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ʀʅɼʋʉʊʈʀʗ ʅɸʅʆʉʀʉʊɽʄ ʀ ʄɸʊɽʈʀɸʃʆɺ (ʥʦʚʳʝ 

ʤʘʪʝʨʠʘʣʳ) 
 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʧʨʦʝʢʪʘ 

ʊʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʫʩʪʘʥʦʚʢʘ ʜʣʷ ʚʳʨʘʱʠʚʘʥʠʷ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʛʨʫʧʧʳ 
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 ʤʝʪʦʜʦʤ ʭʠʤʠʯʝʩʢʠʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʨʝʘʢʮʠʡ 

ɸʚʪʦʨʳ: ʈʘʙʘʜʘʥʦʚ ʄ.ʍ., ʈʘʙʘʜʘʥʦʚ ʄ.ʈ., ʀʩʤʘʠʣʦʚ ɸ.ʄ., ʐʘʧʠʝʚ ʀ.ʄ. 

ʆʙʣʘʩʪʴ ʧʨʠʤʝʥʝʥʠʷ 
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6
 ʤʝʪʦʜʦʤ 

ʭʠʤʠʯʝʩʢʠʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʨʝʘʢʮʠʡ ʜʠʘʤʝʪʨʦʤ ʜʦ 25 ʤʤ. ʋʩʪʘʥʦʚʢʘ ʧʦʟʚʦʣʷʝʪ ʤʝʥʷʪʴ 

ʨʝʞʠʤʳ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʦʚ, ʦʪʨʘʙʘʪʳʚʘʪʴ ʤʝʪʦʜʠʢʠ ʠʭ ʧʦʣʫʯʝʥʠʷ, ʘ ʪʘʢʞʝ  ʧʨʦʚʦʜʠʪʴ 

ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʢʦʪʦʨʳʝ ʧʨʠʚʝʜʫʪ ʢ ʩʠʥʪʝʟʫ ʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ, 

ʚʦʩʪʨʝʙʦʚʘʥʥʳʭ ʚ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʦʨʛʘʥʠʟʘʮʠʷʭ.  

ʀʩʧʦʣʴʟʫʝʤʳʝ ʚ ʫʩʪʘʥʦʚʢʝ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ (ʥʝʨʞʘʚʝʶʱʘʷ ʩʪʘʣʴ, ʢʚʘʨʮ, 

ʚʠʪʦʥ, ʬʪʦʨʦʧʣʘʩʪ) ʧʦʟʚʦʣʷʶʪ  ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʛʘʟʳ (ʅ2, ʉʆ2, ʩʦʝʜʠʥʝʥʠʷ VII 

ʛʨʫʧʧʳ ʠ ʜʨ)  ʚ ʨʦʣʠ ʪʨʘʥʩʧʦʨʪʠʨʫʶʱʝʛʦ ʘʛʝʥʪʘ ʧʨʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʭʠʤʪʨʘʥʩʧʦʨʪʥʳʭ 

ʨʝʘʢʮʠʷʭ. 
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ʊʝʭʥʠʯʝʩʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ʅʘ ʧʨʠʤʝʨʝ ʦʢʩʠʜʘ ʮʠʥʢʘ.  

ɺ ʦʩʥʦʚʝ ʩʠʥʪʝʟʘ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ZnO ʤʝʪʦʜʦʤ ʭʠʤʠʯʝʩʢʠʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʨʝʘʢʮʠʡ ʣʝʞʠʪ 

ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʘʷ ʦʙʨʘʪʠʤʘʷ ʨʝʘʢʮʠʷ:  

 
 



 2 

 

 
ʉʭʝʤʘʪʠʯʝʩʢʘʷ ʠʣʣʶʩʪʨʘʮʠʷ ʭʠʤʠʯʝʩʢʦʛʦ ʛʘʟʦʪʨʘʥʩʧʦʨʪʥʦʛʦ ʤʝʪʦʜʘ ʩ  ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʦʙʨʘʪʠʤʦʡ ʛʘʟʦʪʨʘʥʩʧʦʨʪʥʦʡ ʨʝʘʢʮʠʠ 

 
ɺ ʟʘʤʢʥʫʪʦʤ ʨʝʘʢʪʦʨʝ ʥʘ ʦʜʥʦʤ ʢʦʥʮʝ ʨʘʟʤʝʱʝʥ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ ZnO, ʥʘ ʜʨʫʛʦʤ ï 

ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʧʦʜʣʦʞʢʘ. ɽʩʣʠ ʦʙʝʩʧʝʯʠʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʪʝʤʧʝʨʘʪʫʨʥʳʡ 

ʛʨʘʜʠʝʥʪ (ʪʘʢ ʯʪʦʙʳ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ ʠʩʪʦʯʥʠʢ ʥʘʭʦʜʠʣʩʷ ʧʨʠ ʙʦʣʝʝ ʚʳʩʦʢʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ, ʯʝʤ ʟʦʥʘ ʦʩʘʞʜʝʥʠʷ) ʢʦʤʧʦʥʝʥʪʳ ʨʝʘʢʮʠʠ  Zn(r), H2O(r) ʪʨʘʥʩʧʦʨʪʠʨʫʶʪʩʷ ʚ 

ʤʝʥʝʝ ʥʘʛʨʝʪʳʡ ʢʦʥʝʮ, ʛʜʝ ʦʙʨʘʪʠʤʘʷ ʨʝʘʢʮʠʷ ʧʨʦʪʝʢʘʝʪ ʚ ʦʙʨʘʪʥʫʶ ʩʪʦʨʦʥʫ ʩ 

ʚʳʜʝʣʝʥʠʝʤ ʦʢʩʠʜʘ ʮʠʥʢʘ Zn ʚ ʚʠʜʝ ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʦʩʘʜʢʘ. ɺʳʜʝʣʠʚʰʠʡʩʷ 

ʚʦʜʦʨʦʜ H2 ʜʠʬʬʫʥʜʠʨʫʝʪ ʚ ʟʦʥʫ ʧʦʣʠʢʨʠʩʪʘʣʣʘ ʠ ʧʨʦʮʝʩʩ ʧʦʚʪʦʨʷʝʪʩʷ. ɺʦʜʦʨʦʜ 

ʚʳʧʦʣʥʷʝʪ ʨʦʣʴ  ʪʨʘʥʩʧʦʨʪʠʨʫʶʱʝʛʦ ʘʛʝʥʪʘ. 

 
ʦʙʨʘʟʮʳ ZnO, ʧʦʣʫʯʝʥʥʳʝ ʥʘ ʜʘʥʥʦʡ ʫʩʪʘʥʦʚʢʝ: ʘ - ʵʧʠʪʘʢʩʠʘʣʴʥʳʡ ʩʣʦʡ ʦʢʩʠʜʘ 

ʮʠʥʢʘ ʥʘ ʩʘʧʬʠʨʝ ʪʦʣʱʠʥʦʡ 500 ʤʢʤ, ʙ- ʤʦʥʦʢʨʠʩʪʘʣʣ ʦʢʩʠʜʘ ʮʠʥʢʘ ʥʘ ʩʘʧʬʠʨʝ 

ʪʦʣʱʠʥʦʡ 5 ʤʤ. 

 
ʇʨʝʠʤʫʱʝʩʪʚʘ: 

-  ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ (ʥʝ ʚʳʰʝ 900 
0
ʉ); 

-  ʚʳʩʦʢʠʝ ʩʢʦʨʦʩʪʠ ʨʦʩʪʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʤʝʪʦʜʘʤʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʠʟ ʛʘʟʦʚʦʡ 

ʬʘʟʳ  (8 ʤʤ/ʩʫʪʢʠ, ʜʣʷ ZnO); 

-ʫʩʪʨʦʡʩʪʚʦ ʣʠʥʝʡʥʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ ʢʨʠʩʪʘʣʣʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʝ ʧʝʨʝʤʝʱʝʥʠʝ ʨʘʩʪʫʱʝʛʦ 

ʢʨʠʩʪʘʣʣʘ, ʪʘʢ ʯʪʦʙʳ ʨʦʩʪʦʚʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʚʩʝ ʚʨʝʤʷ ʥʘʭʦʜʠʣʘʩʴ ʥʘ ʦʜʥʦʤ ʫʨʦʚʥʝ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʨʦʬʠʣʷ;  

- ʧʨʦʪʦʯʥʘʷ ʩʠʩʪʝʤʘ ʥʘʧʫʩʢʘ ʛʘʟʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ ʬʠʢʩʠʨʦʚʘʥʥʦʝ (ʦʧʪʠʤʘʣʴʥʦʝ) 

ʟʥʘʯʝʥʠʝ ʜʘʚʣʝʥʠʷ ʚ  ʨʝʘʢʪʦʨʝ ʚ ʜʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ (ʜʦ 60 ʩʫʪʦʢ). 

 ʇʨʘʚʦʚʘʷ ʟʘʱʠʪʘ: ʧʘʪʝʥʪ ˉ2036218 , ʧʘʪʝʥʪ ˉ2202010; ʥʦʫ-ʭʘʫ. 

 

 

 

 

 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʧʨʦʝʢʪʘ 


