
 

 

 
 

 
 

ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʘʚʪʦʥʦʤʥʦʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ  

ʫʯʨʝʞʜʝʥʠʝ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ 

çʖʞʥʳʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè 

 

 

ʅʘ ʧʨʘʚʘʭ ʨʫʢʦʧʠʩʠ 

 

 

 

 

 

 

ʄʦʛʫʯʠʭ ɽʣʠʟʘʚʝʪʘ ɸʥʪʦʥʦʚʥʘ 

 

 

 

ʄʝʪʦʜʳ ʧʦʚʳʰʝʥʠʷ ʢʦʨʨʦʟʠʦʥʥʦ-ʤʦʨʬʦʣʦʛʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ 

ʧʣʘʪʠʥʦʩʦʜʝʨʞʘʱʠʭ ʵʣʝʢʪʨʦʢʘʪʘʣʠʟʘʪʦʨʦʚ ʜʣʷ 

ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʪʦʧʣʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ 
 

1.4.6. ʕʣʝʢʪʨʦʭʠʤʠʷ 

 

 

 

 

ɼʠʩʩʝʨʪʘʮʠʷ ʥʘ ʩʦʠʩʢʘʥʠʝ ʫʯʝʥʦʡ ʩʪʝʧʝʥʠ ʢʘʥʜʠʜʘʪʘ ʭʠʤʠʯʝʩʢʠʭ ʥʘʫʢ 

 

 

 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ 

              ʜʦʢʪʦʨ ʭʠʤʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ɻʫʪʝʨʤʘʥ ɺʣʘʜʠʤʠʨ ɽʬʠʤʦʚʠʯ 

 

 

 

 

 

 

 

ʈʦʩʪʦʚ-ʥʘ-ɼʦʥʫ ï 2023 
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ʉʧʠʩʦʢ ʦʙʦʟʥʘʯʝʥʠʡ ʠ ʩʦʢʨʘʱʝʥʠʡ 

ʊʕʇʆʄ ï ʪʦʧʣʠʚʥʳʡ ʵʣʝʤʝʥʪ ʩ ʧʨʦʪʦʥʥʦʦʙʤʝʥʥʦʡ ʤʝʤʙʨʘʥʥʦʡ 

ʄʕɹ ï ʤʝʤʙʨʘʥʥʦ-ʵʣʝʢʪʨʦʜʥʳʡ ʙʣʦʢ 

ʈɺʂ ï ʨʝʘʢʮʠʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʢʠʩʣʦʨʦʜʘ  

ʎɺɸ ï ʮʠʢʣʠʯʝʩʢʘʷ ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʷ, ʮʠʢʣʠʯʝʩʢʘʷ ʚʦʣʴʪʘʤʧʝʨʦʛʨʘʤʤʘ  

ʅʏ ï ʥʘʥʦʯʘʩʪʠʮʘ (ʳ)  

ʋʅ ï ʫʛʣʝʨʦʜʥʳʡ ʥʦʩʠʪʝʣʴ 

ʋʅʊ ï ʫʛʣʝʨʦʜʥʳʝ ʥʘʥʦʪʨʫʙʢʠ 

ʈʌɸ ï ʨʝʥʪʛʝʥʦʬʘʟʦʚʳʡ ʘʥʘʣʠʟ  

ɺɼʕ ï ʚʨʘʱʘʶʱʠʡʩʷ ʜʠʩʢʦʚʳʡ ʵʣʝʢʪʨʦʜ  

ɹʕʊ ï ɹʨʫʥʘʫʵʨ-ʕʤʤʝʪ-ʊʝʣʣʝʨ 

ʈʌʣɸ ï ʨʝʥʪʛʝʥʦʬʣʫʦʨʝʩʮʝʥʪʥʳʡ ʘʥʘʣʠʟ  

ʈʌʕʉ ï ʤʝʪʦʜ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʬʦʪʦʵʣʝʢʪʨʦʥʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ 

ʇʕʄ ï ʧʨʦʩʚʝʯʠʚʘʶʱʘʷ ʵʣʝʢʪʨʦʥʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ  

Dʩʨ(111) ï ʩʨʝʜʥʠʡ ʨʘʟʤʝʨ ʢʨʠʩʪʘʣʣʠʪʦʚ, ʥʤ  

Dʩʨ ï ʩʨʝʜʥʠʡ ʨʘʟʤʝʨ ʥʘʥʦʯʘʩʪʠʮ, ʥʤ   

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

ʕʍɸʇn ï ʧʣʦʱʘʜʴ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠ ʘʢʪʠʚʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʘʪʠʥʳ ʧʦʩʣʝ 

ʩʪʨʝʩʩ-ʪʝʩʪʠʨʦʚʘʥʠʷ, ʤ2/ʛ(Pt)  

neï ï ʢʦʣʠʯʝʩʪʚʦ ʵʣʝʢʪʨʦʥʦʚ ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ  

Iʢ ï ʢʠʥʝʪʠʯʝʩʢʠʡ ʪʦʢ, ʤɸ  
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E1/2 ï ʧʦʪʝʥʮʠʘʣ ʧʦʣʫʚʦʣʥʳ, ɺ 

Iʤʘcc ï ʤʘccʦʚʘʷ ʘʢʪʠʚʥʦʩʪʴ ɸ/ʛ(Pt) 

Iʫʜ ï ʫʜʝʣʴʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ɸ/ʤ2(Pt) 

ʉʊ ï ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʩʪʘʙʠʣʴʥʦʩʪʴ, % 

ʉɼ ï ʩʪʝʧʝʥʴ ʜʝʛʨʘʜʘʮʠʠ, % 

Q ï ʢʦʣʠʯʝʩʪʚʦ ʵʣʝʢʪʨʠʯʝʩʪʚʘ, ʧʨʦʰʝʜʰʝʛʦ ʯʝʨʝʟ ʢʘʪʘʣʠʟʘʪʦʨ ʟʘ ʚʨʝʤʷ ʩʪʨʝʩʩ-

ʪʝʩʪʠʨʦʚʘʥʠʷ, ʂʣ/ʛ(Pt) 
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ɺɺɽɼɽʅʀɽ 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ.  

ʊʦʧʣʠʚʥʳʝ ʵʣʝʤʝʥʪʳ ʩ ʧʨʦʪʦʥʥʦʦʙʤʝʥʥʦʡ ʤʝʤʙʨʘʥʦʡ (ʊʕʇʆʄ) ï ʦʜʥʘ ʠʟ 

ʢʣʶʯʝʚʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʘʣʴʪʝʨʥʘʪʠʚʥʦʡ ʵʥʝʨʛʝʪʠʢʠ ʚ ʈʦʩʩʠʠ ʠ ʤʠʨʝ. ɺʘʞʥʝʡʰʝʡ 

ʢʦʤʧʦʥʝʥʪʦʡ ʊʕʇʆʄ ̫ ʚʣʷʝʪʩʷ ʤʝʤʙʨʘʥʥʦ-ɻ ʣʝʢʪʨʦʜʥʳʡ ʙʣʦʢ (ʄʕɹ), ʚ ʧʦʨʠʩʪʳʭ 

ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʣʦʷʭ ʢʦʪʦʨʦʛʦ ʨʝʘʣʠʟʫʶʪʩʷ ʪʦʢʦʦʙʨʘʟʫʶʱʠʝ ʨʝʘʢʮʠʠ: 

ʵʣʝʢʪʨʦʦʢʠʩʣʝʥʠʝ ʚʦʜʦʨʦʜʘ ʠ ʵʣʝʢʪʨʦʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʢʠʩʣʦʨʦʜʘ (ʈɺʂ). ʇʨʦʮʝʩʩʳ 

ʜʝʛʨʘʜʘʮʠʠ, ʧʨʦʪʝʢʘʶʱʠʝ ʚ ʄʕɹ, ʧʨʠʚʦʜʷʪ ʢ ʩʥʠʞʝʥʠʶ ʠʭ ʤʦʱʥʦʩʪʠ. ɼʣʷ 

ʰʠʨʦʢʦʛʦ ʢʦʤʤʝʨʯʝʩʢʦʛʦ ʚʥʝʜʨʝʥʠʷ ʊʕʇʆʄ ʥʝʦʙʭʦʜʠʤʦ ʧʦʚʳʩʠʪʴ ʨʝʩʫʨʩ ʠʭ 

ʨʘʙʦʪʳ, ʩʚʷʟʘʥʥʳʡ ʩ ʩʦʭʨʘʥʝʥʠʝʤ ʚʳʩʦʢʠʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʝʛʦ 

ʢʦʤʧʦʥʝʥʪʦʚ. ʕʣʝʢʪʨʦʢʘʪʘʣʠʟʘʪʦʨʳ, ʩʦʜʝʨʞʘʱʠʝʩʷ ʚ ʄʕɹ, ʜʦʣʞʥʳ ʦʙʝʩʧʝʯʠʚʘʪʴ 

ʧʨʦʪʝʢʘʥʠʝ ʪʦʢʦʦʙʨʘʟʫʶʱʠʭ ʨʝʘʢʮʠʡ, ʧʨʦʷʚʣʷʷ ʧʨʠ ʵʪʦʤ ʚʳʩʦʢʫʶ ʢʦʨʨʦʟʠʦʥʥʦ-

ʤʦʨʬʦʣʦʛʠʯʝʩʢʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ. ʉʦʟʜʘʥʠʝ ʚʳʩʦʢʦʩʪʘʙʠʣʴʥʳʭ 

ʵʣʝʢʪʨʦʢʘʪʘʣʠʟʘʪʦʨʦʚ, ʩʧʦʩʦʙʥʳʭ ʜʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ ʩʦʭʨʘʥʷʪʴ ʚʳʩʦʢʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʧʦʤʦʞʝʪ ʰʠʨʦʢʦʤʫ ʚʥʝʜʨʝʥʠʶ ʊʕʇʆʄ ʚ ʢʘʯʝʩʪʚʝ 

ʵʥʝʨʛʦʫʩʪʘʥʦʚʦʢ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʫʩʪʨʦʡʩʪʚ.  

ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʧʦʜʜʝʨʞʢʦʡ 

ʌʦʥʜʘ ʩʦʜʝʡʩʪʚʠʷ ʠʥʥʦʚʘʮʠʷʤ (ʋʄʅʀʂ ˉ18212ɻʋ/2022) ʈʦʩʩʠʡʩʢʦʛʦ ʬʦʥʜʘ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ (ʛʨʘʥʪ ˉ20-33-90135), ʄʠʥʦʙʨʥʘʫʢʠ (ʩʦʛʣʘʰʝʥʠʝ 

ˉ13.3005.2017/ʇʏ; ʩʦʛʣʘʰʝʥʠʝ ˉ ɹɸɿ0110/20-1-04ʌʍ) ʠ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ 

ʬʦʥʜʘ (ʛʨʘʥʪ ˉ ʈʅʌ 20-79-10211, ʛʨʘʥʪ ˉ ʈʅʌ 213.01-03/2016-7). 

ʉʪʝʧʝʥʴ ʨʘʟʨʘʙʦʪʘʥʥʦʩʪʠ ʪʝʤʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʅʘʥʦʯʘʩʪʠʮʳ ʧʣʘʪʠʥʳ ʠ ʝʝ ʩʧʣʘʚʦʚ, ʨʘʩʧʨʝʜʝʣʸʥʥʳʝ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʯʘʩʪʠʮ 

ʫʛʣʝʨʦʜʥʦʛʦ ʥʦʩʠʪʝʣʷ, ʷʚʣʷʶʪʩʷ ʤʘʪʝʨʠʘʣʘʤʠ, ʢʦʪʦʨʳʝ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʚ ʤʝʤʙʨʘʥʥʦ-ʵʣʝʢʪʨʦʜʥʦʤ ʙʣʦʢʝ ʊʕʇʆʄ. 

ɺʳʩʦʢʘʷ ʩʪʦʠʤʦʩʪʴ ʧʣʘʪʠʥʳ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʬʘʢʪʦʨʦʚ, ʧʨʝʧʷʪʩʪʚʫʶʱʠʤ 

ʰʠʨʦʢʦʤʫ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʶ ʫʩʪʨʦʡʩʪʚ ʥʘ ʦʩʥʦʚʝ ʊʕʇʆʄ. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʢ 

ʵʣʝʢʪʨʦʢʘʪʘʣʠʟʘʪʦʨʘʤ ʧʨʝʜʲʷʚʣʷʶʪ ʨʷʜ ʪʨʝʙʦʚʘʥʠʡ, ʦʩʥʦʚʥʦʝ ʠʟ ʢʦʪʦʨʳʭ ï 
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ʩʦʯʝʪʘʥʠʝ ʚʳʩʦʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ ʠ ʘʢʪʠʚʥʦʩʪʠ, ʥʝʦʙʭʦʜʠʤʦʝ ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ 

ʚʳʩʦʢʠʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ. ʉʦʟʜʘʥʠʝ  

Pt-ʩʦʜʝʨʞʘʱʠʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ, ʩ ʥʠʟʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʜʨʘʛʦʮʝʥʥʦʛʦ ʤʝʪʘʣʘ ʠ, ʚ ʪʦ 

ʞʝ ʚʨʝʤʷ, ʩ ʚʳʩʦʢʠʤʠ ʘʢʪʠʚʥʦʩʪʴʶ ʠ ʩʪʘʙʠʣʴʥʦʩʪʴʶ, ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ. 

ɼʘʣʝʝ ʧʦʜ ʩʪʘʙʠʣʴʥʦʩʪʴʶ ʤʳ ʙʫʜʝʤ ʧʦʥʠʤʘʪʴ ʩʧʦʩʦʙʥʦʩʪʴ ʢʘʪʘʣʠʟʘʪʦʨʘ ʩʦʭʨʘʥʷʪʴ 

ʧʣʦʱʘʜʴ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠ ʘʢʪʠʚʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ (ʕʍɸʇ) ʠ ʤʘʩʩ-ʘʢʪʠʚʥʦʩʪʴ ʚ 

ʈɺʂ, ʯʪʦ ʥʝʚʦʟʤʦʞʥʦ ʙʝʟ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ ʧʨʦʮʝʩʩʘʤ ʭʠʤʠʯʝʩʢʦʡ ʠ 

ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʡ ʜʝʛʨʘʜʘʮʠʠ. ʗʚʣʝʥʠʷ ʜʝʛʨʘʜʘʮʠʠ ʧʨʦʪʝʢʘʶʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 

ʥʘ ʢʠʩʣʦʨʦʜʥʦʤ ʵʣʝʢʪʨʦʜʝ ʄʕɹ, ʧʦʵʪʦʤʫ ʚʥʠʤʘʥʠʝ ʚ ʨʘʙʦʪʝ ʧʦʩʚʷʱʝʥʦ ʠʟʫʯʝʥʠʶ 

ʢʘʪʦʜʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ. ʌʫʥʢʮʠʦʥʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʵʣʝʢʪʨʦʢʘʪʘʣʠʟʘʪʦʨʦʚ 

ʩʚʷʟʘʥʳ ʩ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʠʭ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ, ʧʦʜ ʢʦʪʦʨʦʡ ʧʦʥʠʤʘʝʪʩʷ 

ʩʦʦʪʥʦʰʝʥʠʝ ʤʝʪʘʣʣʦʚ ʠ ʦʩʦʙʝʥʥʦʩʪʠ ʠʭ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚ ʥʘʥʦʯʘʩʪʠʮʘʭ (ʅʏ), 

ʩʨʝʜʥʠʡ ʨʘʟʤʝʨ ʠ ʨʘʚʥʦʤʝʨʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʅʏ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʥʦʩʠʪʝʣʷ, 

ʩʨʝʜʥʠʡ ʨʘʟʤʝʨ ʢʨʠʩʪʘʣʣʠʪʦʚ, ʩʦʩʪʘʚ ʠ ʩʪʨʫʢʪʫʨʘ ʥʦʩʠʪʝʣʷ.   

ɺ ʨʘʙʦʪʘʭ M. Breitwieser, N. Hodnik ʠ ʤʥʦʛʠʭ ʜʨʫʛʠʭ ʘʚʪʦʨʦʚ ʚ ʢʘʯʝʩʪʚʝ 

ʦʜʥʦʛʦ ʠʟ ʩʧʦʩʦʙʦʚ ʧʦʚʳʰʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʘʪʦʜʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ 

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʟʘʤʝʥʘ ʥʘʥʦʯʘʩʪʠʮ ʧʣʘʪʠʥʳ ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʤʠ ʥʘʥʦʯʘʩʪʠʮʘʤʠ. 

ʃʝʛʠʨʦʚʘʥʠʝ ʧʣʘʪʠʥʳ ʥʝʢʦʪʦʨʳʤʠ ʤʝʥʝʝ ʙʣʘʛʦʨʦʜʥʳʤʠ ʤʝʪʘʣʣʘʤʠ, ʚ ʯʘʩʪʥʦʩʪʠ 

Cu, ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʚʝʣʠʯʝʥʠʶ ʘʢʪʠʚʥʦʩʪʠ ʧʣʘʪʠʥʳ ʚ ʈɺʂ ʟʘ ʩʯʝʪ ʧʨʦʤʦʪʠʨʫʶʱʝʛʦ 

ʚʣʠʷʥʠʷ ʜʦʙʘʚʢʠ ʠ ʧʦʚʳʰʝʥʠʶ ʩʪʘʙʠʣʴʥʦʩʪʠ ʟʘ ʩʯʸʪ ʟʘʤʝʜʣʝʥʠʷ ʧʨʦʮʝʩʩʦʚ 

ʜʝʛʨʘʜʘʮʠʠ ʢʘʪʘʣʠʟʘʪʦʨʘ. ɺʘʞʥʦʡ ʟʘʜʘʯʝʡ ʷʚʣʷʝʪʩʷ ʧʦʠʩʢ ʦʧʪʠʤʘʣʴʥʦʡ 

ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʅʏ, ʧʦʟʚʦʣʷʶʱʝʡ ʫʤʝʥʴʰʠʪʴ ʧʨʦʮʝʩʩʳ ʦʢʠʩʣʝʥʠʷ ʣʝʛʠʨʫʶʱʝʛʦ 

ʢʦʤʧʦʥʝʥʪʘ ʠ, ʪʝʤ ʩʘʤʳʤ, ʩʧʦʩʦʙʩʪʚʫʶʱʝʡ ʩʦʭʨʘʥʝʥʠʶ ʚʳʩʦʢʠʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

ɼʨʫʛʦʡ ʧʦʜʭʦʜ ʢ ʫʚʝʣʠʯʝʥʠʶ ʩʪʘʙʠʣʴʥʦʩʪʠ ʵʣʝʢʪʨʦʢʘʪʘʣʠʟʘʪʦʨʦʚ ʜʣʷ 

ʊʕʇʆʄ ʥʘʧʨʘʚʣʝʥ ʥʘ ʧʦʚʳʰʝʥʠʝ ʫʩʪʦʡʯʠʚʦʩʪʠ ʫʛʣʝʨʦʜʥʳʭ ʥʦʩʠʪʝʣʝʡ (ʋʅ) ʢ 

ʧʨʦʮʝʩʩʘʤ ʦʢʠʩʣʝʥʠʷ. G.S. Harzer ʠ B. Genorio ʧʨʝʜʣʘʛʘʶʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ 

ʢʘʯʝʩʪʚʝ ʥʦʩʠʪʝʣʷ ʫʛʣʝʨʦʜʘ, ʜʦʧʠʨʦʚʘʥʥʦʛʦ ʛʝʪʝʨʦʘʪʦʤʘʤʠ ʘʟʦʪʘ. ʇʨʠʤʝʥʝʥʠʝ 

ʪʘʢʦʛʦ ʥʦʩʠʪʝʣʷ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʩʥʠʞʝʥʠʶ ʜʝʛʨʘʜʘʮʠʠ ʵʣʝʢʪʨʦʢʘʪʘʣʠʟʘʪʦʨʦʚ ʟʘ 
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ʩʯʝʪ ʟʘʤʝʜʣʝʥʠʷ ʧʨʦʮʝʩʩʦʚ ʦʢʠʩʣʝʥʠʷ ʫʛʣʝʨʦʜʘ ʠ ʘʛʣʦʤʝʨʘʮʠʠ ʅʏ. ʆʜʥʘʢʦ, 

ʩʦʚʤʝʩʪʥʦʝ ʚʣʠʷʥʠʝ ʘʟʦʪʠʨʦʚʘʥʥʦʛʦ ʥʦʩʠʪʝʣʷ ʠ ʧʨʠʤʝʥʝʥʠʝ ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʅʏ 

ʥʘ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʵʣʝʢʪʨʦʢʘʪʘʣʠʟʘʪʦʨʦʚ ʜʣʷ ʢʘʪʦʜʘ ʊʕ ʥʝ ʙʳʣʦ 

ʠʟʫʯʝʥʦ.  

ɿʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʢʦʨʨʦʟʠʦʥʥʦ-ʤʦʨʬʦʣʦʛʠʯʝʩʢʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ 

ʦʢʘʟʳʚʘʝʪ ʤʠʢʨʦʩʪʨʫʢʪʫʨʘ ʤʘʪʝʨʠʘʣʘ. ɿʘ ʩʯʝʪ ʦʧʪʠʤʠʟʘʮʠʠ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ 

ʵʣʝʢʪʨʦʢʘʪʘʣʠʟʘʪʦʨʦʚ ʚʦʟʤʦʞʥʦ ʧʦʚʳʩʠʪʴ ʠʭ ʢʦʨʨʦʟʠʦʥʥʦ-ʤʦʨʬʦʣʦʛʠʯʝʩʢʫʶ 

ʩʪʘʙʠʣʴʥʦʩʪʴ ʢ ʨʘʟʣʠʯʥʳʤ ʧʨʦʮʝʩʩʘʤ ʜʝʛʨʘʜʘʮʠʶ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʜʣʷ ʚʳʷʩʥʝʥʠʷ 

ʤʝʭʘʥʠʟʤʦʚ ʜʝʛʨʘʜʘʮʠʠ ʵʣʝʢʪʨʦʢʘʪʘʣʠʟʘʪʦʨʦʚ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ ʚʘʞʥʦʝ 

ʟʥʘʯʝʥʠʝ ʠʤʝʶʪ ʠʟʫʯʝʥʠʝ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʘʪʝʨʠʘʣʦʚ ʜʦ ʠ ʧʦʩʣʝ 

ʩʪʨʝʩʩ-ʪʝʩʪʠʨʦʚʘʥʠʷ. ɺʘʞʥʳʤ ʘʩʧʝʢʪʦʤ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʟʫʯʝʥʠʝ 

ʚʟʘʠʤʦʩʚʷʟʠ ʤʝʞʜʫ ʫʩʣʦʚʠʷʤʠ ʧʨʦʚʝʜʝʥʠʷ ʩʪʨʝʩʩ-ʪʝʩʪʦʚ ʠ ʤʝʭʘʥʠʟʤʘʤʠ 

ʜʝʛʨʘʜʘʮʠʠ ʧʣʘʪʠʥʦʩʦʜʝʨʞʘʱʠʭ ʤʘʪʝʨʠʘʣʦʚ.  

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʣʩʷ ʧʦʠʩʢ ʦʧʪʠʤʘʣʴʥʦʡ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ 

ʧʣʘʪʠʥʦʩʦʜʝʨʞʘʱʠʭ ʵʣʝʢʪʨʦʢʘʪʘʣʠʟʘʪʦʨʦʚ ʥʘ ʦʩʥʦʚʝ ʨʘʟʣʠʯʥʳʭ ʫʛʣʝʨʦʜʥʳʭ 

ʥʦʩʠʪʝʣʝʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʜʦʧʠʨʦʚʘʥʥʳʭ ʘʪʦʤʘʤʠ ʘʟʦʪʘ, ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʢʦʨʨʦʟʠʦʥʥʦ-

ʤʦʨʬʦʣʦʛʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ ʢʘʪʦʜʥʳʭ ʵʣʝʢʪʨʦʢʘʪʘʣʠʟʘʪʦʨʦʚ ʜʣʷ 

ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʪʦʧʣʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʥʝʦʙʭʦʜʠʤʦ ʙʳʣʦ ʨʝʰʠʪʴ 

ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ:  

- ʫʩʪʘʥʦʚʠʪʴ ʭʘʨʘʢʪʝʨ ʚʣʠʷʥʠʷ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʭ PtCu 

ʥʘʥʦʯʘʩʪʠʮ ʥʘ ʩʪʘʙʠʣʴʥʦʩʪʴ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʚ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ ʩʪʨʝʩʩ-

ʪʝʩʪʠʨʦʚʘʥʠʷ; 

 - ʧʦʣʫʯʠʪʴ ʨʷʜ Pt/C ʵʣʝʢʪʨʦʢʘʪʘʣʠʟʘʪʦʨʦʚ ʥʘ ʦʩʥʦʚʝ ʨʘʟʥʳʭ ʫʛʣʝʨʦʜʥʳʭ 

ʥʦʩʠʪʝʣʝʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʜʦʧʠʨʦʚʘʥʥʳʭ ʘʪʦʤʘʤʠ ʘʟʦʪʘ, ʠ ʠʩʩʣʝʜʦʚʘʪʴ 

ʤʠʢʨʦʩʪʨʫʢʪʫʨʫ ʠ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʝ ʧʦʚʝʜʝʥʠʝ; 

-  ʦʮʝʥʠʪʴ ʚʣʠʷʥʠʝ ʧʨʠʨʦʜʳ ʥʦʩʠʪʝʣʷ ʥʘ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʠʩʩʣʝʜʫʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʠʭ ʦʩʥʦʚʝ;   



10 
 

- ʧʦʣʫʯʠʪʴ ʠ ʠʩʩʣʝʜʦʚʘʪʴ ʤʠʢʨʦʩʪʨʫʢʪʫʨʫ ʠ ʧʦʚʝʜʝʥʠʝ PtCu/ʉ-N 

ʢʘʪʘʣʠʟʘʪʦʨʘ;  

- ʫʩʪʘʥʦʚʠʪʴ ʚʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ ʩʦʩʪʘʚʦʤ, ʤʠʢʨʦʩʪʨʫʢʪʫʨʦʡ ʠ 

ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʤ ʧʦʚʝʜʝʥʠʝʤ ʧʦʣʫʯʝʥʥʳʭ ʵʣʝʢʪʨʦʢʘʪʘʣʠʟʘʪʦʨʦʚ ʚ 

ʪʦʢʦʦʙʨʘʟʫʶʱʠʭ ʨʝʘʢʮʠʷʭ, ʘ ʪʘʢʞʝ ʩʨʘʚʥʠʪʴ ʟʥʘʯʝʥʠʷ ʠʭ ʕʍɸʇ, ʘʢʪʠʚʥʦʩʪʠ ʚ ʈɺʂ 

ʠ ʢʦʨʨʦʟʠʦʥʥʦ-ʤʦʨʬʦʣʦʛʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ ʩ ʪʘʢʦʚʳʤʠ ʜʣʷ ʢʦʤʤʝʨʯʝʩʢʠʭ 

ʘʥʘʣʦʛʦʚ; 

- ʠʟʫʯʠʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʵʣʝʢʪʨʦʢʘʪʘʣʠʟʘʪʦʨʦʚ ʧʦ 

ʢʦʣʠʯʝʩʪʚʫ ʵʣʝʢʪʨʠʯʝʩʪʚʘ, ʧʨʦʪʝʢʘʶʱʝʤʫ ʯʝʨʝʟ ʵʣʝʢʪʨʦʜ ʟʘ ʚʨʝʤʷ ʩʪʨʝʩʩ-

ʪʝʩʪʠʨʦʚʘʥʠʷ ʚ ʨʝʞʠʤʝ ʠʤʧʫʣʴʩʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʧʦʪʝʥʮʠʘʣʘ. 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʨʘʙʦʪʳ:  

ʄʝʪʦʜʘʤʠ ʩʦʚʤʝʩʪʥʦʛʦ ʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʧʨʝʢʫʨʩʦʨʦʚ 

ʤʝʪʘʣʣʦʚ ʚ ʫʛʣʝʨʦʜʥʳʭ ʩʫʩʧʝʥʟʠʷʭ ʧʦʣʫʯʝʥʳ ʥʦʚʳʝ PtCu/C ʵʣʝʢʪʨʦʢʘʪʘʣʠʟʘʪʦʨʳ ʩ 

ʨʘʟʣʠʯʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʅʏ, ʜʝʤʦʥʩʪʨʠʨʫʶʱʠʝ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʤʤʝʨʯʝʩʢʠʤʠ Pt/C ʢʘʪʘʣʠʟʘʪʦʨʘʤʠ ʩ ʘʥʘʣʦʛʠʯʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ 

ʧʣʘʪʠʥʳ.  

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʩʦʚʤʝʩʪʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʫʛʣʝʨʦʜʘ, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ 

ʘʪʦʤʘʤʠ ʘʟʦʪʘ, ʚ ʢʘʯʝʩʪʚʝ ʥʦʩʠʪʝʣʷ ʜʣʷ Pt ʠ PtCu ʅʏ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ 

ʵʣʝʢʪʨʦʢʘʪʘʣʠʟʘʪʦʨʳ ʩ ʫʣʫʯʰʝʥʥʳʤʠ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʚ 

ʈɺʂ ʚ ʢʠʩʣʳʭ ʩʨʝʜʘʭ ʠ ʚʳʩʦʢʦʡ ʢʦʨʨʦʟʠʦʥʥʦ-ʤʦʨʬʦʣʦʛʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʴʶ. 

ʇʨʠʯʠʥʦʡ ʧʦʚʳʰʝʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʩʣʫʞʠʣʦ ʧʨʦʯʥʦʝ 

ʟʘʢʨʝʧʣʝʥʠʝ ʅʏ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʋʅ, ʦʙʫʩʣʦʚʣʝʥʥʦʝ ʠʟʤʝʥʝʥʠʝʤ ʵʣʝʢʪʨʦʥʥʦʛʦ 

ʩʪʨʦʝʥʠʷ ʥʦʩʠʪʝʣʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʝʛʦ ʜʦʧʠʨʦʚʘʥʠʷ ʘʪʦʤʘʤʠ ʘʟʦʪʘ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʩʠʥʝʨʛʝʪʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʦʪ ʧʦʟʠʪʠʚʥʦʛʦ ʚʣʠʷʥʠʷ ʣʝʛʠʨʦʚʘʥʠʷ ʧʣʘʪʠʥʳ ʤʝʜʴʶ ʠ 

ʥʘʣʠʯʠʷ ʘʟʦʪʘ ʚ ʩʪʨʫʢʪʫʨʝ ʥʦʩʠʪʝʣʷ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʚʳʩʦʢʦʩʪʘʙʠʣʴʥʳʡ 

ʵʣʝʢʪʨʦʢʘʪʘʣʠʟʘʪʦʨ. 

ʇʨʝʜʣʦʞʝʥ ʧʦʜʭʦʜ, ʨʘʩʰʠʨʷʶʱʠʡ ʚʦʟʤʦʞʥʦʩʪʠ ʦʮʝʥʢʠ ʩʪʘʙʠʣʴʥʦʩʪʠ 

ʵʣʝʢʪʨʦʢʘʪʘʣʠʟʘʪʦʨʦʚ ʚ ʫʩʣʦʚʠʷʭ ʤʥʦʛʦʢʨʘʪʥʦʛʦ ʥʘʣʦʞʝʥʠʷ ʥʘ ʵʣʝʢʪʨʦʜ 

ʧʨʷʤʦʫʛʦʣʴʥʳʭ ʠʤʧʫʣʴʩʦʚ ʧʦʪʝʥʮʠʘʣʘ: ʨʘʩʯʝʪ ʢʦʣʠʯʝʩʪʚʘ ʵʣʝʢʪʨʠʯʝʩʪʚʘ, 
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ʟʘʪʨʘʯʝʥʥʦʛʦ ʥʘ ʧʨʦʪʝʢʘʥʠʝ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʟʘ ʚʨʝʤʷ ʩʪʨʝʩʩ-

ʪʝʩʪʠʨʦʚʘʥʠʷ, ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦʙ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʠ ʢʠʥʝʪʠʢʝ ʠʭ ʜʝʛʨʘʜʘʮʠʠ. 

ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʙʦʪʳ ʩʦʩʪʦʠʪ ʚ ʨʘʟʚʠʪʠʠ 

ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʦ ʚʣʠʷʥʠʠ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʭ PtCu ʅʏ ʥʘ 

ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʝ ʧʦʚʝʜʝʥʠʝ ʠ ʜʝʛʨʘʜʘʮʠʶ ʢʘʪʘʣʠʟʘʪʦʨʦʚ. ɺ ʯʘʩʪʥʦʩʪʠ, 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ çʣʫʢʦʚʠʯʥʘʷè ʩʪʨʫʢʪʫʨʘ ʅʏ ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʤʝʥʴʰʝʥʠʶ 

ʩʝʣʝʢʪʠʚʥʦʛʦ ʨʘʩʪʚʦʨʝʥʠʷ ʤʝʜʠ ʠʟ ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʥʘʥʦʯʘʩʪʠʮ ʚ ʧʨʦʮʝʩʩʝ ʩʪʨʝʩʩ-

ʪʝʩʪʠʨʦʚʘʥʠʷ.  

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʦʜ ʚʣʠʷʥʠʝʤ ʘʪʦʤʦʚ ʘʟʦʪʘ, ʠʥʪʝʨʢʘʣʠʨʦʚʘʥʥʳʭ ʚ 

ʫʛʣʝʨʦʜʥʳʡ ʥʦʩʠʪʝʣʴ, ʚʦʟʨʘʩʪʘʝʪ ʨʘʚʥʦʤʝʨʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʘʥʝʩʝʥʥʳʭ 

ʥʘʥʦʯʘʩʪʠʮ ʧʣʘʪʠʥʳ, ʯʪʦ ʧʦʚʳʰʘʝʪ ʘʢʪʠʚʥʦʩʪʴ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʚ ʈɺʂ ʠ 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʜʝʛʨʘʜʘʮʠʠ ʚ ʨʘʟʣʠʯʥʳʭ ʨʝʞʠʤʘʭ ʩʪʨʝʩʩ-ʪʝʩʪʠʨʦʚʘʥʠʷ.  

ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʈʘʟʚʠʪʳ ʥʦʚʳʝ ʧʦʜʭʦʜʳ ʢ 

ʧʦʣʫʯʝʥʠʶ ʚʳʩʦʢʦʩʪʘʙʠʣʴʥʳʭ ʵʣʝʢʪʨʦʢʘʪʘʣʠʟʘʪʦʨʦʚ, ʩʚʷʟʘʥʥʳʝ ʩ ʦʧʪʠʤʠʟʘʮʠʝʡ 

ʩʪʨʫʢʪʫʨʳ ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʥʘʥʦʯʘʩʪʠʮ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʫʛʣʝʨʦʜʥʳʭ ʥʦʩʠʪʝʣʝʡ, 

ʜʦʧʠʨʦʚʘʥʥʳʭ ʘʟʦʪʦʤ. ʇʦʣʫʯʝʥʳ ʥʦʚʳʝ ʧʣʘʪʠʥʦʩʦʜʝʨʞʘʱʠʝ 

ʵʣʝʢʪʨʦʢʘʪʘʣʠʟʘʪʦʨʳ, ʧʨʝʚʳʰʘʶʱʠʝ ʢʦʤʤʝʨʯʝʩʢʠʝ ʘʥʘʣʦʛʠ ʧʦ ʩʪʘʙʠʣʴʥʦʩʪʠ ʠ 

ʘʢʪʠʚʥʦʩʪʠ. ʇʨʦʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʠ ʜʘʥʘ ʦʮʝʥʢʘ ʧʨʠʤʝʥʠʤʦʩʪʠ ʨʘʟʣʠʯʥʳʭ 

ʣʘʙʦʨʘʪʦʨʥʳʭ ʧʨʦʪʦʢʦʣʦʚ ʩʪʨʝʩʩ-ʪʝʩʪʠʨʦʚʘʥʠʷ ʜʣʷ ʦʮʝʥʢʠ ʩʪʘʙʠʣʴʥʦʩʪʠ Pt/C ʠ 

PtCu/C ʵʣʝʢʪʨʦʢʘʪʘʣʠʟʘʪʦʨʦʚ.   

ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʤʧʣʝʢʩʘ 

ʩʦʚʨʝʤʝʥʥʳʭ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʠʟʤʝʨʠʪʝʣʴʥʳʭ 

ʧʨʠʙʦʨʦʚ. ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʛʦ ʧʦʚʝʜʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʮʠʢʣʠʯʝʩʢʫʶ ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʶ ʠ ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʶ ʩ ʣʠʥʝʡʥʦʡ ʨʘʟʚʝʨʪʢʦʡ 

ʧʦʪʝʥʮʠʘʣʘ ʥʘ ʚʨʘʱʘʶʱʝʤʩʷ ʜʠʩʢʦʚʦʤ ʵʣʝʢʪʨʦʜʝ (ɺɼʕ), ʘ ʪʘʢʞʝ ʠʤʧʫʣʴʩʥʫʶ 

ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʶ. ɼʣʷ ʘʪʪʝʩʪʘʮʠʠ ʩʦʩʪʘʚʘ ʠ ʩʪʨʫʢʪʫʨʥʦ-ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʙʨʘʟʮʦʚ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ: ʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟ, 

ʨʝʥʪʛʝʥʦʬʣʫʦʨʝʩʮʝʥʪʥʳʡ ʘʥʘʣʠʟ, ʧʨʦʩʚʝʯʠʚʘʶʱʘʷ ʵʣʝʢʪʨʦʥʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ ʩ 
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ʵʣʝʤʝʥʪʥʳʤ ʢʘʨʪʠʨʦʚʘʥʠʝʤ ʣʦʢʘʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʘ (ʇʕʄ), 

ʨʝʥʪʛʝʥʦʬʘʟʦʚʳʡ ʘʥʘʣʠʟ (ʈʌɸ), ʤʝʪʦʜ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʘʜʩʦʨʙʮʠʠ/ʜʝʩʦʨʙʮʠʠ 

ʘʟʦʪʘ (ʤʝʪʦʜ ɹʨʫʥʘʫʵʨʘ-ʕʤʤʝʪʘ-ʊʝʣʣʝʨʘ (ɹʕʊ)), ʨʝʥʪʛʝʥʦʚʩʢʘʷ ʬʦʪʦʵʣʝʢʪʨʦʥʥʘʷ 

ʩʧʝʢʪʨʦʩʢʦʧʠʷ.  

ʇʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ:  

1. ʅʘʥʝʩʝʥʥʳʝ ʥʘ ʫʛʣʝʨʦʜ ʧʣʘʪʠʥʦʤʝʜʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʧʦʣʫʯʝʥʥʳʝ 

ʤʝʪʦʜʘʤʠ ʞʠʜʢʦʬʘʟʥʦʛʦ ʩʠʥʪʝʟʘ, ʷʚʣʷʶʪʩʷ ʚʳʩʦʢʦʩʪʘʙʠʣʴʥʳʤʠ 

ʵʣʝʢʪʨʦʢʘʪʘʣʠʟʘʪʦʨʘʤʠ ʨʝʘʢʮʠʠ ʵʣʝʢʪʨʦʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʢʠʩʣʦʨʦʜʘ. ʀʭ 

ʧʦʚʳʰʝʥʥʘʷ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ Pt/C ʢʘʪʘʣʠʟʘʪʦʨʘʤʠ, ʩʪʘʙʠʣʴʥʦʩʪʴ ʦʙʫʩʣʦʚʣʝʥʘ 

ʙʦʣʴʰʠʤ ʨʘʟʤʝʨʦʤ ʥʘʥʦʯʘʩʪʠʮ, ʫʩʠʣʝʥʠʝʤ ʠʭ ʘʜʛʝʟʠʠ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʫʛʣʝʨʦʜʥʦʛʦ 

ʥʦʩʠʪʝʣʷ ʠ ʩʥʠʞʝʥʠʝʤ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʦʢʠʩʣʝʥʠʝ ʫʛʣʝʨʦʜʥʦʛʦ 

ʥʦʩʠʪʝʣʷ ʚ ʟʦʥʝ ʢʦʥʪʘʢʪʘ ʩ ʥʘʥʦʯʘʩʪʠʮʘʤʠ. 

2. ʇʨʠʤʝʥʝʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʥʦʩʠʪʝʣʷ ʫʛʣʝʨʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʜʦʧʠʨʦʚʘʥʥʦʛʦ 

ʘʪʦʤʘʤʠ ʘʟʦʪʘ, ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ Pt/ʉ-N ʠ PtCu/ʉ-N ʢʘʪʘʣʠʟʘʪʦʨʳ, ʩʦʯʝʪʘʶʱʠʝ 

ʚʳʩʦʢʠʝ ʘʢʪʠʚʥʦʩʪʴ ʚ ʈɺʂ ʠ ʩʪʦʡʢʦʩʪʴ ʢ ʜʝʛʨʘʜʘʮʠʠ ʚ ʨʘʟʣʠʯʥʳʭ ʨʝʞʠʤʘʭ ʩʪʨʝʩʩ-

ʪʝʩʪʠʨʦʚʘʥʠʷ. ɼʦʧʠʨʦʚʘʥʠʝ ʫʛʣʝʨʦʜʘ ʘʟʦʪʦʤ ʫʩʠʣʠʚʘʝʪ ʘʜʛʝʟʠʶ ʅʏ ʧʣʘʪʠʥʳ ʢ 

ʥʦʩʠʪʝʣʶ, ʯʪʦ ʧʨʝʧʷʪʩʪʚʫʝʪ ʦʪʨʳʚʫ ʠʣʠ ʧʝʨʝʤʝʱʝʥʠʶ ʥʘʥʦʯʘʩʪʠʮ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ 

ʥʦʩʠʪʝʣʷ, ʘ ʪʘʢʞʝ ʠʭ ʘʛʨʝʛʘʮʠʠ. 

3. ʇʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʠʢʠ ʩʪʨʝʩʩ-ʪʝʩʪʠʨʦʚʘʥʠʷ ʢʘʪʘʣʠʟʘʪʦʨʦʚ, 

ʟʘʢʣʶʯʘʶʱʝʡʩʷ ʚ ʤʥʦʛʦʢʨʘʪʥʦʤ ʥʘʣʦʞʝʥʠʠ ʥʘ ʵʣʝʢʪʨʦʜ ʧʨʷʤʦʫʛʦʣʴʥʳʭ 

ʠʤʧʫʣʴʩʦʚ ʧʦʪʝʥʮʠʘʣʘ, ʜʘʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʦʮʝʥʢʠ ʠʭ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ. ʉʫʤʤʘʨʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʵʣʝʢʪʨʠʯʝʩʪʚʘ, ʧʨʦʰʝʜʰʝʝ ʯʝʨʝʟ ʵʣʝʢʪʨʦʜ 

ʟʘ ʚʨʝʤʷ ʩʪʨʝʩʩ-ʪʝʩʪʠʨʦʚʘʥʠʷ, ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦʙ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ. 

ʃʠʯʥʳʡ ʚʢʣʘʜ ʩʦʠʩʢʘʪʝʣʷ ʚ ʨʘʙʦʪʫ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʚʳʧʦʣʥʝʥʠʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʯʘʩʪʠ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʩʠʥʪʝʟʝ ʨʷʜʘ ʦʙʨʘʟʮʦʚ, ʧʨʦʚʝʜʝʥʠʠ 

ʢʦʤʧʣʝʢʩʘ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ, ʘʥʘʣʠʟʝ ʨʝʟʫʣʴʪʘʪʦʚ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʭ ʠ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ɸʚʪʦʨʦʤ ʩʦʚʤʝʩʪʥʦ ʩ ʥʘʫʯʥʳʤ 

ʨʫʢʦʚʦʜʠʪʝʣʝʤ ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʟʘʜʘʯʠ ʨʘʙʦʪʳ ʠ ʚʳʙʨʘʥʳ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ, 
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ʧʨʦʚʝʜʝʥʘ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʧʦʣʫʯʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʠ 

ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʚʳʚʦʜʳ. ʇʫʙʣʠʢʘʮʠʠ ʥʘʧʠʩʘʥʳ ʚ ʩʦʘʚʪʦʨʩʪʚʝ.  

ʉʪʝʧʝʥʴ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʠ ʘʧʨʦʙʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ  

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʩʦʚʨʝʤʝʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʦʛʨʝʰʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ 

ʟʥʘʯʝʥʠʡ ʩʪʨʫʢʪʫʨʥʳʭ ʠ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ. ʉʦʛʣʘʩʦʚʘʥʠʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʢʦʤʧʣʝʢʩʥʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʩʦʚʨʝʤʝʥʥʳʭ ʬʠʟʠʯʝʩʢʠʭ ʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ 

ʧʨʠʤʝʥʝʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʠ ʧʦʜʭʦʜʦʚ ʧʨʠ ʠʭ 

ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʧʦʜʪʚʝʨʞʜʘʶʪ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ. ʇʦʣʫʯʝʥʥʳʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʥʝ ʧʨʦʪʠʚʦʨʝʯʘʪ, ʘ ʚ ʯʘʩʪʥʳʭ ʩʣʫʯʘʷʭ ʩʦʛʣʘʩʫʶʪʩʷ 

ʩ ʜʘʥʥʳʤʠ, ʠʟʚʝʩʪʥʳʤʠ ʠʟ ʣʠʪʝʨʘʪʫʨʳ. 

ʄʘʪʝʨʠʘʣʳ ʜʠʩʩʝʨʪʘʮʠʠ ʜʦʣʦʞʝʥʳ ʘʚʪʦʨʦʤ ʥʘ ʨʦʩʩʠʡʩʢʠʭ ʠ 

ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʢʦʥʬʝʨʝʥʮʠʷʭ: PHENMA Advanced Materials, International 

Conference on Physics and Mechanics of New Materials and Their Applications  (2020, 

2021); çIon transport in organic and inorganic membranesè (ʛ. ʉʦʯʠ 2019, 2021, 2023); 

ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ çʊʦʧʣʠʚʥʳʝ ʵʣʝʤʝʥʪʳ ʠ 

ʵʥʝʨʛʦʫʩʪʘʥʦʚʢʠ ʥʘ ʠʭ ʦʩʥʦʚʝè (ʛ. ʏʝʨʥʦʛʦʣʦʚʢʘ 2022); ʏʝʪʚʝʨʪʳʡ ʙʘʡʢʘʣʴʩʢʠʡ 

ʤʘʪʝʨʠʘʣʦʚʝʜʯʝʩʢʠʡ ʬʦʨʫʤ (ʛ. ʋʣʘʥ-ʋʜʝ, ʦ. ɹʘʡʢʘʣ 2022). ɺʩʝʨʦʩʩʠʡʩʢʘʷ 

ʢʦʥʬʝʨʝʥʮʠʷ çɼʦʩʪʠʞʝʥʠʷ ʠ ʧʝʨʩʧʝʢʪʠʚʳ ʭʠʤʠʠè (ʛ. ʈʦʩʪʦʚ-ʥʘ-ɼʦʥʫ, 2021). 

ʇʫʙʣʠʢʘʮʠʠ. ʇʦ ʪʝʤʝ ʜʠʩʩʝʨʪʘʮʠʠ ʦʧʫʙʣʠʢʦʚʘʥʦ 17 ʧʝʯʘʪʥʳʭ ʨʘʙʦʪ, ʚ ʪʦʤ 

ʯʠʩʣʝ 6 ʩʪʘʪʝʡ ʚ ʠʟʜʘʥʠʷʭ, ʨʝʬʝʨʠʨʫʝʤʳʭ ʚ ʙ/ʜ Scopus ʠ Web of Science, ʠ 

ʨʝʢʦʤʝʥʜʫʝʤʳʭ ɺɸʂ ʈʌ, ʚ 9 ʪʝʟʠʩʘʭ ʜʦʢʣʘʜʦʚ ʥʘ ʥʘʫʯʥʳʭ ʢʦʥʬʝʨʝʥʮʠʷʭ.  

ʉʪʨʫʢʪʫʨʘ ʠ ʦʙʲʝʤ ʨʘʙʦʪʳ. ɼʠʩʩʝʨʪʘʮʠʷ ʩʦʩʪʦʠʪ ʠʟ ʚʚʝʜʝʥʠʷ, ʩʧʠʩʢʘ 

ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʦʙʦʟʥʘʯʝʥʠʡ ʠ ʩʠʤʚʦʣʦʚ, 5 ʛʣʘʚ, ʟʘʢʣʶʯʝʥʠʷ, ʩʧʠʩʢʘ 

ʣʠʪʝʨʘʪʫʨʥʳʭ ʠʩʪʦʯʥʠʢʦʚ. ʆʥʘ ʠʟʣʦʞʝʥʘ ʥʘ 142 ʩʪʨʘʥʠʮʘʭ, ʩʦʜʝʨʞʠʪ 54 ʨʠʩʫʥʢʘ, 

17 ʪʘʙʣʠʮ. ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʫʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʩʦʜʝʨʞʠʪ 182 ʥʘʠʤʝʥʦʚʘʥʠ.̫ 
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1.  ʃʀʊɽʈɸʊʋʈʅʓʁ ʆɹɿʆʈ 

1.1 ʅʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʝ ʪʦʧʣʠʚʥʳʝ ʵʣʝʤʝʥʪʳ 

ɺʦʜʦʨʦʜʦ-ʚʦʟʜʫʰʥʳʡ ʪʦʧʣʠʚʥʳʡ ʵʣʝʤʝʥʪ ʩ ʧʨʦʪʦʥʦʦʙʤʝʥʥʦʡ ʤʝʤʙʨʘʥʦʡ 

(ʊʕʇʆʄ) ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʪʠʧʦʚ 

ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʪʦʧʣʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ.  ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʚʦʜʦʨʦʜʥʦ-

ʚʦʟʜʫʰʥʦʛʦ ʪʦʧʣʠʚʥʦʛʦ ʵʣʝʤʝʥʪʘ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 1.1. ʂʘʪʦʜʥʦʝ ʠ ʘʥʦʜʥʦʝ 

ʧʨʦʩʪʨʘʥʩʪʚʘ, ʩʦʜʝʨʞʘʱʠʝ ʢʘʪʘʣʠʪʠʯʝʩʢʠʝ ʩʣʦʠ, ʨʘʟʜʝʣʝʥ r ʧʨʦʪʦʥʦʦʙʤʝʥʥʦʡ 

ʤʝʤʙʨʘʥʦʡ.  

 

ʈʠʩʫʥʦʢ 1. 1 ï ʉʭʝʤʘ ʨʘʙʦʪʳ ʚʦʜʦʨʦʜʥʦ-ʚʦʟʜʫʰʥʦʛʦ ʪʦʧʣʠʚʥʦʛʦ ʵʣʝʤʝʥʪʘ 

 

ʂʘʪʘʣʠʪʠʯʝʩʢʠʡ ʩʣʦʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʤʝʩʴ ʵʣʝʢʪʨʦʢʘʪʘʣʠʟʘʪʦʨʘ (Pt/C 

ʠʣʠ PtM/C) ʠ ʠʦʥʦʤʝʨʘ ʚ ʦʧʨʝʜʝʣʝʥʥʳʭ ʧʨʦʧʦʨʮʠʷʭ. ʅʘ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘʥʦʯʘʩʪʠʮ 

ʧʣʘʪʠʥʳ ʚ ʩʦʩʪʘʚʝ ʵʣʝʢʪʨʦʢʘʪʘʣʠʟʘʪʦʨʘ ʧʨʦʪʝʢʘʶʪ ʦʩʥʦʚʥʳʝ ʪʦʢʦʦʙʨʘʟʫʶʱʠʝ 

ʨʝʘʢʮʠʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʪʘʢʠʭ ʨʝʘʢʮʠʡ ʥʘ ʘʥʦʜʝ ʧʨʠ ʦʢʠʩʣʝʥʠʠ ʚʦʜʦʨʦʜʘ ʦʙʨʘʟʫʶʪʩʷ 

ʵʣʝʢʪʨʦʥʳ ʠ ʧʝʨʝʜʘʶʪʩʷ ʯʝʨʝʟ ʫʛʣʝʨʦʜʥʳʡ ʥʦʩʠʪʝʣʴ ʚʦ ʚʥʝʰʥʶʶ ʮʝʧʴ, ʘ 

ʦʙʨʘʟʦʚʘʚʰʠʝʩʷ ʧʨʦʪʦʥʳ ʯʝʨʝʟ ʧʨʦʪʦʥʦʦʙʤʝʥʥʫʶ ʤʝʤʙʨʘʥʫ ʧʦʩʪʫʧʘʶʪ ʚ ʢʘʪʦʜʥʦʝ 

ʧʨʦʩʪʨʘʥʩʪʚʦ, ʛʜʝ ʨʝʘʣʠʟʫʝʪʩʷ ʨʝʘʢʮʠʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʢʠʩʣʦʨʦʜʘ [1]: 

ɸʥʦʜ: ʅ2 - 2Ǜ = 2H
+ 

ʂʘʪʦʜ: O2+2H2O+4Ǜ = 4OH- 
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ɹʦʣʴʰʠʥʩʪʚʦ ʨʘʙʦʪ ʥʘʧʨʘʚʣʝʥʦ ʥʘ ʫʣʫʯʰʝʥʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʘʪʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʧʦʩʢʦʣʴʢʫ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʝ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʢʠʩʣʦʨʦʜʘ ʷʚʣʷʝʪʩʷ ʩʣʦʞʥʳʤ ʤʥʦʛʦʩʪʘʜʠʡʥʳʤ ʧʨʦʮʝʩʩʦʤ (ʨʠʩ. 

1.2), ʢʦʪʦʨʳʡ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʚʳʜʝʣʝʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʧʦʙʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ. 

 

ʈʠʩʫʥʦʢ 1.2 ï ʉʫʤʤʘʨʥʳʡ ʤʝʭʘʥʠʟʤ ʧʨʦʪʝʢʘʥʠʷ ʨʝʘʢʮʠʠ ʵʣʝʢʪʨʦʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 

ʢʠʩʣʦʨʦʜʘ 

ʀʩʭʦʜʷ ʠʟ ʚʳʰʝ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʩʭʝʤʳ ʚʠʜʥʦ, ʯʪʦ ʨʝʘʢʮʠʷ ʤʦʞʝʪ ʧʨʦʪʝʢʘʪʴ 

ʩ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ ʢʠʩʣʦʨʦʜʘ ʜʦ ʚʦʜʳ ʧʨʠ ʧʨʠʩʦʝʜʠʥʝʥʠʠ ʯʝʪʳʨʝʭ ʵʣʝʢʪʨʦʥʦʚ (ʂ1), 

ʜʦ ʧʝʨʝʢʠʩʠ ʚʦʜʦʨʦʜʘ ʩ ʫʯʘʩʪʠʝʤ ʜʚʫʭ ʵʣʝʢʪʨʦʥʦʚ (ʂ2), ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʧʝʨʝʢʠʩʠ 

ʚʦʜʦʨʦʜʘ ʜʦ ʚʦʜʳ, ʜʚʫʭʵʣʝʢʪʨʦʥʥʘʷ ʨʝʘʢʮʠʷ (ʂ3). ʂ4 ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʨʦʮʝʩʩʫ 

ʭʠʤʠʯʝʩʢʦʛʦ ʨʘʟʣʦʞʝʥʠʷ ʧʝʨʝʢʠʩʠ ʚʦʜʦʨʦʜʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʵʣʝʢʪʨʦʜʘ. ɸ ʂ5 ï 

ʜʝʩʦʨʙʮʠʠ ʅ2ʆ2 ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʵʣʝʢʪʨʦʜʘ ʚ ʦʙʲʸʤ ʨʘʩʪʚʦʨʘ [2, 3].  

1.2 ʕʣʝʢʪʨʦʢʘʪʘʣʠʟʘʪʦʨʳ ʜʣʷ ʚʦʜʦʨʦʜʦʚʦʟʜʫʰʥʦʛʦ ʪʦʧʣʠʚʥʦʛʦ 

ʵʣʝʤʝʥʪʘ ʩ ʧʨʦʪʦʥʦʙʤʝʥʥʦʡ ʤʝʤʙʨʘʥʥʦʡ 

ʕʣʝʢʪʨʦʢʘʪʘʣʠʟʘʪʦʨʳ ʜʣʷ ʊʕʇʆʄ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʥʘʥʦʯʘʩʪʠʮʳ 

ʧʣʘʪʠʥʳ ʠʣʠ ʝʝ ʩʧʣʘʚʦʚ, ʨʘʚʥʦʤʝʨʥʦ ʥʘʥʝʩʸʥʥʳʝ ʥʘ ʧʦʜʣʦʞʢʫ, ʦʙʣʘʜʘʶʱʫʶ 

ʚʳʩʦʢʦʡ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴʶ. ɺ ʢʘʯʝʩʪʚʝ ʥʦʩʠʪʝʣʷ ʯʘʱʝ ʚʩʝʛʦ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʧʦʨʠʩʪʫʶ ʫʛʣʝʨʦʜʥʫʶ ʩʘʞʫ.  

ɺʳʜʝʣʷʶʪ ʥʝʩʢʦʣʴʢʦ ʪʠʧʦʚ ʵʣʝʢʪʨʦʢʘʪʘʣʠʟʘʪʦʨʦʚ, ʦʪʣʠʯʘʶʱʠʭʩʷ ʧʦ 

ʩʦʩʪʘʚʫ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʥʘʥʦʯʘʩʪʠʮ: 
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ï ʤʦʥʦʤʝʪʘʣʣʠʯʝʩʢʠʝ (Pt, Pd); 

ï ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʝ (PtRu (ʜʣʷ ʘʥʦʜʘ ʊʕʇʆʄ) ʠ PtM, ʛʜʝ ʄ=Co, Ni, Cu); 

ï ʪʨʠʤʝʪʘʣʣʠʯʝʩʢʠʝ (ʚ ʩʦʩʪʘʚ ʥʘʥʦʯʘʩʪʠʮ ʚʭʦʜʠʪ ʧʣʘʪʠʥʘ ʠ ʜʚʘ 

ʣʝʛʠʨʫʶʱʠʭ ʢʦʤʧʦʥʝʥʪʘ); 

ï ʙʝʩʧʣʘʪʠʥʦʚʳʝ. 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʧʨʠʤʝʥʝʥʠʝ ʙʝʩʧʣʘʪʠʥʦʚʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʚʦʟʤʦʞʥʦ 

ʪʦʣʴʢʦ ʚ ʱʝʣʦʯʥʳʭ ʩʨʝʜʘʭ. ʅʘ ʢʘʪʦʜʝ ʊʕʇʆʄ ʢʠʩʣʘʷ ʩʨʝʜʘ ʠ ʚʳʩʦʢʦʝ 

ʧʝʨʝʥʘʧʨʷʞʝʥʠʝ ʦʙʫʩʣʘʚʣʠʚʘʶʪ ʧʨʠʤʝʥʝʥʠʝ ʪʦʣʴʢʦ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʥʘ ʦʩʥʦʚʝ 

ʧʣʘʪʠʥʳ. 

1.2.1 ʇʣʘʪʠʥʦʚʳʝ ʵʣʝʢʪʨʦʢʘʪʘʣʠʟʘʪʦʨʳ  

ʅʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʢʘʪʘʣʠʟʘʪʦʨʘʤʠ ʜʣʷ ʪʦʧʣʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʩ 

ʧʨʦʪʦʥʦʦʙʤʝʥʥʦʡ ʤʝʤʙʨʘʥʦʡ ʧʨʠʥʷʪʦ ʩʯʠʪʘʪʴ Pt/C ʤʘʪʝʨʠʘʣʳ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ 

ʩʦʙʦʡ ʥʘʥʦʯʘʩʪʠʮʳ ʧʣʘʪʠʥʳ, ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʥʳʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʫʛʣʝʨʦʜʥʦʛʦ ʥʦʩʠʪʝʣʷ (ʋʅ) [2-4]. ɺʦʟʤʦʞʥʦʩʪʴ ʬʦʨʤʠʨʦʚʘʪʴ ʥʘ ʨʘʟʚʠʪʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ-ʥʦʩʠʪʝʣʷ ʤʥʦʞʝʩʪʚʦ ʥʘʥʦʯʘʩʪʠʮ ʧʣʘʪʠʥʳ ʧʦʟʚʦʣʷʝʪ 

ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʪʴ ʧʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ ʢʘʪʘʣʠʟʘʪʦʨʘ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʧʣʘʪʠʥʦʚʦʡ ʯʝʨʥʴʶ [5]. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʦʙʣʘʜʘʷ ʚʳʩʦʢʦʡ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʡ 

ʩʪʘʙʠʣʴʥʦʩʪʴʶ, ʧʣʘʪʠʥʘ ʜʘʞʝ ʚ ʥʘʥʦʨʘʟʤʝʨʥʦʤ ʩʦʩʪʦʷʥʠʠ ʩʦʭʨʘʥʷʝʪ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʚʳʩʦʢʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʢʦʨʨʦʟʠʠ ʚ ʫʩʣʦʚʠʷʭ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚ ʊʕʇʆʄ.  

ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʚʳʩʦʢʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʊʕʇʆʄ 

ʵʣʝʢʪʨʦʢʘʪʘʣʠʟʘʪʦʨʳ ʜʦʣʞʥʳ ʦʙʣʘʜʘʪʴ ʥʘʙʦʨʦʤ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

[1, 5-9]: 

ï ʚʳʩʦʢʦʡ ʧʣʦʱʘʜʴʶ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠ ʘʢʪʠʚʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ (ʕʍɸʇ); 

ï  ʧʦʚʳʰʝʥʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʚ ʪʦʢʦʦʙʨʘʟʫʶʱʠʭ ʨʝʘʢʮʠʷʭ; 

ï ʧʦʚʳʰʝʥʥʦʡ ʩʪʘʙʠʣʴʥʦʩʪʴʶ ʚ ʭʦʜʝ ʨʘʙʦʪʳ ʊʕ; 

ï ʚʳʩʦʢʦʡ ʵʣʝʢʪʨʦʥʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʴʶ; 

ï ʧʦʚʳʰʝʥʥʦʡ ʪʦʣʝʨʘʥʪʥʦʩʪʴʶ ʢ ʦʪʨʘʚʣʝʥʠʶ ʉʆ (ʜʣʷ ʘʥʦʜʘ ʊʕʇʆʄ); 

ï ʧʦʨʠʩʪʦʩʪʴʶ. 
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ɺʩʝ ʫʢʘʟʘʥʥʳʝ ʧʘʨʘʤʝʪʨʳ ʥʘʧʨʷʤʫʶ ʩʚʷʟʘʥʳ ʩʦ ʩʪʨʫʢʪʫʨʥʦ-

ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʢʘʪʘʣʠʟʘʪʦʨʘ ʦʩʥʦʚʥʳʝ ʠʟ ʢʦʪʦʨʳʭ: 

ï ʤʘʣʡr ʩʨʝʜʥʠʡ ʨʘʟʤʝʨ ʢʨʠʩʪʘʣʣʠʪʦʚ / ʤʘʣʳʡ ʩʨʝʜʥʠʡ ʨʘʟʤʝʨ 

ʥʘʥʦʯʘʩʪʠʮ (2 ï 3 ʥʤ); 

ï  ʫʟʢʦʝ ʨʘʟʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʥʘʥʦʯʘʩʪʠʮ; 

ï  ʨʘʚʥʦʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʅʏ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʥʦʩʠʪʝʣʷ; 

 ʋʧʨʘʚʣʷʷ ʨʘʟʤʝʨʘʤʠ, ʬʦʨʤʦʡ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ Pt ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʫʛʣʝʨʦʜʥʦʛʦ ʥʦʩʠʪʝʣʷ ʤʦʞʥʦ ʦʢʘʟʳʚʘʪʴ ʚʣʠʷʥʠʝ ʠ ʥʘ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʪʝʨʠʘʣʦʚ. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʫʤʝʥʴʰʝʥʠʝ ʨʘʟʤʝʨʘ ʥʘʥʦʯʘʩʪʠʮ (ʚ ʫʩʣʦʚʠʷʭ ʦʪʩʫʪʩʪʚʠ ̫

ʘʛʣʦʤʝʨʘʮʠʠ) ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʧʣʦʱʘʜʠ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠ ʘʢʪʠʚʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ [4, 5, 10-13]. ʆʜʥʦʚʨʝʤʝʥʥʦ ʩ ʵʪʠʤ, ʩʪʘʙʠʣʴʥʦʩʪʴ Pt/C, ʢʘʢ ʧʨʘʚʠʣʦ, 

ʩʥʠʞʘʝʪʩʷ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʕʍɸʇ [4, 9, 14-16]. ɺ ʩʚʦʠʭ ʨʘʙʦʪʘʭ [9, 17-19] ʘʚʪʦʨʳ 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʵʣʝʢʪʨʦʢʘʪʘʣʠʟʘʪʦʨʳ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝʩʷ ʩʨʝʜʥʠʤ ʨʘʟʤʝʨʦʤ ʅʏ 

ʤʝʥʝʝ 2 ʥʤ ʷʚʣʷʶʪʩʷ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠ ʥʝʫʩʪʦʡʯʠʚʳʤʠ ʠ ʠʤʝʶʪ ʙʦʣʴʰʫʶ 

ʩʢʣʦʥʥʦʩʪʴ ʢ ʜʝʛʨʘʜʘʮʠʠ, ʯʝʤ ʤʘʪʝʨʠʘʣʳ ʩ ʅʏ ʨʘʟʤʝʨʦʤ 3-5 ʥʤ. ʄʘʪʝʨʠʘʣʳ 

ʩʦʜʝʨʞʘʱʠʝ ʙʦʣʝʝ ʢʨʫʧʥʳʝ ʅʏ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʥʠʟʢʠʤʠ ʟʥʘʯʝʥʠʷ ʕʍɸʇ ʠ 

ʩʥʠʞʝʥʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʚ ʈɺʂ.  

ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʜʦʩʪʠʞʝʥʠʷ ʢʦʤʧʨʦʤʠʩʩʘ ʤʝʞʜʫ ʘʢʪʠʚʥʦʩʪʴʶ ʠ 

ʩʪʘʙʠʣʴʥʦʩʪʴʶ ʵʣʝʢʪʨʦʢʘʪʘʣʠʟʘʪʦʨʘ ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʚʳʩʦʢʦʡ ʧʣʦʱʘʜʠ 

ʧʦʚʝʨʭʥʦʩʪʠ, ʧʦʠʩʢ ʩʧʦʩʦʙʦʚ ʧʦʣʫʯʝʥʠʷ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ Pt/C ʩ ʦʧʪʠʤʘʣʴʥʳʤ 

ʩʦʯʝʪʘʥʠʝʤ ʥʝʩʢʦʣʴʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʙʫʩʣʘʚʣʠʚʘʶʪ ʧʨʦʜʦʣʞʘʶʱʠʝʩʷ ʧʦʧʳʪʢʠ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʤʝʪʦʜʦʚ ʩʠʥʪʝʟʘ ʧʣʘʪʠʥʦʩʦʜʝʨʞʘʱʠʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ [4, 19, 20]. 

1.2.2. ɹʠʤʝʪʘʣʣʠʯʝʩʢʠʝ ʵʣʝʢʪʨʦʢʘʪʘʣʠʟʘʪʦʨʳ  

ʈʝʘʢʮʠʷ ʵʣʝʢʪʨʦʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʢʠʩʣʦʨʦʜʘ (ʈɺʂ), ʧʨʦʪʝʢʘʶʱʘʷ ʚ ʢʘʪʦʜʥʦʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝ ʤʝʤʙʨʘʥʥʦ-ʵʣʝʢʪʨʦʜʥʦʛʦ ʙʣʦʢʘ ʪʦʧʣʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ, 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʤʥʦʛʦʩʪʘʜʠʡʥʦʩʪʴʶ ʧʨʦʮʝʩʩʘ, ʘ ʪʘʢʞʝ ʧʘʨʘʣʣʝʣʴʥʳʤ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ ʠ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʧʦʚʳʰʝʥʥʳʤ 
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ʧʝʨʝʥʘʧʨʷʞʝʥʠʷ ʚ ʩʠʩʪʝʤʝ, ʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ ʜʣʷ ʝʝ ʨʝʘʣʠʟʘʮʠʠ ʪʨʝʙʫʝʪʩʷ ʙʦʣʴʰʘʷ 

ʟʘʛʨʫʟʢʘ ʧʣʘʪʠʥʳ ʚ ʢʘʪʘʣʠʪʠʯʝʩʢʦʤ ʩʣʦʝ [8,14, 21-23]. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ 

ʠʟʚʝʩʪʥʦ, ʯʪʦ ʵʣʝʢʪʨʦʢʘʪʘʣʠʟʘʪʦʨʳ ʥʘ ʦʩʥʦʚʝ ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʥʘʥʦʯʘʩʪʠʮ ʤʦʛʫʪ 

ʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴʩʷ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʚ ʈɺʂ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʯʠʩʪʦʡ 

ʧʣʘʪʠʥʦʡ [8, 21-25]. ʊʘʢʠʝ ʤʘʪʝʨʠʘʣʳ ʤʦʛʫʪ ʩʪʘʪʴ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʜʣʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʪʦʧʣʠʚʥʳʭ ʵʣʝʤʝʥʪʘʭ ʢʘʢ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʩʥʠʞʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ 

ʜʦʨʦʛʦʩʪʦʷʱʝʛʦ ʜʨʘʛʦʮʝʥʥʦʛʦ ʤʝʪʘʣʣʘ, ʪʘʢ ʠ ʫʩʢʦʨʝʥʠʷ ʧʨʦʪʝʢʘʥʠʷ ʈɺʂ ʚ 

ʢʘʪʦʜʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʪʦʧʣʠʚʥʦʛʦ ʵʣʝʤʝʥʪʘ [22, 23, 25]. 

ɺʳʜʝʣʷʶʪ ʨʷʜ ʧʨʠʯʠʥ ʧʦʟʠʪʠʚʥʦʛʦ ʚʣʠʷʥʠʷ ʣʝʛʠʨʫʶʱʝʛʦ ʢʦʤʧʦʥʝʥʪʘ d-

ʤʝʪʘʣʣʘ (ʪʘʢ ʥʘʟʳʚʘʝʤʳʡ çʵʬʬʝʢʪ ʣʠʛʘʥʜʘè) ʥʘ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʵʣʝʢʪʨʦʢʘʪʘʣʠʟʘʪʦʨʦʚ: 

- ʫʤʝʥʴʰʝʥʠʝ ʤʝʞʘʪʦʤʥʦʛʦ ʨʘʩʩʪʦʷʥʠʷ Pt-Pt ʚ ʥʘʥʦʯʘʩʪʠʮʝ ʦʙʣʝʛʯʘʝʪ 

ʧʨʦʭʦʞʜʝʥʠʝ ʧʨʦʮʝʩʩʘ ʘʜʩʦʨʙʮʠʠ ʤʦʣʝʢʫʣ ʢʠʩʣʦʨʦʜʘ ʚ ʭʦʜʝ ʈɺʂ [24, 26, 27]; 

- ʠʟʤʝʥʝʥʠʝ ʵʥʝʨʛʠʠ ʩʚʦʙʦʜʥʳʭ d-ʦʨʙʠʪʘʣʝʡ, ʦʙʣʝʛʯʘʶʱʝʝ ʧʨʦʮʝʩʩ 

ʘʜʩʦʨʙʮʠʠ ʤʦʣʝʢʫʣ ʢʠʩʣʦʨʦʜʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʘʪʘʣʠʟʘʪʦʨʘ [25-28]; 

- ʫʚʝʣʠʯʝʥʠʝ ʧʣʦʱʘʜʠ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠ ʘʢʪʠʚʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

(ʜʝʬʝʢʪʥʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ) ʥʘʥʦʯʘʩʪʠʮ ʟʘ ʩʯʝʪ ʩʝʣʝʢʪʠʚʥʦʛʦ ʨʘʩʪʚʦʨʝʥʠʷ 

ʣʝʛʠʨʫʶʱʝʛʦ ʢʦʤʧʦʥʝʥʪʘ ʚ ʧʨʦʮʝʩʩʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʢʘʪʘʣʠʟʘʪʦʨʘ [8, 25, 26]. 

ɺ ʢʘʯʝʩʪʚʝ ʣʝʛʠʨʫʶʱʝʛʦ ʢʦʤʧʦʥʝʥʪʘ ʯʘʩʪʦ ʚʳʙʠʨʘʶʪ ʨʘʟʣʠʯʥʳʝ d-ʤʝʪʘʣʣʳ 

(Cu, Ni, Co). ɹʦʣʴʰʘʷ ʯʘʩʪʴ ʨʘʙʦʪ ʧʦʩʚʷʱʝʥʘ ʠʟʫʯʝʥʠʶ ʵʣʝʢʪʨʦʢʘʪʘʣʠʟʘʪʦʨʦʚ ʥʘ 

ʦʩʥʦʚʝ PtCu ʥʘʥʦʯʘʩʪʠʮ, ʢʦʪʦʨʳʝ ʯʘʩʪʦ ʩʯʠʪʘʶʪʩʷ ʤʦʜʝʣʴʥʳʤʠ ʩʠʩʪʝʤʘʤʠ, ʪ.ʢ. 

ʩʧʦʩʦʙʳ ʠʭ ʩʠʥʪʝʟʘ ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʩʪʳ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʠ ʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʧʦʣʫʯʝʥʠʷ ʤʘʪʝʨʠʘʣʦʚ ʟʘʜʘʥʥʦʛʦ ʩʦʩʪʘʚʘ [24, 27-31]. ʂʨʦʤʝ ʪʦʛʦ, ʧʣʘʪʠʥʦʤʝʜʥʳʝ 

ʥʘʥʦʯʘʩʪʠʮʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʚʳʩʦʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʚ ʨʝʘʢʮʠʷʭ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 

ʢʠʩʣʦʨʦʜʘ ʠ ʦʢʠʩʣʝʥʠʷ ʤʝʪʘʥʦʣʘ [32].  

ʆʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʥʝʜʦʩʪʘʪʢʦʚ ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʵʣʝʢʪʨʦʢʘʪʘʣʠʟʘʪʦʨʦʚ ʩ 

ʣʝʛʠʨʫʶʱʠʤ ʥʝʙʣʘʛʦʨʦʜʥʳʤ ʤʝʪʘʣʣʦʤ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʩʝʣʝʢʪʠʚʥʦʛʦ 

ʨʘʩʪʚʦʨʝʥʠʷ ʣʝʛʠʨʫʶʱʝʛʦ ʢʦʤʧʦʥʝʥʪʘ ʚ ʧʨʦʮʝʩʩʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʤʝʤʙʨʘʥʥʦ-

ʵʣʝʢʪʨʦʥʥʦʛʦ ʙʣʦʢʘ ʚ ʩʣʝʜʩʪʚʠʠ ʢʠʩʣʦʡ ʩʨʝʜʳ ʥʘ ʢʘʪʦʜʝ ʊʕʇʆʄ. ʂʘʪʠʦʥʳ 



19 
 

ʨʘʩʪʚʦʨʝʥʥʦʛʦ d-ʤʝʪʘʣʣʘ ʦʩʘʞʜʘʶʪʩʷ ʥʘ ʢʦʥʮʝʚʳʭ ʛʨʫʧʧʘʭ ʤʝʤʙʨʘʥʳ, ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʯʝʛʦ ʧʨʦʠʩʭʦʜʠʪ ʧʦʥʠʞʝʥʠʝ ʝʸ ʧʨʦʪʦʥʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ, ʧʨʠʚʦʜʷʱʝʝ ʢ 

ʜʝʛʨʘʜʘʮʠʠ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʩʥʠʞʝʥʠʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʊʕʇʆʄ [25, 29-30].  

ɺʳʜʝʣʷʶʪ ʥʝʩʢʦʣʴʢʦ ʪʠʧʦʚ ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʵʣʝʢʪʨʦʢʘʪʘʣʠʟʘʪʦʨʦʚ, 

ʨʘʟʣʠʯʘʶʱʠʭʩʷ ʧʦ ʪʠʧʫ ʩʪʨʫʢʪʫʨʳ ʥʘʥʦʯʘʩʪʠʮ: 

 ī ʪʚʝʨʜʳʡ ʨʘʩʪʚʦʨ (ʩʧʣʘʚ) [24]; 

ī ʦʙʦʣʦʯʢʘ-ʷʜʨʦ (ʷʜʨʦ ʠʟ dīʤʝʪʘʣʣʘ ʠ ʧʣʘʪʠʥʦʚʘʷ ʦʙʦʣʦʯʢʘ) [34]; 

ī  ʧʦʩʣʦʡʥʳʝ ʥʘʥʦʯʘʩʪʠʮʳ (ʩʪʨʫʢʪʫʨʘ ʪʠʧʘ çʣʫʢʦʚʠʮʘè ʩ ʨʘʟʣʠʯʥʳʤʠ 

ʩʣʦʷʤʠ) [30]; 

ī  ʛʨʘʜʠʝʥʪʥʳʝ (ʧʦʩʪʝʧʝʥʥʦʝ ʠʟʤʝʥʝʥʠʝ ʯʠʩʣʘ ʘʪʦʤʦʚ ʢʦʤʧʦʥʝʥʪʦʚ ʦʪ ʷʜʨʘ 

ʢ ʦʙʦʣʦʯʢʝ) [35]. 

ɹʦʣʴʰʠʥʩʪʚʦ ʨʘʙʦʪ ʧʦʩʚʷʱʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʶ ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʭ 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʜʣʷ ʢʘʪʦʜʘ ʊʕʇʆʄ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʧʦʣʫʯʝʥʠʝ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʤʘʪʝʨʠʘʣʦʚ ʘʥ ʦʩʥʦʚʝ ʅʏ ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʪʚʸʨʜʳʡ ʨʘʩʪʚʦʨ, ʢʦʪʦʨʳʝ ʧʦʣʫʯʘʶʪ 

ʦʜʥʦʚʨʝʤʝʥʥʳʤ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ ʧʨʝʢʫʨʩʦʨʦʚ ʧʣʘʪʠʥʳ ʠ dīʤʝʪʘʣʣʘ [8, 33-34].  

ɼʣʷ ʫʤʝʥʴʰʝʥʠʷ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʤʝʤʙʨʘʥʫ ʢʘʪʠʦʥʦʚ ʨʘʩʪʚʦʨʷʶʱʠʭʩʷ 

ʤʝʪʘʣʣʦʚ ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʧʦʣʫʯʝʥʠʶ ʩʣʦʞʥʳʭ 

ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ʪʠʧʘ ʦʙʦʣʦʯʢʘ-ʷʜʨʦ ʠʣʠ ʩ ʛʨʘʜʠʝʥʪʥʦʡ ʩʪʨʫʢʪʫʨʦʡ [34, 

35]. ʇʦʩʢʦʣʴʢʫ ʨʝʘʢʮʠʠ ʧʨʦʪʝʢʘʶʪ ʪʦʣʴʢʦ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘʥʦʯʘʩʪʠʮ, ʧʣʘʪʠʥʦʚʘʷ 

ʦʙʦʣʦʯʢʘ ʜʦʣʞʥʘ ʠʤʝʪʴ ʦʧʪʠʤʘʣʴʥʫʶ ʪʦʣʱʠʥʫ. ʄʥʦʛʠʝ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʦʪʤʝʯʘʶʪ, 

ʯʪʦ ʝʩʣʠ ʧʦʚʝʨʭʥʦʩʪʥʳʡ ʩʣʦʡ ʧʣʘʪʠʥʳ ʙʫʜʝʪ ʪʦʥʢʠʤ, ʪʦ ʚʦʟʤʦʞʥʦ ʥʘʨʫʰʝʥʠʝ 

ʦʜʥʦʨʦʜʥʦʩʪʠ ʠ ʧʦʩʪʝʧʝʥʥʦʝ ʨʘʩʪʚʦʨʝʥʠʝ ʷʜʨʘ ʠʟ ʥʝʙʣʘʛʦʨʦʜʥʦʛʦ ʤʝʪʘʣʣʘ [24, 29]. 

ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʪʦʣʱʠʥʳ ʦʙʦʣʦʯʢʠ ʧʨʦʧʘʜʘʝʪ ʪʘʢ ʥʘʟʳʚʘʝʤʳʡ çʵʬʬʝʢʪ ʣʠʛʘʥʜʘè, 

ʘ ʚʥʫʪʨʝʥʥʠʝ ʘʪʦʤʳ Pt ʟʘʢʨʳʪʳ ʠ ʥʝ ʩʧʦʩʦʙʥʳ ʫʯʫʚʩʪʚʦʚʘʪʴ ʚ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʘʭ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʥʝʵʬʬʝʢʪʠʚʥʦʤʫ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʜʨʘʛʦʮʝʥʥʦʛʦ ʤʝʪʘʣʣʘ 

[33-35]. 

ʂʘʢ ʫʞʝ ʙʳʣʦ ʦʪʤʝʯʝʥʦ ʨʘʥʝʝ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʪʠʧʘ ʩʪʨʫʢʪʫʨʳ 

ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʅʏ, ʚ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ ʧʨʦʠʩʭʦʜʠʪ ʨʘʩʪʚʦʨʝʥʠʝ ʣʝʛʠʨʫʶʱʝʛʦ 

ʢʦʤʧʦʥʝʥʪʘ ʩ ʧʦʚʝʨʭʥʦʩʪʠ. ɼʦʧʦʣʥʠʪʝʣʴʥʘʷ ʩʪʘʜʠʷ ʭʠʤʠʯʝʩʢʦʡ ʠʣʠ 
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ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʩʧʦʩʦʙʩʪʚʫʝʪ ʥʝ 

ʪʦʣʴʢʦ ʫʜʘʣʝʥʠʶ ʘʪʦʤʦʚ ʥʝʟʘʱʠʱʸʥʥʦʛʦ dīʤʝʪʘʣʣʘ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʅʏ, ʥʦ ʠ ʢʘʢ 

ʩʣʝʜʩʪʚʠʝ ʠʟʤʝʥʝʥʠʶ ʩʪʨʫʢʪʫʨʳ ʅʏ: ʧʦʷʚʣʝʥʠʶ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʜʝʬʝʢʪʦʚ, 

ʦʙʨʘʟʦʚʘʥʠʶ ʧʦʨʠʩʪʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʜʣʷ ʢʨʫʧʥʳʭ ʅʏ. ʄʥʦʛʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ [36] 

ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʜʣʷ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʥʘ ʦʩʥʦʚʝ ʧʣʘʪʠʥʳ ʩ ʯʘʩʪʠʯʥʦ ʫʜʘʣʝʥʥʳʤ 

ʣʝʛʠʨʫʶʱʠʤʠ ʢʦʤʧʦʥʝʥʪʦʤ, ʭʘʨʘʢʪʝʨʥʦ ʧʦʚʳʰʝʥʠʝ ʘʢʪʠʚʥʦʩʪʠ ʚ ʈɺʂ. 

1.2.3 ʅʦʩʠʪʝʣʠ ʵʣʝʢʪʨʦʢʘʪʘʣʠʟʘʪʦʨʦʚ ʜʣʷ ʅʊʕ 

ʂʘʢ ʙʳʣʦ ʦʪʤʝʯʝʥʦ ʨʘʥʝʝ ʵʣʝʢʪʨʦʢʘʪʘʣʠʟʘʪʦʨ ʩʦʩʪʦʠʪ ʠʟ ʅʏ ʧʣʘʪʠʥʳ ʠʣʠ ʝʸ 

ʩʧʣʘʚʦʚ, ʥʘʥʝʩʸʥʥʳʭ ʥʘ ʫʛʣʝʨʦʜʥʳʡ ʥʦʩʠʪʝʣʴ. ʅʦʩʠʪʝʣʴ ʚ ʧʣʘʪʠʥʦʩʦʜʝʨʘʞʘʱʠʭ 

ʩʠʩʪʝʤʘʭ ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʧʨʦʪʝʢʘʥʠʠ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ. ɿʘ ʩʯʝʪ 

ʚʳʩʦʢʦʡ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʦʥ ʦʙʝʩʧʝʯʠʚʘʝʪ ʦʪʚʦʜ ʵʣʝʢʪʨʦʥʘ ʚʦ ʚʥʝʰʥʶʶ ʮʝʧʴ, 

ʢʦʪʦʨʳʡ ʚ ʜʘʣʴʥʝʡʰʝʤ ʛʝʥʝʨʠʨʫʝʪʩʷ ʚ ʵʥʝʨʛʠʶ. ʊʘʢ ʞʝ ʥʦʩʠʪʝʣʴ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʵʣʝʢʪʨʦʥʥʳʡ ʢʦʥʪʘʢʪ ʅʏ ʧʣʘʪʠʥʳ ʠ/ʠʣʠ ʝʝ ʩʧʣʘʚʦʚ, ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʪʦʨʳʭ 

ʧʨʦʪʝʢʘʶʪ ʦʩʥʦʚʥʳʝ ʪʦʢʦʦʙʨʘʟʫʶʱʠʝ ʨʝʘʢʮʠʠ. 

ʅʦʩʠʪʝʣʴ ʜʣʷ ʵʣʝʢʪʨʦʢʘʪʘʣʠʟʘʪʦʨʦʚ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ [37-38]: 

ï ʦʧʪʠʤʘʣʴʥʦʡ ʧʣʦʱʘʜʴʶ ʧʦʚʝʨʭʥʦʩʪʠ (ʧʦ ɹʕʊ ʥʝ ʙʦʣʴʰʝ 1500 ʤ2/ʛ); 

ï ʦʧʪʠʤʘʣʴʥʦʡ ʧʦʨʠʩʪʦʩʪʴʶ (ʥʘʣʠʯʠʝ ʤʝʟʦʧʦʨ, ʥʘʣʠʯʠʝ ʤʠʢʨʦʧʦʨ 

ʜʠʘʤʝʪʨʦʤ ʙʦʣʝʝ 3 ʥʤ); 

ï ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴʶ; 

ï ʦʧʪʠʤʘʣʴʥʦʡ ʛʠʜʨʦʬʠʣʴʥʦʩʪʴʶ/ʛʠʜʨʦʬʦʙʥʦʩʪʴʶ ʧʦʚʝʨʭʥʦʩʪʠ; 

ï ʢʦʨʨʦʟʠʦʥʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʴʶ. 

ɺ ʢʘʯʝʩʪʚʝ ʥʦʩʠʪʝʣʷ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ: 

ï ʫʛʣʝʨʦʜʥʘʷ ʩʘʞʘ [37]; 

ï ʫʛʣʝʨʦʜʥʳʝ ʥʘʥʦʪʨʫʙʢʠ [39]; 

ï ʫʛʣʝʨʦʜ ʜʦʧʠʨʦʚʘʥʥʳʝʡ ʨʘʟʣʠʯʥʳʤʠ ʛʝʪʝʨʦʘʪʦʤʘʤʠ (S, B, P, N) [40-43] 

ï ʢʦʤʧʦʟʠʪʥʳʝ ʥʦʩʠʪʝʣʠ [44]; 

ï ʥʝʢʦʪʦʨʳʝ ʦʢʩʠʜʳ ʤʝʪʘʣʣʦʚ [45]; 
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ʋʛʣʝʨʦʜʥʳʝ ʤʘʪʝʨʠʘʣʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʨʘʟʣʠʯʥʳʤ ʩʦʦʪʥʦʰʝʥʠʝʤ ʨʘʟʤʝʨʘ 

ʠ ʢʦʣʠʯʝʩʪʚʘ ʧʦʨ, ʦʧʨʝʜʝʣʷʶʱʠʤ ʚʝʣʠʯʠʥʫ ʟʥʘʯʝʥʠʷ ʧʣʦʱʘʜʠ ʧʦʚʝʨʭʥʦʩʪʠ 

ʥʦʩʠʪʝʣʷ [37-40].  ɺ ʨʷʜʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʪʤʝʯʘʝʪʩʷ, ʯʪʦ ʥʘʥʦʯʘʩʪʠʮʳ ʤʝʪʘʣʣʘ, 

ʥʘʭʦʜʷʱʠʝʩʷ ʚ ʤʠʢʨʦʧʦʨʘʭ ʧʦʨʘʭ ʥʦʩʠʪʝʣʷ, ʤʦʛʫʪ ʙʳʪʴ ʥʝʜʦʩʪʫʧʥʳ ʜʣʷ 

ʪʦʢʦʦʙʨʘʟʫʶʱʠʭ ʨʝʘʢʮʠʡ [46, 47].  ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʧʦʣʫʯʝʥʠʠ 

ʧʣʘʪʠʥʦʩʦʜʝʨʞʘʱʠʭ ʵʣʝʢʪʨʦʢʘʪʘʣʠʟʘʪʦʨʦʚ ʚʘʞʥʦ ʧʦʜʦʙʨʘʪʴ ʫʛʣʝʨʦʜʥʳʡ ʥʦʩʠʪʝʣʴ 

ʩ ʦʧʪʠʤʘʣʴʥʦʡ ʧʣʦʱʘʜʴʶ ʧʦʚʝʨʭʥʦʩʪʠ [37, 40]. ʅʘʠʙʦʣʝʝ ʰʠʨʦʢʦ ʧʨʠʤʝʥʠʤʳʤ 

ʥʦʩʠʪʝʣʝʤ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʢʦʤʤʝʨʯʝʩʢʠʭ ʠʤʧʦʨʪʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʷʚʣʷʝʪʩʷ 

ʚʳʩʦʢʦʜʠʩʧʝʨʩʥʳʡ ʫʛʣʝʨʦʜ ʤʘʨʢʠ Vulcan XC-72 ʩ ʧʣʦʱʘʜʴʶ ʧʦʚʝʨʭʥʦʩʪʠ 270-290 

ʤ2/ʛ [48].  

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ 

ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʥʦʩʠʪʝʣʝʡ ʜʣʷ ʧʣʘʪʠʥʦʩʦʜʝʨʞʘʱʠʭ ʥʘʥʦʯʘʩʪʠʮ, ʧʦʚʳʰʘʶʱʠʭ 

ʘʢʪʠʚʥʦʩʪʴ ʠ ʩʪʘʙʠʣʴʥʦʩʪʴ ʢʘʪʘʣʠʟʘʪʦʨʘ ʠ ʧʦʟʚʦʣʷʶʱʠʭ ʩʥʠʟʠʪʴ ʟʘʛʨʫʟʢʫ 

ʙʣʘʛʦʨʦʜʥʦʛʦ ʤʝʪʘʣʣʘ ʠ ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʦʧʪʠʤʘʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ 

ʩʣʦʷ (ʛʠʜʨʦʬʦʙʥʦʩʪʴ/ʛʠʜʨʦʬʠʣʴʥʦʩʪʴ, ʧʦʨʠʩʪʘʷ ʩʪʨʫʢʪʫʨʘ ʠ ʜʨ.) [37].  

ɻʨʘʬʝʥʦʧʦʜʦʙʥʳʝ ʤʘʪʝʨʠʘʣʳ ʠ ʠʭ ʧʨʦʠʟʚʦʜʥʳʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚ 

ʢʘʯʝʩʪʚʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʥʦʩʠʪʝʣʝʡ ʜʣʷ ʵʣʝʢʪʨʦʢʘʪʘʣʠʟʘʪʦʨʦʚ. ɻʨʘʬʝʥ, ʚʧʝʨʚʳʝ 

ʧʦʣʫʯʝʥʥʳʡ ʤʝʪʦʜʦʤ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʨʘʩʩʣʦʝʥʠʷ [38], ʥʘʭʦʜʠʪ ʰʠʨʦʢʦʝ 

ʧʨʠʤʝʥʝʥʠʝ ʚ ʩʠʩʪʝʤʘʭ ʥʘʢʦʧʣʝʥʠʷ ʵʥʝʨʛʠʠ ʙʣʘʛʦʜʘʨʷ ʩʚʦʠʤ ʧʨʝʚʦʩʭʦʜʥʳʤ 

ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ: ʚʳʩʦʢʦʡ ʫʜʝʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ (ʜʦ 2600 ʤ2/ʛ), 

ʚʳʩʦʢʦʡ ʪʝʧʣʦ- ʠ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ, ʢʦʨʨʦʟʠʦʥʥʦʡ ʩʪʦʡʢʦʩʪʠ ʠ ʤʝʭʘʥʠʯʝʩʢʦʡ 

ʧʨʦʯʥʦʩʪʠ (ʜʦ 130 ɻʇʘ) [49-54]. ʂ ʩʦʞʘʣʝʥʠʶ, ʧʣʦʩʢʦʩʪʴ ʛʨʘʬʝʥʘ ʠʥʝʨʪʥʘ ʠ ʥʝ 

ʠʤʝʝʪ ʜʦʩʪʘʪʦʯʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʜʝʬʝʢʪʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʣʠ ʙʳ ʚʳʩʪʫʧʘʪʴ ʚ ʢʘʯʝʩʪʚʝ 

ʘʢʪʠʚʥʳʭ ʮʝʥʪʨʦʚ ʜʣʷ ʧʨʦʪʝʢʘʥʠʷ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ ʠʣʠ ʟʘʨʦʞʜʝʥʠʷ 

ʥʘʥʦʯʘʩʪʠʮ [45]. ɽʱʸ ʦʜʥʘ ʧʨʦʙʣʝʤʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʟʘ ʩʯʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʤʝʞʜʫ ʦʪʜʝʣʴʥʳʤʠ ʩʣʦʷʤʠ ʛʨʘʬʝʥʘ ʧʨʦʠʩʭʦʜʠʪ ʠʭ ʘʛʨʝʛʘʮʠʷ, ʚ ʯʘʩʪʥʦʩʪʠ, ʧʨʠ 

ʠʟʛʦʪʦʚʣʝʥʠʠ ʧʦʨʦʰʢʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ. ɺ ʨʝʟʫʣʴʪʘʪʝ, ʧʨʠʤʝʥʷʷ ʣʠʩʪʳ ʛʨʘʬʝʥʘ ʚ 

ʢʘʯʝʩʪʚʝ ʥʦʩʠʪʝʣʷ, ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʙʣʝʤʘʪʠʯʥʦ ʜʦʙʠʪʴʩʷ ʨʘʚʥʦʤʝʨʥʦʛʦ ʥʘʥʝʩʝʥʠʷ 

ʥʘʥʦʯʘʩʪʠʮ ʧʣʘʪʠʥʳ ʥʘ ʥʝʛʦ.  
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ʇʣʘʪʠʥʦʚʳʝ ʢʘʪʘʣʠʟʘʪʦʨʳ ʥʘ ʦʩʥʦʚʝ ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ (ʋʅʊ) ʤʦʛʫʪ 

ʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʨʘʜʠʮʠʦʥʥʦ 

ʠʩʧʦʣʴʟʫʝʤʳʤʠ ʢʘʪʘʣʠʟʘʪʦʨʘʤʠ ʥʘ ʩʘʞʝʚʳʭ ʥʦʩʠʪʝʣʷʭ [55]. ɸʜʛʝʟʠʷ ʅʏ ʧʣʘʪʠʥʳ ʢ 

ʧʦʚʝʨʭʥʦʩʪʠ ʥʘʥʦʪʨʫʙʦʢ ʤʦʞʝʪ ʙʳʪʴ ʫʣʫʯʰʝʥʘ ʧʦʩʨʝʜʩʪʚʦʤ ʩʦʟʜʘʥʠʷ 

ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʜʝʬʝʢʪʦʚ ʠʣʠ ʠʥʪʝʨʢʘʣʷʮʠʠ ʛʝʪʝʨʦʘʪʦʤʦʚ ʚ ʩʪʨʫʢʪʫʨʫ ʥʘʥʦʪʨʫʙʦʢ 

[55]. ɸʥʘʣʦʛʠʯʥʳʝ ʧʦʜʭʦʜʳ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʠ ʜʣʷ ʛʨʘʬʝʥʘ. ʊʝʤ ʥʝ ʤʝʥʝʝ, 

ʚʳʩʦʢʘʷ ʩʪʦʠʤʦʩʪʴ ʧʨʦʠʟʚʦʜʩʪʚʘ ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ, ʢʘʢ ʠ ʧʨʦʙʣʝʤʳ ʠʭ 

ʘʛʨʝʛʘʮʠʠ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʧʦʨʠʩʪʳʭ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʣʦʝʚ, ʥʝ ʧʦʟʚʦʣʷʶʪ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʵʪʦʪ ʪʠʧ ʥʦʩʠʪʝʣʝʡ ʚ ʢʘʯʝʩʪʚʝ ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʜʣ̫ 

ʢʦʤʤʝʨʯʝʩʢʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʠ ʩʦʟʜʘʥʠʠ ʵʣʝʢʪʨʦʢʘʪʘʣʠʟʘʪʦʨʦʚ. 

ʉʦ ʚʨʝʤʝʥʝʤ ʨʘʟʚʠʚʘʝʪʩʷ ʥʘʧʨʘʚʣʝʥʠʝ, ʩʚʷʟʘʥʥʦʝ ʩ ʫʧʨʘʚʣʝʥʠʝʤ 

ʚʥʫʪʨʝʥʥʠʭ ʩʚʦʡʩʪʚ ʫʛʣʝʨʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʟʘ ʩʯʝʪ ʚʥʝʜʨʝʥʠʷ ʚ ʠʭ ʩʪʨʫʢʪʫʨʫ ʨʷʜʘ 

ʛʝʪʝʨʦʘʪʦʤʦʚ, ʪʘʢʠʭ ʢʘʢ N, P ʠ F [41-43, 56-63]. ʆʜʥʘʢʦ ʤʝʭʘʥʠʟʤ ʚʣʠʷʥʠʷ 

ʜʦʧʠʨʦʚʘʥʥʦʛʦ ʫʛʣʝʨʦʜʥʦʛʦ ʥʦʩʠʪʝʣʷ ʥʘ ʢʘʪʘʣʠʪʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʅʏ Pt ʩʣʦʞʝʥ 

ʠ ʜʦ ʩʠʭ ʧʦʨ ʦʩʪʘʝʪʩʷ ʤʘʣʦʠʟʫʯʝʥʥʳʤ.  

ʉʯʠʪʘʝʪʩʷ, ʯʪʦ ʚ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʛʝʪʝʨʦʘʪʦʤʘʤʠ (B, N, S ʠʣʠ P) 

ʫʛʣʝʨʦʜʥʳʭ ʥʦʩʠʪʝʣʷʭ ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ, 

ʙʣʘʛʦʜʘʨʷ ʯʝʤʫ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʯʠʩʣʦ ʘʢʪʠʚʥʳʭ ʮʝʥʪʨʦʚ ʜʣʷ ʦʩʘʞʜʝʥʠʷ ʥʘʥʦʯʘʩʪʠʮ 

Pt [59, 61, 64-67]. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʠʯʴ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʠ ʩʪʘʙʠʣʴʥʦʩʪʠ 

ʵʣʝʢʪʨʦʢʘʪʘʣʠʟʘʪʦʨʦʚ ʚ ʈɺʂ ʠ ʜʨʫʛʠʭ ʨʝʘʢʮʠʷʭ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʘʥʘʣʦʛʘʤʠ ʥʘ 

ʦʩʥʦʚʝ ʩʘʞʠ ʠʣʠ ʛʨʘʬʝʥʦʧʦʜʦʙʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʙʝʟ ʣʝʛʠʨʦʚʘʥʠʷ.  

ʉʨʝʜʠ ʣʝʛʠʨʦʚʘʥʥʳʭ ʨʘʟʣʠʯʥʳʤʠ ʛʝʪʝʨʦʘʪʦʤʘʤʠ ʫʛʣʝʨʦʜʥʳʝ ʤʘʪʝʨʠʘʣʳ, 

ʘʟʦʪʠʨʦʚʘʥʥʳʝ ʫʛʣʝʨʦʜʳ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʭʦʨʦʰʫʶ ʵʣʝʢʪʨʦʥʥʫʶ ʧʨʦʚʦʜʠʤʦʩʪʴ 

[64, 65]. ɸʚʪʦʨʳ [64] ʫʪʚʝʨʞʜʘʶʪ, ʯʪʦ ʘʟʦʪ ʩʪʘʣ ʥʘʠʙʦʣʝʝ ʠʟʫʯʝʥʥʳʤ ʣʝʛʠʨʫʶʱʠʤ 

ʛʝʪʝʨʦʘʪʦʤʦʤ ʜʣʷ ʫʛʣʝʨʦʜʠʩʪʳʭ ʵʣʝʢʪʨʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʟʘ ʧʦʩʣʝʜʥʠʝ ʥʝʩʢʦʣʴʢʦ 

ʣʝʪ. 

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʙʳʣʠ ʦʧʫʙʣʠʢʦʚʘʥʳ ʦʙʟʦʨʥʳʝ ʩʪʘʪʴʠ, ʚ ʢʦʪʦʨʳʭ ʦʩʥʦʚʥʦʝ 

ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʣʦʩʴ ʨʘʟʣʠʯʥʳʤ ʦʙʣʘʩʪʷʤ ʧʨʠʤʝʥʝʥʠʷ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʘʪʦʤʘʤʠ ʘʟʦʪʘ ʫʛʣʝʨʦʜʦʚ ʚ ʢʘʯʝʩʪʚʝ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʭ 
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ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʜʣʷ ʱʝʣʦʯʥʳʭ ʊʕ [70-74] ʠ ʫʛʣʝʨʦʜʥʳʭ ʧʦʜʣʦʞʝʢ ʜʣʷ 

ʚʦʜʦʨʦʜʦ-ʚʦʟʜʫʰʥʳʭ ʪʦʧʣʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ [64, 65].  

ʇʦʚʳʰʝʥʥʦʝ ʚʥʠʤʘʥʠʝ ʢ ʫʛʣʝʨʦʜʥʳʤ ʤʘʪʝʨʠʘʣʘʤ ʜʦʧʠʨʦʚʘʥʥʳʤ ʘʟʦʪʦʤ 

ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʚʢʣʶʯʝʥʠʝ ʘʪʦʤʦʚ ʘʟʦʪʘ ʩ ʙʦʣʝʝ ʚʳʩʦʢʦʡ 

ʵʣʝʢʪʨʦʦʪʨʠʮʘʪʝʣʴʥʦʩʪʴʶ (3.04) ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʫʛʣʝʨʦʜʦʤ (2.55) ʚ ʩʪʨʫʢʪʫʨʫ 

ʛʨʘʬʝʥʘ ʠʣʠ ʝʛʦ ʧʨʦʠʟʚʦʜʥʳʭ ʧʨʠʚʦʜʠʪ ʢ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʶ ʟʘʨʷʜʘ ʥʘ ʝʛʦ 

ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʧʦʷʚʣʝʥʠʶ ʜʝʬʝʢʪʦʚ ʠ ʩʪʨʫʢʪʫʨʥʳʭ ʠʩʢʘʞʝʥʠʡ [75]. ʕʪʠ ʬʘʢʪʦʨʳ 

ʧʨʠʚʦʜʷʪ ʢ ʙʣʘʛʦʧʨʠʷʪʥʳʤ ʫʩʣʦʚʠʷʤ ʜʣʷ ʧʦʷʚʣʝʥʠʷ ʘʢʪʠʚʥʳʭ ʮʝʥʪʨʦʚ ʜʣʷ ʨʦʩʪʘ 

ʅʏ ʧʣʘʪʠʥʳ ʠ ʜʣʷ ʘʜʩʦʨʙʮʠʠ O2. ʉʭʝʤʘʪʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ 

ʢʦʥʬʠʛʫʨʘʮʠʡ ʘʟʦʪʘ, ʜʦʧʠʨʦʚʘʥʥʦʛʦ ʚ ʩʪʨʫʢʪʫʨʫ ʫʛʣʝʨʦʜʘ ʨʠʩʫʥʦʢ 1.3. 

 

ʈʠʩʫʥʦʢ 1.3 ï ʉʭʝʤʘʪʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʢʦʥʬʠʛʫʨʘʮʠʡ  

N-C ʩʚʷʟʝʡ [68] 

ɺ ʨʷʜʝ ʩʣʫʯʘʝʚ ʫʛʣʝʨʦʜ ʜʦʧʠʨʦʚʘʥʥʳʡ ʘʟʦʪʦʤ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ 

ʙʝʩʧʣʘʪʠʥʦʚʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ ʚ ʱʝʣʦʯʥʳʭ ʩʨʝʜʘʭ. ɺʥʝʜʨʝʥʠʝ ʘʟʦʪʘ ʚ ʩʦʪʦʚʫʶ 

ʩʪʨʫʢʪʫʨʫ ʫʛʣʝʨʦʜʘ ʠʥʜʫʮʠʨʫʝʪ ʘʢʪʠʚʥʳʝ ʮʝʥʪʨʳ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʫʯʘʩʪʚʦʚʘʪʴ ʚ 

ʨʘʟʨʳʚʝ ʆ-ʆ-ʩʚʷʟʝʡ ʤʦʣʝʢʫʣ ʢʠʩʣʦʨʦʜʘ [68, 72]. ʆʩʥʦʚʥʳʝ ʤʝʭʘʥʠʟʤʳ ʈɺʂ ʚ 

ʣʝʛʠʨʦʚʘʥʥʳʭ ʘʟʦʪʦʤ ʥʘʥʦʩʪʨʫʢʪʫʨʘʭ ʠʟʚʝʩʪʥʳ, ʦʜʥʘʢʦ ʩʫʱʝʩʪʚʫʶʪ ʙʦʣʴʰʠʝ 

ʨʘʟʥʦʛʣʘʩʠʷ ʚ ʦʪʥʦʰʝʥʠʠ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʟʣʠʯʥʳʭ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ ʘʟʦʪʘ. 

ɼʦʧʠʨʦʚʘʥʠʝ ʘʟʦʪʦʤ ʫʛʣʝʨʦʜʥʳʭ ʥʦʩʠʪʝʣʝʡ ʧʨʦʚʦʜʷʪ ʪʨʝʤʷ ʨʘʟʣʠʯʥʳʤʠ 

ʩʧʦʩʦʙʘʤʠ. ʇʝʨʚʳʡ ʩʧʦʩʦʙ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʚʚʝʜʝʥʠʝ ʘʪʦʤʘ ʘʟʦʪʘ in situ ʚ 

ʫʛʣʝʨʦʜʥʳʡ ʢʘʨʢʘʩ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʛʨʘʬʠʪʦʚʦʡ ʧʣʦʩʢʦʩʪʠ ʩ ʧʦʤʦʱʴʶ ʪʘʢʠʭ 

ʧʨʦʮʝʩʩʦʚ, ʢʘʢ ʭʠʤʠʯʝʩʢʦʝ ʦʩʘʞʜʝʥʠʝ ʠʟ ʧʘʨʦʚʦʡ ʬʘʟʳ [74]. ɼʘʥʥʳʡ ʧʦʜʭʦʜ ʯʘʩʪʦ 
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ʠʩʧʦʣʴʟʫʶʪ, ʯʪʦʙʳ ʧʦʣʫʯʠʪʴ ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʘʟʦʪʘ ʚ ʫʛʣʝʨʦʜʥʳʭ ʤʘʪʝʨʠʘʣʘʭ 

(ʜʦ 7 ʘʪ.%). ʆʜʥʘʢʦ ʜʘʥʥʳʡ ʤʝʪʦʜ ʥʝʚʦʟʤʦʞʥʦ ʤʘʩʰʪʘʙʠʨʦʚʘʪʴ. ɺʪʦʨʦʡ ʧʦʜʭʦʜ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʤ ʥʘʛʨʝʚʝ ʛʨʘʬʠʪʦʚʦʛʦ ʫʛʣʝʨʦʜʘ, ʫʛʣʝʨʦʜʥʳʭ 

ʥʘʥʦʪʨʫʙʦʢ, ʛʨʘʬʝʥʘ ʠ ʬʫʣʣʝʨʝʥʘ ʚ ʩʤʝʩʠ ʩ ʘʟʦʪʩʦʜʝʨʞʘʱʠʤʠ ʚʝʱʝʩʪʚʘʤʠ ʚ 

ʠʥʝʨʪʥʦʡ ʘʪʤʦʩʬʝʨʝ [75]. ɻʨʘʬʠʪʦʚʘʷ ʩʝʪʢʘ ʷʚʣʷʝʪʩʷ ʦʯʝʥʴ ʫʩʪʦʡʯʠʚʦʡ ʩʪʨʫʢʪʫʨʦʡ, 

ʧʦʵʪʦʤʫ ʠʥʪʝʨʢʘʣʷʮʠʷ ʘʪʦʤʦʚ ʘʟʦʪʘ ʚ ʫʛʣʝʨʦʜʥʫʶ ʩʪʨʫʢʪʫʨʘ ʦʯʝʥʴ ʩʣʦʞʥʳʡ 

ʧʨʦʮʝʩʩ. ʊʨʝʪʠʡ ʤʝʪʦʜ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʨʷʤʦʡ ʧʠʨʦʣʠʟ ʙʦʛʘʪʳʭ ʘʟʦʪʦʤ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʧʨʝʢʫʨʩʦʨʦʚ ʩ ʯʝʪʢʦ ʦʧʨʝʜʝʣʝʥʥʦʡ N-ʩʦʜʝʨʞʘʱʝʡ ʩʪʨʫʢʪʫʨʦʡ, ʪʘʢʠʭ 

ʢʘʢ ʛʨʘʬʠʪʦʚʳʡ ʥʠʪʨʠʜ ʫʛʣʝʨʦʜʘ [76] ʠʣʠ ʤʝʣʘʤʠʥ [77]. ʇʦʩʣʝʜʥʠʡ ʧʦʜʭʦʜ 

ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʧʦʧʫʣʷʨʥʳʤ ʠ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʤʳʤ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʟ-ʟʘ 

ʝʛʦ ʧʨʦʩʪʦʪʳ. ʆʜʥʘʢʦ ʧʨʷʤʦʡ ʧʠʨʦʣʠʟ ʘʟʦʪʩʦʜʝʨʞʘʱʠʭ ʩʦʝʜʠʥʝʥʠʡ ʧʨʠ ʚʳʩʦʢʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ʯʘʩʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʦʪʝʨʝ ʘʢʪʠʚʥʳʭ ʬʦʨʤ ʘʟʦʪʘ (ʧʠʨʠʜʠʥʦʚʳʝ ʠ 

ʧʠʨʨʦʣʴʥʳʝ ʛʨʫʧʧʳ) ʠ ʥʝ ʧʦʟʚʦʣʷʝʪ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʧʦʨʠʩʪʦʩʪʴ ʩʪʨʫʢʪʫʨʳ 

ʫʛʣʝʨʦʜʘ. ɺʩʝ ʵʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʦʙʨʘʟʦʚʘʥʠ ̫ʘʢʪʠʚʥʳʭ ʮʝʥʪʨʦʚ [76].  

ɺʦʟʥʠʢʘʶʱʠʝ ʘʢʪʠʚʥʳʝ ʮʝʥʪʨʳ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʩʘʤʠ ʩʧʦʩʦʙʥʳ 

ʚʳʩʪʫʧʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʮʝʥʪʨʦʚ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ, ʥʘʧʨʠʤʝʨ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʢʠʩʣʦʨʦʜʘ [77], ʘ, ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʩʧʦʩʦʙʩʪʚʫʶʪ ʧʦʚʳʰʝʥʠʶ 

ʘʢʪʠʚʥʦʩʪʠ [41, 73] ʠ ʩʪʘʙʠʣʴʥʦʩʪʠ [74] ʥʘʥʦʯʘʩʪʠʮ Pt ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʣʝʛʠʨʦʚʘʥʥʦʛʦ C-N ʥʦʩʠʪʝʣʷ. ʉʦʜʝʨʞʘʥʠʝ N ʙʦʣʝʝ 7 ʘʪ.% ʧʨʠʚʦʜʠʪ ʢ ʥʠʟʢʦʡ 

ʵʣʝʢʪʨʦʥʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ ʣʝʛʠʨʦʚʘʥʥʳʭ ʫʛʣʝʨʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʅʝʩʤʦʪʨʷ ʥʘ 

ʧʦʚʳʰʝʥʥʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ ʢ ʦʢʠʩʣʝʥʠʶ, ʪʘʢʠʝ ʩʠʩʪʝʤʳ, ʥʝ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʥʦʩʠʪʝʣʷ ʧʣʘʪʠʥʦʩʦʜʝʨʞʘʱʠʭ ʵʣʝʢʪʨʦʢʘʪʘʣʠʟʘʪʦʨʦʚ.  

ʀʩʩʣʝʜʦʚʘʪʝʣʠ ʩʪʨʝʤʷʪʩʷ ʧʦʣʫʯʘʪʴ ʜʦʧʠʨʦʚʘʥʥʳʝ ʫʛʣʝʨʦʜʥʳʝ ʥʦʩʠʪʝʣʠ ʩ 

ʩʦʜʝʨʞʘʥʠʝʤ ʘʟʦʪʘ 3-7 ʘʪ.% [40]. ʆʪʤʝʯʝʥʦ, ʯʪʦ N-ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʛʨʫʧʧʳ 

ʧʠʨʠʜʠʥʦʚʳʝ ʠ ʛʨʘʬʠʪʦʚʳʝ ʚʥʦʩʷʪ ʚʢʣʘʜ ʚ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ ʵʣʝʢʪʨʦʥʥʦʡ 

ʧʣʦʪʥʦʩʪʠ ʫʛʣʝʨʦʜʥʦʛʦ ʥʦʩʠʪʝʣʷ, ʟʘ ʩʯʝʪ ʯʝʛʦ ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʘʟʦʚʘʥʠʝ ʘʢʪʠʚʥʳʭ 

ʮʝʥʪʨʦʚ ʥʘ ʝʛʦ ʧʦʚʝʨʭʥʦʩʪʠ ʜʣʷ ʟʘʢʨʝʧʣʝʥʠʷ ʠ ʨʦʩʪʘ ʅʏ ʧʣʘʪʠʥʳ [68].  
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1.3 ɼʝʛʨʘʜʘʮʠʷ ʵʣʝʢʪʨʦʢʘʪʘʣʠʟʘʪʦʨʦʚ 

ʉʪʘʙʠʣʴʥʦʩʪʴʶ ʥʘʟʳʚʘʶʪ ʩʧʦʩʦʙʥʦʩʪʴ ʤʘʪʝʨʠʘʣʦʚ ʩʦʭʨʘʥʷʪʴ ʩʚʦʠ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚ ʧʨʦʮʝʩʩʝ ʜʣʠʪʝʣʴʥʦʛʦ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʛʦ 

ʵʢʩʧʝʨʠʤʝʥʪʘ [14, 19, 20, 29]. ʂʘʢ ʠʟʚʝʩʪʥʦ, ʚ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ ʊʕʇʆʄ 

ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʩʪʝʧʝʥʥʦʝ ʩʥʠʞʝʥʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ, ʚʳʟʚʘʥʥʦʝ ʜʝʛʨʘʜʘʮʠʝʡ 

ʢʦʤʧʦʥʝʥʪʦʚ. ɼʝʛʨʘʜʘʮʠʷ ʧʣʘʪʠʥʦʩʦʜʝʨʞʘʱʠʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʚ ʊʕʇʆʄ ʟʘʚʠʩʠʪ ʦʪ 

ʥʝʩʢʦʣʴʢʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʩʚʷʟʘʥʥʳʭ ʢʘʢ ʩ ʫʩʣʦʚʠʷʤʠ ʨʘʙʦʪʳ ʤʝʤʙʨʘʥʥʦ-

ʵʣʝʢʪʨʦʜʥʦʛʦ ʙʣʦʢʘ, ʪʘʢ ʠ ʩʦ ʩʪʨʫʢʪʫʨʦʡ, ʠ ʩʦʩʪʘʚʦʤ ʵʣʝʢʪʨʦʢʘʪʘʣʠʟʘʪʦʨʘ. 

ʉʯʠʪʘʝʪʩʷ, ʯʪʦ ʩʪʘʙʠʣʴʥʦʩʪʴ ʧʣʘʪʠʥʦʩʦʜʝʨʞʘʱʠʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʭ 

ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʢ ʧʨʦʮʝʩʩʘʤ ʜʝʛʨʘʜʘʮʠʠ ʚʦ ʚʨʝʤʷ ʨʘʙʦʪʳ ʠ ʩʚʷʟʘʥʘ ʩʦ ʩʪʨʫʢʪʫʨʥʦ-

ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ: ʨʘʟʤʝʨʦʤ ʅʏ, ʠʭ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʧʦ 

ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʜʣʦʞʢʠ ʠ ʪʠʧʦʤ ʥʦʩʠʪʝʣʷ. 

ɺr ʜʝʣʷʶʪ ʜʚʘ ʦʩʥʦʚʥʳʭ ʤʝʭʘʥʠʟʤʘ ʜʝʛʨʘʜʘʮʠʠ Pt/C ʠ PtM/C ʤʘʪʝʨʠʘʣʦʚ, 

ʩʚʷʟʘʥʥʳʭ ʩ ʅʏ Pt ʠʣʠ PtM (ʦʪʨʳʚ, ʨʘʩʪʚʦʨʝʥʠʝ, ʘʛʣʦʤʝʨʘʮʠʷ, ʧʝʨʝʦʩʘʞʜʝʥʠʝ) ʠ ʩ 

ʦʢʠʩʣʝʥʠʝʤ ʫʛʣʝʨʦʜʥʦʛʦ ʥʦʩʠʪʝʣʷ, ʢʦʪʦʨʦʝ ʚ ʣʠʪʝʨʘʪʫʨʝ ʯʘʩʪʦ ʥʘʟʳʚʘʶʪ 

çʢʦʨʨʦʟʠʝʡè ʥʦʩʠʪʝʣʷ (ʈʠʩ. 1.4) [20, 81-84].  

 

ʈʠʩʫʥʦʢ 1.4 ï ʄʝʭʘʥʠʟʤʳ ʜʝʛʨʘʜʘʮʠʠ Pt/C ʠ PtM/C ʵʣʝʢʪʨʦʢʘʪʘʣʠʟʘʪʦʨʦʚ ʚ 

ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ ʚ ʊʕʇʆʄ 
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ɻʨʫʧʧʘ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ʍ. ɸʥʛʝʨʰʪʝʡʥ-ʂʦʟʣʦʚʩʢʦʡ [85] 

ʧʦʜʨʦʙʥʦ ʦʧʠʩʘʣʠ ʤʝʭʘʥʠʟʤ ʨʘʩʪʚʦʨʝʥʠʷ ʧʣʘʪʠʥʳ ʠ ʦʙʨʘʟʦʚʘʥʠʷ ʝʸ ʦʢʩʠʜʘ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʟʥʘʯʝʥʠʷ ʧʦʪʝʥʮʠʘʣʘ. ʅʘ ʨʠʩʫʥʢʝ 1.5 ʠʟʦʙʨʘʞʝʥ ʧʨʝʜʧʦʣʘʛʘʝʤʳʡ 

ʤʝʭʘʥʠʟʤ. 

 

ʈʠʩʫʥʦʢ 1.5 ï ʄʝʭʘʥʠʟʤ ʦʙʨʘʟʦʚʘʥʠʷ ʦʢʩʠʜʘ ʧʣʘʪʠʥʳ [85] 

ɸʚʪʦʨʳ [85] ʫʪʚʝʨʞʜʘʶʪ, ʯʪʦ ʨʘʩʪʚʦʨʝʥʠʝ ʘʪʦʤʦʚ ʧʣʘʪʠʥʳ ʩ ʧʦʚʝʨʭʥʦʩʪʠ 

ʅʏ ʠ ʦʙʨʘʟʦʚʘʥʠʝ ʝʸ ʦʢʩʠʜʘ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʚʳʩʦʢʠʭ ʧʦʪʝʥʮʠʘʣʘʭ (> 1.15 ɺ). ɺ 

ʜʘʥʥʳʭ ʫʩʣʦʚʠʷʭ ʚ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ ʵʣʝʢʪʨʦʣʠʪʦʚ ʧʨʦʠʩʭʦʜʷʪ ʧʨʦʮʝʩʩʳ ʧʦ 

ʤʝʭʘʥʠʟʤʫ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʤʫ ʥʘ ʨʠʩʫʥʦʢ 1.5, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʦʛʦ ʘʜʘʪʦʤʳ ʆʭʝʤ 

ʟʘʤʝʱʘʶʪ ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʘʪʦʤʳ ʧʣʘʪʠʥʳ, ʦʙʨʘʟʫʷ ʧʦʚʝʨʭʥʦʩʪʥʫʶ ʨʝʰʝʪʢʫ Pt-O 

(ʨʠʩ. 1.4D) [85]. ɺ ʨʘʙʦʪʝ [86] ʘʚʪʦʨʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʨʘʩʪʚʦʨʝʥʠʝ ʧʣʘʪʠʥʳ ʟʘʚʠʩʠʪ 

ʠ ʦʪ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʡ ʦʨʠʝʥʪʘʮʠʠ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʥʠʟʢʦʤ ʧʦʪʝʥʮʠʘʣʝ 0.65 

ɺ ʧʨʦʠʩʭʦʜʠʪ ʨʘʩʪʚʦʨʝʥʠʝ ʥʘ ʢʨʘʷʭ ʛʨʘʥʠ Pt(111). ʇʨʠ ʧʦʪʝʥʮʠʘʣʝ 0.95 ɺ 

ʧʨʦʠʩʭʦʜʠʪ ʧʘʩʩʠʚʘʮʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʪʘʣʣʘ ʟʘ ʩʯʝʪ ʦʙʨʘʟʦʚʘʥʠʷ ʦʢʩʠʜʥʦʡ 

ʧʣʸʥʢʠ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʨʘʩʪʚʦʨʝʥʠʝ ʫʤʝʥʴʰʘʝʪʩʷ. ʇʨʦʮʝʩʩ ʨʘʩʪʚʦʨʝʥʠʷ 

ʫʩʠʣʠʚʘʝʪʩʷ ʧʨʠ ʧʦʪʝʥʮʠʘʣʝ 1.15 ɺ. ʅʘʧʨʦʪʠʚ ʜʣʷ ʛʨʘʥʠ (110) ʨʘʩʪʚʦʨʝʥʠʝ 

ʫʤʝʥʴʰʘʝʪʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʧʦʪʝʥʮʠʘʣʘ ʠʟ-ʟʘ ʦʙʨʘʟʦʚʘʥʠʷ ʥʘ ʠʭ ʧʦʚʝʨʭʥʦʩʪʠ 

ʧʘʩʩʠʚʥʦʛʦ ʦʢʩʠʜʥʦʛʦ ʩʣʦʷ. ɺ ʩʚʦʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʘʚʪʦʨʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʛʨʘʥʠ 

ʧʣʘʪʠʥʳ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʥʘʠʙʦʣʝʝ ʘʢʪʠʚʥʳʤʠ ʚ ʈɺʂ (111) ʠ (100), ʠʤʝʶʪ ʙʦʣʝʝ 

ʚʳʩʦʢʫʶ ʪʝʥʜʝʥʮʠʶ ʢ ʨʘʩʪʚʦʨʝʥʠʶ ʠ ʷʚʣʷʶʪʩʷ ʥʘʠʤʝʥʝʝ ʩʪʘʙʠʣʴʥʳʤʠ [86]. 
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ɺ ʦʙʱʝʤ ʚʠʜʝ ʨʘʩʪʚʦʨʝʥʠʝ ʥʘʥʦʯʘʩʪʠʮ Pt ʠ ʣʝʛʠʨʫʶʱʝʛʦ d-ʤʝʪʘʣʣʘ ʚ 

ʧʨʦʮʝʩʩʝ ʜʝʛʨʘʜʘʮʠʠ Pt/C ʠ PtM/C ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʩʣʝʜʫʶʱʠʤʠ ʫʨʘʚʥʝʥʠʷʤʠ 

[85]: 

Pt Ÿ Pt2+ + 2e-                      (1.1), 

PtO + 2H+ Ÿ Pt2+ + H2O      (1.2), 

ʄ Ÿ ʄn+ + ne-                      (1.3). 

ɼʠʘʧʘʟʦʥ ʧʦʪʝʥʮʠʘʣʦʚ ʠ ʫʩʣʦʚʠʷ ʪʝʩʪʠʨʦʚʘʥʠʷ ʦʢʘʟʳʚʘʶʪ ʚʣʠʷʥʠʝ ʥʘ 

ʜʝʛʨʘʜʘʮʠʶ ʵʣʝʢʪʨʦʢʘʪʘʣʠʟʘʪʦʨʦʚ. ʊʘʢ ʚ ʧʦʪʝʥʮʠʦʜʠʥʘʤʠʯʝcʢʠʭ ʫʩʣʦʚʠʷʭ 

(ʮʠʢʣʠʯʝʩʢʘʷ ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʷ ʩ ʪʨʝʫʛʦʣʴʥʦʡ ʬʦʨʤʦʡ ʨʘʟʚʝʨʪʢʠ ʧʦʪʝʥʮʠʘʣʘ) 

ʨʘʩʪʚʦʨʝʥʠʝ ʧʣʘʪʠʥʳ ʧʨʦʠʩʭʦʜʠʪ ʙʳʩʪʨʝʝ, ʯʝʤ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʧʦʪʝʥʮʠʦʩʪʘʪʠʯʝʩʢʠʤʠ ʫʩʣʦʚʠʷʤʠ (ʧʨʷʤʦʫʛʦʣʴʥʳʝ ʠʤʧʫʣʴʩʳ ʩ ʚʳʜʝʨʞʢʦʡ ʥʘ 

ʚʝʨʭʥʝʤ ʠ ʥʠʞʥʝʤ ʧʦʪʝʥʮʠʘʣʘʭ, ʭʨʦʥʦʧʦʪʝʥʮʠʦʤʝʪʨʠʷ) [87]. ɸʚʪʦʨʳ [88] 

ʩʦʦʙʱʠʣʠ, ʯʪʦ ʩʢʦʨʦʩʪ ɹ ʨʘʩʪʚʦʨʝʥʠʷ ʧʣʘʪʠʥʳ ʧʨʠ ʧʦʪʝʥʮʠʦʜʠʥʘʤʠʯʝʩʢʦʤ 

ʮʠʢʣʠʨʦʚʘʥʠʠ ʥʘ 3ï4 ʧʦʨʷʜʢʘ ʚʳʰʝ, ʯʝʤ ʩʢʦʨʦʩʪʴ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ, ʦʧʨʝʜʝʣʝʥʥʘ ̫

ʜʣʷ ʧʦʪʝʥʮʠʦʩʪʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ.  

ʅʝʩʢʦʣʴʢʠʤʠ ʥʘʫʯʥʳʤʠ ʛʨʫʧʧʘʤʠ [88, 89] ʠʟʫʯʘʣʘʩʴ ʟʘʚʠʩʠʤʦʩʪʴ ʩʢʦʨʦʩʪʠ 

ʨʘʩʪʚʦʨʝʥʠʷ ʧʣʘʪʠʥʳ ʚʦ ʚʨʝʤʷ ʧʦʪʝʥʮʠʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʮʠʢʣʠʨʦʚʘʥʠʷ ʦʪ ʟʥʘʯʝʥʠʡ 

ʚʝʨʭʥʠʭ ʧʦʪʝʥʮʠʘʣʦʚ ʠ ʨʘʟʣʠʯʥʳʭ ʩʢʦʨʦʩʪʝʡ ʨʘʟʚʸʨʪʢʠ ʧʦʪʝʥʮʠʘʣʘ. ʉʢʦʨʦʩʪʴ 

ʨʘʩʪʚʦʨʝʥʠʷ ʫʚʝʣʠʯʠʚʘʣʘʩʴ ʩ ʧʦʚʳʰʝʥʠʝʤ ʚʝʨʭʥʝʛʦ ʧʨʝʜʝʣʘ ʧʦʪʝʥʮʠʘʣʦʚ [90]. 

ʆʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʦʙʨʘʟʫʶʱʘʷʩʷ ʦʢʩʠʜʥʘʷ ʧʣʝʥʢʘ ʟʘʤʝʪʥʦ ʟʘʤʝʜʣʷʝʪ ʨʘʩʪʚʦʨʝʥʠʝ 

[88]. ʈʘʩʪʚʦʨʝʥʠʝ ʫʚʝʣʠʯʠʚʘʣʦʩʴ ʧʨʠ ʧʝʨʝʭʦʜʝ ʢ ʧʦʪʝʥʮʠʘʣʫ 1.2 ɺ. ʇʨʠ 

ʜʘʣʴʥʝʡʰʝʤ ʫʚʝʣʠʯʝʥʠʠ ʧʦʪʝʥʮʠʘʣʘ ʧʦʩʣʝ ʥʘʢʦʧʣʝʥʠʷ ʤʦʥʦʩʣʦʷ PtO ʩʢʦʨʦʩʪʴ 

ʨʘʩʪʚʦʨʝʥʠʷ ʅʏ ʫʤʝʥʴʰʘʝʪʩʷ. ʉ. ʄʠʮʫʩʠʤʘ ʠ ʩʦʘʚʪʦʨʳ [91,92] ʠʟʫʯʠʣʠ ʩʢʦʨʦʩʪʴ 

ʨʘʩʪʚʦʨʝʥʠʷ ʧʣʘʪʠʥʳ ʚ ʩʝʨʥʦʡ ʢʠʩʣʦʪʝ ʚʦ ʚʨʝʤʷ ʧʦʪʝʥʮʠʦʜʠʥʘʤʠʯʝʩʢʦʛʦ 

ʮʠʢʣʠʨʦʚʘʥʠʷ ʩ ʯʝʪʳʨʴʤʷ ʨʘʟʣʠʯʥʳʤʠ ʧʨʦʬʠʣʷʤʠ ʧʦʪʝʥʮʠʦʜʠʥʘʤʠʯʝʩʢʦʡ 

ʨʘʟʚʸʨʪʢʠ. ʉʨʝʜʠ ʥʠʭ ʤʝʜʣʝʥʥʘʷ ʢʘʪʦʜʥʘʷ ʪʨʝʫʛʦʣʴʥʘʷ ʨʘʟʚʝʨʪʢʘ (ʘʥʦʜʥʘʷ 20 ʤɺ/ ʠ 

ʢʘʪʦʜʥʘʷ 0.5 ʤɺ/ʩ) ʧʦʢʘʟʘʣʘ ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʩʦʢʫʶ ʩʢʦʨʦʩʪʴ ʨʘʩʪʚʦʨʝʥʠʷ ʧʣʘʪʠʥʳ; 

ʚ ʜʨʫʛʠʭ ʧʦʪʝʥʮʠʦʜʠʥʘʤʠʯʝʩʢʠʭ ʨʝʞʠʤʘʭ ʩʢʦʨʦʩʪʴ ʨʘʩʪʚʦʨʝʥʠʷ ʙʳʣʘ ʟʥʘʯʠʪʝʣʴʥʦ 
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ʤʝʥʴʰʝ. ɸʚʪʦʨʳ ʩʯʠʪʘʶʪ, ʯʪʦ ʧʦʚʳʰʝʥʥʦʝ ʨʘʩʪʚʦʨʝʥʠʝ ʧʣʘʪʠʥʳ ʚʦ ʚʨʝʤʷ 

ʤʝʜʣʝʥʥʦʛʦ ʢʘʪʦʜʥʦʛʦ ʭʦʜʘ ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʩʯʸʪ ʢʘʪʦʜʥʦʛʦ ʨʘʩʪʚʦʨʝʥʠʷ.  

ʇʨʠ ʨʘʙʦʪʝ ʪʦʧʣʠʚʥʦʛʦ ʵʣʝʤʝʥʪʘ ʚ ʦʙʣʘʩʪʠ ʥʠʟʢʠʭ ʧʦʪʝʥʮʠʘʣʦʚ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʧʨʦʪʝʢʘʝʪ ʜʝʛʨʘʜʘʮʠʷ ʵʣʝʢʪʨʦʢʘʪʘʣʠʟʘʪʦʨʦʚ, ʩʚʷʟʘʥʥʘʷ ʥʝ ʩ 

ʨʘʩʪʚʦʨʝʥʠʝʤ ʅʏ ʧʣʘʪʠʥʳ, ʘ ʩ ʠʭ ʤʠʛʨʘʮʠʝʡ ʧʦ ʫʛʣʝʨʦʜʥʦʤʫ ʥʦʩʠʪʝʣʶ, ʢʦʪʦʨʘʷ 

ʧʨʠʚʦʜʠʪ ʢ ʠʭ ʘʛʣʦʤʝʨʘʮʠʠ. ʕʪʦʪ ʤʝʭʘʥʠʟʤ ʨʦʩʪʘ ʯʘʩʪʠʮ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʨʘʟʤʝʨʥʦʤ 

ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʅʏ, ʢʦʪʦʨʦʝ ʩʜʚʠʛʘʝʪʩʷ ʚ ʦʙʣʘʩʪʴ ʙʦʣʴʰʠʭ ʨʘʟʤʝʨʦʚ, ʟʘ ʩʯʝʪ 

ʫʤʝʥʴʰʝʥʠʷ ʜʦʣʠ ʤʘʣʳʭ ʅʏ (ʤʝʥʝʝ 1.5 ʥʤ) [93, 94].  

ʂ ʜʝʛʨʘʜʘʮʠʠ ʵʣʝʢʪʨʦʢʘʪʘʣʠʟʘʪʦʨʘ ʪʘʢʞʝ ʧʨʠʚʦʜʠʪ ʧʨʦʮʝʩʩ ʧʝʨʝʦʩʘʞʜʝʥʠʷ 

ʧʣʘʪʠʥʳ ʩ ʙʦʣʝʝ ʤʝʣʢʠʭ ʥʘ ʙʦʣʝʝ ʢʨʫʧʥʳʝ ʯʘʩʪʠʮʳ. ʕʪʦ ʷʚʣʝʥʠʝ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ 

ʙʦʣʝʝ ʤʝʣʢʠʝ ʯʘʩʪʠʮʳ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʨʘʩʪʚʦʨʷʶʪʩʷ ʚ ʧʨʦʮʝʩʩʝ ʩʪʨʝʩʩ-

ʪʝʩʪʠʨʦʚʘʥʠʷ, ʧʦʩʢʦʣʴʢʫ ʠʭ ʭʠʤʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ ʚʳʰʝ, ʯʝʤ ʫ ʙʦʣʝʝ ʢʨʫʧʥʳʭ 

ʥʘʥʦʯʘʩʪʠʮ [95]. ʈʘʩʪʚʦʨʝʥʥʳʝ ʘʪʦʤʳ ʧʣʘʪʠʥʳ ʧʝʨʝʤʝʱʘʶʪʩʷ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʙʦʣʝʝ 

ʢʨʫʧʥʳʭ ʯʘʩʪʠʮ ʯʝʨʝʟ ʵʣʝʢʪʨʦʣʠʪ/ʠʦʥʦʤʝʨ, ʘ ʵʣʝʢʪʨʦʥʳ ʧʝʨʝʥʦʩʷʪʩʷ ʯʝʨʝʟ 

ʫʛʣʝʨʦʜʥʫʶ ʧʦʜʣʦʞʢʫ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʣʘʪʠʥʘ ʦʩʘʞʜʘʝʪʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʙʦʣʝʝ 

ʢʨʫʧʥʳʭ ʯʘʩʪʠʮ. ʇʦ ʤʝʨʝ ʫʤʝʥʴʰʝʥʠʷ ʨʘʟʤʝʨʘ ʯʘʩʪʠʮ ʠʭ ʭʠʤʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʨʘʩʪʚʦʨʝʥʠʝ ʫʩʢʦʨʷʝʪʩʷ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʫʩʠʣʝʥʥʦʤʫ ʨʦʩʪʫ ʢʨʫʧʥʳʭ ʅʏ. ɸ. ʍʦʥʜʞʠ ʠ ʩʦʘʚʪʦʨʳ [96] ʧʦʢʘʟʘʣʠ, ʯʪʦ ʨʘʟʤʝʨ 

ʯʘʩʪʠʮ ʧʣʘʪʠʥʳ ʥʘʯʠʥʘʝʪ ʫʚʝʣʠʯʠʚʘʪʴʩʷ ʧʨʠ ʧʦʪʝʥʮʠʘʣʘʭ ʚʳʰʝ 0.8 ɺ, ʯʪʦ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʨʘʩʪʚʦʨʝʥʠʝ ʠ ʧʦʚʪʦʨʥʦʝ ʦʩʘʞʜʝʥʠʝ ʧʣʘʪʠʥʳ ʷʚʣʷʝʪʩʷ 

ʦʩʥʦʚʥʳʤ ʤʝʭʘʥʠʟʤʦʤ ʨʦʩʪʘ ʯʘʩʪʠʮ ʧʨʠ ʚʳʩʦʢʠʭ ʧʦʪʝʥʮʠʘʣʘʭ. ɻʨʫʧʧʘ 

ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ɸ. ɺʠʨʢʘʩʘ [95] ʦʙʥʘʨʫʞʠʣʠ, ʯʪʦ ʵʣʝʢʪʨʦʥʥʦ-

ʧʨʦʚʦʜʷʱʠʝ ʥʦʩʠʪʝʣʠ, ʪʘʢʠʝ ʢʘʢ ʩʘʞʘ, ʦʢʘʟʳʚʘʶʪ ʙʦʣʴʰʦʝ ʚʣʠʷʥʠʝ ʥʘ ʜʘʥʥʳʡ 

ʧʨʦʮʝʩʩ. ɸʚʪʦʨʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʨʦʩʪ ʅʏ ʧʣʘʪʠʥʳ ʥʝ ʥʘʙʣʶʜʘʣʩʷ, ʚ ʩʣʫʯʘʝ ʝʩʣʠ ʚ 

ʢʘʯʝʩʪʚʝ ʧʦʜʣʦʞʢʠ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʥʝʧʨʦʚʦʜʷʱʠʡ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʪʦʢ Al2O3, ʧʦʪʦʤʫ 

ʯʪʦ ʦʪʩʫʪʩʪʚʦʚʘʣ ʧʝʨʝʥʦʩ ʵʣʝʢʪʨʦʥʦʚ ʯʝʨʝʟ ʠʦʥʦʤʝʨ/ʥʦʩʠʪʝʣʴ. ʈʘʩʪʚʦʨʝʥʠʝ-

ʧʝʨʝʦʩʘʞʜʝʥʠʝ ʧʣʘʪʠʥʳ ʥʘ ʫʛʣʝʨʦʜʥʳʭ ʥʦʩʠʪʝʣʷʭ ʩʯʠʪʘʝʪʩʷ ʘʥʘʣʦʛʦʤ ʤʝʭʘʥʠʟʤʘ 

ʩʦʟʨʝʚʘʥʠʷ ʆʩʪʚʘʣʴʜʘ [97]; ʦʜʥʘʢʦ ʵʪʦʪ ʤʝʭʘʥʠʟʤ, ʩʦʧʨʦʚʦʞʜʘʝʪ 
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ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʨʝʘʢʮʠʠ, ʠ ʧʦʵʪʦʤʫ ʝʛʦ ʠʥʦʛʜʘ ʥʘʟʳʚʘʶʪ çʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʤ 

ʩʦʟʨʝʚʘʥʠʝʤ ʧʦ ʆʩʪʚʘʣʴʜʫè [96].  

ʉʣʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʦʪʜʝʣʴʥʳʡ ʚʢʣʘʜ ʧʨʦʮʝʩʩʦʚ ʘʛʣʦʤʝʨʘʮʠʠ ʠ 

ʧʝʨʝʦʩʘʞʜʝʥʠʷ ʅʏ, ʚʣʠʷʶʱʠʭ ʥʘ ʩʥʠʞʝʥʠʝ ʕʍɸʇ. ʆʜʥʘʢʦ ʚ ʥʝʩʢʦʣʴʢʠʭ ʨʘʙʦʪʘʭ 

ʦʪʤʝʯʝʥʦ, ʯʪʦ ʧʝʨʝʦʩʘʞʜʝʥʠʝ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝʤ ʘʩʠʤʤʝʪʨʠʯʥʦʛʦ 

ʨʘʟʤʝʨʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠ ̫ʅʏ ʩ çʭʚʦʩʪʦʤè ʚ ʩʪʦʨʦʥʫ ʤʘʣʳʭ ʨʘʟʤʝʨʦʚ. ʄʠʛʨʘʮʠʷ ʠ 

ʘʛʣʦʤʝʨʘʮʠʷ ʅʏ, ʥʘʧʨʦʪʠʚ, ʠʤʝʝʪ çʭʚʦʩʪè ʨʘʟʤʝʨʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚ ʩʪʦʨʦʥʫ 

ʢʨʫʧʥʳʭ ʯʘʩʪʠʮ. ʅʝʢʦʪʦʨʳʝ ʠʩʩʣʝʜʦʚʘʪʝʣʠ [98-100] ʥʘʙʣʶʜʘʣʠ ʙʠʤʦʜʘʣʴʥʦʝ 

ʨʘʟʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʅʏ ʚʦ ʚʨʝʤʷ ʮʠʢʣʠʨʦʚʘʥʠʷ, ʪʝʤ ʩʘʤʳʤ ʧʦʣʦʛʘʷ, ʯʪʦ 

ʩʦʯʝʪʘʥʠʝ ʵʪʠʭ ʜʚʫʭ ʧʨʦʮʝʩʩʦʚ ʚʥʦʩʠʪ ʩʚʦʡ ʚʢʣʘʜ ʚ ʜʝʛʨʘʜʘʮʠʠ ʤʘʪʝʨʠʘʣʦʚ. 

ɺ ʨʷʜʝ ʨʘʙʦʪ ʚʳʜʝʣʷʶʪ ʪʘʢʦʡ ʧʨʦʮʝʩʩ ʢʘʢ ʤʝʭʘʥʠʯʝʩʢʠʡ ʦʪʨʳʚ ʯʘʩʪʠʮ ʠʟ-ʟʘ 

ʧʣʦʭʦʡ ʘʜʩʦʨʙʮʠʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʫʛʣʝʨʦʜʥʦʛʦ ʥʦʩʠʪʝʣʷ ʢʘʢ ʦʪʜʝʣʴʥʳʡ ʤʝʭʘʥʠʟʤ 

ʜʝʛʨʘʜʘʮʠʠ ʵʣʝʢʪʨʦʢʘʪʘʣʠʟʘʪʦʨʦʚ [20, 29, 81]. ʆʪʨʳʚ ʅʏ ʤʦʞʝʪ ʙʳʪʴ ʢʘʢ 

ʩʘʤʦʧʨʦʠʟʚʦʣʴʥʳʤ, ʪʘʢ ʠ ʩʣʝʜʩʪʚʠʝʤ ʦʢʠʩʣʝʥʠʷ ʫʛʣʝʨʦʜʥʦʛʦ ʥʦʩʠʪʝʣʷ.  

ʉʯʠʪʘʝʪʩʷ, ʯʪʦ ʧʨʦʮʝʩʩ ʦʢʠʩʣʝʥʠʷ ʫʛʣʝʨʦʜʥʦʛʦ ʥʦʩʠʪʝʣʷ ʚʥʦʩʠʪ ʥʘʠʙʦʣʝʝ 

ʩʫʱʝʩʪʚʝʥʥʳʡ ʚʢʣʘʜ ʚ ʜʝʛʨʘʜʘʮʠʶ ʤʘʪʝʨʠʘʣʦʚ. ʕʪʦʪ ʧʨʦʮʝʩʩ ʤʦʞʝʪ ʚʳʟʚʘʪʴ 

ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʠʟʦʣʷʮʠʶ ʠ ʘʛʨʝʛʘʮʠʶ ʥʘʥʦʯʘʩʪʠʮ ʧʣʘʪʠʥʳ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʩʥʠʞʝʥʠʶ ʕʍɸʇ ʠ ʘʢʪʠʚʥʦʩʪʠ ʚ ʈɺʂ. ɺ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ ʦʙʱʘʷ ʨʝʘʢʮʠʷ 

ʫʛʣʝʨʦʜʥʦʡ çʢʦʨʨʦʟʠʠè ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʫʨʘʚʥʝʥʠʷʭ (1.4 ï 1.6) [101, 102]: 

C Ÿ C+ + e-                                 (1.4), 

C+ + H2O Ÿ CO + 2H
+ + e-        (1.5), 

CO + H2O Ÿ CO2 + 2H+ + 2e-   (1.6) 

ʉʪʘʥʜʘʨʪʥʳʡ ʧʦʪʝʥʮʠʘʣ ʨʝʘʢʮʠʠ ʦʢʠʩʣʝʥʠʷ ʫʛʣʝʨʦʜʥʦʛʦ ʥʦʩʠʪʝʣʷ 

ʩʦʩʪʘʚʣʷʝʪ 0.207 ɺ (ʫʨʘʚʥʝʥʠʝ 1.6). ʕʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʫʛʣʝʨʦʜ ʤʦʞʝʪ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠ ʦʢʠʩʣʷʪʴʩʷ ʫʞʝ ʧʨʠ ʧʦʪʝʥʮʠʘʣʘʭ ʚʳʰʝ 0.207 ɺ. ɺ ʤʝʥʴʰʝʡ 

ʩʪʝʧʝʥʠ, ʨʝʘʢʮʠʷ ʦʢʠʩʣʝʥʠʷ ʫʛʣʝʨʦʜʘ ʜʦ ʫʛʘʨʥʦʛʦ ʛʘʟʘ (ʫʨʘʚʥʝʥʠʝ 1.5) [102] ʤʦʞʝʪ 

ʧʨʦʪʝʢʘʪʴ ʧʨʠ ʩʪʘʥʜʘʨʪʥʦʤ ʧʦʪʝʥʮʠʘʣʝ 0.518 ɺ. ʆʪʤʝʪʠʤ, ʯʪʦ ʥʘʥʦʯʘʩʪʠʮʳ 

ʧʣʘʪʠʥʳ ʥʘ ʥʦʩʠʪʝʣʝ ʢʘʪʘʣʠʟʠʨʫʶʪ ʧʨʦʮʝʩʩ ʦʢʠʩʣʝʥʠʷ ʫʛʣʝʨʦʜʘ [103]. 
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ʉʢʦʨʦʩʪʴ ʦʢʠʩʣʝʥʠʷ ʫʛʣʝʨʦʜʘ ʧʨʠ ʧʦʪʝʥʮʠʘʣʘʭ ʥʠʞʝ 0.9 ɺ ʜʦʩʪʘʪʦʯʥʦ ʤʘʣʘ 

ʧʨʠ ʪʠʧʠʯʥʳʭ ʨʘʙʦʯʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʊʕʇʆʄ (60ï90ÁC). ʅʝʩʤʦʪʨʷ ʥʘ ʤʘʣʫʶ 

ʩʢʦʨʦʩʪʴ ʦʢʠʩʣʝʥʠʷ, ʜʣʠʪʝʣʴʥʘʷ ʵʢʩʧʣʫʘʪʘʮʠʷ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʫʤʝʥʴʰʝʥʠʶ 

ʢʦʣʠʯʝʩʪʚʘ ʫʛʣʝʨʦʜʘ ʚ ʩʣʦʷʭ ʢʘʪʘʣʠʟʘʪʦʨʘ. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʨʝʞʠʤʝ ʨʘʙʦʪʳ ʊʕʇʆʄ 

ʚʢʣʶʯʝʥʠʝ/ʚʳʢʣʶʯʝʥʠʝ, ʢʦʛʜʘ ʵʣʝʢʪʨʦʜʥʳʝ ʧʦʪʝʥʮʠʘʣʳ ʯʨʝʟʚʳʯʘʡʥʦ ʚʳʩʦʢʠ, 

ʧʨʦʠʩʭʦʜʠʪ ʙʳʩʪʨʘʷ ʜʝʛʨʘʜʘʮʠʷ ʫʛʣʝʨʦʜʥʳʭ ʥʦʩʠʪʝʣʝʡ, ʘ ʪʘʢʞʝ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʅʏ. 

ʉʢʦʨʦʩʪʴ ʦʢʠʩʣʝʥʠʷ ʋʅ ʟʘʚʠʩʠʪ ʦʪ: 

ï  ʪʠʧʘ ʫʛʣʝʨʦʜʘ;  

ï  ʨʘʙʦʯʝʛʦ ʧʦʪʝʥʮʠʘʣʘ; 

ï  ʪʝʤʧʝʨʘʪʫʨʳ; 

ï  ʚʣʘʞʥʦʩʪʠ; 

ï  ʨʘʚʥʦʤʝʨʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʪʦʢʦʚ ʛʘʟʘ. 

ʄʘʪʠʘʩ ʠ ʩʦʘʚʪʦʨʳ [104] ʠʟʫʯʘʣʠ ʢʠʥʝʪʠʢʫ ʫʛʣʝʨʦʜʥʦʡ ʢʦʨʨʦʟʠʠ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ, ʧʦʪʝʥʮʠʘʣʘ ʠ ʚʨʝʤʝʥʠ. ʇʦ ʨʝʟʫʣʴʪʘʪʫ ʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʷ 5 ʤʘʩ.% ʫʛʣʝʨʦʜʥʦʡ ʘʮʝʪʠʣʝʥʦʚʦʡ ʩʘʞʠ (KetjenBlack) ʦʢʠʩʣʷʝʪʩʷ ʚ 

ʪʝʯʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʪʳʩʷʯ ʯʘʩʦʚ ʧʨʠ ʥʘʧʨʷʞʝʥʠʠ ʭʦʣʦʩʪʦʛʦ ʭʦʜʘ (0.9 ɺ). ɺʳʩʦʢʠʝ 

ʧʦʪʝʥʮʠʘʣʳ ʚʦʟʥʠʢʘʶʪ ʥʘ ʢʘʪʦʜʝ ʠ ʘʥʦʜʝ ʚʦ ʚʨʝʤʷ ʧʨʦʮʝʩʩʘ ʟʘʧʫʩʢʘ/ʦʩʪʘʥʦʚʢʠ ʠ 

ʚʦʜʦʨʦʜʥʦʛʦ ʛʦʣʦʜʘʥʠʷ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʫʛʣʝʨʦʜʥʳʝ ʥʦʩʠʪʝʣʠ ʠʥʪʝʥʩʠʚʥʦ 

ʦʢʠʩʣʷʶʪʩʷ, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʅʏ ʧʣʘʪʠʥʳ ʪʝʨʷʶʪ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʢʦʥʪʘʢʪ ʠ 

ʧʨʦʠʩʭʦʜʠʪ ʩʥʠʞʝʥʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʚʩʝʛʦ ʫʩʪʨʦʡʩʪʚʘ.  

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʩʪʘʙʠʣʴʥʦʩʪʴ Pt/C ʵʣʝʢʪʨʦʢʘʪʘʣʠʟʘʪʦʨʦʚ ʪʝʤ ʙʦʣʴʰʝ, ʯʝʤ 

ʙʦʣʴʰʝ ʩʨʝʜʥʠʡ ʨʘʟʤʝʨ ʥʘʥʦʯʘʩʪʠʮ ʠ ʤʘʩʩʦʚʘʷ ʜʦʣʷ ʧʣʘʪʠʥʳ ʚ ʢʘʪʘʣʠʟʘʪʦʨʝ [4, 84, 

105]. ɺ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ ʊʕʇʆʄ, ʵʣʝʢʪʨʦʢʘʪʘʣʠʟʘʪʦʨ ʩʦʜʝʨʞʘʱʠʡ ʢʨʫʧʥʳʝ ʅʏ 

ʜʝʛʨʘʜʠʨʫʝʪ ʚ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ ʟʘ ʩʯʝʪ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʛʦ ʦʪʩʫʪʩʪʚʠʷ ʧʨʦʮʝʩʩʦʚ, 

ʩʚʷʟʘʥʥʳʭ ʩ ʧʝʨʝʤʝʱʝʥʠʝʤ ʅʏ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʜʣʦʞʢʠ, ʘʛʨʝʛʘʮʠʠ, ʘʛʣʦʤʝʨʘʮʠʠ 

ʠ ʨʘʩʪʚʦʨʝʥʠʷ ʤʝʣʢʠʭ ʥʘʥʦʯʘʩʪʠʮ ʧʣʘʪʠʥʳ ʟʘ ʩʯʝʪ ʠʭ ʧʨʦʯʥʦʛʦ ʟʘʢʨʝʧʣʝʥʠʷ ʥʘ 

ʫʛʣʝʨʦʜʥʦʤ ʥʦʩʠʪʝʣʝ ʠ ʙʦʣʴʰʝ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ ʢʨʫʧʥʳʭ ʯʘʩʪʠʮ. 

ʆʜʥʘʢʦ, ʪʘʢʠʝ ʤʘʪʝʨʠʘʣʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʠ ʤʘʣʦʡ ʧʣʦʱʘʜʴʶ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠ 

ʘʢʪʠʚʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʠ ʘʢʪʠʚʥʦʩʪʴʶ ʚ ʈɺʂ [106-108]. 
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ʂʘʪʘʣʠʟʘʪʦʨʳ, ʩʦʜʝʨʞʘʱʠʝ ʅʏ ʧʣʘʪʠʥʳ ʨʘʟʤʝʨʦʤ ʤʝʥʝʝ 2 ʥʤ ʧʦʜʚʝʨʞʝʥʳ 

ʜʝʛʨʘʜʘʮʠʠ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʟʘ ʩʯʝʪ ʙʦʣʴʰʝʛʦ ʚʢʣʘʜʘ ʧʨʦʮʝʩʩʘ ʦʢʠʩʣʝʥʠʷ 

ʫʛʣʝʨʦʜʥʦʛʦ ʥʦʩʠʪʝʣʷ, ʧʦʚʳʰʝʥʥʘʷ ʩʢʦʨʦʩʪʴ ʢʦʪʦʨʦʛʦ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʘ ʩ 

ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴ ʅʏ ʧʣʘʪʠʥʳ, ʢʦʪʦʨʳʝ ʫʩʢʦʨʷʶʪ ʧʨʦʮʝʩʩ ʦʢʠʩʣʝʥʠʷ 

ʫʛʣʝʨʦʜʘ [4, 20, 81]. ʇʦ-ʚʠʜʠʤʦʤʫ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʦʢʠʩʣʷʪʴʩʷ ʙʫʜʝʪ ʧʦʚʝʨʭʥʦʩʪʴ 

ʥʦʩʠʪʝʣʷ, ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʢʦʥʪʘʢʪʠʨʫʶʱʘʷ ʩ ʯʘʩʪʠʮʝʡ ʧʣʘʪʠʥʳ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʧʦʣʥʦʤʫ ʦʪʨʳʚʫ ʅʏ, ʠ ʢʘʢ ʩʣʝʜʩʪʚʠʝ ʫʤʝʥʴʰʝʥʠʶ ʕʍɸʇ.  

ʇʝʨʝʭʦʜ ʥʘ ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʝ ʥʘʥʦʯʘʩʪʠʮʳ ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʩʪʝʧʝʥʴ 

ʜʝʛʨʘʜʘʮʠʠ ʧʦʣʫʯʘʝʤʳʭ ʵʣʝʢʪʨʦʢʘʪʘʣʠʟʘʪʦʨʦʚ [8, 29, 30]. ʀʟʚʝʩʪʥʦ, ʯʪʦ d-ʤʝʪʘʣʣ 

ʩʪʘʙʠʣʠʟʠʨʫʝʪ ʩʠʩʪʝʤʫ ʟʘ ʩʯʝʪ ʪʦʛʦ, ʯʪʦ ʦʧʨʝʜʝʣʝʥʥʘʷ ʜʦʣʷ ʥʘʥʦʯʘʩʪʠʮ ʧʣʘʪʠʥʳ, 

ʥʘʭʦʜʷʱʘʷʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʣʝʛʠʨʫʶʱʝʛʦ ʢʦʤʧʦʥʝʥʪʘ, ʥʝ ʠʤʝʝʪ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ ʢʦʥʪʘʢʪʘ ʩ ʫʛʣʝʨʦʜʥʦʡ ʧʦʜʣʦʞʢʦʡ, ʯʪʦ ʩʥʠʞʘʝʪ ʢʘʪʘʣʠʪʠʯʝʩʢʦʝ 

ʚʦʟʜʝʡʩʪʚʠʝ ʙʣʘʛʦʨʦʜʥʦʛʦ ʤʝʪʘʣʣʘ ʥʘ ʦʢʠʩʣʝʥʠʝ ʫʛʣʝʨʦʜʥʦʛʦ ʥʦʩʠʪʝʣʷ [8, 25, 30, 

109].  

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʫʛʣʝʨʦʜʥʳʭ ʥʦʩʠʪʝʣʝʡ, ʪʘʢʞʝ ʤʦʞʝʪ 

ʫʤʝʥʴʰʠʪʴ ʚʢʣʘʜ ʦʢʠʩʣʝʥʠʷ ʧʦʜʣʦʞʢʠ ʚ ʦʙʱʫʶ ʜʝʛʨʘʜʘʮʠʶ ʢʘʪʘʣʠʟʘʪʦʨʘ ʠ 

ʧʦʚʳʩʠʪʴ ʝʛʦ ʩʪʘʙʠʣʴʥʦʩʪʴ. ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʜʣʠʪʝʣʴʥʦʛʦ ʩʨʦʢʘ ʩʣʫʞʙʳ ʊʕʇʆʄ 

ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʘʣʴʪʝʨʥʘʪʠʚʥʳʝ ʥʦʩʠʪʝʣʠ, ʚʢʣʶʯʘʷ ʫʛʣʝʨʦʜʥʳʝ ʥʘʥʦʪʨʫʙʢʠ [39], 

ʦʢʩʠʜʳ [44, 45], ʢʘʨʙʠʜʳ, ʫʛʣʝʨʦʜ ʜʦʧʠʨʦʚʘʥʥʳʡ ʨʘʟʣʠʯʥʳʤʠ ʛʝʪʝʨʦʘʪʦʤʘʤʠ (P, B, 

N) [41-43, 59, 61].  ʊʘʢʠʝ ʤʘʪʝʨʠʘʣʳ ʠʤʝʶʪ ʥʝʢʦʪʦʨʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʧʦ ʩʨʘʚʥʝʥʠʶ 

ʩ ʫʛʣʝʨʦʜʥʦʡ ʩʘʞʝʡ, ʥʦ ʪʘʢʞʝ ʠʤʝʶʪ ʧʨʦʙʣʝʤʳ ʠ ʦʛʨʘʥʠʯʝʥʠʷ, ʧʨʝʧʷʪʩʪʚʫʶʱʠʝ ʠʭ 

ʧʨʠʤʝʥʝʥʠʶ ʚ ʢʘʯʝʩʪʚʝ ʢʘʪʦʜʥʳʭ ʥʦʩʠʪʝʣʝʡ ʚ ʊʕʇʆʄ [40, 64, 65]. 

1.4 ʄʝʪʦʜʳ ʦʮʝʥʢʠ ʩʪʘʙʠʣʴʥʦʩʪʠ ʵʣʝʢʪʨʦʢʘʪʘʣʠʟʘʪʦʨʦʚ  

ʉʫʱʝʩʪʚʫʶʪ ʨʘʟʣʠʯʥʳʝ ʧʦʜʭʦʜʳ ʢ ʦʮʝʥʢʝ ʩʪʘʙʠʣʴʥʦʩʪʠ 

ʵʣʝʢʪʨʦʢʘʪʘʣʠʟʘʪʦʨʦʚ. ʅʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤʠ ʤʝʪʦʜʘʤʠ ʩʯʠʪʘʝʪʩʷ ʪʝʩʪʠʨʦʚʘʥʠʝ 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʚ ʩʦʙʨʘʥʥʦʤ ʪʦʧʣʠʚʥʦʤ ʵʣʝʤʝʥʪʝ. ɺʪʦʨʦʡ ʧʦʜʭʦʜ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʪʝʩʪʠʨʦʚʘʥʠʝ ʚ ʝʜʠʥʠʯʥʦʤ ʄʕɹ. ʆʙʘ ʤʝʪʦʜʘ ʪʝʩʪʠʨʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ 

ʠʩʧʳʪʘʥʠʷʤʠ, ʪʨʝʙʫʶʱʠʤʠ ʟʘʪʨʘʪʫ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʨʝʩʫʨʩʦʚ (ʤʘʪʝʨʠʘʣʳ ʜʣʷ 
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ʩʙʦʨʢʠ ʄʕɹ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ H2, ʜʣʠʪʝʣʴʥʳʝ ʠʩʧʳʪʘʥʠʷ ʙʦʣʝʝ 5000 ʯʘʩʦʚ).  

ʊʨʝʪʠʡ ʧʦʜʭʦʜ ʢ ʦʮʝʥʢʝ ʩʪʘʙʠʣʴʥʦʩʪʠ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʠʩʧʳʪʘʥʠʷ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ, ʢʦʪʦʨʳʝ ʥʘʟʳʚʘʶʪʩʷ ʫʩʢʦʨʝʥʥʳʤʠ ʩʪʨʝʩʩ-

ʪʝʩʪʘʤʠ. ɼʣʷ ʢɻʩʧʨʝʩʩ ʦʮʝʥʢʠ ʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʘʟʣʠʯʥʳʝ 

ʧʨʦʪʦʢʦʣʳ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʩʪʨʝʩʩ-ʪʝʩʪʠʨʦʚʘʥʠʷ ʚ ʪʨʝʭʵʣʝʢʪʨʦʜʥʦʡ ʷʯʝʡʢʝ. ɹʳʣʦ 

ʧʨʝʜʣʦʞʝʥʦ ʤʥʦʞʝʩʪʚʦ ʨʘʟʣʠʯʥʳʭ ʧʨʦʪʦʢʦʣʦʚ (ʊʘʙʣ. 1.1), ʙʦʣʴʰʠʥʩʪʚʦ ʠʟ 

ʢʦʪʦʨʳʭ ʥʘʧʨʘʚʣʝʥʦ ʥʘ ʦʮʝʥʢʫ ʨʝʩʫʨʩʘ ʨʘʙʦʪʳ ʢʘʪʦʜʥʦʛʦ ʵʣʝʢʪʨʦʢʘʪʘʣʠʟʘʪʦʨʘ 

ʊʕʇʆʄ. ʄʠʥʠʩʪʝʨʩʪʚʦ ʵʥʝʨʛʝʪʠʢʠ ʉʐɸ ʫʪʚʝʨʜʠʣʦ ʧʨʦʪʦʢʦʣʳ ʩʪʨʝʩʩ-ʪʝʩʪʦʚ, 

ʢʦʪʦʨʳʝ ʩʪʘʣʠ ʵʪʘʣʦʥʥʳʤʠ ʩʪʘʥʜʘʨʪʘʤʠ ʜʣʷ ʚʳʙʦʨʦʯʥʦʡ ʦʮʝʥʢʠ ʩʪʘʙʠʣʴʥʦʩʪʠ ʚ 

ʤʠʨʦʚʦʤ ʩʦʦʙʱʝʩʪʚʝ [110, 111]: 

1 ï ʧʨʦʪʦʢʦʣ çʢʘʪʘʣʠʟʘʪʦʨʘè, ʢʦʪʦʨʳʡ ʧʨʦʚʦʜʠʪʩʷ ʚ ʫʟʢʦʤ ʜʠʘʧʘʟʦʥʝ 

ʧʦʪʝʥʮʠʘʣʦʚ ʜʦ 1.0 ɺ, ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʝʛʨʘʜʘʮʠʠ, ʩʚʷʟʘʥʥʦʡ ʚ 

ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʩ ʧʨʦʮʝʩʩʘʤʠ ʨʝʦʨʛʘʥʠʟʘʮʠʠ ʧʦʚʝʨʭʥʦʩʪʠ ʠ/ʠʣʠ ʨʘʩʪʚʦʨʝʥʠ ̫

ʅʏ) (ʊʘʙʣ. 1.1);  

2 ï ʧʨʦʪʦʢʦʣ ʥʦʩʠʪʝʣʷ, ʢʦʪʦʨʳʡ ʨʝʘʣʠʟʫʝʪʩʷ ʜʠʘʧʘʟʦʥʝ ʧʦʪʝʥʮʠʘʣʦʚ ʦʪ 

1.0 ɺ. ʇʨʦʪʦʢʦʣ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʝʛʨʘʜʘʮʠʠ, ʩʚʷʟʘʥʥʦʡ ʩ 

ʦʢʠʩʣʝʥʠʝʤ ʫʛʣʝʨʦʜʥʦʛʦ ʥʦʩʠʪʝʣʷ; 

3 ï ʩʤʝʰʘʥʥʳʡ ʧʨʦʪʦʢʦʣ ʧʨʦʚʦʜʠʪʩʷ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʧʦʪʝʥʮʠʘʣʦʚ, 

ʯʘʱʝ ʚʩʝʛʦ ʜʦ 1.2 ʠʣʠ 1.4 ɺ, ʜʣʷ ʠʟʫʯʝʥʠʷ ʜʝʛʨʘʜʘʮʠʠ, ʩʚʷʟʘʥʥʦʡ ʚ ʙʦʣʴʰʝʡ 

ʩʪʝʧʝʥʠ ʩ ʧʨʦʮʝʩʩʘʤʠ ʨʝʦʨʛʘʥʠʟʘʮʠʠ ʧʦʚʝʨʭʥʦʩʪʠ ʠ/ʠʣʠ ʨʘʩʪʚʦʨʝʥʠʝʤ ʅʏ ʠ 

ʦʢʠʩʣʝʥʠʝʤ ʫʛʣʝʨʦʜʥʦʛʦ ʥʦʩʠʪʝʣʷ. 

ɼʣʷ ʩʪʨʝʩʩ-ʪʝʩʪʦʚ, ʧʨʦʚʦʜʠʤʳʭ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ, ʚʘʞʥʫʶ ʨʦʣʴ 

ʠʛʨʘʝʪ ʜʠʘʧʘʟʦʥ ʧʦʪʝʥʮʠʘʣʦʚ, ʩʢʦʨʦʩʪʴ ʨʘʟʚʝʨʪʢʠ, ʩʦʩʪʘʚ ʵʣʝʢʪʨʦʣʠʪʘ, ʩʨʝʜʳ ʠ 

ʪʝʤʧʝʨʘʪʫʨʘ [112]. ʄʥʦʛʠʝ ʘʚʪʦʨʳ ʫʪʚʝʨʞʜʘʶʪ, ʯʪʦ ʚʢʣʘʜ ʢʘʞʜʦʛʦ ʠʟ 

ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʜʝʛʨʘʜʘʮʠʠ ʥʝʨʘʚʥʦʩʠʣʴʥʳʡ ʠ ʟʘʚʠʩʠʪ ʦʪ 

ʦʙʣʘʩʪʠ ʧʦʪʝʥʮʠʘʣʦʚ ʩʪʨʝʩʩ-ʪʝʩʪʘ [8,20, 112-115]. ɺ ʣʠʪʝʨʘʪʫʨʝ [49-51, 83, 84, 

105, 112] ʚʳʜʝʣʷʶʪ ʜʚʝ ʦʩʥʦʚʥʳʝ ʦʙʣʘʩʪʠ ʧʦʪʝʥʮʠʘʣʦʚ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʜʝʛʨʘʜʘʮʠʠ ʧʣʘʪʠʥʦʩʦʜʝʨʞʘʱʠʭ ʵʣʝʢʪʨʦʢʘʪʘʣʠʟʘʪʦʨʦʚ (ʈʠʩ. 1.6). ɺ ʜʠʘʧʘʟʦʥʝ 

ʜʦ 1.0 ɺ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʧʨʦʪʝʢʘʶʪ ʧʨʦʮʝʩʩʳ ʜʝʛʨʘʜʘʮʠʠ, ʩʚʷʟʘʥʥʳʝ ʩ 
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ʧʨʝʦʙʨʘʟʦʚʘʥʠʝʤ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʥʘʥʦʯʘʩʪʠʮ, ʨʘʩʧʨʝʜʝʣʸʥʥʳʭ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ 

ʥʦʩʠʪʝʣʷ. ʇʨʠ ʧʦʪʝʥʮʠʘʣʘʭ ʚʳʰʝ 1.0 ɺ, ʙʦʣʴʰʠʡ ʚʢʣʘʜ ʚʥʦʩʷʪ ʧʨʦʮʝʩʩʳ, 

ʧʨʠʚʦʜʷʱʠʝ ʢ ʜʝʛʨʘʜʘʮʠʠ ʤʘʪʝʨʠʘʣʘ ʟʘ ʩʯʝʪ ʦʢʠʩʣʝʥʠʷ ʫʛʣʝʨʦʜʥʦʛʦ ʥʦʩʠʪʝʣʷ [4, 

20, 81, 84, 105, 107, 115], ʚ ʭʦʜʝ ʢʦʪʦʨʦʛʦ ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ, ʢʘʢ ʠʟʦʣʷʮʠʷ 

ʯʘʩʪʝʡ ʩʘʤʦʡ ʧʦʜʣʦʞʢʠ ʩ ʥʘʥʝʩʝʥʥʳʤ ʥʘ ʥʝʝ ʢʘʪʘʣʠʟʘʪʦʨʦʤ, ʪʘʢ ʠ ʦʪʨʳʚ 

ʥʘʥʦʯʘʩʪʠʮ ʤʝʪʘʣʣʘ, ʧʦʪʝʨʷ ʵʣʝʢʪʨʦʥʥʦʛʦ ʢʦʥʪʘʢʪʘ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʩʥʠʞʝʥʠʝ 

ʕʍɸʇ ʠ ʘʢʪʠʚʥʦʩʪʠ ʚ ʈɺʂ [107,108]. 

 

ʈʠʩʫʥʦʢ 1.6 ï ʉʭʝʤʘ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʧʨʦʪʦʢʦʣʦʚ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʪʘʙʠʣʴʥʦʩʪʠ 

ʧʣʘʪʠʥʦʩʦʜʝʨʞʘʱʠʭ ʵʣʝʢʪʨʦʢʘʪʘʣʠʟʘʪʦʨʦʚ ʠ ʥʦʩʠʪʝʣʷ [116]: ʧʨʦʪʦʢʦʣ 

ʢʘʪʘʣʠʟʘʪʦʨʘ (ʘ, ʚ); ʧʨʦʪʦʢʦʣ ʥʦʩʠʪʝʣʷ (ʙ, ʛ) ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʩʦʙʦʡ ʮʠʢʣʠʯʝʩʢʫʶ 

ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʶ ʩ ʪʨʝʫʛʦʣʴʥʦʡ ʬʦʨʤʦʡ ʨʘʟʚʝʨʪʢʠ ʧʦʪʝʥʮʠʘʣʘ 

ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʦʮʝʥʢʫ ʜʝʛʨʘʜʘʮʠʠ ʧʨʠʥʷʪʦ ʜʝʣʘʪʴ ʧʦ ʠʟʤʝʥʝʥʠʶ 

ʢʦʥʢʨʝʪʥʳʭ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ (ʕʍɸʇ ʠʣʠ ʘʢʪʠʚʥʦʩʪʴ ʚ ʈɺʂ), 

ʢʦʨʨʝʣʷʮʠʷ ʤʝʞʜʫ ʜʝʛʨʘʜʘʮʠʝʡ ʚ ʪʨʝʭʵʣʝʢʪʨʦʜʥʦʡ ʷʯʝʡʢʝ ʠ ʨʝʘʣʴʥʦʡ ʜʝʛʨʘʜʘʮʠʝʡ 

ʚ ʄʕɹ ʧʦ-ʧʨʝʞʥʝʤʫ ʦʩʪʘʝʪʩʷ ʚʘʞʥʦʡ ʟʘʜʘʯʝʡ, ʥʘʜ ʨʝʰʝʥʠʝʤ ʢʦʪʦʨʦʡ ʘʢʪʠʚʥʦ 

ʨʘʙʦʪʘʶʪ ʨʘʟʣʠʯʥʳʝ ʛʨʫʧʧʳ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ [117, 118].  ʆʪʤʝʪʠʤ, ʯʪʦ ʧʨʷʤʘʷ 

ʢʦʨʨʝʣʷʮʠʷ ʤʝʞʜʫ ʵʪʠʤʠ ʤʝʪʦʜʘʤʠ ʦʮʝʥʢʠ ʩʪʘʙʠʣʴʥʦʩʪʠ ʥʝʚʦʟʤʦʞʥʘ, ʧʦʩʢʦʣʴʢʫ 
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ʧʨʠ ʪʝʩʪʠʨʦʚʘʥʠʠ ʚ ʄʕɹ ʦʜʥʦʚʨʝʤʝʥʥʦ ʚʦʟʥʠʢʘʶʪ ʥʝʩʢʦʣʴʢʦ ʤʝʭʘʥʠʟʤʦʚ 

ʜʝʛʨʘʜʘʮʠʠ, ʩʚʷʟʘʥʥʳʭ ʩ ʠʟʤʝʥʝʥʠʝʤ ʩʪʨʫʢʪʫʨʳ ʢʘʪʘʣʠʟʘʪʦʨʘ, ʤʝʤʙʨʘʥʳ ʠ 

ʛʘʟʦʜʠʬʬʫʟʠʦʥʥʦʛʦ ʩʣʦʷ. ʕʪʠ ʧʨʦʮʝʩʩʳ ʥʘʢʣʘʜʳʚʘʶʪʩʷ ʜʨʫʛ ʥʘ ʜʨʫʛʘ, ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʯʝʛʦ ʬʠʢʩʠʨʫʝʪʩʷ ʩʫʤʤʘʨʥʘʷ ʜʝʛʨʘʜʘʮʠʷ ʩʠʩʪʝʤʳ. ʇʦʵʪʦʤʫ ʚ ʪʘʢʠʭ ʫʩʣʦʚʠʷʭ 

ʩʣʦʞʥʦ ʦʮʝʥʠʪʴ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢʦʥʢʨʝʪʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʚ ʫʩʣʦʚʠʷʭ ʪʘʢʦʛʦ 

ʪʝʩʪʠʨʦʚʘʥʠʷ. ʀʥʪʝʨʧʨʝʪʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʦʩʣʦʞʥʷʝʪʩʷ ʚʳʩʦʢʦʡ ʚʘʨʠʘʪʠʚʥʦʩʪʴʶ 

ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ. ʊʝʩʪʠʨʦʚʘʥʠʝ ʚ ʄʕɹ ʦʛʨʘʥʠʯʠʚʘʶʪʩʷ ʜʠʘʧʘʟʦʥʦʤ ʨʘʙʦʯʝʛʦ 

ʥʘʧʨʷʞʝʥʠʷ ʩʠʩʪʝʤʳ [119], ʘ ʪʘʢʞʝ ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ ʧʨʦʮʝʜʫʨʘ ʟʘʧʫʩʢʘ/ʦʩʪʘʥʦʚʢʠ, 

ʠʟʙʝʛʘʷ ʢʘʢ ʥʘʧʨʷʞʝʥʠʷ ʭʦʣʦʩʪʦʛʦ ʭʦʜʘ, ʪʘʢ ʠ ʧʦʧʘʜʘʥʠʝ ʚʦʟʜʫʭʘ ʚ ʘʥʦʜʥʦʝ 

ʧʨʦʩʪʨʘʥʩʪʚʦ [120]. 

ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʚ ʨʘʟʣʠʯʥʳʭ ʨʘʙʦʪʘʭ [115, 121] ʦʧʠʩʘʥʳ ʧʨʦʪʦʢʦʣʳ 

ʩʪʨʝʩʩ-ʪʝʩʪʠʨʦʚʘʥʠʷ, ʢʦʪʦʨʳʝ ʠʤʝʝʪ ʚʝʨʭʥʠʡ ʧʦʪʝʥʮʠʘʣ ʥʠʞʝ 1 ɺ. ʊʝʩʪʠʨʦʚʘʥʠʝ 

ʤʘʪʝʨʠʘʣʦʚ ʚ ʜʘʥʥʳʭ ʫʩʣʦʚʠʷʭ ʠʤʝʝʪ ʱʘʜʷʱʠʡ ʨʝʞʠʤ, ʧʦʩʢʦʣʴʢʫ ʚ ʜʘʥʥʦʤ 

ʜʠʘʧʘʟʦʥʝ ʦʢʠʩʣʝʥʠʝ ʫʛʣʝʨʦʜʥʦʛʦ ʥʦʩʠʪʝʣʷ ʧʨʦʪʝʢʘʝʪ ʚ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ. ʊʘʢ ʞʝ 

ʦʪʤʝʪʠʤ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʫʟʢʦʛʦ ʜʠʘʧʘʟʦʥʘ ʧʦʪʝʥʮʠʘʣʦʚ (ʜʦ 1.0 ɺ) 

ʧʨʠ ʪʝʩʪʠʨʦʚʘʥʠʠ ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʵʣʝʢʪʨʦʢʘʪʘʣʠʟʘʪʦʨʦʚ ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ 

ʩʝʣʝʢʪʠʚʥʦʛʦ ʨʘʩʪʚʦʨʝʥʠʷ ʣʝʛʠʨʫʶʱʝʛʦ ʢʦʤʧʦʥʝʥʪʘ [25].  

ʄ. ʋʯʠʤʫʨʘ ʠ ʉ. ʂʦʯʘ ʚ ʩʚʦʸʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʨʘʩʪʚʦʨʝʥʠʝ Pt 

ʧʨʦʠʩʭʦʜʠʪ ʙʳʩʪʨʝʝ ʧʨʠ ʙʦʣʝʝ ʤʝʜʣʝʥʥʦʡ ʩʢʦʨʦʩʪʠ ʢʘʪʦʜʥʦʡ ʨʘʟʚʝʨʪʢʠ, ʘ ʥʝ ʚʦ 

ʚʨʝʤʷ ʫʜʝʨʞʘʥʠʷ ʚʳʩʦʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ. ʈʘʩʪʚʦʨʝʥʠʝ Pt ʚʦ ʚʨʝʤʷ ʠʤʧʫʣʴʩʥʦʛʦ 

ʨʝʞʠʤʘ ʩ ʚʝʨʭʥʠʤ ʧʦʪʝʥʮʠʘʣʦʤ 0.95 ɺ ʙʳʣʦ ʥʝʟʥʘʯʠʪʝʣʴʥʳʤ [122].  



 

 

 
 

 
 

ʊʘʙʣʠʮʘ 1.1 ʈʘʟʣʠʯʥʳʝ ʧʨʦʪʦʢʦʣʳ ʩʪʨʝʩʩ-ʪʝʩʪʠʨʦʚʘʥʠʷ Pt-ʩʦʜʝʨʞʘʱʠʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʚ ʪʨʝʭʵʣʝʢʪʨʦʜʥʳʭ 

ʷʯʝʡʢʘʭ 

ˉ 

ɼʠʘʧʘʟʦʥ 

ʧʦʪʝʥʮʠʘʣʦ

ʚ, ɺ(ʆɺʕ) 

ʏʠʩʣʦ 

ʮʠʢʣʦʚ 

ʋʩʣʦʚʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ 
ʀʩʩʣʝʜʫʝʤʳʝ 

ʤʘʪʝʨʠʘʣʳ 

ʉʢʦʨʦʩʪʴ 

ʨʘʟʚʝʨʪʢʠ 

ʤɺ/ʩ 
ʀʩʪʦʯʥʠʢ 

ʊʝʤʧʝʨʘʪʫʨʘ ʕʣʝʢʪʨʦʣʠʪ ɸʪʤʦʩʬʝʨʘ   

ʄʝʪʦʜ ʤʥʦʛʦʢʨʘʪʥʦʛʦ ʮʠʢʣʠʨʦʚʘʥʠʷ 

1

1 
0.4 ï 1.0 5000 23ᴈ 0.1 M HClO4 ʘʪʤ. H2/N2 

Pt@HGS, 

Pt/Vulcan 
100 [81] 

2

2 
0.6 ï 1.2 10800 23-25ᴈ 

0.5ʄ H2SO4; 

0.57M HClO4 
ʘʪʤ. H2/N2 Pt/C (PtM/C) 100 [82] 

3

3 
0.6 ï 1.05 5000 23ᴈ 0.1 M HClO4 ʘʪʤ. H2/N2 PtNi/C 100 [93] 

4

4 
0.0 ï 0.9 5000 23ᴈ 0.1 M HClO4 ʘʪʤ. H2/N2 Pt3Co/ʉ 100 [84] 

5

5 
0.4 ï 1.4 500 23ᴈ 0.1 M HClO4 ʘʪʤ. H2/N2 

Pt/C 

Ptʉʦ/ʉ 
200 [108] 

6

6 
0.6 ï 1.0 10000 23ᴈ 0.1 M HClO4 ʘʪʤ. ʆ2 Pt3Ni/C 50 [106] 
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7

7 
0.5 ï 1.0 1000 23ᴈ 0.1 M HClO4 ʘʪʤ. H2/N2 PtFe/C(50:50) 100 [107] 

8

8 
0.5 ï 1.0 30000 80 ᴈ 0.1 M HClO4 ʘʪʤ. H2/N2 

Pt25Cu75 

Pt20Cu20Co60 
100 [108] 

9

9 
0.05 ï 1.4 3000 23ᴈ 0.1 M HClO4 ʘʪʤ. H2/N2 Pt/C 1000 [123] 

1

10 
0.0 ï 1.2 1500 23ᴈ 0.5 M H2SO4 ʘʪʤ. H2/N2 Pt/C 50 [124] 

1

11 
0.0 ï 1.2 2000 23ᴈ 0.1 M HClO4 ʘʪʤ. H2/N2 Pt/C 2000 [134] 

1

12 
0.6 ï 1.2 4000 23ᴈ 0.1 M HClO4 ʘʪʤ. H2/N2 Pt/C 500 [112] 

1

13 
0.4 ï 1.0 10800 23ᴈ 0.1 M HClO4 ʘʪʤ. H2/N2 

Pt/C 

PtNi/C 
1000 [125] 

1

14 
0.4 ï 1.4 10800 23ᴈ 0.1 M HClO4 ʘʪʤ. H2/N2 

Pt/C 

PtNi/C 
1000 [125] 

1

15 
0.6 ï 1.0 10000 23ᴈ 0.1 M HClO4 ʘʪʤ.N2 PtNi/C 100 [126] 

1

16 
0.6 ï 1.0 20000 23ᴈ 0.1 M HClO4 ʘʪʤ.Ar Pt/C 100 [112] 

1

17 
1.0 ï 1.5 27000 23ᴈ 0.1 M HClO4 ʘʪʤ. H2/N2 Pt/C 500 [135] 
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1

18 
0.6 ï 1.1 10000 23ᴈ 0.1 M HClO4 ʘʪʤ. H2/N2 

PtNi/C 

NiAuPtNi/C 
100 [133] 

ʄʝʪʦʜ ʤʥʦʛʦʢʨʘʪʥʦʛʦ ʧʦʚʪʦʨʝʥʠʷ ʧʨʷʤʦʫʛʦʣʴʥʳʭ ʠʤʧʫʣʴʩʦʚ 

1

19 
0.4 & 1.0 10000 23ᴈ 0.1 M HClO4 ʘʪʤ. ʆ2 

Pt/C 

PtNi/C 

ɺʳʜʝʨʞʢʘ 

ʧʦʪʝʥʮʠʘʣʦʚ 

3 ʩ 

[127] 

1

20 
0.6 & 0.95 1000 23ᴈ 0.1 M HClO4 ʘʪʤ. H2/N2 Pt/C 

ɺʳʜʝʨʞʢʘ 

ʧʦʪʝʥʮʠʘʣʦʚ 

30 ʩ 

[128] 

2

21 
0.87 & 1.2 30 000 80ÁC - 

ʘʪʤ. H2/ʆ2 

100% 

ʚʣʘʞʥʦʩʪʴ 

Pt/C  

Ptʉʦ/C 

ɺr ʜʝʨʞʢʘ 

ʧʦʪʝʥʮʠʘʣʦʚ 

30 ʩ. (ʄʕɹ) 

[104] 

2

22 
0.4 & 0.9 7000 23ᴈ 0.1 M HClO4 ʘʪʤ. H2/N2 Ptʉu/C 

ɺʳʜʝʨʞʢʘ 

ʧʦʪʝʥʮʠʘʣʦʚ 

3 ʩ 

 

[26] 

2

23 
0.6 & 1.0 9000 23ᴈ 0.1 M HClO4 ʘʪʤ. H2/N2 Pt/C 

ɺʳʜʝʨʞʢʘ 

ʧʦʪʝʥʮʠʘʣʦʚ 

3 ʩ 

[135] 
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ʍʨʦʥʦʘʤʧʝʨʦʤʝʪʨʠʯʝʩʢʠʡ ʤʝʪʦʜ 

2

24 
1.5 

1600 

ʤʠʥ 
23ᴈ; 0.1 M HClO4 ʘʪʤ. H2/N2 Pt/C - [112] 

2

25 
0.5 10 ʤʠʥ 20ÁC. 

0.5 M 

H2SO4+0.5 M 

CH3OH, 

ʘʪʤ. Ar 
PtRu/ʉ 

Pt/C 
- [130] 

2

26 
0.7 60 ʤʠʥ. 20ÁC. 

0.1 M 

HClO4+2 M 

CH3OH 

ʘʪʤ. Ar, 

PtRu/Vulcan 

PtRu/FWCNT 

PtRu/GNF 

- [131] 

2

27 
0.4 34 ʤʠʥ. 20ÁC. 

0.5 M 

H2SO4+2 M 

CH3OH 

ʘʪʤ. Ar PtRu/ʉ - [132] 



 

 

 
 

 

ɺ ʥʝʜʘʚʥʝʡ ʨʘʙʦʪʝ ʊ. ʅʘʛʘʡ ʠ ʩʦʘʚʪʦʨʦʚ ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʥʦʚʳʡ ʧʨʦʪʦʢʦʣ ʉʊ 

[127], ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʨʝʞʠʤʫ ñʚʢʣʶʯʝʥʠʝ-ʚʳʢʣʶʯʝʥʠʝò ʊʕʇʆʄ. ɼʘʥʥʳʡ 

ʩʪʨʝʩʩ-ʪʝʩʪ ʦʩʥʦʚʘʥ ʥʘ ʥʘʣʦʞʝʥʠʠ ʤʥʦʛʦʢʨʘʪʥʳʭ ʠʤʧʫʣʴʩʦʚ ʚ ʦʢʥʝ ʧʦʪʝʥʮʠʘʣʦʚ 

0.4ï1.0 ɺ ʚ ʵʣʝʢʪʨʦʣʠʪʝ, ʥʘʩʳʱʝʥʥʦʤ ʢʠʩʣʦʨʦʜʦʤ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʙʦʣʴʰʠʥʩʪʚʦ 

ʩʪʨʝʩʩ-ʪʝʩʪʦʚ ʧʨʝʜʣʘʛʘʶʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʵʣʝʢʪʨʦʣʠʪ, ʥʘʩʳʱʝʥʥʳʡ ʘʨʛʦʥʦʤ 

(ʊʘʙʣ.1.1).  

ʄʝʪʦʜ ʭʨʦʥʦʘʤʧʝʨʦʪʤʝʪʨʠʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʪʦʣʝʨʘʥʪʥʦʩʪʠ ʢ ʧʨʦʜʫʢʪʘʤ ʦʢʠʩʣʝʥʠʷ ʩʧʠʨʪʦʚ ʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʢʠʩʣʦʪ, ʜʣʷ 

ʘʥʦʜʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʠ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʜʣʷ ʩʧʠʨʪʦʚʳʭ ʪʦʧʣʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ [130-

132]. ʆʜʥʘʢʦ ʘʚʪʦʨʳ [129] ʚ ʩʚʦʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʜʘʥʥʳʡ ʨʝʞʠʤ ʠʩʧʦʣʴʟʫʝʪ ʚ 

ʢʘʯʝʩʪʚʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʤʝʪʦʜʘ ʩʪʨʝʩʩ-ʪʝʩʪʠʨʦʚʘʥʠʷ ʜʣʷ ʢʦʤʧʣʝʢʩʥʦʡ ʦʮʝʥʢʠ 

ʤʝʭʘʥʠʟʤʦʚ ʜʝʛʨʘʜʘʮʠʠ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʩʦ ʩʪʘʥʜʘʨʪʥʳʤʠ ʧʨʦʪʦʢʦʣʘʤʠ. 

1.5 ʉʧʦʩʦʙʳ ʦʮʝʥʢʠ ʩʪʘʙʠʣʴʥʦʩʪʠ ʵʣʝʢʪʨʦʢʘʪʘʣʠʟʘʪʦʨʦʚ 

ʋʩʪʦʡʯʠʚʦʩʪʴ ʧʣʘʪʠʥʦʩʦʜʝʨʞʘʱʠʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʢ ʜʝʛʨʘʜʘʮʠʠ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʠʟʤʝʥʝʥʠʶ ʧʘʨʘʤʝʪʨʦʚ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʝ 

ʧʦʚʝʜʝʥʠʝ ʜʦ ʠ ʧʦʩʣʝ ʩʪʨʝʩʩ-ʪʝʩʪʠʨʦʚʘʥʠʷ (ʉʊ). ʏʘʱʝ ʚʩʝʛʦ ʵʪʦ ʕʍɸʇ ʠ 

ʘʢʪʠʚʥʦʩʪʴ ʚ ʈɺʂ [133]. 

ɺ ʧʫʙʣʠʢʘʮʠʷʭ ʤʦʞʥʦ ʚʩʪʨʝʪʠʪʴ ʧʘʨʘʤʝʪʨ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ (ʧʦ 

ʕʍɸʇ ʠʣʠ ʤʘʩʩ-ʘʢʪʠʚʥʦʩʪʠ), ʢʦʪʦʨʳʡ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ ʦʪʥʦʰʝʥʠʶ ʟʥʘʯʝʥʠʝ, 

ʧʦʣʫʯʝʥʥʳʭ ʧʦʩʣʝ ʩʪʨʝʩʩ-ʪʝʩʪʠʨʦʚʘʥʠʷ ʢ ʠʩʭʦʜʥʳʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ [128, 112].  

˪ˢˍ̃̐ ̏̒̆ ˞˟

˪ˢˍ˜̖̉̒̏̅̎̏̆
     [128],  

ʀʟʤʝʥʝʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʢʘʢ ʩʪʝʧʝʥʴ 

ʜʝʛʨʘʜʘʮʠʠ, ʢʦʪʦʨʘʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʪʥʦʰʝʥʠʝ ʠʟʤʝʥʝʥʠʷ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢ ʠʩʭʦʜʥʳʤ [112].  ɸʚʪʦʨʳ [135] ʚ ʩʚʦʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ 

ʨʘʩʩʯʠʪʳʚʘʶʪ ʦʙʱʫʶ ʩʢʦʨʦʩʪʴ ʜʝʛʨʘʜʘʮʠʠ: 

ʆʙʱʘʷ ʩʢʦʨʦʩʪʴ ʜʝʛʨʘʜʘʮʠʠ (ʤɺ/ʯ) = 
˒

̖̜̉̒̏̅̎̊̐ ̏̒̌̆ ˞˟
,  

ʛʜʝ Ὁ ï ʧʦʪʝʥʮʠʘʣ ʧʦʣʫʚʦʣʳ, 
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ʊ ï ʦʙʱʝʝ ʚʨʝʤʷ ʩʪʨʝʩʩ-ʪʝʩʪʘ. 

ɺ ʥʘʫʯʥʳʭ ʧʫʙʣʠʢʘʮʠʷʭ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʩʪʨʝʩʩ-ʪʝʩʪʠʨʦʚʘʥʠ ̫ʢʘʪʘʣʠʟʘʪʦʨʦʚ 

ʨʝʜʢʦ ʚʩʪʨʝʯʘʶʪʩʷ ʜʘʥʥʳʝ ʦʙ ʦʮʝʥʢʝ ʩʦʩʪʘʚʘ, ʩʪʨʫʢʪʫʨʥʳʭ ʠ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʩʣʝ ʜʝʛʨʘʜʘʮʠʠ. ʀʟʫʯʝʥʠʝ ʪʘʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʢʘʢ ʠʟʤʝʥʝʥʠʝ 

ʩʨʝʜʥʝʛʦ ʨʘʟʤʝʨʘ ʢʨʠʩʪʘʣʣʠʪʦʚ ʠ ʥʘʥʦʯʘʩʪʠʮ, ʠʟʤʝʥʝʥʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʠʭ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦ ʥʦʩʠʪʝʣʶ, ʦʧʨʝʜʝʣʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʣʝʛʠʨʫʶʱʝʛʦ 

ʢʦʤʧʦʥʝʥʪʘ ʚ ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʘʪʘʣʠʟʘʪʦʨʘʭ ʧʦʩʪʝ ʉʊ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʵʪʘʧʦʤ 

ʜʣʷ ʧʦʥʠʤʘʥʠʷ ʧʨʦʠʩʭʦʜʷʱʠʭ ʧʨʦʮʝʩʩʦʚ (ʈʠʩ. 1.7). 

 

ʈʠʩʫʥʦʢ 1.7 ï ʀʟʦʙʨʘʞʝʥʠʷ ʩʢʘʥʠʨʫʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʩʨʝʟʘ ʄʕɹ 

ʧʦʩʣʝ ʩʪʘʜʠʠ ʘʢʪʠʚʘʮʠʠ (ɸ); ʉʕʄ-ʠʟʦʙʨʘʞʝʥʠʝ ʩʨʝʟʘ ʄʕɹ ʧʦʩʣʝ ʩʪʨʝʩʩ-

ʪʝʩʪʠʨʦʚʘʥʠʷ 1000 ʮʠʢʣʦʚ (B); ʇʕʄ-ʠʟʦʙʨʘʞʝʥʠʝ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʩʣʦʷ ʧʦʩʣʝ 

ʩʪʘʜʠʠ ʘʢʪʠʚʘʮʠʠ (C); ʇʕʄ-ʠʟʦʙʨʘʞʝʥʠʝ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʩʣʦʷ ʧʦʩʣʝ ʩʪʨʝʩʩ-

ʪʝʩʪʠʨʦʚʘʥʠʷ 1000 ʮʠʢʣʦʚ (D); ʀʟʤʝʥʝʥʠʝ ʕʍɸʇ ʚ ʧʨʦʮʝʩʩʝ ʩʪʨʝʩʩ-ʪʝʩʪʠʨʦʚʘʥʠʷ: 

ʩʨʘʚʥʝʥʠʝ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ ʧʨʦʪʦʢʦʣʘ ʩʪʨʝʩʩ-ʪʝʩʪʘ ʚ ʷʯʝʡʢʝ ʠ ʚ ʄʕɹ (E). 

ʈʘʟʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʅʏ Pt ʚ ʠʩʭʦʜʥʦʤ ʤʘʪʝʨʠʘʣʝ (ʩʝʨʳʡ), ʧʦʩʣʝ 1000 ʮʠʢʣʦʚ 

ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ ʩʪʨʝʩʩ-ʪʝʩʪʘ ʚ ʷʯʝʡʢʝ (ʢʨʘʩʥʳʡ) ʠ ʧʦʩʣʝ 1000 ʯʘʩʦʚ ʨʘʙʦʪʳ ʚ 

ʄʕɹ (ʯʝʨʥʳʡ) (F). [128] 
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ʇʨʠʤʝʥʝʥʠʝ ʩʦʚʨʝʤʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʥʦʛʦ ʇʕʄ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩ 

ʚʦʟʤʦʞʥʦʩʪʴʶ ʵʣʝʤʝʥʪʥʦʛʦ ʢʘʨʪʠʨʦʚʘʥʠʷ ʤʝʪʦʜʦʤ ʵʣʝʤʝʥʪʥʦʛʦ ʢʘʨʪʠʨʦʚʘʥʠʷ 

ʧʦʩʣʝ ʉʊ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʘʥʘʣʠʟʘ ʜʝʛʨʘʜʘʮʠʠ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʩ ʮʝʣʴʶ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʠʭ ʧʦʚʝʜʝʥʠʷ ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ [128]. 

1.6 ʇʦʜʭʦʜʳ ʢ ʧʦʚʳʰʝʥʠʶ ʩʪʘʙʠʣʴʥʦʩʪʠ ʧʣʘʪʠʥʦʩʦʜʝʨʞʘʱʠʭ 

ʵʣʝʢʪʨʦʢʘʪʘʣʠʟʘʪʦʨʦʚ 

1.6.1 ʇʦʣʫʯʝʥʠʝ ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ  

ʆʜʥʠʤ ʠʟ ʧʫʪʝʡ ʧʦʚʳʰʝʥʠʷ ʩʪʘʙʠʣʴʥʦʩʪʠ ʵʣʝʢʪʨʦʢʘʪʘʣʠʟʘʪʦʨʦʚ ʷʚʣʷʝʪʩʷ 

ʣʝʛʠʨʦʚʘʥʠʝ ʧʣʘʪʠʥʳ ʨʘʟʣʠʯʥʳʤʠ ʧʝʨʝʭʦʜʥʳʤʠ ʤʝʪʘʣʣʘʤʠ (Cu, Ni, Co). 

ʅʘʥʦʯʘʩʪʠʮʳ PtM, ʥʘʥʝʩʝʥʥʳʝ ʥʘ ʫʛʣʝʨʦʜʥʳʡ ʥʦʩʠʪʝʣʴ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ 

ʥʘʯʘʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʚ ʈɺʂ, ʦʙʲʷʩʥʝʥʠʝ ʢʦʪʦʨʦʡ ʧʦʜʨʦʙʥʦ ʦʧʠʩʘʥʦ 

ʚʳʰʝʫʧʦʤʷʥʫʪʳʤʠ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʤʠ ʵʬʬʝʢʪʘʤʠ ʚ ʨʘʟʜʝʣʝ 1.2.2. ɿʘ ʩʯʝʪ 

ʨʘʟʤʝʨʥʦʛʦ ʵʬʬʝʢʪʘ ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʝ ʅʏ ʧʨʠ ʙʣʠʟʢʦʡ ʟʘʛʨʫʟʢʝ ʧʣʘʪʠʥʳ 

ʧʦʢʘʟʳʚʘʶʪ ʩʪʘʙʠʣʴʥʦʩʪʴ ʚʳʰʝ, ʯʝʤ Pt/C.  

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʟʤʝʨʘ, ʩʦʩʪʘʚʘ, ʩʪʨʫʢʪʫʨʳ ʠ ʤʦʨʬʦʣʦʛʠʠ, ʘ ʪʘʢʞʝ ʦʪ 

ʫʩʣʦʚʠʡ ʩʪʨʝʩʩ-ʪʝʩʪʠʨʦʚʘʥʠʷ, ʘʛʣʦʤʝʨʘʮʠʷ ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʥʘʥʦʯʘʩʪʠʮ ʤʦʞʝʪ 

ʧʨʦʪʝʢʘʪʴ ʧʦ ʨʘʟʥʳʤ ʤʝʭʘʥʠʟʤʘʤ [28, 136] ʄ. ʆʵʟʘʩʣʘʥ ʠ ʩʦʘʚʪʦʨʳ [137] ʧʦʢʘʟʘʣʠ, 

ʯʪʦ ʙʦʣʴʰʦʝ ʩʦʜʝʨʞʘʥʠʝ ʤʝʜʠ ʚ ʩʦʩʪʘʚʝ ʅʏ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦʤʫ 

ʦʙʨʘʟʦʚʘʥʠʶ ʯʘʩʪʠʮ ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʦʙʦʣʦʯʢʘ-ʷʜʨʦ ʨʘʟʤʝʨʦʤ ʜʦ 30 ʥʤ ʠ ʧʦʨʠʩʪʳʭ 

ʯʘʩʪʠʮ ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʪʠʧʘ çʰʚʝʡʮʘʨʩʢʦʛʦ ʩʳʨʘè ʠʣʠ çʛʫʙʯʘʪʘʷ ʩʪʨʫʢʪʫʨʘè ʩ 

ʨʘʟʤʝʨʦʤ ʙʦʣʝʝ 30 ʥʤ ʚ ʧʨʦʮʝʩʩʝ ʩʪʨʝʩʩ-ʪʝʩʪʠʨʦʚʘʥʠʷ. ʇʦʜʦʙʥʳʡ ʵʬʬʝʢʪ 

ʥʘʙʣʶʜʘʣʠ ʠ ʉʥʘʡʜʝʨ ʠ ʩʦʘʚʪʦʨʳ [136] ʜʣʷ ʥʘʥʦʯʘʩʪʠʮ PtNi, ʚ ʢʦʪʦʨʳʭ 

ʥʘʥʦʯʘʩʪʠʮʳ ʨʘʟʤʝʨʦʤ ʙʦʣʝʝ 13 ʥʤ ʧʨʠʚʦʜʷʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʧʦʨʠʩʪʳʭ ʩʪʨʫʢʪʫʨ. 

ʉʝʣʝʢʪʠʚʥʦʝ ʨʘʩʪʚʦʨʝʥʠʝ ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʅʏ ʚ ʥʘʩʳʱʝʥʥʦʡ ʢʠʩʣʦʨʦʜʦʤ 

ʵʣʝʢʪʨʦʣʠʪʝ, ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʩʪʨʫʢʪʫʨʳ ʷʜʨʦ-ʦʙʦʣʦʯʢʘ, ʢʦʪʦʨʘʷ, ʢʘʢ 

ʧʨʘʚʠʣʦ, ʧʨʦʷʚʣʷʣʠ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʵʣʝʢʪʨʦʢʘʪʘʣʠʪʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʚ ʈɺʂ ʠ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʢ ʘʛʣʦʤʝʨʘʮʠʠ [8]. 

ɺ ʨʘʟʣʠʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ [8, 25, 35, 138] ʛʦʚʦʨʠʪʩʷ ʦ ʪʦʤ, ʯʪʦ ʫʩʣʦʚʠʷ 

ʩʠʥʪʝʟʘ ʧʦʟʚʦʣʷʶʪ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʩʪʨʫʢʪʫʨʫ ʠ ʩʦʩʪʘʚ ʧʦʣʫʯʘʝʤʳʭ 
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ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʵʣʝʢʪʨʦʢʘʪʘʣʠʟʘʪʦʨʦʚ, ʟʘ ʩʯʝʪ ʯʝʛʦ ʤʦʞʥʦ ʧʦʚʳʩʠʪʴ ʠʭ 

ʘʢʪʠʚʥʦʩʪʴ ʚ ʈɺʂ ʠ ʩʪʘʙʠʣʴʥʦʩʪʴ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʧʦʣʫʯʝʥʠʝ ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʅʏ, 

ʩ ʦʧʪʠʤʘʣʴʥʳʤ ʩʦʩʪʘʚʦʤ ʠ ʩʪʨʫʢʪʫʨʦʡ ʠ ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʧʦ 

ʧʦʚʝʨʭʥʦʩʪʠ ʥʦʩʠʪʝʣʷ ʤʦʞʝʪ ʧʦʤʦʯʴ ʜʦʩʪʠʯʴ ʧʨʝʚʦʩʭʦʜʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚ ʈɺʂ ʚ 

ʩʦʯʝʪʘʥʠʠ ʩ ʧʦʚʳʰʝʥʥʦʡ ʩʪʘʙʠʣʴʥʦʩʪʴʶ.   

1.6.2 ʇʨʠʤʝʥʝʥʠʝ ʘʟʦʪ-ʜʦʧʠʨʦʚʘʥʥʳʭ ʫʛʣʝʨʦʜʥʳʭ ʥʦʩʠʪʝʣʝʡ 

ɺ ʨʷʜʝ ʨʘʙʦʪ ʩʦʦʙʱʘʝʪʩʷ, ʯʪʦ ʜʦʧʠʨʦʚʘʥʠʝ ʫʛʣʝʨʦʜʘ ʛʝʪʝʨʦʘʪʦʤʘʤʠ ʤʦʞʝʪ 

ʧʨʠʚʦʜʠʪʴ ʢ ʨʦʩʪʫ ʩʪʘʙʠʣʴʥʦʩʪʠ ʥʘʥʝʩʝʥʥʳʭ ʧʣʘʪʠʥʦʚʳʭ ʵʣʝʢʪʨʦʢʘʪʘʣʠʟʘʪʦʨʦʚ 

ʈɺʂ ʚ ʢʠʩʣʳʭ ʵʣʝʢʪʨʦʣʠʪʘʭ [139]. ɺʣʠʷʥʠʝ ʛʝʪʝʨʦʘʪʦʤʦʚ, ʠʥʪʝʨʢʘʣʠʨʫʝʤʳʭ ʚ 

ʛʨʘʬʝʥʦʚʳʝ ʩʣʦʠ ʥʦʩʠʪʝʣʷ, ʫʜʦʙʥʦ ʠʟʫʯʘʪʴ ʥʘ ʛʨʘʬʝʥʝ, ʵʢʩʪʨʘʧʦʣʠʨʫʷ ʟʘʪʝʤ 

ʨʝʟʫʣʴʪʘʪ ʥʘ ʙʦʣʝʝ ʢʨʫʧʥʳʝ ʠ ʩʣʦʞʥʦ ʦʨʛʘʥʠʟʦʚʘʥʥʳʝ ʯʘʩʪʠʮʳ ʫʛʣʝʨʦʜʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʦʧʠʨʦʚʘʥʠʝ ʛʨʘʬʝʥʘ ʘʟʦʪʦʤ ʧʨʠʚʦʜʠʪ 

ʢ ʫʚʝʣʠʯʝʥʠʶ ʵʥʝʨʛʠʠ ʩʚʷʟʠ ʥʘʥʦʯʘʩʪʠʮ ʜʨʘʛʦʮʝʥʥʳʭ ʤʝʪʘʣʣʦʚ ʩ ʧʦʜʣʦʞʢʦʡ [140-

142]. ɸʪʦʤʥʳʝ ʨʘʜʠʫʩʳ N (70 ʧʤ) ʠ ʫʛʣʝʨʦʜʘ C (77 ʧʤ) ʦʯʝʥʴ ʙʣʠʟʢʠ. ʕʪʦ ʦʟʥʘʯʘʝʪ, 

ʯʪʦ ʘʪʦʤ N ʤʦʞʝʪ ʟʘʤʝʥʷʪʴ ʘʪʦʤ ʉ, ʠ ʩʨʘʚʥʠʪʝʣʴʥʦ ʣʝʛʢʦ ʧʨʦʥʠʢʥʫʪʴ ʚ ʩʪʨʫʢʪʫʨʫ 

ʛʨʘʬʝʥʦʚʦʛʦ ʩʣʦʷ. ɹʣʘʛʦʜʘʨʷ ʩʠʣʴʥʳʤ ʢʦʚʘʣʝʥʪʥʳʤ N-C ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤ, 

ʩʪʨʫʢʪʫʨʘ N-ʣʝʛʠʨʦʚʘʥʥʦʛʦ ʫʛʣʝʨʦʜʘ ʙʦʣʝʝ ʩʪʘʙʠʣʴʥʘ [143]. ʀʥʪʝʨʢʘʣʷʮʠʷ ʘʟʦʪʘ ʚ 

ʫʛʣʝʨʦʜ, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʨʦʚʦʜʠʪʩʷ ʧʨʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʠ ʤʦʞʝʪ 

ʩʦʧʨʦʚʦʞʜʘʪʴʩʷ ʛʨʘʬʠʪʠʟʘʮʠʝʡ ʫʛʣʝʨʦʜʘ [139]. ʉʘʤʘ ʧʦ ʩʝʙʝ ʛʨʘʬʠʪʠʟʘʮʠʷ ʪʘʢʞʝ 

ʤʦʞʝʪ ʧʦʚʳʰʘʪʴ ʩʪʘʙʠʣʴʥʦʩʪʴ ʥʦʩʠʪʝʣʷ ʠ ʥʘʥʝʩʝʥʥʳʭ ʧʣʘʪʠʥʦʚʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ. 

ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʧʨʦʮʝʩʩʳ ʠʥʪʝʨʢʘʣʷʮʠʠ ʛʝʪʝʨʦʘʪʦʤʦʚ ʚ ʩʪʨʫʢʪʫʨʫ ʫʛʣʝʨʦʜʘ, 

ʩʦʧʨʦʚʦʞʜʘʶʱʠʝʩʷ ʧʦʚʳʰʝʥʠʝʤ ʩʪʝʧʝʥʠ ʛʨʘʬʠʪʠʟʘʮʠʠ ʧʨʠʚʦʜʷʪ ʢ ʩʥʠʞʝʥʠʶ 

ʧʣʦʱʘʜʠ ʧʦʚʝʨʭʥʦʩʪʠ ʥʦʩʠʪʝʣʷ, ʚ ʩʚʷʟʠ ʩ ʯʝʤ ʜʣʷ ʤʦʜʠʬʠʢʘʮʠʠ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʫʛʣʝʨʦʜʥʳʝ ʤʘʪʝʨʠʘʣʳ ʩ ʠʟʥʘʯʘʣʴʥʦ ʚʳʩʦʢʦʡ ʧʣʦʱʘʜʴʶ ʧʦʚʝʨʭʥʦʩʪʠ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʵʣʝʢʪʨʦʢʘʪʘʣʠʟʘʪʦʨʳ ʥʘ ʦʩʥʦʚʝ N-ʜʦʧʠʨʦʚʘʥʥʳʭ 

ʫʛʣʝʨʦʜʥʳʭ ʥʦʩʠʪʝʣʝʡ ʧʦʟʚʦʣʷʶʪ ʬʦʨʤʠʨʦʚʘʪʴ ʨʘʚʥʦʤʝʨʥʳʡ ʢʘʪʘʣʠʪʠʯʝʩʢʠʡ ʩʣʦʡ 

ʧʨʠ ʩʙʦʨʢʝ ʤʝʤʙʨʘʥʥʦ-ʵʣʝʢʪʨʦʜʥʳʭ ʙʣʦʢʦʚ (ʄʕɹ) ʪʦʧʣʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ. ɿʘ ʩʯʝʪ 

ʢʫʣʦʥʦʚʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʅʘʬʠʦʥʘ ʠ ʘʟʦʪʩʦʜʝʨʞʘʱʠʭ ʛʨʫʧʧ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʢʘʪʘʣʠʟʘʪʦʨʘ ʫʣʫʯʰʘʝʪʩʷ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʢʠʩʣʦʨʦʜʘ ʠ ʧʦʜʚʦʜ ʧʨʦʪʦʥʦʚ ʢ 
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ʥʘʥʦʯʘʩʪʠʮʘʤ ʧʣʘʪʠʥʳ [144]. ʀʩʩʣʝʜʦʚʘʪʝʣʠ ʦʪʤʝʯʘʶʪ ʪʘʢʠʝ ʚʘʞʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʫʛʣʝʨʦʜʥʳʭ ʥʦʩʠʪʝʣʝʡ ʢʘʢ ʩʦʦʪʥʦʰʝʥʠʝ ʤʝʟʦ-, ʤʠʢʨʦ- ʠ ʤʘʢʨʦʧʦʨ, 

ʘ ʪʘʢʞʝ ʫʢʘʟʳʚʘʶʪ ʥʘ ʚʣʠʷʥʠʝ N-ʜʦʧʠʨʦʚʘʥʠʷ ʥʘ ʠʟʤʝʥʝʥʠʝ ʨʘʟʤʝʨʘ ʧʦʨ [145]. ɺ 

[146] ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʥʠʞʝʥʠʝ ʜʦʣʠ ʤʠʢʨʦʧʦʨ ʚ ʫʛʣʝʨʦʜʥʦʤ ʥʦʩʠʪʝʣʝ ʧʦʟʚʦʣʷʝʪ 

ʩʥʠʟʠʪʴ ʩʦʧʨʦʪʠʚʣʝʥʠʝ, ʩʚʷʟʘʥʥʦʝ ʩ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʦʡ ʆ2 ʚ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ 

ʪʦʧʣʠʚʥʦʛʦ ʵʣʝʤʝʥʪʘ, ʪʦʛʜʘ ʢʘʢ ʩʚʝʜʝʥʠʝ ʢ ʤʠʥʠʤʫʤʫ ʦʙʲʝʤʘ ʤʘʢʨʦʧʦʨ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʙʦʣʝʝ ʨʘʚʥʦʤʝʨʥʦʤʫ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʪʦʥʢʦʡ ʧʣʝʥʢʠ ʠʦʥʦʤʝʨʘ, 

ʦʙʝʩʧʝʯʠʚʘʷ ʣʫʯʰʠʡ ʧʝʨʝʥʦʩ ʧʨʦʪʦʥʦʚ. ʀʟʤʝʥʝʥʠʝ ʩʦʦʪʥʦʰʝʥʠʷ ʧʦʨ ʨʘʟʣʠʯʥʳʭ 

ʨʘʟʤʝʨʦʚ ʚ ʫʛʣʝʨʦʜʘʭ ʤʘʨʦʢ Vulcan XC-72 [65] ʠ Ketjenblack [64] ʤʦʞʝʪ ʙʳʪʴ 

ʜʦʩʪʠʛʥʫʪʦ ʠʤʝʥʥʦ ʟʘ ʩʯʝʪ N-ʜʦʧʠʨʦʚʘʥʠʷ ʠʩʭʦʜʥʳʭ ʫʛʣʝʨʦʜʥʳʭ ʥʦʩʠʪʝʣʝʡ ʧʨʠ 

ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. 

ʉʫʱʝʩʪʚʫʝʪ ʤʥʦʛʦ ʨʘʟʣʠʯʥʳʭ ʨʘʙʦʪ, ʩʚʷʟʘʥʥʳʭ ʩ ʫʚʝʣʠʯʝʥʠʝʤ 

ʩʪʘʙʠʣʴʥʦʩʪʠ ʵʣʝʢʪʨʦʢʘʪʘʣʠʟʘʪʦʨʦʚ ʟʘ ʩʯʝʪ ʣʝʛʠʨʦʚʘʥʠʷ ʧʣʘʪʠʥʳ ʨʘʟʣʠʯʥʳʤʠ d-

ʤʝʪʘʣʣʘʤʠ ʠ ʧʦʣʫʯʝʥʠʷ ʙʠ- ʠ ʪʨʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʩ ʨʘʟʣʠʯʥʦʡ 

ʤʠʢʨʦʩʪʨʫʢʪʫʨʦʡ. ɸʢʪʠʚʥʦ ʠʟʫʯʘʝʪʩʷ ʚʣʠʷʥʠʝ ʨʘʟʣʠʯʥʳʭ ʥʦʩʠʪʝʣʝʡ ʚ ʪʦʤ ʯʠʩʣʝ ʠ 

ʜʦʧʠʨʦʚʘʥʥʳʭ ʘʟʦʪʦʤ ʥʘ ʩʪʘʙʠʣʴʥʦʩʪʴ ʧʣʘʪʠʥʦʚʳʭ ʵʣʝʢʪʨʦʢʘʪʘʣʠʟʘʪʦʨʦʚ. 

ʂʦʤʙʠʥʘʮʠʷ ʵʪʠʭ ʜʚʫʭ ʧʦʭʦʜʦʚ ʧʦʚʳʰʝʥʠʷ ʩʪʘʙʠʣʴʥʦʩʪʠ ʵʣʝʢʪʨʦʢʘʪʘʣʠʟʘʪʦʨʦʚ 

ʙʳʣʘ ʧʨʝʜʣʦʞʝʥʘ ʠ ʠʟʫʯʝʥʘ ʚ ʨʘʤʢʘʭ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ɸʥʘʣʠʟ ʩʪʘʪʝʡ, ʧʦʩʚʷʱʝʥʥʳʭ ʧʦʣʫʯʝʥʠʶ ʠ ʠʩʩʣʝʜʦʚʘʥʠʶ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʩ 

ʚʳʩʦʢʠʤʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ [40, 107 - 109], ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ 

ʘʚʪʦʨʳ ʘʢʮʝʥʪʠʨʫʶʪ ʚʥʠʤʘʥʠʝ ʥʘ ʜʦʩʪʠʞʝʥʠʠ ʣʠʙʦ ʚʳʩʦʢʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʣʠʙʦ 

ʚʳʩʦʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ ʤʘʪʝʨʠʘʣʦʚ. ɺʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʧʣʦʱʘʜʠ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠ 

ʘʢʪʠʚʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʷʚʣʷʶʱʠʝʩʷ ʥʝʦʙʭʦʜʠʤʳʤ ʫʩʣʦʚʠʝʤ ʜʦʩʪʠʞʝʥʠʷ ʚʳʩʦʢʦʡ 

ʤʘʩʩ ʘʢʪʠʚʥʦʩʪʠ ʢʘʪʘʣʠʟʘʪʦʨʦʚ, ʥʝʛʘʪʠʚʥʦ ʦʪʨʘʞʘʶʪʩʷ ʥʘ ʢʦʨʨʦʟʠʦʥʥʦ-

ʤʦʨʬʦʣʦʛʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ ʤʘʪʝʨʠʘʣʦʚ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʦʪʢʨʳʪʳʤ ʦʩʪʘʝʪʩʷ 

ʚʦʧʨʦʩ ʦʙ çʠʜʝʘʣʴʥʦʡè ʤʠʢʨʦʩʪʨʫʢʪʫʨʝ ʵʣʝʢʪʨʦʢʘʪʘʣʠʟʘʪʦʨʘ ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ 

ʦʧʪʠʤʘʣʴʥʦʝ ʩʦʯʝʪʘʥʠʝ ʘʢʪʠʚʥʦʩʪʠ ʠ ʩʪʘʙʠʣʴʥʦʩʪʠ ʤʘʪʝʨʠʘʣʦʚ. ʇʦʜ 

ʤʠʢʨʦʩʪʨʫʢʪʫʨʦʡ ʅʏ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʨʘʟʤʝʨ, ʩʦʩʪʘʚ ʯʘʩʪʠʮ, ʦʩʦʙʝʥʥʦʩʪʴ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ, ʪʘʢʠʭ ʢʘʢ ʩʧʣʘʚ, 
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çʣʫʢʦʚʠʯʥʘʷè ʩʪʨʫʢʪʫʨʘ, ʘ ʪʘʢʞʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʯʘʩʪʠʮ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʥʦʩʠʪʝʣʷ. 

ʇʦʣʫʯʝʥʠʝ çʠʜʝʘʣʴʥʳʭè ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʷʚʣʷʝʪʩʷ ʥʘʩʫʱʥʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ 

ʟʘʜʘʯʝʡ. ɺ ʧʦʠʩʢʝ ʧʫʪʝʡ ʠʭ ʩʠʥʪʝʟʘ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʧʨʠʦʙʨʝʪʘʝʪ ʧʨʦʮʝʩʩ 

ʚʳʷʚʣʝʥʠʝ ʧʨʠʯʠʥ, ʙʣʘʛʦʜʘʨʷ ʢʦʪʦʨʳʤ ʤʦʛʫʪ (ʠʣʠ ʥʝ ʤʦʛʫʪ) ʩʫʱʝʩʪʚʦʚʘʪʴ 

ʩʪʘʙʠʣʴʥʳʝ ʢʘʪʘʣʠʪʠʯʝʩʢʠʝ ʤʘʪʝʨʠʘʣʳ, ʦʙʣʘʜʘʶʱʠʝ ʧʨʠ ʵʪʦʤ ʚʳʩʦʢʦʡ 

ʘʢʪʠʚʥʦʩʪʴʶ. 
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2. ʄɸʊɽʈʀɸʃʓ ʀ ʄɽʊʆɼʓ ʕʂʉʇɽʈʀʄɽʅʊɸʃʔʅʓʍ ʀʉʉʃɽɼʆɺɸʅʀʁ 

2.1 ʇʦʣʫʯʝʥʠʝ ʫʛʣʝʨʦʜʥʳʭ ʥʦʩʠʪʝʣʝʡ 

ʄʦʜʠʬʠʢʘʮʠʷ ʥʦʩʠʪʝʣʷ, ʧʨʝʜʩʪʘʚʣʷʶʱʝʛʦ ʩʦʙʦʡ ʘʮʝʪʠʣʝʥʦʚʫʶ ʩʘʞʫ  

Ketjenblack-EC600jD (AkzoNobel) ʘʟʦʪʦʤ ʚ ʚʝʨʪʠʢʘʣʴʥʦʤ U-ʦʙʨʘʟʥʦʤ ʢʚʘʨʮʝʚʦʤ 

ʨʝʘʢʪʦʨʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʠʨʠʜʠʥʘ ʚ ʢʘʯʝʩʪʚʝ ʧʨʝʢʫʨʩʦʨʘ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ 

ɻʨʠʙʦʚʳʤ ɽ.ʅ. ʠ ʩʦʘʚʪʦʨʘʤʠ ʥʘ ʙʘʟʝ ʅʦʚʦʩʠʙʠʨʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ 

ʫʥʠʚʝʨʩʠʪʝʪʘ [40]. ʇʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʘʨʛʦʥ, ʥʘʩʳʱʝʥʥʳʡ ʧʘʨʘʤʠ 

ʘʮʝʪʦʥʠʪʨʠʣʘ, ʧʨʦʧʫʩʢʘʣʠ ʯʝʨʝʟ ʨʝʘʢʪʦʨ, ʟʘʧʦʣʥʝʥʥʳʡ ʫʛʣʝʨʦʜʥʳʤ ʥʦʩʠʪʝʣʝʤ. 

ʋʩʣʦʚʠʷ ʧʦʩʣʝʜʫʶʱʝʛʦ ʩʠʥʪʝʟʘ ʙʳʣʠ ʩʣʝʜʫʶʱʠʤʠ: ʜʘʚʣʝʥʠʝ ʧʘʨʦʚ ʧʠʨʠʜʠʥʘ 18 

ʤʤ ʨʪ.ʩʪ., ʪʝʤʧʝʨʘʪʫʨʘ ʨʝʘʢʪʦʨʘ 840ÁC, ʨʘʩʭʦʜ ʛʘʟʘ 0.3 ʩʤ3/ʩ, ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ 

120 ʤʠʥʫʪ. ʄʦʜʠʬʠʢʘʮʠʶ ʥʦʩʠʪʝʣʷ Ketjenblack-EC600jD ʧʠʨʦʫʛʣʝʨʦʜʦʤ 

ʧʨʦʚʦʜʠʣʠ ʚ ʪʦʤ ʞʝ ʨʝʘʢʪʦʨʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 5 ʤʦʣ. % ʵʪʠʣʝʥʘ ʚ ʨʘʩʪʚʦʨʝ 

ʛʘʟʦʦʙʨʘʟʥʦʛʦ ʘʨʛʦʥʘ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ ʨʝʘʢʪʦʨʘ 780ÁC, ʨʘʩʭʦʜʦʤ 0.7 ʩʤ3/ʩ ʠ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴʶ ʧʨʦʮʝʜʫʨʳ 50 ʤʠʥ, ʢʘʢ ʵʪʦ ʧʦʜʨʦʙʥʝʝ ʦʧʠʩʘʥʦ ʚ [40] ʈʘʥʝʝ 

ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʘʟʦʪ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʥʦʩʠʪʝʣʷ ʧʨʠʩʫʪʩʪʚʫʝʪ ʚ ʦʩʥʦʚʥʦʤ ʚ ʚʠʜʝ 

ʧʠʨʠʜʠʥʦʚʳʭ ʠ ʧʠʨʨʦʣʴʥʳʭ ʬʦʨʤ [40].  

N_ʇɸ-800 ï ʢʦʤʤʝʨʯʝʩʢʠʡ ʦʙʨʘʟʝʮ, ʧʨʝʜʦʩʪʘʚʣʝʥʥʳʡ ʅʘʥʦʊʝʭʎʝʥʪʨ, ʛ. 

ʊʦʤʙʦʚ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ ʩʦʙʦʡ ʫʛʣʝʨʦʜʥʳʡ çʥʘʥʦʣʠʩʪʴʷè, ʜʦʧʠʨʦʚʘʥʥʳʝ 

ʛʝʪʦʨʦʘʪʦʤʘʤʠ ʘʟʦʪʘ 3% ʘʪ. ʤʘʩʩ. 

 

ʈʠʩʫʥʦʢ 2.1 ï ʉʭʝʤʘʪʠʯʝʩʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʠ ʘʙʙʨʝʚʠʘʪʫʨʘ ʠʩʧʦʣʴʟʫʝʤʳʭ 

ʥʦʩʠʪʝʣʝʡ ʘʮʝʪʠʣʝʥʦʚʘʷ ʩʘʞʘ Ketjenblack-EC600jD (ʘ); ʘʮʝʪʝʣʝʥʦʚʘʷ ʩʘʞʘ 

Ketjenblack-EC600jD ʜʦʧʠʨʦʚʘʥʥʘʷ ʛʝʪʝʨʦʘʪʦʤʘʤʠ ʘʟʦʪʘ (ʙ); ʫʛʣʝʨʦʜʥʳʡ 

çʥʘʥʦʣʠʩʪʴʷè, ʜʦʧʠʨʦʚʘʥʥʳʝ ʛʝʪʦʨʦʘʪʦʤʘʤʠ ʘʟʦʪʘ (ʚ); ʢʦʤʤʝʨʯʝʩʢʠʡ ʥʦʩʠʪʝʣʴ (ʛ) 



 
 

 
 

46 
 

2.2 ʉʠʥʪʝʟ Pt/C ʤʘʪʝʨʠʘʣʦʚ  

ʅʘʚʝʩʢʫ ʫʛʣʝʨʦʜʥʦʛʦ ʥʦʩʠʪʝʣʷ ʤʘʩʩʦʡ 0.15 ʛ ʧʦʤʝʱʘʣʠ ʚ 18 ʤʣ 

ʵʪʠʣʝʥʛʣʠʢʦʣʷ (C2H4(OH)2) (ɺʳʩʰʠʡ ʩʦʨʪ, 99.8%, ɺʝʢʪʦʥ, ɻʆʉʊ 19710ï83). 

ʉʫʩʧʝʥʟʠʶ ʧʝʨʝʤʝʰʠʚʘʣʠ ʥʘ ʤʘʛʥʠʪʥʦʡ ʤʝʰʘʣʢʝ (IKA C-MAG HS 7) ʚ ʪʝʯʝʥʠʝ 15 

ʤʠʥ, ʧʦʩʣʝ ʯʝʛʦ ʧʦʤʝʱʘʣʠ ʚ ʛʦʤʦʛʝʥʠʟʘʪʦʨ ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ (SX-SONIC 

1200N1935) ʥʘ 1 ʤʠʥ ʧʨʠ ʘʤʧʣʠʪʫʜʝ 50% ʠ ʤʦʱʥʦʩʪʠ 750 ɺʪ. ɼʘʣʝʝ ʧʨʠ 

ʧʦʩʪʦʷʥʥʦʤ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʜʦʙʘʚʣʷʣʠ ʨʘʩʯʝʪʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʩʪʚʦʨʘ 

ʧʣʘʪʠʥʦʭʣʦʨʦʚʦʜʦʨʦʜʥʦʡ ʢʠʩʣʦʪʳ (ʤʘʩʩʦʚʘʷ ʜʦʣʷ Pt 37.85%, ɸʫʨʘʪ, ʊʋ 2612-034-

00205067-2003) ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 17.9 ʤʛ(Pt)/ʤʣ, 5 ʤʠʥ ʧʝʨʝʤʝʰʠʚʘʣʠ ʠ ʜʦʙʘʚʣʷʣʠ 

0.5 ʄ Naʆʅ (ʭ.ʯ.) (n(ʆʅ)/n(Pt) = 12). ʉʤʝʩʴ ʧʝʨʝʥʦʩʠʣʠ ʚ ʢʨʫʛʣʦʜʦʥʥʫʶ ʢʦʣʙʫ 

ʦʙʲʝʤʦʤ 100 ʤʣ. ʇʨʠ ʧʦʩʪʦʷʥʥʦʤ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʜʦʙʘʚʣʷʣʠ 1 ʤʣ ʬʦʨʤʘʣʴʜʝʛʠʜʘ 

(ʩʦʨʪ ʚʳʩʰʠʡ, 37.5%, ɸʢʚʘʪʝʩʪ, ɻʆʉʊ 1625-2016). ɼʘʣʝʝ ʚ ʠʥʝʨʪʥʦʡ ʘʪʤʦʩʬʝʨʝ 

ʧʦʚʳʰʘʣʠ ʪʝʤʧʝʨʘʪʫʨʫ ʜʦ 80Áʉ ʠ ʚʳʜʝʨʞʘʣʠ ʨʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ 

ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʚ ʪʝʯʝʥʠʝ 2 ʯʘʩʦʚ. ʇʦʩʣʝ ʩʘʤʦʧʨʦʠʟʚʦʣʴʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ 

ʩʫʩʧʝʥʟʠʠ ʚ ʪʝʯʝʥʠʝ 40 ʤʠʥʫʪ ʧʨʦʜʫʢʪ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ, ʤʥʦʛʦʢʨʘʪʥʦ ʧʨʦʤʳʚʘʷ 

ʬʠʣʴʪʨʘʪ ʧʦʨʮʠʷʤʠ ʠʟʦʧʨʦʧʠʣʦʚʦʛʦ ʩʧʠʨʪʘ ʠ ʙʠʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʳ. 

ʂʘʪʘʣʠʟʘʪʦʨʳ ʚʳʜʝʨʞʠʚʘʣʠ 1 ʯʘʩ ʚ ʩʫʰʠʣʴʥʦʤ ʰʢʘʬʫ (SNOL 58/350) ʧʨʠ 80Áʉ, 

ʟʘʪʝʤ 12 ʯʘʩʦʚ ʚ ʵʢʩʠʢʘʪʦʨʝ ʥʘʜ ʈ2ʆ5 (ʭ.ʯ). 

2.3 ʉʠʥʪʝʟ PtCu ʤʘʪʝʨʠʘʣʦʚ 

2.3.1. ʉʠʥʪʝʟ PtCu ʤʘʪʝʨʠʘʣʦʚ ʩ ʛʨʘʜʠʝʥʪʥʦʡ ʩʪʨʫʢʪʫʨʦʡ 

ʄʝʪʦʜ ʧʦʣʫʯʝʥʠʷ ʦʙʨʘʟʮʦʚ ʩ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ ʤʝʪʘʣʣʦʚ 

ʦʩʫʱʝʩʪʚʣʷʣʠ ʚ 4 ʩʪʘʜʠʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 22-24ᴈ (ʨʠʩʫʥʦʢ 2.2).  

 

ʈʠʩʫʥʦʢ 2.2 ï ʇʦʩʪʘʜʠʡʥʘʷ ʩʭʝʤʘ ʩʠʥʪʝʟʘ Pt(Cu)/C ʤʘʪʝʨʠʘʣʦʚ [35] 
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ʅʘ ʧʝʨʚʦʡ ʩʪʘʜʠʠ ʧʦʣʫʯʘʣʠ ʥʘʥʦʯʘʩʪʠʮʳ ʤʝʜʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʫʛʣʝʨʦʜʥʦʛʦ 

ʥʦʩʠʪʝʣʷ Vulcan XC-72 (Cabot Corporation) ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ ʠʦʥʦʚ Cu2+ ʚ 

ʱʝʣʦʯʥʦʡ ʩʨʝʜʝ (ʨʅ 9-10) ʠʟ ʨʘʩʪʚʦʨʘ CuSO4*5H2O (ʭ.ʯ.) ʠʟʙʳʪʢʦʤ ʙʦʨʛʠʜʨʠʜʘ 

ʥʘʪʨʠʷ (ʭ.ʯ.). ʅʘ ʚʪʦʨʦʡ ʩʪʘʜʠʠ ʜʦʙʘʚʣʷʣʠ ʚ ʩʫʩʧʝʥʟʠʶ ʧʨʝʢʫʨʩʦʨ ʧʣʘʪʠʥʳ 

(H2PtCl6*6H2O) (ʤʘʩʩʦʚʘʷ ʜʦʣʷ Pt 37.85%, ɸʫʨʘʪ, ʊʋ 2612-034-00205067-2003) ʠ 

ʤʝʜʠ (CuSO4*5H2O) ʠ ʧʨʦʚʦʜʠʣʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʙʦʨʛʠʜʨʠʜʦʤ ʥʘʪʨʠʷ. ʅʘ ʪʨʝʪʴʝʡ 

ʩʪʘʜʠʠ ʜʦʙʘʚʣʷʣʠ ʫʚʝʣʠʯʝʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʨʝʢʫʨʩʦʨʘ ʧʣʘʪʠʥʳ (H2PtCl6*6H2O) ʠ 

ʩʥʠʞʝʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʨʝʢʫʨʩʦʨʘ ʤʝʜʠ (CuSO4*5H2O) ʟʘʪʝʤ ʧʨʦʚʦʜʠʣʠ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʙʦʨʛʠʜʨʠʜʦʤ ʥʘʪʨʠʷ ʜʦ Pt0 ʠ Cu0. ʅʘ ʯʝʪʚʝʨʪʦʡ ʩʪʘʜʠʠ ʚ ʩʫʩʧʝʥʟʠʶ 

ʜʦʙʘʚʣʷʣʠ ʪʦʣʴʢʦ ʧʨʝʢʫʨʩʦʨ Pt (H2PtCl6*6H2O) ʠ ʧʨʦʚʦʜʠʣʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ 

ʙʦʨʛʠʜʨʠʜʦʤ ʥʘʪʨʠʷ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʣʘʪʠʥʦʚʦʡ ʦʙʦʣʦʯʢʠ (ʈʠʩ. 2.3) 

 

ʈʠʩʫʥʦʢ 2.3 ï ʉʦʩʪʘʚ ʠ ʩʭʝʤʘʪʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʘʨʭʠʪʝʢʪʫʨʳ Pt(Cu) 

ʥʘʥʦʯʘʩʪʠʮ, ʬʦʨʤʠʨʫʝʤʳʭ ʥʘ ʢʘʞʜʦʡ ʠʟ 4ʭ ʩʪʘʜʠʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʩʠʥʪʝʟʘ 

çʛʨʘʜʠʝʥʪʥʦʛʦè Pt(Cu)/C ʢʘʪʘʣʠʟʘʪʦʨʘ [35] 

2.3.2 ʉʠʥʪʝʟ PtCu ʵʣʝʢʪʨʦʢʘʪʘʣʠʟʘʪʦʨʦʚ ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʩʧʣʘʚ  

ʉʠʥʪʝʟ ʧʣʘʪʠʥʦʤʝʜʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʩʧʣʘʚ, ʧʨʦʚʦʜʠʣʠ ʥʘ 

ʫʛʣʝʨʦʜʥʳʭ ʥʦʩʠʪʝʣʷʭ Vulcan XC-72 (Cabot Corporation) ʠ N-ʜʦʧʠʨʦʚʘʥʥʦʤ 

KetjenBlack EC DJ-600. ɼʣʷ ʵʪʦʛʦ ʥʘʚʝʩʢʠ ʥʦʩʠʪʝʣʝʡ ʜʠʩʧʝʨʛʠʨʦʚʘʣʠ ʚ 30 ʤʣ 

ʵʪʠʣʝʥʛʣʠʢʦʣʷ (C2H4(OH)2) (ɺʳʩʰʠʡ ʩʦʨʪ, 99.8%, ɺʝʢʪʦʥ, ɻʆʉʊ 19710ï83). ɿʘʪʝʤ 

ʜʦʙʘʚʣʷʣʠ ʚ ʢʘʞʜʫʶ ʠʟ ʩʫʩʧʝʥʟʠʡ ʨʘʩʩʯʠʪʘʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʨʝʢʫʨʩʦʨʦʚ ʧʣʘʪʠʥʳ 

(H2PtCl6*6H2O) (ʤʘʩʩʦʚʘʷ ʜʦʣʷ Pt 37.85%, ɸʫʨʘʪ, ʊʋ 2612-034-00205067-2003) ʠ 

ʤʝʜʠ (CuSO4*5H2O) (ʭ.ʯ.) ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 6.74 ʤʛ(Pt)/ʤʣ ʠ 5.1 ʤʛ(Cu)/ʤʣ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɼʘʣʝʝ ʨʅ ʩʫʩʧʝʥʟʠʡ ʧʦʚʳʰʘʣʠ ʜʦ 10 ʚʦʜʥʳʤ ʨʘʩʪʚʦʨʦʤ 0.5 ʄ 

Naʆʅ (ʏɼɸ, 98%, ʂʦʤʧʦʥʝʥʪ-ʈʝʘʢʪʠʚ, ɻʆʉʊ 4328ï77) ʠ ʜʦʙʘʚʣʷʣʠ 

ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʱʠʡ ʘʛʝʥʪ - 0.5 ʄ ʨʘʩʪʚʦʨ ʙʦʨʛʠʜʨʠʜʘ ʥʘʪʨʠʷ NaBH4  (ʭ.ʯ.), ʚʟʷʪʳʡ 

ʚ ʯʝʪʳʨʝʭʢʨʘʪʥʦʤ ʠʟʙʳʪʢʝ. ʉʤʝʩʴ ʚʳʜʝʨʞʠʚʘʣʠ ʚ ʪʝʯʝʥʠʝ ʯʘʩʘ ʧʨʠ ʢʦʤʥʘʪʥʦʡ 
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ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʧʦʩʪʦʷʥʥʦʤ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʥʘ ʤʘʛʥʠʪʥʦʡ ʤʝʰʘʣʢʝ. ɿʘʪʝʤ ʧʨʦʜʫʢʪʳ 

ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ ʠ ʤʥʦʛʦʢʨʘʪʥʦ ʧʨʦʤʳʚʘʣʠ ʧʦʨʮʠʷʤʠ ʠʟʦʧʨʦʧʠʣʦʚʦʛʦ ʩʧʠʨʪʘ 

C3H8O (ʦʩʯ 11-5 ʆʇ-1, ʕʢʦʩ-1, ʊʋ 2532-064-44493179-01) ʠ ʙʠʜʠʩʪʠʣʠʨʦʚʘʥʥʦʡ 

ʚʦʜʳ. ʇʦʣʫʯʝʥʥʳʝ ʢʘʪʘʣʠʟʘʪʦʨʳ ʩʫʪʢʠ ʩʫʰʠʣʠ ʚ ʵʢʩʠʢʘʪʦʨʝ ʥʘʜ P2O5 (ʭ.ʯ.).  

2.3.3. ʂʠʩʣʦʪʥʘʷ ʦʙʨʘʙʦʪʢʘ PtCu ʵʣʝʢʪʨʦʢʘʪʘʣʠʟʘʪʦʨʦʚ 

ɼʘʣʝʝ ʧʦʣʫʯʝʥʥʳʝ ʦʙʨʘʟʮʳ ʧʦʜʚʝʨʛʣʠ ʢʠʩʣʦʪʥʦʡ ʦʙʨʘʙʦʪʢʝ. ɼʣʷ ʵʪʦʛʦ 

ʚʳʜʝʨʞʘʣʠ ʤʘʪʝʨʠʘʣʳ 1 ʄ ʨʘʩʪʚʦʨʝ HNO3 (ʍʏ, 65%, ɺɽʂʊʆʅ, ɻʆʉʊ 4461ï77) ʚ 

ʪʝʯʝʥʠʝ ʪʨʝʭ ʯʘʩʦʚ ʧʨʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʜʝʣʝʛʠʨʦʚʘʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʟʘ ʩʯʸʪ ʫʜʘʣʝʥʠʷ ʘʪʦʤʦʚ ʤʝʜʠ ʠ ʦʢʩʠʜʘ ʤʝʜʠ ʩ 

ʧʦʚʝʨʭʥʦʩʪʠ ʢʘʪʘʣʠʟʘʪʦʨʦʚ.  

ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʦ ʚʘʞʥʦ ʩʨʘʚʥʠʚʘʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʙʨʘʟʮʦʚ, 

ʧʦʣʫʯʝʥʥʳʝ ʨʘʟʨʘʙʦʪʘʥʥʳʤ ʩʧʦʩʦʙʦʤ ʩʠʥʪʝʟʘ, ʩ ʢʦʤʤʝʨʯʝʩʢʠʤʠ ʘʥʘʣʦʛʘʤʠ (E-TEK  

(E-TEK 20% Pt) ʠ JM (Johnson Matthey, 20% Pt)). 

2.4 ʄʝʪʦʜʠʢʠ ʦʧʨʝʜʝʣʝʥʠʷ ʩʪʨʫʢʪʫʨʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʘʪʝʨʠʘʣʦʚ 

 2.4.1 ʆʧʨʝʜʝʣʝʥʠʝ ʤʘʩʩʦʚʦʡ ʜʦʣʠ ʤʝʪʦʜʦʤ ʛʨʘʚʠʤʝʪʨʠʠ 

ʄʝʪʦʜ ʛʨʘʚʠʤʝʪʨʠʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʤʘʩʩʦʚʦʡ ʜʦʣʠ ʤʝʪʘʣʣʘ ʧʦ 

ʠʟʤʝʥʝʥʠʶ ʤʘʩʩ ʜʦ ʠ ʧʦʩʣʝ ʦʧʳʪʘ. ʇʨʝʜʚʘʨʠʪʝʣʴʥʦ ʢʝʨʘʤʠʯʝʩʢʠʝ ʪʠʛʣʠ 

ʧʨʦʢʘʣʠʚʘʣʠ ʚ ʤʫʬʝʣʴʥʦʡ ʧʝʯʠ (UED-7-10D, ʈʦʩʩʠʷ) ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 800 ᴈ. ʇʦʩʣʝ 

ʧʦʣʥʦʛʦ ʦʩʪʳʚʘʥʠʷ ʠʭ ʚʟʚʝʰʠʚʘʣʠ, ʬʠʢʩʠʨʫʷ ʤʘʩʩʫ (mʪʠʛʣʷ) ʠ ʥʘʧʦʣʥʷʣʠ ʥʘʚʝʩʢʦʡ 

ʢʘʪʘʣʠʟʘʪʦʨʘ mʥʘʚʝʩʢʠ å 0,02ʛ. ɿʘʪʝʤ ʪʠʛʣʠ ʩʥʦʚʘ ʧʦʛʨʫʞʘʣʠ ʚ ʧʝʯʴ ʧʨʠ ʪʦʡ ʞʝ 

ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʦʩʪʘʚʣʷʣʠ ʥʘ 40 ʤʠʥ. ʇʦ ʠʩʪʝʯʝʥʠʶ ʚʨʝʤʝʥʠ ʪʠʛʣʠ ʩ ʤʝʪʘʣʣʠʯʝʩʢʦʡ 

ʢʦʤʧʦʥʝʥʪʦʡ ʦʩʪʫʞʘʣʠ ʜʦ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʬʠʢʩʠʨʦʚʘʣʠ ʤʘʩʩʫ ʦʩʪʘʪʢʘ 

(mʦʩʪ). ʄʘʩʩʦʚʫʶ ʜʦʣʶ ʚʳʯʠʩʣʷʣʠ ʧʦ ʬʦʨʤʫʣʝ (2.1):  

̠̓̉̄̌̏̒ ̓ ̠̓̉̄̌

̎́̃̆̒̋̉
ρππϷ                            (2.1) 

ɺ ʤʘʪʝʨʠʘʣʘʭ, ʩʦʜʝʨʞʘʱʠʭ ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʝ ʥʘʥʦʯʘʩʪʠʮʳ, ʤʘʩʩʦʚʫʶ ʜʦʣʶ 

ʤʝʪʘʣʣʦʚ ʦʧʨʝʜʝʣʷʣʠ ʤʝʪʦʜʦʤ ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʠ, ʩ ʫʯʝʪʦʤ ʦʢʠʩʣʝʥʠʷ ʤʝʜʠ ʜʦ 

ʦʢʩʠʜʘ ʤʝʜʠ II. 
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2.4.2 ʆʧʨʝʜʝʣʝʥʠʝ ʨʘʟʤʝʨʘ ʯʘʩʪʠʮ ʨʝʥʪʛʝʥʦʛʨʘʬʠʯʝʩʢʠʤ ʠʩʩʣʝʜʦʚʘʥʠʝʤ  

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʨʝʜʥʝʛʦ ʨʘʟʤʝʨʘ ʢʨʠʩʪʘʣʣʠʪʦʚ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʤʝʪʦʜ 

ʨʝʥʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʠʟʘ (ʈʌɸ). ɼʠʬʨʘʢʪʦʛʨʘʤʤʳ Pt/C ʤʘʪʝʨʠʘʣʦʚ 

ʨʝʛʠʩʪʨʠʨʦʚʘʣʠ ʚ ʠʥʪʝʨʚʘʣʝ ʫʛʣʦʚ 2ɗ = 15Áï75Á ʥʘ ʜʠʬʨʘʢʪʦʤʝʪʨʝ ARL XôTRA 

(Thermo Scientific, Switzerland) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʪʬʠʣʴʪʨʦʚʘʥʥʦʛʦ CuKŬ-

ʠʟʣʫʯʝʥʠʷ (ɚ = 0.154056 ʥʤ) ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ʈʝʥʪʛʝʥʦʛʨʘʤʤʳ ʜʣʷ 

ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʦʚ ʟʘʧʠʩʘʥʳ ʚ ʠʥʪʝʨʚʘʣʝ ʫʛʣʦʚ 15ę  2ɗ  55ę ʤʝʪʦʜʦʤ 

ʧʦʰʘʛʦʚʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ ʩ ʰʘʛʦʤ ʧʝʨʝʤʝʱʝʥʠʷ ʜʝʪʝʢʪʦʨʘ 0.02ę ʠ ʚʨʝʤʝʥʝʤ 

ʵʢʩʧʦʟʠʮʠʠ ʚ ʢʘʞʜʦʡ ʪʦʯʢʝ 4 ʩʝʢʫʥʜʳ (ʨʠʩʫʥʦʢ 2.4). ʈʘʩʯʝʪ Dʩʨ ʧʨʦʚʦʜʠʣʠ ʜʣʷ 

ʭʘʨʘʢʪʝʨʥʦʛʦ ʦʪʨʘʞʝʥʠʷ 111 ʧʦ ʬʦʨʤʫʣʝ ʐʝʨʨʝʨʘ (2.2) [147]. 

Ὀ̒ ̑
 

 
                            (2.2), 

ʛʜʝ ɚ - ʜʣʠʥʘ ʚʦʣʥʳ; 

Dʩʨ - ʩʨʝʜʥʝʦʙʲʝʤʥʳʡ ʨʘʟʤʝʨ ʯʘʩʪʠʮ; 

ʂ = 0,89 ï ʢʦʥʩʪʘʥʪʘ ʐʝʨʨʝʨʘ; 

ɓ ï ʧʦʣʥʘʷ ʰʠʨʠʥʘ ʥʘ ʧʦʣʦʚʠʥʝ ʚʳʩʦʪʳ; 

ɗ - ɹʨʵʛʛʦʚʩʢʠʡ ʫʛʦʣ ʦʪʨʘʞʝʥʠʷ [hkl].  

 

ʈʠʩʫʥʦʢ 2.4 ïʇʨʠʤʝʨ ʬʠʪʦʚʘʥʠʷ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʜʠʬʨʘʢʪʦʛʨʘʤʤʳ ʚ ʧʨʦʛʨʘʤʤʝ 

SciDevis 

¢ ¢
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2.4.3 ʆʧʨʝʜʝʣʝʥʠʝ ʩʦʦʪʥʦʰʝʥʠʷ ʤʝʪʘʣʣʦʚ ʚ ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʭ 

ʩʠʩʪʝʤʘʭ ʤʝʪʦʜʦʤ ʨʝʥʪʛʝʥʦʬʣʫʦʨʝʩʮʝʥʪʥʳʤ ʘʥʘʣʠʟʦʤ 

ʉʦʦʪʥʦʰʝʥʠʝ ʤʝʪʘʣʣʦʚ Cu:Pt ʚ ʦʙʨʘʟʮʘʭ ʦʧʨʝʜʝʣʷʣʠ ʤʝʪʦʜʦʤ 

ʨʝʥʪʛʝʥʦʬʣʫʦʨʝʩʮʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ ʥʘ ʩʧʝʢʪʨʦʤʝʪʨʝ ʩ ʧʦʣʥʳʤ ʚʥʝʰʥʠʤ 

ʦʪʨʘʞʝʥʠʝʤ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ʈʌʉ-001 (ʅʀʀ ʬʠʟʠʢʠ ʖʌʋ). ɼʠʘʧʘʟʦʥ 

ʦʧʨʝʜʝʣʷʝʤʳʭ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʧʦ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʪʘʙʣʠʮʝ ʄʝʥʜʝʣʝʝʚʘ ʦʪ Al 

ʜʦ U.  ɺʨʝʤʷ ʵʢʩʧʦʟʠʮʠʠ ʦʙʨʘʟʮʦʚ - 300 ʩʝʢ. ʈʝʛʠʩʪʨʘʮʠʶ ʠ ʦʙʨʘʙʦʪʢʫ 

ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʬʣʫʦʨʝʩʮʝʥʪʥʳʭ ʩʧʝʢʪʨʦʚ ʧʨʦʚʦʜʠʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ UniveRS (ʖʌʋ). 

2.4.4 ʆʧʨʝʜʝʣʝʥʠʝ ʵʣʝʤʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ, ʭʠʤʠʯʝʩʢʦʛʦ ʠ 

ʵʣʝʢʪʨʦʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʘʪʦʤʦʚ ʤʝʪʦʜʦʤ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʬʦʪʦʵʣʝʢʪʨʦʥʥʦʡ 

ʩʧʝʢʪʨʦʩʢʦʧʠʠ (ʈʌʕʉ) 

ɺʩʝ ʈʌʕ ʩʧʝʢʪʨʳ ʧʦʣʫʯʝʥʳ ʥʘ ʨʝʥʪʛʝʥʦʚʩʢʦʤ ʬʦʪʦʵʣʝʢʪʨʦʥʥʦʤ 

ʩʧʝʢʪʨʦʤʝʪʨʝ ESCALAB 250 ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʦʥʦʭʨʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ 

ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ Al Ka ï ʣʠʥʠʠ ʩ ʵʥʝʨʛʠʝʡ 1486.6 ʵɺ. ʄʠʥʠʤʘʣʴʥʦ 

ʨʘʟʨʝʰʘʝʤʳʡ ʠʥʪʝʨʚʘʣ ʵʥʝʨʛʠʡ, ʦʧʨʝʜʝʣʝʥʥʳʡ ʧʦ ʜʫʙʣʝʪʫ Ag 3d 5/2,3/2, ʥʝ ʧʨʝʚʳʰʘʣ 

0.6 ʵɺ. ʆʙʨʘʙʦʪʢʘ ʩʧʝʢʪʨʦʚ ʧʨʦʚʦʜʠʣʘʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʩʪʨʦʝʥʥʦʛʦ ʇʆ 

AvantageTM. ɺ ʨʘʤʢʘʭ ʦʙʨʘʙʦʪʢʠ ʩʧʝʢʪʨʦʚ ʧʨʠ ʚʳʯʠʪʘʥʠʠ ʬʦʥʘ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ 

ʬʦʨʤʘ Smart, ʈʌʕ ʣʠʥʠʠ ʘʧʧʨʦʢʩʠʤʠʨʦʚʘʣʠ L/G Mix  ʬʫʥʢʮʠʷʤʠ (30 % Lorencian, 

70% Gaussian). ʆʙʨʘʟʮʳ ʚ ʧʦʨʦʰʢʦʦʙʨʘʟʥʦʤ ʩʦʩʪʦʷʥʠʠ ʥʘʥʦʩʠʣʠʩʴ ʥʘ Carbon Tape, 

ʧʨʠʢʨʝʤʣʸʥʥʦʡ ʥʘ ʩʪʘʥʜʘʨʪʥʳʡ ʦʙʨʘʟʝʮ ʜʝʨʞʘʪʝʣʴ ʩʧʝʢʪʨʦʤʝʪʨʘ. ʅʘ ʨʠʩʫʥʢʝ 2.5 ʚ 

ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʧʨʝʜʩʪʘʚʣʝʥ ʦʙʟʦʨʥʳʡ ʩʧʝʢʪʨ ʦʙʨʘʟʮʘ Pt-C1-N.  
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ʈʠʩʫʥʦʢ 2.5 ï ʆʙʟʦʨʥʳʡ ʨʝʥʪʛʝʥʦʚʩʢʠʡ ʬʦʪʦʵʣʝʢʪʨʦʥʥʳʡ ʦʙʨʘʟʮʘ Pt-C-N 

 

 2.4.5 ʆʧʨʝʜʝʣʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʦʙʨʘʟʮʦʚ ʤʝʪʦʜʦʤ ʧʨʦʩʚʝʯʠʚʘʶʱʝʡ 

ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ (ʇʕʄ) 

ʄʠʢʨʦʩʪʨʫʢʪʫʨʫ ʦʙʨʘʟʮʦʚ ʠʟʫʯʘʣʠ ʤʝʪʦʜʦʤ ʧʨʦʩʚʝʯʠʚʘʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ 

ʤʠʢʨʦʩʢʦʧʠʠ (ʇʕʄ). ʌʦʪʦʛʨʘʬʠʠ ʧʦʣʫʯʘʣʠ ʩ ʧʦʤʦʱʴʶ ʤʠʢʨʦʩʢʦʧʘ JEM-2100 ʠ 

JEM-F200 (JEOL, Japan) ʧʨʠ ʥʘʧʨʷʞʝʥʠʠ 200 ʢɺ ʠ ʨʘʟʨʝʰʝʥʠʠ 0.2 ʥʤ. ɼʣʷ 

ʧʨʦʚʝʜʝʥʠʷ ʠʟʤʝʨʝʥʠʡ 0.5 ʤʛ ʢʘʪʘʣʠʟʘʪʦʨʘ ʧʦʤʝʱʘʣʠ ʚ 1 ʤʣ ʠʟʦʧʨʦʧʘʥʦʣʘ ʠ 

ʜʠʩʧʝʨʛʠʨʦʚʘʣʠ ʫʣʴʪʨʘʟʚʫʢʦʤ, ʧʦʩʣʝ ʯʝʛʦ ʥʘʥʦʩʠʣʠ ʧʦʣʫʯʝʥʥʫʶ ʩʫʩʧʝʥʟʠʶ ʥʘ 

ʤʝʜʥʫʶ ʩʝʪʢʫ, ʧʦʢʨʳʪʫʶ ʩʣʦʝʤ ʘʤʦʨʬʥʦʛʦ ʫʛʣʝʨʦʜʘ, ʠ ʚ ʪʝʯʝʥʠʝ 20 ʤʠʥʫʪ 

ʚʳʩʫʰʠʚʘʣʠ ʥʘ ʚʦʟʜʫʭʝ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ɻʠʩʪʦʛʨʘʤʤʳ ʨʘʟʤʝʨʥʦʛʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʘʥʦʯʘʩʪʠʮ ʧʣʘʪʠʥʳ ʚ ʢʘʪʘʣʠʟʘʪʦʨʘʭ ʩʪʨʦʠʣʠ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ 

ʦʧʨʝʜʝʣʝʥʠʷ ʨʘʟʤʝʨʦʚ ʥʝ ʤʝʥʝʝ 400 ʯʘʩʪʠʮ, ʩʣʫʯʘʡʥʦ ʚʳʙʨʘʥʥʳʭ ʥʘ ʠʟʦʙʨʘʞʝʥʠʷʭ 

ʇʕʄ. ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʧʨʦʚʦʜʠʣʠ ʵʣʝʤʝʥʪʥʦʝ ʢʘʨʪʠʨʦʚʘʥʠʝ ʣʦʢʘʣʴʥʳʭ ʫʯʘʩʪʚʢʦʚ 

ʧʦʚʝʨʭʥʦʩʪʠ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʨʘʩʧʦʣʦʞʝʥʠʷ ʘʪʦʤʦʚ Pt, Cu, O ʠ C ʥʘ 

ʧʦʣʫʯʝʥʥʳʭ ʢʘʨʪʘʭ. 
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 2.5 ʄʝʪʦʜʠʢʠ ʦʧʨʝʜʝʣʝʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

2.5.1 ʀʩʩʣʝʜʦʚʘʥʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʝ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʦʣʫʯʝʥʥʳʭ ʦʙʨʘʟʮʦʚ 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʙʠʧʦʪʝʥʮʠʦʩʪʘʪ Pine AFCBP1 (Pine Research Instruments, USA), 

ʧʦʪʝʥʮʠʦʩʪʘʪʝ VersaSTAT3. ʀʩʩʣʝʜʦʚʘʥʠʝ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʛʦ ʧʦʚʝʜʝʥʠʷ 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʧʨʦʚʦʜʠʣʠ ʚ ʩʪʘʥʜʘʨʪʥʦʡ ʪʨʝʭʵʣʝʢʪʨʦʜʥʦʡ ʷʯʝʡʢʝ ʤʝʪʦʜʦʤ 

ʮʠʢʣʠʯʝʩʢʦʡ ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʠ. ɺ ʢʘʯʝʩʪʚʝ ʵʣʝʢʪʨʦʜʘ ʩʨʘʚʥʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʥʘʩʳʱʝʥʥʳʡ ʭʣʦʨʠʜʩʝʨʝʙʨʷʥʳʡ ʵʣʝʢʪʨʦʜ. ɼʘʣʝʝ ʚʩʝ ʧʦʪʝʥʮʠʘʣʳ ʚ ʨʘʙʦʪʝ 

ʧʨʠʚʝʜʝʥʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʪʝʥʮʠʘʣʘ ʦʙʨʘʪʠʤʦʛʦ ʚʦʜʦʨʦʜʥʦʛʦ ʵʣʝʢʪʨʦʜʘ (ʆɺʕ). 

ɺʩʝ ʠʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʣʠ ʚ 0.1 ʄ ʨʘʩʪʚʦʨʝ HClO4 ʚ ʘʪʤʦʩʬʝʨʝ ʘʨʛʦʥʘ (ʚ.ʯ. 99.998%, 

ɻʣʦʶʫʩ, ʊʋ 6-21-12-94). ɼʣʷ ʥʘʩʳʱʝʥʠʷ ʷʯʝʡʢʝ ʢʠʩʣʦʨʦʜʦʤ ʠʩʧʦʣʴʟʦʚʘʣʩʷ 

ʢʦʥʮʝʥʪʨʘʪʦʨ ʢʠʩʣʦʨʦʜʘ ɸʨʤʝʜ 7F-1L. 

 2.5.2 ʄʝʪʦʜʠʢʘ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʯʝʨʥʠʣ 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʵʣʝʢʪʨʦʢʘʪʘʣʠʟʘʪʦʨʦʚ 

ʧʨʦʚʦʜʷʪ ʥʘ ʚʨʘʱʘʶʱʝʤʩʷ ʜʠʩʢʦʚʦʤ ʵʣʝʢʪʨʦʜʝ (ɺɼʕ). ɼʣʷ ʵʪʦʛʦ ʧʨʠʛʦʪʦʚʣʝʥʥʳʝ 

ʢʘʪʘʣʠʪʠʯʝʩʢʠʝ ʯʝʨʥʠʣʘ ʥʘʥʦʩʷʪ ʥʘ ʪʦʨʝʮ ɺɼʕ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʪʦʥʢʦʛʦ 

ʨʘʚʥʦʤʝʨʥʦʛʦ ʩʣʦʷ. ʂʘʯʝʩʪʚʦ ʩʣʦʷ ʠ ʝʛʦ ʪʦʣʱʠʥʘ ʦʢʘʟʳʚʘʶʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ 

ʥʘ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʘʪʘʣʠʟʘʪʦʨʦʚ. 

ʇʦʜʙʦʨ ʩʦʩʪʘʚʘ ʯʝʨʥʠʣ, ʦʪ ʢʦʪʦʨʦʛʦ ʟʘʚʠʩʠʪ, ʢʘʯʝʩʪʚʦ ʩʣʦʷ ʷʚʣʷʝʪʩʷ ʦʯʝʥʴ 

ʚʘʞʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʣʶʙʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʅʠʟʢʠʝ ʟʥʘʯʝʥʠʷ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʦʛʫʪ ʙʳʪʴ ʩʚʷʟʘʥʳ ʩ ʪʨʘʥʩʧʦʨʪʥʳʤʠ ʧʦʪʝʨʷʤʠ ʛʘʟʘ, ʧʨʦʠʩʭʦʜʷʱʠʭ 

ʥʘ ʤʘʢʨʦ- ʠ ʤʠʢʨʦʫʨʦʚʥʝ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʯʝʨʥʠʣ, ʢʦʪʦʨʳʝ ʚʦʟʥʠʢʘʶʪ ʚ ʩʣʫʯʘʝ 

ʥʝʢʘʯʝʩʪʚʝʥʥʦ ʥʘʥʝʩʸʥʥʦʛʦ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʩʣʦʷ (ʈʠʩ. 2.6). ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʠ 

ʨʘʩʧʦʣʦʞʝʥʠʝ ʤʘʪʝʨʠʘʣʘ ʚ ʢʘʪʘʣʠʪʠʯʝʩʢʦʤ ʩʣʦʝ ʥʘ ʪʦʨʮʝ ʚʨʘʱʘʶʱʝʛʦʩʷ ʜʠʩʢʦʚʦʛʦ 

ʵʣʝʢʪʨʦʜʘ ʠʤʝʶʪ ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʤʘʩʩʦʧʝʨʝʥʦʩʘ, 

ʭʦʨʦʰʝʡ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ.  
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ɺ ʧʨʦʮʝʩʩʝ ʚʳʧʦʣʥʝʥʠʷ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʦ 

ʠʩʧʦʣʴʟʦʚʘʥʦ ʜʚʝ ʤʝʪʦʜʠʢʠ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʯʝʨʥʠʣ. ʄʝʪʦʜʠʢʘ ˉ1 

ʦʪʣʠʯʘʝʪʩʷ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʟʘʛʨʫʟʢʦʡ ʧʣʘʪʠʥʳ ʥʘ ʵʣʝʢʪʨʦʜʝ. ɺ ʧʦʩʣʝʜʩʪʚʠʠ ʨʘʙʦʪʳ 

ʤʝʪʦʜʠʢʘ ʙʳʣʘ ʫʣʫʯʰʝʥʘ ʠ ʦʧʪʠʤʠʟʠʨʦʚʘʥʠʷ (ʄʝʪʦʜʠʢʘ ˉ2) ʜʣʷ ʚʦʟʤʦʞʥʦʩʪʠ 

ʥʘʥʦʩʠʪʴ ʨʘʚʥʦʤʝʨʥʳʡ ʩʣʦʡ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʯʝʨʥʠʣ ʥʘ ʪʦʨʝʮ ɺɼʕ. 

 

ʈʠʩʫʥʦʢ 2.6 ï ʇʨʠʤʝʨʳ ʬʦʪʦʛʨʘʬʠʡ ʥʝ ʢʘʯʝʩʪʚʝʥʥʦʛʦ (ʘ-ʚ);  ʢʘʯʝʩʪʚʝʥʥʦʛʦ (ʛ-ʝ) 

ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʩʣʦʷ ʥʘ ʪʦʨʮʝ ɺɼʕ 

ʄʝʪʦʜʠʢʘ ˉ1  

ɼʣʷ ʥʘʥʝʩʝʥʠʷ ʩʣʦʷ ʢʘʪʘʣʠʟʘʪʦʨʘ ʥʘ ʩʪʝʢʣʦʛʨʘʬʠʪʦʚʳʡ ʵʣʝʢʪʨʦʜ ʛʦʪʦʚʠʣʠ 

çʢʘʪʘʣʠʪʠʯʝʩʢʠʝ ʯʝʨʥʠʣʘè. ɼʣʷ ʵʪʦʛʦ ʢ ʥʘʚʝʩʢʝ ʢʘʪʘʣʠʟʘʪʦʨʘ (0,0060 ʛ) ʜʦʙʘʚʣʷʣʠ 

100 ʤʢʣ ʚʦʜʥʦʡ ʵʤʫʣʴʩʠʠ ʧʦʣʠʤʝʨʘ NafionÈ 0.5% ʠ 900 ʤʢʣ ʠʟʦʧʨʦʧʠʣʦʚʦʛʦ 

ʩʧʠʨʪʘ. ɿʘʪʝʤ ʚ ʪʝʯʝʥʠʠ 5 ʤʠʥʫʪ ʩʫʩʧʝʥʟʠʶ ʧʦʜʚʝʨʛʘʣʠ ʜʠʩʧʝʨʛʠʨʦʚʘʥʠʶ ʚ 

ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʚʘʥʥʝ, ʧʦʩʣʝ ʯʝʛʦ 10 ʤʠʥʫʪ ʧʝʨʝʤʝʰʠʚʘʣʠ ʥʘ ʤʝʭʘʥʠʯʝʩʢʦʡ 

ʤʝʰʘʣʢʝ. ɼʘʣʝʝ, ʥʝ ʧʨʝʢʨʘʱʘʷ ʧʝʨʝʤʝʰʠʚʘʥʠʝ, ʦʪʙʠʨʘʣʠ ʘʣʠʢʚʦʪʫ çʯʝʨʥʠʣè 

ʦʙʲʝʤʦʤ 6 ʤʢʣ ʠ ʥʘʥʦʩʠʣʠ ʥʘ ʪʦʨʝʮ ʦʪʧʦʣʠʨʦʚʘʥʥʦʛʦ ʠ ʦʙʝʟʞʠʨʝʥʥʦʛʦ 

ʩʪʝʢʣʦʫʛʣʝʨʦʜʥʦʛʦ ʵʣʝʢʪʨʦʜʘ ʧʣʦʱʘʜʴʶ 0.196 ʩʤ2, ʢʦʥʪʨʦʣʠʨʫʷ ʚʝʩ ʢʘʧʣʠ. ɼʣʷ 

ʟʘʢʨʝʧʣʝʥʠʷ ʩʣʦʷ ʢʘʪʘʣʠʟʘʪʦʨʘ, ʦʩʪʘʶʱʝʛʦʩʷ ʥʘ ʵʣʝʢʪʨʦʜʝ ʧʦʩʣʝ ʚʳʩʳʭʘʥʠʷ ʢʘʧʣʠ, 



 
 

 
 

54 
 

ʥʘʥʦʩʠʣʠ 6 ʤʢʣ 0.05 % ʵʤʫʣʴʩʠʠ NafionÈ, ʧʦʩʣʝ ʯʝʛʦ ʵʣʝʢʪʨʦʜ ʚʥʦʚʴ ʚʳʩʫʰʠʚʘʣʠ 

ʥʘ ʚʦʟʜʫʭʝ ʚ ʪʝʯʝʥʠʝ 15 ʤʠʥʫʪ. 

ʄʝʪʦʜʠʢ ˉ2  

ʂʘʪʘʣʠʪʠʯʝʩʢʠʝ ʯʝʨʥʠʣʘ ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʣʷ ʥʘʥʝʩʝʥʠʷ ʪʦʥʢʦʛʦ ʩʣʦʷ 

ʢʘʪʘʣʠʟʘʪʦʨʘ ʥʘ ʩʪʝʢʣʦʛʨʘʬʠʪʦʚʳʡ ʵʣʝʢʪʨʦʜ. ʉʫʩʧʝʥʟʠʶ ʢʘʪʘʣʠʟʘʪʦʨʘ 

(ʢʘʪʘʣʠʪʠʯʝʩʢʠʝ ʯʝʨʥʠʣʘ) ʧʦʣʫʯʘʣʠ, ʜʦʙʘʚʣʷʷ ʢ ʥʘʚʝʩʢʝ 0.0060 ʛ ʢʘʞʜʦʛʦ ʠʟ 

ʦʙʨʘʟʮʦʚ 900 ʤʢʣ ʠʟʦʧʨʦʧʠʣʦʚʦʛʦ ʩʧʠʨʪʘ ʠ 100 ʤʢʣ 0.5% ʚʦʜʥʦʡ ʵʤʫʣʴʩʠʠ 

ʧʦʣʠʤʝʨʘ NafionÈ. ɿʘʪʝʤ ʩʫʩʧʝʥʟʠʶ ʜʠʩʧʝʨʛʠʨʦʚʘʣʠ ʫʣʴʪʨʘʟʚʫʢʦʤ ʚ ʪʝʯʝʥʠʝ 15 

ʤʠʥʫʪ ʧʨʠ ʢʦʥʪʨʦʣʝ ʪʝʤʧʝʨʘʪʫʨʳ ʥʝ ʚʳʰʝ 150ʉ. ʇʝʨʝʜ ʥʘʥʝʩʝʥʠʝʤ ʩʫʩʧʝʥʟʠʠ 

ʩʪʝʢʣʦʫʛʣʝʨʦʜʥʳʡ ʪʦʨʝʮ ʚʨʘʱʘʶʱʝʛʦʩʷ ʜʠʩʢʦʚʦʛʦ ʵʣʝʢʪʨʦʜʘ ʧʦʣʠʨʦʚʘʣʠ, ʟʘʪʝʤ 

ʧʨʦʤʳʚʘʣʠ ʚ ʠʟʦʧʨʦʧʠʣʦʚʦʤ ʩʧʠʨʪʝ. ɸʣʣʠʢʚʦʪʫ çʯʝʨʥʠʣè ʦʙʲʝʤʦʤ 6 ʤʢʣ ʦʪʙʠʨʘʣʠ 

ʩ ʧʦʤʦʱʴʶ ʤʠʢʨʦʜʦʟʘʪʦʨʘ ʧʨʠ ʥʝʧʨʝʨʳʚʥʦʤ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʠ ʥʘʥʦʩʠʣʠ ʥʘ ʪʦʨʝʮ 

ʦʪʧʦʣʠʨʦʚʘʥʥʦʛʦ ʠ ʦʙʝʟʞʠʨʝʥʥʦʛʦ ʩʪʝʢʣʦʫʛʣʝʨʦʜʥʦʛʦ ʵʣʝʢʪʨʦʜʘ ʧʣʦʱʘʜʴʶ 0.196 

ʩʤ2, ʧʦʩʣʝ ʯʝʛʦ ʵʣʝʢʪʨʦʜ ʚʳʩʫʰʠʚʘʣʠ ʥʘ ʚʦʟʜʫʭʝ ʚ ʪʝʯʝʥʠʝ 15 ʤʠʥʫʪ ʧʨʠ ʚʨʘʱʝʥʠʠ 

700 ʦʙ/ʤʠʥ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʩʣʝʜʫʝʤʳʡ ʵʣʝʢʪʨʦʜ ʧʨʝʜʩʪʘʚʣʷʣ ʩʦʙʦʡ 

ʨʘʚʥʦʤʝʨʥʳʡ ʧʦʨʠʩʪʳʡ ʩʣʦʡ ʢʘʪʘʣʠʟʘʪʦʨʘ, ʟʘʢʨʝʧʣʝʥʥʳʡ ʥʘ ʪʦʨʮʝ ʚʨʘʱʘʶʱʝʛʦʩʷ 

ʜʠʩʢʦʚʦʛʦ ʵʣʝʢʪʨʦʜʘ. 

ʇʨʠ ʧʨʠʛʦʪʦʚʣʝʥʠʠ ʩʫʩʧʝʥʟʠʠ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ çʯʝʨʥʠʣè ʤʘʩʩʫ ʦʙʨʘʟʮʘ 

ʨʘʩʩʯʠʪʳʚʘʣʠ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʧʨʠ ʧʦʩʣʝʜʫʶʱʝʤ ʥʘʥʝʩʝʥʠʠ ʢʘʪʘʣʠʟʘʪʦʨʘ ʥʘ 

ʵʣʝʢʪʨʦʜ ʤʘʩʩʘ ʧʣʘʪʠʥʳ ʩʦʩʪʘʚʣʷʣʘ 20 ʤʢʛ(Pt)/ʩʤ2. ɿʘʪʝʤ ʜʦʙʘʚʣʷʣʠ 1% ʚʦʜʥʫʶ 

ʵʤʫʣʴʩʠʶ ʧʦʣʠʤʝʨʘ NafionÈ, ʜʝʠʦʥʠʟʠʨʦʚʘʥʥʫʶ ʚʦʜʫ ʠ ʠʟʦʧʨʦʧʠʣʦʚʳʡ ʩʧʠʨʪ 

(ʦ.ʩ.ʯ.). 

2.5.3  ʄʝʪʦʜʠʢʘ ʦʧʨʝʜʝʣʝʥʠʷ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠ ʘʢʪʠʚʥʦʡ 

ʧʣʦʱʘʜʠ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦ ʘʜʩʦʨʙʮʠʠ ʠ ʜʝʩʦʨʙʮʠʠ ʚʦʜʦʨʦʜʘ 

ʇʝʨʝʜ ʠʟʤʝʨʝʥʠʝʤ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠ ʘʢʪʠʚʥʦʡ ʧʣʦʱʘʜʠ ʧʦʚʝʨʭʥʦʩʪʠ 

ʢʘʪʘʣʠʟʘʪʦʨʘ ʵʣʝʢʪʨʦʣʠʪ ʥʘʩʳʱʘʣʠ ʘʨʛʦʥʦʤ ʚ ʪʝʯʝʥʠʝ 30 ʤʠʥʫʪ. ɼʘʣʝʝ ʧʨʦʚʦʜʠʣʠ 

ʩʪʘʥʜʘʨʪʠʟʘʮʠʶ ʵʣʝʢʪʨʦʜʘ, ʟʘʜʘʚʘʷ 100 ʮʠʢʣʦʚ ʨʘʟʚʝʨʪʢʠ ʧʦʪʝʥʮʠʘʣʘ ʚ ʜʠʘʧʘʟʦʥʝ 

ʦʪ 0.03 ʜʦ 1.26 ɺ (ʛʣʘʚʘ 3); 0.03 ʜʦ 1.2 ɺ (ʛʣʘʚʘ 4); 0.03 ʜʦ 1.0 ɺ (ʛʣʘʚʘ 5) ʩʦ 

ʩʢʦʨʦʩʪʴʶ 200 ʤɺ/ʩ (ʨʠʩʫʥʦʢ 2.7). 
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ʈʠʩʫʥʦʢ 2.7 ï ʉʪʘʥʜʘʨʪʥʳʡ ʚʠʜ ʮʠʢʣʠʯʝʩʢʠʭ ʚʦʣʴʪʘʤʧʝʨʦʛʨʘʤʤ ʩʪʘʜʠʠ 

ʧʨʝʜʧʦʜʛʦʪʦʚʢʠ ʘ) Pt/C ʤʘʪʝʨʠʘʣ; ʙ) PtCu/C ʤʘʪʝʨʠʘʣ (ʩʪʨʝʣʢʘʤʠ ʧʦʢʘʟʘʥʳ ʧʠʢʠ 

ʨʘʩʪʚʦʨʝʥʠʷ ʤʝʜʠ) 

ɼʣʷ ʠʟʤʝʨʝʥʠʷ ʥʘʯʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʕʍɸʇ ʥʘ ʥʝʧʦʜʚʠʞʥʦʤ ʵʣʝʢʪʨʦʜʝ 

ʨʝʛʠʩʪʨʠʨʦʚʘʣʠ 2 ʮʠʢʣʠʯʝʩʢʠʭ ʚʦʣʴʪʘʤʧʝʨʦʛʨʘʤʤʳ ʩʦ ʩʢʦʨʦʩʪʴʶ ʨʘʟʚʝʨʪʢʠ 

ʧʦʪʝʥʮʠʘʣʘ 20 ʤɺ/ʩ ʚ ʜʠʘʧʘʟʦʥʝ ʧʦʪʝʥʮʠʘʣʦʚ 0.04 - 1.20 ɺ (ʛʣʘʚʘ 3, 4); 0.03 ï 1.00 

ɺ (ʛʣʘʚʘ 5). ʈʘʩʯʝʪ ʧʣʦʱʘʜʠ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠ ʘʢʪʠʚʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʦʚ 

(ʕʍɸʇ0) ʧʨʦʚʦʜʠʣʠ ʧʦ ʚʪʦʨʦʡ ʮʠʢʣʠʯʝʩʢʦʡ ʚʦʣʴʪʘʤʧʝʨʦʛʨʘʤʤʝ, ʨʘʩʩʯʠʪʳʚʘʣʠ ʧʦ 

ʢʦʣʠʯʝʩʪʚʫ ʵʣʝʢʪʨʠʯʝʩʪʚʘ, ʟʘʪʨʘʯʝʥʥʦʛʦ ʥʘ ʜʝʩʦʨʙʮʠʶ Qô ʠ ʘʜʩʦʨʙʮʠʶ Qò 

(ʨʠʩʫʥʦʢ 2.8) ʚʦʜʦʨʦʜʘ ʧʦ ʬʦʨʤʫʣʝ 2.3. 

˪ˢˍ˜

ͼ

ᶻȟ
 ,                                                (2.3) 

ʛʜʝ mPt ï ʤʘʩʩʘ ʧʣʘʪʠʥʳ ʥʘ ʵʣʝʢʪʨʦʜʝ 

0.21 ʤʂʣ/ʩʤ2 ï ʢʦʣʠʯʝʩʪʚʦ ʵʣʝʢʪʨʠʯʝʩʪʚʘ, ʟʘʪʨʘʯʝʥʥʦʝ ʥʘ ʘʜʩʦʨʙʮʠʶ 

ʚʦʜʦʨʦʜʘ ʥʘ 1 ʩʤ2. 

 

ʈʠʩʫʥʦʢ 2.8 ï ʎʠʢʣʠʯʝʩʢʠʝ ʚʦʣʴʪʘʤʧʝʨʦʛʨʘʤʤʳ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʢʦʦʨʜʠʥʘʪʘʭ, 

ʘ) ʪʦʢ ï ʧʦʪʝʥʮʠʘʣ; ʙ) ʪʦʢ ï ʚʨʝʤʷ 



 
 

 
 

56 
 

2.5.4 ʄʝʪʦʜʠʢʘ ʦʧʨʝʜʝʣʝʥʠʷ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠ ʘʢʪʠʚʥʦʡ ʧʣʦʱʘʜʠ 

ʧʦʚʝʨʭʥʦʩʪʠ ʧʦ ʭʝʤʦʩʦʨʙʮʠʠ ʉʆ 

ʇʨʠ ʧʦʪʝʥʮʠʘʣʝ 0.1 ɺ ʚ ʪʝʯʝʥʠʝ 20 ʤʠʥʫʪ ʵʣʝʢʪʨʦʣʠʪ ʧʨʦʜʫʚʘʣʠ ʦʢʩʠʜʦʤ 

ʫʛʣʝʨʦʜʘ (II), ʧʦʣʫʯʝʥʥʳʤ ʨʘʟʣʦʞʝʥʠʝʤ HCOOH ʚ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʡ H2SO4 ʧʨʠ 

ʧʦʚʝʰʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ʇʦʩʣʝ ʧʨʦʜʫʚʢʠ ʵʣʝʢʪʨʦʣʠʪʘ CO, ʛʘʟ ʙʳʣ ʟʘʤʝʥʝʥ ʥʘ 

ʘʨʛʦʥ, ʧʦʩʣʝ ʯʝʛʦ ʵʣʝʢʪʨʦʣʠʪ ʧʨʦʜʫʚʘʣʩʷ ʵʪʠʤ ʛʘʟʦʤ ʚ ʪʝʯʝʥʠʝ 40 ʤʥʫʪ ʧʨʠ ʪʦʤ ʞʝ 

ʧʦʪʝʥʮʠʘʣʝ. ʇʦʩʣʝ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʨʝʛʠʩʪʨʘʮʠʷ ʚʦʣʴʪʘʤʧʝʨʥʦʡ ʢʨʠʚʦʡ ʦʪ 0.1 ʜʦ 

1.25 ɺ, ʘ ʟʘʪʝʤ ʨʝʛʠʩʪʨʘʮʠʷ 2-ʭ ʎɺɸ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 1.25 ʜʦ 0.04 ɺ ʧʨʠ ʩʢʦʨʦʩʪʠ 

ʩʢʘʥʠʨʦʚʘʥʠʷ 20 ʤɺ/ʩ. ʈʘʩʯʝʪ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠ ʘʢʪʠʚʥʦʡ ʧʣʦʱʘʜʠ ʧʦʚʝʨʭʥʦʩʪʠ 

ʧʣʘʪʠʥʳ (ʕʍɸʇʉʆ) ʚʝʣʠ ʧʦ ʩʦʛʣʘʩʥʦ ʬʦʨʤʫʣʝ (2.4): 

˪ˢˍ˜
 z ᶻ

     (2.4) 

ʛʜʝ, ʕʍɸʇCO ï ʧʣʦʱʘʜʴ ʘʢʪʠʚʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʘʪʠʥʳ (ʤ2/ʛ(Pt)), QCOï 

ʢʦʣʠʯʝʩʪʚʦ ʵʣʝʢʪʨʠʯʝʩʪʚʘ, ʟʘʪʨʘʯʝʥʥʦʝ ʥʘ ʦʢʠʩʣʝʥʠʝ ʤʦʥʦʩʣʦʷ 

ʭʝʤʦʩʦʨʙʠʨʦʚʘʥʥʦʛʦ CO (ʤʢʂʣ), 420 - ʟʘʨʷʜ, ʥʝʦʙʭʦʜʠʤʳʡ ʜʣʷ ʦʢʠʩʣʝʥʠʷ 

ʤʦʥʦʩʣʦʷ CO ʥʘ 1 ʩʤ2 ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʘʪʠʥʳ (ʤʢʂʣ/ʩʤ2), m(Pt)- ʟʘʛʨʫʟʢʘ ʧʣʘʪʠʥʳ ʥʘ 

ʵʣʝʢʪʨʦʜʝ (ʛ). ɺʝʣʠʯʠʥʫ ʢʦʣʠʯʝʩʪʚʘ ʵʣʝʢʪʨʠʯʝʩʪʚʘ, ʧʦʰʝʜʰʝʛʦ ʥʘ ʦʢʠʩʣʝʥʠʝ 

ʤʦʥʦʩʣʦʷ CO, ʦʧʨʝʜʝʣʷʣʠ ʧʨʠ ʨʝʛʠʩʪʨʘʮʠʠ ʮʠʢʣʠʯʝʩʢʠʭ ʚʦʣʴʪʘʤʧʝʨʦʛʨʘʤʤ, ʢʘʢ 

ʧʣʦʱʘʜʴ ʧʦʜ ʧʠʢʦʤ ʥʘ ʧʝʨʚʦʤ ʫʯʘʩʪʢʝ ʎɺɸ (ʈʠʩ. 2.9). 

 

ʈʠʩʫʥʦʢ 2.9 ï ʎʠʢʣʠʯʝʩʢʘʷ ʚʦʣʴʪʘʤʧʝʨʦʛʨʘʤʤʘ, ʧʨʝʜʩʪʘʚʣʝʥʥʘ ̫ʚ ʢʦʦʨʜʠʥʘʪʘʭ 

ʪʦʢ ï ʧʦʪʝʥʮʠʘʣ 
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2.5.5 ʄʝʪʦʜʠʢʘ ʦʧʨʝʜʝʣʝʥʠʷ ʘʢʪʠʚʥʦʩʪʠ ʚ ʨʝʘʢʮʠʠ 

ʵʣʝʢʪʨʦʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʢʠʩʣʦʨʦʜʘ 

ʇʨʠ ʩʨʘʚʥʝʥʠʠ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʦʙʨʘʟʮʦʚ ʚ ʈɺʂ, ʵʣʝʢʪʨʦʣʠʪ 

ʥʘʩʳʱʘʣʠ ʢʠʩʣʦʨʦʜʦʤ ʚ ʪʝʯʝʥʠʝ 40 ʤʠʥʫʪ, ʧʦʩʣʝ ʯʝʛʦ ʩʥʠʤʘʣʠ ʢʠʩʣʦʨʦʜʥʳʝ 

ʢʨʠʚʳʝ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʩʢʦʨʦʩʪʷʭ ʚʨʘʱʝʥʠʷ ʵʣʝʢʪʨʦʜʘ 400; 900; 1600; 2500 ʦʙ/ʤʠʥ.  

ʇʨʠ ʧʦʩʪʨʦʝʥʠʠ ʚʦʣʴʪʘʤʧʝʨʦʛʨʘʤʤ ʩ ʣʠʥʝʡʥʦ ʨʘʟʚʝʨʪʢʦʡ ʧʦʪʝʥʮʠʘʣʦʚ 

ʥʝʦʙʭʦʜʠʤ ʙʳʣ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʡ ʧʝʨʝʩʯʝʪ ʪʦʢʘ ʠ ʧʦʪʝʥʮʠʘʣʘ (ʈʠʩ. 2.10 ʘ). 

I = I(O2) ï I(Ar)                                              (2.5) 

E = Ei + Eʭʩʵ + Eʦʚʵ ï IR     (2.6) 

ʛʜʝ I (O2) ï ʪʦʢ, ʨʝʛʠʩʪʨʠʨʫʝʤʳʡ ʚ ʢʠʩʣʦʨʦʜʥʦʡ ʘʪʤʦʩʬʝʨʝ (ʢʠʩʣʦʨʦʜʥʘʷ ʢʨʠʚʘʷ);  

I (Ar) ï ʪʦʢ, ʨʝʛʠʩʪʨʠʨʫʝʤʳʡ ʚ ʘʪʤʦʩʬʝʨʝ ʘʨʛʦʥʘ (ʘʨʛʦʥʦʚʘʷ ʢʨʠʚʘʷ); 

E ï ʧʦʪʝʥʮʠʘʣ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʙʨʘʪʠʤʦʛʦ ʚʦʜʦʨʦʜʥʦʛʦ ʵʣʝʢʪʨʦʜʘ;  

ɽi ï ʠʟʤʝʨʝʥʥʳʡ ʧʦʪʝʥʮʠʘʣ ʧʨʠ ʚʳʙʨʘʥʥʦʤ ʟʥʘʯʝʥʠʠ ʪʦʢʘ;  

Eʭʩʵ ï ʧʦʪʝʥʮʠʘʣ ʭʣʦʨʠʜ ʩʝʨʝʙʨʷʥʦʛʦ ʵʣʝʢʪʨʦʜʘ ʩʨʘʚʥʝʥʠʷ, ʨʘʚʥʳʡ 0.208 ɺ;  

ɽʦʚʵ ï ʧʦʪʝʥʮʠʘʣ ʦʙʨʘʪʠʤʦʛʦ ʚʦʜʦʨʦʜʥʦʛʦ ʵʣʝʢʪʨʦʜʘ ʚ 0.1 ʄ ʭʣʦʨʥʦʡ 

ʢʠʩʣʦʪʝ, ʨʘʚʥʳʡ 0.059 ɺ;  

R ï ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʩʠʩʪʝʤʳ ʥʝ ʙʦʣʴʰʝ 25 ʆʤ.  

 

ʈʠʩʫʥʦʢ 2.10 ï ɺʦʣʴʪʘʤʧʝʨʦʛʨʘʤʤʳ ʩ ʣʠʥʝʡʥʦʡ ʨʘʟʚʝʨʪʢʦʡ ʧʦʪʝʥʮʠʘʣʘ ʜʣʷ Pt/C 

ʢʘʪʘʣʠʟʘʪʦʨʘ ʚ 0.1 ʄ ʅClO4 ʥʘʩʳʱʝʥʥʦʤ ʆ2, ʩʢʦʨʦʩʪʴ ʨʘʟʚʝʨʪʢʠ ʧʦʪʝʥʮʠʘʣʘ 20 ʤɺ/ʩ, 

ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ʵʣʝʢʪʨʦʜʘ 400-900-1600-2500 ʦʙ/ʤʠʥ (ʘ); ɿʘʚʠʩʠʤʦʩʪʴ 

ʂʦʫʪʝʮʢʦʛʦ ï ʃʝʚʠʯʘ ʜʣʷ Pt/C ʢʘʪʘʣʠʟʘʪʦʨʘ (ʙ)  
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ʅʘ ʨʠʩʫʥʢʝ 2.10 ʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʝʨʠʷ ʚʦʣʴʪʘʤʧʝʨʥʳʭ ʢʨʠʚʳʭ, ʩ ʣʠʥʝʡʥʦʡ 

ʨʘʟʚʝʨʪʢʦʡ ʧʦʪʝʥʮʠʘʣʘ, ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʩʢʦʨʦʩʪʷʭ ʚʨʘʱʝʥʠʷ ʜʠʩʢʦʚʦʛʦ 

ʵʣʝʢʪʨʦʜʘ. ʅʘ ʚʦʣʴʪʘʤʧʝʨʦʛʨʘʤʤʘʭ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʪʨʠ ʭʘʨʘʢʪʝʨʥʳʭ ʫʯʘʩʪʢʘ: 

ʦʙʣʘʩʪʴ ʜʠʬʬʫʟʠʦʥʥʦʛʦ ʢʦʥʪʨʦʣʷ (ʧʨʝʜʝʣʴʥʦʛʦ ʜʠʬʬʫʟʠʦʥʥʦʛʦ ʪʦʢʘ) E Ò 0.8 ɺ; 

ʦʙʣʘʩʪʴ ʩʤʝʰʝʥʥʦʛʦ ʢʦʥʪʨʦʣʷ 0.8 Ò ɽ Ò 0.95 ɺ; ʦʙʣʘʩʪʴ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʢʦʥʪʨʦʣʷ  

ɽ Ó 0.95 ɺ. ʀʩʧʦʣʴʟʫʷ ʟʘʚʠʩʠʤʦʩʪʴ ʂʦʫʪʝʮʢʦʛʦ ï ʃʝʚʠʯʘ ʜʣʷ Pt/C ʢʘʪʘʣʠʟʘʪʦʨʦʚ, 

ʥʘʭʦʜʠʣʠ ʟʥʘʯʝʥʠʷ ʢʠʥʝʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʦʙʨʘʟʮʦʚ: 

̅ ᶻ Ѝz
                           (2.7) 

B = 0.62FD2/3ɡ-1/6c,                                     (2.8) 

ʛʜʝ i ï ʪʦʢ ʥʘ ʜʠʩʢʦʚʦʤ ʵʣʝʢʪʨʦʜʝ,  

iʢ ï ʢʠʥʝʪʠʯʝʩʢʠʡ ʪʦʢ,  

iʜ ï ʜʠʬʬʫʟʠʦʥʥʳʡ ʪʦʢ,  

ɤ ï ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ʜʠʩʢʦʚʦʛʦ ʵʣʝʢʪʨʦʜʘ (ʨʘʜ/ʩ),  

n ï ʢʦʣʠʯʝʩʪʚʦ ʵʣʝʢʪʨʦʥʦʚ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ,  

F ï ʧʦʩʪʦʷʥʥʘʷ ʌʘʨʘʜʝʷ (ʂʣ/ʤʦʣʴ),  

D ï ʢʦʵʬʬʠʮʠʝʥʪ ʜʠʬʬʫʟʠʠ (ʩʤ2/ʩ),  

ɡ ï ʢʠʥʝʤʘʪʠʯʝʩʢʘʷ ʚʷʟʢʦʩʪʴ ʵʣʝʢʪʨʦʣʠʪʘ (ʩʤ2/ʩ),  

ʩ ï ʢʦʥʮʝʥʪʨʘʮʠʷ ʢʠʩʣʦʨʦʜʘ ʚ ʨʘʩʪʚʦʨʝ. 

ʀʟʤʝʨʷʷ ʪʦʢ ʧʨʠ ʥʝʩʢʦʣʴʢʠʭ ʩʢʦʨʦʩʪʷʭ ʚʨʘʱʝʥʠʷ ʜʠʩʢʦʚʦʛʦ ʵʣʝʢʪʨʦʜʘ, 

ʩʪʨʦʠʣʠ ʟʘʚʠʩʠʤʦʩʪʴ ʚ ʢʦʦʨʜʠʥʘʪʘʭ 1/Iʫʜ ï Ѝʇʨʠ ɽ = 0.9ɺ ʥʘʭʦʜʠʣʠ .(ʈʠʩ. 2.10 ʙ) ‫ 

ʟʥʘʯʝʥʠʝ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʪʦʢʘ, ʵʢʩʪʨʘʧʦʣʠʨʫʷ ʧʨʷʤʫʶ ʥʘ ʦʩʴ ʦʨʜʠʥʘʪ                              

(ɤ = Ð, Ѝʜʠʬʬʫʟʠʦʥʥʳʝ ʟʘʪʨʫʜʥʝʥʠʷ ʦʪʩʫʪʩʪʚʫʶʪ), ʠ ʧʦ ʫʛʣʫ ʥʘʢʣʦʥʘ ,0 = ‫ 

ʧʨʷʤʳʭ ʥʘʭʦʜʠʣʠ ʢʠʥʝʪʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʤʘʪʝʨʠʘʣʦʚ. 

2.6 ʄʝʪʦʜʠʢʘ ʦʧʨʝʜʝʣʝʥʠʷ ʜʝʛʨʘʜʘʮʠʠ ʤʘʪʝʨʠʘʣʦʚ ʤʝʪʦʜʦʤ 

ʤʥʦʛʦʢʨʘʪʥʦʛʦ ʮʠʢʣʠʨʦʚʘʥʠʷ (ʩʪʨʝʩʩ-ʪʝʩʪʠʨʦʚʘʥʠʷ) 

2.6.1 ʆʧʨʝʜʝʣʝʥʠʝ ʩʪʘʙʠʣʴʥʦʩʪʠ ʫʛʣʝʨʦʜʥʳʭ ʥʦʩʠʪʝʣʝʡ ʤʝʪʦʜʦʤ 

ʤʥʦʛʦʢʨʘʪʥʳʭ ʧʨʷʤʦʫʛʦʣʴʥʳʭ ʠʤʧʫʣʴʩʦʚ ʚ ʘʪʤʦʩʬʝʨʝ ʘʨʛʦʥʘ. 

ʇʝʨʝʜ ʥʘʯʘʣʦʤ ʢʘʞʜʦʛʦ ʩʪʨʝʩʩ-ʪʝʩʪʘ ʧʨʦʚʦʜʠʣʠ 100 ʮʠʢʣʦʚ 

ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʡ ʧʨʝʜʧʦʜʛʦʪʦʚʢʠ ʧʦʚʝʨʭʥʦʩʪʠ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʥʝʧʦʜʚʠʞʥʦʤ 



 
 

 
 

59 
 

ʵʣʝʢʪʨʦʜʝ, ʠʟʤʝʥʷʷ ʧʦʪʝʥʮʠʘʣ ʚ ʜʠʘʧʘʟʦʥʝ 0.04 - 1.2 ɺ ʩʦ ʩʢʦʨʦʩʪʴʶ 200 ʤɺ/ʩ ʚ 

ʘʪʤʦʩʬʝʨʝ Ar, ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 22 ï 23ᴈ. ʇʦʩʣʝ ʵʪʦʛʦ ʥʘ ʥʝʧʦʜʚʠʞʥʦʤ ʵʣʝʢʪʨʦʜʝ 

ʨʝʛʠʩʪʨʠʨʦʚʘʣʠ 2 ʮʠʢʣʠʯʝʩʢʠʭ ʚʦʣʴʪʘʤʧʝʨʦʛʨʘʤʤʳ ʩʦ ʩʢʦʨʦʩʪʴʶ ʨʘʟʚʝʨʪʢʠ 

ʧʦʪʝʥʮʠʘʣʘ 20 ʤɺ/ʩ ʚ ʪʦʤ ʞʝ ʜʠʘʧʘʟʦʥʝ ʧʦʪʝʥʮʠʘʣʦʚ. 

ɼʣʷ ʢʦʥʪʨʦʣʷ ʜʝʛʨʘʜʘʮʠʠ ʫʛʣʝʨʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚ ʢʠʩʣʳʭ ʨʘʩʪʚʦʨʘʭ ʦʥʠ 

ʙʳʣʠ ʧʦʜʚʝʨʛʥʫʪʳ ʤʥʦʛʦʢʨʘʪʥʦʤʫ ʮʠʢʣʠʨʦʚʘʥʠʶ ʧʦʪʝʥʮʠʘʣʘ ʚ ʜʠʘʧʘʟʦʥʝ 

ʟʥʘʯʝʥʠʡ 1.4 ɺ - 0,8 ɺ, ʩ ʚʳʜʝʨʞʢʦʡ ʧʨʠ ʢʘʞʜʦʤ ʟʥʘʯʝʥʠʠ ʧʦʪʝʥʮʠʘʣʘ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 50 ʩ ʠ 10 ʩ [148, 149]. ʆʙʱʘʷ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʩʪʨʝʩʩ-ʪʝʩʪʘ 

ʩʦʩʪʘʚʠʣʘ 36 ʤʠʥʫʪ. ʀʟʤʝʨʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʵʣʝʢʪʨʠʯʝʩʪʚʘ (Q) ʧʨʦʰʝʜʰʝʛʦ ʧʨʠ 

ʚʳʩʦʢʠʭ (1,4 ɺ) ʠ ʥʠʟʢʠʭ (0,8 ɺ). çʂʦʨʨʦʟʠʷè ʥʦʩʠʪʝʣʷ ʨʘʩʩʯʠʪʳʚʘʣʘʩʴ ʩ ʫʯʝʪʦʤ 

ʪʦʢʦʚ ʟʘʨʷʜ/ʨʘʟʨʷʜʘ ʜʚʦʡʥʦʩʣʦʡʥʦʡ ʦʙʣʘʩʪʠ ʧʦ ʬʦʨʤʫʣʝ 2.9.  

  Qʢʦʨʨ. = Ȣ Ȣ

Ȣ
               (2.9) [148]. 

2.6.2 ʆʧʨʝʜʝʣʝʥʠʝ ʩʪʘʙʠʣʴʥʦʩʪʠ ʤʝʪʦʜʦʤ ʤʥʦʛʦʢʨʘʪʥʦʛʦ 

ʮʠʢʣʠʨʦʚʘʥʠʷ ʚ ʘʪʤʦʩʬʝʨʝ ʘʨʛʦʥʘ. 

ʉʪʨʝʩʩ-ʪʝʩʪʳ ʧʨʦʚʦʜʠʣʠ ʤʝʪʦʜʦʤ ʎɺɸ, ʧʝʨʠʦʜʠʯʝʩʢʠ ʠʟʤʝʨʷʷ ʟʥʘʯʝʥʠʷ 

ʕʍɸʇ, ʧʦ ʘʙʩʦʣʶʪʥʳʤ ʚʝʣʠʯʠʥʘʤ ʠ ʭʘʨʘʢʪʝʨʫ ʠʟʤʝʥʝʥʠʷ ʢʦʪʦʨʳʭ ʦʮʝʥʠʚʘʣʠ 

ʩʪʘʙʠʣʴʥʦʩʪʴ ʢʘʪʘʣʠʟʘʪʦʨʦʚ. ʇʝʨʝʜ ʥʘʯʘʣʦʤ ʢʘʞʜʦʛʦ ʩʪʨʝʩʩ-ʪʝʩʪʘ ʧʨʦʚʦʜʠʣʠ 100 

ʮʠʢʣʦʚ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʡ ʧʨʝʜʧʦʜʛʦʪʦʚʢʠ ʧʦʚʝʨʭʥʦʩʪʠ ʤʘʪʝʨʠʘʣʦʚ ʥʘ 

ʥʝʧʦʜʚʠʞʥʦʤ ʵʣʝʢʪʨʦʜʝ, ʠʟʤʝʥʷʷ ʧʦʪʝʥʮʠʘʣ ʚ ʜʠʘʧʘʟʦʥʝ 0.04 - 1.2 ɺ ʩʦ ʩʢʦʨʦʩʪʴʶ 

200 ʤɺ/ʩ ʚ ʘʪʤʦʩʬʝʨʝ Ar, ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 22 ï 23ᴈ. ʇʦʩʣʝ ʵʪʦʛʦ ʥʘ ʥʝʧʦʜʚʠʞʥʦʤ 

ʵʣʝʢʪʨʦʜʝ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠ 2 ʮʠʢʣʠʯʝʩʢʠʭ ʚʦʣʴʪʘʤʧʝʨʦʛʨʘʤʤʳ ʩʦ ʩʢʦʨʦʩʪʴʶ 

ʨʘʟʚʝʨʪʢʠ ʧʦʪʝʥʮʠʘʣʘ 20 ʤɺ/ʩ ʚ ʪʦʤ ʞʝ ʜʠʘʧʘʟʦʥʝ ʧʦʪʝʥʮʠʘʣʦʚ. ʈʘʩʯʝʪ ʧʣʦʱʘʜʠ 

ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠ ʘʢʪʠʚʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʦʚ (ʕʍɸʇ0) ʧʨʦʚʦʜʠʣʠ ʧʦ ʚʪʦʨʦʡ 

ʮʠʢʣʠʯʝʩʢʦʡ ʚʦʣʴʪʘʤʧʝʨʦʛʨʘʤʤʝ. ʉʪʘʙʠʣʴʥʦʩʪʴ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʦʮʝʥʠʚʘʣʠ 

ʤʝʪʦʜʘʤʠ ʩʪʨʝʩʩ-ʪʝʩʪʠʨʦʚʘʥʠʷ, ʦʩʥʦʚʘʥʥʳʤʠ ʥʘ ʤʥʦʛʦʢʨʘʪʥʦʤ 

ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʯʝʩʢʦʤ ʮʠʢʣʠʯʝʩʢʦʤ ʠʟʤʝʥʝʥʠʠ ʧʦʪʝʥʮʠʘʣʘ ʩʦ ʩʢʦʨʦʩʪʴʶ 100 

ʤɺ/ʩ (ʘ) ʚ ʪʝʯʝʥʠʝ 5000 ʮʠʢʣʦʚ ʚ ʜʠʘʧʘʟʦʥʝ ʧʦʪʝʥʮʠʘʣʦʚ 0.6 ï 1.0 ɺ ʠ (ʙ) ʚ ʪʝʯʝʥʠʝ 

1000 ʮʠʢʣʦʚ ʚ ʜʠʘʧʘʟʦʥʝ ʧʦʪʝʥʮʠʘʣʦʚ 0.6 ï 1.4 ɺ. ʀʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʣʠ ʚ 0.1 ʄ 



 
 

 
 

60 
 

ʨʘʩʪʚʦʨʝ HClO4 ʥʘʩʳʱʝʥʥʦʤ ʘʨʛʦʥʦʤ, ʧʨʠ 25ÁC. ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ 5000 ʮʠʢʣʦʚ 

ʧʦʩʣʝ ʢʘʞʜʳʭ 500 ʮʠʢʣʦʚ (ʘ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ 1000 ʮʠʢʣʦʚ ʧʦʩʣʝ ʢʘʞʜʳʭ 100 

ʮʠʢʣʦʚ) ʨʝʛʠʩʪʨʠʨʦʚʘʣʠ ʜʚʝ ʎɺɸ ʧʨʠ ʩʢʦʨʦʩʪʠ ʨʘʟʚʝʨʪʢʠ ʧʦʪʝʥʮʠʘʣʘ 20 ʤɺ/ʩ ʚ 

ʜʠʘʧʘʟʦʥʝ ʧʦʪʝʥʮʠʘʣʦʚ 0.02 - 1.2 ɺ. ʇʦ ʚʪʦʨʦʡ ʎɺɸ ʧʨʦʚʦʜʠʣʠ ʨʘʩʯʝʪ ʕʍɸʇ ʪʘʢ, 

ʢʘʢ ʵʪʦ ʦʧʠʩʘʥʦ ʨʘʥʝʝ. ʉʪʘʙʠʣʴʥʦʩʪʴ (ʉʊ) ʦʮʝʥʠʚʘʣʠ ʧʦ ʘʙʩʦʣʶʪʥʦʤʫ ʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦʤʫ ʠʟʤʝʥʝʥʠʶ ʕʍɸʇ ʵʣʝʢʪʨʦʢʘʪʘʣʠʟʘʪʦʨʘ ʚ ʭʦʜʝ ʠ ʧʦ ʟʘʚʝʨʰʝʥʠʶ 

ʩʪʨʝʩʩ-ʪʝʩʪʘ ʧʦ ʬʦʨʤʫʣʝ 2.10. 

˞˟
˪ˢˍ˜

˪ˢˍ˜
ρzππϷ                                         (2.10) 

ʛʜʝ n ï ʯʠʩʣʦ ʧʨʦʚʝʜʝʥʥʳʭ ʮʠʢʣʦʚ;  

ʕʍɸʇ0 ï ʥʘʯʘʣʴʥʘʷ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠ ʘʢʪʠʚʥʘʷ ʧʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ 

ʧʣʘʪʠʥʳ.  

ʉʪʝʧʝʥʴ ʜʝʛʨʘʜʘʮʠʠ (Cɼ) ʵʣʝʢʪʨʦʢʘʪʘʣʠʟʘʪʦʨʦʚ ʚ ʩʪʨʝʩʩ-ʪʝʩʪʠʨʦʚʘʥʠʠ 

ʷʚʣʷʝʪʩʷ ʦʙʨʘʪʥʦʡ ʚʝʣʠʯʠʥʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ ʠ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ 2.11 ʠ 

2.12:  

ʉɼ = 100% - ʉʊ                          (2.11) 

Cɼ = a + k*n (aÝ0),                                       (2.12) 

ʛʜʝ k ï ʩʢʦʨʦʩʪʴ ʜʝʛʨʘʜʘʮʠʠ  

2.6.3 ʆʧʨʝʜʝʣʝʥʠʝ ʩʪʘʙʠʣʴʥʦʩʪʠ ʤʝʪʦʜʦʤ ʤʥʦʛʦʢʨʘʪʥʳʭ 

ʧʨʷʤʦʫʛʦʣʴʥʳʭ ʠʤʧʫʣʴʩʦʚ ʚ ʘʪʤʦʩʬʝʨʝ ʘʨʛʦʥʘ/ʢʠʩʣʦʨʦʜʘ. 

ʇʝʨʝʜ ʥʘʯʘʣʦʤ ʢʘʞʜʦʛʦ ʩʪʨʝʩʩ-ʪʝʩʪʘ ʧʨʦʚʦʜʠʣʠ 100 ʮʠʢʣʦʚ 

ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʡ ʧʨʝʜʧʦʜʛʦʪʦʚʢʠ ʧʦʚʝʨʭʥʦʩʪʠ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʥʝʧʦʜʚʠʞʥʦʤ 

ʵʣʝʢʪʨʦʜʝ, ʠʟʤʝʥʷʷ ʧʦʪʝʥʮʠʘʣ ʚ ʜʠʘʧʘʟʦʥʝ 0.04 ï 1.0 ɺ ʩʦ ʩʢʦʨʦʩʪʴʶ 200 ʤɺ/ʩ ʚ 

ʘʪʤʦʩʬʝʨʝ Ar, ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 22 ï 23ᴈ. ʇʦʩʣʝ ʵʪʦʛʦ ʥʘ ʥʝʧʦʜʚʠʞʥʦʤ ʵʣʝʢʪʨʦʜʝ 

ʨʝʛʠʩʪʨʠʨʦʚʘʣʠ 2 ʮʠʢʣʠʯʝʩʢʠʭ ʚʦʣʴʪʘʤʧʝʨʦʛʨʘʤʤʳ ʚ ʜʠʘʧʘʟʦʥʝ ʧʦʪʝʥʮʠʘʣʦʚ     

0.05 ï 1.05 ɺ ʩʦ ʩʢʦʨʦʩʪʴʶ ʨʘʟʚʝʨʪʢʠ ʧʦʪʝʥʮʠʘʣʘ 50 ʤɺ/ʩ ʧʨʠ ʚʨʘʱʝʥʠʠ 50 ʦʙ/ʤʠʥ 

[112]. ʈʘʩʯʝʪ ʧʣʦʱʘʜʠ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠ ʘʢʪʠʚʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʦʚ (ʕʍɸʇ0) 

ʧʨʦʚʦʜʠʣʠ ʧʦ ʚʪʦʨʦʡ ʮʠʢʣʠʯʝʩʢʦʡ ʚʦʣʴʪʘʤʧʝʨʦʛʨʘʤʤʝ [38].ɼʣʷ ʵʪʦʛʦ ʚ ʘʪʤʦʩʬʝʨʝ 

ʢʠʩʣʦʨʦʜʘ ʥʘ ʥʝʧʦʜʚʠʞʥʦʤ ʵʣʝʢʪʨʦʜʝ ʚ ʜʠʘʧʘʟʦʥʝ ʧʦʪʝʥʮʠʘʣʦʚ 0.4 ï1.0 ɺ ʩ 
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ʚʳʜʝʨʞʢʦʡ ʧʦ 3 ʩʝʢʫʥʜʳ ʥʘ ʢʨʘʡʥʠʭ ʧʦʪʝʥʮʠʘʣʘʭ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠ 10000 ʮʠʢʣʦʚ ʠ 

ʯʝʨʝʟ ʢʘʞʜʳʝ 1000 ʮʠʢʣʦʚ ʠʟʤʝʨʷʣʠ ʕʍɸʇ ʢʘʢ ʵʪʦ ʧʦʜʨʦʙʥʝʝ ʦʧʠʩʘʥʦ ʚ [114]. 

ʋʩʪʦʡʯʠʚʦʩʪʴ ʢ ʜʝʛʨʘʜʘʮʠʠ ʤʘʪʝʨʠʘʣʦʚ ʦʮʝʥʠʚʘʣʠ ʧʦ ʠʟʤʝʥʝʥʠʶ ʘʢʪʠʚʥʦʩʪʠ 

ʚ ʨʝʘʢʮʠʠ ʵʣʝʢʪʨʦʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʢʠʩʣʦʨʦʜʘ ʧʦ ʬʦʨʤʫʣʝ 2.13: 

 ˞˟ ̍́̒̒
 

̍́̒̒
ρzππϷ                                                (2.13), 

ʛʜʝ I0
ʤʘʩʩ ï ʥʘʯʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚ ʈɺʂ; 

 I10000
ʤʘʩʩ ï ʟʥʘʯʝʥʠʝ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚ ʈɺʂ ʧʦʩʣʝ 10000-ʮʠʢʣʦʚ 

ʪʝʩʪʠʨʦʚʘʥʠʷ.  

ʉʪʝʧʝʥʴ ʜʝʛʨʘʜʘʮʠʠ ʨʘʩʩʯʠʪʘʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ 2.11:  

ʇʨʦʪʦʢʦʣ ʚʳʙʨʘʥʥʳʭ ʨʝʞʠʤʦʚ ʠ ʫʩʣʦʚʠʡ ʧʨʦʚʝʜʝʥʠʷ ʩʪʨʝʩʩ-ʪʝʩʪʘ 

ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʪʘʙʣʠʮʝ 2.2.  

ʊʘʙʣʠʮʘ 2.2 ʇʨʦʪʦʢʦʣʳ ʠʩʩʣʝʜʦʚʘʥʠʷ Pt/C ʠ PtCu/C ʢʘʪʘʣʠʟʘʪʦʨʦʚ 

ɼʠʘʧʘʟʦʥ 

ʧʦʪʝʥʮʠʘʣʦʚ, 

ɺ (ʆɺʕ) 

ʆʙʱʝʝ 

ʢʦʣʠʯʝʩʪʚʦ 

ʮʠʢʣʦʚ 

ʂʦʣʠʯʝʩʪʚʦ 

ʮʠʢʣʦʚ ʤʝʞʜʫ 

ʧʨʦʤʝʞʫʪʦʯʥʳʤʠ 

ʕʍɸʇ 

ʋʩʣʦʚʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ 

0.6 ï 1.0 5000 500 22 ï 23 ᴈ, 0.1ʄ HClO4; 

ʘʪʤʦʩʬʝʨʘ Ar, ʤʥʦʛʦʢʨʘʪʥʦʝ 

ʮʠʢʣʠʨʦʚʘʥʠʝ 

0.6 ï 1.4 500 100 

0.6 ï 1.6 500 100 

0.6 ï 1.0 1000 100 

60 ᴈ, 0.1ʄ HClO4; ʘʪʤʦʩʬʝʨʘ 

Ar, ʤʥʦʛʦʢʨʘʪʥʦʝ 

ʮʠʢʣʠʨʦʚʘʥʠʝ 

0.4 ï 1.0 10 000 - 

22 ï 23 ᴈ, 0.1ʄ HClO4; 

ʘʪʤʦʩʬʝʨʘ Ar, ʧʨʷʤʦʫʛʦʣʴʥʳʝ 

ʠʤʧʫʣʴʩʳ 

0.4 ï 1.0 10 000 - 

22 ï 23 ᴈ, 0.1ʄ HClO4; 

ʘʪʤʦʩʬʝʨʘ ʆ2, ʧʨʷʤʦʫʛʦʣʴʥʳʝ 

ʠʤʧʫʣʴʩʳ 
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ɼʣʷ ʢʘʞʜʦʛʦ ʨʝʞʠʤʘ ʩʪʨʝʩʩ-ʪʝʩʪʠʨʦʚʘʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʭʝʤʳ 

ʵʢʩʧʝʨʠʤʝʥʪʘ ʥʘ ʨʠʩʫʥʢʝ 2.11. 

 

ʈʠʩʫʥʦʢ 2.11 ï ʉʭʝʤʘ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʘ) ʤʝʪʦʜʦʤ ʤʥʦʛʦʢʨʘʪʥʦʛʦ 

ʮʠʢʣʠʨʦʚʘʥʠʷ ʚ ʘʪʤʦʩʬʝʨʝ Ar; ʙ) ʧʨʷʤʦʫʛʦʣʴʥʳʝ ʠʤʧʫʣʴʩʳ ʚ ʘʪʤʦʩʬʝʨʝ Ar ;  

ʚ) ʧʨʷʤʦʫʛʦʣʴʥʳʝ ʠʤʧʫʣʴʩʳ ʚ ʘʪʤʦʩʬʝʨʝ ʆ2 [127] 
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3. ɺʃʀʗʅʀɽ ʄʆʈʌʆʃʆɻʀʀ PtCu ʅɸʅʆʏɸʉʊʀʎ ʅɸ ʉʊɸɹʀʃʔʅʆʉʊʔ 

ʕʃɽʂʊʈʆʂɸʊɸʃʀɸɿʊʆʈʆɺ  

3.1 ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ PtCu/C  

ʇʣʘʪʠʥʦʤʝʜʥʳʡ ʤʘʪʝʨʠʘʣ, ʧʦʣʫʯʝʥʥʳʡ ʦʜʥʦʩʪʘʜʠʡʥʳʤ ʤʝʪʦʜʦʤ ʩʠʥʪʝʟʘ ʧʨʠ 

ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ ʧʨʝʢʫʨʩʦʨʦʚ, ʧʨʝʜʩʪʘʚʣʷʣ ʩʦʙʦʡ 

ʵʣʝʢʪʨʦʢʘʪʘʣʠʟʘʪʦʨ, ʩʦʜʝʨʞʘʱʠʡ ʥʘʥʦʯʘʩʪʠʮʳ ʩ ʤʠʢʨʦʩʪʨʫʢʪʫʨʦʡ çʪʚʸʨʜʳʡ 

ʨʘʩʪʚʦʨè (ʦʙʨʘʟʝʮ PtCu/C). ʄʥʦʛʦʩʪʘʜʠʡʥʳʤ ʤʝʪʦʜʦʤ ʩʠʥʪʝʟʘ (ʉʤ. ʛʣʘʚʘ 2 ʨʘʟʜʝʣ 

2.) ʙʳʣ ʧʦʣʫʯʝʥ ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʡ ʧʣʘʪʠʥʦʤʝʜʥʳʡ ʵʣʝʢʪʨʦʢʘʪʘʣʠʟʘʪʦʨ ʩʦ ʩʣʦʞʥʦʡ 

çʣʫʢʦʚʠʯʥʘʷè ʩʪʨʫʢʪʫʨʦʡ (ʦʙʨʘʟʝʮ Pt(Cu)/C) [35]. ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʙʳʣʠ ʚʟʷʪʳ 

ʢʦʤʤʝʨʯʝʩʢʠʝ ʧʣʘʪʠʥʦʚʳʝ ʢʘʪʘʣʠʟʘʪʦʨʳ JM20 (JM) ʠ E-TEK20 (E-TEK) c ʤʘʩʩʦʚʦʡ 

ʜʦʣʝʡ ʧʣʘʪʠʥʳ ʙʣʠʟʢʦʡ ʢ ʩʠʥʪʝʟʠʨʫʝʤʳʤ ʦʙʨʘʟʮʘʤ (ʊʘʙʣ. 3.1).  

ʉʦʩʪʘʚ ʧʦʣʫʯʝʥʥʳʭ ʥʘʤʠ ʦʙʨʘʟʮʦʚ ʦʢʘʟʘʣʩʷ ʙʣʠʟʦʢ ʢ ʨʘʩʯʸʪʥʦʤʫ ʟʥʘʯʝʥʠʶ: 

ʤʘʩʩʦʚʘʷ ʜʦʣʷ ʤʝʪʘʣʣʦʚ ʚ PtCu/C ʠ Pt(Cu)/C ʦʙʨʘʟʮʘʭ ʩʦʩʪʘʚʣʷʝʪ 28% ʠ 29% ʧʨʠ 

ʩʦʜʝʨʞʘʥʠʠ ʧʣʘʪʠʥʳ 21% ʠ 20%, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʊʘʙʣ. 3.1). ʈʝʟʫʣʴʪʘʪʳ 

ʨʝʥʪʛʝʥʦʬʣʫʦʨʝʩʮʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ ʧʦʜʪʚʝʨʜʠʣʠ, ʯʪʦ ʩʦʦʪʥʦʰʝʥʠʝ ʤʝʪʘʣʣʦʚ ʚ 

ʦʙʨʘʟʮʘʭ ʙʣʠʟʢʦ ʢ ʨʘʩʯʝʪʥʦʤʫ ʟʥʘʯʝʥʠʶ 1:1. ʅʝʙʦʣʴʰʦʝ ʦʪʢʣʦʥʝʥʠʝ, ʥʘʙʣʶʜʘʝʤʦʝ 

ʜʣʷ Pt(Cu)/C, ʦʙʫʩʣʦʚʣʝʥʦ ʧʦʪʝʨʝʡ ʜʦʣʠ ʦʙʦʛʘʱʝʥʥʳʭ ʧʣʘʪʠʥʦʡ ʅʏ, 

ʦʙʨʘʟʫʶʱʠʭʩʷ ʚ ʭʦʜʝ ʤʥʦʛʦʩʪʘʜʠʡʥʦʛʦ ʩʠʥʪʝʟʘ, ʚ ʧʨʦʮʝʩʩʝ ʠʭ ʩʦʨʙʮʠʠ ʥʘ 

ʫʛʣʝʨʦʜʥʦʤ ʥʦʩʠʪʝʣʝ. 

ʅʘ ʤʠʢʨʦʬʦʪʦʛʨʘʬʠʷʭ ʧʣʘʪʠʥʦʤʝʜʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʤʝʪʦʜʦʤ 

ʇʕʄ (ʈʠʩ. 3.1), ʠʤʝʝʪʩʷ ʙʦʣʴʰʦʝ ʯʠʩʣʦ ʤʘʣʳʭ ʧʦ ʨʘʟʤʝʨʫ (2 ï 4 ʥʤ) ʥʘʥʦʯʘʩʪʠʮ. ɺ 

ʦʙʨʘʟʮʝ Pt(Cu)/C ʥʘʙʣʶʜʘʶʪʩʷ ʪʘʢʞʝ ʢʨʫʧʥʳʝ ʥʘʥʦʯʘʩʪʠʮʳ ʠʣʠ ʘʛʨʝʛʘʪʳ 

ʥʘʥʦʯʘʩʪʠʮ, ʨʘʟʤʝʨʦʤ 10-15 ʥʤ. ʋʯʠʪʳʚʘʷ ʤʥʦʛʦʩʪʘʜʠʡʥʫʶ ʤʝʪʦʜʠʢʫ ʧʦʣʫʯʝʥʠʷ 

Pt(Cu)/C ʢʘʪʘʣʠʟʘʪʦʨʘ, ʘ ʪʘʢʞʝ ʥʘʣʠʯʠʝ ʚ ʵʪʦʤ ʤʘʪʝʨʠʘʣʝ ʅʏ, ʟʘʤʝʪʥʦ 

ʨʘʟʣʠʯʘʶʱʠʭʩʷ ʧʦ ʨʘʟʤʝʨʫ (ʈʠʩ. 3.1ʘ), ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʯʘʩʪʴ 

ʧʨʝʢʫʨʩʦʨʦʚ ʥʘ ʢʘʞʜʦʡ ʧʦʩʣʝʜʫʶʱʝʡ ʩʪʘʜʠʠ ʩʠʥʪʝʟʘ ʨʘʩʭʦʜʫʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʥʘ ʨʦʩʪ 

ʯʘʩʪʠʮ, ʦʙʨʘʟʦʚʘʚʰʠʭʩʷ ʥʘ ʧʨʝʜʳʜʫʱʝʡ ʩʪʘʜʠʠ, ʥʦ ʠ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʥʦʚʳʭ 

ʥʘʥʦʯʘʩʪʠʮ, ʩʦʩʪʘʚ ʢʦʪʦʨʳʭ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʦʜʝʨʞʘʥʠʝʤ ʧʣʘʪʠʥʳ ʠ ʤʝʜʠ ʚ 

ʤʘʪʦʯʥʦʤ ʨʘʩʪʚʦʨʝ. 

  



 

 

 
 

 

 

ʊʘʙʣʠʮʘ 3.1 ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʦʩʪʘʚʘ ʠ ʩʪʨʫʢʪʫʨʳ ʠʩʩʣʝʜʫʝʤʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ 

ʄʘʪʝʨʠʘʣ 

ʉʦʩʪʘʚ 

ʄʝʪʘʣʣʠʯʝʩʢʦʡ ʢʦʤʧʦʥʝʥʪʳ 

(ʈʌʃɸ) 
ɤ(ʄ), 

% 

ɤ(Pt), 

% 

ʇʦʣʦʞʝʥʠʝ 

ʤʘʢʩʠʤʫʤʘ 

(111) 

ʇʘʨʘʤʝʪʨ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ 

ʨʝʰʝʪʢʠ, ¡ 

ʉʦʩʪʘʚ 

ʧʦ 

ɺʝʛʘʨʜʫ 

ʉʨʝʜʥʠʡ 

ʜʠʘʤʝʪʨ ʅʏ, 

ʥʤ (ʇʕʄ) 

ʀʩʭʦʜʥʳʡ 
ʇʦʩʣʝ 

ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ 

Pt(Cu)/C PtCu1.2 PtCu0.7 29Ñ 0.4 20Ñ 0.4 41.1 3.806 PtCu0.60 3.9Ñ 0.4 

PtCu/C PtCu1.0 PtCu0.5 28Ñ 0.4 21Ñ 0.4 40.9 3.824 PtCu0.46 3.2 Ñ 0.3 

E-TEK Pt Pt 20Ñ 0.4 20Ñ 0.4 39.9 3.920 - 2.2 Ñ 0.2  

JM Pt Pt 20Ñ 0.4 20Ñ 0.4 39.9 3.920 - 2.5 Ñ 0.3 

 

  



 

 

 
 

 

 

ʈʠʩʫʥʦʢ 3.1 - ʀʟʦʙʨʘʞʝʥʠʷ ʧʨʦʩʚʝʯʠʚʘʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʧʦʚʝʨʭʥʦʩʪʠ 

ʤʘʪʝʨʠʘʣʦʚ Pt(Cu)/C (ʘ-ʙ), PtCu/C (ʛ-ʜ), JM20 (ʞ-ʟ) ʠ ʛʠʩʪʦʛʨʘʤʤʳ ʨʘʟʤʝʨʥʦʛʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʘʥʦʯʘʩʪʠʮ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʤʘʪʝʨʠʘʣʘʭ 

ʆʪʤʝʪʠʤ, ʯʪʦ ʫ ʥʝʢʦʪʦʨʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʢʨʫʧʥʳʭ ʯʘʩʪʠʮ ʚ ʦʙʨʘʟʮʝ Pt(Cu)/C 

ʦʪʯʝʪʣʠʚʦ ʨʘʟʣʠʯʠʤʘ ʩʪʨʫʢʪʫʨʘ çʦʙʦʣʦʯʢʘ-ʷʜʨʦè (ʈʠʩ. 3.1ʙ), ʦʜʥʘʢʦ ʜʣʷ ʅʏ 

ʨʘʟʤʝʨʦʤ 2-3 ʥʤ ʠʜʝʥʪʠʬʠʢʘʮʠʷ ʧʣʘʪʠʥʦʚʦʡ ʦʙʦʣʦʯʢʠ ʧʦ ʜʘʥʥʳʤ ʇʕʄ ʥʝʚʦʟʤʦʞʥʘ. 

ʊʘʢʞʝ ʩʣʦʞʥʦ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʧʦʩʣʦʡʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʩʣʫʯʘʝ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʥʘʥʦʯʘʩʪʠʮ ʩ ʛʨʘʜʠʝʥʪʥʦʡ ʩʪʨʫʢʪʫʨʦʡ, ʚ ʢʦʪʦʨʳʭ ʢʦʥʮʝʥʪʨʘʮʠʷ 

ʧʣʘʪʠʥʳ ʦʪ ʷʜʨʘ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʯʘʩʪʠʮ ʜʦʣʞʥʘ ʥʘʨʘʩʪʘʪʴ ʙʦʣʝʝ ʨʘʚʥʦʤʝʨʥʦ, ʯʝʤ ʚ 

çʢʣʘʩʩʠʯʝʩʢʠʭè ʅʏ ʩʦ ʩʪʨʫʢʪʫʨʦʡ çʦʙʦʣʦʯʢʘ-ʷʜʨʦè. ɼʣʷ ʢʦʤʤʝʨʯʝʩʢʠʭ ʦʙʨʘʟʮʦʚ 

Pt/C ʩʨʝʜʥʠʡ ʨʘʟʤʝʨ ʥʘʥʦʯʘʩʪʠʮ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʇʕʄ 2.0 - 2.2 ʥʤ. 
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3.2 ʀʩʩʣʝʜʦʚʘʥʠʝ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʛʦ ʧʦʚʝʜʝʥʠʷ PtCu/C ʢʘʪʘʣʠʟʘʪʦʨʦʚ 

ɺ ʧʨʦʮʝʩʩʝ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʡ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ ʥʘ ʎɺɸ ʠʩʩʣʝʜʫʝʤʳʭ 

ʧʣʘʪʠʥʦʫʛʣʝʨʦʜʥʳʭ ʠ ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʥʘʙʣʶʜʘʝʪʩʷ ʨʦʩʪ ʠ 

ʧʦʩʣʝʜʫʶʱʘʷ ʩʪʘʙʠʣʠʟʘʮʠʷ ʟʥʘʯʝʥʠʡ ʩʠʣʳ ʪʦʢʘ (ʈʠʩ. 3.2), ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ 

ʨʘʟʚʠʪʠʝʤ ʠ ʦʯʠʩʪʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʢʘʪʘʣʠʟʘʪʦʨʦʚ. ʍʘʨʘʢʪʝʨ ʠʟʤʝʥʝʥʠʷ ʚʠʜʘ ʎɺɸ 

ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʩʭʦʜʝʥ. ʋʩʪʘʥʦʚʣʝʥʠʝ ʩʪʘʮʠʦʥʘʨʥʳʭ ʟʥʘʯʝʥʠʡ 

ʪʦʢʘ ʧʨʦʠʩʭʦʜʠʪ ʚ ʪʝʯʝʥʠʠ ʧʝʨʚʳʭ ʜʚʘʜʮʘʪʠ ʮʠʢʣʦʚ ʜʣʷ ʚʩʝʭ ʦʙʨʘʟʮʦʚ. ʅʘʣʠʯʠʝ 

ʧʦʣʦʛʠʭ ʤʘʢʩʠʤʫʤʦʚ ʘʥʦʜʥʦʛʦ ʪʦʢʘ ʚ ʦʙʣʘʩʪʠ ʧʦʪʝʥʮʠʘʣʘ ~ 0.5 ɺ ʥʘ ʧʝʨʚʳʭ ʮʠʢʣʘʭ 

ʨʘʟʚʝʨʪʢʠ ʧʦʪʝʥʮʠʘʣʘ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʩʝʣʝʢʪʠʚʥʳʤ ʨʘʩʪʚʦʨʝʥʠʝʤ ʘʪʦʤʦʚ 

ʤʝʜʠ ʠʟ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ Pt-Cu (ʈʠʩ. 3.2 ʘ, ʙ) [150]. ʆʪʤʝʪʠʤ, ʯʪʦ ʯʘʩʪʴ ʤʝʜʠ ʚ 

ʢʘʪʘʣʠʟʘʪʦʨʘʭ ʚ ʩʦʩʪʦʷʥʠʠ çʢʘʢ ʧʦʣʫʯʝʥʦè ʤʦʞʝʪ ʩʦʜʝʨʞʘʪʴʩʷ ʚ ʚʠʜʝ 

ʨʝʥʪʛʝʥʦʘʤʦʨʬʥʳʭ ʦʢʩʠʜʦʚ, ʥʝʣʴʟʷ ʠʩʢʣʶʯʘʪʴ ʠ ʚʦʟʤʦʞʥʦʝ ʨʘʩʪʚʦʨʝʥʠʝ ʪʘʢʠʭ 

ʦʢʩʠʜʦʚ ʥʘ ʩʪʘʜʠʠ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ ʢʘʪʘʣʠʟʘʪʦʨʦʚ.  

 

ʈʠʩʫʥʦʢ 3.2 ï ʎʠʢʣʠʯʝʩʢʠʝ ʚʦʣʴʪʘʤʧʝʨʦʛʨʘʤʤʳ ʤʝʪʘʣʣʦʫʛʣʝʨʦʜʥʳʭ 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʚ ʧʨʦʮʝʩʩʝ ʩʪʘʥʜʘʨʪʠʟʠʨʫʶʱʝʛʦ ʮʠʢʣʠʨʦʚʘʥʠʷ: Pt(Cu)/C (ʘ); 

PtCu/C (ʙ); ɽ-ʊɽʂ (ʚ); JM (ʛ). 100 ʮʠʢʣʦʚ. ʉʢʦʨʦʩʪʴ ʨʘʟʚʝʨʪʢʠ ʧʦʪʝʥʮʠʘʣʘ - 200 

ʤɺ/ʩ. 0.1ʄ ʨʘʩʪʚʦʨ HClO4 ʥʘʩʳʱʝʥʥʳʡ Ar 
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ɸʥʘʣʠʟ ʩʦʩʪʘʚʘ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʧʦʩʣʝ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ ʧʦʢʘʟʘʣ ʩʥʠʞʝʥʠʝ 

ʩʦʜʝʨʞʘʥʠʷ ʤʝʜʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ, ʦʙʫʩʣʦʚʣʝʥʥʦʝ ʨʘʩʪʚʦʨʝʥʠʝʤ ʟʥʘʯʠʪʝʣʴʥʦʡ ʜʦʣʠ 

ʤʝʜʠ. ɺ ʩʣʫʯʘʝ ʤʘʪʝʨʠʘʣʘ ʩ çʣʫʢʦʚʠʯʥʦʡè ʩʪʨʫʢʪʫʨʦʡ ʠʟʤʝʥʝʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʦʪ 

PtCu1.2 ʜʦ PtCu0.7 , ʘ ʜʣʷ ʢʘʪʘʣʠʟʘʪʦʨʘ ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʩʧʣʘʚ ʩ PtCu1.0 ʜʦ PtCu0.5 (ʊʘʙʣ. 

3.1). 

ʂʘʪʘʣʠʟʘʪʦʨ Pt(Cu)/C ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʳʩʦʢʠʤ ʟʥʘʯʝʥʠʝʤ ʕʍɸʇ0, ʙʣʠʟʢʠʤ 

ʢ ʟʥʘʯʝʥʠʷʤ ʢʦʤʤʝʨʯʝʩʢʠʭ Pt/C ʦʙʨʘʟʮʦʚ (ʊʘʙʣ. 3.2). ʇʨʠ ʵʪʦʤ ʦʙʨʘʟʝʮ Pt(Cu)/C 

ʩʦʜʝʨʞʠʪ ʥʘʥʦʯʘʩʪʠʮʳ ʩʦ ʩʨʝʜʥʠʤ ʨʘʟʤʝʨʦʤ ʦʢʦʣʦ 4 ʥʤ (ʈʠʩ. 3.1), ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ 

ʨʘʟʤʝʨ ʅʏ ʧʣʘʪʠʥʳ ʚ ʢʦʤʤʝʨʯʝʩʢʠʭ ʦʙʨʘʟʮʘʭ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 3 ʥʤ. ʕʪʦʪ ʬʘʢʪ 

ʢʦʩʚʝʥʥʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʩʪʨʫʢʪʫʨʳ PtCu ʥʘʥʦʯʘʩʪʠʮ, 

ʦʙʫʩʣʦʚʣʝʥʥʫʶ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦʡ ʣʦʢʘʣʠʟʘʮʠʝʡ ʘʪʦʤʦʚ ʧʣʘʪʠʥʳ ʚ ʠʭ 

ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʣʦʷʭ ʠ/ʠʣʠ ʩʫʱʝʩʪʚʝʥʥʳʤ ʨʘʟʚʠʪʠʝʤ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘʥʦʯʘʩʪʠʮ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʩʝʣʝʢʪʠʚʥʦʛʦ ʨʘʩʪʚʦʨʝʥʠʷ ʤʝʜʠ. ɿʥʘʯʝʥʠʝ ʕʍɸʇ0 ʦʢʘʟʘʣʦʩʴ 

ʥʘʠʤʝʥʴʰʠʤ ʜʣʷ ʦʙʨʘʟʮʘ PtCu/C (ʊʘʙʣ. 3.2).  

ʊʘʙʣʠʮʘ 3.2 ʀʩʭʦʜʥʳʝ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʩʩʣʝʜʫʝʤʳʭ PtCu/C ʠ 

Pt/C ʢʘʪʘʣʠʟʘʪʦʨʦʚ 

ʄʘʪʝʨʠʘʣ 

ʕʍɸʇ0, 

ʤ2/ʛ(Pt) 

(ʅʘʜʩ/ʜʝʩ) 

ɽ1/2, ɺ 

(ʆɺʕ) 
ʯʠʩʣʦ ʝ Iʫʜ, A/ʛ (Pt) 

Iʤʘʩʩ, A/ʤ
2 

(Pt) 

Pt(Cu)/C 96Ñ10 0.93 3.7 218Ñ22 2.3Ñ0.2 

PtCu/C 75Ñ7 0.91 4.1 167Ñ17 2.2Ñ0.2 

E-TEK 87Ñ9 0.91 3.9 118Ñ12 1.3Ñ0.1 

JM 98Ñ10 0.90 3.9 156Ñ16 1.5Ñ0.2 
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3.3 ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʪʘʙʠʣʴʥʦʩʪʠ PtCu/C ʢʘʪʘʣʠʟʘʪʦʨʦʚ 

ʀʟʫʯʝʥʠʝ ʩʪʘʙʠʣʴʥʦʩʪʠ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʧʨʦʚʦʜʠʣʠ ʚ ʨʝʞʠʤʝ 

ʪʝʩʪʠʨʦʚʘʥʠʷ 5000 ʮʠʢʣʦʚ ʚ ʜʠʘʧʘʟʦʥʝ ʧʦʪʝʥʮʠʘʣʦʚ 0.6 ï 1.0 ɺ. ʆʙʘ ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʭ 

ʵʣʝʢʪʨʦʢʘʪʘʣʠʟʘʪʦʨʘ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ, ʯʝʤ 

ʢʦʤʤʝʨʯʝʩʢʠʝ Pt/C ʦʙʨʘʟʮʳ (ʨʠʩʫʥʦʢ 3.3 ʘ), ʯʪʦ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ 

ʣʠʪʝʨʘʪʫʨʥʳʤʠ ʜʘʥʥʳʤʠ [151]. ʄʳ ʧʦʣʘʛʘʝʤ, ʯʪʦ ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʝ ʅʏ ʙʦʣʝʝ 

ʧʨʦʯʥʦ ʟʘʢʨʝʧʣʝʥʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʫʛʣʝʨʦʜʥʦʛʦ ʥʦʩʠʪʝʣʷ ʠ ʠʭ ʩʢʣʦʥʥʦʩʪʴ ʢ ʦʪʨʳʚʫ 

ʠ ʘʛʣʦʤʝʨʘʮʠʠ ʤʝʥʴʰʝ, ʯʝʤ ʫ ʅʏ Pt [152]. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʝʛʨʘʜʘʮʠʠ 

ʢʦʤʤʝʨʯʝʩʢʠʭ Pt/C ʤʘʪʝʨʠʘʣʦʚ ʚ ʨʝʞʠʤʝ ʤʥʦʛʦʢʨʘʪʥʦʛʦ ʮʠʢʣʠʨʦʚʘʥʠʷ 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʙʨʘʟʮʳ ʩʦʭʨʘʥʷʶʪ ʦʢʦʣʦ 60% ʩʚʦʝʡ ʕʍɸʇ (ʊʘʙʣ. 3.3, ʈʠʩ. 3.3ʙ). 

ʆʪʤʝʪʠʤ, ʯʪʦ ʚ ʧʨʦʮʝʩʩʝ ʩʪʨʝʩʩ-ʪʝʩʪʠʨʦʚʘʥʠʷ ʧʣʘʪʠʥʦʤʝʜʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ 

ʚ ʜʠʘʧʘʟʦʥʝ ʧʦʪʝʥʮʠʘʣʦʚ 0.6 ï 1.0 ɺ ʧʨʦʠʩʭʦʜʠʪ ʨʘʩʪʚʦʨʝʥʠʝ ʝʱʝ ʥʝʢʦʪʦʨʦʛʦ, 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʣʝʛʠʨʫʶʱʝʛʦ ʢʦʤʧʦʥʝʥʪʘ (ʊʘʙʣ. 3.3). ʊʝʤ ʥʝ 

ʤʝʥʝʝ, ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʜʦʩʪʫʧʥʦʡ ʜʣʷ ʢʦʥʪʘʢʪʘ ʩ ʵʣʝʢʪʨʦʣʠʪʦʤ ʤʝʜʠ ʨʘʩʪʚʦʨʷʝʪʩʷ 

ʥʘ ʧʝʨʚʳʭ 100 ʮʠʢʣʘʭ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ. ʉʪʝʧʝʥʴ ʜʝʛʨʘʜʘʮʠʠ ʚʩʝʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʚ 

ʧʨʦʮʝʩʩʝ ʩʪʨʝʩʩ-ʪʝʩʪʘ ʨʘʩʪʝʪ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʯʠʩʣʫ ʮʠʢʣʦʚ (ʈʠʩ. 3.3ʚ), ʯʪʦ 

ʭʦʨʦʰʦ ʦʧʠʩʳʚʘʝʪʩʷ ʫʨʘʚʥʝʥʠʝʤ (11) (ʉʤ. ʨʘʟʜʝʣ ç2.14.2 ʆʧʨʝʜʝʣʝʥʠʝ 

ʩʪʘʙʠʣʴʥʦʩʪʠ ʤʝʪʦʜʦʤ ʤʥʦʛʦʢʨʘʪʥʦʛʦ ʮʠʢʣʠʨʦʚʘʥʠʷ ʚ ʘʪʤʦʩʬʝʨʝ ʘʨʛʦʥʘè): 

ʇʨʠ ʵʪʦʤ ʟʥʘʯʝʥʠʝ ʩʢʦʨʦʩʪʠ ʜʝʛʨʘʜʘʮʠʠ (ʢʦʥʩʪʘʥʪʘ k ʚ ʫʨʘʚʥʝʥʠʠ (11)) 

ʨʘʩʪʝʪ ʚ ʨʷʜʫ Pt(Cu)/C < PtCu/C < JM < E-TEK. ɺ ʠʪʦʛʝ ʤʠʥʠʤʘʣʴʥʦʝ ʩʥʠʞʝʥʠʝ 

ʘʢʪʠʚʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʘʪʠʥʳ ʧʦ ʠʪʦʛʘʤ ʩʪʨʝʩʩ-ʪʝʩʪʘ ï 18% ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣ 

ʦʙʨʘʟʝʮ Pt(Cu)/C, ʧʣʦʱʘʜʴ ʢʦʪʦʨʦʛʦ ʠʟʤʝʥʠʣʘʩʴ ʦʪ 96 ʤ2/ʛ(Pt) ʜʦ 79 ʤ2/ʛ(Pt). ɼʣʷ 

ʦʩʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʦʙʨʘʟʮʦʚ ʠʟʤʝʥʝʥʠʝ ʕʍɸʇ ʩʦʩʪʘʚʠʣʦ 25-31% (ʈʠʩ. 3.3 ʘ, ʙ).  

ɽʱʝ ʦʜʥʠʤ ʩʧʦʩʦʙʦʤ ʦʮʝʥʢʠ ʩʪʘʙʠʣʴʥʦʩʪʠ ʚ ʭʦʜʝ ʩʪʨʝʩʩ-ʪʝʩʪʠʨʦʚʘʥʠʷ 

ʷʚʣʷʝʪʩʷ ʩʨʘʚʥʝʥʠʝ ʘʢʪʠʚʥʦʩʪʠ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʚ ʈɺʂ ʜʦ ʠ ʧʦʩʣʝ ʩʪʨʝʩʩ-ʪʝʩʪʘ. ʇʦ 

ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʘʢʪʠʚʥʦʩʪ ɹʢʘʪʘʣʠʟʘʪʦʨʦʚ ʥʘ ʦʩʥʦʚʝ ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʭ 

ʥʘʥʦʯʘʩʪʠʮ ʩʥʠʞʘʝʪʩʷ ʛʦʨʘʟʜʦ ʤʝʥʴʰʝ, ʯʝʤ ʫ ʢʦʤʤʝʨʯʝʩʢʠʭ Pt/C ʦʙʨʘʟʮʦʚ (ʈʠʩ. 3.3 

ʛ). ʇʨʠ ʵʪʦʤ ʦʙʨʘʟʝʮ E-TEK ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʚʳʩʦʢʫʶ ʜʝʛʨʘʜʘʮʠʶ ʘʢʪʠʚʥʦʩʪʠ ʚ 

ʈɺʂ, ʥʝʩʤʦʪʨʷ ʥʘ ʩʦʭʨʘʥʝʥʠʝ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʡ ʧʣʦʱʘʜʠ ʧʦʚʝʨʭʥʦʩʪʠ [152]. 

ʀʟʤʝʥʝʥʠʝ ʚʠʜʘ ʧʦʪʝʥʮʠʦʜʠʥʘʤʠʯʝʩʢʦʡ ʧʦʣʷʨʠʟʘʮʠʦʥʥʦʡ ʢʨʠʚʦʡ ʧʦʩʣʝ ʩʪʨʝʩʩ-
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ʪʝʩʪʠʨʦʚʘʥʠʷ ʚ ʜʠʬʬʫʟʠʦʥʥʦʡ ʦʙʣʘʩʪʠ ʦʙʨʘʟʮʘ Pt(Cu)/C ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ 

ʠʟʤʝʥʝʥʠʝʤ ʤʦʨʬʦʣʦʛʠʠ ʩʣʦʷ ʢʘʪʘʣʠʟʘʪʦʨʘ (ʫʛʣʝʨʦʜʥʦʛʦ ʥʦʩʠʪʝʣʷ) ʚ ʧʨʦʮʝʩʩʝ 

ʪʝʩʪʘ ʥʘ ʩʪʘʙʠʣʴʥʦʩʪʴ (ʈʠʩ. 3.3 ʛ ). ʆʩʪʘʪʦʯʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʚ ʈɺʂ ʢʘʪʘʣʠʟʘʪʦʨʦʚ, 

ʧʨʦʰʝʜʰʠʭ ʩʪʨʝʩʩ-ʪʝʩʪʠʨʦʚʘʥʠʝ, ʫʤʝʥʴʰʘʝʪʩʷ ʚ ʨʷʜʫ Pt(Cu)/C>PtCu/C>>JM>E-

TEK (ʚʨʝʟʢʘ ʥʘ ʈʠʩ. 3.3 ʛ). 

 

ʈʠʩʫʥʦʢ 3.3 ï ɿʘʚʠʩʠʤʦʩʪʴ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ ( 
˪ˢˍ˜

˪ˢˍ˜
ρzππϷ, ʛʜʝ n 

ï ʢʦʣʠʯʝʩʪʚʦ ʮʠʢʣʦʚ) ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʮʠʢʣʦʚ ʚ ʭʦʜʝ ʩʪʨʝʩʩ-ʪʝʩʪʘ (ʘ) ʠ ʕʍɸʇ (ʙ) ʦʪ 

ʯʠʩʣʘ ʮʠʢʣʦʚ. ʀʟʤʝʥʝʥʠʝ ʩʪʝʧʝʥʠ ʜʝʛʨʘʜʘʮʠʠ PtCu/C ʠ Pt/C ʤʘʪʝʨʠʘʣʦʚ ʚ ʭʦʜʝ 

ʩʪʨʝʩʩ-ʪʝʩʪʠʨʦʚʘʥʠʷ (ʚ). ʇʦʪʝʥʮʠʦʜʠʥʘʤʠʯʝʩʢʠʝ ʧʦʣʷʨʠʟʘʮʠʦʥʥʳʝ ʢʨʠʚʳʝ ʚ ʈɺʂ 

ʜʣʷ PtCu/C ʠ Pt/C ʤʘʪʝʨʠʘʣʦʚ ʜʦ ʠ ʧʦʩʣʝ ʩʪʨʝʩʩ-ʪʝʩʪʠʨʦʚʘʥʠʷ (ʛ). ɺʨʝʟʢʘ ï 

ʟʥʘʯʝʥʠʷ ʤʘʩʩ-ʘʢʪʠʚʥʦʩʪʠ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʜʦ ʠ ʧʦʩʣʝ ʩʪʨʝʩʩ-ʪʝʩʪʠʨʦʚʘʥʠʷ ʧʨʠ 

ʧʦʪʝʥʮʠʘʣʝ   0.9 ɺ. ɼʠʘʧʘʟʦʥ ʧʦʪʝʥʮʠʘʣʦʚ 0.6 ï 1.0 ɺ (ʆɺʕ); 5000 ʮʠʢʣʦʚ; 23ᴈ 

ʈʘʩʰʠʨʝʥʠʝ ʜʠʘʧʘʟʦʥʘ ʧʦʪʝʥʮʠʘʣʦʚ ʩʪʨʝʩʩ-ʪʝʩʪʠʨʦʚʘʥʠʷ ʜʦ 0.6-1.4 ɺ, ʢʘʢ ʠ 

ʦʞʠʜʘʣʦʩʴ, ʧʨʠʚʝʣʦ ʢ ʫʚʝʣʠʯʝʥʠʶ ʩʢʦʨʦʩʪʠ ʜʝʛʨʘʜʘʮʠʠ ʢʘʪʘʣʠʟʘʪʦʨʦʚ. ʎɺɸ 

ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʦʙʨʘʟʮʦʚ, ʠʟʤʝʨʝʥʥʳʝ ʜʦ ʥʘʯʘʣʘ ʠ ʧʦʩʣʝ ʦʢʦʥʯʘʥʠʷ ʩʪʨʝʩʩ-

ʪʝʩʪʠʨʦʚʘʥʠʷ (ʈʠʩ. 3.4 ʚ, ʛ) ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʫʰʠʨʝʥʠʝʤ ʜʚʦʡʥʦʩʣʦʡʥʦʡ ʦʙʣʘʩʪʠ 

(ʈʠʩ. 3.4 ʘ, ʙ). ʎɺɸ ʧʣʘʪʠʥʦʫʛʣʝʨʦʜʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʦʪʦʙʨʘʞʘʶʪ ʩʫʱʝʩʪʚʝʥʥʳʝ 

ʧʦʩʣʝʜʩʪʚʠʷ ʜʝʛʨʘʜʘʮʠʠ ʤʘʪʝʨʠʘʣʦʚ, ʧʨʦʷʚʣʷʶʱʠʝʩʷ ʚ ʠʩʯʝʟʥʦʚʝʥʠʠ ʭʘʨʘʢʪʝʨʥʳʭ 
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ʜʣʷ ʧʣʘʪʠʥʳ ʚʦʜʦʨʦʜʥʳʭ ʠ ʢʠʩʣʦʨʦʜʥʳʭ ʦʙʣʘʩʪʝʡ (ʈʠʩ. 3.4 ʚ, ʛ). ʈʘʟʣʠʯʠʷ ʚ 

ʧʦʚʝʜʝʥʠʠ ʤʝʞʜʫ Pt/C ʠ ʧʣʘʪʠʥʦʤʝʜʥʳʤʠ ʦʙʨʘʟʮʘʤʠ ʫʩʠʣʠʚʘʶʪʩʷ ʧʦ ʩʨʘʚʥʝʥʠʶ 

ʩʦ ʩʪʨʝʩʩ-ʪʝʩʪʠʨʦʚʘʥʠʝʤ ʚ ʫʟʢʦʤ ʜʠʘʧʘʟʦʥʝ ʧʦʪʝʥʮʠʘʣʦʚ: ʧʦʩʣʝ 500 ʮʠʢʣʦʚ 

ʩʪʘʙʠʣʴʥʦʩʪʴ ʢʘʪʘʣʠʟʘʪʦʨʦʚ Pt(Cu)/C ʠ PtCu/C ʩʦʩʪʘʚʠʣʘ 82 ʠ 72%, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ 

ʜʣʷ JM ʠ E-TEK ï 20 ʠ ʦʢʦʣʦ 10% (ʈʠʩ. 3.5 ʘ). ʇʨʠ ʠʟʤʝʥʝʥʠʠ ʚʝʨʭʥʝʛʦ ʧʦʪʝʥʮʠʘʣʘ 

ʩʪʨʝʩʩ-ʪʝʩʪʠʨʦʚʘʥʠʷ ʜʦ 1.4 ɺ ʜʣʷ ʧʣʘʪʠʥʦʤʝʜʥʳʭ ʩʠʩʪʝʤ ʩʦʭʨʘʥʷʝʪʩʷ ʣʠʥʝʡʥʳʡ 

ʭʘʨʘʢʪʝʨ ʟʘʚʠʩʠʤʦʩʪʠ ʩʪʝʧʝʥʠ ʜʝʛʨʘʜʘʮʠʠ ʦʪ ʯʠʩʣʘ ʮʠʢʣʦʚ (ʈʠʩ. 3.5 ʚ), ʦʜʥʘʢʦ 

ʩʢʦʨʦʩʪʴ ʜʝʛʨʘʜʘʮʠʠ, ʢʦʪʦʨʘʷ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʝʣʠʯʠʥʦʡ ʢʦʥʩʪʘʥʪʳ k ( ʉʤ. ʛʣʘʚʘ 2, 

ʨʘʟʜʝʣ 2.6.2 ʫʨʘʚʥʝʥʠʝ 2.12) ʧʦʚʳʰʘʝʪʩʷ ʜʣʷ ʧʣʘʪʠʥʦʤʝʜʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ, ʚ 11 ʠ ʚ 5 

ʨʘʟ ʜʣʷ Pt(Cu)/C ʠ PtCu/C ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʊʝʤ ʥʝ ʤʝʥʝʝ, Pt(Cu)/C ʠ ʚ ʵʪʦʤ ʨʝʞʠʤʝ 

ʧʨʦʷʚʣʷʝʪ ʤʘʢʩʠʤʘʣʴʥʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ, ʘ ʧʦ ʫʚʝʣʠʯʝʥʠʶ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ ʜʝʛʨʘʜʘʮʠʠ ʚ 

ʫʩʣʦʚʠʷʭ ʩʪʨʝʩʩ ï ʪʝʩʪʠʨʦʚʘʥʠʷ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʧʦʪʝʥʮʠʘʣʦʚ ʠʩʩʣʝʜʦʚʘʥʥʳʝ 

ʢʘʪʘʣʠʟʘʪʦʨʳ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚ ʨʷʜ E-TEK < JM << PtCu/C < Pt(Cu)/C. ʆʩʪʘʪʦʯʥʦʝ 

ʟʥʘʯʝʥʠʝ ʕʍɸʇ ʧʦʩʣʝ ʩʪʨʝʩʩ-ʪʝʩʪʘ ʠ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʩʪʘʙʠʣʴʥʦʩʪʴ ʧʣʘʪʠʥʦʤʝʜʥʳʭ 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʦʢʘʟʳʚʘʶʪʩʷ ʚ 4 ï 8 ʨʘʟ ʚʳʰʝ, ʯʝʤ ʫ Pt/C (ʊʘʙʣ. 3.3, ʈʠʩ. 3.5 ʙ). 

 

ʈʠʩʫʥʦʢ 3.4 ï ʎʠʢʣʠʯʝʩʢʠʝ ʚʦʣʴʪʘʤʧʝʨʦʛʨʘʤʤʳ PtCu/C ʠ Pt/C 

ʵʣʝʢʪʨʦʢʘʪʘʣʠʟʘʪʦʨʦʚ ʜʦ ʠ ʧʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʩʪʨʝʩʩ-ʪʝʩʪʘ. ʘ) Pt(Cu)/C (ʩʪʨʫʢʪʫʨʘ 

ʦʙʦʣʦʯʢʘ-ʷʜʨʦ); ʙ) PtCu/C (ʩʧʣʘʚ); ʚ) Pt/C (JM); ʛ) Pt/C (E-TEK). ɼʠʘʧʘʟʦʥ 

ʧʦʪʝʥʮʠʘʣʦʚ 0.6 ï 1.4 ɺ (ʆɺʕ), 500 ʮʠʢʣʦʚ; 0.1ʄ ʨʘʩʪʚʦʨ HClO4 ʥʘʩʳʱʝʥʥʳʡ Ar 
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ʈʠʩʫʥʦʢ 3.5 ï ɿʘʚʠʩʠʤʦʩʪʴ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ ( 
˪ˢˍ˜

˪ˢˍ˜
ρzππϷ, ʛʜʝ n ï 

ʢʦʣʠʯʝʩʪʚʦ ʮʠʢʣʦʚ) ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʮʠʢʣʦʚ ʚ ʭʦʜʝ ʩʪʨʝʩʩ-ʪʝʩʪʘ (ʘ) ʠ ʕʍɸʇ (ʙ) ʦʪ 

ʯʠʩʣʘ ʮʠʢʣʦʚ. ʀʟʤʝʥʝʥʠʝ ʩʪʝʧʝʥʠ ʜʝʛʨʘʜʘʮʠʠ PtCu/C ʠ Pt/C ʤʘʪʝʨʠʘʣʦʚ ʚ ʭʦʜʝ 

ʩʪʨʝʩʩ-ʪʝʩʪʠʨʦʚʘʥʠʷ (ʚ). ʇʦʪʝʥʮʠʦʜʠʥʘʤʠʯʝʩʢʠʝ ʧʦʣʷʨʠʟʘʮʠʦʥʥʳʝ ʢʨʠʚʳʝ ʚ ʈɺʂ 

ʜʣʷ PtCu/C ʠ Pt/C ʤʘʪʝʨʠʘʣʦʚ ʜʦ ʠ ʧʦʩʣʝ ʩʪʨʝʩʩ-ʪʝʩʪʠʨʦʚʘʥʠʷ (ʛ). ɼʠʘʧʘʟʦʥ 

ʧʦʪʝʥʮʠʘʣʦʚ 0.6 ï 1.4 ɺ (ʆɺʕ); 1000 ʮʠʢʣʦʚ; 23ᴈ; 0.1ʄ ʨʘʩʪʚʦʨ HClO4 

ʥʘʩʳʱʝʥʥʳʡ Ar 

ʈʘʥʝʝ ʫʞʝ ʙʳʣʦ ʦʪʤʝʯʝʥʦ, ʯʪʦ ʧʨʠ ʧʦʪʝʥʮʠʘʣʘʭ ʚʳʰʝ 1.0 ɺ ʧʣʘʪʠʥʘ 

ʢʘʪʘʣʠʟʠʨʫʝʪ ʧʨʦʮʝʩʩ ʦʢʠʩʣʝʥʠʷ ʫʛʣʝʨʦʜʥʦʛʦ ʥʦʩʠʪʝʣʷ ʚ ʟʦʥʝ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ 

ʢʦʥʪʘʢʪʘ ʩ ʥʠʤ, ʯʪʦ ʦʙʣʝʛʯʘʝʪ ʦʪʨʳʚ ʅʏ. ʇʦ-ʚʠʜʠʤʦʤʫ, ʥʘʣʠʯʠʝ ʘʪʦʤʦʚ ʤʝʜʠ ʥʘ 

ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʥʘʥʦʯʘʩʪʠʮʘ/ʥʦʩʠʪʝʣʴ ʩʥʠʞʘʝʪ ʢʘʪʘʣʠʪʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ 

ʤʝʪʘʣʣʘ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʨʝʘʢʮʠʠ ʦʢʠʩʣʝʥʠʷ ʫʛʣʝʨʦʜʘ. ʂʨʦʤʝ ʪʦʛʦ, ʧʣʘʪʠʥʦʤʝʜʥʳʝ 

ʅʏ, ʠʤʝʶʱʠʝ ʙʦʣʴʰʠʡ ʨʘʟʤʝʨ, ʯʝʤ ʅʏ ʧʣʘʪʠʥʳ, ʧʨʦʯʥʝʝ ʟʘʢʨʝʧʣʝʥʳ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʥʦʩʠʪʝʣʷ, ʯʪʦ ʫʣʫʯʰʘʝʪ ʩʚʷʟʥʦʩʪʴ ʩ ʫʛʣʝʨʦʜʦʤ ʜʘʞʝ ʚ ʫʩʣʦʚʠʷʭ ʝʛʦ 

ʧʨʦʛʨʝʩʩʠʨʫʶʱʝʡ ʜʝʛʨʘʜʘʮʠʠ. ʉʝʣʝʢʪʠʚʥʦʝ ʨʘʩʪʚʦʨʝʥʠʝ ʤʝʜʠ ʩʪʘʥʦʚʠʪʩʷ ʙʦʣʝʝ 

ʠʥʪʝʥʩʠʚʥʳʤ, ʯʝʤ ʚ ʫʩʣʦʚʠʷʭ çʤʷʛʢʦʛʦè ʪʝʩʪʠʨʦʚʘʥʠʷ, ʘ ʨʘʟʣʠʯʠʝ ʚ ʩʦʩʪʘʚʝ 

ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʧʦʩʣʝ ʩʪʨʝʩʩ-ʪʝʩʪʘ ʧʦʯʪʠ ʠʩʯʝʟʘʝʪ (ʊʘʙʣ. 3.3). 
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ɺ ʣʠʪʝʨʘʪʫʨʝ ʚʩʪʨʝʯʘʝʪʩʷ ʦʧʠʩʘʥʠʝ ʦʮʝʥʢʠ ʩʪʘʙʠʣʴʥʦʩʪʠ 

ʵʣʝʢʪʨʦʢʘʪʘʣʠʟʘʪʦʨʦʚ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʧʦʪʝʥʮʠʘʣʘ ʚ ʝʱʝ ʙʦʣʝʝ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ 

ʟʥʘʯʝʥʠʡ 0.6 ï 1.6 ɺ [153]. ʈʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʜʝʥʥʦʛʦ ʥʘʤʠ ʩʪʨʝʩʩ-ʪʝʩʪʠʨʦʚʘʥʠʷ 

ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʚ ʜʘʥʥʳʭ ʫʩʣʦʚʠʷʭ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 3.6. 

 
 

ʈʠʩʫʥʦʢ 3.6 ï ɻʠʩʪʦʛʨʘʤʤʳ ʠʟʤʝʥʝʥʠ ̫ʕʍɸʇ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʮʠʢʣʦʚ  (ʘ); 

ʠʟʤʝʥʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʮʠʢʣʦʚ (ʙ) ʦʙʨʘʟʮʦʚ ʚ ʭʦʜʝ 

ʩʪʨʝʩʩ-ʪʝʩʪʘ. ɼʠʘʧʘʟʦʥ ʧʦʪʝʥʮʠʘʣʦʚ 0.6 ï 1.6 ɺ (ʆɺʕ) 0.1ʄ ʨʘʩʪʚʦʨ HClO4, 

ʥʘʩʳʱʝʥʥʳʡ Ar 

ʈʘʩʰʠʨʝʥʠʝ ʜʠʘʧʘʟʦʥʘ ʮʠʢʣʠʨʦʚʘʥʠʷ (ʦʪ 0.6 ʜʦ 1.6 ɺ) ʧʨʠʚʝʣʦ ʢ ʥʝʢʦʪʦʨʦʤʫ 

ʧʦʥʠʞʝʥʠʶ ʩʪʘʙʠʣʴʥʦʩʪʠ, ʥʦ ʥʝ ʠʟʤʝʥʠʣʦ ʭʘʨʘʢʪʝʨ ʧʨʦʪʝʢʘʶʱʠʭ ʷʚʣʝʥʠʡ (ʈʠʩ. 6). 

Pt(Cu)/C ʢʘʪʘʣʠʟʘʪʦʨ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣ ʥʝʩʢʦʣʴʢʦ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ, 

ʥʝʞʝʣʠ PtCu/C (ʈʠʩ. 6, ʊʘʙʣ. 3). ʆʪʤʝʪʠʤ, ʯʪʦ ʨʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʥʘʤʠ ʚ 

ʪʘʢʦʤ ʨʝʞʠʤʝ ʪʝʩʪʠʨʦʚʘʥʠʷ, ʭʦʨʦʰʦ ʢʦʨʨʝʣʠʨʫʶʪ ʩ ʜʘʥʥʳʤʠ [133], ʩʦʛʣʘʩʥʦ 

ʢʦʪʦʨʳʤ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʩʪʘʙʠʣʴʥʦʩʪʴ PtCu/ʉ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʩʦʩʪʘʚʠʣʘ 65-75% 

ʧʦʩʣʝ 500 ʮʠʢʣʦʚ ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʪʨʝʩʩ-ʪʝʩʪʘ ʚ ʜʠʘʧʘʟʦʥʝ ʧʦʪʝʥʮʠʘʣʦʚ 

0.6 ï 1.6 ɺ. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʚ ʧʨʦʮʝʩʩʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ 

ʪʦʧʣʠʚʥʦʛʦ ʵʣʝʤʝʥʪʘ ʩ ʧʨʦʪʦʥʦʦʙʤʝʥʥʦʡ ʤʝʤʙʨʘʥʦʡ ʨʘʙʦʯʘʷ ʪʝʤʧʝʨʘʪʫʨʘ 

ʜʦʩʪʠʛʘʝʪ 60-80ᴈ. ʅʘʤʠ ʙʳʣʦ ʠʟʫʯʝʥʦ ʧʦʚʝʜʝʥʠʝ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʚ ʫʩʣʦʚʠʷʭ ʩʪʨʝʩʩ-

ʪʝʩʪʠʨʦʚʘʥʠʷ ʧʨʠ ʧʦʚʳʰʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ɼʣʷ ʵʪʦʛʦ ʧʨʠ 60ᴈ ʧʨʦʚʦʜʠʣʠ 1000 

ʮʠʢʣʦʚ ʨʘʟʚʝʨʪʢʠ ʧʦʪʝʥʮʠʘʣʘ ʚ ʜʠʘʧʘʟʦʥʝ 0.6 ï 1.0 ɺ (ʊʘʙʣ. 3.3, ʈʠʩ. 3.7). ʆʪʤʝʪʠʤ, 

ʯʪʦ ʚ ʭʦʜʝ ʩʪʨʝʩʩ-ʪʝʩʪʘ ʦʙʘ ʦʙʨʘʟʮʘ ʧʦʩʣʝ ʧʝʨʚʳʭ 200 ʮʠʢʣʦʚ ʧʦʢʘʟʳʚʘʣʠ 

ʫʚʝʣʠʯʝʥʠʝ ʕʍɸʇ. ʅʘʙʣʶʜʘʝʤʦʝ ʷʚʣʝʥʠʝ ʩʚʷʟʘʥʦ ʩ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʨʝʦʨʛʘʥʠʟʘʮʠʠ 
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ʧʦʚʝʨʭʥʦʩʪʠ ʥʘʥʦʯʘʩʪʠʮ, ʩʦʧʨʦʚʦʞʜʘʶʱʠʤʠ ʫʩʢʦʨʝʥʥʦʝ ʨʘʩʪʚʦʨʝʥʠʝ ʤʝʜʠ ʠ 

ʦʙʫʩʣʦʚʣʠʚʘʶʱʠʤʠ ʫʚʝʣʠʯʝʥʠʝ ʧʣʦʱʘʜʠ ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʘʪʠʥʳ, ʜʦʩʪʫʧʥʦʡ ʜʣʷ 

ʘʜʩʦʨʙʮʠʠ/ʜʝʩʦʨʙʮʠʠ ʘʪʦʤʘʨʥʦʛʦ ʚʦʜʦʨʦʜʘ. ɿʥʘʯʝʥʠʝ ʕʍɸʇ Pt(Cu)/C ʤʘʪʝʨʠʘʣʘ ʟʘ 

400 ʮʠʢʣʦʚ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʟʤʝʥʠʣʦʩʴ (ʈʠʩ. 3.7 ʘ), ʘ ʟʘ 1000 ʮʠʢʣʦʚ ʫʤʝʥʴʰʘʣʦʩʴ 

ʥʝʟʥʘʯʠʪʝʣʴʥʦ. 

  
ʈʠʩʫʥʦʢ 3.7 ï ʀʟʤʝʥʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ (ʘ) ʠ ʕʍɸʇ (ʙ) ʦʙʨʘʟʮʦʚ ʚ 

ʭʦʜʝ ʩʪʨʝʩʩ-ʪʝʩʪʘ. ʧʣʘʪʠʥʦʤʝʜʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʚ ʭʦʜʝ ʩʪʨʝʩʩ-ʪʝʩʪʘ ʧʨʠ 60ęʉ. 

ʎʠʢʣʠʯʝʩʢʠʝ ʚʦʣʴʪʘʤʧʝʨʦʛʨʘʤʤʳ Pt(Cu)/C ʠ PtCu/C ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʜʦ ʠ ʧʦʩʣʝ 

ʧʨʦʚʝʜʝʥʠʷ ʩʪʨʝʩʩ-ʪʝʩʪʘ (ʚ). ʇʦʪʝʥʮʠʦʜʠʥʘʤʠʯʝʩʢʠʝ ʧʦʣʷʨʠʟʘʮʠʦʥʥʳʝ ʢʨʠʚʳʝ ʚ 

ʈɺʂ ʜʣʷ PtCu/C ʤʘʪʝʨʠʘʣʦʚ ʜʦ ʠ ʧʦʩʣʝ ʩʪʨʝʩʩ-ʪʝʩʪʠʨʦʚʘʥʠʷ (ʛ). ɼʠʘʧʘʟʦʥ 

ʧʦʪʝʥʮʠʘʣʦʚ 0.6 ï 1.0 ɺ (ʆɺʕ). 0.1ʄ ʨʘʩʪʚʦʨ HClO4 

ɼʣʷ PtCu/C ʤʘʪʝʨʠʘʣʘ ʧʦʩʣʝ 300 ʮʠʢʣʦʚ ʩʪʨʝʩʩ-ʪʝʩʪʠʨʦʚʘʥʠʷ ʥʘʙʣʶʜʘʝʪʩʷ 

ʤʦʥʦʪʦʥʥʦʝ ʩʥʠʞʝʥʠʝ ʟʥʘʯʝʥʠʡ ʕʍɸʇ. ʆʪʤʝʪʠʤ, ʯʪʦ ʚ ʫʩʣʦʚʠʷʭ ʪʝʩʪʠʨʦʚʘʥʠʷ ʧʨʠ 

ʧʦʚʳʰʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʥʘ ʎɺɸ ʦʙʨʘʟʮʦʚ ʥʘʙʣʶʜʘʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʦʝ ʩʥʠʞʝʥʠʝ 

ʟʥʘʯʝʥʠʡ ʪʦʢʦʚ ʚ ʢʠʩʣʦʨʦʜʥʦʡ ʦʙʣʘʩʪʠ (ʈʠʩ. 3.7 ʚ). ʇʨʠ ʵʪʦʤ ʜʚʦʡʥʦʩʣʦʡʥʘʷ 

ʦʙʣʘʩʪʴ ʎɺɸ ʦʩʪʘʚʘʣʘʩʴ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʠʟʤʝʥʥʦʡ (ʈʠʩ. 3.7), ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ 

ʢʦʩʚʝʥʥʳʤ ʧʦʜʪʚʝʨʞʜʝʥʠʝʤ ʩʪʘʙʠʣʴʥʦʩʪʠ ʫʛʣʝʨʦʜʥʦʛʦ ʥʦʩʠʪʝʣʷ ʚ ʜʘʥʥʳʭ 
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ʫʩʣʦʚʠʷʭ ʠʟʤʝʨʝʥʠʡ. ʊʝʤʧʝʨʘʪʫʨʘ ʦʢʘʟʘʣʘʩʴ ʬʘʢʪʦʨʦʤ, ʥʘʠʙʦʣʝʝ ʩʫʱʝʩʪʚʝʥʥʦ 

ʚʣʠʷʶʱʠʤ ʥʘ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʩʝʣʝʢʪʠʚʥʦʛʦ ʨʘʩʪʚʦʨʝʥʠʷ ʤʝʜʠ ʠʟ ʥʘʥʦʯʘʩʪʠʮ: 

ʩʦʩʪʘʚʳ Pt(Cu)/C ʠ PtCu/C ʵʣʝʢʪʨʦʢʘʪʘʣʠʟʘʪʦʨʦʚ ʧʦʩʣʝ ʩʪʨʝʩʩ-ʪʝʩʪʠʨʦʚʘʥʠʷ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʬʦʨʤʫʣʘʤ PtCu0.4 ʠ PtCu0.3, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  

ʊʘʙʣʠʮʘ 3.3 ʉʚʦʜʥʘʷ ʪʘʙʣʠʮʘ ʨʝʟʫʣʴʪʘʪʦʚ ʩʪʨʝʩʩ-ʪʝʩʪʠʨʦʚʘʥʠʷ PtCu/C ʠ Pt/C 

ʤʘʪʝʨʠʘʣʦʚ 

 

ʉʝʣʝʢʪʠʚʥʦʝ ʨʘʩʪʚʦʨʝʥʠʝ ʤʝʜʠ ʚ ʧʨʦʮʝʩʩʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ 

ʙʠʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ ʩʦʟʜʘʩʪ ʧʨʝʜʩʢʘʟʫʝʤʳʝ ʧʨʦʙʣʝʤʳ, ʩʚʷʟʘʥʥʳʝ ʩ 

ʦʪʨʘʚʣʝʥʠʝʤ ʧʦʣʠʤʝʨʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʤʝʤʙʨʘʥʥʦ-ʵʣʝʢʪʨʦʜʥʳʭ ʙʣʦʢʦʚ ʢʘʪʠʦʥʘʤʠ 

ʤʝʪʘʣʣʘ ʠ ʩʥʠʞʝʥʠʝʤ ʝʛʦ ʧʨʦʪʦʥʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ. ʄʳ ʧʦʣʘʛʘʝʤ, ʯʪʦ ʫʜʘʣʝʥʠʝ ʠʟ 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ çʩʣʘʙʦ ʩʚʷʟʘʥʥʦʡè ʤʝʜʠ ʤʦʞʝʪ ʙʳʪʴ ʧʨʦʚʝʜʝʥʦ ʥʝ ʪʦʣʴʢʦ 

ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠ, ʥʦ ʠ ʧʦʩʨʝʜʩʪʚʦʤ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ ʚ ʢʠʩʣʦʪʘʭ. 

ʀʤʝʥʥʦ ʧʦʩʪʦʙʨʘʙʦʪʘʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʩ ʧʦʥʠʞʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʤʝʜʠ ʠ 

ʚʳʩʦʢʦʨʘʟʚʠʪʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʧʣʘʪʠʥʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʥʘʠʙʦʣʴʰʠʡ ʠʥʪʝʨʝʩ ʚ 

ʢʘʯʝʩʪʚʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʜʣʷ ʅʊʕ [152]. 

ʄʘʪʝʨʠʘʣ 
ʉʪʘʙʠʣʴʥʦʩʪʴ, 

% 

ɽ1/2, ɺ 

(ʆɺʕ) 

Iʤʘʩʩ, 

A/ʤ2 (Pt) 

ʉʦʩʪʘʚ ʧʦʩʣʝ 

ʩʪʨʝʩʩ- 

ʪʝʩʪʠʨʦʚʘʥʠʷ 

ʇʦʩʣʝ ʩʪʨʝʩʩ-ʪʝʩʪʠʨʦʚʘʥʠʝ 0.6-1.0 ɺ (5000 ʮʠʢʣʦʚ), 23ęʉ 

Pt(Cu)/C 82 0.90 1.9Ñ0.2 PtCu0.6 

PtCu/C 70 0.89 1.3Ñ0.1 PtCu0.4 

E-TEK 68 0.80 1.2Ñ0.1 Pt 

JM 64 0.86 1.5Ñ0.2 Pt 

ʇʦʩʣʝ ʩʪʨʝʩʩ-ʪʝʩʪʠʨʦʚʘʥʠʝ 0.6-1.4 ɺ (500 ʮʠʢʣʦʚ), 23ęʉ 

Pt(Cu)/C 79 0.92 2.1 PtCu0.5 

PtCu/C 79 0.89 1.2Ñ0.1 PtCu0.3 

E-TEK >10 - - Pt 

JM 15 - - Pt 

ʇʦʩʣʝ ʩʪʨʝʩʩ-ʪʝʩʪʠʨʦʚʘʥʠʝ 0.6-1.0 ɺ (1000 ʮʠʢʣʦʚ), 60ęʉ 

Pt(Cu)/C 96 0.92 2.4Ñ0.2 PtCu0.4 

PtCu/C 83 0.91 2.3Ñ0.2 PtCu0.3 
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4. ɺʃʀʗʅʀɽ ʇʈʀʈʆɼʓ ʅʆʉʀʊɽʃʗ ʅɸ ʉʊɸɹʀʃʔʅʆʉʊʔ 

ʇʃɸʊʀʅʆʉʆɼɽʈɾɸʑʀʍ ʕʃɽʂʊʈʆʂɸʊɸʃʀɿɸʊʆʈʆɺ  

4.1 ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʦʩʪʘʚʘ ʠ ʩʪʨʫʢʪʫʨʳ ʵʣʝʢʪʨʦʢʘʪʘʣʠʟʘʪʦʨʦʚ ʥʘ 

ʦʩʥʦʚʝ ʨʘʟʣʠʯʥʳʭ ʫʛʣʝʨʦʜʥʳʭ ʥʦʩʠʪʝʣʝʡ  

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʣʠʷʥʠʷ ʤʦʨʬʦʣʦʛʠʠ ʥʦʩʠʪʝʣʷ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʧʣʘʪʠʥʦʩʦʜʝʨʞʘʱʠʭ ʵʣʝʢʪʨʦʢʘʪʘʣʠʟʘʪʦʨʦʚ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʨʷʜ ʨʘʟʣʠʯʥʳʭ 

ʫʛʣʝʨʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ (ʊʘʙʣ. 4.1). ɺʘʞʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʤʠ 

ʫʛʣʝʨʦʜʥʳʝ ʥʦʩʠʪʝʣʠ, ʷʚʣʷʶʪʩʷ ʠʭ ʧʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʩʨʝʜʥʠʡ ʜʠʘʤʝʪʨ ʧʦʨ 

(ʊʘʙʣ. 4.1). ʂʘʢ ʙʳʣʦ ʫʢʘʟʘʥʦ ʨʘʥʝʝ, ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʝ ʜʦʧʠʨʦʚʘʥʠʝ 

ʫʛʣʝʨʦʜʥʦʛʦ ʥʦʩʠʪʝʣʷ ʘʪʦʤʘʤʠ ʘʟʦʪʘ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʫʤʝʥʴʰʝʥʠʝʤ ʧʣʦʱʘʜʠ ʝʛʦ 

ʧʦʚʝʨʭʥʦʩʪʠ. ɼʣʷ ʥʦʩʠʪʝʣʷ Ketjenblack EC600jD ʧʦʩʣʝ ʝʛʦ ʜʦʧʠʨʦʚʘʥʠʷ 

ʥʘʙʣʶʜʘʝʪʩʷ ʩʥʠʞʝʥʠʝ S ʦʪ 1400 ʜʦ 250 ʤ2/ʛ (ʊʘʙʣ. 4.1).  

ʊʘʙʣʠʮʘ 4.1. ʅʝʢʦʪʦʨʳʝ ʩʪʨʫʢʪʫʨʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʫʛʣʝʨʦʜʥʳʭ ʥʦʩʠʪʝʣʝʡ 

ʅʘʟʚʘʥʠʝ 

ʥʦʩʠʪʝʣʷ  

ʄʘʨʢʘ 

ʫʛʣʝʨʦʜʥʦʛʦ 

ʥʦʩʠʪʝʣʷ 

ʊʠʧ 

ʫʛʣʝʨʦʜʥʦʛʦ 

ʥʦʩʠʪʝʣʷ 

Sʧʦʚ.(ʉ), 

ʤ2/ʛ 

ʇʨʦʠʟʚʦʜ

ʠʪʝʣʴ 

ʇʦʣʦʞʝʥʠʝ 

ʤʘʢʩʠʤʫʤʘ 

ʥʘ ʈʌɸ, 2 

ẽ, ʛʨʘʜ. 

C1 
Ketjenblack 

EC600jD 

ʘʮʝʪʠʣʝʥʦʚʘʷ 

ʩʘʞʘ 

1400 

[64] 

Akzo 

Nobel 

24.0 

C1-N 
Ketjenblack 

EC600jD-N 

N-

ʣʝʛʠʨʦʚʘʥʥʘʷ 

ʘʮʝʪʠʣʝʥʦʚʘʷ 

ʩʘʞʘ 

200-250 

[40] 

 

[40] 25.3 

C2-N N_ʇɸ-800 

N-

ʣʝʛʠʨʦʚʘʥʥʳ

ʡ ʛʨʘʬʝʥ 

270  
ʅʘʥʦʊʝʭ

ʎʝʥʪʨ 
26.1 

 

ʇʦ ʨʝʥʪʛʝʥʦʛʨʘʤʤʘʤ ʫʛʣʝʨʦʜʥʳʭ ʥʦʩʠʪʝʣʝʡ ʚʠʜʥʦ, ʯʪʦ ʜʦʧʠʨʦʚʘʥʠʝ 

ʫʛʣʝʨʦʜʘ ʘʟʦʪʦʤ ʧʨʠʚʦʜʠʪ ʢ ʩʤʝʱʝʥʠʶ ʧʦʣʦʞʝʥʠʷ ʭʘʨʘʢʪʝʨʥʦʛʦ ʜʣʷ ʫʛʣʝʨʦʜʘ 

ʤʘʢʩʠʤʫʤʘ ʥʘ ʜʠʬʨʘʢʪʦʛʨʘʤʤʝ ʚ ʩʪʦʨʦʥʫ ʙʦʣʴʰʠʭ ʫʛʣʦʚ (ʈʠʩ. 4.1 ʘ). ɿʥʘʯʝʥʠʝ 2 

ʪʝʪʘ çʫʛʣʝʨʦʜʥʦʛʦè ʤʘʢʩʠʤʫʤʘ ʨʘʩʪʝʪ ʚ ʨʷʜʫ C1 < C1-N < C2-N ʦʪ 24.2 ʜʦ 25.2 

ʛʨʘʜʫʩʦʚ (ʈʠʩ. 4.1 ʘ).  



 
 

 
 

76 
 

ʅʘ ʦʩʥʦʚʝ ʚʳʙʨʘʥʥʳʭ ʥʦʩʠʪʝʣʝʡ ʤʝʪʦʜʦʤ ʞʠʜʢʦʬʘʟʥʦʛʦ ʩʠʥʪʝʟʘ ʚ ʚʦʜʥʦ-

ʦʨʛʘʥʠʯʝʩʢʦʡ ʩʨʝʜʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ Pt/C ʠ PtCu/C ʵʣʝʢʪʨʦʢʘʪʘʣʠʟʘʪʦʨʳ (ʉʤ. ʛʣʘʚʫ 

2). ʄʘʩʩʦʚʘʷ ʜʦʣʷ ʧʣʘʪʠʥʳ (ɤ(Pt)%) ʚ ʧʦʣʫʯʝʥʥʳʭ ʦʙʨʘʟʮʘʭ ʩʦʩʪʘʚʠʣʘ ʦʪ 20% ʜʦ 

23% (ʊʘʙʣ. 4.2), ʯʪʦ ʙʣʠʟʢʦ ʢ ʪʝʦʨʝʪʠʯʝʩʢʠ ʨʘʩʩʯʠʪʘʥʥʦʤʫ ʟʥʘʯʝʥʠʶ (ʉʤ. ʛʣʘʚʘ 2 

ʨʘʟʜʝʣ 2.2). ʇʨʠ ʵʪʦʤ ʢʘʪʘʣʠʟʘʪʦʨʳ Pt/C1-N ʠ Pt/C2-N ʥʘ ʦʩʥʦʚʝ ʯʘʩʪʠʮ 

KetjenblackïN ʠ N-ʣʝʛʠʨʦʚʘʥʥʦʛʦ ʛʨʘʬʝʥʘ, ʩʦʜʝʨʞʘʪ ʙʦʣʴʰʫʶ ʜʦʣʶ 

ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʢʦʤʧʦʥʝʥʪʳ [154-156], ʯʝʤ Pt/C1, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʦʙʫʩʣʦʚʣʝʥʦ 

ʙʦʣʝʝ ʩʠʣʴʥʳʤ ʵʣʝʢʪʨʦʥʥʳʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʘʢʪʠʚʥʳʭ ʮʝʥʪʨʦʚ ʥʦʩʠʪʝʣʷ ʩ ʅʏ. 

ɺ ʨʷʜʝ ʨʘʙʦʪ [64, 65] ʜʦʢʘʟʘʥʦ, ʯʪʦ ʥʘʣʠʯʠʝ ʘʪʦʤʦʚ ʘʟʦʪʘ, ʚʥʝʜʨʝʥʥʦʛʦ ʚ 

ʩʪʨʫʢʪʫʨʫ ʫʛʣʝʨʦʜʥʦʛʦ ʥʦʩʠʪʝʣʷ, ʫʣʫʯʰʘʝʪ ʘʜʛʝʟʠʶ ʥʘʥʦʯʘʩʪʠʮ ʧʣʘʪʠʥʳ ʢ ʝʛʦ 

ʧʦʚʝʨʭʥʦʩʪʠ. 

ʊʘʙʣʠʮʘ 4.2. ʉʦʩʪʘʚ ʠ ʩʪʨʫʢʪʫʨʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ Pt/C ʵʣʝʢʪʨʦʢʘʪʘʣʠʟʘʪʦʨʦʚ 

ʅʘʟʚʘʥʠʝ 

ʤʘʪʝʨʠʘʣʦʚ 

ʄʘʨʢʠʨʦʚʢʘ 

ʫʛʣʝʨʦʜʥʦʛʦ 

ʥʦʩʠʪʝʣʷ 

ɤʪʝʦʨ 

(Pt), % 

ɤʧʨʘʢʪ. 

(Pt), % 

ʇʦʣʦʞʝʥ

ʠʝ 

ʤʘʢʩʠʤʫ

ʤʘ 2ẽ, 

ʛʨʘʜ. 

ʉʨʝʜʥʠʡ 

ʨʘʟʤʝʨ 

ʢʨʠʩʪʘʣʣʠ

ʪʦʚ, ʥʤ 

(ʈʌɸ) 

ʉʨʝʜʥʠʡ 

ʨʘʟʤʝʨ 

ʅʏ, ʥʤ 

(ʇʕʄ) 

JM20 - - 20Ñ0.4 39.9 2.4Ñ0.2 3.0Ñ0.3 

Pt/C1 C1 23Ñ0.4 20Ñ0.4 39.9 ʄʝʥʝʝ 1.0 1.6Ñ0.2 

Pt/C1-N C1-N 23Ñ0.4 22Ñ0.4 39.1 1.3Ñ0.1 2.0Ñ0.2 

Pt/C2-N C2-N 23Ñ0.4 23Ñ0.4 39.3 ʄʝʥʝʝ 1.0 1.8Ñ0.2 

PtCu/C1-N C1-N 20Ñ0.4 20Ñ0.4 40.8 2.9Ñ0.1 3.6Ñ0.2 

 

ʈʝʥʪʛʝʥʦʛʨʘʤʤʳ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʠʤʝʶʪ ʚʠʜ, ʪʠʧʠʯʥʳʡ ʜʣʷ Pt/C ʤʘʪʝʨʠʘʣʦʚ 

(ʈʠʩ. 4.1 ʙ). ʋʰʠʨʝʥʠʝ ʭʘʨʘʢʪʝʨʥʳʭ ʦʪʨʘʞʝʥʠʡ ʧʣʘʪʠʥʳ, ʦʩʦʙʝʥʥʦ ʩʠʣʴʥʦ 

ʚʳʨʘʞʝʥʥʦʝ ʜʣʷ ʦʙʨʘʟʮʦʚ Pt/C1 ʠ Pt/C2-N, ʦʙʫʩʣʦʚʣʝʥʦ ʤʘʣʳʤ ʨʘʟʤʝʨʦʤ 

ʢʨʠʩʪʘʣʣʠʪʦʚ ʧʣʘʪʠʥʳ. ɼʣʷ ʧʣʘʪʠʥʦʫʛʣʝʨʦʜʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʥʘ 

ʦʩʥʦʚʝ N-ʜʦʧʠʨʦʚʘʥʥʳʭ ʥʦʩʠʪʝʣʝʡ, ʥʘʙʣʶʜʘʝʪʩʷ ʩʜʚʠʛ ʤʘʢʩʠʤʫʤʘ ʛʨʘʥʠ ʧʣʘʪʠʥʳ 

(111) ʚ ʩʪʦʨʦʥʫ ʤʝʥʴʰʠʭ ʟʥʘʯʝʥʠʡ 2 ʪʝʪʘ (ʊʘʙʣ. 4.2). ʉʤʝʱʝʥʠʝ ʤʘʢʩʠʤʫʤʘ 

ʦʪʨʘʞʝʥʠʷ ʚ ʩʪʦʨʦʥʫ ʤʝʥʴʰʠʭ ʟʥʘʯʝʥʠʡ ʫʛʣʦʚ 2 ʪʝʪʘ ʤʦʞʝʪ ʙʳʪʴ ʦʙʫʩʣʦʚʣʝʥʦ ʢʘʢ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʅʏ ʧʣʘʪʠʥʳ ʩ ʘʪʦʤʘʤʠ ʘʟʦʪʘ, ʪʘʢ ʠ ʷʚʣʷʪʴʩʷ ʨʝʟʫʣʴʪʘʪʦʤ 
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ʫʰʠʨʝʥʠʷ ʦʪʨʘʞʝʥʠʡ ʧʣʘʪʠʥʳ ʠ ʦʩʦʙʝʥʥʦʩʪʴʶ ʬʠʪʦʚʘʥʠʷ ʰʠʨʦʢʠʭ ʧʠʢʦʚ. ʊʘʢʦʡ 

ʵʬʬʝʢʪ ʧʨʦʪʠʚʦʧʦʣʦʞʝʥ ʨʘʥʝʝ ʫʩʪʘʥʦʚʣʝʥʥʦʤʫ ʚʣʠʷʥʠʶ ʫʤʝʥʴʰʝʥʠʷ ʨʘʟʤʝʨʘ ʅʏ 

ʧʣʘʪʠʥʳ ʥʘ ʚʝʣʠʯʠʥʫ ʧʘʨʘʤʝʪʨʘ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ [157].  

ɼʣʷ ʦʙʨʘʟʮʘ PtCu/C1-N ʥʘʙʣʶʜʘʝʪʩʷ ʩʤʝʱʝʥʠʝ ʤʘʢʩʠʤʫʤʦʚ ʧʠʢʦʚ (111) ʠ 

(200) ʚ ʦʙʣʘʩʪʴ ʙʦʣʴʰʠʭ ʫʛʣʦʚ 2 ʪʝʪʘ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʣʝʛʠʨʦʚʘʥʠʝʤ ʅʏ ʘʪʦʤʘʤʠ ʤʝʜʠ 

ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʫʤʝʥʴʰʝʥʠʝʤ ʤʝʞʘʪʦʤʥʦʛʦ ʨʘʩʩʪʦʷʥʠʷ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ 

ʨʝʰʝʪʢʝ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʈʌʣɸ ʩʦʩʪʘʚ PtCu ʚ ʵʪʦʤ ʤʘʪʝʨʠʘʣʝ - PtCu0.24. 

 
ʈʠʩʫʥʦʢ 4.1 ï ʈʝʥʪʛʝʥʦʛʨʘʤʤʳ: ʘ) ʫʛʣʝʨʦʜʥʳʭ ʥʦʩʠʪʝʣʝʡ; ʙ) Pt/C ʠ PtCu/C 

ʵʣʝʢʪʨʦʢʘʪʘʣʠʟʘʪʦʨʦʚ. ʇʨʠʤʝʨ ʬʠʪʦʚʘʥʠʷ ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʜʠʬʨʘʢʪʦʛʨʘʤʤ ʜʣʷ 

ʦʙʨʘʟʮʦʚ ʚ) C1, ʛ) C1-N, ʜ) C2-N 

ɺʩʝ ʧʦʣʫʯʝʥʥʳʝ Pt/C ʤʘʪʝʨʠʘʣʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʤʘʣʳʤ ʨʘʟʤʝʨʦʤ 

ʢʨʠʩʪʘʣʣʠʪʦʚ ʧʣʘʪʠʥʳ ʤʝʥʝʝ 1.5 ʥʤ (ʊʘʙʣ. 4.2). ʅʘ ʇʕʄ ʠʟʦʙʨʘʞʝʥʠʷʭ 

ʧʣʘʪʠʥʦʫʛʣʝʨʦʜʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʥʘʙʣʶʜʘʶʪʩʷ ʦʧʨʝʜʝʣʝʥʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʚ 

ʭʘʨʘʢʪʝʨʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʘʥʦʯʘʩʪʠʮ ʧʣʘʪʠʥʳ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʦʙʫʩʣʦʚʣʝʥʥʳʝ 

ʩʧʝʮʠʬʠʢʦʡ ʩʪʨʫʢʪʫʨʳ ʥʦʩʠʪʝʣʝʡ (ʈʠʩ. 4.2). ɼʣʷ ʤʘʪʝʨʠʘʣʘ Pt/C1 ʥʘʙʣʶʜʘʝʪʩʷ 

ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʘʥʦʯʘʩʪʠʮ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʚ ʧʦʨʘʭ ʥʦʩʠʪʝʣʷ, ʘ 

ʪʘʢʞʝ ʥʘʣʠʯʠʝ ʫʯʘʩʪʢʦʚ, ʤʘʣʦ ʟʘʧʦʣʥʝʥʥʳʭ ʯʘʩʪʠʮʘʤʠ (ʈʠʩ. 4.2ʘ, ʈʠʩ. 4.1ʘ-ʚ). ɼʣʷ 

ʤʘʪʝʨʠʘʣʘ Pt/C1-N ʥʘ ʦʩʥʦʚʝ ʜʦʧʠʨʦʚʘʥʥʦʛʦ ʘʟʦʪʦʤ ʥʦʩʠʪʝʣʷ ʉ1-N ʭʘʨʘʢʪʝʨʥʦ 
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ʙʦʣʝʝ ʨʘʚʥʦʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʥʘʥʦʯʘʩʪʠʮ ʧʣʘʪʠʥʳ (ʈʠʩ. 4.2 ʙ, ʈʠʩ. 4.3 ʞ-ʟ). 

ʇʨʠ ʵʪʦʤ ʟʥʘʯʠʪʝʣʴʥʘʷ ʜʦʣʷ ʥʘʥʦʯʘʩʪʠʮ Pt ʣʦʢʘʣʠʟʦʚʘʥʘ ʥʘ ʢʨʘʝʚʳʭ ʫʯʘʩʪʢʘʭ 

ʥʦʩʠʪʝʣʷ C1-N, ʦʙʨʘʟʫʷ ʢʨʫʛʦʚʳʝ ʪʨʘʝʢʪʦʨʠʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

(ʈʠʩ. 4.2 ʙ, ʈʠʩ. 4.3 ʞ-ʠ). ʉʦʛʣʘʩʥʦ [158] ʵʪʦ ʤʦʞʝʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦ ʥʘʣʠʯʠʠ 

ʤʝʟʦʧʦʨ, ʢʨʘʷ ʢʦʪʦʨʳʭ ʷʚʣʷʶʪʩʷ ʤʝʩʪʘʤʠ, ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʤʠ 

ʜʣʷ ʩʦʨʙʮʠʠ ʥʘʥʦʯʘʩʪʠʮ ʧʣʘʪʠʥʳ. ʊʘʢʞʝ ʚ ʨʘʙʦʪʝ ʍʘʨʮʝʨ ɻ.ʉ. ʠ ʩʦʘʚʪʦʨʦʚ [159] 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʥʘ N-ʜʦʧʠʨʦʚʘʥʥʦʤ ʥʦʩʠʪʝʣʝ ʤʘʨʢʠ Ketjenblack ʥʘʥʦʯʘʩʪʠʮʳ 

ʧʣʘʪʠʥʳ, ʦʩʘʞʜʝʥʥʳʝ ʚ ʭʦʜʝ ʞʠʜʢʦʬʘʟʥʦʛʦ ʩʠʥʪʝʟʘ, ʨʘʩʧʨʝʜʝʣʷʶʪʩʷ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʟʦ- ʠ ʤʘʢʨʦʧʦʨ, ʘ ʥʝ ʚ ʤʠʢʨʦʧʦʨʘʭ, ʯʪʦ 

ʚʧʦʩʣʝʜʩʪʚʠʠ ʜʝʣʘʝʪ ʠʭ ʜʦʩʪʫʧʥʳʤʠ ʜʣʷ ʨʝʘʛʝʥʪʦʚ ʚ ʪʦʢʦʦʙʨʘʟʫʶʱʠʭ ʨʝʘʢʮʠʷʭ. 

ʇʦʣʫʯʝʥʥʳʝ ʥʘʤʠ ʜʘʥʥʳʝ ʩʦʛʣʘʩʫʶʪʩʷ ʩ [158, 159].  

ʆʪʤʝʪʠʤ, ʯʪʦ ʢʘʪʘʣʠʟʘʪʦʨ Pt/C2-N ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʝʪʩʷ ʧʦ ʩʚʦʝʡ 

ʤʠʢʨʦʩʪʨʫʢʪʫʨʝ ʦʪ ʦʩʪʘʣʴʥʳʭ ʦʙʨʘʟʮʦʚ (ʈʠʩ. 4.2 ʚ, ʈʠʩ. 4.3 ʢ-ʤ), ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ 

ʩʧʝʮʠʬʠʢʦʡ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʥʦʩʠʪʝʣʷ ʉ2-N. ʅʘ ʇʕʄ-ʬʦʪʦʛʨʘʬʠʷʭ ʦʙʨʘʟʮʘ PtC2-

N ʯʘʩʪʠʮʳ ʥʦʩʠʪʝʣʷ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʥʘʥʦʣʠʩʪʴʷ ʩ ʦʪʩʫʪʩʪʚʠʝʤ ʨʘʟʣʠʯʠʤʳʭ 

ʤʝʟʦʧʦʨ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ (ʈʠʩ. 4.2 ʚ, ʈʠʩ. 4.3 ʢ-ʤ). ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʚʳʩʦʢʫʶ 

ʨʘʚʥʦʤʝʨʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʘʥʦʯʘʩʪʠʮ Pt ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʵʪʦʛʦ ʥʦʩʠʪʝʣʷ (ʈʠʩ. 

4.2 ʚ, ʈʠʩ. 4.3 ʢ-ʤ). ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʧʨʠʚʝʜʝʥʘ ʇʕʄ ʬʦʪʦʛʨʘʬʠʷ PtCu ʤʘʪʝʨʠʘʣʘ, 

ʦʩʘʞʜʝʥʥʦʛʦ ʥʘ ʩʪʘʥʜʘʨʪʥʳʡ ʥʝ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ ʫʛʣʝʨʦʜʥʳʡ ʥʦʩʠʪʝʣʴ (ʨʠʩ. 4.2 

ʝ), ʥʘ ʢʦʪʦʨʦʡ ʚʠʜʥʦ ʦʙʨʘʟʦʚʘʥʠʝ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʘʛʣʦʤʝʨʘʪʦʚ ʠ 

ʥʝʨʘʚʥʦʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʅʏ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʫʛʣʝʨʦʜʥʦʡ ʧʦʜʣʦʞʢʠ. ʉʨʝʜʥʠʡ 

ʨʘʟʤʝʨ ʅʏ, ʦʧʨʝʜʝʣʝʥʥʳʡ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʇʕʄ, ʧʨʝʚʳʰʘʝʪ ʩʨʝʜʥʠʡ ʨʘʟʤʝʨ 

ʢʨʠʩʪʘʣʣʠʪʦʚ (ʈʌɸ) (ʊʘʙʣ. 4.2). ʕʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʪʝʤ, ʯʪʦ ʦʜʥʘ ʯʘʩʪʠʮʘ ʤʦʞʝʪ 

ʩʦʩʪʦʷʪʴ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʢʨʠʩʪʘʣʣʠʪʦʚ.  

ʉʨʝʜʥʠʡ ʨʘʟʤʝʨ ʥʘʥʦʯʘʩʪʠʮ ʧʣʘʪʠʥʳ, ʨʘʩʩʯʠʪʘʥʥʳʡ ʧʦ ʜʘʥʥʳʤ ʇʕʄ (ʈʠʩ. 

4.3), ʨʘʩʪʝʪ ʚ ʨʷʜʫ Pt/C1 < Pt/C2-N ¢ Pt/C1-N < JM20 < PtCu/C1-N ʦʪ 1.6 ʜʦ 3.6 ʥʤ 

(ʊʘʙʣ. 4.2).  
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ʈʠʩʫʥʦʢ 4.2 ï ʀʟʦʙʨʘʞʝʥʠʷ ʧʨʦʩʚʝʯʠʚʘʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ 

ʧʦʚʝʨʭʥʦʩʪʠ ʤʘʪʝʨʠʘʣʦʚ Pt/C1 (a), Pt/C1-N (ʙ), Pt/C2-N (ʚ), JM20 (ʛ),           

PtCu/C1-N (ʜ), PtCu/C (ʝ) 
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ʈʠʩʫʥʦʢ 4.3 ï ʀʟʦʙʨʘʞʝʥʠʷ ʧʨʦʩʚʝʯʠʚʘʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ 

ʧʦʚʝʨʭʥʦʩʪʠ ʤʘʪʝʨʠʘʣʦʚ Jʄ20 (ʘ-ʚ), Pt/C1 (ʛ-ʝ), Pt/C1-N (ʞ-ʠ), Pt/C2-N (ʢ-ʤ), 

PtCu/C1-N (ʥ-ʧ) ʠ ʛʠʩʪʦʛʨʘʤʤʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʨʝʜʥʝʛʦ ʨʘʟʤʝʨʘ ʥʘʥʦʯʘʩʪʠʮ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʤʘʪʝʨʠʘʣʘʭ 
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ɺʩʝ ʧʦʣʫʯʝʥʥʳʝ ʢʘʪʘʣʠʟʘʪʦʨʳ ʩʦʜʝʨʞʘʪ ʥʘʥʦʯʘʩʪʠʮʳ ʧʣʘʪʠʥʳ ʤʝʥʴʰʝʛʦ 

ʨʘʟʤʝʨʘ, ʯʝʤ ʢʦʤʤʝʨʯʝʩʢʠʡ ʧʣʘʪʠʥʦʫʛʣʝʨʦʜʥʳʡ ʦʙʨʘʟʝʮ ʩʨʘʚʥʝʥʠʷ JM20 ʠ 

ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʡ ʢʘʪʘʣʠʟʘʪʦʨ (ʊʘʙʣ. 4.1). ʆʪʤʝʪʠʤ, ʯʪʦ ʟʥʘʯʝʥʠʝ ʩʨʝʜʥʝʛʦ ʨʘʟʤʝʨʘ 

ʥʘʥʦʯʘʩʪʠʮ Pt ʚ ʢʦʤʤʝʨʯʝʩʢʦʤ ʦʙʨʘʟʮʝ, ʨʘʩʩʯʠʪʘʥʥʦʝ ʥʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ 

ʬʦʪʦʛʨʘʬʠʡ ʇʕʄ, ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʣʠʪʝʨʘʪʫʨʥʳʤʠ ʜʘʥʥʳʤʠ [160]. 

ʅʘ ʨʠʩʫʥʢʝ 4.4 ʦʪʦʙʨʘʞʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʵʣʝʤʝʥʪʥʦʛʦ ʢʘʨʪʠʨʦʚʘʥʠʷ ʫʯʘʩʪʢʦʚ 

ʧʦʚʝʨʭʥʦʩʪʠ ʙʠʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʢʦʪʦʨʳʝ ʧʦʜʪʚʝʨʞʜʘʶʪ ʩʦʚʧʘʜʝʥʠʝ 

ʤʝʩʪ ʣʦʢʘʣʠʟʘʮʠʠ ʘʪʦʤʦʚ ʤʝʜʠ ʠ ʧʣʘʪʠʥʳ ʚ ʦʙʨʘʟʮʝ (ʈʠʩ. 4.4 ʘ-ʚ). ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ 

ʥʘʥʦʯʘʩʪʠʮʳ, ʜʝʡʩʪʚʠʪʝʣʴʥʦ, ʷʚʣʷʶʪʩʷ ʜʚʫʭʢʦʤʧʦʥʝʥʪʥʳʤʠ. ʉʢʘʥʠʨʦʚʘʥʠʝ 

ʩʦʩʪʘʚʘ ʦʪʜʝʣʴʥʦʡ PtCu ʥʘʥʦʯʘʩʪʠʮ rʚ ʣʠʥʠʶ ʪʘʢʞʝ ʧʦʜʪʚʝʨʜʠʣʦ ʥʘʣʠʯʠʝ ʧʣʘʪʠʥʳ 

ʠ ʤʝʜʠ ʚ ʝʝ ʩʦʩʪʘʚʝ (ʈʠʩ. 4.4 ʛ, ʜ). 

 
ʈʠʩʫʥʦʢ 4.4. ï ʀʟʦʙʨʘʞʝʥʠʷ ʧʨʦʩʚʝʯʠʚʘʶʱʝʡ ʨʘʩʪʨʦʚʦʡ ʵʣʝʢʪʨʦʥʥʦʡ 

ʤʠʢʨʦʩʢʦʧʠʠ ʫʯʘʩʪʢʦʚ ʙʠʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ (a, ʚ). ʕʣʝʤʝʥʪʥʦʝ 

ʢʘʨʪʠʨʦʚʘʥʠʝ ʫʯʘʩʪʢʦʚ ʧʦʚʝʨʭʥʦʩʪʠ (ʘ, ʙ). ɿʝʣʝʥʦʡ ʩʪʨʝʣʢʦʡ ʧʦʢʘʟʘʥʦ 

ʥʘʧʨʘʚʣʝʥʠʝ ʩʢʘʥʠʨʦʚʘʥʠʷ ʥʘʥʦʯʘʩʪʠʮ ʚ ʣʠʥʠʶ (ʛ). ɻʠʩʪʦʛʨʘʤʤʘ ʩʢʘʥʠʨʦʚʘʥʠʷ 

ʥʘʥʦʯʘʩʪʠʮ ʚ ʣʠʥʠʶ ʦʙʨʘʟʮʦʚ (ʜ). 
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ʀʩʭʦʜʥʳʝ ʥʦʩʠʪʝʣʠ ʉ1 ʠ ʉ1-N, ʘ ʪʘʢʞʝ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʝ ʥʘ ʠʭ ʦʩʥʦʚʝ 

ʧʣʘʪʠʥʦʩʦʜʝʨʞʘʱʠʝ ʢʘʪʘʣʠʟʘʪʦʨʳ Pt/C1 ʠ Pt/C1-N, ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʙʳʣʠ ʠʟʫʯʝʥʳ 

ʤʝʪʦʜʦʤ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʘʜʩʦʨʙʮʠʠ ʘʟʦʪʘ (ʊʘʙʣ. 4.3, ʈʠʩ. 4.5). ʌʦʨʤʘ ʠʟʦʪʝʨʤ 

ʚʩʝʭ ʦʙʨʘʟʮʦʚ ʤʦʞʝʪ ʙʳʪʴ ʦʪʥʝʩʝʥʘ ʢ ʪʠʧʫ IV, ʩʦʛʣʘʩʥʦ ʫʚʝʜʦʤʣʝʥʠʶ IUPAC [161]. 

ʕʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʧʨʠʩʫʪʩʪʚʠʝ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʤʝʟʦʧʦʨ ʚ ʥʦʩʠʪʝʣʝ. ʄʦʥʦʩʣʦʡʥʦʝ 

ʧʦʢʨʳʪʠʝ ʧʦʣʥʦʩʪʴʶ ʬʦʨʤʠʨʫʝʪʩʷ ʧʨʠ ʥʠʟʢʦʤ ʦʪʥʦʩʠʪʝʣʴʥʦʤ ʜʘʚʣʝʥʠʠ ʦʢʦʣʦ 0.01, 

ʘ ʤʥʦʛʦʩʣʦʡʥʘʷ ʘʜʩʦʨʙʮʠʷ ʥʘʯʠʥʘʝʪʩʷ ʧʨʠ ʙʦʣʝʝ ʚʳʩʦʢʦʤ ʦʪʥʦʩʠʪʝʣʴʥʦʤ ʜʘʚʣʝʥʠʠ 

(ʈʠʩ. 4.5 ʘ, ʙ). [162]. ʇʝʪʣʷ ʛʠʩʪʝʨʝʟʠʩʘ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʘ ʩ ʢʘʧʠʣʣʷʨʥʦʡ 

ʢʦʥʜʝʥʩʘʮʠʝʡ ʘʟʦʪʘ ʚ ʤʝʟʦʧʦʨʘʭ ʠʣʠ ʧʨʦʩʪʨʘʥʩʪʚʘʭ ɹʕʊ ʤʝʞʜʫ ʯʘʩʪʠʮʘʤʠ. ʌʦʨʤʘ 

ʧʝʪʣʠ ʛʠʩʪʝʨʝʟʠʩʘ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʩʚʦʝʥʘ ʪʠʧʫ H1 ʚ ʫʚʝʜʦʤʣʝʥʠʠ IUPAC. [163]. ɽʛʦ 

ʯʘʩʪʦ ʩʚʷʟʳʚʘʶʪ ʩ ʧʦʨʠʩʪʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ, ʩʦʩʪʦʷʱʠʤʠ ʠʟ ʯʝʪʢʦ ʚʳʨʘʞʝʥʥʳʭ 

ʮʠʣʠʥʜʨʦʧʦʜʦʙʥʳʭ ʧʦʨʦʚʳʭ ʢʘʥʘʣʦʚ ʠʣʠ ʘʛʣʦʤʝʨʘʪʦʚ ʧʨʠʤʝʨʥʦ ʦʜʥʦʨʦʜʥʳʭ ʩʬʝʨ. 

ʋʜʝʣʴʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʩʦʩʪʘʚʠʣʘ 1352, 957, 345 ʠ 378 ʤ2/ʛ ʧʦ ʤʦʜʝʣʠ ɹʕʊ 

ʜʣʷ ʦʙʨʘʟʮʦʚ ʉ1, Pt/C1 ʠ ʉ1-N, Pt/C1-N, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺʦ ʚʩʝʭ ʩʣʫʯʘʷʭ 

ʢʦʵʬʬʠʮʠʝʥʪʳ ʢʦʨʨʝʣʷʮʠʠ ʙʳʣʠ ʚʳʰʝ 0,9997 (ʈʠʩ. 4.5).  ʅʘʠʙʦʣʴʰʠʡ ʦʙʲʝʤ ʧʦʨ 

2,03 ʩʤ3/ʛ ʥʘʙʣʶʜʘʣʩʷ ʫ ʦʙʨʘʟʮʘ ʉ1. ɼʣʷ ʢʘʪʘʣʠʟʘʪʦʨʘ Pt/C1 ʥʘ ʦʩʥʦʚʝ ʵʪʦʛʦ 

ʥʦʩʠʪʝʣʷ ʭʘʨʘʢʪʝʨʥʦ ʫʤʝʥʴʰʝʥʠʝ ʦʙʲʝʤʘ ʧʦʨ ʜʦ 1.35 ʩʤ3/ʛ, ʧʦ-ʚʠʜʠʤʦʤʫ, 

ʦʙʫʩʣʦʚʣʝʥʥʦʝ ʠʭ ʯʘʩʪʠʯʥʦʡ ʠʟʦʣʷʮʠʝʡ ʥʘʥʦʯʘʩʪʠʮʘʤʠ ʧʣʘʪʠʥʳ, ʟʘʧʦʣʥʷʶʱʠʤʠ 

ʧʦʨʳ ʚ ʧʨʦʮʝʩʩʝ ʭʠʤʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ.  

ʈʘʥʝʝ ʧʨʠ ʠʟʫʯʝʥʠʠ ʥʦʩʠʪʝʣʷ C2-N ʤʝʪʦʜʦʤ XPS ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ [164], 

ʯʪʦ ʘʟʦʪ ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʫʛʣʝʨʦʜʘ. ʗʚʣʝʥʠʝ 

ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʫʤʝʥʴʰʝʥʠʷ (ʚ 4 ʨʘʟʘ) ʧʣʦʱʘʜʠ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʦʙʲʝʤʘ ʧʦʨ 

ʤʘʪʝʨʠʘʣʘ ʉ1-N ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʩʭʦʜʥʳʤ ï C1 (ʊʘʙʣ. 4.2), ʥʘʙʣʶʜʘʝʤʦʝ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʭʠʤʠʯʝʩʢʦʡ ʤʦʜʠʬʠʢʘʮʠʠ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʧʦʚʝʨʭʥʦʩʪʴ 

ʥʦʩʠʪʝʣʷ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʧʦʢʨʳʪʘ N-ʣʝʛʠʨʦʚʘʥʥʳʤ ʧʠʨʦʫʛʣʝʨʦʜʦʤ [164].  
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ʈʠʩʫʥʦʢ 4.5 ï N2 ʠʟʦʪʝʨʤʳ ʘʜʩʦʨʙʮʠʠ-ʜʝʩʦʨʙʮʠʠ ʦʙʨʘʟʮʦʚ (ʘ) C1 (ʯʝʨʥʘʷ ʢʨʠʚʘʷ), 

Pt/C1 (ʢʨʘʩʥʘʷ ʢʨʠʚʘʷ); (ʙ) ʉ1-N (ʯʝʨʥʘʷ ʢʨʠʚʘʷ), Pt/C1-N (ʢʨʘʩʥʘʷ ʢʨʠʚʘʷ). 

ɸʜʩʦʨʙʮʠʦʥʥʳʝ ʚʝʪʚʠ ʠʟʦʪʝʨʤ ʩʦʜʝʨʞʘʪ ʟʘʧʦʣʥʝʥʥʳʝ ʤʘʨʢʝʨʳ, ʜʝʩʦʨʙʮʠʦʥʥʳʝ ï 

ʧʫʩʪʳʝ ʤʘʨʢʝʨʳ. ɻʨʘʬʠʢʠ ʧʣʦʱʘʜʠ ʧʦʚʝʨʭʥʦʩʪʠ ɹʕT (ʚ) 

ʅʝʟʥʘʯʠʪʝʣʴʥʦʝ ʠʟʤʝʥʝʥʠʝ ʧʣʦʱʘʜʠ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦ ɹʕʊ, ʥʘʙʣʶʜʘʝʤʦʝ ʧʨʠ 

ʧʝʨʝʭʦʜʝ ʦʪ N-ʣʝʛʠʨʦʚʘʥʥʦʛʦ ʥʦʩʠʪʝʣʷ ʉ1-N (345.4 ʤ2/ʛ) ʢ ʧʣʘʪʠʥʦʩʦʜʝʨʞʘʱʝʤʫ 

ʤʘʪʝʨʠʘʣʫ Pt/C1-N ʥʘ ʝʛʦ ʦʩʥʦʚʝ (378.4 ʤ2/ʛ), ʤʦʞʝʪ ʙʳʪʴ ʦʙʫʩʣʦʚʣʝʥʦ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʥʘʥʦʯʘʩʪʠʮ ʧʣʘʪʠʥʳ ʧʦ ʧʝʨʠʤʝʪʨʫ ʤʝʟʦʧʦʨ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʥʦʩʠʪʝʣʷ, ʯʪʦ ʥʝ ʧʨʠʚʦʜʠʪ ʢ ʠʟʦʣʷʮʠʠ ʧʦʨ ʠ ʩʥʠʞʝʥʠʶ ʧʣʦʱʘʜʠ 

ʧʦʚʝʨʭʥʦʩʪʠ. ʕʪʦ ʪʘʢʞʝ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʤʘʣʳʤ ʩʥʠʞʝʥʠʝʤ ʨʘʟʤʝʨʘ ʧʦʨ ʧʨʠ 

ʧʝʨʝʭʦʜʝ ʦʪ ʥʦʩʠʪʝʣʷ ʢ ʵʣʝʢʪʨʦʢʘʪʘʣʠʟʘʪʦʨʫ ʥʘ ʝʛʦ ʦʩʥʦʚʝ (ʊʘʙʣ. 4.3). 

  



 

 

 
 

 

 

ʊʘʙʣʠʮʘ 4.3. ʇʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʧʦʨʠʩʪʦʩʪʴ ʫʛʣʝʨʦʜʥʳʭ ʥʦʩʠʪʝʣʝʡ ʠ Pt/C ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʠʭ ʦʩʥʦʚʝ.  

ʆʙʨʘʟʝʮ 

ʇʣʦʱʘʜʴ 

ʧʦʚʝʨʭʥʦʩʪʠ 

ʚ ʦʜʥʦʡ 

ʪʦʯʢʝ P/Po 

ɹʕʊ 

ʇʣʦʱʘʜʴ 

ʧʦʚʝʨʭʥʦʩʪʠ 

BJH 

ɸʜʩʦʨʙʮʠʦʥ

ʥʘʷ 

ʩʦʚʦʢʫʧʥʘʷ 

ʧʣʦʱʘʜʴ 

ʧʦʚʝʨʭʥʦʩʪ

ʠ ʧʦʨ 

BJH 

ɼʝʩʦʨʙʮʠʦʥʥ

ʘʷ 

ʩʦʚʦʢʫʧʥʘʷ 

ʧʣʦʱʘʜʴ 

ʧʦʚʝʨʭʥʦʩʪʠ 

ʧʦʨ 

ʈʘʟʤʝʨ 

ʧʦʨ 

cʤ3/ʛ 

ʈʘʟʤʝʨ ʧʦʨ, ɸ 

ɸʜʩʦʨʙʮʠʦ

ʥʥʘʷ 

ʩʨʝʜʥʷʷ 

ʰʠʨʠʥʘ 

ʧʦʨ (4ɺ/A 

ʧʦ ɹʕʊ), ɸ 

BJH 

ɸʜʩʦʨʙʮʠʦ

ʥʥʘʷ 

ʩʨʝʜʥʷʷ 

ʰʠʨʠʥʘ ʧʦʨ 

(4ɺ/A) 

BJH 

ɼʝʩʦʨʙʮʠʦʥʥʘʷ 

ʩʨʝʜʥʷʷ ʰʠʨʠʥʘ 

ʧʦʨ (4ɺ/A) 

ʉ1 1324 1352 3864 1225 2.0 60.2 11.3 38.7 

Pt/C1 934 957 2775 907 1.3 59.5 11.0 35.7 

C1-N 343 345 884 338 0.7 82.8 13.8 39.4 

Pt/C1-N 370 378 1036 340 0.6 68.2 11.5 36.2 

 

  



 

 

 
 

 

ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ 

ʧʦʚʝʨʭʥʦʩʪʠ Pt/C1, Pt/C1-N ʠ JM20 ʵʣʝʢʪʨʦʢʘʪʘʣʠʟʘʪʦʨʦʚ ʤʝʪʦʜʦʤ ʈʌʕʉ  

(ʊʘʙʣ. 4.4).  

ʊʘʙʣʠʮʘ 4.4. ʕʣʝʤʝʥʪʥʳʝ ʩʦʩʪʘʚʳ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʦʙʨʘʟʮʦʚ, ʦʧʨʝʜʝʣʝʥʥʳʝ ʧʦ 

ʈʌʕ ʩʧʝʢʪʨʘʤ. ɺ ʩʢʦʙʢʘʭ ʧʨʠʚʝʜʝʥʳ ʩʪʘʥʜʘʨʪʥʳʝ ʦʪʢʣʦʥʝʥʠʷ ʠʟʤʝʨʝʥʥʳʭ 

ʚʝʣʠʯʠʥ. 

ʆʙʨʘʟʝʮ ʉʦʜʝʨʞʘʥʠʝ ʵʣʝʤʝʥʪʘ, ʘʪʦʤʥʳʝ % 

C O Pt N 

Pt/C1 86.6(2.1) 11.8(2.2) 0.7(0.1) 0 

Pt/C1-N 89.4(0.8) 5.4(0.3) 2.1(0.1) 3.2(0.6) 

JM20 87.4(0.9) 11.0(1.0) 1.7(0.1) 0 
 

ʉʦʛʣʘʩʥʦ [165] ʢʦʤʧʦʥʝʥʪ A C1s ʩʧʝʢʪʨʘ (ʩ ʵʥʝʨʛʠʝʡ 284.1 ʵɺ) ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

sp2 ʩʚʷʟʠ ʫʛʣʝʨʦʜʘ ʚ ʜʚʫʤʝʨʥʦʡ ʧʨʦʚʦʜʷʱʝʡ ʛʨʘʬʝʥʦʚʦʡ ʩʝʪʢʝ, ʪʦʛʜʘ ʢʘʢ ʢʦʤʧʦʥʝʥʪ 

B C1s ʩʧʝʢʪʨʘ (ʩ ʵʥʝʨʛʠʝʡ 285.0 ʵɺ) ʩʦʦʪʚʝʪʩʪʚʫʝʪ sp3 ʩʚʷʟʷʤ ʫʛʣʝʨʦʜʘ ʚ ʉ ï ʉ ʠ ʉ 

ï ʆ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʟʘʛʨʷʟʥʝʥʠʷʭ (ʊʘʙʣ. 5). ʂʦʤʧʦʥʝʥʪʳ ʫʛʣʝʨʦʜʘ C1s ʩʧʝʢʪʨʦʚ 

ʦʪʚʝʯʘʶʪ ʟʘ ʩʚʷʟʠ ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ ʩ ʘʪʦʤʘʤʠ ʢʠʩʣʦʨʦʜʘ ʚ ʛʠʜʨʦʢʩʠʣʴʥʦʡ ʛʨʫʧʧʝ C 

ï O, ʘ ʢʦʤʧʦʥʝʥʪʳ D ʠ E (ʩ ʵʥʝʨʛʠʝʡ 289.1 ʵɺ ʠ 291.1 ʵɺ) ï ʟʘ ʜʚʦʡʥʫʶ ʩʚʷʟʴ C = O 

ʚ ʢʘʨʙʦʥʠʣʴʥʦʡ ʠ ʢʘʨʙʦʢʩʠʣʴʥʦʡ ʛʨʫʧʧʘʭ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʂʦʤʧʦʥʝʥʪ F C1s 

ʩʧʝʢʪʨʘ (~ 287.4 ʵɺ) ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʚʷʟʠ ʫʛʣʝʨʦʜʘ ʩ ʘʟʦʪʦʤ ʚ ʠʤʠʥʦʚʦʡ ʛʨʫʧʧʝ C = 

NH. ɺʩʝ ʜʘʥʥʳʝ ʧʦ ʵʥʝʨʛʠʷʤ ʩʚʷʟʠ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦʤ ʩʦʜʝʨʞʘʥʠʠ ʢʦʤʧʦʥʝʥʪʦʚ ʜʣʷ 

ʚʩʝʭ ʠʩʩʣʝʜʫʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 4.5. 

ʊʘʙʣʠʮʘ 4.5. ʕʥʝʨʛʠʠ ʩʚʷʟʠ (ʵɺ) ʠ ʦʪʥʦʩʠʪʝʣʴʥʳʝ ʩʦʜʝʨʞʘʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ 

(ʦʪʥ. %)  C1s ʩʧʝʢʪʨʦʚ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʦʙʨʘʟʮʦʚ. ɺ ʩʢʦʙʢʘʭ ʧʨʠʚʝʜʝʥʳ ʩʪʘʥʜʘʨʪʥʳʝ 

ʦʪʢʣʦʥʝʥʠʷ ʠʟʤʝʨʝʥʥʳʭ ʚʝʣʠʯʠʥ. 

ʆʙʨʘʟʝʮ ʂʦʤʧʦʥʝʥʪʳ 

A B C D E F 

Pt/C1 284.1(.0) 285.0(.0) 286.1(.1) 288.8(.0) 290.5(.1) - 

40.7(6.2) 26.9(3.9) 11.7(0.1) 6.4(0.2) 1.4(0.1) 0.0 

Pt/C1-N 284.3(.0) 285.0(.0) 286.1(.1) 289.1(.1) 291.1(.1) 287.4(.2) 

44.5(0.4) 20.8(4.3) 9.5(1.6) 5.6(1.3) 3.8(1.5) 6.4(0.5) 

JM20 284.1(.1) 285.0(.0) 286.3(.0) 288.8(.1) 290.7(.0) - 

53.1(5.9) 17.9(3.5) 9.2(1.6) 6.1(0.2) 2.0(0.1) 0,0 
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ʉʧʝʢʪʨʳ O1s ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʥʝʩʢʦʣʴʢʠʤʠ ʧʠʢʘʤʠ ʠ 

ʧʦʟʚʦʣʷʶʪ ʥʝʩʢʦʣʴʢʦ ʙʦʣʝʝ ʜʝʪʘʣʴʥʦ ʦʮʝʥʠʪʴ ʢʠʩʣʦʨʦʜʩʦʜʝʨʞʘʱʠʝ ʛʨʫʧʧʳ. ɺ 

ʯʘʩʪʥʦʩʪʠ, ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʩʣʝʜʫʶʱʠʝ ʪʠʧʳ ʢʠʩʣʦʨʦʜʩʦʜʝʨʞʘʱʠʭ ʛʨʫʧʧ: 

ʢʠʩʣʦʨʦʜ ʚ ʦʢʠʩʣʝ PtO (~530.6), ʢʘʨʙʦʢʩʠʣʴʥʳʝ (~531,1 ʵɺ) ʠ ʢʘʨʙʦʥʠʣʴʥʳʝ (~532,1 

ʵɺ), CïO (~532,7ï533,0 ʵɺ) ʠ ʛʠʜʨʦʢʩʠʣʴʥʳʝ (~533.7, ʵɺ) ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʛʨʫʧʧʳ 

[166].  ʉʫʱʝʩʪʚʦʚʘʥʠʝ ʢʠʩʣʦʨʦʜʥʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ ʩʚʷʟʘʥʦ ʩ ʥʝʧʦʣʥʳʤ 

ʪʝʨʤʠʯʝʩʢʠʤ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ ʫʛʣʝʨʦʜʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʥʠʞʝ 2000ǓC [167] 

(ʊʘʙʣ. 4.6). 

ʊʘʙʣʠʮʘ 4.6. ʕʥʝʨʛʠʠ ʩʚʷʟʠ (ʵɺ) ʠ ʦʪʥʦʩʠʪʝʣʴʥʳʝ ʩʦʜʝʨʞʘʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ 

(ʦʪʥ. %)  O1s ʩʧʝʢʪʨʦʚ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʦʙʨʘʟʮʦʚ. ɺ ʩʢʦʙʢʘʭ ʧʨʠʚʝʜʝʥʳ ʩʪʘʥʜʘʨʪʥʳʝ 

ʦʪʢʣʦʥʝʥʠʷ ʠʟʤʝʨʝʥʥʳʭ ʚʝʣʠʯʠʥ. 

ʆʙʨʘʟʝʮ ʂʦʤʧʦʥʝʥʪʳ 

A B C 

Pt/C1 530.5(.1) 532.0(.0) 533.4(.0) 

1.1(0.3) 5.5(1.0) 6.5(1.3) 

Pt/C1-N 530.6(.2) 532.1(.1) 533.4(.0) 

2.1(0.7) 2.5(0.8) 2.2(0.2) 

JM20 530.7(.1) 532.0(.1) 533.3(.0) 

2.1(1.1) 3.4(0.6) 5.2(1.1) 

 

ʅʘ ʨʠʩʫʥʢʝ 4.6 ʧʨʝʜʩʪʘʚʣʝʥʳ Pt4f7/2,5/2 ʩʧʝʢʪʨʳ ʦʙʨʘʟʮʘ Pt/C1-N. ɺ ʪʘʙʣʠʮʝ 

4.7 ʧʨʠʚʝʜʝʥʳ ʵʥʝʨʛʠʠ ʩʚʷʟʠ ʠ ʦʪʥʦʩʠʪʝʣʴʥʳʝ ʩʦʜʝʨʞʘʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ Pt4f7/2 

ʩʧʝʢʪʨʦʚ ʚʩʝʭ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʦʙʨʘʟʮʦʚ. ʕʥʝʨʛʠʠ ʩʚʷʟʠ ʢʦʤʧʦʥʝʥʪʦʚ A Pt4f7/2 

ʩʧʝʢʪʨʦʚ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʤʝʪʘʣʣʠʯʝʩʢʦʤʫ ʩʦʩʪʦʷʥʠʶ ʘʪʦʤʦʚ ʧʣʘʪʠʥʳ, ʘ ʢʦʣʠʯʝʩʪʚʦ 

ʦʢʠʩʣʦʚ PtO (ʢʦʤʧʦʥʝʥʪ D) ʠ PtO2 (ʢʦʤʧʦʥʝʥʪ E, ʥʘ ʈʠʩ. 4.6 ʥʝ ʧʨʝʜʩʪʘʚʣʝʥ, ʪ.ʢ. 

ʦʪʩʫʪʩʪʚʫʝʪ ʚ ʦʙʨʘʟʮʝ Pt-C1-N) ʩʦʩʪʘʚʣʷʝʪ 15 - 20 ʦʪʥʦʩʠʪʝʣʴʥʳʭ % (ʊʘʙʣ. 4.7). 
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ʈʠʩʫʥʦʢ 4.6 ï ʈʌʕʉ ʘ) C1s ʩʧʝʢʪʨ ʦʙʨʘʟʮʘ Pt-C1-N; ʙ) O1s ʩʧʝʢʪʨ ʦʙʨʘʟʮʘ 

Pt/C1-N; ʚ) Pt4f 7/2,5/2 ʩʧʝʢʪʨ ʦʙʨʘʟʮʘ Pt/C1-N; ʛ) N1s ʩʧʝʢʪʨ ʦʙʨʘʟʮʘ Pt/C1-N 

ʊʘʙʣʠʮʘ 4.7. ʕʥʝʨʛʠʠ ʩʚʷʟʠ (ʵɺ) ʠ ʦʪʥʦʩʠʪʝʣʴʥʳʝ ʩʦʜʝʨʞʘʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ (ʦʪʥ. %) 

Pt4f7/2 ʩʧʝʢʪʨʦʚ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʦʙʨʘʟʮʦʚ. ɺ ʩʢʦʙʢʘʭ ʧʨʠʚʝʜʝʥʳ ʩʪʘʥʜʘʨʪʥʳʝ 

ʦʪʢʣʦʥʝʥʠʷ ʠʟʤʝʨʝʥʥʳʭ ʚʝʣʠʯʠʥ 

ʆʙʨʘʟʝʮ ʂʦʤʧʦʥʝʥʪʳ 

A D E 

Pt/C1 71.2 (.0) 74.0 (.2) 75.0 (.1) 

82.0(7.8) 12.8(0.1) 7.2(4.7) 

Pt/C1-N 71.0 (.0) 73.6 (.0) - 

82.5(0.3) 17.5(3.3) 0 

JM20 70.9 (.1) 73.6 (.1) 75.1 (.1) 

85.2(2.5) 11.3(2.3) 3.0(2.7) 

ʀʥʪʝʨʧʨʝʪʘʮʠʷ N1s ʩʧʝʢʪʨʦʚ ʥʦʩʠʪ ʯʨʝʟʚʳʯʘʡʥʦ ʥʝʦʜʥʦʟʥʘʯʥʳʡ ʭʘʨʘʢʪʝʨ 

[168-170]. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ [171] ʢʦʤʧʦʥʝʥʪ A N1s ʩʧʝʢʪʨʦʚ ʦʧʨʝʜʝʣʷʝʪʩʷ, ʢʘʢ 

ʧʨʠʥʘʜʣʝʞʘʱʠʡ ʧʠʨʠʜʠʥʫ (~ 398.1) (N-6), ʢʦʤʧʦʥʝʥʪ B N1s ʩʧʝʢʪʨʦʚ  - ʧʠʨʦʣʴʥʳʤ 

ʢʦʤʧʣʝʢʩʘʤ (~ 399.4) (N-5), ʢʦʤʧʦʥʝʥʪ C N1s ʩʧʝʢʪʨʦʚ ï ʘʪʦʤʘʤ ʘʟʦʪʘ ʚ ʠʤʠʥʦʚʳʭ 
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(C = N ï H) ʠ/ʠʣʠ ʧʠʨʠʜʦʥʦʚʳʭ (C ï N = O) ʢʦʤʧʣʝʢʩʘʭ (~ 400.9), ʢʦʤʧʦʥʝʥʪ D N1s 

ʩʧʝʢʪʨʦʚ ï ʚ ʪʘʢ ʥʘʟʳʚʘʝʤʳʭ quaternary (N+  - H) ʛʨʫʧʧʘʭ (~ 402.3). ʇʦʩʣʝʜʥʠʝ ʜʚʘ 

ʢʦʤʧʦʥʝʥʪʘ (E ʠ F) ʦʪʥʦʩʷʪʩʷ ʢ ʘʪʦʤʘʤ ʘʟʦʪʘ ʚ ʥʠʪʨʠʣʴʥʳʭ ʠ ʥʠʪʨʘʪʥʳʭ ʛʨʫʧʧʘʭ (~ 

404.6 ʠ ~ 407.2 ʵɺ). ʇʦ ʜʘʥʥʳʤ ʈʌʕʉ-ʩʧʝʢʪʨʘ ʥʘʠʙʦʣʴʰʝʝ ʩʦʜʝʨʞʘʥʠʝ ʘʟʦʪʘ 

ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʢʦʤʧʦʥʝʥʪʝ ɸ ʠ ʩʦʩʪʘʚʣʷʝʪ ~ 24.0 ʘʪ.% ʠ ʢʦʤʧʦʥʝʥʪʝ C (~  33.6 ʘʪ.%), 

ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʧʨʝʦʙʣʘʜʘʥʠʠ ʧʠʨʠʜʠʥʦʚʳʭ ʠ ʠʤʠʥʦʚʳʭ ʛʨʫʧʧ ʚ ʩʪʨʫʢʪʫʨʝ ʥʦʩʠʪʝʣʷ. 

4.2 ʉʨʘʚʥʝʥʠʝ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʛʦ ʧʦʚʝʜʝʥʠʷ ʧʣʘʪʠʥʦʩʦʜʝʨʞʘʱʠʭ 

ʵʣʝʢʪʨʦʢʘʪʘʣʠʟʘʪʦʨʦʚ ʥʘ ʦʩʥʦʚʝ ʨʘʟʣʠʯʥʳʭ ʫʛʣʝʨʦʜʥʳʭ ʥʦʩʠʪʝʣʝʡ 

ʇʨʝʞʜʝ ʯʝʤ ʦʙʩʫʜʠʪʴ ʦʩʦʙʝʥʥʦʩʪʠ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʛʦ ʧʦʚʝʜʝʥʠʷ 

ʥʦʩʠʪʝʣʝʡ ʠ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʥʘ ʠʭ ʦʩʥʦʚʝ, ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʟʘʤʝʪʥʳʝ ʦʪʣʠʯʠʷ ʚ ʠʭ 

ʛʠʜʨʦʬʠʣʴʥʦʩʪʠ, ʩʧʦʩʦʙʥʳʝ ʦʢʘʟʘʪʴ ʚʣʠʷʥʠʝ ʥʘ ʩʪʨʫʢʪʫʨʫ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʩʣʦʷ, 

ʬʦʨʤʠʨʫʝʤʦʛʦ ʥʘ ʪʦʨʮʝ ʩʪʝʢʣʦʫʛʣʝʨʦʜʥʦʛʦ ʜʠʩʢʘ (ʉʤ. ʛʣʘʚʘ 2 ʨʘʟʜʝʣ 2.5.2 

ʤʝʪʦʜʠʢʘ ˉ2). ʂʘʪʘʣʠʪʠʯʝʩʢʠʝ ʯʝʨʥʠʣʘ, ʩʦʜʝʨʞʘʱʠʝ ʢʘʪʘʣʠʟʘʪʦʨʳ ʥʘ ʫʛʣʝʨʦʜʥʳʭ 

ʥʦʩʠʪʝʣʷʭ C-N, ʉ1 ʥʘʥʦʩʠʣʠʩʴ ʥʘ ʪʦʨʝʮ ɺɼʕ ʩ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʨʘʚʥʦʤʝʨʥʦʛʦ ʩʣʦʷ. 

ɺ ʦʪʣʠʯʠʠ ʦʪ ʥʠʭ ʧʨʠ ʥʘʥʝʩʝʥʠʠ ʤʘʪʝʨʠʘʣʘ ʥʘ ʦʩʥʦʚʝ N-ʣʝʛʠʨʦʚʘʥʥʦʛʦ 

ʫʛʣʝʨʦʜʥʦʛʦ ʥʦʩʠʪʝʣʷ C1-N ʥʘʙʣʶʜʘʣʦʩʴ ʤʝʥʝʝ ʨʘʚʥʦʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʯʝʨʥʠʣ ʥʘ ɺɼʕ, ʩʪʝʢʘʥʠʝ ʢʘʧʣʠ, ʦʙʨʘʟʦʚʘʥʠʝ ʪʘʢ ʥʘʟʳʚʘʝʤʦʛʦ çʢʦʬʝʡʥʦʛʦ ʢʦʣʴʮʘè 

ʧʨʠ ʚʳʩʳʭʘʥʠʠ ʥʘʥʝʩʝʥʥʦʛʦ ʩʣʦʷ. ʊʘʢʠʝ ʵʬʬʝʢʪʳ ʤʦʛʫʪ ʙʳʪʴ ʦʙʫʩʣʦʚʣʝʥʳ 

ʠʟʤʝʥʝʥʠʝʤ ʛʠʜʨʦʬʦʙʥʦʩʪʠ ʥʦʩʠʪʝʣʷ ʚ ʧʨʦʮʝʩʩʝ ʝʛʦ ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʷ, ʠ ʤʦʛʫʪ 

ʧʦʪʨʝʙʦʚʘʪʴ ʦʧʪʠʤʠʟʘʮʠʠ ʩʦʩʪʘʚʘ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʯʝʨʥʠʣ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʧʨʠ 

ʥʘʥʝʩʝʥʠʠ [158, 172].     

ʎʠʢʣʠʯʝʩʢʠʝ ʚʦʣʴʪʘʤʧʝʨʦʛʨʘʤʤʳ, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʝ ʚ ʧʨʦʮʝʩʩʝ 

ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʡ ʘʢʪʠʚʘʮʠʠ ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʘʪʠʥʦʩʦʜʝʨʞʘʱʠʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ, 

ʠʟʦʙʨʘʞʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 4.7. ʅʘʠʙʦʣʴʰʝʝ ʯʠʩʣʦ ʮʠʢʣʦʚ ʨʘʟʚʝʨʪʢʠ ʧʦʪʝʥʮʠʘʣʘ 

ʧʦʪʨʝʙʦʚʘʣʦʩʴ ʜʣʷ ʘʢʪʠʚʘʮʠʠ ʧʦʚʝʨʭʥʦʩʪʠ Pt/C1-N, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʩʪʘʙʠʣʠʟʘʮʠʷ 

ʟʥʘʯʝʥʠʡ ʪʦʢʘ ʥʘ ʎɺɸ ʢʘʪʘʣʠʟʘʪʦʨʦʚ Pt/C1, JM20, PtCu/C1-N ʠ ʦʩʦʙʝʥʥʦ Pt/C2-N, 

ʥʘʩʪʫʧʘʝʪ ʙʳʩʪʨʝʝ. ʇʦ-ʚʠʜʠʤʦʤʫ, ʛʠʜʨʦʬʦʙʥʦʩʪʴ Pt/C1-N ʟʘʤʝʜʣʷʝʪ ʜʦʩʪʫʧ 
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ʵʣʝʢʪʨʦʣʠʪʘ ʢʦ ʚʩʝʤ ʥʘʥʦʯʘʩʪʠʮʘʤ ʧʣʘʪʠʥʳ, ʥʘʭʦʜʷʱʠʤʩʷ ʚ ʢʘʪʘʣʠʪʠʯʝʩʢʦʤ ʩʣʦʝ. 

ɺ ʧʨʦʮʝʩʩʝ ʘʢʪʠʚʘʮʠʠ ʧʨʦʠʩʭʦʜʠʪ ʛʠʜʨʦʬʠʣʠʟʘʮʠʷ ʝʛʦ ʧʦʚʝʨʭʥʦʩʪʠ. 

 

ʈʠʩʫʥʦʢ 4.7 ï ʎʠʢʣʠʯʝʩʢʠʝ ʚʦʣʴʪʘʤʧʝʨʦʛʨʘʤʤʳ ʤʝʪʘʣʣʦʫʛʣʝʨʦʜʥʳʭ 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʚ ʧʨʦʮʝʩʩʝ ʩʪʘʥʜʘʨʪʠʟʠʨʫʶʱʝʛʦ ʮʠʢʣʠʨʦʚʘʥʠʷ ʘ) JM20; ʙ) Pt/C1; ʚ) 

Pt/C1-N; ʛ) Pt/C2-N; ʜ) PtCu/C1-N. 100 ʮʠʢʣʦʚ. ʉʢʦʨʦʩʪʴ ʨʘʟʚʝʨʪʢʠ ʧʦʪʝʥʮʠʘʣʘ 

ʩʦʩʪʘʚʣʷʝʪ 200 ʤɺ/ʩ, 0.1 ʄ ʨʘʩʪʚʦʨ HClO4, ʘʪʤʦʩʬʝʨʘ Ar 

 

ɺʘʞʥʳʤ ʧʘʨʘʤʝʪʨʦʤ, ʧʦʟʚʦʣʷʶʱʠʤ ʧʨʦʚʝʩʪʠ ʠʥʪʝʛʨʘʣʴʥʫʶ ʦʮʝʥʢʫ 

ʩʪʨʫʢʪʫʨʥʦ-ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʵʣʝʢʪʨʦʢʘʪʘʣʠʟʘʪʦʨʦʚ, ʷʚʣʷʝʪʩʷ ʠʭ 

ʕʍɸʇ. ɼʣʷ ʤʘʪʝʨʠʘʣʦʚ ʩ ʙʣʠʟʢʦʡ ʟʘʛʨʫʟʢʦʡ ʧʣʘʪʠʥʳ ʟʥʘʯʝʥʠʝ ʕʍɸʇ ʪʝʤ ʚʳʰʝ, 

ʯʝʤ ʤʝʥʴʰʝ ʨʘʟʤʝʨ ʅʏ ʠ ʨʘʚʥʦʤʝʨʥʝʝ ʠʭ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ [134]. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʮʠʢʣʠʯʝʩʢʦʡ ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʠ ʙʳʣ ʧʨʦʚʝʜʝʥ ʨʘʩʯʝʪ ʟʥʘʯʝʥʠʡ 

ʕʍɸʇ ʧʣʘʪʠʥʦʩʦʜʝʨʞʘʱʠʭ ʤʘʪʝʨʠʘʣʦʚ. ʎʠʢʣʠʯʝʩʢʠʝ ʚʦʣʴʪʘʤʧʝʨʦʛʨʘʤʤʳ 

ʘʢʪʠʚʠʨʦʚʘʥʥʳʭ ʦʙʨʘʟʮʦʚ ʠʤʝʶʪ ʚʠʜ, ʭʘʨʘʢʪʝʨʥʳʡ ʜʣʷ Pt/C ʢʘʪʘʣʠʟʘʪʦʨʦʚ (ʈʠʩ. 4.8 

ʘ). ɿʥʘʯʝʥʠʷ ʧʣʦʱʘʜʠ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠ ʘʢʪʠʚʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʘʪʠʥʳ (ʕʍɸʇ) 

ʙʣʠʟʢʠ ʚʦ ʚʩʝʭ ʧʦʣʫʯʝʥʥʳʭ ʥʘʤʠ Pt/C ʢʘʪʘʣʠʟʘʪʦʨʘʭ ʠ ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʳʰʘʶʪ 

ʕʍɸʇ ʢʦʤʤʝʨʯʝʩʢʦʛʦ ʦʙʨʘʟʮʘ ʩʨʘʚʥʝʥʠʷ JM20 (ʊʘʙʣ. 4.8), ʠʟʤʝʥʷʷʩʴ ʚ ʨʷʜʫ: Pt/C2-

NÓPt/C1ÓPt/C1-N>>JM20. ʅʘʠʤʝʥʴʰʝʝ ʟʥʘʯʝʥʠʝ ʕʍɸʇ ʠʤʝʝʪ ʧʣʘʪʠʥʦʤʝʜʥʳʡ 
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ʦʙʨʘʟʝʮ PtCu/C1-N (ʈʠʩ. 4.8).  ʇʦʥʠʞʝʥʥʘʷ ʕʍɸʇ ʵʪʦʛʦ ʦʙʨʘʟʮʘ ʦʙʫʩʣʦʚʣʝʥʘ 

ʥʘʠʙʦʣʴʰʠʤ ʩʨʝʜʥʠʤ ʨʘʟʤʝʨʦʤ ʅʏ (Dʩʨ 3.6 ʥʤ) (ʊʘʙʣ. 4.2) ʠ ʥʘʣʠʯʠʝʤ ʘʛʣʦʤʝʨʘʪʦʚ, 

ʩʦʩʪʦʷʱʠʭ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʯʘʩʪʠʮ (ʈʠʩ. 4.3 ʥ-ʧ).  ɺʳʩʦʢʠʝ (114 ï 130 ʤ2/ʛ(Pt)) 

ʟʥʘʯʝʥʠʷ ʕʍɸʇ, ʧʦʣʫʯʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʚʦ ʤʥʦʛʦʤ ʦʙʫʩʣʦʚʣʝʥʳ ʩʧʝʮʠʬʠʢʦʡ 

ʩʧʦʩʦʙʘ ʩʠʥʪʝʟʘ [5], ʧʦʟʚʦʣʷʶʱʝʛʦ ʧʦʣʫʯʘʪʴ ʥʘʥʦʯʘʩʪʠʮʳ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝʛʦ 

ʨʘʟʤʝʨʘ, ʯʝʤ ʚ ʢʦʤʤʝʨʯʝʩʢʦʤ ʦʙʨʘʟʮʝ (ʊʘʙʣ. 4.8). ɿʥʘʯʝʥʠʷ ʕʍɸʇ ʢʘʪʘʣʠʟʘʪʦʨʦʚ, 

ʨʘʩʩʯʠʪʘʥʥʳʝ ʧʦ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʡ ʘʜʩʦʨʙʮʠʠ/ʜʝʩʦʨʙʮʠʠ ʘʪʦʤʘʨʥʦʛʦ ʚʦʜʦʨʦʜʘ 

(ʈʠʩ. 4.9 ʘ) ʠ ʧʦ ʦʢʠʩʣʝʥʠʶ ʤʦʥʦʩʣʦʷ ʭʝʤʦʩʦʨʙʠʨʦʚʘʥʥʦʛʦ ʉʆ (ʈʠʩ. 4.9 ʙ), ʭʦʨʦʰʦ 

ʢʦʨʨʝʣʠʨʫʶʪ ʤʝʞʜʫ ʩʦʙʦʡ (ʊʘʙʣ. 4.8).  

ʊʘʙʣʠʮʘ 4.8. ʅʝʢʦʪʦʨʳʝ ʧʘʨʘʤʝʪʨʳ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʝ 

ʧʦʚʝʜʝʥʠʝ Pt/C ʢʘʪʘʣʠʟʘʪʦʨʦʚ 

ʄʘʪʝʨʠʘʣ 

ʕʍɸʇ 

Haʜʩ/Hʜʝʩ, 

ʤ2/ʛ(Pt) 

 

ʕʍɸʇ 

ʉʆaʜʩ 

ʤ2/ʛ(Pt) 

 

ɽ1/2, ɺ 

ʂʠʥʝʪʠʯʝʩʢʠʝ ʪʦʢʠ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʆ2 

Ik, ʤA 

Iʤʘʩʩ, 

A/ʛ 

(Pt) 

Iʫʜ., A/ʤ2 

(Pt) 

JM20 84 78 0.91 1.3 184 2.2 

Pt/C1 114 120 0.87 0.4 56 0.5 

Pt/C1-N 110 115 0.91 1.7 244 1.7 

Pt/C2-N 118 130 0.85 0.6 81 0.7 

PtCu/C1-N 43 46 0.92 22.2 395 8.4 

 

ʆʢʠʩʣʝʥʠʝ ʭʝʤʦʩʦʨʙʠʨʦʚʘʥʥʦʛʦ CO ʥʘ ʧʦʣʫʯʝʥʥʦʤ ʙʠʤʝʪʘʣʣʠʯʝʩʢʦʤ 

ʤʘʪʝʨʠʘʣʝ ʥʘʯʠʥʘʝʪʩʷ ʧʨʠ ʤʝʥʴʰʝʤ ʧʦʪʝʥʮʠʘʣʝ, ʯʝʤ ʥʘ ʚʩʝʭ Pt/C ʢʘʪʘʣʠʟʘʪʦʨʘʭ, ʠ 

ʟʘʢʘʥʯʠʚʘʝʪʩʷ ʚ ʙʦʣʝʝ ʫʟʢʦʤ ʜʠʘʧʘʟʦʥʝ ʧʦʪʝʥʮʠʘʣʦʚ (ʈʠʩ. 4.9 ʙ). ʆʪʤʝʪʠʤ, ʯʪʦ 

ʧʦʪʝʥʮʠʘʣ ʥʘʯʘʣʘ ʦʢʠʩʣʝʥʠʷ ʭʝʤʦʩʦʨʙʠʨʦʚʘʥʥʦʛʦ ʉʆ ʥʘ ʢʘʪʘʣʠʟʘʪʦʨʝ Pt/C1-N 

ʧʨʠʤʝʨʥʦ ʥʘ 40 ʤɺ ʙʦʣʴʰʝ, ʯʝʤ ʜʣʷ ʜʨʫʛʠʭ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʦʙʨʘʟʮʦʚ, ʘ ʜʠʘʧʘʟʦʥ 

ʧʦʪʝʥʮʠʘʣʦʚ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʵʪʦʤʫ ʤʘʢʩʠʤʫʤʫ ʫʰʠʨʝʥ (ʈʠʩ. 4.9 ʙ).  
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ʈʠʩʫʥʦʢ 4.9 ï ʎʠʢʣʠʯʝʩʢʠʝ ʚʦʣʴʪʘʤʧʝʨʦʛʨʘʤʤʳ ʧʣʘʪʠʥʦʩʦʜʝʨʞʘʱʪʭ 

ʤʘʪʝʨʠʘʣʦʚ: (ʘ) ʧʦʩʣʝ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ ʧʦʚʝʨʭʥʦʩʪʠ; (ʙ) ʧʠʢ ʦʢʠʩʣʝʥʠʷ ʤʦʥʦʩʣʦʷ 

ʉʆ. ʕʣʝʢʪʨʦʣʠʪ ï 0,1 ʄ HClO4, ʘʪʤʦʩʬʝʨʘ ï Ar. ʉʢʦʨʦʩʪʴ ʨʘʟʚʝʨʪʢʠ ʩʦʩʪʘʚʣʷʝʪ 20 

ʤɺ/ʩ; (ʚ) ʃʠʥʝʡʥʳʝ ʚʦʣʴʪʘʤʧʝʨʦʛʨʘʤʤʳ ʈɺʂ. ʉʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ 1600 ʦʙ/ʤʠʥ; (ʛ) 

ʟʘʚʠʩʠʤʦʩʪʴ 1/j - ɤ-0.5 ʧʨʠ ʧʦʪʝʥʮʠʘʣʝ 0.90 ɺ. ʉʢʦʨʦʩʪʴ ʨʘʟʚʝʨʪʢʠ ʧʦʪʝʥʮʠʘʣʘ 

ʩʦʩʪʘʚʣʷʝʪ 20 ʤɺ/ʩ, 0.1 ʄ ʨʘʩʪʚʦʨ HClO4, ʥʘʩʳʱʝʥʥʳʡ O2 

ɸʢʪʠʚʥʦʩʪʴ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʚ ʈɺʂ ʦʮʝʥʠʚʘʣʠ ʧʦ ʚʝʣʠʯʠʥʘʤ ʢʠʥʝʪʠʯʝʩʢʠʭ 

ʪʦʢʦʚ, ʨʘʩʩʯʠʪʘʥʥʳʭ ʧʦ ʫʨʘʚʥʝʥʠʶ ʂʦʫʪʝʪʩʢʦʛʦ-ʃʝʚʠʯʘ, ʠ ʧʦʪʝʥʮʠʘʣʦʚ 

ʢʠʩʣʦʨʦʜʥʦʡ ʧʦʣʫʚʦʣʥʳ (ʊʘʙʣ. 4.8, ʈʠʩ. 4.9 ʚ). ʅʝʩʤʦʪʨʷ ʥʘ ʚʳʩʦʢʫʶ ʕʍɸʇ ʠ 

ʤʘʣʳʡ ʨʘʟʤʝʨ ʥʘʥʦʯʘʩʪʠʮ ʧʣʘʪʠʥʳ, ʤʘʪʝʨʠʘʣ Pt/C2-N ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʩʧʝʮʠʬʠʯʝʩʢʦʡ ʬʦʨʤʦʡ ʚʦʣʴʪʘʤʧʝʨʥʦʡ ʢʨʠʚʦʡ ʠ ʥʠʟʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʫʜʝʣʴʥʳʭ 

ʪʦʢʦʚ (ʈʠʩ. 4.9 ʚ). ʇʨʠʯʠʥʦʡ ʥʝʦʞʠʜʘʥʥʦ ʥʠʟʢʦʡ ʫʜʝʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʵʪʦʛʦ 

ʦʙʨʘʟʮʘ ʤʦʛʫʪ ʙʳʪʴ ʧʨʦʙʣʝʤʳ ʤʘʩʩʦʧʝʨʝʥʦʩʘ ʢʠʩʣʦʨʦʜʘ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʘʪʠʥʳ, 

ʚʦʟʥʠʢʘʶʱʠʝ ʚ ʩʣʦʝ ʥʘʥʝʩʝʥʥʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ. ʇʦ-ʚʠʜʠʤʦʤʫ, ʫʛʣʝʨʦʜʥʳʝ 

çʥʘʥʦʣʠʩʪʳè ʧʝʨʝʢʨʳʚʘʶʪ ʜʨʫʛ ʜʨʫʛʘ, ʯʝʤ ʟʘʪʨʫʜʥʷʶʪ ʜʠʬʬʫʟʠʶ ʤʦʣʝʢʫʣ 
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ʢʠʩʣʦʨʦʜʘ ʢ ʥʘʥʦʯʘʩʪʠʮʘʤ ʧʣʘʪʠʥʳ, ʥʘʭʦʜʷʱʠʤʩʷ ʤʝʞʜʫ ʣʠʩʪʘʤʠ ʠ/ʠʣʠ ʚ ʛʣʫʙʠʥʝ 

ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʩʣʦʷ (ʈʠʩ. 4.2 ʚ). ʉʧʝʮʠʬʠʢʘ ʤʘʩʩʦʧʝʨʝʥʦʩʘ ʦʪʨʘʞʘʝʪʩʷ ʥʘ ʬʦʨʤʝ 

ʚʦʣʴʪʘʤʧʝʨʦʛʨʘʤʤʳ, ʢʦʪʦʨʘʷ ʜʣʷ ʜʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠʤʝʝʪ ʥʝʭʘʨʘʢʪʝʨʥʳʡ ʥʘʢʣʦʥ 

ʚ ʜʠʬʬʫʟʠʦʥʥʦ-ʢʠʥʝʪʠʯʝʩʢʦʡ ʦʙʣʘʩʪʠ (ʈʠʩ. 4.9 ʛ). ʇʨʦʙʣʝʤʳ ʤʘʩʩʦʧʝʨʝʥʦʩʘ 

ʨʝʘʛʝʥʪʘ ʤʦʛʫʪ ʦʙʫʩʣʦʚʣʠʚʘʪʴ ʪʘʢʞʝ ʠ ʥʠʟʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʚ ʈɺʂ ʢʘʪʘʣʠʟʘʪʦʨʘ 

Pt/C1 (ʈʠʩ. 9, ʊʘʙʣ. 8). ɼʝʣʦ ʚ ʪʦʤ, ʯʪʦ ʚʳʩʦʢʘʷ ʧʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ ʥʦʩʠʪʝʣʷ 

Ketjenblack EC600jD ʦʙʫʩʣʦʚʣʝʥʘ ʥʘʣʠʯʠʝʤ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʤʠʢʨʦʧʦʨ [172] 

(ʈʠʩ.4.5 ʚ). ʆʩʘʞʜʝʥʠʝ ʅʏ ʧʣʘʪʠʥʳ ʚ ʪʘʢʠʭ ʧʦʨʘʭ ʧʨʠ ʩʠʥʪʝʟʝ Pt/C ʩʦʟʜʘʝʪ 

ʧʨʦʙʣʝʤʳ ʜʦʩʪʫʧʘ ʢʠʩʣʦʨʦʜʘ ʢ ʠʭ ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʧʨʦʮʝʩʩʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ 

ʢʘʪʘʣʠʟʘʪʦʨʘ.  

ʇʦ ʚʦʟʨʘʩʪʘʥʠʶ ʟʥʘʯʝʥʠʡ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʠ ʤʘʩʩ- ʪʦʢʦʚ ʈɺʂ Pt/C 

ʢʘʪʘʣʠʟʘʪʦʨʳ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚ ʨʷʜ Pt/C1<Pt/C2-N<JM20¢Pt/C1-N. ɿʥʘʯʠʪʝʣʴʥʦ 

ʙʦʣʝʝ ʚʳʩʦʢʘʷ ʘʢʪʠʚʥʦʩʪʴ Pt/C1-N ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ Pt/C1, ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʘ ʢʘʢ ʩ 

ʦʧʪʠʤʘʣʴʥʳʤ ʨʘʟʤʝʱʝʥʠʝʤ ʅʏ Pt, ʦʙʫʩʣʦʚʣʝʥʥʳʤ ʫʤʝʥʴʰʝʥʠʝʤ ʦʙʱʝʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʠ ʜʦʣʠ ʤʠʢʨʦʧʦʨ ʚ ʥʦʩʠʪʝʣʝ, ʪʘʢ ʠ ʩ ʧʦʟʠʪʠʚʥʳʤ ʚʣʠʷʥʠʝʤ ʘʪʦʤʦʚ ʘʟʦʪʘ 

ʥʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʠ ʘʢʪʠʚʥʦʩʪʴ ʅʏ ʧʣʘʪʠʥʳ ʚ ʈɺʂ. ʇʦʩʢʦʣʴʢʫ 

ʟʥʘʯʝʥʠʷ ʫʜʝʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʧʣʘʪʠʥʳ ʚ ʢʘʪʘʣʠʟʘʪʦʨʝ Pt/C1-N ʥʠʞʝ, ʯʝʤ ʚ JM20 

(ʊʘʙʣ. 4.8), ʤʳ ʧʦʣʘʛʘʝʤ, ʯʪʦ ʧʨʝʚʘʣʠʨʫʶʱʠʤ ʬʘʢʪʦʨʦʤ ʚʣʠʷʥʠʷ ʷʚʣʷʝʪʩʷ ʠʤʝʥʥʦ 

ʦʧʪʠʤʠʟʘʮʠʷ ʩʪʨʫʢʪʫʨʳ ʫʛʣʝʨʦʜʘ (Ketjenblack EC600jD) ʚ ʨʝʟʫʣʴʪʘʪʝ ʝʛʦ 

ʘʟʦʪʠʨʦʚʘʥʠʷ. ʆʪʤʝʪʠʤ, ʯʪʦ ʥʝʛʘʪʠʚʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʫʜʝʣʴʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʵʪʦʛʦ 

ʢʘʪʘʣʠʟʘʪʦʨʘ ʤʦʞʝʪ ʦʢʘʟʳʚʘʪʴ ʪʘʢʞʝ ʠ ʤʘʣʳʡ ʨʘʟʤʝʨ ʅʏ ʧʣʘʪʠʥʳ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʕʍɸʇ [173]. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʩʦʯʝʪʘʥʠʝ ʚʳʩʦʢʦʡ 

ʫʜʝʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚ ʈɺʂ ʠ ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʦʡ ʕʍɸʇ ʦʙʝʩʧʝʯʠʚʘʝʪ Pt/C1-N 

ʢʘʪʘʣʠʟʘʪʦʨʫ ʤʘʢʩʠʤʘʣʴʥʫʶ ʤʘʩʩ-ʘʢʪʠʚʥʦʩʪʴ, ʧʨʝʚʳʰʘʶʱʫʶ ʪʘʢʦʚʫʶ ʜʣʷ JM20 

(ʊʘʙʣ. 4.8).  

ʋʜʝʣʴʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʙʠʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ ʟʥʘʯʠʪʝʣʴʥʦ 

ʧʨʝʚʦʩʭʦʜʠʪ ʪʘʢʦʚʫʶ ʫ ʠʩʩʣʝʜʦʚʘʥʥʳʭ Pt/C ʤʘʪʝʨʠʘʣʦʚ (ʈʠʩ. 4.9, ʊʘʙʣ 4.8). ʕʪʦ 

ʩʚʷʟʘʥʦ ʩ ʧʨʦʤʦʪʠʨʫʶʱʠʤ ʜʝʡʩʪʚʠʝʤ ʣʝʛʠʨʫʶʱʝʛʦ ʢʦʤʧʦʥʝʥʪʘ ʚ ʩʪʨʫʢʪʫʨʝ 

ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʅʏ. ɸʪʦʤʳ ʣʝʛʠʨʫʶʱʝʛʦ ʢʦʤʧʦʥʝʥʪʘ ʩʧʦʩʦʙʥʳ ʫʚʝʣʠʯʠʚʘʪʴ 



 
 

 
 

93 
 

ʘʢʪʠʚʥʦʩʪʴ ʅʏ ʚʩʣʝʜʩʪʚʠʝ ʮʝʣʦʛʦ ʨʷʜʘ ʵʬʬʝʢʪʦʚ: ʬʦʨʤʠʨʦʚʘʥʠʝ ʥʦʚʦʡ 

ʵʣʝʢʪʨʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʤʝʪʘʣʣʘ; ʫʤʝʥʴʰʝʥʠʝ ʤʝʞʘʪʦʤʥʦʛʦ ʨʘʩʩʪʦʷʥʠʷ ʚ 

ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʝ, ʦʙʣʝʛʯʘʶʱʝʝ ʘʜʩʦʨʙʮʠʶ ʤʦʣʝʢʫʣ ʢʠʩʣʦʨʦʜʘ [155].  

4.3 ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʪʘʙʠʣʴʥʦʩʪʠ ʫʛʣʝʨʦʜʥʳʭ ʥʦʩʠʪʝʣʝʡ 

ɼʣʷ ʢʦʥʪʨʦʣʷ ʦʢʠʩʣʝʥʠʷ ʥʦʩʠʪʝʣʝʡ ʚ ʢʠʩʣʦʡ ʩʨʝʜʝ ʵʣʝʢʪʨʦʣʠʪʘ ʦʙʨʘʟʮʳ 

ʫʛʣʝʨʦʜʘ ʙʳʣʠ ʧʦʜʚʝʨʛʥʫʪʳ ʫʩʢʦʨʝʥʥʦʤʫ ʩʪʨʝʩʩ-ʪʝʩʪʠʨʦʚʘʥʠʶ ʚ ʧʨʦʪʦʢʦʣʝ 

çʥʦʩʠʪʝʣʴè, ʚ ʨʝʞʠʤʝ ʩʪʘʨʪ-ʩʪʦʧ (ʩʤ. ʛʣʘʚʫ 2 ʨʘʟʜʝʣ 2.6.1) ɿʘʪʝʤ ʧʨʦʚʝʣʠ ʘʥʘʣʠʟ Q 

ʧʨʦʰʝʜʰʝʛʦ ʧʨʠ ʚʳʩʦʢʠʭ (1,4 ɺ) ʠ ʥʠʟʢʠʭ (0,8 ɺ) ʧʦʪʝʥʮʠʘʣʘʭ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ 

ʦʧʨʝʜʝʣʠʪʴ ʢʦʨʨʦʟʠʦʥʥʫʶ ʩʪʦʡʢʦʩʪʴ ʢʘʞʜʦʛʦ ʫʛʣʝʨʦʜʥʦʛʦ ʥʦʩʠʪʝʣʷ. ʕʪʦʪ ʧʦʜʭʦʜ 

ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʚ ʨʘʙʦʪʝ [148, 149], ʛʜʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ (I/T) ʜʘʥʥʳʝ ʤʦʛʫʪ ʙʦʣʝʝ 

ʥʘʜʝʞʥʦ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʪʴ ʢʦʨʨʦʟʠʦʥʥʫʶ ʩʪʦʡʢʦʩʪʴ ʫʛʣʝʨʦʜʥʳʭ ʥʦʩʠʪʝʣʝʡ, ʯʝʤ 

ʮʠʢʣʠʯʝʩʢʘʷ ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʷ.   

ʀʟ ʨʠʩʫʥʢʘ 4.10 ʙ ʚʠʜʥʦ, ʯʪʦ ʥʘʠʤʝʥʴʰʠʡ ʟʘʨʷʜ ʢʦʨʨʦʟʠʠ Qʢʦʨʨ.  ʠʤʝʝʪ 

ʥʦʩʠʪʝʣʴ C1-N, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʥʘʣʠʯʠʝʤ ʘʪʦʤʦʚ ʘʟʦʪʘ ʚ ʩʪʨʫʢʪʫʨʝ ʫʛʣʝʨʦʜʘ, 

ʢʦʪʦʨʳʝ ʩʧʦʩʦʙʩʪʚʫʶʪ ʫʤʝʥʴʰʝʥʠʶ ʦʢʠʩʣʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʥʦʩʠʪʝʣʷ. ɺ ʩʪʨʫʢʪʫʨʝ 

C2-N ʧʨʝʦʙʣʘʜʘʶʪ ʧʣʦʩʢʠʝ ʣʠʩʪʳ ʛʨʘʬʝʥʘ (ʈʠʩ. 4.2 ʚ), ʢʦʪʦʨʳʝ ʦʢʠʩʣʷʶʪʩʷ 

ʤʝʜʣʝʥʥʝʝ, ʯʝʤ ʧʦʨʠʩʪʳʝ ʥʦʩʠʪʝʣʠ, ʧʦʵʪʦʤʫ ʟʥʘʯʝʥʠʝ Qʢʦʨ. ʜʣʷ ʜʘʥʥʦʛʦ ʥʦʩʠʪʝʣʷ 

ʪʦʞʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʚʳʩʦʢʦʝ. ɹʦʣʴʝhʝ ʦʢʠʩʣʝʥʠʝ ʥʦʩʠʪʝʣʷ ʉ1 ʩʚʷʟʘʥʦ ʩ ʝʛʦ 

ʚʳʩʦʢʦʡ ʧʦʨʠʩʪʦʩʪʴʶ. ʅʘʣʠʯʠʝ ʢʨʫʧʥʳʭ ʧʦʨ ʚ ʫʛʣʝʨʦʜʥʳʭ ʤʘʪʝʨʠʘʣʘʭ ʦʙʣʝʛʯʘʝʪ 

ʧʨʦʥʠʢʥʦʚʝʥʠʝ ʚʦʜʳ ʠ ʢʠʩʣʦʪʳ, ʪʘʢʞʝ ʧʦʟʚʦʣʷʷ ʧʨʦʜʫʢʪʘʤ ʢʦʨʨʦʟʠʠ çʚʳʭʦʜʠʪʴè 

ʙʝʟ ʟʘʪʨʫʜʥʝʥʠʡ, ʯʪʦ ʫʩʫʛʫʙʣʷʝʪ ʜʘʥʥʳʡ ʧʨʦʮʝʩʩ. 

ʇʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʨʦʚʝʜʝʥʥʦʝ ʮʠʢʣʠʨʦʚʘʥʠʝ ʫʛʣʝʨʦʜʥʳʭ ʥʦʩʠʪʝʣʝʡ (ʈʠʩ. 4.10 a) 

ʧʦʢʘʟʘʣʦ ʥʘʣʠʯʠʝ ʧʩʝʚʜʦʝʤʢʦʩʪʥʳʭ ʧʠʢʦʚ, ʣʦʢʘʣʠʟʦʚʘʥʥʳʭ ʥʘ ʎɺɸ ʧʨʠ 0.45 ɺ ʠ 

ʩʚʷʟʘʥʥʳʭ ʩ ʥʘʣʠʯʠʝʤ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʫʛʣʝʨʦʜʘ ʢʠʩʣʦʨʦʜʩʦʜʝʨʞʘʱʠʭ ʛʨʫʧʧ. ɺ ʪʦ 

ʞʝ ʚʨʝʤʷ ʚʝʣʠʯʠʥʘ ʪʦʢʘ ʚ ʜʚʦʡʥʦʩʣʦʡʥʦʡ ʦʙʣʘʩʪʠ ʎɺɸ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʧʣʦʱʘʜʠ 

ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠ ʜʦʩʪʫʧʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʫʛʣʝʨʦʜʘ. ʉʫʜʷ ʧʦ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʠʢʦʚ 

ʚʙʣʠʟʠ ʧʦʪʝʥʮʠʘʣʘ 0.45 ɺ, ʥʦʩʠʪʝʣʴ ʉ1, ʠʤʝʝʪ ʙʦʣʝʝ ʦʢʠʩʣʝʥʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʜʚʫʤʷ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʤʠ ʥʦʩʠʪʝʣʷʤʠ (ʈʠʩ. 4.10 a). ʕʪʦ ʩʦʛʣʘʩʫʝʪʩʷ 

ʩ ʣʠʪʝʨʘʪʫʨʥʳʤʠ ʜʘʥʥʳʤʠ, ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʳʤ ʥʝʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʝ ʫʛʣʝʨʦʜʥʳʝ 

ʥʦʩʠʪʝʣʠ ʟʘʯʘʩʪʫʶ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʧʨʠʩʫʪʩʪʚʠʝʤ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ 

ʢʠʩʣʦʨʦʜʩʦʜʝʨʞʘʱʠʭ ʛʨʫʧʧ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ [40, 64, 65]. 
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ʈʠʩʫʥʦʢ 4.10 ï ʎʠʢʣʠʯʝʩʢʠʝ ʚʦʣʴʪʘʤʧʝʨʦʛʨʘʤʤʳ ʥʦʩʠʪʝʣʝʡ C ʠ C-N, 2-ʡ 

ʮʠʢʣ, HClO4, ʘʪʤʦʩʬʝʨʘ Ar, 20 ʤɺ/ʩ (ʘ); ʨʘʩʯʝʪ ʢʦʨʨʦʟʠʦʥʥʦ-ʘʢʪʠʚʥʦʛʦ ʟʘʨʷʜʘ (ʙ); 

ʎʠʢʣʠʯʝʩʢʠʝ ʚʦʣʴʪʘʤʧʝʨʦʛʨʘʤʤʳ ʜʦ ʧʦʩʣʝ ʩʪʨʝʩʩ-ʪʝʩʪʘ ʥʦʩʠʪʝʣʝʡ ʉ1, ʉ1-N,    

C2-N, 1-ʡ ʮʠʢʣ, 0.1ʄ HClO4, ʘʪʤʦʩʬʝʨʘ Ar, 20 ʤɺ/ʩ (ʚ-ʜ) 

ʇʦʩʣʝ ʩʪʨʝʩʩ-ʪʝʩʪʠʨʦʚʘʥʠʷ ʥʦʩʠʪʝʣʝʡ ʙʳʣʠ ʠʟʤʝʨʝʥʳ ʮʠʢʣʠʯʝʩʢʠʝ 

ʚʦʣʴʪʘʤʧʨʝʨʦʛʨʘʤʤʳ (ʈʠʩ. 4.10 ʚ-ʜ), ʥʘ ʢʦʪʦʨʳʭ ʥʘʙʣʶʜʘʣʠ ʧʦʷʚʣʝʥʠʝ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʧʠʢʦʚ ʚʩʣʝʜʩʪʚʠʝ ʪʦʛʦ, ʯʪʦ ʚ ʧʨʦʮʝʩʩʝ ʫʩʢʦʨʝʥʥʦʛʦ ʩʪʨʝʩʩ-

ʪʝʩʪʠʨʦʚʘʥʠʷ ʧʦʪʝʥʮʠʘʣ çʟʘʭʦʜʠʣè ʚ ʦʙʣʘʩʪʴ ʚʳʩʦʢʠʭ ʧʦʪʝʥʮʠʘʣʦʚ ï ʙʦʣʝʝ 1.0 ɺ. 

ɺ ʜʘʥʥʳʭ ʫʩʣʦʚʠʷʭ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʧʨʦʪʝʢʘʶʪ ʧʨʦʮʝʩʩʳ ʦʢʠʩʣʝʥʠʷ ʥʦʩʠʪʝʣʷ, ʩ 

ʯʝʤ ʠ ʩʚʷʟʘʥʦ ʥʘʣʠʯʠʝ çʭʚʦʩʪʘè ʚ ʦʙʣʘʩʪʠ ʘʜʩʦʨʙʮʠʠ ʚʦʜʦʨʦʜʘ. ɼʣʷ ʚʩʝʭ ʥʦʩʠʪʝʣʝʡ 

ʥʘʙʣʶʜʘʝʪʩʷ ʫʰʠʨʝʥʠʝ ʜʚʦʡʥʦʩʣʦʡʥʦʡ ʦʙʣʘʩʪʠ ʚ ʭʦʜʝ ʜʣʠʪʝʣʴʥʦʛʦ ʩʪʨʝʩʩ-

ʪʝʩʪʠʨʦʚʘʥʠʷ, ʦʜʥʘʢʦ, ʦʪʩʫʪʩʪʚʫʶʪ ʧʠʢʠ, ʢʦʪʦʨʳʝ ʙʳ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʠ ʧʨʦʮʝʩʩʘʤ 

ʧʨʝʚʨʘʱʝʥʠʷ ʭʠʥʦʥ/ʛʠʜʨʦʭʠʥʦʥ ʛʨʫʧʧ ʧʨʠ. 

4.4 ʀʟʫʯʝʥʠʝ ʩʪʘʙʠʣʴʥʦʩʪʠ ʧʣʘʪʠʥʦʚʳʭ ʠ ʧʣʘʪʠʥʦʤʝʜʥʳʭ 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ 

ʆʮʝʥʢʫ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʧʨʦʚʦʜʠʣʠ ʤʝʪʦʜʘʤʠ 

ʤʥʦʛʦʢʨʘʪʥʦʛʦ ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʯʝʩʢʦʛʦ ʮʠʢʣʠʨʦʚʘʥʠʷ ʚ ʜʚʫʭ ʜʠʘʧʘʟʦʥʘʭ 

ʧʦʪʝʥʮʠʘʣʦʚ 0.6 - 1.0 ɺ ʠ 0.6 - 1.4 ɺ ʥʘ ʧʨʦʪʷʞʝʥʠʠ 5000 ʠ 1000 ʮʠʢʣʦʚ, 






















































