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ʸΦ ˁʰʻ˗ˌ ˁʰʽ ˍˇ˄ ʵʽʶˎʻˎ˄ˍʺ ˍˇˎ ˋ˔ˇ˂ʶʾˇˎ сˇˎ ɳʃɮΦɽΦ ɶˊʰˁ˂ʶʾˇˎ ˁΦ ɮˊ˔ˇ˄ˍʱˁʹ ɼ˖˄ˋˍʰ˄ˍʾ˄ˇΣ 

ʴʽʰ ˍʹ˄ ʵʽʱʻʶˋʹ ʶʽʵʽˁˇˏ ˔˗ˊˇˎΣ όʃˊˈˍˎˉˇˎ ɳˊʴʰˋˍʺˊʽˇˎ ɳ˄ʰ˂˂ʰˁˍʽˁʺˌ ɲʽʰ˔ʶʾˊʽˋʹˌ ̱ ˖˄ ɮʃɳ 

˃ʶ ˍʹ˄ ʆʶ̝˄ˇ˂ˇʴʾ hʇʵˊˇʴˈ˄ˇˎ ϧ ɶ˂ʶˁˍˊʽˁˇ ˏɮˎˍˇˁʽ˄ʺˍˇύˎΣ ʴʽʰ ˍʹ˄ ˎ˂ˇˉˇʾʹˋʹΣ ˁʰˍʰˋˁʶˎʺ 

ˁʰʽ ʵˇˁʽ˃ʰˋˍʽˁ˗˄ ˂ʶʽˍˇˎˊʴʽ˗˄ ˍ˖˄ ʊ˖ˍˇɶ˂ʶˁˍˊˇʋʹ˃ʽˁ˗˄ ɼˎ˕ʶ˂ʾʵ˖˄ ̱ ʹˌ ʶˊʴʰˋʾʰˌ,   

ʹΦ ʶ˄˗ ʵʶ˄ ʻʰ ˉˊʷˉʶʽ ˄ʰ ˉʰˊʰ˂ʶʾ˕˖ ˍʽˌ ʶˉʽˋˍʹ˃ˇ˄ʽˁʷˌ ˋˎ˃ʲˇˎ˂ʷˌ ˁʰʽ ʶˉʽˉ˂ʷˇ˄ 

ˋˎ˄ʶˊʴʰˍ˗˄ - ˋˎ˄ʰʵʷ˂˒˖˄ ɼʰʻʹʴʹˍ˗˄ ʋʹ˃ʶʾʰˌ ˈˉ˖ˌ ˍˇ ɱʽ˗ˊʴˇ ɵʰˉˇ˄ʱˁʹΣ ˁʰʽ ˍʹ˄ 

ɳ˂ʶˎʻʶˊʾʰ ʊʰ˄ˇˎˊʱˁʹΦ     

  ʆʷ˂ˇˌΣ ˄ʽ˗ʻ˖ ˍʹ˄ ʰ˄ʱʴˁʹ ˄ʰ ʶˎ˔ʰˊʽˋˍʺˋ˖ ʴʽʰ ˍʹ˄ ̱̀ʺˊʽ˅ʹ ˁʰʽ ˍʹ˄ ʰ˃ʷˊʽˋˍʹ 

ˋˎ˃ˉʰˊʱˋˍʰˋʹ ʰˉˈ ˍʹ˄ ˉ˂ʶˎˊʱ ˍʹˌ ˇʽˁˇʴʷ˄ʶʽʱˌ ˃ˇˎΣ ˍʹ ˋˏʸˎʴˇ ˃ˇˎ ɲʷˋˉˇʽ˄ʰ ɾˉˇˏˊʰ ˁʰʽ 

ˍʹ˄ ˁʰˍʰ˄ˈʹˋʹ ˍ˖˄ ˉʰʽʵʽ˗˄ ˃ˇˎ ɱʽʱ˄˄ʹ ˁʰʽ ʄʰ˒ʰʹ˂ʾʰΣ̩ ˈˉˇˎ ˁʰʽ ʰ˒ʽʶˊ˗˄˖ ˍʹ˄ ˉʰˊˇˏˋʰ 

ɾʶˍʰˉˍˎ˔ʽʰˁʺ ɳˊʴʰˋʾʰΦ  

ɼʰʴʽʰ˃ˉʱˁʹˌ ɳ˃˃ʰ˄ˇˎʺ˂ 

ɲʶˁʷ˃ʲˊʽˇˌΣ нлмр 

 



v 

 

ʃʶˊʾ˂ʹ˕ʹ 
 

   ɮ˄ˍʽˁʶʾ˃ʶ˄ˇ ˍʹˌ ˉʰˊˇˏˋʰˌ ˃ʶˍʰˉˍˎ˔ʽʰˁʺˌ ʵʽʰˍˊʽʲʺˌ ʺˍʰ˄ ˇ ̀˔ʶʵʽʰˋ˃ˈˌΣ ʹ ˃ʶ˂ʷˍʹ ˁʰʽ ʹ 

ʰ˄ʱ̱̄ ˎ˅ʹ ˒˖ˍˇʹ˂ʶˁˍˊˇ˔ʹ˃ʽˁˇˏ όʊɶʋύ ˋˎˋˍʺ˃ʰˍˇˌΣ ˉˇˎ ˄ʰ ˃ˉˇˊʶʾ ˄ʰ ˂ʶʽˍˇˎˊʴʶʾ 

ʶ˄ʰ˂˂ʰˁˍʽˁʱ ˁʰʽ ˖ˌ ˃ˇ˄ʱʵʰ ʹ˂ʶˁˍˊˈ˂ˎˋʹˌ ˃ʶ ɶ˂ʶˁˍˊˈʵʽʰ INOX316 ʴʽʰ ˍʹ˄ ˉʰˊʰʴ˖ʴʺ 

ˎʵˊˇʴˈ˄ˇˎ. ɱʽʰ ˍʽˌ ʰ˄ʱʴˁʶˌ ˍʹˌ ʶˊʴʰˋʾʰˌ ˁʰˍʰˋˁʶˎʱˋˍʹˁʰ˄ н ˃ʶʴʷʻʹ ʊɶʋ ˁˎ ˕ʶ˂ʾʵ˖˄, 

ʶ˄ʶˊʴʺˌ ʶˉʽ˒ʱ˄ʶʽʰˌ мллcm2 ˁ ʰʽ 6,5cm2Σ ʰ˄ˍʾˋˍˇʽ˔ʰΦ 

 

   ʆˇ ˉʰˊʰʴˈ˃ʶ˄ˇ ˎʵˊˇʴˈ˄ˇ h́ ˔ʽˁʱ ʰ˄ʽ˔˄ʶˏʶˍʰʽ ˋʶ ˁʱʻʶ ˉʶˊʾˉˍ˖ˋʹΣ ˃ʶ ˍʹ ˔ˊʺˋʹ 

ˋˎˋˍʺ˃ʰˍˇˌ ʰʷˊʽʰˌ ˔ˊ˖˃ʰˍˇʴˊʰ˒ʾʰˌ ˃ʶ ʰ˄ʽ˔˄ʶˎˍʺ ¢/5Φ  

   ʅˍʹ ˋˎ˄ʷ˔ʶʽʰ ˍˇ ˎʵˊˇʴˈ˄ˇ ʵʽʰˍʾʻʶˍʰʽ ʴʽʰ ˍʹ˄ ˍˊˇ˒ˇʵˇˋʾʰ ˋˎˋˍˇʽ˔ʾʰˌ ˁˎ˕ʶ˂˗˄ ˁʰˎˋʾ˃ˇˎ 

ʇʵˊˇʴˈ˄ˇˎ  (Hydrogen Stack Fuel Cells), ˍˏˉˇˎ ˃ʶ˃ʲˊʱ˄ʹˌ ʰ˄ˍʰ˂˂ʰʴʺˌ ˉˊ˖ˍˇ˄ʾ˖˄ όt9a - 

Proton Exchange Membrane), ʹ ˇˉˇʾʰ ˁʰˍʰˋˁʶˎʱˋˍʹˁʶ ˋˍʰ ˉ˂ʰʾˋʽʰ ˍʹˌ ʶˊʴʰˋʾʰˌΣ ʴʽʰ ˍʹ˄ 

ˉʰˊʰʴ˖ʴʺ ʹ˂ʶˁˍˊʽˁˇˏ ˊʶˏ˃ʰˍˇˌ.  

 

   ɱ̔ ʰ ˍʹ˄ ˁʰʻ' ʰˎˍˇˏ ˂ʶʽˍˇˎˊʴʾʰ ˍˇˎ ʊɶʋ ʅˎˋˍʺ˃ʰˍˇˌ, ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ ʹ˂ʶˁˍˊˈʵʽʰ 

ʵʽˇ˅ʶʽʵʾˇˎ ˍˇˎ ˍʽˍʰ˄ʾˇˎ ό¢ƛh2ύ ό˒˖ˍˇ-ʱ˄ˇʵˇˌύ κ ˂ʶˎˁˈ˔ˊˎˋˇˎ όtǘύΣ ˍʰ ˇˉˇʾʰ ʵˇˁʽ˃ʱˋˍʹˁʰ˄ 

ˋʶ ʵʽʱ˒ˇˊˇˎˌ ʹ˂ʶˁˍˊˇ˂ˏˍʶˌΦ ɶ ˁʰˍʰʴˊʰ˒ʺ ˍ˖˄ ˔ʰˊʰˁˍʹˊʽˋˍʽˁ˗˄ ˍʱˋʹˌκˊʶˏ˃ʰˍˇˌ 

ˉˊʰʴ˃ʰˍˇˉˇʽʺʻʹˁʰ˄ ˃ʶ ˍʹ ˔ˊʺˋʹ ˁˎˁ˂ʽˁʺˌ ʲˇ˂ˍʰ˃ʶˍˊʾʰˌΦ 

 

   ɶ ʊɶʋ ˁˎ˕ʷ˂ʹ ˔ˊʹˋʽ˃ˇˉˇʽʺʻʹˁʶ ˖ ̩˒˖ˍˇˁˎ˕ʷ˂ʹ ˁʰˎˋʾ˃ˇˎ όtƘƻǘƻŦǳŜƭ ŎŜƭƭΣ tC/ύ ʴʽʰ ˍʹ˄ 

ʰˉʶˎʻʶʾʰˌ ˉʰˊʰʴ˖ʴʺ ˊʶˏ˃ʰˍˇˌ, ˃ʶ ˍʰˎˍˈ˔ˊˇ˄ʹ ʰˉˇʵˈ˃ʹˋʹ ˇˊʴʰ˄ʽˁ˗˄ ˊˏˉ˖˄, ˈˉ˖ˌ ˍʹˌ 

˃ʁ ʻʰ˄ˈ˂ʹˌ όCH3OH).  

 

   ɳˉʾˋʹˌΣ ʰ˄ʰ˂ˏʻʹˁʰ˄ ˇʽ ˉʰˊʱ˃ʶˍˊˇʽ ˂ʶʽˍˇˎˊʴʾʰˌ ˍ˖˄ ʊɶʋ ˁˎ˕ʶ˂ʾʵ˖˄ ˁʰʽ ˍʹˌ ˁˎ˕ʷ˂ʹˌ 

ˁʰˎˋʾ˃ˇˎ ˗ˋˍʶ ˄ʰ ʲʶ˂ˍʽˋˍˇˉˇʽʹʻʶʾ ʹ ʰˉˈʵˇˋʺ ˍˇˎˌ ʴʽʰ ˍʽˌ ˉʶʽˊʰ˃ʰˍʽˁʷˌ ˋˎ˄ʻʺˁʶˌΦ  

ɽʷ˅ʶʽˌ ˁ˂ʶʽʵʽʱΥ ˒˖ˍˇʹ˂ʶˁˍˊˇ˔ʹ˃ʽˁʺ ˁˎ˕ʶ˂ʾʵʰΣ ˁˎ˕ʷ˂ʶˌ ˁʰˎˋʾ˃ˇˎΣ ˒˖ˍˇˁˎ˕ʷ˂ʹ ˁʰˎˋʾ˃ˇˎΣ 

ʹ˂ʶˁˍˊˈ˂ˎˋʹΣ ˉʰˊʰʴ˖ʴʺ ˎʵˊˇʴˈ˄ˇˎΦ  
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Abstract 
  

In this thesis, the study, design and implementation of two photoelectrochemical (PEC) cell 

systems having active surface areas of 100cm2 and 6.5cm2, is described. The systems can 

alternatively operate as hydrogen production electrolysis units utilizing INOX316 electrodes. 

 

The generated hydrogen initially was detected in each case, with a gas chromatography 

system, carrying a TCD detector. Then the hydrogen supplied to the fuel cell array power 

Hydrogen (Hydrogen Stack Fuel Cells), type proton exchange membrane (PEM - Proton 

Exchange Membrane), which was constructed as part of the work, for the production of 

electricity. 

 

The basic function of PEC cell systems utilizes  titanium dioxide (TiO2) (anode) / platinum (Pt) 

electrodes, which were tested in several electrolyte solutions. The voltage/current data 

were obtained with the use of cyclic voltammetry. 

 

The PEC cell systems used as a Photofuel cell, (PFC), for the direct current output, with 

organic pollutants degradation, such as that of methanol (CH3OH), was also investigated. 

 

In order to optimize the PEC and fuel cell systems performances, basic analysis of the 

operating parameters, was also performed. 

 

Keywords: Photoelectrochemical cell, fuel cell, photofuelcell, electrolysis, hydrogen 

production.
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ɳʽˋʰʴ˖ʴʺ 
 

   ʅˍʹ ˋˏʴ˔ˊˇ˄ʹ ʶˉˇ˔ʺΣ ˍˇ ˋˏ˄ˇ˂ˇ ˍ˖˄ ʰ˄ʻˊ˗ˉʽ˄˖˄ ʵˊʰˋˍʹˊʽˇˍʺˍ˖˄ ʶʾ˄ʰʽ ˋˎ˄ʵʶʵʶ˃ʷ˄ˇ ˃ʶ 

ˍʹ˄ ˔ˊʺˋʹ ʶ˄ʷˊʴʶʽʰˌΦ ɶ ʹ˂ʽʰˁʺ ʰˁˍʽ˄ˇʲˇ˂ʾʰ ˃ˉˇˊʶʾ ˄ʰ ʰ˅ʽˇˉˇʽʹʻʶʾ ˔ˊʹˋʽ˃ˇˉˇʽ˗˄ˍʰˌ ˍʰ  

ʊ˖ˍˇʹ˂ʶˁˍˊˇ˔ʹ˃ʽˁʱκʊ˖ˍˇ˔ʹ˃ʽˁʱκʊ˖ˍˇˁʰˍʰ˂ˎˍʽˁʱκʊ˖ˍˇʲʽˇ˂ˇʴʽˁʱ ʅˎˋˍʺ˃ʰˍʰ [1 ]h.  

ɶ ʰˊ˔ʺ ˂ʶʽˍˇˎˊʴʾʰˌ ˍ˖˄ ˒˖ˍˇʹ˂ʶˁˍˊˇˁʰˍʰ˂ˎˍʽˁ˗˄ ˋˎˋˍʹ˃ʱˍ˖˄ ˋˍʹˊʾʸʶˍʰʽ ˁʰˍʱ ˁˏˊʽˇ ˂ˈʴˇ 

ˋˍʹ ˃ʶˍʰˍˊˇˉʺ ˍʹˌ ʹ˂ʽʰˁʺˌ ʶ˄ʷˊʴʶʽʰˌ ˃ʷˋ˖ ʶ˄ˈˌ ˎ˂ʽˁˇˏ όʹ˃ʽʰʴ˖ʴˇʾ ˈˉ˖ˌ ˍˇ TiO2ύΦ ɮˎˍˈ 

ʷ˔ʶʽ ˍʹ˄ ʽˁʰ˄ˈˍʹˍʰ ˄ʰ ʰˉˇˊˊˇ˒ʱ ˍʹ˄ ʶ˄ʷˊʴʶʽʰ ˍ˖˄ ˒˖ˍˇ˄ʾ˖˄ ˁʰʽ ˍʰ ʹ˂ʶˁˍˊˈ˄ʽʰ ˍˇˎ ˄ʰ 

ʵ̔ ʶʴʶʾˊˇ˄ˍʰʽ ˋʶ ʶ˄ʶˊʴʶʽʰˁʺ ˋˍʱʻ˃ʹ ˁʰˍʱ˂˂ʹ˂ʹΣ ʴʽʰ ʱ˃ʶˋʹ ˉʰˊʰʴ˖ʴʺ ˊʶˏ˃ʰˍˇˌ, ˃ʶ 

ˍʰˎˍˈ˔ˊˇ˄ʹ ʰˉˇʵˈ˃ʹˋʹ ˇˊʴʰ˄ʽˁ˗˄ ˊˏˉ˖˄ ʶ˄˗ ˃ˉˇˊʶʾ ˄ʰ ʶˉʽˍʶˎ˔ʻʶʾ ʹ ʵʽʱˋˉʰˋʹ ˍˇˎ 

˄ʶˊˇˏΦ ʆˇ ˒ʰʽ˄ˈ˃ʶ˄ˇ ʰˎˍˈ ʰˉˇˍʶ˂ʶʾ ˃ʾʰ ˎˉˇˋ˔ˈ˃ʶ˄ʹ ˂ˏˋʹ ˍˇˎ ʶ˄ʶˊʴʶʽʰˁˇˏ ˉˊˇʲ˂ʺ˃ʰˍˇˌΣ 

˃ʶ ˍˇ ˃ʶʴʰ˂ˏˍʶˊˇ ʶ˄ʵʽʰ˒ʷˊˇ˄ ˄ʰ ˋˍˊʷ˒ʶˍʰʽ ˍˈˋˇ ˋʶ ˉˊʰˁˍʽˁˈ ˈˋˇ ˁʰʽ ˋʶ ʶˊʶˎ˄ʹˍʽˁˈ 

ʶˉʾˉʶʵˇΦ 

 

 ʅˍʰ ˉ˂ʰʾˋʽʰ ˍʹˌ ʶˊʴʰˋʾʰˌ ˋˍˇ ˉˊ˗ˍˇ ˃ʷˊˇˌ ʴʾ˄ʶˍʰʽ ˃ʽʰ ʻʶ˖ˊʹˍʽˁʺ ʰ˄ʰ˒ˇˊʱΣ ʶˋˍʽʱʸˇ˄ˍʰˌ 

ˋˍˇ˄ ʶ˄ʶˊʴʶʽʰˁˈ ˁˏˁ˂ˇ ˃ʶ ˍʹ˄ ˍʶ˔˄ˇ˂ˇʴʾʰ ˍˇˎ ˎʵˊˇʴˈ˄ˇˎ όɮʃɳ - ʃʰˊʰʴ˖ʴʺ ʇʵˊˇʴˈ˄ˇˎ - 

ʃʰˊʰʴ˖ʴʺ ɶ˂ʶˁˍˊʽˁʺˌ ɳ˄ʷˊʴʶʽʰˌ - ˁ ʰʻ˗ˌ ˁʰʽ ˍʹˌ ˒˖ˍˇʹ˂ʶˁˍˊˇˁʰˍʱ˂ˎˋʹ)̩.    

 

   ʅ̱ ʹ ˋˎ˄ʷ˔ʶʽʰ ˋˍˇ ʵʶˏˍʶˊˇ ˃ʷˊˇˌ ˉʰˊʰˍʾʻʶ˄ˍʰʽ ˍʰ ˉʶʽˊʰ˃ʰˍʽˁʱ ʵʶʵˇ˃ʷ˄ʰΣ ˋ˔ʶˍʽˁʱ ˃ʶ ˍʰ 

ʇ˂ʽˁʱ ˁʰʽ ˍˇˎˌ ɾʶʻˈʵˇˎˌ ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽʺʻʹˁʰ˄Φ ɮˊ˔ʽˁʱ ʴʾ˄ʶˍʰʽ ˃ʽʰ ʶˁˍʶ˄ʺˌ ʰ˄ʰ˒ˇˊʱ 

ˋˍˇ˄ ˍˊˈˉˇ ˁʰˍʰˋˁʶˎʺˌΣ ˋˍʹ ˃ʶ˂ʷˍʹ ˁʰʽ ˋˍʹ˄ ˉʶˊʽʴˊʰ˒ʺ ˉʶʽˊʰ˃ʱˍ˖˄Σ ˍ˖˄ 2 

ʊ˖ˍˇʹ˂ʶˁˍˊˇ˔ʹ˃ʽˁ˗˄ ˁˎ˕ʶ˂ʾʵ˖˄, όʵʽʰ˒ˇˊʶˍʽˁ˗˄ ʵʽʰˋˍʱˋʶ˖˄ύ, ˉˇˎ ʷ˔ˇˎ˄ ˍʹ˄ ʵˎ˄ʰˍˈˍʹˍʰ 

˄ʰ ˂ʶʽˍˇˎˊʴˇˏ˄ ʱ˂˂ˇˍʶ ˖ˌ ʵʽʱˍʰ˅ʹ ɶ˂ʶˁˍˊˈ˂ˎˋʹˌ ˁʰʽ ʱ˂˂ˇˍʶ ˖ˌ ʵʽʱˍʰ˅ʹ ʊ˖ˍˇˁʰˍʱ˂ˎˋʹˌΦ 

   ɳˉʾˋʹˌΣ ʴʾ˄ʶˍʰʽ ˇ ˋ˔ʶʵʽʰˋ˃ˈˌ ˁʰʽ ʹ ˁʰˍʰˋˁʶˎʺ ˃ʽʰˌ ˁˎ˕ʷ˂ʹˌ ˁʰˎˋʾ˃ˇˎ ˉˇˎ ʷ˔ʶʽ ˍʹ 

ʵˎ˄ʰˍˈˍʹˍʰ ˄ʰ ʰˉˇˊˊˇ˒ʱ ˍˇ ˉʰˊʰʴˈ˃ʶ˄ˇ ˎʵˊˇʴˈ˄ˇ ˍ˖˄ ˉʰˊʰˉʱ˄˖ ʵʽʰˍʱ˅ʶ˖˄Σ ˋʶ ˁʱʻʶ 

ˉʶˊʾˉˍ˖ˋʹ ˂ʶʽˍˇˎˊʴʾʰˌ ˍ˖˄ ˁʰʽ ˄ʰ ˍˇ ˃ʶˍʰˍˊʷˉʶʽ ̀ ʶ ɶ˂ʶˁˍˊʽˁʺ ʶ˄ʷˊʴʶʽʰΦ  

   ʃʰˊʱ˂˂ʹ˂ʰΣ ˋˍʹ ˋˎʴˁʶˁˊʽ˃ʷ˄ʹ ʶ˄ˈˍʹˍʰ ˉʶˊʽʴˊʱ˒ʶˍʰʽ ʹ ʶ˄ʰˉˈʻʶˋʹ ˁʰʽ ˇʽ ˃ʷʻˇʵˇʽ 

ʰ˄ ʾ˔˄ʶˎˋʹ,̩ ˔ʰˊʰˁˍʹˊʽˋ˃ˇˏ ˁʰʽ ˉˊˇˋʵʽˇˊʽˋ˃ˇˏ ˍ˖˄ ʶˉʽ˂ʶ˔ʻʷ˄ˍ˖˄ ˎ˂ʽˁ˗˄ ˉˇˎ 

˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ ˋʶ ˁʱʻʶ ˋˍʱʵʽˇ ˍʹˌ ʶˊʴʰˋʾʰˌΦ  

 

   ʆʷ˂ˇˌΣ ˉʰˊʰˍʾʻʶ˄ˍʰʽ ˍʰ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ʰˉˈ ˍʹ˄ ʶ˄ʵʶʽˁˍʽˁʺ - ˉʶʽˊʰ˃ʰˍʽˁʺ ˂ʶʽˍˇˎˊʴʾʰ ˍ˖˄ 

ˋˎˋˍʹ˃ʱˍ˖˄Σ ˍˈˋˇ ˍ˖˄ ʊ˖ˍˇʹ˂ʶˁˍˊˇ˔ʹ˃ʽˁ˗˄ ʵʽʰˍʱ˅ʶ˖˄ ˁʰʽ ʴʽʰ ˍʽˌ ʵˎˇ ˉʶˊʽˉˍ˗ˋʶʽˌ 

˂ʶʽˍˇˎˊʴʾʰˌΣ ˈˋˇ ˁʰʽ ˍʹˌ ˁ ˎ˕ʷ˂ʹ ̩ˁ ʰˎˋʾ˃ˇˎΦ  
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ɹΦ ɸʶ˖ˊʹˍʽˁˈ ɾʷˊˇˌ 
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мΦ ɱʶ˄ʽˁʱ ʴʽʰ ˍˇ ʇʵˊˇʴˈ˄ˇ 

   Ť  ˎʵˊˇʴˈ˄ˇ ʶʾ˄ʰʽ ˍˇ ˉˊ˗ˍˇ ˋˍˇʽ˔ʶʾˇ ˉˇˎ ˋ˔ʹ˃ʰˍʾˋˍʹˁʶ ˃ʶˍʱ ˍˇ .ƛƎ .ŀƴƎ 

ˁʰʻ˗ˌ ʶʾ˄ʰʽ ˁʰʽ ˍˇ ˉʽˇ ˁˇʽ˄ˈ ˋˍˇʽ˔ʶʾˇ ˍˇ ˇˉˇʾˇ ˎˉʱˊ˔ʶʽ ʱ˒ʻˇ˄ˇ ˋˍˇ ˋˏ˃ˉʰ˄Φ 

ʆˇ ˎʵˊˇʴˈ˄ˇ ʶʾ˄ʰʽ ʷ˄ʰ ʱ˔ˊ˖˃ˇ ˁʰʽ ʱˇˋ˃ˇ ʰʷˊʽˇΣ ˁʰʻ˗ˌ ʰˉˇˍʶ˂ʶʾ ʰ˃ʷˍʰ˂˂ˇ 

˔ʹ˃ʽˁˈ ˋˍˇʽ˔ʶʾˇ ˃ʶ ˔ʹ˃ʽˁˈ ˋˏ˃ʲˇ˂ˇ I ˁʰʽ ʰˍˇ˃ʽˁˈ ʰˊʽʻ˃ˈ м ʶ˄˗ мƪƎ ɶ2
 
ʷ˔ʁʽ ʰ˄˗ˍʶˊʹ 

ʻʶˊ˃ˇʴˈ˄ˇ ʵˏ˄ʰ˃ʹ мпнMJ. [2]Φ ɾʶ ʰˍˇ˃ʽˁʺ ˃ʱʸʰ мΣллтфпŀƳǳΣ ˍˇ ˎʵˊˇʴˈ˄ˇ ʶʾ˄ʰʽ ˍˇ 

ʶ˂ʰ˒ˊˏˍʶˊˇ ˔ʹ˃ʽˁˈ ˋˍˇʽ˔ʶʾˇ ˍˇˎ ˉʶˊʽˇʵʽˁˇˏ ˉʾ˄ʰˁʰΦ ʆˇ муур ˇ ɵʾʴˁ˃ˇˎ˄ˍ ɰˊˇ˃ˉ˂ʷ˒ˋˁʽ 

ό½ȅƎƳǳƴǘ CƭƻǊŜƴǘȅ ²ǊƽōƭŜǿǎƪƛύ ʵʹ˃ˇˋʾʶˎˋʶ ˍʹ˄ ˁˊʾˋʽ˃ʹ ʻʶˊ˃ˇˁˊʰˋʾʰ ˍˇˎ ˎʵˊˇʴˈ˄ˇˎ ˖ˌ 

33YΣ ˍʹ˄ ˁˊʾˋʽ˃ʹ ˉʾʶˋʹ моΣо ʰˍ˃ˈˋ˒ʰʽˊʶˌ ˁʰʽ ˍˇ ˋʹ˃ʶʾˇ ʲˊʰˋ˃ˇˏ ноK. ʅˎʴˁʶˁˊʽ˃ʷ˄ʰ ˋˍˇˎˌ 

лϲCΣ ˍˇ ˎʵˊˇʴˈ˄ˇ ʷ˔ʶʽ ˉˎˁ˄ˈˍʹˍʰ лΣлуффkg/m3Σ ˉʶˊʾˉˇˎ ʵʷˁʰ ˒ˇˊʷˌ ˃ʽˁˊˈˍʶˊʹ ʰˉˈ ˍʹ˄ 

ˉˎˁ˄ˈˍʹˍʰ ˍˇˎ ʰʷˊʰΦ ʅˎ ˄ʺʻ˖ˌ ʲˊʾˋˁʶˍʰʽ ˋ̱ ʹ ˃ˇˊ˒ʺ ˍˇˎ ˇ˅ʶʽʵʾˇˎ ˍˇˎΣ ˋˍˇ ˄ʶˊˈΣ ˋˍˇˎˌ 

ˎʵˊˇʴˇ˄ʱ˄ʻˊʰˁʶˌΣ ˋˍʰ ˒ˎˍʱ ˁʰʽ ˋˍʹ ʲʽˇ˃ʱʸʰΦ ɮˎˍˈ ʶʾ˄ʰʽ ˁʰʽ ˇ ˂ˈʴˇˌ ˉˇˎ ˍʾʻʶˍʰʽ ˍˇ 

ˉˊˈʲ˂ʹ˃ʰ ˍʹˌ ˉʰˊʰʴ˖ʴʺˌ ˍˇˎΦ 

   ʆˇ ˎʵˊˇʴˈ˄ˇ ʵʽʰʻʷˍʶʽ ˍʹ˄ ˎ˕ʹ˂ˈˍʶˊʹ ʶ˄ʶˊʴʶʽʰˁʺ ʰˉˈʵˇˋʹ ʰ˄ʱ ˃ˇ˄ʱʵʰ ʲʱˊˇˎˌ, ˍˇ 

ˇˉˇʾˇ ʶʾ˄ʰʽ 2,тр ˒ˇˊʷˌ ˃ʶʴʰ˂ˏˍʶˊʹ ʰˉˈ ʶˁʶʾ˄ʹ ˍ˖˄ ˁʰˎˋʾ˃˖˄ ˉˇˎ ˉˊˇʷˊ˔ˇ˄ˍʰʽ ʰˉˈ 

ˎʵˊˇʴˇ˄ʱ˄ʻˊʰˁʶˌ. ʅˎʴˁʶˁˊʽ˃ʷ˄ʰ мƪƎ ˎʵˊˇʴˈ˄ˇˎ ˉʶˊʽʷ˔ʶʽ ˍʹ˄ ʾʵʽʰ ˉˇˋˈˍʹˍʰ ʶ˄ʷˊʴʶʽʰˌ 

˃ʶ нΣм ƪƎ ˒ˎˋʽˁˇˏ ʰʶˊʾˇˎ ʺ нΣу ƪƎ ʲʶ˄ʸʾ˄ʹˌ όмнлΣ7 kJ/kg) [3].  

   ʆ̌  ʇʵˊˇʴˈ˄ˇ ˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ˋˍʰ ʵʽʰˋˍʹ˃ʽˁʱ ˉˊˇʴˊʱ˃˃ʰˍʰ ˍʹˌ b!{!Σ ˍˈ̀ˇ ̟̩  

ˁʰˏˋʽ˃ˇ ʴʽʰ ˍʰ ʵʽʰˋˍʹ˃ʽˁʱ ˂ʶ˖˒ˇˊʶʾʰ ʰ˂˂ʱ ˁʰʽ ˋˍʽˌ ˁˎ˕ʷ˂ʶˌ ˁʰˎˋʾ˃ˇˎ ʴʽʰ ˍʹ˄ 

ˉʰˊʰʴ˖ʴʺ ʻʶˊ˃ˈˍʹˍʰˌ ˁʰʽ ʹ˂ʶˁˍˊʽˁʺˌ ʶ˄ʷˊʴʶʽʰˌ. ɳˉʾˋʹˌΣ ˇʽ ˁˎ˕ʷ˂ʶˌ ˁʰˎˋʾ˃ˇˎ 

˔́ ʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ ʺʵʹ ˖ˌ ˎˉˇˁʰˍʱˋˍʰˍʰ ˍ˖˄ ˃ˉʰˍʰˊʽ˗˄ ˁʰʽ ˍ˖˄ ʴʶ˄˄ʹˍˊʽ˗˄ ʰʶˊʾˇˎ, ʰ˒ˇˏ 

˃ˉˇˊˇˏ˄ ˄ʰ ˉʰˊʰ˔ʻˇˏ˄ ˋʶ ʵʽʱ˒ˇˊʶˌ ˁ˂ʾ˃ʰˁʶˌ ʴʽʰ ˄ʰ ˁʽ˄ʺˋˇˎ˄ ˈ˔ʽ ˃ˈ˄ˇ ˃ʽˁˊʱ ʰ˂˂ʱ ˁʰʽ 

˃ʶʴʱ˂ʰ ʹ˂ʶˁˍˊʽˁʱ ˇ˔ʺ˃ʰˍʰΦ  ʆˇ ˎʵˊˇʴˈ˄ˇ ˉʰˊʷ˔ʶʽ ˉˇ˂ˏ ˉʽˇ ζˉˎˁ˄ʺη ʶ˄ʷˊʴʶʽʰ ʰˉˈ ˍʹ 

ʲʶ˄ʸʾ˄ʹΦ ɾˈ˂ʽˌ рkg ˎʵˊˇʴˈ˄ˇˎ ˉʰˊʷ˔ˇˎ˄ ʰˎˍˇ˄ˇ˃ʾʰ пулKm ˋʶ ʷ˄ʰ ˇʽˁˇʴʶ˄ʶʽʰˁˈ 

ʰˎˍˇˁʾ˄ʹˍˇΣ ˉʶˊʾˉˇˎ ʵʽˉ˂ʱˋʽʰ ʰˉˈ ʰˎˍʺ ˍʹˌ ʽˋˇʵˏ˄ʰ˃ʹˌ ˉˇˋˈˍʹˍʰˌ ʲʶ˄ʸʾ˄ʹˌ. ɶ 

ˎʵˊˇʴˇ˄ˇˁʾ˄ʹˋʹ ʻʰ ˋˎ˃ʲʱ˂˂ʶʽ ˋˍʹ˄ ʰˉʶ˅ʱˊˍʹˋʹ ʰˉˈ ˍʰ ˇˊˎˁˍʱ ˁʰˏˋʽ˃ʰ ˁʰʽ ˍʹ˄ ʰ˄ʱˋ˔ʶˋʹ 

ˍʹˌ ˁ˂ʽ˃ʰˍʽˁʺˌ ʰ˂˂ʰʴʺˌΦ ɾʽʰ ˁˎ˕ʷ˂ʹ ˁʰˎˋʾ˃ˇˎ ʵʽʰˊˁʶʾ ʴʽʰ рллл ˗ˊʶˌ ʺ нплΦлллKm ̄ ˊˇˍˇˏ 

˔ˊʶʽʰˋˍʶʾ ˄ʰ ʰ˄ˍʽˁʰˍʰˋˍʰʻʶʾ ˋʶ ʷ˄ʰ ˇʽˁˇʴʶ˄ʶʽʰˁˈ ʰˎˍˇˁʾ˄ʹˍˇΦ ʅˏ˃˒˖˄ʰ ˃ʶ ˍˇ ɳʻ˄ʽˁˈ 

ʃˊˈʴˊʰ˃˃ʰ ʇʵˊˇʴˈ˄ˇˎ ˍ˖˄ ɶ˄˖˃ʷ˄˖˄ ʃˇ˂ʽˍʶʽ˗˄Σ ʹ ˋˎ˃ʲˇ˂ʺ ˍˇˎ ˎʵˊˇʴˈ˄ˇˎ ˋˍʹ 

ˋˎ˄ˇ˂ʽˁʺ ʶ˄ʶˊʴʶʽʰˁʺ ʰʴˇˊʱ ʰ˄ʰ˃ʷ˄ʶˍʰʽ ˄ʰ ʶʾ˄ʰʽ у-мл҈ ˃ʷ˔ˊʽ ˍˇ нлнр [4].  

ɱʽh ˈ˂ˇˎˌ ˍˇˎˌ ˂ˈʴˇˎˌ ˉˇˎ ˉˊˇʰ˄ʰ˒ʷˊʻʹˁʰ˄Σ ˍˇ ˎʵˊˇʴˈ˄ˇ ˃ˉˇˊʶʾ ˄ʰ ʻʶ˖ˊʹʻʶʾ ʷ˄ʰ 

ˉˇ˂ˏ ˎˉˇˋ˔ˈ˃ʶ˄ˇ ˁʰˏˋʽ˃ˇ ˍˇˎ ˃ʷ˂˂ˇ˄ˍˇˌ ˃ʶ ˉˇʽˁʾ˂ʶˌ ʶ˒ʰˊ˃ˇʴʷˌΣ ˋˎ˃ʲʱ˂˂ˇ˄ˍʰˌ ˋˍʹ˄ 

ˇʽˁˇ˄ˇ˃ʽˁʺ ʰ˄ʱˉˍˎ˅ʹ ˍʹˌ ˔˗ˊʰˌ, ˁ ʰʽ ˋˍʹ˄ ˉˊˇˋˍʰˋʾʰ ˍˇˎ ˉʶˊʽʲʱ˂˂ˇ˄ˍˇˌ. 
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2Φ ɳ˄ʶˊʴʶʽʰˁˈˌ ɼˏˁ˂ˇˌ ʇʵˊˇʴˈ˄ˇˎ 
   ʆˇ ˎʵˊˇʴˈ˄ˇ ʰ˄ʰ˃ʷ˄ʶˍʰʽ ˄ʰ ʰˉˇˍʶ˂ʷˋʶʽ ʷ˄ʰ ʲʰˋʽˁˈ 

ʻʶ˃ʷ˂ʽˇ ˂ʾʻˇ ʴʽʰ ˍʹ ʵʹ˃ʽˇˎˊʴʾʰ ʶ˄ˈˌ ˇ˂ˇˁ˂ʹˊ˖˃ʷ˄ˇˎ 

ʶ˄ʶˊʴʶʽʰˁˇˏ ˋˎˋˍʺ˃ʰˍˇˌ ˍˇ ˇˉˇʾˇ ʻʰ ʲʰˋʾʸʶˍʰʽ ˋˍʽˌ 

ɮ˄ʰ˄ʶ˗ˋʽ˃ʶˌ ʃʹʴʷˌ ɳ˄ʷˊʴʶʽʰˌ όɮʃɳύΦ ɶ ˔ˊʺˋʹ ˍʹˌ 

ʰʽˇ˂ʽˁʺˌΣ ˍʹˌ ˎʵˊˇʹ˂ʶˁˍˊʽˁʺˌ ˁʰʽ ˍʹˌ ʹ˂ʽʰˁʺˌ ʶ˄ʷˊʴʶʽʰˌ 

ʴʽʰ ˍʹ˄ ˉʰˊʰʴ˖ʴʺ ˍˇˎ ˎʵˊˇʴˈ˄ˇˎ ʰˉˇˍʶ˂ˇˏ˄ ˍʽˌ ˉʽˇ ʺˉʽʶˌ ˉʶˊʽʲʰ˂˂ˇ˄ˍʽˁʱ ˃ʶʻˈʵˇˎˌ 

[6].  ɮ˄ ˁʰʽ ˍˇ ˎʵˊˇʴˈ˄ˇ ʻʶ˖ˊʶʾˍʰʽ ʴʶ˄ʽˁʱ ˁʰʻʰˊˈ ˁʰˏˋʽ˃ˇΣ ʶʾ˄ʰʽ ˋʹ˃ʰ˄ˍʽˁˈ ˄ʰ 

ʰ˄ʰʴ˄˖ˊʽˋˍʶʾ ˈˍʽ ʹ ˃ʷʻˇʵˇˌ ˉʰˊʰʴ˖ʴʺˌ ˍˇˎ, ʵʽʰʵˊʰ˃ʰˍʾʸʶʽ ʷ˄ʰ˄ ˉˇ˂ˏ ˋʹ˃ʰ˄ˍʽˁˈ ˊˈ˂ˇ 

ˋ ʁʁ ˉʾˉʶʵˇ ˉʶˊʽʲʰ˂˂ˇ˄ˍʽˁ˗˄ ʶˉʽʵˊʱˋʶ˖˄Φ  

   ɶ ɳ˅ ʷˍʰˋʹ - ɮ˄ʱ˂ˎˋʹ ˍ˖˄ ɼˏˁ˂˖˄ ɵ˖ʺˌ όɮɼɵύ ˍ˖˄ 

ʵʽʰ˒ˇˊʶˍʽˁ˗˄ ˋʶ˄ʰˊʾ˖˄ ˉʰˊʰʴ˖ʴʺˌ ʵʾ˄ʶʽ ˃ʽʰ ˉ˂ʺˊʹ 

ʶʽˁˈ˄ʰ ʴʽʰ ˍʰ ˉʶˊʽʲʰ˂˂ˇ˄ˍʽˁʱ ˒ˇˊˍʾʰ ˉˇˎ ˋ˔ʶˍʾʸˇ˄ˍʰʽ ˃ʶ 

ˍʹ˄ ˉʰˊʰʴ˖ʴʺ ˎʵˊˇʴˈ˄ˇˎ [10]. ɶ ɮɼɵ ˍ˖˄ ˋʶ˄ʰˊʾ˖˄ 

ˉʰˊʰʴ˖ʴʺˌ ˎʵˊˇʴˈ˄ˇˎ ʵʶʾ˔˄ʶʽ ˈˍʽ ʹ ˉʰˊʰʴ˖ʴʺ ˃ʶ ˍʹ 

˔ˊʺˋʹ ˍʹˌ ˒˖ˍˇʲˇ˂ˍʰʿˁʺˌ ʶ˄ʷˊʴʶʽʰˌ ʷ˔ʶʽ ˍʹ˄ ˔ʶʽˊˈˍʶˊʹ 

ˉʶˊʽʲʰ˂˂ˇ˄ˍʽˁʺ ʰˉˈʵˇˋʹΦ ɮˎˍˈ ʰˉˇʵʾʵʶˍʰʽ ˋˍʹ˄ ʰˉˇʵˇˍʽˁˈˍʹˍʰ  ˍˇˎˌ ˉˇˎ ʶʾ˄ʰʽ ˉˇ˂ˏ 

˔ʰ˃ʹ˂ʺ, ˁʰʻ˗ˌ ˁʰʽ ˋˍʹ˄ ˁʰˍʰˋˁʶˎʰˋˍʽˁʺ ʵʽʰʵʽˁʰˋʾʰ ˍ˖˄ ˒˖ˍˇʲˇ˂ˍʰʿˁ˗˄ ˋˍˇʽ˔ʶʾ˖˄ 

ˉˇˎ ˋˎ˃ʲʱ˂˂ʶʽ ʽʵʽʰʾˍʶˊʰ ˋʶ ˈ˂ʶˌ ˍʽˌ ˁʰˍʹʴˇˊʾʶˌ ˉʶˊʽʲʰ˂˂ˇ˄ˍʽˁ˗˄ ʶˉʽˉˍ˗ˋʶ˖˄ ˍˇˎ 

ˋˎˋˍʺ˃ʰˍˇˌ.  

   ʆʰ ˇ˔ʺ˃ʰˍʰ ˁˎ˕ʶ˂˗˄ ˁʰˎˋʾ˃ˇˎ ˎʵˊˇʴˈ˄ˇˎ ʶʾ˄ʰʽ ˃ʽʰ ˉˇ˂˂ʱ 

ˎˉˇˋ˔ˈ˃ʶ˄ʹ ˍʶ˔˄ˇ˂ˇʴʾʰ ˉˇˎ ʰ˄ʰ˃ʷ˄ʶˍʰʽ ˄ʰ ̄ ˊˇˋ˒ʷˊʶʽ ˃ʽʰ ˁʰʻʰˊʺ ˁʰʽ 

ʰˉˇʵˇˍʽˁʺ ˉʹʴʺ ʽˋ˔ˏˇˌ ʴʽʰ ˉˇ˂˂ʷˌ ʶ˒ʰˊ˃ˇʴʷˌ ˋˎ˃ˉʶˊʽ˂ʰ˃ʲʰ˄ˇ˃ʷ˄˖˄ 

ˍ˖˄ ˃ʶˍʰ˒ˇˊ˗˄ ʶ˒ˈˋˇ˄ ʵʶ˄ ˉʰˊʱʴˇˎ˄ ˊˏˉˇˎˌΣ ʶˁˍˈˌ ʰˉˈ ʰˍ˃ˈΣ ˁʰʽ ʴʽʰ ˍˇ ˂ˈʴˇ ʰˎˍˈ 

ˉʰˊˇˎˋʽʱʸˇˎ˄ ˃ʶʴʱ˂ˇ ˉʶˊʽʲʰ˂˂ˇ˄ˍʽˁˈ ˈ˒ʶ˂ˇˌΦ ɶ ˇʽˁˇ˄ˇ˃ʽˁʺ ʲʽ˖ˋʽ˃ˈˍʹˍʰ ˍ˖˄ ˇ˔ʹ˃ʱˍ˖˄ 

ʰˎˍ˗˄ ʶ˅ʰˊˍʱˍʰʽ ˉˇ˂ˏ ʰˉˈ ˍʹ ˃ʶʾ˖ˋʹ ˍˇˎ ˁˈˋˍˇˎˌ ˉʰˊʰʴ˖ʴʺˌ ˍ˖˄ ˁˎ˕ʶ˂˗ ˄ˁʰˎˋʾ˃ˇˎ ˁʰʽ 

ʰˉˈ ˍʹ˄ ʰ˄ʱˉˍˎ˅ʹ ˋˍʰʻ˃˗˄ ʰ˄ʶ˒ˇʵʽʰˋ˃ˇˏ [1]. 

   ɶ ʰ˄ʱʴˁʹ ʰˉʶ˅ʱˊˍʹˋʹˌ ʰˉˈ ʶʽˋʰʴˈ˃ʶ˄ˇˎˌ ˎʵˊˇʴˇ˄ʱ˄ʻˊʰˁʶˌ 

ʰ˒Ω ʶ˄ˈˌ ʰ˂˂ʱ ˁʰʽ ˃ʶʾ˖ˋʹˌ ˍ˖˄ ˉʶˊʽʲʰ˂˂ˇ˄ˍʽˁ˗˄ ʶˉʽˉˍ˗ˋʶ˖˄ 

ʰˉˈ ˍʹ ˔ˊʺˋʹ ˇˊˎˁˍ˗˄ ˁʰˎˋʾ˃˖˄ ʰ˒Ω ʶˍʷˊˇˎΣ ˇʵʹʴˇˏ˄ ˋˍˇ 

ˋˎ˃ˉʷˊʰˋ˃ʰ ˈˍʽ ˋˍˇ ˃ʷ˂˂ˇ˄ ˍˇ ˎʵˊˇʴˈ˄ˇ ˉˇˎ ʻʰ ˉʰˊʱʴʶˍʰʽ ʰˉˈ 

ɮʃɳ ʻʰ ˉʰʾ˅ʶʽ ˋʹ˃ʰ˄ˍʽˁˈ ˊˈ˂ˇ ˃ʶˋˇˉˊˈʻʶˋ˃ʰΣ ˖ˌ ˃ʷˋˇ 

ʰˉˇʻʺˁʶˎˋʹˌ ʶ˄ʷˊʴʶʽʰˌ ˁʰʽ ˃ʰˁˊˇˉˊˈʻʶˋ˃ʰΣ ˖ˌ ˁʰʻʰˊˈ ˁʰˏˋʽ˃ˇ ʴʽʰ ʰˉˇˁʶ˄ˍˊ˖˃ʷ˄ʹ 

ˉʰˊʰʴ˖ʴʺ ʶ˄ʷˊʴʶʽʰˌ όʴʽʰ ʻʷˊ˃ʰ˄ˋʹύ ˁʰʽ ˋˍʽˌ ˃ʶˍʰ˒ˇˊʷˌ [1]. 

ɳʽˁˈ˄ʰ 2Φ ʆˇ ˉ˂ʰʾˋʽˇ ˍʹˌ ɮɼɵ ώтϐ 

ɳʽˁˈ˄ʰ 1 ɮʃɳ ϧ ɳ˄ʶˊʴʶʽʰˁˈˌ ɼˏˁ˂ˇˌ ɶ2 

ɳʽˁˈ˄ʰ 3 ɾʶ˂˂ˇ˄ˍʽˁʺ ʃˊˇˇˉˍʽˁʺ ˍˇˎ ɶ2  
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2.м ʃʰˊʰʴ˖ʴʺ ʇʵˊˇʴˈ˄ˇˎ ʰˉˈ ɮʃɳ 
   ɶ ˔ˊʺˋʹ ˍ˖˄ ɮʃɳ ʷ˔ʶʽ ˍˇ ˉ˂ʶˇ˄ʷˁˍʹ˃ʰ ˃ʽʰˌ ˒ʽ˂ʽˁʺˌ ˉˊˇˌ ˍˇ ˉʶˊʽʲʱ˂˂ˇ˄ ˉʰˊʰʴ˖ʴʺˌ 

ˎʵˊˇʴˈ˄ˇˎΣ ʰ˂˂ʱ ˍˇ ˁˏˊʽˇ ˃ʶʽˇ˄ʷˁˍʹ˃ʰ ʲˊʾˋˁʶˍʰʽ ˋˍʹ˄ ʰʵˎ˄ʰ˃ʾʰ ʰ˅ʽˇˉˇʾʹˋʹˌ ʶ˄ˈˌ 

˃ʶʴʱ˂ˇˎ ˃ʷˊˇˎˌ ˍʹˌ ʵʽʰʻʷˋʽ˃ʹˌ ʶ˄ʷˊʴʶʽʰˌ [уϐΦ ɶ ˔ˊʺˋʹ ˍʹˌ ʰʽˇ˂ʽˁʺˌΣ ˎʵˊˇʹ˂ʶˁˍˊʽˁʺˌ 

ˁʰʽ ʹ˂ʽʰˁʺˌ ʻʶˊ˃ʽˁʺˌ ʶ˄ʷˊʴʶʽʰˌ ʰˉˇʵʶʽˁ˄ˏˇ˄ˍʰʽ ˍʰ ˒ʽ˂ʽˁˈˍʶˊʰ ˉˊˇˌ ˍˇ ˉʶˊʽʲʱ˂˂ˇ˄ 

ˋʶ˄ʱˊʽʰ ʴʽʰ ˉʰˊʰʴ˖ʴʺ ˎʵˊˇʴˈ˄ˇˎ [9]. ɳˉˇ˃ʷ˄˖ˌΣ ˍˇ ˃ʷ˂˂ˇ˄ ˍʹˌ ˉʰˊʰʴ˖ʴʺˌ ˎʵˊˇʴˈ˄ˇˎ 

ʰˉˈ ɮʃɳ ʶ˅ʰˊˍʱˍʰʽ ʷ˄ˍˇ˄ʰ ʰˉˈ ˍˇ ʾʵʽˇ ˍˇ ˁˈˋˍˇˌ ˍ˖˄ ɮʃɳΦ ɶ ˉʰˊʰʴ˖ʴʺ ˎʵˊˇʴˈ˄ˇˎ ʰˉˈ 

ɮʃɳ ʻʰ ʶʽˋʰ˔ʻʶʾ ˋˍʹ˄ ʰʴˇˊʱ ˈˍʰ˄ ˁʰʽ ˈˉˇˎ ʶʾ˄ʰʽ ˇʽˁˇ˄ˇ˃ʽˁ˗ˌ ʰˉˇʵˇˍʽˁˈˍʶˊˇ ʷ˄ʰ˄ˍʽ 

ˍ˖˄ ʱ˂˂˖˄ ˍˇˉʽˁ˗˄ ˃ˇˊ˒˗˄ ʶ˄ʷˊʴʶʽʰˌΦ ɮˉˈ ˉʶˊʽʲʰ˂˂ˇ˄ˍʽˁʺ ˁʰʽ ˇʽˁˇ˄ˇ˃ʽˁʺ ˋˁˇˉʽʱΣ 

ʶʾ˄ʰʽ ˋʹ˃ʰ˄ˍʽˁˈ ˄ʰ ʰˎ˅ʹʻʶʾ ʹ ʶ˄ʶˊʴʶʽʰˁʺ ʰˉˇʵˇˍʽˁˈˍʹˍʰ ˈ˂˖˄ ˍ˖˄ ʵʽʰʵʽˁʰˋʽ˗˄Φ ɮˎˍˈ 

ʻʰ ˇʵʹʴʺˋʶʽ ˋʶ ˃ʶʽ˖˃ʷ˄ʹ ˁʰˍʰ˄ʱ˂˖ˋʹ ˉˈˊ˖˄ ˁʰʽ ˋʶ ˃ʶʾ˖ˋʹ ˍ˖˄ ʶˁˉˇ˃ˉ˗˄Φ  

ɳ˄ˍˇˏˍˇʽˌΣ ʹ ˃ʶ˂ʷˍʹ ɮɼɵ ʶˉʽʲʶʲʰʽ˗˄ʶʽ ˈˍʽ ʹ ˉʰˊʰʴ˖ʴʺ ˎʵˊˇʴˈ˄ˇˎ ˉˇˎ ʲʰˋʾʸʶˍʰʽ ˋʶ 

ɮʃɳ ʵʾʵʶʽ ˍʹ ʵˎ˄ʰˍˈˍʹˍʰ ˋˍˇ ˎʵˊˇʴˈ˄ˇ ˄ʰ ʰˉˇˍʶ˂ʷˋʶʽ ʷ˄ʰ˄ ʶ˂ˉʽʵˇ˒ˈˊˇ ʶ˄ʶˊʴʶʽʰˁˈ 

˒ˇˊʷʰ ʴʽʰ ˃ʽʰ ˇ˂ˇˁ˂ʹˊ˖˃ʷ˄ʹ ʰ˄ʱˉˍˎ˅ʹ ˋʶ ˋˎ˃˒˖˄ʾʰ ˃ʶ ˍʹ˄ ʰ˄ʱʴˁʹ ˄ʰ ˉˊˇˋˍʰˍʶˎˍʶʾ 

ˍˇ ˉʶˊʽʲʱ˂˂ˇ˄ [10]. 

   ʁʽ ʵʽʶˊʴʰˋʾʶˌ - ˃ʷʻˇʵˇʽ ˃ʶ ˍʽˌ ˇˉˇʾʶˌ ˉʰˊʱʴʶˍʰʽ ˍˇ I2, [5], ˔˖ˊʾʸˇ˄ˍʰʽ ˋˍʽˌ ˉʰˊʰˁʱˍ˖ 

ˁʰˍʹʴˇˊʾʶˌΥ  

ü ɶ˂ʶˁˍˊˇ˔ʹ˃ʽˁʷˌ ˃ʷʻˇʵˇʽΣ ˋˍʽˌ ˇˉˇʾʶˌ ʰ˄ʺˁˇˎ˄ ʹ ʹ˂ʶˁˍˊˈ˂ˎˋʹ ˁʰʽ ˒˖ˍˇʹ˂ʶˁˍˊˈ˂ˎˋʹ 

ˍˇˎ ˄ʶˊˇˏΦ  

ü ʊ˖ˍˇ˂ˎˍʽˁʷˌ ˃ʷʻˇʵˇʽΣ ˋˍʽˌ ˇˉˇʾʶˌ ʰ˄ʺˁʶʽ ˁʰʽ ʹ ˒˖ˍˇˁʰˍʱ˂ˎˋʹΦ  

ü ɸʶˊ˃ˇ˔ʹ˃ʽˁʷˌ ˃ʷʻˇʵˇʽ, ˉʶˊʽ˂ʰ˃ʲʱ˄ˇˎ˄ ʵʽʰʵʽˁʰˋʾʶˌ ˈˉ˖ˌ ˍʹ˄ ʰ˄ʰ˃ˈˊ˒˖ˋʹ ˃ʶ ʰˍ˃ˈΣ 

ˍʹ˄ ʰʶˊʽˇˉˇʾʹˋʹ ˁʰʽ ˉˎˊˈ˂ˎˋʹ ˍʹˌ ʲʽˇ˃ʱʸʰˌ ˁʰʽ ˍʹ ʻʶˊ˃ˇ˔ʹ˃ʽˁʺ ʵʽʱˋˉʰˋʹ ˍˇˎ ˄ʶˊˇˏΦ  

ü ɰʽˇ˂ˇʴʽˁʷˌ ˃ʷʻˇʵˇʽΣ ˋˍʽˌ ˇˉˇʾʶˌ ʰ˄ʺˁˇˎ˄ ʹ ʰ˄ʰʶˊˈʲʽʰ ˔˗˄ʶˎˋʹ ˁʰʽ ʸˏ˃˖ˋʹ ʰˉˈ 

˃ʽˁˊˇˇˊʴʰ˄ʽˋ˃ˇˏˌ ˍʹˌ ʲʽˇ˃ʱʸʰˌΦ  

ʆˇ мффр ˍˇ ˉʶˊʽˋˋˈˍʶˊˇ ˎʵˊˇʴˈ˄ˇ (97%) ̄ ʰˊʰʴˈˍʰ˄ ʰˉˈ ˍʹ˄ ʰ˄ʰ˃ˈˊ˒˖ˋʹ ˃ʶ ʰˍ˃ˈ ˍˇˎ 

˒ˎˋʽˁˇˏ ʰʶˊʾˇˎ ʶ˄˗ ʹ ˉʰˊʰʴ˖ʴʺ ˍˇˎ ˃ʶ ʹ˂ʶˁˍˊˈ˂ˎˋʹ ʺ ˃ʷˋ˖ ˒˖ˍˇ˔ʹ˃ʽˁ˗˄ 

ʰ˄ˍ̔ɻ ˊʱˋʶ˖˄ ʰˉˇˍʶ˂ˇˏˋʰ˄ ˃ʰˁˊˇˉˊˈʻʶˋ˃ʹ ˉˊˇˇˉˍʽˁʺ [6]. ʍˋˍˈˋˇ ʹ  ˉʰˊʰʴ˖ʴʺ 

ˎʵˊˇʴˈ˄ˇˎ ˃ʷˋ˖ ˍʹˌ ʰ˄ˍʾʵˊʰˋʹˌ ʵʽʱˋˉʰˋʹˌ ˍˇˎ ˄ʶˊˇˏ ʰˉˇˍʶ˂ʶʾ ˃ʽʰ ʶ˂ˁˎˋˍʽˁʺ ˂ˏˋʹ ʰˉˈ 

ˍʹ˄ ʱˉˇ˕ʹ ˍˈˋˇ ˍʹˌ ˇʽˁˇ˄ˇ˃ʽˁʺˌ ʰ˅ʾʰˌ ˍʹˌ ˉˊ˗ˍʹˌ ˏ˂ʹˌ ˈˋˇ ˁʰʽ ˍʹˌ ˉʰˊʰʴ˖ʴʺˌ ˁʰˎˋʾ˃˖˄ 

ʰˉˈ h ˄ʰ˄ʶ˗ˋʽ˃ʶˌ ˉʹʴʷˌΣ ˔˖ˊʾˌ ʶˉʽʲʱˊˎ˄ˋʹ ˍˇˎ ˉʶˊʽʲʱ˂˂ˇ˄ˍˇˌΦ 

   ɮ˄ˍʽˁʶʾ˃ʶ˄ˇ ˍʹˌ ˉʰˊˇˏˋʹˌ ʶˊʴʰˋʾʰˌ ʻʰ ʰˉˇˍʶ˂̫ ˋʶʽ ˁˎˊʾ˖ˌ ʹ ˉˊ˗ˍʹ ˃ʷʻˇʵˇˌ 

όɶ˂ʶˁˍˊˇ˔ʹ˃ʽˁʷˌ ˃ʷʻˇʵˇʽΥ ɶ˂ʶˁˍˊˈ˂ˎˋʹ ˁʰʽ ʊ˖ˍˇʹ˂ʶˁˍˊˇˁʰˍʱ˂ˎˋʹ ˍˇˎ ˄ʶˊˇˏύ, ʶ˄˗ ʻʰ 

˃ʰˌ ʰˉʰˋ˔ˇ˂ʺˋʶʽ ˁʰʽ  ́ ʵʶˏˍʶˊʹ ˃ʷʻˇʵˇ ̩ όʊ˖ˍˇ˂ˎˍʽˁʷˌ ˃ʷʻˇʵˇʽΥ ˋˎʴˁʶˁˊʽ˃ʷ˄ʰ ʹ 

ʊ˖ˍˇˁʰˍʱ˂ˎˋʹύΦ  
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2Φн ɮˉˇʻʺˁʶˎˋʹ ϧ ɾʶˍʰ˒ˇˊʱ ʇʵˊˇʴˈ˄ˇˎ 

   ɱʽʰ ˍʹ˄ ʶˎˊʶʾʰ ʶˁ˃ʶˍʱ˂˂ʶˎˋʹ ˍˇˎ ˎʵˊˇʴˈ˄ˇˎ, ʰ˄ʶ˅ʰˊˍʺˍ˖ˌ ʰˉˈ ˍʹ 

˃ʷʻˇʵˇ ˉʰˊʰʴ˖ʴʺˌ ˍˇˎ, ʁ ʾ˄ʰʽ ʰˉʰˊʰʾˍʹˍʹ ʹ ʰˉˇʻʺˁʶˎˋʺ ˍˇˎΦ  

ʁ ˃ʶʴʱ˂ˇˌ ˈ˃˖ˌ ˈʴˁˇˌ ˍˇˎ ˋʶ ˋˎ˄ʺʻʶʽˌ ˉʶˊʽʲʰ˂˂ˇ˄ˍʽˁʷˌ ˋˎ˄ʻʺˁʶˌΣ 

ʵʹ˂ʰʵʺ ʻʶˊ˃ˇˁˊʰˋʾʰ нр ϲ/ ˁʰʽ ˉʾʶˋʹ млл ƪtŀΣ ˍʹ˄ ˁʰʻʽˋˍʱ ʵˏˋˁˇ˂ʹΦ 

ɮˎˍˈ ˋˎ˃ʲʰʾ˄ʶʽ ʶ˅ʰʽˍʾʰˌ ˍʹˌ ˉˇ˂ˏ ˔ʰ˃ʹ˂ʺˌ ˍˇˎ ˉˎˁ˄ˈˍʹˍʰˌΣ ʹ ˇˉˇʾʰ ʴʽʰ ˉˇ˂ˏ ˃ʽˁˊʷˌ 

ˉˇˋˈˍʹˍʶˌ ˃ʱʸʰˌ ˁʰˍʰ˂ʰ˃ʲʱ˄ʶʽ ˋʰ˒˗ˌ ˃ʶʴʰ˂ˏˍʶˊˇ ˈʴˁˇΦ ɮˁˈ˃ʰΣ ʶʾ˄ʰʽ ʴ˄˖ˋˍˈ ˉ˖ˌ ˍʰ 

ˋˍˇʽ˔ʶʾʰ ˋˍʹ˄ ˎʴˊʺ ˍˇˎˌ ˃ˇˊ˒ʺ ʷ˔ˇˎ˄ ˃ʶʴʰ˂ˏˍʶˊʹ ˉˎˁ˄ˈˍʹˍʰΦ  

ʆˇ ˉˊˈʲ˂ʹ˃ʰ ˃ʶ ˍˇ ˎʵˊˇʴˈ˄ˇ ʶʾ˄ʰʽ ˉ˖ˌ ˍˇ ˋʹ˃ʶʾˇ 

ʲˊʰˋ˃ˇˏ ˍˇˎ ʶʾ˄ʰʽ ˋˍˇˎˌ -нроϲ/ ˁʰʽ ʶˉˇ˃ʷ˄˖ˌ 

ʰˉʰʽˍʶʾ ˃ʶʴʱ˂ʰ ˉˇˋʱ ʶ˄ʷˊʴʶʽʰˌ ʴʽʰ ˍʹ˄ 

ˎʴˊˇˉˇʾʹˋʺ ˍˇˎΦ ɱʾ˄ʶˍʰʽ ˂ˇʽˉˈ˄ ʰ˄ˍʽ˂ʹˉˍˈ ˉ˖ˌ ʴʽʰ 

ˍʹ˄ ʰˉˇʻʺˁʶˎˋʺ ˍˇˎ ˋˍʽˌ ˋˎ˄ʺʻʶʽˌ ˋˎ˄ʻʺˁʶˌ ʶʾ˄ʰʽ 

ʰˉʰˊʰʾˍʹˍʹ ʶʾˍʶ ʹ ˋˎ˃ˉʾʶˋʺ ˍˇˎ ˋʶ ˎ˕ʹ˂ʷˌ 

ˉʽʷˋʶʽˌΣ ʶʾˍʶ ʹ ˃ʶʴʱ˂ʹ ˃ʶʾ˖ˋʹ ˍʹˌ ʻʶˊ˃ˇˁˊʰˋʾʰˌ 

ˍˇˎΣ ʶʾˍʶ ˋˎ˄ʵˎʰˋ˃ˈˌ ˍ˖˄ ʵˏˇ [17]. 

ɳˉʾˋʹˌ ʷ˔ˇˎ˄ ʰ˄ʰˉˍˎ˔ʻʶʾ ˁʰʽ ʱ˂˂ʶˌ ˃ʷ̒ˇʵˇʽ ˉˇˎ ʰˉˇʻʹˁʶˏˇˎ˄ ˍˇ ʇʵˊˇʴˈ˄ˇ ʶʾˍʶ ˔ʹ˃ʽˁʱ, 

(ˋʶ ˃ʶˍʰ˂˂ʽˁʱ ˎʵˊʾʵʽʰ ˁʰʽ ˋˏ˄ʻʶˍˇˎˌ ˎʵˊˇʴˇ˄ˇ˄ʱ˄ʻˊʰˁʶˌ), ʁ ʾˍʶ ˋˍʹ ˒ˎ ˋʽˁʺ ˍˇˎ ˃ˇˊ˒ʺ, (̀ ʶ 

˄ʰ˄ˇˋ˖˂ʺ˄ʶˌ ʱ˄ʻˊʰˁʰΣ ˃ʽˁˊˇˋ˒ʰʾˊʶˌ ʴˎʰ˂ʽˇˏ) [16].  

   ʆʰ ˉʽˇ ʵʽʰʵʶʵˇ˃ʷ˄ʰ ʶʾ˄ʰʽ ˍʰ ˃ʶˍʰ˂˂ʽˁʱ ˎʵˊʾʵʽʰΣ ˋˍʰ ˇˉˇʾʰ ˍˇ 

ˎʵˊˇʴˈ˄ˇ ʰˉˇˊˊˇ˒ʱˍʰʽ ʰˉˈ ˃ʷˍʰ˂˂ʰ ˈˉ˖ˌ ˍˇ ˃ʰʴ˄ʺˋʽˇΣ ˍˇ 

˂ʾʻʽˇΣ ˍˇ ʲˈˊʽˇΣ ˍˇ ʰ˂ˇˎ˃ʾ˄ʽˇΣ ˍˇ ˉʰ˂˂ʱʵʽˇ ˁʰʽ ˁˊʱ˃ʰˍʰ ʰˎˍ˗˄Φ 

ʁ ˔ʹ˃ʽˁˈˌ ʵʶˋ˃ˈˌ ˉˇˎ ʵʹ˃ʽˇˎˊʴˇˏ˄ ˃ʶ ˍˇ ˎʵˊˇʴˈ˄ˇ ʶʾ˄ʰʽ 

ʰˊˁʶˍʱ ʵˎ˄ʰˍˈˌ ˁʰʽ ʴʽʰ ˍʹ˄ ʰˉʶ˂ʶˎʻʷˊ˖ˋʺ ˍˇˎˌ ʰˉˈ ʰˎˍˈ˄ 

ʰˉʰʽˍˇˏ˄ˍʰʽ ʻʶˊ˃ˇˁˊʰˋʾʶˌ ˍʹˌ ˍʱ˅ʹˌ ˍ˖˄ н00ϲ/Φ ʆˇ ʻʶˍʽˁˈˍʶˊˇ ˔ʰˊʰˁˍʹˊʽˋˍʽˁˈ ʰˎˍˇˏ ˍˇˎ 

ˍˊˈˉˇˎ ʰˉˇʻʺˁʶˎˋʹˌ ʶʾ˄ʰʽ ˉ˖ˌ ʵʶ˄ ʰˉʰʽˍʶʾˍʰʽ ʶˉʽˉ˂ʷˇ˄ ʶ˄ʷˊʴʶʽʰ ʴʽʰ ˍʹ ʵʽʰˍʺˊʹˋʹ ˍˇˎ 

ʶ˄ʶˊʴʶʽʰˁˇˏ ˉʶˊʽʶ˔ˇ˃ʷ˄ˇˎΣ ˁʱˍʽ ˍˇ ˇˉˇʾˇ ˍʹ˄ ˁʱ˄ʶʽ ˇʽˁˇ˄ˇ˃ʽˁʺΦ ɳˉʾˋʹˌΣ ʶʾ˄ʰʽ ʰˋ˒ʰ˂ʺˌ ʹ 

˔ˊʺˋʹ ˍʹˌ ˋʶ ˁʽ˄ʹˍʷˌ ʶ˒ʰˊ˃ˇʴʷˌ ˃ʽʰˌ ˁʰʽ ˔˖ˊʾˌ ʶˉʽˉ˂ʷˇ˄ ʻʶˊ˃ˈˍʹˍʰ ʵʶ˄ ʰˉʶ˂ʶˎʻʶˊ˗˄ʶˍʰʽ 

ˎʵˊˇʴˈ˄ˇ [17][18]. 

   ɸʰ ʺˍʰ˄ ˋˁˈˉʽ˃ˇ ˄ʰ ʰ˄ʰ˒ʶˊʻʶʾ ʹ ʷ˄˄ˇʽʰ ˍʹˌ ˉˊˇˋˊˈ˒ʹˋʹˌ ʹ ˇˉˇʾʰ ʵʽʰ˒ʷˊʶʽ ʰˉˈ ˍʹ˄ 

ʷ˄˄ˇʽʰ ˍʹˌ ʰˉˇˊˊˈ˒ʹˋʹˌ ˋˍˇ ʴʶʴˇ˄ˈˌ ˈˍʽ ˋˍʹ˄ ˉˊ˗ˍʹ ˍˇ ˎʵˊˇʴˈ˄ˇ ˉˇˎ ˉˊˇˋˊˇ˒ʱˍʰʽ 

ˁʰˍʰ˄ʷ˃ʶˍʰʽ ˇ˃ˇʽˈ˃ˇˊ˒ʰ ˃ʷˋ˖ ʵʷˋ˃ʶˎˋʹˌ ˉʱ˄˖ ˋˍʹ˄ ʶ˅˖ˍʶˊʽˁʺ ʶˉʽ˒ʱ˄ʶʽʰ ˍˇˎ ˎ˂ʽˁˇˏΣ 

ʶ˄˗ ˋˍʹ ʵʶˏˍʶˊʹ ˍˇ ˎʵˊˇʴˈ˄ˇ ˉˇˎ ʰˉˇˊˊˇ˒ʱˍʰʽ ʰˉˇʻʹˁʶˏʶˍʰʽ ˃ʷˋʰ ˋˍʰ ʵʽʱ˒ˇˊʰ 

˃ʶˍʰ˂˂ʽˁʱ ˎʵˊʾʵʽʰ ˁʰʽ ˁʰˍʰ˄ʷ˃ʶˍʰʽ ˇ˃ˇʽˈ˃ˇˊ˒ʰ ˋˍˇ ʶˋ˖ˍʶˊʽˁˈ ˍˇˎˌ [19]. 

ɳʽˁˈ˄ʰ 4 ɾˇˊ˒ʷˌ ϧ ʋʰˊʰˁˍʹˊʽˋˍʽˁʱ ɮˉˇʻʺˁʶˎˋʹˌ ɶ2 

ɳʽˁˈ˄ʰ 5 όa Ҍ ŎIн Ҧ aIŎύ 
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2Φо ɼˎ˕ʷ˂ʹ ɼʰˎˋʾ˃ˇˎ ʇʵˊˇʴˈ˄ˇˎ 

ʁʽ ˁˎ˕ʷ˂ʶˌ ˁʰˎˋʾ˃ˇˎ (fuel cell) ˉˇˎ ˂ʶʽˍˇˎˊʴˇˏ˄ ˃ʶ 

ˎʵˊˇʴˈ˄ˇ ʻʰ ˉʰʾ˅ˇˎ˄ ˉˊ˖ˍʰʴ˖˄ʽˋˍʽˁˈ ˊˈ˂ˇ ˁʰˍʱ ˍʹ˄ 

ˉˊˇʲ˂ʶˉˈ˃ʶ˄ʹ ˃ʶˍʱʲʰˋʹ ˋˍʹ ˂ʶʴˈ˃ʶ˄ʹ ˇʽˁˇ˄ˇ˃ʾʰ ˍˇˎ 

ˎʵˊˇʴˈ˄ˇˎ [13]. ɮ̄ ˇˍʶ˂ˇˏ˄ ˃ʽʰ ˋ˔ʶˍʽˁʱ ˉˊˈˋ˒ʰˍʹ 

ˍʶ˔˄ˇ˂ˇʴʾʰ ʶ˄˗ ʰ˄ʰ˃ʷ˄ʶˍʰʽ ˖ˌ ʹ ʽʵʰ˄ʽˁˈˍʶˊʹ ʶ˄ʶˊʴʶʽʰˁʺ 

ʶ˒ʰˊ˃ˇʴʺ ˍˇˎ ʇʵˊˇʴˈ˄ˇˎ, ˉˇˎ ʶˉʽˍˊʷˉʶʽ ˃ʷˋ˖ 

ʹ˂ʶˁˍˊˇ˔ʹ˃ʽˁʺˌ ʰ˄ˍʾʵˊʰˋʹˌ ˍʹ˄ ˉʰˊʰʴ˖ʴʺ ʹ˂ʶˁˍˊʽˋ˃ˇˏ, ʰˉˈ 

ˍʹ˄ ̫ ˄˖ˋʹ ˎʵˊˇʴˈ˄ˇˎ ˁʰʽ ˇ˅ˎʴˈ˄ˇˎ ˉˇˎ ˎˉʱˊ˔ʶʽ ̀ ˍˇ˄ ʰʷˊʰΣ ˃ʶ ˃ˈ˄ˇ ˎˉˇˉˊˇʿˈ˄ ˍˇ ˄ʶˊˈ [1] 

ɶ ˂ʶʽˍˇˎˊʴʾʰ ˍ́  ̩ ʶʾ˄ʰʽ ʰ˄ˍʾˋˍˊˇ˒ʹ ʰˉˈ ʰˎˍʺ˄ ˃ʽʰˌ ʹ˂ʶˁˍˊˇ˂ˎˍʽˁʺˌ ˃ˇ˄ʱʵʰˌ ˁʰʽ 

ˉˊˇˋˇ˃ˇʽʱʸʶʽ ˃ʶ ˍʹ ˂ʶʽˍˇˎˊʴʾʰ ˃ʽʰˌ ˃ˉʰˍʰˊʾʰˌΣ ˃ʶ ˍʹ ʵʽʰ˒ˇˊʱ ˈˍʽ ʵʶ˄ ʷ˔ʶʽ ˍˇ˄ ˉʶˊʽˇˊʽˋ˃ˈ 

ˍʹˌ ʶ˅ʱ˄ˍ˂ʹˋʹˌ ˍˇˎ ˁʰˎˋʾ˃ˇˎ.  

   ɶ ˍʶ˔˄ˇ˂ˇʴʾʰ ˍʹˌ ˁˎ˕ʷ˂ʹˌ PEMFC - tǊƻǘƻƴ 9ȄŎƘŀƴƎŜ aŜƳōǊŀƴŜ CǳŜƭ /Ŝƭƭǎ όʅˍˇʽ˔ʶʾʰ 

ˁʰˏˋʹˌ ˃ʶ˃ʲˊʰ˄ʽˁʺˌ ʰ˄ˍʰ˂˂ʰʴʺˌ ˉˊ˖ˍˇ˄ʾ˖˄ύ ʶ˒ʶˎˊʷʻʹˁʶ ʰˉˈ ˍʹ˄ DŜƴŜǊŀƭ 9ƭŜŎǘǊƛŎ ˋˍʹ 

ʵʶˁʰʶˍʾʰ ˍˇˎ мфрл ˁʰʽ ˔ˊʹˋʽ˃ˇˉˇʽʺʻʹˁʶ ʰˉˈ ˍʹ ɿɮ{! ʴʽʰ ˍʹ˄ ʶ˅ʰˋ˒ʱ˂ʽˋʹ ˍʹˌ 

ʰˉʰʽˍˇˏ˃ʶ˄ʹˌ ʶ˄ʷˊʴʶʽʰˌ ˋʶ ʵʽʰˋˍʹ˃ʽˁʱ ˉˊˇʴˊʱ˃˃ʰˍʰΦ ʆʰ t9aC/ ʶʾ˄ʰʽ ʶˉʾˋʹˌ ʴ˄˖ˋˍʱ ˖ˌ 

ˋˍˇʽ˔ʶʾʰ ˁʰˏˋʹˌ ˉˇ˂ˎ˃ʶˊʽˁ˗˄ ʹ˂ʶˁˍˊˇ˂ˎˍʽˁ˗˄ ˃ʶ˃ʲˊʰ˄˗˄Σ ˖ˌ ˋˍʶˊʶʱ ˉˇ˂ˎ˃ʶˊʽˁʱ 

ʹ˂ʶˁˍˊˇ˂ˎˍʽˁʱ ˋˍˇʽ˔ʶʾʰ ˁʰˏˋʹˌ ʺ ˖ˌ ˉˇ˂ˎ˃ʶˊʽˁʱ ʹ˂ʶˁˍˊˇ˂ˎˍʽˁʱ ˋˍˇʽ˔ʶʾʰ ˁʰˏˋʹˌ [13] 

   ʅˍˇ ˋˍˇʽ˔ʶʾˇ ʰˎˍˈ ˇ ʹ˂ʶˁˍˊˇ˂ˏˍʹˌ ʶʾ˄ʰʽ ˃ʾʰ ˂ʶˉˍʺ ˉˇ˂ˎ˃ʶˊʽˁʺ ˃ʶ˃ʲˊʱ˄ʹ όbŀŦƛƻƴϯύ ˉˇˎ 

ʶʾ˄ʰʽ ʵʽʰˉʶˊʰˍʺ ˋˍʰ ˉˊ˖ˍˈ˄ʽʰ όɶ+ύ ʰ˂˂ʱ ʵʶ˄ ʶˉʽˍˊʷˉʶʽ ˍʹ ʵʽʷ˂ʶˎˋʹ ˍ˖˄ ʹ˂ʶˁˍˊˇ˄ʾ˖˄Φ 

   ʆʰ ʹ˂ʶˁˍˊˈʵʽʰ ʶʾ˄ʰʽ ˁʰˍʰˋˁʶˎʰˋ˃ʷ˄ʰ ʰˉˈ ˉˇˊ˗ʵʹ ʱ˄ʻˊʰˁʰ ˁʰʽ ʵʽʰˉˇˍʽˋ˃ʷ˄ʰ ʰˉˈ ʷ˄ʰ˄ 

ˁʰˍʰ˂ˏˍʹ ˂ʶˎˁˈ˔ˊˎˋˇˎ όtǘύΦ ʆˇ ˎʵˊˇʴˈ˄ˇ ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ˖ˌ ˁʰˏˋʽ˃ˇ ˎ˂ʽˁˈ ˃ˉˇˊʶʾ ˄ʰ 

ʶʾ˄ʰʽ ʶʾˍʶ ˁʰʻʰˊˈ ʶʾˍʶ ˄ʰ ˉˊˇʷˊ˔ʶˍʰʽ ʰˉˈ ˃ʶˍʰˋ˔ʹ˃ʰˍʽˋ˃ˈ ʱ˂˂˖˄ ˁʰˎˋʾ˃˖˄ ˈˉ˖ˌ 

ˎʵˊˇʴˇ˄ʰ˄ʻˊʱˁ˖˄ ʺ ˇʽ˄ˇˉ˄ʶˏ˃ʰˍˇˌΦ  ʆˇ ˎʵˊˇʴˈ˄ˇ  ˊʷʶʽ ˋˍˇ ˋˍˇʽ˔ʶʾˇ ˁʰˏˋʹˌ ˉˊˇˌ ˍʹ˄ 

ʱ˄ˇʵˇΣ ˈˉˇˎ ˁʰʽ ˇ˅ʶʽʵ˗˄ʶˍʰʽ ˋʶ ˎʵˊˇʴˇ˄ˇˁʰˍʽˈ˄ˍʰ όˉˊ˖ˍˈ˄ʽʰύ ˁʰʽ ʹ˂ʶˁˍˊˈ˄ʽʰΦ ʆʰ 

ˎʵˊˇʴˇ˄ˇˁʰˍʽˈ˄ˍʰ ʵʽʰˉʶˊ˄ˇˏ˄ ˁʰˍʱ ˃ʺˁˇˌ ˍˇ˄ ʹ˂ʶˁˍˊˇ˂ˏˍʹ ˁʰˍʶˎʻˎ˄ˈ˃ʶ˄ʰ ˉˊˇˌ ˍʹ˄ 

ˁʱʻˇʵˇΣ ʶ˄˗ ˍʰ ʹ˂ʶˁˍˊˈ˄ʽʰ ˊʷˇˎ˄ ʵʽʰ˃ʷˋˇˎ ʶ˄ˈˌ ʶ˅˖ˍʶˊʽˁˇˏ ˁˎˁ˂˗˃ʰˍˇˌ ʶ˅ʰˋ˒ʰ˂ʾʸˇ˄ˍʰˌ 

ʹ˂ʶˁˍˊʽˁʺ ʶ˄ʷˊʴʶʽʰΦ ʆˇ ˇ˅ˎʴˈ˄ˇΣ ˎˉˈ ˃ˇˊ˒ʺ ʰʷˊʰΣ ˉʰˊʷ˔ʶˍʰʽ ˋˍʹ˄ ˁ ʱʻˇʵˇ ˈˉˇˎ ʰ˄ʰʴˈ˃ʶ˄ˇ 

ˋˎ˄ʵˎʱʸʶˍʰʽ ˃ʶ ˍʰ ˎʵˊˇʴˇ˄ˇˁʰˍʽˈ˄ˍʰ ˁʰʽ ˍʰ ʹ˂ʶˁˍˊˈ˄ʽʰ ˉˊˇˌ ˋ˔ʹ˃ʰˍʽˋ˃ˈ ˄ʶˊˇˏΦ 

   ɼʱʻʶ ˋˍˇʽ˔ʶʾˇ ˁʰˎˋʾ˃ˇˎ ˉʰˊʱʴʶʽ ˉʶˊʾˉˇˎ лΣт ±Φ 

   ʁʽ ʰ˄ˍʽʵˊʱˋʶʽˌ ˉˇˎ ˂ʰ˃ʲʱ˄ˇˎ˄ ˔˗ˊʰ ˋˍˇ ˋˏˋˍʹ˃ʰ ʶʾ˄ʰʽΥ  

ü ɮ˄ˍʾʵˊʰˋʹ ˋˍʹ˄ ʱ˄ˇʵˇ -       (ʁ˅ʶʾʵ˖ˋʹ ˍˇˎ ʇʵˊˇʴˈ˄ˇ)ˎ:
                  

-++­ eHH 442 2
 

ü ɮ˄ˍʾʵˊʰˋʹ ˋˍʹ˄ ˁʱʻˇʵˇ +        (ɮ˄ʰʴ˖ʴʺ ˍˇˎ ʁ˅ˎʴˈ˄ˇˎ):    OHeHO 22 244 ­++ -+                                  

ʅʇɿʁɽɹɼɶ ɮɿʆɹɲʄɮʅɶ                                                               rgeianɏOHOH E+­+ 222 22  

ɳʽˁˈ˄ʰ 6 ɽʶʽˍˇˎˊʴʾʰ ɼˎ˕ʷ˂ʹˌ ɼʰˎˋʾ˃ˇˎ 
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3Φ ʃʰˊʰʴ˖ʴʺ ʇʵˊˇʴˈ˄ˇˎ ˃ʷˋ˖ ɶ˂ʶˁˍˊˈ˂ˎˋʹˌ ˍˇˎ ɿʶˊˇˏ 

   ɶ ɻ ʽʶˊʴʰˋʾʰ ˍʹˌ ʹ˂ʶˁˍˊˈ˂ˎˋʹˌ ˂ʰ˃ʲʱ˄ʶʽ ˔˗ˊʰ ˋˍʹ˄ 

ʹ˂ʶˁˍˊˇ˂ˎˍʽˁʺ ˁˎ˕ʶ˂ʾʵʰ ʹ ˇˉˇʾʰ ʰˉˇˍʶ˂ʶʾˍʰʽ ʰˉˈ ʷ˄ʰ 

ʻʶˍʽˁˈ όʱ˄ˇʵˇˌύ ˁʰʽ ʷ˄ʰ ʰˊ˄ʹˍʽˁˈ ʹ˂ʶˁˍˊˈʵʽˇ όˁʱʻˇʵˇˌύΦ ʆʰ 

ʹ˂ʶˁˍˊˈʵʽʰ ʲˎʻʾʸˇ˄ˍʰʽ ˋʶ ʰˉʽˇ˄ʽˋ˃ʷ˄ˇ ˄ʶˊˈ ˍˇ ˇˉˇʾˇ 

ˁʰʻʾˋˍʰˍʰʽ ̄ ʶˊʽˋˋˈˍʶˊˇ  h ʴ˗ʴʽ˃ˇ ˃ʶ ˉˊˇˋʻʺˁʹ ˎʵˊˇ˅ʶʽʵʾˇˎ 

ˍˇˎ ˁʰ˂ʾˇˎ (KOH).  

   ɶ ɦ˄ˇʵˇˌ ˁʰˍʰˋˁʶˎʱʸʶˍʰʽ ˋˎ˄ʺʻ˖ˌ ʰˉˈ ˄ʽˁʷ˂ʽˇ ˁʰʽ ˔ʰ˂ˁˈ ˁʰʽ ʶʾ˄ʰʽ ʶˉʽˁʰ˂ˎ˃˃ʷ˄ʹ ˃ʶ 

ˇ˅ʶʾʵʽʰ ˃ʶˍʱ˂˂˖˄ ˈˉ˖ˌ ˍˇ ˃ʰʴʴʱ˄ʽˇΣ ʲˇ˂˒ˊʱ˃ʽˇ ˁʰʽ ˊˇˎʻʺ˄ʽˇΦ ʆʰ ˃ʷˍʰ˂˂ʰ ˍʹˌ ʰ˄ˈʵˇˎ 

ʶˉʽˍˊʷˉˇˎ˄ ˍʹ˄ ˍʰ˔ʶʾʰ ˃ʶˍʰˍˊˇˉʺ ˍˇˎ ʰˍˇ˃ʽˁˇˏ ˇ˅ˎʴˈ˄ˇˎ ˋʶ ˃ˇˊʽʰˁˈ ˇ˅ˎʴˈ˄ˇ ˋˍʹ˄ 

ʶˉʽ˒ʱ˄ʶʽʰ ˍ˖˄ ʹ˂ʶˁˍˊˇʵʾ˖˄Φ  

   ɶ ˁʱʻˇʵˇˌ ˁʰˍʰˋˁʶˎʱʸʶˍʰʽ ʰˉˈ ˄ʽˁʷ˂ʽˇΣ ʶˉʽˁʰ˂ˎ˃˃ʷ˄ˇ 

˃ʶ ˃ʽˁˊʷˌ ˉˇˋˈˍʹˍʶˌ ˂ʶˎˁˈ˔ˊˎˋˇˎ ˖ˌ ˁʰˍʰ˂ˏˍʹΦ  

   ʁ ˁ ʰˍʰ˂ˏˍʹˌ ʶˉʽˍˊʷˉʶʽ ˍʹ˄ ˍʰ˔ʶʾʰ ˃ʶˍʰˍˊˇˉʺ ˍˇˎ 

ʰˍˇ˃ʽˁˇˏ ˎʵˊˇʴˈ˄ˇˎ ˋʶ ˃ˇˊʽʰˁˈ ˎʵˊˇʴˈ˄ˇ ˋˍʹ˄ 

ʶˉʽ˒ʱ˄ʶʽʰ ˍˇˎ ʹ˂ʶˁˍˊˇʵʾˇˎ ˁʰʽ ˃ʶ ʰˎˍˈ˄ ˍˇ˄ ˍˊˈˉˇ 

ʰˎ˅ʱ˄ʶʽ ˍˇ ˉˇˋˇˋˍˈ ˉʰˊʰʴ˖ʴʺˌ ˎʵˊˇʴˈ˄ˇˎ [10].  

   ʁ ́ˎʻ˃ˈˌ ˉʰˊʰʴ˖ʴʺˌ ˎʵˊˇʴˈ˄ˇˎ ʶ˅ʰˊˍʱˍʰʽ ʰˉˈ ˍʹ˄ ˉˎˁ˄ˈˍʹˍʰ ˍˇˎ ˊʶˏ˃ʰˍˇˌΦ ʂˋˇ 

ˎ˕ʹ˂̱̍ ʶˊʹ ʹ ˉˎˁ˄ˈˍʹˍʰ ˊʶˏ˃ʰˍˇˌΣ ˍˈˋˇ ˎ˕ʹ˂ˈˍʶˊʹ ʹ ˍʱˋʹ ˍʹˌ ˉʹʴʺˌ ʹ˂ʶˁˍˊʽˁˇˏ 

ˊʶˏ˃ʰˍˇˌ ˉˇˎ ʰˉʰʽˍʶʾˍʰʽ ˁʰʻ˗ˌ  ˃ʶʽ˗˄ʶˍʰʽ ̱ ˇ ˃ʷʴʶʻˇˌ ˍˇˎ ʹ˂ʶˁˍˊˇ˂ˎˍʽˁˇˏ ˁʶ˂ʽˇˏ [10]. 

   ʆʰ ˋˏʴ˔ˊˇ˄ʰ ʹ˂ʶˁˍˊˇ˂ˎˍʽˁʱ ˁʶ˂ʽʱ ʶʾ˄ʰʽ ʰ˅ʽˈˉʽˋˍʰ ˁʰʽ ʷ˔ˇˎ˄ ʶ˄ʶˊʴʶʽʰˁʺ ʰˉˈʵˇˋʹ ср-80%, 

ʶ˄˗ ˂ʶʽˍˇˎˊʴˇˏ˄ ˋʶ ˉˎˁ˄ˈˍʹˍʶˌ ˊʶˏ˃ʰˍˇˌ ˉʶˊʾˉˇˎ нлллA/m2. ʆˇ ˉˇˋˈ ʹ˂ʶˁˍˊʽˁʺˌ 

ʶ˄ʷˊʴʶʽʰˌ ˉˇˎ ʰˉʰʽˍʶʾˍʰʽ ˄ʰ ʰ˄ˍ˂ʹʻʶʾ ʰˉˈ ˍʽˌ ɮʃɳ ʴʽʰ ˍʹ˄ ʹ˂ʶˁˍˊˈ˂ˎˋʹ ˃ˉˇˊʶʾ ˄ʰ ˃ʶʽ˖ʻʶʾ 

˃ʶ ˍʹ˄ ˉˊˇˋʻʺˁʹ ʻʶˊ˃ˈˍʹˍʰˌ ˋˍʹ˄ ʰ˄ˍʾʵˊʰˋʹ h ˉˈ ˍˇ˄ ʾʵʽˇ ˍˇ˄ ʺ˂ʽˇ.  

ɶ ʶ˂ʱ˔ʽˋˍʹ ˍʱˋʹ ˉˇˎ ʰˉʰʽˍʶʾˍʰʽ ʴʽʰ ˄ʰ ʵʽʰˋˉʰˋˍʶʾ ˍˇ ˄ʶˊˈ ʶʾ˄ʰʽ мΣно± ˋˍˇˎˌ нрϲ/ [77]. ʅʶ 

ʰˎˍʺ˄ ˍʹ˄ ˍʱˋʹΣ ʰˉʰʽˍʶʾˍʰʽ ʻʶˊ˃ˈˍʹˍʰ ʴʽʰ ˄ʰ ˉˊˇ˔˖ˊʺˋʶʽ ʹ ʰ˄ˍʾʵˊʰˋʹΦ ʂ˃˖ˌΣ ˃ʶ ˍʱˋʹ 

1,47± όˋˍˇˎˌ нрϲ/ύ ʵʶ˄ ʰˉʰʽˍʶʾˍʰʽ ʶˉʽˉ˂ʷˇ˄ ˔ˇˊʺʴʹˋʹ ʻʶˊ˃ˈˍʹˍʰˌ. ɶ ˂ʶʽˍˇˎˊʴʾʰ ˍˇˎ 

ʹ˂ʶˁˍˊˇ˂ˎˍʽˁˈ ˁʶ˂ʽˇˏ ˋʶ ˔ʰ˃ʹ˂ʷˌ ˍʱˋʶʽˌ ˃ʶ ˉˊˇˋʻʺˁʹ ʻʶˊ˃ˈˍʹˍʰˌ ʶʾ˄ʰʽ ˋˎ˃˒ʷˊˇˎˋʰΣ ʵʽˈˍʽ 

ʹ ʻʶˊ˃ˈˍʹˍʰ ʶʾ˄ʰʽ ˋˎ˄ʺʻ˖ˌ ˂ʽʴˈˍʶˊˇ ʵʰˉʰ˄ʹˊʺ ʰˉˈ ˍʹ˄ ʹ˂ʶˁˍˊʽˁʺ ʶ˄ʷˊʴʶʽʰΣ ˁʰʽ ˃ˉˇˊʶʾ ˄ʰ 

ʵʽʰ˄ʶ˃ʹʻʶʾ ʶˁ ˄ʷˇˎ ˃ʷˋʰ ˋˍʹ ʵʽʰʵʽˁʰˋʾʰ, ʶ˄˗ ʰˎ˅ʱ˄ʶˍʰʽ ʹ ʰˉˇʵˇˍʽˁˈˍʹˍʰ ˍ˖˄ 

ʰ˄ˍʽʵˊʱˋʶ˖˄ ˍʹˌ ʹ˂ʶˁˍˊˈ˂ˎˋʹˌ ˃ʶ ʰˏ˅ʹˋʹ ˍʹˌ ʻʶˊ˃ˇˁˊʰˋʾʰˌ ˂ʶʽˍˇˎˊʴʾʰˌΦ ɳˉʾˋʹˌΣ ʴʽʰ ˍʹ˄ 

ʹ˂ʶˁˍˊˇ˂ˎˍʽˁʺ ˉʰˊʰʴ˖ʴʺ ˎʵˊˇʴˈ˄ˇˎΣ ˇʽ ʻʶˊ˃ˇʵˎ˄ʰ˃ʽˁʷˌ ʰˉ˗˂ʶʽʶˌ ˇ˒ʶʾ˂ˇ˄ˍʰʽ ˁˎˊʾ˖ˌ ˋˍʽˌ 

ʰ˄ʰˋˍˊʶ˕ʽ˃ˈˍʹˍʶˌ ˉˇˎ ˋˎ˄ʵʷˇ˄ˍʰʽ ˃ʶ ˍʹ ˉʰˊʰʴ˖ʴʺ ʻʶˊ˃ˈˍʹˍʰˌ ʰˉˈ ˎ˕ʹ˂ʺˌ ˉˇʽˈˍʹˍʰˌ 

ˁʰˏˋʽ˃ʰΣ ˍʹ˄ ˉʰˊʰʴ˖ʴʺ ʹ˂ʶˁˍˊʽˁʺˌ ʶ˄ʷˊʴʶʽʰˌ ˁʰʽ ˍʹ ʵʽʱˋˉʰˋʹ ˍˇˎ ˄ ʶˊˇˏ [20, 75]. 

ɳʽˁˈ˄ʰ 7 ɽʶʽˍˇˎˊʴʾʰ ɾˇ˄ʱʵʰˌ ɶ˂ʶˁˍˊˈ˂ˎˋʹˌ 
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4Φ ʊ˖ˍˇ-ʹ˂ʶˁˍˊˇ-ˁʰˍʱ˂ˎˋʹ 

   ʁʽ CǳƧƛǎƘƛƳŀ ˁʰʽ IƻƴŘŀ ˍˇ мфтн [21], ʺˍʰ˄ ˇʽ 

ˉˊ˗ˍˇʽ ˉˇˎ ʰ˄ʷ˒ʶˊʰ˄ ˍʹ˄ ʊ˖ˍˇʹ˂ʶˁˍˊˇ˔ʹ˃ʽˁʺ 

ɼˎ ˕ʶ˂ʾʵʰ ʴʽʰ ˍʹ ʵʽʱˋˉʰˋʹ ˍˇˎ ˄ʶˊˇˏ ˃ʶ ˔ˊʺˋʹ 

ˎˉʶˊʽ˗ʵˇˎˌ ʰˁˍʽ˄ˇʲˇ˂ʾʰˌ (UV), ˔ˊʹˋʽ˃ˇˉˇʽ˗˄ˍʰˌ 

ʵˏˇ ʹ˂ʶˁˍˊˈʵʽʰΦ ʆˇ ̫˄ ʰ ʹ˂ʶˁˍˊˈʵʽˇ (ʱ˄ˇʵˇˌύ 

˒ʷˊʶʽ ʵʽˇ˅ʶʽʵʾˇˎ ˍˇˎ ˍʽˍʰ˄ʾˇˎ ό¢ƛh2ύ ˁʰʽ ˍˇ ʱ˂˂ˇ 

ʹ˂ʶˁˍˊˈʵʽˇ (ˁʱʻˇʵˇύ̩ ʶʾ˄ʰʽ ʰˉˈ ˂ʶˎˁˈ˔ˊˎˋˇ όtǘύ. 

ʆʰ ʵˏˇ ʹ˂ʶˁˍˊˈʵʽʰ ˋˎ˄ʵʷˇ˄ˍʰʽ ˃ʶˍʰ˅ˏ ˍˇˎˌ ˃ʷˋ˖ 

ʶ˅˖ˍʶˊʽˁˇˏ ˁˎˁ˂˗˃ʰ̱ˇΦ̩ ʂˍʰ˄ ʹ ˎ̄ ʶˊʽ˗ʵʹ ʰˁˍʽ˄ˇʲˇ˂ʾʰ (UV: 350-365nm) ʵʽʶʴʶʾˊʶʽ ˍˇ TiO2, 

ʵʹ˃ʽˇˎˊʴˇˏ˄ˍʰʽ ˃ʷˋʰ ˋˍˇ˄ ʹ˂ʶˁˍˊˇ˂ˏˍʹ ʸʶˏʴʹ ʹ˂ʶˁˍˊˇ˄ʾ˖˄ ˁʰʽ ˇˉ˗˄Φ ʆʰ ʹ˂ʶˁˍˊˈ˄ʽʰ 

ˁˎˁ˂ˇ˒ˇˊˇˏ˄ ʰˉˈ ˍˇ ʹ˂ʶˁˍˊˈʵʽˇ ˍʹˌ ʰ˄ˈʵˇˎ ˃ʷˋ˖ ˍˇˎ ʶ˅˖ˍʶˊʽˁˇˏ ˁˎˁ˂˗˃ʰˍˇˌ ˋˍˇ 

ʹ˂ʶˁˍˊˈʵʽˇ ˍʹˌ ˁʰʻˈʵˇˎ ˁʰʽ ˃ʶˍʱ ʰˉˈ ˍʹ˄ 

ʰ˄ˍʾʵˊʰˋʹ ˃ʶ ˍʰ ʽˈ˄ˍʰ ˎʵˊˇʴˈ˄ˇˎΣ ˍ˖˄ ˇˉˇʾ˖˄ ʹ 

˃ʶˍʱʲʰˋʹ ʴʾ˄ʶˍʰʽ ˃ʷˋ˖ ˍˇˎ ʹ˂ʶˁˍˊˇ˂ˏˍʹΣ ʷ˔ʶʽ ˖ˌ 

ʰˉˇˍʷ˂ʶˋ˃ʰ ˍʹ˄ ˉʰˊʰʴ˖ʴʺ ˃ˇˊʽʰˁˇˏ ʇʵˊˇʴˈ˄ˇˎ 

H2. ɮˎˍʺ ʶʾ˄ʰʽ ʹ ʰˊ˔ʺ ˂ʶʽˍˇˎˊʴʾʰˌ ˍ˖˄ 

˒˖ˍˇʹ˂ʶˁˍˊˇˁʰˍʰ˂ˎˍʽˁ˗˄ ʵʽʶˊʴʰˋʽ˗˄ ʴʽʰ ˍʹ˄ 

ˉʰˊʰʴ˖ʴʺ ʇʵˊˇʴˈ˄ˇˎ ˉˇˎ ʶʾ˄ʰʽ ˉʰˊˈ˃ˇʽʰ ˃ʶ 

ʰˎˍʺ ˍ˖˄ ˒˖ˍˇˁʰˍʰ˂ˎˍʽˁ˗˄ ʵʽʶˊʴʰˋʽ˗˄. 

ʁʽ ʰ˄ˍʽʵˊʱˋʶʽˌ ˉˇˎ ˂ʰ˃ʲʱ˄ˇˎ˄ ˔˗ˊʰ ˋˍˇ ˋˏˋˍʹ˃ʰ ʶʾ˄ʰʽΥ  

ü ɲʽʷʴʶˊˋʹ ¢ƛh2                                                 +-+­+ pehvTiO 2222
 

ü ɮ˄ˍʾʵˊʰˋʹ ˋˍʹ˄ ʱ˄ˇʵˇ                                  ++ +­+ HOOHp 2
2

1
2 22

 

ü ɮ˄ˍʾʵˊʰˋʹ ˋˍʹ˄ ˁʱʻˇʵˇ                                 
222 HHe ­+ +-  

ʅʇɿʁɽɹɼɶ ɮɿʆɹɲʄɮʅɶ                                   
22

2

1
22 HOhvOH +­+  

 

 

ɳʽˁˈ˄ʰ у ɽʶʽˍˇˎˊʴʾʰ ʊ˖ˍˇʹ˂ʶˁˍˊˇ˔ʹ˃ʽˁʺˌ ɼˎ˕ʶ˂ʾʵʰˌ 

ɳʽˁˈ˄ʰ мл ʊ˖ˍˇʹ˂ʶˁˍˊˇˁʰˍʰ˂ˎˍʽˁʺ ɲʽʶˊʴʰˋʾʰ TiO2 

ɳʽˁˈ˄ʰ ф ɲʽʷʴʶˊˋʹ TiO2 ʰˉˈ UV 
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5Φ ʅˁˇˉˈˌ ˍʹˌ ɳˊʴʰˋʾʰˌ 

   ɮ˄ˍʽˁʶʾ˃ʶ˄ˇ ˍʹˌ ˉʰˊˇˏˋʹˌ ʶˊʴʰˋʾʰˌ ʰˉˇˍʶ˂ʶʾ ʹ ˃ʶ˂ʷˍʹ ˁʰʽ ʹ ˁʰˍʰˋˁʶˎʺ 

ʊ˖ˍ̌ɶ˂ʶˁˍˊˇʋʹ˃ʽˁʺ ̩όʊɶʋύ ʵʽʱˍʰ˅ʹˌ ˉʰˊʰʴ˖ʴʺˌ ˎʵˊˇʴˈ˄ˇˎ ˍˇ ˇˉˇʾˇ ʻʰ ʰ˄ʽ˔˄ʶˏʶˍʰʽ ˃ʶ 

ˍʹ ˔ˊʺˋʹ ˋˎˋˍʺ˃ʰˍˇˌ ʰʷˊʽʰˌ ˔ˊ˖˃ʰˍˇʴˊʰ˒ʾʰˌ ˃ʶ ʰ˄ʽ˔˄ʶˎˍʺ TCDΣ ʶ˄˗ ˋˍʹ ˋˎ˄ʷ˔ʶʽʰ ʻʰ 

ˍˊˇ˒ˇʵˇˍʶʾ ˋˎˋˍˇʽ˔ʾʰ ˁˎ˕ʶ˂˗˄ ˁʰˎˋʾ˃ˇˎ ˍˏˉˇˎ t9aΣ ˈˉˇˎ ʻʰ ˉʰˊʱʴʶˍʰʽ ʹ˂ʶˁˍˊʽˁˈ 

ˊʶˏ˃ʰΦ ʆˇ ˈ˂ˇ ʶʴ˔ʶʾˊʹ˃h  ʻʰ ˎ˂ˇˉˇʽʹʻʶʾ ˋʶ н ʵʽʰˁˊʽˍʷˌ ̝ ˊˇ˄ʽˁʷˌ ˒ʱˋʶʽˌΥ 

 

ɮ ̆ʊʱˋʹ 

(ɶ˂ʶˁˍˊˈ˂ˎˋʹˌ - ɮˉˇʻʺˁʶˎˋʹ  ʇʵˊˇʴˈ˄ˇˎ - ʅˎ ˋˍˇʽ˔ʾʰ ˁˎ˕ʶ˂˗˄ ˁʰˎˋʾ˃ˇˎύ 

ü ɾʶ˂ʷˍʹ ˁʰʽ ˁʰˍʰˋˁʶˎʺ ˉʶʽˊʰ˃ʰˍʽˁʺˌ ʵʽʱˍʰ˅ʹˌ ˉh ˊʰʴ˖ʴʺˌ ˎʵˊˇʴˈ˄ˇˎ 

όɶ˂ʶˁˍˊˇ˔ʹ˃ʽˁʺ ˃ʷʻˇʵˇˌ ˃ʶ ɶ˂ʶˁˍˊˈ˂ˎˋʹ ˍˇˎ ˄ʶˊˇˏύΦ  

ü ɮˉˇʻʺˁʶˎˋʹ ˍˇˎ ˉʰˊʰʴˈ˃ʶ˄ˇˎ ʁ˅ˎʴˈ˄ˇˎ ˁʰʽ ʇʵˊˇʴˈ˄ˇˎ ˋʶ ʰˍ˃ˇˋ˒ʰʽˊʽˁʺ ˉʾʶˋʹ 

ü ʆˇ ˉʰˊʰʴˈ˃ʶ˄ˇ ˎʵˊˇʴˈ˄ˇ ʰˉˈ ˍˇ ʊɶʋ ˋˏˋˍʹ˃ʰ ʻʰ ʰ˄ʽ˔˄ʶˏʶˍʰʽ ˃ʶ ˍʹ ˔ˊʺˋʹ 

ˋˎˋˍʺ˃ʰˍˇˌ ʰʷˊʽʰˌ ˔ˊ˖˃ʰˍˇʴˊʰ˒ʾʰˌ ˃ʶ ʰ˄ʽ˔˄ʶˎˍʺ GC/TCD/FID 

ü ɾʶ˂ʷˍʹ ˁʰʽ ˁʰˍʰˋˁʶˎʺ ɼˎ˕ʷ˂ʹˌ ɼʰˎˋʾ˃ˇˎ ˎʵˊˇʴˈ˄ˇˎ ˍˏˉˇˎ t9a ʴʽʰ ˍʹ˄ 

ˉʰˊʰʴ˖ʴʺ ́ ˂ʶˁˍˊʽˁˇˏ ˊʶˏ˃ʰˍˇˌ  

 

ɰ˘ ʊʱˋʹ 

όʊ˖ˍˇʹ˂ʶˁˍˊˇˁʰˍʱ˂ˎˋʹ - ʃʰˊʰʴ˖ʴʺ ɶ˂ʶˁˍˊʽˁˇˏ ʄʶˏ˃ʰˍˇˌ) 

ü ɶ ˎˉˈ ˃ʶ˂ʷˍʹ ˉʶʽˊʰ˃ʰˍʽˁʺˌ ʵʽʱˍʰ˅ʹΣ ˉˇˎ ˉˊˇʰ˄ʰ˒ʷˊʻʹˁʶΣ ʻʰ ʷ˔ʶʽ ʵˎ˄ʰˍˈˍʹˍʰ 

˂ʶʽˍˇˎˊʴʾʰˌ ˁʰʽ ˖ˌ ʊ˖ˍˇʹ˂ʶˁˍˊˇˁʰˍʰ˂ˎˍʽˁʺ  ˃ˇ˄ʱʵʰ ʴʽʰ ˍʹ˄ ʰ'̄ ʶˎʻʶʾʰˌ 

ˉʰˊʰʴ˖ʴʺ ɶ˂ʶˁˍˊʽˁʺˌ ɳ˄ʷˊʴʶʽʰˌ ˃ʶ ˍʰˎˍˈ˔ˊˇ˄ʹ ˉʰˊʰʴ˖ʴʺ ˎʵˊˇʴˈ˄ˇˎ ˁʰʽ 

ʰˉˇʵˈ˃ʹˋʹ ˇˊʴʰ˄ʽˁ˗˄ ˊˏˉ˖˄ ˈˉ˖ˌ ʹ ˃ ʶʻʰ˄ˈ˂ʹ όCH3OH). 

ü ɼʰˍʰˋˁʶˎʺ ˍ˖˄ ɶ˂ʶˁˍˊˇʵʾ˖˄ ( ˒ ˖ˍˇ-ʰ˄̍ʵˇˌύ ˃ ʶ ˍʹ˄ н ˍʶ˔˄ʽˁʷˌ ɳ˄ʰˉˈʻʶˋʹ.̩   

ü ɳˉʽ˂ˇʴʺ ˁʰˍʱ˂˂ʹ˂˖˄ ʵʽʰ˒ˊʰʴ˃ʱˍ˖˄ όʴˎʰ˂ʽ˗˄ - ˍʸʰ˃ʽ˗˄ύ ʴʽʰ ˍʹ ˃ʶˍʰ˒ˇˊʱ ˍʹˌ 

ˎˉʶˊʽ˗ʵˇˎˌ ʰˁˍʽ˄ˇʲˇ˂ʾʰˌ ̀ ˍʹ ˒ ˖ˍˇʱ˄ˇʵˇΣ ˃ʷˋʰ ˋˍʹ ˒ ˖ˍˇˁˎ˕ʶ˂ʾʵʰ. 

ü ɳˉʽ˂ˇʴʺ ˁʰˍʱ˂˂ʹ˂˖˄ ɽʰ˃ˉˍʺˊ˖˄ UV ̀ ˍʹ˄ ˉʶˊʽˇ˔ʺ орл-365nm ɹ ʽʰ ˍʹ ˂ ʶʽˍˇˎˊʴʾʰ ˍʹˌ 

ʊ˖ˍˇʹ˂ʶˁˍˊˇ˔ʹ˃ʽˁʺˌ ɲʽʱˍʰ˅ʹˌ. 

ü ɮˉˇʻʺˁʶˎˋʹ ˍ˖˄ ̄ ʰˊʰʴˈ˃ʶ˄˖˄ h ʶˊʾ˖˄ ˋʶ ʰˍ˃ˇˋ˒ʰʽˊʽˁʺ ˉʾʶˋʹ. 

ü ʅˍʹ˄ ˉʶˊʾˉˍ˖ˋʹ ˉʰˊʰʴ˖ʴʺˌ ˎʵˊˇʴˈ˄ˇ ˎʰˉˈ ̱ ʹ˄ ˁˎ˕ʶ˂ʾʵʰ ʊ˖̱ ˇʹ˂ʶˁˍˊˇˁʰˍʱ˂ˎˋʹˌ 

ʻʰ ʰ˄ʽ˔˄ʶˏʶˍʰʽ ˃ʶ ˍʹ ˔ˊʺˋʹ ˋˎˋˍʺ˃ʰˍˇˌ ʰʷˊʽʰˌ ˔ˊ˖˃ʰˍˇʴˊʰ˒ʾʰˌ ˃ʶ ʰ˄ʽ˔˄ʶˎˍʺ ¢/5 

ü ʅˎʸʺˍʹˋʹ ʰˉˇˍʶ˂ʶˋ˃ʱˍ˖˄ ˁʰʽ ˋˎ˃ˉʶˊʱˋ˃ʰˍʰ. 
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ɹLΦ ʃʶʽˊʰ˃ʰˍʽˁˈ ɾʷˊˇˌ 

 

 

 

 

 

 

 

 

 

" ʆˇ ˄ʶˊˈ ʶʾ˄ʰʽ ʹ ʰˊ˔ʺ ˍ˖˄ ˉʱ˄ˍ˖˄ Ϧ ˁʰˍʱ ̱ ˇ ɸh ˂̋ ˍˇ ɾʽ˂̋ˋʽˇ 
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мΦ ʇ˂ʽˁʱ ϧ ɾʷʻˇʵˇʽ 

   ɹˋˍˇˊʽˁʱ ʹ ˃ʷʻˇʵˇ ̩ ˉʰˊʰʴ˖ʴʺˌ ˎʵˊˇʴˈ˄ˇˎ ˃ʶ 

ɶ˂ʶˁˍˊˈ˂ˎˋʹ ˁʰʽ ʰˉˇʻʺˁʶˎˋʹˌ ˋʶ ʰˍ˃ˇˋ˒ʰʽˊʽˁʺ 

ˉʾ ʶˋʹ, ˃ʶ ˉˊˇˇˉˍʽˁʺ ˍʹ˄ ʰ˅ʽˇˉˇʾʹˋʺ ˍˇˎ ʴʽʰ ˍʹ˄ 

ˉʰˊʰʴ˖ʴʺ ʹ˂ʶˁˍˊʽˁˇˏ ˊʶˏ˃ʰˍˇˌ ˃ʶ ɼˎ˕ʷ˂ʹ ˁʰˎˋʾ ˃ˇˎ, 

ʷ˔ʶʽ ʰ˄ʰˉˍˎ˔ʻʶʾ ʰˉˈ ˍˇ муоф ʰˉˈ ˍˇ˄ William Grove, 

ʷ˄ʰ ɰˊʶˍʰ˄ˈ ʶˉʽˋˍʺ˃ˇ˄ʰ ˁʰʽ ʵʽˁʹʴˈˊˇΦ  

ɶ ʰ̝́ ʺ ˂ʶʽˍˇˎˊʴʾʰˌ ʰ˄ʰˁʰ˂ˏ˒ʻʹˁʶ ˍˎ˔ʰʾʰΣ ˈˍʰ˄ ʶ˄˗ 

ʶˁˍʶ˂ˇˏˋʶ ʷ˄ʰ ˉʶʾˊʰ˃ʰ ɶ˂ʶˁˍˊˈ˂ˎˋʹˌΣ ʰˉˇˋˏ˄ʵʶˋʶ  

ʰˉˈ ˍʹ˄ ˃ˉʰˍʰˊʾʰ ˍʰ н ʹ˂ʶˁˍˊˈʵʽʰ ˁʰʽ ʰ˒ˇˏ ˍʰ 

ʴʶ˒ˏˊ˖ˋʶ ˉʰˊʰˍʺˊʹˋʶ ˃ʾʰ ʰ˄ˍʾʻʶˍʹ ˊˇʺ ˊʶˏ˃ʰˍˇˌΣ 

ˉˇˎ ˒ʱ˄ʹˁʶ ˈˍʽ ˍʹ˄ ʰ˄ˍ˂ˇˏˋʶ ʰˉˈ ˍˇ ʇʵˊˇʴˈ˄ˇ ˉˇˎ 

ʶʾ˔ʶ ˉʰˊʰ˔ʻʶʾ ̄ ˊʽ˄ ˁʰʽ ʰˉˇʻʹˁʶˏˋʶʽ ˋˍʰ ʾʵʽʰ ʵˇ˔ʶʾʰΦ   

 

   ɶ ɶ˂ʶˁˍˊˇ˒ˈˊʹˋʹΣ ʰˉˈ ˍʹ˄ ʱ˂˂ʹ ˉ˂ʶˎˊʱΣ  ʰˉˇˍʶ˂ʶʾ 

˃ʽʰ ˉˇ˂ˏˍʽ˃ʹ ʰ˄ʰ˂ˎˍʽˁʺ ˃ʷʻˇʵˇ ʴʽʰ ˍˇ ʵʽʰ˔˖ˊʽˋ˃ˈ 

ʽˇ˄ʽˋ˃ʷ˄˖˄ ˋ˖˃ʰˍʽʵʾ˖˄Φ ɰʰˋʾʸʶˍʰʽ ˋˍʹ˄ ˁʾ˄ʹˋʹ 

˒ˇˊˍʽˋ˃ʷ˄˖˄ ˋ˖˃ʰˍʽʵʾ˖˄ ˃ʷˋʰ ˋϥ ʷ˄ʰ ˎʴˊˈ ˃ʷˋˇ˄Σ ˎˉˈ 

ˍʹ˄ ʶˉʾʵˊʰˋʹ ʹ˂ʶˁˍˊʽˁˇˏ ˉʶʵʾˇˎ. ʁ ¢ƛǎŜƭƛǳǎ ʺˍʰ˄ ˇ 

ˉˊ˗ˍˇˌ ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʾʹˋʶ ˍʹ ˃ʷʻˇʵˇ ˍˇ мфотΣ ʴʽʰ ˍˇ 

ʵʽʰ˔˖ˊʽˋ˃ˈ ˉˊ˖ˍʶʿ˄˗˄Φ ɱʽʰ ˁʱʻʶ ʹ˂ʶˁˍˊˇ˒ˇˊʹˍʽˁʺ 

ˋˎˋˁʶˎʺ ˁʰʽ ˃ʷʻˇʵˇΣ ˍˇ ˃ʷʴʽˋˍˇ ʵˎ˄ʰ˃ʽˁˈ ˉˇˎ ˃ˉˇˊʶʾ ˄ʰ ʶ˒ʰˊ˃ˇˋʻʶʾ ˁʰʻˇˊʾʸʶˍʰʽ ˃ʷˋʰ ˋʶ 

ʰˎˋˍʹˊʱ ˈˊʽʰ ˁʰʽ ʹ ʹ˂ʶˁˍˊˇ˒ˈˊʹˋʹ ˃ˉˇˊʶʾ ˄ʰ ʴʾ˄ʶʽ ˃ʶ ˋˍʰʻʶˊʺ ˍʱˋʹ ʺ ʷ˄ˍʰˋʹ ˊʶˏ˃ʰˍˇˌΦ  

 

   ɶ ˒˖ˍˇʹ˂ʶˁˍˊˇ˔ʹ˃ʽˁʺ ˁˎ˕ʶ˂ʾʵʰ ʰˉˇˍʶ˂ʶʾˍʰʽ ʰˉˈ 

ʵˏˇ ˅ʶ˔˖ˊʽˋˍˇˏˌ ˔˗ˊˇˎˌΦ ɶ ʹ˂ ʶˁˍˊʽˁʺ ʶ̄ ʽˁˇʽ˄˖˄ʾʰ 

ʶˉʽˍˎʴ˔ʱ˄ʶˍʰʽ ʶ˅˖ˍʶˊʽˁʱ ˃ʷˋ˖ ˍˇˎ ʹ˂ʶˁˍˊʽˁˇˏ 

ˁˎˁ˂˗˃ʰˍˇˌ ˁʰʽ ʶˋ˖ˍʶˊʽˁʱ ˃ʶ ʵʽʰ˔˖ˊʽˋˍʽˁʺ ˃ʶ˃ʲˊʱ˄ʹ 

ʰʴ˖ʴʺˌ ʽˈ˄ˍ˖˄Φ ɮ˄ʱ˂ˇʴʰ ˃ʶ ˍʹ ʵʽʰˉʶˊʰˍˈˍʹˍʰ ˉˇˎ 

ʶˉʽʻˎ˃ʶʾˍʰʽΣ ʶˉʽ˂ʷʴʶˍʶ ˁʰʽ ʵʽʰ˒ˇˊʶˍʽˁˈ ˍˏˉˇ 

˃ʶ˃ʲˊʱ˄ʹˌ [24].  

 

ɳʽˁˈ˄ʰ 9 ʅˎˋˁʶˎʺ ɶ˂ʶˁˍˊˇ˒ˈˊʹˋʹˌ 

ɳʽˁˈ˄ʰ 8 ɹˋˍˇˊʾʰ ˍˇˎ Fuel Cell 

ɳʽˁˈ˄ʰ 10 ʊ˖ˍˇʹ˂ʶˁˍˊˇ˔ʹ˃ʽˁʺ ɼˎ˕ʶ˂ʾʵʰ 
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ʇˉʱˊ˔ˇˎ˄ 3 ˁ ʰˍʹʴˇˊʾʶˌ ʵʽʰ˔˖ˊʽˋˍʽˁ˗˄ ˃ʶ˃ʲˊʰ˄˗˄:  

i.   ɾʁ ˃ʲˊʱ˄ʶˌ ɮɹ ˖ʴʺˌ ɼh ˍʽˈ˄ˍ˖˄κʃ́ ˖ˍˇ˄ʾ˖˄,   

     CEM/PEM (Cation/Proton Exchange Membrane),  

ii.  ɾʶ˃ʲˊʱ˄ʶˌ ɮɹ ˖ʴʺˌ ɮ˄ ʽˈ˄ˍ˖˄,  

     AEM (Alkaline Exchange Membrane), ˁ ʰʽ  

iii. ɾʶ˃ʲˊʱ˄ʶˌ ˍʰˎˍˈ˔ˊˇ˄ʹˌ ʵʽʰˉʶˊʰˍˈˍʹˍʰˌ ʰˉˈ ɮ˄ ʽˈ˄ˍʰ ϧ ɼẖ ʽˈ˄ˍʰ,  

     BPM (BiPolar Membrane). 

 

   ɶ ɳˍʰʽˊʾʰ DuPontϰ Nafionϯ Membranes [25] 

ʷ˔ʶʽ ˋ˔ʶʵʽʱˋʶʽ ʶʽʵʽˁʱ ʴʽʰ ˒˖ˍˇʹ˂ʶˁˍˊˇ˔ʹ˃ʽˁʷˌ 

ˁˎ˕ʷ˂ʶˌΣ ɾʶ˃ʲˊʱ˄ʹ ɮ˄ ˍʰ˂˂ʰʴʺˌ ɹ̍˄ˍ˖˄ IEM (Ion 

Exchange MembraneύΦ ʃˊˈˁʶʽˍʰʽ ʴʽʰ ˃ʽʰ ˂ʶˉˍʺ 

ˋˎ˃ˉˇ˂ˎ˃ʶˊʺ ̩ ˃ʶ˃ʲˊʱ˄ʹ, ʹ˃ʽˁˊˎˋˍʰ˂˂ʽˁʺˌ 

ʵˇ˃ʺˌΣ ˃ʶ ˎ˕ʹ˂ʺ ˉˊ˖ˍˇ˄ʽʰˁʺ ʰʴ˖ʴʽ˃ˈˍʹˍʰ.  

ɴ̝ ʶʽ ˔ʹ˃ʽˁʺ ˁʰʽ ˃ʹ˔ʰ˄ʽˁʺ ˋˍʰʻʶˊˈˍʹˍʰ ˋˍˇ 

ˉʁ ˊʽʲʱ˂˂ˇ˄ ˂ʶʽˍˇˎˊʴʾʰˌ ˍʹˌ ˁˎ˕ʶ˂ʾʵʰˌ ˁʰʽ ʶʾ˄ʰʽ 

˃ʹ ʵʽʰˉʶˊʰˍʺ h ˉˈ ʰ˄ʽˈ˄ˍʰ.  [26].  

 

ʆˇ bŀŦƛƻƴϯ ʷ˔ʶʽ ˃ʾʰ ˎʵˊˈ˒ˇʲʹ ˁˏˊʽʰ ʰ˂ˎˋʾʵʰ ˉˇˎ ʰˉˇˍʶ˂ʶʾˍʰʽ ʰˉˈ ˇ˃ʱʵʶˌ 

ˉˇ˂ˎˍʶˍˊʰ˒ʻˇˊˇʰʽʻˎ˂ʶ˄ʾˇˎ όt¢C9 - polyperfluorosulfonic acidύ ˁʰʽ ˎʵˊˈ˒ʽ˂ʶˌ 

˒ʻˇˊʽˇ˃ʷ˄ʶˌ ˉ˂ʶˎˊʽˁʷˌ ʰ˂ˎˋʾʵʶˌ ˉˇˎ ˁʰˍʰ˂ʺʴˇˎ˄ ˋʶ ˋˇˎ˂˒ˇ˄ˇ˃ʱʵʶˌ ό-{hоIύΦ ɶ ˁˏˊʽʰ 

ʰ˂ˎˋʾʵʰ όt¢C9ύΣ ˉʰˊʷ˔ʶʽ ˋˍˇ ˋˎ˃ˉˇ˂ˎ˃ʶˊʷˌ ˔ʹ˃ʽˁʺ ˁʰʽ ʻʶˊ˃ʽˁʺ ˋˍʰʻʶˊˈˍʹˍʰΣ ʶ˄˗ ʹ 

ˉˊ˖ˍˇ˄ʽʰˁʺ ˍˇˎ ʰʴ˖ʴʽ˃ˈˍʹˍʰ ˇ˒ʶʾ˂ʶˍʰʽ ˋˍʹ˄ ˏˉʰˊ˅ʹ ˍ˖˄ ˋˇˎ˂˒ˇ˄ˇ˃ʱʵ˖˄ ώну-30]. 

 

ɶ ʰʴ˖ʴʺ ˍ˖˄ ˉˊ˖ˍˇ˄ʾ˖˄ ʰˉˈ ˍʹ˄ ʱ˄ˇʵˇ ˋˍʹ˄ 

ˁʱʻˇʵˇΣ ʴʾ˄ʶˍʰʽ ˃ʷˋ˖ ˍʹˌ ˎʵˊˈ˒ʽ˂ʹˌ ˒ʱˋʹˌ 

ˁʰʽ ʰˉʰʽˍʶʾ ˍʹ˄ ʶ˒ˏʴˊʰ˄ˋʹ ˍʹˌ ˉˇ˂ˎ˃ʶˊʽˁʺˌ 

˃ʶ˃ʲˊʱ˄ʹˌ [31-3нϐΦ ʅʹ˃ʰ˄ˍʽˁˈ ʶʾ˄ʰʽ ʹ ˔ˊʺˋʹ 

ˍʹˌ Nafionϯ ˄ʰ ˉʶˊʽˇˊʾʸʶˍʰʽ ˋʶ ʻʶˊ˃ˇˁˊʰˋʾʶˌ 

˔ʰ˃ʹ˂ˈˍʶˊʶˌ ˍ˖˄ мллϲ/Σ ˈˉˇˎ ʶ˃˒ʰ˄ʾʸˇ˄ˍʰʽ 

ˉˊˇʲ˂ʺ˃ʰˍʰ ʶˎʰʽˋʻʹˋʾʰˌ ˁʰʽ ˃ʶʽ˖˃ʷ˄ʹˌ 

ʰʴ˖ʴʽ˃ˈˍʹˍʰˌΦ  

ɳʽˁˈ˄ʰ 12  ʋʹ˃ʽˁʺ ʵˇ˃ʺ ˍˇˎ bŀŦƛƻƴϯ ώнр ϧ нтϐ 

ɳʽˁˈ˄ʰ 11 ɼʰˍʹʴˇˊʾʶˌ ɾʶ˃ʲˊʰ˄˗˄ ɮʴ˖ʴʺˌ 

ɳʽˁˈ˄ʰ 13 ʇʵˊˈ˒ʽ˂ʹ ˒ʱˋʹ ˍʹˌ PEM [35] 
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мΦмΦ ɼʰˍʰˋˁʶˎʺ ɾˇ˄ʱʵʰˌ ɼˎ˕ʷ˂ʹˌ ɼʰˎˋʾ˃ˇˎ 

   ɶ ˁˎ˕ʷ˂ʹ ˁʰˎˋʾ˃ˇˎ ʰˉˇˍʶ˂ʶʾ ʷ˄ʰ ˃ʹ˔ʰ˄ʽˋ˃ˈ ʴʽʰ ˍʹ˄ 

ʹ˂ʶˁˍˊˇ˔ʹ˃ʽˁʺ ˃ʶˍʰˍˊˇˉʺ ˍʹˌ ʶ˄ʷˊʴʶʽʰˌ 

˃ʶˍʰˍˊʷˉˇ˄ˍʰˌ ˎʵˊˇʴˈ˄ˇ ˁʰʽ ˇ˅ˎʴˈ˄ˇ ˋʶ ˄ʶˊˈΣ 

ˉʰ́ʱʴˇ˄ˍʰˌ ˍʰˎˍˈ˔ˊˇ˄ʰ ˃ʶ ˍʹ ʵʽʰʵʽˁʰˋʾʰ ʰˎˍʺΣ 

ʹ˂ʶˁˍˊʽˋ˃ˈ ˁʰʽ ʻʶˊ˃ˈˍʹˍʰΦ ʁʽ ʹ˂ʶˁˍˊˇ˔ʹ˃ʽˁʷˌ 

ʰ˄ˍʽʵˊʱˋʶʽˌ ˉˇˎ ˂ʰ˃ʲʱ˄ˇˎ˄ ˔˗ˊʰ ˋʶ ˃ʾ h ˁˎ˕ʷ˂ʹ 

ʶʾ˄ʰʽ ʰˎˍ̋  ˍʹˌ ˇ˅ʶʾʵ˖ˋʹˌ όOxidation) ˍˇˎ ˎʵˊˇʴˈ˄ˇˎ 

ʹ ˇˉˇʾʰ ˉˊʰʴ˃ʰˍˇˉˇʽʶʾˍʰʽ ˋˍʹ˄ ʱ˄ˇʵˇ ˁʰʽ ˍʹˌ 

ɮ˄ʰʴ˖ʴʺˌ (Reduction) ̱ ˇˎ ˇ˅ˎʴˈ˄ˇˎ ˋˍʹ˄ ˁʱʻˇʵˇΦ  

   ɶ ˁʰˊʵʽʱ ˃ʽʰˌ ˁˎ˕ʷ˂ʹˌ ˁʰˎˋʾ˃ˇˎ ʶʾ˄ʰʽ ˇ 

ʹ˂ʶˁˍˊˇ˂ˏˍʹˌΦ ʃʰ˂ʰʽˇˍʷˊʰ ˖ˌ ʹ˂ʶˁˍˊˇ˂ˏˍʹ 

˔ˊʹˋʽ˃ˇˉˇʽˇˏˍʰ˄ ˁʱˉˇʽˇ ˎʴˊˈ ʵʽʱ˂ˎ˃ʰ όˁʰˎˋˍʽˁˇˏ 

ˁʰ˂ʾˇˎ ʺ ˒˖ˋ˒ˇˊʽˁˇˏ ˇ˅ʷˇˌύΦ ʆʰ ˍʶ˂ʶˎˍʰʾʰ ˔ˊˈ˄ʽʰ ˇ 

ʹ˂ʶˁˍˊˇ˂ˏˍʹˌ ʲˊʾˋˁʶˍʰʽ ˋʶ ˋˍʶˊʶʱ ˁʰˍʱˋˍʰˋʹ 

ό˃ʶ˃ʲˊʱ˄ʹ bŀŦƛon).  

   ɰʰˋʽˁˈ ˋˍˇʽ˔ʶʾˇ ˂ʶʽˍˇˎˊʴʾʰ ˍʹˌ ɼˎ˕ʷ˂ʹˌ ˁʰˎˋʾ˃ˇˎΣ ˉˇˎ 

ˁʰˍʰˋˁʶˎʱˋˍʹˁʶ ʴʽʰ ˍʽˌ ʰ˄ʱʴˁʶˌ ˍʹˌ ˉʰˊˇˏˋʰˌ ʶˊʴʰˋʾʰˌΣ 

ʰˉˇˍʶ˂ʶʾ ʹ ɾʶ˃ʲˊʱ˄ʹ PEM (Proton Exchange Membrane).   

ɱʶ˄ʽˁʱΣ ˇʽ ˁˎ˕ʷ˂ʶˌ ˁʰˎˋʾ˃ˇˎ ˍˏˉˇˎ PEM ˂ʶʽˍˇˎˊʴˇˏ˄ ˋʶ 

ˋ˔ʶˍʽˁʱ ˔ʰ˃ʹ˂ʷˌ ʻʶˊ˃ˇˁˊʰˋʾʶˌ (<80ϲC) ˁʰʽ ˉʰˊʱʴˇˎ˄ 

ʽˋ˔ˏ ʰˊˁʶˍʺ ʴʽʰ ʶ˒ʰˊ˃ˇʴʷˌ ˉˇˎ ʽˁʰ˄ˇˉˇʽˇˏ˄ 

ˁʰʻʹ˃ʶˊʽ˄ʷˌ ʶ˄ʶˊʴʶʽʰˁʷˌ ʰ˄ʱʴˁʁ.̩ ʁ ˋˎʴˁʶˁˊʽ˃ʷ˄ˇˌ 

ˍˏˉˇˌ ˁˎ˕ʶ˂˗˄ ʶʾ˄ʰʽ ʰˊˁʶˍʱ ʶˎʰʾˋʻʹˍˇˌ ˋʶ ˃ʹ ˁʰʻʰˊʱ 

ˁʰˏˋʽ˃ʰ ˁʰʽ ˉʽʷˋʶʽˌΦ ɱʽʰ ˍˇ ˂ˈʴˇ ʰˎˍˈ ˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ 

ʴʽʰ ˍʹ ˂ʶʽˍˇˎˊʴʾʰ ˍ˖˄ ˁˎ˕ʶ˂˗˄ PEMΣ ʇʵˊˇʴˈ˄ˇ ˁʰʻʰˊˈˍʹˍʰˌ ффΣффф҈Σ ˎˉˈ ʶ˂ʶʴ˔ˈ˃ʶ˄ʹ 

ˉʾʶˋʹ ʾˋʹ ˃ʶ ˍʹ˄ ʰˍ˃ˇˋ˒ʰʽˊʽˁʺ όм AtmύΣ ʴʽʰ ʰˉˇ˒ˎʴʺ ˍʹˌ ˁʰˍʰˋˍˊˇ˒ʺˌ ˍʹˌ ˃ʶ˃ʲˊʱ˄ʹˌ. 

 

   ʅˍʹ˄ ˉʰˊˇˏˋʰ ʶˊʴʰˋʾʰ ˔ˊʹˋʽ˃ˇˉˇʽʺʻʹˁʰ˄ о ˃ʶ˃ʲˊʱ˄ʶˌ Nafionϯ ˍʹˌ ʶˍʰʽˊʶʾʰˌ 5ǳtƻƴǘ ˃ʶ 

˔ʰˊʰˁˍʹˊʽˋˍʽˁˈ ˁ˖ʵʽˁˈ ɿммт ˉˇˎ ʷ˔ʶʽ ˉʱ˔ˇˌ муоm˃ [33] [34]. 

ɳʽˁˈ˄ʰ 14 ɽʶʽˍˇˎˊʴʾʰ ɼˎ˕ʷ˂ʹˌ ɼʰˎˋʾ˃ˇˎ 

ɳʽˁˈ˄ʰ мс ɾʶ˃ʲˊʱ˄ʹ PEM 
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    ɶ ˋˎ˄ʶˁˍʽˁʺ ʵˇ˃ʺ ˍ˖˄ ɶ˂ʶˁˍˊˇʵʾ˖˄ όʃ˂ʰˁʽʵʾ˖˄ύ ˃ʶ 

ˍˇ˄ ʹ˂ʶˁˍˊˇ˂ˏˍʹ ˉˇˎ ʲˊʾˋˁʶˍʰʽ ʰ˄ʱ˃ʶˋʰ ˍˇˎˌ ʶʾ˄ʰʽ ʷ˄ʰ 

ˉˇ˂ˏ ʲʰˋʽˁˈ ˋˍˇʽ˔ʶʾˇ ˍˇˎ ˋ˔ʶʵʽʰˋ˃ˇˏ ˍ˖˄ ˁˎ˕ʶ˂˗˄ 

ˁʰˎˋʾ˃ˇˎΦ ʅˎʴˁʶˁˊʽ˃ʷ˄ʰΣ ˇ ˊˎʻ˃ˈˌ ˃ʶ ˍˇ˄ ˇˉˇʾˇ 

ˋˎ˃ʲʰʾ˄ʶʽ ʹ ʰ˄ˍʾʵˊʰˋʹΣ ʶʾ˄ʰʽ ʰ˄ʱ˂ˇʴˇˌ ˃ʶ ˍʹ˄ 

ʶˉʽ˒ʱ˄ʶʽʰ όʶ˃ʲʰʵˈ˄) ̱ ˖˄ ʹ˂ʶˁˍˊˇʵʾ˖˄Φ ɶ ʶˉʽ˒ʱ˄ʶʽʰ ˉˇˎ 

ˁʰ˂ˏˉˍʶʽ ˍˇ ʹ˂ʶˁˍˊˈʵʽˇ ʶʾ˄ʰʽ ʷ˄ʰ ʸ˖ˍʽˁˈ ˋˍˇʽ˔ʶʾˇ ˍʹˌ 

ʰˉˈʵˇˋʹˌ ˍʹˌ ˁˎ˕ʷ˂ʹˌΣ ˉˇˎ ˋˎ˔˄ʱ ʰ˄ʰ˒ʷˊʶˍʰʽ ˖ ̩

ˉˎˁ˄ˈ̱ ʹˍʰ ˊʶˏ˃ʰˍˇˌ (A/cm2). ɶ ʶ˄ʶˊʴʺ ʶˉʽ˒ʱ˄ʶʽʰ ˍ˖˄ 

ʹ˂ʶˁˍˊˇʵʾ˖˄ ˎˉˇ˂ˇʴʾʸʶˍʰʽ ˖ˌ ˃ʺˁˇˌ ʶˉʾ ˉ˂ʱˍˇˌΣ ˉˇˎ 

ʶʾ˄ʰʽ ˍʰ ˋ˔ʶʵʽʰˋˍʽˁʱ  - ʴʶ˖˃ʶˍˊʽˁʱ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ ˍ˖˄ 

ʹ˂ʶˁˍˊˇʵʾ˖˄ ˉˇˎ ʶ˒ʱˉˍˇ˄ˍʰʽ ˍʹˌ ˃ʶ˃ʲˊʱ˄ʹˌΦ   

     ɳˉʾˋʹˌΣ ʲʰˋʽˁˈ ˔ʰˊʰˁˍʹˊʽˋˍʽˁˈ ˍ˖˄ ʹ˂ʶˁˍˊˇʵʾ˖˄ ʶʾ˄ʰʽ ʹ 

ˁʰˍʰ˂ˎˍʽˁʺ ˍˇˎˌ ʶ˄ʶˊʴˈˍʹˍʰΣ ˁʰʻ˗ˌ ˇʽ ʹ˂ʶˁˍˊˇˁʰˍʰ˂ˎˍʽˁʷˌ 

ʰ˄ˍʽʵˊʱˋʶʽˌ ˋˍʽˌ ˇˉˇʾʶˌ ʲʰˋʾʸʶˍʰʽ ʹ ˂ʶʽˍˇˎˊʴʾʰ ˍʹˌ ˁˎ˕ʷ˂ʹˌ 

˂ʰ˃ʲʱ˄ˇˎ˄ ˔˗ˊʰ ˋʶ ʰˎˍʱ [36]. ʆˇ ˁʰˍʰ˂ˎˍʽˁˈ ˋˍˊ˗˃ʰ 

ʲˊʾˋˁʶˍʰʽ ˋʶ ʶˉʰ˒ʺ ˍˈˋˇ ˃ʶ ˍˇ ˋˍˊ˗˃ʰ ʵʽʱ˔ˎˋʹˌ ʰʶˊʾˇˎ 

ˈˋˇ ˁʰʽ ˃ʶ ˍʹ˄ ʹ˂ʶˁˍˊˇ˂ˎˍʽˁʺ ˃ʶ˃ʲˊʱ˄ʹΣ ˗ˋˍʶ ˁʰʽ ˍʰ ˍˊʾʰ 

ʶʾʵʹ ˉˇˎ ˋˎ˃˃ʶˍʷ˔ˇˎ˄ ˋˍʹ ˂ʶ̔ˍˇˎˊʴʾʰ ˍʹˌ ˁˎ˕ʷ˂ʹˌ 

ˁʰˎˋʾ˃ˇˎΣ ˃ʶˍʰ˒ʷˊˇˎ˄ ˍʰ ʰ˄ˍʽʵˊ˗˄ˍʰ ʰʷˊʽʰΣ ˍʰ ˉˊ˖ˍˈ˄ʽʰ 

ˁʰʽ ˍʰ ʹ˂ʶˁˍˊˈ˄ʽʰ ˃ʶ ʰˉˇˍʷ˂ʶˋ˃ʰ ˄ʰ ˃ˉˇˊˇˏ˄ ˄ʰ ʷˊʻˇˎ˄ 

ˋʶ ʶˉʰ˒ʺ ˃ʶ ˍˇ ˁʰˍʰ˂ˎˍʽˁˈ ˋˍˊ˗˃ʰ ˃ ʷˋ˖ ˍˇˎ ʹ˂ʶˁˍˊˇʵʾˇˎ.  

ɶ ˉʰʴˁˈˋ˃ʽʰ ʶˊʶˎ˄ʹˍʽˁʺ ˁˇʽ˄ˈˍʹˍʰ ʷ˔ʶʽ ˁʰˍʰʲʱ˂ʶʽ ˋʹ˃ʰ˄ˍʽˁʷˌ ˉˊˇˋˉʱʻʶʽʶˌΣ ώотϐ 

ʶˉʽˁʶ˄ˍˊ˗˄ˇ˄ˍʰˌ  ˋˍʹ ˃ʶ˂ʷˍʹ ʹ˂ʶˁˍˊˇˁʰˍʰ˂ˎˍ˗˄ ˔ʰ˃ʹ˂ʺˌ ˉʶˊʽʶˁˍʽˁˈˍʹˍʰˌ ˃ʶ ˉ˂ʰˍʾ˄ʰ όPt : 

ɽʁ ˎˁˈ˔ˊˎˋˇύ ˋˍʹ˄ ʱ˄ˇʵˇ ˁʰʽ ˍʹ˄ ˁʱʻˇʵˇΦ ɴ̝ ˇ˄ˍʰˌ ˖ˌ ˋˍˈ˔ˇ ˍʹ˄ ʶ˃ˉˇˊʶˎ˃ʰˍˇˉˇʾʹˋʹ ˍ˖˄ 

ˁˎ˕ʶ˂˗˄ ˁʰˎˋʾ˃ˇˎ ˍˏˉˇˎ PEM, ˃ʶʽ˗˄ˇˎ˄ ˍʹ˄ ˉˇˋˈˍʹˍʰ ˍʹˌ ˉ˂ʰˍʾ˄ʰˌ ˋʶ ʶˉʾˉʶʵˇ ғмрл 

˃ƎPtcm-2 ɾɳɮ όʺ ғнллƳƎκƪ² ʺ Ҕ р mWκg˃ ғмрƎ ʴʽʰ ʰˎˍˇˁʾ˄ʹˍʰ ˍ˖˄ 75kW). 

   ɶ ˍʱˋʹˌ ʶ˅ˈʵˇˎ ˃ʽʰˌ ˁˎ˕ʷ˂ʹˌ ˁʰˎˋʾ˃ˇˎ ʶʾ˄ʰʽ ˉʶˊʾˉˇˎ лΣт - 0,8Volt ˎˉˈ ˒ˇˊˍʾˇ. ɮ ˄

ˋˎ˄ʵʶʻˇˏ˄ ˋʶ ˋʶʽˊʱ ˁˎ˕ʷ˂ʶˌ ˁʰˎˋʾ˃ˇˎΣ όʅˎˋˍˇʽ˔ʾʰ ɼˎ˕ʶ˂˗˄ ˁʰˎˋʾ˃ˇˎ κ Stack Fuel Cells), 

˃ˉˇˊʶʾ ˄ʰ ʶˉʽˍʶˎ˔ʻʶʾ ʰˏ˅ʹˋʹ ˍʹˌ ˍʱˋʹˌ ʶ˅ˈʵˇˎΦ ʆˇ ʻʷ˃ʰ ˃ʶ ʰˎˍʺ ˍʹ ʵʽʱˍʰ˅ʹ ʶʾ˄ʰʽ ˈˍʽ ˍʰ 

ʹ˂ʶˁˍˊˈ˄ʽʰΣ ʻʰ ˉˊʷˉʶʽ ˄ʰ ʵʽʰˍˊʷ˅ˇˎ˄ ˈ˂ʹ ˍʹ˄ ʶˉʽ˒ʱ˄ʶʽʰ ˍˇˎ ʹ˂ʶˁˍˊˇʵʾˇˎ ˃ʷ˔ˊʽ ˄ʰ 

˒ʻʱˋˇˎ˄ ˋˍˇ ʱˁˊˇ ˍʹˌ ʶ˅˖ˍʶˊʽˁʺˌ ʹ˂ʶˁˍˊʽˁʺˌ ˋˏ˄ʵʶˋʹˌΦ ɳ˄˗ ˍʰ ʹ˂ʶˁˍˊˈʵʽʰ ʷ˔ˇˎ˄ ˋ˔ʶˍʽˁʱ 

ˎ˕ʹ˂ʺ ʰʴ˖ʴʽ˃ˈˍʹˍʰΣ ʰˁˈ˃ʰ ˁʰʽ ˃ʽʰ ˃ʽˁˊʺ ˉˍ˗ˋʹ ˍʱˋʹˌ ʶʾ˄ʰʽ ʶ˅ʰʽˊʶˍʽˁʱ ˋʹ˃ʰ˄ˍʽˁʺΦ ʆˇ 

ˉˊˈʲ˂ʹ˃ʰ ʶˉʽ˂ˏʶˍʰʽ ˔ˊʹˋʽ˃ˇˉˇʽ˗˄ˍʰˌ ɲʽˉˇ˂ʽˁʷˌ ˉ˂ʱˁʶˌ ʺ ˉ˂ ʱˁʶˌ ʰˉˈ ɱ́ ʰ˒ʾˍʹΦ 

ɳʽˁˈ˄ʰ 15 ɳ˄ʶˊʴʺ ɳˉʽ˒ʱ˄ʶʽʰ ɶ˂ʶˁˍˊˇʵʾˇˎ 

ɳʽˁˈ˄ʰ 16 ɾʶˍʰ˒ˇˊʷˌ  ̀ ˍʹ ʄɳɾFCs 

5cm x 5cm = 25cm2 
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   ɰʰˋʽˁˈ ˉʰˊʱʴˇ˄ˍʰ ʰˉˇˍʶ˂ʶʾ ʹ 

˔ʰˊʰˁˍʹˊʽˋˍʽˁʺ ˁʰ˃ˉˏ˂ʹ ˍʹˌ 

ˁˎ˕ʷ˂ʹˌ ˁʰˎˋʾ˃ˇˎΣ ʹ ˇˉˇʾʰ ˁ ʰʻˇˊʾʸʶʽ 

ˍ́  ˋ˔ʷˋʹ ˃ʶˍʰ˅ˏ ˍʹˌ ˉˎˁ˄ˈˍʹˍʰˌ 

ˊʶˏ˃ʰˍˇˌ ˁʰʽ ˍʹ˄ ˍʱˋʹ ˍ˖˄ ˁˎ˕ʶ˂˗˄Φ 

 ɶ ˃ʶʾ˖ˋʹ ˍʹˌ ˍʱˋʹˌ ˍʹˌ ˁˎ˕ʷ˂ʹˌ 

ˇ˒ʶʾ˂ʶˍʰʽ ˋʶ ʰˉ˗˂ʶʽʶˌΦ ʁʽ ˁˏˊʽˇʽ 

ˉʰˊʱʴˇ˄ˍʶˌ ˉˇˎ ʶˉʹˊʶʱʸˇˎ˄ ˍʹ˄ 

ˁʰ˃ˉˏ˂ʹ ʶʾ˄ʰʽΥ ώорϐ 

Å ɮˉ˗˂ʶʽʶˌ ʶ˄ʶˊʴˇˉˇʾʹˋʹˌ (Activation losses) ʶʾ˄ʰʽ ʰˉˇˍʷ˂ʶˋ˃ʰ ˍʹˌ ʰˊʴʺˌ ˍʰ˔ˏˍʹˍʰˌ ˍ˖˄ 

ʰ˄ˍʽʵˊʱˋʶ˖˄ ˉˇˎ ˂ʰ˃ʲʱ˄ˇˎ˄ ˔˗ˊʰ ʁ ˄ˍˈˌ ˍʹˌ ˁˎ˕ʷ˂ʹˌ. 

Å ɶ ɮˉˇˁˇˉʺ ɼˎ˕ʷ˂ʹˌ όFuel crossover) ˁʰʻ˗ˌ ˁʰʽ ˍ h ʶˋ˖ˍʶˊʽˁʱ ˊʶˏ˃ʰˍʰ όinternal 

currents) ˉˇˎ ˉʰˊʰˍʹˊˇˏ˄ˍʰʽ ˁʰˍʱ ˍʹ ʵʽʷ˂ʶˎˋʹ ˍˇˎ ʇʵˊˇʴˈ˄ˇˎ ʰˉˈ ˍʹ ˃ʶ˃ʲˊʱ˄ʹ, ʷ˔ˇˎ˄ 

˖ ̩ʰˉˇˍʷ˂ʶˋ˃ʰ ˄ʰ ˃ʹ˄ ˋˎ˃ʲʱ˂˂ˇˎ˄ ˋˍʹ˄ ˔ʹ˃ʽˁʺ ʰ˄ˍʾʵˊʰˋʹ ˇ˅ʶʽʵˇʰ˄ʰʴ˖ʴʺˌΣ ʱˊʰ ʵʶ˄ 

ˋˎ˃ʲʱ˂˂ˇˎ˄ ˁʰʽ ̀ ˍʹ˄ ˉʰˊʰʴ˖ʴʺ ʹ˂ʶˁˍˊʽˁʺˌ ʶ˄ʷˊʴʶʽʰˌΦ  

Å ʁʽ ʍ˃ʽˁʷˌ ʰˉ˗˂ʶʽʶˌ όOhmic losses) ʷ˔ˇˎ˄ ʱ˃ʶˋʹ ˋ˔ʷˋʹ ˃ʶ ˍʹ ˋˎ˄ʵˎʰˋ˃ʷ˄ʹ ʰ˄ˍʾˋˍʰˋʹ 

ˍ˖˄ ʵʽʰ˒ˈˊ˖˄ ˋˎˋˍʰˍʽˁ˗˄ ʶ˄ˍˈˌ ˍˇˎ ˁˎˁ˂˗˃ʰˍˇˌ ˍ˖˄ ˁˎ˕ʶ˂˗˄ ˁʰˎˋʾ˃ˇˎΦ ɮˎˍˈ 

ˉʶˊʽ˂ʰ˃ʲʱ˄ʶʽ ˍˇ ˎ˂ʽˁˈ ˍ˖˄ ʹ˂ʶˁˍˊˇʵʾ˖˄Σ ˍʹ˄ ʾʵʽʰ ˍʹ ˃ʶ˃ʲˊʱ˄ʹ ˁʰʽ ˍʽˌ ʵʽʱ˒ˇˊʶˌ 

ʵʽʰˋˎ˄ʵʷˋʶʽˌΦ  

Å ɶ ɾʶˍʰ˒ˇˊʱˌ ɾʱʸʰˌ όMass transportύΣ ˉˇˎ ˋˎ˔˄ʱ ʰˉˇˁʰ˂ʶʾˍʰʽ ˁʰʽ ɮˉ˗˂ʶʽʶˌ 

ʅˎ ʴˁʷ˄ˍˊ˖ˋʹˌΣ ʶʾ˄ʰʽ ʰˉˇˍʷ˂ʶˋ˃ʰ ˍʹˌ ˃ʶʾ˖ˋʹˌ ˍʹˌ ˋˎʴˁʷ˄ˍˊ˖ˋʹˌ ˍˇˎ ˎʵˊˇʴˈ˄ˇˎ ˁʰʽ ˍˇˎ 

ˇ˅ˎʴˈ˄ˇˎ ˋˍʹ˄ ʶˉʽ˒ʱ˄ʶʽʰ ˍˇˎ ʹ˂ʶˁˍˊˇʵʾˇˎΦ ɮˎˍˈ ˇ˒ʶʾ˂ʶˍʰʽ ˋˍʹ˄ ʰʵˎ˄ʰ˃ʾʰ ˄ʰ 

˃ʶˍʰ˒ʷˊʶʽ ˍʰ ʰˉʰʽˍˇˏ˃ʶ˄ʰ ʰʷˊʽʰ ̀ ˍʽˌ ʶˉʽ˒ʱ˄ʶʽʶˌ ˍˇˎ ʹ˂ʶˁˍˊˇʵʾˇˎΦ 

 ʅʹ˃ʰ˄ˍʽˁˈ ˋˍˇʽ˔ʶʾˇ ʰˉˇˍʶ˂ʶʾ ˍˇ ˋʹ˃ʶʾˇ ˃ʷʴʽˋˍʹˌ ʽˋ˔ˏˇˌ MPP ˍʹˌ ˁˎ˕ʷ˂ʹˌ ˁʰˎˋʾ˃ˇˎ ˉˇˎ 

ˉˊˇˁˏˉˍʶʽ ʰˉˈ ˍʹ ʴˊʰ˒ʽˁʺ ˉʰˊʱˋˍʰˋʹ ˍʹˌ ˋ˔ʷˋʹˌ ˃ʶˍʰ˅ˏ ˍʹˌ ˉˎˁ˄ˈˍʹˍʰˌ ˊʶˏ˃ʰˍˇˌ ˁʰʽ ˍʹˌ 

ʽˋ˔ˏˌ ʶ˅ˈʵˇˎ ˍʹˌ ˁˎ˕ʷ˂ʹˌΦ  

   ɶ ʹ˂ʶˁˍˊˇ˔ʹ˃ʽˁʺ ʰˉˈʵˇˋʹ ˃ʽʰˌ ˁˎ˕ʷ˂ʹˌ ˁʰˎˋʾ˃ˇˎ ʶˁ˒ˊʱʸʶʽ ˍˇ˄ ˂ˈʴˇ ˍˇˎ ˉʰˊʰʴˈ˃ʶ˄ˇˎ 

ʷˊʴˇˎ ό²ύ  ˉˊˇˌ ˍʹ ʻʶ˖ˊʹˍʽˁʱ ˃ʷʴʽˋˍʹ ʶ˄ʷˊʴʶʽʰ ˉˇˎ ˃ˉˇˊʶʾ ˄ʰ ˃ʶˍʰˍˊʰˉʶʾ ˋʶ ʹ˂ʶˁˍˊʽˁʺ 

όɲDύΥ    
Urev

U

G

W
=

D-
=e  ɶ ʹ˂ʶˁˍˊˇ˔ʹ˃ʽˁʺ ʰˉˈʵˇˋʹ ʶʾ˄ʰʽ ʾˋʹ ˃ʶ млл҈ ˈˍʰ˄ ˍˇ ˁʶ˂ʾ ʵʶ˄ 

ʵʽʰˊˊʷʶˍʰʽ ʰˉˈ ˊʶˏ˃ʰ όʵʹ˂ʰʵʺ ˈˍʰ˄ ¦Ґ¦rev) [38]. 

ɳˉˇ˃ʷ˄˖ˌΣ ˃ʶ ʷ˄ʰ˄ ˉˊˇˋʶˁˍʽˁˈ ˋ˔ʶʵʽʰˋ˃ˈ ˂ʰ˃ʲʱ˄ˇ˄ˍʰˌ ˎˉˈ˕ʹ ˈ˂ ʶˌ ˍʽˌ ˋˎ˄ʽˋˍ˗ˋʶˌ ˉˇˎ 

ʰ˒ˇˊˇˏ˄ ʶˉʽˋˍʹ˃ˇ˄ʽˁʱΣ ˃ʹ̝ʰ˄ʽˁʱΣ ˁʰʻ˗ˌ ˁʰʽ ˍʶ˔˄ʽˁʱ ʻʷ˃ʰˍʰΣ ˇʽ ʰˉ˗˂ʶʽʶˌ ʰˎˍʷˌ ˃ˉˇˊˇˏ˄ 

˄ʰ ʶ˂ʰ˔ʽˋˍˇˉˇʽʹʻˇˏ˄, ˃ʶ ʰˉˇˍʷ˂ʶˋ˃ʰ ˇʽ ˁˎ˕ʷ˂ʶˌ ˁʰˎˋʾ˃ˇˎ ˄ʰ ʶʾ˄ʰʽ ʰˉˇʵˇˍʽˁʷˌ (>35-50%) 

ˁʰʽ ˄ʰ ̄hˊʷ˔ˇˎ˄ ˎ˕ʹ˂ʺ ˉˎˁ˄ˈˍʹˍʰ ʽˋ˔ˏˇˌΦ 

ɳʽˁˈ˄ʰ мт ʋʰˊʰˁˍʹˊʽˋˍʽˁʺ ɼʰ˃ˉˏ˂ʹ ϧ ɼʰ˃ˉˏ˂ʹ ɹˋ˔ˏˇˌ 
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ɽʰ˃ʲʱ˄ˇ˄ˍʰˌ ˎˉˈ˕ʹ ˈ˂ʶˌ ˍʽˌ ˉʰˊʰˉʱ˄˖ ˉ˂ʹˊˇ˒ˇˊʾʶˌΣ ʷʴʽ˄ʶ ʹ ˁʰˍʰˋˁʶˎʺ ˁʰʽ ˂ʶʽˍˇˏˊʴʹˋʶ 

ʹ ɼˎ˕ʷ˂ʹ ˁʰˎˋʾ˃ˇˎ ˍˏˉˇˎ PEM. 

ʅˍˇ ʃʰˊʱˊˍʹ˃ʰ ɹV όʊ˖ˍˇʴˊʰ˒ʽˁˈ ʇ˂ʽˁˈ - ɼʰˍʰˋˁʶˎʺ ɼˎ˕ʷ˂ʹˌ ɼʰˎˋʾ˃ˇˎύ ˒ʰʾ˄ʶˍʰʽ ˇ ˍˊˈˉˇˌ 

ˁʰ̱ʰˋˁʶˎʺˌΣ ˇʽ ˃ʷʻˇʵˇʽ ˁʰʽ ˍʰ ʶˊʴʰ˂ʶʾʰ ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽʺʻʹˁʰ˄ ʴʽʰ ˍʹ˄ ˁʰˍʰˋˁʶˎʺ ˁʰʽ 

ˍʶ˂ʽˁʱ ˍʹ ˂ʶʽˍˇˎˊʴʾʰ ˍʹˌ ɼˎ˕ʷ˂ʹˌ ɼʰˎˋʾ˃ˇˎ ˍˏˉˇˎ PEM ˉˇˎ ˎ˂ˇˉˇʽʺʻʹˁʶ ˋˍʰ ˉ˂ʰʾˋʽʰ ˁʰʽ 

ʴʽʰ ˍʽˌ ʰ˄ʱʴˁʶˌ ˍʹˌ ˉʰˊˇˏˋʰˌ ʶˊʴʰˋʾʰˌΦ 

ɮ˄ʰ˂ˎˍʽˁˈˍʶˊʰ ̝ ˊʹˋʽ˃ˇˉˇʽʺʻʹˁʰ˄: 

- ɶ˂ʶˁˍˊˇ˂ˏˍʹˌΥ о ˍʶ˃ʱ˔ʽʰ ˂ʶˉˍʺ ̩ ˉˇ˂ˎ˃ʶˊʽˁʺ ̩

˃ʶ˃ʲˊʱ˄ʹ ̩ PEM (Nafionϯ 117ύ ˉˇˎ ʶʾ˄ʰʽ ʵʽʰˉʶˊʰˍʺ 

ˋˍʰ ˉˊ˖ˍˈ˄ʽʰ όɶ+ύ ʰ˂˂ʱ ʵʶ˄ ʶˉʽˍˊʷˉʶʽ ˍʹ ʵʽʷ˂ʶˎˋʹ ˍ˖˄ 

ʹ˂ʶˁˍˊˇ˄ʾ˖˄Φ 

- ɶ˂ ʶˁˍˊˈʵʽʰ: п ˍʶ˃ʱ˔ʽʰ ˉ˂ʰˁʾʵʽʰ όтΣрcm x7,5 cm) ʰˉˈ 

ˉˇˊ˗ʵʹ ɱˊʰ˒ʾˍʹ - ɯ˄ʻˊʰˁʰΣ ʵʽʰˉˇˍʽˋ˃ʷ˄ʰ ʰˉˈ ʷ˄ʰ˄ 

ˁʰˍʰ˂ˏˍʹ ʃ˂ʰˍʾ˄ʰˌ - Pt - ɽʶˎˁˈ˔ˊˎˋˇˎΣ лΦо ƳƎ tǘκŎƳ2 ˉˇˎ ʰ˄ˍʽˋˍˇʽ˔ʶʾ ˋʶ пл҈ tǘκ/ 

catalyst)Φ ʆʰ ˉ˂ʰˁʾʵʽʰ ˋˁʰ˂ʾˋˍʹˁʰ˄ ʰˉˈ ˃ʽʰ ˒ˊʷʸʰΣ ʴʽʰ ˍʹ˄ ʵʹ˃ʽˇˎˊʴʾʰ ʰˎ˂ʰˁ˗ˋʶ˖˄Φ  

ʆʰ ˋˍˇʽ˔ʶʾʰ ˁʰˏˋʹˌ ʄɳɾ ˂ʶʽˍˇˎˊʴˇˏ˄ ˋʶ ˃ʽʰ ʻʶˊ˃ˇˁˊʰˋʾʰ ғ улϲ/Σ ˁʱˍʽ ˉˇˎ ʷ˔ʶʽ ˋʰ˄ 

ʰˉˇˍʷ˂ʶˋ˃ʰ  ˇʽ ʹ˂ʶˁˍˊˇ˔ʹ˃ʽˁʷˌ ʰ˄ˍʽʵˊʱˋʶʽˌ ˄ʰ ˉˊʰʴ˃ʰˍˇˉˇʽˈ˄ˍˇˎˋʰ˄ ˉˇ˂ˏ ʰˊʴʱΦ ɱʽΩ ʰˎˍˈ 

ˁʰ˂ˈ ʶʾ˄ʰʽ ˄ʰ ˁʰˍʰ˂ˏˇ˄ˍʰʽ ʶˉʽˉ˂ʷˇ˄Σ ʰˉˈ ʷ˄ʰ ˉˇ˂ˏ ˂ʶˉˍˈ ˋˍˊ˗˃ʰ ʰˉˈ ˉ˂ʰˍʾ˄ʰ όtǘύ ˋʶ ˁʱʻʶ 

ʹ˂ʶˁˍˊˈʵʽˇΦ 

- ʇɻ ˊˇʴˈ˄ˇ: ̟ ˌ ˁʰˏˋʽ˃ˇ ˎ˂ʽˁˈ ʶʾ˄ʰʽ ˁʰʻʰˊˈˍʹˍʰˌ 99,999% ̀ ʶ ʰˍ˃ˇˋ˒ʰʽˊʽˁʺ ˉʾʶˋʹΦ  

- ɼˏˁ˂˖˃ʰ ʄˇʺˌ ʇʵˊˇʴˈ˄ˇˎΥ ˋˍˇ ˋˍˇʽ˔ʶʾˇ ˁʰˏˋʹˌ 

ˉˊˇˌ ˍʹ˄ ʱ˄ˇʵˇΣ ˈˉˇˎ ˁʰʽ ˇ˅ʶʽʵ˗˄ʶˍʰʽ ˋʶ 

ˎʵˊˇʴˇ˄ˇˁʰˍʽˈ˄ˍʰ όˉˊ˖ˍˈ˄ʽʰύ ˁʰʽ ʹ˂ʶˁˍˊˈ˄ʽʰΦ ʆʰ 

ˎʵˊˇʴˇ˄ˇˁʰˍʽˈ˄ˍʰ ʵʽʰˉʶˊ˄ˇˏ˄ ˁʰˍʱ ˃ʺˁˇˌ ˍˇ˄ 

ʹ˂ʶˁˍˊˇ˂ˏˍʹ ˁʰˍʶˎʻˎ˄ˈ˃ʶ˄ʰ ˉˊˇˌ ˍʹ˄ ˁʱʻˇʵˇΣ ʶ˄˗ 

ˍʰ ʹ˂ʶˁˍˊˈ˄ʽʰ ˊʷˇˎ˄ ʵʽʰ˃ʷˋˇˎ ʶ˄ˈˌ ʶ˅˖ˍʶˊʽˁˇˏ 

ˁˎˁ˂˗˃ʰˍˇˌ ʶ˅ʰˋ˒ʰ˂ʾʸˇ˄ˍʰˌ ʹ˂ʶˁˍˊʽˁʺ ʶ˄ʷˊʴʶʽʰΦ  

- ʁ˅ˎʴˈ˄ˇΥ ˎˉˈ ˃ˇˊ˒ʺ ʰˍ˃ˇˋ˒ʰʽˊʽˁˇˏ ʰʷˊʰΣ ˉʰˊʷ˔ʶˍʰʽ ˋˍʹ˄ ˁʱʻˇʵˇ ˈˉˇˎ ʰ˄ʰʴˈ˃ʶ˄ˇ 

ˋˎ˄ʵˎʱʸʶˍʰʽ ˃ʶ ˍʰ ˎʵˊˇʴˇ˄ˇˁʰˍʽˈ˄ˍʰ ˁʰʽ ˍʰ ʹ˂ʶˁˍˊˈ˄ʽʰ ˉˊˇˌ ˋ˔ʹ˃ʰˍʽˋ˃ˈ ˄ʶˊˇˏΦ 

   ɱʶ˄ʽˁʱ ʶʾ˄ʰʽ ˋˁˈˉʽ˃ˇ ˄ʰ ʰ˄ʰ˒ʶˊʻʶʾΣ ˈˍʽ ʹ ʶʽˋʰʴ˖ʴʺ ˍ˖˄ ˁˎ˕ʶ˂˗˄ ˁʰˎˋʾ˃ˇˎ ˋˍʹ˄ ʰʴˇˊʱ 

ˉˊˇːˉˇʻʷˍʶʽ ˍʹ ˃ʶʾ˖ˋʹ ˍˇˎ ˁˈˋˍˇˎˌ ˁʰˍʰˋˁʶˎʺˌ ˍˇˎˌΦ ʆˇ ˋʹ˃ʶˊʽ˄ˈ ˁˈˋˍˇˌ ˃ʾʰˌ ˁˎ˕ʷ˂ʹˌ 

ˍˏˉˇˎ ʄɳɾ ʶʾ˄ʰʽ ʰˊˁʶˍʱ ˎ˕ʹ˂ˈ όоллл-рллл ϵκƪ²ύΣ ˁʱˍʽ ˉˇˎ ˇ˒ʶʾ˂ʶˍʰʽ ˁˎˊʾ˖ˌ ˋˍˇ ˎ˕ʹ˂ˈ 

ˁˈˋˍˇˌ ˍʹˌ ˉ˂ʰˍʾ˄ʰˌ όʴʽʰ ˒ˈˊˍʽˋʹ ˍˇˎ ʹ˂ʶˁˍˊˇʵʾˇˎ ʾˋʹ ˃ʶ лΦо ƳƎ tǘκŎƳ2Σ ˎˉˇ˂ˇʴʾʸʶˍʰʽ ʾˋˇ 

˃ʶ плл-улл ϵκ ƪ²ύ ˁʰʽ ˍʹˌ ˉˇ˂ˎ˃ʶˊʽˁʺˌ ˃ʶ˃ʲˊʱ˄ʹˌ Nafionϯ  (40-нлл ϵκƪ²ύ [38a & 38b]. 

ɳʽˁˈ˄ʰ 18 ɽʶʽˍˇˎˊʴʾʰ ɼˎ˕ʷ˂ʹˌ ɼʰˎˋʾ˃ˇˎ 

ɳʽˁˈ˄ʰ 17 ʅˎˋˍˇʽ˔ʾʰ ɼˎ˕ʶ˂˗˄ ɼʰˎˋʾ˃ˇˎ 
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мΦнΦ ɼʰˍʰˋˁʶˎʺ ʊ˖ˍˇɶ˂ʶˁˍˊˇʋʹ˃ʽˁ˗˄ όʊɶʋύ ʅˎˋˍʹ˃ʱˍ˖˄ 

ɰʰˋʽˁʷˌ ̄ ˂ʹˊˇ˒ˇˊʾʶˌ ʴʽʰ ˍʹ˄ ˁʰˍʰˋˁʶˎʺ ʶ˄ˈˌ ʊɶʋ ʅˎˋˍʺ˃ʰˍˇˌΣ ˉʰˊʰˍʾʻʶ˄ˍʰʽ ˉʰˊʰˁʱˍ˖Υ 

ü ɾˇˊ˒ʺ  ϧ ɽʶʽˍˇˎˊʴʾʶˌ ʊɶʋ ʅˎˋˍʹ˃ʱˍ˖˄ 

   ɱʽʰ ˍʽˌ ʰ˄ʱʴˁʶˌ ˍʽˌ ˉʰˊˇˏˋʰ ̩ʶˊʴʰˋʾʰ ̩ˁʰˍʰˋˁʶˎʱˋˍʹˁʰ˄ ʰˉˈ tƭŜȄȅ Dƭŀǎǎ ˇˊʻˇʴ˖˄ʾˇˎ 

˃ˇˊ˒ʺˌΣ н ʵʽʰ˒ˇˊʶˍʽˁ˗˄ ʵʽʰˋˍʱˋʶ˖˄ ˒˖ˍˇʹ˂ʶˁˍˊˇ˔ʹ˃ʽˁʱ ˋˎˋˍʺ˃ʰˍʰ:  

ɹ. ʆˇ ɾʶʴʱ˂ˇ ˒˖ˍˇʹ˂ʶˁˍˊˇ˔ʹ˃ʽˁˈ ˋˏˋˍʹ˃ʰ  

ɲʽʰˋˍʱˋʶ˖˄ 20cm x 20cmΣ ˉʱ˔ˇˎˌ млŎƳ ˁʰʽ ˒ʷˊʶʽ 

ˉʰˊʱʻˎˊˇ ˉˇˎ ˄ʰ ʶˉʽˍˊʷˉʶʽ ˍʹ ʵʽʷ˂ʶˎˋʹ ʰˁˍʽ˄ˇʲˇ˂ʾʰˌ 

UV ̀ ˍˇ ˒˖ˍˇˁʰˍʰ˂ˏˍʹΣ ʵʽʰˋˍʱˋʶ˖˄ млcm Ȅ млŎƳΣ ˁʰʽ  

ɹɹ. ʆˇ ɾʽˁˊˈ ˒˖ˍˇʹ˂ʶˁˍˊˇ˔ʹ˃ʽˁˈ ˋˏˋˍʹ˃ʰ  

ɲʽʰˋˍʱˋʶ˖˄ тΣрcm x 7,5cmΣ ˉʱ˔ˇˎˌ рŎƳ ˁʰʽ ˒ʷˊʶʽ 

ˉʰˊʱʻˎˊˇ ˉˇˎ ˄ʰ ʶˉʽˍˊʷˉʶʽ ˍʹ ʵʽʷ˂ʶˎˋʹ ʰˁˍʽ˄ˇʲˇ˂ʾʰˌ 

UV ̀ ˍˇ ˒˖ˍˇˁʰˍʰ˂ˏˍʹΣ ʵʽʰˋˍʱˋʶ˖˄ нΣр4cm x 2,54cm.  

 

ɼʱʻʶ ˋˏˋˍʹ˃ʰ ˉʰˊʷ˔ʶʽ н ʵˎ˄ʰˍˈˍʹˍʶˌ ˂ʶʽˍˇˎˊʴʾʰˌΣ ˖ˌΥ 

ʰΦ ɾˇ˄ʱʵʰ ɶ˂ʶˁˍˊˈ˂ˎˋʹˌ, ˈˉˇˎ ˉʰˊʷ˔ˇ˄ˍʰˌ ˍʹˌ ˍˊˇ˒ˇʵˇˋʾʰ ʰˉˈ ʶ˅˖ˍʶˊʽˁʺ ˉʹʴʺΣ 

ˉʰˊʱʴʶˍʰʽ ʇʵˊˇʴˈ˄ˇ ˁʰʽ ʁ˅ˎʴˈ˄ˇΣ ˃ʶ ́ ˂ʶˁˍˊˇ˂ˏˍʹ ˍˇ ˁʰʻʰˊˈ ɮˉʽˇ˄ʽˋ˃ʷ˄ˇ ɿʶˊˈ ˁʰʽ ̟  ̩

ʲΦ ɾˇ˄ʱʵʰ ˒˖ˍˇʹ˂ʶˁˍˊˇˁʰˍʱ˂ˎˋʹˌ - ˒˖ˍˇˁˎ˕ʷ˂ʹ ˁʰˎˋʾ˃ˇˎ (Photofuel cell, PFC), ˈˉˇˎ 

ʷ˔ʶʽ ˍʹ ʵˎ˄ʰˍˈˍʹˍʰ ˒˖ˍˇʶ˄ʶˊʴˇˉˇʾʹˋʹˌ ˍˇˎ ɶ˂ʶˁˍˊˇʵʾˇˎ ˉˇˎ ˒ʷˊʶʽ ˍˇ ˒̟ ˍˇˁʰˍʰ˂ˏˍʹΣ 

ʰˉˈ ˍʶ˔˄ʹˍʺ ˉʹʴʺ ˎˉʶˊʽ˗ʵˇˎˌ ʰˁˍʽ˄ˇʲˇ˂ʾʰˌΣ ʴʽʰ ˍʹ˄ ʰˉʶˎʻʶʾʰˌ ˉʰˊʰʴ˖ʴʺ ˊʶˏ˃ʰˍˇˌ ˃ʶ 

ˍʰˎˍˈ˔ˊˇ˄ʹ ʰˉˇʵˈ˃ʹˋʹ ˇˊʴʰ˄ʽˁ˗˄ ˊˏˉ˖˄ όˉΦ˔Φ ˃ʶʻʰ˄ˈ˂ʹˌ - CH3OH). 

   ʅˍʰ ˒˖ˍˇʹ˂ʶˁˍˊˇ˔ʹ˃ʽˁʱ ˋˎˋˍʺ˃ʰˍʰ ˍˇ ʹ˂ʶˁˍˊˈʵʽˇ ˍʹˌ 

ʰ˄ˈʵˇˎ ˉˇˎ ˒ʷˊʶʽ ˍˇ ˒˖ˍˇˁʰˍʰ˂ˏˍʹ ˋˍˇ˄ ʰ˄ˍʽʵˊʰˋˍʺˊʰΣ 

ʲˊʾˋˁʶˍʰʽ ˋʶ ʰˉˈˋˍʰˋʹ 5mm ʰˉˈ ˍˇ ʹ˂ʶˁˍˊˈʵʽˇ ˍʹˌ 

ˁʰʻˈʵˇˎΣ ʶ˄˗ ˉʰˊʷ˔ʶˍʰʽ ʹ ʵˎ˄ʰˍˈˍʹˍʰ ˄ʰ ˍˇˉˇʻʶˍʹʻʶʾ 

ʰ˄ʱ˃ʶˋʱ ˍˇˎˌ ˃ʶ˃ʲˊʱ˄ʹ ʰʴ˖ʴʺˌ ʽˈ˄ˍ˖˄ ʺ ˉˇˊ˗ʵʶˌ ˒ʾ˂ˍˊˇΦ 

ɾʽʰ ˃ʽˁˊʺ ˇˉʺ όмнcm x 6mm) ˋˍˇ ˉʱ˄˖ ˃ʷˊˇˌ ˍˇˎ 

ʰ˄ˍʽʵˊʰˋˍʺˊʰ ʶˉʽˍˊʷˉʶʽ ˍʹ˄ ʶʽˋʰʴ˖ʴʺ ˍˇˎ ʹ˂ʶˁˍˊˇ˂ˏˍʹΦ 

 

   ʅˍˇ ʃʰˊʱˊˍʹ˃ʰ V όʊ˖ˍˇʴˊʰ˒ʽˁˈ ʇ˂ʽˁˈ - ɼʰˍʰˋˁʶˎʺ ɾʶʴʱ˂ˇˎ ʊ˖ˍˇʹ˂ʶˁˍˊˇ˔ʹ˃ʽˁˇˏ 

ʅˎˋˍʺ˃ʰˍˇˌ) ˁʰʽ ˋˍˇ ʃʰˊʱˊˍʹ˃ʰ VI όʊ˖ˍˇʴˊʰ˒ʽˁˈ ʇ˂ʽˁˈ - ɼʰˍʰˋˁʶˎʺ ɾʽˁˊˇˏ 

ʊ˖ˍˇʹ˂ʶˁˍˊˇ˔ʹ˃ʽˁˇˏ ʅˎˋˍʺ˃ʰˍˇˌύ ˒ʰʾ˄ʶˍʰʽ ʰ˄ʰ˂ˎˍʽˁʱ ˇ ˍˊˈˉˇˌ ˁʰˍʰˋˁʶˎʺˌΣ ˇʽ ˃ʷʻˇʵˇʽ 

ˁʰʽ ˍʰ ʶˊʴʰ˂ʶʾʰ ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽʺʻʹˁʰ˄ ʴʽʰ ˍʹ˄ ˁʰˍʰˋˁʶˎʺ ˁʰʽ ˍʶ˂ʽˁʱ ʹ ˂ʶʽˍˇˎˊʴʾʰ ˍ˖˄ 

ʊ˖ˍˇʹ˂ʶˁˍˊˇ˔ʹ˃ʽˁ˗˄ ˋˎˋˍʹ˃ʱˍ˖˄ ˉˇˎ ˎ˂ˇˉˇʽʺʻʹˁʰ˄ ˋˍʰ ˉ˂ʰʾˋʽʰ ˍʹˌ ʶˊʴʰˋʾʰˌΦ 

ɳ̔ ˁˈ˄ʰ 19 ʅˁʰˊʾ˒ʹ˃ʰ ɼˎ˕ʶ˂ʾʵʰˌ 
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ü ɳˉʽ˂ˇʴʺ ɲʽʰ˔˖ˊʽˋˍʽˁʺˌ ɾʶ˃ʲˊʱ˄ʹˌ ˍʹˌ ʊ˖ˍˇʹ˂ʶˁˍˊˇ˔ʹ˃ʽˁʺˌ ɼˎ˕ʶ˂ʾʵʰˌ 

   ɰʰˋʽˁˈ ˋˍˇʽ˔ʶʾˇ ˂ʶʽˍˇˎˊʴʾʰˌ ʊ˖ˍˇʹ˂ʶˁˍˊˇ˔ʹ˃ʽˁˇˏ 

ʅˎˋˍʺ˃ʰˍˇˌ ʰˉˇˍʶ˂ʶʾ ʹ ɾʶ˃ʲˊʱ˄ʹ ɶ˂ʶˁˍˊˇ˒ˈˊʹˋʹˌ.  ʆˇ 

ˉʱ˔ˇˌ ʰˎˍʺˌ ˍʹˌ ˃ʶ˃ʲˊʱ˄ʹˌ ˁˎ˃ʰʾ˄ʶˍʰʽ ˃ʶˍʰ˅ˏ ˍ˖˄ нр  ʷ˖ˌ 

мтр˃m. ɳ˄ʰ˂˂ʰˁˍʽˁʱ ˃ˉˇˊʶʾ ˄ʰ ˔ˊʹˋʽ˃ˇˉˇʽʹʻʶʾ ˁʰʽ 

ɲ̔ ʹʻʹˍʽˁˈ ʋʰˊˍʾΣ ˉˇˎ ʶʾ˄ʰʽ н ˃ʶ т ˒ˇˊʷˌ ˉʽˇ ˉʰ˔ˏΦ ɱʽʰ ˍʹ 

˂ʶʽˍˇˎˊʴʾʰ ˍʹˌ ˁˎ˕ʷ˂ʹˌ ʰˉʰʽˍʶʾˍʰʽ ʹ ˃ʶ˃ʲˊʱ˄ʹ ˄ʰ ʶʾ˄ʰʽ 

ʷ˄ˎʵˊʹΦ ɶ ʽʵʽʰʽˍʶˊˈˍʹˍʰ ˍ˖˄ t9a ˃ʶ˃ʲˊʰ˄˗˄ ˖ˌ 

ʹ˂ʶˁˍˊˇ˂ˏˍʶˌ όɾʶ˃ʲˊʱ˄ʹ ɶ˂ʶˁˍˊˇ˒ˈˊʹˋʹˌύ ʶʾ˄ʰʽ ˈˍʽ 

ˉʰˊˇˎˋʾʰ ˄ʶˊˇˏΣ ˍʰ ʰˊ˄ʹˍʽˁʱ ʽˈ˄ˍʰ ˉʰˊʰ˃ʷ˄ˇˎ˄ 

ˋˍʰʻʶˊʱ ˋ̱ ʹ ʻʷˋʹ ˍˇˎ,̩ ʶ˄˗ ˃ˉˇˊˇˏ˄ ˄ʰ ˁʽ˄ʹʻˇˏ˄ 

˃ˈ˄ˇ ˍʰ ʻʶˍʽˁʱΦ ɶ ˁʾ˄ʹˋʹ ʰˎˍʺ ˉˊʷˉʶʽ ˄ʰ ʴʾ˄ʶˍʰʽ 

ˉˊˇˌ ˃ʾʰ ˁʰˍʶˏʻˎ˄ˋʹ ˃ˈ˄ˇΦ ɳˉʾˋʹˌ ʹ ˃ʶ˃ʲˊʱ˄ʹ ʶˁ 

ˁʰˍʰˋˁʶˎʺˌ ʶ˃ˉˇʵʾʸʶʽ ˍˇ ʰʷˊʽˇ ˎʵˊˇʴˈ˄ˇ ˄ʰ 

ʰ˄ʰ˃ʶʽ˔ʻʶʾ ˃ʶ ˍˇ ʰʷˊʽˇ ˇ˅ˎʴˈ˄ˇ ʵʽˈˍʽ ˋʶ ʰ˄ˍʾʻʶˍʹ 

ˉʶˊʾˉˍ˖ˋʹ ʵʶ˄ ʻʰ ʺˍʰ˄ ʵˎ˄ʰˍʺ ʹ ˂ʶʽˍˇˎˊʴʾʰ ˍʹˌ 

ʊ˖ˍˇʹ˂ʶˁˍˊˇ˔ʹ˃ʽˁʺˌ ˁˎ˕ʷ˂ʹˌ. ɶ ˃ʶ˃ʲˊʱ˄ʹ ʰˎˍʺ 

ʰ˄ʺˁʶʽ ˋˍʹ˄ ˁʰˍʹʴˇˊʾʰ ˍ˖˄ ʹ˂ʶˁˍˊʽˁ˗˄ ˃ˇ˄˖ˍ˗˄ ˁʽ ʷˍˋʽ ˉʰˊʶ˃ˉˇʵʾʸʶˍʰʽ ʹ ʵʽʷ˂ʶˎˋʹ 

ʹ˂ʶˁˍˊˇ˄ʾ˖˄ ʵʽʰ˃ʷˋˇˎ ʰˎˍʺˌ ˁʰʽ ʰˎˍʱ ʰ˄ʰʴˁʱʸˇ˄ˍʰʽ ˄ʰ ʰˁˇ˂ˇˎʻʺˋˇˎ˄ ˍˇ ʵˊˈ˃ˇ ʶ˄ˈˌ 

ʶ˅˖ˍʶˊʽˁˇˏ ˁˎˁ˂˗˃ʰˍˇˌΦ  

ü ʃʰˊʱʻˎˊˇ ˒˖ˍˇʹ˂ʶˁˍˊˇ˔ʹ˃ʽˁʺˌ ˁˎ˕ʷ˂ʹˌ 

   ɳ˄ʰ˂˂ʰˁˍʽˁʱΣ ʹ  ˒˖ˍˇʹ˂ʶˁˍˊˇ˔ʹ˃ʽˁʺ ˁˎ˕ʷ˂ʹ 

˃ˉˇˊʶʾ ˄ʰ ˔ˊʹˋʽ˃ˇˉˇʽʹʻʶʾ ˁʰʽ ˖ˌ ˒˖ˍˇˁˎ˕ʷ˂ʹ 

ˁʰˎˋʾ˃ˇˎ όtƘƻǘƻŦǳŜƭ ŎŜƭƭΣ tC/ύ ʴʽʰ ˍʹ˄ ˉʰˊʰʴ˖ʴʺ 

ʇʵˊˇʴˈ˄ˇˎ ˁʰʻ˗ˌ ˁʰʽ ʰˉʶˎʻʶʾʰˌ ˉʰˊʰʴ˖ʴʺ ˊʶˏ˃ʰˍˇˌ 

˃ʶ ˍʰˎˍˈ˔ˊˇ˄ʹ ʰˉˇʵˈ˃ʹˋʹ ˇˊʴʰ˄ʽˁ˗˄ ˊˏˉ˖˄ όˉΦ˔Φ 

˃ʶʻʰ˄ˈ˂ʹˌ). ɮˎˍʺ ʹ ˂ʶʽˍˇˎˊʴʾʰ ˉˊˇʲ˂ʷˉʶʽ ʷ˄ʰ 

ˉʰˊʱʻˎˊˇ (10cm x 10cm) ˋˍʹ˄ ˉ˂ʶˎˊʱ ˍ́ ˌ ˒˖ˍˇʰ˄ˈʵˇˎ ʴʽʰ ˄ʰ ˃ˉˇˊʶʾ ˄ʰ ˉʶˊʱˋʶʽ ʹ 

˒˖ˍʶʽ˄ʺ ʰˁˍʽ˄ˇʲˇ˂ʾʰ UV ̠ ˋˍʶ ˄ʰ ʶ˄ʶˊʴˇˉˇʽʺˋʶʽ ˍˇ˄ ˒˖ˍˇˁʰˍʰ˂ˏˍʹ.    

ʇˉʶ˄ʻˎ˃ʾʸʶˍʰʽ ˈˍʽ ˇʽ ʹ˃ ʽʰʴ˖ʴˇʾ n-ˍˏˉˇˎ (TiO2) ʰˉˇˊˊˇ˒ˇˏ˄ ˒˖ˍˈ˄ʽʰ ˃ ʁ ʶ˄ʷˊʴʶʽʶˌ 

˃ʶʴʰ˂ˏˍʶˊʶˌ ʰˉˈ ˍˇ ʶ˄ʶˊʴʶʽʰˁˈ ˔ʱˋ˃ʰ. ʆʰ ʹ˂ʶˁˍˊˈ˄ʽʰ ˉˊˇ˖ʻˇˏ˄ˍʰʽ ˋ̱ ʹ ʸ˗˄ʹ 

ʰʴ˖ʴʽ˃ˈˍʹˍʰ ̩(CBύΣ ʰ˒ʺ˄ˇ˄ˍʰˌ ζ̌ ˉʷˌη όh+ύ ˋˍʹ ʸ˗˄ʹ ̀ ʻʷ˄ˇˎˌ (VB): [76] 

                       
 

ɳʽˁˈ˄ʰ 22 ɳ˄ʵʶʽˁˍʽˁʺ ˁʰˍʰˋˁʶˎʺ 
ˉʰˊʰʻˏˊˇˎ UV [76] 

ɳʽˁˈ˄ʰ 20 ɾʶ˃ʲˊʱ˄ʹ ɶ˂ʶˁˍˊˇ˒ˈˊʹˋʹˌ 

ɳʽˁˈ˄ʰ 21 ɽʶʽˍˇˎˊʴʽˁʱ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ 
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ü ɳˉʽ˂ˇʴʺ ˍ˖˄ ɶ˂ʶˁˍˊˇʵʾ˖˄ ˍʹˌ ʊ˖ˍˇʹ˂ʶˁˍˊˇ˔ʹ˃ʽˁʺˌ ɼˎ˕ʶ˂ʾʵʰˌ  

   ɮ˄ʰ˒ˇˊʽˁʱ ˃ʶ ˍ hɶ˂ʶˁˍˊˈʵʽʰ, ʶˉʽʵʽ˗ˁʶˍʰʽ ˄ʰ ʷ˔ˇˎ˄ ˉˇ˂ˏ ˁʰ˂ʺ ʹ˂ʶˁˍˊʽˁʺ ʰʴ˖ʴʽ˃ˈˍʹˍʰΦ   

ʆˇ ɶ˂ʶˁˍˊˈʵʽˇ ʰ˄ˈʵˇˎ ˁʰʽ ˍˇ ɶ˂ʶˁˍˊˈʵʽˇ ˁʰʻˈʵˇˎΣ ˁʰˍʱ ˍʹ ˂ʶʽˍˇˎˊʴʾʰ ˍˇˎ ˋˎˋˍʺ˃ʰˍˇˌ ˖ˌ 

ɾˇ˄ʱʵʰ ɶ˂ʶˁˍˊˈ˂ˎˋʹˌΣ ʴʽʰ ˍʹ˄ ˁʰʻʰˊˈˍʹˍʰ ˍˇˎ ɶ˂ʶˁˍˊˇ˂ˏˍʹ ˁʰ˂ˈ ʶʾ˄ʰʽ ˄ʰ 

ˁʰˍʰˋˁʶˎʱʸˇ˄ˍʰʽ ʰˉˈ ʰʵˊʰ˄ʷˌ ˃ʷˍʰ˂˂ˇ ˂ʶˎˁˇ˔ˊˏˋˇˎΦ ʆˇ ˁˈˋˍˇˌ ˃ʶʽ˗˄ʶˍʰʽ 

˔ˊʹˋʽ˃ˇˉˇʽ˗˄ˍʰˌ ʰˉ˂ʱ ˃ʷˍʰ˂˂ʰ ˍʰ ˇˉˇʾʰ ʷ˔ˇˎ˄ ˎˉˇˋˍʶʾ ɳˉʽ˃ʶˍʱ˂˂˖ˋʹ ʰˉˈ ʃ˂ʰˍʾ˄ʰ ˍʹˌ 

ˍʱ˅ʹˌ ˍ˖˄ лΦр tǘκŎm2. ɮ˄ˍʾʻʶˍʰΣ ʶʱ˄ ˍʰ ʹ˂ʶˁˍˊˈʵʽʰ ʵʶ˄ ʰˉˇˍʶ˂ˇˏ˄ˍʰʽ ʰˉˈ ˉ˂ʰˍʾ˄ʰ όˉˇˎ 

ˉʶˊʽʷ˔ʶʽ ˇˊʽˋ˃ʷ˄ʰ ʵˊʰˋˍʽˁʱ ˃ʷˍʰ˂˂ʰύΣ ʹ ˇ˅ʶʾʵ˖ˋʹ ˍ˖˄ ʹ˂ʶˁˍˊˇʵʾ˖˄ ʶˉʾˋʹˌ ˃ˉˇˊʶʾ ˄ʰ 

ˉˊˇˁʰ˂ʷˋʶʽ ˁʱˉˇʽʰ ʰˉ˗˂ʶʽʰ ʁ2.  

ʍˋˍˈˋˇ ˍʰ ɶ˂ʶˁˍˊˈʵʽʰ ˉˇˎ ˍʾʻʶ˄ˍʰʽ ˄ ʰ ˔ˊʹˋʽ˃ˇˉˇʽʹʻˇˏ˄ ʴʽʰ ˍʽˌ ʰ˄ʱʴˁʶˌ ˍʹˌ ʶˊʴʰˋʾʰˌ ʶʾ˄ʰʽ 

2 ʁ ʾʵʹ:  

.h ɾʶˍʰ˂˂ʽˁʱ ɶ˂ʶˁˍˊˈʵʽʰ ( ɮ˄ˇ˅ʶʾʵ˖ˍˇˌ ˔ʱ˂ˎʲʰˌ INOX 316L, ̄ ʱ˔ˇˎˌ м-2mm). 

ʁ ʰ˄ˇ˅ʶʾʵ˖ˍˇˌ ˔ʱ˂ˎʲʰˌ ʶʾ˄ʰʽ ˁˊʱ˃ʰ ˋʽʵʺˊˇˎΣ ʱ˄ʻˊʰˁʰ ˁʰʽ ˔ˊ˖˃ʾˇˎ. ʃˊˈˁʶʽˍʰʽ ʴʽʰ ˁˇʽ˄ˈ 

˖ˋˍʶ˄ʽˍʽˁˈ ˔ʱ˂ˎʲʰˌ 18/8 (18% Cr, 8% Ni) ˉˇˎ ʰ˄ʺˁʶʽ ˋˍʹ ˋʶʽˊʱ оллΣ ˋˏ˃˒˖˄ʰ ˃ʶ ˍʰ 

ʰ˃ʶˊʽˁʰ˄ʽˁʱ ˉˊˈˍˎˉʰ AISI-SAE. ʅˍˇ ʋʱ˂ˎʲʰ AISI 316L, ˍ̌  ˔ˊ˗˃ʽˇ ʵʹ˃ʽˇˎˊʴʶʾ ʷ˄ʰ 

˃ʽˁˊˇˋˁˇˉʽˁˈ ˋˍˊ˗˃ʰ όр-мр ƴƳύ ˍˊʽˇ˅ʶʽʵʾˇˎ ˍˇˎ ˔ˊ˖˃ʾˇˎ ό/Ǌ2O3ύΣ ˍˇ ˇˉˇʾˇ ˉˊˇˋˍʰˍʶˏʶʽ ˍˇ 

˃ʶˍʰ˂˂ʽˁˈ ˎˉˈˋˍˊ˖˃ʰ ʰˉˈ ˍʹ˄ ˇ˅ʶʾʵ˖ˋʹ ˁʰʽ ˍʹ ʵʽʱʲˊ˖ˋʹΦ ʁ ʰ˄ˇ˅ʶʾʵ˖ˍˇˌ ˔ʱ˂ˎʲʰˌ 

ˉʶˊʽʷ˔ʶʽ ˁʰʽ ʱ˂˂ʰ ˁˊʰ˃ʰˍʽˁʱ ˋˍˇʽ˔ʶʾʰ ʶ˄ʾˋ˔ˎˋʹˌ ˍʹˌ ˖ˋˍʶ˄ʽˍʽˁʺˌ ʵˇ˃ʺˌ, ˈˉ˖ˌ ˍˇ 

˃ˇ˂ˎʲʵʰʾ˄ʽˇ aƻ (2%), ˍˇ ˃hʴʴʱ˄ʽˇ aƴ(0,2%), ˍˇ ʋʰ˂ˁˈˌ ό/ǳύΣ ˍˇ ɯʸ˖ˍˇ όbύΣ ˁʰʻ˗ˌ ʶˉʾˋʹˌ 

ˁʰʽ ˋ̱ ˇʽ˔ʶʾʰ ʶ˄ʾˋ˔ˎˋʹˌ ˍʹˌ ˒ʶˊˊʽˍʽˁʺˌ ʵˇ˃ʺˌ, ˈˉ˖ˌ ˍˇ ʆʽˍʱ˄ʽˇ ό¢ƛύΣ ˍˇ ɿʽˈʲʽˇ όbōύ, ˍˇ 

ʃˎˊʾˍʽˇ ό{ƛύ ˁʰʽ ˍˇ ɮ˂ˇˎ˃ʾ˄ʽˇό!ƭύΣ ʶ˄˗ ˒ʷˊʶʽ ˇˎʵʷˍʶˊʰ ˋˍˇʽ˔ʶʾʰ ˖ˌ ʰ˄ʶˉʽʻˏ˃ʹˍʶˌ 

ʰˁʰʻʰˊˋʾʶˌ ˈˉ˖ˌ ˍˇ ɸʶʾˇ ό{ύ ˁʰʽ ʊ˗ˋ˒ˇˊˇˌ όtύ [78]. 

ʆʷ˂ˇˌΣ ˎˉʱˊ˔ʶʽ ˁʰʽ ˇ Ȳ ʶˊ˖ˋˍʶ˄ʽˍʽˁˈˌ A˄ˇ˅ʶʾʵ˖ˍˇˌ Xɦ ˂ˎʲʰ ̩ ˃ʶ ˉˇ˂ˏ ˎ˕ʹ˂ʺ 

ˉʶˊʽʶˁˍʽˁˈˍʹˍʰ ˋʶ  bƛ όҔнл҈ύ ˁʰʽ ɾˇ όҔс҈ύ ʴʽʰ ˎ˕ʹ˂ʺ ʰ˄ˍˇ˔ʺ ˋˍʹ ʵʽʱʲˊ˖ˋʹ ʰˉˈ ˇ˅ʷʰ, 

˔˂˗ˊʽˇ ˁʰʽ ˔˂˖ˊʽˇˏ˔ʰ ʵʽʰ˂ˏ˃ʰˍʰΦ ɱ˄˖ˋˍˈˍʶˊˇˌ ˍˏˉˇˌ ʰˎˍʺˌ ˍʹˌ ˁʰˍʹʴˇˊʾʰˌ ʶʾ˄ʰʽ ˇ  AISI 

904L (19-23% Cr, 23-28% Ni, 4-5%Mo) [78]. 

.̡ ɲ̔ ʰ˒ʰ˄ʺ ɶ˂ ʶˁˍˊˈʵʽʰ όˁˊˏˋˍʰ˂˂ʰ ʺ ʴˎʱ˂ʽ˄ʰ - ˍʸʱ˃ʽʰύΣ ˉʱ˔ˇˎˌ ʰˉˈ 1mm ʷ˖ˌ 5mm. 

ʋʰˊʰˁˍʹˊʽˋˍʽˁʱ ˍ˖˄ ʵʽʱ˒ʰ˄˖˄ ʹ˂ʶˁˍˊˇʵʾ˖˄ ʶʾ˄ʰʽΥ ˄ h ʰ˄ˍʷ˔ˇˎ˄ ˋʶ ˎ˕ʹ˂ʷˌ 

ʻʶˊ˃ˇˁˊʰˋʾʶˌ όҔсллϲC) ˁʰʽ ˄ʰ ʰˉˇˍʶ˂ˇˏ˄ ʴˎʱ˂ʽ˄ʰ ʰʴ˗ʴʽ˃ʰ ˎˉˇˋˍˊ˗˃ʰˍʰΦ ɱʽʰ ˄ʰ 

ʶˉʽˍʶˎ˔ʻʶʾ  ʰˎˍˈ ʶ˄ʰˉˇˍʾʻʶˍʰʽ ˋˍʹ˄ ʶˉʽ˒ʱ˄ʶʽʰ ˍˇˎˌ ʷ˄ʰ ʹ˂ʶˁˍˊʰʴ˗ʴʽ˃ˇ ˎ˃ʷ˄ʽˇΣ όʰˉˈ 

ˇ˅ʶʾʵʽˇ ˍˇˎ ʽ˄ʵʾˇˎ ˃ʶ ˉˊˇˋ˃ʾ˅ʶʽˌ ˁʰˋˋʽˍʷˊˇˎ Lƴ2ʁ3:Sn - Indium Tin Oxide, ITO), 

ʶˉʽ˒ʰ˄ʶʽʰˁʺ ̩ʰ˄ˍʾˋˍʰˋʹ ̩5-нлʍΦ ɳˉʾˋʹˌΣ ˉˊʷˉʶʽ ˄ʰ ʷ˔ˇˎ˄ ˉˇ˂ˏ ˁʰ˂ʺ ʵʽʰˉʶˊʰˍˈˍʹˍʰ 

˒˖ˍʶʽ˄ʺˌ ʰˁˍʽ˄ˇʲˇ˂ʾʰˌ >85%, ˋˍʹ˄ ˉʶˊʽˇ˔ʺ ˍˇˎ ˇˊʰˍˇˏ ˒ʱˋ˃ʰˍˇˌ ʰ˂˂ʱ ˁˎˊʾ˖ˌ ˋˍˇ 

ˎˉʶˊʽ˗ʵʶ̩Φ 
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   ʆ h2 ʊ˖ˍˇʹ˂ʶˁˍˊˇ˔ʹ˃ʽˁʱ ˋˎˋˍʺ˃ʰˍʰ ˉˇˎ ˁʰˍʰˋˁʶˎʱˋˍʹˁʰ˄ ˋˍʰ ˉ˂ʰʾˋʽʰ ˍʹˌ ʶˊʴʰˋʾʰˌ 

ˉʰˊ̫̝ ˇˎ˄ ̱ ʹ ʵˎ˄ʰˍˈˍʹˍʰ ˍˇˉˇʻʷˍʹˋʹˌ ˋʶ 2 ɾʶʴʷʻʹ ɶ˂ʶˁˍˊˇʵʾ˖˄, 

ɶ˂ʶˁˍˊˇ˔ʹ˃ʽˁʱ    ɳ˄ʶˊʴʺ ̩       ɳˉʽ˒ʱ˄ʶʽʰ,̩  

(Electrochemical  Active  Surface - EAS): 

.h 100cm2 (ʵʽʰˋˍʱˋʶ˖˄ 10cm x 10cm)  

 ʹ ˃ˇˊ˒ʺ ˍˇˎ ˒ʰʾ˄ʶˍʰʽ ˋˍˇ ʵʽˉ˂ʰ˄ˈ ˋ˔ʺ˃ʰ ˁʰʽ                     ɶ˂ʶˁˍˊˈʵʽˇ мнcm x 12cm 

.̡ 6,5cm2 Ғ 1in2 (ʵʽʰˋˍʱˋʶ˖˄ 2,54cm x 2,54cm) 

 

 

 

 

 

 

 

 

 

 

 

 

 

ü ɳˉʽˋˁʶ˕ʽ˃ˈˍʹˍʰ ɶ˂ʶˁˍˊˇʵʾ˖˄ ʊ˖ˍˇʹ˂ʶˁˍˊˇ˔ʹ˃ʽˁʺˌ ɼˎ˕ʶ˂ʾʵʰˌ  

   ɱʽʰ ˍʽˌ ˉʶʽˊʰ˃ʰˍʽˁʷˌ ʰ˄ʱʴˁʶˌ ˍˇˎ ʶˊʴʰˋˍʹˊʾˇˎ ʷ˔ʶʽ 

ˉˊˇʲ˂ʶ˒ʻʶʾ ˁʰʽ ˋ˔ʶʵʽʰˋˍʶʾ ʶˊʴˇ˄ˇ˃ʽˁʱΣ ˎˉˇʵˇ˔ʺ ˋˍʹ 

ʊ˖ˍˇʹ˂ʶˁˍˊˇ˔ʹ˃ʽˁʺ ˁˎ˕ʶ˂ʾʵʰ, ˗ˋˍʶ ˍʰ ɶ˂ʶˁˍˊˈʵʽʰ 

ʰ˄ˈʵˇˎ ˁʰʽ ˁʰʻˈʵˇˎ ˄ʰ ʶʾ˄ʰʽ ʶˉʽˋˁʷ˕ʽ˃ʰ ʰˉˈ ˍʹ˄ ˉʱ˄˖ 

ˉ˂ʶˎˊʱ ˍʹˌΣ ˃ʶ ˍˇ ʱ˄ˇʽʴ˃ʰ ʶ˄ˈˌ ˁʰˉʰˁʽˇˏΣ ˈˉˇˎ 

ˋˎʴˁˊʰˍʶʾˍʰʽ ʰˉˈ ʲʾʵʶˌ ˋˏˋ˒ʽ˅ʹˌΣ ʶ˄˗ ˋˍʶʴʰ˄˗˄ʶʽ 

ˉ˂ʺˊ˖ˌΦ ɮˎˍˇ˄ˈʹˍˇ ʶʾ˄ʰʽ ˈˍʽ ʹ ˋˍʱʻ˃ʹ ˍˇˎ ʵʽʰ˂ˏ˃ʰˍˇˌ 

ˍˇˎ ɶ˂ʶˁˍˊˇ˂ˏˍʹΣ ˉˇˎ ʶˉʽˁˇʽ˄˖˄ʶʾ ˃ʶ ˍʰ ʵˇ˔ʶʾʰ 

ʰˉˇʻʺˁʶˎˋʹˌ ˍ˖˄ ˉʰˊʰʴˈ˃ʶ˄˖˄ ʰʶˊʾ˖˄ ˍʹˌ ʰ˄ˍʾʵˊʰˋʹˌΣ 

ˉˊʷˉʶʽ ˄ʰ ʶʾ˄ʰʽ ˁʱˍ˖ ʰˉˈ ˍˇ ˁʰˉʱˁʽ ˉˊʽ˄ ʰ˄ˇʽ˔ʻʶʾΦ  

 

ɳ˄ ʶˊʴʺ 

ɳˉʽ˒ʱ˄ʶʽʰ 

мл ʋ млcm 

ɳʽˁˈ˄ʰ 23 ɶ˂ʶˁˍˊˈʵʽˇ in
2
 ˃ʶ ˍˇ ˋˏ˄ʵʶˋ˃ˇ 

ˋˎʴˁˊʱˍʹˋʹˌ ʴʽʰ ˍʹ ˃ʽˁˊʺ ʊɶʋ ɼˎ˕ʶ˂ʾʵʰ 

ɳʽˁˈ˄ʰ 24 ɳˉʽˋˁʶ˕ʽ˃ˈˍʹˍʰ ɶ˂ʶˁˍˊˇʵʾ˖˄ 
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ü ɳˉʽ˂ˇʴʺ ɱˎʰ˂ʽ˗˄ ʴʽʰ ˍʰ ʃʰˊʱʻˎˊʰ ˍʹˌ ʊ˖ˍˇʹ˂ʶˁˍˊˇ˔ʹ˃ʽˁʺˌ ɼˎ˕ʶ˂ʾʵʰˌ 

   ɹɻʽʰʾˍʶˊʹ ˉˊˇˋˇ˔ʺ ʵˈʻʹˁʶ ˋˍʹ˄ ʶˉʽ˂ˇʴʺ ˍ˖˄ ʴˎʰ˂ʽ˗˄, ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽʺʻʹˁʰ˄ ˋˍʹ ʻʷˋʹ 

ˍˇˎ ˉʰˊʰʻˏˊˇˎ (ˋˍʹ˄ ˉ˂ʶˎˊʱ ˍʹˌ ˒˖ˍˇʰ˄ˈʵˇˎ) ˍ˖˄ ˒˖ˍˇʹ˂ʶˁˍˊˇ˔ʹ˃ʽˁ˗˄ ˁˎ˕ʶ˂ʾʵ˖˄Φ 

ʅ̱ ˈ˔ˇˌΣ ʹ ̄́ ˇˋˉʾˉˍˇˎˋʰ ʰˁˍʽ˄ˇʲˇ˂ʾʰ UV ˄ʰ ʷ˔ʶʽ ˍʹ˄ ˃ʷʴʽˋˍʹ ʵʽʰˉʶˊʰˍˈˍʹˍʰ ʰˉˈ ˍˇ ʴˎʰ˂ʾ, 

˗ˋˍʶ ˄ʰ ˃ˉˇˊʷˋʶʽ ˄ʰ ʶ˄ʶˊʴˇˉˇʽʹʻʶʾ ˇ ˒˖ˍˇˁʰˍʰ˂ˏˍʹ.̩ ʃˊʰʴ˃ʰˍˇˉˇʽʺʻʹˁʶ ˃ʶ˂ʷˍʹ 

ʵʽʰˉʶˊʰˍˈˍʹˍʰˌ ˍʹˌ ˉˊˇˋˉʾˉˍˇˎˋʰˌ ʰˁˍʽ˄ˇʲˇ˂ʾʰˌ  ˋˍˇ ˎˉʶˊʽ˗ʵʶˌ-ˇˊʰˍˈ-ˁ̌ ˄ˍʽ˄ˈ ˎˉʷˊˎʻˊˇ 

ˋʶ р ʴˎʰ˂ʽʱ.  ʆʰ ˒ʱˋ˃ʰˍʰ ˇˉˍʽˁʺˌ ʵʽʰˉʶˊʰˍˈˍʹˍʰˌ ˍʹˌ ʰˁˍʽ˄ˇʲˇ˂ʾʰ ̩ˉˇˎ ˁʰˍʰʴˊʱ˒ʹˁʰ˄, 

˒ʰʾ˄ˇ˄ˍʰʽ ˋ̱ ˇ ʃʰˊʱˊˍʹ˃ʰ ɹɹ όɾʶ˂ʷˍʹ - ɲʽʰʴˊʱ˃˃ʰˍʰ ɱˎʰ˂ʽ˗˄ UV).   

ɱʽʰ ˍʹ ˃ʶ˂ʷˍʹ ˍ˖˄ ʴˎʰ˂ʽ˗˄ ˔ˊʹˋʽ˃ˇˉˇʽʺʻʹˁʶ ˍˇ ˒hˋ˃ʰˍˇ˒˖ˍˈ˃ʶˍˊˇ 

Shimadzu UV-2401PC UV-VIS Recording Spectrophoto Meter 

(Instruction Manual & Accessories). 

ʆʰ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ˍ˖˄ ʵʽʰʴˊʰ˃˃ʱˍ˖˄Σ ʴʽʰ ˁʱʻʶ ʴˎʰ˂ʾ ˋˎ˄ˇ˕ʾʸˇ˄ˍʰʽ ˋˍˇ˄ ˉʰˊʰˁʱˍ˖ ˉʾ˄ʰˁʰΥ 

 ʃʾ˄ʰˁʰˌΥ  ɲʽʰˉʶˊʰˍˈˍʹˍʰˌ ɮˁˍʽ˄ˇʲˇ˂ʾʰˌ UV ό҈ύ ʰ˄ʱ ɳʾʵˇˌ ɱˎʰ˂ʽˇˏ 

ɮκɮ ɳʾʵˇˌ ɱˎʰ˂ʽˇˏ  
ɲʽʰˉʶˊʰˍˈˍʹˍʰˌ  ɮˁˍʽ˄ˇʲˇ˂ʾʰˌ UV (%) 

315nm 365nm 400nm 

1 Borosilicate glass (4mm) 50% 90% 90% 

2 ITO glass (4mm) 5% 50% 77% 

3 Energy glass (4mm) 2% 60% 70% 

4 Extra Clear glass (5mm) 50% 89% 91% 

5 Thermo glass (3 mm) 14% 87% 89% 

 

   ʃʰˊʰˍʹˊʶʾˍʰʽ ˈˍʽ, ˋʶ ˃ʺˁʹ ˁˏ˃ʰˍˇˌ ʴˏˊ˖ ˁʰʽ ʱ˄˖ ˍ˖˄ осрnm, ˍʰ ʴˎʰ˂ʽʱ мΣ п ˁʰʽ р, 

ˉˊˇˋʶʴʴʾʸˇˎ˄ ʵʽʰˉʶˊʰˍˈˍʹˍʰ h ˁˍʽ˄ˇʲˇ˂ʾʰˌ UV ̀ ʶ ʶˉʾˉʶʵˇ фл҈Φ ʅʶ ˃ʽˁˊˈˍʶˊʰ ˃ʺˁʹ ˁˏ˃ʰˍˇˌ 

(<365nm) ˃ˈ˄ˇ ˍʰ ʴˎʰ˂ʽʱ м ˁʰʽ п ʷ˔ˇˎ˄ ˋ˔ʶˍʽˁʱ ˎ˕ʹ˂ˈˍʶˊˇ ˉˇˋˇˋˍˈ ʵʽʰˉʶˊʰˍˈˍʹˍʰˌ 

(50%). ʆʶ˂ʽˁʱΣ ʶ̄ ʽ˂ʷ˔ˍʹˁʶ ʰˉˈ ˍʰ ˉʰˊʰˉʱ˄˖ ʴˎʰ˂ʽʱ ˄ʰ ˔ˊʹˋʽ˃ˇˉˇʽʹʻʶʾ ˍˇ мϲΥ  Borosilicate 

glass ̀ ˍʹ˄ ˉ˂ʶˎˊʱ ˍʹˌ ˒˖ˍˇʰ˄ˈʵˇ ˎˁ ʰʽ ˍˇ пϲΥ Extra Clear glass ̀ ˍʹ˄ ˉ˂ʶˎˊʱ ˍʹˌ ˁʰʻˈʵˇˎ. 

   ʆˇ мϲ ʴˎʰ˂ʾ ʶʾ˄ʰʽ ʶ˄ˍʶ˂˗ˌ ʵʽʰ˒ˇˊʶˍʽˁˈ ʰˉˈ ˍˇ пϲ ʴˎʰ˂ʾΦ ʅˎʴˁʶˁˊʽ˃ʷ˄ʰΣ ˋˍʰ ˉʰˊʰʵˇˋʽʰˁʱ 

ʴˎʰ˂ʽʱ ˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ʴʽʰ ˍʹ˄ ˁʰˍʰˋˁʶˎʺ ˍˇˎˌΣ  ˔ʰ˂ʰʸʾʰΣ̩ ʰ˄ʻˊʰˁʽˁˈ ʱ˂ʰˌ ˄ʰˍˊʾˇˎΣ ˁʰʽ 

ʰ˄ʻˊʰˁʽˁˈ ʱ˂ʰˌ ʰˋʲʶˋˍʾˇˎ. ɶ ʋʰˊʰˁˍʹˊʽˋˍʽˁʺ ˋˏ˄ʻʶˋʹ ˈ˃˖ˌ ˍˇˎ Borosilicate glass 

όʲˇˊʽˇˉˎˊʽˍʽˁˈ ʴˎʰ˂ʾύ ˍˏˉˇˎ Pyrex ʺ ʃˎˊʾ˃ʰ˔ˇ, ˈˉ˖ˌ ˋˎ˄ʹʻʾʸʶˍʰʽ ˄ʰ ˂ʷʴʶˍʰʽΣ ʶˁˍˈˌ ˍ˖˄ 

ˉʰˊʰˉʱ˄˖ ˎ˂ʽˁ˗˄ ˁʰˍʰˋˁʶˎʺˌΣ ʷ˔ʶʽ ˉʶˊʾˉˇˎ тл҈ ˉˎˊʾˍʽˇ, 10% ̡ ˇˊʽˁˈ ˇ˅ʶʾʵʽˇ, 8% ̌ ˅ʶʾʵʽˇ 

ˍˇˎ ˄ʰˍˊʾˇˎΣ у҈ ˇ˅ʶʾʵʽˇ ˍˇˎ ˁʰ˂ʾˇˎΣ ˁʰʽ м% ˇ˅ʶʾʵʽˇ ˍˇˎ ʰˋʲʶˋˍʾˇˎΦ ɮˎˍˈ ʷ˔ʶʽ ˖ˌ 

ʰˉˇˍʷ˂ʶˋ˃ʰ ˄ʰ ˍˇ ˁʱ˄ˇˎ˄ ʰ˄ʻʶˁˍʽˁˈˍʶˊˇ ˋˍʹ ʻʶˊ˃ˇˁˊʰˋʾʰ όʰ˄ˍʷ˔ʶʽ ˋˍˇˎ сллϲC), ʶ˄˗ ʷ˔ʶʽ 

˔ʰ˃ʹ˂ˈ ˋˎ˄ˍʶ˂ʶˋˍʺ ʻʶˊ˃ˇʵʽʰˋˍˇ˂ʺˌΦ  

http://ietltd.com/UV-VIS/SHIMADZU-UV-2401PC/
http://www.speciation.net/Database/Instruments/Shimadzu-Corporation/UV2401PCUV2501PC-;i1300
http://www.bioeng.nus.edu.sg/people/PI/trau/Lab_manuals/UV-VIS%20Spectrophotometer/UV-2401-2501PC_IM_UsersSystemGuide_RevCocr.pdf
http://www.ssi.shimadzu.com/products/literature/Spectroscopy/UV-Vis_Accessories.pdf
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1.3 ʅˍʺ˂ʶˌ ɮˉˇʻʺˁʶˎˋʹˌ ʃʰˊʰʴˈ˃ʶ˄˖˄ ɮʶˊʾ˖˄ 

   ʁɹ ˋˍʺ˂ʶˌ ʰˉˇʻʺˁʶˎˋʹˌ ʰˉˇˍʶ˂ˇˏ˄ˍʰʽ ʰˉˈ н ˅ʶ˔˖ˊʽˋˍʱ ˁˎ˂ʽ˄ʵˊʽˁʱ ʵˇ˔ʶʾʰΣ ˍˇ ʷ˄ʰ 

ˉʱ˄˖ ʰˉˈ ˍˇ ʱ˂˂ˇΦ ʆˇ ʵʽʱ˂ˎ˃ʰ ˍˇˎ ɶ˂ʶˁˍˊˇ˂ˏˍʹ ˁʰˍʰ˂ʰ˃ʲʱ˄ʶʽ ʰˊ˔ʽˁʱ ˈ˂ˇ ˍˇ ˁʱˍ˖ 

ʵˇ˔ʶʾˇΦ ɶ ʰˉˇʻʺˁʶˎˋʹ ˍˇˎ ˉʰˊʰʴˈ˃ʶ˄ˇˎ ʰʶˊʾˇˎ όʇʵˊˇʴˈ˄ˇˎ ˁʰʽ ʁ˅ˎʴˈ˄ˇˎύ ʴʾ˄ʶˍʰʽ ˋˍˇ 

ˁʱˍ˖ ʵˇ˔ʶʾˇ ˁʰʽ ʰ˒ˇˏ ˉˊˈˁʶʽˍʰʽ ʴʽʰ ʰʷˊʽˇ ˁʰˍʰ˂ʰ˃ʲʱ˄ʶʽ ˍˇ ˄ˉʱ˄˖ ˔˗ˊˇ ˍˇˎ. ʆʰ 

˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ ˍˇˎ h̒ˁ ʰˊˇˏ ˔˗ˊˇˎ ʰˉˇʻ̋ˁ ʶˎˋʹˌ ˍˇˎ ˉʰˊʰʴˈ˃ʶ˄ˇˎ ʰʶˊʾˇˎΣ 

(ɳˋ˖ˍʶˊʽˁʺ ɲʽʱ˃ʶˍˊˇˌ ɼˎ˂ʾ˄ʵˊˇˎκɼʰʻʰˊˈ ʈ˕ˇˌ), ʶʾ˄ʰʽΥ ʴʽʰ ˍ ̌ ɾʶʴʱ˂ˇ 

ʊ˖ˍˇʹ˂ʶˁˍˊˇ˔ʹ˃ʽˁˈ ˋˏˋˍʹ˃ʰ ʊплmm/15cm ˁʰʽ ʴʽʰ ˍˇ ɾʽˁˊˈ ʊ˖ˍˇʹ˂ʶˁˍˊˇ˔ʹ˃ʽˁˈ 

ˋˏˋˍʹ˃ʰ  ʊолmm/10cm. ʆʰ ʵˇ˔ʶʾʰ ˋʶ ˁʱʻʶ ˉʶˊʾˉˍ˖ˋʹ ʰˉˇʻʹˁʶˏˇˎ˄ ˍʽˌ ʰʷˊʽʶˌ ˃ʱʸʶˌ 

ˋʶ ʰˍ˃ˇˋ˒ʰʽˊʽˁʺ ˉʾʶˋʹΦ ʅˍˇ ˉʰˊʰˁʱˍ˖ ˋˁʰˊʾ˒ʹ˃ʰ ˒ʰʾ˄ˇ˄ˍʰʽ ʰ˄ʰ˂ˎˍʽˁʱ ˇʽ ʵʽʰˋˍʱˋʶʽˌ 

ˁʰʽ ʹ ˂ʶʽˍˇˎˊʴʾʰ ˍ˖˄ ʵˇ˔ʶʾ˖˄ ʰˉˇʻʺˁʶˎˋʹˌ ˍ˖˄ ʰʶˊʾ˖˄Φ  

   ʅʹ˃ʰ˄ˍʽˁˈ ˊˈ˂ˇ ˉʰʾʸʶʽ ˋˍʹ ˂ʶʽˍˇˎˊʴʾʰ ˍ˖˄ ʵˇ˔ʶʾ˖˄Σ ˍˇ ˋ˖˂ʹ˄ʱˁʽ ˉˇˎ ʶ˄˗˄ʶʽ ˍˇ ˉʱ˄˖ 

ʵˇ˔ʶʾˇ ˎˉʶˊ˔ʶʾ˂ʽˋʹˌΣ ˃ʶ ˍˇ ˄ʰ ˁˊʷ˃ʶˍʰʽ ˃ʷˋʰ ˋˍˇ ˁʱˍ˖ ʵˇ˔ʶʾˇ ʰ̄ ˇʻʺˁʶˎˋʹˌ ˍ˖˄ 

ˉʰˊʰʴˈ˃ʶ˄˖˄ ʰʶˊʾ˖˄Φ ɶ ˔˖ˊʹˍʽˁˈˍʹˍʰ ˍˇˎ ʵˇ˔ʶʾˇˎ ˎˉʶˊ˔ʶʾ˂ʽˋʹˌ ʶʾ˄ʰʽ ʹ ʾʵʽʰ ˃ʶ ʰˎˍʺ ˍˇˎ 

˔˗ˊˇˎ ʰˉˇʻʺˁʶˎˋʹˌ ˍ˖˄ ˉʰˊʰʴˈ˃ʶ˄˖˄ ʰʶˊʾ˖˄Φ ɼʰʽ ʰˎˍˈ ʴʽʰˍʾ ˈˍʰ˄ ˉʰˊʱʴˇ˄ˍʰʽ ˇʽ ʰʷˊʽʶˌ 

˃ʱʸʶˌΣ ˋˍʹ˄ ˉˊˇˋˉʱʻʶʽʱ ˍˇˎˌ ˄ʰ ʶʽˋ˔˖ˊʺˋˇˎ˄ ˋˍˇ ʵˇ˔ʶʾˇ ʰˉˇʻʺˁʶˎˋʹˌΣ ˉˇˎ ʶʾ˄ʰʽ ʴʶ˃ʱˍˇ 

˃ʶ ˍˇ˄ ʹ˂ʶˁˍˊˇ˂ˏˍʹΣ ˍˇ˄ ʶˁˍˇˉʾʸˇˎ˄Σ ʰ˄ʶʲʱʸˇ˄ˍʱˌ ˍˇ˄ ˋˍˇ ˉʱ˄˖ ʵˇ˔ʶʾˇ ˎˉʶˊ˔ʶʾ˂ʽˋʹˌ ʰˉˈ 

ˍˇ ˋ˖˂ʹ˄ʱˁʽ ˉˇˎ ˍʽˌ ʶ˄˗˄ʶʽΦ   

   ʅˍˇ ʃʰˊʱˊˍʹ˃ʰ V -> ɳʽˁ̍˄ʰ р ɼˇˉʺ ϧ ʅˎʴˁˈ˂˂ʹˋʹ ɲˇ˔ʶʾ˖˄ ɮˉˇʻʺˁʶˎˋʹˌ ˍ˖˄ 

ˉʰˊʰʴˈ˃ʶ˄˖˄ ɮʶˊʾ˖˄ ό ɶ2 ϧ ʁ2) ˁʰʽ ˋˍˇ ʃʰˊʱˊˍʹ˃ʰ Vɹ -> ɳʽˁˈ˄ʰ рΦ ɼʰˍʰˋˁʶˎʺ ɲˇ˔ʶʾ˖˄ 

ɮˉˇʻʺˁʶˎˋʹˌ ˍ˖˄ ʃʰˊʰʴˈ˃ʶ˄˖˄ ɮʶˊʾ˖˄ ϧ ɰʱˋʹ ʅˍʺˊʽ˅ʹˌ,  ˒ʰʾ˄ʶˍʰʽ ʰ˄ʰ˂ˎˍʽˁʱ ˇ ˍˊˈˉˇˌ 

ˁʰˍʰˋˁʶˎʺˌ ˁ ʰʽ ˍʰ ʶˉʽ˃ʷˊˇˎˌ ʶ˅ʰˊˍʺ˃ʰˍʰ ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽʺʻʹˁʰ˄Φ 

 

ɲˇ˔ʶʾˇ ʇˉʶˊ˔ʶʾ˂ʽˋʹˌ ɿʶˊˇˏ 

ʋ˗ˊˇˌ ɮˉˇʻʺˁʶˎˋʹˌ 
ʃʰˊʰʴˈ˃ʶ˄ˇˎ ɮʶˊʾˇˎ 

ʋ˗ˊˇˌ ɲʽʰ˂ˏ˃ʰˍˇˌ ɶ˂ʶˁˍˊˇ˂ˏˍʹ 

0 
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50 cm 

15 cm 

ʊ˖ˍˇʹ˂ʶˁˍˊˇ̝ ʹ˃ʽˁ ̍ʅˏ ˋˍʹ˃ʰ 

ɴ˅ˇʵˇˌ ʃʰˊʰʴˈ˃ ʶ˄ˇˎ ɮʶˊʾˇˎ 

ɳʽˁˈ˄ʰ 25 ʅˁʰˊʾ˒ʹ˃ʰΥ ɼˎ˂ʽ˄ʵˊʽˁˈ ɲˇ˔ʶʾˇ ɮˉˇʻʺˁʶˎˋʹˌ ɮʶˊʾ˖˄ όɾʶʴʱ˂ˇˎ ʊ˖ˍˇɶ˂ʶˁˍˊˇʋʹ˃ʽˁˇˏ ʅˎˋˍʺ˃ʰˍˇˌύ 
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1.4Φ ʃʰˊʰˋˁʶˎʺ ʊ˖ˍˇˁʰˍʰ˂ˎˍ˗˄ όʊ˖ˍˇʱ˄ˇʵˇʽ) 
   ɾʶ ˍˇ˄ ˈˊˇ ɼh ˍʱ˂ˎˋʹΣ ʶ˄˄ˇˇˏ˃ʶ ˍʹ ʵʽʶˊʴʰˋʾʰ ˁʰˍʱ ˍʹ˄ ˇˉˇʾʰ ˇ ˊˎʻ˃ˈˌ ˃ʽʰˌ ˔ʹ˃ʽˁʺˌ 

ʰ˄ˍʾʵˊʰˋʹˌ ʶˉʽˍʰ˔ˏ˄ʶˍʰʽ ˃ʶ ˍʹ˄ ʶ˄ʶˊʴˇˉˇʾʹˋʹ ˃ʽʰˌ ˇˎˋʾʰˌΣ ˍˇˎ ˁʰˍʰ˂ˏˍʹΦ ʂˍʰ˄ ʰˎˍʺ ʹ 

ˇˎˋʾʰ ʶ˄ʶˊʴˇˉˇʽʶʾˍʰʽ ˃ʶ ˁʰˍʱ˂˂ʹ˂ʹˌ ʶ˄ʷˊʴʶʽʰˌ ˒˖ˍˈ˄ʽʰΣ ˍˈˍʶ ʹ ʵʽʶˊʴʰˋʾʰ ˂ʷʴʶˍʰʽ 

˒˖ˍˇˁʰˍʱ˂ˎˋʹ [39a]. ɶ ˒˖ˍˇʱ˄ˇʵˇˌ ʶʾ˄ʰʽ ˍˇ ʹ˂ʶˁˍˊˈʵʽˇ ˉˇˎ ˒ʷˊʶʽ ˍˇ ˒˖ˍˇˁʰˍʰ˂ˏˍʹ 

όɶ˃ʽʰʴ˖ʴˈˌΥ ˋˍʶˊʶˈ ˉˇˎ ˇʽ ˍʽ˃ʷˌ ˍʹˌ ʶʽʵʽˁʺˌ ʰ˄ˍʾˋˍʰˋʹˌ ʶʾ˄ʰʽ ˍʹˌ ˍʱ˅ʹˌ ˍˇˎ мл-4 ʷ˖ˌ мл-7 

ʍΦƳ ʺ ʶ˄ʰ˂˂ʰˁˍʽˁʱ ˖ˌ ˋˍʶˊʶˈ ˍˇˎ ˇˉˇʾˇˎ ˍˇ ʶ˄ʶˊʴʶʽʰˁˈ ˔ʱˋ˃ʰ ˃ʶˍʰ˅ˏ ˍ˖˄ ʶ˄ʶˊʴʶʽʰˁ˗˄ 

ʸ˖˄˗˄Σ ˋʻʷ˄ˇˎˌ ˁʰʽ ʰʴ˖ʴʽ˃ˈˍʹˍʰˌΣ ʵʶ˄ ˎˉʶˊʲʰʾ˄ʶʽ ˍʰ п Ŝ±ύΣ ˇ ˇˉˇʾˇˌ ʵʽʶʴʶʾˊʶˍʰʽ ˃ʶ 

ʰˉˇˊˊˈ˒ʹˋʹ ˒˖ˍˇ˄ʾ˖˄Φ ʅϥ ʷ˄ʰ ˔ʰˊʰˁˍʹˊʽˋˍʽˁˈ ˒ʱˋ˃ʰ ʰˉˇˊˊˈ˒ʹˋʹˌ ˎˉʶˊʽ˗ʵˇˎˌ ˇˊʰˍʺˌ 

ʰˁˍʽ˄ˇʲˇ˂ʾʰˌ ˍˇˎ TiO2, ʵʶʾ˔˄ʶʽ ˈˍʽ ʰˉˇˊˊˇ˒ʱ ˋʶ ˃ʺˁˇˌ 

ˁˏ˃ʰˍˇˌ остnm, ˉˇˎ ʰ˄ˍʽˋˍˇʽ˔ʶʾ ˋʶ ʶ˄ʶˊʴʶʽʰˁˈ ˔ʱˋ˃ʰ 

3,37eV [95]. ʁʽ ʲʰˋʽˁˇʾ ˉʰˊʱʴˇ˄ˍʶˌ ˉˇˎ ˁʰʻˇˊʾʸˇˎ˄ ˍʹ˄ 

ˁʰˍʰ˂˂ʹ˂ˈˍʹˍʰ ʶ˄ˈˌ ʹ˃ʽʰʴ˖ʴˇˏ ʴʽʰ ˍʹ ˔ˊʺˋʹ ˍˇˎ ˋʶ 

˒˖ˍˇʹ˂ʶˁˍˊˇˁʰˍʰ˂ˎˍʽˁʷˌ ʵʽʶˊʴʰˋʾʶˌΣ ʶʾ˄ʰʽ ʹ 

ʹ˂ʶˁˍˊˇ˄ʽˁʺ ˍˇˎ ʵˇ˃Σ̋ ˍˇ ʶ˄ʶˊʴʶʽʰˁˈ ˍˇˎ ˔ʱˋ˃ʰΣ ˇʽ 

ʻʷˋʶʽˌ ˍ˖˄ ʸ˖˄˗˄ ˋʻʷ˄ˇˎˌ ˁʰʽ ʰʴ˖ʴʽ˃ˈˍʹˍʰˌ ˁʰʽ ˍʰ 

ʹ˂ʶˁˍˊˇ˔ʹ˃ʽˁʱ ˍˇˎ ʵˎ˄ʰ˃ʽˁʱΦ ɶ ˋˎ˄ʽˋˍ˗ˋʰ ˉˇˎ ʶˉʹˊʶʱʸʶʽ ˁʰˍʱ ˁˏˊʽˇ ˂ˈʴˇ ˍʹ˄ ʰˉˈʵˇˋʹ 

ʶ˄ˈˌ ˒˖ˍˇʹ˂ʶˁˍˊˇ˔ʹ˃ʽˁˇˏ ˁʶ˂ʽˇˏΣ ʶʾ˄ʰʽ ˍˇ ʶʾʵˇˌ ˍˇˎ ˒˖ˍˇˁʰˍʰ˂ˏˍʹΦ ʆˇ ˁˊʽˍʺˊʽˇ ʴʽʰ ˍʹ˄ 

ʶˉʽ˂ˇʴʺ ˍˇˎ ʰˉˇʵˇˍʽˁˈˍʶˊˇˎ ˁʰˍʰ˂ˏˍʹ ˋʶ ʰˎˍʺ ˍʹ˄ ʶ˄ˈˍʹˍʰΣ ʶʾ˄ʰʽ ʹ ˒˖ˍˇʹ˂ʶˁˍˊˇ˔ʹ˃ʽˁʺ 

ˉʰˊʰʴ˖ʴʺ ʹ˂ʶˁˍˊʽˁʺˌ ʶ˄ʷˊʴʶʽʰˌΦ ɱʽʰ ˍˇ ˂ˈʴˇ ʰˎˍˈΣ ˉˊˇˍˇˏ ˍʶʻˇˏ˄ ˇʽ ˍʶ˔˄ʽˁʷˌΣ ˇʽ ˃ʷʻˇʵˇʽ 

ˁʰʽ ˍʰ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ˍ˖˄ ˃ʶˍˊʺˋʶ˖˄Σ ʻʰ ʺˍʰ˄ ˔ˊʺˋʽ˃ʹ ˃ʾʰ ˋˏ˄ˍˇ˃ʹ ʰ˄ʰˋˁˈˉʹˋʹΣ ˃ʶˊʽˁ˗˄ 

ʲʰˋʽˁ˗˄ ˋˍˇʽ˔ʶʾ˖˄ ˉˇˎ ˉˊʷˉʶʽ ˄ʰ ˂ʹ˒ʻˇˏ˄ ˎˉˈ˕ʹΣ ʴʽʰ ˍʹ˄ ˉʰˊʰˋˁʶˎʺ ˍ˖˄ ˁʰˍʰ˂ˎˍ˗˄ ˉˇˎ 

ʻʰ ʶ˄ʰˉˇˍʶʻˇˏ˄ ˋˍʹ˄ ˒˖ˍˇʱ˄ˇʵˇ. 

   ʁʽ ʁ́ ʶˎ˄ʹˍʷˌ  ˍʹˌ NREL (National Renewable Energy Laboratory) 

ʶˊʴʱʸˇ˄ˍʰʽ ʴʽʰ ˍʹ ʲʶ˂ˍʾ˖ˋʹ ˍʹˌ ʰ˄ʻʶˁˍʽˁˈˍʹˍʰˌ ˍ˖˄ ˒˖ˍˇʲˇ˂ˍʰʿˁ˗˄ 

ˁˎˍˍʱˊ˖˄ ʴʽʰ ˒˖ˍˇʹ˂ʶˁˍˊˇ˔ʹ˃ʽˁʺ ˉʰˊʰʴ˖ʴʺ ˎʵˊˇʴˈ˄ˇˎ [39b]. 

ɳ˄˗ ˍˇ ˎʵˊˇʴˈ˄ˇ ʶʾ˄ʰʽ ʱ˒ʻˇ˄ˇ ˋˍʹ ʴʹ ʲˊʾˋˁʶˍʰʽ ˋ˔ʶʵˈ˄ ˉʱ˄ˍʰ ˋʶ 

ˋˎ˄ʵˎʰˋ˃ˈ ˃ʶ ʱ˂˂ʰ ˋˍˇʽ˔ʶʾʰΣ ˈˉ˖ˌ ˃ʶ ˍˇ ˇ˅ˎʴˈ˄ˇ όˋʶ ˄ʶˊˈύ ˁʰʽ ˍˇ˄ 

ʱ˄ʻˊʰˁʰ όˋʶ ˇˊˎˁˍʱ ˎ˂ʽˁʱύΦ ɼʰʻʰˊˈ ˎʵˊˇʴˈ˄ˇ ˉʰˊʱʴʶˍʰʽ ʰˉˈ ˍʽˌ ʶ˄˗ˋʶʽˌ ˉˇˎ ˉʶˊʽʷ˔ˇˎ˄ 

ˎʵˊˇʴˈ˄ˇΦ ɾʾh ʰˉˈ ˍʽˌ ˁʰʻʰˊˈˍʶˊˇˎˌ ˍˊˈˉˇˎˌ ʴʽʰ ˍʹ˄ ˉʰˊʰʴ˖ʴʺ ˎʵˊˇʴˈ˄ˇˎ ʶʾ˄ʰʽ ˄ʰ 

˔ˊʹˋʽ˃ˇˉˇʽʹʻʶʾ ˍˇ ˒˖ˌ ˍˇˎ ʺ˂ʽˇˎ ʴʽʰ ˄ʰ ʵʽʰ̝̟ ˊʾˋʶʽ ˍˇ ˄ʶˊˈ ˋʶ ˎʵˊˇʴˈ˄ˇ ˁʰʽ ˇ˅ˎʴˈ˄ˇΦ ɶ 

ʹ˂ʽʰˁʺ ˒˖ˍˇʹ˂ʶˁˍˊˇ˔ʹ˃ʽˁʺ ʵʽʶˊʴʰˋʾʰ όSolar-Powered PhotoElectroChemical - PEC) 

˔ˊʹˋʽ˃ˇˉˇʽʶʾ ʹ˃ʽʰʴ˖ʴˇˏˌ ˉˇˎ ʲˎʻʾʸˇ˄ˍʰʽ ˋʶ ʷ˄ʰ ˎʵʰˍʽˁˈ ʹ˂ʶˁˍˊˇ˂ˏˍʹ όʵʽʱ˂ˎ˃ʰ ˉˇˎ 

ʵʽʶ˅ʱʴʶʽ ʹ˂ʶˁˍˊʽˁʺ ʶ˄ʷˊʴʶʽʰύ ʴʽʰ ˍˇ ɻ ʽʰ˔˖ˊʽˋ˃ˈ ̱ ˇˎ ˄ʶˊˇˏ. 

ɳʽˁˈ˄ʰ 26 ʊʱˋ˃ʰ ʰˉˇˊˊˈ˒ʹˋʹˌ TiO2 
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   ɶ ʵʽʷʴʶˊˋʹ ʶ˄ˈˌ ʹ˃ʽʰʴ˖ʴˇˏ ˃ˉˇˊʶʾ ˄ʰ ʴʾ˄ʶʽ ʶʾˍʶ ʻʶˊ˃ʽˁʱΣ ʶʾˍʶ ˒˖ˍˇ˄ʽˁʱΦ ɱʽʰ ˄ʰ 

ʶˉʽˍʶˎ˔ʻʶʾ ʻʶˊ˃ʽˁʺ ʵʽʷʴʶˊˋʹΣ ˉˊʷˉʶʽ ˇ ʹ˃ʽʰʴ˖ʴˈˌ ˄ʰ ʷ˔ʶʽ ˃ʽˁˊˈ ʶ˄ʶˊʴʶʽʰˁˈ ˔ʱˋ˃ʰΣ ˗ˋˍʶ ˄ʰ 

˃ʶˍʰˉʹʵʺˋˇˎ˄ ʹ˂ʶˁˍˊˈ˄ʽʰ ʰˉˈ ˍʹ ʸ˗˄ʹ ˋʻʷ˄ˇˎˌ ˋˍʹ ʸ˗˄ʹ ʰʴ˖ʴʽ˃ˈˍʹˍʰˌΦ ʅˍʹ 

˒˖ˍˇʵʽʷʴʶˊˋʹΣ ˉˊˇˋˉʾˉˍˇˎ˄ ˒˖ˍˈ˄ʽʰ ˁʰˍʱ˂˂ʹ˂ʹˌ ʶ˄ʷˊʴʶʽʰˌ όƘ˄җ9Ǝύ ˋˍˇ˄ ʹ˃ʽʰʴ˖ʴˈΦ ɴˍˋʽ 

ʷ˄ʰ ʹ˂ʶˁˍˊˈ˄ʽˇ ˉˇˎ ʲˊʾˋˁʶˍʰʽ ˋˍʹ ʸ˗˄ʹ ˋʻʷ˄ˇˎˌ ʰˉˇˊˊˇ˒ʱ ˍˇ ˒˖ˍˈ˄ʽˇ ˁʰˍʱ˂˂ʹ˂ʹˌ 

ʶ˄ ʷˊʴʶʽʰˌ ˁʰʽ ˃ʶˍʰˉʹʵʱ ˋˍʹ ʸ˗˄ʹ ʰʴ˖ʴʽ˃ˈˍʹˍʰˌΦ ɮˉʰˊʰʾˍʹˍʹ ˉˊˇːˉˈʻʶˋʹ ʴʽʰ ˄ʰ ʴʾ˄ʶʽ 

ʰˎˍˈ ʶʾ˄ʰʽ ʹ ʶ˄ʷˊʴʶʽʰ ˍˇˎ ʰˉˇˊˊˇ˒ˇˏ˃ʶ˄ˇˎ ˒˖ˍˇ˄ʾˇˎ ˄ʰ ˎˉʶˊʲʰʾ˄ʶʽ ˍˇ ʶ˄ʶˊʴʶʽʰˁˈ ˔ʱˋ˃ʰ 

ό9Ǝύ ˍˇˎ ʹ˃ʽʰʴ˖ʴˇˏ ό9Ǝ ҖƘ˄ύ [39c, 40]. ɱʶ˄ʽˁʱΣ ˇʽ ʹ˃ʽʰʴ˖ʴˇʾ ʰˉˇˊˊˇ˒ˇˏ˄ ˒˖ˌ ˁʱˍ˖ ʰˉˈ ̫ ˄ʰ 

ˁʰˍ˗˒˂ʽ ˃ʺˁˇˎˌ ˁˏ˃ʰˍˇˌ ˂Ǝ ˍˇ ˇˉˇʾˇ ʰˉˇˍʶ˂ʶʾ ˁʰʽ ˍˇ ʱˁˊˇ ʶ˄ˈˌ ˒ʱˋ˃ʰˍˇˌ ʰˉˇˊˊˇ˒ʺˋʶ˖ˌ 

ˍˇˎ ʹ˃ʽʰʴ˖ʴˇˏΦ ɮˎˍˈ ˋˎ˄ʵʷʶˍʰʽ ˃ʶ ˍˇ ʶ˄ʶˊʴʶʽʰˁˈ ˔ʱˋ˃ʰ ˍˇˎ ʹ˃ʽʰʴ˖ʴˇˏ ˃ʶ ˍʹ˄ ʶ˅ʾˋ˖ˋʹΥ             

)(
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ˈˉˇˎ ƘΥ ʹ ˋˍʰʻʶˊʱ ˍˇˎ tƭŀƴŎƪΣ ˁʰʽ ŎΥ ʹ ˍʰ˔ˏˍʹˍʰˌ ˍˇˎ ˒˖ˍˈˌΦ 

ʅˍʹ˄ ˉʶˊʾˉˍ˖ˋʹ ˍˇˎ ¢ƛh2 ɹ ʽʰ Eg=3,2eV, ̔ ˋ˔ˏʶʽΥ    nm
eV

nmg 5,387
2,3

1240
)( ==l  

ɮˎˍˈ ˍˇ ˃ʺˁˇˌ ˁˏ˃ʰˍˇˌ ʲˊʾˋˁʶˍʶ ˋˍʹ˄ ˉʶˊʽˇ˔ʺ ˍʹˌ ˎˉʶˊʽ˗ʵˇˎˌ ʰˁˍʽ˄ˇʲˇ˂ʾʰˌΦ 

ʂˍʰ˄ ˇ ʹ˃ʽʰʴ˖ʴˈˌ ʵʽʶʴʶʾˊʶˍʰʽ ˃ʶ ʰˁˍʽ˄ˇʲˇ˂ʾʰ ʶ˄ʷˊʴʶʽʰˌ ʾˋʹˌ ʺ ˃ʶʴʰ˂ˏˍʶˊʹˌ ˍˇˎ 

ʶ˄ʶˊʴʶʽʰˁˇˏ ˔ʱˋ˃ʰˍˇˌΣ ˍʰ ˒˖ˍˇˉʰˊʰʴˈ˃ʶ˄ʰ ʹ˂ʶˁˍˊˈ˄ʽʰ ˃ʶˍʰʲʰʾ˄ˇˎ˄ ˋˍʹ ʸ˗˄ʹ 

ʰʴ˖ʴʽ˃ˈˍʹˍʰˌΣ ʰ˒ʺ˄ˇ˄ˍʰˌ ˋˍʹ ʸ˗˄ʹ ˋʻʷ˄ˇˎˌ ʻʶˍʽˁʱ ˒ˇˊˍʽˋ˃ʷ˄ʶˌ ˇˉʷˌΦ  

ʅˎʴˁʶˁˊʽ˃ʷ˄ʰ ʴʽʰ ˍˇ ¢ƛh2 ̔ ˋ˔ˏʶʽΥ    -+ +½­½²+ CBVB ehEghvTiO )(2
 

ɾʶˊʾʵʰ ˍ˖˄ ˒˖ˍˇˉʰˊʰʴˈ˃ʶ˄˖˄ ʸʶˎʴ˗˄ ʹ˂ʶˁˍˊˇ˄ʾ˖˄ ˁʰʽ ˇˉ˗˄ ˃ʶˍʰˁʽ˄ˇˏ˄ˍʰʽ ˍˈˋˇ ˋˍʹ 

˃ʱʸʰ ˈˋˇ ˁʰʽ ˋˍʹ˄ ʶˉʽ˒ʱ˄ʶʽʰ ˍˇˎ ¢ƛh2Σ ˈˉˇˎ ˁʰʽ ˋˎ˃˃ʶˍʷ˔ˇˎ˄ ˋʶ ˇ˅ʶʽʵˇʰ˄ʰʴ˖ʴʽˁʷˌ 

ʰ˄ˍʽʵˊʱˋʶʽˌΣ ʰˊˁʶʾ ˄ʰ ʰˉˇ˒ʶˎ˔ʻʶʾ ʹ ʶˉʰ˄ʰˋˏ˄ʵʶˋʺ ˍˇˎˌ ˃ʶ ˍʹ˄ ˇˉˇʾʰ ʶˁ˂ˏˇˎ˄ ʻʶˊ˃ˈˍʹˍʰΥ 

thtaqermɧTiOeh CBVB +½­½+ -+

2
 

ʂˍʰ˄ ˍˇ ¢ƛh2 ʲˊʶʻʶʾ ˋʶ ˎʵʰˍʽˁʱ ʵʽʰ˂ˏ˃ʰˍʰΣ ˇʽ ˇˉʷˌ ʰ˄ˍʽʵˊˇˏ˄ ˃ʶ ˍˇ I2h ʺ ˃ʶ ˍʰ 

ˉˊˇˋˊˇ˒ʹ˃ʷ˄ʰ ʽˈ˄ˍʰ hI- ˋˍʹ˄ ʶˉʽ˒ʱ˄ʶʽʰ ˍˇˎ ¢ƛh2Σ ˍʰ ˇˉˇʾʰ ʶʾ˄ʰʽ ˉʰʴʾʵʶˌ ˇˉ˗˄Σ ˃ʶ 

ʰˉˇˍʷ˂ʶˋ˃ʰ ˍʹ ʵʹ˃ʽˇˎˊʴʾʰ ʶˉʽ˒ʰ˄ʶʽʰˁ˗˄ ˊʽʸ˗˄ ˎʵˊˇ˅ˎ˂ʾˇˎΥ 

++ +½­½+ HOHOHhVB

*

2
 

ʆʰ ˒˖ˍˇˉʰˊʰʴˈ˃ʶ˄ʰ ʹ˂ʶˁˍˊˈ˄ʽʰ ˃ʶˍʰ˒ʷˊˇ˄ˍʰʽ ˃ʷˋ˖ ʶ˅˖ˍʶˊʽˁˇˏ ˁˎˁ˂˗˃ʰˍˇˌ ˋˍʹ˄ ˁʱʻˇʵˇ 

ˁʰʽ ʰ˄ʱʴˇˎ˄ ˍʰ ˉʰˊʰʴˈ˃ʶ˄ʰ ʽˈ˄ˍʰ I+Σ ˉʰˊʱʴˇ˄ˍʰˌ ˃ˇˊʽʰˁˈ ˎʵˊˇʴˈ˄ˇ όˎˉˈ ʰ˄ʰʶˊˈʲʽʶˌ 

ˋˎ˄ʻʺˁʶˌύΣ ˋˏ˃˒˖˄ʰ ˃ʶ ˍʹ˄ ʰ˄ˍʾʵˊʰˋʹ: 
2)2/1( HeH ½­½+ -+  

ɶ ʶˉʽ˂ˇʴʺ ˍˇˎ ˁʰˍʱ˂˂ʹ˂ˇˎ ˒˖ˍˇˁʰˍʰ˂ˏˍʹ ʴʽʰ ˍʹ ʲʷ˂ˍʽˋˍʹ ʰˉˈʵˇˋʹ ʶ˄ˈˌ 

˒˖ˍˇʹ˂ʶˁˍˊˇˁʰˍʰ˂ˎˍʽˁˇˏ ˋˎˋˍʺ˃ʰˍˇˌ ʴʾ˄ʶˍʰʽ ˃ʶ ʲʱˋʹ ˍʰ ˒ˎˋʽˁˇ˔ʹ˃ʽˁʱ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ 

ˍˇˎ όˍʹ˄ ʶʽʵʽˁʺ ʶˉʽ˒ʱ˄ʶʽʰΣ ˍˇ ˃ʷʴʶʻˇˌ ˍ˖˄ ˋ˖˃ʰˍʽʵʾ˖˄ ˁʰʽ ˍʹ˄ ˁˊˎˋˍʰ˂˂ʽˁʺ ʵˇ˃ʺ ˍˇˎύ [40]. 
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   ʆ ̌ Tiʁ2 (ʵʽˇ˅ʶʾʵʽˇ ˍˇˎ ˍʽˍʰ˄ʾˇˎ  ̋ ˍʽˍʱ˄ʽʰ), 

ʰˉˇˍʶ˂ʶʾ ʷ˄ʰ˄ ˉˇ˂˂ʱ ˎˉˇˋ˔ˈ˃ʶ˄ˇ ˒˖ˍˇˁʰˍʰ˂ˏˍʹ 

[40]. ʃˊˈˁʶʽˍʰʽ ʴʽʰ ʷ˄ʰ ƴ-ˍˏˉˇˎ ʹ˃ʽʰʴ˖ʴˈ ˉˇˎ 

ʲˊʾˋˁʶʽ ʶ˒ʰˊ˃ˇʴʷˌ ˋˍʹ˄ ʰˉˇʽˁˇʵˈ˃ʹˋʹ ˇˊʴʰ˄ʽˁ˗˄ 

ˊˏˉ˖˄Σ ˋˍʹ˄ ˉʰˊʰʴ˖ʴʺ ˎʵˊˇʴˈ˄ˇˎ ˃ʶ 

˒˖ˍˇˁʰˍʰ˂ˎˍʽˁʷˌ ʵʽʶˊʴʰˋʾʶˌ ˁʰʽ ˋʶ ˒˖ˍˇʲˇ˂ˍʰʿˁʱ ˁʶ˂ʽʱ [42, 46].  

ɮ̄ ʰ˄ˍʱˍʰʽ ˋʶ 2 ̱ ʶˍˊʰʴ˖˄ʽˁʷˌ ˁˊˎˋˍʰ˂˂ʽˁʷˌ ʵˇ˃ʷˌ:  

                  ɮ. ɮ˄ ʰˍʱˋʹ (Anatase) ˁ ʰʽ 

                  ɰ. ʄ̌ ˎˍʺ˂ʽˇ (Rutile)  

ʁ ɮ˄ʰˍʱˋʹˌ ʶʾ˄ʰʽ ˔ˊʺˋʽ˃ˇ ̩ˋʶ ˒˖ˍˇ-ˁʰˍʱ˂ˎˋʹΣ ʶ˄˗ ˍˇ ʄˇˎˍʺ˂ʽˇ ˋʶ ˇˉˍʽˁʷˌ ʶ˒ʰˊ˃ˇʴʷˌ 

ό˃ʶʴʱ˂ˇˌ ʵʶʾˁˍʹˌ ʵʽʱʻ˂ʰˋʹˌύΦ ʆˇ ʄˇˎˍʺ˂ʽˇ ʰˉˇˍʶ˂ʶʾ ˍʹ˄ ˉʽˇ ˋˍʰʻʶˊʺ ʵˇ˃ʺ ˍˇˎ ¢ƛh2, 

ʰ˂˂ʱ ˉʽˇ ʰˉˇˍʶ˂ʶˋ˃ʰˍʽˁʺ ʵˇ˃ʺ ˋʶ ˔ʰ˃ʹ˂ʷˌ ʻʶˊ˃ˇˁˊʰˋʾʶˌ ˁʰʽ ˃ʶ ˃ʶʴʰ˂ˏˍʶˊʹ 

˒˖ˍˇˁʰˍʰ˂ˎˍʽˁʺ ʶ˄ʶˊʴˈˍʹˍʰΣ ʶʾ˄ʰʽ ˇ ɮ˄ʰˍʱˋʹˌ [47]. ɶ ˃ʶʴʱ˂ʹ ʵˊʰˋˍʽˁˈˍʹˍʰ ˍˇˎ 

ʰ˄ʰˍʱˋʹ ˋʶ ˋ˔ʷˋʹ ˃ʶ ʰˎˍʺ ˍˇˎ ˊˇˎˍʹ˂ʾˇˎ ˇ˒ʶʾ˂ʶˍʰʽ ˁˎˊʾ˖ˌ ˋʶ ʵʽʰ˒ˇˊʷˌ ˉˇˎ ˎˉʱˊ˔ˇˎ˄ 

ˋ˔ʶˍʽˁʱ ˃ʶ ˍʰ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ ˍʹˌ ʶˉʽ˒ʱ˄ʶʽʰˌ ˍʹˌ ˁʱʻʶ ʵˇ˃ʺˌ ˁʰʽ ˋˍˇ ʶˉʾˉʶʵˇ CŜǊƳƛ ˍˇˎ 

ʰ˄ʰˍʱˋʹΣ ˉˇˎ ʶʾ˄ʰʽ ˃ʶʴʰ˂ˏˍʶˊˇ ˁʰˍʱ 0.1eV ʰˉˈ ʰˎˍˈ ˍˇˎ ˊˇˎˍʹ˂ʾˇˎ [49]. ʆˇ ʶ˄ʶˊʴʶʽʰˁˈ 

˔ʱˋ˃ʰ ˍˇˎ ɮ˄ʰˍʱˋʹ ʶʾ˄ʰʽ оΦно Ŝ± ˃ʶ ˁh ʽ ˍˇ ˁʰˍ˗˒˂ʽ ˍˇˎ 

˃ʺˁˇˎˌ ˁˏ˃ʰˍˇˌ ˍʹˌ ʰˁˍʽ˄ˇʲˇ˂ʾʰˌ ˉˇˎ ʰˉˇˊˊˇ˒ʱ ʶʾ˄ʰʽ ˋˍʰ 

оупƴƳ ʶ˄˗ ʰ˄ˍʾˋˍˇʽ˔ʰ ˍˇˎ ʄ̌ ˎˍʹ˂ʾˇˎ оΦлн Ŝ±, ˋˍʰ 410nm 

[44, 45]. ʁ̔  ˃ʶʴʱ˂ʶˌ ˍʽ˃ʷˌ ʶ˄ʶˊʴʶʽʰˁˇˏ ˔ʱˋ˃ʰˍˇˌ ˍˇˎ TiO2, 

ʰˉˇˍʶ˂ˇˏ˄ ʷ˄ʰ ˋʹ˃ʰ˄ˍʽˁˈ ˃ʶʽˇ˄ʷˁˍʹ˃ʰ ʴʽʰ ˍʹ 

˒˖ˍˇˁʰˍʰ˂ˎˍʽˁʺ ˍˇˎ ʵˊʱˋʹΦ ɶ ʰˁˍʽ˄ˇʲˇ˂ʾʰ ˉˇˎ ˃ˉˇˊʶʾ ˄ʰ 

ʵʽʶʴʶʾˊʶʽ ˍˇ˄ ʹ˃ʽʰʴ˖ʴˈ ʰˉˇˊˊˇ˒ʱˍʰʽ ʰˉˈ ˍˇ ˎˉʶˊʽ˗ʵʶˌ ˒ʱˋ˃ʰ ˁʰʽ ˈ˔ʽ ʰˉˈ ˍˇ ˇˊʰˍˈΦ 

ɳˉˇ˃ʷ˄˖ˌΣ ʰˉˈ ˍʹ˄ ʹ˂ʽʰˁʺ ʰˁˍʽ˄ˇʲˇ˂ʾʰ ˉˇˎ ˒ˍʱ˄ʶʽ ˋˍʹ ɱʹ, ˃ˈ˄ˇ ˍˇ 5% ˃ˉˇˊʶʾ ˄ʰ 

ʰ˅ʽˇˉˇʽʹʻʶʾ ˋʶ ˒˖ˍˇˁʰˍʰ˂ˎˍʽˁʷˌ ʵʽʶˊʴʰˋʾʶˌ [40].  

   ɶ ʷˊʶˎ˄ʰ ʴʽʰ ˍʹ˄ ʶˉʷˁˍʰˋʹ ˍʹˌ ʶ˄ʶˊʴˇˏ 

ˉʶˊʽˇ˔ʺˌ ˋˍʹ˄ ˉʶˊʽˇ˔ʺ ˍˇˎ ˇˊʰˍˇˏΣ ʶʾ˄ʰʽ ˃ʽʰ 

˃ʶʴʱ˂ʹ ʶˉʽˋˍʹ˃ˇ˄ʽˁʺ ˉˊˈˁ˂ʹˋʹΦ ɾʷʻˇʵˇʽ 

ʶˉʾˍʶˎ˅ʹˌ ˍʹˌ ʲʶ˂ˍʾ˖ˋʹˌ ˍʹˌ ˒˖ˍˇˁʰˍʰ˂ˎˍʽˁʺˌ 

ʶ˄ʶˊʴˈˍʹˍʰˌ ʶʾ˄ʰʽ ʹ ˒˖ˍˇʶˎʰʽˋʻʹˍˇˉˇʾʹˋʹ ˃ʶ 

˔ˊʺˋʹ ˔ˊ˖ˋˍʽˁ˗˄ ˇˎˋʽ˗˄Σ ʹ ˃ʾ˅ʹ ʹ˃ʽʰʴ˖ʴ˗˄Σ ʹ 

ʶ˄ʾˋ˔ˎˋʹ ˍˇˎ ʹ˃ʽʰʴ˖ʴˇˏ ˃ʶ ˉˊˇˋ˃ʾ˅ʶʽˌ ʺ ʽˈ˄ˍʰ 

˃ʶˍʱ˂˂˖˄ ˁʰʽ ʹ ˉˊˇˋʻʺˁʹ ˇˊʴʰ˄ʽˁ˗˄ ʶ˄˗ˋʶ˖˄ [41].  

ɳʽˁˈ˄ʰ 1 ɴˊʶˎ˄ʰ ˋˍˇ ʁˊʰˍˈ ʊʱˋ˃ʰ 
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   ɶ ʰˉˈʵˇˋʹ ˍˇˎ ¢ƛh2 ʶ˅ʰˊˍʱˍʰʽ ʰˉˈ ˍʹ ˒˖ˍˇˁʰˍʰ˂ˎˍʽˁʺ ʶ˄ʶˊʴˈˍʹˍʰ όʺ ˒˖ˍˇʶ˄ʶˊʴˈˍʹˍʰΣ ʺ 

˒˖ˍˇʶˎʰʽˋʻʹˍˇˉˇʾʹˋʹύ ˍˇˎ ʹ˃ʽʰʴ˖ʴˇˏ όˉˇˋˇˋˍˈ ˉʰˊʰʴ˖ʴʺˌ ʸʶˏʴˇˎˌ ʹ˂ʶˁˍˊˇ˄ʾ˖˄ ˁʰʽ 

ˇˉ˗˄ ˁʰˍʱ ˍʹ ˒˖ˍˇʵʽʷʴʶˊˋʺ ˍˇˎ TiO2), [43], ̄ ˇˎ ʁ ˉʹˊʶʱʸʶˍʰʽ ʰˉˈΥ 

 

ü ˍʰ ˃ˇˊ˒ˇ˂ˇʴʽˁʱ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ ˍˇˎ ¢ƛh2 ʰ˄ʰ˒ˇˊʽˁʱ ˃ʶ ˍʽˌ ˒ˎˋʽˁˇ˔ʹ˃ʽˁʷˌ ʽʵʽˈˍʹˍʶˌ 

ˍʹˌ ʶˉʽ˒ʱ˄ʶʽʰˌ ˁʱʻʶ ʵˇ˃ʺˌ όˍˇ ˃ʷʴʶʻˇˌ ˍ˖˄ ˋ˖˃ʰˍʽʵʾ˖˄Σ ʹ ˁˊˎˋˍʰ˂˂ʽˁʺ ʵˇ˃ʺΣ ˍˇ 

ˉˇˊ˗ʵʶˌΣ ˁʰʽ ʹ ʶʽʵʽˁʺ ʶˉʽ˒ʱ˄ʶʽʰΣ ʰ˂˂ʱ ˁʰʽ ʰˉˈ ʶ˅˖ˍʶˊʽˁˇˏˌ ˉʰˊʱʴˇ˄ˍʶˌ ˈˉ˖ˌ ʹ 

ʷ˄ˍʰˋʹ ˍʹˌ ʰˁˍʽ˄ˇʲˇ˂ʾʰˌΣ ˁʰʽ ˍˇ ǇI ˍˇˎ ʹ˂ʶˁˍˊˇ˂ˏˍʹύ [48].  

ü ˍʽˌ ˋˎ˄ʻʺˁʶˌ ˉʰˊʰˋˁʶˎʺˌ ˍˇˎ ¢ƛh2 ˁʰʽ ʹ ʻʶˊ˃ʽˁʺ ˍˇˎ ˁʰˍʶˊʴʰˋʾʰΣ ˁʰʻ˗ˌ ˋʶ 

ˎ˕ʹ˂ˈˍʶˊʶˌ ˍ˖˄ сллϲ/ ʻʶˊ˃ˇˁˊʰˋʾʶˌΣ ʹ ʵˇ˃ʺ ˍˇˎ ʰ˄ʰˍʱˋʹ ˃ʶˍʰˍˊʷˉʶˍʰʽ ˋʶ ˊˇˎˍʺ˂ʽˇ 

˃ʶ ʰˉˇˍʷ˂ʶˋ˃ʰ ˍʹ˄ ˃ʶʾ˖ˋʹ ˍʹˌ ˒˖ˍˇʶ˄ʶˊʴˈˍʹˍʱˌ ˍˇˎ [50].  

ü ˍʹ˄ ˉʰˊˇˎˋʾʰ ˍʹˌ ʵˇ˃ʺˌ ˍˇˎ ʰ˄ʰˍʱˋʹ ˉˇˎ ʰˎ˅ʱ˄ʶʽ 

ˍʹ˄ ʶ˄ʶˊʴˈˍʹˍʰ ˍˇˎ ˎ˂ʽˁˇˏΣ ʶ˄˗ ˍʰˎˍˈ˔ˊˇ˄ʰ ˍˇ 

ˊˇˎˍʺ˂ʽˇ ʵˊʰ ˖ˌ ˉʰʴʾʵʰ ʹ˂ʶˁˍˊˇ˄ʾ˖˄Σ ʶ˃ˉˇʵʾʸˇ˄ˍʰˌ 

ˍʹ˄ ʶˉʰ˄ʰˋˏ˄ʵʶˋʹ ˍˇˎ ˒˖ˍˇˉʰˊʰʴˈ˃ʶ˄ˇˎ ʸʶˏʴˇˎˌ 

ʹ˂ʶˁˍˊˇ˄ʾ˖˄ ˁʰʽ ˇˉ˗˄ [51, 52].  

ɳˉˇ˃ʷ˄˖ˌΣ ʹ ˋˎ˄ˏˉʰˊ˅ʹ ˍ˖˄ ʵˏˇ ˁˊˎˋˍʰ˂˂ʽˁ˗˄ 

ʵˇ˃˗˄Σ ʰ˄ʰˍʱˋʹ ˁʰʽ ˊˇˎˍʹ˂ʾˇˎΣ ˋʶ ˋˎʴˁʶˁˊʽ˃ʷ˄ʶˌ 

ʰ˄ʰ˂ˇʴʾʶˌ όˉΦ˔Φ ʹ ʶ˃ˉˇˊʽˁʱ ʵʽʰʻʷˋʽ˃ʹ 5ŜƎǳǎǎŀ t-нрΣ ˃ʶʾʴ˃ʰ ʰ˄ʰˍʱˋʹΥˊˇˎˍʹ˂ʾˇˎ ˋʶ 

ʰ˄ʰ˂ˇʴʾʰ 4:1)Σ ˋˍˇ ˁˊˎˋˍʰ˂˂ʽˁˈ ˉ˂ʷʴ˃ʰ ˇʵʹʴʶʾ ˋʶ ˋʹ˃ʰ˄ˍʽˁʺ ʰˏ˅ʹˋʹ ˍʹˌ 

˒˖ˍˇˁʰˍʰ˂ˎˍʽˁʺˌ ʶ˄ʶˊʴˈˍʹˍʰˌ ˍˇˎ TiO2 [51,52]. ʆˇ 5ŜƎǳǎǎŀ t-25 TiO2 ʶʾ˄ʰʽ ˋʶ ˃ˇˊ˒ʺ 

ˋˁˈ˄ʹˌ ˁʰʽ ʷ˔ʶʽ ʶ˒ʰˊ˃ˇˋˍʶʾ ˉʰʴˁˇˋ˃ʾ˖ˌ ˂ˈʴ˖ ʰ˅ʽˇˉˊˈˋʶˁˍʹˌ ʵˊʰˋˍʽˁˈˍʹˍʰˌ ˋˍʹ ¦± 

ʰˁˍʽ˄ˇʲˇ˂ʾʰΦ ʃʰˊʱʴʶˍʰʽ ˃ʶ ˍʹ ʵʽʰʵʽˁʰˋʾʰ ˎʵˊˈ˂ˎˋʹˌ ¢ƛ/ƭ4Σ ˕ʺ˄ʶˍʰʽ ˋʶ ʻʶˊ˃ˇˁˊʰˋʾʶˌ 

ˉˇˎ ˅ʶˉʶˊ˄ˇˏ˄ ˍˇˎˌ мнллϲ/ ˃ʶ ˍʹ˄ ˉʰˊˇˎˋʾʰ h2 ˁʰʽ ɶ2 ˁʰʽ ˃ʶˍʱ ˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ʰˍ˃ˈˌ 

ʴʽʰ ˍʹ˄ ʰˉˇ˃ʱˁˊˎ˄ˋʹ ˍˇˎ ˎˉˇ˂ʶʾ˃˃ʰˍˇˌ ˍˇˎ I/ƭΦ ʆˇ ˍʶ˂ʽˁˈ ˉˊˇʿˈ˄ ʶʾ˄ʰʽ ˁʰˍʱ ʷ˄ʰ 

ˉˇˋˇˋˍˈ ˃ʶʴʰ˂ˏˍʶˊˇ ˍˇˎ ффΣр҈ ˁʰʻʰˊˈ ¢ƛh2 ˃ʶ ˃ʽˁˊʷˌ ˉˇˋˈˍʹˍʶˌ ˉˊˇˋ˃ʾ˅ʶ˖˄ ˈˉ˖ˌ 

SiO2, Al2O3 ˁ ʰʽ CŜ2O3 [89]. 

ʃʾ˄ʰˁʰˌ 2 ɾˇˊ˒ˇ˂ˇʴʽˁʱ ʋʰˊʰˁˍʹˊʽˋˍʽˁʱ ɳ˃ˉˇˊʽˁ˗˄ ʆˏˉ˖˄ ¢ƛh2 

 
 

ɳ˃ˉˇˊʽˁˇʾ ˍˏˉˇʽ ¢ƛh2 ɼˊˎˋˍʰ˂˂ʽˁˈˍʹˍʰ ό҈ύ 
ɾʷʴʶʻˇˌ ʅ˖˃ʰˍʽʵʾ˖˄ 

(nm) 
ɳʽʵʽˁʺ ɳˉʽ˒ʱ˄ʶʽʰ 

(m
2
/gr) 

Degussa P-25 
(Degussa-Huels) 

ɮ˄ʰˍʱˋʹˌ ул҈  
ʄˇˎˍʺ˂ʽˇ нл҈ 

нп ҕ н 
от ҕ о 

50 

Hombikat UV100 
(Sachtleben Chemie) 

ɮ˄ʰˍʱˋʹˌ млл҈ 6 250 

Anatase (Aldrich) ɮ˄ʰˍʱˋʹˌ млл҈ 47 10 
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ü ˍʽˌ ˃ʶˍʰ˂˂ʽˁʷˌ ʶ˄ʰˉˇʻʷˋʶʽˌ ˋˍʹ˄ ʶˉʽ˒ʱ˄ʶʽʰ ˍˇˎ ¢ƛh2 

(ˈˉ˖ˌ ʶʾ˄ʰʽ ˇ tǘΣ !ǳΣ tŘΣ wǳΣ wƘΣ !ƎΣ bƛ ˁʰʽ 

ˋˎʴˁʶˁˊʽ˃ʷ˄ʰ ˇ ˒˖ˍˇˁʰˍʰ˂ˏˍʹˌ tǘκ¢ƛh2 [53-57]) 

ʲʶ˂ˍʽ˗˄ˇˎ˄ ˍʹ ˒˖ˍˇʶ˄ʶˊʴˈˍʹˍʰ ˁʰʽ ʰˎ˅ʱ˄ˇˎ˄ ˍˇ 

ˊˎʻ˃ˈ ˉʰˊʰʴ˖ʴʺˌ ɶ2, όˉʰʴʽʵʶˏˇˎ˄ ˍʰ 

˒˖ˍˇˉʰˊʰʴˈ˃ʶ˄ʰ ʹ˂ʶˁˍˊˈ˄ʽʰ ˁʰʽ ˃ˉˇˊˇˏ˄ ˄ʰ ˔ˊʹˋʽ˃ˇˉˇʽʹʻˇˏ˄ ˋʰ˄ ʰ˄ʰʴ˖ʴʽˁʱ ˃ʷˋʰΣ 

ˉˊˇˁʰ˂˗˄ˍʰˌ ˍʹ˄ ʰ˄ˍʾʵˊʰˋʹ ˍʹˌ ʰ˄ʰʴ˖ʴʺˌ ˍ˖˄ ˁʰˍʽˈ˄ˍ˖˄ I+ ̀ ʶ ˃ˇˊʽʰˁˈ ɶ2) [53-57]. 

ü ˍˇ˄ ʶ˃ˉ˂ˇˎˍʽˋ˃ˈ ˍˇˎ ¢ƛh2 ˃ ʁ˃-́˃ʶˍʰ˂˂ʽˁʱ ˋˍˇʽ˔ʶʾʰ ˈˉ˖ˌ ˍˇ ʱʸ˖ˍˇΦ ɮˉˇˍʶ˂ʶʾ ˍʹ˄ ˉʽˇ 

ʰˉˇˍʶ˂ʶˋ˃ʰˍʽˁʺ ˍʶ˔˄ʽˁʺ ʶˉʽ˂ˇʴʺ ʶ˃ˉ˂ˇˎˍʽˋˍʺκʶ˄ʽˋ˔ˎˍʽˁˇˏ όdopantύΣ ˋˍʹ˄ ʶˉʷˁˍʰˋʹ 

ˍʹˌ ˒˖ˍˇʶˎʰʽˋʻʹˍˇˉˇʾʹˋʹˌ ˍˇˎ ʹ˃ʽʰʴ˖ʴˇˏ ˋˍˇ ˇˊʰˍˈ ˒ʱˋ˃ʰ [58]. 

 

 

 

 

 

 

 

 

ɳˉʾˋʹˌΣ ˇ ̔h ˉʰʽˍʺˋʶʽˌ ˁʰˍʱ ˍʹ˄ ʰ˄ʱˉˍˎ˅ʹ ˃ʽʰˌ ʶˉʾˋˍˊ˖ˋʹˌ ʁ ʾ˄ʰʽΥ  

ω ʅ˖ˋˍˈ ˁʰʽ ˇ˃ˇʽˈ˃ˇˊ˒ˇ ζˋˍˊ˗ˋʽ˃ˇη ˍˇˎ ˎˉˇˋˍˊ˗˃ʰˍˇˌ  

ω ɼʰ˂ʺ ʶˉʽˁˈ˂˂ʹˋʹ ˍʹˌ ʶˉʾˋˍˊ˖ˋʹˌ ˋˍˇ ˎˉˈˋˍˊ˖˃ʰ  

ω ʅ˖ˋˍʺ ˔ʹ˃ʽˁʺ ˋˏˋˍʰˋʹ όˉΦ˔Φ ±h2 ˁ ʰʽ ˈ˔ʽ ±2O5)  

ω ʅ˖ˋˍʺ ˒ʱˋʹ ˍˇˎ ˎ˂ʽˁˇˏ όˉΦ˔Φ ʰ˄ʰˍʱˋʽˇ ˁʰʽ ˈ˔ʽ ˊˇˎˍʾ˂ʽˇ ¢ƛh2)  

ω ʅ˖ˋˍʺ ˂ʶʽˍˇˎˊʴʽˁˈˍʹˍʰ ˍˇˎ ˎ˂ʽˁˇˏ ʴʽʰ ˁʱˉˇʽʰ ʶ˒ʰˊ˃ˇʴʺ  

ω ɳˏˁˇ˂ʹ ʵʽʰʵʽˁʰˋʾʰΣ ˔ʰ˃ʹ˂ˈ ˁˈˋˍˇˌΣ ˃ʶˍʰ˒ˇˊʱ ˋʶ ˉʰˊʰʴ˖ʴʺ  

 

ɮˎˍˈ ʶˉʽˍˎʴ˔ʱ˄ʶˍʰʽ ˖ˌ ʶ˅ʺˌ:  

ω ɳˉʽ˂ˇʴʺ ˍʹˌ ˁʰˍʱ˂˂ʹ˂ʹˌ ˍʶ˔˄ʽˁʺˌ ʶ˄ʰˉˈʻʶˋʹˌ  

ω ɳˉʽ˂ˇʴʺ ˍ˖˄ ˁʰˍʱ˂˂ʹ˂˖˄ ˋˎ˄ʻʹˁ˗˄ ʶ˄ʰˉˈʻʶˋʹˌ  

ω ʅ˖ˋˍˈˌ ʲʰˋʽˁˈˌ ˔ʰˊʰˁˍʹˊʽˋ˃ˈˌ  

 

   ɽʰ˃ʲʱ˄ˇ˄ˍʰˌ ˎˉˈ˕ʹ ˍʰ ˉʰˊʰˉʱ˄˖ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ ˋ˔ʶˍʽˁʱ ˃ʶ ˍˇ TiO2Σ  ˋˍʹ˄ ˉʰˊˇˏˋʰ 

ʶˊʴʰˋʾʰ ʴʽʰ ˍʹ˄ ʶ˄ʰˉˈʻʶˋʹ ˍ˖˄ ˁʰˍʰ˂ˎˍ˗˄ ˋˍʹ˄ ˒˖ˍˇʱ˄ˇʵˇΣ ʹ ˎ˂ˇˉˇʾʹˋʹ ʷʴʽ˄ʶ ̟ ˌ ʶ˅ʺˌΥ 

 

ɳʽˁˈ˄ʰ 27 ɳ˄ʶˊʴʶʽʰˁʱ ɳˉʾˉʶʵʰ TiO2 ʁ ˃ˉ˂ˇˎˍʽˋ˃ʷ˄ˇˎ ˃ʶ ɯʸ˖ˍˇ 
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ü ɮ˘ ɾʷʻˇʵˇˌ ɳ˄ ʰˉ̍̒ ʶˋʹˌΥ Sol-gel ϧ ʶˉʽˁʱ˂ˎ˕ʹ ˃ʶ ˉʶˊʽˋˍˊˇ˒ʺ όSpin Coating) [64] 

   ɾʶ ˍʹ ˔ʹ˃ ʽˁʺ ˃ʷʻˇʵˇˌ ʶ˄ʰˉˈʻʶˋʹˌ ˉˇˎ ˋˎ˄ʵˎʱʸʶʽ ˍʽˌ ˍʶ˔˄ʽˁʷˌ Sol-ƎŜƭ όʵʽʰ˂ˏ˃ʰˍˇˌ - 

ˉʹˁˍʺˌύ ˁʰʽ Spin CoatingΣ ˉʰˊʰˋˁʶˎʱʸˇ˄ˍʰʽ ˂ʶˉˍʱΣ ˃ʶˋˇˉˇˊ˗ʵʹ ˎ˃ʷ˄ʽʰ ʰˉˈ 

ʻʶˊ˃ˇʵˎ˄ʰ˃ʽˁʱ ˋˍʰʻʶˊʱ ʵʽʰ˂ˏ˃ʰˍʰΦ ɶ ˃ʷʻˇʵˇˌ ˃ʶˍʰˍˊˇˉʺˌ ˂ˏ˃ʰˍˇˌ όˁˇ˂˂ˇʶʽʵˇˏˌ 

ʵʽʰ˂ˏ˃ʰˍˇˌ, sol) ̀ ʶ ˉʺˁˍ˖˃ʰ (ƎŜƭύ ʶʾ˄ʰʽ ˃ʽʰ ʰˉˈ ˍʽˌ ˉ˂ʷˇ˄ ʵʽʰʵʶʵˇ˃ʷ˄ʶˌ ˔ʹ˃ʽˁʷˌ ʵʽʶˊʴʰˋʾʶˌ 

ˉʰˊʰˋˁʶˎʺˌ ˇ˅ʶʽʵʾ˖˄ ˃ʶˍʱ˂˂˖˄ ˃ʶˍʱˉˍ˖ˋʹˌ ˋʶ ˋˎ˄ʻʺˁʶˌ ˉʶˊʽʲʱ˂˂ˇ˄ˍˇˌΦ ɾʶ ˍˇ˄ ˍˊˈˉˇ 

ʰˎˍˈΣ ˉˊˇˁˏˉˍˇˎ˄ ʵʽʰ˒ʰ˄ʺ ˁʰʽ ˇˉˍʽˁʱ ˇ˃ˇʽˈ˃ˇˊ˒ʰ ˄ʰ˄ˇʵˇ˃ʹ˃ʷ˄ʰ ˎ˃ʷ˄ʽʰ ¢ƛh2. ɶ 

ˉˊˈʵˊˇ˃ʹ ʷ˄˖ˋʹ ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽʺʻʹˁʶ ʺˍʰ˄ ˍˇ ˍʶˍˊʰ-ʽˋˇˉˊˈˉˎ˂-ˇˊʻˇ-ˍʽˍʰ˄ʽˁˇ ˍʽˍʱ˄ʽˇ  ʺ 

ʽˋˇˉˊˇˉˇ˅ʶʾʵʽˇ ˍˇˎ ˍʽˍʰ˄ʾˇˎ (TTIP - Ti(OCH(CH3)2)4) [59]. 

   ɮˊ˔ʽˁʱΣ ʴʽʰ ˍʹ˄ ˉʰˊʰˋˁʶˎʺ 2 ̀ ʶʽˊ˗˄ ʵʶʽʴ˃ʱˍ˖˄,  

όˉˇˎ ʻʰ ˔ˊʹˋʽ˃ˇˉˇʽʹʻˇˏ˄ ʰˊʴˈˍʶˊʰ ˖ˌ ˒˖ˍˇʱ˄̌ ʵˇʽΣ ˍʹˌ ˃ʽˁˊʺ ̩ ˒˖ˍˇʹ˂ʶˁˍˊˇ˔ʹ˃ʽˁʺ ̩

ˁˎ˕ʶ˂ʾʵʰˌ, ɻ ʽʰ̱̀ ʱˋʶ˖˄ 2,54cm x 2,54cm = 6,5cm2 Ғ мin2),  

ʰˁˇ˂ˇˎʻʺʻʹˁʰ˄ ˍʰ ˉʰˊʰˁʱˍ˖ ʲʺ˃ʰˍʰΥ 

 

ʃʰˊʰˋˁʶˎʺ ˉˊˈʵˊˇ˃ˇˎ ʵʽʰ˂ˏ˃ʰˍˇˌ 

   ɾʷˋʰ ˋʶ нрƳƭ ʰʽʻʰ˄ˈ˂ʹˌ όˁʰʻʰˊˈˍʹˍʰˌ ффΦу҈ ˍˇˎ ˇʾˁˇˎ {ƛƎƳŀ-Aldrich)  

ˉˊˇˋˍʷʻʹˁʶ нΣуƳƭ ʽˋˇˉˊˇˉˇ˅ʶʾʵʽˇ ˍˇˎ ˍʽˍʰ˄ʾˇˎ όTi(OC3H7)4 ˁ ʰʻʰˊˈˍʹˍʰˌ ффΦффф҈ ̱ ˇˎ ˇʾˁˇˎ 

Sigma-Aldrich).  

   ʆˇ ʽˋˇˉˊˇˉˇ˅ʶʾʵʽˇ ˍˇˎ ˍʽˍʰ˄ʾˇˎΣ ˈˉ˖ˌ ˈ˂ʰ ˍʰ ʰ˂ˁˇ˅ʶʾʵʽʰ ˍ˖˄ ˃ʶˍʱ˂˂˖˄Σ ˎʵˊˇ˂ˏʶˍʰʽ 

ˉʰˊʱʴˇ˄ˍʰˌ ˇ˅ʶʾʵʽʰ ˁʰʽ ˍʹ˄ ʰ˄ˍʾˋˍˇʽ˔ʹ ʰ˂ˁˇˈ˂ʹ [62]. 

   ʆˇ ʵʽʱ˂ˎ˃ʰ ˉʰˊʷ˃ʶʽ˄ʶ ˋʶ ˁ˂ʶʽˋˍˈ ʵˇ˔ʶʾˇΣ ˔˖ˊʾˌ ˄ʰ ʷˊ˔ʶˍʰʽ ˋʶ ʶˉʰ˒ʺ ˃ʶ ˍʹ˄ ʰˍ˃ˈˋ˒ʰʽˊʰΣ 

ʴʽʰ ˉʶˊʾˉˇˎ мрƳƛƴΣ ˎˉˈ ˍʰˎˍˈ˔ˊˇ˄ʹ ˋˎ˄ʶ˔ʺ ʰ˄ʱʵʶˎˋʹ ˁʰʽ ʻʷˊ˃ʰ˄ˋʹ ˋˍˇˎˌ слϲ/ όpH=9). 

   ʅˍʹ ˋˎ˄ʷ˔ʶʽʰ ˉˊˇˋˍʷʻʹˁʰ˄ р ˋˍʰʴˈ˄ʶˌ ˉˎˁ˄ˇˏ ˎʵˊˇ˔˂˖ˊʽˁˇˏ ˇ˅ʷˇˌ όI/lΣ от҈ ˍˇˎ ˇʾˁˇˎ 

Sigma-!ƭŘǊƛŎƘύ ˁʰʽ ˃ʶˍˊʺʻʹˁʶ ʹ ˍʽ˃ʺ ˍˇˎ pHҐмΣрΦ ʃˊˇˁʶʽ˃ʷ˄ˇˎ ˍˇ ʵʽʱ˂ˎ˃ʰ ˄ʰ ˉʰˊʰ˃ʶʾ˄ʶʽ 

ˇ˃ˇʴʶ˄ʷˌ ˁʰʽ ʵʽʰˎʴʷˌΣ ʰ˄ʰʵʶˏˍʹˁʶ ʴʽʰ нлƳƛƴ ˋˍˇˎˌ слϲ/ ˋʶ ˁ˂ʶʽˋˍʺ ˁ˖˄ʽˁʺ ˒ʽʱ˂ʹ ʴʽʰ ˍʹ˄ 

ʰˉˇ˒ˎʴʺ ʶ˅ʱˍ˃ʽˋʹˌ ˍˇˎ ʵʽʰ˂ˏˍʹΦ ʆʷ˂ˇˌΣ ʴʽʰ ˄ʰ ˒ˍʱˋʶʽ ˍˇ ʵʽʱ˂ˎ˃ʰ ˍʹ ʻʶˊ˃ˇˁˊʰˋʾʰ ˍˇˎ 

ˉʶˊʽʲʱ˂˂ˇ˄ˍˇˌ, ɻ ʽʶˁˈˉʹ ʹ ʻʷˊ˃ʰ˄ˋʹ ʶ˄˗ ˋˎ˄ʶ˔ʽʸˈˍʰ˄ ʹ ʰ˄ʱʵʶˎˋʹΦ 

 

ʃˊˇʶˍˇʽ˃ʰˋʾʰ ˍ˖˄ ˎˉˇˋˍˊ˖˃ʱˍ˖˄ ʴˎʰ˂ʽˇˏ ITO 

   ʃʰˊʱ˂˂ʹ˂ʰΣ ʴʽ˄ˈˍʰ˄ ˉˊˇʶˍˇʽ˃ʰˋʾʰ ˍ˖˄ ˎˉˇˋˍˊ˖˃ʱˍ˖˄ ʴˎʰ˂ʽˇˏ ITOΦ ɮˊ˔ʽˁʱ ˅ʶˉ˂ˏʻʹˁʰ˄ 

˃ʶ ʽˋˇˉˊˇˉʰ˄ˈ˂ʹ ˁʰʽ ˃ʶˍʱ ʲˎʻʾˋˍʹˁʰ˄ ˋʶ ʵʽʱ˂ˎ˃ʰ ʽˋˇˉˊˇˉʰ˄ˈ˂ʹˌ ʶ˄˗ ˉʰˊʷ˃ʶʽ˄ʰ˄ ʴʽʰ 

10Ƴƛƴ ˋʶ ˂ˇˎˍˊˈ ˎˉʶˊʺ˔˖˄Φ ʆʷ˂ˇˌ, ʰˁˇ˂ˇˏʻʹˋʶ ʻʷˊ˃ʰ˄ˋʹ ˁʰʽ ˅ʺˊʰ˄ˋʹ ˋˍˇˎˌ мнл ϲ/ ˗ˋˍʶ 

˄ hʰˉˇ˃ʰˁˊˎ˄ʻˇˏ˄ ˇʽ ˍˎ˔ˈ˄ ˇˊʴʰ˄ʽˁʷˌ ʰˁʰʻʰˊˋʾʶˌ ˉˇˎ ʲˊʾˋˁˇ˄ˍʰʽ ˉˊˇˋˁˇ˂˂ʹ˃ʷ˄ʶˌ ˋˍʹ˄ 

ʶˉʽ˒ʱ˄ʶʽʱ ˍˇˎˌΦ 
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ɳ˄ʰˉˈʻʶˋʹ ˍ˖˄ ˎ˃ʶ˄ʾ˖˄ ˋˍʹ˄ ʶˉʽ˒ʱ˄ʶʽʰ ˍˇˎ ʴˎʰ˂ʽˇˏ ɹʆʁ 

ɶ ʶ˄ʰˉˈʻʶˋʹ ˍ˖˄ ˎ˃ʶ˄ʾ˖˄ ˋˍʹ˄ ʶˉʽ˒ʱ˄ʶʽʰ ˍˇˎ ʴˎʰ˂ʽˇˏ ITO ʷʴʽ˄ʶ ˃ʶ ˍʹ ˃ʷʻˇʵˇ 

ˉʶˊʽˋˍˊˇ˒ʽˁʺˌ ˒ˎʴˇˁʷ˄ˍˊʽˋʹˌ όǎǇƛƴ ŎƻŀǘƛƴƎύΣ ˖ˌ ʰˁˇ˂ˇˏʻ˖ˌΥ 

- ɮˊ˔ʽˁʱΣ ˍˇˉˇʻʶˍʺʻʹˁʶ ˋˍˇ ˁʷ˄ˍˊˇ ˍˇˎ ˎˉˇˋˍˊ˗˃ʰˍˇˌΣ ˃ʽʰ ˋˍʰʴˈ˄ʰ ʵʽʰ˂ˏ˃ʰˍˇˌ ˈʴˁˇˎ 

рл˃l ˁ ʰʽ ˍʰ ʵʶʾʴ˃ʰˍʰ ˍʷʻʹˁʰ˄ ˋʶ ˉʶˊʽˋˍˊˇ˒ʺ ˃ʶ ˍʰ˔ˏˍʹˍʰ нрллRPM ɹ ʽʰ олsec.  

- ɾʶˍʱ ˍʰ ʵʶʾʴ˃ʰˍʰ ʻʶˊ˃ʱ˄ʻʹˁʰ˄ ˋˍˇˎˌ орлϲ/ ʴʽʰ млƳƛƴ ˉˊˇˁʶʽ˃ʷ˄ˇˎ ˄ʰ ˅ʹˊʰʻˇˏ˄ ˁʰʽ ˄ʰ 

ʰˉʰ˂˂ʰ˔ʻˇˏ˄ ʰˉˈ ˍˎ˔ˈ˄ ˎˉˇ˂ʶʾ˃˃ʰˍʰΦ  

- ɴʴʽ˄ʶ ʶˉʰ˄ʱ˂ʹ˕ʹ ˍ˖˄ ˉʰˊʰˉʱ˄˖ ʲʹ˃ʱˍ˖˄  ˗ˋˍʶ ˄ʰ ʶ˄ʰˉˇˍʶʻˇˏ˄ п ʵʽʰʵˇ˔ʽˁʱ ˋˍˊ˗˃ʰˍʰ 

(4 Layers). ɴ˔ʶʽ ʰˉˇʵʶʽ˔ʻʶʾ ˈˍʽ ʹ ʰˏ˅ʹˋʹ ˍʹˌ ˃ʱʸʰˌ ˍˇˎ ˒˖ˍˇˁʰˍʰ˂ˏˍʹ ʰˎ˅ʱ˄ʶʽ ˍʹ˄ 

˒˖ˍˇʶ˄ʶˊʴˈˍʹˍʰ ˃ʶ ʱ˃ʶˋˇ ʰˉˇˍʷ˂ʶˋ˃ʰ ˁʰʽ ˍʹ˄ ʰˏ˅ʹˋʹ ˍˇˎ ˒˖ˍˇˊʶˏ˃ʰˍˇˌ  ˁʱˍʽ ˉˇˎ  

ˇ˒ʶʾ˂ʶˍʰʽ ˋˍʹ˄ ˇ˂ˇʷ˄ʰ ˁʰʽ ˃ʶʴʰ˂ˏˍʶˊʹ ʰˉˇˊˊˈ˒ʹˋʹ ˍ˖˄ ˒˖ˍˇ˄ʾ˖˄ ˍʹˌ ˉˊˇˋˉʾˉˍˇˎˋʰˌ 

ʰˁˍʽ˄ˇʲˇ˂ʾʰˌ ʰˉˈ ˍʰ ˋ˖˃ʰˍʾʵʽʰ ˍˇˎ ˒˖ˍˇˁʰˍʰ˂ˏˍʹ [64]. 

- ʆʰ ʵʶʾʴ˃ʰˍʰ ˍˇˉˇʻʶˍʺʻʹˁʰ˄ ˋʶ ˒ˇˏˊ˄ˇ ˉˊˇˁʶʽ˃ʷ˄ˇˎ ˄ʰ ʶˉʽˍʶˎ˔ʻʶʾ ˍˇ ˋˍʱʵʽˇ ˍʹˌ 

ʰ˄ˈˉˍʹˋʹˌ ˋʶ ʻʶˊ˃ˇˁˊʰˋʾʰ 5ллϲ/ ʴʽʰ н ˗ˊʶˌ ˃ʶ ˋˍʰʻʶˊˈ ˊˎʻ˃ˈ ʰ˄ˈʵˇˎ όрϲ/κƳƛƴύ ˁʰʽ 

ˁʰʻˈʵˇˎ όнϲ/κƳƛƴύ ˍʹˌ ʻʶˊ˃ˇˁˊʰˋʾʰˌ.  

 

   ɼʰˍˈˉʽ˄Σ ˋʶ ˃ʾʰ ʰˉˈ ˍʽˌ ʵˏˇ ˋʶʽˊʷˌ ʵʶʽʴ˃ʱˍ˖˄, ˉˊʽ˄ ʰˉˈ ˍʹ˄ ʶ˄ʰˉˈʻʶˋʹ ˍˇˎ TiO2 ˃ʶ sol-

gel, ʁ ʾ˔ʶ ˉˊˇʹʴʹʻʶʾ ʶˉʽ˃ʶˍʱ˂˂˖ˋʹ ˍˇˎ ˎˉˇˋˍˊ˗˃ʰˍˇˌ ITO ˃ ʶ ˔ˊˎˋˈ όAu) ̄ ʱ˔ˇˎˌ мллnm. 

 

   ʆʶ˂ʽˁʱΣ ˁʰˍʰˋˁʶˎʱˋˍʹˁʰ˄ н ˋʶʽˊʷˌ ɲʶ̔ʴ˃ʱˍ˖˄ ό˒˖ˍˇʱ˄ˇʵˇʽΣ ʴʽʰ ˍʹ ˃ʽˁˊʺ 

˒˖ˍˇʹ˂ʶˁˍˊˇ˔ʹ˃ʽˁʺ ˁˎ˕ʶ˂ʾʵʰΣ ʵʽʰˋˍʱˋʶ˖˄ нΣр4cm x 2,54cm = 6,5cm2 Ғ 1in2):  

    ɮ. ITO - TiO2 (4 Layer - рллϲ/ύ                      ˁʰʽ  

    ɰ. ITO - Au - TiO2 (4 Layer - рллϲ/ύ  

 

ɳʽˁˈ˄ʰ 28 ɮ˄ˍʽˉˊˇˋ˖ˉʶˎˍʽˁʱ ʵʶʾʴ˃ʰˍʰ ˍ˖˄ н ˋʶʽˊ˗˄: A. ITO-TiO2 sol-gel & B.ITO-Au-TiO2 sol-gel 
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ɰ˘ ɾʷʻˇʵˇˌ ɳ˄ ʰˉˈʻʶˋʹˌΥ Doctor-Blade ˃ ʶ ˍʹ˄ ʶ˃ˉˇˊʽˁʺ 5ŜƎǳǎǎŀ t-25) [40] 

   ɶ ʵʽʰʵʽˁʰˋʾʰ ʶ˄ʰˉˈʻʶˋʹˌ ˍʹˌ ʶ˃ˉˇˊʽˁʺˌ Degussa P-25 ˋʶ 

˃ʶˍʰ˂˂ʽˁʱ όɹɿʁʋ - ʰ˄ˇ˅ʶʾʵ˖ˍˇˎ ˔ʱ˂ˎʲʰύ ʺ ʴˎʱ˂ʽ˄ʰ ʰʴ˗ʴʽ˃ʰ 

ˎˉˇˋˍˊ˗˃ʰˍʰΣ ˃ˉˇˊʶʾ ˄ʰ ˉˊʰʴ˃ʰˍˇˉˇʽʹʻʶʾ ˃ʶ ʵʽʰˋˉˇˊʱ ˍʹˌ 

ˋˁˈ˄ʹˌ ˋʶ ˁˇ˂˂ˇʶʽʵʺ ʰʽ˖ˊʺ˃ʰˍʰ ˁʰʽ ˋˍʹ ˋˎ˄ʷ˔ʶʽʰ ʶ˅ʱˍ˃ʽˋʹ 

ˍˇˎ ̝ ˊʹˋʽ˃ˇˉˇʽˇˏ˃ʶ˄ˇˎ ʵʽʰ˂ˏˍʹ [59]. 

 

   ɼʰˍʱ ˍʹ˄ ˉʶʽˊʰ˃ʰˍʽˁʺ ʵʽʰʵʽˁʰˋʾʰ ˉʰˊʰˋˁʶˎʺˌ ¢iO2 ˃ʶ ̱́ ˄ ʶ˃ˉˇˊʽˁʱ ʵʽʰʻʷˋʽ˃ʹ ˋˁˈ˄ʹΣ 

ʰ˄ʰ˃ʽʴ˄ˏˇ˄ˍʰʽ лΦрƎr 5ŜƎǳǎǎŀ tнр ˃ʶ лΣнml h ʽʻˎ˂ʶ˄ˇʴ˂ˎˁˈ˂ʹˌ όEG) ˁ ʰʽ лΣуgr H2O. 

 

   ɮˉˈ ˍʹ˄ ʰ˄ʱ˃ʶʽ˅ʹ ˍʹˌ ˋˁˈ˄ʹˌ 5ŜƎǳǎǎŀ tнр ˃ʶ ˍˇ 

ʵʽʱ˂ˎ˃ʰΣ ˃ʶˍʱ ʰˉˈ ˃ʰʴ˄ʹˍʽˁʺ ʰ˄ʱʵʶˎˋʹ ˁʰʽ ʰ˄ʱʵʶˎˋʹ 

ˋʶ ˂ˇˎˍˊˈ ˎˉʶˊʺ˔˖˄Σ ˉˊˇˁˏˉˍʶʽ ʷ˄ʰˌ ˉʰ˔ˏˊʶˎˋˍˇˌ 

ʰʵʽʰ˒ʰ˄ʺˌ ˔ˎ˂ˈˌ ό˂ʶˎˁˇˏ ˔ˊ˗˃ʰˍˇˌύ ˇ ˇˉˇʾˇˌ 

ʶˉʽˋˍˊ˗˄ʶˍʰʽ ˋˍˇ ʰ˄ ˇ˅ʶʾʵ˖ˍˇ ʺ ˋˍˇ ʰʴ˗ʴʽ˃ˇ ʴˎʱ˂ʽ˄ˇ 

ˎˉˈˋˍˊ˖˃ʰ, ʶʾˍʶ ˃ʶ ˍʹ ˃ʷʻˇʵˇ Doctor-BladeΣ ʶʾˍʶ ˃ʶˍʱ 

ʰˉˈ ʰˊʰʾ˖ˋʹ ˃ʶ ˍʹ ˃ʷʻˇʵˇ spray, (ʃʽˋˍˈ˂ʽ ʰʷˊˇˌ - 

ɮʶˊˇʴˊʱ˒ˇˌύ.  

 

   ʃʰˊʱ˂˂ʹ˂ʰΣ ˍˇ ɶ˂ʶˁˍˊˈʵʽˇ όʇˉˈˋˍˊ˖˃ʰ) ˉˊˇʶˍˇʽ˃ʱʸʶˍʰʽ ˃ʶ ˁʰʻʰˊʽˋ˃ˈ ˋʶ ʵʽʰ˂ˏ˃ʰˍʰ 

˄ʶˊˇˏΣ ʰʽʻʰ˄ˈ˂ʹˌ ˁʰʽ ʰˁʶˍˈ˄ʹˌ ˃ʷˋʰ ˋʶ ˂ˇˎˍˊˈ ˎˉʶˊʺ˔˖˄ ˈˉ˖ˌ ʰ˄ʰ˒ʷˊʻʹˁʶ ˉʰˊʰˉʱ˄˖.  

 

   ɾʶˍʱ ˍʹ˄ ʶˉʾˋˍˊ˖ˋʹ ˍˇ ʹ˂ʶˁˍˊˈʵʽˇ ʻʶˊ˃ʰʾ˄ʶˍʰʽ ˋʶ ˎ˕ʹ˂ʺ ʻʶˊ˃ˇˁˊʰˋʾʰ (500ϲC)Σ ˗ˋˍʶ ˄ʰ 

ˁʰʶʾ ˍˇ ˇˊʴʰ˄ʽˁˈ ˉʶˊʽʶ˔ˈ˃ʶ˄ˇ ˉˇˎ ˉˊˇˋˁˇ˂˂ʺʻʹˁʶ ˋˍˇ ˎˉˈˋˍˊ˖˃ʰ ˁʰʽ ˄ʰ ˉʰˊʰ˃ʶʾ˄ʶʽ 

ˁʰʻʰˊʺ ˍʽˍʱ˄ʽʰΦ  

 

ɳʽˁˈ˄ʰ 29 Doctor-blade 
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   ʆʶ˂ʽˁʱΣ ˁʰˍʰˋˁʶˎʱˋˍʹˁʶ 1 ˋʶʽˊʱ ʵʶʽʴ˃ʱˍ˖˄ TiO2 ˉʱ˄˖ ˋʶ 

ʴˎ ʱ˂ʽ˄ʰ ˎˉˇˋˍˊ˗˃ʰˍʰ Glass-ITO-TiO2-рллϲC, (TFKV009 & 

TFKV13) ˉˇˎ ʻʰ ˔ˊʹˋʽ˃ˇˉˇʽʹʻˇˏ˄ ˍˈˋˇ ʴʽʰ ˍʹ ˃ʶ˂ʷˍʹ 

ˋˍʹ˄ ˁˎˁ˂ʽˁʺ ʲˇ˂ˍʰ˃ʶˍˊʾʰ ˈˋˇ ˁʰʽ ˖ˌ ˒˖ˍˇʱ˄ˇʵˇʽ ˋ̱ ʹ 

˃ʽˁˊʺ ˒˖ˍˇʹ˂ʶˁˍˊˇ˔ʹ˃ʽˁʺ ˁˎ˕ʶ˂ʾʵʰΣ ʵʽʰˋˍʱˋʶ˖˄ нΣр4cm 

x 2,54cm = 6,5cm2 Ғ 1in2Σ ˃ʶ ʶ˄ʰˉˈʻʶˋʹ ̄ ʱˋˍʰˌ - pasta TiO2 

ˍʹˌ ʁ ˃ˉˇˊʽˁʺˌ Degussa P-25 ̄ ˇˎ ʷʴʽ˄ʶ ˃  ʁ̱ ʹ˄ ˍʶ˔˄ʽˁʺ Doctor-

Blade.  

 

   ɳˉʾˋʹˌΣ ˁʰˍʰˋˁʶˎʱˋˍʹˁʰ ˄о ʶʾʵʹ ʹ˂ ʶˁˍˊˇʵʾ˖˄, ˃ʶ ˔ˊʺˋʹ н ʵʽʰ˒ˇˊʶˍʽˁ˗˄ ˍʶ˔˄ʽˁ˗˄ 

ʶ˄ʰˉˈʻʶˋʹˌΣ ˉˇˎ ʻʰ ˔ˊʹˋʽ˃ˇˉˇʽʹʻˇˏ˄ ʰˊʴˈˍʶˊʰ ˖ˌ ˒˖ˍˇʱ˄ˇʵˇʽΣ ʴʽʰ ˍʹ ˃ʶʴʱ˂ʹ 

˒˖ˍˇʹ˂ʶˁˍˊˇ˔ʹ˃ʽˁʺ ˁˎ˕ʶ˂ʾʵʰΣ ʵʽʰˋˍʱˋʶ˖˄ όмнx12)cm2 : 

A.  ɮ˄ˇ˅ʶʾʵ˖ˍʰ Iɿʁʋ-TiO2 (Degussa P25 - 50лϲC)  

B.  ɱˎʱ˂ʽ˄ʰ Energy Glass -TiO2 (Degussa P25 - 5ллϲ/) ˁ ʰʽ  

ɱ. ɮ˂ˇˎ˃ʽ˄ʷ˄ʽ hAl-TiO2 (Degussa P25 - рллϲ/ύ. 

 

 

 

 

 

 

 

 

 

 

 

ʅˍʰ ˃ʽˋʱ (ˋˍʹ ˒˖ˍˇʴˊʰ˒ʾʰ ʹ ˉʱ˄˖ ˋʶʽˊʱύ ʹ ʶ˄ʰˉˈʻʶˋʹ ˉʱˋˍʰˌ - pasta TiO2 ˍʹˌ ʶ˃ˉˇˊʽˁʺˌ 

Degussa P-25 ̫ ʴʽ˄ʶ ˃ʶ ̱ ʹ˄ ̱ ʶ˔˄ʽˁʺ Doctor Blade.   

 

ʅ̱  hʱ˂˂ʰ ˃ʽˋʱ (ˋˍʹ ˒˖ˍˇʴˊʰ˒ʾʰ ʹ ˁʱˍ˖ ˋʶʽˊʱύ ʹ ʶ˄ʰˉˈʻʶˋʹ ʰˊʰʽ˖˃ʷ˄ˇˎ ʵʽʰ˂ˏ ˃ʰˍˇˌ  TiO2 

ˍʹˌ ʁ ˃ˉˇˊʽˁʺˌ Degussa P-25, ̫ ʴʽ˄ʶ ˃  ʁ̄ ʽˋˍˈ˂ʽ h ʷˊˇˌ όɮʶˊˇʴˊʱ˒ˇˌύ - spray.   

 

ɳʽˁˈ˄ʰ 31 ɶ˂ʶˁˍˊˈʵʽʰ (12X12)cm
2
 

A C B 

ɳʽˁˈ˄ʰ 30 ɶ˂ʶˁˍˊˈʵʽˇ мin
2
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1.5Φ ʋʰˊʰˁˍʹˊʽˋ˃ˈˌ ˍ˖˄ ɳˉʽˋˍˊ˗ˋʶ˖˄ ˍ˖˄ ɲʶʽʴ˃ʱˍ˖˄ - ɶ˂ʶˁˍˊˇʵʾ˖˄ 

   ɶ ʰ˄ʱˉˍˎ˅ʹ ˂ʶˉˍ˗˄ ˎ˃ʶ˄ʾ˖˄ ˁʰʽ ˄ʰ˄ˇʵˇ˃˗˄ 

ˋˎ˄ˇʵʶˏʶˍʰʽ ˉʱ˄ˍʰ ʰˉˈ ʵʽʶˊʶˏ˄ʹˋʹ ˍ˖˄ ʲʰˋʽˁ˗˄ 

ˍʁ ˔˄ʽˁ˗˄ ˔ʰˊʰˁˍʹˊʽˋˍʽˁ˗˄ ˍˇˎˌ ˁʰʻ˗ˌ ʰˎˍʱ 

ʰˉʰʽˍˇˏ˄ˍʰʽ ʴʽʰ ˍʹ˄ ˉʶˊʰʽˍʷˊ˖ ˔ˊʺˋʹ ˍˇˎˌΦ  

ɶ ʴ˄˗ˋʹ ʰˉʰˊʰʾˍʹˍ˖˄ ʶ˄ʵʶʽˁˍʽˁ˗˄ ˔ʰˊʰˁˍʹˊʽˋˍʽˁ˗˄ 

ʶʾ˄ʰʽΥ ʹ ̀ˏˋˍʰˋʹΣ ʹ ɻʽʱˍʰ˅ʹ ˍ˖˄ ʰˍˈ˃˖˄ ˋˍˇ ˔˗ˊˇΣ ʹ 

ˁˊˎˋˍʰ˂˂ʽˁˈˍʹˍʰΣ ˍˇ ˃̫ ʴʶʻˇˌ όˉʱ˔ˇˌ ˂ʶˉˍ˗˄ ˎ˃ʶ˄ʾ˖˄ 

ˁʰʽ ʵʽʰˋˍʱˋʶʽˌ ˄ʰ˄ˇʵˇ˃˗˄ύΣ ʹ ˃ ˇˊ˒ˇ˂ˇʴʾʰΣ ʹ 

ˍˊʰ˔ˏˍʹˍʰ ˍʹˌ ʶˉʽ˒ʱ˄ʶʽʰˌΣ ʹ ̌̄ ˍʽˁʺ ʵʽʰˉʶˊʰˍˈˍʹˍʰΣ ˇʽ ˇˉˍʽˁʷˌ ˁʰʽ ʹ˂ʶˁˍˊʽˁʷˌ ˋˍʰʻʶˊʷˌΣ ˇʽ 

˃ʹ˔ʰ˄ʽˁʷˌ ʽʵʽˈˍʹˍʶˌΣ ˇʽ ˃ʰʴ˄ʹˍʽˁʷˌ ʽʵʽˈˍʹˍʶˌ ˁ˂ˉΦ  ʁʽ ˒ˎˋʽˁʷˌ ˁʰʽ ˔ʹ˃ʽˁʷˌ ʽʵʽˈˍʹˍʶˌ ˍ˖˄ 

ˁʰˍʰ˂ˎˍ˗˄ ˋˎˋ˔ʶˍʾʸˇ˄ˍʰʽ ʱ˃ʶˋʰ ˃ʶ ˍʹ ˋˎ˃ˉʶˊʽ˒ˇˊʱ ˉˇˎ ʶˉʽʵʶʽˁ˄ˏˇˎ˄ ˋˍʽˌ ʶˍʶˊˇʴʶ˄ʶʾˌ 

ʵʽʶˊʴʰˋʾʶˌ [95].  

   ʍˋˍˈˋˇΣ ʰ˄ʰ˒ˇˊʽˁʱ ˃ʶ ˍˇ˄ ˔ʰˊʰˁˍʹˊʽˋ˃ˈ ˍ˖˄ ʶ˄ʰˉˇʻʷˋʶ˖˄Σ ˎˉʱˊ˔ˇˎ˄ ˍʷˋˋʶˊʶʽˌ ʲʰˋʽˁʷˌ 

ˁʰˍʹʴˇˊʾʶˌΥ  

A. ɾˇˊ˒ˇ˂ˇʴʽˁˈˌ ˔ʰˊʰˁˍʹˊʽˋ˃ˈˌΥ ʶˏˊʶˋʹ ˋ˔ʺ˃ʰˍˇˌΣ ˃ʶʴʷʻˇˎˌ ˁʰʽ ˁʰˍʶˏʻˎ˄ˋʹˌ ˍˇˎ 

ˋˎ˄ˈ˂ˇˎ ˁʰʽ ˍ˖˄ ʶˉʽ˃ʷˊˇˎˌ ʵˇ˃˗˄Φ ʁ ˃ˇˊ˒ˇ˂ˇʴʽˁˈˌ ˔ʰˊʰˁˍʹˊʽˋ˃ˈˌ ˃ˉˇˊʶʾ ˄ʰ 

ˉˊʰʴ˃ʰˍˇˉˇʽʹʻʶʾ ˃ʶ ˍʽˌ ˍʶ˔˄ʽˁʷˌ SEMΣ ¢9aΣ !CaΣ ˉˊˇ˒ʽ˂ˇ˃ʶˍˊʾʰ.  

 

B.  ɲˇ˃ʽˁˈˌ ˔ʰˊʰˁˍʹˊʽˋ˃ˈˌΥ ʶˏˊʶˋʹ ˔ʹ˃ʽˁʺˌ ˋˏˋˍʰˋʹˌΣ ʵʽʱˍʰ˅ʹˌ ʰˍˈ˃˖˄ ˋˍˇ ˔˗ˊˇΣ ʵʶˋ˃ˇˏ 

˃ʶˍʰ˅ˏ ʰˍˈ˃˖˄Σ ʽˇ˄ˍʽˁʺˌ ˁʰˍʱˋˍʰˋʹˌ ˁ˂ˉΦ ʁ ʵˇ˃ʽˁˈˌ ˔ʰˊʰˁˍʹˊʽˋ˃ˈˌ ˃ˉˇˊʶʾ ˄ʰ 

ˉˊʰʴ˃ʰˍˇˉˇʽʹʻʶʾ ˃ʶ ˍʽˌ ˍʶ˔˄ʽˁʷˌ XRD, FTIR, Raman, SEM-EDS, XPS.  

 

ɱ. ɶ˂ʶˁˍˊʽˁˈˌ ˔ʰˊʰˁˍʹˊʽˋ˃ˈˌΥ ʶˏˊʶˋʹ ʹ˂ʶˁˍˊʽˁʺˌ ˁʰˍʱˋˍʰˋʹˌΣ ʰ˄ˍʾˋˍʰˋʹˌΣ ˉˎˁ˄ˈˍʹˍʰˌ 

˒ˇˊʷ˖˄ ˒ˇˊˍʾˇˎ ˁ˂ˉΦ ʁ ʹ˂ʶˁˍˊˇ˄ʽˁˈˌ ˔ʰˊʰˁˍʹˊʽˋ˃ˈˌ ˃ˉˇˊʶʾ ˄ʰ ˉˊʰʴ˃ʰˍˇˉˇʽʹʻʶʾ ˃ʶ ˍʹ˄ 

˃ʷʻˇʵˇ ˍ˖˄ ʵˏˇ ʺ ˍ˖˄ ˍʶˋˋʱˊ˖˄ ˋʹ˃ʶʾ˖˄ ˁʰʻ˗ˌ ˁʰʽ ˃ʶ ˍʹ˄ ˃ʷʻˇʵˇ ±ŀƴ ŘŜǊ tŀǳǿ ˋʶ 

ˋˎ˄ʵˎʰˋ˃ˈ ˃ʶ IŀƭƭΦ 

 

ɲ. ʁˉˍʽˁˈˌ ˔ʰˊʰˁˍʹˊʽˋ˃ˈˌΥ ˇˉˍʽˁʺ ʵʽʰˉʶˊʰˍˈˍʹˍʰΦ ʁ ˇˉˍʽˁˈˌ ˔ʰˊʰˁˍʹˊʽˋ˃ˈˌ ˃ˉˇˊʶʾ ˄ʰ 

ʴʾ˄ʶʽ ˃ʶ ˒ʰˋ˃ʰˍˇˋˁˇˉʾʰ ˎˉʶˊʽ˗ʵˇˎˌ-ˇˊʰˍˇˏ (UV-Vis).  

 

   ʅˍʽˌ ˉʰˊʰˁʱˍ˖ ʶ˄ˈˍʹˍʶˌ ˉʶˊʽʴˊʱ˒ˇ˄ˍʰʽ ˇʽ ʲʰˋʽˁʷˌ ʻʶ˖ˊʹˍʽˁʷˌ ʰˊ˔ʷˌ ˍ˖˄ ˍʶ˔˄ʽˁ˗˄ ˁʰʻ˗ˌ 

ˁʰʽ ˍʰ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ˔ʰˊʰˁˍʹˊʽˋ˃ˇˏΣ ˉˇˎ ˎ˂ˇˉˇʽʺʻʹˁʰ˄ ˋˍʰ ˉ˂ʰʾˋʽʰ ˍʹˌ ˉʰˊˇˏˋʰˌ 

ʶˊʴʰˋʾʰˌ. 

ɳʽˁˈ˄ʰ 32 Titanium Oxide ς SEM 
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1.5ΦмΦ ɾˇˊ˒ˇ˂ˇʴʽˁˈˌ ʋʰˊʰˁˍʹˊʽˋ˃ˈˌΥ ɶ˂ʶˁˍˊˇ˄ʽˁʺ ɾʽˁˊˇˋˁˇˉʾʰ ʅʱˊ˖ˋʹˌ (S.E.M) 

   ʆˇ ɶ˂ʶˁˍˊˇ˄ʽˁˈ ɾʽˁˊˇˋˁˈˉʽˇ ʅʱˊ˖ˋʹˌ ό{ŎŀƴƴƛƴƎ 9ƭŜŎǘǊƻƴ aƛŎǊƻǎŎƻǇŜ {9aύ ˔ˊʹˋʽ˃ʶˏʶʽ 

ʴʽʰ ˍʹ˄ ˉʰˊʰˍʺˊʹˋʹ ʶˉʽ˒ʰ˄ʶʽ˗˄ ˋʶ ˄ʰ˄ˇ˃ʶˍˊʽˁʺ ˁ˂ʾ˃ʰˁʰΦ  

ɶ ʲʰˋʽˁʺ ʽʵʷʰ ˍʹˌ ˂ʶʽˍˇˎˊʴʾʰˌ ˍˇˎ ʶʾ˄ʰʽΥ ˃ʽʰ ʹ˂ʶˁˍˊˇ˄ʽˁʺ ʵʷˋ˃ʹ ˃ʽˁˊʺˌ ʵʽʰ˃ʷˍˊˇˎ, 

ˋʰˊ˗˄ʶʽ ˃ʽʰ ˉʶˊʽˇ˔ʺ ˍʹˌ ʶˉʽ˒ʱ˄ʶʽʰˌ ˍˇˎ ʵʶʾʴ˃ʰˍˇˌ, όˈˉ˖ˌ ˋʰˊ˗˄ˇˎ˄ ˍʰ ˃ʱˍʽʰ ˃ʰˌ ˍʹ 

ˋʶ˂ʾʵʰ ʶ˄ˈˌ ʲʽʲ˂ʾˇˎ ˈˍʰ˄ ʵʽʰʲʱʸˇˎ˃ʶύΣ ˃ʶ ˉˇ˂ˏ ˃ʶʴʱ˂ʹ ˍʰ˔ˏˍʹˍʰ. ɶ ʵʷˋ˃ʹ ˍ˖˄ 

ʹ˂ʶˁˍˊˇ˄ʾ˖˄ ˉʰˊʱʴʶˍʰʽ ʰˉˈ ʷ˄ʰ ˄ʺ˃ʰΣ ˁʰʽ ʷ˄ʰ ˋˏˋˍʹ˃ʰ ʰ˄ˈʵˇˎ ˁʰʻˈʵˇˎ ˈˉˇˎ 

ʶ˒ʰˊ˃ˈʸʶˍʰʽ ˎ˕ʹ˂ʺ ˍʱˋʹΣ ˋˎ˄ʺʻ˖ˌ ˍʹˌ ˍʱ˅ʹˌ ˍ˖˄ мр-30 ƪ±Σ ʴʽʰ ˍʹ˄ ʶˉʽˍʱ˔ˎ˄ˋʹ ˍ˖˄ 

ʹ˂ʶˁˍˊˇ˄ʾ˖˄. ʆʰ ʹ˂ʶˁˍˊˈ˄ʽʰ ˍʹˌ ʵʷˋ˃ʹˌ ˉˇˎ 

ˉˊˇˋˉʾˉˍˇˎ˄ ˋˍʹ˄ ʶˉʽ˒ʱ˄ʶʽʰ ˍˇˎ ʵʶʾʴ˃ʰˍˇˌ, 

ʵʽʶʴʶʾˊˇˎ˄ ˍʹ˄ ˉʶˊʽˇ˔ʺ ʴˏˊ˖ ʰˉˈ ˍˇ ˋʹ˃ʶʾˇ 

ˉˊˈˋˉˍ˖ˋʹˌ ˁʰʽ ˉˊˇˁʰ˂ˇˏ˄ ʵʶˎˍʶˊˇʴʶ˄ʺ 

ʶˁˉˇ˃ˉʺ ʹ˂ʶˁˍˊˇ˄ʾ˖˄ ˔ʰ˃ʹ˂ʺˌ ʶ˄ʷˊʴʶʽʰˌ 

όʵʶˎˍʶˊˇʴʶ˄ʺ ʹ˂ʶˁˍˊˈ˄ʽʰύΦ ʁ ʰˊʽʻ˃ˈˌ ˍ˖˄ 

ʵʶˎˍʶˊˇʴʶ˄˗˄ ʹ˂ʶˁˍˊˇ˄ʾ˖˄ ˉˇˎ ʶˁˉʷ˃ˉˇ˄ˍʰʽ ʰ˄ʱ 

˃ˇ˄ʱʵʰ ˔ˊˈ˄ˇˎ όʵʹ˂ʰʵʺ ʹ ʷ˄ˍʰˋʹ ˍˇˎ ˋʺ˃ʰˍˇˌύ 

ˋ˔ʶˍʾʸʶˍʰʽ ˃ʶ ˍʹ˄ ʵˇ˃ʺ ˍʹˌ ʶˉʽ˒ʱ˄ʶʽʰˌ ˍˇˎ 

ʵʶʾʴ˃ʰˍˇˌ ˁʰʽ ˃ˉˇˊʶʾ ˄ʰ ˔ˊʹˋʽ˃ˇˉˇʽʹʻʶʾ ʴʽʰ ˍʹ˄ ʰˉˇˍˏˉ˖ˋʹ ˍʹˌ ˃ˇˊ˒ˇ˂ˇʴʾʰˌ ˍʹˌ 

ʶˉʽ˒ʱ˄ʶʽʰˌΦ ʁʽ ʲʰˋʽˁʷˌ ʵˇ˃ʷˌ ˉˇˎ ʰˉʰˊˍʾʸˇˎ˄ ʷ˄ʰ ʹ˂ʶˁˍˊˇ˄ʽˁˈ ˃ʽˁˊˇˋˁˈˉʽˇ ˋʱˊ˖ˋʹˌ ʶʾ˄ʰʽ 

ˍˇ ˋˏˋˍʹ˃ʰ ˉʰˊʰʴ˖ʴʺˌ ʵʷˋ˃ʹˌ ʹ˂ʶˁˍˊˇ˄ʾ˖˄Σ ˍˇ ˋˏˋˍʹ˃ʰ ˁʰˍʶˏʻˎ˄ˋʹˌ ˁʰʽ ʶˋˍʾʰˋʹˌ ˍʹˌ 

ʵʷˋ˃ʹˌΣ ˍˇ ˋˏˋˍʹ˃ʰ ʰ˄ʾ˔˄ʶˎˋʹˌ ˁʰʽ ˍˇ ˋˏˋˍʹ˃ʰ ˁʶ˄ˇˏ [60].  

 

   ʆˇ ʹ˂ʶˁˍˊˇ˄ʽˁˈ ˃ʽˁˊˇˋˁˈˉʽˇ ˋʱˊ˖ˋʹˌ ό{9aύ 

ʰˉˇˍʶ˂ʶʾ ˋʺ˃ʶˊʰ ʷ˄ʰ ˉˇ˂ˏ ˔ˊʺˋʽ˃ˇ ʶˊʴʰ˂ʶʾˇ ʴʽʰ 

ˍʹ ˃ʶ˂ʷˍʹ ˍʹˌ ˃ˇˊ˒ˇ˂ˇʴʾʰˌ ˎ˃ʶ˄ʾ˖˄Φ ʃʰˊʷ˔ʶʽ ˍʹ 

ʵˎ˄ʰˍˈˍʹˍʰ ˍˊʽˋʵʽʱˋˍʰˍʹˌ ʰˉʶʽˁˈ˄ʽˋʹˌ ˍˇˎ 

ʵʶʾʴ˃ʰˍˇˌΣ ˃ʶ ˎ˕ʹ˂ʺ ʵʽʰˁˊʽˍʽˁʺ ʽˁʰ˄ˈˍʹˍʰ ˉˇˎ 

˒ˍʱ˄ʶʽ ˍʰ оnm, ʶ˄˗ ʶˉʽˍˊʷˉʶʽ ˍʹ ˃ʶ˂ʷˍʹ 

ʵʶʽʴ˃ʱˍ˖˄ ˁʰʽ ˋʶ ˃ʽˁˊʷˌ ˃ʶʴʶʻˏ˄ˋʶʽˌ [61]. 

    

   ɱʽʰ ˍʽˌ ʰ˄ʱʴˁʶˌ ˍʹˌ ̄h ˊˇˏˋʰˌ ʶˊʴʰˋʾʰˌ ˔ˊʹˋʽ˃ˇˉˇʽʺʻʹˁʶ ˍˇ ʹ˂ʶˁˍˊˇ˄ʽˁˈ ˃ʽˁˊˇˋˁˈˉʽˇ 

JEOL CM630 LVΦ ʅˍˈ˔ˇˌ ˄ʰ ˁʰˍʰʴˊʰ˒ʶʾ ʹ ˃ˇˊ˒ˇ˂ˇʴʾʰ ˍʹˌ ʶˉʽ˒ʱ˄ʶʽʰˌ ʰˉˈ ˍʽˌ ʶ˄ʰˉˇʻʷˋʶʽˌ 

ˍ˖˄ ˎ˂ʽˁ˗˄ ˉˇˎ ʷʴʽ˄ʰ˄ ̄ ʱ˄˖ ˋˍʰ ʹ˂ʶˁˍˊˈʵʽʰ ʴʽʰ ˍʽˌ ˃ ˇ˄ɦɻ ʶˌ ˒ ˖ˍˇʹ˂ʶˁˍˊˇˁʰˍʱ˂ˎˋʹˌΦ 

 

ɳʽˁˈ˄ʰ 33 ɰʰˋʽˁʺ ɲˇ˃ʺ SEM 

ɳʽˁˈ˄ʰ 34 ɾʽˁˊˇˋˁˈˉʽˇ SEM (JEOL CM630 LV) 
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ü ɶ˂ʶˁˍˊˇ˄ʽˁʺ ˃ʽˁˊˇˋˁˇˉʾʰ ˋʱˊ˖ˋʹˌ SEM: AΦ ɲʶʾʴ˃ʰˍˇˌ ITO-TiO2 sol-gel  

  

  ʅˍʹ˄ ˉʰˊʰˁʱˍ˖ ˒˖ˍˇʴˊʰ˒ʾʰ ˒ʰʾ˄ʶˍʰʽ ʰˉˈ ˍʹ˄ ɶ˂ʶˁˍˊˇ˄ʽˁʺ ˃ʽˁˊˇˋˁˇˉʾʰ ˋʱˊ˖ˋʹˌ SEM, ʹ 

ˁʱˍˇ˕ʹ ˍˇˎ ʵʶʾʴ˃ʰˍˇˌ Glass ITO-TiO2 sol-gel (4 Layer - рллϲCύΣ ʵʹ˂ʰʵʺ ʹ ˉ˂ʶˎˊʱ ˍˇˎ ˉˇˎ 

ʷˊ˔ʶˍʰʽ ˋʶ ʶˉʰ˒ʺ ˃ʶ ˍˇ˄ ʹ˂ʶˁˍˊˇ˂ˏˍΦ́ ʂˉ˖ˌ ˒ʰʾ˄ʶˍʰʽ ˇ ˒˖ˍˇˁʰˍʰ˂ˏˍʹˌ ʷ˔ʶʽ ˇ˃ˇʽˈ˃ˇˊ˒ʹ 

ʵˇ˃ʺ, ʰˉˇˍʶ˂ʶʾˍʰʽ ʰˉˈ ˁˈˁˁˇˎˌ ˍ˖˄ ˇˉˇʾ˖˄ ˍˇ ˃ʷʴʶʻˇˌ ˃ʶˍˊʺʻʹˁʶ ˇˉˍʽˁʱΣ ˃ʶ ˔ˊʺˋʹ ˍˇˎ 

˂ˇʴʽˋ˃ʽˁˇˏ ˍˇˎ ʹ˂ʶˁˍˊˇ˄ʽˁˇˏ ˃ʽˁˊˇˋˁˇˉʾˇˎ ˋʱˊ˖ˋʹˌΣ ˁʰʽ ʲˊʷʻʹˁʶ ˄ʰ ˁˎ˃ʰʾ˄ʶˍʰʽ ˃ʶˍʰ˅ˏ 

нл ˁʰʽ 30nm ̀ ʶ ˈ˂ˇ ˍˇ˄ ˈʴˁˇ ˍˇˎ ˒˖ˍˇˁʰˍʰ˂ˏˍʹΦ 

 

 

ɳʽˁˈ˄ʰ 35 ɶ˂ʶˁˍˊˇ˄ʽˁʺ ɾʽˁˊˇˋˁˇˉʾʰ ʅʱˊ˖ˋʹˌ SEM: ˁ ʱˍˇ˕ʹ ɮΦ ɲʁ ʾʴ˃ʰˍˇˌ ITO-TiO2 sol-gel (4 Layer - рллϲC) 
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мΦрΦнΦ ɲˇ˃ʽˁˈˌ ʋʰˊʰˁˍʹˊʽˋ˃ˈˌΥ ʃʶˊʾʻ˂ʰˋʹ ʰˁˍʾ˄˖˄ - X (XRD) 

ʆʰ ˁˊˎˋˍʰ˂˂ʽˁʱ ˎ˂ʽˁʱ ʷ˔ˇˎ˄ ˍʹ˄ ʽʵʽˈˍʹˍʰ ˄ʰ ˉʶˊʽʻ˂ˇˏ˄ ˍʽˌ ʰˁˍʾ˄ʶˌ ς ·Φ ɾʶ ˍˇ˄ ˈˊˇ 

ˉʶˊʾʻ˂ʰˋʹ ʶ˄˄ˇˇˏ˃ʶ ˍʹ˄ ʶ˂ʰˋˍʽˁʺ ˋˁʷʵʰˋʹ ˍ˖˄ ˒˖ˍˇ˄ʾ˖˄ ˍ˖˄ ʰˁˍʾ˄˖˄ ςʋ (X-Ray 

Diffraction, XRD) ʰˉˈ ˍʰ ʱˍˇ˃ʰ ˋʶ ʷ˄ʰ ˁˊˎˋˍʰ˂˂ʽˁˈ ˉ˂ʷʴ˃ʰΦ ʁʽ ʴ˖˄ʾʶˌ ˉʶˊʾʻ˂ʰˋʹˌ ʶʾ˄ʰʽ 

ʵʽʰ˒ˇˊʶˍʽˁʷˌ ʴʽʰ ˁʱʻʶ ˇ˃ʱʵʰ ˁˊˎˋˍʰ˂˂ʽˁ˗˄ ʶˉʽˉʷʵ˖˄ ʶ˄ˈˌ ˁˊˎˋˍʱ˂˂ˇˎΣ ˃ʶ ʰˉˇˍʷ˂ʶˋ˃ʰ 

ˁʱʻʶ ˁˊˎˋˍʰ˂˂ʽˁʺ ʷ˄˖ˋʹ ʺ ˋˍˇʽ˔ʶʾˇ ˄ʰ ʵʾ˄ʶʽ, ˁ ʰˍʱ ˍʹ˄ ʰˁˍʽ˄ˇʲˈ˂ʹˋʺ ˍˇˎ ˃ʶ ʰˁˍʾ˄ʶˌ ς ·Σ ˍˇ 

ʵʽˁˈ ˍˇˎ ˔ʰˊʰˁˍʹˊʽˋˍʽˁˈ ʵʽʱʴˊʰ˃˃ʰ ˉʶˊʾʻ˂ʰˋʹˌ ʰˁˍʾ˄˖˄ ς X (diffraction ǇŀǘǘŜǊƴύΦ ʆˇ 

ˋˎʴˁʶˁˊʽ˃ʷ˄ˇ ʵʽʱʴˊʰ˃˃ʰ ˉʶˊʽʷ˔ʶʽ ˁˇˊˎ˒ʷˌ ˉˇˎ ʰ˄ˍʽˋˍˇʽ˔ˇˏ˄ ˃ˈ˄ˇ ˋˍʽˌ ˁˊˎˋˍʰ˂˂ʽˁʷˌ 

ʶ˄˗ˋʶʽˌ ˍˇˎ ˋˍʶˊʶˇˏΦ ʂˋˇ ˃ʶʴʰ˂ˏˍʶˊˇʽ ʶʾ˄ʰʽ ˇʽ ˁˊˏˋˍʰ˂˂ˇʽ ˃ʽʰˌ ˇˎˋʾʰˌ ˍˈˋˇ ˉʽˇ ˇ˅ʶʾʶˌ 

ʶʾ˄ʰʽ ˁʰʽ ˇʽ ʰ˄ˍʾˋˍˇʽ˔ʶˌ ˁˇˊˎ˒ʷˌΣ ˉˇˎ ʻʰ ʶ˃˒ʰ˄ʽˋˍˇˏ˄ ˋˍˇ ʵʽʱʴˊʰ˃˃ʰ ˉʶˊʾʻ˂ʰˋʹˌ [95].  

 

 

 

 

 

 

   ɱʽʰ ˍʽˌ ʰ˄ʱʴˁʶˌ ˍʹˌ ˉʰˊˇˏˋʰˌ ʶˊʴʰˋʾʰˌ ˉˊʰʴ˃ʰˍˇˉˇʽʺʻʹˁʶ ʵˇ˃ʽˁˈˌ ˔ʰˊʰˁˍʹˊʽˋ˃ˈˌ ˃ʶ 

ʃʶˊʾʻ˂ʰˋʹ ɮˁˍʾ˄˖˄ -ʋ όXRD).  

ʆˇ ʵʽʱʴˊʰ˃˃ʰ ˉʶˊʾʻ˂ʰˋʹˌ ʰˁˍʾ˄˖˄ -ʋ ʺˍʰ˄ ʾʵʽˇ ʴʽʰ ˈ˂ʰ ˍʰ ʵʶʾʴ˃ʰˍʰ ˉˇˎ ʶ˅ʶˍʱˋˍʹˁʰ˄, ̫ ˍˋʽ 

ˋˍʰ ˉʰˊʰˁʱˍ˖ ˋ˔ʺ˃ʰˍʰ ˉʰˊˇˎˋʽʱʸʶˍʰʽ ʰˉˈ ̫˄ʰ ˔ʰˊʰˁˍʹˊʽˋˍʽˁˈ ʵʽʱʴˊʰ˃˃ʰ ʴʽʰ ˁʱʻʶ 

ˉʶˊʾˉˍ˖ˋʹ. 

 

 

ɳʽˁˈ˄ʰ 36 ʃʶˊʾʻ˂ʰˋʹ ʰˁˍʾ˄˖˄-ʋ ʰˉˈ ˁˊˏˋˍʰ˂˂ˇ 
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ü ʃʶˊʾʻ˂ʰˋʹ ʰˁˍʾ˄˖˄ ς ʋ όXRD):  AΦ ɲʶʾʴ˃ʰˍˇˌ ITO-TiO2 sol-gel (4 Layer - рллϲC) 

   ʂˉ˖ˌ ˒ʰʾ˄ʶˍʰʽ ˈ˂ʶˌ ˇʽ ˁˇˊˎ˒ʷˌ ˍˇˎ TiO2 ʰ˄ˍʽˋˍˇʽ˔ˇˏ˄ ˋˍʹ ˃ˇˊ˒ʺ ˍˇˎ ʰ˄ʰˍʱˋʹΣ ʵʹ˂ʰʵʺ ʹ 

ˍʽˍʱ˄ʽʰ ʶʾ˄ʰʽ млл҈ ʰ˄ʰˍʱˋʹˌΦ ɮˉˈ ˍʹ˄ ʰ˄ʱ˂ˎˋʹ ˍˇˎ ʵʽʰʴˊʱ˃˃ʰˍˇˌ XRD ˁʰˍʰʴˊʱ˒ʹˁʰ˄ ˇʽ 

ʰˁˈ˂ˇˎʻʶˌ ˁˇˊˎ˒ʷˌ ˁʰʽ ˍʰ h˄ ˍʾˋˍˇʽ˔ʰ ˁˊˎˋˍʰ˂˂ʽˁʱ ʶˉʾˉʶʵʰ: нрΣопϲόмлмύ, отΣупϲόмлоύ, 

48,18(200), рпΣлнϲόмлрύ ˁʰʽ ррΣмнϲόнммύΣ ˉˇˎ ˋˏ˃˒˖˄ʰ ˃ʶ ˍˇ ʰˊ˔ʶʾˇ JCPDS No84-1286 

ʰ˄ˍʽˋˍˇʽ˔ˇˏ˄ ˋˍʹ˄ ˁˊˎˋˍʰ˂˂ʽˁʺ ʵˇ˃ʺ ˍˇˎ ʰ˄ʰˍʰˋʾˇˎΦ  

ʁʽ ˁˇˊˎ˒ʺ h ˎˍʷˌ ˎˉˇʵʶʽˁ˄ˏˇ˄ˍʰʽ ˃ʶ ɮ ˋˍˇ ̄ ʰˊʰˁʱˍ˖ ʵʽʱʴˊʰ˃˃ʰ.  

 

ɳʽˁˈ˄ʰ 37 ʃʶˊʾʻ˂ʰˋʹ ʰˁˍʾ˄˖˄ ς ʋ ό·w5ύΥ ɮΦ ɲʶʾʴ˃ʰˍˇˌ ɹʆʁ-TiO2 sol-gel (4 Layer - рллϲC) 

 

ü ʃʶˊʾʻ˂ʰˋʹ h ˁˍʾ˄˖˄ ς ʋ (XRD): B. ITO-TiO2 Degussa P25 Doctor-Blade 
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ɳʽˁˈ˄ʰ 38 ʃʶˊʾʻ˂ʰˋʹ ʰˁˍʾ˄˖˄ ς ʋ όXRD): ɰΦɹʆʁ- TiO2 Degussa P25 - ̱ ʶ˔˄ʽˁʺˌ Doctor-Blade 

 

  ɮˉˈ ˍʹ˄ ʰ˄ʱ˂ˎˋʹ ˍˇˎ ʵʽʰʴˊʱ˃˃ʰˍˇˌ XRD ˇʽ ˁˇˊˎ˒ʷˌ ˍˇˎ TiO2 ʰ˄ˍʽˋˍˇʽ˔ˇˏ˄ ˋˍʽˌ  ˃ˇˊ˒ʷˌ 

ˍˇˎ ʰ˄ʰˍʰˋʾˇˎ ˁʰʽ ˍˇˎ ˊˇˎˍʽ˂ʾˇˎΦ ʁʽ ˁˇˊˎ˒ʷˌ ˍˇˎ ʰ˄ʰˍʰˋʾˇˎ  ˎˉˇʵʶʽˁ˄ˏˇ˄ˍʰʽ ˃ʶ ɮ ˋˍˇ 

ˉʰˊʰˉʱ˄˖ ʵʽʱʴˊʰ˃˃ʰΣ ʶ˄˗ ˇʽ ˁˇˊˎ˒ʷˌ ˍˇˎ ˊˇˎˍʽ˂ʾˇˎ ˎˉˇʵʶʽˁ˄ˏˇ˄ˍʰʽ ˃ʶ RΦ ʅʶ ʰ˄ˍʾʻʶˋʹ 

˂ˇʽˉˈ˄ ˃ʶ ˍˇ ʵʶʾʴ˃ʰ TiO2 ˉˇˎ ʶ˄ʰˉˇˍʷʻʹˁʶ ˃ʶ ˍʹ˄ ˍʶ˔˄ʽˁʺ sol-gelΣ ˍˇ ʵʶʾʴ˃ʰ TiO2 ˃ʶ Doctor-

Blade ʁ ˃˒ʰ˄ʾʸʶʽ ˍˈˋˇ ˍʹ˄ ʵˇ˃ʺ ˍˇˎ ʰ˄ʰˍʰˋʾˇˎ όˁˎˊʾʰˊ˔ʹύΣ ˈˋˇ ˁʰʽ ˍʹ˄ ʵˇ˃ʺ ˍˇˎ ˊˇˎˍʹ˂ʾˇˎΦ 

A(101) 

A(103) 
A(200) 

A(105) A(211) 
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1.5.3Φ ɲˇ˃ʽˁˈˌ ʋʰˊʰˁˍʹˊʽˋ˃ˈˌΥ ʊʰˋ˃ʰˍˇˋˁˇˉʾʰ Raman 

   ɶ ˒ʰˋ˃ʰˍˇˋˁˇˉʾʰ wŀƳŀƴ ʰˋ˔ˇ˂ʶʾˍʰʽ 

˃ʶ ˍˇ ˒ʰʽ˄ˈ˃ʶ˄ˇ ˍʹˌ ˃ʶˍʰʲˇ˂ʺˌ ˍʹˌ 

ˋˎ˔˄ˈˍʹˍʰˌΣ ˈˍʰ˄ ˃ʽʰ ˃ˇ˄ˇ˔ˊ˖˃ʰˍʽˁʺ 

ʵʷˋ˃ʹ ʵʽʰˉʶˊ˄ʱ ˍˇ ʵʶʾʴ˃ʰ ˁʰʽ ʹ 

ˋˁʶʵʰʸˈ˃ʶ˄ʹ ʰˁˍʽ˄ˇʲˇ˂ʾʰ ˁʰˍʰʴˊʱ˒ʶˍʰʽΦ 

ɶ ˋˁʶʵʰʸˈ˃ʶ˄ʹ ʰˁˍʽ˄ˇʲˇ˂ʾʰ 

ˉʶˊʽ˂ʰ˃ʲʱ˄ʶʽ ˁˇˊˎ˒ʷˌ ʷ˄ˍʰˋʹˌ ˋʶ 

˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ ˃ʺˁʹ ˁˏ˃ʰˍˇˌ ˉˇˎ 

ʰ˄ˍʽˋˍˇʽ˔ˇˏ˄ ˇʽ ʵˇ˄ʹˍʽˁʷˌΣ 

ˉʶˊʽˋˍˊˇ˒ʽˁʷˌ ˁʰʽ ˔ʰ˃ʹ˂ʺˌ ˋˎ˔˄ˈˍʹˍʰˌ ʵʽʶʴʷˊˋʶʽˌ ̱ ˇˎ ʵʶʾʴ˃ʰˍˇˌ ˉˇˎ ˃ʶ˂ʶˍʱˍʰʽΦ 

   ɱʽʰ ˍʽˌ ʰ˄ʱʴˁʶˌ ˍʹˌ ˉʰˊˇˏˋʰˌ ʶˊʴʰˋʾʰˌ ˉˊʰʴ˃ʰˍˇˉˇʽʺʻʹˁʶ ʵˇ˃ʽˁˈˌ ˔ʰˊʰˁˍʹˊʽˋ˃ˈˌ ˃ʶ 

˒ˋ˃ʰˍˇˋˁˇˉʾʰ Raman. ʆˇ ˒ʱˋ˃ʰ ʺˍʰ˄ ˋ˔ʶʵˈ˄ ʾʵʽˇ ʴʽʰ ˈ˂ʰ ˍʰ ʵʶʾʴ˃ʰˍʰ ˉˇˎ ʶ˅ʶˍʱˋˍʹˁʰ˄, 

ʷˍˋʽ ˋˍˇ ̄ ʰˊʰˁʱˍ˖ ˋ˔ʺ˃ʰ ̄ ʰˊˇˎˋʽʱʸʶˍʰʽ ʷ˄ʰ ˔ʰˊʰˁˍʹˊʽˋˍʽˁˈ ˒ ʱˋ˃ʰ. 

ü ʊʰˋ˃ʰˍˇˋˁˇˉʾʰ wŀƳŀƴ:  AΦ ɲʶʾʴ˃ʰˍˇˌ ITO-TiO2 sol-gel (4 Layer - рллϲC) 

ʅˍ̌ ̄h ˊʰˁʱˍ˖ ʵʽʱʴˊʰ˃˃ʰ ̄ ʰˊˇˎˋʽʱʸʶˍʰʽ ˍˇ ˒ʱˋ˃ʰ wŀƳŀƴ ˍˇˎ ʵʶʾʴ˃ʰˍˇˌ ITO-TiO2 sol-gel , 

˃ ʁ̝ ʰˊʰˁˍʹˊʽˋˍʽˁʷˌ ˋˎ˔˄ˈˍʹˍʶˌ: 

-  1 ˃ ʶʴʱ˂ʹ ˁʰʽ ˇ˅ʶʾʰ ˁˇˊˎ˒ʺ ̀ ˍʰ мп5 cm-1 ˁ ʰʽ о ˃ʽˁˊˈˍʶˊʶˌ ˋˍʰ 395cm-1, 520cm-1 ˁ ʰʽ 

640cm-1Σ ˉˇˎ ʰ˄ˍʽˋˍˇʽ˔ˇˏ˄ ˋˍˇˎˌ ʵʶˋ˃ˇˏˌ TiO2 ˃ ʶ ˍʹ˄ ʵˇ˃ʺ ˍˇˎ ʰ˄ʰˍʰˋʾˇˎΦ 

 

 

 

 

 

 

 
 
 
 
 
 
 
 
 

 
ɯˊʰΣ ˍˇ ˒ʱˋ˃ʰ Raman ˍʹˌ ʶʽˁˈ˄ʰˌ пл ˎˉˇʵʹ˂˗˄ʶʽ ˈˍʽ ˍˇ ʵʶʾʴ˃ʰ sol-gel ˉʰˊˇˎˋʽʱʸʶʽ 
˔ʰˊʰˁˍʹˊʽˋˍʽˁˇˏˌ ʵʶˋ˃ˇˏˌ TiO2 ˁʰʽ ʶʾ˄ʰʽ ʰˉʰ˂˂ʰʴ˃ʷ˄ˇ ʰˉˈ ˉˊˇˋ˃ʾ˅ʶʽˌΣ ˋʶ ˋˎ˃˒˖˄ʾʰ ˃ʶ 
ˍʹ˄ ʰ˄ʱ˂ˎˋʹ ʰˉˈ ˍʹ˄ ˉʶˊʽʻ˂ʰˋʽ˃ʶˍˊʾʰ ʰˁˍʾ˄˖˄ -ʋΦ 

ɳʽˁˈ˄ʰ 39 ɳ˄ʶˊʴʶʽʰˁʷˌ ˃ʶˍʰʲˇ˂ʷˌ ˁʰˍʱ ˍˇ ˒ʰʽ˄ˈ˃ʶ˄ˇ Raman 

)~~( 0012 vvhchvhEEE °=°=-=D n )~~( 0012 vvhchvhEEE °=°=-=D n

ɳʽˁˈ˄ʰ 40 ɲʽʱʴˊʰ˃˃ʰ ˒ʰˋ˃ʰˍˇˋˁˇˉʾʰˌ Raman: ɮΦ ɲʶʾʴ˃ʰˍˇˌ ɹʆʁ-TiO2 sol-gel (4 Layer - рллϲC) 

100 300 500 700 
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1.5.4Φ ʁˉˍʽˁˈˌ ʋʰˊʰˁˍʹˊʽˋ˃ˈˌΥ ʊʰˋ˃ʰˍˇ˒˖ˍˇ˃ʶˍˊʾʰ ʇˉʶˊʽ˗ʵˇˎˌ-ʁˊʰˍˇˏ όUV-Vis) 

ü ʊʰˋ˃ʰˍˇ˒˖ˍˇ˃ʶˍˊʾʰ UV-Vis:  AΦ ɲʶʾʴ˃ʰˍˇˌ ITO-TiO2 sol-gel (4 Layer - рллϲC) 

   ʆ ̌ ˔ʰˊʰˁˍʹˊʽˋˍʽˁˈ ˒ʱˋ˃ʰ ʰˉˇˊˊˈ˒ʹˋʹˌ ˎˉʶˊʽ˗ʵˇˎˌ-ˇˊʰˍʺˌ ʰˁˍʽ˄ˇʲˇ˂ʾʰ ̩

ˉʰˊˇˎˋʽʱʸʶˍʰʽ ˋˍʹ˄ ˉʰˊʰˁʱˍ˖ ʶʽˁˈ˄ʰΦ  

ʂˉ˖ˌ ʶʾ˄ʰʽ ʰ˄ʰ˃ʶ˄ˈ˃ʶ˄ˇ ʹ ˍʽˍʱ˄ʽʰ ʰˉˇˊˊˇ˒ʱ ˁˎˊʾ˖ˌ ˍʹ˄ ˎ ˉʶˊʽ˗ʵʹ ʰˁˍʽ˄ˇʲˇ˂ʾʰΦ  

ɮˉˈ ˍʹ˄ ˍˇ˃ʺ ˍ˖˄ ʶˎʻʶʽ˗˄, ˎˉˇ˂ˇʴʾʸʶˍʰʽ ʹ ˍʽ˃ʺ ˍˇˎ ʶ˄ʶˊʴʶʽʰˁˇˏ ˔ʱˋ˃ʰˍˇˌ, ˃ʶ ˔ˊʺˋʹ ˍʹˌ 

ʶ˅ʾˋ˖ˋʹˌ ̱ ˇˎ ɸʶ˃ʶ˂ʽ˗ʵʹ ɿˈ˃ˇˎ ˍʹˌ ɼˎ˃ʰˍʽˁʺˌΥ 

)(

).(1240
)(

nm

nmeV
eVEg

hc
hvE

c
vvc

lll
l =Ý==Ý=Ý³=  

ˈˉˇˎΥ   h  -> ʅˍʰʻʶˊʱ ˍˇˎ tƭŀƴŎƪ (h Ґ сΣснсҎмлπоп Wǎec ) 

   c  -> ʆʰ˔ˏˍʹˍʰ ˍˇˎ ˒˖ˍˈˌ Ŏ Ґ оҎмл8 m/sec ̀ ˍˇ ˁʶ˄ˈ  

  ˂ -Ҕ ɾ̋ˁ ˇˌ ˁˏ˃ʰˍˇˌ ̀ ʶ nm  

 v  -Ҕ ʅˎ̝˄ˈˍʹˍʰ ̀ ʶ Hz  

 ɳ  -Ҕ  ɳ˄ʷˊʴʶʽʰ ˒˖ˍˇ˄ʾˇˎ ˋʶ eVolt 

 

ʶˉˇ˃ʷ˄˖ˌΣ ʴʽʰ ˍˇ ʵʽˁˈ ˃ʰˌ ʵʶʾʴ˃ʰ ʽˋ˔ˏʶʽΥ 
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ɳʽˁˈ˄ʰ 41 ʊʱˋ˃ʰ ʰˉˇˊˊˈ˒ʹˋʹˌ ˎˉʶˊʽ˗ʵˇˎˌ ς ̌ ˊʰˍˇˏ όUV-Vis): AΦ ɲʶʾʴ˃ʰˍˇˌ ITO-TiO2 sol-gel 
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1.6Φ ɼˎˁ˂ʽˁʺ ɰˇ˂ˍʰ˃ʶˍˊʾʰ 

   ɶ ˁˎˁ˂ʽˁʺ ʲˇ˂ˍʰ˃ʶˍˊʾʰ (Cyclic Voltammetry) ʰˉˇˍʶ˂ʶʾ ˃ʾʰ ʰˉˈ ˍʽˌ ˉˇˍʶ˄ˋʽˇʵˎ˄ʰ˃ʽˁʷˌ 

ˍʶ˔˄ʽˁʷˌΣ ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ˋʶ ʶ˒ʰˊ˃ˇʴʷˌ ʹ˂ʶˁˍˊˇ˔ʹ˃ʶʾʰˌ ˗ˋˍʶ ˄ʰ ʵʽʶˊʶˎ˄ʹʻˇˏ˄ 

ʹ˂ʶˁˍˊˇ˂ˎˍʽˁˇʾ ˃ʹ˔ʰ˄ʽˋ˃ˇʾΦ ɱʽʰ ˍʽˌ ˃ʶˍˊʺˋʶʽˌ ˍʹˌ ˉʰˊˇˏˋʰˌ ʶˊʴʰˋʾʰˌ ˔ˊʹˋʽ˃ˇˉˇʽʺʻʹˁʶ ˇ 

ʃˇ˄ˍʶˋʽˇˋˍʱˍʹˌ ˍˇˎ ʶˊʴʰˋˍʹˊʾˇˎ Type: Autolab PGSTAT302N - S/N: AUT83501. 

   

  

 

 

 

ʆˇ ˁʰ˂˗ʵʽˇ ˉˇˎ ˋˎ˄ʵʷʶʽ ˍˇ !ǳǘƻƭŀō ʷ˔ʶʽ ̄ ʷ˄ˍʶ ʰˁˊˇʵʷˁˍʶˌ:  

1. ɶ˂ʶˁˍˊˈʵʽˇ ʶˊʴʰˋʾʰˌ ²9Σ 2. ɶ˂ʶˁˍˊˈʵʽˇ ˃ʷˍˊʹˋʹˌ /9Σ 3. ɶ˂ʶˁˍˊˈʵʽˇ ʰ˄ʰ˒ˇˊʱˌ w9Σ  

4. ɮʽˋʻʹˍʺˊʽˇ { ˁʰʽ 5. ɶ˂ ʶˁˍˊˈʵʽˇ ʴʶʾ˖ˋʹˌΦ  

ʅˍʹ˄ ˁˎˁ˂ʽˁʺ ʲˇ˂ˍʰ˃ʶˍˊʾʰ ˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ˃ʽʰ ʹ˂ʶˁˍˊˇ˔ʹ˃ʽˁʺ ˁˎ˕ʷ˂ʹ όˋˏˋˍʹ˃ʰ ʵˏˇ ʺ 

ˍˊʽ˗˄ ʹ˂ʶˁˍˊˇʵʾ˖˄ύ ʴʽʰ ˍʹ˄ ˁʽ˄ʹˍʽˁʺ ˃ʶ˂ʷˍʹ ˍ˖˄ ʹ˂ʶˁˍˊˇ˔ʹ˃ʽˁ˗˄ ʰ˄ˍʽʵˊʱˋʶ˖˄Φ  

 

 

 

 

 

ʆˇ ʵˎ˄ʰ˃ʽˁˈ ˃ʶˍˊʽʷˍʰʽ ˉʱ˄ˍʰ ˃ʶˍʰ˅ˏ ˍˇˎ w9  ˁʰʽ { ʶ˄˗ ˍˇ ˊʶˏ˃ʰ ˃ʶˍˊʽʷˍʰʽ ˉʱ˄ˍʰ ˃ʶˍʰ˅ˏ 

ˍˇˎ ²9 ˁʰʽ /9Φ ʆˇ ʲˏˋ˃ʰ ʴʶʾ˖ˋʹˌ ˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ʴʽʰ ˍʹ ˋˏ˄ʵʶˋʹ ʶ˅˖ˍʶˊʽˁ˗˄ ˋˎˋˁʶˎ˗˄ 

ˋˍʹ˄ ʾʵʽʰ ʴʶʾ˖ˋʹ ˍˇˎ !ǳǘƻƭŀōΦ ʅˍʹ˄ ˉʶˊʾˉˍ˖ˋʹ ʰˎˍʺ ˍˇ ˊʶˏ˃ʰ ˊʷʶʽ ˃ʶˍʰ˅ˏ ˍˇˎ /9 ˁʰʽ ˍˇˎ 

²9Φ ɶ ʵʽʰ˒ˇˊʱ ʵˎ˄ʰ˃ʽˁˇˏ ˃ʶˍʰ˅ˏ ˍˇˎ ²9 ˁʰʽ ˍˇˎ /9Σ ˃ʶˍˊʽʷˍʰʽ ˃ʶˍʰ˅ˏ ˍˇˎ w9 ˁʰʽ {, ˍˇ 

ˇˉˇʾˇ ʵʽʰˍʹˊʶʾˍʰʽ ˋʶ ʶˉʰ˒ʺ ˃ʶ ˍˇ ²9Φ ɮˎˍʺ ʹ ʵʽʰ˃ˈˊ˒˖ˋʹ ʶˉʽˍˊʷˉʶʽ ˍˇ˄ ʷ˂ʶʴ˔ˇ ˍˇˎ 

ʵˎ˄ʰ˃ʽˁˇˏΣ ˋʶ ˈ˂ʹ ˍʹ ʹ˂ʶˁˍˊˇ˔ʹ˃ʽˁʺ ʵʽʶˉʰ˒ʺ ˍˇˎ ²9Σ ˋʶ  ˋ˔ʷˋʹ ˃ʶ ˍˇ RE. ɶ ˁˎ˕ʶ˂ʾʵʰ 

ʰˉˇˍʶ˂ʶʾˍʰʽ ʰˉˈ ʷ˄ʰ ˉˇˍʺˊʽ ʸʷˋʶ˖ˌ ˈʴˁˇˎ мллƳƭ ˍˇ ˇˉˇʾˇ ˉʶˊʽʷ˔ʶʽ ˍˇ˄ ʹ˂ʶˁˍˊˇ˂ˏˍʹ 

ˁʰʽ ʰˉˈ ˃ʾʰ ʶʽʵʽˁʺ ʲʱˋʹ ̀ ˍʺˊʽ˅ʹˌ ˍ˖˄ ˍˊʽ˗˄ ʹ˂ʶˁˍˊˇʵʾ˖˄ [64]. 

ɳʽˁˈ˄ʰ 42 Basic diagram of a potentiostat/galvanostat 

ɳʽˁˈ˄ʰ 44 Schematic view of the 3 electrode setup ɳʽˁˈ˄ʰ 43 Schematic view of the 2 electrode setup 

http://www.metrohmsiam.com/teachingresearch/TRL_21/TRL21_Autolab_Application_Note_EC08.pdf
http://www.metrohmsiam.com/teachingresearch/TRL_21/TRL21_Autolab_Application_Note_EC08.pdf
http://www.metrohmsiam.com/teachingresearch/TRL_21/TRL21_Autolab_Application_Note_EC08.pdf
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   ɰʰˋʽˁˈ ˔ʰˊʰˁˍʹˊʽˋˍʽˁˈ ˍʹˌ ˃ʶʻˈʵˇˎ ʰˉˇˍʶ˂ʶʾ ʹ ʴˊʰ˃˃ʽˁʺ ˃ʶˍʰʲˇ˂ʺ ˍˇˎ ʶ˒ʰˊ˃ˇʸˈ˃ʶ˄ˇˎ 

ʵˎ ˄ʰ˃ʽˁˇˏ (U) ˍˇˎ ʹ˂ʶˁˍˊˇʵʾˇˎ ˁʰʽ ʹ ˁʰˍʰʴˊʰ˒ʺ ˍʹˌ ʰ˄ˍʾˋˍˇʽ˔ʹˌ ˍʽ˃ʺˌ ˍˇˎ ʹ˂ʶˁˍˊʽˁˇˏ 

ˊʁ ˏ˃ʰˍˇˌ όIύΣ ˃ʶ ʰˉˇˍʷ˂ʶˋ˃ʰ ˍʹ ˂ʺ˕ʹ ʵʽʰʴˊʰ˃˃ʱˍ˖˄ I=f(U) [64]. ʅˍʹ ˋˎ˄ʷ˔ʶʽʰΣ ˃ʶ ˍʹ˄ 

ˉˎˁ˄ˈˍʹˍʰ ˊʶˏ˃ʰˍˇˌ (J = I/S), ˁʰʻˇˊʾʸʶˍʰʽ ˍˇ ʵʽʶˊ˔ˈ˃ʶ˄ˇ ˊʶˏ˃ʰ (I) ˃ʷˋʰ ʰˉˈ ˍʹ˄ 

ʶˉʽ˒ʱ˄ʶʽʰ (S) ˍˇˎ ʹ˂ʶˁˍˊˇʵʾˇˎ ˉˇˎ ʶʾ˄ʰʽ ˋˎ˄ʱˊˍʹˋʹ ˍʹˌ ˍʰ˔ˏˍʹˍʰˌ ˋʱˊ˖ˋʹˌ ˍˇˎ 

ʵˎ˄ʰ˃ʽˁˇˏΣ όǇƻǘŜƴǘƛŀƭ ǎŎŀƴƴƛƴƎ ʺ ǎǿŜŜǇ ǊŀǘŜύΦ ɱʽʰ ˍʽˌ ʰ˄ʱʴˁʶˌ ˍʽˌ ʶˊʴʰˋʾʰˌ ʹ ˍʰ˔ˏˍʹˍʰ 

ˋʱˊ˖ˋʹˌ ˊˎʻ˃ʾˋˍʹˁʶ ˗ˋˍʶ ˄ʰ ˉʰˊʰ˃ʷ˄ʶʽ ˋˍʰʻʶˊʺ ʴʽʰ ˈ˂ʶˌ ˍʽˌ ˃ʶˍˊʺˋʶʽˌΥ u = dU/dt = 

10mV/s. 

   ɼʱʻʶ ʰ˄ˇʵʽˁʺ ʺ ˁʰʻˇʵʽˁʺ ˁˇˊˎ˒ʺ ˋˍˇ ʵʽʱʴˊʰ˃˃ʰ ˍʹˌ ˁˎˁ˂ʽˁʺˌ ʲˇ˂ˍʰ˃ʶˍˊʾʰˌ ˃ˉˇˊʶʾ 

˄ʰ ʰ˄ˍʽˋˍˇʽ˔ʹʻʶʾ ˋʶ ˃ʽʰ ʹ˂ʶˁˍˊˇ˔ʹ˃ʽˁʺ ˇ˅ʶʽʵ˖ˍʽˁʺ ʺ ʰ˄ʰʴ˖ʴʽˁʺ ʰ˄ˍʾʵˊʰˋʹΣ ʰ˄ˍʾˋˍˇʽ˔ʰΦ 

ɳˉʾˋʹˌ, ʰ˅ʾʸʶʽ ˄ʰ ˋʹ˃ʶʽ˖ʻʶʾ ˈˍʽ  ́ʷ˄ˍʰˋʹ ˍˇˎ ˊʶˏ˃ʰˍˇˌ ʶʾ˄ʰʽ ʶ˄ʵʶʽˁˍʽˁʺ ʴʽʰ ˍˇ ˊˎʻ˃ˈ 

ˍʹˌ ʰ˄ˍʾʵˊʰˋʹˌ όʰˏ˅ʹˋʹ ˍˇˎ ˊˎʻ˃ˇˏ ˇʵʹʴʶʾ ˋʶ ʰˏ˅ʹˋʹ ˍʹˌ ʷ˄ˍʰˋʹˌ ˍˇˎ ˊʶˏ˃ʰˍˇˌύΦ 

    

 

ɳʽˁˈ˄ʰ 45 ɲʽʱˍʰ˅ʹ ɼˎˁ˂ʽˁʺˌ ɰˇ˂ˍʰ˃ʶˍˊʾʰˌ ʁ ˁˍʽʻʷ˃ʶ˄ʹ ˋʶ ɮˁˍʽ˄ˇʲˇ˂ʾʰ UV 
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   ɼʰˍʱ ˍʹ ʵʽʱˊˁʶʽʰ ˍˇˎ ˉʶʽˊʱ˃ʰˍˇˌ ˉˊʰʴ˃ʰˍˇˉˇʽʺʻʹˁʰ˄ ˃ʶˍˊʺˋʶʽˌ ˁˎˁ˂ʽˁʺˌ 

ʲˇ˂ˍʰ˃ʶˍˊʾʰˌ όˋʶ ˃ˇˊ˒ʺ ʵʽʰʴˊʰ˃˃ʱˍ˖˄Υ ɲʽʰʴˊʱ˃˃ʰˍʰ ɰˇ˂ˍʰ˃ʶˍˊʾʰˌύ ˋˎ˄ʵˎʰˋˍʽˁʱ ʴʽʰ 

ʹ˂ʶˁˍˊˇ˂ˎˍʽˁʱ ʵʽʰ˂ˏ˃ʰˍʰ ˃ʶʻʰ˄ˈ˂ʹˌ όлΣрɾ CH3OH) ˋʶ ʰ˂ˁʰ˂ʽˁˈ ʰ˂˂ʱ ˁʰʽ ˈ˅ʽ˄ˇ 

ˉʶˊʽʲʱ˂˂ˇ˄Φ ʆʰ ʰ˂ˁʰ˂ʽˁʱ ʵʽʰ˂ˏ˃ʰˍʰ ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽʺʻʹˁʰ˄ ˖ˌ ʹ˂ʶˁˍˊˇ˂ˏˍʹˌ ʶʾ˔ʰ˄ 

ʲʱˋʹ ˍˇ ˁʰˎˋˍʽˁˈ ˄ʱˍˊʽˇ όлΣнрɾ bŀhIύ ʶ˄˗ ˍʰ ˈ˅ʽ˄ʰ ˍˇ ʻʶʿˁˈ ˇ˅ˏ όлΣнрɾ ɶ2{ʁ4). 

ɾʶˍˊʺˋʶʽˌ ˔˖ˊʾˌ ˁʰʽ ˎˉˈ ˍʹ˄ ʶˉʾʵˊʰˋʹ ʰˁˍʽ˄ˇʲˇ˂ʾʰˌ ˉˊʰʴ˃ʰˍˇˉˇʽʺʻʹˁʰ˄ ˁʰʽ ʴʽʰ ˍʽˌ о 

ˋʶʽˊʷˌ ʵʶʽʴ˃ʱˍ˖˄Υ  ɮΦ ITO - TiO2 - sol-gel (4 Layer - рллϲC),  

   ɰ. ITO - Au -TiO2 - sol-gel (4 Layer - рллϲ/ύ ˁʰʽ 

   ɱΦ ¢CY±лллф-pasta-TiO2  

                              ʵʽʰˋˍʱˋʶ˖˄: 2,54cm x 2,54cm = 6,4516cm2 Ғ 1in2.  

   ʅ̱ ʽˌ ʰ˄ˍʽʵˊʱˋʶʽˌ ˍʹˌ ˇ˅ʶʽʵˇʰ˄ʰʴ˖ʴʺˌ, ˂ʰ˃ʲʱ˄ʶʽ ʶ˄ʶˊʴˈ ˃ʷˊˇˌ ˋˍʹ ʵʽʰʵʽˁʰˋʾʰ ˍ˖˄ 

˃ʶˍˊʺˋʶ˖˄Σ ʹ ˃ʽˋʺ ʵʽʱˋˍʰˋʹ ˍˇˎ ʵʶʾʴ˃ʰˍˇˌ όˁʱˍ˖ ˃ʷˊˇˌύ ʶ˄˗ ˍˇ ˎˉˈ˂ˇʽˉˇ όˉʱ˄˖ 

˃ʷˊˇˌύ ʺˍʰ˄ ʷ˅˖ ʰˉˈ ˍˇ ʵʽʱ˂ˎ˃ʰ ˍˇˎ ʹ˂ʶˁˍˊˇ˂ˏˍʹ. ʅˎʴˁʶˁˊʽ˃ʷ˄ʰ ˎˉˇ˂ˇʴʾʸʶˍʰʽ ˈˍʽ ˍˇ 

ˍ˃ʺ˃ʰ ˉˇˎ ˂ʰ˃ʲʱ˄ʶʽ ˃ʷˊˇˌ ˋˍʽˌ ʰ˄ˍʽʵˊʱˋʶʽˌ ˍʹˌ ˇ˅ʶʽʵˇʰ˄ʰʴ˖ʴʺˌΣ ʶʾ˄ʰʽ ʴʽʰ ˍˇΥ 

ɮΦ ITO - TiO2 (4 Layer - рллϲC), ́  ʶˉʽ˒ʱ˄ʶʽʰ ʶʾ˄ʰʽ SA = 6,4516cm2 / 2 = 3,226cm2 Ғ 1/2in2. 

   ɱʽʰ ˍˇ ʵʶˏˍʶˊˇ ʵʶʾʴ˃ʰ ό˃ʶ ˍˇ Auύ ˃ʶˍʱ ˍʹ˄ ˉˊ˗ˍʹ ˃ʷˍˊʹˋʹ ˋˍʹ˄ ˁˎˁ˂ʽˁʺ ʲˇ˂ˍʰ˃ʶˍˊʾʰ 

ˋʶ ˈ˅ʽ˄ˇ ʵʽʱ˂ˎ˃ʰ ʻʶʿˁˇˏ ˇ˅ʷˇˌ όɶ2{ʁ4)Σ ʷʴʽ˄ʶ ʰˉˇˁˈ˂˂ʹˋʹ ˍˇˎ ˎ˃ʶ˄ʾˇˎ. ɱʽʰ ˄ʰ 

˔ˊʹˋʽ˃ˇˉˇʽʹʻʶʾ ˉʶˊʰʽˍʶˊ˖ ˋˍʹ˄ ˁˎˁ˂ʽˁʺ ʲˇ˂ˍʰ˃ʶˍˊʾʰΣ ˁˈˉʹˁʶ ˋˍʹ˄ ˃ʷˋʹ ˁʰʽ ʰˉˈ ʰˎˍˈ 

ˍ˗ˊʰ ˍˇ ˃ʽˋˈ ό˃ˈ˂ʽˌ ˍˇ мκп ˍˇˎ ˇ˂ˈˁ˂ʹˊˇˎύΣ ˂ʱ˃ʲʰ˄ʶ ˔˗ˊʰ ˋˍʹ ʵʽʰʵʽˁʰˋʾʰ ˍʹˌ 

ˇ˅ʶʽʵˇʰ˄ʰʴ˖ʴʺˌΣ ˖ˌ ʶ˄ʶˊʴˈ ˃ʷˊˇˌΣ ʵʹ˂ʰʵʺ ʴʽʰ ˍˇΥ  

ɰΦ ITO-Au-TiO2 (4 Layer - рллϲC), ́  ʶˉʽ˒ʱ˄ʶʽʰ ʶʾ˄ʰʽ Sɰ Ґ сΣпрмсcm2/4 = 1,613cm2 Ғ 1/4 in2. 

                

ɳʽˁˈ˄ʰ 46 ɮ˂˂ʰʴʺ ˃ʶʴʷʻˇˎˌ ʶ˄ʶˊʴʺˌ ʁ ˉʽ˒ʱ˄ʶʽʰˌ ˃ ʶˍʱ ˍʹ˄ ɮˉˇˁˈ˂˂ʹˋʹ ˍˇˎ ˎ˃ʶ˄ʾˇˎ ό˃ʶ ˍˇ Au) 
ˋˍʹ˄ ˁˎˁ˂ʽˁʺ ʲˇ˂ˍʰ˃ʶˍˊʾʰ ˋʶ ʵʽʱ˂ˎ˃ʰ ʻʶʿˁˇˏ ˇ˅ʷ˖ˌ όɶ2{ʁ4) 

ʆʷ˂ˇˌΣ ˍˇ ˍˊʾˍˇ ʵʶʾʴ˃ʰ ˃ʶ ˍʹ˄ ˉʱˋˍʰ ˁˈˉʹˁʶ ˋˍʹ˄ ˃ʷˋʹΣ ˈˉˇˎ ʰˉˈ ʰˎˍˈ ˍˇ ʺ˃ʽˋˎ ˂ʱ˃ʲʰ˄ʶ 

˔˗ˊʰ ˋˍʹ˄ ʵʽʰʵʽˁʰˋʾʰ ˍʹˌ ˇ˅ʶʽʵˇʰ˄ʰʴ˖ʴʺˌΣ ˖ˌ ʶ˄ʶˊʴˈ ˃ʷˊˇˌΣ ʵʹ˂ʰʵʺ ʴʽʰ ˍˇΥ     

ɱΦ TFKV0009-pasta-TiO2Σ ʹ ʶˉʽ˒ʱ˄ʶʽʰ ʶʾ˄ʰʽ SC = 6,4516cm2/4 = 1,613cm2 Ғ 1/4 in2. 
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1.7Φ ʃʹʴʷˌ ʇˉʶˊʽ˖ʵ˗˄ ɮˁˍʽ˄ˇʲˇ˂ʽ˗˄ ¦± ό¦ƭǘǊŀǾƛƻƭet)  

   ʁʽ ʰˁˍʽ˄ˇʲˇ˂ʾʶˌ ˃ʶ ˃ʺˁʹ ˁˏ˃ʰˍˇˌ ˃ ʶˍʰ˅ˏ мл ˁʰʽ пллƴƳ ̌ ˄ˇ˃ʱʸˇ˄ˍʰʽ ʇˉʶˊʽ˗ʵʹˌ UVΦ ʂ˃˖ˌ 

ʴʽʰ ˃ʺˁʹ ˁˏ˃ʰˍˇˌ ˁʱˍ˖ ˍ˖˄ мулƴƳ ˇ˄ˇ˃ʱʸˇ˄ˍʰʽ ¦± ˁʶ˄ˇˏ ʶˉʶʽʵʺ ʰ˄ ʵʽʰʵˇʻˇˏ˄ ˋˍˇ˄ 

ʰˍ˃ˇˋ˒ʰʽˊʽˁˈ ʰʷˊʰ ʰˉˇˊˊˇ˒ˇˏ˄ˍʰʽ ˉˇ˂ˏ ʴˊʺʴˇˊʰ ʰˉˈ ˍʰ ˃ˈˊʽʰ ˍˇˎΦ 

ʆˇ ˒ʱˋ˃ʰ ˉˇˎ ˉʰˊʰ˃ʷ˄ʶʽ ˔˖ˊʾʸʶˍʰʽ ˋʶ ˍˊʶʾˌ ˉʶˊʽˇ˔ʷˌ: [65]  

ʰύ ˍˇ UV-A (315 - 400nm) ˉˇˎ ʶˎʻˏ˄ʶˍʰʽ ʴʽʰ ˍˇ 

ˁʰ˂ˇˁʰʽˊʽ˄ˈ ˃ʰˏˊʽˋ˃ʰ,  

ʲύ ˍˇ UV-B (280 - 315nm) ˉˇˎ ˉˊˇˁʰ˂ʶʾ ˍʰ ʹ˂ʽʰˁʱ 

ʶʴˁʰˏ˃ʰˍʰ ˁʰʽ ˁʰˊˁʾ˄ˇ ˍˇˎ ʵʷˊ˃ʰˍˇˌ ˁ ʰʽ  

ʴύ ˍˇ UV-C (180 - 280nm) ˉˇˎ ʰˉˇˊˊˇ˒ʱˍʰʽ ʰˉˈ 

ˍˇ 5b! ˁʰʽ ˉˊˇˁʰ˂ʶʾ ʴʶ˄ʶˍʽˁʷˌ ʲ˂ʱʲʶˌ ˁʰʽ 

ʰʵˊʰ˄ˇˉˇʽʶʾ ˍʰ ʲʰˁˍʺˊʽʰ ˁʰʽ ˍˇˎˌ ʽˇˏˌΦ  

   ʆˇ ʶʾʵˇˌ ˁʰʽ ˇ ʲʰʻ˃ˈˌ ˍʹˌ ʲ˂ʱʲʹˌ ˉˇˎ ˉˊˇˁʰ˂ʶʾˍʰʽ ˋˍˇˎˌ ʸ˖˄ˍʰ˄ˇˏˌ ˇˊʴʰ˄ʽˋ˃ˇˏˌ 

ʶ˅ʰˊˍʱˍʰʽ ʰˉˈ ˉʰˊʱʴˇ˄ˍʶˌ  ̍ ˉ˖ˌΥ [66] 

ʰύ ˇ ˔ˊˈ˄ˇˌ ʷˁʻʶˋʹˌ όʰˌ ˃ʹ˄ ˅ʶ˔˄ʱ˃ʶ ʶʵ˗ ˈˍʽ ˇʽ ɶκɾ ʰˁˍʽ˄ˇʲˇ˂ʾʶˌ ʷ˔ˇˎ˄ ˍʹ˄ ˉˊˇˋʻʶˍʽˁʺ 

ʽʵʽˈˍʹˍʰύ,  

ʲύ ʹ ̫ ˄ˍʰˋʹ ˍʹˌ ʰˁˍʽ˄ˇʲˇ˂ʾʰˌ όʵʹ˂Φ ˍʹ˄ ˉˊˇˋˉʾˉˍˇˎˋʰ ʽˋ˔ˏ ʰ˄ʱ ˃ˇ˄ʱʵʰ ʶˉʽ˒ʱ˄ʶʽʰˌύΣ 

ʴύ ˍˇ ˃ʺˁˇˌ ˁˏ˃ʰˍˇˌ ˍʹˌ ʰˁˍʽ˄ˇʲˇ˂ʾʰˌ όˈˋˇ ˃ʽˁˊˈˍʶˊˇ ʶʾ˄ʰʽ ˍˇ ˃ʺˁˇˌ ˁˏ˃ʰˍˇˌ ˍˈˋˇ 

˃ʶʴʰ˂ˏˍʶˊʹ ʶ˄ʷˊʴʶʽʰ ˃ʶˍʰ˒ʷˊʶˍʰʽ ˁʰʽ ˍˈˋˇ ˉʶˊʽˋˋˈˍʶˊˇ ʵʽʶʽˋʵˎˍʽˁʺ ʴʾ˄ʶˍʰʽ ʹ 

ʰˁˍʽ˄ˇʲˇ˂ʾʰύΣ  

ʵύ ɮˉˈ ˍʹ˄ ʰˍˇ˃ʽˁʺ ʶˎʰʽˋʻʹˋʾʰ ˍˇˎ ˁʰʻʶ˄ˈˌ, ̀ ˍˇ ʶʾʵˇˌ ʰˎˍˈ ˍʹˌ ʰˁˍʽ˄ˇʲˇ˂ʾʰˌΦ 

   ʅˍˇ ˋ˔ʺ˃ʰ ʵʾ˄ʶˍʰʽ ʷ˄ʰ ʶ˄ʵʶʽˁˍʽˁˈ ʵʽʱʴˊʰ˃˃ʰ ˍ˖˄ 

ˇˊʾ˖˄ ʷˁʻʶˋʹˌ ˋʶ ʰˁˍʽ˄ˇʲˇ˂ʾʰ ¦± ʴʽʰ ˉʶˊʾˇʵˇ ˇˁˍ˗ 

˖ˊ˗˄ [67]. ɮ˒ˇˊʱ ʷˁʻʶˋʹ ʰˉˈ ˂ˎ˔˄ʾʶˌ ˍˈ˅ˇˎ ˁʰʽ 

˒ʰˋ˃ʰˍˇˋˁˇˉʽˁʷˌΣ ˂ʰ˃ˉˍʺˊʶˌ ˒ʻˇˊʽˋ˃ˇˏ ˁʰʽ 

ˉˎˊʱˁˍ˖ˋʹˌ ˁʰʻ˗ˌ ˁʰʽ ˍʹ˄ ʹ˂ʽʰˁʺ ʰˁˍʽ˄ˇʲˇ˂ʾʰΦ  

ʁ ʰˋ˒ʰ˂ʷˋˍʶˊˇˌ ˍˊˈˉˇˌ ʴʽʰ ˄ʰ ʰˉˇ˒ˏʴˇˎ˃ʶ ˍʹ˄ 

ʰˁˍʽ˄ˇʲˇ˂ʾʰ ¦± ʶ˒ˈˋˇ˄ ʵʶ˄ ˉˊˈˁʶʽˍʰʽ ˄ʰ ˍʹ 

˔ˊʹˋʽ˃ˇˉˇʽʺˋˇˎ˃ʶ ʴʽʰ ˋˎʴˁʶˁˊʽ˃ʷ˄ˇ ˋˁˇˉˈ ʶʾ˄ʰʽ ʰˎˍʺ 

˄Ω ʰˉˇˊˊˇ˒ʹʻʶʾ ˍʹ ˋˍʽʴ˃ʺ ˍʹˌ ˉʰˊʰʴ˖ʴʺˌ ˍʹˌΦ ɮˎˍˈ 

ʴʾ˄ʶˍʰʽ ˃ʶ ˍˇ ˄ʰ ˉʶˊʽʲʱ˂˂ˇˎ˃ʶ ˍʹ˄ ˉʹʴʺ ˃ʶ ʷ˄ʰ ʴˎʱ˂ʽ˄ˇ ˁ˂˖ʲˈ ˇ ˇˉˇʾˇˌ ˈˉ˖ˌ ʺʵʹ ʷ˔ˇˎ˃ʶ 

ʰ˄ʰ˒ʷˊʶʽ ʰˉˇˊˊˇ˒ʱ ˍʹ˄ ¦± ʰˁˍʽ˄ˇʲˇ˂ʾʰΦ ʅʶ ʰ˄ˍʾʻʶˍʹ ˉʶˊʾˉˍ˖ˋʹ ʻʰ ˉˊʷˉʶʽ ʴʽʰ ˍʹ˄ 

ˉˊˇˋˍʰˋʾʰ ˃ʰˌ ˄ʰ ˔ˊʹˋʽ˃ˇˉˇʽʺˋˇˎ˃ʶ ʴʱ˄ˍʽʰ ˁʰʽ ʴˎʰ˂ʽʱ ˁʰʽ ˄ʰ ˋˁʶˉʱʸˇˎ˃ʶ ˁ ʱʻʶ ˃ʷˊˇˌ ˍˇˎ 

ˋ˗˃ʰˍˈˌ ˃ ʰˌ ˉˇˎ ˉʽʻʰ˄ˈ˄ ˃ˉˇˊʶʾ ˄ʰ ʶˁˍʶʻʶʾΦ  

ɳʽˁˈ˄ʰ 47 ʃʶˊʽˇ˔ʷˌ ʇˉʶˊʽ˖ʵ˗˄ ʊʰˋ˃ʱˍ˖˄ 

ɳʽˁˈ˄ʰ 48 ʂˊʽʰ ʷˁʻʶˋʹˌ ˋʶ ɮˁˍʽ˄ˇʲˇ˂ʾʶˌ UV 
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   ʅˍʹ˄ ˉʰˊˇˏˋʰ ʶˊʴʰˋʾʰ ˃ʶ˂ʶˍʺʻʹˁʰ˄ 8 ʶʾʵʹ ɽʰ˃ˉˍʺˊ˖˄Σ ˁʱ˄ˇ˄ˍʰˌ ˔ˊʺˋʹ 2 ˋˎˋˍʹ˃ʱˍ˖˄ 

ʰˉˈ ˍˇ˄ ʶ˅ˇˉ˂ʽˋ˃ˈ ̱ ˇˎ ɳˊʴʰˋˍʹˊʾˇˎ: 

A. Ocean Optics High Resolution Spectometer HR-2000+ ˁ ʰʽ 

B. LI-COR Portable Spectroradiometer Model: LI-1800    

ʅʶ ˁʱʻʶ ˂ʰ˃ˉˍʺˊʰ ʷʴʽ˄ʰ˄ н ˃ʶˍˊʺˋʶʽˌΦ ɮˊ˔ʽˁʱ ʴʽʰ ˄ʰ ˉˊˇˋʵʽˇˊʽˋˍʶʾ ˍˇ ˃ʺˁˇˌ ˁˏ˃ʰˍˇˌ ˁʰʽ 

ˋʶ ʵʶˏˍʶˊˇ ˋˍʱʵʽˇ ʹ ʷ˄ˍʰˋʹ ̱ ʹˌ h ˁˍʽ˄ˇʲˇ˂ʾʰ ̩̄ ˇˎ ʶˁˉʷ˃ˉʶʽ ʰ˄ʱ ˃ˇ˄ʱʵʰ ʶˉʽ˒ʱ˄ʶʽʰˌΦ   

ʅˍˇ ʃʰˊʱˊˍʹ˃ʰ ɹ όɾʶ˂ʷˍʹ - ɲʽʰʴˊʱ˃˃ʰˍʰ ɽʰ˃ˉˍʺˊ˖˄ ¦± - Lamps SpectrumύΣ ˉʰˊʰˍʾʻʶ˄ˍʰʽ 

ˍʰ ˋ˔ʶˍʽˁʱ ʊʱˋ˃ʰˍʰ ɮˁˍʽ˄ˇʲˇ˂ʾʰˌ ˁ ʰʽ ʹ ˃ʶ˂ʷˍʹ ˉˇˎ ʷʴʽ˄ʶ ˃ ʶ ˍʹ ̡ ˇʺʻʶʽʰ ˍˇˎ Matlab.  

ɾʽʰ ˉˊ˗ˍʹ ˃ʰˍʽʱ ʵʾʵʶʽ ˍʰ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ˉˇˎ ˒ʰʾ˄ˇ˄ˍʰʽ ˋˎ˄ˇˉˍʽˁʱ ˋˍˇ˄ ˉʰˊʰˁʱˍ˖ ˉʾ˄ʰˁʰΥ  

ʃʾ˄ʰˁʰˌΥ ʋʰˊʰˁˍʹˊʽˋˍʽˁʱ ɽʰ˃ˉˍʺˊ˖˄ UV όɼˇˊˎ˒ʺ ˁʰʽ ɹˋ˔ˏˌκɳˉʽ˒ʱ˄ʶʽʰύ 

ɮ/ɮ ɳʾʵˇˌ ɽʰ˃ˉˍʺˊʰ ɼˇˊˎ˒ʺ  ɮˁˍʽ˄ˇʲˇ˂ʾʰ 

(W/m2.nm) 

ɹˋ˔ˏˌ/ɳˉʽ˒ʱ˄ʶʽʰ 

  All    <--->   300-400nm 

ɮˉˈˋˍʰˋʹ 

1 1U lamp UVA 9W/240V with shock G23 365nm 0.1105 3.4W/m2 30cm 

2 1U lamp OSRAM UVC 9W/240V with shock G23 366nm 0.1266 6.3W/m2 18cm 

3 OSRAM HQI ɮˍ˃˗˄ ʇʵˊʰˊʴˏˊˇˎ 150W with Blocked UV 536nm 0.4200 33.2W/m2 40cm 

4 OSRAM HQI ɮˍ˃˗˄ ʇʵˊʰˊʴˏˊˇˎ 150W without  Blocked UV 592nm 0.3200 62W/m2 40cm 

5 OO lamp Black light 25W/240V-B27  365nm 0.1467 3.09W/m2 30cm 

6 3U lamp Black light 20W/240V-E27 365nm 0.04564 1.45W/m2 30cm 

7 OO lamp Black light 15W/240V-E27 364nm 0.01938 0.65W/m2 30cm 

8 Leds UV мс ˍʶ˃ʰ˔ʾ˖˄ 402nm - 0.01W/m2 30cm 

   ʃʰˊʰˍʹˊʶʾˍʰʽ ʰˊ˔ʽˁʱ ˈˍʽ ˇʽ ˂ʰ˃ˉˍʺˊʶˌ ˉˇˎ ʶˁˉʷ˃ˉˇˎ˄ ʰˁˍʽ˄ˇʲˇ˂ʾʰ ʴˏˊ˖  ʰˉˈ ˍʰ 365nm 

ʶʾ˄ʰʽ ˃ʶ ɮˏ ˅ˇ˄ˍʰ/ɮ́ ʽʻ˃ˈˌΥ мΣ нΣ рΣ с ˁʰʽ тΦ ʁ ˂ʰ˃ˉˍʺˊʰˌ ˃ʶ ɮκɮΥ н, ʵʽʰʴˊʱ˒ʶˍʰʽ ʴʽʰˍʾ 

ʶˁˉʷ˃ˉʶʽ ˋˍˇ UVC, ˃ ʺˁʹ ˁˏ˃ʰˍˇˌ ˎˉʶˊʲˇ˂ʽˁʱ ʶˉʽˁʾ˄ʵˎ˄ʰΣ ˈˉ˖ˌ ʷ˔ʶʽ ʰ˄ʰ˒ʶˊʻʶʾ ˉʰˊʰˉʱ˄˖Φ 

ʁ ˂ʰ˃ˉˍʺˊʰˌ ˃ʶ ɮκɮΥ т Ϧ˒ʰʾ˄ʶˍʰʽϦ  ˄ʰ ʷ˔ʶʽ ˉˇ˂ˏ ˃ʽˁˊʺ ʽˋ˔ˏ, ˋʶ ʰˉˈˋˍʰˋʹ ˂ʶʽˍˇˎˊʴʾʰˌ 

30cm, ʰ˂˂ʱ ʻʰ ʰˉˇʵʶʽ˔ʻʶʾ ʰˊʴˈˍʶˊʰ ˈˍʽ ʰˉˇʵʾʵʶʽ ʴʽʰ ˍʰ ʵʶʵˇ˃ʷ˄ʰ ˍʹˌ ʶˊʴʰˋʾʰˌ ˍʹ˄ 

ʰˉʰʽˍˇˏ˃ʶ˄ʹ ʽˋ˔ˏ ˍ˖˄ 10W/m2 ˋˍʰ нΣрcm. ʆʶ˂ʽˁʱΣ ʶˉʽ˂ʷ˔ʻʹˁʰ˄ ʰˉ ̍ ˍˇˎ̩ ˉʰˊʰˉʱ˄˖ 

˂ʰ˃ˉˍʺˊʶˌ ˄ʰ ˔ˊʹˋʽ˃ˇˉˇʽʹʻˇˏ˄ ˍʰ 3 ʶʾʵʹ ˃ʶ ɮκɮΥ мΣ рΣ 6, ˋʶ н ˁʰˍʰˋˁʶˎʷˌ ˒˖ˍʶʽ˄˗˄ ˉʹʴ˗˄ 

UV  ˁ ʰʽ ˇ ˂ʰ˃ˉˍʺˊʰˌ ˃ʶ ɮκɮΥ т ʶ˄ˋ˖˃ʰˍ˗ʻʹˁʶ ˋˍˇ  ˃ ʽˁˊˈ ʹ˂ʶˁˍˊˇ˔ʹ˃ʽˁˈ ˋˏˋˍʹ˃ʰ.   

ʅ̝ ʶˍʽˁʱ ˋˍˇ ʃh ˊʱˊˍʹ˃ʰ VɹɹI όʊ˖ˍˇʴˊʰ˒ʽˁˈ ʇ˂ʽˁˈ - ɼʰˍʰˋˁʶˎʺ ʊ˖ˍʶʽ˄˗˄ ʃʹʴ˗˄ ¦±ύ. 

To 1ϲ ʅˏˋˍʹ˃ʰ UV ˉˇˎ ˁʰˍʰˋˁʶˎʱˋˍʹˁʶ ʰˉˇˍʶ˂ʶʾˍʰʽ ʰˉˈ о ˂ʰ˃ˉˍʺˊʶˌ мU ˁʱʻʶ ˃ʾʰ, 

ʊʻˇˊʽˋ˃ˇˏ UV 9W/240V with shock G23 όɮκɮΥ мύ, ˇʽ ˇˉˇʾʶˌ ʶ˂ʷʴ˔ˇ˄ˍʰʽ ʰˉˈ ʷ˄ʰ ʵʽʰˁˈˉˍʹ 

ˈ˂ʶˌ ˃ʰʸʾ ˉˇˎ ʲˊʾˋˁʶˍʰʽ ˋˍˇ ˁʰ˂˗ʵʽˇ ˍˊˇ˒ˇʵˇˋʾʰˌ. 

To 2ϲ ʅˏˋˍʹ˃ʰ UV ˉˇˎ ˁʰˍʰˋˁʶˎʱˋˍʹˁʶ ʰˉˇˍʶ˂ʶʾˍʰʽ ʰˉˈ м ˂ʰ˃ˉˍʺˊʰ OO ʊʻˇˊʽˋ˃ˇˏ Black 

light 25W/240V-B27 ˋˍˇ ˁʷ˄ˍˊˇ όɮκɮΥ рύ ˁʰʽ н ˂ʰ˃ˉˍʺˊʶˌ 3U ʊʻˇˊʽˋ˃ˇˏ Black light 

20W/240V-E27 ʵʶ˅ʽʱ ˁʰʽ ʰˊʽˋˍʶˊʱ όɮκɮΥ сύΦ ɮˎˍʷˌ ʶ˂ʷʴ˔ˇ˄ˍʰʽ  ˁʶ˄ˍˊʽˁʱ ʰˉˈ ʷ˄ʰ ʵʽʰˁˈˉˍʹ 

ˉˇˎ ʲˊʾˋˁʶˍʰʽ ˋˍˇ ˁʰ˂˗ʵʽˇ ˍˊˇ˒ˇʵˇˋʾʰˌ ʰ˂˂ʱ ˁʰʽ ʶˉʽ˃ʷˊˇˎˌ ʰˉˈ ʷ˄ʰ ʵʽˉ˂ˈ ʵʽʰˁˈˉˍʹ 

˔˖ˊʽˋˍʱ ʹ ˃ʶˋʰʾʰ ˁʰʽ ˔˖ˊʽˋˍʱ ˇʽ н ʰˁˊʰʾʶˌΦ  
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   ʆˇ ʶ˄ʵʽʰ˒ʷˊˇ˄ ˍʹˌ ʶˊʴʰˋʾʰˌ ʶˋˍʽʱʸʶˍʰʽ ˋˍˇ ˈˍʽ ʹ ˔ˊʺˋʽ˃ʹ ˉʶˊʽˇ˔ʺ ˍ˖˄ ˒ʰˋ˃ʱˍ˖˄ 

ʰˁˍʽ˄ˇʲˇ˂ʾʰˌ ˍ˖˄ ˂ʰ˃ˉˍʺˊ˖˄ ʶʾ˄ʰʽ ʰˉˈ ˍʰ олл-400nm. ɳˉˇ˃ʷ˄˖ˌ ʰˊ˔ʽˁʱ ʴʾ˄ʶˍʰʽ 

ʶˉʶ˅ʶˊʴʰˋʾʰ ˋˍˇ Matlab ̠ ˋˍʶ ˄ʰ ʲˊʶʻʶʾ ˍˇ ʁ˂ˇˁ˂ʺˊ˖˃ʰ όɳ˃ʲʰʵˈ˄ύ ˍʹˌ ˉʶˊʽˇ˔ʺˌ ˍˈˋˇ ˈ˂ˇˎ 

ˍˇˎ ˒ʱˋ˃ʰˍˇˌ όолл-1100nm), ̍ ˋˇ ˁʰʽ ˍʹˌ ʶ˄ʵʽʰ˒ʶˊˈ˃ʶ˄ʹˌ ˉʶˊʽˇ˔ʺ (300-400nm) ˁ ʰʽ ʰˁˈ˃ʰ 

ˉʽˇ ˋˎʴˁʶˁˊʽ˃ʷ˄ʰ ˍʹˌ ˉʶˊʽˇ˔ʺˌ ʰˉˈ онл-390nm, ˈˉ˖̩ ʷ˔ʶʽ ʰ˄ʰ˒ʶˊʻʶʾ ˋʶ ˉˊˇʹʴˇˏ˃ʶ˄ʹ 

ʶ˄ˈˍʹˍʰ. ʅˍˇ˄ ˉʰˊʰˁʱˍ˖ ˉʾ˄ʰˁʰ ˒ʰʾ˄ˇ˄ˍʰʽ ˍʰ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰΦ  

ʃʾ˄ʰˁʰˌΥ ʅˎʴˁʶ˄ˍˊ˖ˍʽˁʱ ˋˍˇʽ˔ʶʾʰ ɮˁˍʽ˄ˇʲˇ˂ʾʰˌ (W/ m2) h ˉˈ ˍʹ˄ ʶˉʶ˅ʶˊʴʰˋʾʰ ˋˍˇ Matlab 

ɽʰ˃ˉˍʺˊʶˌ* 
ɮˁˍʽ˄ˇʲˇ˂ʾʰ ̝ ˖ˊʾˌ ʴˎʰ˂ʾ όʰ˄ʱ ˉʶˊʽˇ˔ʷˌ ˃ʺˁˇˎˌ ˁˏ˃ʰˍˇˌύ ɮˁˍʽ˄ˇʲˇ˂ʾʰ ˃ ʶ ʴˎʰ˂ ʾ(300-400nm) 

300nm -1100nm 300nm-400nm 320nm-390nm Borosilicate Extra Clear 

UV1 (25cm) 5.004 3.3028 3.2818  - - 

UV2 (18cm) 6.2594 3.8411 3.8156 - - 

UV3 (40cm) 33.2170 7.3158 6.7155 - - 

UV4 (40cm) 62.7258 1.8823 1.8788 - - 

UV5 (40cm) 63.1396 2.4191 2.4134 - - 

UV6 (40cm) 28.6463 4.1840 3.9260 - - 

UVT1 (30cm) 5.2905 3.0717 3.0583 2.6959 2.6860 

UVT2 (30cm) 3.2827 3.1000 3.0907 2.7457 2.7479 

UVT3 (30cm) 1.5940 1.4557 1.4519 1.2692 1.2599 

UVT4 (30cm) 0.8717 0.6567 0.6518 0.5673 05614 

*UV1: UVA9W, UV2: UVC9W, UV3&UV6: HQIwithglass, UV4&UV5: HQIwithoutglass, UVT1: UVA9W UVT2: BL25W, UVT3: BL20W, UVT4: BL15W. 

   ʃʰˊʰˍʹˊʶʾˍʰʽ ˈˍʽ ˎˉʱˊ˔ʶʽ ˋʹ˃ʰ˄ˍʽˁʺ ʵʽʰ˒ˇˊʱ ˋˍʹ˄ ʰˁˍʽ˄ˇʲˇ˂ʾʰ ˍʹˌ ʶ˄ʵʽʰ˒ʶˊˈ˃ʶ˄ʹˌ 

ˉʶˊʽˇ˔ʺˌ όолл-400nm), ˋʶ ˋ˔ʷˋʹ ˃ʶ ʰˎˍʺ  ˉˇˎ ʵʾ˄ʶʽ ˇ ˂ʰ˃ˉˍʺˊʰˌ ˋʶ ˈ˂ˇ ˍˇ ˒ʱˋ˃ʰ ˍˇˎ 

(300-1100nmύΦ ɳ˄˗ ˃ʽˁˊʷˌ ʵʽʰ˒ˇˊʷˌ, ʷ˖ˌ ˁʰʽ ʰˋʺ˃ʰ˄ˍʶˌΣ ˃ˉˇˊˇˏ˄ ˄ʰ ʻʶ˖ˊʹʻˇˏ˄ ˇʽ ˍʽ˃ʷˌ 

ˍʹˌ ʰˁˍʽ˄ˇʲˇ˂ʾʰˌ ʴʽʰ ˍʹ˄ ˉʶˊʽˇ˔ʺ  ˍ˖˄ 320-390nm. ɳˉˇ˃ʷ˄˖ˌ ˋˍˇ ʶ˅ʺˌ ʻʰ ˂h ˃ʲʱ˄ˇ˄ˍʰʽ 

ˎˉˈ˕ʹ ˇʽ ˍʽ˃ʷˌ ʷ˄ˍʰˋʹˌ ʰˁˍʽ˄ˇʲˇ˂ʾʰ ̩ˉˇˎ ʶˁˉʷ˃ˉʶʽ ˇ ˁʱʻʶ ˂ʰ˃ˉˍʺˊʰˌ ˋˍʹ˄ ˉʶˊʽˇ˔ʺ ˍ˖˄ 

300-400nmΦ ɳˉʾˋʹˌΣ ʵʶ˄ ˉˊʷˉʶʽ ˄ʰ ˅ʶ˔˄ʱ˃ʶ ˈˍʽ ʹ ʰˁˍʽ˄ˇʲˇ˂ʾʰ ʰˎˍʺ ʻʰ ˉʶˊʱˋʶʽ ʰˉˈ ʷ˄ʰ 

ʴˎʰ˂ʾΣ ˍˇ Borosilicate glass ʺ ˍˇ Extra clear glass. ɳˉˇ˃ʷ˄˖ˌ, ˂ʰ˃ʲʱ˄ˇ˄ˍʰˌ ˎˉˈ˕ʹ ˍʹ˄ ˍʽ˃ʺ 

ˍʹˌ ʵʽʰˉʶˊʰˍˈˍʹˍʰ ˁʱʻʶ ʴˎʰ˂ʽˇˏ ʰ˄ʱ ˃ʺˁˇˌ ˁˏ˃ʰˍˇˌΣ ˃ʶ ˍʹ˄ ʲˇʺʻʶʽʰ ˍˇˎ Matlab, ʷʴʽ˄ʶ 

ˉ̌ ˂˂ʰˉ˂ʰˋʽʰˋ˃ˈˌ ˃ʶ ˍʹ˄ ˁʱʻʶ ˍʽ˃ʺ ʷ˄ˍʰˋʹˌ ˍʹˌ ʰˁˍʽ˄ˇʲˇ˂ʾʰˌ ˉˇˎ ʵʾ˄ʶʽ ˇ ˁʱʻʶ ˂ʰ˃ˉˍʺˊʰˌ 

ˋˍʰ ˈˊʽʰ ˍʹˌ ʶ˄ʵʽʰ˒ʶˊˈ˃ʶ˄ʹˌ ˉʶˊʽˇ˔ʺˌΦ ɾʶ ˇ˂ˇˁ˂ʺˊ˖ˋʹ ˅ʰ˄ʱΣ ˉˊˇˁˏˉˍʶʽ ˃ʽʰ ˃ʽˁˊˈˍʶˊʹ 

ˍʽ˃ʺ ʷ˄ˍʰˋʹ ʰˁˍʽ˄ˇʲˇ˂ʾʰˌ ˉˇˎ ʶ˅ʷˊ˔ʶˍʰʽ ʰˉˈ ˍˇ ˁʱʻʶ ʴˎʰ˂ʾ ˋˍʹ˄ ʶ˄ʵʽʰ˒ʶˊˈ˃ʶ˄ʹ ˉʶˊʽˇ˔ʺ 

ˍ˖˄ олл-400nmΦ ʁʽ ˍʽ˃ʷˌ ʰˎˍʷˌ ˒ʰʾ˄ˇ˄ˍʰʽ ˋˍˇ˄ ˉʰˊʰˉʱ˄˖ ˉʾ˄ʰˁʰΦ ʃʰˊʰˍʹˊʶʾˍʰʽ ˈˍʽ ʵʶ˄ 

ˎˉʱˊ˔ˇˎ˄ ˋʹ˃ʰ˄ˍʽˁʷˌ ʵʽʰ˒ˇˊʷˌ ˍʹˌ ʷ˄ˍʰˋʹˌ ˍʹˌ ʶ˅ʶˊ˔ˈ˃ʶ˄ʹˌ ʰˁˍʽ˄ˇʲˇ˂ʾʰˌ ʴʽʰ ʰˎˍʱ ˍʰ н 

ʶʾʵʹ ʴˎʰ˂ʽˇˏΦ ɳˉˇ˃ʷ˄˖ˌ, ˋˍˇ ʶ˅ʺˌ ʻʰ ˔ˊʹˋʽ˃ˇˉˇʽʹʻˇˏ˄ ʴʽʰ ˉʶˊʰʽˍʷˊ˖ ˃ʶ˂ʷˍʹ ˇʽ ˍʽ˃ʷˌ 

ʷ˄ˍʰˋʹˌ ˍʹˌ ʶ˅ʶˊ˔ˈ˃ʶ˄ʹˌ ʰˁˍʽ˄ˇʲˇ˂ʾʰˌ ˉˇˎ ˉˊˇˁˏˉˍˇˎ˄ ʰˉˈ ˍʹ ˔ˊʺˋʹ ˍˇˎ ʴˎʰ˂ʽˇˏ 

Borosilicate. ʇˉʶ˄ʻˎ˃ʾʸʶˍʰʽ ˈˍʽ ʹ ʰˉˈ̀ˍʰˋʹ ˍʹˌ ˒˖ˍʶʽ˄ʺˌ ˉʹʴʺˌ ʷ˔ʶʽ ˂ʹ˒ʻʶʾ ˋˍʰ олcm.      
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   ʁ ˋˎ˄ʹʻʷˋˍʶˊˇˌ ˍˊˈˉˇˌ ʴʽʰ ˍʹ ˃ʷˍˊʹˋʹ ˍʹˌ ˒˖ˍʶʽ˄ʺˌ ʷ˄ˍʰˋʹˌ ɹ ˃ʽʰˌ ˒˖ˍʶʽ˄ʺˌ ˉʹʴʺˌ 

ˋˍʹˊʾʸʶˍʰʽ ˋˍˇ ʰˉ˂ˈ ˁʰʽ ʴʶ˄ʽˁʶˎ˃ʷ˄ˇ ʊ˖ˍˇ˃ʶˍˊʽˁˈ ɿˈ˃ˇ ˍ˖˄ ɮˉˇˋˍʱˋʶ˖˄ [80]:   ɳҐɹκd2    

ʂˉˇˎΥ ɳ ʹ ʷ˄ˍʰˋʹ ˒˖ˍʽˋ˃ˇˏ ʶˉʽ˒ʱ˄ʶʽʰˌ ˁʰʽ ɹ ʹ ʷ˄ˍʰˋʹ ʰˁˍʽ˄ˇʲˇ˂ʾʰˌ ˍʹˌ ˉʹʴʺˌ ˋʶ 

ʰˉˈˋˍʰˋʹ d. ʅˍˇ˄ ˉʰˊʰˁʱˍ˖ ˉʾ˄ʰˁʰ ˒ʰʾ˄ˇ˄ˍʰʽ ˇʽ ˍʽ˃ʷˌ ʷ˄ˍʰˋʹˌ ˍʹˌ ʰˁˍʽ˄ˇʲˇ˂ʾʰˌ ˃ʶˍʱ ˍˇ 

ʴˎʰ˂ʾ όBorosilicate) ̀ ʶ ʵʽʱ˒̌ˊʶˌ ʰˉˇˋˍʱˋʶʽˌ ʴʽʰ ˁʱʻʶ ˂ʰ˃ˉˍʺˊʰΥ 

ʃʾ˄ʰˁʰˌΥ ɮˁˍʽ˄ˇʲˇ˂ʾʰ όW/ m2ύ ˃ʶˍʱ ʰˉˈ ˍˇ ʴˎʰ˂ʾ  όBorosilicateύ ˋʶ ɲʽʱ˒ˇˊʶˌ ɮˉˇˋˍʱˋʶʽˌ 

ɮ/ɮ 
ɳʾʵˇˌ ɽʰ˃ˉˍʺˊʰ 

όʃʶˊʽˇ˔ʺ ˃ʺˁˇˎˌ ˁˏ˃ʰˍˇˌ олл-400nm) 

ɮˁˍʽ˄ˇʲˇ˂ʾʰ όW/ m2ύ ˃ʶˍʱ ʰˉˈ ˍˇ ʴˎʰ˂ʾ  όBorosilicateύ ˋʶ ɮˉˈˋˍʰˋʹ 

30cm 25cm 20cm 15cm 10cm 5cm 

1 1U lamp UVA 9W/240V with shock G23 2.6959 3.8821 6.0658 10.7836 24.2633 97.0532 

5 OO lamp Black light 25W/240V-B27  2.7457 3.953 6.1778 10.9828 24.7115 98.8460 

6 3U lamp Black light 20W/240V-E27 1.2692 1.8277 2.8559 5.0771 11.4236 45.6945 

7 OO lamp Black light 15W/240V-E27 0.5673 0.8169 1.2764 2.2692 5.1058 20.4235 

ʃʰˊʰˍʹˊʶʾˍʰʽ ʹ ʷ˄ˍˇ˄ʹ ˃ʶˍʰʲˇ˂ʺ ˍʹˌ ʷ˄ˍʰˋʹˌ ˍʹˌ ʰˁˍʽ˄ˇʲˇ˂ʾʰ ˃ʰʸʾ ˃ʶ ˍʹ ˔ˊʺˋʹ ˍˇˎ 

ʴˎʰ˂ʽˇˏ Borosilicate ɹ ʽʰ ˁʱʻʶ рcm ˃ ʶˍʰˁʾ˄ʹˋʹˌ ˍʹˌ ˒˖ˍʶʽ˄ʺˌ ˉʹʴʺˌΦ  

ʅˍʹ˄ ˉʶˊʾˉˍ˖ˋʹ ˈ˃˖ˌ ˉˇˎ ʶˉʽʵʽ˗ˁʶˍʰʽ ˄ʰ ʶˉʽˍˏ˔ˇˎ˃ʶ ʷ˄ˍʰˋʹ ʰˁˍʽ˄ˇʲˇ˂ʾʰˌ ʾˋʹ ˃ʶ  

10W/m2Σ ʹ ʰˉˈˋˍʰˋʹ ʵʾʵʶˍʰʽ ˋˍˇ˄ ˉʰˊʰˁʱˍ˖ ˉʾ˄ʰˁʰ, ɹ ʽʰ ˁʱʻʶ ʶʾʵˇˌ ˂ʰ˃ˉˍʺˊʰ: 

ʃʾ˄ʰˁʰˌΥ ɮˉˇˋˍʱˋʶʽˌ  ʴʽʰ ʶˉʾˍʶˎ˅ʹ ɮˁˍʽ˄ˇʲˇ˂ʾʰ млW/ m2 ˃ ʶˍʱ ʰˉˈ ˍˇ ʴˎʰ˂ʾ  όBorosilicate)  

ɮκɮ 
ɳʾʵˇˌ ɽʰ˃ˉˍʺˊʰ 

όʃʶˊʽˇ˔ʺ ˃ʺˁˇˎˌ ˁˏ˃ʰˍˇˌ олл-400nm) 
ɮˁˍʽ˄ˇʲˇ˂ʾʰ млW/ m2 ˃ ʶˍʱ ʰˉˈ ˍˇ ʴˎʰ˂ʾ  όBorosilicateύ ˋʶ ɮˉˈˋˍʰˋʹ όcm) 

1 1U lamp UVA 9W/240V with shock G23 15.5766 cm 

5 OO lamp Black light 25W/240V-B27  15.7198 cm 

6 3U lamp Black light 20W/240V-E27 10.6881 cm 

7 OO lamp Black light 15W/240V-E27 2.1455 cm 

 
   ʍˋˍˈˋˇΣ ˋˏ˃˒˖˄ʰ ˃ʶ ˍʽˌ ˉʶʽˊʰ˃ʰˍʽˁʷˌ ˃ʶ˂ʷˍʶˌ ˉˇˎ ʷ˔ˇˎ˄ ʴʾ˄ʶʽ ˋ˔ʶˍʽˁʱ ˃ʶ ˍʹ˄ ʶ˅ʱˊˍʹˋʹ 

ˍˇˎ ˊˎʻ˃ˇˏ ˍ˖˄ ˒˖ˍˇˁʰˍʰ˂ˎˍʽˁ˗˄ ʰ˄ˍʽʵˊʱˋʶ˖˄ ʰˉˈ ˍʹ˄ ʷ˄ˍʰˋʹ ˍʹˌ ˉˊˇˋˉʾˉˍˇˎˋʰˌ 

ʰˁˍʽ˄ˇʲˇ˂ʾʰˌΣ ʷ˔ʶʽ ʰˉˇʵʶʽ˔ˍʶʾ ˈˍʽ ʴʽʰ ˔ʰ˃ʹ˂ʷˌ ʶ˄ˍɦ̀ ʶʽˌ ˍʹˌ ʰˁˍʽ˄ˇʲˇ˂ʾʰˌ όʷ˖̩ нл mW/cm2) 

ˇ ˊˎʻ˃ˈˌ ʶ˅ʰˊˍʱˍʰʽ ʴˊʰ˃˃ʽˁʱ ʰˉˈ ˍʹ˄ ʷ˄ˍʰˋʹΦ ʅʶ ʶ˄ʵʽʱ˃ʶˋʶˌ ˍʽ˃ʷˌ ˍʹˌ ʷ˄ˍʰˋʹˌ ό20-

25mW/cm2ύ ˇ ˊˎʻ˃ˈˌ ʶʾ˄ʰʽ ʰ˄ʱ˂ˇʴˇˌ ˉˊˇˌ ˍʹ˄ ˍʶˍˊʰʴ˖˄ʽˁʺ ˊʾʸʰ ˍʹˌ ʷ˄ˍʰˋʹˌ ˍˇˎ ˒˖ˍˈˌ 

ʶ˄˗ ˋʶ ʰˁˈ˃ʰ ˃ʶʴʰ˂ˏˍʶˊʶˌ ˍʽ˃ʷˌ ʷ˄ˍʰˋʹˌΣ ˇ ˊˎʻ˃ˈˌ ˉʰˊʰ˃ʷ˄ʶʽ ʰ˄ʶ˅ʱˊˍʹˍˇˌ ʰˉˈ ʰˎˍʺΦ 

ɮˎˍˈ ˇ˒ʶʾ˂ʶˍʰʽ ˋˍʹ˄ ʰ˄ˍʰʴ˖˄ʽˋˍʽˁʺ ʵˊʱˋʹ ˍʹˌ ˉʽʻʰ˄ˈˍʹˍʰˌ ʶˉʰ˄ʰˋˏ˄ʵʶˋʹˌ ˍ˖˄ 

˒˖ˍˇˉʰˊʰʴˈ˃ʶ˄˖˄ ʹ˂ʶˁˍˊˇ˄ʾ˖ ˄ˁʰʽ ˇˉ˗˄ ʷ˄ʰ˄ˍʽ ˋˍˇ ˋ˔ʹ˃ʰˍʽˋ˃ˈ ˍˇˎˌΦ ɱʽʰ ˉʰˊʱʵʶʽʴ˃ʰΣ ˋʶ 

˔ʰ˃ʹ˂ʷˌ ˍʽ˃ʷˌ ʷ˄ˍʰˋʹˌΣ ʶˉʽˁˊʰˍʶʾ ˇ ˋ˔ʹ˃ʰˍʽˋ˃ˈˌ ˍ˖˄ ʸʶˎʴ˗˄ ʹ˂ʶˁˍˊˇ˄ʾ˖˄ ς ˇˉ˗˄ [81, 82]. 

ʅʶ ˃ʶʴʰ˂ˏˍʶˊʶˌ ˍʽ˃̫̩ ʷ˄ˍʰˋʹˌΣ ˇ ˋ˔ʹ˃ʰˍʽˋ˃ˈˌ ʰˎˍˈˌ ʰ˄ˍʰʴ˖˄ʾʸʶˍʰʽ ˍʹ˄ ʶˉʰ˄ʰˋˏ˄ʵʶˋʹ ˍ˖˄ 

˒ˇˊʷ˖˄ ˒ˇˊˍʾˇˎΣ ˃ʶ ʰˉˇˍʷ˂ʶˋ˃ʰ ˄ʰ ˃ʶʽ˗˄ʶˍʰʽ ˇ ˊˎʻ˃ˈˌ ˍʹˌ ˒˖ˍˇˁʰˍʰ˂ˎˍʽˁʺˌ ʰ˄ˍʾʵˊʰˋʹˌ 

[83]. ɳˉˇ˃ʷ˄˖ˌΣ ˇ ˋ˔ʶʵʽʰˋ˃ˈˌ ˍˇˎ ˒˖ˍˇʹ˂ʶˁˍˊʽˁˇˏ ˋˎˋˍʺ˃ʰˍˇˌ  ˁʰʻʽˋˍ ɦˍʹ˄ ʰˉˈˋˍʰˋʹ 

ˍ˖˄ ˂ʰ˃ˉˍʺˊ˖˄ ˍ˖˄ ˋˎˋˍʹ˃ʱˍ˖˄ UV h ˉˈ ˍʰ ʹ˂ʶˁˍˊˈʵʽʰ ʶˊʴʰˋʾʰˌ ˃ʶˍʰʲ˂ʹˍʺ ʰˉˈ 1 - 15cm.  
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   ɱʽʰ ˍˇˎ ˂ˈʴˇˎ ˍˇ ʰ˂ʹʻʷˌΣ ʹ ʷ˄ˍʰˋʹ ̱́ ˌ ˉˊˇˋˉʾˉˍˇˎˋʰ ʰˁˍʽ˄ˇʲˇ˂ʾʰ ̩ ˋˍʹ ˁˎ˕ʶ˂ʾʵʰ 

˃ʶˍˊʺʻʹˁʶ ˃ʶ ˍʹ ˔ˊʺˋʹ ˍˇˎ UV340B Digital Light Meter UVA & UVB DetectorΣ ˍˇ ˇˉˇʾˇ 

ˁʰˍʰʴˊʱ˒ʶʽ ˍʹ˄ ʷ˄ˍʰˋʹ ˍʹˌ ʰˁˍʽ˄ˇʲˇ˂ʾʰˌ ʰ˄ʱ ˃ˇ˄ʱʵʰ ʶˉʽ˒ʱ˄ʶʽʰˌΦ ʆʰ ʲʰˋʽˁʱ ˃ʷˊʹ ˍˇˎ 

ˇˊʴʱ˄ˇˎ ʶʾ˄ʰʽ ʷ˄ʰˌ ʰʽˋʻʹˍʺˊʰˌ ˇ ˇˉˇʾˇˌ ʰ˄ʽ˔˄ʶˏʶʽ ˍʹ˄ ʰˁˍʽ˄ˇʲˇ˂ʾʰ ˁʰʽ ʷ˄ʰˌ ˕ʹ˒ʽʰˁˈˌ 

ˁʰˍʰʴˊʰ˒ʷʰˌ ˋˍˇ˄ ˇˉˇʾˇ ʰˉˇˍˎˉ˗˄ʶˍʰʽ ʹ ˃ʷˍˊʹˋʹ ˍʹˌ ˉˊˇˋˉʾˉˍˇˎˋʰˌ ʰˁˍʽ˄ˇʲˇ˂ʾʰˌ ˋʶ 

mW/cm2. ʁ ʰʽˋʻʹˍʺˊʰˌ ˍˇˎ ʰ˄ʽ˔˄ʶˎˍʺ ʷ˔ʶʽ ʱ˃ʶˋʹ ʰˉˈˁˊʽˋʹ ˋˍˇ ˒˖ˌ ˁʰʽ ˍˇ ʶˏˊˇˌ ˍˇˎ 

˃ʺˁˇˎˌ ˁˏ˃ʰˍˇˌ ˍʹˌ ˃ʶˍˊˇˏ˃ʶ˄ʹˌ ʷ˄ˍʰˋʹˌ  ʶʾ˄ʰʽ 290-390nm. ɾʶ ̱́  ʲˇʺʻʶʽʰ ʰˎˍˇˏ ˍˇˎ 

ˇˊʴʱ˄ˇˎ ˃ʶˍˊʺʻʹˁʶ ʹ ʷ˄ˍʰˋʹ ˍʹˌ ˉˊˇˋˉʾˉˍˇˎˋʰˌ ʰˁˍʽ˄ˇʲˇ˂ʾʰˌ ʴʽʰ ˍʰ ʵʽʱ˒ˇˊʰ ʶʾʵʹ 

˂ʰ˃ˉˍʺˊ˖˄ ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽʺʻʹˁʰ˄ ˋˍʹ˄ ʶˊʴʰˋʾʰΦ   ʅˍʽˌ ˉʰˊʰˁʱˍ˖ ˒˖ˍˇʴˊʰ˒ʾʶˌ ˒ʰʾ˄ˇ˄ˍʰʽ 

ˇʽ ʰˉˇˋˍʱˋʶʽˌ ˉˇˎ ˉˊʷˉʶʽ ˄ʰ ˂ʰ˃ʲʱ˄ˇ˄ˍʰʽ ˎˉˈ˕ʹΣ ʴʽʰ ˄ʰ ʶˉʽˍʶˎ˔ʻʶʾ ʷ˄ˍʰˋʹ ʰˁˍʽ˄ˇʲˇ˂ʾʰˌ 

ʾˋʹ ˃ʶ  млW/m2Σ ˉˇˎ ʰ˄ˍʽˋˍˇʽ˔ʶʾ ˋʶ  мmW/cm2 ˃ ʶ ʲʱˋʹ ˍʹ˄ ʷ˄ʵʶʽ˅ʹ ˍˇˎ ˇˊʴʱ˄ˇˎΦ 
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1.8Φ ʃʶˊʽʴˊʰ˒ʺ ʃʶʽˊʱ˃ʰˍˇˌ - ɶ˂ʶˁˍˊˇ˂ˎˍʽˁʺˌ ʃʰˊʰʴ˖ʴʺˌ ʇʵˊˇʴˈ˄ˇˎ 

ɶ ɳ˒h ˊ˃ˇʴʺ ˍʹˌ ɶ˂ ʶˁˍˊˈ˂ˎˋʹˌ ˍˇˎ ˄ʶˊˇˏ όˍˏˉˇˎ PEM) ɹ ʽʰ ˍʹ˄ ˉʰˊʰʴ˖ʴʺ ˍˇˎ ˎʵˊˇʴˈ˄ˇˎ, 

ʶ˒ʰˊ˃̍ʸʶˍʰʽ ˋʺ˃ʶˊʰ ˁˎˊʾ˖ˌ ˈˍʰ˄ ˎˉʱˊ˔ˇˎ˄ ʰˎ˅ʹ˃ʷ˄ʶˌ ʰˉʰʽˍʺˋʶʽˌ ˋʶ ˁʰʻʰˊˈ ˎʵˊˇʴˈ˄ˇ 

ˁʰʽ ˇʽ ˉˇˋˈˍʹˍʶˌ ʰˎˍˇˏ ˉˇˎ ʰˉʰʽˍˇˏ˄ˍʰʽ ʵʶ˄ ʶʾ˄ʰʽ ˉˇ˂ˏ ˃ʶʴʱ˂ʶˌΦ ʁ ̔̔ ʵʽʰʾˍʶˊʰ ˎ˕ʹ˂ʷˌ ˍʽ˃ʷˌ 

ˁʰʻʰˊˈˍʹˍʰˌ ˍˇˎ ˎʵˊˇʴˈ˄ˇˎ όффΣффф҈ύΣ ʰˉˇˍʶ˂ˇˏ˄ ˍˇ ʲʰˋʽˁˈ ˉ˂ʶˇ˄ʷˁˍʹ˃ʰ ˍ˖˄ 

ˋˎˋˍʹ˃ʱˍ˖˄ ɶ˂ʶˁˍˊˈ˂ˎˋʹˌΣ ʰ˒ˇˏ ʵˏ˄ʰˍʰʽ ˄ʰ ˔ˊʹˋʽ˃ˇˉˇʽʹʻʶʾ ʰˉʶˎʻʶʾʰˌ ˋʶ ˁˎ˕ʷ˂ʶˌ 

ˁʰˎˋʾ˃ˇˎ ˎʵˊˇʴˈ˄ˇˎΣ ˔˖ˊʾˌ ˉʶˊʰʽˍʷˊ˖ ʶˉʶ˅ʶˊʴʰˋʾʰΦ  

   ɳˎˊʶʾʰ ʰˉʺ˔ʹˋʹ ʷ˔ʶʽ ˋʶ ʶˊʴʰˋˍʹˊʽʰˁʷˌ ˃ʶʻˈʵˇˎˌ ʹ ˔ˊʹˋʽ˃ˇˉˇʾʹˋʹ ʹ˂ʶˁˍˊʽˁˇˏ ˊʶˏ˃ʰˍˇˌ 

ˉˇˎ ˉˊˇʷˊ˔ʶˍʰʽ ʰˉˈ ˍˇ ɲʹ˃ˈˋʽˇ ɲʾˁˍˎˇ ɾʶˍʰ˒ˇˊʱˌΣ ˈˉˇˎ ˃ʶˍʰˍˊʷˉʶˍʰʽ ˃ʷˋ˖ ʶ˄ˈˌ 

ˍˊˇ˒ˇʵˇˍʽˁˇˏ ʰˉˈ нолVAC ˋʶ ˔ʰ˃ʹ˂ˈˍʶˊʶˌ ˍʱˋʶʽˌ мнVDC ʺ нпVDC ʺ ˁʰʽ осVDC. ʅˍʹ˄ 

ˉh ˊˇˏˋʰ ʶˊʴʰˋʾʰ ˍʰ н ʹ˂ʶˁˍˊˈʵʽʰ ˉˇˎ ʶʾ˄ʰʽ ˁʰˍʰˋˁʶˎʰˋ˃ʷ˄ʰ ʰˉˈ ɮ˄ˇ˅ʶʾʵ˖ˍˇ ʋʱ˂ˎʲʰ 

INOX 316L ˋˎ˄ʵʷˇ˄ˍʰʽ ˃ʶ ˍˊˇ˒ˇʵˇˍʽˁˈ ˋˎ˄ʶ˔ˇˏˌ ˍʱˋʹˌ AC/DC ˋˍʰ осV (Imax=2A). ɮ˅ʾʸʶʽ ˄ʰ 

ˋʹ˃ʶʽ˖ʻʶʾ ˈˍʽ ˋʶ ʶ˒ʰˊ˃ˇʴʷˌ ˃ˈ˄ʽ˃ʹˌ ˂ʶʽˍˇˎˊʴʾʰˌ ˍˇˎ ʹ˂ʶˁˍˊˇ˂ˎˍʽˁˇˏ ˋˎˋˍʺ˃ʰˍˇˌΣ ˁʰ˂ˈ 

ʶʾ˄ʰʽ ˄ʰ ˋˎ˄ʵˎʱʸʶˍʰʽ ˃ʶ ˍʹ˄ ˍʶ˔˄ˇ˂ˇʴʾʰ ɮʃɳΦ ɶ ʱ˄ˍ˂ʹˋʹ ʹ˂ʶˁˍˊʽˁʺˌ ʶ˄ʷˊʴʶʽʰˌ ˉΦ˔Φ ʰˉˈ ˍˇ˄ 

ʺ˂ ʽˇ ˁʰʽ ˋˍʹ ˋˎ˄ʷ˔ʶʽʰ ˍˊˇ˒ˇʵˇˋʾʰ ˍ˖˄ ʹ˂ʶˁˍˊˇ˂ˎˍʽˁ˗˄ ˃ˇ˄ʱʵ˖˄ ʷ˔ʶʽ ˖ˌ ʰˉˇˍʷ˂ʶˋ˃ʰ ˍʹ˄ 

ʰˏ˅ʹˋʹ ˍʹˌ ʰˉˈʵˇˋʹˌ ˍˇˎ ˈ˂ˇˎ ˋˎˋˍʺ˃ʰˍˇˌΦ ɶ ˉˊʰˁˍʽˁʺ ʶˉʾʵʶʽ˅ʹ ˉˇˎ ʰˉˇˁʰ˂ˏˉˍʶʽ ˍʹ 

ˋˏˋˍʰˋʹ ˍˇˎ ˄ʶˊˇˏΣ ʲʰˋʾʸʶˍʰʽ ˋˍʹ˄ ʰ˄ˍʾʵˊʰˋʹ ʵʽʱˋˉʰˋʹˌ ˍˇˎ ˄ʶˊˇˏ ˉˊˇˌ ˉʰˊʰʴ˖ʴʺ ʵˏˇ 

ˈʴˁ˖˄ ʰʶˊʾˇˎ ˎʵˊˇʴˈ˄ˇˎ ˁʰʽ ʶ˄ˈˌ ˈʴˁˇˎ ˍˇˎ ʰʶˊʾˇˎ 

ˇ˅ˎʴˈ˄ˇˎ, ˃ʶ ʲʱˋʹ ˍʽˌ ˔ʹ˃ʽˁʷˌ ʶ˅ʽˋ˗ˋʶʽˌΣ ˔ˊʹˋʽ˃ˇˉˇʽ˗˄ˍʰˌ ˍʹ 

ˋˎˋˁʶˎʺ Hoffman [84].  

ʁʽ ʰ˄ˍʽʵˊʱˋʶʽˌ ˉˇˎ ˂ʰ˃ʲʱ˄ˇˎ˄ ˃ʷˊˇˌ ʶʾ˄ʰʽΥ 

ʅˍʹ˄ ʱ˄ˇʵˇ:                                           2H2h Ҧ h2(gas) + 4H+ + 4eς 

ʅˍʹ˄ ˁʱʻˇʵˇ:                              4eς + 4H2h Ҧ нI2(gas) + 4OHς 

ɮ˄ˍʾʵˊʰˋʹ ʶ˅ˇˎʵʶˍʷˊ˖ˋʹˌ:   4eς + 4H2h Ҧ нI2(gas) + 4OHς 

ʅˎ˄ˇ˂ʽˁʺ ʰ˄ˍʾʵˊʰˋʹ:                           2H2h Ҧ нI2(gas) + O2(gas) 

ʅˍʹ˄ ˉˊʱ˅ʹ ˈ˃˖ˌΣ ˍʰ ̄ʁʽˊʰ˃ʰˍʽˁʱ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ˋˎ˔˄ʱ ʵʶ˄ ˋˎ˃˒˖˄ˇˏ˄ ˃ʶ ˍʹ ʻʶ˖ˊʾʰ ̄ Φ˔Φ ˇ 

ˈʴˁˇˌ ˍˇˎ ɶ2 ̄ ˇˎ ˉʰˊʱʴʶˍʰʽ ʶʾ˄ʰʽ ˃ʶʴʰ˂ˏˍʶˊˇˌ, h ˉˈ ˍˇ ʵʽˉ˂ʱˋʽˇ ˈʴˁˇ ̱ ˇˎ ʁ2. 

   ɶ ʰ˄ˍʾʵˊʰˋʹ ˍʹˌ ˁʰʻˈʵˇˎΣ ʶ˃ˉ˂ʷˁʶʽ п ʹ˂ʶˁˍˊˈ˄ʽʰ ˁʰʽ ʹ ˇ˅ʶʾʵ˖ˋʹ ˉˊʰʴ˃ʰˍˇˉˇʽʶʾˍʰʽ ˃ʷˋ˖ 

˃ʽʰˌ ˋʶʽˊʱˌ ʶ˄ʵʽʱ˃ʶˋ˖˄ ˉˊˇʿˈ˄ˍ˖˄Φ ʅʶ ʰˎˍˈ ˇ˒ʶʾ˂ʶˍʰʽ ʹ ʰ˄ʱʴˁʹ ʶˉʽˉ˂ʷˇ˄ ˍʱˋʹˌ ˁʰʻ˗ˌ ʹ 

ˈ˂ʹ ʵʽʰʵʽˁʰˋʾʰ ˔ʰˊʰˁˍʹˊʾʸʶˍʰʽ ʰˉˈ ʰˊʴˈ ˁʽ˄ʹˍʽˁˈ ˃ʹ˔ʰ˄ʽˋ˃ˈΦ ɶ ˔ˊʺˋʹ ˁʰˍʰ˂ˏˍʹ ʲˇʹʻʱʶʽ 

ˋˍʹ ˃ʶʾ˖ˋʹ ʰˎˍʺˌ ˍʹˌ ˍʱˋʹˌ ˁʰʽ ʶˉʽˍʰ˔ˏ˄ʶʽ ˍʹ ʵʽʰʵʽˁʰˋʾʰΦ ɴ˄ʰˌ ʽʵʰ˄ʽˁˈˌ ˁʰˍʰ˂ˏˍʹˌ ʴʽʰ ˍʹ˄ 

ˇ˅ʶʾʵ˖ˋʹ ˍˇˎ ˄ʶˊˇˏ ʻʰ ˉˊʷˉʶʽ ˄ʰ ʶ˅ʽˋˇˊˊˇˉʶʾ ˍʹ˄ ʰˉʰʽˍˇˏ˃ʶ˄ʹ ʶ˄ʷˊʴʶʽʰ ˍˇˎ ˁʱʻʶ 

ʶ˄ʵʽʱ˃ʶˋˇˎ ʲʺ˃ʰˍˇˌ ˁʰʽ ʶˉʾˋʹˌ ˄ʰ ʶ˅ʽˋˇˊˊˇˉʶʾ ˍˇˎˌ ˊˎʻ˃ˇˏˌ ˃ʶˍʰ˒ˇˊʱˌ ˁʱʻʶ 

ʹ˂ʶˁˍˊˇ˄ʾˇˎ [85]. 

ɳʽˁˈ˄ʰ 50 ʅˎˋˁʶˎʺ IƻŦŦƳŀƴ 
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   ɮ˅ʽˇˋʹ˃ʶʾ˖ˍˇ ʶʾ˄ʰʽ ˈˍʽ ˍˇ ʰʷˊʽˇ ʁ2 ʶʾ˄ʰʽ ˉʽˇ ʵʽʰ˂ˎˍˈ ˋˍˇ ˄ʶˊˈ 

ʰˉˈ ˈˍʽ ˍˇ ʰʷˊʽˇ ɶ2Φ ʅʶ ʻʶˊ˃ˇˁˊʰˋʾʰ нл
ˇ/ ˁʰʽ ˉʾʶˋʹ мллƪtŀΣ ʹ 

ʵʽʰ˂ˎˍˈˍʹˍʰ ˍˇˎ ʁ2 ˋˍˇ ˄ʶˊˈ ʶʾ˄ʰʽ омƳƭκ[ ʶ˄˗ ˍˇˎ ɶ2 ʶʾ˄ʰʽ муƳ[κ[ 

[86ϐΦ ʅˎ˄ʶˉ˗ˌΣ ˇ ˈʴˁˇˌ ˍˇˎ ʁ2 ˍˈˋˇ ˋˍˇ ˔˗ˊˇ ˍʹˌ ˁˎ˕ʶ˂ʾʵʰˌ ˈˋˇ 

ˁʰʽ ˋˍˇ ʰˉˇʻʹˁʶˎˍʽˁˈ ʵˇ˔ʶʾˇ ˍ˖˄ ˉʰˊʰʴˈ˃ʶ˄˖˄ ʰʶˊʾ˖˄ ˍʹˌ 

ʰ˄ˍʾʵˊʰˋʹˌΣ ˃ʶʽ˗˄ʶˍʰʽ ʰ˄ʰ˂ˇʴʽˁʱ ˉʶˊʽˋˋˈˍʶˊˇ ʰˉˈ ˍˇ˄ ˈʴˁˇ ˍˇˎ 

ɶ2Σ ʵʾ˄ˇ˄ˍʰˌ ʷˍˋʽ ʷ˄ʰ ˋ˒ʱ˂˃ʰ ˋˍʹ˄ ʰ˄ʰ˂ˇʴʾʰ ˍˇˎ ʶˁ˂ˎˈ˃ʶ˄ˇˎ 

ʰʶˊʾˇˎΦ ʃˊˇˁʶʽ˃ʷ˄ˇˎ ˄ʰ ˃ʶʽ˖ʻʶʾ ʰˎˍˈ ˍˇ ˋ˒ʱ˂˃ʰΣ ˍˇ ˄ʶˊˈ ˉˊʷˉʶʽ 

˄ʰ ˁˇˊʶˋˍʶʾ ˃ ʶ ʁ2 ˁ ʰʽ ɶ2 ̄ ˊʽ˄ ˍʹ˄ ˉʶʽˊʰ˃ʰˍʽˁʺ ʶˉʾʵʶʽ˅ʹΦ  

    ʅˍʰ н ʊ˖ˍˇʹ˂ʶˁˍˊˇ˔ʹ˃ʽˁʱ ˋˎˋˍʺ˃ʰˍʰΣ ˁʰˍʱ ˍʹ˄ ˂ʶʽˍˇˎˊʴʾʰ 

ˍˇˎˌ ˖ˌ ɶ˂ʶˁˍˊˇ˂ˎˍʽˁʷˌ ɾˇ˄ʱʵʶˌΣ ˉʰˊʱʴˇ˄ˍʰʽ ˒ˎˋʰ˂ʾʵʶˌ ˉʱ˄˖ 

ˋˍʰ ʹ˂ʶˁˍˊˈʵʽʰ ʰ˄ˈʵˇˎ ˁʰʽ ˁʰʻˈʵˇˎΣ ˉˇˎ ʵʶ˄ ʶʾ˄ʰʽ ˍʾˉˇˍʶ ʱ˂˂ˇ 

ʰˉˈ ˍʰ ʰʵʽʱ˂ˎˍʰ όˁʰʻʰˊʱύ ʰʷˊʽʰ ʁ2 ˁʰʽ ɶ2Σ ʰ˄ˍʾˋˍˇʽ˔ʰΦ  ɮˎˍʱ 

ˋˎʴˁʶ˄ˍˊ˗˄ˇ˄ˍʰʽ ˋˍʰ ʵˇ˔ʶʾʰ ʰˉˇʻʺˁʶˎˋʹˌ ˉʰˊʰʴˈ˃ʶ˄˖˄ 

ʰʶˊʾ˖˄ ˍʹˌ ʰ˄ˍʾʵˊʰˋʹˌΣ ˍʰ ˇˉˇʾʰ ʰˉʶ˂ʶˎʻʶˊ˗˄ˇ˄ˍʰʽ ˃ʶ ˍˇ 

ʱ˄ˇʽʴ˃ʰ ˍ˖˄ ʰ˄ˍʾˋˍˇʽ˔˖˄ ˋˍˊˇ˒ʾʴʴ˖˄Σ ˉˇˎ ʲˊʾˋˁˇ˄ˍʰʽ ˉʱ˄˖ ˋʶ 

ʰˎˍʷˌΦ ɶ ˋˎ˄ʵˎʰˋˍʽˁʺ ˂ʶʽˍˇˎˊʴʾʰ ˍ˖˄ ʵˇ˔ʶʾ˖˄ ʰˉˇʻʺˁʶˎˋʹˌ 

ˍ˖˄ ˉʰˊʰʴˈ˃ʶ˄˖˄ ʰʶˊʾ˖˄ ˍʹˌ ʰ˄ˍʾʵˊʰˋʹΣ̩ ˃ʶ ˍʰ ʵˇ˔ʶʾʰ 

ˎˉʶˊ˔ʶʾ˂ʽˋʹˌΣ ʷ˔ʶʽ ʰ˄ʰ˒ʶˊʻʶʾ ˋʶ ˉˊˇʹʴˇˏ˃ʶ˄ʹ ʶ˄ˈˍʹˍʰ όмΦоύΦ  

   ʅˍʹ˄ ʶˊʴʰˋʾʰ ʰˎˍʺ ˔ˊʹˋʽ˃ˇˉˇʽʺʻʹˁʶ ˃ʶ˃ʲˊʱ˄ʹ ɶ˂ʶˁˍˊˇ˒ˈˊʹˋʹˌ ˁʰʽ ˖ˌ ɻ̔ ʱ˂ˎ˃ʰ 

ʹ˂ ʶˁˍˊˇ˂ˏˍʹ ˍˇ ˁh ʻʰˊˈ ˄ʶˊˈΦ ʃˊˇˁʶʽ˃ʷ˄ˇˎ ˄ʰ ʵʽʶˎˁˇ˂ˎ˄ʻʶʾ ʹ ˊˇʺ ˍˇˎ ʹ˂ʶˁˍˊʽˁˇˏ 

ˊʶˏ˃ʰˍˇˌ ˋˍʹ ʵʽʱˍʰ˅ʹ ˍʹˌ ʹ˂ʶˁˍˊˇ˂ˎˍʽˁʺˌ ˁˎ˕ʶ˂ʾʵʰˌΣ ˃ˉˇˊʶʾ ˄ʰ ˉˊˇˋˍʶʻʶʾ ˋˍˇ ˄ʶˊˈ ˂ʾʴˇ 

H2SO4 ʺ bŀhI ʺ ɼʁɶΦ ɳˉʾˋʹˌ ˍʰ ʱ˂ʰˍʰ Na2S04 ʺ NaCl 

˃ˉˇˊˇˏ˄ ˄ʰ ˔ˊʹˋʽ˃ˇˉˇʽʹʻˇˏ˄ ʴʽʰ ˍˇ˄ ʾʵʽˇ ˋˁˇˉˈΦ ɼʰ˄ʷ˄ʰˌ 

ʰˉˈ ˍˇˎˌ ˉʰˊʰˉʱ˄˖ ʹ˂ʶˁˍˊˇ˂ˏˍʶˌ ʵʶ˄ ʶ˃ˉ˂ʷˁʶˍʰʽ ʱ˃ʶˋʰ 

ˋˍʽˌ ʰ˄ˍʽʵˊʱˋʶʽˌ ˉˇˎ ˂ʰ˃ʲʱ˄ˇˎ˄ ˃ʷˊˇˌ ˋˍʰ ʹ˂ʶˁˍˊˈʵʽʰΦ ʆʰ 

ˉˎˁ˄ʱ ʵʽʱ˂ˎ˃ʰˍʰ I2SO4 ʺ bŀhI ʵʶ˄ ʶʾ˄ʰʽ ˁʰˍʱ˂˂ʹ˂ʰ ʴʽʰ 

˔ˊʺˋʹ ˂ˈʴ˖ ˍ˖˄ ʽˋ˔ˎˊ˗˄ ʵʽʰʲˊ˖ˍʽˁ˗˄ ʽʵʽˇˍʺˍ˖˄ ˍˇˎˌΦ 

ɮ˄ˍʾʻʶˍʰΣ ˉʽˇ ʰˊʰʽʱ ʵʽʰ˂ˏ˃ʰˍʰ ʻʰ ˔ˊʶʽʰˋˍˇˏ˄ ˉʶˊʽˋˋˈˍʶˊˇ 

˔ˊˈ˄ˇ ʴʽʰ ˄ʰ ˉʰˊʱʴˇˎ˄ ʰˊˁʶˍˈ h2 ˁʰʽ I2. ɳʾ˄ʰʽ ʴ˄˖ˋˍˈ ˈˍʽ 

ˈˋˇ ˎ˕ʹ˂ˈˍʶˊʹ ˍʱˋʹΣ ˍˈˋˇ ˍʰ˔ˏˍʶˊʹ ʶʾ˄ʰʽ ʹ ʵʽʱˋˉʰˋʹ ˍˇˎ 

˄ʶˊˇˏ ˁʰʽ ʷˍˋʽ ˂ʽʴˈˍʶˊˇ ʁ2 ˔ʱ˄ʶˍʰʽΦ ɳˉʽˉ˂ʷˇ˄Σ ˉˊˇˁʶʽ˃ʷ˄ˇˎ 

˄ʰ ʵʽʰˍʹˊʹʻʶʾ ˃ʽʰ ʵʶʵˇ˃ʷ˄ʹ ˍʰ˔ˏˍʹˍʰ ˋˍʹ˄ ʰ˄ˍʾʵˊʰˋʹΣ ˈˋˇ 

˔ʰ˃ʹ˂ˈˍʶˊʹ ʶʾ˄ʰʽ ʹ ˍʱˋʹ ˍˈˋˇ ˉʽˇ ˉˎˁ˄ˈˌ ˉˊʷˉʶʽ ˄ʰ ʴʾ˄ʶʽ ˇ ʹ˂ʶˁˍˊˇ˂ˏˍʹˌ όI2SO4 ʺ ɿʰʁɶύΦ 

ɳʽˁˈ˄ʰ 51 ɼˇˊʶˋ˃ˈˌ ʁ2 ϧ ɶ2 

ɳʽˁˈ˄ʰ 53 ɾˇ˄ʱʵʰ ɶ˂ʶˁˍˊˈ˂ˎˋʹˌ 

ɳʽˁˈ˄ʰ 52 ɮ˄ʰˉʰˊʱˋˍʰˋʹ 
ɶ˂ʶˁˍˊˈ˂ˎˋʹˌ 
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ɴ˔ʶʽ ˉʰˊʰˍʹˊʹʻʶʾ ˈˍʽ ˎʵʰˍʽˁˈ ʵʽʱ˂ˎ˃ʰ мл -мр ҈ ˁΦʲΦ I2SO4 ʺ ɿʰʁɶ ʶʾ˄ʰʽ ˇʽ ˁʰˍʰ˂˂ʹ˂ˈˍʶˊʶˌ 

ˋˎʴˁʶ˄ˍˊ˗ˋʶʽˌ ʴʽʰ ʲʷ˂ˍʽˋˍʹ ˍʰ˔ˏˍʹˍʰ ʰ˄ˍʾʵˊʰˋʹˌ, ˃ ʶ ʶˏˊˇˌ ˍʱˋʹˌ ʰˉˈ му-24VDC [84] 

   ʍˋˍˈˋˇΣ ˋˍʽˌ ʵˇˁʽ˃ʰˋˍʽˁʷˌ ˂ʶʽˍˇˎˊʴʾʶˌ ˍʹˌ ˃ˇ˄ʱʵʰˌ ˋˍʰ ˉ˂ʰʾˋʽʰ ˍʹˌ ʶˊʴʰˋʾʰˌ ʷʴʽ˄ʶ ˔ˊʺˋʹ 

˃ˈ˄ˇ ˃ʹ ʰ˂ˁʰ˂ʽˁ˗˄ ́˂ ʶˁˍˊˇ˂ˎˍʽˁ˗˄ ʵ̔ ʰ˂ˎ˃ʱˍ˖˄Φ ʅˎʴˁʶˁˊʽ˃ʷ˄ʰΣ ˔ˊʹˋʽ˃ˇˉˇʽʺʻʹˁʶ ˃ˈ˄ˇ 

ʰˉˇˋˍʰʴ˃ʷ˄ˇ ˁʰʽ ʰˉʽˇ˄ʽˋ˃ʷ˄ˇ ˄ʶˊˈ, ʶ˄˗ ˋʶ ˁʱˉˇʽʶˌ ˉʶˊʽˉˍ˗ˋʶʽˌ ʷʴʽ˄ʶ ˁʰʽ ˋˎ˄ʵˎʰˋ˃ˈ ̩˃ʶ 

15 ˋˍʰʴˈ˄˖˄ ˒ˎˋʽˁˇˏ ˇˊˇˏ ʰ˄ʱ мΣрLt ˄ʶˊˇˏ όʊˎˋʽˁˈˌ ʁˊˈˌΥ ɮˉʶˋˍʰʴ˃ʷ˄ˇ ˄ʶˊˈ ˃ʶ 

ˉʶˊ̔ʁ ˁˍʽˁˈˍʹˍʰ лΣф҈ ˋʶ NaCl).   

   ʃʰˊʰˍʹˊʶʾˍʰʽ ˈˍʽ ʲh ˋʽˁʺ ˉˊˇːˉˈʻʶˋʹ ˉˊˇʿˈ˄ ʴʽʰ ˍʹ˄ ˉʰˊʰʴ˖ʴʺ 

ʇʵˊˇʴˈ˄ˇ ˎʁ ʾ˄ʰʽ ʹ ˏˉʰˊ˅ʹΣ ˍʾ ʱ˂˂ˇˎΣ ˍˇˎ ˄ʶˊˇˏΦ ɮ˄ʰ˒ˇˊʽˁʱ ˃ʶ ˍˇ ˄ʶˊˈΣ 

ʰ˄ʱ˂ˇʴʰ ˃ʶ ˍʹ ˔ˊʺˋʹ ʴʽʰ ˍʹ˄ ˇˉˇʾʰ ˉˊˇˇˊʾʸʶˍʰʽΣ ʰˉʰʽˍʶʾˍʰʽ ˄ʰ ʷ˔ʶʽ 

˔ʹ˃ʽˁʺ ˋˏˋˍʰˋʹ ˉˇˎ ˄ʰ ʽˁʰ˄ˇˉˇʽʶʾ ˁʱˉˇʽʶˌ ˉˊˇʵʽʰʴˊʰ˒ʷˌΣ ˉˇˎ ʰˎˍˈ 

ʴʽʰ ˄ʰ ʶˉʽˍʶˎ˔ʻʶʾ ˁˇˋˍʾʸʶʽΦ ɶ ˁʰˍʰ˂˂ʹ˂ˈˍʹˍʰ ˍˇˎ ˄ʶˊˇˏ ˉˊˇˋʵʽˇˊʾʸʶˍʰʽ 

˃ʶ ˃ʾʰ ˋʶʽˊʱ ʰˉˈ ˔ʹ˃ʽˁʷˌ ʰ˄ʰ˂ˏˋʶʽˌ ˉˇˎ ˋˎ˄ʺʻ˖ˌ ʶʾ˄ʰʽ: ˍ̌  pHΣ ʹ ʰʴ˖ʴʽ˃ˈˍʹˍʰΣ ʹ 

ˋˁ˂ʹˊˈˍʹˍʰΣ ˍʰ ˔˂˖ˊʽˈ˄ˍʰΣ ˍʰ ʻʶʽʽˁʱ ʽˈ˄ˍʰΣ ˍʰ ʰ˄ʻˊʰˁʽˁʱ ʽˈ˄ˍʰΣ ˍʰ ˎʵˊˇʴˇ˄ˇʰ˄ʻˊʰˁʽˁʱ 

ʽˈ˄ˍʰΣ ˍʰ ˄ʽˍˊ˗ʵʹΣ ˍˇ ʰ˃˃˗˄ʽˇΣ ˍʰ ˁʰˍʽˈ˄ˍʰ ˄ʰˍˊʾˇˎΣ ˍʰ ˁʰˍʽˈ˄ˍʰ ˁʰ˂ʾˇˎΣ ˍʰ ˁʰˍʽˈ˄ˍʰ 

ʰˋʲʶˋˍʾˇˎΣ ˍʰ ˁʰˍʽˈ˄ˍʰ ˃ʰʴ˄ʹˋʾˇˎ ˁʰʽ ˍʰ ˁʰˍʽˈ˄ˍʰ ˋʽʵʺˊˇˎ. ɾʶ ˍˇ˄ ˈˊˇ ˋˁ˂ʹˊˈˍʹˍʰ 

ʰ˄ʰ˒ʷˊʶˍʰʽ ˋˍˇ ˋˏ˄ˇ˂ˇ ˍ˖˄ ʰ˂ʱˍ˖˄ ˍˇˎ ʰˋʲʶˋˍʾˇˎ ˁʰʽ ˍˇˎ ˃ʰʴ˄ʹˋʾˇˎΣ ˃ʶ ʽˈ˄ˍʰ ˔˂˖ˊʾˇˎ, 

ʻʶʽʽˁʱΣ ʰ˄ʻˊʰˁʽˁʱ ˁʰʽ ˎʵˊˇʴˇ˄ʰ˄ʻˊʰˁʽˁʱΦ 

   ʅʶ ʴʶ˄ʽˁʷˌ ʴˊʰ˃˃ʷˌΣ ˍ̌  ˍˎˉˇˉˇʽʹ˃ʷ˄ˇ ˄ʶˊˈ, ̄ ˇˎ ʲˊʾˋˁʶˍʰʽ ʶˎˊʷ˖ˌ ˋˍʹ˄ ʰʴˇˊʱ ˁʰʽ ˃ˉˇˊʶʾ 

˄ʰ ˔ˊʹˋʽ˃ˇˉˇʽʹʻʶʾ ˋʶ ʹ˂ʶˁˍˊˇ˔ʹ˃ʽˁʷˌ ʵʽʶˊʴʰˋʾʶˌ ˖ˌ ʹ˂ʶˁˍˊˇ˂ˏˍʹˌΣ ˈˉ˖ˌ ˋˍʹ˄ ˉʶˊʾˉˍ˖ˋ ́

ˍʹˌ ˉʰˊˇˏˋʰˌ ʶˊʴʰˋʾʰˌ,  ̫ ˔ʶʽ ̱ ʽˌ ˉʰˊʰˁʱˍ˖ ˍˊʶʾˌ ˃ˇˊ˒ʷˌΥ  

ʰΦ ʆˇ ɮˉˇˋˍʰʴ˃ʷ˄ˇ ˄ʶˊˈ ʶʾ˄ʰʽ ʰˎˍˈ ˉˇˎ ʷ˔ʶʽ ˉʶˊʽˋˎ˂˂ʶ˔ʻʶʾ ʰˉˈ ˍˇ˄ ʰˍ˃ˈ, ˄ʶˊˇˏ ˉˇˎ 

ʲˊʱʸʶʽΦ ʆˇ ʰˉˇˋˍʰʴ˃ʷ˄ˇ ˄ʶˊˈ ʶʾ˄ʰ̔  ʰˉʰ˂˂ʰʴ˃ʷ˄ˇ ʰˉˈ ʰ˄ˈˊʴʰ˄ʰ ʽˈ˄ˍʰ ˎ˕ʹ˂ˇˏ ʰ˂˂ʱ ˁʰʽ 

˔ʰ˃ʹ˂ˈˍʶˊˇˎ ˃ˇˊʽʰˁˇˏ ʲʱˊˇˎˌΣ ʰ˂˂ʱ ˁʰʽ ʰˉˈ ˇˊʽˋ˃ʷ˄ˇˎˌ ˃ˈ˄ˇ ˃ʽˁˊˇˇˊʴʰ˄ʽˋ˃ˇˏˌ ˉˇˎ 

ʻʰ˄ʰˍ˗ʻʹˁʰ˄ ˂ˈʴ˖ ˍʹˌ ˎ˕ʹ˂ʺˌ ʻʶˊ˃ˇˁˊʰˋʾʰˌΦ ʁˎˋʽʰˋˍʽˁʱ ʵʽʰ˃ʷˋˇˎ ˍʹˌ ʰˉˈˋˍʰ˅ʹˌ 

ʰ˒ʰʽˊˇˏ˄ˍʰʽ ˈ˂ʶˌ ˇʽ ʰˁʰʻʰˊˋʾʶˌΣ ʶˉˇ˃ʷ˄˖ˌ ʻʶ˖ˊʶʾˍʰʽ ˎˉʶˊ-ˁʰʻʰˊˈ ˄ʶˊˈΣ ʴʽ ʰˎˍˈ ˁʰʽ 

ˉˊˇ˃ʹʻʶˏʶˍʰʽ ʰˉˈ ˍʰ ˒ʰˊ˃ʰˁʶʾʰΦ  

ʲΦ ʆˇ ɮˉʽˇ˄ʽˋ˃ʷ˄ˇ ˄ʶˊˈΣ ˉˇˎ ʹ ˉʰˊʰʴ˖ʴʺ ˍˇˎ ʶˉʽˍˎʴ˔ʱ˄ʶˍʰʽ ˃ʶ ˍʹ ˔ˊʺˋʹ ʵʽʰ˒ˈˊ˖˄ 

ʽˇ˄ʰ˄ˍʰ˂˂ʰˁˍʽˁ˗˄ ˇˊʴʰ˄ʽˁ˗˄ ˊʹˍʽ˄˗˄ ˉˇˎ ʷ˔ˇˎ˄ ˍʹ˄ ʽʵʽˈˍʹˍʰ ˄ʰ ʰ˄ˍʰ˂˂ʱˋˇˎ˄ ˁʰˍʽˈ˄ˍʰ 

όˁʰˍʽˇ˄ʰ˄ˍʰ˂˂ʰˁˍʽˁʷˌ ˊʹˍʾ˄ʶˌ,Rόɶύύ˄ ˃ʶ ʽˈ˄ˍʰ ɶ+  ˁʰʽ ˍʰ ʰ˄ʽˈ˄ˍʰ όʰ˄ʽˇ˄ʰ˄ˍʰ˂˂ʰˁˍʽˁʷˌ 

ˊʹˍʾ˄ʶˌΣ R(OH) ύ˄ ˃ʶ ʽˈ˄ˍʰ OH-Σ ˇʽ ˇˉˇʾʶˌ ˁʰˍʱ ˍʰˁˍʱ ˔ˊˇ˄ʽˁʱ ʵʽʰˋˍʺ˃ʰˍʰ ʰ˄ʰʴʶ˄˄ʽˇˏ˄ˍʰʽ 

˃ʶ ʽˋ˔ˎˊʱ ˇ˅ʷʰ ˁʰʽ ʽˋ˔ˎˊʷˌ ʲʱˋʶʽˌ.  

ʴΦ ʁ ʊˎˋʽˁˈˌ ˇˊˈˌΦ ʃˊˈˁʶʽˍʰʽ ʴʽʰ ʰ̄ ˇˋˍʰʴ˃ʷ˄ˇ ˄ʶˊˈ ˃ʶ ̀ˎ ʴˁʷ˄ˍˊ˖ˋʹ лΣф% NaCl, ˇ ˇˉˇʾˇˌ 

ˉˊˇ˃ʹʻʶˏʶˍʰʽ ʰˉˈ ˍʰ ˒ʰˊ˃ʰˁʶʾʰ. 
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1.9Φ ʃʶˊʽʴˊʰ˒ʺ ʃʶʽˊʱ˃ʰˍˇˌ - ʊ˖ˍˇʹ˂ʶˁˍˊˇ˔ʹ˃ʽˁʺˌ ɲʽʱˋˉʰˋʹˌ ˍˇˎ ɿʁ́ ˇˏ 

   ɶ ɳ˒ʰˊ˃ˇʴʺ ˍʹˌ ʊ˖ˍˇʹ˂ʶˁˍˊˇ˔ʹ˃ʽˁʺˌ ɲʽʱˋˉʰˋʹˌ ˍˇˎ ɿʶˊˇˏ ˃ʷˋ˖ ˒˖ˍˈ˂ˎˋʹˌΣ 

ʰˉˇˍʶ˂ʶʾ ʷ˄ʰ˄ ʱ˂˂ˇ ˍˊˈˉˇ ʴʽʰ ˍʹ˄ ˉʰˊʰʴ˖ʴʺ ˍˇˎ 

ˎʵˊˇʴˈ˄ˇˎΣ ˉˇˎ ʁ̄ ʽˍˎʴ˔ʱ˄ʶˍʰʽ ˃ʶ ˍʹ ʵʽʰʵʽˁʰˋʾʰˌ ˍʹˌ 

ˎʵˊˈ˂ˎˋʹˌ ˍˇˎ ˁʰʻʰˊˇˏ ˄ʶˊˇˏΦ ʁ ˈˊˇˌ ˎʵˊˈ˂ˎˋʹ 

˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ʴʽʰ ˄ʰ ˉʶˊʽʴˊʱ˕ʶʽ ˍʹ ʵʽʰʵʽˁʰˋʾʰ ˍʹˌ 

ʹ˂ʶˁˍˊˈ˂ˎˋʹˌ ˍˇˎ ˄ʶˊˇˏ ʴʽʰ ˍʹ˄ ˉʰˊʰʴ˖ʴʺ ˎʵˊˇʴˈ˄ˇˎ ʰˉ̍ 

ˇ˂ˇˁ˂ʹˊ˖˃ʷ˄ʰ ˒˖ˍˇ-ʰˁˍʽ˄ˇʲˇ˂ˇˏ˃ʶ˄ʰ ˋˎˋˍʺ˃ʰˍʰ ˁʰʽ 

ʰˉˇˍʶ˂ʶʾ ˍʹ˄ ˁʰˍʹʴˇˊʾʰ ˍ˖˄ ˂ʶʴˈ˃ʶ˄˖˄ 

˒˖ˍˇʹ˂ʶˁˍˊˇ˔ʹ˃ʽˁ˗˄ ˋˍˇʽ˔ʶʾ˖˄ ʺ ˋˍˇʽ˔ʶʾ˖˄ DǊŅtzel 

(photoelectrochemical cells - t9/ ŎŜƭƭǎ ʺ DǊŀǘȊŜƭ ŎŜƭƭǎύ [88]. 

ɶ ʶˉʾˉʶʵʹ ʶˉʽ˒ʱ˄ʶʽʰ ˍˇˎ ɶ˂ʶˁˍˊˇʵʾˇˎΣ όˋˎ˂˂ʷˁˍʹˌ ̱ʹˌ 

ʰˁˍʽ˄ˇʲˇ˂ʾʰˌύΣ ˉʶˊʽʷ˔ʶʽ ˋˍˇ ʶˋ˖ˍʶˊʽˁˈ ˍˇˎ ʷ˄ʰ ˎ˕ʹ˂ʱ 

ˉˇˊ˗ʵʶˌ ˂ʶˉˍˈ ˎ˃ʷ˄ʽˇ ʰˉˈ ¢ƛh2Σ ˍˇ ˇˉˇʾˇ ʲˊʾˋˁʶˍʰʽ ˋʶ 

ʶˉʰ˒ʺ ˃ʶ ˍʹ˄ ˉˇˋˈˍʹˍʰ ˍˇˎ ˄ʶˊˇˏ ˍʹˌ ʹ˂ʶˁˍˊˇ˂ˎˍʽˁʺˌ 

ʵʽʱˍʰ˅ʹˌΦ ʂˍʰ˄ ʹ ʶˉʽ˒ʱ˄ʶʽʰ ʶˁˍʶʻʶʾ ˋʶ ˒˖ˍʶʽ˄ʺ 

ʰˁˍʽ˄ˇʲˇ˂ʾʰ ˉˊˇˁʰ˂ʶʾˍʰʽ ʵʽʷʴʶˊˋʹ ˃ʶ ʰˉˇˍʷ˂ʶˋ˃ʰ ˍʹ 

ʵʹ˃ʽˇˎˊʴʾʰ ˉˇ˂ˎʱˊʽʻ˃˖˄ ʸʶˎʴ˗˄ ɶ˂ ʶˁˍˊˇ˄ʾ˖˄ & ʁ̄ ˗˄, 

όʵʹ˂ʰʵʺ ʸʶˏʴʹ ˉˇˎ ʰˉˇˍʶ˂ˇˏ˄ˍʰʽ ʰˉˈ ʻʶˍʽˁʱ ʽˈ˄ˍʰ ˁʰʽ 

ʶ˂ʶˏʻʶˊʰ ʹ˂ʶˁˍˊˈ˄ʽʰύΦ ʅˍʹ ˋˎ˄ʷ˔ʶʽʰΣ ˍʰ ʶ˂ʶˏʻʶˊʰ 

ʹ˂ʶˁˍˊˈ˄ʽʰ ˉˇˎ ˋ˔ʹ˃ʰˍʾʸˇ˄ˍʰʽ ˋˍˇ ʶˋ˖ˍʶˊʽˁˈ ˍˇˎ ˂ʶˉˍˇˏ 

ˎ˃ʶ˄ʾˇˎΣ ˃ʶˍʰˉʹʵˇˏ˄ ˋˍʹ ʸ˗˄ʹ ʰʴ˖ʴʽ˃ˈˍʹˍʰˌ ˍˇˎ ˂ʶˉˍˇˏ 

˃ʶˍʰ˂˂ʽˁˇˏ ˋˍˊ˗˃ʰˍˇˌ ˉˇˎ ʲˊʾˋˁʶˍʰʽ ˋʶ ʶˉʰ˒ʺ ˃ʶ ˍʹ˄ 

ʶˋ˖ˍʶˊʽˁʺ ʶˉʽ˒ʱ˄ʶʽʰ ˍˇˎ ˂ʶˉˍˇˏ ˎ˃ʶ˄ʾˇˎ ˁʰʽ ʰˉˈ ˍʹ 

ʸ˗˄ʹ h ˎˍʺ ˃ʷˋ˖ ʶ˄ˈˌ ˋˍˊ˗˃ʰˍˇˌ ʹ˂ʶˁˍˊˇ˂ˏˍʹ ˋˍʹ˄ ʱ˄ˇʵˇ ˍʹˌ ʹ˂ʶˁˍˊˇ˂ˎˍʽˁʺˌ ʵʽʱˍʰ˅ʹˌ 

ˉˇˎ ʲˊʾˋˁʶˍʰʽ ˋˍˇ ʶˋ˖ˍʶˊʽˁˈ ˍˇˎ ˈ˂ˇˎ ˋˎˋˍʺ˃ʰˍˇˌ ˍˇˎ ˒˖ˍˇʹ˂ʶˁˍˊˇ˔ʹ˃ʽˁˇˏ 

ˋˍˇʽ˔ʶʾˇˎΦ ɶ ʱ˄ˇʵˇˌ ˍʹˌ ʹ˂ʶˁˍˊˇ˂ˎˍʽˁʺˌ ʵʽʱˍʰ˅ʹˌ ˍˇˎ ˋˎˋˍʺ˃ʰˍˇˌ ˍˇˎ 

˒˖ˍˇʹ˂ʶˁˍˊˇ˔ʹ˃ʽˁˇˏ ˋˍˇʽ˔ʶʾˇˎ ʲˊʾˋˁʶˍʰʽ ˉˊˇ˒ʰ˄˗ˌ ˋˎ˄ʵʶʵʶ˃ʷ˄ʹ ˃ʶ ˍʹ˄ ˁʱʻˇʵˇ, 

˃ʷˋ˖ ʶ˄ˈˌ ʶ˅˖ˍʶˊʽˁˇˏ ʹ˂ʶˁˍˊʽˁˇˏ ˁˎˁ˂˗˃ʰˍˇˌ όʰ˄ˍʾˋˍʰˋʹύΣ ˇˉˈˍʶ ˍʰ ʶ˂ʶˏʻʶˊʰ 

ʹ˂ʶˁˍˊˈ˄ʽʰΣ ˁʽ˄ˇˏ˃ʶ˄ʰ ˉˊˇˌ ˍʹ˄ ˁʱʻˇʵˇΣ ʵʹ˃ʽˇˎˊʴˇˏ˄ ˍˇ ʶˉʽʻˎ˃ʹˍˈ ʹ˂ʶˁˍˊʽˁˈ ˊʶˏ˃ʰΦ 

ɶ ˍʱˋʹ ˍˇˎ ʹ˂ʶˁˍˊʽˁˇˏ ʰˎˍˇˏ ˊʶˏ˃ʰˍˇˌ ˉˇˎ ˉʰˊʱʴʶˍʰʽΣ ˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ˋˍʹ ˋˎ˄ʷ˔ʶʽʰ 

ʴʽʰ ˍʹ˄ ʹ˂ʶˁˍˊˈ˂ˎˋʹ ˍʹˌ ˉˇˋˈˍʹˍʰˌ ˍˇˎ ˄ʶˊˇˏ ˉˇˎ ʲˊʾˋˁʶˍʰʽ ˃ʷˋʰ ˋˍʹ˄ ʹ˂ʶˁˍˊˇ˂ˎˍʽˁʺ 

ʵʽʱˍʰ˅ʹ ˁʰʽ ʷˍˋʽ ˉʰˊʱʴʶˍʰʽ ˍʶ˂ʽˁʱ ˍˇ ˎʵˊˇʴˈ˄ˇΦ 
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мΦмлΦ ʃʶˊʽʴˊʰ˒ʺ ʃʶʽˊʱ˃ʰˍˇˌ - ʊ˖ˍˇˁʰˍʱ˂ˎˋʹ ɹ ʽʰ ˍʹ˄ ˉʰˊʰʴ˖ʴʺ ɶ2 

   ʂˉ˖ˌ ʷ˔ʶʽ ˉˊˇʰ˄ʰ˒ʶˊʻʶʾΣ ʹ ʶˁˉˇ˃ˉʺˌ ˒˖ˍˇ˄ʾ˖˄ ˋˍʹ˄ ʶˉʽ˒ʱ˄ʶʽʰ ˍˇˎ ¢ƛh2 ˋˎ˄ʶˉʱʴˇˎ˄ 

ʰ˄ˍʽʵˊʱˋʶʽˌ ˇ˅ʶʽʵˇʰ˄ʰʴ˖ʴʺˌ. ɶ ʶ˄ʶˊʴˇˉˇʾʹˋʹ ˍ˖˄ ʶˉʽ˒ʰ˄ʶʽ˗˄ ˍˇˎ ¢ƛh2 ʰˉˈ ˍʹ˄ 

ʰˁˍʽ˄ˇʲˇ˂ʾʰ ˋˎ˄ˇʵʶˏʶˍʰʽ ʰˉˈ ˍʹ˄ ˉʰˊˇˎˋʾʰ ˒ʰʽ˄ˇ˃ʷ˄˖˄ ʶˁˉˇ˃ˉʺˌ ʹ˂ʶˁˍˊˇ˄ʾ˖˄ 

(photoinduced phenomena). ʁʽ ˍˊʶʽˌ ˁˏˊʽʶˌ ˁʰˍʹʴˇˊʾʶˌ 

ʰˎˍ˗˄ ˍ˖˄ ˒ʰʽ˄ˇ˃ʷ˄˖˄ ʶʾ˄ʰʽ ʹ ˒˖ˍˇˁʰˍʱ˂ˎˋʹΣ ˍʰ 

˒˖ˍˇʲˇ˂ˍʰʿˁʱ ˁˏˍˍʰˊʰ ˁʰʽ ʹ ʹ ˎʵˊˇ˒ʽ˂ʽˁʺ ʽʵʽˈˍʹˍʰ ˍʹˌ 

ʶˉʽ˒ʱ˄ʶʽʰˌ ˍˇˎ ¢ƛh2Φ ʂ˂ʶˌ ʰˎˍʷˌ ˇʽ ʵʽʶˊʴʰˋʾʶˌ 

ˉˊˇʷˊ˔ˇ˄ˍʰʽ ʰˉˈ ˍˇ ʶ˄ʶˊʴʶʽʰˁˈ ˔ʱˋ˃ʰ ˍ˖˄ ʹ˃ʽʰʴ˖ʴ˗˄ 

(band gap). ʅˎʴˁʶˁˊʽ˃ʷ˄ʰΣ ˈˍʰ˄ ʷ˄ʰ ˒˖ˍˈ˄ʽˇ ʷ˔ʶʽ ˎ˕ʹ˂ˈˍʶˊʹ ʶ˄ʷˊʴʶʽʰ ʰˉˈ ˍˇ ʶ˄ʶˊʴʶʽʰˁˈ 

˔ʱˋ˃ʰ ˍˇˎ ˁʰˍʰ˂ˏˍʹ TiO2 ʰˉˇˊˊˇ˒ʱˍʰʽ ʰˉˈ ʰˎˍˈ˄ ˁʰʽ 

ˍˈˍʶ ʷ˄ʰ ʹ˂ʶˁˍˊˈ˄ʽˇ ˉˊˇ˖ʻʶʾˍʰʽ ˉˊˇˌ ˍʹ˄ ʸ˗˄ʹ 

ʰʴ˖ʴʽ˃ˈˍʹˍʰˌ όCB: Conduction BŀƴŘύΣ ʰ˒ʺ˄ˇ˄ˍʰˌ ˃ʽʰ 

ˇˉʺ ˋˍʹ˄ ʸ˗˄ʹ ˋʻʷ˄ˇˎˌ όVB: Valence BŀƴŘύΦ ɮˎˍʺ ʹ 

ʵʽʷʴʶˊˋʹ ˍˇˎ ʹ˂ʶˁˍˊˇ˄ʾˇˎ ˃ˉˇˊʶʾ ʶʾˍʶ ˄ʰ 

˔ˊʹˋʽ˃ˇˉˇʽʹʻʶʾ ʱ˃ʶˋʰ ʴʽʰ ˍʹ ʵʹ˃ʽˇˎˊʴʾʰ ˍʹˌ ʹ˂ʶˁˍˊʽˁʺˌ 

ʶ˄ʷˊʴʶʽʰˌ ˋʶ ˒˖ˍˇʲˇ˂ˍʰʿˁʱ ʹ˂ʽʰˁʱ ˁˏˍˍʰˊʰΣ ʶʾˍʶ ˄ʰ ˇʵʹʴʺˋʶʽ ˋʶ ˃ʽʰ ˔ʹ˃ʽˁʺ ʰ˄ˍʾʵˊʰˋʹΣ ʹ 

ˇˉˇʾʰ ˇ˄ˇ˃ʱʸʶˍʰʽ ˒˖ˍˇˁʰˍʱ˂ˎˋʹ [89]. ɳˉˇ˃ʷ˄˖ˌΣ ˒˖ˍˇˁʰˍʱ˂ˎˋʹ ʶʾ˄ʰʽ ʹ ʶˉʽˍʱ˔ˎ˄ˋʹ ˃ʽʰˌ 

˒˖ˍˇʰ˄ˍʾʵˊʰˋʹˌ ʰˉˈ ˍʹ˄ ˉʰˊˇˎˋʾʰ ʶ˄ˈˌ ˁʰˍʰ˂ˏˍʹΦ ʃˊˈˁʶʽˍʰʽ ʴʽʰ ʵʽʰʵʽˁʰˋʾʰ ˉʰˊʰʴ˖ʴʺˌ 

ˇ˅ʶʽʵ˖ˍʽˁ˗˄ ˃ˇˊʾ˖˄ όˋˎ˄ʺʻ˖ˌ ʁɶ-ύ ʰˉˈ ʷ˄ʰ ˎʵʰˍʽˁˈ ˃ʷˋˇΣ ˉʰˊˇˎˋʾʰ ʶ˄ˈˌ ˋˍʶˊʶˇˏ 

ʶˍʶˊˇʴʶ˄ˇˏˌ ˁʰˍʰ˂ˏˍʹ ˁʱˍ˖ ʰˉˈ ˍʹ˄ ʷˁʻʶˋʹ ʰˁˍʽ˄ˇʲˇ˂ʾʰˌ ˋʶ ˋˎʴˁʶˁˊʽ˃ʷ˄ˇˎ ˃ʺˁˇˎˌ 

ˁˏ˃ʰˍˇˌ [40].  

 

   ʁʽ ˒˖ˍˇˁʰˍʰ˂ˎˍʽˁʷˌ ʰ˄ˍʽʵˊʱˋʶʽˌ ʵʽʰˁˊʾ˄ˇ˄ˍʰʽ ˋʶ ʵˏˇ ʲʰˋʽˁʷˌ ˁʰˍʹʴˇˊʾʶˌΣ ʰ˄ʱ˂ˇʴʰ ˃ʶ ˍʹ 

˒ˏˋʹ ˍˇˎ ˁʰˍʰ˂ˏˍʹ ˁʰʽ ˍˇˎ ˁʰˍʰ˂ˎˈ˃ʶ˄ˇˎ ˋˎˋˍʺ˃ʰˍˇˌΥ  

A. ̀ ˍʽˌ ʁ˃ˇʴʶ˄ʶʾˌ ˁ ʰʽ BΦ ˋˍʽˌ ɳˍʶˊˇʴʶ˄ʶʾˌ ˒˖ˍˇˁʰˍʰ˂ˎˍʽˁʷˌ ʰ˄ˍʽʵˊʱˋʶʽˌ.  

ʂˍʰ˄ ˇ ˒˖ˍˇˁʰˍʰ˂ˏˍʹˌ ʲˊʾˋˁʶˍʰʽ ˋˍʹ˄ ʾʵʽʰ ˒ʱˋʹ ˃ʶ ˍˇ ˒˖ˍˇˁʰˍʰ˂ˎˈ˃ʶ˄ˇ ˋˏˋˍʹ˃ʰ ˍˈˍʶ ʹ 

˒˖ˍˇˁʰˍʱ˂ˎˋʹ ʶʾ˄ʰʽ ˇ˃ˇʴʶ˄ʺˌΣ ʶ˄˗ ˈˍʰ˄ ʲˊʾˋˁʶˍʰʽ ˋʶ ʵʽʰ˒ˇˊʶˍʽˁʺ ˒ʱˋʹ ʶʾ˄ʰʽ ʶˍʶˊˇʴʶ˄ʺˌΦ 

ʁʽ ʰ˄ˍʽʵˊʱˋʶʽˌ ˋˍʹ˄ ʶˍʶˊˇʴʶ˄ʺ ˒˖ˍˇˁʰˍʱ˂ˎˋʹ ˉˊʰʴ˃ʰˍˇˉˇʽˇˏ˄ˍʰʽ ˋˍʹ ʵʽʶˉʽ˒ʱ˄ʶʽʰ ˍˇˎ 

˒˖ˍˇˁʰˍʰ˂ˏˍʹ ˁʰʽ ˍ˖˄ ʰ˄ˍʽʵˊ˗˄ˍ˖˄Φ ɾʾʰ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʺ ˉʶˊʾˉˍ˖ˋʹ ʶˍʶˊˇʴʶ˄ˇˏˌ 

˒˖ˍˇˁʰˍʱ˂ˎˋʹˌΣ ʰˉʰ˄ˍʱˍʰʽ ˈˍʰ˄ ˇ ˒˖ˍˇˁʰˍʰ˂ˏˍʹˌΣ ˉˇˎ ˋˎ˄ʺʻ˖ˌ ʶʾ˄ʰʽ ʹ˃ʽʰʴ˖ʴˈˌ ƴ-

ˍˏˉˇˎΣ ʶʾ˄ʰʽ ʶ˄ʰˉˇˍʶʻʶʽ˃ʷ˄ˇˌ ˋˍʹ˄ ʱ˄ˇʵˇ ʶ˄ˈˌ ˒˖ˍˇʹ˂ʶˁˍˊˇ˔ʹ˃ʽˁˇˏ ˋˍˇʽ˔ʶʾˇˎΦ ʅʶ ʰˎˍʺ˄ 

ˍʹ˄ ˉʶˊʾˉˍ˖ˋʹ ʹ ʵʽʶˊʴʰˋʾʰ ˂ʷʴʶˍʰʽ ζ˒˖ˍˇʹ˂ʶˁˍˊˇˁʰˍʱ˂ˎˋʹη ˃ʶ ˍʹ˄ ˇˉˇʾʰ ˁʰʽ ʻʰ 

ʰˋ˔ˇ˂ʹʻˇˏ˃ʶ ˋˍʹ˄ ˉʰˊˇˏˋʰ ʶˊʴʰˋʾʰ [39c, 40].  
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   ʆˇ ˒ʰʽ˄ˈ˃ʶ˄ˇ ˍʹˌ ˒˖ˍˇˁʰˍʱ˂ˎˋʹˌ ˍˇˎ TiO2Σ ˂ʰ˃ʲʱ˄ʶʽ ˔˗ˊʰ ˋˍʽˌ ʰ˄ˍʽʵˊʱˋʶʽˌ ˍ˖˄ 

ˉʰˊʰˁʱˍ˖ ˉʶˊʽˉˍ˗ˋʶ˖˄ - ʁ ˒ʰˊ˃ˇʴ˗˄: 

ü ʊ̟ ˍˇˁʰˍʱ˂ˎˋʹ ɮ˄ˈˊʴʰ˄˖˄ ɳ˄˗ˋʶ˖˄ ʶʾ˄ʰʽ ʷ˄ʰ ʶʾʵˇˌ ʰ˄ˍʽʵˊʱˋʶ˖˄ ˋˍˇ ˇˉˇʾˇ ˍˇ ¢ƛh2 

ʶ˒ʰˊ˃ˈʸʶˍʰʽ ˁʰʽ ˋˎʴˁʶˁˊʽ˃ʷ˄ʰ ˋˍʹ˄ ʰˉˇ˃ʱˁˊˎ˄ˋʹ ˉˇ˂ˏˍʽ˃˖˄ ˃ʶˍʱ˂˂˖˄Σ ˈˉ˖ˌ ˍˇˎ 

˂ʶˎˁˈ˔ˊˎˋˇˎ (Pt)Σ ˍˇˎ ˔ˊˎˋˇˏ όAu), ˍˇˎ ʰˊʴˏˊˇˎ ό!ƎύΣ ˁʰʻ˗ˌ ˁʰʽ ˍˇ˅ʽˁ˗˄ ʲʰˊʷ˖˄ 

˃ʶˍʱ˂˂˖˄ ˈˉ˖ˌ ˍˇˎ ˎʵˊʰˊʴˏˊˇˎ (Hg+2)Σ ˍˇˎ ˃ˇ˂ˏʲʵˇˎ (Pb+2ύ ˁʰʽ ˍˇˎ ˔ˊ˖˃ʾˇˎ ό/Ǌ+6ύΦ ʅˍʽˌ 

ˉʶˊʽˉˍ˗ˋʶʽˌ ʰˎˍʷˌ ˍʰ ˒˖ˍˇʵʹ˃ʽˇˎˊʴˇˏ˃ʶ˄ʰ Ŝ- ʰ˄ʱʴˇˎ˄ ˍˇ ˃ʷˍʰ˂˂ˇ ˍˇ ˇˉˇʾˇ ˁʰʽ 

ʶˉʽˁʱʻʶˍʰʽ ˋˍˇ˄ ʹ˃ʽʰʴ˗ʴʽ˃ˇ ˁˈˁˁˇ ˃ʶ ʰˉˇˍʷ˂ʶˋ˃ʰ ˃ʶ ˍʹ˄ ʰˉˇ˃ʱˁˊˎ˄ˋʹ ˍˇˎ ˁʰˍʰ˂ˏˍʹ ˄ʰ 

˂ʰ˃ʲʱ˄ʶʽ ˔˗ˊʰ ˁʰʽ ʹ ʰˉˇ˃ʱˁˊˎ˄ˋʹ ˍˇˎ ˃ʶˍʱ˂˂ˇˎ ʰˉˈ ˍʰ ʶˉʶ˅ʶˊʴʰˋ˃ʷ˄ʰ ʰˉˈʲ˂ʹˍʰ [89]. 

ʍˋˍˈˋˇΣ ́  ˉʶˊʾˉˍ˖ˋʹ ʰˎˍʺ ʵʶ˄ ʰˉˇˍʶ˂ʶʾ ʰ˄ˍʽˁʶʾ˃ʶ˄ˇ ˃ʶ˂ʷˍʹˌ ˍʹˌ ˉʰˊˇˏˋʰˌ ʶˊʴʰˋʾʰˌΦ 

ü ʊ˖ˍˇˁʰˍʱ˂ˎˋʹ ʁˊʴʰ˄ʽˁ˗˄ ɳ˄˗ˋʶ˖˄ ʶʾ˄ʰʽ ʷ˄ʰ ʱ˂˂ˇ ʶʾʵˇˌ ʰ˄ˍʽʵˊʱˋʶ˖˄. ʅˎʴˁʶˁˊʽ˃ʷ˄ʰ 

ˉʰˊʰˍʹˊʶʾˍʰʽ, ˈˍʽ ˃ʶ ˍ ́ ˒˖ˍˇʶ˄ʶˊʴˇˉˇʾʹˋʹ - ˒˖ˍˇʶˎʰʽˋʻʹˍˇˉˇʾʹˋʹ ˍˇˎ TiO2 

˔ˊʹˋʽ˃ˇˉˇʽ˗˄ˍʰˌ ʰˁˍʽ˄ˇʲˈ˂ʹˋʹ ˃ʶ ˎˉʶˊʽ˗ʵʶˌ ˒˖ˌΣ ˋʶ ˋˎ˄ʵˎʰˋ˃ˈ ˃ʶ ˍʹ˄ ˉˊˇˋʻʺˁʹ 

ˇˊʴʰ˄ʽˁ˗˄ ˊˏˉ˖˄ ˋˍˇ˄ ʹ˂ ʶˁˍˊˇ˂ˏˍʹ, ˁˎˊʾ˖ˌ ˃ʶʻʰ˄ˈ˂ʹ,̩ ʶˉʽˍˎʴ˔ʱ˄ʶˍʰʽ ʰˏ˅ʹˋʹ ˍʹ ̩

ʰˉˈʵˇˋʹˌ ˍʹˌ ˒˖ˍˇʹ˂ʶˁˍˊˇ˔ʹ˃ʽˁʺˌ ˁˎ˕ʶ˂ʾʵʰˌΦ ɴ˄ʰ ˒˖ˍˇʹ˂ʶˁˍˊˇ˔ʹ˃ʽˁˈ ˁʶ˂ʾ ˃ˉˇˊʶʾ ˔˖ˊʾˌ 

ˇ˅ˎʴˈ˄ˇ ˋˍˇ ˔˗ˊˇ ˍʹˌ ˁʰʻˈʵˇˎΣ ˄ʰ ˇʵʹʴʺˋʶʽ ˋˍʹ˄ ˉʰˊʰʴ˖ʴʺ ʹ˂ʶˁˍˊʽˁʺˌ ʶ˄ʷˊʴʶʽʰˌ ˁʰʽ 

ˎʵˊˇʴˈ˄ˇˎΣ ˃ʶ ˍʹ ɻ̔ʱˋˉʰˋʹ ˍˇˎ ˄ ʶˊˇˏΦ  

ü ʊ̟ ˍˇʰˉˇʵˈ˃ʹˋʹ ʁˊʴʰ˄ʽˁ˗˄ ɳ˄˗ˋʶ˖˄ ʰˉˇˍʶ˂ʶʾ ˍˇ ˉʽˇ ʶ˄ʶˊʴˈ ˉʶʵʾˇ ˍˇˎ ¢ƛh2 ˋˍʹ 

˒˖ˍˇˁʰˍʱ˂ˎˋʹΦ ʆˇ ¢ƛh2 ˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ˋˍʹ˄ ˉʶˊʽʲʰ˂˂ˇ˄ˍʽˁʺ ʶ˅ˎʴʾʰ˄ˋʹ ʴʽʰ ˃ʽʰ ˃ʶʴʱ˂ʹ 

ˉˇʽˁʽ˂ʾʰ ʰˉˈ ˇˊʴʰ˄ʽˁʷˌ ʶ˄˗ˋʶʽˌΣ ʽˇˏˌΣ ʲʰˁˍʺˊʽʰΣ ˃ˏˁʹˍʶˌΣ ˒ˏˁʽʰ ˁʰʽ ˁʰˊˁʽ˄ʽˁʱ ˁˏˍˍʰˊʰΣ ˍʰ 

ˇˉˇʾʰ ˃ˉˇˊˇˏ˄ ˄ʰ ˎˉˇʲʰʻ˃ʽˋˍˇˏ˄ ˁʰʽ ˄ʰ ʰ˄ˇˊʴʰ˄ˇˉˇʽʹʻˇˏ˄ ʶ˄ˍʶ˂˗ˌ ˋʶ /h2Σ ɶ2ʁΣ ˁʰʽ 

ʰʲ˂ʰʲʺ ʰ˄ˈˊʴʰ˄ʰ ʰ˄ʽˈ˄ˍʰΦ ɳˉʾˋʹˌΣ ˃ʶʴʱ˂ʹ ʶ˒ʰˊ˃ˇʴʺ 

ʲˊʾˋˁʶʽ ʹ ˒˖ˍˇˁʰˍʱ˂ˎˋʹ ˋˍʹ˄ ʰˉˇʵˈ˃ʹˋʹ ˇˊʴʰ˄ʽˁ˗˄ 

ˇˎˋʽ˗˄ ˉˇˎ ˋˎ˄ʰ˄ˍ˗˄ˍʰʽ ˋˍʰ ˎʴˊʱ ʰˉˈʲ˂ʹˍʰΣ ˈˉ˖ˌ 

˒ʰʽ˄ˈ˂ʶˌΣ ˔˂˖ˊˇ˒ʰʽ˄ˈ˂ʶˌΣ ʵʽˇ˅ʾ˄ʶˌΣ t/.Σ ˉʰˊʰˋʽˍˇˁˍˈ˄ʰΣ 

ʸʽʸʰ˄ʽˇˁˍˈ˄ʰΣ ˇˊʴʰ˄ˇ˒˖ˋ˒ˇˊʽˁʷˌ ʶ˄˗ˋʶʽˌΣ ˔ˊ˖ˋˍʽˁʷˌ 

ˇˎˋʾʶˌΣ ˇˊʴʰ˄ʽˁʱ ˇ˅ʷʰΣ ˁΦʰΦ ɶ ʶˉʾʵˇˋʹ ʰˎˍʺ ˇ˒ʶʾ˂ʶˍʰʽ ˋʶ 

˃ʶʴʱ˂ˇ ʲʰʻ˃ˈ ˋʶ ˇ˅ʶʽʵ˖ˍʽˁʷˌ ˊʾʸʶˌ ˎʵˊˇ˅ˎ˂ʾˇˎ όϲʁɶύ ˉˇˎ 

ʶʾ˄ʰʽ ʴ˄˖ˋˍʷˌ ˖ˌ ʽˋ˔ˎˊˇʾ ˇ˅ʶʽʵ˖ˍʽˁˇʾ ˉʰˊʱʴˇ˄ˍʶˌ [89]. 

   ʅˎ˄ˇˉˍʽˁʱΣ ʹ ʶˍʶˊˇʴʶ˄ʺˌ ˒˖ˍˇˁʰˍʱ˂ˎˋʹΣ ʰ˅ʽˇˉˇʽʶʾ ˍʽˌ ˁʰˍʰ˂ˎˍʽˁʷˌ ʵʽʶˊʴʰˋʾʶˌ ˉˇˎ 

˂ʰ˃ʲʱ˄ˇˎ˄ ˔˗ˊʰ ˋʶ ʰʽ˖ˊʺ˃ʰˍʰ ʹ˃ʽʰʴ˗ʴʽ˃˖˄ ˁˈ˄ʶ˖˄ όʆƛʁ2, ZnO, WO3Σ /Ř{ύ ˉʰˊˇˎˋʾʰ 

ˍʶ˔˄ʹˍˇˏ ʺ ˒ˎˋʽˁˇˏ ˒˖ˍʽˋ˃ˇˏΣ ˇʽ ˇˉˇʾʶˌ ˃ˉˇˊˇˏ˄ ˄ʰ ʶˉʽ˒ʷˊˇˎ˄ ˍʹ˄ ˉ˂ʺˊʹ ˇ˅ʶʾʵ˖ˋʹ 

ʵʽʰ˒ˈˊ˖˄ ˇˊʴʰ˄ʽˁ˗˄ ˁʰʽ ʰ˄ˈˊʴʰ˄˖˄ ˊˏˉ˖˄Σ ˁʰʻ˗ˌ ˁʰʽ ˍʹ˄ ʰˉʶ˄ʶˊʴˇˉˇʾʹˋʹ ˍ˖˄ 

ˉʰʻˇʴˈ˄˖˄ ˃ ʽˁˊˇˇˊʴʰ˄ʽˋ˃˗˄Σ ˔˖ˊʾˌ ̱ ʹ˄ ˉʶˊʰʽˍʷˊ˖ ʶˉʽʲʱˊˎ˄ˋʹ ˍˇˎ ˉʶˊʽʲʱ˂˂ˇ˄ˍˇˌ. 

ɳʽˁˈ˄ʰ 56 ɮ˄ʰˉʰˊʱˋˍʰˋʹ 
ɳˍʶˊˇʴʶ˄ˇˏˌ ˒˖ˍˇˁʰˍʱ˂ˎˋʹˌ TiO2 
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   ʅˍʰ ˉ˂ʰʾˋʽʰ ˍʹˌ ˉʰˊˇˏˋʹˌ ʶˊʴʰˋʾʰˌ ˉˊʰʴ˃ʰˍˇˉˇʽʺʻʹˁʰ˄ ˍˎˉʽˁʱ ˉʶʽˊʱ˃ʰˍʰ 

˒˖ˍˇˁʰˍʰ˂ˎˍʽˁʺˌ ˉʰˊʰʴ˖ʴʺˌ I2Σ ˃ʶ ˍʹ˄ ˃ʽˁˊʺ ʊ˖ˍˇʹ˂ʶˁˍˊˇ˔ʹ˃ʽˁʺ ɼˎ˕ʶ˂ʾʵʰ IɹΣ ˁʱ˄ˇ˄ˍʰˌ 

˔ˊʺˋʹ, ʰˊ˔ʽˁʱ ˍˇˎ ʵʶʾʴ˃ʰˍˇˌ 1in2 ˉˇˎ ˒ʷˊʶʽ ˍˇ˄ ˒˖ˍˇˁʰˍʰ˂ˏˍʹ ITO - TiO2 (4 Layer - рллϲC),  

ˉˇˎ ˁʰˍʰˋˁʶˎʱˋˍʹˁʶ ˃ʶ ˍʹ˄ ˃ʷʻˇʵˇ sol-gel ˁʰʽ ʶ˄ʰˉˈʻʶˋʹ ˃ʶ Spin Coating ˁʰʽ ˋˍʹ 

ˋˎ˄ʷ˔ʶʽʰ ʰˎˍˈ ˉˇˎ ˁʰˍʰˋˁʶˎʱˋˍʹˁʶ ˃ʶ ˍʹ˄ ˍʶ˔˄ʽˁʺ doctor blade. ʆˇ ʵʶʾʴ˃ʰ ˋʶ ˁʱʻʶ 

ˉʶˊʾˉˍ˖ˋʹΣ ˍˇˉˇʻʶˍʺʻʹˁʶ ˋˍʹ˄ ʰˊʽˋˍʶˊʺ ˉ˂ʶˎˊʱ ˍʹˌ ˁˎ˕ʶ˂ʾʵʰˌ ˈˉˇˎ ˎˉʱˊ˔ʶʽ ˍˇ 

ˉʰˊʱʻˎˊˇ Borosilicate ˖ˌ ˒˖ˍˇʱ˄ˇʵˇˌΦ ʅˍˇ ˉʰˊʱʻˎˊˇ ˃ˉˊˇˋˍʱ ˍˇˉˇʻʶˍʶʾˍʰʽ ˁʰʽ ʹ ˂ˎ˔˄ʾʰ 

UV BL15W ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽʺʻʹˁʶ ʴʽʰ ˍʹ ˒˖ˍˇʶ˄ʶˊʴˇˉˇʾʹˋʹ ˍˇˎ ˒˖ˍˇˁʰˍʰ˂ˏˍʹΦ ʅˍʹ 

ˋˎ˄ʷ˔ʶʽʰ ʰˉˈ ˍʹ˄ ʵʶ˅ʽʱ ˉ˂ʶˎˊʱ ˍʹˌ ˁʰʻˈʵˇˎ ˍˇˉˇʻʶˍʺʻʹˁʶ ˋˏˊ˃ʰ ˉ˂ʰˍʾ˄ʰˌ 30cm ˋʶ 

˃̌ ˊ˒ʺ ˋˉʶʾˊʰˌΦ ʆʷ˂ˇˌ ˍˇˉˇʻʶˍʺʻʹˁʶ ˍˇ ˁʰˉʱˁʽ ˍʹˌ ˁˎ˕ʶ˂ʾʵʰˌ ˁʰʽ ʶ˂ʷʴ˔ʻʹˁʶ ʹ 

ˋˍʶʴʰ˄ˈˍʹˍʰΦ 

 

ɾʷˋʰ ˋˍʹ˄ ˁˎ˕ʶ˂ʾʵʰ ʶʽˋʱʴʶˍʰʽ ˇ ʹ˂ʁ ˁˍˊˇ˂ˏˍʹˌΣ ˍˇ ˎʵʰˍʽˁˈ ʵʽʱ˂ˎ˃ʰ ˍʹˌ ˇˊʴʰ˄ʽˁʺˌ ʷ˄˖ˋʹˌ 

ˋˎ˄ˇ˂ʽˁˇˏ ˈʴˁˇˎ мллƳƭΦ  

ʆˇ ˉʰˊʰʴˈ˃ʶ˄ʰ ʰʷˊʽʰ ˃ˉˇˊˇˏ˄ ˄ʰ ˋˎ˂˂ʷʴˇ˄ˍʰʽ ˋʶ ʰˍ˃ˇˋ˒ʰʽˊʽˁʺ ˉʾʶˋʹ ˃ʷˋʰ ˋˍʰ ʵˇ˔ʶʾʰ 

ʰˉˇʻʺˁʶˎˋʹˌ, ʶ˄˗ ˃ʶˍˊʱˍʰʽ ˇ ˔ˊˈ˄ˇˌ ˂ʶʽˍˇˎˊʴʾʰˌ ʴʽʰ ˄ʰ ˎˉˇ˂ˇʴʽˋˍʶʾ ʰˊʴˈˍʶˊʰ ˇ ˊˎʻ˃ˈˌ 

ˉʰˊʰʴ˖ʴʺˌ ˋʶ ˋˎ˄ʱˊˍʹˋʹ ˃ʶ ˍˇ ˔ˊˈ˄ˇ ˎˉʶˊʽ˗ʵˇˎˌ ʰˁˍʽ˄ˇʲˈ˂ʹˋʹˌΦ ʆʰ ʰˉˇʻʹˁʶˎ˃ʷ˄ʰ 

ʰʷˊʽʰ ʻʰ ʰ˄ʰ˂ˎʻˇˏ˄ ˋʶ ʶˉˈ˃ʶ˄ʹ ˒ʱˋʹ ˃ʷˋ˖ ʰʷˊʽʰˌ ˔ˊ˖˃ʰˍˇʴˊʰ˒ʾʰˌ ʴʽʰ ˄ʰ ʲˊʶʻʶʾ ʹ 

˔ʹ˃ʽˁʺ ˍˇˎˌ ˋˏˋˍʰˋʹΦ 

 

   ʁ˃ˇʾ˖ˌΣ ˋˍʹ ˋˎ˄ʷ˔ʶʽʰ ˉˊʰʴ˃ʰˍˇˉˇʽʺʻʹˁʰ˄ ˍˎˉʽˁʱ ˉʶʽˊʱ˃ʰˍʰ ˒˖ˍˇˁʰˍʰ˂ˎˍʽˁʺˌ 

ˉʰˊʰʴ˖ʴʺˌ I2 ˁʰʽ ˋˍʹ ˃ʶʴʱ˂ʹ ʊ˖ˍˇʹ˂ʶˁˍˊˇ˔ʹ˃ʽˁʺ ɼˎ˕ʶ˂ʾʵʰ ɹΣ ˁʱ˄ˇ˄ˍʰˌ ˔ˊʺˋʹ ˍ˖˄ 

ʰ˄ˍʾˋˍˇʽ˔˖˄ ʹ˂ʶˁˍˊˇʵʾ˖˄Σ ʵʽʰˋˍʱˋʶ˖˄ όмнX12)cm2.  

 

ɳʽˁˈ˄ʰ 57 ɴ˄ʰˊ˅ʹ ˂ʶʽˍˇˎˊʴʾʰˌ ɾʽˁˊʺˌ ʊɶʋ ɼˎ˕ʶ˂ʾʵʰˌ 
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   ɮˉ̍ ˍʹ ʲʽʲ˂ʽˇʴˊʰ˒ʽˁʺ ʰ˄ʰˋˁˈˉʹˋʹ ˉˇˎ ˉˊʰʴ˃ʰˍˇˉˇʽʺʻʹˁʶΣ  ˃ʶ˂ʷˍʶˌ ʷ˔ˇˎ˄ ʵʶʾ˅ʶʽ 

˒˖ˍˇˁʰˍʰ˂ˎˍʽˁʷˌ  ʶ˒ʰˊ˃ˇʴʷˌ ˍ˖˄ ˄ʰ˄ˇˋ˖˃ʰˍʽʵʾ˖˄  TiO2 ʴʽʰ ˍʹ˄ ˉʰˊʰʴ˖ʴʺ ʹ˂ʶˁˍˊʽˁʺˌ 

ʶ˄ʷˊʴʶʽʰˌ ˁʰʽ ˎʵˊˇʴˈ˄ˇˎ. ʃʰˊʰʵʶʽʴ˃ʰˍʽˁʱ ˒ʰʾ˄ˇ˄ˍʰʽ ˉʰˊʰˁʱˍ˖ ʵˏˇ ʶ˒ʰˊ˃ˇʴʷˌ: 

- ɾʶ˂ʷˍʶˌ ˋ˔ʶˍʽˁʱ ˃ʶ ˍʽˌ ʊ˖ˍˇʹ˂ʶˁˍˊˇ˔ʹ˃ʽˁʷˌ 

ˁˎ˕ʶ˂ʾʵʶˌ όtƘƻǘƻCǳŜƭ/Ŝƭƭǎύ ˉˇˎ ˁʰˍʰ˄ʰ˂˗˄ˇˎ˄ 

ˁʰˏˋʽ˃ʰ ʴʽʰ ˍʹ˄ ˉʰˊʰʴ˖ʴʺ ʹ˂ʶˁˍˊʽˁʺˌ ʶ˄ʷˊʴʶʽʰˌ 

ˁʰʽ ˎʵˊˇʴˈ˄ˇˎ ʷ˔ˇˎ˄ ʵʶʾ˅ʶʽ ˈˍʽ ʷ˔ˇˎ˄ 

ˁʰˍʰˋˁʶˎʰˋˍʶʾ ˃ʶ ˍʹ ˔ˊʺˋʹ ˄ʰ˄ˇˋ˖˃ʰˍʽʵʾ˖˄ 

ˍʽˍʱ˄ʽʰˌ ˋˍʹ ˒˖ˍˇʱ˄ˇʵˇ όǇƘƻǘƻŀƴƻŘŜǎύ ʶ˄˗ ˋˍʹ˄ 

ˁʱʻˇʵˇ ̝́ʹˋʽ˃ˇˉˇʽˇˏ˄ ʵʽʱ˒ˇˊʰ ʶʾʵʹ 

ʹ˂ʶˁˍˊˇˁʰˍʰ˂ˏˍʹ [92]. ʅˍʹ˄ ˉʶˊʾˉˍ˖ˋʹ ˈˉˇˎ  ́

ˁˎ˕ʷ˂ʹ ˂ʶʽˍˇˎˊʴˇˏˋʶ ˃ʶ ˃ʽʰ ʰʶˊʽˇˏ˔ˇ ˁʱʻˇʵˇΣ ˍˇ 

ʹ˂ʶˁˍˊˈʵʽˇ ʰˉˇˍʶ˂ˇˏˋʶ ˏ˒ʰˋ˃ʰ ʱ˄ʻˊʰˁʰ 

ʵʽʰˉˇˍʽˋ˃ʷ˄ˇ ˃ʶ ˄ʰ˄ˇˋ˖˃ʰˍʾʵʽʰ ˉ˂ʰˍʾ˄ʰˌ όtǘύ. 

ɳˉʾˋʹˌΣ ʵʽʰˉʽˋˍ˗ʻʹˁʶ ˈˍʽ ʶʾ˄ʰʽ ʵˏˋˁˇ˂ʹ ʹ 

ˉʰˊʰʴ˖ʴʺ ˎʵˊˇʴˈ˄ˇˎ ˋʶ ʷ˄ʰ ʰ˂ˁʰ˂ʽˁˈ 

ˉʶˊʽʲʱ˂˂ˇ˄Σ ʶʱ˄ ʵʶ˄ ʶ˂ʰ˔ʽˋˍˇˉˇʽʹʻˇˏ˄ ˇʽ 

ʰˉ˗˂ʶʽʶˌΦ ʍˋˍˈˋˇΣ ʷ˄ʰˌ ˍˊˈˉˇˌ ʴʽʰ ˄ʰ 

ˉʶˊʽˇˊʽˋ̱ ˇˏ˄ ˇʽ ʰˉ˗˂ʶʽʶˌ ʶʾ˄ʰʽ ˄ʰ 

ʲˊʰ˔ˎˁˎˁ˂˖ʻˇˏ˄ ˍʰ ʹ˂ʶˁˍˊˈʵʽʰ ˍʹˌ  ʰ˄ˈʵˇˎ ˁʰʽ 

ˍʹˌ ˁʰʻˈʵˇˎ ʺ ˄ʰ ˍˇˉˇʻʶˍʹʻˇˏ˄ ˉˇ˂ˏ ˁˇ˄ˍʱ 

˃ʶˍʰ˅ˏ ˍˇˎˌΦ ɮˎˍˈ ʶˉʽˍˎʴ˔ʱ˄ʶˍʰʽ ˋˍˇ ˒̟ ˍˇʹ˂ʶˁˍˊˇˁʰˍʰ˂ˎˍʽˁˈ ˒ˏ˂˂ˇΣ ˁʱˍʽ ˍˇ ˇˉˇʾˇ 

ʰˉˇʵʶʽˁ˄ˏʶˍʰʽ ʽˁʰ˄ˈ ˄ʰ ˉʰˊʱʴʶʽ ˎʵˊˇʴˈ˄ˇΣ ʰˁˈ˃ʹ ˁʰʽ ˋʶ ʽˋ˔ˎˊˈ h ˂ˁʰ˂ʽˁˈ ˉʶˊʽʲʱ˂˂ˇ˄Φ 

-  ɳˊʶˎ˄ʹˍʷˌ ˋˍˇ ɳʻ˄ʽˁˈ ɳˊʴʰˋˍʺˊʽˇ ˍʹˌ Argonne 

(Nanobio Interfaces and Nanophotonics groups, 

Argonne National Laboratory) ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ ˍˇ 

˒˖ˌ ˍˇˎ ʺ˂ʽˇˎΣ ˖ˌ ˉʹʴʺ ʶ˄ʷ́ ʴʶʽʰˌ ˉˇˎ 

ʶˉʽˍˊʷˉʶʽ ˄ʰ ʶ˄ʶˊʴʶʾ ˖ˌ ʰ˄ˍ˂ʾʰ ˉˊ˖ˍˇ˄ʾ˖˄ 

ˋˎ˄ʵˎʱʸˇ˄ˍʰˌ ˃̔  hˉˊ˖ˍʶˀ˄ʹ ˉˇˎ ʲˊʾˋˁʶˍʰʽ ˋʁ  

˃ʽˁˊˇˇˊʴʰ˄ʽˋ˃ˇˏˌ ˉˇˎ ʸˇˎ˄ ˋˍ̔ˌ ʰ˂ˎˁʷˌ ˋˍʹ˄ 

ʷˊʹ˃ˇ, ʴʽʰ ˍʹ˄ ˉʰˊʰʴ˖ʴʺ ˎʵˊˇʴˈ˄ˇˎΦ ɾʶ˂ʷˍʶˌ 

ʵʶʾ˔˄ˇˎ˄ ˍʹ˄ ʰˉˇˍʶ˂ʶˋ˃ʰˍʽˁʺ ʰˉˇˊˊˈ˒ʹˋʹ ˁʰʽ ˃ʶˍʰ˒ˇˊʱ ˒ˇˊˍʾˇˎ ˃ʶˍʰ˅ˏ ˍ˖˄ ˃ˇˊʾ˖˄ ˍʹˌ 

ˉˊ˖ˍʶˀ˄ʹˌ .Ǌ ˁʰʽ ̱ ˖˄ ˄ʰ˄ˇˋ˖˃ʰˍʽʵʾ˖˄ ̌ ˅ʶʽʵʾˇˎ ˍˇˎ ˍʽˍʰ˄ʾˇˎ (nanocatalyst Pt/TiO2) [93]. 

ɳʽˁˈ˄ʰ 58 ʃʰˊʰʴ˖ʴʺ ɶ2 h ˉˈ CH3OH 
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мΦммΦ ʃʶˊʽʴˊʰ˒ʺ ʃʶʽˊʱ˃ʰˍˇˌ - ʃʰˊʰʴ˖ʴʺ ɶ˂ʶˁˍˊʽˁʺˌ ɳ˄ʷˊʴʶʽʰˌ ˃ʶ 

˔ˊʺˋʹ ɼˎ˕ʷ˂ʹˌ ɼʰˎˋʾ˃ˇˎ ʇʵˊˇʴˈ˄ˇˎ 

   ʁʽ ˁˎ˕ʷ˂ʶˌ ˁʰˎˋʾ˃ˇˎ ʰˉˇˍʶ˂ˇˏ˄ ˃ʽʰ ˄ʷʰ ̱ ʶ˔˄ˇ˂ˇʴʾʰ 

ʰʽ˔˃ʺˌ ˉˇˎ ˋˎʴˁʰˍʰ˂ʷʴˇ˄ˍʰʽ ˋˍʰ ʶ˄ʰ˂˂ʰˁˍʽˁʱ 

ˋˎˋˍʺ˃ʰˍʰ ˃ʶˍʰˍˊˇˉʺˌ ʶ˄ʷˊʴʶʽʰˌΦ ʃˊˈˁʶʽˍʰʽ ʴʽʰ 

ˋˎˋˁʶˎʷˌ ˉˇˎ ˃ʶˍʰˍˊʷˉˇˎ˄ ʱ˃ʶˋʰ ˍʹ ˔ʹ˃ʽˁʺ ʶ˄ʷˊʴʶʽʰ 

ʶ˄ˈˌ ʰʷˊʽˇˎ ˁʰˎˋʾ˃ˇˎ ˍʰˎˍˈ˔ˊˇ˄ʰ ˋʶ ʹ˂ʶˁˍˊʽˁʺ 

ʶ˄ʷˊʴʶʽʰ ˁʰʽ ʻʶˊ˃ˈˍʹˍʰΦ  

ʆˇ h̫ ˊʽˇ ˁʰˏˋʽ˃ˇ όɶ2), ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ˋˍʹ˄ ʶˊʴʰˋʾʰ, ʰˁˇ˂ˇˎʻʶʾ ˁˎˁ˂ʽˁʺ ʵʽʰʵʽˁʰˋʾʰΣ 

˃ʽʰˌ ˁʰʽ  ˉˊˇʷˊ˔ʶˍʰʽ ʰˉˈ ˍʹ˄ ʽʵʾʰ ˉʰˊʰʴ˖ʴʺ ˍʹˌ ˃ˇ˄ʱʵʰˌ ɶ˂ʶˁˍˊˈ˂ˎˋʹˌ, ˉˇˎ ʷ˔ʶʽ 

ʰˉˇʻʹˁʶˎˍʶʾ ˋˍˇ ʰ˄ˍʾˋˍˇʽ˔ˇ ʵˇ˔ʶʾ.̌ ɶ ˃ˇ˄ʱʵʰ ʹ˂ʶˁˍˊˈ˂ˎˋʹˌ ˍʹˌ ʶˊʴʰˋʾʰˌ ʶʾ˄ʰʽ ʽˁʰ˄ʺ ˄ʰ 

ˉʰˊʷ˔ʶʽ  ˖ˌ ˁʰˏˋʽ˃ˇ ˁʰʻʰˊˈ ˎʵˊˇʴˈ˄ˇ (99%), 

ˉˇˎ ˃ʶ ˍʹ ˋʶʽˊʱ ˍˇˎ ʰˉʰʽˍʶʾˍʰʽ ʰˉˈ ˍʹ˄ 

ˁˎ˕ʷ˂ʹ ˁʰˎˋʾ˃ˇˎΣ ʵʽˈˍʽ ʹ ˏˉʰˊ˅ʹ ˉˊˇˋ˃ʾ˅ʶ˖˄ 

ʶ˃ˉˇʵʾʸʶʽ ˍʹ ʵʽʱ˔ˎˋʹ ˍ˖˄ ʽˈ˄ˍ˖˄ ˃ʷˋ˖ ˍʹˌ 

˃ʶ˃ʲˊʱ˄ʹˌΣ ʰˁˎˊ˗˄ˇ˄ˍʰˌ ˇˎˋʽʰˋˍʽˁʱ ˍʹ 

˂ʶʽˍˇˎˊʴʾʰ ˇ˂ˈˁ˂ʹˊʹˌ ˍʹˌ ʵʽʱˍʰ˅ʹˌΦ 

   ʁʽ ˁˎ˕ʷ˂ʶˌ ˁʰˎˋʾ˃ˇˎ ʰˉˇˍʶ˂ˇˏ˄ˍʰʽ ʰˉˈ 

ʵˏ̌ ʹ˂ʶˁˍˊˈʵʽʰ όɯ˄ˇʵˇˌ ˁʰʽ ɼʱʻˇʵˇˌύ ˁʰʽ ʷ˄ʰ ʹ˂ʶˁˍˊˇ˂ˎˍʽˁˈ ˃ʷˋˇΦ ʆˇ ʹ˂ʶˁˍˊˈʵʽˇ ˍʹˌ 

ʰ˄ˈʵˇˎ ˍˊˇ˒ˇʵˇˍʶʾˍʰʽ ˋˎ˄ʶ˔˗ˌ ˃ʶ ̱̌  ʰ˄ʰʴ˖ʴʽˁˈ ˁʰˏˋʽ˃ˇ όɶ2ύ ʶ˄˗ ˍˇ ʹ˂ʶˁˍˊˈʵʽˇ ˍʹˌ 

ˁʰʻˈʵˇˎ ʶˁˍʾʻʶˍʰʽ ˋʶ ˁʱˉˇʽˇ ˇ˅ʶʽʵ˖ˍʽˁˈ ˃ʷˋˇ όˋˎ˄ʺʻ˖ˌ ʁ2 h ˉˈ ˍˇ˄ ʰˍ˃ˇˋ˒ʰʽˊʽˁˈ ʰʷˊʰύ 

ˁʰʽ ˋˎ˄ʵʷˇ˄ˍʰʽ ˃ʶˍʰ˅ˏ ˍˇˎˌ ˃ʷˋ˖ ʶ˅˖ˍʶˊʽˁˇˏ ʹ˂ʶˁˍˊʽˁˇˏ ˁˎˁ˂˗˃ʰˍˇˌ όɶ˂ʶˁˍˊʽˁˈ ˒ˇˊˍʾˇύΦ 

ʅˍʹ˄ ʱ˄ˇʵˇ ˍˇ ɶ2 ˇ˅ʶʽʵ˗˄ʶˍʰʽ ˋʶ ˉˊ˖ˍˈ˄ʽʰ ˁʰʽ ʹ˂ʶˁˍˊˈ˄ʽʰΣ ʶ˄˗ ˋˍʹ˄ ˁʱʻˇʵˇ ˍˇ ʁ2 

ʰ˄ʱʴʶˍʰʽ ˋʶ ʽˈ˄ˍʰ ˇ˅ˎʴˈ˄ˇˎ ˁʰʽ ʰ˄ˍʽʵˊʱ ˃ʶ ˍʰ ʽˈ˄ˍʰ ˎʵˊˇʴˈ˄ˇˎ ˋ˔ʹ˃ʰˍʾʸˇ˄ˍʰˌ ˄ʶˊˈΦ 

ʅˎʴˁʶˁˊʽ˃ʷ˄ʰΣ ˋˍʹ˄ ʱ˄ˇʵˇ ˍ̌  ɶ2 ʵʽʰˋˉʱˍʰʽ ˋʶ ʽˈ˄ˍʰ ɶ
+ ˁʰʽ ʹ˂ʶˁˍˊˈ˄ʽʰ Ŝ-. ʆʰ ʽˈ˄ˍʰ ˃ʷˋ˖ 

ˍˇˎ ʹ˂ʶˁˍˊˇ˂ˏˍʹ ˒ˍʱ˄ˇˎ˄ ˋˍʹ˄ ˁʱʻˇʵˇΣ ʶ˄˗ ˍʰ ʹ˂ʶˁˍˊˈ˄ʽʰ ˁʽ˄ˇˏ˄ˍʰʽ ˃ʷˋ˖ ˍˇˎ ʶ˅˖ˍʶˊʽˁˇˏ 

ˁˎˁ˂˗˃ʰˍˇˌ ˉʰˊʱʴˇ˄ˍʰˌ ʹ˂ʶˁˍˊʽˁʺ ʶ˄ʷˊʴʶʽʰΦ ɾˈ˂ʽˌ ˍʰ ʽˈ˄ˍʰ ˁʰʽ ˍʰ Ŝ- ˒ˍʱˋˇˎ˄ ˋˍʹ˄ 

ˁʱʻˇʵˇ ˉˊʰʴ˃ʰˍˇˉˇʽʶʾˍʰʽ ʰ˄ˍʾʵˊʰˋʹ ˃ʶ ˍˇ ʁ2 ˁʰʽ ˉʰˊʱʴʶˍʰʽ ˄ʶˊˈ ˁʰʽ ʻʶˊ˃ˈˍʹˍʰΦ ɶ 

˃ʶˍʰ˒ˇˊʱ ˍ˖˄ ʽˈ˄ˍ˖˄ ʴʾ˄ʶˍʰʽ ʰˎʻˈˊ˃ʹˍʰΦ ɶ ˁʰˍʶˎʻˎ˄ˈ˃ʶ˄ʹ ʰˎˍʺ ˁʾ˄ʹˋʺ ˍˇˎˌ, ˋˎ˄ʶ˔ʾʸʶˍʰʽ 

ˈˋˇ ˍʰ ˍ˃ʺ˃ʰˍʰ ˍˇˎ ˁʶ˂ʽˇˏ όɮˎ˂ʰˁ˗ˋʶʽˌύ ˍˊˇ˒ˇʵˇˍˇˏ˄ˍʰʽ ˋˎ˄ʶ˔˗ˌ ˃ʶ ˁʰˏˋʽ˃ˇ ˁʰʽ 

ˇ˅ʶʽʵ˖ˍʽˁˈ ˁʰʽ ʶ˒ˈˋˇ˄ ˍˇ ʶ˅˖ˍʶˊʽˁˈ ˁˏˁ˂˖˃ʰ ʶʾ˄ʰʽ ˁ˂ʶʽˋˍˈ ˃ʶ ˁʱˉˇʽˇ ʶ˅˖ˍʶˊʽˁˈ ˒ˇˊˍʾˇ 

ʰ˄ˍʾˋˍʰˋʹˌΣ ˗ˋˍʶ ˄ʰ ˃ˉˇˊʶʾ ˄ʰ ˉˊʰʴ˃ʰˍˇˉˇʽʹʻʶʾ ˇ ˁˏˁ˂ˇˌ ˍˇˎ ʹ˂ʶˁˍˊˇ˄ʽʰˁˇˏ ˒ˇˊˍʾˇˎΦ ʅˍˇ 

ʶ˅˖ˍʶˊʽˁˈ ˁˏˁ˂˖˃ʰ ʶˉˇ˃ʷ˄˖ˌ,  ˊʷˇˎ˄ ʹ˂ʶˁˍˊˈ˄ʽʰΣ ˋʶ ʰ˄ˍʾʻʶˋʹ ˃ʶ ˍˇ ʶˋ˖ˍʶˊʽˁˈ ˍˇˎ ˁʶ˂ʽˇˏ 

όˋˍˇ˄ ʹ˂ʶˁˍˊˇ˂ˏˍʹύ ˈˉˇˎ ˃ʶˍʰˁʽ˄ˇˏ˄ˍʰʽ ʽˈ˄ˍʰ [90]. 

ɳʽˁˈ˄ʰ 59 ɼˏˁ˂ˇˌ ɽʶʽˍˇˎˊʴʾʰˌ ɶ2 

ɳʽˁˈ˄ʰ 60 ʃʶʽˊʰ˃ʰˍʽˁʺ ɲʽʱˍʰ˅ʹ ɼˎ˕ʷ˂ʹˌ ɼʰˎˋʾ˃ˇˎ 
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   ʍˋˍˈˋˇΣ  ́ˁʰˊʵʽʱ ˃ʽʰˌ ˁˎ˕ʷ˂ʹˌ ˁʰˎˋʾ˃ˇˎ ʶʾ˄ʰʽ ˇ ʹ˂ʶˁˍˊˇ˂ˏˍʹˌΦ ʁ ʹ˂ʶˁˍˊˇ˂ˏˍʹˌ ˃ˉˇˊʶʾ 

˄ hʶʾ˄ʰʽ ʷ˄ʰ ˎʴˊˈ ʺ ʷ˄ʰ ˋˍʶˊʶˈ ˁʰʽ ʶˁˍˈˌ ˍˇˎ ˈˍʽ ˂ʶʽˍˇˎˊʴʶʾ ˖ˌ ˃ʽʰ ʽˇ˄ˍʽˁʺ ʴʷ˒ˎˊʰ 

˃ʶˍʰ˅ˏ ˍ˖˄ ʵˏˇ ʹ˂ʶˁˍˊˇʵʾ˖˄Σ ˍʹˌ ʰ˄ˈʵˇˎ ˁʰʽ ˍʹˌ ˁʰʻˈʵˇˎΣ ʰˉˈ ˉˊʰˁˍʽˁʺ ʱˉˇ˕ʹ ˉʰʾʸʶʽ 

ˁʰʽ ˍˇ ˊˈ˂ˇ ˍˇˎ ʵʽʰ˔˖ˊʽˋˍʺ ˍ˖˄ ʰ˄ˍʽʵˊ˗˄ˍ˖˄ ˋˍʰ ʵˏˇ ˃ʷˊʹ ˍʹˌ ˁˎ˕ʷ˂ʹˌΦ ʅˍʹ˄ 

ˉʰˊˇˏˋʰ ʶˊʴʰˋʾʰ ʹ ˁˎ˕ʷ˂ʹ ˁʰˎˋʾ˃ˇˎΣ ˒ʷˊʶʽ ˉˇ˂ˎ˃ʶˊʽˁʺ ˃ʶ˃ʲˊʱ˄ʹ ʰ˄ˍʰ˂˂ʰʴʺˌ 

ˉˊ˖ˍˇ˄ʾ˖˄ όt9aC/ύΣ ʹ ˇˉˇʾʰ ˂ʶʽˍˇˎˊʴʶʾ ˋʶ ˔ʰ˃ʹ˂ʷˌ ʻʶˊ˃ˇˁˊʰˋʾʶˌ όнр-90ϲ/ύΦ ʁ 

ʹ˂ʶˁˍˊˇ˂ˏˍʹˌ ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ʶʾ˄ʰʽ ˃ʽʰ ˃ʶ˃ʲˊʱ˄ʹ ʰ˄ˍʰ˂˂ʰʴʺˌ ʽˈ˄ˍ˖˄ ˍˏˉˇˎ Nafionϯ  

όˉˇ˂ˎ˒ʻˇˊˇˋˇˎ˂˒ˇ˄ʽˁˈ ˇ˅ˏύΣ ʹ ˇˉˇʾʰ ˔ʰˊʰˁˍʹˊʾʸʶˍʰʽ ʰˉˈ ˍʹ˄ ʶ˅ʰʽˊʶˍʽˁʺ ˉˊ˖ˍˇ˄ʽʰˁʺ 

ʰʴ˖ʴʽ˃ˈˍʹˍʱ ˍʹˌΦ ʅˎ˔˄ʱΣ ˇʽ ˁˎ˕ʷ˂ʶˌ ˁʰˎˋʾ˃ˇˎ ˉʰˊʱʴˇˎ˄ ˉˇ˂ˏ ˃ʽˁˊʺ ˉˇˋˈˍʹˍʰ ˊʶˏ˃ʰˍˇˌ 

ʶ˅ʰʽˍʾʰˌ ˍʹˌ ˃ʽˁˊʺˌ ˉʶˊʽˇ˔ʺˌ ʶˉʰ˒ʺˌ ˃ʶˍʰ˅ˏ ˍ˖˄ ʹ˂ʶˁˍˊˇʵʾ˖˄Σ ˍˇˎ ʹ˂ʶˁˍˊˇ˂ˏˍʹ ˁʰʽ ˍˇˎ 

ʰʶˊʾˇˎΦ ɳˉʾˋʹˌΣ ʷ˄ʰ ʱ˂˂ˇ ˋˍˇʽ˔ʶʾˇ ˉˇˎ ˉˊʷˉʶʽ ˄ʰ ˂ʰ˃ʲʱ˄ʶˍʰʽ ˎˉˈ˕ʹ ʶʾ˄ʰʽ ʹ ʰˉˈˋˍʰˋʹ 

˃ʶˍʰ˅ˏ ˍ˖˄ ʹ˂ʶˁˍˊˇʵʾ˖˄Φ ɱʽʰ ˄ʰ ʰˎ˅ʹʻʶʾ ʹ ʰˉˈʵˇˋʹ ˍ˖˄ ˁˎ˕ʶ˂˗˄ ˁʰˎˋʾ˃ˇˎ ˁʰʽ ˄ʰ 

˃ʶʴʽˋˍˇˉˇʽʹʻʶʾ ʹ ˉʶˊʽˇ˔ʺ ʶˉʰ˒ʺˌ ˔ˊʶʽʱʸʶˍʰʽ ʷ˄ʰ ˂ʶˉˍˈ ˋˍˊ˗˃ʰ ʹ˂ʶˁˍˊˇ˂ˏˍʹ ˃ʶ ʶˉʾˉʶʵʰ 

ˉˇˊ˗ʵʹ ʹ˂ʶˁˍˊˈʵʽʰ ʴʽʰ ˍʹ ʵʽʶʾˋʵˎˋʹ ˍˇˎ ʰʶˊʾˇˎ [91].  

 

    ɼˏ́ʽˇ ˉˊˇʿˈ˄ ˍʹˌ ˂ʶʽˍˇˎˊʴʾʰˌ ˍ˖˄ ˁˎ˕ʶ˂˗˄ ˁʰˎˋʾ˃ˇˎ ʶʾ˄ʰʽ ˍˇ ʹ˂ʶˁˍˊʽˁˈ ˊʶˏ˃ʰΦ ʁʽ 

ʰ˄ˍʽʵˊʱˋʶʽˌ ˋʶ ˃ʾʰ ʰˉ˂ʺ ˁˎ˕ʷ˂ʹ ˁʰˎˋʾ˃ˇˎ ˃ˉˇˊˇˏ˄ ˄ʰ ˉʰˊʱʴˇˎ˄ ˍʱˋʶʽˌ ˍʱ˅ʹ ˃ʶʴʷʻˇˎˌ 

0,5 - 0,9 Voƭǘǎ όˋˎ˄ʺʻ˖ˌ лΣт±ύΦ ʃˊˇˁʶʽ˃ʷ˄ˇˎ ˄ʰ ˉʰˊʰ˔ʻˇˏ˄ ˃ʶʴʰ˂ˏˍʶˊʶˌ ˍʱˋʶʽˌΣ ʶʾ˄ʰʽ 

ʰˉʰˊʰʾˍʹˍˇ ˄ʰ ˋˎ˄ʵˎʰˋˍˇˏ˄ ʰˊˁʶˍʷˌ ˃ʶ˃ˇ˄˖˃ʷ˄ʶˌ ˁˎ˕ʷ˂ʶˌ ˇʽ ˇˉˇʾʶˌ ˍˇˉˇʻʶˍˇˏ˄ˍʰʽ ˋʶ 

ˋʶʽˊʱ ˁʰʽ ʰˉˇˍʶ˂ˇˏ˄ ˍʹ ˋˎˋˍˇʽ˔ʾʰ ˁʶ˂ʽ˗˄ ˁʰˎˋʾ˃ˇˎ όŦǳŜƭ ŎŜƭƭs stack). 

 

   ɶ ʰˉˈʵˇˋʹ ˍ˖˄ ˁˎ˕ʶ˂ʾʵ˖˄ ˁʰˎˋʾ˃ˇˎ 

ˁʰʻˇˊʾʸʶˍʰʽ ʰˉˈ ˍˇ ʵˎ˄ʰ˃ʽˁˈ ˉˇˎ 

˃ʶˍˊʱˍʰʽ ˋˍʹ˄ ʷ˅ˇʵˇ ˍʹˌ ˁˎ˕ʶ˂ʾʵʰˌΣ ˍˇ 

ˇˉˇʾˇ ʵʾ˄ʶˍʰʽ ˖ˌ ˋˎ˄ʱˊˍʹˋʹ ˍʹˌ 

ˉˎˁ˄ˈˍʹˍʰˌ ˍˇˎ ʹ˂ʶˁˍˊʽˁˇˏ ˊʶˏ˃ʰˍˇˌ ʺ 

ˍʹˌ ˁʰ˃ˉˏ˂ʹˌ ˎˉʷˊˍʰˋʹˌ. ɶ ʹ˂ʶˁˍˊʽˁʺ 

ʰˉˈʵˇˋʺ ˍˇˎˌ ʶʾ˄ʰʽ ˃ʶˍʰ˅ˏ пл-50% [90]. 

 

 

   ʅˍʹ˄ ˉ˂ʰʾˋʽʰ ˍʹˌ ˉʰˊˇˏˋʰˌ ʶˊʴʰˋʾʰ ˃ʶ˂ʶˍʺʻʹˁʶ ʹ ˁˎ˕ʷ˂ʹ ˁʰˎˋʾ˃ˇˎ ˉˇˎ 

ˁʰˍʰˋˁʶˎʱˋˍʹˁʶΣ ʴʽʰ ˄ʰ ˋˎʴˁʶ˄ˍˊ˖ʻˇˏ˄ ˋˍˇʽ˔ʶʾʰ ˋ˔ʶˍʽˁʱ ˃ʶ ˍʰ ʹ˂ ʶˁˍˊˇ˔ʹ˃ʽˁʱ 

˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ ˍʹˌΦ  

 

ɳʽˁˈ˄ʰ 61 ɼʰ˃ˉˏ˂ʶˌ ˎˉʷˊˍʰˋʹˌ ˁʰʽ 
ʽˋ˔ˏˇˌ ʴʽʰ ˁˎ˕ʶ˂ʾʵʰ ˁʰˎˋʾ˃ˇˎ 
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1.12Φ ɮʷˊʽʰ ʋˊ˖˃ʰˍˇʴˊʰ˒ʾʰ όGC/ TCD/ FID) 

   ɶ ɮʷˊʽʰ ˔ˊ˖˃ʰˍˇʴˊʰ˒ʾʰ (GC - Gas Chromatograph) ʶʾ˄ʰʽ 

˃ʾʰ ʰˉˈ ˍʽˌ ʲʰˋʽˁˈˍʶˊʶˌ ʵʽʰ˔˖ˊʽˋˍʽˁʷˌ ˃ʶʻˈʵˇˎˌ ˍʹˌ ʋʹ˃ʽˁʺˌ 

ɮ˄ʱ˂ˎˋʹˌ ˁʰʽ ʲʰˋʾʸʶˍʰʽ ˋˍʹ ʵʽʰ˒ˇˊʶˍʽˁʺ ʵʽʰˋˉˇˊʱ ˃ʽʰˌ 

ˇˎˋʾʰˌ ˃ʶˍʰ˅ˏ ʵˏˇ ˒ʱˋʶ˖˄Φ ɶ ˃ʾʰ ˒ʱˋʹ ʲˊʾˋˁʶˍʰʽ ˋˍʰʻʶˊʺ 

˃ʷˋʰ ˋˍʹ ˋˍʺ˂ʹ ˔ˊ˖˃ʰˍˇʴˊʰ˒ʾʰˌ ˁʰʽ ˇ˄ˇ˃ʱʸʶˍʰʽ ˋˍʰˍʽˁʺ ˒ʱˋʹΣ ʶ˄˗ ʹ ʵʶˏˍʶˊʹ ˁʽ˄ʶʾˍʰʽ ˋʶ 

ˋ˔ʷˋʹ ˃ʶ ˍʹ ˋˍʰˍʽˁʺ ˒ʱˋʹ ˃ʶˍʰ˒ʷˊˇ˄ˍʰˌ ˍˇ ˉˊˇˌ ʰ˄ʱ˂ˎˋʹ ʵʶʾʴ˃ʰ ˁʰʽ ʶʾ˄ʰʽ ʹ ˁʽ˄ʹˍʺ ˒ʱˋʹΦ  

 

   ʁ ʵʽʰ˔˖ˊʽˋ˃ˈˌ ʶ˄ˈˌ ˃ʾʴ˃ʰˍˇˌ ˇˎˋʽ˗˄ ʶˉʽˍˎʴ˔ʱ˄ʶˍʰʽ ˂ˈʴ˖ ˍʹˌ 

ʵʽʰ˒ˇˊʶˍʽˁʺˌ ˁʰˍʰ˄ˇ˃ʺˌ ˍ˖˄ ˋˎˋˍʰˍʽˁ˗˄ ˍˇˎ ˃ʾʴ˃ʰˍˇˌ ˋˍʽˌ ʵˏˇ 

˒ʱˋʶʽˌ ˃ʶ ʲʱˋʹ ˒ˎˋʽˁʷˌ ʵʽʰ˒ˇˊʷˌ ˍ˖˄ ˇˎˋʽ˗˄ ˈˉ˖ˌ ʹ 

ˉˇ˂ʽˁˈˍʹˍʰΣ ˍˇ ˒ˇˊˍʾˇΣ ˍˇ ˃ʷʴʶʻˇˌ ˁ˂ˉΦ ɮˎˍˈ ʷ˔ʶʽ ˋʰ˄ 

ʰˉˇˍʷ˂ʶˋ˃ʰ ʵʽʰ˒ˇˊʶˍʽˁʷˌ ˇˎˋʾʶˌ ˄ʰ ˁʽ˄ˇˏ˄ˍʰʽ ˃ʶ ʵʽʰ˒ˇˊʶˍʽˁʺ 

ˍʰ˔ˏˍʹˍʰ ˃ʷˋʰ ˋˍʹ ˋˍʺ˂ʹΣ ʰ˄ʱ˂ˇʴʰ ˃ʶ ˍʹ ˋˎʴʴʷ˄ʶʽʰ ˍʹˌ 

ˁʰʻʶ˃ʾʰˌ ˃ʶ ˍʹ ˋˍʰˍʽˁʺ ˒ʱˋʹ ˁʰʽ ʶˉˇ˃ʷ˄˖ˌ ˄ʰ ʲʴʰʾ˄ˇˎ˄ ʰˉˈ ˍʹ 

ˋˍʺ˂ʹ ˋʶ ʵʽʰ˒ˇˊʶˍʽˁˇˏˌ ˔ˊˈ˄ˇˎˌ όʅ˔ʶˍʽˁˈˌ ʋˊˈ˄ˇˌ ɼʰˍʰˁˊʱˍʹˋʹˌ), ˃ʶ ˋˎ˄ʷˉʶʽʰ ˍˇ 

ʵʽʰ˔˖ˊʽˋ˃ˈ ˍˇˎˌΦ ʁ ˋ̝ ʶˍʽˁˈˌ  ˔ˊ̍˄ˇˌ ˁʰˍʰˁˊʱˍʹˋʹˌ 

ʶ˅ʰˊˍʱˍʰʽ ʰˉˈ: ˍʽ̩ ʁ˄ ˗ˋʶʽˌΣ ˍʹ ˋ̱ ʺ˂ʹ όʵʽʰˋˍʱˋʶʽˌΣ ˋˍʰˍʽˁʺ 

˒ʱˋʹύΣ ˍʹ ˄ ˍh ˔ˏˍʹˍʰ ˊˇʺˌΣ ˍʹ˄ ˉʾʶˋʹ ˋˍʺ˂ʹˌΣ ˍʹ 

ʻʁ ˊ˃ˇˁˊʰˋʾʰΣ ˍˇ ˒̫ ˊˇ˄ ʰʷˊʽˇ, ˍ̌  ˄ʶˁˊˈ ˈʴˁˇ ˁʰʽ ˍʰ ʁ˄ ʶˊʴʱ 

ˋʹ˃ʶʾʰ ˃ʶˍʰ˅ˏ ˍˇˎ ˋˎˋˍʺ˃ʰˍˇˌ ʶʽˋʰʴ˖ʴʺˌ ˁʰʽ ˍˇˎ 

ʰ˄ʽ˔˄ʶˎˍʺ.  

 

   ɶ ˋˍʺ˂ʹ ʶʾ˄ʰʽ ʶ˄ˋ˖˃ʰˍ˖˃ʷ˄ʹ ˋʶ ʷ˄ʰ ʻʶˊ˃ˇˋˍʰˍˇˏ˃ʶ˄ˇ ˒ˇˏˊ˄ˇ όɼ˂ʾʲʰ˄ˇˌύΣ ˈˉˇˎ ˇ ʰʷˊʰˌ 

ʵʽʰ˔ʷʶˍʰʽ ˃ʶ ˍʹ ʲˇʺʻʶʽʰ ʶ˄ˈˌ ʰ˄ʶ˃ʽˋˍʺˊʰΦ ɳˎʰʾˋʻʹˍʰ 

ʻʶˊ˃ˇˋˍˇʽ˔ʶʾʰ ˁʰˍʰʴˊʱ˒ˇˎ˄ ˍʹ˄ ʰˁˊʽʲʺ ʻʶˊ˃ˇˁˊʰˋʾʰ ˋˍˇ 

ˋˏˋˍʹ˃ʰ ˁʰʽ ʰ˄ʱ˂ˇʴʰ ˃ʶ ˍʽˌ ʰˉʰʽˍʺˋʶʽˌ ˍˇˎ ˔ˊʺˋˍʹΣ ˊˎʻ˃ʾʸʶˍʰʽ 

ʰ˄ʰ˂ˈʴ˖ˌΦ ʅˍʹ˄ ˉʰˊˇˏˋʰ ʶˊʴʰˋʾʰ ˔ˊʹˋʽ˃ˇˉˇʽʺʻʹˁʶ ʹ ˃ˇ˄ʱʵʰ  

ɮʷˊʽʰˌ ˔ˊ˖˃ʰˍˇʴˊʰ˒ʾʰˌ SHIMADZU GC_2010Plus, ˉˇˎ ʷ˔ʶʽ ˖̩  

˒ʷˊˇ˄ ʰʷˊʽˇ ˍˇ ɯʸ˖ˍˇ, ˔ˊ˖˃ʰˍˇʴˊʰ˒ʽˁʺˌ ˁʰʻʰˊˈˍʹˍʰˌ ҔҐффΣффф҈Σ ʶ˄˗ ʻʰ ˃ˉˇˊˇˏˋʶ ˄ʰ 

˔ˊʹˋʽ˃ˇˉˇʽʹʻˇˏ˄ ʶ˄ʰ˂˂ʰˁˍʽˁʱ ˍˇ ɷ˂ʽˇ ʺ ˍˇ ʇʵˊˇʴˈ˄ˇΦ ɶ ˋˍʺ˂ʹ ˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ʴʽʰ ˍʹ˄ 

ˁʰˍʰˁˊʱˍʹˋʹ ˍ˖˄ ˎʵˊˇʴˇ˄ʰ˄ʻˊʱˁ˖˄ ˁʰʽ ʴʽʰ ˍˇ ʵʽʰ˔˖ˊʽˋ˃ˈ ˍ˖˄ ʰʶˊʾ˖˄ I2, O2, N2, CH4, 

CO ˁ ʰʽ CO2. 

 

ɳʽˁˈ˄ʰ 63 ɲʽʰ˔˖ˊʽˋ˃ˈˌ ˋˍʹ ʅˍʺ˂ʹ 

ɳʽˁˈ˄ʰ 64 ɶ ʅˍʺ˂ʹ ˋˍˇ˄ ɼ˂ʾʲʰ˄ˇ 

ɳʽˁˈ˄ʰ 62 ʅ˔ʶˍʽˁˈˌ ʋˊˈ˄ˇˌ ɼʰˍʰˁˊʱˍʹˋʹˌ 
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   ɶ ɾˇ˄ʱʵʰ ̝ ˊʹˋʽ˃ˇˉˇʽʶʾ н ʰ˄̔ ˔˄ʶˎˍʽˁʱ ˋˎˋˍʺ˃ʰˍʰΥ  

 

i. ɮ˄ʽ˔˄ʶˎˍʺˌ ʻʶ́˃ʽˁʺˌ ʰʴ˖ʴʽ˃ˈˍʹˍʰˌ (TCD - 

Thermal Conductivity Detector). ɮ˄ʽ˔˄ʶˏʶʽ ˈ˂ʶˌ ˍʽˌ 

ˇˎˋʾʶˌΣ ʶˁˍˈˌ ʰˉˈ ˍˇ ʾʵʽˇ ˍˇ ˒ʷˊˇ˄ ʰʷˊʽˇΦ ʆˇ 

˃ʶˍʰ˂˂ʽˁˈ ˄ʺ˃ʰ ˍˇˎ ʰ˄ʽ˔˄ʶˎˍʺ ʻʶˊ˃ʰʾ˄ʶˍʰʽ ˃ʶ ˍʹ˄ 

ʶ˒ʰˊ˃ˇʴʺ ˊʶˏ˃ʰˍˇˌΦ ɶ ʰ˄ˍʾˋˍʰˋʹ ʰ˄ʰ˒ˇˊʱˌ R4 

όʵʽˉ˂ʰ˄ʺ ʶʽˁˈ˄ʰύ ʵʽʷˊ˔ʶˍʰʽ ˃ˈ˄ˇ ʰˉˈ ˍˇ ˒ʷˊ̌˄  

ʰʷˊʽˇ ˉˇˎ ʷ˔ʶʽ ˎ˕ʹ˂ʺ ʻʶˊ˃ʽˁʺ ʰʴ˖ʴʽ˃ˈˍʹˍʰΦ ɶ ˍʽ˃ʺ 

ˍʹˌ ʰ˄ˍʾˋˍʰˋʹˌ R3 ʰ˂˂ʱʸʶʽ ˃ˈ˄ˇ ˈˍʰ˄ ζˉʶˊʱˋʶʽη ˃ʽʰ ˇˎˋʾʰ ˃ʶ ˔ʰ˃ʹ˂ˈˍʶˊʹ ʻʶˊ˃ʽˁʺ 

ʰʴ˖ʴʽ˃ˈˍʹˍʰΣ ˉˇˎ ˉˊˇˁʰ˂ʶʾ ʱ˃ʶˋʰ ˍʹ˄ ʰˏ˅ʹˋʹ ˍʹ̩ ʻʶˊ˃ˇˁˊʰˋʾʰ ˍˇˎ ˄ʺ˃ʰˍˇˌΦ ɮˎˍʺ ʹ 

˃ʶˍʰʲˇ˂ʺ ˁʰˍʰʴˊʱ˒ʶˍʰʽ ˁʰʽ ˉʰˊʱʴʶˍʰʽ ˔ˊ˖˃ʰˍˇʴˊʱ˒ʹ˃ʰ ˃ ʶ ʲʱˋʹ ˍʹ ˋ˔ʷˋʹΥ 
4
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2
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R

R

R

R
= .  

 

ii. ɮ˄ʽ˔˄ʶˎˍʺ ̩ ɹ̌ ˄ʽˋ˃ˇˏ ˒˂ˈʴʰˌ (FID - Flame Ionization 

Detector). ʁʽ ˉʶˊʽˋˋˈˍʶˊʶˌ ˇˊʴʰ˄ʽˁʷˌ ʶ˄˗ˋʶʽˌ 

ˇ˅ʶʽʵ˗˄ˇ˄ˍʰʽ ˋʶ ˒˂ˈʴʰ ʰʷˊʰκˎʵˊˇʴˈ˄ˇˎ 

-++½½½ ­½ eCHOCH Oxidation ύ ˉʰˊʱʴˇ˄ˍʰˌ ʷ˄ʰ ʹ˂ʶˁˍˊʽˁˈ ˋʺ˃ʰ 

ˋˍˇ˄ ʰ˄ʽ˔˄ʶˎˍʺΣ ˃ʷˋ˖ ˍˇˎ ˇˉˇʾˇˎ ʴʾ˄ʶˍʰʽ ʹ ˍʰˎˍˇˉˇʾʹˋʹ 

ˁʰʽ ˇ ˉˇˋˇˍʽˁˈˌ ˉˊˇˋʵʽˇˊʽˋ˃ˈˌ ˍʹˌ ˁʱʻʶ ˇˎˋʾʰˌΦ 

   ʆʰ h̫ ˊʽʰ ˉˇˎ ˃ˉˇˊʶʾ ˄ʰ ʰ˄ʽ˔˄ʶˎˍˇˏ˄Σ ˒ʰʾ˄ˇ˄ˍʰʽ ʶ˄ʵʶʽˁˍʽˁʱ ˋˍˇ ˉʰˊʰˁʱˍ˖ ʴˊʱ˒ʹ˃ʰ ˃ʶ 

Carrier Gas = Helium 25cm/sec, ʶ˄˗ ˋˍˇ˄ ˉʾ˄ʰˁʰ ʰˉʶʽˁˇ˄ʾʸˇ˄ˍʰʽ ˍʰ ʵʶʵˇ˃ʷ˄ʰ ˃ʶ ˍˇ ʅ˔ʶˍʽˁˈ 

ʋˊˈ˄ˇ ɼʰˍʰˁˊʱˍʹˋʹˌ h ˉˈ ˍʹ ˋˍʺ˂ʹ. 

      ʃʾ˄ʰˁʰˌΥ ɳ˄ʵʶʽˁˍʽˁʺ ˁʰˍʰ˄ˇ˃ʺ ˔ˊˈ˄ˇˎ 

Peak# Name Ref. Time Area % 

1 Hydrogen 2,051 min 4,500 

2 Oxygen 2,574 min 25,500 

3 Nitrogen 4,197 min 10,500 

4 Methane 5,276 min 40,500 

5 Carbon Monoxide 16,130 min 19,000 

Total   100% 

ɳʽˁˈ˄ʰ 67 ɲʽʱʴˊʰ˃˃ʰ ɼʰˍʰ˄ˇ˃ʺ ̩ʋˊˈ˄ˇˎ 

ɳʽˁˈ˄ʰ 66 ɮ˄ʾ˔˄ʶˎˋʹ FID 

ɳʽˁˈ˄ʰ 65 ɮ˄ʽ˔˄ʶˎˍʺˌ TCD 
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   ʅˍʰ ˉ˂ʰʾˋʽʰ ˍʹˌ ˉʰˊˇˏˋʰˌ ʶˊʴʰˋʾʰ ʷʴʽ˄ʶ ˔ˊʺˋʹ ˍˇˎ ʰʷˊʽˇˎ ˔ˊ˖˃ʰˍˇʴˊʱ˒ˇˎΣ 

ˉˊˇˁʶʽ˃ʷ˄ˇˎ ˄ʰ ˉˊˇˋʵʽˇˊʽˋˍˇˏ˄ ̱ ʰ ʰʷˊʽʰ ˉˇˎ ˉʰˊʱʴˇ˄ˍʰʽ ʰˉˈ ˍʰ ʊɶʋ ˋˎˋˍʺ˃ʰˍʰ.  

ʆʰ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ʶˉʽʲʶʲʰʾ˖ˋʰ˄Σ ˃ʶ ˃ʽʰ ʷ˄ˍˇ˄ʹ ˁˇˊˎ˒ʺ όˋʶ ˔ˊˈ˄ˇ t=2,566minύΣ ˈˍʽ ˍˇ 

ɮʷˊʽˇ ˉˇˎ ˉʰˊʱʴʶˍʰʽ ʶʾ˄ʰʽ ˁʰʻʰˊˈ ʇʵˊˇʴˈ˄ˇΣ ˉˇˋˇˋˍˈ 99,3259%.  

ɳˉʾˋʹˌ ˉʰˊʰˍʹˊʶʾˍʰʽ ʹ ˏˉʰˊ˅ʹ ˃ʽʰˌ ˉˇ˂ˏ ˃ʽˁˊʺˌ ʵʽʰˊˊˇʺˌ ʁ˅ˎʴˈ˄ˇˎ όˋʶ ˔ˊˈ˄ˇ 

t=2,965min), ˃ ʶ ̄̌ ˋˇˋˍˈ 0,6741%. 

 

 

 

 

ɳʽˁˈ˄ʰ 68 ɾʶ˂ʷˍʹ ɮˉˇˍʶ˂ʶˋ˃ʱˍ˖˄ ɮʷˊʽʰˌ ʋˊ˖˃ʰˍˇʴˊʰ˒ʾʰˌ 
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нΦ ɮˉˇˍʶ˂ʷˋ˃ʰˍʰ 

   ʅˍʰ ˉ˂ʰʾˋʽʰ ˍʹˌ ʶˊʴʰˋʾʰˌ ˃ʶ˂ʶˍʺʻʹˁʰ˄ ˇʽ ˂ʶʽˍˇˎˊʴʾʶˌ ˍ˖˄ ʵˏˇ ˒˖ˍˇʹ˂ʶˁˍˊˇ˔ʹ˃ʽˁ˗˄ 

ˁˎ˕ʶ˂ʾʵ˖˄ όɾʽˁˊʺˌ - ɹ ϧ ɾʶʴʱ˂ʹˌ - ɹɹύ ˁʰʻ˗ˌ ʶˉʾˋʹˌ ˁʰʽ ˍʹˌ ˁˎ˕ʷ˂ʹˌ ˁʰˎˋʾ˃ˇˎ ʇʵˊˇʴˈ˄ˇˎΣ 

˃ʶ ˋˍˈ˔ˇ ˍʹ˄ ˁʰˍʰʴˊʰ˒ʺ ʲʰˋʽˁ˗˄ ˉʰˊʰ˃ʷˍˊ˖˄ ɶ˂ʶˁˍˊˇ˔ʹ˃ʽˁˇˏ ˔ʰˊʰˁˍʹˊʽˋ˃ˇˏ. 

 

   ɮ́ ˔ʽˁʱ ˇʽ ʵˏˇ ˒˖ˍˇʹ˂ʶˁˍˊˇ˔ʹ˃ʽˁʷˌ ˁˎ˕ʶ˂ʾʵʶˌ ˂ʶʽˍˇˏˊʴʹˋʰ˄ ˖ˌ ˃ˇ˄ʱʵʶˌ ɶ˂ʶˁˍˊˈ˂ˎˋʹˌ 

ʴʽʰ ˍʹ˄ ˉʰˊʰʴ˖ʴʺ ʇʵˊˇʴˈ˄ˇˎ, ̝ ˊʹˋʽ˃ˇˉˇʽ˗˄ˍʰˌ ʵˇˁʽ˃ʰˋˍʽˁʱ ʵʽʱ˒ˇˊˇˎˌ ́ ˂ʶˁ̱ ˊˇ˂ˏˍʶˌ.  

   

   ɮˊʴˈˍʶˊʰΣ ˍʷʻʹˁʶ ˋʶ ˂ʶʽˍˇˎˊʴʾʰ ˍˇ ˋˏˋˍʹ˃ʰ ˁˎˁ˂ʽˁʺˌ ʲˇ˂ˍʰ˃ʶˍˊʾʰˌ ˍˇˎ ɳˊʴʰˋˍʹˊʾˇˎ ʴʽʰ 

ʰˉˇʵˇʻˇˏ˄ ˍʰ ˋ˔ʶˍʽˁʱ ʵʽʰʴˊʱ˃˃ʰˍʰ ˍ˖˄ н ˋʶʽˊ˗˄ ʵʶʽʴ˃ʱˍ˖˄ ˉˇˎ ˁʰˍʰˋˁʶˎʱˋˍʹˁʰ˄ ˃ʶ ˍʹ˄ 

˃ʷʻˇʵˇ sol-gel ˁʰʻ˗ˌ ˁʰʽ ˃ʶ ˍʹ ˃ʷʻˇʵˇ Doctor-Blade, ˋʶ ˋˎ˄ʻʺˁʶˌ ˋˁˈˍˇˎˌ ˁʰʽ 

ʰˁˍʽ˄ˇʲˇ˂ʾʰˌ UVΣ ˃ʶ ˔ˊʺˋʹ ʵʽʰ˒ˇˊʶˍʽˁ˗˄ ɶ˂ʶˁˍˊˇ˂ˎˍ˗˄.  

 

   ʅˍʹ ˋˎ˄ʷ˔ʶʽʰΣ  ˂ʶʽˍˇˏˊʴʹˋʰ˄ ˖ˌ ˃ˇ˄ʱʵʰ ˒˖ˍˇʹ˂ʶˁˍˊˇˁʰˍʱ˂ˎˋʹˌ ˍˈˋˇ ʴʽʰ ˍʹ˄ ʰˉʶˎʻʶʾʰˌ 

ˉʰˊʰʴ˖ʴʺ ʹ˂ʶˁˍˊʽˁˇˏ ˊʶˏ˃ʰˍˇˌ ˈˋˇ ˁʰʽ ʴʽʰ ˍʹ˄ ˉʰˊʰʴ˖ʴʺ ˎʵˊˇʴˈ˄ˇˎ ˃ʶ ˍʰˎˍˈ˔ˊˇ˄ʹ 

ʰˉ̌ʵˈ˃ʹˋʹ ˇˊʴʰ˄ʽˁ˗˄ ˊˏˉ˖˄.  

 

   ʅʁ  ˁʱʻʶ ˉʶˊʾˉˍ˖ˋʹΣ ˍʰ ˉʰˊʰʴˈ˃ʶ˄ʰ ʰʷˊʽʰ ˉˊˇʿˈ˄ˍʰ ʰˉˈ ˍʽˌ ˔ʹ˃ʽˁʷˌ ʰ˄ˍʽʵˊʱˋʶʽˌ 

ˋˎʴˁʶ˄ˍˊ˖˄ˈˍʰ˄ ˋʶ ˅ʶ˔˖ˊʽˋˍʱ ʵˇ˔ʶʾʰ ʰˍ˃ˇˋ˒ʰʽˊʽˁʺˌ ˉʾʶˋʹˌΦ  

 

   ʅˍʹ ˋˎ˄ʷ˔ʶʽʰ ˍˇ ʰʷˊʽˇ ʇʵˊˇʴˈ˄ˇ ˍˊˇ˒ˇʵˇˍˇˏˋʶ ˍʹ˄ PEM ɼˎ˕ʷ˂ʹ ˁʰˎˋʾ˃ˇˎ ʴʽʰ ˍʹ˄ 

ˉʰˊʰʴ˖ʴʺ ʹ˂ʶˁˍˊʽˁˇˏ ˊʶˏ˃ʰˍˇˌ. 

 

 

 ɳʽˁˈ˄ʰ 69 ɲʽʱˍʰ˅ʹ ʊ˖ˍˇʹ˂ʶˁˍˊˇ˔ʹ˃ʽˁ˗˄ ɾˇ˄ʱʵ˖˄ ˁʰʽ PEM ɼˎ˕ʷ˂ʹˌ ɼʰˎˋʾ˃ˇˎ 
ˋˍˇ ˔˗ˊˇ ˍˇˎ ɳˊʴʰˋˍʺˊʽˇ ˃ʶ ˍˇ˄ ɮ˄ʽ˔˄ʶˎˍʺ ɮʷˊʽʰˌ ʋˊ˖˃ʰˍˇʴˊʰ˒ʾʰˌ 
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нΦмΦ ɾˇ˄ʱʵʰ ɶ˂ʶˁˍˊˈ˂ˎˋʹˌ 

ʅˍʰ ˉ˂ʰʾˋʽʰ ˍʹˌ ʶˊʴʰˋʾʰˌ ˃ʶ˂ʶˍʺʻʹˁʶ ʹ ˂ʶʽˍˇˎˊʴʾʰ ˍʹ ̩

ɾʶʴʱ˂ʹˌ ʊɶʋ ɼˎ˕ʶ˂ʾʵʰˌ I ˖ˌ ˃ˇ˄ʱʵʰ ɶ˂ʶˁˍˊˈ˂ˎˋʹˌ 

˔ˊʹˋʽ˃ˇˉˇʽ˗˄ˍʰˌ ʵˇˁʽ˃ʰˋˍʽˁʱ ʵʽʱ˒ˇˊˇˎˌ ʹ˂ʶˁˍˊˇ˂ˏˍʶˌ, 

˃ʶ ˋˍˈ˔ˇ ˍʹ˄ ˁʰˍʰʴˊʰ˒ʺ ʲʰˋʽˁ˗˄ ˉʰˊʰ˃ʷˍˊ˖˄ 

ɶ˂ʶˁ̱ ˊˇ˔ʹ˃ʽˁˇˏ ˔ʰˊʰˁˍʹˊʽˋ˃ˇˏΦ  

ʆʰ ˉʰˊʰʴˈ˃ʶ˄ʰ ʰʷˊʽʰ ˋˎʴˁʶ˄ˍˊ˗˄ˇ˄ˍʰ˄ ˋʶ ʰˍ˃ˇˋ˒ʰʽˊʽˁʺ 

ˉʾʶˋʹ ˋˍʰ ʵˇ˔ʶʾʰ ʰˉˇʻʺˁʶˎˋʹˌ ˉʰˊʰʴˈ˃ʶ˄˖˄ ʰʶˊʾ˖˄ ʊпл 

όɲʽʰ˃ʷˍˊˇˎ пcm : ɮˁˍʾ˄ʰˌ нcmύΣ ʶ˄˗ ˎˉˇ˂ˇʴʾˋˍʹˁʶ ʹ 

ʶˉʽ˒ʱ˄ʶʽʰ:  SʊплҐˉ x r2 Ґ ˉ x 22 = 12,566cm2. 

 

   ɮˊ˔ʽˁʱΣ ˔ˊʹˋʽ˃ˇˉˇʽʺʻʹˁʶ ˍʱˋʹ ˍˊˇ˒ˇʵˇˋʾʰˌ ˍʹˌ ɶ˂ʶˁˍˊˇ˂ˎˍʽˁʺˌ ˃ˇ˄ʱʵʰˌ ʹ U1 = 24VDC. 

ʁʽ ˃ʁ ˍˊʺˋʶʽˌ ˉˇˎ ˂ʺ˒ʻʹˁʰ˄ ˁʰʻ˗ˌ ˁʰʽ ˇʽ ˎˉˇ˂ˇʴʽˋ˃ˇʾ ˉˇˎ ˎ˂ˇˉˇʽʺʻʹˁʰ˄ ˃ʶ ʲʱˋʹ ˍˇ˄ 

ˁʱʻʶ ɶ˂ʶˁˍˊˇ˂ˏˍʹ ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽʺʻʹˁʶΣ ˉʶˊʽʴˊʱ˒ˇ˄ˍʰʽ ˉʰˊʰˁʱˍ˖: 

 

 ɮΦ млл҈ ɮˉˇˋˍʰʴ˃ʷ˄ˇ ɿʶˊˈ: (0,00mS/cm). ɱʽʰ ˍʱˋʹ ˍˊˇ˒ˇʵˇˋʾʰˌ U1=24VDC ˍˇ ˊʶˏ˃ʰ 

ʶʾ˄ʰʽ ˃ʹʵʶ˄ʽˁˈ όI=0AύΦ ɮˎˍˈ ʶʾ˄ʰʽ ʰ˄ʰ˃ʶ˄ˈ˃ʶ˄ˇ ˃ʽʰˌ ˁʰʽ ˇ˒ʶʾ˂ʶˍʰʽ ˋˍˇ ʴʶʴˇ˄ˈˌ ˈˍʽ ʰˎˍˈˌ ˇ 

ˍˏˉˇˌ ˄ʶˊˇˏ ʶʾ˄ʰʽ ˍˇ ˁʰʻʰˊˈˍʶˊˇ ˄ʶˊˈ, ʰ˒ˇˏ ʷ˔ʶʽ ʰˉʰ˂˂ʰʴʶʾ ʰˉˈ ˁʱʻʶ ʾ˔˄ˇˌ ˅ʷ˄˖˄ 

ˋ˖˃ʰˍʽʵʾ˖˄ ˁʰʽ ʶˉˇ˃ʷ˄˖ˌ ʵʶ˄ ˎˉʱˊ˔ʶʽ ˍˊˈˉˇˌ ʴʽʰ ˍʹ ˃ʶˍʰ˒ˇˊʱ ˒ˇˊˍʾ˖˄Φ ɯˊʰ ʵʶ˄ ˃ˉˇˊʶʾ 

˄ʰ ˔ˊʹˋʽ˃ˇˉˇʽʹʻʶʾ ˃ˈ˄ˇ ˍˇˎΣ ʴʽʰ ˍʹ ɻ ʽʱˋˉʰˋʹ ˍˇˎ ˄ʶˊˇˏ ˋʶ ʇʵˊˇʴˈ˄ˇ ˁʰʽ ʁ˅ˎʴˈ˄ˇΦ     

 

ɰΦ млл҈ ʊˎˋʽˁˈ ʁˊˈ όɮˉʶˋˍʰʴ˃ʷ˄ˇ ɿʶˊˈ ˃ʶ лΦф҈ NaCl ˃ ʶ 14,80mS/cm):  

ɱʽʰ ˍʱˋʹ ˍˊˇ˒ˇʵˇˋʾʰˌ U1=24VDC ˍˇ ˊʶˏ˃ʰ ʶʾ˄ʰʽ: I=14A. ʃʰˊʰˍʹˊʶʾˍʰʽ ʰˊˁʶˍʱ ˃ʶʴʱ˂ˇ 

ˊʶˏ˃ʰ ˃ʶ ˋˎ˄ʷˉʶʽʰ ˍʹ ɹ́ ʺʴˇˊʹ ʹ˂ʶˁˍˊˇ˂ˎˍʽˁʺ ʵʽʱˋˉʰˋʹ ˍˇˎ ˄ʶˊˇˏΣ ˃ʶ ʷ˄ˍˇ˄ˇ ˍˇ 

˒ʰʽ˄ˈ˃ʶ˄ˇ ˍʹˌ ʵʹ˃ʽˇˎˊʴʾʰˌ ˒ˎˋʰ˂ʾʵ˖˄ ˉʱ˄˖ ˋˍʰ ɶ˂ʶˁˍˊˈʵʽʰΣ ˁʰʻ˗ˌ ˁʰʽ ˁʽˍˊʾ˄ʽˋ˃ʰ ˍˇˎ 

˄ʶˊˇˏ, ˃ʶˍʱ ʰˉˈ ˂ʶʽˍˇˎˊʴʾʰ ˃ʾʰˌ ˗ˊʰˌΣ ˁʱˍʽ ˉˇˎ ˇ˒ʶʾ˂ʶˍʰʽ ˋˍʹ˄ ʰ˄ˍʾʵˊʰˋʹ ˍ˖˄ Cl- ˉˇˎ 

ˉʶˊʽʷ˔ʶʽ ˇ ɶ˂ʶˁˍˊˇ˂ˏˍʹˌΣ ˃ʶ ˍʰ ɶ˂ʶˁˍˊˈʵʽʰ INOX 316L.  

ɶ ̄ʰˊʰʴ˖ʴʺ ˍˇˎ ˎʵˊˇʴˈ˄ˇˎ ˒ˍʱ˄ʶʽ ˍˇ Yʊп0/ t = 221,5cm/ h όʊплύ, (ɮ˄ʱˋˍˊˇ˒ˇ ʈ˕ˇˌ ɮʶˊʾˇˎ 

˃ʷˋʰ ˋˍʹ˄ ˒ʽʱ˂ʹ ˋʶ cmΣ ˃ʶ ʶˋ˖ˍʶˊʽˁʺ ʵʽʱ˃ʶˍˊˇ ʊп0: 4cmΣ ˋʶ ˔ˊˈ˄ˇ (t) ˃ ʽʰˌ ̠ ˊʰ̩).  

ɮˎˍˈ ʰ˄ˍʽˋˍˇʽ˔ʶʾ ˋʶ ˈʴˁˇ ˉʰˊʰʴˈ˃ʶ˄ˇˎ ʰʶˊʾˇˎ ʇʵˊˇʴˈ˄ˇˎΥ 

V  =  Sʊ40 x Yʊ40/ t    = 12,566cm2 x 221,5cm/ h = 2783,369cm3/ h = 46,39cm3/ min (ʊ40). 

ʆʷ˂ˇˌ, ʰˉˈ ˍʹ˄ ʶ˄ʶˊʴʺ ʶˉʽ˒ʱ˄ʶʽʰ ˍˇˎ ʹ˂ʶˁˍˊˇʵʾˇˎ Se = 10cm x 10 cm = 100cm2, 

ˎˉˇ˂ˇʴʾʸʶˍʰʽ ʹ ̄ ˎˁ˄̱̍ ʹˍʰ ˍˇˎ ˊʶˏ˃ʰˍˇˌ, ̟ ˌ ʶ˅ʺˌ:  J=I/ Se= 14A/ 100cm2= 0.14 A/ cm2,  

ʶ˄˗ ʹ ʽˋ˔ˏˌ ˍʹˌ ˃ˇ˄ʱʵʰˌ ʶʾ˄ʰʽ: P=UxI=24Vx14ɮ=336Watt . 

ɳʽˁˈ˄ʰ 70 ɶ˂ʶˁˍˊˇ˂ˎˍʽˁʺ ɼˎ˕ʶ˂ʾʵʰ 
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ɱΦ ɿʶˊˈ ʇʵˊʰʴ˖ʴʶʾˇˎ (1,90mS/cm): ɱʽʰ ˍʱˋʹ ˍˊˇ˒ˇʵˇˋʾʰˌ U1=24VDC ˍˇ ˊʶˏ˃ʰ ʶʾ˄ʰʽ: I=3A. 

Ť  ˄ʶˊˈ ˉˇˎ ʷ˔ʶʽ ʰˉˇ˂ˎ˃ʰ˄ʻʶʾ ʴʽʰ ˔ˊʺˋʹ ˖ˌ ˉˈˋʽ˃ˇ ˉʶˊʽʷ˔ʶʽ ˃ʽˁˊˇˇˊʴʰ˄ʽˋ˃ˇˏˌΦ ʆˎˉʽˁʱ 

˃ʽʰ ˋˎ˄ʹʻʽˋ˃ʷ˄ʹ ʰˋˍʽˁʺ ˔ˊʺˋʹ ˍˇˎ ˄ʶˊˇˏ ˋˎ˄ʶʽˋ˒ʷˊʶʽ ˉʶˊʾˉˇˎ 300mg/lt ˇ˂ʽˁ˗˄ 

ʵʽʰ˂ˎ˃ʷ˄˖˄ ʰ˄ˈˊʴʰ˄˖˄ ˋˎˋˍʰˍʽˁ˗˄ ˋˍˇ ˄ʶˊˈΦ ɮˎˍˈ ˁʰʻˇˊʾʸʶʽ ˍ ́ˋˁ˂ʹˊˈˍʹˍʰ ˍˇˎ ˄ʶˊˇ,ˏ ̱ ˇ 

pH ˁ ʰʽ ˁʰˍϥ ʶˉʷˁˍʰˋʹ ̱ ʹ˄ ʰʴ˖ʴʽ˃ˈˍʹˍʰ ˍˇˎΦ   

ɶ ̄ ʰˊʰʴ˖ʴʺ ˍˇˎ ˎʵˊˇʴˈ˄ˇˎ ˒ˍʱ˄ʶʽ ˋ̱ ˇ  Yʊпл/ t = 47,5cm/ h όʊплύ.  

 

ɮˎˍˈ ʰ˄ˍʽˋˍˇʽ˔ʶʾ ˋʶ ˈʴˁˇ ˉʰˊʰʴˈ˃ʶ˄ˇˎ ʰʶˊʾˇˎ ʇʵˊˇʴˈ˄ˇˎΥ  

V  =  Sʊ40xYʊ40/t  = 12,566cm2 x 47,5cm/h = 596,885cm3/h = 9,95cm3/min (ʊ40).  

ʆʷ˂ˇˌΣ ʰˉˈ ˍʹ˄ ʶ˄ʶˊʴʺ ʶˉʽ˒ʱ˄ʶʽʰ ˍˇˎ ʹ˂ʶˁˍˊˇʵʾˇˎ Se = 10cm x 10 cm = 100cm2, 

ˎˉˇ˂ˇʴʾʸʶˍʰʽ ʹ ˉˎˁ˄̱̍ ʹˍʰ ˍˇˎ ˊʶˏ˃ʰˍˇˌΣ ˖ˌ ʶ˅ʺˌ:  J=I/ Se= 3A/100cm2= 0.03 A/ cm2,  

ʶ˄˗ ʹ ʽˋ˔ˏˌ ˍʹˌ ˃ˇ˄ʱʵʰˌ ʶʾ˄ʰʽΥ P=UxI=24Vx3ɮ=72Watt .   

 

ɲΦ ɿʶˊˈ ɮˉʽˇ˄ʽˋ˃ʷ˄ˇ млл҈ (0,04mS/cm):  

ɱʽʰ ˍʱˋʹ ˍˊˇ˒ˇʵˇˋʾʰˌ U1=24VDC ̱ ˇ ˊʶˏ˃ʰ ʶʾ˄ʰʽΥ I=165mA.  

ɶ ˉʰˊʰʴ˖ʴʺ ˍˇˎ ˎʵˊˇʴˈ˄ˇˎ ˒ˍʱ˄ʶʽ ˋˍˇ  Yʊпл/ t = 2,5cm/ h όʊплύ.  

 

ɮˎˍˈ ʰ˄ˍʽˋˍˇʽ˔ʶʾ ˋʶ ˈʴˁˇ ˉʰˊʰʴˈ˃ʶ˄ˇˎ ʰʶˊʾˇˎ ʇʵˊˇʴˈ˄ˇˎΥ  

V  =  Sʊ40xYʊ40/ t = 12,566cm2 x 2,5cm/ h = 31,415cm3/ h = 0,52cm3/ min (ʊ40).  

ʆʷ˂ˇˌΣ ʰˉˈ ˍʹ˄ ʶ˄ʶˊʴʺ ʶˉʽ˒ʱ˄ʶʽʰ ˍˇˎ ʹ˂ʶˁˍˊˇʵʾˇˎ Se = 10cm x 10 cm = 100cm2, 

ˎˉˇ˂ˇʴʾʸʶˍʰʽ ʹ ˉˎˁ˄ˈˍʹˍʰ ˍˇˎ ˊʶˏ˃ʰˍˇˌΣ ˖ˌ ʶ˅ʺˌ:  J=I/ Se= 0,165A/100cm2= 0,00165 A/ cm2,  

ʶ˄̠ ʹ ʽˋ˔ˏˌ ˍʹˌ ˃ˇ˄ʱʵʰˌ ʶʾ˄ʰʽ: P=UxI=24Vx0,165ɮ=3,96Watt .   

 

E. ʅʶ ɿʶˊˈ ɮˉʽˇ˄ʽˋ˃ʷ˄ˇ млл҈ ˃ʶ ˉˊˇˋʻʺˁʹ нл ˋˍʰʴˈ˄ʶˌ ʊˎˋʽˁˇˏ ʁˊˇˏ (0,7mS/cm): 

ɱʽʰ ˍʱˋʹ ˍˊˇ˒ˇʵˇˋʾʰˌ U1=24VDC ˍˇ ˊʶˏ˃ʰ ʶʾ˄ʰʽΥ I=450mA. ʃʰˊʰˍʹˊʶʾˍʰʽ ʶ˂ʰ˒ˊˈˌ 

ˁʽˍˊʾ˄ʽˋ˃ʰ ˍˇˎ ˄ʶˊˇˏ ˃ʶˍʱ ʰˉˈ ˍʹ˄ ˂ʶʽˍˇˎˊʴʾʰ ˃ʾʰˌ ˗ˊʰˌΦ  

ɶ ˉʰˊʰʴ˖ʴʺ ˍˇˎ ˎʵˊˇʴˈ˄ˇˎ ˒ˍʱ˄ʶʽ ˋˍˇ  Yʊпл/ t = 7cm/ h όʊплύ.  

 

ɮˎˍˈ ʰ˄ˍʽˋˍˇʽ˔ʶʾ ˋʶ ˈʴˁˇ ˉʰˊʰʴˈ˃ʶ˄ˇˎ ʰʶˊʾˇˎ ʇʵˊˇʴˈ˄ˇˎΥ  

V  =  Sʊ40xYʊ40/ t = 12,566cm2 x 7cm/ h = 87,962cm3/ h = 1,47cm3/ min (ʊ40).  

ʆʷ˂ˇˌΣ ʰˉˈ ˍʹ˄ ʶ˄ʶˊʴʺ ʶˉʽ˒ʱ˄ʶʽʰ ˍˇˎ ʹ˂ʶˁˍˊˇʵʾˇˎ Se = 10cm x 10 cm = 100cm2, 

ˎˉˇ˂ˇʴʾʸʶˍʰʽ ʹ ˉˎˁ˄ˈˍʹˍʰ ˍˇˎ ˊʶˏ˃ʰˍˇˌΣ ˖ˌ ʶ˅ʺˌ:  J=I/ Se= 0,450A/100cm2= 0,00450 A/ cm2,  

ʶ˄˗ ʹ ʽˋ˔ˏˌ ˍʹˌ ˃ˇ˄ʱʵʰˌ ʶʾ˄ʰʽ: P=UxI=24Vx0,450ɮ=10,8Watt .   
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   ʅˍˇˎ̩ ˉʰˊhˁ ʱˍ˖ ˉʾ˄ʰˁʶˌ ˒ʰʾ˄ˇ˄ˍʰʽ ʰ˄ʰ˂ˎˍʽˁʱ ˍʰ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ʰˉˈ ˍʽˌ ˃ʶˍˊʺˋʶʽˌ ˁʰʽ 

ˍˇˎ ˎˉˇ˂ˇʴʽˋ˃ˇˏˌ ˉˇˎ ʷ˂ʰʲʰ˄ ˔˗ˊʰ ˋˍʹ˄ ʶˊʴʰˋʾʰΣ ʰ˄ʰ˒ˇˊʽˁʱ ˃ʶ ˍʹ˄ ˁʰˍʰʴˊʰ˒ʺ ˍ˖˄ 

ʲʰˋʽˁ˗˄ ˉʰˊʰ˃ʷˍˊ˖˄ ʹ˂ʶˁˍˊˇ˔ʹ˃ʽˁˇˏ ˔ʰˊʰˁˍʹˊʽˋ˃ˇˏ, ˁʰˍʱ ˍʹ ˂ʶʽˍˇˎˊʴʾʰ ˍʹˌ ˃ˇ˄ʱʵʰˌ 

ɶ˂ʶˁˍˊˈ˂ˎˋʹˌ ɹ, ˋʶ ɻ̔ ʰ˒ˇˊʶˍʽˁʱ ʶʾʵʹ ʹ˂ʶˁˍˊˇ˂ˎˍ˗˄Σ ʴʽʰ ˍʽˌ ʵˎˇ ˍʱˋʶʽˌ ˉʶʽˊʰ˃ʰˍʽˁʺˌ 

˂ʶʽˍˇˎˊʴʾʰˌ U1 =24VDC ˁ ʰʽ U2=35,5VDC, ̄ ˇˎ ʶ˂ʷʴ˔ʻʹˁʰ˄.  

ʃʾ˄ʰˁʰˌΥ ʋʰˊʰˁˍʹˊʽˋˍʽˁʱ ʅˍˇʽ˔ʶʾʰ ɽʶʽˍˇˎˊʴʾʰˌ ɶ˂ʶˁˍˊˈ˂ˎˋʹˌ I ˃ ʶ ˍʱˋʹ U1=24Volt 

ʰκʰ 
  

 

ʆʱˋʹ ɽʶʽˍˇˎˊʴʾʰˌΥ U1= 24 Volt DC 

ɳʾʵˇˌ ɶ˂ʶˁˍˊˇ˂ˏˍʹ  I (A) P(W) ʇκt(cm/h ) Y/t(cm/min ) V(cm3/min ) J (A/cm2) 

1 ɮˉˇˋˍʰʴ˃ʷ˄ˇ ɿʶˊˈ 0 0 0 0 0 0 

2 ʊˎˋʽˁˈˌ ʁˊˈˌ όɮˉˇˋˍʰʴ˃ʷ˄ˇ ɿʶˊˈ ˃ʶ лΦф҈ bŀ/ƭύ 14 336 221,5 3,70 46,39 0.14000 

3 ɿʶˊˈ ʇʵˊʰʴ˖ʴʶʾˇˎ 3 72 47,5 0,80 9,95 0.03000 

4 ɿʶˊˈ ɮˉʽˇ˄ʽˋ˃ʷ˄ˇ 0,165 3,96 2,5 0,04 0,52 0,00165 

5 ɿʶˊˈ ɮˉʽˇ˄ʽˋ˃ʷ˄ˇ ˃ ʶ ʊˎˋʽˁˈ ʁˊˈ мƳƭκƭǘ 0,45 10,8 7,0 0,12 1,47 0,00450 

 

ʃʾ˄ʰˁʰˌΥ ʋʰˊʰˁˍʹˊʽˋˍʽˁʱ ʅˍˇʽ˔ʶʾʰ ɽʶʽˍˇˎˊʴʾʰˌ ɶ˂ʶˁˍˊˈ˂ˎˋʹˌ I ˃ ʶ ˍʱˋʹ U2=35,5Volt 

ʰκʰ 
  

 

ʆʱˋʹ ɽʶʽˍˇˎˊʴʾʰˌΥ U2 = 35,5 Volt DC 

ɳʾʵˇˌ ɶ˂ʶˁˍˊˇ˂ˏˍʹ  I (A) P(W) ʇκt(cm/h ) Y/t(cm/min ) V(cm3/min ) J (A/cm2) 

1 ɮˉˇˋˍʰʴ˃ʷ˄ˇ ɿʶˊˈ 0 0 0 0 0 0 

2 ʊˎˋʽˁˈˌ ʁˊˈˌ όɮˉˇˋˍʰʴ˃ʷ˄ˇ ɿʶˊˈ ˃ʶ лΦф҈ bŀ/ƭύ 20,703 735 484,5 8,08 101,47 0,2070 

3 ɿʶˊˈ ʇʵˊʰʴ˖ʴʶʾˇˎ 4,437 158 104,0 1,73 21,78 0,0444 

4 ɿʶˊˈ ɮˉʽˇ˄ʽˋ˃ʷ˄ˇ 0,235 8,34 5,5 0,09 1,15 0,0024 

5 ɿʶˊˈ ɮˉʽˇ˄ʽˋ˃ʷ˄ˇ ˃ʶ ʊˎˋʽˁˈ ʁˊˈ мƳƭκƭǘ 0,665 23,6 15,5 0,26 3,25 0,0067 

 

ɮˉˈ ˍˇˎˌ ˉʰˊʰˉʱ˄˖ ˉʾ˄ʰˁʶˌ ˉˊˇˁˏˉˍʶʽ ˇ ˋˎ˄ˇˉˍʽˁˈˌ ˉʾ˄ʰˁʰˌ ˉˇˎ ˉʶˊʽʷ˔ʶʽ ˍʰ ʲʰˋʽˁʱ 

ɶ˂ʶˁˍˊˇ˔ʹ˃ʽˁʱ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ ˂ʶʽˍˇˎˊʴʾʰˌ ˍʹˌ ˃ˇ˄ʱʵʰˌ ɶ˂ʶˁˍˊˈ˂ˎˋʹˌ ɹ, όʄʶˏ˃ʰΣ ʂʴˁˇˌ 

ˉʰˊʰʴˈ˃ʶ˄ˇˎ ʇʵˊˇʴˈ˄ˇˎ ˁʰʽ ʃˎˁ˄ˈˍʹˍʰˌ ʄʶˏ˃ʰˍˇˌ ˃ʶ ʲʱˋʹ ˍʹ˄ ʶ˄ʶˊʴʺ ʶˉʽ˒ʱ˄ʶʽʰ 

˂ʶʽˍˇˎˊʴʾʰˌ), ̀ ʶ р ʶʾʵʹ ɶ˂ʶˁˍˊˇ˂ˎˍ˗˄ ˁʰʽ ˍ˖˄ н ʵʽʰˁˊʽˍ˗˄ ˍʽ˃˗˄ ˍʱˋʹˌΥ  

ʃʾ˄ʰˁʰˌΥ ɰʰˋʽˁʱ ʋʰˊʰˁˍʹˊʽˋˍʽˁʱ ˂ʶʽˍˇˎˊʴʾʰˌ ɾˇ˄ʱʵʰˌ ɶ˂ʶˁˍˊˈ˂ˎˋʹˌ ɹ όˋʶ ʵˏˇ ˍʱˋʶʽˌύ 

ʰκʰ 

ɳʾʵˇˌ ɶ˂ʶˁˍˊˇ˂ˏˍʹ 

ʄʶˏ˃ʰ όAύ ϧ ʃʰˊʰʴ˖ʴʺ ɶ2 (cm
3
/ minύκ ʆʱˋʹ ɽʶʽˍˇˎˊʴʾʰˌ όV) 

ʆʱˋʹ ɽʶʽˍˇˎˊʴʾʰˌ нпV ʆʱˋʹ ˂ʶʽˍˇˎˊʴʾʰˌ орΣрV 
I (A) V(cm3/min ) J (A/cm2) I (A) V(cm3/min ) J (A/cm2) 

1 ɮˉˇˋˍʰʴ˃ʷ˄ˇ ɿʶˊˈ 0 0  0 0 0 0 

2 ʊˎˋʽˁˈˌ ʁˊˈˌ όɮˉˇˋˍʰʴ˃ʷ˄ˇ ɿʶˊˈ ˃ʶ лΦф҈ NaCl) 14 46,39 0.14000 20,7 101,47 0,2070 

3 ɿʶˊˈ ʇʵˊʰʴ˖ʴʶʾˇˎ 3 9,95  0.03000 4,438 21,78 0,0444 

4 ɿʶˊˈ ɮˉʽˇ˄ʽˋ˃ʷ˄ˇ 0,180 0,52  0,00165 0,230 1,15 0,0024 

5 ɿʶˊˈ ɮˉʽˇ˄ʽˋ˃ʷ˄ˇ ˃ʶ ʊˎˋʽˁˈ ʁˊˈ мml/ lt 0,450 1,47  0,00450 0,666  3,25  0,0067 

ʆʶ˂ʽˁʱΣ ʴʽʰ ˍʽˌ ʰ˄ʱʴˁʶˌ ˍʽˌ ʶˉʾʵʶʽ˅ʹˌ ˍʹˌ ˃ˇ˄ʱʵʰˌ ɶ˂ʶˁˍˊˈ˂ˎˋʹˌ ɹ, ʶˉʽ˂ʷ˔ʻʹˁʶ ˖ˌ 

ʹ˂ʶˁˍˊˇ˂ˏˍʹˌ ˍˇ ˁʰʻʰˊˈ ʰˉʽˇ˄ʽˋ˃ʷ˄ˇ ˄ʶˊˈΣ ˃ʶ ˍʱˋʹ ˍˊˇ˒ˇʵˇˋʾʰˌ U=36VDC, ˈˉˇˎ ˍˇ 

ˊʶˏ˃ʰ ʶʾ˄ʰʽ I=0,235A, ʁ ˄˗ ʹ h̄ ˇˊˊˇ˒ˇˏ˃ʶ˄ʹ ̔ ˋ˔ˏˌ P = U x I = 24V x лΣмсрɮ = 3,96Watt.  

ɶ ˉʰˊʰʴ˖ʴʺ ˍˇˎ ˎʵˊˇʴˈ˄ˇˎ ˒ˍʱ˄ʶʽ ˋˍˇ  Yʊпл/ t = 5,5cm/ h όʊплύ.  

ɮˎˍˈ ʰ˄ˍʽˋˍˇʽ˔ʶʾ ˋʶ ˈʴˁˇ ˉʰˊʰʴˈ˃ʶ˄ˇˎ ʰʶˊʾˇˎ ʇʵˊˇʴˈ˄ˇˎΥ  

V  =  Sʊ40xYʊ40/t = 12,566cm2 x 5,5cm/h = 69,113cm3/h = 1,152cm3/min (ʊ40). 
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   ʆʷ˂ˇˌΣ ˋ˔ʶˍʽˁʱ ˃ʶ ˍʹ˄ ˃ʽˁˊʺ ʊɶʋ ˁˎ ˕ʁ˂ ʾʵʰ ɹɹ ʷʴʽ˄ʰ˄ ˁʱˉˇʽʶˌ 

ʵˇˁʽ˃ʰˋˍʽˁʷˌ ˂ʶʽˍˇˎˊʴʾʶˌ ˖ˌ ˃ˇ˄ʱʵʰ ɶ˂ʶˁˍˊˈ˂ˎˋʹˌΣ ˃ˈ˄ˇ ˃ʶ ˁʰʻʰˊˈ 

ʰˉʽˇ˄ʽˋ˃ʷ˄ˇ ˄ʶˊˈΣ ˋʶ ʵˎˇ ˍʱˋʶʽˌ ˂ʶʽˍˇˎˊʴʾʰˌ U1 =37VDC ˁʰʽ 

U2=35,5VDC. ʆʰ ˉʰˊʰʴˈ˃ʶ˄ʰ ʰʷˊʽʰ ˋˎʴˁʶ˄ˍˊ˗˄ˇ˄ˍʰ˄ ˋʶ 

ʰˍ˃ˇˋ˒ʰʽˊʽˁʺ ˉʾʶˋʹ ˋˍʰ ʵˇ˔ʶʾʰ ʰˉˇʻʺˁʶˎˋʹˌ ˉʰˊʰʴˈ˃ʶ˄˖˄ ʰʶˊʾ˖˄ 

ʊнл όɲʽʰ˃ʷˍˊˇˎ нcm : ɮˁˍʾ˄ʰˌ мcmύΣ ʶ˄˗ ˎˉˇ˂ˇʴʾˋˍʹˁʶ ʹ ʶˉʽ˒ʱ˄ʶʽʰΥ   

 SʊплҐˉ x r2 Ґ ˉ x 12 = 3,142cm2.  

ɳˉʾˋʹˌΣ ʹ ʶ˄ʶˊʴʺ ʁ ˉʽ˒ʱ˄ʶʽʰ ˍ˖˄ ʹ˂ʶˁˍˊˇʵʾ˖˄ ʶʾ˄ʰʽΥ 

                       Se = 2,54cm x 2,54cm = 6,5cm2 Ғ 1in2 

 

ʁʽ ˃ʶˍˊʺˋʶʽˌ ˉˇˎ ˂ʺ˒ʻʹˁʰ˄ ˁʰʻ˗ˌ ˁʰʽ ˇʽ ˎˉˇ˂ˇʴʽˋ˃ˇʾ ˉˇˎ 

ˎ˂ˇˉˇʽʺʻʹˁʰ˄ ˉʶˊʽʴˊʱ˒ˇ˄ˍʰʽ ˋˎ˄ˇˉˍʽˁʱ ˋˍˇˎˌ ˉʰˊʰˁʱˍ˖ ˉʾ˄ʰˁʶˌ: 

 

ʃʾ˄ʰˁʰˌΥ ʋʰˊʰˁˍʹˊʽˋˍʽˁʱ ʅˍˇʽ˔ʶʾʰ ɽʶʽˍˇˎˊʴʾʰˌ ɶ˂ʶˁˍˊˈ˂ˎˋʹˌ II ˃ ʶ ˍʱˋʹ U1=37Volt 

ʰκʰ 
  

 

ʆʱˋʹ ɽʶʽˍˇˎˊʴʾʰˌΥ U2 = 37 Volt DC 

ɳʾʵˇˌ ɶ˂ʶˁˍˊˇ˂ˏˍʹ  I (A) P(W) ʇκt(cm/h ) Y/t(cm/min ) V(cm3/min ) J (A/cm2) 

4 ɿʶˊˈ ɮˉʽˇ˄ʽˋ˃ʷ˄ˇ 0,0125 0,46 1,2 0,0200 0,063 0,002 

 

ʃʾ˄ʰˁʰˌΥ ʋʰˊʰˁˍʹˊʽˋˍʽˁʱ ʅˍˇʽ˔ʶʾʰ ɽʶʽˍˇˎˊʴʾʰˌ ɶ˂ʶˁˍˊˈ˂ˎˋʹˌ II ˃ ʶ ˍʱˋʹ U2=35,5Volt 

ʰκʰ 
  

 

ʆʱˋʹ ɽʶʽˍˇˎˊʴʾʰˌΥ U2 = 35,5 Volt DC 

ɳʾʵˇˌ ɶ˂ʶˁˍˊˇ˂ˏˍʹ  I (A) P(W) ʇκt(cm/h ) Y/t(cm/min ) V(cm
3
/min ) J (A/cm

2
) 

4 ɿʶˊˈ ɮˉʽˇ˄ʽˋ˃ʷ˄ˇ 0,0120 0,43 1,12 0,0187 0,05879 0,00192 

 

ɮˉˈ ˍˇˎˌ ˉʰˊʰˉʱ˄˖ ˉʾ˄ʰˁʶˌ ˉˊˇˁˏˉˍʶʽ ˇ ˋˎ˄ˇˉˍʽˁˈˌ ˉʾ˄ʰˁʰˌ ˉˇˎ ˉʶˊʽʷ˔ʶʽ ˍʰ ʲʰˋʽˁʱ 

˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ ˂ʶʽˍˇˎˊʴʾʰˌ ˍʹˌ ˃ˇ˄ʱʵʰˌ ɶ˂ʶˁˍˊˈ˂ˎˋʹˌ ɹɹΣ όʄʶˏ˃ʰΣ ʂʴˁˇˌ ˉʰˊʰʴˈ˃ʶ˄ˇˎ 

ʇʵˊˇʴˈ˄ˇˎ ˁʰʽ ʃˎˁ˄ˈˍʹˍʰˌ ʄʶˏ˃ʰˍˇˌ ˃ʶ ʲʱˋʹ ˍʹ˄ ʶ˄ʶˊʴʺ ʶˉʽ˒ʱ˄ʶʽʰ ˂ʶʽˍˇˎˊʴʾʰˌ)Σ ˋˍʽˌ н 

ʵʽʰˁˊʽˍʷˌ ˍʽ˃ʷˌ ˍʱˋʶ˖˄Υ  

 

ʃʾ˄ʰˁʰˌΥ ɰʰˋʽˁʱ ʋʰˊʰˁˍʹˊʽˋˍʽˁʱ ˂ʶʽˍˇˎˊʴʾʰˌ ɾˇ˄ʱʵʰˌ ɶ˂ʶˁˍˊˈ˂ˎˋʹˌ ɹɹ όˋʶ ʵˏˇ ˍʱˋʶʽˌύ 

ʰκʰ 

ɳʾʵˇˌ ɶ˂ʶˁˍˊˇ˂ˏˍʹ 

ʄʶˏ˃ʰ όAύ ϧ ʃʰˊʰʴ˖ʴʺ ɶ2 (cm
3
/ minύκ ʆʱˋʹ ɽʶʽˍˇˎˊʴʾʰˌ όV) 

ʆʱˋʹ ɽʶʽˍˇˎˊʴʾʰˌ орΣрV ʆʱˋʹ ˂ʶʽˍˇˎˊʴʾʰˌ отV 
I (A) V(cm

3
/min ) J (A/cm

2
) I (A) V(cm

3
/min ) J (A/cm

2
) 

4 ɿʶˊˈ ɮˉʽˇ˄ʽˋ˃ʷ˄ˇ 0,0120 0,05879  0,00192 0,0125 0,06382 0,0020 

 

 

ɳʽˁˈ˄ʰ 71 ɾʽˁˊʺ 
ɶ˂ʶˁˍˊˇ˂ˎˍʽˁʺ ɼˎ˕ʶ˂ʾʵʰ 
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   ʃʰˊʰˍʹˊʶʾˍʰʽ ˈˍʽ ˋˍʹ˄ ˉʶˊʾ̄ ˍ˖ˋʹ ˂ʶʽˍˇˎˊʴʾʰ ˍ˖˄ ˋˎˋˍʹ˃ʱˍ˖˄ ɶ˂ʶˁˍˊˈ˂ˎˋʹˌ ɹ ˁʰʽ ɹɹΣ ˉΦ˔Φ 

ʴʽʰ ˍʱˋʹ орΣрV ˃ʶ ʹ˂ʶˁˍˊˇ˂ˏˍʹ ʰˉʽˇ˄ʽˋ˃ʷ˄ˇ ˄ʶˊˈ, ʹ ˉˎˁ˄ˈˍʹˍʰ ˍˇˎ ˊʶˏ˃ʰˍˇˌ ˉʰˊʰ˃ʷ˄ʶʽ 

ˋˍʰʻʶˊʺ, ̀ ˍʹ˄ ˍʽ˃ʺ ˍ˖˄ 0,0020A/cm2.  

 

ɳˉʾˋʹˌΣ ʰ˒ˇˏ ˇʽ ʶ˄ʶˊʴʷˌ ʶˉʽ˒ʱ˄ʶʽʶˌ ˍ˖˄ ʹ˂ʶˁˍˊˇʵʾ˖˄ ʷ˔ˇˎ˄ ʰ˄ʰ˂ˇʴʾʰ:  

100cm2 : 6,5cm2 = 16 : 1, ̄ ˊʷˉʶʽ ˄ʰ ʰˁˇ˂ˇˎʻʶʾˍʰʽ ʹ ʾʵʽʰ ʰ˄ʰ˂ˇʴʾʰ,  

ʴʽʰ ˍˇ ʹ˂ʶˁˍˊʽˁˈ   ˊʶˏ˃ʰ ό лΣнолɮ Υ лΣлмнлɮ Ґ  мф Υ мύ,  

ʴʽʰ ˍʹ˄ ʽˋ˔ˏˌ ˉˇˎ ʰˉˇˊˊˇ˒ʱˍʰʽ ό8,34W : 0,43W = 19,4 : 1),  

ˁʰʻ˗ˌ ˁʰʽ ɹ ʽʰ ˍʹ˄ ̄ ʰ́ʰʴˈ˃ʶ˄ʹ ˉˇˋˈˍʹˍʰ ˈʴˁˇˎ ʰʷˊʽˇˎ ˎʵˊˇʴˈ˄ˇˎ  

(1,15cm3/min : 0,05879cm3/min = 19,56 : 1 ύΣ ʴʽʰ ˍʹ˄ ʾʵʽʰ ˍʱˋʹ U=35,5V.   

 

   ɶ ʰˉˈˁ˂ʽˋʹ мфΥм ʷ˄ʰ˄ˍʽ ˍʹˌ мсΥм ˇ˒ʶʾ˂ʶˍʰʽ ˋˍʹ˄ ʁ ˉʽ˒ʱ˄ʶʽʰ ˍ˖˄ ˃ʶˍʰ˂˂ʽˁ˗ ˄όʰ˄ˇ˅ʶʾʵ˖ˍ˖˄) 

ˎ˂ʽˁ˗,˄ ˉˇˎ ʶʾ˄ʰʽ ʱ˃ʶˋʰ ˋˎ˄ʵʶʵʶ˃ʷ˄ʰ ˃ʶ ˍʰ ʰ˄ˍʾˋˍˇʽ˔ʰ ʹ˂ʶˁˍˊˈʵʽʰ, ό˃́ ˂ʰ˃ʲʰ˄ˈ˃ʶ˄ˇ 

ʶ˄ʶˊʴˈ ˃̫ ˊˇˌ ʹ˂ʶˁˍˊˈʵʽ˖˄Σ ˋˏˊ˃ʰˍʰ ʵʽʰˋˏ˄ʵʶˋʹˌΣ ˉˊˇʶ˅ˇ˔ʷˌ ʶˉʰ˒˗˄ύΣ ˍʰ ˇˉˇʾʰ 

ˋˎ˃ʲʱ˂ˇˎ˄ ˉˊˇˋʻʶˍʽˁʱ ˋˍʹ ʵʽʰʵʽˁʰˋʾʰ ˍʹˌ ʹ˂ʶˁˍˊˈ˂ˎˋʹˌΦ ʆˇ ˃ʶʴʰ˂ˏˍʶˊˇ ˉˇˋˇˋˍˈ 

ˉˊˇˁˏˉˍʶʽ ʰˉˈ ˍʰ ʹ˂ʶˁˍˊˈʵʽʰ ˍʹˌ ˃ʶʴʱ˂ʹˌ ˃ˇ˄ʱʵʰˌ ʹ˂ʶˁˍˊˈ˂ˎˋʹˌ ˉˇˎ ˋˍʹ˄ 

ˉˊʰʴ˃ʰˍʽˁˈˍʹˍʰ ʶʾ˄ʰʽ мнcm x 12cm = 144cm2, ˈˉˇˎ ʰ˂˂ʱʸʶʽ ˍʹ˄ ʰ˄ʰ˂ˇʴʾʰ ˍʹˌ ʶˉʽ˒ʱ˄ʶʽʰˌ 

ˍ˖˄ ʹ˂ʶˁˍˊˇʵʾ˖˄ ˋ ʁ 144cm2 : 6,25cm2 = 23 : 1. ʍˋˍˈˋˇ ˍˇ ˃ʶʴʰ˂ˏˍʶˊˇ ˉˇˋˇˋˍˈ ˍˇˎ 

ˉ˂ʰʽˋʾˇˎ ˍˇˎ мcm ʴˏˊˇ ʰˉˈ ˍˇ ʹ˂ʶˁˍˊˈʵʽˇ 12cm X 12cm, ˁ ʰ˂ˏˉˍʶˍʰʽ ʰˉˈ ˍʹ˄ ˎˉˇʵˇ˔ʺ ˉˇˎ 

"ˋˎˊˍʰˊ˗˄ʶʽϦ ˋˍˇ ˔˗ˊˇ ˍʹˌ ʹ˂ʶˁˍˊˈ˂ˎˋʹˌΦ    

 

   ɱʶ˄̔ ˁʱΣ ˇʽ ʹ˂ʶˁˍˊˇ˂ˎˍʽˁʷˌ ˁˎ˕ʶ˂ʾʵʶˌ ˍˏˉˇˎ t9a ʷ˔ˇˎ˄ 

ʶˉʽˍˏ˔ʶʽ ˋˎ˄ʶ˔ʺ ˂ʶʽˍˇˎˊʴʾʰ мллΦллл ˖ˊ˗˄ ˔˖ˊʾˌ 

ʰˉˇˍˎ˔ʾʰ ʰˁˈ˃ʰ ˁʰʽ ˋʶ ʵˏˋˁˇ˂ʶˌ ˋˎ˄ʻʺˁʶˌ όˉΦ˔Φ ˉʰˊˇ˔ʺ 

ˇ˅ˎʴˈ˄ˇˎ ˋˍʰ ˉˇ˂ʶ˃ʽˁʱ ˎˉˇʲˊˏ˔ʽʰύ [87]. ɾˉˇˊˇˏ˄ ˄ʰ 

˂ʶʽˍˇˎˊʴʺˋˇˎ˄ ˋʶ ˎ˕ʹ˂ʷˌ ˉˎˁ˄ˈˍʹˍʶˌ ˊʶˏ˃ʰˍˇˌ 

(2ɮκŎƳ2ύ ˃ʶ ʰˉˇʵˇˍʽˁˈˍʹˍʰ ˃ʶˍʰˍˊˇˉʺˌ ˉˇˎ ˁˎ˃ʰʾ˄ʶˍʰʽ 

ʰˉˈ рл-90%, ʰ˂˂ʱ ʵʶ˄ ˃ˉˇˊˇˏ˄ ˄ʰ ˉʶˍˏ˔ˇˎ˄ ˎ˕ʹ˂ʷˌ 

ʰˉˇʵˈˋʶʽˌ ˋʶ ˎ˕ʹ˂ʷˌ ˉˎˁ˄ˈˍʹˍʶˌ ˊʶˏ˃ʰˍˇˌΦ ʅʹ˃ʰ˄ˍʽˁˈ 

ʶʾ˄ʰʽ ˈ˃˖ˌ ˈˍʽ ˔˖ˊʾˌ ʲˇʹʻʹˍʽˁˈ ʶ˅ˇˉ˂ʽˋ˃ˈ ˁʰʻʰˊʽˋ˃ˇˏΣ 

 ́ˁ ʰʻʰˊˈˍʹˍʰ ˍ˖˄ ʰʶˊʾ˖˄ ˉˊˇˋʶʴʴʾʸʶʽ ˍˇ 99,999%. 
ɳʽˁˈ˄ʰ 72 ɾʶʴʱ˂ʹ ɾˇ˄ʱʵʰ ɶ˂ʶˁˍˊˈ˂ˎˋʹˌ 
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нΦнΦ ɼˎˁ˂ʽˁʺ ɰˇ˂ˍʰ˃ʶˍˊʾʰ 

   ɮ˄ʰ˂ˎˍʽˁʱ ˍʰ ʵʽʰʴˊʱ˃˃ʰˍʰ ˍʹˌ ˁˎˁ˂ʽˁʺˌ ɰˇ˂ˍʰ˃ʶˍˊʾʰˌ όˁʰ˃ˉˏ˂ʶˌ ɶ˂ʶˁˍˊʽˁˇˏ 

ˊʶˏ˃ʰˍˇˌ I - ɳ˒ʰˊ˃ˇʸˈ˃ʶ˄ʹˌ ˍʱˋʹˌ Uύ ˍʹˌ ˒˖ˍˇʹ˂ʶˁˍˊˇ˔ʹ˃ʽˁʺˌ ˁˎ˕ʶ˂ʾʵʰˌΣ ˍˇˎ 

ɰˇ˂ˍʰ˃ʶˍˊʽˁˇˏ ˋˎˋˍʺ˃ʰˍˇˌΣ όʃˇ˄ˍʶˋʽˇˋˍʱˍʹˌ ˍˇˎ ʶˊʴʰˋˍʹˊʾˇˎ ECO CHEMIE BV - Type: 

Autolab PGSTAT302N - S/N: AUT83501), ˋʶ ˋˎ˄ʻʺˁʶˌ ˋˁˈˍˇˎˌ ˁʰʽ ʰˁˍʽ˄ˇʲˇ˂ʾʰˌ UVΣ ˃ʶ 

˔ˊʺˋʹ ʵʽʰ˒ˇˊʶˍʽˁ˗˄ ɶ˂ʶˁˍˊˇ˂ˎˍ˗˄Σ ˒ʰʾ˄ˇ˄ˍʰʽ ˋˍˇ ʃʰˊʱˊˍʹ˃ʰ III όɾʶ˂ʷˍʹ - 

ɲʽʰʴˊʱ˃˃ʰˍʰ ɼˎˁ˂ʽˁʺˌ ɰˇ˂ˍʰ˃ʶˍˊʾʰˌύΣ ˈˉ˖ˌ ʰˉˇʵˈʻʹˁʰ˄ ʰˉˈ ˍʹ˄ ʶˉʶ˅ʶˊʴʰˋʾʰ ˋˍˇ 

Matlab, ˃ ʶ ˍʰ ˋ˔ʶˍʽˁʱ ˋ˔ˈ˂ʽʰ ʰ˄ˍʾˋˍˇʽ˔ʰ ʴʽʰ ˁʱʻʶ ʵʽʱʴˊʰ˃˃ʰΣ ʶ˄ˍˈˌ ˉ˂ʰʽˋʾˇˎΦ   

 

   ʅʶ ˁʱʻʶ ˉʶˊʾˉˍ˖ˋʹ ˋˍʰ ˉʶʽˊʱ˃ʰˍʰ ˍʹˌ ˁˎˁ˂ʽˁʺˌ ʲˇ˂ˍʰ˃ʶˍˊʾʰˌ ˇ ʹ˂ʶˁˍˊˇ˂ˏˍʹˌ ʺˍʰ˄ 

ˎʵʰˍʽˁˈ ʵʽʱ˂ˎ˃ʰ ɾʶʻʰ˄ˈ˂ʹˌ  όлΣрɾ CH3OHύ ˃ʶ лΣнрɾ NaOH όʴʽʰ ʰ˂ˁʰ˂ʽˁˈ ˉʶˊʽʲʱ˂˂ˇ˄) ʺ 

˃ʶ лΣрɾ ɶ2{ʁ4 όʴʽʰ ˈ˅ʽ˄̌ ˉʶˊʽʲʱ˂˂ˇ˄). ɮˎˍˈ ʴʽʰˍʾΣ ˇʽ ʲʽʲ˂ʽˇʴˊʰ˒ʽˁʷˌ ʰ˄ʰ˒ˇˊʷˌ ʰ˄ʰ˒ʷˊˇˎ˄ 

ˈˍʽ ʹ ˃ʁ ˍʰʲˇ˂ʺ ˍʹˌ ˋˎʴˁʷ˄ˍˊ˖ˋʹˌ ˍʹˌ ˃ʶʻʰ˄ˈ˂ʹˌ ˋˍˇ˄ ʹ˂ʶˁˍˊˇ˂ˏˍʹ ʷ˔ʶʽ ˖ˌ ʰˉˇˍʷ˂ʶˋ˃ʰ ˍʹ 

˃ʶʾ˖ˋʹ ˍˇˎ ʵˎ˄ʰ˃ʽˁˇˏ ʰ˄ˇʽ˔ˍˇˏ ˁˎˁ˂˗˃ʰˍˇˌ όUocύ ˁʰʽ ˍʹ˄ ʰˏ˅ʹˋʹ ˍˇˎ ˒˖ˍˇˊʶˏ˃ʰˍˇˌ ˋˍˇ 

ʲˊʰ˔ˎˁˏˁ˂˖˃ʰ όIscύ ˃ʷ˔ˊʽ ˍʹ˄ ˋˎʴˁʷ˄ˍˊ˖ˋʹ h ˂ˁˇˈ˂ʹˌ ˋˍˇ˄ ʹ˂ʶˁˍˊˇ˂ˏˍʹ лΣрɾ [95]. 

   ɮˉˈ ˍʰ ɲʽʰʴˊʱ˃˃ʰˍʰ ɰˇ˂ˍʰ˃ʶˍˊʾʰˌ ˂ʰ˃ʲʱ˄ˇ˄ˍʰʽ н ˋʹ˃ʰ˄ˍʽˁʷˌ ˉʰˊʱ˃ʶˍˊˇʽ όˍʽ˃ʷˌύ 

ʰ˄ʰ˒ˇˊʽˁʱ ˃ʶ ˍʹ˄ ˇ˅ʶʽʵ˖ˍʽˁʺ ʰ˄ˍʾʵˊʰˋʹΥ ώплϐ 

ɮ. ʆ ̌ʄʶˏ˃ʰ ɰˊʰ˔ˎˁˏˁ˂˖ˋʹˌ (short circuit current, Isc).  ʆˇ ˒˖ˍˈˊʶˎ˃ʰ ˉʰʾˊ˄ʶʽ ˍʹ ˃ʷʴʽˋˍʹ 

ˍʽ˃ʺ ˈˍʰ˄ ˍˇ ʵˎ˄ʰ˃ʽˁˈ όɳ˒ʰˊ˃ˇʸˈ˃ʶ˄ʹ ʆʱˋʹ) ˍˇˎ ˁˎˁ˂˗˃ʰˍˇˌ ʽˋˇˏˍʰʽ ˃ʶ ˃ʹʵʷ˄ όU=0V) 

ˁʰʽ 

ɰΦ ɶ ɳ˒ʰˊ˃ˇʸˈ˃ʶ˄ʹ ʆʱˋʹ - ɲˎ˄ʰ˃ʽˁˈ ɮ˄ˇʽˁˍˇˏ ɼˎˁ˂˗˃ʰˍˇˌ όopen circuit potential Uoc) ʺ 

ɮ˄ˇʽˁˍˇɼˏˁ˂˖ˋʹˌ. ɾʷʴʽˋˍʹ ˍʽ˃ʺ ˋˍˇ ʵˎ˄ʰ˃ʽˁˈ ˉʰˊʰˍʹˊʶʾˍʰʽ ˈˍʰ˄ ˍˇ ˊʶˏ˃ʰ ʽˋˇˏˍʰʽ ˃ʶ 

˃ʹʵʷ˄ ( ɹҐлA).  

 

ɳʽˁˈ˄ʰ 73 ʃˊˇˋʵʽˇˊʽˋ˃ˈˌ ˍˇˎ ʄʶˏ˃ʰˍˇˌ ɰˊʰ˔ˎˁˏˁ˂˖ˋʹˌ Isc ˁ ʰʽ ˍˇˎ ɲˎ˄ʰ˃ʽˁˇˏ ɮ˄ˇʽˁˍˇˏ ɼˎˁ˂˗˃ʰˍˇˌ Uoc 
ˁʰʻ˗ˌ ˁʰʽ ʇˉˇ˂ˇʴʽˋ˃ˈˌ ˍʹˌ ɾʷʴʽˋˍʹˌ ɹˋ˔ˏˇˌ Pmax h ˉˈ ˍʹ˄ ʶˏˊʶˋʹ ˍˇˎ Umax & Imax,  

ʰˉˈ ˍˇ ʋʰˊʰˁˍʹˊʽˋˍʽˁˈ ʵʽʱʴˊʰ˃˃ʰ ɹ-V ʁ ˄ˈˌ ˒˖ˍˇʹ˂ʶˁˍˊˇ˔ʹ˃ʽˁˇˏ ˁʶ˂ʽˇˏ 

прϲ 
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   ɳˉʾˋʹˌΣ ʰˉˈ ˍˇ ʄʶˏ˃ʰ ɰˊʰ˔ˎˁˏˁ˂˖ˋʹˌ Isc, ʴ˄˖ˊʾʸˇ˄ˍʰˌ ˍʹ˄ ʶ˄ʶˊʴʺ ʶˉʽ˒ʱ˄ʶʽʰ ˍˇˎ 

ʵʶʾʴ˃ʰˍˇˌ ˉˇˎ ˂ʰ˃ʲʱ˄ʶʽ ˃ʷˊˇˌ ˋˍʽˌ ʰ˄ˍʽʵˊʱˋʶʽˌ ˍʹˌ ˇ˅ʶʽʵˇʰ˄ʰʴ˖ʴʺˌΣ ˉˊˇˁˏˉˍʶʽ ʶ˄ 

ˋˎ˄ʶ˔ʶʾʰ ʹ ʃˎˁ˄ˈˍʹˍʰˌ ʄʶˏ˃ʰˍˇˌ ɰˊʰ˔ˎˁˏˁ˂˖ˋʹˌ Jsc.  

   ʅˎ ʴˁʶ˄ˍˊ˖ˍʽˁʱ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ˍ˖˄ ʵʽʰʴˊʰ˃˃ʱˍ˖˄ ˍ˖˄ ˉʰˊʰ˃ʷˍˊ˖˄ ˁˎˁ˂ʽˁʺˌ 

ɰˇ˂ˍʰ˃ʶˍˊʾʰˌΣ ʴʽʰ ˍʰ 3 ˒˖ˍˇˁʰˍʰ˂ˎˍʽˁʱ ʵʶʾʴ˃ʰˍʰ ɮΦ ITO-TiO2 sol-gel, ɰΦ ITO-Au-TiO2 ˁʰʽ C. 

TFKV- TiO2 pasta, ˋʶ ˋˎ˄ʻʺˁʶˌ ˋˁˈˍˇˎˌ ˁʰʽ ʰˁˍʽ˄ˇʲˇ˂ʾʰˌ UVΣ ˁʰʻ˗ˌ ˁʰʽ ˋʶ  ˋˎ˄ʵˎʰˋ˃ˈ 

˃ʶ ˍˇˎˌ ɶ˂ʶˁˍˊˇ˂ˏˍʶˌ ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽʺʻʹˁʰ˄Σ ˒ʰʾ˄ˇ˄ˍʰʽ ˋˍˇ˄ ˉʰˊʰˁʱˍ˖ ˉʾ˄ʰˁʰΥ 

ʃʾ˄ʰˁʰˌΥ ʅˎʴˁʶ˄ˍˊ˖ˍʽˁʱ ˋˍˇʽ˔ʶʾʰ ɼˎˁ˂ʽˁʺˌ ɰˇ˂ˍʰ˃ʶˍˊʾʰˌ ˍ˖˄ ʵʶʽʴ˃ʱˍ˖˄ ʰ˄ʱ ɶ˂ʶˁˍˊˇ˂ˏˍʹ  

ɶ˂ʶˁˍˊˇ˂ˏˍʹˌ
ɳˉʽ˒ʱ˄ʶʽʰ 

(cm2)
Uoc(V) Isc(mA)

Jsc 

(mA/cm2)
Uoc(V) Isc(mA)

Jsc 

(mA/cm2)

wŜŦtƻƛƴǘπɹɹɹ1/2 in2: ITO - TiO2 H2SO4 3,226 1,000 0,000002 0,000001 - - -

!πɹɹɹ 1/2 in2: ITO - TiO2 H2SO4 & CH3OH 3,226 0,820 0,000002 0,000001 0,203 0,000004 0,000001

B-III 1/2 in2: ITO  - Au - TiO2 H2SO4 & CH3OH 3,226 0,528 0,018370 0,005694 - - -

C-III 1/4 in2: ITO - Au - TiO2 CH3OH 1,613 0,063 0,000738 0,000458 0,229 0,004159 0,002578

D-III 1/2 in2: ITO - TiO2 CH3OH 3,226 0,317 0,000571 0,000177 0,678 0,038860 0,012046

E-III 1/2 in2: ITO - TiO2 NaOH 3,226 1,024 0,000006 0,000002 0,420 0,000012 0,000004

F-III 1/2 in2: ITO - TiO2 NaOH & CH3OH 3,226 0,775 0,000162 0,000050 0,627 0,000035 0,000011

G-II 1/2 in2: ITO - TiO2 NaOH & CH3OH 3,226 0,918 0,000104 0,000032 0,914 0,000957 0,000297

H-III 1/4 in2: ITO - Au - TiO2 NaOH 1,613 0,129 0,049250 0,030533 0,150 0,083440 0,051730

I-II 1/4 in2: ITO - Au - TiO2 NaOH 1,613 0,621 0,020870 0,012939 0,667 0,039280 0,024352

J-III 1/4 in2: ITO - Au - TiO2 NaOH & CH3OH 1,613 0,139 0,055030 0,034117 0,259 0,136500 0,084625

K-II 1/4 in2: ITO - Au - TiO2 NaOH & CH3OH 1,613 0,253 0,070800 0,043893 0,186 0,046900 0,029076

L-II 1/2 in2: ITO - TiO2 NaOH & CH3OH 3,226 0,235 0,028190 0,008738 0,047 0,000046 0,000014

ɾπɹɹɹ 1/4 in2: TFKV - TiO2pastaNaOH & CH3OH 1,613 0,348 0,000960 0,000595 0,878 0,042360 0,026262

ɿπɹɹɹ 1/4 in2: ITO - TiO2sol-gelNaOH & CH3OH 1,613 0,401 0,000020 0,000012 0,525 0,000466 0,000289

ʃ˂ʺʻˇˌ 

ɶ˂ʶˁˍˊˇʵʾ˖˄ 

ɼˎˁ˂ʽˁʺˌ 

ɰˇ˂ˍʰ˃ʶˍˊʾʰˌ

ʊ˖ˍˇʱ˄ˇʵˇˌ 

ʊ˖ˍˇˁʰˍʰ˂ˏˍʹˌ

ʅˎ˄ʻʺˁʶˌΥ                      dark Light - UV (10W/m2)

 

ʆˇ ˒˖ˍˇˉʰˊʰʴˈ˃ʶ˄ˇ ˊʶˏ˃ʰ ˎˉˈ ˍʹ˄ ˏˉʰˊ˅ʹ ˃ʶʻʰ˄ˈ˂ʹˌ όCH3OHύ ʶ˃˒ʰ˄ʾʸʶʽ ˃ʶʴʰ˂ˏˍʶˊʶˌ 

ˍʽ˃ʷˌ ˊʶˎ˃ʱˍ˖˄Φ ɾʶ ˍʹ˄ ˉˊˇˋʻʺˁʹ ˍʹˌ ʰ˂ˁˇˈ˂ʹˌ ˋˍˇ˄ ʹ˂ʶˁˍˊˇ˂ˏˍʹΣ ˇʽ ˒˖ˍˇˉʰˊʰʴˈ˃ʶ˄ʶˌ 

ˇˉʷˌ ˍʹ˄ ˇ˅ʶʽʵ˗˄ˇˎ˄Σ ʶʾˍʶ ʱ˃ʶˋʰΣ ʶʾˍʶ ʷ˃˃ʶˋʰ ˃ʷˋ˖ ˍ˖˄ ʽˈ˄ˍ˖˄ ˎʵˊˇ˅ˎ˂ʾˇˎόʁɶ-)Φ ʆʰ ʽˈ˄ˍʰ 

ˎʵˊˇ˅ˎ˂ʾˇˎ ˉʰʴʽʵʶˏˇˎ˄ ˍʽˌ ˇˉʷˌ ˁʰʽ ʵʾ˄ˇˎ˄ ʵˊʰˋˍʽˁʷˌ ˊʾʸʶˌ ˎʵˊˇ˅ˎ˂ʾˇˎ όϲʁɶύ ˃ʶ ʽˋ˔ˎˊʺ 

ˇ˅ʶʽʵ˖ˍʽˁʺ ʵˊʱˋʹΣ ˃ʶʴʱ˂ʶˌ ʽˇ˄ˍʽˁʷˌ ʰʴ˖ʴʽ˃ˈˍʹˍʶˌ ˁʰʽ ˁʰˍʱ ˋˎ˄ʷˉʶʽʰ ʷ˔ˇˎ˃ʶ ˃ʶʴʰ˂ˏˍʶˊʹ 

ˉʰˊʰʴ˖ʴʺ ʹ˂ʶˁˍˊʽˁʺˌ ʶ˄ʷˊʴʶʽʰˌ [64].     

    ʅˍʹ ˋˎ˄ʷ˔ʶʽʰΣ ʴʽʰ ˄ʰ ˎˉˇ˂ˇʴʽˋˍʶʾ ʹ ɮˉˈʵˇˋʹ ʶ˄ˈˌ ʊ˖ˍˇʹ˂ʶˁˍˊˇ˔ʹ˃ʽˁˇˏ ʅˎˋˍʺ˃ʰˍˇˌ, 

ˋˎ˄ʺʻ˖ˌ ˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ʹ ˃ʷʴʽˋˍʹ ʽˋ˔ˏˌΣ ˉˇˎ ʶʾ˄ʰʽ ˍˇ ˃ʷʴʽˋˍˇ ˍˇˎ ʴʽ˄ˇ˃ʷ˄ˇˎ ˊʶˏ˃ʰˍˇˌ 

ˁʰʽ ʵˎ˄ʰ˃ʽˁˇˏΣ Pmax=(IxU)max, ˉˊˇˌ ˍʹ˄ ʷ˄ˍʰˋʹ ˍʹˌ ˉˊˇˋˉʾˉˍˇˎˋʰˌ ʰˁˍʽ˄ˇʲˇ˂ʾʰˌ 

(Pin=10W/m2=1mW/cm2). ɶ ˋ˔ʷˋʹ ˉˇˎ ʵʾ˄ʶʽ ˍʹ˄ ʰˉˈʵˇˋʹ ʰˎˍʺ ʶʾ˄ʰʽΥ 

%100
max)(

% ³
³

=
Pin

UI
n

 

ʍˋˍˈˋˇΣ ˋˏ˃˒˖˄ʰ ˃ʶ ˍʹ ʲʽʲ˂ʽˇʴˊʰ˒ʾʰ ʷ˔ˇˎ˄ ˉˊˇˍʰʻʶʾ ʵʽʱ˒ˇˊʶˌ ˃ʷʻˇʵˇʽ ˎˉˇ˂ˇʴʽˋ˃ˇˏ ˍʹˌ 

ʰˉˈʵˇˋʹˌ [40, 64, 68, 69].  
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   ɶ ɳ˅˖ˍʶˊʽˁʺ ɼʲʰ˄ˍʽˁʺ ɮˉˈʵˇˋʹ ʶ˄ˈˌ ˁʶ˂ʽˇˏ (External Quantum Efficiency, EQE) ʶʾ˄ʰʽ ʹ 

ʰ˄ʰ˂ˇʴʾʰ ˍˇˎ ʰˊʽʻ˃ˇˏ ˍ˖˄ ˒ˇˊʷ˖˄ ˒ˇˊˍʾˇˎ ˉˇˎ ˉʰˊʱʴˇ˄ˍʰʽ ˋˍˇ ˁʶ˂ʾ ˉˊˇˌ ˍˇ˄ ʰˊʽʻ˃ˈ ˍ˖˄ 

˒˖ˍˇ˄ʾ˖˄ ˉˇˎ ˉˊˇˋˉʾˉˍˇˎ˄ ˋˍˇ ˁʶ˂ʾΦ ɶ ɮ̄ ˈʵˇˋʹ ɾʶˍʰˍˊˇˉʺˌ ʊ˖ˍˇ˄ʾ˖˄ ˋʶ ʄʶˏ˃ʰ 

(Incident Photon to Current conversion Efficiency, IPCE) ʶʾ˄ʰʽ ˃ʾʰ ˃ʷʻˇʵˇˌ ˃ʷˍˊʹˋʹˌ ˍʹˌ 

ʶ˅˖ˍʶˊʽˁʺˌ ˁʲʰ˄ˍʽˁʺˌ ʰˉˈʵˇˋʹˌ ˁʰʽ ʲˊʾˋˁʶˍʰʽ ʰˉˈ ˍʹ ˋ˔ʷˋʹ ώсуϐΥ  

%100
)/()(

)/(1240
%

2

2

³
³

³
=

cmmWPnm

cmmAJsc
IPCE

l
 

ʂˉˇˎΥ  Jsc ʁ ʾ˄ʰʽ ʹ ˉˎˁ˄ˈˍʹˍʰ ˊʶˏ˃ʰˍˇˌ ʲˊʰ˔ˎˁˏˁ˂˖ˋʹˌ ˁʰʽ  

               P=10W/m2=1mW/cm2 ʁ ʾ˄ʰʽ ʹ ʷ˄ˍʰˋʹ ˍʹˌ ˉˊˇˋˉʾˉˍˇˎˋʰˌ ʰˁˍʽ˄ˇʲˇ˂ʾʰˌ  

                                                                   ̀ ʶ ʷ˄ʰ ʵʶʵˇ˃ʷ˄ˇ ˃ʺˁˇˌ ˁˏ˃ʰˍˇˌ ˂Ґосрnm.  

 
   ʇˉʱˊ˔ʶʽ ʶˉʾˋʹˌ ˁʰʽ ʹ ɳˋ˖ˍʶˊʽˁʺ ɼʲʰ˄ˍʽˁʺ ɮˉˈʵˇˋʹ (Internal Quantum Efficiency, IQE) ˉˇˎ 

ʶʾ˄ʰʽ ʹ ʰ˄ʰ˂ˇʴʾʰ ˍˇˎ ʰˊʽʻ˃ˇˏ ˍ˖˄ ˒ˇˊʷ˖˄ ˒ˇˊˍʾˇˎ ˉˇˎ ˉʰˊʱʴˇ˄ˍʰʽ ˋʶ ʷ˄ʰ ˁʶ˂ʾ ˉˊˇˌ ˍˇ˄ 

ˉˊʰʴ˃ʰˍʽˁˈ ʰˊʽʻ˃ˈ ˍ˖˄ ˒˖ˍˇ˄ʾ˖˄ ˉˇˎ ʰˉˇˊˊˇ˒ˇˏ˄ˍʰʽ ʰˉˈ ˍˇ ˁʶ˂ʾΦ ʆʰ ˒˖ˍˈ˄ʽʰ ˉˇˎ 

ˉˊˇˋˉʾˉˍˇˎ˄ ˋʶ ʷ˄ʰ ˁʶ˂ʾ ʵʶ˄ ʰˉˇˊˊˇ˒ˇˏ˄ˍʰʽ ˈ˂ʰΦ ɴ˄ʰ ˉˇˋˇˋˍˈ ˍˇˎˌ ˃ˉˇˊʶʾ ʰˉ˂ʱ ˄ʰ 

ʵʽʷˊ˔ʶˍʰʽ ʰˉˈ ˍˇ ˁʶ˂ʾ ʺ ˄ʰ ʰ˄ʰˁ˂ʱˍʰʽ ˋˍʹ˄ ʶˉʽ˒ʱ˄ʶʽʰΦ ʅˎ˄ʶˉ˗ˌ ʹ ʶˋ˖ˍʶˊʽˁʺ ˁʲʰ˄ˍʽˁʺ 

ʰˉˈʵˇˋʹ ʰ˄ʰ˃ʷ˄ʶˍʰʽ ˄ʰ ʶʾ˄ʰʽ ˃ʶʴʰ˂ˏˍʶˊʹ ʰˉˈ ˍʹ˄ ʶ˅˖ˍʶˊʽˁʺ ˁʲʰ˄ˍʽˁʺ ʰˉˈʵˇˋʹΣ ˃ʶ ʶˏˊˇˌ 

ˍʽ˃˗˄ ˁʰʽ ˉʱ˂ʽ ʰˉˈ л ˃ʷ˔ˊʽ мΦ  

   ɾʾʰ ʰˁˈ˃ʰ ˋʹ˃ʰ˄ˍʽˁʺ ˉʰˊʱ˃ʶˍˊˇˌ ʴʽʰ ˍʰ ˒˖ˍˇʹ˂ʶˁˍˊˇ˔ʹ˃ʽˁʱ ˋˎˋˍʺ˃ʰˍʰ ʶʾ˄ʰʽ ˇ 

ˉʰˊʱʴˇ˄ˍʰˌ ˉ˂ʺˊ˖ˋʹˌ όFill Factor, FF)Σ ˇ ˇˉˇʾˇˌ ˔ʰˊʰˁˍʹˊʾʸʶʽ ˍʹ˄ ʽˁʰ˄ˈˍʹˍʰ ʶ˄ˈˌ 

ˋˎˋˍʺ˃ʰˍˇˌ ˄ʰ ˃ʶˍʰˍˊʷ˕ʶʽ ˍʹ˄ ʹ˂ʽʰˁʺ ʶ˄ʷˊʴʶʽʰ ˋʶ ʹ˂ʶˁˍˊʽˁˈ ˊʶˏ˃ʰ ˁʰʽ ʵʾ˄ʶˍʰʽ ʰˉˈ ˍʹ 

ˋ˔ʷˋʹ ώсуϐΥ 

VocIsc
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FF
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=

max)(
 

 

ʆˇ ʶˏˊˇˌ ˍʽ˃˗˄ ˋˍˇ ˇˉˇʾˇ ˃ˉˇˊʶʾ ˄ʰ ˁˎ˃ʰʾ˄ʶˍʰʽ ˇ CC ʶʾ˄ʰʽ ˃ʶˍʰ˅ˏ л ˁʰʽ мΦ ʅʶ ˃ʾʰ ʽʵʰ˄ʽˁʺ 

ˉʶˊʾˉˍ˖ˋʹ ˇ ˉʰˊʱʴˇ˄ˍʰˌ ˉ˂ʺˊ˖ˋʹˌ ʽˋˇˏˍʰʽ ˃ʶ м όʶʽˁˈ˄ʶˌ тп ˁʰʽ трύΦ ɶ ˍʱˋʹ ʶ˅ˈʵˇˎ ˍˇˎ 

ˋˎˋˍʺ˃ʰˍˇˌ ʶ˅ʰˊˍʱˍʰʽ ʰˉˈ ˍʹ˄ ʰ˄ˍʾˋˍʰˋʹ ˍˇˎ ʶ˅˖ˍʶˊʽˁˇˏ ˒ˇˊˍʾˇˎ ˍˇ ˇˉˇʾˇ ʵʽʰˊˊʷʶˍʰʽ 

ʰˉˈ ˊʶˏ˃ʰΦ ʂˋˇ ʰˎ˅ʱ˄ʶˍʰʽ ʹ ʰ˄ˍʾˋˍʰˋʹ ˍˈˋˇ ʰˎ˅ʱ˄ʶˍʰʽ ˁʰʽ ʹ ˍʱˋʹΦ ɱʽʰ ʱˉʶʽˊʹ ʰ˄ˍʾˋˍʰˋʹ 

όˉˇ˂ˏ ˃ʶʴʱ˂ʹ ˍʽ˃ʺύΣ ʹ ˍʱˋʹ ʽˋˇʵˎ˄ʰ˃ʶʾ ˃ʶ ˍʹ˄ ˍʱˋʹ ʰ˄ˇʽˁˍˇˏ ˁˎˁ˂˗˃ʰˍˇˌ ό±ocύΣ ʶ˄˗ ʴʽʰ 

˃ʹʵʶ˄ʽˁʺ ʰ˄ˍʾˋˍʰˋʹΣ ʹ ˍʱˋʹ ʶʾ˄ʰʽ ʶˉʾˋʹˌ ˃ʹʵʷ˄ ˁʰʽ ˍˇ ˊʶˏ˃ʰ ˉʰʾˊ˄ʶʽ ˍʹ ˃ʷʴʽˋˍʹ ˍʽ˃ʺ ˉˇˎ 

ʽˋˇʵˎ˄ʰ˃ʶʾ ˃ʶ ˍˇ ˊʶˏ˃ʰ ʲˊʰ˔ˎˁˏˁ˂˖ˋʹˌ όɹsc). 
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ʅˍˇ ʵʽˉ˂ʰ˄ˈ ɳ˄ʵʶʽˁˍʽˁˈ ˔ʰˊʰˁˍʹˊʽˋˍʽˁˈ 

ʵʽʱʴˊʰ˃˃ʰ ɹ-V ʶ˄ˈˌ ʹ˂ʶˁˍˊˇ˔ʹ˃ʽˁˇˏ ˁʶ˂ʽˇˏ 

ˉʰˊˇˎˋʽʱʸˇ˄ˍʰʽ ʵˏˇ ʃˊʰʴ˃ʰˍʽˁʷˌ ɼʰ˃ˉˏ˂ʶˌ 

ˍˇˎ CC όʹ ˁʰ˃ˉˏ˂ʹ м ˁʰʽ ʹ нύ ˋˎʴˁˊʽˍʽˁʱ ˃ʶ 

ˍʹ˄ ɹʵʰ˄ʽˁʺ ɼʰ˃ˉˏ˂ʹ όоύ. ɶ ̔ɻʰ˄ʽˁʺ ˁʰ˃ˉˏ˂ʹ 

(3) ˉʰˊˇˎˋʽʱʸʶʽ ʷ˄ʰ ˃ʷʴʽˋˍˇ ˊʶˏ˃ʰΣ ˋˍʰʻʶˊˈ 

ˁʰʽ ʰ˄ʶ˅ʱˊˍʹˍˇ ʰˉˈ ˍˇ ˃ʷʴʶʻˇˌ ˍˇˎ 

ʶ˅˖ˍʶˊʽˁˇˏ ˒ˇˊˍʾˇˎΣ ˋʶ ʰ˄ˍʾʻʶˋʹ ˃ʶ ˍʽˌ 

ˉˊʰʴ˃ʰˍʽˁʷˌ ˃ʶˍˊʺˋʶʽˌ όˁʰ˃ˉˏ˂ʶˌ м ˁʰʽ 2) 

ˋˍʽˌ ˇˉˇʾʶˌ ˒ʰʾ˄ʶˍʰʽ ˍˇ ˊʶˏ˃ʰ ˄ʰ ˃ʶʽ˗˄ʶˍʰʽ 

ˈˋˇ ʹ ʰ˄ˍʾˋˍʰˋʹ ˍˇˎ ʶ˅˖ˍʶˊʽˁˇˏ ˒ˇˊˍʾˇˎ ʰˎ˅ʱ˄ʶˍʰʽΣ ʵʹ˂ʰʵʺ ˈˋˇ ʹ ˍʱˋʹ ʶ˅ˈʵˇˎ ʰˎ˅ʱ˄ʶˍʰʽ. 

 

   ʅˍˇ˄ ˉʰˊʰˁʱˍ˖ ˉʾ˄ʰˁʰ ˒ʰʾ˄ˇ˄ˍʰʽ ˍʰ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ʰˉˈ ˍˇˎˌ ˎˉˇ˂ˇʴʽˋ˃ˇˏˌ ˍ˖˄ ʲʰˋʽˁ˗˄ 

ˉʰˊʰ˃ʷˍˊ˖˄ ˍʹˌ ɼˎˁ˂ʽˁʺˌ ɰˇ˂ˍʰ˃ʶˍˊʾʰˌ ˉˇˎ ˉˊʰʴ˃ʰˍˇˉˇʽʺʻʹˁʰ˄Σ ʴʽʰ ˍʹ˄ ɮˉˈʵˇˋʹ  ˍˇˎ 

ʊ˖ˍˇʹ˂ʶˁˍˊˇ˔ʹ˃ʽˁˇˏ ʅˎˋˍʺ˃ʰˍˇˌ όʹ҈ύΣ ˍʹ˄ ɮˉˈʵˇˋʹ ɾʶˍʰˍˊˇˉʺˌ ʊ˖ˍˇ˄ʾ˖˄ ˋʶ ʄʶˏ˃ʰ 

(IPCE), ˁʰʽ ˍˇ˄ ʃʰˊʱʴˇ˄ˍʰˌ ʃ˂ʺˊ˖ˋʹˌ όCCύ, ˍ˖˄ 3 ˒˖ˍˇˁʰˍʰ˂ˎˍʽˁ˗˄ ʵʶʽʴ˃ʱˍ˖˄ ɮΦ ITO-TiO2 

sol-gel, ɰΦ ITO-TiO2-Au ˁʰʽ C. TFKV- TiO2 pasta, ˋʶ  ˋˎ˄ʵˎʰˋ˃ˈ ˃ʶ ˍˇˎˌ ʹ˂ ʶˁˍˊˇ˂ˏˍʶˌ ˉˇˎ 

˔ˊʹˋʽ˃ˇˉˇʽʺʻʹˁʰ˄ ˁ ʰʽ ̀ ʶ ˋˎ˄ʻʺˁʶˌ ʰˁˍʽ˄ˇʲˇ˂ʾʰˌ ˃ʶ UV: 

 

ʃʾ˄ʰˁʰˌΥ ʇˉˇ˂ˇʴʽˋ˃ˇʾ ɰʰˋʽˁ˗˄ ʃʰˊʰ˃ʷˍˊ˖˄ ϧ ɮˉˇʵˈˋʶ˖˄ ʰˉˈ ˍʹ˄ ɲʽʰʵʽˁʰˋʾʰ ˍʹˌ ɼˎˁ˂ʽˁʺˌ ɰˇ˂ˍʰ˃ʶˍˊʾʰ 

ʃɶɼɰ ʊ˖ˍˇˁʰˍʰ˂ˏˍʹˌɶ˂ʶˁˍˊˇ˂ˏˍʹˌ
ɳˉʽ˒ʱ˄ʶʽʰ

(cm2)
Uoc(V) Isc(mA)

Jsc 

(mA/cm2

)

Umax 

(V)
Imax(mA)

Jmax 

(mA/cm2)

Pmax 

(mW/cm2)
n% FF IPCE%

wtπɹɹɹ1/2 in2: ITO - TiO2 H2SO4 3,226 - - - - - - - - - -

!πɹɹɹ1/2 in2: ITO - TiO2 H2SO4 & CH3OH 3,226 0,203 0,000004 0,000001 0,1207 0,000002 0,000001 0,000000 0,000 0,321 0,000

B-III 1/2 in2: ITO - Au - TiO2 H2SO4 & CH3OH 3,226 - - - - - - - - - -

C-III 1/4 in2: ITO - Au - TiO2 CH3OH 1,613 0,229 0,004159 0,002578 0,1134 0,002071 0,001284 0,000146 0,015 0,247 0,876

D-III 1/2 in2: ITO - TiO2 CH3OH 3,226 0,678 0,038860 0,012046 0,3575 0,020380 0,006317 0,002258 0,226 0,277 4,092

E-III 1/2 in2: ITO - TiO2 NaOH 3,226 0,420 0,000012 0,000004 0,2232 0,000006 0,000002 0,000000 0,000 0,273 0,001

F-III 1/2 in2: ITO - TiO2 NaOH & CH3OH 3,226 0,627 0,000035 0,000011 0,3404 0,000018 0,000006 0,000002 0,000 0,281 0,004

G-II 1/2 in2: ITO - TiO2 NaOH & CH3OH 3,226 0,914 0,000957 0,000297 0,4356 0,000452 0,000140 0,000061 0,006 0,225 0,101

H-III 1/4 in2: ITO - Au - TiO2 NaOH 1,613 0,150 0,083440 0,051730 0,0914 0,050320 0,031197 0,002851 0,285 0,367 17,574

I-II 1/4 in2: ITO - Au - TiO2 NaOH 1,613 0,667 0,039280 0,024352 0,1793 0,010670 0,006615 0,001186 0,119 0,073 8,273

J-III 1/4 in2: ITO - Au - TiO2 NaOH & CH3OH 1,613 0,259 0,136500 0,084625 0,1378 0,061310 0,038010 0,005238 0,524 0,239 28,749

K-II 1/4 in2: ITO - Au - TiO2 NaOH & CH3OH 1,613 0,186 0,046900 0,029076 0,0795 0,021520 0,013342 0,001061 0,106 0,196 9,878

L-II 1/2 in2: ITO - TiO2 NaOH & CH3OH 3,226 0,047 0,000046 0,000014 0,0234 0,000023 0,000007 0,000000 0,000 0,251 0,005

ɾπɹɹɹ1/4 in2: TFKV - TiO2pastaNaOH & CH3OH 1,613 0,878 0,042360 0,026262 0,3249 0,015530 0,009628 0,003128 0,313 0,136 8,922

ɿπɹɹɹ1/4 in2: ITO - TiO2sol-gel NaOH & CH3OH 1,613 0,525 0,000466 0,000289 0,2266 0,000196 0,000122 0,000028 0,003 0,182 0,098
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ɳʽˁˈ˄ʰ 74 ɳ˄ʵʶʽˁˍʽˁˈ ˔ʰˊʰˁˍʹˊʽˋˍʽˁˈ ʵʽʱʴˊʰ˃˃ʰ  ɹ-V 
                 ʁ˄ˈˌ ˒˖ˍˇʹ˂ʶˁˍˊˇ˔ʹ˃ʽˁˇˏ ˁʶ˂ʽˇˏ 
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   ɮˉˈ ˍʽˌ ˉʰˊʰˉʱ˄˖ ˃ʶˍˊʺˋʶʽˌ ˍ˖˄ ʵʶʽʴ˃ʱˍ˖˄ ˉˇˎ ʶ˂ʷʴ˔ʻʹˁʰ˄  

˃ʶ ˍʹ˄ ˁˎˁ˂ʽˁʺ ɰˇ˂ˍʰ˃ʶˍˊʾʰ, ʰˎˍʱ ˉˇˎ ʻʰ ˔ˊʹˋʽ˃ˇˉˇʽʹʻˇˏ˄ 

ˉʶˊʰʽˍʷˊ˖ ˋˍʽˌ ˉʶʽˊʰ˃ʰˍʽˁʷˌ ʵʽʰˍʱ˅ʶʽˌ ʶʾ˄ʰʽ ˍʰ н ˍʶ˂ʶˎˍʰʾʰΥ 

¶ ɾ-ɹɹɹ  TFKV-TiO2 pasta ˁ ʰʽ  

¶ ɿ-ɹɹɹ  ITO-TiO2 sol-gel. 

 ʃʰˊʰˍʹˊʶʾˍʰʽ ʰˉˈ ˍˇ˄ ˍʶ˂ʶˎˍʰʾˇ ˉʾ˄ʰˁʰ ˈˍʽ ˇʽ ʰˉˇʵˈˋʶʽˌ ʶʾ˄ʰʽ 

˃ʽˁˊʷˌΣ ˍʱ˅ʹ ˃ ʶʴʷʻˇˎˌ лΣо҈ ˁʰʽ лΣлло҈ ʰ˄ˍʾˋˍˇʽ˔ʰΦ  

ʍˋˍˈˋˇΣ ʰˎˍʱ ˍʰ ʵʶʾʴ˃ʰˍʰ ʻʰ ʰˉˇˍʶ˂ʷˋˇˎ˄ ˍˇ ˎ˂ʽˁˈ ˉˇˎ ʻʰ 

ˍˇˉˇʻʶˍʹʻʶʾ ˋˍʹ ˃ʽˁˊʺ ʊ˖ˍˇʹ˂ʶˁˍˊˇ˔ʹ˃ʽˁʺ ɼˎ˕ʶ˂ʾʵʰ ʴʽʰ ˍʹ˄ ˉʰˊʰʴ˖ʴʺ ɶ˂ʶˁˍˊʽˁˇˏ 

ˊʶˏ˃ʰˍˇˌΣ ˁʰʻ˗ˌ ˁʰʽ ˉʰˊʰʴ˖ʴʺ ʇʵˊˇʴˈ˄ˇˎ ˃ʶ ˍʰˎˍˈ˔ˊˇ˄ʹ ʰˉˇʵˈ˃ʹˋʹ ˍˇˎ ˇˊʴʰ˄ʽˁˇˏ 

ˊˏˉˇˎΣ ˉˇˎ ˋˍʹ˄ ˉˊˇˁʶʽ˃ʷ˄ʹ ˉʶˊʾˉˍ˖ˋʹ ʻʰ ʶʾ˄ʰʽ ʹ ˃ʶʻʰ˄ˈ˂ʹ ˉˇˎ ʻʰ ʶʾ˄ʰʽ ˃ʷˋʰ ˋˍˇ 

ʰ˂ˁʰ˂ʽˁˈ ˉʶˊʽʲʱ˂˂ˇ˄ όNaOH) ̱ ˇˎ ɶ˂ʶˁˍˊˇ˂ˏˍʹΦ   
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2.3Φ ɾˇ˄ʱʵʰ ʊ˖ˍˇ-ɶ˂ʶˁˍˊˇ-ɼʰˍʱ˂ˎˋʹˌ 

   ʅˍʰ ˉ˂ʰʾˋʽʰ ˍʹˌ ˉʰˊˇˏˋʹˌ ʶˊʴʰˋʾʰˌ ˉˊʰʴ˃ʰˍˇˉˇʽʺʻʹˁʰ˄ ˉʶʽˊʱ˃ʰˍʰ 

ʊ˖ˍˇʹ˂ʶˁˍˊˇˁʰˍʱ˂ˎˋʹˌ, ˃ʶ ˍʹ˄ ˃ʶʴʱ˂ʹ ɹ ˁʰʽ ˃ ʁ ˍʹ˄ ˃ʽˁˊʺ ɹɹ ʊ˖ˍˇʹ˂ʶˁˍˊˇ˔ʹ˃ʽˁʺ 

ɼˎ˕ʶ˂ʾʵʰΣ ˁʱ˄ˇ˄ˍʰˌ ˔ˊʺˋʹ ˍ˖˄ ʵʶʽʴ˃ʱˍ˖˄ ˁʰʽ ˍ˖˄ ɶ˂ʶˁˍˊˇʵʾ˖˄ ˉˇˎ ˁʰˍʰˋˁʶˎʱˋˍʹˁʰ˄ 

ʰ˄ˍʾˋˍˇʽ˔ʰ, ʴʽʰ ˍʹ˄ ʰˉʶˎʻʶʾʰˌ ˉʰˊʰʴ˖ʴʺ ˊʶˏ˃ʰˍˇˌ, ˁʰʻ˗ˌ ˁʰʽ ˍʹ˄ ˉʰˊʰʴ˖ʴʺ ˎʵˊˇʴˈ˄ˇˎ, 

˃ʶ ˍʰˎˍˈ˔ˊˇ˄ʹ ʰˉˇʵˈ˃ʹˋʹ ˍ˖˄ ˇˊʴʰ˄ʽˁ˗˄ ˊˏˉ˖˄, ̍ ˉ˖ˌ ˍʹˌ ˃ʶʻʰ˄ˈ˂ʹˌΦ     

           

 

     ʅˍʰ ˉʶʽˊʱ˃ʰˍʰ ʴʽʰ ˍʹ ˂ʶʽˍˇˎˊʴʾʰ ˍ˖˄ ʊ˖ˍˇʹ˂ʶˁˍˊˇ˔ʹ˃ʽˁ˗˄ ˁˎ˕ʶ˂ʾʵ˖˄ ˇ ʹ˂ʶˁˍˊˇ˂ˏˍʹˌ 

ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽΣ ˋʶ ˁʱʻʶ ˉʶˊʾˉˍ˖ˋʹΣ ʰˉˇˍʶ˂ʶʾ ˎʵʰˍʽˁˈ ʵʽʱ˂ˎ˃ʰ ɾʶʻʰ˄ˈ˂ʹˌ όлΣрɾ 

CH3OH), ̀ ʶ h˂ˁʰ˂ʽˁˈ ˉʶˊʽʲʱ˂˂ˇ˄ лΣнрɾ NaOH.  

   ɳ˄ʵʽʰ˒ʷˊˇ˄ ʴʽʰ ˍʹ ˃ʶ˂ʷˍʹ ˁʰʽ ˍˇ ˒˖ˍˇʹ˂ʶˁˍˊˇ˔ʹ˃ʽˁˈ ˔ʰˊʰˁˍʹˊʽˋ˃ˈ ˍ˖˄ ʵʶʽʴ˃ʱˍ˖˄ - 

ɶ˂ʶˁˍˊˇʵʾ˖˄Σ ʶʾ˄ʰʽ ˄ʰ ˉˊˇˋʵʽˇˊʽˋˍˇˏ˄ н ˋʹ˃ʰ˄ˍʽˁʱ ɶ˂ʶˁˍˊʽˁʱ ˃ʶʴʷʻʹ - ʲʰˋʽˁˇʾ 

ˉʰˊʱ˃ʶˍˊˇʽ όˍʽ˃ʷˌύ ʰ˄ʰ˒ˇˊʽˁʱ ˃ʶ ˍʹ˄ ˇ˅ʶʽʵ˖ˍʽˁʺ ʰ˄ˍʾʵˊʰˋʹΥ 

ɮ. ʆ ̌ʄʶˏ˃ʰ ɰˊʰ˔ˎˁˏˁ˂˖ˋʹˌ (short circuit current, Isc).  ʆˇ ˒˖ˍˈˊʶˎ˃ʰ ˉʰʾˊ˄ʶʽ ˍʹ ˃ʷʴʽˋˍʹ 

ˍʽ˃ʺ ˈˍʰ˄ ʷ˄ʰ ʰ˃ˉʶˊˈ˃ʶˍˊˇ ʶʾ˄ʰʽ ˋˎ˄ʵʶ˃ʷ˄ˇ ʰˉϥ ʶˎʻʶʾʰˌ ˋˍʰ ʹ˂ʶˁˍˊˈʵʽʰ ˍʹˌ 

ɼˎ˕ʶ˂ʾʵʰˌ ˁʰʽ 

ɰΦ ɶ ɳ˒ʰˊ˃ˇʸˈ˃ʶ˄ʹ ʆʱˋʹ - ɲˎ˄ʰ˃ʽˁˈ ɮ˄ˇʽˁˍˇˏ ɼˎˁ˂˗˃ʰˍˇˌ όopen circuit potential Uoc) ʺ 

ɮ˄ˇʽˁˍˇɼˏˁ˂˖ˋʹˌ. ɾʷʴʽˋˍʹ ˍʽ˃ʺ ˋˍˇ ʵˎ˄ʰ˃ʽˁˈ ˉʰˊʰˍʹˊʶʾˍʰʽ ˈˍʰ˄ ˍˇ ˊʶˏ˃ʰ ʽˋˇˏˍʰʽ ˃ʶ 

˃ʹʵʷ˄ (˂ʶʽˍˇˎˊʴʾʰ ˔˖ˊʾˌ ˒ˇˊˍʾˇύ.  

ɳʽˁˈ˄ʰ 75 ɾʶʴʱ˂ʹ ɹ ˁʰʽ ˃ʶ ˍʹ˄ ɾʽˁˊʺ ɹɹ ʊ˖ˍˇʹ˂ʶˁˍˊˇ˔ʹ˃ʽˁʺ ɼˎ˕ʶ˂ʾʵʰ ˋʶ ˂ʶʽˍˇˎˊʴʾʰ ʊ˖ˍˇʹ˂ʶˁˍˊˇˁʰˍʱ˂ˎˋʹˌ 
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   ʃʰˊʰˁʱˍ˖ ˉʶˊʽʴˊʱ˒ˇ˄ˍʰʽ ˍʰ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ˍ˖˄ ˉʶʽˊʰ˃ʱˍ˖˄ ʴʽʰ ˁʱʻʶ ˉʶˊʾˉˍ˖ˋʹΦ 

ü  ɾʽˁˊʺ ʊ˖ˍˇʹ˂ʶˁˍˊˇ˔ʹ˃ʽˁʺ ɼˎ˕ʶ˂ʾʵʰ 

   ɱʽʰ ˍʹ ɾʽˁˊʺ ʊ˖ˍˇʹ˂ʶˁˍˊˇ˔ʹ˃ʽˁʺ ˁˎ˕ʶ˂ʾʵʰ ʺˍʰ˄ ʵʽʰʻʷˋʽ˃ʰ 2 ʵʶʾʴ˃ʰˍʰ ʵʽʰˋˍʱˋʶ˖˄ 

2,5cm x 2,5cm = 6,25cm2 Ғ 1in2Σ ˕ʹ˃ʷ˄ʰ ˋˍˇˎˌ рллϲC, ˉˇˎ ˒ʰʾ˄ˇ˄ˍʰʽ ˋˍʹ˄ ˉʰˊʰˁʱˍ˖ 

˒˖ˍˇʴˊʰ˒ʾʰ:  

A. Glass ɹʆʁ-TiO2 sol-gel  (4 layer - рллϲC) ˁ ʰʽ   

ɰ. Glass ɹʆʁ-TiO2 ̄ ʱˋˍʰˌ - pasta, ˃  ʁ̄ ʽˋˍˈ˂ʽ h ʷˊˇˌ - spray όрллϲC).   

 

 

ɳʽˁˈ˄ʰ 76 ɲʶʾʴ˃ʰˍʰ мin
2
 ɹ ʽʰ ˍʹ˄ ˂ʶʽˍˇˎˊʴʾʰ ˍʹˌ ʊɶʋ ˁˎ˕ʶ˂ʾʵʰˌ 

 

   ɮˊ˔ʽˁʱΣ ˉˊʰʴ˃ʰˍˇˉˇʽʺʻʹˁʰ˄ ˍˎˉʽˁʱ ˉʶʽˊʱ˃ʰˍʰ ˒˖ˍˇˁʰˍʰ˂ˎˍʽˁʺˌ ˉʰˊʰʴ˖ʴʺˌ I2Σ ˃ʶ ˍʹ 

˃ʽˁˊʺ ʊ˖ˍˇʹ˂ʶˁˍˊˇ˔ʹ˃ʽˁʺ ɼˎ˕ʶ˂ʾʵʰΣ ˁʱ˄ˇ˄ˍʰˌ ˔ˊʺˋʹ, ʰˊ˔ʽˁʱ ˍˇˎ ʵʶʾʴ˃ʰˍˇˌ 1in2 ˉˇˎ 

˒ʷˊʶʽ ˍ ̌˒˖ˍˇˁʰˍʰ˂ˏˍʹ ITO - TiO2 (4 Layer - рллϲC),  ˉˇˎ ˁʰˍʰˋˁʶˎʱˋˍʹˁʶ ˃ʶ ˍʹ ˃ʷʻˇʵˇ 

sol-gel ˁ ʰʽ ʶ˄ʰˉˈʻʶˋʹ ˃ʶ Spin Coating.  

 

ɾ  ʁ̀ ˏ˄ʵʶˋʹ ˃ ˈ˄ˇ ˍˇ ˎh ˃ˉʶˊˇ˃ʷˍˊˇˎ 

ˋˍʹ˄ ˁ˂ʾ˃ʰˁʰ ˍ˖˄ A˃Σ ˉʰˊʰˍʹˊʺʻʹˁʶ 

ˋˍʽˌ ʶ˄ʵʶʾ˅ʶʽˌ ʷ˄ˍˇ˄ʹ ˃ ʶˍʰʲˇ˂ʺ ʰˉˈ 

Dark ̀ ʶ Light 10W/ m2,  

ʰˉˈ 27,8˃ A ̀ ʶ млтA˃, h ˄ˍʾˋˍˇʽ˔ʰΦ 

 

 

 

 

 

 

ɮ: Glass ITO-TiO2 sol-gel (4 Layer - рллϲ/ύ B: Glass ITO-TiO2 pasta-ǎǇǊŀȅ όрллϲ/ύ  
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   ʅˍʹ ˋˎ˄ʷ˔ʶʽʰ ˎ˂ˇˉˇʽʺʻʹˁʰ˄ ʵʽʱ˒ˇˊʰ ˉʶʽˊʱ˃ʰˍʰ ˁʱ˄ˇ˄ˍʰˌ ˔ˊʺˋʹ ʶ˄ˈˌ ˉˇˍʶ˄ˋʽˈ˃ʶˍˊˇˎ 

ˍ˖˄ птлʍ ˖ˌ ˒ˇˊˍʾˇΦ ʅˍʹ ˒˖ˍˇʴˊʰ˒ʾʰ ˒ʰʾ˄ʶˍʰʽ ʹ ʵʽʱˍʰ˅ʹ ˃ʰʸʾ ˃ʶ ˍˇ UVA-UVB detector 

ˉˇˎ ʵʶʾ˔˄ʶʽ ˈˍʽ ˋˍʹ˄ ˁ˂ʾ˃ʰˁʰ ˍ˖˄ mW/cm2 ʹ ʷ˄ˍʰˋʹ ˍʹˌ ˉˊˇˋˉʾˉˍˇˎˋʰˌ ʰˁˍʽ˄ˇʲˇ˂ʾʰˌ ʶʾ˄ʰʽ 

1,03 mW/cm2 = 10 W/m2.  

ʃʰˊʰˁʱˍ˖ ˉʰˊʰˍʾʻʶ˄ˍʰʽ ˃ʽʰ ˋʶʽˊʱ ʰˉˈ ˒̟ ˍˇʴˊʰ˒ʾʶˌ ʰˉˈ ˍʹ ˂ʶʽˍˇˎˊʴʾʰ ˍʹˌ ʊɶʋ 

ˁˎ˕ʶ˂ʾʵʰˌΥ   

 

    

 

ɳʽˁˈ˄ʰ 79 ɽʶʽˍˇˎˊʴʾʰ ˔˖ˊʾˌ ʊˇˊˍʾˇ ɳʽˁˈ˄ʰ 77 ɽʶʽˍˇˎˊʴʾʰ ˃ʶ ˃ʽˁˊˈ ˒ˇˊˍʾˇ RaҌптлʍ 

ɳʽˁˈ˄ʰ 80 ɽʶʽˍˇˎˊʴʾʰ ˎˉˈ ˉ˂ʺˊʶˌ ˒ˇˊˍʾˇ όRA) 

ɳʽˁˈ˄ʰ 78 ʆˇˉˇʻʷˍʹˋʹ ˃ʶˍʰʴ˖ʴʽˁˇˏ ʵʽʰˁˈˉˍʹ ˋˍʰ 
ˉˇ˂ˏ˃ʶˍˊʰ ʴʽʰ ʰ˄ʱ˂ʹ˕ʹ ˃ʶˍˊʺˋʶ˖˄ 
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ʆʰ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ˍ˖˄ ˉʶʽˊʰ˃ʱˍ˖˄ ˉˇˎ ˎ˂ˇˉˇʽʺʻʹˁʰ˄ ˃ʶ ˍˇ ʵʶʾʴ˃ʰ  ɮΦ ITO-TiO2 sol-gel  

 ˁ ʰˍʰʴˊʱ˒ˇ˄ˍʰʽ ˋˎ˄ˇˉˍʽˁʱ ̱̀ˇ˄ ˉʰˊʰˁʱˍ˖ ˉʾ˄ʰˁʰ ɮ: 

ʃʾ˄ʰˁʰˌ ɮ: ɽʶʽˍˇˎˊʴʾʰ ʊɶʋ ˁˎ˕ʶ˂ʾʵʰˌ ˃ ʶ ˍˇ ʵʁ ʾʴ˃ʰ ɮΦ ITO-TiO2 sol-gel  

ʰκʰ ʅˎ˄ʻʺˁʶˌ ʊˇˊˍʾˇ όɮ˄ˍʾˋˍʰˋʹ ˋʶ ʍύ ʆʱˋʹ όV) ʄʶˏ˃ʰ ό˃A) 

1 Dark ɮ˄ˇʽˁˍˈ ˁˏˁ˂˖˃ʰ 0,000 0,027 

2 Light 10W/m2 ɮ˄ˇʽˁˍˈ ˁˏˁ˂˖˃ʰ Uc=0,479V ɮˋˏ˄ʵʶˍˇ 

3 Light 10W/m2 RA +470ʍ 0,121 81,7 

4 Light 10W/m2 RA 0,092 Isc=93,9mA 

ˈˉˇˎΥ RA ́  ʶˋ˖ˍʶˊʽˁʺ ʰ˄ˍʾˋˍʰˋʹ ˍˇˎ ɮ˃ˉʶˊˇ˃ʷˍˊˇˎ ғмʍ 

ʁ˃ˇʾ˖ˌΣ ˍʰ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ˍ˖˄ ˉʶʽˊʰ˃ʱˍ˖˄ ˉˇˎ ˎ˂ˇˉˇʽʺʻʹˁʰ˄ ˃ʶ ˍˇ ʵʶʾʴ˃ʰ  ɰ. ITO-TiO2 

pasta - spray ˁ ʰˍʰʴˊʱ˒ˇ˄ˍʰʽ ˋˎ˄ˇˉˍʽˁʱ ˋˍˇ˄ ˉʰˊʰˁʱˍ˖ ˉʾ˄ʰˁʰ B: 

ʃʾ˄ʰˁʰˌ BΥ ɽʶʽˍˇˎˊʴʾʰ ʊɶʋ ˁˎ˕ʶ˂ʾʵʰˌ ˃ʶ ˍˇ ʵʶʾʴ˃ʰ B. ITO-TiO2 pasta-spray 

ʰκʰ ʅˎ˄ʻʺˁʶˌ ʊˇˊˍʾˇ όɮ˄ˍʾˋˍʰˋʹ ˋʶ ʍύ ʆʱˋʹ όV) ʄʶˏ˃ʰ ό˃A) 

1 Dark ɮ˄ˇʽˁˍˈ ˁˏˁ˂˖˃ʰ 0,155 160,0 

2 Light 10W/m2 ɮ˄ˇʽˁˍˈ ˁˏˁ˂˖˃ʰ Uc=0,905V ɮˋˏ˄ʵʶˍˇ 

3 Light 10W/m2 RA +470ʍ 0,165 93,5 

4 Light 10W/m2 RA 0,123 Isc=124,5˃ ɮ 

ˈˉˇˎΥ RA ́  ʶˋ˖ˍʶˊʽˁʺ ʰ˄ˍʾˋˍʰˋʹ ˍˇˎ ɮ˃ˉʶˊˇ˃ʷˍˊˇˎ ғмʍ 

ʃʰˊʰˍʹˊʶʾˍʰʽ ˋʶ ʰˎˍʺ ˍʹ˄ ˉʶˊʾˉˍ˖ˋʹ όɲʶʾʴ˃ʰ ɰύ ˈˍʽ ʶ˄˗ ˋˍʹ˄ ʰˊ˔ʺ ʷʵʶʽ˔˄ʶ ˋʹ˃ʰ˄ˍʽˁʺ 

˃ʶˍʰʲˇ˂ʺ ʰˉˈ Dark ̀ ʶ Light, ˃ ʶ ˉˇ˂ˏ ˁʰ˂ˏˍʶˊʰ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ˋʶ ˋ˔ʷˋʹ ˃ʶ ˍˇ ɲʶʾʴ˃ʰ ɮΣ ˋˍʹ 

ˋˎ˄ʷ˔ʶʽʰ ˍʽˌ ˉʶʽˊʰ˃ʰˍʽˁʺˌ ʵʽʰʵʽˁʰˋʾʰˌ ˎˉʺˊ˔ʶ ʰˋˍʱʻʶʽʰ ˋˍʽˌ ˃ʶˍˊʺˋʶʽˌΦ  

ʅˍʹ ˋˎ˄ʷ˔ʶʽʰ ˋˍˇ˄ ˉʰˊʰˁʱˍ˖ ˋˎʴˁʶ˄ˍˊ˖ˍʽˁˈ ˉʾ˄ʰˁʰ ˒ʰʾ˄ˇ˄ˍʰʽ ˍʰ ʹ˂ʶˁˍˊʽˁʱ ˃ʶʴʷʻʹ ˉˇˎ 

ˁʰʻˇˊʾʸˇˎ˄ ˋˎʴˁˊʽˍʽˁʱ ˍʰ ˂ʶʽˍˇˎˊʴʽˁʱ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ ˍ˖˄ н ʵʶʽʴ˃ʱˍ˖˄ ˉˇˎ 

˔ˊʹˋʽ˃ˇˉˇʽʺʻʹˁʰ˄Υ  

ʃʾ˄ʰˁʰˌ ɱΥ ʅˎʴˁʁ ˄ˍˊ˖ˍʽˁʱ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ɽʶʽˍˇˎˊʴʾʰˌ ʊɶʋ ˁˎ˕ʶ˂ʾʵʰˌ ʴʽʰ ˍʰ н ʵʶʾʴ˃ʰˍʰ 

ɲʶʾʴ˃ʰ ʆʱˋʹ Uc (V) ʆʱˋʹ Umin(V) ʄʶˏ˃ʰ Isc(˃ A) 

ɮ. ITO-TiO2 sol-gel 0,479 0,092 93,9 

ɰ. ITO-TiO2 pasta - spray 0,905 0,123 124,5 

ɮˉˈ ˍˇ˄ ˍʶ˂ʶˎˍʰʾˇ ˉʾ˄ʰˁʰ ˉˇˎ ˉʶˊʽʴˊʱ˒ʶʽ ˍʰ ˉʶʽˊʱ˃ʰˍʰ ˍ˖˄ н ʵʶʽʴ˃ʱˍ˖˄ ʶ˄˗ ˒ʰʾ˄ʶˍʰʽ ˈˍʽ 

ˍˇ ɰΦ ITO-TiO2 pasta - spray ʵʾ˄ʶʽ ˁʰ˂ˏˍʶˊʰ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ʷ˄ʰ˄ˍʽ ˍˇˎ ɮΦ ITO-TiO2 sol-gel, 

ʶ˄ˍˇˏˍˇʽˌ ˂ˈʴˇ ˍʽˌ ʰˋˍʱʻʶʽʰˌ ˉˇˎ ˉʰˊʰˍʹˊʺʻʹˁʶ όˈˉ˖ˌ ˉʶˊʽʴˊʱ˒ˍʹˁʶ ˉʰˊʰˉʱ˄˖ύ ˋˍˇ ɰ 

ʵʶʾʴ˃ʰΣ ʻʶ˖ˊʶʾˍʰʽ ˈˍʽ ˍˇ ʵʶʾʴ˃ʰ ɮ ʺˍʰ˄ ˉʽˇ ˋˍʰʻʶˊˈ ˁʰʽ ʰ˅ʽˈˉʽˋˍˇΦ    

ʍˋˍˈˋˇΣ ʹ ̄h ˊʰʴ˖ʴʺ ˎ ʵˊˇʴˈ˄ˇˎ ˋʶ ˁʱʻʶ ˉʶˊʾˉˍ˖ˋʹ ʵʶ˄ ʺˍʰ˄ ʶ˃˒ʰ˄ʺˌΣ ˃ʶˍʱ ʰˉˈ ˉˇ˂ˏ˖ˊʹ 

˒˖ˍˇʲˈ˂ʹˋʹ ˃ʶ UV. 
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ü   ɾʶʴʱ˂ʹ ʊ˖ˍˇʹ˂ʶˁˍˊˇ˔ʹ˃ʽˁʺ ɼˎ˕ʶ˂ʾʵʰ 

   ɱʽʰ ˍʹ ɾʶʴʱ˂ʹ ʊ˖ˍˇʹ˂ʶˁˍˊˇ˔ʹ˃ʽˁʺ ˁˎ˕ʶ˂ʾʵʰ ʺˍʰ˄ ʵʽʰʻʷˋʽ˃ʰ с ɶ˂ʶˁˍˊˈʵʽʰ (12X12)cm2,  

AΦ  ɮ˄ˇ˅ʶʾʵ˖ˍʰ Iɿʁʋ-TiO2 (Degussa P25 - рллϲC)  

B.  ɱˎʱ˂ʽ˄ʰ Energy Glass -TiO2 (Degussa P25 - рллϲ/ύ ˁ ʰʽ  

ɱ. ɮ˂ˇˎ˃ʽ˄ʷ˄ʽʰ Al-TiO2 (Degussa P25 - рллϲ/ύΦ 

ʅˍʰ ˃ʽˋʱ (ˋˍʹ ˒˖ˍˇʴˊʰ˒ʾʰ ʹ ˉʱ˄˖ ˋʶʽˊʱύ ʹ ʶ˄ʰˉˈʻʶˋʹ ˉʱˋˍʰˌ - pasta TiO2 ˍʹˌ ʶ˃ˉˇˊʽˁʺˌ 

Degussa P-25 ʷʴʽ˄ʶ ˃ʶ ˍʹ˄ ˍʶ˔˄ʽˁʺ Doctor BladeΣ ʶ˄˗ ˋˍʰ ʱ˂˂ʰ ˃ʽˋʱ (ˋˍʹ ˒˖ˍˇʴˊʰ˒ʾʰ ʹ 

ˁʱˍ˖ ˋʶʽˊʱύ ʹ ʶ˄ʰˉˈʻʶˋʹ ʰˊʰʽ˖˃ʷ˄ˇˎ ʵʽʰ˂ˏ˃ʰˍˇˌ  TiO2 ˍʹˌ ʶ˃ˉˇˊʽˁʺˌ Degussa P-25, ʷʴʽ˄ʶ 

˃ ʁ̄ ʽˋˍˈ˂ʽ h ʷˊˇˌ όɮʶˊˇʴˊʱ˒ˇˌύ - spray.   

 

ɳʽˁˈ˄ʰ 81 ʆʰ с ɲʽʰʻʷˋʽ˃ʰ ɶ˂ʶˁˍˊˈʵʽʰ ʴʽʰ ˍʹ˄ ɾʶʴʱ˂ʹ ʊ˖ˍˇʹ˂ʶˁˊˇ˔ʹ˃ʽˁʱ ɼˎ˕ʶ˂ʾʵʰ 

ʅˎʴˁʶ˄ˍˊ˖ˍʽˁʱ ˇʽ ˃ʶˍˊʺˋʶʽˌ ˉˇˎ ˎ˂ˇˉˇʽʹʻʺˁʰ˄ ˁʰˍʱ ˍʹ ˂ʶʽˍˇˎˊʴʾʰ ˍʹˌ ˃ʶʴʱ˂ʹˌ 

˒˖ˍˇʹ˂ʶˁˍˊˇ˔ʹ˃ʽˁʺ ˁˎ˕ʶ˂ʾʵʰˌ ɹɹ ˉʶˊʽʴˊʱ˒ˇ˄ˍʰʽ ˋˍˇ˄ ˉʰˊʰˁʱˍ˖ ˉʾ˄ʰˁʰΥ 

ʰκʰ 
ɳʾʵˇˌ ɶ˂ʶˁˍˊˈʵʽˇˎ  

ʆʶ˔˄ʽˁʺ ʶ˄ʰˉˈʻʶˋʹˌ 

Dark Light 10W/m2 

ʆʱˋʹ Uoc  ʄʶˏ˃ʰ Isc ʆʱˋʹ Uoc ʄʶˏ˃ʰ Isc 

ɮ1 INOX-TiO2 pasta 0,010V фΣр˃ɮ 0,853V 5,500mA 

A2 INOX-TiO2 spray 0,067V 84Σп˃ɮ 0,840V 1,800mA 

ɰ1 ENERGY GLASS-TiO2 pasta -0,015V мΣс˃ɮ 0,459V 1,400mA 

B2 ENERGY GLASS-TiO2 spray -0,152V рлΣм˃ɮ 0,335V 6,300mA 

C1 Al-TiO2 pasta - - - - 

C2 Al-TiO2 spray 1,413V 137mA 1,413V 137mA 

ɮмΥ Lbh·-TiO2 pasta 

ɮ2: INOX-TiO2 spray 

B1: GLASS THERMʁ-TiO2 pasta C1: Al-TiO2 pasta 

B2: THERMʁ GLASS-TiO2 spray C2: Al-TiO2 spray 
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   ɮˊ˔ʽˁʱΣ ˍʰ ɶ˂ʶˁˍˊˈʵʽʰ C. ɮ˂ˇˎ˃ʽ˄ʷ˄ʽʰ Al-TiO2 (Degussa P25 - рллϲC), ʰˉˇˁ˂ʶʾˋˍʹˁʰ˄ ʰˉˈ 

ˍ ́˃ʶ˂ʷˍʹ ˃ʰˌΣ ʴʽʰˍʾ ˉʰˊʰˍʹˊʺʻʹˁʶ ʷ˄ʰ ʷ˄ˍˇ˄ˇ ʰ˄ʶ˅ʷ˂ʶʴˁˍˇ ˒ʰʽ˄ˈ˃ʶ˄ˇ ˉʰˊʰʴ˖ʴʺˌ ʰʶˊʾ˖˄Σ 

ˉˇˎ ˇ˒ʶʽ˂ˈˍʰ˄ ˋˍʹ˄ ʰ˄ˍʾʵˊʰˋʹ ˁʰʻʶʰˎˍˇˏ ˍˇˎ ɮ˂ˇˎ˃ʽ˄ʾˇˎ ˃ʶ ˍˇ˄ ʰ˂ˁʰ˂ʽˁˈ ɶ˂ʶˁˍˊˇ˂ˏˍʹΣ 

ˉˇˎ ʰˉˇˍʶ˂ˇˏˋʶ  ʰ˂ˁʰ˂ʽˁˈ ˉʶˊʽʲʱ˂˂ˇ˄Σ ˃ʽʰˌ ˁʰʽ ˉʶˊʽʶʾ˔ʶ NaOH.  

ɳˉʾˋʹˌΣ ʆʰ ˃ʶˍʰ˂˂ʽˁʱ INOX ʹ˂ʶˁˍˊˈʵʽʰ ˉʰˊˇˎˋʽʱʸˇˎ˄ ˃ʶʴʰ˂ˏˍʶˊʶˌ ˍʽ˃ʷˌ ʹ˂ʶˁˍˊʽˁ˗˄ 

˃ʶʴʶʻ˗˄Σ ʆʱˋʹˌ ˁʰʽ ʄʶˏ˃ʰˍˇˌΣ  ʷ˄ʰ˄ˍʽ ˍ˖˄ ʴˎʱ˂ʽ˄˖˄Φ    

   ʍˋˍˈˋˇΣ ʹ ˉʰˊʰʴ˖ʴʺ ˎɻ ˊˇʴˈ˄ˇˎ ˋʶ ˁʱʻʶ ˉʶˊʾˉˍ˖ˋʹ ʵʶ˄ ʺˍʰ˄ ʶ˃˒ʰ˄ʺˌΣ ˃ʶˍʱ ʰˉˈ 

ˉˇ˂ˏ˖ˊʹ ˒˖ˍˇʲˈ˂ʹˋʹ ˃ʶ UV. 

 

ɮˉˈ ˍʰ ˉʶʽˊʱ˃ʰˍʰ ʊ˖ˍˇʹ˂ʶˁˍˊˇˁʰˍʱ˂ˎˋʹˌ ˉˇˎ ʶˁˍʶ˂ʷˋˍʹˁʰ˄ ˉʰˊʰˍʹˊʺʻʹˁʰ˄ ˍʰ ʶ˅ʺˌ: 

1. ɶ ʰˁˍʽ˄ˇʲˈ˂ʹˋʹ ˍˇˎ ˁʰˍʰ˂ˏˍʹ ʆʽʁ2 ʷ˔ʶʽ ˖ˌ ˋˎ˄ʷˉʶʽʰ ˍʹ˄ ʰˉˇˊˊˈ˒ʹˋʹ ˍ˖˄ ˒˖ˍˇ˄ʾ˖˄ 

ˇˉˈˍʶ ʶ˄ʶˊʴˇˉˇʽʶʾ̱ ʰΣ̔ ʵʽʶʴʶʾˊˇ˄ˍʰˌ ʹ˂ʶˁˍˊˈ˄ʽʰ ˋˍʹ ʸ˗˄ʹ ʰʴ˖ʴʽ˃ˈˍʹˍʰˌ ˁʰʽ ʵʹ˃ʽˇˎˊʴ˗˄ˍʰˌ 

ˇˉʷˌ ˋˍʹ ʸ˗˄ʹ ˋʻʷ˄ˇˎˌΣ ʴʶʴˇ˄ˈˌ ˉˇˎ ʶʾ˄ʰʽ ˒ʰ˄ʶˊˈ ʰˉˈ ˍʽˌ ˃ʶˍʰʲˇ˂ʷˌ ˋˍˇ ʵˎ˄ʰ˃ʽˁˈ - ˍʱˋʹˌ 

ʰ˄ˇʽ˔ˍˇˏ ˁˎˁ˂˗˃ʰˍˇˌ (Uoc) ˁ ʰʽ ̀ ˍʹ˄ ʷ˄ˍʰˋʹ ˍˇˎ ˊʶˏ˃ʰˍˇˌ (Isc). 

 

2Φ ɹʵʽʰʾˍʶˊʹ ˉˊˇˋˇ˔ʺ ˉˊʷˉʶʽ ˄ʰ ʵˇʻʶʾ ˋˍˇ ʶʾʵˇˌ ˍʹˌ ʵʽʰ˔˖ˊʽˋˍʽˁʺˌ ˃ʶ˃ʲˊʱ˄ʹˌ  ˋˍʹ˄ 

˒˖ˍˇʹ˂ʶˁˍˊˇ˔ʹ˃ʽˁʺ ˁˎ˕ʶ˂ʾʵʰΦ ʅˎʴˁʶˁˊʽ˃ʷ˄ʰ ʹ ˔ˊʺˋʹ ʰˉ˂ˇˏ ʵʽʹʻʹˍʽˁˇˏ ˔ʰˊˍʽˇˏ ʵʶ˄ 

ʶˉʽ˒ʷˊʶʽ ˍʰ ˉˊˇˋʵˇˁ˗˃ʶ˄ʰ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰΣ ʷ˄ʰ˄ˍʽ ˍ˖˄ ˃ʶ˃ʲˊʰ˄˗˄ ɶ˂ʶˁˍˊˇ˒ˈˊʹˋʹˌ ˁʰʽ 

ʰˁˈ˃ʰ ˁʰ˂ˏˍʶˊʰ ˍʹˌ Nafion.  

 

3Φ ʅˍʰ ˉʶʽˊʱ˃ʰˍʰ ˈˉˇˎ ˇ ʹ˂ʁ ˁˍˊˇ˂ˏˍʹˌ ʶʾ˄ʰʽ ˃ˈ˄ˇ bŀhI ό˃ˈ˄ˇ ʰ˂ˁʰ˂ʽˁˈ ˉʶˊʽʲʱ˂˂ˇ˄ύ, ʹ 

ʵʽʷʴʶˊˋʹ ˍʹˌ ˍʽˍʱ˄ʽʰˌ ʵʶ˄ ʶʾ˄ʰʽ ʰˊˁʶˍʺ ˋˍʽˌ ˉʶˊʽˋˋˈˍʶˊʶˌ ˉʶˊʽˉˍ˗ˋʶʽˌ ˗ˋˍʶ ˄ʰ ʵˏ˄ʰˍʰʽ ˄ʰ 

ˉʰˊʰ˔ʻʶʾ ˎʵˊˇʴˈ˄ˇ ʰˎʻˈˊ˃ʹˍʰ ˋˍˇ ʲˊʰ˔ˎˁˏˁ˂˖˃ʰ, ˁʰʻ˗ˌ ˍˇ ʵˎ˄ʰ˃ʽˁˈ ʰ˄̌ʽ˔ˍˇˏ 

ˁˎˁ˂˗˃ʰˍˇˌ ʶʾ˄ʰʽ ̒ ʶˍʽˁˈ, ̟ ˌ ˉˊˇˌ ˍˇ ʹ˂ʶˁˍˊˈʵʽˇ ˍˇˎ ˎʵˊˇʴˈ˄ˇˎΦ ɰʽʲ˂ʽˇʴˊʰ˒ʽˁʷˌ ʰ˄ʰ˒ˇˊʷˌ 

ˉˊˇˍʶʾ˄ˇˎ˄ ˍʹ˄ ʰ˄ʰʴˁʰʽˈˍʹˍʰ ʶˉʽʲˇ˂ʺ ̩ ʻʶˍʽˁˇˏ ʵˎ˄ʰ˃ʽˁˇˏ ˋˍˇ ʹ˂ʶˁˍˊˈʵʽˇ ˗ˋˍʶ ˄ʰ 

ˉˊʰʴ˃ʰˍˇˉˇʽʹʻʶʾ ʹ ʰ˄ˍʾʵˊʰˋʹΦ ʇˉˇˋˍʹˊʾʸˇˎ˄ ˃ʱ˂ʽˋˍʰ ˈˍʽ  ́ ʶˉʽʲˇ˂ʺ ˃ˈ˂ʽˌ ˃ʶˊʽˁ˗˄ 

ʵʶˁʱʵ˖˄ ʺ ˂ʾʴ˖˄ ʶˁʰˍˇ˄ˍʱʵ˖˄ Ƴ± ʶʾ˄ʰʽ ʰˊˁʶˍʺ ˗ˋˍʶ ˄ʰ ʵ˗ˋʶʽ ʷ˄ʰ˄ ʽˁʰ˄ˇˉˇʽʹˍʽˁˈ ˊˎʻ˃ˈΦ 

ɳˉʾˋʹˌΣ ˈˍʽ ʹ ʷ˄ˍʰˋʹ ˍˇˎ ˊʶˏ˃ʰˍˇˌ ˁʰˍʱ ˍ́ ˄ ʶˉʽʲˇ˂ʺ ʵˎ˄ʰ˃ʽˁˇˏ ʰˉˇʵʶʽˁ˄ˏʶˍʰʽ ˈˍʽ 

ʰ˄ˍʽˋˍˇʽ˔ʶʾ ˉ˂ʺˊ˖ˌ ˋˍˇ˄ ˊˎʻ˃ˈ ˉʰˊʰʴ˖ʴʺˌ ˎʵˊˇʴˈ˄ˇˎ ˋˍˇ ʲˇʹʻʹˍʽˁˈ ʹ˂ʶˁˍˊˈʵʽˇΦ 

ɮ˄ˍʾʻʶˍʰ ˋˍˇ ʹ˂ʶˁˍˊˈʵʽˇ ʶˊʴʰˋʾʰˌ ʹ ʷ˄ˍʰˋʹ ˍˇˎ ˊʶˏ˃ʰˍˇˌ ʷ˔ʶʽ ˃ʽˁˊʺ ʶˁ˂ʶˁˍʽˁˈˍʹˍʰ ˖ˌ 

ˉˊˇˌ ˍʹ˄ ˉʰˊʰʴ˖ʴʺ ˇ˅ˎʴˈ˄ˇˎΦ ʆˇ ˎˉˈ˂ˇʽˉˇ ˊʶˏ˃ʰ ˋˎ˃ʲʱ˂ʶʽ ˋˍʹ˄ ˉʰˊʰʴ˖ʴʺ ˎˉʶˊˇ˅ʶʽʵʾˇˎ 

ˍˇˎ ˎʵˊˇʴˈ˄ˇˎ [95]. ɱ̔  ʰˎˍˈ ˍˇ ˂ˈʴˇ ˔ˊʶʽʱʸʶˍʰʽ ˋˎ˄ʺʻ˖ˌ ˄ʰ ʴʾ˄ʶʽ ˉˊˇˋʻʺˁʹ ˃ʽh̩  ˇˊʴʰ˄ʽˁʺˌ 

ʶ˄˗ˋʶ˖ˌ ˋˍˇ˄ ʹ˂ʶˁˍˊˇ˂ˏˍʹΣ ˋˍʹ˄ ˉʶˊʾˉˍ˖ˋʹ ˍʹˌ ˉʰˊˇˏˋʹˌ ʶˊʴʰˋʾʰˌΣ ʹ ˉˊˇˋʻʺˁʹ 

ʰ˂ˁˇˈ˂ʹˌ - ˃ ʶʻʰ˄ˈ˂ʹˌ.  
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4. ɼʰˍʱ ˍʹ˄ ˉˊˇˋʻʺˁʹ ʰ˂ˁˇˈ˂ʹˌ ˋˍˇ˄ ʹ˂ʶˁˍˊˇ˂ˏˍʹΣ ʹ ʰ˄ˍʾʵˊʰˋʹ ˉˇˎ ʰ˄ʰ˃ʷ˄ʶˍʰʽ ˄ʰ ʴʾ˄ʶˍʰʽ 

ˋˍˇ ʹ˂ʶˁˍˊˈʵʽˇ ʶˊʴʰˋʾʰˌ ˃ʶ ˍʹ˄ ʶ˄ʰˉˈʻʶˋʹ ˍˇˎ TiO2Σ ʶʾ˄ʰʽ ʹ ˇ˅ʶʾʵ˖ˋʺ ˍˇˎΣ ʶ˄˗ ˋˍˇ 

ʲˇʹʻʹˍʽˁˈ ʹ˂ʶˁˍˊˈʵʽˇ ʵʽʰˋˉʱˍʰʽ ˍˇ ˄ʶˊˈ ˁʰʽ ˉʰˊʱʴʶˍʰʽ ˎʵˊˇʴˈ˄ˇ. ɴˍˋʽ ˋˍʰ ˉʶʽˊʱ˃ʰˍʰ ̄ ˇˎ 

ˉˊʰʴ˃ʰˍˇˉˇʽˇˏ˄ˍʰʽ ˃ʶ ˍʹ˄ ˉˊˇˋʻʺˁʹ ˃ʶʻʰ˄ˈ˂ʹˌΣ ˉˊʰʴ˃ʰˍˇˉˇʽʶʾˍʰʽ ʹ ʁ ˅ʺˌ ʰ˄ˍʾʵˊʰˋʹ: 

2223 3HCOOHOHCH +­+  

ʁ ˋˁˇˉˈˌ ʰˎˍˇˏ ˍˇˎ ʶʴ˔ʶʽˊʺ˃ʰˍˇˌ ʶʾ˄ʰʽ ʵʽˉ˂ˈˌΦ ɮˉˈ ˍʹ˄ ˃ʾʰ ˉ˂ʶˎˊʱ ˇʽ ˇˊʴʰ˄ʽˁʷˌ ʶ˄˗ˋʶʽˌΣ 

˃ˉˇˊˇˏ˄ ˄ʰ ˂ʶʽˍˇˎˊʴʺˋˇˎ˄ ˖ˌ ʻˎˋʽʰʸˈ˃ʶ˄ʶˌ ʶ˄˗ˋʶʽˌ όǎŀŎǊƛŦƛŎƛŀƭ ŀƎŜƴǘǎύ ˎˉˇʲˇʹʻ˗˄ˍʰˌ ˍˇ 

ʵʽˇ˅ʶʾʵʽˇ ˍˇˎ ˍʽˍʰ˄ʾˇˎ ˄ʰ ʵʽʰ˔˖ˊʾˋʶʽ ˍˇˎˌ ˒ˇˊʶʾˌ ˒ˇˊˍʾˇˎ ˉʽˇ ʰˉˇˍʶ˂ʶˋ˃ʰˍʽˁʱ ˁʰʻ˗ˌ ˇʽ 

ˇˊʴʰ˄ʽˁʷˌ ʶ˄˗ˋʶʽˌ ˂ʶʽˍˇˎˊʴˇˏ˄ ˖ˌ ζˉʰʴʾʵʶˌη όǘǊŀǇǎύ ʴʽʰ ˍʽˌ ˇˉʷˌΦ ʆʰˎˍˈ˔ˊˇ˄ʰ ˈ˃˖ˌ ˋˍʹ 

ʵʽʰʵʽˁʰˋʾʰ ʰˎˍʺ ˇʽ ˇˊʴʰ˄ʽˁʷˌ ʶ˄˗ˋʶʽˌ ʰˉˇʵˇ˃ˇˏ˄ˍʰʽΣ ˋˎ˄ʶˉ˗ˌ ˇʽ ˉʽʻʰ˄ʷˌ ʶ˒ʰˊ˃ˇʴʷˌ 

ˁʰ˂ˏˉˍˇˎ˄ ˃ʶʴʱ˂ˇ ʶˏˊˇˌ ˍ˖˄ ʲʽˇ˃ʹ˔ʰ˄ʽˁ˗˄ ʵˊʰˋˍʹˊʽˇˍʺˍ˖˄ [95].  

   ʅˍʹ ʵʽˁʺ ˃ʰˌ ˉʶˊʾˉˍ˖ˋʹ ˇʽ ˉˊˇˋˉʱʻʶʽʶˌ ʵʽʱ˒ˇˊ˖˄ ˋˎ˄ʵˎʰˋ˃˗˄ όʶ˄ʾˋ˔ˎˋʹ ˃ʶ ʶ˅˖ˍʶˊʽˁˈ 

ʵˎ˄ʰ˃ʽˁˈ) ʷʵʶʽ˅ʶ ˄ʰ ˃ʹ˄ ʷ˔ˇˎ˄ ʰˉˇˍʷ˂ʶˋ˃ʰ ʴʽʰ ˍʹ ʵʽʱˋˉʰˋʹ ˍˇˎ ˃ˇˊʾˇˎ ˍˇˎ ˄ʶˊˇˏΦ ɮˎˍˈ 

ˉʽʻʰ˄ˈˍʰˍʰ ˄ʰ ˇ˒ʶʾ˂ʶˍʰʽ ˋˍʹ˄ ˉˇ˂ˏ ˃ʽˁˊʺ ˍʱˋʹ ˉˇˎ ʷʵʽ˄ʰ˄ ˍʰ ˁʰˍʰˋˁʶˎʰˋʻʷ˄ˍʰ ʵʶʾʴ˃ʰˍʰ 

- ́ ˂ʶˁˍˊˈʵʽʰ, ˁ ʰˍʱ ˍʹ ˒ ˖ˍˇ́˂ ʶˁˍˊˇˁʰˍʰ˂ˎˍʽˁʺ ˂ʶʽˍˇˎˊʴʾʰΦ 

 

5. ʅˏ˃˒˖˄ʰ ˃ʶ ʲʽʲ˂ʽˇʴˊʰ˒ʽˁʷˌ ʰ˄ʰ˒ˇˊʷˌΣ ʹ ʶ˂ʱ˔ʽˋˍʹ ˍʱˋʹ ˉˇˎ ʰˉʰʽˍʶʾˍʰʽ ʴʽʰ ˄ʰ 

ʵʽʰˋˉʰˋˍʶʾ ˍˇ ˄ʶˊˈ ʶʾ˄ʰʽ мΣно± ˋˍˇˎˌ нрϲ/Φ ʅʶ ʰˎˍʺ˄ ˍʹ˄ ˍʱˋʹΣ ʰˉʰʽˍʶʾˍʰʽ ʻʶˊ˃ˈˍʹˍʰ ʴʽʰ ˄ʰ 

ˉˊˇ˔˖ˊʺˋʶʽ ʹ ʰ˄ˍʾʵˊʰˋʹΦ ʂ˃˖ˌΣ ˃ʶ ˍʱˋʹ мΣпт± όˋˍˇˎˌ нрϲ/ύ ʵʶ˄ ʰˉʰʽˍʶʾˍʰʽ ʶˉʽˉ˂ʷˇ˄ 

˔ˇˊʺʴʹˋʹ ʻʶˊ˃ˈˍʹˍʰˌ [20]. 

 

6. ɶ ˉˊˇˋʻʺˁʹ ʰ˂ˁˇˈ˂ʹˌ ˋˍˇ˄ ʹ˂ʶˁˍˊˇ˂ˏˍʹ ˇʵʹʴʶʾ ˋʶ ʰˎ˅ʹ˃ʷ˄ˇˎˌ ˊˎʻ˃ˇˏˌ 

˒˖ˍˇˁʰˍʰ˂ˎˍʽˁʺˌ ˉʰˊʰʴ˖ʴʺˌ ʹ˂ʶˁˍˊʽˁʺˌ ʶ˄ʷˊʴʶʽʰˌΦ ʆˇ ˒ʰʽ˄ˈ˃ʶ˄ˇ ʰˎˍˈ ˇ˒ʶʾ˂ʶˍʰʽ ˋˍʰ 

ʽˈ˄ˍʰ ˎʵˊˇ˅ˎ˂ʾˇˎ ˉˇˎ ˉʰʴʽʵʶˏˇˎ˄ ˍʽˌ ˇˉʷˌ ˁʰʽ ʵʾ˄ˇˎ˄ ʵˊʰˋˍʽˁʷˌ ˊʾʸʶˌ ˎʵˊˇ˅ˎ˂ʾˇˎ ʽˋ˔ˎˊʺˌ 

ˇ˅ʶʽʵ˖ˍʽˁʺˌ ʵˊʱˋʹˌΦ 

 

7Φ ɾʶˍʰ˅ˏ ʱ˂˂˖˄ ˉʰˊʱʴˇ˄ˍʶˌ ˇʽ ˇˉˇʾˇʽ ʶˉʹˊʶʱʸˇˎ˄ ˍʹ˄ ʰˉˈʵˇˋʹ ˃ʽʰˌ ʊɶɼ ˁˎ ˕ʶ˂ʾʵʰˌ 

ʶʾ˄ʰ ̔ʹ ʵˇ˃ʺ ˍʹˌ ʰ˄ˈʵˇˎ ˁʰʽ ˍʹˌ ˁʰʻˈʵˇˎΣ ˇʽ ˉˊˇˋ˃ʾ˅ʶʽˌ ˃ʶ ʶˎʴʶ˄ʺ ˃ʷˍʰ˂˂ʰ, ˍˇ ʶʾʵˇˌ ˍˇˎ 

ʹ˂ʶˁˍˊˇ˂ˏˍʹΣ ʹ ʻʶˊ˃ˇˁˊʰˋʾʰ ˂ʶʽˍˇˎˊʴʾʰˌ ˍʹˌ ˁˎ˕ʶ˂ʾʵʰˌΣ ʹ ʶˉʷˁˍʰˋʹ ˍˇˎ ˒ʱˋ˃ʰˍˇˌ 

ʰˉˇˊˊˈ˒ʹˋʹˌ ˁʰʽ ˋˍˇ ˇˊʰˍˈ ˍʹˌ ʹ˂ʽʰˁʺˌ ʰˁˍʽ˄ˇʲˇ˂ʾʰˌΣ ˁΦʰΦ 
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8.  ʂˉ˖ˌ ʷ˔ʶʽ ʶʾʵʹ ʰ˄ʰ˒ʶˊʻʶʾΣ ˋˍʹ˄ ˉʰˊʱʴˊʰ˒ˇ мΦп ˍʹˌ ˉʰˊˇˏˋʰˌ ʶˊʴʰˋʾʰˌΣ ˍ ̌

˔ʰˊʰˁˍʹˊʽˋˍʽˁˈ ˒ʱˋ˃ʰ ʰˉˇˊˊˈ˒ʹˋʹˌ ˎˉʶˊʽ˗ʵˇˎˌ ˇˊʰˍʺˌ ʰˁˍʽ˄ˇʲˇ˂ʾʰˌ ˍˇˎ TiO2Σ ʵʶʾ˔˄ʶʽ 

ˈˍʽ ʰˉˇˊˊˇ˒ʱ ˋʶ ˃ʺˁˇˌ ˁˏ˃ʰˍˇˌ 367nmΣ ˉˇˎ ʰ˄ˍʽˋˍˇʽ˔ʶʾ ˋʶ ʶ˄ʶˊʴʶʽʰˁˈ ˔ʱˋ˃ʰ 3,37eV [95].  

ɳˉʾˋʹˌΣ ˍˇ ʶ˄ʶˊʴʶʽʰˁˈ ˔ʱˋ˃ʰ ˍˇˎ ɮ˄ʰˍʱˋʹ ʶʾ˄ʰʽ о.23eV ˃ʶ ˁʰʽ ˍˇ ˁʰˍ˗˒˂ʽ ˍˇˎ ˃ʺˁˇˎˌ 

ˁˏ˃ʰˍˇˌ ˍʹˌ ʰˁˍʽ˄ˇʲˇ˂ʾʰˌ ˉˇˎ ʰˉˇˊˊˇ˒ʱ ʶʾ˄ʰʽ ˋˍʰ 384nm ʶ˄˗ ʰ˄ˍʾˋˍˇʽ˔ʰ ˍˇˎ ʄˇˎˍʹ˂ʾˇˎ 

оΦлнŜ±Σ ˋˍʰ пмлƴƳ [44,45].  

ʆˇ ˔ʰˊʰˁˍʹˊʽˋˍʽˁˈ ˒ʱˋ˃ʰ ʰˉˇˊˊˈ˒ʹˋʹˌ ˎˉʶˊʽ˗ʵˇˎˌ-ˇˊʰˍʺˌ ʰˁˍʽ˄ˇʲˇ˂ʾʰˌ ʵʶʾ˔˄ʶʽ ˈˍʽ ˍˇ 

ʵʶʾʴ˃ʰ - ʹ˂ʶˁˍˊˈʵʽˇ ɹʆʁ-TiO2 ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽʺʻʹˁʶ ˋˍʹ˄ ˉʰˊˇˏˋʰ ʶˊʴʰˋʾʰΣ ʰˉˇˊˊˇ˒ʱ 

ˁˎˊʾ˖ˌ ˍʹ˄ ˎˉʶˊʽ˗ʵʹ ʰˁˍʽ˄ˇʲˇ˂ʾʰ ˁʰʽ ˋˎʴˁʶˁˊʽ˃ʷ˄ʰ ˋʶ ˃ʺˁʹ ˁˏ˃ʰˍˇˌ 330nmΣ ʶ˄˗ ˍˇ 

ʶ˄ʶˊʴʶʽʰˁˈ ˔ʱˋ˃ʰ ˎˉˇ˂ˇʴʾʸʶˍʰʽ ˋˍʰ 3,75eVΦ όʷ˔ʶʽ ʴʾ˄ʶʽ ˇ ˎˉˇ˂ˇʴʽˋ˃ˈˌ ˋˍʹ˄ ʶ˄ˈˍʹˍʰ мΦрΦпύΦ 

ʂˍʰ˄ ˇ ʹ˃ʽʰʴ˖ʴˈˌ ʵʽʶʴʶʾˊʶˍʰʽ ˃ʶ ʰˁˍʽ˄ˇʲˇ˂ʾʰ ʶ˄ʷˊʴʶʽʰˌ ʾˋʹˌ ʺ ˃ʶʴʰ˂ˏˍʶˊʹˌ ˍˇˎ 

ʶ˄ʶˊʴʶʽʰˁˇˏ ˔ʱˋ˃ʰˍˇˌΣ ˍʰ ˒˖ˍˇˉʰˊʰʴˈ˃ʶ˄ʰ ʹ˂ʶˁˍˊˈ˄ʽʰ ˃ʶˍʰʲʰʾ˄ˇˎ˄ ˋˍʹ ʸ˗˄ʹ 

ʰʴ˖ʴʽ˃ˈˍʹˍʰˌΣ ʰ˒ʺ˄ˇ˄ˍʰˌ ˋˍʹ ʸ˗˄ʹ ˋʻʷ˄ˇˎˌ ʻʶˍʽˁʱ ˒ˇˊˍʽˋ˃ʷ˄ʶˌ ˇˉʷˌΦ  

ɮˎˍˈ ʵʶʾ˔˄ʶʽ ˈˍʽ ˔ˊʶʽʱʸʶˍʰʽ ˃ʶʴʰ˂ˏˍʶˊʹ ʶ˄ʷˊʴʶʽʰ ʴʽʰ ˄ʰ ˒˖ˍˇʶ˄ʶˊʴˇˉˇʽʹʻʶʾ ˇ ˁʰˍʰ˂ˏˍʹˌ 

ˋˍʹ ɻ ʽˁʺ ˃ʰˌ ˉʶˊʾˉˍ˖ˋʹ ˁ ʰʽ ʴʽ ʰˎˍˈ ˍˇ ˂ˈʴˇ ˉʰˊˇˎˋʽʱʸʶʽ ˉˇ˂ˏ ˃ʽˁˊʺ ʰˉˈʵˇˋʹΦ  
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2.4Φ ɾˇ˄ʱʵʰ ʅˎˋˍˇʽ˔ʾʰˌ ɼˎ˕ʷ˂ʹˌ ɼʰˎˋʾ˃ˇˎ ό{ǘŀŎƪ CǳŜƭ ŎŜƭƭǎύ 

    

   ɾʶˍʱ ˍʹ˄ ˁʰˍʰˋˁʶˎʺ ˍʹˌ ʅˎˋˍˇʽ˔ʾʰˌ ˍʹˌ ɼˎ˕ʷ˂ʹˌ ɼʰˎˋʾ˃ˇˎ 

ʰˁˇ˂ˇˎʻʶʾ ˃ʶ˂ʷˍʹ ɶ˂ʶˁˍˊˇ˔ʹ˃ʽˁˇˏ ˔ʰˊʰˁˍʹˊʽˋ˃ˇˏΦ  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

   ɮˊ˔ʽˁʱΣ ˊˎʻ˃ʾˋˍʹˁʶ ʹ ˊˇʺ ˍˇˎ ʇʵˊˇʴˈ˄ˇˎ όʰˉˈ ˍʹ ˃ˇ˄ʱʵʰ ʹ˂ʶˁˍˊˈ˂ˎˋʹˌύ ˗ˋˍʶ ˄ʰ 

ˁˊʰˍʺʻʹˁʶ ˋˍʰʻʶˊʺ ˋʶ ˈ˂ʶˌ ˍʹˌ ˃ʶˍˊʺˋʶʽˌ ʾˋʹ ˃ʶ сΣнуcm2/minΣ ˉˇˎ ʰ˄ˍʽˋˍˇʽ˔ʶʾ ˋʶ ˏ˕ˇˌ 

0,5cm ˍˇˎ ʵˇ˔ʶʾˇˎ ʰˉˇʻʺˁʶˎˋʹˌ ˉʰˊʰʴˈ˃ʶ˄˖˄ ʰʶˊʾ˖˄ ʊпΦ  ɱʽʰ ˍʹ ˃ʶ˂ʷˍʹ ˍʹˌ ˁˎ˕ʷ˂ʹˌ 

ˁʰˎˋʾ˃ˇˎ ˉˊʰʴ˃ʰˍˇˉˇʽʺʻʹˁʰ˄ ˃ʶˍˊʺˋʶʽˌ ʴʽʰ ˁʱʻʶ ˋˍˇʽ˔ʶʾˇ ˍʹˌ ˁˎ˕ʷ˂ʹˌΣ ˗ˋˍʶ ˄ʰ 

ˋˎʴˁʶ˄ˍˊ˖ʻˇˏ˄ ʶˁʶʾ˄ʶˌ ˇʽ ˉʰˊʱ˃ʶˍˊˇʽ ˉˇˎ ˋˁˇˉˈ ʶʾ˔ʰ˄ ˄ʰ ˔ˊʹˋʽ˃ˇˉˇʽʹʻˇˏ˄ ʴʽʰ 

ˉʶˊʰʽˍʷˊ˖ ʶˉʶ˅ʶˊʴʰˋʾʰ ˋˍˇ Matlab. ɮˁˇ˂ˇˎʻʺʻʹˁʰ˄ ˍʰ ˉʰˊʰˁʱˍ˖ ʲʺ˃ʰˍʰ ˖ˌ ʶ˅ʺˌΥ 

 

мϲ ɰʺ˃ʰΥ ɾʶˍʰʲʱ˂˂ˇ˄ˍʰˌ ˍˇ ʄʶˏ˃ʰ ό˃ʶ ˔ˊʺˋʹ ʍ˃ʽˁˇˏ ˒ˇˊˍʾˇˎ - ʃˇ˄ˍʶˋʽˈ˃ʶˍˊˇ) ˃ʶˍˊʺʻʹˁʶ 

ʹ ˍʱˋʹ ʶ˅ˈʵˇˎ ˍˇˎ ˁʱʻʶ ˋˍˇʽ˔ʶʾˇˎ ˍʹˌ ˁˎ˕ʷ˂ʹˌ ɼʰˎˋʾ˃ˇˎΦ ʁʽ ˍʽ˃ʷˌ ʰˎˍʷˌ ˋˎʴˁʶ˄ˍˊ˗ʻʹˁʰ˄ 

ˋʶ о ʵʽʰ˒ˇˊʶˍʽˁˇˏˌ ˉʾ˄ʰˁʶˌ όU-I: UI1, UI2, UI3)Σ ˉˇˎ ʰ˒ˇˊˇˏˋʰ˄ ˍˇ ˁʱʻʶ ˋˍˇʽ˔ʶʾˇ ˍʹˌ 

ˁˎ˕ʷ˂ʹˌ ˔˖ˊʽˋˍʱ.  

ɳʽˁˈ˄ʰ 82 ɽʶʽˍˇˎˊʴʾʰ ɮ˄ʰˋˁʶˎʰˋʻʶʾˋʰˌ ɼˎ˕ʷ˂ʹˌ ɼʰˎˋʾ˃ˇˎ ˍʹˌ ɳˊʴʰˋʾʰˌ 
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нϲ ɰʺ˃ʰΥ ʅˍʹ ˋˎ˄ʷ˔ʶʽʰΣ ˃ʶ ˍʹ ʲˇʺʻʶʽʰ ˍˇˎ Matlab, ˔ʰˊʱ˔ʻʹˁʶ ʹ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʺ ˁʰ˃ˉˏ˂ʹ 

˒ˇˊˍʾˇˎ ˁʱʻʶ ˋˍˇʽ˔ʶʾˇˎ ˍʹˌ  ɼˎ˕ʷ˂ʹˌ ˁʰˎˋʾ˃ˇˎ όɲʽʱʴˊʰ˃˃ʰ мύΦ ɾʶˍʱ ˉˇ˂˂ʰˉ˂ʰˋʽʱʸˇ˄ˍʰˌ 

ˍʽˌ ˍʽ˃ʷˌ ˍ˖˄ ˉʽ˄ʱˁ˖˄ όU-I) ˁʰˍʰˋˁʶˎʱˋˍʹˁʰ˄ о ˄ʷˇʽ ˉʾ˄ʰˁʶˌ ˉˇˎ ʰ˒ˇˊˇˏˋʰ˄ ˍʹ˄ ʽˋ˔ˏ ˍ˖˄ 

ˋˍˇʽ˔ʶʾ˖˄ ˍʹˌ ˁˎ˕ʷ˂ʹˌ ˁʰˎˋʾ˃ˇˎΦ ʆʷ˂ˇˌΣ ˔ʰˊʱ˔ʻʹˁʰ˄ ˇʽ  ˁʰ˃ˉˏ˂ʶˌ ʽˋ˔ˏˇˌ ʶ˅ˈʵˇˎ ʴʽʰ ˁʱʻʶ 

ˋˍˇʽ˔ʶʾˇ ˍʹˌ ˁˎ˕ʷ˂ʹˌ ˔˖ˊʽˋˍʱ όɲʽʱʴˊʰ˃˃ʰ нύΦ ɮˉˈ ˍˇ ˍʶ˂ʶˎˍʰʾˇ ʵʽʱʴˊʰ˃˃ʰ ˉˊˇˋʵʽˇˊʾʸʶˍʰʽ 

ʹ ˃ʷʴʽˋˍʹ ʽˋ˔ˏˌ ˍˇˎ ˁʱʻʶ ˋˍˇʽ˔ʶʾˇˎΣ ˉˇˎ ʶʾ˄ʰʽ ʰ˄ˍʾˋˍˇʽ˔ʰ P1=0,6W, P2=0,55W ˁʰʽ 

P3=0,45W, ʴʽʰ ˊʶˏ˃ʰ I0=мΣрɮ. ɮˉˈ ˍˇ ʵʽʱʴˊʰ˃˃ʰ м ˃ˉˇˊʶʾ ˍ˗ˊʰ ʴʽʰ ˊʶˏ˃ʰ I0=мΣрɮ ˄ʰ 

ˉˊˇˋʵʽˇˊʽˋˍʶʾ ʹ ˍʱˋʹ ˉˇˎ ʰˉˇʵʾʵʶʽ ˁʱʻʶ ˋˍˇʽ˔ʶʾˇΣ ˉˇˎ ʶʾ˄ʰʽ U1=0,4V , U2=0.37V ˁʰʽ 

U3=0,3V,  h ˄ˍʾˋˍˇʽ˔ʰΦ  
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X: 1.5

Y: 0.4

ɉŬɟŬəŰɖɟɘůŰɘəɐ ȾŬɛˊɨɚɖ əɎɗŮ ɆŰɞɘɢŮɑɞɡ Űɖɠ Ⱦɡɣɏɚɖɠ ȾŬɡůɑɛɞɡ: U=f(I)

ȰɜŰŬůɖ ȼɚŮəŰɟɘəɞɨ ɅŮɨɛŬŰɞɠ (Ampere)
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Ƚůɢɨɠ Ⱥɝɧŭɞɡ əɎɗŮ ɆŰɞɘɢŮɑɞɡ Űɖɠ Ⱦɡɣɏɚɖɠ ȾŬɡůɑɛɞɡ: P=f(I)

ȰɜŰŬůɖ ȼɚŮəŰɟɘəɞɨ ɅŮɨɛŬŰɞɠ (ȷmpere)
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ɲʽʱʴˊʰ˃˃ʰ м ϧ нΥ ʋʰˊʰˁˍʹˊʽˋˍʽˁʺ ˁʰ˃ˉˏ˂ʹ ˁʰʽ ɹˋ˔ˏˌ ʶ˅ˈʵˇˎ ˁʱʻʶ ʅˍˇʽ˔ʶʾˇˎ ˍʹˌ ɼˎ˕ʷ˂ʹˌ ɼʰˎˋʾ˃ˇˎ 

 

ɰʺ˃ʰ оϲΥ ɱ˄ ˖ˊʾʸˇ˄ˍʰˌ ˍʹ˄ ʹ˂ʶˁˍˊˇ˔ʹ˃ʽˁʱ ʶ˄ʶˊʴʺ ʶˉʽ˒ʱ˄ʶʽʰ ˁʱʻʶ ˋˍˇʽ˔ʶʾˇˎΣ ό5cm x 5cm = 

25cm2), ˎˉˇ˂ˇʴʾˋˍʹˁʶ ʵʽʰʽˊ˗˄ˍʰˌΣ ʴʽʰ ˁʱʻʶ ˍʽ˃ʺ ˊʶˏ˃ʰˍˇˌ ˍ˖˄ ˉʰˊʰˉʱ˄˖ ˉʽ˄ʱˁ˖˄ όU-I), ́  

ˉˎ ˁ˄ˈˍʹˍʰ ˍˇˎ ʹ˂ ʶˁˍˊʽˁˇˏ ˊʶˏ˃ʰˍˇˌΦ ɴˍˋʽ ˔ʰˊʱ˔ʻʹˁʶ ʶˁ ˄ʷˇˎ ʹ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʺ ˁʰ˃ˉˏ˂ʹ 

όɲʽʱʴˊʰ˃˃ʰ оύ ˁʰʻ˗ˌ ˁʰʽ ˍʹˌ ʽˋ˔ˏˌ ʶ˅ˈʵˇˎ όɲʽʱʴˊʰ˃˃ʰ пύ ˍˇˎ ˁʱʻʶ ˋˍˇʽ˔ʶʾˇˎ ˋʶ 

ˋˎ˄ʱˊˍʹˋʹ ˃ʶ ˍʹ˄ ˉˎˁ˄ˈˍʹˍʰ ʷ˄ˍʰˋʹˌ ˍˇˎ ʹ˂ʶˁˍˊʽˁˇˏ ˊʶˏ˃ʰˍˇˌΦ 
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ɉŬɟŬəŰɖɟɘůŰɘəɐ ȾŬɛˊɨɚɖ əɎɗŮ ɆŰɞɘɢŮɑɞɡ Űɖɠ Ⱦɡɣɏɚɖɠ ȾŬɡůɑɛɞɡ: U=f(I/cm2)

ɄɡəɜɧŰɖŰŬ ȰɜŰŬůɖɠ ȼɚŮəŰɟɘəɞɨ ɅŮɨɛŬŰɞɠ (Ampere/cm2)
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U3=f(I/cm2)
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X: 0.06

Y: 0.6

Ƚůɢɨɠ Ⱥɝɧŭɞɡ əɎɗŮ ɆŰɞɘɢŮɑɞɡ Űɖɠ Ⱦɡɣɏɚɖɠ ȾŬɡůɑɛɞɡ: P=f(I/cm2)

ɄɡəɜɧŰɖŰŬ ȰɜŰŬůɖɠ ȼɚŮəŰɟɘəɞɨ ɅŮɨɛŬŰɞɠ (Ampere/cm2)
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ɲʽʱʴˊʰ˃˃ʰ о ϧ пΥ ʋʰˊʰˁˍʹˊʽˋˍʽˁʺ ˁʰ˃ˉˏ˂ʹ ˁʰʽ ɹˋ˔ˏˌ ʶ˅ˈʵˇˎ ˁʱʻʶ ʅˍˇʽ˔ʶʾˇˎ ˍʹˌ ɼˎ˕ʷ˂ʹˌ ɼʰˎˋʾ˃ˇˎ 
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ʃʰˊʰˍʹˊʶʾˍʰʽ ˈˍʽ ʹ ɾʷʴʽˋˍʹ ɹˋ˔ˏˌ όʵʽʱʴˊʰ˃˃ʰ пύ ˉʰˊˇˎˋʽʱʸʶˍʰʽ ʴʽʰ ʃˎˁ˄ˈˍʹˍʰ ɴ˄ˍʰˋʹˌ 

ɶ˂ʶˁˍˊʽˁˇˏ ʄʶˏ˃ʰˍˇˌ J=0,06A/ cm2. ɳˉˇ˃ʷ˄˖ˌ ʰˉˈ ˍˇ ʵʽʱʴˊʰ˃˃ʰ о ˍˇˉˇʻʶˍ˗˄ˍʰˌ ˍʹ˄ ˍʽ˃ʺ 

ˍʹˌ ˉˎˁ˄ˈˍʹˍʰˌ ʄʶˏ˃ʰˍˇˌ ʰˎˍʺΣ ʶˉʰ˂ʹʻʶˏˇ˄ˍʰʽ ˇʽ ˍʱˋʶʽˌ (U1=0,4V , U2=0.37V ˁʰʽ 

U3=0,3Vύ ˉˇˎ ʰˉˇʵʾʵʶʽ ˁʱʻʶ ˋˍˇʽ˔ʶʾˇ ʰ˄ˍʾˋˍˇʽ˔ʰΣ ˈˉ˖ˌ ˉˊˇʷˁˎ˕ʰ˄ ʰˉˈ ˍˇ ɲʽʱʴˊʰ˃˃ʰ мΦ  

 

ɰʺ˃ʰ пϲΥ  ɶ ʽˋ˔ˏˌ ʶ˅ˈʵˇˎ ˈ˂ʹˌ ˍʹˌ ˋˎˋˍˇʽ˔ʾʰˌ ˉˊˇˁˏˉˍʶʽ ʰˉˈ ˍʽˌ ˍʽ˃ʷˌ ˍ˖˄ ˉʽ˄ʱˁ˖˄ (I-U), 

ˉˊˇˋʻʷˍˇ˄ˍʰˌ ʰˊ˔ʽˁʱ ˍʽˌ ˍʱˋʶʽˌ ˉˇˎ ʰˉˇʵʾʵˇˎ˄ ˍʰ ʶˉʽ˃ʷˊˇˎˌ ˋˍˇʽ˔ʶʾʰ ˁʰʽ 

ˉˇ˂˂ʰˉ˂ʰˋʽʱʸˇ˄ˍʱˌ ˍʰ ˃ʶ ˍʽˌ ˍʽ˃ʷˌ ˍˇˎ ˊʶˏ˃ʰˍˇˌ ˍʹˌ ˋˎˋˍˇʽ˔ʾʰˌΦ ɴˍˋʽ ˋ˔ʶʵʽʱˋˍʹˁʰ˄ ʹ 

˔ʰˊʰˁˍʹˊʽˋˍʽˁʺ ˁʰ˃ˉˏ˂ʹ I-V όɲʽʱʴˊʰ˃˃ʰ рύ ˁʰʻ˗ˌ ˁʰʽ  ́ʽˋ˔ˏˌ ʶ˅ˈʵˇˎ όɲʽʱʴˊʰ˃˃ʰ сύ ˍʹˌ 

ˋˎˋˍˇʽ˔ʾʰˌ ˍʹˌ ˁˎ˕ʷ˂ʹˌ ˁʰˎˋʾ˃ˇˎΦ 
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ɉŬɟŬəŰɖɟɘůŰɘəɐ ȾŬɛˊɨɚɖ ɆɡůŰɞɘɢɑŬɠ Ⱦɡɣɏɚɖɠ ȾŬɡůɑɛɞɡ: U=f(I)

ȰɜŰŬůɖ ȼɚŮəŰɟɘəɞɨ ɅŮɨɛŬŰɞɠ (Ampere)
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Ƚůɢɨɠ Ⱥɝɧŭɞɡ ɆɡůŰɞɘɢɑŬɠ Ⱦɡɣɏɚɖɠ ȾŬɡůɑɛɞɡ: P=f(I)

ȰɜŰŬůɖ ȼɚŮəŰɟɘəɞɨ ɅŮɨɛŬŰɞɠ (Ampere)
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ɲʽʱʴˊʰ˃˃ʰ р ϧ сΥ ʋʰˊʰˁˍʹˊʽˋˍʽˁʺ ˁʰ˃ˉˏ˂ʹ ˁʰʽ ɹˋ˔ˏˌ ʶ˅ˈʵˇˎ ʅˎˋˍˇʽ˔ʾʰˌ ˍʹˌ ɼˎ˕ʷ˂ʹˌ ɼʰˎˋʾ˃ˇˎ 

 

ʃʰˊʰˍʹˊʶʾˍʰʽ ʰˉˈ ˍˇ ʵʽʱʴˊʰ˃˃ʰ с ˈˍʽ ˉʰˊˇˎˋʽʱʸʶʽ ˃ʷʴʽˋˍˇ ˋˍʹ˄ ˍʽ˃ʺ ˍˇˎ ˊʶˏ˃ʰˍˇˌ I0=1.5A, 

˃ ʁ˃ʷʴʽˋˍʹ ʽˋ˔ˏˌ ʶ˅ˈʵˇˎ όMPP = P0) ˈ˂ʹˌ ˍʹˌ ˋˎˋˍˇʽ˔ʾʰˌ ˍʹˌ ˁˎ˕ʷ˂ʹˌ ˁʰˎˋʾ˃ˇˎ ˄ʰ ʁʾ ˄ʰʽ 

MPP = P0 = 1.605W. ɮˎˍˈ ʶˉʰ˂ʹʻʶˏʶˍʰʽ ˁʰʽ ʰˉˈ ˍʹ˄ ˉˊˈˋʻʶˋʹ ˍ˖˄ ʶˉʽ˃ʷˊˇˎˌ ʽˋ˔ˏ˖˄ ˍ˖˄ 

ˋˍˇʽ˔ʶʾ˖˄ ˉ̌ ˎ ˉˊˇʷˁˎ˕ʰ˄ ʰˉˈ ˍˇ ʵʽʱʴˊʰ˃˃ʰ н Υ  

MPP=P0=P1+P2+P3=0,6W + 0,55W + 0,45W = 1,60W 

ɳˉʾˋʹˌΣ ʰˉˈ ˍˇ ʵʽʱʴˊʰ˃˃ʰ р ʹ ˍʱˋʹ ˈ˂ʹˌ ˍʹˌ ˋˎˋˍˇʽ˔ʾʰˌ ˍʹˌ ˁˎ˕ʷ˂ʹˌ ˁʰˎˋʾ˃ˇˎ ˋˍʹ˄ ˍʽ˃ʺ 

ˍˇˎ ˊʶˏ˃ʰˍˇˌ I0=1.5A ʶʾ˄h̔ U0 = 1,07V. ʆˇ ˇˉˇʾˇ ˁʰʽ ˉʱ˂ʽ ʶˉʰ˂ʹʻʶˏʶˍʰʽ ʰˉˈ ˍʹ˄ ˉˊˈˋʻʶˋʹ 

ˍ˖˄ ʶˉʽ˃ʷˊˇˎˌ ˍʱˋʶ˖˄ ˍ˖˄ ˋˍˇʽ˔ʶʾ˖˄ ˉˇˎ ˉˊˇʷˁˎ˕ʰ˄ ʰˉˈ ˍʰ ʵʽʰʴˊʱ˃˃ʰ̱h 1 ˁ ʰ̔ о Υ 

U0= U1+U2+U3=0,4V + 0.37V + 0,3V = 1,07V 

ɶ ʰˉˈʵˇˋʹ ˍ˖˄ ˁˎ˕ʶ˂ʾʵ˖˄ ˁʰˎˋʾ˃ˇˎ (no), ʶʾ˄ʰʽ ˋˎ˄ʺʻ˖ˌ ˃ʶˍʰ˅ˏ пл-рл҈Σ ˁʰʽ ˁʰ̒ˇˊʾʸʶˍʰʽ 

ʰˉ̍ ˍˇ ʵˎ˄ʰ˃ʽˁˈ ˉˇˎ ˃ʶˍˊʱˍʰʽ ˋˍʹ˄ ʷ˅ˇʵˇ ˍʹˌ ˁˎ˕ʶ˂ʾʵʰˌΣ ˍˇ ˇˉˇʾˇ ʵʾ˄ʶˍʰʽ ˖ˌ ˋˎ˄ʱˊˍʹˋʹ 

ˍʹˌ ˉˎˁ˄ˈˍʹˍʰˌ ˍˇˎ ʹ˂ʶˁˍˊʽˁˇˏ ˊʁ ˏ˃ʰˍˇˌ.  

ɳˉˇ˃ʷ˄˖ˌΣ ʴʽʰ ˍʹ˄ ˁˎ˕ʷ˂ʹ ˍʹˌ ʶˊʴʰˋʾʰˌ ˉˊˇˁˏˉˍʶʽ ˈˍʽ ʹ ʰˉˈʵˇˋʹ ʶʾ˄ʰʽΥ 

no = U0 x J = 1,07V x 0.06A/cm2 = 0,0642 = 6,42% 
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   ʅˍˇ ˉʰˊʰˁʱˍ˖ ˉʾ˄ʰˁʰ ˒ʰʾ˄ˇ˄ˍʰʽ ˋˎʴˁʶ˄ˍˊ˖ˍʽˁʱ ˍʰ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ʰˉˈ ˍʽˌ ˃ʶˍˊʺˋʶʽˌ ˁʰʽ 

ˍˇˎ ˎˉˇ˂ˇʴʽˋ˃ˇˏˌ ˉˇˎ ʷ˂ʰʲʰ˄ ˔˗ˊʰ ˋˍʹ˄ ʶˊʴʰˋʾʰΣ ʰ˄ʰ˒ˇˊʽˁʱ ˃ʶ ˍʹ˄ ˁʰˍʰʴˊʰ˒ʺ ˍ˖˄ 

˔ʰˊʰˁˍʹˊʽˋˍʽˁ˗˄ ˋˍˇʽ˔ʶʾ˖˄ ˍʹˌ ˋˎˋˍˇʽ˔ʾʰˌ ˍʹˌ ˁˎ˕ʷ˂ʹˌ ˁʰˎˋʾ˃ˇˎ ˉˇˎ ˁʰˍʰˋˁʶˎʱˋˍʹˁʶΥ    

ʃʾ˄ʰˁʰˌΥ ʅˎʴˁʶ˄ˍˊ˖ˍʽˁʱ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ˃ʶˍˊʺˋʶ˖˄ PEM ɼˎ˕ʷ˂ʹˌ ɼʰˎˋʾ˃ˇˎ 

PEM ɼˎ˕ʷ˂ʹ 

ɼʰˎˋʾ˃ˇˎ 

ʇʵˊˇʴˈ˄ˇˎ 

ʆʱˋʹ όV) 

ɴ˄ˍʰˋʹ 

ɶ˂ʶˁˍˊʽˁˇˏ 

ʄʶˏ˃ʰ όɮύ 

ʃˎˁ˄ˈˍʹˍʰ 

ʄʶˏ˃ʰˍˇˌ 

J (A/ cm
2
) 

ɹˋ˔ˏˌ ɳ˅ˈʵˇˎ 

(W) 
ɮˉˈʵˇˋʹ ό҈ύ 

мϲ ʅˍˇʽ˔ʶʾˇΥ U1=0,4V 

I0=1.5A J=0,06A/cm
2
 

P1=0,6W n1 = 2,40% 

нϲ ʅˍˇʽ˔ʶʾˇΥ U2=0,37V P2=0,55W n2 = 2,22% 

оϲ ʅˍˇʽ˔ʶʾˇΥ U3=0,3V P3=0,45W n3 = 1,80% 

ʅˎˋˍˇʽ˔ʾʰˌΥ U0=1,07V MPP=P0=1,065W n0 = 6,42% 

   ʅˎʴˁˊʾ˄ˇ˄ˍʰˌ ˍʹ˄ ˁˎ˕ʷ˂ʹ ˁʰˎˋʾ˃ˇˎ ˉˇˎ ˁʰˍʰˋˁʶˎʱˋˍʹˁʶ 

˃ʶ ˃ʽʰ ʰ˄ˍʾˋˍˇʽ˔ʹ ˁˎ˕ʷ˂ʹ ˉˇˎ ˁˎˁ˂ˇ˒ˇˊʶʾ ˋˍˇ ʶ˃ˉˈˊʽˇΣ 

ˉʰˊʰˍʹˊʶʾˍʰʽΥ 

ʰΦ ɾʽˁˊʺ ʆʱˋʹ ʶ˅ˈʵˇˎ ˁʱʻʶ ˋˍˇʽ˔ʶʾˇˎ όғлΣтVolt), 

.̡ ʃˇ˂ˏ ˃ʽˁˊʺ ˉˎˁ˄ˈˍʹˍʰ ʄʶˏ˃ʰˍˇˌ  

J0=0.06=A/cm2 << 0,5A/ cm2 Σ ʱˊʰ ˁʰʽ 

ʴΦ ɾʽˁˊˈ ʲʰʻ˃ˈˌ ʰˉˈʵˇˋʹˌ όn0=6,42%)  

ʷ˄ʰ˄ˍʽ ˍˇˎ ʰ˄ʰ˃ʶ˄ˈ˃ʶ˄ˇˎ όпл-50%), 

   ʆˇ ʴʶʴˇ˄ˈˌ ʰˎˍˈ ˇ˒ʶʾ˂ʶˍʰʽ ˁʰˍʱ ˁˏˊʽˇ ˂ˈʴˇ ˋˍʹ˄ ʴʺˊʰ˄ˋʹ ˍ˖˄ ˃ʶ˃ʲˊʰ˄˗˄ PEM ˉˇˎ 

˔ˊʹˋʽ˃ˇˉˇʽʺʻʹˁʰ˄Φ ɳ˄˗, ʷ˄ʰˌ ʵʶˏˍʶˊˇˌ ˂ˈʴˇˌ ʶ˅ʾˋˇˎ ˋʹ˃ʰ˄ˍʽˁˈˌ, ʶʾ˄ʰʽ ˈˍʽ ˍʰ ʹ˂ʶˁˍˊˈʵʽʰ 

˔ˊʹˋʽ˃ˇˉˇʽʺʻʹˁʰ˄ ˃ʶˍʱ ˍˇ ˋˁʱ˂ʽˋ˃ʱ ˍˇˎˌ ʰˉʶˎʻʶʾʰˌΣ ˔˖ˊʾˌ ˁʱˉˇʽʰ ʶˉʽˉ˂ʷˇ˄ ʶˉʶ˅ʶˊʴʰˋʾʰΦ 

ʅˎʴˁʶˁˊʽ˃ʷ˄ʰ ʻʰ ʷˉˊʶˉʶ ˍʰ ʹ˂ʶˁˍˊˈʵʽʰ ˉˊʽ˄ ˍʹ ˔ˊʺˋʹ ˍˇˎˌ ˄ʰ ʶ˃ˉˇˍʽˋˍˇˏ˄ ʰˉˈ ʷ˄ʰ˄ 

ˁʰˍʰ˂ˏˍʹ tǘ - ɽʶˎˁˈ˔ˊˎˋˇˎΣ лΦо ƳƎ tǘκŎƳ2 ˉˇˎ ʰ˄ˍʽˋˍˇʽ˔ʶʾ ˋʶ пл҈ tǘκ/ Ŏŀǘŀƭȅǎǘύ ˁʰʽ ˋˍʹ 

ˋˎ˄ʷ˔ʶʽʰ ˄ʰ ʴʾ˄ʶʽ ʶˉʽ˃ʶˍʱ˂˂˖ˋʹ ʰˎˍ˗˄, (ғнллƳƎκƪ² ʺ Ҕ р mWκg˃ <15g), ˈˉ˖ˌ 

ʰ˄ʰ˒ʷˊʻʹˁʶ ˋʶ ˉˊˇʹʴˇˏ˃ʶ˄ʹ ʶ˄ˈˍʹˍʰ (1.1).  

ɳʾ˄ʰʽ ˉˊˇ˒ʰ˄ʷˌ ˈˍʽ ʰˎˍˇʾ ˇʽ ʵˎˇ ˂ˈʴˇʽ ʴʽʰ ˄ʰ ʰˉˇ˒ʶˎ˔ʻˇˏ˄, ʻʰ ʶʾ˔ʰ˄ ʱ˃ʶˋˇ ʶˉʰˁˈ˂ˇˎʻˇ 

ˍʹ˄ ʰˏ˅ʹˋʹ ˍˇˎ ˁˈˋˍˇˎˌ ˁʰˍʰˋˁʶˎʺˌ ˍʹˌ ˁˎ˕ʷ˂ʹˌΦ ʍˋˍˈˋˇΣ ˇ ˋˁˇˉˈˌ ʴʽʰ ˍˇ˄ ˇˉˇʾˇ 

ˁʰˍʰˋˁʶˎʱˋˍʹˁʶ ʹ ˁˎ˕ʷ˂ʹ ˁʰˎˋʾ˃ˇˎ ʶˉʽˍʶˏ˔ʻʹˁʶΣ ˃ʽʰˌ ˁʰʽ ʰˎˍˈˌ ʺˍʰ˄ ˄ʰ ˔ˊʹˋʽ˃ˇˉˇʽʹʻʶʾ 

˖ˌ ˋˏˋˍʹ˃ʰ ˉʰˊʰʴ˖ʴʺˌ ʹ˂ʶˁˍˊʽˁʺˌ ʶ˄ʷˊʴʶʽʰˌΣ ˃ʶ ˍʰˎˍˈ˔ˊˇ˄ʹ ʰ˄ʾ˔˄ʶˎˋʹ ˍ˖˄ ˉʰˊʰʴˈ˃ʶ˄˖˄ 

ʰʶˊʾ˖˄ ʰˉˈ ˍʹ˄ ˂ʶʽˍˇˎˊʴʾʰ ˍ˖˄ ʊ˖ˍˇʹ˂ʶˁˍˊˇ˔ʹ˃ʽˁ˗˄ ˋˎˋˍʹ˃ʱˍ˖˄Φ 

ɳʽˁˈ˄ʰ 83 Stack Fuel cells ̱ʹˌ Heliocentris 
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ʅˎ˃ˉʶˊʱˋ˃ʰˍʰ 

   ʅˍʹ˄ ˉʰˊˇˏˋʰ ʶˊʴʰˋʾʰ ˉˊʰʴ˃ʰˍˇˉˇʽʺʻʹˁʶ ˇ ̀˔ʶʵʽʰˋ˃ˈˌΣ ʹ ˃ʶ˂ʷˍʹ ˁʰʽ ʹ ʰ˄ʱˉˍˎ˅ʹ 

˒˖ˍˇʹ˂ʶˁˍˊˇ˔ʹ˃ʽˁˇˏ όʊɶʋύ ˋˎˋˍʺ˃ʰˍˇˌ ʴʽʰ ˍʹ˄ ʰˉʶˎʻʶʾʰˌ ˉʰˊʰʴ˖ʴʺ ˊʶˏ˃ʰˍˇˌ, ˃ʶ 

ˍʰˎˍˈ˔ˊˇ˄ʹ ʰˉˇʵˈ˃ʹˋʹ ˇˊʴʰ˄ʽˁ˗˄ ˊˏˉ˖˄, ˈˉ˖ˌ ʹ ˃ʶʻʰ˄ˈ˂ʹ (CH3OH)Σ ˉˇˎ ˄ʰ ˃ˉˇˊʶʾ ˄ʰ 

˂ʶʽˍˇˎˊʴʶʾ ʶ˄ʰ˂˂ʰˁˍʽˁʱ ˁʰʽ ˖ˌ ˃ˇ˄ʱʵʰ ʹ˂ʶˁˍˊˈ˂ˎˋʹˌ ʴʽʰ ˍʹ˄ ˉʰˊʰʴ˖ʴʺ ˎʵˊˇʴˈ˄ˇˎΦ  

ɱʽʰ ˍʽˌ ʰ˄ʱʴˁʶˌ ˍʹˌ ʶˊʴʰˋʾʶˌ ˁʰˍʰˋˁʶˎʱˋˍʹˁʰ˄ н ˃ʶʴʷʻʹ ʊɶʋ ˁˎ˕ʶ˂ʾʵ˖˄Σ ό˃ʽʰ ˃ʶʴʱ˂ʹ ˁʰʽ 

˃ʽʰ ˃ʽˁˊʺύ, ʁ ˄ʶˊʴʺˌ ʶˉʽ˒ʱ˄ʶʽʰˌ мллcm2 ˁ ʰʽ мin2Σ ʰ˄ˍʾˋˍˇʽ˔ʰΦ 

ʆʷ˂ˇˌΣ ˍˇ ˉʰˊʰʴˈ˃ʶ˄ˇ ˎʵˊˇʴˈ˄ˇ ʵʽʰˍʾʻʶˍʰʽ ʴʽʰ ˍʹ˄ ˍˊˇ˒ˇʵˇˋʾʰ ˁˎ˕ʷ˂ʹˌ ˁʰˎˋʾ˃ˇˎ ʴʽʰ ˍʹ˄ 

ˉʰˊʰʴ˖ʴʺ ʹ˂ʶˁˍˊʽˁˇˏ ˊʶˏ˃ʰˍˇˌ. 

 ʆʰ ˉʰˊʰʵˇˍʷʰ ˍʹˌ ʶˊʴʰˋʾʰˌ ʊɶʋ ʅˎˋˍʺ˃ʰˍʰ ˁʰʻ˗ˌ ˁʰʽ ˍʹˌ ˁˎ˕ʷ˂ʹˌ ˁʰˎˋʾ˃ˇˎ ʇʵˊˇʴˈ˄ˇˎ 

˒ʰʾ˄ˇ˄ˍʰʽ ˋˍʹ˄ ˉʰˊʰˁʱˍ˖ ˒˖ˍˇʴˊʰ˒ʾʰ: 

 

   ʅʶ ˁʱʻʶ ˋˍʱʵʽˇ ˍʹˌ ˉʰˊˇˏˋʰˌ ʶˊʴʰˋʾʰˌ ˉˇˎ ˁʰˍʰʴˊʰ˒ˈˍʰ˄Σ ʷ˔ˇˎ˄ ʰ˄ʰ˒ʶˊʻʶʾ ʶˉʽ˃ʷˊˇˎˌ 

ˉʰˊʰˍʹˊʺˋʶʽˌ ˉˇˎ ʰˉˇˍʶ˂ˇˏ˄ ˋʹ˃ʰ˄ˍʽˁʷˌ ˉ˂ʹˊˇ˒ˇˊʾʶˌ ˁʰʽ ˋˎ˃ˉʶˊʱˋ˃ʰˍʰΦ ɮˎˍʷˌ ˉˊʷˉʶʽ 

˄ʰ ˂ʰ˃ʲʱ˄ˇ˄ˍʰʽ ˎˉˈ˕ʹΣ ʴʽʰ ˍʹ ˂ʶʽˍˇˎˊʴʾʰ ˍ˖˄ ˋˎˋˍʹ˃ʱˍ˖˄ ˉˇˎ ˁʰˍʰˋˁʶˎʱˋˍʹˁʰ˄Σ ʴʽʰ ˍʽˌ 

ʰ˄ɦʴˁʶˌ ˍ˖˄ ʶˁʱˋˍˇˍʶ ˉʶʽˊʰ˃ʱˍ˖˄Φ       

 

ɳ̔ ˁˈ˄ʰ 84 ɾʶʴʱ˂ˇ I ʊHX ʅˏˋˍʹ˃ʰ ˃ʶ ˍʹ˄ ɼˎ˕ʷ˂ʹ ɼʰˎˋʾ˃ˇˎ ʇʵˊˇʴˈ˄ˇˎ ϧ ɾʽˁˊˈ ɹɹ ʊɶʋ ʅˏˋˍʹ˃ʰ 
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    ɮˊ˔ʽˁʱΣ ˋˍˇ ˋʹ˃ʶʾˇ ʰˎˍˈ ˉˊʷˉʶʽ ˄ʰ ˍˇ˄ʽˋˍʶʾ ˈˍʽ ˍˇ ˋˎʴˁʶˁˊʽ˃ʷ˄ˇ ˉʶʵʾˇ ʷˊʶˎ˄ʰˌΣ ˉˇˎ 

ʰˉˇˍʶ˂ʶʾ ˃ʷˊˇˌ ˍˇˎ ʰ˄ˍʽˁʶʾ˃ʶ˄ˇ ˎ˃ʶ˂ʷˍʹˌ ˍʹˌ ˉʰˊˇˏˋʰˌ ʶˊʴʰˋʾʰˌΣ ˉˊˇˋʶ˂ˁˏʶʽ ˍˇ ʵʽʰˊˁ˗ˌ 

ʰˎ ˅ʰ˄ˈ˃ʶ˄ˇ ʶ˄ʵʽʰ˒ʷˊˇ˄ ˍʹˌ ʶˉʽˋˍʹ˃ˇ˄ʽˁʺˌ ˁˇʽ˄ˈˍʹˍʰˌΣ ˈˉ˖ˌ ˉʰˊʰˍʹˊʶʾˍʰʽ ˋˍʹ ʵʽʶʻ˄ʺ 

ʲʽʲ˂ʽˇʴˊʰ˒ʾʰΦ  

 

ɾʶ ˍʹ˄ ʰ˄ ʱˉˍˎ˅ʹ ˄ʷ˖˄ ˎ˂ʽˁ˗˄ ˋʶ ˋˎ˄ʵˎʰˋ˃ˈ ˃ʶ ˍʹ˄ ʶˉʽ˂ˇʴʺ ˍʹˌ ˁʰˍʱ˂˂ʹ˂ʹˌ ˃ʶʻˈʵˇˎ ˁʰʽ 

ˍʶ˔˄ʽˁʺˌ ʶ˄ʰˉˈʻʶˋʹˌΣ ʶˉʽˍˎʴ˔ʱ˄ʶˍʰʽ ʲʶ˂ˍʽˋˍˇˉˇʾʹˋʹ ˍʹˌ ʰˉˇʵˇˍʽˁˈˍʹˍʰˌ ˍ˖˄ ˋˎˋˍʹ˃ʱˍ˖˄ 

˒˖ˍˇʹ˂ʶˁˍˊˇˁʰˍʱ˂ˎˋʹˌΦ     

 

ɳˉʾˋʹˌΣ ˋʹ˃ʰ˄ˍʽˁˈ ˊˈ˂ˇ ˉʰʾʸʶʽ ʹ h˄ʱˉˍˎ˅ʹ ˄ʷ˖˄ ˎ˂ʽˁ˗˄, ʴʽʰ ˍʹ ˃ʁ ʾ˖ˋʹ ˍˇˎ ˁˈˋˍˇˎˌ ˍ˖˄ 

ˁˎ˕ʶ˂˗˄ ˁʰˎˋʾ˃ˇˎ, ˃ʶ ʰˉˇˍʷ˂ʶˋ˃ʰ ˄ʰ ʶˉʽˍʰ˔ˎ˄ʻʶʾ ʹ ʶ˃ˉˇˊʽˁʺ ʵʽʶʾˋʵˎˋʺ ˍˇˎˌ, 

ˁʰ˂ˏˉˍˇ˄ˍʰˌ ˍʽˌ ʶ˄ʶˊʴʶʽʰˁʷˌ ʰ˄ʱʴˁʶˌ ˍʹˌ ˋˏʴ˔ˊˇ˄ʹˌ ˁˇʽ˄˖˄ʾʰˌ ʶ˄˗ ˉʰˊʱ˂˂ʹ˂ʰ ʻʰ 

ˉˊˇˋˍʰˍʶˏʶˍʰʽ ̱ ˇ ˉʶˊʽʲʱ˂˂ˇ˄Φ 

 

ɶ ̝ˊʺˋʹ ˍˇˎ ¢ƛh2 ʶʾ˄ʰʽ ˃ʽʰ ˉˇ˂ˏ ˁʰ˂ʺ ʶˉʽ˂ˇʴʺ, ʴʽʰ ˍʹ ˒˖ˍˇˁʰˍʰ˂ˎˍʽˁʺ ˉʰˊʰʴ˖ʴʺ 

ʹ˂ʶˁˍˊʽˁˇˏ ˊʶˏ˃ʰˍˇˌ, ˁʰʻ˗ˌ ˁʰʽ ˉʰˊʰʴ˖ʴʺˌ ˎʵˊˇʴˈ˄ˇˎ ˃ʷˋ˖ ˍʹˌ ˇ˅ʶʾʵ˖ˋʹˌ, ˃ʶ ˍʹ˄ 

ˍʰˎˍˈ˔ˊˇ˄ʹ ʰˉˇʵˈ˃ʹˋʹ ̌ ˊʴʰ˄ʽˁ˗˄ ˇˎˋʽ˗˄ ˉˇˎ ʶʾ˄ʰʽ ʵʽʰ˂ˎ˃ʷ˄ʶˌ ˃ʷˋʰ ˋˍˇ ˄ʶˊˈΣ ʰˁˈ˃ʰ ˁʰʽ 

ʰ˄ ˉʶˊʽˇˊʾʸʶˍʰʽ ʹ ʰˉˇˊˊˈ˒ʹˋʺ ˍˇˎ̩Σ ˃ˈ˄ˇ ˋˍˇ ˎˉʶˊʽ˗ʵʶˌΦ ɶ ʶˉʷˁˍʰˋʹ ˍˇˎ ˒ʱˋ˃ʰˍˇˌ  

ʰˉˇˊˊˈ˒ʹˋʹˌ ˁʰʽ ˋʶ ʷ˄ʰ ˃ʷˊˇˌ ˍˇˎ ˇˊʰˍˇˏ ˒ʱˋ˃ʰˍˇˌΣ ˃ʶ ˉˊˇˋ˃ʾ˅ʶʽˌ ˃ʶˍʱ˂˂˖˄ ʺ ˃ʶ ˍʹ˄ 

˔ˊʺˋʹ ˄ʷ˖˄ ˋˏ˄ʻʶˍ˖˄ ˎ˂ʽˁ˗˄ ˁʱ˄ʶʽ ˍʹ ʵʽʶˊʴʰˋʾʰ ˉʽˇ ʶ˂ˁˎˋˍʽˁ,̋ ˃ʽʰˌ ˁʰʽ ʻʰ ˃ˉˇˊʶʾ ˄ʰ ʴʾ˄ʶʽ 

ʶˁ˃ʶˍʱ˂˂ʶˎˋʹ ˍʹˌ ʹ˂ʽʰˁʺ ̩ʰˁˍʽ˄ˇʲˇ˂ʾʰ ̩ˋʶ ˈ˂ˇ ˍˇ ʶˏˊˇˌΣ ʶ˄˗ ʻʰ ʰˎ˅ʹʻʶʾ ʹ ʰˉˇʵˇˍʽˁˈˍʹˍʰ 

ˍʹˌ ʵʽʶˊʴʰˋʾʰˌΦ 

 

 

ʁ̔  ˋˍˈ˔ˇʽ ʰ˄ʰ˒ˇˊʽˁʱ ˃ʶ ˍʽˌ  ɳ˄ʵʶʽˁˍʽˁʷˌ - ɲ̌ ˁʽ˃ʰˋˍʽˁʷˌ ˉʶʽˊʰ˃ʰˍʽˁʷˌ ˂ʶʽˍˇˎˊʴʾʶˌ ˍ˖˄ 

ʵʽʰˍʱ˅ʶ˖˄ ʶˉʽˍʶˏ˔ʻʹˁʰ˄ ˃ʶ ʶˉʽˍˎ˔ʾΣh ʶ˄˗ ˇʽ ʵʽʰˍʱ˅ʶʽˌ ˉˇˎ ˁʰˍʰˋˁʶˎʱˋˍʹˁʰ˄ ʶʾ˄ʰʽ 

ʵʽʰʻʷˋʽ˃ʶˌ ʴʽʰ ˉʶˊʰʽˍʷˊ˖ ˃ʶˍˊʺˋʶʽˌ ˁʰʽ ˋʶ ʱ˂˂ʰ ʵʶʾʴ˃ʰˍʰΣ ˃ʶ ˄ʷʰ ˎ˂ʽˁʱ, ˃ʶ ˁʰʽ˄ˇˍˈ˃ʶˌ 

ʽʵʽˈˍʹˍʶˌΦ 
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ü ʃˊˇˍʱˋʶʽˌ ʴʽʰ ˃ʶ˂˂ˇ˄ˍʽˁʺ ɳˊʴʰˋʾʰ 

 

   ɶ ˃ʶ˂ʷˍʹ ˁʰʽ ʹ ˁʰˍʰˋˁʶˎʺ ʹ˂ʶˁˍˊˇʵʾ˖˄ TiO2, ʴʽʰ ˔ˊʺˋʹ ˖ˌ ˒˖ˍˇʱ˄ˇʵˇˌ ˁʰʽ ˄ʷ˖˄ 

ˋˏ˄ʻʶˍ˖˄ ˎ˂ʽˁ˗˄ ˉˇˎ ʻʰ ˔ˊʹˋʽ˃ˇˉˇʽʹʻˇˏ˄ ˋˍʽˌ  н ˒˖ˍˇʹ˂ʶˁˍˊˇ˔ʹ˃ʽˁʷˌ ˁˎ˕ʶ˂ʾʵʶˌΣ ˉˇˎ 

ˁʰˍʰˋˁʶˎʱˋˍʹˁʰ˄ ˋˍʰ ˉ˂ʰʾˋʽʰ ˍʹˌ ˉʰˊˇˏˋʹˌ ʶˊʴʰˋʾʰˌΣ ʻʰ ˃ˉˇˊˇˏˋʶ ˄ʰ ʰˉˇˍʶ˂ʷˋʶʽ 

ʰ˄ˍʽˁʶʾ˃ʶ˄ˇ ˉʶˊʰʽˍʷˊ˖ ˃ʶ˂ʷˍʹˌΦ 

 

   ʆˇ ɾʽˁˊˈ ʊ˖ˍˇʹ˂ʶˁˍˊˇ˔ʹ˃ʽˁˈ ʅˏˋˍʹ˃ʰ ˁʰʽ ˍˇ ɾʶʴʱ˂ˇ ʊ˖ˍˇʹ˂ʶˁˊˇ˔ʹ˃ʽˁˈ ʅˏˋˍʹ˃ʰΣ 

ˁʰʻ˗ˌ ʶˉʾˋʹˌ ˁʰʽ ʹ ʅˎˋˍˇʽ˔ʾʰ ɼˎ˕ʷ˂ʹˌ ˁʰˎˋʾ˃ˇˎ ʇʵˊˇʴˈ˄ˇˎ ʻʰ ˃ˉˇˊˇˏˋʰ˄ ˄ʰ 

ʰˉˇˍʶ˂ʷˋˇˎ˄ ˍʹ ʲʱˋʹ ʴʽʰ ˄ʷʶˌ ʶˊʴʰˋʾʶˌ. ɾʶ ˋˍˈ˔ˇ ˍʹ˄ ʶ˃ʲʱʻˎ˄ˋʹ ˍʹˌ ˃ʶ˂ʷˍʹˌ ˁʰʽ ˍʹ˄ 

ʶˉʾ˂ˎˋʹ ʶˉʽ˃ʷˊˇˎˌ ˉˊˇʲ˂ʹ˃ʱˍ˖˄Φ ɱʽʰ ˉʰˊʱʵʶʽʴ˃ʰ ʻʰ ˉˊʷˉʶʽ ˄ʰ ˔ˊʹˋʽ˃ˇˉˇʽʹʻˇˏ˄  

˃ʶ˃ʲˊʱ˄ʶˌ Nafionϯ ˍˏˉˇˎ PEM, ˍˈˋˇ ʴʽʰ ˍʹ˄ ˁˎ˕ʷ˂ʹ ˁʰˎˋʾ˃ˇˎ ˈˋˇ ˁʰʽ ʴʽʰ ˍʽˌ ʊɶʋ 

ˁˎ˕ʶ˂ʾʵʶˌΦ 

 

   ʅˎ˃ˉʶˊʰˋ˃ʰˍʽˁʱΣ ˇʽ ʶ˒ʰˊ˃ˇʴʷˌ  ˍ˖˄ ˒˖ˍˇʹ˂ʶˁˍˊˇ˔ʹ˃ʽˁ˗˄ ˁʶ˂ʽ˗˄ ˁʰˎˋʾ˃ˇˎ ʴʽʰ 

ˍʰˎˍˈ˔ˊˇ˄ˇ ˁʰʻʰˊʽˋ˃ˈ ˎʵʱˍ˖˄ ʰˉˈ ˊˏˉˇˎˌ ˁʰʽ ˉʰˊʰʴ˖ʴʺ ʶ˄ˈˌ ζˁʰʻʰˊˇˏη ˁʰˎˋʾ˃ˇˎΣ ˍˇˎ 

ˎʵˊˇʴˈ˄ˇˎΣ ʷ˔ˇˎ˄ ˍʶˊʱˋˍʽˇ ʶ˄ʵʽʰ˒ʷˊˇ˄Φ 
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ɿʷʰ ɲʽʰ˒ʰ˄ʺˌ ʊ˖ˍˇʹ˂ʶˁˍˊˇ˔ʹ˃ʽˁʺˌ ˁˎ˕ʶ˂ʾʵʰˌ - ˃ ˇ˄ʱʵʰˌ 
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ʃʰˊʱˊˍʹ˃ʰ ɹ όɾʶ˂ʷˍʹ - ɲʽʰʴˊʱ˃˃ʰˍʰ ɽʰ˃ˉˍʺˊ˖˄ ¦± - Lamps Spectrum) 

 

ü ʃʾ˄ʰˁʰˌΥ ʋʰˊʰˁˍʹˊʽˋˍʽˁʱ ɽʰ˃ˉˍʺˊ˖˄ UV όɼˇˊˎ˒ʺ ˁʰʽ ɹˋ˔ˏˌκɳˉʽ˒ʱ˄ʶʽʰύ 

ɮ/ɮ ɳʾʵˇˌ ɽʰ˃ˉˍʺˊʰ ɼˇˊˎ˒ʺ  ɮˁˍʽ˄ˇʲˇ˂ʾʰ 

(W/m2.nm) 

ɹˋ˔ˏˌ/ɳˉʽ˒ʱ˄ʶʽʰ 

All    <--->   300-400nm 

ɮˉˈˋˍʰˋʹ 

1 1U lamp UVɮ 9W/240V with shock G23 365nm 0.1105 3.4W/m2 30cm 

2 1U lamp OSRAM UVC 9W/240V with shock G23 366nm 0.1266 6.3W/m2 18cm 

3 OSRAM HQI ɮˍ˃˗˄ ʇʵˊʰˊʴˏˊˇˎ 150W with Blocked UV 536nm 0.4200 33.2W/m2 40cm 

4 OSRAM HQI ɮˍ˃˗˄ ʇʵˊʰˊʴˏˊˇˎ 150W without  Blocked UV 592nm 0.3200 62W/m2 40cm 

5 OO lamp Black light 25W/240V-B27  365nm 0.1467 3.09W/m2 30cm 

6 3U lamp Black light 20W/240V-E27 365nm 0.04564 1.45W/m2 30cm 

7 OO lamp Black light 15W/240V-E27 364nm 0.01938 0.65W/m2 30cm 

8 Leds UV мс ˍʶ˃ʰ˔ʾ˖˄ 402nm - 0.01W/m2 30cm 

Irradiance: h ˁˍʽ˄ˇʲˇ˂ʾʰ όW/m
2
.nm) 

ü ʃʰˊʰˍʾʻʶ˄ˍʰʽ ˋˎʴˁʶ˄ˍˊ˖ˍʽˁʷˌ ˍʽ˃ʷˌ ˃ʶʴʶʻ˗˄ ʰˉˈ ˍʹ˄ ʃˊʰʴ˃ʰˍˇˉˇʾʹˋʹ ˍ˖˄ ɾʶˍˊʺˋʶ˖˄Υ  

1ʹ ɾʷˍˊʹˋʹ όʂ˂ˇ ˍˇ ʊʱˋ˃ʰ олл - 1100nm)             нʹ ɾʷˍˊʹˋʹ όʃʶˊʽˇ˔ʺ ʊʱˋ˃ʰˍˇˌ олл - 400nm) 

UV1:  5W/m2 ->25cm/364nm/0.1105       9W UVA ʊʻˇˊʾˇˎм        UVT1: 3.4W/m2 -> 30cm/366nm/0.1200 

 

UV2: 6.3W/m2 ->18cm/366nm/0.1266   9W UVC ʊ̒ ˇˊʾˇˎн  - 

 

UV3: 33.2W/m2 ->40cm/536nm/0.4226  HQI with   - 

      UV4: 62W/m2 ->40cm/592nm/0.3180 HQI without  - 

      UV5: 62W/m2 ->40cm/592nm/0.3245 HQI without  - 

UV6: 33.2W/m2 ->40cm/536nm/0.4097  HQI with   - 

 

     BL 25W         UVT2: 3.09W/m2 -> 30cm/368nm/0.1467 

     BL 20W          UVT3: 1.45W/m2 -> 30cm/364nm/0.04564 

     BL 15W           UVT4: 0.62W/m2 -> 30cm/364nm/0.01938 

                -   Leds UV 16 ̱ ʶ˃ʰ˔ʾ˖˄  - 

ü ʃʾ˄ʰˁʰˌΥ ʅˎʴˁʶ˄ˍˊ˖ˍʽˁʱ ˋˍˇʽ˔ʶʾʰ ɮˁˍʽ˄ˇʲˇ˂ʾʰˌ ʰˉˈ ˍʹ˄ ʶˉʶ˅ʶˊʴʰˋʾʰ ˋˍˇ Matlab 

ɽʰ˃ˉˍʺˊʶˌ* 
ɮˁˍʽ˄ˇʲˇ˂ʾʰ ˔˖ˊʾˌ ʴˎʰ˂ʾ όʰ˄ʱ ˉʶˊʽˇ˔ʷˌ ˃ʺˁˇˎˌ ˁˏ˃ʰˍˇˌύ ɮˁˍʽ˄ˇʲˇ˂ʾʰ ˃ʶ ʴˎʰ˂ʾ (300-400nm) 

300nm -1100nm 300nm-400nm 320nm-390nm Borosilicate Extra Clear 

UV1 (25cm) 5.004 3.3028 3.2818  - - 

UV2 (18cm) 6.2594 3.8411 3.8156 - - 

UV3 (40cm) 33.2170 7.3158 6.7155 - - 

UV4 (40cm) 62.7258 1.8823 1.8788 - - 

UV5 (40cm) 63.1396 2.4191 2.4134 - - 

UV6 (40cm) 28.6463 4.1840 3.9260 - - 

UVT1 (30cm) 5.2905 3.0717 3.0583 2.6959 2.6860 

UVT2 (30cm) 3.2827 3.1000 3.0907 2.7457 2.7479 

UVT3 (30cm) 1.5940 1.4557 1.4519 1.2692 1.2599 

UVT4 (30cm) 0.8717 0.6567 0.6518 0.5673 05614 

*UV1:UVA9W, UV2:UVC9W, UV3&UV6:HQIwith, UV4&UV5:HQIwithout, UVT1:UVA9W UVT2:BL25W, UVT3:BL20W, UVT4:BL15W. 
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ü ʃʾ˄ʰˁʰˌΥ ɮˁˍʽ˄ˇʲˇ˂ʾʰ όW/ m2ύ ˃ʶˍʱ ʰˉˈ ˍˇ ʴˎʰ˂ʾ  όBorosilicate)  

                                                                                                             ˋʶ ɲʽʱ˒ˇˊʶˌ ɮˉˇˋˍʱˋʶʽˌ 

ɮ/ɮ 
ɳʾʵˇˌ ɽʰ˃ˉˍʺˊʰ 

όʃʶˊʽˇ˔ʺ ˃ʺˁˇˎˌ ˁˏ˃ʰˍˇˌ олл-400nm) 

ɮˁˍʽ˄ˇʲˇ˂ʾʰ όW/ m2ύ ˃ʶˍʱ ʰˉˈ ˍˇ ʴˎʰ˂ʾ  όBorosilicateύ ˋʶ ɮˉˈˋˍʰˋʹ 

30cm 25cm 20cm 15cm 10cm 5cm 

1 1U lamp UVɮ 9W/240V with shock G23 2.6959 3.8821 6.0658 10.7836 24.2633 97.0532 

5 OO lamp Black light 25W/240V-B27  2.7457 3.953 6.1778 10.9828 24.7115 98.8460 

6 3U lamp Black light 20W/240V-E27 1.2692 1.8277 2.8559 5.0771 11.4236 45.6945 

7 OO lamp Black light 15W/240V-E27 0.5673 0.8169 1.2764 2.2692 5.1058 20.4235 

 

 

 

 

ü ʃʾ˄ʰˁʰˌΥ ɮˉˇˋˍʱˋʶʽˌ  ʴʽʰ ʶˉʾˍʶˎ˅ʹ ɮˁˍʽ˄ˇʲˇ˂ʾʰ млW/ m2  

                                                                                                ˃ʶˍʱ ʰˉˈ ˍˇ ʴˎʰ˂ʾ  όBorosilicate)  

ɮκɮ 
ɳʾʵˇˌ ɽʰ˃ˉˍʺˊ h

όʃʶˊʽˇ˔ʺ ˃ʺˁˇˎˌ ˁˏ˃ʰˍˇˌ олл-400nm) 
ɮˁˍʽ˄ˇʲˇ˂ʾʰ млW/ m2 ˃ ʶˍʱ ʰˉˈ ˍˇ ʴˎʰ˂ʾ  όBorosilicateύ ˋʶ ɮˉˈˋˍʰˋʹ όcm) 

1 1U lamp UVɮ 9W/240V with shock G23 15.5766 cm 

5 OO lamp Black light 25W/240V-B27  15.7198 cm 

6 3U lamp Black light 20W/240V-E27 10.6881 cm 

7 OO lamp Black light 15W/240V-E27 7.1455 cm 

 

 

 

 

 

 

 

 

 

 

 

ʃʰˊʰˁʱˍ˖ ˒ʰʾ˄ˇ˄ˍʰʽ ˍʰ ʵʽʰʴˊʱ˃˃ʰˍʰ ʰˉˈ ˍʹ ˔ˊʺˋʹ ˍ˖˄ 2 ̀ ˎˋˍʹ˃ʱˍ˖˄ ʰˉˈ ˍˇ˄ ʶ˅ˇˉ˂ʽˋ˃ˈˌ 

ˍˇˎ ɳˊʴʰˋˍʹˊʾˇˎ: 

A. Ocean Optics High Resolution Spectometer HR-2000+ ˁ ʰʽ 

B. LI-COR Portable Spectroradiometer Model: LI-1800    
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A. Ocean Optics High Resolution Spectometer HR-2000+ 

ɲʽʱʴˊʰ˃˃ʰ 1.  1U lamp UV 9W/240V with shock G23 

 

ɲʽʱʴˊʰ˃˃ʰ 2. OO lamp Black light 25W/240V-B27 & 3U lamp Black light 20W/240V-E27 

ɼˇˊˎ˒ʺ ˋˍʰ осрnm 

ɼˇˊˎ˒ʺ ˋˍʰ осрnm 
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ɲʽʱʴˊʰ˃˃ʰ 3.  OO lamp Black light Black light 25W/240V-B27 

 

ɲʽʱʴˊʰ˃˃ʰ 4. 3U lamp Black light 20W/240V-E27 

ɼˇˊˎ˒ʺ ˋˍʰ осрnm 

ɼˇˊˎ˒ʺ ˋˍʰ осрnm 
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ɲʽʱʴˊʰ˃˃ʰ 5. Leds UV 16 ̱ ʶ˃ʰ˔ʾ˖˄ 

 

 

B. LI-COR Portable Spectroradiometer Model: LI-1800    

 

 

 

 

 

 

 

 

 

 

 

Th  ˉʰˊʰˁʱˍ˖ ʵʽʰʴˊʱ˃˃ʰˍʰ ˍ˖˄ ˒ʰˋ˃ʱˍ˖˄ ɮˁˍʽ˄ˇʲˇ˂ʾʰˌ ɮ˄ʰ˂ˏʻʹˁʰ˄ - ɾʶ˂ʶˍʺʻʹˁʰ˄ ˃ʶ ˍʹ 

ʲˇʺʻʶʽʰ ˍˇˎ ˉˊˇʴˊʱ˃˃ʰˍˇˌ MatlabR2011b. 

 

ɼˇˊˎ˒ʺ ˋˍʰ плнnm 
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ɲʽʱʴˊʰ˃˃ʰ 6.  1U lamp UV 9W/240V with shock G23 

 

 

 

 

% "FILE: UV1"  

% "LIMS: 300 - 1100NM" 

% "INT:  2NM"  

% "DATE:06/15 13:19"  

% "MIN:  300NM  0.000E+00"  

% " MAX:  364NM  1.105E - 01"  

 

 

 

 

 

 

 

 

ɲʽʱʴˊʰ˃˃ʰ 7.  1U lamp OSRAM UVC 9W/240V with shock G23 

 

 

 

 

% "FILE: UV2"  

% "LIMS: 300 - 1100NM" 

% "INT:  2NM"  

% "DATE:06/15 13:25"  

% "MIN:  300NM - 1.928E - 04"  

% " MAX:  366NM  1.266E - 01"  

 

 

 

 

 

 

 

 

ɲʽʱʴˊʰ˃˃ʰ 8.  OSRAM HQI ɮˍ˃˗˄ ʇʵˊʰˊʴˏˊˇˎ 150W with Blocked UV 

 

 

 

 

% "FILE: UV3"  

% "LIMS: 300 - 1100NM" 

% "INT:  2NM"  

% "DATE:06/15 13:35"  

% "MIN:  944NM  8.217E - 03"  

% " MAX:  536NM  4.426E - 01"  
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OSRAM HQI ȷŰɛɩɜ ɈŭɟŬɟɔɨɟɞɡ 150W with Blocked UV
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1U lamp OSRAM UVC 9W/240V with shock G23
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1U lamp UV 9W/240V with shock G23
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ɲʽʱʴˊʰ˃˃ʰ 9.  OSRAM HQI ɮˍ˃˗˄ ʇʵˊʰˊʴˏˊˇˎ 150W without  Blocked UV 

 

 

 

 

 

% "FILE: UV4"  

% "LIMS: 300 - 1100NM" 

% "INT:  2NM"  

% "DATE:06/15 13:43"  

% "MIN:  304NM  0.0 00E+00"  

% " MAX:  592NM  3.180E - 01"  

 

 

 

 

 

 

 

 

ɲʽʱʴˊʰ˃˃ʰ 10.  OSRAM HQI ɮˍ˃˗˄ ʇʵˊʰˊʴˏˊˇˎ 150W without  Blocked UV 

 

 

% "FILE: UV5"  

% "LIMS: 300 - 1100NM" 

% "INT:  2NM"  

% "DATE:06/15 13:48"  

% "MIN:  300NM  0.000E+00"  

% " MAX:  592NM  3.245E - 01"  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ɲʽʱʴˊʰ˃˃ h11.  OSRAM HQI ɮˍ˃˗˄ ʇʵˊʰˊʴˏˊˇˎ 150W with Blocked UV 

 

 

 

% "FILE: UV6"   

% "LIMS: 300 - 1100NM" 

% "INT:  2NM"  

% "DATE:06/15 13:54"  

% "MIN:  306NM  7.666E - 03"  

% " MAX:  536NM  4.097E - 01"  
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OSRAM HQI ȷŰɛɩɜ ɈŭɟŬɟɔɨɟɞɡ 150W with Blocked UV
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OSRAM HQI ȷŰɛɩɜ ɈŭɟŬɟɔɨɟɞɡ 150W without Blocked UV
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OSRAM HQI ȷŰɛɩɜ ɈŭɟŬɟɔɨɟɞɡ 150W without Blocked UV
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ɲʽʱʴˊʰ˃˃ʰ 12.  1U lamp UV 9W/240V with shock G23 

 

 

 

% "FILE: T1"  

% "LIMS: 300 - 1100NM" 

% "INT:  2NM"  

% "DATE:07/07 13:19"  

% "MIN:  302NM  0.000E+00"  

% " MAX:  366NM  1.200E - 01"  

 

 

 

 

 

 

 

 

 

ɲʽʱʴˊʰ˃˃ʰ 13.  OO lamp Black light 25W/240V-B27 

 

 

 

 

% "FILE: T2"  

% "LIMS: 300 - 1100NM" 

% "INT:  2NM"  

% "DATE:07/07 13:24"  

% "MIN: 1086NM  0. 000E+00"  

% " MAX:  368NM  1.467E - 01"  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ɲʽʱʴˊʰ˃˃ʰ 14.  3U lamp Black light 20W/240V-E27 
 

 

 

 

% "FILE: T3"  

% "LIMS: 300 - 1100NM" 

% "INT:  2NM"  

% "DATE:07/07 13:26"  

% "MIN:  300NM - 1.928E - 04"  

% " MAX:  364NM  4.564E - 02"  
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3U lamp Black light 20W/240V-E27
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OO lamp Black light 25W/240V-B27

300 400 500 600 700 800 900 1000 1100
0

0.02

0.04

0.06

0.08

0.1

0.12

 

 

X: 366

Y: 0.12

ūɎůɛŬŰŬ ȷəŰɘɜɞɓɞɚɑŬɠ UV-Vis-NIR

ɀɐəɞɠ ȾɨɛŬŰɞɠ (nm)

ȷ
ə
Ű
ɘ
ɜ
ɞ
ɓ
ɞ
ɚ
ɑ
Ŭ
 
(
W
/
m

2
.n

m
)

1U lamp UV 9W/240V with shock G23
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ɲʽʱʴˊʰ˃˃ʰ 15. OO lamp Black light 15W/240V-E27   
 

 

 

% "FILE: T4"  

% "LIMS: 300 - 1100NM" 

% "INT:  2NM"  

% "DATE:07/07 13:32"  

% "MIN:  300NM - 1.928E - 04"  

% " MAX:  364 NM  1.938 E- 02"  
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ʃʰˊʱˊˍʹ˃ʰ ɹɹ όɾʶ˂ʷˍʹ - ɲʽʰʴˊʱ˃˃ʰˍʰ ɱˎʰ˂ʽ˗˄ UV) 

ɲʽʱʴˊʰ˃˃ʰ 1. Borosilicate glass (4mm) 

 

 

300nm 

315nm 

365nm 

90% 

90% 

365nm 315nm 

50% 

16% 

16% 
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ɲʽʱʴˊʰ˃˃ʰ 2. ITO glass (4mm) 

 

 

 

550nm 

87% 

365nm 

77% 

365nm 

77% 

58% 

315nm 
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ɲʽʱʴˊʰ˃˃ʰ 3. Energy glass (4mm) 

 

 

 

365nm 

70% 

315nm 

70% 

365nm 

60% 

60% 
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ɲʽʱʴˊʰ˃˃ʰ 4. Extra clear glass (5mm) 

 

 

 

365nm 

89% 

365nm 

89% 

315nm 

91% 

91% 
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ɲʽʱʴˊʰ˃˃ʰ р. Thermo glass (3 mm) 

 

 

 

365nm 

87% 

87% 

89% 

365nm 315nm 

89% 

14% 
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ɲʽʱʴˊʰ˃˃ʰ 6. All together glass 
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ʃʰˊʱˊˍʹ˃ʰ ɹɹɹ όɾʶ˂ʷˍʹ - ɲʽʰʴˊʱ˃˃ʰˍʰ ɼˎˁ˂ʽˁʺˌ ɰˇ˂ˍʰ˃ʶˍˊʾʰˌύ 

   ɮ˄ʰ˂ˎˍʽˁʱ ˍʰ ʵʽʰʴˊʱ˃˃ʰˍʰ ˍʹˌ ˁˎˁ˂ʽˁʺˌ ɰˇ˂ˍʰ˃ʶˍˊʾʰˌ όˁʰ˃ˉˏ˂ʶˌ ɶ˂ʶˁˍˊʽˁˇˏ 

ˊʶˏ˃ʰˍˇˌ I - ɳ˒ʰˊ˃ˇʸˈ˃ʶ˄ʹˌ ˍʱˋʹˌ Uύ ˍʹˌ ˒˖ˍˇʹ˂ʶˁˍˊˇ˔ʹ˃ʽˁʺˌ ˁˎ˕ʶ˂ʾʵʰˌΣ ˍˇˎ 

ɰˇ˂ˍʰ˃ʶˍˊʽˁˇˏ ˋˎˋˍʺ˃ʰˍˇˌΣ ˋʶ ˋˎ˄ʻʺˁʶˌ ˋˁˈˍˇˎˌ ˁʰʽ ʰˁˍʽ˄ˇʲˇ˂ʾʰˌ UVΣ ˃ʶ ˔ˊʺˋʹ 

ʵʽʰ˒ˇˊʶˍʽˁ˗˄ ɶ˂ʶˁˍˊˇ˂ˎˍ˗˄Σ ˒ʰʾ˄ˇ˄ˍʰʽ ˉʰˊʰˁʱˍ˖Σ ˈˉ˖ˌ ʰˉˇʵˈʻʹˁʰ˄ ʰˉˈ ˍʹ˄ 

ʶˉʶ˅ʶˊʴʰˋʾʰ ˋˍˇ MatlabΣ ˃ʶ ˍʰ ˋ˔ʶˍʽˁʱ ˋ˔ˈ˂ʽʰ ʰ˄ˍʾˋˍˇʽ˔ʰ ʴʽʰ ˁʱʻʶ ʵʽʱʴˊʰ˃˃ʰΣ ʶ˄ˍˈˌ 

ˉ˂ʰʽˋʾˇˎΥ  

%   data info  

%%%%%%%%%%%%%%%%%%%%%%%% 1- > ɄŮ 3/9/2015  

  

%   dataA00:    A00_IV_H2SO4_dark_III                  1/2inch2   

%   dataA01:    A01_IV_H2SO4_CH3OH_dark_III            1 /2inch2  

%   dataA02:    A02_IV_H2SO4_CH3OH_lightUV_9W_III      1/2inch2  

%   dataA03:    A03_IV_H2SO4_CH3OH_blacklight_25W_III  1/2inch2  

  

%   dataB01:    B01_IV_H2SO4_CH3OH_dark_III_Au_problem 1/2inch2   < -  ####  

  

%   dataC01:    C01_IV_CH3OH_dark_III_A u_0,25in 1/4inch2  

%   dataC02:    C02_IV_CH3OH_UV9W_III_Au_0,25in 1/4inch2  

  

%%%%%%%%%%%%%%%%%%%%%%%% 2- >  ɄŬ 4/9/2015  

  

%   dataD01:    D01_IV_CH3OH_dark_III_TiO2 1/2inch2  

%   dataD02:    D02_IV_CH3OH_UV9W_III_TiO2 1/2inch2  

  

%   dataE01:    E01_IV_Na OH_dark_III_TiO2 1/2inch2  

%   dataE02:    E02_IV_NaOH_UV9W_III_TiO2 1/2inch2  

  

%   dataF01:    F01_IV_NaOH_CH3OH_dark_III_TiO2 1/2inch2  

%   dataF02:    F02_IV_NaOH_CH3OH_UV9W_III_TiO2 1/2inch2  

  

        %   dataG01:    G01_IV_NaOH_CH3OH_dark_II_TiO2 1/2 inch2 < --- a ɑŭɘɞ 

        %   dataG02:    G02_IV_NaOH_CH3OH_UV9W_II_TiO2 1/2inch2 < --- b ɑŭɘɞ 

  

%%%%%%%%%%%%%%%%%%%%%%%% 3- >  ȹŮ 4/9/2015  

  

%   dataH01:    H01_IV_NaOH_dark_III_Au 1/4inch2  

%   dataH02:    H02_IV_NaOH_UV9W_III_Au 1/4inch2  

  

            %   da taI01:    I01_IV_NaOH_dark_II_Au 1/4inch2  

            %   dataI02:    I02_IV_NaOH_UV9W_II_Au 1/4inch2  

  

%   dataJ01:    J01_IV_NaOH_CH3OH_dark_III_Au 1/4inch2  

%   dataJ02:    J02_IV_NaOH_CH3OH_UV9W_III_Au 1/4inch2  

  

        %   dataK01:    K01_IV_NaOH_CH3O H_dark_II_Au 1/4inch2  

        %   dataK02:    K02_IV_NaOH_CH3OH_UV9W_II_Au 1/4inch2  

  

        %   dataL01:    L01_IV_NaOH_CH3OH_dark_II_TiO2 1/2inch2 < --- a ɑŭɘɞ 

        %   dataL02:    L01_IV_NaOH_CH3OH_UV9W_II_TiO2 1/2inch2 < --- b ɑŭɘɞ 

  

%%%%%%%%%%%%%%%%%%%%%%%% 4- >  ɇŮ 18/11/2015  

         

%   dataM01:    I - V_TiO2_TFKV009_pasta_ III_ dark     1/4inch2  

%   dataM02:    I - V_TiO2_TFKV009_pasta_ III_ UV_BL25W 1/4inch2  

  

%   dataN01:    I - V_TiO2_sol - gel_ III_ dark     1/4inch2  

%   dataN02:    I - V_TiO2_sol - gel_ III_ UV_BL25W 1/4inch2  
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ʅˎʴˁʶ˄ˍˊ˖ˍʽˁʱ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ˁʰʽ ʶˉʶ˅ʶˊʴʰˋʾʰ ˋˍˇ Excel: 

ʃʾ˄ʰˁʰˌΥ ʅˎʴˁʶ˄ˍˊ˖ˍʽˁʱ ˋˍˇʽ˔ʶʾʰ ɼˎˁ˂ʽˁʺˌ ɰˇ˂ˍʰ˃ʶˍˊʾʰˌ ˍ˖˄ ʵʶʽʴ˃ʱˍ˖˄ ʰ˄ʱ ɶ˂ʶˁˍˊˇ˂ˏˍʹ  

ɶ˂ʶˁˍˊˇ˂ˏˍʹˌ
ɳˉʽ˒ʱ˄ʶʽʰ 

(cm2)
Uoc(V) Isc(mA)

Jsc 

(mA/cm2)
Uoc(V) Isc(mA)

Jsc 

(mA/cm2)

wŜŦtƻƛƴǘπɹɹɹ1/2 in2: ITO - TiO2 H2SO4 3,226 1,000 0,000002 0,000001 - - -

!πɹɹɹ 1/2 in2: ITO - TiO2 H2SO4 & CH3OH 3,226 0,820 0,000002 0,000001 0,203 0,000004 0,000001

B-III 1/2 in2: ITO - Au - TiO2 H2SO4 & CH3OH 3,226 0,528 0,018370 0,005694 - - -

C-III 1/4 in2: ITO - Au - TiO2 CH3OH 1,613 0,063 0,000738 0,000458 0,229 0,004159 0,002578

D-III 1/2 in2: ITO - TiO2 CH3OH 3,226 0,317 0,000571 0,000177 0,678 0,038860 0,012046

E-III 1/2 in2: ITO - TiO2 NaOH 3,226 1,024 0,000006 0,000002 0,420 0,000012 0,000004

F-III 1/2 in2: ITO - TiO2 NaOH & CH3OH 3,226 0,775 0,000162 0,000050 0,627 0,000035 0,000011

G-II 1/2 in2: ITO - TiO2 NaOH & CH3OH 3,226 0,918 0,000104 0,000032 0,914 0,000957 0,000297

H-III 1/4 in2: ITO - Au - TiO2 NaOH 1,613 0,129 0,049250 0,030533 0,150 0,083440 0,051730

I-II 1/4 in2: ITO  - Au - TiO2 NaOH 1,613 0,621 0,020870 0,012939 0,667 0,039280 0,024352

J-III 1/4 in2: ITO - Au - TiO2 NaOH & CH3OH 1,613 0,139 0,055030 0,034117 0,259 0,136500 0,084625

K-II 1/4 in2: ITO - Au - TiO2 NaOH & CH3OH 1,613 0,253 0,070800 0,043893 0,186 0,046900 0,029076

L-II 1/2 in2: ITO - TiO2 NaOH & CH3OH 3,226 0,235 0,028190 0,008738 0,047 0,000046 0,000014

ɾπɹɹɹ 1/4 in2: TFKV - TiO2pastaNaOH & CH3OH 1,613 0,348 0,000960 0,000595 0,878 0,042360 0,026262

ɿπɹɹɹ 1/4 in2: ITO - TiO2sol-gelNaOH & CH3OH 1,613 0,401 0,000020 0,000012 0,525 0,000466 0,000289

ʃ˂ʺʻˇˌ 

ɶ˂ʶˁˍˊˇʵʾ˖˄ 

ɼˎˁ˂ʽˁʺˌ 

ɰˇ˂ˍʰ˃ʶˍˊʾʰˌ

ʊ˖ˍˇʱ˄ˇʵˇˌ 

ʊ˖ˍˇˁʰˍʰ˂ˏˍʹˌ

ʅˎ˄ʻʺˁʶˌΥ                      dark Light - UV (10W/m2)

 

   ʅˍˇ˄ ˉʰˊʰˁʱˍ˖ ˉʾ˄ʰˁʰ ˒ʰʾ˄ˇ˄ˍʰʽ ˍʰ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ʰˉˈ ˍˇˎˌ ˎˉˇ˂ˇʴʽˋ˃ˇˏˌ ˍ˖˄ ʲʰˋʽˁ˗˄ 

ˉʰˊʰ˃ʷˍˊ˖˄ ˍʹˌ ɼˎˁ˂ʽˁʺˌ ɰˇ˂ˍʰ˃ʶˍˊʾʰˌ ˉˇˎ ˉˊʰʴ˃ʰˍˇˉˇʽʺʻʹˁʰ˄Σ ʴʽʰ ˍʹ˄ ɮˉˈʵˇˋʹ  ̱ ˇˎ 

ʊ˖ˍˇʹ˂ʶˁˍˊˇ˔ʹ˃ʽˁˇˏ ʅˎˋˍʺ˃ʰˍˇˌ όʹ҈ύΣ ˍʹ˄ ɮˉˈʵˇˋʹ ɾʶˍʰˍˊˇˉʺˌ ʊ˖ˍˇ˄ʾ˖˄ ˋʶ ʄʶˏ˃ʰ 

(IPCE), ˁ ʰʽ ˍˇ˄ ʃʰˊʱʴˇ˄ˍʰˌ ʃ˂ʺˊ˖ˋʹˌ όCCύ, ̱ ˖˄ н ˒˖ˍˇˁʰˍʰ˂ˎˍʽˁ˗˄ ʵʶʽʴ˃ʱˍ˖˄ ɮΦ ITO-TiO2 

ˁʰ̔ ɰΦ ITO-TiO2-Au, ̀ ʶ  ˋˎ˄ʵˎʰˋ˃ˈ ˃ʶ ˍˇˎˌ ɶ˂ʶˁˍˊˇ˂ˏˍʶˌ ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽʺʻʹˁʰ˄ ˁ ʰʽ ̀ ʶ 

ˋˎ˄ʻʺˁʶˌ ʰˁˍʽ˄ˇʲˇ˂ʾʰˌ UV: 

ʃʾ˄ʰˁʰˌΥ ʇˉˇ˂ˇʴʽˋ˃ˇʾ ɰʰˋʽˁ˗˄ ʃʰˊʰ˃ʷˍˊ˖˄ ϧ ɮˉˇʵˈˋʶ˖˄ ʰˉˈ ˍʹ˄ ɲʽʰʵʽˁʰˋʾʰ ˍʹˌ ɼˎˁ˂ʽˁʺˌ ɰˇ˂ˍʰ˃ʶˍˊʾʰ 

ʃɶɼɰ ʊ˖ˍˇˁʰˍʰ˂ˏˍʹˌɶ˂ʶˁˍˊˇ˂ˏˍʹˌ
ɳˉʽ˒ʱ˄ʶʽʰ

(cm2)
Uoc(V) Isc(mA)

Jsc 

(mA/cm2

)

Umax 

(V)
Imax(mA)

Jmax 

(mA/cm2)

Pmax 

(mW/cm2)
n% FF IPCE%

wtπɹɹɹ1/2 in2: ITO - TiO2 H2SO4 3,226 - - - - - - - - - -

!πɹɹɹ1/2 in2: ITO - TiO2 H2SO4 & CH3OH 3,226 0,203 0,000004 0,000001 0,1207 0,000002 0,000001 0,000000 0,000 0,321 0,000

B-III 1/2 in2: ITO - Au - TiO2 H2SO4 & CH3OH 3,226 - - - - - - - - - -

C-III 1/4 in2: ITO - Au - TiO2 CH3OH 1,613 0,229 0,004159 0,002578 0,1134 0,002071 0,001284 0,000146 0,015 0,247 0,876

D-III 1/2 in2: ITO - TiO2 CH3OH 3,226 0,678 0,038860 0,012046 0,3575 0,020380 0,006317 0,002258 0,226 0,277 4,092

E-III 1/2 in2: ITO - TiO2 NaOH 3,226 0,420 0,000012 0,000004 0,2232 0,000006 0,000002 0,000000 0,000 0,273 0,001

F-III 1/2 in2: ITO - TiO2 NaOH & CH3OH 3,226 0,627 0,000035 0,000011 0,3404 0,000018 0,000006 0,000002 0,000 0,281 0,004

G-II 1/2 in2: ITO - TiO2 NaOH & CH3OH 3,226 0,914 0,000957 0,000297 0,4356 0,000452 0,000140 0,000061 0,006 0,225 0,101

H-III 1/4 in2: ITO - Au - TiO2 NaOH 1,613 0,150 0,083440 0,051730 0,0914 0,050320 0,031197 0,002851 0,285 0,367 17,574

I-II 1/4 in2: ITO - Au - TiO2 NaOH 1,613 0,667 0,039280 0,024352 0,1793 0,010670 0,006615 0,001186 0,119 0,073 8,273

J-III 1/4 in2: ITO - Au - TiO2 NaOH & CH3OH 1,613 0,259 0,136500 0,084625 0,1378 0,061310 0,038010 0,005238 0,524 0,239 28,749

K-II 1/4 in2: ITO - Au - TiO2 NaOH & CH3OH 1,613 0,186 0,046900 0,029076 0,0795 0,021520 0,013342 0,001061 0,106 0,196 9,878

L-II 1/2 in2: ITO - TiO2 NaOH & CH3OH 3,226 0,047 0,000046 0,000014 0,0234 0,000023 0,000007 0,000000 0,000 0,251 0,005

ɾπɹɹɹ1/4 in2: TFKV - TiO2pastaNaOH & CH3OH 1,613 0,878 0,042360 0,026262 0,3249 0,015530 0,009628 0,003128 0,313 0,136 8,922

ɿπɹɹɹ1/4 in2: ITO - TiO2sol-gelNaOH & CH3OH 1,613 0,525 0,000466 0,000289 0,2266 0,000196 0,000122 0,000028 0,003 0,182 0,098
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ü ɲʽʰʴˊʱ˃˃ʰˍʰ ɼˎˁ˂ʽˁʺˌ ɰˇ˂ˍʰ˃ʶˍˊʾʰˌ ʅˁˈˍˇˎˌΣ Definition Reference Point, ɹ ʽʰ ˍˇ όA-ɹɹɹύΥ  

 

 

ü ɲʽʰʴˊʱ˃˃ʰˍʰ ɼˎˁ˂ʽˁʺˌ ɰˇ˂ˍʰ˃ʶˍˊʾʰˌ ʅˁˈˍˇˎˌ ϧ ɮˁˍʽ˄ˇʲˈ˂ʹˋʹˌ ˃ʶ UVΣ ʴʽʰ ˍˇ όA-ɹɹɹύΥ  
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A01:H2SO4 & CH3OH dark III ITO-TiO2 1/2inch2

A02:H2SO4 & CH3OH lightUV 9W III ITO-TiO2 1/2inch2

A03:H2SO4 & CH3OH blacklight 25W III ITO-TiO2 1/2inch2
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A00:H2SO4 dark III ITO-TiO2 1/2inch2
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A00:H2SO4 dark III ITO-TiO2 1/2inch2 3scanBGR
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ɱʽʰ ˁʱʻʶ ˃ʾʰ ʰˉˈ ˍʽˌ о ˉʶˊʽˉˍ˗ˋʶʽˌ όA-III),  

˒ʰʾ˄ˇ˄ˍʰʽ ˍʰ о scan (BGR - BlueGreenRed) ̱ ʹˌ ɼˎˁ˂ʽˁʺˌ ɰˇ˂ˍʰ˃ʶˍˊʾʰˌΥ 
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A01:H2SO4 & CH3OH dark III ITO-TiO2 1/2inch2 3scanBGR

    

ɳˉʾˋʹˌΣ ʶˏˊʶˋʹ ̱ ˇˎ Uc =0,203V, Isc= 0,000004mA, Umax = 0.1207V ˁ ʰʽ Imax=0,000002mA: 
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A03:H2SO4 & CH3OH blacklight 25W III ITO-TiO2 1/2inch2 3scanBGR
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A02:H2SO4 & CH3OH lightUV 9W III ITO-TiO2 1/2inch2 3scanBGR
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A02:H2SO4 & CH3OH lightUV 9W III ITO-TiO2 1/2inch2
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ü ɲʽʰʴˊʱ˃˃ʰˍʰ ɼˎˁ˂ʽˁʺˌ ɰˇ˂ˍʰ˃ʶˍˊʾʰˌ ʅˁˈˍˇˎˌ ϧ ɮˁˍʽ˄ˇʲˈ˂ʹˋʹˌ ˃ʶ UVΣ ʴʽʰ ˍˇ όB-ɹɹɹ):  

ʃˊˇʷˁˎ˕ʶ ˉˊˈʲ˂ʹ˃ʰ όʰˉˇˁˈ˂˂ʹˋʹ ˍʹˌ ʶ˄ʰˉˈʻʶˋʹˌ Au), ˁʰˍʱ ˍʹ˄ ʶ˒ʰˊ˃ˇʴʺ ˍʹˌ 

ʵʽʰʵʽˁʰˋʾʰˌ ˍʹˌ ˁˎˁ˂ʽˁʺˌ ɰˇ˂ˍʰ˃ʶˍˊʾʰˌΣ ˃ʶ ʰˉˇˍʷ˂ʶˋ˃ʰ ˄ʰ ʵʽʰˁˇˉʺ ʹ ˋˎ˄ʷ˔ʶʽʰ ˍˇˎ 

ʵʶʾʴ˃ʰˍˇˌ ˋˍʹ˄ ʰˁˍʽ˄ˇʲˇ˂ʾʰ UV.   

ɮˎˍˈ ˉʽʻʰ˄ˈˍʰˍʰ ˇ˒ʶʾ˂ʶˍʰʽ ˋˍʹ˄ ˏˉʰˊ˅ʹ ˍˇˎ H2SO4 ̀ ˍˇ˄ ɶ˂ʶˁˍˊˇ˂ˏˍʹΦ  

 

ʅˍʹ ˋˎ˄ʷ˔ʶʽʰ ʰ˒ʰʽˊʷʻʹˁʶ ˍˇ ˁʰˍʶˋˍˊʰ˃˃ʷ˄ˇ ˁˇ˃˃ʱˍʽ ˍˇˎ ʵʶʾʴ˃ʰˍˇˌ όʰˎˍˈ ˉˇˎ ʺˍʰ˄ ˃ʷˋʰ 

ˋˍˇ˄ ɶ˂ʶˁˍˊˇ˂ˏˍʹύ ˁʰʽ ʰˎˍˈ ˉˇˎ ʷ˃ʶʽ˄ʶ ʷ˂ʰʲʶ ˃ʷˊˇˌ ˋˍʹ˄ ˉʰˊʰˁʱˍ˖ ˁˎˁ˂ʽˁʺ ɰˇ˂ˍʰ˃ʶˍˊʾʰΣ 

ʰ˂˂ʱ ʰˎˍʺ ˍʹ ˒ˇˊʱΣ ˔˖ˊʾˌ ˍˇ H2SO4Σ ˉˇˎ ˉʽʻʰ˄ˇ˂ˇʴʶʾˍʰʽ ʴʽʰ ˍʹ˄ ˒ʻˇˊʱΦ  

ʍˋˍˈˋˇΣ ˃ʶˍʱ ˍˇ ˍʷ˂ˇˌ ˈ˂˖˄ ˍ˖˄ ʲˇ˂ˍˇ˃ʶˍˊʽˁ˗˄ ˃ʶˍˊʺˋʶ˖˄Σ ˉʰˊʰˍʹˊʶʾˍʰʽ ˁʰʽ ˉʱ˂ʽ ʹ 

ʰˉˇˁˈ˂˂ʹˋʹ ˍˇˎ Au ʰˉˈ ˍˇ ʵʶʾʴ˃ʰΣ ˁʱˍʽ ˉˇˎ ʰˉˇʵʶʽˁ˄ˏʶʽ ˍʹ˄ ˃ʺ ˁʰ˂ʺ ˉˊˈˋ˒ˎ˅ʹ ˍʹˌ 

ʶ˄ʰˉˈʻʶˋʹˌ ˍˇˎ Au ˋˍʹ˄ ʶˉʽ˒ʱ˄ʶʽʰ ˍˇˎ ʵʶʾʴ˃ʰˍˇˌΦ ʃʰˊʰˁʱˍ˖ ˒ʰʾ˄ˇ˄ˍʰʽ ˋ˔ʶˍʽˁʷˌ 

˒˖ˍˇʴˊʰ˒ʾʶˌ ʰˉˈ ˍʹ˄ ʵʽʰʵˇ˔ʽˁʺ ˔ˊʺˋʹ ˍˇˎ ʵʶʾʴ˃ʰˍˇˌ ɰ-ɹɹɹ όITO-TiO2-Au).   

            

 












































































