨʘ-ʧʨʝʢʫʨʩʦʨʘ; ʤʝʪʦʜ 

ʦʙʨʘʙʦʪʢʠ ʘʥʪʠʨʘʩʪʚʦʨʠʪʝʣʷʤʠ; ʤʝʪʦʜ ʞʠʜʢʦʬʘʟʥʦʛʦ ʥʘʥʝʩʝʥʠʷ ʩ ʧʦʤʦʱʴʶ ʩʣʦʪ-ʤʘʪʨʠʯʥʦʡ 

ʧʝʯʘʪʠ; ʤʝʪʦʜ ʚʘʢʫʫʤʥʦʛʦ ʠʩʧʘʨʝʥʠʷ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʠ ʧʦʚʝʨʭʥʦʩʪʠ çʤʦʢʨʦʡè 

ʧʝʯʘʪʥʦʡ ʧʣʝʥʢʠ; ʠʩʩʣʝʜʦʚʘʥʠʝ ʤʦʨʬʦʣʦʛʠʠ, ʪʦʣʱʠʥʳ ʠ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʪʦʥʢʠʭ ʧʣʝʥʦʢ ʙʳʣʠ 

ʧʨʦʚʝʜʝʥʳ ʥʘ ʩʢʘʥʠʨʫʶʱʝʤ ʵʣʝʢʪʨʦʥʥʦʤ ʤʠʢʨʦʩʢʦʧʝ (ʉʕʄ) ʠ ʘʪʦʤʥʦ-ʩʠʣʦʚʦʤ ʤʠʢʨʦʩʢʦʧʝ 

(ɸʉʄ) ʠ ʪʘʢʞʝ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʧʨʦʬʠʣʦʤʝʪʨʠʠ; ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨʳ ʧʦʣʫʯʝʥʥʳʭ 

ʦʙʨʘʟʮʦʚ ʩ ʧʦʤʦʱʴʶ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ; ʠʟʫʯʝʥʠʝ ʦʧʪʦʵʣʝʢʪʨʦʥʥʳʭ ʩʚʦʡʩʪʚ 

ʧʝʯʘʪʥʳʭ ʩʣʦʝʚ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʥʘ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʝ ʠ ʩʧʝʢʪʨʦʬʣʫʦʨʠʤʝʪʨʝ; ʚʳʭʦʜʥʳʝ 

ʧʘʨʘʤʝʪʨʳ ʙʳʣʠ ʠʟʤʝʨʝʥʳ ʧʦʜ ʩʦʣʥʝʯʥʳʤ ʩʠʤʫʣʷʪʦʨʦʤ ʧʨʠ ʩʪʘʥʜʘʨʪʥʳʭ ʫʩʣʦʚʠʷʭ ʠ 

ʥʠʟʢʦʠʥʪʝʥʩʠʚʥʦʤ ʦʩʚʝʱʝʥʠʠ; ʠʩʩʣʝʜʦʚʘʥʠʝ ʯʠʩʣʝʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʜʝʬʝʢʪʦʚ ʚ 

ʬʦʪʦʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷʭ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʦʚ ʥʝʩʪʘʮʠʦʥʘʨʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʛʣʫʙʦʢʠʭ ʫʨʦʚʥʝʡ ʩ 

ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʚʦʟʙʫʞʜʝʥʠʝʤ (DLTS) ʠ ʦʧʪʠʯʝʩʢʠʤ ʚʦʟʙʫʞʜʝʥʠʝʤ (ODLTS). 

 

ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ 

 

1. ʈʘʟʨʘʙʦʪʘʥʘ ʪʝʭʥʦʣʦʛʠʷ ʧʦʣʥʦʛʦ ʮʠʢʣʘ ʩʣʦʪ-ʤʘʪʨʠʯʥʦʡ ʧʝʯʘʪʠ ʇʉʕ ʩ p-i-n 

ʘʨʭʠʪʝʢʪʫʨʦʡ ʩ ʂʇɼ ʙʦʣʝʝ 17 % ʜʣʷ ʧʝʨʦʚʩʢʠʪʦʚ ʛʠʙʨʠʜʥʳʭ ʩʦʩʪʘʚʦʚ. 

2. ʈʘʟʨʘʙʦʪʘʥ ʧʨʦʮʝʩʩ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ ʪʝʭʥʦʣʦʛʠʠ ʩʣʦʪ-ʤʘʪʨʠʯʥʦʡ ʧʝʯʘʪʠ ʇʉʕ ʩ  

p-i-n ʘʨʭʠʪʝʢʪʫʨʦʡ ʧʣʦʱʘʜʴʶ ʦʪ 0,14 ʩʤ2  ʜʦ ʙʦʣʝʝ 2 ʩʤ2. 

3. ʇʦʢʘʟʘʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ (ʂʇɼ ʦʪ 24 ʜʦ 30 %) p-i-n ʇʉʕ ʧʨʠ ʫʩʣʦʚʠʠ 

ʥʠʟʢʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʚʝʪʘ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 100 ʜʦ 1000 ʣʶʢʩ. 

 

ʆʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ: 

 

- ʆʧʪʠʤʠʟʘʮʠʷ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʭ ʩʦʩʪʘʚʦʚ ʨʘʩʪʚʦʨʦʚ ʧʨʝʢʫʨʩʦʨʦʚ ʭʣʦʨ-ʩʦʜʝʨʞʘʱʠʤʠ 

ʢʘʪʠʦʥʥʳʤʠ ʜʦʙʘʚʢʘʤʠ (CH3NH3Cl; HC(NH2)2Cl) ʜʣʷ ʩʣʦʪ-ʤʘʪʨʠʯʥʦʡ ʧʝʯʘʪʠ 

ʧʝʨʦʚʩʢʠʪʥʳʭ ʩʣʦʝʚ, ʧʦʟʚʦʣʷʶʱʘʷ ʧʦʚʳʩʠʪʴ ʧʨʠʙʦʨʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʦʣʥʝʯʥʳʭ 

ʵʣʝʤʝʥʪʦʚ. 

- ʊʝʭʥʦʣʦʛʠʷ ʧʦʣʥʦʛʦ ʮʠʢʣʘ ʩʣʦʪ-ʤʘʪʨʠʯʥʦʡ ʧʝʯʘʪʠ ʇʉʕ ʩ p-i-n ʘʨʭʠʪʝʢʪʫʨʦʡ ʩ ʂʇɼ ʙʦʣʝʝ 

17 % ʜʣʷ ʧʝʨʦʚʩʢʠʪʦʚ ʛʠʙʨʠʜʥʳʭ ʩʦʩʪʘʚʦʚ. 

- ʄʘʩʰʪʘʙʠʨʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʠ ʩʣʦʪ-ʤʘʪʨʠʯʥʦʡ ʧʝʯʘʪʠ ʇʉʕ ʥʘ ʦʩʥʦʚʝ CH3NH3PbI3 ʠ 

HC(NH2)2PbI3 ʩ p-i-n ʘʨʭʠʪʝʢʪʫʨʦʡ ʧʣʦʱʘʜʴʶ ʦʪ 0,14 ʩʤ2  ʜʦ ʙʦʣʝʝ 2 ʩʤ2. 

- p-i-n ʘʨʭʠʪʝʢʪʫʨʘ ʇʉʕ ʩ ʥʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʤ ʜʳʨʦʯʥʦ-ʪʨʘʥʩʧʦʨʪʥʳʤ ʩʣʦʝʤ NiOx ʜʣʷ 

ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʦʡ ʨʘʙʦʪʳ (ʂʇɼ ʦʪ 24 ʜʦ 30 %) ʚ ʫʩʣʦʚʠʷʭ ʩʚʝʪʘ ʥʠʟʢʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ. 
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ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ 

 

ɺ ʜʠʩʩʝʨʪʘʮʠʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʚʳʧʦʣʥʝʥʥʳʝ ʣʠʯʥʦ ʘʚʪʦʨʦʤ ʥʘ 

ʢʘʬʝʜʨʝ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʦʡ ʵʣʝʢʪʨʦʥʠʢʠ ʠ ʬʠʟʠʢʠ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʧʨʠʙʦʨʦʚ ʠ ʚ 

ʣʘʙʦʨʘʪʦʨʠʠ ʧʝʨʩʧʝʢʪʠʚʥʦʡ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʝʪʠʢʠ, ʅʀʊʋ çʄʀʉʠʉè. ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ ʚ 

ʥʘʩʪʦʷʱʫʶ ʨʘʙʦʪʫ ʩʦʩʪʦʠʪ ʚ ʧʦʩʪʘʥʦʚʢʝ ʮʝʣʝʡ ʠ ʟʘʜʘʯ, ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʤ ʫʯʘʩʪʠʠ ʚ 

ʣʘʙʦʨʘʪʦʨʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ, ʚ ʪʦʤ ʯʠʩʣʝ ʚ ʨʘʟʨʘʙʦʪʢʝ ʤʝʪʦʜʠʢʠ ʠʟʛʦʪʦʚʣʝʥʠʷ ʦʙʨʘʟʮʦʚ, 

ʧʨʦʚʝʜʝʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʟʤʝʨʝʥʠʡ, ʦʙʨʘʙʦʪʢʝ, ʘʥʘʣʠʟʝ ʠ ʦʮʝʥʢʝ ʧʦʣʫʯʝʥʥʳʭ 

ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʡ. 

 

ɸʧʨʦʙʘʮʠʷ ʨʘʙʦʪʳ 

 

ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʦʢʣʘʜʳʚʘʣʠʩʴ ʠ ʦʙʩʫʞʜʘʣʠʩʴ ʥʘ ʤʝʞʜʫʥʘʨʦʜʥʦʡ 

ʢʦʥʬʝʨʝʥʮʠʠ çPhysics of light-matter coupling in nanostructures - 2019è, ʄʀʉʠʉ (ʄʦʩʢʚʘ- ʉʫʟʜʘʣʴ); 

ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ HOPE-PV, ʉʂʆʃʊɽʍ (ʄʦʩʢʚʘ); ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ 

«Perovskites for Energy Harvesting: From Fundamentals to Devicesè (ʀʥʜʠʷ) ʠ ʤʝʞʜʫʥʘʨʦʜʥʦʡ 

ʢʦʥʬʝʨʝʥʮʠʠ MAPPIC-2021, ʄɻʋ (ʄʦʩʢʚʘ). 

 ʇʦ ʪʝʤʝ ʜʠʩʩʝʨʪʘʮʠʠ ʦʧʫʙʣʠʢʦʚʘʥʳ 3 ʩʪʘʪʴʠ ʚ ʙʘʟʘʭ ʮʠʪʠʨʦʚʘʥʠʷ SCOPUS ʠ WoS, ʪʝʟʠʩʳ 

4 ʜʦʢʣʘʜʦʚ.  

 

ʉʪʨʫʢʪʫʨʘ ʠ ʦʙʲʸʤ ʨʘʙʦʪʳ  

 

ɼʠʩʩʝʨʪʘʮʠʷ ʩʦʩʪʦʠʪ ʠʟ ʚʚʝʜʝʥʠʷ, 4 ʛʣʘʚ, ʚʳʚʦʜʦʚ ʠ ʩʧʠʩʢʘ ʠʩʧʦʣʴʟʫʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʠʟ 

171 ʥʘʠʤʝʥʦʚʘʥʠʡ. ʈʘʙʦʪʘ ʠʟʣʦʞʝʥʘ ʥʘ 126 ʩʪʨʘʥʠʮʘʭ ʤʘʰʠʥʦʧʠʩʥʦʛʦ ʪʝʢʩʪʘ, ʩʦʜʝʨʞʠʪ 83 

ʨʠʩʫʥʦʢ, 18 ʪʘʙʣʠʮ, 11 ʬʦʨʤʫʣ. 
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ɸʉʄ ï ʘʪʦʤʥʦ-ʩʠʣʦʚʦʡ ʤʠʢʨʦʩʢʦʧ  

ɺɸʍ ï ʚʦʣʴʪʘʤʧʝʨʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ɺɿʄʆ ï ʩʘʤʘʷ ʚʳʩʦʢʘʷ ʟʘʥʷʪʘʷ ʤʦʣʝʢʫʣʷʨʥʘʷ ʦʨʙʠʪʘʣʴ  

ɻɹʃ ï ɔ-ʙʫʪʠʨʦʣʘʢʪʦʥ 

ɼʄʇʋ ï N,Nǋ-ʜʠʤʝʪʠʣ ʧʨʦʧʠʣʝʥ ʫʨʠʥʘ 

ɼʄʉʆ ï ʜʠʤʝʪʠʣ ʩʫʣʴʬʦʢʩʠʜ 

ɼʄʌ ï ʜʠʤʝʪʠʣ ʬʦʨʤʘʤʠʜ 

ɼʊʉ ï ʜʳʨʦʯʥʦ-ʪʨʘʥʩʧʦʨʪʥʳʡ ʩʣʦʡ 

ʂʇɼ ï ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʠ ʚ ʵʣʝʢʪʨʠʯʝʩʪʚʦ 

ʅʄʇ ï N-ʤʝʪʠʣ 2-ʧʠʨʨʦʣʠʜʦʥ 

ʅʉʄʆ ï ʥʠʞʥʷʷ ʥʝʟʘʥʷʪʘʷ ʤʦʣʝʢʫʣʷʨʥʘʷ ʦʨʙʠʪʘʣʴ 

ʇʂ ï ʧʨʦʧʠʣʝʥ ʢʘʨʙʦʥʘʪ 

ʇʉʄ ï ʧʝʨʦʚʩʢʠʪʥʳʡ ʩʦʣʥʝʯʥʳʡ ʤʦʜʫʣʴ  

ʇʉʕ ï ʧʝʨʦʚʩʢʠʪʥʳʡ ʩʦʣʥʝʯʥʳʡ ʵʣʝʤʝʥʪ 

ʇʕʊ ï ʧʦʣʠʵʪʠʣʝʥʪʝʨʝʬʪʘʣʘʪ  

ʉʂʕ ï ʩʦʣʥʝʯʥʳʝ ʵʣʝʤʝʥʪʳ, ʩʝʥʩʠʙʠʣʠʟʨʦʚʘʥʥʳʝ ʢʨʘʩʠʪʝʣʷʤʠ  

ʉʕʄ ï ʩʢʘʥʠʨʫʶʱʠʡ ʵʣʝʢʪʨʦʥʥʳʡ ʤʠʢʨʦʩʢʦʧ 

ʆʉʕ ï ʦʨʛʘʥʠʯʝʩʢʠʡ ʩʦʣʥʝʯʥʳʡ ʵʣʝʤʝʥʪ 

ʌɸʉ ï ʬʦʪʦʘʢʪʠʚʥʳʡ ʩʣʦʡ  

ʌɿ ï ʬʘʢʪʦʨ ʟʘʧʦʣʥʝʥʠʷ  

ʕʂ ï ʵʪʠʣʝʥ ʢʘʨʙʦʥʘʪ 

BCP ï bathocuproine 

C60 ï ʬʫʣʣʝʨʝʥ 

CsFAPI ï Cs0.2 (HC(NH2)2)0.8PbI3  

CuSCN ï ʪʠʦʮʠʘʥʘʪ ʤʝʜʠ(I) 

DLTS ʠ ODLTS ï ʤʝʪʦʜ ʥʝʩʪʘʮʠʦʥʘʨʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʛʣʫʙʦʢʠʭ ʫʨʦʚʥʝʡ ʩ ʵʣʝʢʪʨʠʯʝʩʢʠʤ 

ʚʦʟʙʫʞʜʝʥʠʝʤ ʠ ʦʧʪʠʯʝʩʢʠʤ ʚʦʟʙʫʞʜʝʥʠʝʤ  

EDX ï ʤʝʪʦʜ ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʦʡ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ 

ɽg ï ʰʠʨʠʥʘ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ  

FAI ï HC(NH2)2I 

GO ï ʦʢʩʠʜ ʛʨʘʬʝʥʘ  

Jʢʟ ï ʧʣʦʪʥʦʩʪʴ ʪʦʢʘ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ 

MACl  ï CH3NH3Cl 

MAI  ï CH3NH3I 

MAPI ï CH3NH3PbI3, MAPbI3 
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MPPT ï ʤʝʪʦʜ ʦʪʩʣʝʞʠʚʘʥʠʷ ʪʦʯʢʠ ʤʘʢʩʠʤʘʣʴʥʦʡ ʤʦʱʥʦʩʪʠ 

NiOʭ ï ʦʢʩʠʜ ʥʠʢʝʣʷ 

PCBM ï ʧʨʦʠʟʚʦʜʥʦʝ ʤʝʪʠʣʦʚʦʛʦ ʵʬʠʨʘ ʬʝʥʠʣ-C61-ʤʘʩʣʷʥʦʡ ʢʠʩʣʦʪʳ  

PFI ï ʧʝʨʬʪʦʨʠʨʦʚʘʥʥʳʡ ʠʦʥʦʤʝʨ 

p-i-n, n-i-p ï ʘʨʭʠʪʝʢʪʫʨʳ ʉʕ 

Uʭʭ ï ʥʘʧʨʷʞʝʥʠʝ ʭʦʣʦʩʪʦʛʦ ʭʦʜʘ  

XRD ï ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ 

PEDOT:PSS ï ʧʦʣʠ(3,4-ʵʪʠʣʝʥʜʠʦʢʩʠʪʠʦʬʝʥ) ʧʦʣʠʩʪʠʨʦʣʩʫʣʴʬʦʥʘʪ 

spiro-OMeTAD ï 2,2 ', 7,7'-ʪʝʪʨʘʢʠʩ [N, N-ɼʠ (4-ʤʝʪʦʢʩʠʬʝʥʠʣ) ʘʤʠʥʦ] -9,9'-ʩʧʠʨʦʙʠʬʣʫʦʨʝʥ 
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ɻʃɸɺɸ I. ɸʅɸʃʀʊʀʏɽʉʂʀʁ ʆɹɿʆʈ ʃʀʊɽʈɸʊʋʈʓ 

 

1.1 ʆʙʟʦʨ ʧʝʨʦʚʩʢʠʪʥʳʭ ʩʦʣʥʝʯʥʳʭ ʫʩʪʨʦʡʩʪʚ 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, ʞʠʜʢʦʬʘʟʥʦʝ ʥʘʥʝʩʝʥʠʝ ʪʦʥʢʠʭ ʧʣʝʥʦʢ ʠʤʝʝʪ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ 

ʠʟʛʦʪʦʚʣʝʥʠʠ ʤʝʪʘʣʣ-ʦʨʛʘʥʠʯʝʩʢʠʭ ʛʘʣʦʛʝʥʠʜʥʳʭ ʧʝʨʦʚʩʢʠʪʥʳʭ ʩʦʣʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ (ʇʉʕ), ʚ 

ʢʦʪʦʨʳʭ ʧʝʨʦʚʩʢʠʪ ʷʚʣʷʝʪʩʷ ʬʦʪʦʘʢʪʠʚʥʳʤ ʩʣʦʝʤ, ʘ ʚ ʢʘʯʝʩʪʚʝ ʩʝʣʝʢʪʠʚʥʦ-ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʣʦʝʚ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʪʘʢʠʝ ʤʘʪʝʨʠʘʣʳ, ʢʘʢ ʬʫʣʣʝʨʝʥʳ, ʧʦʣʠʤʝʨʳ, ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʝ ʥʘʥʦʯʘʩʪʠʮʳ 

ʠʣʠ ʦʢʩʠʜʳ ʤʝʪʘʣʣʦʚ [30]. ʊʝʭʥʦʣʦʛʠʷ ʞʠʜʢʦʬʘʟʥʦʛʦ ʥʘʥʝʩʝʥʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʨʘʩʪʚʦʨʝʥʠʝ 

ʤʘʪʝʨʠʘʣʦʚ ʚ ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ, ʪʘʢʠʭ ʢʘʢ ɼʄʌ, ɼʄʉʆ, ʅʄʇ, ʭʣʦʨʙʝʥʟʦʣ, ʠ 

ʥʘʥʝʩʝʥʠʝ ʥʘ ʧʨʦʚʦʜʷʱʫʶ ʧʦʜʣʦʞʢʫ. ʇʦʩʣʝ ʠʩʧʘʨʝʥʠʷ ʨʘʩʪʚʦʨʠʪʝʣʷ ʠ ʧʦʩʣʝʜʫʶʱʝʡ ʦʙʨʘʙʦʪʢʦʡ 

ʦʙʨʘʟʫʶʪʩʷ ʪʦʥʢʠʝ ʧʣʝʥʢʠ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʜʣʦʞʢʠ. ʕʪʦʪ ʧʨʦʮʝʩʩ ʤʦʞʝʪ ʚʢʣʶʯʘʪʴ 

ʭʠʤʠʯʝʩʢʠʝ ʨʝʘʢʮʠʠ ʢʦʤʧʦʥʝʥʪʦʚ ʤʘʪʝʨʠʘʣʘ (ʥʘʧʨʠʤʝʨ, ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʝʨʦʚʩʢʠʪʘ), ʣʠʙʦ 

ʦʩʘʞʜʝʥʠʝ ʤʘʪʝʨʠʘʣʦʚ PCBM, BCP, ʥʘʥʦʯʘʩʪʠʮ, ʘ ʪʘʢʞʝ ʨʘʟʣʦʞʝʥʠʝ ʧʨʝʢʫʨʩʦʨʦʚ, ʥʘʧʨʠʤʝʨ, 

ʦʙʨʘʟʦʚʘʥʠʝ ʦʢʩʠʜʘ ʥʠʢʝʣʷ ʠʟ ʢʦʤʧʣʝʢʩʦʚ ʥʠʢʝʣʷ.  

ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʇʉʕ ʤʦʞʥʦ ʦʧʠʩʘʪʴ ʚ ʚʠʜʝ ʯʝʪʳʨʝʭ ʦʩʥʦʚʥʳʭ ʵʪʘʧʦʚ [30ï33], ʢʦʪʦʨʳʝ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʳ ʥʘ ʟʦʥʥʦʡ ʜʠʘʛʨʘʤʤʝ ʥʘ ʨʠʩʫʥʢʝ 1. 

 

 

ʈʠʩʫʥʦʢ 1 ï ɿʦʥʥʘʷ ʜʠʘʛʨʘʤʤʘ ʠ ʦʩʥʦʚʥʳʝ ʧʨʦʮʝʩʩʳ ʚ ʇʉʕ 
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1. ɻʝʥʝʨʘʮʠʷ ʵʢʩʠʪʦʥʘ: ʧʨʠ ʦʩʚʝʱʝʥʠʠ ʫʩʪʨʦʡʩʪʚʘ ʧʘʜʘʶʱʠʡ ʬʦʪʦʥ ʧʦʛʣʦʱʘʝʪʩʷ 

ʬʦʪʦʘʢʪʠʚʥʳʤ ʤʘʪʝʨʠʘʣʦʤ (ʧʝʨʦʚʩʢʠʪ) ʠ ʚʦʟʙʫʞʜʝʥʥʳʡ ʵʣʝʢʪʨʦʥ ʧʝʨʝʭʦʜʠʪ ʠʟ ʚʘʣʝʥʪʥʦʡ ʟʦʥʳ 

ʥʘ ʥʠʞʥʶʶ ʥʝʟʘʥʷʪʫʶ ʤʦʣʝʢʫʣʷʨʥʫʶ ʦʨʙʠʪʘʣʴ (ʅʉʄʆ). ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʧʦʣʦʞʠʪʝʣʴʥʳʡ 

ʥʦʩʠʪʝʣʴ ʟʘʨʷʜʘ (ʜʳʨʢʘ) ʦʩʪʘʝʪʩʷ ʥʘ ʩʘʤʦʡ ʚʳʩʦʢʦʡ ʟʘʥʷʪʦʡ ʤʦʣʝʢʫʣʷʨʥʦʡ ʦʨʙʠʪʘʣʠ (ɺɿʄʆ). 

ʅʦʩʠʪʝʣʠ ʟʘʨʷʜʘ ʧʨʠʪʷʛʠʚʘʶʪʩʷ ʜʨʫʛ ʢ ʜʨʫʛʫ ʢʫʣʦʥʦʚʩʢʠʤʠ ʩʠʣʘʤʠ, ʦʙʨʘʟʫʷ ʵʣʝʢʪʨʦʥʥʦ-

ʜʨrʦʯʥʫʶ ʧʘʨʫ (ʵʢʩʠʪʦʥ). 

2. ɼʠʬʬʫʟʠʷ ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʘ: ʵʢʩʠʪʦʥʳ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʚʩʪʨʦʝʥʥʦʛʦ ʧʦʣʷ 

ʜʠʬʬʫʥʜʠʨʫʶʪ ʚʥʫʪʨʠ ʬʦʪʦʘʢʪʠʚʥʦʛʦ ʩʣʦʷ ʢ ʛʨʘʥʠʮʘʤ ʨʘʟʜʝʣʘ ʩ ʜʳʨʦʯʥʦ-ʪʨʘʥʩʧʦʨʪʥʳʤ ʠ 

ʵʣʝʢʪʨʦʥʥʦ-ʪʨʘʥʩʧʦʨʪʥʳʤ ʩʣʦʷʤʠ. ʇʨʠ ʵʪʦʤ ʯʘʩʪʴ ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʦʚ ʪʝʨʷʝʪʩʷ ʥʘ ʧʨʦʮʝʩʩʝ 

ʨʝʢʦʤʙʠʥʘʮʠʠ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʣʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ (ʆʉʕ), ʚ ʧʝʨʦʚʩʢʠʪʥʳʭ 

ʤʘʪʝʨʠʘʣʘʭ ʵʢʩʠʪʦʥʳ ʦʙʣʘʜʘʶʪ ʙʦʣʴʰʠʤ ʚʨʝʤʝʥʝʤ ʞʠʟʥʠ ʠ ʵʥʝʨʛʠʝʡ ʩʚʷʟʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʙʦʣʝʝ 

ʵʬʬʝʢʪʠʚʥʦ ʨʘʟʜʝʣʷʪʴ ʥʦʩʠʪʝʣʠ ʟʘʨʷʜʘ [32]. 

3. ɼʠʩʩʦʮʠʘʮʠʷ ʵʢʩʠʪʦʥʘ: ʵʢʩʠʪʦʥ ʜʠʩʩʦʮʠʠʨʫʝʪ ʥʘ ʩʚʦʙʦʜʥʳʡ ʵʣʝʢʪʨʦʥ ʠ ʜʳʨʢʫ ʥʘ 

ʛʨʘʥʠʮʘʭ ʨʘʟʜʝʣʘ ʬʦʪʦʘʢʪʠʚʥʳʡ ʩʣʦʡ/ʜʳʨʦʯʥʦ-ʪʨʘʥʩʧʦʨʪʥʳʡ ʩʣʦʡ ʠ ʬʦʪʦʘʢʪʠʚʥʳʡ 

ʩʣʦʡ/ʵʣʝʢʪʨʦʥʥʦ-ʪʨʘʥʩʧʦʨʪʥʳʡ ʩʣʦʡ. 

4. ʇʝʨʝʥʦʩ ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʘ: ʚ ʇʉʕ ʨʘʟʜʝʣʝʥʠʝ ʟʘʨʷʜʦʚ ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʣʠʙʦ 

ʧʫʪʝʤ ʠʥʞʝʢʮʠʠ ʬʦʪʦʛʝʥʝʨʠʨʦʚʘʥʥʳʭ ʵʣʝʢʪʨʦʥʦʚ ʚ ʵʣʝʢʪʨʦʥʥʦ-ʪʨʘʥʩʧʦʨʪʥʳʡ ʩʣʦʡ, ʣʠʙʦ ʧʫʪʝʤ 

ʠʥʞʝʢʮʠʠ ʜʳʨʦʢ ʚ ʜʳʨʦʯʥʦ-ʪʨʘʥʩʧʦʨʪʥʳʡ ʩʣʦʡ. ɹʦʣʝʝ ʪʦʛʦ, ʩʚʦʙʦʜʥʳʝ ʵʣʝʢʪʨʦʥʳ, ʩʦʟʜʘʥʥʳʝ 

ʚʙʣʠʟʠ ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ ʧʝʨʦʚʩʢʠʪ/ʜʳʨʦʯʥʦ-ʪʨʘʥʩʧʦʨʪʥʳʡ ʩʣʦʡ, ʜʦʣʞʥʳ ʜʠʬʬʫʥʜʠʨʦʚʘʪʴ ʧʦ 

ʚʩʝʤʫ ʦʙʲʝʤʫ ʩʣʦʷ ʧʦʛʣʦʪʠʪʝʣʷ, ʧʨʝʞʜʝ ʯʝʤ ʙʫʜʫʪ ʠʟʚʣʝʯʝʥʳ ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʵʣʝʢʪʨʦʥʥʦ-

ʪʨʘʥʩʧʦʨʪʥʳʡ ʩʣʦʡ/ʧʝʨʦʚʩʢʠʪ. ɸʥʘʣʦʛʠʯʥʳʝ ʩʦʦʙʨʘʞʝʥʠʷ ʧʨʠʤʝʥʠʤʳ ʢ ʜʳʨʢʘʤ ʚʙʣʠʟʠ ʛʨʘʥʠʮʳ 

ʜʳʨʦʯʥʦ-ʪʨʘʥʩʧʦʨʪʥʳʡ ʩʣʦʡ/ʧʝʨʦʚʩʢʠʪ. ʅʝʜʘʚʥʠʝ ʩʦʦʙʱʝʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʢʘʢ ʠʥʞʝʢʮʠʷ 

ʵʣʝʢʪʨʦʥʦʚ, ʪʘʢ ʠ ʠʥʞʝʢʮʠʷ ʜʳʨʦʢ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʪʨʘʥʩʧʦʨʪʥʳʝ ʩʣʦʠ ʧʨʦʠʩʭʦʜʠʪ ʩ ʨʘʚʥʳʤʠ 

ʩʢʦʨʦʩʪʷʤʠ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʘʣʘʥʩ ʨʘʟʜʝʣʝʥʠʷ ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʦʚ [34]. 

ʆʧʪʠʤʠʟʘʮʠʷ ʩʪʨʫʢʪʫʨʳ ʇʉʕ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʢʦʥʚʝʨʪʘʮʠʠ 

ʵʥʝʨʛʠʠ. ɼʣʷ ʬʦʪʦʧʦʛʣʦʱʘʶʱʝʛʦ ʤʘʪʝʨʠʘʣʘ ʨʘʟʥʠʮʘ ʤʝʞʜʫ (ʅʉʄʆ) ʠ (ɺɿʄʆ) (ʦʧʪʠʯʝʩʢʘʷ 

ʰʠʨʠʥʘ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ) ʷʚʣʷʝʪʩʷ ʦʯʝʥʴ ʚʘʞʥʳʤ ʧʘʨʘʤʝʪʨʦʤ. ʄʘʪʝʨʠʘʣʳ ʩ ʤʘʣʦʡ ʰʠʨʠʥʦʡ 

ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ ʤʦʛʫʪ ʫʣʘʚʣʠʚʘʪʴ ʬʦʪʦʥʳ ʩ ʙʦʣʴʰʝʡ ʜʣʠʥʦʡ ʚʦʣʥʳ ʠ ʧʦʚʳʰʘʪʴ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʟʘ ʩʯʝʪ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʪʦʢʦʚ ʠ ʣʫʯʰʝʛʦ ʧʝʨʝʢʨʳʪʠʷ ʩ ʩʦʣʥʝʯʥʳʤ ʩʧʝʢʪʨʦʤ. 

ʈʝʛʫʣʠʨʦʚʢʘ ʫʨʦʚʥʝʡ ʵʥʝʨʛʠʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʣʦʝʚ ʪʘʢʞʝ ʤʦʞʝʪ ʫʚʝʣʠʯʠʪʴ ʥʘʧʨʷʞʝʥʠʝ 

ʭʦʣʦʩʪʦʛʦ ʭʦʜʘ (Uʭʭ), ʯʪʦ, ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ, ʧʨʠʚʝʜʝʪ ʨʦʩʪʫ ʵʬʬʝʢʪʠʚʥʦʩʪʠ.  

ʊʠʧʠʯʥʳʝ ʚʦʣʴʪ-ʘʤʧʝʨʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʇʉʕ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩʫʥʢʝ 2 ʠ ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ 

ʦʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ: ʥʘʧʨʷʞʝʥʠʝ ʭʦʣʦʩʪʦʛʦ ʭʦʜʘ Uʭʭ, ʧʣʦʪʥʦʩʪʴ ʪʦʢʘ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ Jʢʟ, 

ʬʘʢʪʦʨ ʟʘʧʦʣʥʝʥʠʷ ʌɿ, ʘ ʪʘʢʞʝ ʧʣʦʪʥʦʩʪʴ ʪʦʢʘ Jmax ʠ ʥʘʧʨʷʞʝʥʠʝ Umax ʚ ʪʦʯʢʝ ʤʘʢʩʠʤʘʣʴʥʦʡ 

ʤʦʱʥʦʩʪʠ. 
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ʈʠʩʫʥʦʢ 2 ï ʊʠʧʠʯʥʳʝ ʚʦʣʴʪ-ʘʤʧʝʨʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʦʣʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ 

 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ï ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʣʝʟʥʦʛʦ ʜʝʡʩʪʚʠʷ (ʂʇɼ) ʫʩʪʨʦʡʩʪʚʘ 

ʦʧʠʩʳʚʘʝʪ ʩʦʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ ʤʘʢʩʠʤʘʣʴʥʦʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʤʦʱʥʦʩʪʴʶ ʷʯʝʡʢʠ ʠ ʤʦʱʥʦʩʪʴʶ 

ʧʘʜʘʶʱʝʛʦ ʩʚʝʪʘ Pin: 

˗˜ˑ
Ͻ

ˡ Ͻ̝̋
Ͻ̖̖̈

 ,     (1) 

ʛʜʝ ʬʘʢʪʦʨ ʟʘʧʦʣʥʝʥʠʷ ʌɿ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ ʬʘʢʪʠʯʝʩʢʠ ʧʨʦʠʟʚʝʜʝʥʥʦʡ 

ʤʦʱʥʦʩʪʴʶ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠ ʚʦʟʤʦʞʥʦʡ: 

 

ˡ˔
Ͻ

̋Ͻ̖̖̈
 ,      (2) 

 

ʌʘʢʪʦʨ ʟʘʧʦʣʥʝʥʠʷ ʜʣʷ ʩʦʚʨʝʤʝʥʥʳʭ ʇʉʕ ʥʘʭʦʜʠʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 70 ʜʦ 85 % ʠ ʜʦʣʞʝʥ 

ʙʳʪʴ ʢʘʢ ʤʦʞʥʦ ʙʦʣʝʝ ʚʳʩʦʢʠʤ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʂʇɼ. ʅʘ ʥʝʛʦ ʚʣʠʷʝʪ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ RS, ʢʦʪʦʨʦʝ ʚʢʣʶʯʘʝʪ ʚʩʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʥʘ ʛʨʘʥʠʮʘʭ ʨʘʟʜʝʣʘ 

ʩʣʦʝʚ, ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ ʠ ʵʣʝʢʪʨʦʜʦʚ. ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʂʇɼ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʜʦʣʞʥʦ ʙʳʪʴ ʥʠʟʢʠʤ ʠ ʩʪʨʝʤʠʪʴʩʷ ʢ ʥʫʣʶ. ʐʫʥʪʠʨʫʶʱʝʝ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ RSH ʥʘʦʙʦʨʦʪ ʜʦʣʞʥʦ ʙʳʪʴ ʚʳʩʦʢʠʤ ʠ ʚʢʣʶʯʘʪʴ ʚ ʩʝʙʷ ʚʩʝ ʫʪʝʯʢʠ ʪʦʢʘ ʯʝʨʝʟ 

ʰʫʥʪʳ ʚ ʨʝʟʫʣʴʪʘʪʝ ʜʝʬʝʢʪʦʚ ʩʣʦʝʚ.  

ʅʘʧʨʷʞʝʥʠʝ ʭʦʣʦʩʪʦʛʦ ʭʦʜʘ ʥʘʧʨʷʤʫʶ ʩʚʷʟʘʥʦ ʩ ʨʘʟʥʦʩʪʴʶ ʫʨʦʚʥʝʡ ʵʥʝʨʛʠʠ ʟʦʥʳ 

ʧʨʦʚʦʜʠʤʦʩʪʠ ʵʣʝʢʪʨʦʥʥʦ-ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʣʦʷ ʠ ʚʘʣʝʥʪʥʦʡ ʟʦʥʳ ʜʳʨʦʯʥʦ-ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʣʦʷ. ɺ 

ʠʜʝʘʣʴʥʦʤ ʇʉʕ, ʟʥʘʯʝʥʠʝ ʥʘʧʨʷʞʝʥʠʷ ʭʦʣʦʩʪʦʛʦ ʭʦʜʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩ ʨʘʟʥʠʮʝʡ ʤʝʞʜʫ ʢʚʘʟʠ-

ʫʨʦʚʥʷʤʠ ʌʝʨʤʠ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʣʦʸʚ (ʨʠʩʫʥʦʢ 3) [35]. ʆʜʥʘʢʦ ʵʤʧʠʨʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 
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ʧʦʢʘʟʳʚʘʶʪ ʥʘʣʠʯʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʬʘʢʪʦʨʦʚ, ʚʳʟʳʚʘʶʱʠʭ ʧʦʪʝʨʠ ʥʘʧʨʷʞʝʥʠʷ, 

ʧʨʦʠʩʭʦʞʜʝʥʠʝ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʪʝʤʦʡ ʠʥʪʝʥʩʠʚʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ [36ï39].    

 

 

ʈʠʫʥʦʢ 3 ï ʂʚʘʟʠ-ʫʨʦʚʥʠ ʌʝʨʤʠ ʇʉʕ ʚ ʫʩʣʦʚʠʷʭ ʦʩʚʝʱʝʥʠʷ [35] 

 

1.2 ɸʨʭʠʪʝʢʪʫʨʘ ʧʝʨʦʚʩʢʠʪʥʳʭ ʩʦʣʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ 

 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʧʝʨʦʚʩʢʠʪʥʳʭ ʩʦʣʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʟʥʘʯʠʪʝʣʴʥʦ ʟʘʚʠʩʠʪ ʦʪ ʠʭ 

ʘʨʭʠʪʝʢʪʫʨʳ, ʢʦʪʦʨʘʷ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʦʧʨʝʜʝʣʷʝʪ ʚʳʙʦʨ ʤʘʪʝʨʠʘʣʦʚ, ʤʝʪʦʜʳ ʠʭ ʥʘʥʝʩʝʥʠʷ ʠ, 

ʝʩʪʝʩʪʚʝʥʥʦ, ʩʦʚʤʝʩʪʠʤʦʩʪʴ ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʫʩʪʨʦʡʩʪʚʘ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʨʘʟʨʘʙʦʪʘʥʳ ʜʚʝ ʦʩʥʦʚʥʳʭ ʘʨʭʠʪʝʢʪʫʨʳ ʧʝʨʦʚʩʢʠʪʥʳʭ ʩʦʣʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ: ʤʝʟʦʩʢʦʧʠʯʝʩʢʠʝ 

ʠ ʧʣʘʥʘʨʥʳʝ. ʄʝʟʦʩʢʦʧʠʯʝʩʢʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʙʲʝʤʥʳʡ ʧʦʨʠʩʪʳʡ 

ʪʨʘʥʩʧʦʨʪʥʳʡ ʩʣʦʡ ʩ ʙʦʣʴʰʦʡ ʧʣʦʱʘʜʴʶ ʧʦʚʝʨʭʥʦʩʪʠ, ʛʜʝ ʧʝʨʦʚʩʢʠʪ ʤʦʞʝʪ ʙʳʪʴ ʣʠʙʦ ʚʚʝʜʝʥ ʚ 

ʚʠʜʝ ʪʦʥʢʦʛʦ ʩʣʦʷ, ʢʦʪʦʨʳʡ ʧʦʢʨʳʚʘʝʪ ʢʘʨʢʘʩ ʧʦʨʠʩʪʦʛʦ ʤʘʪʝʨʠʘʣʘ (ʦʙʳʯʥʦ ʦʢʩʠʜʘ ʤʝʪʘʣʣʦʚ), ʩ 

ʥʘʥʝʩʝʥʥʳʤ ʩʚʝʨʭʫ ʜʨʫʛʠʤ ʪʨʘʥʩʧʦʨʪʥʳʤ ʩʣʦʝʤ (n-i-p ʤʝʟʦʩʢʦʧʠʯʝʩʪʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʨʠʩʫʥʦʢ 4ʘ), 

ʣʠʙʦ ʧʝʨʦʚʩʢʠʪ ʤʦʞʝʪ ʦʙʨʘʟʦʚʳʚʘʪʴ ʩʣʦʡ ʧʦʚʝʨʭ ʧʦʣʥʦʩʪʴʶ ʧʨʦʧʠʪʘʥʥʦʛʦ ʧʦʨʠʩʪʦʛʦ ʢʘʨʢʘʩʘ  

(p-i-n ʤʝʟʦʩʢʦʧʠʯʝʩʢʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʨʠʩʫʥʦʢ 4ʙ). ɹʦʣʝʝ ʧʨʦʩʪʘʷ ʧʣʘʥʘʨʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʪʘʢʞʝ ʜʚʫʤʷ ʢʦʥʬʠʛʫʨʘʮʠʷʤʠ: ʧʨʷʤʦʡ (n-i-p) (ʨʠʩʫʥʦʢ 4ʚ) ʠ çʠʥʚʝʨʪʠʨʦʚʘʥʥʦʡè 

(p-i-n) ʩʪʨʫʢʪʫʨʘʤʠ (ʨʠʩʫʥʦʢ 4ʛ), ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʦʨʷʜʢʘ ʥʘʥʝʩʝʥʠʷ ʩʣʦʝʚ. 

 



15 

 

 

ʈʠʩʫʥʦʢ 4 ï ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʧʝʨʦʚʩʢʠʪʥʳʭ ʩʦʣʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʩ ʤʝʟʦʩʢʦʧʠʯʝʩʢʠʤ 

ʛʝʪʝʨʦʧʝʨʝʭʦʜʦʤ (ʘ) ʩ ʪʨʘʥʩʧʦʨʪʥʳʤ ʧʝʨʝʢʨʳʚʘʶʱʠʤ ʩʣʦʝʤ ʠ (ʙ) ʩ ʧʝʨʦʚʩʢʠʪʥʳʤ 

ʧʝʨʝʢʨʳʚʘʶʱʠʤ ʩʣʦʝʤ; ʠ ʧʣʘʥʘʨʥʳʝ ʩʦʣʥʝʯʥʳʝ ʵʣʝʤʝʥʪʳ ʩ ʛʝʪʝʨʦʧʝʨʝʭʦʜʦʤ ʩ (ʚ) ʦʙʳʯʥʦʡ  

«n-i-pè ʠ (ʛ) ʠʥʚʝʨʪʠʨʦʚʘʥʥʦʡ «p-i-nè ʢʦʥʬʠʛʫʨʘʮʠʷʤʠ. [30] 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʵʥʝʨʛʠʠ ʧʝʨʦʚʩʢʠʪʥʳʭ ʩʦʣʥʝʯʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ʧʨʝʚʳʩʠʣʘ 25 % ʙʣʘʛʦʜʘʨʷ ʦʧʪʠʤʠʟʘʮʠʠ ʤʝʪʦʜʦʚ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʧʝʨʦʚʩʢʠʪʘ, 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʦʙʘʚʦʢ ʚ ʨʘʩʪʚʦʨʝ ʧʨʝʢʫʨʩʦʨʦʚ, ʧʨʠʤʝʥʝʥʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ 

ʧʘʩʩʠʚʘʮʠʠ ʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʷ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʣʦʝʚ [40ï42]. ɼʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ ʚʩʝ 

ʨʝʢʦʨʜʥʳʝ ʟʥʘʯʝʥʠʷ ʂʇɼ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʜʣʷ ʫʩʪʨʦʡʩʪʚ ʩ n-i-p ʤʝʟʦʩʢʦʧʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʦʡ [3], 

ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʥʘ ʧʣʘʥʘʨʥʳʭ ʢʦʥʬʠʛʫʨʘʮʠʷʭ ʜʦʩʪʠʛʥʫʪʳ ʟʥʘʯʝʥʠʷ ʥʝ ʧʨʝʚʳʰʘʶʱʠʝ 23,7 % [43]. 

ʇʉʕ ʪʘʢʞʝ ʤʦʛʫʪ ʙʳʪʴ ʠʟʛʦʪʦʚʣʝʥʳ ʩ ʘʨʭʠʪʝʢʪʫʨʦʡ P-N ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʳ (ʥʠʞʥʠʡ 

ʢʦʥʪʘʢʪ/TiO2/ʧʝʨʦʚʩʢʠʪ/ʚʝʨʭʥʠʡ ʢʦʥʪʘʢʪ), ʢʘʢ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʨʘʙʦʪʝ ʛʨʫʧʧʳ ʕʪʛʘʨʘ [44], ʦʜʥʘʢʦ, 

ʧʦ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʵʥʝʨʛʠʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʪʘʢʠʭ ʩʪʨʫʢʪʫʨ ʥʝ 

ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʘ ʩʦ ʩʪʘʥʜʘʨʪʥʳʤʠ n-i-p ʠʣʠ p-i-n ʫʩʪʨʦʡʩʪʚʘʤʠ. ʅʝʩʤʦʪʨʷ ʥʘ ʚʳʩʦʢʠʡ ʂʇɼ, 

ʫʩʪʨʦʡʩʪʚʘ ʩ ʤʝʟʦʩʢʦʧʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʦʡ ʪʨʝʙʫʶʪ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʧʨʦʮʝʩʩʦʚ 

ʠʟʛʦʪʦʚʣʝʥʠʷ ʠ ʩʣʦʞʥʦʡ ʦʙʨʘʙʦʪʢʠ ʤʘʪʝʨʠʘʣʦʚ, ʯʪʦʙʳ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʤʦʨʬʦʣʦʛʠʶ ʢʘʨʢʘʩʘ, 

ʧʦʨʠʩʪʦʩʪʴ ʠ ʟʘʧʦʣʥʝʥʠʝ ʠʭ ʩʣʝʜʫʶʱʠʤ ʩʣʦʝʤ [45].  
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ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʫʞʝ ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʤʝʪʦʜʳ ʦʙʨʘʙʦʪʢʠ 

ʤʘʪʝʨʠʘʣʦʚ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʥʠʞʝ 150 ÁC ʜʣʷ ʤʝʟʦʩʢʦʧʠʯʝʩʢʠʭ ʧʝʨʦʚʩʢʠʪʥʳʭ ʩʦʣʥʝʯʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʘʥʦʯʘʩʪʠʮ, [46,47] ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʨʘʙʦʪ ʧʦ-ʧʨʝʞʥʝʤʫ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʤʝʟʦʩʢʦʧʠʯʝʩʢʠʝ ʧʣʝʥʢʠ, ʪʨʝʙʫʶʱʠʝ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʩʧʝʢʘʥʠʷ (~ 500 ÁC), 

ʦʩʦʙʝʥʥʦ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʢʣʶʯʝʥʠʝ 

ʤʝʟʦʩʢʦʧʠʯʝʩʢʦʛʦ ʢʘʨʢʘʩʘ ʠʟ ʦʢʩʠʜʘ ʤʝʪʘʣʣʘ ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʥʠʞʝʥʠʶ ʪʝʤʧʝʨʘʪʫʨʳ ʦʙʨʘʙʦʪʢʠ 

ʧʝʨʦʚʩʢʠʪʥʳʭ ʩʦʣʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʩ ʧʣʘʥʘʨʥʦʡ ʩʪʨʫʢʪʫʨʦʡ, ʯʪʦ ʜʝʣʘʝʪ ʚʦʟʤʦʞʥʳʤ 

ʠʟʛʦʪʦʚʣʝʥʠʝ ʛʠʙʢʠʭ ʩʦʣʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʥʘ ʧʦʜʣʦʞʢʘʭ ʠʟ ʧʦʣʠʵʪʠʣʝʥʪʝʨʝʬʪʘʣʘʪʘ (ʇʕʊ), ʯʪʦ 

ʥʝʚʦʟʤʦʞʥʦ ʜʣʷ ʤʝʟʦʩʢʦʧʠʯʝʩʢʠʭ ʘʨʭʠʪʝʢʪʫʨ. ʀʩʧʦʣʴʟʫʷ ʧʨʝʠʤʫʱʝʩʪʚʦ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ 

ʦʙʨʘʙʦʪʢʠ, ʧʣʘʥʘʨʥʳʝ ʧʝʨʦʚʩʢʠʪʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʪʘʢʞʝ ʤʦʛʫʪ ʙʳʪʴ ʠʥʪʝʛʨʠʨʦʚʘʥʳ ʚ ʪʘʥʜʝʤʥʳʝ 

ʩʦʣʥʝʯʥʳʝ ʵʣʝʤʝʥʪʳ ʚ ʢʘʯʝʩʪʚʝ ʚʝʨʭʥʝʛʦ ʠ/ʠʣʠ ʥʠʞʥʝʛʦ ʵʣʝʤʝʥʪʘ. ʂʨʦʤʝ ʪʦʛʦ, ʧʣʘʥʘʨʥʘʷ 

ʘʨʭʠʪʝʢʪʫʨʘ ʙʝʟ ʤʝʟʦʩʢʦʧʠʯʝʩʢʦʛʦ ʩʣʦʷ ʧʨʝʜʣʘʛʘʝʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʫʧʨʦʱʝʥʠʝ ʚ ʤʝʪʦʜʘʭ 

ʦʩʘʞʜʝʥʠʷ ʤʝʪʘʣʣʦʨʛʘʥʠʯʝʩʢʠʭ ʛʘʣʦʛʝʥʠʜʥʳʭ ʧʝʨʦʚʩʢʠʪʦʚ, ʯʪʦ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʨʘʩʰʠʨʷʝʪ 

ʚʦʟʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʨʫʛʠʭ ʤʘʪʝʨʠʘʣʦʚ ʚ ʢʘʯʝʩʪʚʝ ʪʨʘʥʩʧʦʨʪʥʳʭ (ʠʣʠ ʙʣʦʢʠʨʫʶʱʠʭ) 

ʩʣʦʝʚ ʚ ʩʪʨʫʢʪʫʨʝ ʇʉʕ. ʕʪʦ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʜʦʩʪʠʯʴ ʚʳʩʦʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʙʝʟ 

ʤʝʟʦʩʢʦʧʠʯʝʩʢʦʛʦ ʩʣʦʷ, ʪʱʘʪʝʣʴʥʦ ʢʦʥʪʨʦʣʠʨʫʷ ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ ʩʣʦʷʤʠ, 

ʩʦʩʪʘʚʣʷʶʱʠʤʠ ʇʉʕ [48]. ʆʜʥʘʢʦ n-i-p ʧʣʘʥʘʨʥʘʷ ʢʦʥʬʠʛʫʨʘʮʠʷ ʠʤʝʝʪ ʚʳʩʦʢʠʡ ʵʬʬʝʢʪ 

ʛʠʩʪʝʨʝʟʠʩʘ ʚʦʣʴʪ-ʘʤʧʝʨʥʦʡ ʢʨʠʚʦʡ [49]. ʇʉʕ ʩ p-i-n ʩʪʨʫʢʪʫʨʦʡ ʘʥʘʣʦʛʠʯʝʥ ʦʨʛʘʥʠʯʝʩʢʠʤ 

ʩʦʣʥʝʯʥʳʤ ʵʣʝʤʝʥʪʘʤ [50]. ɺ ʩʣʫʯʘʝ ʧʣʘʥʘʨʥʦʡ p-i-n ʩʪʨʫʢʪʫʨʳ ʧʝʨʦʚʩʢʠʪʘ ʩʥʘʯʘʣʘ ʥʘʥʦʩʠʪʩʷ 

ʜʳʨʦʯʥʦ-ʪʨʘʥʩʧʦʨʪʥʳʡ ʩʣʦʡ, ʬʦʪʦʧʦʛʣʘʱʘʶʱʠʡ ʩʣʦʡ ʧʝʨʦʚʩʢʠʪʘ, ʘ ʟʘʪʝʤ ʵʣʝʢʪʨʦʥʥʦ-

ʪʨʘʥʩʧʦʨʪʥʳʡ ʩʣʦʡ. ɹʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʧʝʨʦʚʩʢʠʪʳ ʧʨʦʷʚʣʷʶʪ ʩʚʦʡʩʪʚʘ ʜʳʨʦʯʥʦ-

ʧʨʦʚʦʜʷʱʝʛʦ ʩʣʦʷ [51], ʯʪʦ ʧʨʠʚʝʣʦ ʢ ʨʘʟʨʘʙʦʪʢʝ ʛʨʫʧʧʳ ɼʞʝʥʛʘ ʧʝʨʚʦʛʦ ʧʣʘʥʘʨʥʦʛʦ 

ʛʝʪʝʨʦʧʝʨʝʭʦʜʘ ʇʉʕ ʩ ʠʥʚʝʨʪʠʨʦʚʘʥʥʦʡ ʩʪʨʫʢʪʫʨʦʡ [52]. ɹʣʘʛʦʜʘʨʷ ʵʪʦʤʫ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ, 

ʠʥʚʝʨʪʠʨʦʚʘʥʥʘʷ ʢʦʥʬʠʛʫʨʘʮʠʷ p-i-n ʨʘʩʰʠʨʠʣʘ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʦʣʴʰʦʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʣʦʝʚ ʦʪ ʦʨʛʘʥʠʯʝʩʢʠʭ ʜʦ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ. ʇʣʘʥʘʨʥʳʡ 

ʇʉʕ ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʫʶ ʦʙʨʘʙʦʪʢʫ [30], ʣʫʯʰʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ ʠʥʪʝʨʬʝʡʩʘ 

[50,53], ʥʝʟʥʘʯʠʪʝʣʴʥʳʡ ʛʠʩʪʝʨʝʟʠʩ [54,55], ʥʠʟʢʫʶ ʩʪʦʠʤʦʩʪʴ ʤʘʪʝʨʠʘʣʦʚ [50] ʠ ʚʳʩʦʢʫʶ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʙʦʣʝʝ 18 % [56]. 

 

 1.3 ʄʘʪʝʨʠʘʣʳ ʜʣʷ ʧʝʨʦʚʩʢʠʪʥʳʭ ʩʦʣʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ 

 

ʇʨʠʤʝʨ ʤʝʭʘʥʠʟʤʘ ʨʘʙʦʪʳ ʧʣʘʥʘʨʥʳʭ ʇʉʕ ʧʦʢʘʟʘʥ ʥʘ ʨʠʩʫʥʢʝ 5ʘ. ʉʪʨʫʢʪʫʨʳ p-i-n ʠʣʠ  

n-i-p  ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʧʦʨʷʜʢʫ ʩʣʦʝʚ ʢ ʥʘʧʨʘʚʣʝʥʠʶ ʧʘʜʘʶʱʝʛʦ ʩʚʝʪʘ. 
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ʈʠʩʫʥʦʢ 5 ï (a) ɼʚʠʞʝʥʠʝ ʟʘʨʷʜʘ ʚ ʧʣʘʥʘʨʥʦʤ ʇʉʕ (ʚ ʩʣʫʯʘʝ p-i-n ʘʨʭʠʪʝʢʪʫʨʳ); (ʙ) ʜʠʘʛʨʘʤʤʘ, 

ʧʦʢʘʟʳʚʘʶʱʘʷ ʫʨʦʚʥʠ ʵʥʝʨʛʠʠ ʪʠʧʠʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʢʘʪʦʜʘ, ʵʣʝʢʪʨʦʥʥʦ-ʪʨʘʥʩʧʦʨʪʥʦʛʦ 

ʩʣʦʷ, ʬʦʪʦʘʢʪʠʚʥʦʛʦ ʩʣʦʷ, ʜʳʨʦʯʥʦ-ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʣʦʷ ʠ ʘʥʦʜʘ ʇʉʕ [49]. 

 

ʀʩʭʦʜʷ ʠʟ ʢʦʥʬʠʛʫʨʘʮʠʡ, ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʥʦʚʳʝ ʢʦʤʙʠʥʘʮʠʠ ʩʣʦʝʚ ʇʉʕ. ɺʳʙʦʨ 

ʢʦʥʪʘʢʪʦʚ, ʩʚʦʡʩʪʚʘ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʣʦʝʚ ʠ ʠʭ ʠʥʪʝʨʬʝʡʩʦʚ ʩ ʧʝʨʦʚʩʢʠʪʦʤ ʠʤʝʶʪ ʨʝʰʘʶʱʝʝ 

ʟʥʘʯʝʥʠʝ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʝʨʦʚʩʢʠʪʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ. ɺʘʞʥʦʩʪʴ ʩʚʦʡʩʪʚ 

ʠʥʪʝʨʬʝʡʩʦʚ ʙʳʣʘ ʚʳʷʚʣʝʥʘ ʩ ʧʦʤʦʱʴʶ ʠʩʩʣʝʜʦʚʘʥʠʡ ʪʦʢʘ, ʠʥʜʫʮʠʨʦʚʘʥʥʦʛʦ ʵʣʝʢʪʨʦʥʥʳʤ 

ʧʫʯʢʦʤ, ʢʦʪʦʨʳʝ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʵʬʬʝʢʪʠʚʥʦʝ ʨʘʟʜʝʣʝʥʠʝ ʠ ʩʙʦʨ ʟʘʨʷʜʘ ʧʨʦʠʩʭʦʜʠʪ ʥʘ ʛʨʘʥʠʮʘʭ 

ʨʘʟʜʝʣʘ ʤʝʞʜʫ ʧʝʨʦʚʩʢʠʪʦʤ ʠ ʦʙʦʠʤʠ ʪʨʘʥʩʧʦʨʪʥʳʤʠ ʩʣʦʷʤʠ [49]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʳʙʦʨ 

ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʣʦʝʚ ʠʤʝʝʪ ʨʝʰʘʶʱʝʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʠ ʩʙʦʨʘ ʟʘʨʷʜʘ 

ʧʨʠ ʧʦʜʜʝʨʞʠʚʘʥʠʠ ʥʠʟʢʦʡ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʨʝʢʦʤʙʠʥʘʮʠʠ ʜʣʷ ʤʠʥʠʤʠʟʘʮʠʠ ʧʦʪʝʨʴ ʵʥʝʨʛʠʠ ʥʘ 
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ʛʨʘʥʠʮʘʭ ʨʘʟʜʝʣʘ ʛʝʪʝʨʦʧʝʨʝʭʦʜʦʚ. ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʙʳʣʦ ʠʩʩʣʝʜʦʚʘʥʦ ʤʥʦʞʝʩʪʚʦ 

ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʣʦʝʚ ʜʣʷ ʩʦʟʜʘʥʠʷ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʭ ʧʝʨʦʚʩʢʠʪʥʳʭ ʫʩʪʨʦʡʩʪʚ. ʅʘ ʨʠʩʫʥʢʝ 5ʙ 

ʧʦʢʘʟʘʥʳ ʫʨʦʚʥʠ ʵʥʝʨʛʠʠ ʥʝʢʦʪʦʨʳʭ ʪʠʧʠʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʚ 

ʧʝʨʦʚʩʢʠʪʥʳʭ ʩʦʣʥʝʯʥʳʭ ʵʣʝʤʝʥʪʘʭ.  

ɺ ʢʘʯʝʩʪʚʝ ʜʳʨʦʯʥʦ-ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʣʦʷ ʚ ʧʝʨʦʚʩʢʠʪʥʳʭ ʩʦʣʥʝʯʥʳʭ ʵʣʝʤʝʥʪʘʭ ʙʳʣʠ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʥʝʢʦʪʦʨʳʝ ʤʘʪʝʨʠʘʣʳ, ʪʘʢʠʝ ʢʘʢ PEDOT:PSS [51,57], spiro-OMeTAD [58], ʦʢʩʠʜ 

ʛʨʘʬʝʥʘ (GO) [59], NiOx [54,60] ʠ CuSCN [61]. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ PEDOT:PSS ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ 

ʠʟ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʳʨʦʯʥʦ-ʪʨʘʥʩʧʦʨʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʠʥʚʝʨʪʠʨʦʚʘʥʥʦʡ 

ʧʣʘʥʘʨʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ, ʝʛʦ ʨʘʙʦʪʘ ʚʳʭʦʜʘ ʩʠʣʴʥʦ ʟʘʚʠʩʠʪ ʦʪ ʩʦʦʪʥʦʰʝʥʠʷ ʝʛʦ ʠʦʥʦʤʝʨʦʚ 

(Ḑ4,9-5,2 ʵɺ), ʯʪʦ ʤʦʞʝʪ ʩʪʘʪʴ ʥʝʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʠʤ ʧʘʨʘʤʝʪʨʦʤ ʜʣʷ ʢʦʤʙʠʥʘʮʠʠ ʩ ʥʝʢʦʪʦʨʳʤʠ 

ʧʝʨʦʚʩʢʠʪʘʤʠ. ʃʠʤ ʠ ʝʛʦ ʢʦʣʣʝʛʠ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ, ʯʪʦ ʨʘʙʦʪʘ ʚʳʭʦʜʘ PEDOT:PSS ʤʦʞʝʪ 

ʙʳʪʴ ʥʘʩʪʨʦʝʥʘ ʧʫʪʝʤ ʜʦʙʘʚʣʝʥʠʷ ʧʝʨʬʪʦʨʠʨʦʚʘʥʥʦʛʦ ʠʦʥʦʤʝʨʘ (PFI) ʚ ʨʘʩʪʚʦʨ ʧʦʣʠʤʝʨʘ [62]. 

ʊʘʢʞʝ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ PFI ʦʙʦʛʘʱʘʝʪ ʧʦʚʝʨʭʥʦʩʪʴ PEDOT:PSS, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʙʦʣʝʝ 

ʛʣʫʙʦʢʦʡ ʨʘʙʦʪʝ ʚʳʭʦʜʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʫʩʪʨʦʡʩʪʚʘ ʩ ʠʥʪʝʨʬʝʡʩʦʤ, ʦʙʨʘʙʦʪʘʥʥʳʝ PFI, 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʂʇɼ 11,7 %, ʯʪʦ ʥʘ 40 % ʚʳʰʝ, ʯʝʤ ʫ ʫʩʪʨʦʡʩʪʚʘ ʙʝʟ PFI. ʇʦʩʢʦʣʴʢʫ 

PEDOT:PSS ʦʯʝʥʴ ʛʠʛʨʦʩʢʦʧʠʯʝʥ, ʯʪʦ ʩʥʠʞʘʝʪ ʩʪʘʙʠʣʴʥʦʩʪʴ ʧʝʨʦʚʩʢʠʪʥʳʭ ʫʩʪʨʦʡʩʪʚ, ʪʨʝʙʫʝʪʩʷ 

ʨʘʟʨʘʙʦʪʢʘ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʅʝʦʨʛʘʥʠʯʝʩʢʠʝ ʦʢʩʠʜʳ ʤʝʪʘʣʣʦʚ ʷʚʣʷʶʪʩʷ ʠʜʝʘʣʴʥʳʤ 

ʚʳʙʦʨʦʤ ʜʣʷ ʵʪʦʡ ʮʝʣʠ, ʧʦʩʢʦʣʴʢʫ ʦʥʠ ʙʦʣʝʝ ʩʪʘʙʠʣʴʥʳ. ɼʦʢʘʤʧʦ ʠ ʝʛʦ ʢʦʣʣʝʛʠ ʚʧʝʨʚʳʝ 

ʧʨʠʤʝʥʠʣʠ ʩʣʦʡ NiOx ʚ ʢʘʯʝʩʪʚʝ ʜʳʨʦʯʥʦ-ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʣʦʷ ʚ ʧʣʘʥʘʨʥʳʭ p-i-n ʫʩʪʨʦʡʩʪʚʘʭ. 

ʈʘʙʦʪʘ ʧʦʢʘʟʘʣʘ, ʯʪʦ ʤʦʞʥʦ ʜʦʩʪʠʯʴ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʜʦ 9 % ʩ NiOx ʩʣʦʝʤ. ʉʫʱʝʩʪʚʫʶʪ ʨʘʟʣʠʯʥʳʝ 

ʤʝʪʦʜʳ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʜʣʷ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʧʣʝʥʢʠ NiOx ʜʣʷ ʧʝʨʦʚʩʢʠʪʥʳʭ ʩʦʣʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ: 

ʵʣʝʢʪʨʦʦʩʘʞʜʝʥʠʝ ʠ ʟʦʣʴ-ʛʝʣʴ ʩʠʥʪʝʟ [61,63]. ɼʞʝʥʛ ʠ ʝʛʦ ʢʦʣʣʝʛʠ ʥʘʥʝʩʣʠ ʪʦʥʢʠʡ ʜʳʨʦʯʥʦ-

ʪʨʘʥʩʧʦʨʪʥʳʡ ʩʣʦʡ NiOx ʠ ʥʘʙʣʶʜʘʣʠ ʧʦʚʳʰʝʥʠʝ ʂʇɼ ʠ Uʭʭ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʫʩʪʨʦʡʩʪʚʘʤʠ, 

ʠʟʛʦʪʦʚʣʝʥʥʳʤʠ ʩ PEDOT:PSS [64]. ɸʢʪʠʚʘʮʠʷ ʋʌ-ʦʟʦʥʦʤ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʘ ʫʣʫʯʰʝʥʠʝ 

ʩʚʦʡʩʪʚʘ ʩʤʘʯʠʚʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ NiOx, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʦʚʳʰʝʥʠʝ ʂʇɼ ʫʩʪʨʦʡʩʪʚʘ ʚ 1,5 ʨʘʟʘ 

(ʂʇɼ = 7,8 %) [63]. ʀʩʧʦʣʴʟʫʷ ʥʘʥʦʢʨʠʩʪʘʣʣʳ, ʧʦʣʫʯʝʥʥʳʝ ʟʦʣʴ-ʛʝʣʴ ʤʝʪʦʜʦʤ, ɾʫ ʠ ʝʛʦ ʢʦʣʣʝʛʠ 

ʩʤʦʛʣʠ ʧʦʣʫʯʠʪʴ ʢʦʤʧʘʢʪʥʫʶ, ʩʧʣʦʰʥʫʶ ʠ ʛʦʬʨʠʨʦʚʘʥʥʫʶ ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʧʣʝʥʢʫ NiOx ʩ 

ʣʫʯʰʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʨʘʟʜʝʣʝʥʠʷ ʟʘʨʷʜʦʚ ʠ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʚʦʡʩʪʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

PEDOT:PSS [65]. ʊʝʢʩʪʫʨʘ ʧʦʚʝʨʭʥʦʩʪʠ NiOx ʩʧʦʩʦʙʩʪʚʫʝʪ ʦʙʨʘʟʦʚʘʥʠʶ ʢʨʫʧʥʳʭ ʢʨʠʩʪʘʣʣʦʚ 

ʧʝʨʦʚʩʢʠʪʘ ʩ ʫʣʫʯʰʝʥʥʳʤʠ ʩʚʝʪʦʨʘʩʩʝʠʚʘʶʱʠʤʠ ʩʚʦʡʩʪʚʘʤʠ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʦʩʣʝ 

ʦʧʪʠʤʠʟʘʮʠʠ ʪʦʣʱʠʥʳ NiOx ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʇʉʕ ʩ ʂʇɼ ʚʳʰʝ 15 %, ʯʪʦ ʧʨʝʚʳʰʘʝʪ ʨʝʟʫʣʴʪʘʪʳ 

ʫʩʪʨʦʡʩʪʚ ʩ PEDOT:PSS [60]. 

ʕʣʝʢʪʨʦʥʥʦ-ʪʨʘʥʩʧʦʨʪʥʳʡ ʩʣʦʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʘʪʝʨʠʘʣ ʩ ʚʳʩʦʢʦʡ ʵʥʝʨʛʠʝʡ 

ʩʨʦʜʩʪʚʘ ʢ ʵʣʝʢʪʨʦʥʫ ʠ ʚʳʩʦʢʦʡ ʧʦʜʚʠʞʥʦʩʪʴʶ ʵʣʝʢʪʨʦʥʦʚ. ʕʪʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʟʚʦʣʷʶʪ 

ʵʣʝʢʪʨʦʥʘʤ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʵʣʝʢʪʨʦʥʥʦ-ʪʨʘʥʩʧʦʨʪʥʳʡ ʩʣʦʡ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʜʳʨʢʠ ʙʣʦʢʠʨʫʶʪʩʷ 
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ʙʘʨʴʝʨʦʤ ʠʟ-ʟʘ ʧʦʣʦʞʝʥʠʷ ʫʨʦʚʥʷ ʚʘʣʝʥʪʥʦʡ ʟʦʥʳ ʵʪʦʛʦ ʩʣʦʷ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʧʝʨʦʚʩʢʠʪʫ, ʯʪʦʙʳ 

ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʨʝʢʦʤʙʠʥʘʮʠʶ. ʆʢʩʠʜʳ ʤʝʪʘʣʣʦʚ ʷʚʣʷʶʪʩʷ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ 

ʤʘʪʝʨʠʘʣʘʤʠ ʵʪʦʡ ʢʘʪʝʛʦʨʠʠ ʠʟ-ʟʘ ʠʭ ʰʠʨʦʢʦʡ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ. ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʨʘʙʦʪ ʯʘʩʪʦ 

ʠʩʧʦʣʴʟʫʝʪʩʷ TiO2 ʚ ʢʘʯʝʩʪʚʝ ʵʣʝʢʪʨʦʥʥʦ-ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʣʦʷ, ʧʦʩʢʦʣʴʢʫ ʦʥ ʤʦʞʝʪ ʙʳʪʴ ʢʘʢ 

ʤʝʟʦʧʦʨʠʩʪʳʤ, ʪʘʢ ʠ ʢʦʤʧʘʢʪʥʳʤ ʩʣʦʝʤ. ZnO, SnO2 ʠ Al2O3 ʪʘʢʞʝ ʷʚʣʷʶʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ 

ʤʘʪʝʨʠʘʣʘʤʠ ʜʣʷ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʭ ʇʉʕ. ʀʭ ʤʦʞʥʦ ʥʘʥʦʩʠʪʴ ʠʟ ʨʘʩʪʚʦʨʘ-ʧʨʝʢʫʨʩʦʨʘ ʠʣʠ 

ʥʘʥʦʯʘʩʪʠʮ, ʜʠʩʧʝʨʛʠʨʦʚʘʥʥʳʭ ʚ ʚʦʜʝ ʠʣʠ ʩʧʠʨʪʝ [66]. ʌʫʣʣʝʨʝʥ (C60) ʠ ʝʛʦ ʧʨʦʠʟʚʦʜʥʳʝ 

ʷʚʣʷʶʪʩʷ ʥʘʠʙʦʣʝʝ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʤʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ n-ʪʠʧʘ ʜʣʷ ʵʣʝʢʪʨʦʥʥʦ-ʪʨʘʥʩʧʦʨʪʥʦʛʦ 

ʩʣʦʷ ʚ ʠʥʚʝʨʪʠʨʦʚʘʥʥʳʭ ʧʝʨʦʚʩʢʠʪʥʳʭ ʩʦʣʥʝʯʥʳʭ ʵʣʝʤʝʥʪʘʭ. PC61BM, ʦʜʥʦ ʠʟ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʬʫʣʣʝʨʝʥʘ, ʢʦʪʦʨʦʝ ʤʦʞʝʪ ʵʬʬʝʢʪʠʚʥʦ ʛʘʩʠʪʴ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʶ 

MAPbI3, ʧʨʝʜʧʦʣʘʛʘʷ ʚʳʩʦʢʫʶ ʚʝʨʦʷʪʥʦʩʪʴ ʵʬʬʝʢʪʠʚʥʦʛʦ ʧʝʨʝʥʦʩʘ ʟʘʨʷʜʘ [57]. ʈʘʟʣʠʯʥʳʝ 

ʧʨʦʠʟʚʦʜʥʳʝ ʬʫʣʣʝʨʝʥʘ ʦʙʳʯʥʦ ʦʙʣʘʜʘʶʪ ʨʘʟʣʠʯʥʦʡ ʨʘʩʪʚʦʨʠʤʦʩʪʴʶ ʚ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʨʘʩʪʚʦʨʠʪʝʣʷʭ ʠ ʨʘʟʣʠʯʥʳʤʠ ʦʧʪʦʵʣʝʢʪʨʦʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ (ʥʘʧʨʠʤʝʨ, ʧʦʜʚʠʞʥʦʩʪʴʶ 

ʵʣʝʢʪʨʦʥʦʚ ʠ ʫʨʦʚʥʝʤ ʵʥʝʨʛʠʠ). ʉʦʛʣʘʩʥʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʫʩʪʨʦʡʩʪʚʘ ʥʝʦʙʭʦʜʠʤʦ 

ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʪʦʣʱʠʥʫ ʧʣʝʥʢʠ ʬʫʣʣʝʨʝʥʘ, ʯʪʦʙʳ ʤʘʢʩʠʤʠʟʠʨʦʚʘʪʴ ʂʇɼ ʫʩʪʨʦʡʩʪʚʘ. ʉʝʦ ʠ ʝʛʦ 

ʢʦʣʣʝʛʠ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ, ʯʪʦ ʩʣʦʡ PC61BM ʪʦʣʱʠʥʦʡ ʦʢʦʣʦ 50 ʥʤ ʙʳʣ ʜʦʩʪʘʪʦʯʝʥ ʜʣʷ 

ʜʦʩʪʠʞʝʥʠʷ ʧʦʣʥʦʛʦ ʧʦʢʨʳʪʠʷ ʧʝʨʦʚʩʢʠʪʥʦʡ ʧʣʝʥʢʠ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʙʦʣʝʝ ʪʦʣʩʪʳʝ ʩʣʦʠ 

ʬʫʣʣʝʨʝʥʘ ʠʤʝʣʠ ʪʝʥʜʝʥʮʠʶ ʫʚʝʣʠʯʠʚʘʪʴ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ [67]. ʇʦʤʠʤʦ 

PC61BM, ʜʨʫʛʠʝ ʩʦʝʜʠʥʝʥʠʷ ʬʫʣʣʝʨʝʥʘ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʚ ʘʥʘʣʦʛʠʯʥʳʭ ʢʦʥʬʠʛʫʨʘʮʠʠ ʫʩʪʨʦʡʩʪʚʘ: 

C60, ICBA ʠ PC71BM. ʉʨʘʚʥʝʥʠʝ ʫʨʦʚʥʝʡ ʵʥʝʨʛʠʠ ʥʝʢʦʪʦʨʳʭ ʵʣʝʢʪʨʦʥʥʦ-ʪʨʘʥʩʧʦʨʪʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʩ ʜʨʫʛʠʤʠ ʩʣʦʷʤʠ ʚ ʧʝʨʦʚʩʢʠʪʥʳʭ ʩʦʣʥʝʯʥʳʭ ʵʣʝʤʝʥʪʘʭ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩʫʥʢʝ 6. 

 

 

ʈʠʩʫʥʦʢ 6 ï ʋʨʦʚʥʠ ʵʥʝʨʛʠʠ ʥʝʩʢʦʣʴʢʠʭ ʢʘʥʜʠʜʘʪʦʚ ʜʣʷ ʵʣʝʢʪʨʦʥʥʦ-ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʣʦʷ [30] 
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ɺ ʩʚʦʝʡ ʨʘʙʦʪʝ ʥʘ ʠʥʚʝʨʪʠʨʦʚʘʥʥʳʭ ʩʦʣʥʝʯʥʳʭ ʵʣʝʤʝʥʪʘʭ ʩ ʧʨʦʠʟʚʦʜʥʳʤʠ ʬʫʣʣʝʨʝʥʦʚ 

ɼʞʝʥʛ ʠ ʝʛʦ ʢʦʣʣʝʛʠ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʫʩʪʨʦʡʩʪʚʘ ʩ PC61BM ʧʨʝʚʦʩʭʦʜʷʪ ʫʩʪʨʦʡʩʪʚʘ, ʠʟʛʦʪʦʚʣʝʥʥʳʝ 

ʩ C60 ʠ ICBA [51]. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʥʘʙʣʶʜʘʝʪʩʷ ʢʦʨʨʝʣʷʮʠʷ ʤʝʞʜʫ ʫʨʦʚʥʝʤ ʅʉʄʆ ʬʫʣʣʝʨʝʥʦʚ ʠ 

ʬʦʪʦʵʜʩ. ɹʦʣʝʝ ʥʠʟʢʠʡ ʫʨʦʚʝʥʴ ʅʉʄʆ C60 ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ PC61BM (-4,5 ʵɺ ʠ -3,9 ʵɺ) ʭʦʨʦʰʦ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʘʜʝʥʠʶ ʥʘʧʨʷʞʝʥʠʷ ʭʦʣʦʩʪʦʛʦ ʭʦʜʘ Uʭʭ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʇʉʕ, 

ʧʨʠʛʦʪʦʚʣʝʥʥʳʡ ʩ ICBA, ʢʦʪʦʨʳʡ ʠʤʝʝʪ ʙʦʣʝʝ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʅʉʄʆ, ʯʝʤ PC61BM (ʥʘ 0,17 ʵɺ 

ʚʳʰʝ), ʧʦʢʘʟʳʚʘʝʪ ʙʦʣʝʝ ʚʳʩʦʢʦʝ Uʭʭ. ɻʨʫʧʧʘ ɺʘʥʛʘ ʪʘʢʞʝ ʩʜʝʣʘʣʠ ʘʥʘʣʦʛʠʯʥʳʝ ʥʘʙʣʶʜʝʥʠʷ ʚ 

ʦʪʥʦʰʝʥʠʠ ʪʝʥʜʝʥʮʠʠ ʬʦʪʦʵʜʩ ʧʣʘʥʘʨʥʳʭ ʫʩʪʨʦʡʩʪʚ ʩ ʪʨʝʤʷ ʧʨʦʠʟʚʦʜʥʳʤʠ ʬʫʣʣʝʨʝʥʘ ʚ 

ʢʘʯʝʩʪʚʝ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʣʦʷ; ʤʘʢʩʠʤʘʣʴʥʳʝ Uʍʍ ʙʳʣʠ ʧʦʣʫʯʝʥʳ 0,53 ɺ, 0,91 ɺ ʠ 1,06 ɺ ʜʣʷ C60, 

PC61BM ʠ ICBA ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ [68]. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʫʞʝ ʠʩʩʣʝʜʦʚʘʥ ʙʦʣʴʰʦʡ ʢʣʘʩʩ ʧʝʨʦʚʩʢʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ 

ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. ʅʘʯʠʥʘʷ ʩ ʧʝʨʦʚʩʢʠʪʘ ʥʘ ʦʩʥʦʚʝ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʢʘʪʠʦʥʘ, ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʧʝʨʝʰʣʠ ʢ ʙʦʣʝʝ ʩʣʦʞʥʳʤ ʩʪʨʫʢʪʫʨʘʤ. 

ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʝʨʦʚʩʢʠʪʳ ʩʦʜʝʨʞʘʪ ʩʚʠʥʝʮ ʚ ʢʘʯʝʩʪʚʝ ʢʘʪʠʦʥʘ ʤʝʪʘʣʣʘ, ʭʦʪʷ ʝʛʦ 

ʟʘʤʝʥʘ ʥʘ ʦʣʦʚʦ ʙʳʣʘ ʙʳ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʘ ʧʦ ʵʢʦʣʦʛʠʯʝʩʢʠʤ ʧʨʠʯʠʥʘʤ ʠ ʫʤʝʥʴʰʝʥʥʦʡ 

ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʦʡ, ʧʨʠʙʣʠʞʝʥʥʦʡ ʢ ʦʧʪʠʤʘʣʴʥʦʡ. ʆʜʥʘʢʦ, ʧʝʨʦʚʩʢʠʪʳ ʥʘ ʦʩʥʦʚʝ ʦʣʦʚʘ 

ʟʥʘʯʠʪʝʣʴʥʦ ʫʩʪʫʧʘʶʪ ʚ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʩʪʘʙʠʣʴʥʦʩʪʠ, ʘ ʢʦʣʠʯʝʩʪʚʦ Pb, ʚʳʜʝʣʷʝʤʦʛʦ ʠʟ 

ʧʝʨʦʚʩʢʠʪʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʫʩʪʫʧʘʝʪ ʙʦʣʴʰʠʥʩʪʚʫ ʢʦʥʢʫʨʠʨʫʶʱʠʭ ʪʝʭʥʦʣʦʛʠʡ [69ï71]. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʤʝʪʠʣʘʤʤʦʥʠʡ ʠʦʜʠʜ ʩʚʠʥʮʘ (CH3NH3PbI3 ʠʣʠ MAPbI3) ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ 

ʧʝʨʚʳʡ çʨʝʬʝʨʝʥʩè ʜʣʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʧʝʨʦʚʩʢʠʪʘ. ʀʟ-ʟʘ 

ʩʚʦʝʡ ʧʨʦʩʪʦʡ ʩʪʨʫʢʪʫʨʳ ʠ ʩʪʝʭʠʦʤʝʪʨʠʠ MAPbI3 ʙʳʣ ʪʱʘʪʝʣʴʥʦ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥ ʚ 

ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ, ʦʜʥʘʢʦ ʜʘʥʥʳʡ ʩʦʩʪʘʚ ʦʙʣʘʜʘʝʪ ʥʠʟʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʴʶ ʠ 

ʨʘʟʣʘʛʘʝʪʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʩʚʳʰʝ 55 Üʉ. ɿʘʤʝʥʘ ʡʦʜʘ ʙʨʦʤʦʤ ʚ ʩʦʩʪʘʚʝ ʘʥʠʦʥʘ ʫʚʝʣʠʯʠʚʘʝʪ 

ʰʠʨʠʥʫ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ ʠ ʜʝʣʘʝʪ ʩʪʨʫʢʪʫʨʫ ʧʨʠʤʝʥʠʤʦʡ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʪʘʥʜʝʤʘʭ. ɺ 

ʢʘʯʝʩʪʚʝ ʘʣʴʪʝʨʥʘʪʠʚʳ ʢʘʪʠʦʥʫ ʤʝʪʠʣʘʤʤʦʥʠʶ ʚʳʩʪʫʧʘʶʪ ʩʦʝʜʠʥʝʥʠʷ ʩ ʬʦʨʤʘʤʠʜʠʥʠʝʤ 

(CH(NH2)2 ʠʣʠ FA) ʚʤʝʩʪʦ MA (CH3NH3). ɿʘʤʝʥʘ ʢʘʪʠʦʥʘ ʦʢʘʟʳʚʘʝʪ ʥʝʙʦʣʴʰʦʝ ʚʣʠʷʥʠʝ ʥʘ 

ʦʧʪʠʯʝʩʢʫʶ ʟʘʧʨʝʱʝʥʥʫʶ ʟʦʥʫ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʙʦʣʝʝ ʢʨʫʧʥʳʭ ʠʦʥʦʚ ʨʘʩʰʠʨʷʝʪ ʨʝʰʝʪʢʫ ʠ 

ʧʦʚʦʨʘʯʠʚʘʝʪ ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʥʝʙʦʣʴʰʦʤʫ ʩʥʠʞʝʥʠʶ ʰʠʨʠʥʳ 

ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ ɽg, ʧʨʠʙʣʠʞʘʶʱʝʤʫʩʷ ʢ ʠʜʝʘʣʴʥʦʤʫ ʦʧʪʠʤʫʤʫ. ʆʜʥʘʢʦ ʯʠʩʪʳʡ FAPbI3 ʥʝ 

ʦʙʣʘʜʘʝʪ ʩʪʨʫʢʪʫʨʥʦʡ ʩʪʘʙʠʣʴʥʦʩʪʴʶ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ [72]. ʅʝʦʨʛʘʥʠʯʝʩʢʠʝ 

ʧʝʨʦʚʩʢʠʪʳ ʩ ʢʘʪʠʦʥʦʤ ʮʝʟʠʷ ʦʙʣʘʜʘʶʪ ʙʦʣʴʰʝʡ ʪʝʨʤʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʴʶ, ʦʜʥʘʢʦ ʰʠʨʠʥʘ 

ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ ʧʦʨʷʜʢʘ 1,7 ʵɺ ʪʨʝʙʫʝʪ ʚʚʝʜʝʥʠʷ ʜʨʫʛʠʭ ʢʘʪʠʦʥʦʚ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ 

ʧʦʜʭʦʜʷʱʠʭ ɽg. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʚʘʞʥʳʤ ʧʨʠʥʮʠʧʦʤ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʩʪʘʣʘ ʠʥʞʝʥʝʨʠʷ ʢʘʪʠʦʥʦʚ 

ʠ ʘʥʠʦʥʦʚ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʧʝʨʦʚʩʢʠʪʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʩʦʯʝʪʘʶʱʠʭ ʧʨʝʠʤʫʱʝʩʪʚʘ ʢʦʤʧʦʥʝʥʪʦʚ ʠ 

ʠʟʙʝʛʘʷ ʠʭ ʥʝʜʦʩʪʘʪʢʦʚ. ʆʜʥʘʢʦ ʩʦʦʪʥʦʰʝʥʠʝ ʢʘʪʠʦʥʦʚ ʠʤʝʝʪ ʙʦʣʴʰʦʝ ʚʣʠʷʥʠʝ ʥʘ ʢʦʥʝʯʥʳʝ 
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ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʫʩʪʨʦʡʩʪʚʘ, ʧʦʵʪʦʤʫ ʚʚʦʜʷʪʩʷ ʥʝʢʦʪʦʨʳʝ ʦʛʨʘʥʠʯʝʥʠʷ. ʂʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʘʷ 

ʩʪʘʙʠʣʴʥʦʩʪʴ ʠ ʩʪʨʫʢʪʫʨʘ ʧʝʨʦʚʩʢʠʪʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʤʦʛʫʪ ʙʳʪʴ ʚʳʚʝʜʝʥʳ ʩ ʫʯʝʪʦʤ ʬʘʢʪʦʨʘ 

ɻʦʣʴʜʰʤʠʜʪʘ t ʠ ʦʢʪʘʵʜʨʠʯʝʩʢʦʛʦ ʬʘʢʪʦʨʘ ɛ, ʧʦʢʘʟʘʥʥʳʭ ʚ ʬʦʨʤʫʣʘʭ 3,4. 

 

ὸ
Ѝ

 ,      (3) 

 

‘  ,              (4) 

ʛʜʝ ra, rb rx - (ʩʨʝʜʥʠʝ) ʠʦʥʥʳʝ ʨʘʜʠʫʩʳ ʢʘʪʠʦʥʦʚ ʠ ʘʥʠʦʥʦʚ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʝ. 

 

ɺ ʦʜʥʦʤ ʠ ʪʦʤ ʞʝ ʧʝʨʦʚʩʢʠʪʥʦʤ ʤʘʪʝʨʠʘʣʝ ʤʦʛʫʪ ʥʘʭʦʜʠʪʴʩʷ ʨʘʟʥʳʝ ʬʘʟʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʩʦʩʪʘʚʘ. ʇʨʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʩʪʨʫʢʪʫʨʘ ʧʝʨʦʚʩʢʠʪʘ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 

ʢʫʙʠʯʝʩʢʘʷ (0,89 < t < 1), ʘ ʧʨʠ ʧʦʥʠʞʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʦʥʘ ʩʪʘʥʦʚʠʪʩʷ ʪʝʪʨʘʛʦʥʘʣʴʥʦʡ 

(0,7 <t < 0,9). ʇʨʠ ʩʥʠʞʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ (ʥʠʞʝ ʤʠʥʫʩ 100 ÁC) ʧʨʦʠʩʭʦʜʠʪ ʜʘʣʴʥʝʡʰʠʡ ʬʘʟʦʚʳʡ 

ʧʝʨʝʭʦʜ ʢ ʦʨʪʦʨʦʤʙʠʯʝʩʢʦʡ ʩʠʤʤʝʪʨʠʠ. ʇʦʩʣʝʜʥʷʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʬʦʪʦ-ʥʝʘʢʪʠʚʥʫʶ ʬʘʟʫ, 

ʪʘʢʞʝ ʥʘʟʳʚʘʝʤʫʶ çʞʝʣʪʦʡ ʬʘʟʦʡè, ʧʦʩʢʦʣʴʢʫ ʚʩʷ ʧʣʝʥʢʘ ʠʤʝʝʪ ʪʝʥʜʝʥʮʠʶ ʩʪʘʥʦʚʠʪʴʩʷ ʞʝʣʪʦʡ. 

ɼʣʷ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʚ ʯʝʨʥʦʡ ʬʘʟʝ ʥʝʩʦʦʪʚʝʪʩʪʚʠʝ ʤʝʞʜʫ ʨʘʟʤʝʨʘʤʠ ʠʦʥʦʚ ʛʘʣʦʛʝʥʠʜʘ ʩʚʠʥʮʘ 

(ʬʠʢʩʠʨʫʝʤʳʤ ʠʦʥʘʤʠ B ʠ X) ʠ ʨʘʟʤʝʨʦʤ ʘʥʠʦʥʘ (A) ʜʦʣʞʥʦ ʙʳʪʴ ʤʠʥʠʤʘʣʴʥʳʤ. ʂʫʙʠʯʝʩʢʘʷ 

ʨʝʰʝʪʢʘ ʩʯʠʪʘʝʪʩʷ ʦʧʪʠʤʘʣʴʥʦʡ ʬʘʟʦʡ, ʥʦ ʪʘʢʞʝ ʤʦʛʫʪ ʙʳʪʴ ʪʦʥʢʠʝ ʪʝʪʨʘʛʦʥʘʣʴʥʳʝ ʬʘʟʳ. ɼʣʷ 

ʛʘʣʦʛʝʥʠʜʥʳʭ ʧʝʨʦʚʩʢʠʪʦʚ ʟʥʘʯʝʥʠʷ ʬʘʢʪʦʨʦʚ ʦʙʳʯʥʦ ʚʘʨʴʠʨʫʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 0,81 < t < 1,11 ʠ 

0,44 < ɛ <0,90. 

ʇʝʨʦʚʩʢʠʪʳ ʩʦ ʩʤʝʰʘʥʥʳʤʠ ʢʘʪʠʦʥʘʤʠ (ʜʚʫʭʢʘʪʠʦʥʥʳʡ ʠ ʪʨʝʭʢʘʪʠʦʥʥʳʡ ʧʝʨʦʚʩʢʠʪʳ) ʚ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʠʚʣʝʢʘʶʪ ʥʘʠʙʦʣʴʰʝʝ ʚʥʠʤʘʥʠʝ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ. ɼʚʫʭʢʘʪʠʦʥʥʳʝ 

ʧʝʨʦʚʩʢʠʪʳ ʦʙʳʯʥʦ ʦʙʨʘʟʫʶʪʩʷ ʠʟ ʩʤʝʩʠ ʄɸ ʠ Fɸ, ʛʜʝ ʥʝʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʄɸ ʧʦʚʳʰʘʝʪ 

ʦʜʥʦʨʦʜʥʦʩʪʴ ʧʦʣʫʯʝʥʥʦʡ ʬʦʪʦʘʢʪʠʚʥʦʡ ʬʘʟʳ ʧʝʨʦʚʩʢʠʪʘ Fɸ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʝʝ ʨʝʬʣʝʢʩʦʚ - 

ʈʌɸ. ʂʘʪʠʦʥʳ ʤʝʥʴʰʝʛʦ ʨʘʟʤʝʨʘ, ʪʘʢʠʝ ʢʘʢ ʄɸ+, ʠʛʨʘʶʪ ʨʦʣʴ ʩʪʘʙʠʣʠʟʘʪʦʨʘ ʚ ʦʙʨʘʟʦʚʘʥʠʠ 

ʩʪʨʫʢʪʫʨʥʦ ʩʪʘʙʠʣʴʥʦʡ ʯʝʨʥʦʡ ʬʘʟʳ ʧʝʨʦʚʩʢʠʪʘ FA. ʆʜʥʘʢʦ ʜʘʞʝ ʚ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ 

ʫʩʪʨʦʡʩʪʚʘʭ ʥʝʢʦʪʦʨʳʝ ʩʣʝʜʳ ʞʝʣʪʦʡ ʬʘʟʳ ʥʝ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʥʦʩʪʴʶ ʫʩʪʨʘʥʝʥʳ. ʕʪʠ ʦʙʣʘʩʪʠ 

ʧʨʝʧʷʪʩʪʚʫʶʪ ʵʬʬʝʢʪʠʚʥʦʤʫ ʩʙʦʨʫ ʟʘʨʷʜʘ ʠ ʦʛʨʘʥʠʯʠʚʘʶʪ ʬʘʢʪʦʨ ʟʘʧʦʣʥʝʥʠʷ ʫʩʪʨʦʡʩʪʚʘ [73,74]. 

ɸʥʘʣʦʛʠʯʥʳʭ ʫʣʫʯʰʝʥʠʡ ʤʦʞʥʦ ʜʦʙʠʪʴʩʷ, ʠʩʧʦʣʴʟʫʷ Cs ʚʤʝʩʪʝ ʩ FA/MA, ʩʧʦʩʦʙʩʪʚʫʷ ʙʦʣʝʝ 

ʙʳʩʪʨʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʯʝʨʥʦʡ ʬʘʟʳ ʙʣʘʛʦʜʘʨʷ ʙʦʣʴʰʦʡ ʨʘʟʥʠʮʝ ʚ ʨʘʟʤʝʨʘʭ ʤʦʣʝʢʫʣ [75]. Cs 

ʪʘʢʞʝ ʚʳʟʳʚʘʝʪ ʩʜʚʠʛ ʚ ʩʧʝʢʪʨʝ ʧʦʛʣʦʱʝʥʠʷ ʧʣʝʥʢʠ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʧʝʨʦʚʩʢʠʪʘ ʩ ʪʨʦʡʥʳʤ ʢʘʪʠʦʥʦʤ ʚʩʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʢʘʪʠʦʥʦʚ ʩʦʯʝʪʘʶʪʩʷ. ʇʣʝʥʢʠ ʪʨʝʭʢʘʪʠʦʥʥʳʭ 

ʧʝʨʦʚʩʢʠʪʦʚ ʪʝʨʤʠʯʝʩʢʠ ʙʦʣʝʝ ʩʪʘʙʠʣʴʥʳ ʠ ʤʝʥʝʝ ʧʦʜʚʝʨʞʝʥʳ ʬʘʢʪʦʨʘʤ ʚʣʠʷʥʠʷ ʦʢʨʫʞʘʶʱʝʡ 

ʩʨʝʜʳ, ʪʘʢʠʭ ʢʘʢ ʪʝʤʧʝʨʘʪʫʨʘ, ʚʣʘʞʥʦʩʪʴ ʠʣʠ ʧʘʨʳ ʨʘʩʪʚʦʨʠʪʝʣʷ. ʕʪʘ ʥʘʜʝʞʥʦʩʪʴ ʚʘʞʥʘ ʜʣʷ 
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ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʠ ʫʩʪʨʦʡʩʪʚ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ ʪʨʝʙʦʚʘʥʠʡ ʜʣʷ 

ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʝʨʦʚʩʢʠʪʥʳʭ ʩʦʣʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ [73]. ɺ 2016 ʛʦʜʫ ʚʧʝʨʚʳʝ 

ʙʳʣ ʧʨʝʜʩʪʘʚʣʝʥ ʩʦʩʪʘʚ Cs0,05(MA0,15FA0,85)0,95PbI2,7Br0,3. ʂʇɼ ʧʝʨʦʚʩʢʠʪʥʳʭ ʫʩʪʨʦʡʩʪʚ ʥʘ ʝʛʦ 

ʦʩʥʦʚʝ ʜʦʩʪʠʛʣʦ 21,1 % ʠ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʦ ʭʦʨʦʰʫʶ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʴ [73]. ʄʦʣʷʨʥʦʝ 

ʩʦʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ ʢʘʪʠʦʥʘʤʠ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʝʨʦʚʩʢʠʪ ʚ ʦʩʥʦʚʥʦʤ ʦʩʥʦʚʘʥ ʥʘ FA, ʘ ʄɸ 

ʨʘʙʦʪʘʝʪ ʢʘʢ çʢʨʠʩʪʘʣʣʠʟʘʪʦʨè. ʅʝʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ Cs ʜʦʩʪʘʪʦʯʥʦ, ʯʪʦʙʳ ʚʳʟʚʘʪʴ ʩʥʠʞʝʥʠʝ 

ʵʬʬʝʢʪʠʚʥʦʛʦ ʨʘʜʠʫʩʘ ʢʘʪʠʦʥʦʚ Cs/MA/FA+ ʚ ʧʝʨʦʚʩʢʠʪʥʦʤ ʩʦʝʜʠʥʝʥʠʠ. ʕʪʦ ʩʤʝʱʘʝʪ ʬʘʢʪʦʨ 

ʪʦʣʝʨʘʥʪʥʦʩʪʠ ʚ ʩʪʦʨʦʥʫ ʢʫʙʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʨʝʰʝʪʢʠ, ʢʦʪʦʨʘʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʯʝʨʥʦʡ ʬʘʟʝ 

ʧʝʨʦʚʩʢʠʪʘ. Pb ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʢʘʪʠʦʥʘ ʤʝʪʘʣʣʘ, ʘ ʚ ʢʘʯʝʩʪʚʝ ʘʥʠʦʥʘ ʠʩʧʦʣʴʟʫʝʪʩʷ I 

ʚʤʝʩʪʝ ʩ Br, ʪʘʢ ʢʘʢ ʪʘʢʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʫʚʝʣʠʯʠʚʘʝʪ ʪʝʨʤʠʯʝʩʢʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ ʫʩʪʨʦʡʩʪʚʘ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, ʩʘʤʳʤ ʵʬʬʝʢʪʠʚʥʳʤ ʤʝʪʦʜʦʤ ʧʦʣʫʯʝʥʠʷ ʧʝʨʦʚʩʢʠʪʦʚ ʷʚʣʷʝʪʩʷ 

ʞʠʜʢʦʬʘʟʥʦʝ ʥʘʥʝʩʝʥʠʝ. ɼʣʷ ʨʘʩʪʚʦʨʝʥʠʷ ʧʝʨʦʚʩʢʠʪʘ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʘʟʣʠʯʥʳʝ 

ʨʘʩʪʚʦʨʠʪʝʣʠ, ʪʘʢʠʝ ʢʘʢ ʜʠʤʝʪʠʣʬʦʨʤʘʤʠʜ (ɼʄʌ), ʜʠʤʝʪʠʣʩʫʣʴʬʦʢʩʠʜ (ɼʄʉʆ), ʛʘʤʤʘ-

ʙʫʪʠʨʦʣʘʢʪʦʥ (ɻɹʃ), ʥ-ʤʝʪʠʣ-ʧʝʨʦʣʣʠʜʦʥ (ʅʄʇ) ʠʣʠ ʥ-ʮʠʢʣʦʛʝʢʩʠʣ-2-ʧʠʨʨʦʣʠʜʦʥ (ʎɻʇ). 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʨʘʟʣʠʯʥʳʭ ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʤʦʞʝʪ ʩʪʠʤʫʣʠʨʦʚʘʪʴ ʨʘʟʥʳʝ ʩʢʦʨʦʩʪʠ 

ʥʫʢʣʝʘʮʠʠ/ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʠ ʦʙʨʘʟʦʚʳʚʘʪʴ ʨʘʟʥʳʝ ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʬʘʟʳ ʧʝʨʦʚʩʢʠʪʘ. ɺ 

ʙʦʣʴʰʠʥʩʪʚʝ ʨʘʙʦʪ ʜʣʷ ʧʝʨʦʚʩʢʠʪʘ ʠʩʧʦʣʴʟʫʶʪʩʷ  ʨʘʩʪʚʦʨʠʪʝʣʠ ɼʄʌ, ɼʄʉʆ, ʅʄʇ ʠ ɻɹʃ, ʠ ʠʭ 

ʩʦʯʝʪʘʥʠʷ. ʅʘʠʙʦʣʝʝ ʠʩʧʦʣʴʟʫʝʤʳʡ ʨʘʩʪʚʦʨʠʪʝʣʴ ɼʄʌ ʠʤʝʝʪ ʚʳʩʦʢʫʶ ʜʠʵʣʝʢʪʨʠʯʝʩʢʫʶ 

ʧʨʦʥʠʮʘʝʤʦʩʪʴ. ʆʥ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ ʠ ʜʣʷ ʩʤʝʰʠʚʘʥʠʷ ʨʘʩʪʚʦʨʝʥʥʳʭ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ, ʧʦʩʢʦʣʴʢʫ ʦʥ ʩʧʦʩʦʙʩʪʚʫʝʪ ʨʝʘʢʮʠʷʤ, ʫʧʨʘʚʣʷʝʤʳʤ ʧʦʣʷʨʥʳʤʠ 

ʤʝʭʘʥʠʟʤʘʤʠ. ɼʄʉʆ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʙʝʩʮʚʝʪʥʫʶ ʚʳʩʦʢʦʧʦʣʷʨʥʫʶ ʦʨʛʘʥʠʯʝʩʢʫʶ ʞʠʜʢʦʩʪʴ, 

ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʩʦʣʶʙʠʣʠʟʠʨʦʚʘʪʴ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʧʣʦʭʦ ʨʘʩʪʚʦʨʠʤʳʭ ʧʦʣʷʨʥʳʭ ʠ ʥʝʧʦʣʷʨʥʳʭ 

ʤʦʣʝʢʫʣ. ɻɹʃ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʙʝʩʮʚʝʪʥʫʶ ʤʘʩʣʷʥʠʩʪʫʶ ʞʠʜʢʦʩʪʴ ʩ ʥʠʟʢʦʡ 

ʛʠʛʨʦʩʢʦʧʠʯʥʦʩʪʴʶ. ʕʪʦ ʨʘʩʪʚʦʨʠʪʝʣʴ ʠ ʨʝʘʛʝʥʪ ʚ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʷʭ, ʦʙʳʯʥʦ ʩ ʫʯʘʩʪʠʝʤ 

ʧʦʣʠʤʝʨʦʚ ʠʣʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ. ʅʄʇ ï ʙʝʩʮʚʝʪʥʘʷ ʞʠʜʢʦʩʪʴ, ʦʙʣʘʜʘʶʱʘʷ ʥʠʟʢʠʤ 

ʜʘʚʣʝʥʠʝʤ ʥʘʩʳʱʝʥʥʦʛʦ ʧʘʨʘ ʠ ʥʠʟʢʠʤ ʜʦʥʦʨʥʳʤ ʯʠʩʣʦʤ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʦʯʝʪʘʥʠʷ ʜʘʥʥʳʭ 

ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʧʦʟʚʦʣʷʝʪ ʪʦʯʥʦ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʠ ʠʟʤʝʥʷʪʴ ʧʘʨʘʤʝʪʨʳ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ 

ʧʝʨʦʚʩʢʠʪʥʦʡ ʧʣʝʥʢʠ ʧʨʠ ʞʠʜʢʦʬʘʟʥʦʤ ʥʘʥʝʩʝʥʠʠ. 

 

 1.4 ɾʠʜʢʦʬʘʟʥʳʝ ʤʝʪʦʜʳ ʧʦʣʫʯʝʥʠʷ ʧʝʨʦʚʩʢʠʪʥʳʭ ʩʦʣʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ 

  

ɹʦʣʴʰʠʥʩʪʚʦ ʤʝʪʦʜʦʚ ʥʘʥʝʩʝʥʠʷ ʤʘʪʝʨʠʘʣʦʚ ʠʟ ʨʘʩʪʚʦʨʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʦ ʩʠʭ ʧʦʨ ʜʣʷ 

ʠʟʛʦʪʦʚʣʝʥʠʷ ʇʉʕ, ʘʜʘʧʪʠʨʦʚʘʥʳ ʠʟ ʦʙʣʘʩʪʠ ʦʨʛʘʥʠʯʝʩʢʦʡ ʵʣʝʢʪʨʦʥʠʢʠ ʠ ʦʨʛʘʥʠʯʝʩʢʦʡ 

ʬʦʪʦʚʦʣʴʪʘʠʢʠ [22]. ʉʘʤʳʡ ʟʥʘʯʠʪʝʣʴʥʳʡ ʢʦʤʤʝʨʯʝʩʢʠʡ ʫʩʧʝʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ 

ʙʳʣ ʜʦʩʪʠʛʥʫʪ ʜʣʷ ʜʠʩʧʣʝʝʚ, ʩʜʝʣʘʥʥʳʭ ʠʟ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʚʝʪʦʜʠʦʜʦʚ (OLED). ʍʦʪʷ ʚ ʥʳʥʝʰʥʝʤ 
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ʧʦʢʦʣʝʥʠʠ OLED-ʪʝʭʥʦʣʦʛʠʠ (ʩ ʫʧʦʨʦʤ ʥʘ ʜʠʩʧʣʝʠ ʩ ʤʝʥʴʰʝʡ ʧʣʦʱʘʜʴʶ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ 

ʩʤʘʨʪʬʦʥʘʭ) ʜʣʷ ʥʘʥʝʩʝʥʠʷ ʦʨʛʘʥʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʘʧʳʣʝʥʠʝ. ɺ ʵʪʦʡ ʦʪʨʘʩʣʠ 

ʩʫʱʝʩʪʚʫʝʪ ʟʥʘʯʠʪʝʣʴʥʳʡ ʠʥʪʝʨʝʩ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʪʝʭʥʦʣʦʛʠʡ ʥʘʥʝʩʝʥʠʷ ʪʦʥʢʠʭ ʧʣʝʥʦʢ ʠ 

ʧʝʯʘʪʠ ʚ ʙʫʜʫʱʠʭ ʧʦʢʦʣʝʥʠʷʭ ʦʧʪʦʵʣʝʢʪʨʦʥʥʳʭ ʧʨʦʜʫʢʪʦʚ ʩ ʮʝʣʴʶ ʩʦʢʨʘʱʝʥʠʷ ʦʪʭʦʜʦʚ 

ʧʨʦʠʟʚʦʜʩʪʚʘ, ʫʭʦʜʘ ʦʪ ʚʘʢʫʫʤʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʧʦʟʚʦʣʷʶʱʠʭ ʧʨʦʠʟʚʦʜʠʪʴ ʤʥʦʛʦʮʚʝʪʥʳʝ 

ʧʠʢʩʝʣʴʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʙʦʣʴʰʦʡ ʧʣʦʱʘʜʠ. ʉʧʦʩʦʙʥʦʩʪʴ ʜʦʩʪʠʛʘʪʴ ʚʳʩʦʢʦʛʦ ʂʇɼ ʥʘ ʤʦʜʫʣʷʭ 

ʙʦʣʴʰʝʡ ʧʣʦʱʘʜʠ ʷʚʣʷʝʪʩʷ ʚʘʞʥʦʡ ʢʦʤʤʝʨʯʝʩʢʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʬʦʪʦʚʦʣʴʪʘʠʯʝʩʢʦʡ 

ʪʝʭʥʦʣʦʛʠʠ. ʂʘʢ ʧʨʘʚʠʣʦ, ʫʚʝʣʠʯʝʥʠʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʨʘʟʤʝʨʦʚ ʫʩʪʨʦʡʩʪʚʘ ʚʳʟʳʚʘʝʪ ʥʦʚʳʝ 

ʧʨʦʙʣʝʤʳ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʩʦʣʥʝʯʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʥʝʙʦʣʴʰʦʡ ʧʣʦʱʘʜʠ. ʅʘʧʨʠʤʝʨ, ʫ ʢʨʠʩʪʘʣʣʦʚ 

ʧʝʨʦʚʩʢʠʪʘ, ʢʦʪʦʨʳʝ ʦʙʨʘʟʫʶʪ ʬʦʪʦʘʢʪʠʚʥʳʝ ʩʣʦʠ ʇʉʕ, ʩʣʦʞʥʦ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ 

ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʜʝʬʝʢʪʳ, ʦʩʦʙʝʥʥʦ ʥʘ ʙʦʣʴʰʠʭ ʧʣʦʱʘʜʷʭ. ʂʨʠʩʪʘʣʣʠʟʘʮʠʷ ʧʨʦʠʩʭʦʜʠʪ ʚʦ 

ʚʨʝʤʷ ʠʩʧʘʨʝʥʠʷ ʨʘʩʪʚʦʨʠʪʝʣʷ, ʯʪʦ ʩʪʨʦʛʦ ʟʘʚʠʩʠʪ ʦʪ ʪʝʭʥʠʢʠ ʦʩʘʞʜʝʥʠʷ, ʘ ʪʘʢʞʝ ʦʪ ʩʚʦʡʩʪʚʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʜʣʦʞʢʠ. ʐʝʨʦʭʦʚʘʪʦʩʪʴ ʩʣʦʷ ʟʘʚʠʩʠʪ ʦʪ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʧʨʦʮʝʩʩʘ, ʠ ʜʣʷ 

ʢʘʞʜʦʡ ʪʝʭʥʦʣʦʛʠʠ ʪʨʝʙʫʶʪʩʷ ʩʚʦʠ ʩʦʙʩʪʚʝʥʥʳʝ ʥʘʩʪʨʦʡʢʠ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʧʣʝʥʢʠ ʠ ʚʦ 

ʠʟʙʝʞʘʥʠʝ ʥʘʣʠʯʠʷ ʪʦʯʝʯʥʳʭ ʜʝʬʝʢʪʦʚ ʠʣʠ ʜʨʫʛʠʭ ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ. ʅʝʢʦʪʦʨʳʝ ʤʝʪʦʜʳ, 

ʠʩʧʦʣʴʟʫʝʤʳʝ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʥʝʙʦʣʴʰʦʡ ʧʣʦʱʘʜʠ, ʥʝʧʨʠʤʝʥʠʤʳ ʢ ʙʦʣʴʰʠʤ 

ʧʣʦʱʘʜʷʤ ʣʠʙʦ ʠʟ-ʟʘ ʠʭ ʩʣʦʞʥʦʩʪʠ, ʣʠʙʦ ʠʟ-ʟʘ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʦʪʭʦʜʦʚ. ʊʘʢʞʝ ʢʦʤʧʦʥʝʥʪʳ 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʪʘʢʠʝ ʢʘʢ ʧʨʝʢʫʨʩʦʨʳ ʧʝʨʦʚʩʢʠʪʘ ʩʦ ʩʚʠʥʮʦʤ, ʠʭ ʨʘʩʪʚʦʨʠʪʝʣʠ ʠʣʠ 

ʜʨʫʛʠʝ ʞʠʜʢʦʩʪʠ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʣʫʯʝʥʥʳʭ ʧʣʝʥʦʢ, ʪʦʢʩʠʯʥʳ, ʧʦʵʪʦʤʫ ʧʨʠ 

ʧʨʦʠʟʚʦʜʩʪʚʝ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʙʝʟʦʧʘʩʥʦʩʪʴ ʧʨʦʮʝʩʩʦʚ. ʇʦʤʠʤʦ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʣʦʝʚ ï 

ʪʨʘʥʩʧʦʨʪʥʳʭ ʠ ʩʣʦʝʚ ʧʝʨʦʚʩʢʠʪʘ, ʘʨʭʠʪʝʢʪʫʨʘ ʫʩʪʨʦʡʩʪʚʘ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʤʝʪʘʣʣʳ (ʦʙʳʯʥʦ 

ʚʝʨʭʥʠʡ ʢʦʥʪʘʢʪ), ʦʩʘʞʜʝʥʠʝ ʢʦʪʦʨʳʭ ʪʘʢʞʝ ʩʚʷʟʘʥʦ ʩ ʪʨʫʜʥʦʩʪʷʤʠ. ʌʘʢʪʠʯʝʩʢʠ, ʇʉʕ ʩʦʩʪʦʠʪ 

ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʩʣʦʝʚ ʩ ʨʘʟʣʠʯʥʳʤ ʭʠʤʠʯʝʩʢʠʤ ʩʦʩʪʘʚʦʤ, ʠ ʩʣʝʜʫʝʪ ʪʘʢʞʝ ʫʯʠʪʳʚʘʪʴ ʢʦʨʨʦʟʠʶ 

ʠʣʠ ʦʙʨʘʟʦʚʘʥʠʝ ʢʦʤʧʣʝʢʩʦʚ, ʚʳʟʚʘʥʥʳʭ ʭʠʤʠʯʝʩʢʠʤʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤʠ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʙʦʣʴʰʠʥʩʪʚʦ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʭ ʇʉʕ ʙʳʣʠ ʠʟʛʦʪʦʚʣʝʥʳ ʩ ʟʦʣʦʪʳʤ ʤʝʪʘʣʣʠʯʝʩʢʠʤ ʢʦʥʪʘʢʪʦʤ, 

ʧʦʩʢʦʣʴʢʫ ʧʨʠʩʫʪʩʪʚʠʝ ʡʦʜʠʜʘ ʚ ʩʦʩʪʘʚʝ ʧʝʨʦʚʩʢʠʪʥʦʡ ʧʣʝʥʢʠ ʦʛʨʘʥʠʯʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʝʨʝʙʨʘ ʠʣʠ ʜʨʫʛʠʭ ʤʝʪʘʣʣʦʚ, ʯʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʥʠʟʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ ʠ 

ʚʳʩʦʢʦʡ ʩʝʙʝʩʪʦʠʤʦʩʪʠ [76]. ʆʙʳʯʥʦ ʚ ʪʦʥʢʦʧʣʝʥʦʯʥʳʭ ʩʦʣʥʝʯʥʳʭ ʵʣʝʤʝʥʪʘʭ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʧʨʦʚʦʜʷʱʠʝ ʩʪʝʢʣʷʥʥʳʝ ʠʣʠ ʧʣʘʩʪʠʢʦʚʳʝ ʧʦʜʣʦʞʢʠ. ʊʨʝʙʫʝʤʘʷ ʧʨʦʟʨʘʯʥʦʩʪʴ ʦʛʨʘʥʠʯʠʚʘʝʪ 

ʧʨʦʚʦʜʠʤʦʩʪʴ, ʩʦʟʜʘʚʘʷ ʧʨʦʙʣʝʤʳ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʨʠ 

ʫʚʝʣʠʯʝʥʠʠ ʨʘʟʤʝʨʦʚ ʫʩʪʨʦʡʩʪʚʘ. ɺʳʩʦʢʦʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʨʠʚʦʜʠʪ ʢ ʥʠʟʢʦʤʫ 

ʬʘʢʪʦʨʫ ʟʘʧʦʣʥʝʥʠʷ, ʩʥʠʞʘʶʱʝʤʫ ʵʬʬʝʢʪʠʚʥʦʩʪʴ. ʏʪʦʙʳ ʠʟʙʝʞʘʪʴ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʭ 

ʧʨʦʙʣʝʤ, ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʩʝʪʠ ʜʣʷ ʩʙʦʨʘ ʪʦʢʘ (ʦʙʳʯʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ 

ʪʨʘʜʠʮʠʦʥʥʳʭ ʢʨʝʤʥʠʝʚʳʭ ʩʦʣʥʝʯʥʳʭ ʤʦʜʫʣʝʡ) ʠʣʠ ʜʝʣʘʪʴ ʤʦʜʫʣʠ, ʩʦʩʪʦʷʱʠʝ ʠʟ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʩʦʝʜʠʥʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʜʣʷ ʦʛʨʘʥʠʯʝʥʠʷ ʪʦʢʦʚ (ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʘʷ 
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ʢʦʥʬʠʛʫʨʘʮʠʷ ʜʣʷ ʪʦʥʢʦʧʣʝʥʦʯʥʳʭ ʪʝʭʥʦʣʦʛʠʡ). ʇʦʤʠʤʦ ʦʩʘʞʜʝʥʠʷ ʜʚʫʭ ʵʣʝʢʪʨʦʜʦʚ, ʚʘʢʫʫʤʥʦʝ 

ʥʘʧʳʣʝʥʠʝ [59,77] ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʥʘʥʝʩʝʥʠʷ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʣʦʝʚ ʠ ʩʣʦʝʚ ʧʝʨʦʚʩʢʠʪʘ. 

ʕʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʰʘʝʪ ʩʪʦʠʤʦʩʪʴ ʧʨʦʜʫʢʮʠʠ, ʦʜʥʘʢʦ ʜʘʥʥʳʡ ʧʦʜʭʦʜ ʤʦʞʝʪ ʙʳʪʴ ʚʥʝʜʨʝʥ ʚ 

ʫʞʝ ʩʫʱʝʩʪʚʫʶʱʠʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʣʠʥʠʠ ʧʦ ʠʟʛʦʪʦʚʣʝʥʠʶ ʦʨʛʘʥʠʯʝʩʢʠʭ ʠʣʠ ʜʨʫʛʠʭ 

ʪʦʥʢʦʧʣʝʥʦʯʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. 

 

ʄʝʪʦʜ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʷ (spin coating) 

 

ɺʳʩʦʢʘʷ ʦʜʥʦʨʦʜʥʦʩʪʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʜʥʫ ʠʟ ʦʩʥʦʚʥʳʭ ʮʝʣʝʡ ʧʨʦʮʝʩʩʘ 

ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʩʣʦʝʚ. ɼʣʷ ʩʦʣʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʥʝʙʦʣʴʰʦʡ ʧʣʦʱʘʜʠ ʯʘʱʝ ʚʩʝʛʦ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʝʪʦʜ ʥʘʥʝʩʝʥʠʷ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʝʤ. ɺʘʞʥʳʤ ʘʩʧʝʢʪʦʤ ʥʘʥʝʩʝʥʠʷ ʧʦʢʨʳʪʠʷ 

ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʝʤ ʷʚʣʷʝʪʩʷ ʧʨʦʩʪʦʡ ʠ ʵʬʬʝʢʪʠʚʥʳʡ ʢʦʥʪʨʦʣʴ ʪʦʣʱʠʥʳ ʠ ʢʘʯʝʩʪʚʘ ʧʣʝʥʢʠ, 

ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴʩʷ ʧʫʪʝʤ ʫʩʪʘʥʦʚʢʠ ʩʢʦʨʦʩʪʠ, ʚʨʝʤʝʥʠ ʠ ʫʩʢʦʨʝʥʠʷ ʚʨʘʱʝʥʠʷ 

ʦʙʨʘʟʮʘ ʚʤʝʩʪʝ ʩ ʩʦʩʪʘʚʦʤ ʯʝʨʥʠʣ. ʂʨʦʤʝ ʪʦʛʦ, ʜʨʫʛʠʤʠ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ ʵʪʦʪ ʤʝʪʦʜʘ ʷʚʣʷʶʪʩʷ 

ʚʳʩʦʢʘʷ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʴ ʠ ʚʳʩʦʢʘʷ ʦʜʥʦʨʦʜʥʦʩʪʴ. ʅʘʠʙʦʣʴʰʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʇʉʕ ʙʳʣʘ 

ʟʘʬʠʢʩʠʨʦʚʘʥʘ ʜʣʷ ʥʝʙʦʣʴʰʠʭ ʣʘʙʦʨʘʪʦʨʥʳʭ ʇʉʕ (ʪʠʧʠʯʥʳʝ ʨʘʟʤʝʨʳ ~ 0,1 ʩʤ2) ʩ ʨʝʢʦʨʜʥʳʤ 

ʟʥʘʯʝʥʠʝʤ ʂʇɼ 25,6 %  ʠʤʝʥʥʦ  ʧʨʠ ʥʘʥʝʩʝʥʠʠ ʪʦʥʢʠʭ ʧʣʝʥʦʢ ʤʝʪʦʜʦʤ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʷ [3]. 

ʆʜʥʘʢʦ ʥʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʠʩʧʳʪʘʥʠʷ ʥʘ ʙʦʣʝʝ ʢʨʫʧʥʳʭ ʵʣʝʤʝʥʪʘʭ, ʘʢʪʠʚʥʘʷ ʧʣʦʱʘʜʴ 

ʢʦʪʦʨʳʭ Ó1 ʩʤ2, ʙʦʣʴʰʝ ʧʦʜʭʦʜʷʪ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʨʘʙʦʯʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ ʧʨʝʜʝʣʦʚ 

ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʪʝʭʥʦʣʦʛʠʠ. ʅʘʧʨʠʤʝʨ, ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ ʩʦʣʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʧʣʦʱʘʜʴʶ 

0,1 ʩʤ2 ʢ ʧʣʦʱʘʜʠ 1 ʩʤ2 ʧʘʜʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʤʦʞʝʪ ʙʳʪʴ ʦʛʨʘʥʠʯʝʥʦ ʚ ʧʨʝʜʝʣʘʭ ~ 10-

15 %  [25,28]. ʉ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʘʥʪʠ-ʨʘʩʪʚʦʨʠʪʝʣʷ ʛʨʫʧʧʘ ʗʥʛʘ ʧʦʣʫʯʠʣʠ ʂʇɼ 16,3 % ʧʨʠ 

ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʦʤ ʟʥʘʯʝʥʠʠ 15,6 % ʥʘ ʦʩʥʦʚʝ ʧʝʨʦʚʩʢʠʪʘ CH3NH3PbI3 (MAPI) ʩ ʧʣʦʱʘʜʴʶ 

1,2 ʩʤ2. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʧʣʘʥʘʨʥʳʭ ʇʉʕ ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʩʪʝʢʣʦ/FTO/NiMgLiO/MAPI/PCBM/ 

/Ti(Nb)Ox/Ag, ʧʦʣʫʯʝʥʥʳʭ ʤʝʪʦʜʦʤ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʷ ʚ ʨʘʙʦʪʝ ʏʝʥʫ, ʩʦʩʪʘʚʠʣʘ 16,2 % ʥʘ 

ʧʣʦʱʘʜʠ 1,02 ʩʤ2, ʘ ʛʠʩʪʝʨʝʟʠʩ ʩʦʩʪʘʚʠʣ ʣʠʰʴ ~ 0,3%. ɺ 2016 ʛʦʜʫ ʃʠ ʠ ʢʦʣʣʝʛʠ ʧʦʣʫʯʠʣʠ ʧʣʝʥʢʠ 

ʚʳʩʦʢʦʛʦ ʢʘʯʝʩʪʚʘ ʥʘ ʩʤʝʰʘʥʥʦʤ ʧʝʨʦʚʩʢʠʪʝ FA0.81MA0.15PbI2.51Br0.45 ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ 

ʚʘʢʫʫʤʥʦʛʦ ʠʩʧʘʨʝʥʠʷ, ʛʜʝ ʧʣʝʥʢʘ ʧʦʩʣʝ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʷ ʙʳʣʘ ʧʦʤʝʱʝʥʘ ʥʘ ʥʝʩʢʦʣʴʢʦ 

ʩʝʢʫʥʜ ʚ ʚʘʢʫʫʤʥʫʶ ʢʘʤʝʨʫ (ʦʧʪʠʤʘʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʙʳʣʠ ʜʦʩʪʠʛʥʫʪʳ ʧʨʠ ʜʘʚʣʝʥʠʠ 20 ʇʘ) ʜʣʷ 

ʫʩʢʦʨʝʥʠʷ ʫʜʘʣʝʥʠʷ ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʠ ʙʳʩʪʨʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʧʝʨʝʜ ʪʝʨʤʠʯʝʩʢʠʤ ʦʪʞʠʛʦʤ ʧʨʠ 

100 ÁC ʚ ʪʝʯʝʥʠʝ 30 ʤʠʥʫʪ. ʇʉʕ ʩ ʘʢʪʠʚʥʦʡ ʧʣʦʱʘʜʴʶ 1,44 ʩʤ2, ʠʟʤʝʨʝʥʥʦʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʤʘʩʢʠ ʩ ʧʣʦʱʘʜʴʶ ʘʧʝʨʪʫʨʳ 1,0Ĭ1,0 ʩʤ2 ʧʦʢʘʟʘʣʠ ʤʘʢʩʠʤʘʣʴʥʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 20,5 % ʠ 

ʩʝʨʪʠʬʠʮʠʨʦʚʘʥʥʳʡ ʂʇɼ 19,6 %. 
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ʈʠʩʫʥʦʢ 7 ï (ʘ) ʕʚʦʣʶʮʠʷ ʂʇɼ ʧʝʨʦʚʩʢʠʪʥʳʭ ʩʦʣʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʨʘʟʥʦʛʦ ʨʘʟʤʝʨʘ, 

ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ P3HT ʠ Spiro-OMeTad ʚ ʢʘʯʝʩʪʚʝ ʜʳʨʦʯʥʦ-ʪʨʘʥʩʧʦʨʪʥʳʭ 

ʩʣʦʝʚ [78]; (ʙ) ʠʟʦʙʨʘʞʝʥʠʝ ʧʝʨʦʚʩʢʠʪʥʦʛʦ ʩʦʣʥʝʯʥʦʛʦ ʤʦʜʫʣʷ, ʠʟʛʦʪʦʚʣʝʥʥʦʛʦ ʤʝʪʦʜʦʤ 

ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʷ ʩ ʘʢʪʠʚʥʦʡ ʧʣʦʱʘʜʴʶ 16 ʩʤ2 [79]; (ʚ) ʧʝʨʦʚʩʢʠʪʥʳʡ ʩʦʣʥʝʯʥʳʡ ʤʦʜʫʣʴ, 

ʩʦʩʪʦʷʱʠʡ ʠʟ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʩʦʝʜʠʥʝʥʥʳʭ 4 ʷʯʝʝʢ ʩ ʂʇɼ 13,6% ʠ SEM ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ 

ʩʪʨʫʢʪʫʨʳ ʫʩʪʨʦʡʩʪʚʘ [80]. 

 

ʍʦʪʷ ʘʢʪʠʚʥʘʷ ʧʣʦʱʘʜʴ Ḑ1 ʩʤ2 ʧʨʝʚʳʰʘʝʪ ʩʪʘʥʜʘʨʪʥʫʶ ʧʣʦʱʘʜʴ ʣʘʙʦʨʘʪʦʨʥʳʭ ʦʙʨʘʟʮʦʚ 

ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʨʘʙʦʪ ʦ ʇʉʕ, ʧʣʦʱʘʜʠ, ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʤʠʥʠ- ʠʣʠ 

ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʭ ʤʦʜʫʣʝʡ, ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ, ʥʘ ʧʦʨʷʜʦʢ ʙʦʣʴʰʝ. ʇʝʨʚʘʷ ʩʪʘʪʴʷ, ʚ ʢʦʪʦʨʦʡ 

ʩʦʦʙʱʘʣʦʩʴ ʦ ʧʝʨʦʚʩʢʠʪʥʳʭ ʤʦʜʫʣʷʭ ʠ ʦ ʪʦʤ, ʢʘʢ ʠʭ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʟʘʚʠʩʠʪ ʦʪ ʨʘʟʤʝʨʘ 

(ʨʠʩʫʥʦʢ 7ʘ), ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʙʳʣʘ ʦʩʥʦʚʘʥʘ ʥʘ ʧʨʦʮʝʩʩʝ ʥʘʥʝʩʝʥʠʷ ʤʝʪʦʜʦʤ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʷ 

ʦʩʥʦʚʥʳʭ ʘʢʪʠʚʥʳʭ ʩʣʦʝʚ ʩ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʫʩʪʨʦʡʩʪʚʘ 5,1 % [79]. ʄʦʜʫʣʠ ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤ ʩʦʝʜʠʥʝʥʠʝʤ 5 ʷʯʝʝʢ (ʨʠʩʫʥʦʢ 7ʙ). ʊʘʢʞʝ, ʠʩʧʦʣʴʟʫʷ ʩʣʦʡ ʧʝʨʦʚʩʢʠʪʘ 

ʠʟʛʦʪʦʚʣʝʥʥʦʛʦ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʝʤ, ʛʨʫʧʧʘ ʂʠʫ ʨʝʘʣʠʟʦʚʘʣʠ ʤʦʜʫʣʴ ʩ ʯʝʪʳʨʴʤʷ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʩʦʝʜʠʥʝʥʥʳʤʠ ʷʯʝʡʢʘʤʠ ʩ ʂʇɼ 13,6 % ʠ ʧʣʦʱʘʜʴʶ ʘʧʝʨʪʫʨʳ 4 ʩʤ2 [80]. 

ʈʠʩʫʥʦʢ 7ʚ ʧʦʢʘʟʳʚʘʝʪ ʘʥʘʣʠʟ ʩʪʨʫʢʪʫʨʳ ʩ ʧʦʤʦʱʴʶ ʩʢʘʥʠʨʫʶʱʝʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ 
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(ʉʕʄ) ʚ ʧʦʧʝʨʝʯʥʦʤ ʩʝʯʝʥʠʠ. ʇʨʠʙʦʨʳ ʪʘʢʞʝ ʧʦʢʘʟʘʣʠ ʥʝʙʦʣʴʰʦʡ ʛʠʩʪʝʨʝʟʠʩ ʥʘ ɺɸʍ ʠʟ-ʟʘ 

ʫʣʫʯʰʝʥʠʷ ʤʦʨʬʦʣʦʛʠʠ ʠ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ ʩʣʦʷ ʧʝʨʦʚʩʢʠʪʘ. ʆʜʥʘʢʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʚʳʩʦʢʫʶ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʵʥʝʨʛʠʠ, ʦʙʝʩʧʝʯʝʥʠʝ ʚʳʩʦʢʦʡ  ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʠ, ʘ ʪʘʢʞʝ 

ʧʨʝʮʠʟʠʦʥʥʳʡ ʢʦʥʪʨʦʣʴ ʪʦʣʱʠʥʳ ʠ ʤʦʨʬʦʣʦʛʠʠ ʤʦʜʫʣʷ, ʠʟʛʦʪʦʚʣʝʥʥʦʛʦ ʩ ʧʦʤʦʱʴʶ 

ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʷ, ʙʳʣʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʠʤʠ, ʠ ʤʝʪʦʜ ʥʘʥʝʩʝʥʠʷ ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʵʬʬʝʢʪʠʚʥʦʝ ʨʝʰʝʥʠʝ ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ ʤʘʩʰʪʘʙʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʝʨʦʚʩʢʠʪʥʳʭ ʩʦʣʥʝʯʥʳʭ 

ʵʣʝʤʝʥʪʦʚ. ɹʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʯʝʨʥʠʣ ʪʨʘʪʠʪʩʷ ʚ ʧʨʦʮʝʩʩʝ ʥʘʥʝʩʝʥʠʷ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʝʤ ʥʘ 

ʦʪʭʦʜʳ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ʟʘʪʨʘʪ ʠ ʚʦʟʜʝʡʩʪʚʠʶ ʧʦʪʝʥʮʠʘʣʴʥʦ ʚʨʝʜʥʳʭ 

ʭʠʤʠʢʘʪʦʚ. ʂʨʦʤʝ ʵʪʦʛʦ, ʥʝʚʳʩʦʢʘʷ ʩʢʦʨʦʩʪʴ ʠʟʛʦʪʦʚʣʝʥʠʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʩʣʦʝʚ ʠ 

ʥʝʩʦʚʤʝʩʪʠʤʦʩʪʴ ʩ ʩʠʩʪʝʤʦʡ ʨʫʣʦʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʷʚʣʷʶʪʩʷ ʙʦʣʴʰʠʤʠ ʥʝʜʦʩʪʘʪʢʘʤʠ ʵʪʦʛʦ 

ʤʝʪʦʜʘ. ɹʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʘʣʴʪʝʨʥʘʪʠʚʥʳʝ ʤʝʪʦʜʳ ʦʩʘʞʜʝʥʠʷ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ 

ʵʪʠ ʥʝʜʦʩʪʘʪʢʠ ʠ ʙʦʣʴʰʝ ʧʦʜʭʦʜʷʪ ʜʣʷ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʢʦʪʦʨʳʝ ʙʫʜʫʪ 

ʦʧʠʩʘʥʳ ʥʠʞʝ. 

 

ʊʨʘʬʘʨʝʪʥʘʷ ʧʝʯʘʪʴ (screen printing ) 

 

ʊʨʘʬʘʨʝʪʥʘʷ ʧʝʯʘʪʴ ð ʵʪʦ ʤʝʪʦʜ, ʚ ʢʦʪʦʨʦʤ ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʨʘʬʘʨʝʪ ʠʟ ʩʠʥʪʝʪʠʯʝʩʢʦʛʦ 

ʚʦʣʦʢʥʘ ʠʣʠ ʩʪʘʣʴʥʦʡ ʩʝʪʢʠ, ʥʘ ʢʦʪʦʨʳʝ ʥʘʥʦʩʠʪʩʷ ʨʘʩʪʚʦʨʳ ʵʤʫʣʴʩʠʠ. ʇʦʜ ʜʘʚʣʝʥʠʝʤ ʨʘʢʝʣʷ 

ʤʦʞʥʦ ʧʝʨʝʥʦʩʠʪʴ ʧʘʩʪʫ ʥʘ ʧʦʜʣʦʞʢʫ ʯʝʨʝʟ ʦʪʚʝʨʩʪʠʷ ʚ ʫʟʦʨʯʘʪʦʡ ʩʝʪʢʝ. ɺ ʪʦ ʚʨʝʤʷ ʢʘʢ ʤʝʪʦʜʳ 

ʩʣʦʪ-ʤʘʪʨʠʯʥʦʡ ʧʝʯʘʪʠ ʧʝʨʝʰʣʠ ʚ ʧʝʨʦʚʩʢʠʪʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʠʟ ʦʨʛʘʥʠʯʝʩʢʦʡ ʬʦʪʦʚʦʣʴʪʘʠʢʠ, 

ʪʨʘʬʘʨʝʪʥʘʷ ʧʝʯʘʪʴ ʧʨʦʠʩʭʦʜʠʪ ʚ ʦʩʥʦʚʥʦʤ ʠʟ ʦʙʣʘʩʪʠ ʩʦʣʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʥʘ 

ʩʝʥʩʠʙʠʣʠʟʠʨʦʚʘʥʥʳʭ ʢʨʘʩʠʪʝʣʷʭ (ʉʂʕ). ʌʘʢʪʠʯʝʩʢʠ, ʢʘʢ ʠ ʜʣʷ ʉʂʕ, ʪʨʘʬʘʨʝʪʥʘʷ ʧʝʯʘʪʴ ʚ 

ʦʩʥʦʚʥʦʤ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʥʘʥʝʩʝʥʠʷ ʥʘʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʧʣʝʥʦʢ ʩ ʤʝʟʦʩʢʦʧʠʯʝʩʢʦʡ 

ʘʨʭʠʪʝʢʪʫʨʦʡ, ʢʘʢ ʜʣʷ ʤʘʣʝʥʴʢʠʭ ʧʦʜʣʦʞʝʢ, ʪʘʢ ʠ ʜʣʷ  ʰʠʨʦʢʦʬʦʨʤʘʪʥʳʭ ʤʦʜʫʣʝʡ [81]. ʆʜʥʠʤ 

ʠʟ ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʭ ʜʦʩʪʠʞʝʥʠʡ ʚ ʦʙʣʘʩʪʠ ʪʨʘʬʘʨʝʪʥʦʡ ʧʝʯʘʪʠ ʩʪʘʣʘ ʨʘʟʨʘʙʦʪʢʘ ʧʦʣʥʦ-

ʧʝʯʘʪʘʥʳʭ ʇʉʕ, ʠʩʧʦʣʴʟʫʶʱʠʭ ʥʝʩʢʦʣʴʢʦ ʤʝʟʦʧʦʨʠʩʪʳʭ ʩʣʦʝʚ [8,9], ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ 

ʨʠʩʫʥʢʝ 8ʝ [10]. ʊʨʝʭʩʣʦʡʥʘʷ ʩʪʨʫʢʪʫʨʘ, ʚʢʣʶʯʘʶʱʘʷ ʤʝʟʦʧʦʨʠʩʪʳʡ ʩʣʦʡ TiO2 ʪʦʣʱʠʥʦʡ 1 ʤʢʤ 

ʚ ʢʘʯʝʩʪʚʝ ʵʣʝʢʪʨʦʥʥʦ-ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʣʦʷ, ʤʝʟʦʧʦʨʠʩʪʳʡ ʨʘʟʜʝʣʠʪʝʣʴʥʳʡ ʩʣʦʡ ʠʟ ZrO2 

ʪʦʣʱʠʥʦʡ 2 ʤʢʤ ʠ ʚʝʨʭʥʠʡ ʵʣʝʢʪʨʦʜ ʠʟ ʤʝʟʦʧʦʨʠʩʪʦʛʦ ʫʛʣʝʨʦʜʘ (ʩʘʞʘ/ʛʨʘʬʠʪ) ʪʦʣʱʠʥʦʡ 10 ʤʢʤ 

ʙʳʣʘ ʥʘʥʝʩʝʥʘ ʪʨʘʬʘʨʝʪʥʦʡ ʧʝʯʘʪʴʶ ʥʘ ʧʨʦʚʦʜʷʱʫʶ ʧʦʜʣʦʞʢʫ, ʧʦʢʨʳʪʫʶ ʪʦʥʢʠʤ ʢʦʤʧʘʢʪʥʳʤ 

ʩʣʦʝʤ TiO2. ʋʩʪʨʦʡʩʪʚʦ ʙʳʣʦ ʟʘʚʝʨʰʝʥʦ ʥʘʥʝʩʝʥʠʝʤ ʧʝʨʦʚʩʢʠʪʘ ʯʝʨʝʟ ʫʛʦʣʴʥʳʡ ʵʣʝʢʪʨʦʜ, 

ʟʘʧʦʣʥʷʶʱʝʛʦ ʚʩʶ ʪʨʝʭʩʣʦʡʥʫʶ ʤʝʟʦʧʦʨʠʩʪʫʶ ʩʪʨʫʢʪʫʨʫ, ʯʪʦ ʦʙʝʩʧʝʯʠʣʦ ʂʇɼ 12,8 %, ʘ ʪʘʢʞʝ 

ʩʪʘʙʠʣʴʥʦʩʪʴ ʚ ʪʝʯʝʥʠʝ 1000 ʯʘʩʦʚ ʧʨʠ ʦʩʚʝʱʝʥʠʠ ʧʦʣʥʦʛʦ ʩʧʝʢʪʨʘ ʩʦʣʥʝʯʥʦʛʦ ʩʚʝʪʘ [82]. 

ʉʨʝʜʥʠʝ ʪʦʣʱʠʥʳ, ʥʘʙʣʶʜʘʝʤʳʝ ʚ ʩʣʦʷʭ ʧʦʣʫʯʝʥʥʳʭ ʤʝʪʦʜʦʤ ʪʨʘʬʘʨʝʪʥʦʡ ʧʝʯʘʪʠ, ʦʙʳʯʥʦ 

ʩʦʩʪʘʚʣʷʶʪ ʦʪ ʦʜʥʦʛʦ ʤʠʢʨʦʤʝʪʨʘ ʠ ʙʦʣʝʝ, ʦʜʥʘʢʦ ʚʦʟʤʦʞʥʦ ʧʦʣʫʯʝʥʠʝ ʠ ʙʦʣʝʝ ʪʦʥʢʠʭ ʩʣʦʝʚ ʜʦ 
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ʥʝʩʢʦʣʴʢʠʭ ʩʦʪʝʥ ʥʘʥʦʤʝʪʨʦʚ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʚ ʨʘʙʦʪʝ ʛʨʫʧʧʳ ʂʘʦ [83]. ɻʨʫʧʧʘ çSolaronixè 

ʨʘʟʨʘʙʦʪʘʣʠ 8-ʵʣʝʤʝʥʪʥʳʡ ʤʦʜʫʣʴ ʤʝʪʦʜʦʤ ʪʨʘʬʘʨʝʪʥʦʡ ʧʝʯʘʪʠ ʩ ʯʝʪʳʨʝʭʩʣʦʡʥʦʡ ʩʪʨʫʢʪʫʨʦʡ: 

ʩʪʝʢʣʦ/FTO/c-TiO2 (~ 50 ʥʤ)/ʤʝʟʦ-TiO2 (~0,5 ʤʢʤ)/ʤʝʟʦ-ZrO2 (~1 ʤʢʤ)/ʧʦʨʠʩʪʳʡ ʫʛʣʝʨʦʜ (~15 

ʤʢʤ) ʩ ʂʇɼ 9,9 % ʥʘ ʘʢʪʠʚʥʦʡ ʧʣʦʱʘʜʠ 47,6 ʩʤ2 (ʂʇɼ = 12 % ʥʘ ʫʩʪʨʦʡʩʪʚʝ ʧʣʦʱʘʜʴʶ 1 ʩʤ2) ʩ 

ʚʳʩʦʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʴʶ [84]. ʉʪʨʫʢʪʫʨʘ ʙʳʣʘ ʧʨʦʧʠʪʘʥʘ ʧʝʨʦʚʩʢʠʪʦʤ CH3NH3PbI3 ʧʫʪʝʤ 

ʥʘʥʝʩʝʥʠʷ ʨʘʩʪʚʦʨʘ ʥʘ ʘʢʪʠʚʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʩʫʰʢʦʡ ʧʨʠ ~50 Á C ʚ ʪʝʯʝʥʠʝ 24 

ʯʘʩʦʚ. 

 

 

ʈʠʩʫʥʦʢ 8 ï (a) ɺɸʍ ʇʉʕ ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʤʝʪʦʜʘʤʠ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʷ ʠ ʩʧʨʝʡ-ʧʦʢʨʳʪʠʷ; (ʙ) 

ʉʕʄ-ʠʟʦʙʨʘʞʝʥʠʝ ʩʣʦʷ ʧʝʨʦʚʩʢʠʪʘ, ʥʘʥʝʩʝʥʥʦʛʦ ʩʧʨʝʡ-ʧʦʢʨʳʪʠʝʤ (CH3NH3PbI3-xClx) ʥʘ 

PEDOT: PSS [12]; (ʚ) ʩʭʝʤʘ ʧʨʦʮʝʩʩʘ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʧʝʨʦʚʩʢʠʪʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʤʝʪʦʜʦʤ ʩʧʨʝʡ-

ʧʦʢʨʳʪʠʷ ʠ ʦʢʦʥʯʘʪʝʣʴʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʷʯʝʡʢʠ ʧʝʨʦʚʩʢʠʪʘ; (ʛ) ʉʕʄ ʠʟʦʙʨʘʞʝʥʠʝ ʚʠʜʘ ʩʚʝʨʭʫ ʠ 

ɸʉʄ ʪʦʧʦʛʨʘʬʠʷ ʩʣʦʷ ʧʝʨʦʚʩʢʠʪʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʪʨʘʜʠʮʠʦʥʥʳʤ ʩʧʦʩʦʙʦʤ ʦʢʫʥʘʥʠʷ. (ʜ) ʉʕʄ 

ʚʠʜ ʩʚʝʨʭʫ ʠ ʪʦʧʦʛʨʘʬʠʷ ʩʣʦʷ ʧʝʨʦʚʩʢʠʪʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʤʝʪʦʜʦʤ ʩʧʨʝʡ-ʧʦʢʨʳʪʠʷ 

ʤʝʪʠʣʘʤʤʦʥʠʷ; (ʝ) ʘʨʭʠʪʝʢʪʫʨʘ ʧʦʣʥʦʩʪʴʶ ʥʘʧʝʯʘʪʘʥʥʦʛʦ ʤʝʟʦʩʢʦʧʠʯʝʩʢʦʛʦ ʧʝʨʦʚʩʢʠʪʥʦʛʦ 

ʩʦʣʥʝʯʥʦʛʦ ʵʣʝʤʝʥʪʘ, ʚ ʢʦʪʦʨʳʭ ʤʝʟʦʧʦʨʠʩʪʳʡ ʩʣʦʡ ʠʟ TiO2, ZrO2 ʩ ʚʝʨʭʥʠʤ ʵʣʝʢʪʨʦʜʦʤ 

ʩʘʞʠ/ʛʨʘʬʠʪʘ [10] 
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ɺ ʠʪʦʛʝ ʪʨʘʬʘʨʝʪʥʘʷ ʧʝʯʘʪʴ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʵʬʬʝʢʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʦʣʫʯʝʥʠʷ 

ʤʝʟʦʧʦʨʠʩʪʳʭ ʧʣʝʥʦʢ ʩ ʤʠʢʨʦʥʥʦʡ ʪʦʣʱʠʥʦʡ, ʢʦʪʦʨʳʝ ʟʘʪʝʤ ʤʦʛʫʪ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʥʫʢʣʝʘʮʠʶ 

ʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʶ ʧʝʨʦʚʩʢʠʪʦʚ, ʧʦʤʝʱʝʥʥʳʭ ʚ ʥʠʭ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʜʨʫʛʠʭ ʪʝʭʥʦʣʦʛʠʡ ʧʦʢʨʳʪʠʡ 

ʠ ʧʝʯʘʪʠ, ʠʤʝʥʥʦ ʢʘʯʝʩʪʚʦ ʤʝʟʦʧʦʨʠʩʪʳʭ ʩʣʦʝʚ ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʳʤ ʵʣʝʤʝʥʪʦʤ ʜʣʷ ʢʦʥʪʨʦʣʷ 

ʤʦʨʬʦʣʦʛʠʠ ʧʝʨʦʚʩʢʠʪʥʦʛʦ ʩʣʦʷ, ʘ ʥʝ ʧʘʨʘʤʝʪʨʘʤʠ ʥʘʥʝʩʝʥʠʷ ʩʘʤʠʭ ʨʘʩʪʚʦʨʦʚ-ʧʨʝʢʫʨʩʦʨʦʚ 

ʧʝʨʦʚʩʢʠʪʘ. ɺʦʟʤʦʞʥʦʩʪʴ ʧʝʯʘʪʠ ʠ ʥʠʟʢʘʷ ʩʪʦʠʤʦʩʪʴ ʣʶʙʦʛʦ ʩʣʦʷ ʇʉʕ, ʚʢʣʶʯʘʷ ʵʣʝʢʪʨʦʜ ʠʟ 

ʫʛʣʝʨʦʜʥʦʡ ʧʘʩʪʳ, ʠ ʭʦʨʦʰʘʷ ʩʪʘʙʠʣʴʥʦʩʪʴ ʫʩʪʨʦʡʩʪʚ ʜʝʣʘʶʪ ʪʨʘʬʘʨʝʪʥʫʶ ʧʝʯʘʪʴ 

ʧʝʨʩʧʝʢʪʠʚʥʦʡ ʪʝʭʥʦʣʦʛʠʝʡ ʠʟʛʦʪʦʚʣʝʥʠʷ ʠ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ ʇʉʕ. ʆʜʥʘʢʦ ʢʣʶʯʝʚʳʤ 

ʦʛʨʘʥʠʯʝʥʠʝʤ ʷʚʣʷʝʪʩʷ ʝʛʦ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʤʝʟʦʧʦʨʠʩʪʳʭ ʩʣʦʝʚ, ʢʦʪʦʨʳʝ ʪʨʝʙʫʶʪ ʦʙʨʘʙʦʪʢʠ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ ʚʳʰʝ 400 ÁC ʠ ʦʛʨʘʥʠʯʝʥʠʷ ʜʦʩʪʠʞʝʥʠʷ ʚʳʩʦʢʠʭ ʂʇɼ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ 

ʤʝʪʦʜʘʤʠ ʥʘʥʝʩʝʥʠʷ. 

 

ʉʧʨʝʡ ʧʦʢʨʳʪʠʝ (spray coating) 

 

ʉʧʨʝʡ-ʧʦʢʨʳʪʠʝ ï ʵʪʦ ʪʝʭʥʦʣʦʛʠʷ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʥʘʥʝʩʝʥʠʷ, ʠʩʧʦʣʴʟʫʝʤʘʷ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʭ ʪʦʥʢʠʭ ʩʣʦʝʚ ʥʘ ʧʦʜʣʦʞʢʘʭ ʙʦʣʴʰʦʡ ʧʣʦʱʘʜʠ [66]. 

ʇʨʝʠʤʫʱʝʩʪʚʘʤʠ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʷʚʣʷʶʪʩʷ ʥʠʟʢʠʝ ʧʦʪʝʨʠ ʤʘʪʝʨʠʘʣʦʚ, ʚʳʩʦʢʘʷ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʦʙʨʘʙʦʪʢʠ ʠ ʩʦʚʤʝʩʪʠʤʦʩʪʴ ʩ ʨʫʣʦʥʥʳʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʯʪʦ ʠ 

ʧʨʠʚʣʝʢʣʦ ʚʥʠʤʘʥʠʝ ʥʘʫʯʥʦʛʦ ʩʦʦʙʱʝʩʪʚʘ ʢ ʜʘʥʥʦʤʫ ʤʝʪʦʜʫ ʠʟʛʦʪʦʚʣʝʥʠʷ ʇʉʕ [85]. ʉʭʝʤʘ 

ʫʩʪʘʥʦʚʢʠ ʩʧʨʝʡ-ʧʦʢʨʳʪʠʡ ʧʨʦʠʣʣʶʩʪʨʠʨʦʚʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 9ʘ. ʆʙʳʯʥʦ ʚ ʫʩʪʘʥʦʚʢʘʭ ʜʣʷ 

ʥʘʥʝʩʝʥʠʷ ʧʦʢʨʳʪʠʷ ʨʘʩʧʳʣʝʥʠʝʤ ʠʩʧʦʣʴʟʫʝʪʩʷ ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʥʘʢʦʥʝʯʥʠʢ, ʚʠʙʨʠʨʫʶʱʠʡ ʩ 

ʯʘʩʪʦʪʦʡ ʚ ʜʝʩʷʪʢʠ ʢɻʮ, ʢʦʪʦʨʳʡ ʩʦʟʜʘʝʪ ʪʫʤʘʥ ʠʟ ʢʘʧʝʣʴ ʯʝʨʥʠʣ (ʠʣʠ ʪʫʤʘʥ ʨʘʩʪʚʦʨʠʪʝʣʷ), 

ʢʦʪʦʨʳʝ ʥʘʧʨʘʚʣʷʶʪʩʷ ʢ ʧʦʜʣʦʞʢʝ ʩ ʧʦʤʦʱʴʶ ʛʘʟʦʚʦʡ ʩʪʨʫʠ N2 [11,12]. ɼʦʩʪʠʛʥʫʚ ʧʦʜʣʦʞʢʠ, 

ʢʘʧʣʠ ʨʘʚʥʦʤʝʨʥʦ ʥʘʥʦʩʷʪʩʷ ʠ ʩʣʠʚʘʶʪʩʷ, ʩʤʘʯʠʚʘʷ ʝʝ, ʦʙʨʘʟʫʷ ʩʧʣʦʰʥʫʶ ʚʣʘʞʥʫʶ ʧʣʝʥʢʫ, 

ʢʦʪʦʨʘʷ ʚʳʩʳʭʘʝʪ ʥʘ ʧʦʜʣʦʞʢʝ. ʀʟʛʦʪʦʚʣʝʥʠʝ ʇʉʕ, ʧʦʣʫʯʝʥʥʳʤ ʤʝʪʦʜʦʤ ʦʜʥʦʩʪʘʜʠʡʥʦʛʦ 

ʩʧʨʝʡ-ʧʦʢʨʳʪʠʷ [86] ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 11 % ʙʣʘʛʦʜʘʨʷ ʦʧʪʠʤʠʟʘʮʠʠ ʪʘʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ ʦʙʨʘʙʦʪʢʠ ʢʘʢ: ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʜʣʦʞʢʠ, ʛʘʟ-ʥʦʩʠʪʝʣʴ ʠ ʦʪʞʠʛ [12]. ʅʘ ʨʠʩʫʥʢʝ 8ʘ 

ʧʦʢʘʟʘʥʦ ʩʨʘʚʥʝʥʠʝ ɺɸʍ ʧʝʨʦʚʩʢʠʪʥʳʭ ʩʦʣʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʧʦʣʫʯʝʥʥʳʭ ʩʧʨʝʡ-ʧʦʢʨʳʪʠʝʤ ʠ 

ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʝʤ. ʇʦʣʫʯʝʥʥʳʝ ʂʇɼ ʠ ʠʟʦʙʨʘʞʝʥʠʷ SEM (ʨʠʩʫʥʦʢ 8ʘ ʠ 8ʙ) ʧʦʜʪʚʝʨʞʜʘʶʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʭ ʩʦʣʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʣʦʷ 

ʧʝʨʦʚʩʢʠʪʘ, ʥʘʥʝʩʝʥʥʦʛʦ ʩʧʨʝʡ-ʧʦʢʨʳʪʠʝʤ. 

ɺ ʨʘʙʦʪʝ ʉʘʥʜʞʠʙʫ ʧʣʝʥʢʘ ʧʝʨʦʚʩʢʠʪʘ, ʧʦʣʫʯʝʥʥʘʷ ʫʣʴʪʨʘʟʚʫʢʦʚʳʤ ʦʜʥʦʩʪʘʜʠʡʥʳʤ 

ʩʧʨʝʡ-ʧʦʢʨʳʪʠʝʤ, ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʘ ʚʳʩʦʢʫʶ ʦʜʥʦʨʦʜʥʦʩʪʴ ʠ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʴ, ʯʪʦ 

ʧʦʟʚʦʣʠʣʦ ʜʦʩʪʠʯʴ ʂʇɼ 13 % [87]. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʵʪʠ ʨʝʟʫʣʴʪʘʪʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʥʘ 

ʥʝʙʦʣʴʰʠʭ ʦʙʨʘʟʮʘʭ, ʘ ʥʝ ʥʘ ʰʠʨʦʢʦʬʦʨʤʘʪʥʳʭ ʧʦʜʣʦʞʢʘʭ, ʥʝʙʦʣʴʰʦʡ ʛʠʩʪʝʨʝʟʠʩ, 
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ʥʘʙʣʶʜʘʝʤʳʡ ʥʘ ʢʨʠʚʳʭ ɺɸʍ (ʧʨʠʧʠʩʳʚʘʝʤʳʡ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʧʣʘʥʘʨʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ 

ʫʩʪʨʦʡʩʪʚʘ), ʠ ʟʥʘʯʠʪʝʣʴʥʳʝ ʜʦʩʪʠʛʥʫʪʳʝ ʂʇɼ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʩʧʨʝʡ-ʧʦʢʨʳʪʠʝ ʧʦʪʝʥʮʠʘʣʴʥʦ 

ʧʝʨʩʧʝʢʪʠʚʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚ ʦʙʣʘʩʪʠ ʇʉʕ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʭ 

ʧʝʨʦʚʩʢʠʪʥʳʭ ʩʦʣʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʪʨʝʙʫʝʪʩʷ ʥʘʥʝʩʝʥʠʝ ʩʧʣʦʰʥʦʡ ʧʣʝʥʢʠ ʙʝʟ ʤʠʢʨʦʧʨʦʢʦʣʦʚ 

ʠ ʥʠʟʢʦʡ ʰʝʨʦʭʦʚʘʪʦʩʪʴʶ. ʅʝʩʢʦʣʴʢʦ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʘʨʦʚ ʡʦʜʠʜʘ 

ʤʝʪʠʣʘʤʤʦʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʚʪʦʨʦʛʦ ʰʘʛʘ ʥʘʥʝʩʝʥʠʷ ʥʘ ʧʣʝʥʢʫ PbI2 ʤʦʞʝʪ ʦʙʨʘʟʦʚʳʚʘʪʴ ʛʣʘʜʢʠʡ 

ʨʘʚʥʦʤʝʨʥʳʡ ʩʣʦʡ ʧʝʨʦʚʩʢʠʪʘ [77,88,89]. ʉʨʘʚʥʝʥʠʝ ʤʝʞʜʫ ʩʣʦʷʤʠ ʧʝʨʦʚʩʢʠʪʘ, ʧʦʣʫʯʝʥʥʳʤʠ 

ʧʫʪʝʤ ʦʢʫʥʘʥʠʷ ʚ ʨʘʩʪʚʦʨ ʠ ʩʧʨʝʡ-ʧʦʢʨʳʪʠʷ ʨʘʩʪʚʦʨʘ ʤʝʪʠʣʘʤʤʦʥʠʷ, ʧʦʢʘʟʘʣʦ ʣʫʯʰʫʶ 

ʤʦʨʬʦʣʦʛʠʶ ʜʣʷ ʦʙʨʘʟʮʘ, ʥʘʥʝʩʝʥʥʦʛʦ ʩʧʨʝʡ-ʧʦʢʨʳʪʠʝʤ, (ʩʤ. ʨʠʩʫʥʦʢ 8ʛ ʠ 8ʜ) [90] ʥʘ ʢʦʪʦʨʦʤ 

ʜʦʩʪʠʛʘʝʪʩʷ ʂʇɼ 14,3 % [91]. ɺ 2018 ʛʦʜʫ, ɹʠʰʦʧ ʠ ʜʨ. ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʧʨʦʮʝʩʩ ʥʘʥʝʩʝʥʠʷ 

ʧʝʨʦʚʩʢʠʪʦʚ ʩ ʪʨʦʡʥʳʤ ʢʘʪʠʦʥʦʤ ʤʝʪʦʜʦʤ ʩʧʨʝʡ-ʧʦʢʨʳʪʠʷ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʚʘʢʫʫʤʥʦʡ ʦʙʨʘʙʦʪʢʦʡ. 

ɺ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʨʘʪʢʦʚʨʝʤʝʥʥʘʷ ʚʳʜʝʨʞʢʘ ʧʣʝʥʦʢ ʚ ʚʘʢʫʫʤʝ ʧʦʩʣʝ ʨʘʩʧʳʣʝʥʠʷ, ʯʪʦʙʳ 

ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʦʙʨʘʟʦʚʘʥʠʶ ʧʣʦʪʥʦ ʫʧʘʢʦʚʘʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʧʝʨʦʚʩʢʠʪʘ ʠ ʨʘʚʥʦʤʝʨʥʳʭ ʧʣʝʥʦʢ 

(ʰʝʨʦʭʦʚʘʪʦʩʪʴ ~22 ʥʤ). ɺ ʨʝʟʫʣʴʪʘʪʝ ʥʘ ʧʦʣʫʯʝʥʥʳʭ ʫʩʪʨʦʡʩʪʚʘʭ ʙʳʣ ʜʦʩʪʠʛʥʫʪ ʂʇɼ ʜʦ 17,8 % 

[92]. ɺ 2016 ʛʦʜʫ ʍʝʦ ʠ ʝʛʦ ʢʦʣʣʝʛʠ  ʧʨʝʜʩʪʘʚʠʣʠ ʩʘʤʳʡ ʚʳʩʦʢʠʡ ʂʇɼ ï 18,3 %, ʯʪʦ ʷʚʣʷʝʪʩʷ 

ʨʝʢʦʨʜʦʤ ʥʘ ʫʩʪʨʦʡʩʪʚʘʭ, ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʩʧʨʝʡ-ʧʦʢʨʳʪʠʝʤ (ʨʠʩʫʥʢʠ 9ʙ, 9ʛ) [93]. ʉʧʨʝʡ-

ʧʦʢʨʳʪʠʝ ʪʘʢʞʝ ʧʨʠʤʝʥʠʤʦ ʜʣʷ ʥʘʥʝʩʝʥʠʷ ʜʨʫʛʠʭ ʤʘʪʝʨʠʘʣʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʚʚʝʜʝʥʳ ʚ 

ʢʦʥʩʪʨʫʢʮʠʠ ʧʝʨʦʚʩʢʠʪʥʳʭ ʫʩʪʨʦʡʩʪʚ. ʉʧʨʝʡ-ʧʦʢʨʳʪʠʝ ʛʨʘʬʝʥʦʚʳʭ ʯʝʨʥʠʣ ʙʳʣʦ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ ʥʘ ʩʦʣʥʝʯʥʳʭ ʵʣʝʤʝʥʪʘʭ ʩ cʝʥʩʠʙʠʣʠʟʠʨʦʚʘʥʥʳʤ ʢʨʘʩʠʪʝʣʝʤ  [88], ʨʘʩʪʚʦʨ 

ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʛʦ ʦʢʩʠʜʘ ʛʨʘʬʝʥʘ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʩʧʨʝʡ-ʧʦʢʨʳʪʠʷ ʚ ʢʘʯʝʩʪʚʝ ʜʳʨʦʯʥʦ-

ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʣʦʷ ʚ ʧʝʨʦʚʩʢʠʪʥʳʭ ʩʦʣʥʝʯʥʳʭ ʵʣʝʤʝʥʪʘʭ ʚ ʨʘʙʦʪʝ ʛʨʫʧʧʳ ʇʘʣʤʳ, ʯʪʦ 

ʫʚʝʣʠʯʠʣʦ ʚʨʝʤʷ ʞʠʟʥʠ ʫʩʪʨʦʡʩʪʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʨʛʘʥʠʯʝʩʢʠʤ ʪʨʘʥʩʧʦʨʪʥʳʤ ʩʣʦʝʤ [94]. ɺ 

ʠʪʦʛʝ, ʩʧʨʝʡ-ʧʦʢʨʳʪʠʝ ʷʚʣʷʝʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʦʡ ʪʝʭʥʦʣʦʛʠʝʡ ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ ʤʘʩʰʪʘʙʘ ʪʦʥʢʠʭ 

ʧʣʝʥʦʢ ʧʝʨʦʚʩʢʠʪʘ. ʂʦʥʪʨʦʣʠʨʫʷ ʢʣʶʯʝʚʳʝ ʧʘʨʘʤʝʪʨʳ ʧʨʦʮʝʩʩʘ, ʪʦ ʝʩʪʴ ʩʠʩʪʝʤʫ ʧʨʝʢʫʨʩʦʨʘ-

ʨʘʩʪʚʦʨʠʪʝʣʠ, ʫʛʦʣ ʩʧʨʝʷ, ʩʢʦʨʦʩʪʴ ʧʦʢʨʳʪʠʷ ʠ ʩʢʦʨʦʩʪʴ ʧʦʪʦʢʘ, ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʙʦʣʴʰʦʝ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʝ ʦʢʥʦ ʜʣʷ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʛʦ ʠʟʛʦʪʦʚʣʝʥʠʷ ʪʦʥʢʠʭ ʧʣʝʥʦʢ ʧʝʨʦʚʩʢʠʪʘ. 

ʆʩʥʦʚʥʳʤʠ ʧʨʦʙʣʝʤʘʤʠ ʵʪʦʛʦ ʤʝʪʦʜʘ ʷʚʣʷʶʪʩʷ ʠʟʤʝʥʝʥʠʷ ʪʦʣʱʠʥʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʨʦʩʪʦʤ 

ʢʨʠʩʪʘʣʣʦʚ, ʦʩʫʰʝʥʠʝʤ ʨʘʩʪʚʦʨʘ ʠ ʥʝʦʜʥʦʨʦʜʥʳʤ ʧʦʢʨʳʪʠʝʤ ʨʘʩʪʚʦʨʘ ʧʦʜʣʦʞʢʠ, ʚʦʟʥʠʢʘʶʱʠʤ 

ʠʟ-ʟʘ ʚʳʟʚʘʥʥʦʛʦ ʧʦʚʝʨʭʥʦʩʪʥʳʤ ʥʘʪʷʞʝʥʠʝʤ çʢʦʬʝʡʥʦʛʦ ʢʦʣʴʮʘè ʠʣʠ ʵʬʬʝʢʪʦʚ ʄʘʨʘʥʛʦʥʠ 

[12,95ï97]. 
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ʈʠʩʫʥʦʢ 9 ï ʘ) ʉʭʝʤʘʪʠʯʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʧʨʦʮʝʩʩʘ ʩʧʨʝʡ-ʧʦʢʨʳʪʠʷ; ʙ) ʤʠʢʨʦʩʢʦʧʠʷ 

ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʇʉʕ ʥʘ ʦʩʥʦʚʝ MAPbI3-xClx, ʧʦʣʫʯʝʥʥʦʛʦ ʩʧʨʝʡ-ʧʦʢʨʳʪʠʝʤ; ʚ) ɺɸʍ ʇʉʕ; 

ʛ) ʩʧʝʢʪʨ ʢʚʘʥʪʦʚʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ (EQE) [22] 

 

ʉʪʨʫʡʥʘʷ ʧʝʯʘʪʴ (inkjet  printing ) 

 

ʉʪʨʫʡʥʘʷ ʧʝʯʘʪʴ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʤʳʭ ʤʝʪʦʜʦʚ ʧʝʯʘʪʠ, 

ʫʯʠʪʳʚʘʷ ʝʝ ʢʦʤʤʝʨʯʝʩʢʠʡ ʫʩʧʝʭ ʚ ʦʬʠʩʥʳʭ ʧʨʠʥʪʝʨʘʭ. ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʩʪʨʫʡʥʘʷ ʧʝʯʘʪʴ 

ʧʨʦʜʚʠʥʫʣʘʩʴ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʢʦʥʢʫʨʝʥʪʥʦʛʦ ʤʝʪʦʜʘ ʥʘʥʝʩʝʥʠʷ ʜʣʷ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʠ 

ʦʨʛʘʥʠʯʝʩʢʦʡ ʦʧʪʦʵʣʝʢʪʨʦʥʠʢʠ [13ï15]. ʇʨʝʠʤʫʱʝʩʪʚʘʤʠ ʩʪʨʫʡʥʦʡ ʧʝʯʘʪʠ ʷʚʣʷʶʪʩʷ 

ʵʬʬʝʢʪʠʚʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʘʪʝʨʠʘʣʦʚ, ʙʝʩʢʦʥʪʘʢʪʥʳʡ ʧʨʦʮʝʩʩ ʩ ʙʦʣʴʰʦʡ ʛʠʙʢʦʩʪʴʶ ʩ ʪʦʯʢʠ 

ʟʨʝʥʠʷ ʬʦʨʤʳ ʧʝʯʘʪʠ, ʪʦʣʱʠʥʳ ʠ ʬʦʨʤʳ ʩʣʦʝʚ. ʆʜʥʘʢʦ ʢʣʶʯʝʚʦʡ ʟʘʜʘʯʝʡ ʵʪʦʡ ʪʝʭʥʦʣʦʛʠʠ ʧʦ-

ʧʨʝʞʥʝʤʫ ʷʚʣʷʝʪʩʷ ʩʦʭʨʘʥʝʥʠʝ ʵʪʠʭ ʧʨʝʠʤʫʱʝʩʪʚ ʧʨʠ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ. ɼʚʫʤʷ 

ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ ʤʝʪʦʜʘʤʠ ʩʪʨʫʡʥʦʡ ʧʝʯʘʪʠ ʷʚʣʷʶʪʩʷ ʥʝʧʨʝʨʳʚʥʘʷ ʩʪʨʫʡʥʘʷ ʧʝʯʘʪʴ 

(CIJP) ʠ ʧʝʯʘʪʴ ʧʦ ʟʘʧʨʦʩʫ (DoD). ʇʦʩʣʝʜʥʠʡ ʙʦʣʝʝ ʵʢʦʥʦʤʠʯʝʥ, ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʦʣʝʝ ʚʳʩʦʢʫʶ 

ʪʦʯʥʦʩʪʴ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʙʦʣʝʝ ʘʢʪʫʘʣʝʥ ʜʣʷ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʚ ʵʣʝʢʪʨʦʥʠʢʝ [98]. ʆʙʱʠʡ ʧʨʠʥʮʠʧ ʩʪʨʫʡʥʦʛʦ ʧʨʠʥʪʝʨʘ çDoDè ʧʦʢʘʟʘʥ ʥʘ ʨʠʩʫʥʢʝ 10ʘ, ʛʜʝ 

ʧʝʯʘʪʘʶʱʘʷ ʛʦʣʦʚʢʘ ʫʩʪʘʥʦʚʣʝʥʘ ʥʘʜ ʩʪʦʣʦʤ ʩ ʧʦʜʣʦʞʢʦʡ, ʧʨʠʯʝʤ, ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ ʦʜʠʥ ʠʟ 

ʵʣʝʤʝʥʪʦʚ ʷʚʣʷʝʪʩʷ ʧʦʜʚʠʞʥʳʤ. ɻʦʣʦʚʢʘ ʧʨʠʥʪʝʨʘ ʧʦʜʢʣʶʯʝʥʘ ʢ ʥʝʧʨʝʨʳʚʥʦʡ ʧʦʜʘʯʝ ʨʘʩʪʚʦʨʦʚ. 

ʂʦʥʪʨʦʣʴ ʜʘʚʣʝʥʠʷ ʞʠʜʢʦʩʪʠ ʫʧʨʘʚʣʷʝʪ ʚʳʙʨʦʩʦʤ ʝʛʦ ʠʟ ʧʝʯʘʪʘʶʱʝʡ ʛʦʣʦʚʢʠ. ʕʪʦ ʜʘʚʣʝʥʠʝ 

ʛʝʥʝʨʠʨʫʝʪʩʷ ʣʠʙʦ ʣʦʢʘʣʴʥʳʤ ʥʘʛʨʝʚʦʤ ʯʝʨʥʠʣ, ʣʠʙʦ ʤʝʭʘʥʠʯʝʩʢʦʡ ʩʠʣʦʡ ʥʘ ʨʝʟʝʨʚʫʘʨ ʯʝʨʥʠʣ, 

ʩ ʢʦʪʦʨʦʡ ʚʦʟʜʝʡʩʪʚʫʝʪ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ. ʇʦʩʢʦʣʴʢʫ ʚʳʙʨʦʩ ʯʝʨʥʠʣ ʧʨʠ 

ʥʘʛʨʝʚʘʥʠʠ ʚʣʝʯʝʪ ʟʘ ʩʦʙʦʡ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʦʙʲʝʤ ʯʝʨʥʠʣ, ʙʦʣʴʰʠʥʩʪʚʦ ʧʨʦʤʳʰʣʝʥʥʳʭ 

ʧʨʠʥʪʝʨʦʚ çDoDè ʦʩʥʦʚʘʥʳ ʥʘ ʧʴʝʟʦʵʣʝʢʪʨʠʢʘʭ [98]. ɺ 2014 ʛʦʜʫ ʗʥ ʠ ʢʦʣʣʝʛʠ ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʩʪʨʫʡʥʫʶ ʧʝʯʘʪʴ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʇʉʕ ʙʝʟ ʜʳʨʦʯʥʦ-ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʣʦʷ ʠ ʙʝʟ ʤʝʪʘʣʣʠʯʝʩʢʠʭ 

ʵʣʝʢʪʨʦʜʦʚ ʚ ʜʚʫʭ-ʩʪʘʜʠʡʥʦʤ ʧʨʦʮʝʩʩʝ ʧʫʪʝʤ ʧʝʯʘʪʠ MAI  ʥʘ ʩʣʦʝ PbI2, ʠʟʛʦʪʦʚʣʝʥʥʦʤ 
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ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʝʤ [99]. ʇʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʦʢʫʥʘʥʠʝʤ ʩʣʦʷ PbI2 ʚ ʨʘʩʪʚʦʨʝ MAI, ʩʪʨʫʡʥʘʷ 

ʧʝʯʘʪʴ ʩʦ ʩʤʝʰʘʥʥʳʤʠ ʯʝʨʥʠʣʘʤʠ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʘ ʣʫʯʰʫʶ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʴ ʠ ʫʣʫʯʰʝʥʥʳʡ 

ʠʥʪʝʨʬʝʡʩ MAPbI3/ʫʛʣʝʨʦʜ, ʯʪʦ ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʧʨʠʚʝʣʦ ʢ ʙʦʣʝʝ ʚʳʩʦʢʦʤʫ ʂʇɼ, 8,5 % ʠ 11,6 % 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺ ʪʦʤ ʞʝ ʛʦʜʫ ʙʳʣ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥ ʧʝʨʚʳʡ ʇʉʕ ʩ ʦʜʥʦʩʪʘʜʠʡʥʦʡ ʩʪʨʫʡʥʦʡ 

ʧʝʯʘʪʴʶ. ʃʠ ʠ ʝʛʦ ʢʦʣʣʝʛʠ ʠʟʛʦʪʦʚʠʣʠ ʯʝʨʥʠʣʘ ʠʟ PbI2 ʠ MAI, ʨʘʩʪʚʦʨʝʥʥʳʝ ʚ ɔ-ʙʫʪʠʨʦʣʘʢʪʦʥʝ 

(GBL), ʠ ʧʨʠʤʝʥʠʣʠ ʩʪʨʫʡʥʫʶ ʧʝʯʘʪʴ, ʯʪʦʙʳ ʥʘʥʝʩʪʠ ʠʭ ʧʦʚʝʨʭ ʤʝʟʦʧʦʨʠʩʪʦʛʦ ʵʣʝʢʪʨʦʥʥʦ-

ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʣʦʷ TiO2. ʇʫʪʝʤ ʜʦʙʘʚʣʝʥʠʷ MAC1 ʚ ʯʝʨʥʠʣʘ ʠ ʥʘʛʨʝʚʘʥʠʷ ʧʦʜʣʦʞʢʠ ʚʦ ʚʨʝʤʷ 

ʧʝʯʘʪʠ ʟʥʘʯʝʥʠʷ ʂʇɼ ʙʳʣʠ ʫʣʫʯʰʝʥʳ ʜʦ 12,3 % [100]. 

ʉʪʘʙʠʣʴʥʦʩʪʴ ʩʪʨʫʡʥʳʭ ʧʝʯʘʪʥʳʭ ʇʉʕ ʩʦʧʦʩʪʘʚʠʤʘ ʩ ʜʨʫʛʠʤʠ ʤʝʪʦʜʘʤʠ ʞʠʜʢʦʬʘʟʥʦʛʦ 

ʥʘʥʝʩʝʥʠʷ. ʅʘʧʨʠʤʝʨ, ʩʪʨʫʡʥʦʝ ʧʝʯʘʪʥʦʝ ʫʩʪʨʦʡʩʪʚʦ, ʠʩʧʦʣʴʟʫʶʱʝʝ MAPbI3 ʩ ʂʇɼ 9,5 %, 

ʦʩʪʘʚʘʣʦʩʴ ʩʪʘʙʠʣʴʥʳʤ ʚ ʪʝʯʝʥʠʝ ʙʦʣʴʰʝ 1000 ʯʘʩʦʚ ʧʦʜ ʥʝʧʨʝʨʳʚʥʳʤ ʦʩʚʝʱʝʥʠʝʤ [101]. 

ɼʨʫʛʦʡ ʧʦʜʭʦʜ ʢ ʩʪʘʙʠʣʴʥʦʩʪʠ - ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʫʣʴʪʠʢʘʪʠʦʥʥʦʛʦ ʧʝʨʦʚʩʢʠʪʘ ʩ ʢʦʤʙʠʥʘʮʠʝʡ 

MA , FA  ʠ Cs  ʠʦʥʦʚ. ʄʘʪʠʝʩ ʠ ʝʛʦ ʢʦʣʣʝʛʠ ʨʘʟʨʘʙʦʪʘʣʠ ʧʦʜʭʦʜʷʱʠʝ ʯʝʨʥʠʣʘ ʜʣʷ ʩʪʨʫʡʥʦʡ 

ʧʝʯʘʪʠ ʠ ʜʦʩʪʠʛʣʠ ʚʳʩʦʢʦʛʦ ʂʇɼ - 15,3 % ʩ ʚʳʩʦʢʠʤ ʥʘʧʨʷʞʝʥʠʝʤ ʭʦʣʦʩʪʦʛʦ ʭʦʜʘ 1,06 ɺ ʥʘ 

ʤʝʟʦʩʢʦʧʠʯʝʩʢʦʤ ʫʩʪʨʦʡʩʪʚʝ ʩ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʥʳʤʠ TiO2 ʠ Spiro-OMeTAD ʚ ʢʘʯʝʩʪʚʝ 

ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʣʦʝʚ. ɺʳʭʦʜʥʘʷ ʤʦʱʥʦʩʪʴ ʙʦʣʴʰʝ 90 % ʦʪ ʥʘʯʘʣʴʥʦʛʦ ʂʇɼ ʩʦʭʨʘʥʷʣʘʩʴ ʚ ʪʝʯʝʥʠʝ 

ʙʦʣʝʝ 100 ʤʠʥʫʪ ʠʟʤʝʨʝʥʠʡ [102]. ʅʘʙʣʶʜʘʣʦʩʴ ʩʠʣʴʥʦʝ ʚʣʠʷʥʠʝ ʪʦʣʱʠʥʳ ʩʣʦʷ ʧʝʨʦʚʩʢʠʪʘ ʥʘ 

ʝʛʦ ʩʧʝʢʪʨ ʧʦʛʣʦʱʝʥʠʷ ʠ ʨʘʟʤʝʨ ʟʝʨʝʥ (ʨʠʩʫʥʢʠ 10ʙ-ʛ). ʋʚʝʣʠʯʝʥʠʝ ʂʇɼ ʧʝʨʦʚʩʢʠʪʥʳʭ 

ʫʩʪʨʦʡʩʪʚ, ʥʘʧʝʯʘʪʘʥʥʳʭ ʩʪʨʫʡʥʦʡ ʧʝʯʘʪʴʶ, ʜʝʤʦʥʩʪʨʠʨʫʝʪ, ʯʪʦ ʵʪʘ ʪʝʭʥʦʣʦʛʠʷ ʩʪʘʥʦʚʠʪʩʷ 

ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʤʝʪʦʜʘʤʠ ʥʘʥʝʩʝʥʠʷ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʢʘʯʝʩʪʚʘ ʬʦʪʦ 

ʘʢʪʠʚʥʦʛʦ ʩʣʦʷ. ɺ 2017 ʛʦʜʫ ʛʨʫʧʧʘ ɸʙʟʠʝʭʝʨ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʂʇɼ ʜʦ 20,7 % ʩ 

ʥʘʧʨʷʞʝʥʠʝʤ ʭʦʣʦʩʪʦʛʦ ʭʦʜʘ  1,11 ɺ ʠ ʬʘʢʪʦʨʦʤ ʟʘʧʦʣʥʝʥʠʷ (FF) ʙʦʣʝʝ 80 % ʩ ʥʘʧʝʯʘʪʘʥʥʳʤ 

ʤʫʣʴʪʠʢʘʪʠʦʥʥʳʤ ʧʝʨʦʚʩʢʠʪʦʤ ʥʘ ʫʩʪʨʦʡʩʪʚʝ, ʠʩʧʦʣʴʟʫʶʱʠʤ ʚ ʢʘʯʝʩʪʚʝ ʜʳʨʦʯʥʦ-

ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʣʦʷ ʥʝʣʝʛʠʨʦʚʘʥʥʳʡ NiOx ʥʘʥʝʩʝʥʥʳʡ ʵʣʝʢʪʨʦʥʥʦ-ʣʫʯʝʚʳʤ ʥʘʧʳʣʝʥʠʝʤ ʠ 

ʪʝʨʤʠʯʝʩʢʠ ʠʩʧʘʨʝʥʥʳʡ C60 ʠ BCP ʚ ʢʘʯʝʩʪʚʝ ʵʣʝʢʪʨʦʥʥʦ-ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʣʦʷ [103]. 

ɺ ʟʘʢʣʶʯʝʥʠʠ, ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʩʪʨʫʡʥʘʷ ʧʝʯʘʪʴ ʧʝʨʦʚʩʢʠʪʥʳʭ ʩʣʦʝʚ ʜʝʤʦʥʩʪʨʠʨʫʝʪ 

ʢʘʯʝʩʪʚʦ, ʩʨʘʚʥʠʤʦʝ ʩ ʜʨʫʛʠʤʠ ʩʦʚʨʝʤʝʥʥʳʤʠ ʇʉʕ, ʥʘʧʨʠʤʝʨ ʫʩʪʨʦʡʩʪʚʘʤʠ, ʠʟʛʦʪʦʚʣʝʥʥʳʤʠ 

ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʝʤ, ʚ ʦʪʥʦʰʝʥʠʠ ʂʇɼ ʠ ʩʪʘʙʠʣʴʥʦʩʪʠ. ʆʜʥʘʢʦ ʚ ʩʪʨʫʡʥʦʡ ʧʝʯʘʪʠ ʪʨʫʜʥʦ 

ʧʨʠʤʝʥʷʪʴ ʤʝʪʦʜʳ ʘʥʪʠ-ʨʘʩʪʚʦʨʠʪʝʣʷ ʜʣʷ ʢʦʥʪʨʦʣʷ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ. ʅʝʢʦʪʦʨʳʝ ʦʛʨʘʥʠʯʝʥʠʷ ʠ 

ʧʨʦʙʣʝʤʳ ʝʱʝ ʦʩʪʘʶʪʩʷ ʥʝʨʝʰʝʥʥʳʤʠ ʜʣʷ ʩʪʨʫʡʥʦʡ ʧʝʯʘʪʠ ʇʉʕ: ʥʝʩʤʦʪʨʷ ʥʘ ʙʦʣʴʰʦʡ ʜʠʘʧʘʟʦʥ 

ʪʦʣʱʠʥʳ ʧʝʯʘʪʥʦʛʦ ʩʣʦʷ ʠ ʩʧʦʩʦʙʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʚ ʠʟʛʦʪʦʚʣʝʥʠʠ ʤʥʦʛʠʭ ʩʪʨʫʢʪʫʨ ʇʉʕ, 

ʩʢʦʨʦʩʪʴ ʧʝʯʘʪʠ ʦʛʨʘʥʠʯʝʥʘ ʯʠʩʣʦʤ ʩʦʧʝʣ ʠ ʪʠʧʠʯʥʦ ʥʠʞʝ, ʯʝʤ ʫ ʜʨʫʛʠʭ ʤʝʪʦʜʦʚ ʥʘʥʝʩʝʥʠʷ. 

ʇʦʩʢʦʣʴʢʫ ʢʨʠʩʪʘʣʣʠʟʘʮʠʷ ʧʝʨʦʚʩʢʠʪʘ ʷʚʣʷʝʪʩʷ ʢʨʠʪʠʯʝʩʢʠʤ ʧʨʦʮʝʩʩʦʤ, ʵʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ 

ʧʨʦʙʣʝʤʘʤ ʩ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʝʤ, ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ, ʜʣʷ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʤʳʭ ʩʪʨʫʡʥʳʭ 

ʧʨʠʥʪʝʨʦʚ ʚ ʣʘʙʦʨʘʪʦʨʥʦʤ ʤʘʩʰʪʘʙʝ. ʂʨʦʤʝ ʪʦʛʦ, ʨʘʟʨʘʙʦʪʢʘ ʧʦʜʭʦʜʷʱʠʭ ʯʝʨʥʠʣ ʤʦʞʝʪ ʙʳʪʴ 
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ʙʦʣʝʝ ʩʣʦʞʥʳʤ ʧʨʦʮʝʩʩʦʤ, ʯʝʤ ʜʣʷ ʜʨʫʛʠʭ ʪʝʭʥʦʣʦʛʠʡ ʥʘʥʝʩʝʥʠʷ, ʧʦʩʢʦʣʴʢʫ ʪʦʯʥʦʝ ʩʤʘʯʠʚʘʥʠʝ 

ʯʝʨʥʠʣ ʠʤʝʝʪ ʢʣʶʯʝʚʦʝ ʟʥʘʯʝʥʠʝ ʧʨʠ ʩʪʨʫʡʥʦʡ ʧʝʯʘʪʠ. 

 

 

ʈʠʩʫʥʦʢ 10 ï ʘ) ʉʭʝʤʘʪʠʯʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʧʨʦʮʝʩʩʘ ʩʪʨʫʡʥʦʡ ʧʝʯʘʪʠ; ʙ) ʉʕʄ-ʠʟʦʙʨʘʞʝʥʠʷ 

ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʤʫʣʴʪʠʢʘʪʠʦʥʥʳʭ ʧʝʨʦʚʩʢʠʪʦʚ, ʥʘʧʝʯʘʪʘʥʥʳʭ ʩʪʨʫʡʥʦʡ ʧʝʯʘʪʴʶ ʩ 

ʨʘʟʣʠʯʥʦʡ ʪʦʣʱʠʥʦʡ; (ʚ) ʨʘʟʤʝʨ ʟʝʨʝʥ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʦʣʱʠʥʳ ʧʝʨʦʚʩʢʠʪʥʦʡ ʧʣʝʥʢʠ (ʛ) 

ʩʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ ʧʝʨʦʚʩʢʠʪʥʳʭ ʧʣʝʥʦʢ [22] 

 

ʉʢʘʣʴʧʝʣʴʥʦʝ ʧʦʢʨʳʪʠʝ (blade coating) 

 

ɽʱʝ ʦʜʥʠʤ ʠʟ ʩʧʦʩʦʙʦʚ ʧʝʯʘʪʠ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʩʪʘʪʴ ʧʨʦʩʪʳʤ ʠ ʜʝʰʝʚʳʤ ʚʘʨʠʘʥʪʦʤ 

ʥʘʥʝʩʝʥʠʷ ʩʣʦʝʚ ʙʦʣʴʰʠʭ ʧʣʦʱʘʜʝʡ, ʷʚʣʷʝʪʩʷ ʩʢʘʣʴʧʝʣʴʥʦʝ ʧʦʢʨʳʪʠʝ. ʆʙʳʯʥʦ ʣʝʟʚʠʝ 

ʩʢʘʣʴʧʝʣʴʥʦʛʦ ʧʦʢʨʳʪʠʷ ʠʤʝʝʪ ʧʨʦʩʪʫʶ ʩʠʩʪʝʤʫ ʥʘʩʪʨʦʡʢʠ, ʩʦʩʪʦʷʱʫʶ ʠʟ ʤʠʢʨʦʤʝʪʨʦʚʦʛʦ 

ʚʠʥʪʘ, ʧʦʚʦʨʦʪ ʢʦʪʦʨʦʛʦ ʧʦʟʚʦʣʷʝʪ ʨʝʛʫʣʠʨʦʚʘʪʴ ʚʳʩʦʪʫ ʣʝʟʚʠʷ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʜʣʦʞʢʠ. ʏʪʦʙʳ 

ʥʘʥʝʩʪʠ ʪʦʥʢʫʶ ʧʣʝʥʢʫ, ʯʝʨʥʠʣʘ ʥʘʥʦʩʷʪʩʷ ʧʝʨʝʜ ʣʝʟʚʠʝʤ, ʢʦʪʦʨʦʝ ʟʘʪʝʤ ʧʝʨʝʤʝʱʘʝʪʩʷ ʚʧʝʨʝʜ 

ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʧʦʜʣʦʞʢʝ. ɼʣʷ ʵʪʦʛʦ ʣʠʙʦ ʣʝʟʚʠʝ, ʣʠʙʦ ʧʦʜʣʦʞʢʘ ʜʚʠʛʘʶʪʩʷ, ʯʪʦʙʳ ʩʦʟʜʘʪʴ 

ʦʜʥʦʨʦʜʥʫʶ ʚʣʘʞʥʫʶ ʪʦʥʢʫʶ ʧʣʝʥʢʫ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 11ʘ. ʂʨʦʤʝ ʪʦʛʦ, ʩʢʘʣʴʧʝʣʴʥʦʝ 

ʧʦʢʨʳʪʠʝ ʧʦʟʚʦʣʷʝʪ ʧʨʠʤʝʥʷʪʴ ʨʘʟʣʠʯʥʳʝ ʩʧʦʩʦʙʳ ʢʦʥʪʨʦʣʷ ʪʦʣʱʠʥʳ ʠ ʤʦʨʬʦʣʦʛʠʠ 

ʥʘʧʝʯʘʪʘʥʥʦʛʦ ʩʣʦʷ ʠ ʷʚʣʷʝʪʩʷ ʜʝʰʝʚʳʤ ʚ ʨʝʘʣʠʟʘʮʠʠ. ʇʨʦʩʪʝʡʰʠʤ ʧʨʠʤʝʨʦʤ ʤʦʞʝʪ ʩʣʫʞʠʪʴ 

ʧʨʝʢʫʨʩʦʨ ʡʦʜʠʜ ʩʚʠʥʮʘ, ʥʘʥʝʩʝʥʥʳʡ ʤʝʪʦʜʦʤ ʩʢʘʣʴʧʝʣʴʥʦʛʦ ʧʦʢʨʳʪʠʷ ʥʘ ʧʨʦʚʦʜʷʱʫʶ 

ʧʦʜʣʦʞʢʫ ʚ ʢʘʯʝʩʪʚʝ ʧʝʨʚʦʛʦ ʰʘʛʘ ʚ ʜʚʫʭ-ʩʪʘʜʠʡʥʦʤ ʥʘʥʝʩʝʥʠʠ ʧʝʨʦʚʩʢʠʪʘ [104]. ʅʘ ʨʘʟʤʝʨ 

ʢʨʠʩʪʘʣʣʦʚ ʧʝʨʦʚʩʢʠʪʘ ʚʣʠʷʶʪ ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʜʣʦʞʢʠ ʠ ʚʨʝʤʷ ʥʘʥʝʩʝʥʠʷ, ʧʦʵʪʦʤʫ ʢʦʥʪʨʦʣʴ 

ʩʢʦʨʦʩʪʠ ʠʩʧʘʨʝʥʠʷ ʨʘʩʪʚʦʨʠʪʝʣʷ ʷʚʣʷʝʪʩʷ ʛʣʘʚʥʳʤ ʬʘʢʪʦʨʦʤ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʦʥʝʯʥʦʛʦ ʩʣʦʷ 

ʚʳʩʦʢʦʛʦ ʢʘʯʝʩʪʚʘ. ʉʢʦʨʦʩʪʴ ʠʩʧʘʨʝʥʠʷ ʨʘʩʪʚʦʨʠʪʝʣʷ ʥʘʥʝʩʝʥʥʳʭ ʨʘʩʪʚʦʨʦʚ ʤʦʞʥʦ 

ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʥʝʩʢʦʣʴʢʠʤʠ ʩʧʦʩʦʙʘʤʠ: ʥʘʛʨʝʚ ʧʦʜʣʦʞʢʠ ʚʧʣʦʪʴ ʜʦ ʪʦʯʢʠ ʢʠʧʝʥʠʷ 

ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʨʘʩʪʚʦʨʠʪʝʣʷ, ʦʙʜʫʚʢʘ ʧʦʪʦʢʦʤ ʠʥʝʨʪʥʦʛʦ ʛʘʟʘ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘʧʝʯʘʪʘʥʥʦʛʦ ʩʣʦʷ 

ʚʦ ʚʨʝʤʷ ʧʨʦʮʝʩʩʘ ʥʘʥʝʩʝʥʠʷ. ʄʝʪʦʜ çsolvent quenchingè ʦʯʝʥʴ ʫʩʧʝʰʥʦ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʜʣʷ 
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ʥʘʥʝʩʝʥʠʷ ʪʦʥʢʠʭ ʧʝʨʦʚʩʢʠʪʥʳʭ ʧʣʝʥʦʢ ʚ ʩʣʦʪ-ʤʘʪʨʠʯʥʦʡ ʧʝʯʘʪʠ ʠ ʩʢʘʣʴʧʝʣʴʥʦʛʦ ʧʦʢʨʳʪʠʠ, ʚ 

ʯʘʩʪʥʦʩʪʠ, ʝʩʣʠ ʚʨʝʤʷ ʚʳʩʳʭʘʥʠʷ ʧʦʜʣʦʞʢʠ ʙʳʣʦ ʩʣʠʰʢʦʤ ʤʘʣʦ, ʪʦ ʰʘʛ ʠʩʧʘʨʝʥʠʷ çsolvent 

quenchingè ʟʘʤʝʜʣʷʣʩʷ ʟʘ ʩʯʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʩ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ ʢʠʧʝʥʠʷ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʗʥʛ ʠ ʝʛʦ ʢʦʣʣʝʛʠ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʇʉʕ ʩʦ ʩʪʘʙʠʣʴʥʦʡ ʚʳʭʦʜʥʦʡ 

ʤʦʱʥʦʩʪʴʶ 19 % ʥʘ ʫʩʪʨʦʡʩʪʚʘʭ ʩ ʥʝʙʦʣʴʰʦʡ ʧʣʦʱʘʜʴʶ (0,12 ʩʤ2) ʠ ʂʇɼ 13,3 % ʥʘ ʤʦʜʫʣʝ 

(ʘʢʪʠʚʥʘʷ ʧʣʦʱʘʜʴ 12,2 ʩʤ2) [105]. ɽʱʝ ʦʜʠʥ ʵʬʬʝʢʪʠʚʥʳʡ ʩʧʦʩʦʙ ʢʦʥʪʨʦʣʷ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ 

ʧʝʨʦʚʩʢʠʪʥʦʡ ʧʣʝʥʢʠ ʙʳʣ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʨʘʙʦʪʝ ɼʵʥʛʘ ʠ ʝʛʦ ʢʦʣʣʝʛ, ʢʦʪʦʨʳʝ ʜʦʙʘʚʠʣʠ 

ʧʦʚʝʨʭʥʦʩʪʥʦ-ʘʢʪʠʚʥʳʝ ʚʝʱʝʩʪʚʘ (ʇɸɺ) ʜʣʷ ʧʦʜʘʚʣʝʥʠʷ ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʧʦʪʦʢʘ ʞʠʜʢʦʩʪʠ ʠ 

ʯʘʩʪʠʮ ʚʦ ʚʨʝʤʷ ʚʳʩʳʭʘʥʠʷ ʤʦʢʨʦʡ ʧʣʝʥʢʠ, ʯʪʦ ʧʨʠʚʝʣʦ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʨʘʚʥʦʤʝʨʥʳʭ ʧʣʝʥʦʢ 

(ʨʠʩʫʥʦʢ 11ʙ). ɺ ʨʝʟʫʣʴʪʘʪʝ ʫʩʪʨʦʡʩʪʚʘ ʥʘ ʦʩʥʦʚʝ MAPbI3 ʩ ʥʝʙʦʣʴʰʦʡ ʧʣʦʱʘʜʴʶ (<0,75 ʩʤ2) 

ʧʦʢʘʟʘʣʠ ʂʇɼ 20,3 %, ʘ ʙʦʣʴʰʦʡ ʤʦʜʫʣʴ (ʩʫʤʤʘʨʥʘʷ ʘʢʪʠʚʥʘʷ ʧʣʦʱʘʜʴ 57,2 ʩʤ2) ʜʦʩʪʠʛʥʫʣ 

ʩʪʘʙʠʣʴʥʦʡ ʚʳʭʦʜʥʦʡ ʤʦʱʥʦʩʪʠ 14,6 % [16]. ʩʢʘʣʴʧʝʣʴʥʦʝ ʧʦʢʨʳʪʠʝ ï ʵʪʦ ʜʝʰʝʚʳʡ ʠ 

ʤʘʩʰʪʘʙʠʨʫʝʤʳʡ ʤʝʪʦʜ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʥʝ ʪʦʣʴʢʦ ʜʣʷ ʥʘʥʝʩʝʥʠʷ ʬʦʪʦʘʢʪʠʚʥʦʛʦ 

ʩʣʦʷ ʧʝʨʦʚʩʢʠʪʘ, ʥʦ ʠ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʣʦʝʚ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʩʦʟʜʘʥʠʶ ʧʦʣʥʦʩʪʴʶ ʧʝʯʘʪʥʳʭ 

ʫʩʪʨʦʡʩʪʚ, ʢʘʢ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʗʥʛ ʠ ʢʦʣʣʝʛʠ ʥʘ ʩʪʝʢʣʷʥʥʳʭ ʠ ʥʘ ʛʠʙʢʠʭ ʧʦʜʣʦʞʢʘʭ [17]. 

ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʠ ʠ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʥʘʥʝʩʝʥʠʷ ʤʦʞʥʦ ʧʨʠʤʝʥʷʪʴ 

ʩʣʦʪ-ʤʘʪʨʠʯʥʫʶ ʧʝʯʘʪʴ, ʦʩʥʦʚʘʥʥʫʶ ʥʘ ʘʥʘʣʦʛʠʯʥʦʤ ʧʨʠʥʮʠʧʝ, ʥʦ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʙʦʣʝʝ 

ʪʦʯʥʦʛʦ ʢʦʥʪʨʦʣʷ ʢʦʣʠʯʝʩʪʚʘ ʠʩʧʦʣʴʟʫʝʤʳʭ ʯʝʨʥʠʣ ʠ ʧʦʣʫʯʝʥʠʷ ʫʟʦʨʯʘʪʳʭ ʧʘʪʪʝʨʥʦʚ. 

 

 

ʈʠʩʫʥʦʢ 11 ï ʘ) ʉʭʝʤʘʪʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʩʢʘʣʴʧʝʣʴʥʦʛʦ ʧʦʢʨʳʪʠʷ; ʙ) ʤʠʢʨʦʩʢʦʧʠʷ ʧʣʝʥʦʢ 

ʚʦ ʚʨʝʤʷ ʥʘʥʝʩʝʥʠʷ ʩʢʘʣʴʧʝʣʴʥʦʛʦ ʧʦʢʨʳʪʠʷ ʙʝʟ (ʚʝʨʭʥʠʡ ʨʷʜ) ʠ ʩ (ʥʠʞʥʠʡ ʨʷʜ) ʧʦʚʝʨʭʥʦʩʪʥʦ-

ʘʢʪʠʚʥʳʤʠ ʚʝʱʝʩʪʚʘʤʠ [22] 

 

ʉʣʦʪ-ʤʘʪʨʠʯʥʘʷ ʧʝʯʘʪʴ (slot-die printing ) 

 

ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʧʝʯʘʪʠ ʜʣʷ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʇʉʕ ʷʚʣʷʝʪʩʷ ʩʣʦʪ-ʤʘʪʨʠʯʥʘʷ ʧʝʯʘʪʴ. ʉʣʦʪ-ʤʘʪʨʠʯʥʘʷ ʧʝʯʘʪʴ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʠʤ 
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ʤʝʪʦʜʦʤ ʜʣʷ ʨʫʣʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʧʦʩʢʦʣʴʢʫ ʦʥʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʝʧʨʝʨʳʚʥʫʶ ʧʦʜʘʯʫ ʯʝʨʥʠʣ. 

ʉʣʦʪ-ʤʘʪʨʠʯʥʘʷ ʧʝʯʘʪʴ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʥʝʧʨʝʨʳʚʥʦʡ ʧʨʦʮʝʩʩ ʧʨʦʠʟʚʦʜʩʪʚʘ ʤʥʦʛʦʩʣʦʡʥʳʭ 

ʫʩʪʨʦʡʩʪʚ ʥʘ ʪʚʝʨʜʦʡ ʠ ʛʠʙʢʦʡ ʧʦʜʣʦʞʢʘʭ ʚ ʩʠʩʪʝʤʝ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʪʝʭʥʠʯʝʩʢʠ ʦʨʛʘʥʠʟʦʚʘʥʥʳʭ, 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʩʦʝʜʠʥʝʥʥʳʭ ʩʣʦʪ-ʤʘʪʨʠʯʥʳʭ ʛʦʣʦʚʦʢ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 12. 

 

 

ʈʠʩʫʥʦʢ 12 ï ʉʭʝʤʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʥʝʧʨʝʨʳʚʥʦʡ ʧʝʯʘʪʠ ʩʣʦʝʚ ʚ ñʨʫʣʦʥ-ʥʘ-ʨʫʣʦʥò 

ʧʝʯʘʪʠ ʩ 4 ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤʠ ʩʣʦʪ-ʤʘʪʨʠʯʥʳʤʠ ʛʦʣʦʚʢʘʤʠ  

 

ɻʣʘʚʥʦʡ ʯʘʩʪʴʶ ʩʠʩʪʝʤʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʣʦʪ-ʤʘʪʨʠʯʥʦʛʦ ʧʨʠʥʪʝʨʘ ʷʚʣʷʝʪʩʷ ʩʣʦʪ-

ʤʘʪʨʠʯʥʘʷ ʛʦʣʦʚʢʘ, ʢʦʪʦʨʘʷ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʛʫʙ, ʰʘʡʙʳ ʠ ʛʘʡʜʘ (guide) ʤʝʥʠʩʢʘ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ 

ʨʠʩʫʥʢʝ 13. ʐʘʡʙʘ ʨʘʩʧʦʣʦʞʝʥʘ ʤʝʞʜʫ ʜʚʫʤʷ ʛʫʙʢʘʤʠ ʜʣʷ ʨʝʛʫʣʷʮʠʠ ʦʢʥʘ ʧʝʯʘʪʠ. ɺ ʜʘʥʥʦʤ 

ʩʣʫʯʘʝ ʤʦʞʥʦ ʩʦʙʨʘʪʴ ʦʜʥʫ ʠ ʥʝʩʢʦʣʴʢʦ ʰʘʡʙ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚʷʟʢʦʩʪʠ ʤʘʪʝʨʠʘʣʘ. ɺ ʥʘʩʪʦʷʱʝʡ 

ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʰʘʡʙʘ ʪʦʣʱʠʥʦʡ 100 ʤʢʤ.   

 

 

ʈʠʩʫʥʦʢ 13 ï ʉʪʨʫʢʪʫʨʘ ʩʣʦʪ-ʤʘʪʨʠʯʥʦʡ ʛʦʣʦʚʢʠ: ʘ) ʜʠʟʘʡʥʳ ʛʘʡʜʘ; ʙ) ʩʪʨʫʢʪʫʨʘ ʩʣʦʪ-

ʤʘʪʨʠʯʥʦʡ ʛʦʣʦʚʢʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʛʘʡʜʘ (1 ï ʟʘʜʥʷʷ ʯʘʩʪʴ, 2 ï ʛʘʡʜ, 3 ï ʰʘʡʙʘ, 4 ï ʧʝʨʝʜʥʷʷ 

ʯʘʩʪʴ); ʚ) ʦʙʨʘʟʦʚʘʥʠʝ ʤʝʥʠʩʢʘ ʤʝʞʜʫ ʚʳʩʪʫʧʦʤ ʛʘʡʜʘ ʠ ʧʦʜʣʦʞʢʦʡ 
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ɺʦ ʚʨʝʤʷ ʥʘʥʝʩʝʥʠʷ ʨʘʩʪʚʦʨʦʚ ʦʙʨʘʟʫʝʪʩʷ ʤʝʥʠʩʢ ʤʝʞʜʫ ʛʫʙʘʤʠ ʛʦʣʦʚʢʠ ʧʝʯʘʪʠ ʠ 

ʧʦʜʣʦʞʢʦʡ. ɺ ʜʦʧʦʣʥʝʥʠʝ ʢ ʧʘʨʘʤʝʪʨʘʤ, ʦʧʠʩʘʥʥʳʤ ʚʳʰʝ ʜʣʷ ʩʢʘʣʴʧʝʣʴʥʦʛʦ ʧʦʢʨʳʪʠʷ, ʪʘʢʠʤ 

ʢʘʢ ʟʘʟʦʨ ʤʝʞʜʫ ʩʣʦʪ-ʤʘʪʨʠʯʥʦʡ ʛʦʣʦʚʢʦʡ ʠ ʧʦʜʣʦʞʢʦʡ, ʩʢʦʨʦʩʪʴ ʧʦʜʘʯʠ ʨʘʩʪʚʦʨʘ ʪʘʢʞʝ ʚʣʠʷʝʪ 

ʥʘ ʩʚʦʡʩʪʚʘ ʥʘʧʝʯʘʪʘʥʥʦʡ ʧʣʝʥʢʠ. ʂʨʦʤʝ ʪʦʛʦ, ʩʠʩʪʝʤʫ ʧʝʯʘʪʠ ʤʦʞʥʦ ʧʨʦʠʟʚʦʜʠʪʴ ʧʨʠ 

ʧʦʚʳʰʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʯʪʦʙʳ ʫʧʨʘʚʣʷʪʴ ʚʷʟʢʦʩʪʴʶ ʠ ʨʘʩʪʚʦʨʠʤʦʩʪʴʶ ʪʚʝʨʜʳʭ ʚʝʱʝʩʪʚ ʚ 

ʨʘʩʪʚʦʨʝ. ʇʨʠ ʥʘʥʝʩʝʥʠʠ ʩʣʦʷ ʨʘʩʪʚʦʨʘ ʩ ʟʘʜʘʥʥʦʡ ʨʘʟʤʝʨʥʦʩʪʴʶ, ʛʜʝ ʰʠʨʠʥʘ ʧʦʢʨʳʪʠʷ ʤʝʥʴʰʝ 

ʰʠʨʠʥʳ ʛʦʣʦʚʢʠ ʧʨʠʥʪʝʨʘ, ʧʝʯʘʪʘʶʱʠʡ ʤʝʥʠʩʢ ʤʦʞʝʪ ʨʘʩʪʝʯʴʩʷ ʧʦ ʢʨʘʷʤ (ʧʦ ʰʠʨʠʥʝ) ʟʘ ʩʯʝʪ 

ʜʝʡʩʪʚʠʷ ʢʘʧʠʣʣʷʨʥʳʭ ʩʠʣ. ʕʪʦ ʩʥʠʞʘʝʪ ʪʦʯʥʦʩʪʴ ʨʘʟʤʝʨʦʚ ʥʘʧʝʯʘʪʘʥʥʦʡ ʧʣʝʥʢʠ ʠ ʤʦʞʝʪ 

ʧʨʠʚʝʩʪʠ ʢ ʩʣʠʷʥʠʶ ʥʝʩʢʦʣʴʢʠʭ ʥʘʧʝʯʘʪʘʥʥʳʭ ʚ ʟʘʜʘʥʥʦʤ ʦʪʜʘʣʝʥʠʠ ʧʦʣʦʩ. ʂʨʦʤʝ ʵʪʦʛʦ, ʥʘ 

ʢʨʘʷʭ ʧʣʝʥʦʢ, ʛʜʝ ʯʝʨʥʠʣʘ ʥʝ ʥʘʥʦʩʷʪʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʠʟ ʦʢʥʘ ʧʝʯʘʪʠ, ʧʝʯʘʪʥʳʝ ʩʣʦʠ 

ʥʝʦʜʥʦʨʦʜʥʳʝ. ɼʣʷ ʫʣʫʯʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʢʨʘʝʚ ʠʩʧʦʣʴʟʫʶʪ ʛʘʡʜ ʤʝʥʠʩʢʘ. ɻʘʡʜ ʩʦʙʠʨʘʝʪʩʷ ʚʤʝʩʪʝ 

ʩ ʰʘʡʙʘʤʠ, ʦʥ ʠʤʝʝʪ ʪʦʥʢʠʡ ʚʳʩʪʫʧ ʧʦʜ ʛʫʙʦʡ ʩʣʦʪ-ʤʘʪʨʠʯʥʦʡ ʛʦʣʦʚʢʠ. ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʛʘʡʜʘ 

ʧʦʢʘʟʘʥ ʥʘ ʨʠʩʫʥʢʝ: 14ʘ, ʚ ï ʙʝʟ ʛʘʡʜʘ; 14ʙ, ʛ ï ʩ ʛʘʡʜʦʤ. ɺʳʩʪʫʧʳ ʧʨʠʢʨʝʧʣʷʶʪ ʤʝʥʠʩʢ ʢ ʰʘʡʙʝ 

ʢʘʧʠʣʣʷʨʥʳʤʠ ʩʠʣʘʤʠ, ʘ ʥʝ ʢ ʛʫʙʝ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʦʩʪʘʥʘʚʣʠʚʘʶʪ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʤʝʥʠʩʢʘ ʧʦ 

ʰʠʨʠʥʝ ʛʦʣʦʚʢʠ ʧʨʠʥʪʝʨʘ. 

 

 

ʈʠʩʫʥʦʢ 14 ï ʀʟʦʙʨʘʞʝʥʠʝ ʤʝʥʠʩʢʘ ʥʘ ʨʘʙʦʪʝ ʙʝʟ ʛʘʡʜʘ (ʘ, ʚ) ʠ ʩ ʛʘʡʜʦʤ (ʙ, ʛ) 

 

ɺ ʩʘʤʦʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʤ ʦʜʥʦʩʪʘʜʠʡʥʦʤ ʧʨʦʮʝʩʩʝ ʥʘʥʝʩʝʥʠʷ, ʧʨʝʢʫʨʩʦʨ-ʨʘʩʪʚʦʨ ʫʞʝ 

ʩʦʜʝʨʞʠʪ ʚʩʝ ʭʠʤʠʯʝʩʢʠʝ ʢʦʤʧʦʥʝʥʪʳ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʧʝʨʦʚʩʢʠʪʘ. ʄʘʪʝʨʠʘʣʘʤʠ, 

ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʤʳʤʠ ʚ ʩʣʦʪ-ʤʘʪʨʠʯʥʦʡ ʧʝʯʘʪʠ ʷʚʣʷʶʪʩʷ ʦʜʥʦʢʘʪʠʦʥʥʳʝ ʧʝʨʦʚʩʢʠʪʳ, ʢʦʪʦʨʳʝ 

ʤʦʛʫʪ ʙʳʪʴ ʥʘʥʝʩʝʥʳ ʠʟ ʨʘʟʣʠʯʥʳʭ ʢʦʤʙʠʥʘʮʠʡ ʩʣʝʜʫʶʱʠʭ ʧʨʝʢʫʨʩʦʨʦʚ: PbI2, PbCl2, 

Pb(C2H3O2)2, MAC1 ʠ MAI. ɹʦʣʝʝ ʪʦʛʦ, ʪʘʢʠʝ ʜʦʙʘʚʢʠ, ʢʘʢ NH4Cl [106], ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ 

ʩʚʦʶ ʩʧʦʩʦʙʥʦʩʪʴ ʫʣʫʯʰʘʪʴ ʦʙʨʘʟʦʚʘʥʠʝ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʭ ʪʦʥʢʠʭ ʧʣʝʥʦʢ ʧʝʨʦʚʩʢʠʪʘ ʥʘ 
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ʩʣʦʪ-ʤʘʪʨʠʯʥʦʡ ʧʝʯʘʪʠ. ʆʜʥʘʢʦ ʩ ʧʦʷʚʣʝʥʠʝʤ ʙʦʣʝʝ ʩʪʘʙʠʣʴʥʳʭ ʤʫʣʴʪʠʢʘʪʠʦʥʥʳʭ ʧʝʨʦʚʩʢʠʪʦʚ 

ʚ ʧʦʩʣʝʜʥʠʝ ʪʨʠ ʛʦʜʘ ʙʦʣʴʰʠʥʩʪʚʦ ʪʝʢʫʱʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠʤʝʥʥʦ ʥʘ ʵʪʠ ʧʝʨʦʚʩʢʠʪʥʳʝ 

ʤʘʪʝʨʠʘʣʳ. ɺ ʦʜʥʦʤ ʠʟ ʧʝʨʚʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ɼʵʥʛ ʠ ʝʛʦ ʢʦʣʣʝʛʠ ʨʘʟʨʘʙʦʪʘʣʠ ʩʠʩʪʝʤʫ ʩʦ ʩʣʦʪ-

ʤʘʪʨʠʯʥʦʡ ʧʝʯʘʪʴʶ ʜʚʫʭʢʘʪʠʦʥʥʦʛʦ ʧʝʨʦʚʩʢʠʪʘ FA0.4MA0.6PbI3 ʠ ʩʨʘʚʥʠʣʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩ 

MAPbI3 [18]. ʇʦʟʜʥʝʝ [19] ʘʚʪʦʨʳ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʣʠ ʪʝʭʥʦʣʦʛʠʶ ʥʘʥʝʩʝʥʠʷ ʤʥʦʛʦʢʘʪʠʦʥʥʳʭ 

ʧʝʨʦʚʩʢʠʪʦʚ ʩ ʧʦʤʦʱʴʶ ʩʣʦʪ-ʤʘʪʨʠʯʥʦʡ ʧʝʯʘʪʠ, ʥʘʥʝʩʷ ʜʚʫʭʢʘʪʠʦʥʥʳʡ ʧʝʨʦʚʩʢʠʪ 

FA0.4MA0.6PbI3 ʩ ʧʦʤʦʱʴʶ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʜʚʫʭʩʪʘʜʠʡʥʦʛʦ ʧʨʦʮʝʩʩʘ ʠ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ 

ʛʠʙʢʠʝ ʇʉʕ ʩ ʂʇɼ 11 %. ɺ 2018 ʛʦʜʫ ɼʦʫ ʠ ʢʦʣʣʝʛʠ ʠʩʧʦʣʴʟʦʚʘʣʠ ʚʳʩʦʢʦʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʡ 

ʨʘʩʪʚʦʨ ʚ ʨʘʩʪʚʦʨʠʪʝʣʝ ʩ ʙʦʣʝʝ ʥʠʟʢʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ ʢʠʧʝʥʠʷ (ʘʮʝʪʦʥʠʪʨʠʣ) ʜʣʷ ʟʘʤʝʥʳ 

ʜʠʤʝʪʠʣʬʦʨʤʘʤʠʜʘ (ɼʄʌ). ʕʪʦ ʦʙʝʩʧʝʯʠʣʦ ʙʳʩʪʨʫʶ ʜʠʥʘʤʠʢʫ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ (<1 ʩ), ʯʪʦ 

ʧʨʠʚʝʣʦ ʢ ʙʦʣʝʝ ʦʜʥʦʦʩʥʦ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʤ ʟʝʨʥʘʤ ʧʝʨʦʚʩʢʠʪʘ. ʕʪʦ ʧʦʟʚʦʣʠʣʦ ʩʦʟʜʘʪʴ 

ʧʦʣʥʦʩʪʴʶ ʥʘʧʝʯʘʪʘʥʥʳʝ ʇʉʕ ʩ ʨʘʟʣʠʯʥʳʤʠ ʧʝʨʦʚʩʢʠʪʘʤʠ, ʪʘʢʠʤʠ ʢʘʢ MAPbI3 

(ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʳʡ ʂʇɼ 18,2 %) ʠʣʠ ʰʠʨʦʢʦʟʦʥʥʳʡ FA0,125MA0,875PbI2Br (ʰʠʨʠʥʘ ʟʘʧʨʝʱʝʥʥʦʡ 

ʟʦʥʳ 1,71 ʵɺ, ʂʇɼ 13,9 %) [2]. ʂʨʦʤʝ ʵʪʦʛʦ, ʧʦʤʠʤʦ ʩʣʦʝʚ ʧʝʨʦʚʩʢʠʪʘ, ʪʨʘʥʩʧʦʨʪʥʳʝ ʩʣʦʠ ʪʘʢʞʝ 

ʤʦʛʫʪ ʙʳʪʴ ʥʘʥʝʩʝʥʳ ʩʣʦʪ-ʤʘʪʨʠʯʥʦʡ ʧʝʯʘʪʴʶ. ʕʪʦ ʚʘʞʥʦ ʜʣʷ ʢʦʥʝʯʥʦʡ ʮʝʣʠ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ 

ʧʝʨʦʚʩʢʠʪʥʳʭ ʤʦʜʫʣʝʡ ʠ ʨʝʘʣʠʟʘʮʠʠ ʧʦʣʥʦʩʪʴʶ ʥʘʧʝʯʘʪʘʥʥʳʭ ʘʨʭʠʪʝʢʪʫʨ ʫʩʪʨʦʡʩʪʚ. ʅʘ 

ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʥʝ ʪʦʣʴʢʦ ʜʳʨʦʯʥʦ-ʪʨʘʥʩʧʦʨʪʥʳʝ ʩʣʦʠ, ʪʘʢʠʝ ʢʘʢ ʧʦʣʠʤʝʨʳ PEDOT:PSS (ʧʦʣʠ 

(3,4 -ʕʪʠʣʝʥʜʠʦʢʩʠʪʠʦʬʝʥ):(ʧʦʣʠʩʪʠʨʦʣʩʫʣʴʬʦʥʘʪ)) [17,107], P3HT (ʧʦʣʠ (3-ʛʝʢʩʠʣʪʠʦʬʝʥ)) 

[108]  ʠ PTAA [16] ʠʣʠ ʥʝʙʦʣʴʰʠʝ ʤʦʣʝʢʫʣʳ, ʪʘʢʠʝ ʢʘʢ Spiro-OMeTAD (2,2 ', 7,7'-ʪʝʪʨʘʢʠ (N, N'-

ʜʠ -P-ʤʝʪʦʢʩʠʬʝʥʠʣʘʤʠʥ -9,9'-ʩʧʠʨʦʙʠʬʣʫʦʨʝʥ) [20] ʠ Bifluo-OMeTAD [109], ʘ ʪʘʢʞʝ 

ʵʣʝʢʪʨʦʥʥʦ-ʪʨʘʥʩʧʦʨʪʥʳʝ ʩʣʦʠ, ʪʘʢʠʝ ʢʘʢ ʬʫʣʣʝʨʝʥʳ C60 [17] ʠ PCBM (ʤʝʪʠʣʦʚʳʡ ʵʬʠʨ ʬʝʥʠʣ-

C61-ʤʘʩʣʷʥʦʡ ʢʠʩʣʦʪʳ) [110,111], ʥʦ  ʠ ʥʘʥʦʯʘʩʪʠʮʳ ʜʠʩʧʝʨʛʠʨʦʚʘʥʥʳʭ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʦʢʩʠʜʦʚ 

ʤʝʪʘʣʣʦʚ, ʪʘʢʠʭ ʢʘʢ NiOx, [111] ZnO [112], SnO [2], ʠʣʠ TiO2 ʙʳʣʠ ʫʩʧʝʰʥʦ ʥʘʥʝʩʝʥʳ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʩʣʦʪ-ʤʘʪʨʠʯʥʦʡ ʧʝʯʘʪʠ [20]. 

ɺ ʠʪʦʛʝ, ʩʣʦʪ-ʤʘʪʨʠʯʥʳʝ ʇʉʕ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʂʇɼ  ~ 18 % ʥʘ ʫʩʪʨʦʡʩʪʚʘʭ ʤʘʣʦʡ 

ʧʣʦʱʘʜʠ [58] ʠ 13,8 % ʥʘ ʤʦʜʫʣʝ (ʘʢʪʠʚʥʘʷ ʧʣʦʱʘʜʴ 144 ʩʤ2) [113]. ʇʨʦʛʨʝʩʩ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ 

ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʢʣʶʯʝʚʘʷ ʧʨʦʙʣʝʤʘ ʢʦʥʪʨʦʣʷ ʥʫʢʣʝʘʮʠʠ ʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʨʝʰʘʝʪʩʷ ʠ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʭ ʰʠʨʦʢʦʬʦʨʤʘʪʥʳʭ ʧʝʨʦʚʩʢʠʪʥʳʭ ʩʣʦʝʚ ʩʣʦʪ-ʤʘʪʨʠʯʥʘʷ ʧʝʯʘʪʴ 

ʤʦʞʝʪ ʙʳʪʴ ʫʩʧʝʰʥʦ ʧʨʠʤʝʥʝʥʘ ʚ ʰʠʨʦʢʦʤʘʩʰʪʘʙʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ. ɼʣʷ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ 

ʧʨʦʮʝʩʩʘ ʩʣʦʪ-ʤʘʪʨʠʯʥʦʡ ʧʝʯʘʪʠ ʧʝʨʦʚʩʢʠʪʦʚ, ʥʘʠʙʦʣʝʝ ʧʨʦʩʪʳʤʠ ʩʧʦʩʦʙʘʤʠ ʢʦʥʪʨʦʣʷ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʧʝʨʦʚʩʢʠʪʘ ʷʚʣʷʶʪʩʷ ʧʝʯʘʪʴ ʥʘ ʛʦʨʷʯʝʡ ʧʦʜʣʦʞʢʝ, ʧʨʠʤʝʥʝʥʠʝ ʘʥʪʠ-

ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʠ ʦʩʫʰʝʥʠʝ ʠʥʝʨʪʥʳʤ ʛʘʟʦʤ, ʚʩʝ ʠʟ ʢʦʪʦʨʳʭ ʤʦʛʫʪ ʧʨʠʤʝʥʷʪʴʩʷ ʚ ʧʨʦʮʝʩʩʘʭ 

ʨʫʣʦʥʥʦʡ ʧʝʯʘʪʠ. ʉʨʝʜʠ ʵʪʠʭ ʤʝʪʦʜʦʚ ʦʩʫʰʝʥʠʝ ʠʥʝʨʪʥʳʤ ʛʘʟʦʤ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʧʨʦʩʪʳʤ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʘʥʪʠ-ʨʘʩʪʚʦʨʠʪʝʣʝʤ ʠʟ-ʟʘ ʵʢʦʥʦʤʠʯʥʦʩʪʠ ʠ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʠ. ʉʣʦʪ-ʤʘʪʨʠʯʥʘʷ 

ʧʝʯʘʪʴ ʷʚʣʷʝʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤ ʤʝʪʦʜʦʤ ʠʟʛʦʪʦʚʣʝʥʠʷ ʇʉʕ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʧʨʠ 
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ʦʯʝʥʴ ʚʳʩʦʢʠʭ ʩʢʦʨʦʩʪʷʭ ʥʘʥʝʩʝʥʠʷ ʚ ʣʘʙʦʨʘʪʦʨʥʦʤ ʤʘʩʰʪʘʙʝ ʠ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʯʪʦ ʜʝʣʘʝʪ 

ʝʛʦ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʢʘʥʜʠʜʘʪʘʤ ʜʣʷ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ ʧʝʨʦʚʩʢʠʪʥʦʡ ʬʦʪʦʚʦʣʴʪʘʠʢʠ. 

 

ʇʨʦʮʝʩʩ ʞʠʜʢʦʬʘʟʥʦʡ ʧʝʯʘʪʠ ʥʘ ʩʣʦʪ-ʤʘʪʨʠʯʥʦʤ ʧʨʠʥʪʝʨʝ ʠ ʧʘʨʘʤʝʪʨʳ ʧʝʯʘʪʠ 

 

ʉʢʦʨʦʩʪʴ ʧʝʯʘʪʠ (ʜʚʠʞʝʥʠʷ ʧʦʜʣʦʞʢʠ ʯʝʨʝʟ ʩʣʦʪ-ʤʘʪʨʠʯʥʫʶ ʛʦʣʦʚʢʫ) ʠ ʩʢʦʨʦʩʪʴ 

ʠʥʞʝʢʮʠʠ ʨʘʩʪʚʦʨʘ ʠʟ ʰʧʨʠʮʘ (ʜʦʟʠʨʦʚʘʥʠʷ) ʚʳʙʠʨʘʶʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʦʢʘʟʘʪʝʣʝʤʷʤʠ 

ʚʷʟʢʦʩʪʠ ʨʘʩʪʚʦʨʘ, ʩʤʘʯʠʚʘʝʤʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʜʣʦʞʢʠ ʠ ʚʳʩʪʫʧʘ ʚʳʙʨʘʥʥʦʛʦ ʛʘʡʜʘ ʜʣʷ 

ʩʪʘʙʠʣʠʟʘʮʠʠ ʤʝʥʠʩʢʘ ʚ ʧʨʦʮʝʩʩʝ ʧʝʯʘʪʠ. ʆʩʥʦʚʥʦʡ ʩʣʦʞʥʦʩʪʴʶ, ʚʦʟʥʠʢʘʶʱʝʡ ʚ ʧʨʦʮʝʩʩʝ 

ʧʝʯʘʪʠ, ʤʦʞʝʪ ʩʪʘʪʴ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʧʦʢʨʳʪʠʷ ʦʪ ʥʘʯʘʣʘ ʜʦ ʢʦʥʮʘ ʧʦʜʣʦʞʢʠ. ʆʙʳʯʥʦ 

ʨʘʩʧʨʝʜʝʣʝʥʥʳʡ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʩʣʦʡ ʨʘʩʪʚʦʨʘ ʚ ʥʘʯʘʣʝ ʧʨʦʮʝʩʩʘ ʪʦʥʴʰʝ (ʤʝʥʠʩʢ ʝʱʝ 

ʬʦʨʤʠʨʫʝʪʩʷ) ʠ ʪʦʣʱʝ ʚ ʢʦʥʮʝ (ʤʝʥʠʩʢ, ʦʩʪʘʚʣʝʥʥʳʡ ʥʘ ʧʣʦʩʢʦʩʪʠ ʧʦʜʣʦʞʢʠ, ʜʦʙʘʚʣʷʝʪ 

ʢʦʣʠʯʝʩʪʚʦ ʦʙʲʝʤʘ ʤʘʪʝʨʠʘʣʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ). ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʫʚʝʣʠʯʠʪʴ ʪʦʣʱʠʥʫ ʧʣʝʥʢʠ ʥʘ 

ʥʘʯʘʣʴʥʦʤ ʢʨʘʝ ʥʘ ʧʦʜʣʦʞʢʠ, ʤʦʞʥʦ ʚʚʝʩʪʠ ʟʘʜʝʨʞʢʫ ʜʚʠʞʝʥʠʷ ʧʦʜʣʦʞʢʠ ʠ ʩʥʠʞʘʪʴ ʩʢʦʨʦʩʪʴ 

ʜʦʟʠʨʦʚʘʥʠʷ ʠʣʠ ʧʦʚʳʰʘʪʴ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʧʦʜʣʦʞʢʠ. ɺ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʤ ʩʣʫʯʘʝ ʩʢʦʨʦʩʪʴ 

ʧʦʜʘʯʠ ʯʝʨʥʠʣʘ ʜʦʣʞʥʘ ʙʳʪʴ ʫʚʝʣʠʯʝʥʘ ʢʘʢ ʠ ʩʢʦʨʦʩʪʴ ʧʝʯʘʪʠ. ʆʜʥʘʢʦ, ʠʟ-ʟʘ ʧʘʨʘʤʝʪʨʘ ʚʷʟʢʦʩʪʠ 

ʥʘʥʦʩʠʤʦʛʦ ʧʨʝʢʫʨʩʦʨʘ ʠʟ ʞʠʜʢʦʩʪʠ, ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʧʦʜʚʠʞʥʳʭ ʯʘʩʪʝʡ ʧʨʠʥʪʝʨʘ 

ʦʛʨʘʥʠʯʝʥʘ, ʧʦʩʢʦʣʴʢʫ ʚ ʧʨʦʮʝʩʩʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʘʩʪʚʦʨʘ ʤʦʞʝʪ ʚʩʘʩʳʚʘʪʴʩʷ ʚʦʟʜʫʭ ʚʤʝʩʪʝ ʩ 

ʯʝʨʥʠʣʘʤʠ, ʧʨʝʨʳʚʘʷ ʦʜʥʦʨʦʜʥʦʩʪʴ ʠ ʦʙʨʘʟʫʷ ʧʫʟʳʨʴʢʠ ʚ ʥʘʧʝʯʘʪʘʥʥʦʤ ʩʣʦʝ. ʆʧʪʠʤʠʟʠʨʦʚʘʥʥʘʷ 

ʩʢʦʨʦʩʪʴ ʧʝʯʘʪʠ ʧʦʟʚʦʣʷʝʪ ʧʝʯʘʪʘʪʴ ʨʘʚʥʦʤʝʨʥʳʡ ʩʣʦʡ ʧʣʝʥʢʠ ʚʳʙʨʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. ʉʚʷʟʴ 

ʤʝʞʜʫ ʩʢʦʨʦʩʪʷʤʠ ʧʝʯʘʪʠ ʠ ʜʦʟʠʨʦʚʘʥʠʷ ʦʧʠʩʳʚʘʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ ʥʘ ʨʠʩʫʥʢʝ 15: 

 

 

ʈʠʩʫʥʦʢ ï 15 ʉʭʝʤʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʜʝʡʩʪʚʫʶʱʠʭ ʩʠʣ ʥʘ ʤʝʥʠʩʢ ʨʘʩʪʚʦʨʘ ʤʝʞʜʫ ʩʣʦʪ-

ʤʘʪʨʠʯʥʦʡ ʛʦʣʦʚʢʦʡ ʠ ʧʦʜʣʦʞʢʦʡ ʧʨʠ ʧʝʯʘʪʠ [114] 

 

ʉʫʱʝʩʪʚʫʶʪ ʪʨʠ ʩʠʣʳ, ʢʦʪʦʨʳʝ ʜʝʡʩʪʚʫʶʪ ʥʘ ʤʝʥʠʩʢ ʨʘʩʪʚʦʨʘ ʤʝʞʜʫ ʩʣʦʪ-ʤʘʪʨʠʯʥʦʡ 

ʛʦʣʦʚʢʦʡ ʠ ʧʦʜʣʦʞʢʦʡ ʧʨʠ ʧʝʯʘʪʠ, ʢʦʪʦʨʳʝ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩʫʥʢʝ 15 [114]. ʉʠʣʘ ʩʜʚʠʛʘ, 
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ʩʦʟʜʘʚʘʝʤʘʷ ʧʨʠ ʜʚʠʞʝʥʠʠ ʧʦʜʣʦʞʢʠ, ʧʨʦʭʦʜʷʱʝʡ ʤʠʤʦ ʩʣʦʪ-ʤʘʪʨʠʯʥʦʡ ʛʦʣʦʚʢʠ, ʤʦʞʥʦ 

ʦʧʠʩʘʪʴ ʬʦʨʤʫʣʦʡ (5): 

 

Ὂ –ϽὄϽὦϽὺȾὬ,      (5) 

ʛʜʝ ɖ ï ʚʷʟʢʦʩʪʴ ʨʘʩʪʚʦʨʘ, ʇʘĿʩ; 

        ɺ ï ʰʠʨʠʥʘ ʧʝʯʘʪʠ, ʤʤ; 

        b ï ʰʠʨʠʥʘ ʛʫʙʳ, ʤʤ; 

        v ï ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʧʦʜʣʦʞʢʠ, ʤʤ/ʩ; 

h ï ʪʦʣʱʠʥʘ ʤʦʢʨʦʛʦ ʩʣʦʷ, ʤʤ. 

 

ɼʚʝ ʩʠʣʳ, ʢʦʪʦʨʳʝ ʪʷʥʫʪ ʤʝʥʠʩʢ ʚʣʝʚʦ ʷʚʣʷʶʪʩʷ ʩʠʣʦʡ ʚʘʢʫʫʤʘ (Fv) ʠ ʩʠʣʦʡ 

ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʥʘʪʷʞʝʥʠʷ (Ft), ʠʭ ʤʦʞʥʦ ʚʳʨʘʞʘʪʴ ʩʣʜʫʶʱʠʤ ʟʘʢʦʥʦʤ: 

 

Ὂ ῳὴϽὄϽὨ,      (6) 

ʛʜʝ ȹp ï ʨʘʟʥʠʮʘ ʜʘʚʣʝʥʠʷ ʤʝʞʜʫ ʧʝʨʝʜʥʝʡ ʠ ʟʘʜʥʝʡ ʯʘʩʪʷʤʠ ʤʝʥʠʩʢʘ, ʇʘ; 

ɺ ï ʰʠʨʠʥʘ ʧʝʯʘʪʠ, ʤʤ; 

d ï ʟʘʟʦʨ ʤʝʞʜʫ ʛʦʣʦʚʢʦʡ ʠ ʧʦʜʣʦʞʢʦʡ, ʤʤ. 

 

Ὂ „ϽὄϽὬȾὨ Ὤ,     (7) 

ʛʜʝ ů ï ʇʦʚʝʨʭʥʦʩʪʥʦʝ ʥʘʪʷʞʝʥʠʝ, ɼʞ/ʤʤ2; 

ɺ ï ʰʠʨʠʥʘ ʧʝʯʘʪʠ, ʤʤ; 

h ï ʪʦʣʱʠʥʘ ʤʦʢʨʦʛʦ ʩʣʦʷ, ʤʤ; 

d ï ʟʘʟʦʨ ʤʝʞʜʫ ʛʦʣʦʚʢʦʡ ʠ ʧʦʜʣʦʞʢʦʡ, ʤʤ. 

 

ʄʝʥʠʩʢ ʩʪʘʙʠʣʝʥ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʩʠʣʘ, ʨʘʩʧʦʣʦʞʝʥʥʘʷ ʩʧʨʘʚʘ, ʤʝʥʴʰʝ, ʯʝʤ ʩʫʤʤʘ ʩʠʣ, 

ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʩʣʝʚʘ. ɼʣʷ ʧʝʯʘʪʠ ʙʦʣʝʝ ʪʦʣʩʪʦʡ ʠʣʠ ʪʦʥʴʢʘʷ ʧʣʝʥʢʠ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʤ 

ʤʝʭʘʥʠʟʤʦʤ ʷʚʣʷʝʪʩʷ ʦʜʥʦʚʨʝʤʝʥʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʩʢʦʨʦʩʪʠ ʧʝʯʘʪʠ ʠ ʩʢʦʨʦʩʪʠ ʜʦʟʠʨʦʚʘʥʠʷ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʫʤʤʘʨʥʦ ʜʚʘ ʧʘʨʘʤʝʪʨʘ ʨʘʩʪʫʪ ʦʜʥʦʚʨʝʤʝʥʥʦ, ʘ ʟʘʪʝʤ ʦʜʠʥ ʠʟ ʥʠʭ ʧʨʦʜʦʣʞʘʝʪ 

ʠʟʤʝʥʷʝʪʩʷ. ʊʦʣʱʠʥʘ ʨʘʩʧʨʝʜʝʣʝʥʥʦʛʦ ʧʦʢʨʳʪʠʷ ʤʦʞʝʪ ʙʳʪʴ ʚʳʚʝʜʝʥʘ ʠʟ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ 

ʫʨʘʚʥʝʥʠʷ. ʉʪʦʠʪ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʦʥʘ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʪʦʣʱʠʥʳ ʰʘʡʙʳ ʧʨʠʥʪʝʨʘ. ʊʦʣʱʠʥʘ ʞʠʜʢʦʛʦ 

ʥʘʧʝʯʘʪʘʥʥʦʛʦ ʩʣʦʷ ʤʦʞʝʪ ʙʳʪʴ ʦʮʝʥʝʥʘ ʧʦ ʩʢʦʨʦʩʪʠ ʧʦʪʦʢʘ ʞʠʜʢʦʩʪʠ, ʢʦʪʦʨʘʷ  ʦʧʠʩʳʚʘʝʪʩʷ 

ʩʣʝʜʫʶʱʝʡ ʬʦʨʤʫʣʦʡ [114]: 
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ὠ ῳὖ Ͻὡ ϽὄȾρς–Ͻὒ,     (8) 

ʛʜʝ ȹPAB ï ʨʘʟʥʠʮʘ ʜʘʚʣʝʥʠʷ ʤʝʞʜʫ ʧʝʨʝʜʥʝʡ ʠ ʟʘʜʥʝʡ ʯʘʩʪʷʤʠ ʤʝʥʠʩʢʘ, ʇʘ; 

ɺ ï ʰʠʨʠʥʘ ʧʝʯʘʪʠ, ʤʤ; 

W ï ʰʠʨʠʥʘ ʦʢʥʘ ʧʝʯʘʪʠ (ʪʦʣʱʠʥʘ ʥʘʢʣʘʜʢʠ), ʤʤ; 

ɖ ï ʚʷʟʢʦʩʪʴ ʨʘʩʪʚʦʨʘ, ʇʘĿʩ; 

L ï ʜʣʠʥʘ ʧʦʢʨʳʪʠʷ, ʤʤ. 

 

ʆʢʥʦ ʧʝʯʘʪʠ ʵʪʦ ʦʙʣʘʩʪʴ, ʚ ʢʦʪʦʨʦʡ ʥʘʙʦʨʳ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʮʝʩʩʘ ʥʘʥʝʩʝʥʠʷ ʩʣʦʝʚ 

ʧʨʠʚʦʜʷʪ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʚʦʩʭʦʜʷʱʝʛʦ ʠ ʥʠʩʭʦʜʷʱʝʛʦ ʤʝʥʠʩʢʦʚ [115]. ɽʩʣʠ ʧʝʯʘʪʥʳʝ 

ʧʘʨʘʤʝʪʨʳ ʥʘʭʦʜʷʪʩʷ ʟʘ ʨʘʤʢʘʤʠ ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʦʛʦ ʦʢʥʘ, ʪʦ ʦʙʨʘʟʫʶʪʩʷ ʩʧʝʮʠʬʠʯʝʩʢʠʝ 

ʜʝʬʝʢʪʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʬʦʨʤʦʡ ʤʝʥʠʩʢʘ. ʋʭʦʜ ʟʘ ʛʨʘʥʴ ʦʢʥʘ ʧʨʠʚʝʜʝʪ ʢ ʧʦʣʥʦʤʫ ʨʘʟʨʫʰʝʥʠʶ 

ʥʘʧʝʯʘʪʘʥʥʦʡ ʧʣʝʥʢʠ. ʅʘ ʨʠʩʫʥʢʝ 16 ʧʦʢʘʟʘʥʦ ʨʘʩʯʝʪʥʦʝ ʦʢʥʦ ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʮʝʩʩʘ 

ʧʝʯʘʪʠ ʧʝʨʦʚʩʢʠʪʘ ʥʘ ʩʣʦʪ-ʤʘʪʨʠʯʥʦʤ ʧʨʠʥʪʝʨʝ. 

ɼʘʚʣʝʥʠʝ ȹP ï ʵʪʦ ʨʘʟʥʦʩʪʴ ʜʘʚʣʝʥʠʷ ʚ ʚʝʨʭʥʝʤ ʠ ʥʠʞʥʠʤ ʤʝʥʠʩʢʘʭ. ɺ ʩʪʘʥʜʘʨʪʥʦʤ ʩʣʦʪ-

ʤʘʪʨʠʯʥʦʤ ʧʨʠʥʪʝʨʝ ʜʘʥʥʘʷ ʚʝʣʠʯʠʥʘ ʙʫʜʝʪ ʨʘʚʥʘ ʥʫʣʶ ʧʦʩʢʦʣʴʢʫ ʜʘʚʣʝʥʠʝ ʥʘ ʛʨʘʥʠʮʝ ʤʝʞʜʫ 

ʘʪʤʦʩʬʝʨʦʡ ʠ ʞʠʜʢʦʩʪʴʶ ʜʦʣʞʥʦ ʙʳʪʴ ʠʜʝʥʪʠʯʥʳʤ, ʧʦʵʪʦʤʫ ʦʙʘ ʤʝʥʠʩʢʘ ʠʤʝʶʪ ʜʘʚʣʝʥʠʝ, 

ʨʘʚʥʦʝ ʘʪʤʦʩʬʝʨʥʦʤʫ. ʆʜʥʘʢʦ ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʚʘʢʫʫʤʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʥʘ ʚʝʨʭʥʝʤ ʢʨʘʝ ʤʦʞʝʪ 

ʚʦʟʥʠʢʥʫʪʴ ʨʘʟʥʠʮʘ ʜʘʚʣʝʥʠʡ ʤʝʞʜʫ ʚʝʨʭʥʠʤ ʠ ʥʠʞʥʠʤ ʤʝʥʠʩʢʦʤ [115]. ʆʪʥʦʰʝʥʠʝ ʟʘʟʦʨʘ 

ʧʝʯʘʪʠ ʢ ʪʦʣʱʠʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʪʥʦʰʝʥʠʝ ʚʳʩʦʪʳ ʥʠʞʥʝʡ ʛʫʙʳ ʥʘʜ ʧʦʜʣʦʞʢʦʡ ʠ 

ʪʦʣʱʠʥʳ ʞʠʜʢʦʡ ʧʣʝʥʢʠ. ʕʪʦ ʟʥʘʯʝʥʠʝ ʤʦʞʝʪ ʙʳʪʴ ʨʘʚʥʳʤ ʤʘʢʩʠʤʫʤ ʜʚʫʤ, ʝʩʣʠ ʥʘ ʚʝʨʭʥʝʡ ʛʫʙʝ 

ʥʝ ʙʳʣʦ ʚʘʢʫʫʤʘ, ʯʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʩʘʤʘʷ ʪʦʥʢʘʷ ʧʣʝʥʢʘ ʤʦʞʝʪ ʩʦʩʪʘʚʣʷʪʴ ʧʦʣʦʚʠʥʫ ʚʳʩʦʪʳ 

ʟʘʟʦʨʘ. 

 

 

ʈʠʩʫʥʦʢ 16 ï ʆʢʥʦ ʩʪʘʙʠʣʴʥʦʡ ʧʝʯʘʪʠ ʜʣʷ ʩʣʦʪ-ʤʘʪʨʠʯʥʦʛʦ ʧʨʠʥʪʝʨʘ [115]  
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ʋʩʣʦʚʠʷ ʥʘʥʝʩʝʥʠʷ ʨʘʩʪʚʦʨʘ ʟʘ ʧʨʝʜʝʣʘʤʠ ʦʢʥʘ (ʥʠʞʝ ʟʥʘʯʝʥʠʡ ʦʢʥʘ) ʜʣʷ ʩʪʘʙʠʣʴʥʦʡ 

ʧʣʝʥʢʠ ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʚʝʨʭʥʠʡ ʤʝʥʠʩʢ ʥʘʯʠʥʘʝʪ ʜʚʠʛʘʪʴʩʷ ʢ ʚʳʭʦʜʫ ʠʟ ʩʣʦʪ-ʤʘʪʨʠʯʥʳʭ 

ʛʫʙ. ʇʨʦʮʝʩʩ ʥʘʯʠʥʘʝʪʩʷ ʩ ʧʦʩʪʝʧʝʥʥʦʛʦ ʜʚʠʞʝʥʠʷ ʪʦʯʢʠ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʢʦʥʪʘʢʪʘ ʠ ʚ ʢʦʥʝʯʥʦʤ 

ʠʪʦʛʝ ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʩʪʘʪʠʯʝʩʢʘʷ ʪʦʯʢʘ ʚʝʨʭʥʝʛʦ ʢʦʥʪʘʢʪʘ ʧʦʜʚʠʛʘʝʪʩʷ ʚʥʠʟ ʧʦ ʛʫʙʝ. ʇʦʜ 

ʩʣʦʪ-ʤʘʪʨʠʯʥʦʡ ʛʫʙʦʡ ʧʦʷʚʣʷʝʪʩʷ ʚʦʟʜʫʰʥʳʡ ʟʘʟʦʨ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʟʘʭʚʘʪʘ ʚʦʟʜʫʭʘ ʧʦʷʚʣʷʶʪʩʷ 

ʧʫʟʳʨʠ. ʂʦʛʜʘ ʪʦʯʢʘ ʩʪʘʪʠʯʝʩʢʦʛʦ ʢʦʥʪʘʢʪʘ ʦʪʩʪʫʧʘʝʪ ʚʥʫʪʨʴ ʛʦʣʦʚʢʠ, ʤʦʞʝʪ ʧʦʷʚʠʪʴʩʷ 

ʨʝʙʨʠʩʪʦʩʪʴ, ʪʘʢ ʢʘʢ ʧʦʪʦʢ ʨʘʩʪʚʦʨʘ ʜʚʠʞʫʱʝʛʦʩʷ ʯʝʨʝʟ ʦʢʥʦ ʧʝʯʘʪʠ ʥʘ ʧʦʜʣʦʞʢʫ ʥʘʨʫʰʘʝʪʩʷ ʠʟ-

ʟʘ ʦʙʨʘʟʦʚʘʥʠʷ ʚʠʭʨʝʡ. 

ʋʩʣʦʚʠʝ ʥʘʥʝʩʝʥʠʷ ʨʘʩʪʚʦʨʘ ʟʘ ʧʨʝʜʝʣʘʤʠ ʦʢʥʘ (ʚʳʰʝ ʟʥʘʯʝʥʠʡ ʦʢʥʘ) ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, 

ʯʪʦ ʧʨʦʮʝʩʩ ʧʝʯʘʪʠ ʩʣʦʷ ʧʨʦʭʦʜʠʪ ʥʘʜ ʦʢʥʦʤ ʩʪʘʙʠʣʴʥʦʛʦ ʧʦʢʨʳʪʠʷ. ʇʨʠ ʥʘʣʠʯʠʠ ʚʘʢʫʫʤʥʦʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʘ ʪʦʯʢʘ ʩʪʘʪʠʯʝʩʢʦʛʦ ʢʦʥʪʘʢʪʘ ʥʘʯʠʥʘʝʪ ʧʨʦʭʦʜʠʪʴ ʟʘ ʛʨʘʥʠʮʫ ʩʣʦʪ-ʤʘʪʨʠʯʥʦʡ 

ʚʝʨʭʥʝʡ ʛʫʙʳ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʨʘʩʰʠʨʝʥʠʶ ʤʝʥʠʩʢʘ ʠ ʦʙʨʘʟʦʚʘʥʠʶ ʜʝʬʝʢʪʦʚ (ʢʦʛʜʘ ʥʘ ʚʝʨʭʥʝʡ 

ʛʫʙʝ ʧʦʷʚʣʷʝʪʩʷ ʠʟʙʳʪʦʯʥʳʡ ʤʘʪʝʨʠʘʣ), ʯʪʦ ʚʳʟʳʚʘʝʪ ʩʝʨʴʝʟʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚ ʪʦʣʱʠʥʝ ʧʣʝʥʢʠ ʠ 

ʨʘʟʥʳʝ ʰʠʨʠʥʳ ʩʣʦʷ ʧʦ ʢʨʘʷʤ. 

ʋʩʣʦʚʠʷ ʥʘʥʝʩʝʥʠʷ ʨʘʩʪʚʦʨʘ ʟʘ ʧʨʝʜʝʣʘʤʠ ʦʢʥʘ (ʩʧʨʘʚʘ ʦʪ ʦʢʥʘ) ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ 

ʪʦʣʱʠʥʘ ʞʠʜʢʦʛʦ ʩʣʦʷ ʟʥʘʯʠʪʝʣʴʥʦ ʥʠʞʝ, ʯʝʤ ʚʳʩʦʪʘ ʟʘʟʦʨʘ ʠʟ-ʟʘ ʚʳʩʦʢʠʭ ʟʥʘʯʝʥʠʡ ʩʜʚʠʛʦʚʳʭ 

ʩʠʣ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʘʚʣʝʥʠʷ ʧʦʪʦʢʘ ʥʘ ʥʠʞʥʝʡ ʛʫʙʝ ʛʦʣʦʚʢʠ. ʄʝʥʠʩʢ ʥʘʯʠʥʘʝʪ ʦʪʩʪʫʧʘʪʴ ʢ ʦʢʥʫ 

ʩʣʦʪ-ʤʘʪʨʠʯʥʦʡ ʛʦʣʦʚʢʠ, ʠ ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʘʟʦʚʘʥʠʝ ʚʦʟʜʫʰʥʳʭ ʧʫʟʳʨʝʡ. ɼʘʣʴʥʝʡʰʝʝ 

ʫʤʝʥʴʰʝʥʠʝ ʪʦʣʱʠʥʳ ʞʠʜʢʦʛʦ ʩʣʦʷ ʧʣʝʥʢʠ (ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʪʳ ʟʘʟʦʨʘ) ʧʨʠʚʦʜʠʪ ʢ ʫʜʘʣʝʥʠʶ 

ʩʪʘʪʠʯʝʩʢʦʡ ʪʦʯʢʠ ʢʦʥʪʘʢʪʘ ʚʝʨʭʥʝʡ ʛʫʙʳ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʤʝʥʠʩʢ ʣʦʢʘʣʴʥʦ 

ʜʝʩʪʘʙʠʣʠʟʠʨʫʝʪʩʷ. 

 

ʄʝʪʦʜ ʚʘʢʫʫʤʥʦʛʦ ʠʩʧʘʨʝʥʠʷ 

 

ʀʩʧʘʨʝʥʠʝ ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʷ ʪʦʥʢʠʭ ʩʣʦʪ-ʤʘʪʨʠʯʥʳʭ ʧʣʝʥʦʢ ʧʝʨʦʚʩʢʠʪʘ 

ʤʦʞʝʪ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴʩʷ ʪʝʤʧʝʨʘʪʫʨʦʡ ʧʦʜʣʦʞʢʠ, ʦʩʫʰʝʥʠʝʤ ʠʥʝʨʪʥʳʤ ʛʘʟʦʤ, ʦʢʫʥʘʥʠʝʤ ʚ 

ʘʥʪʠ-ʨʘʩʪʚʦʨʠʪʝʣʴ ʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʝʡ ʧʦʜ ʚʘʢʫʫʤʦʤ. ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʨʘʙʦʪ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʧʦʚʳʰʝʥʥʳʝ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʜʣʦʞʢʠ ʦʪ 40 ÁC ʜʦ 165 ÁC ʠ ʦʩʫʰʝʥʠʝ ʛʘʟʦʤ N2 ʜʣʷ ʫʩʢʦʨʝʥʠʷ 

ʠʩʧʘʨʝʥʠʷ ʨʘʩʪʚʦʨʠʪʝʣʝʡ, ʯʪʦʙʳ ʚʳʟʚʘʪʴ ʙʳʩʪʨʫʶ ʢʨʠʩʪʘʣʣʠʟʘʮʠʶ ʪʦʥʢʦʡ ʧʣʝʥʢʠ ʧʝʨʦʚʩʢʠʪʘ 

[40,106,116,117]. ɺʜʦʭʥʦʚʣʝʥʥʳʡ ʠʜʝʝʡ ʤʝʪʦʜʘ ʦʙʨʘʙʦʪʢʠ ʤʦʢʨʦʡ ʧʣʝʥʢʠ ʥʘ ʙʦʣʴʰʦʡ ʧʣʦʱʘʜʠ 

ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʘʥʪʠʨʘʩʪʚʦʨʠʪʝʣʷ, ʃʠ ʠ ʝʛʦ ʢʦʣʣʝʛʠ ʫʩʧʝʰʥʦ ʨʘʟʨʘʙʦʪʘʣʠ ʤʝʪʦʜ ʚʘʢʫʫʤʥʦʛʦ 

ʠʩʧʘʨʝʥʠʷ ʜʣʷ ʧʝʨʦʚʩʢʠʪʥʳʭ ʪʦʥʢʠʭ ʧʣʝʥʦʢ [7]. ɺʘʢʫʫʤʥʦʝ ʠʩʧʘʨʝʥʠʝ ʠʤʝʝʪ ʨʝʰʘʶʱʝʝ ʟʥʘʯʝʥʠʝ 

ʜʣʷ ʩʦʟʜʘʥʠʷ ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʩʪʘʜʠʠ ʧʫʪʝʤ ʫʜʘʣʝʥʠʷ ʨʘʩʪʚʦʨʠʪʝʣʷ ʠʟ ʥʘʧʝʯʘʪʘʥʥʦʡ ʤʦʢʨʦʡ 

ʧʣʝʥʢʠ. ʇʦʣʫʯʝʥʥʘʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʤʝʞʫʪʦʯʥʘʷ ʩʪʘʜʠʷ ʛʘʨʘʥʪʠʨʫʝʪ, ʯʪʦ ʦʩʘʞʜʝʥʠʝ ʧʨʝʢʫʨʩʦʨʘ 

ʦʪʜʝʣʝʥʦ ʦʪ ʧʨʦʮʝʩʩʘ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʧʨʠ ʪʝʨʤʠʯʝʩʢʦʤ ʦʪʞʠʛʝ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 
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ʢʦʥʪʨʦʣʠʨʫʝʤʦʤʫ ʨʦʩʪʫ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʭ ʧʝʨʦʚʩʢʠʪʥʳʭ ʧʣʝʥʦʢ [118]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʤʦʨʬʦʣʦʛʠʶ ʧʣʝʥʢʠ ʤʦʞʥʦ ʨʝʛʫʣʠʨʦʚʘʪʴ ʙʦʣʝʝ ʧʨʦʩʪʦ, ʚʤʝʰʠʚʘʷʩʴ ʚ ʵʪʠ ʜʚʘ ʧʨʦʮʝʩʩʘ ʧʦ 

ʦʪʜʝʣʴʥʦʩʪʠ: ʥʘʧʨʠʤʝʨ, ʜʦʙʘʚʣʷʷ ʧʦʚʝʨʭʥʦʩʪʥʦ-ʘʢʪʠʚʥʦʝ ʚʝʱʝʩʪʚʦ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʜʠʥʘʤʠʢʦʡ 

ʧʦʪʦʢʘ ʠ ʬʦʨʤʦʡ ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʬʘʟʳ ʧʨʠ ʥʘʥʝʩʝʥʠʠ ʧʣʝʥʢʠ-ʧʨʝʢʫʩʦʨʘ, ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʶʪ 

ʤʦʨʬʦʣʦʛʠʶ ʢʦʥʝʯʥʦʡ ʧʣʝʥʢʠ [16] ʠʣʠ ʜʦʙʘʚʣʝʥʠʝ ʭʣʦʨʠʜ-ʘʥʠʦʥʘ ʜʣʷ ʫʩʠʣʝʥʠʷ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ 

ʧʝʨʦʚʩʢʠʪʘ ʧʨʠ ʦʪʞʠʛʝ [118]. ʇʉʕ, ʠʟʛʦʪʦʚʣʝʥʥʳʝ ʩ ʧʦʤʦʱʴʶ ʚʘʢʫʫʤʥʦʛʦ ʠʩʧʘʨʝʥʠʷ, 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʚʳʩʦʢʠʡ ʂʇɼ, ʧʨʝʚʳʰʘʶʱʠʡ 20 % ʠ 18 % ʩ ʤʝʪʦʜʘʤʠ ʥʘʥʝʩʝʥʠʷ 

ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʝʤ ʠ ʩʢʘʣʴʧʝʣʴʥʦʛʦ ʧʦʢʨʳʪʠʷ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʨʦʮʝʩʩ ʥʘʥʝʩʝʥʠʷ 

ʧʝʨʦʚʩʢʠʪʥʦʛʦ ʩʣʦʷ ʤʝʪʦʜʦʤ ʚʘʢʫʫʤʥʦʛʦ ʠʩʧʘʨʝʥʠʷ ʧʦʢʘʟʘʥ ʥʘ ʨʠʩʫʥʢʝ 17.  

 

 

ʈʠʩʫʥʦʢ 17 ï ʉʭʝʤʘʪʠʯʝʩʢʘʷ ʠʣʣʶʩʪʨʘʮʠʷ ʥʘʥʝʩʝʥʠʷ ʧʝʨʦʚʩʢʠʪʥʦʛʦ ʩʣʦʷ ʤʝʪʦʜʦʤ ʚʘʢʫʫʤʥʦʛʦ 

ʠʩʧʘʨʝʥʠʷ ʨʘʩʪʚʦʨʘ 

 

ʇʦʩʣʝ ʧʝʯʘʪʠ ʥʘ ʩʣʦʪ-ʤʘʪʨʠʯʥʦʤ ʧʨʠʥʪʝʨʝ ʧʦʜʣʦʞʢʘ ʩ ʥʘʥʝʩʝʥʥʳʤ ʠʟ ʨʘʩʪʚʦʨʘ ʩʣʦʝʤ 

ʧʝʨʦʚʩʢʠʪʘ ʚʳʜʝʨʞʠʚʘʝʪʩʷ ʚ ʢʘʤʝʨʝ ʧʦʜ ʚʳʩʦʢʠʤ ʚʘʢʫʫʤʦʤ. ʇʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ ʜʘʚʣʝʥʠʝ ʚ ʢʘʤʝʨʝ 

ʟʥʘʯʠʪʝʣʴʥʦ ʥʠʞʝ ʜʘʚʣʝʥʠʷ ʥʘʩʳʱʝʥʥʦʛʦ ʧʘʨʘ ʩʤʝʩʠ ʨʘʩʪʚʦʨʠʪʝʣʝʡ, ʧʦʩʣʝʜʥʠʝ ʠʩʧʘʨʷʶʪʩʷ ʠʟ 

ʥʘʧʝʯʘʪʘʥʥʦʡ ʧʣʝʥʢʠ, ʫʩʢʦʨʷʷ ʧʨʦʮʝʩʩ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʧʝʨʦʚʩʢʠʪʘ [7]. ɿʘʪʝʤ ʧʦʣʫʯʝʥʥʳʝ 

ʦʩʫʰʝʥʥʳʝ ʧʣʝʥʢʠ ʦʪʞʠʛʘʶʪ ʚ ʪʝʯʝʥʠʷ 10 ʤʠʥʫʪ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 100 ʦʉ ʜʣʷ ʧʦʣʥʦʛʦ ʠʩʧʘʨʝʥʠʷ 

ʦʩʪʘʚʰʠʭʩʷ ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʠʟ ʧʝʨʦʚʩʢʠʪʥʦʛʦ ʩʣʦʷ ʠ ʨʦʩʪʘ ʟʝʨʝʥ ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ 

ʤʘʪʝʨʠʘʣʘ. ɺ ʨʘʙʦʪʝ [119] ʙʳʣʠ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʳ ʧʣʝʥʢʠ ʧʝʨʦʚʩʢʠʪʘ, ʧʦʣʫʯʝʥʥʳʝ ʧʦʩʣʝ 

ʦʙʨʘʙʦʪʢʠ ʚ ʚʘʢʫʫʤʥʦʡ ʢʘʤʝʨʝ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʜʘʚʣʝʥʠʷʭ (ʥʘʯʠʥʘʷ ʦʪ 10 ʜʦ 540 ʇʘ). ɺ ʨʝʟʫʣʴʪʘʪʘʭ 
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ʦʧʫʙʣʠʢʦʚʘʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣ ʩʜʝʣʘʥ ʚʳʚʦʜ, ʯʪʦ ʧʝʨʦʚʩʢʠʪʥʘʷ ʧʣʝʥʢʘ, ʧʦʣʫʯʝʥʘʷ ʧʨʠ 10 ʇʘ, ʠʤʝʣʘ 

ʩʘʤʫʶ ʢʘʯʝʩʪʚʝʥʥʫʶ ʤʦʨʬʦʣʦʛʠʶ ʠ ʫʩʪʨʦʡʩʪʚʦ ʥʘ ʝʛʦ ʦʩʥʦʚʝ ʧʦʢʘʟʘʣʦ ʥʘʠʣʫʯʰʠʡ ʧʦʢʘʟʘʪʝʣʴ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ. 

 

ɺʳʚʦʜʳ ʧʦ ʣʠʪʝʨʘʪʫʨʥʦʤʫ ʦʙʟʦʨʫ ʠ ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯ ʠʩʩʣʝʜʦʚʘʥʠʷ 

 

ɸʥʘʣʠʟ ʣʠʪʝʨʘʪʫʨʥʦʛʦ ʦʙʟʦʨʘ ʧʦ ʪʝʤʘʪʠʢʝ ʞʠʜʢʦʬʘʟʥʦʛʦ ʥʘʥʝʩʝʥʠʷ ʠ ʦʙʨʘʙʦʪʢʠ 

ʧʦʚʝʨʭʥʦʩʪʠ ʤʦʢʨʦʡ ʧʣʝʥʢʠ ʧʨʝʢʫʨʩʦʨʦʚ ʧʝʨʦʚʩʢʠʪʥʦʡ ʬʦʪʦʚʦʣʴʪʘʠʢʠ ʧʦʢʘʟʘʣ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ 

ʧʝʨʩʧʝʢʪʠʚʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʣʦʪ-ʤʘʪʨʠʯʥʦʡ ʧʝʯʘʪʠ ʠ ʚʘʢʫʫʤʥʦʡ ʦʙʨʘʙʦʪʢʠ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʠ 

ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ ʇʉʕ. ʉʣʦʪ-ʤʘʪʨʠʯʥʘʷ ʧʝʯʘʪʴ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʨʦʩʪʳʝ ʩʧʦʩʦʙʳ ʢʦʥʪʨʦʣʷ 

ʰʠʨʠʥʳ, ʪʦʣʱʠʥʳ ʠ ʨʘʚʥʦʤʝʨʥʦʩʪʠ ʧʝʯʘʪʥʦʛʦ ʩʣʦʷ ʧʫʪʝʤ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʧʝʯʘʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ 

ʪʘʢʠʭ, ʢʘʢ ʩʢʦʨʦʩʪʴ ʧʝʯʘʪʠ, ʩʢʦʨʦʩʪʴ ʧʦʜʘʯʠ ʯʝʨʥʠʣʘ ʠ ʨʘʟʤʝʨ ʟʘʟʦʨʘ ʤʝʞʜʫ ʧʝʯʘʪʥʦʡ ʛʦʣʦʚʢʦʡ 

ʠ ʧʦʜʣʦʞʢʠ. ɹʦʣʝʝ ʪʦʛʦ, ʵʪʘ ʪʝʭʥʦʣʦʛʠʷ ʪʘʢʞʝ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʦʩʦʙʫʶ ʩʦʚʤʝʩʪʠʤʦʩʪʴ ʩ ʧʨʦʮʝʩʩʦʤ 

çʨʫʣʦʥ-ʥʘ-ʨʫʣʦʥè ʩ ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʴʶ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʜʣʠʥʥʳʤ ʨʘʙʦʯʠʤ ʚʨʝʤʝʥʠʤ. ʕʪʠ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʘʢʞʝ ʧʦʢʘʟʘʣʠ ʨʝʰʘʶʱʠʝ ʚʣʠʷʥʠʷ ʧʨʦʮʝʩʩʦʚ ʠʩʧʘʨʝʥʠʷ ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʠ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʬʘʟʳ ʧʨʝʢʫʨʩʦʨʦʚ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ, ʤʦʨʬʦʣʦʛʠʶ ʠ ʩʪʨʫʢʪʫʨʫ 

ʨʝʟʫʣʴʪʠʨʫʶʱʠʭ ʩʣʦʝʚ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʢʘʯʝʩʪʚʦ ʧʝʨʦʚʩʢʠʪʥʳʭ ʫʩʪʨʦʡʩʪʚ, ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʥʘ 

ʠʭ ʦʩʥʦʚʝ. 

ɺʤʝʩʪʝ ʩ ʩʣʦʪ-ʤʘʪʨʠʯʥʦʡ ʧʝʯʘʪʴʶ ʤʝʪʦʜ ʦʙʨʘʙʦʪʢʠ ʥʘʧʝʯʘʪʘʥʥʦʡ ʤʦʢʨʦʡ ʧʣʝʥʢʠ ʩ 

ʚʘʢʫʫʤʥʳʤ ʠʩʧʘʨʝʥʠʝʤ ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʵʬʬʝʢʪʠʚʥʦʛʦ ʥʘʥʝʩʝʥʠʷ ʠ ʫʧʨʘʚʣʝʥʠʷ 

ʤʦʨʬʦʣʦʛʠʠ ʧʝʯʘʪʥʳʭ ʩʣʦʝʚ, ʦʩʦʙʝʥʥʦ ʜʣʷ ʧʝʨʦʚʩʢʠʪʥʳʭ ʩʣʦʝʚ, ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʚ ʘʪʤʦʩʬʝʨʝ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ʄʝʪʦʜ ʚʘʢʫʫʤʥʦʛʦ ʠʩʧʘʨʝʥʠʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʳʩʪʨʳʡ ʧʨʦʮʝʩʩ ʠʩʧʘʨʝʥʠʷ 

ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʩ ʚʳʩʦʢʦʡ ʦʜʥʦʨʦʜʥʦʩʪʴʶ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʤʦʢʨʦʡ ʧʣʝʥʢʠ, ʠʟʙʝʛʘʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʚʨʝʜʥʳʭ ʘʥʪʠ-ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʪʘʢʠʭ, ʢʘʢ ʭʣʦʨʙʝʥʟʦʣ ʠ ʪʦʣʫʦʣ. ʅʝʜʘʚʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʯʪʦ, ʤʝʪʦʜ ʚʘʢʫʫʤʥʦʛʦ ʠʩʧʘʨʝʥʠʷ ʜʘʝʪ ʥʦʚʫʶ ʢʦʥʪʨʦʣʠʨʫʝʤʫʶ ʩʪʨʘʪʝʛʠʶ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʜʣʷ ʥʘʥʝʩʝʥʠʷ ʥʘ ʩʣʦʪ-ʤʘʪʨʠʯʥʦʤ ʧʨʠʥʪʝʨʝ ʧʫʪʝʤ ʨʘʟʜʝʣʝʥʠʷ ʠʩʧʘʨʝʥʠʷ 

ʨʘʩʪʚʦʨʠʪʝʣʷ ʩ ʢʨʠʩʪʘʣʣʠʟʘʮʠʝʡ ʧʝʨʦʚʩʢʠʪʘ ʠʟ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ 

ʧʨʦʠʩʭʦʜʠʪʴ ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʨʠ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʙʨʘʙʦʪʢʠ ʜʣʷ ʫʣʫʯʰʝʥʠʷ 

ʢʘʯʝʩʪʚʘ ʧʝʨʦʚʩʢʠʪʥʳʭ ʩʣʦʝʚ ʚ ʧʨʦʮʝʩʩʝ ʥʘʥʝʩʝʥʠʷ ʩʪʘʥʦʚʷʪʩʷ ʧʨʦʱʝ. 

ɼʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ, ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʚ ʣʠʪʝʨʘʪʫʨʝ ʜʚʘ ʪʠʧʘ ʇʉʕ ʪʘʢʠʝ, ʢʘʢ 

ʤʝʟʦʩʢʦʧʠʯʝʩʢʠʝ ʠ ʧʣʘʥʘʨʥʳʝ, ʚ ʢʦʪʦʨʳʭ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʧʦ ʘʨʭʠʪʝʢʪʫʨʝ ʦʙʳʯʥʳʝ n-i-p ʠ 

ʠʥʚʝʨʪʠʨʦʚʘʥʥʳʝ p-i-n ʫʩʪʨʦʡʩʪʚʘ. ʉʪʨʫʢʪʫʨʘ ʇʉʕ, ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʙʝʟ ʜʳʨʦʯʥʦ-ʪʨʘʥʩʧʦʨʪʥʦʛʦ 

ʩʣʦʷ, ʪʘʢʞʝ ʙʳʣʘ ʠʟʫʯʝʥʘ ʚ ʥʝʩʢʦʣʴʢʠʭ ʨʘʙʦʪʘʭ, ʪʝʤ ʥʝ ʤʝʥʝʝ, ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʵʪʠʭ ʫʩʪʨʦʡʩʪʚ ʥʝ 

ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʘ ʩ ʚʳʰʝʫʢʘʟʘʥʥʳʤʠ ʢʦʥʬʠʛʫʨʘʮʠʷʤʠ. ʇʦʩʢʦʣʴʢʫ ʤʝʟʦʩʢʦʧʠʯʝʩʢʠʝ ʇʉʕ c n-

i-p ʩʪʨʫʢʪʫʨʦʡ ʩ ʵʣʝʢʪʨʦʥʥʦ-ʪʨʘʥʩʧʦʨʪʥʳʤ ʩʣʦʝʤ ʥʘ ʦʩʥʦʚʝ ʦʢʩʠʜʘ ʪʠʪʘʥʘ ʧʦʢʘʟʘʣʠ ʩʘʤʳʝ 
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ʚʳʩʦʢʠʝ ʂʇɼ, ʦʥʠ ʙʳʣʠ ʥʘʠʙʦʣʝʝ ʠʩʩʣʝʜʦʚʘʥʳ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʨʘʙʦʪ. ʆʜʥʘʢʦ, ʧʣʘʥʘʨʥʳʝ 

ʘʨʭʠʪʝʢʪʫʨʳ, ʚ ʯʘʩʪʥʦʩʪʠ, ʩ p-i-n ʢʦʥʬʠʛʫʨʘʮʠʝʡ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʦʩʦʙʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ 

ʪʘʢʠʝ, ʢʘʢ ʧʨʦʩʪʳʝ ʧʨʦʮʝʩʩʳ ʧʦʣʫʯʝʥʠʷ ʠ ʥʝʟʥʘʯʠʪʝʣʴʥʳʡ ʛʠʩʪʝʨʝʟʠʩ. ʕʪʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʘʢʞʝ 

ʚʢʣʶʯʘʣʠ ʠʟʫʯʝʥʠʝ ʠ ʨʘʟʨʘʙʦʪʢʫ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʪʨʘʥʩʧʦʨʪʥʳʭ, ʧʝʨʦʚʩʢʠʪʥʳʭ, ʙʣʦʢʠʨʫʶʱʠʭ 

ʩʣʦʝʚ ʠ ʵʣʝʢʪʨʦʜʦʚ. ɺ ʪʦʤ ʯʠʩʣʝ, ʢʦʤʧʘʢʪʥʳʡ NiOx ʙʳʣ ʠʟʫʯʝʥ ʢʘʢ ʧʝʨʩʧʝʢʪʠʚʥʳʡ ʢʘʥʜʠʜʘʪ ʜʣʷ 

ʧʦʣʫʧʨʦʟʨʘʯʥʦʛʦ ʜʳʨʦʯʥʦ-ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʣʦʷ, ʘ PCBM ʠ BCP ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ 

ʠʟʛʦʪʦʚʣʝʥʠʷ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʭ ʠʥʚʝʨʪʠʨʦʚʘʥʥʳʭ ʇʉʕ. ʉʘʤʳʤ ʧʦʧʫʣʷʨʥʳʤ ʧʝʨʦʚʩʢʠʪʦʤ, 

ʠʩʧʦʣʴʟʦʚʘʥʥʦʤ ʚ ʇʉʕ, ʷʚʣʷʝʪʩʷ MAPI ʠʟ-ʟʘ ʝʛʦ ʚʳʩʦʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 

ʵʥʝʨʛʠʠ ʠ ʧʨʦʩʪʦʛʦ ʩʧʦʩʦʙʘ ʧʦʣʫʯʝʥʠʷ ʚ ʨʘʩʪʚʦʨʝ. ʆʜʥʘʢʦ, ʚʳʩʦʢʘʷ ʩʢʦʨʦʩʪʴ ʨʘʟʣʦʞʝʥʠʷ ʧʦʜ 

ʜʝʡʩʪʚʠʝʤ ʢʦʤʧʦʥʝʥʪʦʚ ʚʦʟʜʫʭʘ, ʪʘʢʠʭ ʢʘʢ ʚʣʘʞʥʦʩʪʴ ʠ ʢʠʩʣʦʨʦʜ, ʦʛʨʘʥʠʯʠʚʘʝʪ MAPI ʪʦʣʴʢʦ ʚ 

ʣʘʙʦʨʘʪʦʨʥʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʠ. ɺ ʢʘʯʝʩʪʚʝ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʬʦʪʦʘʢʪʠʚʥʦʛʦ ʩʣʦʷ 

ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʦ ʩʤʝʰʝʥʠʝ ʦʨʛʘʥʠʯʝʩʢʠʭ ʠ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʣʝʡ, ʪʘʢ ʥʘʟʳʚʘʝʤʳʡ 

ʤʫʣʴʪʠʢʘʪʠʦʥʳʡ ʧʝʨʦʚʩʢʠʪ, ʚ ʯʘʩʪʥʦʩʪʠ CsI ʠ FAI ʚʳʟʚʘʣʠ ʥʘʠʙʦʣʴʰʠʡ ʠʥʪʝʨʝʩ ʵʢʩʧʝʨʪʦʚ. ʇʉʕ 

ʥʘ ʦʩʥʦʚʝ ʤʫʣʴʪʠʢʘʪʠʦʥʳʭ ʩʦʩʪʘʚʦʚ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʥʝ ʪʦʣʴʢʦ ʚʳʩʦʢʠʡ ʂʇɼ, ʘ ʪʘʢʞʝ 

ʜʦʣʛʦʝ ʚʨʝʤʷ ʨʘʙʦʪʳ ʩʦ ʩʪʘʙʠʣʴʥʳʤʠ ʚʳʭʦʜʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʤʝʩʷʮʝʚ. ʊʝʤ ʥʝ 

ʤʝʥʝʝ, ʧʦʚʝʜʝʥʠʝ ʣʦʚʫʰʝʢ ʟʘʨʷʜʦʚ ʥʘ ʛʣʫʙʦʢʠʭ ʫʨʦʚʥʷʭ ʵʥʝʨʛʠʠ ʠ ʯʠʩʣʝʥʥʳʝ ʧʘʨʘʤʝʪʨʳ 

ʜʝʬʝʢʪʦʚ ʚ ʵʪʦʤ ʤʘʪʝʨʠʘʣʝ ʝʱʝ ʥʝ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʧʦʣʥʦʩʪʴʶ. 

ʇʦʵʪʦʤʫ, ʤʦʪʠʚʘʮʠʝʡ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʩʪʘʣʦ ʠʟʛʦʪʦʚʣʝʥʠʝ ʩʣʦʪ-ʤʘʪʨʠʯʥʳʭ ʧʝʯʘʪʥʳʭ 

ʩʦʣʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʥʘ ʦʩʥʦʚʝ NiOx ʠ ʧʝʨʦʚʩʢʠʪʘ MAPI ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚ ʩʪʘʥʜʘʨʪʥʳʭ 

ʫʩʣʦʚʠʷʭ ʠ ʥʠʟʢʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʚʝʪʘ, ʥʘʥʝʩʝʥʠʝ ʧʝʯʘʪʥʦʛʦ ʧʝʨʦʚʩʢʠʪʘ ʩ ʤʫʣʴʪʠʢʘʪʠʦʥʥʳʤ 

ʩʦʩʪʘʚʦʤ ʩ CsI ʠ FAI ʜʣʷ ʩʪʘʙʠʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ, ʠʟʫʯʝʥʠʝ ʯʠʩʣʝʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʜʝʬʝʢʪʦʚ ʠ 

ʧʦʚʝʜʝʥʠʝ ʣʦʚʫʰʝʢ ʟʘʨʷʜʦʚ ʚ ʩʣʦʷʭ ʇʉʕ ʠ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʝ ʩʣʦʪ-ʤʘʪʨʠʯʥʳʭ ʧʝʯʘʪʥʳʭ ʇʉʕ. 

ʆʙʲʝʢʪʘʤʠ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ ʩʦʣʥʝʯʥʳʝ ʵʣʝʤʝʥʪʳ ʩ p-i-n ʢʦʥʬʠʛʫʨʘʮʠʝʡ, 

ʠʟʛʦʪʦʚʣʝʥʥʳʝ ʤʝʪʦʜʘʤʠ ʩʣʦʪ-ʤʘʪʨʠʯʥʦʡ ʧʝʯʘʪʠ ʠ ʚʘʢʫʫʤʥʦʛʦ ʠʩʧʘʨʝʥʠʷ ʥʘ ʦʩʥʦʚʝ 

ʧʝʨʦʚʩʢʠʪʥʳʭ ʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ (MAPI, PCBM ʠ BCP) ʩ ʧʦʣʫʧʨʦʟʨʘʯʥʳʤ 

ʢʦʤʧʘʢʪʥʳʤ ʜʳʨʦʯʥʦ-ʪʨʘʥʩʧʦʨʪʥʳʤ ʩʣʦʝʤ ʥʘ ʦʩʥʦʚʝ NiOx, ʫʩʪʨʦʡʩʪʚʘ ʩ ʧʝʯʘʪʥʳʤ ʧʝʨʦʚʩʢʠʪʦʤ 

ʩ ʤʫʣʴʪʠʢʘʪʠʦʥʥʳʤ ʩʦʩʪʘʚʦʤ ʠ ʤʝʟʦʩʢʦʧʠʯʝʩʢʦʡ n-i-p ʢʦʥʬʠʛʫʨʘʮʠʝʡ, ʇʉʕ ʨʘʟʤʝʨʦʤ 0,14 ʩʤ2 ʠ 

1 ʩʤ2 ʠ ʧʝʨʦʚʩʢʠʪʥʳʝ ʩʦʣʥʝʯʥʳʝ ʤʦʜʫʣʷ (ʇʉʄ) ʩ ʘʢʪʠʚʥʦʡ ʧʣʦʱʘʜʴʶ 2,09 ʩʤ2, CH3NH3PbI3 ʩ 

ʵʣʝʢʪʨʦʥʥʦ-ʪʨʘʥʩʧʦʨʪʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ C60, C70, PC60BM. 

  ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʵʪʦʡ ʮʝʣʠ ʙʳʣʠ ʧʦʩʪʘʚʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

- ʈʘʟʨʘʙʦʪʘʪʴ ʧʨʦʮʝʩʩ ʥʘʥʝʩʝʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʣʦʝʚ ʇʉʕ ʤʝʪʦʜʘʤʠ ʩʣʦʪ-ʤʘʪʨʠʯʥʦʡ 

ʧʝʯʘʪʠ ʠ ʚʘʢʫʫʤʥʦʛʦ ʠʩʧʘʨʝʥʠʷ. 

- ʈʘʟʨʘʙʦʪʘʪʴ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʜʦʙʘʚʢʠ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʧʝʨʦʚʩʢʠʪʘ ʠ ʚʳʭʦʜʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ ʥʘ ʠʭ ʦʩʥʦʚʝ. 



44 

 

- ʀʩʩʣʝʜʦʚʘʪʴ ʨʘʙʦʪʫ ʥʘʧʝʯʘʪʘʥʥʳʭ ʫʩʪʨʦʡʩʪʚ ʩ ʨʘʟʥʳʤʠ ʢʦʥʬʠʛʫʨʘʮʠʷʤʠ ʜʳʨʦʯʥʦ-

ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʣʦʷ ʥʘ ʦʩʥʦʚʝ ʦʢʩʠʜʘ ʥʠʢʝʣʷ ʧʨʠ ʩʪʘʥʜʘʨʪʥʳʭ ʫʩʣʦʚʠʷʭ ʠ ʥʠʟʢʦʡ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʚʝʪʘ. 

- ʈʘʟʨʘʙʦʪʘʪʴ ʤʝʪʦʜʠʢʫ ʧʦʣʫʯʝʥʠʷ ʇʉʄ. 

- ʀʩʩʣʝʜʦʚʘʪʴ ʧʦʚʝʜʝʥʠʝ ʣʦʚʫʰʝʢ ʟʘʨʷʜʦʚ ʥʘ ʛʣʫʙʦʢʦʤ ʫʨʦʚʥʝ ʵʥʝʨʛʠʠ ʚ ʫʩʪʨʦʡʩʪʚʝ, 

ʠʟʛʦʪʦʚʣʝʥʥʦʤ ʥʘ ʦʩʥʦʚʝ ʤʫʣʴʪʠʢʘʪʠʦʥʥʦʛʦ ʧʝʨʦʚʩʢʠʪʘ. 
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ɻʃɸɺɸ II. ʄɽʊʆɼʀʂʀ ʀʉʉʃɽɼʆɺɸʅʀʁ ʀ ʆʇʀʉɸʅʀɽ ʉʊʈʋʂʊʋʈ 

ʋʉʊʈʆʁʉʊɺ 

 

2.1 ʉʣʦʪ-ʤʘʪʨʠʯʳʡ ʧʨʠʥʪʝʨ ʠ ʤʝʪʦʜʠʢʠ ʧʦʣʫʯʝʥʠʷ ʪʦʥʢʠʭ ʧʣʝʥʦʢ ʤʝʪʦʜʦʤ ʩʣʦʪ-

ʤʘʪʨʠʯʥʦʡ ʧʝʯʘʪʠ 

  

 2.1.1 ʉʣʦʪ-ʤʘʪʨʠʯʥʳʡ ʧʨʠʥʪʝʨ ʠ ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʤʝʪʦʜʠʢʝ ʞʠʜʢʦʬʘʟʥʦʛʦ ʥʘʥʝʩʝʥʠʷ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʣʦʝʚ ʇʉʕ ʦʙʦʨʫʜʦʚʘʥʠʷ 

 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʨʦʮʝʩʩʳ ʧʝʯʘʪʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʣʦʝʚ ʇʉʕ ʠʟ ʨʘʩʪʚʦʨʦʚ ʙʳʣʠ 

ʧʨʦʚʝʜʝʥʳ ʥʘ ʩʣʦʪ-ʤʘʪʨʠʯʥʦʤ ʧʨʠʥʪʝʨʝ «Ossila».  ʉʪʨʫʢʪʫʨʘ ʩʣʦʪ-ʤʘʪʨʠʯʥʦʛʦ ʧʨʠʥʪʝʨʘ, 

ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 18, ʚʢʣʶʯʘʝʪ ʯʝʪʳʨʝ ʛʣʘʚʥʳʭ ʧʦʜʩʠʩʪʝʤ:r 

- ʉʠʩʪʝʤʘ ʜʦʟʠʨʦʚʘʥʠʷ: ʤʝʪʦʜ ʢʦʥʪʨʦʣʷ ʨʘʩʭʦʜʘ ʨʘʩʪʚʦʨʘ ʚ ʩʠʩʪʝʤʝ 

- ʉʠʩʪʝʤʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ: ʦʙʝʩʧʝʯʠʚʘʝʪ ʨʘʚʥʦʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʨʘʩʪʚʦʨʘ ʧʦ ʰʠʨʠʥʝ 

ʧʦʢʨʳʪʠʷ. 

- ʉʠʩʪʝʤʘ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʧʝʯʘʪʘʶʱʝʡ ʛʦʣʦʚʢʠ: ʧʦʜʜʝʨʞʠʚʘʝʪ ʧʦʣʦʞʝʥʠʝ ʛʦʣʦʚʢʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʜʣʦʞʢʠ. 

- ʉʠʩʪʝʤʘ ʧʝʨʝʤʝʱʝʥʠʷ ʧʦʜʣʦʞʢʠ: ʦʧʨʝʜʝʣʷʝʪ, ʢʘʢ ʧʦʜʣʦʞʢʘ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʧʝʯʘʪʘʶʱʫʶ 

ʛʦʣʦʚʢʫ. 

 

 

ʈʠʩʫʥʦʢ 18 ï ʉʪʨʫʢʪʫʨʘ ʩʣʦʪ-ʤʘʪʨʠʯʥʦʛʦ ʧʨʠʥʪʝʨʘ  
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ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʚ ʤʝʪʦʜʠʢʝ ʞʠʜʢʦʬʘʟʥʦʛʦ ʥʘʥʝʩʝʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʣʦʝʚ ʇʉʕ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʠʭ ʨʘʙʦʯʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ  ʧʦʢʘʟʘʥ rʚ ʪʘʙʣʠʮʝ 1. 

 

ʊʘʙʣʠʮʘ 1 ï ʅʘʠʤʝʥʦʚʘʥʠʝ ʠ ʨʘʙʦʯʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʙʦʨʫʜʦʚʘʥʠʷ 

ʆʙʦʨʫʜʦʚʘʥʠʝ ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ɿʥʘʯʝʥʠʝ 

ʉʣʦʪ-ʤʘʪʨʠʯʥʳʡ 

ʧʨʠʥʪʝʨ Ossila Slot-die 

printer 

ʅʘʧʨʷʞʝʥʠʝ ʩʝʪʠ 220-230ɺ, 50/60 ɻʮ 

ɻʘʙʘʨʠʪʳ, (ɼʭʐʭɺ) 360 x 280 x 190, ʤʤ 

ɺʝʩ  <10 ʢʛ 

ʉʢʦʨʦʩʪʴ ʧʝʯʘʪʠ 0,1-50 ʤʤ/ʩ 

ʉʢʦʨʦʩʪʴ ʜʦʟʠʨʦʚʘʥʠʷ ʰʧʨʠʮʘ 0.021-1 ʤʢʣ/ʩ (ʜʣʷ 1ʤʢʣ ʰʧʨʠʮʘ) 

ʇʨʦʛʨʘʤʤʳ 10 ʧʨʦʛʨʘʤʤ, 50 ʰʘʛʦʚ 

ʄʘʢʩʠʤʘʣʴʥʘʷ ʜʣʠʥʘ ʧʝʯʘʪʠ 100 ʤʤ 

ʊʝʤʧʝʨʘʪʫʨʘ ʧʣʘʪʬʦʨʤʳ 20-120 ʦʉ 

ʅʘʛʨʝʚʘʪʝʣʴʥʘʷ ʧʣʠʪʢʘ 

MR Hei-Tec 

ʅʘʧʨʷʞʝʥʠʝ ʩʝʪʠ 220-230ɺ, 50/60 ɻʮ 

ʄʦʱʥʦʩʪʴ ʥʘʛʨʝʚʘ 800, ɺʪ 

ʊʝʤʧʝʨʘʪʫʨʘ ʧʣʘʪʬʦʨʤʳ 20-300, °C 

ʊʦʯʥʦʩʪʴ ʧʦʜʜʝʨʞʘʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨʳ ʨʘʙʦʯʝʡ 

ʧʣʘʪʬʦʨʤʳ 

± 5, °C 

ʈʘʟʤʝʨʳ, (ɼʭʐʭɺ) 173Ĭ277Ĭ94, ʤʤ 

ʄʘʩʩʘ, ʢʛ ʆʢʦʣʦ 2,6 

ʋʣʴʪʨʘʟʚʫʢʦʚʘʷ ʚʘʥʥʘ 

9,5 ʣ çʉʘʧʬʠʨè - 95 

ʊʊʎ (ʈʄɼ) 

ʅʘʧʨʷʞʝʥʠʝ ʩʝʪʠ 220-230 ɺ 50/60 ɻʮ 

ʈʘʙʦʯʘʷ ʯʘʩʪʦʪʘ 35 ʢɻʮ 

ʇʦʪʨʝʙʣʷʝʤʘʷ ʤʦʱʥʦʩʪʴ 460, ɺʪ 

ɺʝʩ 8 ʢʛ 

ʆʙʲʝʤ 9,5 ʣ 

ʈʘʟʤʝʨʳ, (ɼʭʐʭɺ) 325 ʭ 265 ʭ 330 ʤʤ 

ʉʠʩʪʝʤʘ ʦʯʠʩʪʢʠ ʚʦʜʳ 

Milli -Q, Millipore 

 

ʅʘʧʨʷʞʝʥʠʝ ʩʝʪʠ 220-230 ɺ, 50/60 ɻʮ 

ʇʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ 50-2000 ʤʣ/ʤʠʥ, ʜʦ 200 ʣ/ʜʝʥʴ 

ɻʘʙʘʨʠʪʥʳʝ ʨʘʟʤʝʨʳ ʤʦʜʫʣʷ 

Milli -Q (ɼʭʐʭɺ) 
360 ʭ 332 ʭ 497 ʤʤ 

ɺʝʩ ʥʝʪʪʦ 14,5 ʢʛ 

ʅʘʧʨʷʞʝʥʠʝ ʩʝʪʠ 220-230ɺ, 50/60 ɻʮ 

ɻʘʙʘʨʠʪʥʳʝ ʨʘʟʤʝʨʳ (ɼʭʐʭɺ) 327×249×330, ʤʤ 

ʋʌ ʦʟʦʥʦʚʳʡ 

ʦʯʠʩʪʠʪʝʣʴ Ossila UV 

Ozone Cleaner 

ʅʘʧʨʷʞʝʥʠʝ ʩʝʪʠ 220-230 ɺ, 50/60 ɻʮ 

ɼʣʠʥʘ ʚʦʣʥʳ ʠʟʣʫʯʝʥʠʷ 185, 254, ʥʤ 

ʇʠʪʘʥʠʝ ʣʘʤʧʳ 4000 ɺ, 30 ʤɸ 

ɻʘʙʘʨʠʪʥʳʝ ʨʘʟʤʝʨʳ (ɼʭʐʭɺ) 204×227×300, ʤʤ 
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2.1.2 ʇʦʜʛʦʪʦʚʢʘ ʧʦʜʣʦʞʝʢ ʠ ʥʘʥʝʩʝʥʠʝ ʪʦʥʢʠʭ ʧʣʝʥʦʢ ʤʝʪʦʜʦʤ ʩʣʦʪ-ʤʘʪʨʠʯʥʘʷ ʧʝʯʘʪʴ 

 

ɼʣʷ ʥʘʥʝʩʝʥʠʷ ʨʘʩʪʚʦʨʘ ʧʨʝʢʫʨʩʦʨʦʚ ʥʘ ʧʦʜʣʦʞʢʫ, ʧʨʦʚʦʜʠʣʘʩʴ ʝʸ ʧʨʝʜʚʘʨʠʪʝʣʴʥʘʷ 

ʦʙʨʘʙʦʪʢʘ. ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʧʨʦʚʦʜʠʣʘʩʴ ʦʪʯʠʩʪʢʘ ʦʪ ʦʨʛʘʥʠʯʝʩʢʠʭ ʟʘʛʨʷʟʥʠʪʝʣʝʡ ʠ ʯʘʩʪʠʮ 

ʧʳʣʠ ʧʫʪʝʤ ʧʨʦʤʳʚʘʥʠʷ ʚ ʢʠʧʷʯʝʥʦʡ ʜʝʠʦʥʠʟʦʚʘʥʥʦʡ ʚʦʜʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʦʚʝʨʭʥʦʩʪʥʦ 

ʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ, ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʦʡ ʚ ʜʝʠʦʥʠʟʦʚʘʥʥʦʡ ʚʦʜʝ, 

ʘʮʝʪʦʥʝ ʠ ʠʟʦʧʨʦʧʠʣʦʚʦʤ ʩʧʠʨʪʝ ʚ ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʚʘʥʥʝ. ʅʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʝʨʝʜ ʧʝʯʘʪʴʶ 

ʧʨʝʢʫʨʩʦʨʦʚ, ʧʦʚʝʨʭʥʦʩʪʴ ʧʦʜʣʦʞʝʢ ʘʢʪʠʚʠʨʦʚʘʣʠʩʴ ʦʟʦʥʦʤ ʧʦʜ ʋʌ ʠʟʣʫʯʝʥʠʝʤ ʩ ʮʝʣʴʶ 

ʧʦʚʳʰʝʥʠʷ ʛʠʜʨʦʬʠʣʴʥʦʩʪʠ. ɿʘʪʝʤ ʩʣʝʜʫʝʪ ʵʪʘʧ ʩʣʦʪ-ʤʘʪʨʠʯʥʦʡ ʧʝʯʘʪʠ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʦʛʦ 

ʪʦʥʢʠʝ ʧʣʝʥʢʠ ʥʝʦʙʭʦʜʠʤʦ ʚʳʩʫʰʠʪʴ ʦʪ ʦʩʪʘʪʢʦʚ ʨʘʩʪʚʦʨʠʪʝʣʷ ʠ/ʠʣʠ ʧʦʤʝʩʪʠʪʴ ʚ ʫʩʣʦʚʠʷ ʜʣʷ 

ʧʨʦʪʝʢʘʥʠʷ ʨʝʘʢʮʠʡ ʧʦ ʬʦʨʤʠʨʦʚʘʥʠʶ ʬʘʟʳ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʩʣʦʷ ʠʟ ʝʛʦ ʧʨʝʢʫʨʩʦʨʘ. 

ɼʝʪʘʣʴʥʳʡ ʧʦʨʷʜʦʢ ʧʦʜʛʦʪʦʚʢʠ ʧʦʜʣʦʞʝʢ ʠ ʧʨʦʮʝʩʩʘ ʧʝʯʘʪʠ ʧʨʠʚʝʜʝʥ ʥʠʞʝ. 

ʇʦʜʣʦʞʢʘ ʦʪʪʠʨʘʝʪʩʷ ʦʪ ʢʨʫʧʥʦʡ ʧʳʣʠ ʩ ʧʦʤʦʱʴʶ ʤʷʛʢʦʡ ʛʫʙʢʠ ʠ ʦʪʯʠʱʘʶʱʝʛʦ ʩʨʝʜʩʪʚʘ. 

ɼʘʣʝʝ ʧʦʜʣʦʞʢʘ ʧʨʦʤʳʚʘʝʪʩʷ ʚ ʛʦʨʷʯʝʡ ʜʝʠʦʥʠʟʦʚʘʥʥʦʡ ʚʦʜʝ ʜʣʷ ʫʜʘʣʝʥʠʷ ʇɸɺ ʠ ʧʳʣʠ. ʄʦʢʨʳʝ 

ʧʦʜʣʦʞʢʠ ʧʝʨʝʜ ʧʦʛʨʫʞʝʥʠʝʤ ʚ ʥʦʚʳʡ ʨʘʩʪʚʦʨʠʪʝʣʴ ʠʣʠ ʘʢʪʠʚʘʮʠʠ ʩʫʰʘʪʩʷ ʚ ʧʦʪʦʢʝ ʚʦʟʜʫʭʘ. 

ʇʦʩʣʝ ʤʳʪʴʷ ʚ ʜʝʠʦʥʠʟʦʚʘʥʥʦʡ ʚʦʜʝ, ʧʦʜʣʦʞʢʠ ʦʢʫʥʘʶʪʩʷ ʚ ʸʤʢʦʩʪʴ ʩ ʘʮʝʪʦʥʦʤ ʠ ʧʦʤʝʱʘʶʪʩʷ 

ʚ ʋɿ ʚʘʥʥʫ ʥʘ 10 ʤʠʥʫʪ. ʆʧʝʨʘʮʠʷ ʚ ʋɿ ʚʘʥʥʝ ʧʦʚʪʦʨʷʝʪʩʷ, ʥʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʟʦʧʨʦʧʠʣʦʚʦʛʦ 

ʩʧʠʨʪʘ ʚʤʝʩʪʦ ʘʮʝʪʦʥʘ. ʇʦʩʣʝ ʯʝʛʦ ʚʳʩʫʰʝʥʥʳʝ ʧʦʜʣʦʞʢʠ ʧʦʤʝʱʘʶʪʩʷ ʦʪ 20 ʜʦ 30 ʤʠʥʫʪ ʧʦʜ 

ʋʌ ʣʘʤʧʫ. 

ʉʣʦʪ-ʤʘʪʨʠʯʥʘʷ ʧʝʯʘʪʴ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦʩʣʝ ʟʘʢʨʝʧʣʝʥʠʷ ʧʦʜʛʦʪʦʚʣʝʥʥʦʡ ʧʦʜʣʦʞʢʠ ʥʘ 

ʩʪʦʣʠʢʝ-ʜʝʨʞʘʪʝʣʝ. ɼʘʣʝʝ ʟʘʜʘʶʪʩʷ ʧʘʨʘʤʝʪʨʳ ʧʝʯʘʪʠ: ʩʢʦʨʦʩʪʴ ʧʝʯʘʪʠ, ʩʢʦʨʦʩʪʴ ʧʦʜʘʯʠ 

ʧʨʝʢʫʨʩʦʨʘ, ʪʝʤʧʝʨʘʪʫʨʘ ʩʪʦʣʠʢʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʷʟʢʦʩʪʠ ʨʘʩʪʚʦʨʘ ʠ ʥʝʦʙʭʦʜʠʤʦʡ ʪʦʣʱʠʥʳ 

ʧʝʯʘʪʥʦʡ ʧʣʝʥʢʠ. ɿʘʟʦʨ ʤʝʞʜʫ ʛʦʣʦʚʢʦʡ ʧʝʯʘʪʠ ʠ ʧʦʜʣʦʞʢʦʡ ʩʦʩʪʘʚʣʷʝʪ ~ 50-70 ʤʢʤ ʜʣʷ ʧʝʯʘʪʠ 

ʚʩʝʭ ʨʘʩʪʚʦʨʦʚ. 

 

2.2 ʄʝʪʦʜ rʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʳ ʠ ʤʦʨʬʦʣʦʛʠʠ ʪʦʥʢʠʭ ʧʣʝʥʦʢ 

 

ʉʢʘʥʠʨʫʶʱʠʡ ʵʣʝʢʪʨʦʥʥʳʡ ʤʠʢʨʦʩʢʦʧ (ʉʕʄ) 

 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʤʦʨʬʦʣʦʛʠʠ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʣʫʯʝʥʥʳʭ ʪʦʥʢʠʭ ʧʝʨʦʚʩʢʠʪʥʳʭ ʧʣʝʥʦʢ ʙʳʣʠ 

ʧʨʦʚʝʜʝʥʳ ʩ ʧʦʤʦʱʴʶ ʩʢʘʥʠʨʫʶʱʝʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ (TESCAN VEGA 3SB, ʏʝʭʠʷ) ʩ 

ʪʝʨʤʦʵʤʠʩʩʠʦʥʥʳʤ ʚʦʣʴʬʨʘʤʦʚʳʤ ʢʘʪʦʜʦʤ ʠ ʫʩʢʦʨʷʶʱʝʤ ʥʘʧʨʷʞʝʥʠʝʤ: ʦʪ 200 ɺ ʜʦ 30 ʢɺ. ɼʣʷ 

ʧʦʣʫʯʝʥʠʷ ʠʟʦʙʨʘʞʝʥʠʷ ʧʣʝʥʦʢ ʦʢʩʠʜʘ ʥʠʢʝʣʷ ʩ ʚʳʩʦʢʠʤ ʨʘʟʨʝʰʝʥʠʝʤ ʠʩʧʦʣʴʟʦʚʘʣʩʷ 

ʩʢʘʥʠʨʫʶʱʠʡ ʵʣʝʢʪʨʦʥʥʳʡ ʤʠʢʨʦʩʢʦʧ (JSM-7600F ʩ ʧʦʣʝʚʦʡ ʵʤʠʩʩʠʝʡ ʪʠʧʘ ʐʦʪʪʢʠ) ʩ 
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ʜʠʘʧʘʟʦʥʦʤ ʫʚʝʣʠʯʝʥʠʝʤ ʦʪ 25x ʜʦ ʭ1000kx. ʊʦʥʢʠʝ ʧʣʝʥʢʠ ʜʣʷ ʩʢʘʥʠʨʫʶʱʝʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ 

ʤʠʢʨʦʩʢʦʧʘ ʙʳʣʠ ʥʘʥʝʩʝʥʳ ʠʟ ʨʘʩʪʚʦʨʦʚ ʥʘ ʩʪʝʢʣʝ ʩ ʧʨʦʚʦʜʷʱʠʤ ʧʦʢʨʳʪʠʝʤ ʦʢʩʠʜʘ ʠʥʜʠʷ-ʦʣʦʚʘ 

ʩ ʨʘʟʤʝʨʦʤ 10×10 ʤʤ2. 

 

ʈʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ (XRD) 

 

ɼʠʬʨʘʢʪʦʛʨʘʤʤʳ ʪʦʥʢʠʭ ʧʣʝʥʦʢ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʥʘ ʨʝʥʪʛʝʥʦʚʩʢʦʤ ʜʠʬʨʘʢʪʦʤʝʪʨʝ 

BRUKER D8 DISCOVER ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʩʪʦʯʥʠʢʘ ʉuK1 1.5406 ʥʤ. 

 

ʄʝʪʦʜʠʢʘ ʠʟʤʝʨʝʥʠʷ ʪʦʣʱʠʥʘ ʪʦʥʢʠʭ ʧʣʝʥʦʢ 

 

ʀʟʤʝʨʝʥʠʝ ʪʦʣʱʠʥʳ ʧʣʝʥʦʢ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʧʨʦʬʠʣʦʤʝʪʨʝ çAlpha-Step IQè (ʨʠʩʫʥʦʢ 19) 

ʩʦ ʩʢʦʨʦʩʪʴʶ ʩʢʘʥʠʨʦʚʘʥʠʷ ʦʪ 2 ʜʦ 20 ʤʢʤ/ʩ ʠ ʪʦʯʥʦʩʪʴʶ ʜʦ Ñ 0,1 % ʦʪ ʥʦʤʠʥʘʣʴʥʦʡ ʚʝʣʠʯʠʥʳ. 

ʊʦʥʢʠʝ ʧʣʝʥʢʠ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʪʦʣʱʠʥʳ ʙʳʣʠ ʥʘʥʝʩʝʥʳ ʥʘ ʢʨʝʤʥʠʝʚʦʡ ʧʦʜʣʦʞʢʝ. 

 

 

ʈʠʩʫʥʦʢ 19 ï ʋʩʪʘʥʦʚʢʘ ʧʨʦʬʠʣʦʤʝʪʨʘ çAlpha-Step IQ» 

 

ɸʪʦʤʥʦ-ʩʠʣʦʚʦʡ ʤʠʢʨʦʩʢʦʧ (ɸʉʄ) 

   

ʀʩʩʣʝʜʦʚʘʥʠʝ ʤʦʨʬʦʣʦʛʠʠ ʠ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʪʦʥʢʠʭ ʧʣʝʥʦʢ PCBM ʠ BCP ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ 

ʥʘ ʘʪʦʤʥʦ-ʩʠʣʦʚʦʤ ʤʠʢʨʦʩʢʦʧʝ AIST-NT SmartSPM-1000 (ʉʐɸ). ʈʘʟʤʝʨʳ ʦʙʣʘʩʪʝʡ 

ʩʢʘʥʠʨʦʚʘʥʠʷ ʧʝʯʘʪʥʳʭ ʧʣʝʥʦʢ ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʩʦʩʪʘʚʣʷʶʪ 5×5 ʤʢʤ2. 
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2.3 ʀʩʩʣʝʜʦʚʘʥʠʝ ʦʧʪʦʵʣʝʢʪʨʦʥʥʳʭ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʦʚ 

 

ʉʧʝʢʪʨʳ ʦʧʪʠʯʝʩʢʦʛʦ ʧʦʛʣʦʱʝʥʠʷ ʠ ʧʨʦʧʫʩʢʘʥʠʷ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʥʘ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʝ 

Shimadzu UV-3101PC (ʜʠʘʧʘʟʦʥ ʜʣʠʥ ʚʦʣʥ ʠʟʤʝʨʝʥʠʷ ʦʪ 190 ʜʦ 3200 ʥʤ) ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ. ʇʦʣʫʯʝʥʠʝ ʩʧʝʢʪʨʦʚ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʩʧʝʢʪʨʦʬʣʫʦʨʠʤʝʪʨʝ 

Cary Eclipse ʩ ʜʣʠʥʥʦʡ ʚʦʣʥʳ ʚʦʟʙʫʞʜʝʥʠʷ 550 ʥʤ. 

ʂʦʵʬʬʠʮʠʝʥʪ ʧʦʛʣʦʱʝʥʠʷ ʤʦʞʝʪ ʙʳʪʴ ʚʳʯʠʩʣʝʥ ʧʦ ʬʦʨʤʫʣʝ 9: 

 

ɻ !Ⱦüʖ üʖ % Ⱦ ,    (9) 

ʛʜʝ ɸ ï ʧʦʩʪʦʷʥʥʘʷ 

ü ï ʧʦʩʪʦʷʥʥʘʷ ʇʣʘʥʢʘ 

ʯʘʩʪʦʪʘ ʬʦʪʦʥʘ - ‫ 

Eg ï ʐʠʨʠʥʘ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ ʤʘʪʝʨʠʘʣʘ 

 

ʆʪʩʶʜʘ, ʩʣʝʜʫʝʪ 

ɻϽüʖ ! üʖ %     (10) 

 

 

ʈʠʩʫʥʦʢ 20 ï ʉʧʝʢʪʨ ʧʦʛʣʦʱʝʥʠʷ ʧʝʨʦʚʩʢʠʪʘ MAPbI3 

 

ʀʟ ʩʧʝʢʪʨʦʚ ʧʦʛʣʦʱʝʥʠʷ ʤʘʪʝʨʠʘʣʦʚ ʤʦʞʥʦ ʧʦʩʪʨʦʠʪʴ ʛʨʘʬʠʢʠ ʟʘʚʠʩʠʤʦʩʪʠ ʟʥʘʯʝʥʠʷ 

(Ŭhɜ)2 ʦʪ ʵʥʝʨʛʠʠ ʥʘʧʘʜʘʶʱʝʛʦ ʬʦʪʦʥʘ (hɜ) (ʛʨʘʬʠʢ tauc-plot). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʩʪʦʷʥʥʦʝ ɸ 

ʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ ʠʟ ʥʘʢʣʦʥʘ ʢʨʠʚʦʡ ʩʧʝʢʪʨʘ, ʘ ʰʠʨʠʥʫ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ ï ʪʦʯʢʘ ʧʝʨʝʩʝʯʝʥʠʷ 

ʢʘʩʘʪʝʣʴʥʦʡ ʢ ʵʪʦʡ ʢʨʠʚʦʡ ʠ ʦʩʠ ʘʙʩʮʠʩʩ ʚ ʝʜʠʥʠʮʘʭ ʜʣʠʥʳ ʚʦʣʥʳ (ʜʣʷ ʛʨʘʬʠʢʘ ʧʦʛʣʦʱʝʥʠʷ) ʠ ʚ 
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ʵɺ (ʜʣʷ ʛʨʘʬʠʢʘ tauc plot) ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʘʭ 20-21. ɼʣʷ ʧʝʨʦʚʩʢʠʪʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ 

ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ, ʰʠʨʠʥʘ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ ʥʘʭʦʜʠʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 1,5 ʜʦ 1,7 ʵɺ. 

 

 

ʈʠʩʫʥʦʢ 21 ï ʉʧʝʢʪʨ çtauc-plotè ʧʝʨʦʚʩʢʠʪʘ MAPbI3 

 

ɸʥʘʣʠʟ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠ ʧʦʣʦʞʝʥʠʷ ʧʠʢʘ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ ʤʦʞʝʪ ʢʦʨʨʝʣʠʨʦʚʘʪʴ ʩ 

ʚʝʣʠʯʠʥʦʡ ʬʦʪʦʪʦʢʘ ʚ ʨʘʙʦʯʝʛʦ ʇʉʕ, ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʠʟ ʠʩʩʣʝʜʫʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ. ɸ ʪʘʢ ʞʝ 

ʫʢʘʟʘʪʴ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʙʦʨʘ ʟʘʨʷʜʦʚ ʪʨʘʥʩʧʦʨʪʥʳʤʠ ʩʣʦʷʤʠ ʚ ʇʉʕ ʧʦ çʛʘʰʝʥʠʶè ʧʠʢʘ 

ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ.  

 

2.4 ʄʝʪʦʜʠʢʠ ʠʟʛʦʪʦʚʣʝʥʠʷ ʧʝʨʦʚʩʢʠʪʥʦʛʦ ʩʦʣʥʝʯʥʦʛʦ ʵʣʝʤʝʥʪʘ ʠ ʤʦʜʫʣʷ (ʇʉʄ) ʩ 

ʜʚʫʤʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʩʦʝʜʠʥʝʥʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ 

  

ʅʘ ʨʠʩʫʥʢʝ 22 ʧʨʦʠʣʣʶʩʪʨʠʨʦʚʘʥʳ ʵʪʘʧʳ ʠʟʛʦʪʦʚʣʝʥʠʷ ʦʜʠʥʦʯʥʦʛʦ ʇʉʕ ʩ ʘʢʪʠʚʥʳʤʠ 

ʧʣʦʱʘʜʷʤʠ 0,14 ʩʤ2 (ʘ) ʠ 1 ʩʤ2 (ʙ). ʅʘ ʩʪʝʢʣʷʥʥʦʡ ʧʦʜʣʦʞʢʝ ʨʘʟʤʝʨʦʤ 25ʭ25 ʩʤ2 ʙʳʣʦ ʪʨʘʚʣʝʥʠʝ 

ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʦʡ ʧʦʢʨʳʪʠʷ ITO ʪʘʢ, ʯʪʦʙʳ ʧʦʣʫʯʠʣʠʩʴ ʧʦʣʦʩʳ ʨʘʟʤʝʨʦʤ 0,466 ʠ 1,5 ʩʤ. ʇʦʩʣʝ 

ʧʦʢʨʳʪʠʷ ʥʫʞʥʦʡ ʦʙʣʘʩʪʠ ITO ʠʟʦʣʝʥʪʦʡ, ʧʦʜʣʦʞʢʠ ʙʳʣʠ ʦʢʫʥʫʪʳ ʚ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʝ ʚ ʪʝʯʝʥʠʝ 

15 ʤʠʥ. ʇʨʠ ʵʪʦʤ ʥʝ ʥʫʞʥʳʝ ITO ʙʳʣʠ ʫʜʘʣʝʥʳ. ɿʘʪʝʤ, ʙʳʣʠ ʥʘʥʝʩʝʥʳ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʩʣʦʠ 

ʇʉʕ, ʚʢʣʶʯʘʶʱʠʝ ʪʨʘʥʩʧʦʨʪʥʳʝ, ʬʦʪʦʘʢʪʠʚʥʳʡ ʠ ʙʣʦʢʠʨʫʶʱʠʡ ʩʣʦʠ. ɼʣʷ ʩʦʚʝʨʰʝʥʠʷ 

ʧʨʦʮʝʩʩʘ ʠʟʛʦʪʦʚʣʝʥʠʷ ʇʉʕ, ʤʝʪʘʣʣʠʯʝʩʢʠʡ ʢʦʥʪʘʢʪ ʙʳʣ ʪʝʨʤʠʯʝʩʢʠ ʥʘʧʳʣʝʥ ʯʝʨʝʟ ʤʘʩʢʫ 

ʰʠʨʠʥʦʡ 0,3 ʠ 0,67 ʩʤ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 22. ɸʢʪʠʚʥʘʷ ʧʣʦʱʘʜʴ ʫʩʪʨʦʡʩʪʚ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ 

ʨʘʚʥʦʡ ʧʣʦʱʘʜʠ ʦʙʣʘʩʪʠ ʧʝʨʝʩʝʯʝʥʠʷ ʧʦʣʦʩʳ ITO ʠ ʚʝʨʭʥʝʛʦ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʢʦʥʪʘʢʪʘ, ʪ. ʝ., ʚ 

ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʙʳʣʠ ʠʟʛʦʪʦʚʣʝʥʳ ʦʙʨʘʟʮʳ 0,14 ʩʤ2 ʠ 1 ʩʤ2. 
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ʈʠʩʫʥʦʢ 22 ï ʕʪʘʧʳ ʧʨʦʮʝʩʩʘ ʠʟʛʦʪʦʚʣʝʥʠʷ 0,14 ʩʤ2 ʦʙʨʘʟʮʦʚ (ʘ) ʠ 1 ʩʤ2 (ʙ) 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʤʦʜʫʣʠ ʦʙʳʯʥʦ ʧʨʦʠʟʚʦʜʷʪʩʷ ʧʫʪʝʤ ʩʙʦʨʢʠ 

ʥʝʩʢʦʣʴʢʠʭ ʥʝʙʦʣʴʰʠʭ ʧʦʜʵʣʝʤʝʥʪʦʚ, ʯʪʦʙʳ ʠʟʙʝʞʘʪʴ ʨʝʟʠʩʪʠʚʥʳʭ ʧʦʪʝʨʴ, ʩʚʷʟʘʥʥʳʭ ʩ ʚʳʩʦʢʠʤ 

ʪʦʢʦʤ, ʛʝʥʝʨʠʨʫʝʤʳʤ ʠʟ-ʟʘ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʦʡ ʧʣʦʱʘʜʠ ʬʦʪʦʘʢʪʠʚʥʳʭ ʧʣʝʥʦʢ. ʅʘʠʙʦʣʝʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʧʦʜʭʦʜʦʤ ʢ ʧʨʦʠʟʚʦʜʩʪʚʫ ʪʦʥʢʦʧʣʝʥʦʯʥʳʭ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʦʜʫʣʝʡ 

ʷʚʣʷʝʪʩʷ ʠʟʛʦʪʦʚʣʝʥʠʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʩʦʝʜʠʥʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ [21,120,121]. 

ʇʨʦʠʟʚʦʜʩʪʚʝʥʥʳʡ ʧʨʦʮʝʩʩ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʩʦʝʜʠʥʝʥʥʳʭ ʤʦʜʫʣʝʡ, ʩʦʚʝʨʰʝʥʥʳʭ ʥʝʩʢʦʣʴʢʠʤʠ 

ʵʪʘʧʘʤʠ ʩʢʨʘʡʙʠʨʦʚʘʥʠʷ, ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 23. 

ʕʪʘʧ ʩʢʨʘʡʙʠʨʦʚʘʥʠʷ P1 ʧʨʦʚʦʜʠʪʩʷ ʥʘ ʥʠʞʥʝʤ ʵʣʝʢʪʨʦʜʝ ʧʦʜʣʦʞʢʠ ʧʝʨʝʜ ʥʘʥʝʩʝʥʠʝʤ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʣʦʝʚ ʇʉʕ. ɼʣʷ ʫʩʪʨʦʡʩʪʚ ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʚ ʢʘʯʝʩʪʚʝ ʥʠʞʥʝʛʦ ʵʣʝʢʪʨʦʜʘ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʦʟʨʘʯʥʳʡ ʧʨʦʚʦʜʷʱʠʡ ʦʢʩʠʜ ʦʣʦʚʘ, ʣʝʛʠʨʦʚʘʥʥʳʡ ʠʥʜʠʝʤ (ITO). ɺ ʧʨʦʮʝʩʩʝ 

ʩʢʨʘʡʙʠʨʦʚʘʥʠʷ P1 ʧʦʣʦʩʢʠ ʤʘʪʝʨʠʘʣʘ ʵʣʝʢʪʨʦʜʘ ʫʜʘʣʷʝʪʩʷ, ʯʪʦʙʳ ʨʘʟʜʝʣʠʪʴ ʩʧʣʦʰʥʫʶ 

ʧʦʚʝʨʭʥʦʩʪʴ ʥʘ ʥʝʩʢʦʣʴʢʦ ʥʝʩʦʝʜʠʥʝʥʥʳʭ ʧʦʜʵʣʝʤʝʥʪʦʚ ʥʘ ʦʜʥʦʡ ʧʦʜʣʦʞʢʝ. ʕʪʘʧ 

ʩʢʨʘʡʙʠʨʦʚʘʥʠʷ P2 ʧʨʦʚʦʜʠʪʩʷ ʧʦʩʣʝ ʥʘʥʝʩʝʥʠʷ ʚʩʝʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʣʦʝʚ ʫʩʪʨʦʡʩʪʚ ʠ ʧʝʨʝʜ 

ʧʦʢʨʳʪʠʝʤ ʚʝʨʭʥʝʛʦ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʵʣʝʢʪʨʦʜʘ. ɺ ʵʪʦʤ ʧʨʦʮʝʩʩʝ ʫʜʘʣʷʪʁʩ ̫ ʧʦʣʦʩʢʠ 

ʪʨʘʥʩʧʦʨʪʥʳʭ, ʧʝʨʦʚʩʢʠʪʥʦʛʦ ʬʦʪʦʘʢʪʠʚʥʦʛʦ ʠ ʜʳʨʦʯʥʦ-ʙʣʦʢʠʨʫʶʱʝʛʦ ʩʣʦʝʚ, ʧʨʠ ʵʪʦʤ ʥʝ 

ʫʜʘʣʷʝʪʩʷ ʥʠʞʥʠʡ ʵʣʝʢʪʨʦʜ. ɼʣʷ ʩʦʟʜʘʥʠʷ ʨʝʟʘ ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʫʩʪʘʥʦʚʢʘ 

Silhouette CURIO (SILH-CURIO-5T) (ʨʠʩʫʥʦʢ 24). ɼʘʥʥʘʷ ʫʩʪʘʥʦʚʢʘ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʨʝʟʢʠ 

ʤʘʪʝʨʠʘʣʦʚ ʪʘʢʠʭ, ʢʘʢ ʙʫʤʘʛʘ, ʧʣʘʩʪʠʢ, ʜʝʨʝʚʦ ʠ ʪʦʥʢʘʷ ʬʦʣʴʛʘ. ʋʧʨʘʚʣʝʥʠʝ ʰʠʨʠʥʳ ʠ ʛʣʫʙʠʥʳ 



52 

 

ʨʝʟʘ ʩ ʧʦʤʦʱʴʶ ʛʨʘʬʠʯʝʩʢʦʡ ʧʨʦʛʨʘʤʤʳ, ʛʜʝ ʤʦʞʥʦ ʟʘʜʘʪʴ ʬʠʛʫʨʫ ʨʝʟʘ, ʩʢʦʨʦʩʪʴ ʧʨʦʭʦʜʘ ʣʝʟʚʠʷ, 

ʩʠʣʘ ʥʘʞʘʪʠʷ ʣʝʟʚʠʷ ʠ ʢʦʣʠʯʝʩʪʚʦ ʧʨʦʭʦʜʦʚ. 

 

 

ʈʠʩʫʥʦʢ 23 ï ʕʪʘʧʳ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʝʨʦʚʩʢʠʪʥʦʛʦ ʩʦʣʥʝʯʥʦʛʦ ʤʦʜʫʣʷ 

 

 

ʈʠʩʫʥʦʢ 24 ï ʈʝʞʫʱʠʡ ʧʣʦʪʪʝʨ Silhouette CURIO 
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ʇʦʩʣʝʜʫʶʱʝʝ ʥʘʧʳʣʝʥʠʝ ʚʝʨʭʥʝʛʦ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʵʣʝʢʪʨʦʜʘ ʧʦʢʨʳʚʘʝʪ ʚʝʨʭʥʶʶ ʯʘʩʪʴ 

ʇʉʕ ʠ ʟʘʧʦʣʥʷʝʪ ʢʘʥʘʣʳ, ʦʙʨʘʟʦʚʘʥʳ ʚ ʈ2. ʕʪʦʪ ʤʝʪʘʣʣʠʯʝʩʢʠʡ ʢʦʥʪʘʢʪ ʩʦʝʜʠʥʷʝʪ ʚʝʨʭʥʠʡ 

ʵʣʝʢʪʨʦʜ ʧʝʨʚʦʛʦ ʧʦʜɻʣʝʤʝʥʪʘ ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ P1 ʠ ʥʠʞʥʠʡ ʵʣʝʢʪʨʦʜ ʚʪʦʨʦʛʦ ʧʦʜʵʣʝʤʝʥʪʘ ʩ 

ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ P1, ʦʙʨʘʟʫʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʤʝʞʜʫ ʜʚʫʤʷ ʩʦʩʝʜʥʠʤʠ 

ʧʦʜʵʣʝʤʝʥʪʘʤʠ. ɺ ʧʦʩʣʝʜʥʠʡ ʵʪʘʧ P3 ʧʨʦʚʦʜʠʪʩʷ ʧʦʩʣʝ ʥʘʧʳʣʝʥʠʷ ʚʝʨʭʥʝʛʦ ʵʣʝʢʪʨʦʜʘ; ʵʪʦʪ ʵʪʘʧ 

ʠʟʦʣʠʨʫʝʪ ʚʝʨʭʥʠʡ ʵʣʝʢʪʨʦʜ ʤʝʞʜʫ ʜʚʫʤʷ ʩʦʩʝʜʥʠʤʠ ʧʦʜʵʣʝʤʝʥʪʘʤʠ ʜʣʷ ʟʘʚʝʨʰʝʥʠʷ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. ʀʟʦʙʨʘʞʝʥʠʝ ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʫʩʪʨʦʡʩʪʚ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ  

ʨʠʩʫʥʢʝ 25. 

 

 

ʈʠʩʫʥʦʢ 25 ï ʀʟʦʙʨʘʞʝʥʠʝ ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʧʝʨʦʚʩʢʠʪʥʳʭ ʫʩʪʨʦʡʩʪʚ ʩ ʘʢʪʠʚʥʦʡ ʧʣʦʱʘʜʴʶ:  

ʘ) 0,14 ʩʤ2; ʙ) 1ʩʤ2; ʚ) ʤʦʜʫʣʴ 2,09 ʩʤ2  

 

2.5 ʄʝʪʦʜʠʢʠ ʠʟʤʝʨʝʥʠʡ ʚʳʭʦʜʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʇʉʕ 

  

2.5.1 ʀʟʤʝʨʝʥʠʝ ʧʨʠʙʦʨʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʝʨʦʚʩʢʠʪʥʳʭ ʩʦʣʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ 

 

 ɺʳʭʦʜʥʳʝ ʚʦʣʴʪʘʤʧʝʨʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (ɺɸʍ) ʧʝʨʦʚʩʢʠʪʥʳʭ ʩʦʣʥʝʯʥʳʭ ʫʩʪʨʦʡʩʪʚ 

ʙʳʣʠ ʠʟʤʝʨʝʥʳ ʧʨʠ ʠʟʣʫʯʝʥʠʠ ʩʧʝʢʪʨʘ 1.5 ɸʄ G ʩ ʧʦʤʦʱʴʶ ʩʠʤʫʣʷʪʦʨʘ ʩʦʣʥʝʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ 

Abet Technologies Model 11016A Sun 3000 (ʉʐɸ) (ʨʠʩʫʥʦʢ 26) ʠ ʧʨʝʮʠʟʠʦʥʥʦʛʦ ʤʫʣʴʪʠʤʝʪʨʘ 

Keithley 2401 ʠ Xtralien (Ossila, ɺʝʣʠʢʦʙʨʠʪʘʥʠʷ). ɼʠʘʧʘʟʦʥ ʠʟʤʝʨʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ, ʧʦʜʘʚʘʝʤʦʛʦ 

ʥʘ ʬʦʪʦʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ, ʦʪ 0 ɺ ʜʦ 1,1-2,2 ɺ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʦʚ ʫʩʪʨʦʡʩʪʚ. ɺʢʣʘʜ 

ʧʦʛʨʝʰʥʦʩʪʝʡ ʠʟʤʝʨʝʥʠʡ, ʩʚʷʟʘʥʥʳʡ ʩ ʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʠʟʤʝʨʝʥʠʷʤʠ ʠʩʪʦʯʥʠʢʦʚ Keithley ʠ 

Xtralien, ʥʝʟʥʘʯʠʪʝʣʝʥ (<< 1 %). 
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ʈʠʩʫʥʦʢ 26 ï ʉʠʤʫʣʷʪʦʨ ʩʦʣʥʝʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ Abet Technologies Model 11016A Sun3000 

 

2.5.2 ʀʟʤʝʨʝʥʠʝ ʩʪʘʙʠʣʠʟʘʮʠʠ ʚʳʭʦʜʥʦʡ ʤʦʱʥʦʩʪʠ 

 

ʀʟʤʝʨʝʥʠʝ ʩʪʘʙʠʣʠʟʘʮʠʠ ʚʳʭʦʜʥʦʡ ʤʦʱʥʦʩʪʠ ʫʩʪʨʦʡʩʪʚ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʤʝʪʦʜʦʤ 

ʦʪʩʣʝʞʠʚʘʥʠʷ ʪʦʯʢʠ ʤʘʢʩʠʤʘʣʴʥʦʡ ʤʦʱʥʦʩʪʠ (MPPT). ɺ ʵʪʦʤ ʤʝʪʦʜʝ ʠʟʤʝʨʝʥʥʳʡ ʦʙʨʘʟʝʮ ʙʳʣ 

ʧʦʤʝʱʝʥ ʧʦʜ ʩʦʣʥʝʯʥʳʤ ʩʠʤʫʣʷʪʦʨʦʤ Abet Technologies Model 11016A Sun 3000 ʚ ʩʪʘʥʜʘʨʪʥʦʤ 

ʫʩʣʦʚʠʠ 1.5 ɸʄ G ʠ ʥʘʙʣʶʜʘʣʩʷ ʤʫʣʴʪʠʤʝʪʨʦʤ Keithley 2401. ʅʘ ʧʝʨʚʦʤ ʰʘʛʝ ʤʘʢʩʠʤʘʣʴʥʘʷ 

ʤʦʱʥʦʩʪʴ ʇʉʕ ʙʳʣʘ ʦʧʨʝʜʝʣʝʥʘ ʧʫʪʝʤ ʫʚʝʣʠʯʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ʠʣʠ ʚʦʟʨʘʩʪʘʥʠʷ ʧʨʦʚʦʜʠʤʦʩʪʠ 

ʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʵʪʠʤ ʧʨʦʮʝʩʩʦʤ ʠʟʤʝʨʷʣʘʩʴ ʤʦʱʥʦʩʪʴ ʦʙʨʘʟʮʦʚ. ʇʦʩʢʦʣʴʢʫ ʤʦʱʥʦʩʪʴ 

ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ P = U.I, ʘ ʚʦʣʴʪʘʤʧʝʨʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʇʉʕ ʠʤʝʝʪ ʚʠʜ, ʧʦʢʘʟʘʥʥʳʡ 

ʥʘ ʨʠʩʫʥʢʝ 2, ʛʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʚʳʭʦʜʥʦʡ ʤʦʱʥʦʩʪʠ ʫʩʪʨʦʡʩʪʚʘ ʦʪ ʥʘʧʨʷʞʝʥʠʷ ʚʳʛʣʷʜʠʪ, ʢʘʢ 

ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 27. 

 

 

ʈʠʩʫʥʦʢ 27 ï ɿʘʚʠʩʠʤʦʩʪʴ ʚʳʭʦʜʥʦʡ ʤʦʱʥʦʩʪʠ ʫʩʪʨʦʡʩʪʚʘ ʦʪ ʥʘʧʨʷʞʝʥʠʷ ʩʦʣʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ 
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ʇʦʩʣʝ ʪʦʛʦ, ʢʘʢ ʥʘʧʨʷʞʝʥʠʝ ʚ ʪʦʯʢʝ ʤʘʢʩʠʤʘʣʴʥʦʡ ʤʦʱʥʦʩʪʠ ʙʫʜʝʪ ʦʧʨʝʜʝʣʝʥʘ, ʧʨʦʮʝʩʩ 

ʦʪʩʣʝʞʠʚʘʥʠʷ ʪʦʯʢʠ ʤʘʢʩʠʤʘʣʴʥʦʡ ʤʦʱʥʦʩʪʠ ʙʫʜʝʪ ʟʘʧʫʰʝʥ ʧʫʪʝʤ ʬʠʢʩʠʨʦʚʘʥʠʷ ʵʪʦʛʦ 

ʟʥʘʯʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ʠ ʟʘʧʠʩʠ ʪʦʢʘ ʠ ʤʦʱʥʦʩʪʠ ʫʩʪʨʦʡʩʪʚ ʯʝʨʝʟ ʨʘʚʥʳʡ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ (ʚ 

ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʨʦʤʝʞʫʪʦʢ ʟʘʬʠʢʩʠʨʦʚʘʥ ʨʘʚʥʳʤ 1 ʩ). 

 

2.5.3  ʀʟʤʝʨʝʥʠʝ ʧʝʨʝʭʦʜʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʛʣʫʙʦʢʦʛʦ ʫʨʦʚʥʷ (DLTS) ʠ ʦʧʪʠʯʝʩʢʦʡ 

DLTS (ODLTS) 

 

ʕʣʝʢʪʨʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʙʳʣʠ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʧʨʦʬʠʣʠʨʦʚʘʥʠʝʤ ʝʤʢʦʩʪʠ-ʥʘʧʨʷʞʝʥʠʷ 

(C-V), ʩʧʝʢʪʨʦʩʢʦʧʠʝʡ ʘʜʤʠʪʪʘʥʩʘ [122], ʥʝʩʪʘʮʠʦʥʘʨʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʝʡ ʛʣʫʙʦʢʠʭ ʫʨʦʚʥʝʡ ʩ 

ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʚʦʟʙʫʞʜʝʥʠʝʤ (DLTS) ʠ ʦʧʪʠʯʝʩʢʠʤ ʚʦʟʙʫʞʜʝʥʠʝʤ (ODLTS) [123]. ʕʪʠ 

ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 77ï400 ʂ ʚ ʛʘʟʦʚʦʤ ʢʨʠʦʩʪʘʪʝ CF-4 (Oxford 

Instruments). ʊʝʤʧʝʨʘʪʫʨʘ ʚʦ ʚʨʝʤʷ ʠʟʤʝʨʝʥʠʡ ʧʦʜʜʝʨʞʠʚʘʣʘʩʴ ʩ ʪʦʯʥʦʩʪʴʶ ʦʢʦʣʦ 0,1 ʂ, ʩʢʦʨʦʩʪʴ 

ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦ ʚʨʝʤʷ ʠʟʤʝʨʝʥʠʷ ʩʧʝʢʪʨʦʚ ʙʳʣʘ ʙʣʠʟʢʘ ʢ 1 ʂ/ʤʠʥ. ʀʟʤʝʨʝʥʠʷ C-V ʠ 

ʩʧʝʢʪʨʳ ʘʜʤʠʪʪʘʥʩʘ ʚʳʧʦʣʥʷʣʠʩʴ ʩ ʧʦʤʦʱʴʶ ʠʟʤʝʨʠʪʝʣʷ LCR E4980A (KeySight Technologies, 

ʉʐɸ, ʜʠʘʧʘʟʦʥ ʯʘʩʪʦʪ 20 ɻʮ - 1 ʄɻʮ), ʪʦʪ ʞʝ ʠʟʤʝʨʠʪʝʣʴ LCR ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʜʣʷ ʠʟʤʝʨʝʥʠʡ 

ʩʧʝʢʪʨʦʚ DLTS/ODLTS. ɼʣʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʝʤʢʦʩʪʝʡ ʚ ʛʣʫʙʠʥʫ ʠ ʧʨʦʠʟʚʦʜʥʳʭ 1/C2 ʚ 

ʢʦʥʮʝʥʪʨʘʮʠʶ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʧʝʨʦʚʩʢʠʪʘ ʙʳʣʘ ʧʨʠʥʷʪʘ ʨʘʚʥʦʡ 

40 ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʤʠ ʚ ʨʘʙʦʪʝ [124]. ʀʟʤʝʨʝʥʠʷ C-V ʧʨʦʚʦʜʠʣʠʩʴ 

ʥʘ ʯʘʩʪʦʪʝ 100 ʢɻʮ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʝʢʦʤʝʥʜʘʮʠʝʡ, ʧʨʠʚʝʜʝʥʥʦʡ ʚ [125]. 

ɺ DLTS ʧʦʜʘʯʘ ʠʤʧʫʣʴʩʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʦʩʫʱʝʩʪʚʣʷʣʘʩ ɹ ʚʥʝʰʥʠʤ ʛʝʥʝʨʘʪʦʨʦʤ 

ʠʤʧʫʣʴʩʦʚ 33500B (KeySight Technologies, ʉʐɸ), ʚ ODLTS ʠʤʧʫʣʴʩʳ ʦʙʝʩʧʝʯʠʚʘʣʠʩʴ ʥʘʙʦʨʦʤ 

ʤʦʥɦʳʭ ʩʚʝʪʦʠʟʣʫʯʘʶʱʠʭ ʜʠʦʜʦʚ ʩ ʧʠʢʦʚʳʤʠ ʜʣʠʥʘʤʠ ʚʦʣʥ ʦʪ 940 ʜʦ 365 ʥʤ, ʫʧʨʘʚʣʷʝʤʳʤ 

ʠʩʪʦʯʥʠʢʦʤ-ʠʟʤʝʨʠʪʝʣʝʤ ʥʘʧʨʷʞʝʥʠʷ-ʪʦʢʘ B2902A (KeySight Technologies, ʉʐɸ). ɺ ʢʘʞʜʦʡ 

ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʪʦʯʢʝ ʙʳʣ ʧʦʣʫʯʝʥ ʠ ʩʦʭʨʘʥʝʥ ʧʦʣʥʳʡ ʧʝʨʝʭʦʜʥʳʡ ʧʨʦʮʝʩʩ ʝʤʢʦʩʪʠ ʩ ʰʘʛʦʤ ʧʦ 

ʚʨʝʤʝʥʠ ʦʪ 0,1 ʤʩ ʜʦ 1 ʩ ʠ ʢʦʣʠʯʝʩʪʚʦʤ ʪʦʯʝʢ ʥʘ ʢʨʠʚʦʡ, ʪʘʢʠʭ ʢʘʢ ʩʦʚʤʝʩʪʠʤʳʝ ʩ ʧʦʜʜʝʨʞʘʥʠʝʤ 

ʧʦʩʪʦʷʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦ ʚʨʝʤʷ ʠʟʤʝʨʝʥʠʷ. ʐʘʛ ʧʦ ʚʨʝʤʝʥʠ ʩʦʩʪʘʚʣʷʣ 15-500 ʤʩ, ʢʦʣʠʯʝʩʪʚʦ 

ʪʦʯʝʢ ʥʘ ʢʨʠʚʦʡ ʨʝʣʘʢʩʘʮʠʠ ʦʪ 200 ʜʦ 50, ʪʘʢ ʯʪʦ ʠʟʤʝʨʷʝʤʦʝ ʚʨʝʤʷ ʨʝʣʘʢʩʘʮʠʠ ʩʦʩʪʘʚʣʷʣʦ 

ʧʨʠʤʝʨʥʦ 50 ʩʝʢʫʥʜ. ɼʣʠʥʘ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʠʤʧʫʣʴʩʘ ʤʦʛʣʘ ʚʘʨʴʠʨʦʚʘʪʴʩʷ ʦʪ 50 ʤʩ ʜʦ ʜʝʩʷʪʢʦʚ 

ʩʝʢʫʥʜ. ʏʘʩʪʦʪʘ ʠʟʤʝʨʝʥʠʷ ʤʦʛʣʘ ʙʳʪʴ ʚʳʙʨʘʥʘ ʦʪ 1 ʢɻʮ ʜʦ 1 ʄɻʮ, ʯʪʦ ʧʦʟʚʦʣʷʣʦ ʚʦ ʤʥʦʛʠʭ 

ʩʣʫʯʘʷʭ ʢʦʤʧʝʥʩʠʨʦʚʘʪʴ ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʵʬʬʝʢʪʳ ʩʠʣʴʥʦʛʦ ʦʙʤʝʨʟʘʥʠʷ ʝʤʢʦʩʪʠ ʠ ʚʳʩʦʢʦʛʦ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ. ʇʦʜʨʦʙʥʦʝ ʦʧʠʩʘʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʫʩʪʘʥʦʚʦʢ ʤʦʞʥʦ 

ʥʘʡʪʠ ʚ ʠʩʪʦʯʥʠʢʘʭ [123,126]. 

ʀʟ-ʟʘ ʚʤrʦʨʘʞʠʚʘʥʠʷ ʝʤʢʦʩʪʠ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʯʠʩʪʳʭ ʩʧʝʢʪʨʦʚ ʨʝʘʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʩʦʩʪʦʷʥʠʷ ʣʦʚʫʰʢʠ ʩʠʛʥʘʣ ʙʳʣ ʩʢʦʨʨʝʢʪʠʨʦʚʘʥ, ʢʘʢ ʦʧʠʩʘʥʦ ʥʠʞʝ. ɺ ʢʘʞʜʦʡ ʪʝʤʧʝʨʘʪʫʨʥʦʡ 
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ʪʦʯʢʝ ʫʩʪʘʥʦʚʠʚʰʘʷʩʷ ʝʤʢʦʩʪʴ ʠʟʤʝʨʷʣʘʩʴ ʜʦ ʠʤʧʫʣʴʩʘ DLTS ʠ ʧʦʩʣʝ ʠʤʧʫʣʴʩʘ DLTS. ʉʢʦʨʦʩʪʴ 

ʧʦʚʳʰʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʩʦʩʪʘʚʣʷʣʘ ʦʢʦʣʦ 1 ʂ/ʤʠʥ. ʇʦʩʣʝ ʪʦʛʦ, ʢʘʢ ʙʳʣ ʧʦʣʫʯʝʥ ʩʧʝʢʪʨ DLTS, 

ʜʣʷ ʢʘʞʜʦʡ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʪʦʯʢʠ ʙʳʣʘ ʨʘʩʩʯʠʪʘʥʘ ʩʢʦʨʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʝʤʢʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ 

ʚ ʫʩʪʘʥʦʚʠʚʰʝʤʩʷ ʨʝʞʠʤʝ, ʧʨʦʮʝʜʫʨʘ ʚʳʧʦʣʥʷʣʘʩʴ ʜʣʷ ʢʘʞʜʦʛʦ ʥʘʙʦʨʘ ʚʨʝʤʝʥʥʳʭ ʦʢʦʥ, 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʛʝʥʝʨʘʮʠʠ ʧʠʢʦʚ DLTS. 
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ɻʃɸɺɸ III . ʉʃʆʊ-ʄɸʊʈʀʏʅɸʗ ʇɽʏɸʊʔ ʇʃɸʅɸʈʅʓʍ P-I-N 

ʉʆʃʅɽʏʅʓʍ ʕʃɽʄɽʅʊʆɺ ʅɸ ʆʉʅʆɺɽ ʆɼʅʆʂɸʊʀʆʅʅʓʍ ʉʆʉʊɸɺʆɺ 

MAPBI3 

 

ɺ ʜʘʥʥʦʡ ʯʘʩʪʠ ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʘʨʭʠʪʝʢʪʫʨʳ ʩʦʣʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʩ p-i-n ʢʦʥʬʠʛʫʨʘʮʠʝʡ 

ʚ ʧʣʘʥʘʨʥʦʤ ʠʩʧʦʣʥʝʥʠʠ ʥʘ ʩʪʝʢʣʷʥʥʳʭ ʧʦʜʣʦʞʢʘʭ ʩ ʧʨʦʟʨʘʯʥʳʤ ʧʨʦʚʦʜʷʱʝʤ ʵʣʝʢʪʨʦʜʦʤ ITO 

(ʦʢʩʠʜ ʦʣʦʚʘ, ʣʝʛʠʨʦʚʘʥʥʳʡ ʬʪʦʨʦʤ). ʇʨʝʠʤʫʱʝʩʪʚʦʤ p-i-n ʢʦʥʬʠʛʫʨʘʮʠʠ ʷʚʣʷʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝ 

ʵʬʬʝʢʪʘ ʛʠʩʪʝʨʝʟʠʩʘ ʥʘ ɺɸʍ [54,55]. ɺ ʢʘʯʝʩʪʚʝ ʜʳʨʦʯʥʦ-ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʣʦʷ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ 

ʤʘʪʝʨʠʘʣ ʦʢʩʠʜ ʥʠʢʝʣʷ. ʇʨʦʩʪʝʡʰʘʷ ʩʪʨʫʢʪʫʨʘ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʫʩʪʨʦʡʩʪʚ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ 

ʨʠʩʫʥʢʝ 28. 

 

 

ʈʠʩʫʥʦʢ 28 ï ʉʪʨʫʢʪʫʨʘ ʧʝʨʦʚʩʢʠʪʥʦʛʦ ʩʦʣʥʝʯʥʦʛʦ ʵʣʝʤʝʥʪʘ ʩ p-i-n ʘʨʭʠʪʝʢʪʫʨʦʡ 

 

NiOx ʠʤʝʝʪ ʰʠʨʠʥʫ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ ʦʪ -5,0 ʵɺ ʜʦ -5,4 ʵɺ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʭʦʨʦʰʝʤʫ 

ʚʳʨʘʚʥʠʚʘʥʠʶ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʟʦʥ ʩ ʛʘʣʦʛʝʥʠʜʥʳʤʠ ʧʝʨʦʚʩʢʠʪʘʤʠ [127]. ʆʩʥʦʚʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ 

ʫʩʪʨʦʡʩʪʚ ʥʘ ʦʩʥʦʚʝ NiOx ʷʚʣʷʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʦʝ ʟʥʘʯʝʥʠʝ ʥʘʧʨʷʞʝʥʠʷ ʭʦʣʦʩʪʦʛʦ ʭʦʜʘ 

(Voc) ʠʟ-ʟʘ ʚʳʩʦʢʦʡ ʨʝʢʦʤʙʠʥʘʮʠʠ ʥʦʩʠʪʝʣʝʡ ʥʘ ʠʥʪʝʨʬʝʡʩʘʭ. ʊʝʤ ʥʝ ʤʝʥʝʝ, NiOx ʷʚʣʷʝʪʩʷ 

ʥʘʠʙʦʣʝʝ ʤʥʦʛʦʦʙʝʱʘʶʱʠʤ ʥʝʦʨʛʘʥʠʯʝʩʢʠʤ ʜʳʨʦʯʥʦ-ʪʨʘʥʩʧʦʨʪʥʳʤ ʤʘʪʝʨʠʘʣʦʤ ʜʣʷ ʫʩʪʨʦʡʩʪʚ 

ʥʘ ʦʩʥʦʚʝ ʧʝʨʦʚʩʢʠʪʘ, ʜʝʤʦʥʩʪʨʠʨʫʷ ʧʨʝʚʦʩʭʦʜʥʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʴ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʢʫʨʝʥʪʥʳʤʠ ʥʝʦʨʛʘʥʠʯʝʩʢʠʤʠ ʧʦʣʫʧʨʦʚʦʜʥʠʢʘʤʠ p-ʪʠʧʘ [128ï130]. ʇʦ 

ʩʨʘʚʥʝʥʠʶ ʩʦ Spiro-OMeTAD ʠ PTAA ʠ ʜʨʫʛʠʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʜʳʨʦʯʥʦ-ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʣʦʝʚ, NiOx 

ʥʘ ʧʦʨʷʜʦʢ ʜʝʰʝʚʣʝ ʠ ʠʤʝʝʪ ʙʦʣʴʰʠʝ ʧʝʨʩʧʝʢʪʠʚʳ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʩʪʘʙʠʣʴʥʦʩʪʠ ʫʩʪʨʦʡʩʪʚʘ. 



58 

 

ɼʝʛʨʘʜʘʮʠʷ ʩʦʣʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʯʘʩʪʦ ʧʨʦʠʩʭʦʜʠʪ ʠʟ-ʟʘ ʜʠʬʬʫʟʠʠ ʘʪʦʤʦʚ ʧʝʨʦʚʩʢʠʪʘ ʠ 

ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʣʦʝʚ, ʠʣʠ ʧʝʨʦʚʩʢʠʪʘ ʠ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʵʣʝʢʪʨʦʜʦʚ. ʄʦʣʝʢʫʣʷʨʥʳʝ ʠʣʠ 

ʧʦʣʠʤʝʨʥʳʝ ʪʨʘʥʩʧʦʨʪʥʳʝ ʩʣʦʠ ʥʝ ʤʦʛʫʪ ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʧʨʦʮʝʩʩ ʜʠʬʬʫʟʠʠ [131,132]. ɺ 

ʜʦʧʦʣʥʝʥʠʝ, ʣʝʛʠʨʫʶʱʠʝ ʧʨʠʤʝʩʠ, ʪʘʢʠʝ ʢʘʢ LiTFSI ʠ ʪʨʝʪ-ʙʫʪʠʣʧʠʨʠʜʠʥ, ʤʦʛʫʪ 

ʜʠʬʬʫʥʜʠʨʦʚʘʪʴ ʠ ʚʩʪʫʧʘʪʴ ʚ ʨʝʘʢʮʠʶ ʩ ʧʝʨʦʚʩʢʠʪʦʤ ʠ ʩʣʦʷʤʠ [133,134], ʝʱʝ ʙʦʣʴʰʝ ʫʭʫʜʰʘʷ 

ʨʘʙʦʯʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʫʩʪʨʦʡʩʪʚʘ. ʇʣʘʥʘʨʥʳʡ ʩʣʦʡ NiOx ʠʟʦʣʠʨʫʝʪ ʧʝʨʦʚʩʢʠʪʥʫʶ ʧʣʝʥʢʫ ʦʪ 

ʧʨʦʟʨʘʯʥʦʛʦ ʵʣʝʢʪʨʦʜʘ, ʪʝʤ ʩʘʤʳʤ ʩʦʭʨʘʥʷʷ ʩʪʨʫʢʪʫʨʥʫʶ ʮʝʣʦʩʪʥʦʩʪʴ ʫʩʪʨʦʡʩʪʚʘ. ʂʘʢ ʧʦʢʘʟʘʥʦ 

ʚ ʨʘʙʦʪʝ [127], ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʦʙʘʚʢʠ ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʳ ʚ ʨʘʩʪʚʦʨʝ ʭʣʦʨʠʜʘ ʥʠʢʝʣʷ ʩʥʠʞʘʝʪ 

ʪʝʤʧʝʨʘʪʫʨʫ ʦʪʞʠʛʘ ʠ ʧʦʟʚʦʣʷʝʪ ʧʝʯʘʪʘʪʴ ʕʇʉ ʥʘ ʦʩʥʦʚʝ ʦʢʩʠʜʘ ʥʠʢʝʣʷ ʩ ʪʝʨʤʠʯʝʩʢʠʤ ʦʪʞʠʛʦʤ 

ʧʨʠ 300 ʦʉ. ɺ ʵʪʦʡ ʛʣʘʚʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʧʪʠʤʘʣʴʥʳʝ ʬʦʨʤʫʣʳ ʠ ʤʘʨʰʨʫʪ ʧʝʯʘʪʠ ʦʢʩʠʜʘ ʥʠʢʝʣʷ 

ʠʟ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ. 

PCBM ï ʵʪʦ ʧʨʦʠʟʚʦʜʥʦʝ ʬʫʣʣʝʨʝʥʘ, ʢʦʪʦʨʳʡ ʙʳʣ ʚʧʝʨʚʳʝ ʩʠʥʪʝʟʠʨʦʚʘʥ ʚ 1990-ʭ ʛʦʜʘʭ. 

ɼʘʥʥʳʡ ʤʘʪʝʨʠʘʣ ʷʚʣʷʝʪʩʷ ʧʨʦʚʦʜʥʠʢʦʤ ʜʣʷ ʵʣʝʢʪʨʦʥʦʚ, ʢʦʪʦʨʳʡ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʣʥʝʯʥʳʭ ʵʣʝʤʝʥʪʘʭ ʠʣʠ ʛʠʙʢʦʡ ʵʣʝʢʪʨʦʥʠʢʝ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʤʘʪʝʨʠʘʣʘʤʠ-

ʧʨʦʚʦʜʥʠʢʘʤʠ ʵʣʝʢʪʨʦʥʦʚ, ʪʘʢʠʤʠ ʢʘʢ P3HT ʠʣʠ ʜʨʫʛʠʤʠ ʧʨʦʚʦʜʷʱʠʤʠ ʧʦʣʠʤʝʨʘʤʠ. PCBM ï 

ʧʨʘʢʪʠʯʥʳʡ ʚʳʙʦʨ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʣʦʷ ʵʣʝʢʪʨʦʥʦʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʬʫʣʣʝʨʝʥʘʤʠ ʠʟ-ʟʘ ʝʛʦ 

ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʚ ʭʣʦʨʙʝʥʟʦʣʝ. ʉ ʤʝʪʦʜʦʤ ʚʘʢʫʫʤʥʦʛʦ ʠʩʧʘʨʝʥʠʷ, PCBM ʤʦʞʥʦ ʧʝʯʘʪʘʪʴ ʠʟ ʩʤʝʩʠ 

ʭʣʦʨʙʝʥʟʦʣʘ-ʜʠʭʣʦʨʙʝʥʟʦʣʘ (4:1 ʧʦ ʦʙʲʝʤʫ) ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʚʦʟʜʫʭʝ. 

 

3.1 ʆʧʪʠʤʠʟʘʮʠʠ ʧʨʦʮʝʩʩʦʚ ʩʣʦʪ-ʤʘʪʨʠʯʥʦʡ ʧʝʯʘʪʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʣʦʝʚ ʇʉʕ 

 

ɺ ʵʪʦʤ ʧʦʜʨʘʟʜʝʣʝ ʨʘʩʩʤʦʪʨʝʥ ʧʨʦʮʝʩʩ ʩʣʦʪ-ʤʘʪʨʠʯʥʦʡ ʧʝʯʘʪʠ ʩʦʣʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʩ 

ʜʳʨʦʯʥʦ-ʪʨʘʥʩʧʦʨʪʥʳʤ ʩʣʦʝʤ ʥʘ ʦʩʥʦʚʝ ʦʢʩʠʜʘ ʥʠʢʝʣʷ (NiOx), ʬʦʪʦʘʢʪʠʚʥʳʤ ʩʣʦʝʤ ï ʧʝʨʦʚʩʢʠʪ 

ʥʘ ʦʩʥʦʚʝ ʩʪʘʙʠʣʴʥʦʛʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʢʘʪʠʦʥʘ CH3NH3PbI3 (MAPI) ʠ ʵʣʝʢʪʨʦʥʥʦ-ʪʨʘʥʩʧʦʨʪʥʳʤ 

ʩʣʦʝʤ ï ʤʝʪʠʣʦʚʳʡ ɻ ʬʠʨ ʬʝʥʠʣ-C61-ʤʘʩʣʷʥʦʡ ʢʠʩʣʦʪʳ (PCBM) ï ʚ ʫʩʣʦʚʠʷʭ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ 

(ʙʝʟʳʥʝʨʪʥʘʷ ʘʪʤʦʩʬʝʨʘ, ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʚʣʘʞʥʦʩʪʴ 20-50 %). ɼʳʨʦʯʥʦ-ʪʨʘʥʩʧʦʨʪʥʳʡ ʩʣʦʡ NiOx 

ʙʳʣ ʥʘʧʝʯʘʪʘʥ ʠʟ ʨʘʩʪʚʦʨʘ ʥʘ ʦʩʥʦʚʝ ʜʝʠʦʥʠʟʠʨʦʚʘʥʥʦʡ ʚʦʜʳ. ʆʜʥʦʨʦʜʥʳʝ ʧʣʝʥʢʠ MAPI ʠ 

CsFAPI ʩ ʚʳʩʦʢʦʡ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʴʶ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʠʟ ʩʤʝʩʝʡ ʨʘʩʪʚʦʨʠʪʝʣʝʡ ɼʄʌ:ʅʄʇ (4:1 

ʧʦ ʦʙʲʝʤʫ) ʤʝʪʦʜʘʤʠ ʩʣʦʪ-ʤʘʪʨʠʯʥʦʡ ʧʝʯʘʪʠ ʠ ʚʘʢʫʫʤʥʦʛʦ ʠʩʧʘʨʝʥʠʷ ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʩʦʣʠ 

ʭʣʦʨʠʜʘ ʤʝʪʠʣʘʤʤʦʥʠʷ (MACl). ʀʟ ʣʠʪʝʨʘʪʫʨʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʅʄʇ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡʩʷ ʥʠʟʢʠʤ ʜʘʚʣʝʥʠʝʤ ʧʘʨʦʚ ʠ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ ʢʠʧʝʥʠʷ, ʤʦʞʝʪ 

ʟʥʘʯʠʪʝʣʴʥʦ ʟʘʤʝʜʣʠʪʴ ʠʩʧʘʨʝʥʠʝ ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʚ ʨʘʩʪʚʦʨʝ ʧʨʝʢʫʨʩʦʨʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʧʨʠ 

ʚʘʢʫʫʤʥʦʡ ʦʙʨʘʙʦʪʢʝ, ʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʶ ʧʣʝʥʢʠ ʧʝʨʦʚʩʢʠʪʘ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʵʬʬʝʢʪʠʚʥʳʡ 

ʧʦʜʭʦʜ ʢ ʢʦʥʪʨʦʣʶ ʤʦʨʬʦʣʦʛʠʠ ʧʝʯʘʪʥʦʡ ʧʣʝʥʢʠ. ʇʨʠʤʝʯʘʪʝʣʴʥʦ, ʯʪʦ ʜʦʙʘʚʣʝʥʠʝ ʥʝʙʦʣʴʰʦʛʦ 

ʢʦʣʠʯʝʩʪʚʘ MACl ʚ ʨʘʩʪʚʦʨ ʧʝʨʦʚʩʢʠʪʘ ʫʣʫʯʰʘʝʪ ʤʦʨʬʦʣʦʛʠʶ ʥʘʧʝʯʘʪʘʥʥʦʡ ʧʣʝʥʢʠ ʠ 
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ʵʬʬʝʢʪʠʚʥʦ ʧʦʜʘʚʣʷʝʪ ʚʦʟʜʝʡʩʪʚʠʝ ʚʣʘʞʥʦʩʪʠ ʠʟ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ɺ ʧʨʦʮʝʩʩʝ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʙʳʣʠ ʥʘʧʝʯʘʪʘʥʳ ʧʣʝʥʢʠ ʠʟ ʦʜʥʦʢʘʪʠʦʥʥʦʛʦ ʨʘʩʪʚʦʨʘ ʧʝʨʦʚʩʢʠʪʘ ï MAPI  ʠ ʙʳʣʠ 

ʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʤʝʪʦʜʘʤʠ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʠ ʩʢʘʥʠʨʫʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ 

ʤʠʢʨʦʩʢʦʧʠʠ (ʉʕʄ). ʊʘʢʞʝ ʙʳʣʦ ʠʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʳ ʧʨʠ ʧʝʯʘʪʠ ɼʇʉ ʥʘ 

ʦʩʥʦʚʝ ʦʢʩʠʜʘ ʥʠʢʝʣʷ ʠʟ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ ʩ ʪʝʨʤʠʯʝʩʢʠʤ ʦʪʞʠʛʦʤ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 300 ʦʉ. 

ʄʘʨʰʨʫʪ ʧʝʯʘʪʠ ʨʘʩʪʚʦʨʘ PCBM ʙʳʣ ʦʧʪʠʤʠʟʠʨʦʚʘʥ, ʯʪʦʙʳ ʵʣʝʢʪʨʦʥʥʦ-ʪʨʘʥʩʧʦʨʪʥʳʡ ʩʣʦʡ ʥʝ 

ʪʨʝʙʦʚʘʣ ʧʨʦʮʝʩʩʘ ʦʪʞʠʛʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʠ ʠʟʛʦʪʦʚʣʝʥʳ ʩʦʣʥʝʯʥʳʝ ʵʣʝʤʝʥʪʳ ʥʘ ʙʘʟʝ ʪʨʝʭ 

ʥʘʧʝʯʘʪʘʥʥʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʣʦʝʚ ʤʝʪʦʜʦʤ ʩʣʦʪ-ʤʘʪʨʠʯʥʦʡ ʧʝʯʘʪʠ ʩ ʘʢʪʠʚʥʦʡ ʧʣʦʱʘʜʴʶ 

0,14 ʩʤ2 ʠ 1 ʩʤ2, ʂʇɼ ʢʦʪʦʨʳʭ ʜʦʩʪʠʛʣʠ 16 % ʠ 13,59 % ʧʨʠ ʠʟʤʝʨʝʥʠʠ ʚ ʩʪʘʥʜʘʨʪʥʦʤ ʫʩʣʦʚʠʠ 

(ʩʚʝʪʦʚʦʡ ʩʧʝʢʪʨ 1,5 AM G ʩ ʢʘʣʠʙʨʦʚʘʥʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ 100 ʤɺʪ/ʩʤ2). 

ʂʘʢ ʧʦʢʘʟʘʥʦ ʚ ʛʣʘʚʝ 1 ʨʘʟʜʝʣ 1.4, ʧʨʠ ʬʠʢʩʠʨʦʚʘʥʥʦʤ ʟʥʘʯʝʥʠʠ ʚʷʟʢʦʩʪʠ ʨʘʩʪʚʦʨʘ 

ʩʢʦʨʦʩʪʴ ʧʝʯʘʪʠ ʠ ʩʢʦʨʦʩʪʴ ʧʦʜʘʯʠ ʨʘʩʪʚʦʨʘ (ʩʢʦʨʦʩʪʴ ʜʦʟʠʨʦʚʘʥʠʷ) ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʥʳʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ ʜʣʷ ʩʪʘʙʠʣʠʟʘʮʠʠ ʤʝʥʠʩʢʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ ʨʘʚʥʦʤʝʨʥʫʶ ʦʜʥʦʨʦʜʥʫʶ 

ʥʘʧʝʯʘʪʘʥʥʫʶ ʧʣʝʥʢʫ. ʂʨʦʤʝ ʪʦʛʦ, ʪʦʣʱʠʥʘ ʩʣʦʷ ʪʘʢʞʝ ʟʘʚʠʩʠʪ ʦʪ ʩʦʦʪʥʦʰʝʥʠʷ ʩʢʦʨʦʩʪʠ 

ʜʦʟʠʨʦʚʘʥʠʷ ʠ ʩʢʦʨʦʩʪʠ ʧʝʯʘʪʠ. ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʵʪʠʭ ʧʘʨʘʤʝʪʨʦʚ ʚ ʨʘʚʥʦʡ ʧʨʦʧʦʨʮʠʠ, ʚʳʩʦʪʘ 

ʧʦʢʨʳʪʠʷ ʥʝ ʠʟʤʝʥʷʝʪʩʷ. ʈʝʟʫʣʴʪʘʪʳ, ʦʧʫʙʣʠʢʦʚʘʥʥʳʝ ʚ ʥʘʫʯʥʳʭ ʨʘʙʦʪʘʭ, ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʜʣʷ 

ʧʝʯʘʪʠ ʙʦʣʝʝ ʪʦʣʩʪʦʡ ʠʣʠ ʪʦʥʢʦʡ ʧʣʝʥʢʠ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʤ ʤʝʭʘʥʠʟʤʦʤ ʷʚʣʷʝʪʩʷ 

ʦʜʥʦʚʨʝʤʝʥʥʦʝ ʠʟʤʝʥʝʥʠʝ ʩʢʦʨʦʩʪʠ ʧʝʯʘʪʠ ʠ ʩʢʦʨʦʩʪʠ ʜʦʟʠʨʦʚʘʥʠʷ [114]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʢʦʥʪʨʦʣʴ ʪʦʣʱʠʥʳ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʫʤʤʘʨʥʳʤ ʨʦʩʪʦʤ ʜʚʫʭ ʧʘʨʘʤʝʪʨʦʚ ʩ ʧʦʩʣʝʜʫʶʱʝʡ 

ʢʦʨʨʝʢʪʠʨʦʚʢʦʡ ʨʘʙʦʪʳ ʦʜʥʦʛʦ ʠʟ ʥʠʭ. ʊʦʣʱʠʥʘ ʨʘʩʧʨʝʜʝʣʝʥʥʦʛʦ ʧʦʢʨʳʪʠʷ ʤʦʞʝʪ ʙʳʪʴ 

ʚʳʯʠʩʣʝʥʘ ʠʟ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʫʨʘʚʥʝʥʠʷ. ʉʪʦʠʪ ʫʯʝʩʪʴ, ʯʪʦ ʦʥʘ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʪʦʣʱʠʥʳ ʰʘʡʙʳ 

ʧʨʠʥʪʝʨʘ. ɺ ʪʘʙʣʠʮʝ 2 ʧʨʠʚʝʜʝʥʳ ʧʘʨʘʤʝʪʨʳ, ʟʘʜʘʥʥʳʝ ʜʣʷ ʧʝʯʘʪʠ ʨʘʩʪʚʦʨʘ ʧʝʨʦʚʩʢʠʪʘ MAPI ʚ 

ɼʄʌ:ʅʄʇ (ʦʙʲʝʤʥʦʝ ʦʪʥʦʰʝʥʠʝ 4:1) ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 0,5 ʄ. ɹʳʣʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ 3 

ʚʘʨʠʘʥʪʘ ʧʝʯʘʪʠ: ɸ ï ʤʝʥʠʩʢ ʫʚʝʣʠʯʠʚʘʝʪʩʷ (ʝʩʣʠ ʩʢʦʨʦʩʪʴ ʧʦʜʘʯʠ ʨʘʩʪʚʦʨʘ ʩʣʠʰʢʦʤ ʚʳʩʦʢʘʷ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʢʦʨʦʩʪʠ ʧʝʯʘʪʠ), ɹ ï ʤʝʥʠʩʢ ʫʤʝʥʴʰʘʝʪʩʷ (ʝʩʣʠ ʩʢʦʨʦʩʪʴ ʧʝʯʘʪʠ ʩʣʠʰʢʦʤ 

ʚʳʩʦʢʘʷ) ʠ ʤʝʥʠʩʢ ʩʪʘʙʠʣʝʥ. 

 

ʊʘʙʣʠʮʘ 2 ï ʇʘʨʘʤʝʪʨʳ ʧʝʯʘʪʠ ʨʘʩʪʚʦʨʘ ʧʝʨʦʚʩʢʠʪʘ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ 

ʉʢʦʨʦʩʪʴ ʧʦʜʘʯʠ ʨʘʩʪʚʦʨʘ 

 

ʉʢʦʨʦʩʪʴ ʧʝʯʘʪʠ 

8 ʤʢʣ/ʩ 10 ʤʢʣ/ʩ 12 ʤʢʣ/ʩ 

20 ʤʤ/ʩ ʄʝʥʠʩʢ ʩʪʘʙʠʣʝʥ ɸ ɸ 

22 ʤʤ/ʩ ʄʝʥʠʩʢ ʩʪʘʙʠʣʝʥ ɸ ɸ 

25 ʤʤ/ʩ ɹ ʄʝʥʠʩʢ ʩʪʘʙʠʣʝʥ ɸ 

28 ʤʤ/ʩ ɹ ʄʝʥʠʩʢ ʩʪʘʙʠʣʝʥ ɸ 

30 ʤʤ/ʩ ɹ ɹ ʄʝʥʠʩʢ ʩʪʘʙʠʣʝʥ 

32 ʤʤ/ʩ ɹ ɹ ʄʝʥʠʩʢ ʩʪʘʙʠʣʝʥ 
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 ʇʦʣʫʯʝʥʥʳʡ ʨʝʟʫʣʴʪʘʪ ʟʘʚʠʩʠʤʦʩʪʠ ʪʦʣʱʠʥʳ ʧʝʨʦʚʩʢʠʪʥʳʭ ʧʣʝʥʦʢ ʦʪ ʧʘʨʘʤʝʪʨʦʚ ʧʝʯʘʪʠ 

ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 29 ʠ ʚ ʪʘʙʣʠʮʝ 3. ɺʠʜʥʦ, ʯʪʦ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʩʢʦʨʦʩʪʠ ʧʝʯʘʪʠ ʧʣʝʥʢʠ 

ʩʪʘʣʠ ʙʦʣʝʝ ʪʦʥʢʠʝ (ʪʦʣʱʠʥʘ ʫʤʝʥʴʰʠʣʘʩʴ ʩ 525 ʜʦ 441 ʥʤ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʩʢʦʨʦʩʪʠ ʧʝʯʘʪʠ ʩ 22 

ʜʦ 30 ʤʤ/ʩ ʧʨʠ ʩʢʦʨʦʩʪʠ ʜʦʟʠʨʦʚʘʥʠʷ 10 ʤʢʣ/ʩ, ʨʠʩʫʥʦʢ 29ʙ). ɺ ʜʨʫʛʦʤ ʩʣʫʯʘʝ ʧʦʚʳʰʝʥʠʝ 

ʩʢʦʨʦʩʪʠ ʧʦʜʘʯʠ ʨʘʩʪʚʦʨʘ ʩ 8 ʜʦ 12 ʤʢʣ/ʩ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʪʦʣʱʠʥʳ ʧʣʝʥʦʢ ʩ 200 ʜʦ 551 

ʥʤ ʜʣʷ ʩʢʦʨʦʩʪʠ ʧʝʯʘʪʠ 28 ʤʤ/ʩ (ʨʠʩʫʥʦʢ 29ʚ). ʉʦʛʣʘʩʥʦ ʨʝʟʫʣʴʪʘʪʘʤ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʤ ʚ  

ʪʘʙʣʠʮʝ 2, ʧʨʠ ʥʝʩʦʚʤʝʩʪʥʳʭ ʧʘʨʘʤʝʪʨʘʭ ʧʝʯʘʪʠ (ʚʘʨʠʘʥʪʳ ɸ ʠ ɹ) ʟʥʘʯʝʥʠʷ ʪʦʣʱʠʥʳ, 

ʠʟʤʝʨʷʝʤʳʝ ʚ ʨʘʟʥʳʭ ʪʦʯʢʘʭ ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʝʥʢʠ, ʧʦʢʘʟʘʣʘ ʟʥʘʯʠʪʝʣʴʥʫʶ ʨʘʟʥʠʮʫ, ʚʳʟʚʘʥʥʫʶ 

ʥʝʩʪʘʙʠʣʴʥʳʤ ʤʝʥʠʩʢʦʤ. ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʧʘʨʘʤʝʪʨʳ ʜʣʷ 

ʧʝʯʘʪʠ ʧʝʨʦʚʩʢʠʪʘ: ʩʢʦʨʦʩʪʴ ʧʝʯʘʪʠ ʚ ʜʠʘʧʘʟʦʥʝ (25 ï 28) ʤʤ/ʩ ʩʦ ʩʢʦʨʦʩʪʴʶ ʧʦʜʘʯʠ ʨʘʩʪʚʦʨʘ 10 

ʤʢʣ/ʩ ʠʟ-ʟʘ ʥʝʙʦʣʴʰʦʡ ʧʦʛʨʝʰʥʦʩʪʠ ʠʟʤʝʨʝʥʠʷ ʪʦʣʱʠʥʳ  30 ʥʤ. ɸʥʘʣʦʛʠʯʥʦ, ʧʘʨʘʤʝʪʨʳ ʧʝʯʘʪʠ 

ʦʩʪʘʣʴʥʳʭ ʩʣʦʝʚ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʪʘʢʠʤ ʞʝ ʦʙʨʘʟʦʤ ʠ ʦʧʠʩʘʥʳ ʥʠʞʝ. 

 

 

ʈʠʩʫʥʦʢ 29 ï ʘ) ʟʘʚʠʩʠʤʦʩʪʴ ʪʦʣʱʠʥʳ ʧʣʝʥʢʠ ʧʝʨʦʚʩʢʠʪʘ ʦʪ ʧʘʨʘʤʝʪʨʦʚ ʧʝʯʘʪʠ; ʙ) 

ʟʘʚʠʩʠʤʦʩʪʴ ʪʦʣʱʠʥʳ ʧʣʝʥʢʠ ʦʪ ʩʢʦʨʦʩʪʠ ʧʝʯʘʪʠ ʧʨʠ ʬʠʢʩʠʨʦʚʘʥʥʦʤ ʟʥʘʯʝʥʠʠ ʩʢʦʨʦʩʪʠ 

ʧʦʜʘʯʠ ʨʘʩʪʚʦʨʘ (10 ʤʢʣ/ʩ); ʩ) ʟʘʚʠʩʠʤʦʩʪʴ ʪʦʣʱʠʥʳ ʧʣʝʥʢʠ ʦʪ ʩʢʦʨʦʩʪʠ ʧʦʜʘʯʠ ʨʘʩʪʚʦʨʘ ʧʨʠ 

ʧʦʩʪʦʷʥʥʦʡ ʩʢʦʨʦʩʪʠ ʧʝʯʘʪʠ (28 ʤʤ/ʩ) 

 

ʊʘʙʣʠʮʘ 3 ï ʉʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʪʦʣʱʠʥʳ ʧʣʝʥʢʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʘʨʘʤʝʪʨʦʚ ʧʝʯʘʪʠ 

ʉʢʦʨʦʩʪʴ ʧʦʜʘʯʠ ʨʘʩʪʚʦʨʘ 

 

ʉʢʦʨʦʩʪʴ ʧʝʯʘʪʠ 

8 ʤʢʣ/ʩ 10 ʤʢʣ/ʩ 12 ʤʢʣ/ʩ 

20 ʤʤ/ʩ 458 Ñ 32 ʥʤ ʍ ʍ 

22 ʤʤ/ʩ 317 Ñ 37 ʥʤ 525 Ñ 72 ʥʤ ʍ 

25 ʤʤ/ʩ 288 Ñ 46 ʥʤ 472 Ñ 27 ʥʤ 564 Ñ 89 ʥʤ 

28 ʤʤ/ʩ 200 Ñ 52 ʥʤ 460 Ñ 30 ʥʤ 551 Ñ 78 ʥʤ 

30 ʤʤ/ʩ 140 Ñ 60 ʥʤ 441 Ñ 80 ʥʤ 489 Ñ 33 ʥʤ 

32 ʤʤ/ʩ ʍ ʍ 430 Ñ 35 ʥʤ 
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3.1.1 ʆʧʪʠʤʠʟʘʮʠʷ ʤʘʨʰʨʫʪʦʚ ʠ ʨʝʞʠʤʦʚ ʥʘʥʝʩʝʥʠʷ ʜʳʨʦʯʥʦ-ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʣʦʷ ʥʘ 

ʦʩʥʦʚʝ ʦʢʩʠʜʘ ʥʠʢʝʣʷ 

 

ʍʣʦʨʠʜ ʥʠʢʝʣʷ ʤʦʞʝʪ ʨʘʩʪʚʦʨʷʪʴʩʷ ʚ ʵʪʠʣʝʥʛʣʠʢʦʣʝ, ʜʝʠʦʥʠʟʠʨʦʚʘʥʥʦʡ ʚʦʜʝ ʠ 

ʠʟʦʧʨʦʧʠʣʦʚʦʤ ʩʧʠʨʪʝ. ʀʟ-ʟʘ ʚʳʩʦʢʦʡ ʚʷʟʢʦʩʪʠ ʧʝʯʘʪʠ ʵʪʠʣʝʥʛʣʠʢʦʣʷ ʥʫʞʥʦ ʢʨʫʧʥʦʝ ʧʝʯʘʪʥʦʝ 

ʦʢʥʦ (ʰʠʨʠʥʘ ʥʝ ʤʝʥʝʝ 200 ʥʤ) ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʠʟʙʝʞʘʪʴ ʟʘʩʦʨʝʥʠʷ ʰʣʘʥʛʘ ʚʦ ʚʨʝʤʷ ʧʝʯʘʪʠ ʠ 

ʦʙʝʩʧʝʯʠʚʘʪʴ ʩʪʘʙʠʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ ʧʝʯʘʪʠ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʙʦʣʴʰʦʤʫ ʤʝʥʠʩʢʫ ʠ ʙʦʣʴʰʦʤʫ 

ʢʦʣʠʯʝʩʪʚʫ ʥʘʧʝʯʘʪʘʥʥʦʛʦ ʨʘʩʪʚʦʨʘ ʥʘ ʝʜʠʥʠʮʫ ʧʣʦʱʘʜʠ ʧʦʜʣʦʞʢʠ. ʇʨʠ ʦʪʞʠʛʝ ʠʟ-ʟʘ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʦʛʦ ʜʘʚʣʝʥʠʷ ʠʩʧʘʨʝʥʠʷ ʯʘʩʪʴ ʵʪʠʣʝʥʛʣʠʢʦʣʷ ʤʝʜʣʝʥʥʦ ʠʩʧʘʨʷʝʪʩʷ ʠʟ ʪʦʣʩʪʦʡ 

ʞʠʜʢʦʡ ʥʘʧʝʯʘʪʘʥʥʦʡ ʧʣʝʥʢʠ ʠ ʦʩʪʘʪʦʯʥʘʷ ʯʘʩʪʴ ʚʳʪʷʛʠʚʘʝʪʩʷ ʚ ʧʨʦʠʟʚʦʣʴʥʳʭ ʪʦʯʢʘʭ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʠʟ-ʟʘ ʚʳʩʦʢʦʛʦ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʥʘʪʷʞʝʥʠʷ ʵʪʠʣʝʥʛʣʠʢʦʣʷ (1,61Ĭ10ī2 ʇʘĿʩ) (ʩʤ. 

ʪʘʙʣʠʮʫ 4). ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʘ ʦʙʨʘʟʦʚʘʥʘ ʥʝʦʜʥʦʨʦʜʥʘʷ ʧʣʝʥʢʘ ʦʢʩʠʜʘ ʥʠʢʝʣʷ.  

 

ʊʘʙʣʠʮʘ 4 ï ʉʚʦʡʩʪʚʘ ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʜʣʷ ʭʣʦʨʠʜʘ ʥʠʢʝʣʷ 

 ʉʚʦʡʩʪʚʘ ʕʪʠʣʝʥʛʣʠʢʦʣʴ ɼʝ-ʠʦʥʠʟʠʨʦʚʘʥʥʘʷ ʚʦʜʘ 

ɺʷʟʢʦʩʪʴ (ʧʨʠ 20 ʦʉ) 1.61×10ī2 ʇʘĿʩ 1.0×10ī3 ʇʘĿʩ 

ʊʦʯʢʘ ʢʠʧʝʥʠʷ ~ 197 oC ~ 100 oC 

ɼʘʚʣʝʥʠʝ ʛʘʟʘ (ʧʨʠ 20 ʦʉ) 0.06 ʤʤ ʨʪ.ʩʪ. 17.54 ʤʤ ʨʪ.ʩʪ. 

 

ɺʩʣʝʜʩʪʚʠʝ ʙʳʩʪʨʦʛʦ ʠʩʧʘʨʝʥʠʷ ʠʟʦʧʨʦʧʠʣʦʚʦʛʦ ʩʧʠʨʪʘ, ʧʣʝʥʢʘ ʦʢʩʠʜʘ ʥʠʢʝʣʷ 

ʧʦʣʫʯʝʥʥʦʛʦ ʧʨʠ ʥʘʥʝʩʝʥʠʠ ʠʟ ʵʪʦʛʦ ʨʘʩʪʚʦʨʠʪʝʣʷ ʙʳʣʘ ʥʝ ʩʧʣʦʰʥʦʡ. ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʦʢʘʟʘʣʠ, 

ʯʪʦ ʨʘʩʪʚʦʨ ʥʘ ʦʩʥʦʚʝ ʜʝ-ʠʦʥʠʟʠʨʦʚʘʥʥʦʡ ʚʦʜʳ ʦʙʣʘʜʘʝʪ ʚʷʟʢʦʩʪʴʶ (1,0Ĭ10ī3 ʇʘĿʩ) ʠ ʜʘʚʣʝʥʠʝʤ 

ʠʩʧʘʨʝʥʠʷ (17,54 ʤʤ ʨʪ.ʩʪ.) ʜʦʩʪʘʪʦʯʥʦ ʥʠʟʢʠʤʠ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʧʦʣʫʯʠʪʴ ʩʧʣʦʰʥʫʶ 

ʦʜʥʦʨʦʜʥʫʶ ʧʣʝʥʢʫ NiOx. 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʩʣʝʜʫʶʱʠʝ ʰʘʛʠ: 

1. ʇʦʜʛʦʪʦʚʢʘ ʨʘʩʪʚʦʨʘ ʭʣʦʨʠʜʘ ʥʠʢʝʣʷ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 50 ʤʛ/ʤʣ ʚ ʜʝ-

ʠʦʥʠʟʠʨʦʚʘʥʥʦʡ ʚʦʜʝ ʩ 28 ʤʢʣ/ʤʣ ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʦʡ (70 % ʍʏ). 

2. ʆʯʠʱʝʥʠʝ ʘʮʝʪʦʥʦʤ ʠ ʠʟʦʧʨʦʧʘʥʦʣʦʤ ʚ ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʚʘʥʥʝ ʠ ʘʢʪʠʚʘʮʠʷ 

ʧʦʜʣʦʞʝʢ ʧʦʜ ʋʌ ʣʘʤʧʦʡ 30 ʤʠʥʫʪ.  

3. ʇʝʯʘʪʴ ʥʘ ʩʣʦʪ-ʤʘʪʨʠʯʥʦʤ ʧʨʠʥʪʝʨʝ ʩʦ ʩʣʝʜʫʶʱʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ: ʩʢʦʨʦʩʪʴ 

ʧʝʯʘʪʠ 5 ʤʤ/ʩʝʢ, ʩʢʦʨʦʩʪʴ ʧʦʜʘʯʠ ʨʘʩʪʚʦʨʘ 1 ʤʢʣ/ ʩʝʢ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʧʦʜʣʦʞʝʢ 85, 100, 105 ʠ 

110 ʦʉ ʧʦʜʣʦʞʢʝ. ʈʘʟʤʝʨ ʦʢʥʘ ʧʝʯʘʪʠ ʩʦʩʪʘʚʣʷʝʪ 25ʭ0,1 ʤʤ2 ʠ ʚʳʩʦʪʘ ʚʳʩʪʫʧʘ ~ 0,5ʤʤ. 

ʀʟʦʙʨʘʞʝʥʠʝ ʧʨʦʮʝʩʩʘ ʧʝʯʘʪʠ NiOx ʧʨʠʚʝʜʝʥʦ ʥʘ ʨʠʩʫʥʢʝ 30. 
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ʈʠʩʫʥʦʢ 30 ï ʇʨʦʮʝʩʩ ʧʝʯʘʪʠ ʨʘʩʪʚʦʨʘ NiCl2 ʥʘ ʩʣʦʪ-ʤʘʪʨʠʯʥʦʤ ʧʨʠʥʪʝʨʝ 

 

ʇʝʯʘʪʴ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ ʧʨʝʢʫʨʩʦʨʘ ʠʟ ʭʣʦʨʠʜʘ ʥʠʢʝʣʷ ʥʘ ʛʦʨʷʯʝʡ ʧʦʜʣʦʞʢʝ ʧʦʟʚʦʣʷʝʪ 

ʜʝ-ʠʦʥʠʟʠʨʦʚʘʥʥʦʡ ʚʦʜʝ ʠʩʧʘʨʷʪʴʩʷ ʙʳʩʪʨʝʝ ʠʟ ʧʣʝʥʢʠ ʟʘ ʩʣʦʪ-ʤʘʪʨʠʯʥʦʡ ʛʦʣʦʚʢʦʡ. ʇʦʩʣʝ ʵʪʦʛʦ 

ʩʫʭʦʡ ʦʙʨʘʟʝʮ ʩ ʢʦʤʧʣʝʢʩʦʤ ʥʠʢʝʣʷ ʦʪʞʠʛʘʝʪʩʷ ʧʨʠ 300 ʦʉ ʚ ʪʝʯʝʥʠʝ 1 ʯʘʩʘ ʜʣʷ ʨʘʟʣʦʞʝʥʠʷ ʠ 

ʦʙʨʘʟʦʚʘʥʠʷ ʪʦʥʢʦʡ ʧʣʝʥʢʠ ʜʳʨʦʯʥʦʛʦ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʣʦʷ NiOx.  

ɼʣʷ ʭʘʨʘʢʪʝʨʠʟʘʮʠʠ ʢʘʯʝʩʪʚʘ ʧʦʣʫʯʝʥʥʳʭ ʧʣʝʥʦʢ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʣʝʥʦʢ 

ʥʘ ʩʢʘʥʠʨʫʶʱʝʤ ʵʣʝʢʪʨʦʥʥʦʤ ʤʠʢʨʦʩʢʦʧʝ ʩ ʚʳʩʦʢʠʤ ʨʘʟʨʝʰʝʥʠʝʤ, ʠʟʤʝʨʝʥʳ ʪʦʣʱʠʥʳ ʠ 

ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʷ ʦʙʨʘʟʮʦʚ ʨʝʬʝʨʝʥʩ-ʧʝʨʦʚʩʢʠʪʘ/ʧʝʯʘʪʥʳʡ NiOx. ɺ ʢʘʯʝʩʪʚʝ ʨʝʬʝʨʝʥʩ-

ʧʝʨʦʚʩʢʠʪʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʝʨʦʚʩʢʠʪ MAPbI3, ʧʦʣʫʯʝʥʥʳʡ ʤʝʪʦʜʘʤʠ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʷ ʠ ʘʥʪʠ-

ʨʘʩʪʚʦʨʠʪʝʣʷ. ʀʟʦʙʨʘʞʝʥʠʷ ʧʣʝʥʦʢ NiOx ʥʘ ʉʕʄ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 31. ʄʦʨʬʦʣʦʛʠʷ 

ʧʣʝʥʦʢ ʦʢʩʠʜʘ ʥʠʢʝʣʷ, ʥʘʧʝʯʘʪʘʥʥʳʭ ʧʨʠ 85, 100 ʠ 105 ʦʉ ʥʝ ʠʤʝʶʪ ʙʦʣʴʰʦʡ ʨʘʟʥʠʮʳ, ʦʜʥʘʢʦ ʥʘ 

ʧʣʝʥʢʝ NiOx, ʧʦʣʫʯʝʥʥʦʡ ʥʘ ʧʨʠ 110 
ʦʉ,  ʥʘʙʣʶʜʘʶʪʩʷ ʜʝʬʝʢʪʳ ʠ ʜʳʨʢʠ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ 

ʧʨʠʚʦʜʠʪʴ ʢ ʩʥʠʞʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʫʩʪʨʦʡʩʪʚ ʟʘ ʩʯʝʪ ʧʦʚʳʰʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʠ ʨʝʢʦʤʙʠʥʘʮʠʠ 

ʟʘʨʷʜʦʚ. ʀʟʤʝʨʝʥʠʷ ʪʦʣʱʠʥʳ ʥʘʧʝʯʘʪʘʥʥʳʭ ʧʣʝʥʦʢ NiOx ʧʦʢʘʟʘʥʳ ʚ ʪʘʙʣʠʮʝ 5 ʠ ʥʘ ʨʠʩʫʥʢʝ 33. 

ɺʠʜʥʦ, ʯʪʦ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘʛʨʝʚʘ ʧʦʜʣʦʞʢʠ ʩʠʣʴʥʦ ʚʣʠʷʝʪ ʥʘ ʪʦʣʱʠʥʫ ʥʘʧʝʯʘʪʘʥʥʳʭ ʩʣʦʝʚ. ʇʨʠ 

ʧʦʚʳʰʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʜʣʦʞʢʠ ʩ 85 ʜʦ 105 ʦʉ, ʪʦʣʱʠʥʘ ʧʣʝʥʢʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ 13 ʜʦ 22 ʥʤ. 

ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʧʣʝʥʢʘ ʧʦʣʫʯʝʥʥʘʷ ʧʨʠ 110 ʦʉ, ʠʤʝʝʪ ʥʘʠʤʝʥʴʰʫʶ ʪʦʣʱʠʥʫ. ʕʪʦ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ 

ʪʝʤ, ʯʪʦ 110 ʦʉ ʫʞʝ ʙʣʠʟʢʘ ʢ ʪʝʤʧʝʨʘʪʫʨʝ ʢʠʧʝʥʠʷ ʜʝ-ʠʦʥʠʟʠʨʦʚʘʥʥʦʡ ʚʦʜʳ, ʪʦ ʝʩʪʴ ʧʨʠʚʦʜʠʪ ʢ 

ʢʠʧʝʥʠʶ ʨʘʩʪʚʦʨ-ʧʨʝʢʫʨʩʦʨʘ ʠ ʥʝ ʩʪʘʙʠʣʴʥʦʤʫ ʤʝʥʠʩʢʫ ʚ ʧʨʦʮʝʩʩʝ ʧʝʯʘʪʠ ʠ ʢ ʪʦʥʢʠʤ, ʥʝ 

ʨʘʚʥʦʤʝʨʥʳʤ ʩʣʦʷʤ.  
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ʈʠʩʫʥʦʢ 31 ï ʀʟʦʙʨʘʞʝʥʠʷ ʉʕʄ ʤʦʨʬʦʣʦʛʠʠ ʧʦʣʫʯʝʥʥʳʭ ʧʣʝʥʦʢ ʦʢʩʠʜʘ ʥʠʢʝʣʷ ʥʘʧʝʯʘʪʘʥʥʳʭ 

ʧʨʠ 85, 100,105 ʠ 110 ʦʉ 

 

ʊʘʙʣʠʮʘ 5 ï ʀʟʤʝʨʝʥʠʝ ʪʦʣʱʠʥʳ ʧʝʯʘʪʥʳʭ ʧʣʝʥʦʢ NiOx 

ʇʣʝʥʢʠ ʊʦʣʱʠʥʘ 

85 ʦʉ 13 ʥʤ 

100 ʦʉ 14 ʥʤ 

105 ʦʉ 22 ʥʤ 

110 ʦʉ 11 ʥʤ 

 

ʉʧʝʢʪʨʳ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ ʦʙʨʘʟʮʦʚ ʨʝʬʝʨʝʥʩ-ʧʝʨʦʚʩʢʠʪʘ/ʧʝʯʘʪʥʳʡ NiOx ʧʨʠʚʝʜʝʥʳ 

ʥʘ ʨʠʩʫʥʢʝ 32. ʀʟ ʨʠʩʫʥʢʘ ʚʠʜʥʦ, ʯʪʦ ʫ ʧʣʝʥʢʠ ʦʢʩʠʜʘ ʥʠʢʝʣʷ, ʧʦʣʫʯʝʥʥʦʡ ʧʨʠ 105 ʦʉ, ʵʬʬʝʢʪ 

ʫʤʝʥʴʰʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʠʣʴʥʝʝ, ʯʝʤ ʫ ʦʩʪʘʣʴʥʳʭ ʦʙʨʘʟʮʦʚ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 

ʫʩʪʨʦʡʩʪʚʘ ʥʘ ʦʩʥʦʚʝ ʪʘʢʦʛʦ ʩʣʦʷ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʩʘʤʳʡ ʚʳʩʦʢʠʡ ʂʇɼ. 
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ʈʠʩʫʥʦʢ 32 ï ʉʧʝʢʪʨ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ ʦʙʨʘʟʮʦʚ NiOx/ʧʝʨʦʚʩʢʠʪʘ ʠ ʯʠʩʪʦʛʦ ʧʝʨʦʚʩʢʠʪʘ 

 

ɹʳʣʠ ʠʟʛʦʪʦʚʣʝʥʳ ʇʉʕ ʥʘ ʦʩʥʦʚʝ ʩʣʦʪ-ʤʘʪʨʠʯʥʦʛʦ ʧʝʯʘʪʥʦʛʦ ʜʳʨʦʯʥʦ-ʪʨʘʥʩʧʦʨʪʥʦʛʦ 

ʩʣʦʷ NiOx ʩ ʦʩʪʘʣʴʥʳʤʠ ʩʣʦʷʤʠ, ʥʘʥʝʩʝʥʥʳʤʠ ʤʝʪʦʜʦʤ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʷ ʩʦ ʩʣʝʜʫʶʱʠʤʠ 

ʤʘʨʰʨʫʪʘʤʠ: 

 

ʊʘʙʣʠʮʘ 6 ï ʄʘʪʝʨʠʘʣʳ ʠ ʤʘʨʰʨʫʪʳ ʥʘʥʝʩʝʥʠʷ ʫʩʪʨʦʡʩʪʚ ʥʘ ʦʩʥʦʚʝ ʩʣʦʪ-ʤʘʪʨʠʯʥʦʛʦ ʧʝʯʘʪʥʦʛʦ 

ʦʢʩʠʜʘ ʥʠʢʝʣʷ 

ʄʘʪʝʨʠʘʣ ʉʢʦʨʦʩʪʴ 

ʚʨʘʱʝʥʠʷ 

ʆʪʞʠʛ ʇʨʠʤʝʯʘʥʠʝ 

MAPbI3 1,42ʄ ʚ 

ɼʄʌ:ɼʄʉʆ 

500 ʦʙ/ʤʠʥ ï 1 ʩ 

4000 ʦʙ/ʤʠʥ ï 30 ʩ 

100 ʦʉ ï 10 

ʤʠʥ 

ʉʙʨʦʩ ʭʣʦʨʙʝʥʟʦʣʘ ʥʘ 6-ʡ ʩʝʢʫʥʜʝ ʩ 

ʥʘʯʘʣʘ ʚʨʘʱʝʥʠʷ 

PCBM 35 ʤʛ/ʤʣ 500 ʦʙ/ʤʠʥ ï 1 ʩ 

1500 ʦʙ/ʤʠʥ ï 25 ʩ 

50 ʦʉ ï 5 ʤʠʥ ʅʘʥʝʩʝʥʠʝ ʯʝʨʝʟ 0,2 ʤʢʤ ʬʠʣʴʪʨ 

BCP 0,5 ʤʛ/ʤʣ 500 ʦʙ/ʤʠʥ ï 1 ʩ 

4000 ʦʙ/ʤʠʥ ï 25 ʩ 

50 ʦʉ ï 5 ʤʠʥ  

ʄʝʜʥʳʡ ʚʝʨʭʥʠʡ 

ʢʦʥʪʘʢʪ 

  100 ʥʤ 

ʪʝʨʤʦʨʝʟʠʩʪʠʚʥʦʝ ʥʘʧʳʣʝʥʠʝ 

 

ɺʳʭʦʜʥʳʝ ʧʘʨʘʤʝʪʨʳ ʧʦʣʫʯʝʥʥʳʭ ʫʩʪʨʦʡʩʪʚ ʠʟʤʝʨʷʣʠʩʴ ʧʨʠ ʩʪʘʥʜʘʨʪʥʦʤ ʫʩʣʦʚʠʠ  

(ʩʚʝʪʦʚʦʡ ʩʧʝʢʪʨ 1,5 AM G ʩ ʢʘʣʠʙʨʦʚʘʥʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ 100 ʤɺʪ/ʩʤ2) ʩ ʧʦʤʦʱʴʶ 

ʤʫʣʴʪʠʤʝʪʨʘ Xtralient (Ossila), ʢʘʢ ʧʦʢʘʟʘʥʦ ʚʳʰʝ. ʈʝʟʫʣʴʪʘʪ ʠʟʤʝʨʝʥʠʷ ʚʳʭʦʜʥʳʭ ʧʘʨʘʤʝʪʨʦʚ 

ʫʩʪʨʦʡʩʪʚ ʠ ʛʨʘʬʠʢʠ ɺɸʍ ʩʘʤʳʭ ʣʫʯʰʠʭ ʧʠʢʩʝʣʦʚ ʢʘʞʜʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ NiOx ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ 

ʨʠʩʫʥʢʘʭ 33-34. 
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ʈʠʩʫʥʦʢ 33 ï ʉʪʘʪʠʩʪʠʢʘ ʚʳʭʦʜʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʇʉʕ, ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʥʘ ʦʩʥʦʚʝ NiOx, 

ʥʘʧʝʯʘʪʘʥʥʳʭ ʧʨʠ ʨʘʟʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʧʦʜʣʦʞʢʠ: ʘ) ʥʘʧʨʷʞʝʥʠʝ ʭʦʣʦʩʪʦʛʦ ʭʦʜʘ; ʙ) ʧʣʦʪʥʦʩʪʴ 

ʪʦʢʘ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ; ʚ) ʬʘʢʪʦʨ ʟʘʧʦʣʥʝʥʠʷ; ʛ) ʂʇɼ 

 

 ɺʠʜʥʦ ʯʪʦ ʫʩʪʨʦʡʩʪʚʘ, ʧʦʣʫʯʝʥʥʳʝ ʩʦ ʩʣʦʝʤ ʦʢʩʠʜʘ ʥʠʢʝʣʷ, ʥʘʧʝʯʘʪʘʥʥʦʛʦ ʧʨʠ 105 ʦʉ, 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʥʘʠʚʳʩʰʠʡ ʪʦʢ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ (ʚʳʰʝ 20 ʤɸ/ʩʤ2) ʠ ʂʇɼ, 

ʜʦʩʪʠʛʘʶʱʠʡ 16.52%. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʦʩʪʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ, ʪʘʢʠʝ ʢʘʢ Uʭʭ ʠ ʌɿ ʫ ʫʩʪʨʦʡʩʪʚ, 

ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʧʨʠ 85, 100, ʠ 105 ʦʉ ʦʪʣʠʯʘʣʠʩʴ ʩʣʘʙʦ. ɹʳʣʦ ʚʳʷʚʣʝʥʦ ʩʠʣʴʥʦʝ ʩʥʠʞʝʥʠʝ 

ʚʳʭʦʜʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʥʘ ʫʩʪʨʦʡʩʪʚʝ ʧʨʠ 110 ʦʉ, ʠʤʝʥʥʦ, ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ Jʢʟ ʠ ʌɿ ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ ʪʦʣʴʢʦ 14,4 ʤɸ/ʩʤ2 ʠ 0,6 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʥʠʟʢʠʤ ʟʥʘʯʝʥʠʷʤ ʂʇɼ 

ʫʩʪʨʦʡʩʪʚ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 33. 
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ʈʠʩʫʥʦʢ 34 ï ʂʨʠʚʳʝ ʣʫʯʰʠʭ ɺɸʍ ʫʩʪʨʦʡʩʪʚ ʩʦ ʩʣʦʪ-ʤʘʪʨʠʯʥʳʤʠ ʧʝʯʘʪʥʳʤʠ ʩʣʦʷʤʠ NiOx 

 

 

ʈʠʩʫʥʦʢ 35 ï ʊʝʤʥʦʚʳʝ ɺɸʍ ʫʩʪʨʦʡʩʪʚ ʩʦ ʩʣʦʪ-ʤʘʪʨʠʯʥʳʤʠ ʧʝʯʘʪʥʳʤʠ ʩʣʦʷʤʠ NiOx 

 

ʊʝʤʥʦʚʳʝ ʚʦʣʴʪ-ʘʤʧʝʨʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʣʫʯʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ 

ʨʠʩʫʥʢʝ 35. ɺ ʩʦʦʪʚʝʪʩʪʚʠʝ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʠʟʤʝʨʝʥʠʷ ɺɸʍ ʚʠʜʥʦ, ʯʪʦ ʪʝʤʥʦʚʳʝ ʢʨʠʚʳʝ ʧʦʢʘʟʘʣʠ 

ʯʪʦ, ʚ ʫʩʪʨʦʡʩʪʚʝ ʩʦ ʩʣʦʝʤ NiOx, ʥʘʧʝʯʘʪʘʥʥʳʭ ʧʨʠ 105 
ʦʉ, ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ ʩʘʤʦʝ ʚʳʩʦʢʦʝ 

ʰʫʥʪʠʨʫʶʱʝʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦʝ ʥʠʟʢʦʤʫ ʰʫʥʪʠʨʫʶʱʝʤʫ ʪʦʢʫ (ʧʦʨʷʜʢʘ 10-6). ɺ 

ʪʦ ʞʝ ʚʨʝʤʷ ʫ ʦʩʪʘʣʴʥʳʭ ʦʙʨʘʟʮʦʚ ʪʦʢ ʫʪʝʯʢʠ ʚʳʰʝ, ʩʢʦʨʝʝ ʚʩʝʛʦ, ʠʟ-ʟʘ ʙʦʣʴʰʝʡ ʚʝʨʦʷʪʥʦʩʪʠ 

ʨʝʢʦʤʙʠʥʘʮʠʠ ʟʘʨʷʜʦʚ ʥʘ ʛʨʘʥʠʮʘʭ ʨʘʟʜʝʣʘ NiOx /ʧʝʨʦʚʩʢʠʪʘ ʠ ʚ ʢʦʥʪʘʢʪʝ, ʚʳʟʚʘʥʥʦʡ ʥʝ 
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ʜʦʩʪʘʪʦʯʥʦ ʪʦʣʩʪʦʡ ʪʦʣʱʠʥʦʡ ʩʣʦʷ ʦʢʩʠʜʘ ʥʠʢʝʣʷ. ɺ ʜʘʣʴʥʝʡʰʠʭ ʧʦʜʨʘʟʜʝʣʘʭ, ʪʘʢʘʷ 

ʥʘʧʝʯʘʪʘʥʥʘʷ ʧʣʝʥʢʘ NiOx (105 ʦʉ) ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ ʚʩʝʭ ʇʉʕ. 

 

3.1.2 ʈʘʟʨʘʙʦʪʢʘ ʩʣʦʪ-ʤʘʪʨʠʯʥʦʡ ʧʝʯʘʪʠ ɻ ʣʝʢʪʨʦʥʥʦ-ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʣʦʷ ʥʘ ʦʩʥʦʚʝ PCBM 

ʠ ʜʳʨʦʯʥʦ-ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʣʦʷ BCP 

 

PCBM ʙʳʣ ʥʘʧʝʯʘʪʘʥ ʥʘ ʩʣʦʪ-ʤʘʪʨʠʯʥʦʤ ʧʨʠʥʪʝʨʝ ʩ ʧʦʤʦʱʴʶ ʚʘʢʫʫʤʥʦʛʦ ʠʩʧʘʨʝʥʠʷ 

ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ʧʦʩʣʝ ʧʦʢʨʳʪʠʷ ʤʦʢʨʦʛʦ ʩʣʦʷ ʩ PCBM, ʨʘʩʪʚʦʨʠʤʳʤ ʚ ʩʤʝʩʠ 

ʭʣʦʨʙʝʥʟʦʣ:ʜʠʭʣʦʨʙʝʥʟʦʣʘ, ʦʙʨʘʟʮʳ ʥʝʤʝʜʣʝʥʥʦ ʧʝʨʝʤʝʱʘʣʠʩʴ ʚ ʚʳʩʦʢʦʤ ʚʘʢʫʫʤʝ ʢʘʢ ʧʦʢʘʟʘʥʦ 

ʚ ʧʝʨʚʦʡ ʛʣʘʚʝ. ʇʨʠ ʜʘʚʣʝʥʠʠ ʢʘʤʝʨʳ ʩʠʣʴʥʦ ʥʠʞʝ ʜʘʚʣʝʥʠʷ ʥʘʩʳʱʝʥʥʦʛʦ ʧʘʨʘ ʩʤʝʩʠ 

ʨʘʩʪʚʦʨʠʪʝʣʝʡ, ʨʘʩʪʚʦʨʠʪʝʣʠ ʠʩʧʘʨʷʶʪʩʷ ʠʟ ʥʘʧʝʯʘʪʘʥʥʦʛʦ ʩʣʦʷ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʩʪʘʝʪʩʷ ʩʧʣʦʰʥʘʷ 

ʪʦʥʢʘʷ ʧʣʝʥʢʘ PCBM ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʝʨʦʚʩʢʠʪʥʦʛʦ ʩʣʦʷ. ɿʘʪʝʤ ʥʘ ʧʦʣʫʯʝʥʥʳʝ ʦʙʨʘʟʮʳ ʙʳʣʠ 

ʥʘʥʝʩʝʥʳ ʧʦʩʣʝʜʫʶʱʝʛʦ ʩʣʦʷ ʥʘ ʦʩʥʦʚʝ BCP (Bathocuproine). ʇʨʦʮʝʩʩ ʩʦʚʝʨʰʘʝʪʩʷ ʙʝʟ 

ʜʘʣʴʥʝʡʰʝʛʦ ʦʪʞʠʛʘ ʥʘ ʚʦʟʜʫʭʝ, ʠʟʙʝʛʘʷ ʨʘʟʣʦʞʝʥʠʷ ʬʫʣʣʝʨʝʥʘ, ʢʦʪʦʨʳʡ ʯʫʚʩʪʚʠʪʝʣʝʥ ʢ ʚʣʘʛʝ ʠ 

ʢʠʩʣʦʨʦʜʫ. 

ʇʨʠʛʦʪʦʚʣʝʥʠʝ ʨʘʩʪʚʦʨʘ PCBM ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʨʘʩʪʚʦʨʝʥʠʝ ʧʦʨʦʰʢʘ ʚ ʩʤʝʩʠ 

ʭʣʦʨʙʝʥʟʦʣ:ʜʠʭʣʦʨʙʝʥʟʦʣ (ʦʙʲʝʤʥʦʝ ʦʪʥʦʰʝʥʠʝ 4:1). ʈʘʩʪʚʦʨ ʭʨʘʥʠʪʩʷ ʥʘ ʧʣʠʪʢʝ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 50 ʦʉ ʩ ʤʘʛʥʠʪʥʦʡ ʤʝʰʘʣʢʦʡ ʚ ʪʝʯʝʥʠʠ 3 ʯʘʩʦʚ ʜʦ ʥʘʥʝʩʝʥʠʷ ʜʣʷ ʧʦʣʥʦʛʦ 

ʨʘʩʪʚʦʨʝʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ. ʇʨʦʮʝʩʩ ʧʝʯʘʪʠ ʵʣʝʢʪʨʦʥʥʦ-ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʣʦʝʚ ʥʘ ʩʣʦʪ-ʤʘʪʨʠʯʥʦʤ 

ʧʨʠʥʪʝʨʝ ʤʝʪʦʜʦʤ ʚʘʢʫʫʤʥʦʛʦ ʠʩʧʘʨʝʥʠʷ ʥʘʧʠʩʘʥ ʚʳʰʝ.  

ɼʣʷ ʭʘʨʘʢʪʝʨʠʟʘʮʠʠ ʧʦʣʫʯʝʥʥʳʭ ʧʣʝʥʦʢ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʠʟʤʝʨʝʥʠʷ ʪʦʣʱʠʥʳ, ʠʟʤʝʨʝʥʠʷ 

ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘ ʩʢʘʥʠʨʫʶʱʝʤ ʘʪʦʤʥʦ-ʩʠʣʦʚʦʤ ʤʠʢʨʦʩʢʦʧʝ ʠ ʠʟʛʦʪʦʚʣʝʥʠʷ ʇʉʕ 

ʩʦ ʩʣʦʪ-ʤʘʪʨʠʯʥʳʤʠ ʩʣʦʷʤʠ PCBM, ʥʘʧʝʯʘʪʘʥʥʳʤʠ ʠʟ ʨʘʩʪʚʦʨʦʚ ʩ ʨʘʟʥʳʤʠ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ (5, 

10 ʠ 15 ʤʛ/ʤʣ). ʆʩʪʘʣʴʥʳʝ ʩʣʦʠ ʵʪʠʭ ʫʩʪʨʦʡʩʪʚ ʙʳʣʠ ʥʘʥʝʩʝʥʳ ʤʝʪʦʜʦʤ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʷ ʩʦ 

ʩʣʝʜʫʶʱʠʤʠ ʤʘʨʰʨʫʪʘʤʠ, ʦʧʠʩʘʥʥʳʤʠ ʚ ʪʘʙʣʠʮʝ 7: 

 

ʊʘʙʣʠʮʘ 7 ï ʄʘʪʝʨʠʘʣʳ ʠ ʤʘʨʰʨʫʪʳ ʥʘʥʝʩʝʥʠʷ ʧʝʨʦʚʩʢʠʪʥʳʭ ʫʩʪʨʦʡʩʪʚ ʥʘ ʦʩʥʦʚʝ ʩʣʦʪ-

ʤʘʪʨʠʯʥʦʛʦ PCBM 

ʄʘʪʝʨʠʘʣ ʉʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ʆʪʞʠʛ ʇʨʠʤʝʯʘʥʠʝ 

NiCl2 35,5 ʤʛ/ʤʣ ʚ 

ʤʝʪʦʢʩʠʵʪʘʥʦʣ 

500 ʦʙ/ʤʠʥ ï 1 ʩ 

4000 ʦʙ/ʤʠʥ ï 30 ʩ 

300 ʦʉ ï 1 ʯ  

MAPbI3 1,42ʄ ʚ 

ɼʄʌ:ɼʄʉʆ 

500 ʦʙ/ʤʠʥ ï 1 ʩ 

4000 ʦʙ/ʤʠʥ ï 30 ʩ 

100 ʦʉ ï 10 

ʤʠʥ 

ʉʙʨʦʩ ʭʣʦʨʙʝʥʟʦʣʘ ʥʘ 6-ʡ 

ʩʝʢʫʥʜʝ ʩ ʥʘʯʘʣʘ ʚʨʘʱʝʥʠʷ 

BCP 0,5 ʤʛ/ʤʣ 500 ʦʙ/ʤʠʥ ï 1 ʩ 

4000 ʦʙ/ʤʠʥ ï 25 ʩ 

50 ʦʉ ï 5 

ʤʠʥ 

 

ʄʝʜʥʳʡ ʚʝʨʭʥʠʡ 

ʢʦʥʪʘʢʪ 

  100 ʥʤ 

ʪʝʨʤʦʨʝʟʠʩʪʠʚʥʦʝ ʥʘʧʳʣʝʥʠʝ 
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ʂʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 28 ʵʣʝʢʪʨʦʥʥʦ-ʪʨʘʥʩʧʦʨʪʥʳʡ ʩʣʦʡ PCBM ʙʳʣ ʧʝʯʘʪʘʥ ʤʝʞʜʫ 

ʩʣʦʷʤʠ ʧʝʨʦʚʩʢʠʪʘ ʠ BCP ʩʦ ʩʣʝʜʫʶʱʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʧʝʯʘʪʠ: 

ʩʢʦʨʦʩʪʴ ʧʝʯʘʪʠ ï 25 ʤʤ/ʩ; 

ʩʢʦʨʦʩʪʴ ʧʦʜʘʯʠ ʨʘʩʪʚʦʨʘ ï 10 ʤʢʣ/ʩ; 

ʚr ʜʝʨʞʢʘ ʚ ʚʘʢʫʫʤʝ ï 30 ʩ. 

 

 

ʈʠʩʫʥʦʢ 36 - ɺʠʜ ʩʚʝʨʭʫ ʠ ʠʟʤʝʨʝʥʠʝ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʧʣʝʥʢʠ ʩʣʦʪ-ʤʘʪʨʠʯʥʦʛʦ ʧʝʯʘʪʥʦʛʦ PCBM 

(10 ʤʛ/ʤʣ) ʥʘ ʘʪʦʤʥʦ-ʩʠʣʦʚʦʤ ʤʠʢʨʦʩʢʦʧʝ 

 

ʈʝʟʫʣʴʪʘʪ ʠʟʤʝʨʝʥʠʷ ʪʦʣʱʠʥʳ ʥʘʧʝʯʘʪʘʥʥʳʭ ʧʣʝʥʦʢ PCBM ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʪʘʙʣʠʮʝ 8 ʠ ʥʘ 

ʨʠʩʫʥʢʝ 37 ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʚʳʭʦʜʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʫʩʪʨʦʡʩʪʚ ʥʘ ʠʭ ʦʩʥʦʚʝ. ʉ ʧʣʝʥʢʦʡ 

ʪʦʣʱʠʥʦʡ ~ 41 ʥʤ, ʧʦʣʫʯʝʥʥʦʡ ʠʟ ʨʘʩʪʚʦʨʘ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 10 ʤʛ/ʤʣ, ʇʉʕ ʧʦʢʘʟʳʚʘʝʪ ʩʘʤʳʝ 

ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʂʇɼ, ʜʦʩʪʠʛʘʷ 16 %. ʕʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʨʝʟʫʣʴʪʘʪʦʤ ʨʘʙʦʪʳ [67], ʪʘʢʘʷ ʪʦʣʱʠʥʘ 

ʩʣʦʷ PCBM ʦʧʪʠʤʘʣʴʥʘʷ ʠʟ-ʟʘ ʝʛʦ ʦʛʨʘʥʠʯʝʥʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ. ʉʣʦʪ-ʤʘʪʨʠʯʥʘʷ ʧʝʯʘʪʥʘʷ ʧʣʝʥʢʘ 

PCBM ʠʟ ʨʘʩʪʚʦʨʘ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 10 ʤʛ/ʤʣ ʪʘʢʞʝ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʘ ʥʠʟʢʫʶ ʰʝʨʦʭʦʚʘʪʦʩʪʴ 

ʩ ʧʦʛʨʝʰʥʦʩʪʴʶ (Ñ3 ʥʤ), ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 36, ʵʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʦʣʴʢʦ 8 % ʪʦʣʱʠʥʳ 

ʧʦʣʫʯʝʥʥʦʡ ʧʣʝʥʢʠ. 

 

ʊʘʙʣʠʮʘ 8 ï ʀʟʤʝʨʝʥʠʝ ʪʦʣʱʠʥʳ ʩʣʦʪ-ʤʘʪʨʠʯʥʳʭ ʧʝʯʘʪʥʳʭ ʩʣʦʝʚ PCBM 

ʂʦʥʮʝʥʪʨʘʮʠʷ, ʤʛ/ʤʣ ʊʦʣʱʠʥʘ, ʥʤ 

5 26.5 ± 5.0 

10 40.5 ± 3.0 

15 65.5 ± 4.5 
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ʈʠʩʫʥʦʢ 37 ï ʉʪʘʪʠʩʪʠʢʘ ʚʳʭʦʜʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʇʉʕ, ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʩʦ ʩʣʦʷʤʠ PCBM, 

ʥʘʧʝʯʘʪʘʥʥʳʭ ʠʟ ʨʘʩʪʚʦʨʦʚ ʩ ʨʘʟʥʳʤʠ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ: ʘ) ʥʘʧʨʷʞʝʥʠʝ ʭʦʣʦʩʪʦʛʦ ʭʦʜʘ;  

ʙ) ʧʣʦʪʥʦʩʪʴ ʪʦʢʘ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ; ʚ) ʬʘʢʪʦʨ ʟʘʧʦʣʥʝʥʠʷ; ʛ) ʂʇɼ 

 

ʃʫʯʰʠʝ ʢʨʠʚʳʝ ʠ ʪʝʤʥʦʚʳʝ ɺɸʍ ʫʩʪʨʦʡʩʪʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʘʭ 38-39. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʠʟʤʝʨʝʥʠʷ ʪʝʤʥʦʚʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚ ʫʩʪʨʦʡʩʪʚʝ ʩʦ ʩʣʦʝʤ PCBM, ʥʘʧʝʯʘʪʘʥʥʦʤ ʠʟ ʨʘʩʪʚʦʨʘ ʩ 

ʢʦʥʮʝʥʪʨʘʮʠʝʡ 5 ʤʛ/ʤʣ, ʟʘ ʩʯʝʪ ʚʳʩʦʢʦʛʦ ʪʦʢʘ ʫʪʝʯʢʠ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʣʠʩʴ ʟʥʘʯʝʥʠʷ ʪʦʢʘ 

ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ ʠ ʬʘʢʪʦʨʘ ʟʘʧʦʣʥʝʥʠʷ ʥʠʞʝ, ʯʝʤ ʚ ʦʩʪʘʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚʘʭ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʥʠʟʢʠʤ ʟʥʘʯʝʥʠʷʤ ʂʇɼ, ʚ ʪʦ ʚʨʝʤʷ Uʭʭ ʥʝ ʩʠʣʴʥʦ ʦʪʣʠʯʘʶʪʩʷ ʚʦ ʚʩʝʭ ʫʩʪʨʦʡʩʪʚʘʭ. ʂʨʦʤʝ ʵʪʦʛʦ, 

ʚ ʫʩʪʨʦʡʩʪʚʘʭ ʩʦ ʩʣʦʝʤ PCBM ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 15 ʤʛ/ʤʣ ʥʘʙʣʶʜʘʣʩʷ ʨʘʟʙʨʦʩ ʟʥʘʯʝʥʠʡ ʪʦʢʘ 

ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ, ʧʨʠ ʵʪʦʤ ʟʥʘʯʝʥʠʷ ʙʳʣʠ ʥʠʞʝ, ʯʝʤ ʚ ʫʩʪʨʦʡʩʪʚʘʭ ʩʦ ʩʣʦʝʤ PCBM ʩ 

ʢʦʥʮʝʥʪʨʘʮʠʝʡ 10 ʤʛ/ʤʣ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʧʦʚʳʰʝʥʥʳʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʠʟ-ʟʘ ʙʦʣʴʰʝʡ ʪʦʣʱʠʥʳ 

ʩʣʦʷ (ʪʦʣʱʠʥʘ ~ 65 ʥʤ). 
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ʈʠʩʫʥʦʢ 38 ï ʃʫʯʰʠʝ ʢʨʠʚʳʝ ɺɸʍ ʫʩʪʨʦʡʩʪʚ, ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʩʦ ʩʣʦʷʤʠ PCBM, ʥʘʧʝʯʘʪʘʥʥʳʭ 

ʠʟ ʨʘʩʪʚʦʨʦʚ ʩ ʨʘʟʥʳʤʠ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ 

  

 

ʈʠʩʫʥʦʢ 39 ï ʊʝʤʥʦʚʳʝ ɺɸʍ ʫʩʪʨʦʡʩʪʚ, ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʩʦ ʩʣʦʷʤʠ PCBM, ʥʘʧʝʯʘʪʘʥʥʳʭ ʠʟ 

ʨʘʩʪʚʦʨʦʚ ʩ ʨʘʟʥʳʤʠ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ 

 

 ɸʥʘʣʦʛʠʯʥʦ, ʜʳʨʦʯʥʦ-ʙʣʦʢʠʨʫʶʱʠʡ ʩʣʦʡ BCP ʪʘʢʞʝ ʙʳʣ ʥʘʧʝʯʘʪʘʥ ʥʘ ʩʣʦʪ-ʤʘʪʨʠʯʥʦʤ 

ʧʨʠʥʪʝʨʝ ʩ ʚʘʢʫʫʤʥʦʡ ʦʙʨʘʙʦʪʢʦʡ ʩʦ ʩʣʝʜʫʶʱʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ: 

ʩʢʦʨʦʩʪʴ ʧʝʯʘʪʠ ï 20 ʤʤ/ʩ; 

ʩʢʦʨʦʩʪʴ ʧʦʜʘʯʠ ʯʝʨʥʠʣʘ ï 10 ʤʢʣ/ʩ; 

ʚr ʜʝʨʞʢʘ ʚ ʚʘʢʫʫʤʝ ï 5 ʩ. 
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ʈʘʩʪʚʦʨ BCP ʙʳʣ ʧʦʣʫʯʝʥ ʧʫʪʝʤ ʜʦʙʘʚʣʝʥʠʷ ʧʦʨʦʰʢʦʚ BCP (Bathocuproine) ʚ 

ʠʟʦʧʨʦʧʘʣʴʥʳʡ ʩʧʠʨʪ ʩ ʨʘʟʥʳʤʠ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ: 0,25, 0,5 ʠ 0,75 ʤʛ/ʤʣ. ʈʘʩʪʚʦʨ ʧʝʨʝʤʝʰʠʚʘʣʩʷ 

ʤʘʛʥʠʪʦʤ ʧʨʠ 50 ʦʉ ʥʝ ʤʝʥʝʝ 8 ʯʘʩʦʚ ʧʝʨʝʜ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʣʷ ʧʦʣʥʦʛʦ ʨʘʩʪʚʦʨʝʥʠʷ ʧʦʨʦʰʢʘ. 

ɼʣʷ ʭʘʨʘʢʪʝʨʠʟʘʮʠʠ ʧʦʣʫʯʝʥʥʳʭ ʧʣʝʥʦʢ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʠʟʤʝʨʝʥʠʷ ʪʦʣʱʠʥʳ ʠ ʰʝʨʦʭʦʚʘʪʦʩʪʠ 

ʧʦʚʝʨʭʥʦʩʪʠ ʥʘ ʩʢʘʥʠʨʫʶʱʝʤ ʘʪʦʤʥʦ-ʩʠʣʦʚʦʤ ʤʠʢʨʦʩʢʦʧʝ ʠ ʠʟʛʦʪʦʚʣʝʥʠʝ ʇʉʕ ʩʦ ʩʣʦʪ-

ʤʘʪʨʠʯʥʳʤʠ ʧʝʯʘʪʥʳʤʠ ʩʣʦʷʤʠ BCP. ʈʝʟʫʣʴʪʘʪ r ʠʟʤʝʨʝʥʠʷ ʪʦʣʱʠʥʳ ʧʦʣʫʯʝʥʥʳʭ ʧʣʝʥʦʢ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 9. ʆʩʪʘʣʴʥʳʝ ʩʣʦʠ ʵʪʠʭ ʫʩʪʨʦʡʩʪʚ ʙʳʣʠ ʥʘʥʝʩʝʥʳ ʤʝʪʦʜʦʤ 

ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʷ ʩ ʤʘʨʰʨʫʪʘʤʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʤʠ ʚ ʪʘʙʣʠʮʝ 10.  

 

ʊʘʙʣʠʮʘ 9 ï ʀʟʤʝʨʝʥʠʝ ʪʦʣʱʠʥʳ ʧʦʣʫʯʝʥʥʳʭ ʧʣʝʥʦʢ BCP 

ʄʘʪʝʨʠʘʣ ʂʦʥʮʝʥʪʨʘʮʠʷ, ʤʛ/ʤʣ  ʊʦʣʱʠʥʘ, ʥʤ  

BCP  

0.25  5.8 ± 1.4  

0.5  10.9 ± 2.3  

0.75  13.3 ± 3.3  

 

ʊʘʙʣʠʮʘ 10 ï ʄʘʪʝʨʠʘʣʳ ʠ ʤʘʨʰʨʫʪʳ ʥʘʥʝʩʝʥʠʷ ʫʩʪʨʦʡʩʪʚ ʥʘ ʦʩʥʦʚʝ ʩʣʦʪ-ʤʘʪʨʠʯʥʦʛʦ BCP 

ʄʘʪʝʨʠʘʣ ʉʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ʆʪʞʠʛ ʇʨʠʤʝʯʘʥʠʝ 

NiCl2 35,5 ʤʛ/ʤʣ ʚ 

ʤʝʪʦʢʩʠʵʪʘʥʦʣ 

500 ʦʙ/ʤʠʥ ï 1 ʩ 

4000 ʦʙ/ʤʠʥ ï 30 ʩ 

300 ʦʉ ï 1 ʯ  

MAPbI3 1,42ʄ ʚ 

ɼʄʌ:ɼʄʉʆ 

500 ʦʙ/ʤʠʥ ï 1 ʩ 

4000 ʦʙ/ʤʠʥ ï 30 ʩ 

100 ʦʉ ï 10 ʤʠʥ ʉʙʨʦʩ ʭʣʦʨʙʝʥʟʦʣʘ ʥʘ 6-ʡ 

ʩʝʢʫʥʜʝ ʩ ʥʘʯʘʣʘ ʚʨʘʱʝʥʠʷ 

PCBM 35 ʤʛ/ʤʣ 500 ʦʙ/ʤʠʥ ï 1 ʩ 

1500 ʦʙ/ʤʠʥ ï 25 ʩ 

50 ʦʉ ï 5 ʤʠʥ  

ʄʝʜʥʳʡ ʚʝʨʭʥʠʡ 

ʢʦʥʪʘʢʪ 

  100 ʥʤ 

ʪʝʨʤʦʨʝʟʠʩʪʠʚʥʦʝ ʥʘʧʳʣʝʥʠʝ 

  

ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʚʳʭʦʜʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʇʉʕ ʩʦ ʩʣʦʪ-ʤʘʪʨʠʯʥʳʤʠ 

ʧʝʯʘʪʥʳʤʠ ʩʣʦʷʤʠ BCP ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 40. ʀʟ ʨʠʩʫʥʢʘ ʚʠʜʥʦ, ʯʪʦ ʢʦʥʮʝʥʪʨʘʮʠʷ 

ʨʘʩʪʚʦʨʘ BCP - 0,5 ʤʛ/ʤʣ ʷʚʣʷʝʪʩʷ ʦʧʪʠʤʘʣʴʥʦʡ ʜʣʷ ʇʉʕ ʪʘʢʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ. ʂʇɼ ʫʩʪʨʦʡʩʪʚ 

ʥʘ ʝʛʦ ʦʩʥʦʚʝ ʜʦʩʪʠʛʣʠ >17 % c ʚʳʩʦʢʠʤ ʪʦʢʦʤ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ (ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ~ 22 

ʤɸ/ʩʤ2). ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʠʟʤʝʨʷʝʤʳʝ ʟʥʘʯʝʥʠʷ Uxx ʠ ʌɿ ʥʝ ʩʠʣʴʥʦ ʦʪʣʠʯʘʶʪʩʷ ʜʣʷ ʪʨʝʭ ʪʠʧʦʚ 

ʦʙʨʘʟʮʦʚ. ʊʦʣʩʪʳʡ ʜʳʨʦʯʥʦ-ʙʣʦʢʠʨʫʶʱʠʡ ʩʣʦʡ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʩʥʠʞʝʥʠʶ ʢʦʣʠʯʝʩʪʚʘ 

ʵʣʝʢʪʨʦʥʦʚ, ʧʨʦʭʦʜʷʱʠʭ ʯʝʨʝʟ ʥʝʛʦ ʢ ʚʝʨʭʥʝʤʫ ʢʦʥʪʘʢʪʫ. ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ, ʪʦʣʱʠʥʘ ʩʣʦʷ BCP, 

ʥʘʧʝʯʘʪʘʥʥʦʛʦ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 0,75 ʤʛ/ʤʣ, ʩʦʩʪʘʚʣʷʝʪ >13 ʥʤ. ʕʪʠʤ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʩʥʠʞʝʥʠʝ 

ʪʦʢʘ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ, ʫʩʪʨʦʡʩʪʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 0,5 ʤʛ/ʤʣ. ʇʦʤʠʤʦ ʵʪʦʛʦ, 

ʚʳʭʦʜʥʳʝ ʧʘʨʘʤʝʪʨʳ ʫʩʪʨʦʡʩʪʚ ʥʘ ʦʩʥʦʚʝ ʩʣʦʷ BCP, ʥʘʧʝʯʘʪʘʥʥʦʛʦ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 0,25 ʤʛ/ʤʣ, 

ʙʣʠʟʢʠ ʢ ʧʘʨʘʤʝʪʨʘʤ  ʫʩʪʨʦʡʩʪʚ ʩʦ ʩʣʦʝʤ BCP ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 0,5 ʤʛ/ʤʣ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ 



72 

 

ʪʦʣʱʠʥʘ ʵʪʦʛʦ ʩʣʦʷ (5.8 ± 1.4 ʥʤ) ʥʝ ʜʦʩʪʘʪʦʯʥʘ ʚʳʩʦʢʘʷ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʙʣʦʢʠʨʦʚʘʥʠʷ 

ʜʚʠʞʝʥʠʷ ʜʳʨʦʢ ʩ ʧʝʨʦʚʩʢʠʪʘ ʢ ʢʘʪʦʜʫ, ʠʟ-ʟʘ ʥʠʟʢʦʡ ʚʝʨʦʷʪʥʦʩʪʠ ʨʝʢʦʤʙʠʥʘʮʠʠ ʟʘʨʷʜʦʚ. ʃʫʯʰʠʝ 

ʢʨʠʚʳʝ ɺɸʍ ʫʩʪʨʦʡʩʪʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 41. ɺ ʜʘʣʴʥʝʡʰʠʭ ʧʦʜʨʘʟʜʝʣʘʭ ʜʣʷ ʠʟʫʯʝʥʠʷ 

ʩʚʦʡʩʪʚ ʥʘʧʝʯʘʪʘʥʥʳʭ ʫʩʪʨʦʡʩʪʚ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʝʯʘʪʥʳʡ ʩʣʦʡ BCP ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʨʘʩʪʚʦʨʘ 0,5 

ʤʛ/ʤʣ. 

 

 

ʈʠʩʫʥʦʢ 40 ï ʉʪʘʪʠʩʪʠʢʘ ʚʳʭʦʜʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʇʉʕ, ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʩʦ ʩʣʦʷʤʠ BCP, 

ʥʘʧʝʯʘʪʘʥʥʳʭ ʠʟ ʨʘʩʪʚʦʨʦʚ ʩ ʨʘʟʥʳʤʠ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ: ʘ) ʥʘʧʨʷʞʝʥʠʝ ʭʦʣʦʩʪʦʛʦ ʭʦʜʘ;  

ʙ) ʧʣʦʪʥʦʩʪʴ ʪʦʢʘ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ; ʚ) ʬʘʢʪʦʨ ʟʘʧʦʣʥʝʥʠʷ; ʛ) ʂʇɼ 
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ʈʠʩʫʥʦʢ 41 ï ʃʫʯʰʠʝ ʢʨʠʚʳʝ ɺɸʍ ʫʩʪʨʦʡʩʪʚ ʩʧʠʥ-NiOx/ʩʧʠʥ-MAPI/ʩʧʠʥ-PCBM/ʧʝʯʘʪʥʳʡ BCP 

 

3.1.3 ʆʧʪʠʤʠʟʘʮʠʷ ʩʦʩʪʘʚʘ ʩʤʝʩʠ ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʚ ʨʘʩʪʚʦʨʝ ʧʨʝʢʫʨʩʦʨʘ ʧʝʨʦʚʩʢʠʪʘ 

MAPbI3  ʜʣʷ ʩʣʦʪ-ʤʘʪʨʠʯʥʦʡ ʧʝʯʘʪʠ ʩ ʚʘʢʫʫʤʥʳʤ ʠʩʧʘʨʝʥʠʝʤ 

 

ʈʘʩʪʚʦʨʠʪʝʣʠ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʜʣʷ ʤʝʪʦʜʘ ʚʘʢʫʫʤʥʦʛʦ ʠʩʧʘʨʝʥʠʷ ʚ ʧʨʦʮʝʩʩʝ ʥʘʥʝʩʝʥʠʷ 

ʧʝʨʦʚʩʢʠʪʥʦʛʦ ʩʣʦʷ, ʜʦʣʞʥʳ ʦʙʣʘʜʘʪʴ ʜʦʩʪʘʪʦʯʥʦ ʥʠʟʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʜʘʚʣʝʥʠʷ ʥʘʩʳʱʝʥʥʦʛʦ 

ʧʘʨʘ ʠ ʜʦʥʦʨʥʳʤ ʯʠʩʣʦʤ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʩʬʦʨʤʠʨʦʚʘʪʴ ʞʠʜʢʠʡ ʩʣʦʡ ʠ ʥʝ ʦʙʨʘʟʦʚʳʚʘʪʴ 

ʧʨʦʤʝʞʫʪʦʯʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʩ ʢʘʪʠʦʥʘʤʠ Pb2+. ɼʦʥʦʨʥʦʝ ʯʠʩʣʦ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʩʧʦʩʦʙʥʦʩʪʴ 

ʤʦʣʝʢʫʣ ʣʴʶʠʩʦʚʩʢʦʛʦ ʦʩʥʦʚʥʦʛʦ ʨʘʩʪʚʦʨʠʪʝʣʷ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ ʩ 

ʣʴʶʠʩʦʚʩʢʠʤʠ ʢʠʩʣʳʤʠ ʮʝʥʪʨʘʤʠ Pb2+ ʧʨʝʢʫʨʩʦʨʘ. ʌʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʨʘʩʪʚʦʨʠʪʝʣʝʡ 

ʧʦʢʘʟʘʥʳ ʚ ʪʘʙʣʠʮʝ 11. 

 

ʊʘʙʣʠʮʘ 11 ï ʌʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʨʝʛʫʣʷʨʥʳʭ ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʜʣʷ ʧʝʨʦʚʩʢʠʪʥʦʛʦ ʨʘʩʪʚʦʨʘ (ʚʩʝ 

ʟʥʘʯʝʥʠʷ ʙʳʣʠ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʨʘʚʥʦʡ 20 ʦʉ) 

ʈʘʩʪʚʦʨʠʪʝʣʴ 
ʪʦʯʢʘ ʢʠʧʝʥʠʷ 

(oC) 

ɼʘʚʣʝʥʠʝ 

ʥʘʩʳʱʝʥʥʦʛʦ ʧʦʨʘ 

(ʇa) 

ʇʣʦʪʥʦʩʪʴ 

(ʛ.ʤʣ-1) 

ɼʠʤʝʪʠʣ ʬʦʨʤʘʤʠʜ (ɼʄʌ) 152 359 0,948 

ɼʠʤʝʪʠʣ ʩʫʣʴʬʦʢʩʠʜ (ɼʄʉʆ) 189 55,55 1,1004 

ɔ-ʙʫʪʠʨʦʣʘʢʪʦʥ (ɻɹʃ) 204 199,98 1,1286 

N-ʤʝʪʠʣ 2-ʧʠʨʨʦʣʠʜʦʥ (ʅʄʇ) 202 32 1,028 

N,Nǋ-ʜʠʤʝʪʠʣ ʧʨʦʧʠʣʝʥ ʫʨʠʥʘ (ɼʄʇʋ) 240-250 5,19 1,064 

ʇʨʦʧʠʣʝʥ ʢʘʨʙʦʥʘʪ (ʇʂ) 242 3 1,205 

ʕʪʠʣʝʥ ʢʘʨʙʦʥʘʪ (ʕʂ) 243 5,2 1,321 
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ɺ ʨʘʙʦʪʝ [135] ʦʧʠʩʘʥʦ, ʯʪʦ ʯʝʤ ʙʦʣʴʰʝ ʜʦʥʦʨʥʦʝ ʯʠʩʣʦ, ʪʝʤ ʩʠʣʴʥʝʝ ʨʘʩʪʚʦʨʠʪʝʣʴ 

ʦʙʨʘʟʫʝʪ ʧʨʦʤʝʞʫʪʦʯʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʩ ʢʘʪʠʦʥʦʤ Pb2+, ʠ ʧʦʵʪʦʤʫ ʩʠʣʴʥʝʝ ʟʘʤʝʜʣʷʝʪ ʧʨʦʮʝʩʩ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʧʝʨʦʚʩʢʠʪʘ. ʈʘʩʪʚʦʨʠʪʝʣʠ ʠʤʝʶʪ ʥʠʟʢʠʝ ʜʦʥʦʨʥʳʝ ʯʠʩʣʘ ʠ ʦʯʝʥʴ ʩʣʘʙʦ 

ʢʦʦʨʜʠʥʠʨʫʶʪʩʷ ʩ Pb2+ ʠ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʣʘʛʦʧʨʠʷʪʩʪʚʫʶʪ ʦʙʨʘʟʦʚʘʥʠʶ PbI2 ʠ ʧʦʩʣʝʜʫʶʱʝʤʫ 

ʨʦʩʪʫ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ. ʈʘʩʪʚʦʨʠʪʝʣʠ ʩ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʨʝʜʥʠʤʠ ʜʦʥʦʨʥʳʤʠ ʯʠʩʣʘʤʠ ʧʦʜʭʦʜʷʪ 

ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʪʦʥʢʠʭ ʧʣʝʥʦʢ, ʘ ʩ ʚʳʩʦʢʠʤʠ ʜʦʥʦʨʥʳʤʠ ʯʠʩʣʘʤʠ ʢʘʢ ɼʄʉʆ ʠ ɼʄʇʋ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʨʘʩʪʚʦʨʠʪʝʣʷ ʚ ʧʨʦʮʝʩʩʝ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʧʣʝʥʢʠ. 

ɼʦʥʦʨʥʳʝ ʯʠʩʣʘ ʥʝʩʢʦʣʴʢʠʭ ʨʝʛʫʣʷʨʥʳʭ ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 42. 

 

 

ʈʠʩʫʥʦʢ 42 ï ɼʦʥʦʨʥʳʝ ʯʠʩʣʘ ʨʝʛʫʣʷʨʥʳʭ ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʜʣʷ ʧʝʨʦʚʩʢʠʪʥʦʛʦ 

ʨʘʩʪʚʦʨʘ [135] 

 

ʅʝʢʦʪʦʨʳʝ ʨʘʩʪʚʦʨʠʪʝʣʠ ʩ ʥʠʟʢʠʤ ʜʘʚʣʝʥʠʝʤ ʥʘʩʳʱʝʥʥʦʛʦ ʧʘʨʘ, ʪʘʢʠʝ ʢʘʢ ɼʄʇʋ, ʕʂ, 

ʇʂ (ʩʤ. ʪʘʙʣʠʮʫ 11) ʪʘʢʞʝ ʥʝ ʧʦʜʭʦʜʷʪ ʜʣʷ ʵʪʦʛʦ ʤʝʪʦʜʘ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ, ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ɻɹʃ 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʧʝʨʦʚʩʢʠʪ rʩ ʩʦʩʪʘʚʦʤ CH3NH3PbI3 (MAPI); ʨʘʩʪʚʦʨʠʪʝʣʠ: ʜʠʤʝʪʠʣʬʦʨʤʘʤʠʜ 

(ɼʄʌ), N-ʤʝʪʠʣ-2-ʧʠʨʨʦʣʠʜʦʥ (ʅʄʇ) ʠ ʜʠʤʝʪʠʣʩʫʣʴʬʦʢʩʠʜ (ɼʄʉʆ). ʉ ʚʳʩʦʢʠʤ ʜʘʚʣʝʥʠʝʤ 

ʥʘʩʳʱʝʥʥʦʛʦ ʧʦʨʘ ï 359 ʇʘ, ɼʄʌ ʙʳʩʪʨʦ ʠʩʧʘʨʷʝʪʩʷ ʠʟ ʨʘʩʪʚʦʨʘ ʧʨʝʢʫʨʩʦʨʘ ʧʨʠ ʢʦʤʥʘʪʥʳʭ 

ʫʩʣʦʚʠʷʭ, ʧʦʵʪʦʤʫ ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʩʤʝʩʴ ɼʄʌ ʠ ʅʄʇ, ʢʦʪʦʨʘʷ ʠʤʝʝʪ ʥʠʟʢʦʝ ʜʘʚʣʝʥʠʝ 

ʥʘʩʳʱʝʥʥʦʛʦ ʧʦʨʘ ï 32 ʇʘ ʜʣʷ ʟʘʤʝʜʣʝʥʠʷ ʧʨʦʮʝʩʩʘ ʠʩʧʘʨʝʥʠʷ ʨʘʩʪʚʦʨʠʪʝʣʷ ʠ ʧʦʣʫʯʝʥʠʷ ʞʠʜʢʦʡ 

ʧʣʝʥʢʠ ʧʦʩʣʝ ʧʝʯʘʪʠ. ɼʘʚʣʝʥʠʝ ʥʘʩʳʱʝʥʥʦʛʦ ʧʘʨʘ ʩʤʝʩʠ ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʧʦ 

ʩʣʝʜʫʶʱʝʡ ʬʦʨʤʫʣʝ [136]: 

 

ὖ ὖϽὲ ὖϽὲ ,      (11) 

ʛʜʝ P ï ʜʘʚʣʝʥʠʝ ʥʘʩʳʱʝʥʥʦʛʦ ʧʘʨʘ ʩʤʝʩʠ; 

Pɸ, Pɺ ï ʩʦʙʩʪʚʝʥʥʦʝ ʜʘʚʣʝʥʠʝ ʥʘʩʳʱʝʥʥʦʛʦ ʧʘʨʘ ʨʘʩʪʚʦʨʠʪʝʣʝʡ ɸ ʠ ɺ; 

nA, nB ï ʤʦʣʷʨʥʘʷ ʬʨʘʢʮʠʷ ʨʘʩʪʚʦʨʠʪʝʣʝʡ ɸ ʠ ɺ. 



75 

 

ʈʝʟʫʣʴʪʘʪʳ ʥʘʥʝʩʝʥʠʷ ʧʝʨʦʚʩʢʠʪʘ ʠʟ ʨʘʩʪʚʦʨʦʚ ʩ ʨʘʟʥʳʤʠ ʩʦʩʪʘʚʘʤʠ ʩʤʝʩʠ ʨʘʩʪʚʦʨʠʪʝʣʝʡ 

ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 43. 

 

 

ʈʠʩʫʥʦʢ 43 ï ʌʦʪʦʛʨʘʬʠʠ ʧʣʝʥʦʢ, ʧʦʣʫʯʝʥʥʳʭ ʠʟ ʨʘʩʪʚʦʨʦʚ ʩ ʨʘʟʥʳʤʠ ʩʦʩʪʘʚʘʤʠ ʩʤʝʩʠ 

ʨʘʩʪʚʦʨʠʪʝʣʝʡ: ʘ) ɼʄʌ:ɼʄʉʆ (4:1); ʙ) ɼʄʌ:ʅʄʇ (4:1); ʚ) ɼʄʌ:ʅʄʇ (1:1); ʛ) ʅʄʇ 

 

ɺ ʧʝʨʚʦʡ ʚʘʨʠʘʮʠʠ ɼʄʉʆ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʚ ʢʘʯʝʩʪʚʝ ʜʦʙʘʚʢʠ: ʥʘ ʨʠʩʫʥʢʝ 43ʘ ʧʦʢʘʟʘʥ 

ʦʙʨʘʟʝʮ ʧʦʩʣʝ 10 ʤʠʥʫʪ ʚ ʚʘʢʫʫʤʥʦʡ ʢʘʤʝʨʝ. ɹʳʣʦ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ɼʄʉʆ 

ʟʘʤʝʜʣʷʣʦ ʢʨʠʩʪʘʣʣʠʟʘʮʠʶ, ʠ ʧʦʵʪʦʤʫ ʮʚʝʪ ʧʣʝʥʢʠ ʥʝ ʠʟʤʝʥʷʣʩʷ ʜʘʞʝ ʧʦʩʣʝ 10 ʤʠʥʫʪ ʚ ʚʘʢʫʫʤʝ. 

ʅʘ ʨʠʩʫʥʢʘʭ 43ʙ, ʚ, ʛ ï ʧʝʨʦʚʩʢʠʪʥʳʝ ʧʣʝʥʢʠ ʧʦʣʫʯʝʥʳ ʠʟ ʨʘʩʪʚʦʨʘ ʩ ʦʪʥʦʰʝʥʠʝʤ ɼʄʌ:ʅʄʇ 

4:1, 1:1 ʠ 100 % ʅʄʇ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʅʄʇ ʟʘʤʝʜʣʷʝʪ ʧʨʦʮʝʩʩ ʠʩʧʘʨʝʥʠʷ ʩʤʝʩʠ ʨʘʩʪʚʦʨʠʪʝʣʝʡ, 

ʦʜʥʘʢʦ ʥʝ ʦʙʨʘʟʫʝʪ ʩʠʣʴʥʦʡ ʢʦʦʨʜʠʥʘʮʠʠ ʩ PbI2, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʩʪʚʦʨʠʪʝʣʠ ʠʩʧʘʨʷʶʪʩʷ ʧʨʠ 

ʥʠʟʢʦʤ ʜʘʚʣʝʥʠʠ, ʧʦʟʚʦʣʷʷ ʧʝʨʦʚʩʢʠʪʫ ʢʨʠʩʪʘʣʣʠʟʦʚʘʪʴʩʷ ʥʘ ʧʦʜʣʦʞʢʝ. ɺ ʚʘʢʫʫʤʝ, ʮʚʝʪ 

ʥʘʧʝʯʘʪʘʥʥʦʡ ʧʣʝʥʢʠ ʠʟʤʝʥʷʝʪʩʷ ʩ ʞʝʣʪʦʛʦ (ʮʚʝʪ ʨʘʩʪʚʦʨʘ ʧʨʝʢʫʨʩʦʨʘ) ʜʦ ʪʝʤʥʦ-ʢʦʨʠʯʥʝʚʦʛʦ, 

ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 44. ʋʚʝʣʠʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʅʄʇ ʚ ʩʤʝʩʠ ʧʨʠʚʦʜʠʪ ʢ ʥʠʟʢʦʡ ʤʦʨʬʦʣʦʛʠʠ 

ʧʣʝʥʢʠ ʧʝʨʦʚʩʢʠʪʘ. ʉʘʤʳʡ ʣʫʯʰʠʡ ʦʙʨʘʟʝʮ ʧʦʣʫʯʝʥ ʠʟ ʨʘʩʪʚʦʨʘ ɼʄʌ:ʅʄʇ (ʦʙʲʝʤʥʦʝ 

ʩʦʦʪʥʦʰʝʥʠʝ 4:1). ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʜʘʚʣʝʥʠʝ ʥʘʩʳʱʝʥʥʦʛʦ ʧʘʨʘ ʩʤʝʩʠ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 293 ʇʘ (ʧʦ 

ʬʦʨʤʫʣʝ 11). ʀʟʤʝʥʝʥʠʝ ʮʚʝʪʘ ʧʝʨʦʚʩʢʠʪʥʦʡ ʧʣʝʥʢʠ ʚ ʚʘʢʫʫʤʝ ʩʦ ʚʨʝʤʝʥʝʤ ʧʦʢʘʟʘʥʦ ʥʘ  

ʨʠʩʫʥʢʝ 44. 
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ʈʠʩʫʥʦʢ 44 ï ʀʟʤʝʥʝʥʠʝ ʮʚʝʪʘ ʥʘʧʝʯʘʪʘʥʥʦʡ ʧʣʝʥʢʠ ʚ ʚʘʢʫʫʤʝ 

 

ʇʣʝʥʢʠ ʧʝʨʦʚʩʢʠʪʘ, ʧʦʣʫʯʝʥʥʳʝ ʥʘ ʨʘʟʥʳʭ ʧʦʜʣʦʞʢʘʭ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 45. 

 

 

ʈʠʩʫʥʦʢ 45 ï ʀʟʦʙʨʘʞʝʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ʧʣʝʥʦʢ ʧʝʨʦʚʩʢʠʪʘ ʥʘ ʘ-ʙ) ʩʪʝʢʣʝ ʠ ʚ) ʢʨʝʤʥʠʝʚʦʡ 

ʧʣʘʩʪʠʥʝ; ʛ) ʯʠʩʪʘʷ ʢʨʝʤʥʠʝʚʘʷ ʧʣʘʩʪʠʥʘ; ʜ) ʯʠʩʪʦʝ ʩʪʝʢʣʦ 
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ʈʘʩʪʚʦʨ ʧʝʨʦʚʩʢʠʪʘ ʙʳʣ ʧʦʣʫʯʝʥ ʧʫʪʝʤ ʨʘʩʪʚʦʨʝʥʠʷ ʩʦʣʝʡ CH3NH3I ʠ PbI2 ʚ ʩʤʝʩʠ 

ʨʘʩʪʚʦʨʠʪʝʣʝʡ ɼʄʌ (ʜʠʤʝʪʠʣʬʦʨʤʘʤʠʜ) ʠ ʅʄʇ (N-ʤʝʪʠʣʧʠʨʨʦʣʠʜʦʥ) ʩ ʦʙʲʝʤʥʳʤ ʦʪʥʦʰʝʥʠʝʤ 

4:1 ʩ ʨʘʟʥʳʤʠ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ 0,4 ï 0,75 ʄ. ɼʦ ʥʘʥʝʩʝʥʠʷ ʨʘʩʪʚʦʨ ʭʨʘʥʠʣʩʷ ʚ ʚʠʘʣʝ ʥʘ ʧʣʠʪʢʝ 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 60 ʦʉ ʚ ʪʝʯʝʥʠʠ 12 ʯʘʩʦʚ ʜʣʷ ʧʦʣʥʦʛʦ ʨʘʩʪʚʦʨʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ. ʇʦʜʛʦʪʦʚʢʘ 

ʧʦʜʣʦʞʝʢ ʩ ITO ʚʢʣʶʯʘʣʘ ʦʯʠʱʝʥʠʝ ʨʘʩʪʚʦʨʠʪʝʣʷʤʠ ʘʮʝʪʦʥʦʤ ʠ ʠʟʦʧʨʦʧʘʥʦʣʦʤ ʚ 

ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʚʘʥʥʝ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʘʢʪʠʚʘʮʠʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʜʣʦʞʢʠ ʧʦʜ ʋʌ ʣʘʤʧʦʡ ʚ 

ʪʝʯʝʥʠʠ 30 ʤʠʥʫʪ. ʇʨʦʮʝʩʩ ʧʝʯʘʪʠ ʧʝʨʦʚʩʢʠʪʥʳʭ ʩʣʦʝʚ ʥʘ ʩʣʦʪ-ʤʘʪʨʠʯʥʦʤ ʧʨʠʥʪʝʨʝ ʤʝʪʦʜʦʤ 

ʚʘʢʫʫʤʥʦʛʦ ʠʩʧʘʨʝʥʠʷ ʦʧʠʩʘʥ ʚʳʰʝ ʩʦ ʩʣʝʜʫʶʱʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʧʝʯʘʪʠ: 

ʩʢʦʨʦʩʪʴ ʧʝʯʘʪʠ ï 28 ʤʤ/ʩ; 

ʩʢʦʨʦʩʪʴ ʧʦʜʘʯʠ ï 10 ʤʢʣ/ʩ. 

ʀʟʦʙʨʘʞʝʥʠʷ ʥʘʧʝʯʘʪʘʥʥʳʭ ʧʣʝʥʦʢ ʧʦʩʣʝ 10 ʤʠʥʫʪ ʦʪʞʠʛʘ ʧʨʠ 100 ʦʉ ʧʨʠʚʝʜʝʥʳ ʥʘ 

ʨʠʩʫʥʢʝ 46. ʅʘ ʣʘʙʦʨʘʪʦʨʥʦʤ ʩʣʦʪ-ʤʘʪʨʠʯʥʦʤ ʧʨʠʥʪʝʨʝ ʚʦʟʤʦʞʥʦ ʠʟʛʦʪʦʚʠʪʴ ʰʠʨʦʢʦʬʦʨʤʘʪʥʳʝ 

ʫʩʪʨʦʡʩʪʚʘ ʩ ʨʘʟʤʝʨʦʤ 25Ĭ75 ʤʤ ʠ ʜʘʞʝ ʰʠʨʝ ʥʘ ʩʪʝʢʣʷʥʥʦʡ ʧʦʜʣʦʞʢʝ ʠʣʠ ʢʨʝʤʥʠʝʚʦʡ ʧʣʘʩʪʠʥʝ. 

ʈʝʟʫʣʴʪʘʪ ʠʟʤʝʨʝʥʠʷ ʪʦʣʱʠʥʳ ʧʦʣʫʯʝʥʥʳʭ ʧʝʨʦʚʩʢʠʪʥʳʭ ʧʣʝʥʦʢ ʥʘ ʧʨʦʬʠʣʦʤʝʪʨʝ ʧʨʝʜʩʪʘʚʣʝʥ 

ʚ ʪʘʙʣʠʮʝ 12. 

 

ʊʘʙʣʠʮʘ 12 ï ʊʦʣʱʠʥʘ ʧʝʨʦʚʩʢʠʪʥʳʭ ʧʣʝʥʦʢ ʧʦʣʫʯʝʥʥʳʭ ʤʝʪʦʜʦʤ ʚʘʢʫʫʤʥʦʛʦ ʠʩʧʘʨʝʥʠʷ ʥʘ 

ʩʣʦʪ-ʤʘʪʨʠʯʥʦʤ ʧʨʠʥʪʝʨʝ.  

ʂʦʥʮʝʥʪʨʘʮʠʷ 0,4ʄ 0,45ʄ 0,5ʄ 0,6ʄ 0,7ʄ 0,75ʄ 

ʊʦʣʱʠʥʘ (ʥʤ) 370 ± 15 415 ± 15 460 ± 30 ~ 480-600 ~ 550-600 > 800 

 

 

ʈʠʩʫʥʦʢ 46 ï ʀʟʦʙʨʘʞʝʥʠʝ ʧʣʝʥʦʢ ʧʝʨʦʚʩʢʠʪʘ ʧʦʣʫʯʝʥʥʳʭ ʠʟ ʨʘʩʪʚʦʨʘ ʩ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ 0,4ʄ 

ï 0,75ʄ 
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 ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʟʤʝʨʝʥʠʷ ʪʦʣʱʠʥʳ ʧʦʣʫʯʝʥʥʳʭ ʧʣʝʥʦʢ ʚʠʜʥʦ, ʯʪʦ ʯʝʤ ʪʦʥʴʰʝ ʧʝʯʘʪʥʳʡ 

ʩʣʦʡ, ʪʝʤ ʣʝʛʯʝ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʨʘʚʥʦʤʝʨʥʦʩʪʴ/ʰʝʨʦʭʦʚʘʪʦʩʪʴ ʧʣʝʥʢʠ. ʉ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ 0,45 ï 

0,5ʄ ʨʘʩʪʚʦʨʘ ʧʝʨʦʚʩʢʠʪʘ ʧʦʣʫʯʠʣʦʩʴ ʜʦʙʠʪʴʩʷ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʦʧʪʠʤʘʣʴʥʦʡ ʪʦʣʱʠʥʳ 

ʧʝʨʦʚʩʢʠʪʥʦʛʦ ʩʣʦʷ, ʧʦʣʫʯʝʥʥʦʛʦ ʤʝʪʦʜʦʤ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʷ. ɼʣʷ ʭʘʨʘʢʪʝʨʠʟʘʮʠʠ ʢʘʯʝʩʪʚʘ 

ʥʘʧʝʯʘʪʘʥʥʳʭ ʧʣʝʥʦʢ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʩʧʝʢʪʨʘ ʧʦʛʣʦʱʝʥʠʷ, ʩʧʝʢʪʨʘ 

ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ, ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ ʠ ʩʢʘʥʠʨʫʶʱʘʷ ʵʣʝʢʪʨʦʥʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ. 

ʈʝʟʫʣʴʪʘʪ ʠʟʤʝʨʝʥʠʷ ʩʧʝʢʪʨʘ ʧʦʛʣʦʱʝʥʠʷ ʧʣʝʥʦʢ ʧʝʨʦʚʩʢʠʪʘ, ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʥʘ ʩʣʦʪ-ʤʘʪʨʠʯʥʦʤ 

ʧʨʠʥʪʝʨʝ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʵʪʘʣʦʥʥʦʡ ʧʣʝʥʢʦʡ, ʠʟʛʦʪʦʚʣʝʥʥʦʡ ʤʝʪʦʜʦʤ ʘʥʪʠ-ʨʘʩʪʚʦʨʠʪʝʣʷ 

(ʨʝʬʝʨʝʥʩ) ʧʨʠʚʝʜʝʥ ʥʘ ʨʠʩʫʥʢʝ 47. ʈʝʬʝʨʝʥʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʝʨʦʚʩʢʠʪʥʫʶ ʧʣʝʥʢʫ, 

ʧʦʣʫʯʝʥʫʶ ʠʟ ʨʘʩʪʚʦʨʘ MAPbI3 ʚ ʩʤʝʩʠ ɼʄʌ:ɼʄʉʆ (ʦʙʴʝʤʥʦʝ ʦʪʥʦʰʝʥʠʝ 9:1) ʤʝʪʦʜʦʤ 

ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʘʥʪʠ-ʨʘʩʪʚʦʨʠʪʝʣʷ ʩ ʤʘʨʰʨʫʪʦʤ 500 ʦʙ/ʤʠʥ ï 1 ʩʝʢ ʠ 4000 

ʦʙ/ʤʠʥ ï 30 ʩʝʢ, ʩʙʨʦʩʦʤ ʭʣʦʨʙʝʥʟʦʣʘ ʥʘ 6-ʦʡ ʩʝʢʫʥʜʝ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʦʪʞʠʛʦʤ ʧʨʠ 100 ʦʉ ʚ 

ʪʝʯʝʥʠʝ 10 ʤʠʥʫʪ. 

 

 

ʈʠʩʫʥʦʢ 47 ï ʉʧʝʢʪʨ ʧʦʛʣʦʱʝʥʠʷ ʥʘʧʝʯʘʪʘʥʥʳʭ ʧʣʝʥʦʢ ʧʝʨʦʚʩʢʠʪʘ 

 

ʂʨʠʚʳʝ ʩʧʝʢʪʨʘ ʧʦʛʣʦʱʝʥʠʷ ʜʣʷ ʦʙʨʘʟʮʦʚ ʩ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ ʨʘʩʪʚʦʨʦʚ 0,4 ï 0,7 ʄ 

ʠʜʝʥʪʠʯʥʳ ʠ ʠʤʝʶʪ ʩʦʧʦʩʪʘʚʠʤʫʶ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʵʪʘʣʦʥʥʳʤ ʦʙʨʘʟʮʦʤ, ʢʘʢ ʠ ʠʭ 

ʪʦʣʱʠʥʳ, ʪʦʣʴʢʦ ʦʜʠʥ ʦʙʨʘʟʝʮ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 0,75 ʄ ʠʤʝʣ ʫʚʝʣʠʯʝʥʥʫʶ ʠʥʪʝʥʩʠʚʥʦʩʪʴ 

ʧʦʛʣʦʱʝʥʠʷ ʠ ʙʦʣʴʰʫʶ ʪʦʣʱʠʥʫ. ʀʟ ʜʘʥʥʳʭ ʩʧʝʢʪʨʘ ʧʦʛʣʦʱʝʥʠʷ ʤʦʞʥʦ ʧʦʩʪʨʦʠʪʴ tauc-ʛʨʘʬʠʢʠ 

ʩʚʷʟʠ ʤʝʞʜʫ ʵʥʝʨʛʠʝʡ hɜ ʠ (Ŭhɜ)2, ʧʦ ʢʦʪʦʨʳʤ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʟʥʘʯʝʥʠʷ ʰʠʨʠʥʳ ʟʘʧʨʝʰʝʥʥʦʡ 

ʟʦʥʳ ʧʦʣʫʯʝʥʥʳʭ ʧʣʝʥʦʢ, ʨʘʚʥʳʝ 1,59 ʵɺ (ʨʠʩʫʥʦʢ 48). ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʣʫʯʝʥʥʦʝ ʟʥʘʯʝʥʠʝ 

ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʣʠʪʝʨʘʪʫʨʥʳʤʠ ʜʘʥʥʳʤʠ [137ï139]. ʂʦʥʮʝʥʪʨʘʮʠʷ ʨʘʩʪʚʦʨʘ-ʧʨʝʢʫʨʩʦʨʘ 0,5ʄ ʙʳʣʘ 

ʚʳʙʨʘʥʘ ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʜʣʷ ʫʩʪʨʦʡʩʪʚ, ʧʦʩʢʦʣʴʢʫ ʧʦʣʫʯʝʥʥʘʷ ʧʨʠ ʪʘʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʪʦʣʱʠʥʘ ʧʣʝʥʢʠ ʧʝʨʦʚʩʢʠʪʘ (460 ʥʤ), ʠʩʭʦʜʷ ʠʟ ʨʘʙʦʪ [60,140] ʷʚʣʷʝʪʩʷ ʦʧʪʠʤʘʣʴʥʦʡ. 
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ʈʠʩʫʥʦʢ 48 ï ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʵʥʝʨʛʠʠ ʥʘʧʝʯʘʪʘʥʥʳʭ ʧʣʝʥʦʢ ʠ ʨʝʬʝʨʝʥʩʘñtauc-plotò 

 

ɼʣʷ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ ʤʦʨʬʦʣʦʛʠʠ ʧʦʣʫʯʝʥʥʳʭ ʧʣʝʥʦʢ ʥʝʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʭʣʦʨʠʜʘ 

ʤʝʪʠʣʘʤʤʦʥʠʷ (CH3NH3Cl ï MACl) ʙʳʣʦ ʚʚʝʜʝʥʦ ʚ ʨʘʩʪʚʦʨ ʧʝʨʦʚʩʢʠʪʘ (ʤʦʣʷʨʥʦʝ ʦʪʥʦʰʝʥʠʝ 

MACl  ʢ PbI2 5%, 10% ʠ 15%). ʂʦʤʧʦʥʝʥʪ MACl  ʚ ʩʦʩʪʘʚʝ ʧʝʨʦʚʩʢʠʪʘ ʟʘʤʝʜʣʷʝʪ ʧʨʦʮʝʩʩ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʧʣʝʥʢʠ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʵʬʬʝʢʪʠʚʥʳʡ ʧʦʜʭʦʜ ʢ ʢʦʥʪʨʦʣʶ ʤʦʨʬʦʣʦʛʠʠ [58]. 

ɺʣʠʷʥʠʝ ʜʦʙʘʚʢʠ MACl  ʥʘ ʢʠʥʝʪʠʢʫ ʠʩʧʘʨʝʥʠʷ ʨʘʩʪʚʦʨʠʪʝʣʝʡ, ʘ ʪʘʢ ʞʝ ʥʘ ʧʨʦʮʝʩʩ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʧʝʨʦʚʩʢʠʪʘ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʘʭ 44 ʠ 49.  

 

 

ʈʠʩʫʥʦʢ 49 ï ʘ) ʀʟʦʙʨʘʞʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʣʫʯʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʥʘ ʉʕʄ; ʙ) ʩʪʘʪʠʩʪʠʢʘ 

ʨʘʟʤʝʨʦʚ ʟʝʨʝʥ; ʚ) cʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ ʠ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ ʧʦʣʫʯʝʥʥʳʭ ʧʣʝʥʦʢ 
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ɺʠʜʥʦ ʯʪʦ, ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʢʘʣʠʯʝʩʪʚʘ ʜʦʙʘʚʢʠ ʧʨʦʮʝʩʩ ʠʩʧʘʨʝʥʠʷ ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʠʟ 

ʤʦʢʨʦʡ ʧʣʝʥʢʠ ʟʘʤʝʜʣʷʝʪʩʷ. ʀʟʦʙʨʘʞʝʥʠʷ ʉʕʄ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʣʫʯʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʧʦʢʘʟʘʣʠ 

ʫʣʫʯʰʝʥʠʝ ʨʘʟʤʝʨʘ ʟʝʨʝʥ ʢʨʠʩʪʘʣʣʘ MAPI ʜʦʙʘʚʢʦʡ MACl  ʩ ʥʘʠʙʦʣʴʰʠʤ ʟʥʘʯʝʥʠʝʤ, 

ʧʨʝʚʳʰʘʶʱʠʤ 1000 ʥʤ (ʨʠʩʫʥʦʢ 50). ɺ ʪʦ ʚʨʝʤʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʝʥʢʠ MAPI ʙʝʟ MACl 

ʥʘʙʣʶʜʘʶʪʩʷ ʤʘʣʝʥʴʢʠʝ ʟʝʨʥʘ (ʨʘʟʤʝʨ < 100 ʥʤ) ʩ ʚʳʩʦʢʦʡ ʰʝʨʝʭʦʚʘʪʦʩʪʴʶ. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ 

ʥʘʠʙʦʣʴʰʠʝ ʟʝʨʥʘ ʢʨʠʩʪʘʣʣʘ ʩʬʦʨʤʠʨʦʚʘʣʠʩʴ ʚ ʧʣʝʥʢʝ ʩ 15 % MACl, ʥʘ ʛʨʘʥʠʮʘʭ ʨʘʟʜʝʣʘ ʤʝʞʜʫ 

ʜʦʤʝʥʘʤʠ ʦʙʨʘʟʦʚʘʣʠʩʴ ʟʝʨʥʘ ʨʘʟʤʝʨʦʤ ʧʦʤʝʥʴʰʝ (< 200 ʥʤ) ʠ ʧʦʵʪʦʤʫ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʨʘʟʤʝʨʘ 

ʟʝʨʥʘ ʙʳʣʦ ʤʝʥʴʰʝ, ʯʝʤ ʫ ʦʙʨʘʟʮʘ ʩ 10 %, ʢʘʢ ʧʦʢʘʟʘʥʦ ʚ ʛʠʩʪʦʛʨʘʤʤʝ ʥʘ ʨʠʩʫʥʢʘʭ 49ʙ ʠ 50. ʕʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʠ, ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʠ ʥʘʣʠʯʠʶ ʜʝʬʝʢʪʦʚ, ʢʦʪʦʨʳʝ ʫʭʫʜʰʘʶʪ ʬʦʪʦʪʦʢ 

ʫʩʪʨʦʡʩʪʚʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʚʝʜʝʥʠʝ ʚ ʨʘʩʪʚʦʨ ʧʝʨʦʚʩʢʠʪʘ ʧʨʦʮʝʥʪʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ MACl ʩ 0 % 

ʜʦ 10 % ʧʨʠʚʦʜʠʪ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʧʣʝʥʢʠ ʩʦ ʩʨʝʜʥʠʤ ʟʥʘʯʝʥʠʝʤ ʨʘʟʤʝʨʘ ʟʝʨʝʥ, ʫʚʝʣʠʯʝʥʥʦʛʦ ʩ 

112,7 ʜʦ 487,07 ʥʤ (ʨʠʩʫʥʦʢ 50). ɺ ʩʦʦʪʚʝʪʩʪʚʠʝ ʩ ʵʪʠʤʠ ʠʟʤʝʨʝʥʠʷʤʠ, ʛʨʘʬʠʢʠ 

ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ (ʨʠʩʫʥʦʢ 49ʚ) ʧʦʢʘʟʘʣʠ ʫʣʫʯʰʝʥʠʝ ʠʟʣʫʯʝʥʠʷ ʩʧʝʢʪʨʦʚ ʩ ʜʦʙʘʚʢʦʡ MACl 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʯʠʩʪʳʤ ʧʝʨʦʚʩʢʠʪʦʤ MAPI. ʇʣʝʥʢʘ ʧʝʨʦʚʩʢʠʪʘ ʩ 10 % MACl  ʧʦʢʘʟʘʣʘ ʩʘʤʳʡ 

ʚʳʩʦʢʠʡ ʧʠʢ. ʅʘ ʛʨʘʬʠʢʘʭ ʧʦʛʣʦʱʝʥʠʷ ʠ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ ʪʘʢʞʝ ʥʘʙʣʶʜʘʝʪʩʷ ʩʜʚʠʛ ʰʠʨʠʥʳ 

ʟʘʧʨʝʱʝʥʦʡ ʟʦʥʳ ʚ ʩʪʦʨʦʥʫ ʩʠʥʝʛʦ ʠʟʣʫʯʝʥʠʷ. 

 

 

ʈʠʩʫʥʦʢ 50 ï ʉʨʝʜʥʠʡ ʨʘʟʤʝʨ ʟʝʨʝʥ ʧʝʨʦʚʩʢʠʪʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʘʣʠʯʝʩʪʚʘ ʜʦʙʘʚʢʠ ʚ ʨʘʩʪʚʦʨʝ 

 

ʈʝʟʫʣʴʪʘʪ ʨʝʥʪʛʝʥʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ (XRD), ʧʨʠʚʝʜʝʥʳʡ ʥʘ ʨʠʩʫʥʢʝ 51 ʧʦʜʚʝʨʞʜʘʝʪ, 

ʯʪʦ ʥʘʧʝʯʘʪʘʥʥʳʝ ʩʣʦʠ ʧʝʨʦʚʩʢʠʪʘ ʙʳʣʠ ʢʦʨʨʝʢʪʥʦ ʩʬʦʨʤʠʨʦʚʘʥʳ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʝʨʦʚʩʢʠʪʦʤ 

MAPI ʚ ʨʘʙʦʪʝ [141]. ʂʨʦʤʝ ʵʪʦʛʦ, ʩʧʝʢʪʨ ʧʝʨʦʚʩʢʠʪʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʩ 10 % ʜʦʙʘʚʢʦʡ MACl  

ʧʦʢʘʟʘʣ ʣʫʯʰʫʶ ʢʨʠʩʪʘʣʣʠʟʘʮʠʶ, ʯʝʤ ʫ ʦʩʪʘʣʴʥʳʭ ʥʝʧʝʯʘʪʘʥʥʳʭ ʧʣʝʥʦʢ. ɺ ʧʝʨʦʚʩʢʠʪʝ ʩ 15 % 

ʜʦʙʘʚʢʦʡ MACl ʥʘʙʣʶʜʘʣʩʷ ʧʠʢ ʧʨʠʤʝʩʠ ʚ ʧʦʣʦʞʝʥʠʠ ~ 12,5 ʛʨʘʜʫʩʦʚ, ʩʢʦʨʝʝ ʚʩʝʛʦ, ʦʥ ʩʚʷʟʘʥ ʩ 

ʥʝ ʧʨʦʨʝʘʛʠʨʦʚʘʥʥʳʤʠ PbI2, ʢʘʢ ʧʦʢʘʟʘʥʦ ʚ ʨʘʙʦʪʝ [141]. ʕʪʦ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʩʥʠʞʝʥʠʶ 
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ʚʳʭʦʜʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʫʩʪʨʦʡʩʪʚ ʥʘ ʝʛʦ ʦʩʥʦʚʝ, ʧʦʩʢʦʣʴʢʫ ʥʝʦʜʥʦʨʦʜʥʳʝ ʩʣʦʠ ʧʝʨʦʚʩʢʠʪʘ ʠ 

ʜʝʬʬʝʢʪʳ ʚʣʠʷʶʪ ʥʘ ʧʨʦʮʝʩʩ ʪʨʘʥʩʧʦʨʪʘ ʟʘʨʷʜʦʚ. 

 

 

ʈʠʩʫʥʦʢ 51 ï ʈʝʟʫʣʴʪʘʪ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʧʦʣʫʯʝʥʥʳʭ ʧʣʝʥʦʢ MAPbI3 

 

 

ʈʠʩʫʥʦʢ 52 ï ʘ) ʉʪʘʪʠʩʪʠʢʘ ʂʇɼ ʩʣʦʪ-ʤʘʪʨʠʯʥʳʭ ʧʝʯʘʪʥʳʭ ʇʉʕ ʥʘ ʦʩʥʦʚʝ MAPbI3 ʩ ʜʦʙʘʚʢʦʡ 

MACl; ʙ) ɺɸʍ ʩʘʤʦʛʦ ʣʫʯʰʝʛʦ ʵʣʝʤʝʥʪʘ ʩ 10 % MACl; ʚ) ʩʧʝʢʪʨ ʚʥʝʰʥʝʡ ʢʚʘʥʪʦʚʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ (EQE) ʫʩʪʨʦʡʩʪʚʘ ʩ 10 % MACl; ʛ) ʠʟʤʝʨʝʥʠʝ ʩʪʘʙʠʣʠʟʘʮʠʠ ʩʣʦʪ-ʤʘʪʨʠʯʥʳʭ 

ʧʝʯʘʪʥʳʭ ʇʉʕ ʥʘ ʦʩʥʦʚʝ MAPbI3 ʩ 10 % MACl 
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ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʠ ʦʮʝʥʢʠ ʚʳʭʦʜʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʦʣʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʠʟʛʦʪʦʚʣʝʥʥʳʭ 

ʩʦ ʩʣʦʪ-ʤʘʪʨʠʯʥʳʤʠ ʩʣʦʷʤʠ ʧʝʨʦʚʩʢʠʪʘ, ʥʘʧʝʯʘʪʘʥʥʳʤʠ ʠʟ ʨʘʩʪʚʦʨʦʚ ʩ ʨʘʟʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ 

ʜʦʙʘʚʢʠ MACl  (0, 5, 10 ʠ 15 %), ʙʳʣʘ ʠʟʛʦʪʦʚʣʝʥʘ ʩʝʨʠʷ ʧʦʣʥʦʩʪʴʶ ʧʝʯʘʪʥʳʭ ʦʙʨʘʟʮʦʚ. 

ʆʩʪʘʣʴʥʳʝ ʩʣʦʠ ʙʳʣʠ ʥʘʧʝʯʘʪʘʥʳ ʩ ʦʧʪʠʤʘʣʴʥʳʤʠ ʤʘʨʰʨʫʪʘʤʠ, ʦʧʠʩʘʥʥʳʤʠ ʚʳʰʝ. ʉʦʣʥʝʯʥʳʡ 

ʩʠʤʫʣʷʪʦʨ ʚ ʩʪʘʥʜʘʨʪʥʳʭ ʫʩʣʦʚʠʷʭ (ʩʚʝʪʦʚʦʡ ʩʧʝʢʪʨ 1,5 AM G ʩ ʢʘʣʠʙʨʦʚʘʥʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ 

100 ʤɺʪ/ʩʤ2) ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ɺɸʍ ʩʦʣʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ. ɺʳʭʦʜʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʠʟʤʝʨʝʥʠʝ EQE ʠ ʩʪʘʙʠʣʴʥʦʩʪʠ ʧʦʣʥʦʩʪʴʶ ʧʝʯʘʪʥʳʭ ʩʦʣʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ 

(ʘʢʪʠʚʥʘʷ ʧʣʦʱʘʜʴ 0,14 ʩʤ2) ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʘʭ 52-53. 

 

 

ʈʠʩʫʥʦʢ 53 ï ʉʪʘʪʠʩʪʠʢʘ ʚʳʭʦʜʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʩʣʦʪ-ʤʘʪʨʠʯʥʳʭ ʧʝʯʘʪʥʳʭ ʇʉʕ ʥʘ ʦʩʥʦʚʝ 

MAPbI3 ʩ ʜʦʙʘʚʢʦʡ MACl: ʘ) ʥʘʧʨʷʞʝʥʠʝ ʭʦʣʦʩʪʦʛʦ ʭʦʜʘ; ʙ) ʧʣʦʪʥʦʩʪʴ ʪʦʢʘ ʢʦʨʦʪʢʦʛʦ 

ʟʘʤʳʢʘʥʠʷ; ʚ) ʬʘʢʪʦʨ ʟʘʧʦʣʥʝʥʠʷ; ʛ) ʂʇɼ 

 

ʉʪʘʪʠʩʪʠʢʘ ʚʳʭʦʜʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʧʝʨʦʚʩʢʠʪʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʤʝʪʦʜʦʤ 

ʩʣʦʪ-ʤʘʪʨʠʯʥʦʡ ʧʝʯʘʪʠ, ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 53. ɺʠʜʥʦ, ʯʪʦ ʜʦʙʘʚʣʝʥʠʝ MACl  ʚ ʨʘʩʪʚʦʨʝ-

ʧʨʝʢʫʨʩʦʨʝ ʫʣʫʯʰʘʝʪ ʥʝ ʪʦʣʴʢʦ ʥʘʧʨʷʞʝʥʠʝ ʭʦʣʦʩʪʦʛʦ ʭʦʜʘ (ʜʦ 1,8 ɺ ʚ ʫʩʪʨʦʡʩʪʚʝ ʩ 10 % MACl), 
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ʘ ʝʱʝ ʠ ʪʦʢ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ ʧʝʯʘʪʥʳʭ ʫʩʪʨʦʡʩʪʚ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʵʬʬʝʢʪʠʚʥʦ ʧʦʜʥʠʤʘʝʪ 

ʂʇɼ ʫʩʪʨʦʡʩʪʚʘ. ʇʦʜʨʦʙʥʝʝ, ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ Uxx ʫʚʝʣʠʯʠʣʦʩʴ ʩ 1 ɺ ʜʦ 1,6 ɺ, ʘ Jʢʟ ʩ 14 ʤɸ/ʩʤ
2 

ʜʦ 20,5 ʤɸ/ʩʤ2. ʋʩʪʨʦʡʩʪʚʘ, ʠʟʛʦʪʦʚʣʝʥʥʳʝ ʩ 10 % MACl , ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʤʘʢʩʠʤʘʣʴʥʦʝ 

ʫʣʫʯʰʝʥʠʝ ʚʳʭʦʜʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʩ ʂʇɼ ʜʦʩʪʠʛʰʠʤ 16,06 % ʠ Jʢʟ ʚʳʰʝ 21 ʤɸ/ʩʤ
2, ʯʪʦ 

ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʠʟʤʝʨʝʥʠʝʤ ʚʥʝʰʥʝʡ ʢʚʘʥʪʦʚʦʡ ɻ ʬʬʝʢʪʠʚʥʦʩʪʠ (ʩʤ. ʨʠʩʫʥʦʢ 52ʙ ʠ ʚ). ʂʨʦʤʝ ʵʪʦʛʦ, 

ʚʦʣʴʪ-ʘʤʧʝʨʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʫʩʪʨʦʡʩʪʚ ʧʦʢʘʟʳʚʘʶʪ ʥʝʟʥʘʯʠʪʝʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʧʨʠ 

ʦʙʨʘʪʥʦʤ ʠ ʧʨʷʤʦʤ ʩʢʘʥʠʨʦʚʘʥʠʠ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʵʬʬʝʢʪʠʚʥʦʝ ʧʦʜʘʚʣʝʥʠʝ ʛʠʩʪʝʨʝʟʠʩʘ. 

ʉʥʠʞʝʥʠʝ ʚʳʭʦʜʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʦʩʪʘʣʴʥʳʭ ʪʠʧʦʚ ʇʉʕ, ʩʢʦʨʝʝ ʚʩʝʛʦ, ʩʚʷʟʘʥʥʳʭ ʩ ʤʦʨʬʦʣʦʛʠʝʡ 

ʥʘʧʝʯʘʪʘʥʥʳʭ ʩʣʦʝʚ ʧʝʨʦʚʩʢʠʪʘ MAPI, ʙʳʣʠ ʦʧʠʩʘʥʳ ʚʳʰʝ. ʀʟʤʝʨʝʥʠʝ ʩʪʘʙʠʣʠʟʘʮʠʠ ʫʩʪʨʦʡʩʪʚʘ 

ʥʘ ʦʩʥʦʚʝ ʧʝʨʦʚʩʢʠʪʘ ʩ 10 % MACl  ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 52ʛ. ʋʩʪʘʥʦʚʠʚʰʝʝʩʷ ʟʥʘʯʝʥʠʝ ʂʇɼ ʚ 

15.7 % ʥʘ ʫʩʪʨʦʡʩʪʚʝ ʙʳʣʦ ʜʦʩʪʠʛʥʫʪʦ ʧʫʪʝʤ ʬʠʢʩʘʮʠʠ ʚʳʭʦʜʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʥʘ 0,83 ɺ. ʇʉʕ 

ʨʘʙʦʪʘʣ ʩʪʘʙʠʣʴʥʦ ʧʨʠ ʧʦʜʢʣʶʯʝʥʠʠ ʢ ʠʟʤʝʨʝʥʠʶ ʚ ʪʝʯʝʥʠʝ 700 ʩʝʢʫʥʜ ʩ ʫʩʪʘʥʦʚʠʚʰʠʤʩʷ  

ʪʦʢʦʤ > 18 ʤɸ/ʩʤ2. ʉʧʝʢʪʨ ʚʥʝʰʥʝʡ ʢʚʘʥʪʦʚʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ (EQE) ʜʣʷ ʣʫʯʰʝʛʦ ʫʩʪʨʦʡʩʪʚʘ 

ʧʦʢʘʟʘʥ ʥʘ ʨʠʩʫʥʢʝ 52ʚ. EQE ʧʨʝʚʳʰʘʝʪ 74% ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 400 ʜʦ 750 ʥʤ ʩ ʧʠʢʦʚʳʤ EQE 87% 

ʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʠʥʪʝʛʨʘʣʴʥʦʤʫ ʬʦʪʦʪʦʢʫ ʨʘʚʥʦʤʫ 21,10 ʤɸ/ʩʤ2. 

ʅʘ ʨʠʩʫʥʢʝ 54 ʧʨʝʜʩʪʘʚʣʝʥʦ ʠʟʤʝʨʝʥʠʝ ʪʝʤʥʦʚʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʣʫʯʝʥʥʳʭ ʇʉʕ. ʅʘ 

ʛʨʘʬʠʢʝ ʚʠʜʥʦ, ʯʪʦ ʫʩʪʨʦʡʩʪʚʘ, ʠʟʛʦʪʦʚʣʝʥʥʳʝ ʥʘ ʦʩʥʦʚʝ CsFAPI ʩ 10 % MACl, ʧʦʢʘʟʘʣʠ ʚʳʩʦʢʦʝ 

ʰʫʥʪʠʨʫʶʱʝʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ, ʢʦʪʦʨʦʝ ʵʬʬʝʢʪʠʚʥʦ ʫʩʪʨʘʥʷʝʪ ʪʦʢʠ ʫʪʝʯʢʠ. ɸ ʛʣʘʚʥʘʷ ʧʨʠʯʠʥʘ 

ʩʥʠʞʝʥʠʷ ʂʇɼ ʦʩʪʘʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ ʩʚʷʟʘʥʘ ʩ ʥʝ ʚʳʩʦʢʠʤ ʪʦʢʦʤ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ, 

ʚʳʟʚʘʥʥʳʤ ʥʠʟʢʠʤʠ ʪʦʢʘʤʠ ʰʫʥʪʠʨʦʚʘʥʠʷ (ʚ ʧʦʨʷʜʢʝ 10-5 ʜʦ 10-4).  

 

 

ʈʠʩʫʥʦʢ 54 ï ʊʝʤʥʦʚʳʝ ɺɸʍ ʩʣʦʪ-ʤʘʪʨʠʯʥʳʭ ʧʝʯʘʪʥʳʭ ʇʉʕ ʥʘ ʦʩʥʦʚʝ MAPbI3 

 

 ɺ ʠʪʦʛʝ, ʧʦʣʥʦʩʪʴʶ ʥʘʧʝʯʘʪʘʥʥʳʝ ʧʝʨʦʚʩʢʠʪʥʳʝ ʩʦʣʥʝʯʥʳʝ ʵʣʝʤʝʥʪʳ ʩ 

ʰʠʨʦʢʦʬʦʨʤʘʪʥʦʡ ʘʢʪʠʚʥʦʡ ʧʣʦʱʘʜʴʶ (1 ʩʤ2) ʠ ʤʦʜʫʣʴ ʩ ʜʚʫʤʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʩʦʝʜʠʥʝʥʥʳʤʠ 
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ʵʣʝʤʝʥʪʘʤʠ (2,09 ʩʤ2) ʙʳʣʠ ʠʟʛʦʪʦʚʣʝʥʳ ʤʝʪʦʜʦʤ ʩʣʦʪ-ʤʘʪʨʠʯʥʦʡ ʧʝʯʘʪʠ. ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ 

ʚʳʭʦʜʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʣʫʯʝʥʥʳʭ ʩʦʣʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʘʭ 55-56.  

 

 

ʈʠʩʫʥʦʢ 55 ï  ɺɸʍ ʠ ʚʳʭʦʜʥʳʝ ʧʘʨʘʤʝʪʨʳ ʩʣʦʪ-ʤʘʪʨʠʯʥʦʛʦ ʧʝʯʘʪʥʦʛʦ ʇʉʕ ʥʘ ʦʩʥʦʚʝ MAPbI3 ʩ 

ʘʢʪʠʚʥʦʡ ʧʣʦʱʘʜʴʶ 1ʩʤ2 

 

 

ʈʠʩʫʥʦʢ 56 ï  ɺɸʍ ʠ ʚʳʭʦʜʥʳʝ ʧʘʨʘʤʝʪʨʳ ʩʣʦʪ-ʤʘʪʨʠʯʥʦʛʦ ʧʝʯʘʪʥʦʛʦ ʇʉʄ ʥʘ ʦʩʥʦʚʝ MAPbI3 

ʩ 2 ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʩʦʝʜʠʥʝʥʥʳʤʠ ʧʦʜʵʣʝʤʝʥʪʘʤʠ ʩ ʘʢʪʠʚʥʦʡ ʧʣʦʱʘʜʴʶ 2,09 ʩʤ2 

 

ɺʠʜʥʦ, ʯʪʦ ʦʙʨʘʟʮʳ c ʫʚʝʣʠʯʝʥʥʦʡ ʘʢʪʠʚʥʦʡ ʧʣʦʱʘʜʴʶ ʠʤʝʶʪ ʙʦʣʝʝ ʥʠʟʢʦʝ ʟʥʘʯʝʥʠʝ 

ʂʇɼ, ʪʘʢ ʢʘʢ ʧʦʢʘʟʘʪʝʣʴ ʬʘʢʪʦʨ ʟʘʧʦʣʥʝʥʠʷ ʙʳʣ ʩʥʠʞʝʥ ʠʟ-ʟʘ ʙʦʣʝʝ ʥʝʦʜʥʦʨʦʜʥʦʡ ʤʦʨʬʦʣʦʛʠʠ 

ʧʝʯʘʪʥʳʭ ʩʣʦʝʚ, ʯʝʤ ʥʘ ʤʘʣʝʥʴʢʠʭ ʧʠʢʩʝʣʘʭ (0,14 ʩʤ2). ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʙʦʣʴʰʝʡ ʚʝʨʦʷʪʥʦʩʪʴʶ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʧʨʦʮʝʩʩʘ ʨʝʢʦʤʙʠʥʘʮʠʠ ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʦʚ ʥʘ ʛʨʘʥʠʮʝ ʟʝʨʝʥ ʧʣʝʥʢʠ ʧʝʨʦʚʩʢʠʪʘ 

ʠ ʥʘ ʠʥʪʝʨʬʝʡʩʝ ʧʝʨʦʚʩʢʠʪ/ʪʨʘʥʩʧʦʨʪʥʳʡ ʩʣʦʡ. 
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3.2 ʇʨʠʤʝʥʝʥʠʝ ʬʦʪʦʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʦʜʥʦʢʘʪʠʦʥʥʳʭ ʩʦʩʪʘʚʦʚ ʜʣʷ ʥʠʟʢʦʡ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʚʝʪʘ 

 

ɺ ʵʪʦʤ ʧʦʜʨʘʟʜʝʣʝ ʧʨʝʜʩʪʘʚʣʝʥʦ ʩʨʘʚʥʠʪʝʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʣʘʥʘʨʥʳʭ p-i-n ʇʉʕ ʩ 

ʥʝʦʨʛʘʥʠʯʝʩʢʠʤ ʜʳʨʦʯʥʦ-ʪʨʘʥʩʧʦʨʪʥʳʤ ʩʣʦʝʤ ʥʘ ʦʩʥʦʚʝ NiOx (ʢʦʤʧʘʢʪʥʳʡ ʩʣʦʡ c-NiO, 

ʨʘʟʣʦʞʝʥʥʳʡ ʠʟ ʧʨʝʢʫʨʩʦʨʘ ʠ ʧʣʝʥʢʘ ʥʘʥʦʯʘʩʪʠʮ ʩ ʥʠʟʢʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ <100 C np-NiO, 

ʥʘʥʝʩʝʥʥʘʷ ʠʟ ʜʠʩʧʝʨʩʠʠ ʚ ʚʦʜʝ) ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʫʩʣʦʚʠʠ ʥʠʟʢʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʚʝʪʘ ʧʨʠ 

ʦʩʚʝʱʝʥʠʠ ʙʝʣʳʤ ʩʚʝʪʦʜʠʦʜʦʤ. ʍʘʨʘʢʪʝʨʠʟʘʮʠʷ ʧʨʦʚʦʜʠʣʘʩʴ ʚ ʜʠʘʧʘʟʦʥʝ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʩʚʝʪʘ 

ʦʪ 100 ʜʦ 1000 ʣʶʢʩ ʠ ʧʨʠ ʩʪʘʥʜʘʨʪʥʳʭ ʫʩʣʦʚʠʷʭ 1,5 AM G; ʜʣʷ ʦʙʦʠʭ ʪʠʧʦʚ ʜʳʨʦʯʥʦ-

ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʣʦʷ ʥʘʙʣʶʜʘʣʦʩʴ ʦʪʩʫʪʩʪʚʠʝ ʛʠʩʪʝʨʝʟʠʩʘ ʧʨʠ ʧʨʷʤʦʤ ʠ ʦʙʨʘʪʥʦʤ ʩʢʘʥʠʨʦʚʘʥʠʠ 

ɺɸʍ, ʥʦ ʧʨʠ ʟʥʘʯʠʪʝʣʴʥʦʡ ʨʘʟʥʠʮʳ ʚ ʚʳʭʦʜʥʳʭ ʧʘʨʘʤʝʪʨʘʭ, ʩʚʷʟʘʥʥʦʡ ʩ ʧʨʦʮʝʩʩʘʤʠ 

ʨʝʢʦʤʙʠʥʘʮʠʠ ʠ ʫʪʝʯʢʘʤʠ ʪʦʢʘ ʥʘ ʠʥʪʝʨʬʝʡʩʝ ʤʝʞʜʫ ʧʝʨʦʚʩʢʠʪʦʤ ʠ ʩʣʦʝʤ ʦʢʩʠʜʘ ʥʠʢʝʣʷ. 

ɺʣʠʷʥʠʝ ʤʦʨʬʦʣʦʛʠʠ ʠ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʚʦʡʩʪʚ ʜʳʨʦʯʥʦ-ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʣʦʷ NiOx ʥʘ ʦʩʥʦʚʝ 

ʜʚʫʭ ʨʘʟʣʠʯʥʳʭ ʢʦʥʬʠʛʫʨʘʮʠʡ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʇʉʕ ʙʳʣʦ ʠʩʩʣʝʜʦʚʘʥʦ ʩ ʧʦʤʦʱʴʶ ʪʝʤʥʦʚʳʭ 

ʠʟʤʝʨʝʥʠʡ ɺɸʍ ʠ ʘʥʘʣʠʟʘ ʵʢʚʠʚʘʣʝʥʪʥʳʭ ʜʠʦʜʥʳʭ ʤʦʜʝʣʝʡ, ʘ ʪʘʢʞʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʦʨʬʦʣʦʛʠʠ 

ʧʦʚʝʨʭʥʦʩʪʠ.  

ʋʩʪʨʦʡʩʪʚʘ ʙʳʣʠ ʠʟʛʦʪʦʚʣʝʥʳ ʩʦ ʩʣʝʜʫʶʱʝʡ ʧʣʘʥʘʨʥʦʡ p-i-n ʢʦʥʬʠʛʫʨʘʮʠʝʡ: ITO 

(ʘʥʦʜ)/NiOx (ʧʝʯʘʪʥʳʡ ʜʳʨʦʯʥʦ-ʪʨʘʥʩʧʦʨʪʥʳʡ ʩʣʦʡ)/CH3NH3PbI3 (ʧʝʯʘʪʥʳʡ ʬʦʪʦʘʢʪʠʚʥʳʡ 

ʩʣʦʡ)/PCBM (ʵʣʝʢʪʨʦʥʥʦ-ʪʨʘʥʩʧʦʨʪʥʳʡ ʩʣʦʡ)/BCP/Ag (ʢʘʪʦʜ). ʄʘʨʰʨʫʪʳ ʧʦʣʫʯʝʥʠʷ ʩʣʦʝʚ ʇʉʕ 

ʦʧʠʩʘʥʳ ʚ ʧʨʝʜʳʜʫʱʠʭ ʨʘʟʜʝʣʘʭ ʠ ʚ ʨʘʙʦʪʝ [140]. ʉʭʝʤʳ ʫʩʪʨʦʡʩʪʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 57ʘ 

ʜʣʷ ʜʚʫʭ ʢʦʥʬʠʛʫʨʘʮʠʡ ʜʳʨʦʯʥʦ-ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʣʦʷ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ: c-NiO ʠ 

np-NiO. ʆʧʪʠʯʝʩʢʠʡ ʩʧʝʢʪʨ ʩʚʝʪʦʜʠʦʜʥʦʡ ʣʘʤʧʳ, ʠʩʧʦʣʴʟʫʝʤʦʡ ʚ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʩʚʝʪʘ, 

ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 57ʙ.  

ʏʪʦʙʳ ʧʨʦʷʩʥʠʪʴ ʨʦʣʴ ʦʙʝʠʭ ʢʦʥʬʠʛʫʨʘʮʠʡ ʜʳʨʦʯʥʦ-ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʣʦʷ NiOx ʥʘ 

ʦʧʪʠʯʝʩʢʠʭ ʠ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚʘʭ ʇʉʕ, ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʩʝʨʠʷ ʭʘʨʘʢʪʝʨʠʟʘʮʠʠ. 

ʂʦʤʧʘʢʪʥʳʝ ʧʣʝʥʢʠ ʠ ʧʣʝʥʢʠ ʥʘʥʦʯʘʩʪʠʮ, ʥʘʥʝʩʝʥʥʳʝ ʥʘ ʧʦʜʣʦʞʢʠ, ʙʳʣʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʩ 

ʧʦʤʦʱʴʶ ʠʟʤʝʨʝʥʠʡ ʧʦʛʣʦʱʝʥʠʷ ʠ ʧʨʦʧʫʩʢʘʥʠʷ (ʨʠʩʫʥʢʠ 57ʚ ʠ ʛ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ), ʤʦʨʬʦʣʦʛʠʠ 

ʧʦʚʝʨʭʥʦʩʪʠ ʩ ʧʦʤʦʱʴʶ ʘʪʦʤʥʦ-ʩʠʣʦʚʦʡ ʤʠʢʨʦʩʢʦʧʠʠ (AFM) (ʨʠʩʫʥʦʢ 57ʜ) ʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ 

ʩʪʨʫʢʪʫʨʳ ʩ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʤ ʘʥʘʣʠʟʦʤ (XRD) ʥʘ ʨʠʩʫʥʢʝ 58. ʍʦʪʷ ʧʨʠ ʩʨʘʚʥʝʥʠʠ c-NiO ʩ 

np-NiO ʥʘʙʣʶʜʘʝʪʩʷ ʷʚʥʘʷ ʤʦʨʬʦʣʦʛʠʯʝʩʢʘʷ ʨʘʟʥʠʮʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʜʳʨʦʯʥʦ-ʪʨʘʥʩʧʦʨʪʥʳʭ 

ʩʣʦʝʚ (ʨʠʩʫʥʦʢ 57ʜ), ʩʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ ʦʙʨʘʟʮʦʚ ITO/MAPbI3, ITO/np-NiO/MAPbI3 ʠ ITO/c-

NiO/MAPbI3 (ʥʘ ʨʠʩʫʥʢʝ 57ʚ) ʧʦʯʪʠ ʧʦʣʥʦʩʪʴʶ ʧʝʨʝʢʨʳʚʘʶʪ ʜʨʫʛ ʜʨʫʛʘ ʩ ʢʨʘʝʤ ʧʦʛʣʦʱʝʥʠʷ  

780 ʥʤ ʜʣʷ ʚʩʝʭ ʪʨʝʭ ʦʙʨʘʟʮʦʚ [140]. ʕʪʦ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʟʘʨʦʞʜʝʥʠʝ ʢʨʠʩʪʘʣʣʘ ʧʝʨʦʚʩʢʠʪʘ ʥʝ 

ʟʘʚʠʩʠʪ ʦʪ ʢʦʥʬʠʛʫʨʘʮʠʠ ʜʳʨʦʯʥʦ-ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʣʦʷ, ʯʪʦ ʪʘʢʞʝ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʨʝʟʫʣʴʪʘʪʦʤ 

XRD ʧʝʨʦʚʩʢʠʪʘ ʥʘ 3 ʨʘʟʣʠʯʥʳʭ ʧʦʜʣʦʞʢʘʭ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 58.  
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ʈʠʩʫʥʦʢ 57 ï a) ʉʭʝʤʘ ʢʦʥʬʠʛʫʨʘʮʠʡ ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʇʉʕ; ʙ) ʩʚʝʪʦʜʠʦʜʥʳʡ ʩʧʝʢʪʨ, 

ʠʩʧʦʣʴʟʫʝʤʳʡ ʜʣʷ ʫʩʣʦʚʠʷ ʥʠʟʢʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʚʝʪʘ (4000k); ʚ) ʩʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ 

ʦʙʨʘʟʮʦʚ ITO/ʜʳʨʦʯʥʦ-ʪʨʘʥʩʧʦʨʪʥʳʡ ʩʣʦʡ (ɼʊʉ)/ʧʝʨʦʚʩʢʠʪ ʩ 3 ʨʘʟʣʠʯʥʳʤʠ ʢʦʥʬʠʛʫʨʘʮʠʷʤʠ: 

i) ʙʝʟ ʜʳʨʦʯʥʦ-ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʣʦʷ, ii) c-NiO, iii) np-NiO; ʛ) ʩʧʝʢʪʨʳ ʧʨʦʧʫʩʢʘʥʠʷ ɼʊʉ NiO ʠ 

ɼʊʉ /ʧʝʨʦʚʩʢʠʪ; ʜ) ʠʟʦʙʨʘʞʝʥʠʷ ʥʘ ɸʉʄ ʧʦʚʝʨʭʥʦʩʪʠ ɼʊʉ ʥʘ ʦʩʥʦʚʝ c-NiO ʠ np-NiO. ɸʉʄ-

ʠʟʦʙʨʘʞʝʥʠʝ ʯʠʩʪʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ITO ʪʘʢʞʝ ʧʨʝʜʩʪʘʚʣʝʥʦ ʜʣʷ ʩʨʘʚʥʝʥʠʷ [140] 
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ʈʠʩʫʥʦʢ 58 ï ʉʧʝʢʪʨʳ XRD ʦʙʨʘʟʮʦʚ: ITO/c-NiO/MAPI; ITO/np-NiO/MAPI ʠ ITO/MAPI 

 

ɹr ʣʦ ʧʨʦʚʝʜʝʥʦ ʠʟʤʝʨʝʥʠʝ ɺɸʍ ʧʦʜ ʦʩʚʝʱʝʥʠʝʤ ʙʝʣʳʤ ʩʚʝʪʦʜʠʦʜʦʤ ʩ ʧʠʢʘʤʠ ʥʘ 455 ʠ 

605 ʥʤ, ʢʦʪʦʨʳʝ ʪʠʧʠʯʥʳ ʜʣʷ ʭʦʣʦʜʥʦʛʦ ʙʝʣʦʛʦ ʩʧʝʢʪʨʘ ʩʚʝʪʦʜʠʦʜʘ ʩ ʮʚʝʪʦʚʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ 

4000K ʜʣʷ ʭʘʨʘʢʪʝʨʠʟʘʮʠʠ ʠ ʩʨʘʚʥʝʥʠʷ ʚʳʭʦʜʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʧʦʣʫʯʝʥʥʳʭ ʫʩʪʨʦʡʩʪʚ ʥʘ ʦʩʥʦʚʝ 

c-NiO ʠ np-NiO (ʨʠʩʫʥʦʢ 57ʙ). ʅʘ ʨʠʩʫʥʢʝ 59 ʧʦʢʘʟʘʥʳ ʚʦʣʴʪ-ʘʤʧʝʨʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʫʩʪʨʦʡʩʪʚ, ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʩ ʜʳʨʦʯʥʦ-ʪʨʘʥʩʧʦʨʪʥʳʤʠ ʩʣʦʷʤʠ ʥʘ ʦʩʥʦʚʝ ʢʦʤʧʘʢʪʥʦʛʦ ʠ 

ʥʘʥʦʯʘʩʪʠʮ NiOx, ʠʟʤʝʨʝʥʥʳʝ ʧʨʠ ʩʚʝʪʦʜʠʦʜʥʦʤ ʦʩʚʝʱʝʥʠʠ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 100 ʜʦ 1000 ʣʶʢʩ. 

ʉʨʝʜʥʠʝ ʠ ʥʘʠʣʫʯʰʠʝ ʚʳʭʦʜʥʳʝ ʧʘʨʘʤʝʪʨʳ (Uʭʭ, Jʢʟ, ʌɿ, Pmax ʠ ʂʇɼ) ʧʦʣʫʯʝʥʥʳʭ ʇʉʕ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 13 ʜʣʷ ʢʦʤʧʘʢʪʥʦʛʦ  NiOʭ ʠ ʚ ʪʘʙʣʠʮʝ 14 ʜʣʷ ʥʘʥʦʯʘʩʪʠʮ NiOʭ.  

 

 

ʈʠʩʫʥʦʢ 59 ï ɺɸʍ ʦʙʨʘʟʮʦʚ ʥʘ ʦʩʥʦʚʝ: ʘ) c-NiO ʠ ʙ) np-NiO, ʠʟʤʝʨʷʝʤʳʭ ʧʨʠ ʫʩʣʦʚʠʠ ʥʠʟʢʦʡ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʚʝʪʘ 
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ʊʘʙʣʠʮʘ 13 ï ɺʳʭʦʜʥʳʝ ʧʘʨʘʤʝʪʨʳ ʇʉʕ, ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʩ c-NiO ʧʨʠ ʫʩʣʦʚʠʠ ʥʠʟʢʦʡ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʚʝʪʘ ʠ ʩʪʘʥʜʘʨʪʥʦʤ ʫʩʣʦʚʠʠ 1.5 A.M. G. ɺ ʩʢʦʙʢʘʭ ʧʦʢʘʟʘʥʳ ʤʘʢʩʠʤʘʣʴʥʳʝ 

ʟʥʘʯʝʥʠʷ 

ʀʥʪʝʥʩʠʚʥʦʩʪʴ 

ʩʚʝʪʘ 
Uʭʭ (ɺ) Jʢʟ (ʤʢɸ/ʩʤ

2) ʌɿ (%) Pʤʘʢʩ (ʤʢɺʪ/ʩʤ2) ʂʇɼ (%) 

100 0,78 (0,79) -13,43 (-14,11) 78 (80) 8,18 (8,85) 27,33 (29,57) 

200 0,82 (0,84) -25,72 (-26,90) 79 (81) 16,73 (17,42) 27,95 (29,10) 

400 0,85 (0,88) -54,72 (-59,56) 77 (81) 36,50 (38,94) 30,49 (32,26) 

600 0,86 (0,88) -74,73 (-76,57) 80 (82) 51,27 (57,94) 28,55 (28,19) 

800 0,87 (0,88) -96,61 (-97,68) 79 (80) 66,62 (67,51) 27,28 (28,19) 

1000 0,88 (0,89) -130,70 (-139,64) 79 (81) 90,16 (98,40) 30,12 (32,88) 

1.5 A.M. G 1,05 -19,52 ʤɸ/ʩʤ2 80 16,34 ʤɺʪ/ʩʤ2 16,34 

 

ʊʘʙʣʠʮʘ 14 ï ɺʳʭʦʜʥʳʝ ʧʘʨʘʤʝʪʨʳ ʇʉʕ, ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʩ np-NiO ʧʨʠ ʫʩʣʦʚʠʠ ʥʠʟʢʦʡ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʚʝʪʘ ʠ ʩʪʘʥʜʘʨʪʥʦʤ ʫʩʣʦʚʠʠ 1.5 A.M. G. ɺ ʩʢʦʙʢʘʭ ʧʦʢʘʟʘʥʳ ʤʘʢʩʠʤʘʣʴʥʳʝ 

ʟʥʘʯʝʥʠʷ 

ʀʥʪʝʥʩʠʚʥʦʩʪʴ 

ʩʚʝʪʘ 
Uʭʭ (ɺ) Jʢʟ (ʤʢɸ/ʩʤ

2) ʌɿ (%) Pʤʘʢʩ (ʤʢɺʪ/ʩʤ2) ʂʇɼ (%) 

100 0,73 (0,75) -10,12 (-10,37) 79 (80) 5,84 (6,11) 19,51 (20,10) 

200 0,74 (0,76) -21,05 (-21,11) 79 (81) 12,04 (13,08) 20,11 (21,85) 

400 0,77 (0,79) -45,20 (-47,33) 77 (79) 28,43 (30,39) 23,74 (25,38) 

600 0,78 (0,80) -65,32 (-66,88) 78 (80) 41,28 (43,35) 22,98 (24,14) 

800 0,80 (0,82) -87,24 (-89,97) 80 (82) 54,15 (57,44) 22,61 (23,98) 

1000 0,80 (0,82) -110,99 (-113,97) 81 (82) 71,58 (75,50) 23,91 (25,22) 

1.5 A.M. G 1,04 -17.95 ʤɸ/ʩʤ2 81 15.06 ʤɺʪ/ʩʤ2 15.06 

 

ʋʩʪʨʦʡʩʪʚʘ ʩ ʢʦʤʧʘʢʪʥʳʤ ʜʳʨʦʯʥʦ-ʪʨʘʥʩʧʦʨʪʥʳʤ ʩʣʦʝʤ ʠʤʝʶʪ ʩʨʝʜʥʠʡ Uʭʭ, ʢʦʪʦʨʳʡ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ 0,78 ɺ ʧʨʠ 100 ʣʶʢʩʘʭ ʜʦ 0,88 ɺ ʧʨʠ 1000 ʣʶʢʩ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ Jʢʟ ʫʚʝʣʠʯʠʚʘʝʪʩʷ 

ʩ 13,43 ʤʢɸ/ʩʤ2 ʜʦ 130,7 ʤʢɸ/ʩʤ2. ʀʟʛʦʪʦʚʣʝʥʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʪʘʢʞʝ ʙʳʣʠ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʠ 

ʩʨʘʚʥʝʥʳ ʚ ʩʪʘʥʜʘʨʪʥʳʭ ʫʩʣʦʚʠʷʭ 1.5 AM G (ʩʤ. ʨʠʩʫʥʦʢ 60ʘ) [140]. ʋʩʪʨʦʡʩʪʚʘ ʩ ʢʦʤʧʘʢʪʥʳʤ 

NiOx ʧʦʢʘʟʘʣʠ ʂʇɼ ʙʦʣʝʝ 16% ʩ ʧʘʨʘʤʝʪʨʘʤʠ: Uʭʭ = 1,05 ɺ, Jʢʟ = 19,05 ʤɸ/ʩʤ2 ʠ ʬʘʢʪʦʨ 

ʟʘʧʦʣʥʝʥʠʷ = 0,79. ʀʥʜʝʢʩ ʛʠʩʪʝʨʝʟʠʩʘ (Hindex) ʩʦʩʪʘʚʠʣ 4,9%, ʯʪʦ ʚ ʦʩʥʦʚʥʦʤ ʚʳʟʚʘʥʦ 

ʫʤʝʥʴʰʝʥʠʝʤ ʌɿ ʧʨʠ ʧʨʷʤʦʤ ʩʢʘʥʠʨʦʚʘʥʠʠ. ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʚʝʪʘ ʩ 100 ʜʦ 1000 

ʣʶʢʩ, ʩʨʝʜʥʠʡ Uʭʭ ʫʩʪʨʦʡʩʪʚ ʩ np-NiO ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ 0,73 ɺ ʜʦ 0,8 ɺ. ʂʇɼ ʫʩʪʨʦʡʩʪʚ ʥʘ ʦʩʥʦʚʝ 

ʥʘʥʦʯʘʩʪʠʮ NiO ʙʳʣ ʨʘʚʝʥ 15,05% ʩ ʧʘʨʘʤʝʪʨʘʤʠ: Uʭʭ = 1,05 ɺ, Jʢʟ = 17,85 ʤɸ/ʩʤ2 ʠ ʌɿ = 0,81), ʚ 

ʪʦ ʚʨʝʤʷ ʢʘʢ Hindex ʩʦʩʪʘʚʠʣ ʦʢʦʣʦ 8% ʟʘ ʩʯʝʪ ʟʘʤʝʪʥʦʛʦ ʩʥʠʞʝʥʠʷ Jʢʟ ʚ ʧʨʷʤʦʤ ʩʢʘʥʠʨʦʚʘʥʠʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʙʨʘʪʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ (ʩʤ. ʪʘʙʣʠʮʫ 15) [140]. 
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ʊʘʙʣʠʮʘ 15 ï ʈʘʩʯʝʪʥʳʝ ʟʥʘʯʝʥʠʷ Hindex ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʇʉʕ 

ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʩʚʝʪʘ (ʣʶʢʩ) Hindex ʢʦʤʧʘʢʪʥʦʛʦ NiOx Hindex ʥʘʥʦʯʘʩʪʠʮ NiOx 

100 0.018 0.019 

200 0.007 0.009 

400 0.002 0.016 

600 0.009 0.009 

800 0.009 0.02 

1000 0.013 0.012 

1.5 AM G 0.08 0.11 

 

ɿʥʘʯʝʥʠʷ Jʢʟ, ʧʦʣʫʯʝʥʥʳʝ ʠʟ ʢʨʠʚʳʭ ɺɸʍ, ʙʳʣʠ ʧʦʜʪʚʝʨʞʜʝʥʳ ʚʥʝʰʥʠʤʠ ʠʟʤʝʨʝʥʠʷʤʠ 

ʢʚʘʥʪʦʚʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ (EQE, ʨʠʩʫʥʦʢ 60). ɻʨʘʬʠʢ EQE ʧʦʢʘʟʳʚʘʝʪ ʟʥʘʯʠʪʝʣʴʥʫʶ ʨʘʟʥʠʮʫ 

ʤʝʞʜʫ ʫʩʪʨʦʡʩʪʚʘʤʠ ʥʘ ʦʩʥʦʚʝ c-NiO ʠ np-NiO ʚ ʜʠʘʧʘʟʦʥʝ ʩ 350 ʥʤ ʜʦ 500 ʥʤ. ʋʩʪʨʦʡʩʪʚʘ ʩ np-

NiO ʠʤʝʶʪ ʧʦʥʠʞʝʥʥʫʶ EQE ʚ ʵʪʦʤ ʜʠʘʧʘʟʦʥʝ (ʫʤʝʥʴʰʝʥʠʝ ʧʠʢʘ ʥʘ ~ 425 ʥʤ) ʩʦ ʟʥʘʯʠʪʝʣʴʥʳʤʠ 

ʧʦʪʝʨʷʤʠ ʚ ʠʥʪʝʛʨʘʣʴʥʦʤ Jʢʟ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʭʠʤʠʯʝʩʢʠʤ ʩʦʩʪʘʚʦʤ ʧʦʚʝʨʭʥʦʩʪʠ, ʦ ʯʝʤ ʩʦʦʙʱʘʝʪʩʷ 

ʚ [142ï144]. 

 

 

ʈʠʩʫʥʦʢ 60 ï ʂʨʠʚʳʝ ɺɸʍ ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʇʉʕ ʚ ʩʪʘʥʜʘʨʪʥʦʤ ʫʩʣʦʚʠʠ 1.5 ɸʄ G (100 ʤɺʪ/ʩʤ2) 

(ʘ); ʛʨʘʬʠʢ EQE ʠ ʠʥʪʝʛʨʠʨʦʚʘʥʥʘʷ ʧʣʦʪʥʦʩʪʴ ʪʦʢʘ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ (ʙ); ʨʘʩʯʝʪ Jʢʟ ʥʘ 

ʢʦʥʢʨʝʪʥʦʡ ʜʣʠʥʝ ʚʦʣʥʳ ʙʳʣ ʚʳʧʦʣʥʝʥ ʧʫʪʝʤ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʚ ʜʠʘʧʘʟʦʥʝ 300ï850 ʥʤ ʠ ʩ 

ʫʯʝʪʦʤ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʦʣʥʝʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʚ ʩʪʘʥʜʘʨʪʥʦʤ ʫʩʣʦʚʠʠ 1.5 ɸʄ G. 

 

ɼʣʷ ʣʫʯʰʝʛʦ ʧʦʥʠʤʘʥʠʷ ʟʘʚʠʩʠʤʦʩʪʠ ʚʳʭʦʜʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʦʪ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʘʜʘʶʱʝʛʦ 

ʩʚʝʪʘ, ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʠʟʤʝʨʝʥʠʝ Uʭʭ ʠ Jʢʟ ʧʨʠ ʨʘʟʥʳʭ ʟʥʘʯʝʥʠʷʭ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʚʝʪʘ, ʢʘʢ 

ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʘʭ 61a ʠ 61ʙ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʥʘʙʣʶʜʘʝʪʩʷ ʨʝʟʢʦʝ ʫʚʝʣʠʯʝʥʠʝ Uʭʭ ʜʣʷ ʫʩʪʨʦʡʩʪʚ 

ʩ c-NiO ʚ ʜʠʘʧʘʟʦʥʝ 100ï400 ʣʶʢʩ ʩ ʘʙʩʦʣʶʪʥʳʤ (ʦʪʥʦʩʠʪʝʣʴʥʳʤ) ʫʚʝʣʠʯʝʥʠʝʤ ʥʘ +0,07 ɺ 
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(ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ +9%), ʜʣʷ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʜʦ 1000 ʣʶʢʩ ʩʨʝʜʥʝʝ ʫʚʝʣʠʯʝʥʠʝ 

ʩʦʩʪʘʚʣʷʣʦ ~ 1,1% (+0,01 ɺ) [140]. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʧʨʠʨʘʱʝʥʠʝ Uʭʭ ʥʘ ʇʉʕ ʩ ʜʳʨʦʯʥʦ-

ʪʨʘʥʩʧʦʨʪʥʳʤ ʩʣʦʝʤ ʥʘ ʦʩʥʦʚʝ np-NiO ʙʦʣʝʝ ʣʠʥʝʡʥʦ, ʯʝʤ ʥʘ ʦʩʥʦʚʝ c-NiO ʙʝʟ ʷʚʥʳʭ ʧʝʨʝʛʠʙʦʚ 

ʚ ʜʠʘʧʘʟʦʥʝ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ, ʠʩʧʦʣʴʟʫʝʤʦʤ ʜʣʷ ʪʝʩʪʠʨʦʚʘʥʠʷ ʇʉʕ. ʂʨʦʤʝ ʪʦʛʦ, ʫʩʪʨʦʡʩʪʚʘ ʩ c-

NiO ʧʦʢʘʟʘʣʠ ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ Uʭʭ ʥʘ 5ï7%  ʦʪʥʦʩʠʪʝʣʴʥʦ ʫʩʪʨʦʡʩʪʚ ʥʘ ʦʩʥʦʚʝ np-NiO ʚʦ 

ʚʩʝʤ ʜʠʘʧʘʟʦʥʝ ʥʠʟʢʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʚʝʪʘ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚ ʩʪʘʥʜʘʨʪʥʳʭ ʫʩʣʦʚʠʷʭ ʟʥʘʯʝʥʠʷ Uʭʭ 

ʜʚʫʭ ʢʦʥʬʠʛʫʨʘʮʠʡ ʫʩʪʨʦʡʩʪʚ ʙʳʣʠ ʩʦʧʦʩʪʘʚʠʤʳ. ɼʣʷ ʦʙʦʠʭ ʪʠʧʦʚ ʜʳʨʦʯʥʦ-ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʣʦʝʚ 

NiOx ʧʦʣʫʯʝʥʳ ʣʠʥʝʡʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ Jʢʟ ʦʪ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʚʝʪʘ. ʂʦʵʬʬʠʮʠʝʥʪ ʥʘʢʣʦʥʘ (k), 

ʨʘʩʩʯʠʪʘʥʥʳʡ ʠʟ ʣʠʥʝʡʥʦʡ ʘʧʧʨʦʢʩʠʤʘʮʠʠ Jʢʟ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʚʝʪʘ, ʚ 1,3 ʨʘʟʘ 

ʚʳʰʝ ʜʣʷ ʫʩʪʨʦʡʩʪʚ, ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ c-NiO, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʫʩʪʨʦʡʩʪʚʘʤʠ, 

ʠʟʛʦʪʦʚʣʝʥʥʳʤʠ ʩ np-NiO [140]. 

 

 

ʈʠʩʫʥʦʢ 61 ï ɿʘʚʠʩʠʤʦʩʪʴ Uʭʭ (a), Jʢʟ (ʙ) ʦʪ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʘʜʘʶʱʝʛʦ ʩʚʝʪʘ 

 

ɿʘʚʠʩʠʤʦʩʪʴ Uʭʭ ʦʪ ʧʦʜʚʠʞʥʦʩʪʠ ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʘ ʘʥʘʣʠʟʠʨʦʚʘʣʘʩʴ ʚ ʨʘʙʦʪʝ [145]. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʨʝʡʬʦʚʦʡ ʜʠʬʬʫʟʠʠ, ʧʨʦʚʝʜʝʥʥʦʝ ʜʣʷ ʦʨʛʘʥʠʯʝʩʢʦʛʦ 

ʛʝʪʝʨʦʧʝʨʝʭʦʜʘ, ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʦ, ʯʪʦ ʜʣʷ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ ʩ ʥʠʟʢʦʡ ʧʦʜʚʠʞʥʦʩʪʴʶ Uʭʭ 

ʟʘʚʠʩʠʪ ʦʪ ʧʦʜʚʠʞʥʦʩʪʠ ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʘ (ɛ) ʚ ʩʣʫʯʘʝ ʨʝʢʦʤʙʠʥʘʮʠʠ ʪʠʧʘ ʃʘʥʞʝʚʝʥʘ, ʛʜʝ 

ʢʦʥʩʪʘʥʪʳ ʨʝʢʦʤʙʠʥʘʮʠʠ ʷʚʣʷʶʪʩʷ ʬʫʥʢʮʠʝʡ ʦʪ ɛ. ʇʦʤʠʤʦ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʰʠʨʠʥʳ 

ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ ʬʦʪʦʘʢʪʠʚʥʦʛʦ ʩʣʦʷ ʠ ʧʦʜʚʠʞʥʦʩʪʠ ʟʘʨʷʜʦʚ, ʨʘʟʣʠʯʥʳʝ ʤʝʭʘʥʠʟʤʳ, 

ʫʧʨʘʚʣʷʶʱʠʝ Uʭʭ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ ʦʩʚʝʱʝʥʠʷ, ʪʨʝʙʫʶʪ ʨʘʟʥʳʝ ʤʝʪʦʜʳ ʘʥʘʣʠʟʘ ʤʦʜʝʣʝʡ 

ʨʝʢʦʤʙʠʥʘʮʠʠ ʜʣʷ ʢʦʥʢʨʝʪʥʳʭ ʫʩʪʨʦʡʩʪʚ ʠ ʢʨʠʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʝʨʝʥʦʩʘ ʟʘʨʷʜʦʚ. 

ɹʝʟʳʟʣʫʯʘʪʝʣʴʥʘʷ ʨʝʢʦʤʙʠʥʘʮʠʷ ʟʘʨʷʜʘ, ʚʳʟʚʘʥʥʘʷ ʣʦʚʫʰʢʘʤʠ ʠ ʧʦʚʝʨʭʥʦʩʪʥʳʤʠ ʜʝʬʝʢʪʘʤʠ, 

ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʜʦʤʠʥʠʨʫʶʱʠʭ ʤʝʭʘʥʠʟʤʦʚ, ʢʦʪʦʨʳʝ ʧʨʠʚʦʜʷʪ ʢ ʧʦʪʝʨʠ ʵʥʝʨʛʠʠ ʚ ʇʉʕ [146]. 

ʂʘʢ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ ʚ ʥʝʩʢʦʣʴʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ, ʙʝʟʳʟʣʫʯʘʪʝʣʴʥʘʷ ʨʝʢʦʤʙʠʥʘʮʠʷ ʠʤʝʝʪ 
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ʨʝʰʘʶʱʝʝ ʟʥʘʯʝʥʠʝ ʥʘ ʛʨʘʥʠʮʝ ʧʝʨʦʚʩʢʠʪʘ/ʜʳʨʦʯʥʦ-ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʣʦʷ, ʦʩʦʙʝʥʥʦ ʜʣʷ p-i-n 

ʇʉʕ [147ï149]. ɺ ʫʩʣʦʚʠʠ ʥʠʟʢʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʚʝʪʘ ʛʝʥʝʨʠʨʫʝʪʩʷ ʤʝʥʴʰʝ ʥʦʩʠʪʝʣʝʡ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʪʘʥʜʘʨʪʥʳʤ ʫʩʣʦʚʠʝʤ, ʠ ʙʝʟʳʟʣʫʯʘʪʝʣʴʥʳʝ ʧʦʪʝʨʠ ʤʦʛʫʪ ʙʳʪʴ ʦʩʥʦʚʥʳʤ ʢʘʥʘʣʦʤ 

ʨʝʢʦʤʙʠʥʘʮʠʠ. ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʇʉʕ ʩ ʦʜʠʥʘʢʦʚʦʡ ʩʪʨʫʢʪʫʨʦʡ ʫʩʪʨʦʡʩʪʚʘ, 

ʥʦ ʩ ʨʘʟʥʳʤʠ ʜʳʨʦʯʥʦ-ʪʨʘʥʩʧʦʨʪʥʳʤʠ ʩʣʦʷʤʠ c-NiO ʠ np-NiO. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʟʥʠʮʘ ʟʥʘʯʝʥʠʡ 

Uʭʭ, ʥʘʙʣʶʜʘʝʤʘʷ ʜʣʷ ʜʚʫʭ ʜʳʨʦʯʥʦ-ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʣʦʝʚ, ʠ ʝʛʦ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʩʚʝʪʘ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʘ ʪʦʣʴʢʦ ʩ ʪʠʧʦʤ ʜʳʨʦʯʥʦ-ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʣʦʷ ʠ ʩʚʦʡʩʪʚʘʤʠ ʠʥʪʝʨʬʝʡʩʘ 

NiOx/ʧʝʨʦʚʩʢʠʪ, ʚ ʯʘʩʪʥʦʩʪʠ ʩ ʧʣʦʪʥʦʩʪʴʶ ʩʦʩʪʦʷʥʠʡ ʣʦʚʫʰʝʢ. 

ʈʘʟʥʠʮʘ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʚʝʪʘ ʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʥʘʢʣʦʥʘ ʧʨʷʤʦʡ Jʢʟ ʤʝʞʜʫ ʫʩʪʨʦʡʩʪʚʘʤʠ  

c-NiO ʠ np-NiO ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʇʉʕ c-NiO ʠʤʝʶʪ ʩʥʠʞʝʥʠʝ ʨʝʢʦʤʙʠʥʘʮʠʠ ʟʘʨʷʜʘ [150] ʠ 

ʣʫʯʰʝʝ ʠʟʚʣʝʯʝʥʠʝ ʟʘʨʷʜʘ ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ NiO/ʧʝʨʦʚʩʢʠʪʦʤ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʇʉʕ ʩ np-NiO 

[151]. ʕʪʦ ʪʘʢʞʝ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʯʠʥʦʡ ʥʠʟʢʦʛʦ ʛʠʩʪʝʨʝʟʠʩʘ, ʦʙʥʘʨʫʞʝʥʥʦʛʦ ʚ ʥʘʰʠʭ ʫʩʪʨʦʡʩʪʚʘʭ 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʝʤʠ, ʦ ʢʦʪʦʨʳʭ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ ʚ ʨʘʙʦʪʝ [152]. 

 

 

ʈʠʩʫʥʦʢ 62 ï ʊʝʤʥʦʚʳʝ ɺɸʍ ʧʝʨʦʚʩʢʠʪʥʳʭ ʫʩʪʨʦʡʩʪʚ ʩ np-NiO ʠ c-NiO ʧʨʠ ʧʨʷʤʦʤ/ʦʙʨʘʪʥʦʤ 

ʩʢʘʥʠʨʦʚʘʥʠʠ 

 

ɼʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʠʟʫʯʝʥʠʷ ʨʝʢʦʤʙʠʥʘʮʠʠ ʟʘʨʷʜʦʚ ʙʳʣ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʜʠʦʜʥʦʛʦ 

ʧʦʚʝʜʝʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ʇʉʕ ʩ ʨʘʟʥʳʤʠ ʜʳʨʦʯʥʦ-ʪʨʘʥʩʧʦʨʪʥʳʤʠ ʩʣʦʷʤʠ c-NiOx ʠ np-NiOx ʧʫʪʝʤ 

ʚʳʧʦʣʥʝʥʠʷ ʠʟʤʝʨʝʥʠʡ ʪʝʤʥʦʚʦʡ ɺɸʍ ʩ ʧʨʷʤʳʤ ʠ ʦʙʨʘʪʥʳʤ ʩʢʘʥʠʨʦʚʘʥʠʝʤ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ 

ʨʠʩʫʥʢʝ 62. ɺʳʭʦʜʥʳʝ ʧʘʨʘʤʝʪʨʳ ï ʢʦʵʬʬʠʮʠʝʥʪʳ ʥʝʠʜʝʘʣʴʥʦʩʪʠ (m1, m2); ʦʙʨʘʪʥʳʝ ʪʦʢʠ 

ʥʘʩʳʱʝʥʠʷ (J01, J02), ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ ʠ ʰʫʥʪʠʨʫʶʱʝʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 16. 
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ʊʘʙʣʠʮʝ 16 ï ʈʘʩʯʝʪʥʳʝ ʧʘʨʘʤʝʪʨʳ ʪʝʤʥʳʭ ʢʨʠʚʳʭ ɺɸʍ ʧʦʣʫʯʝʥʥʳʭ ʫʩʪʨʦʡʩʪʚ 

ʄʘʪʝʨʠʘʣ/ʩʢʘʥʠʨʦʚʘʥʠʝ m1 m2 m J01 J02 Rs Rsh 

np-NiO/ʦʙʨʘʪʥʦʝ 1,631 1,562 3,194 6,03·10-8 3,00·10-7 1,99 1,40·105 

np-NiO/ʧʨʷʤʥʦʝ 1,945 1,915 3,860 4,56·10-7 4,88·10-7 1,00 1,85·105 

ʩ-NiO/ʦʙʨʘʪʥʦʝ 1,340 1,330 2,670 4,61·10-9 5,71·10-9 3,15 1,10·106 

ʩ-NiO/ʧʨʷʤʥʦʝ 1,432 1,399 2,831 8,24·10-9 2,87·10-8 4,00 5,80·106 

 

ʂʨʠʚʳʝ ʪʝʤʥʦʚʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʇʉʕ ʩʦ ʩʣʦʝʤ np-NiO ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʪʠʧʠʯʥʦʝ 

ʚʳʧʨʷʤʣʷʶʱʝʝ ʧʦʚʝʜʝʥʠʝ ʩ ʯʝʪʳʨʴʤʷ ʦʙʣʘʩʪʷʤʠ: ʩʚʷʟʘʥʥʘʷ ʩ ʰʫʥʪʠʨʫʶʱʠʤ ʪʦʢʦʤ (I); 

ʨʝʢʦʤʙʠʥʘʮʠʦʥʥʳʡ ʪʦʢ (II); ʜʠʬʬʫʟʠʦʥʥʳʡ ʪʦʢ (III); ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ (IV) [150]. 

ʋʩʪʨʦʡʩʪʚʘ ʩ c-NiO ʪʘʢʞʝ ʧʦʢʘʟʳʚʘʶʪ ʚʳʧʨʷʤʣʷʶʱʫʶ ʢʨʠʚʫʶ ʥʘ ʧʨʷʤʦʤ ʩʢʘʥʠʨʦʚʘʥʠʠ, ʚ ʪʦ 

ʚʨʝʤʷ ʢʘʢ ʩʠʣʴʥʦʝ ʠʩʢʘʞʝʥʠʝ ʢʨʠʚʦʡ ɺɸʍ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʦʙʣʘʩʪʠ II ʥʘ ʦʙʨʘʪʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ 

ʩʢʘʥʠʨʦʚʘʥʠʷ. ʗʚʣʝʥʠʝ ʪʝʤʥʦʚʦʛʦ ʛʠʩʪʝʨʝʟʠʩʘ ʜʣʷ p-i-n ʇʉʕ ʥʘ ʦʩʥʦʚʝ NiOx ʦʧʠʩʘʥʦ ʚ ʨʘʙʦʪʝ 

[153] ʢʘʢ ʵʬʬʝʢʪ ʥʝʝʤʢʦʩʪʥʦʛʦ ʛʠʩʪʝʨʝʟʠʩʘ, ʚʳʟʚʘʥʥʦʛʦ ʜʝʛʨʘʜʘʮʠʝʡ ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ 

ʧʝʨʦʚʩʢʠʪ/NiOx. ʕʪʦʪ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʧʨʦʠʩʭʦʜʠʪ ʩ ʦʢʠʩʣʝʥʠʝʤ ʠʦʜʠʜʘ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ NiOx ʠ ʤʠʛʨʘʮʠʝʡ ʟʘʨʷʞʝʥʥʳʭ ʧʦʣʠʠʦʜʠʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʧʨʠʣʦʞʝʥʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʥʘʢʦʧʣʝʥʠʶ ʟʘʨʷʜʦʚ. ɺ ʥʘʰʝʡ ʤʦʜʝʣʠ 

ʪʘʢʠʝ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ, ʠ ʧʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʪʝʤʥʦʚʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʇʉʕ ʥʘ ʦʩʥʦʚʝ c-NiO ʧʨʠ ʦʙʨʘʪʥʦʤ ʩʢʘʥʠʨʦʚʘʥʠʠ ʥʝʧʨʘʚʠʣʴʥʦ ʚʦʩʧʨʦʠʟʚʦʜʠʪ 

ʢʨʠʚʫʶ ʚ ʦʙʣʘʩʪʠ II [140]. ɼʣʷ ʦʙʦʠʭ ʪʠʧʦʚ ʜʳʨʦʯʥʦ-ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʣʦʷ ʚʢʣʘʜ ʚ ʛʠʩʪʝʨʝʟʠʩ ʚ 

ʦʩʥʦʚʥʦʤ ʩʚʷʟʘʥ ʩ ʦʙʣʘʩʪʷʤʠ II ʠ III ʪʝʤʥʦʚʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʨʦʮʝʩʩʘʤ 

ʠʟʚʣʝʯʝʥʠʷ ʟʘʨʷʜʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʤʦʞʥʦ ʧʨʝʜʧʦʣʘʛʘʪʴ, ʯʪʦ ʥʘʣʠʯʠʝ ʪʝʤʥʦʛʦ ʛʠʩʪʝʨʝʟʠʩʘ ʚ 

ʦʩʥʦʚʥʦʤ ʩʚʷʟʘʥʦ ʩʦ ʩʚʦʡʩʪʚʘʤʠ ʜʳʨʦʯʥʦ-ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʣʦʷ NiOx. 
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ɺʳʚʦʜ ʧʦ ʪʨʝʪʴʝʡ ʛʣʘʚʝ 

  

ɺ ʵʪʦʡ ʛʣʘʚʝ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʧʨʦʮʝʩʩʳ ʩʣʦʪ-ʤʘʪʨʠʯʥʦʡ ʧʝʯʘʪʠ ʯʝʪʳʨʝʭ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʣʦʝʚ ʇʉʕ, ʚʢʣʶʯʘʶʱʠʭ ʜʳʨʦʯʥʦ-ʪʨʘʥʩʧʦʨʪʥʳʡ ʩʣʦʡ ʥʘ ʦʩʥʦʚʝ ʢʦʤʧʘʢʪʥʦʛʦ 

ʦʢʩʠʜʘ ʥʠʢʝʣʷ, ʬʦʪʦʘʢʪʠʚʥʳʡ ʩʣʦʡ MAPI, ʵʣʝʢʪʨʦʥʥʦ-ʪʨʘʥʩʧʦʨʪʥʳʡ ʩʣʦʡ - PCBM ʠ ʜʳʨʦʯʥʦ-

ʙʣʦʢʠʨʫʶʱʠʡ ʩʣʦʡ - BCP. ɹʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʯʪʦ, ʥʘ ʪʦʣʱʠʥʫ ʩʣʦʷ NiOx, ʥʘʧʝʯʘʪʘʥʥʦʛʦ ʠʟ 

ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʦʛʦ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ, ʩʠʣʴʥʦ ʚʣʠʷʝʪ ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʜʣʦʞʢʠ ʧʨʠ ʧʝʯʘʪʠ. ʇʨʠ 

ʵʪʦʤ, ʦʧʪʠʤʘʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʜʣʷ ʧʨʦʮʝʩʩʘ ʥʘʥʝʩʝʥʠʷ ʦʢʩʠʜʘ ʥʠʢʝʣʷ ʙʳʣʘ ʦʧʨʝʜʝʣʝʥʘ ʚʙʣʠʟʠ 

105 ʦʉ. ʋʩʪʨʦʡʩʪʚʘ ʥʘ ʦʩʥʦʚʝ ʵʪʦʛʦ ʜʳʨʦʯʥʦ-ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʣʦʷ ʧʦʢʘʟʘʣʠ ʩʘʤʳʝ ʚʳʩʦʢʠʝ 

ʚʳʭʦʜʥʳʝ ʧʘʨʘʤʝʪʨʳ: ʧʣʦʪʥʦʩʪʴ ʪʦʢʘ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ ʚʳʰʝ 20 ʤɸ/ʩʤ2 ʠ ʂʇɼ, 

ʜʦʩʪʠʛʘʶʱʠʡ 16.06%. ɺ ʢʘʯʝʩʪʚʝ ʵʣʝʢʪʨʦʥʥʦ-ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʠ ʜʳʨʦʯʥʦ-ʙʣʦʢʠʨʫʶʱʝʛʦ ʩʣʦʝʚ 

ʙʳʣʠ ʧʝʯʘʪʘʥʳ PCBM ʠ BCP ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʩ ʧʦʤʦʱʴʶ ʚʘʢʫʫʤʥʦʛʦ ʠʩʧʘʨʝʥʠʷ ʨʘʩʪʚʦʨʠʪʝʣʝʡ. 

ɺ ʪʝʩʪʠʨʫʝʤʳʭ ʇʉʕ ʩʦ ʩʣʦʷʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʤʝʪʦʜʦʤ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʷ, ʜʘʥʥʳʝ ʧʝʯʘʪʥʳʝ 

ʩʣʦʠ ʧʦʢʘʟʘʣʠ ʚʳʩʦʢʫʶ ʧʨʦʚʦʜʠʤʦʩʪʴ ʵʣʝʢʪʨʦʥʦʚ (ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ Jsc >) ʠ ʚʳʩʦʢʦʝ ʰʫʥʪ-

ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʦʣʱʠʥʳ ʥʘʧʝʯʘʪʘʥʥʳʭ ʩʣʦʝʚ, ʪ.ʝ. ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʘʩʪʚʦʨʦʚ. 

ɼʦʙʘʚʢʘ MACl  ʚ ʨʘʩʪʚʦʨʝ-ʧʨʝʢʫʨʩʦʨʝ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʘ ʵʬʬʝʢʪʠʚʥʦʝ ʫʣʫʯʰʝʥʠʝ ʤʦʨʬʦʣʦʛʠʠ 

ʠ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ ʥʘʧʝʯʘʪʘʥʥʳʭ ʧʝʨʦʚʩʢʠʪʥʳʭ ʩʣʦʝʚ. ʋʚʝʣʠʯʝʥʠʝ ʨʘʟʤʝʨʘ ʟʝʨʝʥ ʢʨʠʩʪʘʣʣʘ 

ʧʝʨʦʚʩʢʠʪʘ ʩ 100 ʥʤ ʜʦ 800 ʥʤ ʩʥʠʞʘʝʪ ʚʝʨʦʷʪʥʦʩʪʴ ʨʝʢʦʤʙʠʥʘʮʠʠ ʟʘʨʷʜʦʚ ʟʘ ʩʯʝʪ ʫʤʝʥʴʰʝʥʠʷ 

ʜʝʬʝʢʪʦʚ ʚ ʧʝʨʦʚʩʢʠʪʥʦʤ ʩʣʦʝ ʠ ʥʘ ʠʥʪʝʨʬʝʡʩʝ ʩ ʪʨʘʥʩʧʦʨʪʥʳʤʠ ʩʣʦʷʤʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩ 

ʦʧʪʠʤʘʣʴʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ (10 % ʢ PbI2) MACl  ʵʬʬʝʢʪʠʚʥʦ ʧʦʚʳʩʠʣ ʚʳʭʦʜʥʳʝ ʧʘʨʘʤʝʪʨʳ 

ʥʘʧʝʯʘʪʘʥʥʳʭ ʇʉʕ, ʢʦʥʢʨʝʪʥʦ, Uxx ʫʚʝʣʠʯʠʣʦʩʴ ʩ 1 ɺ ʜʦ 1,6 ɺ, ʂʇɼ ʜʦʩʪʠʛ 16,06 % ʠ Jʢʟ ʚʳʰʝ 

21 ʤɸ/ʩʤ2 ʠ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣ ʠʟʤʝʨʝʥʠʶ ʚʥʝʰʥʝʡ ʢʚʘʥʪʦʚʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ. ʉʣʦʪ-ʤʘʪʨʠʯʥʳʝ 

ʫʩʪʨʦʡʩʪʚʘ ʩ ʧʦʚʳʰʝʥʥʦʡ ʧʣʦʱʘʜʴʶ 1 ʩʤ2 ʠ ʤʠʥʠ-ʇʉʄ (ʘʢʪʠʚʥʘʷ ʧʣʦʱʘʜʴ 2,09 ʩʤ2) ʙʳʣʠ 

ʫʩʧʝʰʥʦ ʠʟʛʦʪʦʚʣʝʥʳ ʩ ʪʘʢʦʡ ʞʝ ʢʦʥʬʠʛʫʨʘʮʠʝʡ. ɼʘʥʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʧʦʢʘʟʘʣʠ ʂʇɼ 14,76 ʠ 11,70 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʆʙʥʘʨʫʞʝʥʦ ʯʪʦ, ʦʙʨʘʟʮʳ c ʫʚʝʣʠʯʝʥʥʦʡ ʘʢʪʠʚʥʦʡ ʧʣʦʱʘʜʴʶ ʠʤʝʶʪ ʩʥʠʞʝʥʥʦʝ 

ʟʥʘʯʝʥʠʝ ʂʇɼ, ʪʘʢ ʢʘʢ ʧʦʢʘʟʘʪʝʣʴ ʟʘʧʦʣʥʝʥʠʷ ʙʳʣ ʩʥʠʞʝʥ ʠʟ-ʟʘ ʙʦʣʝʝ ʥʝʦʜʥʦʨʦʜʥʦʡ ʤʦʨʬʦʣʦʛʠʠ 

ʧʝʯʘʪʥʳʭ ʩʣʦʝʚ, ʯʝʤ ʥʘ ʤʘʣʝʥʴʢʠʭ ʧʠʢʩʝʣʘʭ (0,14 ʩʤ2). 

 ɺ ʵʪʦʡ ʛʣʘʚʝ ʪʘʢʞʝ ʧʦʢʘʟʘʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʳʨʦʯʥʦ-ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʣʦʷ NiOx ʜʣʷ ʇʉʕ, 

ʨʘʙʦʪʘʶʱʠʭ ʧʨʠ ʫʩʣʦʚʠʠ ʥʠʟʢʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʚʝʪʘ. ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʙʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʜʚʝ 

ʢʦʥʬʠʛʫʨʘʮʠʠ ʜʳʨʦʯʥʦ-ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʣʦʷ: ʩʣʦʡ ʥʘ ʦʩʥʦʚʝ ʢʦʤʧʘʢʪʥʦʛʦ NiOx ʠ 

ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʡ ʩʣʦʡ ʥʘ ʦʩʥʦʚʝ ʥʘʥʦʯʘʩʪʠʮ NiOx. ʀʟʫʯʘʷ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ, ʦʧʪʠʯʝʩʢʠʝ ʠ 

ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʜʳʨʦʯʥʦ-ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʣʦʝʚ, ʘ ʪʘʢʞʝ ʚʣʠʷʥʠʝ ʥʘ ʢʘʯʝʩʪʚʦ ʛʨʘʥʠʮʳ 

ʨʘʟʜʝʣʘ NiOʭ/ʧʝʨʦʚʩʢʠʪʘ, ʙʳʣʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ, ʯʪʦ ʬʦʨʤʘ ʦʢʩʠʜʘ ʥʠʢʝʣʷ ʥʝ ʚʣʠʷʝʪ ʥʘ 

ʢʘʯʝʩʪʚʦ ʧʝʨʦʚʩʢʠʪʥʦʛʦ ʩʣʦʷ, ʘ ʪʦʣʴʢʦ ʥʘ ʩʚʦʡʩʪʚʘ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʟʜʝʣʘ NiOʭ/ʧʝʨʦʚʩʢʠʪʘ. 

ʋʩʪʨʦʡʩʪʚʘ, ʠʟʛʦʪʦʚʣʝʥʥʳʝ ʥʘ ʦʩʥʦʚʝ ʩ-NiO ʧʦʢʘʟʘʣʠ ʥʘʠʣʫʯʰʠʝ ʚʳʭʦʜʥʳʝ ʧʘʨʘʤʝʪʨʳ, 



94 

 

ʦʙʝʩʧʝʯʠʚʘʷ ʩʨʝʜʥʶʶ ʤʦʱʥʦʩʪʴ 8,2 ʤʢɺʪ/ʩʤ2 ʧʨʠ 100 ʣʶʢʩ, 36,5 ʤʢɺʪ/ʩʤ2 ʧʨʠ 400 ʣʶʢʩ ʠ 90,2 

ʤʢɺʪ/ʩʤ2 ʧʨʠ 1000 ʣʶʢʩ, ʠ ʷʚʣʷʶʪʩʷ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʳʤ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʣʫʯʰʠʤʠ 

ʦʧʫʙʣʠʢʦʚʘʥʥʳʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʣʷ ʩʦʣʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ p-i-n. ʋʩʪʨʦʡʩʪʚʘ ʩ ʜʳʨʦʯʥʦ-

ʪʨʘʥʩʧʦʨʪʥʳʤ ʩʣʦʝʤ ʥʘ ʦʩʥʦʚʝ ʥʘʥʦʯʘʩʪʠʮ (np-NiO) ʧʦʢʘʟʘʣʠ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʤʦʱʥʦʩʪʠ 4,4 

ʤʢɺʪ/ ʩʤ2 ʧʨʠ 100 ʣʶʢʩ, 21,3 ʤʢɺʪ/ ʩʤ2 ʧʨʠ 400 ʣʶʢʩ ʠ 56,5 ʤʢɺʪ/ ʩʤ2 ʧʨʠ 1000 ʣʶʢʩ  ʚ 1,5ï2 ʨʘʟʘ 

ʥʠʞʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʤʧʘʢʪʥʳʤ c-NiO. ʆʜʥʘʢʦ ʇʉʕ ʥʘ ʦʩʥʦʚʝ np-NiO ʧʦʢʘʟʘʣ ʂʇɼ = 15,05% 

ʧʨʠ ʩʪʘʥʜʘʨʪʥʦʤ ʫʩʣʦʚʠʠ, ʩʨʘʚʥʠʤʳʡ ʩ ʪʘʢʦʚʳʤ ʜʣʷ ʫʩʪʨʦʡʩʪʚ c c-NiO (16,4%). ʈʘʟʥʠʮʘ ʚ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʫʩʪʨʦʡʩʪʚ, ʧʦʣʫʯʝʥʥʳʭ ʥʘ ʦʩʥʦʚʝ c-NiO ʠ np-NiO ʚ ʫʩʣʦʚʠʷʭ ʥʠʟʢʦʡ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʙʳʣʘ ʩʚʷʟʘʥʘ ʩ ʙʦʣʝʝ ʥʠʟʢʦʡ ʨʝʢʦʤʙʠʥʘʮʠʝʡ ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ c-NiO/ʧʝʨʦʚʩʢʠʪ 

ʠ ʤʝʥʴʰʠʤʠ ʪʦʢʘʤʠ ʫʪʝʯʢʠ ʇʉʕ ʩ c-NiO ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ np-NiO [140]. 

ʊʝʤ ʥʝ ʤʝʥʝʝ, ʟʥʘʯʝʥʠʷ ʰʫʥʪʠʨʫʶʱʝʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʣʷ ʫʩʪʨʦʡʩʪʚ ʥʘ ʦʩʥʦʚʝ 

ʢʦʤʧʘʢʪʥʦʛʦ NiOʭ ʙʳʣʠ ʚʳʰʝ, ʯʝʤ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʣʷ ʫʩʪʨʦʡʩʪʚ ʩ ʥʘʥʦʯʘʩʪʠʮʘʤʠ NiOʭ ʠʟ-ʟʘ 

ʧʦʥʠʞʝʥʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ, ʚʳʟʚʘʥʥʦʡ ʘʤʦʨʬʥʦʡ ʤʦʨʬʦʣʦʛʠʝʡ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʝʩʤʦʪʨʷ ʥʘ ʪʦ, 

ʯʪʦ ʢʦʤʧʘʢʪʥʳʡ NiOx ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʣʫʯʰʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʡ ʧʨʦʮʝʩʩ ʥʘ 

ʦʩʥʦʚʝ ʥʘʥʦʯʘʩʪʠʮ NiOx ʤʦʞʝʪ ʙʳʪʴ ʵʬʬʝʢʪʠʚʥʳʤ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʨʘʟʫʤʥʦʡ ʤʦʱʥʦʩʪʠ ʚʦ ʚʩʝʭ 

ʫʩʣʦʚʠʷʭ ʥʠʟʢʦʡ ʦʩʚʝʱʝʥʥʦʩʪʠ [140]. ʕʪʦ ʦʪʢʨʳʚʘʝʪ ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʠʟʛʦʪʦʚʣʝʥʠʷ 

ʵʬʬʝʢʪʠʚʥʳʭ ʬʦʪʦʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʥʘ ʦʩʥʦʚʝ ʠʥʚʝʨʪʠʨʦʚʘʥʥʳʭ ʇʉʕ ʩ ʥʝʦʨʛʘʥʠʯʝʩʢʠʤ 

ʜʳʨʦʯʥʦ-ʪʨʘʥʩʧʦʨʪʥʳʤ ʩʣʦʝʤ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʫʩʣʦʚʠʠ ʥʠʟʢʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʚʝʪʘ. 
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ɻʃɸɺɸ IV. ʉʃʆʊ-ʄɸʊʈʀʏʅɸʗ ʇɽʏɸʊʔ ʉʆʃʅɽʏʅʓʍ ʕʃɽʄɽʅʊʆɺ 

ʅɸ ʆʉʅʆɺɽ ʄʋʃʔʊʀʂɸʊʀʆʅʅʓʍ ʉʆʉʊɸɺʆɺ 

 

ʇʝʨʦʚʩʢʠʪ ʥʘ ʦʩʥʦʚʝ ʬʦʨʤʘʤʠʜʠʥʠʡ ʡʦʜʠʜ ʩʚʠʥʮʘ (FAPbI3) ʧʨʠʚʣʝʢ ʙʦʣʴʰʦʝ ʚʥʠʤʘʥʠʝ 

ʠʟ-ʟʘ ʝʛʦ ʚʳʩʦʢʦʡ ʪʝʨʤʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ MAPbI3 [154,155]. ɼʦʙʘʚʣʝʥʠʝ 

ʥʝʙʦʣʴʰʠʭ ʦʜʥʦʚʘʣʝʥʪʥʳʭ ʢʘʪʠʦʥʦʚ, ʪʘʢʠʭ ʢʘʢ Cs ʠ Rb ʩʪʘʙʠʣʠʟʠʨʫʝʪ ʩʪʨʫʢʪʫʨʫ ʧʝʨʦʚʩʢʠʪʘ ʠ 

ʫʚʝʣʠʯʠʚʘʝʪ ʂʇɼ ʫʩʪʨʦʡʩʪʚʘ [75,156ï158]. ɼʣʷ ʫʚʝʣʠʯʝʥʠʷ ʨʘʟʤʝʨʘ ʟʝʨʝʥ ʠ ʫʤʝʥʴʰʝʥʠʷ ʛʨʘʥʠʮ 

ʟʝʨʝʥ ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʚ ʨʘʩʪʚʦʨ-ʧʨʝʢʫʨʩʦʨʝ ʙʳʣʠ ʜʦʙʘʚʣʝʥʳ ʭʣʦʨʠʜʥʳʝ ʩʦʣʠ. ɺʢʣʶʯʝʥʠʝ 

ʢʨʫʧʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʤʦʣʝʢʫʣ ʫʤʝʥʴʰʠʣʦ ʧʣʦʪʥʦʩʪʴ ʜʝʬʝʢʪʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʝʨʦʚʩʢʠʪʘ ʠ 

ʫʣʫʯʰʠʣʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʩʪʘʙʠʣʴʥʦʩʪʴ ʫʩʪʨʦʡʩʪʚʘ. ʆʜʥʦʚʨʝʤʝʥʥʦʝ ʧʨʠʩʫʪʩʪʚʠʝ Cs ʠ 

HC(NH2)2
+ (FA) ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʬʘʢʪʦʨʘ ʪʦʣʝʨʘʥʪʥʦʩʪʠ ɻʦʣʴʜʰʤʠʜʪʘ, ʢʦʪʦʨʳʡ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʪʘʙʠʣʴʥʦʡ ʩʪʨʫʢʪʫʨʝ ʧʝʨʦʚʩʢʠʪʘ [157]. ɺ ʨʘʙʦʪʘʭ [73] ʙʳʣʘ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ 

ʨʦʣʴ ʩʤʝʰʝʥʠʷ ʢʘʪʠʦʥʦʚ ʚ ʧʦʜʘʚʣʝʥʠʠ ʮʝʥʪʨʦʚ ʨʝʢʦʤʙʠʥʘʮʠʠ ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʘ, ʘ ʪʘʢʞʝ 

ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʩʤʝʰʠʚʘʥʠʶ ʠ ʦʜʥʦʨʦʜʥʦʤʫ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʛʘʣʦʛʝʥʦʚ [159,160]. 

ɺʣʠʷʥʠʝ ʤʦʣʷʨʥʳʭ ʦʪʥʦʰʝʥʠʡ ʩʤʝʰʘʥʥʳʭ ʢʘʪʠʦʥʦʚ ʠ ʛʘʣʦʛʝʥʠʜʦʚ ʥʘ ʜʠʥʘʤʠʢʫ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ 

ʠ, ʥʘ ʚʳʭʦʜʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʝʨʦʚʩʢʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʦʩʪʘʝʪʩʷ ʧʨʝʜʤʝʪʦʤ ʠʥʪʝʥʩʠʚʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ. ɺ ʜʘʥʥʦʤ ʨʘʟʜʝʣʝ ʧʦʢʘʟʘʥʳ ʧʨʦʮʝʩʩʳ ʩʣʦʪ-ʤʘʪʨʠʯʥʦʡ ʧʝʯʘʪʠ ʧʣʝʥʦʢ ʧʝʨʦʚʩʢʠʪʘ 

ʩ ʤʫʣʴʪʠʢʘʪʠʦʥʥʳʤ ʩʦʩʪʘʚʦʤ, ʠʭ ʧʨʠʤʝʥʝʥʠʝ ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʇʉʕ ʠ ʦʧʨʝʜʝʣʝʥʠʠ ʯʠʩʣʝʥʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ ʜʝʬʝʢʪʦʚ ʚ ʬʦʪʦʧʨʝʙʨʘʟʦʚʘʪʝʣʷʭ. 

 

4.1 ʀʟʛʦʪʦʚʣʝʥʠʝ ʩʣʦʪ-ʤʘʪʨʠʯʥʳʭ ʧʝʯʘʪʥʳʭ ʧʝʨʦʚʩʢʠʪʥʳʭ ʩʦʣʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʥʘ 

ʦʩʥʦʚʝ ʧʝʨʦʚʩʢʠʪʘ CsFAPbI3 

 

ʈʘʟʨʘʙʦʪʢʘ ʩʦʩʪʘʚʘ ʨʘʩʪʚʦʨʘ-ʧʨʝʢʫʨʩʦʨʘ ʧʝʨʦʚʩʢʠʪʦʚ ʜʣʷ ʧʨʦʮʝʩʩʘ ʩʣʦʪ-ʤʘʪʨʠʯʥʦʡ 

ʧʝʯʘʪʠ ʚ ʫʩʣʦʚʠʷʭ ʦʪʢʨʳʪʦʡ ʘʪʤʦʩʬʝʨʳ ʦʧʠʩʘʥʘ ʚ ʪʨʝʪʴʝʡ ʛʣʘʚʝ. ʈʘʩʪʚʦʨ ʤʫʣʴʪʠʢʘʪʠʦʥʥʦʛʦ 

ʧʝʨʦʚʩʢʠʪʘ ʙʳʣ ʧʦʣʫʯʝʥ ʧʫʪʝʤ ʨʘʩʪʚʦʨʝʥʠʷ ʩʦʣʝʡ CsI, FAI ʠ PbI2 (ʤʦʣʷʨʥʦʝ ʦʪʥʦʰʝʥʠʝ 0,2:0,8:1) 

ʚ ʩʤʝʩʠ ʨʘʩʪʚʦʨʠʪʝʣʝʡ ɼʄʌ (ʜʠʤʝʪʠʣʬʦʨʤʘʤʠʜ) ʠ ʅʄʇ (ʤʝʪʠʣʧʠʨʨʦʣʠʜʦʥ) ʩ ʦʙʲʝʤʥʳʤ 

ʦʪʥʦʰʝʥʠʝʤ 9:1 ʩ ʨʘʟʥʳʤʠ ʢʦʣʠʯʝʩʪʚʘʤʠ ʜʦʙʘʚʢʠ (0, 5, 10 ʠ 15% ʢ PbI2) FACl. ʈʘʩʪʚʦʨ 

ʨʘʟʤʝʰʠʚʘʣʩʷ ʥʘ ʧʣʠʪʢʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 60 ʦʉ ʚ ʪʝʯʝʥʠʠ 30 ʤʠʥʫʪ ʜʣʷ ʧʦʣʥʦʛʦ ʨʘʩʪʚʦʨʝʥʠʷ 

ʩʦʜʝʨʞʠʤʦʛʦ ʚ ʚʠʘʣʝ. ʇʦʜʛʦʪʦʚʢʘ ʧʦʜʣʦʞʝʢ ʩ ITO ʚʢʣʶʯʘʣʘ ʦʯʠʱʝʥʠʝ ʨʘʩʪʚʦʨʠʪʝʣʷʤʠ ʘʮʝʪʦʥʦʤ 

ʠ ʠʟʦʧʨʦʧʘʥʦʣʦʤ ʚ ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʚʘʥʥʝ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʘʢʪʠʚʘʮʠʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʜʣʦʞʢʠ ʧʦʜ 

ʋʌ ʣʘʤʧʦʡ ʚ ʪʝʯʝʥʠʠ 30 ʤʠʥʫʪ. ʇʨʦʮʝʩʩ ʧʝʯʘʪʠ ʧʝʨʦʚʩʢʠʪʥʳʭ ʩʣʦʝʚ ʥʘ ʩʣʦʪ-ʤʘʪʨʠʯʥʦʤ 

ʧʨʠʥʪʝʨʝ ʤʝʪʦʜʦʤ ʚʘʢʫʫʤʥʦʛʦ ʠʩʧʘʨʝʥʠʷ ʦʧʠʩʘʥ ʚʳʰʝ ʩʦ ʩʣʝʜʫʶʱʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʧʝʯʘʪʠ: 

ʩʢʦʨʦʩʪʴ ʧʝʯʘʪʠ ï 28 ʤʤ/ʩ, 
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ʩʢʦʨʦʩʪʴ ʧʦʜʘʯʠ ʨʘʩʪʚʦʨʘ ï 10 ʤʤ/ʩ, 

ʚr ʜʝʨʞʢʘ ʚ ʦʙʨʘʙʪʢʝ ʚʘʢʫʫʤʦʤ ï 1 ʤʠʥʫʪʘ. 

ʇʦʩʣʝ ʧʝʯʘʪʠ ʠ ʚʘʢʫʫʤʥʦʡ ʦʙʨʘʙʦʪʢʠ, ʦʙʨʘʟʮʳ ʧʝʨʝʤʝʰʠʚʘʣʠʩʴ ʥʘ ʧʣʠʪʢʝ ʜʣʷ ʦʪʞʠʛʘ ʧʨʠ 

105 ʦʉ ʚ ʪʝʯʝʥʠʝ 1 ʯʘʩʘ ʜʣʷ ʫʜʘʣʝʥʠʷ ʦʩʪʘʪʢʦʚ ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʠʟ ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʬʘʟʳ 

ʧʨʝʢʫʨʩʦʨʦʚ ʠ ʧʦʣʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʧʝʨʦʚʩʢʠʪʘ. ʀʟ-ʟʘ ʧʨʠʩʫʪʩʪʚʠʷ ʢʦʤʧʦʥʝʥʪʦʚ CsI ʠ FAI, 

ʧʨʦʮʝʩʩ ʦʪʞʠʛʘ ʜʣʠʣʩʷ ʜʦʣʴʰʝ ʠ ʩ ʧʦʚʳʰʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ MAPI. ʅʘ 

ʨʠʩʫʥʢʘʭ 63 ʠ 64 ʧʨʝʜʩʪʚʘʣʝʥʳ ʠʟʦʙʨʘʞʝʥʠʷ ʠʟʤʝʥʝʥʠʷ ʮʚʝʪʘ ʧʣʝʥʦʢ ʧʝʨʦʚʩʢʠʪʘ ʚ ʚʘʢʫʫʤʝ ʩʦ 

ʚʨʝʤʝʥʝʤ ʠ ʧʣʝʥʦʢ ʧʝʨʦʚʩʢʠʪʘ ʧʦʩʣʝ ʦʪʞʠʛʘ. ʂʘʢ ʠ ʚ ʧʨʦʮʝʩʩʝ ʧʝʯʘʪʠ MAPI, ʧʦʩʣʝ ʥʝʩʢʦʣʴʢʠʭ 

ʩʝʢʫʥʜ, ʮʚʝʪ ʤʦʢʨʦʡ ʧʣʝʥʢʠ ʠʟʤʝʥʷʝʪʩʷ ʠʟ ʞʝʣʪʦʛʦ (ʮʚʝʪ ʨʘʩʪʚʦʨʘ ʧʝʨʦʚʩʢʠʪʘ) ʥʘ ʪʝʤʥʦ-

ʢʦʨʠʯʥʝʚʳʡ (ʮʚʝʪ ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʬʘʟʳ ʨʘʩʪʚʦʨʠʪʝʣʷ ʩ ʧʨʝʢʫʨʩʦʨʦʤ). 

 

 

ʈʠʩʫʥʦʢ 63 ï ʀʟʤʝʥʝʥʠʝ ʮʚʝʪʘ ʥʘʧʝʯʘʪʘʥʥʦʡ ʧʣʝʥʢʠ ʚ ʚʘʢʫʫʤʝ 
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ʈʠʩʫʥʦʢ 64 ï ʀʟʦʙʨʘʞʝʥʠʷ ʥʘʧʝʯʘʪʘʥʥʳʭ ʧʣʝʥʦʢ ʧʦʩʣʝ ʦʪʞʠʛʘ 

 

ɼʣʷ ʭʘʨʘʢʪʝʨʠʟʘʮʠʠ ʧʦʣʫʯʝʥʥʳʭ ʧʣʝʥʦʢ ʧʝʨʦʚʩʢʠʪʘ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʉʕʄ ʤʠʢʨʦʩʢʦʧʠʷ, 

ʠʟʤʝʨʝʥʠʷ ʩʧʝʢʪʨʦʚ XRD, ʧʦʛʣʦʱʝʥʠʷ ʠ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ (ʨʠʩʫʥʦʢ 65). ʅʘ ʨʠʩʫʥʢʝ 65ʘ 

ʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ ʚʣʠʷʥʠʝ ʜʦʙʘʚʢʠ FACl ʥʘ ʧʨʦʮʝʩʩ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʧʝʨʦʚʩʢʠʪʦʚ. FACl 

ʟʘʤʝʜʣʷʝʪ ʧʨʦʮʝʩʩ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʠ ʫʚʝʣʠʯʠʚʘʝʪ ʨʘʟʤʝʨ ʟʝʨʝʥ ʢʨʠʩʪʘʣʣʘ ʧʝʨʦʚʩʢʠʪʘ, ʪ.ʝ. 

ʧʨʠʚʦʜʠʪ ʢ ʫʣʫʯʰʝʥʠʶ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʤʦʨʬʦʣʦʛʠʠ ʥʘʧʝʯʘʪʘʥʥʳʭ ʧʣʝʥʦʢ.  

 

 

ʈʠʩʫʥʦʢ 65 ï ʘ) ʀʟʦʙʨʘʞʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʣʫʯʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʥʘ ʉʕʄ; ʙ) ʩʪʘʪʠʩʪʠʢʘ 

ʨʘʟʤʝʨʦʚ ʟʝʨʝʥ; ʚ) ʩʧʝʢʪʨ ʧʦʛʣʦʱʝʥʠʷ ʠ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ ʧʦʣʫʯʝʥʥʳʭ ʧʣʝʥʦʢ 

 








































