
ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʘʚʪʦʥʦʤʥʦʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ  

ʫʯʨʝʞʜʝʥʠʝ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ 

çʖʞʥʳʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè 

 

 

ʅʘ ʧʨʘʚʘʭ ʨʫʢʦʧʠʩʠ 

 

 

 

ɺʣʠʷʥʠʝ ʤʝʪʦʜʘ ʩʠʥʪʝʟʘ ʠ ʫʩʣʦʚʠʡ ʘʢʪʠʚʘʮʠʠ ʥʘ ʩʦʩʪʘʚ, ʩʪʨʫʢʪʫʨʫ ʠ 

ʣɻʝʢʪʨʦʭʠʤʠʯʝʩʢʦʝ ʧʦʚʝʜʝʥʠʝ PtCu/C ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʜʣʷ ʢʘʪʦʜʘ 

ʪʦʧʣʠʚʥʦʛʦ ʵʣʝʤʝʥʪʘ ʩ ʧʨʦʪʦʥʦʦʙʤʝʥʥʦʡ ʤʝʤʙʨʘʥʦʡ 

 

 

ʇʘʚʣʝʮ ɸʥʛʝʣʠʥʘ ʉʝʨʛʝʝʚʥʘ 

 

1.4.6. ʕʣʝʢʪʨʦʭʠʤʠʷ  

 

 

 

 

ɼʠʩʩʝʨʪʘʮʠʷ ʥʘ ʩʦʠʩʢʘʥʠʝ ʫʯʝʥʦʡ ʩʪʝʧʝʥʠ ʢʘʥʜʠʜʘʪʘ 

 ʭʠʤʠʯʝʩʢʠʭ ʥʘʫʢ 

 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ  

ʜ.ʭ.ʥ., ʧʨʦʬʝʩʩʦʨ                

ɻʫʪʝʨʤʘʥ ɺ.ɽ. 
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ʉʇʀʉʆʂ ʆɹʆɿʅɸʏɽʅʀʁ ʀ ʉʆʂʈɸʑɽʅʀʁ 

ʇʆʄʊʕ ï ʪʦʧʣʠʚʥʳʡ ʵʣʝʤʝʥʪ ʩ ʧʨʦʪʦʥʦʦʙʤʝʥʥʦʡ ʤʝʤʙʨʘʥʦʡ 

ʄʕɹ ï ʤʝʤʙʨʘʥʥʦ-ɻ ʣʝʢʪʨʦʜʥʳʡ ʙʣʦʢ  

ʈɺʂ ï ʨʝʘʢʮʠʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʢʠʩʣʦʨʦʜʘ  

ʎɺɸ ï ʮʠʢʣʠʯʝʩʢʘʷ ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʷ, ʮʠʢʣʠʯʝʩʢʘʷ ʚʦʣʴʪʘʤʧʝʨʦʛʨʘʤʤʘ  

ʅʏ ï ʥʘʥʦʯʘʩʪʠʮʘ(ʳ)  

ʕɻ ï ɻʪʠʣʝʥʛʣʠʢʦʣʴ  

ʆʂʈ ï ʦʙʣʘʩʪʴ ʢʦʛʝʨʝʥʪʥʦʛʦ ʨʘʩʩʝʠʚʘʥʠʷ  

ɻʎʂ ï ʛʨʘʥʝʮʝʥʪʨʠʨʦʚʘʥʥʘʷ ʢʫʙʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ  

ʈʌɸ ï ʨʝʥʪʛʝʥʦʬʘʟʦʚʳʡ ʘʥʘʣʠʟ  

ɺɼʕ ï ʚʨʘʱʘʶʱʠʡʩʷ ʜʠʩʢʦʚʳʡ ʵʣʝʢʪʨʦʜ  

ʈʌʣɸ ï ʨʝʥʪʛʝʥʦʬʣʫʦʨʝʩʮʝʥʪʥʳʡ ʘʥʘʣʠʟ  

ʈʌʕʉ ï ʨʝʥʪʛʝʥʦʚʩʢʘʷ ʬʦʪʦʵʣʝʢʪʨʦʥʥʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ 

ʇʕʄ ï ʧʨʦʩʚʝʯʠʚʘʶʱʘʷ ʵʣʝʢʪʨʦʥʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ  

ʉʊʕʄ ï ʩʢʘʥʠʨʫʶʱʘʷ ʪʨʘʥʩʤʠʩʠʦʥʥʘʷ ʵʣʝʢʪʨʦʥʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ 

ʕɼʉ ï ɻʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʘʷ ʨʝʥʪʛʝʥʦʚʩʢʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ 

D(111) ï ʩʨʝʜʥʠʡ ʨʘʟʤʝʨ ʢʨʠʩʪʘʣʣʠʪʦʚ, ʥʤ  

ɚ ï ʜʣʠʥʘ ʚʦʣʥʳ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ  

FWHM ï ʧʦʣʥʘʷ ʰʠʨʠʥʘ ʧʠʢʘ ʥʘ ʧʦʣʦʚʠʥʝ ʝʛʦ ʚʳʩʦʪʳ, ʨʘʜ  

ɗ ï ʫʛʦʣ ʤʝʞʜʫ ʧʘʜʘʶʱʠʤ ʣʫʯʦʤ ʠ ʦʪʨʘʞʘʶʱʝʡʩʷ ʧʣʦʩʢʦʩʪʴʶ (ɹʨʵʛʛʦʚʩʢʠʡ 

ʫʛʦʣ), ʨʘʜ  

Dʩʨ ï ʩʨʝʜʥʠʡ ʨʘʟʤʝʨ ʥʘʥʦʯʘʩʪʠʮ, ʥʤ  

ʕʍɸʇ ï ʧʣʦʱʘʜʴ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠ ʘʢʪʠʚʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʘʪʠʥʳ, ʤ2/ʛ(Pt)  

v ï ʩʢʦʨʦʩʪʴ ʨʘʟʚʝʨʪʢʠ ʧʦʪʝʥʮʠʘʣʘ, ʤɺ/ʩ  

ɤ ï ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ʜʠʩʢʦʚʦʛʦ ʵʣʝʢʪʨʦʜʘ, ʨʘʜ/ʤʠʥ ʠʣʠ 

ʦʙʦʨʦʪʦʚ/ʤʠʥ  

n ï ʢʦʣʠʯʝʩʪʚʦ ʵʣʝʢʪʨʦʥʦʚ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʝʜʠʥʠʯʥʦʤ ʘʢʪʝ ʕʍ ʨʝʘʢʮʠʠ 

Iʢ ï ʢʠʥʝʪʠʯʝʩʢʠʡ ʪʦʢ, ɸ  

Iʤʘʩʩ ï ʫʜʝʣʴʥʳʡ ʪʦʢ ʚ ʨʘʩʯʝʪʝ ʥʘ ʤʘʩʩʫ ʧʣʘʪʠʥʳ, ɸ/ʛ(Pt) 

Iʫʜ ï ʫʜʝʣʴʥʳʡ ʪʦʢ ʚ ʨʘʩʯʝʪʝ ʥʘ ʧʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʘʪʠʥʳ, ɸ/ʤ
2(Pt)  



 
 

р 
 

ʉʇʀʉʆʂ ʀʉʇʆʃʔɿʋɽʄʓʍ ʊɽʈʄʀʅʆɺ 

1) ɸʛʣʦʤʝʨʘʮʠʷ ʥʘʥʦʯʘʩʪʠʮ. ʇʦʜ ʘʛʣʦʤʝʨʘʮʠʝʡ ʅʏ ʧʦʥʠʤʘʝʪʩʷ ʧʨʦʮʝʩʩ ʠʭ 

ʩʣʠʧʘʥʠʷ ʥʘ ʩʪʘʜʠʠ ʩʠʥʪʝʟʘ ʠʣʠ ʚʩʣʝʜʩʪʚʠʝ ʤʠʛʨʘʮʠʠ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ 

ʥʦʩʠʪʝʣʷ ʚ ʭʦʜʝ ʧʨʦʮʝʩʩʦʚ ʘʢʪʠʚʘʮʠʠ ʠ/ʠʣʠ ʠʩʧʳʪʘʥʠʷ ʥʘ ʩʪʘʙʠʣʴʥʦʩʪʴ 

ʢʘʪʘʣʠʟʘʪʦʨʘ, ʩʦʧʨʦʚʦʞʜʘʶʱʠʡʩʷ ʦʙʨʘʟʦʚʘʥʠʝʤ ʤʥʦʞʝʩʪʚʘ ʜʚʦʡʥʠʢʦʚʳʭ 

ʯʘʩʪʠʮ ʩ ʠʜʝʥʪʠʬʠʮʠʨʫʝʤʳʤʠ ʛʨʘʥʠʮʘʤʠ ʦʪʜʝʣʴʥʳʭ ʥʘʥʦʯʘʩʪʠʮ. 

2) ɸʢʪʠʚʘʮʠʷ ʢʘʪʘʣʠʟʘʪʦʨʘ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʭʠʤʠʯʝʩʢʘʷ ʠ 

ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʘʷ ʘʢʪʠʚʘʮʠʷ. 

ʇʦʜ ʭʠʤʠʯʝʩʢʦʡ ʘʢʪʠʚʘʮʠʝʡ ʧʦʥʠʤʘʝʪʩʷ ʦʙʨʘʙʦʪʢʘ ʢʘʪʘʣʠʟʘʪʦʨʘ ʢʠʩʣʦʪʦʡ, 

ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʦʡ ʧʨʦʠʩʭʦʜʠʪ ʩʝʣʝʢʪʠʚʥʦʝ ʨʘʩʪʚʦʨʝʥʠʝ ʠʟʙʳʪʢʘ 

ʣʝʛʠʨʫʶʱʝʛʦ ʢʦʤʧʦʥʝʥʪʘ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘʥʦʯʘʩʪʠʮ ʠ ʦʪʜʝʣʴʥʦ 

ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʥʦʩʠʪʝʣʷ ʘʪʦʤʦʚ ʠ/ʠʣʠ ʦʢʩʠʜʦʚ ʣʝʛʠʨʫʶʱʝʛʦ 

ʢʦʤʧʦʥʝʥʪʘ. 

ʇʦʜ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʡ ʘʢʪʠʚʘʮʠʝʡ ʧʦʥʠʤʘʝʪʩʷ ʮʠʢʣʠʨʦʚʘʥʠʝ ʧʦʪʝʥʮʠʘʣʘ 

(ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʦʪʝʥʮʠʦʜʠʥʘʤʠʯʝʩʢʦʝ) ʚ ʢʠʩʣʦʤ ʵʣʝʢʪʨʦʣʠʪʝ, ʢʦʪʦʨʦʝ 

ʧʨʠʚʦʜʠʪ ʢ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘʥʦʯʘʩʪʠʮ, ʫʜʘʣʝʥʠʶ ʚʦʟʤʦʞʥʳʭ 

ʟʘʛʨʷʟʥʝʥʠʡ ʠʟ ʧʦʨ ʥʦʩʠʪʝʣʷ ʠ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʢʘʪʘʣʠʟʘʪʦʨʘ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʙʦʠʭ ʚʠʜʦʚ ʘʢʪʠʚʘʮʠʠ, ʧʨʠʤʝʥʷʝʤʳʭ ʢ ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʤ 

ʢʘʪʘʣʠʟʘʪʦʨʘʤ, ʦʙʨʘʟʫʶʪʩʷ ʥʘʥʦʯʘʩʪʠʮʳ ʩ de-alloyed ʩʪʨʫʢʪʫʨʦʡ. 

3) ɸʢʪʠʚʥʦʩʪʴ ʢʘʪʘʣʠʟʘʪʦʨʘ. ʇʦʜ ʘʢʪʠʚʥʦʩʪʴʶ ʢʘʪʦʜʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʜʣʷ 

ʪʦʧʣʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʨʘʤʢʘʭ ʠʟʫʯʝʥʠʷʭ ʠʭ ʧʦʚʝʜʝʥʠʷ ʚ ʪʨʝʭʵʣʝʢʪʨʦʜʥʦʡ 

ʕʍ ̫ ʯʝʡʢʝ ʧʦʥʠʤʘʝʪʩʷ ʢʠʥʝʪʠʯʝʩʢʠʡ ʪʦʢ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʨʝʘʢʮʠʠ 

ʵʣʝʢʪʨʦʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʢʠʩʣʦʨʦʜʘ. 

ʄʘʩʩ-ʘʢʪʠʚʥʦʩʪʴ ʢʘʪʘʣʠʟʘʪʦʨʘ ï ʩʠʣʘ ʪʦʢʘ, ʦʪʥʝʩʝʥʥʘʷ ʢ ʤʘʩʩʝ ʧʣʘʪʠʥʳ ʥʘ 

ʵʣʝʢʪʨʦʜʝ. ʀʟʤʝʨʷʝʪʩʷ ʚ ɸ/ʛ(Pt). 

ʋʜʝʣʴʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʢʘʪʘʣʠʟʘʪʦʨʘ ï ʩʠʣʘ ʪʦʢʘ, ʦʪʥʝʩʝʥʥʘʷ ʢ ʧʣʦʱʘʜʠ 

ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠ ʘʢʪʠʚʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʢʘʪʘʣʠʟʘʪʦʨʘ. ʀʟʤʝʨʷʝʪʩʷ ʚ 

ɸ/ʤ2(Pt). 



 
 

с 
 

4) ʃʝʛʠʨʦʚʘʥʠʝ ï ʩʤʝʰʝʥʠʝ (ʩʧʣʘʚʣʝʥʠʝ) Pt ʠ ʜʨʫʛʦʛʦ ʤʝʪʘʣʣʘ ʚ 

ʥʘʥʦʯʘʩʪʠʮʝ(ʘʭ). ʋʩʧʝʰʥʦʩʪʴ ʣʝʛʠʨʦʚʘʥʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ 

ʝʜʠʥʦʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ Pt ʠ ʜʨʫʛʦʛʦ ʤʝʪʘʣʣʘ. 

5) ʇʣʦʱʘʜʴ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠ ʘʢʪʠʚʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ (ʕʍɸʇ) ï ʧʣʦʱʘʜʴ 

ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʘʪʠʥʳ ʚ ʢʘʪʘʣʠʟʘʪʦʨʝ, ʜʦʩʪʫʧʥʘʷ ʜʣʷ ʧʨʦʪʝʢʘʥʠʷ 

ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ. ʀʟʤʝʨʷʝʪʩʷ ʚ ʤ2/ʛ(Pt). 

6) ʉʪʘʙʠʣʴʥʦʩʪʴ ʢʘʪʘʣʠʟʘʪʦʨʘ ï ʩʧʦʩʦʙʥʦʩʪʴ ʤʘʪʝʨʠʘʣʘ ʩʦʭʨʘʥʷʪʴ ʩʪʨʫʢʪʫʨʫ 

ʝʛʦ ʩʦʩʪʘʚʥʳʭ ʯʘʩʪʝʡ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʨʘʟʣʠʯʥʳʭ ʬʘʢʪʦʨʦʚ ʚʦʟʜʝʡʩʪʚʠʷ (ʥʘʛʨʝʚʘʥʠʝ, ʘʢʪʠʚʘʮʠʷ, ʠʩʧʳʪʘʥʠʷ ʥʘ 

ʩʪʘʙʠʣʴʥʦʩʪʴ ʠʣʠ ʩʪʨʝʩʩ-ʪʝʩʪ). ʉʪʘʙʠʣʴʥʦʩʪʴ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ ʢʘʪʘʣʠʟʘʪʦʨʘ (ʪʘʢʠʭ ʢʘʢ ʘʢʪʠʚʥʦʩʪʴ ʠ ʕʍɸʇ) ʦʧʨʝʜʝʣʷʝʪʩʷ ʚ 

ʧʨʦʮʝʥʪʘʭ ʧʫʪʝʤ ʦʪʥʦʰʝʥʠʷ ʢʦʥʝʯʥʳʭ ʟʥʘʯʝʥʠʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢ (ʧʦʩʣʝ 

ʩʪʨʝʩʩ-ʪʝʩʪʘ) ʢ ʠʩʭʦʜʥʳʤ. 

7) ʉʪʨʝʩʩ-ʪʝʩʪʠʨʦʚʘʥʠʝ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʦʜ ʩʪʨʝʩʩ-ʪʝʩʪʠʨʦʚʘʥʠʝʤ 

ʧʦʥʠʤʘʝʪʩʷ ʫʩʢʦʨʝʥʥʳʝ ʠʩʧʳʪʘʥʠʷ ʥʘ ʩʪʘʙʠʣʴʥʦʩʪʴ, ʢʦʪʦʨʳʝ ʟʘʢʣʶʯʘʶʪʩʷ ʚ 

ʤʥʦʛʦʢʨʘʪʥʦʤ ʮʠʢʣʠʨʦʚʘʥʠʠ ʠʣʠ ʠʤʧʫʣʴʩʥʦʤ ʥʘʣʦʞʝʥʠʠ ʧʦʪʝʥʮʠʘʣʘ, ʯʪʦ 

ʠʤʠʪʠʨʫʝʪ ʨʘʙʦʪʫ ʪʦʧʣʠʚʥʦʛʦ ʵʣʝʤʝʥʪʘ ʚ ʪʦʤ ʠʣʠ ʠʥʦʤ ʨʝʞʠʤʝ. 

8) ʉʪʨʫʢʪʫʨʘ ʥʘʥʦʯʘʩʪʠʮ. ʇʦʜ ʩʪʨʫʢʪʫʨʦʡ ʥʘʥʦʯʘʩʪʠʮ ʧʦʥʠʤʘʝʪʩʷ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʢʦʤʧʦʥʝʥʪʦʚ ʚʥʫʪʨʠ ʥʘʥʦʯʘʩʪʠʮʳ ʜʣʷ ʤʫʣʴʪʠʤʝʪʘʣʣʠʯʝʩʢʠʭ 

ʥʘʥʦʯʘʩʪʠʮ. ʅʘʧʨʠʤʝʨ, ʩʪʨʫʢʪʫʨʘ ʥʘʥʦʯʘʩʪʠʮ ʩʧʣʘʚ (ʪʚʝʨʜʳʡ ʨʘʩʪʚʦʨ: 

ʫʧʦʨʷʜʦʯʝʥʥʘʷ ʠ ʥʝʫʧʦʨʷʜʦʯʝʥʥʘʷ ʩʪʨʫʢʪʫʨʳ), ʦʙʦʣʦʯʢʘ-̫ ʜʨʦ (ʜʚʫʭʩʣʦʡʥʘʷ 

ʩʪʨʫʢʪʫʨʘ, ʚ ʢʦʪʦʨʦʡ ʦʙʦʣʦʯʢʘ ʠ ʷʜʨʦ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʘʟʥʳʤʠ ʤʝʪʘʣʣʘʤʠ ʄ1 

ʠ ʄ2), ʣʫʢʦʚʠʮʘ (ʤʥʦʛʦʩʣʦʡʥʘʷ ʩʪʨʫʢʪʫʨʘ, ʚ ʢʦʪʦʨʦʡ ʩʣʦʠ ʤʦʛʫʪ ʙʳʪʴ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʘʟʥʳʤʠ ʤʝʪʘʣʣʘʤʠ ʄ1 ʠ ʄ2, ʘ ʪʘʢʞʝ ʨʘʟʥʳʤʠ ʩʦʦʪʥʦʰʝʥʠʷʤʠ 

ʄ1 ʠ ʄ2 ʚʥʫʪʨʠ ʵʪʠʭ ʩʣʦʝʚ). 

9) ʉʪʨʫʢʪʫʨʘ ʢʘʪʘʣʠʟʘʪʦʨʘ (ʪʘʢʞʝ ʤʠʢʨʦʩʪʨʫʢʪʫʨʘ, ʤʦʨʬʦʣʦʛʠʷ). ʇʦʜ 

ʩʪʨʫʢʪʫʨʦʡ ʢʘʪʘʣʠʟʘʪʦʨʘ ʧʦʥʠʤʘʝʪʩʷ ʨʘʟʤʝʨʥʦʝ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʥʘʥʦʯʘʩʪʠʮ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʚ ʧʦʨʘʭ ʥʦʩʠʪʝʣʷ. 



 
 

т 
 

10) ʉʪʨʫʢʪʫʨʘ ʥʦʩʠʪʝʣʷ. ʇʦʜ ʩʪʨʫʢʪʫʨʦʡ ʥʦʩʠʪʝʣʷ ʧʦʥʠʤʘʝʪʩʷ ʬʦʨʤʘ 

ʤʠʢʨʦ- ʠ ʥʘʥʦʯʘʩʪʠʮ ʥʦʩʠʪʝʣʷ, ʠ ʝʛʦ ʧʦʨʠʩʪʦʩʪʴ (ʢʦʣʠʯʝʩʪʚʦ, ʨʘʟʤʝʨʥʦʝ ʠ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦʨ). 

11) De-alloyed ʩʪʨʫʢʪʫʨʘ ʥʘʥʦʯʘʩʪʠʮ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʪʘʢʫʶ ʩʪʨʫʢʪʫʨʫ, 

ʢʦʪʦʨʘʷ ʩʬʦʨʤʠʨʦʚʘʣʘʩʴ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʝʣʝʢʪʠʚʥʦʛʦ ʨʘʩʪʚʦʨʝʥʠʷ 

ʣʝʛʠʨʫʶʱʝʛʦ ʢʦʤʧʦʥʝʥʪʘ. ʊʝʨʤʠʥ de-alloying ʦʙʨʘʪʝʥ ʧʦ ʩʤʳʩʣʫ ʧʨʦʮʝʩʩʫ, 

ʠʟʚʝʩʪʥʦʤʫ ʚ ʘʥʛʣʠʡʩʢʦʤ ʷʟʳʢʝ ʧʦʜ ʪʝʨʤʠʥʦʤ alloying, ʪ. ʝ. ʣʝʛʠʨʦʚʘʥʠʝ ʠʣʠ 

ʩʧʣʘʚʣʝʥʠʝ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʘʥʛʣʦʷʟʳʯʥʳʭ ʪʝʨʤʠʥʦʚ de-alloying ʠ de-alloyed ʚ 

ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʦʙʫʩʣʦʚʣʝʥʦ ʠʭ ʢʨʘʪʢʦʩʪʴʶ ʠ ʦʪʩʫʪʩʪʚʠʝʤ ʫʜʦʙʥʳʭ, ʠ ʙʣʠʟʢʠʭ 

ʧʦ ʩʤʳʩʣʫ ʚʘʨʠʘʥʪʦʚ ʚ ʨʫʩʩʢʦʤ ʷʟʳʢʝ. 

  



 
 

у 
 

ɺɺɽɼɽʅʀɽ 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ 

ʊʦʧʣʠʚʥʳʝ ʵʣʝʤʝʥʪʳ ʩ ʧʨʦʪʦʥʦʦʙʤʝʥʥʦʡ ʤʝʤʙʨʘʥʦʡ (ʇʆʄʊʕ) ʷʚʣʷʶʪʩʷ 

ʜʚʠʞʫʱʝʡ ʩʠʣʦʡ ʨʘʟʚʠʪʠ ̫ʚʦʜʦʨʦʜʥʦʡ ʵʥʝʨʛʝʪʠʢʠ. ʆʥʠ ʥʘʭʦʜʷʪ ʢʦʤʤʝʨʯʝʩʢʦʝ 

ʧʨʠʤʝʥʝʥʠʝ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʣʝʛʢʦʚʦʛʦ ʠ ʛʨʫʟʦʚʦʛʦ ʘʚʪʦʪʨʘʥʩʧʦʨʪʘ, 

ʙʝʩʧʠʣʦʪʥʳʭ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ, ʘʚʪʦʥʦʤʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, 

ʧʦʨʪʘʪʠʚʥʳʭ ʟʘʨʷʜʥʳʭ ʫʩʪʨʦʡʩʪʚ. ʅʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ, ʥʝʦʙʭʦʜʠʤʦʡ ʜʣʷ 

ʨʘʙʦʪʳ ʚʦʜʦʨʦʜʦ-ʚʦʟʜʫʰʥʳʭ ʇʆʄʊʕ ʷʚʣʷʝʪʩʷ ʵʣʝʢʪʨʦʢʘʪʘʣʠʟʘʪʦʨ, 

ʫʩʢʦʨʷʶʱʠʡ ʧʨʦʪʝʢʘʥʠʝ ʪʦʢʦʛʝʥʝʨʠʨʫʶʱʠʭ ʨʝʘʢʮʠʡ (ʵʣʝʢʪʨʦʚʦʩʩʪʘʥʦʚʣʝʥʠʝ 

ʢʠʩʣʦʨʦʜʘ (ʈɺʂ), ʵʣʝʢʪʨʦʦʢʠʩʣʝʥʠʝ ʚʦʜʦʨʦʜʘ). ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʚʦ ʚʩʝʭ 

ʢʦʤʤʝʨʯʝʩʢʠ ʧʨʦʠʟʚʦʜʠʤʳʭ ʇʆʄʊʕ ʚ ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʢʦʤʧʦʟʠʪʳ ʥʘ ʦʩʥʦʚʝ Pt-ʩʦʜʝʨʞʘʱʠʭ ʥʘʥʦʯʘʩʪʠʮ (ʅʏ) ʠ ʫʛʣʝʨʦʜʥʦʛʦ ʥʦʩʠʪʝʣʷ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝʩʷ ʚʳʩʦʢʦʡ ʧʣʦʱʘʜʴʶ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠ ʘʢʪʠʚʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʴʶ (ʕʍɸʇ). ʉʥʠʞʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʜʨʘʛʦʮʝʥʥʦʛʦ ʤʝʪʘʣʣʘ ʩ 

ʦʜʥʦʚʨʝʤʝʥʥʳʤ ʧʦʚʳʰʝʥʠʝʤ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʠ ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʪʘʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʢ ʜʝʛʨʘʜʘʮʠʠ ï ʘʢʪʫʘʣʴʥʳʝ ʟʘʜʘʯʠ, ʨʝʰʝʥʠʝ ʢʦʪʦʨʳʭ 

ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʫʜʝʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʇʆʄʊʕ, ʧʨʦʜʣʝʥʠʷ 

ʩʨʦʢʘ ʠʭ ʩʣʫʞʙʳ, ʩʥʠʞʝʥʠʷ ʩʪʦʠʤʦʩʪʠ ʚʳʨʘʙʘʪʳʚʘʝʤʦʡ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, 

ʵʢʦʥʦʤʠʠ ʜʦʨʦʛʦʩʪʦʷʱʝʡ ʧʣʘʪʠʥʳ. ɺʩʝ ʵʪʠ ʮʝʣʠ ʤʦʛʫʪ ʙʳʪʴ ʜʦʩʪʠʛʥʫʪʳ ʧʫʪʝʤ 

ʧʝʨʝʭʦʜʘ ʦʪ ʦʜʥʦʢʦʤʧʦʥʝʥʪʥʳʭ ʧʣʘʪʠʥʦʚʳʭ ʵʣʝʢʪʨʦʢʘʪʘʣʠʟʘʪʦʨʦʚ ʢ 

ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʤ ʤʘʪʝʨʠʘʣʘʤ ʥʘ ʝʝ ʦʩʥʦʚʝ ʠ ʨʘʟʨʘʙʦʪʢʝ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ 

ʢʦʤʧʦʟʠʪʥʳʭ ʵʣʝʢʪʨʦʢʘʪʘʣʠʟʘʪʦʨʦʚ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʚʘʞʥʦ ʜʣʷ ʢʘʪʦʜʘ ʇʆʄʊʕ. 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʢʘʢ ʚ ʧʨʠʢʣʘʜʥʦʤ ʧʨʠʤʝʥʝʥʠʠ ʥʦʚʳʭ 

ʧʦʣʫʯʝʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʪʘʢ ʠ ʚ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʤ ʘʩʧʝʢʪʝ ʨʘʟʚʠʪʠʷ 

ʥʘʥʦʪʝʭʥʦʣʦʛʠʡ, ʨʘʩʰʠʨʝʥʠʷ ʟʥʘʥʠʡ ʦ ʤʝʭʘʥʠʟʤʘʭ ʵʣʝʢʪʨʦʢʘʪʘʣʠʟʘ, ʨʘʟʚʠʪʠʷ 

ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʦ ʟʘʢʦʥʦʤʝʨʥʦʩʪʷʭ ʵʚʦʣʶʮʠʠ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ 

ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʅʏ ʚ ʫʩʣʦʚʠʷʭ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʵʣʝʢʪʨʦʢʘʪʘʣʠʟʘʪʦʨʦʚ, ʦ 

ʩʚʷʟʠ ʩʪʨʫʢʪʫʨʳ ʨʝʦʨʛʘʥʠʟʦʚʘʥʥʳʭ ʅʏ ʩ ʠʭ ʠʩʭʦʜʥʳʤʠ ʩʦʩʪʘʚʦʤ ʠ 

ʩʪʨʫʢʪʫʨʦʡ, ʘ ʪʘʢʞʝ ʩ ʫʩʣʦʚʠʷʤʠ ʠʭ ʦʙʨʘʙʦʪʢʠ. 



 
 

ф 
 

ʉʪʝʧʝʥʴ ʨʘʟʨʘʙʦʪʘʥʥʦʩʪʠ ʪʝʤʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʂʦʤʧʦʟʠʪʥʳʝ ʤʘʪʝʨʠʘʣʳ ʥʘ ʦʩʥʦʚʝ ʫʛʣʝʨʦʜʘ ʠ ʥʘʥʦʯʘʩʪʠʮ Pt ʠʣʠ PtM (ʛʜʝ 

M ï ʜʨʫʛʦʡ ʤʝʪʘʣʣ), ̫ʚʣʷʶʪʩʷ ʝʜʠʥʩʪʚʝʥʥʳʤ ʧʨʠʤʝʥʷʝʤʳʤ ʪʠʧʦʤ 

ʵʣʝʢʪʨʦʢʘʪʘʣʠʟʘʪʦʨʦʚ ʚ ʨʝʘʣʴʥʳʭ ʇʆʄʊʕ. ʕʣʝʢʪʨʦʢʘʪʘʣʠʟʘʪʦʨʳ ʜʣʷ ʢʘʪʦʜʘ 

ʇʆʄʊʕ ʜʦʣʞʥʳ ʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴʩʷ ʩʣʝʜʫʶʱʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ: ʚʳʩʦʢʘʷ 

ʘʢʪʠʚʥʦʩʪʴ ʚ ʈɺʂ, ʚʳʩʦʢʘʷ ʕʍɸʇ ʠ 

ʩʪʘʙʠʣʴʥʦʩʪʴ/ʜʦʣʛʦʚʝʯʥʦʩʪʴ/ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʜʝʛʨʘʜʘʮʠʠ ʚ ʫʩʣʦʚʠʷʭ ʨʘʙʦʪʳ 

ʫʩʪʨʦʡʩʪʚʘ.  

ʇʦ ʜʘʥʥʳʤ ʜʝʧʘʨʪʘʤʝʥʪʘ ʵʥʝʨʛʝʪʠʢʠ ʉʐɸ (US DOE) ʜʣʷ ʢʦʤʤʝʨʯʝʩʢʦʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʇʆʄʊʕ ʢ 2025 ʛʦʜʫ ʥʝʦʙʭʦʜʠʤʦ ʩʥʠʟʠʪʴ ʟʘʛʨʫʟʢʫ ʧʣʘʪʠʥʳ ʥʘ 

ʵʣʝʢʪʨʦʜʘʭ ʜʦ 0.1 ʤʛ(Pt)/ʩʤ2. ʇʨʠ ʵʪʦʤ ʢʘʪʘʣʠʟʘʪʦʨ ʜʦʣʞʝʥ ʧʨʦʷʚʣʷʪʴ ʤʘʩʩ-

ʘʢʪʠʚʥʦʩʪʴ ʚ ʈɺʂ ʥʝ ʤʝʥʝʝ 440 ɸ/ʛ(Pt), ʘ ʜʝʛʨʘʜʘʮʠ ̫ʚ ʭʦʜʝ ʜʣʠʪʝʣʴʥʳʭ 

ʠʩʧʳʪʘʥʠʡ ʥʝ ʜʦʣʞʥʘ ʧʨʝʚʳʰʘʪʴ 40%. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʫʱʝʩʪʚʫʶʱʠʭ 

ʢʦʤʤʝʨʯʝʩʢʠʭ Pt/C ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʵʪʠ ʧʦʢʘʟʘʪʝʣʠ ʥʝʚʦʟʤʦʞʥʦ ʜʦʩʪʠʛʥʫʪʴ, ʚ ʪʦ 

ʚʨʝʤʷ ʢʘʢ ʜʣʷ ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʭ PtM/C ʤʘʪʝʨʠʘʣʦʚ ʚ ʨʘʤʢʘʭ ʣʘʙʦʨʘʪʦʨʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʵʪʦ ʨʝʘʣʴʥʦ.  

ɺ ʣʠʪʝʨʘʪʫʨʝ ʜʦʩʪʘʪʦʯʥʦ ʰʠʨʦʢʦ ʦʧʠʩʘʥʳ ʤʝʪʦʜʳ ʩʠʥʪʝʟʘ ʅʏ ʩ ʨʘʟʣʠʯʥʦʡ 

ʩʪʨʫʢʪʫʨʦʡ ʠ ʬʦʨʤʦʡ; ʧʦʜʨʦʙʥʦ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠʭ 

ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʛʦ (ʕʍ) ʧʦʚʝʜʝʥʠʷ. ʆʧʠʩʘʥʥʳʝ ʤʝʪʦʜʳ ʧʦʣʫʯʝʥʠʷ PtM/C 

ʤʘʪʝʨʠʘʣʦʚ ʩʦ ʩʣʦʞʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʅʏ (ʥʘʥʦʢʘʨʢʘʩʳ, ʥʘʥʦʧʨʦʚʦʣʢʠ, 

ʤʥʦʛʦʛʨʘʥʥʠʢʠ, ʧʫʩʪʦʪʥʳʝ ʅʏ) ʟʘʯʘʩʪʫʶ ʤʥʦʛʦʩʪʘʜʠʡʥʳ, ʩʣʦʞʥʳ ʜʣʷ 

ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʷ, ʪʨʝʙʫʶʪ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʧʨʠʤʝʥʝʥʠʷ 

ʜʦʨʦʛʠʭ ʧʨʝʢʫʨʩʦʨʦʚ ʠ ʩʣʦʞʥʦ ʫʜʘʣʷʝʤʳʭ ʩʪʘʙʠʣʠʟʘʪʦʨʦʚ, ʠ ʦʙʝʩʧʝʯʠʚʘʶʪ 

ʧʦʣʫʯʝʥʠʝ ʧʨʦʜʫʢʪʘ ʚ ʤʠʢʨʦʢʦʣʠʯʝʩʪʚʘʭ. ʊʘʢʠʝ ʩʧʦʩʦʙʳ ʧʦʣʫʯʝʥʠʷ ʥʘ 

ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʥʝ ʧʦʜʜʘʶʪʩʷ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʶ ʠ ʩʣʦʞʥʦ ʧʨʠʤʝʥʠʤʳ ʜʣʷ 

ʪʝʭʥʦʣʦʛʠʯʥʦʛʦ ʧʨʦʮʝʩʩʘ ʧʦʣʫʯʝʥʠʷ ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ. 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʘʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʚ ʣʘʙʦʨʘʪʦʨʥʦʡ ʷʯʝʡʢʝ ʠ ʚ ʧʨʦʪʦʪʠʧʘʭ 

ʇʆʄʊʕ ï ʤʝʤʙʨʘʥʥʦ-ɻ ʣʝʢʪʨʦʜʥʳʭ ʙʣʦʢʘʭ (ʄʕɹ) ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʶʪʩʷ. 
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ɺ ʨʘʙʦʪʘʭ P. Strasser ʠ ʜʨʫʛʠʭ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʦʩʦʙʝʥʥʦʩʪʴʶ ʚʩʝʭ ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʭ PtM ʥʘʥʦʯʘʩʪʠʮ ʷʚʣʷʝʪʩʷ ʠʟʤʝʥʝʥʠʝ ʠʭ 

ʩʦʩʪʘʚʘ ʠ ʩʪʨʫʢʪʫʨʳ, ʩʚʷʟʘʥʥʦʝ ʩ ʧʨʝʚʘʣʠʨʫʶʱʠʤ ʨʘʩʪʚʦʨʝʥʠʝʤ ʤʝʥʝʝ 

ʙʣʘʛʦʨʦʜʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʚ ʧʨʦʮʝʩʩʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʢʘʪʘʣʠʟʘʪʦʨʘ ʚ 

ʢʠʩʣʦʡ ʩʨʝʜʝ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʩʝ ʚʠʜʳ ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʅʏ ʧʨʝʚʨʘʱʘʶʪʩʷ ʚ ʪʘʢ 

ʥʘʟʳʚʘʝʤʳʝ de-alloyed ʩʪʨʫʢʪʫʨʳ, ʚ ʢʦʪʦʨʳʭ ʧʦʚʝʨʭʥʦʩʪʴ ʅʏ ʦʙʦʛʘʱʝʥʘ 

ʧʣʘʪʠʥʦʡ, ʘ ʦʩʪʘʚʰʠʝʩʷ ʘʪʦʤʳ ʣʝʛʠʨʫʶʱʝʛʦ ʢʦʤʧʦʥʝʥʪʘ ʢʦʥʮʝʥʪʨʠʨʫʶʪʩʷ 

ʚʥʫʪʨʠ ʅʏ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʥʝʦʙʭʦʜʠʤʦʡ ʩʪʘʜʠʝʡ, ʧʨʝʜʰʝʩʪʚʫʶʱʝʡ ʠʟʫʯʝʥʠ ʁ

ʕʍ ʧʦʚʝʜʝʥʠʷ ʣʶʙʳʭ ʵʣʝʢʪʨʦʢʘʪʘʣʠʟʘʪʦʨʦʚ ʜʣʷ ʢʘʪʦʜʘ ʇʆʄʊʕ, ̫ ʚʣʷʝʪʩʷ 

ʘʢʪʠʚʘʮʠʷ, ʟʘʢʣʶʯʘʶʱʘʩ̫ʷ ʚ ʮʠʢʣʠʨʦʚʘʥʠʠ ʧʦʪʝʥʮʠʘʣʘ ʚ ʪʦʤ ʠʣʠ ʠʥʦʤ 

ʜʠʘʧʘʟʦʥʝ ʠ ʧʨʠʚʦʜʷʱʘʷ, ʢ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ ʧʦʚʝʨʭʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ. 

 ʇʨʠ ʦʧʠʩʘʥʠʠ ʕʍ ʧʦʚʝʜʝʥʠʷ PtM/C ʤʥʦʛʠʝ ʘʚʪʦʨʳ ʦʧʝʨʠʨʫʶʪ ʜʘʥʥʳʤʠ ʦʙ 

ʠʩʭʦʜʥʦʤ ʩʦʩʪʘʚʝ/ʩʪʨʫʢʪʫʨʝ ʵʣʝʢʪʨʦʢʘʪʘʣʠʟʘʪʦʨʦʚ ʚ ʩʦʩʪʦʷʥʠʠ çʢʘʢ 

ʧʦʣʫʯʝʥʦè, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʪʝʨʠʘʣʘ 

ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʷʪ ʦʪ ʦʙʲʝʤʥʦʛʦ ʠ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʦʩʪʘʚʘ/ʩʪʨʫʢʪʫʨʳ de-

alloyed ʅʏ, ʩʬʦʨʤʠʨʦʚʘʚʰʠʭʩʷ ʚ ʫʩʣʦʚʠʷʭ ʧʨʦʪʝʢʘʥʠʷ ʪʦʢʦʦʙʨʘʟʫʶʱʝʡ 

ʨʝʘʢʮʠʠ.  

ʇʦʵʪʦʤʫ ʜʣʷ ʩʦʟʜʘʥʠʷ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʭ ʵʣʝʢʪʨʦʢʘʪʘʣʠʟʘʪʦʨʦʚ ʜʣʷ 

ʇʆʄʊʕ ʚʝʜʫʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʥʝʩʢʦʣʴʢʠʭ ʥʘʧʨʘʚʣʝʥʠʷʭ: 1) ʨʘʟʨʘʙʦʪʢʘ 

ʥʦʚʳʭ ʠ ʦʧʪʠʤʠʟʘʮʠʷ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʧʦʣʫʯʝʥʠʷ ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʭ 

ʵʣʝʢʪʨʦʢʘʪʘʣʠʟʘʪʦʨʦʚ; 2) ʠʟʫʯʝʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʵʣʝʢʪʨʦʢʘʪʘʣʠʟʘʪʦʨʦʚ ʚ 

ʩʦʩʪʦʷʥʠʷʭ çʢʘʢ ʧʦʣʫʯʝʥʦè ʠ ʧʦʩʣʝ ʠʭ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ, ʯʪʦ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ 

ʧʦʠʩʢʘ ʧʫʪʝʡ ʧʦʚʳʰʝʥʠʷ ʘʢʪʠʚʥʦʩʪʠ ʠ ʩʪʘʙʠʣʴʥʦʩʪʠ ʵʪʠʭ ʤʘʪʝʨʠʘʣʦʚ. 

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʣʘʩʴ ʨʘʟʨʘʙʦʪʢʘ ʥʦʚʦʛʦ ʩʧʦʩʦʙʘ ʧʦʣʫʯʝʥʠʷ 

ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʭ PtCu/C ʤʘʪʝʨʠʘʣʦʚ, ʧʦʠʩʢ ʦʧʪʠʤʘʣʴʥʳʭ ʩʦʩʪʘʚʘ, 

ʩʪʨʫʢʪʫʨʳ ʥʘʥʦʯʘʩʪʠʮ ʠ ʤʝʪʦʜʘ ʘʢʪʠʚʘʮʠʠ ʢʘʪʘʣʠʟʘʪʦʨʦʚ, ʧʦʟʚʦʣʷʶʱʠʭ 

ʧʦʣʫʯʠʪʴ ʢʘʪʘʣʠʟʘʪʦʨʳ, ʧʨʝʚʳʰʘʶʱʠʝ ʢʦʤʤʝʨʯʝʩʢʠʝ Pt/C ʘʥʘʣʦʛʠ ʧʦ 

ʩʪʘʙʠʣʴʥʦʩʪʠ ʠ ʘʢʪʠʚʥʦʩʪʠ ʚ ʨʝʘʢʮʠʠ ʵʣʝʢʪʨʦʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʢʠʩʣʦʨʦʜʘ.  

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʨʝʰʘʣʩʷ ʨʷʜ ʟʘʜʘʯ: 



 
 

мм 
 

1) ʉʠʥʪʝʟʠʨʦʚʘʪʴ ʨʷʜ Pt(Cu)/C ʵʣʝʢʪʨʦʢʘʪʘʣʠʟʘʪʦʨʦʚ ʩʦ ʩʪʨʫʢʪʫʨʦʡ 

ʥʘʥʦʯʘʩʪʠʮ ʪʠʧʘ ʣʫʢʦʚʠʮʘ ʥʘ ʦʩʥʦʚʝ Pt-̫ ʜʝʨ ʩ ʨʘʟʣʠʯʥʦʡ ʤʘʩʩʦʚʦʡ ʜʦʣʝʡ Pt 

ʚ ʷʜʨʝ; 

2) ʋʩʪʘʥʦʚʠʪʴ ʦʧʪʠʤʘʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʧʣʘʪʠʥʳ ʚ ʷʜʨʝ çʣʫʢʦʚʠʯʥʳʭè ʅʏ 

ʧʫʪʝʤ ʠʟʫʯʝʥʠʷ ʩʪʨʫʢʪʫʨʥʦ-ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʠ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʣʫʯʝʥʥʳʭ Pt(Cu)/C ʤʘʪʝʨʠʘʣʦʚ; 

3) ʀʟʫʯʠʪ ɹʦʩʦʙʝʥʥʦʩʪʠ ʩʝʣʝʢʪʠʚʥʦʛʦ ʨʘʩʪʚʦʨʝʥʠʷ ʤʝʜʠ ʚ ʧʨʦʮʝʩʩʝ ʘʢʪʠʚʘʮʠʠ 

PtCu/C ɻ ʣʝʢʪʨʦʢʘʪʘʣʠʟʘʪʦʨʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʜʠʘʧʘʟʦʥʘ ʧʦʪʝʥʮʠʘʣʦʚ 

ʮʠʢʣʠʨʦʚʘʥʠʷ, ʟʘʜʘʚʘʝʤʦʛʦ ʥʘ ʩʪʘʜʠʠ ʘʢʪʠʚʘʮʠʠ; 

4) ʋʩʪʘʥʦʚʠʪʴ ʚʣʠʷʥʠʝ ʠʩʭʦʜʥʦʡ ʩʪʨʫʢʪʫʨʳ ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʥʘʥʦʯʘʩʪʠʮ ʥʘ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ de-alloyed PtCu/C ɻ ʣʝʢʪʨʦʢʘʪʘʣʠʟʘʪʦʨʦʚ cʦ ʩʪʨʫʢʪʫʨʦʡ 

ʥʘʥʦʯʘʩʪʠʮ ʪʠʧʘ ʣʫʢʦʚʠʮʘ ʠ ʪʚʝʨʜʳʡ ʨʘʩʪʚʦʨ; 

5) ʇʦʣʫʯʠʪʴ ʠ ʠʩʩʣʝʜʦʚʘʪʴ ʨʷʜ PtCu/C ʤʘʪʝʨʠʘʣʦʚ ʩ ʨʘʟʣʠʯʥʳʤ ʩʦʩʪʘʚʦʤ 

ʥʘʥʦʯʘʩʪʠʮ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ, ʫʩʪʘʥʦʚʠʪʴ ʟʘʚʠʩʠʤʦʩʪʴ ʘʢʪʠʚʥʦʩʪʠ de-

alloyed ɻ ʣʝʢʪʨʦʢʘʪʘʣʠʟʘʪʦʨʦʚ ʚ ʨʝʘʢʮʠʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʢʠʩʣʦʨʦʜʘ ʦʪ 

ʠʩʭʦʜʥʦʛʦ ʩʦʩʪʘʚʘ ʥʘʥʦʯʘʩʪʠʮ. 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʢʣʶʯʘʝʪ ʥʝʩʢʦʣʴʢʦ 

ʨʝʰʝʥʠʡ. 

ɺʦ-ʧʝʨʚʳʭ, ʦʥʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʨʘʟʨʘʙʦʪʢʝ ʵʬʬʝʢʪʠʚʥʦʡ ʪʝʭʥʦʣʦʛʠʠ 

ʧʦʣʫʯʝʥʠʷ PtCu/C ʵʣʝʢʪʨʦʢʘʪʘʣʠʟʘʪʦʨʦʚ. ʅʦʚʳʡ ʤʝʪʦʜ ʩʠʥʪʝʟʘ ʦʩʥʦʚʘʥ ʥʘ 

ʬʦʨʤʠʨʦʚʘʥʠʠ ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʅʏ ʩ ʣʫʢʦʚʠʯʥʦʡ ʩʪʨʫʢʪʫʨʦʡ, ʩʦʩʪʦʷʱʠʭ ʠʟ 

Pt-̫ ʜʝʨ, ʧʦʢʨʳʪʳʭ ʪʚʝʨʜʳʤ ʨʘʩʪʚʦʨʦʤ Pt-Cu ʠ ʦʙʦʣʦʯʢʦʡ ʠʟ Pt. ʊʘʢʘʷ 

ʩʪʨʫʢʪʫʨʘ ʅʏ ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʚʳʩʦʢʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ ʠ ʘʢʪʠʚʥʦʩʪʴ 

ʵʣʝʢʪʨʦʢʘʪʘʣʠʟʘʪʦʨʦʚ ʚ ʈɺʂ ʟʘ ʩʯʝʪ ʨʘʚʥʦʤʝʨʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʅʏ ʧʦ 

ʨʘʟʤʝʨʫ ʠ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʟʘ ʩʯʝʪ ʧʨʦʤʦʪʠʨʫʶʱʝʛʦ ʵʬʬʝʢʪʘ ʣʠʛʘʥʜʘ 

(ʤʝʜʠ). ʂʠʩʣʦʪʥʘʷ ʦʙʨʘʙʦʪʢʘ ʪʘʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ 

ʩʦʜʝʨʞʘʥʠʷ ʤʝʜʠ ʙʝʟ ʩʫʱʝʩʪʚʝʥʥʦʡ ʧʦʪʝʨʠ ʵʬʬʝʢʪʘ ʣʝʛʠʨʦʚʘʥʠʷ, ʯʪʦ 

ʚʳʨʘʞʘʝʪʩʷ ʚ ʩʦʭʨʘʥʝʥʠʠ ʫ de-alloyed ʵʣʝʢʪʨʦʢʘʪʘʣʠʟʘʪʦʨʦʚ ʚʳʩʦʢʦʡ 

ʘʢʪʠʚʥʦʩʪʠ ʚ ʈɺʂ ʚ ʩʦʯʝʪʘʥʠʠ ʩʦ ʩʪʘʙʠʣʴʥʦʩʪʴʶ ʩʦʩʪʘʚʘ.  



 
 

мн 
 

ɺʦ-ʚʪʦʨʳʭ, ʨʘʟʨʘʙʦʪʘʥʘ ʥʦʚʘ ̫ʤʝʪʦʜʠʢʘ ʕʍ ʠʩʧʳʪʘʥʠʡ, ʩʚʷʟʘʥʥʘ ̫ʩ 

ʠʟʤʝʥʝʥʠʝʤ ʧʨʝʜʝʣʘ ʘʥʦʜʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʧʨʠ ʧʦʪʝʥʮʠʦʜʠʥʘʤʠʯʝʩʢʦʤ 

ʮʠʢʣʠʨʦʚʘʥʠʠ, ʢʦʪʦʨʘ ̫ ʧʦʟʚʦʣʷʝʪ ʙʳʩʪʨʦ ʦʮʝʥʠʪʴ ʦʪʥʦʩʠʪʝʣʴʥʫʶ 

ʩʪʘʙʠʣʴʥʦʩʪʴ ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʵʣʝʢʪʨʦʢʘʪʘʣʠʟʘʪʦʨʦʚ. ʇʦʢʘʟʘʥʦ, ʯʪʦ 

ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʫʶ ʘʢʪʠʚʘʮʠ ʁʠ ʩʪʨʝʩʩ-ʪʝʩʪʠʨʦʚʘʥʠʝ ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʭ 

PtCu/C ɻ ʣʝʢʪʨʦʢʘʪʘʣʠʟʘʪʦʨʦʚ, ʚ ʦʪʣʠʯʠʠ ʦʪ Pt/C, ʦʧʪʠʤʘʣʴʥʦ ʧʨʦʚʦʜʠʪʴ ʧʨʠ 

ʟʥʘʯʝʥʠʠ ʚʝʨʭʥʝʛʦ ʧʨʝʜʝʣʘ ʧʦʪʝʥʮʠʘʣʘ 1.0ï1.05 ɺ, ʜʦʩʪʘʪʦʯʥʦʛʦ ʜʣʷ 

ʩʪʘʙʠʣʠʟʘʮʠʠ ʩʪʨʫʢʪʫʨʳ ʥʘʥʦʯʘʩʪʠʮ. 

ʅʘʢʦʥʝʮ, ʫʩʪʘʥʦʚʣʝʥʦ ʦʧʪʠʤʘʣʴʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ Pt : Cu ʚ 

ʵʣʝʢʪʨʦʢʘʪʘʣʠʟʘʪʦʨʘʭ-ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘʭ ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʥʘʥʦʯʘʩʪʠʮ ʪʠʧʘ 

ʪʚʝʨʜʳʡ ʨʘʩʪʚʦʨ, ʧʦʟʚʦʣʷʶʱʝʝ ʧʦʣʫʯʘʪʴ ʧʦʩʣʝ ʢʠʩʣʦʪʥʦʡ ʦʙʨʘʙʦʪʢʠ 

ʚʳʩʦʢʦʘʢʪʠʚʥʳʝ de-alloyed PtCu/C ʵʣʝʢʪʨʦʢʘʪʘʣʠʟʘʪʦʨʳ.  

ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʨʘʟʚʠʪʠʠ 

ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʦ ʩʧʦʩʦʙʘʭ ʬʦʨʤʠʨʦʚʘʥʠʷ ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʥʘʥʦʯʘʩʪʠʮ ʚ ʭʦʜʝ 

ʞʠʜʢʦʬʘʟʥʦʛʦ ʩʠʥʪʝʟʘ, ʦ ʢʠʥʝʪʠʢʝ ʛʝʪʝʨʦʛʝʥʥʦʛʦ ʵʣʝʢʪʨʦʢʘʪʘʣʠʟʘ ʥʘ 

ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʥʘʥʦʯʘʩʪʠʮʘʭ, ʘ ʪʘʢʞʝ ʦʙ ʠʟʤʝʥʝʥʠʷʭ ʩʦʩʪʘʚʘ ʠ ʩʪʨʫʢʪʫʨʥʦ-

ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʵʣʝʢʪʨʦʢʘʪʘʣʠʟʘʪʦʨʦʚ ʚ ʭʦʜʝ ʠʭ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ, ʠ ʚʣʠʷʥʠʠ ʵʪʠʭ ʠʟʤʝʥʝʥʠʡ ʥʘ ʕʍ ʧʦʚʝʜʝʥʠʝ. 

ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʙʦʪʳ 

ʇʦʣʫʯʝʥʳ ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʝ PtCu/C ɻ ʣʝʢʪʨʦʢʘʪʘʣʠʟʘʪʦʨʳ, ʢʦʪʦʨʳʝ ʧʦʩʣʝ 

ʦʙʨʘʙʦʪʢʠ (ʘʢʪʠʚʘʮʠʠ) ʦʙʣʘʜʘʶʪ ʙʦʣʝʝ ʚʳʩʦʢʠʤʠ ʩʪʘʙʠʣʴʥʦʩʪʴʶ ʠ 

ʘʢʪʠʚʥʦʩʪʴʶ ʚ ʈɺʂ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʨʘʥʝʝ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʤʠ PtCu/C ʠ 

ʢʦʤʤʝʨʯʝʩʢʠʤʠ Pt/C ɻ ʣʝʢʪʨʦʢʘʪʘʣʠʟʘʪʦʨʘʤʠ ʤʠʨʦʚʦʛʦ ʫʨʦʚʥʷ. ʈʘʟʨʘʙʦʪʘʥʘ 

ʤʝʪʦʜʠʢʘ ʩʠʥʪʝʟʘ de-alloyed PtCu/C ʤʘʪʝʨʠʘʣʦʚ, ʩʦʩʪʘʚ ʢʦʪʦʨʳʭ ʫʩʪʦʡʯʠʚ ʢ 

ʩʝʣʝʢʪʠʚʥʦʤʫ ʨʘʩʪʚʦʨʝʥʠʶ ʤʝʜʠ, ʥʝ ʠʤʝʶʱʘʷ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ 

ʜʣʷ ʤʘʩʰʪʘʙʠʨʦʚʘʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʵʢʩʧʣʫʘʪʘʮʠʷ PtCu/C 

ʵʣʝʢʪʨʦʢʘʪʘʣʠʟʘʪʦʨʦʚ ʧʨʠ ʧʦʪʝʥʮʠʘʣʘʭ ʥʠʞʝ 1.0 ɺ ʧʦʟʚʦʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʦ 

ʧʨʦʜʣʠʪʴ ʨʝʩʫʨʩ ʠʭ ʵʬʬʝʢʪʠʚʥʦʡ ʨʘʙʦʪʳ.  

 



 
 

мо 
 

ʄʝʪʦʜʦʣʦʛʠʷ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʈʘʙʦʪʘ ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʠʟʚʝʩʪʥʳʭ ɻ ʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʧʦʜʭʦʜʘʭ ʢ ʦʮʝʥʢʝ 

ʩʪʨʫʢʪʫʨʥʦ-ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʠ ʕʍ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʘʪʦʜʥʳʭ 

ʵʣʝʢʪʨʦʢʘʪʘʣʠʟʘʪʦʨʦʚ ʜʣʷ ʇʆʄʊʕ. ʉʦʩʪʘʚ ʠ ʩʪʨʫʢʪʫʨʫ ʵʣʝʢʪʨʦʢʘʪʘʣʠʟʘʪʦʨʦʚ 

ʠʟʫʯʘʣʠ ʤʝʪʦʜʘʤʠ ʛʨʘʚʠʤʝʪʨʠʠ, ʨʝʥʪʛʝʥʦʬʣʫʦʨʝʩʮʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ, 

ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʜʠʬʨʘʢʪʦʤʝʪʨʠʠ, ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʬʦʪʦʵʣʝʢʪʨʦʥʥʦʡ 

ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʧʨʦʩʚʝʯʠʚʘʶʱʝʡ ɻ ʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʚ ʩʦʯʝʪʘʥʠʠ ʩ 

ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʝʡ. ʂʘʪʘʣʠʪʠʯʝʩʢʫʶ 

ʘʢʪʠʚʥʦʩʪʴ ʠ ʩʪʘʙʠʣʴʥʦʩʪʴ ʵʣʝʢʪʨʦʢʘʪʘʣʠʟʘʪʦʨʦʚ ʦʮʝʥʠʚʘʣʠ ʤʝʪʦʜʘʤʠ 

ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʠ ʥʘ ʚʨʘʱʘʶʱʝʤʩʷ ʜʠʩʢʦʚʦʤ ʵʣʝʢʪʨʦʜʝ ʩ ʪʦʥʢʦʡ ʧʣʝʥʢʦʡ 

ʵʣʝʢʪʨʦʢʘʪʘʣʠʟʘʪʦʨʘ. 

ʇʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ: 

1) ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʥʘʥʝʩʝʥʥʳʭ ʥʘ ʫʛʣʝʨʦʜ ʫʣʴʪʨʘʤʘʣʳʭ ʥʘʥʦʯʘʩʪʠʮ ʧʣʘʪʠʥʳ ʚ 

ʢʘʯʝʩʪʚʝ ʟʘʨʦʜʳʰʝʡ (ʷʜʝʨ) ʧʨʠ ʩʠʥʪʝʟʝ Pt(Cu)/C ɻʣʝʢʪʨʦʢʘʪʘʣʠʟʘʪʦʨʦʚ 

ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʠʭ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚ ʨʝʘʢʮʠʠ 

ʵʣʝʢʪʨʦʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʢʠʩʣʦʨʦʜʘ ʟʘ ʩʯʝʪ ʤʥʦʛʦʩʣʦʡʥʦʡ (ʣʫʢʦʚʠʯʥʦʡ) 

ʩʪʨʫʢʪʫʨʳ ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʥʘʥʦʯʘʩʪʠʮ. 

2) ʅʝʟʘʚʠʩʠʤʦ ʦʪ ʠʩʭʦʜʥʦʡ ʩʪʨʫʢʪʫʨʳ ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʅʏ ʟʥʘʯʝʥʠʝ 

ʚʝʨʭʥʝʛʦ ʧʨʝʜʝʣʘ ʧʦʪʝʥʮʠʘʣʘ ʥʘ ʩʪʘʜʠʠ ʘʢʪʠʚʘʮʠʠ (Pt(Cu)/C) 

ʵʣʝʢʪʨʦʢʘʪʘʣʠʟʘʪʦʨʦʚ ʚ ʨʝʞʠʤʝ ʧʦʪʝʥʮʠʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʮʠʢʣʠʨʦʚʘʥʠʷ 

ʦʢʘʟʳʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʚʝʣʠʯʠʥʫ ʠʭ ʤʘʩʩ-ʘʢʪʠʚʥʦʩʪʠ ʚ 

ʨʝʘʢʮʠʠ ʵʣʝʢʪʨʦʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʢʠʩʣʦʨʦʜʘ. ɼʣʷ ʩʪʘʙʠʣʠʟʘʮʠʠ ʩʪʨʫʢʪʫʨʳ ʠ 

ʩʦʭʨʘʥʝʥʠʷ ʚʳʩʦʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʭ PtCu/C ʢʘʪʘʣʠʟʘʪʦʨʦʚ 

ʜʦʩʪʘʪʦʯʥʳʤ ʷʚʣʷʝʪʩʷ ʟʥʘʯʝʥʠʝ ʚʝʨʭʥʝʛʦ ʧʦʪʝʥʮʠʘʣʘ ʘʢʪʠʚʘʮʠʠ 1.0ï1.05 ɺ. 

3) ʋʚʝʣʠʯʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʤʝʜʠ ʚ ʩʦʩʪʘʚʝ ʠʩʭʦʜʥʳʭ PtCu/C ʤʘʪʝʨʠʘʣʦʚ (ʪʦ 

ʝʩʪʴ ʚ ʩʦʩʪʦʷʥʠʠ çʢʘʢ ʧʦʣʫʯʝʥʦè) ʧʨʠʚʦʜʠʪ ʢ ʧʦʚʳʰʝʥʠʶ ʘʢʪʠʚʥʦʩʪʠ ʚ 

ʈɺʂ ʦʙʨʘʟʫʶʱʠʭʩʷ ʠʟ ʥʠʭ de-alloyed ɻ ʣʝʢʪʨʦʢʘʪʘʣʠʟʘʪʦʨʦʚ, ʥʝʩʤʦʪʨʷ ʥʘ 

ʦʪʩʫʪʩʪʚʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʩʦʩʪʘʚʘ de-alloyed ɻ ʣʝʢʪʨʦʢʘʪʘʣʠʟʘʪʦʨʦʚ ʦʪ 



 
 

мп 
 

ʠʩʭʦʜʥʦʛʦ. ɺ ʠʩʩʣʝʜʦʚʘʥʥʦʤ ʨʷʜʫ ʩʦʩʪʘʚʦʚ ʦʧʪʠʤʘʣʴʥʳʤ ʠʩʭʦʜʥʳʤ 

ʩʦʦʪʥʦʰʝʥʠʝʤ ʤʝʪʘʣʣʦʚ ʷʚʣʷʝʪʩʷ Pt : Cu = 1 : 2. 

ʃʠʯʥʳʡ ʚʢʣʘʜ ʩʦʠʩʢʘʪʝʣʷ ʚ ʨʘʙʦʪʫ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʨʘʟʨʘʙʦʪʢʝ ʥʦʚʳʭ 

ʧʦʜʭʦʜʦʚ ʢ ʩʠʥʪʝʟʫ ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʭ de-alloyed ʵʣʝʢʪʨʦʢʘʪʘʣʠʟʘʪʦʨʦʚ, 

ʠʟʫʯʝʥʠʠ ʠʭ ʩʪʨʫʢʪʫʨʥʦ-ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʠ ʕʍ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ʇʦʣʫʯʝʥ r

ʨʷʜʳ PtCu/C ʵʣʝʢʪʨʦʢʘʪʘʣʠʟʘʪʦʨʦʚ, ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʪʘʢʠʝ ʧʘʨʘʤʝʪʨʳ, ʢʘʢ: 

ʩʦʩʪʘʚ, ʩʪʨʫʢʪʫʨʘ ʠ ʬʦʨʤʘ ʅʏ, ʦʩʦʙʝʥʥʦʩʪʠ ʤʦʨʬʦʣʦʛʠʠ ʧʦʚʝʨʭʥʦʩʪʠ, 

ʨʘʟʤʝʨʥʦʛʦ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʅʏ. ʆʧʨʝʜʝʣʝʥʳ ʕʍɸʇ, 

ʘʢʪʠʚʥʦʩʪʴ ʚ ʈɺʂ ʠ ʩʪʘʙʠʣʴʥʦʩʪ ɹɻ ʣʝʢʪʨʦʢʘʪʘʣʠʟʘʪʦʨʦʚ. ɸʚʪʦʨʦʤ ʩʦʚʤʝʩʪʥʦ ʩ 

ʨʫʢʦʚʦʜʠʪʝʣʝʤ ʦʧʨʝʜʝʣʝʥʘ ʮʝʣʴ ʠ ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʟʘʜʘʯʠ ʨʘʙʦʪʳ, ʚʳʙʨʘʥʳ 

ʤʝʪʦʜʦʣʦʛʠʷ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʨʦʚʝʜʝʥʘ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʧʦʣʫʯʝʥʥʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ. 

ʉʪʝʧʝʥʴ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʠ ʘʧʨʦʙʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ 

ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʙʫʩʣʦʚʣʝʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʤʧʣʝʢʩʘ 

ʬʠʟʠʯʝʩʢʠʭ ʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ, ʘ ʪʘʢʞʝ ʩʦʚʨʝʤʝʥʥʦʛʦ 

ʩʝʨʪʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʈʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʨʘʙʦʪʝ, ʥʝ 

ʧʨʦʪʠʚʦʨʝʯʘʪ ʠʟʚʝʩʪʥʳʤ ʠʟ ʣʠʪʝʨʘʪʫʨʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʜʘʥʥʳʤ ʠ 

ʚʳʚʦʜʘʤ.  

ʆʩʥʦʚʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʨʘʙʦʪʳ ʠʟʣʦʞʝʥʦ ʚ 8 ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ ʚ ʩʦʘʚʪʦʨʩʪʚʝ 

ʩʪʘʪʴʷʭ, ʠʥʜʝʢʩʠʨʫʝʤʳʭ ʙ/ʜ Scopus ʠ Web of Science, ʚʭʦʜʷʱʠʭ ʚ ʢʘʪʝʛʦʨʠʶ 

ʞʫʨʥʘʣʦʚ ʂ1 ʩʦʛʣʘʩʥʦ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ɺɸʂ. ʆʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ 

ʜʠʩʩʝʨʪʘʮʠʠ ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ 10 ʢʦʥʬʝʨʝʥʮʠʷʭ ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ ʠ 

ʚʩʝʨʦʩʩʠʡʩʢʦʛʦ ʫʨʦʚʥʷ. 

ʄʘʪʝʨʠʘʣʳ ʜʠʩʩʝʨʪʘʮʠʠ ʜʦʣʦʞʝʥʳ ʥʘ ʐʝʩʪʦʤ ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʦʤ 

ʥʘʫʯʥʦʤ ʬʦʨʫʤʝ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ çʅʦʚʳʝ ʤʘʪʝʨʠʘʣʳ ʠ 

ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʪʝʭʥʦʣʦʛʠʠè (ʄʦʩʢʚʘ, 2020); IX ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ 

ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ çʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʚ 

ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʭ ʩʨʝʜʘʭ ʠ ʥʘ ʤʝʞʬʘʟʥʳʭ ʛʨʘʥʠʮʘʭ ï ʌɸɻʈɸʅ-2021è 

(ɺʦʨʦʥʝʞ, 2021); 56-ʡ ʠ 57-ʡ ʄʝʞʜʫʥʘʨʦʜʥʳʭ ʢʦʥʬʝʨʝʥʮʠʷʭ çIon transport in 
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organic and inorganic membranesè (ʉʦʯʠ, 2021, 2023); ɼʝʚʷʪʦʡ ɺʩʝʨʦʩʩʠʡʩʢʦʡ 

ʢʦʥʬʝʨʝʥʮʠʠ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ çʊʦʧʣʠʚʥʳʝ ʵʣʝʤʝʥʪʳ ʠ 

ʵʥʝʨʛʦʫʩʪʘʥʦʚʢʠ ʥʘ ʠʭ ʦʩʥʦʚʝè (ʏʝʨʥʦʛʦʣʦʚʢʘ, 2022); ʇʝʨʚʦʤ ʠ ɺʪʦʨʦʤ 

ɺʩʝʨʦʩʩʠʡʩʢʠʭ ʩʝʤʠʥʘʨʘʭ çʕʣʝʢʪʨʦʭʠʤʠʷ ʚ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʠ ʘʪʦʤʥʦʡ 

ʵʥʝʨʛʝʪʠʢʝè (ʕʣʴʙʨʫʩ, 2022, 2023); ʊʨʝʪʴʝʡ ʰʢʦʣʝ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ 

çʕʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʫʩʪʨʦʡʩʪʚʘ: ʧʨʦʮʝʩʩʳ, ʤʘʪʝʨʠʘʣʳ, ʪʝʭʥʦʣʦʛʠʠè 

(ʅʦʚʦʩʠʙʠʨʩʢ, 2023); ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʤʦʣʦʜʝʞʥʦʡ ʥʘʫʯʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ 

çʉʦʚʨʝʤʝʥʥʳʝ ʪʝʥʜʝʥʮʠʠ ʨʘʟʚʠʪʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚè (ʉʠʨʠʫʩ, 

2023); ʐʢʦʣʝ-ʢʦʥʬʝʨʝʥʮʠʠ ʎʝʥʪʨʘ ʢʦʤʧʝʪʝʥʮʠʡ ʅʊʀ çɺʦʜʦʨʦʜ ʢʘʢ ʦʩʥʦʚʘ 

ʥʠʟʢʦʫʛʣʝʨʦʜʥʦʡ ʵʢʦʥʦʤʠʢʠè (ʐʝʨʝʛʝʰ, 2023). 

ʈʘʙʦʪʘ ʧʦʜʜʝʨʞʘʥʘ ʛʨʘʥʪʘʤʠ ʈʦʩʩʠʡʩʢʦʛʦ ʬʦʥʜʘ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ (ʛʨʘʥʪ ˉ20-08-00637), ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ (ʛʨʘʥʪ ˉ23-

79-00058, ˉ20-79-10211, ˉ21-79-00258), ʌʦʥʜʘ ʩʦʜʝʡʩʪʚʠʷ ʨʘʟʚʠʪʠʶ ʤʘʣʳʭ 

ʬʦʨʤ ʧʨʝʜʧʨʠʷʪʠʡ ʚ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʩʬʝʨʝ ʧʦ ʧʨʦʛʨʘʤʤʝ çʋ.ʄ.ʅ.ʀ.ʂè 

(ʜʦʛʦʚʦʨ ˉ 16304ɻʋ/2021), ʄʠʥʦʙʨʥʘʫʢʠ (ʇʨʦʝʢʪʥʘʷ ʯʘʩʪʴ ʛʦʩʟʘʜʘʥʠʷ ʈʌ 

ˉ13.3005.2017/ʇʏ, ɹʘʟʦʚʘʷ ʯʘʩʪʴ ʛʦʩʟʘʜʘʥʠʷ ʈʌ ˉFENW-2023-0016, ɹʘʟʦʚʘʷ 

ʯʘʩʪʴ ʛʦʩʟʘʜʘʥʠʷ ʈʌ ˉ 0852-2020-0019), ʖʞʥʦʛʦ ʬʝʜʝʨʘʣʴʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ 

(ɻʨʘʥʪʦʚʘʷ ʧʦʜʜʝʨʞʢʘ ʘʩʧʠʨʘʥʪʦʚ çɸʩʧʠʨʘʥʪ-ʥʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴè ʧʨʠ 

ʧʦʜʜʝʨʞʢʝ ʇʨʦʛʨʘʤʤʳ ʩʪʨʘʪʝʛʠʯʝʩʢʦʛʦ ʘʢʘʜʝʤʠʯʝʩʢʦʛʦ ʣʠʜʝʨʩʪʚʘ ʖʞʥʦʛʦ 

ʬʝʜʝʨʘʣʴʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ "ʇʨʠʦʨʠʪʝʪ 2030", ɺʥʫʪʨʝʥʥʠʡ ʛʨʘʥʪ ʜʣʷ ʨʘʟʚʠʪʠʷ 

ʩʪʫʜʝʥʯʝʩʢʠʭ ʥʘʫʯʥʳʭ ʦʙʲʝʜʠʥʝʥʠʡ ʖʞʥʦʛʦ ʬʝʜʝʨʘʣʴʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ 2022 

ʠ 2023). 

ʉʪʨʫʢʪʫʨʘ ʠ ʦʙʲʝʤ ʨʘʙʦʪʳ 

ɼʠʩʩʝʨʪʘʮʠʷ ʠʟʣʦʞʝʥʘ ʥʘ 130 ʩʪʨʘʥʠʮʘʭ, ʩʦʩʪʦʠʪ ʠʟ ʚʚʝʜʝʥʠʷ, 5 ʛʣʘʚ, 

ʟʘʢʣʶʯʝʥʠʷ, ʩʦʜʝʨʞʠʪ 48 ʨʠʩʫʥʢʦʚ, 9 ʪʘʙʣʠʮ ʠ ʩʧʠʩʦʢ ʮʠʪʠʨʫʝʤʦʡ ʣʠʪʝʨʘʪʫʨʳ 

(167 ʥʘʠʤʝʥʦʚʘʥʠʡ). 

  



 
 

мс 
 

1 ʆɹɿʆʈ ʃʀʊɽʈɸʊʋʈʓ 

 

1.1 ɺʦʜʦʨʦʜʦ-ʚʦʟʜʫʰʥʳʝ ʪʦʧʣʠʚʥʳʝ ʵʣʝʤʝʥʪʳ ʩ 

ʧʨʦʪʦʥʦʦʙʤʝʥʥʦʡ ʤʝʤʙʨʘʥʦʡ 

ɺʦʜʦʨʦʜʦ-ʚʦʟʜʫʰʥʳʝ ʇʆʄʊʕ ï ɻ ʪʦ ʭʠʤʠʯʝʩʢʠʝ ʠʩʪʦʯʥʠʢʠ ʪʦʢʘ, ʢʦʪʦʨʳʝ 

ʧʨʝʦʙʨʘʟʫʶʪ ʵʥʝʨʛʠʶ ʪʦʧʣʠʚʘ (ʚʦʜʦʨʦʜʘ ʠ ʢʠʩʣʦʨʦʜʘ ʚʦʟʜʫʭʘ) ʚ 

ʵʣʝʢʪʨʠʯʝʩʪʚʦ. ʇʆʄʊʕ ʷʚʣʷʶʪʩʷ ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ ʙʫʨʥʦ ʨʘʟʚʠʚʘʶʱʝʡʩʷ 

ʚʦʜʦʨʦʜʥʦʡ ʵʥʝʨʛʝʪʠʢʠ [1,2]. ʊʘʢʠʝ ʫʩʪʨʦʡʩʪʚʘ ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʝʟʦʧʘʩʥʳ, 

ʧʦʩʢʦʣʴʢʫ ʧʦʙʦʯʥʳʤ ʧʨʦʜʫʢʪʦʤ ʠʭ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʘʷ ʚʦʜʘ 

[3].  

ʅʘ ʨʠʩʫʥʢʝ 1.1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʭʝʤʘ ʤʝʤʙʨʘʥʥʦ-ɻ ʣʝʢʪʨʦʜʥʦʛʦ ʙʣʦʢʘ (ʄʕɹ) 

ʚʦʜʦʨʦʜʦ-ʚʦʟʜʫʰʥʦʛʦ ʇʆʄʊʕ. ʄʝʤʙʨʘʥʥʦ-ɻ ʣʝʢʪʨʦʜʥʳʡ ʙʣʦʢ ʩʦʩʪʦʠʪ ʠʟ 

ʢʘʪʦʜʥʦʛʦ ʠ ʘʥʦʜʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʢʦʪʦʨʳʝ ʨʘʟʜʝʣʝʥʳ ʧʨʦʪʦʥʧʨʦʚʦʜʷʱʝʡ 

ʤʝʤʙʨʘʥʦʡ. ʕʣʝʢʪʨʦʜʳ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʩʦʩʪʦʷʪ ʠʟ ʛʘʟʦʜʠʬʬʫʟʠʦʥʥʳʭ ʩʣʦʝʚ 

(ʯʘʱʝ ʚʩʝʛʦ ʫʛʣʝʨʦʜʥʘʷ ʙʫʤʘʛʘ) ʠ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʩʣʦʷ, ʢʦʪʦʨʳʡ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʠʟ ʩʝʙʷ ʵʣʝʢʪʨʦʢʘʪʘʣʠʟʘʪʦʨ ʩʤʝʰʘʥʥʳʡ ʩ ʠʦʥʦʤʝʨʦʤ (ʨʠʩʫʥʦʢ 1.1). ɺ ʢʘʯʝʩʪʚʝ 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʜʣʷ ʵʣʝʢʪʨʦʜʦʚ ʇʆʄʊʕ ʯʘʱʝ ʚʩʝʛʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʣʘʪʠʥʘ, 

ʥʘʥʝʩʝʥʥʘʷ ʥʘ ʫʛʣʝʨʦʜʥʳʡ ʥʦʩʠʪʝʣʴ ʚ ʚʠʜʝ ʥʘʥʦʯʘʩʪʠʮ [1,4ï6]. 

 
ʈʠʩʫʥʦʢ 1.1 ï ʉʭʝʤʘʪʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ ʄʕɹ ʇʆʄʊʕ [7] 

 

 



 
 

мт 
 

ʂʘʪʘʣʠʪʠʯʝʩʢʠʝ ʨʝʘʢʮʠʠ ʵʣʝʢʪʨʦʦʢʠʩʣʝʥʠʷ ʚʦʜʦʨʦʜʘ: 

H2 ï 2Ǜ = 2H
+ (ʘʥʦʜ), 

ʠ ʵʣʝʢʪʨʦʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʢʠʩʣʦʨʦʜʘ: 

O2 + 4H
+ + 4Ǜ = 2H2O (ʢʘʪʦʜ), 

ʷʚʣʷʶʪʩʷ ʪʦʢʦʦʙʨʘʟʫʶʱʠʤʠ ʨʝʘʢʮʠʷʤʠ ʚ ʇʆʄʊʕ [8]. ʂʠʥʝʪʠʢʘ ʈɺʂ 

ʷʚʣʷʝʪʩʷ ʟʘʪʨʫʜʥʝʥʥʦʡ, ʤʝʭʘʥʠʟʤ ʨʝʘʢʮʠʠ ʤʥʦʛʦʩʪʘʜʠʡʥʳʡ, ʤʦʞʝʪ ʧʨʦʪʝʢʘʪʴ 

ʯʝʨʝʟ ʦʙʨʘʟʦʚʘʥʠʝ ʧʝʨʝʢʠʩʠ ʚʦʜʦʨʦʜʘ (ʨʠʩʫʥʦʢ 1.2) [8].  

 
ʈʠʩʫʥʦʢ 1.2 ï ʄʝʭʘʥʠʟʤ ʈɺʂ [9] 

 

ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʵʪʦʡ ʨʝʘʢʮʠʠ ʚ ʇʆʄʊʕ ʧʨʠʤʝʥʷʶʪʩʷ 

ʥʘʥʦʜʠʩʧʝʨʩʥʳʝ ʧʣʘʪʠʥʦʩʦʜʝʨʞʘʱʠʝ ʵʣʝʢʪʨʦʢʘʪʘʣʠʟʘʪʦʨʳ [1,4,5]. ɺ ʩʚʷʟʠ ʩ 

ʵʪʠʤ ʩʫʱʝʩʪʚʝʥʥʘʷ ʯʘʩʪʴ ʥʘʫʯʥʳʭ ʨʘʙʦʪ ʚ ʦʙʣʘʩʪʠ ʇʆʄʊʕ ʥʘʧʨʘʚʣʝʥʘ ʥʘ 

ʧʦʚʳʰʝʥʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʘʪʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʩʥʠʞʝʥʠʝ 

ʠʭ ʩʪʦʠʤʦʩʪʠ. 

 

1.2 ʂʘʪʘʣʠʟʘʪʦʨʳ ʜʣʷ ʢʘʪʦʜʘ ʇʆʄʊʕ  

ʂ ʵʣʝʢʪʨʦʢʘʪʘʣʠʟʘʪʦʨʘʤ ʜʣʷ ʢʘʪʦʜʘ ʇʆʄʊʕ ʧʨʝʜʲʷʚʣʷʝʪʩʷ ʨʷʜ ʪʨʝʙʦʚʘʥʠʡ: 

¶ ʚr ʩʦʢʘʷ ʕʍɸʇ; 

¶ ʚr ʩʦʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʚ ʈɺʂ; 

¶ ʚr ʩʦʢʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʜʝʛʨʘʜʘʮʠʠ ʠʣʠ ʩʪʘʙʠʣʴʥʦʩʪʴ; 

¶ ʫʤʝʨʝʥʥʘʷ ʩʪʦʠʤʦʩʪʴ [10ï13]. 

ʂʦʤʧʦʟʠʪʥʳʝ Pt-ʩʦʜʝʨʞʘʱʠʝ ʤʘʪʝʨʠʘʣʳ ʥʘ ʦʩʥʦʚʝ ʵʣʝʢʪʨʦʥʦʧʨʦʚʦʜʷʱʝʛʦ 

ʥʦʩʠʪʝʣʷ ʩ ʚʳʩʦʢʦʡ ʧʣʦʱʘʜʴʶ ʧʦʚʝʨʭʥʦʩʪʠ ʷʚʣʷʶʪʩʷ ʧʨʝʚʦʩʭʦʜʥʳʤʠ 

ʢʘʪʘʣʠʟʘʪʦʨʘʤʠ ʜʣʷ ʇʆʄʊʕ [10ï12]. ʌʫʥʢʮʠʦʥʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʘʢʠʭ 



 
 

му 
 

ʤʘʪʝʨʠʘʣʦʚ ʟʘʚʠʩʷʪ ʦʪ ʨʘʟʤʝʨʘ, ʬʦʨʤʳ ʠ ʩʦʩʪʘʚʘ ʥʘʥʦʯʘʩʪʠʮ, ʘ ʪʘʢʞʝ ʦʪ ʪʠʧʘ 

ʥʦʩʠʪʝʣʷ ʠ ʭʘʨʘʢʪʝʨʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʅʏ ʧʦ ʝʛʦ ʧʦʚʝʨʭʥʦʩʪʠ [6,14].  

ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʣʘʪʠʥʦʩʦʜʝʨʞʘʱʠʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʙʳʣʦ 

ʚʳʛʦʜʥʳʤ ʜʣʷ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʚ ʇʆʄʊʕ, ʩʦʛʣʘʩʥʦ ʜʘʥʥʳʤ 

ʜʝʧʘʨʪʘʤʝʥʪʘ ɻ ʥʝʨʛʝʪʠʢʠ ʉʐɸ ʢ 2025 ʛʦʜʫ ʥʝʦʙʭʦʜʠʤʦ ʩʥʠʟʠʪʴ ʟʘʛʨʫʟʢʫ 

ʧʣʘʪʠʥʳ ʥʘ ʢʘʪʦʜʝ ʜʦ 0.1 ʤʛ(Pt)/ʩʤ2  ʠ ʧʦʚʳʩʠʪʴ ʤʘʩʩ-ʘʢʪʠʚʥʦʩʪʴ ʜʦ 440 ɸ/ʛ(Pt) 

[15]. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʩʦʚʝʨʰʘʝʪʩʷ ʧʝʨʝʭʦʜ ʢ ʙʠ- ʠ ʪʨʠʤʝʪʘʣʣʠʯʝʩʢʠʤ 

ʵʣʝʢʪʨʦʢʘʪʘʣʠʟʘʪʦʨʘʤ. ʇʦ ʜʘʥʥʳʤ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ, ʧʨʠʚʝʜʝʥʥʳʭ ʚ 

ʨʘʙʦʪʝ [16], ʤʘʪʝʨʠʘʣʳ ʥʘ ʦʩʥʦʚʝ PtM (ʛʜʝ M ï ʧʝʨʝʭʦʜʥʦʡ ʤʝʪʘʣʣ) 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʧʦʚʳʰʝʥʥʦʡ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʯʠʩʪʦʡ ʧʣʘʪʠʥʦʡ (ʨʠʩʫʥʦʢ 1.3). ʕʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʨʷʜʦʤ ʵʬʬʝʢʪʦʚ: 

¶ ɼʝʬʦʨʤʘʮʠʦʥʥʳʡ ʵʬʬʝʢʪ: ʜʦʙʘʚʣʝʥʠʝ ʚʪʦʨʦʛʦ ʤʝʪʘʣʣʘ ʧʨʠʚʦʜʠʪ ʢ 

ʠʟʤʝʥʝʥʠʶ ʧʦʩʪʦʷʥʥʦʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ, ʯʪʦ ʚʣʝʯʝʪ ʟʘ ʩʦʙʦʡ 

ʠʟʤʝʥʝʥʠʝ ʤʝʞʘʪʦʤʥʦʛʦ ʨʘʩʩʪʦʷʥʠʷ ʠ ʤʝʥʷʝʪ ʛʝʦʤʝʪʨʠʯʝʩʢʫʶ 

ʢʦʥʬʠʛʫʨʘʮʠʶ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʯʘʩʪʠʮ ʢʘʪʘʣʠʟʘʪʦʨʘ [17,18]: 

¶ ʕʣʝʢʪʨʦʥʥʳʡ ʵʬʬʝʢʪ (ʵʬʬʝʢʪ ʣʠʛʘʥʜʘ): ʜʦʙʘʚʣʝʥʠʝ ʚʪʦʨʦʛʦ ʤʝʪʘʣʣʘ 

ʠʟʤʝʥʷʝʪ ʵʣʝʢʪʨʦʥʥʫʶ ʢʦʥʬʠʛʫʨʘʮʠʶ ʧʣʘʪʠʥʳ ʧʫʪʝʤ ʠʟʤʝʥʝʥʠʷ 

ʵʣʝʢʪʨʦʥʥʦʛʦ ʦʢʨʫʞʝʥʠʷ ʝʸ ʘʪʦʤʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʪʘʣʣʘ ʠʣʠ ʧʫʪʝʤ 

ʩʪʠʤʫʣʠʨʦʚʘʥʠʷ ʧʝʨʝʥʦʩʘ ʵʣʝʢʪʨʦʥʦʚ ʤʝʞʜʫ ʜʚʫʤʷ ʤʝʪʘʣʣʘʤʠ [19,20]. 

ɼʦʙʘʚʣʝʥʠʝ ʤʝʥʝʝ ʙʣʘʛʦʨʦʜʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ 

ʩʪʘʙʠʣʴʥʦʩʪʴ ʢʘʪʘʣʠʟʘʪʦʨʘ ʟʘ ʩʯʝʪ ʩʥʠʞʝʥʠʷ ʢʦʥʪʘʢʪʘ ʥʦʩʠʪʝʣʴ - ʧʣʘʪʠʥʘ, 

ʢʘʪʘʣʠʟʠʨʫʶʱʘ ̫ʦʢʠʩʣʝʥʠʝ ʫʛʣʝʨʦʜʘ [21,22]. 



 
 

мф 
 

 

ʈʠʩʫʥʦʢ 1.3 ï ɺʫʣʢʘʥʦʦʙʨʘʟʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʘʢʪʠʚʥʦʩʪʠ 

ʧʣʘʪʠʥʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʚ ʈɺʂ ʦʪ ʵʥʝʨʛʠʠ ʩʚʷʟʠ ʛʠʜʨʦʢʩʠʣʘ ʩʦ 

ʩʧʣʘʚʦʤ  [16] 

 

ʇʦ ʜʘʥʥʳʤ ʨʘʙʦʪʳ Banham ʠ ʩʦʘʚʪ. [23] ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʨʝʘʣʴʥʦ 

ʠʩʧʦʣʴʟʫʶʱʠʤʠʩʷ ʚ ʫʩʪʨʦʡʩʪʚʘʭ ʩ ʇʆʄʊʕ ʷʚʣʷʶʪʩʷ ʯʠʩʪʦ-ʧʣʘʪʠʥʦʚʳʝ 

ʢʘʪʘʣʠʟʘʪʦʨʳ ʠ ʚ ʥʝʙʦʣʴʰʦʤ ʢʦʣʠʯʝʩʪʚʝ - ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʝ ʤʘʪʝʨʠʘʣʳ ʩʦ 

ʩʪʨʫʢʪʫʨʦʡ ʩʧʣʘʚʘ (ʨʠʩʫʥʦʢ 1.4). ɺ ʪʦ ʚʨʝʤʷ ʢʘʢ ʢʘʪʘʣʠʟʘʪʦʨʳ, ʥʝ ʩʦʜʝʨʞʘʱʠʝ 

ʜʨʘʛʦʮʝʥʥʦʛʦ ʤʝʪʘʣʣʘ ʠʣʠ ʠʤʝʶʱʠʝ ʅʏ ʩ ʦʩʦʙʦʡ ʬʦʨʤʦʡ ʥʘʭʦʜʷʪʩʷ ʥʘ ʩʪʘʜʠʠ 

ʣʘʙʦʨʘʪʦʨʥʳʭ ʨʘʟʨʘʙʦʪʦʢ ʠ ʷʚʣʷʶʪʩʷ ʤʝʥʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ ʩ 

ʢʦʤʤʝʨʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ (ʨʠʩʫʥʦʢ 1.4). 



 
 

нл 
 

 

ʈʠʩʫʥʦʢ 1.4 ï ɼʠʘʛʨʘʤʤʘ ʩʪʝʧʝʥʠ ʨʘʟʨʘʙʦʪʘʥʥʦʩʪʠ ʨʘʟʣʠʯʥʦʛʦ ʚʠʜʘ 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʜʣʷ ʇʆʄʊʕ [23] 

 

ɺ ʨʘʙʦʪʝ Hodnik ʠ ʩʦʘʚʪ. [24] ʧʨʝʜʩʪʘʚʣʝʥʦ ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʦʤʤʝʨʯʝʩʢʠʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ PtM/C (ʛʜʝ M = Cu, Co, Ni, Fe) 

ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʥʘʥʦʯʘʩʪʠʮ ʪʠʧʘ ʩʧʣʘʚ. ʄʘʩʩ-ʘʢʪʠʚʥʦʩʪʴ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʚ ʈɺʂ 

ʫʤʝʥʴʰʘʝʪʩʷ ʚ ʨʷʜʫ: PtNi/C > PtCu/C > PtFe/C > PtCo/C. ʆʜʥʘʢʦ ʧʦʩʣʝ 

ʜʣʠʪʝʣʴʥʳʭ ʠʩʧʳʪʘʥʠʡ ʥʘ ʩʪʘʙʠʣʴʥʦʩʪʴ ʥʘʠʙʦʣʝʝ ʘʢʪʠʚʥʳʤ ʢʘʪʘʣʠʟʘʪʦʨʦʤ 

ʷʚʣʷʝʪʩʷ PtCu/C ʤʘʪʝʨʠʘʣ. ʊʘʢ ʞʝ PtCu/C ʢʘʪʘʣʠʟʘʪʦʨ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʥʘʠʤʝʥʴʰʠʤ ʠʟʤʝʥʝʥʠʝʤ ʩʦʜʝʨʞʘʥʠʷ ʣʝʛʠʨʫʶʱʝʛʦ ʢʦʤʧʦʥʝʥʪʘ, ʯʪʦ ʚʝʨʦʷʪʥʦ 

ʧʦʟʚʦʣʷʝʪ ʩʦʭʨʘʥʠʪʴ ʝʤʫ ʚʳʩʦʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʧʦʩʣʝ ʩʪʨʝʩʩ-ʪʝʩʪʠʨʦʚʘʥʠʷ. 

 

1.4. ʇʨʦʙʣʝʤʳ ʧʨʠʤʝʥʝʥʠʷ ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʚ ʇʆʄʊʕ 

ʅʝʩʤʦʪʨʷ ʥʘ ʦʯʝʚʠʜʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ 

ʦʩʥʦʚʝ ʧʣʘʪʠʥʳ, ʩʫʱʝʩʪʚʫʝʪ ʨʷʜ ʧʨʦʙʣʝʤ, ʩʚʷʟʘʥʥʳʭ ʩ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ. 

ʉʝʣʝʢʪʠʚʥʦʝ ʨʘʩʪʚʦʨʝʥʠʝ ʣʝʛʠʨʫʶʱʝʛʦ ʢʦʤʧʦʥʝʥʪʘ ʚ ʫʩʣʦʚʠʷʭ ʨʘʙʦʪʳ 

ʪʦʧʣʠʚʥʦʛʦ ʵʣʝʤʝʥʪʘ, ʧʨʠʚʦʜʠʪ ʢ: 

¶ ʥʝʦʙʨʘʪʠʤʦʤʫ ʦʪʨʘʚʣʝʥʠʶ ʧʨʦʪʦʥ-ʧʨʦʚʦʜʷʱʝʛʦ ʠʦʥʦʤʝʨʘ ʠ ʤʝʤʙʨʘʥʳ 

ʢʘʪʠʦʥʘʤʠ d-ʤʝʪʘʣʣʘ [25ï28]; 



 
 

нм 
 

¶ ʠʟʤʝʥʝʥʠʶ ʩʪʨʫʢʪʫʨʳ ʅʏ, ʧʨʠʚʦʜʷʱʝʝ ʢ ʫʤʝʥʴʰʝʥʠʶ ʯʠʩʣʘ ʘʢʪʠʚʥʳʭ 

ʛʨʘʥʝʡ [29]; 

¶ ʩʥʠʞʝʥʠʶ ʩʦʜʝʨʞʘʥʠʷ ʣʝʛʠʨʫʶʱʝʛʦ ʢʦʤʧʦʥʝʥʪʘ ʚ ʅʏ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʢ 

ʩʥʠʞʝʥʠʶ ʵʬʬʝʢʪʘ ʣʠʛʘʥʜʘ [30]. 

ʊʘʢʞʝ ʢ ʧʨʦʙʣʝʤʘʤ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʩʣʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʭ 

ʥʘʥʦʩʠʩʪʝʤ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʩʦʯʝʪʘʥʠʝ ʤʘʣʦʛʦ ʨʘʟʤʝʨʘ ʅʏ, ʨʘʚʥʦʤʝʨʥʦʩʪʠ ʠʭ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦ ʨʘʟʤʝʨʫ ʠ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʥʦʩʠʪʝʣʷ ʦʙʝʩʧʝʯʠʚʘʪʁ ʚʳʩʦʢʫʶ 

ʢʘʪʘʣʠʪʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʚ ʈɺʂ ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʡ 

ʩʪʘʙʠʣʴʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ [9]. ʅʘ ʨʠʩʫʥʢʝ 1.5 ʘ ʧʨʝʜʩʪʘʚʣʝʥʦ ʇʕʄ-ʠʟʦʙʨʘʞʝʥʠʝ 

Pt/C ʵʣʝʢʪʨʦʢʘʪʘʣʠʟʘʪʦʨʘ, ʢʦʪʦʨʳʡ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʦʧʪʠʤʘʣʴʥʦʡ 

ʤʦʨʬʦʣʦʛʠʝʡ ʧʦʚʝʨʭʥʦʩʪʠ [14]. ʅʘ ʨʠʩʫʥʢʝ 1.5 ʙ ʥʘʧʨʦʪʠʚ, ʧʨʝʜʩʪʘʚʣʝʥ 

ʢʘʪʘʣʠʟʘʪʦʨ ʩ çʧʣʦʭʦʡè ʤʦʨʬʦʣʦʛʠʝʡ. ɹʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʘʛʣʦʤʝʨʘʪʦʚ, 

ʢʨʫʧʥʳʝ ʥʘʥʦʯʘʩʪʠʮʳ ʧʨʠʚʦʜʷʪ ʢ ʥʠʟʢʦʡ ʕʍɸʇ, ʢ ʧʦʚʳʰʝʥʥʦʡ ʩʢʣʦʥʥʦʩʪʠ ʢ 

ʘʛʣʦʤʝʨʘʮʠʠ ʅʏ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʢ ʙʳʩʪʨʦʡ ʜʝʛʨʘʜʘʮʠʠ ʢʘʪʘʣʠʟʘʪʦʨʘ. 

 

ʈʠʩʫʥʦʢ 1.5 ï ʀʟʦʙʨʘʞʝʥʠʷ ʇʕʄ Pt/C ɻʣʝʢʪʨʦʢʘʪʘʣʠʟʘʪʦʨʘ ʥʘ ʦʩʥʦʚʝ 

ʨʘʚʥʦʤʝʨʥʦ (ʘ) ʠ ʥʝʨʘʚʥʦʤʝʨʥʦ (ʙ) ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʅʏ [14]  

 

ɹʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʩʪʘʙʠʣʠʟʘʪʦʨʦʚ ʠ ʧʦʚʝʨʭʥʦʩʪʥʦ-

ʘʢʪʠʚʥʳʭ ʘʛʝʥʪʦʚ ʪʨʫʜʥʦ ʩʠʥʪʝʟʠʨʦʚʘʪʴ çʨʘʚʥʦʤʝʨʥʳʝè ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʝ 

ʢʘʪʘʣʠʟʘʪʦʨ,r ʧʦʜʦʙʥʳʝ ʠʟʦʙʨʘʞʝʥʥʳʤ ʥʘ ʈʠʩʫʥʢʝ 1.5 ʘ. ʋʩʣʦʞʥʝʥʠʝ 

ʩʧʦʩʦʙʦʚ ʧʦʣʫʯʝʥʠʷ ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʥʝʠʟʙʝʞʥʦ ʦʪʨʘʟʠʪʩʷ ʥʘ 

ʠʭ ʩʪʦʠʤʦʩʪʠ. 
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ɺ ʩʚʷʟʠ ʩ ʚʳʰʝʠʟʣʦʞʝʥʥʳʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʭ 

ʩʠʩʪʝʤ ʥʘʧʨʘʚʣʝʥʳ ʥʘ: 

¶ ʨʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ ʠ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʝʪʦʜʦʚ ʩʠʥʪʝʟʘ; 

ʠʭ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʝ; 

¶ ʠʟʫʯʝʥʠʝ ʚʟʘʠʤʦʩʚʷʟʠ ʤʝʞʜʫ ʩʦʩʪʘʚʦʤ, ʩʪʨʫʢʪʫʨʦʡ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʢʘʪʘʣʠʟʘʪʦʨʦʚ; 

¶ ʠʟʫʯʝʥʠʝ ʩʪʨʫʢʪʫʨʥʦ-ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʤʘʪʝʨʠʘʣʦʚ ʚ ʧʨʦʮʝʩʩʝ 

ʠʭ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ, ʚ ʪ. ʯ. operando ʠ in-situ. 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʚ ʢʘʯʝʩʪʚʝ ʤʦʜʝʣʴʥʳʭ 

ʩʠʩʪʝʤ ʭʦʨʦʰʦ ʧʦʜʭʦʜʷʪ PtCu/C ʤʘʪʝʨʠʘʣʳ. ɺʦ-ʧʝʨʚʳʭ, ʤʝʜʴ ʣʝʛʯʝ 

ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʥʠʢʝʣʝʤ ʠ ʢʦʙʘʣʴʪʦʤ, ʯʪʦ ʨʘʩʰʠʨʷʝʪ 

ʚʦʟʤʦʞʥʦʩʪʠ ʩʠʥʪʝʟʘ [31]. ɺʦ-ʚʪʦʨʳʭ, ʧʣʘʪʠʥʦʤʝʜʥʳʝ ʢʘʪʘʣʠʟʘʪʦʨʳ 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʫʩʪʫʧʘʶʪ ʧʦ ʫʜʝʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚ ʈɺʂ ʧʣʘʪʠʥʦʢʦʙʘʣʴʪʦʚʳʤ 

ʠ ʧʣʘʪʠʥʦʥʠʢʝʣʝʚʳʤ. 

 

1.5 PtCu/C ʵʣʝʢʪʨʦʢʘʪʘʣʠʟʘʪʦʨʳ ʩ ʨʘʟʣʠʯʥʦʡ ʩʪʨʫʢʪʫʨʦʡ 

ʥʘʥʦʯʘʩʪʠʮ 

PtCu/C ʥʘʥʦʩʠʩʪʝʤʳ ʟʘʨʝʢʦʤʝʥʜʦʚʘʣʠ ʩʝʙʷ ʢʘʢ ʚʳʩʦʢʦʘʢʪʠʚʥʳʝ 

ʵʣʝʢʪʨʦʢʘʪʘʣʠʟʘʪʦʨʳ ʜʣʷ ʈɺʂ [18,32ï36]. ɺ ʣʠʪʝʨʘʪʫʨʥʳʭ ʠʩʪʦʯʥʠʢʘʭ 

ʦʧʠʩʘʥʳ ʨʘʟʣʠʯʥʳʝ ʩʪʨʫʢʪʫʨʥʳʝ ʪʠʧʳ Pt-Cu ʥʘʥʦʯʘʩʪʠʮ: ʩʧʣʘʚ (ʪʚʝʨʜʳʡ 

ʨʘʩʪʚʦʨ, ʠʥʪʝʨʤʝʪʘʣʣʠʜ) [33], ʦʙʦʣʦʯʢʘ-̫ ʜʨʦ ʩ ʤʝʜʥʳʤ ʷʜʨʦʤ [18,32,37] ʠʣʠ 

ʷʜʨʦʤ ʠʟ PtCu ʩʧʣʘʚʘ [38] (ʨʠʩʫʥʦʢ 1.6).  

 
ʈʠʩʫʥʦʢ 1.6 ï ʉʭʝʤʘʪʠʯʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʥʘʥʦʯʘʩʪʠʮ ʩʦ ʩʪʨʫʢʪʫʨʦʡ 

ʪʠʧʘ ʩʧʣʘʚ (ʘ) ʠ ʦʙʦʣʦʯʢʘ-̫ ʜʨʦ (ʙ) [39] 



 
 

но 
 

ʉʪʨʫʢʪʫʨʘ ʠ ʬʦʨʤʘ ʥʘʥʦʯʘʩʪʠʮ, ʘ ʪʘʢʞʝ ʩʦʩʪʘʚ, ʨʘʟʤʝʨ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦ 

ʧʦʚʝʨʭʥʦʩʪʠ ʥʦʩʠʪʝʣʷ ʦʧʨʝʜʝʣʷʶʪ ʧʦʚʝʜʝʥʠʝ ʵʣʝʢʪʨʦʢʘʪʘʣʠʟʘʪʦʨʘ ʚ 

ʪʦʢʦʦʙʨʘʟʫʶʱʝʡ ʨʝʘʢʮʠʠ. ɺ ʨʘʙʦʪʝ [40], ʘʚʪʦʨʳ ʦʧʠʩʳʚʘʶʪ ʕʍ ʧʦʚʝʜʝʥʠʝ 

ʢʘʪʘʣʠʟʘʪʦʨʘ ʩ ʦʢʪʘʵʜʨʠʯʝʩʢʠʤʠ ʅʏ Pt-Cu ʩʧʣʘʚʘ ʨʘʟʤʝʨʦʤ ʦʢʦʣʦ 10 ʥʤ, 

ʢʦʪʦʨʳʝ ʧʨʝʚʳʰʘʶʪ ʧʦ ʤʘʩʩ-ʘʢʪʠʚʥʦʩʪʠ ʢʦʤʤʝʨʯʝʩʢʠʡ ʢʘʪʘʣʠʟʘʪʦʨ ʧʦʯʪʠ ʚ 9 

ʨʘʟ (ʨʠʩʫʥʦʢ 1.7ʘ). ʆʜʥʘʢʦ ʧʦʣʫʯʠʪʴ ʪʘʢʠʝ ʯʘʩʪʠʮʳ ʤʦʞʥʦ ʣʠʰʴ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʦʨʦʛʦʩʪʦʷʱʠʭ ʧʨʝʢʫʨʩʦʨʦʚ ʘʮʝʪʠʣʘʮʝʪʦʥʘʪʦʚ Pt(acac)2 ʠ 

Cu(acac)2. G. Chen ʠ ʩʦʘʚʪ. ʩʦʦʙʱʘʶʪ ʦʙ ʫʩʧʝʰʥʦʤ ʧʦʣʫʯʝʥʠʠ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ 

ʠ ʧʦʣʳʭ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ, ʦʙʦʛʘʱʝʥʥʳʭ ʤʝʜʴʶ ʩ ʨʘʟʣʠʯʥʳʤʠ 

ʩʦʩʪʘʚʘʤʠ, ʢʦʪʦʨʳʝ ʪʘʢ ʞʝ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳ ʚ ʈɺʂ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ Pt/C 

ʵʣʝʢʪʨʦʢʘʪʘʣʠʟʘʪʦʨʘʤʠ (ʨʠʩʫʥʦʢ 1.7ʙ) [35]. ɺ [36] ʘʚʪʦʨʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʚ 

ʈɺʂ ʦʢʪʘʵʜʨʠʯʝʩʢʠʝ ʅʏ PtCu ʙʦʣʝʝ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳ, ʯʝʤ ʩʬʝʨʠʯʝʩʢʠʝ ʅʏ.  

 
ʈʠʩʫʥʦʢ 1.7 ï ʉʭʝʤʘʪʠʯʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʅʏ ʩ ʨʘʟʣʠʯʥʦʡ ʩʪʨʫʢʪʫʨʦʡ: (ʘ) 

ʦʢʪʘʵʜʨ  [40]; (ʙ) ʧʦʣʳʡ ʦʢʪʘʵʜʨ [35]; (ʚ) ʇʕʄ-ʠʟʦʙʨʘʞʝʥʠʷ PtCu/C c 

ʚʠʨʪʫʘʣʴʥʳʤ ʠʟʦʙʨʘʞʝʥʠʝʤ ʅʏ ʩ ʦʩʦʙʦʡ ʜʝʥʜʨʠʪʥʦʡ ʩʪʨʫʢʪʫʨʦʡ [41]; (ʛ) 

çʦʜʫʚʘʥʯʠʢè [42] 

 

ɼʣʷ ʩʪʨʫʢʪʫʨ ʪʠʧʘ çʩʧʣʘʚè ʚʦʟʤʦʞʥʦ ʧʦʣʫʯʝʥʠʝ ʩʠʩʪʝʤ ʩ ʜʝʥʜʨʠʪʥʦʡ 

ʬʦʨʤʦʡ ʥʘʥʦʯʘʩʪʠʮ [43ï45], ʜʝʥʜʨʠʪʦʚ ʩ ʦʩʦʙʦʡ ʚʦʛʥʫʪʦʡ ʩʪʨʫʢʪʫʨʦʡ 
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(ʨʠʩʫʥʦʢ 1.7ʚ) [41] ʠ ʜʘʞʝ ʙʦʣʝʝ ʩʣʦʞʥʦʡ ʬʦʨʤʦʡ ʜʝʥʜʨʠʪʦʚ ï çʦʜʫʚʘʥʯʠʢè 

(ʨʠʩʫʥʦʢ 1.7ʛ) [42]. ʂ ʩʦʞʘʣʝʥʠʶ, ʩʪʘʙʠʣʴʥʦʩʪʴ ʧʦʜʦʙʥʳʭ ʬʦʨʤ ʅʏ ʚ ʧʨʦʮʝʩʩʝ 

ʨʘʙʦʪʳ ʊʕ ʚʳʟʳʚʘʝʪ ʙʦʣʴʰʠʝ ʩʦʤʥʝʥʠʷ. 

ʉʧʦʩʦʙʳ ʧʦʣʫʯʝʥʠʷ PtCu ʅʏ ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ ʯʘʱʝ ʚʩʝʛʦ 

ʦʩʥʦʚʘʥʳ ʥʘ ʩʦ-ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ d-ʤʝʪʘʣʣʘ ʠ ʧʣʘʪʠʥʳ ʠʟ ʨʘʩʪʚʦʨʦʚ ʠʭ 

ʧʨʝʢʫʨʩʦʨʦʚ [14,36,40,42,45,46]. ʅʝʩʤʦʪʨʷ ʥʘ ʧʨʦʩʪʦʪʫ ʧʦʣʫʯʝʥʠʷ ʪʘʢʠʭ 

ʩʠʩʪʝʤ, ʠʭ ʧʨʠʤʝʥʝʥʠʝ ʚ ʨʝʘʣʴʥʳʭ ʇʆʄʊʕ ʦʛʨʘʥʠʯʝʥʦ. ʉʫʱʝʩʪʚʝʥʥʳʤ 

ʥʝʜʦʩʪʘʪʢʦʤ ʷʚʣʷʝʪʩʷ ʩʝʣʝʢʪʠʚʥʦʝ ʨʘʩʪʚʦʨʝʥʠʝ ʣʝʛʠʨʫʶʱʝʛʦ ʢʦʤʧʦʥʝʥʪʘ ʠʟ 

ʅʏ, ʧʨʠʚʦʜʷʱʝʝ ʢ ʦʪʧʨʘʚʣʝʥʠʶ ʧʨʦʪʦʥ-ʧʨʦʚʦʜʷʱʝʛʦ ʠʦʥʦʤʝʨʘ [25,26,46] ʠ 

ʫʭʫʜʰʝʥʠʶ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʘʪʘʣʠʟʘʪʦʨʘ ʟʘ ʩʯʝʪ ʨʘʟʨʫʰʝʥʠʷ 

ʅʏ [22]. 

ɹʦʣʴʰʘʷ ʯʘʩʪʴ ʧʫʙʣʠʢʘʮʠʡ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʧʦʩʚʷʱʝʥʘ ʠʟʫʯʝʥʠʶ ʅʏ ʩʦ 

ʩʪʨʫʢʪʫʨʦʡ ʦʙʦʣʦʯʢʘ-̫ ʜʨʦ [18,32,47]. ɿʘ ʩʯʝʪ ʧʨʦʤʦʪʠʨʫʶʱʝʛʦ ʚʣʠʷʥʠʷ ʷʜʨʘ 

ʠʟ ʤʝʥʝʝ ʙʣʘʛʦʨʦʜʥʦʛʦ ʤʝʪʘʣʣʘ Pt-ʦʙʦʣʦʯʢʘ ʧʨʦʷʚʣʷʝʪ ʧʦʚʳʰʝʥʥʳʝ 

ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚ ʪʦʢʦʦʙʨʘʟʫʶʱʠʭ ʨʝʘʢʮʠʷʭ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʯʠʩʪʦ ʧʣʘʪʠʥʦʚʳʤʠ ʢʘʪʘʣʠʟʘʪʦʨʘʤʠ. ʇʨʝʠʤʫʱʝʩʪʚʝʥʥʦʝ 

ʨʘʩʧʦʣʦʞʝʥʠʝ ʘʪʦʤʦʚ ʧʣʘʪʠʥʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘʥʦʯʘʩʪʠʮ ʧʦʟʚʦʣʷʝʪ ʥʝ ʪʦʣʴʢʦ 

ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʵʣʝʢʪʨʦʢʘʪʘʣʠʟʘʪʦʨʘ, ʥʦ ʠ ʫʤʝʥʴʰʠʪʴ ʩʦʜʝʨʞʘʥʠʝ ʚ 

ʥʝʤ ʜʦʨʦʛʦʩʪʦʷʱʝʛʦ ʤʝʪʘʣʣʘ. ʇʨʝʠʤʫʱʝʩʪʚʦʤ ʪʘʢʦʛʦ ʪʠʧʘ ʅʏ ʪʘʢ ʞʝ ʷʚʣʷʝʪʩʷ 

ʩʧʦʩʦʙʥʦʩʪʴ ʧʨʝʜʦʪʚʨʘʱʘʪʴ ʨʘʩʪʚʦʨʝʥʠʝ ʥʝʙʣʘʛʦʨʦʜʥʦʛʦ ʤʝʪʘʣʣʘ ʙʣʘʛʦʜʘʨʷ 

ʟʘʱʠʪʥʳʤ ʩʚʦʡʩʪʚʘʤ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠ ʙʦʣʝʝ ʩʪʘʙʠʣʴʥʦʡ Pt-ʦʙʦʣʦʯʢʠ.  

ɺ ʦʪʣʠʯʠʝ ʦʪ ʩʧʣʘʚʦʚ, ʩʪʨʫʢʪʫʨʘ ʦʙʦʣʦʯʢʘ-̫ ʜʨʦ ʚʢʣʶʯʘʝʪ ʙʦʣʴʰʦʝ 

ʨʘʟʥʦʦʙʨʘʟʠʝ ʩʪʨʫʢʪʫʨʥʳʭ ʠ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ (ʪʦʣʱʠʥʘ Pt-

ʦʙʦʣʦʯʢʠ, ʩʦʩʪʘʚ ʷʜʨʘ, ʨʘʟʤʝʨ ʠ ʬʦʨʤʘ ʯʘʩʪʠʮ). ɺ ʣʠʪʝʨʘʪʫʨʝ ʦʧʠʩʘʥ ʨʷʜ 

ʧʦʜʭʦʜʦʚ ʢ ʬʦʨʤʠʨʦʚʘʥʠ ʁPtCu ʅʏ ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʦʙʦʣʦʯʢʘ-̫ ʜʨʦ: 1) 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ ʭʠʤʠʯʝʩʢʦʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ Pt ʥʘ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ 

ʩʬʦʨʤʠʨʦʚʘʥʥʦʤ ʷʜʨʝ [48]; 2) ʤʝʪʦʜ ʛʘʣʴʚʘʥʠʯʝʩʢʦʛʦ ʟʘʤʝʱʝʥʠʷ d-ʤʝʪʘʣʣʘ 

ʙʣʘʛʦʨʦʜʥʳʤ ʤʝʪʘʣʣʦʤ [38,49]; 3) ʪʝʨʤʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ Pt-Cu ʩʧʣʘʚʘ [37,50]. 
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ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʝʨʚʦʛʦ ʤʝʪʦʜʘ ʩʠʥʪʝʟʘ ʟʘʯʘʩʪʫʶ ʚʦʟʥʠʢʘʝʪ ʨʷʜ 

ʧʨʦʙʣʝʤ: ʬʦʨʤʠʨʫʶʪʩʷ ʢʨʫʧʥʳʝ ʤʝʜʥʳʝ ʷʜʨʘ (ʨʘʟʤʝʨʳ ʤʦʛʫʪ ʜʦʩʪʠʛʘʪʴ             

40-80 ʥʤ), ʢʦʪʦʨʳʝ ʧʦʜʚʝʨʞʝʥʳ ʦʢʩʠʜʠʨʦʚʘʥʠʶ [37]  ʠ, ʢʘʢ ʧʨʘʚʠʣʦ, 

ʦʙʨʘʟʫʝʪʩʷ ʪʦʣʩʪʘʷ Pt-ʦʙʦʣʦʯʢʘ [48,50]. A. Alekseenko ʠ ʩʦʘʚʪ. [51] ʧʨʝʜʣʦʞʠʣʠ 

ʤʥʦʛʦʩʪʘʜʠʡʥʳʡ ʤʝʪʦʜ ʩʠʥʪʝʟʘ ʜʣʷ ʙʦʣʝʝ ʧʦʩʪʝʧʝʥʥʦʛʦ ʧʝʨʝʭʦʜʘ ʦʪ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ ʤʝʜʠ ʢ ʧʣʘʪʠʥʝ. ʇʦʣʫʯʝʥʥʳʝ ʪʘʢʠʤ ʤʝʪʦʜʦʤ 

ʤʘʪʝʨʠʘʣʳ ʧʨʦʷʚʣʷʶʪ ʙʦʣʴʰʫʶ ʘʢʪʠʚʥʦʩʪʴ ʚ ʈɺʂ ʠ ʩʪʘʙʠʣʴʥʦʩʪʴ ʧʦ 

ʨʝʟʫʣʴʪʘʪʘʤ ʫʩʢʦʨʝʥʥʳʭ ʠʩʧʳʪʘʥʠʡ ʥʘ ʜʝʛʨʘʜʘʮʠʶ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʢʦʤʤʝʨʯʝʩʢʠʤ ʵʣʝʢʪʨʦʢʘʪʘʣʠʟʘʪʦʨʦʤ. ɺʪʦʨʦʡ ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʬʦʨʤʠʨʦʚʘʪʴ 

ʧʨʘʢʪʠʯʝʩʢʠ ʤʦʥʦʩʣʦʡʥʫʶ ʦʙʦʣʦʯʢʫ ʩ ʦʯʝʥʴ ʚʳʩʦʢʠʤʠ ʚʥʫʪʨʝʥʥʠʤʠ 

ʥʘʧʨʷʞʝʥʠʷʤʠ, ʧʦʟʠʪʠʚʥʦ ʚʣʠʷʶʱʠʤʠ ʥʘ ʘʢʪʠʚʥʦʩʪʴ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, Z.D. Wei 

ʠ ʩʦʘʚʪ. ʧʦʢʘʟʘʣʠ, ʯʪʦ ʬʦʨʤʠʨʦʚʘʥʠʝ Pt-ʦʙʦʣʦʯʢʠ ʥʘ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ Cu-

ʥʘʥʦʯʘʩʪʠʮʘʭ ʤʝʪʦʜʦʤ ʛʘʣʴʚʘʥʠʯʝʩʢʦʛʦ ʟʘʤʝʱʝʥʠʷ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ 

ʵʣʝʢʪʨʦʢʘʪʘʣʠʟʘʪʦʨʳ ʩ ʧʦʚʳʰʝʥʥʦʡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʤʤʝʨʯʝʩʢʠʤ Pt/C 

(Johnson Matthey) ʘʢʪʠʚʥʦʩʪʴʶ ʚ ʈɺʂ ʧʨʠ ʫʤʝʥʴʰʝʥʠʠ ʟʘʛʨʫʟʢʠ ʧʣʘʪʠʥʳ ʥʘ 

ʵʣʝʢʪʨʦʜ ʧʦʯʪʠ ʚ 3 ʨʘʟʘ [49]. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʪʝʨʤʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʧʦʟʚʦʣʷʝʪ 

ʧʦʣʫʯʘʪʴ ʩʪʘʙʠʣʴʥʳʝ ʢʘʪʘʣʠʟʘʪʦʨʳ, ʦʜʥʘʢʦ ʟʘʯʘʩʪʫʶ ʵʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʫʢʨʫʧʥʝʥʠʶ ʯʘʩʪʠʮ ʠ ʩʥʠʞʝʥʠʶ ʕʍɸʇ [44,52,53]. 

ɸʪʦʤʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʥʘʥʦʯʘʩʪʠʮʝ ʪʘʢʞʝ ʚʣʠʷʝʪ ʥʘ 

ʩʚʦʡʩʪʚʘ ʢʘʪʘʣʠʟʘʪʦʨʘ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʅʏ ʩ ʩʦʩʪʘʚʦʤ PtCu3 ʤʦʛʫʪ ʦʙʨʘʟʦʚʳʚʘʪʴ 

ʫʧʦʨʷʜʦʯʝʥʥʫʶ ʩʪʨʫʢʪʫʨʫ ʩʧʣʘʚʘ ï ʠʥʪʝʨʤʝʪʘʣʣʠʜ [33]. ɸʚʪʦʨʳ [54] ʚ ʩʚʦʝʤ 

ʠʩʩʣʝʜʦʚʘʥʠʠ ʧʦʢʘʟʳʚʘʶʪ, ʢʘʢ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʨʘʟʤʝʨ ʢʨʠʩʪʘʣʣʠʪʦʚ ʚ ʨʷʜʫ 

PtCuιPt3CuιPtCu3, ʦʜʥʘʢʦ ʕʍɸʇ ʠ ʤʘʩʩ-ʘʢʪʠʚʥʦʩʪʴ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ ʨʷʜʫ 

PtCu3ιPtCuιPt3Cu. M. Oezaslan ʠ P. Strasser ʪʘʢʞʝ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʙʦʣʝʝ 

ʚʳʩʦʢʫʶ ʧʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʘʢʪʠʚʥʦʩʪʴ ʚ ʈɺʂ ʜʣʷ ʩʠʩʪʝʤʳ PtCu3 ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʘʥʘʣʦʛʠʯʥʦʡ ʩʠʩʪʝʤʦʡ PtCo3 [55]. ɺ ʨʘʙʦʪʝ [34] ʧʨʠʚʦʜʷʪʩ ̫

ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ ʜʝʛʨʘʜʘʮʠʠ ʤʘʪʝʨʠʘʣʘ PtCu3/C, 

ʢʦʪʦʨʳʡ ʦʢʘʟʘʣʩʷ ʙʦʣʝʝ ʩʪʘʙʠʣʝʥ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ PtCu1/C. ʆʜʥʘʢʦ, 

ʢʘʪʘʣʠʟʘʪʦʨʳ ʩʦʩʪʘʚʘ ʙʣʠʟʢʦʛʦ ʢ Pt:Cu = 1:1, ʧʨʦʷʚʣʷʶʪ ʙʦʣʴʰʫʶ 



 
 

нс 
 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʦʪʨʘʚʣʝʥʠʶ ʤʦʥʦʦʢʩʠʜʦʤ ʫʛʣʝʨʦʜʘ [35]. ɺ ʪʦ ʞʝ ʚʨʝʤʷ 

ʦʯʝʚʠʜʥʦ, ʯʪʦ ʧʦʚʳʰʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʤʝʜʠ ʚ PtCu 

ʥʘʥʦʯʘʩʪʠʮʘʭ ʜʦʣʞʥʦ ʦʙʣʝʛʯʘʪʴ ʧʨʦʮʝʩʩʳ ʝʝ ʩʝʣʝʢʪʠʚʥʦʛʦ ʨʘʩʪʚʦʨʝʥʠʷ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʩʪʘʙʠʣʴʥʦʩʪʴ ʤʘʪʝʨʠʘʣʦʚ ʪʠʧʘ ʦʙʦʣʦʯʢʘ-̫ ʜʨʦ, ʦʥʠ ʪʘʢʞʝ 

ʩʢʣʦʥʥʳ ʢ ʩʝʣʝʢʪʠʚʥʦʤʫ ʨʘʩʪʚʦʨʝʥʠʶ ʚ ʭʦʜʝ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ ʧʦʚʝʨʭʥʦʩʪʠ ʠ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʢʘʪʘʣʠʟʘʪʦʨʘ [41,51,56], ʠ, ʬʘʢʪʠʯʝʩʢʠ, ʢ ʤʦʤʝʥʪʫ 

ʠʟʫʯʝʥʠʷ ʢʠʥʝʪʠʢʠ ʨʝʘʢʮʠʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʢʠʩʣʦʨʦʜʘ ʩʦʩʪʘʚ ʠ ʩʪʨʫʢʪʫʨʘ 

ʥʘʥʦʯʘʩʪʠʮ ʦʪʣʠʯʘʪʁʩʷ ʦʪ ʥʘʯʘʣʴʥʳʭ. ɺ ʣʠʪʝʨʘʪʫʨʝ ʪʘʢʦʝ ʷʚʣʝʥʠʝ 

ʦʙʦʟʥʘʯʘʝʪʩʷ ʪʝʨʤʠʥʦʤ çde-alloyingè, ʘ ʧʦʣʫʯʝʥʥʘʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʪʨʫʢʪʫʨʘ ʅʏ 

ï çde-alloyedè. ʇʦʵʪʦʤʫ ʜʣʷ ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʧʨʠʤʝʥʷʝʪʩʷ 

ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʧʦʩʪʦʙʨʘʙʦʪʢʘ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʩʪʘʙʠʣʠʟʠʨʦʚʘʪʴ ʩʦʩʪʘʚ, 

ʧʨʝʜʦʪʚʨʘʱʘʷ ʜʘʣʴʥʝʡʰʝʝ ʨʘʩʪʚʦʨʝʥʠʝ ʣʝʛʠʨʫʶʱʝʛʦ ʢʦʤʧʦʥʝʥʪʘ, ʘ ʚ 

ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʜʘʞʝ ʫʣʫʯʰʠʪʴ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʤʘʪʝʨʠʘʣʦʚ. 

1.6 ʂʘʪʘʣʠʟʘʪʦʨʳ PtM/C ʩ de-alloyed ʩʪʨʫʢʪʫʨʦʡ ʥʘʥʦʯʘʩʪʠʮ 

ʀʟʙʠʨʘʪʝʣʴʥʦʝ ʨʘʩʪʚʦʨʝʥʠʝ ʘʪʦʤʦʚ ʣʝʛʠʨʫʶʱʝʛʦ ʢʦʤʧʦʥʝʥʪʘ, ʚ ʧʝʨʚʫʶ 

ʦʯʝʨʝʜʴ ʠʟ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʣʦʝʚ ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʅʏ, ʧʨʠʚʦʜʠʪ ʢ 

ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʠʟʤʝʥʝʥʠʶ ʩʦʩʪʘʚʘ PtM/C ʢʘʪʘʣʠʟʘʪʦʨʦʚ [24,27,30,57]. ʇʨʠ 

ʧʨʦʚʝʜʝʥʠʠ ʕʍ ʠʟʤʝʨʝʥʠʡ ʪʨʝʭʵʣʝʢʪʨʦʜʥʦʡ ʷʯʝʡʢʝ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʞʠʜʢʦʛʦ ʵʣʝʢʪʨʦʣʠʪʘ ʢʦʥʮʝʥʪʨʘʮʠʷ ʢʘʪʠʦʥʦʚ d-

ʤʝʪʘʣʣʘ ʚ ʨʘʩʪʚʦʨʝ ʥʝʚʝʣʠʢʘ ʠ ʥʝ ʜʦʣʞʥʘ ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʪʴ ʥʘ ʧʦʚʝʜʝʥʠʝ 

ʵʣʝʢʪʨʦʜʘ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʚ ʨʘʙʦʪʘʭ Hodnik ʠ ʩʦʘʚʪ. ʦʪʤʝʯʘʝʪʩʷ ʧʘʛʫʙʥʦʝ 

ʚʣʠʷʥʠʝ ʢʘʪʠʦʥʦʚ ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʤʝʪʘʣʣʘ ʥʘ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ PtM/C ʢʘʪʘʣʠʟʘʪʦʨʦʚ, ʚ ʩʚʷʟʠ ʩ ʯʝʤ ʘʚʪʦʨʳ ʨʝʢʦʤʝʥʜʫʪʁ 

ʟʘʤʝʥʫ ɻʣʝʢʪʨʦʣʠʪʘ ʧʝʨʝʜ ʠʟʤʝʨʝʥʠʝʤ ʕʍɸʇ ʠ ʘʢʪʠʚʥʦʩʪʠ ʚ ʈɺʂ [58,59]. 

ʇʨʠ ʨʘʙʦʪʝ ʢʘʪʘʣʠʟʘʪʦʨʘ ʚ ʤʝʤʙʨʘʥʥʦ-ɻ ʣʝʢʪʨʦʜʥʦʤ ʙʣʦʢʝ ʧʝʨʝʭʦʜ 

ʣʝʛʠʨʫʶʱʠʭ ʢʘʪʠʦʥʦʚ ʚ ʵʣʝʢʪʨʦʣʠʪ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʟʘʤʝʱʝʥʠʶ ʧʨʦʪʦʥʦʚ ʚ 

ʩʫʣʴʬʦʛʨʫʧʧʘʭ ʧʨʦʪʦʥʧʨʦʚʦʜʷʱʝʛʦ ʧʦʣʠʤʝʨʘ ʥʘ ʢʘʪʠʦʥʳ ʤʝʪʘʣʣʘ 

[27,28,57,60]. ʆʪʨʘʚʣʝʥʠʝ ʧʦʣʠʤʝʨʘ, ʧʨʦʠʩʭʦʜʷʱʝʝ ʚ ʢʘʪʘʣʠʪʠʯʝʩʢʦʤ ʩʣʦʝ, 



 
 

нт 
 

ʟʘʪʨʫʜʥʷʝʪ ʪʨʘʥʩʧʦʨʪ ʧʨʦʪʦʥʦʚ ʠ ʫʤʝʥʴʰʘʝʪ ʧʨʦʚʦʜʠʤʦʩʪʴ ʧʦʣʠʤʝʨʘ [28,57]. 

ʇʦʵʪʦʤʫ, ʢʘʢ ʵʪʦ ʦʙʩʫʞʜʘʣʦʩʴ ʨʘʥʝʝ, ʢ ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʤ ʢʘʪʘʣʠʟʘʪʦʨʘʤ ʤʦʛʫʪ 

ʧʨʠʤʝʥʷʪʴʩʷ ʪʝ ʠʣʠ ʠʥʳʝ ʚʠʜʳ ʧʨʝʜʦʙʨʘʙʦʪʢʠ. ʅʘʧʨʠʤʝʨ, ʪʝʨʤʠʯʝʩʢʘʷ 

ʦʙʨʘʙʦʪʢʘ ʠʣʠ ʦʙʨʘʙʦʪʢʘ, ʩʚʷʟʘʥʥʘʷ ʩ ʩʝʣʝʢʪʠʚʥʳʤ ʨʘʩʪʚʦʨʝʥʠʝʤ çʠʟʣʠʰʢʘè 

ʣʝʛʠʨʫʶʱʝʛʦ ʢʦʤʧʦʥʝʥʪʘ, ʢʦʪʦʨʘʷ ʧʦʜʨʘʟʜʝʣʷʝʪʩʷ ʥʘ ʭʠʤʠʯʝʩʢʫʶ ʠ 

ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʫʶ. ʅʘ ʨʠʩʫʥʢʝ 1.8 ʧʨʝʜʩʪʘʚʣʝʥʳ ʫʩʣʦʚʠʷ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ 

ʚʘʨʴʠʨʦʚʘʪʴʩʷ ʚ ʭʦʜʝ ʦʙʨʘʙʦʪʢʠ. ʂʘʞʜʳʡ ʠʟ ʵʪʠʭ ʧʦʜʭʦʜʦʚ ʧʦʟʚʦʣʷʝʪ 

ʚʘʨʴʠʨʦʚʘʪʴ ʫʩʣʦʚʠʷ ʦʙʨʘʙʦʪʢʠ, ʪʝʤ ʩʘʤʳʤ ʚʣʠʷʷ ʥʘ ʩʪʨʫʢʪʫʨʥʳʝ ʠ 

ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʣʫʯʘʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ  [57]. 

 

ʈʠʩʫʥʦʢ 1.8 ï ʉʭʝʤʘʪʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʪʠʧʦʚ ʦʙʨʘʙʦʪʢʠ ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʭ 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ. ʋʢʘʟʘʥʳ ʧʘʨʘʤʝʪʨʳ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʠʟʤʝʥʷʪʴ ʚ ʧʨʦʮʝʩʩʝ 

ʦʙʨʘʙʦʪʢʠ 

 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʥʘ ʧʨʠʤʝʨʝ ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʩ 

ʨʘʟʣʠʯʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʅʏ ʠ ʩʦʩʪʘʚʦʤ (ʨʠʩʫʥʦʢ 1.9) ʙʫʜʫʪ ʨʘʩʩʤʦʪʨʝʥʳ 

ʷʚʣʝʥʠʷ, ʩʚʷʟʘʥʥʳʝ ʩ ʩʝʣʝʢʪʠʚʥʳʤ ʨʘʩʪʚʦʨʝʥʠʝʤ ʣʝʛʠʨʫʶʱʝʛʦ ʢʦʤʧʦʥʝʥʪʘ. ɺ 

ʨʷʜʝ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʥʘʰʝʛʦ ʢʦʣʣʝʢʪʠʚʘ, ʦʪʤʝʯʘʣʦʩʴ, ʯʪʦ ʩʦʟʜʘʥʠʝ 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʝ ʅʏ ʩ ʦʧʨʝʜʝʣʝʥʥʦʡ 

ʠʜʝʘʣʠʟʠʨʦʚʘʥʥʦʡ ʩʪʨʫʢʪʫʨʦʡ, ʷʚʣʷʝʪʩʷ ʦʯʝʥʴ ʩʣʦʞʥʦʡ ʟʘʜʘʯʝʡ (ʨʠʩʫʥʦʢ 1.9 

ʙ, ʛ)  [24,27,61].  
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ʈʠʩʫʥʦʢ 1.9 ïɺʣʠʷʥʠʝ de-alloyed ʦʙʨʘʙʦʪʢʠ ʥʘ ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʝ ʅʏ ʩ 

ʨʘʟʣʠʯʥʦʡ ʩʪʨʫʢʪʫʨʦʡ. ɸʪʦʤʳ ʧʣʘʪʠʥʳ ʦʪʤʝʯʝʥʳ ʩʝʨʳʤ ʮʚʝʪʦʤ; ʘʪʦʤʳ 

ʣʝʛʠʨʫʶʱʝʛʦ ʢʦʤʧʦʥʝʥʪʘ (M, ʛʜʝ M=Cu, Co, Ni, Fe ʠ ʪ.ʜ) ʦʪʤʝʯʝʥʳ 

ʦʨʘʥʞʝʚʳʤ ʮʚʝʪʦʤ. ɺ ʚʝʨʭʥʝʤ ʨʷʜʫ ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʨʠʤʝʨʳ ʩʪʨʫʢʪʫʨ 

ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʅʏ ʚ ʩʦʩʪʦʷʥʠʠ çʢʘʢ ʧʦʣʫʯʝʥʦè. ɺ ʥʠʞʥʝʤ ʨʷʜʫ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʪʨʫʢʪʫʨʳ ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʅʏ ʧʦʩʣʝ ʩʝʣʝʢʪʠʚʥʦʛʦ 

ʨʘʩʪʚʦʨʝʥʠʷ ʣʝʛʠʨʫʶʱʝʛʦ ʢʦʤʧʦʥʝʥʪʘ. ʇʦʢʘʟʘʥ ʧʨʦʮʝʩʩ ʨʘʩʪʚʦʨʝʥʠʷ ʘʪʦʤʦʚ 

ʣʝʛʠʨʫʶʱʝʛʦ ʢʦʤʧʦʥʝʥʪʘ. ʎʚʝʪ ʬʦʥʘ ʙʫʢʚ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ 

ʩʪʨʫʢʪʫʨʝ ʜʦ ʠ ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ [57] 

 

ʇʨʠ ʩʠʥʪʝʟʝ ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʧʦʣʫʯʘʝʤʳʝ ʅʏ ʯʘʱʝ ʚʩʝʛʦ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʥʝ ʪʦʣʴʢʦ ʨʘʟʥʳʤ ʨʘʟʤʝʨʦʤ, ʥʦ ʠ ʨʘʟʥʳʤ ʩʦʩʪʘʚʦʤ. 

ɹʠʤʝʪʘʣʣʠʯʝʩʢʠʝ ʯʘʩʪʠʮʳ ʨʘʟʣʠʯʥʦʡ ʩʪʨʫʢʪʫʨʳ (ʪʚʝʨʜʳʡ ʨʘʩʪʚʦʨ, ʦʙʦʣʦʯʢʘ-

ʷʜʨʦ, ʛʨʘʜʠʝʥʪ), ʧʦʣʫʯʝʥʥʳʝ ʤʝʪʦʜʘʤʠ ʞʠʜʢʦʬʘʟʥʦʛʦ ʩʠʥʪʝʟʘ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʥʘʣʠʯʠʝʤ ʘʪʦʤʦʚ ʣʝʛʠʨʫʶʱʝʛʦ ʢʦʤʧʦʥʝʥʪʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ. 

ʇʨʠ ʢʠʩʣʦʪʥʦʡ ʠʣʠ ʕʍ ʦʙʨʘʙʦʪʢʝ ʪʘʢʠʭ ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʅʏ 

ʧʨʝʦʙʨʘʟʫʶʪʩʷ ʚʦ ʚʪʦʨʠʯʥʳʝ ʩʪʨʫʢʪʫʨʳ ʩ ʧʨʝʦʙʣʘʜʘʶʱʝʡ ʩʝʛʨʝʛʘʮʠʝʡ ʘʪʦʤʦʚ 

ʧʣʘʪʠʥʳ ʚ ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ ʠ ʦʙʨʘʟʦʚʘʥʠʝʤ ʪʘʢ ʥʘʟʳʚʘʝʤʦʡ Pt-ʢʦʞʠ ï 

ʤʦʥʦʩʣʦʝʤ (ʠʣʠ ʥʝʩʢʦʣʴʢʠʤʠ ʤʦʥʦʩʣʦʷʤʠ) ʧʣʘʪʠʥʳ [62]  (ʨʠʩʫʥʦʢ 1.9 ʢ). ʂ 

ʩʦʞʘʣʝʥʠʶ, Pt-ʦʙʦʣʦʯʢʘ ʟʘʯʘʩʪʫʶ ʥʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʣʥʦʡ ʟʘʱʠʪʳ 



 
 

нф 
 

ʢʦʤʧʦʥʝʥʪʘ, ʩʦʩʪʘʚʣʷʶʱʝʛʦ ʷʜʨʦ, ʦʪ ʨʘʩʪʚʦʨʝʥʠʷ ʚ ʵʣʝʢʪʨʦʣʠʪʝ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʧʦʯʪʠ ʧʦʣʥʦʝ ʚʳʤʳʚʘʥʠʝ ʣʝʛʠʨʫʶʱʝʛʦ ʢʦʤʧʦʥʝʥʪʘ ʠ 

ʦʙʨʘʟʦʚʘʥʠʝ ʧʫʩʪʦʪʥʳʭ ʅʏ (ʨʠʩʫʥʦʢ 1.9 ʥ). 

ʇʨʠ ʩʠʥʪʝʟʝ ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʧʦʣʫʯʘʝʤʳʝ ʅʏ ʯʘʱʝ ʚʩʝʛʦ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʥʝ ʪʦʣʴʢʦ ʨʘʟʥʳʤ ʨʘʟʤʝʨʦʤ, ʥʦ ʠ ʨʘʟʥʳʤ ʩʦʩʪʘʚʦʤ. 

ɹʠʤʝʪʘʣʣʠʯʝʩʢʠʝ ʯʘʩʪʠʮʳ ʨʘʟʣʠʯʥʦʡ ʩʪʨʫʢʪʫʨʳ (ʪʚʝʨʜʳʡ ʨʘʩʪʚʦʨ, ʦʙʦʣʦʯʢʘ-

ʷʜʨʦ, ʛʨʘʜʠʝʥʪ), ʧʦʣʫʯʝʥʥʳʝ ʤʝʪʦʜʘʤʠ ʞʠʜʢʦʬʘʟʥʦʛʦ ʩʠʥʪʝʟʘ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʥʘʣʠʯʠʝʤ ʘʪʦʤʦʚ ʣʝʛʠʨʫʶʱʝʛʦ ʢʦʤʧʦʥʝʥʪʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ. 

ʇʨʠ ʢʠʩʣʦʪʥʦʡ ʠʣʠ ʕʍ ʦʙʨʘʙʦʪʢʝ ʪʘʢʠʭ ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʅʏ 

ʧʨʝʦʙʨʘʟʫʶʪʩʷ ʚʦ ʚʪʦʨʠʯʥʳʝ ʩʪʨʫʢʪʫʨʳ ʩ ʧʨʝʦʙʣʘʜʘʶʱʝʡ ʩʝʛʨʝʛʘʮʠʝʡ ʘʪʦʤʦʚ 

ʧʣʘʪʠʥʳ ʚ ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ ʠ ʦʙʨʘʟʦʚʘʥʠʝʤ ʪʘʢ ʥʘʟʳʚʘʝʤʦʡ Pt-ʢʦʞʠ ï 

ʤʦʥʦʩʣʦʝʤ (ʠʣʠ ʥʝʩʢʦʣʴʢʠʤʠ ʤʦʥʦʩʣʦʷʤʠ) ʧʣʘʪʠʥʳ [62]  (ʨʠʩʫʥʦʢ 1.9 ʢ). ʂ 

ʩʦʞʘʣʝʥʠʶ, Pt-ʦʙʦʣʦʯʢʘ ʟʘʯʘʩʪʫʶ ʥʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʣʥʦʡ ʟʘʱʠʪʳ 

ʢʦʤʧʦʥʝʥʪʘ, ʩʦʩʪʘʚʣʷʶʱʝʛʦ ʷʜʨʦ, ʦʪ ʨʘʩʪʚʦʨʝʥʠʷ ʚ ʵʣʝʢʪʨʦʣʠʪʝ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʧʦʯʪʠ ʧʦʣʥʦʝ ʚʳʤʳʚʘʥʠʝ ʣʝʛʠʨʫʶʱʝʛʦ ʢʦʤʧʦʥʝʥʪʘ ʠ 

ʦʙʨʘʟʦʚʘʥʠʝ ʧʫʩʪʦʪʥʳʭ ʅʏ (ʨʠʩʫʥʦʢ 1.9 ʥ). 

 

1.6.1 ʍʠʤʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ 

ʆʙʨʘʙʦʪʢʘ ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʧʫʪʝʤ ʚʳʜʝʨʞʢʠ ʚ ʢʠʩʣʦʪʘʭ 

ʷʚʣʷʝʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʠ ʣʝʛʢʦ ʤʘʩʰʪʘʙʠʨʫʝʤʳʤ ʩʧʦʩʦʙʦʤ ʧʦʣʫʯʝʥʠʷ de-

alloyed ʤʘʪʝʨʠʘʣʦʚ [57]. ʂʠʩʣʦʪʥʦʡ ʦʙʨʘʙʦʪʢʝ ʧʦʜʚʝʨʛʘʶʪ ʢʘʢ ʤʘʪʝʨʠʘʣʳ, 

ʧʦʣʫʯʝʥʥʳʝ ʧʫʪʝʤ ʭʠʤʠʯʝʩʢʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʚ ʞʠʜʢʦʡ ʬʘʟʝ, ʪʘʢ ʠ 

ʢʘʪʘʣʠʟʘʪʦʨʳ, ʧʦʣʫʯʝʥʥʳʝ ʧʦʩʣʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʦʪʞʠʛʘ ʩ 

ʜʦʚʦʩʩʪʘʥʘʚʣʝʥʠʝʤ, ʧʦʟʚʦʣʷʶʱʠʤ ʦʙʝʩʧʝʯʠʪʴ ʧʦʣʥʦʝ ʩʧʣʘʚʣʝʥʠʝ 

ʢʦʤʧʦʥʝʥʪʦʚ [21,57,63,64]. ʇʨʠ ʪʘʢʦʤ ʚʠʜʝ ʦʙʨʘʙʦʪʢʠ [57] ʤʦʞʥʦ ʚʘʨʴʠʨʦʚʘʪʴ 

ʩʦʩʪʘʚ [65] ʠ ʢʦʥʮʝʥʪʨʘʮʠʶ ʢʠʩʣʦʪʳ [65ï67], ʘ ʪʘʢʞʝ ʚʨʝʤʷ ʦʙʨʘʙʦʪʢʠ [68]  ʠ 

ʘʪʤʦʩʬʝʨʫ [69,70]. ɺ ʢʘʯʝʩʪʚʝ ʢʠʩʣʦʪ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʠʩʧʦʣʴʟʫʶʪ ʨʘʟʙʘʚʣʝʥʥʳʝ 

ʨʘʩʪʚʦʨʳ H2SO4 [63,64,71] HNO3 [21,37,65,72], HClO4 [65,73], HCl [66], 

ʉH3COOH [69,74]. ʂʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʝ ʢʠʩʣʦʪʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʢʨʘʡʥʝ ʨʝʜʢʦ 



 
 

ол 
 

[75]. ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʢʠʩʣʦʪʥʦʡ ʦʙʨʘʙʦʪʢʠ, ʩʦʛʣʘʩʥʦ ʣʠʪʝʨʘʪʫʨʥʳʤ 

ʜʘʥʥʳʤ, ʚʘʨʴʠʨʫʝʪʩʷ ʚ ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ ï ʦʪ 1 ʤʠʥʫʪʳ [75]  ʜʦ 2 ʜʥʝʡ [21]. 

ɿʘʯʘʩʪʫʶ ʧʨʠʤʝʥʷʝʪʩʷ ʦʙʨʘʙʦʪʢʘ ʚ ʪʝʯʝʥʠʝ 1ï3 ʯʘʩʦʚ ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ [37,63,66,69]. ɼʣʷ ʨʘʚʥʦʤʝʨʥʦʛʦ ʧʨʦʪʝʢʘʥʠʷ ʧʨʦʮʝʩʩʘ 

ʩʝʣʝʢʪʠʚʥʦʛʦ ʨʘʩʪʚʦʨʝʥʠʷ ʣʝʛʠʨʫʶʱʝʛʦ ʢʦʤʧʦʥʝʥʪʘ ʠʥʦʛʜʘ ʜʦʧʦʣʥʠʪʝʣʴʥʦ 

ʧʨʠʤʝʥʷʝʪʩʷ ʫʣʴʪʨʘʟʚʫʢʦʚʘʷ ʦʙʨʘʙʦʪʢʘ [37,75]. 

ɺ ʧʨʦʮʝʩʩʝ ʭʠʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʩʨʝʜʥʠʡ ʨʘʟʤʝʨ ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʭ 

ʯʘʩʪʠʮ ʤʦʞʝʪ ʫʤʝʥʴʰʘʪʩɹ ̫ʢʘʢ ʥʝʟʥʘʯʠʪʝʣʴʥʦ (3%), ʪʘʢ ʠ ʩʫʱʝʩʪʚʝʥʥʦ (70%) 

[21,63,67,70,75]. ɺ ʨʘʙʦʪʝ [70] ʘʚʪʦʨʳ ʠʩʩʣʝʜʦʚʘʣʠ ʩʦʩʪʘʚʳ ʅʏ ʨʘʟʥʦʛʦ 

ʨʘʟʤʝʨʘ ʚ ʦʜʥʦʤ ʤʘʪʝʨʠʘʣʝ. ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ Gan ʠ ʩʦʘʚʪ. ʧʦʜʪʚʝʨʜʠʣʠ, ʯʪʦ 

ʩʦʩʪʘʚ ʠʩʭʦʜʥʳʭ ʠ ʦʙʨʘʙʦʪʘʥʥʳʭ ʢʠʩʣʦʪʦʡ ʅʏ ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʟʣʠʯʘʣʩʷ ʪʦʣʴʢʦ 

ʜʣʷ ʢʨʫʧʥʳʭ ʅʏ ʨʘʟʤʝʨʦʤ ʙʦʣʝʝ 13 ʥʤ [57,70]. ɹʳʣʦ ʜʦʢʘʟʘʥʦ ʚʣʠʷʥʠʝ 

ʘʪʤʦʩʬʝʨʳ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʦʨʠʩʪʳʭ ʅʏ. ʇʨʠ ʦʙʨʘʙʦʪʢʝ ʚ ʘʪʤʦʩʬʝʨʝ 

ʚʦʟʜʫʭʘ ʢʠʩʣʦʨʦʜ ʩʚʷʟʳʚʘʝʪʩʷ ʩ ʘʪʦʤʘʤʠ ʧʣʘʪʠʥʳ, ʪʝʤ ʩʘʤʳʤ ʟʘʤʝʜʣʷʷ ʝʝ 

ʜʠʬʬʫʟʠʶ [57,70]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʨʳ ʦʩʪʘʶʪʩʷ ʦʪʢʨʳʪʳʤʠ, ʯʪʦ 

ʙʣʘʛʦʧʨʠʷʪʥʦ ʚʣʠʷʝʪ ʥʘ ʨʘʩʪʚʦʨʝʥʠʝ ʣʝʛʠʨʫʶʱʝʛʦ ʢʦʤʧʦʥʝʥʪʘ [57,70]. ɼʣʷ 

ʢʨʫʧʥʳʭ ʯʘʩʪʠʮ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʦʙʨʘʙʦʪʢʘ ʚ ʚʦʟʜʫʰʥʦʡ ʘʪʤʦʩʬʝʨʝ 

ʧʨʠʚʦʜʠʪ ʢ ʫʪʦʣʱʝʥʠʶ ʧʣʘʪʠʥʦʚʦʡ ʦʙʦʣʦʯʢʠ, ʪʦʛʜʘ ʢʘʢ ʚ ʙʝʩʢʠʩʣʦʨʦʜʥʦʡ 

ʘʪʤʦʩʬʝʨʝ ʵʪʦʪ ʵʬʬʝʢʪ ʦʪʩʫʪʩʪʚʫʝʪ [57,70]. ɺ ʩʪʘʪʴʝ ʜʝʣʘʝʪʩʷ ʚʳʚʦʜ ʦ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʦʣʫʯʝʥʠʷ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ʅʏ ʤʘʣʳʭ ʨʘʟʤʝʨʦʚ (ʤʝʥʝʝ 10 

ʥʤ). ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʅʏ ʙʫʜʫʪ ʙʦʣʝʝ ʦʜʥʦʨʦʜʥʳʤʠ (ʨʘʚʥʦʤʝʨʥʳʤʠ) ʧʦ ʩʦʩʪʘʚʫ, 

ʩʦʭʨʘʥʷʪ ʙʦʣʴʰʝ ʣʝʛʠʨʫʶʱʝʛʦ ʢʦʤʧʦʥʝʥʪʘ (ʚ ʷʜʨʝ) ʠ ʙʫʜʫʪ ʙʦʣʝʝ ʩʪʘʙʠʣʴʥʳʤʠ 

[70]. 

ɺ ʨʘʙʦʪʝ [37] ʘʚʪʦʨʳ ʧʦʣʫʯʠʣʠ ʩʧʣʘʚ Pt3Cu ʤʝʪʦʜʦʤ ʧʦʣʠʦʣʴʥʦʛʦ 

ʤʠʢʨʦʚʦʣʥʦʚʦʛʦ ʩʠʥʪʝʟʘ ʧʦʩʨʝʜʩʪʚʦʤ ʩʦʚʤʝʩʪʥʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠ ̫

ʧʨʝʢʫʨʩʦʨʦʚ ʥʘ ʫʛʣʝʨʦʜʥʦʤ ʥʦʩʠʪʝʣʝ. ɼʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʳ ʅʏ 

ʦʙʦʣʦʯʢʘ-̫ ʜʨʦ ʧʦʣʫʯʝʥʥʳʡ ʢʘʪʘʣʠʟʘʪʦʨ ʦʙʨʘʙʘʪʳʚʘʣʠ ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʦʡ 

[37,57]. ɸʚʪʦʨʳ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʦʧʨʝʜʝʣʝʥʠʝ ʤʝʪʦʜʦʤ ʨʝʥʪʛʝʥʦʚʩʢʦʡ 

ʬʦʪʦʵʣʝʢʪʨʦʥʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʩʦʩʪʘʚʘ ʧʦʚʝʨʭʥʦʩʪʠ ʅʏ, ʢʦʪʦʨʳʡ 



 
 

ом 
 

ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʦʙʲʝʤʥʦʛʦ ʩʦʩʪʘʚʘ, ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʤʝʪʦʜʦʤ ʤʘʩʩ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ 

ʩ ʠʥʜʫʢʪʠʚʥʦ-ʩʚʷʟʘʥʥʦʡ ʧʣʘʟʤʦʡ ʠ ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʦʡ ʨʝʥʪʛʝʥʦʚʩʢʦʡ 

ʩʧʝʢʪʨʦʩʢʦʧʠʝʡ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨʳ ʦʙʦʣʦʯʢʘ-̫ ʜʨʦ 

[37,57]. ɺ ʵʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ de-alloyed ʢʘʪʘʣʠʟʘʪʦʨ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʤʘʩʩ-

ʘʢʪʠʚʥʦʩʪʴ ʚ ʈɺʂ ʚ 1.8 ʠ 3.3 ʨʘʟʘ ʚʳʰʝ, ʯʝʤ ʩʨʘʚʥʝʥʠʶ ʩ ʤʘʪʝʨʠʘʣʦʤ-

ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʤ ʠ ʢʦʤʤʝʨʯʝʩʢʠʤ ʦʙʨʘʟʮʦʤ Pt/C (HiSPEC 4000, Johnson 

Matthey), ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ [37,57]. 

ɺ ʨʘʙʦʪʘʭ [71,76] ʘʚʪʦʨʳ ʩʠʥʪʝʟʠʨʦʚʘʣʠ ʢʘʪʘʣʠʟʘʪʦʨʳ PtNi/C ʠ PtCo/C ʩ 

ʅʏ ʩ ʧʦʣʦʡ ʩʪʨʫʢʪʫʨʦʡ. ʆʪʤʝʯʝʥʦ, ʯʪʦ ʩʦʜʝʨʞʘʥʠʝ ʣʝʛʠʨʫʶʱʝʛʦ ʢʦʤʧʦʥʝʥʪʘ 

ʧʦʩʣʝ ʢʠʩʣʦʪʥʦʡ ʦʙʨʘʙʦʪʢʠ ʚʘʨʴʠʨʫʝʪʩʷ ʦʪ 2 ʜʦ 8 ʘʪ.%, ʥʝʩʤʦʪʨʷ ʥʘ ʚʳʩʦʢʦʝ 

ʩʦʜʝʨʞʘʥʠʝ d-ʤʝʪʘʣʣʘ ʚ ʢʘʪʘʣʠʟʘʪʦʨʝ ʚ ʠʩʭʦʜʥʦʤ ʩʦʩʪʦʷʥʠʠ. 

ʇʦʣʳʝ ʅʏ PtNi ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʦʙʦʣʦʯʢʘ-̫ ʜʨʦ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʦʙʨʘʙʦʪʢʦʡ ʚ 

0.01 ʄ HCl [66]. ʆʪʤʝʯʝʥʦ, ʯʪʦ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʠʩʣʦʪʳ ʚ 10 

ʨʘʟ ʥʠʢʝʣʴ ʧʦʣʥʦʩʪʴʶ ʚʳʤʳʚʘʝʪʩʷ, ʦʩʪʘʚʣʷʷ ʧʦʣʳʝ ʅʏ, ʩʦʩʪʦʷʱʠʝ ʠʟ ʧʣʘʪʠʥʳ 

[57,66]. De-alloyed ʩʪʨʫʢʪʫʨʘ Pt-Ni ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʤʘʩʩʦʚʦʡ 

ʘʢʪʠʚʥʦʩʪʴʶ ʚ ʈɺʂ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʚʝʞʝʧʨʠʛʦʪʦʚʣʝʥʥʳʤ ʤʘʪʝʨʠʘʣʦʤ, ʘ 

ʪʘʢʞʝ ʥʘʥʦʯʘʩʪʠʮʘʤʠ ʧʦʣʦʡ Pt ʠ ʢʦʤʤʝʨʯʝʩʢʠʤ ʦʙʨʘʟʮʦʤ ʩʨʘʚʥʝʥʠʷ [66]. 

ɸʚʪʦʨʳ ʨʘʙʦʪʳ [65] ʧʨʦʚʝʣʠ ʢʠʩʣʦʪʥʫʶ ʦʙʨʘʙʦʪʢʫ ʢʘʪʘʣʠʟʘʪʦʨʘ PtCu/C 

ʨʘʟʣʠʯʥʳʤʠ ʢʠʩʣʦʪʘʤʠ: HNO3, H2SO4, HClO4. ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʨʝʢʦʤʝʥʜʦʚʘʥʦ ʧʨʦʚʦʜʠʪʴ ʦʙʨʘʙʦʪʢʫ ʚ 1 ʄ HNO3, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʥʘʠʣʫʯʰʠʤ 

ʦʙʨʘʟʦʤ ʩʦʭʨʘʥʷʪʴ ʘʢʪʠʚʥʦʩʪ ɹde-alloyed PtCu/C ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʚ ʈɺʂ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʚʠʜʘʤʠ ʦʙʨʘʙʦʪʢʠ [57,65]. ʕʬʬʝʢʪ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʚʳʩʦʢʦʡ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʘʚʪʦʨʳ ʩʚʷʟʳʚʘʶʪ ʩ ʙʦʣʝʝ ʚʳʩʦʢʠʤ 

ʩʦʜʝʨʞʘʥʠʝʤ ʤʝʜʠ ʚ de-alloyed ʤʘʪʝʨʠʘʣʘʭ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʚ 1ʄ ʘʟʦʪʥʦʡ 

ʢʠʩʣʦʪʝ [57,65]. ʋʚʝʣʠʯʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʠʩʣʦʪʳ ʜʦ 5ʄ ʧʨʠʚʦʜʠʪ ʢ 

ʫʤʝʥʴʰʝʥʠʶ ʩʦʜʝʨʞʘʥʠʷ ʤʝʜʠ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʢ ʩʥʠʞʝʥʠʶ ʘʢʪʠʚʥʦʩʪʠ ʚ ʈɺʂ 

[57,65]. ʈʘʙʦʪʳ [6,65,77] ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʫʩʧʝʰʥʦʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʚ ʄʕɹ ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ ʚ 1 ʄ HNO3. 



 
 

он 
 

ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʩʝʣʝʢʪʠʚʥʦʝ ʨʘʩʪʚʦʨʝʥʠʝ ʯʘʩʪʠ ʣʝʛʠʨʫʶʱʝʛʦ ʢʦʤʧʦʥʝʥʪʘ, 

ʢʘʢ ʧʨʘʚʠʣʦ, ʩʥʠʞʘʝʪ ʘʢʪʠʚʥʦʩʪʴ ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ [78,79]. 

ʅʘʧʨʠʤʝʨ, ʚ ʨʘʙʦʪʝ [78] ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʚ ʩʝʨʥʦʡ ʢʠʩʣʦʪʝ PtNi/C ʩ 

ʦʢʪʘʵʜʨʠʯʝʩʢʠʤʠ ʅʏ ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʪʠʧʘ ʪʚʝʨʜʳʡ ʨʘʩʪʚʦʨ, ʫʜʝʣʴʥʘʷ 

ʘʢʪʠʚʥʦʩʪʴ ʫʤʝʥʴʰʘʝʪʩʷ ʧʦʯʪʠ ʚ 2 ʨʘʟʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʩʭʦʜʥʳʤ ʤʘʪʝʨʠʘʣʦʤ. 

ʊʘʢʦʝ ʧʘʜʝʥʠʝ ʘʢʪʠʚʥʦʩʪʠ ʘʚʪʦʨʳ ʩʚʷʟʳʚʘʶʪ ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʚ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʝ ʅʏ. 

Gatalo ʠ ʩʦʘʚʪ. [69] ̫ ʚʣʷʶʪʩʷ ʦʜʥʠʤʠ ʠʟ ʥʝʤʥʦʛʠʭ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ, 

ʠʟʫʯʘʚʰʠʭ ʧʦʚʝʜʝʥʠʝ ʭʠʤʠʯʝʩʢʠ ʧʦʣʫʯʝʥʥʳʭ de-alloyed ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʙʝʟ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʮʠʢʣʠʨʦʚʘʥʠʷ ʧʦʪʝʥʮʠʘʣʘ ʚ ʫʩʣʦʚʠʷʭ ʕʍ ʘʢʪʠʚʘʮʠʠ. 

ʀʩʭʦʜʥʳʝ ʅʏ Pt-Cu ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʫʪʝʤ ʦʪʞʠʛʘ ʧʨʝʢʫʨʩʦʨʘ ʤʝʜʠ ʩ 

ʞʝʣʘʪʠʥʦʤ ʥʘ ʫʛʣʝʨʦʜʥʦʤ ʥʦʩʠʪʝʣʝ ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ ʛʘʣʴʚʘʥʠʯʝʩʢʦʛʦ 

ʟʘʤʝʱʝʥʠʷ Pt ʥʘ Cu [57,69]. ɼʣʷ ʧʦʣʫʯʝʥʠʷ de-alloyed ʩʪʨʫʢʪʫʨʳ ʘʚʪʦʨʳ 

ʠʩʧʦʣʴʟʫʶʪ ʯʝʪʳʨʝʭʢʨʘʪʥʫʶ ʢʠʩʣʦʪʥʫʶ ʧʨʦʤʳʚʢʫ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʦʙʤʝʥʘ 

ʚ ʵʣʝʢʪʨʦʣʠʪʝ ʧʨʠ ʕʍ ʘʢʪʠʚʘʮʠʠ [57,69]. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʉʆ ʧʦʟʚʦʣʷʝʪ 

ʙʣʦʢʠʨʦʚʘʪʴ ʧʦʚʝʨʭʥʦʩʪʴ ʧʣʘʪʠʥʳ ʠ ʧʨʝʜʦʪʚʨʘʱʘʪʴ ʦʙʨʘʪʥʦʝ ʦʩʘʞʜʝʥʠʝ ʥʘ 

ʥʝʡ ʤʝʜʠ [57,69]. ʇʨʝʜʩʪʘʚʣʝʥʥʳʡ ʚ ʨʘʙʦʪʝ ʫʥʠʢʘʣʴʥʳʡ ʤʝʪʦʜ ʘʢʪʠʚʘʮʠʠ ex-

situ ʢʘʪʘʣʠʟʘʪʦʨʘ PtCu/C ʧʦʟʚʦʣʠʣ ʜʦʩʪʠʯʴ ʥʘʠʙʦʣʴʰʝʡ ʤʘʩʩʦʚʦʡ ʘʢʪʠʚʥʦʩʪʠ 

ʚ ʈɺʂ, ʦ ʢʦʪʦʨʦʡ ʩʦʦʙʱʘʝʪʩʷ ʚ ʣʠʪʝʨʘʪʫʨʝ [57,69]. 

ʇʨʠʛʦʪʦʚʣʝʥʠʝ ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʚʦʟʤʦʞʥʦ ʥʝ ʪʦʣʴʢʦ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ ʦʙʦʠʭ ʧʨʝʢʫʨʩʦʨʦʚ, ʥʦ ʠ ʧʨʦʧʠʪʢʦʡ Pt/C-ʢʘʪʘʣʠʟʘʪʦʨʦʚ 

ʩʦʣʴʶ d-ʤʝʪʘʣʣʘ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ ʠ ʩʧʣʘʚʣʝʥʠʝʤ ʚ ʘʪʤʦʩʬʝʨʝ 

ʚʦʜʦʨʦʜʘ [57,64]. ʇʫʪʝʤ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʘʚʪʦʨʳ ʨʘʙʦʪʳ [64] 

ʫʩʪʘʥʦʚʠʣʠ ɻ ʬʬʝʢʪ ʛʨʘʜʠʝʥʪʥʦʡ ʜʝʬʦʨʤʘʮʠʠ ʚ de-alloyed ʅʏ Pt-Fe ʥʘ 

ʨʝʘʣʴʥʳʭ ʦʙʲʝʢʪʘʭ (ʨʘʟʤʝʨ ʯʘʩʪʠʮ 4ï5 ʥʤ). ʇʨʝʜʩʪʘʚʣʝʥʥʳʡ ʚ ʨʘʙʦʪʝ PtFe/C 

ʢʘʪʘʣʠʟʘʪʦʨ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚ 2 ʨʘʟʘ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʤʘʩʩ-ʘʢʪʠʚʥʦʩʪʴʶ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʤʤʝʨʯʝʩʢʠʤ ʘʥʘʣʦʛʦʤ Pt/C (HiSPEC3000) [57,64]. 

ʆʪʤʝʪʠʤ, ʯʪʦ ʩʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʦʧʠʩʳʚʘʶʱʠʭ 

ʧʨʠʤʝʥʝʥʠʝ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʧʨʠ ʢʠʩʣʦʪʥʦʡ ʦʙʨʘʙʦʪʢʝ, ʪʘʢʠʭ ʢʘʢ 



 
 

оо 
 

ʫʢʩʫʩʥʘʷ ʢʠʩʣʦʪʘ [69,74] ʠ ʜʠʤʝʪʠʣʛʣʠʦʢʩʠʤ [67]. ɺ ʨʘʙʦʪʝ [67] ʧʨʝʜʣʦʞʝʥ 

ʫʥʠʢʘʣʴʥʳʡ ʤʝʪʦʜ ʦʙʨʘʙʦʪʢʠ: ʦʢʪʘʵʜʨʠʯʝʩʢʠʝ ʅʏ ʨʘʩʪʚʦʨʷʶʪʩʷ ʚ ʚʦʜʥʦʤ 

ʨʘʩʪʚʦʨʝ ʜʠʤʝʪʠʣʛʣʠʦʢʩʠʤʘ, ʢʦʪʦʨʳʡ ʠʟʙʠʨʘʪʝʣʴʥʦ ʢʦʦʨʜʠʥʠʨʫʝʪ ʥʠʢʝʣʴ ʠʟ 

ʦʢʩʠʜʘ, ʧʦʵʪʦʤʫ ʧʨʠʩʫʪʩʪʚʠʝ ʢʠʩʣʦʨʦʜʘ ʚ ʨʘʩʪʚʦʨʝ ʠʤʝʝʪ ʦʯʝʥʴ ʚʘʞʥʦʝ 

ʟʥʘʯʝʥʠʝ. ɸʚʪʦʨʳ ʧʨʦʚʝʣʠ ʠʜʝʥʪʠʯʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ ʚ ʙʝʩʢʠʩʣʦʨʦʜʥʦʡ 

ʘʪʤʦʩʬʝʨʝ ʠ ʥʝ ʧʦʣʫʯʠʣʠ ʘʥʘʣʦʛʠʯʥʦʛʦ ʧʨʦʮʝʩʩʘ [57,67]. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʩʧʣʘʚ 

ʠʤʝʝʪ ʧʨʝʜʝʣʴʥʳʡ ʩʦʩʪʘʚ, ʫʞʝ ʥʝ ʧʦʜʜʘʶʱʠʡʩʷ ʨʘʩʪʚʦʨʝʥʠʶ ʥʠʢʝʣʷ ð Pt3Ni. 

ɺ ʩʪʘʪʴʷʭ ʪʘʢʞʝ ʧʦʵʪʘʧʥʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥ ʧʨʦʮʝʩʩ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʚʦʛʥʫʪʦʡ ʩʪʨʫʢʪʫʨʳ ʠʟ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʅʏ [57,67]. ɸʚʪʦʨʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʚ 

ʧʨʦʮʝʩʩʝ ʪʨʘʚʣʝʥʠʷ ʫʯʘʩʪʚʫʶʪ ʛʨʘʥʠ ʯʘʩʪʠʮ {100}, {110} ʠ {111} ʚ ʨʘʟʣʠʯʥʦʡ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʚʦʛʥʫʪʦʡ ʩʪʨʫʢʪʫʨʝ [57,67]. ʇʦ ʤʝʨʝ 

ʫʚʝʣʠʯʝʥʠʷ ʠʩʭʦʜʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʥʠʢʝʣʷ ʚʦʛʥʫʪʦʩʪʴ ʅʏ ʧʦʩʣʝ ʪʨʘʚʣʝʥʠʷ 

ʪʘʢʞʝ ʫʚʝʣʠʯʠʚʘʣʘʩʴ [57,67]. ʀʩʩʣʝʜʦʚʘʥʠʝ ʪʘʢʞʝ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʠʟ ʢʫʙʠʯʝʩʢʠʭ 

ʅʏ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʚʦʛʥʫʪʫʶ ʩʪʨʫʢʪʫʨʫ. ʆʪʤʝʯʝʥʦ, ʯʪʦ ʢʠʩʣʦʪʥʘʷ ʦʙʨʘʙʦʪʢʘ 

ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʡ ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʦʡ ʧʨʠʚʦʜʠʪ ʢ ʘʛʨʝʛʘʮʠʠ ʅʏ ʠ ʨʘʟʨʫʰʝʥʠʶ 

ʚʦʛʥʫʪʦʡ ʩʪʨʫʢʪʫʨʳ [57,67].  

ɺ ʠʩʩʣʝʜʦʚʘʥʠʷʭ [30,80ï82] ʩʦʦʙʱʘʝʪʩʷ ʦ PtNi/C, PtCu/C ʠ PtCo/C 

ʢʘʪʘʣʠʟʘʪʦʨʘʭ ʩ ʧʦʨʠʩʪʦʡ ʩʪʨʫʢʪʫʨʦʡ ʅʏ, ʧʨʦʷʚʣʷʶʱʠʭ ʚ 2 ʠ ʙʦʣʝʝ ʨʘʟʘ 

ʚʳʩʦʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʚ ʈɺʂ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ Pt/C. ʆʜʥʘʢʦ ʚ ʨʘʙʦʪʝ Han ʠ ʩʦʘʚʪ. 

[83] ʦʪʤʝʯʘʝʪʩʷ, ʯʪʦ ʧʦʨʠʩʪʳʝ de-alloyed ʅʏ PtNi ʤʝʥʝʝ ʩʪʘʙʠʣʴʥʳ ʠ ʚ ʙʦʣʴʰʝʡ 

ʩʪʝʧʝʥʠ ʧʦʜʚʝʨʞʝʥʳ ʘʛʣʦʤʝʨʘʮʠʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ de-alloyed ʅʏ ʪʠʧʘ 

ʦʙʦʣʦʯʢʘ-̫ ʜʨʦ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʢʨʠʪʠʯʝʩʢʠʡ ʨʘʟʤʝʨ ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ 

ʧʦʨʠʩʪʳʭ ʅʏ ʩʦʩʪʘʚʣʷʝʪ 6 ʥʤ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚ ʜʨʫʛʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʵʪʦʪ 

ʧʨʝʜʝʣ ʦʧʨʝʜʝʣʝʥ ʢʘʢ 30 ʥʤ (ʨʠʩʫʥʦʢ 1.10) [30]. ʊʘʢʞʝ ʘʚʪʦʨʳ ʨʝʢʦʤʝʥʜʫʶʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʢʠʩʣʦʪʫ - ʥʝʦʢʠʩʣʠʪʝʣʴ, ʘ ʠʤʝʥʥʦ ʩʝʨʥʫʶ ʢʠʩʣʦʪʫ, 

ʚʤʝʩʪʦ ʘʟʦʪʥʦʡ ʩ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʦʛʦ PtNi/C ʢʘʪʘʣʠʟʘʪʦʨʘ 

[83]. 



 
 

оп 
 

  

ʈʠʩʫʥʦʢ 1.10 ï ʀʣʣʶʩʪʨʘʮʠʷ ʵʚʦʣʶʮʠʠ ʨʘʟʤʝʨʥʦ-ʟʘʚʠʩʠʤʦʡ ʤʦʨʬʦʣʦʛʠʠ ʠ 

ʩʦʩʪʘʚʘ de-alloyed Pt-Cu ʠ Pt-Co ʯʘʩʪʠʮ [30] 

 

1.6.2 ʕʣʝʢʪʨʦʭʠʤʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʭ 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʕʍ ʭʘʨʘʢʪʝʨʠʩʪʠʢ Pt-ʩʦʜʝʨʞʘʱʠʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʜʣʷ 

ʇʆʄʊʕ ʚʩʝʛʜʘ ʥʘʯʠʥʘʝʪʩʷ ʩʦ ʩʪʘʜʠʠ ʕʍ ʘʢʪʠʚʘʮʠʠ ʚ ʢʠʩʣʦʤ ʵʣʝʢʪʨʦʣʠʪʝ. ʅʘ 

ʜʘʥʥʦʡ ʩʪʘʜʠʠ ʧʨʦʠʩʭʦʜʠʪ ʦʯʠʩʪʢʘ ʢʘʪʘʣʠʟʘʪʦʨʘ ʦʪ ʚʦʟʤʦʞʥʳʭ ʟʘʛʨʷʟʥʝʥʠʡ, 

ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘʥʦʯʘʩʪʠʮ, ʥʘ ʢʦʪʦʨʦʡ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ 

ʚʦʩʧʨʦʠʟʚʦʜʠʤʳʝ ʜʘʥʥʳʝ [84]. ʏʘʱʝ ʚʩʝʛʦ ʧʨʦʮʝʩʩ ʘʢʪʠʚʘʮʠʠ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʮʠʢʣʠʨʦʚʘʥʠʝ ʧʦʪʝʥʮʠʘʣʘ ʜʦ ʧʦʣʫʯʝʥʠʷ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʚʠʜʘ 

ʮʠʢʣʠʯʝʩʢʦʡ ʚʦʣʴʪʘʤʧʝʨʦʛʨʘʤʤʳ. ʈʝʞʝ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʫʶ ʘʢʪʠʚʘʮʠʶ 

ʧʨʦʚʦʜʷʪ ʧʫʪʝʤ ʚʳʜʝʨʞʢʠ ʵʣʝʢʪʨʦʜʘ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʧʦʪʝʥʮʠʘʣʝ [85ï87]. ɺ 

ʨʘʤʢʘʭ ʨʘʙʦʪʳ ʥʘʜ ʧʨʦʝʢʪʘʤʠ ʜʝʧʘʨʪʘʤʝʥʪʘ ʵʥʝʨʛʝʪʠʢʠ ʉʐɸ Kocha ʠ ʩʦʘʚʪ. 

ʨʘʟʨʘʙʦʪʘʣʠ ʧʨʦʪʦʢʦʣʳ ʘʢʪʠʚʘʮʠʠ Pt/C ʢʘʪʘʣʠʟʘʪʦʨʦʚ [84,88]. ʈʝʢʦʤʝʥʜʫʝʪʩʷ 

ʮʠʢʣʠʨʦʚʘʪʴ ʢʘʪʘʣʠʟʘʪʦʨ ʚ ʜʠʘʧʘʟʦʥʝ ʧʦʪʝʥʮʠʘʣʦʚ 0.025ï1.2 ɺ. ʅʠʞʥʠʡ 

ʧʦʪʝʥʮʠʘʣ ʥʝ ʜʦʣʞʝʥ ʟʘʭʦʜʠʪʴ ʚ ʟʦʥʫ ʚʳʜʝʣʝʥʠʷ ʚʦʜʦʨʦʜʘ. ɺʝʨʭʥʠʡ ʧʦʪʝʥʮʠʘʣ 

ʦʛʨʘʥʠʯʝʥ 1.2 ɺ, ʯʪʦʙʳ ʠʟʙʝʞʘʪʴ ʦʢʠʩʣʝʥʠʷ ʫʛʣʝʨʦʜʥʦʛʦ ʥʦʩʠʪʝʣʷ. Cʯʠʪʘʝʪʩʷ, 

ʯʪʦ ʧʨʠ ʧʦʪʝʥʮʠʘʣʝ ʥʠʞʝ 1.2 ɺ ʧʦʚʝʨʭʥʦʩʪʴ ʧʣʘʪʠʥʳ ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ 

ʥʝʜʦʩʪʘʪʦʯʥʦ [84,89]. 

ɼʣʷ ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʭ Pt-ʩʦʜʝʨʞʘʱʠʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʥʝ ʩʫʱʝʩʪʚʫʝʪ 

ʝʜʠʥʳʭ, ʩʦʛʣʘʩʦʚʘʥʥʳʭ ʧʨʦʪʦʢʦʣʦʚ ʕʍ ʘʢʪʠʚʘʮʠʠ. ʅʘ ʧʨʠʤʝʨʝ PtNi/C 



 
 

ор 
 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʩʪʨʝʩʩ-ʪʝʩʪʠʨʦʚʘʥʠʡ ʚ ʄʕɹ 

ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʥʝ ʟʘʭʦʜʠʪʴ ʚ ʦʙʣʘʩʪʴ ʧʦʪʝʥʮʠʘʣʦʚ ʚʳʰʝ 0.95 ɺ [12,90]. ʅʘ 

ʵʪʘʧʝ ʘʢʪʠʚʘʮʠʠ, ʢʘʢ ʠ ʚ ʭʦʜʝ ʧʦʩʣʝʜʫʶʱʝʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʭ 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ, ʧʨʦʠʩʭʦʜʠʪ ʵʚʦʣʶʮʠʷ ʩʦʩʪʘʚʘ ʠ ʩʪʨʫʢʪʫʨʳ ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʭ 

ʅʏ, ʯʪʦ ʦʧʨʝʜʝʣʷʝʪ ʦʩʦʙʝʥʥʦʩʪʠ ʠʭ ʕʍ ʧʦʚʝʜʝʥʠʷ [18,53,91ï93]. ʈʘʥʝʝ 

ʠʩʩʣʝʜʦʚʘʪʝʣʠ, ʧʦʣʫʯʘʷ ʵʣʝʢʪʨʦʢʘʪʘʣʠʟʘʪʦʨ ʦʧʨʝʜʝʣʝʥʥʦʛʦ 

ʩʦʩʪʘʚʘ/ʩʪʨʫʢʪʫʨʳ, ʧʨʠʧʠʩʳʚʘʣʠ ʝʤʫ ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʕʍ 

ʧʦʚʝʜʝʥʠʷ, ʪʦʛʜʘ ʢʘʢ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʬʘʢʪʠʯʝʩʢʠ ʠʟʫʯʘʣʠ ʫ 

ʢʘʪʘʣʠʟʘʪʦʨʘ ʩ ʠʟʤʝʥʝʥʥʳʤ ʩʦʩʪʘʚʦʤ ʠ ʩʪʨʫʢʪʫʨʦʡ ʅʏ [24,94]. ɺ ʧʦʩʣʝʜʥʝʝ 

ʚʨʝʤʷ ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʙʣʘʛʦʜʘʨʷ ʨʘʙʦʪʘʤ, ʚʳʧʦʣʥʝʥʥʳʤ ʚ ʥʘʰʝʡ ʣʘʙʦʨʘʪʦʨʠʠ, 

ʩʠʪʫʘʮʠʷ ʤʝʥʷʝʪʩʷ. 

ɸʥʘʣʠʟ ʧʫʙʣʠʢʘʮʠʡ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʦʪʝʥʮʠʦʜʠʥʘʤʠʯʝʩʢʫʶ ʘʢʪʠʚʘʮʠʶ 

ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʧʨʦʚʦʜʷʪ ʚ ʜʠʘʧʘʟʦʥʝ 

ʧʦʪʝʥʮʠʘʣʦʚ ʦʪ 0 ʜʦ 1.35 ɺ [80,81,95,96]. ɿʘʯʘʩʪʫʶ ʠʩʧʦʣʴʟʫʶʪ ʚʝʨʭʥʠʡ ʧʨʝʜʝʣ 

ʧʦʪʝʥʮʠʘʣʘ ʮʠʢʣʠʨʦʚʘʥʠʷ ʚʳʰʝ 1.0 ɺ [80,81,91,95,96]. ʉʢʦʨʦʩʪ ɹʨʘʟʚʝʨʪʢʠ 

ʧʦʪʝʥʮʠʘʣʘ ʚʘʨʴʠʨʫʝʪʩʷ ʦʪ 50 ʜʦ 1000 ʤɺ/ʩ [61,91,96], ʢʦʣʠʯʝʩʪʚʦ ʮʠʢʣʦʚ ï ʦʪ 

50 ʜʦ 500 [61,81,85,91,96]. ʅʝʢʦʪʦʨʳʝ ʘʚʪʦʨʳ ʫʢʘʟʳʚʘʶʪ, ʯʪʦ ʮʠʢʣʠʨʦʚʘʥʠʝ 

ʧʨʦʚʦʜʠʪʩʷ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʪʠʧ ʮʠʢʣʠʯʝʩʢʦʡ ʚʦʣʴʪʘʤʧʝʨʦʛʨʘʤʤʳ ʥʝ 

ʧʝʨʝʩʪʘʥʝʪ ʤʝʥʷʪʴʩʷ [42,97,98]. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʙʦʣʴʰʠʥʩʪʚʦ ʘʚʪʦʨʦʚ 

ʨʝʢʦʤʝʥʜʫʶʪ ʩʨʘʚʥʠʚʘʪʴ ʠ ʜʝʪʘʣʴʥʦ ʠʟʫʯʘʪʴ ʧʦʚʝʜʝʥʠʝ de-alloyed PtM/C 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʧʦʩʣʝ ʘʢʪʠʚʘʮʠʦʥʥʦʛʦ ʮʠʢʣʠʨʦʚʘʥʠʷ [57]. ʋʯʠʪʳʚʘʷ 

ʚʳʰʝʠʟʣʦʞʝʥʥʦʝ, ʚʘʞʥʦ ʧʦʥʠʤʘʪʴ, ʯʪʦ ʩʦʩʪʘʚ ʠ ʤʠʢʨʦʩʪʨʫʢʪʫʨʘ ʪʘʢʠʭ 

ʤʘʪʝʨʠʘʣʦʚ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʠʩʭʦʜʥʦʛʦ ʩʦʩʪʦʷʥʠʷ çʢʘʢ ʧʦʣʫʯʝʥʦè, ʭʦʪʷ ʚ ʯʝʤ 

ʢʦʥʢʨʝʪʥʦ ʩʦʩʪʦʷʪ ʪʘʢʠʝ ʦʪʣʠʯʠʷ ʥʝ ʚʩʝʛʜʘ ʧʦʥʷʪʥʦ [57]. 

ɺ ʨʘʙʦʪʝ [57] ʥʘʤʠ ʠʟʫʯʝʥʘ ʩʪʨʫʢʪʫʨʘ ʤʘʪʝʨʠʘʣʦʚ ʧʦʩʣʝ ʭʠʤʠʯʝʩʢʦʡ ʠ ʕʍ 

ʦʙʨʘʙʦʪʢʠ (ʨʠʩʫʥʦʢ 1.11). ʈʝʥʪʛʝʥʦʛʨʘʤʤʳ ʦʙʨʘʟʮʘ PtCu3/C ʩʦ ʩʪʨʫʢʪʫʨʦʡ 

ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʩʤʝʱʝʥʠʝ ʤʘʢʩʠʤʫʤʘ (111) ʚ ʦʙʣʘʩʪʴ 

ʤʝʥʴʰʠʭ ʫʛʣʦʚ 2 ʪʝʪʘ ʧʦʩʣʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ 

ʦʙ ʫʤʝʥʴʰʝʥʠʠ ʩʦʜʝʨʞʘʥʠʷ ʤʝʜʠ ʚ ʢʨʠʩʪʘʣʣʠʪʘʭ (ʨʠʩʫʥʦʢ 1.11 ʘ) [57]. ʇʨʠ 



 
 

ос 
 

ʵʪʦʤ ʩʨʝʜʥʠʡ ʨʘʟʤʝʨ ʢʨʠʩʪʘʣʣʠʪʦʚ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ 1.9 ʜʦ 2.6 ʠ 3.7 ʥʤ ʧʨʠ 

ʭʠʤʠʯʝʩʢʦʡ ʠ ʕʍ ʦʙʨʘʙʦʪʢʝ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ [57]. 

 

ʈʠʩʫʥʦʢ 1.11 ï ʈʝʥʪʛʝʥʦʛʨʘʤʤʳ ʤʘʪʝʨʠʘʣʦʚ PtCu/C ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʅʏ 

ʪʚʝʨʜʳʡ ʨʘʩʪʚʦʨ (ʘ): ʠʩʭʦʜʥʘʷ, ʧʦʩʣʝ ʢʠʩʣʦʪʥʦʡ ʦʙʨʘʙʦʪʢʠ ʠ ʧʦʩʣʝ ʕʍ 

ʘʢʪʠʚʘʮʠʠ. ʇʕʄ-ʠʟʦʙʨʘʞʝʥʠʷ PtCu/C ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʦʙʦʣʦʯʢʘ-

ʷʜʨʦ (ʙ ï ʛ) ʠ ʪʚʝʨʜʳʡ ʨʘʩʪʚʦʨ (ʜ ï ʞ): ʚ ʩʦʩʪʦʷʥʠʠ çʢʘʢ ʧʦʣʫʯʝʥʦè (ʙ, ʜ), 

ʧʦʩʣʝ ʢʠʩʣʦʪʥʦʡ (ʂʆ) (ʚ, ʛ) ʠ ʕʍ (ʕɸ) (ʝ, ʞ) ʦʙʨʘʙʦʪʢʠ [57] 

 

ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʬʦʪʦʛʨʘʬʠʡ ʧʨʦʩʚʝʯʠʚʘʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ 

ʤʠʢʨʦʩʢʦʧʠʠ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʜʣʷ ʅʏ PtCu ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʦʙʦʣʦʯʢʘ-̫ ʜʨʦ ʧʦʩʣʝ 

ʦʙʨʘʙʦʪʢʠ ʚ ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʝ ʩʨʝʜʥʠʡ ʨʘʟʤʝʨ ʅʏ ʫʤʝʥʴʰʘʝʪʩʷ ʩ 6.2 ʜʦ 3.2 ʥʤ 

(ʨʠʩʫʥʦʢ 1.11 ʙïʛ) [57]. ʇʨʠ ʕʍ ʘʢʪʠʚʘʮʠʠ ʚ ʜʠʘʧʘʟʦʥʝ ʧʦʪʝʥʮʠʘʣʦʚ 0.04ï1.2 

ɺ ʦʙʨʘʟʮʘ ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʅʏ ʪʚʝʨʜʳʡ ʨʘʩʪʚʦʨ ʩʨʝʜʥʠʡ ʨʘʟʤʝʨ ʩʬʝʨʠʯʝʩʢʠʭ ʅʏ 

ʥʝ ʠʟʤʝʥʷʝʪʩʷ; ʦʜʥʘʢʦ ʧʦʷʚʣʷʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʅʏ ʧʘʣʦʯʢʦʚʠʜʥʦʡ 

ʬʦʨʤʳ, ʢʘʢ ʵʪʦ ʦʪʤʝʯʝʥʦ ʚ ʥʘʰʠʭ ʨʘʙʦʪʘʭ [99,100] (ʨʠʩʫʥʦʢ 1.11 ʜïʞ). ʊʘʢʠʤ 
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от 
 

ʦʙʨʘʟʦʤ, ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ ʥʘʙʣʶʜʘʶʪʩʷ ʩʫʱʝʩʪʚʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚ ʩʪʨʫʢʪʫʨʝ 

ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ. 

ɺ ʨʘʙʦʪʘʭ ʧʦ ʠʟʫʯʝʥʠʶ ʨʦʣʠ çʦʢʥʘè ʧʦʪʝʥʮʠʘʣʦʚ, ʟʘʜʘʚʘʝʤʳʭ ʥʘ ʩʪʘʜʠʠ 

ʘʢʪʠʚʘʮʠʠ, ʤʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʝʨʭʥʝʛʦ ʧʨʝʜʝʣʘ ʧʦʪʝʥʮʠʘʣʘ 

ʨʘʚʥʦʛʦ 1.0 ɺ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ PtCu/C ʢʘʪʘʣʠʟʘʪʦʨʳ ʚ 2 ʨʘʟʘ ʘʢʪʠʚʥʝʝ, ʯʝʤ 

ʧʨʠ ʘʢʪʠʚʘʮʠʠ ʜʦ ʧʦʪʝʥʮʠʘʣʘ 1.2 ɺ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʠʩʭʦʜʥʦʡ ʩʪʨʫʢʪʫʨʳ 

ʥʘʥʦʯʘʩʪʠʮ [99ï102]. ʊʘʢ ʞʝ ʥʘʰʝ ʠʩʩʣʝʜʦʚʘʥʠʝ [102] ʧʦʢʘʟʘʣʦ, ʯʪʦ 

ʮʠʢʣʠʨʦʚʘʥʠʝ PtCu/C ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʥʘ ʩʪʘʜʠʠ ʘʢʪʠʚʘʮʠʠ ʜʦ 1.0 ɺ ʧʦʟʚʦʣʷʝʪ 

ʧʦʚʳʩʠʪʴ ʩʪʘʙʠʣʴʥʦʩʪʴ ʤʘʪʝʨʠʘʣʦʚ ʚ ʭʦʜʝ ʩʪʨʝʩʩ-ʪʝʩʪʦʚ ʥʘ 25% ʧʦ ʩʨʘʚʥʝʥʠʶ 

ʩ ʘʢʪʠʚʘʮʠʝʡ ʜʦ 1.2 ɺ.  

ɺ ʨʘʙʦʪʝ [91] ʩʪʘʜʠʷ ʕʍ ʘʢʪʠʚʘʮʠʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʘʢ ʩʪʘʜʠʷ ʩʠʥʪʝʟʘ 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ. ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʧʦʣʫʯʘʶʪ ʤʘʪʝʨʠʘʣ ʩ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ 

ʤʝʜʠ, ʢʦʪʦʨʳʡ ʟʘʪʝʤ ʦʙʨʘʙʘʪʳʚʘʶʪ ʚ ʢʠʩʣʦʡ ʩʨʝʜʝ ʚ ʟʘʜʘʥʥʦʤ ʜʠʘʧʘʟʦʥʝ 

ʧʦʪʝʥʮʠʘʣʦʚ ʜʣʷ ʫʜʘʣʝʥʠʷ ʤʝʜʠ [57,91]. ɸʚʪʦʨʳ ʧʦʣʘʛʘʶʪ, ʯʪʦ ʩʝʣʝʢʪʠʚʥʦʝ ʕʍ 

ʨʘʩʪʚʦʨʝʥʠʝ ʣʝʛʠʨʫʶʱʝʛʦ ʤʝʪʘʣʣʘ ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʳʤ ʧʨʦʮʝʩʩʦʤ ʚ 

ʬʦʨʤʠʨʦʚʘʥʠʠ ʘʢʪʠʚʥʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ [57,91]. 

Gatalo ʠ ʩʦʘʚʪ. [94] ʧʦʢʘʟʘʣʠ, ʯʪʦ ʕʍ ʦʙʨʘʙʦʪʢʘ ʧʨʠʚʦʜʠʪ ʢ ʩʫʱʝʩʪʚʝʥʥʦʤʫ 

ʠʟʤʝʥʝʥʠʶ ʩʪʨʫʢʪʫʨʳ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʤʦʨʬʦʣʦʛʠʠ ʅʏ ʢʘʪʘʣʠʟʘʪʦʨʘ. ɺ ʪʦ ʞʝ 

ʚʨʝʤʷ ʚ [96] ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʕʍ ʦʙʨʘʙʦʪʢʠ ʧʦʟʚʦʣʷʝʪ 

ʧʦʣʫʯʠʪʴ ʢʘʪʘʣʠʟʘʪʦʨʳ ʩʦ ʩʪʘʙʠʣʴʥʳʤ ʩʦʩʪʘʚʦʤ, ʩʦʭʨʘʥʷʶʱʠʤʩʷ ʧʨʠ 

ʜʘʣʴʥʝʡʰʠʭ ʕʍ ʠʟʤʝʨʝʥʠʷʭ. ʂʘʢ ʧʨʘʚʠʣʦ, ʧʦʜʦʙʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʷʪʩʷ 

ʜʣʷ ʢʘʪʘʣʠʟʘʪʦʨʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʅʏ ʢʨʫʧʥʳʭ ʨʘʟʤʝʨʦʚ (ʥʝ ʤʝʥʝʝ 10 ʥʤ) [57]. ɺ 

ʪʦ ʞʝ ʚʨʝʤʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʧʨʠʤʝʥʷʶʪ ʩʣʦʞʥʳʝ 

ʣʘʙʦʨʘʪʦʨʥʳʝ ʤʝʪʦʜʳ ʩʠʥʪʝʟʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʪʘʙʠʣʠʟʘʪʦʨʦʚ ʠ ʥʠʟʢʠʤʠ 

ʚʳʭʦʜʘʤʠ ʧʨʦʜʫʢʪʦʚ, ʢʦʪʦʨʳʝ ʥʝ ʧʨʠʛʦʜʥʳ ʜʣʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ [57,103,104]. 

ɺ [24] ʘʚʪʦʨʳ ʠʩʩʣʝʜʦʚʘʣʠ ʨʘʩʪʚʦʨʝʥʠʝ ʣʝʛʠʨʫʶʱʠʭ d-ʤʝʪʘʣʣʦʚ ʠ 

ʧʣʘʪʠʥʳ ʧʨʠ ʕʍ ʘʢʪʠʚʘʮʠʠ ʢʘʪʘʣʠʟʘʪʦʨʦʚ PtM/C (M = Cu, Co, Ni ʠ Fe) ʜʦ 

ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʡ ʧʨʝʜʝʣʘ ʧʦʪʝʥʮʠʘʣʘ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʭʦʜʝ ʠʟʤʝʨʝʥʠʡ 



 
 

оу 
 

ʨʘʩʪʚʦʨʷʶʪʩʷ ʚʩʝ ʤʝʪʘʣʣʳ, ʚʭʦʜʷʱʠʝ ʚ ʩʦʩʪʘʚ ʅʏ. ɹʳʣʠ ʠʟʫʯʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ 

ʩʢʦʨʦʩʪʠ ʨʘʩʪʚʦʨʝʥʠʷ Pt ʦʪ ʧʦʪʝʥʮʠʘʣʘ, ʧʨʠ ʢʦʪʦʨʳʭ ʥʘʙʣʶʜʘʶʪʩʷ 

ʥʝʟʥʘʯʠʪʝʣʴʥʳʝ ʘʥʦʜʥʳʝ ʠ ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʢʘʪʦʜʥʳʝ ʧʠʢʠ ʨʘʩʪʚʦʨʝʥʠʷ Pt 

[58,105,106]. ɸʚʪʦʨʳ ʫʢʘʟʳʚʘʶʪ, ʯʪʦ ʤʝʭʘʥʠʟʤ ʘʥʦʜʥʦʛʦ ʨʘʩʪʚʦʨʝʥʠʷ Pt ʩʚʷʟʘʥ 

ʩ ʧʦʷʚʣʝʥʠʝʤ ʜʝʬʝʢʪʥʦʡ ʩʪʨʫʢʪʫʨʳ ʧʦʚʝʨʭʥʦʩʪʠ ʟʘ ʩʯʝʪ çʦʢʩʠʜʥʦʛʦ 

ʤʝʭʘʥʠʟʤʘè ʦʙʤʝʥʘ ʤʝʩʪʘʤʠ [57,106]. ʂʘʪʦʜʥʦʝ ʨʘʩʪʚʦʨʝʥʠʝ ʧʣʘʪʠʥʳ 

ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ʦʢʩʠʜʘ Pt, ʯʪʦ ʪʘʢʞʝ ʠʟʤʝʥʷʝʪ ʧʦʚʝʨʭʥʦʩʪʴ 

ʤʝʪʘʣʣʘ ʠ ʚʳʟʳʚʘʝʪ ʝʛʦ ʨʘʩʪʚʦʨʝʥʠʝ ʚ ʜʝʬʝʢʪʥʳʭ ʫʯʘʩʪʢʘʭ ʥʘʥʦʢʨʠʩʪʘʣʣʦʚ 

[57,107]. ɸʚʪʦʨʳ  [24,58] ʦʪʤʝʯʘʶʪ, ʯʪʦ ʧʦʩʣʝ ʨʘʩʪʚʦʨʝʥʠʷ ʧʣʘʪʠʥʳ ʠʟ 

ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʅʏ ʚ ʩʣʫʯʘʝ ʤʘʪʝʨʠʘʣʦʚ PtM/C ʩʥʦʚʘ ʧʨʦʠʩʭʦʜʠʪ 

ʨʘʩʪʚʦʨʝʥʠʝ ʄ-ʘʪʦʤʦʚ. ʊʦ ʝʩʪʴ ʧʨʠ ʨʘʩʪʚʦʨʝʥʠʠ Pt ʦʙʥʘʞʘʶʪʩʷ ʘʪʦʤʳ 

ʣʝʛʠʨʫʶʱʝʛʦ ʤʝʪʘʣʣʘ ʠ ʧʨʦʠʩʭʦʜʠʪ ʠʭ ʧʦʩʣʝʜʫʶʱʝʝ ʦʢʠʩʣʝʥʠʝ [58]. 

ɺ ʨʘʙʦʪʝ [85] ʘʢʪʠʚʘʮʠʶ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʧʨʦʚʦʜʠʣʠ ʜʚʫʤʷ ʩʧʦʩʦʙʘʤʠ: 1) 

ʧʫʪʝʤ ʠʟʤʝʥʝʥʠʷ ʧʦʪʝʥʮʠʘʣʘ ʵʣʝʢʪʨʦʜʘ ʦʪ 0.05 ʜʦ 1.2 ɺ ʚ ʪʝʯʝʥʠʝ 500 ʮʠʢʣʦʚ 

ʩʦ ʩʢʦʨʦʩʪʴʶ ʩʢʘʥʠʨʦʚʘʥʠʷ 200 ʤɺ/ʩ ʠ 2) ʧʫʪʝʤ ʧʦʜʜʝʨʞʘʥʠʷ ʧʦʪʝʥʮʠʘʣʘ ʥʘ 

ʫʨʦʚʥʝ 1.2 ɺ ʚ ʪʝʯʝʥʠʝ 15 ʤʠʥ ʠʣʠ 2 ʯ ʚ ʜʝʘʵʨʠʨʦʚʘʥʥʦʤ ʵʣʝʢʪʨʦʣʠʪʝ [85]. 

ɹr ʩʪʨʦʝ ʩʝʣʝʢʪʠʚʥʦʝ ʨʘʩʪʚʦʨʝʥʠʝ ʣʝʛʠʨʫʶʱʝʛʦ ʢʦʤʧʦʥʝʥʪʘ ʠʟ ʢʘʪʘʣʠʟʘʪʦʨʦʚ 

ʧʨʠ ʧʦʪʝʥʮʠʘʣʝ 1.2 ɺ ʠ ʩʦʧʫʪʩʪʚʫʶʱʝʝ ʦʙʨʘʟʦʚʘʥʠʝ ʚʳʩʦʢʦʧʦʨʠʩʪʳʭ ʩʪʨʫʢʪʫʨ 

ʜʣʷ ʙʦʣʝʝ ʢʨʫʧʥʳʭ ʅʏ ʧʨʠʚʦʜʠʪ ʢ ʦʧʨʝʜʝʣʝʥʥʦʡ ʜʦʩʪʫʧʥʦʩʪʠ ʚʥʫʪʨʝʥʥʝʡ 

ʯʘʩʪʠ ʅʏ ʢʘʪʘʣʠʟʘʪʦʨʘ ʜʣʷ ʵʣʝʢʪʨʦʣʠʪʘ [85]. ʕʪʦ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʪʘʙʠʣʴʥʦʛʦ ʦʢʩʠʜʘ Pt ʧʨʠ ʪʘʢʠʭ ʚʳʩʦʢʠʭ ʧʦʪʝʥʮʠʘʣʘʭ ʠ, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʦʥʠʞʝʥʥʦʡ ʧʦʜʚʠʞʥʦʩʪʴʶ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʘʪʦʤʦʚ Pt, ʢʦʪʦʨʳʝ 

ʥʝ ʩʧʦʩʦʙʥʳ ʧʘʩʩʠʚʠʨʦʚʘʪʴ ʧʦʚʝʨʭʥʦʩʪʴ ʠ ʙʣʦʢʠʨʦʚʘʪʴ ʨʘʩʪʚʦʨʝʥʠʝ Cu [85]. 

ʅʘʧʨʦʪʠʚ, ʠʟʤʝʥʝʥʠʝ ʧʦʪʝʥʮʠʘʣʘ ʚʦ ʚʨʝʤʷ ʮʠʢʣʠʨʦʚʘʥʠʷ ʚʳʟʳʚʘʝʪ ʥʝ ʪʦʣʴʢʦ 

ʨʘʩʪʚʦʨʝʥʠʝ Cu, ʥʦ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʦʢʩʠʜʘ Pt, ʩʦʧʨʦʚʦʞʜʘʶʱʝʝʩʷ 

ʨʘʩʪʚʦʨʝʥʠʝʤ/ʧʝʨʝʦʩʘʞʜʝʥʠʝʤ ʠ/ʠʣʠ ʫʚʝʣʠʯʝʥʠʝʤ ʧʦʚʝʨʭʥʦʩʪʥʦʡ 

ʧʦʜʚʠʞʥʦʩʪʠ Pt [85]. ʂʘʢ ʩʣʝʜʩʪʚʠʝ, ʵʪʦ ʧʦʟʚʦʣʷʝʪ ʧʝʨʝʫʧʦʨʷʜʦʯʠʪʴ 

ʧʦʚʝʨʭʥʦʩʪʴ Pt, ʚʳʟʳʚʘʝʪ ʦʛʨʘʥʢʫ ʠ ʧʨʝʜʦʪʚʨʘʱʘʝʪ ʜʘʣʴʥʝʡʰʝʝ ʨʘʩʪʚʦʨʝʥʠʝ 

[85]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʨʠʩʪʦʩʪʴ ʥʘʙʣʶʜʘʝʪʩʷ ʪʦʣʴʢʦ ʥʘ ʥʘʠʙʦʣʝʝ ʢʨʫʧʥʳʭ 



 
 

оф 
 

ʯʘʩʪʠʮʘʭ ʚ ʩʣʫʯʘʝ ʜʣʠʪʝʣʴʥʦʛʦ ʮʠʢʣʠʨʦʚʘʥʠʷ ʧʦʩʣʝ 7000 ʮʠʢʣʦʚ ʩʪʨʝʩʩ-ʪʝʩʪʘ 

[85]. 

ɺ ʭʦʜʝ ʕʍ ʠʟʤʝʨʝʥʠʡ, ʘ ʪʘʢʞʝ ʧʨʠ ʨʘʙʦʪʝ ʚ ʇʆʄʊʕ ʤʦʛʫʪ ʧʨʦʠʩʭʦʜʠʪʴ 

ʧʨʦʮʝʩʩʳ ʥʝ ʪʦʣʴʢʦ ʩʝʣʝʢʪʠʚʥʦʛʦ ʨʘʩʪʚʦʨʝʥʠʷ, ʥʦ ʠ ʧʦʚʪʦʨʥʦʛʦ ʩʧʣʘʚʣʝʥʠʷ, 

ʩʚʷʟʘʥʥʳʝ ʩ ʧʝʨʝʦʩʘʞʜʝʥʠʝʤ ʚʩʝʭ ʢʦʤʧʦʥʝʥʪʦʚ ʥʘʥʦʯʘʩʪʠʮ [108ï110]. ʊʘʢʠʝ 

ʧʨʦʮʝʩʩʳ ʤʦʛʫʪ ʧʨʦʠʩʭʦʜʠʪʴ ʜʘʞʝ ʧʦʩʣʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʢʠʩʣʦʪʥʦʡ 

ʦʙʨʘʙʦʪʢʠ ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ [109,111]. 

ɸʚʪʦʨʳ ʙʦʣʴʰʠʥʩʪʚʘ ʧʫʙʣʠʢʘʮʠʡ, ʧʦʩʚʷʱʝʥʥʳʭ ʜʝʪʘʣʴʥʦʤʫ ʠʟʫʯʝʥʠʶ 

ʩʪʨʫʢʪʫʨʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ de-alloyed ʢʘʪʘʣʠʟʘʪʦʨʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʢʘʢ ʚ 

ʧʨʦʮʝʩʩʝ ʕʍ ʘʢʪʠʚʘʮʠʠ, ʪʘʢ ʠ ʢʠʩʣʦʪʥʦʡ ʦʙʨʘʙʦʪʢʠ, ʦʪʤʝʯʘʶʪ, ʯʪʦ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʅʏ ʚʦʟʤʦʞʥʦ ʧʨʠ ʨʘʟʤʝʨʘʭ ʥʝ ʤʝʥʝʝ 8ï10 ʥʤ 

[57]. Oezaslan ʠ ʩʦʘʚʪ. ʦʪʤʝʯʘʶʪ, ʯʪʦ ʚ ʧʨʦʮʝʩʩʝ ʕʍ ʘʢʪʠʚʘʮʠʠ ʅʏ ʨʘʟʤʝʨʦʤ 

ʤʝʥʝʝ 5 ʥʤ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʥʘʣʠʯʠʝʤ ʦʩʪʘʪʦʯʥʦʡ ʩʪʨʫʢʪʫʨʳ ʦʙʦʣʦʯʢʘ-̫ ʜʨʦ ʩ 

ʜʝʬʝʢʪʥʦʡ ʧʣʘʪʠʥʦʚʦʡ ʦʙʦʣʦʯʢʦʡ [30]. ɼʣʷ ʅʏ ʨʘʟʤʝʨʦʤ 10ï20 ʥʤ ʚ ʧʨʦʮʝʩʩʝ 

ʩʝʣʝʢʪʠʚʥʦʛʦ ʨʘʩʪʚʦʨʝʥʠʷ ʭʘʨʘʢʪʝʨʥʦ ʦʙʨʘʟʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨʳ ʩ ʥʝʩʢʦʣʴʢʠʤʠ 

ʷʜʨʘʤʠ ʣʝʛʠʨʫʶʱʝʛʦ ʢʦʤʧʦʥʝʥʪʘ ʠ ʝʛʦ ʥʝʨʘʚʥʦʤʝʨʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʚ ʅʏ 

(ʨʠʩʫʥʦʢ 1.10) [30,57]. ɹʣʘʛʦʜʘʨʷ ʠʩʩʣʝʜʦʚʘʥʠʶ in situ ʦʪʜʝʣʴʥʳʭ ʢʨʫʧʥʳʭ ʅʏ 

(ʙʦʣʝʝ 30 ʥʤ), ʧʦʜʚʝʨʛʥʫʪʳʭ ʕʍ ʘʢʪʠʚʘʮʠʠ, ʤʦʞʥʦ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʧʦʨʠʩʪʘʷ 

ʩʪʨʫʢʪʫʨʘ ʬʦʨʤʠʨʫʝʪʩʷ ʟʘ ʩʯʝʪ ʫʜʘʣʝʥʠʷ ʣʝʛʠʨʫʶʱʝʛʦ ʢʦʤʧʦʥʝʥʪʘ [57]. ʊʝʤ ʥʝ 

ʤʝʥʝʝ, ʚ [21] ʘʚʪʦʨʳ ʦʧʠʩʳʚʘʶʪ ʦʙʨʘʟʦʚʘʥʠʝ ʧʦʨʠʩʪʦʡ ʩʪʨʫʢʪʫʨʳ ʜʣʷ ʯʘʩʪʠʮ 

ʨʘʟʤʝʨʦʤ ʙʦʣʝʝ 8 ʥʤ. ʆʪʤʝʪʠʤ, ʯʪʦ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʚʳʧʦʣʥʝʥʥʳʭ 

ʜʣʷ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʥʘ ʦʩʥʦʚʝ ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʅʏ ʙʦʣʴʰʦʛʦ ʨʘʟʤʝʨʘ, ʤʝʥʝʝ 

ʠʥʪʝʨʝʩʥʳ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʦʛʨʘʥʠʯʝʥʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʠʭ ʢʦʤʤʝʨʯʝʩʢʦʛʦ 

ʧʨʠʤʝʥʝʥʠʷ. 

ʇʦʣʫʯʝʥʥʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ de-alloying ʦʙʨʘʙʦʪʢʠ ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʝ 

ʢʘʪʘʣʠʟʘʪʦʨʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʧʣʦʱʘʜʴʶ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠ ʘʢʪʠʚʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʦʪ 23 [63,85] ʜʦ 103 [65] ʤ2/ʛ(Pt). ɺ ʩʨʝʜʥʝʤ ʟʥʘʯʝʥʠʝ ʕʍɸʇ ʜʣʷ 

ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʩʦʩʪʘʚʣʷʝʪ 30ï50 ʤ2/ʛ(Pt) [21,30,63,64,66,67], 

ʯʪʦ ʟʘʯʘʩʪʫʶ ʩʚʷʟʘʥʦ ʩ ʙʦʣʴʰʠʤ ʨʘʟʤʝʨʦʤ ʅʏ. ʄʘʩʩ-ʘʢʪʠʚʥʦʩʪʴ ʚ ʈɺʂ de-
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alloyed PtM/C ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʚʘʨʴʠʨʫʝʪʩʷ ʦʪ 54 [96]  ʜʦ 1870 [69] ɸ/ʛ(Pt). ʊʘʢʦʡ 

ʨʘʟʙʨʦʩ ʩʚʷʟʘʥ ʩ ʨʘʟʣʠʯʥʦʡ ʤʘʩʩʦʚʦʡ ʜʦʣʝʡ ʧʣʘʪʠʥʳ ʚ ʦʙʨʘʟʮʝ (ʯʝʤ ʦʥʘ 

ʤʝʥʴʰʝ, ʪʝʤ ʚʳʰʝ ʘʢʪʠʚʥʦʩʪʴ, ʦʪʥʝʩʝʥʥʘʷ ʢ ʤʘʩʩʝ ʧʣʘʪʠʥʳ) ʠ ʩ ʨʘʟʣʠʯʥʳʤʠ 

ʤʝʪʦʜʠʢʘʤʠ ʧʦʜʛʦʪʦʚʢʠ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʩʣʦʷ ʥʘ ɺɼʕ ʠ ʕʍ ɻ ʢʩʧʝʨʠʤʝʥʪʘ. ʅʝ 

ʚʩʝʛʜʘ ʦʯʝʚʠʜʥʘ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. ʀʤʝʥʥʦ ʧʦʵʪʦʤʫ, 

ʧʨʠ ʠʟʫʯʝʥʠʠ ʘʢʪʠʚʥʦʩʪʠ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʚ ʈɺʂ ʚʘʞʥʳʤ ʷʚʣʷʝʪʩʷ ʩʨʘʚʥʠʚʘʪʴ ʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʱʠʭʩʷ ʢʦʤʤʝʨʯʝʩʢʠʭ 

ʘʥʘʣʦʛʦʚ ʩ ʙʣʠʟʢʦʡ ʤʘʩʩʦʚʦʡ ʜʦʣʝʡ ʧʣʘʪʠʥʳ. 

ʈʝʟʶʤʠʨʫʷ ʜʘʥʥʳʝ ʠʟʫʯʝʥʥʳʭ ʧʫʙʣʠʢʘʮʠʡ ʠ ʨʘʥʝʝ ʧʦʣʫʯʝʥʥʳʭ ʥʘʤʠ 

ʜʘʥʥʳʭ [57], ʦʪʤʝʪʠʤ, ʯʪʦ ʨʘʟʣʠʯʥʳʝ ʚʠʜʳ de-alloying ʦʙʨʘʙʦʪʢʠ 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ PtM/C ʧʦʟʚʦʣʷʶʪ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʩʦʩʪʘʚ ʠ ʩʪʨʫʢʪʫʨʫ 

ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʥʘʥʦʯʘʩʪʠʮ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʦʚʳʰʝʥʠʶ ʩʪʘʙʠʣʴʥʦʩʪʠ ʠʭ 

ʩʦʩʪʘʚʘ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʡ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴ ʁʚ ʈɺʂ 

ʠ/ʠʣʠ ʩʪʘʙʠʣʴʥʦʩʪʴ.ʁ ʊʘʢʞʝ ʤʦʞʥʦ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʨʘʩʩʤʦʪʨʝʥʥʳʝ ʚʳʰʝ 

ʫʩʣʦʚʠʷ ʦʙʨʘʙʦʪʢʠ ʥʝ ʷʚʣʷʶʪʩʷ ʫʥʠʚʝʨʩʘʣʴʥʳʤʠ ʜʣʷ ʚʩʝʭ ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʭ 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ. ɼʦʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʚ ʢʦʪʦʨʳʭ ʠʟʫʯʘʝʪʩʷ ʧʦʚʝʜʝʥʠʝ de-alloyed 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʥʘʥʦʯʘʩʪʠʮʳ ʥʝʙʦʣʴʰʦʛʦ ʨʘʟʤʝʨʘ (ʤʝʥʝʝ 8 ʥʤ) 

ʥʝʚʝʣʠʢʘ, ʦʩʦʙʝʥʥʦʩʪʠ ʧʦʚʝʜʝʥʠʷ ʪʘʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʤʘʣʦ ʠʟʫʯʝʥʳ. 

ʇʫʙʣʠʢʘʮʠʠ, ʧʦʩʚʷʱʝʥʥʳʝ ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʤ ʠ, ʚ ʯʘʩʪʥʦʩʪʠ PtCu 

ʢʘʪʘʣʠʟʘʪʦʨʘʤ, ʟʘʯʘʩʪʫʶ ʪʨʘʢʪʫʶʪ ʠʭ ʧʦʚʝʜʝʥʠʝ ʠʩʭʦʜʷ ʠʟ ʧʝʨʚʦʥʘʯʘʣʴʥʳʭ, ʘ 

ʥʝ de-alloying ʩʦʩʪʘʚʘ ʠ ʩʪʨʫʢʪʫʨʳ ʥʘʥʦʯʘʩʪʠʮ. ʅʝʫʜʠʚʠʪʝʣʴʥʦ, ʯʪʦ ʥʝʩʤʦʪʨʷ 

ʥʘ ʜʦʩʪʠʛʥʫʪʳʡ ʢ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʢʦʥʩʝʥʩʫʩ ʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʩʪʘʜʠʠ 

ʧʨʝʜʦʙʨʘʙʦʪʢʠ ʜʣ ̫ ʧʦʩʣʝʜʫʶʱʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠ ̫ ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʭ 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʚ ʄʕɹʝ, ʩʚʝʜʝʥʠʷ ʦʙ ʦʧʪʠʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʪʘʢʦʡ ʦʙʨʘʙʦʪʢʠ ʠ 

ʦʩʦʙʝʥʥʦʩʪʷʭ ʩʦʧʨʦʚʦʞʜʘʶʱʠʭ ʝʝ ʧʨʝʚʨʘʱʝʥʠʡ ʩʦʜʝʨʞʘʪ ʤʥʦʛʦ 

ʧʨʦʪʠʚʦʨʝʯʠʚʦʡ ʠʥʬʦʨʤʘʮʠʠ. ʅʝʦʙʭʦʜʠʤʳ ʜʘʣʴʥʝʡʰʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ 

ʫʩʣʦʚʠʡ ʭʠʤʠʯʝʩʢʦʡ, ʕʍ ʦʙʨʘʙʦʪʢʠ, ʘ ʪʘʢʞʝ ʠʭ ʩʦʯʝʪʘʥʠʷ ʥʘ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ 

ʠ ʩʪʨʫʢʪʫʨʥʦ-ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ PtM/C ʢʘʪʘʣʠʟʘʪʦʨʦʚ. ɺʝʩʴʤʘ 

ʘʢʪʫʘʣʴʥʳʤ ʦʩʪʘʝʪʩʷ ʠ ʧʦʠʩʢ ʤʝʪʦʜʦʚ, ʠ ʫʩʣʦʚʠʡ ʩʠʥʪʝʟʘ ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʭ 
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ʢʘʪʘʣʠʟʘʪʦʨʦʚ, ʩʦʯʝʪʘʶʱʠʭ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʩʪʘʙʠʣʴʥʦʩʪʠ, 

ʤʘʩʩ-ʘʢʪʠʚʥʦʩʪʠ ʠ ʕʍɸʇ.  
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2 ʄɸʊɽʈʀɸʃʓ ʀ ʄɽʊʆɼʓ ʕʂʉʇɽʈʀʄɽʅʊɸʃʔʅʓʍ 

ʀʉʉʃɽɼʆɺɸʅʀʁ 

 

2.1 ʈʝʘʢʪʠʚʳ 

¶ ʇʣʘʪʠʥʦʭʣʦʨʠʩʪʦʚʦʜʦʨʦʜʥʘʷ ʢʠʩʣʦʪʘ 6-ʚʦʜʥʘʷ, H2PtCl6Ŀ6H2O (ʤʘʩʩʦʚʘʷ 

ʜʦʣʷ Pt 37.85%, ɸʫʨʘʪ, ʊʋ 2612-034-00205067-2003) 

¶ ʉʫʣʴʬʘʪ ʤʝʜʠ 5-ʚʦʜʥʳʡ, CuSO4Ŀ5H2O (ʏ.ɼ.ɸ., ʍʠʤʠʢʦʥ, ɻʆʉʊ 4165-78) 

¶ ʋʛʣʝʨʦʜʥʳʡ ʥʦʩʠʪʝʣʴ Vulcan XC-72 (Cabot Corporation, CAS 1333-86-4)  

¶ ʂʠʩʣʦʪʘ ʘʟʦʪʥʘʷ, HNO3 (ʍʏ, 65%, ʍʠʤʠʢʦʥ, ɻʆʉʊ 4461-77 ʀʟʤ. 2)  

¶ ʂʠʩʣʦʪʘ ʩʝʨʥʘʷ, ʅ2SO4 (ʍʏ, 94%, ʉʠʛʤʘ ʊʝʢ, ɻʆʉʊ 4204ï77) 

¶ ɻʠʜʨʦʢʩʠʜ ʥʘʪʨʠʷ, NaOH (ʏ.ɼ.ɸ., ʍʠʤʠʢʦʥ, ɻʆʉʊ 4328-77) 

¶ ʅʘʪʨʠʷ ʙʦʨʛʠʜʨʠʜ, NaBH4 (95%, ɺʝʢʪʦʥ, ʊʋ 1-92-162-90) 

¶ ʕʪʠʣʝʥʛʣʠʢʦʣʴ (ʕɻ), C2H4(OH)2, (ɺʳʩʰʠʡ ʩʦʨʪ, 99.8%, ɺʝʢʪʦʥ, ɻʆʉʊ 

19710ï83) 

¶ ʀʟʦʧʨʦʧʘʥʦʣ, ʉ3H7OH (ʆʉʏ, 99.8%, ʕʢʦʩ-1, ʊʋ 2632-181-44493179-

2014)   

¶ ɺʦʜʘ ʙʠʜʠʩʪʠʣʣʠʨʦʚʘʥʥʘʷ (ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ <5 ʤʢʉʤ/ʩʤ, ɻʆʉʊ 

58144ï2018)  

¶ ʋʥʠʚʝʨʩʘʣʴʥʘʷ ʠʥʜʠʢʘʪʦʨʥʘʷ ʙʫʤʘʛʘ (ʕʂʈʆʉʍʀʄ, ʊʋ 2642-054-

23050963-2008) 

¶ ɸʨʛʦʥ, Ar, ʛʘʟ (99.99%, ɻʣʦʙʫʩ) 

¶ ʂʠʩʣʦʪʘ ʤʫʨʘʚʴʠʥʘʷ, HCOOH (85%, ɺʝʢʪʦʥ, ʀʄʇ) 

¶ ʂʠʩʣʦʪʘ ʭʣʦʨʥʘʷ, HClO4 (ʍʏ, 60%, ɺʝʢʪʦʥ, ʊʋ 6-09-2878-84)  

¶ ɺʦʜʥʳʡ ʨʘʩʪʚʦʨ ʧʦʣʠʤʝʨʘ Nafion DE1021, 10% (ʀʄʇ, DuPont) 

¶ ʂʦʤʤʝʨʯʝʩʢʠʡ Pt/C ʢʘʪʘʣʠʟʘʪʦʨ ʩ ʤʘʩʩʦʚʦʡ ʜʦʣʝʡ ʧʣʘʪʠʥʳ 20% 

(HiSPEC3000, Johnson Matthey) 
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2.2 ʆʙʦʨʫʜʦʚʘʥʠʝ  

¶ ʃʘʙʦʨʘʪʦʨʥʳʝ ʵʣʝʢʪʨʦʥʥʳʝ ʚʝʩʳ ʃɺ-210ɸ (ʉɸʈʊʆɻʆʉʄ) 

¶ ɹʠʜʠʩʪʠʣʣʷʪʦʨ ʩʪʝʢʣʷʥʥʳʡ ɹʉ (ʊʋ 25ï11.1592ï81, 5.5 ʢɺɸ) 

¶ ʄʘʛʥʠʪʥʘʷ ʤʝʰʘʣʢʘ IKA C-MAG HS 7 (IKA -WERKE) 

¶ ɻʦʤʦʛʝʥʠʟʘʪʦʨ ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ (SX-SONIC 1200N1935, 750 ɺʪ)  

¶ ʋʣʴʪʨʘʟʚʫʢʦʚʘʷ ʚʘʥʥʘ çʉʘʧʬʠʨè  

¶ ʃʘʙʦʨʘʪʦʨʥʳʡ ʚʘʢʫʫʤʥʳʡ ʥʘʩʦʩ 2VP-2, 120 ʣ/ʤʠʥ (Stegler)  

¶ ʄʫʬʝʣʴʥʘʷ ʧʝʯʴ ʜʦ 1000 , 7 ʣʠʪʨʦʚ, UED-7-10D (UED Group) 

¶ ʉʧʝʢʪʨʦʤʝʪʨ ʩ ʧʦʣʥʳʤ ʚʥʝʰʥʠʤ ʦʪʨʘʞʝʥʠʝʤ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ 

ʈʌʉ-001 (ʅʀʀ ʬʠʟʠʢʠ ʖʌʋ) 

¶ ʈʝʥʪʛʝʥʦʚʩʢʠʡ ʬʦʪʦʵʣʝʢʪʨʦʥʥʳʡ ʩʧʝʢʪʨʦʤʝʪʨ ESCALAB 250 (Thermo 

Fisher Scientific) 

¶ ʈʝʥʪʛʝʥʦʚʩʢʠʡ ʜʠʬʨʘʢʪʦʤʝʪʨ ARL X`TRA (Thermo Fisher Scientific) 

¶ ʄʠʢʨʦʩʢʦʧ JEM-F200 (JEOL, 200 ʢɺ, Japan) ʩ ʧʨʠʩʪʘʚʢʦʡ 

ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʦʛʦ ʩʧʝʢʪʨʦʤʝʪʨʘ Bruker Xflash 6T/60 Quantax 400-STEM 

¶ ʂʦʥʮʝʥʪʨʘʪʦʨ ʢʠʩʣʦʨʦʜʘ ɸʨʤʝʜ 7F-5BW (ɸʨʤʝʜ) 

¶ ʇʦʪʝʥʮʠʦʩʪʘʪ-ʛʘʣʴʚʘʥʦʩʪʘʪ VersaSTAT3 (Ametek Scientific Instruments) 

 

2.3 ʄʝʪʦʜʠʢʠ ʩʠʥʪʝʟʘ PtCu/C ʢʘʪʘʣʠʟʘʪʦʨʦʚ 

ʉʠʥʪʝʟ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʧʨʦʚʦʜʠʣʠ ʚ ʞʠʜʢʦʡ ʬʘʟʝ ʚ ʚʦʜʥʦ-ʦʨʛʘʥʠʯʝʩʢʦʡ 

ʩʨʝʜʝ. ʈʘʩʪʚʦʨʳ ʛʦʪʦʚʠʣʠ ʥʘ ʙʠʜʠʩʪʠʣʠʨʦʚʘʥʥʦʡ ʚʦʜʝ. ʈʝʘʢʮʠʦʥʥʳʝ ʩʤʝʩʠ 

ʪʱʘʪʝʣʴʥʦ ʜʠʩʧʝʨʛʠʨʦʚʘʣʠ ʫʣʴʪʨʘʟʚʫʢʦʚʳʤ ʛʦʤʦʛʝʥʠʟʘʪʦʨʦʤ ʠ 

ʧʝʨʝʤʝʰʠʚʘʣʠ ʥʘ ʤʘʛʥʠʪʥʦʡ ʤʝʰʘʣʢʝ. 

2.3.1 ʇʦʣʫʯʝʥʠʝ PtCu/C ʥʘ ʧʣʘʪʠʥʦʚʳʭ ʷʜʨʘʭ 

ɺ ʦʩʥʦʚʫ ʩʠʥʪʝʟʘ PtCu/C ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʙʳʣʘ ʧʦʣʦʞʝʥʘ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʘʷ ʤʝʪʦʜʠʢʘ ʧʦʣʫʯʝʥʠʷ çʛʨʘʜʠʝʥʪʥʳʭè ʥʘʥʦʯʘʩʪʠʮ, 

ʘʧʨʦʙʠʨʦʚʘʥʥʘʷ ʨʘʥʥʝʝ A. Alekseenko ʠ ʩʦʘʚʪ. [51]. ʄʦʜʠʬʠʢʘʮʠʷ ʤʝʪʦʜʘ 

ʩʦʩʪʦʷʣʘ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʫʛʣʝʨʦʜʥʦʡ ʧʦʜʣʦʞʢʠ (Vulcan XC-
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72) ʥʘʥʦʯʘʩʪʠʮ ʧʣʘʪʠʥʳ ʤʘʣʦʛʦ ʨʘʟʤʝʨʘ (ʤʝʥʝʝ 1 ʥʤ) [112]. ɺ ʧʝʨʚʦʥʘʯʘʣʴʥʦʤ 

ʚʘʨʠʘʥʪʝ ʧʝʨʚʳʡ ʵʪʘʧ ʩʠʥʪʝʟʘ ʧʨʝʜʩʪʘʚʣʷʣ ʩʦʙʦʡ ʦʩʘʞʜʝʥʠʝ ʤʝʜʥʳʭ ʷʜʝʨ. 

ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʳʡ ʩʠʥʪʝʟ ʧʨʦʚʦʜʠʣʠ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

¶ ʇʦʣʫʯʝʥʠʝ Pt/C ʤʘʪʝʨʠʘʣʦʚ ʧʨʦʚʦʜʠʣʠ, ʠʩʧʦʣʴʟʫʷ ʚ ʢʘʯʝʩʪʚʝ 

ʚʦʩʩʪʘʥʦʚʠʪʝʣʷ ʬʦʨʤʘʣʴʜʝʛʠʜ ʧʨʠ 85 ęʉ, ʢʘʢ ʵʪʦ ʦʧʠʩʘʥʦ ʚ [113]. ʅʘ ʜʘʥʥʦʤ 

ʵʪʘʧʝ ʙʣrʠ ʧʦʣʫʯʝʥʳ ʤʘʪʝʨʠʘʣʳ ʩ ʤʘʩʩʦʚʦʡ ʜʦʣʝʡ Pt ï 6.0, 8.2 ʠ 9.8 %, 

ʤʘʨʢʠʨʦʚʘʥʥʳʝ ʜʘʣʝʝ, ʢʘʢ P1, P2 ʠ P3, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʨʠʩʫʥʦʢ 2.1).  

¶ ʅʘ ʧʦʣʫʯʝʥʥʳʝ ʧʣʘʪʠʥʦʚʳʝ ʷʜʨʘ ʚ ʪʨʠ ʵʪʘʧʘ ʦʩʘʞʜʘʣʠ ʤʝʜʴ ʠ 

ʧʣʘʪʠʥʫ ʠʟ ʨʘʩʪʚʦʨʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʩʤʝʩʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʨʝʢʫʨʩʦʨʦʚ 

(CuSO4 ʠ H2PtCl6), ʫʚʝʣʠʯʠʚʘʷ ʥʘ ʢʘʞʜʦʤ ʰʘʛʝ ʢʦʥʮʝʥʪʨʘʮʠʶ ʧʨʝʢʫʨʩʦʨʘ 

ʧʣʘʪʠʥʳ ʠ ʫʤʝʥʴʰʘʷ ʢʦʥʮʝʥʪʨʘʮʠʶ ʧʨʝʢʫʨʩʦʨʘ ʤʝʜʠ ʚ ʩʤʝʩʠ, ʢʘʢ ʵʪʦ 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʥʘʰʠʭ ʨʘʙʦʪʘʭ [51,111,112,114]. ʉʠʥʪʝʟ ʧʨʦʚʦʜʠʣʠ ʧʨʠ 

ʩʪʘʥʜʘʨʪʥʳʭ ʫʩʣʦʚʠʷʭ. ɺ ʢʘʯʝʩʪʚʝ ʚʦʩʩʪʘʥʦʚʠʪʝʣʷ ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʩʚʝʞʝʧʨʠʛʦʪʦʚʣʝʥʥʳʡ ʚʦʜʥʳʡ ʨʘʩʪʚʦʨ NaBH4 ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 0.5 ʤʦʣʴ/ʣ. 

ʅʘʚʝʩʢʫ ʧʦʣʫʯʝʥʥʦʛʦ ʥʘ ʧʝʨʚʦʡ ʩʪʘʜʠʠ ʩʠʥʪʝʟʘ ʧʣʘʪʠʥʦʫʛʣʝʨʦʜʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ ʤʘʩʩʦʡ 0.35 ʛ ʜʦʙʘʚʣʷʣʠ ʚ ʩʤʝʩʴ ʕɻïʚʦʜʘ ʚ ʩʦʦʪʥʦʰʝʥʠʠ 2:1. 

ʉʫʩʧʝʥʟʠʶ ʜʠʩʧʝʨʛʠʨʦʚʘʣʠ ʠ ʜʦʙʘʚʣʷʣʠ ʨʘʩʩʯʠʪʘʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʩʪʚʦʨʘ 

NaOH ʜʣʷ ʩʦʟʜʘʥʠʷ ʱʝʣʦʯʥʦʡ ʩʨʝʜʳ ʨʅ=9 (ʧʨʦʚʝʨʷʣʠ ʠʥʜʠʢʘʪʦʨʥʦʡ 

ʙʫʤʘʛʦʡ), ʧʝʨʝʤʝʰʠʚʘʣʠ 5 ʤʠʥʫʪ. ɿʘʪʝʤ ʜʦʙʘʚʣʷʣʠ ʧʨʝʢʫʨʩʦʨʳ ʤʝʪʘʣʣʦʚ ʚ 

ʢʦʣʠʯʝʩʪʚʘʭ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʭʝʤʝ (ʨʠʩʫʥʦʢ 2.1), ʧʝʨʝʤʝʰʠʚʘʣʠ ʝʱʝ 30 

ʤʠʥʫʪ ʠ ʜʦʙʘʚʣʷʣʠ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴ. ʇʝʨʝʜ ʜʦʙʘʚʣʝʥʠʝʤ ʩʣʝʜʫʶʱʝʡ ʧʦʨʮʠʠ 

ʧʨʝʢʫʨʩʦʨʦʚ ʩʠʩʪʝʤʫ 30 ʤʠʥʫʪ ʚʳʜʝʨʞʠʚʘʣʠ ʧʨʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ. ʇʦʩʣʝ 

ʟʘʚʝʨʰʝʥʠʷ ʧʦʩʣʝʜʥʝʡ ʩʪʘʜʠʠ ʧʦʣʫʯʝʥʥʳʡ ʤʘʪʝʨʠʘʣ ʬʠʣʴʪʨʦʚʘʣʠ, 

ʤʥʦʛʦʢʨʘʪʥʦ ʧʨʦʤʳʚʘʣʠ ʠʟʦʧʨʦʧʠʣʦʚʳʤ ʩʧʠʨʪʦʤ ʠ ʙʠʜʠʩʪʠʣʠʨʦʚʘʥʥʦʡ ʚʦʜʦʡ 

ʠ ʚʳʩʫʰʠʚʘʣʠ ʥʘʜ ʦʢʩʠʜʦʤ ʬʦʩʬʦʨʘ(IV) ʚ ʪʝʯʝʥʠʝ ʩʫʪʦʢ. ɹr ʣ ʧʦʣʫʯʝʥ ʨʷʜ 

ʤʘʪʝʨʠʘʣʦʚ Pt(Cu)/C, ʤʘʨʢʠʨʦʚʘʥʥʳʭ ʜʘʣʝʝ PC1, PC2 ʠ PC3 (ʨʠʩʫʥʦʢ 2.1). 
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ʈʠʩʫʥʦʢ 2.1 ï ʉʭʝʤʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʧʦʣʫʯʝʥʠʷ ʤʘʪʝʨʠʘʣʦʚ ʩʦ ʩʪʨʫʢʪʫʨʦʡ 

ʣʫʢʦʚʠʮʘ 

 

2.3.2 ʉʠʥʪʝʟ PtCu/C ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʥʘʥʦʯʘʩʪʠʮ ʩʧʣʘʚ  

PtCu/C ʢʘʪʘʣʠʟʘʪʦʨʳ ʧʦʣʫʯʘʣʠ ʞʠʜʢʦʬʘʟʥʳʤ ʤʝʪʦʜʦʤ ʩʠʥʪʝʟʘ ʚ ʩʨʝʜʝ 

H2O-ʕɻ ʧʫʪʝʤ ʩʦ-ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʧʨʝʢʫʨʩʦʨʦʚ ʧʣʘʪʠʥʳ ʠ ʤʝʜʠ ʙʦʨʛʠʜʨʠʜʦʤ 

ʥʘʪʨʠʷ [115ï118]. ʅʘʚʝʩʢʫ ʫʛʣʝʨʦʜʘ ʤʘʩʩʦʡ 0.3 ʛ ʜʠʩʧʝʨʛʠʨʦʚʘʣʠ ʚ ʕɻ, 

ʜʦʙʘʚʣʷʣʠ ʨʘʩʩʯʠʪʘʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʩʪʚʦʨʦʚ H2PtCl6Ŀ6H2O (ʢʦʥʮʝʥʪʨʘʮʠʷ 

0.0179 ʛ/ʤʣ), CuSO4Ŀ5H2O (ʢʦʥʮʝʥʪʨʘʮʠʷ 0.005ï0.08 ʛ/ʤʣ) ʠ NaOH 

(ʢʦʥʮʝʥʪʨʘʮʠʷ 0.5ʄ) ʧʨʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ [12]. ʂʦʥʮʝʥʪʨʘʮʠʶ ʧʨʝʢʫʨʩʦʨʘ 

ʤʝʜʠ ʨʝʛʫʣʠʨʦʚʘʣʠ ʪʘʢ, ʯʪʦʙʳ ʚ ʤʘʪʦʯʥʦʤ ʨʘʩʪʚʦʨʝ ʧʦʣʫʯʠʪʴ ʩʦʦʪʥʦʰʝʥʠʝ 

H2O : ʕɻ = 1 : 2. ɺʦʩʩʪʘʥʦʚʣʝʥʠʝ ʧʨʦʚʦʜʠʣʠ ʠʟʙʳʪʢʦʤ 0.5 ʄ ʨʘʩʪʚʦʨʘ 

ʙʦʨʛʠʜʨʠʜʘ ʥʘʪʨʠʷ ʧʨʠ pH=10 ʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ɺʳʜʝʨʞʠʚʘʣʠ 

ʩʠʩʪʝʤʫ ʚ ʪʝʯʝʥʠʝ 1 ʯʘʩʘ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʧʝʨʝʤʝʰʠʚʘʥʠʠ, ʟʘʪʝʤ 

ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ ʤʘʪʝʨʠʘʣ ʠ ʩʫʰʠʣʠ ʢʘʢ ʵʪʦ ʦʧʠʩʘʥʦ ʚʳʰʝ [12].  

2.3.3 ʂʠʩʣʦʪʥʘʷ ʦʙʨʘʙʦʪʢʘ ʵʣʝʢʪʨʦʢʘʪʘʣʠʟʘʪʦʨʦʚ  

ʇʦʣʫʯʝʥʥʳʝ PtCu/C ʤʘʪʝʨʠʘʣʳ ʧʦʜʚʝʨʛʣʠ ʢʠʩʣʦʪʥʦʡ ʦʙʨʘʙʦʪʢʝ ʚ 1ʄ 

HNO3 ʧʨʠ ʥʝʧʨʝʨʳʚʥʦʤ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʚ ʪʝʯʝʥʠʝ 3 ʯʘʩʦʚ ʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ʩ ʮʝʣʴʶ ʫʜʘʣʝʥʠʷ ʘʪʦʤʦʚ ʤʝʜʠ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʢʘʪʘʣʠʟʘʪʦʨʘ ʠ ʠʟ 

ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʣʦʝʚ ʅʏ [101].  
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2.4 ʄʝʪʦʜ rʦʧʨʝʜʝʣʝʥʠʷ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʢʘʪʘʣʠʟʘʪʦʨʦʚ 

2.4.1 ɻʨʘʚʠʤʝʪʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟ 

ʄʘʩʩʦʚʫʶ ʜʦʣʶ ʤʝʪʘʣʣʦʚ ʚ ʢʘʪʘʣʠʟʘʪʦʨʘʭ ʦʧʨʝʜʝʣʷʣʠ 

ʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ ʘʥʘʣʠʟʘ, ʢʘʢ ʵʪʦ ʦʧʠʩʘʥʦ ʚ [6,119]. ʅʘʚʝʩʢʫ 

ʢʘʪʘʣʠʟʘʪʦʨʘ ʩʞʠʛʘʣʠ ʤʫʬʝʣʴʥʦʡ ʧʝʯʠ ʜʦ ʦʙʨʘʟʦʚʘʥʠʷ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ 

ʦʩʪʘʪʢʘ. ʄʘʩʩʦʚʫʶ ʜʦʣʶ ʤʝʪʘʣʣʦʚ ʦʧʨʝʜʝʣʷʣʠ ʧʦ ʬʦʨʤʫʣʝ (2.1): 

ɤ(M) = (m(ʪʠʛ+ʦʩʪ) ï m(ʪʠʛ)) / m(ʥ) *100%    (2.1), 

ʛʜʝ ɤ(M) ï ʤʘʩʩʦʚʘʷ ʜʦʣʷ ʤʝʪʘʣʣʦʚ, %; m(ʪʠʛ) ï ʤʘʩʩʘ ʧʫʩʪʦʛʦ ʪʠʛʣʷ, ʛ; 

m(ʪʠʛ+ʦʩʪ) ï ʤʘʩʩʘ ʪʠʛʣʷ c ʥʝʩʛʦʨʘʝʤʳʤ ʦʩʪʘʪʢʦʤ, ʛ; m(ʥ) ï ʤʘʩʩʘ ʥʘʚʝʩʢʠ 

ʢʘʪʘʣʠʟʘʪʦʨʘ, ʛ. 

ʇʦʛʨʝʰʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʤʘʩʩʦʚʦʡ ʜʦʣʠ ʤʝʪʘʣʣʦʚ ʤʝʪʦʜʦʤ 

ʛʨʘʚʠʤʝʪʨʠʠ ï 4% [6,119]. 

2.4.2 ʈʝʥʪʛʝʥʦʬʣʫʦʨʝʩʮʝʥʪʥʳʡ ʘʥʘʣʠʟ (ʈʌʣɸ) 

ʂʘʢ ʦʧʠʩʘʥʦ ʚ ʨʘʙʦʪʝ [6]: çɸʪʦʤʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʤʝʪʘʣʣʦʚ ʚ 

ʢʘʪʘʣʠʟʘʪʦʨʘʭ ʦʧʨʝʜʝʣʷʣʠ ʥʘ ʩʧʝʢʪʨʦʤʝʪʨʝ ʩ ʧʦʣʥʳʤ ʚʥʝʰʥʠʤ ʦʪʨʘʞʝʥʠʝʤ 

ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʢʘʢ ʵʪʦ ʦʧʠʩʘʥʦ ʚ ʇʦʛʨʝʰʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ 

ʩʦʩʪʘʚʘ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʢʦʤʧʦʥʝʥʪʳ PtxÑ0.1CuyÑ0.1.è 

2.4.3 ʈʝʥʪʛʝʥʦʚʩʢʘʷ ʬʦʪʦʵʣʝʢʪʨʦʥʥʘ ̫ʩʧʝʢʪʨʦʩʢʦʧʠʷ (ʈʌʕʉ)  

ʂʘʢ ʦʧʠʩʘʥʦ ʚ ʨʘʙʦʪʝ [120]: çʉʧʝʢʪʨʳ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʬʦʪʦʵʣʝʢʪʨʦʥʥʦʡ 

ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠ ʥʘ ʩʧʝʢʪʨʦʤʝʪʨʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʤʦʥʦʭʨʦʤʘʪʠʯʝʩʢʦʛʦ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ Al Ka ï ʣʠʥʠʠ ʩ ʵʥʝʨʛʠʝʡ 

1486.6 ʵɺ. ʄʠʥʠʤʘʣʴʥʦ ʨʘʟʨʝʰʘʝʤʳʡ ʠʥʪʝʨʚʘʣ ʵʥʝʨʛʠʡ, ʦʧʨʝʜʝʣʝʥʥʳʡ ʧʦ 

ʜʫʙʣʝʪʫ Ag 3d5/2.3/2, ʥʝ ʧʨʝʚʳʰʘʣ 0.6 ʵɺè. 

 

2.5 ʄʝʪʦʜ rʠʟʫʯʝʥʠʷ ʩʪʨʫʢʪʫʨʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʘʪʝʨʠʘʣʦʚ 

2.5.1 ʈʝʥʪʛʝʥʦʚʩʢʘʷ ʜʠʬʨʘʢʪʦʤʝʪʨʠʷ (ʈʌɸ) 

ʂʘʢ ʦʧʠʩʘʥʦ ʚ ʨʘʙʦʪʘʭ [6,13,14,111,120]: çʈʝʛʠʩʪʨʘʮʠʶ ʜʠʬʨʘʢʪʦʛʨʘʤʤ 

ʧʨʦʚʦʜʠʣʠ ʥʘ ʨʝʥʪʛʝʥʦʚʩʢʦʤ ʜʠʬʨʘʢʪʦʤʝʪʨʝ ʩ ʛʝʦʤʝʪʨʠʝʡ ʧʦ ɹʨʝʛʛʫ-ɹʨʝʥʪʘʥʦ 

(ɗ-ɗ), CuKŬ ï ʠʟʣʫʯʝʥʠʝ (ɚ = 0.15405618 ʥʤ) ʚ ʠʥʪʝʨʚʘʣʝ ʫʛʣʦʚ 2ɗ = 15Áï55Á ʩ 
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ʰʘʛʦʤ ʧʝʨʝʤʝʱʝʥʠʷ ʜʝʪʝʢʪʦʨʘ 0.02Á ʠ ʚʨʝʤʝʥʝʤ ʵʢʩʧʦʟʠʮʠʠ ʚ ʢʘʞʜʦʡ ʪʦʯʢʝ 2 

ʩʝʢʫʥʜʳ. ʉʨʝʜʥʠʡ ʨʘʟʤʝʨ ʢʨʠʩʪʘʣʣʠʪʦʚ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʬʘʟʳ ʨʘʩʩʯʠʪʳʚʘʣʠ ʧʦ 

ʫʨʘʚʥʝʥʠʶ ʐʝʨʨʝʨʘ (ʬʦʨʤʫʣʘ 2.2) ʜʣʷ ʥʘʠʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦʛʦ ʧʠʢʘ (111) 

(ʨʠʩʫʥʦʢ 2.2): 

D = Kɚ/(FWHM cosɗ),      (2.2), 

ʛʜʝ ɚ ī ʜʣʠʥʘ ʚʦʣʥʳ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ (¡), FWHM ī  ʰʠʨʠʥʘ 

ʧʠʢʘ ʦʪʨʘʞʝʥʠʷ ʥʘ ʧʦʣʫʚʳʩʦʪʝ (ʨʘʜʠʘʥʳ), K= 0.89 ï ʧʦʩʪʦʷʥʥʘʷ ʐʝʨʨʝʨʘ 

(ʢʦʵʬʬʠʮʠʝʥʪ ʬʦʨʤʳ), D ī ʩʨʝʜʥʷʷ ʪʦʣʱʠʥʘ çʩʪʦʧʢʠè ʦʪʨʘʞʘʶʱʠʭ 

ʧʣʦʩʢʦʩʪʝʡ ʚ ʦʙʣʘʩʪʠ ʢʦʛʝʨʝʥʪʥʦʛʦ ʨʘʩʩʝʷʥʠʷ (¡), ɗ ï ʫʛʦʣ ʧʘʜʝʥʠʷ ʧʫʯʢʘ 

ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ (ʨʘʜʠʘʥʳ)è. 

 

ʈʠʩʫʥʦʢ 2.2 ï ʈʝʥʪʛʝʥʦʛʨʘʤʤʘ ʪʠʧʠʯʥʦʛʦ Pt/C ʢʘʪʘʣʠʟʘʪʦʨʘ. ʆʧʨʝʜʝʣʝʥʠʝ 

ʰʠʨʠʥʳ ʧʠʢʘ (111) ʥʘ ʧʦʣʫʚʳʩʦʪʝ  

 

ʇʦʛʨʝʰʥʦʩʪʴ ʧʨʠ ʨʘʩʯʝʪʝ ʩʨʝʜʥʝʛʦ ʨʘʟʤʝʨʘ ʢʨʠʩʪʘʣʣʠʪʦʚ ʧʦ ʫʨʘʚʥʝʥʠʶ 

ʐʝʨʨʝʨʘ ï 3%. 

ʈʝʬʣʝʢʩʳ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʬʘʟ ʜʣʷ ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʤʦʛʫʪ 

ʧʨʝʜʩʪʘʚʣʷʪʴ ʩʦʙʦʡ ʥʘʣʦʞʝʥʠʝ ʨʝʬʣʝʢʩʦʚ ʥʝʩʢʦʣʴʢʠʭ ʬʘʟ ʥʘ ʦʩʥʦʚʝ Pt, M ʠ 

PtM [121]. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʧʨʠʤʝʥʝʥʠʝ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʦʛʨʘʥʠʯʝʥʦ ʠ 

ʧʨʠʤʝʥʠʤʦ ʚ ʩʨʘʚʥʝʥʠʠ ʜʣʷ ʤʘʪʝʨʠʘʣʦʚ ʦʜʥʦʛʦ ʪʠʧʘ. 

ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʦʮʝʥʠʚʘʣʠ ʩʦʩʪʘʚ ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʨʠʩʪʘʣʣʠʪʦʚ ʧʦ 

ʟʘʢʦʥʫ ɺʝʛʘʨʜʘ, ʩʚʷʟʳʚʘʶʱʝʤʫ ʧʘʨʘʤʝʪʨ ʨʝʰʝʪʢʠ ŬPtCu ʩʧʣʘʚʘ PtCu ʩ ʘʪʦʤʥʦʡ 

ʜʦʣʝʡ Cu (ʬʦʨʤʫʣʘ 2.3): 
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ŬPtCu=(1īx)ŬPt + xŬCu                                                                             (2.3), 

ʛʜʝ ŬPt ʠ ŬCu ð ʧʘʨʘʤʝʪʨʳ ʨʝʰʝʪʢʠ Pt (0.3916 ʥʤ) ʠ Cu (0.3608 ʥʤ) [93]. 

2.5.2 ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨʳ ʠ ʩʦʩʪʘʚʘ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʤʝʪʦʜʘʤʠ 

ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ 

ɼʣʷ ʠʟʫʯʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʠ ʤʦʨʬʦʣʦʛʠʠ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʥʘ ʥʘʥʦʫʨʦʚʥʝ 

ʧʨʠʤʝʥʷʣʠ ʤʝʪʦʜʳ ʧʨʦʩʚʝʯʠʚʘʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ (ʇʕʄ), 

ʩʢʘʥʠʨʫʶʱʝʡ ʪʨʘʥʩʤʠʩʩʠʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ (ʉʊʕʄ) ʠ 

ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʦʡ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ (ʕɼʉ), ʢʘʢ ʵʪʦ ʦʧʠʩʘʥʦ ʚ 

[6]. ɸʥʘʣʠʟʳ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʤʠʢʨʦʩʢʦʧʝ JEM-F200 (JEOL, ʨʘʟʨʝʰʝʥʠʝ 0.2 

ʥʤ), ʢʦʪʦʨʳʡ ʨʘʙʦʪʘʝʪ ʧʨʠ ʫʩʢʦʨʷʶʱʝʤ ʥʘʧʨʷʞʝʥʠʠ 200 ʢɺ ʠ ʦʩʥʘʱʝʥ 

ʭʦʣʦʜʥʳʤ ʘʚʪʦʵʤʠʩʩʠʦʥʥʳʤ ʧʠʩʪʦʣʝʪʦʤ CFEG ʠ CMOS AMT-ʢʘʤʝʨʦʡ 

ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ.  

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʨʝʜʥʝʛʦ ʨʘʟʤʝʨʘ ʥʘʥʦʯʘʩʪʠʮ ʠ ʫʩʪʘʥʦʚʣʝʥʠʷ 

ʭʘʨʘʢʪʝʨʘ ʨʘʟʤʝʨʥʦʡ ʜʠʩʧʝʨʩʠʠ ʦʙʨʘʙʘʪʳʚʘʣʠ ʤʠʥʠʤʫʤ 300 ʅʏ ʧʦ 

ʠʟʦʙʨʘʞʝʥʠʷʤ ʇʕʄ ʜʣʷ ʢʘʞʜʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ ʧʨʦʛʨʘʤʤʝ Digimizer (MedCalc 

Software Ltd). ʈʘʩʯʝʪ ʤʝʞʧʣʦʩʢʦʩʪʥʦʛʦ ʨʘʩʩʪʦʷʥʠʷ ʚ ʅʏ ʧʨʦʠʟʚʦʜʠʣʠ ʧʦ 

ʠʟʦʙʨʘʞʝʥʠʷʤ ʚʳʩʦʢʦʨʘʟʨʝʰʘʶʱʝʡ ʇʕʄ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ Gatan Microscopy Suite (Gatan Inc.) 

2.6 ʕʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠ ̫

2.6.1 ʄʘʪʝʨʠʘʣʳ ʠ ʦʙʦʨʫʜʦʚʘʥʠʝ 

ʕʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʠʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʣʠ ʚ ʩʪʝʢʣʷʥʥʦʡ 

ʪʨʝʭʵʣʝʢʪʨʦʜʥʦʡ ʷʯʝʡʢʝ (Pine Research Instrumentation), ʢʘʢ ʵʪʦ ʦʧʠʩʘʥʦ ʚ 

[6,13,14,120,122]: çɺ ʢʘʯʝʩʪʚʝ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʛʦ ʵʣʝʢʪʨʦʜʘ (ʧʨʦʪʠʚʦʵʣʝʢʪʨʦʜʘ) 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʣʘʪʠʥʦʚʫʶ ʧʨʦʚʦʣʦʢʫ (Pine Research Instrumentation), ʚ 

ʢʘʯʝʩʪʚʝ ʵʣʝʢʪʨʦʜʘ ʩʨʘʚʥʝʥʠʷ ï ʥʘʩʳʱʝʥʥʳʡ ʭʣʦʨʠʜʩʝʨʝʙʨʷʥʥʳʡ ʵʣʝʢʪʨʦʜ 

(ʕʉʨ-10101, ʧʦʪʝʥʮʠʘʣ 0.208 ɺ). ɺʩʝ ʧʦʪʝʥʮʠʘʣʳ ʚ ʨʘʙʦʪʝ ʧʨʠʚʝʜʝʥʳ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʙʨʘʪʠʤʦʛʦ ʚʦʜʦʨʦʜʥʦʛʦ ʵʣʝʢʪʨʦʜʘ (ʆɺʕ).  ʈʘʙʦʯʠʡ ʵʣʝʢʪʨʦʜ 

(ʚʨʘʱʘʶʱʠʡʩʷ ʜʠʩʢʦʚʳʡ ʵʣʝʢʪʨʦʜ (ɺɼʕ), Pine Research Instrumentations) ʩ 
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ʜʠʘʤʝʪʨʦʤ ʩʪʝʢʣʦʫʛʣʝʨʦʜʥʦʛʦ ʜʠʩʢʘ ï 5 ʤʤè. ʀʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʣʠ ʚ ʭʣʦʨʥʦʡ 

ʢʠʩʣʦʪʝ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 0.1 ʤʦʣʴ/ʣ.  

ʆʙʨʘʙʦʪʢʫ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʥʘ ʧʦʪʝʥʮʠʦʩʪʘʪʝ-ʛʘʣʴʚʘʥʦʩʪʘʪʝ 

VersaSTAT3 ʧʨʦʚʦʜʠʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ 

VersaStudio ʠ ʧʨʦʛʨʘʤʤʳ ʦʮʝʥʢʠ ʘʢʪʠʚʥʦʩʪʠ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʚ ʈɺʂ 

(ʩʚʠʜʝʪʝʣʴʩʪʚʦ ʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʨʝʛʠʩʪʨʘʮʠʠ ʧʨʦʛʨʘʤʤʳ ʜʣʷ ʕɺʄ ˉ 

2019610530 ʦʪ 11 ʷʥʚʘʨʷ 2019 ʛ., ʅʦʚʦʤʣʠʥʩʢʠʡ ʀ.ʅ., ɻʫʪʝʨʤʘʥ ɺ.ɽ.) 

2.6.2 ʇʦʜʛʦʪʦʚʢʘ ʨʘʙʦʯʝʛʦ ʵʣʝʢʪʨʦʜʘ 

ʇʨʠ ʠʟʫʯʝʥʠʠ ʕʍ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʛʦʪʦʚʠʣʠ ʪʦʥʢʠʝ ʧʣʝʥʢʠ 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ (ʢʘʪʘʣʠʪʠʯʝʩʢʠʝ ʩʣʦʠ) ʥʘ ɺɼʕ. ɼʣʷ ʵʪʦʛʦ ʛʦʪʦʚʠʣʠ 

ʢʘʪʘʣʠʪʠʯʝʩʢʠʝ çʯʝʨʥʠʣʘè, ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʫʩʧʝʥʟʠʶ 

ʢʘʪʘʣʠʟʘʪʦʨʘ ʚ ʚʦʜʥʦ-ʩʧʠʨʪʦʚʦʡ ʩʨʝʜʝ, ʢʘʢ ʵʪʦ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʨʘʙʦʪʘʭ 

[12,111]. 

ʇʨʠ ʧʨʠʤʝʥʝʥʠʠ ʄʝʪʦʜʠʢʠ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʩʣʦʷ ˉ1 

ʟʘʛʨʫʟʢʘ ʧʣʘʪʠʥʳ ʥʘ ʵʣʝʢʪʨʦʜ ʩʦʩʪʘʚʣʷʣʘ ʦʢʦʣʦ 40 ʤʢʛ(Pt)/ʩʤ2. ʇʦʣʫʯʝʥʥʫʶ 

ʢʘʧʣʶ ʯʝʨʥʠʣ ʥʘ ɺɼʕ ʩʫʰʠʣʠ ʩʪʘʮʠʦʥʘʨʥʦ, ʘ ʢʘʪʘʣʠʪʠʯʝʩʢʠʡ ʩʣʦʡ ʟʘʢʨʝʧʣʷʣʠ 

ʨʘʩʪʚʦʨʦʤ ʧʦʣʠʤʝʨʘ Nafion. 

ʇʨʠ ʧʨʠʤʝʥʝʥʠʠ ʄʝʪʦʜʠʢʠ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʩʣʦʷ ˉ2 

pʘʛʨʫʟʢʘ ʧʣʘʪʠʥʳ ʥʘ ʵʣʝʢʪʨʦʜ ʩʦʩʪʘʚʣʷʣʘ ʦʢʦʣʦ 20 ʤʢʛ(Pt)/ʩʤ2. ʂʘʧʣʶ ʯʝʨʥʠʣ 

ʥʘ ɺɼʕ ʩʫʰʠʣʠ ʧʨʠ ʚʨʘʱʝʥʠʠ, ʢʘʢ ʵʪʦ ʨʝʢʦʤʝʥʜʦʚʘʥʦ ʚ [123]. ʂʘʪʘʣʠʪʠʯʝʩʢʠʡ 

ʩʣʦʡ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʥʝ ʟʘʢʨʝʧʣʷʣʠ. 

2.6.3 ʕʣʝʢʪʨʦʭʠʤʠʯʝʩʢʘʷ ʘʢʪʠʚʘʮʠʷ ʢʘʪʘʣʠʟʘʪʦʨʦʚ 

ʇʝʨʝʜ ʠʟʫʯʝʥʠʝʤ ʕʍ ʭʘʨʘʢʪʝʨʠʩʪʠʢ Pt-cʦʜʝʨʞʘʱʠʭ 

ʵʣʝʢʪʨʦʢʘʪʘʣʠʟʘʪʦʨʦʚ ʦʙʷʟʘʪʝʣʴʥʳʤ ʵʪʘʧʦʤ ʷʚʣʷʣʦʩʴ ʧʨʦʚʝʜʝʥʠʝ ʕʍ 

ʘʢʪʠʚʘʮʠʠ. ʉʦʛʣʘʩʥʦ ʤʝʪʦʜʠʢʝ, ʦʧʠʩʘʥʥʦʡ ʚ ʨʘʙʦʪʝ [6]: çʕʣʝʢʪʨʦʣʠʪ 

ʥʘʩʳʱʘʣʠ ʠʥʝʨʪʥʳʤ ʛʘʟʦʤ (ʘʨʛʦʥʦʤ) ʚ ʪʝʯʝʥʠʝ 40 ʤʠʥʫʪ. ʕʣʝʢʪʨʦʭʠʤʠʯʝʩʢʫʶ 

ʘʢʪʠʚʘʮʠʶ ʧʨʦʚʦʜʠʣʠ ʚ ʧʦʪʝʥʮʠʦʜʠʥʘʤʠʯʝʩʢʦʤ ʨʝʞʠʤʝ ʚ ʪʝʯʝʥʠʝ 100 ʮʠʢʣʦʚ 

ʧʨʠ ʩʢʦʨʦʩʪʠ ʩʢʘʥʠʨʦʚʘʥʠʷ ʧʦʪʝʥʮʠʘʣʘ 200 ʤɺ/ʩè. ʇʦʪʝʥʮʠʘʣ ʚʘʨʴʠʨʦʚʘʣʠ ʚ 

ʜʠʘʧʘʟʦʥʝ ʦʪ 0.04 ʜʦ ʍ (ʛʜʝ ʍ = 0.9ï1.2 ɺ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ ʵʢʩʧʝʨʠʤʝʥʪʘ), 



 
 

рл 
 

ʢʘʢ ʵʪʦ ʦʧʠʩʘʥʦ ʚ ʥʘʰʝʡ ʨʘʙʦʪʝ [101]. ʇʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ ʜʘʥʥʦʡ ʩʪʘʜʠʠ 

ʵʣʝʢʪʨʦʣʠʪ ʟʘʤʝʥʷʣʠ ʥʘ ʩʚʝʞʠʡ, ʚʥʦʚʴ ʧʨʦʜʫʚʘʣʠ ʘʨʛʦʥʦʤ ʚ ʪʝʯʝʥʠʝ 30 ʤʠʥʫʪ 

ʠ ʧʨʦʜʦʣʞʘʣʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʕʍ ʭʘʨʘʢʪʝʨʠʩʪʠʢ.  

2.6.4 ʆʧʨʝʜʝʣʝʥʠʝ ʧʣʦʱʘʜʠ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠ ʘʢʪʠʚʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʪʦʜʦʤʠ ʮʠʢʣʠʯʝʩʢʦʡ ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʠ 

ʕʍɸʇ ʦʧʨʝʜʝʣʷʣʠ ʢʘʢ ʵʪʦ ʦʧʠʩʘʥʦ ʚ ʨʘʙʦʪʘʭ [6,13,14,120]: çʇʨʠʤʝʥʷʣʠ 

ʤʝʪʦʜ ʘʜʩʦʨʙʮʠʠ/ʜʝʩʦʨʙʮʠʠ ʤʦʥʦʩʣʦʷ ʘʪʦʤʘʨʥʦʛʦ ʚʦʜʦʨʦʜʘ. ʌʦʨʤʫʣʘ ʜʣʷ 

ʨʘʩʯʝʪʘ ʕʍɸʇ (2.4): 

ʕʍɸʇ = 
(Q'+Q")/2

 R *mPt*1000
 ,     (2.4) 

ʛʜʝ, ʕʍɸʇ ï ʧʣʦʱʘʜʴ ʘʢʪʠʚʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʘʪʠʥʳ (ʤ
2/ʛ(Pt)), Qô ʠ Qò ï 

ʢʦʣʠʯʝʩʪʚʦ ʵʣʝʢʪʨʠʯʝʩʪʚʘ, ʟʘʪʨʘʯʝʥʥʦʛʦ ʥʘ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʫʶ ʜʝʩʦʨʙʮʠʶ ʠ 

ʘʜʩʦʨʙʮʠʶ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʤʢʂʣ), R ï  ʟʘʨʷʜ, ʥʝʦʙʭʦʜʠʤʳʡ ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ 

ʤʦʥʦʩʣʦʷ ʚʦʜʦʨʦʜʘ ʥʘ 1 ʩʤ2 ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʘʪʠʥʳ ʨʘʚʥʳʡ 210 ʤʢʂʣ/ʩʤ2, m(Pt) 

ï ʟʘʛʨʫʟʢʘ ʧʣʘʪʠʥʳ ʥʘ ʵʣʝʢʪʨʦʜʝ (ʛ). 

ɺʝʣʠʯʠʥʫ ʢʦʣʠʯʝʩʪʚʘ ʵʣʝʢʪʨʠʯʝʩʪʚʘ ʦʧʨʝʜʝʣʷʣʠ ʧʨʠ ʨʝʛʠʩʪʨʘʮʠʠ 

ʮʠʢʣʠʯʝʩʢʠʭ ʚʦʣʴʪʘʤʧʝʨʦʛʨʘʤʤ (ʎɺɸ), ʢʘʢ ʧʣʦʱʘʜʴ ʧʦʜ ʧʠʢʦʤ ʟʘ ʚʳʯʝʪʦʤ 

ʚʢʣʘʜʘ ʜʚʦʡʥʦʩʣʦʡʥʦʡ ʦʙʣʘʩʪʠ (ʨʠʩʫʥʦʢ 2.3). ʉʢʦʨʦʩʪʴ ʩʢʘʥʠʨʦʚʘʥʠʷ 

ʧʦʪʝʥʮʠʘʣʘ ʩʦʩʪʘʚʣʷʣʘ 20 ʤɺ/ʩ, ʜʠʘʧʘʟʦʥ ʧʦʪʝʥʮʠʘʣʦʚ ï 0.04ï1.0 ɺ ʠʣʠ 0.04ï

1.2 ɺ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ. 

 

ʈʠʩʫʥʦʢ 2.3 ïʊʠʧʠʯʥʳʝ ʎɺɸ Pt/C ʢʘʪʘʣʠʟʘʪʦʨʘ ʚ ʢʦʦʨʜʠʥʘʪʘʭ ʪʦʢ-ʧʦʪʝʥʮʠʘʣ 

(ʘ) [124] ʠ ʪʦʢ-ʚʨʝʤʷ (ʙ) [9]. ʀʥʪʝʛʨʘʣʴʥʘʷ ʧʣʦʱʘʜʴ ʟʘʰʪʨʠʭʦʚʘʥʥʳʭ 

ʫʯʘʩʪʢʦʚ ʪʦʞʜʝʩʪʚʝʥʥʘ ʢʦʣʠʯʝʩʪʚʫ ʵʣʝʢʪʨʠʯʝʩʪʚʘ, ʟʘʪʨʘʯʠʚʘʝʤʦʤʫ ʥʘ 

ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʫʶ ʘʜʩʦʨʙʮʠʶ Qad ʠ ʜʝʩʦʨʙʮʠʶ Qd ʘʪʦʤʘʨʥʦʛʦ ʚʦʜʦʨʦʜʘ 

 



 
 

рм 
 

ʇʦʛʨʝʰʥʦʩʪʴ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʕʍɸʇ ʤʝʪʦʜʦʤ ʎɺɸ ʧʦ 

ʘʜʩʦʨʙʮʠʠ/ʜʝʩʦʨʙʮʠʠ ʚʦʜʦʨʦʜʘ ʩʦʩʪʘʚʣʷʣʘ 10%. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʕʍɸʇ ʤʝʪʦʜʦʤ ʵʣʝʢʪʨʦʦʢʠʩʣʝʥʠʷ ʉʆ ʕʣʝʢʪʨʦʣʠʪ 

ʧʨʦʜʫʚʘʣʠ ʤʦʥʦʦʢʩʠʜʦʤ ʫʛʣʝʨʦʜʘ ʧʨʠ ʚʳʜʝʨʞʢʝ ʧʦʪʝʥʮʠʘʣʘ 0.1 ɺ ʚ ʪʝʯʝʥʠʝ 

10 ʤʠʥʫʪ [6,111]. ɿʘʪʝʤ ʧʨʦʜʫʚʘʣʠ ʵʣʝʢʪʨʦʣʠʪ ʘʨʛʦʥʦʤ ʧʨʠ ʚʳʜʝʨʞʢʝ 

ʧʦʪʝʥʮʠʘʣʘ 0.1 ɺ ʚ ʪʝʯʝʥʠʝ 40 ʤʠʥʫʪ. ʎʠʢʣʠʯʝʩʢʫʶ ʚʦʣʴʪʘʤʧʝʨʦʛʨʘʤʤʫ 

ʨʝʛʠʩʪʨʠʨʦʚʘʣʠ ʧʨʠ ʩʢʦʨʦʩʪʠ ʩʢʘʥʠʨʦʚʘʥʠʷ ʧʦʪʝʥʮʠʘʣʘ 40 ʤɺ/ʩ  ʚ ʜʠʘʧʘʟʦʥʝ 

ʧʦʪʝʥʮʠʘʣʦʚ 0.1ï1.1 ɺ ʩ (1 ʮʠʢʣ), ʜʘʣʝʝ ʚ ʜʠʘʧʘʟʦʥʝ 0.04-1.1 ɺ (2 ʮʠʢʣʘ), ʯʪʦʙʳ 

ʫʙʝʜʠʪʴʩʷ ʚ ʧʦʣʥʦʪʝ ʧʨʦʪʝʢʘʥʠʷ ʨʝʘʢʮʠʠ ʵʣʝʢʪʨʦʦʢʠʩʣʝʥʠʷ ʉʆ. ʈʘʩʯʝʪ ʕʍɸʇ 

ʧʨʦʠʟʚʦʜʠʣʠ ʧʦ ʬʦʨʤʫʣʝ (2.4), ʠʩʧʦʣʴʟʫʷ ʟʥʘʯʝʥʠʝ R ʜʣʷ CO, ʨʘʚʥʦʝ 420 

ʤʢʂʣ/ʩʤ2.  

ʇʦʛʨʝʰʥʦʩʪʴ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʕʍɸʇ ʤʝʪʦʜʦʤ ʎɺɸ ʧʦ ɻʣʝʢʪʨʦʦʢʠʩʣʝʥʠʶ 

ʉʆ ʩʦʩʪʘʚʣʷʣʘ 10%è. 

ɼʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʠʟʫʯʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʩʣʝ ʧʨʠʤʝʥʝʥʠʷ ʜʘʥʥʦʛʦ 

ʤʝʪʦʜʘ ʟʘʤʝʥʷʣʠ ʵʣʝʢʪʨʦʣʠʪ ʥʘ ʩʚʝʞʠʡ. 

2.6.5 ʆʮʝʥʢʘ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚ ʨʝʘʢʮʠʠ 

ʵʣʝʢʪʨʦʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʢʠʩʣʦʨʦʜʘ ʥʘ ɺɼʕ 

ɼʣʷ ʦʮʝʥʢʠ ʘʢʪʠʚʥʦʩʪʠ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʚ ʈɺʂ ʧʨʦʠʟʚʦʜʠʪʩʷ ʨʝʛʠʩʪʨʘʮʠʷ 

ʬʦʥʦʚʦʡ ʢʨʠʚʦʡ ʚ ʘʪʤʦʩʬʝʨʝ ʘʨʛʦʥʘ ʧʨʠ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ɺɼʕ 1600 ʦʙ/ʤʠʥ 

ʚ ʜʠʘʧʘʟʦʥʝ ʧʦʪʝʥʮʠʘʣʦʚ 0.1-1.2 ɺ ʩʦ ʩʢʦʨʦʩʪʴʶ ʩʢʘʥʠʨʦʚʘʥʠʷ ʧʦʪʝʥʮʠʘʣʘ 20 

ʤɺ/ʩ. ɼʘʣʝʝ ʵʣʝʢʪʨʦʣʠʪ ʥʘʩʳʱʘʣʠ ʢʠʩʣʦʨʦʜʦʤ ʚ ʪʝʯʝʥʠʝ 1 ʯʘʩʘ, ʠʩʧʦʣʴʟʫʷ 

ʢʠʩʣʦʨʦʜʥʳʡ ʢʦʥʮʝʥʪʨʘʪʦʨ. ʇʦʩʣʝ ʥʘʩʳʱʝʥʠʷ, ʨʝʛʠʩʪʨʠʨʦʚʘʣʠ 

ʧʦʪʝʥʮʠʦʜʠʥʘʤʠʯʝʩʢʠʝ ʢʨʠʚʳʝ ʈɺʂ ʚ ʜʠʘʧʘʟʦʥʝ ʧʦʪʝʥʮʠʘʣʦʚ 0.1ï1.2 ɺ ʧʨʠ 

ʩʢʦʨʦʩʪʷʭ ʚʨʘʱʝʥʠʷ ʵʣʝʢʪʨʦʜʘ 400, 900, 1600 ʠ 2500 ʦʙ/ʤʠʥ ʩʦ ʩʢʦʨʦʩʪʴʶ 

ʩʢʘʥʠʨʦʚʘʥʠʷ ʧʦʪʝʥʮʠʘʣʘ 20 ʤɺ/ʩ (ʨʠʩʫʥʦʢ 2.4ʘ) [112]. ʂʨʠʚʳʝ ʈɺʂ ʩʥʠʤʘʣʠ 

ʤʠʥʠʤʫʤ 2 ʨʘʟʘ, ʯʪʦʙʳ ʫʙʝʜʠʪʴʩʷ ʚ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʠ ʧʦʣʫʯʘʝʤʳʭ ʜʘʥʥʳʭ. 

ʇʨʠ ʧʦʩʪʨʦʝʥʠʠ ʢʨʠʚʳʭ ʈɺʂ ʫʯʠʪʳʚʘʣʠ ʦʤʠʯʝʩʢʦʝ ʧʘʜʝʥʠʝ ʥʘʧʨʷʞʝʥʠʷ ʠ 

ʪʦʢʠ ʬʦʥʦʚʦʡ ʢʨʠʚʦʡ. 
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ɿʥʘʯʝʥʠʷ ʢʠʥʝʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʈɺʂ ʜʣʷ ʠʟʫʯʘʝʤʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ 

ʦʧʨʝʜʝʣʷʣʠ, ʠʩʧʦʣʴʟʫʷ ʟʘʚʠʩʠʤʦʩʪʴ ʚ ʢʦʦʨʜʠʥʘʪʘʭ ʂʦʫʪʝʮʢʦʛʦ ï ʃʝʚʠʯʘ 

(ʨʠʩʫʥʦʢ 2.4ʙ) [84]: 

 

ʈʠʩʫʥʦʢ 2.4 ï ʊʠʧʠʯʥʳʝ ʢʨʠʚʳʝ ʈɺʂ ʜʣʷ Pt/C ʦʙʨʘʟʮʘ. 0.1 ʄ ʅClO4 

ʘʪʤʦʩʬʝʨʘ ʆ2, 20 ʤɺ/ʩ, ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ɺɼʕ ï ʦʪ 400 ʜʦ 2500 ʦʙ/ʤʠʥ (ʘ); 

ʟʘʚʠʩʠʤʦʩʪʴ ʚ ʢʦʦʨʜʠʥʘʪʘʭ ʂʦʫʪʝʮʢʦʛʦ ï ʃʝʚʠʯʘ ʧʨʠ ɽ = 0.90 ɺ (ʙ) 

 

ʇʦʛʨʝʰʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʘʢʪʠʚʥʦʩʪʠ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʚ ʈɺʂ ʩʦʩʪʘʚʣʷʣʘ 

10%. 

2.6.6 ʆʮʝʥʢʘ ʩʪʘʙʠʣʴʥʦʩʪʠ Pt-ʩʦʜʝʨʞʘʱʠʭ ʵʣʝʢʪʨʦʢʘʪʘʣʠʟʘʪʦʨʦʚ  

ɼʣʷ ʦʮʝʥʢʠ ʩʪʘʙʠʣʴʥʦʩʪʠ ʵʣʝʢʪʨʦʢʘʪʘʣʠʟʘʪʦʨʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠ ʤʝʪʦʜʳ 

ʫʩʢʦʨʝʥʥʦʛʦ ʩʪʨʝʩʩ-ʪʝʩʪʠʨʦʚʘʥʠʷ: 

1) ʄʝʪʦʜ ʧʦʪʝʥʮʠʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʮʠʢʣʠʨʦʚʘʥʠʷ ʚ ʜʠʘʧʘʟʦʥʝ 0.6ï1.0 ɺ ʩʦ 

ʩʢʦʨʦʩʪʴʶ ʩʢʘʥʠʨʦʚʘʥʠʷ ʧʦʪʝʥʮʠʘʣʘ 100 ʤɺ/ʩ. ʎʠʢʣʠʨʦʚʘʥʠʝ 

ʧʨʦʚʦʜʠʣʠ ʚ ʨʘʩʪʚʦʨʝ HClO4 (0.1 ʤʦʣʴ/ʣ) ʥʘʩʳʱʝʥʥʦʤ Ar ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ. ʈʝʛʠʩʪʨʠʨʦʚʘʣʠ 5000 (ʛʣʘʚʘ 3) ʠʣʠ 20 000 (ʛʣʘʚʘ 5) ʮʠʢʣʦʚ. 

ɼʘʣʝʝ ʟʘʤʝʥʷʣʠ ʵʣʝʢʪʨʦʣʠʪ ʥʘ ʩʚʝʞʠʡ ʠ ʠʟʤʝʨʷʣʠ ʕʍɸʇ ʠ ʘʢʪʠʚʥʦʩʪʴ ʚ 

ʈɺʂ ʢʘʢ ʵʪʦ ʦʧʠʩʘʥʦ ʚʳʰʝ. ʇʨʦʪʦʢʦʣ ʧʨʝʜʣʦʞʝʥ ɼʝʧʘʨʪʘʤʝʥʪʦʤ 

ʵʥʝʨʛʝʪʠʢʠ ʉʐɸ [125]. 

2) ʄʝʪʦʜ ʤʥʦʛʦʢʨʘʪʥʦʛʦ ʥʘʣʦʞʝʥʠʷ ʧʨʷʤʦʫʛʦʣʴʥʳʭ ʠʤʧʫʣʴʩʦʚ ʩ 

ʚʳʜʝʨʞʢʦʡ ʧʦ 3 ʩ ʧʨʠ ʢʘʞʜʦʤ ʧʦʪʝʥʮʠʘʣʝ (0.4 ʠ 1.0 ɺ) ʚ ʪʝʯʝʥʠʝ 10 000 

ʮʠʢʣʦʚ (ʛʣʘʚʘ 5). ʎʠʢʣʠʨʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʠ ʚ ʨʘʩʪʚʦʨʝ HClO4 (0.1 



 
 

ро 
 

ʤʦʣʴ/ʣ) ʥʘʩʳʱʝʥʥʦʤ ʆ2 ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ʇʨʦʪʦʢʦʣ 

ʧʨʝʜʣʦʞʝʥ Nagai ʠ ʩʦʘʚʪ. [126]. 

ʉʪʘʙʠʣʴʥʦʩʪʴ ʦʮʝʥʠʚʘʣʠ ʧʦ ʘʙʩʦʣʶʪʥʦʤʫ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦʤʫ ʠʟʤʝʥʝʥʠʶ 

ʕʍɸʇ ʠ ʘʢʪʠʚʥʦʩʪʠ ʚ ʈɺʂ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʥʘʯʘʣʴʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ʇʦʛʨʝʰʥʦʩʪʴ ʧʨʠ ʨʘʩʯʝʪʝ ʩʪʘʙʠʣʴʥʦʩʪʠ ʚ ʭʦʜʝ ʩʪʨʝʩʩ-ʪʝʩʪʘ 

ʩʦʩʪʘʚʣʷʣʘ 10%. 

  



 
 

рп 
 

3 ʈɸɿʈɸɹʆʊʂɸ ʅʆɺʆɻʆ ʇʆɼʍʆɼɸ ʂ ʉʀʅʊɽɿʋ 

ɹʀʄɽʊɸʃʃʀʏɽʉʂʀʍ PtCu/C ʕʃɽʂʊʈʆʂɸʊɸʃʀɿɸʊʆʈʆɺ 

 

3.1 ʇʦʣʫʯʝʥʠʝ PtCu/C ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʥʘ ʧʣʘʪʠʥʦʚʳʭ ʷʜʨʘʭ 

ɺ ʦʪʣʠʯʠʝ ʦʪ ʅʏ ʤʝʜʠ, ʥʝʙʦʣʴʰʠʝ ʥʘʥʦʯʘʩʪʠʮʳ ʧʣʘʪʠʥʳ ʤʦʛʫʪ ʙʳʪʴ 

ʨʘʚʥʦʤʝʨʥʦ ʦʩʘʞʜʝʥʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʫʛʣʝʨʦʜʥʦʛʦ ʥʦʩʠʪʝʣʷ [113]. ʊʘʢʠʝ ʅʏ 

ʥʝ ʧʦʜʚʝʨʞʝʥʳ ʦʢʩʠʜʠʨʦʚʘʥʠʶ ʠ ʤʦʛʫʪ ʠʛʨʘʪʴ ʨʦʣʴ ʟʘʨʦʜʳʰʝʡ (ʮʝʥʪʨʦʚ 

ʨʦʩʪʘ) ʧʨʠ ʫʩʣʦʚʠʠ ʧʦʩʣʝʜʫʶʱʝʛʦ ʩʪʫʧʝʥʯʘʪʦʛʦ ʦʩʘʞʜʝʥʠʷ ʤʝʜʠ ʠ ʧʣʘʪʠʥʳ ʠʟ 

ʨʘʩʪʚʦʨʦʚ ʠʭ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ. ʇʨʠ ʵʪʦʤ ʅʏ PtCu, ʦʙʨʘʟʫʶʱʠʝʩʷ 

ʩʪʫʧʝʥʯʘʪʳʤ ʦʩʘʞʜʝʥʠʝʤ ʤʝʪʘʣʣʦʚ ʠʟ ʨʘʩʪʚʦʨʦʚ ʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠ 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝʩʷ ʥʝʨʘʚʥʦʤʝʨʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʢʦʤʧʦʥʝʥʪʦʚ, ʤʦʛʫʪ 

ʙʦʣʝʝ ʫʧʦʨʷʜʦʯʝʥʥʦ ʨʘʩʧʨʝʜʝʣʷʪʴʩʷ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʥʦʩʠʪʝʣʷ ʠ ʠʤʝʪʴ ʙʦʣʝʝ 

ʚʳʩʦʢʫʶ ʕʍɸʇ, ʯʝʤ ʚ ʩʣʫʯʘʝ ʩʠʥʪʝʟʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʜʥʳʭ ʷʜʝʨ (ʨʠʩʫʥʦʢ 

3.1). ɼʘʥʥʘʷ ʛʠʧʦʪʝʟʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘʤʠ ʚ ʨʘʙʦʪʝ [112] 

 

ʈʠʩʫʥʦʢ 3.1 ï ʉʭʝʤʘʪʠʯʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʅʏ, ʩʬʦʨʤʠʨʦʚʘʥʥʦʡ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʩʠʥʪʝʟʘ PtCu/C ʥʘ Pt-ʷʜʨʘʭ [112] 

 

ʅʘ ʢʘʞʜʦʤ ʵʪʘʧʝ ʩʠʥʪʝʟʘ ʚʝʩʴʤʘ ʚʝʨʦʷʪʥʦ, ʯʪʦ ʥʦʚʳʝ ʥʘʥʦʯʘʩʪʠʮʳ ʙʫʜʫʪ 

ʦʙʨʘʟʦʚʳʚʘʪʴʩʷ ʥʝ ʥʘ ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʯʘʩʪʠʮʘʭ, ʘ ʥʘ ʩʚʦʙʦʜʥʳʭ 

ʫʯʘʩʪʢʘʭ ʫʛʣʝʨʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ʆʜʥʘʢʦ ʚʝʨʦʷʪʥʦʩʪʴ ʪʦʛʦ, ʯʪʦ 

ʩʫʱʝʩʪʚʫʶʱʠʝ ʟʘʨʦʜʳʰʠ ʤʝʪʘʣʣʦʚ ʙʫʜʫʪ ʨʘʩʪʠ, ʤʦʞʝʪ ʙʳʪʴ ʦʯʝʥʴ ʚʳʩʦʢʦʡ, 

ʧʦʩʢʦʣʴʢʫ ʵʥʝʨʛʠʷ ʘʢʪʠʚʘʮʠʠ ʪʘʢʦʛʦ ʧʨʦʮʝʩʩʘ ʜʦʣʞʥʘ ʙʳʪʴ ʟʘʤʝʪʥʦ ʥʠʞʝ, ʯʝʤ 

ʧʨʠ ʟʘʨʦʞʜʝʥʠʠ ʥʦʚʳʭ ʥʘʥʦʯʘʩʪʠʮ ʥʘ ʯʫʞʝʨʦʜʥʦʡ (ʫʛʣʝʨʦʜʥʦʡ) ʧʦʜʣʦʞʢʝ 

[113]. ʂʨʦʤʝ ʪʦʛʦ, ʫʞʝ ʧʦʩʣʝ ʧʝʨʚʦʛʦ ʵʪʘʧʘ ʟʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʘʢʪʠʚʥʳʭ 

ʮʝʥʪʨʦʚ ʫʛʣʝʨʦʜʥʦʛʦ ʥʦʩʠʪʝʣʷ ʤʦʞʝʪ ʙʳʪʴ ʟʘʥʷʪʘ ʥʘʥʦʯʘʩʪʠʮʘʤʠ ʧʣʘʪʠʥʳ. 



 
 

рр 
 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʛʦʪʦʚʳʡ ʢʘʪʘʣʠʟʘʪʦʨ ʤʦʞʝʪ ʧʨʝʜʩʪʘʚʣʷʪʴ ʩʦʙʦʡ ʩʦʚʦʢʫʧʥʦʩʪʴ 

ʯʘʩʪʠʮ ʩ ʨʘʟʥʦʡ ʩʪʨʫʢʪʫʨʦʡ, ʠʟʦʙʨʘʞʝʥʥʳʭ ʥʘ ʨʠʩʫʥʢʝ 3.2. 

 

ʈʠʩʫʥʦʢ 3.2 ï ʉʪʨʫʢʪʫʨʳ ʅʏ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʩʬʦʨʤʠʨʦʚʘʪʴʩʷ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʞʠʜʢʦʬʘʟʥʦʛʦ ʩʠʥʪʝʟʘ 

 

3.2 ʀʟʫʯʝʥʠʝ ʩʪʨʫʢʪʫʨʥʦ-ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ PtCu/C 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʥʘ ʧʣʘʪʠʥʦʚʳʭ ʷʜʨʘʭ 

ʇʣʘʪʠʥʦʫʛʣʝʨʦʜʥʳʝ ʤʘʪʝʨʠʘʣʳ P1ïP3 ʩ ʩʦʜʝʨʞʘʥʠʝʤ Pt ʦʪ 6.0 ʜʦ 9.8 

ʤʘʩʩ. %, ʧʦʣʫʯʝʥʥʳʝ ʥʘ ʧʝʨʚʦʡ ʩʪʘʜʠʠ ʩʠʥʪʝʟʘ, ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʤʝʪʦʜʦʤ 

ʈʌɸ. ʅʘ ʨʝʥʪʛʝʥʦʛʨʘʤʤʘʭ ʦʙʨʘʟʮʦʚ P1, P2, P3 ʧʨʠʩʫʪʩʪʚʫʶʪ ʦʪʨʘʞʝʥʠʷ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʬʘʟʘʤ ʫʛʣʝʨʦʜʘ ʠ ʯʠʩʪʦʡ ʧʣʘʪʠʥʳ (ʨʠʩʫʥʦʢ 3.3 ʘ). ʋʰʠʨʝʥʠʝ 

ʥʘʠʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦʛʦ ʧʠʢʘ (111) ʥʘ ʨʝʥʪʛʝʥʦʛʨʘʤʤʘʭ ʦʙʫʩʣʦʚʣʝʥʦ ʤʘʣʳʤ 

ʩʨʝʜʥʠʤ ʨʘʟʤʝʨʦʤ ʢʨʠʩʪʘʣʣʠʪʦʚ ʧʣʘʪʠʥʳ [119], ʢʦʪʦʨʳʡ ʩʦʩʪʘʚʠʣ 1.1, 1.1 ʠ 1.4 

ʥʤ ʜʣʷ ʤʘʪʝʨʠʘʣʦʚ P1, P2 ʠ P3, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʕʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠ ʘʢʪʠʚʥʘʷ 

ʧʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ P1, P2 ʠ P3 ʤʘʪʝʨʠʘʣʦʚ ʩʦʩʪʘʚʠʣʘ 130, 109 ʠ 92 ʤ2/ʛ(Pt), 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʌʘʢʪʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʧʦʣʫʯʝʥʥʳʭ PtCu/C ʤʘʪʝʨʠʘʣʦʚ Pʉ1ïPʉ3, 

ʩʦʜʝʨʞʘʱʠʭ 27ï29.6 ʤʘʩʩ.% ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʢʦʤʧʦʥʝʥʪʳ, ʦʧʨʝʜʝʣʝʥʥʦʡ 

ʤʝʪʦʜʦʤ ʛʨʘʚʠʤʝʪʨʠʠ [122], ʚ ʪʦʤ ʯʠʩʣʝ 22ï24.3 ʤʘʩʩ.% ʧʣʘʪʠʥʳ, ʦʢʘʟʘʣʩʷ 

ʙʣʠʟʦʢ ʢ ʨʘʩʩʯʠʪʘʥʥʦʤʫ ʧʦ ʟʘʛʨʫʟʢʝ ʧʨʝʢʫʨʩʦʨʦʚ (ʨʠʩʫʥʦʢ 2.1, ʪʘʙʣʠʮʘ 3.1). 

ʉʦʩʪʘʚ ʅʏ, ʦʧʨʝʜʝʣʝʥʥʳʡ ʤʝʪʦʜʦʤ ʈʌʣɸ, ʪʘʢʞʝ ʦʢʘʟʘʣʩʷ ʙʣʠʟʦʢ ʜʣʷ ʚʩʝʭ ʪʨʝʭ 

ʦʙʨʘʟʮʦʚ (ʪʘʙʣʠʮʘ 3.1): ʦʪ PtCu0.67 ʜʦ PtCu0.79. 



 
 

рс 
 

 

 

ʈʠʩʫʥʦʢ 3.3 ï ʈʝʥʪʛʝʥʦʛʨʘʤʤʳ ʦʙʨʘʟʮʦʚ ʧʣʘʪʠʥʦʚʳʭ ʷʜʝʨ ʥʘ ʫʛʣʝʨʦʜʥʦʤ 

ʥʦʩʠʪʝʣʝ (ʘ) ʠ ʧʦʣʫʯʝʥʥʳʭ ʥʘ ʥʠʭ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ PtCu/C ʢʘʪʘʣʠʟʘʪʦʨʦʚ (ʙ) 

 

ʊʘʙʣʠʮʘ 3.1 ʉʦʩʪʘʚ ʠ ʩʪʨʫʢʪʫʨʥʳʝ ʧʘʨʘʤʝʪʨʳ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ PtCu/C ʠ 

ʢʦʤʤʝʨʯʝʩʢʦʛʦ Pt/C (HiSPEC3000) ʤʘʪʝʨʠʘʣʦʚ 

ʆʙʨʘʟʝʮ ɤ(Pt+Cu), 

% 

ɤ(Pt), 

% 

ʉʦʩʪʘʚ 

(ʈʌʣɸ) 

Dʢʨ, ʥʤ 

(ʈʌɸ) 

ʉʦʩʪʘʚ (ʟ-ʥ 

ɺʝʛʘʨʜʘ, ʈʌɸ) 

PC1 27.9 22.2 PtCu
0.79

 2.7 PtCu
0.76

 

PC2 27.0 22.0 PtCu
0.70

 2.5  PtCu
0.68

 

PC3 29.6 24.3 PtCu
0.67

 2.6  PtCu
0.68

 

JM20 20.0 20.0 - 2.5 - 

 

ʆʪʨʘʞʝʥʠʷ ʧʣʘʪʠʥʳ ʥʘ ʜʠʬʨʘʢʪʦʛʨʘʤʤʘʭ ʤʘʪʝʨʠʘʣʦʚ PC1-PC3 ʩʤʝʱʝʥʳ 

ʚ ʩʪʦʨʦʥʫ ʙʦʣʴʰʠʭ ʟʥʘʯʝʥʠʡ ʫʛʣʦʚ 2ɗ (ʨʠʩʫʥʦʢ 3.3, ʪʘʙʣʠʮʘ 3.1), ʯʪʦ 

ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ PtCu ʩʠʩʪʝʤ [127,128]. ʋʯʠʪʳʚʘʷ ʚʳʩʦʢʫʶ ʚʝʨʦʷʪʥʦʩʪʴ 

ʥʝʨʘʚʥʦʤʝʨʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʘʪʦʤʦʚ ʧʣʘʪʠʥʳ ʠ ʤʝʜʠ ʚ ʥʘʥʦʯʘʩʪʠʮʘʭ, 

ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʩʪʨʫʢʪʫʨʳ ʥʘʥʦʯʘʩʪʠʮ ʪʘʢʞʝ 

ʚʥʦʩʠʪ ʚʢʣʘʜ ʚ ʫʰʠʨʝʥʠʝ ʤʘʢʩʠʤʫʤʦʚ ʥʘ ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʜʠʬʨʘʢʪʦʛʨʘʤʤʘʭ, ʯʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʥʝʢʦʪʦʨʦʤʫ ʟʘʥʠʞʝʥʠʶ ʨʘʩʯʝʪʥʦʛʦ ʨʘʟʤʝʨʘ ʢʨʠʩʪʘʣʣʠʪʦʚ [51,98]. 

ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʥʘ ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʜʠʬʨʘʢʪʦʛʨʘʤʤʘʭ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ ʧʠʢʦʚ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʬʘʟʘʤ ʯʠʩʪʦʡ ʤʝʜʠ ʠ ʝʸ ʦʢʩʠʜʦʚ. ʊʘʢʘʷ ʩʠʪʫʘʮʠʷ, ʦʜʥʘʢʦ, ʥʝ 

ʪʦʞʜʝʩʪʚʝʥʥʘ ʦʪʩʫʪʩʪʚʠʶ ʵʪʠʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʧʦʩʢʦʣʴʢʫ ʥʝ ʫʯʠʪʳʚʘʝʪ 
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ʚʦʟʤʦʞʥʦʩʪʴ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʘʤʦʨʬʠʟʠʨʦʚʘʥʥʳʭ ʩʪʨʫʢʪʫʨ [121]. ʈʘʟʤʝʨ 

ʢʨʠʩʪʘʣʣʠʪʦʚ PtCu/ʉ, ʦʧʨʝʜʝʣʝʥʥʳʡ ʧʦ ʫʨʘʚʥʝʥʠʶ ʐʝʨʨʝʨʘ [122], ʩʦʩʪʘʚʣʷʝʪ 

2.5ï2.7 ʥʤ (ʪʘʙʣʠʮʘ 3.1). 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʇʕʄ, ʧʨʦʚʝʜʝʥʥʦʛʦ ʜʣʷ ʦʜʥʦʛʦ ʠʟ ʠʩʭʦʜʥʳʭ 

Pt/C ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʝʤʫ ʢʦʥʝʯʥʦʛʦ PtCu/C ʦʙʨʘʟʮʦʚ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ 

ʨʠʩʫʥʢʝ 3.4. ʇʣʘʪʠʥʦʫʛʣʝʨʦʜʥʳʡ ʤʘʪʝʨʠʘʣ P3 ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʨʘʚʥʦʤʝʨʥʳʤ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʅʏ Pt ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʫʛʣʝʨʦʜʥʦʛʦ ʥʦʩʠʪʝʣʷ. ʅʘʥʦʯʘʩʪʠʮʳ 

ʠʤʝʶʪ ʩʬʝʨʠʯʝʩʢʫʶ ʬʦʨʤʫ (ʨʠʩʫʥʦʢ 3.4 ʘ-ʚ), ʠʭ ʩʨʝʜʥʠʡ ʨʘʟʤʝʨ ʩʦʩʪʘʚʣʷʝʪ 

ʦʢʦʣʦ 2.2 ʥʤ (ʨʠʩʫʥʦʢ 3.4 ʞ). ɺ ʨʘʤʢʘʭ ʛʠʧʦʪʝʪʠʯʝʩʢʦʡ ʢʦʥʮʝʧʮʠʠ, 

ʧʦʣʦʞʝʥʥʦʡ ʚ ʦʩʥʦʚʫ ʩʠʥʪʝʟʘ, ʤʳ ʧʦʣʘʛʘʣʠ, ʯʪʦ ʥʘ ʩʬʦʨʤʠʨʦʚʘʥʥʳʝ 

ʧʣʘʪʠʥʦʚʳʝ ʷʜʨʘ ʚ ʜʘʣʴʥʝʡʰʝʤ ʫʜʘʩʪʩʷ ʦʩʘʜʠʪʴ Pt ʠ Cu c ʩʦʭʨʘʥʝʥʠʝʤ 

ʥʘʯʘʣʴʥʦʛʦ ʦʩʪʦʚʘ (ʟʘʨʦʜʳʰʘ). ʆʜʥʘʢʦ, ʨʝʟʫʣʴʪʘʪʳ ʇʕʄ (ʨʠʩʫʥʦʢ 3.4 ʛ-ʝ) 

ʧʦʢʘʟʘʣʠ, ʯʪʦ PtCu/C ʤʘʪʝʨʠʘʣ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʤʝʥʝʝ ʨʘʚʥʦʤʝʨʥʳʤ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʅʏ ʢʘʢ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʥʦʩʠʪʝʣʷ, ʪʘʢ ʠ ʧʦ ʨʘʟʤʝʨʫ, ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʠʩʭʦʜʥʳʤ Pt/C. ɻʠʩʪʦʛʨʘʤʤʘ ʨʘʟʤʝʨʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʥʘʥʦʯʘʩʪʠʮ PC3 (ʨʠʩʫʥʦʢ 3.4 ʟ) ʚʳʛʣʷʜʠʪ ʩʣʦʞʥʝʝ, ʯʝʤ ʦʙʨʘʟʮʘ P3 (ʨʠʩʫʥʦʢ 

3.4 ʞ) ʠ ʥʝ ʦʧʠʩʳʚʘʝʪʩʷ ʛʘʫʩʩʦʚʩʢʦʡ ʢʨʠʚʦʡ. ʇʦ-ʚʠʜʠʤʦʤʫ, ʥʘ ʢʘʞʜʦʤ ʰʘʛʝ 

ʚʪʦʨʦʡ ʩʪʘʜʠʠ ʩʠʥʪʝʟʘ (ʨʠʩʫʥʦʢ 2.1, ʩʪʘʜʠʷ 2ï4) ʧʨʦʠʩʭʦʜʠʪ ʢʘʢ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʥʦʚʳʭ ʥʘʥʦʯʘʩʪʠʮ, ʪʘʢ ʠ ʜʦʨʘʱʠʚʘʥʠʝ çʩʪʘʨʳʭè (ʨʠʩʫʥʦʢ 3.2). 

ʊʝʤ ʥʝ ʤʝʥʝʝ, ʙʦʣʴʰʘʷ ʯʘʩʪʴ PtCu ʥʘʥʦʯʘʩʪʠʮ ʠʤʝʝʪ ʨʘʟʤʝʨ ʦʪ 3 ʜʦ 4 ʥʤ, ʘ 

ʧʨʦʮʝʥʪʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʤʘʣʝʥʴʢʠʭ ʥʘʥʦʯʘʩʪʠʮ ʨʘʟʤʝʨʦʤ 2ï2.5 ʥʤ 

ʫʤʝʥʴʰʘʝʪʩʷ ʦʪ ~ 57 % ʜʦ ~ 14 % ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ P3 ʢ PC3 (ʨʠʩʫʥʦʢ 3.4 ʞ, ʟ). 

ʇʨʠ ʵʪʦʤ ʩʨʝʜʥʝʝ ʯʠʩʣʦ ʥʘʥʦʯʘʩʪʠʮ ʥʘ ʝʜʠʥʠʮʝ ʫʩʣʦʚʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʥʦʩʠʪʝʣʷ ʩʢʦʨʝʝ ʫʤʝʥʴʰʘʝʪʩʷ, ʯʪʦ ʦʪʯʘʩʪʠ ʩʚʷʟʘʥʦ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʘʛʨʝʛʘʪʦʚ ʠ 

çʧʦʛʣʦʱʝʥʠʝʤè ʩʦʩʝʜʥʠʭ ʤʘʣʝʥʴʢʠʭ ʅʏ ʧʣʘʪʠʥʳ ʦʜʥʦʡ ʙʦʣʝʝ ʢʨʫʧʥʦʡ 

ʥʘʥʦʯʘʩʪʠʮʝʡ PtCu, çʚʳʨʦʩʰʝʡè ʚ ʭʦʜʝ 2-ʡ ʩʪʘʜʠʠ ʩʠʥʪʝʟʘ. 
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ʈʠʩʫʥʦʢ 3.4 ï ʀʟʦʙʨʘʞʝʥʠʷ ʇʕʄ Pt/C ʦʙʨʘʟʮʘ ï P3 (ʘ-ʚ) ʠ, ʧʦʣʫʯʝʥʥʦʛʦ 

ʥʘ ʝʛʦ ʦʩʥʦʚʝ, PtCu/C ʦʙʨʘʟʮʘ ï PC3 (ʛ-ʜ). ɻʠʩʪʦʛʨʘʤʤʳ ʨʘʟʤʝʨʥʦʛʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʅʏ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʦʙʨʘʟʮʘʭ (ʞ, ʟ) 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʟʤʝʥʝʥʠʝ ʤʦʨʬʦʣʦʛʠʠ, ʥʘʙʣʶʜʘʝʤʦʝ ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ P3 

ʢ PC3, ʦʙʫʩʣʦʚʣʠʚʘʶʱʝʝ, ʚ ʯʠʩʣʝ ʧʨʦʯʝʛʦ, ʫʩʣʦʞʥʝʥʠʝ ʚʠʜʘ ʛʠʩʪʦʛʨʘʤʤʳ 

ʨʘʟʤʝʨʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʅʏ, ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʥʘʣʦʞʝʥʠʝʤ ʧʨʦʮʝʩʩʦʚ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʥʦʚʳʭ ʥʘʥʦʯʘʩʪʠʮ ʠ ʜʦʨʘʱʠʚʘʥʠʷ çʩʪʘʨʳʭè ʥʘ 2ï4ʤ ʰʘʛʘʭ 2-ʡ 

ʩʪʘʜʠʠ ʩʠʥʪʝʟʘ. ʇʨʠ ʵʪʦʤ ʥʝʢʦʪʦʨʘʷ, ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʘʷ ʜʦʣʷ ʠʩʭʦʜʥʳʭ 

ʅʏ ʧʣʘʪʠʥʳ ʩʦʭʨʘʥʷʝʪʩʷ ʚ ʤʘʪʝʨʠʘʣʝ PC3 ʥʝʠʟʤʝʥʥʦʡ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʙʦʣʴʰʘʷ 

ʠʭ ʯʘʩʪʴ ʧʨʠʥʠʤʘʝʪ ʫʯʘʩʪʠʝ ʚ ʧʨʦʮʝʩʩʘʭ ʧʦʩʣʝʜʫʶʱʝʛʦ ʬʘʟʦʦʙʨʘʟʦʚʘʥʠʷ. ʅʝ 
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ʠʩʢʣʶʯʝʥʦ, ʯʪʦ ʚʦ ʚʨʝʤʷ ʩʠʥʪʝʟʘ Pt-Cu ʢʘʪʘʣʠʟʘʪʦʨʘ ʧʨʦʠʩʭʦʜʷʪ ʧʨʦʮʝʩʩʳ 

ʨʝʦʨʛʘʥʠʟʘʮʠʠ ʠʩʭʦʜʥʳʭ ʷʜʝʨ Pt, ʘ ʪʘʢʞʝ ʧʝʨʝʦʩʘʞʜʝʥʠʝ ʧʣʘʪʠʥʳ ʠʟ 

ʤʘʣʝʥʴʢʠʭ ʅʏ ʥʘ ʙʦʣʝʝ ʢʨʫʧʥʳʝ. 

ʆʪʤʝʪʠʤ, ʯʪʦ ʥʘ ʬʦʪʦʛʨʘʬʠʷʭ ʇʕʄ ʦʙʨʘʟʮʘ PC3 ʦʙʥʘʨʫʞʝʥʳ ʅʏ ʩ 

ʪʝʤʥʳʤ ʷʜʨʦʤ, ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʩʦʩʪʦʷʱʠʤ ʠʟ ʧʣʘʪʠʥʳ (ʨʠʩʫʥʦʢ 3.4 ʜ, ʝ), 

ʯʪʦ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʧʦʜʪʚʝʨʞʜʝʥʠʝ ʤʝʭʘʥʠʟʤʘ ʨʦʩʪʘ PtCu 

ʥʘʥʦʯʘʩʪʠʮ ʥʘ 2ï4 ʰʘʛʘʭ ʩʠʥʪʝʟʘ ʥʘ ʷʜʨʘʭ ʧʣʘʪʠʥʳ. 

ɼʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʠʣʠ ʦʧʨʦʚʝʨʞʝʥʠʷ ʦʧʠʩʘʥʥʦʛʦ ʚʳʰʝ ʤʝʭʘʥʠʟʤʘ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʦʩʘʞʜʝʥʠʷ ʤʝʪʘʣʣʦʚ ʥʘ ʦʜʥʠ ʠ ʪʝ ʞʝ ʮʝʥʪʨʳ ʨʦʩʪʘ ʙʳʣʦ 

ʧʨʦʚʝʜʝʥʦ ʵʣʝʤʝʥʪʥʦʝ ʢʘʨʪʠʨʦʚʘʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʢʘʪʘʣʠʟʘʪʦʨʘ PC3 (ʨʠʩʫʥʦʢ 

3.5).  

ʊʨʘʬʘʨʝʪʥʘʷ ʩʝʪʢʘ, ʩʦʩʪʦʷʱʘʷ ʠʟ ʞʝʣʪʳʭ ʵʣʣʠʧʩʦʚ ʠ ʢʨʫʞʢʦʚ, 

ʥʘʥʝʩʝʥʥʳʭ ʥʘ ʉʊʕʄ-ʠʟʦʙʨʘʞʝʥʠʷ ʚ ʤʝʩʪʘʭ ʣʦʢʘʣʠʟʘʮʠʠ ʘʪʦʤʦʚ ʤʝʜʠ 

(ʨʠʩʫʥʦʢ 3.5 ʜ), ʙʳʣʘ ʧʝʨʝʥʝʩʝʥʘ ʥʘ ʤʠʢʨʦʬʦʪʦʛʨʘʬʠʶ, ʧʦʢʘʟʳʚʘʶʱʫʶ ʤʝʩʪʘ 

ʣʦʢʘʣʠʟʘʮʠʠ ʘʪʦʤʦʚ ʧʣʘʪʠʥʳ (ʨʠʩʫʥʦʢ 3.5 ʝ). ʉʦʚʧʘʜʝʥʠʝ ʤʝʩʪ ʣʦʢʘʣʠʟʘʮʠʠ 

ʘʪʦʤʦʚ ʤʝʜʠ ʠ ʧʣʘʪʠʥʳ (ʚʥʫʪʨʠ ʪʨʘʬʘʨʝʪʘ) ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʦʙʘ 

ʢʦʤʧʦʥʝʥʪʘ ʚʭʦʜʷʪ ʚ ʩʦʩʪʘʚ ʦʜʥʠʭ ʠ ʪʝʭ ʞʝ ʥʘʥʦʯʘʩʪʠʮ (ʨʠʩʫʥʦʢ 3.5 ʜ, ʝ) 

[14,129]. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʥʘ ʢʘʨʪʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʣʘʪʠʥʳ (ʨʠʩʫʥʦʢ 3.5 ʝ) 

ʩʠʥʠʤʠ ʧʫʥʢʪʠʨʥʳʤʠ ʢʨʫʞʢʘʤʠ ʦʙʦʟʥʘʯʝʥʳ ʜʚʘ ʥʝʙʦʣʴʰʠʭ çʧʷʪʥʘè ʧʣʘʪʠʥʳ, 

ʜʣʷ ʢʦʪʦʨʳʭ ʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʢʘʨʪʝ ʥʝ ʚʳʷʚʣʝʥʦ ʘʥʘʣʦʛʠʯʥʳʭ çʧʷʪʝʥè 

ʤʝʜʠ (ʨʠʩʫʥʦʢ 3.5 ʝ). ʕʪʦ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʢʘʢ ʩ ʤʝʥʴʰʝʡ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʢʘʨʪʠʨʦʚʘʥʠʷ ʵʣʝʤʝʥʪʦʚ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʤʝʜʠ, ʪʘʢ ʠ ʩ 

ʤʘʣʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʘʪʦʤʦʚ ʵʪʦʛʦ ʤʝʪʘʣʣʘ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʦʙʣʘʩʪʷʭ [6]. 

ɺ ʧʦʩʣʝʜʥʝʤ ʩʣʫʯʘʝ ʠʤʝʶʪʩʷ ʚ ʚʠʜʫ ʤʝʣʢʠʝ ʥʘʥʦʯʘʩʪʠʮʳ, ʚ ʦʩʥʦʚʥʦʤ 

ʩʦʩʪʦʷʱʠʝ ʠʟ ʘʪʦʤʦʚ ʧʣʘʪʠʥʳ. ʇʦʩʢʦʣʴʢʫ ʘʪʦʤʳ ʢʠʩʣʦʨʦʜʘ ʨʘʚʥʦʤʝʨʥʦ 

ʨʘʩʧʨʝʜʝʣʝʥʳ ʧʦ ʥʘ ʢʘʨʪʝ (ʨʠʩʫʥʦʢ 3.5 ʛ), ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʘʷ 

ʯʘʩʪʴ ʘʪʦʤʦʚ ʵʪʦʛʦ ʵʣʝʤʝʥʪʘ ʚʭʦʜʠʪ ʚ ʩʦʩʪʘʚ ʢʠʩʣʦʨʦʜʩʦʜʝʨʞʘʱʠʭ ʛʨʫʧʧ 

ʫʛʣʝʨʦʜʥʦʛʦ ʥʦʩʠʪʝʣʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʦʣʴʰʠʥʩʪʚʦ ʥʘʥʦʯʘʩʪʠʮ 

ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʷʚʣʷʶʪʩʷ ʜʚʫʭʢʦʤʧʦʥʝʥʪʥʳʤʠ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʚʳʩʢʘʟʘʥʥʳʝ 



 
 

сл 
 

ʨʘʥʝʝ ʧʨʝʜʧʦʣʦʞʝʥʠʷ ʦ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʩʪʫʧʝʥʯʘʪʦʤ ʦʙʨʘʟʦʚʘʥʠʠ 

ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʥʘʥʦʯʘʩʪʠʮ ʥʘ ʷʜʨʘʭ ʧʣʘʪʠʥʳ.  

 

ʈʠʩʫʥʦʢ 3.5 ï ʕɼʉ-ʢʘʨʪʠʨʦʚʘʥʠʝ ʦʙʨʘʟʮʘ PC3. ʌʦʪʦʛʨʘʬʠʷ ʉʊʕʄ 

ʬʨʘʛʤʝʥʪʘ ʢʘʪʘʣʠʟʘʪʦʨʘ (ʘ) ʠ ʢʘʨʪʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʩʝʭ ʘʥʘʣʠʟʠʨʫʝʤʳʭ 

ʵʣʝʤʝʥʪʦʚ (ʙ): ʫʛʣʝʨʦʜʘ (ʚ), ʢʠʩʣʦʨʦʜʘ (ʛ), ʤʝʜʠ (ʜ) ʠ ʧʣʘʪʠʥʳ (ʝ) 

 

ʊʘʢʞʝ, ʧʦʩʨʝʜʩʪʚʦʤ ʩʢʘʥʠʨʦʚʘʥʠʷ ʚ ʣʠʥʠʶ, ʙʳʣ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥ ʩʦʩʪʘʚ 

ʦʜʥʦʡ ʥʘʥʦʯʘʩʪʠʮʳ ʚ ʤʘʪʝʨʠʘʣʝ PC3, ʩʢʘʥʠʨʫʝʤʦʤ ʚ ʣʠʥʠʶ. ʕʪʘ ʧʨʦʮʝʜʫʨʘ 

ʧʨʦʚʦʜʠʣʘʩʴ ʜʣʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʨʫʧʥʦʡ ʯʘʩʪʠʮʳ ʨʘʟʤʝʨʦʤ ʦʢʦʣʦ 8 ʥʘʥʦʤʝʪʨʦʚ 

(ʨʠʩʫʥʦʢ 3.6). ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʢʦʥʮʝʥʪʨʘʮʠʷ 

ʧʣʘʪʠʥʳ ʧʦ ʢʨʘʷʤ ʯʘʩʪʠʮʳ ʧʨʝʚʳʰʘʝʪ ʢʦʥʮʝʥʪʨʘʮʠʶ ʤʝʜʠ, ʘ ʮʝʥʪʨʘʣʴʥʘʷ 



 
 

см 
 

ʯʘʩʪʴ ʯʘʩʪʠʮʳ ʦʙʦʛʘʱʝʥʘ ʤʝʜʴʶ (ʨʠʩʫʥʦʢ 3.6). ʇʨʠ ʵʪʦʤ U-ʦʙʨʘʟʥʦʛʦ 

ʩʥʠʞʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʣʘʪʠʥʳ, ʭʘʨʘʢʪʝʨʥʦʛʦ ʜʣʷ ʥʘʥʦʯʘʩʪʠʮ ʩ 

ʢʣʘʩʩʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʦʡ ʦʙʦʣʦʯʢʘ(Pt)-ʷʜʨʦ(Cu), ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʅʏ ʥʝ 

ʥʘʙʣʶʜʘʝʪʩʷ [130]. ʊʘʢʦʡ ʪʠʧ ʠʟʤʝʥʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ 

ʛʨʘʜʠʝʥʪʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʢʦʤʧʦʥʝʥʪʦʚ, ʢʦʛʜʘ ʥʝ ʪʦʣʴʢʦ ʦʙʦʣʦʯʢʘ, ʥʦ ʠ 

ʷʜʨʦ ʥʘʥʦʯʘʩʪʠʮʳ ʦʙʦʛʘʱʝʥʳ ʧʣʘʪʠʥʦʡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʣʘʩʩʠʯʝʩʢʦʡ 

ʩʪʨʫʢʪʫʨʦʡ ʦʙʦʣʦʯʢʘ-ʷʜʨʦ [130]. ʆʪʤʝʪʠʤ ʪʘʢʞʝ, ʯʪʦ ʢʦʥʮʝʥʪʨʘʮʠʷ ʢʠʩʣʦʨʦʜʘ 

ʥʝʩʢʦʣʴʢʦ ʧʦʚʳʰʝʥʘ ʚ ʤʝʩʪʝ ʣʦʢʘʣʠʟʘʮʠʠ ʥʘʥʦʯʘʩʪʠʮ (ʨʠʩʫʥʦʢ 3.6), ʯʪʦ 

ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʘʜʩʦʨʙʮʠʝʡ ʢʠʩʣʦʨʦʜʘ ʥʘ ʧʣʘʪʠʥʝ ʠ/ʠʣʠ ʥʘʣʠʯʠʝʤ 

ʥʝʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʘʤʦʨʬʠʟʠʨʦʚʘʥʥʳʭ ʦʢʩʠʜʦʚ ʤʝʜʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʯʘʩʪʠʮ [14]. 

 

ʈʠʩʫʥʦʢ 3.6 ï ʌʦʪʦʛʨʘʬʠʷ ʉʊʕʄ (ʘ) ʠ ʨʝʟʫʣʴʪʘʪ ʣʠʥʝʡʥʦʛʦ ʕɼʉ 

ʩʢʘʥʠʨʦʚʘʥʠʷ (ʙ) PtCu ʅʏ ʩ ʥʝʨʘʚʥʦʤʝʨʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʢʦʤʧʦʥʝʥʪʦʚ ʧʦ 

ʦʙʲʝʤʫ ʚ ʦʙʨʘʟʮʝ PC3 

 

ʈʝʟʫʣʴʪʘʪʳ ʇʕʄ, ʵʣʝʤʝʥʪʥʦʛʦ ʢʘʨʪʠʨʦʚʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʢʘʪʘʣʠʟʘʪʦʨʘ ʠ 

ʘʥʘʣʠʟʘ ʩʦʩʪʘʚʘ ʠʥʜʠʚʠʜʫʘʣʴʥʦʡ ʥʘʥʦʯʘʩʪʠʮʳ ʧʦʜʪʚʝʨʞʜʘʶʪ ʥʘʰʝ 

ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦ ʪʦʤ, ʯʪʦ ʩʚʝʨʭʤʘʣʳʝ ʥʘʥʦʯʘʩʪʠʮʳ ʧʣʘʪʠʥʳ ʤʦʛʫʪ ʩʣʫʞʠʪʴ 

ʮʝʥʪʨʘʤʠ ʧʦʩʣʝʜʫʶʱʝʛʦ ʨʦʩʪʘ ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʥʘʥʦʯʘʩʪʠʮ PtCu ʩ 

ʛʨʘʜʠʝʥʪʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʢʦʤʧʦʥʝʥʪʦʚ. 
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3.3 ʀʟʫʯʝʥʠʝ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʛʦ ʧʦʚʝʜʝʥʠʷ PtCu/C ʢʘʪʘʣʠʟʘʪʦʨʦʚ 

ʥʘ ʧʣʘʪʠʥʦʚʳʭ ʷʜʨʘʭ 

ʕʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʥʘ ʜʘʥʥʦʤ ʵʪʘʧʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʟʫʯʘʣʠʩʴ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʝʪʦʜʠʢʠ ʧʨʠʛʦʪʦʚʣʝʥʠʷ 

ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʯʝʨʥʠʣ ˉ1. 

ʕʍ ʘʢʪʠʚʘʮʠʷ ʦʙʨʘʟʮʦʚ ʚʳʧʦʣʥʷʣʘʩʴ ʧʫʪʝʤ ʚʦʣʴʪʘʤʧʝʨʥʦʛʦ 

ʮʠʢʣʠʨʦʚʘʥʠʷ ʚ ʜʠʘʧʘʟʦʥʝ ʧʦʪʝʥʮʠʘʣʦʚ 0.04ï1.2 ɺ ʚ ʘʪʤʦʩʬʝʨʝ ʘʨʛʦʥʘ. ʅʘ 

ʎɺɸ ʩʪʘʜʠʠ ʕʍ ʘʢʪʠʚʘʮʠʠ ʥʘʙʣʶʜʘʝʪʩʷ ʩʪʘʥʜʘʨʪʠʟʘʮʠʷ ʧʦʚʝʨʭʥʦʩʪʠ 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ (ʠʟʤʝʥʝʥʠʝ ʪʦʢʦʚ), ʧʨʠʯʝʤ ʜʣʷ PtCu/C ʦʙʨʘʟʮʦʚ ʦʥʘ ʧʨʦʭʦʜʠʪ 

ʙʳʩʪʨʝʝ, ʯʝʤ ʜʣʷ ʢʦʤʤʝʨʯʝʩʢʦʛʦ Pt/C, ʢʦʪʦʨʳʡ ʩʪʘʥʜʘʨʪʠʟʠʨʫʝʪʩʷ ʚ ʪʝʯʝʥʠʠ 

ʚʩʝʭ 100 ʚʦʣʴʪʘʤʧʝʨʥʳʭ ʮʠʢʣʦʚ (ʨʠʩʫʥʦʢ 3.7). ʊʘʢʞʝ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʘ 

ʎɺɸ ʧʣʘʪʠʥʦʤʝʜʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ ʧʠʢʦʚ ʨʘʩʪʚʦʨʝʥʠʷ ʤʝʜʠ 

ʠʟ ʩʦʙʩʪʚʝʥʥʦʡ ʬʘʟʳ [6,85].  

 

ʈʠʩʫʥʦʢ 3.7 ï 100 ʎɺɸ, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʥʘ ʩʪʘʜʠʠ ʕʍ ʘʢʪʠʚʘʮʠʠ 

ʦʙʨʘʟʮʦʚ PtCu/C (ʘ-ʙ) ʠ ʢʦʤʤʝʨʯʝʩʢʦʛʦ Pt/C ʘʥʘʣʦʛʘ (ʛ). 200 ʤɺ/ʩ, 0.1 ʄ 

HClO4, ʘʪʤʦʩʬʝʨʘ Ar 

 



 
 

со 
 

ʎʠʢʣʠʯʝʩʢʠʝ ʚʦʣʴʪʘʤʧʝʨʦʛʨʘʤʤʳ PtCu/C ʦʙʨʘʟʮʦʚ, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʝ 

ʧʦʩʣʝ ʘʢʪʠʚʘʮʠʠ ʢʘʪʘʣʠʟʘʪʦʨʦʚ (ʨʠʩʫʥʦʢ 3.8 ʘ-ʚ) ʠʤʝʶʪ ʚʠʜ, ʭʘʨʘʢʪʝʨʥʳʡ ʜʣʷ 

ʥʘʥʦʯʘʩʪʠʮ ʧʣʘʪʠʥʳ ʠʣʠ ʝʝ ʩʧʣʘʚʦʚ, ʥʘʥʝʩʝʥʥʳʭ ʥʘ ʧʦʨʠʩʪʳʡ ʫʛʣʝʨʦʜʥʳʡ 

ʥʦʩʠʪʝʣʴ [14,28,58,94]. ʎɺɸ ʚʢʣʶʯʘʶʪ ʚʦʜʦʨʦʜʥʫʶ (~0.04-0.35 ɺ), 

ʜʚʦʡʥʦʩʣʦʡʥʫʶ (~0.35-0.65 ɺ) ʠ ʢʠʩʣʦʨʦʜʥʫʶ (~0.65-1.2 ɺ) ʦʙʣʘʩʪʠ [6,14]. 

 

ʈʠʩʫʥʦʢ 3.8 ï 2 ʎɺɸ PtCu/C ʠ ʢʦʤʤʝʨʯʝʩʢʦʛʦ Pt/C ʢʘʪʘʣʠʟʘʪʦʨʘ ʧʦʩʣʝ ʕʍ 

ʘʢʪʠʚʘʮʠʠ, ʘʪʤʦʩʬʝʨʘ Ar (ʘ); ʢʨʠʚʳʝ ʈɺʂ (ʙ). 1600 ʦʙ/ʤʠʥ, ʘʪʤʦʩʬʝʨʘ O2; 

ʟʘʚʠʩʠʤʦʩʪʠ ʚ ʢʦʦʨʜʠʥʘʪʘʭ ʂʦʫʪʝʮʢʦʛʦ-ʃʝʚʠʯʘ ʧʨʠ ɽ=0.90 ɺ (ʚ). 20 ʤɺ/ʩ, 0.1 

ʄ HClO4  

 

ʉʦʜʝʨʞʘʥʠʝ ʤʝʜʠ ʚ ʢʘʪʘʣʠʟʘʪʦʨʘʭ ʫʤʝʥʴʰʘʝʪʩʷ ʧʦʩʣʝ ʕʍ ʘʢʪʠʚʘʮʠʠ ʚ 2.5, 

3.0 ʠ 2.6 ʨʘʟ ʜʣʷ ʤʘʪʝʨʠʘʣʦʚ PC1, PC2 ʠ PC3, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʨʠʩʫʥʦʢ 3.9). ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʧʦʩʣʝ ʘʢʪʠʚʘʮʠʠ ʩʦʩʪʘʚʳ ʤʘʪʝʨʠʘʣʦʚ ʥʘʭʦʜʷʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ 

PtCu0.23ïPtCu0.32. ʉʫʱʝʩʪʚʝʥʥʦʝ ʥʝʩʦʦʪʚʝʪʩʪʚʠʝ ʩʦʩʪʘʚʘ ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʭ 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʚ ʩʦʩʪʦʷʥʠʷʭ çʢʘʢ ʧʦʣʫʯʝʥʦè ʠ ʧʦʩʣʝ ʕʍ ʘʢʪʠʚʘʮʠʠ 

ʭʘʨʘʢʪʝʨʥʘʷ ʩʠʪʫʘʮʠʷ ʜʣʷ PtM/C ʩʠʩʪʝʤ [24,27,30,120], ʭʦʪʷ ʠ ʥʝ ʚʩʝʛʜʘ 
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ʘʥʘʣʠʟʠʨʫʝʤʘʷ ʚ ʥʘʫʯʥʳʭ ʧʫʙʣʠʢʘʮʠʷʭ. ʅʘʠʤʝʥʴʰʝʝ ʦʩʪʘʪʦʯʥʦʝ ʩʦʜʝʨʞʘʥʠʝ 

ʤʝʜʠ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʤʘʪʝʨʠʘʣʘ PC2 (ʨʠʩʫʥʦʢ 3.9).  

 

ʈʠʩʫʥʦʢ 3.9 ï ʉʦʜʝʨʞʘʥʠʝ ʤʝʜʠ ʚ PtCu/C ʢʘʪʘʣʠʟʘʪʦʨʘʭ ʥʘ ʨʘʟʣʠʯʥʳʭ 

ʵʪʘʧʘʭ ʠʩʩʣʝʜʦʚʘʥʠʷ 

 

ʇʦ-ʚʠʜʠʤʦʤʫ, ʥʘʨʷʜʫ ʩ ʦʙʦʛʘʱʝʥʠʝʤ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘʥʦʯʘʩʪʠʮ ʧʣʘʪʠʥʦʡ, 

ʨʘʩʪʚʦʨʝʥʠʝ ʤʝʜʠ ʧʨʠʚʦʜʠʪ ʢ ʝʸ ʨʘʟʚʠʪʠʶ [6]. ʇʦʵʪʦʤʫ ʕʍɸʇ PC2 (50 

ʤ2/ʛ(Pt)), ʦʢʘʟʘʣʘʩʴ ʥʝʩʢʦʣʴʢʦ ʚʳʰʝ, ʯʝʤ ʫ PC1 (43 ʤ2/ʛ(Pt)) ʠ PC3 (45 ʤ2/ʛ(Pt)) 

(ʪʘʙʣʠʮʘ 3.2). ʊʝʤ ʥʝ ʤʝʥʝʝ, ʟʥʘʯʝʥʠʷ ʕʍɸʇ ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʭ PtCu/C 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʟʘʤʝʪʥʦ ʫʩʪʫʧʘʶʪ ʕʍɸʇ ʢʦʤʤʝʨʯʝʩʢʦʛʦ Pt/C, ʯʪʦ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʣʠʪʝʨʘʪʫʨʥʳʤ ʜʘʥʥʳʤ [77,131]. ʈʘʥʝʝ Jovanoviļ ʠ ʩʦʘʚʪ. 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʟʥʘʯʝʥʠʝ ʕʍɸʇ PtCu ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʢʦʣʠʯʝʩʪʚʦʤ ʨʘʩʪʚʦʨʝʥʥʦʡ 

ʤʝʜʠ ʠʟ ʅʏ [29]. ɸʚʪʦʨʳ [29] ʜʝʣʘʶʪ ʚʳʚʦʜ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ ʧʦʨʠʩʪʦʩʪʠ 

ʥʘʥʦʯʘʩʪʠʮ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʝʣʝʢʪʠʚʥʦʛʦ ʨʘʩʪʚʦʨʝʥʠʷ ʤʝʜʠ ʧʨʠʚʦʜʠʪ ʢ 

ʫʚʝʣʠʯʝʥʠʶ ʕʍɸʇ ʢʘʪʘʣʠʟʘʪʦʨʘ, ʯʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʧʦʣʫʯʝʥʥʳʤʠ ʚ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʛʣʘʚʝ ʜʘʥʥʳʤʠ. 

ɺʤʝʩʪʝ ʩ ʪʝʤ, ʧʨʝʜʣʦʞʝʥʥʳʡ ʥʘʤʠ ʤʝʪʦʜ ʩʠʥʪʝʟʘ çʣʫʢʦʚʠʯʥʳʭè PtCu 

ʥʘʥʦʯʘʩʪʠʮ ʧʨʠʚʝʣ ʢ ʜʦʩʪʠʞʝʥʠʶ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʟʥʘʯʝʥʠʡ ʕʍɸʇ, ʯʝʤ ʫ 

PtCu/ʉ ʢʘʪʘʣʠʟʘʪʦʨʦʚ, ʦʧʠʩʘʥʥʳʭ ʚ ʣʠʪʝʨʘʪʫʨʝ [34,36,63,98]. 



 
 

ср 
 

ʇʦʪʝʥʮʠʦʜʠʥʘʤʠʯʝʩʢʠʝ ʢʨʠʚʳʝ ʈɺʂ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 3.8 ʙ. ɼʣʷ 

ʚʩʝʭ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʦʚ ʈɺʂ ʧʨʦʪʝʢʘʝʪ ʧʦ ʭʘʨʘʢʪʝʨʥʦʤʫ ʜʣʷ ʧʣʘʪʠʥʳ 

ʯʝʪʳʨʝʭʵʣʝʢʪʨʦʥʥʦʤʫ ʤʝʭʘʥʠʟʤʫ (ʯʠʩʣʦ ʵʣʝʢʪʨʦʥʦʚ ʙʣʠʟʢʦ ʢ 4) (ʪʘʙʣʠʮʘ 3.2) 

[14]. ʇʦʪʝʥʮʠʘʣ ʧʦʣʫʚʦʣʥʳ ʜʣʷ ʚʩʝʭ ʧʣʘʪʠʥʦʤʝʜʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʚʳʰʝ, ʯʝʤ 

ʜʣʷ Pt/C, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʭ 

ʤʘʪʝʨʠʘʣʦʚ.  

ʊʘʙʣʠʮʘ 3.2 ʕʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ PtCu/C ʠ Pt/C ʤʘʪʝʨʠʘʣʦʚ 

ʆʙʨʘʟʝʮ 
ʕʍɸʇ Haʜʩ, 

ʤ2/ʛ(Pt) 

Iʄɸʉʉ, 

A/ʛ(Pt) 

Iʫʜ, 

A/ʤ2(Pt) 

ʏʠʩʣʦ 

ʵʣʝʢʪʨʦʥʦʚ 
ɽ1/2, ɺ 

PC1 43 255 5.9 3.8 0.92 

PC2 50 317 6.4 4.1 0.93 

PC3 45 381 8.5 3.9 0.93 

JM20 80 180 2.2 3.8 0.92 

 

ɸʥʘʣʠʟ ʧʨʷʤʳʭ, ʧʦʩʪʨʦʝʥʥʳʭ ʚ ʢʦʦʨʜʠʥʘʪʘʭ ʂʦʫʪʝʮʢʦʛʦ-ʃʝʚʠʯʘ 

(ʨʠʩʫʥʦʢ 3.8 ʙ), ʧʦʟʚʦʣʠʣ ʨʘʩʩʯʠʪʘʪʴ ʘʢʪʠʚʥʦʩʪʠ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʦʙʨʘʟʮʦʚ ʚ 

ʈɺʂ. ʅʘʠʤʝʥʴʰʝʝ ʟʥʘʯʝʥʠʝ ʩʚʦʙʦʜʥʦʛʦ ʯʣʝʥʘ ʚ ʫʨʘʚʥʝʥʠʷʭ ʧʨʷʤʳʭ ʚ j-1 ï ɤ-0.5 

(ʨʠʩʫʥʦʢ 3.8 ʙ) ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʦʙʨʘʟʮʘ ʈʉ3 

ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʜʨʫʛʠʤʠ ʠʟʫʯʝʥʥʳʤʠ PtCu/C ʤʘʪʝʨʠʘʣʘʤʠ ʠ Pt/C ʢʘʪʘʣʠʟʘʪʦʨʦʤ. 

ʋʜʝʣʴʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʠ ʤʘʩʩ-ʘʢʪʠʚʥʦʩʪʴ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʚ ʈɺʂ ʨʘʩʪʫʪ ʚ ʨʷʜʫ 

JM20<<PC1<PC2<PC3 (ʪʘʙʣʠʮʘ 3.2).  

ʇʨʠʯʠʥʳ ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ ʘʢʪʠʚʥʦʩʪʝʡ PtCu/C 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ PC1-PC3 ʚ ʈɺʂ ʥʝ ʚʧʦʣʥʝ ʷʩʥʳ, ʧʦʩʢʦʣʴʢʫ ʚ ʵʪʦʤ ʨʷʜʫ ʥʝ 

ʥʘʙʣʶʜʘʝʪʩʷ ʟʘʢʦʥʦʤʝʨʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʦʩʪʘʪʦʯʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʤʝʜʠ ʚ 

ʢʘʪʘʣʠʟʘʪʦʨʘʭ (ʨʠʩʫʥʦʢ 3.9) ʠʣʠ ʚʝʣʠʯʠʥʳ ʕʍɸʇ (ʪʘʙʣʠʮʘ 3.2). ɺʤʝʩʪʝ ʩ ʪʝʤ, 

ʚ ʨʷʜʫ P1 ï P3 ʨʘʩʪʝʪ ʤʘʩʩʦʚʘʷ ʜʦʣʷ ʧʣʘʪʠʥʳ, ʘ ʟʥʘʯʠʪ ʨʘʩʪʝʪ ʯʠʩʣʦ ʠ/ʠʣʠ 

ʨʘʟʤʝʨ ʥʘʥʦʯʘʩʪʠʮ ʧʣʘʪʠʥʳ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʢʘʯʝʩʪʚʝ ʷʜʝʨ ʜʣʷ 

ʧʦʩʣʝʜʫʶʱʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ PtCu ʅʏ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʦʩʪʘ ʯʠʩʣʘ ʠ/ʠʣʠ ʨʘʟʤʝʨʘ 

ʟʘʨʦʜʳʰʝʡ ʜʦʣʷ ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʯʘʩʪʠʮ, ʚʳʨʦʩʰʠʭ ʥʘ ʧʣʘʪʠʥʦʚʳʭ ʷʜʨʘʭ, 



 
 

сс 
 

ʜʦʣʞʥʘ ʨʘʩʪʠ ʚ ʨʷʜʫ PC1<PC2<PC3. ʉʪʨʫʢʪʫʨʘ ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʥʘʥʦʯʘʩʪʠʮ 

ʚ ʵʪʦʤ ʨʷʜʫ ʪʦʞʝ ʜʦʣʞʥʘ ʟʘʢʦʥʦʤʝʨʥʦ ʠʟʤʝʥʷʪʴʩʷ. ɽʩʣʠ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ 

ʚʩʝ ʅʏ ʧʣʘʪʠʥʳ ʚ ʤʘʪʝʨʠʘʣʘʭ P1 ï P3 ʩʪʘʣʠ ʮʝʥʪʨʘʤʠ ʨʦʩʪʘ ʅʏ PtCu ʥʘ ʚʪʦʨʦʡ 

ʩʪʘʜʠʠ ʩʠʥʪʝʟʘ, ʪʦ ʜʦʣʷ ʧʣʘʪʠʥʳ ʚ ʷʜʨʝ ʅʏ ʚ PC1, PC2 ʠ PC3 ʢʘʪʘʣʠʟʘʪʦʨʘʭ 

ʩʦʩʪʘʚʠʣʘ ʙʳ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 23.4, 32.7 ʠ 39.5 ʤʘʩʩ. % ʦʪ ʝʝ ʦʙʱʝʛʦ 

ʩʦʜʝʨʞʘʥʠʷ ʚ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʢʦʤʧʦʥʝʥʪʝ ʵʪʠʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ. ɺ ʮʝʣʦʤ ʥʝ 

ʚʳʟʳʚʘʝʪ ʩʦʤʥʝʥʠʷ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʚʩʝ ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʝ ʵʣʝʢʪʨʦʢʘʪʘʣʠʟʘʪʦʨʳ 

ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʘʢʪʠʚʥʦʩʪʴ ʚ ʈɺʂ, ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʳʰʘʶʱʫʶ ʪʘʢʦʚʫʶ ʜʣʷ 

Pt/C (JM20) (ʪʘʙʣʠʮʘ 3.2). ʊʘʢʞʝ ʦʯʝʚʠʜʥʦ, ʯʪʦ ʧʨʠʯʠʥʦʡ ʧʦʚʳʰʝʥʥʦʡ 

ʘʢʪʠʚʥʦʩʪʠ ʧʣʘʪʠʥʳ ʷʚʣʷʝʪʩʷ ʧʨʦʤʦʪʠʨʫʶʱʝʝ ʚʣʠʷʥʠʝ ʘʪʦʤʦʚ ʤʝʜʠ, 

ʩʦʭʨʘʥʷʶʱʠʭʩʷ ʚ ʩʦʩʪʘʚʝ ʩʝʣʝʢʪʠʚʥʦ ʨʘʩʪʚʦʨʝʥʥʳʭ ʅʏ (ʨʠʩʫʥʦʢ 3.10) [6,14]. 

 

ʈʠʩʫʥʦʢ 3.10 ï ʉʭʝʤʘʪʠʯʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʅʏ ʥʘ ʨʘʟʥʳʭ ʵʪʘʧʘʭ 

ʠʩʩʣʝʜʦʚʘʥʠʷ: ʠʩʭʦʜʥʘʷ, ʧʦʩʣʝ ʕʍ ʘʢʪʠʚʘʮʠʠ ʠ ʧʦʩʣʝ ʩʪʨʝʩʩ-ʪʝʩʪʘ  

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʘʣʦʨʘʟʤʝʨʥʳʭ ʥʘʥʦʯʘʩʪʠʮ ʧʣʘʪʠʥʳ ʚ 

ʢʘʯʝʩʪʚʝ ʮʝʥʪʨʦʚ ʧʦʩʣʝʜʫʶʱʝʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʤʝʜʠ ʠ ʧʣʘʪʠʥʳ ʧʨʠ 

ʧʦʰʘʛʦʚʦʤ ʩʠʥʪʝʟʝ PtCu ʅʏ ʧʦʣʦʞʠʪʝʣʴʥʦ ʚʣʠʷʝʪ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʩʪʨʫʢʪʫʨʳ ʯʘʩʪʠʮ, ʢʦʪʦʨʳʝ ʧʦʩʣʝ ʨʝʦʨʛʘʥʠʟʘʮʠʠ, ʩʭʝʤʘʪʠʯʝʩʢʠ ʠʟʦʙʨʘʞʝʥʥʦʡ 

ʥʘ ʨʠʩʫʥʢʝ 3.10, ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʚʳʩʦʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʚ ʈɺʂ.  

ʇʦʣʫʯʝʥʥʳʝ ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʝ ʠ ʢʦʤʤʝʨʯʝʩʢʠʡ ʦʙʨʘʟʮʳ ʧʦʜʚʝʨʛʣʠʩʴ 

ʩʪʨʝʩʩ-ʪʝʩʪʠʨʦʚʘʥʠʶ ʚ ʪʝʯʝʥʠʝ 5000 ʮʠʢʣʦʚ ʚ ʜʠʘʧʘʟʦʥʝ ʧʦʪʝʥʮʠʘʣʦʚ 0.6ï1.0 

ɺ ʚ ʘʪʤʦʩʬʝʨʝ ʘʨʛʦʥʘ [14]. ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʪʘʙʠʣʴʥʦʩʪʠ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʚ ʭʦʜʝ 

ʫʩʢʦʨʝʥʥʳʭ ʠʩʧʳʪʘʥʠʡ ʧʦʢʘʟʘʣʦ, ʯʪʦ PtCu/C ʤʘʪʝʨʠʘʣʳ ʜʝʛʨʘʜʠʨʫʶʪ ʚ 

ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ, ʯʝʤ ʢʦʤʤʝʨʯʝʩʢʠʡ Pt/C (ʨʠʩʫʥʦʢ 3.11). ʇʦʩʣʝ 5000 ʮʠʢʣʦʚ 



 
 

ст 
 

ʩʪʨʝʩʩ-ʪʝʩʪʘ ʕʍɸʇ ʢʦʤʤʝʨʯʝʩʢʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ ʩʥʠʟʠʣʘʩʴ ʥʘ 23%, ʚ ʪʦ ʚʨʝʤʷ 

ʢʘʢ ʕʍɸʇ ʧʣʘʪʠʥʦʤʝʜʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ï ʥʘ 7ï14% (ʨʠʩʫʥʦʢ 3.11 ʘ).  

 

ʈʠʩʫʥʦʢ 3.11 ï ɻʠʩʪʦʛʨʘʤʤʳ ʠʟʤʝʥʝʥʠʷ ʕʍɸʇ (ʘ) ʠ ʤʘʩʩ-ʘʢʪʠʚʥʦʩʪʠ ʚ 

ʈɺʂ (ʙ) ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʪʨʝʩʩ-ʪʝʩʪʠʨʦʚʘʥʠʷ (5000 ʮʠʢʣʦʚ, 0.6ï1.0 ɺ, 100 ʤɺ/ʩ). 

ʉʪʨʝʣʢʠ ʥʘʧʨʘʚʣʝʥʥʳʝ ʚʥʠʟ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʫʤʝʥʴʰʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʥʘ 

ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʟʥʘʯʝʥʠʝ (%), ʥʘʧʨʘʚʣʝʥʥʳʝ ʚʚʝʨʭ ï ʫʚʝʣʠʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ 

 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʩʨʘʚʥʝʥʠʷ ʎɺɸ ʜʦ ʠ ʧʦʩʣʝ ʩʪʨʝʩʩ-ʪʝʩʪʠʨʦʚʘʥʠʷ, 

ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʩʥʠʞʝʥʠʝ ʪʦʢʦʚ ʚ ʚʦʜʦʨʦʜʥʦʡ ʦʙʣʘʩʪʠ ʎɺɸ ʭʘʨʘʢʪʝʨʥʦ 

PtCu/C ʥʘ ʧʨʠʤʝʨʝ ʦʙʨʘʟʮʘ PC2 (ʨʠʩʫʥʦʢ 3.12) [132]. ʇʦʜʦʙʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʚ 

ʧʦʚʝʜʝʥʠʠ ʧʣʘʪʠʥʦʤʝʜʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʙʳʣʠ ʦʪʤʝʯʝʥʳ ʨʘʥʝʝ ʚ 

[51,77,132,133]. 

 

ʈʠʩʫʥʦʢ 3.12 ï 2 ʎɺɸ PtCu/C ʦʙʨʘʟʮʘ PC2 (ʘ) ʠ ʢʦʤʤʝʨʯʝʩʢʦʛʦ Pt/C (ʙ) 

ʜʦ ʠ ʧʦʩʣʝ ʩʪʨʝʩʩ-ʪʝʩʪʘ. 20 ʤɺ/ʩ, 0.1 ʄ HClO4, ʘʪʤʦʩʬʝʨʘ Ar 

 



 
 

су 
 

ɽʱʝ ʙʦʣʝʝ ʚʘʞʥʳʤ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʧʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ 

ʩʪʨʝʩʩ-ʪʝʩʪʠʨʦʚʘʥʠʷ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʤʘʩʩ-ʘʢʪʠʚʥʦʩʪʴ ʚ ʈɺʂ ʜʣʷ ʥʘʠʙʦʣʝʝ 

ʵʬʬʝʢʪʠʚʥʦʛʦ ʧʣʘʪʠʥʦʤʝʜʥʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ PC3 ʫʤʝʥʴʰʠʣʘʩʴ ʚʩʝʛʦ ʥʘ 5%, ʚ 

ʪʦ ʚʨʝʤʷ ʢʘʢ ʜʣʷ Pt/C ï ʥʘ 67% (ʨʠʩʫʥʦʢ 3.11 ʙ). ʅʘʠʙʦʣʴʰʠʝ ʥʝʛʘʪʠʚʥʳʝ 

ʠʟʤʝʥʝʥʠʷ ʚ ʜʠʬʬʫʟʠʦʥʥʦ-ʢʠʥʝʪʠʯʝʩʢʦʡ ʦʙʣʘʩʪʠ ʚʦʣʴʪʘʤʧʝʨʦʛʨʘʤʤ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʩʪʨʝʩʩ-ʪʝʩʪʠʨʦʚʘʥʠʷ ʥʘʙʣʶʜʘʶʪʩʷ ʜʣʷ ʢʦʤʤʝʨʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ 

(ʨʠʩʫʥʦʢ 3.13 ʘ-ʚ), ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚʠʜ ʚʦʣʴʪʘʤʧʝʨʦʛʨʘʤʤ ʜʣʷ PtCu/ʉ ʦʙʨʘʟʮʦʚ 

ʤʝʥʷʝʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʦ (ʨʠʩʫʥʦʢ 3.13 ʛ).  

 

ʈʠʩʫʥʦʢ 3.13 ï ʂʨʠʚʳʝ ʈɺʂ ʜʣʷ PtCu/C (ʘ-ʚ) ʠ ʢʦʤʤʝʨʯʝʩʢʦʛʦ Pt/C (ʛ) 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʜʦ ʠ ʧʦʩʣʝ ʩʪʨʝʩʩ-ʪʝʩʪʘ. 20 ʤɺ/ʩ, 1600 ʦʙ/ʤʠʥ, 0.1 ʄ HClO4, 

ʘʪʤʦʩʬʝʨʘ O2 

 

ɼʣʷ ʦʙʨʘʟʮʘ JM20 ʪʘʢʞʝ ʥʘʙʣʶʜʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦʝ ʫʤʝʥʴʰʝʥʠʝ 

ʧʦʪʝʥʮʠʘʣʘ ʢʠʩʣʦʨʦʜʥʦʡ ʧʦʣʫʚʦʣʥʳ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʜʣʷ ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʭ 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʵʪʦʪ ʧʘʨʘʤʝʪʨ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʤʝʥʷʝʪʩʷ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʫʜʝʣʴʥʘʷ 

ʘʢʪʠʚʥʦʩʪʴ Pt/C ʢʘʪʘʣʠʟʘʪʦʨʘ ʚ ʈɺʂ ʧʘʜʘʝʪ ʧʦʩʣʝ ʩʪʨʝʩʩ-ʪʝʩʪʠʨʦʚʘʥʠʷ ʙʦʣʝʝ 

ʯʝʤ ʚ 2 ʨʘʟʘ (ʦʪ 2.2 ʜʦ 1.0 ɸ/ʤ2(Pt)), ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʜʣʷ PC2 ʠʟʤʝʥʷʝʪʩʷ 



 
 

сф 
 

ʥʝʟʥʘʯʠʪʝʣʴʥʦ, ʘ ʜʣʷ PC1 ʠ PC3 ʜʘʞʝ ʚʦʟʨʘʩʪʘʝʪ ʠ ʩʦʩʪʘʚʣʷʝʪ ʦʪ 4.6 (PC2) ʜʦ 

8.2 (PC3) ɸ/ʤ2(Pt). 

ɺʘʞʥʦ, ʯʪʦ ʩʦʩʪʘʚʳ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʢʦʤʧʦʥʝʥʪʳ ʧʣʘʪʠʥʦʤʝʜʥʳʭ 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ PC1 (PtCu0.29) ʠ PC2 (PtCu0.22) ʧʦʩʣʝ ʩʪʨʝʩʩ-ʪʝʩʪʘ ʤʝʥʷʶʪʩʷ 

ʥʝʟʥʘʯʠʪʝʣʴʥʦ, ʘ ʚ ʩʣʫʯʘʝ PC3 (PtCu0.26) ï ʧʨʘʢʪʠʯʝʩʢʠ ʦʩʪʘʝʪʩʷ ʙʝʟ ʠʟʤʝʥʝʥʠʡ 

(ʨʠʩʫʥʦʢ 3.9). ʇʦ-ʚʠʜʠʤʦʤʫ, ʚ ʧʨʦʮʝʩʩʝ ʤʥʦʛʦʢʨʘʪʥʦʛʦ ʮʠʢʣʠʨʦʚʘʥʠʷ 

ʧʦʪʝʥʮʠʘʣʘ ʧʨʦʠʩʭʦʜʠʪ ʟʘʣʝʯʠʚʘʥʠʝ ʜʝʬʝʢʪʦʚ Pt-ʦʙʦʣʦʯʢʠ, ʧʨʠʚʦʜʷʱʝʝ ʢ 

ʬʦʨʤʠʨʦʚʘʥʠʶ ʩʪʘʙʠʣʴʥʦʡ ʩʪʨʫʢʪʫʨʳ ʥʘʥʦʯʘʩʪʠʮ ʪʠʧʘ ʦʙʦʣʦʯʢʘ-ʷʜʨʦ, 

ʧʨʝʧʷʪʩʪʚʫʶʱʝʡ ʜʘʣʴʥʝʡʰʝʤʫ ʨʘʩʪʚʦʨʝʥʠʶ ʤʝʜʠ (ʨʠʩʫʥʦʢ 3.10). ʊʘʢʘʷ 

ʨʝʦʨʛʘʥʠʟʘʮʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘʥʦʯʘʩʪʠʮ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʳʤ 

ʫʤʝʥʴʰʝʥʠʝʤ ʕʍɸʇ (ʨʠʩʫʥʦʢ 3.11, ʨʠʩʫʥʦʢ 3.12), ʦʜʥʘʢʦ ʧʦʟʠʪʠʚʥʦʝ ʚʣʠʷʥʠʝ 

ʣʝʛʠʨʫʶʱʝʛʦ ʢʦʤʧʦʥʝʥʪʘ ʥʘ ʘʢʪʠʚʥʦʩʪʴ ʧʣʘʪʠʥʳ ʚ ʈɺʂ ʧʨʠ ʵʪʦʤ ʩʦʭʨʘʥʷʝʪʩʷ 

[14]. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʭʦʨʦʰʦ ʢʦʨʨʝʣʠʨʫʶʪ ʩ ʠʟʚʝʩʪʥʳʤʠ 

ʣʠʪʝʨʘʪʫʨʥʳʤʠ ʜʘʥʥʳʤʠ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʧʦ ʜʘʥʥʳʤ [131] ʢʦʤʤʝʨʯʝʩʢʠʡ 

ʢʘʪʘʣʠʟʘʪʦʨ JM20 ʧʨʠ ʮʠʢʣʠʨʦʚʘʥʠʠ ʚ ʜʠʘʧʘʟʦʥʝ ʧʦʪʝʥʮʠʘʣʦʚ 0.6ï1.0 ɺ 

ʧʦʪʝʨʷʣ ʚ ʪʝʯʝʥʠʝ 5000 ʮʠʢʣʦʚ 73% ʤʘʩʩ-ʘʢʪʠʚʥʦʩʪʠ ʠ 39% ʕʍɸʇ. ʇʨʠ ʪʘʢʦʤ 

ʞʝ ʧʨʦʪʦʢʦʣʝ ʩʪʨʝʩʩ-ʪʝʩʪʠʨʦʚʘʥʠʷ ʧʦ ʜʘʥʥʳʤ Zhu H. ʠ ʩʦʘʚʪ. [134] 

ʢʦʤʤʝʨʯʝʩʢʠʡ Pt/C ʧʦʪʝʨʷʣ 47.1% ʤʘʩʩ-ʘʢʪʠʚʥʦʩʪʠ, ʘ ʧʦʪʝʥʮʠʘʣ ʢʠʩʣʦʨʦʜʥʦʡ 

ʧʦʣʫʚʦʣʥʳ ʫʤʝʥʴʰʠʣʩʷ ʥʘ 33 ʤɺ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʩʫʱʝʩʪʚʝʥʥʦʝ ʩʥʠʞʝʥʠʝ 

ʘʢʪʠʚʥʦʩʪʠ ʚ ʈɺʂ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʪʨʝʩʩ-ʪʝʩʪʘ. 

ɺ ʨʘʙʦʪʘʭ [22,51] ʕʍɸʇ Pt/C ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʫʤʝʥʴʰʠʣʘʩʴ ʟʘ 5000 ʮʠʢʣʦʚ 

ʧʨʠʤʝʨʥʦ ʥʘ 30%, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʜʣʷ ʛʨʘʜʠʝʥʪʥʦʛʦ PtCu/C ʢʘʪʘʣʠʟʘʪʦʨʘ ï 

ʧʨʠʤʝʨʥʦ ʥʘ 17%. ɹʦʣʝʝ ʚʳʩʦʢʘʷ ʩʪʘʙʠʣʴʥʦʩʪʴ de-alloyed PtCu/C 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ Pt/C ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʠ ʧʨʠ ʠʩʧʳʪʘʥʠʷʭ ʚ 

ʤʝʤʙʨʘʥʥʦ-ʵʣʝʢʪʨʦʜʥʳʭ ʙʣʦʢʘʭ ʇʆʄʊʕ [77]. ɺ ʨʝʟʫʣʴʪʘʪʝ ʜʘʞʝ ʧʦʩʣʝ 

ʟʘʚʝʨʰʝʥʠʷ ʩʪʨʝʩʩ-ʪʝʩʪʠʨʦʚʘʥʠʷ ʟʥʘʯʝʥʠʷ ʤʘʩʩ-ʘʢʪʠʚʥʦʩʪʠ PtCu/C 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ, ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʣʘʪʠʥʦʚʳʭ ʟʘʨʦʜʳʰʝʡ, 

ʦʢʘʟʘʣʠʩʴ ʦʯʝʥʴ ʚʳʩʦʢʠ (ʪʘʙʣʠʮʘ 3.2).  
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4 ʆʉʆɹɽʅʅʆʉʊʀ ʉʊʈʋʂʊʋʈʅʓʍ ʍɸʈɸʂʊɽʈʀʉʊʀʂ ʀ 

ʕʃɽʂʊʈʆʍʀʄʀʏɽʉʂʆɻʆ ʇʆɺɽɼɽʅʀʗ DE-ALLOYED PtCu/C 

ʂɸʊɸʃʀɿɸʊʆʈʆɺ  

ʇʦʩʢʦʣʴʢʫ ʚ ʧʨʦʮʝʩʩʝ ʕʍ ʘʢʪʠʚʘʮʠʠ ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʝ ʢʘʪʘʣʠʟʘʪʦʨʳ 

ʧʦʜʚʝʨʛʘʶʪʩʷ ʩʝʣʝʢʪʠʚʥʦʤʫ ʨʘʩʪʚʦʨʝʥʠʶ ʣʝʛʠʨʫʶʱʝʛʦ ʢʦʤʧʦʥʝʥʪʘ, ʚ ʩʣʫʯʘʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʄʕɹ ʦʥʠ ʥʫʞʜʘʶʪʩʷ ʚ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʝ c ʮʝʣʴʶ 

ʩʥʠʞʝʥʠʷ ʚʦʟʤʦʞʥʦʛʦ ʦʪʨʘʚʣʝʥʠʷ ʧʨʦʪʦʥ-ʧʨʦʚʦʜʷʱʝʡ ʤʝʤʙʨʘʥʳ. ʂʘʢ 

ʦʪʤʝʯʘʣʦʩʴ ʚ ʣʠʪʝʨʘʪʫʨʥʦʤ ʦʙʟʦʨʝ, ʢʠʩʣʦʪʥʘʷ ʦʙʨʘʙʦʪʢʘ ʢʘʪʘʣʠʟʘʪʦʨʦʚ 

ʷʚʣʷʝʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʦʡ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʨʦʩʪʦʪʳ ʧʨʦʚʝʜʝʥʠʷ ʧʨʦʮʝʩʩʘ, 

ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʠ ʪʝʭʥʦʣʦʛʠʠ ʠ ʩʪʦʠʤʦʩʪʠ. 

ʇʨʠ ʵʪʦʤ ʚʘʞʥʳʤ ʷʚʣʷʝʪʩʷ ʚʳʷʩʥʝʥʠʝ ʦʩʦʙʝʥʥʦʩʪʝʡ ʨʝʦʨʛʘʥʠʟʘʮʠʠ ʅʏ 

ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʝʣʝʢʪʠʚʥʦʛʦ ʨʘʩʪʚʦʨʝʥʠʷ. ɺʦʟʥʠʢʘʶʪ ʚʦʧʨʦʩʳ ʦ ʩʦʭʨʘʥʝʥʠʠ 

ʚʣʠʷʥʠʷ ʠʩʭʦʜʥʦʡ ʩʪʨʫʢʪʫʨʳ ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʅʏ ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʥʘ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʇʆʄʊʕ. ʕʪʠ 

ʚʦʧʨʦʩʳ ʙʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʥʘʤʠ ʚ ʨʘʙʦʪʘʭ [99ï101]. 

ʉ ʮʝʣʴʶ ʠʟʫʯʝʥʠʷ ʚʣʠʷʥʠʷ ʢʠʩʣʦʪʥʦʡ ʦʙʨʘʙʦʪʢʠ ʥʘ PtCu/C ʢʘʪʘʣʠʟʘʪʦʨʳ 

ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʜʚʘ ʤʘʪʝʨʠʘʣʘ ʩ ʨʘʟʣʠʯʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʅʏ: ʩʧʣʘʚ, 

ʧʦʣʫʯʝʥʥʳʡ ʩʦʚʤʝʩʪʥʳʤ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ ʧʨʝʢʫʨʩʦʨʦʚ ʤʝʜʠ ʠ ʧʣʘʪʠʥʳ 

(ʤʘʨʢʠʨʦʚʘʥ ʢʘʢ ʦʙʨʘʟʝʮ S), ʠ ʣʫʢʦʚʠʯʥʘʷ ʩʪʨʫʢʪʫʨʘ, ʧʦʣʫʯʝʥʥʘ̫ ʤʝʪʦʜʦʤ 

ʦʧʠʩʘʥʥʳʤ ʚ ʛʣʘʚʝ 3 (ʦʙʨʘʟʝʮ PC). ʉʠʥʪʝʟʠʨʦʚʘʥʥʳʝ ʦʙʨʘʟʮʳ ʙʳʣʠ 

ʧʦʜʚʝʨʛʥʫʪʳ ʢʠʩʣʦʪʥʦʡ ʦʙʨʘʙʦʪʢʝ ʚ 1ʄ HNO3 ʚ ʪʝʯʝʥʠʝ 3-ʭ ʯʘʩʦʚ ʧʨʠ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʧʦʣʫʯʝʥʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʤʘʪʝʨʠʘʣʳ SHNO3 ʠ PCHNO3 (ʨʠʩʫʥʦʢ 4.1). 
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ʈʠʩʫʥʦʢ 4.1 ï ʉʭʝʤʘ ʧʦʣʫʯʝʥʠʷ ʠ ʤʘʨʢʠʨʦʚʢʠ PtCu/C ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʩ 

ʨʘʟʣʠʯʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʅʏ ʠ ʩʭʝʤʘʪʠʯʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʩʪʨʫʢʪʫʨ 

 

4.1 ʉʪʨʫʢʪʫʨʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʣʫʯʝʥʥʳʭ PtCu/C ʤʘʪʝʨʠʘʣʦʚ 

ʄʘʩʩʦʚʘʷ ʜʦʣʷ Pt ʚ ʧʦʣʫʯʝʥʥʳʭ PtCu/C ʦʙʨʘʟʮʘʭ ï ʦʢʦʣʦ 20 % (ʪʘʙʣʠʮʘ 

4.1).  ʉʦʜʝʨʞʘʥʠʝ ʤʝʜʠ ʚ ʦʙʨʘʟʮʝ PC ʧʦʥʠʞʝʥʦ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ S, ʯʪʦ 

ʦʙʫʩʣʦʚʣʝʥʦ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʤʥʦʛʦʩʪʘʜʠʡʥʦʛʦ ʤʝʪʦʜʘ ʩʠʥʪʝʟʘ [101]. ʅʝʣʴʟʷ 

ʠʩʢʣʶʯʘʪʴ ʠ ʛʘʣʴʚʘʥʠʯʝʩʢʦʝ ʟʘʤʝʱʝʥʠʷ ʯʘʩʪʠ ʤʝʜʠ ʥʘ ʧʣʘʪʠʥʫ ʚ ʧʨʦʮʝʩʩʝ 

ʩʠʥʪʝʟʘ [101,135]. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʩʦʦʪʥʦʰʝʥʠʝ ʢʦʣʠʯʝʩʪʚ ʧʣʘʪʠʥʳ ʠ ʤʝʜʠ 

ʚ ʦʙʨʘʟʮʘʭ S ʠ PC ʦʪʣʠʯʘʝʪʩʷ, ʧʦʣʫʯʝʥʥʳʝ ʠʟ ʥʠʭ ʢʠʩʣʦʪʥʦ-ʦʙʨʘʙʦʪʘʥʥʳʝ 

ʤʘʪʝʨʠʘʣʳ S
HNO3 

ʠ PC
HNO3 

ʠʤʝʶʪ ʧʨʘʢʪʠʯʝʩʢʠ ʦʜʠʥʘʢʦʚʳʡ ʩʦʩʪʘʚ (ʪʘʙʣʠʮʘ 

4.1).   

ʊʘʙʣʠʮʘ 4.1 ʉʦʩʪʘʚ ʠ ʩʪʨʫʢʪʫʨʥʳʝ ʧʘʨʘʤʝʪʨʳ ʠʩʭʦʜʥʳʭ ʠ ʢʠʩʣʦʪʥʦ-

ʦʙʨʘʙʦʪʘʥʥʳʭ PtCu/C ʤʘʪʝʨʠʘʣʦʚ 

ʆʙʨʘʟʝʮ ɤ(Pt+ʉu), % ɤ(Pt), % 
ʉʦʩʪʘʚ 

(ʈʌʣɸ) 

Dʢʨ, ʥʤ 

(ʈʌɸ) 

ʉʦʩʪʘʚ (ʟ-ʥ 

ɺʝʛʘʨʜʘ, ʈʌɸ) 

S 27.1 19.0 PtCu
1.3

 2.7 PtCu
0.53

 

SHNO3 21.6 19.7 PtCu
0.3

 3.0 PtCu
0.46

 

PC 25.1 20.4 PtCu
0.7

 2.5 PtCu
0.68

 

PCHNO3 19.4 17.5 PtCu
0.3

 2.7 PtCu
0.53
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ʅʘ ʜʠʬʨʘʢʪʦʛʨʘʤʤʘʭ ʧʦʣʫʯʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʥʘʙʣʶʜʘʝʪʩʷ ʰʠʨʦʢʠʡ 

ʨʝʬʣʝʢʩ ʦʢʦʣʦ 25 ʛʨʘʜʫʩʦʚ ʪʝʪʘ, ʭʘʨʘʢʪʝʨʥʳʡ ʜʣʷ ʫʛʣʝʨʦʜʥʦʛʦ ʥʦʩʠʪʝʣʷ (002). 

ʆʪʨʘʞʝʥʠʷ ʧʣʘʪʠʥʳ (111) ʠ (200) ʜʣʷ ʢʘʪʘʣʠʟʘʪʦʨʦʚ S ʠ PC ʩʤʝʱʝʥʳ ʚ ʦʙʣʘʩʪʴ 

ʙʦʣʴʰʠʭ ʫʛʣʦʚ 2 ʪʝʪʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʯʠʩʪʦʡ ʧʣʘʪʠʥʦʡ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ 

ʩʧʣʘʚʦʦʙʨʘʟʦʚʘʥʠʠ Pt ʠ Cu [128]. ʅʘ ʜʠʬʨʘʢʪʦʛʨʘʤʤʘʭ ʦʙʨʘʟʮʦʚ S
HNO3 

ʠ 

PC
HNO3 
ʥʘʙʣʶʜʘʝʪʩʷ ʩʤʝʱʝʥʠʝ ʤʘʢʩʠʤʫʤʦʚ (111) ʚ ʩʪʦʨʦʥʫ ʤʝʥʴʰʠʭ ʫʛʣʦʚ, ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʪʘʢʦʚʳʤ ʜʣʷ ʜʠʬʨʘʢʪʦʛʨʘʤʤ ʠʩʭʦʜʥʳʭ ʦʙʨʘʟʮʦʚ S ʠ PC, ʯʪʦ 

ʦʙʫʩʣʦʚʣʝʥʦ ʫʤʝʥʴʰʝʥʠʝʤ ʩʦʜʝʨʞʘʥʠʷ ʚ ʥʠʭ ʤʝʜʠ ʧʦʩʣʝ ʢʠʩʣʦʪʥʦʡ ʦʙʨʘʙʦʪʢʠ 

(ʪʘʙʣʠʮʘ 4.1, ʨʠʩʫʥʦʢ 4.2). ʇʦʩʣʝ ʢʠʩʣʦʪʥʦʡ ʦʙʨʘʙʦʪʢʠ ʤʘʪʝʨʠʘʣʦʚ 

ʧʨʦʠʩʭʦʜʠʪ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʩʨʝʜʥʝʛʦ ʨʘʟʤʝʨʘ ʢʨʠʩʪʘʣʣʠʪʦʚ ʥʘ 

0.2ï0.3 ʥʤ, ʯʪʦ ʦʪʤʝʯʘʝʪʩʷ ʚ ʣʠʪʝʨʘʪʫʨʝ ʜʣʷ ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ 

[136] (ʪʘʙʣʠʮʘ 4.1). 

 

ʈʠʩʫʥʦʢ 4.2 ï ʈʝʥʪʛʝʥʦʛʨʘʤʤʳ ʧʦʣʫʯʝʥʥʳʭ PtCu/C ʤʘʪʝʨʠʘʣʦʚ 

 

ʀʟʦʙʨʘʞʝʥʠʷ ʧʨʦʩʚʝʯʠʚʘʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʠʟʫʯʝʥʥʳʭ 

PtCu/C ʤʘʪʝʨʠʘʣʦʚ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʥʘʣʠʯʠʝ ʥʘʥʦʨʘʟʤʝʨʥʳʭ ʤʝʪʘʣʣʠʯʝʩʢʠʭ 



 
 

то 
 

ʯʘʩʪʠʮ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʫʛʣʝʨʦʜʥʦʛʦ ʥʦʩʠʪʝʣʷ (ʨʠʩʫʥʦʢ 4.3). ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ 

ʇʕʄ ʣʦʢʘʣʴʥʳʭ ʫʯʘʩʪʢʦʚ, ʚʠʜʥʦ, ʯʪʦ ʦʙʨʘʟʝʮ S, ʧʦʣʫʯʝʥʥʳʡ ʚ ʦʜʥʫ ʩʪʘʜʠʶ, 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʙʦʣʝʝ ʨʘʚʥʦʤʝʨʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʥʘʥʦʯʘʩʪʠʮ ʧʦ 

ʧʦʚʝʨʭʥʦʩʪʠ ʥʦʩʠʪʝʣʷ ʠ ʫʟʢʠʤ ʨʘʟʤʝʨʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʦʙʨʘʟʮʦʤ PC, ʧʦʣʫʯʝʥʥʳʤ ʚ ʥʝʩʢʦʣʴʢʦ ʩʪʘʜʠʡ (ʨʠʩʫʥʦʢ 4.3 a-ʚ, ʞ-ʟ). ʉ ʜʨʫʛʦʡ 

ʩʪʦʨʦʥʳ, ʩʨʝʜʥʠʡ ʨʘʟʤʝʨ ʥʘʥʦʯʘʩʪʠʮ ʜʣʷ ʦʙʨʘʟʮʘ ʦʙʨʘʟʝʮ S, ʧʦʣʫʯʝʥʥʦʛʦ ʚ 

ʦʜʥʫ ʩʪʘʜʠʶ, ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʝ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʙʨʘʟʮʦʤ PC, ʧʦʣʫʯʝʥʥʳʤ 

ʚ ʥʝʩʢʦʣʴʢʦ ʩʪʘʜʠʡ, ʯʪʦ ʩʚʷʟʘʥʥʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʫʣʴʪʨʘʤʘʣʳʭ ʥʘʥʦʯʘʩʪʠʮ 

ʧʣʘʪʠʥʳ, ʥʘʥʝʩʝʥʥʳʭ ʥʘ ʫʛʣʝʨʦʜʥʳʡ ʥʦʩʠʪʝʣʴ ʥʘ ʧʝʨʚʦʡ ʩʪʘʜʠʠ ʩʠʥʪʝʟʘ PC, ʚ 

ʢʘʯʝʩʪʚʝ ʟʘʨʦʜʳʰʝʡ ʧʦʩʣʝʜʫʶʱʝʛʦ ʬʘʟʦʦʙʨʘʟʦʚʘʥʠʷ [112]. ʆʙʨʘʟʦʚʘʥʠʝ 

ʯʘʩʪʠʮ ʨʘʟʥʦʛʦ ʨʘʟʤʝʨʘ ʠ ʬʦʨʤʠʨʦʚʘʥʠʝ ʘʛʣʦʤʝʨʘʪʦʚ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ 

ʤʥʦʛʦʩʪʘʜʠʡʥʳʭ ʤʝʪʦʜʦʚ ʩʠʥʪʝʟʘ [14,22,128]. ʇʦʩʣʝ ʭʠʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ 

ʦʙʨʘʟʮʘ S ʩʨʝʜʥʠʡ ʨʘʟʤʝʨ ʅʏ ʫʤʝʥʴʰʘʝʪʩʷ ʦʪ 5.1 ʜʦ 2.9 ʥʤ ʟʘ ʩʯʝʪ 

ʫʚʝʣʠʯʠʚʘʶʱʝʡʩʷ ʜʦʣʠ ʯʘʩʪʠʮ ʨʘʟʤʝʨʦʤ 2.5ï3.0 ʥʤ (ʨʠʩʫʥʦʢ 4.3 ʛ-ʝ). 

ɸʥʘʣʦʛʠʯʥʫʶ ʦʩʦʙʝʥʥʦʩʪʴ ʜʣʷ ʦʙʨʘʟʮʘ PC ʫʩʪʘʥʦʚʠʪʴ ʥʝ ʫʜʘʣʦʩʴ, ʯʪʦ 

ʢʦʩʚʝʥʥʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʙʦʣʴʰʝʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʥʘʥʦʯʘʩʪʠʮ ʣʫʢʦʚʠʯʥʦʡ 

ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʢ ʦʙʨʘʙʦʪʢʝ ʚ ʢʠʩʣʦʪʝ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠ ʨʘʩʯʝʪʝ 

ʩʨʝʜʥʝʛʦ ʨʘʟʤʝʨʘ ʅʏ ʚʦ ʚʩʝʭ ʤʘʪʝʨʠʘʣʘʭ ʫʯʠʪʳʚʘʣʠʩʴ ʪʦʣʴʢʦ ʦʪʜʝʣʴʥʳʝ 

ʯʘʩʪʠʮʳ; ʜʦʣʶ ʘʛʣʦʤʝʨʘʪʦʚ ʠ ʨʘʟʤʝʨ ʯʘʩʪʠʮ ʚ ʥʠʭ ʥʝ ʦʮʝʥʠʚʘʣʠ [120]. 

 



 
 

тп 
 

 

ʈʠʩʫʥʦʢ 4.3 ï ʀʟʦʙʨʘʞʝʥʠʷ ʇʕʄ PtCu/C ʦʙʨʘʟʮʦʚ: S (ʘ, ʙ), S
HNO3 
(ʛ, ʜ), 

PC (ʞ, ʟ) ʠ PC
HNO3 
(ʢ, ʣ). ɻʠʩʪʦʛʨʘʤʤʳ ʨʘʟʤʝʨʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʅʏ ʚ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʦʙʨʘʟʮʘʭ (ʚ, ʝ, ʠ, ʤ) 

 

ʅʘ ʨʠʩʫʥʢʝ 4.4 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʩʢʘʥʠʨʦʚʘʥʠʷ ʩʦʩʪʘʚʘ 

ʥʘʥʦʯʘʩʪʠʮ ʚ ʣʠʥʠʶ ʜʣʷ PtCu/C ʦʙʨʘʟʮʦʚ ʚ ʩʦʩʪʦʷʥʠʠ çʢʘʢ ʧʦʣʫʯʝʥʦè ʠ 

ʢʠʩʣʦʪʥʦ-ʦʙʨʘʙʦʪʘʥʥʳʭ, ʢʦʪʦʨʦʝ ʧʦʜʪʚʝʨʞʜʘʝʪ ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʡ ʭʘʨʘʢʪʝʨ 

ʅʏ. ʇʨʠ ʵʪʦʤ ʢʠʩʣʦʪʥʘʷ ʦʙʨʘʙʦʪʢʘ ʢʘʪʘʣʠʟʘʪʦʨʘ S, ʅʏ ʢʦʪʦʨʦʛʦ ʦʙʣʘʜʘʶʪ 

ʤʠʢʨʦʩʪʨʫʢʪʫʨʦʡ ʩʧʣʘʚʘ, ʧʨʠʚʦʜʠʪ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʫ ʥʠʭ ʚʪʦʨʠʯʥʦʡ Cu-ʷʜʨʦ 

ï Pt-ʦʙʦʣʦʯʢʘ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ (ʨʠʩʫʥʦʢ 4.4 ʙ) [85]. ɺ ʦʙʨʘʟʮʝ PC ʥʘʥʦʯʘʩʪʠʮʳ 



 
 

тр 
 

ʠʤʝʶʪ Pt-ʦʙʦʣʦʯʢʠ ʢʘʢ ʚ ʠʩʭʦʜʥʦʤ ʩʦʩʪʦʷʥʠʠ, ʪʘʢ ʠ ʧʦʩʣʝ ʢʠʩʣʦʪʥʦʡ 

ʦʙʨʘʙʦʪʢʠ (ʨʠʩʫʥʦʢ 4.4 ʚ, ʛ).  

 

ʈʠʩʫʥʦʢ 4.4 ï ʉʢʘʥʠʨʦʚʘʥʠʝ ʅʏ ʚ ʣʠʥʠʶ ʜʣʷ ʦʙʨʘʟʮʦʚ S (ʘ), S
HNO3 
(ʙ), 

PC (ʚ) ʠ PC
HNO3 
(ʛ). ʂʨʘʩʥʳʤʠ ʩʪʨʝʣʢʘʤʠ ʧʦʢʘʟʘʥʦ ʥʘʧʨʘʚʣʝʥʠʝ ʩʢʘʥʠʨʦʚʘʥʠʷ 

ʅʏ 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʳʰʝʦʧʠʩʘʥʥʳʤʠ ʤʝʪʦʜʘʤʠ ʦʮʝʥʢʠ ʩʪʨʫʢʪʫʨʳ 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʜʣʷ ʦʙʨʘʟʮʘ ʛʨʫʧʧʳ S ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʩʪʨʫʢʪʫʨʘ ʅʏ ʪʠʧʘ ʩʧʣʘʚ, 

ʘ ʜʣʷ ʦʙʨʘʟʮʘ ʛʨʫʧʧʳ PC ï ʣʫʢʦʚʠʮʘ. 

 

4.2 ʕʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʝ ʧʦʚʝʜʝʥʠʝ PtCu/C ʵʣʝʢʪʨʦʢʘʪʘʣʠʟʘʪʦʨʦʚ 

ɿʜʝʩʴ ʠ ʜʘʣʝʝ ʜʣʷ ʠʟʫʯʝʥʠʷ ʕʍ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʧʨʠʤʝʥʷʣʘʩʴ 

ʤʝʪʦʜʠʢʘ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʩʣʦʷ ˉ2. 

ʀʩʭʦʜʥʳʝ ʦʙʨʘʟʮʳ (S, PC) ʠ ʦʙʨʘʟʮʳ, ʧʦʣʫʯʝʥʥʳʝ ʧʦʩʣʝ ʢʠʩʣʦʪʥʦʡ 

ʦʙʨʘʙʦʪʢʠ (S
HNO3
, PC

HNO3
), ʧʦʜʚʝʨʛʣʠ ʕʍ ʘʢʪʠʚʘʮʠʠ, ʧʨʦʚʝʜʷ 100 

ʚʦʣʴʪʘʤʧʝʨʥʳʭ ʮʠʢʣʦʚ ʚ ʜʠʘʧʘʟʦʥʝ ʧʦʪʝʥʮʠʘʣʦʚ 0.04ï1.0 ɺ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ 

ʈʌʣɸ ʩʦʩʪʘʚ ʠʩʭʦʜʥʳʭ ʦʙʨʘʟʮʦʚ ʧʦʩʣʝ ʕʍ ʘʢʪʠʚʘʮʠʠ ʦʢʘʟʘʣʩʷ ʨʘʚʥʳʤ PtCu0.3. 

ʉʦʩʪʘʚ ʢʠʩʣʦʪʥʦ-ʦʙʨʘʙʦʪʘʥʥʳʭ ʦʙʨʘʟʮʦʚ ʧʦʩʣʝ ʕʍ ʘʢʪʠʚʘʮʠʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ 

ʠʟʤʝʥʠʣʩʷ ï PtCu0.2 ʠ PtCu0.3 ʜʣʷ SHNO3 ʠ PCHNO3 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɼʦʩʪʠʞʝʥʠʝ 

ʧʦʩʪʦʷʥʥʦʛʦ ʩʦʩʪʘʚʘ (ʧʨʠʤʝʨʥʦ Pt3Cu) ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʨʝʜʝʣʫ ʨʘʟʜʝʣʝʥʠʷ 

ʢʦʤʧʦʥʝʥʪʦʚ (ʪʝʨʤʠʥ ʚ ʠʥʦʩʪʨʘʥʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ï parting limit), ʧʦ 



 
 

тс 
 

ʜʦʩʪʠʞʝʥʠʶ ʢʦʪʦʨʦʛʦ ʜʘʣʴʥʝʡʰʝʝ ʩʝʣʝʢʪʠʚʥʦʝ ʨʘʩʪʚʦʨʝʥʠʝ d-ʤʝʪʘʣʣʘ ʥʝ 

ʧʨʦʠʩʭʦʜʠʪ ʠʣʠ ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʪʨʫʜʥʷʝʪʩʷ [137]. 

ʎɺɸ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʧʦʩʣʝ ʘʢʪʠʚʘʮʠʠ ʠʤʝʶʪ ʚʠʜ, ʭʘʨʘʢʪʝʨʥʳʡ ʜʣʷ Pt-

ʩʦʜʝʨʞʘʱʝʛʦ ʵʣʝʢʪʨʦʜʘ (ʨʠʩʫʥʦʢ 4.5 ʘ) [122]. ʕʍɸʇ, ʦʧʨʝʜʝʣʝʥʥʘʷ ʤʝʪʦʜʦʤ 

ʘʜʩʦʨʙʮʠʠ/ʜʝʩʦʨʙʮʠʠ ʚʦʜʦʨʦʜʘ, ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ ʨʷʜʫ S
HNO3̓

 S Ò PC ̓ PC
HNO3̓

 

JM20 (ʨʠʩʫʥʦʢ 4.6 ʘ). Gatalo ʠ ʩʦʘʚʪ. ʚ ʩʚʦʝʡ ʨʘʙʦʪʝ, ʧʦʩʚʷʱʝʥʥʦʡ ʠʟʫʯʝʥʠʶ 

PtCu/C ʢʘʪʘʣʠʟʘʪʦʨʦʚ, ʧʦʜʯʝʨʢʠʚʘʶʪ, ʯʪʦ ʦʮʝʥʢʘ ʕʍɸʇ ʧʦ ʕʍ 

ʘʜʩʦʨʙʮʠʠ/ʜʝʩʦʨʙʮʠʠ ʘʪʦʤʘʨʥʦʛʦ ʚʦʜʦʨʦʜʘ ʜʘʝʪ ʟʘʚʳʰʝʥʥʳʝ ʟʥʘʯʝʥʠʷ [69]. 

ʊʝʤ ʥʝ ʤʝʥʝʝ, ʕʍɸʇ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʦʚ, ʦʮʝʥʝʥʥʘʷ ʤʝʪʦʜʦʤ 

ʵʣʝʢʪʨʦʦʢʠʩʣʝʥʠʷ CO (ʨʠʩʫʥʦʢ 4.5 ʙ, ʨʠʩʫʥʦʢ 4.6 ʘ), ʧʨʘʢʪʠʯʝʩʢʠ ʙʣʠʟʢʘ ʢ 

ʪʘʢʦʚʦʡ, ʨʘʩʩʯʠʪʘʥʥʦʡ ʧʦ ʘʜʩʦʨʙʮʠʠ/ʜʝʩʦʨʙʮʠʠ ʚʦʜʦʨʦʜʘ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ 

ʩʦʚʧʘʜʝʥʠʝ ʟʥʘʯʝʥʠʡ ʕʍɸʇ H
aʜʩ
 ʠ ʕʍɸʇ ʉʆ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʧʦʚʝʨʭʥʦʩʪʴ 

ʅʏ ʧʦʩʣʝ ʘʢʪʠʚʘʮʠʠ ʦʙʦʛʘʱʝʥʘ ʧʣʘʪʠʥʦʡ ʠ ʫʞʝ ʧʦʯʪʠ ʥʝ ʩʦʜʝʨʞʠʪ ʘʪʦʤʦʚ 

ʤʝʜʠ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʫʩʧʝʰʥʫʶ ʘʢʪʠʚʘʮʠʶ ʧʦʣʫʯʝʥʥʳʭ ʦʙʨʘʟʮʦʚ.  

 

ʈʠʩʫʥʦʢ 4.5 ï 2 ʎɺɸ PtCu/C ʠ Pt/C ʢʘʪʘʣʠʟʘʪʦʨʘ ʧʦʩʣʝ ʕʍ ʘʢʪʠʚʘʮʠʠ, 

ʘʪʤʦʩʬʝʨʘ Ar, 20 ʤɺ/ʩ (ʘ); ʎɺɸ ʵʣʝʢʪʨʦʦʢʠʩʣʝʥʠʷ ʉʆ, 40 ʤɺ/ʩ (ʙ); ʢʨʠʚʳʝ 

ʈɺʂ, 1600 ʦʙ/ʤʠʥ, ʘʪʤʦʩʬʝʨʘ O2, 20 ʤɺ/ʩ (ʚ); ʟʘʚʠʩʠʤʦʩʪʠ ʚ ʢʦʦʨʜʠʥʘʪʘʭ 

ʂʦʫʪʝʮʢʦʛʦ-ʃʝʚʠʯʘ ʧʨʠ ɽ=0.90 ɺ (ʛ). 0.1 ʄ HClO4 



 
 

тт 
 

ʎʠʢʣʠʯʝʩʢʠʝ ʚʦʣʴʪʘʤʧʝʨʦʛʨʘʤʤʳ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʨʦʮʝʩʩʫ ʜʝʩʦʨʙʮʠʠ 

ʉʆ ʥʘ ʠʩʩʣʝʜʫʝʤʳʭ ʤʘʪʝʨʠʘʣʘʭ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 4.5 ʙ. ʇʠʢ ʦʢʠʩʣʝʥʠʷ 

ʤʝʞʜʫ 0.6 ʠ 1.0 ɺ ʚʦ ʚʩʝʭ ʩʣʫʯʘʷʭ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʫʜʘʣʝʥʠʶ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ 

ʘʜʩʦʨʙʠʨʦʚʘʥʥʦʛʦ ʤʦʥʦʩʣʦʷ ʉʆ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘʥʦʯʘʩʪʠʮ (ʨʠʩʫʥʦʢ 4.5 ʙ). 

ɿʥʘʯʠʪʝʣʴʥʳʡ ʩʜʚʠʛ ʧʦʪʝʥʮʠʘʣʘ ʥʘʯʘʣʘ ʦʢʠʩʣʝʥʠʷ ʉʆ ʚ ʩʪʦʨʦʥʫ ʤʝʥʴʰʠʭ 

ʧʦʪʝʥʮʠʘʣʦʚ ʭʘʨʘʢʪʝʨʝʥ ʜʣʷ ʦʙʨʘʟʮʘ S (0.65 ɺ). ʇʨʠ ʵʪʦʤ ʜʣʷ ʚʩʝʭ 

ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʦʢʠʩʣʝʥʠʝ ʉʆ ʥʘʯʠʥʘʝʪʩʷ ʧʨʠ ʙʦʣʝʝ ʥʠʟʢʠʭ 

ʧʦʪʝʥʮʠʘʣʘʭ, ʯʝʤ ʥʘ Pt/C (ʨʠʩʫʥʦʢ 4.5 ʙ), ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʦʩʣʘʙʣʝʥʠʝʤ ʩʚʷʟʠ 

Pt-CO ʠʟ-ʟʘ ʵʬʬʝʢʪʘ ʣʝʛʠʨʦʚʘʥʠʷ ʧʣʘʪʠʥʳ ʤʝʜʴʶ [6,98,138,139]. ɺ ʨʘʙʦʪʝ [78], 

ʧʦʩʚʷʱʝʥʥʦʡ ʠʩʩʣʝʜʦʚʘʥʠʶ PtNi/C ʤʘʪʝʨʠʘʣʦʚ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʨʘʟʥʠʮʘ ʚ 

ʧʦʪʝʥʮʠʘʣʝ ʥʘʯʘʣʘ ʦʢʠʩʣʝʥʠʷ ʉʆ ʜʣʷ ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʩ 

ʨʘʟʣʠʯʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʥʘʥʦʯʘʩʪʠʮ ʟʘʚʠʩʠʪ ʦʪ ʩʪʝʧʝʥʠ ʜʝʬʝʢʪʥʦʩʪʠ 

ʧʦʚʝʨʭʥʦʩʪʠ ʅʏ.  

ʄʫʣʴʪʠ-ʧʠʢʠ ʵʣʝʢʪʨʦʦʢʠʩʣʝʥʠʷ ʉʆ ʥʘʙʣʶʜʘʶʪʩʷ ʜʣʷ ʚʩʝʭ 

ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʦʙʨʘʟʮʦʚ (ʨʠʩʫʥʦʢ 4.5 ʙ). ɺ ʣʠʪʝʨʘʪʫʨʝ ʚʝʜʫʪʩʷ ʩʧʦʨʳ ʦ 

ʧʨʦʠʩʭʦʞʜʝʥʠʠ ʤʥʦʞʝʩʪʚʝʥʥʳʭ ʧʠʢʦʚ ʚ ʘʥʘʣʠʟʝ ɻ ʣʝʢʪʨʦʦʢʠʩʣʝʥʠʷ ʉʆ [139ï

142]. ʊʘʢ, ʚ ʨʘʙʦʪʘʭ [139ï142] ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠʯʠʥʦʡ ʩʫʱʝʩʪʚʦʚʘʥʠʷ 

ʤʥʦʞʝʩʪʚʝʥʥʳʭ ʧʠʢʦʚ ʦʢʠʩʣʝʥʠʷ ʉʆ ʤʦʞʝʪ ʙʳʪʴ ʥʘʣʠʯʠʝ ʚ ʅʏ ʨʘʟʣʠʯʥʳʭ 

ʛʨʘʥʝʡ Pt, ʘʛʣʦʤʝʨʘʮʠʠ ʯʘʩʪʠʮ, ʰʠʨʦʢʘʷ ʜʠʩʧʝʨʩʠʠ ʥʘʥʦʯʘʩʪʠʮ ʧʦ ʨʘʟʤʝʨʫ ʠ 

ʨʘʟʣʠʯʠʝ ʩʦʩʪʘʚʘ ʠʭ ʧʦʚʝʨʭʥʦʩʪʠ. ʇʦʩʢʦʣʴʢʫ ʚ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ 

ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʘʪʘʣʠʟʘʪʦʨʘʭ ʧʨʠʩʫʪʩʪʚʫʶʪ ʅʏ ʨʘʟʥʦʛʦ ʨʘʟʤʝʨʘ ʠ ʩʦʩʪʘʚʘ, 

ʨʘʟʜʝʣʠʪʴ ʚʣʠʷʥʠʝ ʵʪʠʭ ʬʘʢʪʦʨʦʚ ʥʘ ʜʝʩʦʨʙʮʠʶ ʉʆ ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ 

ʚʦʟʤʦʞʥʳʤ. ʌʦʨʤʘ ʧʠʢʦʚ ʦʢʠʩʣʝʥʠʷ ʉʆ ʜʣʷ ʢʘʞʜʦʡ ʛʨʫʧʧʳ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʩʧʣʘʚ (S ʠ SHNO3) ʠ ʣʫʢʦʚʠʮʘ (PC ʠ PCHNO3) ʩʦʚʧʘʜʘʝʪ, ʯʪʦ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʦʪʣʠʯʠʷʭ ʤʝʞʜʫ ʠʩʭʦʜʥʳʤʠ ʠ ʧʦʣʫʯʝʥʥʳʤʠ ʩʪʨʫʢʪʫʨʘʤʠ. 

ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʦʩʦʙʝʥʥʦʩʪʠ ʧʠʢʦʚ ʜʝʩʦʨʙʮʠʠ ʉʆ, ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʠʩʭʦʜʥʳʭ 

ʦʙʨʘʟʮʦʚ, ʩʦʭʨʘʥʷʶʪʩʷ ʠ ʧʦʩʣʝ ʢʠʩʣʦʪʥʦʡ ʦʙʨʘʙʦʪʢʠ. 

ɸʢʪʠʚʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʚ ʈɺʂ ʦʮʝʥʠʚʘʣʠ ʧʨʠ ʨʘʟʣʠʯʥʳʭ 

ʩʢʦʨʦʩʪʷʭ ʚʨʘʱʝʥʠʷ ɺɼʕ. ʅʘ ʨʠʩʫʥʢʝ 4.5 ʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʨʠʚʳʝ 



 
 

ту 
 

ʵʣʝʢʪʨʦʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʢʠʩʣʦʨʦʜʘ. ʂʦʣʠʯʝʩʪʚʦ ʵʣʝʢʪʨʦʥʦʚ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ 

ʵʣʝʢʪʨʦʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ʤʦʣʝʢʫʣʳ ʢʠʩʣʦʨʦʜʘ ʜʣʷ ʚʩʝʭ ʠʟʫʯʝʥʥʳʭ ʦʙʨʘʟʮʦʚ 

ʙʣʠʟʢʦ ʢ 4. ʉʦʛʣʘʩʥʦ ʨʝʟʫʣʴʪʘʪʘʤ ʨʘʩʯʝʪʘ, ʧʨʦʚʝʜʝʥʥʳʤ ʧʦ ʫʨʘʚʥʝʥʠʶ 

ʂʦʫʪʝʮʢʦʛʦ-ʃʝʚʠʯʘ (ʨʠʩʫʥʦʢ 4.5 ʛ) ʧʨʠ ʧʦʪʝʥʮʠʘʣʝ 0.90 ɺ ʦʙʨʘʟʮʳ ʤʦʞʥʦ 

ʨʘʩʩʪʘʚʠʪʴ ʚ ʩʣʝʜʫʶʱʠʡ ʨʷʜ ʧʦ ʫʚʝʣʠʯʝʥʠʶ ʢʠʥʝʪʠʯʝʩʢʠʭ ʪʦʢʦʚ: JM20 ᾽᾽ 

SHNO3 ̓ PCHNO3̓  PC ̓  S. ʄʥʦʛʠʝ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʩʚʷʟʳʚʘʶʪ ʚʝʣʠʯʠʥʫ 

ʘʢʪʠʚʥʦʩʪʠ ʚ ʈɺʂ ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʩ ʪʦʣʱʠʥʦʡ Pt-ʦʙʦʣʦʯʢʠ 

ʅʏ [143,144]. 

ɺ ʨʘʙʦʪʝ, ʦʩʥʦʚʘʥʥʦʡ ʥʘ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʨʘʩʯʝʪʘʭ [145], ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʪʦʣʱʠʥʘ Pt-ʦʙʦʣʦʯʢʠ ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʅʏ ʩʚʷʟʘʥʘ ʩʦ ʩʪʝʧʝʥʴʶ 

ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʜʝʬʦʨʤʘʮʠʠ, ʢʦʪʦʨʘʷ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʢʦʨʨʝʣʠʨʫʝʪ ʩ 

ʧʦʣʦʞʝʥʠʝʤ ʮʝʥʪʨʘ d-ʧʦʣʦʩʳ ʤʝʪʘʣʣʘ ʦʙʦʣʦʯʢʠ ʠ ʧʨʦʯʥʦʩʪʴʶ ʩʚʷʟʠ 

ʘʜʩʦʨʙʘʪʘ. ʈʝʛʫʣʠʨʦʚʘʥʠʝ ʪʦʣʱʠʥʳ ʦʙʦʣʦʯʢʠ ʧʦʟʚʦʣʷʝʪ ʥʘʩʪʨʘʠʚʘʪʴ ʩʠʣʫ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʦʚʝʨʭʥʦʩʪʴ-ʘʜʩʦʨʙʘʪ [145]. ʇʨʠʤʝʨʳ ʪʘʢʦʛʦ ʚʣʠʷʥʠʷ 

ʧʨʠʚʝʜʝʥʳ ʚ ʨʘʙʦʪʘʭ [145ï147]. ʉʦʛʣʘʩʥʦ ʵʪʠʤ ʨʘʙʦʪʘʤ, ʢʦʛʜʘ ʅʏ Pt 

ʢʘʪʘʣʠʟʠʨʫʶʪ ʈɺʂ, ʩʞʘʪʠʝ ʩʚʷʟʝʡ PtïPt ʢʦʨʨʝʣʠʨʫʝʪ ʩʦ ʩʜʚʠʛʦʤ ʚʥʠʟ d-

ʧʦʣʦʩʳ, ʯʪʦ ʦʩʣʘʙʣʷʝʪ ʩʚʷʟʴ ʤʝʞʜʫ Pt ʠ ʦʢʩʠʛʝʥʠʨʦʚʘʥʥʳʤʠ ʯʘʩʪʠʮʘʤʠ ʠ 

ʫʚʝʣʠʯʠʚʘʝʪ ʢʘʪʘʣʠʪʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ. ɺ ʦʪʥʦʰʝʥʠʠ ʦʙʨʘʟʮʦʚ ʛʨʫʧʧʳ PC, 

ʧʦʣʫʯʝʥʥʳʭ ʤʥʦʛʦʩʪʘʜʠʡʥʳʤ ʤʝʪʦʜʦʤ, ʩʥʠʞʝʥʠʝ ʘʢʪʠʚʥʦʩʪʠ ʚ ʈɺʂ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʦʙʨʘʟʮʘʤʠ ʛʨʫʧʧʳ S ʩʚʷʟʘʥʦ ʩ ʚʳʩʦʢʦʡ ʜʦʣʝʡ ʅʏ ʩ ʪʦʣʩʪʦʡ 

ʧʣʘʪʠʥʦʚʦʡ ʦʙʦʣʦʯʢʦʡ, ʘ ʪʘʢʞʝ ʩʦ ʩʥʠʞʝʥʠʝʤ ʵʬʬʝʢʪʘ ʣʠʛʘʥʜʘ (ʨʠʩʫʥʦʢ 4.6ʙ). 

ʇʦ-ʚʠʜʠʤʦʤʫ, ʚ ʢʘʪʘʣʠʟʘʪʦʨʘʭ ʛʨʫʧʧʳ S ʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʤʝʜʠ ʥʘʭʦʜʠʪʩʷ 

ʚ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʣʦʷʭ, ʠ ʦʢʘʟʳʚʘʝʪ ʙʦʣʝʝ ʩʠʣʴʥʦʝ ʧʨʦʤʦʪʠʨʫʶʱʝʝ 

ʚʣʠʷʥʠʝ ʥʘ ʢʘʪʘʣʠʪʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʧʣʘʪʠʥʳ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʘʢʦʚʦʡ ʚ PC. 



 
 

тф 
 

 

ʈʠʩʫʥʦʢ 4.6 ï ɻʠʩʪʦʛʨʘʤʤʳ ʟʥʘʯʝʥʠʡ ʕʍɸʇ (ʘ), ʠ ʤʘʩʩ- ʠ ʫʜʝʣʴʥʦʡ 

ʘʢʪʠʚʥʦʩʪʠ ʚ ʈɺʂ (ʙ) PtCu/C ʠ ʢʦʤʤʝʨʯʝʩʢʦʛʦ Pt/C ʢʘʪʘʣʠʟʘʪʦʨʦʚ 

 

ʂʠʩʣʦʪʥʘʷ ʦʙʨʘʙʦʪʢʘ ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʦʙʨʘʟʮʦʚ ʧʨʠʚʦʜʠʪ ʢ ʫʜʘʣʝʥʠʶ 

ʤʝʜʠ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘʥʦʯʘʩʪʠʮ. ɼʣʷ ʢʘʪʘʣʠʟʘʪʦʨʘ S ʩʥʠʞʝʥʠʝ ʤʘʩʩ-

ʘʢʪʠʚʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʳʤ: ʦʪ 827 A/ʛ (ʦʙʨʘʟʝʮ S) ʜʦ 490 A/ʛ (ʦʙʨʘʟʝʮ 

SHNO3) (ʨʠʩʫʥʦʢ 4.6ʙ). ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʩʧʘʜ ʘʢʪʠʚʥʦʩʪʠ ʧʦʩʣʝ ʢʠʩʣʦʪʥʦʡ 

ʦʙʨʘʙʦʪʢʠ ʜʣʷ ʦʙʨʘʟʮʦʚ ʛʨʫʧʧʳ S ʩʦʩʪʘʚʣʷʝʪ 40%, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʜʣʷ 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʛʨʫʧʧʳ PC ʦʥ ʩʦʩʪʘʚʣʷʝʪ ʚʩʝʛʦ 10%.  

ʊʝʤ ʥʝ ʤʝʥʝʝ, ʚʩʝ ʠʩʩʣʝʜʦʚʘʥʥʳʝ PtCu/C ʤʘʪʝʨʠʘʣʳ ʦʙʣʘʜʘʶʪ ʙʦʣʝʝ 

ʚʳʩʦʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʚ ʈɺʂ, ʯʝʤ ʢʦʤʤʝʨʯʝʩʢʠʡ Pt/C ʢʘʪʘʣʠʟʘʪʦʨ. ʇʨʠ ʵʪʦʤ 

ʥʘʠʙʦʣʝʝ ʘʢʪʠʚʥʳʡ ʦʙʨʘʟʝʮ S ʚ 3.5 ʨʘʟʘ ʚʳʰʝ ʧʦ ʤʘʩʩ-ʘʢʪʠʚʥʦʩʪʠ ʠ ʚ 6 ʨʘʟ 

ʚʳʰʝ ʧʦ ʫʜʝʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ JM20. ʆʪʤʝʪʠʤ, ʯʪʦ ʚ ʭʦʜʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ PtCu/C ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʙʳʣʠ ʜʦʩʪʠʛʥʫʪʳ ʟʥʘʯʝʥʠʷ ʘʢʪʠʚʥʦʩʪʠ ʚ 

ʈɺʂ, ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʜʝʧʘʨʪʘʤʝʥʪʦʤ ʵʥʝʨʛʝʪʠʢʠ ʉʐɸ ʜʣʷ ʇʆʄʊʕ 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ [15].  

 

4.3 ʇʨʠʤʝʥʝʥʠʝ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʛʦ ʧʦʜʭʦʜʘ ʢ ʦʮʝʥʢʝ ʚʣʠʷʥʠʷ 

ʩʝʣʝʢʪʠʚʥʦʛʦ ʨʘʩʪʚʦʨʝʥʠʷ ʤʝʜʠ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ PtCu/C 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ 

ʈʝʟʫʣʴʪʘʪʳ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʠʟʫʯʝʥʠʷ 

ʩʦʩʪʘʚʘ/ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʅʏ ʧʦʣʫʯʝʥʥʳʭ PtCu/C ʤʘʪʝʨʠʘʣʦʚ ʙʳʣʠ ʜʦʧʦʣʥʝʥʳ 

ʜʝʪʘʣʴʥʳʤ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʤ ʠʩʩʣʝʜʦʚʘʥʠʝʤ ʧʦ ʤʝʪʦʜʠʢʝ, ʚʧʝʨʚʳʝ 



 
 

ул 
 

ʦʧʠʩʘʥʥʦʡ ʥʘʤʠ ʚ [100] (ʨʠʩʫʥʦʢ 4.7). ɸʢʪʠʚʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ 

ʚ ʈɺʂ ʙʳʣʘ ʠʟʤʝʨʝʥʘ ʚ ʧʨʦʮʝʩʩʝ 7-ʵʪʘʧʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ. ʅʘ ʢʘʞʜʦʤ ʰʘʛʝ 

ʧʨʦʚʦʜʠʣʘʩʴ ʘʢʪʠʚʘʮʠʷ ʵʣʝʢʪʨʦʜʘ ʚ ʜʠʘʧʘʟʦʥʝ ʧʦʪʝʥʮʠʘʣʦʚ 0.04ïɺʇʇ, ʧʨʠ 

ʠʟʤʝʥʝʥʠʠ ʟʥʘʯʝʥʠʷ ɺʇʇ (ʚʝʨʭʥʠʡ ʧʨʝʜʝʣ ʧʦʪʝʥʮʠʘʣʘ) ʦʪ 0.9 ʜʦ 1.2 ɺ ʩ ʰʘʛʦʤ 

ʚ 0.05 ɺ. ɿʘʪʝʤ ʦʧʨʝʜʝʣʷʣʠʩʴ ʟʥʘʯʝʥʠʷ ʤʘʩʩ-ʘʢʪʠʚʥʦʩʪʠ ʠ ʥʘʥʦʩʠʣʠʩʴ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʤʘʨʢʝʨʳ ʥʘ ʛʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ Iʤʘʩʩ ʦʪ ɺʇʇ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ ʜʣʷ ʢʘʞʜʦʛʦ ʦʙʨʘʟʮʘ ʙʳʣʦ ʧʦʣʫʯʝʥʦ 7 ʤʘʨʢʝʨʦʚ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 7 

ʵʪʘʧʘʤ ʵʢʩʧʝʨʠʤʝʥʪʘ. ɼʣʷ ʢʘʞʜʦʡ Iʤʘʩʩïɺʇʇ ʟʘʚʠʩʠʤʦʩʪʠ ʥʘ ʛʨʘʬʠʢʝ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʦʵʬʬʠʮʠʝʥʪʳ ʥʘʢʣʦʥʘ ʧʨʷʤʦʣʠʥʝʡʥʳʭ ʫʯʘʩʪʢʦʚ (ʪʘʙʣʠʮʘ ʥʘ 

ʨʠʩʫʥʢʝ 4.7). 

 

ʈʠʩʫʥʦʢ 4.7 ï ɿʘʚʠʩʠʤʦʩʪʠ ʤʘʩʩ-ʘʢʪʠʚʥʦʩʪʠ ʦʪ ɺʇʇ ʮʠʢʣʠʨʦʚʘʥʠʷ ʥʘ 

ʩʪʘʜʠʠ ʘʢʪʠʚʘʮʠʠ ʜʣʷ PtCu/C ʠ Pt/C ʢʘʪʘʣʠʟʘʪʦʨʦʚ 

 

ɼʣʷ ʚʩʝʭ ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʛʨʘʬʠʢʝ Iʤʘʩʩïɺʇʇ ʟʘʚʠʩʠʤʦʩʪʠ 

ʥʘʙʣʶʜʘʶʪʩʷ ʜʚʘ ʭʘʨʘʢʪʝʨʥʳʭ ʫʯʘʩʪʢʘ (ʨʠʩʫʥʦʢ 4.7). ʇʝʨʚʳʡ ʧʨʷʤʦʣʠʥʝʡʥʳʡ 

ʫʯʘʩʪʦʢ (ʩʧʣʦʰʥʳʝ ʣʠʥʠʠ) ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʯʝʪʳʨʝʤ ʧʝʨʚʳʤ (ʤʝʥʝʝ 

ʧʦʣʦʞʠʪʝʣʴʥʳʤ) ʟʥʘʯʝʥʠʷʤ ʧʦʪʝʥʮʠʘʣʦʚ. ʕʪʦʪ ʫʯʘʩʪʦʢ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 



 
 

ум 
 

ʙʳʩʪʨʳʤ ʩʧʘʜʦʤ ʘʢʪʠʚʥʦʩʪʠ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪʘʤ ʥʘʢʣʦʥʘ 

(ʟʥʘʯʝʥʠʝʤ ʪʘʥʛʝʥʩʘ ʫʛʣʘ ʥʘʢʣʦʥʘ) ʧʨʷʤʦʡ. ʇʦ-ʚʠʜʠʤʦʤʫ, ʵʪʦʪ ʫʯʘʩʪʦʢ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦʡ ʨʝʦʨʛʘʥʠʟʘʮʠʠ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʅʏ. ɺʪʦʨʦʡ 

ʣʠʥʝʡʥʳʡ ʫʯʘʩʪʦʢ (ʧʫʥʢʪʠʨʥʳʝ ʣʠʥʠʠ) ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʙʦʣʝʝ ʤʝʜʣʝʥʥʳʤ 

ʩʥʠʞʝʥʠʝʤ ʤʘʩʩ-ʘʢʪʠʚʥʦʩʪʠ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʩ ʨʦʩʪʦʤ ʧʦʪʝʥʮʠʘʣʘ. ʅʝʩʤʦʪʨʷ ʥʘ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʝ ʩʝʣʝʢʪʠʚʥʦʝ ʨʘʩʪʚʦʨʝʥʠʝ ʯʘʩʪʠ ʣʝʛʠʨʫʶʱʝʛʦ ʢʦʤʧʦʥʝʥʪʘ, 

ʜʣʷ de-alloyed ʦʙʨʘʟʮʦʚ PCHNO3 ʠ SHNO3, ʪʘʢʞʝ ʢʘʢ ʠ ʜʣʷ ʠʭ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ 

ï PC ʠ S, ʥʘʙʣʶʜʘʝʪʩʷ ʙʦʣʝʝ ʩʫʱʝʩʪʚʝʥʥʳʡ ʩʧʘʜ ʘʢʪʠʚʥʦʩʪʠ ʠʤʝʥʥʦ ʥʘ I 

ʫʯʘʩʪʢʝ, ʭʦʪʷ ʠ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʝʝ ʨʝʟʢʠʡ, ʯʝʤ ʜʣʷ PC ʠ S (ʥʘʢʣʦʥ ʧʨʷʤʦʡ ʥʘ I 

ʫʯʘʩʪʢʝ 2094 ʧʨʦʪʠʚ 3018 ʠ 1170 ʧʨʦʪʠʚ 1624, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). ʕʪʦ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʧʨʦʠʩʭʦʜʷʱʝʡ ʨʝʦʨʛʘʥʠʟʘʮʠʠ de-alloyed ʅʏ, 

ʦʙʫʩʣʦʚʣʝʥʥʦʡ ʧʨʦʮʝʩʩʘʤʠ ʨʘʩʪʚʦʨʝʥʠʷ ʠ ʧʝʨʝʦʩʘʞʜʝʥʠʷ ʤʝʪʘʣʣʦʚ. ɹʦʣʝʝ 

ʚʳʩʦʢʘʷ ʩʪʘʙʠʣʴʥʦʩʪʴ PCHNO3 ʠ SHNO3 ʚ ʵʪʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ ʦʙʲʷʩʥʷʝʪʩʷ 

ʩʪʘʙʠʣʠʟʘʮʠʝʡ ʩʦʩʪʘʚʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʝʣʝʢʪʠʚʥʦʛʦ ʨʘʩʪʚʦʨʝʥʠʷ ʤʝʜʠ ʥʘ ʵʪʘʧʝ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʢʠʩʣʦʪʥʦʡ ʦʙʨʘʙʦʪʢʠ. ʆʪʤʝʪʠʤ, ʯʪʦ ʦʙʨʘʟʝʮ PCHNO3 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʤʝʥʝʝ ʨʝʟʢʠʤ ʩʧʘʜʦʤ ʘʢʪʠʚʥʦʩʪʠ ʥʘ I ʫʯʘʩʪʢʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

SHNO3, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʥʘʣʠʯʠʝʤ ʙʦʣʝʝ ʩʪʘʙʠʣʴʥʦʡ ʧʣʘʪʠʥʦʚʦʡ ʦʙʦʣʦʯʢʠ ʚ 

ʣʫʢʦʚʠʯʥʦʡ ʩʪʨʫʢʪʫʨʝ ʅʏ, ʩʬʦʨʤʠʨʦʚʘʥʥʦʡ ʠʟʥʘʯʘʣʴʥʦ, ʪ. ʝ. ʫʞʝ ʥʘ ʵʪʘʧʝ 

ʩʠʥʪʝʟʘ. 

ɿʥʘʯʝʥʠʷ ʤʘʩʩ-ʘʢʪʠʚʥʦʩʪʠ, ʠʟʤʝʨʝʥʥʳʝ ʥʘ ʦʙʨʘʟʮʘʭ, ʘʢʪʠʚʠʨʦʚʘʥʥʳʭ ʜʦ 

ʟʥʘʯʝʥʠʡ ɺʇʇ 1.0 ʠ 1.2 ɺ (ʨʠʩʫʥʦʢ 4.7), ʢʦʨʨʝʣʠʨʫʶʪ ʩ ʧʦʣʫʯʝʥʥʳʤʠ ʨʘʥʝʝ 

ʜʘʥʥʳʤʠ [100]. ʕʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʧʨʝʚʘʣʠʨʫʶʱʝʤ ʚʣʠʷʥʠʠ ʠʤʝʥʥʦ 

ʜʠʘʧʘʟʦʥʘ ʧʦʪʝʥʮʠʘʣʘ ʥʝʞʝʣʠ ʢʦʣʠʯʝʩʪʚʘ ʮʠʢʣʦʚ ʚ ʫʩʣʦʚʠʷʭ ʧʨʦʚʝʜʝʥʥʦʛʦ 

ʵʢʩʧʝʨʠʤʝʥʪʘ ʥʘ ʦʜʥʦʤ ʢʘʪʘʣʠʪʠʯʝʩʢʦʤ ʩʣʦʝ [100]. 

ʈʘʟʣʠʯʥʘʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʘʢʪʠʚʥʦʩʪʠ ʢ ʟʥʘʯʝʥʠʷʤ ʚʝʨʭʥʝʛʦ 

ʧʦʪʝʥʮʠʘʣʘ ʘʢʪʠʚʘʮʠʠ ʥʘ ʜʚʫʭ ʫʯʘʩʪʢʘʭ ʟʘʚʠʩʠʤʦʩʪʠ ʭʘʨʘʢʪʝʨʥʘ ʜʣʷ ʠʩʭʦʜʥʳʭ 

ʠ ʢʠʩʣʦʪʥʦ ʧʨʝʜʦʙʨʘʙʦʪʘʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ S ʠ PC (ʨʠʩʫʥʦʢ 4.7). ʕʪʦ ʤʦʞʝʪ 

ʦʟʥʘʯʘʪʴ, ʯʪʦ ʧʦʩʣʝ ʭʠʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʥʘʥʦʯʘʩʪʠʮʳ ʠ ʩʘʤ ʢʘʪʘʣʠʟʘʪʦʨ ʥʝ 

ʧʨʝʪʝʨʧʝʚʘʶʪ ʢʨʠʪʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨʥʳʭ ʠʟʤʝʥʝʥʠʡ. 
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ʉʫʜʷ ʧʦ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʤʘʩʩ-ʘʢʪʠʚʥʦʩʪʠ ʢ ʟʥʘʯʝʥʠʶ ɺʇʇ, ʥʘʠʙʦʣʝʝ 

ʩʫʱʝʩʪʚʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚ ʩʪʨʫʢʪʫʨʝ ʅʏ ʧʨʦʠʩʭʦʜʷʪ ʧʨʠ ʘʢʪʠʚʘʮʠʠ 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʜʦ ʟʥʘʯʝʥʠʷ ɺʇʇ = 1.06ï1.08 ɺ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʪʦʯʢʘʤ 

ʠʟʣʦʤʘ Iʤʘʩʩïɺʇʇ ʟʘʚʠʩʠʤʦʩʪʝʡ PtCu/C ʤʘʪʝʨʠʘʣʦʚ (ʨʠʩʫʥʦʢ 4.7). ɼʘʣʴʥʝʡʰʝʝ 

ʫʚʝʣʠʯʝʥʠʝ ɺʇʇ ʧʨʠ ʘʢʪʠʚʘʮʠʠ ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʧʣʘʪʠʥʦʤʝʜʥʳʭ 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʥʝ ʠʤʝʝʪ ʩʤʳʩʣʘ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʩʪʘʙʠʣʠʟʘʮʠʠ ʩʪʨʫʢʪʫʨʳ 

ʥʘʥʦʯʘʩʪʠʮ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʧʦʚʳʰʝʥʠʝ ɺʇʇ ʧʨʠ ʘʢʪʠʚʘʮʠʠ ʠ 

ʩʪʨʝʩʩ-ʪʝʩʪʠʨʦʚʘʥʠʠ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʤʦʞʝʪ ʫʩʠʣʠʚʘʪʴ ʜʝʛʨʘʜʘʮʠʶ ʥʦʩʠʪʝʣʷ, 

ʠʟʤʝʥʷʪʴ ʚʢʣʘʜ ʥʝʢʦʪʦʨʳʭ ʤʝʭʘʥʠʟʤʦʚ ʚ ʦʙʱʫʶ ʜʝʛʨʘʜʘʮʠʠ ʢʘʪʘʣʠʟʘʪʦʨʦʚ. ʉ 

ʫʯʝʪʦʤ ʚʳʰʝʠʟʣʦʞʝʥʥʦʛʦ, ʦʧʪʠʤʘʣʴʥʤr ʚʝʨʭʥʠʤ ʧʨʝʜʝʣʦʤ ʧʦʪʝʥʮʠʘʣʘ ʕʍ 

ʘʢʪʠʚʘʮʠʠ ʜʣʷ ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʟʥʘʯʝʥʠʝ 1.0 ɺ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʫʢʘʟʳʚʘʶʪ ʥʘ ʪʦ, ʯʪʦ 1) 

ʢʘʪʘʣʠʟʘʪʦʨʳ, ʧʦʜʚʝʨʛʥʫʪʳʝ ʢʠʩʣʦʪʥʦʡ ʦʙʨʘʙʦʪʢʝ, ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʕʍ 

ʧʦʚʝʜʝʥʠʝ ʩʭʦʜʥʦʝ ʩ ʧʦʚʝʜʝʥʠʝʤ ʠʩʭʦʜʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ (ʩʦʩʪʦʷʥʠʝ çʢʘʢ 

ʧʦʣʫʯʝʥʦè); 2) ʥʝʩʤʦʪʨʷ ʥʘ ʙʣʠʟʦʩʪʴ ʩʦʩʪʘʚʘ ʠ ʬʦʨʤʠʨʦʚʘʥʠʝ ʚʪʦʨʠʯʥʦʡ 

ʩʪʨʫʢʪʫʨʳ ʦʙʦʣʦʯʢʘ-ʷʜʨʦ ʧʦʩʣʝ ʢʠʩʣʦʪʥʦʡ ʦʙʨʘʙʦʪʢʠ, PtCu ʥʘʥʦʯʘʩʪʠʮʳ 

çʧʦʤʥʷʪè ʧʝʨʚʠʯʥʫʶ ʤʠʢʨʦʩʪʨʫʢʪʫʨʫ ʠ ʩʦʭʨʘʥʷʶʪ ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʝʡ 

ʦʩʦʙʝʥʥʦʩʪʠ ʕʍ ʧʦʚʝʜʝʥʠʷ. ʈʝʘʢʮʠʷ ʵʣʝʢʪʨʦʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʢʠʩʣʦʨʦʜʘ, 

ʷʚʣʷʶʱʘʷʩʷ ʩʪʨʫʢʪʫʨʥʦ ʯʫʚʩʪʚʠʪʝʣʴʥʦʡ ʨʝʘʢʮʠʝʡ, ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ 

ʨʘʟʣʠʯʠʷ ʚ ʧʦʚʝʜʝʥʠʠ ʤʘʪʝʨʠʘʣʦʚ, ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʨʝʦʨʛʘʥʠʟʘʮʠʝʡ ʅʏ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʮʝʩʩʦʚ ʩʝʣʝʢʪʠʚʥʦʛʦ ʨʘʩʪʚʦʨʝʥʠʷ ʤʝʜʠ ʠ 

ʨʘʩʪʚʦʨʝʥʠʷ/ʧʝʨʝʦʩʘʞʜʝʥʠʷ ʧʣʘʪʠʥʳ ʚ ʭʦʜʝ ʕʍ ʘʢʪʠʚʘʮʠʠ. 

 

  



 
 

уо 
 

5 ɺʃʀʗʅʀɽ ʀʉʍʆɼʅʆɻʆ ʉʆʉʊɸɺɸ PtCu/C ʂɸʊɸʃʀɿɸʊʆʈʆɺ ʅɸ 

ʌʋʅʂʀʎʆʅɸʃʔʅʓɽ ʍɸʈɸʂʊɽʈʀʉʊʀʂʀ DE-ALLOYED ʄɸʊɽʈʀɸʃʆɺ 

ɺ ʧʨʝʜʳʜʫʱʝʡ ʛʣʘʚʝ ʙʳʣʦ ʨʘʩʩʤʦʪʨʝʥʦ ʚʣʠʷʥʠʝ ʩʪʨʫʢʪʫʨʳ ʅʏ ʥʘ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ʧʣʘʪʠʥʦ-ʤʝʜʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʠ ʫʩʪʘʥʦʚʣʝʥʦ, 

ʯʪʦ ʧʦʩʣʝ ʩʝʣʝʢʪʠʚʥʦʛʦ ʨʘʩʪʚʦʨʝʥʠʷ ʣʝʛʠʨʫʶʱʝʛʦ ʢʦʤʧʦʥʝʥʪʘ ʠʩʭʦʜʥʘʷ 

ʩʪʨʫʢʪʫʨʘ ʅʏ ʚʩʝ ʝʱʝ ʚʣʠʷʝʪ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʪʝʨʠʘʣʦʚ. ʇʨʠʤʝʯʘʪʝʣʴʥʳʤ 

ʦʢʘʟʘʣʩʷ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʠʩʭʦʜʥʦʡ ʩʪʨʫʢʪʫʨʳ ʧʦʩʣʝ ʕʍ ʘʢʪʠʚʘʮʠʠ 

PtCu/C ʢʘʪʘʣʠʟʘʪʦʨʳ ʧʨʠʭʦʜʷʪ ʢ ʦʜʠʥʘʢʦʚʦʤʫ ʩʦʩʪʘʚʫ ï ʦʢʦʣʦ PtCu0.3. ɺ ʩʚʷʟʠ 

ʩ ʵʪʠʤ ʥʝʦʙʭʦʜʠʤʦ ʨʘʩʩʤʦʪʨʝʪʴ, ʢʘʢ ʠʩʭʦʜʥʳʡ ʩʦʩʪʘʚ ʅʏ ʧʦʚʣʠʷʝʪ ʥʘ ʩʚʦʡʩʪʚʘ 

ʤʘʪʝʨʠʘʣʦʚ ʧʦʩʣʝ ʕʍ ʘʢʪʠʚʘʮʠʠ.  

ʇʦʩʢʦʣʴʢʫ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʦʧʠʩʘʥʥʳʭ ʚ ʛʣʘʚʝ 4, ʤʘʪʝʨʠʘʣ 

ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʩʧʣʘʚ ʧʨʦʷʚʠʣ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʘʢʪʠʚʥʦʩʪʴ, ʯʝʤ ʢʘʪʘʣʠʟʘʪʦʨ ʩʦ 

ʩʪʨʫʢʪʫʨʦʡ ʣʫʢʦʚʠʮʘ, ʘ ʩʘʤ ʩʠʥʪʝʟ ʪʘʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʙʦʣʝʝ ʧʨʦʩʪ, ʠʟʫʯʝʥʠʝ 

ʨʦʣʠ ʠʩʭʦʜʥʦʛʦ ʩʦʩʪʘʚʘ ʧʨʦʚʦʜʠʣʠ ʜʣʷ ʤʘʪʝʨʠʘʣʦʚ-ʩʧʣʘʚʦʚ.  

ɺ ʜʘʥʥʦʡ ʛʣʘʚʝ ʟʘʜʘʯʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʣʦʩʴ ʧʦʣʫʯʝʥʠʝ ʨʷʜ 

ʤʘʪʝʨʠʘʣʦʚ, ʧʦʜʚʝʨʛʥʫʪʴ ʠʭ ʕʍ ʘʢʪʠʚʘʮʠʠ ʚ ʫʩʪʘʥʦʚʣʝʥʥʦʤ ʦʧʪʠʤʘʣʴʥʦʤ 

ʨʝʞʠʤʝ ʘʢʪʠʚʘʮʠʠ 0.04ï1.0 ɺ ʠ ʠʩʩʣʝʜʦʚʘʪʴ ʩʪʨʫʢʪʫʨʥʳʝ ʠ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʩʣʝ ʘʢʪʠʚʘʮʠʠ. ʈʷʜ PtCu/C ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʩ ʠʩʭʦʜʥʳʤ 

ʪʝʦʨʝʪʠʯʝʩʢʠʤ ʩʦʩʪʘʚʦʤ ʦʪ PtCu0.25 ʜʦ PtCu2 ʙʳʣ ʧʦʣʫʯʝʥ ʧʦ ʤʝʪʦʜʠʢʝ, 

ʦʧʠʩʘʥʥʦʡ ʚ ʨʘʟʜʝʣʝ 2.2.2 (ɻʣʘʚʘ 2). 

 

5.1 ʉʪʨʫʢʪʫʨʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ PtCu/C ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʩ 

ʨʘʟʣʠʯʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʤʝʜʠ 

ʇʦʣʫʯʝʥʥʳʝ ʦʜʥʦʵʪʘʧʥʳʤ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ ʚ ʞʠʜʢʦʡ ʬʘʟʝ PtCu/C 

ʦʙʨʘʟʮʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʙʣʠʟʢʦʡ ʤʘʩʩʦʚʦʡ ʜʦʣʝʡ ʧʣʘʪʠʥʳ ʦʪ 17.3 ʜʦ 22.1% 

(ʪʘʙʣʠʮʘ 5.1). ʆʙʱʝʝ ʩʦʜʝʨʞʘʥʠʝ ʤʝʜʠ ʚ ʢʘʪʘʣʠʟʘʪʦʨʘʭ, ʦʧʨʝʜʝʣʝʥʥʦʝ ʤʝʪʦʜʦʤ 

ʈʌʣɸ, ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʦʪ ʦʙʨʘʟʮʘ S1 (PtCu0.2) ʢ ʦʙʨʘʟʮʫ S6 (PtCu1.9). ʉʣʝʜʫʝʪ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʬʘʢʪʠʯʝʩʢʠʝ ʩʦʩʪʘʚʳ ʙʣʠʟʢʠ ʢ ʩʦʩʪʘʚʘʤ, ʨʘʩʩʯʠʪʘʥʥʳʤ ʧʦ 

ʟʘʛʨʫʟʢʝ ʧʨʝʢʫʨʩʦʨʦʚ ʚ ʤʘʪʦʯʥʳʡ ʨʘʩʪʚʦʨ. 



 
 

уп 
 

ʊʘʙʣʠʮʘ 5.1 ʉʦʩʪʘʚ ʠ ʩʪʨʫʢʪʫʨʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʣʫʯʝʥʥʳʭ PtCu/C ʠ 

ʢʦʤʤʝʨʯʝʩʢʦʛʦ Pt/C ʤʘʪʝʨʠʘʣʦʚ 

ʆʙʨʘʟʝʮ 
ɤ(Pt+ʉu), 

% 

ɤ(Pt), 

% 

Dʢʨ, ʥʤ 

(ʈʌɸ) 

ʉʦʩʪʘʚ (ʟ-ʥ 

ɺʝʛʘʨʜʘ, ʈʌɸ) 

ʉʦʩʪʘʚ 

(ʈʌʣɸ) 

S1 20.8 19.3 2.9 PtCu
0.20

 PtCu
0.2

 

S2 23.6 21.6 3.1 PtCu
0.35

 PtCu
0.3

 

S3 21.4 18.8 3.1 PtCu
0.46

 PtCu
0.4

 

S4 25.7 17.9 2.7 PtCu
0.60

 PtCu
1.3

 

S5 33.6 22.1 2.2 PtCu
0.76

 PtCu
1.6

 

S6 30.7 17.3 1.8 PtCu
2.18

 PtCu
1.9

 

JM20 - 20 2.5 - - 

 

ʈʝʥʪʛʝʥʦʚʩʢʠʝ ʜʠʬʨʘʢʪʦʛʨʘʤʤʳ PtCu/C ʤʘʪʝʨʠʘʣʦʚ (ʨʠʩʫʥʦʢ 5.1) ʠʤʝʶʪ 

ʚʠʜ, ʭʘʨʘʢʪʝʨʥʳʡ ʜʣʷ ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʥʘ ʦʩʥʦʚʝ ʧʣʘʪʠʥʳ 

[6,14,129]. ɼʣʷ ʜʠʬʨʘʢʪʦʛʨʘʤʤ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʭʘʨʘʢʪʝʨʝʥ ʩʜʚʠʛ 

ʤʘʢʩʠʤʫʤʘ ʧʠʢʦʚ (111) ʠ (200) ʚ ʦʙʣʘʩʪʴ ʙʦʣʴʰʠʭ ʫʛʣʦʚ 2 ʪʝʪʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

Pt/C. ʇʦʣʦʞʝʥʠʝ ʧʠʢʦʚ ʥʘ ʨʝʥʪʛʝʥʦʛʨʘʤʤʘʭ PtCu/C ʤʘʪʝʨʠʘʣʦʚ ʥʘʭʦʜʠʪʩʷ 

ʤʝʞʜʫ ʧʦʟʠʮʠʷʤʠ Pt (39.9 ʠ 46.3) ʠ Cu (43.2 ʠ 50.5), ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ 

ʩʧʣʘʚʣʝʥʠʠ ʧʣʘʪʠʥʳ ʠ ʤʝʜʠ (ʨʠʩʫʥʦʢ 5.1) [6,14,129]. ʂʨʦʤʝ ʪʦʛʦ, ʫʛʣʳ 

ʜʠʬʨʘʢʮʠʠ ʩʤʝʱʘʶʪʩʷ ʢ ʙʦʣʝʝ ʚʳʩʦʢʠʤ ʟʥʘʯʝʥʠʷʤ ʧʦ ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ 

ʩʦʜʝʨʞʘʥʠʷ Cu ʚ ʦʙʨʘʟʮʘʭ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʤʝʞʧʣʦʩʢʦʩʪʥʦʝ ʨʘʩʩʪʦʷʥʠʝ 

ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʝ ʯʠʩʪʦʡ Cu ʤʝʥʴʰʝ, ʯʝʤ ʚ ʨʝʰʝʪʢʝ ʯʠʩʪʦʡ Pt ʠ ʧʦ 

ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ Cu ʤʝʞʧʣʦʩʢʦʩʪʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʚ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʝ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ ʧʦʩʪʝʧʝʥʥʦ ʫʤʝʥʴʰʘʝʪʩʷ [127]. 

ʊʘʢ ʜʣʷ ʦʙʨʘʟʮʘ S1 ʩ ʥʘʠʤʝʥʴʰʠʤ ʘʪʦʤʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʤʝʜʠ ʧʦʣʦʞʝʥʠʝ 

ʤʘʢʩʠʤʫʤʘ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ ʟʥʘʯʝʥʠʠ 2ɗ 40.4 ʛʨʘʜ., ʘ ʜʣʷ ʦʙʨʘʟʮʘ S6 ï ʧʨʠ 42.2 

ʛʨʘʜ. ʅʘʣʠʯʠʝ ʰʠʨʦʢʠʭ ʧʠʢʦʚ ʥʘ ʨʝʥʪʛʝʥʦʛʨʘʤʤʘʭ ʦʙʨʘʟʮʦʚ ʧʦʜʪʚʝʨʞʜʘʶʪ 

ʦʙʨʘʟʦʚʘʥʠʝ ʥʘʥʦʨʘʟʤʝʨʥʳʭ ʧʣʘʪʠʥʦʩʦʜʝʨʞʘʱʠʭ ʯʘʩʪʠʮ (ʨʠʩʫʥʦʢ 5.1).  



 
 

ур 
 

 

ʈʠʩʫʥʦʢ 5.1 ï ʈʝʥʪʛʝʥʦʛʨʘʤʤʳ ʧʦʣʫʯʝʥʥʳʭ PtCu/C ʦʙʨʘʟʮʦʚ 

 

ʅʘ ʨʝʥʪʛʝʥʦʛʨʘʤʤʝ ʦʙʨʘʟʮʘ S5 ʥʘʙʣʶʜʘʝʪʩʷ ʩʣʘʙʳʡ ʧʠʢ CuO (111) ʚ 

ʨʘʡʦʥʝ 36.5 ʛʨʘʜ. [96]. ʊʦʪ ʬʘʢʪ, ʯʪʦ ʥʘ ʨʝʥʪʛʝʥʦʛʨʘʤʤʘʭ ʙʦʣʴʰʠʥʩʪʚʘ 

ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʦʪʩʫʪʩʪʚʫʶʪ ʭʘʨʘʢʪʝʨʥʳʝ ʧʠʢʠ ʦʢʩʠʜʦʚ ʤʝʜʠ ʥʝ 

ʠʩʢʣʶʯʘʝʪ ʠʭ ʧʨʠʩʫʪʩʪʚʠʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʦʚ ʚ ʘʤʦʨʬʠʟʠʨʦʚʘʥʥʦʤ 

ʩʦʩʪʦʷʥʠʠ [121]. ʆʪʤʝʪʠʤ, ʯʪʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʩʦʜʝʨʞʘʥʠʷ ʤʝʜʠ ʚ 

ʢʘʪʘʣʠʟʘʪʦʨʘʭ ʦʪ ʦʙʨʘʟʮʘ S1 ʢ ʦʙʨʘʟʮʫ S6 ʥʘʙʣʶʜʘʝʪʩʷ ʫʤʝʥʴʰʝʥʠʝ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠ ʫʚʝʣʠʯʝʥʠʝ ʰʠʨʠʥʳ ʧʠʢʦʚ (111) ʠ (200) ʥʘ ʨʝʥʪʛʝʥʦʛʨʘʤʤʘʭ 

(ʨʠʩʫʥʦʢ 5.1). ɼʣʷ ʤʘʪʝʨʠʘʣʦʚ S1-S3 ʟʥʘʯʝʥʠʷ ʩʨʝʜʥʠʭ ʨʘʟʤʝʨʦʚ ʢʨʠʩʪʘʣʣʠʪʦʚ, 

ʦʧʨʝʜʝʣʝʥʥʳʝ ʧʦ ʫʨʘʚʥʝʥʠʶ ʐʝʨʨʝʨʘ, ʙʣʠʟʢʠ, ʪʦʛʜʘ ʢʘʢ ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ S3 ʢ 

S6 ʧʨʦʠʩʭʦʜʠʪ ʠʭ ʩʫʱʝʩʪʚʝʥʥʦʝ ʫʤʝʥʴʰʝʥʠʝ ʦʪ 3.1 ʜʦ 1.8 ʥʤ. (ʪʘʙʣʠʮʘ 5.1). 

ɼʣʷ ʦʙʨʘʟʮʦʚ S1-S3 ʠ S6 ʘʪʦʤʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʤʝʪʘʣʣʦʚ ʚ ʥʘʥʦʯʘʩʪʠʮʘʭ, 

ʨʘʩʩʯʠʪʘʥʥʦʝ ʧʦ ʟʘʢʦʥʫ ɺʝʛʘʨʜʘ, ʧʨʘʢʪʠʯʝʩʢʠ ʩʦʚʧʘʜʘʝʪ ʩʦ ʟʥʘʯʝʥʠʷʤʠ, 



 
 

ус 
 

ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʩ ʧʦʤʦʱʴʶ ʈʌʣɸ, ʯʪʦ ʢʦʩʚʝʥʥʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʧʦʣʥʦʤ 

ʩʧʣʘʚʣʝʥʠʠ ʧʣʘʪʠʥʳ ʠ ʤʝʜʠ (ʪʘʙʣʠʮʘ 5.1). ʈʘʩʭʦʞʜʝʥʠʷ, ʥʘʙʣʶʜʘʝʤʳʝ ʜʣʷ 

ʦʙʨʘʟʮʦʚ S4 ʠ S5, ʤʦʛʫʪ ʙʳʪʴ ʦʙʫʩʣʦʚʣʝʥʳ ʥʝʧʦʣʥʳʤ ʚʭʦʞʜʝʥʠʝʤ ʤʝʜʠ ʚ 

ʨʝʰʝʪʢʫ ʧʣʘʪʠʥʳ ʚʩʣʝʜʩʪʚʠʝ ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʦʢʩʠʜʦʚ ʤʝʜʠ. 

 

5.2 ɿʘʚʠʩʠʤʦʩʪʴ ʘʢʪʠʚʥʦʩʪʠ ʚ ʈɺʂ ʦʪ ʠʩʭʦʜʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʤʝʜʠ ʚ 

PtCu/C ʢʘʪʘʣʠʟʘʪʦʨʘʭ 

ʅʘ ʨʠʩʫʥʢʝ 5.2 ʧʨʝʜʩʪʘʚʣʝʥʳ ʮʠʢʣʠʯʝʩʢʠʝ ʚʦʣʴʪʘʤʧʝʨʦʛʨʘʤʤʳ ʩʪʘʜʠʠ 

ʘʢʪʠʚʘʮʠʠ ʢʘʪʘʣʠʟʘʪʦʨʦʚ S1-S6 ʠ ʢʦʤʤʝʨʯʝʩʢʦʛʦ Pt/C ʘʥʘʣʦʛʘ JM20. ʇʦ 

ʠʟʤʝʥʝʥʠʶ ʪʦʢʦʚ ʚ ʚʦʜʦʨʦʜʥʦʡ ʠ ʢʠʩʣʦʨʦʜʥʦʡ ʦʙʣʘʩʪʷʭ ʎɺɸ ʤʦʞʥʦ ʩʜʝʣʘʪʴ 

ʚʳʚʦʜ ʦ ʧʨʦʠʩʭʦʜʷʱʝʡ ʨʘʟʨʘʙʦʪʢʝ ʠ ʧʦʩʣʝʜʫʶʱʝʡ ʩʪʘʙʠʣʠʟʘʮʠʠ 

ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠ ʘʢʪʠʚʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʵʣʝʢʪʨʦʜʦʚ (ʨʠʩʫʥʦʢ 5.2). ʅʘ ʧʝʨʚʳʭ 

ʮʠʢʣʘʭ ʚ ʧʨʦʮʝʩʩʝ ʕʍ ʘʢʪʠʚʘʮʠʠ PtCu/C ʦʙʨʘʟʮʦʚ ʥʘ ʎɺɸ ʦʪʩʫʪʩʪʚʫʶʪ ʯʝʪʢʦ 

ʚʳʨʘʞʝʥʥʳʝ ʧʠʢʠ ʘʜʩʦʨʙʮʠʠ/ʜʝʩʦʨʙʮʠʠ ʚʦʜʦʨʦʜʘ ʚ ʜʠʘʧʘʟʦʥʝ ʧʦʪʝʥʮʠʘʣʦʚ 

0.04ï0.35 ɺ. ʇʨʠʤʝʯʘʪʝʣʴʥʦ, ʯʪʦ ʭʘʨʘʢʪʝʨ ʨʘʟʚʠʪʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʟʣʠʯʘʝʪʩʷ 

ʜʣʷ ʦʙʨʘʟʮʦʚ S1-S3 ʠ S4-S6. ʊʘʢ, ʜʣʷ ʦʙʨʘʟʮʦʚ S4-S6 ʭʘʨʘʢʪʝʨʥʦ ʫʤʝʥʴʰʝʥʠʝ 

ʪʦʢʦʚ ʚ ʚʦʜʦʨʦʜʥʦʡ ʦʙʣʘʩʪʠ ʠ ʩʜʚʠʛ ʢʘʪʦʜʥʦʛʦ ʧʠʢʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ Pt-OH 

ʧʨʠʤʝʨʥʦ ʦʪ 0.65 ʜʦ 0.75 ɺ ʚ ʧʨʦʮʝʩʩʝ ʮʠʢʣʠʨʦʚʘʥʠʷ. ɺʦʣʴʪʘʤʧʝʨʦʛʨʘʤʤʳ 

ʦʙʨʘʟʮʦʚ S1-S3 ʩʪʘʙʠʣʠʟʠʨʫʶʪʩʷ ʙʳʩʪʨʝʝ (ʟʘ ʤʝʥʴʰʝʝ ʯʠʩʣʦ ʮʠʢʣʦʚ) ʢʘʢ ʚ 

ʚʦʜʦʨʦʜʥʦʡ, ʪʘʢ ʠ ʚ ʢʠʩʣʦʨʦʜʥʦʡ ʦʙʣʘʩʪʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ S4-S6 (ʨʠʩʫʥʦʢ 5.2).  

 



 
 

ут 
 

 

ʈʠʩʫʥʦʢ 5.2 ï 100 ʎɺɸ, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʥʘ ʩʪʘʜʠʠ ʕʍ ʘʢʪʠʚʘʮʠʠ 

ʧʦʣʫʯʝʥʥʳʭ ʦʙʨʘʟʮʦʚ PtCu/C. 200 ʤɺ/ʩ, 0.1 ʄ HClO4, ʘʪʤʦʩʬʝʨʘ Ar 

 

ʅʘ ʧʦʩʣʝʜʥʠʭ ʮʠʢʣʘʭ ʩʪʘʜʠʠ ʘʢʪʠʚʘʮʠʠ ʥʘ ʎɺɸ ʦʙʨʘʟʮʦʚ ʩ ʤʝʥʴʰʠʤ 

ʩʦʜʝʨʞʘʥʠʝʤ ʤʝʜʠ (S1-S3) ʩʪʘʥʦʚʷʪʩʷ ʨʘʟʣʠʯʠʤʳ ʧʠʢʠ ʜʝʩʦʨʙʮʠʠ ʩʠʣʴʥʦ ʠ 

ʩʣʘʙʦ ʩʚʷʟʘʥʥʦʛʦ ʚʦʜʦʨʦʜʘ (0.04ï0.35 ɺ), ʯʪʦ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʭʘʨʘʢʪʝʨʥʦ 

ʜʣʷ ʦʜʥʦʢʦʤʧʦʥʝʥʪʥʳʭ ʧʣʘʪʠʥʦʚʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ) [97,111]. ʕʪʦ ʩʚʷʟʘʥʦ ʩ 

ʦʙʦʛʘʱʝʥʠʝʤ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘʥʦʯʘʩʪʠʮ ʧʣʘʪʠʥʦʡ (ʨʠʩʫʥʦʢ 5.2) [97,111]. 

ʇʦʩʣʝ ʕʍ ʘʢʪʠʚʘʮʠʠ ʩʦʜʝʨʞʘʥʠʝ ʤʝʜʠ ʫʤʝʥʴʰʘʝʪʩʷ ʚʦ ʚʩʝʭ 

ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʘʭ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʦʩʪʘʚ 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʧʦʩʣʝ ʘʢʪʠʚʘʮʠʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʬʦʨʤʫʣʘʤ PtCu0.2 - PtCu0.3 

(ʪʘʙʣʠʮʘ 5.2). ʉʫʱʝʩʪʚʝʥʥʦʝ ʥʝʩʦʦʪʚʝʪʩʪʚʠʝ ʩʦʩʪʘʚʘ ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʭ 



 
 

уу 
 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʚ ʩʦʩʪʦʷʥʠʷʭ çʢʘʢ ʧʦʣʫʯʝʥʦè ʠ ʚ ʫʩʣʦʚʠʷʭ ʠʭ ʬʘʢʪʠʯʝʩʢʦʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ, ʪʦ ʝʩʪʴ ʧʦʩʣʝ ʧʨʝʜʰʝʩʪʚʫʶʱʝʡ ʘʢʪʠʚʘʮʠʠ, ï ʭʘʨʘʢʪʝʨʥʘʷ 

ʩʠʪʫʘʮʠʷ ʜʣʷ ʜʚʫʭʢʦʤʧʦʥʝʥʪʥʳʭ ʩʠʩʪʝʤ, ʢʦʪʦʨʘʷ ʪʨʝʙʫʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ 

ʠʩʩʣʝʜʦʚʘʥʠʷ [120,148,149] (ʪʘʙʣʠʮʘ 5.2). 

 ʐʪʨʘʩʩʝʨ ʠ ʩʦʘʚʪ. ʧʦʢʘʟʘʣʠ, ʯʪʦ, ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʠʩʭʦʜʥʦʛʦ ʩʦʩʪʘʚʘ, ʜʘʞʝ 

ʪʝʨʤʠʯʝʩʢʠ ʦʙʨʘʙʦʪʘʥʥʳʝ PtCu/C ʢʘʪʘʣʠʟʘʪʦʨʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʙʣʠʟʢʠʤ 

ʩʦʩʪʘʚʦʤ ï ʦʢʦʣʦ PtCu0.25 ʧʦʩʣʝ ʵʣʝʢʪʨʦʭʠʤʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ [148]. ʂʘʢ ʫʞʝ 

ʦʙʩʫʞʜʘʣʦʩʴ ʚʳʰʝ, ʵʪʦ ʩʚʷʟʘʥʦ ʩʫʱʝʩʪʚʦʚʘʥʠʝʤ ʧʨʝʜʝʣʘ ʨʘʟʜʝʣʝʥʠʷ, ʧʦ 

ʜʦʩʪʠʞʝʥʠʶ ʢʦʪʦʨʦʛʦ ʟʘʪʨʫʜʥʷʝʪʩʷ ʨʘʩʪʚʦʨʝʥʠʝ ʣʝʛʠʨʫʶʱʝʛʦ ʢʦʤʧʦʥʝʥʪʘ. ɺ 

ʧʨʦʮʝʩʩʝ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ ʧʦʚʝʨʭʥʦʩʪʠ ʵʣʝʢʪʨʦʜʘ ʪʘʢʞʝ ʧʨʦʠʩʭʦʜʠʪ 

ʨʘʩʪʚʦʨʝʥʠʝ ʘʤʦʨʬʠʟʠʨʦʚʘʥʥʳʭ ʦʢʩʠʜʦʚ ʤʝʜʠ ʚʩʣʝʜʩʪʚʠʝ ʠʭ ʭʠʤʠʯʝʩʢʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʢʠʩʣʦʪʦʡ, ʩʦʜʝʨʞʘʱʝʡʩʷ ʚ ʵʣʝʢʪʨʦʣʠʪʝ [149]. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʚ ʧʨʦʮʝʩʩʝ ʩʪʘʜʠʠ ʕʍ ʘʢʪʠʚʘʮʠʠ ʚʦ ʚʩʝʭ ʧʦʣʫʯʝʥʥʳʭ PtCu/C 

ʵʣʝʢʪʨʦʢʘʪʘʣʠʟʘʪʦʨʘʭ ʧʨʦʠʩʭʦʜʷʪ ʧʨʦʮʝʩʩʳ ʩʝʣʝʢʪʠʚʥʦʛʦ ʨʘʩʪʚʦʨʝʥʠʷ ʤʝʜʠ, 

ʧʨʠʚʦʜʷʱʠʝ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʥʘʥʦʯʘʩʪʠʮ ʩ de-alloyed 

ʩʪʨʫʢʪʫʨʦʡ ʠ ʧʦʚʝʨʭʥʦʩʪʴʶ, ʦʙʦʛʘʱʝʥʥʦʡ ʘʪʦʤʘʤʠ ʧʣʘʪʠʥʳ [149]. 

ʊʘʙʣʠʮʘ 5.2 ʉʦʩʪʘʚ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ PtCu/C ʠ Pt/C 

ʤʘʪʝʨʠʘʣʦʚ ʧʦʩʣʝ ʘʢʪʠʚʘʮʠʠ 

ʆʙʨʘʟʝʮ ʉʦʩʪʘʚ ʧʦʩʣʝ ʕʍ 

ʘʢʪʠʚʘʮʠʠ (ʈʌʣɸ) 

ʕʍɸʇ Haʜʩ, 

ʤ
2
/ʛ(Pt) 

Ik, ʤA Iʫʜ, 

A/ʤ
2
(Pt) 

ɽ1/2, ɺ 

S1 PtCu
0.2

 43 1.6 8.1 0.91 

S2 PtCu
0.2

 35 1.7 10.9 0.91 

S3 PtCu
0.3

 31 2.2 13.6 0.92 

S4 PtCu
0.3

 43 3.5 18.8 0.93 

S5 PtCu
0.3

 42 3.7 21.4 0.93 

S6 PtCu
0.3

 47 4.6 23.1 0.94 

JM20 Pt 80 1.2 3.1 0.90 

 

ʉʦʛʣʘʩʥʦ ʣʠʪʝʨʘʪʫʨʥʳʤ ʜʘʥʥʳʤ [24] ʚ ʧʨʦʮʝʩʩʝ ʘʢʪʠʚʘʮʠʠ ʪʘʢʞʝ 

ʧʨʦʠʩʭʦʜʠʪ ʨʘʩʪʚʦʨʝʥʠʝ ʠ ʧʝʨʝʦʩʘʞʜʝʥʠʝ ʧʣʘʪʠʥʳ. ʇʦʩʢʦʣʴʢʫ ʚ ʦʙʨʘʟʮʘʭ S1-



 
 

уф 
 

S3 ʠʟʥʘʯʘʣʴʥʦ ʩʦʜʝʨʞʠʪʩʷ ʛʦʨʘʟʜʦ ʤʝʥʴʰʝ ʤʝʜʠ, ʯʝʤ ʚ ʦʙʨʘʟʮʘʭ S4-S6, ʤʳ 

ʧʦʣʘʛʘʝʤ, ʯʪʦ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ, ʧʨʠʚʦʜʷʱʠʝ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ de-

alloyed ʩʪʨʫʢʪʫʨʳ, ʧʨʦʠʩʭʦʜʷʪ ʙʳʩʪʨʝʝ ʚ S1-S3. ɼʘʣʝʝ ʧʦ ʤʝʨʝ ʮʠʢʣʠʨʦʚʘʥʠʷ 

ʥʘ ʩʪʘʜʠʠ ʘʢʪʠʚʘʮʠʠ ʚ S1-S3 ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʧʨʦʠʩʭʦʜʷʪ ʧʨʦʮʝʩʩʳ, 

ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʨʘʩʪʚʦʨʝʥʠʝ/ʧʝʨʝʦʩʘʞʜʝʥʠʝ ʧʣʘʪʠʥʳ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʦʙʨʘʟʫʝʪʩʷ ʤʝʥʝʝ ʜʝʬʝʢʪʥʘʷ, çʟʘʣʝʯʝʥʥʘʷè ʧʣʘʪʠʥʦʚʘʷ ʦʙʦʣʦʯʢʘ. ʀʟʚʝʩʪʥʦ, 

ʯʝʤ ʪʦʣʱʝ ʧʣʘʪʠʥʦʚʘʷ ʦʙʦʣʦʯʢʘ ʥʘʥʦʯʘʩʪʠʮ, ʪʝʤ ʤʝʥʴʰʝ ʵʬʬʝʢʪ ʣʠʛʘʥʜʘ ʠ ʪʝʤ 

ʤʝʥʴʰʝʡ ʘʢʪʠʚʥʦʩʪʴʶ ʚ ʈɺʂ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʢʘʪʘʣʠʟʘʪʦʨ. ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ ʜʣʷ 

ʦʙʨʘʟʮʦʚ S4-S6 ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʙʦʣʝʝ ʪʦʥʢʘʷ ʧʣʘʪʠʥʦʚʘʷ ʦʙʦʣʦʯʢʘ. 

ʎʠʢʣʠʯʝʩʢʠʝ ʚʦʣʴʪʘʤʧʝʨʦʛʨʘʤʤʳ PtCu/C ʢʘʪʘʣʠʟʘʪʦʨʦʚ, ʧʨʦʰʝʜʰʠʭ 

ʩʪʘʜʠʶ ʕʍ ʘʢʪʠʚʘʮʠʠ, ʠʤʝʶʪ ʚʠʜ ʭʘʨʘʢʪʝʨʥʳʡ ʜʣʷ Pt-ʩʦʜʝʨʞʘʠɦʭ 

ʵʣʝʢʪʨʦʢʘʪʘʣʠʟʘʪʦʨʦʚ (ʨʠʩʫʥʦʢ 5.3) [6]. ɺ ʚʦʜʦʨʦʜʥʦʡ ʦʙʣʘʩʪʠ ʯʝʪʢʦ 

ʥʘʙʣʶʜʘʝʪʩʷ ʧʠʢ ʘʜʩʦʨʙʮʠʠ ʘʪʦʤʘʨʥʦʛʦ ʚʦʜʦʨʦʜʘ ʥʘ ʛʨʘʥʠ Pt (110) ʧʨʠ 0.15 ɺ, 

ʧʠʢ ʜʝʩʦʨʙʮʠʠ ʚʦʜʦʨʦʜʘ ʥʘ ʛʨʘʥʠ Pt (100) ʥʘʠʙʦʣʝʝ ʚʳʨʘʞʝʥ ʜʣʷ ʦʙʨʘʟʮʘ S3 

ʧʨʠ 0.27 ɺ, ʠ ʥʘʠʤʝʥʝʝ ʚʳʨʘʞʝʥ ʜʣʷ ʦʙʨʘʟʮʦʚ ʩ ʥʘʠʙʦʣʴʰʠʤ ʠʩʭʦʜʥʳʤ 

ʩʦʜʝʨʞʘʥʠʝʤ ʤʝʜʠ ï S5 ʠ S6, ʢʘʢ ʵʪʦ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʭ 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ [97]. ɼʣʷ ʦʙʨʘʟʮʦʚ S4-S6 ʭʘʨʘʢʪʝʨʥʳʡ ʘʥʦʜʥʳʡ ʧʠʢ ʚ ʦʙʣʘʩʪʠ 

ʧʦʪʝʥʮʠʘʣʦʚ 0.8ï0.9 ɺ, ʩʚʷʟʘʥʥʳʡ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʦʢʩʠʛʝʥʠʨʦʚʘʥʥʳʭ 

ʘʜʩʦʨʙʘʪʦʚ, ʩʤʝʱʘʝʪʩʷ ʚ ʩʪʦʨʦʥʫ ʙʦʣʴʰʠʭ ʧʦʪʝʥʮʠʘʣʦʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʜʨʫʛʠʤʠ ʠʟʫʯʝʥʥʳʤʠ PtCu/C ʠ Pt/C ʤʘʪʝʨʠʘʣʘʤʠ. ʕʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ 

ʟʘʤʝʜʣʝʥʥʦʝ ʦʙʨʘʟʦʚʘʥʠʝ ʦʢʩʠʜʦʚ Pt ʧʦʩʣʝ ʕʍ ʘʢʪʠʚʘʮʠʠ. ʇʦʜʦʙʥʦʝ ʷʚʣʝʥʠʝ 

ʦʪʤʝʯʘʣ Strasser ʠ ʩʦʘʚʪ. [91]. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʢʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ 

ʠʩʭʦʜʥʳʤ ʩʦʩʪʘʚʦʤ PtCu/C ʠ ʧʣʦʱʘʜʴʶ ʘʢʪʠʚʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʢʘʪʘʣʠʟʘʪʦʨʦʚ 

ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ (ʪʘʙʣʠʮʘ 5.2) ɹʣʠʟʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʕʍɸʇ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 

ʦʙʨʘʟʮʳ S1 ʠ S4-S6, ʘ ʪʘʢʞʝ S2-S3 (ʪʘʙʣʠʮʘ 5.2). 



 
 

фл 
 

 

ʈʠʩʫʥʦʢ 5.3 ï 2 ʎɺɸ PtCu/C ʠ Pt/C ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʧʦʩʣʝ ʕʍ ʘʢʪʠʚʘʮʠʠ, 

ʘʪʤʦʩʬʝʨʘ Ar, 20 ʤɺ/ʩ (ʘ); ʢʨʠʚʳʝ ʈɺʂ, 1600 ʦʙ/ʤʠʥ, ʘʪʤʦʩʬʝʨʘ O2, 20 ʤɺ/ʩ 

(ʙ); ʟʘʚʠʩʠʤʦʩʪʠ ʚ ʢʦʦʨʜʠʥʘʪʘʭ ʂʦʫʪʝʮʢʦʛʦ-ʃʝʚʠʯʘ ʧʨʠ ɽ=0.90 ɺ (ʚ). 0.1 ʄ 

HClO4 

 

ʃʠʥʝʡʥʳʝ ʚʦʣʴʪʘʤʧʝʨʦʛʨʘʤʤʳ ʠʩʩʣʝʜʫʝʤʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʚ ʈɺʂ, 

ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʝ ʥʘ ɺɼʕ ʧʨʠ 1600 ʦʙ/ʤʠʥ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 5.3 ʙ. 

ʆʙʨʘʟʮʳ S4-S6 ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʦʜʠʥʘʢʦʚʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʧʦʪʝʥʮʠʘʣʘ 

ʢʠʩʣʦʨʦʜʥʦʡ ʧʦʣʫʚʦʣʥʳ (ʪʘʙʣʠʮʘ 5.2, ʨʠʩʫʥʦʢ 5.3 ʙ). ʇʦ ʤʝʨʝ ʫʤʝʥʴʰʝʥʠʷ 

ʠʩʭʦʜʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʤʝʜʠ ʚ ʦʙʨʘʟʮʘʭ ʦʪ S3 ʢ S1, ʢʨʠʚʳʝ ʈɺʂ ʠ ʟʥʘʯʝʥʠʷ 

ʧʦʪʝʥʮʠʘʣʘ ʧʦʣʫʚʦʣʥʳ ʩʜʚʠʛʘʶʪʩʷ ʚ ʦʙʣʘʩʪʴ ʤʝʥʴʰʠʭ ʧʦʪʝʥʮʠʘʣʦʚ (ʪʘʙʣʠʮʘ 

5.2, ʨʠʩʫʥʦʢ 5.3 ʙ). 

ɺʝʣʠʯʠʥʘ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʪʦʢʘ, ʨʘʩʩʯʠʪʘʥʥʦʛʦ ʠʟ ʟʘʚʠʩʠʤʦʩʪʝʡ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʢʦʦʨʜʠʥʘʪʘʭ ʂʦʫʪʝʮʢʦʛʦ-ʃʝʚʠʯʘ (ʨʠʩʫʥʦʢ 5.3 ʚ), 

ʥʝʤʦʥʦʪʦʥʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʦʪ 1.6 ʜʦ 4.6 ʤɸ ʚ ʨʷʜʫ S1åS2<S3<<S4åS5<S6 

(ʪʘʙʣʠʮʘ 5.2). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʘʩʩ- ʠ ʫʜʝʣʴʥʘʷ ʘʢʪʠʚʥʦʩʪʠ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʚ 

ʈɺʂ ʩʢʘʯʢʦʦʙʨʘʟʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʦ ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʤʝʜʠ ʚ 



 
 

фм 
 

ʠʩʭʦʜʥʳʭ ʦʙʨʘʟʮʘʭ (ʪʘʙʣʠʮʘ 5.2, ʨʠʩʫʥʦʢ 5.4). ɼʘʥʥʦʝ ʷʚʣʝʥʠʝ ʫʩʪʘʥʦʚʣʝʥʦ 

ʥʘʤʠ ʚ ʨʘʙʦʪʝ [115] ɺʘʞʥʦ, ʯʪʦ ʘʢʪʠʚʥʦʩʪʴ ʚ ʈɺʂ ʚʩʝʭ ʧʦʣʫʯʝʥʥʳʭ PtCu/C 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʳʰʘʝʪ ʪʘʢʦʚʫʶ ʜʣʷ ʢʦʤʤʝʨʯʝʩʢʦʛʦ Pt/C 

ʢʘʪʘʣʠʟʘʪʦʨʘ JM20 (250 ɸ/ʛ(Pt)) ʩ ʙʣʠʟʢʦʡ ʤʘʩʩʦʚʦʡ ʜʦʣʝʡ ʧʣʘʪʠʥʳ (ʪʘʙʣʠʮʘ 

5.2).  

 

ʈʠʩʫʥʦʢ 5.4 ï ɿʥʘʯʝʥʠʷ ʤʘʩʩ-ʘʢʪʠʚʥʦʩʪʝʡ ʠ ʩʦʜʝʨʞʘʥʠʝ ʤʝʜʠ ʚ PtCux/C 

ʢʘʪʘʣʠʟʘʪʦʨʘʭ ʜʦ ʠ ʧʦʩʣʝ ʕʍ ʘʢʪʠʚʘʮʠʠ 

 

ʈʘʩʯʝʪʳ, ʧʨʦʚʝʜʝʥʥʳʝ ʚ [150,151], ʠ ʘʥʘʣʠʟ ʧʦʚʝʜʝʥʠʷ ʤʦʜʝʣʴʥʳʭ 

ʩʠʩʪʝʤ [150] ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚ ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʭ PtCu ʥʘʥʦʯʘʩʪʠʮʘʭ ʩʦ 

ʩʪʨʫʢʪʫʨʦʡ çʪʚʝʨʜʳʡ ʨʘʩʪʚʦʨè ʤʝʞʘʪʦʤʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʫʤʝʥʴʰʝʥʦ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ Pt, ʜʣʠʥʘ ʩʚʷʟʠ Pt-Pt ʩʦʢʨʘʱʘʝʪʩʷ. ʕʪʦ ʦʙʣʝʛʯʘʝʪ ʘʜʩʦʨʙʮʠʶ 

ʢʠʩʣʦʨʦʜʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʘʪʘʣʠʟʘʪʦʨʘ, ʩʧʦʩʦʙʩʪʚʫʝʪ ʨʘʟʨʳʚʫ ʩʚʷʟʠ O-O, ʪʝʤ 

ʩʘʤʳʤ ʫʩʢʦʨʷʷ ʧʨʦʮʝʩʩ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʢʠʩʣʦʨʦʜʘ. ʉʦʩʪʘʚʳ ʠʩʩʣʝʜʫʝʤʳʭ 

ʥʘʤʠ PtCu/C ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʧʦʩʣʝ ʠʭ ʘʢʪʠʚʘʮʠʠ ʙʣʠʟʢʠ ʪʘʢ ʞʝ, ʢʘʢ ʠ ʟʥʘʯʝʥʠʷ 

ʕʍɸʇ (ʪʘʙʣʠʮʘ 5.2). ʂʘʟʘʣʦʩʴ ʙʳ, ʵʪʦ ʜʦʣʞʥʦ ʦʙʫʩʣʦʚʣʠʚʘʪʴ ʙʣʠʟʦʩʪʴ 

ʘʢʪʠʚʥʦʩʪʠ ʚ ʈɺʂ ʜʣʷ ʚʩʝʭ ʠʟʫʯʝʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʆʜʥʘʢʦ, ʘʢʪʠʚʥʦʩʪʴ ʚ ʈɺʂ 



 
 

фн 
 

ʘʢʪʠʚʠʨʦʚʘʥʥʳʭ PtCu/C ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʩʠʣʴʥʦ ʟʘʚʠʩʠʪ ʦʪ ʠʭ ʧʨʝʜʳʩʪʦʨʠʠ, ʘ 

ʠʤʝʥʥʦ ï ʦʪ ʩʦʜʝʨʞʘʥʠʷ ʤʝʜʠ ʚ ʠʩʭʦʜʥʳʭ ʦʙʨʘʟʮʘʭ PtCu/C ʚ ʩʦʩʪʦʷʥʠʠ çʢʘʢ 

ʧʦʣʫʯʝʥʦè (ʨʠʩʫʥʦʢ 5.4). ʇʦ ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʝʜʠ ʚ ʦʙʨʘʟʮʘʭ 

S1-S3 ʦʪ PtCu0.2 ʜʦ PtCu0.4 ʥʘʙʣʶʜʘʝʪʩʷ ʧʣʘʚʥʦʝ ʧʦʚʳʰʝʥʠʝ ʤʘʩʩ-ʘʢʪʠʚʥʦʩʪʠ 

ʦʪ 347 ʜʦ 422 ɸ/ʛ(Pt). ʇʨʠ ʧʝʨʝʭʦʜʝ ʢ ʦʙʨʘʟʮʫ S4 (PtCu1.3) ʧʨʦʠʩʭʦʜʠʪ 

ʩʢʘʯʢʦʦʙʨʘʟʥʦʝ ʧʦʚʳʰʝʥʠʝ ʤʘʩʩ-ʘʢʪʠʚʥʦʩʪʠ ʜʦ 810 ɸ/ʛ(Pt), ʘ ʜʘʣʝʝ, ʜʣʷ 

ʦʙʨʘʟʮʦʚ S5 (PtCu1.6) ʠ S6 (PtCu1.9), ï ʚʥʦʚʴ ʝʸ ʧʣʘʚʥʦʝ ʧʦʚʳʰʝʥʠʝ ʜʦ 888 ʠ 

1091 ɸ/ʛ(Pt), ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʉʭʦʜʥʦʝ ʷʚʣʝʥʠʝ ʫʚʝʣʠʯʝʥʠʷ ʘʢʪʠʚʥʦʩʪʠ ʧʦ ʤʝʨʝ 

ʫʚʝʣʠʯʝʥʠʷ ʠʩʭʦʜʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʥʠʢʝʣʷ ʚ ʜʠʘʧʘʟʦʥʝ ʩʦʩʪʘʚʦʚ ʦʪ PtNi0.2 ʜʦ 

PtNi2.3 ʥʘʙʣʶʜʘʣʠ ʘʚʪʦʨʳ ʨʘʙʦʪʳ [152]. ʋʯʠʪʳʚʘʷ, ʯʪʦ ʥʘʙʣʶʜʘʝʤʦʝ 

ʥʝʤʦʥʦʪʦʥʥʦʝ ʧʦʚʳʰʝʥʠʝ ʘʢʪʠʚʥʦʩʪʠ ʥʝ ʩʚʷʟʘʥʦ ʩ ʬʘʢʪʠʯʝʩʢʠʤ ʩʦʩʪʘʚʦʤ 

PtCu ʥʘʥʦʯʘʩʪʠʮ, ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʪʦʨʳʭ ʧʨʦʠʩʭʦʜʠʪ ʨʝʘʢʮʠʷ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ 

ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʥʘʙʣʶʜʘʝʤʘʷ ʨʘʟʥʠʮʘ ʚ ʘʢʪʠʚʥʦʩʪʠ ʦʙʫʩʣʦʚʣʝʥʘ 

ʩʫʱʝʩʪʚʝʥʥʳʤ ʨʘʟʣʠʯʠʝʤ ʩʪʨʫʢʪʫʨʳ de-alloyed PtCu ʥʘʥʦʯʘʩʪʠʮ. 

 

5.3 ʄʦʨʬʦʣʦʛʠʷ de-alloyed PtCu/C ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʩʦ ʩʪʨʫʢʪʫʨʦʡ 

ʥʘʥʦʯʘʩʪʠʮ ʪʚʝʨʜʳʡ ʨʘʩʪʚʦʨ ʩ ʨʘʟʣʠʯʥʳʤ ʠʩʭʦʜʥʳʤ ʩʦʩʪʘʚʦʤ 

ʉ ʮʝʣʴʶ ʦʙʥʘʨʫʞʝʥʠʷ ʨʘʟʥʠʮʳ ʚ ʩʪʨʫʢʪʫʨʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʨʷʜʘ 

PtCu/C ʤʘʪʝʨʠʘʣʦʚ ʧʨʝʜʧʨʠʥʷʪʘ ʧʦʧʳʪʢʘ ʠʟʫʯʠʪʴ ʤʠʢʨʦʩʪʨʫʢʪʫʨʫ PtCu/C 

ʦʙʨʘʟʮʦʚ ʧʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʩʪʘʜʠʠ ʕʍ ʘʢʪʠʚʘʮʠʠ. ɼʣʷ ʵʪʦʛʦ ʩʣʦʡ 

ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʯʝʨʥʠʣ ʙʳʣ ʩʯʠʱʝʥ ʩ ʪʦʨʮʘ ɺɼʕ ʠ ʜʘʣʝʝ ʠʩʩʣʝʜʦʚʘʥ ʤʝʪʦʜʦʤ 

ʇʕʄ ʠ ʕɼʉ. ʅʘ ʨʠʩʫʥʢʝ 5.5 ʧʨʝʜʩʪʘʚʣʝʥʳ ʀʟʦʙʨʘʞʝʥʠʷ ʇʕʄ ʧʦʣʫʯʝʥʥʳʭ 

PtCu/C ɻ ʣʝʢʪʨʦʢʘʪʘʣʠʟʘʪʦʨʦʚ, ʘ ʪʘʢʞʝ ʨʝʟʫʣʴʪʘʪʳ ʩʢʘʥʠʨʦʚʘʥʠʷ ʚ ʣʠʥʠʶ 

ʩʦʩʪʘʚʘ ʥʝʩʢʦʣʴʢʠʭ ʥʘʥʦʯʘʩʪʠʮ ʜʣʷ ʢʘʞʜʦʛʦ ʤʘʪʝʨʠʘʣʘ. 



 
 

фо 
 

 

ʈʠʩʫʥʦʢ 5.5 ï ʀʟʦʙʨʘʞʝʥʠʷ ʇʕʄ (ʘ ï S1, ʛ ï S2, ʞ ï S3, ʢ ï S4, ʥ ï S5, ʨ 

ï S6) PtCu/C ʦʙʨʘʟʮʦʚ; ʛʠʩʪʦʛʨʘʤʤʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʘʥʦʯʘʩʪʠʮ ʧʦ ʨʘʟʤʝʨʘʤ 

ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʤʘʪʝʨʠʘʣʘʭ (ʙ, ʜ, ʟ, ʣ, ʦ, ʩ). ʉʢʘʥʠʨʦʚʘʥʠʝ ʚ ʣʠʥʠʶ ʅʏ (ʚ, 

ʝ, ʠ, ʤ, ʧ, ʪ) ʧʨʝʜʩʪʘʚʣʝʥ rʛʠʩʪʦʛʨʘʤʤʘʤʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ Pt (ʯʝʨʥʳʡ) ʠ Cu 

(ʟʝʣʝʥʳʡ) ʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʚʩʪʘʚʣʝʥʥʦʤʫ ʇʕʄ-ʫʯʘʩʪʢʫ  



 
 

фп 
 

ɼʣʷ ʦʙʨʘʟʮʦʚ S1, S2 ʠ S5 ʥʘʙʣʶʜʘʝʪʩʷ ʨʘʚʥʦʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʥʘʥʦʯʘʩʪʠʮ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʫʛʣʝʨʦʜʥʦʛʦ ʥʦʩʠʪʝʣʷ (ʨʠʩʫʥʦʢ 5.5 ʘ, ʛ, ʥ). ʆʙʨʘʟʝʮ 

S6 ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʘʣʠʯʠʝʤ ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʘʛʣʦʤʝʨʘʪʦʚ 

ʥʘʥʦʯʘʩʪʠʮ (ʨʠʩʫʥʦʢ 5.5 ʨ). ʆʪʤʝʪʠʤ, ʯʪʦ ʧʨʦʠʩʭʦʞʜʝʥʠʝ ʘʛʨʝʛʘʪʦʚ 

ʥʘʥʦʯʘʩʪʠʮ ʚ ʨʘʟʥʳʭ ʦʙʨʘʟʮʘʭ ʤʦʞʝʪ ʨʘʟʣʠʯʘʪʴʩʷ. ʈʘʥʝʝ ʚ [87] ʙʣrʦ ʧʦʢʘʟʘʥʦ, 

ʯʪʦ ʚ ʭʦʜʝ ʩʪʘʜʠʠ ʘʢʪʠʚʘʮʠʠ ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʩʣʠʷʥʠʝ 2ï3-ʭ ʙʣʠʟʢʦ 

ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘʥʦʯʘʩʪʠʮ, ʧʨʠʚʦʜʷʱʝʝ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʧʘʣʦʯʢʦʚʠʜʥʳʭ 

ʩʪʨʫʢʪʫʨ. ʊʘʢʠʝ ʩʪʨʫʢʪʫʨʳ ʥʘʙʣʶʜʘʶʪʩʷ ʚ ʦʙʨʘʟʮʘʭ S4-S6, ʪʦ ʝʩʪʴ ʚ ʪʝʭ 

ʤʘʪʝʨʠʘʣʘʭ, ʛʜʝ ʤʝʜʠ ʠʟʥʘʯʘʣʴʥʦ ʩʦʜʝʨʞʘʣʦʩʴ ʙʦʣʴʰʝ. 

ɼʣʷ ʘʢʪʠʚʠʨʦʚʘʥʥʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ S1 ʥʘʙʣʶʜʘʝʪʩʷ ʩʘʤʦʝ ʫʟʢʦʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʥʘʥʦʯʘʩʪʠʮ ʧʦ ʨʘʟʤʝʨʘʤ ʠ ʤʘʣʳʡ ʩʨʝʜʥʠʡ ʨʘʟʤʝʨ ʥʘʥʦʯʘʩʪʠʮ ï 

ʦʢʦʣʦ 3.7 ʥʤ (ʨʠʩʫʥʦʢ 5.5 ʙ). ɺʝʨʦʷʪʥʦ, ʥʘʥʦʯʘʩʪʠʮʳ ʚ ʵʪʦʤ ʦʙʨʘʟʮʝ 

ʧʨʝʪʝʨʧʝʚʘʶʪ ʥʘʠʤʝʥʴʰʠʝ ʩʪʨʫʢʪʫʨʥʳʝ ʠʟʤʝʥʝʥʠʷ, ʧʦʩʢʦʣʴʢʫ ʩʝʣʝʢʪʠʚʥʦʝ 

ʨʘʩʪʚʦʨʝʥʠʝ ʤʝʜʠ ʠʟ ʥʠʭ ʧʨʦʠʩʭʦʜʠʪ ʚ ʥʘʠʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ. 

ʉʨʘʚʥʝʥʠʝ ʛʠʩʪʦʛʨʘʤʤ ʨʘʟʤʝʨʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʘʥʦʯʘʩʪʠʮ, 

ʧʨʦʚʝʜʝʥʥʦʝ ʩ ʫʯʝʪʦʤ ʠʩʭʦʜʥʦʛʦ ʩʦʩʪʘʚʘ ʤʘʪʝʨʠʘʣʦʚ, ʧʦʟʚʦʣʷʝʪ ʨʘʟʜʝʣʠʪʴ 

ʘʢʪʠʚʠʨʦʚʘʥʥʳʝ PtCu/C ʢʘʪʘʣʠʟʘʪʦʨʳ ʥʘ 3 ʛʨʫʧʧʳ: 1) ʦʙʨʘʟʮʳ S1 ʠ S2, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝʩʷ ʥʘʠʤʝʥʴʰʠʤ ʨʘʟʤʝʨʦʤ ʥʘʥʦʯʘʩʪʠʮ ʠ ʥʘʠʙʦʣʝʝ ʠʭ ʫʟʢʠʤ 

ʨʘʟʤʝʨʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ; 2) ʦʙʨʘʟʮʳ S3 ʠ S4 ʩ ʥʘʠʙʦʣʴʰʠʤ ʩʨʝʜʥʠʤ 

ʨʘʟʤʝʨʦʤ ʠ ʥʘʠʙʦʣʝʝ ʰʠʨʦʢʠʤ ʨʘʟʤʝʨʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ; 3) ʦʙʨʘʟʮʳ S5 ʠ 

S6, ʚʥʦʚʴ ʜʝʤʦʥʩʪʨʠʨʫʶʱʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʦʡ ʩʨʝʜʥʠʡ ʨʘʟʤʝʨ ʠ ʙʦʣʝʝ 

ʫʟʢʦʝ ʠ ʫʧʦʨʷʜʦʯʝʥʥʦʝ ʨʘʟʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ, ʯʝʤ ʦʙʨʘʟʮʳ 2-ʡ ʛʨʫʧʧʳ 

(ʨʠʩʫʥʦʢ 5.5). ʆʪʤʝʪʠʤ, ʯʪʦ ʩʢʘʥʠʨʦʚʘʥʠʝ ʚ ʣʠʥʠʶ ʩʦʩʪʘʚʘ ʦʪʜʝʣʴʥʳʭ 

ʥʘʥʦʯʘʩʪʠʮ ʠ ʘʛʨʝʛʘʪʦʚ ʚ ʘʢʪʠʚʠʨʦʚʘʥʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʘʭ, ʧʦʜʪʚʝʨʜʠʣʦ 

ʥʘʣʠʯʠʝ ʚ ʥʠʭ ʘʪʦʤʦʚ ʦʙʦʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ï Pt ʠ Cu (ʨʠʩʫʥʦʢ 5.5 ʚ, ʝ, ʠ, ʤ, ʧ, ʪ). 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʇʕʄ ʥʝ ʧʦʟʚʦʣʷʶʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜʳ ʦ ʨʘʟʣʠʯʠʠ 

ʩʪʨʫʢʪʫʨʳ ʥʘʥʦʯʘʩʪʠʮ ʚ ʘʢʪʠʚʠʨʦʚʘʥʥʳʭ PtCu/C ʢʘʪʘʣʠʟʘʪʦʨʘʭ ʪʘʢ ʞʝ, ʢʘʢ ʠ ʦ 

ʩʦʩʪʘʚʝ/ʩʪʨʫʢʪʫʨʝ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʣʦʝʚ ʥʘʥʦʯʘʩʪʠʮ [153]. ʇʦ-ʚʠʜʠʤʦʤʫ, 

ʦʙʥʘʨʫʞʝʥʠʝ ʩʪʦʣʴ ʪʦʥʢʠʭ ʨʘʟʣʠʯʠʡ ʚʦʟʤʦʞʥʦ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʇʕʄ 



 
 

фр 
 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʩ ʚʳʩʦʢʠʤ ʨʘʟʨʝʰʝʥʠʝʤ ʥʘ ʤʦʜʝʣʴʥʳʭ ʦʙʲʝʢʪʘʭ, ʥʘʧʨʠʤʝʨ, ʧʨʠ 

ʠʟʫʯʝʥʠʠ ʦʪʜʝʣʴʥʳʭ ʚʝʩʴʤʘ ʢʨʫʧʥʳʭ (ʙʦʣʝʝ 10 ʥʤ) ʥʘʥʦʯʘʩʪʠʮ, ʢʘʢ ʵʪʦ ʩʜʝʣʘʣ 

Hodnik ʠ ʩʦʘʚʪ. ʚ [24]. ʉʦʛʣʘʩʥʦ ʧʦʣʫʯʝʥʥʳʤ ʠʤʠ ʜʘʥʥʳʤ ʧʦʚʝʨʭʥʦʩʪʴ 

ʥʘʥʦʯʘʩʪʠʮ ʚ de-alloyed PtCu/C ʢʘʪʘʣʠʟʘʪʦʨʘʭ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʝʩʢʦʣʴʢʦ 

ʘʪʦʤʥʳʭ ʩʣʦʝʚ ʧʣʘʪʠʥʳ. ʇʨʠ ʵʪʦʤ ʘʚʪʦʨʳ [24] ʦʪʤʝʯʘʶʪ, ʯʪʦ ʥʝʢʦʨʨʝʢʪʥʦ 

ʛʦʚʦʨʠʪʴ ʦ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘʥʦʯʘʩʪʠʮ ʨʘʟʤʝʨʦʤ ʤʝʥʝʝ 10 ʥʤ. ʇʦ-

ʚʠʜʠʤʦʤʫ, ʜʣʷ ʪʘʢʠʭ ʥʘʥʦʯʘʩʪʠʮ ʚʘʞʥʝʡʰʠʤʠ ʬʘʢʪʦʨʘʤʠ, ʚʣʠʷʶʱʠʤʠ ʥʘ 

ʘʢʪʠʚʥʦʩʪʴ ʚ ʈɺʂ, ʷʚʣʷʶʪʩʷ ʥʘʣʠʯʠʝ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʜʝʬʝʢʪʦʚ ʠ ʘʪʦʤʦʚ 

ʣʝʛʠʨʫʶʱʝʛʦ ʢʦʤʧʦʥʝʥʪʘ ʚ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʣʦʷʭ. ʅʘʧʨʠʤʝʨ, ʘʚʪʦʨʳ [154] 

ʦʪʤʝʯʘʶʪ, ʯʪʦ ʯʝʤ ʙʦʣʴʰʝ ʥʠʢʝʣʷ ʩʦʜʝʨʞʠʪʩʷ ʚ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʣʦʷʭ 

PtNi/C, ʪʝʤ ʚʳʰʝ ʘʢʪʠʚʥʦʩʪʴ ʢʘʪʘʣʠʟʘʪʦʨʘ ʚ ʈɺʂ.  

ʏʪʦʙʳ ʧʦʥʷʪʴ ʦʩʥʦʚʥʫʶ ʧʨʠʯʠʥʫ ʧʦʚʳʰʝʥʠʷ ʘʢʪʠʚʥʦʩʪʠ 

ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚ ʈɺʂ, ʘ ʠʤʝʥʥʦ ʨʘʟʣʠʯʥʦʝ ʠʩʭʦʜʥʦʝ ʠ ʦʩʪʘʪʦʯʥʦʝ 

ʩʦʜʝʨʞʘʥʠʝ ʤʝʜʠ, ʠʟʫʯʠʪʴ ʩʪʨʫʢʪʫʨʫ de-alloyed ʥʘʥʦʯʘʩʪʠʮ, ʦʙʨʘʟʫʶʱʠʭʩʷ 

ʧʦʩʣʝ ʘʢʪʠʚʘʮʠʠ, ʤʳ ʧʨʦʚʝʣʠ ʙʦʣʝʝ ʪʦʯʥʳʡ ʘʥʘʣʠʟ ʩʦʩʪʘʚʘ ʤʘʪʝʨʠʘʣʦʚ ʧʦʩʣʝ 

ʘʢʪʠʚʘʮʠʠ ʤʝʪʦʜʦʤ ʈʌʕʉ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʠʩʭʦʜʥʳʡ ʦʙʨʘʟʝʮ S6 ʙʳʣ ʚʳʙʨʘʥ 

ʚ ʢʘʯʝʩʪʚʝ ʵʪʘʣʦʥʥʦʛʦ ʦʙʨʘʟʮʘ. 

ʅʘ ʨʠʩʫʥʢʝ 5.6 (ʘ, ʙ) ʧʨʝʜʩʪʘʚʣʝʥʳ Pt4f7/2,5/2 ʩʧʝʢʪʨʳ ʦʙʨʘʟʮʦʚ S6 ʠ S6CV, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʘ ʚ ʪʘʙʣʠʮʝ 5.3 ʧʨʠʚʝʜʝʥʳ ʵʥʝʨʛʠʠ ʩʚʷʟʠ ʢʦʤʧʦʥʝʥʪʦʚ Pt4f7/2 

ʩʧʝʢʪʨʦʚ ʜʣʷ ʦʙʨʘʟʮʦʚ, ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʧʦʩʣʝ ʩʪʘʜʠʠ ʘʢʪʠʚʘʮʠʠ. ʕʥʝʨʛʠʠ ʩʚʷʟʠ 

ʢʦʤʧʦʥʝʥʪʦʚ A Pt4f7/2 ʩʧʝʢʪʨʦʚ (70.7 ʵɺ), ʠʤʝʶʱʠʭ ʩʫʱʝʩʪʚʝʥʥʫʶ 

ʘʩʠʤʤʝʪʨʠʶ, ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʤʝʪʘʣʣʠʯʝʩʢʦʤʫ ʩʦʩʪʦʷʥʠʶ ʘʪʦʤʦʚ ʧʣʘʪʠʥʳ, ʘ 

ʢʦʤʧʦʥʝʥʪʦʚ C (73.0 ʵɺ) - ʦʢʩʠʜʫ PtO [120,129,155]. ʇʦʤʠʤʦ ʢʦʤʧʦʥʝʥʪʦʚ 

Pt4f7/2,5/2 ʩʧʝʢʪʨʦʚ ʚ ʵʪʦʡ ʞʝ ʦʙʣʘʩʪʠ ʵʥʝʨʛʠʡ ʩʚʷʟʠ ʧʨʠʩʫʪʩʪʚʫʶʪ Cu3p3/2,1/2 

ʩʧʝʢʪʨʳ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʤʝʜʠ (74.8 ʠ 77.3 ʵɺ) ʠ ʦʢʩʠʜʘ ʤʝʜʠ (76.7 ʠ 79.3 ʵɺ). 

Cu3p3/2,1/2 ʩʧʝʢʪʨʳ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʤʝʜʠ ʠ ʦʢʩʠʜʘ ʤʝʜʠ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚ ʭʦʜʝ 

ʧʨʦʚʝʜʝʥʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ. ʇʦ ʥʠʤ ʦʧʨʝʜʝʣʝʥʳ ʵʥʝʨʛʠʠ ʩʚʷʟʠ ʢʦʤʧʦʥʝʥʪʦʚ 

ʵʪʠʭ ʩʧʝʢʪʨʦʚ, ʟʥʘʯʝʥʠʷ ʢʦʪʦʨʳʭ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʣʠʪʝʨʘʪʫʨʥʳʤʠ ʜʘʥʥʳʤʠ 



 
 

фс 
 

[156]. Pt4f7/2,5/2 ʩʧʝʢʪʨʳ ʚʩʝʭ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʦʙʨʘʟʮʦʚ ʠʤʝʶʪ ʘʥʘʣʦʛʠʯʥʳʡ ʚʠʜ, 

ʘ ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʦʢʩʠʜʘ PtO ʣʝʞʠʪ ʚ ʧʨʝʜʝʣʘʭ 11-13%. 

 
ʈʠʩʫʥʦʢ 5.6 ï Pt4f7/2,5/2 ʩʧʝʢʪʨʳ ʦʙʨʘʟʮʦʚ: (a) Pt4f7/2,5/2 ʩʧʝʢʪʨ ʦʙʨʘʟʮʘ S6, (ʙ) 

Pt4f7/2,5/2 ʩʧʝʢʪʨ ʦʙʨʘʟʮʘ S6CV; Cu 2p3/2,1/2 ʩʧʝʢʪʨʳ ʦʙʨʘʟʮʦʚ: (ʚ) ʦʙʨʘʟʮʘ S6, (ʛ) 

ʦʙʨʘʟʮʘ S6CV 

 

ʊʘʙʣʠʮʘ 5.3. ʕʥʝʨʛʠʠ ʩʚʷʟʠ ʢʦʤʧʦʥʝʥʪʦʚ Pt4f7/2 ʠ Cu2p3/2 ʩʧʝʢʪʨʦʚ, 

ʦʪʥʦʩʠʪʝʣʴʥʳʝ ʩʦʜʝʨʞʘʥʠʷ ʦʢʠʩʣʦʚ PtO/Pt ʠ CuO/Cu ʠ ʦʪʥʦʩʠʪʝʣʴʥʦʝ 

ʩʦʜʝʨʞʘʥʠʝ Cu/Pt ʜʣʷ ʦʙʨʘʟʮʦʚ, ʧʦʜʚʝʨʛʥʫʪʳʭ ʕʍ ʘʢʪʠʚʘʮʠʠ. ɺ ʩʢʦʙʢʘʭ ï 

ʘʙʩʦʣʶʪʥʦʝ ʟʥʘʯʝʥʠʝ ʩʪʘʥʜʘʨʪʥʦʛʦ ʦʪʢʣʦʥʝʥʠʷ ʠʟʤʝʨʝʥʥʦʡ ʚʝʣʠʯʠʥʳ ʚ 

ʝʜʠʥʠʮʘʭ ʧʦʩʣʝʜʥʝʛʦ ʟʥʘʢʘ. 

ʆʙʨʘʟʝʮ 

ʕʥʝʨʛʠʷ ʩʚʷʟʠ, 

ʵɺ 
PtO/Pt 

ʦʪʥ. ʝʜ. 

ʕʥʝʨʛʠʷ ʩʚʷʟʠ, ɻ ɺ CuO/Cu 

ʦʪʥ. ʝʜ. 

Cu/Pt 

ʦʪʥ. ʝʜ. 
A C A B 

S1CV 70.76(4) 72.96(1) 0.12(1) 931.60(3) 934.89(20) 0.94(2) 0.35(4) 

S3CV 70.72(2) 72.87(5) 0.11(1) 931.63(3) 935.27(3) 0.17(4) 0.29(4) 

S6CV 70.75(2) 72.92(4) 0.12(1) 931.65(1) 935.00(19) 0.19(3) 0.22(5) 

 



 
 

фт 
 

ʅʘ ʨʠʩʫʥʢʝ 5.6 (ʚ,ʛ) ʧʨʝʜʩʪʘʚʣʝʥʳ Cu2p3/2 ʩʧʝʢʪʨʳ ʦʙʨʘʟʮʦʚ S6 ʠ S6CV. 

ɿʥʘʯʝʥʠʷ ʵʥʝʨʛʠʡ ʩʚʷʟʠ ʢʦʤʧʦʥʝʥʪʦʚ Cu2p3/2 ʩʧʝʢʪʨʦʚ ʚʩʝʭ ʦʙʨʘʟʮʦʚ 

ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 5.3. ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʦʚ, Cu2p3/2 ʩʧʝʢʪʨ ʦʙʨʘʟʮʘ S6 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʤʘʣʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʢʦʤʧʦʥʝʥʪʳ A (ʵʥʝʨʛʠʷ ʩʚʷʟʠ 931.6 ʵɺ), 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʤʝʜʠ [120,129,155,157] ʠ ʙʦʣʴʰʠʤ 

ʩʦʜʝʨʞʘʥʠʝʤ ʢʦʤʧʦʥʝʥʪʳ B (ʵʥʝʨʛʠʷ ʩʚʷʟʠ 933.7 ʵɺ), ʦʪʚʝʯʘʶʱʝʡ ʦʢʩʠʜʫ ʤʝʜʠ 

CuO [155,158], ʪʦʛʜʘ ʢʘʢ Cu2p3/2 ʩʧʝʢʪʨ ʦʙʨʘʟʮʘ S6CV ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʧʝʢʪʨʫ 

ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʤʝʜʠ ʩ ʤʘʣʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʝʝ ʦʢʩʠʜʘ (ʤʝʥʝʝ 20 %). ɼʣʷ Cu2p3/2 

ʩʧʝʢʪʨʦʚ ʦʢʩʠʜʘ ʤʝʜʠ CuO ʭʘʨʘʢʪʝʨʥʘ ʩʫʱʝʩʪʚʝʥʥʘʷ ʘʩʠʤʤʝʪʨʠʷ ʦʩʥʦʚʥʦʡ 

ʣʠʥʠʠ (933.7 ʵɺ), ʘ ʪʘʢʞʝ ʥʘʣʠʯʠʝ ʩʘʪʝʣʣʠʪʥʦʡ ʩʪʨʫʢʪʫʨʳ (ʢʦʤʧʦʥʝʥʪʳ C ʠ D), 

ʦʪʩʫʪʩʪʚʫʶʱʝʡ ʫ Cu2p3/2 ʩʧʝʢʪʨʘ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʤʝʜʠ (931.6 ʵɺ). 

ʕʥʝʨʛʠʷ ʩʚʷʟʠ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʤʝʜʠ (931.6 ʵɺ) ʚ ʩʧʝʢʪʨʝ Cu2p3/2 ʩʜʚʠʥʫʪʘ 

ʥʘ ~1.0 ʵɺ ʚ ʩʪʦʨʦʥʫ ʤʝʥʴʰʠʭ ʵʥʝʨʛʠʡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʪʘʥʜʘʨʪʥʳʤ 

ʟʥʘʯʝʥʠʝʤ 932.6 ʵɺ  [41, 44]. ʈʘʟʥʠʮʘ ʚ 1.0 ʵɺ ʜʣʷ ʵʥʝʨʛʠʠ ʩʚʷʟʠ ʤʝʪʘʣʣʠʯʝʩʢʦʡ 

ʤʝʜʠ ʩʧʝʢʪʨʘ Cu2p3/2 ʤʦʞʝʪ ʙʳʪʴ ʦʙʫʩʣʦʚʣʝʥʘ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʘʪʦʤʦʚ ʤʝʜʠ ʥʘ 

ʛʨʘʬʠʪʦʚʦʡ ʩʝʪʢʝ ʥʦʩʠʪʝʣʷ ʠ/ʠʣʠ ʠʭ ʧʦʢʨʳʪʠʝʤ ʘʪʦʤʘʤʠ ʧʣʘʪʠʥʳ ʚ ʦʙʲʝʤʝ Pt-

Cu ʥʘʥʦʯʘʩʪʠʮ. ʕʥʝʨʛʠʠ ʩʚʷʟʠ ʩʧʝʢʪʨʦʚ ʦʢʩʠʜʘ ʤʝʜʠ Cu2p3/2 ʠʤʝʝʪ ʟʥʘʯʝʥʠʷ 

(933.7 ʵɺ), ʩʦʚʧʘʜʘʶʱʠʝ ʩʦ ʩʪʘʥʜʘʨʪʥʳʤʠ [155,158], ʪ. ʝ. ʩʜʚʠʛ ʥʘ 1 ʵɺ 

ʦʪʩʫʪʩʪʚʫʝʪ. ʇʦ ʜʘʥʥʳʤ ʪʘʙʣʠʮʳ 5.3 ʩʪʝʧʝʥʴ ʦʢʠʩʣʝʥʠʷ ʤʝʜʠ ʚ 

ʘʢʪʠʚʠʨʦʚʘʥʥʳʭ ʦʙʨʘʟʮʘʭ ʩʥʠʞʘʝʪʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʠʩʭʦʜʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ 

ʤʝʜʠ. ɸʥʘʣʦʛʠʯʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʥʘʙʣʶʜʘʝʪʩʷ ʠ ʧʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦʤ 

ʩʦʜʝʨʞʘʥʠʠ Cu/Pt.  

ʀʟ ʦʙʱʠʭ ʩʦʦʙʨʘʞʝʥʠʡ ʧʦʥʷʪʥʦ, ʯʪʦ ʚ ʧʨʦʮʝʩʩʝ ʕʍ ʘʢʪʠʚʘʮʠʠ ʦʙʨʘʟʮʦʚ, 

ʩʦʜʝʨʞʘʱʠʭ ʚ ʠʩʭʦʜʥʦʤ ʩʦʩʪʦʷʥʠʠ ʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʤʝʜʠ, ʧʨʦʠʩʭʦʜʠʪ 

ʩʫʱʝʩʪʚʝʥʥʘʷ ʨʝʦʨʛʘʥʠʟʘʮʠʷ ʩʪʨʫʢʪʫʨʳ ʟʘ ʩʯʝʪ ʨʘʩʪʚʦʨʝʥʠʷ ʟʥʘʯʠʪʝʣʴʥʦʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʣʝʛʠʨʫʶʱʝʛʦ ʢʦʤʧʦʥʝʥʪʘ. ʈʘʥʝʝ Guo ʠ ʩʦʘʚʪ. [61] ʧʦʢʘʟʘʣʠ, ʯʪʦ 

ʥʘʣʠʯʠʝ ʚ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʣʦʷʭ ʥʘʥʦʯʘʩʪʠʮ ʚʘʢʘʥʩʠʡ ʤʝʜʠ, ʦʙʨʘʟʫʶʱʠʭʩʷ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʝʸ ʩʝʣʝʢʪʠʚʥʦʛʦ ʨʘʩʪʚʦʨʝʥʠʷ, ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʩʣʝʜʫʶʱʝʤʫ 

ʧʦʚʳʰʝʥʠʶ ʘʢʪʠʚʥʦʩʪʠ PtCu/C ʵʣʝʢʪʨʦʢʘʪʘʣʠʟʘʪʦʨʦʚ. ʄʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, 



 
 

фу 
 

ʯʪʦ ʠʟʥʘʯʘʣʴʥʦ ʙʦʣʴʰʝʝ ʩʦʜʝʨʞʘʥʠʝ ʤʝʜʠ ʚ ʜʚʫʭʢʦʤʧʦʥʝʥʪʥʦʤ ʪʚʝʨʜʦʤ 

ʨʘʩʪʚʦʨʝ ʚ ʠʪʦʛʝ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʚʘʢʘʥʩʠʡ. ʕʪʦ 

ʫʚʝʣʠʯʠʚʘʶʪ ʘʜʩʦʨʙʮʠʦʥʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʘʪʠʥʳ ʢ 

ʠʥʪʝʨʤʝʜʠʘʪʘʤ HO* ʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʦʩʣʘʙʣʷʝʪ ʘʜʩʦʨʙʮʠʶ ʠʥʪʝʨʤʝʜʠʘʪʘ O* 

[61]. 

 

5.4 ʇʦʣʫʯʝʥʠʝ ʚʳʩʦʢʦʘʢʪʠʚʥʦʛʦ PtCu/C ʤʘʪʝʨʠʘʣʘ ʤʝʪʦʜʦʤ 

ʭʠʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ. ʆʩʦʙʝʥʥʦʩʪʠ ʜʝʛʨʘʜʘʮʠʠ 

ʕʍ ʘʢʪʠʚʘʮʠʷ PtCu/C ʤʘʪʝʨʠʘʣʘ ʩ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʤʝʜʠ ʧʦʟʚʦʣʷʝʪ 

ʧʦʣʫʯʠʪʴ ʵʣʝʢʪʨʦʢʘʪʘʣʠʟʘʪʦʨ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡʩʷ ʚʳʩʦʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʚ 

ʈɺʂ. ʆʜʥʘʢʦ ʕʍ ʦʙʨʘʙʦʪʢʘ ʥʝ ʧʨʠʛʦʜʥʘ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʙʦʣʴʰʠʭ ʢʦʣʠʯʝʩʪʚ 

ʤʘʪʝʨʠʘʣʘ ʠ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʙʳʣʘ ʧʨʦʠʟʚʝʜʝʥʘ ʭʠʤʠʯʝʩʢʘʷ 

ʦʙʨʘʙʦʪʢʘ ʢʘʪʘʣʠʟʘʪʦʨʘ S6 ʚ 1ʄ HNO3 ʚ ʪʝʯʝʥʠʝ 3-ʭ ʯʘʩʦʚ. ʇʦʣʫʯʝʥʥʳʡ 

ʤʘʪʝʨʠʘʣ, ʤʘʨʢʠʨʦʚʘʥʥʳʡ ʢʘʢ S6HNO3, ʘ ʪʘʢʞʝ ʢʦʤʤʝʨʯʝʩʢʠʡ Pt/C ʢʘʪʘʣʠʟʘʪʦʨ 

JM20 ʙʳʣʠ ʚʩʝʩʪʦʨʦʥʥʝ ʠʟʫʯʝʥ rʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤʠ ʠ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʤʠ 

ʤʝʪʦʜʘʤʠ, ʯʪʦ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʥʘʰʝʡ ʨʘʙʦʪʝ [159]. 

ʄʘʩʩʦʚʘʷ ʜʦʣʷ ʧʣʘʪʠʥʳ ʚ ʦʙʨʘʟʮʝ S6HNO3 ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʦʙʨʘʟʮʦʤ S6, ʯʪʦ ʚʳʟʚʘʥʦ ʨʘʩʪʚʦʨʝʥʠʝʤ ʟʥʘʯʠʪʝʣʴʥʦʡ ʯʘʩʪʠ ʣʝʛʠʨʫʶʱʝʛʦ 

ʢʦʤʧʦʥʝʥʪʘ (ʪʘʙʣʠʮʘ 5.1, ʪʘʙʣʠʮʘ 5.2). ʉʦʜʝʨʞʘʥʠʝ ʤʝʜʠ, ʦʧʨʝʜʝʣʝʥʥʦʝ 

ʤʝʪʦʜʦʤ ʈʌʣɸ, ʧʦʩʣʝ ʢʠʩʣʦʪʥʦʡ ʦʙʨʘʙʦʪʢʠ ʫʤʝʥʴʰʘʝʪʩʷ ʧʦʯʪʠ ʚ 4 ʨʘʟʘ 

(ʪʘʙʣʠʮʘ 5.1, ʪʘʙʣʠʮʘ 5.2). 

ʊʘʙʣʠʮʘ 5.4 ʉʦʩʪʘʚ ʠ ʩʪʨʫʢʪʫʨʥʳʝ ʧʘʨʘʤʝʪʨʳ PtCu/C ʧʦʩʣʝ ʢʠʩʣʦʪʥʦʡ 

ʦʙʨʘʙʦʪʢʠ ʠ ʢʦʤʤʝʨʯʝʩʢʦʛʦ Pt/C ʤʘʪʝʨʠʘʣʦʚ 

ʆʙʨʘʟʝʮ ɤ(Pt), % 
Dʢʨ, ʥʤ 

(ʈʌɸ) 

Dʅʏ, ʥʤ 

(ʇʕʄ) 

ʉʦʩʪʘʚ (ʟ-ʥ 

ɺʝʛʘʨʜʘ, ʈʌɸ) 

ʉʦʩʪʘʚ 

(ʈʌʣɸ) 

S6HNO3 23.3 2.6 3.2 PtCu0.6 PtCu0.5 

JM20 20.0 2.5 2.7 - - 
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ʈʝʥʪʛʝʥʦʛʨʘʤʤʘ PtCu/C ʢʘʪʘʣʠʟʘʪʦʨʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʢʠʩʣʦʪʥʦʡ ʦʙʨʘʙʦʪʢʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʩʨʘʚʥʝʥʠʝ ʩ ʪʘʢʦʚʦʡ ʜʣʷ ʢʦʤʤʝʨʯʝʩʢʦʛʦ 

Pt/C ʘʥʘʣʦʛʘ ʥʘ ʨʠʩʫʥʢʝ 5.7. ʉʨʝʜʥʠʡ ʨʘʟʤʝʨ ʢʨʠʩʪʘʣʣʠʪʦʚ, ʨʘʩʩʯʠʪʘʥʥʳʡ ʧʦ 

ʫʨʘʚʥʝʥʠʶ ʐʝʨʨʝʨʘ ʜʣʷ S6HNO3 ʦʢʘʟʘʣʩʷ ʙʣʠʟʦʢ ʢ ʩʨʝʜʥʝʤʫ ʨʘʟʤʝʨʫ ʜʣʷ JM20 

(ʪʘʙʣʠʮʘ 5.4). ʉʦʩʪʘʚ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʢʦʤʧʦʥʝʥʪʳ, ʦʧʨʝʜʝʣʝʥʥʳʡ ʧʦ ʟʘʢʦʥʫ 

ɺʝʛʘʨʜʘ ʙʣʠʟʦʢ ʢ ʩʦʩʪʘʚʫ ʧʦ ʈʌʣɸ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʦʪʩʫʪʩʪʚʠʠ ʤʝʜʠ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʢʘʪʘʣʠʟʘʪʦʨʘ ʚ ʚʠʜʝ ʦʢʩʠʜʦʚ ʠ ʩʦʙʩʪʚʝʥʥʦʡ ʬʘʟʳ ʠ ʚʭʦʞʜʝʥʠʝʤ 

d-ʤʝʪʘʣʣʘ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʨʝʰʝʪʢʫ ʧʣʘʪʠʥʳ (ʪʘʙʣʠʮʘ 5.4, ʨʠʩʫʥʦʢ 5.7). 

 

ʈʠʩʫʥʦʢ 5.7 ï ʈʝʥʪʛʝʥʦʛʨʘʤʤʳ ʧʦʣʫʯʝʥʥʦʛʦ PtCu/C ʠ ʢʦʤʤʝʨʯʝʩʢʦʛʦ 

Pt/C ʦʙʨʘʟʮʦʚ 

 

ʇʦ ʬʦʪʦʛʨʘʬʠʷʤ ʇʕʄ, ʙʳʣ ʨʘʩʩʯʠʪʘʥ ʩʨʝʜʥʠʡ ʨʘʟʤʝʨ ʥʘʥʦʯʘʩʪʠʮ ʚ 

ʠʩʩʣʝʜʫʝʤʳʭ ʤʘʪʝʨʠʘʣʘʭ ʠ ʠʟʫʯʝʥʘ ʠʭ ʨʘʟʤʝʨʥʘʷ ʜʠʩʧʝʨʩʠʷ (ʨʠʩʫʥʦʢ 5.8). 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʥʘʥʦʯʘʩʪʠʮ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʥʦʩʠʪʝʣʷ ʙʦʣʝʝ 

ʨʘʚʥʦʤʝʨʥʦ ʚ ʢʦʤʤʝʨʯʝʩʢʦʤ Pt/C ʦʙʨʘʟʮʝ (ʨʠʩʫʥʦʢ 5.8 ʜ-ʟ), ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

PtCu/C (ʨʠʩʫʥʦʢ 5.8 ʘ-ʛ). ʅʘʣʠʯʠʝ ʘʛʣʦʤʝʨʘʪʦʚ ʨʘʟʤʝʨʦʤ 10ï15 ʥʤ ʭʘʨʘʢʪʝʨʥʦ 

ʜʣʷ S6HNO3, ʢʘʢ ʠ ʜʣʷ ʤʘʪʝʨʠʘʣʘ S6 (ʨʠʩʫʥʦʢ 5.5 ʨ, ʨʠʩʫʥʦʢ 5.8 ʘ-ʙ).  

ʀʩʩʣʝʜʫʝʤʳʝ ʦʙʨʘʟʮʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʙʣʠʟʢʠʤ ʩʨʝʜʥʠʤ ʨʘʟʤʝʨʦʤ ʅʏ, 

ʦʜʥʘʢʦ ʚ JM20 ʥʘʙʣʶʜʘʝʪʩʷ ʙʦʣʝʝ ʫʟʢʘʷ ʨʘʟʤʝʨʥʘʷ ʜʠʩʧʝʨʩʠʷ. ʈʘʩʩʯʠʪʘʥʥʦʝ 

ʤʝʞʧʣʦʩʢʦʩʪʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʚ ʥʘʥʦʯʘʩʪʠʮʘʭ Pt/ʉ ʤʘʪʝʨʠʘʣʘ ï 0.225 ʥʤ, 



 
 

млл 
 

ʫʢʘʟʳʚʘʝʪ ʥʘ ʧʨʠʩʫʪʩʪʚʠʝ ʛʨʘʥʠ ʧʣʘʪʠʥʳ (111). ʋʤʝʥʴʰʝʥʠʝ ʤʝʞʧʣʦʩʢʦʩʪʥʦʛʦ 

ʨʘʩʩʪʦʷʥʠʷ ʚ ʦʙʨʘʟʮʝ PtCu/C ʦʢʦʣʦ 0.205 ʥʤ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʛʨʘʥʠ {111} [160] ʠ 

ʫʢʘʟʳʚʘʝʪ ʥʘ ʜʝʬʦʨʤʘʮʠʶ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ ʥʘ 

ʦʩʥʦʚʝ ʧʣʘʪʠʥʳ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ Pt/C (ʨʠʩʫʥʦʢ 5.8 ʚ, ʞ). 

 

ʈʠʩʫʥʦʢ 5.8 ï ʀʟʦʙʨʘʞʝʥʠʷ ʇʕʄ ʦʙʨʘʟʮʦʚ: S6HNO3 (ʘ-ʚ) ʠ JM20 (ʜ-ʞ). 

ɻʠʩʪʦʛʨʘʤʤʳ ʨʘʟʤʝʨʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʅʏ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʦʙʨʘʟʮʘʭ (ʛ, 

ʟ). ʅʘ ʬʦʪʦʛʨʘʬʠʷʭ ʇʕʄ ʩ ʚʳʩʦʢʠʤ ʨʘʟʨʝʰʝʥʠʝʤ (ʚ, ʞ) ʦʧʨʝʜʝʣʝʥʳ 

ʤʝʞʧʣʦʩʢʦʩʪʥʳʝ ʨʘʩʩʪʦʷʥʠʷ ʜʣʷ ʅʏ 

 

ɼʣʷ ʦʙʨʘʟʮʘ S6HNO3 ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʵʣʝʤʝʥʪʥʦʝ ʢʘʨʪʠʨʦʚʘʥʠʝ 

ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʩʢʘʥʠʨʦʚʘʥʠʝ ʩʦʩʪʘʚʘ ʥʝʩʢʦʣʴʢʠʭ ʥʘʥʦʯʘʩʪʠʮ ʚ ʣʠʥʠʶ ʤʝʪʦʜʦʤ 

ʕɼʉ (ʨʠʩʫʥʦʢ 5.9). ʈʝʟʫʣʴʪʘʪʳ ʵʣʝʤʝʥʪʥʦʛʦ ʢʘʨʪʠʨʦʚʘʥʠʷ ʠ ʣʠʥʝʡʥʦʛʦ 

ʩʢʘʥʠʨʦʚʘʥʠʷ ʩʦʩʪʘʚʘ ʦʪʜʝʣʴʥʳʭ ʥʘʥʦʯʘʩʪʠʮ ʧʦʜʪʚʝʨʞʜʘʶʪ ʥʘʣʠʯʠʝ ʚ ʥʠʭ 

ʜʚʫʭ ʢʦʤʧʦʥʝʥʪʦʚ ʩ ʤʦʣʴʥʳʤ ʩʦʦʪʥʦʰʝʥʠʝʤ Pt : Cu = 1 : 0.6, ʯʪʦ ʪʘʢʞʝ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʝʟʫʣʴʪʘʪʘʤ ʈʌʣɸ ʠ ʈʌɸ. 

 

ʈʠʩʫʥʦʢ 5.9 ï ʌʦʪʦʛʨʘʬʠʷ ʉʊʕʄ ʦʙʨʘʟʮʘ S6HNO3 (ʘ, ʛ) ʠ ʵʣʝʤʝʥʪʥʦʝ 

ʢʘʨʪʠʨʦʚʘʥʠʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʫʯʘʩʪʢʘ: Pt (ʙ) ʠ Cu (ʚ). ʉʢʘʥʠʨʦʚʘʥʠʝ ʚ 

ʣʠʥʠʶ ʥʝʩʢʦʣʴʢʠʭ ʅʏ (ʜ) ʥʘ ʚʳʙʨʘʥʥʦʤ ʫʯʘʩʪʢʝ (ʛ) 



 
 

млм 
 

 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʮʠʢʣʠʯʝʩʢʦʡ ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʠ (ʨʠʩʫʥʦʢ 5.10 ʘ, ʙ) ʧʦʩʣʝ 

ʩʪʘʜʠʠ ʘʢʪʠʚʘʮʠʠ ʦʙʨʘʟʮʳ S6HNO3 ʠ JM20 ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʕʍɸʇ, 

ʦʧʨʝʜʝʣʝʥʥʦʡ ʧʦ ʚʦʜʦʨʦʜʫ, 39 ʠ 80 ʤ2/ʛ(Pt) ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʪʘʙʣʠʮʘ 5.5). 

ʅʝʩʤʦʪʨʷ ʥʘ ʙʣʠʟʢʠʡ ʩʨʝʜʥʠʡ ʨʘʟʤʝʨ ʅʏ ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʡ ʢʘʪʘʣʠʟʘʪʦʨ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʦʥʠʞʝʥʥʦʡ ʕʍɸʇ ʚʩʣʝʜʩʪʚʠʝ ʦʙʨʘʟʦʚʘʥʠʷ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ 

ʘʛʣʦʤʝʨʘʪʦʚ. 

 

ʈʠʩʫʥʦʢ 5.10 ï2 ʎɺɸ PtCu/C (ʘ) ʠ ʢʦʤʤʝʨʯʝʩʢʦʛʦ Pt/C (ʙ) ʢʘʪʘʣʠʟʘʪʦʨʦʚ 

ʧʦʩʣʝ ʕʍ ʘʢʪʠʚʘʮʠʠ ʠ ʩʪʨʝʩʩ-ʪʝʩʪʠʨʦʚʘʥʠʡ, ʘʪʤʦʩʬʝʨʘ Ar, 20 ʤɺ/ʩ (ʘ); 

ʢʨʠʚʳʝ ʈɺʂ ʜʦ ʠ ʧʦʩʣʝ ʩʪʨʝʩʩ-ʪʝʩʪʦʚ ʜʣʷ PtCu/C (ʚ) ʠ Pt/C (ʛ), 1600 ʦʙ/ʤʠʥ, 

ʘʪʤʦʩʬʝʨʘ O2, 20 ʤɺ/ʩ (ʙ); ʟʘʚʠʩʠʤʦʩʪʠ ʚ ʢʦʦʨʜʠʥʘʪʘʭ ʂʦʫʪʝʮʢʦʛʦ-ʃʝʚʠʯʘ 

ʧʨʠ ɽ=0.90 ɺ (ʜ, ʝ). 0.1 ʄ HClO4 

 



 
 

млн 
 

ʊʘʙʣʠʮʘ 5.5 ʌʫʥʢʮʠʦʥʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ PtCu/C ʠ Pt/C 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʧʦʩʣʝ ʘʢʪʠʚʘʮʠʠ 

ʆʙʨʘʟʝʮ 
ʕʍɸʇ Haʜʩ, 

ʤ
2
/ʛ(Pt) 

ʕʍɸʇ CO, 

ʤ
2
/ʛ(Pt) 

I
k
, ʤA I

ʄɸʉʉ
,
 

A/ʛ(Pt) 
ɽ
1/2
, ɺ 

S6HNO3 39 43 3.7 645 0.93 

JM20 80 77 1.2 257 0.90 

 

ʕʣʝʢʪʨʦʦʢʠʩʣʝʥʠʝ ʤʦʥʦʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ ʷʚʣʷʝʪʩʷ ʧʦʚʝʨʭʥʦʩʪʥʦ-

ʯʫʚʩʪʚʠʪʝʣʴʥʦʡ ʨʝʘʢʮʠʡ, ʧʦ ʢʦʪʦʨʦʡ ʤʦʞʥʦ ʩʫʜʠʪʴ ʦ ʨʘʟʣʠʯʠʷʭ ʚ 

ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʷʭ ʧʣʘʪʠʥʦʩʦʜʝʨʞʘʱʠʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ. ʅʘ 

ʚʦʣʴʪʘʤʧʝʨʦʛʨʘʤʤʘʭ ʵʣʝʢʪʨʦʦʢʠʩʣʝʥʠʷ ʉʆ ʜʣʷ JM20 ʭʘʨʘʢʪʝʨʥʦ ʥʘʣʠʯʠʝ ʜʚʫʭ 

ʧʠʢʦʚ, ʪʘʢ ʥʘʟʳʚʘʝʤʦʛʦ ʧʨʝʜʧʠʢʘ ʦʢʦʣʦ ɽ=0.73 ɺ ʠ ʦʩʥʦʚʥʦʛʦ ʧʠʢʘ ʦʢʦʣʦ 

ɽ=0.85 ɺ (ʨʠʩʫʥʦʢ 5.11). ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʧʨʦʮʝʩʩ ʦʢʩʠʣʝʥʠʷ ʤʦʥʦʦʢʩʠʜʘ ʥʘ 

ʤʘʪʝʨʠʘʣʝ PtCu/C ʢʘʨʜʠʥʘʣʴʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʪʘʢʦʚʦʛʦ ʜʣʷ ʧʣʘʪʠʥʦʫʛʣʝʨʦʜʥʳʭ 

ʦʙʨʘʟʮʦʚ (ʨʠʩʫʥʦʢ 5.11). ʆʢʠʩʣʝʥʠʝ ʉʆ ʥʘʯʠʥʘʝʪʩʷ ʧʨʠ ʧʦʪʝʥʮʠʘʣʝ ʧʨʠʤʝʨʥʦ 

ʥʘ 0.1 ɺ ʤʝʥʴʰʝ, ʯʝʤ ʜʣʷ Pt/C ʢʘʪʘʣʠʟʘʪʦʨʘ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʙʦʣʴʰʫʶ 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʙʠʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ ʢ ʦʪʨʘʚʣʝʥʠʶ ʉʆ. ʊʘʢʞʝ 

ʥʘʙʣʶʜʘʶʪʩʷ 2 ʧʠʢʘ ï ʦʜʠʥ ʥʘʠʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʳʡ ʩ ʤʘʢʩʠʤʫʤʦʤ ʦʢʦʣʦ ɽ=0.74 

ɺ ʠ ʚʪʦʨʦʡ ʦʢʦʣʦ ɽ=0.81 ɺ (ʨʠʩʫʥʦʢ 5.11). ʅʘʣʠʯʠʝ ʥʝʩʢʦʣʴʢʠʭ ʧʠʢʦʚ ʥʘ 

ʚʦʣʴʪʘʤʧʝʨʦʛʨʘʤʤʝ ʵʣʝʢʪʨʦʦʢʠʩʣʝʥʠʷ ʉʆ ʫʢʘʟʳʚʘʝʪ ʥʘ ʨʘʟʤʝʨʥʫʶ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʯʘʩʪʠʮ ʚ ʤʘʪʝʨʠʘʣʝ, ʧʨʠʩʫʪʩʪʚʠʝ ʘʛʣʦʤʝʨʘʪʦʚ ʠ ʚʦʟʤʦʞʥʫʶ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʩʦʩʪʘʚʘ ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʥʘʥʦʯʘʩʪʠʮ [141]. ʈʘʟʤʝʨʥʘʷ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʥʘʥʦʯʘʩʪʠʮ PtCu/C ʤʘʪʝʨʠʘʣʘ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʇʕʄ 

ʠʩʩʣʝʜʦʚʘʥʠʝʤ (ʨʠʩʫʥʦʢ 5.8 ʘ-ʛ).   

 



 
 

мло 
 

 

ʈʠʩʫʥʦʢ 5.11 ï ɺʦʣʴʪʘʤʧʝʨʦʛʨʘʤʤʳ ʵʣʝʢʪʨʦʦʢʠʩʣʝʥʠʷ ʉʆ ʜʦ ʠ ʧʦʩʣʝ ʩʪʨʝʩʩ-

ʪʝʩʪʠʨʦʚʘʥʠʡ ʜʣʷ PtCu/C ʠ Pt/C ʢʘʪʘʣʠʟʘʪʦʨʦʚ. 40 ʤɺ/ʩ, 0.1 ʄ HClO4, 

ʘʪʤʦʩʬʝʨʘ Ar 

 

ʇʨʠ ʵʪʦʤ ʟʥʘʯʝʥʠʷ ʕʍɸʇ, ʨʘʩʩʯʠʪʘʥʥʳʝ ʧʦ ʢʦʣʠʯʝʩʪʚʫ ʵʣʝʢʪʨʠʯʝʩʪʚʘ, 

ʟʘʪʨʘʯʝʥʥʦʛʦ ʥʘ ʦʢʠʩʣʝʥʠʝ ʉʆ ʠ ʘʜʩʦʨʙʮʠʶ/ʜʝʩʦʨʙʮʠʶ ʚʦʜʦʨʦʜʘ, ʦʢʘʟʘʣʠʩʴ 

ʙʣʠʟʢʠ (ʪʘʙʣʠʮʘ 5.2) 

ʇʦʣʫʯʝʥʥʳʡ ʧʫʪʝʤ ʢʠʩʣʦʪʥʦʡ ʦʙʨʘʙʦʪʢʠ PtCu/C ʵʣʝʢʪʨʦʢʘʪʘʣʠʟʘʪʦʨ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚ 2.5 ʨʘʟʘ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʤʘʩʩ-ʘʢʪʠʚʥʦʩʪʴʶ ʚ ʈɺʂ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʤʤʝʨʯʝʩʢʠʤ ʘʥʘʣʦʛʦʤ Pt/C (ʪʘʙʣʠʮʘ 5.5). ʇʨʠ ʵʪʦʤ ʘʢʪʠʚʥʦʩʪʴ 

ʦʙʨʘʟʮʘ S6HNO3 ʟʥʘʯʠʪʝʣʴʥʦ ʫʩʪʫʧʘʝʪ ʪʘʢʦʚʦʡ ʜʣʷ ʠʩʭʦʜʥʦʛʦ ʦʙʨʘʟʮʘ S6 

(ʪʘʙʣʠʮʘ 5.2, ʪʘʙʣʠʮʘ 5.5, ʨʠʩʫʥʦʢ 5.4). ʊʘʢʘʷ ʞʝ ʩʠʪʫʘʮʠʷ ʥʘʙʣʶʜʘʣʘʩʴ ʚ 

ʩʣʫʯʘʝ ʢʠʩʣʦʪʥʦʡ ʦʙʨʘʙʦʪʢʠ ʦʙʨʘʟʮʘ S (ʨʠʩʫʥʦʢ 4.5). ɺʝʨʦʷʪʥʦ, ʧʨʠʯʠʥʳ 

ʧʦʥʠʞʝʥʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʜʣʷ ʢʠʩʣʦʪʥʦ-ʦʙʨʘʙʦʪʘʥʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʪʘʢʠʝ ʞʝ 

ʢʘʢ ʜʣʷ ʦʙʨʘʟʮʘ S1 ʩ ʠʩʭʦʜʥʦ ʥʠʟʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʤʝʜʠ, ʧʨʦʰʝʜʰʠʤ 

ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʫʶ ʘʢʪʠʚʘʮʠʶ, ʘ ʠʤʝʥʥʦ ʩ ʫʪʦʣʱʝʥʠʝʤ ʧʣʘʪʠʥʦʚʦʡ ʦʙʦʣʦʯʢʠ 

ʅʏ ʚ ʨʝʟʫʣʴʪʘʪʝ ʮʠʢʣʠʨʦʚʘʥʠʷ. ʆʜʥʘʢʦ ʠ ʦʙʨʘʟʝʮ SHNO3 (ʛʣʘʚʘ 3) ʠ S6HNO3, 

ʩʪʨʫʢʪʫʨʘ ʢʦʪʦʨʳʭ ʨʝʦʨʛʘʥʠʟʦʚʘʥʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʭʠʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʚ 
























































