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ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʌʝʜʝʨʘʣʴʥʦʤ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤ ʙʶʜʞʝʪʥʦʤ ʫʯʨʝʞʜʝʥʠʠ 

ʥʘʫʢʠ ʀʥʩʪʠʪʫʪʝ ʭʠʤʠʠ ʪʚʝʨʜʦʛʦ ʪʝʣʘ ʠ ʤʝʭʘʥʦʭʠʤʠʠ ʉʠʙʠʨʩʢʦʛʦ ʦʪʜʝʣʝʥʠʷ 

ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ, ʛ. ʅʦʚʦʩʠʙʠʨʩʢ 

 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ɹʦʭʦʥʦʚ ɹʦʨʠʩ ɹʦʨʠʩʦʚʠʯ, ʜʦʢʪʦʨ ʭʠʤʠʯʝʩʢʠʭ 

ʥʘʫʢ, ʚʝʜʫʱʠʡ ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ ʌɻɹʋʅ 

ʀʥʩʪʠʪʫʪʘ ʭʠʤʠʠ ʪʚʝʨʜʦʛʦ ʪʝʣʘ ʠ ʤʝʭʘʥʦʭʠʤʠʠ 

ʉʆ ʈɸʅ 

ʆʬʠʮʠʘʣʴʥʳʝ ʦʧʧʦʥʝʥʪʳ: ɹʘʨʜʘʭʘʥʦʚ ʉʝʨʛʝʡ ʇʨʦʢʦʧʴʝʚʠʯ, ʜʦʢʪʦʨ 

ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, 

ʛʣʘʚʥʳʡ ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ ʌɻɹʋʅ ʀʥʩʪʠʪʫʪʘ 

ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʠ ʧʨʠʢʣʘʜʥʦʡ ʤʝʭʘʥʠʢʠ ʠʤ. 

ʉ.ɸ. ʍʨʠʩʪʠʘʥʦʚʠʯʘ ʉʆ ʈɸʅ, ʛ. ʅʦʚʦʩʠʙʠʨʩʢ 

 

ʊʠʭʦʚ ʉʝʨʛʝʡ ʌʝʜʦʨʦʚʠʯ, ʜʦʢʪʦʨ ʭʠʤʠʯʝʩʢʠʭ 

ʥʘʫʢ, ʚʝʜʫʱʠʡ ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ ʌɻɹʋʅ 

çʌʀʎ çʀʥʩʪʠʪʫʪ ʢʘʪʘʣʠʟʘ ʠʤ. ɻ.ʂ. ɹʦʨʝʩʢʦʚʘ ʉʆ 

ʈɸʅè, ʛ. ʅʦʚʦʩʠʙʠʨʩʢ 

ɺʝʜʫʱʘʷ ʦʨʛʘʥʠʟʘʮʠʷ: ʌɻɸʆʋ ɺʆ çʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ 

ʊʦʤʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè, 

ʛ. ʊʦʤʩʢ 

     

 

ɿʘʱʠʪʘ ʩʦʩʪʦʠʪʩʷ 18 ʜʝʢʘʙʨʷ 2019 ʛ. ʚ 10
00

 ʥʘ ʟʘʩʝʜʘʥʠʠ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ 

ʩʦʚʝʪʘ ɼ.003.044.01 ʚ ʀʥʩʪʠʪʫʪʝ ʭʠʤʠʠ ʪʚʝʨʜʦʛʦ ʪʝʣʘ ʠ ʤʝʭʘʥʦʭʠʤʠʠ ʉʆ ʈɸʅ 

ʧʦ ʘʜʨʝʩʫ: 630128, ʛ. ʅʦʚʦʩʠʙʠʨʩʢ, ʫʣ. ʂʫʪʘʪʝʣʘʜʟʝ 18. 

 

ʉ ʜʠʩʩʝʨʪʘʮʠʝʡ ʤʦʞʥʦ ʦʟʥʘʢʦʤʠʪʴʩʷ ʚ ʙʠʙʣʠʦʪʝʢʝ ʠ ʥʘ ʩʘʡʪʝ ʀʥʩʪʠʪʫʪʘ ʭʠʤʠʠ 

ʪʚʝʨʜʦʛʦ ʪʝʣʘ ʠ ʤʝʭʘʥʦʭʠʤʠʠ ʉʆ ʈɸʅ: http://www.solid.nsc.ru.  

ɸʚʪʦʨʝʬʝʨʘʪ ʨʘʟʦʩʣʘʥ ç__è _____________ 2019 ʛ. 

 

 

 

 

ʋʯʝʥʳʡ ʩʝʢʨʝʪʘʨʴ  

ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʩʦʚʝʪʘ 

ʜʦʢʪʦʨ ʭʠʤʠʯʝʩʢʠʭ ʥʘʫʢ                                        ʊ. ʇ. ʐʘʭʪʰʥʝʡʜʝʨ  
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ʆɹʑɸʗ ʍɸʈɸʂʊɽʈʀʉʊʀʂɸ ʈɸɹʆʊʓ 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʈʘʟʨʘʙʦʪʢʘ ʠ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʝ ʥʦʚʳʭ 

ʚʠʜʦʚ ʠ ʪʠʧʦʚ ʪʚʝʨʜʦʬʘʟʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, 

ʠʟʫʯʝʥʠʝ ʧʨʦʮʝʩʩʦʚ ʬʘʟʦʦʙʨʘʟʦʚʘʥʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ ʬʘʟ 

ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʢʣʶʯʝʚʳʭ ʟʘʜʘʯ ʭʠʤʠʠ ʪʚʝʨʜʦʛʦ ʪʝʣʘ. ʉʨʝʜʠ ʦʛʨʦʤʥʦʛʦ 

ʨʘʟʥʦʦʙʨʘʟʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʦʩʦʙʦʝ ʤʝʩʪʦ ʟʘʥʠʤʘʶʪ ʢʦʤʧʦʟʠʮʠʠ, 

ʧʨʠʛʦʪʦʚʣʝʥʥʳʝ ʥʘ ʦʩʥʦʚʝ ʘʣʤʘʟʘ, ʢʦʪʦʨʳʡ ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʦʡ ʪʚʝʨʜʦʩʪʴʶ, 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴʶ ʠ ʭʠʤʠʯʝʩʢʦʡ ʠʥʝʨʪʥʦʩʪʴʶ.  ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, ʚ ʩʚʷʟʠ ʩ 

ʩʦʟʜʘʥʠʝʤ ʥʝʜʦʨʦʛʠʭ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʘʣʤʘʟʦʚ, ʚʝʜʫʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ 

ʩʦʟʜʘʥʠʶ ʘʣʤʘʟʩʦʜʝʨʞʘʱʠʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʢʘʯʝʩʪʚʝ 

ʪʝʧʣʦʦʪʚʦʜʷʱʠʭ ʤʘʪʝʨʠʘʣʦʚ ʠʣʠ ʨʝʞʫʱʠʭ ʠʥʩʪʨʫʤʝʥʪʦʚ. ʊʨʫʜʥʦʩʪʴ ʩʦʟʜʘʥʠʷ 

ʪʘʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʘʣʤʘʟ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʧʦʜʜʘʝʪʩʷ 

ʧʨʝʩʩʦʚʘʥʠʶ, ʚ ʩʚʷʟʠ ʩ ʯʝʤ ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʝʪʘʣʣ-ʩʚʷʟʢʫ, ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʠʥʩʪʨʫʤʝʥʪʦʚ ʥʝʦʙʭʦʜʠʤʳʭ ʬʦʨʤʳ ʠ ʨʘʟʤʝʨʦʚ. ʉʚʦʡʩʪʚʘ ʠ 

ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ ʤʝʪʘʣʣ-ʘʣʤʘʟʥʳʭ ʢʦʤʧʦʟʠʪʦʚ  ʩʠʣʴʥʦ ʟʘʚʠʩʷʪ ʦʪ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʥʘ ʛʨʘʥʠʮʝ ʤʝʪʘʣʣ-ʘʣʤʘʟ, ʪʘʢ ʢʘʢ ʩʫʱʝʩʪʚʫʶʪ ʧʨʦʙʣʝʤʳ, 

ʟʘʢʣʶʯʘʶʱʠʝʩʷ ʣʠʙʦ ʚ ʦʪʩʫʪʩʪʚʠʠ ʩʤʘʯʠʚʘʥʠʷ ʘʣʤʘʟʘ ʤʝʪʘʣʣʦʤ, ʣʠʙʦ ʚ 

ʢʘʨʙʠʜʦʦʙʨʘʟʦʚʘʥʠʠ ʠʣʠ ʛʨʘʬʠʪʠʟʘʮʠʠ ʘʣʤʘʟʘ. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʜʣʷ ʨʝʰʝʥʠʷ 

ʧʨʦʙʣʝʤʳ ʩʦʟʜʘʥʠʷ ʪʘʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʜʝʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʡ, 

ʩʚʷʟʘʥʥʳʭ ʩ ʵʚʦʣʶʮʠʝʡ ʢʘʢ ʩʪʨʫʢʪʫʨʥʳʭ, ʪʘʢ ʠ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʧʨʦʜʫʢʪʦʚ ʪʚʝʨʜʦʬʘʟʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ, ʠ ʫʩʪʘʥʦʚʣʝʥʠʝ ʧʨʠʯʠʥ, 

ʦʧʨʝʜʝʣʷʶʱʠʭ ʬʘʟʦʚʦʝ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʨʦʜʫʢʪʦʚ 

ʧʨʝʚʨʘʱʝʥʠʡ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʪʨʝʙʫʝʤʳʭ ʩʚʦʡʩʪʚ 

ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ʘʣʤʘʟʘ ʘʢʪʫʘʣʴʥʳʤʠ ʟʘʜʘʯʘʤʠ 

ʩʪʘʥʦʚʷʪʩʷ: 

- ʠʩʩʣʝʜʦʚʘʥʠʝ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʤʝʞʬʘʟʥʦʡ ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ ʤʝʪʘʣʣ-ʘʣʤʘʟ, 

- ʧʦʠʩʢ ʩʧʦʩʦʙʦʚ ʢʦʥʪʨʦʣʠʨʫʝʤʦʡ ʤʦʜʠʬʠʢʘʮʠʠ ʧʦʚʝʨʭʥʦʩʪʠ ʘʣʤʘʟʘ.  

 ʈʝʰʝʥʠʝ ʵʪʠʭ ʟʘʜʘʯ ʧʦʟʚʦʣʠʪ ʧʦʣʫʯʘʪʴ ʢʦʤʧʦʟʠʮʠʠ ʩ ʢʦʥʪʨʦʣʠʨʫʝʤʳʤʠ 

ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʢʦʤʧʦʥʝʥʪʦʚ ʠ, ʚ ʠʪʦʛʝ, ʧʦʟʚʦʣʠʪ 

çʫʧʨʘʚʣʷʪʴè ʩʪʨʫʢʪʫʨʦʡ ʢʦʤʧʦʟʠʮʠʡ ʠ ʩʦʟʜʘʚʘʪʴ ʥʦʚʳʝ ʤʘʪʝʨʠʘʣʳ ʩ 

ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ.  

ʅʘʠʙʦʣʝʝ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʤʳʤʠ ʤʝʪʘʣʣʘʤʠ ʚ ʢʘʯʝʩʪʚʝ ʩʚʷʟʢʠ ʧʨʠ ʩʦʟʜʘʥʠʠ 

ʪʝʧʣʦʦʪʚʦʜʷʱʠʭ ʘʣʤʘʟʩʦʜʝʨʞʘʱʠʭ ʤʘʪʝʨʠʘʣʦʚ ʷʚʣʷʶʪʩʷ ʤʝʜʴ ʠ ʘʣʶʤʠʥʠʡ ʚ 

ʩʚʷʟʠ ʩ ʠʭ ʚʳʩʦʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ 

ʤʝʪʘʣʣʘʤʠ ʠ ʥʠʟʢʦʡ ʩʪʦʠʤʦʩʪʴʶ. ʉʦʯʝʪʘʥʠʝ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʦʚ ʤʝʪʘʣʣʠʯʝʩʢʦʡ 

ʤʘʪʨʠʮʳ (ʭʦʨʦʰʘʷ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ, ʧʣʘʩʪʠʯʥʦʩʪʴ) ʠ ʘʣʤʘʟʘ (ʚʳʩʦʢʘʷ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ, ʭʠʤʠʯʝʩʢʘʷ ʩʪʘʙʠʣʴʥʦʩʪʴ, ʚʳʩʦʢʘʷ ʪʚʝʨʜʦʩʪʴ) ʧʦʟʚʦʣʷʶʪ 

ʧʦʣʫʯʘʪʴ ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʩ ʚʳʩʦʢʦʡ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴʶ ʠ 

ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴʶ. ʊʨʫʜʥʦʩʪʴ ʩʦʟʜʘʥʠʷ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ çʤʝʪʘʣʣ-

ʘʣʤʘʟè ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʥʠʟʢʦʡ ʩʤʘʯʠʚʘʝʤʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ ʘʣʤʘʟʘ ʤʝʜʴʶ ʠ 

ʘʣʶʤʠʥʠʝʤ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʦʙʱʘʷ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʤʝʪʘʣʣ - ʘʣʤʘʟʥʦʛʦ 

ʢʦʤʧʦʟʠʪʘ ʤʦʞʝʪ ʙʳʪʴ ʥʠʞʝ, ʯʝʤ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʯʠʩʪʦʡ ʤʝʜʠ.  ʇʨʠ 
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ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʞʝ ʜʨʫʛʠʭ ʤʝʪʘʣʣʦʚ ʦʙʱʘʷ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʢʦʤʧʦʟʠʪʘ ʤʦʞʝʪ 

ʙʳʪʴ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʞʝʥʘ ʟʘ ʩʯʝʪ ʥʠʟʢʦʡ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʤʝʪʘʣʣʘ, ʚ ʩʚʷʟʠ ʩ 

ʯʝʤ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʝʮʝʣʝʩʦʦʙʨʘʟʥʦ.  

ʉʪʝʧʝʥʴ ʨʘʟʨʘʙʦʪʘʥʥʦʩʪʠ ʪʝʤʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʣʠʪʝʨʘʪʫʨʝ ʦʧʠʩʘʥʦ ʜʚʘ ʦʩʥʦʚʥʳʭ ʧʦʜʭʦʜʘ ʜʣʷ 

ʩʦʟʜʘʥʠʷ ʤʝʪʘʣʣ-ʘʣʤʘʟʥʳʭ ʢʦʤʧʦʟʠʪʦʚ ʩ ʚʳʩʦʢʦʡ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴʶ. ʆʜʠʥ ʠʟ 

ʵʬʬʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʫʣʫʯʰʝʥʠʷ ʩʚʦʡʩʪʚ ʢʦʤʧʦʟʠʪʦʚ çʤʝʜʴ-ʘʣʤʘʟè ï ʵʪʦ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʘʷ ʤʝʪʘʣʣʠʟʘʮʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʘʣʤʘʟʥʳʭ ʯʘʩʪʠʮ. ʅʘʥʝʩʝʥʠʝ ʪʦʥʢʠʭ 

ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʩʣʦʝʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʘʣʤʘʟʥʳʭ ʯʘʩʪʠʮ ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʚʝʣʠʯʝʥʠʶ 

ʩʤʘʯʠʚʘʝʤʦʩʪʠ ʠʭ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʤʘʪʨʠʮʝʡ, ʯʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʫʚʝʣʠʯʝʥʠʶ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ ʢʦʤʧʦʟʠʪʦʚ ʠ ʫʣʫʯʰʘʝʪ ʠʭ ʩʚʦʡʩʪʚʘ 

(ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ, ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ). ɺ ʣʠʪʝʨʘʪʫʨʝ ʦʧʠʩʘʥʦ ʧʦʣʫʯʝʥʠʝ 

ʧʦʢʨʳʪʠʡ ʥʘ ʘʣʤʘʟʘʭ, ʩʦʩʪʦʷʱʠʭ ʠʟ ʭʨʦʤʘ, ʪʠʪʘʥʘ, ʤʦʣʠʙʜʝʥʘ ʠ  ʚʦʣʴʬʨʘʤʘ  

ʨʘʟʣʠʯʥʳʤʠ ʤʝʪʦʜʘʤʠ.  

 ɺʪʦʨʦʡ ʧʦʜʭʦʜ - ʵʪʦ ʜʦʙʘʚʣʝʥʠʝ ʢʘʨʙʠʜʦʦʙʨʘʟʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʤʝʪʘʣʣʠʯʝʩʢʫʶ ʤʘʪʨʠʮʫ. ɺ ʢʘʯʝʩʪʚʝ ʜʦʙʘʚʦʢ ʦʧʠʩʘʥʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ Mo, WC ʠ ZrO2, Cr ʠ B. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʘʨʴʠʨʫʷ ʩʦʩʪʘʚ 

ʠʩʭʦʜʥʦʡ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʩʚʷʟʢʠ (ʩʦʜʝʨʞʘʥʠʝ ʢʘʨʙʠʜʦʦʙʨʘʟʫʶʱʝʛʦ ʵʣʝʤʝʥʪʘ ʠʣʠ 

ʝʛʦ ʦʢʩʠʜʘ) ʤʦʞʥʦ ʚʘʨʴʠʨʦʚʘʪʴ ʩʚʦʡʩʪʚʘ ʧʦʣʫʯʘʝʤʳʭ ʩ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʘʣʤʘʟʦʩʦʜʝʨʞʘʱʠʭ ʢʦʤʧʦʟʠʪʦʚ.  

ɺ ʣʠʪʝʨʘʪʫʨʝ ʦʧʠʩʘʥʳ ʨʘʟʣʠʯʥʳʝ ʤʝʪʦʜʳ ʜʣʷ ʩʦʟʜʘʥʠʷ ʤʝʪʘʣʣ-ʘʣʤʘʟʥʳʭ 

ʢʦʤʧʦʟʠʪʦʚ: ʛʦʨʷʯʝʝ ʧʨʝʩʩʦʚʘʥʠʝ, ʠʥʬʠʣʴʪʨʘʬʠʷ, ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʚʩʝ ʙʦʣʴʰʝ 

ʚʥʠʤʘʥʠʷ ʫʜʝʣʷʝʪʩʷ ʤʝʪʦʜʘʤ ʩʧʝʢʘʥʠʷ ʩ ʧʦʤʦʱʴʶ ʧʦʨʦʰʢʦʚʦʡ ʤʝʪʘʣʣʫʨʛʠʠ -  

ʛʦʨʷʯʝʤʫ ʧʨʝʩʩʦʚʘʥʠʶ ʠ ʵʣʝʢʪʨʦʠʩʢʨʦʚʦʤʫ ʩʧʝʢʘʥʠʶ (Spark Plasma Sintering, 

SPS). ʆʩʦʙʝʥʥʦʩʪʴʶ ʧʦʩʣʝʜʥʝʛʦ ʤʝʪʦʜʘ ʷʚʣʷʝʪʩʷ ʧʨʦʧʫʩʢʘʥʠʝ ʠʤʧʫʣʴʩʦʚ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ ʯʝʨʝʟ ʧʨʝʩʩʫʝʤʳʡ ʦʙʨʘʟʝʮ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʜʦʩʪʠʛʘʝʪʩʷ 

ʙʳʩʪʨʳʡ ʠ ʨʘʚʥʦʤʝʨʥʳʡ ʥʘʛʨʝʚ, ʯʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʦʟʚʦʣʷʝʪ ʧʦʜʘʚʠʪʴ ʨʦʩʪ 

ʟʝʨʥʘ. ʀʥʪʝʨʝʩʥʳʤ ʷʚʣʷʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʚʣʠʷʥʠʝ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʩʧʝʢʘʥʠʷ ʥʘ 

ʩʚʦʡʩʪʚʘ ʧʦʣʫʯʘʝʤʳʭ ʢʦʤʧʦʟʠʪʦʚ, ʥʦ ʠ ʪʦ, ʢʘʢʠʤ ʦʙʨʘʟʦʤ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʪʦʢ 

ʚʣʠʷʝʪ ʥʘ ʩʢʦʨʦʩʪʴ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʬʘʟʦʚʳʭ ʧʨʝʚʨʘʱʝʥʠʡ ʚ ʧʨʦʮʝʩʩʝ ʩʧʝʢʘʥʠʷ 

ʠ ʥʘ ʤʠʢʨʦʩʪʨʫʢʪʫʨʫ ʧʦʣʫʯʝʥʥʳʭ ʦʙʲʝʤʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʦʣʫʯʝʥʠʝ ʪʘʢʠʭ ʢʦʤʧʦʟʠʪʦʚ ʨʝʰʘʝʪʩʷ ʢʦʤʧʣʝʢʩʥʳʤ 

ʧʦʜʭʦʜʦʤ, ʠʩʧʦʣʴʟʫʷ ʢʦʤʙʠʥʘʮʠʶ ʨʘʟʣʠʯʥʳʭ ʤʝʪʦʜʠʢ. ɸʥʘʣʠʟ ʧʫʙʣʠʢʘʮʠʡ ʧʦ 

ʜʘʥʥʦʡ ʪʝʤʝ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʘʢʪʠʚʥʦ ʚʝʜʫʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʨʦʮʝʩʩʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚ ʩʠʩʪʝʤʝ çʤʝʪʘʣʣ-ʘʣʤʘʟè, ʷʚʣʷʶʱʠʝʩʷ 

ʥʝʦʙʭʦʜʠʤʳʤʠ ʜʣʷ ʩʦʟʜʘʥʠʷ ʚʳʩʦʢʦʪʝʧʣʦʧʨʦʚʦʜʷʱʠʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ʘʣʤʘʟʘ. ʇʦʥʠʤʘʥʠʝ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʠ ʬʘʟʦʚʳʭ 

ʧʨʝʚʨʘʱʝʥʠʡ ʥʘ ʛʨʘʥʠʮʝ ʤʝʪʘʣʣ/ʘʣʤʘʟ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ 

ʜʠʟʘʡʥʘ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ʘʣʤʘʟʘ ʠ ʚʦʟʤʦʞʥʦʩʪʠ 

ʫʧʨʘʚʣʝʥʠʷ ʠʭ ʩʚʦʡʩʪʚʘʤʠ. 

ʎʝʣʴʶ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʣʦʩʴ ʠʩʩʣʝʜʦʚʘʥʠʝ ʬʘʟʦʚʳʭ ʠ 

ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʧʨʝʚʨʘʱʝʥʠʡ ʚ ʩʠʩʪʝʤʘʭ ʤʝʪʘʣʣ (Ni, W, Mo) - ʘʣʤʘʟ ʧʨʠ 
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ʤʦʜʠʬʠʢʘʮʠʠ ʧʦʚʝʨʭʥʦʩʪʠ ʘʣʤʘʟʘ ʤʝʪʦʜʘʤʠ ʭʠʤʠʯʝʩʢʦʛʦ ʦʩʘʞʜʝʥʠʷ ʠʟ ʛʘʟʦʚʦʡ 

ʬʘʟʳ, ʵʣʝʢʪʨʦʠʩʢʨʦʚʦʛʦ ʩʧʝʢʘʥʠʷ ʠ ʛʦʨʷʯʝʛʦ ʧʨʝʩʩʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʠʟʫʯʝʥʠʝ 

ʚʣʠʷʥʠʷ ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʘʣʤʘʟʘ ʥʘ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ 

ʢʦʤʧʦʟʠʪʦʚ ʤʝʜʴ-ʘʣʤʘʟ. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʮʝʣʠ ʙʳʣʠ ʧʦʩʪʘʚʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

1. ʉʠʥʪʝʟ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʠ ʩʦʩʪʘʚʘ ʤʝʪʘʣʣʩʦʜʝʨʞʘʱʠʭ 

ʧʦʢʨʳʪʠʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʘʣʤʘʟʦʚ. 

2. ʀʩʩʣʝʜʦʚʘʥʠʝ ʬʘʟʦʚʳʭ ʠ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʤʝʞʬʘʟʥʦʛʦ 
ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚ ʩʠʩʪʝʤʘʭ ʤʝʪʘʣʣ (Ni, W, Mo) - ʘʣʤʘʟ ʧʨʠ ʵʣʝʢʪʨʦʠʩʢʨʦʚʦʤ 

ʩʧʝʢʘʥʠʠ ʠ ʭʠʤʠʯʝʩʢʦʤ ʦʩʘʞʜʝʥʠʠ ʤʝʪʘʣʣʘ  ʠʟ ʛʘʟʦʚʦʡ ʬʘʟʳ. 

3. ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ʧʦʢʨʳʪʠʡ ʥʘ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ 
ʢʦʤʧʦʟʠʮʠʡ çʤʝʜʴ-ʘʣʤʘʟè. 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ  
ɺʧʝʨʚʳʝ ʧʦʣʫʯʝʥʳ ʥʠʢʝʣʴ-, ʚʦʣʴʬʨʘʤ- ʠ ʤʦʣʠʙʜʝʥʩʦʜʝʨʞʘʱʠʝ ʧʦʢʨʳʪʠʷ 

ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʠʢʨʦʢʨʠʩʪʘʣʣʦʚ ʘʣʤʘʟʦʚ ʤʝʪʦʜʘʤʠ ʵʣʝʢʪʨʦʠʩʢʨʦʚʦʛʦ ʩʧʝʢʘʥʠʷ 

ʠ ʛʦʨʷʯʝʛʦ ʧʨʝʩʩʦʚʘʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʧʦʨʦʰʢʦʚ (ʚʦʣʴʬʨʘʤ, 

ʤʦʣʠʙʜʝʥ) ʠ ʦʢʩʠʜʘ ʚʦʣʴʬʨʘʤʘ WO3 ʚ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʦʚ ʤʝʪʘʣʣʘ, ʘ ʪʘʢʞʝ 

ʤʝʪʦʜʦʤ ʭʠʤʠʯʝʩʢʦʛʦ ʦʩʘʞʜʝʥʠʷ ʠʟ ʛʘʟʦʚʦʡ ʬʘʟʳ ʚ ʨʝʘʢʪʦʨʝ ʩ ʚʨʘʱʘʶʱʝʡʩʷ 

ʢʘʤʝʨʦʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʠʢʝʣʦʮʝʥʘ Ni(C5H5)2 ʠ ʢʘʨʙʦʥʠʣʘ ʚʦʣʴʬʨʘʤʘ W(CO)6  

ʚ ʢʘʯʝʩʪʚʝ ʧʨʝʢʫʨʩʦʨʦʚ. ʋʩʪʘʥʦʚʣʝʥʳ ʬʘʢʪʦʨʳ, ʦʧʨʝʜʝʣʷʶʱʠʝ 

ʤʠʢʨʦʩʪʨʫʢʪʫʨʥʳʝ ʠ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʤʝʪʘʣʣʩʦʜʝʨʞʘʱʠʭ 

ʧʦʢʨʳʪʠʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʘʣʤʘʟʘ ʚ ʧʨʦʮʝʩʩʘʭ ʭʠʤʠʯʝʩʢʦʛʦ ʦʩʘʞʜʝʥʠʷ ʠʟ ʛʘʟʦʚʦʡ 

ʬʘʟʳ, ʵʣʝʢʪʨʦʠʩʢʨʦʚʦʛʦ ʩʧʝʢʘʥʠʷ ʠ ʛʦʨʷʯʝʛʦ ʧʨʝʩʩʦʚʘʥʠʷ.  

ɸʣʤʘʟʳ ʩ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʩʠʥʪʝʟʘ 

ʪʝʧʣʦʧʨʦʚʦʜʷʱʠʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ çʤʝʜʴ-ʘʣʤʘʟè ʤʝʪʦʜʘʤʠ 

ʵʣʝʢʪʨʦʠʩʢʨʦʚʦʛʦ ʩʧʝʢʘʥʠʷ ʠ ʛʦʨʷʯʝʛʦ ʧʨʝʩʩʦʚʘʥʠʷ, ʧʨʦʚʝʜʝʥ ʩʨʘʚʥʠʪʝʣʴʥʳʡ 

ʘʥʘʣʠʟ ʚʣʠʷʥʠʷ ʤʝʪʦʜʘ ʤʦʜʠʬʠʢʘʮʠʠ ʠ ʩʦʩʪʘʚʘ ʧʦʢʨʳʪʠʷ ʥʘ ʘʣʤʘʟʘʭ, ʘ ʪʘʢʞʝ 

ʤʝʪʦʜʘ ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʦʟʠʮʠʡ ʩ ʤʝʜʴʶ ʥʘ ʦʩʥʦʚʝ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʘʣʤʘʟʦʚ, 

ʥʘ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʦʣʫʯʘʝʤʳʭ ʢʦʤʧʦʟʠʪʦʚ. 

ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʠ ʧʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ 

ʈʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʥʦʩʷʪ ʚʢʣʘʜ ʚ ʧʦʥʠʤʘʥʠʝ 

ʤʝʭʘʥʠʟʤʦʚ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ 

ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʠ ʢʘʨʙʠʜʥʳʭ ʧʦʢʨʳʪʠʡ ʩ ʢʦʥʪʨʦʣʠʨʫʝʤʳʤʠ ʤʦʨʬʦʣʦʛʠʝʡ ʠ 

ʩʦʩʪʘʚʦʤ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʘʣʤʘʟʘ, ʯʪʦ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʩʦʟʜʘʥʠʷ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʩ ʚʳʩʦʢʦʡ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴʶ.  

ʇʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʦʚ ʵʣʝʢʪʨʦʠʩʢʨʦʚʦʛʦ ʩʧʝʢʘʥʠʷ, 

ʛʦʨʷʯʝʛʦ ʧʨʝʩʩʦʚʘʥʠʷ ʠ ʭʠʤʠʯʝʩʢʦʛʦ ʦʩʘʞʜʝʥʠʷ ʠʟ ʛʘʟʦʚʦʡ ʬʘʟʳ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʤʝʪʘʣʣʩʦʜʝʨʞʘʱʠʭ ʧʦʢʨʳʪʠʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʨʦʰʢʦʚ ʘʣʤʘʟʘ. ʇʦʣʫʯʝʥ 

ʢʦʤʧʦʟʠʪ çʤʝʜʴ-ʘʣʤʘʟè ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʠʢʨʦʢʨʠʩʪʘʣʣʦʚ, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ 

ʤʦʣʠʙʜʝʥʦʤ (ʧʦʢʨʳʪʠʝ ʩʦʩʪʦʠʪ ʠʟ Mo, MoC ʠ Mo2C) ʩ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴʶ 420 

ɺʪ/ʤĀʂ. 
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ʄʝʪʦʜʦʣʦʛʠʷ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʢʣʶʯʘʣʦ ʚ ʩʝʙʷ ʩʣʝʜʫʶʱʠʝ ʵʪʘʧʳ: ʧʦʣʫʯʝʥʠʝ 

ʤʝʪʘʣʣʩʦʜʝʨʞʘʱʠʭ ʧʦʢʨʳʪʠʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʠʢʨʦʢʨʠʩʪʘʣʣʦʚ ʘʣʤʘʟʦʚ, ʩʠʥʪʝʟ 

ʢʦʤʧʦʟʠʪʦʚ ʤʝʪʘʣʣ-ʘʣʤʘʟ ʥʘ ʠʭ ʦʩʥʦʚʝ, ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʢʦʤʧʣʝʢʩʦʤ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ.  ɺ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ 

ʥʝʩʢʦʣʴʢʦ ʧʦʜʭʦʜʦʚ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʧʦʢʨʳʪʠʡ ʥʘ ʢʨʠʩʪʘʣʣʘʭ ʘʣʤʘʟʘ. ʇʝʨʚʳʡ 

ʩʧʦʩʦʙ ï ʦʩʘʞʜʝʥʠʝ ʠʟ ʛʘʟʦʚʦʡ ʬʘʟʳ ʩ ʚʨʘʱʘʶʱʝʡʩʷ ʢʘʤʝʨʦʡ. ɼʘʥʥʳʡ ʩʧʦʩʦʙ 

ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʦʜʥʦʨʦʜʥʳʝ ʧʦʢʨʳʪʠʷ ʥʘ ʧʦʨʦʰʢʦʚʳʭ ʤʘʪʝʨʠʘʣʘʭ. ɺ 

ʢʘʯʝʩʪʚʝ ʧʨʝʢʫʨʩʦʨʦʚ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʧʦʢʨʳʪʠʡ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʢʘʨʙʦʥʠʣ 

ʚʦʣʴʬʨʘʤʘ W(CO)6 ʠ ʥʠʢʝʣʦʮʝʥ Ni(C5H5)2. ɺʪʦʨʦʡ ʩʧʦʩʦʙ ï ʧʦʣʫʯʝʥʠʝ ʧʦʢʨʳʪʠʡ 

ʪʚʝʨʜʦʬʘʟʥʳʤ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʤ ʩʧʦʩʦʙʦʤ, ʠʩʧʦʣʴʟʫʷ ʤʝʪʦʜʳ SPS ʠ 

ʛʦʨʷʯʝʛʦ ʧʨʝʩʩʦʚʘʥʠʷ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʚ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʤʝʪʘʣʣʘ ʜʣʷ 

ʧʦʣʫʯʝʥʠʡ ʧʦʢʨʳʪʠʡ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʤʝʪʘʣʣʳ ʠ ʠʭ ʦʢʩʠʜʳ. ɺʚʝʜʝʥʠʝ ʦʢʩʠʜʦʚ 

ʧʨʦʜʠʢʪʦʚʘʥʦ ʚʦʟʤʦʞʥʦʩʪʴʶ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʚʦʡʩʪʚʘ ʦʢʩʠʜʦʚ (ʣʝʪʫʯʝʩʪʴ) ʥʘ 

ʧʨʦʪʝʢʘʥʠʝ ʛʘʟʦʪʨʘʥʩʧʦʨʪʥʳʭ ʨʝʘʢʮʠʡ ʚ ʧʨʦʮʝʩʩʝ ʩʠʥʪʝʟʘ. ʇʦʣʫʯʝʥʥʳʝ ʘʣʤʘʟʳ ʩ 

ʧʦʢʨʳʪʠʷʤʠ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʦʟʠʪʦʚ çʤʝʜʴ-ʘʣʤʘʟè ʤʝʪʦʜʘʤʠ 

SPS ʠ ʛʦʨʷʯʝʛʦ ʧʨʝʩʩʦʚʘʥʠʷ. ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ʘʣʤʘʟʦʚ ʩ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʠ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʠʭ ʦʩʥʦʚʝ 

ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʨʷʜ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ: ʨʝʥʪʛʝʥʦʬʘʟʦʚʳʡ ʘʥʘʣʠʟ, 

ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ, ʩʢʘʥʠʨʫʶʱʘʷ ʵʣʝʢʪʨʦʥʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ, 

ʧʨʦʩʚʝʯʠʚʘʶʱʘʷ ʵʣʝʢʪʨʦʥʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ, ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ 

ʨʘʩʩʝʷʥʠʷ, ʠʟʤʝʨʝʥʠʝ ʠʭ  ʪʝʤʧʝʨʘʪʫʨʦʧʨʦʚʦʜʥʦʩʪʠ ʠ ʧʣʦʪʥʦʩʪʠ. 

ʇʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ 

1. ʉʭʝʤʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʥʠʢʝʣʷ ʩ ʘʣʤʘʟʦʤ ʧʨʠ çʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʤè 
ʦʪʞʠʛʝ ʚ ʫʩʣʦʚʠʷʭ ʵʣʝʢʪʨʦʠʩʢʨʦʚʦʛʦ ʩʧʝʢʘʥʠʷ. 

2. ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚʦʣʴʬʨʘʤʩʦʜʝʨʞʘʱʝʛʦ ʧʦʢʨʳʪʠʷ  

ʧʨʠ ʩʧʝʢʘʥʠʠ ʧʦʨʦʰʢʦʚ ʚʦʣʴʬʨʘʤʘ (ʦʢʩʠʜʘ ʚʦʣʴʬʨʘʤʘ WO3) ʠ ʘʣʤʘʟʦʚ ʚ 

ʧʨʦʮʝʩʩʘʭ ʵʣʝʢʪʨʦʠʩʢʨʦʚʦʛʦ ʩʧʝʢʘʥʠʷ ʠ ʛʦʨʷʯʝʛʦ ʧʨʝʩʩʦʚʘʥʠʷ.  

3. ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʘʨʙʠʜʥʳʭ ʬʘʟ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʘʣʤʘʟʘ ʚ ʧʨʦʮʝʩʩʝ ʭʠʤʠʯʝʩʢʦʛʦ ʦʩʘʞʜʝʥʠʷ ʠʟ ʛʘʟʦʚʦʡ ʬʘʟʳ ʢʘʨʙʦʥʠʣʘ 

ʚʦʣʴʬʨʘʤʘ W(CO)6.   

4. ʄʝʭʘʥʠʟʤ ʨʦʩʪʘ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʘʣʤʘʟʘ ʧʨʠ ʭʠʤʠʯʝʩʢʦʤ ʦʩʘʞʜʝʥʠʠ ʠʟ ʛʘʟʦʚʦʡ ʬʘʟʳ ʥʠʢʝʣʦʮʝʥʘ 

Ni(C5H5)2. 

ɸʧʨʦʙʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʤʥʦʛʦʢʨʘʪʥʦ ʧʨʝʜʩʪʘʚʣʷʣʠʩʴ ʥʘ ʨʦʩʩʠʡʩʢʠʭ ʠ  

ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʢʦʥʬʝʨʝʥʮʠʷʭ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ V ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʈʦʩʩʠʡʩʢʦ-

ʂʘʟʘʭʩʪʘʥʩʢʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ "ʍʠʤʠʯʝʩʢʠʝ ʪʝʭʥʦʣʦʛʠʠ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ" (ʅʦʚʦʩʠʙʠʨʩʢ, 2019), Russia-Japan Joint Seminar 

ñNon-equilibrium processing of materials: experiments and modelingò (ʅʦʚʦʩʠʙʠʨʩʢ, 

2018), V International conference "Fundamental bases of mechanochemical 

technologies" (ʅʦʚʦʩʠʙʠʨʩʢ, 2018), 6-ʡ ʤʝʞʜʫʥʘʨʦʜʥʳʡ ʥʘʫʯʥʳʡ ʩʝʤʠʥʘʨ 
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çʇʝʨʩʧʝʢʪʠʚʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʢʦʥʩʦʣʠʜʘʮʠʠ ʤʘʪʝʨʠʘʣʦʚ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡè (ʄʦʩʢʚʘ, 2017), The Russia-Japan conference 

çAdvanced Materials: Synthesis, Processing and Properties of Nanostructuresè 

(ʅʦʚʦʩʠʙʠʨʩʢ, 2016), 23rd International Symposium on Metastable, Amorphous and 

Nanostructured Materials (ISMANAM ) (ʗʧʦʥʠʷ, ʅʘʨʘ, 2016), 54-  ̫ʄʝʞʜʫʥʘʨʦʜʥʘʷ 

ʥʘʫʯʥʘʷ ʩʪʫʜʝʥʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ (ʅʦʚʦʩʠʙʠʨʩʢ, 2016), International Conference 

on Functional Materials for Frontier Energy Issues (ʅʦʚʦʩʠʙʠʨʩʢ, 2015), 2 

ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ çɻʦʨʷʯʠʝ ʪʦʯʢʠ ʭʠʤʠʠ 

ʪʚʝʨʜʦʛʦ ʪʝʣʘ: ʤʝʭʘʥʠʟʤʳ ʪʚʝʨʜʦʬʘʟʥʳʭ ʧʨʦʮʝʩʩʦʚè (ʅʦʚʦʩʠʙʠʨʩʢ, 2015), 

International conference on diamond and carbon materials (ɻʝʨʤʘʥʠʷ, ɹʘʜ-ʍʦʤʙʫʨʛ, 

2015), 53 ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʘʷ ʩʪʫʜʝʥʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ (ʅʦʚʦʩʠʙʠʨʩʢ, 

2015), ʍʠʤʠʯʝʩʢʠʝ ʪʝʭʥʦʣʦʛʠʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ: ʤʘʪʝʨʠʘʣʳ 

ʤʝʞʜʫʥʘʨ. ʈʦʩ.-ʂʘʟʘʭʩʪʘʥ. ʰʢ.-ʢʦʥʬ. ʩʪʫʜʝʥʪʦʚ ʠ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ 

(ʅʦʚʦʩʠʙʠʨʩʢ, 2015).  

ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ. 

ʇʦʠʩʢ ʠ ʘʥʘʣʠʟ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʧʨʦʚʦʜʠʣʠʩʴ ʘʚʪʦʨʦʤ 

ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ. ʇʦʜʛʦʪʦʚʢʘ ʠ ʧʨʦʚʝʜʝʥʠʝ ʙʦʣʴʰʝʡ ʯʘʩʪʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ 

ʧʨʦʚʦʜʠʣʠʩʴ ʘʚʪʦʨʦʤ ʠʣʠ ʧʨʠ ʝʛʦ ʫʯʘʩʪʠʠ. ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʠ 

ʥʘʧʠʩʘʥʠʝ ʥʘʫʯʥʳʭ ʩʪʘʪʝʡ ʧʨʦʚʦʜʠʣʦʩʴ ʩʦʚʤʝʩʪʥʦ ʩ ʥʘʫʯʥʳʤ ʨʫʢʦʚʦʜʠʪʝʣʝʤ ʠ 

ʩʦʘʚʪʦʨʘʤʠ ʨʘʙʦʪ.  

ʉʪʨʫʢʪʫʨʘ ʠ ʦʙʲʝʤ ʜʠʩʩʝʨʪʘʮʠʠ. 

ɼʠʩʩʝʨʪʘʮʠʦʥʥʘʷ ʨʘʙʦʪʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ 117 ʩʪʨʘʥʠʮʘʭ, ʩʦʜʝʨʞʠʪ 12 

ʪʘʙʣʠʮ ʠ 65 ʨʠʩʫʥʢʦʚ. ɼʠʩʩʝʨʪʘʮʠʷ ʩʦʩʪʦʠʪ ʠʟ ʚʚʝʜʝʥʠʷ, ʦʙʟʦʨʘ ʣʠʪʝʨʘʪʫʨʳ, 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʯʘʩʪʠ, ʦʙʩʫʞʜʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ, ʚʳʚʦʜʦʚ, ʧʝʨʝʯʥʷ 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʩʦʢʨʘʱʝʥʠʡ, ʩʧʠʩʢʘ ʣʠʪʝʨʘʪʫʨʳ. ʉʧʠʩʦʢ ʮʠʪʠʨʫʝʤʦʡ ʣʠʪʝʨʘʪʫʨʳ 

ʚʢʣʶʯʘʝʪ 188 ʥʘʠʤʝʥʦʚʘʥʠʡ. 

ʉʆɼɽʈɾɸʅʀɽ ʈɸɹʆʊʓ 

ɺʦ ʚʚʝʜʝʥʠʠ ʨʘʙʦʪʳ ʧʨʝʜʩʪʘʚʣʝʥʦ ʦʙʦʩʥʦʚʘʥʠʝ ʘʢʪʫʘʣʴʥʦʩʪʠ ʪʝʤʳ 

ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ, ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʮʝʣʴ ʠ ʟʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ, 

ʦʙʦʩʥʦʚʘʥʳ ʥʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʠ ʧʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ, ʘ ʪʘʢʞʝ 

ʧʨʠʚʝʜʝʥʳ ʧʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ. 

ɺ ʧʝʨʚʦʡ ʛʣʘʚʝ ʧʨʝʜʩʪʘʚʣʝʥ ʣʠʪʝʨʘʪʫʨʥʳʡ ʦʙʟʦʨ ʧʦ ʪʝʤʝ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ɻʣʘʚʘ ʨʘʟʙʠʪʘ ʥʘ ʨʘʟʜʝʣʳ: çɸʣʣʦʪʨʦʧʥʳʝ ʬʦʨʤʳ ʫʛʣʝʨʦʜʘè, çɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʚ 

ʩʠʩʪʝʤʘʭ ʤʝʪʘʣʣ-ʫʛʣʝʨʦʜè, çʉʠʥʪʝʟ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ 

ʩʠʩʪʝʤʳ ʤʝʪʘʣʣ-ʘʣʤʘʟè, çʄʝʪʦʜʳ ʢʦʥʩʦʣʠʜʘʮʠʠ ʢʦʤʧʦʟʠʮʠʡ ʤʝʪʘʣʣ-ʘʣʤʘʟè. 

ɺʦ ʚʪʦʨʦʡ ʛʣʘʚʝ (ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʯʘʩʪʴ) ʧʦʜʨʦʙʥʦ ʦʧʠʩʘʥʳ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʤʝʪʦʜʠʢʠ ʧʦʣʫʯʝʥʠʷ ʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ʘʣʤʘʟʦʚ, ʘ ʪʘʢʞʝ ʧʨʠʚʝʜʝʥʳ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ  ʠʩʭʦʜʥʳʭ 

ʨʝʘʛʝʥʪʦʚ ʠ ʤʘʪʝʨʠʘʣʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʨʘʙʦʪʝ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ 

ʤʝʪʘʣʣʩʦʜʝʨʞʘʱʠʭ ʧʦʢʨʳʪʠʡ ʥʘ ʘʣʤʘʟʥʳʭ ʯʘʩʪʠʮʘʭ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʚʘ 

ʤʝʪʦʜʘ: ʭʠʤʠʯʝʩʢʦʝ ʦʩʘʞʜʝʥʠʝ ʠʟ ʛʘʟʦʚʦʡ ʬʘʟʳ ʚ ʨʝʘʢʪʦʨʝ ʩ ʚʨʘʱʘʶʱʝʡʩʷ 

ʢʘʤʝʨʦʡ (Rotary chemical vapor deposition, RCVD) ʠ ʦʪʞʠʛ ʩʤʝʩʝʡ ʧʦʨʦʰʢʦʚ 
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ʘʣʤʘʟʦʚ ʠ ʤʝʪʘʣʣʘ (ʦʢʩʠʜʘ ʤʝʪʘʣʣʘ) ʤʝʪʦʜʘʤʠ ʵʣʝʢʪʨʦʠʩʢʨʦʚʦʛʦ ʩʧʝʢʘʥʠʷ (Spark 

Plasma Sintering, SPS) ʠ ʛʦʨʷʯʝʛʦ ʧʨʝʩʩʦʚʘʥʠʷ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʦʙʲʝʤʥʳʭ 

ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ çʤʝʜʴ-ʘʣʤʘʟè ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʤʝʪʦʜʳ SPS ʠ 

ʛʦʨʷʯʝʛʦ ʧʨʝʩʩʦʚʘʥʠʷ. 

ɺ ʪʨʝʪʴʝʡ ʛʣʘʚʝ çʌʘʟʦʚʳʝ ʠ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʧʨʝʚʨʘʱʝʥʠʷ ʚ ʩʠʩʪʝʤʝ 

çʥʠʢʝʣʴ-ʘʣʤʘʟè ʧʨʠ ʥʘʛʨʝʚʝè ʦʧʠʩʘʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʦʨʦʰʢʦʚ ʥʠʢʝʣʷ ʠ 

ʘʣʤʘʟʘ ʧʨʠ ʠʭ ʥʘʛʨʝʚʝ ʤʝʪʦʜʘʤʠ ʵʣʝʢʪʨʦʠʩʢʨʦʚʦʛʦ ʩʧʝʢʘʥʠʷ ʠ ʪʨʘʜʠʮʠʦʥʥʦʛʦ 

ʩʧʝʢʘʥʠʷ, ʘ ʪʘʢʞʝ ʧʦʣʫʯʝʥʠʝ ʥʠʢʝʣʴʩʦʜʝʨʞʘʱʠʭ ʧʦʢʨʳʪʠʡ ʥʘ ʘʣʤʘʟʘʭ ʤʝʪʦʜʦʤ 

RCVD.  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʥʘʛʨʝʚʘ ʠ ʧʨʠʣʦʞʝʥʠʷ ʜʘʚʣʝʥʠʷ ʯʘʩʪʠʮʳ ʥʠʢʝʣʷ ʥʘʯʠʥʘʶʪ 

ʩʧʝʢʘʪʴʩʷ ʤʝʞʜʫ ʩʦʙʦʡ, ʦʙʨʘʟʫʷ ʧʝʨʝʰʝʡʢʠ, ʠ ʧʨʠʧʝʢʘʪʴʩʷ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʘʣʤʘʟʘ 

(ʈʠʩ. 1).  

 

 
ʈʠʩʫʥʦʢ 1 - ʉʦʝʜʠʥʝʥʠʝ ʤʝʞʜʫ ʥʠʢʝʣʝʚʦʡ ʯʘʩʪʠʮʝʡ ʠ ʛʨʘʥʴʶ ʘʣʤʘʟʘ ʚ 

ʦʙʨʘʟʮʝ, ʧʦʣʫʯʝʥʥʦʤ ʤʝʪʦʜʦʤ SPS 

 

ɻʨʘʥʠ ʢʨʠʩʪʘʣʣʦʚ ʘʣʤʘʟʘ, ʥʘʙʣʶʜʘʝʤʳʝ ʥʘ ʩʢʦʣʝ ʢʦʤʧʘʢʪʘ, ʧʦʢʨʳʪʳ 

ʥʠʢʝʣʴʩʦʜʝʨʞʘʱʠʤʠ çʦʪʧʝʯʘʪʢʘʤʠè ʦʪ ʯʘʩʪʠʮ ʥʠʢʝʣʷ, ʢʦʪʦʨʳʝ ʚ ʧʨʦʮʝʩʩʝ 

ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʦʙʨʘʟʮʘ ʜʣʷ ʧʨʦʩʤʦʪʨʘ ʚ ʵʣʝʢʪʨʦʥʥʦʤ ʤʠʢʨʦʩʢʦʧʝ ʦʪʦʨʚʘʣʠʩʴ ʦʪ 

ʧʦʚʝʨʭʥʦʩʪʠ ʘʣʤʘʟʘ. ɼʘʥʥʳʝ çʦʪʧʝʯʘʪʢʠè ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʳ ʧʦ 

ʧʦʚʝʨʭʥʦʩʪʠ ʘʣʤʘʟʥʳʭ ʢʨʠʩʪʘʣʣʦʚ (ʈʠʩ. 2). ʇʨʝʜʧʦʣʦʞʝʥʦ, ʯʪʦ ʧʨʠ ʥʘʛʨʝʚʝ 

ʧʦʨʦʰʢʦʚ ʥʘ ʢʦʥʪʘʢʪʝ ʯʘʩʪʠʮ ʥʠʢʝʣʷ ʠ ʘʣʤʘʟʘ ʦʙʨʘʟʫʝʪʩʷ ʞʠʜʢʦʧʦʜʦʙʥʘʷ ʬʘʟʘ, 

ʦʙʨʘʟʫʶʱʘʷʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʝʨʝʩʳʱʝʥʠʷ ʫʛʣʝʨʦʜʦʤ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ 

ʥʠʢʝʣʷ.  

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʥʠʢʝʣʴʩʦʜʝʨʞʘʱʠʭ ʧʦʢʨʳʪʠʡ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʩʝʨʠʷ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ RCVD, ʚ ʭʦʜʝ ʢʦʪʦʨʳʭ ʚʘʨʴʠʨʦʚʘʣʠ ʚʨʝʤʷ ʦʩʘʞʜʝʥʠʷ ʠ ʦʙʱʝʝ 

ʜʘʚʣʝʥʠʝ ʚ ʢʘʤʝʨʝ (ʊʘʙʣ. 1). 
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ʈʠʩʫʥʦʢ 2 - ʇʦʚʝʨʭʥʦʩʪʴ ʢʨʠʩʪʘʣʣʘ ʘʣʤʘʟʘ ʥʘ ʩʢʦʣʝ ʩʧʝʯʝʥʥʦʛʦ ʢʦʤʧʘʢʪʘ 

çʥʠʢʝʣʴ-ʘʣʤʘʟè ʠ ʢʘʨʪʳ ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ, ʧʦʣʫʯʝʥʥʳʝ ʩ ʵʪʦʡ ʛʨʘʥʠ 

 

ʊʘʙʣʠʮʘ 1 - ʋʩʣʦʚʠʷ ʧʦʣʫʯʝʥʠʷ ʥʠʢʝʣʴʩʦʜʝʨʞʘʱʠʭ ʧʦʢʨʳʪʠʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʘʣʤʘʟʦʚ ʤʝʪʦʜʦʤ RCVD 

ˉ ʦʙʨʘʟʮʘ ʆʙʱʝʝ ʜʘʚʣʝʥʠʝ ʚ ʢʘʤʝʨʝ, 

ʇʘ 

ɺʨʝʤʷ ʦʩʘʞʜʝʥʠʷ, ʤʠʥ 

1 400 30 

2 400 60 

3 180 30 

4 2000 30 
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ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʤʝʪʦʜʦʤ RCVD, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʠʢʝʣʦʮʝʥʘ Ni(C5H5)2 ʚ 

ʢʘʯʝʩʪʚʝ ʧʨʝʢʫʨʩʦʨʘ, ʚʦʟʤʦʞʥʦ ʧʦʣʫʯʝʥʠʝ ʥʠʢʝʣʴʩʦʜʝʨʞʘʱʠʭ ʧʦʢʨʳʪʠʡ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʘʣʤʘʟʘ. ʉʦʩʪʘʚ ʠ ʤʦʨʬʦʣʦʛʠʷ ʧʦʣʫʯʝʥʥʳʭ ʧʦʢʨʳʪʠʡ ʟʘʚʠʩʷʪ ʦʪ 

ʫʩʣʦʚʠʡ ʠʭ ʧʦʣʫʯʝʥʠʷ. ʇʨʠ ʜʘʚʣʝʥʠʠ 400 ʇʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʘʣʤʘʟʘ ʦʙʨʘʟʫʝʪʩʷ 

ʧʦʢʨʳʪʠʝ ʪʦʣʱʠʥʦʡ ~1 ʤʢʤ, ʩʦʩʪʦʷʱʝʝ ʠʟ ʥʘʥʦʨʘʟʤʝʨʥʳʭ ʯʘʩʪʠʮ ʥʠʢʝʣʷ. ʇʨʠ 

ʫʚʝʣʠʯʝʥʠʠ ʚʨʝʤʝʥʠ ʦʩʘʞʜʝʥʠʷ ʩ 30 ʜʦ 60 ʤʠʥ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʪʦʣʱʠʥʘ 

ʧʦʢʨʳʪʠʷ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʝʛʦ ʦʪʩʣʦʝʥʠʶ ʠ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ. ʇʨʠ ʠʟʤʝʥʝʥʠʠ 

ʜʘʚʣʝʥʠʷ ʜʦ 2000 ʇʘ ʪʦʣʱʠʥʘ ʧʦʣʫʯʘʝʤʦʛʦ ʧʦʢʨʳʪʠʷ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʜʦ 5 ʤʢʤ, ʘ 

ʩʘʤʦ ʧʦʢʨʳʪʠʝ ʧʨʠʦʙʨʝʪʘʝʪ ʚʦʣʦʢʥʠʩʪʫʶ ʤʠʢʨʦʩʪʨʫʢʪʫʨʫ. ʇʦʢʨʳʪʠʝ ʩʦʩʪʦʠʪ ʠʟ 

ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʚʦʣʦʢʦʥ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʦʜʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʧʦʚʝʨʭʥʦʩʪʠ ʘʣʤʘʟʘ (ʈʠʩ. 3).  

 

 
 

 
 

ʈʠʩʫʥʦʢ 3 - ʄʦʨʬʦʣʦʛʠʷ ʥʠʢʝʣʴʩʦʜʝʨʞʘʱʝʛʦ ʧʦʢʨʳʪʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʘʣʤʘʟʦʚ ʧʦʩʣʝ 30 ʤʠʥ RCVD- ʚʦʟʜʝʡʩʪʚʠʷ ʩ ʜʘʚʣʝʥʠʝʤ ʚ 

ʢʘʤʝʨʝ 2000 ʇʘ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʫʚʝʣʠʯʝʥʠʷʭ 

 

ʉʪʨʫʢʪʫʨʘ ʜʘʥʥʦʛʦ ʧʦʢʨʳʪʠʷ ʙʳʣʘ ʠʩʩʣʝʜʦʚʘʥʘ ʤʝʪʦʜʦʤ ʧʨʦʩʚʝʯʠʚʘʶʱʝʡ 

ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ (ʈʠʩ. 4). ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʦʢʨʳʪʠʝ ʩʦʩʪʦʠʪ ʠʟ 

ʤʥʦʛʦʩʪʝʥʥʳʭ ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ, ʯʘʩʪʠʯʥʦ ʟʘʧʦʣʥʝʥʥʳʭ ʥʠʢʝʣʝʤ.  

ʉʦʛʣʘʩʥʦ ʦʙʱʝʧʨʠʥʷʪʦʡ ʤʦʜʝʣʠ ʨʦʩʪʘ, ʩʫʱʝʩʪʚʫʶʪ ʜʚʘ ʤʝʭʘʥʠʟʤʘ ʨʦʩʪʘ 

ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ (ʋʅʊ): ʰʘʧʦʯʥʳʡ (tip-growth) ʠ ʦʪ ʦʩʥʦʚʘʥʠʷ (base-

growth). ʇʦ ʜʘʥʥʳʤ ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʠʢʝʣʴ 

ʨʘʩʧʦʣʦʞʝʥ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʦʩʥʦʚʘʥʠʠ ʫʛʣʝʨʦʜʥʳʭ ʚʦʣʦʢʦʥ, 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʘʣʤʘʟʘ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʤʝʭʘʥʠʟʤʝ ʨʦʩʪʘ 

ʦʪ ʦʩʥʦʚʘʥʠʷ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʩʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʵʣʝʢʪʨʦʥʥʦʡ ʧʨʦʩʚʝʯʠʚʘʶʱʝʡ 

ʤʠʢʨʦʩʢʦʧʠʠ, ʫʛʣʝʨʦʜʥʳʝ ʥʘʥʦʪʨʫʙʢʠ ʯʘʩʪʠʯʥʦ ʟʘʧʦʣʥʝʥʳ ʥʠʢʝʣʝʤ (ʈʠʩ. 4ʘ). 

ʀʩʭʦʜʷ ʠʟ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʚ ʥʘʰʠʭ 

ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʋʅʊ ʨʘʩʪʫʪ ʧʦ ʩʤʝʰʘʥʥʦʤʫ ʤʝʭʘʥʠʟʤʫ ʨʦʩʪʘ. ʀʟʤʝʥʝʥʠʝ ʦʙʱʝʛʦ 

ʜʘʚʣʝʥʠʷ ʚ ʢʘʤʝʨʝ ʩ 400 ʇʘ ʜʦ 180 ʇʘ ʩʧʦʩʦʙʩʪʚʫʝʪ ʦʙʨʘʟʦʚʘʥʠʶ ʙʦʣʝʝ ʪʦʥʢʦʛʦ 

ʠ ʨʘʚʥʦʤʝʨʥʦʛʦ ʧʦʢʨʳʪʠʷ (ʈʠʩ. 5ʘ). ʇʨʠ ʦʙʱʝʤ ʜʘʚʣʝʥʠʠ ʚ ʢʘʤʝʨʝ 180  ʇʘ ʠ 
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ʚʨʝʤʝʥʠ ʦʩʘʞʜʝʥʠʷ 30 ʤʠʥ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʘʣʤʘʟʦʚ ʦʙʨʘʟʫʝʪʩʷ 

ʪʦʥʢʦʝ ʦʜʥʦʨʦʜʥʦʝ ʧʦʢʨʳʪʠʝ, ʩʦʩʪʦʷʱʝʝ ʠʟ ʧʦʣʫʩʬʝʨʠʯʝʩʢʠʭ ʥʘʥʦʨʘʟʤʝʨʥʳʭ 

ʯʘʩʪʠʮ ʥʠʢʝʣʷ (ʈʠʩ. 5ʙ). 

  

ʘ ʙ 

ʈʠʩʫʥʦʢ 4 - ɼʘʥʥʳʝ ʧʨʦʩʚʝʯʠʚʘʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʜʣʷ ʫʛʣʝʨʦʜʥʳʭ 

ʥʘʥʦʪʨʫʙʦʢ, ʧʦʣʫʯʝʥʥʳʭ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʘʣʤʘʟʦʚ ʤʝʪʦʜʦʤ 

RCVD: ʥʘʥʦʪʨʫʙʢʘ, ʯʘʩʪʠʯʥʦ ʟʘʧʦʣʥʝʥʥʘʷ ʥʠʢʝʣʝʤ (ʘ); ʠʟʦʙʨʘʞʝʥʠʝ  ʩʝʛʤʝʥʪʘ 

ʥʘʥʦʪʨʫʙʢʠ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ (ʙ) 

 

 

 
ʘ 

 
ʙ 

ʈʠʩʫʥʦʢ 5 - ʄʦʨʬʦʣʦʛʠʷ ʥʠʢʝʣʴʩʦʜʝʨʞʘʱʝʛʦ ʧʦʢʨʳʪʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʘʣʤʘʟʦʚ ʧʦʩʣʝ 30 ʤʠʥ RCVD-ʚʦʟʜʝʡʩʪʚʠʷ ʧʨʠ ʦʙʱʝʤ ʜʘʚʣʝʥʠʠ ʚ 

ʢʘʤʝʨʝ 180 ʇʘ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʫʚʝʣʠʯʝʥʠʷʭ 

 

ɺ ʯʝʪʚʝʨʪʦʡ ʛʣʘʚʝ çʌʘʟʦʚʳʝ ʠ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʧʨʝʚʨʘʱʝʥʠʷ  ʚ ʩʠʩʪʝʤʝ 

çʚʦʣʴʬʨʘʤ-ʘʣʤʘʟè ʦʧʠʩʘʥʦ ʧʦʣʫʯʝʥʠʝ ʚʦʣʴʬʨʘʤʩʦʜʝʨʞʘʱʠʭ ʧʦʢʨʳʪʠʡ ʥʘ 

ʤʠʢʨʦʢʨʠʩʪʘʣʣʘʭ ʘʣʤʘʟʘ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʧʦʢʨʳʪʠʡ ʥʘʤʠ ʠʩʩʣʝʜʦʚʘʥʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʦʨʦʰʢʦʚ ʚʦʣʴʬʨʘʤʘ ʠ ʝʛʦ ʦʢʩʠʜʘ WO3 ʚ ʢʘʤʝʨʘʭ ʫʩʪʘʥʦʚʦʢ SPS 

ʠ ʛʦʨʷʯʝʛʦ ʧʨʝʩʩʘ, ʘ ʪʘʢʞʝ ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʦʢʨʳʪʠʡ ʚ ʧʨʦʮʝʩʩʝ ʭʠʤʠʯʝʩʢʦʛʦ 
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ʦʩʘʞʜʝʥʠʷ ʠʟ ʛʘʟʦʚʦʡ ʬʘʟʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʘʨʙʦʥʠʣʘ ʚʦʣʴʬʨʘʤʘ W(CO)6 ʚ 

ʢʘʯʝʩʪʚʝ ʧʨʝʢʫʨʩʦʨʘ.  

ʇʨʠ ʩʧʝʢʘʥʠʠ ʧʦʨʦʰʢʦʚ ʚʦʣʴʬʨʘʤʘ ʠ ʘʣʤʘʟʦʚ ʤʝʪʦʜʦʤ SPS ʫʩʪʘʥʦʚʣʝʥʦ, 

ʯʪʦ ʦʜʥʦʨʦʜʥʦʝ ʚʦʣʴʬʨʘʤʩʦʜʝʨʞʘʱʝʝ ʧʦʢʨʳʪʠʝ ʦʙʨʘʟʫʝʪʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʘʣʤʘʟʦʚ ʫʞʝ ʯʝʨʝʟ 10 ʤʠʥ ʦʙʨʘʙʦʪʢʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1000Áʉ. ʇʨʝʜʧʦʣʦʞʝʥʦ, 

ʯʪʦ ʧʦʢʨʳʪʠʷ ʦʙʨʘʟʫʶʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 

ʭʝʤʦʩʦʨʙʠʨʦʚʘʥʥʦʛʦ ʣʝʪʫʯʝʛʦ ʦʢʩʠʜʘ ʚʦʣʴʬʨʘʤʘ WO3, ʩʦʜʝʨʞʘʱʝʛʦʩʷ ʚ 

ʧʦʨʦʰʢʝ W, ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʢʘʨʙʠʜʠʟʘʮʠʝʡ ʤʝʪʘʣʣʘ. ʅʘʤʠ ʙʳʣʘ ʧʨʝʜʣʦʞʝʥʘ 

ʩʣʝʜʫʶʱʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʨʝʘʢʮʠʡ: 

WO3(ʛʘʟ)+3C(ʪʚ)ŸW(ʪʚ)+3CO(ʛʘʟ)   

2W(ʪʚ)+C(ʪʚ)ŸW2C(ʪʚ) 

W(ʪʚ)+C(ʪʚ)ŸWC(ʪʚ) 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʢʨʳʪʠʝ ʬʦʨʤʠʨʫʝʪʩʷ ʧʦ ʤʝʭʘʥʠʟʤʫ ʛʘʟʦʪʨʘʥʩʧʦʨʪʥʦʛʦ 

ʧʝʨʝʥʦʩʘ ʠ ʭʝʤʦʩʦʨʙʮʠʠ ʣʝʪʫʯʝʛʦ ʦʢʩʠʜʘ. ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʚʳʷʩʥʠʪʴ, ʷʚʣʷʝʪʩʷ ʣʠ 

ʚʦʟʜʝʡʩʪʚʠʝ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ, ʧʨʦʭʦʜʷʱʝʛʦ ʯʝʨʝʟ ʦʩʥʘʩʪʢʫ, ʥʝʦʙʭʦʜʠʤʳʤ 

ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʦʢʨʳʪʠʡ,  ʥʘʤʠ ʧʨʦʚʝʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʫʩʪʘʥʦʚʢʠ ʛʦʨʷʯʝʛʦ ʧʨʝʩʩʦʚʘʥʠʷ (ʛʜʝ ʥʘʛʨʝʚ ʧʨʦʠʩʭʦʜʠʪ ʩ ʧʦʤʦʱʴʶ ʚʥʝʰʥʠʭ 

ʥʘʛʨʝʚʘʪʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ). ʇʦʩʣʝ 10 ʤʠʥ ʦʙʨʘʙʦʪʢʠ ʧʦʨʦʰʢʦʚ ʚʦʣʴʬʨʘʤʘ ʠ 

ʘʣʤʘʟʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʘʣʤʘʟʘ ʧʨʠʩʫʪʩʪʚʫʶʪ ʯʘʩʪʠʮʳ ʚʦʣʴʬʨʘʤʘ, çʧʨʠʣʠʧʰʠʝè 

ʢ ʝʛʦ ʧʦʚʝʨʭʥʦʩʪʠ, ʧʨʠ ʵʪʦʤ ʩʧʣʦʰʥʦʝ ʧʦʢʨʳʪʠʝ  ʥʝ ʦʙʨʘʟʫʝʪʩʷ. ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ 

ʚʨʝʤʝʥʠ ʦʙʨʘʙʦʪʢʠ ʜʦ 30 ʤʠʥʫʪ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʘʣʤʘʟʦʚ ʦʙʨʘʟʫʝʪʩʷ ʥʝʩʧʣʦʰʥʦʝ 

ʧʦʢʨʳʪʠʝ (ʈʠʩ. 6ʘ) ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʪʨʝʫʛʦʣʴʥʳʭ ʬʠʛʫʨ ʪʨʘʚʣʝʥʠʷ (ʈʠʩ. 6ʙ). 

 

 
ʘ 

 
ʙ 

ʈʠʩʫʥʦʢ 6 ï ʄʦʨʬʦʣʦʛʠʷ ʥʝʦʜʥʦʨʦʜʥʦʛʦ ʧʦʢʨʳʪʠʷ, ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʧʦʩʣʝ 

ʦʙʨʘʙʦʪʢʠ ʧʦʨʦʰʢʦʚ ʚʦʣʴʬʨʘʤʘ ʠ ʘʣʤʘʟʦʚ ʚ ʫʩʪʘʥʦʚʢʝ ʛʦʨʷʯʝʛʦ ʧʨʝʩʩʦʚʘʥʠʷ ʚ 

ʪʝʯʝʥʠʝ 30 ʤʠʥ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʫʚʝʣʠʯʝʥʠʷʭ 

 

ʅʘʤʠ ʙʳʣ ʧʨʦʚʝʜʝʥ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ, ʛʜʝ ʚ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ 

ʚʦʣʴʬʨʘʤʘ ʠʩʧʦʣʴʟʦʚʘʣʠ ʦʢʩʠʜ ʚʦʣʴʬʨʘʤʘ WO3. ʇʦʩʣʝ 10 ʤʠʥ ʦʙʨʘʙʦʪʢʠ ʚ 

ʫʩʪʘʥʦʚʢʝ ʛʦʨʷʯʝʛʦ ʧʨʝʩʩʦʚʘʥʠʷ ʩʤʝʩʠ ʧʦʨʦʰʢʦʚ ʘʣʤʘʟʦʚ ʩ ʦʢʩʠʜʦʤ ʚʦʣʴʬʨʘʤʘ 



13 

 

ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʘʣʤʘʟʦʚ ʦʙʨʘʟʫʝʪʩʷ ʥʝʦʜʥʦʨʦʜʥʦʝ ʧʦʢʨʳʪʠʝ, ʩʦʩʪʦʷʱʝʝ ʠʟ 

ʚʦʣʴʬʨʘʤʘ, ʢʘʨʙʠʜʦʚ ʚʦʣʴʬʨʘʤʘ WC ʠ W2C ʠ ʦʢʩʠʜʦʚ ʚʦʣʴʬʨʘʤʘ WO3 ʠ WO2. 

ʊʘʢʦʡ ʩʦʩʪʘʚ ʤʦʞʝʪ ʙʳʪʴ ʦʙʲʷʩʥʝʥ ʥʝʧʦʣʥʳʤ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ ʦʢʩʠʜʘ 

ʚʦʣʴʬʨʘʤʘ WO3 ʚ ʧʨʦʮʝʩʩʝ ʦʙʨʘʙʦʪʢʠ. ɼʣʷ ʙʦʣʝʝ ʧʦʣʥʦʛʦ ʚʩʩʪʘʥʦʚʣʝʥʠʷ ʦʢʩʠʜʘ 

ʚʦʣʴʬʨʘʤʘ ʙʳʣʦ ʫʚʝʣʠʯʝʥʦ ʚʨʝʤʷ ʦʙʨʘʙʦʪʢʠ. ʊʘʢ, ʧʦʩʣʝ 30 ʤʠʥ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʘʣʤʘʟʦʚ ʦʙʨʘʟʫʝʪʩʷ ʩʧʣʦʰʥʦʝ ʧʦʢʨʳʪʠʝ, ʩʦʩʪʦʷʱʝʝ ʠʟ ʢʨʠʩʪʘʣʣʠʪʦʚ ʨʘʟʤʝʨʦʤ 

ʧʦʨʷʜʢʘ 2 ʤʢʤ (ʈʠʩ. 7). ʉʦʜʝʨʞʘʥʠʝ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʚʦʣʴʬʨʘʤʘ ʚ ʧʦʢʨʳʪʠʠ 

ʟʥʘʯʠʪʝʣʴʥʦ ʚʦʟʨʘʩʪʘʝʪ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʦʙʨʘʙʦʪʢʠ. ʆʢʩʠʜʳ 

ʚʦʣʴʬʨʘʤʘ ʚ ʩʦʩʪʘʚʝ ʧʦʢʨʳʪʠʷ ʦʪʩʫʪʩʪʚʫʶʪ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʠʭ ʧʦʣʥʦʤ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ʚ ʧʨʦʮʝʩʩʝ ʛʦʨʷʯʝʛʦ ʧʨʝʩʩʦʚʘʥʠʷ. 

 

 
 

 
 

ʈʠʩʫʥʦʢ 7 - ʆʜʥʦʨʦʜʥʦʝ ʧʦʢʨʳʪʠʝ, ʦʙʨʘʟʫʶʱʝʝʩʷ ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ ʚ ʫʩʪʘʥʦʚʢʝ 

ʛʦʨʷʯʝʛʦ ʧʨʝʩʩʦʚʘʥʠʷ ʚ ʪʝʯʝʥʠʝ 30 ʤʠʥ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʫʚʝʣʠʯʝʥʠʷʭ 

 

ʇʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʧʦʢʨʳʪʠʷ ʩʥʘʯʘʣʘ ʧʨʦʠʩʭʦʜʠʪ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʦʢʩʠʜʘ 

ʚʦʣʴʬʨʘʤʘ, ʢʦʪʦʨʳʡ ʦʩʘʞʜʘʝʪʩʷ ʥʘ ʯʘʩʪʠʮʘʭ ʘʣʤʘʟʘ (ʧʦʜʣʦʞʢʝ), ʘ ʟʘʪʝʤ 

ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʡ ʚʦʣʴʬʨʘʤ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʫʛʣʝʨʦʜʦʤ (ʘʣʤʘʟ) ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʢʘʨʙʠʜʦʚ ʥʘ ʛʨʘʥʠʮʝ ʤʝʪʘʣʣ-ʘʣʤʘʟ. ʉʢʦʨʦʩʪʴ ʨʝʘʢʮʠʠ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʦʢʩʠʜʘ ʚʦʣʴʬʨʘʤʘ WO3 (ʨʝʘʢʮʠʷ ʛʘʟ-ʪʚʝʨʜʦʝ) ʛʦʨʘʟʜʦ ʚʳʰʝ, ʯʝʤ 

ʩʢʦʨʦʩʪʴ ʦʙʨʘʟʦʚʘʥʠʷ ʢʘʨʙʠʜʦʚ (ʨʝʘʢʮʠʷ ʪʚʝʨʜʦʝ-ʪʚʝʨʜʦʝ). ʇʨʠ ʦʙʨʘʟʦʚʘʥʠʠ 

ʧʦʢʨʳʪʠʷ ʦʙʨʘʙʦʪʢʘ ʚ ʪʝʯʝʥʠʝ 30 ʤʠʥ ʷʚʣʷʝʪʩʷ ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ 

ʢʘʨʙʠʜʥʳʭ ʬʘʟ (ʧʦ ʨʝʘʢʮʠʠ ʪʚʝʨʜʦʝ-ʪʚʝʨʜʦʝ) ʚ ʢʦʣʠʯʝʩʪʚʝ, ʥʝʦʙʭʦʜʠʤʦʤ ʜʣʷ ʠʭ 

ʦʙʥʘʨʫʞʝʥʠʷ ʤʝʪʦʜʦʤ ʈʌɸ. ʇʦʩʣʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʦʪʞʠʛʘ ʧʨʦʠʩʭʦʜʠʪ 

ʢʘʨʙʠʜʠʟʘʮʠʷ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʛʦ ʤʝʪʘʣʣʘ ʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩʦʜʝʨʞʘʥʠʝ 

ʢʘʨʙʠʜʥʳʭ ʬʘʟ. 

ʇʨʠ ʧʦʣʫʯʝʥʠʠ ʚʦʣʴʬʨʘʤʩʦʜʝʨʞʘʱʠʭ ʧʦʢʨʳʪʠʡ ʤʝʪʦʜʦʤ RCVD ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʘʨʙʦʥʠʣʘ ʚʦʣʴʬʨʘʤʘ ʚ ʢʘʯʝʩʪʚʝ ʧʨʝʢʫʨʩʦʨʘ ʙʳʣʘ ʫʩʪʘʥʦʚʣʝʥʘ 

ʟʘʚʠʩʠʤʦʩʪʴ ʤʦʨʬʦʣʦʛʠʠ ʠ ʩʦʩʪʘʚʘ ʧʦʢʨʳʪʠʡ ʦʪ ʜʣʠʪʝʣʴʥʦʩʪʠ ʧʨʦʮʝʩʩʘ (ʈʠʩ. 8). 

ʇʦʩʣʝ 30 ʤʠʥ RCVD-ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʘʣʤʘʟʦʚ 

ʦʙʨʘʟʫʝʪʩʷ ʥʝʩʧʣʦʰʥʦʝ ʧʦʢʨʳʪʠʝ (ʈʠʩ. 8ʘ), ʩʦʩʪʦʷʱʝʝ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʠʟ  
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ʢʘʨʙʠʜʘ ʚʦʣʴʬʨʘʤʘ WC (ʛʝʢʩʘʛʦʥʘʣʴʥʘʷ ʤʦʜʠʬʠʢʘʮʠʷ). ʇʦʩʣʝ 60 ʤʠʥ RCVD 

ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʘʣʤʘʟʦʚ ʦʙʨʘʟʫʝʪʩʷ ʩʧʣʦʰʥʦʝ ʧʦʢʨʳʪʠʝ (ʈʠʩ. 8ʙ), 

ʧʦʷʚʣʷʶʪʩʷ  ʬʘʟʳ W2C ʠ W. 

 

 
ʘ 

 
ʙ 

ʈʠʩʫʥʦʢ 8 -  ʄʦʨʬʦʣʦʛʠʷ ʧʦʢʨʳʪʠʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʘʣʤʘʟʦʚ 

ʧʦʩʣʝ 30 ʤʠʥ RCVD- ʚʦʟʜʝʡʩʪʚʠʷ (ʘ), ʧʦʩʣʝ 60 ʤʠʥ RCVD- ʚʦʟʜʝʡʩʪʚʠʷ (ʙ). 

 

ɺ ʧʷʪʦʡ ʛʣʘʚʝ çʂʦʥʩʦʣʠʜʘʮʠʷ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʩʤʝʩʝʡ çʤʝʜʴ-ʘʣʤʘʟè ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚè ʦʧʠʩʘʥʦ ʧʦʣʫʯʝʥʠʝ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ çʤʝʜʴ-ʘʣʤʘʟè ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʣʤʘʟʦʚ ʩ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʴʶ ʠ ʙʝʟ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʤʦʜʠʬʠʢʘʮʠʠ ʧʦʚʝʨʭʥʦʩʪʠ. ʋʩʪʘʥʦʚʣʝʥʦ, 

ʯʪʦ ʤʦʜʠʬʠʢʘʮʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʘʣʤʘʟʦʚ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʢʦʤʧʦʟʠʪʦʚ ʤʝʜʴ-ʘʣʤʘʟ ʚ 2,8 ʨʘʟʘ ʚ ʩʨʘʚʥʝʥʠʠ ʩ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴʶ ʢʦʤʧʦʟʠʪʦʚ ʤʝʜʴ-ʘʣʤʘʟ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʣʤʘʟʦʚ ʙʝʟ 

ʧʦʢʨʳʪʠʡ.  

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʣʠʷʥʠʷ ʨʘʟʤʝʨʘ ʠʩʭʦʜʥʳʭ ʘʣʤʘʟʥʳʭ ʯʘʩʪʠʮ ʥʘ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʢʦʤʧʦʟʠʪʦʚ çʤʝʜʴ-ʘʣʤʘʟè ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʦʙʨʘʟʮʳ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʠʢʨʦʢʨʠʩʪʘʣʣʦʚ ʘʣʤʘʟʦʚ ʨʘʟʤʝʨʦʤ 50, 100 ʠ 200 ʤʢʤ. ɹʳʣʦ 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʢʦʤʧʘʢʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʤʠʢʨʦʢʨʠʩʪʘʣʣʦʚ ʘʣʤʘʟʦʚ 50 ʠ 100 ʤʢʤ ʧʨʘʢʪʠʯʝʩʢʠ ʦʜʠʥʘʢʦʚʘ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʘʣʤʘʟʥʳʭ ʯʘʩʪʠʮ ʨʘʟʤʝʨʦʤ 200 ʤʢʤ ʚʝʜʝʪ ʢ ʥʝʙʦʣʴʰʦʤʫ 

ʩʥʠʞʝʥʠʶ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ (ʊʘʙʣ. 2).  

 

ʊʘʙʣʠʮʘ 2 - ɿʘʚʠʩʠʤʦʩʪʴ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʢʦʤʧʦʟʠʪʦʚ çʤʝʜʴ-ʘʣʤʘʟè ʦʪ 

ʩʨʝʜʥʝʛʦ ʨʘʟʤʝʨʘ ʘʣʤʘʟʥʳʭ ʯʘʩʪʠʮ 

ˉ ʉʨʝʜʥʠʡ ʨʘʟʤʝʨ ʘʣʤʘʟʥʳʭ ʯʘʩʪʠʮ, ʤʢʤ ʊʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ, ɺʪ/(ʤĀK) 

1 50 150 

2 100 150 

3 200 138 
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ʊʘʢʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʩʚʷʟʘʥʘ ʩ ʧʨʦʙʣʝʤʦʡ ʨʘʚʥʦʤʝʨʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʢʨʫʧʥʳʭ ʘʣʤʘʟʥʳʭ ʯʘʩʪʠʮ ʚ ʤʝʜʥʦʡ ʤʘʪʨʠʮʝ. ɿʥʘʯʝʥʠʷ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʤʝʜʴ-

ʘʣʤʘʟʥʳʭ ʢʦʤʧʦʟʠʪʦʚ ʚ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʘʣʤʘʟʦʚ ʙʝʟ ʧʦʢʨʳʪʠʷ ʥʠʞʝ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʯʠʩʪʦʡ ʤʝʜʠ, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʥʠʟʢʦʡ ʩʤʘʯʠʚʘʝʤʦʩʪʴʶ 

ʘʣʤʘʟʥʳʭ ʯʘʩʪʠʮ ʤʝʜʥʦʡ ʤʘʪʨʠʮʝʡ ʠ ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʫʩʪʦʪ ʥʘ ʛʨʘʥʠʮʝ 

ʤʝʜʴ/ʘʣʤʘʟ (ʈʠʩ. 9).  

 

 
ʈʠʩʫʥʦʢ 9  - ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʢʦʤʧʦʟʠʪʘ çʤʝʜʴ-ʘʣʤʘʟʳè, ʧʦʣʫʯʝʥʥʦʛʦ 

ʤʝʪʦʜʦʤ ʵʣʝʢʪʨʦʠʩʢʨʦʚʦʛʦ ʩʧʝʢʘʥʠʷ ʧʨʠ 920 Üʉ 

 

ʇʦʢʨʳʪʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʘʣʤʘʟʥʳʭ ʯʘʩʪʠʮ ʤʦʛʫʪ ʫʚʝʣʠʯʠʪʴ ʩʤʘʯʠʚʘʝʤʦʩʪʴ 

ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʢʦʤʧʦʟʠʪʦʚ.  

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʤʝʜʴ-ʘʣʤʘʟʥʳʭ ʢʦʤʧʦʟʠʪʦʚ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʣʤʘʟʦʚ ʩ ʥʠʢʝʣʴʩʦʜʝʨʞʘʱʠʤʠ ʧʦʢʨʳʪʠʷʤʠ ʥʠʞʝ, ʯʝʤ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʤʝʜʴ-ʘʣʤʘʟʥʳʭ ʢʦʤʧʦʟʠʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʠʩʭʦʜʥʳʭ ʘʣʤʘʟʦʚ ʙʝʟ ʧʦʢʨʳʪʠʡ (ʊʘʙʣ. 3). ʆʜʥʦ ʠʟ ʚʦʟʤʦʞʥʳʭ ʦʙʲʷʩʥʝʥʠʡ ʪʘʢʦʡ 

ʥʠʟʢʦʡ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ - ʫʛʣʝʨʦʜʥʳʡ ʩʣʦʡ ʥʘ ʥʠʢʝʣʝʚʳʭ ʯʘʩʪʠʮʘʭ, 

ʧʨʝʧʷʪʩʪʚʫʶʱʠʡ ʩʤʘʯʠʚʘʥʠʶ ʘʣʤʘʟʥʳʭ ʯʘʩʪʠʮʘʭ ʤʝʜʥʦʡ ʤʘʪʨʠʮʝʡ. 

ʇʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʜʣʷ ʢʦʤʧʦʟʠʪʦʚ çʤʝʜʴ-ʘʣʤʘʟè 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʦʥʢʠʭ (ʤʝʥʝʝ 1 ʤʢʤ) ʚʦʣʴʬʨʘʤʩʦʜʝʨʞʘʱʠʭ ʠ 

ʤʦʣʠʙʜʝʥʩʦʜʝʨʞʘʱʠʭ ʧʦʢʨʳʪʠʡ ʥʘ ʤʠʢʨʦʢʨʠʩʪʘʣʣʘʭ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʘʣʤʘʟʘʭ 

ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʚʘʝʪ ʩʤʘʯʠʚʘʝʤʦʩʪʴ ʥʘʧʦʣʥʠʪʝʣʷ ʤʝʜʥʦʡ ʤʘʪʨʠʮʝʡ (ʈʠʩ. 

10). ʇʨʠ ʵʪʦʤ ʥʘ ʛʨʘʥʠʮʝ ʤʝʜʥʘʷ ʩʚʷʟʢʘ - ʥʘʧʦʣʥʠʪʝʣʴ ʥʝ ʦʙʨʘʟʫʝʪʩʷ ʧʫʩʪʦʪ, ʯʪʦ, 

ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʢʦʤʧʦʟʠʪʘʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʣʤʘʟʦʚ ʩ ʥʝʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʴʶ. 

 

ʇʫʩʪʦʪʳ 
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ʊʘʙʣʠʮʘ 3 ï ʋʩʣʦʚʠʷ ʢʦʤʧʘʢʪʠʨʦʚʘʥʠʷ ʠ ʩʚʦʡʩʪʚʘ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʥʘ ʦʩʥʦʚʝ ʩʠʩʪʝʤʳ çʤʝʜʴ-ʘʣʤʘʟè ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʣʤʘʟʦʚ ʩ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ 
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RCVD SPS 920 50 WC 87 132 

RCVD SPS 920 200 WC, W2C, W 77 245 

RCVD SPS 920 50 WC, W2C, W 91 340 

RCVD SPS* 940 50 WC, W2C, W 97 310 

RCVD HP 920 50 WC, W2C, W 85 150 

RCVD HP 1080 50 WC, W2C, W 73 168 

RCVD SPS 920 100 Ni 83 98 

RCVD HP 920 100 Ni 85 90 

SPC SPS 920 200 W2C, W 81 183 

SPC SPS 920 200 MoC, Mo2C, Mo 79 420 

SPC HP 920 100 WC, W2C, W 54 243 

* ʦʙʦʟʥʘʯʝʥ ʦʙʨʘʟʝʮ, ʛʜʝ ʜʘʚʣʝʥʠʝ ʚ ʧʨʦʮʝʩʩʝ ʩʧʝʢʘʥʠʷ ʩʦʩʪʘʚʣʷʣʦ 50ʄʇʘ  

 

 
ʘ 

 
ʙ 

ʈʠʩʫʥʦʢ 10  - ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʢʦʤʧʦʟʠʪʘ çʤʝʜʴ-ʘʣʤʘʟè ʩ W-ʩʦʜʝʨʞʘʱʠʤ 

ʧʦʢʨʳʪʠʝʤè(ʘ) ʠ ʢʦʤʧʦʟʠʪʘ çʤʝʜʴ-ʘʣʤʘʟʳ ʩ Mo-ʩʦʜʝʨʞʘʱʠʤ ʧʦʢʨʳʪʠʝʤè(ʙ), 

ʧʦʣʫʯʝʥʥʳʭ ʤʝʪʦʜʦʤ ʵʣʝʢʪʨʦʠʩʢʨʦʚʦʛʦ ʩʧʝʢʘʥʠʷ ʧʨʠ 920 Üʉ 

 

ʅʘʠʙʦʣʴʰʠʝ ʟʥʘʯʝʥʠʷ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ (340 ɺʪ/(ʤĀK) ʠ 420 ɺʪ/(ʤĀK)) 

ʥʘʙʣʶʜʘʶʪʩʷ ʫ ʦʙʨʘʟʮʦʚ, ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʣʤʘʟʥʳʭ ʯʘʩʪʠʮ ʩ  
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ʚʦʣʴʬʨʘʤʩʦʜʝʨʞʘʱʠʤ ʧʦʢʨʳʪʠʝʤ, ʧʦʣʫʯʝʥʥʳʤ ʤʝʪʦʜʦʤ RCVD,  ʠ ʫ ʦʙʨʘʟʮʦʚ, 

ʧʦʣʫʯʝʥʥʳʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʣʤʘʟʥʳʭ ʯʘʩʪʠʮ ʩ ʤʦʣʠʙʜʝʥʩʦʜʝʨʞʘʱʠʤ 

ʧʦʢʨʳʪʠʝʤ, ʧʦʣʫʯʝʥʥʳʤ ʤʝʪʦʜʦʤ SPS (ʊʘʙʣ. 3).  

ʀʩʭʦʜʷ ʠʟ ʜʘʥʥʳʭ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʪʘʙʣʠʮʝ 3, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ 

ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʚʳʩʦʢʠʭ ʟʥʘʯʝʥʠʡ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʢʦʤʧʦʟʠʪʦʚ ʚʘʞʥʳʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ ʷʚʣʷʶʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʧʣʦʪʥʦʩʪʴ ʢʦʤʧʦʟʠʪʦʚ ʠ ʪʝʧʣʦʚʦʝ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʥʘ ʛʨʘʥʠʮʝ ʤʝʜʴ-ʘʣʤʘʟ. ʅʠʟʢʠʝ ʟʥʘʯʝʥʠʷ ʪʝʧʣʦʚʦʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʦʙʝʩʧʝʯʠʚʘʶʪʩʷ ʭʦʨʦʰʝʡ ʩʤʘʯʠʚʘʝʤʦʩʪʴʶ ʘʣʤʘʟʥʳʭ ʯʘʩʪʠʮ 

ʤʝʜʴʶ, ʘ ʪʘʢʞʝ ʩʦʩʪʘʚʦʤ ʠ ʤʦʨʬʦʣʦʛʠʝʡ ʤʝʪʘʣʣʩʦʜʝʨʞʘʱʝʛʦ ʧʦʢʨʳʪʠʷ ʥʘ 

ʘʣʤʘʟʥʳʭ ʯʘʩʪʠʮʘʭ.  

ɺ ʰʝʩʪʦʡ ʛʣʘʚʝ çʊʚʝʨʜʦʬʘʟʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʚ ʩʠʩʪʝʤʝ çʥʠʢʝʣʴ-

ʥʘʥʦʘʣʤʘʟèè ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʧʦʣʫʯʝʥʠʷ ʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʨʠʩʪʳʭ 

ʯʘʩʪʠʯʥʦ ʛʨʘʬʠʪʠʟʠʨʦʚʘʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ʥʘʥʦʘʣʤʘʟʦʚ. ʇʨʠ ʩʦʟʜʘʥʠʠ 

ʪʝʧʣʦʧʨʦʚʦʜʷʱʠʭ ʢʦʤʧʦʟʠʮʠʡ ʛʨʘʬʠʪʠʟʘʮʠʷ ʘʣʤʘʟʘ ʥʝʞʝʣʘʪʝʣʴʥʘ, ʪʘʢ ʢʘʢ 

ʦʙʨʘʟʦʚʘʥʠʝ ʛʨʘʬʠʪʘ ʩʥʠʞʘʝʪ ʦʙʱʫʶ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʢʦʤʧʦʟʠʪʘ. ɺ ʪʦ ʞʝ 

ʚʨʝʤʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʛʨʘʬʠʪʠʟʠʨʦʚʘʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʚʳʩʦʢʦʡ ʫʜʝʣʴʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʴʶ, ʥʠʢʝʣʴ, ʥʘʦʙʦʨʦʪ, ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʢʘʢ ʢʘʪʘʣʠʟʘʪʦʨ 

ʛʨʘʬʠʪʠʟʘʮʠʠ. ʇʨʠ ʩʧʝʢʘʥʠʠ ʧʦʨʦʰʢʦʚ ʥʠʢʝʣʷ ʠ ʥʘʥʦʘʣʤʘʟʦʚ, ʩ ʧʦʩʣʝʜʫʶʱʠʤ 

ʩʝʣʝʢʪʠʚʥʳʤ ʨʘʩʪʚʦʨʝʥʠʝʤ ʥʠʢʝʣʷ ʚʦʟʤʦʞʥʦ ʧʦʣʫʯʝʥʠʝ ʧʦʨʠʩʪʳʭ ʯʘʩʪʠʯʥʦ 

ʛʨʘʬʠʪʠʟʠʨʦʚʘʥʥʳʭ 3D-ʤʘʪʝʨʠʘʣʦʚ. ʂʘʪʘʣʠʪʠʯʝʩʢʘʷ ʛʨʘʬʠʪʠʟʘʮʠʷ ʚ ʜʘʥʥʦʤ 

ʩʣʫʯʘʝ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʢʘʢ ʵʬʬʝʢʪʠʚʥʳʡ ʠʥʩʪʨʫʤʝʥʪ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ 

ʬʘʟʦʚʳʤ ʩʦʩʪʘʚʦʤ ʠ ʤʠʢʨʦʩʪʨʫʢʪʫʨʦʡ ʧʦʣʫʯʘʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ.  ʄʝʪʦʜʘʤʠ 

ʵʣʝʢʪʨʦʠʩʢʨʦʚʦʛʦ ʩʧʝʢʘʥʠʷ ʠ ʛʦʨʷʯʝʛʦ ʧʨʝʩʩʦʚʘʥʠʷ ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ 

ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʠʟ ʩʤʝʩʠ ʧʦʨʦʰʢʦʚ çʥʠʢʝʣʴ-ʥʘʥʦʘʣʤʘʟʳè. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʢʘʪʘʣʠʪʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʥʠʢʝʣʷ ʧʨʠʚʦʜʠʪ ʢ ʛʨʘʬʠʪʠʟʘʮʠʠ ʠ 

ʙʳʩʪʨʦʤʫ ʨʦʩʪʫ ʛʨʘʬʠʪʦʚʳʭ ʧʣʘʩʪʠʥʦʢ ʚ ʧʨʦʮʝʩʩʝ ʩʧʝʢʘʥʠʷ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʫʤʝʥʴʰʝʥʠʶ ʫʜʝʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʨʠʩʪʳʭ ʫʛʣʝʨʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʦʩʣʝ 

ʩʝʣʝʢʪʠʚʥʦʛʦ ʨʘʩʪʚʦʨʝʥʠʷ ʥʠʢʝʣʷ (ʊʘʙʣ. 4) 

 

ʊʘʙʣʠʮʘ 4 ï ʋʩʣʦʚʠʷ ʩʧʝʢʘʥʠʷ ʩʤʝʩʝʡ ʧʦʨʦʰʢʦʚ çʥʠʢʝʣʴ-ʥʘʥʦʘʣʤʘʟʳè, ID/IG ʠ 

ʫʜʝʣʴʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʧʦʨʠʩʪʳʭ ʫʛʣʝʨʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʧʦʣʫʯʝʥʥʳʭ 

ʩʝʣʝʢʪʠʚʥʳʤ ʨʘʩʪʚʦʨʝʥʠʝʤ ʥʠʢʝʣʷ ʠʟ ʩʧʝʯʝʥʥʳʭ ʢʦʤʧʘʢʪʦʚ 

 

 

ˉ 

ʦʙʨʘʟʮʘ 

 

ʊʝʤʧʝʨʘʪʫʨʘ 

ʩʧʝʢʘʥʠʷ, Áʉ 

ɺʨʝʤʷ ʚʳʜʝʨʞʢʠ 

ʧʨʠ 

ʤʘʢʩʠʤʘʣʴʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ, 

ʤʠʥ 

 

ID/IG 

 

ʋʜʝʣʴʥʘʷ 

ʧʦʚʝʨʭʥʦʩʪʴ, 

ʤ
2
/ʛ 

1 800 3 0,86 240 

2 800 10 0,95 180 

3 1000 3 0,21 20 
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ʇʨʠ ʩʧʝʢʘʥʠʠ ʧʦʨʦʰʢʘ ʥʘʥʦʘʣʤʘʟʦʚ ʙʝʟ ʚʚʝʜʝʥʠʷ ʜʦʙʘʚʦʢ ʪʝʤʠ ʞʝ 

ʤʝʪʦʜʘʤʠ, ʧʨʦʠʩʭʦʜʠʪ ʫʚʝʣʠʯʝʥʠʝ ʫʜʝʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʫʛʣʝʨʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ 

ʥʘʨʷʜʫ ʩ ʚʦʟʨʘʩʪʘʥʠʝʤ ʩʪʝʧʝʥʠ ʛʨʘʬʠʪʠʟʘʮʠʠ (ʊʘʙʣ. 5). ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʣʦʠʩʪʳʭ (ʣʫʢʦʚʠʯʥʳʭ) ʩʪʨʫʢʪʫʨ ʧʨʠ ʛʨʘʬʠʪʠʟʘʮʠʠ ʥʘʥʦʘʣʤʘʟʦʚ. 

ʇʨʠ ʩʧʝʢʘʥʠʠ ʧʦʨʦʰʢʦʚ ʥʘʥʦʘʣʤʘʟʦʚ ʚʦʟʤʦʞʥʦ ʧʦʣʫʯʝʥʠʝ ʦʙʲʝʤʥʳʭ 

ʢʦʤʧʘʢʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʚʳʩʦʢʦʡ ʫʜʝʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ (ʜʦ 510 ʤ
2
/ʛ). 

 

ʊʘʙʣʠʮʘ 5 -  ʋʩʣʦʚʠʷ ʩʧʝʢʘʥʠʷ ʠ ʫʜʝʣʴʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʢʦʤʧʘʢʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ 

ʠʟ ʥʘʥʦʘʣʤʘʟʦʚ ʙʝʟ ʜʦʙʘʚʦʢ ʥʠʢʝʣʷ 

 

 

ˉ 

ʦʙʨʘʟʮʘ 

 

ʄʝʪʦʜ 

ʩʧʝʢʘʥʠʷ 

 

 

 

ɺʨʝʤʷ 

ʩʧʝʢʘʥʠʷ, 

ʤʠʥ 

 

ʊʝʤʧʝʨʘʪʫʨʘ 

ʩʧʝʢʘʥʠʷ, Áʉ 

 

ʋʜʝʣʴʥʘʷ 

ʧʦʚʝʨʭʥʦʩʪʴ, 

ʤ
2
/ʛ 

1 SPS 10 900 320 

2 SPS 10 1200 480 

3 HP 15 1200 380 

4 HP 30 1200 330 

5 HP 15 1500 510 

 

ɼʣʷ ʥʝʢʦʪʦʨʳʭ ʦʙʨʘʟʮʦʚ ʥʘʙʣʶʜʘʝʪʩʷ ʥʝʙʦʣʴʰʦʝ ʩʥʠʞʝʥʠʝ ʫʜʝʣʴʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ  ʥʘ ʫʜʝʣʴʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʚʣʠʷʶʪ ʜʚʘ 

ʬʘʢʪʦʨʘ: ʛʨʘʬʠʪʠʟʘʮʠʷ ʚ ʧʨʦʮʝʩʩʝ ʩʧʝʢʘʥʠʷ ʠ ʢʦʥʩʦʣʠʜʘʮʠʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʜʘʚʣʝʥʠʷ, ʢʦʪʦʨʘʷ ʧʨʝʧʷʪʩʪʚʫʝʪ ʦʙʨʘʟʦʚʘʥʠʶ ʥʦʚʳʭ ʧʦʨ. ʂʦʛʜʘ ʧʨʦʮʝʩʩ 

ʛʨʘʬʠʪʠʟʘʮʠʠ ʥʘʯʠʥʘʝʪ ʧʨʝʦʙʣʘʜʘʪʴ, ʧʨʦʠʩʭʦʜʠʪ ʫʚʝʣʠʯʝʥʠʝ ʫʜʝʣʴʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ. 

ɺʓɺʆɼʓ 

 

1. ʄʝʪʦʜʘʤʠ ʵʣʝʢʪʨʦʠʩʢʨʦʚʦʛʦ ʩʧʝʢʘʥʠʷ ʠ ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʩʧʝʢʘʥʠʷ ʧʦʣʫʯʝʥʳ 
ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʠʟ ʩʤʝʩʠ ʧʦʨʦʰʢʦʚ çʥʠʢʝʣʴ-ʘʣʤʘʟè. ʈʝʟʫʣʴʪʘʪʳ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʬʘʟʦʚʳʭ ʠ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʘʥʥʳʭ 

ʢʦʤʧʦʟʠʮʠʡ ʧʦʟʚʦʣʷʶʪ ʧʨʝʜʧʦʣʦʞʠʪʴ ʨʘʩʪʚʦʨʝʥʠʝ ʫʛʣʝʨʦʜʘ ʚ ʥʠʢʝʣʝ, 

ʜʦʩʪʠʞʝʥʠʝ ʧʝʨʝʩʳʱʝʥʠʷ ʠ ʧʦʩʣʝʜʫʶʱʠʡ ʨʘʩʧʘʜ ʤʝʪʘʩʪʘʙʠʣʴʥʦʡ ʬʘʟʳ, 

ʢʦʪʦʨʳʡ ʧʨʠʚʦʜʠʪ ʢ ʚʳʜʝʣʝʥʠʶ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʥʠʢʝʣʝʚʳʭ ʯʘʩʪʠʮ ʫʛʣʝʨʦʜʘ, 

ʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʘʣʤʘʟʘ - ʥʠʢʝʣʷ.  

2. ʄʝʪʦʜʦʤ ʭʠʤʠʯʝʩʢʦʛʦ ʦʩʘʞʜʝʥʠʷ ʠʟ ʛʘʟʦʚʦʡ ʬʘʟʳ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 
ʥʠʢʝʣʦʮʝʥʘ Ni(C5H5)2 ʚ ʢʘʯʝʩʪʚʝ ʧʨʝʢʫʨʩʦʨʘ, ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʢʨʠʩʪʘʣʣʦʚ 

ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʘʣʤʘʟʦʚ ʦʩʘʞʜʝʥʳ ʥʠʢʝʣʴʩʦʜʝʨʞʘʱʠʝ ʧʦʢʨʳʪʠʷ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʤʦʨʬʦʣʦʛʠʷ ʠ ʬʘʟʦʚʳʡ ʩʦʩʪʘʚ ʧʦʢʨʳʪʠʡ ʟʘʚʠʩʷʪ ʦʪ 

ʫʩʣʦʚʠʡ ʠʭ ʧʦʣʫʯʝʥʠʷ (ʦʙʱʝʝ ʜʘʚʣʝʥʠʝ ʚ ʨʝʘʢʮʠʦʥʥʦʡ ʢʘʤʝʨʝ, ʚʨʝʤʷ 
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ʦʩʘʞʜʝʥʠʷ). ʇʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʠ ʧʨʝʜʧʦʣʦʞʝʥ ʤʝʭʘʥʠʟʤ ʨʦʩʪʘ 

ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʘʣʤʘʟʘ.  

3. ʄʝʪʦʜʘʤʠ ʵʣʝʢʪʨʦʠʩʢʨʦʚʦʛʦ ʩʧʝʢʘʥʠʷ ʠ ʛʦʨʷʯʝʛʦ ʧʨʝʩʩʦʚʘʥʠʷ, ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ  ʧʦʨʦʰʢʦʚ ʚʦʣʴʬʨʘʤʘ, ʤʦʣʠʙʜʝʥʘ ʠ ʦʢʩʠʜʘ ʚʦʣʴʬʨʘʤʘ WO3 

ʚ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʦʚ ʤʝʪʘʣʣʘ, ʧʦʣʫʯʝʥʳ ʤʝʪʘʣʣʩʦʜʝʨʞʘʱʠʝ ʧʦʢʨʳʪʠʷ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʤʠʢʨʦʢʨʠʩʪʘʣʣʦʚ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʘʣʤʘʟʦʚ. ʀʟʫʯʝʥʳ ʬʘʟʦʚʳʝ ʠ 

ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʙʨʘʟʫʶʱʠʭʩʷ ʧʦʢʨʳʪʠʡ.  ʇʨʝʜʣʦʞʝʥ 

ʤʝʭʘʥʠʟʤ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʦʢʨʳʪʠʷ ʟʘ ʩʯʝʪ ʭʝʤʦʩʦʨʙʮʠʠ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 

ʣʝʪʫʯʝʛʦ ʦʢʩʠʜʘ WO3 ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʨʝʘʢʮʠʝʡ  ʢʘʨʙʠʜʠʟʘʮʠʠ ʤʝʪʘʣʣʘ.  

4. ʀʩʩʣʝʜʦʚʘʥʳ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʠ ʬʘʟʦʚʳʝ ʠʟʤʝʥʝʥʠʷ ʧʨʠ ʦʩʘʞʜʝʥʠʠ ʠʟ 
ʛʘʟʦʚʦʡ ʬʘʟʳ ʢʘʨʙʦʥʠʣʘ ʚʦʣʴʬʨʘʤʘ W(CO)6 ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ 

ʤʠʢʨʦʢʨʠʩʪʘʣʣʦʚ ʩʠʥʪʝʪʠʯʝʩʢʦʛʦ ʘʣʤʘʟʘ. ʋʩʪʘʥʦʚʣʝʥʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʬʘʟ, ʩʦʜʝʨʞʘʱʠʭʩʷ ʚ ʧʦʢʨʳʪʠʠ: ʥʘ ʥʘʯʘʣʴʥʳʭ ʩʪʘʜʠʷʭ 

ʨʝʘʢʮʠʠ ʦʙʨʘʟʫʝʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ WC, ʘ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʚʨʝʤʝʥʠ 

ʦʙʨʘʙʦʪʢʠ ʚ ʧʦʢʨʳʪʠʠ ʩʦʜʝʨʞʘʪʩʷ ʢʘʨʙʠʜʥʳʝ ʬʘʟʳ WC ʠ W2C ʠ 

ʤʝʪʘʣʣʠʯʝʩʢʠʡ W .   

5. ʄʝʪʦʜʘʤʠ ʵʣʝʢʪʨʦʠʩʢʨʦʚʦʛʦ ʩʧʝʢʘʥʠʷ ʠ ʛʦʨʷʯʝʛʦ ʧʨʝʩʩʦʚʘʥʠʷ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʩʭʦʜʥʳʭ ʤʠʢʨʦʢʨʠʩʪʘʣʣʦʚ ʘʣʤʘʟʘ ʠ ʘʣʤʘʟʦʚ ʩ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ, ʧʦʣʫʯʝʥʳ ʢʦʤʧʦʟʠʪʳ çʤʝʜʴ-ʘʣʤʘʟè. 

ʀʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʘʣʤʘʟʘ ʥʘ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ çʘʣʤʘʟ ï ʤʝʜʥʘʷ ʩʚʷʟʢʘè. 

ʄʦʜʠʬʠʢʘʮʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʘʣʤʘʟʦʚ ʤʦʣʠʙʜʝʥʦʤ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʢʦʤʧʦʟʠʪʦʚ çʘʣʤʘʟ ï ʤʝʜʥʘʷ ʩʚʷʟʢʘè ʚ 2,8 ʨʘʟʘ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʤʧʦʟʠʪʘʤʠ ʥʘ ʦʩʥʦʚʝ ʥʝʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʘʣʤʘʟʦʚ. 

6. ʕʣʝʢʪʨʦʠʩʢʨʦʚʳʤ ʩʧʝʢʘʥʠʝʤ ʠ ʛʦʨʷʯʠʤ ʧʨʝʩʩʦʚʘʥʠʝʤ ʧʦʨʦʰʢʦʚ 

ʥʘʥʦʘʣʤʘʟʦʚ ʧʦʣʫʯʝʥʳ ʧʦʨʠʩʪʳʝ ʯʘʩʪʠʯʥʦ ʛʨʘʬʠʪʠʟʠʨʦʚʘʥʥʳʝ ʫʛʣʝʨʦʜʥʳʝ 

ʤʘʪʝʨʠʘʣʳ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʵʣʝʢʪʨʦʠʩʢʨʦʚʳʤ ʩʧʝʢʘʥʠʝʤ ʥʘʥʦʘʣʤʘʟʦʚ ʤʦʛʫʪ 

ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʧʦʨʠʩʪʳʝ ʫʛʣʝʨʦʜʥʳʝ ʤʘʪʝʨʠʘʣʳ ʩ ʫʜʝʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ, 

ʧʨʝʚʳʰʘʶʱʝʡ ʫʜʝʣʴʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʠʩʭʦʜʥʳʭ ʥʘʥʦʘʣʤʘʟʦʚ. 

 

ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʜʠʩʩʝʨʪʘʮʠʠ ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ ʩʣʝʜʫʶʱʠʭ ʩʪʘʪʴʷʭ: 

1. Towards a better understanding of nickel/diamond interactions : the interface 

formation at low temperatures / B. B. Bokhonov, A. V. Ukhina, D. V. Dudina, 

K. B. Gerasimov, A. G. Anisimov, V. I. Mali // RSC Advances. ï 2015. ï Vol. 5, 

iss. 64. ï P. 51799ï51806. 

2. Porous electrically conductive materials produced by Spark Plasma Sintering and 

Hot Pressing of nanodiamonds / A.V. Ukhina, D.V. Dudina, A.G. Anisimov, 

V.I. Mali, N.V. Bulina, I.A. Bataev, I.N. Skovorodin, B.B. Bokhonov // Ceramics 

International. ï 2015. ï Vol. 41. ï P. 12459ï12463. 

3. Morphological features of W- and Ni-containing coatings on diamond crystals and 

properties of diamond-copper composites obtained by Spark Plasma Sintering / 

A. Ukhina, B. Bokhonov, D. Samoshkin, S. Stankus, D. Dudina, E. Galashov,  
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H. Katsui, T. Goto, H. Kato // Materials Today: Proceedings. ï 2017. ï Vol. 4, iss. 

11. ï P. 11396ï11401. 

4. Multiwalled carbon nanotube forests grown on the surface of synthetic diamond 

crystals/ Bokhonov B.B., Ukhina A.V., Dudina D.V., Katsui H., Goto T., Kato H. 

// Ceramics International. -  V. 43. ï 2017. - P. 10606ï10609. 

5. ɺʣʠʷʥʠʝ ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʘʣʤʘʟʦʚ ʥʠʢʝʣʝʤ 

ʠʣʠ ʚʦʣʴʬʨʘʤʦʤ ʥʘ ʩʚʦʡʩʪʚʘ ʢʦʤʧʦʟʠʮʠʡ ʤʝʜɹ-ʘʣʤʘʟ / ɸ. ɺ. ʋʭʠʥʘ, 

ɼ. ɺ. ɼʫʜʠʥʘ, ɼ. ɸ. ʉʘʤʦʰʢʠʥ, ɽ. ʅ. ɻʘʣʘʰʦʚ, ʀ. ʅ. ʉʢʦʚʦʨʦʜʠʥ, ɹ. ɹ. 

ɹʦʭʦʥʦʚ // ʅʝʦʨʛʘʥʠʯʝʩʢʠʝ ʤʘʪʝʨʠʘʣʳ. ï 2018. ï ʊ. 54, ˉ 5. ï ʉ. 446ï453. 

6. Structural characterization of carbon-based materials obtained by Spark Plasma 

Sintering of nongraphitic carbon with nickel and iron as catalysts and space 

holders/ Ukhina A.V., Bokhonov B.B., Dudina D.V., Yubuta K., Kato H. // 

Ceramic Transactions. ï 2018. ï Vol. 261. ï P. 117- 126. 

ʊʝʟʠʩʳ ʜʦʢʣʘʜʦʚ ʠ ʩʪʘʪʴʠ ʚ ʩʙʦʨʥʠʢʘʭ ʪʨʫʜʦʚ ʢʦʥʬʝʨʝʥʮʠʡ: 

1. ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨʥʳʭ ʠ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʬʦʨʤʠʨʦʚʘʥʠʷ 
ʥʠʢʝʣʴ-ʠ ʚʦʣʴʬʨʘʤʩʦʜʝʨʞʘʱʠʭ ʧʦʢʨʳʪʠʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʠʥʪʝʪʠʯʝʩʢʦʛʦ 

ʘʣʤʘʟʘ / ʋʭʠʥʘ ɸ.ɺ., ɼʫʜʠʥʘ ɼ.ɺ., ɹʦʭʦʥʦʚ ɹ.ɹ.  // V ʄʝʞʜʫʥʘʨʦʜʥʘʷ 

ʈʦʩʩʠʡʩʢʦ-ʂʘʟʘʭʩʪʘʥʩʢʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ "ʍʠʤʠʯʝʩʢʠʝ 

ʪʝʭʥʦʣʦʛʠʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ", ʧʦʩʚʷʱʝʥʥʘʷ 85-ʣʝʪʠʶ ʂʘʟʅʋ 

ʠʤ. ɸʣʴ-ʌʘʨʘʙʠ, 16-18 ʤʘʷ 2019 ʛʦʜʘ, ʅʦʚʦʩʠʙʠʨʩʢ, ʩ.198. 

2. Deposition of tungsten-containing films on the surface of synthetic diamond 

crystals during hot pressing and Spark Plasma Sintering / A.V. Ukhina, 

D.V. Dudina, B.B. Bokhonov // Russia-Japan Joint Seminar ñNon-equilibrium 

processing of materials: experiments and modelingò October 1-3, 2018, 

Novosibirsk, Russia, p. 84. 

3. Morphological and phases changes during Spark Plasma Sintering of 

mechanically activated carbon-metal mixtures / A.V. Ukhina, B.B. Bokhonov, 

D.V. Dudina, M.A. Esikov // Book of Abstracts of V International conference 

"Fundamental Bases of Mechanochemical Technologies", June 25-28, 2018 

Novosibirsk, Russia, p. 45. 

4. ʇʦʣʫʯʝʥʠʝ ʢʦʤʧʦʟʠʮʠʡ çʤʝʪʘʣʣ-ʫʛʣʝʨʦʜè ʤʝʪʦʜʦʤ ʵʣʝʢʪʨʦʠʩʢʨʦʚʦʛʦ 

ʩʧʝʢʘʥʠʷ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʠʭ ʩʪʨʫʢʪʫʨʳ ʠ ʩʚʦʡʩʪʚ / ʋʭʠʥʘ ɸ.ɺ., ɼʫʜʠʥʘ ɼ.ɺ., 

ɹʦʭʦʥʦʚ ɹ.ɹ. // 6-ʡ ʤʝʞʜʫʥʘʨʦʜʥʳʡ ʥʘʫʯʥʳʡ ʩʝʤʠʥʘʨ çʇʝʨʩʧʝʢʪʠʚʥʳʝ 

ʪʝʭʥʦʣʦʛʠʠ ʢʦʥʩʦʣʠʜʘʮʠʠ ʤʘʪʝʨʠʘʣʦʚ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ 

ʧʦʣʝʡè, 1-3 ʠʶʥʷ 2017, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ, ʩ. 24-27. 

5. Morphological features of W- and Ni-containing coatings on diamond crystals and 

properties of copper-coated diamond composites obtained by Spark Plasma 

Sintering / A. Ukhina, D. Dudina, B. Bokhonov, D. Samoshkin, S. Stankus, 

H. Katsui, H. Kato // The Russia-Japan conference çAdvanced Materials: 

Synthesis, Processing and Properties of Nanostructures ï 2016è, October 31st - 

November 3rd, 2016, Novosibirsk, Russia, p.42. 

https://www.scopus.com/authid/detail.uri?authorId=24300807100&amp;eid=2-s2.0-85018768924
https://www.scopus.com/authid/detail.uri?authorId=54382315900&amp;eid=2-s2.0-85018768924
https://www.scopus.com/authid/detail.uri?authorId=6507284537&amp;eid=2-s2.0-85018768924
https://www.scopus.com/authid/detail.uri?authorId=25960134400&amp;eid=2-s2.0-85018768924
https://www.scopus.com/authid/detail.uri?authorId=7403938695&amp;eid=2-s2.0-85018768924
https://www.scopus.com/authid/detail.uri?authorId=57191499746&amp;eid=2-s2.0-85018768924
https://www.scopus.com/sourceid/21522?origin=recordpage
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6. Spark Plasma Sintering of metastable forms of carbon with iron and nickel: 

application to the design of porous and composite materials/ Arina Ukhina, Dina 

Dudina, Boris Bokhonov, Hidemi Kato // 23rd International Symposium on 

Metastable, Amorphous and Nanostructured Materials (ISMANAM) 2016, 

July 3rd-8th, Nara, Japan, p. 103. 

7. Surface modification of synthetic diamond with tungsten / Ukhina A., Yusuf A., 

Dudina D., Galashov E., Bokhonov B. // IFOST Proseedings 2016 11th 

International Forum on Strategic Technology, June 1-3, 2016, Novosibirsk, 

Russia, Article number 7884199, P. 95-98. 

8. ʉʠʥʪʝʟ ʤʝʪʘʣʣ-ʘʣʤʘʟʥʳʭ ʪʝʧʣʦʧʨʦʚʦʜʷʱʠʭ ʢʦʤʧʦʟʠʪʦʚ / ʋʭʠʥʘ ɸ.ɺ., 

ʖʩʫʬ ɸ.ɸ. // ʄʘʪʝʨʠʘʣʳ 54-  ̫ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦʡ ʩʪʫʜʝʥʯʝʩʢʦʡ 

ʢʦʥʬʝʨʝʥʮʠʠ, 16-20 ʘʧʨʝʣʷ 2016 ʛ., ʅʦʚʦʩʠʙʠʨʩʢ, c. 33.  

9. Interaction between nickel and diamond particles during sintering of powder 

mixtures / Ukhina A. V., Dudina D. V., Bokhonov B. B., Anisimov A. G., 

Mali V. I. // International Conference on Functional Materials for Frontier Energy 

Issues, 1ï5 October 2015, Novosibirsk, p.62.  

10. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʫʛʣʝʨʦʜʘ ʩ ʤʝʪʘʣʣʘʤʠ ʧʦʜʛʨʫʧʧʳ ʞʝʣʝʟʘ ʧʨʠ 

ʵʣʝʢʪʨʦʠʩʢʨʦʚʦʤ ʩʧʝʢʘʥʠʠ / ɼ.ɺ. ɼʫʜʠʥʘ, ɹ. ɹ. ɹʦʭʦʥʦʚ, ɸ. ɺ. ʋʭʠʥʘ, 

ɸ. ɻ. ɸʥʠʩʠʤʦʚ, ɺ. ʀ. ʄʘʣʠ // 2 ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʩ 

ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ çɻʦʨʷʯʠʝ ʪʦʯʢʠ ʭʠʤʠʠ ʪʚʝʨʜʦʛʦ ʪʝʣʘ: ʤʝʭʘʥʠʟʤʳ 

ʪʚʝʨʜʦʬʘʟʥʳʭ ʧʨʦʮʝʩʩʦʚè, 25-28 ʦʢʪʷʙʨʷ 2015 ʛ, ʅʦʚʦʩʠʙʠʨʩʢ, c. 54.  

11. Preparation of diamond - metal composites by Spark Plasma Sintering / A.V. 

Ukhina, D.V. Dudina, B.B. Bokhonov, V.I. Mali, A.G. Anisimov // International 

conference on diamond and carbon materials, Germany, Bad Homburg, 6-10  

September 2015  [P1.10] ɻʣʝʢʪʨʦʥʥʳʡ ʩʙʦʨʥʠʢ.  

12. ʇʦʣʫʯʝʥʠʝ ʫʛʣʝʨʦʜʩʦʜʝʨʞʘʱʠʭ ʧʦʨʠʩʪʳʭ ʤʘʪʝʨʠʘʣʦʚ ʤʝʪʦʜʘʤʠ 

ʵʣʝʢʪʨʦʠʩʢʨʦʚʦʛʦ ʩʧʝʢʘʥʠʷ ʠ ʛʦʨʷʯʝʛʦ ʧʨʝʩʩʦʚʘʥʠʷ / ɸ. ɺ. ʋʭʠʥʘ // 53 
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ɹʣʘʛʦʜʘʨʥʦʩʪʠ 

ɸʚʪʦʨ ʚʳʨʘʞʘʝʪ ʛʣʫʙʦʢʫʶ ʧʨʠʟʥʘʪʝʣʴʥʦʩʪʴ ʩʚʦʝʤʫ ʥʘʫʯʥʦʤʫ 
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ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʡ ʨʘʙʦʪʳ. ɸʚʪʦʨ ʚʳʨʘʞʘʝʪ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʩʦʪʨʫʜʥʠʢʘʤ ʀʍʊʊʄ 
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