
 
 

VI  ʄɽɾɼʋʅɸʈʆɼʅɸʗ ʂʆʅʌɽʈɽʅʎʀʗ 

ʉ ʕʃɽʄɽʅʊɸʄʀ ʅɸʋʏʅʆʁ ʐʂʆʃʓ ɼʃʗ ʄʆʃʆɼɽɾʀ 

 

 

 

 

 

çʌʋʅʂʎʀʆʅɸʃʔʅʓɽ ʅɸʅʆʄɸʊɽʈʀɸʃʓ ʀ 

ɺʓʉʆʂʆʏʀʉʊʓɽ ɺɽʑɽʉʊɺɸè 
 

 

 

 

 

ʉʙʦʨʥʠʢ ʄʘʪʝʨʠʘʣʦʚ 
 

 

 
 

 

3 - 7 ʦʢʪʷʙʨʷ 2016, ʛ. ʉʫʟʜʘʣʴ 

  



 

 çʌʋʅʂʎʀʆʅɸʃʔʅʓɽ ʅɸʅʆʄɸʊɽʈʀɸʃʓ ʀ ɺʓʉʆʂʆʏʀʉʊʓɽ ɺɽʑɽʉʊɺɸè 

 

 
2 

 

  

ʋɼʂ  539.21(063) 

ɹɹʂ  22.36ʷ431+22.37ʷ431+30.37ʷ431 

ʌ94 

 

ʌ94  VI  ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʩ ʵʣʝʤʝʥʪʘʤʠ ʥʘʫʯʥʦʡ ʰʢʦʣʳ ʜʣʷ 

ʤʦʣʦʜʝʞʠ çʌʋʅʂʎʀʆʅɸʃʔʅʓɽ ʅɸʅʆʄɸʊɽʈʀɸʃʓ ʀ ɺʓʉʆʂʆʏʀʉʊʓɽ 

ɺɽʑɽʉʊɺɸè. ʉʫʟʜʘʣʴ. 3-7 ʦʢʪʷʙʨʷ 2016 ʛ./ ʉʙʦʨʥʠʢ ʤʘʪʝʨʠʘʣʦʚ. ï ʄ: ʀʄɽʊ ʈɸʅ, 

2016, 342 ʩ. 

 

ISBN 978-5-4465-1231-7 

 

ɺ ʩʙʦʨʥʠʢʝ ʤʘʪʝʨʠʘʣʦʚ ʦʧʫʙʣʠʢʦʚʘʥʳ ʜʦʢʣʘʜʳ VI ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʩ 

ʵʣʝʤʝʥʪʘʤʠ ʥʘʫʯʥʦʡ ʰʢʦʣʳ ʜʣʷ ʤʦʣʦʜʝʞʠ çʌʋʅʂʎʀʆʅɸʃʔʅʓɽ ʅɸʅʆʄɸʊɽʈʀɸʃʓ ʀ 

ɺʓʉʆʂʆʏʀʉʊʓɽ ɺɽʑɽʉʊɺɸè, ʩʦʜʝʨʞʘʱʠʝ ʨʝʟʫʣʴʪʘʪʳ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʚ ʦʙʣʘʩʪʠ ʥʘʫʢ ʦ ʤʘʪʝʨʠʘʣʘʭ ʠ ʦʮʝʥʢʫ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʨʘʟʨʘʙʦʪʦʢ. ɿʘʪʨʦʥʫʪʳ ʚʦʧʨʦʩʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʨʘʟʨʘʙʦʪʢʦʡ ʠ ʩʦʟʜʘʥʠʝʤ 

ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ, ʚ ʪʦʤ ʯʠʩʣʝ ʤʝʪʘʣʣʠʯʝʩʢʠʭ, ʦʩʦʙʦ ʯʠʩʪʳʭ, 

ʢʝʨʘʤʠʯʝʩʢʠʭ, ʧʦʣʠʤʝʨʥʳʭ ʠ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ. ʉʙʦʨʥʠʢ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʥʘʫʯʥʳʭ 

ʨʘʙʦʪʥʠʢʦʚ, ʩʧʝʮʠʘʣʠʩʪʦʚ, ʘʩʧʠʨʘʥʪʦʚ, ʨʘʙʦʪʘʶʱʠʭ ʚ ʦʙʣʘʩʪʠ ʥʘʫʢ ʦ ʤʘʪʝʨʠʘʣʘʭ, ʘ ʪʘʢʞʝ 

ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʝʟʝʥ ʩʪʫʜʝʥʪʘʤ ʩʪʘʨʰʠʭ ʢʫʨʩʦʚ ʚʳʩʰʠʭ ʫʯʝʙʥʳʭ ʟʘʚʝʜʝʥʠʡ. 

 

ʂʦʥʬʝʨʝʥʮʠʷ ʧʦʜʜʝʨʞʘʥʘ: 

¶ ˾̅̅ˮ  ͎ͪ͊ͤͭ  16-08-20680-  ͎

¶ ˾̅̅ˮ  ͎ͪ͊ͤͭ  16-38-10392-ͣͦ͡ψ͎ 

¶ Advanced Corporation for Materials & Equipments (˴͙͚ͭ͊) 

¶ SocTrade (˾͙ͦͫͫΎύ 

¶ ˶͔͊͋́ͫͭ ό˾͙ͦͫͫΎύ 

 

 

ʄʘʪʝʨʠʘʣʳ ʧʫʙʣʠʢʫʶʪʩʷ ʚ ʘʚʪʦʨʩʢʦʡ ʨʝʜʘʢʮʠʠ. 

ʉʙʦʨʥʠʢ ʤʘʪʝʨʠʘʣʦʚ ʜʦʩʪʫʧʝʥ ʥʘ ʩʘʡʪʝ http://www.fnm.imetran.ru 

 

 

 

 

É ʀʄɽʊ ʈɸʅ 2016      

  

http://www.soctrade.com/


3 - 7 ʦʢʪʷʙʨʷ 2016, ʛ. ʉʫʟʜʘʣʴ   

 

 
3 

 

  

ʆʈɻɸʅʀɿɸʊʆʈʓ ʀ ʇɸʈʊʅɽʈʓ ʂʆʅʌɽʈɽʅʎʀʀ 
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ʀʅʉʊʀʊʋʊ ʄɽʊɸʃʃʋʈɻʀʀ ʀ ʄɸʊɽʈʀɸʃʆɺɽɼɽʅʀʗ ʀʄ. ɸ.ɸ. ɹɸʁʂʆɺɸ 
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ɼʦʨʦʛʠʝ ʢʦʣʣʝʛʠ! 
 

ʆʪ ʚʩʝʡ ʜʫʰʠ ʨʘʜ ʧʨʠʚʝʪʩʪʚʦʚʘʪʴ ʚʘʩ ʩʨʝʜʠ ʫʯʘʩʪʥʠʢʦʚ VI ʄʝʞʜʫʥʘʨʦʜʥʦʡ 

ʢʦʥʬʝʨʝʥʮʠʠ ʩ ʵʣʝʤʝʥʪʘʤʠ ʥʘʫʯʥʦʡ ʰʢʦʣʳ ʜʣʷ ʤʦʣʦʜʝʞʠ "ʌʫʥʢʮʠʦʥʘʣʴʥʳʝ 

ʥʘʥʦʤʘʪʝʨʠʘʣʳ ʠ ʚʳʩʦʢʦʯʠʩʪʳʝ ʚʝʱʝʩʪʚʘ". 

ʅʘʩʪʦʷʱʘʷ ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʧʨʝʩʣʝʜʫʝʪ ʩʣʝʜʫʶʱʠʝ ʮʝʣʠ: 

ï ʦʙʤʝʥ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʝʡ ʠ ʘʥʘʣʠʟ ʩʦʩʪʦʷʥʠʷ ʨʘʟʨʘʙʦʪʦʢ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʢʣʶʯʝʚʳʭ ʦʪʨʘʩʣʝʡ 

ʩʦʚʨʝʤʝʥʥʦʡ ʠʥʜʫʩʪʨʠʠ ï ʨʘʢʝʪʥʦ-ʢʦʩʤʠʯʝʩʢʦʡ, ʘʪʦʤʥʦʡ, ʵʣʝʢʪʨʦʥʥʦʡ, ʘ ʪʘʢʞʝ 

ʜʣʷ ʤʝʜʠʮʠʥʳ; 

ï ʫʢʨʝʧʣʝʥʠʝ ʪʚʦʨʯʝʩʢʠʭ ʢʦʥʪʘʢʪʦʚ ʘʢʘʜʝʤʠʯʝʩʢʠʭ ʠʥʩʪʠʪʫʪʦʚ ʠ ʚʳʩʰʠʭ 

ʫʯʝʙʥʳʭ ʟʘʚʝʜʝʥʠʡ, ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʠ ʧʨʠʢʣʘʜʥʦʡ ʥʘʫʢʠ; 

ï ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʚʷʟʝʡ ʥʘʫʢʠ ʠ ʙʠʟʥʝʩ-ʩʦʦʙʱʝʩʪʚʘ; ʨʘʟʚʠʪʠʷ 

ʩʦʪʨʫʜʥʠʯʝʩʪʚʘ ʨʦʩʩʠʡʩʢʠʭ ʫʯʝʥʳʭ ʩ ʫʯʝʥʳʤʠ ʙʣʠʞʥʝʛʦ ʠ ʜʘʣʴʥʝʛʦ ʟʘʨʫʙʝʞʴʷ. 

ʆʩʥʦʚʥʳʤ ʦʨʛʘʥʠʟʘʪʦʨʦʤ ʢʦʥʬʝʨʝʥʮʠʠ ʚʳʩʪʫʧʘʝʪ ʀʄɽʊ ʈɸʅ. ʉʨʝʜʠ 

ʦʨʛʘʥʠʟʘʪʦʨʦʚ ʠ ʧʘʨʪʥʝʨʦʚ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʌʝʜʝʨʘʣʴʥʦʝ ɸʛʝʥʪʩʪʚʦ ʅʘʫʯʥʳʭ 

ʆʨʛʘʥʠʟʘʮʠʡ, ʈʦʩʩʠʡʩʢʫʶ ʘʢʘʜʝʤʠʶ ʥʘʫʢ, ʈʦʩʩʠʡʩʢʠʡ ʬʦʥʜ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ, ʆɸʆ "ʂʆʄʇʆɿʀʊ". 

ʂʦʥʬʝʨʝʥʮʠʷ ʧʨʦʚʦʜʠʪʩʷ ʢʘʞʜʳʝ ʜʚʘ ʛʦʜʘ ʠ ʩʪʘʣʘ ʦʜʥʠʤ ʠʟ ʩʘʤʳʭ ʢʨʫʧʥʳʭ 

ʠ ʧʨʝʜʩʪʘʚʠʪʝʣʴʥʳʭ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʥʘʫʯʥʳʭ ʬʦʨʫʤʦʚ. ʇʨʦʛʨʘʤʤʘ 

ʢʦʥʬʝʨʝʥʮʠʠ ʧʦʩʚʷʱʝʥʘ ʰʠʨʦʢʦʤʫ ʩʧʝʢʪʨʫ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ï ʤʝʪʘʣʣʠʯʝʩʢʠʭ, ʢʝʨʘʤʠʯʝʩʢʠʭ, ʧʦʣʠʤʝʨʥʳʭ ʠ 

ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ, ʠʟʫʯʝʥʠʶ ʠʭ ʩʚʦʡʩʪʚ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʩʥʦʚ ʩʦʟʜʘʥʠʷ, 

ʧʨʦʙʣʝʤʘʤ ʠʭ ʘʥʘʣʠʟʘ, ʘʪʪʝʩʪʘʮʠʠ, ʧʨʠʤʝʥʝʥʠʷ ʠ ʧʨʦʠʟʚʦʜʩʪʚʘ. ʆʩʦʙʦʝ 

ʚʥʠʤʘʥʠʝ ʫʜʝʣʝʥʦ ʚʦʧʨʦʩʘʤ ʛʣʫʙʦʢʦʡ ʦʯʠʩʪʢʠ ʚʝʱʝʩʪʚ ʢʘʢ ʦʜʥʦʤʫ ʠʟ ʧʦʜʭʦʜʦʚ 

ʧʨʠ ʩʦʟʜʘʥʠʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ. 

ɻʝʦʛʨʘʬʠʷ ʫʯʘʩʪʥʠʢʦʚ ʢʦʥʬʝʨʝʥʮʠʠ ʚʝʩʴʤʘ ʰʠʨʦʢʘ. ʇʨʝʜʩʪʘʚʣʝʥʳ 

ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʨʝʛʠʦʥʳ ʈʦʩʩʠʠ. ɺ ʢʦʥʬʝʨʝʥʮʠʠ ʧʨʠʥʠʤʘʶʪ ʫʯʘʩʪʠʝ 

ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʋʢʨʘʠʥʳ, ɹʝʣʦʨʫʩʩʠʠ, ʂʘʟʘʭʩʪʘʥʘ, ʂʳʨʛʳʟʩʪʘʥʘ, ʋʟʙʝʢʠʩʪʘʥʘ, 

ʂʠʪʘʷ, ɻʝʨʤʘʥʠʠ, ʀʪʘʣʠʠ, ʇʦʣʴʰʠ, ʏʝʭʠʠ. 

ɺ ʨʘʤʢʘʭ ʢʦʥʬʝʨʝʥʮʠʠ ʧʨʦʡʜʝʪ ʥʘʫʯʥʘʷ ʰʢʦʣʘ ʜʣʷ ʤʦʣʦʜʝʞʠ ʩ ʮʝʣʴʶ 

ʦʙʤʝʥʘ ʦʧʳʪʦʤ ʠ ʠʥʬʦʨʤʘʮʠʝʡ ʦ ʩʚʦʠʭ ʜʦʩʪʠʞʝʥʠʷʭ ʤʦʣʦʜʳʭ ʥʘʫʯʥʳʭ 

ʩʦʪʨʫʜʥʠʢʦʚ, ʘʩʧʠʨʘʥʪʦʚ ʠ ʩʪʫʜʝʥʪʦʚ ʩʪʘʨʰʠʭ ʢʫʨʩʦʚ, ʨʘʙʦʪʘʶʱʠʭ ʚ ʦʙʣʘʩʪʷʭ, 

ʩʚʷʟʘʥʥʳʭ ʩ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʥʘʥʦʤʘʪʝʨʠʘʣʘʤʠ ʠ ʨʘʟʚʠʪʠʝʤ ʥʘʥʦʪʝʭʥʦʣʦʛʠʡ, 

ʘ ʪʘʢʞʝ ʦʟʥʘʢʦʤʣʝʥʠʷ ʤʦʣʦʜʳʭ ʥʘʫʯʥʳʭ ʩʦʪʨʫʜʥʠʢʦʚ, ʘʩʧʠʨʘʥʪʦʚ ʠ ʩʪʫʜʝʥʪʦʚ 
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ʩʪʘʨʰʠʭ ʢʫʨʩʦʚ ʩ ʥʦʚʝʡʰʠʤʠ ʜʦʩʪʠʞʝʥʠʷʤʠ ʢʘʢ ʚ ʭʠʤʠʠ ʚʳʩʦʢʦʯʠʩʪʳʭ ʚʝʱʝʩʪʚ, 

ʪʘʢ ʠ ʚ ʚʦʧʨʦʩʘʭ ʩʦʟʜʘʥʠʷ ʠ ʠʟʫʯʝʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ. 

ʇʨʦʛʨʘʤʤʘ ʥʘʫʯʥʦʡ ʰʢʦʣʳ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʤʦʣʦʜʝʞʥʳʝ ʩʝʩʩʠʠ, ʥʘ 

ʢʦʪʦʨʳʭ ʙʫʜʫʪ ʧʨʝʜʩʪʘʚʣʝʥʳ ʫʩʪʥʳʝ ʠ ʩʪʝʥʜʦʚʳʝ ʜʦʢʣʘʜʳ, ʣʝʢʮʠʠ ʚʝʜʫʱʠʭ 

ʩʧʝʮʠʘʣʠʩʪʦʚ ʠʟ ʢʨʫʧʥʝʡʰʠʭ ʥʘʫʯʥʳʭ ʮʝʥʪʨʦʚ ʈʦʩʩʠʠ, ʘ ʪʘʢʞʝ ʩʝʤʠʥʘʨʳ ʩ 

ʵʣʝʤʝʥʪʘʤʠ ʢʨʫʛʣʦʛʦ ʩʪʦʣʘ ʠ ʧʫʙʣʠʯʥʦʡ ʜʠʩʢʫʩʩʠʠ, ʧʦʩʚʷʱʝʥʥʳʝ ʦʩʥʦʚʘʤ 

ʩʦʚʨʝʤʝʥʥʦʡ ʛʨʘʥʪʦʚʦʡ ʧʦʣʠʪʠʢʠ ʠ ʚʦʧʨʦʩʘʤ ʢʦʤʤʝʨʮʠʘʣʠʟʘʮʠʠ ʠ 

ʠʥʥʦʚʘʮʠʦʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʚ ʥʘʫʢʝ. ʃʫʯʰʠʝ ʨʘʙʦʪʳ ʙʫʜʫʪ ʦʪʤʝʯʝʥʳ 

ʥʘʛʨʘʜʘʤʠ ʠ ʨʝʢʦʤʝʥʜʦʚʘʥʳ ʜʣʷ ʧʫʙʣʠʢʘʮʠʠ ʚ ʚʳʩʦʢʦʨʝʡʪʠʥʛʦʚʳʭ ʥʘʫʯʥʳʭ 

ʞʫʨʥʘʣʘʭ. 

ʇʨʦʛʨʘʤʤʘ ʢʦʥʬʝʨʝʥʮʠʠ ʥʘʧʨʷʞʸʥʥʘ ʠ ʨʘʟʥʦʦʙʨʘʟʥʘ, ʥʘʩʳʱʝʥʘ 

ʠʥʪʝʨʝʩʥʳʤʠ ʜʦʢʣʘʜʘʤʠ. ʍʦʯʫ ʧʦʞʝʣʘʪʴ ʚʩʝʤ ʫʯʘʩʪʥʠʢʘʤ ʢʦʥʬʝʨʝʥʮʠʠ 

ʧʨʝʠʩʧʦʣʥʝʥʥʦʡ ʚʜʦʭʥʦʚʝʥʠʷ ʨʘʙʦʪʳ, ʫʢʨʝʧʣʝʥʠʝ ʧʨʝʞʥʠʭ ʠ ʩʦʟʜʘʥʠʝ ʥʦʚʳʭ 

ʪʚʦʨʯʝʩʢʠʭ ʢʦʥʪʘʢʪʦʚ, ʛʝʥʝʨʘʮʠʠ ʷʨʢʠʭ ʠʜʝʡ ʠ ʥʦʚʳʭ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʨʝʰʝʥʠʡ. 

ɺʳʨʘʞʘʶ ʥʘʜʝʞʜʫ, ʯʪʦ ʢʦʥʬʝʨʝʥʮʠʷ ʙʫʜʝʪ ʚʩʝʤʝʨʥʦ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ 

ʨʘʟʚʠʪʠʶ ʥʘʮʠʦʥʘʣʴʥʦʡ ʥʘʥʦʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʝʪʠ ʠ ʢʦʥʩʦʣʠʜʘʮʠʠ ʥʘʫʯʥʦʡ 

ʦʙʱʝʩʪʚʝʥʥʦʩʪʠ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʚ ʦʙʣʘʩʪʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ 

ʠ ʚʳʩʦʢʦʯʠʩʪʳʭ ʚʝʱʝʩʪʚ. 

 

 ˽͔͔͔ͪ͒ͫ͒͊ͭ͡Έ ͎͙ͦͪ͊ͤ͊͘ͼ͙͎ͦͤͤͦͦ 

͙͔ͦͣͭͭ͊͟Σ  

͔͙͊͊͒ͣ͟͟ ˿ͦͤ͡ͼ͔͍ ˴ΦˢΦ 
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Abstract 

The investigation of magnetocaloric materials has been focused on obtaining a compound appropriate for 

the magnetic refrigeration at both near-room and cryogenic temperatures. According to the literature data, RNi2 

is a potential magnetic refrigerant for low temperature applications such as hydrogen liquefaction. The magnetic 

properties of the RNi2 compounds have been studied intensively in [1]. The distinctive feature of this series of 

compounds consists in the absence of a magnetic moment at nickel atoms; in this case, the magnetic interaction 

involves only the R sublattice. The high magnetocaloric effect (MCE) values of the compounds are strongly 

influenced by crystalline electric fields. Theoretical data show that some of RNi2 compounds exhibit high MCE 

[2-4]. It can be expected that ȹTad = 8.1 K for TbNi2, ȹTad = 13.8 K for HoNi2 and ȹTad = 10.4 K for ErNi2 

induced by ȹH = 5 T. Most of experiments performed for this material system were focused on the intermediate 

magnetic field range (ȹH Ò 2 T) that  the more relevant for applications [5-6]. However, extending the field range 

of the MCE derivation is of importance from both fundamental and applied points of view. High-field 

magnetocaloric data are advantageous for the optimization of the MCE at intermediate field. The majority of 

reports on this subject focus on the experimental investigations that are usually performed by heat capacity 

measurements with and without an applied magnetic field or by magnetic methods, with the help of Maxwell 

thermodynamic relations. The aim of the present work is to exhibit the correlations between the external magnetic 

field value and the magnetocaloric effect in ferromagnetic Laves-phase compounds at temperatures close to the 

their magnetic phase transition temperatures. The MCE measurements have been performed by direct 

measurements in high magnetic fields (ȹH = 11 T) and the results are compared with theoretical considerations. 
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THE INFLUENCE  OF HIP PROCESS ON CRITICAL PARAMETERS IN  MGB2 WIRES AND IRON -

BASED SUPERCONDUCTING MATERIALS  

Gajda D.1, Morawski A.2, Zaleski A.3, Cetner T.2, Rindfleisch M.4, Tomsic M.4, HªÇler W.5, Nenkov K.5, 
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Abstract. We present results of the critical current density (Jc), pinning force density (Fp) measurements 

and analysis of pinning force density scaling, critical temperature (Tc), irreversible magnetic field (Birr) and upper 

magnetic field (Bc2) that have been perform for multicore Monel-sheathed type MgB2 wires. One batch of MgB2 

wires were made by Hyper Tech Research Inc., in USA with their standard technology (continuous in tube forming 

and filling e.g. (CTFF) of Cu-based monocore wire with the precursor 1.1Mg+2B powder. The in-situ method 

with Nb barrier was used. These wires were doped nano-SiC and C and have fill factors of 15%. A second batch 

of MgB2 wires were performed Abant Izzet Baysal University in Turkey with their standard technology (powder 

in tube ï PIT). These MgB2 wires have one filament, iron shield, without barriers, 50 % fill factor, and were filled 

with amorphous boron (both nano- and large size Pavezyum). The FeSe0.94 + Ag bulks were made in Institute of 

Solid State Physics, Bulgarian Academy of Sciences. The initial Se, Fe and Ag powders have purity 99.9%, 99.5% 

and 99.9%. Thebulks were first annealed at 700 oC for 8 hours in vacuum then at 400 oC for 10 hours. The Hot 

Isostatic Pressing (HIP) process was made at IHPP PAS Unipress using high Ar gas pressure. The 0.1 MPa to 1.4 

GPa argon gas pressure was used in the HIP annealing, and at different temperatures from 570 ÁC to 800 ÁC and 

annealing durations. The critical current was measured at 4.2 K in ILHMFLT PAS and at 10K, 20 K and 25 K at 

the Institute for Solid State and Materials Research, Dresden. A perpendicular field configuration (to the 25 mm 

length of the samples) was used for measuring of critical temperature and critical magnetic fields. Microstructure 

investigations were performed with SEM and EDX. 

The results show that the HIP (1 GPa) process increased the uniformity of MgB2 material and the critical 

current density (Jc) in MgB2 wires (Hyper Tech Research). In these wires, we obtained 100 A/mm2 at 20 K in 5 T 

and 100 A/mm2at 4.2 K in 14 T. Results for MgB2 wires from Turkey show that the HIP process can increase Jc 

at 4.2 K and Tc, Birr and Bc2. We obtained 100 A/mm2 in 6.5 T. The results for iron-based superconducting materials 

show that the HIP process can increase Tc, Birr, Bc2, eliminate voids and significantly improve the homogeneity of 

the material. The results for bulk FeSe0.94 show that a pressure of 1 GPa increased Tc of about 3 K and Birr of about 

80%.  
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INTERACTION OF FERRO MAGNETI C AND SUPERCONDUCTING PERMANENT MAGNETS: 

QUANTUM LEVITATION  
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Superconducting magnetic levitation is passively stable without any electronic control, but with attracting 

and repelling forces to suspend a vehicle pendant or standing upright. These are perfect conditions for a rail-

bound, individual transport with cabins for 4 to 5 passengers, requested call by call. They will levitate without 

noise over a track made of rare-earth permanent magnets, saving 

energy and travel time. A big step forward in this vision has been 

made in Dresden. The world largest research and test facility for 

transport systems using bulk high-temperature superconducting 

material in the levitation and guidance system, in combination 

with a permanent magnet track, was put into operation. A vehicle 

for 2 passengers, equipped with linear drive propulsion, 

noncontact energy supply, second braking system, and various 

test and measurement systems is running on an 80 m long oval 

driveway. In the presentation, the principle of superconducting 

levitation by flux pinning in bulk high-temperature 

superconductors will be described. Based on this, an overview of 
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the SupraTrans II research facility and future directions of superconductivity-based magnetic levitation and 

bearing for automation technology, transportation, and medical treatment under enhanced gravity will be given. 

Also the physics behind the ñBack to the Future IIò superconducting hoverboard, recently presented by Lexus, 

will be described. 
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PRODUCTION OF ENCAPSULATED IRON NANOPARTIC LES BY PLASMA TECHNO LOGY  

Anzhaurov P.I., Uelskii A.A., Guseinov Sh.L., Malashin A.S. 

 

In the present study iron nanopowders with solid isolating coatings were produced by plasma treatment of 

initial iron pre-metallized dielectric ceramic powders, and their properties were evaluated. Initial powders were 

made of carbonyl iron and Al2O3 powders. Nanopowders were also made of the mechanical mixtures of the above 

mentioned powders for comparison of produced nanomaterialsô properties. Experimental plasma setup based on 

plasma reactor with plasma vortex stabilization was used for the production of nanopowders. The proposed 

mechanism for the formation of nanopowders with solid isolating coating is described. Nanoparticles made of 

pre-metallized initial powders have better magnetic properties and larger specific surface area as compared to 

those made of mechanical mixture of initial powders. The results obtained can be the basis for further research on 

the production of promising magnetic nanomaterials by plasma technology, aimed at the establishment of their 

enlarged production. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʤʠʨʝ ʠʥʪʝʥʩʠʚʥʦ ʠʟʫʯʘʶʪ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʨʘʟʣʠʯʥʳʭ 

ʥʘʥʦʨʘʟʤʝʨʥʳʭ ʯʘʩʪʠʮ, ʠ ʦʩʦʙʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪ ʠʭ ʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ [1]. ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ 

ʨʘʟʨʘʙʦʪʘʥʳ ʠ ʫʩʧʝʰʥʦ ʧʨʠʤʝʥʷʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʤʝʪʦʜʳ ʧʦʣʫʯʝʥʠʷ ʤʘʛʥʠʪʥʳʭ ʥʘʥʦʯʘʩʪʠʮ [4], ʘ ʪʘʢʞʝ 

ʠʭ ʩʪʘʙʠʣʠʟʘʮʠʠ, ʥʝʦʙʭʦʜʠʤʦʡ ʜʣʷ ʤʘʪʝʨʠʘʣʦʚ ʪʘʢʦʛʦ ʨʦʜʘ. ʇʨʦʙʣʝʤʦʡ ʜʘʥʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʷʚʣʷʝʪʩʷ 

ʤʥʦʛʦʩʪʘʜʠʡʥʦʩʪʴ ʧʨʦʮʝʩʩʦʚ ʧʦʣʫʯʝʥʠʷ ʤʘʛʥʠʪʥʳʭ ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ, ʘ ʪʘʢʞʝ ʪʨʫʜʥʦʩʪʠ ʚ ʧʦʣʫʯʝʥʠʠ 

ʥʘʥʦʯʘʩʪʠʮ ʩʦ ʩʪʘʙʠʣʴʥʳʤʠ ʠ ʚʦʩʧʨʦʠʟʚʦʜʠʤʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʚ ʧʨʦʤʳʰʣʝʥʥʳʭ ʦʙʲʝʤʘʭ. 

ʋʯʠʪʳʚʘʷ ʘʢʪʫʘʣʴʥʦʩʪʴ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ, ʚ ɸʆ çɻʅʀʀʍʊʕʆʉè ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʠ ʟʘʧʘʪʝʥʪʦʚʘʥ 

ʩʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ ʢʘʧʩʫʣʠʨʦʚʘʥʥʳʭ ʤʘʛʥʠʪʥʳʭ ʥʘʥʦʯʘʩʪʠʮ ʞʝʣʝʟʘ ʧʨʠ ʧʦʤʦʱʠ ʧʣʘʟʤʝʥʥʦʡ ʦʙʨʘʙʦʪʢʠ 

ʠʩʭʦʜʥʳʭ ʧʦʨʦʰʢʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ. ɼʘʥʥʳʡ ʤʝʪʦʜ ʠʩʢʣʶʯʘʝʪ ʦʪʜʝʣʴʥʳʝ ʩʪʘʜʠʠ ʩʪʘʙʠʣʠʟʘʮʠʠ 

ʥʘʥʦʯʘʩʪʠʮ, ʪ.ʢ. ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʧʨʦʮʝʩʩʝ ʠʭ ʧʦʣʫʯʝʥʠʷ ʥʘ ʠʭ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʫʝʪʩʷ ʪʚʝʨʜʘʷ 

ʠʟʦʣʷʮʠʦʥʥʘʷ ʦʙʦʣʦʯʢʘ; ʪʘʢʞʝ ʝʛʦ ʧʨʠʤʝʥʝʥʠʝ ʧʦʟʚʦʣʠʪ ʧʦʣʫʯʘʪʴ ʥʘʥʦʤʘʪʝʨʠʘʣʳ ʚ ʙʦʣʴʰʠʭ ʦʙʲʝʤʘʭ ʙʝʟ 

ʫʱʝʨʙʘ ʜʣʷ ʠʭ ʩʚʦʡʩʪʚ. 

ɺ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʨʘʙʦʪʝ ʧʫʪʝʤ ʧʣʘʟʤʝʥʥʦʡ ʦʙʨʘʙʦʪʢʠ ʠʩʭʦʜʥʳʭ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ 

ʤʝʪʘʣʣʠʟʠʨʦʚʘʥʥʳʭ ʞʝʣʝʟʦʤ ʧʦʨʦʰʢʦʚ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʢʝʨʘʤʠʢʠ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʥʘʥʦʧʦʨʦʰʢʠ ʞʝʣʝʟʘ 

ʩ ʪʚʝʨʜʦʡ ʠʟʦʣʷʮʠʦʥʥʦʡ ʦʙʦʣʦʯʢʦʡ, ʘ ʪʘʢʞʝ ʦʮʝʥʝʥʳ ʠʭ ʩʚʦʡʩʪʚʘ. ʀʩʭʦʜʥʳʝ ʧʦʨʦʰʢʠ ʙʳʣʠ ʠʟʛʦʪʦʚʣʝʥʳ 

ʠʟ ʧʦʨʦʰʢʦʚ ʢʘʨʙʦʥʠʣʴʥʦʛʦ ʞʝʣʝʟʘ ʤʘʨʢʠ ʈ-10 ʠ Al2O3. ʄʝʪʘʣʣʠʟʘʮʠʶ ʧʦʨʦʰʢʦʚ Al2O3 ʧʨʦʚʦʜʠʣʠ 

ʛʘʟʦʬʘʟʥʳʤ ʤʝʪʦʜʦʤ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʝʥʪʘʢʘʨʙʦʥʠʣʘ ʞʝʣʝʟʘ [3]. ɺ ʧʨʦʮʝʩʩʝ ʧʦʣʫʯʝʥʠʷ ʥʘʥʦʧʦʨʦʰʢʦʚ 

ʧʨʠʤʝʥʷʣʠ ʪʘʢʞʝ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʤʝʩʠ ʧʦʨʦʰʢʦʚ ʞʝʣʝʟʘ ʠ ʦʢʩʠʜʘ ʘʣʶʤʠʥʠʷ ʘʥʘʣʦʛʠʯʥʦʛʦ ʩʦʩʪʘʚʘ ʩ ʮʝʣʴʶ 

ʩʨʘʚʥʝʥʠʷ ʩʚʦʡʩʪʚ ʧʦʣʫʯʘʝʤʳʭ ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ. ʅʘʥʦʧʦʨʦʰʢʠ ʧʦʣʫʯʘʣʠ ʚ ʧʣʘʟʤʝʥʥʦʡ ʫʩʪʘʥʦʚʢʝ, ʚ 

ʦʩʥʦʚʝ ʢʦʪʦʨʦʡ ʣʝʞʠʪ ʧʣʘʟʤʝʥʥʳʡ ʨʝʘʢʪʦʨ ʩ ʚʠʭʨʝʚʦʡ ʩʪʘʙʠʣʠʟʘʮʠʝʡ ʧʣʘʟʤʳ [2]. 

ɺ ʨʘʙʦʪʝ ʦʧʠʩʳʚʘʝʪʩʷ ʧʨʝʜʧʦʣʘʛʘʝʤʳʡ ʤʝʭʘʥʠʟʤ ʦʙʨʘʟʦʚʘʥʠʷ ʥʘʥʦʯʘʩʪʠʮ ʩ ʪʚʝʨʜʦʡ ʠʟʦʣʷʮʠʦʥʥʦʡ 

ʦʙʦʣʦʯʢʦʡ ʚ ʧʨʦʮʝʩʩʝ ʧʣʘʟʤʝʥʥʦʡ ʦʙʨʘʙʦʪʢʠ ʠʩʭʦʜʥʦʛʦ ʩʳʨʴʷ. ʂʣʶʯʝʚʦʡ ʝʛʦ ʦʩʦʙʝʥʥʦʩʪʴʶ ʷʚʣʷʝʪʩʷ 

ʧʦʩʣʦʡʥʦʝ ʠʩʧʘʨʝʥʠʝ ʠʩʭʦʜʥʳʭ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʤʝʪʘʣʣʠʟʠʨʦʚʘʥʥʳʭ ʞʝʣʝʟʦʤ ʧʦʨʦʰʢʦʚ ʦʢʩʠʜʘ 

ʘʣʶʤʠʥʠʷ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʚʘʥʠʝʤ ʟʘʨʦʜʳʰʝʡ ʞʝʣʝʟʘ ʠ ʢʦʥʜʝʥʩʘʮʠʠ ʥʘ ʥʠʭ ʧʘʨʦʚ Al2O3, 

ʬʦʨʤʠʨʫʶʱʠʭ ʠʟʦʣʷʮʠʦʥʥʫʶ ʦʙʦʣʦʯʢʫ. 

ʄʘʛʥʠʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʣʫʯʝʥʥʳʭ ʥʘʥʦʯʘʩʪʠʮ ʦʮʝʥʠʚʘʣʠ ʩ ʧʦʤʦʱʴʶ BH-ʤʝʪʨʘ, ʚʥʝʰʥʠʡ ʚʠʜ 

ʠ ʬʦʨʤʫ ï ʩ ʧʦʤʦʱʴʶ ʩʢʘʥʠʨʫʶʱʝʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ Philips SEM505; ʪʘʢʞʝ ʙʳʣ ʧʨʦʚʝʜʝʥ 

ʨʝʥʪʛʝʥʦʬʘʟʦʚʳʡ ʘʥʘʣʠʟ ʥʘʥʦʧʦʨʦʰʢʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʠʟ ʤʝʪʘʣʣʠʟʠʨʦʚʘʥʥʳʭ ʠʩʭʦʜʥʳʭ ʧʦʨʦʰʢʦʚ. 
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ʇʦʢʘʟʘʥʦ, ʯʪʦ ʥʘʥʦʯʘʩʪʠʮʳ, ʧʦʣʫʯʝʥʥʳʝ ʠʟ ʤʝʪʘʣʣʠʟʠʨʦʚʘʥʥʳʭ ʠʩʭʦʜʥʳʭ ʧʦʨʦʰʢʦʚ, ʦʙʣʘʜʘʶʪ ʣʫʯʰʠʤʠ 

ʤʘʛʥʠʪʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʠ ʠʤʝʶʪ ʙʦʣʴʰʫʶ ʫʜʝʣʴʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʥʘʥʦʯʘʩʪʠʮʘʤʠ, 

ʧʦʣʫʯʝʥʥʳʤʠ ʠʟ ʤʝʭʘʥʠʯʝʩʢʦʡ ʩʤʝʩʠ ʠʩʭʦʜʥʳʭ ʧʦʨʦʰʢʦʚ. 

ʄʘʛʥʠʪʥʳʝ ʥʘʥʦʯʘʩʪʠʮʳ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʭʦʜʝ ʨʘʙʦʪʳ, ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʤʘʪʝʨʠʘʣʦʚ, ʧʨʠʤʝʥʷʝʤʳʭ ʚ ʤʠʢʨʦʵʣʝʢʪʨʦʥʠʢʝ, ʤʝʜʠʮʠʥʝ, ʨʘʜʠʦʧʦʛʣʦʱʘʶʱʠʭ ʤʘʪʝʨʠʘʣʘʭ, ʧʦʩʪʦʷʥʥʳʝ 

ʤʘʛʥʠʪʘʭ ʠ ʥʘʛʨʝʚʘʪʝʣʴʥʳʭ ʵʣʝʤʝʥʪʘʭ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʤʦʛʫʪ ʷʚʣʷʪʴʩʷ ʦʩʥʦʚʦʡ ʜʣʷ ʜʘʣʴʥʝʡʰʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʧʦʣʫʯʝʥʠʶ ʧʣʘʟʤʝʥʥʦʡ ʪʝʭʥʦʣʦʛʠʝʡ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʤʘʛʥʠʪʥʳʭ ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ, 

ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʩʦʟʜʘʥʠʝ ʠʭ ʫʢʨʫʧʥʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. 
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Abstract 

The magnetic properties of single-crystal FeïCoïNiïCuïAlïTi-Hf permanent magnet have been studied at 

low temperatures. It was shown that, below 50 K, the increase in saturation magnetization reached 10%; the 

theoretical residual magnetic induction is up to 1.4 T. 

 

ʄʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʧʦʩʪʦʷʥʥʳʝ ʤʘʛʥʠʪʳ ʠʟ ʩʧʣʘʚʘ ʖʅɼʂʊ5ɸɸ, ʣʝʛʠʨʦʚʘʥʥʦʛʦ ʛʘʬʥʠʝʤ, 

ʦʙʣʘʜʘʶʪ ʧʦʚʳʰʝʥʥʳʤ ʫʨʦʚʥʝʤ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ [1-3]. ʊʝʤʧʝʨʘʪʫʨʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʠʥʜʫʢʮʠʠ ʵʪʠʭ 

ʤʘʛʥʠʪʦʚ ʩʦʩʪʘʚʣʷʝʪ 0,0005%/ʂ. ɺ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʠʥʪʝʨʚʘʣʝ ʦʪ 223 ʂ ʜʦ 500 ʂ ʵʪʠ ʧʦʩʪʦʷʥʥʳʝ ʤʘʛʥʠʪʳ 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʟʤʝʥʷʶʪ ʩʚʦʠʭ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʵʪʦ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʝ 

ʤʘʛʥʠʪʳ ʜʣʷ ʦʩʦʙʦ ʪʦʯʥʳʭ ʚʳʩʦʢʦʩʪʘʙʠʣʴʥʳʭ ʧʨʠʙʦʨʦʚ ʠ ʫʩʪʨʦʡʩʪʚ ʩʧʝʮʠʘʣʴʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ 

(ʘʚʪʦʤʘʪʠʢʠ, ʫʧʨʘʚʣʝʥʠʷ ʠ ʥʘʚʠʛʘʮʠʠ). ʕʢʩʧʣʫʘʪʘʮʠʷ ʵʪʠʭ ʧʨʠʙʦʨʦʚ ʠ ʫʩʪʨʦʡʩʪʚ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ, ʚ ʪʦʤ 

ʯʠʩʣʝ, ʠ ʚ ʦʪʢʨʳʪʦʤ ʢʦʩʤʦʩʝ, ʛʜʝ ʪʝʤʧʝʨʘʪʫʨʘ ʤʦʞʝʪ ʦʧʫʩʢʘʪʴʩʷ ʜʦ ʟʥʘʯʝʥʠʡ ʙʣʠʟʢʠʭ ʢ ʘʙʩʦʣʶʪʥʦʤʫ 

ʥʫʣʶ. ʆʜʥʘʢʦ ʚʦʧʨʦʩ ʦ ʚʣʠʷʥʠʠ ʪʘʢʠʭ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʥʘ ʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʚʳʰʝʫʢʘʟʘʥʥʳʭ 

ʤʘʛʥʠʪʦʚ ʠʟʫʯʝʥ ʥʝʜʦʩʪʘʪʦʯʥʦ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʣʠ ʠʟʤʝʥʝʥʠʝ ʚʝʣʠʯʠʥʳ ʤʘʛʥʠʪʥʦʛʦ ʥʘʩʳʱʝʥʠʷ ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ 

ʧʦʩʪʦʷʥʥʳʭ ʤʘʛʥʠʪʦʚ ʠʟ ʩʧʣʘʚʘ ʖʅɼʂʊ5ɸɸ, ʣʝʛʠʨʦʚʘʥʥʦʛʦ 1% ʤʘʩʩ. ʛʘʬʥʠʷ, ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ ʦʪ 

293 ʂ ʜʦ 4ʂ. ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʩʧʣʘʚʘ ʠʩʩʣʝʜʫʝʤʳʭ ʤʘʛʥʠʪʦʚ ʧʨʠʚʝʜʝʥ ʚ ʪʘʙʣʠʮʝ. ʄʘʛʥʠʪʳ 

ʧʦʜʚʝʨʛʘʣʠʩʴ ʩʪʘʥʜʘʨʪʥʦʡ ʠʟʦʪʝʨʤʦʤʘʛʥʠʪʥʦʡ ʦʙʨʘʙʦʪʢʝ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʥʘʧʨʷʞʝʥʥʦʩʪʴʶ 250 ʢɸ/ʤ ʩ 

ʧʦʩʣʝʜʫʶʱʠʤ ʯʝʪʳʨʝʭ ʩʪʫʧʝʥʯʘʪʳʤ ʦʪʧʫʩʢʦʤ [2] ʠ ʠʤʝʣʠ ʩʣʝʜʫʶʱʠʝ ʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ: Br = 1.12T, 

HcB = 130 ʢɸ/ʤ, (BH)max = 103,5 ʢɼʞ/ʤ3. 
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ʉɽʂʎʀʗ 1 ʄɸɻʅʀʊʅʓɽ ʄɸʊɽʈʀɸʃʓ ʀ ʉʀʉʊɽʄʓ 
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ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʩʧʣʘʚʘ ʖʅɼʂʊ5ɸɸ+1%Hf. 

ʉʧʣʘʚ 
ʉʦʜʝʨʞʘʥʠʝ ʵʣʝʤʝʥʪʦʚ, ʤʘʩʩ.% 

Co Ni Cu Al  Ti Hf Fe 

ʖʅɼʂʊ5ɸɸ 

+1%Hf 
35.1 14.2 2.9 7.3 5.1 0.8 ʦʩʪ. 

ʄʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʧʨʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʙʦʨʫʜʦʚʘʥʠʷ 

ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʣʘʙʦʨʘʪʦʨʠʠ ʩʠʣʴʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ ʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʇɸʅ (ʛ. ɺʨʦʮʣʘʚ, ʇʦʣʴʰʘ). 

ʀʩʧʦʣʴʟʦʚʘʣʠ ʚʠʙʨʦʤʘʛʥʝʪʦʤʝʪʨ ʥʘ ʙʘʟʝ ʩʚʝʨʭʧʨʦʚʦʜʷʱʝʛʦ ʵʣʝʢʪʨʦʤʘʛʥʠʪʘ ʩ ʜʠʘʧʘʟʦʥʦʤ ʠʟʤʝʨʝʥʠʡ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʦʪ 0 ʜʦ 14 ʊ. ʀʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʣʠ ʚʜʦʣʴ ʦʩʠ ʣʝʛʢʦʛʦ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ, ʢʦʪʦʨʘʷ ʜʣʷ 

ʩʧʣʘʚʦʚ ʪʠʧʘ ʖʅɼʂʊ ʩʦʚʧʘʜʘʝʪ ʩ ʥʘʧʨʘʚʣʝʥʠʝʤ ʦʩʠ ʨʦʩʪʘ. ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʷ ʧʨʠʚʝʜʝʥʳ ʥʘ 

ʨʠʩʫʥʢʘʭ1, 2ʘ ʠ 2ʙ. 

 
ʈʠʩ.1 ʅʘʤʘʛʥʠʯʝʥʥʦʩʪʴ ʥʘʩʳʱʝʥʠʷ ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʦʙʨʘʟʮʘ ʩʧʣʘʚʘ ʪʠʧʘ ʖʅɼʂʊ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 4,2 ʂ ʠ 300 ʂ. 
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ʈʠʩ.2 (ʘ) ʇʝʪʣʠ ʤʘʛʥʠʪʥʦʛʦ ʛʠʩʪʝʨʝʟʠʩʘ ʠ (ʙ) ʯʘʩʪʠ ʧʝʪʝʣʴ (ʫʚʝʣʠʯʝʥʥʘʷ ʯʘʩʪʴ ʚ ʦʙʣʘʩʪʠ 

ʢʦʵʨʮʠʪʠʚʥʳʭ ʧʦʣʝʡ), ʠʟʤʝʨʝʥʥʳʝ ʜʣʷ ʦʙʨʘʟʮʘ ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʤʘʛʥʠʪʘ ʠʟ ʩʧʣʘʚʘ 

ʖʅɼʂʊ5ɸɸ+1%Hf ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 4.2, 77, 293 ʂ 

ɺʠʜʥʦ, ʯʪʦ ʥʘʯʠʥʘʷ ʩ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʠʤʝʨʥʦ 88 ʂ ʧʦʨʦʛ ʟʥʘʯʝʥʠʷ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʥʘʩʳʱʝʥʠʷ 

ʥʘʯʠʥʘʝʪ ʫʚʝʣʠʯʠʚʘʪʴʩʷ ʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 85 ʂ ʜʦʩʪʠʛʘʝʪ ~1,42ʊ, ʯʪʦ ʧʨʠʤʝʨʥʦ ʥʘ 10% ʚʳʰʝ ʦʙʳʯʥʳʭ 

ʟʥʘʯʝʥʠʡ, ʠʟʤʝʨʝʥʥʳʭ ʧʨʠ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ (ʦʪ 200 ʜʦ 500 ʂ). ɼʣʷ ʚʳʷʚʣʝʥʠʷ ʧʨʠʯʠʥ ʜʘʥʥʦʛʦ 

ʷʚʣʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ. 
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STUDY OF MECHANICAL CHARACTERISTICS OF SM-CO-FE-CU-ZR MAGNETS  

Burkhanov G.S., Kolchugina N.B., Dormidontov N.A., Prokofôev P.A. 

 

The paper is aimed at the study of mechanical characteristics of serial KS25 (Sm-Co-Fe-Cu-Zr) magnets; 

the Youngôs modulus was determined along different directions with respect to their magnetic texture using 

acoustic method. The Youngôs measured along and across the magnetic texture of magnets was shown to be 

different. 

ʄʘʛʥʠʪʦʪʚʝʨʜʳʝ ʤʘʪʝʨʠʘʣʳ ʥʘ ʦʩʥʦʚʝ ʈɿʄ ʜʦʚʦʣʴʥʦ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʚʦ ʚʩʝʭ ʙʝʟ ʠʩʢʣʶʯʝʥʠʷ 

ʩʬʝʨ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ, ʥʘʯʠʥʘʷ ʦʪ ʤʦʙʠʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ, ʢʦʪʦʨʳʝ ʫʞʝ ʩʪʘʣʠ ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ 

ʥʘʰʝʡ ʞʠʟʥʠ ʠ ʟʘʢʘʥʯʠʚʘʷ ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʳʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ ʧʨʠʤʝʥʷʝʤʳʤʠ ʜʣʷ ʚʦʝʥʥʳʭ ʮʝʣʝʡ. ɺ 

ʙʦʣʴʰʠʥʩʪʚʝ ʩʚʦʸʤ ʤʘʛʥʠʪʳ, ʩʪʘʥʦʚʷʪʩʷ ʯʘʩʪʴʶ ʙʦʣʝʝ ʪʝʭʥʦʣʦʛʠʯʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ, ʥʘʧʨʠʤʝʨ, ʜʠʥʘʤʠʢʘ, 

ʜʝʬʝʢʪʦʩʢʦʧʘ, ʨʦʪʦʨʘ ʠʣʠ ʤʘʛʥʠʪʥʦʡ ʩʠʩʪʝʤʳ ʬʦʢʫʩʠʨʦʚʢʠ ʵʣʝʢʪʨʦʥʥʳʭ ʧʫʯʢʦʚ ʵʣʝʢʪʨʦʚʘʢʫʫʤʥʳʭ 

ʧʨʠʙʦʨʦʚ. 

ʇʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʫʟʣʘ ʩ ʤʘʛʥʠʪʦʤ ʥʝʣʴʟʷ ʦʨʠʝʥʪʠʨʦʚʘʪʴʩʷ ʪʦʣʴʢʦ ʥʘ ʝʛʦ 

ʛʠʩʪʝʨʝʟʠʩʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʪʘʢ ʞʝ ʦʯʝʥʴ ʚʘʞʥʦ ʟʥʘʪʴ ʝʛʦ ʧʨʦʯʥʦʩʪʥʳʝ, ʪʝʧʣʦʚʳʝ, ʵʣʝʢʪʨʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ ʠ ʭʠʤʠʯʝʩʢʘʷ ʩʪʦʡʢʦʩʪʴ ʤʘʪʝʨʠʘʣʘ ʢ ʨʘʟʣʠʯʥʳʤ ʩʨʝʜʘʤ ʠ ʜ.ʨ.  

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʩʝʨʠʡʥʦ ʚʳʧʫʩʢʘʝʤʳʭ ʤʘʛʥʠʪʦʚ ʪʠʧʘ 

ʂʉ25 (Sm-Co-Fe-Cu-Zr) ʚ ʨʘʟʣʠʯʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʠʭ ʤʘʛʥʠʪʥʦʡ ʪʝʢʩʪʫʨʳ. ʀʩʩʣʝʜʫʶʪʩʷ 

ʦʙʨʘʟʮʳ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʧʦʜʚʝʨʞʝʥʥʦʡ ʪʦʥʢʦʡ ʰʣʠʬʦʚʢʝ. 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʚʝʨʜʦʩʪʠ ʦʙʨʘʟʮʦʚ ʠ ʤʦʜʫʣʝʡ ʫʧʨʫʛʦʩʪʠ ʠ ʧʣʘʩʪʠʯʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ 

ʫʩʪʘʥʦʚʢʘ ʅʘʥʦʊʝʩʪ; (Micro Materials Ltd.). ʈʘʙʦʪʘ ʧʨʠʙʦʨʘ ʦʩʥʦʚʘʥʘ ʥʘ ʪʦʯʥʦʤ ʠʟʤʝʨʝʥʠʠ ʥʘʛʨʫʟʢʠ ʥʘ 

ʠʥʜʝʥʪʦʨ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʛʣʫʙʠʥʳ ʚʥʝʜʨʝʥʠʷ ʠʥʜʝʥʪʦʨʘ ʚ ʧʦʚʝʨʭʥʦʩʪʴ ʦʙʨʘʟʮʘ, ʘ 

ʪʘʢʞʝ ʘʢʫʩʪʠʢʦ-ʵʤʠʩʩʠʦʥʥʦʡ ʨʝʛʠʩʪʨʘʮʠʠ ʤʦʤʝʥʪʘ ʨʘʟʨʫʰʝʥʠʷ ʠʩʩʣʝʜʫʝʤʳʭ ʧʦʢʨʳʪʠʡ. ʆʩʥʦʚʥʦʡ ʨʝʞʠʤ 

ʨʘʙʦʪʳ ʥʘʥʦ- ʠ ʤʠʢʨʦʠʥʜʝʥʪʦʤʝʪʨʦʚ ʨʝʘʣʠʟʫʝʪʩʷ ʚʥʝʜʨʝʥʠʝʤ ʛʝʦʤʝʪʨʠʯʝʩʢʠ ʘʪʪʝʩʪʦʚʘʥʥʦʛʦ ʠʥʜʝʥʪʦʨʘ 

ʟʘʜʘʥʥʦʛʦ ʧʨʦʬʠʣʷ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʥʦʨʤʘʣʴʥʦʡ ʩʠʣʳ F ʠ ʦʜʥʦʚʨʝʤʝʥʥʦʡ ʨʝʛʠʩʪʨʘʮʠʠ ʛʣʫʙʠʥʳ 

ʧʦʛʨʫʞʝʥʠʷ ʝʛʦ ʚ ʤʘʪʝʨʠʘʣ h. ʏʘʱʝ ʜʘʥʥʳʝ ʧʝʨʝʩʪʨʘʠʚʘʶʪ ʚ ʚʠʜʝ ʟʘʚʠʩʠʤʦʩʪʠ F-h, ʷʚʣʷʶʱʝʡʩʷ ʘʥʘʣʦʛʦʤ 

ʜʠʘʛʨʘʤʤʳ ů-Ů (ʥʘʧʨʷʞʝʥʠʝ ï ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʜʝʬʦʨʤʘʮʠʷ) ʚ ʪʨʘʜʠʮʠʦʥʥʳʭ ʤʘʢʨʦʠʩʧʳʪʘʥʠʷʭ. ʅʘʠʙʦʣʝʝ 

ʫʥʠʚʝʨʩʘʣʴʥʳʤ ʤʝʪʦʜʦʤ ʠʟʚʣʝʯʝʥʠʷ ʠʟ F-h ʜʠʘʛʨʘʤʤ ʨʘʟʣʠʯʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʘʪʝʨʠʘʣʘ ʧʨʠ 

ʠʥʜʝʥʪʠʨʦʚʘʥʠʠ ʧʠʨʘʤʠʜʘʣʴʥʳʤʠ ʠʥʜʝʥʪʦʨʘʤʠ ʷʚʣʷʝʪʩʷ ʤʝʪʦʜ ʋ.ʆʣʠʚʝʨʘ ʠ ɼʞ. ʌʘʨʨʘ [1]. ʆʥ ʧʦʟʚʦʣʷʝʪ 

ʦʧʨʝʜʝʣʷʪʴ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʥʘʛʨʫʟʦʢ ʚʝʣʠʯʠʥʳ ʪʚʝʨʜʦʩʪʠ (H), ʢʦʥʪʘʢʪʥʦʡ ʞʝʩʪʢʦʩʪʠ (S), ʤʦʜʫʣʷ 

ʫʧʨʫʛʦʩʪʠ (E), ʜʦʣʠ ʫʧʨʫʛʦʡ ʜʝʬʦʨʤʘʮʠʠ (ɖ) ʠ ʜʨ. ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʪʝʨʠʘʣʘ 

ɼʦʣʷ ʫʧʨʫʛʦʡ ʜʝʬʦʨʤʘʮʠʠ ʚ ʨʘʙʦʪʝ ʠʥʜʝʥʪʠʨʦʚʘʥʠʷ (ɖ) ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ  

ɖ = (Welast/Wtotal)Ā100%= (Welast/ (Wplast+Welast))Ā100%, ʛʜʝ Wtotal ï ʧʦʣʥʘʷ ʨʘʙʦʪʘ ʧʦ ʩʦʚʝʨʰʝʥʠʶ 

ʜʝʬʦʨʤʘʮʠʠ ʧʨʠ ʠʥʜʝʥʪʠʨʦʚʘʥʠʠ; Wplast ï ʨʘʙʦʪʘ ʧʦ ʩʦʚʝʨʰʝʥʠʶ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ ʧʨʠ 

ʠʥʜʝʥʪʠʨʦʚʘʥʠʠ; Welast ï ʨʘʙʦʪʘ ʧʦ ʩʦʚʝʨʰʝʥʠʶ ʫʧʨʫʛʦʡ ʜʝʬʦʨʤʘʮʠʠ ʧʨʠ ʠʥʜʝʥʪʠʨʦʚʘʥʠʠ. 

ɸʢʫʩʪʠʯʝʩʢʠʡ ʤʝʪʦʜ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʦʚ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʢʦʨʦʩʪʠ ʠ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʟʘʪʫʭʘʥʠʷ ʫʣʴʪʨʘʟʚʫʢʘ ʩʧʣʘʚʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʪʝʨʞʥʝʚʳʭ ʦʙʨʘʟʮʦʚ (40 ʤʤ ʜʣʠʥʦʡ ʠ 2 ʭ 

2 ʤʤ ʚ ʩʝʯʝʥʠʠ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʧʦ ʩʢʦʨʦʩʪʠ ʫʣʴʪʨʘʟʚʫʢʘ ʠ ʧʣʦʪʥʦʩʪʠ ʧʦʟʚʦʣʷʶʪ ʨʘʩʩʯʠʪʘʪʴ 

ʤʦʜʫʣʴ ʖʥʛʘ ɽ ʧʦ ʠʟʚʝʩʪʥʦʤʫ ʩʦʦʪʥʦʰʝʥʠʶ E = ɟc2, ʛʜʝ ɟ ï ʧʣʦʪʥʦʩʪʴ, ʩ ï ʩʢʦʨʦʩʪʴ ʟʚʫʢʘ. 

ʀʩʩʣʝʜʦʚʘʣʠʩʴ ʦʙʨʘʟʮʳ ʤʘʛʥʠʪʦʚ ʪʠʧʘ ʂʉ25 (Sm-Co-Fe-Cu-Zr) ʧʦʩʣʝ ʩʧʝʢʘʥʠʷ ʧʨʠ 12100ʉ (1 ʯʘʩ), 

ʛʦʤʦʛʝʥʠʟʠʨʫʶʱʝʛʦ ʦʪʞʠʛʘ ʧʨʠ 11750ʉ (3 ʯʘʩʘ) c ʧʦʩʣʝʜʫʶʱʝʡ ʟʘʢʘʣʢʦʡ ʛʘʟʦʦʙʨʘʟʥʳʤ ʛʝʣʠʝʤ, 

ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʦʙʨʘʙʦʪʢʠ ʧʨʠ 8000ʉ (16 ʯʘʩʦʚ) ʠ ʤʝʜʣʝʥʥʳʤ ʦʭʣʘʞʜʝʥʠʝʤ ʜʦ 4000ʉ ʚ ʪʝʯʝʥʠʝ 6 

ʯʘʩʦʚ (ʦʙʨʘʟʮʳ ʤʘʛʥʠʪʦʚ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʝʜʦʩʪʘʚʣʝʥʳ ʧʨʝʜʧʨʠʷʪʠʝʤ ɸʆ çʉʧʝʮʤʘʛʥʠʪè). 
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ʅʘ ʨʠʩ. 1 ʧʦʢʘʟʘʥʳ ʨʝʟʫʣʴʪʘʪʳ ʤʠʢʨʦʪʝʩʪʠʨʦʚʘʥʠʷ ʦʙʨʘʟʮʦʚ. ɺ ʪʘʙʣʠʮʝ ʧʨʠʚʝʜʝʥʳ ʜʘʥʥʳʝ ʧʦ 

ʦʩʥʦʚʥʳʤ ʤʝʭʘʥʠʯʝʩʢʠʤ ʧʘʨʘʤʝʪʨʘʤ. 

ʊʘʙʣʠʮʘ - ʄʝʭʘʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʩʪʦʷʥʥʳʭ ʤʘʛʥʠʪʦʚ 

ʇʘʨʘʤʝʪʨ ɽƐ (ɻʇʘ) ɽƍ 
(ɻʇʘ) 

ɽR(ɻʇʘ) Wplast 

(ʥɼʞ) 

Welast 

(ʥɼʞ) 

ɖ 

(%) 

HV 

ɿʥʘʯʝʥʠʝ 170 140 195 0.5 3.9 88.6 660 

ʄʝʭʘʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʭʦʨʦʰʦ ʢʦʨʨʝʣʠʨʫʶʪ ʩ ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʤʘʛʥʠʪʦʚ 

ʠʟʚʝʩʪʥʳʭ ʤʘʨʦʢ. ʇʦʢʘʟʘʥʦ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʨʘʟʣʠʯʠʡ ʚ ʚʝʣʠʯʠʥʘʭ ʤʦʜʫʣʷ ʖʥʛʘ, ʠʟʤʝʨʝʥʥʳʭ ʚʜʦʣʴ ʠ 

ʧʦʧʝʨʝʢ ʪʝʢʩʪʫʨʳ ʤʘʛʥʠʪʦʚ. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. Oliver W., Pharr G. An improved technique for determining hardness and elastic modulus using load and 

displacement sensing indentation experiments // J. Mater . Res.- 1992.- V.7.- N6.-  P. 1564-1583. 
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RESEARCHING OF PROPERTIES OF MAGNETIC TH IN FILMS FOR RECORDE RS AND 

STORAGE DEVICES 

Valiullin A.A., Kamzin A.S., Tagirov L.R.  

 

A great many studies of thin film magnetic materials focus on increasing their magnetic data density. The 

data density is often raised by minimizing the size of grains (data storage items in a magnetic film) and by 

switching from longitudinal to transverse recording. However, the minimum possible size of granules is limited 

by the emergence of the superparamagnetic effect, which prevents the magnetic data density from increasing. The 

exchange interaction between granules is another limiting factor. Various methods are used to overcome these 

limitations. 

 

ʄʥʦʛʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʘʛʥʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʩʚʷʟʘʥʥʳʝ ʩ ʩʦʟʜʘʥʠʝʤ ʪʦʥʢʠʭ ʧʣʝʥʦʢ, ʥʘʧʨʘʚʣʝʥʳ 

ʥʘ ʧʦʚʳʰʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʤʘʛʥʠʪʥʦʡ ʟʘʧʠʩʠ ʠʥʬʦʨʤʘʮʠʠ. ʇʦʚʳʰʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʟʘʧʠʩʠ ʜʦʩʪʠʛʘʝʪʩʷ ʟʘ 

ʩʯʝʪ ʤʠʥʠʤʠʟʘʮʠʠ ʨʘʟʤʝʨʦʚ ʟʝʨʝʥ. ʆʜʥʘʢʦ, ʫʤʝʥʴʰʝʥʠʝ ʨʘʟʤʝʨʦʚ ʛʨʘʥʫʣ ʦʛʨʘʥʠʯʝʥʦ ʚʦʟʥʠʢʥʦʚʝʥʠʝʤ 

ʩʫʧʝʨʧʘʨʘʤʘʛʥʠʪʥʦʛʦ ʵʬʬʝʢʪʘ. ɼʨʫʛʠʤ ʦʛʨʘʥʠʯʝʥʠʝʤ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʟʘʧʠʩʠ ʷʚʣʷʝʪʩʷ 

ʦʙʤʝʥʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʛʨʘʥʫʣʘʤʠ [1]. ɼʣʷ ʧʨʝʦʜʦʣʝʥʠʷ ʵʪʠʭ ʦʛʨʘʥʠʯʝʥʠʡ ʠʟʫʯʝʥʳ ʨʘʟʣʠʯʥʳʝ 

ʩʧʦʩʦʙʳ ʩʦʟʜʘʥʠʷ ʩʧʝʮʠʘʣʴʥʳʭ ʩʪʨʫʢʪʫʨ ʠ ʧʦʣʫʯʝʥʳ ʩʣʝʜʫʶʱʠʝ ʨʝʟʫʣʴʪʘʪʳ: 

1. ʆʨʠʝʥʪʘʮʠʝʡ ʣʝʛʢʦʡ ʦʩʠ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ ʥʘʥʦʯʘʩʪʠʮ ʚ ʪʦʥʢʦʡ ʧʣʝʥʢʝ ʬʘʟʳ L10 ʤʦʞʥʦ 

ʤʘʥʠʧʫʣʠʨʦʚʘʪʴ ʧʨʠ ʦʩʘʞʜʝʥʠʠ ʩ ʧʦʤʦʱʴʶ ʚʥʝʰʥʝʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ʄʝʪʦʜʠʢʘ ʢʦʥʜʝʥʩʘʮʠʠ ʧʣʘʟʤʳ ʚ 

ʛʘʟʦʚʦʡ ʬʘʟʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʥʝʰʥʠʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ, ʧʦʟʚʦʣʷʝʪ ʣʝʛʢʦ ʧʦʣʫʯʠʪʴ ʪʦʥʢʠʝ ʧʣʝʥʢʠ ʥʘ 

ʦʩʥʦʚʝ FePt ʩʦʩʪʦʷʥʠʷ L10 ʩ ʥʝʦʙʭʦʜʠʤʦʡ ʤʘʛʥʠʪʥʦʡ ʩʪʨʫʢʪʫʨʦʡ, ʪʨʝʙʫʝʤʦʡ ʜʣʷ ʚʳʩʦʢʦʧʣʦʪʥʦʡ 

ʤʘʛʥʠʪʥʦʡ ʟʘʧʠʩʠ ʠʥʬʦʨʤʘʮʠʠ. 
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2. ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʫʚʝʣʠʯʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʤʘʛʥʠʪʥʦʡ ʟʘʧʠʩʠ ʷʚʣʷʝʪʩʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʛʦ ʥʦʩʠʪʝʣʷ ʠʥʬʦʨʤʘʮʠʠ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʚ ʧʣʝʥʢʝ ʩʦʟʜʘʶʪʩʷ 

ʬʝʨʨʦʤʘʛʥʠʪʥʳʝ ʛʨʘʥʫʣʳ (ʥʘʥʦʪʦʯʢʠ) ʦʜʠʥʘʢʦʚʳʭ ʨʘʟʤʝʨʦʚ. ɼʦʙʘʚʣʝʥʠʝ ʨʦʜʠʷ (Rh) ʚ ʩʧʣʘʚ FePt 

ʧʦʟʚʦʣʷʝʪ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʪʦʥʢʠʭ ʧʣʝʥʦʢ ʙʝʟ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʫʤʝʥʴʰʝʥʠʷ ʵʥʝʨʛʠʠ 

ʤʘʛʥʠʪʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʘʥʠʟʦʪʨʦʧʠʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʘʥʥʳʡ ʩʦʩʪʘʚ ʚ ʢʘʯʝʩʪʚʝ 

ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʛʦ ʥʦʩʠʪʝʣʷ ʠʥʬʦʨʤʘʮʠʠ. 

3. ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʪʦʥʢʠʭ ʧʣʝʥʦʢ FeCoAlON ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʣʝʥʢʠ 

ʪʦʣʱʠʥʦʡ 320 nm ʦʙʣʘʜʘʶʪ ʦʜʥʦʦʩʥʦʡ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʡ ʘʥʠʟʦʪʨʦʧʠʝʡ, ʯʪʦ ʜʝʣʘʝʪ ʠʭ ʧʨʠʛʦʜʥʳʤʠ ʜʣʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʤʘʛʥʠʪʥʳʭ ʛʦʣʦʚʦʢ ʟʘʧʠʩʠ/ʯʪʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʩʦ ʩʚʝʨʭʚʳʩʦʢʦʡ ʧʣʦʪʥʦʩʪʴʶ ʥʘ 

ʤʘʛʥʠʪʥʳʭ ʥʦʩʠʪʝʣʷʭ. 

ʃʠʪʝʨʘʪʫʨʘ 
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THE STUDY OF THE PHENOMENON OF "DAMAGE -RECOVERYò DURING CYCLIC HEAT 

TREATMENT OF  ALLOYS  KC25 

Voronchikhina K. V., LileevA.S., Malutina E.S. 

 

In this article the influence of cyclic heat treatment of magnetic alloy, the hysteresis properties and domain 

structure. It is shown that the heating of the samples to a temperature of 800 ÁC leads to a sharp decrease in the 

coercive force, therefore, is called "damage". "Recovery" from 800 ÁC to 400 ÁC at a speed of cooling, described 

by the exponent, which is a çrecoveryè property to a level typical of the initial, optimal coercivity condition of 

the alloy. It is proved that the heat treatment leads to a change in the composition of the phases in the alloy, which 

induces a change of magnetic characteristics. 

 

ʎʝʣʴ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʙʳʣʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʠʟʤʝʥʝʥʠʷ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ, ʤʝʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʡ ʠ 

ʜʦʤʝʥʥʦʡ ʩʪʨʫʢʪʫʨ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʮʠʢʣʠʯʝʩʢʠʭ ʦʙʨʘʙʦʪʦʢ ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 800-400ʦʉ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠ ʥʘ ʧʨʦʤʳʰʣʝʥʥʦʤ ʩʧʣʘʚʝ ʪʠʧʘ Sm(Co0.65Fe0.26Cu0.07Zr0.02)7 (ʤʘʨʢʘ ʂʉ-25), 

ʧʦʣʫʯʝʥʥʳʤ ʥʘ ʧʨʝʜʧʨʠʷʪʠʠ ɸʆ çʉʧʝʮʤʘʛʥʠʪè. ɺʳʙʨʘʥʥʳʡ ʤʘʪʝʨʠʘʣ, ʠʤʝʝʪ ʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ Br-

1,11 ʊʣ, (BH)max- 220,9 ʢɼʞ/ʤ3, bHc-780,9 ʢɸ/ʤ, ʠʟʤʝʨʝʥʥʳʝ ʥʘ ʫʩʪʘʥʦʚʢʝ ʛʠʩʪʝʨʝʟʠʩʛʨʘʬ ɸʄʊ4. 

ʇʨʦʚʝʜʝʥʳ ʢʦʤʧʣʝʢʩʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʛʠʩʪʝʨʝʟʠʩʥʳʭ ʩʚʦʡʩʪʚ ʠ ʜʦʤʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʩʧʣʘʚʘ ʂʉ-25 

ʚ ʨʘʟʣʠʯʥʳʭ ʩʪʨʫʢʪʫʨʥʳʭ ʩʦʩʪʦʷʥʠʷʭ. ʆʙʨʘʟʮʳ ʧʦʩʣʝ ʧʦʣʥʦʛʦ ʦʧʪʠʤʘʣʴʥʦʛʦ ʮʠʢʣʘ ʪʝʨʤʦʦʙʨʘʙʦʪʦʢ, 

ʧʦʟʚʦʣʷʶʱʝʛʦ ʧʦʣʫʯʘʪʴ ʤʘʢʩʠʤʘʣʴʥʳʝ ʩʚʦʡʩʪʚʘ, ʪʝʨʤʦʦʙʨʘʙʘʪʳʚʘʣʠ ʧʦ ʩʣʝʜʫʶʱʠʤ ʜʚʫʤ ʵʪʘʧʘʤ.. 

ʇʝʨʚʳʡ ʵʪʘʧ- ʦʙʨʘʟʮʳ ʦʪʞʠʛʘʣʠ ʚ ʚʘʢʫʫʤʥʦʡ ʧʝʯʠ ʩ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴʶ 30 ʤʠʥʫʪ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 

800 Áʉ. ɼʘʥʥʘʷ ʪʝʨʤʦʦʙʨʘʙʦʪʢʘ ʧʨʠʚʦʜʠʪ ʢ ʫʭʫʜʰʝʥʠʶ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ, ʧʦʵʪʦʤʫ ʥʦʩʠʪ ʥʘʟʚʘʥʠʝ 

çʧʦʨʯʘè. ɺʪʦʨʦʡ ʵʪʘʧ ï çʚʦʩʩʪʘʥʦʚʣʝʥʠʝè - ʥʘʛʨʝʚ ʜʦ 800 Áʉ  ʠ ʜʘʣʴʥʝʡʰʝʝ ʦʭʣʘʞʜʝʥʠʝ ʩ 800 Áʉ ʜʦ 400 Áʉ 

ʚ ʪʝʯʝʥʠʠ 4 ʯʘʩʦʚ. ɼʘʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʦʭʣʘʞʜʝʥʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʝʜʧʨʠʷʪʠʝʤ ɸʆ çʉʧʝʮʤʘʛʥʠʪè ʠ 

ʜʘʥʥʦʝ ʦʭʣʘʞʜʝʥʠʝ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʩʪʴʶ ʟʥʘʯʝʥʠʝ ʢʦʵʨʮʠʪʠʚʥʦʡ ʩʠʣʳ ʧʦ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ iHc.  

ɼʣʷ ʫʪʦʯʥʝʥʠʷ ʢʠʥʝʪʠʢʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʩʚʦʡʩʪʚ ʧʦʩʣʝ ʧʦʨʯʠ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʪʝʨʤʠʯʝʩʢʠʝ 

ʦʙʨʘʙʦʪʢʠ ʩ ʧʝʨʚʦʥʘʯʘʣʴʥʳʤʠ ʠʟʦʪʝʨʤʠʯʝʩʢʠʤʠ ʚʳʜʝʨʞʢʘʤʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 750-400 Áʉ ʠ ʜʘʣʴʥʝʡʰʠʤ 

ʦʭʣʘʞʜʝʥʠʝʤ ʩʦ ʩʢʦʨʦʩʪʴʶ, ʦʧʠʩʳʚʘʝʤʦʡ ʧʦ ʵʢʩʧʦʥʝʥʪʝ, ʚ ʭʦʜʝ ʢʦʪʦʨʦʛʦ ʧʨʦʠʩʭʦʜʠʪ çʚʦʩʩʪʘʥʦʚʣʝʥʠʝè 

ʩʚʦʡʩʪʚ ʜʦ ʫʨʦʚʥʷ, ʩʚʦʡʩʪʚʝʥʥʦʤʫ ʧʝʨʚʦʥʘʯʘʣʴʥʦʤʫ, ʦʧʪʠʤʘʣʴʥʦʤʫ ʚʳʩʦʢʦʢʦʵʨʮʠʪʠʚʥʦʤʫ ʩʦʩʪʦʷʥʠʶ 

ʩʧʣʘʚʘ.  



ʉɽʂʎʀʗ 1 ʄɸɻʅʀʊʅʓɽ ʄɸʊɽʈʀɸʃʓ ʀ ʉʀʉʊɽʄʓ 
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ʄʝʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʡ ʘʥʘʣʠʟ, ʧʨʦʚʝʜʝʥʥʳʡ ʥʘ ʤʠʢʨʦʩʢʦʧʝ ʤʘʨʢʠ Zeiss, ʧʦʢʘʟʘʣ, ʯʪʦ ʤʘʪʝʨʠʘʣ ʚ 

ʦʩʥʦʚʥʦʤ ʦʜʥʦʬʘʟʥʳʡ, ʥʦ ʠʤʝʶʱʠʡ ʥʝʤʝʪʘʣʣʠʯʝʩʢʠʝ ʚʢʣʶʯʝʥʠʷ ʠ ʚʳʢʨʘʰʠʚʘʥʠʷ. ʈʘʟʤʝʨ ʟʝʨʥʘ ʩʦʩʪʘʚʠʣ 

0,13ʤʢʤ.  

ʄʝʪʦʜʦʤ ʂʝʨʨʘ ʧʨʦʚʝʜʝʥʦ ʩʨʘʚʥʠʪʝʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʜʦʤʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʩʧʣʘʚʘ ʧʦʩʣʝ 

ʨʘʟʣʠʯʥʳʭ ʪʝʨʤʠʯʝʩʢʠʭ ʦʙʨʘʙʦʪʦʢ. 

ʉʢʘʥʠʨʫʶʱʘʷ ʵʣʝʢʪʨʦʥʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ ʧʦʢʘʟʘʣʘ, ʯʪʦ ʧʨʠ ʪʦʯʝʯʥʦʤ ʘʥʘʣʠʟʝ ʥʝʤʘʛʥʠʪʥʳʝ 

ʚʢʣʶʯʝʥʠʷ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʦʢʩʠʜ ʩʘʤʘʨʠʷ. 

ʅʘʡʜʝʥ ʦʧʪʠʤʘʣʴʥʳʡ ʠʥʪʝʨʚʘʣ ʪʝʤʧʝʨʘʪʫʨ ʦʪ 800 Áʉ ʜʦ 500 Áʉ ʜʣʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʤʘʛʥʠʪʥʳʭ 

ʩʚʦʡʩʪʚ, ʧʦʟʚʦʣʷʶʱʠʭ ʩʦʢʨʘʪʠʪʴ ʵʥʝʨʛʦʟʘʪʨʘʪʳ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝ. ʊʘʢ ʞʝ ʦʙʨʘʟʮʳ ʧʦʩʣʝ ʷʚʣʝʥʠʷ çʧʦʨʯʠè 

ʠ çʚʦʩʩʪʘʥʦʚʣʝʥʠʷè ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʦʭʣʘʞʜʝʥʠʝʤ ʢʘʢ ʚ ʧʝʯʠ, ʪʘʢ ʠ ʥʘ ʚʦʟʜʫʭʝ ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ 

ʵʬʬʝʢʪʘ çʧʦʨʯʠè ʠ ʜʘʞʝ ʢ ʫʣʫʯʰʝʥʠʶ ʤʘʛʥʠʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʙʨʘʟʮʘʤʠ ʧʨʦʰʝʜʰʠʝ 

ʩʪʘʥʜʘʨʪʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʮʠʢʣ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʢʘʟʘʥʦ, ʯʪʦ ʪʝʨʤʦʦʙʨʘʙʦʪʢʘ çʧʦʨʯʘ-ʚʦʩʩʪʘʥʦʚʣʝʥʠʝè ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ 

ʩʦʩʪʘʚʘ ʬʘʟ ʚ ʩʧʣʘʚʝ ʙʝʟ ʠʟʤʝʥʝʥʠʷ ʤʝʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʩʧʣʘʚʘ. ʀʤʝʥʥʦ ʣʦʢʘʣʴʥʦʝ ʠʟʤʝʥʝʥʠʝ 

ʩʦʩʪʘʚʘ ʬʘʟ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʪʠʤʦʤʫ ʠʟʤʝʥʝʥʠʷ ʤʘʛʥʠʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ.  

ʃʠʪʝʨʘʪʫʨʘ 

ɺʣʠʷʥʠʝ ʨʝʞʠʤʦʚ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʥʘ ʩʪʨʫʢʪʫʨʫ ʠ ʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʩʧʝʯʝʥʥʳʭ 

ʧʦʩʪʦʷʥʥʳʭ ʤʘʛʥʠʪʦʚ ʥʘ ʦʩʥʦʚʝ Sm(Co, Fe, Cu, Zr)z/ʆ.ɸ. ɸʨʠʥʠʯʝʚʘ, ɸ.ʉ. ʃʠʣʝʝʚ, ʄ. ʈʘʡʟʥʝʨ ʠ ʜʨ. // 

ʄʝʪʘʣʣʦʚʝʜʝʥʠʝ ʠ ʪʝʨʤʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʤʝʪʘʣʣʦʚ. ï 2013. ï ˉ 2. 

The microstructure of sintered Sm(Co0,72Fe0,20Cu0,55Zr0,025)7,5 permanent magnet studied by atom 

probe. / Xiong X.Y., Okhubo T., Koyama T. // Acta materialia. ï 2004. ï ˉ 52. 

 

******************************************************************************************  

 

ɼɺʆʁʅʆɽ ʉʇɽʂɸʅʀɽ ɺ ʇʈʆʎɽʉʉɽ ʇʆʃʋʏɽʅʀʗ ʊɽʈʄʆʉʊɸɹʀʃʔʅʓʍ ʇʆʉʊʆʗʅʅʓʍ 

ʄɸɻʅʀʊʆɺ PR-DY-FE-CO-ɺ-CU-AL  

ɹʫʨʭʘʥʦʚ ɻ.ʉ.1, ʉʝʤʝʥʦʚʘ ɽ.ʄ.2,3, ʂʘʨʧʝʥʢʦʚ ɼ.ʖ.2, ɹʫʨʷʢʦʚ ʀ.ʅ.4, ʃʫʢʠʥ ɸ.ɸ.4, ʂʦʣʴʯʫʛʠʥʘ ʅ.ɹ.1, 

ʎʚʠʢ ʗ.5, ʈʦʛʘʮʢʠʡ ʂ.5, ʂʫʨʩʘ ʄ.6, ʉʢʦʪʥʠʮʦʚʘ ʂ.6 

1ʈʦʩʩʠʷ, ʛ. ʄʦʩʢʚʘ, ʀʄɽʊ ʈɸʅ, 2ʈʦʩʩʠʷ, ʛ. ʄʦʩʢʚʘ, ʊʚɻʋ, 3ʈʦʩʩʠʷ, ʛ. ʏʝʣʷʙʠʥʩʢ, ʏʝʣɻʋ, 4ʈʦʩʩʠʷ, ʛ. 

ʄʦʩʢʚʘ, ɸʆ çʉʧʝʮʤʘʛʥʠʪè, 5Poland, Wroclaw, International Laboratory for High Magnetic Fields and Low 

Temperatures, Polish Academy of Sciences, 6Czech Republic, Ostrava-Porubae, Vysoka Skola Banska - 

Technical University of Ostrava, E-mail:katerina.skotnicova@vsb.cz, lukinaalukin@rambler.ru 

 

DOUBLE SINTERING IN MANUFACTURING THERMO STABLE PR-DY-FE-CO-ɺ-CU-AL 

PERMANENT MAGNETS  

Burkhanov G.S., Semenova E.M., Karpenkov D.Yu., Burjakov I.N.4, Lukin A.A., Kolchugina N.B., Cwik 

J., Rogacki K., Kursa M., Skotnicova K. 

 

The use of double sintering and rare-earth metal hydride additions allows us to substantially increase the 

hysteretic parameters of sintered permanent magnets having the composition (wt %): Pr-14.7, Dy-16.9, Co-24.4, 

ɺ-1.2, Al-0.3, Cu-0.15, Fe balance. The following magnetic characteristics were reached: Br = 9.5 kG, jHc =20.5 

kOe, Hk =17.2 kOe, BHmax = 22 MGĿOe, temperature coefficient of induction |Ŭ| < 0.01 (ʊ=-60-+1000ʉ). The 

found weak dependence of structure-sensitive parameters, such as jHc and Hk on the cooling rate from the low-

temperature heat-treatment temperature (5000ʉ) is discussed in connection with the invar and magnetostrictive 

behavior of the principal magnetic phase (Pr,Dy)2(Fe, Co)14B at temperatures below the Curie temperature. 

 

ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʚʳʩʦʢʦʢʦʵʨʮʠʪʠʚʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚ ʤʘʛʥʠʪʘʭ ʪʠʧʘ Nd-Fe-B ʚʘʞʥʳ ʩʣʝʜʫʶʱʠʝ ʪʨʠ 

ʵʪʘʧʘ: (1) ʬʦʨʤʠʨʦʚʘʥʠʝ ʵʪʦʛʦ ʩʦʩʪʦʷʥʠʷ ʧʫʪʝʤ ʩʧʝʢʘʥʠʷ ʠ ʅʊʆ (ʧʨʠ 500-600̄ ʉ), (2) ʝʛʦ ʬʠʢʩʘʮʠʷ ʧʦʩʣʝ 

ʅʊʆ (ʦʙʳʯʥʦ ʧʫʪʝʤ ʟʘʢʘʣʢʠ: 10-1000ʉ/ʩʝʢ) ʠ (3) ʩʦʭʨʘʥʝʥʠʝ ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ. 

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʦʩʦʙʝʥʥʦʩʪʝʡ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚʳʩʦʢʦʢʦʵʨʮʠʪʠʚʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʩʧʝʯʝʥʥʳʭ ʤʘʛʥʠʪʦʚ Pr-Dy-Fe-Co-Al -Cu-B ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʚʦʡʥʦʛʦ ʩʧʝʢʘʥʠʷ [1] ʠ 

ʨʘʟʣʠʯʥʳʭ ʩʢʦʨʦʩʪʝʡ ʦʭʣʘʞʜʝʥʠʷ (ʦʪ 1000ʉ/ʩ ʜʦ 250ʉ/ʯ) ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʦʙʨʘʙʦʪʢʠ. 

ɺʳʧʣʘʚʢʘ ʠʩʭʦʜʥʳʭ ʩʧʣʘʚʦʚ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʚ ʚʘʢʫʫʤʥʦʡ ʠʥʜʫʢʮʠʦʥʥʦʡ ʧʝʯʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʯʠʩʪʳʭ ʰʠʭʪʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ {R (Pr, Dy) - 99,8 ʤʘʩʩ.%, Fe - ʘʨʤʢʦ, ʉʦ ï ʂ-0, Al ʠ Cu - 99,99 ʤʘʩʩ.%, ʙʦʨ 

mailto:lukinaalukin@rambler.ru


3 - 7 ʦʢʪʷʙʨʷ 2016, ʛ. ʉʫʟʜʘʣʴ   

19 
 
 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ ʯʠʩʪʦʪʦʡ ʥʝ ʤʝʥʝʝ 99 ʤʘʩʩ. %} ʚ ʩʨʝʜʝ ʦʩʦʙʦʯʠʩʪʦʛʦ ʘʨʛʦʥʘ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʨʘʟʣʠʚʢʦʡ 

ʚ ʤʝʜʥʫʶ ʱʝʣʝʚʫʶ (20 ʤʤ) ʚʦʜʦʦʭʣʘʞʜʘʝʤʫʶ ʠʟʣʦʞʥʠʮʫ. ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʩʧʣʘʚʘ ʧʦ ʰʠʭʪʝ (ʤʘʩʩ. %): 

Pr-14,7, Dy-16,9, Co-24,4, ɺ-1.2, Al -0.3, Cu-0,15, Fe-42,35. ʇʦʩʣʝ ʧʨʝʩʩʦʚʘʥʠʷ ʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʩʧʝʢʘʥʠʷ 

ʧʨʠ 10600ʉ (2 ʯʘʩʘ) ʩʧʝʯʝʥʥʘʷ ʟʘʛʦʪʦʚʢʘ ʧʦʚʪʦʨʥʦ ʧʦʜʚʝʨʛʘʣʘʩʴ ʛʠʜʨʠʜʥʦʤʫ ʜʠʩʧʝʨʛʠʨʦʚʘʥʠʶ ʩ 

ʧʦʩʣʝʜʫʶʱʠʤ ʩʦʚʤʝʩʪʥʳʤ ʪʦʥʢʠʤ ʨʘʟʤʦʣʦʤ ʩ ʜʦʙʘʚʢʦʡ PrH2 (2 ʤʘʩʩ.%). ʇʦʩʣʝ ʧʨʝʩʩʦʚʘʥʠʷ ʚ 

ʧʦʧʝʨʝʯʥʦʤ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʠ ʩʧʝʢʘʥʠʷ ʧʨʠ 11000ʉ (2 ʯ) ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʪʝʨʤʦʦʙʨʘʙʦʪʢʦʡ ʚ ʚʘʢʫʫʤʝ: 

9000ʉ, 2 ʯ ʠ ʤʝʜʣʝʥʥʳʤ ʦʭʣʘʞʜʝʥʠʝʤ ʜʦ 5000ʉ ʠ ʚʳʜʝʨʞʢʦʡ ʧʨʠ ʵʪʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 1 ʯʘʩ (ʤʘʛʥʠʪ ʇʄ1) ʠ 

20 ʯ (ʤʘʛʥʠʪ ʇʄ2). ʆʭʣʘʞʜʝʥʠʝ ʜʦ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʦʩʫʱʝʩʪʚʣʷʣʠ ʚʤʝʩʪʝ ʩ ʧʝʯʴʶ (2 ʯ) ʠʣʠ ʧʫʪʝʤ 

ʟʘʢʘʣʢʠ (ʥʝ ʙʦʣʝʝ 1 ʤʠʥ). ʂʦʥʪʨʦʣʴʥʳʝ ʤʘʛʥʠʪʳ ʪʦʛʦ ʞʝ ʩʦʩʪʘʚʘ ʙʳʣʠ ʠʟʛʦʪʦʚʣʝʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʦʜʥʦʢʨʘʪʥʦʛʦ ʩʧʝʢʘʥʠʷ. 

ʄʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ (Br, jHc, Hk, BHmax, Ŭ) ʤʘʛʥʠʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʚʦʡʥʦʛʦ 

ʩʧʝʢʘʥʠʷ, ʠ ʢʦʥʪʨʦʣʴʥʦʛʦ ʤʘʛʥʠʪʘ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ. 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʇʄ1 (1 ʯ) ʇʄ2 (20 ʯ) 

ʇʄ 

(ʦʜʥʦʢʨʘʪʥʦʝ 

ʩʧʝʢʘʥʠʝ) 

Br, ʢɻ 9.5 9.5 9.0 

jHc, ʢʕ 10.0 20.0 20.1 

Hk, ʢʕ 7.2 17.0 16.2 

(BH)max, ʄɻ ʕ 21 22 19.2 

|a| (ʊ=-60-

+1000ʉ) 
<0.01 %/0ʉ <0.01 %/0ʉ <0.01 %/0ʉ 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʛʠʩʪʝʨʝʟʠʩʥʳʭ ʩʚʦʡʩʪʚ ʤʘʛʥʠʪʦʚ ʧʦʩʣʝ ʜʚʦʡʥʦʛʦ ʩʧʝʢʘʥʠʷ ʦʪ ʩʢʦʨʦʩʪʠ 

ʠʭ ʦʭʣʘʞʜʝʥʠʷ ʧʦʩʣʝ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʦʙʨʘʙʦʪʢʠ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʚ ʰʠʨʦʢʦʤ ʠʥʪʝʨʚʘʣʝ ʩʢʦʨʦʩʪʝʡ 

ʦʭʣʘʞʜʝʥʠʷ ʪʘʢʦʡ ʧʘʨʘʤʝʪʨ, ʢʘʢ jHc, ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʟʤʝʥʷʝʪʩʷ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʦʜʠʥʘʢʦʚʳʝ 

ʧʘʨʘʤʝʪʨʳ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʢʨʫʧʥʦʛʘʙʘʨʠʪʥʳʤ ʤʘʛʥʠʪʘʤ ʠ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʘʩʩʠʚʥʳʭ ʩʘʜʦʢ 

ʤʘʛʥʠʪʦʚ ʧʨʠ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʦʙʨʘʙʦʪʢʝ, ʢʦʛʜʘ ʩʣʦʞʥʦ ʦʙʝʩʧʝʯʠʪʴ ʚʳʩʦʢʫʶ ʩʢʦʨʦʩʪʴ ʦʭʣʘʞʜʝʥʠʷ. 

ʅʘ ʨʠʩ. ʧʨʝʜʩʪʘʚʣʝʥʘ ʜʦʤʝʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʥʘ ʧʦʣʶʩʥʦʡ (ʙʘʟʠʩʥʦʡ) ʧʦʚʝʨʭʥʦʩʪʠ ʤʘʛʥʠʪʘ ʪʠʧʘ ʇʄ2 

(ʤʘʛʥʠʪʥʘʷ ʩʠʣʦʚʘʷ ʤʠʢʨʦʩʢʦʧʠʷ). ʍʘʨʘʢʪʝʨ ʜʦʤʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʷʚʣʷʝʪʩʷ ʪʠʧʠʯʥʳʤ ʜʣʷ 

ʙʝʟʛʠʩʪʝʨʝʟʠʩʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʠ ʫʢʘʟʳʚʘʝʪ ʥʘ ʭʦʨʦʰʫʶ ʪʝʢʩʪʫʨʫ ʤʘʛʥʠʪʦʚ. 

 
ʈʠʩ. ɼʦʤʝʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʥʘ ʧʦʣʶʩʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʤʘʛʥʠʪʘ ʇʄ2 

ɺʣʠʷʥʠʝ ʦʩʥʦʚʥʦʡ ʤʘʛʥʠʪʥʦʡ ʬʘʟʳ, ʩʦʜʝʨʞʘʱʝʡ ʢʦʙʘʣʴʪ, ʥʘ ʤʝʞʟʝʨʝʥʥʫʶ ʬʘʟʫ ʚ ʧʨʦʮʝʩʩʝ 

ʦʭʣʘʞʜʝʥʠʷ ʤʘʛʥʠʪʘ ʫʤʝʥʴʰʘʝʪʩʷ ʟʘ ʩʯʝʪ ʫʚʝʣʠʯʝʥʠʷ ʞʝʩʪʢʦʩʪʠ ʨʝʰʝʪʢʠ ʬʘʟʳ 2-14-1, ʩʦʜʝʨʞʘʱʝʡ 

ʢʦʙʘʣʴʪ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʥʝʟʘʚʠʩʠʤʦʩʪʠ ʢʦʵʨʮʠʪʠʚʥʦʡ ʩʠʣʳ ʦʪ ʩʢʦʨʦʩʪʠ ʦʭʣʘʞʜʝʥʠʝ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʅʊʆ 

(ʜʣʷ ʦʙʳʯʥʳʭ ʩʧʣʘʚʦʚ ʢʦʵʨʮʠʪʠʚʥʘʷ ʩʠʣʘ ʩʥʠʞʘʝʪʩʷ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʝʜʣʝʥʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ). 

ʆʙʥʘʨʫʞʝʥʥʘʷ ʩʣʘʙʘʷ ʟʘʚʠʩʠʤʦʩʪʴ (ʠʣʠ ʜʘʞʝ ʝʝ ʦʪʩʫʪʩʪʚʠʝ) ʪʘʢʠʭ ʩʪʨʫʢʪʫʨʥʦ ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ, ʢʘʢ jHc ʠ Hk, ʦʪ ʩʢʦʨʦʩʪʠ ʦʭʣʘʞʜʝʥʠʷ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʦʙʨʘʙʦʪʢʠ ʜʣʷ 



ʉɽʂʎʀʗ 1 ʄɸɻʅʀʊʅʓɽ ʄɸʊɽʈʀɸʃʓ ʀ ʉʀʉʊɽʄʓ 

20 
 
 

ʤʘʛʥʠʪʦʚ ʩ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʢʦʙʘʣʴʪʘ ʩʚʷʟʳʚʘʝʪʩʷ ʩ ʦʪʩʫʪʩʪʚʠʝʤ ʠʥʚʘʨʥʦʛʦ ʵʬʬʝʢʪʘ ʜʣʷ ʦʩʥʦʚʥʦʡ 

ʤʘʛʥʠʪʥʦʡ ʬʘʟʳ (Pr, Dy)2(Fe, Co)14B ʧʨʠ ʠʩʧʦʣʴʟʫʝʤʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʦʙʨʘʙʦʪʢʠ 

(ʥʠʞʝ ʪʝʤʧʝʨʘʪʫʨʳ ʂʶʨʠ). 
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ɺʓɹʆʈ ʈɽɾʀʄʆɺ ʊɽʈʄʀʏɽʉʂʆʁ ʆɹʈɸɹʆʊʂʀ ɼʃʗ ʇʆʃʋʏɽʅʀʗ ɺʓʉʆʂʀʍ 

ʄɸɻʅʀʊʆʄʗɻʂʀʍ ʉɺʆʁʉʊɺ ɸʄʆʈʌʅʓʍ ʉʇʃɸɺʆɺ ʅɸ ʆʉʅʆɺɽ ʂʆɹɸʃʔʊɸ, 

ʇʈʀʄɽʅʗɽʄʓʍ ɼʃʗ ʄɸɻʅʀʊʅʆɻʆ ʕʂʈɸʅʀʈʆɺɸʅʀʗ 
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HEAT TREATMENT SELEC TION TO OBTAIN HIGH MAGNETIC PROPERTIES OF CO-BASED 

AMORPHOUS ALLOYS FOR MAGNETIC S HIELDING  

Mazeeva A.K., Kuznetsov P.A. 

 
In this paper we investigated into amorphous Co-Ni-Fe-Cr-Si-B and Fe-Cu-Nb-Si-B alloys that are the most 

prospective materials for magnetic shielding. The paper shows the opportunity for significant increase of alloysô 

magnetic properties by means of different heat treatments. This research allowed to obtain materials with 

appropriate properties level, the static maximal permeability was no less than 600 000. Such significant results 

were also obtained for the alloys with low Ni content and low initial magnetic properties that allowed to increase 

efficient use of the materials. 

 

ɸʤʦʨʬʥʳʝ ʤʘʛʥʠʪʦʤʷʛʢʠʝ ʩʧʣʘʚʳ ʥʘ ʦʩʥʦʚʝ ʢʦʙʘʣʴʪʘ ʫʞʝ ʟʘʨʝʢʦʤʝʥʜʦʚʘʣʠ ʩʝʙʷ ʢʘʢ ʭʦʨʦʰʠʡ 

ʠʩʭʦʜʥʳʡ ʤʘʪʝʨʠʘʣ ʜʣʷ ʩʦʟʜʘʥʠʷ ʵʬʬʝʢʪʠʚʥʳʭ ʟʘʱʠʪʥʳʭ ʵʢʨʘʥʦʚ ʦʪ ʧʦʩʪʦʷʥʥʳʭ ʠ ʧʝʨʝʤʝʥʥʳʭ ʧʦʣʝʡ 

ʧʨʦʤʳʰʣʝʥʥʦʡ ʯʘʩʪʦʪʳ ʙʣʘʛʦʜʘʨʷ ʧʦʚʳʰʝʥʥʳʤ ʤʘʛʥʠʪʥʳʤ ʩʚʦʡʩʪʚʘʤ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʤʠ ʘʥʘʣʦʛʘʤʠ.  

ʅʘʠʙʦʣʝʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʤ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠ ʚʳʛʦʜʥʳʤ ʩʧʦʩʦʙʦʤ ʧʦʣʫʯʝʥʠʷ ʧʨʦʤʳʰʣʝʥʥʳʭ 

ʦʙʲʸʤʦʚ ʘʤʦʨʬʥʳʭ ʤʘʛʥʠʪʦʤʷʛʢʠʭ ʩʧʣʘʚʦʚ ʷʚʣʷʝʪʩʷ ʩʧʠʥʥʠʥʛʦʚʘʥʠʝ ʠʟ ʨʘʩʧʣʘʚʘ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ 

ʧʦʣʫʯʘʝʪʩʷ ʣʝʥʪʘ ʪʦʣʱʠʥʦʡ ʜʦ 30 ʤʢʤ, ʢʦʪʦʨʘʷ ʥʝ ʫʩʧʝʚʘʝʪ ʟʘʢʨʠʩʪʘʣʣʠʟʦʚʘʪʴʩʷ ʙʣʘʛʦʜʘʨʷ ʩʚʝʨʭʚʳʩʦʢʠʤ 

ʩʢʦʨʦʩʪʷʤ ʦʭʣʘʞʜʝʥʠʷ. ʇʦʩʣʝʜʫʶʱʘʷ ʪʝʨʤʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʧʨʠʚʦʜʠʪ ʢ ʩʥʷʪʠʶ ʚʳʩʦʢʠʭ ʟʘʢʘʣʦʯʥʳʭ 

ʥʘʧʨʷʞʝʥʠʡ, ʚʦʟʥʠʢʘʶʱʠʭ ʚ ʨʝʟʫʣʴʪʘʪʝ ʪʘʢʠʭ ʩʢʦʨʦʩʪʝʡ ʦʭʣʘʞʜʝʥʠʷ, ʠ ʨʝʣʘʢʩʘʮʠʠ ʘʤʦʨʬʥʦʡ ʩʪʨʫʢʪʫʨʳ, 

ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʥʘ ʧʦʨʷʜʦʢ ʧʦʚʳʩʠʪʴ ʤʘʛʥʠʪʥʫʶ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʘʤʦʨʬʥʦʡ ʣʝʥʪʳ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʵʢʨʘʥʦʚ 

ʥʘ ʝʸ ʦʩʥʦʚʝ. 

ʆʜʥʘʢʦ ʧʨʠ ʧʦʣʫʯʝʥʠʠ ʣʝʥʪʳ ʤʦʛʫʪ ʚʦʟʥʠʢʘʪʴ ʨʘʟʣʠʯʥʳʝ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʧʦ ʩʦʩʪʘʚʫ ʠ ʩʪʨʫʢʪʫʨʝ 

ʠʟ-ʟʘ ʨʘʟʣʠʯʥʳʭ ʠʟʤʝʥʝʥʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʧʦʣʫʯʝʥʠʷ ʛʦʜʥʦʛʦ ʢ ʜʘʣʴʥʝʡʰʝʤʫ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʤʘʪʝʨʠʘʣʘ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʘʤʦʨʬʥʳʝ ʩʧʣʘʚʳ ʩʠʩʪʝʤʳ Co-Ni-Fe-Cr-Si-B ʠ ʚʦʟʤʦʞʥʦʩʪʴ 

ʫʤʝʥʴʰʝʥʠʷ ʠʭ ʙʨʘʢʘ ʧʦ ʭʠʤʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ ʠ ʤʘʛʥʠʪʥʳʤ ʩʚʦʡʩʪʚʘʤ ʧʫʪʸʤ ʦʧʨʝʜʝʣʝʥʠʷ ʨʝʞʠʤʘ 

ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʠʩʭʦʜʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʧʦ ʦʙʲʸʤʫ ʣʝʥʪʳ. 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʢʘʢ ʩʦʚʦʢʫʧʥʦʩʪʴ ʚʝʢʪʦʨʦʚ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ, 

ʥʘʧʨʘʚʣʝʥʥʳʭ ʚʜʦʣʴ ʦʩʠ ʣʝʥʪʳ V180, ʧʦʧʝʨʸʢ ʦʩʠ ʣʝʥʪʳ V90 ʠ ʚʜʦʣʴ ʪʦʣʱʠʥʳ ʣʝʥʪʳ Vʦʨʪ. ʆʙʲʸʤʥʳʝ 

ʜʦʣʠ ʵʪʠʭ ʧʨʦʝʢʮʠʡ ʤʦʞʥʦ ʥʘʡʪʠ, ʧʦ ʤʝʪʦʜʠʢʝ [1]. 
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ʀʩʩʣʝʜʫʝʤʳʝ ʩʧʣʘʚʳ ʥʘ ʦʩʥʦʚʝ ʢʦʙʘʣʴʪʘ ʦʙʣʘʜʘʶʪ ʙʣʠʟʢʦʡ ʢ ʥʫʣʶ ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʝʡ ʥʘʩʳʱʝʥʠʷ, 

ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʤʘʛʥʠʪʥʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ 

ʩʧʣʘʚʘʤʠ ʥʘ ʦʩʥʦʚʝ ʞʝʣʝʟʘ ʩ ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʝʡ ʥʘ ʧʦʨʷʜʦʢ ʚʳʰʝ. ɺ ʩʣʫʯʘʝ ʙʣʠʟʢʦʡ ʢ ʥʫʣʶ 

ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʠ ʦʩʥʦʚʥʫʶ ʨʦʣʴ ʧʨʠ ʥʘʤʘʛʥʠʯʠʚʘʥʠʠ ʠʛʨʘʝʪ ʘʥʠʟʦʪʨʦʧʠʷ ʬʦʨʤʳ, ʠ ʥʘʠʙʦʣʴʰʠʝ 

ʟʥʘʯʝʥʠʷ ʧʦʢʘʟʳʚʘʝʪ V180. ʇʨʠ ʥʘʣʠʯʠʠ ʜʦʤʝʥʦʚ ʩ ʦʨʪʦʛʦʥʘʣʴʥʦʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴʶ Vʦʨʪ ʤʦʞʥʦ 

ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʚ ʣʝʥʪʝ ʧʨʠʩʫʪʩʪʚʫʶʪ ʦʩʪʘʪʦʯʥʳʝ ʚʥʫʪʨʝʥʥʠʝ ʥʘʧʨʷʞʝʥʠʷ, ʧʨʝʧʷʪʩʪʚʫʶʱʠʝ 

ʧʝʨʝʦʨʠʝʥʪʘʮʠʠ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʚʜʦʣʴ ʦʩʠ ʣʝʥʪʳ ʢʘʢ ʥʘʠʙʦʣʝʝ ʣʸʛʢʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ. 

ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʯʝʤ ʙʦʣʴʰʝ Vʦʨʪ, ʪʝʤ ʚʳʰʝ ʫʨʦʚʝʥʴ ʥʘʧʨʷʞʝʥʠʡ ʠ ʪʝʤ ʙʦʣʴʰʝʝ ʚʨʝʤʷ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ 

ʪʨʝʙʫʝʪʩʷ ʜʣʷ ʠʭ ʩʥʷʪʠʷ. 

ɺ ʨʘʙʦʪʝ ʙʳʣʘ ʧʨʠʤʝʥʝʥʘ ʩʣʝʜʫʶʱʘʷ ʤʝʪʦʜʠʢʘ ʨʘʩʯʸʪʘ ʚʨʝʤʝʥʠ ʦʧʪʠʤʘʣʴʥʦʡ ʠʟʦʪʝʨʤʠʯʝʩʢʦʡ 

ʚʳʜʝʨʞʢʠ [2]/ 

tʦʧʪ = (Vʦʨʪ/Ŭ)3, 

ʛʜʝ Ŭ ï ʢʦʵʬʬʠʮʠʝʥʪ, ʩʚʷʟʘʥʥʳʡ ʩ ʘʢʪʠʚʥʦʩʪʴʶ ʜʠʬʬʫʟʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʨʘʩʩʯʠʪʳʚʘʝʤʳʡ 

ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ:: 

Ŭ=1290,2ʭ3-2903ʭ2+2177,7ʭ-544,51, 

ʛʜʝ x= ʊʪʦ/ʊʢʨ, 

ʛʜʝ Tʪʦ ï ʪʝʤʧʝʨʘʪʫʨʘ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ, 

       Tʢʨ ï ʪʝʤʧʝʨʘʪʫʨʘ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ. 

ʇʦʜʦʙʥʘʷ ʤʝʪʦʜʠʢʘ ʧʦʟʚʦʣʠʣʘ ʜʦʙʠʪʴʩʷ ʢʦʥʢʫʨʝʥʪʥʦ ʩʧʦʩʦʙʥʳʭ ʩʚʦʡʩʪʚ ʜʣʷ ʧʘʨʪʠʡ ʩʧʣʘʚʘ, 

ʦʙʝʜʥʸʥʥʦʛʦ ʥʠʢʝʣʝʤ ʠ ʩ ʥʠʟʢʠʤ ʫʨʦʚʥʝʤ ʠʩʭʦʜʥʳʭ ʩʚʦʡʩʪʚ, ʥʝ ʧʦʟʚʦʣʷʚʰʠʭ ʨʘʥʝʝ ʧʦʣʫʯʘʪʴ ʪʨʝʙʫʝʤʳʡ 

ʫʨʦʚʝʥʴ ʩʚʦʡʩʪʚ ʧʦʩʣʝ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʜʣʷ ʦʙʦʠʭ ʩʣʫʯʘʝʚ ʤʘʛʥʠʪʥʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ 

ʧʦʩʣʝ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ ʩʦʩʪʘʚʣʷʣʘ 600 000 ʠ ʚʳʰʝ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʳʤ ʥʘʫʯʥʳʤ ʠ ʧʨʘʢʪʠʯʝʩʢʠʤ 

ʨʝʟʫʣʴʪʘʪʦʤ ʠ ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʙʨʘʢʘ ʧʦ ʚʭʦʜʥʦʤʫ ʢʦʥʪʨʦʣʶ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʠ 

ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ ʘʤʦʨʬʥʳʭ ʩʧʣʘʚʦʚ ʥʘ ʦʩʥʦʚʝ ʢʦʙʘʣʴʪʘ. 

ɺ ʨʘʙʦʪʝ ʪʘʢʞʝ ʦʙʥʘʨʫʞʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʟʥʘʢʘ ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʠ ʦʪ ʨʝʞʠʤʦʚ ʪʝʨʤʠʯʝʩʢʦʡ 

ʦʙʨʘʙʦʪʢʠ, ʧʨʠʚʦʜʷʱʠʭ ʢ ʨʘʟʣʠʯʥʳʤ ʩʪʨʫʢʪʫʨʥʳʤ ʩʦʩʪʦʷʥʠʷʤ. ʇʨʝʜʣʦʞʝʥ ʤʝʪʦʜ ʦʧʨʝʜʝʣʝʥʠʷ ʟʥʘʢʘ 

ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʠ ʧʦʩʨʝʜʩʪʚʦʤ ʚʦʟʜʝʡʩʪʚʠʷ ʚʦʜʷʥʦʛʦ ʧʘʨʘ ʘʪʤʦʩʬʝʨʥʦʛʦ ʜʘʚʣʝʥʠʷ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ ʚ ʟʦʥʝ 

ʚʦʟʜʝʡʩʪʚʠʷ 95 Áʉ [3]. ʇʨʠ ʵʪʦʤ ʟʘ ʩʯʸʪ ʭʠʤʠʯʝʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚ ʧʦʚʝʨʭʥʦʩʪʴ ʣʝʥʪʳ ʚʥʝʜʨʷʶʪʩʷ 

ʘʪʦʤʳ ʚʦʜʦʨʦʜʘ ʠ ʢʠʩʣʦʨʦʜʘ, ʠʥʜʫʮʠʨʫʷ ʥʘʧʨʷʞʝʥʠʷ ʚ ʧʣʦʩʢʦʩʪʠ ʣʝʥʪʳ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʥʘʚʝʜʝʥʠʷ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʨʘʩʪʷʛʠʚʘʶʱʠʭ ʥʘʧʨʷʞʝʥʠʡ ʚ ʧʣʦʩʢʦʩʪʠ ʣʝʥʪʳ ʧʨʠ ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʠ 

ʯʘʩʪʴ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʧʝʨʝʦʨʠʝʥʪʠʨʫʝʪʩʷ ʠʟ ʦʨʪʦʛʦʥʘʣʴʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʚ ʧʣʦʩʢʦʩʪʴ ʣʝʥʪʳ, ʧʨʠ ʵʪʦʤ 

ʫʤʝʥʴʰʘʝʪʩʷ Vʦʨʪ. ɺ ʩʣʫʯʘʝ ʩ ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʝʡ ʧʨʠ ʪʦʤ ʞʝ ʚʦʟʜʝʡʩʪʚʠʠ ʚʦʜʷʥʦʛʦ ʧʘʨʘ 

ʧʨʦʠʩʭʦʜʠʪ ʫʚʝʣʠʯʝʥʠʝ Vʦʨʪ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʧʦʢʘʟʳʚʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʚʳʩʦʢʠʭ ʟʥʘʯʝʥʠʡ 

ʤʘʛʥʠʪʥʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʘʤʦʨʬʥʳʭ ʩʧʣʘʚʦʚ ʥʘ ʦʩʥʦʚʝ ʢʦʙʘʣʴʪʘ ʧʦʩʨʝʜʩʪʚʦʤ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʩ 

ʨʘʩʩʯʠʪʘʥʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ. ʇʨʠ ʵʪʦʤ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʦʜʠʪʴ ʚʭʦʜʥʦʡ ʢʦʥʪʨʦʣʴ ʧʦ ʭʠʤʠʯʝʩʢʦʤʫ 

ʩʦʩʪʘʚʫ, ʤʘʛʥʠʪʥʳʤ ʩʚʦʡʩʪʚʘʤ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ. 

ɹʣʘʛʦʜʘʨʷ ʦʧʪʠʤʠʟʘʮʠʠ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʙʳʣʠ ʜʦʩʪʠʛʥʫʪʳ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʤʘʛʥʠʪʥʦʡ 

ʧʨʦʥʠʮʘʝʤʦʩʪʠ, ʧʦʨʷʜʢʘ 600 000, ʜʣʷ ʩʧʣʘʚʦʚ ʥʘ ʦʩʥʦʚʝ ʢʦʙʘʣʴʪʘ ʩ ʨʘʟʣʠʯʥʳʤ ʠʩʭʦʜʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʠ ʩ ʥʠʟʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʥʠʢʝʣʷ. 
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MICROSTRUCTRE AND MA GNETIC PROPERTIES OF THE AS-CAST ND-FE ALLOY IN THE  

550 - 5 K TEMPERATURE RANGE  

V.P. Menushenkov, I.V . Shchetinin, M.V. Gorshenkov, A.G. Savchenko 

 

Detailed studies of the microstructure, phase composition and magnetic properties of the as-cast FexNd100-

x (x = 14,28,38,50) alloys in the 500 ï 5 K range are reported. Transmission electron microscopic investigations 

have revealed that the grains of the crystalline Nd coexists with an amorphous-like regions which demonstrate 

nanocrystals of the unknown phase embedded in amorphous matrix. Four ferromagnetic phases with ordering 

temperatures at about 7, 37, 48 and 550 K which are detected from temperature dependence of magnetization. 

These magnetic transitions are related to the ferromagnetic-paramagnetic transition of the Nd (dhcp-fcc), Nd-rich 

nanocrystals and Nd-Fe matrix regions. At temperatures below 100 K, the magnetization of the Nd-Fe alloys does 

not saturate in highest magnetization ýeld 90 kOe. The correlations between the microstructure and coercivity of 

the as-cast Nd-Fe alloys are discussed.  

ʈʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʣʠʪʳʝ ʟʘʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʝ ʩʧʣʘʚʳ FexNd100-x (x = 14, 28) 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʦʡ, ʩʦʩʪʦʷʱʝʡ ʠʟ Nd (P63/mmc, a=0.3656 nm ʠ c=1.1792 nm) ʠ 

ʥʝʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʬʘʟ NdH2 ʠ Nd(ʆH)3, ʘ ʚ ʜʦʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʭ ʩʧʣʘʚʘʭ FexNd100-x (x = 38, 50), 

ʢʨʦʤʝ ʪʦʛʦ, ʧʨʠʩʫʪʩʪʚʫʝʪ ʜʦ 60 % ʬʘʟʳ Nd2Fe17. ʉʦʛʣʘʩʥʦ ʨʝʟʫʣʴʪʘʪʘʤ ʇʕʄ ʚ ʩʧʣʘʚʘʭ x = 14, 28 

ʧʨʠʩʫʪʩʪʚʫʶʪ ʵʚʪʝʢʪʠʯʝʩʢʠʝ ʦʙʣʘʩʪʠ, ʩʦʩʪʦʷʱʠʝ ʠʟ ʟʝʨʝʥ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ Nd ʠ ʘʤʦʨʬʦʧʦʜʦʙʥʦʡ 

ʤʝʞʟʝʨʝʥʥʦʡ ʬʘʟʳ, ʩʦʜʝʨʞʘʱʝʡ ʥʘʥʦʢʨʠʩʪʘʣʣʠʪʳ, ʜʠʬʨʘʢʮʠʦʥʥʘʷ ʢʘʨʪʠʥʘ ʢʦʪʦʨʳʭ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ɻʎʂ 

ʩʪʨʫʢʪʫʨʝ (ʘ = 0,55 ʥʤ). ɺ ʩʧʣʘʚʘʭ FexNd100-x (x = 38, 50) ʧʨʠʩʫʪʩʪʚʫʶʪ ʧʝʨʚʠʯʥʳʝ ʚʳʜʝʣʝʥʠʷ ʬʘʟʳ Nd2Fe17 

ʧʣʘʩʪʠʥʯʘʪʦʡ ʬʦʨʤʳ.  

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʬʦʨʤʘ ʧʝʪʝʣʴ ʛʠʩʪʝʨʝʟʠʩʘ ʟʘʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʭ (x = 14, 28) ʠ 

ʜʦʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʭ (ʭ = 32, 50) ʩʧʣʘʚʦʚ ʟʘʤʝʪʥʦ ʦʪʣʠʯʘʶʪʩʷ. ʇʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʩʧʣʘʚʳ x = 

14, 28 ʠʤʝʶʪ ʚʳʩʦʢʫʶ ʢʦʵʨʮʠʪʠʚʥʫʶ ʩʠʣʫ Hci = 4,7 ʠ 4,3 ʢʕ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʘ ʜʦʩʪʝʭʠʦʤʝʨʠʯʝʩʢʠʝ 

ʩʧʣʘʚʳ (ʭ = 38, 50) ʥʠʟʢʫʶ Hci = 1,2 ʠ 0,1 ʢʕ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʨʠ ʧʦʥʠʞʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʦʪ 300 ʂ ʜʦ 

100 ʂ ʦʩʪʘʪʦʯʥʘʷ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ ʩʧʣʘʚʦʚ x = 14, 28 ʥʝ ʤʝʥʷʝʪʩʷ, ʘ ʢʦʵʨʮʠʪʠʚʥʘʷ ʩʠʣʘ ʥʝʧʨʝʨʳʚʥʦ ʨʘʩʪʝʪ 

ʜʦ 28 ʢʕ (ʭ = 14) ʠ 37 ʢʕ (ʭ = 28) ʧʨʠ ʠʟʤʝʨʝʥʠʷʭ ʚ ʥʘʤʘʛʥʠʯʠʚʘʶʱʝʤ ʧʦʣʝ 50 ʢʕ. ʋ ʩʧʣʘʚʦʚ x = 38, 50 

ʧʨʠ ʧʦʥʠʞʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʦʪ 300 ʂ ʜʦ 100 ʂ ʢʦʵʨʮʠʪʠʚʥʘʷ ʩʠʣʘ ʥʝ ʤʝʥʷʝʪʩʷ, ʘ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ ʨʘʩʪʝʪ, 

ʙʣʘʛʦʜʘʨʷ ʯʝʤʫ ʧʝʪʣʷ ʛʠʩʪʝʨʝʟʠʩʘ ʧʨʠʦʙʨʝʪʘʝʪ ʧʝʨʝʪʷʥʫʪʫʶ ʬʦʨʤʫ. ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʥʠʞʝ 100 ʂ 

ʫʚʝʣʠʯʝʥʠʝ ʥʘʤʘʛʥʠʯʠʚʘʶʱʝʛʦ ʧʦʣʷ ʧʨʠʚʦʜʠʪ ʢ ʨʝʟʢʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ (ʚ 3 - 4 ʨʘʟʘ) ʫ 

ʦʙʦʠʭ ʪʠʧʦʚ ʩʧʣʘʚʦʚ.  

ʊʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʄ(ʊ), ʩʥʷʪʳʝ ʚ ʧʦʣʝ ʅ = 0,5 ʢʕ ʧʨʠ ʥʘʛʨʝʚʝ ʦʙʨʘʟʮʦʚ 

FexNd100-x, ʢʦʪʦʨʳʝ ʙʳʣʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʦʭʣʘʞʜʝʥʳ ʜʦ 4 ʂ ʙʝʟ ʧʦʣʷ (ñZFCò ʢʨʠʚʳʝ) ʠ ʚ ʧʦʣʝ ʅ = 0,5 ʢʕ 

(ñFCò ʢʨʠʚʳʝ), ʫʢʘʟʳʚʘʶʪ ʥʘ ʯʝʪʳʨʝ ʤʘʛʥʠʪʥʳʭ ʧʨʝʚʨʘʱʝʥʠʷ. ʇʨʝʚʨʘʱʝʥʠʝ ʧʨʠ ~ 7 ʂ ʩʚʷʟʘʥʦ, ʧʦ-

ʚʠʜʠʤʦʤʫ, ʩʦ ʩʪʨʫʢʪʫʨʥʳʤ ʧʝʨʝʭʦʜʦʤ Nd (ɻʎʂ - ɻʇʋ). ʄʘʛʥʠʪʥʳʝ ʧʨʝʚʨʘʱʝʥʠʷ ʧʨʠ 37 ʂ ʠ 48 ʂ ʤʦʛʫʪ 

ʙʳʪʴ ʦʙʫʩʣʦʚʣʝʥʳ ʬʝʨʨʦ-ʧʘʨʘʤʘʛʥʠʪʥʳʤ ʧʝʨʝʭʦʜʦʤ ʬʘʟ ʥʘ ʦʩʥʦʚʝ Nd, ʦʜʥʦʡ ʠʟ ʢʦʪʦʨʳʭ ʤʦʛʫʪ ʩʣʫʞʠʪʴ 

ʥʘʥʦʢʨʠʩʪʘʣʣʠʪʳ, ʬʠʢʩʠʨʫʝʤʳʝ ʚ ʩʪʨʫʢʪʫʨʝ ʩʧʣʘʚʦʚ ʤʝʪʦʜʦʤ ʇʕʄ. ʇʝʨʝʭʦʜ ʵʪʠʭ ʬʘʟ ʥʠʞʝ 50 ʂ ʚ 

ʬʝʨʨʦʤʘʛʥʠʪʥʦʝ ʩʦʩʪʦʷʥʠʝ ʧʨʠʚʦʜʠʪ ʢ ʨʝʟʢʦʤʫ ʨʦʩʪʫ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʦʙʨʘʟʮʦʚ FexNd100-x, ʧʨʠʯʝʤ ʠʭ 

ʥʘʩʳʱʝʥʠʝ ʥʝ ʜʦʩʪʠʛʘʝʪʩʷ ʜʘʞʝ ʚ ʥʘʤʘʛʥʠʯʠʚʘʶʱʝʤ ʧʦʣʝ ʅ = 90 ʢʕ. ʄʘʛʥʠʪʥʦʝ ʧʨʝʚʨʘʱʝʥʠʝ ʚ ʩʧʣʘʚʘʭ 

ʭ = 14 ʠ 28 ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ ʂʶʨʠ ʊʉ = 550 ʂ ʩʚʷʟʘʥʦ ʩ ʬʘʟʦʡ ɸ1, ʢʦʪʦʨʘʷ, ʩʦʛʣʘʩʥʦ ʣʠʪʝʨʘʪʫʨʥʳʤ ʜʘʥʥʳʤ, 

ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʚʳʩʦʢʫʶ ʢʦʵʨʮʠʪʠʚʥʫʶ ʩʠʣʫ (Hci = 4,5 - 5 ʢʕ) ʣʠʪʳʭ FexNd100-x ʩʧʣʘʚʦʚ. 
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ʄʘʛʥʠʪʦʪʚʸʨʜʳʝ ʩʧʣʘʚʳ ʩʠʩʪʝʤʳ Fe-Cr-Co ʟʘʥʠʤʘʶʪ ʦʩʦʙʦʝ ʤʝʩʪʦ ʩʨʝʜʠ ʤʘʛʥʠʪʦʪʚʸʨʜʳʭ ʩʧʣʘʚʦʚ 

ʚ ʩʠʣʫ ʫʜʘʯʥʦʛʦ ʩʦʯʝʪʘʥʠʷ ʩʚʦʠʭ ʤʘʛʥʠʪʥʳʭ ʛʠʩʪʝʨʝʟʠʩʥʳʭ (ʦʩʪʘʪʦʯʥʘʷ ʠʥʜʫʢʮʠʷ Br, ʢʦʵʨʮʠʪʠʚʥʘʷ ʩʠʣʘ 

ʅʩ, ʤʘʢʩʠʤʘʣʴʥʦʝ ʵʥʝʨʛʝʪʠʯʝʩʢʦʝ ʧʨʦʠʟʚʝʜʝʥʠʝ (ɺʅ)ʤʘʢʩ.) ʠ ʤʝʭʘʥʠʯʝʩʢʠʭ (ʧʨʦʯʥʦʩʪʥʳʭ ʠ ʧʣʘʩʪʠʯʝʩʢʠʭ) 

ʩʚʦʡʩʪʚ. ʇʨʦʠʟʚʦʜʩʪʚʦ ʤʘʛʥʠʪʦʪʚʸʨʜʳʭ FeCrCo ʩʧʣʘʚʦʚ 22ʍ15ʂ ʠ 25ʍ15ʂʖɹʌ ʩ 15 ʚʝʩ. % ʢʦʙʘʣʴʪʘ 

ʦʩʚʦʝʥʦ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴʶ ʠ ʚʳʧʫʩʢʘʶʪʩʷ ʚ ʚʠʜʝ ʩʦʨʪʦʚʦʛʦ ʠ ʣʠʩʪʦʚʦʛʦ ʧʨʦʢʘʪʘ. ʂ 

ʥʝʜʦʩʪʘʪʢʘʤ ʵʪʠʭ ʩʧʣʘʚʦʚ ʩʣʝʜʫʝʪ ʦʪʥʝʩʪʠ ʠʭ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʠʡ ʫʨʦʚʝʥʴ ʢʦʵʨʮʠʪʠʚʥʦʡ ʩʠʣʳ (40 ï 47 

ʢɸ/ʤ ʧʦ ɻʆʉʊ 24897-81), ʯʪʦ ʥʝ ʚʩʝʛʜʘ ʧʦʟʚʦʣʷʝʪ ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʪʨʝʙʦʚʘʥʠʷ ʨʷʜʘ ʧʦʪʨʝʙʠʪʝʣʝʡ. ʇʦʵʪʦʤʫ 

ʟʘʜʘʯʘ ʧʦʚʳʰʝʥʠʷ ʅʩ ʵʪʠʭ ʜʦʩʪʘʪʦʯʥʦ ʵʢʦʥʦʤʥʳʭ ʩʧʣʘʚʦʚ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ. ʀʟ ʧʘʪʝʥʪʥʦʡ ʠ ʥʘʫʯʥʦ-

ʪʝʭʥʠʯʝʩʢʦʡ ʣʠʪʝʨʘʪʫʨʳ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʚ ʤʘʛʥʠʪʦʪʚʸʨʜʳʭ FeCrCo ʩʧʣʘʚʘʭ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʩʦʜʝʨʞʘʥʠʷ Cr ʠ 

ʧʨʠ ʣʝʛʠʨʦʚʘʥʠʠ Mo ʠ W ʨʘʩʪʸʪ ʅʩ, ʭʦʪʷ ʧʨʠ ʵʪʦʤ ʩʥʠʞʘʶʪʩʷ Br ʠ (ɺʅ)ʤʘʢʩ. [1]. ʉ ʮʝʣʴʶ ʠʟʳʩʢʘʥʠʷ 

ʤʘʛʥʠʪʦʪʚʸʨʜʳʭ FeCrCo ʩʧʣʘʚʦʚ ʩ ʙʦʣʝʝ ʚʳʩʦʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʅʩ ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʩʦʜʝʨʞʘʥʠʷ 

ʦʩʪʨʦʜʝʬʠʮʠʪʥʦʛʦ ʢʦʙʘʣʴʪʘ ʥʘ ʫʨʦʚʥʝ 15 ʚʝʩ. % ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣ ʚʟʷʪ ʩʧʣʘʚ, ʩʦʜʝʨʞʘʱʠʡ (ʚ ʚʝʩ. %): 

27Cr, 15Co, 2,5Mo, 1Ti, 1Si, ʦʩʪʘʣʴʥʦʝ Fe (ʧʦ ʜʘʥʥʳʤ ʭʠʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʩʧʣʘʚ ʩʦʜʝʨʞʘʣ: 27,3Cr, 15,3Co, 

2,4Mo, 1,1Ti, 0,8Si, ʦʩʪ. Fe).  

ʀʩʩʣʝʜʫʝʤʳʡ ʩʧʣʘʚ ʚʳʧʣʘʚʣʷʣʠ ʚ ʦʪʢʨʳʪʦʡ ʠʥʜʫʢʮʠʦʥʥʦʡ ʧʝʯʠ ʠʟ ʰʠʭʪʦʚʳʭ ʢʦʤʧʦʥʝʥʪʦʚ 

ʧʨʦʤʳʰʣʝʥʥʦʡ ʯʠʩʪʦʪʳ, ʨʘʟʣʠʚʘʣʠ ʚ ʢʦʨʢʦʚʳʝ ʬʦʨʤʳ ʠ ʧʦʣʫʯʘʣʠ ʦʙʨʘʟʮʳ 2ɲ0 Ĭ 80 ʤʤ, ʠʟ ʢʦʪʦʨʳʭ ʟʘʪʝʤ 

ʥʘ ʨʦʪʘʮʠʦʥʥʦ-ʢʦʚʦʯʥʦʡ ʤʘʰʠʥʝ ʧʦʣʫʯʘʣʠ ʧʨʫʪʢʠ 1ɲ2 ʤʤ. ʇʦʩʣʝ ʠʭ ʪʦʢʘʨʥʦʡ ʦʙʨʘʙʦʪʢʠ ʥʘ ʦʙʨʘʟʮʘʭ 1ɲ0 

Ĭ 20 ʤʤ ʧʨʦʚʦʜʠʣʠ ʠʟʫʯʝʥʠʝ ʤʘʛʥʠʪʥʳʭ ʛʠʩʪʝʨʝʟʠʩʥʳʭ ʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. ʆʧʨʝʜʝʣʝʥʠʝ 

ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʠʥʪʝʨʚʘʣʦʚ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ ʥʘ ʚʳʩʦʢʦʢʦʵʨʮʠʪʠʚʥʦʝ ʩʦʩʪʦʷʥʠʝ ʧʨʦʚʝʜʝʥʦ 

ʧʫʪʸʤ ʜʠʣʘʪʦʤʝʪʨʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʠ ʥʘʛʨʝʚʝ ʜʦ 13000ʉ ʠ ʦʭʣʘʞʜʝʥʠʠ ʥʘ ʜʠʣʘʪʦʤʝʪʨʝ DIL 402 

C7G ʬʠʨʤʳ NETZSCH Geraetbau GmbH (ɻʝʨʤʘʥʠʷ). ʉʢʦʨʦʩʪʴ ʥʘʛʨʝʚʘ ʩʦʩʪʘʚʣʷʣʘ 10 0ʉ/ʤʠʥ, ʩʢʦʨʦʩʪʴ 

ʦʭʣʘʞʜʝʥʠʷ ï 20 0ʉ/ʤʠʥ. ʉʪʨʫʢʪʫʨʥʳʝ ʠ ʬʘʟʦʚʳʝ ʧʨʝʚʨʘʱʝʥʠʷ ʠʟʫʯʘʣʠ ʤʝʪʦʜʘʤʠ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ 

ʬʘʟʦʚʦʛʦ ʘʥʘʣʠʟʘ ʥʘ ʜʠʬʨʘʢʪʦʤʝʪʨʝ Ultima IV ʬʠʨʤʳ Rigaku (ʗʧʦʥʠʷ) ʚ ʠʟʣʫʯʝʥʠʠ Cu KŬ ʩ Ni ʬʠʣʴʪʨʦʤ, 

ʩʚʝʪʦʚʦʡ ʠ ʨʘʩʪʨʦʚʦʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʥʘ ʵʣʝʢʪʨʦʥʥʦʤ ʤʠʢʨʦʩʢʦʧʝ TESCAN MIRA 3LMH ʩ 

ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ AZTEC 3.1. ʉʲʸʤʢʫ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʦʩʫʱʝʩʪʚʣʷʣʠ ʚ ʨʝʞʠʤʝ 

ʦʨʠʝʥʪʘʮʠʦʥʥʦʛʦ ʬʘʟʦʚʦʛʦ ʢʦʥʪʨʦʣʷ ʧʨʠ ʫʩʢʦʨʷʶʱʝʤ ʥʘʧʨʷʞʝʥʠʠ 20 kV.    ʅʘ ʨʠʩ. 1 ʧʨʠʚʝʜʝʥʘ 

ʜʠʣʘʪʦʤʝʪʨʠʯʝʩʢʘ ̫ ʢʨʠʚʘ ̫ ʩʧʣʘʚʘ 27ʍ15ʂ2ʄʊʉ ʧʨʠ   ʥʘʛʨʝʚʝ. ʅʘ ʵʪʦʡ ʢʨʠʚʦʡ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ 

ʭʘʨʘʢʪʝʨʥʳʝ ʪʝʤʧʝʨʘʪʫʨʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʬʘʟʦʚʳʤʠ ʧʨʝʚʨʘʱʝʥʠʷʤʠ: 1035, 750, 670 ʠ 6200ʉ. ʇʦʩʣʝ ʟʘʢʘʣʢʠ 

ʦʪ 12500ʉ ʩʧʣʘʚ ï ʦʜʥʦʬʘʟʥʳʡ, ʩʦʜʝʨʞʠʪ ʆʎʂ Ŭ-ʬʘʟʫ ʩ ʧʘʨʘʤʝʪʨʦʤ, ʘ = 0,2875 ʥʤ (ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʡ 

Ŭ-ʪʚʸʨʜʳʡ ʨʘʩʪʚʦʨ). ʆʙʨʘʟʝʮ, ʟʘʢʘʣʸʥʥʳʡ ʚ ʚʦʜʝ ʦʪ 12500ʉ ʠ ʦʪʦʞʞʸʥʥʳʡ ʧʨʠ 10350ʉ ʚ ʪʝʯʝʥʠʝ 1 ʯʘʩʘ ʩ 

ʧʦʩʣʝʜʫʶʱʝʡ ʟʘʢʘʣʢʦʡ, ʩʦʜʝʨʞʠʪ ʧʦ ʜʘʥʥʳʤ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʪʦʞʝ ʦʜʥʫ ʆʎʂ Ŭ-ʬʘʟʫ ʩ 

ʧʘʨʘʤʝʪʨʦʤ ʘ = 0,2885 ʥʤ. ʇʦʩʣʝ ʟʘʢʘʣʢʠ ʠ ʦʪʞʠʛʘ ʧʨʠ 7500ʉ ʚ ʪʝʯʝʥʠʝ 2-ʭ ʯʘʩʦʚ ʩʧʣʘʚ ʩʪʘʥʦʚʠʪʩʷ 

ʜʚʫʭʬʘʟʥʳʤ: ʩʦʜʝʨʞʠʪ Ŭ-ʬʘʟʫ ʩ ʘ = 0,2875 ʥʤ ʠ ʪʝʪʨʘʛʦʥʘʣʴʥʫʶ ů-ʬʘʟʫ ʩʦʩʪʘʚʘ Fe1,01Cr0,99 ʩ ʘ = 0,886 ʥʤ 

ʠ ʩ = 0,441 ʥʤ, ʩʪʝʧʝʥʴ ʪʝʪʨʘʛʦʥʘʣʴʥʦʩʪʠ ʩ/ʘ = 0,498. ɿʘʢʘʣʢʘ ʦʪ 6700ʉ ʧʦʩʣʝ 2-ʭ ʯʘʩʦʚʦʛʦ ʦʪʞʠʛʘ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʥʘʣʠʯʠʠ ʜʚʫʭʬʘʟʥʦʡ ʩʪʨʫʢʪʫʨʳ: Ŭ-ʬʘʟʘ ʩ ʘ = 0,2875 ʥʤ + ů-ʬʘʟʘ ʩʦʩʪʘʚʘ Fe1,13Cr0,87 c ʘ 

= 0,879 ʥʤ ʠ ʩ = 0,457 ʥʤ, ʩ/ʘ = 0,52. ʉʦʦʪʥʦʰʝʥʠʝ ʬʘʟ ʚ ʩʪʨʫʢʪʫʨʝ ʩʧʣʘʚʘ ʧʦ ʜʘʥʥʳʤ 

ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʪʘʢʦʝ: 65,8% Ŭ-ʬʘʟʳ ʠ 32,4% ů-ʬʘʟʳ. ʉʢʦʨʝʝ ʚʩʝʛʦ ʧʨʠ 6700ʉ ʥʘʯʠʥʘʝʪʩʷ 

ʧʨʦʮʝʩʩ ʚʳʜʝʣʝʥʠʷ ʠʟ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ Ŭ-ʪʚʸʨʜʦʛʦ ʨʘʩʪʚʦʨʘ ʩʣʦʞʥʦʡ ů-ʬʘʟʳ ʩʦ ʩʪʨʫʢʪʫʨʦʡ ɓ-U, ʘ 

ʧʨʠ 7500ʉ ʦʥ ʧʨʦʪʝʢʘʝʪ ʥʘʠʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦ. ʋʤʝʥʴʰʝʥʠʝ ʩʪʝʧʝʥʠ ʪʝʪʨʘʛʦʥʘʣʴʥʦʩʪʠ ů-ʬʘʟʳ ʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʚ ʥʝʡ Fe ʧʨʠ 6700ʉ ʤʦʞʝʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʩʢʦʨʝʝ ʚʩʝʛʦ ʦ ʪʦʤ, ʯʪʦ ʢʦʙʘʣʴʪ, 

ʢʘʢ ʦʩʥʦʚʥʦʡ ʩʠʛʤʘʦʙʨʘʟʫʶʱʠʡ ʵʣʝʤʝʥʪ ʚ FeCrCo ʩʧʣʘʚʘʭ ʠʜʸʪ ʚ ů-ʬʘʟʫ. ʋʚʝʣʠʯʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʚ 



ʉɽʂʎʀʗ 1 ʄɸɻʅʀʊʅʓɽ ʄɸʊɽʈʀɸʃʓ ʀ ʉʀʉʊɽʄʓ 

24 
 
 

ʤʘʛʥʠʪʦʪʚʸʨʜʳʭ FeCrCo ʩʧʣʘʚʘʭ Cr ʠ Mo ʧʨʠʚʦʜʠʪ ʢ ʨʝʟʢʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ʩʦʜʝʨʞʘʥʠʷ ů-ʬʘʟʳ ʚ ʩʪʨʫʢʪʫʨʝ 

ʩʧʣʘʚʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʝʸ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ. 

 
ʈʠʩ. 1. ɼʠʣʘʪʦʤʝʪʨʠʯʝʩʢʘʷ ʢʨʠʚʘʷ ʩʧʣʘʚʘ 27ʍ15ʂ2ʄʊʉ ʧʨʠ ʥʘʛʨʝʚʝ. ʐʪʨʠʭʧʫʥʢʪʠʨʥʳʝ ʢʨʠʚʳʝ 

ʦʙʦʟʥʘʯʘʶʪ ʧʝʨʚʫʶ ʠ ʚʪʦʨʫʶ ʧʨʦʠʟʚʦʜʥʳʝ ʠʟʤʝʥʝʥʠʷ ʜʣʠʥʳ ʦʙʨʘʟʮʘ ʧʨʠ ʥʘʛʨʝʚʝ. 

ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʚ ʩʧʣʘʚʝ 22ʍ15ʂ ʩ 22% Cr ʠ 15% Co ʧʦʩʣʝ ʜʣʠʪʝʣʴʥʦʛʦ ʦʪʞʠʛʘ ʧʨʠ 7500ʉ 

ʤʘʢʩʠʤʘʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ů-ʬʘʟʳ ʩʦʩʪʘʚʣʷʝʪ ~10%, ʚ ʩʧʣʘʚʝ 25ʍ15ʂʖɹʌ ʩ 25% Cr ʠ 15% Co ʧʦʩʣʝ 

ʘʥʘʣʦʛʠʯʥʦʡ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ ʩʦʜʝʨʞʠʪʩʷ ~11,5% ů-ʬʘʟʳ [2]. ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʚ ʜʚʦʡʥʳʭ ʩʧʣʘʚʘʭ Fe ï Cr 

ʩʦʜʝʨʞʠʪʩʷ ů-ʬʘʟʘ ʩ ʘ = 0,880 ʥʤ ʠ ʩ = 0,4544 ʥʤ, ʩ/ʘ = 0,516 [3]. ʈʝʥʪʛʝʥʦʜʠʬʨʘʢʪʦʛʨʘʤʤʘ ʧʦʩʣʝ ʟʘʢʘʣʢʠ 

ʠ 2-ʭ ʯʘʩʦʚʦʛʦ ʦʪʞʠʛʘ ʧʨʠ 6200ʉ ʜʘʸʪ ʢʘʨʪʠʥʫ ʦʜʥʦʬʘʟʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʟʘʢʘʣʸʥʥʦʛʦ Ŭ-ʪʚʸʨʜʦʛʦ ʨʘʩʪʚʦʨʘ c 

ʘ = 0,2885 ʥʤ. ʇʨʠ ʵʪʦʤ ʥʘʠʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʘʷ ʣʠʥʠʷ (100) ʠʤʝʝʪ ʥʝʩʠʤʤʝʪʨʠʯʥʳʝ ʦʪʢʣʦʥʝʥʠʷ, ʢʦʪʦʨʳʝ 

ʤʦʛʫʪ ʙʳʪʴ ʩʚʠʜʝʪʝʣʷʤʠ ʥʘʯʘʣʘ ʚʳʩʦʢʦʢʦʵʨʮʠʪʠʚʥʦʛʦ ʨʘʩʧʘʜʘ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ Ŭ-ʪʚʸʨʜʦʛʦ 

ʨʘʩʪʚʦʨʘ ʥʘ ʜʚʘ ʆʎʂ ʪʚʸʨʜʳʭ ʨʘʩʪʚʦʨʘ Ŭ1 + Ŭ2, ʧʝʨʚʳʡ ʠʟ ʢʦʪʦʨʳʭ ʦʙʦʛʘʱʸʥ Fe ʠ Co, ʘ ʚʪʦʨʦʡ Cr.   

ʃʠʪʝʨʘʪʫʨʘ 
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TlGaS2 ʠ TlFeS2 ʷʚʣʷʶʪʩʷ   ʘʥʠʟʦʪʨʦʧʥʳʤʠ ʧʦʣʫʧʨʦʚʦʜʥʠʢʘʤʠ, ʦʙʣʘʜʘʶʱʠʤʠ ʚʳʩʦʢʦʡ ʬʦʪʦ- ʠ 

ʨʝʥʪʛʝʥʦʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʠ ʧʨʦʷʚʣʷʶʱʠʤʠ ʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ [1,2].  ʇʦʣʫʯʝʥʠʝ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ 

ʥʘ ʦʩʥʦʚʝ ʫʢʘʟʘʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩʦʟʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʚʘʨʴʠʨʦʚʘʥʠʷ ʠ ʫʧʨʘʚʣʝʥʠʷ ʠʭ ʬʠʟʠʯʝʩʢʠʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʪʨʦʡʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʜʘʥʥʦʡ ʛʨʫʧʧʳ ʢʨʠʩʪʘʣʣʠʟʫʶʪʩʷ ʚ ʤʦʥʦʢʣʠʥʥʫʶ 

ʩʪʨʫʢʪʫʨʫ: ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʛʨʫʧʧʘ ʉ2/m ʩ ʧʘʨʘʤʝʪʨʘʤʠ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ a = 11.636 ¡, b = 5.304 ¡, 

c = 6.799 ¡, b = 116.7Á ʜʣʷ  TlFeS2  [3]  ʠ  ʉ2/ʩ   a = 10.299 ¡, b = 10.284 ¡, c = 15.175 ¡,  b = 99.603Á ʜʣʷ  
TlGaS2 [4]. ɺ [5] ʙʳʣʘ ʧʦʩʪʨʦʝʥʘ ʊ ï ʭ ʬʘʟʦʚʘʷ ʜʠʘʛʨʘʤʤʘ ʩʠʩʪʝʤʳ TlGaS2 - TlFeS2 ɻ ʚʪʝʢʪʠʯʝʩʢʦʛʦ ʪʠʧʘ ʩ 

ʢʦʦʨʜʠʥʘʪʘʤʠ ʵʚʪʝʢʪʠʢʠ 953 ʂ ʠ 80 ʤʦʣ.% TlFeS2. ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʦʛʨʘʥʠʯʝʥʥʳʭ 

ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ ʥʘ ʦʩʥʦʚʝ ʠʩʭʦʜʥʳʭ ʪʨʦʡʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩ ʤʦʥʦʢʣʠʥʥʦʡ ʩʠʥʛʦʥʠʝʡ. ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 

ʦʪʞʠʛʘ 933 ʂ ʩʧʣʘʚʦʚ ʩʠʩʪʝʤʳ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʥʘ ʦʩʥʦʚʝ TlGaS2 ʩʦʩʪʘʚʣʷʝʪ 5 ʤʦʣ.% TlFeS2, ʘ ʩʦ ʩʪʦʨʦʥʳ 

TlFeS2 ï 10 ʤʦʣ.% TlGaS2. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʰʠʨʠʥʘ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ ʢʨʠʩʪʘʣʣʦʚ TlGa1-ʭFeʭS2  (ʭ = 0; 

0.005; 0.01) ʫʤʝʥʴʰʘʝʪʩʷ ʩ ʨʦʩʪʦʤ ʩʦʜʝʨʞʘʥʠʷ ʞʝʣʝʟʘ ʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ. ɺ [6] ʥʘ ʦʩʥʦʚʝ 

ʨʝʥʪʛʝʥʦʛʨʘʤʤ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʦʙʨʘʟʮʦʚ ʪʨʦʡʥʳʭ ʩʦʝʜʠʥʝʥʠʡ TlGaS2 ʠ TlFeS2  ʠ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ 

TlFe1-ʭGaʭS2 (ʭ = 0; 0.01; 0.025; 0.05; 0.075) ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʤʝʪʦʜʦʤ ʧʦʣʥʦʧʨʦʬʠʣʴʥʦʛʦ 

ʘʥʘʣʠʟʘ ʈʠʪʚʝʣʴʜʘ ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ ʧʘʨʘʤʝʪʨʳ ʵʣʝʤʝʥʪʘʨʥʳʭ ʷʯʝʝʢ ʠʟʫʯʝʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ. ʊʘʢ, ʜʣʷ 

ʢʨʠʩʪʘʣʣʦʚ TlFeS2  a = 11.65 ¡, b = 5.29 ¡, c = 6.81 ¡,  b = 116.87Á, ʘ ʜʣʷ TlGaS2   a = 10.29 ¡, b = 10.27 ¡, 

c = 15.16 ¡,  b = 99.44Á, ʯʪʦ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʣʠʪʝʨʘʪʫʨʥʳʤʠ ʜʘʥʥʳʤʠ [3,4]. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʪʚʝʨʜʳʭ 
ʨʘʩʪʚʦʨʘʭ TlFe1-ʭGaʭS2 (ʭ = 0; 0.01; 0.025; 0.05; 0.075) ʩ ʚʦʟʨʘʩʪʘʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʛʘʣʣʠʷ  ʧʘʨʘʤʝʪʨ a 

ʫʤʝʥʴʰʘʝʪʩʷ, b  ʠ  b  ʫʚʝʣʠʯʠʚʘʶʪʩʷ, ʘ ʧʘʨʘʤʝʪʨ ʩ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʟʤʝʥʷʝʪʩʷ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʢʨʠʩʪʘʣʣʦʚ TlFe1-ʭGaʭS2 ʩ ʠʟʤʝʥʝʥʠʝʤ ʩʦʩʪʘʚʘ ʤʝʥʷʶʪʩʷ ʧʣʘʚʥʦ, ʯʪʦ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʦʙʨʘʟʦʚʘʥʠʠ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ ʚ ʵʪʦʡ ʩʠʩʪʝʤʝ. ɺ [7] ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʠ ʫʜʝʣʴʥʦʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʩʦʝʜʠʥʝʥʠʡ TlGaS2, TlFeS2 ʠ 

ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ ʥʘ ʠʭ ʦʩʥʦʚʝ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʩʦʩʪʘʚʘ. ʀʟ ʭʘʨʘʢʪʝʨʘ ʪʝʤʧʝʨʘʪʫʨʥʦʡ 

ʟʘʚʠʩʠʤʦʩʪʠ ʫʜʝʣʴʥʦʡ ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʠ ʝʝ ʚʝʣʠʯʠʥʳ ʩʣʝʜʫʝʪ, ʯʪʦ ʩʦʝʜʠʥʝʥʠʝ TlFeS2 

ʥʘʭʦʜʠʪʩʷ ʚ ʧʘʨʘʤʘʛʥʠʪʥʦʤ ʩʦʩʪʦʷʥʠʠ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ TlGaS2  ʧʨʦʷʚʣʷʝʪ 

ʪʠʧʠʯʥʦʝ ʜʠʘʤʘʛʥʠʪʥʦʝ ʩʦʩʪʦʷʥʠʝ. ʅʘ ʢʨʠʚʦʡ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ 

TlFeS2 ʦʙʥʘʨʫʞʝʥʳ ʘʥʦʤʘʣʠʠ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʱʠʝ ʦ ʬʘʟʦʚʳʭ ʧʨʝʚʨʘʱʝʥʠʷʭ ʚ ʵʪʦʤ ʩʦʝʜʠʥʝʥʠʠ. 

ʋʚʝʣʠʯʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʢʘʪʠʦʥʦʚ ʛʘʣʣʠʷ ʚ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʘʭ TlFe1-ʭGaʭS2 ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ 

ʫʜʝʣʴʥʦʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʠ ʫʚʝʣʠʯʝʥʠʶ ʨʘʟʣʠʯʠʷ ʚ ʪʝʤʧʝʨʘʪʫʨʘʭ ʂʶʨʠ-ɺʝʡʩʘ.  

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʟʫʯʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʧʨʦʚʦʜʠʤʦʩʪʠ 

ʠ ʪʝʨʤʦʵʜʩ ʚ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʘʭ TlFe1-ʭGaʭS2 (ʭ = 0.025 ʠ 0.1). 

ɺ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠ ʦʩʦʙʦ ʯʠʩʪʳʝ ʭʠʤʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ: Tl (ʊʣ-00), Ga 

(Ga 5N), S (ʦʩʯ 16-5), Fe (Fe 3N).  ʊʨʦʡʥʳʝ ʩʦʝʜʠʥʝʥʠʷ TlGaS2 ʠ TlFeS2 ʩʠʥʪʝʟʠʨʦʚʘʣʠ ʠʟ ʚʟʷʪʳʭ ʚ 

ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʭ ʩʦʦʪʥʦʰʝʥʠʷʭ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʧʫʪʝʤ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ ʠʭ ʩʧʣʘʚʣʝʥʠʷ ʚ 

ʚʘʢʫʫʤʠʨʦʚʘʥʥʳʭ ʜʦ 10-3 ʇʘ ʢʚʘʨʮʝʚʳʭ ʘʤʧʫʣʘʭ.  ɿʘʚʝʨʰʝʥʥʦʩʪʴ ʩʠʥʪʝʟʘ ʪʨʦʡʥʳʭ ʩʦʝʜʠʥʝʥʠʡ TlGaS2 ʠ 

TlFeS2 ʢʦʥʪʨʦʣʠʨʦʚʘʣʠ ʤʝʪʦʜʘʤʠ ɼʊɸ ʠ ʈʌɸ ʩ ʩʦʧʦʩʪʘʚʣʝʥʠʝʤ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʩ ʠʟʚʝʩʪʥʳʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ [3,4]. ʉʧʣʘʚʳ ʩʠʥʪʝʟʠʨʦʚʘʣʠ ʠʟ ʪʨʦʡʥʳʭ ʩʦʝʜʠʥʝʥʠʡ TlGaS2 ʠ TlFeS2 ʧʨʠ 1000   K ʚ ʪʝʯʝʥʠʝ 

5-7 ʯ ʚ ʵʚʘʢʫʠʨʦʚʘʥʥʳʭ ʜʦ ʦʩʪʘʪʦʯʥʦʛʦ ʜʘʚʣʝʥʠʷ 10-3 ʇʘ ʢʚʘʨʮʝʚʳʭ ʘʤʧʫʣʘʭ. ʆʙʨʘʟʮʳ ʩʧʣʘʚʦʚ ʦʪʞʠʛʘʣʠ 

ʚ ʚʘʢʫʫʤʝ ʚ ʜʚʝ ʩʪʘʜʠʠ: ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʡ ʦʪʞʠʛ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 953 K ʚ ʪʝʯʝʥʠʝ 200 ʯ ʠ ʦʢʦʥʯʘʪʝʣʴʥʳʡ 

ʦʪʞʠʛ ʧʨʠ 933 K ʚ ʪʝʯʝʥʠʝ 500 ʯ. ʆʪʦʞʞʸʥʥʳʝ ʩʧʣʘʚʳ ʦʭʣʘʞʜʘʣʠ ʜʦ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʨʝʞʠʤʝ 

ʚʳʢʣʶʯʝʥʥʦʡ ʧʝʯʠ. ʈʝʥʪʛʝʥʦʬʘʟʦʚʳʡ ʘʥʘʣʠʟ ʧʨʦʚʦʜʠʣʩʷ ʥʘ ʜʠʬʨʘʢʪʦʤʝʪʨʝ ɼʈʆʅ-2 ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʠʟʣʫʯʝʥʠʷ CuKŬ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ʉ ʮʝʣʴʶ ʠʟʫʯʝʥʠʷ ʚʣʠʷʥʠʷ ʯʘʩʪʠʯʥʦʛʦ ʢʘʪʠʦʥʥʦʛʦ 

ʟʘʤʝʱʝʥʠʷ Ga3+­ Fe3+ ʥʘ ʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ ʚ ʩʠʩʪʝʤʝ TlFeS2-TlGaS2 ʙʳʣʠ 

ʩʠʥʪʝʟʠʨʦʚʘʥʳ TlFe1-ʭGaʭS2 (ʭ = 0.025 ʠ 0.1) . 

ʕʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʚʦʜʠʤʦʩʪʴ (s) ʠ ʪʝʨʤʦʵʜʩ  (a) ʧʦʣʫʯʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʠʟʤʝʨʝʥʳ ʯʝʪʳʨʝʭʟʦʥʜʦʚʳʤ  

ʤʝʪʦʜʦʤ ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ 1 % ʚ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʜʠʘʧʘʟʦʥʝ 80 ï 355 ʂ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ (ʊ ᾽ 250 ʂ) ʚ ʧʦʣʫʯʝʥʥʳʭ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʘʭ TlFe1-

ʭGaʭS2 (ʭ = 0.025 ʠ 0.1) ʚ ʧʦʩʪʦʷʥʥʦʤ ʵʣʝʢʪʨʠʯʝʩʢʦʤ ʧʦʣʝ ʠʤʝʝʪ ʤʝʩʪʦ ʧʨʳʞʢʦʚʘʷ ʧʨʦʚʦʜʠʤʦʩʪʴ ʩ 

ʧʝʨʝʤʝʥʥʦʡ ʜʣʠʥʦʡ ʧʨʳʞʢʘ ʧʦ ʣʦʢʘʣʠʟʦʚʘʥʥʳʤ ʚʙʣʠʟʠ ʫʨʦʚʥʷ ʌʝʨʤʠ ʩʦʩʪʦʷʥʠʷʤ. ʆʮʝʥʝʥʳ ʧʣʦʪʥʦʩʪʴ 

ʣʦʢʘʣʠʟʦʚʘʥʥʳʭ ʩʦʩʪʦʷʥʠʡ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʫʨʦʚʥʷ ʌʝʨʤʠ ʠ ʠʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʨʘʟʙʨʦʩ, ʩʨʝʜʥʝʝ ʨʘʩʩʪʦʷʥʠʝ 

ʧʨʳʞʢʦʚ, ʩʨʝʜʥʷʷ ʵʥʝʨʛʠʷ ʘʢʪʠʚʘʮʠʠ ʚ ʦʙʣʘʩʪʠ ʜʝʡʩʪʚʠʷ ʧʨʳʞʢʦʚʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ, ʘ ʪʘʢʞʝ ʢʦʥʮʝʥʪʨʘʮʠʷ 

ʛʣʫʙʦʢʠʭ ʣʦʚʫʰʝʢ, ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʟʘ ʧʝʨʝʥʦʩ ʟʘʨʷʜʘ ʥʘ ʧʦʩʪʦʷʥʥʦʤ ʪʦʢʝ ʧʨʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. 
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ʇʦʢʘʟʘʥʦ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʛʘʣʣʠʷ ʚ TlFe1-ʭGaʭS2  ʧʨʠʚʦʜʠʣʦ ʢ ʫʚʝʣʠʯʝʥʠʶ ʧʣʦʪʥʦʩʪʠ 

ʩʦʩʪʦʷʥʠʡ ʚʙʣʠʟʠ ʫʨʦʚʥʷ ʌʝʨʤʠ ʠ ʫʤʝʥʴʰʝʥʠʶ ʩʨʝʜʥʝʛʦ ʨʘʩʩʪʦʷʥʠʷ ʧʨʳʞʢʦʚ. ʀʟ ʪʝʤʧʝʨʘʪʫʨʥʦʡ 

ʟʘʚʠʩʠʤʦʩʪʠ ʪʝʨʤʦʵʜʩ ʚ TlFe1-ʭGaʭS2 ʦʧʨʝʜʝʣʝʥ ʠʭ ʪʠʧ ʧʨʦʚʦʜʠʤʦʩʪʠ ʠ ʪʝʤʧʝʨʘʪʫʨʘ, ʧʨʠ ʢʦʪʦʨʦʡ ʚ 

ʦʙʨʘʟʮʘʭ ʥʘʙʣʶʜʘʣʘʩʴ ʠʥʚʝʨʩʠʷ ʟʥʘʢʘ ʪʝʨʤʦʵʜʩ.  
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ɸʙʩʪʨʘʢʪ. ʄʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ, ʤʘʛʥʠʪʥʳʝ ʬʘʟʦʚʳʝ ʧʝʨʝʭʦʜʳ ʠ ʤʘʛʥʝʪʦʢʘʣʦʨʠʯʝʩʢʠʡ ʵʬʬʝʢʪ 

ʤʦʥʦʢʨʠʩʪʘʣʣʘ Gd0.8Tb0.2 ʙʳʣʠ ʠʟʫʯʝʥʳ ʧʫʪʝʤ ʠʟʤʝʨʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ 

ʠ ʤʘʛʥʝʪʦʢʘʣʦʨʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ; ʘ ʪʘʢʞʝ ʧʫʪʝʤ ʠʟʤʝʨʝʥʠʷ ʟʘʚʠʩʠʤʦʩʪʠ ʵʪʠʭ ʧʘʨʘʤʝʪʨʦʚ ʦʪ ʚʝʣʠʯʠʥʳ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. 

 

Magnetic properties, magnetic phase transitions and magnetocaloric effect of Gd0.8Tb0.2 single crystal was 

studied by measuring temperature dependences of magnetization and magnetocaloric effect and field dependences 

of these parameters as well. 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʪʝʭʥʦʣʦʛʠʠ ʤʘʛʥʠʪʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ ʪʨʝʙʫʶʪ ʥʦʚʳʭ ʭʣʘʜʘʛʝʥʪʦʚ ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʫʩʪʨʦʡʩʪʚ ʤʘʛʥʠʪʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ ʩ ʟʘʜʘʥʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ.( ʥʘʧʨʠʤʝʨ, ʨʘʙʦʯʠʡ ʪʝʤʧʝʨʘʪʫʨʥʳʡ 

ʠʥʪʝʨʚʘʣ, ʪʝʤʧʝʨʘʪʫʨʘ ʂʶʨʠ ʠ ʪ.ʜ.). ʕʪʠ ʫʩʪʨʦʡʩʪʚʘ ʠʩʧʦʣʴʟʫʶʪ ʚ ʩʚʦʝʡ ʨʘʙʦʪʝ ʧʨʠʥʮʠʧ ʘʜʠʘʙʘʪʠʯʝʩʢʦʛʦ 

ʨʘʟʤʘʛʥʠʯʠʚʘʥʠʷ (ʤʘʛʥʝʪʦʢʘʣʦʨʠʯʝʩʢʠʡ ʵʬʬʝʢʪ) ʂʘʢ ʠʟʚʝʩʪʥʦ, ʤʝʪʘʣʣ ʛʘʜʦʣʠʥʠʡ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ 

ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʭʣʘʜʘʛʝʥʪʦʤ ʧʨʠ ʩʦʟʜʘʥʠʠ ʤʘʛʥʠʪʥʳʭ ʭʦʣʦʜʠʣʴʥʠʢʦʚ, ʚ ʯʘʩʪʥʦʩʪʠ, ʠ ʚʩʣʝʜʩʪʚʠʝ 

ʪʝʤʧʝʨʘʪʫʨʳ ʂʶʨʠ, ʙʣʠʟʢʦʡ ʢ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ʆʜʥʘʢʦ ʛʘʜʦʣʠʥʠʡ ʩʦʜʝʨʞʘʱʠʝ ʩʧʣʘʚʳ ʤʦʛʫʪ 

ʪʘʢʞʝ ʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ ʚʳʩʦʢʠʝ ʤʘʛʥʝʪʦʢʘʣʦʨʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ, ʥʦ ʩ ʨʘʟʣʠʯʥʳʤʠ ʪʝʤʧʝʨʘʪʫʨʘʤʠ ʂʶʨʠ. 

ʆʜʥʠʤ ʠʟ ʪʘʢʠʭ ʩʧʣʘʚʦʚ ʷʚʣʷʝʪʩʷ Gd1īxTbx. 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʠ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʤʦʥʦʢʨʠʩʪʘʣʣʘ Gd0.8Tb0.2. ʕʬʬʝʢʪ ʚʣʠʷʥʠʷ  ʟʘʤʝʱʝʥʠʷ ʛʘʜʦʣʠʥʠʷ ʪʝʨʙʠʝʤ ʥʘ ʝʛʦ ʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ 

ʠʟʫʯʘʣʩʷ ʧʫʪʝʤ ʠʟʤʝʨʝʥʠʷ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʠ ʤʘʛʥʝʪʦʢʘʣʦʨʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ ʚ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʠʥʪʝʨʚʘʣʝ 

4.2 ʂ-360 ʂ ʚ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ ʜʦ 14 ʊ. ʂʨʠʚʳʝ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ  ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʜʣʷ 
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ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʡ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ɺ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ.1 ʧʨʠ ɺ II ʩ  (ʩ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʘʷ ʦʩʴ 

ʪʨʫʜʥʦʛʦ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ). ʍʘʨʘʢʪʝʨ ʵʪʠʭ ʢʨʠʚʳʭ ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʚʠʩʠʪ ʦʪ ʚʝʣʠʯʠʥʳ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʤʦʥʦʢʨʠʩʪʘʣʣ Gd0.8Tb0.2 ʦʙʣʘʜʘʝʪ ʙʦʣʴʰʦʡ ʤʘʛʥʠʪʥʦʡ ʘʥʠʟʦʪʨʦʧʠʝʡ ʚ ʙʘʟʠʩʥʦʡ ʧʣʦʩʢʦʩʪʠ. 

ʇʦʣʝ 1 ʊ ʥʝ ʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʧʦʚʝʨʥʫʪʴ ʚʝʢʪʦʨ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ ʠʟ ʙʘʟʠʩʥʦʡ ʧʣʦʩʢʦʩʪʠ ʢ 

ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʡ ʦʩʠ ʩ. ʇʨʠ ɺ = 14 ʊ ʧʨʦʮʝʩʩ ʚʨʘʱʝʥʠʷ ʟʘʚʝʨʰʝʥ. ɺʦʟʥʠʢʘʝʪ ʩʧʠʥ-

ʧʝʨʝʦʨʠʝʥʪʘʮʠʦʥʥʳʡ ʧʝʨʝʭʦʜ 2-ʛʦ ʨʦʜʘ, ʠ ʤʳ ʥʘʙʣʶʜʘʝʤ ʢʣʘʩʩʠʯʝʩʢʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ů(T).(ʩʤ. ʈʠʩ.1). 

ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʷ ʤʘʛʥʝʪʦʢʘʣʦʨʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ ʚ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ ɺ = 6 ʊ ʠ ɺ = 14 ʊ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʈʠʩ.2 ʜʣʷ ʜʚʫʭ ʩʣʫʯʘʝʚ: ʚʝʢʪʦʨ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ɺ ʧʘʨʘʣʣʝʣʝʥ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʤ 

ʦʩʷʤ b ʠ ʩ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʙʳʣ ʠʟʤʝʨʝʥ ʠʥʪʝʛʨʘʣʴʥʳʡ ʄʂʕ, ʢʦʪʦʨʳʡ, ʚʦ-ʧʝʨʚʳʭ, ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʠʟʤʝʥʝʥʠʝʤ ʦʙʤʝʥʥʦʡ ʵʥʝʨʛʠʠ ʤʦʥʦʢʨʠʩʪʘʣʣʘ (ʧʘʨʘʧʨʦʮʝʩʩ), ʚʦ-ʚʪʦʨʳʭ, ʠʟʤʝʥʝʥʠʝʤ ʵʥʝʨʛʠʠ ʤʘʛʥʠʪʥʦʡ 

ʘʥʠʟʦʪʨʦʧʠʠ ʧʨʠ ʚʨʘʱʝʥʠʠ ʚʝʢʪʦʨʘ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʢ ʦʩʠ ʩ. 

  

ʈʠʩ.1 ʊʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʚʜʦʣʴ ʦʩʠ c ʚ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ 

1ʊ; 1.5 ʊ ʠ 14 ʊ. 

ʈʠʩ.2 ʊʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʄʂʕ ʚʜʦʣʴ 

ʦʩʝʡ b ʠ c ʚ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ 6 ʊ ʠ 14 ʊ. 

ʈʘʙʦʪʘ ʧʦʜʜʝʨʞʘʥʘ ʛʨʘʥʪʦʤ ʈʌʌʀ ˉ 16-02-00472 
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HYBRID MAGNETIC MATE RIAL BASED ON POLY -3-AMINO -7- 

METHYLAMINO -2-METHYLPHENAZINE AND FE3O4 NANOPARTICLES   

Ozkan S.Zh., Karpacheva G.P.  

 

A hybrid dispersed magnetic material in which Fe3O4 nanoparticles are dispersed into the polymer matrix 

is obtained for the first time. According to TEM Fe3O4 nanoparticles have size 4 < d < 10 nm. It is found that 

obtained nanocomposite material Fe3O4/poly-3-amino-7-methylamino-2-methylphenazine is superparamagnetic 

and thermally stable. 

 

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʚʦ ʚʩʝʤ ʤʠʨʝ ʨʘʩʪʝʪ ʠʥʪʝʨʝʩ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʢ ʩʦʟʜʘʥʠʶ ʠ ʠʩʩʣʝʜʦʚʘʥʠʶ ʩʚʦʡʩʪʚ 

ʛʠʙʨʠʜʥʳʭ ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ, ʚ ʢʦʪʦʨʳʭ ʩʦʯʝʪʘʥʠʝ ʦʨʛʘʥʠʯʝʩʢʠʭ ʠ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʢʦʤʧʦʥʝʥʪʦʚ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʢʦʤʧʣʝʢʩ ʫʥʠʢʘʣʴʥʳʭ ʩʚʦʡʩʪʚ. ʆʩʦʙʳʡ ʠʥʪʝʨʝʩ ʚʳʟʳʚʘʶʪ ʤʝʪʘʣʣʦʧʦʣʠʤʝʨʥʳʝ 

ʥʘʥʦʢʦʤʧʦʟʠʪʳ, ʚ ʢʦʪʦʨʳʭ ʦʨʛʘʥʠʯʝʩʢʠʡ ʢʦʤʧʦʥʝʥʪ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʦʣʠʤʝʨ ʩ ʩʠʩʪʝʤʦʡ ʩʦʧʨʷʞʝʥʠʷ, 

ʘ ʥʝʦʨʛʘʥʠʯʝʩʢʠʤ ʢʦʤʧʦʥʝʥʪʦʤ ʷʚʣʷʝʪʩʷ ʤʘʛʥʠʪʥʘʷ ʥʘʥʦʯʘʩʪʠʮʘ. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʥʘʥʦʯʘʩʪʠʮ ʠ 

ʧʦʣʠʤʝʨʥʦʡ ʤʘʪʨʠʮʳ ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ ʵʪʠʭ ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʚʳʩʦʢʠʡ ʧʦʪʝʥʮʠʘʣ ʠʭ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ.  

mailto:ozkan@ips.ac.ru
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ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʚʧʝʨʚʳʝ ʨʘʟʨʘʙʦʪʘʥ ʤʝʪʦʜ ʩʠʥʪʝʟʘ ʛʠʙʨʠʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʥʘ ʦʩʥʦʚʝ ʧʦʣʠ-3-

ʘʤʠʥʦ-7-ʤʝʪʠʣʘʤʠʥʦ-2-ʤʝʪʠʣʬʝʥʘʟʠʥʘ (ʇɸʄʄʌ) ʠ ʥʘʥʦʯʘʩʪʠʮ Fe3O4. ʇɸʄʄʌ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʧʦʣʫʣʝʩʪʥʠʯʥʳʡ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʡ ʧʦʣʠʤʝʨ, ʩʦʜʝʨʞʘʱʠʡ ʘʪʦʤʳ ʘʟʦʪʘ, ʫʯʘʩʪʚʫʶʱʠʝ ʚ ʦʙʱʝʡ ʩʠʩʪʝʤʝ 

ʧʦʣʠʩʦʧʨʷʞʝʥʠʷ [1].  
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ʈʠʩ. 1. ɼʠʬʨʘʢʪʦʛʨʘʤʤʘ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦ ʨʘʟʤʝʨʘʤ ʢʨʠʩʪʘʣʣʠʪʦʚ Fe3O4 ʚ ʥʘʥʦʢʦʤʧʦʟʠʪʝ 

Fe3O4/ʇɸʄʄʌ, ʧʦʣʫʯʝʥʥʦʤ ʧʨʠ [Fe] = 21 (1) ʠ 50 % (2). 

ʌʦʨʤʠʨʦʚʘʥʠʝ ʛʠʙʨʠʜʥʦʛʦ ʜʠʩʧʝʨʩʥʦʛʦ ʥʘʥʦʤʘʪʝʨʠʘʣʘ Fe3O4/ʇɸʄʄʌ ʚʢʣʶʯʘʝʪ ʩʠʥʪʝʟ 

ʥʘʥʦʯʘʩʪʠʮ Fe3O4 ʧʫʪʝʤ ʛʠʜʨʦʣʠʟʘ ʩʤʝʩʠ ʭʣʦʨʠʜʦʚ ʞʝʣʝʟʘ (II) ʠ (III) ʚ ʩʦʦʪʥʦʰʝʥʠʠ 1:2 ʚ ʨʘʩʪʚʦʨʝ 

ʛʠʜʨʦʢʩʠʜʘ ʘʤʤʦʥʠʷ, ʟʘʢʨʝʧʣʝʥʠʝ ʤʦʥʦʤʝʨʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘʥʦʯʘʩʪʠʮ Fe3O4 ʩ ʧʦʩʣʝʜʫʶʱʝʡ 

ʧʦʣʠʤʝʨʠʟʘʮʠʝʡ in situ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʧʝʨʩʫʣʴʬʘʪʘ ʘʤʤʦʥʠʷ. ɼʘʥʥʳʝ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʧʦʜʪʚʝʨʞʜʘʶʪ 

ʟʘʢʨʝʧʣʝʥʠʝ ʤʦʥʦʤʝʨʘ ʥʘ ʥʘʥʦʯʘʩʪʠʮʘʭ Fe3O4 ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʚʷʟʠ Fe-O. ɺ ʀʂ-ʩʧʝʢʪʨʘʭ ʥʘʥʦʢʦʤʧʦʟʠʪʘ 

ʧʦʷʚʣʷʝʪʩʷ ʧʦʣʦʩʘ ʧʦʛʣʦʱʝʥʠʷ ʧʨʠ 572 ʩʤï1, ʦʪʚʝʯʘʶʱʘʷ ʚʘʣʝʥʪʥʳʤ ʢʦʣʝʙʘʥʠʷʤ ʩʚʷʟʠ Fe-O. 

ʆʙʨʘʟʦʚʘʥʠʝ ʥʘʥʦʯʘʩʪʠʮ Fe3O4 ʧʦʜʪʚʝʨʞʜʝʥʦ ʤʝʪʦʜʦʤ ʈʌɸ. ʅʘ ʜʠʬʨʘʢʪʦʛʨʘʤʤʝ ʥʘʥʦʢʦʤʧʦʟʠʪʘ 

ʯʝʪʢʦ ʠʜʝʥʪʠʬʠʮʠʨʫʶʪʩʷ ʧʠʢʠ ʦʪʨʘʞʝʥʠʷ Fe3O4 ʚ ʦʙʣʘʩʪʠ ʫʛʣʦʚ ʨʘʩʩʝʷʥʠʷ 2ɗ = 46.1Á, 54.2Á, 66.9Á, 84.8Á, 

91.2Á, 102.2Á (ʨʠʩ. 1). ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʨʘʩʩʯʠʪʘʥʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦ 

ʨʘʟʤʝʨʘʤ ʦʙʣʘʩʪʝʡ ʢʦʛʝʨʝʥʪʥʦʛʦ ʨʘʩʩʝʷʥʠʷ (ʆʂʈ) ʚ ʥʘʥʦʯʘʩʪʠʮʘʭ Fe3O4. ʂʨʠʚʳʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦ 

ʨʘʟʤʝʨʘʤ ʫʟʢʠʝ. ʆʢʦʣʦ 90ï95 % ʢʨʠʩʪʘʣʣʠʪʦʚ Fe3O4 ʠʤʝʶʪ ʨʘʟʤʝʨʳ ʜʦ 8 ʥʤ. ʇʦ ʜʘʥʥʳʤ ʇʕʄ 

ʥʘʥʦʯʘʩʪʠʮʳ Fe3O4 ʠʤʝʶʪ ʨʘʟʤʝʨʳ 4 < d < 10 ʥʤ. ʇʦ ʜʘʥʥʳʤ ʘʪʦʤʥʦ-ʘʙʩʦʨʙʮʠʦʥʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ 

ʩʦʜʝʨʞʘʥʠʝ Fe = 21ï50 % ʤʘʩʩ.  

ʀʩʩʣʝʜʦʚʘʥʠʝ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ 

ʥʘʩʳʱʝʥʠʷ MS ʟʘʚʠʩʠʪ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʞʝʣʝʟʘ ʠ ʜʦʩʪʠʛʘʝʪ 55.65 ɻʩÖʩʤ3/ʛ (ʨʠʩ. 2). ʂʦʵʬʬʠʮʠʝʥʪ 

ʧʨʷʤʦʫʛʦʣʴʥʦʩʪʠ ʧʝʪʣʠ ʛʠʩʪʝʨʝʟʠʩʘ ʢʧ ~ 0, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʩʫʧʝʨʧʘʨʘʤʘʛʥʠʪʥʦʤ ʧʦʚʝʜʝʥʠʠ 

ʛʠʙʨʠʜʥʦʛʦ ʥʘʥʦʤʘʪʝʨʠʘʣʘ [2, 3]. 

  
ʈʠʩ. 2. ʅʘʤʘʛʥʠʯʝʥʥʦʩʪʴ ʥʘʥʦʢʦʤʧʦʟʠʪʘ 

Fe3O4/ʇɸʄʄʌ, ʧʦʣʫʯʝʥʥʦʛʦ ʧʨʠ [Fe] = 21 (1), 

35 (2), 45 (3) ʠ 50 % (4) ʢʘʢ ʬʫʥʢʮʠʷ 

ʧʨʠʣʦʞʝʥʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. 

ʈʠʩ. 3. ʋʤʝʥʴʰʝʥʠʝ ʤʘʩʩʳ ʇɸʄʄʌ (1, 2) ʠ 

ʥʘʥʦʢʦʤʧʦʟʠʪʘ Fe3O4/ʇɸʄʄʌ (3, 4) ʧʨʠ 

ʥʘʛʨʝʚʘʥʠʠ ʜʦ 1000 Áʉ ʩʦ ʩʢʦʨʦʩʪʴʶ 10 Áʉ/ʤʠʥ 

ʚ ʪʦʢʝ ʘʨʛʦʥʘ (1, 3) ʠ ʥʘ ʚʦʟʜʫʭʝ (2, 4). 

ʊʝʨʤʠʯʝʩʢʘʷ ʩʪʘʙʠʣʴʥʦʩʪʴ ʥʘʥʦʢʦʤʧʦʟʠʪʘ Fe3O4/ʇɸʄʄʌ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʇɸʄʄʌ ʠʩʩʣʝʜʦʚʘʥʘ 

ʤʝʪʦʜʘʤʠ ʊɻɸ ʠ ɼʉʂ. ʍʘʨʘʢʪʝʨ ʢʨʠʚʳʭ ʧʦʪʝʨʠ ʤʘʩʩʳ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʯʘʣʘ ʨʘʟʣʦʞʝʥʠʷ ʦʙʨʘʟʮʦʚ ʥʝ 

ʤʝʥʷʶʪʩʷ ʜʦ 320 Áʉ (ʨʠʩ. 3). ʇʨʠ ʵʪʦʤ ʧʦʪʝʨʷ ʤʘʩʩʳ ʧʨʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʩʚʷʟʘʥʘ ʩ ʫʜʘʣʝʥʠʝʤ ʚʣʘʛʠ, 

ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʜʘʥʥʳʤʠ ɼʉʂ [1]. ʊʝʨʤʠʯʝʩʢʘʷ ʩʪʘʙʠʣʴʥʦʩʪʴ ʥʘʥʦʢʦʤʧʦʟʠʪʘ Fe3O4/ʇɸʄʄʌ 

ʥʝʤʥʦʛʦ ʚʳʰʝ, ʯʝʤ ʇɸʄʄʌ. ʍʘʨʘʢʪʝʨ ʢʨʠʚʳʭ ʧʦʪʝʨʠ ʤʘʩʩʳ ʥʘʥʦʢʦʤʧʦʟʠʪʘ ʥʝ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʧʦʣʠʤʝʨʘ. 

ɺ ʠʥʝʨʪʥʦʡ ʩʨʝʜʝ ʚʳʰʝ 320 Áʉ ʧʦʪʝʨʷ ʤʘʩʩʳ ʦʙʨʘʟʮʦʚ ʧʨʦʠʩʭʦʜʠʪ ʧʦʩʪʝʧʝʥʥʦ. ʇʨʠ 1000 Áʉ ʦʩʪʘʪʦʢ 

ʩʦʩʪʘʚʣʷʝʪ 39ï43 %. 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʢʠʩʣʠʪʝʣʴʥʦʡ ʧʦʣʠʤʝʨʠʟʘʮʠʝʡ in situ ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ ʘʮʝʪʦʥʠʪʨʠʣʘ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʟʘʨʘʥʝʝ ʚʥʝʩʝʥʥʳʭ ʚ ʨʝʘʢʮʠʦʥʥʫʶ ʩʨʝʜʫ ʥʘʥʦʯʘʩʪʠʮ ʤʘʛʥʝʪʠʪʘ ʧʦʣʫʯʝʥ ʛʠʙʨʠʜʥʳʡ 

ʜʠʩʧʝʨʩʥʳʡ ʤʘʛʥʠʪʥʳʡ ʥʘʥʦʤʘʪʝʨʠʘʣ Fe3O4/ʇɸʄʄʌ. ʂʦʵʬʬʠʮʠʝʥʪ ʧʨʷʤʦʫʛʦʣʴʥʦʩʪʠ ʧʝʪʣʠ ʛʠʩʪʝʨʝʟʠʩʘ 

ʢʧ ~ 0, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʩʫʧʝʨʧʘʨʘʤʘʛʥʠʪʥʦʤ ʧʦʚʝʜʝʥʠʠ ʛʠʙʨʠʜʥʦʛʦ ʥʘʥʦʤʘʪʝʨʠʘʣʘ.  
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CONTROL OF THE MAGNE TIZATION ORIENTATION  IN L10 FEPT FILMS BY MEANS OF 

ANNEALING IN A MAGNETIC FIELD  

Kamzin A.S., Ganeev V.R., Valiullin A.A., Zaripova L.D. 

 

Films of the L10 Fe50Pt50 phase with a thickness of 20 nm in the multilayer Fe(2 nm)/Fe50Pt50(20 nm)/Pt(2 

nm) magnetic structure have been prepared by magnetron sputtering. When the annealing temperature is close to 

the Curie temperature TC for FePt films, the thermal perturbation is comparable in magnitude to the magnetization 

exchange energy; consequently, the external magnetic field of ~3500 Oe, which is applied perpendicular to the 

film surface, effectively contributes to the formation of the L10 structure. The annealing of FePt structures in an 

external magnetic field makes it possible to form the L10 (001) texture in these materials and to orient magnetic 

moments in the direction of the field. 

 

ʄʥʦʛʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʘʛʥʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʩʚʷʟʘʥʥʳʝ ʩ ʩʦʟʜʘʥʠʝʤ ʪʦʥʢʠʭ ʧʣʝʥʦʢ, ʥʘʧʨʘʚʣʝʥʳ 

ʥʘ ʧʦʚʳʰʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʤʘʛʥʠʪʥʦʡ ʟʘʧʠʩʠ ʠʥʬʦʨʤʘʮʠʠ. ʂʘʢ ʧʨʘʚʠʣʦ, ʧʦʚʳʰʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʟʘʧʠʩʠ 

ʜʦʩʪʠʛʘʝʪʩʷ ʟʘ ʩʯʝʪ ʤʠʥʠʤʠʟʘʮʠʠ ʨʘʟʤʝʨʦʚ ʟʝʨʝʥ ï ʥʦʩʠʪʝʣʝʡ ʠʥʬʦʨʤʘʮʠʠ ʚ ʤʘʛʥʠʪʥʦʡ ʧʣʝʥʢʝ, ʠ 

ʧʝʨʝʭʦʜʘ ʦʪ ʧʨʦʜʦʣʴʥʦʛʦ ʪʠʧʘ ʟʘʧʠʩʠ ʢ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʤʫ. ʆʜʥʘʢʦ, ʫʤʝʥʴʰʝʥʠʝ ʨʘʟʤʝʨʦʚ ʛʨʘʥʫʣ 

ʦʛʨʘʥʠʯʝʥʦ ʚʦʟʥʠʢʥʦʚʝʥʠʝʤ ʩʫʧʝʨʧʘʨʘʤʘʛʥʠʪʥʦʛʦ ʵʬʬʝʢʪʘ, ʯʪʦ ʧʨʝʧʷʪʩʪʚʫʝʪ ʫʚʝʣʠʯʝʥʠʶ ʧʣʦʪʥʦʩʪʠ 

ʤʘʛʥʠʪʥʦʡ ʟʘʧʠʩʠ. ɼʨʫʛʠʤ ʦʛʨʘʥʠʯʝʥʠʝʤ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʟʘʧʠʩʠ ʷʚʣʷʝʪʩʷ ʦʙʤʝʥʥʦʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʛʨʘʥʫʣʘʤʠ. ɼʣʷ ʧʨʝʦʜʦʣʝʥʠʷ ʵʪʠʭ ʦʛʨʘʥʠʯʝʥʠʡ ʧʨʠʤʝʥʷʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʤʝʪʦʜʳ 

[1]. 

ʇʨʠʥʮʠʧʳ ʩʦʟʜʘʥʠʷ ʤʘʛʥʠʪʥʳʭ ʧʣʝʥʦʢ FePt ʩʪʨʫʢʪʫʨʳ L10, ʦʙʣʘʜʘʶʱʠʭ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴʶ 

ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʧʣʦʩʢʦʩʪʠ ʧʣʝʥʢʠ ʠ ʙʦʣʴʰʦʡ ʵʥʝʨʛʠʝʡ ʤʘʛʥʠʪʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ 

ʘʥʠʟʦʪʨʦʧʠʠ (Ku Ḑ 7 Ŀ 107 ʵʨʛ/ʩʤ3) [2], ʠʥʪʝʥʩʠʚʥʦ ʠʟʫʯʘʶʪʩʷ ʩ ʮʝʣʴʶ ʩʦʟʜʘʥʠʷ ʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ, 

ʥʦʩʠʪʝʣʝʡ ʠʥʬʦʨʤʘʮʠʠ ʩʦ ʩʚʝʨʭʚʳʩʦʢʦʡ ʧʣʦʪʥʦʩʪʴʶ (ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʡ) ʤʘʛʥʠʪʥʦʡ ʟʘʧʠʩʠ (ʇʄɿ) [3]. 

ʀʟʚʝʩʪʥʦ, ʚ ʩʣʫʯʘʝ ʇʄɿ ʠʥʬʦʨʤʘʮʠʠ, ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʘʷ ʦʩʴ C ʚ FePt ʧʣʝʥʢʘʭ ʜʦʣʞʥʘ ʙʳʪʴ 

ʥʘʧʨʘʚʣʝʥʘ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʝʥʦʢ ʦʙʣʘʜʘʶʱʠʭ (001) ʪʝʢʩʪʫʨʦʡ. ʆʜʥʘʢʦ, ʧʣʝʥʢʠ FePt 

ʦʩʘʞʜʝʥʥʳʝ ʥʘ ʘʤʦʨʬʥʳʝ ʧʦʜʣʦʞʢʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʦʙʣʘʜʘʶʪ ʪʝʢʩʪʫʨʦʡ (111) ʧʦʪʦʤʫ, ʯʪʦ ʧʣʦʩʢʦʩʪʴ (111) 

ʧʣʝʥʢʠ ʷʚʣʷʝʪʩʷ ʧʣʦʪʥʦʫʧʘʢʦʚʘʥʥʦʡ  ʧʣʦʩʢʦʩʪʴʶ ʧʣʝʥʦʢ FePt ʬʘʟʳ L10 ʠ ʦʩʴ C ʦʨʠʝʥʪʠʨʦʚʘʥʘ ʥʝ ʚʜʦʣʴ 

ʥʦʨʤʘʣʠ ʢ ʧʣʦʩʢʦʩʪʠ ʧʣʝʥʢʠ, ʘ ʦʪʢʣʦʥʝʥʘ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʥʘ 36Ǔ ʦʪ ʥʝʝ (ʩʤ. ʥʘʧʨʠʤʝʨ [4] ʠ ʩʩʳʣʢʠ ʪʘʤ). 

ʊʘʢʠʝ FePt ʧʣʝʥʢʠ ʥʝ ʦʙʣʘʜʘʶʪ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʡ ʘʥʠʟʦʪʨʦʧʠʝʡ ʠ ʥʝ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʇʄɿ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʧʨʦʙʣʝʤ ʧʨʠ ʩʦʟʜʘʥʠʠ ʥʦʩʠʪʝʣʝʡ ʠʥʬʦʨʤʘʮʠʠ ʜʣʷ ʇʄɿ, 

ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʦʚ ʧʦʣʫʯʝʥʠʷ ʧʣʝʥʦʢ FePt, ʚ ʢʦʪʦʨʳʭ ʤʘʛʥʠʪʥʘʷ ʣʝʛʢʘʷ ʦʩʴ ʉ ʙʳʣʘ 

ʦʨʠʝʥʪʠʨʦʚʘʥʘ ʧʦ ʥʦʨʤʘʣʠ ʢ ʧʦʚʝʨʭʥʦʩʪʠ. 
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ɺ ʩʣʫʯʘʝ ʬʝʨʨʦʤʘʛʥʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʥʠʞʝ ʊʩ ʤʘʛʥʠʪʥʳʝ ʤʦʤʝʥʪʳ ʩʧʦʥʪʘʥʥʦ 

ʦʨʠʝʥʪʠʨʫʶʪʩʷ ʚ ʤʘʛʥʠʪʥʦʤ ʜʦʤʝʥʝ ʚ ʦʜʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ, ʪʦʛʜʘ ʢʘʢ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚʳʰʝ ʊʩ ʤʦʤʝʥʪʳ 

ʦʨʠʝʥʪʠʨʫʶʪʩʷ ʩʣʫʯʘʡʥʳʤ ʦʙʨʘʟʦʤ. ʇʨʠ ʦʪʞʠʛʝ ʩʧʣʘʚʦʚ FePt ʩʪʨʫʢʪʫʨʳ L10 ʚ ʦʙʣʘʩʪʠ ʊʩ ʚ ʤʘʛʥʠʪʥʦʤ 

ʧʦʣʝ, ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʝʩʪʨʦʡʢʘ ʘʪʦʤʦʚ Fe ʠ Pt ʟʘ ʩʯʝʪ ʚʥʝʰʥʝʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ʇʨʠ ʵʪʦʤ ʣʝʛʢʘʷ ʦʩʴ 

ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ ʜʦʣʞʥʘ ʦʨʠʝʥʪʠʨʦʚʘʪʴʩʷ ʚ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. ʇʨʝʜʳʜʫʱʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʘʚʪʦʨʦʚ [5] ʧʦʢʘʟʘʣʠ ʚʦʟʤʦʞʥʦʩʪʴ ʬʦʨʤʠʨʦʚʘʥʠʷ ʥʝʦʙʭʦʜʠʤʦʡ ʤʘʛʥʠʪʥʦʡ ʩʪʨʫʢʪʫʨʳ ʩ ʧʦʤʦʱʴʶ ʦʪʞʠʛʘ 

ʧʣʝʥʦʢ ʚʦ ʚʥʝʰʥʝʤ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ (ɺʄʇ). 

ɺʧʝʨʚʳʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʦʨʠʝʥʪʘʮʠʝʡ ʣʝʛʢʦʡ ʦʩʠ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ ʥʘʥʦʯʘʩʪʠʮ ʚ ʧʣʝʥʢʝ ʬʘʟʳ L10 ʚ 

ʄʄʉ ʤʦʞʥʦ ʤʘʥʠʧʫʣʠʨʦʚʘʪʴ ʩ ʧʦʤʦʱʴʶ ʚʥʝʰʥʝʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ (ɺʄʇ) in situ. ɺʥʝʰʥʠʝ ʤʘʛʥʠʪʥʳʝ 

ʧʦʣʷ ʫʤʝʨʝʥʥʳʭ ʚʝʣʠʯʠʥ ʚʧʦʣʥʝ ʜʦʩʪʘʪʦʯʥʳ, ʯʪʦʙʳ ʦʨʠʝʥʪʠʨʦʚʘʪʴ ʣʝʛʢʫʶ ʦʩʴ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ 

ʥʘʥʦʯʘʩʪʠʮ ʬʘʟʳ L10 ʚ ʄʄʉ FePt ʢʘʢ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʤ, ʪʘʢ ʠ ʚ ʧʘʨʘʣʣʝʣʴʥʦʤ ʧʣʦʩʢʦʩʪʠ 

ʧʣʝʥʢʠ, ʧʨʠʯʝʤ ʩ ʦʜʥʦʚʨʝʤʝʥʥʳʤ ʢʦʥʪʨʦʣʝʤ ʪʝʢʩʪʫʨʳ ʧʣʝʥʢʠ. ʄʝʪʦʜʠʢʘ ʢʦʥʜʝʥʩʘʮʠʠ ʧʣʘʟʤʳ ʚ ʛʘʟʦʚʦʡ 

ʬʘʟʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʥʝʰʥʠʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ, ʧʦʟʚʦʣʷʝʪ ʣʝʛʢʦ ʧʦʣʫʯʠʪʴ ʄʄʉ ʥʘ ʦʩʥʦʚʝ FePt 

ʩʦʩʪʦʷʥʠʷ L10 ʩ ʥʝʦʙʭʦʜʠʤʦʡ ʤʘʛʥʠʪʥʦʡ ʩʪʨʫʢʪʫʨʦʡ, ʪʨʝʙʫʝʤʦʡ ʜʣʷ ʩʚʝʨʭʚʳʩʦʢʦʧʣʦʪʥʦʡ ʤʘʛʥʠʪʥʦʡ 

ʟʘʧʠʩʠ ʠʥʬʦʨʤʘʮʠʠ ʩʣʝʜʫʶʱʝʛʦ ʧʦʢʦʣʝʥʠʷ. 
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MODIFIED MAGHEMITE A ND MAGNETITE NANOPAR TICLES FOR MRI IMAGI NG IN VITRO 

AND IN VIVO  

Kozlova M.A., Shvets N.A., Vinogradova T.I., Zabolotnykh N.V., Bobrysheva N.P., Osmolovsky M.G., 

Osmolovskaya O.M. 

 

The superparamagnetic g-Fe2O3 (maghemite) and Fe3O4 (magnetite) NPs were obtained by hydrothermal 

one-step synthesis via original approach and precipitation method correspondently. The NPs modification were 

conducted to control its magnetic properties and to stabilize its surface. The processes were performed via 

adsorption using three different types of biocompatible coating in the case of maghemite and by hydrothermal 

treatment and dextran adsorption for magnetite. The magnetic characteristics and MRI contract (in vitro and in 

vivo measurements) were strongly depended on coating nature and the type of modification. 

ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʙʦʣʴʰʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʝ ʢʦʥʪʨʘʩʪʥʳʭ ʘʛʝʥʪʦʚ ʜʣʷ ʤʘʛʥʠʪʥʦ-

ʨʝʟʦʥʘʥʩʥʦʡ ʪʦʤʦʛʨʘʬʠʠ (ʄʈʊ). ʄʝʪʦʜ ʄʈʊ ʦʩʥʦʚʘʥ ʥʘ ʘʥʘʣʠʟʝ ʚʨʝʤʝʥʠ ʨʝʣʘʢʩʘʮʠʠ, ʢʦʪʦʨʦʝ ʟʘʚʠʩʠʪ ʦʪ 

ʦʢʨʫʞʘʶʱʠʭ ʧʨʦʪʦʥ ʤʦʣʝʢʫʣ ʠ ʘʪʦʤʦʚ ʠ ʨʘʟʣʠʯʥʦ ʫ ʟʜʦʨʦʚʳʭ ʠ ʙʦʣʴʥʳʭ ʪʢʘʥʝʡ. ɼʣʷ ʧʦʚʳʰʝʥʠʷ 

ʪʦʯʥʦʩʪʠ ʠ ʢʦʥʪʨʘʩʪʥʦʩʪʠ ʠʟʦʙʨʘʞʝʥʠʷ ʚ ʦʨʛʘʥʠʟʤ ʚʚʦʜʷʪ ʢʦʥʪʨʘʩʪʥʳʝ ʘʛʝʥʪʳ. ɼʣʷ ʊ1 ʨʝʞʠʤʘ ʂɸ 

ʚʳʧʦʣʥʝʥʳ ʥʘ ʦʩʥʦʚʝ ʧʘʨʘʤʘʛʥʠʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʛʘʜʦʣʠʥʠʷ, ʜʣʷ ʊ2 ï ʩʫʧʝʨʧʘʨʘʤʘʛʥʠʪʥʳʭ ʥʘʥʦʯʘʩʪʠʮ 

ʥʘ ʦʩʥʦʚʝ ʙʠʦʩʦʚʤʝʩʪʠʤʳʭ ʦʢʩʠʜʦʚ ʞʝʣʝʟʘ (ʤʘʛʛʝʤʠʪʘ ʠ ʤʘʛʥʝʪʠʪʘ). ʆʜʥʘʢʦ, ʩʫʱʝʩʪʚʫʶʪ ʦʧʨʝʜʝʣʝʥʥʳʝ 

ʧʨʦʙʣʝʤʳ ʧʨʠʤʝʥʝʥʠʷ ʜʘʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ï ʩʣʦʞʥʦʩʪʴ ʩʠʥʪʝʟʘ ʠ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʤʘʛʥʠʪʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʠ ʥʝʩʪʘʙʠʣʴʥʦʩʪʴ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʠ ʤʘʛʥʠʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʦ 
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ʚʪʦʨʦʤ. ʈʝʰʝʥʠʝʤ ʵʪʠʭ ʧʨʦʙʣʝʤ, ʢʦʪʦʨʦʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ, ʷʚʣʷʝʪʩʷ ʤʦʜʠʬʠʢʘʮʠʷ 

ʧʦʚʝʨʭʥʦʩʪʠ ʥʘʥʦʯʘʩʪʠʮ ʨʘʟʣʠʯʥʳʤʠ ʩʧʦʩʦʙʘʤʠ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʤʦʜʠʬʠʢʘʮʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʜʚʫʭ ʙʠʦʩʦʚʤʝʩʪʠʤʳʭ ʦʢʩʠʜʦʚ ʞʝʣʝʟʘ 

ï ɔ-Fe2O3 (ʤʘʛʛʝʤʠʪ) ʠ Fe3O4 (ʤʘʛʥʝʪʠʪ). ʅʘʥʦʯʘʩʪʠʮʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʤ ʤʝʪʦʜʦʤ ʠ 

ʤʝʪʦʜʦʤ ʦʩʘʞʜʝʥʠʷ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʠ ʠʩʩʣʝʜʦʚʘʥʳ ʤʝʪʦʜʘʤʠ ʈʌɸ, ʇʕʄ ʠ ɹʕʊ. ɼʠʘʤʝʪʨ ʯʘʩʪʠʮ 

ʩʦʩʪʘʚʣʷʣ ʤʝʥʝʝ 10 ʥʤ. 

ʇʦʚʝʨʭʥʦʩʪʴ ʤʘʛʛʝʤʠʪʘ ʙʳʣʘ ʤʦʜʠʬʠʮʠʨʦʚʘʥʘ ʪʨʝʤʷ ʙʠʦʩʦʚʤʝʩʪʠʤʳʤʠ ʧʦʢʨʳʪʠʷʤʠ, ʢʦʪʦʨʳʝ 

ʧʨʝʜʩʪʘʚʣʷʣʠ ʩʦʙʦʡ ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʝ ʩʦʝʜʠʥʝʥʠʷ (ɺʄʉ) ï ʙʳʯʠʡ ʩʳʚʦʨʦʪʦʯʥʳʡ ʘʣʴʙʫʤʠʥ, ʜʝʢʩʪʨʘʥ 

ʠ ʩʠʥʪʝʪʠʯʝʩʢʠʡ ʧʦʣʠʩʘʭʘʨʠʜ. ɺ ʩʚʷʟʠ ʩ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʩʪʘʙʠʣʠʟʘʮʠʠ ʤʘʛʥʝʪʠʪʘ, ʩʥʘʯʘʣʘ ʝʛʦ 

ʧʦʜʚʝʨʛʘʣʠ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʡ ʦʙʨʘʙʦʪʢʝ, ʘ ʟʘʪʝʤ ʧʨʦʚʦʜʠʣʠ ʘʜʩʦʨʙʮʠʶ ʜʝʢʩʪʨʘʥʘ, ʢʘʢ ʥʘʠʙʦʣʝʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʛʦ ʙʠʦʩʦʚʤʝʩʪʠʤʦʛʦ ʧʦʢʨʳʪʠʷ. ʄʦʜʠʬʠʮʠʨʦʚʘʥʥʳʝ ʠ ʥʝʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʝ ʦʙʨʘʟʮʳ 

ʙʳʣʠ ʠʟʫʯʝʥʳ ʤʝʪʦʜʘʤʠ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʩʚʝʪʦʨʘʩʩʝʷʥʠʷ ʠ ʚʠʙʨʘʮʠʦʥʥʦʡ ʤʘʛʥʠʪʦʤʝʪʨʠʠ. ʇʦʢʘʟʘʥʦ, ʯʪʦ 

ʧʦʣʫʯʝʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʷʜʨʦ ʠʟ ʤʘʛʥʠʪʥʳʭ ʥʘʥʦʯʘʩʪʠʮ, ʢʦʪʦʨʦʝ ʧʦʢʨʳʪʦ ɺʄʉ; ʥʘ 

ʨʘʟʤʝʨ ʷʜʨʘ, ʚʦʟʥʠʢʘʶʱʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʯʘʩʪʠʮʘʤʠ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ 

ʦʙʨʘʟʮʦʚ, ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ʧʨʠʨʦʜʘ ʧʦʢʨʳʪʠʷ.  

ʄʝʪʦʜʦʤ ʄʈ-ʪʦʤʦʛʨʘʬʠʠ in vitro ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʦʣʫʯʝʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʜʝʤʦʥʩʪʨʠʨʫʶʪ 

ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʢʦʥʪʨʘʩʪ ʚ ʦʙʦʠʭ ʨʝʞʠʤʘʭ ʩʲʝʤʢʠ; ʠʩʩʣʝʜʦʚʘʥʠʷ in vivo ʧʦʢʘʟʘʣʠ ʥʘʢʦʧʣʝʥʠʝ ʥʘʥʦʯʘʩʪʠʮ 

ʚ ʧʝʯʝʥʠ ʟʜʦʨʦʚʳʭ ʤʳʰʝʡ-ʩʘʤʮʦʚ. 
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CRYSTAL -CHEMICAL RELATIONSHIP S BETWEEN INTERMETAL LIDE SYSTEMS CO-SM, FE-

SM ïDOES IT A CAUSE OF THE REVERSIBLE COERCI TIVITY  CHANGES DURING HEAT 

TREATMENT  

 
ʇʨʝʜʩʪʘʚʣʝʥʠʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ʬʘʟ ʩʠʩʪʝʤ Sm-Co ʠ Sm-Fe ʚ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ 

ʧʦʣʠʵʜʨʘʭ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʨʘʟʥʦʦʙʨʘʟʠʝ ʩʪʨʫʢʪʫʨ ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʚ (ʚʩʝʛʦ ʦʢʦʣʦ 10) ʚ ʵʪʠʭ ʩʠʩʪʝʤʘʭ 

ʩʚʦʜʠʪʩʷ ʢ ʚʘʨʠʘʥʪʘʤ ʩʙʦʨʢʠ ʜʚʫʭ ʘʪʦʤʥʳʭ ʢʣʘʩʪʝʨʦʚ: ʧʦʣʠʵʜʨʦʚ ʌʨʘʥʢʘ-ʂʘʩʧʝʨʘ ʩ 14 ʠ 16 ʚʝʨʰʠʥʘʤʠ ʚ 

ʠʥʪʝʨʚʘʣʝ ʩʦʩʪʘʚʦʚ ʦʪ Sm2T17 ʜʦ SmT2 (T=Co, Fe). ʕʚʪʝʢʪʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ ʩʠʩʪʝʤʳ Sm-Fe ʚ ʩʠʩʪʝʤʝ 

Co-Sm ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʠʟʦʩʪʨʫʢʪʫʨʥʘʷ ʮʝʤʝʥʪʠʪʫ Fe3C ʬʘʟʘ CoSm3, ʩʦʙʨʘʥʥʘʷ ʠʟ 9-ʚʝʨʰʠʥʥʳʭ ʧʦʣʠʵʜʨʦʚ 

ɹʝʨʥʘʣʘ (ʪʨʝʭʰʘʧʦʯʥʳʭ ʪʨʠʛʦʥʘʣʴʥʳʭ ʧʨʠʟʤ). ʀʥʪʝʨʤʝʪʘʣʣʠʜʳ ʨʘʟʥʦʡ ʩʪʝʭʠʦʤʝʪʨʠʠ ʠ ʨʘʟʥʦʡ ʩʠʥʛʦʥʠʠ 

ʦʪʣʠʯʘʶʪʩʷ ʣʠʰʴ ʧʦʨʷʜʢʦʤ ʫʢʣʘʜʢʠ ʧʦʣʠʵʜʨʦʚ ʜʚʫʭ ʪʠʧʦʚ ʚʜʦʣʴ ʦʙʱʝʡ ʦʩʠ 3-ʛʦ ʠʣʠ 6-ʛʦ ʧʦʨʷʜʢʘ. 

ʀʟʤʝʥʝʥʠʝ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʚʳʧʦʣʥʷʝʪʩʷ ʜʚʫʤʷ ʚʘʨʠʘʥʪʘʤʠ ʮʝʥʪʨʠʨʦʚʘʥʠʷ 14-ʚʝʨʰʠʥʥʠʢʦʚ: ʦʜʥʠʤ 

ʘʪʦʤʦʤ ʈɿʄ ʠʣʠ ʧʘʨʦʡ (ʛʘʥʪʝʣʴʶ) ʘʪʦʤʦʚ 3d-ʤʝʪʘʣʣʘ.  

ʅʘʨʷʜʫ ʩ ʚʘʨʠʘʥʪʘʤʠ ʯʝʨʝʜʦʚʘʥʠʷ ʚʜʦʣʴ ʚʳʜʝʣʝʥʥʦʡ ʦʩʠ ʜʚʫʭ ʧʦʣʠʵʜʨʦʚ, ʫʩʪʘʥʦʚʣʝʥʥʳʤʠ 

ʤʝʪʦʜʘʤʠ ʜʠʬʨʘʢʮʠʠ ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʣʫʯʝʡ (ʯʝʨʝʟ ʦʜʠʥ, ʯʝʨʝʟ ʜʚʘ ʠ ʪ.ʜ.) ʛʝʦʤʝʪʨʠʯʝʩʢʠ ʚʦʟʤʦʞʥʳ ʠ 

ʜʨʫʛʠʝ ʚʘʨʠʘʥʪʳ. ɺʦʟʤʦʞʥʘ ʪʘʢʞʝ ʩʪʘʪʠʩʪʠʯʝʩʢʘʷ ʩʤʝʥʘ ʯʝʨʝʜʦʚʘʥʠʷ ʚʜʦʣʴ ʦʩʠ. ɺʦʟʤʦʞʥʦ ʪʘʢʞʝ 

ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʧʨʦʩʣʦʝʢ ʜʨʫʛʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʩ ʦʛʨʘʥʠʯʝʥʥʦʡ ʧʨʦʪʷʞʝʥʥʦʩʪʴʶ ʚ ʙʘʟʠʩʥʦʡ 

ʧʣʦʩʢʦʩʪʠ: ʥʝʩʢʦʣʴʢʦ (ʧʦʨʷʜʢʘ 10 ʠ ʤʝʥʝʝ) ʧʦʣʠʵʜʨʦʚ ʦʜʥʦʛʦ ʪʠʧʘ ʚ ʜʘʥʥʦʡ ʙʘʟʠʩʥʦʡ ʧʣʦʩʢʦʩʪʠ, ʪ.ʝ. 2-4 

ʥʤ. ʉʤʝʥʘ ʟʘʢʦʥʘ ʩʙʦʨʢʠ ʧʦʣʠʵʜʨʦʚ, ʘʥʘʣʦʛʠʯʥʘ ʩʦʧʨʷʞʝʥʠʶ ʨʘʟʥʳʭ ʤʦʜʠʬʠʢʘʮʠʡ ʢʘʨʙʠʜʘ ʄ7ʉ3 ʠ   ʄ3ʉ 

(M=Cr, Fe) ʚ ʭʨʦʤʠʩʪʳʭ ʩʪʘʣʷʭ.  

ɺʘʨʠʘʮʠʠ ʩʙʦʨʢʠ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʧʦʣʠʵʜʨʦʚ ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʚ ʨʘʟʥʦʡ ʩʪʝʭʠʦʤʝʪʨʠʠ ʤʦʛʫʪ 

ʩʣʫʞʠʪʴ ʧʨʠʯʠʥʦʡ ʥʘʙʣʶʜʘʝʤʳʭ ʠʟʤʝʥʝʥʠʡ ʢʦʵʨʮʠʪʠʚʥʦʡ ʩʠʣʳ ʤʘʛʥʠʪʦʚ ʩʠʩʪʝʤ ʩʧʣʘʚʦʚ Sm-Co   Sm-

Co-Cu-Zr-Cu.  ʆʪʜʝʣʴʥʳʡ 14- ʠʣʠ 16-ʚʝʨʰʠʥʥʠʢ, ʠʣʠ ʠʭ ʥʝʙʦʣʴʰʦʡ ʘʛʨʝʛʘʪ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʢʣʘʩʪʝʨʦʚ, 

ʦʙʲʝʜʠʥʝʥʥʳʭ ʧʦ ʦʙʱʠʤ ʛʨʘʥʷʤ, ʤʦʛʫʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ ʥʝʢʠʝ ʪʨʝʭʤʝʨʥʳʝ ʜʝʬʝʢʪʳ. ɺ ʦʙʣʘʩʪʠ 
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ʣʦʢʘʣʠʟʘʮʠʠ ʵʪʦʛʦ ʜʝʬʝʢʪʘ ʙʫʜʝʪ ʥʘʨʫʰʝʥʠʝ ʧʝʨʠʦʜʠʯʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ 

ʨʝʰʝʪʢʠ, ʪ.ʝ. ʣʦʢʘʣʴʥʦʝ ʠʟʤʝʥʝʥʠʝ ʧʦʣʷ ʤʘʛʥʠʪʥʦʡ ʘʥʠʟʦʪʨʦʧʠʠ, ʩʢʦʨʝʝ ʚʩʝʛʦ ʧʦʥʠʞʝʥʠʝ. 

ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ʵʪʦʤʫ ʚʦʟʤʦʞʥʦ ʣʦʢʘʣʴʥʦʝ ʦʙʣʝʛʯʝʥʠʝ ʧʝʨʝʤʘʛʥʠʯʠʚʘʥʠʷ. ʇʨʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ 

ʪʘʢʠʭ çʥʝʧʝʨʠʦʜʠʯʝʩʢʠʭè ʢʣʘʩʪʝʨʦʚ ʚ ʨʝʰʝʪʢʝ ʦʩʥʦʚʥʦʡ ʬʘʟʳ ʧʦʩʪʦʷʥʥʦʛʦ ʤʘʛʥʠʪʘ ʙʫʜʝʪ ʤʥʦʛʦ ʠ 

ʨʘʩʧʨʝʜʝʣʝʥʳ ʦʥʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠ. ʈʝʟʢʦʝ ʦʭʣʘʞʜʝʥʠʝ ʤʘʛʥʠʪʘ ʟʘʬʠʢʩʠʨʫʝʪ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʵʪʠʭ ʜʝʬʝʢʪʦʚ 

ʧʝʨʠʦʜʠʯʥʦʩʪʠ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʯʪʦ ʠ ʧʨʦʷʚʠʪʩʷ ʧʨʠ ʠʟʤʝʨʝʥʠʠ ʧʝʪʣʠ ʤʘʛʥʠʪʥʦʛʦ 

ʛʠʩʪʝʨʝʟʠʩʘ ʢʘʢ ʩʥʠʞʝʥʠʝ ʢʦʵʨʮʠʪʠʚʥʦʡ ʩʠʣʳ ʧʦ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ.  

ʆʪʞʠʛ ʫʧʦʨʷʜʦʯʠʚʘʝʪ ʨʘʩʧʦʣʦʞʝʥʠʝ ʢʣʘʩʪʝʨʦʚ, ʠʩʧʨʘʚʣʷʝʪ ʩʪʨʫʢʪʫʨʫ ʦʩʥʦʚʥʦʡ ʠʥʪʝʨʤʝʪʘʣʣʠʜʥʦʡ 

ʬʘʟʳ, ʪʝʤ ʩʘʤʳʤ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪ ʟʥʘʯʝʥʠʝ ʢʦʵʨʮʠʪʠʚʥʦʡ ʩʠʣʳ. ʂʨʠʩʪʘʣʣʦʭʠʤʠʯʝʩʢʦʝ ʩʨʦʜʩʪʚʦ ʩʪʨʫʢʪʫʨ 

ʧʦʟʚʦʣʷʝʪ ʦʙʲʷʩʥʠʪʴ ʪʘʢʞʝ ʧʦʷʚʣʝʥʠʝ ʧʨʦʩʣʦʝʢ ʬʘʟʳ Fe3Sm ʥʘ ʛʨʘʥʠʮʝ Fe17Sm2/Fe2Sm ʚ ʩʪʨʫʢʪʫʨʝ 

ʛʦʤʦʛʝʥʠʟʠʨʦʚʘʥʥʦʛʦ ʩʣʠʪʢʘ Sm-Fe ʠ ʪʦʥʢʦʧʣʘʩʪʠʥʯʘʪʳʭ ʢʨʠʩʪʘʣʣʦʚ Z-ʬʘʟʳ, ʧʝʨʝʨʝʟʘʶʱʠʭ ʙʝʟ 

ʠʩʢʘʞʝʥʠʡ ʩʚʦʝʡ ʬʦʨʤʳ ʷʯʝʠʩʪʳʡ ʢʦʤʧʣʝʢʩ Sm2T17/SmT5 ʚ ʩʪʨʫʢʪʫʨʝ ʩʦʩʪʘʨʝʥʥʳʭ ʤʘʛʥʠʪʦʚ Sm-Co-Cu-

Zr-Cu. 
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Nd-Fe-B-based magnetic materials attracted high interest due to their possible application even at cryogenic 

temperatures [1]. The low-temperature application of magnets based on non-alloyed Nd2Fe14B compound is 

limited by the existence of spin-reorientation transition (SRT) at 135 K, which is accompanied by a decrease in 

hysteretic characteristics of magnets [2]. The partial substitution of praseodymium for neodymium (which forms 

continuous solid solutions) in the magnetic (NdxPr1-x)2Fe14B alloys for Nd-Fe-B-based permanent magnets allows 

us to decrease the SRT temperature due to the absence of transition of the Pr2Fe14B compound [2]. Moreover, it 

is known that the substitution of praseodymium for neodymium allows us to increase substantially the 

magnetization coercive force. 

 According to literature data [3] on the compositional dependence of the spin-reorientation transition 

temperature for the (Nd1-xPrx)2Fe14B system, the substitution of Pr atoms for the half of Nd atoms allows us to 

decrease the spin-reorientation transition temperature to 75 K, i.e., below the liquid nitrogen temperature. 

 Sintered magnets with chemical composition (wt. %) Nd-23; Pr-10; Ti-0,9; Al-0,4; Cu-0,2; B-1,3; 

Fe-balance (samples N1 ï N3) and Nd-23; Pr-13; Ti-0,9; Al-0,4; Cu-0,2; B-1,3; Fe-balance (sample N4) were 

prepared by traditional powder technology [9-11]. Starting alloys were melted using a Balzers VSG vacuum 

induction furnace and subsequently cast onto a copper water-cooled mould. Ingots were subjected to hydrogen 

decrepitation and subsequently to milling in a vibratory mill with an isopropyl alcohol medium. Powders were 

compacted at the pressure of 30 MPa in a textured magnetic field of 1,6 T. Magnet blanks were sintered in vacuum 

at the temperatures from 1080 to 1100 ÁC. 

The following heat treatments were performed: a) 500 Áʉ, 2 h + 475 Áʉ, 0,5 h + 400 Áʉ, 20 h (sample N1); 

b) 500 Áʉ, 2 h (sample N2 and N4);  and c) 500 Áʉ, 2 h + 900 Áʉ, 2 h (sample N3). Magnetic properties of magnets 

were studied at room temperature in magnetic fields of to 12 MA/m using a MN-50 hysteresigraph and a closed 

magnetic circuit. 

Thermal magnetic analysis of permanent magnet samples was performed by measuring temperature 

dependences of magnetization in a low magnetic field using vibrating-sample magnetometer and Bitter magnet. 

The magnetic field was applied along the magnetic texture axis of magnet. Data on the magnetic hysteretic 

properties of the studied magnets are given in Table.  

Table Hysteretic properties* of magnets subjected to different heat treatments 

Sample  
HcJ  / 

kA/m 

Hk / 

kA/m 

Br / 

T 

(BH)max / 

kJ/m3 

N1 810 580 1,25 296 
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N2 1264 1248 1,25 302 

N3 1000 990 1,25 296 

N4 1166 1143 1,27 311 

*Note: HcJ is the magnetization coercive force; Hk is the critical field (magnetization reversing field, at 

which 10 % decrease in the magnetization (with respect to the residual induction) takes place); Br is the residual 

magnetic induction; and (BH)max is the maximum energy product. 

It is evident that the heat treatment at 500 ÁC for 2 h (samples N1 and N4) allowed us to reach the high 

hysteretic properties. The subsequent heat treatments at both lower and higher temperatures resulted in the 

decrease of the coercive force of magnets.  

The phases found in the magnet structure can be identified as the main magnetic (Nd,Pr)2Fe14B phase, 

(Nd,Pr)1.1Fe4B4 phase, (Nd,Pr)rich phase observed at grain boundaries, Nd(Pr)O, Nd(Pr)O2 or (Nd,Pr)2O3 oxides 

present at grain triple junctions and Ti-based phase. According to the EDX microanalysis data, the composition 

of the matrix grains corresponds to the (Pr0.3Nd0.7)2Fe14B and (Pr0.4Nd0.6)2Fe14B for the magnets with 10 and 13 

wt. % Pr, respectively. According to the literature data [3], the temperature of spin-reorientation transition for the 

compositions is 93 and 75 K, respectively. We performed thermal magnetic analysis of the permanent magnets 

subjected to optimum heat treatment (samples N2 and N4). According to the measured temperature dependences 

of magnetization (Fig. 1), the determined spin-reorientation transition temperatures agree well with those available 

in the literature. This is due to the fact that the temperature is determined by the chemical composition of grains. 

 
Fig. 1. The temperature dependence of magnetization measured in a magnetic field of 16 kA/m for the samples 

permanent magnets N2 and N4, having optimal heat treatment. 

The stoichiometric composition of the matrix grains in the (Nd, Pr)-Fe-B magnets with 10 and 13 wt. % Pr 

corresponds to (Pr0.3Nd0.7)2Fe14B and (Pr0.4Nd0.6)2Fe14B compounds, respectively. Conducted thermomagnetic 

analysis to samples of these magnets showed the presence of spin-reorientation transition in temperature 95 and 

75 K, respectively. The latter composition has the spin-reorientation transition temperature close to the liquid-

nitrogen boiling temperature and it can be recommended for low-temperature applications. 

The research was supported by the NCBR (Poland) within the project ñERA.Net RUS Plus: No. 146-

MAGNESò financed by the EU 7th FP, grant no 609556. 
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EFFECT OF INTERSTITI AL ELEMENTS ON STRUC TURE AND PROPERTIES OF 

INERMETALLIC RARE -EARTH ï IRON COMPOUNDS  

Pelevin I.A. 

 

Effect of hydrogen and nitrogen interstitial elements on structure and magnetic properties of rare-earth ï 

iron intermetallic compounds was investigated. Three classes of the intermetallic compounds were taken: RFe11Ti, 

R2Fe17 and R2Fe14B, where R is rare-earth metal (REM). Complex study of structure and magnetic properties of 

these compounds and their hydrides and nitrides was carried out, including unique experimental technique as 

high-field magnetization measurements in fields up to 60 T. For TmFe11Ti compound and its hydride the effect 

of forced ferromagnetic state was observed. Basic regularities of hydrogen and nitrogen effects on structure and 

magnetic properties of REM-iron compounds were determined. 

ʀʥʪʝʨʤʝʪʘʣʣʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʤʝʪʘʣʣʦʚ ʩ ʞʝʣʝʟʦʤ ʠ ʢʦʙʘʣʴʪʦʤ ʷʚʣʷʶʪʩʷ 

ʦʩʥʦʚʥʳʤʠ ʤʘʛʥʠʪʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ, ʥʘʠʙʦʣʝʝ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʤʳʤʠ ʥʘ ʧʨʘʢʪʠʢʝ ʠ ʜʣʷ ʪʝʦʨʝʪʠʯʝʩʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, ʚ ʩʚʷʟʠ ʩ ʨʘʟʚʠʪʠʝʤ ʪʝʭʥʠʢʠ, ʦʪʢʨʳʚʘʶʪʩʷ ʥʦʚʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ 

ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʢʘʢ ʚ ʬʠʟʠʢʝ, ʪʘʢ ʠ ʚ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʠ. ɹʣʘʛʦʜʘʨʷ ʵʪʦʤʫ ʧʦʷʚʣʷʶʪʩʷ ʠ 

ʥʦʚʳʝ ʦʙʣʘʩʪʠ ʥʘʫʯʥʦʛʦ ʠʥʪʝʨʝʩʘ, ʥʝʠʩʩʣʝʜʦʚʘʥʥʳʝ ʨʘʥʝʝ. ʆʩʥʦʚʥʦʡ ʮʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʣʦʩʴ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʣʝʛʢʠʭ ʘʪʦʤʦʚ ʚʥʝʜʨʝʥʠʷ (ʚʦʜʦʨʦʜʘ ʠ ʘʟʦʪʘ) ʥʘ ʩʪʨʫʢʪʫʨʫ ʠ ʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ 

ʠʥʪʝʨʤʝʪʘʣʣʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʩ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʞʝʣʝʟʘ, ʠʟʫʯʝʥʠʝ ʠʥʜʫʮʠʨʦʚʘʥʥʳʭ ʚʥʝʰʥʠʤ 

ʤʘʛʥʠʪʥʳʤ ʧʦʣʝʤ (ʜʦ 60 ʊʣ)  ʩʧʠʥ-ʧʝʨʝʦʨʠʝʥʪʘʮʠʦʥʥʳʭ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ, ʠʩʩʣʝʜʦʚʘʥʠʝ ʛʠʩʪʝʨʝʟʠʩʥʳʭ 

ʩʚʦʡʩʪʚ ʜʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʪʨʫʢʪʫʨʥʦʛʦ ʩʦʩʪʦʷʥʠʷ. 

ʆʙʲʝʢʪʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʳʣʠ ʚʳʙʨʘʥʳ ʪʨʠ ʢʣʘʩʩʘ ʠʥʪʝʨʤʝʪʘʣʣʠʯʝʩʢʠʟ 

ʩʦʝʜʠʥʝʥʠʡ: RFe11Ti, R2Fe17 ʠ R2Fe14B, ʛʜʝ R ï ʨʝʜʢʦʟʝʤʝʣʴʥʳʡ ʤʝʪʘʣʣ (ʈɿʄ). ɼʣʷ ʢʘʞʜʦʛʦ ʢʣʘʩʩʘ ʙʳʣ 

ʚʟʷʪ ʨʷʜ ʩʦʝʜʠʥʝʥʠʡ ʩ ʨʘʟʣʠʯʥʳʤʠ ʈɿʄ, ʘ ʪʘʢʞʝ ʠʭ ʛʠʜʨʠʜʳ ʠ ʥʠʪʨʠʜʳ. ɹʳʣʠ ʧʨʦʚʝʜʝʥʳ ʢʦʤʧʣʝʢʩʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʳ ʠ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ ʦʙʨʘʟʮʦʚ ʚ ʠʩʭʦʜʥʦʤ, ʛʠʜʨʠʨʦʚʘʥʥʦʤ ʠ ʘʟʦʪʠʨʦʚʘʥʥʦʤ 

ʩʦʩʪʦʷʥʠʷʭ. ʆʩʥʦʚʥʳʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʶʪʩʷ: ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʢʦʤʧʦʥʝʥʪʦʚ 

ʩʧʣʘʚʦʚ ʚʳʩʦʢʦʯʠʩʪʳʝ ʵʣʝʤʝʥʪʳ; ʢʦʤʧʣʝʢʩʥʘʷ ʚʩʝʩʪʦʨʦʥʥʷʷ ʘʪʪʝʩʪʘʮʠʷ ʦʙʨʘʟʮʦʚ; ʧʨʦʚʝʜʝʥʠʝ ʠʟʤʝʨʝʥʠʡ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʚ ʩʚʝʨʭʚʳʩʦʢʠʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ ʜʦ 60 ʊʣ ʥʘ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ 

ʦʙʨʘʟʮʘʭ, ʚ ʪʦʤ ʯʠʩʣʝ ʛʠʜʨʠʜʘʭ. ɹʳʣ ʧʦʣʫʯʝʥ ʙʦʣʴʰʦʡ ʦʙʲʝʤ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʜʣʷ ʙʦʣʴʰʦʛʦ 

ʨʷʜʘ ʠʥʪʝʨʤʝʪʘʣʣʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʨʘʟʥʳʭ ʢʣʘʩʩʦʚ. ʀʟʤʝʨʝʥʠʷ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʚ ʠʤʧʫʣʴʩʥʳʭ 

ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ ʜʦ 60 ʊʣ ʜʣʷ ʛʠʜʨʠʨʦʚʘʥʥʳʭ ʠ ʘʟʦʪʠʨʦʚʘʥʥʳʭ ʦʙʨʘʟʮʦʚ, ʘ ʪʘʢʞʝ ʜʣʷ ʨʷʜʘ ʠʩʭʦʜʥʳʭ 

ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʚʧʝʨʚʳʝ, ʯʪʦ ʧʨʝʜʩʪʘʚʣʷʝʪ ʙʦʣʴʰʫʶ ʥʘʫʯʥʫʶ ʮʝʥʥʦʩʪʴ. ʆʨʠʝʥʪʘʮʠʷ 

ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʦʙʨʘʟʮʦʚ ʧʨʦʚʦʜʠʣʘʩʴ ʤʝʪʦʜʦʤ ʃʘʫʵ, ʠʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʚʜʦʣʴ ʦʩʥʦʚʥʳʭ 

ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʭ ʦʩʝʡ. ʇʦʨʦʰʢʦʚʳʝ ʦʙʨʘʟʮʳ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʙʳʣʠ ʩʦʨʠʝʥʪʠʨʦʚʘʥʳ ʚʦ ʚʥʝʰʥʝʤ 

ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʠ ʙʳʣʠ ʩʚʷʟʘʥʳ ʧʦʣʠʤʝʨʥʦʡ ʤʘʪʨʠʮʝʡ. ʆʩʦʙʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪ ʬʝʨʨʠʤʘʛʥʠʪʥʳʝ 

ʦʙʨʘʟʮʳ, ʪʘʢ ʢʘʢ ʥʘ ʥʝʢʦʪʦʨʳʭ ʠʟ ʥʠʭ ʥʘʙʣʶʜʘʶʪʩʷ ʩʢʘʯʢʠ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʱʠʝ ʦ 

ʥʘʨʫʰʝʥʠʠ ʘʥʪʠʧʘʨʘʣʣʝʣʴʥʦʛʦ ʧʦʨʷʜʢʘ ʤʘʛʥʠʪʥʳʭ ʤʦʤʝʥʪʦʚ ʧʦʜʨʝʰʝʪʦʢ ʞʝʣʝʟʘ ʠ ʨʝʜʢʦʡ ʟʝʤʣʠ, ʢʦʪʦʨʳʝ 

ʧʨʦʠʩʭʦʜʠʪ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʙʦʣʴʰʦʛʦ ʚʥʝʰʥʝʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ʅʘ ʩʦʝʜʠʥʝʥʠʠ TmFe11Ti ʠ, ʚ 

ʦʩʦʙʝʥʥʦʩʪʠ, ʥʘ ʝʛʦ ʛʠʜʨʠʜʝ ʥʘʙʣʶʜʘʣʩʷ ʵʬʬʝʢʪ ʠʥʜʫʮʠʨʦʚʘʥʥʦʛʦ ʬʝʨʨʦʤʘʛʥʠʪʥʦʛʦ ʩʦʩʪʦʷʥʠʷ. ʅʘ 

ʦʩʥʦʚʝ ʜʘʥʥʳʝ ʚʳʩʦʢʦʧʦʣʝʚʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ ʧʘʨʘʤʝʪʨʦʚ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʧʦʣʷ ʠ ʦʙʤʝʥʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ʜʣʷ ʨʷʜʘ ʩʦʝʜʠʥʝʥʠʡ [1].  

ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʧʨʦʚʝʜʝʥʥʳʭ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʤʦʛʫʪ ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ 

ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ɺʳʷʚʣʝʥʳ ʦʩʥʦʚʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʚʣʠʷʥʠʷ ʘʪʦʤʦʚ ʚʦʜʦʨʦʜʘ ʠ ʘʟʦʪʘ ʥʘ ʩʪʨʫʢʪʫʨʫ 

ʠ ʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʠʥʪʝʨʤʝʪʘʣʣʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʤʝʪʘʣʣʦʚ ʠ ʞʝʣʝʟʘ [2,3]. 

ʆʧʨʝʜʝʣʝʥʦ ʚʣʠʷʥʠʝ ʛʠʜʨʠʨʦʚʘʥʠʝ ʠ ʘʟʦʪʠʨʦʚʘʥʠʷ ʥʘ ʧʘʨʘʤʝʪʨʳ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʧʦʣʷ ʠ ʦʙʤʝʥʥʳʡ 

ʧʘʨʘʤʝʪʨ. ʇʦʢʘʟʘʥʦ ʚ ʨʘʤʢʘʭ ʤʦʜʝʣʠ ʦʜʥʦʠʦʥʥʦʡ ʘʥʠʟʦʪʨʦʧʠʠ, ʯʪʦ ʘʪʦʤʳ ʚʦʜʦʨʦʜʘ ʠ ʘʟʦʪʘ ʦʢʘʟʳʚʘʶʪ 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʧʘʨʘʤʝʪʨ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʧʦʣʷ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ B20. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʩʨʝʜʠ 

ʛʠʜʨʠʜʦʚ R2Fe17 ʝʩʪʴ ʪʦʣʴʢʦ ʦʜʠʥ ʩʦʩʪʘʚ Tb2Fe17H3 ʩ ʦʜʥʦʦʩʥʦʡ ʤʘʛʥʠʪʥʦʡ ʘʥʠʟʦʪʨʦʧʠʝʡ ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ, ʙʣʘʛʦʜʘʨʷ ʦʩʦʙʝʥʥʦʩʪʷʤ ʵʣʝʢʪʨʦʥʥʦʡ 4f ï ʦʙʦʣʦʯʢʠ ʪʨʝʭʚʘʣʝʥʪʥʳʭ ʠʦʥʦʚ Tb. ʅʘʡʜʝʥʦ, ʯʪʦ 
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ʛʠʜʨʠʨʦʚʘʥʠʝ ʦʢʘʟʳʚʘʝʪ ʩʠʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʚʝʣʠʯʠʥʫ ʤʘʛʥʠʪʦʢʘʣʦʨʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ ʚ ʩʦʝʜʠʥʝʥʠʷʭ 

R2Fe14B (R = Nd, Er) ʚ ʦʙʣʘʩʪʠ ʤʘʛʥʠʪʥʳʭ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ ʪʠʧʘ çʧʦʨʷʜʦʢ-ʧʦʨʷʜʦʢè ʠ çʧʦʨʷʜʦʢ-

ʙʝʩʧʦʨʷʜʦʢè. ɺʥʝʜʨʝʥʠʷ ʚʦʜʦʨʦʜʘ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʨʝʰʝʪʢʫ Er2Fe14B ʧʨʠʚʦʜʠʪ ʪʘʢʞʝ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ 

ʠʟʤʝʥʝʥʠʶ ʪʝʤʧʝʨʘʪʫʨ ʤʘʛʥʠʪʥʳʭ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ. 
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MODELING MAGNETIZATI ON REVERSAL PROCESS CAUSED BY DIFFICULTI ES 

SEPARATION OF THE DO MAIN WALL IN SM(CO,C U,FE,ZR)Z TYPE.  

Pinkas V.V., Lileev A.S., Borisov A.D.  

 

 Article presents simulations of magnetization reversal processes in Sm(Co, Cu, Fe, Zr)7,4. Simulation is 

based on the process of magnetization reversal is determined by the difficulty of separation the domain wall from 

the pinning for these materials. As the result, behavior of the materials was researched during magnetization after 

demagnetization of different ways - cycled demagnetization, demagnetization RHC , thermal demagnetization. The 

fixing fields distributions are basis for building minor hysteresis loop for real magnets.  

 

ɺ ʨʘʙʦʪʝ ʧʨʦʚʝʜʝʥʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʧʝʨʝʤʘʛʥʠʯʠʚʘʥʠʷ ʚ ʩʧʣʘʚʘʭ ʪʠʧʘ Sm(Co, Cu, Fe, 

Zr)7,4. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʥʘ ʦʩʥʦʚʝ ʧʨʝʜʧʦʣʦʞʝʥʠʷ ʦ ʪʦʤ, ʯʪʦ ʚ ʵʪʠʭ ʤʘʪʝʨʠʘʣʘʭ ʧʨʦʮʝʩʩ 

ʧʝʨʝʤʘʛʥʠʯʠʚʘʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʨʫʜʥʦʩʪʴʶ ʦʪʨʳʚʘ ʜʦʤʝʥʥʦʡ ʩʪʝʥʢʠ ʦʪ ʤʝʩʪ ʟʘʢʨʝʧʣʝʥʠʷ. ʀʩʩʣʝʜʦʚʘʥʦ 

ʧʦʚʝʜʝʥʠʝ ʤʘʪʝʨʠʘʣʘ ʧʨʠ ʥʘʤʘʛʥʠʯʠʚʘʥʠʠ ʧʦʩʣʝ ʨʘʟʣʠʯʥʳʭ ʩʧʦʩʦʙʦʚ ʨʘʟʤʘʛʥʠʯʠʚʘʥʠʷ - ʮʠʢʣʠʯʝʩʢʦʝ 

ʨʘʟʤʘʛʥʠʯʠʚʘʥʠʝ, ʨʘʟʤʘʛʥʠʯʠʚʘʥʠʝ ʦʪʨʠʮʘʪʝʣʴʥʳʤ ʧʦʣʝʤ, ʪʝʨʤʠʯʝʩʢʦʝ ʨʘʟʤʘʛʥʠʯʠʚʘʥʠʝ. ʅʘ ʦʩʥʦʚʝ 

ʧʦʣʫʯʝʥʥʳʭ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʧʦʣʝʡ ʟʘʢʨʝʧʣʝʥʠʷ ʧʦʩʪʨʦʝʥʳ ʯʘʩʪʥʳʝ ʧʝʪʣʠ ʜʣʷ ʨʝʘʣʴʥʳʭ ʤʘʛʥʠʪʦʚ. 

ʇʨʦʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʨʘʩʯʝʪʘ ʩ ʵʢʩʧʝʨʠʤʝʥʪʦʤ. 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʨʘʙʦʪʳ ʩʚʷʟʘʥʘ ʩ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʜʝʪʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʮʝʩʩʦʚ 

ʧʝʨʝʤʘʛʥʠʯʠʚʘʥʠʷ ʚ ʨʝʘʣʴʥʳʭ ʧʦʩʪʦʷʥʥʳʭ ʤʘʛʥʠʪʘʭ ʜʣʷ ʚʦʟʤʦʞʥʦʩʪʠ ʜʘʣʴʥʝʡʰʝʛʦ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ 

ʪʝʭʥʦʣʦʛʠʠ. 

ɺ ʨʘʙʦʪʝ ʙʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʜʚʘ ʩʧʣʘʚʘ ʜʣʷ ʧʦʩʪʦʷʥʥʳʭ ʤʘʛʥʠʪʦʚ, ʪʨʝʭ- ʠ ʧʷʪʠʢʦʤʧʦʥʝʥʪʥʳʝ 

Sm(Co0,84ʉu0,16)6,9 ʠ Sm(Co0,68Cu0,1Fe0,2Zr0,02)7,4, ʷʚʣʷʶʱʠʤʠʩʷ ʜʚʫʭʬʘʟʥʳʤʠ ʩʪʨʫʢʪʫʨʘʤʠ, ʚ ʢʦʪʦʨʳʭ 

ʣʠʤʠʪʠʨʫʶʱʠʤ ʟʚʝʥʦʤ ʧʨʦʮʝʩʩʘ ʧʝʨʝʤʘʛʥʠʯʠʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʪʨʫʜʥʦʩʪʴ ʦʪʨʳʚʘ ʜʦʤʝʥʥʦʡ ʩʪʝʥʢʠ ʦʪ ʤʝʩʪʘ 

ʝʝ ʟʘʢʨʝʧʣʝʥʠʷ [1]. ʀʩʭʦʜʥʳʤʠ ʜʘʥʥʳʤʠ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʤʦʜʝʣʠ ʙʳʣʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʯʘʩʪʥʳʝ ʧʝʪʣʠ 

ʛʠʩʪʝʨʝʟʠʩʘ, ʧʦ ʢʦʪʦʨʳʤ ʧʦʣʫʯʝʥʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʨʠʪʠʯʝʩʢʠʭ ʧʦʣʝʡ ʦʪʨʳʚʘ ʧʦ ʦʙʲʝʤʫ ʤʘʪʝʨʠʘʣʘ. ʇʨʠ 

ʵʪʦʤ ʤʝʩʪʦʤ ʟʘʢʨʝʧʣʝʥʠʷ ʜʦʤʝʥʥʦʡ ʩʪʝʥʢʠ ʚ ʜʘʥʥʳʭ ʤʘʪʝʨʠʘʣʘʭ ʷʚʣʷʝʪʩʷ ʧʦʛʨʘʥʠʯʥʘʷ ʬʘʟʘ SmCo5 [2].  

ʆʩʥʦʚʥʳʤ ʧʨʝʜʧʦʣʦʞʝʥʠʝʤ ʚ ʨʘʙʦʪʝ ʙʳʣʦ ʪʦ, ʯʪʦ ʧʨʠ ʨʘʟʥʳʭ ʩʧʦʩʦʙʘʭ ʨʘʟʤʘʛʥʠʯʠʚʘʥʠʷ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʨʠʪʠʯʝʩʢʠʭ ʧʦʣʝʡ ʟʘʢʨʝʧʣʝʥʠʷ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʦ-ʨʘʟʥʦʤʫ, ʪʦ ʝʩʪʴ ʧʦʩʣʝ ʦʧʨʝʜʝʣʝʥʥʦʛʦ 

ʩʧʦʩʦʙʘ ʨʘʟʤʘʛʥʠʯʠʚʘʥʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʨʠʥʠʤʘʝʪʩʷ ʩʦʛʣʘʩʥʦ ʬʦʨʤʠʨʫʶʱʝʡʩʷ ʜʦʤʝʥʥʦʡ ʩʪʨʫʢʪʫʨʝ. 
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ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʮʠʢʣʠʯʝʩʢʦʤ ʨʘʟʤʘʛʥʠʯʠʚʘʥʠʠ ʦʙʨʘʟʮʘ Sm(Co0,84ʉu0,16)6,9 ʚʩʣʝʜʩʪʚʠʝ 

ʧʨʠʣʦʞʝʥʠʷ ʟʥʘʢʦʧʝʨʝʤʝʥʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʩ ʫʙʳʚʘʶʱʝʡ ʘʤʧʣʠʪʫʜʦʡ ʨʝʘʣʠʟʫʝʪʩʷ ʥʦʨʤʘʣʴʥʦʝ 

(ɻʘʫʩʩʦʚʦ) ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʤʝʩʪ ʟʘʢʨʝʧʣʝʥʠʷ ʧʦ ʦʙʲʝʤʫ ʤʘʪʝʨʠʘʣʘ. 

ɺ ʩʣʫʯʘʝ ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʟʤʘʛʥʠʯʠʚʘʥʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʤʝʩʪ ʟʘʢʨʝʧʣʝʥʠʷ ʠʤʝʝʪ ʧʦʭʦʞʠʡ ʚʠʜ, 

ʦʜʥʘʢʦ ʦʥʦ ʥʝʨʘʚʥʦʤʝʨʥʦ, ʪʘʢ ʢʘʢ ʤʠʢʨʦʦʙʲʝʤʦʚ, ʦʙʣʘʜʘʶʱʠʭ ʥʠʟʢʦʡ ʢʦʵʨʮʠʪʠʚʥʦʡ ʩʠʣʦʡ, ʙʦʣʴʰʝ. ʕʪʦ 

ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʧʦʩʣʝ ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʟʤʘʛʥʠʯʠʚʘʥʠʷ ʦʙʨʘʟʮʘ ʤʠʢʨʦʦʙʲʸʤʳ ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʳ 

ʧʦ ʦʙʨʘʟʮʫ, ʦʜʥʘʢʦ ʜʦʤʝʥʥʳʝ ʩʪʝʥʢʠ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʥʝ ʟʘʢʨʝʧʣʝʥʳ, ʠʟ-ʟʘ ʯʝʛʦ ʧʨʠ ʥʘʤʘʛʥʠʯʠʚʘʥʠʠ 

ʜʦʤʝʥʥʳʝ ʩʪʝʥʢʠ ʩʥʘʯʘʣʘ ʧʨʦʭʦʜʷʪ ʥʝʢʦʝ ʨʘʩʩʪʦʷʥʠʝ ʜʦ ʙʣʠʞʘʡʰʠʭ ʤʝʩʪ ʟʘʢʨʝʧʣʝʥʠʷ, ʦʭʚʘʪʳʚʘʷ ʧʨʠ 

ʵʪʦʤ ʦʧʨʝʜʝʣʝʥʥʳʡ "ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ" ʦʙʲʝʤ, ʢʦʪʦʨʳʤ ʠ ʦʙʲʷʩʥʷʝʪʩʷ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʘʟʤʘʛʥʠʯʠʚʘʥʠʷ ʦʪʨʠʮʘʪʝʣʴʥʳʤ ʧʦʣʝʤ ʚ ʤʘʪʝʨʠʘʣʝ ʬʦʨʤʠʨʫʝʪʩʷ ʥʝʦʜʥʦʨʦʜʥʘʷ 

ʤʘʛʥʠʪʥʘʷ ʩʪʨʫʢʪʫʨʘ. ʇʨʠ ʪʘʢʦʤ ʩʧʦʩʦʙʝ ʨʘʟʤʘʛʥʠʯʠʚʘʥʠʷ ʦʙʨʘʟʝʮ ʧʦʜʚʝʨʛʘʝʪʩʷ ʥʘʣʦʞʝʥʠʶ 

ʜʦʩʪʘʪʦʯʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʦʙʨʘʪʥʦʛʦ ʟʥʘʢʘ (ʨʘʚʥʦʛʦ ʢʦʵʨʮʠʪʠʚʥʦʡ ʩʠʣʝ ʨʝʤʘʥʝʥʮʘ RHc), ʯʪʦ ʧʨʠʚʦʜʠʪ 

ʢ ʧʝʨʝʤʘʛʥʠʯʠʚʘʥʠʶ ʣʠʰʴ ʥʘʠʙʦʣʝʝ ʥʠʟʢʦʢʦʵʨʮʠʪʠʚʥʦʡ ʯʘʩʪʠ ʤʘʪʝʨʠʘʣʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʙʨʘʟʝʮ ʫʩʣʦʚʥʦ 

ʜʝʣʠʪʩʷ ʥʘ ʜʚʝ ʯʘʩʪʠ: ʥʠʟʢʦʢʦʵʨʮʠʪʠʚʥʫʶ ʠ ʚʳʩʦʢʦʢʦʵʨʮʠʪʠʚʥʫʶ. ʇʦʵʪʦʤʫ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʤʝʩʪ 

ʟʘʢʨʝʧʣʝʥʠʷ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʥʝʦʜʥʦʨʦʜʥʦ (ʤʘʢʩʠʤʫʤ ʩʤʝʱʝʥ ʚ ʩʪʦʨʦʥʫ ʥʠʟʢʠʭ ʟʥʘʯʝʥʠʡ ʅʢʨ). 

ɺ ʨʘʙʦʪʝ ʨʘʩʩʯʠʪʘʥʳ ʢʨʠʚʳʝ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ ʜʣʷ ʤʦʜʝʣʠ ʦʙʨʘʟʮʘ ʩʧʣʘʚʘ Sm(Co0,84ʉu0,16)6,9, ʧʦʩʣʝ 

ʪʨʝʭ ʠʩʭʦʜʥʳʭ ʤʘʛʥʠʪʥʳʭ ʩʦʩʪʦʷʥʠʡ. ʇʦʩʣʝ ʮʠʢʣʠʯʝʩʢʦʛʦ ʠ ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʟʤʘʛʥʠʯʠʚʘʥʠʷ ʢʨʠʚʳʝ 

ʜʦʩʪʘʪʦʯʥʦ ʧʦʣʦʛʠʝ, ʠ ʠʭ ʭʦʜ ʨʘʟʣʠʯʘʝʪʩʷ ʩʣʘʙʦ, ʪʦʛʜʘ ʢʘʢ ʢʨʠʚʘʷ ʧʦʩʣʝ ʨʘʟʤʘʛʥʠʯʠʚʘʥʠʷ ʚ ʧʦʣʝ ʠʜʝʪ 

ʙʦʣʝʝ ʢʨʫʪʦ. ʕʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʪʝʤ, ʯʪʦ ʧʨʠ ʨʘʟʤʘʛʥʠʯʠʚʘʥʠʠ ʦʪʨʠʮʘʪʝʣʴʥʳʤ ʧʦʣʝʤ ʧʝʨʝʤʘʛʥʠʯʠʚʘʶʪʩʷ 

ʩʣʘʙʦʢʦʵʨʮʠʪʠʚʥʳʝ ʤʠʢʨʦʦʙʲʝʤʳ,( ʅʢʨ ʢʦʪʦʨʳʭ ʤʝʥʴʰʝ RHC). ɺ ʪʦ ʚʨʝʤʷ ʢʘʢ ʧʦʩʣʝ ʮʠʢʣʠʯʝʩʢʦʛʦ ʠ 

ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʟʤʘʛʥʠʯʠʚʘʥʠʷ ʜʣʷ ʜʦʚʝʜʝʥʠʷ ʦʙʨʘʟʮʘ ʜʦ ʥʘʩʳʱʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʥʘʤʘʛʥʠʪʠʪʴ ʠ ʩʣʘʙʦ-, 

ʠ ʩʠʣʴʥʦʢʦʵʨʮʠʪʠʚʥʳʝ ʦʙʲʝʤʳ. ʇʨʠʤʝʯʘʪʝʣʴʥʦ, ʯʪʦ ʚʠʜ ʢʨʠʚʳʭ ʢʘʯʝʩʪʚʝʥʥʦ ʩʦʚʧʘʜʘʝʪ ʩ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʜʣʷ ʵʪʦʛʦ ʩʧʣʘʚʘ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʭʦʞʠʡ ʚʠʜ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʭʘʨʘʢʪʝʨʝʥ ʠ ʜʣʷ ʧʷʪʠʢʦʤʧʦʥʝʥʪʥʦʛʦ ʩʧʣʘʚʘ 

Sm(Co0,68Cu0,1Fe0,2Zr0,02)7,4 ʧʦʩʣʝ ʮʠʢʣʠʯʝʩʢʦʛʦ ʨʘʟʤʘʛʥʠʯʠʚʘʥʠʷ, ʨʘʟʤʘʛʥʠʯʠʚʘʥʠʷ ʦʪʨʠʮʘʪʝʣʴʥʳʤ ʧʦʣʝʤ, 

ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʟʤʘʛʥʠʯʠʚʘʥʠʷ. ʍʦʜ ʢʨʠʚʳʭ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ ʪʘʢʞʝ ʢʘʯʝʩʪʚʝʥʥʦ ʩʦʚʧʘʜʘʝʪ ʩ 

ʵʢʩʧʝʨʠʤʝʥʪʦʤ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʩʦʟʜʘʥʠʷ ʢʦʤʧʴʶʪʝʨʥʳʭ 

ʧʨʦʛʨʘʤʤ ʧʦ ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʤʘʛʥʠʪʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʮʝʣʷʭ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ ʧʦ ʧʨʦʠʟʚʦʜʩʪʚʫ ʨʝʘʣʴʥʳʭ ʧʦʩʪʦʷʥʥʳʭ ʤʘʛʥʠʪʦʚ. 

ʃʠʪʝʨʘʪʫʨʘ 

ɺʣʠʷʥʠʝ ʨʝʞʠʤʦʚ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʥʘ ʩʪʨʫʢʪʫʨʫ ʠ ʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʩʧʝʯʝʥʥʳʭ 

ʧʦʩʪʦʷʥʥʳʭ ʤʘʛʥʠʪʦʚ ʥʘ ʦʩʥʦʚʝ Sm(Co, Fe, Cu, Zr)z/ʆ.ɸ. ɸʨʠʥʠʯʝʚʘ, ɸ.ʉ. ʃʠʣʝʝʚ, ʄ. ʈʘʡʟʥʝʨ ʠ ʜʨ. // 

ʄʝʪʘʣʣʦʚʝʜʝʥʠʝ ʠ ʪʝʨʤʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʤʝʪʘʣʣʦʚ. ï 2013. ï ˉ 2. 

The microstructure of sintered Sm(Co0,72Fe0,20Cu0,55Zr0,025)7,5 permanent magnet studied by atom 

probe. / Xiong X.Y., Okhubo T., Koyama T. // Acta materialia. ï 2004. ï ˉ 52. 
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The aim of the work was to determine the interrelation of structure and magnetic hysteresis properties of 

R-T-B (R = Nd, Ho, and T = Fe, Co) alloys, synthesized by spinning technology. Samples close to the 

stoichiometric composition of the Nd2Fe14B phase and superstoichiometric composition 

(Nd0.55Ho0.45)2.7(Fe0.8Co0.2)14B1.2 were examined. The features of structural and magnetic state of the alloys under 

study, and alloys subject to extreme external influences, such as severe plastic deformation and hydrogen 

absorption were established. 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʥʦʚʳʭ ʚʳʩʦʢʦʵʥʝʨʛʦʝʤʢʠʭ ʤʘʛʥʠʪʦʪʚʝʨʜʳʭ ʤʘʪʝʨʠʘʣʦʚ ʢʨʘʡʥʝ 

ʘʢʪʫʘʣʴʥʦʡ ʷʚʣʷʝʪʩʷ ʧʨʦʙʣʝʤʘ ʚʟʘʠʤʦʩʚʷʟʠ ʩʪʨʫʢʪʫʨʳ ʠ ʤʘʛʥʠʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ.  ʆʙʲʝʢʪʘʤʠ ʥʘʰʝʛʦ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʘʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʝ ʧʦ ʪʝʭʥʦʣʦʛʠʠ ʩʧʠʥʥʠʥʛʦʚʘʥʠʷ  ʙʳʩʪʨʦʟʘʢʘʣʝʥʥʳʝ ʩʧʣʘʚʳ (ɹɿʉ) 

ʩʠʩʪʝʤʳ R-T-B (R = Nd, Ho, ʘ T = Fe, Co), ʙʣʠʟʢʠʝ ʧʦ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ ʢ ʬʘʟʝ Nd2Fe14B ʤʘʨʦʢ 

MQP-B ʠ MQP-B+, ʧʨʠʦʙʨʝʪʝʥʥʳʝ ʫ ʧʨʦʠʟʚʦʜʠʪʝʣʷ (Magnequench International), ʠ 

ʩʚʝʨʭʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʡ ʩʦʩʪʘʚ  (Nd0.55Ho0.45)2.7(Fe0.8Co0.2)14B12, ʧʦʣʫʯʝʥʥʳʡ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ. ɺ 

ʩʣʫʯʘʝ ʧʦʩʣʝʜʥʝʛʦ, ʥʘʨʷʜʫ ʩ ʠʩʭʦʜʥʳʤ, ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʦʙʨʘʟʮʳ, ʧʦʜʚʝʨʛʥʫʪʳʝ ʥʘʚʦʜʦʨʘʞʠʚʘʥʠʶ ʠ 

ʠʥʪʝʥʩʠʚʥʦʡ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ [1]. ɼʣʷ ʠʟʫʯʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʤʘʛʥʠʪʦʪʚʝʨʜʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘʤʠ 

ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʥʝʩʢʦʣʴʢʦ ʤʝʪʦʜʦʚ. ʇʨʝʞʜʝ ʚʩʝʛʦ, ʵʪʦ ʤʝʪʦʜ ʩʢʘʥʠʨʫʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ 

(ʉʕʄ).  ʂʨʦʤʝ ʪʦʛʦ, ʜʣʷ ʙʦʣʝʝ ʜʝʪʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʳ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘ ʤʠʢʨʦ- ʥʘʥʦʨʘʟʤʝʨʥʦʤ 

ʫʨʦʚʥʝ, ʙʳʣʠ ʧʨʠʚʣʝʯʝʥʳ ʤʝʪʦʜʳ ʘʪʦʤʥʦ-ʩʠʣʦʚʦʡ ʠ ʤʘʛʥʠʪʥʦ-ʩʠʣʦʚʦʡ ʤʠʢʨʦʩʢʦʧʠʠ (ɸʉʄ ʠ ʄʉʄ). 

ʆʩʥʦʚʥʳʝ ʤʘʛʥʠʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʪʘʢʠʝ ʢʘʢ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ ʥʘʩʳʱʝʥʠʷ, ʦʩʪʘʪʦʯʥʘʷ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ, ʢʦʵʨʮʠʪʠʚʥʘʷ ʩʠʣʘ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʩ ʧʦʤʦʱʴʶ ʩʪʘʥʜʘʨʪʥʳʭ ʤʘʛʥʝʪʦʤʝʪʨʠʯʝʩʢʠʭ 

ʤʝʪʦʜʦʚ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ ʜʦ 14 ʊʣ. ʕʣʝʤʝʥʪʥʳʡ ʩʦʩʪʘʚ ɹɿʉ ʦʧʨʝʜʝʣʷʣʩʷ 

ʤʝʪʦʜʦʤ ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ. ʌʘʟʦʚʳʡ ʩʦʩʪʘʚ ʦʙʨʘʟʮʦʚ ʠʩʩʣʝʜʦʚʘʣʩʷ ʤʝʪʦʜʦʤ 

ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʥʘ ʧʦʨʦʰʢʦʚʳʭ ʦʙʨʘʟʮʘʭ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʩʝ ʠʩʩʣʝʜʦʚʘʥʥʳʝ ʦʙʨʘʟʮʳ ʷʚʣʷʶʪʩʷ ʦʜʥʦʬʘʟʥʳʤʠ ʩ ʦʩʥʦʚʥʦʡ ʬʘʟʦʡ ʪʠʧʘ Nd2Fe14B.  

ʀʩʩʣʝʜʦʚʘʥʥʳʝ ɹɿʉ ʧʨʝʜʩʪʘʚʣʷʣʠ ʩʦʙʦʡ ʬʨʘʛʤʝʥʪʳ ʣʝʥʪ (ʬʣʝʢʩʳ). ʄʝʪʦʜʦʤ ʉʕʄ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʩʪʨʫʢʪʫʨʘ ʤʘʪʝʨʠʘʣʘ, ʧʦʜʚʝʨʛʥʫʪʦʛʦ ʩʧʠʥʥʠʥʛʦʚʘʥʠʶ, ʤʦʞʝʪ ʤʝʥʷʪʴʩʷ ʚ ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ: ʦʪ 

ʤʠʢʨʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ, ʩ ʨʘʟʤʝʨʦʤ ʟʝʨʥʘ ʚ ʥʝʩʢʦʣʴʢʦ ʤʠʢʨʦʥ, ʜʦ ʘʤʦʨʬʥʦʡ, ʜʣʷ ʢʦʪʦʨʦʡ ʭʘʨʘʢʪʝʨʥʦ 

ʦʪʩʫʪʩʪʚʠʝ ʙʣʠʞʥʝʛʦ ʧʦʨʷʜʢʘ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʉʕʄ ʠ ʧʦ ʫʰʠʨʝʥʠʶ ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʧʠʢʦʚ ʦʧʨʝʜʝʣʝʥʳ 

ʩʨʝʜʥʠʝ ʨʘʟʤʝʨʳ ʟʝʨʝʥ ʦʩʥʦʚʥʦʡ ʬʘʟʳ ʠʩʭʦʜʥʳʭ ɹɿʉ, ʢʦʪʦʨʳʝ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʩʪʘʚʘ (ʘ ʪʘʢʞʝ ʦʪ 

ʤʝʪʦʜʘ ʠʟʤʝʨʝʥʠʷ) ʚʘʨʴʠʨʫʶʪʩʷ ʦʪ 25 ʜʦ 100 ʥʤ. 

ʄʝʪʦʜʦʤ ɸʉʄ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥʘ ʠʥʬʦʨʤʘʮʠʷ ʦ ʪʦʧʦʣʦʛʠʠ ʢʦʥʪʘʢʪʥʦʡ ʠ ʩʚʦʙʦʜʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʝʡ ʣʝʥʪʦʯʥʳʭ ʦʙʨʘʟʮʦʚ, ʤʝʞʟʝʨʝʥʥʦʡ ʩʚʷʟʠ, ʤʦʨʬʦʣʦʛʠʠ ʥʘʥʦʟʝʨʝʥ ʠ ʢʣʘʩʪʝʨʦʚ ʚ 

ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʣʦʷʭ. ʀʩʩʣʝʜʦʚʘʥʠʷ, ʧʨʦʚʝʜʝʥʥʳʝ ʥʘ ʤʠʢʨʦʥʥʦʤ ʫʨʦʚʥʝ, ʧʦʟʚʦʣʠʣʠ  ʫʩʪʘʥʦʚʠʪʴ 

ʦʩʦʙʝʥʥʦʩʪʠ ʩʪʨʫʢʪʫʨʳ, ʦʧʨʝʜʝʣʠʪʴ ʨʘʟʤʝʨʳ ʟʝʨʝʥ, ʢʦʪʦʨʳʝ ʩʦʩʪʘʚʣʷʣʠ ʝʜʠʥʠʮʳ ʠ ʜʝʩʷʪʢʠ ʤʠʢʨʦʥ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʥʘʥʦʤʘʩʰʪʘʙʘ ʧʦʟʚʦʣʠʣʦ ʥʘʙʣʶʜʘʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʨʝʣʴʝʬʘ ʧʦʚʝʨʭʥʦʩʪʠ, 

ʧʦ ʨʘʟʤʝʨʘʤ ʩʨʘʚʥʠʤʳʝ ʩ ʨʘʜʠʫʩʦʤ ʢʨʠʚʠʟʥʳ ʦʩʪʨʠʷ ʢʘʥʪʠʣʝʚʝʨʘ ʘʪʦʤʥʦ-ʩʠʣʦʚʦʛʦ ʤʠʢʨʦʩʢʦʧʘ. ʅʘʨʷʜʫ 

ʩ ɸʉʄ ʤʝʪʦʜʦʤ, ʥʘʤʠ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʄʉʄ ʤʝʪʦʜ, ʢʘʢ ʜʣʷ ʦʙʨʘʟʮʦʚ ʚ ʨʘʟʤʘʛʥʠʯʝʥʥʦʤ, ʪʘʢ ʠ ʚ 

ʥʘʤʘʛʥʠʯʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ. 

ɺ ʨʘʙʦʪʝ ʫʩʪʘʥʦʚʣʝʥʘ ʚʟʘʠʤʦʩʚʷʟʴ ʩʪʨʫʢʪʫʨʳ ʠ ʚʳʩʦʢʠʭ ʤʘʛʥʠʪʥʳʭ ʛʠʩʪʝʨʝʟʠʩʥʳʭ ʩʚʦʡʩʪʚ ʚʩʝʭ 

ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʦʚ. ɺʝʣʠʯʠʥʘ ʢʦʵʨʮʠʪʠʚʥʦʡ ʩʠʣʳ ʜʦʩʪʠʛʘʝʪ ʟʥʘʯʝʥʠʡ 20 ʢʕ ï 22 ʢʕ ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʵʢʩʪʨʝʤʘʣʴʥʳʝ ʚʥʝʰʥʠʝ ʚʦʟʜʝʡʩʪʚʠʷ, ʪʘʢʠʝ ʢʘʢ ʠʥʪʝʥʩʠʚʥʘʷ ʧʣʘʩʪʠʯʝʩʢʘʷ 

ʜʝʬʦʨʤʘʮʠʷ (ʀʇɼ) ʠ ʥʘʚʦʜʦʨʘʞʠʚʘʥʠʝ, ʤʦʛʫʪ ʦʢʘʟʳʚʘʪʴ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʩʪʨʫʢʪʫʨʥʦʝ ʩʦʩʪʦʷʥʠʝ 

ʤʘʪʝʨʠʘʣʘ, ʝʛʦ ʦʜʥʦʨʦʜʥʦʩʪʴ ʠ ʧʨʠʚʦʜʠʪʴ ʢ ʜʝʛʨʘʜʘʮʠʠ ʤʘʛʥʠʪʥʳʭ ʛʠʩʪʝʨʝʟʠʩʥʳʭ ʩʚʦʡʩʪʚ. ʊʘʢ, ʚʳʩʦʢʦʝ 

ʟʥʘʯʝʥʠʝ ʢʦʵʨʮʠʪʠʚʥʦʡ ʩʠʣʳ (20 ʢʕ), ʨʝʘʣʠʟʫʝʤʦʝ ʥʘ ʠʩʭʦʜʥʳʭ ʙʳʩʪʨʦʟʘʢʘʣʝʥʥʳʭ ʣʝʥʪʦʯʥʳʭ ʦʙʨʘʟʮʘʭ 

(Nd0.55Ho0.45)2.7(Fe0.8Co0.2)14B1.2 ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʩʥʠʞʘʝʪʩʷ ʧʦʩʣʝ ʀʇɼ ʜʦ 2.2 ʢʕ, ʘ ʧʨʠ 

ʥʘʚʦʜʦʨʘʞʠʚʘʥʠʠ ʜʦ 3 ʘʪ. H/ʬʦʨʤ. ʝʜ. -  ʜʦ 1.5 ʢʕ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʠʤʝʥʥʦ ʣʦʢʘʣʴʥʳʝ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ 

ʩʪʨʫʢʪʫʨʳ ʩʪʘʥʦʚʷʪʩʷ ʮʝʥʪʨʘʤʠ ʧʨʦʮʝʩʩʦʚ ʧʝʨʝʤʘʛʥʠʯʠʚʘʥʠʷ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʙʣʝʤʘ ʦʜʥʦʨʦʜʥʦʩʪʠ ʩʪʨʫʢʪʫʨʥʦʛʦ ʩʦʩʪʦʷʥʠʷ, ʪʝʤʧʝʨʘʪʫʨʥʦ-ʚʨʝʤʝʥʥʦʡ 

ʩʪʘʙʠʣʴʥʦʩʪʠ ʤʘʛʥʠʪʥʳʭ ʛʠʩʪʝʨʝʟʠʩʥʳʭ ʩʚʦʡʩʪʚ, ʧʨʦʪʠʚʦʜʝʡʩʪʚʠʷ ʨʘʟʣʠʯʥʦʛʦ ʨʦʜʘ ʚʥʝʰʥʠʤ 

ʚʦʟʜʝʡʩʪʚʠʷʤ ʟʘʩʣʫʞʠʚʘʝʪ ʦʩʦʙʦʛʦ ʚʥʠʤʘʥʠʷ ʢʘʢ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤ ʧʨʦʮʝʩʩʝ ʧʦʣʫʯʝʥʠʷ, ʪʘʢ ʠ ʧʨʠ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʤʘʛʥʠʪʦʪʚʝʨʜʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʈʌʌʀ 16-33-60226 ʤʦʣ-ʘ-ʜʢ. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 
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MAGNETOSTSTRICTIVE D EFORMATIONS AND MAGN ETOCALORIC EFFECT IN  TB-DY-HO-

CO-AL MULTICOMPONENT CO MPOUNDS 

Politova G.A., Tereshina I.S., Burkhanov G.S., Chzhan V.B., Miller M., Cwik J., Tereshina E.A., Ilyushin 

A.S., Kornilova A.A., Filimonov A.V., Alekseeva O.A. 

 

The aim is to study the effect of substitutions in the rare earth and 3d sublattice on the magnetostrictive and 

magnetocaloric properties in RCo2. The measurements have been performed on multicomponent Tbx(Dy0.5Ho0.5)1-

xCo2-yAl y (x = 0.3; 0.4; 0.5; y = 0; 0.25) alloys with a Laves phase structure. We obtain the lattice parameters of 

these compounds at room temperature and their temperature dependences are studied. Magnetostriction was 

studied by strain gauge method in the temperature range from 50 to 250 K and in magnetic fields up to 60 kOe. It 

has been shown that these compounds exhibit magneto-structural phase transitions and a giant magnetostrictive 

deformations. The magnetocaloric effect has been calculated from heat capacity data and also measured in fields 

of up to 18 kOe by a direct method. The effect of Al substitution on the magnetostrictive and magnetocaloric 

properties was discussed.  

 

ɺ ʩʦʝʜʠʥʝʥʠʷʭ ʪʠʧʘ RCo2 ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʬʘʟʳ ʃʘʚʝʩʘ ʥʘʙʣʶʜʘʶʪʩʷ ʤʘʛʥʠʪʦʩʪʨʫʢʪʫʨʥʳʝ ʬʘʟʦʚʳʝ 

ʧʝʨʝʭʦʜʳ, ʩʦʧʨʦʚʦʞʜʘʝʤʳʝ ʛʠʛʘʥʪʩʢʠʤʠ ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʦʥʥʳʤʠ ʠʩʢʘʞʝʥʠʷʤʠ, ʘ ʪʘʢʞʝ ʟʥʘʯʠʪʝʣʴʥʳʤ 

ʠʟʤʝʥʝʥʠʝʤ ʤʘʛʥʠʪʥʦʡ ʵʥʪʨʦʧʠʠ, ʪ.ʝ. ʦʙʣʘʜʘʶʱʠʝ ʚ ʦʙʣʘʩʪʠ ʧʝʨʝʭʦʜʘ ʟʥʘʯʠʪʝʣʴʥʳʤ 

ʤʘʛʥʠʪʦʢʘʣʦʨʠʯʝʩʢʠʤ ʵʬʬʝʢʪʦʤ (ʄʂʕ). ʂʦʤʙʠʥʘʮʠʷ ʨʘʟʣʠʯʥʳʭ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ 

ʨʝʜʢʦʟʝʤʝʣʴʥʦʡ ʧʦʜʨʝʰʝʪʢʝ, ʘ ʪʘʢʞʝ ʟʘʤʝʱʝʥʠʝ ʉʦ ʚ 3-d ʧʦʜʨʝʰʝʪʢʝ ʜʨʫʛʠʤ ʧʝʨʝʭʦʜʥʳʤ ʤʝʪʘʣʣʦʤ, 

ʥʘʧʨʠʤʝʨ, ʘʣʶʤʠʥʠʝʤ, ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʠʪʴ ʩʧʣʘʚʳ ʩ ʟʘʜʘʥʥʳʤ ʥʘʙʦʨʦʤ ʩʚʦʡʩʪʚ [1-5].  

ʉʧʣʘʚʳ Tbx(Dy0.5Ho0.5)1-xCo2-yAl y (x = 0.3; 0.4; 0.5; y = 0; 0.25) ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʚ ʘʪʤʦʩʬʝʨʝ ʛʝʣʠʷ 

ʚ ʵʣʝʢʪʨʦʜʫʛʦʚʦʡ ʧʝʯʠ. ɺ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʚʳʩʦʢʦʯʠʩʪʳʝ ʨʝʜʢʦʟʝʤʝʣʴʥʳʝ 

ʤʝʪʘʣʣʳ Tb, Dy ʠ Ho c ʧʦʥʠʞʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʠ ʛʘʟʦʦʙʨʘʟʫʶʱʠʭ ʧʨʠʤʝʩʝʡ, 

ʦʯʠʱʝʥʥʳʝ ʤʝʪʦʜʦʤ ʚʘʢʫʫʤʥʦʡ ʜʠʩʪʠʣʣʷʮʠʠ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʦʜʥʦʨʦʜʥʳʭ ʩʧʣʘʚʦʚ ʧʦʣʫʯʝʥʥʳʝ ʩʣʠʪʢʠ 

ʧʝʨʝʧʣʘʚʣʷʣʠ ʪʨʠ ʨʘʟʘ ʠ ʦʪʞʠʛʘʣʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 900Á ʉ ʚ ʪʝʯʝʥʠʝ ʦʜʥʦʛʦ ʤʝʩʷʮʘ ʚ ʟʘʧʘʷʥʥʳʭ 

ʚʘʢʫʫʤʠʨʦʚʘʥʥʳʭ ʢʚʘʨʮʝʚʳʭ ʘʤʧʫʣʘʭ. ʂʦʥʪʨʦʣʴ ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ ʩʦʝʜʠʥʝʥʠʡ ʧʨʦʚʦʜʠʣʩʷ ʤʝʪʦʜʦʤ 

ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʜʦ ʠ ʧʦʩʣʝ ʦʪʞʠʛʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʦʜʥʦʬʘʟʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʩ 

ʢʫʙʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʦʡ ʪʠʧʘ MgCu2, ʦʧʨʝʜʝʣʝʥʳ ʧʘʨʘʤʝʪʨ ʠ ʦʙʲʝʤ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ. ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʩʦʜʝʨʞʘʥʠʷ ʪʝʨʙʠʷ, ʘ ʪʘʢʞʝ ʧʨʠ ʯʘʩʪʠʯʥʦʤ ʟʘʤʝʱʝʥʠʠ ʢʦʙʘʣʴʪʘ ʥʘ 

ʘʣʶʤʠʥʠʡ ʧʨʦʠʩʭʦʜʠʪ ʫʚʝʣʠʯʝʥʠʝ ʦʙʲʝʤʘ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ. 

ɺ ʨʘʙʦʪʝ ʧʦʣʫʯʝʥʳ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʧʘʨʘʤʝʪʨʦʚ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʩʧʣʘʚʦʚ  

Tb0.3Dy0.35Ho0.35Co2-yAl y (y = 0; 0.25) ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 110 ï 280 ʂ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʠʞʝ 

ʪʝʤʧʝʨʘʪʫʨ ʤʘʛʥʠʪʥʦʛʦ ʫʧʦʨʷʜʦʯʝʥʠʷ ʩʧʣʘʚʦʚ ʥʘʙʣʶʜʘʶʪʩʷ ʨʦʤʙʦʵʜʨʠʯʝʩʢʠʝ ʠʩʢʘʞʝʥʠʷ. ɺʝʣʠʯʠʥʘ 

ʩʧʦʥʪʘʥʥʦʡ ʦʙʲʝʤʥʦʡ ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʠ, ʚʦʟʥʠʢʘʶʱʝʡ ʧʨʠ ʧʝʨʝʭʦʜʝ, ʩʦʛʣʘʩʥʦ ʧʨʦʚʝʜʝʥʥʳʤ ʨʘʩʯʝʪʘʤ 

ʩʦʩʪʘʚʠʣʘ 5 Ŀ10-3 ʠ 2 Ŀ10-3, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  



3 - 7 ʦʢʪʷʙʨʷ 2016, ʛ. ʉʫʟʜʘʣʴ   

39 
 
 

ɼʣʷ ʚʩʝʭ ʠʩʩʣʝʜʫʝʤʳʭ ʩʦʩʪʘʚʦʚ Tbx(Dy0.5Ho0.5)1-xCo2-yAl y ʙʳʣ ʧʨʦʚʝʜʝʥ ʪʝʨʤʦʤʘʛʥʠʪʥʳʡ ʘʥʘʣʠʟ, ʩ 

ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʛʦ ʦʧʨʝʜʝʣʝʥʳ ʪʝʤʧʝʨʘʪʫʨʳ ʤʘʛʥʠʪʥʳʭ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩ 

ʫʚʝʣʠʯʝʥʠʝʤ ʩʦʜʝʨʞʘʥʠʷ ʪʝʨʙʠʷ ʩ 0.3 ʜʦ 0.5 ʪʝʤʧʝʨʘʪʫʨʘ ʂʶʨʠ ʜʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʥʘ 23 

ʂ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʯʘʩʪʠʯʥʦʝ ʟʘʤʝʱʝʥʠʝ ʘʪʦʤʦʚ ʢʦʙʘʣʴʪʘ ʥʘ ʘʪʦʤʳ ʘʣʶʤʠʥʠʷ (12.5 ʚʝʩ. %) ʧʨʠʚʦʜʠʪ ʢ 

ʨʦʩʪʫ ʊʉ ʚ ʩʨʝʜʥʝʤ ʥʘ 12 ʂ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʠ ʦʪ ʚʝʣʠʯʠʥʳ ʧʨʠʣʦʞʝʥʥʦʛʦ ʚʥʝʰʥʝʛʦ ʤʘʛʥʠʪʥʦʛʦ 

ʧʦʣʷ (ʚʧʣʦʪʴ ʜʦ 60 ʢʕ) ʧʨʦʚʦʜʠʣʦʩʴ ʪʝʥʟʦʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ ʦʪ 50 ʜʦ 250 ʂ. 

ʅʘʤʠ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʢʘʢ ʠʟʦʪʝʨʤʠʯʝʩʢʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʧʨʦʜʦʣʴʥʦʡ ʠ ʧʦʧʝʨʝʯʥʦʡ ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʠ, ʪʘʢ 

ʠ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʪʝʧʣʦʚʦʛʦ ʨʘʩʰʠʨʝʥʠʷ ʚ ʧʦʣʝ 20 ʢʕ ʠ ʦʪʩʫʪʩʪʚʠʝ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. 

ʈʘʩʩʯʠʪʘʥʳ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʙʲʝʤʥʦʡ ʠ ʘʥʠʟʦʪʨʦʧʥʦʡ ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʠ. ʇʦʢʘʟʘʥʦ, ʯʪʦ 

ʜʘʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ, ʜʝʤʦʥʩʪʨʠʨʫʶʱʠʝ ʤʘʛʥʠʪʦ-ʩʪʨʫʢʪʫʨʥʳʝ ʬʘʟʦʚʳʝ ʧʝʨʝʭʦʜʳ, ʦʙʥʘʨʫʞʠʚʘʶʪ ʚ 

ʦʙʣʘʩʪʠ ʵʪʠʭ ʧʝʨʝʭʦʜʦʚ ʛʠʛʘʥʪʩʢʠʝ  ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʦʥʥʳʝ ʜʝʬʦʨʤʘʮʠʠ. ʏʘʩʪʠʯʥʦʝ ʟʘʤʝʱʝʥʠʝ ʢʦʙʘʣʴʪʘ 

ʥʘ ʘʣʶʤʠʥʠʡ ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʚʝʣʠʯʠʥʳ ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʠ. 

ʀʟʤʝʨʝʥʠʷ ʄʂʕ ʧʨʦʚʦʜʠʣʠʩʴ ʢʘʢ ʧʨʷʤʳʤ ʤʝʪʦʜʦʤ ʚ ʧʦʣʷʭ ʜʦ 18 kOe ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ ʦʪ 80 

ʜʦ 350 K ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʫʩʪʘʥʦʚʢʠ MagEq MMS 901 (ʆʆʆ çʇʦʣʠʤʘʛʥʠʪè ʛʨʫʧʧʳ ʢʦʤʧʘʥʠʡ ɸʄʊ&ʉ, 

ʈʦʩʩʠʷ), ʪʘʢ ʠ ʜʚʫʤʷ ʢʦʩʚʝʥʥʳʤʠ ʤʝʪʦʜʘʤʠ, ʧʫʪʝʤ ʦʙʨʘʙʦʪʢʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʣʫʯʝʥʥʳʭ ʧʦʣʝʚʳʭ 

ʟʘʚʠʩʠʤʦʩʪʝʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʦʙʨʘʟʮʦʚ, ʠʟʤʝʨʝʥʥʳʭ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʠ ʠʟ ʪʝʤʧʝʨʘʪʫʨʥʳʭ 

ʟʘʚʠʩʠʤʦʩʪʝʡ ʪʝʧʣʦʝʤʢʦʩʪʠ ʩʦʝʜʠʥʝʥʠʡ, ʠʟʤʝʨʝʥʥʳʭ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʠ ʧʨʠ ʝʛʦ ʦʪʩʫʪʩʪʚʠʠ. ɺʝʣʠʯʠʥʳ 

ʄʂʕ, ʧʦʣʫʯʝʥʥʳʝ ʪʨʝʤʷ ʤʝʪʦʜʘʤʠ, ʠʤʝʶʪ ʭʦʨʦʰʝʝ ʩʦʦʪʚʝʪʩʪʚʠʝ. ʅʘʠʙʦʣʴʰʠʡ ʵʬʬʝʢʪ ʩʨʝʜʠ 

ʠʩʩʣʝʜʫʝʤʳʭ ʩʦʝʜʠʥʝʥʠʡ ʥʘʙʣʶʜʘʣʩʷ ʚ ʩʦʝʜʠʥʝʥʠʠ Tb0.3Dy0.35Ho0.35Co2. ɺʝʣʠʯʠʥʘ ʝʛʦ (ʘʜʠʘʙʘʪʠʯʝʩʢʦʝ 

ʠʟʤʝʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ 18 kOe) ʩʦʩʪʘʚʠʣʦ 2.4 ʂ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʠʟʤʝʥʝʥʠʶ ʵʥʪʨʦʧʠʠ  (-

ʚʝʣʠʯʠʥʘ ʄʂʕ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʫʤʝʥʴʰʘʝʪʩʷ. ʏʘʩʪʠʯʥʦʝ ʟʘʤʝʱʝʥʠʝ ʘʪʦʤʦʚ ʢʦʙʘʣʴʪʘ ʥʘ ʘʣʶʤʠʥʠʡ 

ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʚʝʣʠʯʠʥʳ ʄʂʕ ʚ ʜʚʘ ʨʘʟʘ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ, ʧʨʦʝʢʪ 15-33-70040 ʤʦʣ-ʘ-ʤʦʩ. 
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The R3Co0.6Cu0.4 alloy with R = Pr, Dy, Tb and x = ~2 are used as additions in manufacturing Nd-Fe-B-

based permanent magnets. The magnetic hysteretic properties of the magnets were shown to exceed those reached 

in using rare-earth metal hydrides as the additions to powder mixtures. Peculiarities of magnetic behavior of the 

Tb3Co0.6Cu0.4 have been studied. 

ʈʘʥʝʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʦʙʘʚʦʢ ʛʠʜʨʠʜʦʚ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ (R) [1] ʠʣʠ 

ʠʥʪʝʨʤʝʪʘʣʣʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʩ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʡ R [2] ʚ ʧʨʦʮʝʩʩʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʮʠʢʣʘ ʢ 

ʙʘʟʦʚʳʤ ʩʣʘʙʦʣʝʛʠʨʦʚʘʥʥʳʤ ʩʧʣʘʚʘʤ ʪʠʧʘ Nd-Fe-B ʷʚʣʷʝʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤ ʜʣʷ ʧʦʚʳʰʝʥʠʷ 

ʛʠʩʪʝʨʝʟʠʩʥʳʭ ʩʚʦʡʩʪʚ ʤʘʛʥʠʪʦʚ ʠ ʩʪʘʙʠʣʴʥʦʩʪʠ ʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ʄʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʩʦʝʜʠʥʝʥʠʷ ʩ 

ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʈɿʄ Tb3Co ʙʳʣʠ ʠʟʫʯʝʥʳ ʚ ʨʷʜʝ ʨʘʙʦʪ [3], ʛʜʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʨʷʜʘ 

ʤʘʛʥʠʪʥʳʭ ʧʨʝʚʨʘʱʝʥʠʡ ʠ ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʘʛʥʠʪʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʘʥʠʟʦʪʨʦʧʠʠ. 

ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʷʚʣʷʣʦʩʴ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨʥʳʭ ʠ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ ʩʧʣʘʚʦʚ 

R3Co0.6Cu0.4 ʠ R3Co0.6Cu0.4ʅʭ (ʛʜʝ R = Pr, Dy, Tb ʠ x = ~2) ʠ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʜʦʙʘʚʦʢ ʧʨʠ 

ʧʨʦʠʟʚʦʜʩʪʚʝ ʤʘʛʥʠʪʦʚ ʪʠʧʘ Nd-Fe-B ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʠʭ ʛʠʩʪʝʨʝʟʠʩʥʳʭ ʩʚʦʡʩʪʚ ʠ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ 

ʚʚʝʜʝʥʠʷ ʜʦʙʘʚʦʢ ʈɿʄ ʠ ʤʝʜʠ ʚ ʩʦʩʪʘʚ ʤʘʛʥʠʪʦʚ. 

ɺ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʩʧʣʘʚ ʩʦʩʪʘʚʘ (ʤʘʩʩ.%) 24.0% Nd, 6.5% Pr, 0.5% Dy, 1.0% B, 

0.2% Al, ʦʩʪʘʣʴʥʦʝ ï ʞʝʣʝʟʦ, ʧʦʣʫʯʝʥʥʳʡ ʚ ʚʠʜʝ ʯʝʰʫʝʢ ʪʦʣʱʠʥʦʡ 300 ʤʢʤ ʤʝʪʦʜʦʤ strip-casting ʠ 

ʧʦʜʚʝʨʛʥʫʪʳʡ ʚʦʜʦʨʦʜʥʦʤʫ ʦʭʨʫʧʯʠʚʘʥʠʶ [1]. ɼʦʙʘʚʢʠ R3Co0.6Cu0.4 ʚʳʧʣʘʚʣʷʣʠʩʴ ʚ ʜʫʛʦʚʦʡ ʧʝʯʠ, 

ʦʪʞʠʛʘʣʠʩʴ ʧʨʠ 600ʉ̄ ʚ ʪʝʯʝʥʠʝ 90 ʯ ʜʣʷ ʛʦʤʦʛʝʥʠʟʘʮʠʠ ʠ ʪʘʢ ʞʝ ʧʦʜʚʝʨʛʘʣʠʩʴ ʩ ʚʦʜʦʨʦʜʥʦʤʫ 

ʦʭʨʫʧʯʠʚʘʥʠʶ. ʇʨʦʚʦʜʠʣʩʷ ʩʦʚʤʝʩʪʥʳʡ ʪʦʥʢʠʡ ʧʦʤʦʣ ʦʩʥʦʚʥʦʛʦ ʩʧʣʘʚʘ ʠ ʩʧʣʘʚʘ-ʜʦʙʘʚʢʠ. ɿʘʛʦʪʦʚʢʠ 

ʤʘʛʥʠʪʦʚ ʩʧʝʢʘʣʠʩʴ ʧʨʠ 1080ʉ̄ ʚ ʪʝʯʝʥʠʝ 2 ʯ ʠ ʧʦʜʚʝʨʛʘʣʠʩʴ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʦʙʨʘʙʦʪʢʝ. 

ʀʩʩʣʝʜʦʚʘʣʠʩʴ ʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʢʘʢ ʦʩʥʦʚʥʦʛʦ ʩʧʣʘʚʘ, ʪʘʢ ʠ ʜʦʙʘʚʢʠ. ʈʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ 

ʩʧʣʘʚʘ Tb3Co0.6Cu0.4 ʧʦʢʘʟʘʣ, ʯʪʦ ʧʨʠ ʯʘʩʪʠʯʥʦʤ ʟʘʤʝʱʝʥʠʠ ʢʦʙʘʣʴʪʘ ʤʝʜʴʶ ʦʨʪʦʨʦʤʙʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ 

ʪʠʧʘ Fe3C (space group Pnma) ʩʦʭʨʘʥʷʝʪʩʷ. ɺ ʩʧʣʘʚʝ ʧʦʩʣʝ ʛʦʤʦʛʝʥʠʟʘʮʠʠ ʧʨʠ 600ʉ̄ ʚ ʪʝʯʝʥʠʝ 90 ʯ ʧʦʤʠʤʦ 

ʦʩʥʦʚʥʦʡ ʬʘʟʳ ʫʩʪʘʥʦʚʣʝʥʦ ʧʨʠʩʫʪʩʪʚʠʝ Tb ʠ TbCu. 

ɹʳʣʠ ʠʟʫʯʝʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʚʝʜʝʥʠʷ ʩʦʝʜʠʥʝʥʠʷ Tb3Co0.6Cu0.4 : ʠʟʤʝʨʝʥʳ ʧʝʪʣʷ 

ʤʘʛʥʠʪʥʦʛʦ ʛʠʩʪʝʨʝʟʠʩʘ ʧʨʠ 4.2 ʂ (ʨʠʩ.1ʘ) ʠ ʪʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʚ ʩʣʘʙʦʤ 

ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 4.2-250 ʂ (ʨʠʩ.1ʙ). ʀʟʚʝʩʪʥʦ [3], ʯʪʦ ʩʦʝʜʠʥʝʥʠʝ Tb3Co 

ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʤʘʛʥʠʪʥʦʝ ʧʨʝʚʨʘʱʝʥʠʝʤ ʧʘʨʘʤʘʛʥʝʪʠʢ ª ʘʥʪʠʬʝʨʨʦʤʘʛʥʝʪʠʢ ʧʨʠ TN = 82 K ʠ 

ʤʝʪʘʤʘʛʥʠʪʥʦʝ ʧʨʝʚʨʘʱʝʥʠʝ ʧʨʠ 72 ʂ, ʩʚʷʟʘʥʥʦʝ ʩ ʥʝʩʦʠʟʤʝʨʠʤʦʩʪʴʶ ʤʘʛʥʠʪʥʦʡ ʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ 

ʩʪʨʫʢʪʫʨ. ʅʘʣʠʯʠʝ ʘʥʦʤʘʣʠʡ ʚ ʦʙʣʘʩʪʠ ʚʳʰʝʫʢʘʟʘʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨ, ʢʦʪʦʨʳʝ ʩʚʷʟʘʥʳ ʩ ʜʘʥʥʳʤʠ 

ʧʨʝʚʨʘʱʝʥʠʷʤʠ, ʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ ʥʘ ʟʘʚʠʩʠʤʦʩʪʠ ʥʘ ʨʠʩ. 1ʙ. 
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ʈʠʩ. 1. (ʘ) ʇʝʪʣʷ ʤʘʛʥʠʪʥʦʛʦ ʛʠʩʪʝʨʝʟʠʩʘ ʜʣʷ ʩʧʣʘʚʘ Tb3Co0.6Cu0.4 ʧʨʠ 4.2 ʂ ʠ (ʙ) 

ʪʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ, ʠʟʤʝʨʝʥʥʘʷ ʚ  ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ 100 ʕ. 

ɺ ʪʘʙʣʠʮʝ 1 ʧʨʠʚʝʜʝʥʳ ʛʠʩʪʝʨʝʟʠʩʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʛʥʠʪʦʚ ʪʠʧʘ Nd-Fe-B, ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʦʙʘʚʦʢ R3Co0.6Cu0.4 ʠ R3Co0.6Cu0.4ʅʭ (R = Pr, Dy, Tb, x = ~2); ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʧʨʠʚʝʜʝʥʳ 

ʩʚʦʡʩʪʚʘ ʤʘʛʥʠʪʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʦʙʘʚʢʠ PrHx (2 ʤʘʩʩ.%). ɺʠʜʥʦ, ʯʪʦ ʤʘʛʥʠʪʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʛʥʠʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʦʙʘʚʦʢ ʛʠʜʨʠʨʦʚʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚʳʰʝ, ʯʝʤ 

ʫ ʤʘʛʥʠʪʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʩ ʜʦʙʘʚʢʦʡ ʛʠʜʨʠʜʘ ʧʨʘʟʝʦʜʠʤʘ. ɹʦʣʝʝ ʚʳʩʦʢʘʷ ʢʦʵʨʮʠʪʠʚʥʘʷ ʩʠʣʘ ʤʘʛʥʠʪʦʚ 

ʧʦʣʫʯʝʥʘ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʦʙʘʚʦʢ ʩ ʩʦʝʜʠʥʝʥʠʷʤʠ ʪʷʞʝʣʳʭ ʈɿʄ (Dy ʠ Tb), ʯʪʦ ʦʯʝʚʠʜʥʦ ʩʚʷʟʘʥʦ ʩ 

ʙʦʣʴʰʠʤ ʧʦʣʝʤ ʘʥʠʟʦʪʨʦʧʠʠ ʩʦʝʜʠʥʝʥʠʡ Dy2Fe14B ʠ Tb2Fe14B. 
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ʊʘʙʣʠʮʘ 1 

ʄʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʩʧʝʯʝʥʥʳʭ ʤʘʛʥʠʪʦʚ ʥʘ ʙʘʟʝ ʩʧʣʘʚʘ ʪʠʧʘ Nd-Fe-B c ʜʦʙʘʚʢʘʤʠ R3Co0.6Cu0.4ʅʭ ʠ 

PrHx 

ɼʦʙʘʚʢʘ 

2 ʤʘʩʩ.% 

Br,  

ʢɻʩ 

Br, 

ʊʣ 
jHc, 

ʢʕ 
jHc,  

ʢɸ/ʤ 

Hk,   

ʢʕ 

Hk, 

ʢɸ/ʤ 

BHmax, 

ʄɻʩʕ 
BHmax, 

ʢɼʞ/ʤ3 

Tb3Co0.6Cu0.4Hx 13.5 1.35 16.9 1352 15.0 1200 45.0 360 

Dy3Co0.6Cu0.4Hx 13.4 1.34 14.0 1120 12.1 968 42.0 336 

Pr3Co0.6Cu0.4Hx 13.5 1.35 12.6 1008 11.8 944 44.0 352 

PrHx 13.3 1.33 12.2 976 11.0 880 40.0 320 

ɹʦʣʝʝ ʚʳʩʦʢʠʝ ʩʚʦʡʩʪʚʘ ʤʘʛʥʠʪʦʚ (Br) ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʦʙʘʚʦʢ ʩʦʝʜʠʥʝʥʠʡ ʤʦʛʫʪ ʙʳʪʴ ʪʘʢʞʝ 

ʩʚʷʟʘʥʳ ʩ ʣʫʯʰʝʡ ʢʦʨʨʦʟʠʦʥʥʦʡ ʩʪʦʡʢʦʩʪʴʶ ʩʧʣʘʚʦʚ ʠ ʠʭ ʛʠʜʨʠʜʦʚ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʛʠʜʨʠʜʘʤʠ ʯʠʩʪʳʭ 

ʈɿʄ. 

ʆʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʚ ʩʧʣʘʚʝ Tb3Co0.6Cu0.4 ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʨʝʰʝʪʢʘ ʪʠʧʘ Tb3Co (Fe3C) ʩʦʭʨʘʥʷʝʪʩʷ ʧʨʠ 

40% ʟʘʤʝʱʝʥʠʠ ʢʦʙʘʣʴʪʘ ʤʝʜʴʶ. 

ʇʦʢʘʟʘʥʘ ʙʦʣʝʝ ʚʳʩʦʢʘʷ ʢʦʵʨʮʠʪʠʚʥʘʷ ʩʠʣʘ jʅʩ ʧʨʠ 4.2 ʂ ʫ ʩʦʝʜʠʥʝʥʠʷ Tb3Co0.6Cu0.4 ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

Tb3Co [3], ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʜʠʩʧʝʨʩʠʦʥʥʳʤ ʪʚʝʨʜʝʥʠʝʤ, ʯʪʦ ʘʥʘʣʦʛʠʯʥʦ ʥʘʙʣʶʜʘʝʤʦʤʫ ʜʣʷ 

ʩʧʣʘʚʦʚ SmCo3Cu2. 
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Interaction between magnetism and superconductivity as well as an unusual proximity effect at the border 

between a magnet and a superconductor can be successfully studied in low-dimensional 

ferromagnet/superconductor heterostructures. In this work we present recent results of the experimental studies 

of heterostructures composed of alternating ferromagnetic La0.67Sr0.33MnO3 (LSMO) and superconducting 

YBa2Cu3O7 (YBCO) nano-layers. Bi-, three-, and multi-layers with a thickness between 20 and 100 nm were 

grown by dc sputtering method on oriented substrates. The thickness and configuration of LSMO and YBCO 

layers were changed in a systematic way to modify the nature and strength of the interaction between these 

materials. The transport and magnetic properties of the large set of heterostructures were investigated in a wide 

temperature range 2-400 K and in fields up to 14 T. We have observed an influence of the magnetic LSMO layer 

on the superconducting properties of the adjacent YBCO layer. In particular, modification of the vortex dynamics 

by the ferromagnetic order was observed in the vicinity of the superconducting transition. Superconducting critical 

current densities were measured for both as made and by FIB (Focused Ion Beam) structured samples with the 

active dimensions 1.5x5 mm2 and 10x100 ɛm2, respectively. The Nernst effect was studied in the mixed state 

revealing the characteristic temperature dependence of the Nernst signal which seems to be correlated with the 

temperature dependence of the upper critical field. The topography and tomography of our samples were 

investigated by means of Scanning Tunnelling Microscopy to enable proper interpretation of the obtained results. 
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MAGNETIC PROPERTIES OF THE SUPERCONDUCNING COMPOSITES BASED ON HTSC 

YAPES OF SECOND GENERATION  

Rudnev I.A., Pokrovskii S.V., Osipov M.A., Abin D.A., Mineev N.A. 

 

This report presents new results of studies magnetic properties of second generation HTS composites: 

magnetization curves, remnant magnetization, levitation force. The measurements were carried out in a wide range 

of temperatures (4,2- 77 ʂ) and magnetic fields up to 14 T. For studies we chosen both single tape and stacks of 

tapes. Based on obtained results we made conclusions as for possibility of using such tapes in various magnetic 

systems.  

 

ʍʦʨʦʰʦ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʦʜʥʦ ʠʟ ʦʩʥʦʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ɺʊʉʇ ʣʝʥʪ ʚʪʦʨʦʛʦ ʧʦʢʦʣʝʥʠʷ 

ʥʘ ʦʩʥʦʚʝ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʩʚʝʨʭʧʨʦʚʦʜʥʠʢʦʚ REBa2Cu3O7-x   ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʦʟʜʘʥʠʠ ʪʦʢʦʥʝʩʫʱʠʭ 

ʵʣʝʤʝʥʪʦʚ, ʢʦʪʦʨʳʝ, ʤʦʛʫʪ ʧʨʠʤʝʥʷʪʴʩʷ ʚ ʩʚʝʨʭʧʨʦʚʦʜʷʱʠʭ ʢʘʙʝʣʷʭ, ʤʘʛʥʠʪʘʭ, ʪʨʘʥʩʬʦʨʤʘʪʦʨʘʭ, 

ʪʦʢʦʦʛʨʘʥʠʯʠʪʝʣʷ ʠ ʜʨʫʛʠʭ ʫʩʪʨʦʡʩʪʚʘʭ. ʄʝʞʜʫ ʪʝʤ, ɺʊʉʇ ʣʝʥʪʳ ʪʘʢʞʝ ʧʝʨʩʧʝʢʪʠʚʥʳ ʜʣʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʤʘʛʥʠʪʥʳʭ ʧʨʠʣʦʞʝʥʠʷʭ, ʪʘʢʠʭ ʢʘʢ ʤʘʛʥʠʪʳ ʟʘʭʚʘʯʝʥʥʦʛʦ ʧʦʪʦʢʘ ʠ ʣʝʚʠʪʘʮʠʦʥʥʳʝ 

ʪʝʭʥʦʣʦʛʠʠ. ɺ ʥʘʩʪʦʷʱʝʤ ʜʦʢʣʘʜʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʦʚʳʝ ʢʦʤʧʣʝʢʩʥʳʝ ʜʘʥʥʳʝ ʧʦ ʠʟʤʝʨʝʥʠʶ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʩʪʦʧʦʢ ɺʊʉʇ ʣʝʥʪ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʘʭ ʪʝʤʧʝʨʘʪʫʨ ʠ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ, ʘ ʪʘʢʞʝ ʠ 

ʣʝʚʠʪʘʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʦʤʧʦʟʠʪʦʚ ʠʟ ɺʊʉʇ ʣʝʥʪ.  

ʀʩʩʣʝʜʦʚʘʥʠʷ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʩʪʦʧʦʢ ɺʊʉʇ ʣʝʥʪ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ 5-80 ʂ ʠ 

ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ ʜʦ 8 ʊʣ. ʆʜʠʥʦʯʥʳʝ ʦʙʨʘʟʮʳ 10 x 10 ʤʤ2  ʙʳʣʠ ʚʳʨʝʟʘʥʳ ʠʟ ʢʦʤʤʝʨʯʝʩʢʦʡ ɺʊʉʇ ʣʝʥʪʳ 

ʩ ʰʠʨʠʥʦʡ 10 ʤʤ ʠ ʟʘʪʝʤ ʙʳʣʠ ʩʣʦʞʝʥʳ ʚ ʧʣʦʪʥʫʶ ʩʪʦʧʢʫ. ʂʦʣʠʯʝʩʪʚʦ ʩʣʦʝʚ ʚ ʩʪʦʧʢʝ ʚʘʨʴʠʨʦʚʘʣʦʩʴ ʦʪ 

n=1 ʜʦ 250. ʅʘʤʘʛʥʠʯʝʥʥʦʩʪʴ ʦʧʨʝʜʝʣʷʣʘʩʴ ʩ ʧʦʤʦʱʴʶ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʍʦʣʣʘ ʧʦʤʝʱʝʥʥʦʛʦ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʩʪʦʧʦʢ. ʀʟ ʢʨʠʚʳʭ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʩʪʘʪʦʯʥʦʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʦʪ ʯʠʩʣʘ ʣʝʥʪ ʚ ʩʪʦʧʢʝ  Brem (n) ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʘ ʪʘʢʞʝ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʠ ʨʘʟʣʠʯʥʦʤ ʯʠʩʣʝ ʣʝʥʪ. ʅʘʡʜʝʥʦ, ʯʪʦ ʟʘʚʠʩʠʤʦʩʪʠ Brem (n) ʠʤʝʝʪ 

ʥʝʣʠʥʝʡʥʳʡ ʭʘʨʘʢʪʝʨ ʩ ʪʝʥʜʝʥʮʠʡ ʢ ʥʘʩʳʱʝʥʠʶ ʜʣʷ n>60 . ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʤʘʢʩʠʤʘʣʴʥʦʝ 

ʦʩʪʘʪʦʯʥʦʝ ʧʦʣʝ ʧʨʝʚʳʰʘʣʦ 2,5 ʊʣ ʧʨʠ ʊ=4,2 ʂ. ʇʨʦʚʝʜʝʥʳ ʠʟʤʝʨʝʥʠʷ ʨʝʣʘʢʩʘʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ ɺʊʉʇ 

ʢʦʤʧʦʟʠʪʦʚ. ʅʘʡʜʝʥʦ, ʯʪʦ ʩ ʨʦʩʪʦʤ ʢʦʣʠʯʝʩʪʚʘ ʣʝʥʪ ʚ ʩʪʦʧʢʝ ʥʘʙʣʶʜʘʝʪʩʷ ʦʪʯʸʪʣʠʚʘʷ ʪʝʥʜʝʥʮʠʷ ʢ 

ʩʥʠʞʝʥʠʶ ʩʢʦʨʦʩʪʠ ʨʝʣʘʢʩʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʫʚʝʣʠʯʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʡ ʵʥʝʨʛʠʠ 

ʧʠʥʥʠʥʛʘ. ʇʨʦʚʝʜʝʥʳ ʨʘʩʯʝʪʳ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ ʩʪʦʧʦʢ ɺʊʉʇ ʣʝʥʪ, ʧʦʢʘʟʘʚʰʠʝ ʭʦʨʦʰʝʝ ʩʦʚʧʘʜʝʥʠʝ ʩ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ. ɺ ʜʦʢʣʘʜʝ ʪʘʢʞʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʦʚʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʠʣʳ 

ʤʘʛʥʠʪʥʦʡ ʣʝʚʠʪʘʮʠʠ ʚ ʩʠʩʪʝʤʝ ʤʘʛʥʠʪ-ɺʊʉʇ ʢʦʤʧʦʟʠʪ ʧʨʠ ʦʩʝʚʳʭ ʠ ʣʘʪʝʨʘʣʴʥʳʭ ʩʤʝʱʝʥʠʷʭ ʚ 

ʩʪʘʮʠʦʥʘʨʥʳʭ ʠ ʥʝʩʪʘʮʠʦʥʘʨʥʳʭ ʫʩʣʦʚʠʷʭ ʧʝʨʝʤʝʱʝʥʠʷ ʢʦʤʧʦʟʠʪʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʩʪʦʷʥʥʦʛʦ ʤʘʛʥʠʪʘ. 

ʇʦʢʘʟʘʥʘ ʩʚʷʟʴ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʠ ʩʠʣʳ ʣʝʚʠʪʘʮʠʠ. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ 

ʥʘʩʪʦʷʱʝʤ ʜʦʢʣʘʜʝ, ʧʦʜʪʚʝʨʞʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ɺʊʉʇ ʣʝʥʪ ʜʣʷ ʤʘʛʥʠʪʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, 

ʪʘʢʠʭ, ʢʘʢ ʤʘʛʥʠʪʳ ʟʘʭʚʘʯʝʥʥʦʛʦ ʧʦʪʦʢʘ ʠ ʣʝʚʠʪʘʮʠʦʥʥʳʝ ʧʨʠʤʝʥʝʥʠʷ (ʧʦʜʚʝʩʳ, ʧʦʜʰʠʧʥʠʢʠ ʠ ʪ.ʧ.).  

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʅʀʗʋ ʄʀʌʀ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʄʠʥʠʩʪʝʨʩʪʚʘ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʥʘʫʢʠ 

ʈʌ (ʉʦʛʣʘʰʝʥʠʝ ˉ14.575.21.0050 (RFMEFI57514X0050)).  
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INVESTIGATION OF CU -FE ALLOYS WITH DISPE RSED STRUCTURE OBTAINED BY 

ELECTROMETALLURGY AN D SHS METALLURGY.  
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1Russia, Moscow, National University of Science and Technology MISiS 

2Russia, Chernogolovka, Institute of Structural Macrokinetics and Materials Science, Russian Academy of 

Sciences 

 

The influence of different production techniques for alloys based on Fe-Cu was studied. In this study first 

used SHS-metallurgy method for producing, in the molten pseudoalloy Cu-Fe system (Cu- 70%, Fe- 30 wt.%). 

For comparative structural studies of samples of alloys using the method of single-stage vacuum induction 

remelting (VIP) were obtained. It was found that the high temperatures melt the SHS provides increased solubility 

of Cu in Fe. Then, in the crystallization, by decreasing the melt temperature and reduce the solubility limit of 

copper is released in the form of small dispersed particles. The observed structure is typical only for SHS alloy. 

 

ʉʧʣʘʚʳ ʥʘ ʦʩʥʦʚʝ ʩʠʩʪʝʤ, ʧʨʦʷʚʣʷʶʱʠʭ ʪʝʥʜʝʥʮʠʶ ʢ ʨʘʩʩʣʦʝʥʠʶ ʚ ʞʠʜʢʦʤ ʩʦʩʪʦʷʥʠʠ, ʜʦʣʛʦʝ 

ʚʨʝʤʷ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʧʦʣʫʯʘʣʠ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ, ʠʟ-ʟʘ ʟʥʘʯʠʪʝʣʴʥʳʭ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʪʨʫʜʥʦʩʪʝʡ, ʚʦʟʥʠʢʘʶʱʠʭ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʂ ʪʘʢʠʤ ʤʘʪʝʨʠʘʣʘʤ ʦʪʥʦʩʷʪʩʷ ʩʧʣʘʚʳ 

ʩʠʩʪʝʤʳ Fe-Cu [1]. ɾʝʣʝʟʦ ʠ ʤʝʜʴ ʦʛʨʘʥʠʯʝʥʥʦ ʚʟʘʠʤʥʦ ʨʘʩʪʚʦʨʠʤʳ. ʄʘʢʩʠʤʘʣʴʥʘʷ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʤʝʜʠ 

ʚ ʪʚʝʨʜʦʤ ʞʝʣʝʟʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1373ʂ ʩʦʩʪʘʚʣʷʝʪ 8 - 8,5% ʚʝʩ, ʘ ʞʝʣʝʟʘ ʚ ʤʝʜʠ - 4%. ʇʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ʚʟʘʠʤʥʘʷ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʢʦʤʧʦʥʝʥʪʦʚ ʥʝʟʥʘʯʠʪʝʣʴʥʘ. ʇʦʵʪʦʤʫ ʦʩʥʦʚʥʳʤ ʤʝʪʦʜʦʤ 

ʧʦʣʫʯʝʥʠʷ ʧʩʝʚʜʦʩʧʣʘʚʦʚ Fe-Cu ʷʚʣʷʝʪʩʷ ʧʨʦʧʠʪʢʘ ʤʝʜʴʶ ʚ ʩʨʝʜʝ ʘʨʛʦʥʘ ʠʣʠ ʝʝ ʩʧʣʘʚʘʤʠ ʩʧʨʝʩʩʦʚʘʥʥʳʭ 

ʠʣʠ ʩʧʝʯʝʥʥʳʭ ʟʘʛʦʪʦʚʦʢ ʠʟ ʧʦʨʦʰʢʦʚ ʯʠʩʪʦʛʦ ʠʣʠ ʣʝʛʠʨʦʚʘʥʥʦʛʦ ʞʝʣʝʟʘ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ 

ʜʦʩʪʠʯʴ ʥʘʠʣʫʯʰʠʡ ʫʨʦʚʝʥʴ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ, ʦʜʥʘʢʦ ʤʘʣʦʧʨʦʠʟʚʦʜʠʪʝʣʝʥ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠ 

ʩʣʦʞʝʥ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʘʢʪʫʘʣʴʥʳʤ ʷʚʣʷʝʪʩʷ ʧʦʠʩʢ ʥʦʚʳʭ, ʙʦʣʝʝ ʪʝʭʥʦʣʦʛʠʯʥʳʭ ʤʝʪʦʜʦʚ ʧʦʣʫʯʝʥʠʷ ʪʘʢʠʭ 

ʤʘʪʝʨʠʘʣʦʚ. 

ʈʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ ʣʠʪʝʡʥʳʭ ʤʝʪʦʜʦʚ ʧʦʣʫʯʝʥʠʷ ʪʘʢʠʭ ʩʧʣʘʚʦʚ ʪʨʝʙʫʝʪ ʜʝʪʘʣʴʥʦʛʦ ʠʟʫʯʝʥʠʷ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠʭ ʩʪʨʫʢʪʫʨʳ, ʫʩʣʦʚʠʡ, ʧʦʟʚʦʣʷʶʱʠʭ ʧʦʣʫʯʘʪʴ ʜʦʩʪʘʪʦʯʥʦ ʦʜʥʦʨʦʜʥʦʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦ ʦʙʲʝʤʫ ʩʪʨʫʢʪʫʨʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʠ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʠʭ ʨʘʟʤʝʨʳ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʚʧʝʨʚʳʝ ʠʩʧʦʣʴʟʦʚʘʥ ʤʝʪʦʜ ʉɺʉ-ʤʝʪʘʣʣʫʨʛʠʠ ʜʣʷ ʧʦʣʫʯʝʥʠʷ, ʣʠʪʦʛʦ ʧʩʝʚʜʦʩʧʣʘʚʘ 

ʚ ʩʠʩʪʝʤʝ Cu-Fe (Cu- 70%, Fe- 30%ʤʘʩʩ.). ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʭʠʤʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ, ʚʳʜʝʣʷʝʤʦʡ ʚ ʧʨʦʮʝʩʩʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʳʩʦʢʦ-ʵʢʟʦʪʝʨʤʠʯʝʩʢʠʭ ʩʦʩʪʘʚʦʚ ʪʝʨʤʠʪʥʦʛʦ ʪʠʧʘ (ʨʝʞʠʤʝ ʛʦʨʝʥʠʷ), ʜʝʣʘʝʪ ʵʪʦʪ ʤʝʪʦʜ 

ʦʜʥʠʤ ʠʟ ʩʘʤʳʭ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʳʭ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʣʠʪʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʂʦʨʦʪʢʠʝ ʚʨʝʤʝʥʘ ʩʠʥʪʝʟʘ 

(ʜʝʩʷʪʢʠ ʩʝʢʫʥʜ) ʠ ʟʘʱʠʪʘ ʚʝʨʭʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩʣʠʪʢʘ ʦʢʩʠʜʥʳʤ ʨʘʩʧʣʘʚʦʤ (Al2O3) ʦʪ ʦʢʠʩʣʝʥʠʷ 

ʧʦʟʚʦʣʷʶʪ ʧʨʦʚʦʜʠʪʴ ʩʠʥʪʝʟ ʚ ʫʩʣʦʚʠʷʭ ʘʪʤʦʩʬʝʨʳ. ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʨʘʚʥʦʤʝʨʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʯʘʩʪʠʮ ʞʝʣʝʟʘ ʚ ʤʝʜʥʦʡ ʤʘʪʨʠʮʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʨʦʚʦʜʠʣʠ ʚ ʫʩʣʦʚʠʷʭ ʚʦʟʜʝʡʩʪʚʠʷ ʮʝʥʪʨʦʙʝʞʥʳʭ ʩʠʣ 

ʩʦʟʜʘʚʘʝʤʳʭ ʚ ʮʝʥʪʨʦʙʝʞʥʦʡ ʉɺʉ-ʫʩʪʘʥʦʚʠ [2]. 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʩʨʘʚʥʠʪʝʣʴʥʳʭ ʩʪʨʫʢʪʫʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʦʙʨʘʟʮʳ ʩʧʣʘʚʦʚ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʤʝʪʦʜʘ ʦʜʥʦʩʪʘʜʠʡʥʦʛʦ ʚʘʢʫʫʤʥʦ ʠʥʜʫʢʮʠʦʥʥʦʛʦ ʧʝʨʝʧʣʘʚʘ (ɺʀʇ). ʅʘ ʨʠʩ. 1 ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʩʧʣʘʚʘ ʧʦʩʣʝ ɺʀʇ (ʘ,aô) ʠ ʧʦʣʫʯʝʥʥʦʛʦ ʤʝʪʦʜʦʤ ʉɺʉ-

ʤʝʪʘʣʣʫʨʛʠʠ (ʙ,ʙô). ɸʥʘʣʠʟ ʩʪʨʫʢʪʫʨʳ ʧʨʠ ʤʘʣʳʭ ʫʚʝʣʠʯʝʥʠʷʭ (ʈʠʩ. 1ʘ,ʙ) ʧʦʢʘʟʘʣ, ʯʪʦ ʦʙʘ ʩʧʣʘʚʘ ʠʤʝʶʪ 

ʚʳʨʘʞʝʥʥʫʶ ʜʠʩʧʝʨʩʥʫʶ ʩʪʨʫʢʪʫʨʫ ʩ ʷʚʥʦʡ ʛʨʘʥʠʮʝʡ ʨʘʟʜʝʣʘ ʯʘʩʪʠʮ Fe ʠ ʤʘʪʨʠʮʳ ʥʘ ʦʩʥʦʚʝ Cu. 



ʉɽʂʎʀʗ 1 ʄɸɻʅʀʊʅʓɽ ʄɸʊɽʈʀɸʃʓ ʀ ʉʀʉʊɽʄʓ 
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(ʘ) (ʘô) (ʙ) (ʙô) 

ʈʠʩʫʥʦʢ 1 ï ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʦʙʨʘʟʮʦʚ ʩʧʣʘʚʘ ʉu-Fe ʤʝʪʦʜʦʤ ɺʀʇ (ʘ, aô) ʠ ʉɺʉ-ʤʝʪʘʣʣʫʨʛʠʠ (ʙ, ʙô) 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʧʨʠ ʙʦʣʴʰʝʤ ʫʚʝʣʠʯʝʥʠʠ ʫʚʝʣʠʯʝʥʠʷʭ (ʨʠʩ. 1ʘô,ʙô) ʚʳʷʚʠʣʦ, ʯʪʦ 

ʩʧʣʘʚ ʧʦʣʫʯʝʥʥʳʡ ʤʝʪʦʜʦʤ ʉɺʉ-ʤʝʪʘʣʣʫʨʛʠʠ ʠʤʝʝʪ ʤʥʦʛʦʫʨʦʚʥʝʚʫʶ ʩʪʨʫʢʪʫʨʫ (ʈʠʩ.2). ɺʥʫʪʨʠ ʯʘʩʪʠʮ 

ʞʝʣʝʟʘ, ʨʘʟʤʝʨʦʚ 10-30 ʤʢʤ ʥʘʙʣʶʜʘʣʠʩʴ ʜʠʩʧʝʨʩʠʦʥʥʳʝ ʚʳʜʝʣʝʥʠʷ ʤʝʜʠ ʨʘʟʤʝʨʦʤ ʦʪ 100 ʥʤ ʜʦ 2 ʤʢʤ. 

ɼʘʥʥʳʡ ʨʝʟʫʣʴʪʘʪ ʤʦʞʥʦ ʩʚʷʟʘʪʴ ʩ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʉɺʉ-ʤʝʪʘʣʣʫʨʛʠʠ. ʊʝʤʧʝʨʘʪʫʨʘ ʛʦʨʝʥʠʷ ʉɺʉ ʩʤʝʩʠ 

ʧʨʝʚʳʰʘʝʪ 2500 ʂ. ɺʳʩʦʢʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʨʘʩʧʣʘʚʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʚʳʰʝʥʥʫʶ ʨʘʩʪʚʦʨʠʤʦʩʪʴ Cu ʚ Fe. 

ɿʘʪʝʤ, ʥʘ ʩʪʘʜʠʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ, ʧʦ ʤʝʨʝ ʩʥʠʞʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʨʘʩʧʣʘʚʘ ʠ ʩʥʠʞʝʥʠʷ ʧʨʝʜʝʣʘ 

ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʧʨʦʠʩʭʦʜʠʪ ʚʳʜʝʣʝʥʠʝ ʤʝʜʠ ʚ ʚʠʜʝ ʤʝʣʢʠʭ ʜʠʩʧʝʨʩʥʳʭ ʯʘʩʪʠʮ. ʅʘʙʣʶʜʘʝʤʘʷ ʩʪʨʫʢʪʫʨʘ 

ʭʘʨʘʢʪʝʨʥʘ ʪʦʣʴʢʦ ʜʣʷ ʉɺʉ ʩʧʣʘʚʘ. ɺʳʷʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʩʣʝʜʫʶʱʝʤ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʤ ʧʝʨʝʜʝʣʝ 

(ʧʝʨʝʧʣʘʚʝ) ʉɺʉ-ʩʧʣʘʚ ʩʦʭʨʘʥʷʝʪ ʜʘʥʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʩʪʨʫʢʪʫʨʳ, ʯʪʦ ʤʦʞʝʪ ʧʨʝʜʩʪʘʚʣʷʪʴ ʦʩʦʙʳʡ 

ʧʨʘʢʪʠʯʝʩʢʠʡ ʠʥʪʝʨʝʩ. 

     
ʈʠʩʫʥʦʢ 2 ï ʄʠʢʨʦʬʦʪʦʛʨʘʬʠʷ ʩʪʨʫʢʪʫʨʳ ʉɺʉ-ʩʧʣʘʚʘ ʠ ʢʘʨʪʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʤʝʥʪʦʚ. 
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FERRI- AND FERROMAGNETISM I N RCO5-XGAX (R = GD, Y) COM POUNDS 

Malik S.K., Nirmala R., Nikitin S.A., Bogdanov A.E., Morozkin A.V., Ovchenkova I.A., Smirnov A.V. 

 

The study of RCo5-based compounds presents a keen interest due to the existence of two magnetic 

sublattices in them. This work is dedicate to the investigation of magnetic properties of RCo5-xGax and 

determination of the strength of intrasublattice and intersublattice exchange interactions. It was found that the 
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paramagnetic susceptibility of GdCo5-xGax follows the Neel law. For these compounds the molecular field 

coefficients were calculated. This allowed to determine the contributions of Gd and Co sublattices to the 

magnetization. 

 

ʀʥʪʝʨʤʝʪʘʣʣʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ RCo5 ʦʙʣʘʜʘʶʪ ʮʝʣʳʤ ʨʷʜʦʤ ʠʥʪʝʨʝʩʥʳʭ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ, ʯʪʦ 

ʦʙʫʩʣʦʚʣʝʥʦ ʥʘʣʠʯʠʝʤ ʫ ʜʘʥʥʳʭ ʩʦʩʪʘʚʦʚ ʜʚʫʭ ʤʘʛʥʠʪʥʳʭ ʧʦʜʨʝʰʝʪʦʢ, ʢʦʪʦʨʳʝ ʜʣʷ ʩʦʝʜʠʥʝʥʠʡ, 

ʩʦʜʝʨʞʘʱʠʭ ʪʷʞʝʣʳʝ ʨʝʜʢʦʟʝʤʝʣʴʥʳʝ ʵʣʝʤʝʥʪʳ, ʠʤʝʶʪ ʘʥʪʠʧʘʨʘʣʣʝʣʴʥʫʶ ʦʨʠʝʥʪʘʮʠʶ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʦʩʦʙʝʥʥʦʩʪʷʤ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ ʭʘʨʘʢʪʝʨʥʳʤ ʜʣʷ ʬʝʨʨʠʤʘʛʥʝʪʠʟʤʘ [1]. ʇʦʩʢʦʣʴʢʫ ʩʦʝʜʠʥʝʥʠʷ RCo5 

ʫʞʝ ʜʦʚʦʣʴʥʦ ʭʦʨʦʰʦ ʠʩʩʣʝʜʦʚʘʥʳ, ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘʠʙʦʣʴʰʠʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʟʫʯʝʥʠʝ 

ʚʣʠʷʥʠʷ ʥʘ ʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʟʘʤʝʱʝʥʠʷ Co p-ʵʣʝʤʝʥʪʘʤʠ, ʚ ʯʘʩʪʥʦʩʪʠ Ga. ʇʨʦʚʦʜʠʚʰʠʝʩʷ ʨʘʥʝʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʤʝʱʝʥʥʳʭ Ga ʩʦʩʪʘʚʦʚ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚʚʝʜʝʥʠʝ Ga ʟʥʘʯʠʪʝʣʴʥʦ ʫʤʝʥʴʰʘʝʪ ʪʝʤʧʝʨʘʪʫʨʫ 

ʂʶʨʠ [2,3], ʘ ʪʘʢʞʝ ʚʝʣʠʯʠʥʫ ʠʥʜʫʮʠʨʫʝʤʳʭ ʢʦʙʘʣʴʪʦʚʦʡ ʧʦʜʨʝʰʝʪʢʦʡ ʥʘ ʷʜʨʘʭ Gd ʩʚʝʨʭʪʦʥʢʠʭ ʧʦʣʝʡ 

[4]. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʥʝ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʚʝʣʠʯʠʥʳ ʤʦʣʝʢʫʣʷʨʥʳʭ ʧʦʣʝʡ, ʜʝʡʩʪʚʫʶʱʠʭ ʚʥʫʪʨʠ ʧʦʜʨʝʰʝʪʦʢ 

ʠ ʤʝʞʜʫ ʥʠʤʠ. ɺʝʣʠʯʠʥʳ ʵʪʠʭ ʧʦʣʝʡ ʦʢʘʟʳʚʘʶʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʭʦʜ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʧʦʜʨʝʰʝʪʦʢ R ʠ Co. ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʷʚʣʷʣʦʩʴ ʜʝʪʘʣʴʥʦʝ ʠʟʫʯʝʥʠʝ 

ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʠ ʧʦʣʝʚʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʩʦʝʜʠʥʝʥʠʡ RCo5-xGax ʚ ʧʦʣʷʭ ʜʦ 140 ʢʕ, 

ʦʧʨʝʜʝʣʝʥʠʝ ʜʣʷ Gd ʩʦʩʪʘʚʦʚ ʦʙʤʝʥʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʚʥʫʪʨʠ ʧʦʜʨʝʰʝʪʦʢ ʠ ʤʝʞʜʫ ʧʦʜʨʝʰʝʪʢʘʤʠ ʠ 

ʚʳʜʝʣʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʝʡ ʧʦʜʨʝʰʝʪʦʢ Gd ʠ Co. 

ʉʦʩʪʘʚʳ GdCo5-xGax (x=1.5, 1.6, 1.7) ʠ YCo3.3Ga1.7 ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʤʝʪʦʜʦʤ ʵʣʝʢʪʨʦʜʫʛʦʚʦʡ 

ʧʣʘʚʢʠ. ʆʙʨʘʟʮʳ ʙʳʣʠ ʧʝʨʝʧʣʘʚʣʝʥʳ ʪʨʠ ʨʘʟʘ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʦʪʞʠʛʦʤ ʧʨʠ 1070 ʂ ʚ ʪʝʯʝʥʠʝ 200 ʯʘʩʦʚ. 

ʇʦ ʜʘʥʥʳʤ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʚʩʝ ʩʦʩʪʘʚʳ ʷʚʣʷʶʪʩʷ ʦʜʥʦʬʘʟʥʳʤʠ ʠ ʠʤʝʶʪ ʛʝʢʩʘʛʦʥʘʣʴʥʫʶ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ ʪʠʧʘ CaCu5 (ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʛʨʫʧʧʘ P6/mmm). 

ɸʥʘʣʠʟ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʚ ʧʘʨʘʤʘʛʥʠʪʥʦʡ ʦʙʣʘʩʪʠ ʜʣʷ 

ʩʦʩʪʘʚʦʚ GdCo5-xGax (ʨʠʩ. 1) ʧʦʟʚʦʣʠʣ ʫʩʪʘʥʦʚʠʪʴ, ʯʪʦ ʚ ʵʪʠʭ ʩʦʩʪʘʚʘʭ ʤʘʛʥʠʪʥʘʷ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʴ 

ʩʣʝʜʫʝʪ ʟʘʢʦʥʫ ʅʝʝʣʷ. ʀʩʧʦʣʴʟʫʷ ʬʦʨʤʫʣʳ ʪʝʦʨʠʠ ʅʝʝʣʷ [5] ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʧʦʣʷ ʜʣʷ ʜʘʥʥʳʭ ʩʦʩʪʘʚʦʚ. ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʙʤʝʥʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʚʥʫʪʨʠ 

ʨʝʜʢʦʟʝʤʝʣʴʥʦʡ ʧʦʜʨʝʰʝʪʢʠ ʠʤʝʝʪ ʤʘʣʦʝ ʟʥʘʯʝʥʠʝ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʦʙʤʝʥʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʥʫʪʨʠ 

ʢʦʙʘʣʴʪʦʚʦʡ ʧʦʜʨʝʰʝʪʢʠ ʠ ʤʝʞʜʫ ʧʦʜʨʝʰʝʪʢʘʤʠ ʩʨʘʚʥʠʤʳ ʧʦ ʚʝʣʠʯʠʥʝ. ɺ ʯʘʩʪʥʦʩʪʠ, ʜʣʷ ʩʦʩʪʘʚʘ 

GdCo3.3Ga1.7 ʢʦʵʬʬʠʮʠʝʥʪ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʧʦʣʷ nCoCo = 42,3 ʤʦʣʴ/ʩʤ3, nGdCo = 41,5 ʤʦʣʴ/ʩʤ3, ʘ nGdGd 

= 3,1 ʤʦʣʴ/ʩʤ3. 

ʊʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʠ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʜʣʷ ʩʦʩʪʘʚʘ YCo3.3Ga1.7 ʠ Gd ʩʦʩʪʘʚʦʚ ʩʠʣʴʥʦ 

ʨʘʟʣʠʯʘʶʪʩʷ (ʨʠʩ. 2). YCo3.3Ga1.7 ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʢʣʘʩʩʠʯʝʩʢʦʝ ʬʝʨʨʦʤʘʛʥʠʪʥʦʝ ʧʦʚʝʜʝʥʠʝ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʘ ʜʣʷ ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʚʳʧʦʣʥʷʝʪʩʷ ʟʘʢʦʥ 

ʂʶʨʠ-ɺʝʡʩʩʘ. ʀʩʭʦʜʷ ʠʟ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʩʧʦʥʪʘʥʥʦʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʜʣʷ ʜʘʥʥʦʛʦ ʩʦʩʪʘʚʘ 

ʠ ʟʥʘʯʝʥʠʡ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʧʦʣʷ ʜʣʷ Gd ʩʦʩʪʘʚʦʚ ʙʳʣ ʦʧʨʝʜʝʣʝʥ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʭʦʜ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʧʦʜʨʝʰʝʪʢʠ Gd. 
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ʈʠʩ. 1. ʊʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʦʙʨʘʪʥʦʡ 

ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʠ ʘʧʧʨʦʢʩʠʤʘʮʠʦʥʥʘʷ 

ʢʨʠʚʘʷ ʟʘʢʦʥʘ ʅʝʝʣʷ ʜʣʷ ʩʦʩʪʘʚʘ GdCo3.3Ga1.7 

ʈʠʩ. 2. ʊʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʜʣʷ ʩʦʩʪʘʚʦʚ RCo3.3Ga1.7 (R = Gd, 

Y) 

ɼʣʷ ʚʩʝʭ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʩʦʩʪʘʚʦʚ ʠʩʧʦʣʴʟʫʷ ʠʟ ʠʟʦʪʝʨʤ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʩ ʧʦʤʦʱʴʶ ʠʟʚʝʩʪʥʦʛʦ 

ʩʦʦʪʥʦʰʝʥʠʷ ʄʘʢʩʚʝʣʣʘ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʟʥʘʯʝʥʠʷ ʠʟʤʝʥʝʥʠʷ ʤʘʛʥʠʪʥʦʡ ʯʘʩʪʠ ʵʥʪʨʦʧʠʠ. ɺ ʯʘʩʪʥʦʩʪʠ, 

ʜʣʷ ʩʦʩʪʘʚʘ GdCo3.3Ga1.7 ʙʳʣʦ ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʩʦʩʪʘʚʠʣʦ 3,2 ɼʞ/(ʢʛ*ʂ) ʜʣʷ ʠʟʤʝʥʝʥʠʷ ʧʦʣʷ ʚ 

140 ʢʕ. ʋʯʠʪʳʚʘʷ, ʯʪʦ ʜʚʘ ʠʟ ʯʝʪʳʨʝʭ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʩʦʩʪʘʚʦʚ ʠʤʝʶʪ ʪʝʤʧʝʨʘʪʫʨʫ ʂʶʨʠ, ʙʣʠʟʢʫʶ ʢ 

ʢʦʤʥʘʪʥʦʡ, ʤʦʞʥʦ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʜʘʥʥʳʝ ʩʦʩʪʘʚʳ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʤʘʛʥʠʪʦʢʘʣʦʨʠʯʝʩʢʠʭ ʮʝʣʝʡ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʈʌʌʀ ˉ 16-02-00472A. 
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ELECTRON MICROSCOPY AND MAGNETIC PROPERT IES OF FE-ZR-N NANOCRYTALLINE 

FILMS PRODUCED BY MA GNETRON SPUTTERING 

Tedzhetov V.A., Sheftel E.N., Harin  E.V., Usmanova G.Sh., Zhigalina O.M. 

 

The phase-structural state of the soft magnetic nanocrystalline Fe-Zr-N films has been investigated by XRD 

and TEM. The phase composition as well as the fine structure of the films are determined. The evolution of the 

films after annealing at 300, 400, 500, 600Áʉ was studied. Effects of the action of solid solution and precipitation 

strengthening on the grain size were discussed. Magnetic properties of the as-deposited and annealed films were 

studied by VSM. It was shown that annealed at 300-500ÁC films are strong ferromagnetic with high saturation 

inductance (up to 2.1 T) and low coercive field (down to 0.5 Oe). 

 

ʇʨʦʚʝʜʝʥ ʵʣʝʢʪʨʦʥʥʦʤʠʢʨʦʩʢʦʧʠʯʝʢʠʡ (ʇʕʄ) ʠ ʨʝʥʪʛʝʥʦʜʠʬʨʘʢʮʠʦʥʥʳʡ (ʈɼ) ʘʥʘʣʠʟ 

ʩʪʨʫʢʪʫʨʦʦʙʨʘʟʦʚʘʥʠʷ ʧʣʝʥʦʢ ʩʦʩʪʘʚʦʚ Fe90.4-43.3Zr2.4-34.8N0.9-12.4O2.0-13.7 ʪʦʣʱʠʥʦʡ ʦʪ 1 ʜʦ 2.3 ʤʢʤ, 

ʧʦʣʫʯʝʥʥʳʭ ʨʘʥʝʝ [1] ʨʝʘʢʪʠʚʥʳʤ ʤʘʛʥʝʪʨʦʥʥʳʤ ʥʘʧʳʣʝʥʠʝʤ, ʩ ʥʘʛʨʝʚʦʤ ʤʠʰʝʥʠ, ʠ ʝʛʦ ʵʚʦʣʶʮʠʠ ʧʦʩʣʝ 

ʦʪʞʠʛʘ ʧʨʠ ʊ = 300, 400, 500, 600 ÁC ʩ ʚʳʜʝʨʞʢʦʡ 1 ʯ. ʌʘʟʦʚʳʡ ʩʦʩʪʘʚ ʧʣʝʥʦʢ ʧʦʩʣʝ ʥʘʧʳʣʝʥʠʷ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʦʜʝʨʞʘʥʠʝʤ Zr ʚ ʧʣʝʥʢʘʭ, ʠ N2 ʚ ʛʘʟʦʚʦʡ ʘʪʤʦʩʬʝʨʝ ʤʘʛʥʝʪʨʦʥʘ. ʇʣʝʥʢʠ ʩʦʜʝʨʞʘʱʠʝ 3õ9 

ʘʪ.% Zr, ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʥʘʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʦʡ ʥʘ ʦʩʥʦʚʝ ʧʝʨʝʩʳʱʝʥʥʦʛʦ ʆʎʂ ʪʚʝʨʜʦʛʦ 

ʨʘʩʪʚʦʨʘ Ŭ-Fe(Zr,N) (ʧʦʣʫʯʝʥʥʳʝ ʚ ʛʘʟʦʚʦʡ ʘʪʤʦʩʬʝʨʝ Ar+5 ʦʙ.% N2) ʠʣʠ Ŭ-Fe(Zr,N) + Fe4N/Fe3N (Ar+15 

ʦʙ.% N2). ʇʣʝʥʢʠ, ʩʦʜʝʨʞʘʱʠʝ 33õ35 ʘʪ.% Zr, ʧʨʝʜʩʪʘʚʣʝʥʳ ʘʤʦʨʬʥʦʡ ʬʘʟʦʡ ʥʘ ʦʩʥʦʚʝ ʣʠʥʠʡ FeZr2 

(ʧʦʣʫʯʝʥʥʳʝ ʚ ʘʪʤʦʩʬʝʨʝ Ar) ʠʣʠ ʜʚʫʭʬʘʟʥʦʡ - ʘʤʦʨʬʥʦʡ ʠ ZrN (Ar+15ʦʙ.%N2, ʊʘʙʣʠʮʘ 1). ʇʦʢʘʟʘʥʦ, ʯʪʦ 

ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ ʠʤʝʝʪ ʤʝʩʪʦ ʢʦʥʢʫʨʝʥʮʠʷ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʠ ʢʠʥʝʪʠʯʝʩʢʦʛʦ 

(ʟʘʢʦʥ ʜʝʡʩʪʚʫʶʱʠʭ ʤʘʩʩ) ʬʘʢʪʦʨʦʚ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʦʪʞʠʛʝ ʩ ʧʦʚʳʰʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ 

ʫʤʝʥʴʰʘʝʪʩʷ ʩʪʝʧʝʥʴ ʧʝʨʝʩʳʱʝʥʠʷ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ, ʧʨʠ ʵʪʦʤ ʚ ʧʣʝʥʢʘʭ Fe86.0Zr4.3N6.7O2.9 ʮʠʨʢʦʥʠʡ 

ʦʙʨʘʟʫʝʪ ʩʦʝʜʠʥʝʥʠʝ ZrO2 (600Áʉ), ʘ ʚ ʧʣʝʥʢʘʭ Fe61.9Zr32.9N0.9O4.3 ʧʨʦʠʩʭʦʜʠʪ ʯʘʩʪʠʯʥʘʷ ʢʨʠʩʪʘʣʣʠʟʘʮʠʷ 

ʘʤʦʨʬʥʦʡ ʬʘʟʳ ʚ ZrO2 (500,600Áʉ, ʊʘʙʣʠʮʘ 1).  

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʩʪʨʫʢʪʫʨʘ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʧʣʝʥʦʢ ʩ ʥʠʟʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ Zr (3õ9 ʘʪ.%) ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʥʘʥʦʢʨʠʩʪʘʣʣʠʪʘʤʠ ʩʦ ʩʨʝʜʥʠʤ ʨʘʟʤʝʨʦʤ ʦʪ 2 ʜʦ 30 ʥʤ (ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ), ʯʘʩʪʴ 

ʢʦʪʦʨʳʭ ʦʙʨʘʟʫʝʪ ʩʪʦʣʙʯʘʪʳʝ ʩʢʦʧʣʝʥʠʷ, ʬʦʨʤʠʨʫʶʱʠʝʩʷ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʨʦʩʪʘ ʧʣʝʥʢʠ, ʢʦʪʦʨʳʝ 

ʩʪʘʥʦʚʷʪʩʷ ʷʨʢʦ ʚʳʨʘʞʝʥʳ ʧʦʩʣʝ ʦʪʞʠʛʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚʳʰʝ 400Áʉ. ʈʘʟʤʝʨʳ ʟʝʨʝʥ 
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ʥʘʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʬʘʟ ʦʙʫʩʣʦʚʣʝʥʳ ʜʝʡʩʪʚʠʝʤ ʪʚʸʨʜʦʨʘʩʪʚʦʨʥʦʛʦ (Zr ʠ N) ʠ ʜʠʩʧʝʨʩʥʦʛʦ (ʥʠʪʨʠʜʘʤʠ 

Fe3N ʠ Fe4N) ʤʝʭʘʥʠʟʤʦʚ ʫʧʨʦʯʥʝʥʠʷ, ʟʘʪʨʫʜʥʷʶʱʠʭ ʠʭ ʨʦʩʪ ʚ ʧʨʦʮʝʩʩʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʣʝʥʢʠ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʨʘʟʤʝʨ ʙʣʦʢʦʚ, ʨʘʩʩʯʠʪʘʥʥʳʡ ʧʦ ʜʘʥʥʳʤ ʈɼ ʤʝʪʦʜʦʤ ʈʠʪʚʝʣʴʜʘ, ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʘʟʤʝʨʫ 

ʢʨʠʩʪʘʣʣʠʪʦʚ ʧʦʣʫʯʝʥʥʦʤʫ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʇʕʄ. 

ɺ ʨʘʙʦʪʝ ʩʪʨʫʢʪʫʨʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʧʦʩʪʘʚʣʝʥʳ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʚʠʙʨʘʮʠʦʥʥʦʡ ʤʘʛʥʝʪʦʤʝʪʨʠʠ 

(ɺʄ), ʠ ʫʩʪʘʥʦʚʣʝʥʘ ʚʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ ʭʠʤʠʯʝʩʢʠʤ, ʬʘʟʦʚʳʤ ʩʦʩʪʘʚʦʤ ʠ ʩʪʘʪʠʯʝʩʢʠʤʠ ʤʘʛʥʠʪʥʳʤʠ 

ʩʚʦʡʩʪʚʘʤʠ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʧʣʸʥʦʢ. ʊʘʢ, ʥʘʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʧʣʸʥʢʠ (ʩʦʜʝʨʞʘʱʠʝ 3õ9 ʘʪ.% Zr) ʷʚʣʷʶʪʩʷ 

ʩʠʣʴʥʳʤʠ ʬʝʨʨʦʤʘʛʥʝʪʠʢʘʤʠ ʩ ʚʳʩʦʢʦʡ ʠʥʜʫʢʮʠʝʡ ʥʘʩʳʱʝʥʠʷ Bs (0.5õ2.1 ʊʣ) ʠ ʥʠʟʢʦʡ ʢʦʵʨʮʠʪʠʚʥʦʡ 

ʩʠʣʦʡ Hc (0,5õ64 ʕ). ʇʣʸʥʢʠ ʩ ʘʤʦʨʬʥʦʡ ʠʣʠ ʘʤʦʨʬʥʦ-ʥʘʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʦʡ (ʩʦʜʝʨʞʘʱʠʝ 

33õ35 ʘʪ.% Zr) ʷʚʣʷʶʪʩʷ ʩʣʘʙʳʤʠ ʬʝʨʨʦʤʘʛʥʝʪʠʢʘʤʠ ʩ ʥʠʟʢʦʡ ʠʥʜʫʢʮʠʝʡ ʥʘʩʳʱʝʥʠʷ (1õ7 ʤʊʣ).  

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʠʥʜʫʢʮʠʶ ʥʘʩʳʱʝʥʠʷ ʥʘʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʧʣʸʥʦʢ ʦʧʨʝʜʝʣʷʶʪ ʦʙʲʝʤʥʘʷ ʜʦʣʷ 

ʬʝʨʨʦʤʘʛʥʠʪʥʦʡ ʬʘʟʳ, ʝʸ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ, ʦʙʲʸʤʥʘʷ ʜʦʣʷ ʥʠʪʨʠʜʥʦʡ (Fe4N, Fe3N) ʠʣʠ ʦʢʩʠʜʥʦʡ (ZrO2) 

ʬʘʟʳ ʠ ʩʦʜʝʨʞʘʥʠʝ Fe ʚ ʧʣʸʥʢʝ. ʇʨʠ ʦʪʞʠʛʝ ʩ ʧʦʚʳʰʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʚʝʣʠʯʠʥʳ Bs ʠ Hc ʫʤʝʥʴʰʘʶʪʩʷ, 

ʧʨʠʯʝʤ Hc ʜʦʩʪʠʛʘʝʪ ʤʠʥʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʧʨʠ 500
0ʉ. 

1. ɽ.ʅ. ʐʝʬʪʝʣʴ, ʌ.ɺ. ʂʠʨʶʭʘʥʮʝʚ-ʂʦʨʥʝʝʚ, ɺ.ɸ. ʊʝʜʞʝʪʦʚ, ʇ.ɸ. ʊʨʫʭʘʥʦʚ, ɻ.ʐ. ʋʩʤʘʥʦʚʘ. 

ʄʘʪʝʨʠʘʣʦʚʝʜʝʥʠʝ, 2014, 10, 8-14. 

ʊʘʙʣʠʮʘ II. ɺʣʠʷʥʠʝ ʦʪʞʠʛʘ ʥʘ ʬʘʟʦʚʳʡ ʩʦʩʪʘʚ ʧʣʝʥʦʢ 

ʍʠʤʠʯʝʩʢʠʡ 

ʩʦʩʪʘʚ 

ʧʣʝʥʦʢ 

ʌʘʟʦʚʳʡ ʩʦʩʪʘʚ[ʦʙ.%] ʠ ʨʘʟʤʝʨ ʟʝʨʥʘ (ʥʤ) ʧʦʩʣʝ ʦʪʞʠʛʘ 

ʀʩʭʦʜʥʳʡ 300ÁC 400ÁC 500ÁC 600ÁC 

Fe81.1Zr3.2N2.1O13.6 
Ŭ-Fe [65](28.4) 

ZrO2 [35](2.9) 
*  *  *  *  

Fe90.4Zr2.9N4.7O2.0 
Ŭ-Fe(Zr,N) 

[~100](13.6) 

Ŭ-Fe(Zr,N) 

[~100](14.0

) 

Ŭ-Fe(Zr,N) 

[~100](14.8) 

Ŭ-Fe(Zr,N) 

[~100](18.4) 

Ŭ-Fe(Zr,N) 

[~100](21.4) 

Fe75.8Zr8.7N6.8O8.7 
Ŭ-Fe(Zr,N) 

[~100](3.5) 

Ŭ-Fe(Zr,N) 

[~100](4.1) 

Ŭ-Fe(Zr,N) 

[~100](3.8) 

Ŭ-Fe(Zr,N) 

[~100](4.0) 

Ŭ-Fe(Zr,N) 

[~100](6.9) 

Fe82.5Zr3.1N6.4O8.0 

Ŭ-

Fe(Zr,N)[58](7.5

) 

Fe4N [42](8.1) 

*  

Ŭ-

Fe(Zr,N)[53](8.2

) 

Fe4N [47](8.3) 

Ŭ-

Fe(Zr,N)[48](8.6

) 

Fe4N [52](8.5) 

*  

Fe86.0Zr4.3N6.7O2.9 

Ŭ-

Fe(Zr,N)[58](2.0

) 

Fe4N [42](5.5) 

*  

Ŭ-Fe(Zr,N) 

[61](2.0) 

Fe4N [39](6.7) 

Ŭ-

Fe(Zr,N)[51](2.9

) 

Fe4N [49](6.1) 

Ŭ-Fe[28](14.6) 

Fe3N [57](3.4) 

ZrO2 [15](3.7) 

Fe87.3Zr2.4N7.4O2.9 

Ŭ-

Fe(Zr,N)[31](4.5

) 

Fe4N [64](7.6) 

Fe3N [5](9.1) 

*  

Ŭ-

Fe(Zr,N)[34](2.3

) 

Fe4N [56](10.2) 

Fe3N [10](11.3) 

*  *  

Fe43.3Zr34.8N12.4O9.

5 

ʨ.ʘʤʦʨʬ. [~50] 

ZrN [~50](5.3) 
*  

ʨ.ʘʤʦʨʬ. [~50] 

ZrN [~50](5.2) 
*  *  

Fe61.9Zr32.9N0.9O4.3 ʨ.ʘʤʦʨʬ. [~100] 
ʨ.ʘʤʦʨʬ. 

[~100] 
ʨ.ʘʤʦʨʬ. [~100] 

ʨ.ʘʤʦʨʬ. [~50] 

ZrO2 [~50](16.5) 

ʨ.ʘʤʦʨʬ. [~50] 

ZrO2[~50](22.7

) 

* ï ʆʪʞʠʛ ʥʝ ʧʨʦʚʦʜʠʣʩʷ 

 

****************************** ************************************************************  
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CRYSTAL STRUCTURE AN D MAGNETIC PROPERTIE S OF SOLID SOLUTIONS OF 

LA 0.54HO0.11SR0.35MN1īXCRXO3 (X= 0.05 ï 0.2) MANGANITES 

Craus M.L.1, 2, Turchenko V.A.1, 3, Islamov A.Kh.1, 4, Erhan R.V.1, 5, Anitas E.M.1,5 
1Russia, Dubna, Joint Institute for Nuclear Research, 2Romania, Iasi, National Institute for Research and 

Development for Technical Physics, 3Ukraine, Donetsk, A. A. Galkin Institute of Physics and Technology 
4Russia, Dolgoprudniy, Moscow Institute of Physics and Technology, 5Romania , Bucharest - Magurele, Horia 

Hulubei National Institute for Research and Development in Physics and Nuclear Engineering 

 

The Re1īxMexMnO3 (where Re is a rare earth element, and Me is an alkali earth element) manganites exhibit 

a strong interplay between the charge, lattice and spin degrees of freedom, being characterized by a transition 

from paramagnetic insulating (PI) state to ferromagnetic metallic (FM) state for x concentrations in the range 

0.2õ0.5 [1,2]. The substitution of Re and Me with mixtures of rare earth and, respectively alkali earth elements, 

at various ratios, leads to a change of the local interactions between Mn cations, implicitly to a change of the 

magnetic structure of manganites. The studies performed in the last two decades have emphasized the relevance 

of the electronic phase separation on the phenomenon of colossal magnetoresistance (CMR). The balance between 

the ferromagnetic and spin-glass phases (FM and SG), with different electronic properties, can be readily 

influenced not only by the chemical composition, but also by various physical parameters such as the applied 

magnetic field, hydrostatic pressure, chemical pressure etc [3].  

The nature of magnetic ordering in the entire compositional range depends on the relative concentrations 

of Mn3+ and Mn4+ respectively, and structural properties via Mn ī O ī Mn angles and Mn ī O distances. A way 

to understand the double-exchange (DE) interactions is to substitute Mn cations with other transition cations, 

because it strongly depends on the geometrical features of the perovskite structure.  

The main aim of our work is to investigate the influence of the Cr concentration and thermal treatment 

conditions on the correlation between the spin glass phase concentration, magnetic structure and the 

magnetoresistance of the La0.54Ho0.11Sr0.35Mn1īxCrxO3 manganites. All ceramic samples of manganties 

La0.54Ho0.11Sr0.35Mn1īxCrxO3, with x = 0.05, 0.10, 0.15 and 0.20 have been fabricated by sol-gel method [4].  

Phase composition, structure, lattice constants and volume of the lattice cell were determined by X-ray 

analysis using a Phillips diffractometer with a Cu-KŬ1 radiation. The neutron investigation at room temperature 

was performed with a resolution of ȹd/d å 0.001 at nuclear pulsed reactor IBR-2, JINR Dubna, Russia. The 

variation of specific magnetization with temperature, implicitly TC or molar magnetization, were determined by 

using a VMS type magnetometer, working at Hmax = 1 T, between 77 and 400 K. According to the X-ray and 

neutron diffraction patterns (Fig.1) investigated samples are inhomogeneous. They have both orthorhombic Pnma 

and rhombohedral R-3c crystal structures. The substitution of Mn with Cr leads to a small maximum of the lattice 

constants and unit cell volume with the increase of Cr concentration, in the surface layer of the samples. Lattice 

constants are changed due the modification of cations distribution, with the increase of the Cr concentration in the 

samples. We supposed that cations distribution is characterized by the presence of the Mn+ (rHS=0.645 ¡), Mn
4+ 

(r= 0.53 ¡), Cr3+ (r= 0.615 ¡), Cr2+ (r= 0.80 ¡) in various concentrations. The observed maximum of the lattice 

constants, for the layer from the sample surface, can be attributed to an increase of the concentration of ions with 

larger radii (as Mn3+ and/or Cr2+), followed by an increase of concentration of cations with smaller radii (as Mn4+ 

and/or Cr3+), with increasing Cr concentration. The difference between the unit cell volume from the surface layer 

and those from the entire sample is due to the difference between the average radii of the cations from the B sites, 

attributed to the variation of the oxygen concentration at the surface and into the bulk of the samples. Magnetic 

measurements, performed between 77 and 150 K indicate a minimum of the molar magnetization vs increase of 

Cr concentration in the samples for x = 0.15. 

However, a large difference exists between the Mn3+ or Mn4+ and Cr3+ or Cr2+ behavior, concerning the 

contribution at the magnetic structure: only Mn3+ and Mn4+ contribute to the magnetic moment of the samples, 

apparently no exchange takes place between the Mn and Cr cations. We suppose that the substitution of La with 

Ho and Sr leads to the local lattice distortions. A local disorder of magnetic atomic moments could induce a small 

ferromagnetic moments, which can explain the magnetic behavior of the sample corresponding to x = 1.00. For 

the samples cooled in low magnetic field (H Ò 800 Oe) the magnetization remains practically constant for a large 

range of temperatures. On other hand, we observed an increase of magnetization from lower temperature, to 

transition temperature between spin-glass and ferromagnetic state when the cooling takes place without magnetic 

field. The behavior of specific magnetization is characteristic for the presence of the spin-glass state.The resistance 

shows a narrow maximum near room temperature, depending on the Cr concentration. The height of the resistance 
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maximum strongly depends on the thermal treatment of the samples and the intensity of the applied magnetic 

field. We observed a broad maximum of the resistance at low temperature, for all samples, attributed to the 

presence of the spin glass phase. At low temperature the samples are formed by a mixture of spin glass and 

ferromagnetic phase, depending on the cooling and measuring conditions, on the intensity of the magnetic field 

and on the cooling rate. We considered that the spin glass state has a much larger resistivity as the metallic phase 

because probability of the transfer of one electron between two Mn cations is very small if the magnetic moments 

are not parallel to each other. 

 

 
Fig.1. Refined powder neutron diffraction pattern at room temperature. 
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ɺʃʀʗʅʀɽ ʕʃɽʂʊʈʆʅʅʆɻʆ ʆɹʃʋʏɽʅʀʗ ʅɸ ʂʀʅɽʊʀʂʋ ʈɸʉʇɸɼɸ ȷ-ʊɺɪʈɼʆɻʆ 
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The effect of electron irradiation on the kinetics of Ŭ-solid solution decomposition in the 22Cr15CoAl alloy 

and its coercive force is demonstrated and discussed from the viewpoint of structural and phase transformations 

induced in solids by external actions, in particular, by irradiation. 

 

ɺʳʩʦʢʦʢʦʵʨʮʠʪʠʚʥʦʝ ʩʦʩʪʦʷʥʠʝ (ɺʂʉ) ʚ ʜʠʩʧʝʨʩʠʦʥʥʦ-ʪʚʝʨʜʝʶʱʠʭ ʩʧʣʘʚʘʭ ʩʠʩʪʝʤ Fe-Ni-Al -Co-

Cu ʠ Fe-Cr-Co ʬʦʨʤʠʨʫʝʪʩʷ ʚ ʧʨʦʮʝʩʩʝ ʨʘʩʧʘʜʘ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʆʎʂ Ŭ-ʪʚʸʨʜʦʛʦ ʨʘʩʪʚʦʨʘ ʥʘ ʜʚʘ 

ʆʎʂ ʪʚʸʨʜʳʭ ʨʘʩʪʚʦʨʘ Ŭ1+Ŭ2, ʧʝʨʚʳʡ ʠʟ ʢʦʪʦʨʳʭ ʦʙʦʛʘʱʸʥ Fe ʠ Co ʠ ʷʚʣʷʝʪʩʷ ʩʠʣʴʥʦʤʘʛʥʠʪʥʳʤ, ʘ ʚʪʦʨʦʡ 

ʦʙʦʛʘʱʸʥ Ni ʠ Al ʠʣʠ Cr ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʠ ʩʣʘʙʦʤʘʛʥʠʪʝʥ [1]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʪʨʫʢʪʫʨʘ ʤʘʛʥʠʪʦʪʚʸʨʜʳʭ 

ʩʧʣʘʚʦʚ ʦʙʝʠʭ ʩʠʩʪʝʤ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʝʤʘʛʥʠʪʥʫʶ (ʩʣʘʙʦʤʘʛʥʠʪʥʫʶ) ʤʘʪʨʠʮʫ, ʚ ʢʦʪʦʨʦʡ ʥʘʭʦʜʷʪʩʷ 

ʤʝʣʢʦʜʠʩʧʝʨʩʥʳʝ ʦʜʥʦʜʦʤʝʥʥʳʝ ʚʳʜʝʣʝʥʠʷ ʥʘʥʦʤʝʪʨʦʚʦʛʦ ʨʘʟʤʝʨʘ. ʂʠʥʝʪʠʢʫ ʧʨʦʮʝʩʩʘ  ʬʦʨʤʠʨʦʚʘʥʠʷ 

ɺʂʉ ʵʪʠʭ ʩʧʣʘʚʦʚ ʫʜʦʙʥʝʝ ʠʟʫʯʘʪʴ ʚ ʩʧʣʘʚʘʭ ʩʠʩʪʝʤʳ Fe-Cr-Co ʚ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʨʘʩʧʘʜ Ŭ-ʪʚʸʨʜʦʛʦ 

ʨʘʩʪʚʦʨʘ ʧʨʦʭʦʜʠʪ ʚ ʥʠʭ ʧʨʠ ʙʦʣʝʝ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ (ʥʠʞʝ 700Áʉ) ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʨʘʩʪʷʥʫʪ ʚʦ 

ʚʨʝʤʝʥʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʬʠʢʩʠʨʦʚʘʪʴ ʦʩʦʙʝʥʥʦʩʪʠ ʨʘʩʧʘʜʘ ʤʝʪʦʜʦʤ ʠʟʤʝʨʝʥʠʷ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ 

(ʢʦʵʨʮʠʪʠʚʥʦʡ ʩʠʣʳ). ɺʂʉ ʬʦʨʤʠʨʫʝʪʩʷ ʪʦʣʴʢʦ ʚ ʩʧʣʘʚʘʭ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ ʜʠʘʛʨʘʤʤʝ ʩʦʩʪʦʷʥʠʷ 

ʚʥʫʪʨʠ ʢʫʧʦʣʦʦʙʨʘʟʥʦʡ ʦʙʣʘʩʪʠ ʨʘʩʩʣʦʝʥʠʷ ʥʘ Ŭ1+Ŭ2 ʪʚʸʨʜʳʝ ʨʘʩʪʚʦʨʳ ʧʦʜ ʩʧʠʥʦʜʘʣʴʶ, ʪʦ ʝʩʪʴ ʣʠʥʠʝʡ, 

ʥʘ ʢʦʪʦʨʦʡ ʚʪʦʨʘʷ ʧʨʦʠʟʚʦʜʥʘʷ ʩʚʦʙʦʜʥʦʡ ʵʥʝʨʛʠʠ ʧʦ ʢʦʥʮʝʥʪʨʘʮʠʠ µ2F/µc2 ʨʘʚʥʘ ʥʫʣʶ. ʇʨʘʢʪʠʯʝʩʢʠ, ʥʘ 

ʧʨʠʤʝʨʝ FeCrCo ʩʧʣʘʚʦʚ, ʧʨʦʮʝʩʩ ʬʦʨʤʠʨʦʚʘʥʠʷ ɺʂʉ ʨʝʘʣʠʟʫʝʪʩʷ ʧʫʪʸʤ ʧʨʦʚʝʜʝʥʠʷ ʩʪʫʧʝʥʯʘʪʳʭ 

ʪʝʨʤʦʦʙʨʘʙʦʪʦʢ ʯʝʨʝʟ ʢʘʞʜʳʝ 20Áʉ ʠʣʠ ʦʭʣʘʞʜʝʥʠʷ ʩʦ ʩʪʨʦʛʦ ʦʧʨʝʜʝʣʸʥʥʦʡ ʩʢʦʨʦʩʪʴʶ ʧʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ 

ʧʝʨʚʦʡ ʩʪʫʧʝʥʯʘʪʦʡ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ, ʢʦʪʦʨʫʶ ʯʘʩʪʦ ʧʨʦʚʦʜʷʪ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʤʘʢʩʠʤʘʣʴʥʳʭ ʛʠʩʪʝʨʝʟʠʩʥʳʭ ʩʚʦʡʩʪʚ ʚ ʟʘʜʘʥʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. ʉʤʳʩʣ ʧʨʦʚʝʜʝʥʠʷ ʩʪʫʧʝʥʯʘʪʳʭ 

ʪʝʨʤʦʦʙʨʘʙʦʪʦʢ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʙʝʩʧʝʯʝʥʠʠ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʦʪʝʢʘʥʠʷ ʧʨʦʮʝʩʩʘ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʢʦʤʧʦʥʝʥʪʦʚ ʤʝʞʜʫ Ŭ1 ʠ Ŭ2 ʬʘʟʘʤʠ. ɺʦ ʚʩʝʭ ʠʟʚʝʩʪʥʳʭ FeCrCo ʧʨʦʤʳʰʣʝʥʥʳʭ ʩʧʣʘʚʘʭ (ɻʆʉʊ 24897-81) 

ʧʦʩʣʝʜʥʷʷ ʩʪʫʧʝʥʴ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ (ʠʣʠ ʢʦʥʝʯʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʦʭʣʘʞʜʝʥʠʷ ʩʧʣʘʚʘ) ʥʝ ʧʨʝʚʳʰʘʝʪ 500Áʉ. 

ʇʨʠ ʙʦʣʝʝ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʨʘʩʧʘʜ Ŭ-ʪʚʸʨʜʦʛʦ ʨʘʩʪʚʦʨʘ ʧʨʦʪʝʢʘʝʪ ʢʨʘʡʥʝ ʤʝʜʣʝʥʥʦ ʠʟ-ʟʘ ʤʘʣʳʭ 

ʩʢʦʨʦʩʪʝʡ ʜʠʬʬʫʟʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ. 

ɹʳʣʦ ʚʳʩʢʘʟʘʥʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʵʣʝʢʪʨʦʥʥʦʝ ʦʙʣʫʯʝʥʠʝ ʦʙʨʘʟʮʦʚ ʚʳʩʦʢʦʢʦʵʨʮʠʪʠʚʥʳʭ FeCrCo 

ʩʧʣʘʚʦʚ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʥʠʞʝ 500Áʉ ʧʦʟʚʦʣʠʪ ʫʩʢʦʨʠʪʴ ʧʨʦʮʝʩʩ ʨʘʩʧʘʜʘ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ ʟʘ ʩʯʝʪ 

ʵʬʬʝʢʪʘ ʨʘʜʠʘʮʠʦʥʥʦ-ʫʩʠʣʝʥʥʦʡ ʜʠʬʬʫʟʠʠ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʧʦʚʳʩʠʪʴ ʢʦʵʨʮʠʪʠʚʥʫʶ ʩʠʣʫ ʩʧʣʘʚʘ. 

ɹʳʣʠ ʧʨʦʚʝʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʠʟʫʯʝʥʠʶ ʚʣʠʷʥʠʷ ʵʣʝʢʪʨʦʥʥʦʛʦ ʦʙʣʫʯʝʥʠʷ (2 ʄʵɺ) ʥʘ ʢʠʥʝʪʠʢʫ 

ʨʘʩʧʘʜʘ Ŭ-ʪʚʸʨʜʦʛʦ ʨʘʩʪʚʦʨʘ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʤʘʛʥʠʪʦʪʚʸʨʜʦʛʦ ʩʧʣʘʚʘ 22ʍ15ʂɸ (ɻʆʉʊ 24897-81). 

ʆʙʣʫʯʘʣʠʩʴ ʩʝʨʠʡʥʳʝ ʦʙʨʘʟʮʳ ʤʘʛʥʠʪʦʚ ʠʟ ʩʧʣʘʚʘ 22ʍ15ʂɸ ʜʠʘʤʝʪʨʦʤ 2 ʤʤ ʠ ʜʣʠʥʦʡ 40 ʤʤ ʚ ʜʚʫʭ 

ʩʦʩʪʦʷʥʠʷʭ: 1. ʧʦʩʣʝ ʧʦʣʥʦʛʦ ʮʠʢʣʘ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ (ʢʦʵʨʮʠʪʠʚʥʘʷ ʩʠʣʘ ʅʩʄ=46-47 ʢɸ/ʤ) ʠ 2. ʧʦʩʣʝ 

ʧʨʦʚʝʜʝʥʠʷ ʧʦʚʪʦʨʥʦʡ ʪʝʨʤʦʤʘʛʥʠʪʥʦʡ ʦʙʨʘʙʦʪʢʠ ʠ ʤʝʜʣʝʥʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ ʥʘ ʚʦʟʜʫʭʝ (ʅʩʄ=6-12 ʢɸ/ʤ). 

ʆʙʨʘʟʮʳ ʦʙʣʫʯʘʣʠʩʴ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʦʪ ʢʦʤʥʘʪʥʦʡ ʜʦ 350Áʉ, ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʠʩʭʦʜʥʳʝ ʦʙʨʘʟʮʳ 2-ʡ 

ʩʝʨʠʠ ʪʘʢʞʝ ʧʦʜʚʝʨʛʘʣʠʩʴ ʪʝʨʤʠʯʝʩʢʦʤʫ ʦʪʧʫʩʢʫ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 350, 400, 450 ʠ 500Áʉ ʚ ʪʝʯʝʥʠʝ ʜʦ 40 

ʯ. ʀʟʤʝʨʝʥʠʷ ʢʦʵʨʮʠʪʠʚʥʦʡ ʩʠʣʳ ʅʩʄ ʚ ʨʘʟʦʤʢʥʫʪʦʡ ʮʝʧʠ ʧʨʦʚʦʜʠʣʠ ʚ ʢʦʵʨʮʠʪʠʤʝʪʨʝ, ʦʙʣʫʯʝʥʠʝ 

ʦʙʨʘʟʮʦʚ ʧʨʦʚʦʜʠʣʠ ʥʘ ʣʠʥʝʡʥʦʤ ʵʣʝʢʪʨʦʥʥʦʤ ʫʩʢʦʨʠʪʝʣʝ ʋ-10. 

ʅʘ ʨʠʩ.1 ʧʨʠʚʝʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦ ʠʟʤʝʥʝʥʠʶ ʢʦʵʨʮʠʪʠʚʥʦʡ ʩʠʣʳ ʦʙʨʘʟʮʘ 

ʩʝʨʠʡʥʦʛʦ ʤʘʛʥʠʪʘ, ʧʨʦʰʝʜʰʝʛʦ ʩʪʘʥʜʘʨʪʥʫʶ ʪʝʨʤʦʦʙʨʘʙʦʪʢʫ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʣʥʦʛʦ ʨʘʩʧʘʜʘ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ Ŭ-ʪʚʸʨʜʦʛʦ ʨʘʩʪʚʦʨʘ ʠ ʨʝʘʣʠʟʘʮʠʠ ɺʂʉ), ʠʟ ʢʦʪʦʨʳʭ ʚʠʜʥʦ, ʯʪʦ ʦʙʣʫʯʝʥʠʝ ʧʨʠ 

3500ʉ ʥʝ ʧʨʠʚʦʜʠʪ ʢ ʟʘʤʝʪʥʦʤʫ ʨʦʩʪʫ ʅʩʄ (ʧʦʚʳʰʝʥʠʝ ʚʩʝʛʦ ʥʘ ~1,5% ʧʦʩʣʝ ʦʙʣʫʯʝʥʠʷ ʚ ʪʝʯʝʥʠʝ 20 ʯ). 
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ʈʠʩ.1. ʆʙʣʫʯʝʥʠʝ ʦʙʨʘʟʮʘ 1-ʡ ʩʝʨʠʠ (ʩʝʨʠʡʥʳʡ ʤʘʛʥʠʪ ʠʟ ʩʧʣʘʚʘ 22ʍ15ʃʌ ʧʦʩʣʝ ʩʪʘʥʜʘʨʪʥʦʡ ʊʆ) 

ʵʣʝʢʪʨʦʥʘʤʠ ʩ ʵʥʝʨʛʠʝʡ 2 ʄʵɺ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 350Áʉ 

 
ʈʠʩ.2. ʆʙʣʫʯʝʥʠʝ ʦʙʨʘʟʮʘ 2-ʡ ʩʝʨʠʠ (ʩʧʣʘʚ 22ʍ15ʂɸ ʧʦʩʣʝ ʊʄʆ 680Áʉ/30 ʤʠʥ ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ 

ʤʝʜʣʝʥʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ ʥʘ ʚʦʟʜʫʭʝ, ʢʚʘʜʨʘʪʥʳʝ ʪʦʯʢʠ) ʵʣʝʢʪʨʦʥʘʤʠ ʩ ʵʥʝʨʛʠʝʡ 2 ʄʵɺ ʧʨʠ 350Áʉ. 

ʊʨʝʫʛʦʣʴʥʳʝ, ʢʨʫʛʣʳʝ ʠ ʨʦʤʙʠʯʝʩʢʠʝ ʪʦʯʢʠ ð ʪʝʨʤʠʯʝʩʢʠʡ ʦʪʧʫʩʢ ʦʙʨʘʟʮʦʚ ʧʨʠ 400, 450 ʠ 500Áʉ. 

ɼʘʥʥʳʝ ʥʘ ʨʠʩ.2 ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʦʙʣʫʯʝʥʠʝ ʧʨʠ ʪʦʡ ʞʝ ʪʝʤʧʝʨʘʪʫʨʝ (350Áʉ, 20 ʯ) Ŭ-ʪʚʸʨʜʦʛʦ 

ʨʘʩʪʚʦʨʘ, ʥʘʭʦʜʷʱʝʛʦʩʷ ʚ ʩʦʩʪʦʷʥʠʠ ʨʘʩʧʘʜʘ, ʧʨʠʚʦʜʠʪ ʢ ʟʘʤʝʪʥʦʤʫ ʧʦʚʳʰʝʥʠʶ ʢʦʵʨʮʠʪʠʚʥʦʡ ʩʠʣʳ ʅʩʄ 

ʜʦ ʚʝʣʠʯʠʥʳ, ʥʝʜʦʩʪʠʞʠʤʦʡ ʧʨʠ ʪʝʨʤʠʯʝʩʢʠʭ ʦʪʧʫʩʢʘʭ ʜʘʞʝ ʧʨʠ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. ʍʘʨʘʢʪʝʨ 

ʟʘʚʠʩʠʤʦʩʪʠ ʢʦʵʨʮʠʪʠʚʥʦʡ ʩʠʣʳ ʦʙʨʘʟʮʘ ʚʪʦʨʦʡ ʩʝʨʠʠ ʦʪ ʚʨʝʤʝʥʠ ʦʙʣʫʯʝʥʠʷ ʪʘʢʞʝ ʦʪʣʠʯʘʝʪʩʷ ʦʪ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʨʝʤʝʥʠ ʪʝʨʤʠʯʝʩʢʦʛʦ ʦʪʧʫʩʢʘ. ʇʦʩʣʝ ʪʝʨʤʠʯʝʩʢʠʭ ʦʪʧʫʩʢʦʚ ʫʞʝ ʚ 

ʪʝʯʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʯʘʩʦʚ ʚʝʣʠʯʠʥʘ ʅʩʄ ʠʤʝʝʪ ʷʚʥʫʶ ʪʝʥʜʝʥʮʠʶ ʢ ʥʘʩʳʱʝʥʠʶ, ʪʦʛʜʘ ʢʘʢ ʦʙʣʫʯʝʥʠʝ 

ʧʨʠʚʦʜʠʪ ʢ ʨʦʩʪʫ ʢʦʵʨʮʠʪʠʚʥʦʡ ʩʠʣʳ ʩʧʣʘʚʘ ʙʝʟ ʧʨʠʟʥʘʢʦʚ ʥʘʩʳʱʝʥʠʷ ʜʘʞʝ ʧʦʩʣʝ 20 ʯʘʩʦʚ ʦʙʨʘʙʦʪʢʠ. 

ʆʙʩʫʞʜʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʧʨʦʚʝʜʝʥʦ ʚ ʨʘʤʢʘʭ ʦʙʱʠʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦ 

ʩʪʨʫʢʪʫʨʥʳʤ ʠ ʬʘʟʦʚʳʤ ʧʨʝʚʨʘʱʝʥʠʷʤ ʚ ʪʚʸʨʜʳʭ ʪʝʣʘʭ, ʠʥʜʫʮʠʨʦʚʘʥʥʳʭ ʠʥʪʝʥʩʠʚʥʦʡ ʧʣʘʩʪʠʯʝʩʢʦʡ 

ʜʝʬʦʨʤʘʮʠʝʡ ʠ ʜʨʫʛʠʤʠ ʚʥʝʰʥʠʤʠ ʚʦʟʜʝʡʩʪʚʠʷʤʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʦʙʣʫʯʝʥʠʷ. 

ʃʠʪʝʨʘʪʫʨʘ 

I.M. Milyaev, A.I. Milyaev and V.S. Yusupov Mechanism of Formation of the High-Coercivity State in 

Nanostructured Hard Magnetic Fe-Cr-Co and Fe-Ni-Al -Co-Cu Alloys. Russian Metallurgy (Metally), 2009, 

Vol.2009, No.3, pp.250-252. 
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The aim of this work is to study the impact of structural inhomogeneity and gas-forming impurities on the 

magnetic phase transition temperatures of high-purity rare-earth metals. The main results are: 1) the construction 

of the magnetic phase diagrams for Gd, Tb, and Dy; 2) data on MCE for structurally in-homogeneous samples 

doped with hydrogen and nitrogen. 

 

ʉʨʝʜʠ ʤʘʪʝʨʠʘʣʦʚ, ʠʩʧʦʣʴʟʫʶʱʠʭʩʷ ʚ ʢʘʯʝʩʪʚʝ ʨʘʙʦʯʠʭ ʩʨʝʜ ʩʦʚʨʝʤʝʥʥʳʭ ʤʘʛʥʠʪʥʳʭ 

ʨʝʬʨʠʞʝʨʘʪʦʨʦʚ, ʦʩʦʙʦʝ ʤʝʩʪʦ ʟʘʥʠʤʘʝʪ ʛʘʜʦʣʠʥʠʡ, ʠ ʭʦʪʷ ʝʛʦ ʤʘʛʥʠʪʥʳʡ ʤʦʤʝʥʪ ʥʠʞʝ, ʯʝʤ ʤʘʛʥʠʪʥʳʝ 

ʤʦʤʝʥʪʳ ʪʝʨʙʠʷ ʠ ʜʠʩʧʨʦʟʠʷ, ʪʝʤʧʝʨʘʪʫʨʘ ʤʘʛʥʠʪʥʦʛʦ ʫʧʦʨʷʜʦʯʝʥʠʝ ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʳʰʘʝʪ 

ʪʝʤʧʝʨʘʪʫʨʳ ʤʘʛʥʠʪʥʦʛʦ ʫʧʦʨʷʜʦʯʝʥʠʷ ʧʦʩʣʝʜʥʠʭ [1]. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʧʦʚʳʩʠʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʤʘʛʥʠʪʥʦʛʦ 

ʫʧʦʨʷʜʦʯʝʥʠʷ ʤʦʞʥʦ ʩ ʧʦʤʦʱʴʶ ʘʪʦʤʦʚ ʣʝʛʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚʥʝʜʨʝʥʠʷ. ʂʨʦʤʝ ʪʦʛʦ, ʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ, ʢ 

ʧʨʠʤʝʨʫ, ʛʘʜʦʣʠʥʠʷ ʢʨʘʡʥʝ ʯʫʚʩʪʚʠʪʝʣʴʥʳ ʢ ʩʪʨʫʢʪʫʨʥʦʤʫ ʩʦʩʪʦʷʥʠʶ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʦʚʝʜʝʥʳ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ ʚʳʩʦʢʦʯʠʩʪʳʭ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʤʝʪʘʣʣʦʚ (ʈɿʄ): ʛʘʜʦʣʠʥʠʷ, ʪʝʨʙʠʷ ʠ 

ʜʠʩʧʨʦʟʠʷ, ʜʣʷ ʚʳʷʩʥʝʥʠʷ ʚʣʠʷʥʠʷ ʩʪʨʫʢʪʫʨʥʳʭ ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ, ʘ ʪʘʢʞʝ ʛʘʟʦʦʙʨʘʟʫʶʱʠʭ ʧʨʠʤʝʩʝʡ 

(ʚʦʜʦʨʦʜ, ʘʟʦʪ) ʥʘ ʤʘʛʥʠʪʦʪʝʧʣʦʚʳʝ ʩʚʦʡʩʪʚʘ, ʘ ʛʣʘʚʥʦʝ, ʥʘ ʪʝʤʧʝʨʘʪʫʨʳ ʤʘʛʥʠʪʥʳʭ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ 

ʜʘʥʥʳʭ ʤʝʪʘʣʣʦʚ. 

ɺʳʩʦʢʦʯʠʩʪʳʝ ʤʝʪʘʣʣʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʮʝʜʫʨʳ ʜʠʩʪʠʣʣʷʮʠʠ (ʛʘʜʦʣʠʥʠʡ ʠ ʪʝʨʙʠʡ) 

ʠ ʩʫʙʣʠʤʘʮʠʠ (ʜʠʩʧʨʦʟʠʡ) [2]. ʆʯʠʱʝʥʥʳʝ ʤʝʪʘʣʣʳ ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʠʩʴ ʧʦʥʠʞʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ 

ʛʘʟʦʦʙʨʘʟʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ. ʇʨʠ ʘʥʘʣʠʟʝ ʥʘ ʩʦʜʝʨʞʘʥʠʝ 76 ʧʨʠʤʝʩʝʡ, ʯʠʩʪʦʪʘ ʤʝʪʘʣʣʘ ʩʦʩʪʘʚʠʣʘ > 99.96 

ʤʘʩʩ. %.  ɻʠʜʨʠʨʦʚʘʥʠʝ ʠ ʘʟʦʪʠʨʦʚʘʥʠʝ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʧʫʪʝʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʪʘʣʣʘ ʩ ʛʘʟʦʦʙʨʘʟʥʳʤ 

ʚʦʜʦʨʦʜʦʤ (H2) ʠ ʘʟʦʪʦʤ (N2). ʉʦʜʝʨʞʘʥʠʝ ʛʘʟʦʦʙʨʘʟʫʶʱʠʭ ʧʨʠʤʝʩʝʡ ʦʧʨʝʜʝʣʷʣʦʩʴ ʚʦʣʶʤʝʪʨʠʯʝʩʢʠʤ 

ʤʝʪʦʜʦʤ. ʌʘʟʦʚʳʡ ʩʦʩʪʘʚ ʦʙʨʘʟʮʦʚ ʜʦ ʠ ʧʦʩʣʝ ʧʨʦʮʝʜʫʨʳ ʛʠʜʨʠʨʦʚʘʥʠʷ ʠ ʘʟʦʪʠʨʦʚʘʥʠʷ ʠʩʩʣʝʜʦʚʘʣʩʷ 

ʤʝʪʦʜʦʤ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ. ʉ ʧʦʤʦʱʴʶ ʘʪʦʤʥʦ-ʩʠʣʦʚʦʡ ʤʠʢʨʦʩʢʦʧʠʠ (ɸʉʄ) ʙʳʣʠ 

ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʦʨʬʦʣʦʛʠʠ ʠ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʦʙʨʘʟʮʦʚ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʳʭ ʤʝʪʘʣʣʦʚ ʠ ʠʭ 

ʛʠʜʨʠʨʦʚʘʥʥʳʭ ʠ ʘʟʦʪʠʨʦʚʘʥʥʳʭ ʦʙʨʘʟʮʦʚ. 

ɺʳʧʦʣʥʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʟʚʦʣʠʣʠ ʚʳʜʝʣʠʪʴ ʦʙʨʘʟʮʳ ʩ ʥʘʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʦʡ (ʚ 

ʚʠʜʝ ʠʛʦʣʦʯʝʢ), ʘ ʪʘʢʞʝ ʩʪʨʫʢʪʫʨʥʦ-ʥʝʦʜʥʦʨʦʜʥʳʝ ʦʙʨʘʟʮʳ (ʚʳʨʝʟʘʥʥʳʝ ʠʟ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ 

ʜʠʩʪʠʣʣʷʪʘ). ʆʙʥʘʨʫʞʝʥʦ ʫʚʝʣʠʯʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʛʠʜʨʠʨʦʚʘʥʠʷ ʠ 

ʘʟʦʪʠʨʦʚʘʥʠʷ. ʄʝʪʦʜʦʤ ʪʝʨʤʦʤʘʛʥʠʪʥʦʛʦ ʘʥʘʣʠʟʘ ʦʧʨʝʜʝʣʝʥʳ ʪʝʤʧʝʨʘʪʫʨʳ ʤʘʛʥʠʪʥʳʭ ʬʘʟʦʚʳʭ 

ʧʝʨʝʭʦʜʦʚ. 

ɺ ʛʘʜʦʣʠʥʠʠ, ʪʝʨʙʠʠ ʠ ʜʠʩʧʨʦʟʠʠ ʨʝʘʣʠʟʫʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʤʘʛʥʠʪʥʳʝ ʬʘʟʦʚʳʝ ʧʝʨʝʭʦʜʳ ʧʝʨʚʦʛʦ ʠ 

ʚʪʦʨʦʛʦ ʨʦʜʘ: çʬʝʨʨʦʤʘʛʥʝʪʠʢ-ʧʘʨʘʤʘʛʥʝʪʠʢè, çʬʝʨʨʦʤʘʛʥʝʪʠʢ-ʘʥʪʠʬʝʨʨʦʤʘʛʥʝʪʠʢè, 

çʘʥʪʠʬʝʨʨʦʤʘʛʥʝʪʠʢ-ʧʘʨʘʤʘʛʥʝʪʠʢè. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʪʠʧ ʧʝʨʝʭʦʜʦʚ ʥʝ ʠʟʤʝʥʷʝʪʩʷ ʧʨʠ ʛʠʜʨʠʨʦʚʘʥʠʠ ʠ 

ʘʟʦʪʠʨʦʚʘʥʠʠ, ʦʜʥʘʢʦ ʪʝʤʧʝʨʘʪʫʨʳ ʤʘʛʥʠʪʥʳʭ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʨʘʟʣʠʯʥʳʝ ʠ 

ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʜʝʨʞʘʥʠʷ ʚʦʜʦʨʦʜʘ ʠ ʘʟʦʪʘ ʚ ʦʙʨʘʟʮʘʭ. ʇʦʩʪʨʦʝʥʳ ʤʘʛʥʠʪʥʳʝ 

ʬʘʟʦʚʳʝ ʜʠʘʛʨʘʤʤʳ ʜʣʷ ʚʩʝʭ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʦʙʨʘʟʮʦʚ. 

ʄʘʛʥʠʪʦʢʘʣʦʨʠʯʝʩʢʠʡ ʵʬʬʝʢʪ (ʄʂʕ) ʦʙʨʘʟʮʦʚ ʤʝʪʘʣʣʦʚ ʙʳʣ ʠʟʤʝʨʝʥ ʧʨʷʤʳʤ ʤʝʪʦʜʦʤ ʠ ʦʮʝʥʝʥ 

(ʢʦʩʚʝʥʥʳʡ ʤʝʪʦʜ) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʨʠʚʳʭ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ, ʠʟʤʝʨʝʥʥʳʭ ʚ ʦʙʣʘʩʪʠ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ 

ʚ ʧʦʣʷʭ ʜʦ 2 ʊʣ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʩ ʰʘʛʦʤ 2 ʂ. ʅʘʠʙʦʣʴʰʫʶ ʚʝʣʠʯʠʥʫ ʄʂʕ ʜʝʤʦʥʩʪʨʠʨʫʶʪ 

ʦʙʨʘʟʮʳ ʛʘʜʦʣʠʥʠʷ ʚ ʦʙʣʘʩʪʠ ʧʝʨʝʭʦʜʘ ʠʟ ʤʘʛʥʠʪʦʫʧʦʨʷʜʦʯʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚ ʥʝʫʧʦʨʷʜʦʯʝʥʥʦʝ (ʧʝʨʝʭʦʜ 

çʬʝʨʨʦʤʘʛʥʝʪʠʢ-ʧʘʨʘʤʘʛʥʝʪʠʢè). ʉʪʨʫʢʪʫʨʥʦ-ʥʝʦʜʥʦʨʦʜʥʦʝ ʩʦʩʪʦʷʥʠʝ ʦʢʘʟʳʚʘʝʪ ʟʘʤʝʪʥʦʝ ʚʣʠʷʥʠʝ ʥʘ 

ʚʝʣʠʯʠʥʫ ʄʂʕ. ʈʘʟʥʠʮʘ ʚ ʚʝʣʠʯʠʥʝ ʄʂʕ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʦʙʨʘʟʮʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʘʧʨʘʚʣʝʥʠʷ 

ʧʨʠʣʦʞʝʥʥʦʛʦ ʚʥʝʰʥʝʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ (ʥʘʧʨʠʤʝʨ, ʚʜʦʣʴ ʦʩʠ ʨʦʩʪʘ ʜʠʩʪʠʣʣʷʪʘ ʠʣʠ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ 

ʦʩʠ ʨʦʩʪʘ) ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ 0.8 ʂ. 

ɺʣʠʷʥʠʝ ʛʘʟʦʦʙʨʘʟʫʶʱʠʭ ʧʨʠʤʝʩʝʡ (ʚʦʜʦʨʦʜʘ ʠ ʘʟʦʪʘ) ʥʘ ʄʂʕ ʩʚʦʜʠʪʩʷ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ 

ʨʘʩʰʠʨʝʥʠʶ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʠʥʪʝʨʚʘʣʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʤʘʢʩʠʤʘʣʴʥʦʡ ʚʝʣʠʯʠʥʝ ʄʂʕ, ʯʪʦ ʜʝʣʘʝʪ ʵʪʠ 

ʤʘʪʝʨʠʘʣʳ ʙʦʣʝʝ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʤʠ ʜʣʷ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʨʘʙʦʯʝʛʦ ʪʝʣʘ 

ʤʘʛʥʠʪʥʦʛʦ ʨʝʬʨʠʞʝʨʘʪʦʨʘ [3]. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚʝʣʠʯʠʥʘ ʭʣʘʜʦʝʤʢʦʩʪʠ ʤʝʪʘʣʣʦʚ, ʜʦʧʠʨʦʚʘʥʥʳʭ 

ʚʦʜʦʨʦʜʦʤ ʠ ʘʟʦʪʦʤ, ʧʨʝʚʳʰʘʝʪ ʭʣʘʜʦʝʤʢʦʩʪʴ ʠʩʭʦʜʥʳʭ ʦʙʨʘʟʮʦʚ.  

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʈʌʌʀ 16-03-00612. 
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In the present work, a search for new materials with a large magnetocaloric effect (MCE) was carried out 

among the multicomponent RCo2-type compounds. Alloys with substitution in rare-earth sublattice 

Tbx(Dy0.5Ho0.5)1-xCo2 (ʭ=0.3, 0.4 ʠ 0.5) and, additionally, with substitution in cobalt sublattice Tbx(Dy0.5Ho0.5)1-

xCo1.75Fe0.25 were prepared by arc-melting using the high purity metals. The measurements of the MCE were 

performed by direct method in wide temperature range. 57Fe M¥ssbauer effect studies were performed for 

intermetallic Tb0.3Dy0.35Ho0.35Co1.75Fe0.25. Spectra characteristic of the easy axis of magnetization were fitted, 

assuming the random distribution of the Fe/Co atoms in the transition metal sublattice. The Curie temperature of 

these compounds does not exceed 150-170 K. For a practical applications, it is important to shift the transition 

temperature to climatic temperatures region. For this purpose we have been done on substitution of cobalt for Al 

atoms. As a result, small dope of Fe was able to raise the transition temperature to room temperature, however the 

value of the MCE is reduced. Nonetheless, the increase in the Curie temperature and distinct broadening the 

paramagnetic-ferrimagnetic phase transition, which were found upon Fe-doping of this compounds give an 

opportunity to use such materials in practice. 

 

ʌʘʟʳ ʃʘʚʝʩʘ ð ʩʘʤʳʡ ʤʥʦʛʦʯʠʩʣʝʥʥʳʡ ʢʣʘʩʩ ʠʥʪʝʨʤʝʪʘʣʣʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ. ʇʦʜʘʚʣʷʶʱʝʝ 

ʙʦʣʴʰʠʥʩʪʚʦ ʜʚʦʡʥʳʭ ʬʘʟ ʃʘʚʝʩʘ ʠʤʝʶʪ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʡ ʩʦʩʪʘʚ AB2. ʅʝʢʦʪʦʨʳʝ ʩʦʝʜʠʥʝʥʠʷ 

ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʤʘʛʥʠʪʦʢʘʣʦʨʠʯʝʩʢʠʡ ʵʬʬʝʢʪ (ʄʂʕ). ʀʩʩʣʝʜʦʚʘʥʠʝ ʪʘʢʠʭ ʩʧʣʘʚʦʚ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʳʤ 

ʚ ʩʚʷʟʠ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʩʦʟʜʘʥʠʷ ʥʘ ʠʭ ʦʩʥʦʚʝ ʨʘʙʦʯʠʭ ʪʝʣ ʜʣʷ 

ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʭ, ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʝʟʦʧʘʩʥʳʭ ʤʘʛʥʠʪʥʳʭ ʭʦʣʦʜʠʣʴʥʠʢʦʚ.  

ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣʠ ʧʦʜʛʦʪʦʚʣʝʥʳ ʥʘʚʝʩʢʠ ʤʝʪʘʣʣʦʚ ʜʣʷ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʩʧʣʘʚʦʚ ʪʠʧʘ 

RCo2 (R-ʨʝʜʢʦʟʝʤʝʣʴʥʳʡ ʤʝʪʘʣʣ). ɺ ʢʘʯʝʩʪʚʝ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʤʝʪʘʣʣʦʚ ʙʳʣʠ ʚʳʙʨʘʥʳ Tb, Dy ʠ Ho 

ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʠ ʯʠʩʪʦʪʳ, ʪʘʢʞʝ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʯʘʩʪʠʯʥʦʝ ʟʘʤʝʱʝʥʠʝ ʘʪʦʤʦʚ Co ʥʘ ʘʪʦʤʳ Fe ʩ ʮʝʣʴʶ 

ʧʦʚʳʰʝʥʠʷ ʚʝʣʠʯʠʥʳ ʪʝʤʧʝʨʘʪʫʨʳ ʂʶʨʠ ʩʧʣʘʚʦʚ ʚ ʩʪʨʦʥʫ ʢʦʤʥʘʪʥʳʭ ʪʝʤʧʝʨʘʪʫʨ. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʚʣʠʷʥʠʷ ʟʘʤʝʱʝʥʠʷ ʘʪʦʤʦʚ ʢʦʙʘʣʴʪʘ ʘʪʦʤʘʤʠ ʞʝʣʝʟʘ 

ʥʘ ʩʪʨʫʢʪʫʨʫ, ʤʘʛʥʠʪʥʳʝ ʠ ʤʘʛʥʠʪʦʢʘʣʦʨʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʩʧʣʘʚʦʚ ʩʠʩʪʝʤʳ Tbx(Dy0.5Ho0.5)1-xCo1-yFey (ʭ = 

0.3; 0.4; 0.5; y = 0; 0.25). ʉʠʥʪʝʟ ʩʦʝʜʠʥʝʥʠʡ ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʚ ʜʫʛʦʚʦʡ ʵʣʝʢʪʨʦʧʝʯʠ ʬʠʨʤʳ Leybold-Heraeus 

ʚ ʘʪʤʦʩʬʝʨʝ ʛʝʣʠʷ ʧʨʠ ʠʟʙʳʪʦʯʥʦʤ ʜʘʚʣʝʥʠʠ ʚ ʢʘʤʝʨʝ ʨʘʚʥʦʤ 1.1 ʘʪʤ. ʉ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʦʜʥʦʨʦʜʥʳʭ ʧʦ 

ʬʘʟʦʚʦʤʫ ʩʦʩʪʘʚʫ ʤʘʪʝʨʠʘʣʦʚ ʙʳʣ ʧʨʦʚʝʜʝʥ ʛʦʤʦʛʝʥʠʟʠʨʫʶʱʠʡ ʦʪʞʠʛ ʚ ʚʘʢʫʫʤʠʨʦʚʘʥʥʳʭ ʢʚʘʨʮʝʚʳʭ 

ʘʤʧʫʣʘʭ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 800 oʉ ʚ ʪʝʯʝʥʠʝ 1 ʤʝʩʷʮʘ.  

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʬʘʟʦʚʦʛʦ ʘʥʘʣʠʟʘ ʠʩʩʣʝʜʫʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ ʦʩʫʱʝʩʪʚʣʷʣʠʩʴ ʨʝʥʪʛʝʥʦʚʩʢʠʝ ʩʲʸʤʢʠ 

ʧʦʨʦʰʢʦʚʳʭ ʦʙʨʘʟʮʦʚ ʥʘ ʜʠʬʨʘʢʪʦʤʝʪʨʝ Empyrean Panalytical (ʅʠʜʝʨʣʘʥʜʳ) ʚ ʛʝʦʤʝʪʨʠʠ ɹʨʵʛʛʘ-ɹʨʝʥʪʘʥʦ 

(ɗ-2ɗ ʨʝʞʠʤʳ 40 ʤɸ, 40 ʢV), ʠʟʣʫʯʝʥʠʝ  CukŬ1. ʊʝʨʤʦʤʘʛʥʠʪʥʳʡ ʘʥʘʣʠʟ ʙʳʣ ʚʳʧʦʣʥʝʥ ʥʘ ʤʘʛʥʠʪʦʤʝʪʨʝ ʩ 

ʰʘʛʦʚʳʤ ʜʚʠʛʘʪʝʣʝʤ ʚʦ ʚʥʝʰʥʝʤ ʩʣʘʙʦʤ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʨʘʚʥʦʤ 200 ʕ. ʀʟʤʝʨʝʥʠʷ 

ʤʘʛʥʠʪʦʢʘʣʦʨʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʫʩʪʘʥʦʚʢʝ MagEq MMS 901 ʚ ʧʦʣʷʭ ʜʦ 1.8 ʊʣ ʠ ʚ ʦʙʣʘʩʪʠ 

ʪʝʤʧʝʨʘʪʫʨ ʦʪ 130 ʜʦ 400 ʂ (ʚʙʣʠʟʠ ʪʝʤʧʝʨʘʪʫʨʳ ʧʝʨʝʭʦʜʘ ʜʘʥʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ). ʄʝʩʩʙʘʫʵʨʦʚʩʢʠʝ 

ʠʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʷʜʨʘʭ 57Fe ʥʘ ʧʦʨʦʰʢʦʚʳʭ ʦʙʨʘʟʮʘʭ ʧʨʠ ʊ = 295ʂ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʩʪʦʯʥʠʢʘ 
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57ʉʦ ʚ Rh ʠ ʩʧʝʢʪʨʦʤʝʪʨʘ, ʨʘʙʦʪʘʶʱʝʛʦ ʚ ʨʝʞʠʤʝ ʧʦʩʪʦʷʥʥʳʭ ʫʩʢʦʨʝʥʠʡ ʜʣʷ ʩʦʝʜʠʥʝʥʠʷ  

Tb0.3Dy0.35Ho0.35Co1.75Fe0.25. 

ʈʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʦʩʥʦʚʥʦʡ ʬʘʟʦʡ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ ʩʧʣʘʚʦʚ 

Tbx(Dy0.5Ho0.5)1-xCo1-yFey ʷʚʣʷʝʪʩʷ ʢʫʙʠʯʝʩʢʘʷ ʬʘʟʘ ʪʠʧʘ MgCu2. ɼʣʷ ʚʩʝʭ ʠʩʩʣʝʜʫʝʤʳʭ ʩʧʣʘʚʦʚ ʙʳʣ 

ʧʨʦʚʝʜʝʥ ʪʝʨʤʦʤʘʛʥʠʪʥʳʡ ʘʥʘʣʠʟ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʦʛʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʙʨʘʟʮʳ ʜʝʤʦʥʩʪʨʠʨʫʶʪ 

ʬʘʟʦʚʳʡ ʧʝʨʝʭʦʜ ʠʟ ʧʘʨʘʤʘʛʥʠʪʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚ ʬʝʨʨʠʤʘʛʥʠʪʥʦʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʂʶʨʠ. ʊʝʤʧʝʨʘʪʫʨʳ 

ʧʝʨʝʭʦʜʦʚ ʠʩʭʦʜʥʳʭ ʩʧʣʘʚʦʚ ʩʦʩʪʘʚʣʷʶʪ ʧʦʨʷʜʢʘ ʪ150-170 ʂ, ʦʜʥʘʢʦ ʊʉ ʞʝʣʝʟʦʩʦʜʝʨʞʘʱʠʭ ʦʙʨʘʟʮʦʚ 

ʧʨʝʚʳʰʘʶ 350 ʂ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʊʉ ʩʝʨʠʠ Tbx(Dy0.5Ho0.5)1-xCo1.75Fe0.25 ʭʘʨʘʢʪʝʨʠʟʫʶʪ 

ʠʩʩʣʝʜʫʝʤʳʝ ʩʧʣʘʚʳ ʢʘʢ ʤʘʪʝʨʠʘʣʳ ʧʨʠʛʦʜʥʳʝ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʢʦʤʧʦʥʝʥʪʦʚ ʪʝʭʥʠʢʠ (ʚ ʪʦʤ 

ʯʠʩʣʝ ʦʭʣʘʞʜʘʶʱʝʡ) ʨʘʙʦʪʘʶʱʝʡ ʚ ʦʙʣʘʩʪʠ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʪʝʤʧʝʨʘʪʫʨ.  

ʄʝʩʩʙʘʫʵʨʦʚʩʢʠʝ ʩʧʝʢʪʨʳ ʙʳʣʠ ʦʙʨʘʙʦʪʘʥʳ ʚ ʨʘʤʢʘʭ ʤʦʜʝʣʠ, ʧʨʝʜʧʦʣʘʛʘʶʱʝʡ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʘʪʦʤʦʚ ʞʝʣʝʟʘ ʠ ʢʦʙʘʣʴʪʘ ʚ ʧʦʜʨʝʰʝʪʢʝ 3d-ʧʝʨʝʭʦʜʥʦʛʦ ʤʝʪʘʣʣʘ ʩʣʫʯʘʡʥʳʤ ʦʙʨʘʟʦʤ. ʍʦʪʷ ʚ ʙʣʠʞʘʡʰʝʤ 

ʦʢʨʫʞʝʥʠʠ ʘʪʦʤʦʚ ʞʝʣʝʟʘ ʤʦʞʝʪ ʥʘʭʦʜʠʪʴʩʷ ʜʦ 6 ʘʪʦʤʦʚ ʢʦʙʘʣʴʪʘ, ʚ ʨʘʩʯʝʪ ʧʨʠʥʠʤʘʣʠʩʴ ʟʥʘʯʝʥʠʷ 0, 1, 2, 

3. ɸʥʘʣʠʟ ʤʝʩʩʙʘʫʵʨʦʚʩʢʠʭ ʩʧʝʢʪʨʦʚ ʧʦʟʚʦʣʠʣ ʧʦʣʫʯʠʪʴ ʟʥʘʯʝʥʠʷ ʩʚʝʨʭʪʦʥʢʠʭ ʧʦʣʝʡ ʥʘ ʷʜʨʘʭ ʞʝʣʝʟʘ ʠ 

ʚʳʯʠʩʣʠʪʴ ʤʘʛʥʠʪʥʳʡ ʤʦʤʝʥʪ ʧʦ ʬʦʨʤʫʣʝ Hhf = amFe, ʛʜʝ a - ʢʦʥʩʪʘʥʪʘ (14.8 ʊʣ/mɺ). 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʠʷ ʠʟʤʝʨʝʥʠʡ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʟʥʘʯʝʥʠʷ ʘʜʠʘʙʘʪʠʯʝʩʢʦʛʦ ʠʟʤʝʥʝʥʠʷ 

Tbx(Dy0.5Ho0.5)1-xCo2, ʪʘʢ ʠ Tbx(Dy0.5Ho0.5)1-

xCo1.75Fe0.25. ɺ ʩʦʝʜʠʥʝʥʠʷʭ, ʚ ʢʦʪʦʨʳʭ ʥʝ ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʟʘʤʝʱʝʥʠʝ ʞʝʣʝʟʦʤ, ʤʘʢʩʠʤʘʣʴʥʳʡ ʵʬʬʝʢʪ 

ʥʘʙʣʶʜʘʣʩʷ ʜʣʷ ʩʦʩʪʘʚʘ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʪʝʨʙʠʷ ʭ=0.3. ɺʝʣʠʯʠʥʘ, ʢʦʪʦʨʦʛʦ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 3 ʂ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 150 ʂ. ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʩʦʜʝʨʞʘʥʠʷ ʪʝʨʙʠʷ ʚ ʦʙʨʘʟʮʘʭ ʄʂʕ ʫʤʝʥʴʰʘʝʪʩʷ. ɺ ʩʦʝʜʠʥʝʥʠʷʭ ʩ 

ʯʘʩʪʠʯʥʳʤ ʟʘʤʝʱʝʥʠʝʤ ʘʪʦʤʦʚ ʢʦʙʘʣʴʪʘ ʥʘ ʘʪʦʤʳ ʞʝʣʝʟʘ ʄʂʕ ʪʘʢʞʝ ʫʤʝʥʴʰʘʝʪʩʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʠʩʭʦʜʥʳʤʠ ʦʙʨʘʟʮʘʤʠ. ɺʦ ʚʩʝʭ ʠʩʩʣʝʜʫʝʤʳʭ Fe-ʩʦʜʝʨʞʘʱʠʭ ʩʧʣʘʚʘʭ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠʤʝʨʥʦ ʦʜʠʥʘʢʦʚʳʡ 

ʧʦ ʚʝʣʠʯʠʥʝ ʵʬʬʝʢʪ ʧʦʨʷʜʢʘ 1ʂ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʚʝʣʠʯʠʥʳ ʚʥʝʰʥʝʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʦʪ 0 ʜʦ 1.85 ʊʣ. 

ʋʩʪʘʥʦʚʣʝʥʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʚʝʣʠʯʠʥʳ ʄʂʕ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʩʦʩʪʘʚʘ ʩʧʣʘʚʦʚ ʚ 

ʨʘʤʢʘʭ ʚʘʨʴʠʨʦʚʘʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʈɿʄ (ʪʝʨʙʠʷ, ʜʠʩʧʨʦʟʠʷ ʠ ʛʦʣʴʤʠʷ), ʘ ʪʘʢʞʝ ʯʘʩʪʠʯʥʦʝ 

ʟʘʤʝʱʝʥʠʝ ʘʪʦʤʦʚ ʢʦʙʘʣʴʪʘ ʘʪʦʤʘʤʠ ʞʝʣʝʟʘ ʧʦʟʚʦʣʠʣʦ ʥʘʡʪʠ ʠ ʧʨʝʜʣʦʞʠʪʴ ʩʝʨʠʶ ʦʙʨʘʟʮʦʚ ʩʦʩʪʘʚʦʚ 

Tbx(Dy0.5Ho0.5)1-xCo1.75Fe0.25, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʙʳʪʴ ʨʝʢʦʤʝʥʜʦʚʘʥʘ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʥʘ ʠʭ ʦʩʥʦʚʝ ʤʘʪʝʨʠʘʣʦʚ 

ʩ ʧʦʩʪʦʷʥʥʦʡ ʚʝʣʠʯʠʥʦʡ ʄʂʕ ʜʣʷ ʨʘʙʦʪʳ ʚ ʰʠʨʦʢʦʤ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ (ʦʪ 340 ʜʦ 380 ʂ) ʚ ʤʘʛʥʠʪʥʳʭ 

ʨʝʬʨʠʞʝʨʘʪʦʨʘʭ, ʬʫʥʢʮʠʦʥʠʨʫʶʱʠʭ ʚ ʩʪʫʧʝʥʯʘʪʦʤ ʨʝʞʠʤʝ. 

ʈʘʙʦʪʘ ʧʦʜʜʝʨʞʘʥʘ ʛʨʘʥʪʦʤ ʈʌʌʀ  ˉ 16-03-00612. 
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FEATURES OF THE MAGN ETIC HEXAGONAL FERRITE S OF BA AND SR FORMATION IN 

WEAK PULSED MAGNETIC  FIELDS 

Shipko M.N., Stepovich M.A., Korovushkin  V.V., Kostishin V.G. 

 

The features of influence of weak pulsed magnetic field on crystal structure and macroscopic parameters 

of magnetic hexagonal ferrites BaFe12O19 and SrFe12O19 were investigated. It was shown that the change in the 

physical properties of ferrites due to the ordering of cation vacancies on the border of the hexagonal and spinel 

blocks, providing a decrease in local distortions oxygen polyhedra. 

ʆʙʲʝʢʪʘʤʠ ʥʘʩʪʦʷʱʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʣʫʞʠʣʠ ʦʙʨʘʟʮʳ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʠʟʦʪʨʦʧʥʳʭ ʠ 

ʘʥʠʟʦʪʨʦʧʥʳʭ ʬʝʨʨʠʪʦʚ BaFe12O19 ʠ SrFe12O19. ʀʭ ʤʘʛʥʠʪʦʠʤʧʫʣʴʩʥʘʷ ʦʙʨʘʙʦʪʢʘ (ʄʀʆ) ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ 

ʥʘ ʫʩʪʘʥʦʚʢʝ ʄʀʋ (S) ʧʨʠ ʩʣʝʜʫʶʱʠʭ ʧʘʨʘʤʝʪʨʘʭ ʠʤʧʫʣʴʩʦʚ: ʘʤʧʣʠʪʫʜʘ ʠʤʧʫʣʴʩʦʚ H ~ 10-100 ʢɸ/ʤ, 

ʚʨʝʤʷ ʜʝʡʩʪʚʠʷ ʠʤʧʫʣʴʩʦʚ Űʠʤʧ. ~ 0,1-0,5 ʩ, ʚʨʝʤʷ ʧʘʫʟʳ ʤʝʞʜʫ ʠʤʧʫʣʴʩʘʤʠ Űʧʘʫʟʳ~1-5 ʩ [5, 6]. ɺ ʭʦʜʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘ ʢʦʥʪʨʦʣʠʨʦʚʘʣʠ ʩʣʝʜʫʶʱʠʝ ʤʘʛʥʠʪʥʳʝ ʧʘʨʘʤʝʪʨʳ: ʧʝʪʣʶ ʤʘʛʥʠʪʥʦʛʦ ʛʠʩʪʝʨʝʟʠʩʘ, 

ʫʜʝʣʴʥʫʶ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ ʥʘʩʳʱʝʥʠʷ ůs, ʦʩʪʘʪʦʯʥʫʶ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ ůr, ʢʦʵʨʮʠʪʠʚʥʫʶ ʩʠʣʫ ʅʩ, 



3 - 7 ʦʢʪʷʙʨʷ 2016, ʛ. ʉʫʟʜʘʣʴ   

55 
 
 

ʪʝʤʧʝʨʘʪʫʨʫ ʂʶʨʠ ʊʩ. ʂʘʪʠʦʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚ ʠʩʩʣʝʜʫʝʤʳʭ ʬʝʨʨʠʪʘʭ, ʵʣʝʢʪʨʦʥʥʦʝ ʠ ʤʘʛʥʠʪʥʦʝ 

ʩʦʩʪʦʷʥʠʝ ʠʦʥʦʚ ʞʝʣʝʟʘ ʠʩʩʣʝʜʦʚʘʣʠ ʤʝʪʦʜʦʤ ʤʸʩʩʙʘʫʵʨʦʚʩʢʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 90 ʂ ʠ 

300 ʂ ʥʘ ʛʘʤʤʘ-ʨʝʟʦʥʘʥʩʥʦʤ ʩʧʝʢʪʨʦʤʝʪʨʝ MS-1104 ɽʄ ʩ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʦʡ ʗɻʈ-ʩʧʝʢʪʨʦʚ ʧʦ 

ʧʨʦʛʨʘʤʤʝ Univem MS. ʀʟʤʝʨʝʥʠʷ ʤʘʛʥʠʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʩʫʱʝʩʪʚʣʷʣʠ ʥʘ ʚʠʙʨʘʮʠʦʥʥʦʤ 

ʤʘʛʥʠʪʦʤʝʪʨʝ VS ʄ250 ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʚʝʣʠʯʠʥʦʡ 20 ʢʕ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 300 ʂ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʧʝʪʣʠ ʤʘʛʥʠʪʥʦʛʦ ʛʠʩʪʝʨʝʟʠʩʘ ʦʙʨʘʟʮʦʚ ʘʥʠʟʦʪʨʦʧʥʳʭ ʬʝʨʨʠʪʦʚ BaFe12O19 ʠ 

SrFe12O19 ʜʦ ʠ ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ ʤʘʛʥʠʪʥʳʤʠ ʠʤʧʫʣʴʩʘʤʠ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʝ. ʀʟ ʜʘʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘ 

ʩʣʝʜʫʝʪ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦʝ ʠʟʤʝʥʝʥʠʝ ʬʦʨʤʳ ʧʝʪʣʠ ʤʘʛʥʠʪʥʦʛʦ ʛʠʩʪʝʨʝʟʠʩʘ ʧʦʩʣʝ ʚʦʟʜʝʡʩʪʚʠʷ ʠʤʧʫʣʴʩʦʚ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʥʘʙʣʶʜʘʝʪʩʷ ʜʣʷ SrFe12O19. ʕʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʟʘʤʝʪʥʦʝ ʠʟʤʝʥʝʥʠʝ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ 

ʬʝʨʨʠʪʦʚ SrFe12O19 ʧʦʩʣʝ ʄʀʆ. ʀʟ ʨʠʩʫʥʢʘ ʩʣʝʜʫʝʪ, ʯʪʦ ʭʘʨʘʢʪʝʨ ʟʘʚʠʩʠʤʦʩʪʝʡ ʢʦʵʨʮʠʪʠʚʥʦʡ ʩʠʣʳ, 

ʵʥʝʨʛʠʠ ʧʝʨʝʤʘʛʥʠʯʠʚʘʥʠʷ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʠʤʧʫʣʴʩʦʚ ʜʣʷ ʬʝʨʨʠʪʦʚ BaFe12O19 ʠ SrFe12O19 ʩʫʱʝʩʪʚʝʥʥʦ 

ʨʘʟʣʠʯʘʝʪʩʷ. ʀʟʤʝʥʷʝʪʩʷ ʠ ʦʩʪʘʪʦʯʥʘʷ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ ʬʝʨʨʠʪʘ SrFe12O19, ʦʧʨʝʜʝʣʷʝʤʘʷ ʤʘʛʥʠʪʥʳʤ 

ʩʦʩʪʦʷʥʠʝʤ ʠʦʥʦʚ. ɼʣʷ ʦʙʨʘʟʮʦʚ ʬʝʨʨʠʪʘ SrFe12O19 ʥʘʙʣʶʜʘʝʪʩʷ ʫʤʝʥʴʰʝʥʠʝ ʢʦʵʨʮʠʪʠʚʥʦʡ ʩʠʣʳ ʥʘ 

30 ʢɸ/ʤ ʧʦʩʣʝ ʚʦʟʜʝʡʩʪʚʠʷ 40 ʠʤʧʫʣʴʩʘʤʠ.  

ɼʣʷ ʚʳʷʩʥʝʥʠʷ ʧʨʠʯʠʥ ʥʘʙʣʶʜʘʝʤʳʭ ʠʟʤʝʥʝʥʠʡ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ ʦʙʨʘʟʮʦʚ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʠʭ 

ʤʝʩʩʙʘʫʵʨʦʚʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʦʟʚʦʣʷʶʱʠʝ ʦʮʝʥʠʪʴ ʚʣʠʷʥʠʝ ʄʀʆ ʥʘ ʣʦʢʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ 

ʠʩʩʣʝʜʫʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

  

ʈʠʩ. ʅʘ ʣʝʚʦʤ ʨʠʩʫʥʢʝ: ʧʝʪʣʠ ʤʘʛʥʠʪʥʦʛʦ ʛʠʩʪʝʨʝʟʠʩʘ ʬʝʨʨʠʪʦʚ BaFe12O19 ʠ SrFe12O19 ʚ ʠʩʭʦʜʥʦʤ 

ʩʦʩʪʦʷʥʠʠ (ʘ ʠ ʚ) ʠ ʧʦʩʣʝ ʚʦʟʜʝʡʩʪʚʠʷ 40 ʠʤʧʫʣʴʩʘʤʠ (ʙ ʠ ʛ). ʅʘ ʧʨʘʚʦʤ ʨʠʩʫʥʢʝ: ʟʘʚʠʩʠʤʦʩʪʴ 

ʢʦʵʨʮʠʪʠʚʥʦʡ ʩʠʣʳ ʅʩ ʠ ʧʣʦʱʘʜʠ ʧʝʪʣʠ ʤʘʛʥʠʪʥʦʛʦ ʛʠʩʪʝʨʝʟʠʩʘ ʈ ʜʣʷ BaFe12O19 (ʘ) ʠ SrFe12O19 (ʙ) 

ʦʪ ʯʠʩʣʘ ʠʤʧʫʣʴʩʦʚ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. 

ʀʩʭʦʜʷ ʠʟ ʦʩʦʙʝʥʥʦʩʪʝʡ ʠʟʤʝʥʝʥʠʷ ʤʘʛʥʠʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ BaFe12O19 ʠ SrFe12O19, ʘ ʪʘʢʞʝ 

ʨʝʟʫʣʴʪʘʪʦʚ ʤʸʩʩʙʘʫʵʨʦʚʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʙʨʘʟʮʦʚ ʧʦʩʣʝ ʄʀʆ, ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ ʨʝʘʣʠʟʘʮʠʶ 

ʩʣʝʜʫʶʱʠʭ ʜʚʫʭ ʤʝʭʘʥʠʟʤʦʚ ʚʣʠʷʥʠʷ ʠʤʧʫʣʴʩʦʚ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʥʘ ʩʪʨʫʢʪʫʨʫ SrFe12O19. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ 

ʩ ʧʝʨʚʳʤ ʤʝʭʘʥʠʟʤʦʤ ʧʦʜ ʚʣʠʷʥʠʝʤ ʠʤʧʫʣʴʩʦʚ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʠʟʤʝʥʝʥʠʝ 

ʤʫʣʴʪʠʧʣʝʪʥʦʩʪʠ ʧʘʨ çʚʘʢʘʥʩʠʷ-ʩʪʦʧʦʨè. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʚ ʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʷʭ, ʢ ʢʦʪʦʨʳʤ 

ʦʪʥʦʩʷʪʩʷ ʛʝʢʩʘʛʦʥʘʣʴʥʳʝ ʬʝʨʨʠʪʳ, ʚʘʢʘʥʩʠʠ ʥʘʭʦʜʷʪʩʷ ʚ ʨʘʟʣʠʯʥʳʭ ʟʘʨʷʜʦʚʳʭ ʩʦʩʪʦʷʥʠʷʭ. ʊʘʢʠʝ 

ʩʦʩʪʦʷʥʠʷ ʨʝʘʣʠʟʫʶʪʩʷ ʥʝ ʝʜʠʥʩʪʚʝʥʥʳʤ ʩʧʦʩʦʙʦʤ ʠ ʤʦʛʫʪ ʙʳʪʴ ʚʳʨʦʞʜʝʥʥʳʤʠ ʚʩʣʝʜʩʪʚʠʝ ʨʘʟʣʠʯʥʦʡ 

ʦʨʠʝʥʪʘʮʠʠ ʩʧʠʥʦʚ ʵʣʝʢʪʨʦʥʦʚ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʠ ʦʙʨʘʟʦʚʘʥʠʠ ʢʦʤʧʣʝʢʩʘ ʜʝʬʝʢʪʦʚ ʵʥʝʨʛʠʷ ʩʦʩʪʦʷʥʠʷ ʚʘ-

ʢʘʥʩʠʠ ʟʘʚʠʩʠʪ ʦʪ ʦʨʠʝʥʪʘʮʠʠ ʩʧʠʥʦʚʦʛʦ ʤʦʤʝʥʪʘ ʟʘʭʚʘʯʝʥʥʦʛʦ ʠʣʠ ʦʪʜʘʥʥʦʛʦ ʵʣʝʢʪʨʦʥʘ. ʇʨʠ ʨʘʚʝʥʩʪʚʝ 

ʨʘʟʥʦʩʪʠ ʵʥʝʨʛʠʠ ʤʝʞʜʫ ʚʳʨʦʞʜʝʥʥʳʤʠ ʩʦʩʪʦʷʥʠʷʤʠ ʢʦʤʧʣʝʢʩʦʚ ʜʝʬʝʢʪʦʚ ʠ ʵʥʝʨʛʠʠ, ʧʝʨʝʜʘʚʘʝʤʦʡ 

ʧʦʣʝʤ ʤʘʛʥʠʪʥʦʤʫ ʤʦʤʝʥʪʫ ʜʝʬʝʢʪʘ, ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʦʪʨʳʚ ʚʘʢʘʥʩʠʡ ʦʪ ʩʪʦʧʦʨʘ. ɼʘʣʴʥʝʡʰʝʝ 

ʜʚʠʞʝʥʠʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʘʣʠʯʠʝʤ ʚʥʫʪʨʝʥʥʠʭ ʥʘʧʨʷʞʝʥʠʡ. ʀʟ-ʟʘ ʟʥʘʯʠʪʝʣʴʥʦʡ ʨʘʟʥʠʮʳ ʠʦʥʥʳʭ ʨʘʜʠʫʩʦʚ 

Sr2+ ʠ Ba2+ ʪʘʢʠʝ ʥʘʧʨʷʞʝʥʠʷ ʩʫʱʝʩʪʚʫʶʪ ʚ ʙʦʣʴʰʝʡ ʤʝʨʝ ʚ ʬʝʨʨʠʪʝ SrFe12O19. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʧʨʠ ʟʘʤʝʥʝ 
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ʠʦʥʦʚ Ba2+ ʤʝʥʴʰʠʤʠ ʧʦ ʨʘʟʤʝʨʫ ʠʦʥʘʤʠ Sr2+, ʧʨʦʠʩʭʦʜʠʪ ʩʞʘʪʠʝ ʛʝʢʩʘʛʦʥʘʣʴʥʦʛʦ ʙʣʦʢʘ (R), ʚʩʣʝʜʩʪʚʠʝ 

ʯʝʛʦ ʥʘ ʛʨʘʥʠʮʝ R ʠ S ʙʣʦʢʦʚ ʚʦʟʥʠʢʘʶʪ ʟʘʤʝʪʥʳʝ ʥʘʧʨʷʞʝʥʠʷ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʨʝʣʘʢʩʠʨʦʚʘʪʴ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʫʧʦʨʷʜʦʯʝʥʠʷ ʢʘʪʠʦʥʥʳʭ ʚʘʢʘʥʩʠʡ.  

ʉʦʛʣʘʩʥʦ ʚʪʦʨʦʤʫ ʤʝʭʘʥʠʟʤʫ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʥʷʪʴ ʚʦ ʚʥʠʤʘʥʠʝ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʢʦʵʬʬʠʮʠʝʥʪʳ, 

ʩʚʷʟʳʚʘʶʱʠʝ ʤʘʛʥʠʪʥʳʝ ʧʘʨʘʤʝʪʨʳ ʬʝʨʨʠʪʘ ʠ ʢʦʥʩʪʘʥʪʳ ʤʘʛʥʠʪʦʫʧʨʫʛʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʟʘʚʠʩʷʪ ʦʪ 

ʵʣʝʢʪʨʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʠʦʥʦʚ, ʦʙʨʘʟʫʶʱʠʭ ʬʝʨʨʠʪ. ʇʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʠʤʧʫʣʴʩʦʚ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʜʦʤʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʠʣʠ ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʠ ʟʘ ʩʯʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʣʦʢʘʣʴʥʦʡ ʜʝʬʦʨʤʘʮʠʠ 

ʨʝʰʝʪʢʠ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʚʘʢʘʥʩʠʡ ʤʦʞʝʪ ʧʨʦʠʟʦʡʪʠ ʠʩʢʘʞʝʥʠʝ ʵʣʝʢʪʨʦʥʥʳʭ ʦʙʦʣʦʯʝʢ, ʠʟʤʝʥʝʥʠʝ 

ʧʦʪʝʥʮʠʘʣʘ ʠʦʥʠʟʘʮʠʠ ʠʦʥʦʚ. ʕʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʦʩʣʘʙʣʝʥʠʶ ʢʫʣʦʥʦʚʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ 

ʚʘʢʘʥʩʠʝʡ ʠ ʩʦʩʝʜʥʠʤʠ ʠʦʥʘʤʠ ʠ ʧʝʨʝʭʦʜʫ ʚʘʢʘʥʩʠʠ ʚ ʧʦʣʦʞʝʥʠʝ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʩʥʠʞʝʥʠʶ 

ʥʘʧʨʷʞʝʥʠʡ. ʈʘʟʣʠʯʠʷ ʠʦʥʥʳʭ ʨʘʜʠʫʩʦʚ Ba2+ (1,43 ¡) ʠ Sr2+ (1,15 ¡), ʠʭ ʵʣʝʢʪʨʦʥʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ Ba2+ 

(5s25p6) ʠ Sr2+ (4s24p6), ʘ ʪʘʢʞʝ ʤʘʛʥʠʪʥʳʭ ʩʦʩʪʦʷʥʠʡ ʠʭ ʷʜʝʨ, ʦʙʣʝʛʯʘʶʪ ʧʨʦʮʝʩʩ ʨʝʣʘʢʩʘʮʠʠ 

ʤʝʪʘʩʪʘʙʠʣʴʥʳʭ ʩʦʩʪʦʷʥʠʡ ʢʦʤʧʣʝʢʩʦʚ ʜʝʬʝʢʪʦʚ ʚ SrFe12O19. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʠʩʭʦʜʠʪ ʪʨʘʥʩʬʦʨʤʘʮʠʷ 

ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʙʘʨʴʝʨʦʚ ʜʣʷ ʚʘʢʘʥʩʠʡ, ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩʢʦʨʦʩʪʴ ʠʭ ʤʠʛʨʘʮʠʠ ʠ ʧʨʦʠʩʭʦʜʠʪ ʠʭ 

ʫʧʦʨʷʜʦʯʝʥʠʝ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʘʢʦʧʣʝʥʠʝ ʟʘʨʷʜʦʚ ʥʘ ʛʨʘʥʠʮʝ R ʠ S-ʙʣʦʢʦʚ. ɺʩʣʝʜʩʪʚʠʝ ʥʘʢʦʧʣʝʥʠʷ 

ʟʘʨʷʜʦʚ ʥʘ ʛʨʘʥʠʮʝ ʰʧʠʥʝʣʴʥʦʛʦ ʠ ʛʝʢʩʘʛʦʥʘʣʴʥʦʛʦ ʙʣʦʢʦʚ ʤʦʞʝʪ ʬʦʨʤʠʨʦʚʘʪʴʩʷ ʵʣʝʢʪʨʝʪʥʦʝ ʩʦʩʪʦʷʥʠʝ. 

ʅʘ ʵʪʦ ʫʢʘʟʳʚʘʝʪ ʠʟʤʝʥʝʥʠʝ ʦʩʪʘʪʦʯʥʦʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʫ SrFe12ʆ19 ʚ 50 ʨʘʟ (ʩ 50 ʜʦ 10 ɸĿʤ2/ʢʛ) ʠ ʢʦʨɻ-

ʮʠʪʠʚʥʦʡ ʩʠʣʳ ʚ 1,2 ʨʘʟʘ (ʩ 230 ʜʦ 200 ʢɸ). 

 

******************************************************************************************  

 

ɺʓʉʆʂʆʕʅɽʈɻʆɽʄʂʀɽ ʄɸɻʅʀʊʓ (ND,DY)-(FE,CO)-B C ʇʆʅʀɾɽʅʅʓʄ 

ʊɽʄʇɽʈɸʊʋʈʅʓʄ ʂʆʕʌʌʀʎʀɽʅʊʆʄ ʀʅɼʋʂʎʀʀ 

ɺʘʩʠʣʝʥʢʦ ɼ.ʖ.1, ɻʦʚʦʨʢʦʚ ʄ.ʖ.1, ɹʨʘʪʫʰʝʚ ɼ.ʖ.1, ʐʠʪʦʚ ɸ.ɺ.1, 

ʂʦʣʦʜʢʠʥ ɼ.ɸ.2, ʇʦʧʦʚ ɸ.ɻ.2 
1ʈʦʩʩʠʷ, ʛ. ɽʢʘʪʝʨʠʥʙʫʨʛ, ʌɻʋʇ ʋʕʄɿ, 2ʈʦʩʩʠʷ, ʛ. ɽʢʘʪʝʨʠʥʙʫʨʛ, ʀʌʄ ʋʨʆ ʈɸʅ 

E:mail:Evas.d.u@mail.ru 

 

HIGH -ENERGY (ND,DY)-(FE,CO)-B MAGNETS WITH LOW T EMPERATURE INDUCTION  

COEFFICIENT  

Vasilenko D.Y., Govorkov M.Y. , Bratushev D.Y., Shitov A.V., Kolodkin  D.A., Popov A.G. 

 

Abstract The aim of the present work is production of high-energy permanent magnets with low 

temperature-induction coefficient a from the (Nd,Dy)-(Fe,Co)-B alloys by using the strip casting and low-oxygen 

technology. The magnets from (Nd1-xDyx)13.9(Fe1-yCoy)79.8Cu0.1Ga0.1B6.1 alloys, where 0.2 ¢ x ¢ 0.25 and 0 ¢ y ¢ 

0.2, have been investigated. Increase of y from 0 to 0.2 is accompanied with the rise of the Curie temperature 

from 327 to 492 Áʉ, which provides decrease in the absolute value of the temperature-induction coefficient from 

0.112 to 0.062 %/Áʉ, respectively. The magnets with oxygen content less than 2500 ppm are produced from 

the (Nd0.75Dy0.25)13.9(Fe0.8Co0.2)79.8Cu0.1Ga0.1B6.1 alloy. They have the following magnetic properties: Br ² 11 kG, 

Hc ² 8 kOe, and (BH)max ² 30 ʄGOe at 150 ʦʉ; a ¢ |-0.07 %/Áʉ|. 

 

ɺʳʩʦʢʦʵʥʝʨʛʦʝʤʢʠʝ ʧʦʩʪʦʷʥʥʳʝ ʤʘʛʥʠʪʳ Nd-Fe-B ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʨʘʟʣʠʯʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ 

ʫʩʪʨʦʡʩʪʚʘʭ. ʆʜʥʘʢʦ, ʚʩʣʝʜʩʪʚʠʝ ʥʝʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʂʶʨʠ Tʉ ʦʩʥʦʚʥʦʡ ʬʘʟʳ Nd2Fe14B (ʧʦʨʷʜʢʘ 310 

Áʉ) ʵʪʠ ʤʘʛʥʠʪʳ ʠʤʝʶʪ ʥʠʟʢʫʶ ʪʝʤʧʝʨʘʪʫʨʥʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ ʛʠʩʪʝʨʝʟʠʩʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ɿʥʘʯʝʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʠʥʜʫʢʮʠʠ (ʊʂʀ) a ʠ ʢʦʵʨʮʠʪʠʚʥʦʡ ʩʠʣʳ b, ʩʦʩʪʘʚʣʷʶʪ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ï 

0.12 ʠ ï 0.60 %/Áʉ-1 ʜʣʷ ʠʥʪʝʨʚʘʣʘ 20 ï 100 Áʉ [1]. ʕʪʦʪ ʥʝʜʦʩʪʘʪʦʢ ʨʝʟʢʦ ʦʛʨʘʥʠʯʠʚʘʝʪ ʦʙʣʘʩʪʴ ʧʨʠʤʝʥʝʥʠʷ 

ʤʘʛʥʠʪʦʚ Nd-Fe-B ʚ ʫʩʣʦʚʠʷʭ ʧʦʚʳʰʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ. ʉʧʦʩʦʙʳ ʫʣʫʯʰʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʥʦʡ 

ʩʪʘʙʠʣʴʥʦʩʪʠ ʤʘʛʥʠʪʦʚ Nd-Fe-B ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʳ ʠʟ ʨʘʥʥʠʭ ʧʫʙʣʠʢʘʮʠʡ [2-6]. ʏʘʩʪʠʯʥʦʝ ʟʘʤʝʱʝʥʠʝ 

ʞʝʣʝʟʘ ʥʘ ʢʦʙʘʣʴʪ ʫʚʝʣʠʯʠʚʘʝʪ Tʉ ʠ ʫʤʝʥʴʰʘʝʪ ʘʙʩʦʣʶʪʥʦʝ ʟʥʘʯʝʥʠʝ a, ʘ ʯʘʩʪʠʯʥʦʝ ʟʘʤʝʱʝʥʠʝ ʥʝʦʜʠʤʘ 

ʜʠʩʧʨʦʟʠʝʤ ʧʦʟʚʦʣʷʝʪ ʫʚʝʣʠʯʠʪʴ ʧʦʣʝ ʘʥʠʟʦʪʨʦʧʠʠ HA ʠ ʢʦʵʨʮʠʪʠʚʥʫʶ ʩʠʣʫ Hc [5,6]. ʅʘʧʨʠʤʝʨ, ʠʟ 

ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ ʩʧʣʘʚʦʚ (Nd0.6Dy0.4)16(Fe0.7Co0.3)78B6 [7] ʠ (Nd0.52Dy0.48)15(Fe0.66Co0.34)76Al1B6 [8] ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ ʤʘʛʥʠʪʳ ʩ ʚʝʩʴʤʘ ʥʠʟʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ a = -0.028 ʠ -0.020 %/Áʉ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʦʜʥʘʢʦ, ʠʭ 

ʤʘʛʥʠʪʥʳʝ ʛʠʩʪʝʨʝʟʠʩʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʢʘʟʘʣʠʩʴ ʟʥʘʯʠʪʝʣʴʥʦ ʭʫʞʝ, ʯʝʤ ʫ ʤʘʛʥʠʪʦʚ ʩʠʩʪʝʤʳ Sm-Co-

mailto:vas.d.u@mail.ru


3 - 7 ʦʢʪʷʙʨʷ 2016, ʛ. ʉʫʟʜʘʣʴ   

57 
 
 

Fe-Cu-Zr ʢʘʢ ʧʨʠ ʢʦʤʥʘʪʥʦʡ, ʪʘʢ ʠ ʦʩʦʙʝʥʥʦ ʧʨʠ ʨʘʙʦʯʝʡ ʪʝʤʧʝʨʘʪʫʨʝ ʦʢʦʣʦ 150 Áʉ. ɺʤʝʩʪʝ ʩ ʪʝʤ 

ʩʫʱʝʩʪʚʫʝʪ ʦʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ, ʚ ʯʘʩʪʥʦʩʪʠ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʠ ʩ ʙʦʣʴʰʠʤ ʢʨʫʪʷʱʠʤ ʤʦʤʝʥʪʦʤ, ʚ 

ʢʦʪʦʨʳʭ ʤʘʛʥʠʪʳ ʜʦʣʞʥʳ ʠʤʝʪʴ ʩʦʯʝʪʘʥʠʝ ʚʳʩʦʢʦʛʦ ʟʥʘʯʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ 

ʧʨʦʠʟʚʝʜʝʥʠʷ (BH)max > 30 ʄɻʩʕ, ʫʤʝʨʝʥʥʦʛʦ ʟʥʘʯʝʥʠʷ ʊʂʀ (a ~ -0.07%/Áʉ) ʠ ʚʳʩʦʢʦʡ ʤʝʭʘʥʠʯʝʩʢʦʡ 

ʧʨʦʯʥʦʩʪʠ. ʊʘʢʦʝ ʩʦʯʝʪʘʥʠʝ ʤʦʛʫʪ ʦʙʝʩʧʝʯʠʪʴ ʪʦʣʴʢʦ ʤʘʛʥʠʪʳ ʥʘ ʦʩʥʦʚʝ ʩʠʩʪʝʤʳ Nd-Fe-B. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʮʝʣʴ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʣʘʩʴ ʚ ʧʦʣʫʯʝʥʠʠ ʚʳʩʦʢʦʵʥʝʨʛʦʝʤʢʠʭ ʧʦʩʪʦʷʥʥʳʭ ʤʘʛʥʠʪʦʚ ʩ 

ʧʦʥʠʞʝʥʥʳʤ ʊʂʀ ʥʘ ʦʩʥʦʚʝ ʩʠʩʪʝʤʳ (Nd,Dy)-(Fe,Co)-B, ʠʩʧʦʣʴʟʫʷ ʧʨʝʠʤʫʱʝʩʪʚʘ ʩʧʣʘʚʦʚ ʪʠʧʘ çstrip 

castingè ʠ ʥʠʟʢʦʢʠʩʣʦʨʦʜʥʦʡ ʪʝʭʥʦʣʦʛʠʠ [9]. 

ʉʧʣʘʚʳ ʩʠʩʪʝʤʳ (Nd0.8Dy0.2)13.9(Fe1-yCoy)79.8Cu0.1Ga0.1B6.1 ʩ ʩʫʤʤʘʨʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ʦʢʦʣʦ 30 ʚʝʩ. % ʠ ʩʦʜʝʨʞʘʥʠʝʤ ʢʦʙʘʣʴʪʘ ʦʪ 0 ʜʦ 13.5 ʚʝʩ% ʙʳʣʠ ʧʨʠʛʦʪʦʚʣʝʥʳ ʤʝʪʦʜʦʤ çstrip 

castingè. ʇʦʩʣʝ ʚʦʜʦʨʦʜʥʦʛʦ ʦʭʨʫʧʯʠʚʘʥʠʷ ʩʧʣʘʚʳ ʧʦʜʚʝʨʛʘʣʠ ʩʪʨʫʡʥʦʤʫ ʠʟʤʝʣʴʯʝʥʠʶ ʚ ʘʟʦʪʝ ʜʦ 

ʩʨʝʜʥʝʛʦ ʨʘʟʤʝʨʘ ʯʘʩʪʠʮ Dʨ = 3.0 ʤʢʤ. ʇʦʨʦʰʢʠ ʧʨʝʩʩʦʚʘʣʠ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʥʘʧʨʷʞʝʥʥʦʩʪʴʶ 15 ʢʕ, 

ʧʨʠʣʦʞʝʥʥʦʤ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʫʩʠʣʠʶ ʧʨʝʩʩʦʚʘʥʠʷ ʠ ʟʘʪʝʤ ʩʧʝʢʘʣʠ ʚ ʚʘʢʫʫʤʝ ʧʨʠ 1065 ʦʉ. ʇʦʩʣʝ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ ʢʨʠʚʳʝ ʨʘʟʤʘʛʥʠʯʠʚʘʥʠʷ ʩʧʝʯʝʥʥʳʭ ʤʘʛʥʠʪʦʚ ʠʟʤʝʨʷʣʠ ʚ ʠʥʪʝʨʚʘʣʝ 

ʪʝʤʧʝʨʘʪʫʨ 25-180 ʦʉ ʚ ʟʘʤʢʥʫʪʦʡ ʤʘʛʥʠʪʥʦʡ ʮʝʧʠ ʥʘ ʫʩʪʘʥʦʚʢʝ çPermagraph Lè. ɿʥʘʯʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ 

ʂʶʨʠ ʠʩʭʦʜʥʳʭ ʩʧʣʘʚʦʚ ʠ ʩʧʝʯʝʥʥʳʭ ʤʘʛʥʠʪʦʚ ʦʧʨʝʜʝʣʝʥʳ ʠʟ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʤʘʛʥʠʪʥʦʡ 

ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʦʙʨʘʟʮʦʚ, ʠʟʤʝʨʝʥʥʳʭ ʤʝʪʦʜʦʤ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʚ ʧʝʨʝʤʝʥʥʦʤ ʧʦʣʝ ʥʘʧʨʷʞʝʥʥʦʩʪʴʶ 

10 ʕ ʠ ʯʘʩʪʦʪʦʡ 800 ɻʮ. 

ʅʘ ʨʠʩʫʥʢʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʊʉ, ʊʂʀ, ʘ ʪʘʢʞʝ ʦʩʪʘʪʦʯʥʦʡ ʠʥʜʫʢʮʠʠ Br, ʢʦʵʨʮʠʪʠʚʥʦʡ 

ʩʠʣʳ ʧʦ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ Hc ʠ (BH)max ʜʣʷ ʩʧʝʯʝʥʥʳʭ ʤʘʛʥʠʪʦʚ, ʠʟʤʝʨʝʥʥʳʭ ʧʨʠ 23 ʠ 140 
ʦʉ, ʦʪ 

ʩʦʜʝʨʞʘʥʠʷ ʉʦ ʚ ʩʧʣʘʚʘʭ. ɿʥʘʯʝʥʠʷ ʊʉ ʣʠʥʝʡʥʦ ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʩ ʜʦʙʘʚʢʦʡ ʢʦʙʘʣʴʪʘ. ʕʪʦ ʧʨʝʜʦʧʨʝʜʝʣʷʝʪ 

ʫʚʝʣʠʯʝʥʠʝ ʟʥʘʯʝʥʠʡ Br(140) ʜʦ ʤʘʢʩʠʤʫʤʘ ʧʨʠ y = 0.15. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʫʚʝʣʠʯʝʥʠʝ Br(140) ʧʨʠ ʧʦʯʪʠ 

ʧʦʩʪʦʷʥʥʳʭ ʟʥʘʯʝʥʠʷʭ Br(23) ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʘʙʩʦʣʶʪʥʦʛʦ ʟʥʘʯʝʥʠʷ ʊʂʀ, ʨʘʩʩʯʠʪʘʥʥʦʛʦ ʜʣʷ 

ʠʥʪʝʨʚʘʣʘ ʪʝʤʧʝʨʘʪʫʨ 25 -      140 ʦʉ, ʦʪ 0.112 ʜʦ 0.062 %/Áʉ. ʂʦʵʨʮʠʪʠʚʥʘʷ ʩʠʣʘ ʤʘʛʥʠʪʦʚ ʤʦʥʦʪʦʥʥʦ 

ʫʤʝʥʴʰʘʝʪʩʷ, ʢʘʢ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ, ʪʘʢ ʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʦʙʘʣʴʪʘ. ɿʘʚʠʩʠʤʦʩʪʠ (BH)max ʦʪ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʉʦ ʢʘʯʝʩʪʚʝʥʥʦ ʚʦʩʧʨʦʠʟʚʦʜʷʪ ʚʠʜ ʟʘʚʠʩʠʤʦʩʪʝʡ Br(ʉʦ) ʢʘʢ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, 

ʪʘʢ ʠ ʧʨʠ 140 ʦʉ. 

 
ʈʠʩʫʥʦʢ. ɿʘʚʠʩʠʤʦʩʪʠ ʪʝʤʧʝʨʘʪʫʨʳ ʂʶʨʠ ʊʉ, 

ʊʂʀ, Br, Hc, (BH)max ʦʪ ʩʦʜʝʨʞʘʥʠʷ ʉʦ. 

ɾʝʣʘʝʤʳʝ ʟʥʘʯʝʥʠʷ a ¢ |-0.07 %/Áʉ| ʫʜʘʣʦʩʴ ʨʝʘʣʠʟʦʚʘʪʴ ʚ ʤʘʛʥʠʪʘʭ ʠʟ ʩʧʣʘʚʦʚ ʩ y ² 0.15, ʦʜʥʘʢʦ 

ʠʭ ʟʥʘʯʝʥʠʷ Hc ʧʨʠ ʨʘʙʦʯʝʡ ʪʝʤʧʝʨʘʪʫʨʝ ʦʢʦʣʦ 150 ʦʉ ʦʢʘʟʳʚʘʶʪʩʷ ʦʯʝʥʴ ʥʠʟʢʠʤʠ (ʥʝ ʙʦʣʝʝ 5 ʢʕ). ʂʨʦʤʝ 

ʪʦʛʦ, ʧʨʠ y > 0.15 ʥʘʯʠʥʘʶʪ ʨʝʟʢʦ ʫʤʝʥʴʰʘʪʴʩʷ ʟʥʘʯʝʥʠʷ Br ʠ (BH)max. ɼʣʷ ʧʦʚʳʰʝʥʠʷ Hc ʙʳʣʘ ʫʚʝʣʠʯʝʥʘ 

ʢʦʥʮʝʥʪʨʘʮʠʷ Dy ʚ ʩʧʣʘʚʝ ʩ y = 0.15 ʠ ʫʤʝʥʴʰʝʥ ʩʨʝʜʥʠʡ ʨʘʟʤʝʨ ʯʘʩʪʠʮ ʧʦʨʦʰʢʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʟ ʩʧʣʘʚʘ 

(Nd0.75Dy0.25)13.9(Fe0.85 Co0.15)79.8 Cu0.1 Ga0.1B6.1 ʧʦʣʫʯʝʥʳ ʤʘʛʥʠʪʳ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʢʠʩʣʦʨʦʜʘ ʥʝ ʙʦʣʝʝ 0.25 %, 

ʢʦʪʦʨʳʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 150 ʦʉ ʠʤʝʣʠ ʛʠʩʪʝʨʝʟʠʩʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʥʝ ʫʩʪʫʧʘʶʱʠʝ ʤʘʛʥʠʪʘʤ Sm-Co-
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Fe-Cu-Zr ʧʨʠ a ¢ |-0,07%/Áʉ|. ɿʥʘʯʝʥʠʷ ʊʂʀ ʪʘʢʠʭ ʤʘʛʥʠʪʦʚ ʧʨʝʚʳʰʘʶʪ ʪʨʝʙʦʚʘʥʠʷ, ʧʨʝʜʲʷʚʣʷʝʤʳʝ 

ɻʆʉʊ ʈ 52956-2008. 
ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʧʨʦʛʨʘʤʤʳ ʋʨʆ ʈɸʅ (ʧʨʦʝʢʪ ˉ 15-9-2-19). 

ʃʠʪʝʨʘʪʫʨʘ 

M. Sagawa, S. Fujimura at al. J. Appl. Phys., 1984, 55(6), 2083-2087. 

J.F. Herbst. Reviews of Modern Physics, 1991, V. 63, No. 4, 819-898. 

D. Li, H. F. Mildrum, K.J. Strnat. J. Appl. Phys., 1985, 57(l), 4140-4143. 

M. Sagawa, S. Fujimura at al. IEEE Trans. Mugn., 1984, 20(5), 1584-1589. 

Z.H. Hu, F.Z. Lian, M.G. Zhu, W. Li. J. Magn. Magn. Mater., 2008, 320, 2364ï 2367. 

ʉ.ɸ. ʄʝʣʴʥʠʢʦʚ, ɺ.ʇ. ʇʠʩʢʦʨʩʢʠʡ ʠ ʜʨ. ʇʝʨʩʧʝʢʪʠʚʥʳʝ ʤʘʪʝʨʠʘʣʳ, 2011, ˉ 11, 201-207. 

Li  Wei, Jang long at al. J. Less-Common Metals, 1986, 126, 95-100. 

ɽ.ʅ. ʂʘʙʣʦʚ ʠ ʜʨ. ʄʝʪʘʣʣʦʚʝʜʝʥʠʝ ʠ ʪʝʨʤʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʤʝʪʘʣʣʦʚ, 2007, ˉ 4, 3-10. 

ɸ.ɻ. ʇʦʧʦʚ, ʅ.ɺ. ʂʫʜʨʝʚʘʪʳʭ ʠ ʜʨ., ʌʄʄ, 2010, ʪ. 109, ˉ 3, 257ï266. 

 

******************************************************************************************  

 

ʋʇʈɸɺʃɽʅʀɽ ʂɸʏɽʉʊɺʆʄ ʇʈʆʎɽʉʉɸ ʇʈʆʀɿɺʆɼʉʊɺɸ ʇʆʉʊʆʗʅʅʓʍ ʄɸɻʅʀʊʆɺ ʀɿ 

ʉʇʃɸɺʆɺ ʉɽʈʀʀ ʂʉ25 

ʐʫʤʢʠʥ ʉ.ʉ.1, ʂʫʣʘʛʠʥʘ ʆ.ʀ.1, ʐʧʝʨ ɺ.ʃ.2 

1ʈʦʩʩʠʷ, ʛ. ʄʦʩʢʚʘ, ɸʆ çʉʧʝʮʤʘʛʥʠʪè, 2ʈʦʩʩʠʷ, ʛ. ʄʦʩʢʚʘ, ʅʀʊʋ çʄʀʉʠʉè 

E-mail:s.s.shoomkin@gmail.com 

 

QUALITY MANAGEMENT O F PERMANENT MAGNETS MADE OF SM-CO 

(KS25) ALLOY SERIES PRODUCING PROCESS 

Shoomkin S.S., Kulagina O.I., Shper V.L. 

 

In this work was investigated a dependence of magnetic parameters of the permanent magnets from the 

original alloy chemical composition based on the five-component system Sm-Co-Cu-Fe-Zr. The investigation 

revealed the dependence between magnetic parameters of the permanent magnet samples and coefficients in the 

stoichiometric formula Sm(CoaFebCucZrd)z. On the basis of results was developed the magnetic properties 

prediction mechanism, which allows to conduct an operative manufacturing activity. 

 

ʉʦʙʩʪʚʝʥʥʦʝ ʦʪʝʯʝʩʪʚʝʥʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʧʦʩʪʦʷʥʥʳʭ ʤʘʛʥʠʪʦʚ ʠ ʤʘʛʥʠʪʥʳʭ ʩʠʩʪʝʤ ʥʘ ʠʭ ʦʩʥʦʚʝ 

ʷʚʣʷʝʪʩʷ ʛʘʨʘʥʪʦʤ ʩʪʨʘʪʝʛʠʯʝʩʢʦʡ ʥʝʟʘʚʠʩʠʤʦʩʪʠ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʛʦʩʫʜʘʨʩʪʚʘ, ʚʚʠʜʫ ʦʙʰʠʨʥʝʡʰʝʛʦ ʠʭ 

ʧʨʠʤʝʥʝʥʠʷ ʚʦ ʚʩʝʭ ʦʪʨʘʩʣʷʭ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. 

ʇʦʩʪʦʷʥʥʳʝ ʤʘʛʥʠʪʳ ʠʟ ʤʘʛʥʠʪʦʪʚʝʨʜʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ʩʧʣʘʚʦʚ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʤʝʪʘʣʣʦʚ 

ʩ ʢʦʙʘʣʴʪʦʤ ʷʚʣʷʶʪʩʷ ʦʜʥʠʤʠ ʠʟ ʩʘʤʳʭ ʧʝʨʩʧʝʢʪʠʚʥʳʭ, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʠʭ ʚʳʩʦʢʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ 

ʢʦʵʨʮʠʪʠʚʥʦʡ ʩʠʣʳ ʠ ʤʘʛʥʠʪʥʦʡ ʵʥʝʨʛʠʠ, ʘ ʪʘʢʞʝ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʩʪʘʙʠʣʴʥʦʩʪʴʶ ʠ ʢʦʨʨʦʟʠʦʥʥʦʡ 

ʩʪʦʡʢʦʩʪʴʶ. 

ʆʩʥʦʚʥʳʤʠ ʧʦʪʨʝʙʠʪʝʣʷʤʠ ʧʦʩʪʦʷʥʥʳʭ ʤʘʛʥʠʪʦʚ ʠʟ ʩʧʣʘʚʦʚ ʩʝʨʠʠ ʂʉ25 (ʤʘʨʢʠʨʦʚʢʘ ʩʧʣʘʚʘ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ ɻʆʉʊ 21559-76) ʷʚʣʷʶʪʩʷ ʧʨʝʜʧʨʠʷʪʠʷ ʚʦʝʥʥʦ-ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʩʝʢʪʦʨʘ 

ʵʢʦʥʦʤʠʢʠ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʫʱʝʩʪʚʫʝʪ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʤʦʜʝʨʥʠʟʘʮʠʠ ʪʝʭʥʦʣʦʛʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʤʘʛʥʠʪʦʚ ʠʟ ʜʘʥʥʦʛʦ ʩʧʣʘʚʘ ʠ ʧʦʚʳʰʝʥʠʠ ʢʘʯʝʩʪʚʘ ʠʭ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʧʨʠʤʝʥʝʥʠʷ. ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʵʪʦʡ 

ʮʝʣʠ ʥʝʦʙʭʦʜʠʤʘ ʦʧʪʠʤʠʟʘʮʠʷ ʚʩʝʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ. 

ɺ ʨʘʙʦʪʝ ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʤʘʛʥʠʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʢʦʥʝʯʥʦʡ ʧʨʦʜʫʢʮʠʠ ʦʪ 

ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʠʩʭʦʜʥʦʛʦ ʩʧʣʘʚʘ ʧʷʪʠʢʦʤʧʦʥʝʥʪʥʦʡ ʩʠʩʪʝʤʳ Sm-Co-Cu-Fe-Zr. ɺʳʷʚʣʝʥʘ 

ʟʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ ʧʦʢʘʟʘʪʝʣʷʤʠ ʤʘʛʥʠʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʦʙʨʘʟʮʦʚ ʤʘʛʥʠʪʦʚ ʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ ʚ 

ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʦʡ ʬʦʨʤʫʣʝ Sm(CoaFebCucZrd)z. ʈʘʟʨʘʙʦʪʘʥ ʠʥʩʪʨʫʤʝʥʪ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʤʘʛʥʠʪʥʳʭ 

ʩʚʦʡʩʪʚ, ʧʦʟʚʦʣʷʶʱʠʡ ʚʝʩʪʠ ʦʧʝʨʘʪʠʚʥʫʶ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʫʶ ʜʝʷʪʝʣʴʥʦʩʪʴ
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ALUMINIUM MATRIX COM POSITE REINFORCED WI TH HEXAGONAL BORON NITRIDE 

PARTICLES  

Firestein K.L., Steinman A.E., Corthay S., Shtansky D.V. 

Russia, Moscow, National University of Science and Technology ñMISiSò 

E-mail:shakticorthay@romandie.com 

 

Reinforcing aluminium (Al) matrix composites with commercially available micro- and nano-  particles of 

boron nitride (BN) is a real challenge. Indeed the mechanical properties of such composites depend on the 

homogeneity of the initial mixture of Al with BN. A major part of this research compares different preparation 

methods of Al-BN mixtures to achieve homogeneous distribution of the BN phase within the Al powder. 

Four classical mixing methods were used: (i) ultrasonic treatment, (ii) tridimensional, (iii) roll and (iv) 

magnetic mixing techniques. Furthermore, a modern technique of high-energy ball milling was also explored. The 

distribution of the BN powder on the Al particles after mixing was observed by a scanning electron microscope 

(SEM). The mixtures were pressed and sintered with a spark plasma sintering machine in a graphite die. The 

obtained disc samples (30 mm diameter) were cut in several dog-bone shape specimens suitable for tensile tests. 

The mechanical properties were evaluated using tensile test and Vickers microhardness test and to better 

understand the strengthening mechanism in the composite, energy dispersive x-ray, x-ray diffractometry and 

Raman spectrometry analyses were run. 

Among the classical mixing methods tried, the best results were achieved using ultrasonic mixing of 4.5 

wt% nano-BN with the ultrasonication times: 10 min. nano-BN + 20 min. nano-BN with Al. The tensile tests 

revealed values which were 180% higher (260 MPa) than for pure aluminium (92 MPa). With regard to the ball 

mill mixing technique, the higher tensile strength at room temperature was obtained with the composites 

containing 4.5 wt% micro-BN and 7 wt% plasmotherm BN. The tensile strength (385 MPa) was 320% higher 

than that of pure aluminium and 48% more than with the ultrasonic method. However, at high temperature 

(500ÁC), the tensile strength decreased by 50-70% compared to the results obtained at room temperature. The 

micro-hardness tests applied on the ball milled specimens revealed the highest hardness for the Al-10 wt% BN. 

The phase and composition analysis confirmed the formation of the phases AlB2 and AlN, which verified the 

reaction equation: Al+2BN=2AlN+AlB2. Due to the formation of those hard phases, the Orowan strengthening 

mechanism can be considered as the key to the strengthening of the Al matrix composite material. 

Based on this experience with micro- and nano- BN, the next step would be to reinforce the aluminium 

matrix composites using boron nitride nanotubes as reinforcers. 
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With the increasing demands of high quality C/SiC composite material, carbon fiber, Titanium and etc. new 

materials market, the requirements of heating equipment is becoming higher and higher. This article is based on 

the process demanding of relative materials and the features of ACME equipment, to analysis the Technical Status 

and Developing Tendency of CVD, pre-oxidation, carbonizing and graphitizing furnaces. ñOne generation of 

material means one generation of equipmentò. Advanced equipment is the basis to produce high quality composite 

materials, carbon fiber, 3D printing material and Titanium material, the performance and quality of material are 

not satisfied because of the lagging behind of equipment technology. ACME as the leading supplier of heating 

equipment, the features and development of ACMEôs heating equipment is the refection of Chinese equipment 

technology and development. Through investigation and analysis, the next generation of heating equipment should 

direct to Gigantic, intelligent, Informational, Environmental-friendly and Integrated. This paper gives a good 

reference and guiding for the new generation of material production.  

ʈʝʟʶʤʝ: ɺʤʝʩʪʝ ʩ ʧʦʩʪʦʷʥʥʳʤ ʫʚʝʣʠʯʝʥʠʝʤ ʧʦʪʨʝʙʥʦʩʪʝʡ ʨʳʥʢʘ ʚ ʥʦʚʳʭ ʤʘʪʝʨʠʘʣʘʭ, ʪʘʢʠʭ ʢʘʢ 

ʫʛʣʝʨʦʜʥʳʝ ʤʘʪʝʨʠʘʣʳ ʠ ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʠʟ ʢʘʨʙʠʜʘ, ʫʛʣʝʨʦʜʥʳʝ ʚʦʣʦʢʥʘ, ʪʠʪʘʥʦʚʳʝ ʩʧʣʘʚʳ 
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ʠ ʜʨ., ʪʝʭʥʠʯʝʩʢʘʷ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʪʝʧʣʦʪʝʭʥʠʯʝʩʢʦʤ ʦʙʦʨʫʜʦʚʘʥʠʠ, ʥʝʦʙʭʦʜʠʤʦʤ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʵʪʠʭ 

ʤʘʪʝʨʠʘʣʦʚ, ʪʘʢʞʝ ʧʦʩʪʦʷʥʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ. ɺ ʥʘʩʪʦʷʱʝʡ ʩʪʘʪʴʝ ʥʘ ʦʩʥʦʚʘʥʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ 

ʧʦʪʨʝʙʥʦʩʪʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʤʘʪʝʨʠʘʣʦʚ, ʩ ʫʯʝʪʦʤ ʪʝʭʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʫʱʝʩʪʚʫʶʱʝʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʢʦʤʧʘʥʠʠ çAdvanced Corporation for Materials & Equipmentsè, ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʪʝʢʫʱʝʡ 

ʩʠʪʫʘʮʠʠ ʠ ʪʝʥʜʝʥʮʠʠ ʨʘʟʚʠʪʠʷ ʪʝʭʥʦʣʦʛʠʡ ʪʝʧʣʦʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʥʦʚʳʭ ʚʠʜʦʚ 

ʫʛʣʝʨʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ (ʍʠʤʠʯʝʩʢʦʝ ʬʘʟʦʚʦʝ ʦʩʘʞʜʝʥʠʝ, ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʝ ʦʢʠʩʣʝʥʠʝ, ʢʘʨʙʦʥʠʟʘʮʠʷ ʠ 

ʛʨʘʬʠʪʠʟʘʮʠʷ), ʪʝʨʤʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʦʨʦʰʢʦʚʦʡ ʤʝʪʘʣʣʫʨʛʠʠ, ʘ ʪʘʢʞʝ ʦʙʦʨʫʜʦʚʘʥʠʷ 

ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ.   

ʅʦʚʳʝ ʤʘʪʝʨʠʘʣʳ, ʢʘʢ ʬʫʥʜʘʤʝʥʪ ʠ ʚʚʝʜʝʥʠʝ ʚʳʩʦʢʦʡ ʠ ʥʦʚʦʡ ʪʝʭʥʦʣʦʛʠʠ, ʠʤʝʶʪ ʦʯʝʥʴ ʰʠʨʦʢʫʶ 

ʩʬʝʨʫ ʧʨʠʤʝʥʝʥʠʷ. ʅʦʚʦʝ ʧʦʢʦʣʝʥʠʝ ʤʘʪʝʨʠʘʣʦʚ, ʥʦʚʦʝ ʧʦʢʦʣʝʥʠʝ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʇʝʨʝʜʦʚʦʝ 

ʪʝʧʣʦʪʝʭʥʠʯʝʩʢʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʷʚʣʷʝʪʩʷ ʙʘʟʦʚʳʤ ʫʩʣʦʚʠʷʤ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʦʟʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠʟ 

ʢʘʨʙʠʜʘ ʠ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ ʩ ʚʳʩʦʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʫʛʣʝʨʦʜʥʳʭ ʚʦʣʦʢʦʥ, ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ 3D-

ʧʝʯʘʪʠ ʠ ʪʠʪʘʥʦʚʦʛʦ ʩʧʣʘʚʘ. ʅʝʢʘʯʝʩʪʚʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʪʝʨʠʘʣʦʚ, ʥʘ ʩʘʤʦʤ ʜʝʣʝ - ʵʪʦ ʥʠʟʢʠʡ 

ʫʨʦʚʝʥʴ ʛʣʘʚʥʦʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʊʝʧʣʦʪʝʭʥʠʯʝʩʢʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ, ʨʘʟʨʘʙʦʪʘʥʥʦʝ 

ʢʦʤʧʘʥʠʠ çAdvanced Corporation for Materials & Equipmentsè, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʘʤʳʡ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʚ 

ʂʠʪʘʝ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ. ɺ ʥʘʩʪʦʷʱʝʡ ʩʪʘʪʴʝ, ʩ ʫʯʝʪʦʤ ʪʝʭʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʫʱʝʩʪʚʫʶʱʝʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʢʦʤʧʘʥʠʠ çAdvanced Corporation for Materials & Equipmentsè, ʧʨʦʚʦʜʠʪʩʷ ʢʦʨʦʪʢʠʡ ʘʥʘʣʠʟ 

ʪʝʢʫʱʝʛʦ ʩʦʩʪʦʷʥʠʷ ʪʝʧʣʦʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʪʝʥʜʝʥʮʠʠ ʨʘʟʚʠʪʠʷ ʚ ʂʠʪʘʝ, ʧʨʝʜʦʩʪʘʚʣʷʶʪʩʷ 

ʩʧʨʘʚʦʯʥʳʝ ʜʘʥʥʳʝ ʠ ʨʫʢʦʚʦʜʩʪʚʦ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʪʝʧʣʦʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʩʣʝʜʫʶʱʝʛʦ ʧʦʢʦʣʝʥʠʷ. 

ʊʝʧʣʦʪʝʭʥʠʯʝʩʢʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʫʛʣʝʨʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 1.1. ʆʙʦʨʫʜʦʚʘʥʠʝ 

ʭʠʤʠʯʝʩʢʦʛʦ ʛʘʟʦʚʦʛʦ ʦʩʝʜʘʥʠʷ ʢʦʤʧʦʟʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ C/C ʠ C/C-SiC. 1.2. ʆʙʦʨʫʜʦʚʘʥʠʝ ʛʨʘʬʠʪʠʟʘʮʠʠ 

ʫʛʣʝʨʦʜʥʳʭ ʚʦʣʦʢʦʥ ʠ ʢʦʤʧʦʟʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ (C/C⁸C/C-SiC) ʧʨʠ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 

 
ʈʠʩ. 1. (ʘ) ʂʨʫʧʥʦʛʘʙʘʨʠʪʥʘʷ ʧʝʯʴ ʛʨʘʬʠʪʠʟʘʮʠʠ ʠʥʜʫʢʮʠʦʥʥʦʛʦ ʥʘʛʨʝʚʘʥʠʷ ʧʨʠ ʫʤʝʨʝʥʥʦʡ ʯʘʩʪʦʪʝ ʠ 

(b) ʢʨʫʧʥʦʛʘʙʘʨʠʪʥʘʷ ʧʝʯʴ ʛʨʘʬʠʪʠʟʘʮʠʠ ʩ ʨʝʟʠʩʪʠʚʥʳʤ ʥʘʛʨʝʚʦʤ. 
2. ʊʝʧʣʦʪʝʭʥʠʯʝʩʢʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʧʦʨʦʰʢʦʚʦʡ ʤʝʪʘʣʣʫʨʛʠʠ 

ʂʦʤʧʘʥʠʷ çAdvanced Corporation for Materials & Equipmentsè ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʨʘʟʨʘʙʦʪʘʣʦ 

ʥʝʢʦʪʦʨʳʝ ʪʠʧʳ ʪʝʧʣʦʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʦʨʦʰʢʦʚʦʡ ʤʝʪʘʣʣʫʨʛʠʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʨʘʟʥʳʝ ʧʝʯʠ 

ʦʙʝʟʞʠʨʠʚʘʥʠʷ, ʢʘʨʙʦʥʠʟʘʮʠʠ, ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ, ʜʣʷ ʩʧʝʢʘʥʠʷ ʧʦʜ ʜʘʚʣʝʥʠʝʤ, ʜʣʷ ʦʙʝʟʞʠʨʠʚʘʥʠʷ ʠ 

ʩʧʝʢʘʥʠʷ ʠ ʘʛʣʦʤʝʨʘʮʠʠ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʪʝʭʥʦʣʦʛʠʡ ʧʦʨʦʰʢʦʚʦʡ ʤʝʪʘʣʣʫʨʛʠʠ. ʕʪʦ ʦʙʦʨʫʜʦʚʘʥʠʝ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʘʤʳʡ ʚʳʩʦʢʠʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʨʦʚʝʥʴ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʂʠʪʘʝ.  

3. ʆʙʦʨʫʜʦʚʘʥʠʝ ʚʘʢʫʫʤʥʦʡ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ 

  
ʘ.) ʙ.) 

ʈʠʩ. 2. (ʘ) ʂʦʥʩʪʨʫʢʪʠʚʥʘʷ ʩʭʝʤʘ ʚʝʨʪʠʢʘʣʴʥʦʡ ʧʝʯʠ ʚʘʢʫʫʤʥʦʡ ʚʦʜʷʥʦʡ ʟʘʢʘʣʢʠ (b) ʠ ʩʚʝʨʭʢʨʫʧʥʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʘʛʣʦʤʝʨʘʮʠʠ ʧʨʠ ʩʚʝʨʭʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. 

 

(b) 
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ʊʝʭʥʦʣʦʛʠʷ ʚʘʢʫʫʤʥʦʡ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʷʚʣʷʝʪʩʷ ʪʝʭʥʦʣʦʛʠʝʡ, ʧʦ ʢʦʪʦʨʦʡ ʚʳʙʠʨʘʶʪ 

ʧʦʜʭʦʜʷʱʫʶ ʩʨʝʜʫ ʦʭʣʘʞʜʝʥʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʨʝʙʦʚʘʥʠʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʠʟʤʝʥʝʥʠʷ 

ʬʘʟ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʯʪʦʙʳ ʤʘʪʝʨʠʘʣʳ ʠ ʢʦʥʩʪʨʫʢʮʠʠ, ʥʘʛʨʝʚʘʝʤʳʝ ʧʦʜ ʚʘʢʫʫʤʦʤ, ʧʦ 

ʪʨʝʙʫʝʤʦʡ ʩʢʦʨʦʩʪʠ ʦʭʣʘʞʜʝʥʠʷ ʦʭʣʘʞʜʘʪʴ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʚʳʭʦʜʝ ʧʝʯʠ.  

ʉʚʝʨʭʢʨʫʧʥʘʷ ʧʝʯʴ ʘʛʣʦʤʝʨʘʮʠʠ ʧʨʠ ʩʚʝʨʭʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʧʦʜ ʜʘʚʣʝʥʠʝʤ 

4. ʊʝʥʜʝʥʮʠʷ ʨʘʟʚʠʪʠʷ ʢʠʪʘʡʩʢʦʡ ʪʝʭʥʦʣʦʛʠʠ ʪʝʧʣʦʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ 

4.1. ʇʨʦʠʟʚʦʜʩʪʚʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʩ ʙʦʣʴʰʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ 

4.2. ʀʥʪʝʣʣʝʢʪʫʘʣʠʟʘʮʠʷ ʤʝʨʦʧʨʠʷʪʠʡ ʫʧʨʘʚʣʝʥʠʷ 

4.3. ʀʥʬʦʨʤʘʪʠʟʘʮʠʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʨʘʟʨʘʙʦʪʢʠ 

4.4. ʕʢʦʣʦʛʠʯʥʦʩʪʴ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʠʩʩʣʝʜʦʚʘʥʠʷ 

5. ɿʘʢʣʶʯʝʥʠʝ 

ɺ ʥʘʩʪʦʷʱʝʡ ʩʪʘʪʴʝ ʩ ʫʯʝʪʦʤ ʪʝʭʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʙʦʨʫʜʦʚʘʥʠʷ çAdvanced Corporation for 

Materials & Equipmentsè ʧʨʦʚʝʜʝʥʦ ʦʙ ʦʙʱʝʥʠʝ ʩʫʱʝʩʪʚʫʶʱʠʭ ʦʩʥʦʚʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ 

ʪʝʧʣʦʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʩ ʥʦʚʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ: ʧʝʯʴ ʭʠʤʠʯʝʩʢʦʛʦ ʬʘʟʦʚʦʛʦ ʦʩʝʜʘʥʠʷ 

ʢʦʤʧʦʟʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ C/C, C/C-SiC, ʧʝʯʴ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʦʢʠʩʣʝʥʠʷ/ʢʘʨʙʦʥʠʟʘʮʠʠ/ʛʨʘʬʠʪʠʟʘʮʠʠ 

ʫʛʣʝʨʦʜʥʦʛʦ ʚʦʣʦʢʥʘ ʧʨʠ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʧʝʯʴ ʦʙʝʟʞʠʨʠʚʘʥʠʷ/ʘʛʣʦʤʝʨʘʮʠʠ/ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʚ 

ʧʦʨʦʰʢʦʚʦʡ ʤʝʪʘʣʣʫʨʛʠʠ, ʚʘʢʫʫʤʥʘʷ ʧʝʯʴ ʚʘʢʫʫʤʥʦʡ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ, ʦʙʦʙʱʝʥʳ ʪʝʥʜʝʥʮʠʠ 

ʨʘʟʚʠʪʠʷ ʪʝʧʣʦʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʩ ʥʦʚʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ. ʈʘʩʩʤʦʪʨʝʥʳ ʫʚʝʣʠʯʝʥʠʝ ʤʘʩʰʪʘʙʦʚ, 

ʠʥʪʝʣʣʝʢʪʫʘʣʠʟʘʮʠʷ, ʠʥʬʦʨʤʘʪʠʟʘʮʠʷ, ʵʢʦʣʦʛʠʯʥʦʩʪʴ ʠ ʠʥʪʝʛʨʘʮʠʷ, ʯʪʦ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʦʧʨʝʜʝʣʝʥʥʫʶ ʩʧʨʘʚʦʯʥʫʶ ʟʥʘʯʠʤʦʩʪʴ ʜʣʷ ʨʘʟʚʠʪʠʷ ʢʠʪʘʡʩʢʦʛʦ ʪʝʧʣʦʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʚ 

ʥʘʧʨʘʚʣʝʥʠʠ ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ ʧʝʨʝʜʦʚʦʛʦ ʫʨʦʚʥʷ.   
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Xiang Xiong, Wei Sun, Zhaoke Chen, Yabei Chang 

China, Changsha, State key Laboratory of Powder Metallurgy, Central South University 
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INTRODUCTION 

C/C-ZrC-SiC composites is one of the effective material solutions to overcome ever aerodynamic heating 

and high-speed particle erosion due to its good combination of C/C compositesô good toughness, thermal shock 

resistance and UHTCsô excellent anti-ablation property. However, when Zr,Si mixed powders are used as 

infiltrant, the problem is that the rapid reaction rate of Zr, Si and C makes it difficult to control the microstructure, 

and many micro-cracks are generated. In order to make the infiltration and structure in a controllable way, a new 

kind of infiltrant, Zr,Si tablet, was used instead of Zr,Si mixed powders. This new RMI was expected to reduce 

the contact area and ensure the infiltration progress steady. Infiltration using Zr,Si mixed powder and ZrSi4 alloy 

as infiltrants were also conducted for comparison. Microstructure and ablation behavior of all obtained C/C-ZrC-

SiC composites were investigated.  

MATERIALS AND METHODS 

2.5D needled integral C/C preforms (T700, PAN-based carbon fibers, Japan) were prepared by a needle-

punching technique, then densified to 1.25g/cm3 by isothermal CVD with CH4, H2 and N2 at 1050ᴈ. Zr,Si mixed 

powers with Zr/Si atom ratio of 1/4 were balled in absolute ethanol for 24h, then further dried in vacuum. Zr,Si 

tablets(ū30Ĭ30mm) were formed by hydraulic press inside a cylindrical mold(ū30mm) with Zr,Si mixed powders 

prepared previously. ZrSi4 alloy was also used as infiltrant for comparison in this paper. Porous C/C composites 

were placed in graphic crucibles together with the infiltrants. The four infiltration ways are the C/C preform on 

or beneath Zr,Si tablet; C/C packed by Zr,Si mixed powder; C/C beneath ZrSi4 alloy. All samples were heated at 

an average rate of 10ᴈ to 2000ᴈ in flowing argon and kept for 2 hours, finally cooled at 5ᴈ/min to room 

temperature. The obtained C/C-ZrC-SiC composites infiltrated by tablets, mixed powders and alloy were labeled 

as SU/SD, SP and SA, respectively. Note that SU referred to that the C/C preform was placed on the tablet, while 

SD meat that the C/C preform was placed beneath the table. 

RESULTS AND DISCUSSION 
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As shown in Fig.1, this new improved RMI is feasible to prepare a dense gradient C/C-ZrC-SiC composite 

using Zr,Si tablet as infiltrant. Meanwhile, traditional RMI with Zr,Si mixed powder and alloy only obtain a 

homogeneous C/C-ZrC-SiC composites. 

As shown in Fig.2, among all the ablated C/C-ZrC-SiC composites, sample SU-E possessed the lowest 

mass and linear ablation rate of -0.02Ĭ10-3 g/s and 0.33Ĭ10-3 mm/s, respectively.  

 
Fig.1 - SEM images of the cross-section of C/C-ZrC-SiC: (a) whole cross-section of sample SU (b) 

magnification of point B (c) magnification of point D, respectively (d) cross-section of sample SP 

 
Fig.2 - Mass and linear ablation rates of C/C composites (a) SU-E (b) SU-A (c) SD-E (d) SP (e) SA; E 

and A represent ZrC-rich surface and SiC-rich surface, respectively 

CONCLUSION 

The gradient microstructure and relative content of ZrC and SiC in C/C-ZrC-SiC composites are beneficial 

to its excellent anti-ablation performance. 
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APPLICATION OF CARBO N-CARBON COMPOZIT MATE RIAL IN CONSTRACTION  OF 

PROTECTIVE HEAT SHIL D SPACECRAFT çINTERHELIO -ZONDè 

Aksenova I.V., Alekseev S.V., Bogachev V.A., Nikonova A.O. 

 
ʈʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʧʨʦʨʘʙʦʪʢʝ ʚʦʧʨʦʩʘ ʚʳʙʦʨʘ ʢʦʥʩʪʨʫʢʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʟʘʱʠʪʥʦʛʦ ʵʢʨʘʥʘ 

ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ  çʀʥʪʝʨʛʝʣʠʦ-ʟʦʥʜè.  

The work is devoted to study the question of selection construction material for a protective shield 

spacecraft "Interhelio-Zond". 

 

ʄʠʩʩʠʷ ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ (ʂɸ) çʀʥʪʝʨʛʝʣʠʦ-ɿʦʥʜè, ʥʘʫʯʥʦʡ ʮʝʣʴʶ ʢʦʪʦʨʦʛʦ ʷʚʣʷʝʪʩʷ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʦʢʦʣʦʩʦʣʥʝʯʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʩ ʙʣʠʟʢʠʭ ʨʘʩʩʪʦʷʥʠʡ (60ï70 ʨʘʜʠʫʩʦʚ ʉʦʣʥʮʘ), 

ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʥʘʣʠʯʠʷ ʚ ʝʛʦ ʢʦʥʩʪʨʫʢʮʠʠ ʵʢʨʘʥʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ ʟʘʱʠʪʫ ʂɸ ʦʪ 

ʜʣʠʪʝʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ: ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʳ (ʜʦ 600 Áʉ), ʫʜʘʨʦʚ 

ʯʘʩʪʠʮ ʤʝʪʝʦʨʥʳʭ ʧʦʪʦʢʦʚ, ʧʦʪʦʢʘ ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ (ʀʀ ʂʇ 2,5x106 ʈʘʜ). ʂʨʦʤʝ ʪʦʛʦ, ʵʢʨʘʥ ʜʦʣʞʝʥ 

ʚʳʜʝʨʞʠʚʘʪʴ ʥʘʛʨʫʟʢʠ ʠ ʚʠʙʨʘʮʠʠ, ʚʦʟʥʠʢʘʶʱʠʝ ʧʨʠ ʩʪʘʨʪʝ ʂɸ, ʦʙʝʩʧʝʯʠʚʘʪʴ ʦʧʪʠʤʘʣʴʥʳʝ ʫʩʣʦʚʠʷ 

ʨʘʙʦʪʳ ʥʘʫʯʥʦʡ ʘʧʧʘʨʘʪʫʨʳ ʂɸ ʚ ʧʨʦʮʝʩʩʝ ʧʦʣʝʪʘ, ʦʙʣʘʜʘʪʴ ʤʠʥʠʤʘʣʴʥʦʡ ʤʘʩʩʦʡ ʧʨʠ ʟʘʜʘʥʥʳʭ 

ʛʘʙʘʨʠʪʘʭ.  

ʂʨʠʪʝʨʠʷʤʠ ʜʣʷ ʚʳʙʦʨʘ ʤʘʪʝʨʠʘʣʘ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʟʘʱʠʪʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʵʢʨʘʥʘ 

ʷʚʣʷʣʠʩʴ: 

- ʪʝʧʣʦʚʦʡ ʧʦʪʦʢ 17500 ɺʪ/ʤ2; 

- ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʚʥʝʰʥʝʡ ʦʙʰʠʚʢʝ ʢʦʥʩʪʨʫʢʮʠʠ  600 ʦʉ; 

- ʩʦʭʨʘʥʝʥʠʝ ʵʣʝʤʝʥʪʘʤʠ ʢʦʥʩʪʨʫʢʮʠʠ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʚ ʫʩʣʦʚʠʷʭ ʚʦʟʜʝʡʩʪʚʠʷ 

ʨʘʩʯʝʪʥʳʭ ʪʝʧʣʦʚʳʭ, ʨʘʜʠʘʮʠʦʥʥʳʭ ʠ ʩʠʣʦʚʳʭ ʥʘʛʨʫʟʦʢ. 

ʈʘʩʯʝʪʥʳʝ ʫʩʣʦʚʠʷ ʵʢʩʧʣʫʘʪʘʮʠʠ ʂɸ  ʠ ʥʘʣʠʯʠʝ ʙʦʣʴʰʦʛʦ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʦʧʳʪʘ ʰʠʨʦʢʦʛʦ 

ʧʨʠʤʝʥʝʥʠʷ ʚ ʩʦʩʪʘʚʝ ʪʝʧʣʦʟʘʱʠʪʥʳʭ ʦʙʦʣʦʯʝʢ ʫʛʣʝʨʦʜ-ʫʛʣʝʨʦʜʥʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

(ʋʋʂʄ) ʦʙʫʩʣʦʚʠʣʠ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʠ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʵʣʝʤʝʥʪʦʚ 

ʢʦʥʩʪʨʫʢʮʠʠ ʟʘʱʠʪʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʵʢʨʘʥʘ ʂɸ çʀʥʪʝʨʛʝʣʠʦ-ɿʦʥʜè ʤʘʪʝʨʠʘʣʦʚ ʜʘʥʥʦʛʦ ʚʠʜʘ [1]. 

 ʋʋʂʄ ʚ ʢʘʯʝʩʪʚʝ ʥʘʧʦʣʥʠʪʝʣʷ ʩʦʜʝʨʞʘʪ ʫʛʣʝʨʦʜʥʳʡ ʘʨʤʠʨʫʶʱʠʡ ʵʣʝʤʝʥʪ: ʜʠʩʢʨʝʪʥʳʝ ʚʦʣʦʢʥʘ, 

ʥʝʧʨʝʨʳʚʥʳʝ ʥʠʪʠ, ʞʛʫʪʳ, ʣʝʥʪʳ ʠʣʠ ʪʢʘʥʠ. ʄʘʪʨʠʮʝʡ ʚ ʋʋʂʄ, ʩʢʣʝʠʚʘʶʱʝʡ  ʥʘʧʦʣʥʠʪʝʣʴ, ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʣʦʚʠʷ ʧʦʣʫʯʝʥʠʷ ʠ ʧʦʩʪʘʚʣʝʥʥʳʭ ʟʘʜʘʯ ʩʣʫʞʠʪ ʧʠʨʦʫʛʣʝʨʦʜ, ʩʪʝʢʣʦʫʛʣʝʨʦʜ, ʛʨʘʬʠʪ, 

ʧʠʨʦʛʨʘʬʠʪ ʠʣʠ ʩʘʞʘ - ʧʨʘʢʪʠʯʝʩʢʠ ʯʠʩʪʳʡ ʫʛʣʝʨʦʜ. ɼʘʥʥʳʡ ʩʦʩʪʘʚ ʜʝʣʘʝʪ ʋʋʂʄ ʩʘʤʳʤ ʪʝʧʣʦʩʪʦʡʢʠʤ 

ʚ ʩʚʦʝʤ ʨʦʜʝ ʤʘʪʝʨʠʘʣʦʤ. ʂʨʦʤʝ ʪʦʛʦ ʋʋʂʄ ʦʙʣʘʜʘʶʪ ʨʷʜʦʤ ʧʨʝʠʤʫʱʝʩʪʚ ʧʝʨʝʜ ʤʝʪʘʣʣʘʤʠ (ʪʠʪʘʥ, 

ʩʪʘʣʴ, ʤʝʜʴ) ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʧʦ ʟʥʘʯʝʥʠʷʤ ʫʜʝʣʴʥʳʭ ʧʨʦʯʥʦʩʪʠ, ʞʝʩʪʢʦʩʪʠ, ʤʘʢʩʠʤʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 

ʵʢʩʧʣʫʘʪʘʮʠʠ, ʪʝʧʣʦʵʨʦʟʠʦʥʥʦʡ ʩʪʦʡʢʦʩʪʠ [2]. 

ʅʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʪʝʭʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʘʟʣʠʯʥʳʭ ʋʋʂʄ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʵʣʝʤʝʥʪʦʚ 

ʢʦʥʩʪʨʫʢʮʠʠ ʪʝʧʣʦʚʦʛʦ ʟʘʱʠʪʥʦʛʦ ʵʢʨʘʥʘ ʙʳʣ ʚʳʙʨʘʥ ʤʘʪʝʨʠʘʣ çʋʛʣʝʢʦʥè ʥʘ ʦʩʥʦʚʝ ʥʠʟʢʦʤʦʜʫʣʴʥʦʛʦ 

ʫʛʣʝʨʦʜʥʦʛʦ ʚʦʣʦʢʥʘ, ʢʦʢʩʘ ʠ ʧʠʨʦʫʛʣʝʨʦʜʘ. ʊʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʪʝʨʠʘʣʘ çʋʛʣʝʢʦʥè ʦʪʚʝʯʘʶʪ 

ʟʘʷʚʣʝʥʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ, ʠʟ ʜʘʥʥʦʛʦ ʋʋʂʄ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʳʤ ʠʟʛʦʪʦʚʣʝʥʠʝ ʪʦʥʢʦʩʪʝʥʥʳʭ 

ʢʨʫʧʥʦʛʘʙʘʨʠʪʥʳʭ ʟʘʛʦʪʦʚʦʢ ʩʣʦʞʥʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʬʦʨʤʳ, ʢʨʦʤʝ ʪʦʛʦ ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʥʘ 

ʜʘʥʥʳʡ ʤʘʪʝʨʠʘʣ ʚʦʟʤʦʞʥʦ ʥʘʥʝʩʝʥʠʝ ʩʚʝʪʦʦʪʨʘʞʘʶʱʠʭ ʧʦʢʨʳʪʠʡ ʠʟ ʧʠʨʦʫʛʣʝʨʦʜʘ ʠʣʠ ʤʝʪʘʣʣʘ.  

ʉ ʮʝʣʴʶ ʦʪʨʘʙʦʪʢʠ ʪʝʭʥʦʣʦʛʠʠ ʠʟʛʦʪʦʚʣʝʥʠʷ ʟʘʱʠʪʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʵʢʨʘʥʘ ʠ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʝʛʦ 

ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʠʟʛʦʪʦʚʣʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʢʦʤʧʣʝʢʪʦʚ ʦʙʨʘʟʮʦʚ ʠʟ ʤʘʪʝʨʠʘʣʘ 

çʋʛʣʝʢʦʥè. 

ʊʝʭʥʦʣʦʛʠʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʪʝʧʣʦʚʦʛʦ ʟʘʱʠʪʥʦʛʦ ʵʢʨʘʥʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʝʭʥʦʣʦʛʠʠ 

ʠʟʛʦʪʦʚʣʝʥʠʷ ʪʝʧʣʦʟʘʱʠʪʥʳʭ ʦʙʦʣʦʯʝʢ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ ʩ ʫʯʝʪʦʤ ʤʘʩʰʪʘʙʥʦʛʦ ʬʘʢʪʦʨʘ. ʇʦ ʵʪʦʡ 

ʧʨʠʯʠʥʝ ʧʨʦʠʟʚʦʜʠʪʝʣʝʤ ʵʣʝʤʝʥʪʦʚ ʵʢʨʘʥʘ ʠʟ ʤʘʪʝʨʠʘʣʘ çʋʛʣʝʢʦʥè ʙʳʣʘ ʚʳʙʨʘʥʘ ʩʭʦʞʘʷ ʤʘʨʰʨʫʪʥʦ-

ʪʝʭʥʦʣʦʛʠʯʥʘʷ ʩʭʝʤʘ ʠʟʛʦʪʦʚʣʝʥʠʷ, ʚʢʣʶʯʘʶʱʘʷ ʚ ʩʝʙʷ ʩʣʝʜʫʶʱʠʝ ʩʪʘʜʠʠ: 
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1) ʀʟʛʦʪʦʚʣʝʥʠʝ ʪʢʘʥʦ-ʧʨʦʰʠʚʥʦʛʦ ʢʘʨʢʘʩʘ ʤʝʪʦʜʦʤ ʚʳʢʣʘʜʢʠ ʟʘʛʦʪʦʚʦʢ ʩʣʦʝʚ ʫʛʣʝʨʦʜʥʦʡ ʪʢʘʥʠ 

ʋʨʘʣ ʊʄ-4 (ʩʦʜʝʨʞʘʥʠʝ ʫʛʣʝʨʦʜʘ 90-99%) ʠ ʩʰʠʚʘʥʠʷ ʠʭ ʤʝʞʜʫ ʩʦʙʦʡ ʫʛʣʝʨʦʜʥʦʡ ʥʠʪʴʶ ʋʨʘʣ ʅʰ/215-

24ɸ ʥʘ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʡ ʦʩʥʘʩʪʢʝ ʜʣʷ ʰʠʪʴʷ; 

2) ʀʟʛʦʪʦʚʣʝʥʠʝ ʫʛʣʝʧʣʘʩʪʠʢʦʚʳʭ ʟʘʛʦʪʦʚʦʢ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʘʪʨʠʯʥʦʡ ʠ ʧʫʘʥʩʦʥʦʚʦʡ ʦʩʥʘʩʪʦʢ 

ʜʣʷ ʬʦʨʤʦʚʘʥʠʷ ʧʦʩʨʝʜʩʪʚʦʤ ʧʨʦʧʠʪʢʠ ʧʨʦʰʠʚʥʦʛʦ ʢʘʨʢʘʩʘ ʩʚʷʟʫʶʱʠʤ ɹɾ-3, ʧʦʩʣʝʜʫʶʱʝʡ ʩʫʰʢʦʡ ʠ 

ʪʝʨʤʦʦʙʨʘʙʦʪʢʦʡ ʚ ʢʘʤʝʨʝ ʧʨʠ 150 Áʉ;  

 3) ʇʨʝʜʚʘʨʠʪʝʣʴʥʘʷ ʤʝʭʘʥʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʟʘʛʦʪʦʚʦʢ ʧʦ ʧʝʨʠʤʝʪʨʫ ʠ ʠʟʛʦʪʦʚʣʝʥʠʝ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʙʦʨʦʢ ʜʣʷ ʩʦʭʨʘʥʝʥʠʷ ʛʝʦʤʝʪʨʠʠ ʟʘʛʦʪʦʚʦʢ ʧʨʠ ʜʘʣʴʥʝʡʰʝʡ ʪʝʨʤʦʭʠʤʠʯʝʩʢʦʡ 

ʦʙʨʘʙʦʪʢʝ; 

4) ʇʨʦʚʝʜʝʥʠʝ ʪʝʨʤʦʭʠʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʋʋʂʄ, ʚʢʣʶʯʘʶʱʝʡ ʚ ʩʝʙʷ 3 ʩʪʘʜʠʠ: 

- ʢʘʨʙʦʥʠʟʘʮʠʷ, ʧʨʠ ʢʦʪʦʨʦʡ ʧʦʣʠʤʝʨʥʘʷ ʤʘʪʨʠʮʘ ʟʘʛʦʪʦʚʢʠ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ 850 Áʉ 

ʨʘʟʨʫʰʘʝʪʩʷ ʠ ʨʘʩʧʘʜʘʝʪʩʷ ʥʘ ʫʛʣʝʨʦʜ (ʢʦʢʩ) ʠ ʣʝʪʫʯʠʝ ʩʦʩʪʘʚʣʷʶʱʠʝ; 

- ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʘʷ ʦʙʨʘʙʦʪʢʘ ʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʝ ʧʠʨʦʫʧʣʦʪʥʝʥʠʝ ʟʘ ʩʯʝʪ ʥʘʛʨʝʚʘ ʟʘʛʦʪʦʚʦʢ ʜʦ 

ʪʝʤʧʝʨʘʪʫʨ 1500-1800 Áʉ; 

- ʠʟʦʪʝʨʤʠʯʝʩʢʦʝ ʧʠʨʦʫʧʣʦʪʥʝʥʠʝ, ʧʨʠ ʢʦʪʦʨʦʤ ʟʘ ʩʯʝʪ ʧʨʦʧʫʩʢʘʥʠʷ ʫʛʣʝʨʦʜʩʦʜʝʨʞʘʱʝʛʦ ʛʘʟʘ ʥʘʜ 

ʧʦʚʝʨʭʥʦʩʪʴʶ ʥʘʛʨʝʪʦʡ ʚ ʚʘʢʫʫʤʥʦʡ ʢʘʤʝʨʝ ʟʘʛʦʪʦʚʢʠ ʧʨʦʠʩʭʦʜʠʪ ʦʩʘʞʜʝʥʠʝ ʫʛʣʝʨʦʜʘ ʚ ʧʦʨʘʭ ʟʘʛʦʪʦʚʢʠ. 

ʇʦ ʧʨʠʯʠʥʝ ʜʦʩʪʘʪʦʯʥʦ ʙʳʩʪʨʦʛʦ ʫʤʝʥʴʰʝʥʠʷ ʧʨʦʬʠʣʷ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʧʦʨ ʫ ʧʦʚʝʨʭʥʦʩʪʠ, 

ʩʣʝʜʩʪʚʠʝʤ ʯʝʛʦ ʷʚʣʷʝʪʩʷ ʧʨʝʞʜʝʚʨʝʤʝʥʥʦʝ ʦʙʨʘʟʦʚʘʥʠʝ ʧʦʚʝʨʭʥʦʩʪʥʦʡ çʢʦʨʦʯʢʠè ʠ ʨʘʟʥʦʧʣʦʪʥʦʩʪʴ 

ʧʦʣʫʯʘʝʤʦʛʦ ʋʋʂʄ, ʜʘʥʥʳʡ ʧʨʦʮʝʩʩ ʚʳʥʫʞʜʝʥʥʦ ʧʨʠʭʦʜʠʪʩʷ ʚʝʩʪʠ ʧʨʠ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʠʟʢʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʥʠʟʢʦʤ ʧʘʨʮʠʘʣʴʥʦʤ ʜʘʚʣʝʥʠʠ ʫʛʣʝʨʦʜʩʦʜʝʨʞʘʱʝʛʦ ʛʘʟʘ ʚ ʪʝʯʝʥʠʝ 360 ʯʘʩʦʚ. 

5) ʆʢʦʥʯʘʪʝʣʴʥʘʷ ʤʝʭʘʥʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʵʣʝʤʝʥʪʦʚ ʥʘ ʤʝʪʘʣʣʦʨʝʞʫʱʠʭ ʩʪʘʥʢʘʭ ʩʦʛʣʘʩʥʦ ʯʝʨʪʝʞʫ 

ʩ ʧʦʤʦʱʴʶ ʘʣʤʘʟʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ ʪʨʝʙʫʝʤʳʝ ʪʦʯʥʦʩʪʴ ʦʙʨʘʙʦʪʢʠ ʠ ʢʘʯʝʩʪʚʦ 

ʧʦʚʝʨʭʥʦʩʪʠ ʋʋʂʄ; 

6) ʆʢʦʥʯʘʪʝʣʴʥʘʷ ʩʙʦʨʢʘ ʬʨʘʛʤʝʥʪʘ ʪʝʧʣʦʚʦʛʦ ʟʘʱʠʪʥʦʛʦ ʵʢʨʘʥʘ ʧʦ ʩʙʦʨʦʯʥʦʤʫ ʯʝʨʪʝʞʫ, 

ʦʩʦʙʝʥʥʦʩʪʴʶ ʢʦʪʦʨʦʡ ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʦʧʝʨʘʮʠʠ ʦʙʝʟʞʠʨʠʚʘʥʠʷ, ʤʦʡʢʠ ʠ ʩʫʰʢʠ ʩʙʦʨʦʯʥʦʡ ʝʜʠʥʠʮʳ 

ʜʣʷ ʫʜʘʣʝʥʠʷ ʫʛʣʝʨʦʜʥʦʡ ʧʳʣʠ ʩ ʧʦʚʝʨʭʥʦʩʪʠ. 

ʂʨʝʧʣʝʥʠʝ ʵʣʝʤʝʥʪʦʚ ʚʥʫʪʨʝʥʥʝʡ ʩʪʦʨʦʥʳ ʠ ʩʠʣʦʚʦʛʦ ʥʘʙʦʨʘ ʬʨʘʛʤʝʥʪʦʚ ʵʢʨʘʥʘ ʧʨʝʜʣʘʛʘʝʪʩʷ 

ʧʨʦʠʟʚʦʜʠʪʴ ʧʨʠ ʧʦʤʦʱʠ ʩʪʘʥʜʘʨʪʥʳʭ ʟʘʢʣʝʧʦʢ, ʘ ʢʨʝʧʣʝʥʠʝ ʚʥʝʰʥʝʡ ʩʪʦʨʦʥʳ ï ʧʨʠ ʧʦʤʦʱʠ ʙʦʣʪʦʚ ʠ 

ʛʘʝʢ ʠʟ ʋʋʂʄ. ʀʩʧʳʪʘʥʠʷ, ʮʝʣʴʶ ʢʦʪʦʨʳʭ ʙʳʣʦ ʦʧʨʝʜʝʣʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʢʣʝʧʢʠ 

ʧʣʘʩʪʠʥ ʠʟ ʤʘʪʝʨʠʘʣʘ çʋʛʣʝʢʦʥè, ʧʦʜʪʚʝʨʜʠʣʠ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʟʘʢʣʝʧʦʯʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

ʥʘ ʪʳʣʴʥʦʡ ʩʪʦʨʦʥʝ ʢʦʥʩʪʨʫʢʮʠʠ, ʘ ʧʦ ʥʘʨʫʞʥʦʡ ʩʪʦʨʦʥʝ -  ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʨʝʧʝʞʘ ʠʟ ʤʘʪʝʨʠʘʣʘ 

çʋʛʣʝʢʦʥè. 

ʇʨʝʜʣʘʛʘʝʤʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʩʭʝʤʳ ʠʟʛʦʪʦʚʣʝʥʠʷ ʟʘʛʦʪʦʚʦʢ ʠʟ ʤʘʪʝʨʠʘʣʘ çʋʛʣʝʢʦʥè ʧʦʟʚʦʣʷʪ 

ʧʦʣʫʯʠʪʴ ʦʙʨʘʟʮʳ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʦʪʨʘʙʦʪʢʠ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ  ʠ ʪʝʭʥʠʯʝʩʢʠʭ 

ʨʝʰʝʥʠʡ ʠʟʛʦʪʦʚʣʝʥʠʷ ʪʝʧʣʦʚʦʛʦ ʟʘʱʠʪʥʦʛʦ ʵʢʨʘʥʘ. 
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ʂʆʅʉʊʈʋʂʎʀʀ ʈɸʂɽʊʅʆʂʆʉʄʀʏɽʉʂʆʁ ʊɽʍʅʀʂʀ ʀ ʉʆɺʈɽʄɽʅʅʓɽ ʊɽʍʅʆʃʆɻʀʀ 

ʀʍ ʀɿɻʆʊʆɺʃɽʅʀʗ 

ɸʣʝʢʩʘʥʜʨʦʚ ʅ.ɻ.*, ʊʠʤʦʬʝʝʚ ɸ.ʅ.**, ʆʣʝʥʠʥ ʀ.ɻ.*, ʐʫʤʦʚ ɸ.ɽ.* 

ʈʦʩʩʠʷ, ʛ. ʄʦʩʢʚʘ, ʌɻʋʇ çɻʂʅʇʎ ʠʤ. ʍʨʫʥʠʯʝʚʘè ʂɹ çʉʘʣʶʪè 

ʈʦʩʩʠʷ, ʛ. ʂʦʨʦʣʝʚ, ʆɸʆ çʂʦʤʧʦʟʠʪè 

 

ʅʘʤʝʪʠʚʰʘʷʩʷ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʪʝʥʜʝʥʮʠʷ ʧʦʚʳʰʝʥʠʷ ʤʘʩʩʳ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ ʚʳʟʳʚʘʝʪ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ ʨʘʙʦʪ ʧʦ ʧʦʚʳʰʝʥʠʶ ʵʥʝʨʛʦʤʘʩʩʦʚʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʨʝʜʩʪʚ ʚʳʚʝʜʝʥʠʷ ï 

ʨʘʢʝʪ-ʥʦʩʠʪʝʣʝʡ (ʈʅ) ʠ ʨʘʟʛʦʥʥʳʭ ʙʣʦʢʦʚ (ʈɹ). ʅʘʧʨʠʤʝʨ, ʩʝʨʠʷ ʤʦʜʝʨʥʠʟʘʮʠʡ ʢʦʩʤʠʯʝʩʢʦʛʦ ʨʘʢʝʪʥʦʛʦ 



ʉɽʂʎʀʗ 2 ʂʆʄʇʆɿʀʎʀʆʅʅʓɽ ʄɸʊɽʈʀɸʃʓ, ɺʂʃʖʏɸʗ ʇʆʃʀʄɽʈʅʓɽ 
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ʢʦʤʧʣʝʢʩʘ çʇʨʦʪʦʥ-ʄè/çɹʨʠʟ-ʄè, ʧʦʟʚʦʣʠʣʘ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʜʦʚʝʩʪʠ ʤʘʩʩʫ ʧʦʣʝʟʥʦʡ ʥʘʛʨʫʟʢʠ, 

ʚʳʚʦʜʠʤʫʶ ʥʘ ʛʝʦʧʝʨʝʭʦʜʥʫʶ ʦʨʙʠʪʫ, ʜʦ 6400 ʢʛ. 

ɺʦ ʚʨʝʤʷ ʵʢʩʧʣʫʘʪʘʮʠʠ ʥʘ ʢʦʥʩʪʨʫʢʮʠʠ ʚʦʟʜʝʡʩʪʚʫʶʪ ʨʘʟʣʠʯʥʳʝ ʬʘʢʪʦʨʳ: ʤʝʭʘʥʠʯʝʩʢʠʝ ʠ 

ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʥʘʛʨʫʟʢʠ, ʨʘʜʠʘʮʠʷ, ʢʣʠʤʘʪʠʯʝʩʢʠʝ, ʘʛʨʝʩʩʠʚʥʘʷ ʩʨʝʜʘ. ʇʦʵʪʦʤʫ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ 

ʨʘʢʝʪʥʦ-ʢʦʩʤʠʯʝʩʢʦʡ ʪʝʭʥʠʢʠ, ʘ ʵʪʦ, ʧʨʝʞʜʝ ʚʩʝʛʦ ʚʳʙʦʨ ʦʧʪʠʤʘʣʴʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ, ʥʝʦʙʭʦʜʠʤʦ 

ʪʱʘʪʝʣʴʥʦ ʧʦʜʙʠʨʘʪʴ ʤʘʪʝʨʠʘʣʳ ʠ ʪʝʭʥʦʣʦʛʠʠ ʠʟʛʦʪʦʚʣʝʥʠʷ.  

ɺ ʜʦʢʣʘʜʝ, ʥʘ ʧʨʠʤʝʨʝ ʥʘʠʙʦʣʝʝ ʭʘʨʘʢʪʝʨʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ (ʩʫʭʠʝ ʥʝʛʝʨʤʝʪʠʯʥʳʝ ʦʪʩʝʢʠ, 

ʪʦʧʣʠʚʥʳʝ ʙʘʢʠ, ʙʘʣʣʦʥʳ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ, ʪʨʫʙʦʧʨʦʚʦʜʳ ʪʦʧʣʠʚʥʳʭ ʩʠʩʪʝʤ), ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ 

ʥʦʚʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ ʠ ʧʨʝʜʣʦʞʝʥʠʷ. 

ʋ ʢʘʞʜʦʡ ʪʝʭʥʦʣʦʛʠʠ ʝʩʪʴ ʩʚʦʠ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ. ʅʘʧʨʠʤʝʨ, ʢʣʝʧʘʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ 

ʠʤʝʶʪ ʥʘʠʤʝʥʴʰʫʶ ʤʘʩʩʫ, ʥʦ ʥʘʠʙʦʣʴʰʫʶ ʪʨʫʜʦʝʤʢʦʩʪʴ. ʌʨʝʟʝʨʦʚʘʥʥʳʝ ʦʪʩʝʢʠ ʠʤʝʶʪ ʤʘʣʝʥʴʢʠʡ 

ʢʦʵʬʬʠʮʠʝʥʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʘʪʝʨʠʘʣʘ, ʙ·ʣʴʰʫʶ ʤʘʩʩʫ, ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʘʣʫʶ ʪʨʫʜʦʝʤʢʦʩʪʴ. ɺ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʟʘ ʩʯʝʪ ʧʨʠʤʝʥʝʥʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʟʥʘʯʠʪʝʣʴʥʦ ʩʦʢʨʘʱʘʝʪʩʷ 

ʪʨʫʜʦʝʤʢʦʩʪʴ ʠʟʛʦʪʦʚʣʝʥʠʷ ʠʟʜʝʣʠʡ. ʅʘʧʨʠʤʝʨ, ʧʨʠʤʝʥʝʥʠʝ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʬʨʠʢʮʠʦʥʥʦʡ ʩʚʘʨʢʠ 

ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʪʨʫʜʦʝʤʢʦʩʪʴ ʠʟʛʦʪʦʚʣʝʥʠʷ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʥʘ 20% ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʘʨʛʦʥʦʜʫʛʦʚʦʡ 

ʩʚʘʨʢʦʡ, ʧʨʠʤʝʥʝʥʠʝ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʧʨʠ ʢʣʝʧʘʥʳʭ ʨʘʙʦʪʘʭ ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ 

ʪʨʫʜʦʝʤʢʦʩʪʴ ʚ 2 ʨʘʟʘ. ʀʣʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʡ ʩʚʘʨʢʠ (ʘʨʛʦʥʦʜʫʛʦʚʘʷ+ʣʘʟʝʨʥʘʷ) ʧʦʟʚʦʣʷʝʪ 

ʩʥʠʟʠʪʴ ʪʝʧʣʦʚʫʶ ʥʘʛʨʫʟʢʫ ʥʘ ʤʝʪʘʣʣ, ʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʫʚʝʣʠʯʠʪʴ ʧʨʦʯʥʦʩʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʩʦʝʜʠʥʝʥʠʷ. 

ɺʩʝ ʙʦʣʴʰʝʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʤʠʨʝ ʥʘʭʦʜʷʪ ʢʦʥʩʪʨʫʢʮʠʠ ʠʟ ʇʂʄ ʩ ʪʝʨʤʦʧʣʘʩʪʠʯʥʦʡ ʤʘʪʨʠʮʝʡ. ʊʘʢʠʝ 

ʢʦʥʩʪʨʫʢʮʠʠ ʦʙʣʘʜʘʶʪ ʥʠʟʢʠʤʠ ʚʝʩʦʚʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʠʟ ʥʠʭ ʤʦʞʥʦ ʩʦʟʜʘʚʘʪʴ ʢʦʥʩʪʨʫʢʮʠʠ, ʥʝ 

ʫʩʪʫʧʘʶʱʠʝ ʧʦ ʩʚʦʠʤ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ ʤʝʪʘʣʣʠʯʝʩʢʠʤ, ʘ ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʠ 

ʧʨʝʚʦʩʭʦʜʷʱʠʭ ʠʭ. ʇʨʝʠʤʫʱʝʩʪʚʦʤ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʩ ʠʭ ʧʦʤʦʱʴʶ ʤʦʞʥʦ 

ʩʦʟʜʘʪʴ ʨʘʚʥʦʧʨʦʯʥʫʶ, ʨʘʟʤʝʨʦʩʪʘʙʠʣʴʥʫʶ ʣʝʛʢʫʶ ʢʦʥʩʪʨʫʢʮʠʶ, ʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʝʨʤʦʧʣʘʩʪʘ ʧʦʟʚʦʣʷʝʪ 

ʧʦʣʥʦʩʪʴʶ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩ ʠʟʛʦʪʦʚʣʝʥʠʷ ʠ ʨʘʟʨʘʙʦʪʘʪʴ ʨʝʤʦʥʪʥʳʝ ʚʘʨʠʘʥʪʳ. ʇʨʠʤʝʥʝʥʠʝ 

ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʩʧʦʩʦʙʥʳʭ ʚʳʢʣʘʜʳʚʘʪʴ ʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʦʪʚʝʨʞʜʘʪʴ ʩʚʷʟʫʶʱʝʝ, 

ʧʦʟʚʦʣʠʪ ʟʥʘʯʠʪʝʣʴʥʦ (ʚ 2 ʨʘʟʘ) ʩʦʢʨʘʪʠʪʴ ʮʠʢʣ ʠʟʛʦʪʦʚʣʝʥʠʷ ʙʘʢʘ.  

ɸʥʘʣʠʟ ʢʦʤʧʦʥʦʚʢʠ ʪʦʧʣʠʚʥʳʭ ʙʘʢʦʚ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʥʘ ʙʘʢʘʭ ʤʦʥʪʠʨʫʝʪʩʷ, ʢʘʢ ʧʨʘʚʠʣʦ, ʤʥʦʛʦ 

ʥʘʚʝʩʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ (ʪʨʫʙʦʧʨʦʚʦʜʳ, ʢʘʙʝʣʠ, ʧʨʠʙʦʨʳ ʠ ʪ.ʜ.). ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʣʷ ʢʨʝʧʣʝʥʠʷ ʵʪʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʨʠʤʝʥʷʶʪʩʷ ʧʨʠʚʘʨʥʳʝ ʵʣʝʤʝʥʪʳ, ʯʪʦ ʟʘʩʪʘʚʣʷʝʪ ʢʦʥʩʪʨʫʢʪʦʨʦʚ ʚ ʤʝʩʪʘ ʠʭ ʫʩʪʘʥʦʚʢʠ 

ʫʪʦʣʱʘʪʴ ʢʦʥʩʪʨʫʢʮʠʶ ʧʦʜ ʩʚʘʨʢʫ. ʀ ʪʘʢʠʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʪʦʣʱʠʥ ʥʘʢʘʧʣʠʚʘʝʪʩʷ ʜʦʚʦʣʴʥʦ ʤʥʦʛʦ, ʯʪʦ 

ʩʫʱʝʩʪʚʝʥʥʦ ʫʚʝʣʠʯʠʚʘʝʪ ʤʘʩʩʫ ʢʦʥʩʪʨʫʢʮʠʠ. ʉʦʚʨʝʤʝʥʥʳʝ ʨʦʙʦʪʳ ʧʦʟʚʦʣʷʶʪ çʧʨʠʚʘʨʠʚʘʪʴè ʠ 

çʧʨʠʰʠʚʘʪʴè ʢʦʤʧʦʟʠʪʥʫʶ ʘʨʤʘʪʫʨʫ ʢ ʢʦʤʧʦʟʠʪʥʦʤʫ ʙʘʢʫ. 

ʀʟʛʦʪʦʚʣʝʥʠʝ ʙʘʣʣʦʥʦʚ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ ʮʝʣʠʢʦʤ ʠʟ ʪʝʨʤʦʧʣʘʩʪʦʚ ʥʘ ʩʫʱʝʩʪʚʫʶʱʠʭ 

ʥʘʤʦʪʦʯʥʳʭ ʩʪʘʥʢʘʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʥʦʛʦʨʘʟʦʚʦʡ ʨʘʟʙʦʨʥʦʡ ʦʩʥʘʩʪʢʠ ʧʦʟʚʦʣʠʣʦ ʙʳ ʩʥʠʟʠʪʴ 

ʪʨʫʜʦʟʘʪʨʘʪʳ ʥʘ ʠʟʛʦʪʦʚʣʝʥʠʝ, ʘ ʪʘʢʞʝ ʠʭ ʤʘʩʩʫ. ɹʘʣʣʦʥʳ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ ʠʟ ʪʝʨʤʦʧʣʘʩʪʦʚ ʤʦʞʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʘʛʨʝʩʩʠʚʥʳʭ ʠ ʢʨʠʦʛʝʥʥʳʭ ʩʨʝʜʘʭ, ʚʟʘʤʝʥ ʪʠʪʘʥʦʚʳʭ ʠʣʠ ʩʪʘʣʴʥʳʭ.  

ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʪʝʨʤʦʩʚʘʨʠʚʘʝʤʘʷ ʛʝʨʤʝʪʠʯʥʘʷ ʇʣʝʥʢʘ ʇʄʈʊ-1 (-2) ʧʦʟʚʦʣʷʝʪ ʧʨʠʤʝʥʠʪʴ ʚ ʢʘʯʝʩʪʚʝ 

ʟʘʢʦʥʮʦʚʦʢ ʪʝʨʤʦʧʣʘʩʪʳ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ ʦʪʚʝʨʞʜʝʥʠʷ ʥʝ ʙʦʣʝʝ 400ęʉ. ʉʦʝʜʠʥʝʥʠʝ ʪʝʨʤʦʧʣʘʩʪʦʚ ʤʝʞʜʫ 

ʩʦʙʦʡ ʚ ʧʨʦʮʝʩʩʝ ʤʦʥʪʘʞʘ ʥʘ ʠʟʜʝʣʠʠ ʩ ʧʦʤʦʱʴʶ ʩʚʘʨʢʠ ʥʝʤʝʪʘʣʣʦʚ ʧʦʟʚʦʣʠʪ ʟʥʘʯʠʪʝʣʴʥʦ ʩʦʢʨʘʪʠʪʴ 

ʤʘʩʩʫ ʪʘʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʘ ʪʘʢʞʝ ʪʨʫʜʦʝʤʢʦʩʪʴ ʤʦʥʪʘʞʥʳʭ ʨʘʙʦʪ. 

 ɺʳʙʦʨ ʪʝʭʥʦʣʦʛʠʠ ʠ ʤʘʪʝʨʠʘʣʦʚ ʟʘʚʠʩʠʪ ʥʝ ʦʪ ʠʭ ʧʦʧʫʣʷʨʥʦʩʪʠ, ʦʩʦʙʝʥʥʦ ʝʩʣʠ ʦʥʠ ʧʦʧʫʣʷʨʥʳ ʥʘ 

ɿʘʧʘʜʝ, ʘ ʦʪ ʢʦʥʩʪʨʫʢʮʠʠ, ʦʪ ʝʝ ʥʘʟʥʘʯʝʥʠʷ. ʅʘʧʨʠʤʝʨ, ʦʜʠʥ ʠ ʪʦʪ ʞʝ ʢʨʦʥʰʪʝʡʥ ʤʦʞʥʦ ʠʟʛʦʪʦʚʠʪʴ 

ʨʘʟʥʳʤʠ ʩʧʦʩʦʙʘʤʠ ʠ ʠʟ ʨʘʟʥʳʭ ʤʘʪʝʨʠʘʣʦʚ - ʪʝʭʥʦʣʦʛ ʜʦʣʞʝʥ ʨʘʩʩʤʦʪʨʝʪʴ ʚʩʝ ʚʘʨʠʘʥʪʳ, ʫʯʝʩʪʴ 

ʢʦʣʠʯʝʩʪʚʦ ʪʘʢʠʭ ʜʝʪʘʣʝʡ ʜʣʷ ʦʜʥʦʛʦ ʠʟʜʝʣʠʷ, ʫʩʣʦʚʠʷ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʫʩʣʦʚʠʷ ʠ ʚʦʟʤʦʞʥʦʩʪʠ ʤʦʥʪʘʞʘ, ʠ 

ʪʦʣʴʢʦ ʧʦʩʣʝ ʵʪʦʛʦ ʚʳʙʨʘʪʴ ʪʝʭʥʦʣʦʛʠʶ ʝʝ ʠʟʛʦʪʦʚʣʝʥʠʷ. ʇʦʵʪʦʤʫ ʩʦʪʨʫʜʥʠʯʝʩʪʚʦ ʚ ʨʘʙʦʪʝ ʧʨʦʝʢʪʘʥʪʦʚ, 

ʢʦʥʩʪʨʫʢʪʦʨʦʚ ʠ ʪʝʭʥʦʣʦʛʦʚ ʷʚʣʷʝʪʩʷ ʟʘʣʦʛʦʤ ʩʦʟʜʘʥʠʷ ʩʦʚʨʝʤʝʥʥʳʭ, ʥʘʜʝʞʥʳʭ ʠʟʜʝʣʠʡ ʚ ʦʙʣʘʩʪʠ 

ʨʘʢʝʪʥʦ-ʢʦʩʤʠʯʝʩʢʦʡ ʪʝʭʥʠʢʝ. 
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COMPARATIVE INVESTIG ATION OF ALUMINUM -BASED SOLDERS FOR SOLDERING 

BERYLLIUM  

Anisimov A.Y., Gitarski L.S. 

 
The aim of this work ï a comparative investigation of the properties of the solder connection beryllium- 

beryllium prepared using aluminum-based solder, with addition of silicium and scandium. Investigations were 

carried out by optical microscopy and scanning electron microscopy with local micro X-ray spectrometry analysis. 

By optical microscopy microstructure of solder connection has been investigated. By scanning electron 

microscopy with local micro X-ray spectrometry analysis was investigated the distribution of elements in the 

solder connection. Mechanical properties of solder connection was tested. 

 

ɹʝʨʠʣʣʠʡ ʦʙʣʘʜʘʝʪ ʫʥʠʢʘʣʴʥʳʤʠ ʬʠʟʠʯʝʩʢʠʤʠ, ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʠ ʷʜʝʨʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʩʨʝʜʠ 

ʢʦʪʦʨʳʭ ʚʳʩʦʢʘʷ ʨʘʜʠʘʮʠʦʥʥʘʷ ʧʨʦʟʨʘʯʥʦʩʪʴ (ʚ 17 ʨʘʟ ʚʳʰʝ, ʯʝʤ ʫ ʘʣʶʤʠʥʠʷ) ʠ ʙʦʣʴʰʦʝ ʩʝʯʝʥʠʝ 

ʦʪʨʘʞʝʥʠʷ ʥʝʡʪʨʦʥʦʚ, ʧʦʵʪʦʤʫ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʙʝʨʠʣʣʠʡ ʧʨʠʤʝʥʷʶʪ ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʨʝʥʪʛʝʥʦʚʩʢʠʭ 

ʦʢʦʥ ʠ ʦʙʣʠʮʦʚʢʠ ʚʥʫʪʨʝʥʥʠʭ ʩʪʝʥʦʢ ʨʝʘʢʪʦʨʦʚ ʧʫʪʝʤ ʧʘʡʢʠ ʙʝʨʠʣʣʠʷ ʩ ʪʘʢʠʤʠ ʤʝʪʘʣʣʘʤʠ ʠ ʩʧʣʘʚʘʤʠ 

ʢʘʢ ʤʝʜʴ, ʙʨʦʥʟʘ, ʥʝʨʞʘʚʝʶʱʘʷ ʩʪʘʣʴ ʠ ʜʨʫʛʠʤʠ ʤʘʪʝʨʠʘʣʘʤʠ [1, 2]. 

ʊʘʢ ʢʘʢ ʧʘʡʢʘ ʙʝʨʠʣʣʠʷ ʘʣʶʤʠʥʠʝʚʳʤʠ ʧʨʠʧʦʷʤʠ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ (ʦʢʦʣʦ 

700Áʉ), ʧʘʡʢʫ ʯʘʱʝ ʚʩʝʛʦ ʧʨʦʚʦʜʷʪ ʚ ʚʘʢʫʫʤʥʦʡ ʧʝʯʠ [1, 3]. 

ʉ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʘʷʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʙʝʨʠʣʣʠʡ-ʙʝʨʠʣʣʠʡ 

ʧʨʠ ʤʝʥʴʰʝʡ ʪʦʣʱʠʥʝ ʧʨʠʧʦʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ɸɼ1, ʘʚʪʦʨʘʤʠ ʠʩʩʣʝʜʦʚʘʥʳ ʧʨʠʧʦʠ ʥʘ ʦʩʥʦʚʝ ʘʣʶʤʠʥʠʷ ʩ 

ʜʦʙʘʚʣʝʥʠʝʤ ʢʨʝʤʥʠʷ ʠ ʩʢʘʥʜʠʷ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠ ʤʝʪʦʜʘʤʠ ʦʧʪʠʯʝʩʢʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʠ ʨʘʩʪʨʦʚʦʡ ʵʣʝʢʪʨʦʥʥʦʡ 

ʤʠʢʨʦʩʢʦʧʠʠ ʩ ʣʦʢʘʣʴʥʳʤ ʤʠʢʨʦʨʝʥʪʛʝʥʦʩʧʝʢʪʨʘʣʴʥʳʤ ʘʥʘʣʠʟʦʤ. ʄʝʪʦʜʦʤ ʦʧʪʠʯʝʩʢʦʡ ʤʠʢʨʦʩʢʦʧʠʠ 

ʠʟʫʯʝʥʘ ʤʠʢʨʦʩʪʨʫʢʪʫʨʘ ʧʘʷʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ, ʘ ʤʝʪʦʜʦʤ ʨʘʩʪʨʦʚʦʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʩ 

ʣʦʢʘʣʴʥʳʤ ʤʠʢʨʦʨʝʥʪʛʝʥʦʩʧʝʢʪʨʘʣʴʥʳʤ ʘʥʘʣʠʟʦʤ ʠʟʫʯʝʥʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʵʣʝʤʝʥʪʦʚ ʚ ʦʙʣʘʩʪʠ ʧʘʷʥʦʛʦ 

ʰʚʘ. ʀʩʩʣʝʜʦʚʘʥʳ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʘʷʥʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ. 

ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʟʚʦʣʠʣ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦʙ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʜʘʥʥʳʭ 

ʧʨʠʧʦʝʚ ʜʣʷ ʧʘʡʢʠ ʙʝʨʠʣʣʠʷ ʩ ʙʝʨʠʣʣʠʝʤ. 

ʃʠʪʝʨʘʪʫʨʘ 
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New heat-conductive insulating adhesives have been developed in JSC Kompozit. Adhesives have high 

heat-conductivity, stable results by physicomechanical characteristics of wide temperature range.  
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ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʨʦʚʝʜʝʥʥʳʭ ʚ ʆɸʆ çʂʦʤʧʦʟʠʪè, ʙʳʣʠ ʩʦʟʜʘʥʳ ʪʝʧʣʦʧʨʦʚʦʜʷʱʠʝ 

ʵʣʝʢʪʨʦʠʟʦʣʷʮʠʦʥʥʳʝ ʢʣʝʷʱʠʝ ʤʘʪʝʨʠʘʣʳ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʝ ʜʣʷ ʩʦʝʜʠʥʝʥʠʷ ʵʣʝʤʝʥʪʦʚ 

ʵʣʝʢʪʨʦʨʘʜʠʦʠʟʜʝʣʠʡ (ʕʈʀ) ʩ ʦʪʚʦʜʦʤ ʪʝʧʣʘ ʦʪ ʥʘʛʨʝʚʘʶʱʠʭʩʷ ʵʣʝʤʝʥʪʦʚ, ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ 

ʥʝʦʙʭʦʜʠʤʦʛʦ ʪʝʧʣʦʚʦʛʦ ʨʝʞʠʤʘ ʨʘʙʦʪʳ ʘʧʧʘʨʘʪʫʨʳ. ʈʘʟʨʘʙʦʪʘʥʥʳʝ ʢʣʝʠ ʠʤʝʶʪ ʤʠʥʠʤʘʣʴʥʳʝ 

ʧʦʢʘʟʘʪʝʣʠ ʛʘʟʦʚʳʜʝʣʝʥʠʷ ʚ ʫʩʣʦʚʠʷʭ ʚʦʟʜʝʡʩʪʚʠʷ ʚʘʢʫʫʤʘ, ʧʦʚʳʰʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨ.  

ʊʝʧʣʦʧʨʦʚʦʜʷʱʠʝ ʵʣʝʢʪʨʦʠʟʦʣʷʮʠʦʥʥʳʝ ʢʣʝʠ ʨʘʟʨʘʙʘʪʳʚʘʣʠ ʚʟʘʤʝʥ ʢʣʝʷ ɺʂ-26ʄ ʜʣʷ ʫʩʪʘʥʦʚʢʠ 

ʢʨʠʩʪʘʣʣʦʚ ʚ ʢʦʨʧʫʩ, ʧʦʵʪʦʤʫ ʦʥʠ ʠʤʝʶʪ ʭʦʨʦʰʫʶ ʘʜʛʝʟʠʶ ʢ ʢʦʚʘʨʫ, ʧʦʣʠʢʦʨʫ (ʚ ʪ. ʯ. ʩ ʧʦʢʨʳʪʠʷʤʠ), 

ʢʨʠʩʪʘʣʣʘʤ ʢʨʝʤʥʠʷ, ʘʨʩʝʥʠʜʘ ʛʘʣʣʠʷ, ʧʨʠʤʝʥʷʝʤʳʤ ʚ ʠʟʜʝʣʠʷʭ ʵʣʝʢʪʨʦʥʠʢʠ ʠ ʤʠʢʨʦʩʠʩʪʝʤʥʦʡ ʪʝʭʥʠʢʠ, 

ʨʘʙʦʪʦʩʧʦʩʦʙʥʳ ʚ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʠʥʪʝʨʚʘʣʝ ʦʪ ʤʠʥʫʩ 170 ÁC ʜʦ ʧʣʶʩ 150 ÁC (ʜʦ 250 ÁC ʢʨʘʪʢʦʚʨʝʤʝʥʥʦ), 

ʦʪʚʝʨʞʜʘʶʪʩʷ ʩ ʤʠʥʠʤʘʣʴʥʦʡ ʫʩʘʜʢʦʡ, ʦʙʝʩʧʝʯʠʚʘʶʪ ʧʨʦʯʥʦʩʪʴ ʢʣʝʝʚʳʭ ʩʦʝʜʠʥʝʥʠʡ ʧʨʠ ʩʜʚʠʛʝ ʠ ʦʪʨʳʚʝ 

7õ11,0 ʄʇʘ. ʕʪʠ ʢʣʝʠ ʠʤʝʶʪ - ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʣʠʥʝʡʥʦʛʦ ʨʘʩʰʠʨʝʥʠʷ (ʂʊʃʈ) ʥʝ ʙʦʣʝʝ 

100Ŀ10-6 1/ʛʨʘʜ. 

ɺ ʢʘʯʝʩʪʚʝ ʧʦʣʠʤʝʨʥʦʡ ʦʩʥʦʚʳ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʚʳʩʦʢʦʥʘʧʦʣʥʝʥʥʳʭ ʪʝʧʣʦʧʨʦʚʦʜʷʱʠʭ ʢʣʝʷʱʠʭ 

ʤʘʪʝʨʠʘʣʦʚ ʩ ʜʦʩʪʘʪʦʯʥʦʡ ʘʜʛʝʟʠʦʥʥʦʡ ʠ ʢʦʛʝʟʠʦʥʥʦʡ ʧʨʦʯʥʦʩʪʴʶ ʙʳʣʠ ʚʳʙʨʘʥʳ ʵʧʦʢʩʠʜʥʳʝ ʩʤʦʣʳ, 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʝ ʨʝʘʢʮʠʦʥʥʦʩʧʦʩʦʙʥʳʤʠ ʥʠʟʢʦʚʷʟʢʠʤʠ ʨʘʟʙʘʚʠʪʝʣʷʤʠ ʠ ʵʣʘʩʪʦʤʝʨʘʤʠ ï ʧʨʦʜʫʢʪʘʤʠ 

ʃʘʧʨʦʢʩʠʜ. ɺʳʙʦʨ ʵʧʦʢʩʠʜʥʦʡ ʦʩʥʦʚʳ ʜʣʷ ʪʝʧʣʦʧʨʦʚʦʜʷʱʠʭ ʢʣʝʝʚ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʪʝʧʣʦʦʪʚʦʜʘ ʦʪ 

ʧʨʠʙʦʨʦʚ, ʪʝʧʣʦʥʘʛʨʫʞʝʥʥʳʭ ʫʟʣʦʚ ʕʈʀ ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʠʟ ʚʩʝʭ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʢʣʝʝʚ ʥʘʠʙʦʣʝʝ 

ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʛʘʟʦʚʳʜʝʣʝʥʠʷ ʚ ʚʘʢʫʫʤʝ ʧʨʠ ʧʦʚʳʰʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʵʧʦʢʩʠʜʥʳʝ ʩʦʩʪʘʚʳ. ɺ ʢʘʯʝʩʪʚʝ ʦʪʚʝʨʜʠʪʝʣʝʡ ʠʩʧʦʣʴʟʦʚʘʣʠ ʦʪʝʯʝʩʪʚʝʥʥʳʝ ʣʘʪʝʥʪʥʳʝ 

ʦʪʚʝʨʜʠʪʝʣʠ, ʧʦʨʦʰʦʢ ʛʝʢʩʘʛʦʥʘʣʴʥʦʛʦ ʥʠʪʨʠʜʘ ʙʦʨʘ ʧʨʠʤʝʥʷʣʠ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ  ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ.  

ʇʦ ʘʥʘʣʦʛʠʠ ʩ ʠʤʧʦʨʪʥʳʤʠ ʪʝʧʣʦʧʨʦʚʦʜʷʱʠʤʠ ʢʣʝʷʤʠ ʨʘʟʨʘʙʦʪʘʥ ʘʩʩʦʨʪʠʤʝʥʪ ʦʜʥʦʢʦʤʧʦʥʝʥʪʥʳʭ 

ʪʝʧʣʦʧʨʦʚʦʜʷʱʠʭ ʢʣʝʝʚ (ʆʊʇʂ), ʨʘʟʣʠʯʘʶʱʠʭʩʷ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴʶ, ʪʝʨʤʦʤʝʭʘʥʠʯʝʩʢʠʤʠ 

ʧʦʢʘʟʘʪʝʣʷʤʠ: ʪʝʤʧʝʨʘʪʫʨʦʡ ʩʪʝʢʣʦʚʘʥʠʷ (ʦʪ 25 ʜʦ 125Áʉ), ʟʥʘʯʝʥʠʷʤʠ ʤʦʜʫʣʷ ʫʧʨʫʛʦʩʪʠ ʧʨʠ 20Áʉ ʠ ʧʨʠ 

ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ.  

ʈʘʟʨʘʙʦʪʘʥʥʳʝ ʵʣʝʢʪʨʦʠʟʦʣʷʮʠʦʥʥʳʝ ʢʣʝʠ ʦʧʨʦʙʦʚʘʥʳ ʚ ʧʨʦʮʝʩʩʝ ʠʟʛʦʪʦʚʣʝʥʠʷ ʤʘʢʝʪʥʳʭ ʦʙʨʘʟʮʦʚ 

ʩʦʝʜʠʥʝʥʠʡ ʤʠʢʨʦʩʙʦʨʦʢ. ʉ ʪʝʧʣʦʧʨʦʚʦʜʥʳʤʠ ʩʦʩʪʘʚʘʤʠ ʩ ʣʫʯʰʠʤʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʤʠ ʚ ʪʘʙʣʠʮʝ 1, ʩʢʣʝʠʚʘʣʠ: ʢʦʚʘʨ, ʧʦʣʠʢʦʨ (ʚ ʪ. ʯ. ʩ ʧʦʢʨʳʪʠʷʤʠ), ʢʨʠʩʪʘʣʣʳ (ʩ ʨʘʟʤʝʨʘʤʠ 

ʦʪ 0,5 ʜʦ 5,0 ʤʤ) ʢʨʝʤʥʠʷ, ʘʨʩʝʥʠʜʘ ʛʘʣʣʠʷ. ʀʟʛʦʪʦʚʣʝʥʥʳʝ ʢʣʝʝʚʳʝ ʩʦʝʜʠʥʝʥʠʷ ʠʩʧʳʪʳʚʘʣʠ ʩ ʮʝʣʴʶ 

ʦʧʨʝʜʝʣʝʥʠʷ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʣʝʝʚ. ʇʨʦʚʦʜʠʣʠʩʴ ʤʝʭʘʥʠʯʝʩʢʠʝ ʠ ʢʣʠʤʘʪʠʯʝʩʢʠʝ 

ʠʩʧʳʪʘʥʠʷ ʦʙʨʘʟʮʦʚ ʢʣʝʝʚʳʭ ʩʦʝʜʠʥʝʥʠʡ ʵʣʝʤʝʥʪʦʚ ʤʠʢʨʦʩʙʦʨʦʢ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʢʣʝʝʚ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʢʣʝʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʧʨʦʯʥʦʩʪʴ ʢʣʝʝʚʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚʩʝʭ ʫʢʘʟʘʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʧʨʝʚʳʰʘʶʱʫʶ 

ʪʨʝʙʫʝʤʫʶ ʧʦ ʆʉʊ 11 073.013 ʚ 4-11 ʨʘʟ. 

ʊʘʙʣʠʮʘ 1 - ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʣʝʝʚ 

ʅʘʠʤʝʥʦʚʘʥʠʝ 

ʧʦʢʘʟʘʪʝʣʝʡ 

ʐʠʬʨ ʢʣʝʷ 

ʆʊʇʂ-5-

ʉ-3 

ʆʊʇʂ-

ʉʫ-3-1 

ʆʊʇʂ-4-

ʊɹ 

ʆʊʇʂ-

ʅʝʦ-1 

ʆʊʇʂ-

ʅʝʦ-2 

ʆʊʇʂ-

ʅʝʦ-3 

ʆʊʇʂ-

ʅʝʦ-6 

ʇʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ 

ʧʨʠ ʩʜʚʠʛʝ ʧʨʠ 20 

Áʉ, ʄʇʘ (ɸʄʛ6) 

 5,91 6,47 10,7    

ʂʦʵʬʬʠʮʠʝʥʪ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ, 

ɺʪ/(ʤĿʂ) 

0,86 1,08 1,24 1,11 0,95 1,12 1,08 

ʊʝʤʧʝʨʘʪʫʨʘ 

ʩʪʝʢʣʦʚʘʥʠʷ,  Áʉ 
127 167 174 106 174 167 107 

ʄʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ, 

ʄʇʘ, ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 

20 Áʉ 

150 Áʉ 

6130 

80,6 

8240 

1184 

7380 

1316 

6280 

329 

7080 

1853 

6780 

1217 

6450 

608 

ʂʊʃʈĿ106, ʂ-1, ʚ 

ʜʠʘʧʘʟʦʥʝ 

ʪʝʤʧʝʨʘʪʫʨ 

-60é+125 Áʉ 

-60é+150 Áʉ 

75 

97 

87 

94 

95 

103 

77 

87 

77 

85 

78 

87 

91 

101 
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ɻʘʟʦʚʳʜʝʣʝʥʠʝ ʢʣʝʝʚ ʠʟʤʝʨʝʥʦ ʤʘʩʩ-ʩʧʝʢʪʨʘʣʴʥʳʤ ʤʝʪʦʜʦʤ ʚ ʄɻʋ ʧʦʩʣʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ 

ʦʙʝʟʛʘʞʠʚʘʥʠʷ ʚ ʚʘʢʫʫʤʝ 10-4 ʤʤ ʨʪ. ʩʪ. ʧʨʠ 150 Áʉ ʚ ʪʝʯʝʥʠʝ 5 ʯ. ʇʦʢʘʟʘʪʝʣʠ ʛʘʟʦʚʳʜʝʣʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʚ ʪʘʙʣʠʮʝ 2. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʦʧʨʝʜʝʣʝʥʠʷ ʛʘʟʦʚʳʜʝʣʝʥʠʷ ʢʣʝʝʚ ʆʊʇʂ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʩʥʦʚʥʳʤ ʛʘʟʦʦʙʨʘʟʥʳʤ 

ʢʦʤʧʦʥʝʥʪʦʤ, ʚʳʜʝʣʷʶʱʠʤʩʷ ʠʟ ʦʙʨʘʟʮʦʚ ʵʣʝʢʪʨʦʠʟʦʣʷʮʠʦʥʥʦʛʦ ʢʣʝʷ ʚ ʧʨʦʮʝʩʩʝ ʠʩʧʳʪʘʥʠʡ, ʷʚʣʷʝʪʩʷ 

ʚʦʜʘ. ʂʦʣʠʯʝʩʪʚʦ ʚʳʜʝʣʷʶʱʝʡʩʷ ʚʦʜʳ, ʵʢʚʠʚʘʣʝʥʪʥʦʝ ʚʣʘʛʦʧʦʛʣʦʱʝʥʠʶ ʢʣʝʷ, ʩʦʩʪʘʚʣʷʝʪ ʦʪ 0,0012 % ʜʦ 

0,0775 %. ʉʫʤʤʘʨʥʦʝ ʫʜʝʣʴʥʦʝ ʛʘʟʦʚʳʜʝʣʝʥʠʝ, ʵʢʚʠʚʘʣʝʥʪʥʦʝ ʦʙʱʝʡ ʧʦʪʝʨʝ ʤʘʩʩʳ ʢʣʝʷ (ʇʄ), ʚ ʧʨʦʮʝʩʩʝ 

ʠʩʧʳʪʘʥʠʡ ʥʝ ʧʨʝʚʳʰʘʝʪ 0,08 %. ɺʝʣʠʯʠʥʘ ʫʜʝʣʴʥʦʛʦ ʛʘʟʦʚʳʜʝʣʝʥʠʷ ʠʟ ʦʙʨʘʟʮʦʚ ʵʣʝʢʪʨʦʠʟʦʣʷʮʠʦʥʥʦʛʦ 

ʢʣʝʷ ʩʦʩʪʘʚʣʷʝʪ 186,3 ʤʢʛ/ʛ (0,01863 %). 

ʊʘʙʣʠʮʘ 2 - ʋʜʝʣʴʥʦʝ ʛʘʟʦʚʳʜʝʣʝʥʠʝ ʢʣʝʝʚ 

 ʆʊʇʂ-5-ʉ ʆʊʇʂ-ʉʫ-3-3 ʆʊʇʂ-4-ʊɹ 
ʆʊʇʂ-ʅʝʦ-1, -2, -3, ʠ 

-6 

ʉʫʤʤʘʨʥʦʝ 

ʛʘʟʦʚʳʜʝʣʝʥʠʝ, 

ʤʢʛ/ʛ 

37,65 525,50 70,32 
ʇʨʦʭʦʜʷʪ  ʠʩʧʳʪʘʥʠʷ 

ʚ ʄɻʋ 
ɺ ʪʦʤ ʯʠʩʣʝ H2O, 

ʤʢʛ/ʛ 
32,45 253,91 48,11 

ʈʘʟʨʘʙʦʪʘʥʥʳʝ ʪʝʧʣʦʧʨʦʚʦʜʷʱʠʝ ʢʣʝʝʚʳʝ ʢʦʤʧʦʟʠʮʠʠ ʧʨʝʚʦʩʭʦʜʷʪ ʢʣʝʡ ɺʂ-26ʄ ʧʦ ʧʦʢʘʟʘʪʝʣʶ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ, ʦʪʚʝʨʞʜʘʶʪʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1 ʯ 120Áʉ ʠ 2ʯ 150Áʉ, ʪʦʛʜʘ ʢʘʢ ɺʂ-26ʄ ʦʪʚʝʨʞʜʘʝʪʩʷ 

(ʩ ʫʩʘʜʢʦʡ) ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 230Áʉ, ʧʦʵʪʦʤʫ ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʢʣʝʠ ʤʦʛʫʪ ʫʩʧʝʰʥʦ ʟʘʤʝʥʠʪʴ ʢʣʝʡ ɺʂ-26ʄ.  
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RESEARCH OF PROPERTIES OF HEAT RESISTING ALLOYS ON NICKEL -TUNGSTEN BASIS 

Antipov V.I., Vinogradov L.V., Kolmakov A.G., Baranov E.E. 

 

The base of modern industrial heat resistant alloys is iron, cobalt, nickel. From it's the nickel-chromium 

compositions have service temperatures not higher then 1100ÁC, which is about 0,85 T melting and present 

apparently physical limit for nickel-chromium compositions. Further increasing of service temperatures of 

industrial heat-resistant alloys may be expected only by changing for another base system, the melting temperature 

of which 1400 - 1500Áʉ. Analysis of numerous phase diagram of iron metals alloys show, mat perspective, taking 

in account the existing processing (traditional techniques of melting and hot treatment), minimal dificitness and 

rather cheapness, is nickel-tungsten system. Experimental results present is mis study testify that alloys of this 

system reinforced by tungsten fibers are exploitable up to 1400Áʉ 

ɺ ʩʦʚʨʝʤʝʥʥʦʡ ʪʝʭʥʠʢʝ ʜʝʪʘʣʠ ʘʛʨʝʛʘʪʦʚ ʠ ʫʟʣʦʚ, ʨʘʙʦʪʘʶʱʠʝ ʚ ʫʩʣʦʚʠʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ, 

ʦʙʳʯʥʦ ʠʟʛʦʪʘʚʣʠʚʘʶʪ ʠʟ ʞʘʨʦʧʨʦʯʥʳʭ ʩʧʣʘʚʦʚ ʥʘ ʦʩʥʦʚʝ ʞʝʣʝʟʘ, ʢʦʙʘʣʴʪʘ ʠ ʥʠʢʝʣʷ [1-4]. ʇʨʠ ʵʪʦʤ, 

ʧʨʝʜʧʦʯʪʝʥʠʝ ʦʪʜʘʸʪʩʷ ʩʧʣʘʚʘʤ ʥʘ ʙʘʟʝ ʩʠʩʪʝʤʳ Ni ï Cr, ʤʘʢʩʠʤʘʣʴʥʘʷ ʨʘʙʦʯʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʢʦʪʦʨʳʭ ʥʝ 

ʧʨʝʚʳʰʘʝʪ 1100ʦʉ. ʕʪʦ ʩʦʩʪʘʚʣʷʝʪ ~ 0,85 ʊʧʣʘʚ, ʠ ʷʚʣʷʝʪʩʷ ʬʠʟʠʯʝʩʢʠʤ ʧʨʝʜʝʣʦʤ ʵʪʠʭ ʩʧʣʘʚʦʚ. ɺ ʪʦ ʞʝ 

ʚʨʝʤʷ, ʜʣʷ ʩʦʟʜʘʥʠʷ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʫʩʪʘʥʦʚʦʢ ʠ ʛʘʟʦʚʳʭ ʪʫʨʙʠʥ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ 

ʪʨʝʙʫʶʪʩʷ ʞʘʨʦʧʨʦʯʥʳʝ ʩʧʣʘʚʳ ʩ ʨʘʙʦʯʝʡ ʪʝʤʧʝʨʘʪʫʨʦʡ 1300 ï 1400ʦʉ. ʇʦʵʪʦʤʫ, ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʘ 

ʚʳʙʨʘʥʘ ʩʧʣʘʚ ʥʘ ʦʩʥʦʚʝ Ni ïW, ʢʦʪʦʨʳʡ ʚ ʥʘʠʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʦʪʚʝʯʘʝʪ ʪʨʝʙʦʚʘʥʠʷʤ, ʧʨʝʜʲʷʚʣʷʝʤʳʤ ʢ 

ʞʘʨʦʧʨʦʯʥʳʤ ʢʦʤʧʦʟʠʮʠʷʤ. ʅʘʧʨʠʤʝʨ, ʩʧʣʘʚ ʩʦʩʪʘʚʘ 70 % Ni ʠ 30 % W, ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ ʩʦʙʦʡ 

ʛʦʤʦʛʝʥʥʳʡ ʪʚʝʨʜʳʡ ʨʘʩʪʚʦʨ, ʠʤʝʝʪ ʪʝʤʧʝʨʘʪʫʨʫ ʧʣʘʚʣʝʥʠʷ 15050ʦʉ ʠ ʦʪʣʠʯʘʝʪʩʷ ʚʳʩʦʢʦʡ 

ʧʣʘʩʪʠʯʥʦʩʪʴʶ. ɺ ʭʦʜʝ ʧʨʦʚʝʜʸʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʧʣʘʚ ʥʠʢʝʣʷ ʩ 48 % 

ʚʦʣʴʬʨʘʤʘ ʵʚʪʝʢʪʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʚ ʣʠʪʦʤ ʩʦʩʪʦʷʥʠʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1400ʦʉ ʦʙʣʘʜʘʝʪ ʥʘʠʙʦʣʴʰʝʡ 

ʞʘʨʦʧʨʦʯʥʦʩʪʴʶ ʠ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʧʦʣʟʫʯʝʩʪʠ. ɸ ʦʙʨʘʟʮʳ ʠʟ ʩʧʣʘʚʘ Ni + 30 % W, ʘʨʤʠʨʦʚʘʥʥʦʛʦ 

ʚʦʣʴʬʨʘʤʦʚʦʡ ʧʨʦʚʦʣʦʢʦʡ (Vf = 30 %), ʦʢʘʟʘʣʠʩʴ ʩʧʦʩʦʙʥʳ ʢʨʘʪʢʦʚʨʝʤʝʥʥʦ ʧʨʦʨʘʙʦʪʘʪʴ (ʜʦ 6 ʤʠʥʫʪ) ʚ 



ʉɽʂʎʀʗ 2 ʂʆʄʇʆɿʀʎʀʆʅʅʓɽ ʄɸʊɽʈʀɸʃʓ, ɺʂʃʖʏɸʗ ʇʆʃʀʄɽʈʅʓɽ 
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ʚʦʟʜʫʰʥʦʡ ʩʨʝʜʝ ʧʦʜ ʥʘʛʨʫʟʢʦʡ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1400ʦʉ. ʇʨʠ ʵʪʦʤ ʦʩʪʘʪʦʯʥʘʷ ʜʝʬʦʨʤʘʮʠʷ ʧʦʣʟʫʯʝʩʪʠ ʥʝ 

ʧʨʝʚʳʩʠʣʘ 1%. 
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THE STRUCTURE OF THE AL -SI HYPEREUTECTIC  POWDER COMPOSITE WITH  A QUASI-

GRAPHENE NANO-SIZED FILLER  

Aronin  A.S., Aristova I .M., Vasenev V.V., Mironenko V.N.  

 

The structure of the Al-42,5% Si-3% Ni powder with 0.5-1% (wt.) additions of the reduced graphene oxide 

after mechanical alloying is investigated. The presence of quasi-graphene layers on the surface of aluminum and 

silicon particles was detected. It is assumed that quasi-graphene-carbon shell on the surface of particles protects 

them from clumping during mechanical alloying. 

ɿʘʵʚʪʝʢʪʠʯʝʩʢʠʝ ʧʦʨʦʰʢʦʚʳʝ ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ (ʂʄ) Al ï 40-45% (ʤʘʩʩ.) Si ʩ ʥʠʟʢʠʤ 

ʪʝʤʧʝʨʘʪʫʨʥʳʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʣʠʥʝʡʥʦʛʦ ʨʘʩʰʠʨʝʥʠʷ (ʊʂʃʈ) 10-13 ppm/ÁC ʧʨʝʜʩʪʘʚʣʷʶʪ ʠʥʪʝʨʝʩ ʢʘʢ 

ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʜʣʷ ʧʨʝʮʠʟʠʦʥʥʳʭ ʧʨʠʙʦʨʦʚ. ʄʘʪʝʨʠʘʣʳ ʩʦʟʜʘʶʪʩʷ ʥʘ ʙʘʟʝ ʤʘʪʨʠʮʳ ʉɸʉ-

1 (Al, 25-30% ʤʘʩʩ. Si, 5-8% ʤʘʩʩ. Ni)  ʧʦʩʨʝʜʩʪʚʦʤ ʝʝ ʥʘʧʦʣʥʝʥʠʷ ʢʦʤʧʦʥʝʥʪʘʤʠ, ʧʦʥʠʞʘʶʱʠʤʠ ʊʂʃʈ. 

ʅʘʧʦʣʥʠʪʝʣʠ ʚʚʦʜʷʪʩʷ ʘʢʪʠʚʘʮʠʦʥʥʳʤ ʤʝʭʘʥʠʯʝʩʢʠʤ ʣʝʛʠʨʦʚʘʥʠʝʤ. ʇʨʝʜʦʪʚʨʘʱʝʥʠʝ ʢʦʤʢʦʚʘʥʠʷ ʯʘʩʪʠʮ 

ʧʦʨʦʰʢʘ ʚ ʘʧʧʘʨʘʪʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʧʦʚʝʨʭʥʦʩʪʥʦ-ʘʢʪʠʚʥʳʝ ʚʝʱʝʩʪʚʘ (ʇɸɺ). ʊʨʘʜʠʮʠʦʥʥʳʝ ʇɸɺ ʜʣʷ 

ʨʘʟʤʦʣʘ ʘʣʶʤʠʥʠʝʚʳʭ ʧʦʨʦʰʢʦʚ (ʩʪʝʘʨʠʥʳ, ʧʘʨʘʬʠʥʳ) ʧʨʠʚʦʜʷʪ ʚ ʢʦʤʧʘʢʪʥʳʭ ʟʘʛʦʪʦʚʢʘʭ ʢ ʯʨʝʟʤʝʨʥʦʡ 

ʦʩʪʘʪʦʯʥʦʡ ʚʦʜʦʨʦʜʥʦʡ ʧʦʨʠʩʪʦʩʪʠ (ʙʦʣʝʝ 5%). ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʇɸɺ ʛʨʘʬʝʥʦʧʦʜʦʙʥʦʛʦ 

ʥʘʥʦʨʘʟʤʝʨʥʦʛʦ ʫʛʣʝʨʦʜʘ, ʚ ʯʘʩʪʥʦʩʪʠ, ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʛʦ ʦʢʩʠʜʘ ʛʨʘʬʝʥʘ (ɺʆɻ), ʧʨʠʚʣʝʢʘʪʝʣʴʥʦ ʚ ʩʚʷʟʠ 

ʩ ʚʳʩʦʢʦʡ ʩʤʘʟʳʚʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʴʶ, ʥʠʟʢʠʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʪʨʝʥʠʷ ʠ ʨʘʟʚʠʪʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʯʘʩʪʠʮ. 

ɺʆɻ - ʥʘʥʦʫʛʣʝʨʦʜʥʳʡ ʤʘʪʝʨʠʘʣ, ʧʦʣʫʯʝʥʥʳʡ ʠʟ ʧʨʠʨʦʜʥʦʛʦ ʛʨʘʬʠʪʘ ʧʦʩʨʝʜʩʪʚʦʤ ʝʛʦ ʦʢʠʩʣʝʥʠʷ, 

ʵʢʩʬʦʣʠʘʮʠʠ ʠ ʪʝʨʤʠʯʝʩʢʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ. ʆʥ ʦʪʣʠʯʘʝʪʩʷ ʚʳʩʦʢʦʡ ʜʠʩʧʝʨʩʥʦʩʪʴʶ ʤʘʪʝʨʠʘʣʘ, ʚʳʩʦʢʦʡ 

(ʙʦʣʝʝ 500 ʤ2/ʛ) ʫʜʝʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʧʦ ɹʕʊ. ʅʘʥʦʯʘʩʪʠʮʳ ɺʆɻ ʠʤʝʶʪ ʚʳʩʦʢʦʝ (ʜʦ 20000) ʦʪʥʦʰʝʥʠʝ 

ʩʨʝʜʥʝʛʦ ʜʠʘʤʝʪʨʘ (ʦʪ 20 ʤʢʤ ʠ ʥʠʞʝ) ʢ ʪʦʣʱʠʥʝ (2-10 ʘʪʦʤʥʳʭ ʩʣʦʝʚ). 

ʂʦʤʧʦʟʠʮʠʶ Al-42,5%Si-3%Ni ʧʦʣʫʯʘʣʠ ʘʢʪʠʚʘʮʠʦʥʥʳʤ ʤʝʭʘʥʠʯʝʩʢʠʤ ʣʝʛʠʨʦʚʘʥʠʝʤ ʧʦʨʦʰʢʘ 

ʩʧʣʘʚʘ ʉɸʉ-1-50 ʢʨʝʤʥʠʝʤ, ʨʘʟʤʦʣʦʪʳʤ ʜʦ ʨʘʟʤʝʨʘ ʤʝʥʝʝ 2 ʤʢʤ. ɺ ʢʘʯʝʩʪʚʝ ʇɸɺ ʠʩʧʦʣʴʟʦʚʘʣʠ ɺʆɻ ʚ 

ʢʦʣʠʯʝʩʪʚʝ 0,5-1% (ʤʘʩʩ.). ʊʘʢʦʝ ʢʦʣʠʯʝʩʪʚʦ ɺʆɻ ʧʦʟʚʦʣʠʣʦ ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʢʦʤʢʦʚʘʥʠʝ ʯʘʩʪʠʮ ʧʦʨʦʰʢʘ 

ʧʨʠ ʤʝʭʘʥʦʘʢʪʠʚʘʮʠʠ.  

 ɼʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʧʨʠʯʠʥ ʦʙʥʘʨʫʞʝʥʥʦʛʦ ʷʚʣʝʥʠʷ ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨʳ  

ʢʦʤʧʦʟʠʮʠʠ. ʇʨʠʤʝʥʝʥ ʢʦʤʧʣʝʢʩʥʳʡ ʧʦʜʭʦʜ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʣʝʜʫʶʱʠʭ ʤʝʪʦʜʦʚ: ʦʧʪʠʯʝʩʢʘʷ 

ʤʠʢʨʦʩʢʦʧʠʷ, ʤʝʪʦʜ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ, ʤʝʪʦʜ ʩʢʘʥʠʨʫʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʠ 

ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʤʠʢʨʦʘʥʘʣʠʟʘ, ʤʝʪʦʜ ʧʨʦʩʚʝʯʠʚʘʶʱʝʡ (ʚ ʪʦʤ ʯʠʩʣʝ ʚʳʩʦʢʦʨʘʟʨʝʰʘʶʱʝʡ - ɺʈʕʄ) 

ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʢʘʢ ʠʥʪʝʛʨʘʣʴʥʫʶ, ʪʘʢ  ʠ  ʣʦʢʘʣʴʥʫʶ  

ʠʥʬʦʨʤʘʮʠʶ ʦ ʩʪʨʫʢʪʫʨʝ  ʦʙʨʘʟʮʦʚ. 

ɺ ʧʦʨʦʰʢʝ ʧʦʩʣʝ ʤʝʭʘʥʦʘʢʪʠʚʘʮʠʠ ʦʩʥʦʚʥʳʤʠ ʬʘʟʘʤʠ ʷʚʣʷʶʪʩʷ Al, Si. ʇʨʠʩʫʪʩʪʚʫʶʪ ʚ 

ʥʝʟʥʘʯʠʪʝʣʴʥʦʤ ʢʦʣʠʯʝʩʪʚʝ ʠ ʜʨʫʛʠʝ ʬʘʟʳ (SiC, Al2O3, ʉ, Al3Ni), Ni ʪʘʢʞʝ ʥʘʭʦʜʠʪʩʷ ʚ ʪʚʝʨʜʦʤ ʨʘʩʪʚʦʨʝ 

ʚ ʨʝʰʝʪʢʝ Al (ʦ ʯʝʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʥʝʙʦʣʴʰʦʝ ʫʤʝʥʴʰʝʥʠʝ ʧʘʨʘʤʝʪʨʘ ʨʝʰʝʪʢʠ Al). ʇʦ ʫʰʠʨʝʥʠʶ 

ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʧʠʢʦʚ ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ ʨʘʟʤʝʨʳ ʦʙʣʘʩʪʝʡ ʢʦʛʝʨʝʥʪʥʦʛʦ ʨʘʩʩʝʷʥʠʷ (ʆʂʈ) ʜʣʷ ʦʩʥʦʚʥʳʭ 
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ʬʘʟ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʘʩʯʝʪʘʤʠ ʨʘʟʤʝʨ ʆʂʈ ʘʣʶʤʠʥʠʷ ʚ ʩʨʝʜʥʝʤ ʨʘʚʝʥ å 70 ʥʤ, ʢʨʝʤʥʠʷ å 90 ʥʤ. ɺ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʜʘʥʥʳʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʩ ʧʦʤʦʱʴʶ ʩʢʘʥʠʨʫʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ, ʨʘʟʤʝʨ ʠ 

ʬʦʨʤʘ ʯʘʩʪʠʮ ʤʝʥʷʶʪʩʷ ʚ ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ (ʦʪ 20 ʥʤ ʜʦ 10 ʤʢʤ). 

ʉ ʧʦʤʦʱʴʶ ʧʨʦʩʚʝʯʠʚʘʶʱʝʡ (ʚ ʪʦʤ ʯʠʩʣʝ ʚʳʩʦʢʦʨʘʟʨʝʰʘʶʱʝʡ) ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʫʛʣʝʨʦʜʥʳʡ ʥʘʧʦʣʥʠʪʝʣʴ ʧʦʢʨʳʚʘʝʪ ʧʦʚʝʨʭʥʦʩʪʴ ʯʘʩʪʠʮ ʘʣʶʤʠʥʠʷ ʠ ʢʨʝʤʥʠʷ. 

ʉʪʨʫʢʪʫʨʘ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʪʨʫʢʪʫʨʝ ʛʨʘʬʝʥʦʧʦʜʦʙʥʦʛʦ ʫʛʣʝʨʦʜʘ (ʈʠʩ.1, 2). 

ʆʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʪʦʣʱʠʥʘ ʩʣʦʷ ʤʦʞʝʪ ʥʘʭʦʜʠʪʴʩʷ ʚ ʠʥʪʝʨʚʘʣʝ ʦʪ ʥʝʩʢʦʣʴʢʠʭ ʜʦ ʩʪʘ ʥʘʥʦʤʝʪʨʦʚ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʦʙʦʣʦʯʢʘ ʠʟ ʛʨʘʬʝʥʦʧʦʜʦʙʥʦʛʦ ʫʛʣʝʨʦʜʘ ʧʨʝʜʦʭʨʘʥʷʝʪ ʯʘʩʪʠʮʳ ʧʦʨʦʰʢʘ ʦʪ ʢʦʤʢʦʚʘʥʠʷ ʧʨʠ 

ʤʝʭʘʥʦʘʢʪʠʚʘʮʠʠ. 

 
ʈʠʩ.1. ɺʈʕʄ ʠʟʦʙʨʘʞʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʦʙʦʣʦʯʢʠ ʥʘ ʯʘʩʪʠʮʝ ʘʣʶʤʠʥʠʷ. ʅʘ ʚʨʝʟʢʝ ʧʦʢʘʟʘʥ ʚʳʜʝʣʝʥʥʳʡ 

ʫʯʘʩʪʦʢ ʩ ʙʦʣʴʰʠʤ ʫʚʝʣʠʯʝʥʠʝʤ. 

 
ʈʠʩ2. ɺʈʕʄ ʠʟʦʙʨʘʞʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʦʙʦʣʦʯʢʠ ʥʘ ʯʘʩʪʠʮʝ ʢʨʝʤʥʠʷ. 
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ɺʓʉʆʂʆʊɽʄʇɽʈɸʊʋʈʅʓɽ ʇʆʃʀʄɽʈʅʓɽ ʂʆʄʇʆɿʀʎʀʆʅʅʓɽ ʄɸʊɽʈʀɸʃʓ ɼʃʗ 

ɸʕʈʆʂʆʉʄʀʏɽʉʂʆʁ ʆʊʈɸʉʃʀ  

ɹʘʙʢʠʥ ɸ.ɺ.1, 2, ɹʫʣʛʘʢʦʚ ɹ.ɸ.1, 2, ʂʝʧʤʘʥ ɸ.ɺ.1, 2 
1ʈʦʩʩʠʷ, ʛ. ʄʦʩʢʚʘ, ɿɸʆ çʀʥʩʪʠʪʫʪ ʥʦʚʳʭ ʫʛʣʝʨʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʪʝʭʥʦʣʦʛʠʡè (çʀʅʋʄʠʊè) 

2ʈʦʩʩʠʷ, ʛ. ʄʦʩʢʚʘ, ʄɻʋ ʠʤ. ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ 

 

HEAT RESISTANT POLYM ER COMPOSITE MATERIA LS FOR AEROSPACE INDUSTRY 

Babkin A.V., Bulgakov B.A., Kepman A.V. 

CJSC Institute of new carbon materials and technology (INCMaT) 

 
High-temperature carbon fiber reinforced plastics based on phthalonitrile resins are obtained for the first 

time by vacuum infusion. This path-breaking result becomes possible due to use of a low-melting siloxane and 

phosphate-bridged phthalonitrile monomer. The obtained samples of composites demonstrate thermal stability 

and a change of mechanical properties by less than 10% at 300 ÁC 

 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʨʠʮ ʠ 

ʥʝʧʨʝʨʳʚʥʳʭ ʫʛʣʝʨʦʜʥʳʭ ʠʣʠ ʩʪʝʢʣʷʥʥʳʭ ʚʦʣʦʢʦʥ ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʠʯʴ ʩʥʠʞʝʥʠʷ ʤʘʩʩʳ ʢʦʥʩʪʨʫʢʮʠʡ, ʥʦ 

ʪʘʢʠʝ ʤʘʪʝʨʠʘʣʳ ʦʙʣʘʜʘʶʪ ʢʣʶʯʝʚʳʤ ʦʛʨʘʥʠʯʝʥʠʝʤ ʧʦ ʪʝʤʧʝʨʘʪʫʨʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʦʙʫʩʣʦʚʣʝʥʥʳʤ 

ʪʝʨʤʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʴʶ ʠ ʪʝʨʤʦʤʝʭʘʥʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʧʦʣʠʤʝʨʥʦʡ ʤʘʪʨʠʮʳ. 

ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʜʦ 375Áʉ ʘʢʪʫʘʣʴʥʦ ʩʦʟʜʘʥʠʝ 

ʪʝʭʥʦʣʦʛʠʯʥʳʭ ʣʝʛʢʠʭ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩʧʦʩʦʙʥʳʭ ʚʳʜʝʨʞʠʚʘʪʴ ʫʢʘʟʘʥʥʳʝ ʫʩʣʦʚʠʷ. ʊʘʢʠʤ 

ʚʳʩʦʢʠʤ ʪʨʝʙʦʚʘʥʠʷʤ ʤʦʛʫʪ ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʧʦʣʠʤʝʨʥʳʝ ʤʘʪʨʠʮʳ ʥʘ ʦʩʥʦʚʝ ʬʪʘʣʦʥʠʪʨʠʣʦʚ. ʆʩʥʦʚʥʳʤʠ 

ʥʝʜʦʩʪʘʪʢʘʤʠ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʨʠʮ ʥʘ ʦʩʥʦʚʝ ʬʪʘʣʦʥʠʪʨʠʣʦʚ (ʌʅ) ʷʚʣʷʣʠʩʴ ʚʳʩʦʢʘʷ ʪʝʤʧʝʨʘʪʫʨʘ 

ʦʪʚʝʨʞʜʝʥʠʷ ʠ ʫʟʢʠʡ ʠʥʪʝʨʚʘʣ ʧʝʨʝʨʘʙʘʪʳʚʘʝʤʦʩʪʠ, ʪʘʢ ʢʘʢ ʠʩʭʦʜʥʳʝ ʤʦʥʦʤʝʨʳ ʦʙʣʘʜʘʣʠ ʚʳʩʦʢʦʡ 

ʪʝʤʧʝʨʘʪʫʨʦʡ ʧʣʘʚʣʝʥʠʷ.  

ɺʚʝʜʝʥʠʝʤ ʩʠʣʦʢʩʘʥʦʚʳʭ ʠ ʬʦʩʬʘʪʥʳʭ ʬʨʘʛʤʝʥʪʦʚ ʚ ʤʦʣʝʢʫʣʳ ʤʦʥʦʤʝʨʘ ʫʜʘʣʦʩʴ ʩʥʠʟʠʪʴ 

ʪʝʤʧʝʨʘʪʫʨʫ ʨʘʟʤʷʛʯʝʥʠʷ (ʩʪʝʢʣʦʚʘʥʠʷ) ʤʦʥʦʤʝʨʘ ʜʦ 0-16 Áʉ [1], ʧʨʠ ʵʪʦʤ ʩʦʭʨʘʥʠʣʠʩʴ ʪʝʨʤʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ ʦʪʚʝʨʞʜʝʥʥʦʡ ʤʘʪʨʠʮʳ ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʬʪʘʣʦʥʠʪʨʠʣʦʚ (ʊʩ> 400 ÁC ʊʨʘʟʣ>500 ÁC). ʅʘ ʦʩʥʦʚʝ 

ʜʘʥʥʳʭ ʤʦʥʦʤʝʨʦʚ ʧʦʣʫʯʠʣʠ ʩʚʷʟʫʶʱʝʝ, ʢʦʪʦʨʦʝ ʧʦʟʚʦʣʠʣʦ ʩʬʦʨʤʦʚʘʪʴ ʫʛʣʝʧʣʘʩʪʠʢʠ ʥʘ ʦʩʥʦʚʝ 

ʫʛʣʝʨʦʜʥʦʡ ʪʢʘʥʠ ʤʝʪʦʜʦʤ ʚʘʢʫʫʤʥʦʡ ʠʥʬʫʟʠʠ ʧʨʠ ʪʝʤʝʧʨʘʪʫʨʝ ʧʨʦʧʠʪʢʠ 150 Áʉ. ʀʩʩʣʝʜʦʚʘʥʠʝ 

ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʦʚ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʧʨʦʯʥʦʩʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘʭʦʜʷʪʩʷ ʥʘ ʫʨʦʚʥʝ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʇʂʄ (Ű1225 = 66-78 ʄʇʘ, ů11
+25 = 660-670 ʄʇʘ) ʠ ʩʦʭʨʘʥʷʶʪʩʷ ʧʨʠ ʧʦʚʳʰʝʥʠʠ 

ʪʝʤʧʝʨʘʪʫʨʳ ʜʦ 300 Áʉ (Ű12300 = 65-73 ʄʇʘ, ů11
+300 = 691-730 ʄʇʘ). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʧʝʨʚʳʝ ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʧʦʜʭʦʜ ʢ ʬʦʨʤʦʚʘʥʠʶ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ 

ʫʛʣʝʧʣʘʩʪʠʢʦʚ ʤʝʪʦʜʦʤ ʚʘʢʫʫʤʥʦʡ ʠʥʬʫʟʠʠ ʠ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʝʛʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ. ʇʘʜʝʥʠʝ 

ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʜʦ 300Áʉ ʥʝ ʧʨʝʚʳʰʘʝʪ 10%. ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʤʦʛʫʪ ʥʘʡʪʠ 

ʧʨʠʤʝʥʝʥʠʝ ʚ ʘʵʨʦʢʦʩʤʠʯʝʩʢʦʡ ʦʪʨʘʩʣʠ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʜʝʪʘʣʝʡ ʩʣʦʞʥʦʡ ʬʦʨʤʳ ʠʟ ʇʂʄ, ʫʩʪʦʡʯʠʚʳʭ 

ʢ ʧʦʚʳʰʝʥʥʳʤ ʪʝʤʧʝʨʘʪʫʨʘʤ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʄʠʥʠʩʪʝʨʩʪʚʘ ʆʙʨʘʟʦʚʘʥʠʷ ʠ ʥʘʫʢʠ, ʚ ʨʘʤʢʘʭ ʌʝʜʝʨʘʣʴʥʦʡ 

ʮʝʣʝʚʦʡ ʧʨʦʛʨʘʤʤʳ "ʀʩʩʣʝʜʦʚʘʥʠʷ ʠ ʨʘʟʨʘʙʦʪʢʠ ʧʦ ʧʨʠʦʨʠʪʝʪʥʳʤ ʥʘʧʨʘʚʣʝʥʠʷʤ ʨʘʟʚʠʪʠʷ ʥʘʫʯʥʦ-

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʈʦʩʩʠʠ ʥʘ 2014-2020 ʛʦʜʳ", ʂʦʥʪʨʘʢʪ ˉ 14.576.21.003 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. Babkin, A.V.; Zodbinov E.B.; Bulgakov, B. A.; Kepman, A.V.; Avdeev, V.V. // Eur Polymer J 2015, 
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ʤʘʪʝʨʠʘʣʘ. ʕʪʠ ʩʚʦʡʩʪʚʘ ʢʘʨʢʘʩʘ ʷʚʣʷʶʪʩʷ ʧʨʦʠʟʚʦʜʥʳʤʠ ʦʪ ʧʘʨʘʤʝʪʨʦʚ ʟʘʛʦʪʦʚʢʠ ʠʟ 



3 - 7 ʦʢʪʷʙʨʷ 2016, ʛ. ʉʫʟʜʘʣʴ   

73 
 
 

ʥʝʢʘʨʙʦʥʠʟʦʚʘʥʥʦʛʦ ʦʢʠʩʣʝʥʥʦʛʦ ʇɸʅ ʚʦʣʦʢʥʘ (ʦʢʩʠʧʘʥʘ), ʩʦʜʝʨʞʘʥʠʝ ʫʛʣʝʨʦʜʘ ʚ ʢʦʪʦʨʦʤ ʜʦ 

ʢʘʨʙʦʥʠʟʘʮʠʠ ʥʝ ʧʨʝʚʳʰʘʝʪ 65%. 

ʇʝʨʝʨʘʙʦʪʢʘ ʦʢʩʠʧʘʥʘ ʚ ʥʝʪʢʘʥʳʡ ʭʦʣʩʪ ʧʦ ʩʪʘʥʜʘʨʪʥʦʡ ʥʝʪʢʘʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʧʨʠʚʦʜʠʪ ʢ 

ʧʦʣʫʯʝʥʠʶ ʟʘʛʦʪʦʚʢʠ ʧʣʦʪʥʦʩʪʴʶ ʦʢʦʣʦ 0,14ʛʨ/ʩʤ3, ʨʘʟʙʨʦʩ ʧʣʦʪʥʦʩʪʠ ʧʦ ʦʙʲʝʤʫ ʥʝʪʢʘʥʦʡ ʟʘʛʦʪʦʚʢʠ ʧʨʠ 

ʵʪʦʤ ʩʦʩʪʘʚʣʷʝʪ ʧʨʠʤʝʨʥʦ 30%.  

ʊʘʢʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʚʳʩʦʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʪʝʨʠʘʣʘ ʦʙʲʷʩʥʷʶʪʩʷ ʩʣʦʞʥʦʩʪʴʶ ʧʝʨʝʨʘʙʦʪʢʠ 

ʦʢʩʠʧʘʥʘ ʚʩʣʝʜʩʪʚʠʝ ʥʠʟʢʦʡ ʧʨʦʯʥʦʩʪʠ ʝʜʠʥʠʯʥʳʭ ʬʠʣʘʤʝʥʪʦʚ  ʠ ʚʳʩʦʢʦʡ ʵʣʝʢʪʨʦʩʪʘʪʠʯʥʦʩʪʴʶ ʚʦʣʦʢʥʘ. 

ʇʦʚʳʰʝʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʘʨʢʘʩʘ ʪʨʝʙʫʝʪ ʦʧʪʠʤʠʟʘʮʠʠ ʦʩʥʦʚʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʥʘ 

ʩʪʘʜʠʠ ʠʟʛʦʪʦʚʣʝʥʠʷ ʥʝʪʢʘʥʳʭ ʭʦʣʩʪʦʚ,  ʢʘʢ ʠ ʥʘ ʩʪʘʜʠʠ  ʧʦʩʣʝʜʫʶʱʝʛʦ ʩʢʨʝʧʣʝʥʠʷ ʠʭ  ʠʛʣʦʧʨʦʙʠʚʥʳʤ 

ʤʝʪʦʜʦʤ. ʉ ʮʝʣʴʶ ʦʧʪʠʤʠʟʘʮʠʠ ʨʝʰʝʥʠʷ ʵʪʦʡ ʤʥʦʛʦʬʘʢʪʦʨʥʦʡ ʟʘʜʘʯʠ ʙʳʣʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ 

ʦʧʨʝʜʝʣʝʥʳ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ, ʢʦʪʦʨʳʝ  ʦʙʝʩʧʝʯʠʣʠ ʧʦʣʫʯʝʥʠʝ ʥʝʢʘʨʙʦʥʠʟʦʚʘʥʥʦʛʦ ʢʘʨʢʘʩʘ 

ʦʙʲʝʤʥʦʡ ʧʣʦʪʥʦʩʪʴʶ 0,2+0,02 ʛʨ/ʩʤ3, ʯʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʦʟʚʦʣʠʣʦ  ʧʦʣʫʯʠʪʴ ʢʘʨʙʦʥʠʟʦʚʘʥʥʳʡ ʢʘʨʢʘʩ 

ʧʣʦʪʥʦʩʪʴʶ 0,5-0,55 ʛʨ/ʩʤ3 ʧʦʜ ʧʨʦʧʠʪʢʫ. 

ɼʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʧʦʚʳʰʝʥʠʷ ʦʙʲʝʤʥʦʡ ʧʣʦʪʥʦʩʪʠ ʟʘʛʦʪʦʚʢʠ ʙʳʣʘ ʧʨʠʤʝʥʝʥʘ ʪʝʭʥʦʣʦʛʠʷ 

ʜʫʙʣʠʨʦʚʘʥʠʷ ʧʫʪʝʤ ʧʦʩʣʦʡʥʦʡ ʧʨʦʢʣʘʜʢʠ ʫʛʣʝʨʦʜʥʦʡ ʚʫʘʣʠ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʥʝʪʢʘʥʳʤʠ ʭʦʣʩʪʘʤʠ ʠʟ 

ʦʢʠʩʣʝʥʥʦʛʦ ʇɸʅ ʚʦʣʦʢʥʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʟʘʛʦʪʦʚʢʘ ʦʙʲʝʤʥʦʡ ʧʣʦʪʥʦʩʪʴʶ 0,25ʛʨ/ʩʤ3. 

ʇʨʠʚʦʜʷʪʩʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʣʫʯʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. 
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A PHYSICO-MATHEMATICAL MODEL F OR SELECTIVE SINTERI NG OF MICROFINE 

HETEROGENEOUS POWDER 

Timofeev A.N.1, Logacheva A.I.1, Blesman A.I.2, Postnikov D.V.2, Logachev I.A.1, 

Polonyankin D.A.2 

 

Abstract. A theoretical and experimental investigation of microfine metal powder heating initiated by high-

energy laser irradiation was conducted. The focus of this study was to perform a physico-mathematical model of 

metal powder selective sintering with subsequent dynamic thermal fieldsô computation, which is an actual part of 

the problem solution of additive technology development and its application for materials sintering. The power 

and beam diameter, scan speed, particle size and its sphericity degree were selected as the main parameters of 

heat transfer computational model in porous matter. 

 

ɸʥʥʦʪʘʮʠʷ. ʇʨʦʚʝʜʝʥʳ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʮʝʩʩʦʚ, 

ʠʥʠʮʠʠʨʫʝʤʳʭ ʚʳʩʦʢʦʵʥʝʨʛʝʪʠʯʝʩʢʠʤ ʥʘʛʨʝʚʦʤ ʩʣʦʝʚ ʤʝʣʢʦʜʠʩʧʝʨʩʥʳʭ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʧʦʨʦʰʢʦʚ ʩ 

ʮʝʣʴʶ ʨʘʟʨʘʙʦʪʢʠ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʩʝʣʝʢʪʠʚʥʦʛʦ ʩʧʝʢʘʥʠʷ ʤʘʪʝʨʠʘʣʦʚ ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ 

ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʨʘʩʯʝʪʘ ʜʠʥʘʤʠʯʝʩʢʠʭ ʪʝʧʣʦʚʳʭ ʧʦʣʝʡ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʩʦʩʪʘʚʥʦʡ ʯʘʩʪʴʶ 

ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ ʨʘʟʚʠʪʠʷ ʠ ʧʨʠʤʝʥʝʥʠʷ ʘʜʜʠʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʩʧʝʢʘʥʠʷ ʤʘʪʝʨʠʘʣʦʚ. ʆʩʥʦʚʥʳʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ ʨʘʩʯʝʪʥʦʡ ʤʦʜʝʣʠ ʪʝʧʣʦʧʝʨʝʥʦʩʘ ʚ ʧʦʨʠʩʪʳʭ ʩʨʝʜʘʭ ʚʳʙʨʘʥʳ ʤʦʱʥʦʩʪʴ ʠ ʜʠʘʤʝʪʨ ʧʫʯʢʘ, 

ʩʢʦʨʦʩʪʴ ʩʢʘʥʠʨʦʚʘʥʠʷ, ʨʘʟʤʝʨ ʯʘʩʪʠʮ, ʩʪʝʧʝʥʴ ʠʭ ʩʬʝʨʠʯʥʦʩʪʠ. 

ʈʘʟʚʠʪʠʝ ʪʝʭʥʦʣʦʛʠʠ ʉʃʉ (ʩʝʣʝʢʪʠʚʥʦʛʦ ʣʘʟʝʨʥʦʛʦ ʩʧʝʢʘʥʠʷ) ʧʨʦʠʩʭʦʜʠʪ ʧʦ ʧʫʪʠ ʚʥʝʜʨʝʥʠʷ: 

ï ʥʦʚʳʭ (ʧʦ ʩʦʩʪʘʚʫ, ʩʪʝʧʝʥʠ ʜʠʩʧʝʨʩʥʦʩʪʠ) ʧʦʨʦʰʢʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʳʭ 

ʤʝʪʦʜʦʚ ʠʭ ʧʦʣʫʯʝʥʠʷ; 

ï ʧʦʚʳʰʝʥʠʷ ʤʦʱʥʦʩʪʠ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ (ʜʣʷ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʧʦʨʦʰʢʦʚ) ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, 

ʩʦʟʜʘʥʠʷ ʥʦʚʳʭ ʣʘʟʝʨʥʳʭ ʩʠʩʪʝʤ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʚʘʨʴʠʨʦʚʘʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʉʃʉ ʚ 

ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ. 

ʉʦʟʜʘʥʠʝ ʢʦʤʧʣʝʢʩʦʚ ʉʃʉ, ʧʨʝʚʦʩʭʦʜʷʱʠʭ ʧʦ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤ ʩʚʦʡʩʪʚʘʤ ʠ ʜʠʘʧʘʟʦʥʫ 

ʧʨʠʤʝʥʷʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩʦʚʨʝʤʝʥʥʳʝ ʠʤʧʦʨʪʥʳʝ ʫʩʪʘʥʦʚʢʠ ʉʃʉ (ɽʆʉ, ɻʝʨʤʘʥʠʷ, Sinterstation Pro 
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DM125 SLM System, ʉʐɸ) ʚʦ ʤʥʦʛʦʤ ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʘʣʠʯʠʝʤ ʤʦʱʥʦʡ ʣʘʟʝʨʥʦʡ ʩʠʩʪʝʤʳ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ 

ʧʝʨʝʩʪʨʦʡʢʠ ʯʘʩʪʦʪʳ, ʨʝʛʫʣʠʨʦʚʢʠ ʤʦʱʥʦʩʪʠ, ʩʢʦʨʦʩʪʠ ʩʢʘʥʠʨʦʚʘʥʠʷ ʣʫʯʘ ʠ ʨʘʟʤʝʨʦʚ ʝʛʦ ʧʷʪʥʘ [1ï4]. 

ʋʞʝ ʩʝʛʦʜʥʷ ʜʣʷ ʉʃʉ ʪʠʪʘʥʦʚʳʭ ʧʦʨʦʰʢʦʚ ʞʝʣʘʪʝʣʴʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʣʘʟʝʨʘ ʩ ʤʦʱʥʦʩʪʴʶ ʧʦʨʷʜʢʘ 1000 

ɺʪ, ʘ ʜʣʷ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʧʦʨʦʰʢʦʚ ʪʫʛʦʧʣʘʚʢʠʭ ʤʝʪʘʣʣʦʚ (ʪʘʥʪʘʣ, ʤʦʣʠʙʜʝʥ, ʚʦʣʴʬʨʘʤ) ʠ ʥʝʢʦʪʦʨʳʭ 

ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʚ ʤʦʱʥʦʩʪʠ ʩʫʱʝʩʪʚʫʶʱʠʭ ʫʩʪʘʥʦʚʦʢ ʉʃʉ ʫʞʝ ʥʝʜʦʩʪʘʪʦʯʥʦ. 

ɺ ʨʘʤʢʘʭ ʩʦʚʤʝʩʪʥʦʡ ʨʘʙʦʪʳ ʆɸʆ çʂʦʤʧʦʟʠʪè ʠ ʆʤɻʊʋ ʧʨʦʚʦʜʷʪʩʷ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʮʝʩʩʦʚ, ʠʥʠʮʠʠʨʫʝʤʳʭ ʚʳʩʦʢʦʵʥʝʨʛʝʪʠʯʝʩʢʠʤ ʥʘʛʨʝʚʦʤ ʩʣʦʝʚ 

ʤʝʣʢʦʜʠʩʧʝʨʩʥʳʭ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʧʦʨʦʰʢʦʚ ʩ ʮʝʣʴʶ ʨʘʟʨʘʙʦʪʢʠ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ 

ʩʝʣʝʢʪʠʚʥʦʛʦ ʩʧʝʢʘʥʠʷ ʤʘʪʝʨʠʘʣʦʚ ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʨʘʩʯʝʪʘ ʜʠʥʘʤʠʯʝʩʢʠʭ ʪʝʧʣʦʚʳʭ 

ʧʦʣʝʡ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʩʦʩʪʘʚʥʦʡ ʯʘʩʪʴʶ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ ʨʘʟʚʠʪʠʷ ʠ ʧʨʠʤʝʥʝʥʠʷ ʘʜʜʠʪʠʚʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʩʧʝʢʘʥʠʷ ʤʘʪʝʨʠʘʣʦʚ.  

ʆʩʥʦʚʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʨʘʩʯʝʪʥʦʡ ʤʦʜʝʣʠ ʪʝʧʣʦʧʝʨʝʥʦʩʘ ʚ ʧʦʨʠʩʪʳʭ ʩʨʝʜʘʭ ʚʳʙʨʘʥʳ ʤʦʱʥʦʩʪʴ 

ʠ ʜʠʘʤʝʪʨ ʧʫʯʢʘ, ʩʢʦʨʦʩʪʴ ʩʢʘʥʠʨʦʚʘʥʠʷ, ʨʘʟʤʝʨ ʯʘʩʪʠʮ, ʩʪʝʧʝʥʴ ʠʭ ʩʬʝʨʠʯʥʦʩʪʠ. ʄʦʜʝʣʴ 

ʚʝʨʠʬʠʮʠʨʦʚʘʣʘʩʴ ʠʤʝʶʱʠʤʠʩʷ ʪʠʧʦʚʳʤʠ ʘʥʘʣʠʪʠʯʝʩʢʠʤʠ ʨʝʰʝʥʠʷʤʠ ʠ ʠʟʚʝʩʪʥʳʤʠ ʣʠʪʝʨʘʪʫʨʥʳʤʠ 

ʜʘʥʥʳʤʠ. ʉ ʵʪʦʡ ʞʝ ʮʝʣʴʶ ʙʳʣ ʧʨʦʚʝʜʝʥ ʵʢʩʧʝʨʠʤʝʥʪ ʧʦ ʩʧʝʢʘʥʠʶ ʤʠʢʨʦʜʠʩʧʝʨʩʥʦʛʦ ʛʨʘʥʫʣʠʨʦʚʘʥʥʦʛʦ 

ʥʠʢʝʣʝʚʦʛʦ ʩʧʣʘʚʘ ʕʇ741ʅʇ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʚʝʨʜʦʪʝʣʴʥʦʛʦ ʠʤʧʫʣʴʩʥʦʛʦ ʥʝʦʜʠʤʦʚʦʛʦ ʣʘʟʝʨʘ, 

ʛʝʥʝʨʠʨʫʶʱʝʛʦ ʠʟʣʫʯʝʥʠʝ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ 532 ʥʤ, ʜʣʠʪʝʣʴʥʦʩʪʴʶ ʠʤʧʫʣʴʩʘ 16 ʥʩ, ʯʘʩʪʦʪʦʡ ʧʦʚʪʦʨʝʥʠʷ 

ʠʤʧʫʣʴʩʦʚ 10 ɻʮ, ʵʥʝʨʛʠʝʡ ʚ ʠʤʧʫʣʴʩʝ ʜʦ 0,5 ɼʞ, ʜʠʘʤʝʪʨ ʣʘʟʝʨʥʦʛʦ ʣʫʯʘ ï ʜʦ 6 ʤʤ. ʇʨʦʚʝʜʝʥʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʨʘʩʯʝʪʳ ʧʦʢʘʟʘʣʠ ʚʳʩʦʢʫʶ ʩʪʝʧʝʥʴ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. 
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IPRESCONS ï PROMOSING PREFORMS FOR HIGH -TEMPERATURE COMPOSIT ES 

Bogachev E.A. 

 

Ipreskons are needle-punched non-woven pressed preforms on the base of staple polymer fibers: 

polyacrylonitrile (carbon fiber precursor), polycarbosilane (silicon carbide fiber precursor), polysilazane (silicon 

carbonitride fiber precursor). Successful testing of Ipreskon with polyacrylonitrile as a preform in various 

applications testify to satisfactory properties 3D-composites on  its basis, the presence of structure features which 

are not achieved in composites on the basis of conventional cloth, fiber or rod framework. 

ʀʧʨʝʩʢʦʥʳ ï ʠʛʣʦʧʨʦʙʠʚʥʳʝ ʧʨʝʩʩʦʚʘʥʥʳʝ ʢʘʨʢʘʩʳ ʥʝʪʢʘʥʦʛʦ ʪʠʧʘ - ʧʦʣʫʯʘʶʪ ʥʘ ʦʩʥʦʚʝ 

ʰʪʘʧʝʣʠʨʦʚʘʥʥʳʭ ʚʦʣʦʢʦʥ ʧʦʣʠʤʝʨʥʳʭ ʧʨʝʢʫʨʩʦʨʦʚ: ʧʦʣʠʘʢʨʠʣʦʥʠʪʨʠʣʘ (ʧʨʝʢʫʨʩʦʨ ʫʛʣʝʨʦʜʥʦʛʦ 

ʚʦʣʦʢʥʘ), ʧʦʣʠʢʘʨʙʦʩʠʣʘʥʘ (ʧʨʝʢʫʨʩʦʨ ʢʘʨʙʠʜʦʢʨʝʤʥʠʝʚʦʛʦ ʚʦʣʦʢʥʘ), ʧʦʣʠʩʠʣʘʟʘʥʘ (ʧʨʝʢʫʨʩʦʨ ʚʦʣʦʢʥʘ 

ʢʘʨʙʦʥʠʪʨʠʜʘ ʢʨʝʤʥʠʷ). ʇʨʠʤʝʥʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʦʪʷʞʝʥʥʦʛʦ (ʜʣʠʥʦʡ ʜʦ 50-60 ʤʤ) ʰʪʘʧʝʣʴʥʦʛʦ 

ʚʦʣʦʢʥʘ ʠʟ ʚʳʰʝʫʢʘʟʘʥʥʳʭ ʧʦʣʠʤʝʨʥʳʭ ʧʨʝʢʫʨʩʦʨʦʚ, ʘ ʪʘʢʞʝ ʤʝʪʦʜʦʚ ʝʛʦ ʨʘʟʚʦʣʦʢʥʝʥʠʷ ʜʦ ʦʙʨʘʟʦʚʘʥʠʷ 

ʨʘʩʯʝʩʘʥʥʦʛʦ ʭʦʣʩʪʘ, ʠʛʣʦʧʨʦʙʠʚʘʥʠʷ ʧʣʦʩʢʦʡ ʠʣʠ ʪʫʙʫʣʷʨʥʦʡ ʟʘʛʦʪʦʚʢʠ   ʠʟ ʩʣʦʝʚ (ʩʣʦʷ) ʭʦʣʩʪʘ ʠ 

ʧʦʩʣʝʜʫʶʱʝʛʦ ʧʨʝʩʩʦʚʘʥʠʷ ʧʦʟʚʦʣʷʝʪ cʬʦʨʤʠʨʦʚʘʪʴ ʪʨʘʥʩʚʝʨʩʘʣʴʥʦ ʘʨʤʠʨʦʚʘʥʥʳʡ ʢʘʨʢʘʩ ʩ ʦʜʥʦʨʦʜʥʦʡ 

ʩʪʨʫʢʪʫʨʥʦʡ ʷʯʝʡʢʦʡ ʧʨʠʚʝʜʝʥʥʳʤ ʜʠʘʤʝʪʨʦʤ ʧʦʨ ʥʝ ʙʦʣʝʝ 30 ʤʢʤ [1]. ɼʘʣʴʥʝʡʰʠʡ ʥʝʦʢʠʩʣʠʪʝʣʴʥʳʡ 

ʦʪʞʠʛ (ʢʘʨʙʦʥʠʟʘʮʠʷ) ʪʘʢʠʭ ʧʦʣʠʤʝʨʥʳʭ ʟʘʛʦʪʦʚʦʢ ʧʨʠʚʦʜʠʪ ʢ ʠʭ ʫʩʘʜʢʝ, ʢʦʪʦʨʘʷ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ 

ʢʦʤʧʝʥʩʠʨʫʝʪ ʙʦʣʴʰʫʶ (ʦʢʦʣʦ 50%) ʧʦʪʝʨʶ ʤʘʩʩʳ ʧʨʠ ʧʠʨʦʣʠʟʝ ʠ ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʠʯʴ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʚʳʩʦʢʦʡ ʧʣʦʪʥʦʩʪʠ ʀʧʨʝʩʢʦʥʦʚ (ʜʦ 0,4 ɟʚʦʣʦʢʥʘ), ʥʝʦʙʭʦʜʠʤʦʡ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʥʘ ʠʭ ʦʩʥʦʚʝ 

ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ.  

ʋʩʧʝʰʥʦʝ ʦʧʨʦʙʦʚʘʥʠʝ ʀʧʨʝʩʢʦʥʘ ʥʘ ʦʩʥʦʚʝ ʧʦʣʠʘʢʨʠʣʦʥʠʪʨʠʣʘ ʚ ʨʘʟʣʠʯʥʦʛʦ ʚʠʜʘ ʧʨʠʤʝʥʝʥʠʷʭ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʭ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚʘʭ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʘʨʤʠʨʦʚʘʥʥʳʭ 
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ʢʦʤʧʦʟʠʪʦʚ ʥʘ ʝʛʦ ʦʩʥʦʚʝ, ʥʘʣʠʯʠʶ ʥʘʙʦʨʘ ʦʩʦʙʝʥʥʦʩʪʝʡ, ʥʝʜʦʩʪʠʞʠʤʳʭ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤ ʪʢʘʥʝʚʳʤ, ʩʪʝʨʞʥʝʚʳʤ ʠʣʠ ʥʠʪʷʥʳʤ ʘʨʤʠʨʦʚʘʥʠʝʤ. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1.ɹʦʛʘʯʝʚ ɽ.ɸ., ɽʣʘʢʦʚ ɸ.ɹ., ɹʝʣʦʛʣʘʟʦʚ ɸ.ʇ., ɼʝʥʠʩʦʚ ʖ.ɸ., ʊʠʤʦʬʝʝʚ ɸ.ʅ. ʉʧʦʩʦʙ ʠʟʛʦʪʦʚʣʝʥʠʷ 

ʧʦʨʠʩʪʦʛʦ ʢʘʨʢʘʩʘ-ʦʩʥʦʚʳ ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. - ɿʘʷʚʢʘ ʥʘ ʧʘʪʝʥʪ ʈʌ ˉ2016117713 ʦʪ 

06.05.2016. 

 

******************************************************************************************  

 

ʅɸʇʈɸɺʃɽʅʀʗ ʉʆɿɼɸʅʀʗ ɺʓʉʆʂʆʊɽʄʇɽʈɸʊʋʈʅʓʍ ʉʇʃɸɺʆɺ ɼʃʗ ʅʆɺʓʍ 

ɼɺʀɻɸʊɽʃɽʁ ʂʆʉʄʀʏɽʉʂʆʁ ʊɽʍʅʀʂʀ 

ɹʫʪʨʠʤ ɺ.ʅ. 

ʈʦʩʩʠʷ, ʛ. ʂʦʨʦʣʝʚ, ʆɸʆ çʂʦʤʧʦʟʠʪè 

E-mail:info@kompozit-mv.ru 

 

DIRECTIONS IN DEVELO PMENT OF HIGH TEMPER ATURE ALLOYS FOR NEW  SPACECRAFT 

ENGINES 

Butrim V.N.  

 
Problematic material science and technological inquires and directions on development of high-temperature 

alloys on the basis of refractory metals are considered. The chemical composition chrome - nickel alloy and 

technology of its production is optimized. An alloy is applied to production of altitude control spacecraft thrust-

chamber nozzles. The theoretical forecast of influence of small additives refractory metals (W, Ta, Nb, Hf, Zr) on 

strength and plasticity of an alloy is confirmed with test results of an experimental alloy. 

 

ʉʦʟʜʘʥʠʝ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ ʜʚʠʛʘʪʝʣʝʡ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʫʩʪʘʥʦʚʦʢ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ ʪʨʝʙʫʝʪ 
ʨʘʟʨʘʙʦʪʢʠ ʢʘʯʝʩʪʚʝʥʥʦ ʥʦʚʦʛʦ ʢʣʘʩʩʘ ʤʘʪʝʨʠʘʣʦʚ ʨʘʙʦʪʦʩʧʦʩʦʙʥʳʭ ʚ ʫʩʣʦʚʠʷʭ ʢʦʩʤʠʯʝʩʢʦʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʘ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʚʳʩʦʢʠʭ (1250é18000ʉ) ʪʝʤʧʝʨʘʪʫʨ ʚ ʪʝʯʝʥʠʝ ʜʣʠʪʝʣʴʥʦʛʦ (ʜʦ 100 ʪʳʩʷʯ 

ʯʘʩʦʚ) ʩʨʦʢʘ ʵʢʩʧʣʫʘʪʘʮʠʠ. 

ʇʦʪʝʥʮʠʘʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʞʘʨʦʧʨʦʯʥʳʭ ʩʪʘʪʝʡ ʠ ʥʠʢʝʣʝʚʳʭ ʩʧʣʘʚʦʚ, ʪʨʘʜʠʮʠʦʥʥʦ 

ʧʨʠʤʝʥʷʝʤʳʭ ʚ ʘʚʠʘʮʠʦʥʥʳʭ ʠ ʨʘʢʝʪʥʳʭ ʜʚʠʛʘʪʝʣʷʭ, ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʩʪʴʶ ʠʩʧʦʣʴʟʦʚʘʥʳ: ʜʦʩʪʠʛʥʫʪ 

ʧʨʝʜʝʣ ʨʘʙʦʯʠʭ ʪʝʤʧʝʨʘʪʫʨ (850-1000Áʉ ʚ ʪʝʯʝʥʠʝ ʩʨʦʢʘ ʵʢʩʧʣʫʘʪʘʮʠʠ ʜʦ 100 ʯʘʩʦʚ) [1]. ɼʘʣʴʥʝʡʰʝʝ 

ʨʘʟʚʠʪʠʝ ʞʘʨʦʧʨʦʯʥʳʭ ʠ ʞʘʨʦʩʪʦʡʢʠʭ ʩʧʣʘʚʦʚ ʚʦʟʤʦʞʥʦ ʟʘ ʩʯʝʪ ʧʨʠʤʝʥʝʥʠʷ ʩʧʣʘʚʦʚ ʥʘ ʦʩʥʦʚʝ 

ʪʫʛʦʧʣʘʚʢʠʭ ʤʝʪʘʣʣʦʚ - ʭʨʦʤʘ, ʤʦʣʠʙʜʝʥʘ, ʥʠʦʙʠʷ, ʪʘʥʪʘʣʘ, ʚʦʣʴʬʨʘʤʘ. 

ʅʘʠʙʦʣʴʰʠʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʧʣʘʚʳ ʥʘ ʦʩʥʦʚʝ ʭʨʦʤʘ, ʪʘʢ ʢʘʢ ʦʥʠ ʠʤʝʶʪ ʪʝʤʧʝʨʘʪʫʨʫ 

ʧʣʘʚʣʝʥʠʷ ʦʪ 13500ʉ ʜʦ 19000ʉ, ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʚʳʩʦʢʫʶ ʧʣʦʪʥʦʩʪʴ (7,2-8.0 ʛ/ʩʤ3), ʥʠʟʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ 

ʣʠʥʝʡʥʦʛʦ ʨʘʩʰʠʨʝʥʠʷ - 9,6Ĭ10-6 1/0ʉ (ʚ ʠʥʪʝʨʚʘʣʝ 20ð1000ʉ) [2]. ʇʦ ʧʨʦʯʥʦʩʪʥʳʤ ʩʚʦʡʩʪʚʘʤ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʘʭ 1100ð12000ʉ ʩʧʣʘʚʳ ʥʘ ʦʩʥʦʚʝ ʭʨʦʤʘ ʟʘʥʠʤʘʶʪ ʩʨʝʜʥʝʝ ʧʦʣʦʞʝʥʠʝ ʤʝʞʜʫ ʞʘʨʦʧʨʦʯʥʳʤʠ 

ʩʧʣʘʚʘʤʠ ʥʘ ʦʩʥʦʚʝ ʞʝʣʝʟʘ, ʥʠʢʝʣʷ ʠ ʩʧʣʘʚʘʤʠ ʥʘ ʦʩʥʦʚʝ ʙʦʣʝʝ ʪʫʛʦʧʣʘʚʢʠʭ ʤʝʪʘʣʣʦʚ, ʥʦ ʚ ʦʪʣʠʯʠʝ ʦʪ 

ʩʧʣʘʚʦʚ ʥʘ ʦʩʥʦʚʝ ʜʨʫʛʠʭ ʪʫʛʦʧʣʘʚʢʠʭ ʤʝʪʘʣʣʦʚ (Nb, Ta, Mo, W) ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʦʢʠʩʣʷʶʪʩʷ ʥʘ ʚʦʟʜʫʭʝ 

ʠ ʚ ʧʨʦʜʫʢʪʘʭ ʩʛʦʨʘʥʠʷ ʪʦʧʣʠʚʘ ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 1200-1350 0ʉ [3]. ɻʣʘʚʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʩʧʣʘʚʦʚ 

ʥʘ ʦʩʥʦʚʝ ʭʨʦʤʘ, ʧʨʝʧʷʪʩʪʚʫʶʱʠʤ ʠʭ ʰʠʨʦʢʦʤʫ ʠʩʧʦʣʴʟʦʚʘʥʠʶ, ʷʚʣʷʝʪʩʷ ʧʦʚʳʰʝʥʥʫʶ ʩʢʣʦʥʥʦʩʪʴ ʢ 

ʭʨʫʧʢʦʤʫ ʨʘʟʨʫʰʝʥʠʶ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ [4]. 

ʈʘʙʦʪʳ ʧʦ ʩʦʟʜʘʥʠʶ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʩʧʣʘʚʦʚ ʚʝʜʫʪʩʷ ʚ ʥʘʧʨʘʚʣʝʥʠʷʭ: 

- ʧʦʚʳʰʝʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ ʭʨʦʤʦ-ʥʠʢʝʣʝʚʦʛʦ ʩʧʣʘʚʘ ʟʘ ʩʯʝʪ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʩʦʩʪʘʚʘ ʠ ʪʝʭʥʦʣʦʛʠʠ ʠʟʛʦʪʦʚʣʝʥʠʠ; 

- ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʦʙʦʩʥʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʣʝʛʠʨʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ ʥʘ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʧʣʘʚʦʚ ʥʘ ʦʩʥʦʚʝ ʪʫʛʦʧʣʘʚʢʠʭ ʤʝʪʘʣʣʦʚ ʠ ʠʟʫʯʝʥʠʷ ʩʧʣʘʚʦʚ, ʩʦʩʪʘʚʳ ʢʦʪʦʨʳʭ ʚʳʙʨʘʥʳ 

ʚ ʨʝʟʫʣʴʪʘʪʝ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ; 

- ʨʘʟʨʘʙʦʪʢʘ ʠ ʠʟʫʯʝʥʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʠ 

ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ʀʟ ʭʨʦʤʦ-ʥʠʢʝʣʝʚʦʛʦ ʩʧʣʘʚʘ Cr-(31-35)% Ni-(1-3)% W-(0,1-0,4%) V-(0,05-0,3)% Ti 

(ʍ65ʅɺʌʊ,ɺʍ4ʐ) ʠʟʛʦʪʘʚʣʠʚʘʶʪ ʜʝʪʘʣʠ ʩʦʧʣʘ ʠ ʵʣʝʤʝʥʪʳ ʢʘʤʝʨʳ ʨʘʟʣʦʞʝʥʠʷ ʪʦʧʣʠʚʘ 
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ʪʝʨʤʦʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʜʚʠʛʘʪʝʣʝʡ ʢʦʨʨʝʢʮʠʠ ʦʨʙʠʪʳ, ʩʪʘʙʠʣʠʟʘʮʠʠ ʠ ʦʨʠʝʥʪʘʮʠʠ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ, 

ʛʜʝ ʪʨʝʙʫʝʪʩʷ ʚʳʩʦʢʘʷ ʞʘʨʦʩʪʦʡʢʦʩʪʴ ʠ ʩʪʦʡʢʦʩʪʴ ʢ ʛʘʟʦʚʦʡ ʢʦʨʨʦʟʠʠ ʚ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ 1130-

13000ʉ ʧʨʠ ʮʠʢʣʠʯʝʩʢʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʚ ʪʝʯʝʥʠʝ ʩʨʦʢʘ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚ ʢʦʩʤʠʯʝʩʢʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʙʦʣʝʝ 7 

ʣʝʪ. 

ʇʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʦʧʪʠʤʠʟʘʮʠʠ ʨʝʞʠʤʦʚ ʠ ʦʩʚʦʝʥʠʷ ʪʝʭʥʦʣʦʛʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʨʫʪʢʦʚ 

ʜʠʘʤʝʪʨʦʤ ʜʦ 30 ʤʤ ʠʟ ʩʧʣʘʚʘ ʍ65ʅɺʌʊ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʧʦʣʫʯʝʥʠʝ ʤʝʪʘʣʣʦʧʨʦʜʫʢʮʠʠ, ʪʨʝʙʫʝʤʦʛʦ 

ʢʘʯʝʩʪʚʘ [5]. ʊʝʭʥʦʣʦʛʠʷ ʚʢʣʶʯʘʝʪ ʧʨʦʮʝʩʩʳ ʚʘʢʫʫʤʥʦ-ʠʥʜʫʢʮʠʦʥʥʦʡ ʚʳʧʣʘʚʢʠ ʩʣʠʪʢʦʚ ʠʟ ʯʠʩʪʳʭ 

ʰʠʭʪʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʵʣʝʢʪʨʦʰʣʘʢʦʚʦʛʦ ʧʝʨʝʧʣʘʚʘ, ʧʨʝʩʩʦʚʘʥʠʷ ʧʦʣʫʬʘʙʨʠʢʘʪʘ ʥʘ ʛʠʜʨʘʚʣʠʯʝʩʢʦʤ 

ʧʨʝʩʩʝ, ʠ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ. 

 ͋   ͋
ʈʠʩʫʥʦʢ 1 ï ʉʪʨʫʢʪʫʨʘ (ʘ) ʠ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʨʫʪʢʘ ʠʟ ʭʨʦʤʦʥʠʢʝʣʝʚʦʛʦ ʩʧʣʘʚʘ ʍ65ʅɺʌʊ 

ɼʘʣʴʥʝʡʰʝʝ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʩʧʣʘʚʦʚ ʥʘ ʦʩʥʦʚʝ ʭʨʦʤʘ ʩ ʮʝʣʴʶ ʧʦʚʳʰʝʥʠʷ ʞʘʨʦʩʪʦʡʢʦʩʪʠ, 

ʞʘʨʦʧʨʦʯʥʦʩʪʠ ʠ ʜʣʠʪʝʣʴʥʦʡ ʧʨʦʯʥʦʩʪʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʤʳ ʩʚʷʟʳʚʘʝʤ ʩ ʟʘʤʝʥʦʡ ʥʠʢʝʣʷ 

ʥʘ ʙʦʣʝʝ ʪʫʛʦʧʣʘʚʢʠʡ ʣʝʛʠʨʫʶʱʠʡ ʵʣʝʤʝʥʪ. ʉʦʛʣʘʩʥʦ ʜʠʘʛʨʘʤʤʘʤ ʩʦʩʪʦʷʥʠʷ Cr-W ʠ Cr-Ta [6] ʨʘʙʦʯʘʷ 

ʪʝʤʧʝʨʘʪʫʨʘ ʩʧʣʘʚʘ ʤʦʞʝʪ ʙʳʪʴ ʧʦʚʳʰʝʥʘ ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ ʜʦ 15000ʉ. ʊʝʦʨʝʪʠʯʝʩʢʠ ʦʙʦʩʥʦʚʘʥʥʳʡ ʚʳʙʦʨ 

ʤʘʪʨʠʯʥʦʛʦ ʩʦʩʪʘʚʘ ʩʧʣʘʚʘ Cr-Ta-W ʩʚʷʟʘʥ ʥʝ ʪʦʣʴʢʦ ʩ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ W ʠ Ta ʜʣʷ ʫʧʨʦʯʥʝʥʠʷ ʩʧʣʘʚʘ, 

ʥʦ ʠ ʩʧʦʩʦʙʥʦʩʪʴʶ ʪʘʥʪʘʣʘ ʢ ʣʦʢʘʣʠʟʘʮʠʠ ʘʟʦʪʘ ʚ ʬʘʟʝ ʃʘʚʝʩʘ Cr2Ta, ʦʪʤʝʯʝʥʥʦʡ M.P. Brady ʥʘ ʩʧʣʘʚʝ Cr-

9,5Ta [7]. 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʨʘʙʦʪ ʧʦ ʩʦʟʜʘʥʠʶ ʪʘʢʦʛʦ ʢʣʘʩʩʘ ʤʘʪʝʨʠʘʣʦʚ ʪʨʝʙʫʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʠ ʦʩʚʦʝʥʠʝ 

ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʩʦʚʨʝʤʝʥʥʦʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʙʘʟʳ ʜʣʷ ʠʩʧʳʪʘʥʠʡ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʦʚ 

ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʫʩʣʦʚʠʷʤ ʵʢʩʧʣʫʘʪʘʮʠʠ.  
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INFLUENCE OF PARAMET ERS OF HEAT TREATMEN T TO REFRACTORINESS OF DIPHASIC 

CR-NI ALLOY  

Butr im V.N., Kubatkin V.S., Adaskin A.M., Sapronov I.Y. 

 

Heat resistance test results of diphasic Cr-33Ni-3W-0,4V-0,3Ti alloy in depending on thermal treatment 

after heating in the oxidizing environment at temperature 11000ʉ, during 36ʯ in comparison with a heat resisting 

nickel-base alloy Ni-22Cr-2,8Ti-1,0Al-0,01B are presented. 

 

ʀʩʩʣʝʜʦʚʘʣʠ ʜʚʫʭʬʘʟʥʳʡ ʭʨʦʤʦ-ʥʠʢʝʣʝʚʳʡ ʩʧʣʘʚ ʍ65ʅɺʌʊ, ʚ ʩʦʩʪʦʷʥʠʠ ʧʦʩʪʘʚʢʠ ʠ ʧʦʩʣʝ 

ʨʘʟʣʠʯʥʦʡ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʞʘʨʦʧʨʦʯʥʳʤ ʩʧʣʘʚʦʤ ʥʘ ʦʩʥʦʚʝ ʥʠʢʝʣʷ ʍʅ77ʊʖʈ. 

ʀʩʧʳʪʘʥʠʷ ʥʘ ʞʘʨʦʩʪʦʡʢʦʩʪʴ ʚʳʧʦʣʥʷʣʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ ɻʆʉʊ 6370-71. ɾʘʨʦʩʪʦʡʢʦʩʪʴ 

ʦʮʝʥʠʚʘʣʠ ʫʜʝʣʴʥʦʡ ʚʝʣʠʯʠʥʦʡ ʧʨʠʚʝʩʘ, ʪ.ʝ. ʫʚʝʣʠʯʝʥʠʝʤ ʤʘʩʩʳ ʦʙʨʘʟʮʘ ʦʪʥʝʩʝʥʥʦʡ ʢ ʧʣʦʱʘʜʠ ʝʛʦ 

ʧʦʚʝʨʭʥʦʩʪʠ  (Dm/S) 

ʆʢʠʩʣʝʥʠʝ ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1100ÁC ʚ ʧʝʯʠ ʵʣʝʢʪʨʦʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚ ʪʝʯʝʥʠʝ 36ʯ. 

ɺʟʚʝʰʠʚʘʥʠʝ ʪʠʛʣʷ ʩ ʦʙʨʘʟʮʦʤ ʧʨʦʠʟʚʦʜʠʣʠ ʜʦ ʠ ʧʦʩʣʝ ʚʳʜʝʨʞʢʠ ʧʨʠ 1100ÁC ʯʝʨʝʟ ʢʘʞʜʳʝ 12 ʯ., ʧʨʠ 

25ÁC.  

ɿʘʚʠʩʠʤʦʩʪʠ Dm/S ʘʧʧʨʦʢʩʠʤʠʨʦʚʘʣʠ ʣʠʥʝʡʥʳʤʠ ʫʨʘʚʥʝʥʠʷʤʠ ʚʠʜʘ: 

Dm/S=kt+b      (1), 

ʛʜʝ t ï ʚʨʝʤʷ ʦʢʠʩʣʝʥʠʷ; k ʠ b ï ʧʘʨʘʤʝʪʨʳ, ʟʘʚʠʩʷʱʠʝ ʦʪ ʧʨʝʜʰʝʩʪʚʫʶʱʝʡ (ʧʝʨʝʜ ʦʢʠʩʣʝʥʠʝʤ) 

ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʩʧʣʘʚʘ.  

ʅʘʯʘʣʴʥʘʷ ʩʪʘʜʠʷ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʦʢʠʩʣʝʥʠʷ ʥʦʩʠʪ ʧʘʨʘʙʦʣʠʯʝʩʢʠʡ ʭʘʨʘʢʪʝʨ.  

ʂʦʥʩʪʘʥʪʘ k ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʩʢʦʨʦʩʪʴ ʦʢʠʩʣʝʥʠʷ ʩʧʣʘʚʘ. ʇʘʨʘʤʝʪʨ b ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ (ʥʝ 

ʢʦʣʠʯʝʩʪʚʝʥʥʦ) ʚʝʣʠʯʠʥʫ ʧʨʠʚʝʩʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʥʘ ʢʦʥʝʯʥʦʡ ʩʪʘʜʠʠ çʧʘʨʘʙʦʣʠʯʝʩʢʦʛʦè ʦʢʠʩʣʝʥʠʷ. ʏʝʤ 

ʙʦʣʴʰʝ ʚʝʣʠʯʠʥʘ b, ʪʝʤ ʠʥʪʝʥʩʠʚʥʝʡ çʧʘʨʘʙʦʣʠʯʝʩʢʦʝè ʦʢʠʩʣʝʥʠʝ. 

ʅʘʠʙʦʣʴʰʝʡ ʞʘʨʦʩʪʦʡʢʦʩʪʴʶ ʥʘ ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ ʦʢʠʩʣʝʥʠʷ (ʜʦ 12 ʯ.) ʦʙʣʘʜʘʝʪ ʦʙʨʘʟʝʮ ʩʧʣʘʚʘ 

ʧʦʩʣʝ ʟʘʢʘʣʢʠ, ʥʘʠʤʝʥʴʰʝʡ ï ʧʦʩʣʝ ʦʪʞʠʛʘ (min ʠ max b). ʆʜʥʘʢʦ, ʤʠʥʠʤʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʦʢʠʩʣʝʥʠʷ (k 

min) ʫ ʦʪʦʞʞʸʥʥʦʛʦ ʩʧʣʘʚʘ (ʪʘʙʣʠʮʘ 1).  

ʊʘʙʣʠʮʘ 1 -ʉʢʦʨʦʩʪʴ ʦʢʠʩʣʝʥʠʷ k ʠ ʚʝʣʠʯʠʥʘ ʧʘʨʘʙʦʣʠʯʝʩʢʦʛʦ ʦʢʠʩʣʝʥʠʷ b ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʩʧʣʘʚʦʚ. 

ʉʧʣʘʚ ʆʙʨʘʟʝʮ ʊʝʨʤʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ k b, 

ʍ65ʅɺʌʊ 

0 ʉʦʩʪʦʷʥʠʝ ʧʦʩʪʘʚʢʠ 0,29 (0,289) 9,3 (9,31) 

1 ɿʘʢʘʣʢʘ + ʆʪʧʫʩʢ 0,32 14,4 

2 ʆʪʞʠʛ 0,14 20,0 

3 ɿʘʢʘʣʢʘ 0,23 (0,227) 8,0 (7,98) 

ʍʅ77ʊʖʈ 5 ɿʘʢʘʣʢʘ + ʉʪʘʨʝʥʠʝ 0,50(0,49) 18,6(18,56) 

ʇʨʠʤʝʯʘʥʠʝ. ɺ ʩʢʦʙʢʘʭ ʫʢʘʟʘʥʳ ʟʥʘʯʝʥʠʷ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʤ  ʵʢʩʧʝʨʠʤʝʥʪʝ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʟʥʘʯʠʪʝʣʴʥʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ ʚ ʞʘʨʦʩʪʦʡʢʦʩʪʠ ʩʧʣʘʚʘ ʍ65ʅɺʌʊ ʥʘ ʦʩʥʦʚʝ ʭʨʦʤʘ 

(Crï30%Ni) ʚʥʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʘʯʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʳ ʧʝʨʝʜ ʩʧʣʘʚʦʤ ʍʅ77ʊʖʈ ʥʘ ʦʩʥʦʚʝ ʥʠʢʝʣʷ (Niï

23%Cr). 

ʆʢʩʠʜʥʳʝ ʩʣʦʠ ʚʩʝʭ ʦʙʨʘʟʮʦʚ ʩʧʣʘʚʘ ʍ65ʅɺʌʊ ʧʦʩʣʝ 36-ʪʠ ʯʘʩʦʚʦʛʦ ʦʢʠʩʣʝʥʠʷ, ʧʨʠʥʮʠʧʠʘʣʴʥʦ, 

ʠʤʝʶʪ ʩʣʝʜʫʶʱʫʶ ʩʪʨʫʢʪʫʨʫ: 

ʚʥʝʰʥʷʷ ʯʘʩʪʴ ʩʣʦʷ ï ʵʪʦ ʦʢʘʣʠʥʘ ʪʸʤʥʦʛʦ, ʩʝʨʦ-ʟʝʣʸʥʥʦʛʦ ʮʚʝʪʘ, ʩʦʜʝʨʞʘʱʘʷ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʧʦʨ; ʵʪʦ ʦʢʩʠʜ ʭʨʦʤʘ (Cr2O3).  
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ʚʥʫʪʨʝʥʥʷʷ ʯʘʩʪʴ ʩʣʦʷ ï ʵʪʦ g-ʬʘʟʘ ʜʣʷ ʚʩʝʭ ʦʙʨʘʟʮʦʚ 

 ʧʝʨʝʭʦʜʥʘʷ ʟʦʥʘ ï ʵʪʦ ʦʙʣʘʩʪʴ ʦʢʩʠʜʥʦʛʦ ʩʣʦʷ, ʨʘʩʧʦʣʘʛʘʶʱʘʷʩʷ ʤʝʞʜʫ ʦʢʘʣʠʥʦʡ ʠ ʧʦʜʩʣʦʝʤ, ʠ ʚ 

ʢʦʪʦʨʦʡ ʧʨʠʩʫʪʩʪʚʫʶʪ ʚʩʝ ʩʪʨʫʢʪʫʨʥʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ: ʦʢʘʣʠʥʘ, ʧʦʨʳ ʠ ʧʦʜʩʣʦʡ. 

ʅʘ çʧʘʨʘʙʦʣʠʯʝʩʢʦʡè ʩʪʘʜʠʠ ʦʢʠʩʣʝʥʠʷ, ʢʦʛʜʘ ʩʦʭʨʘʥʷʝʪʩʷ ʩʧʣʦʰʥʦʩʪʴ ʦʢʩʠʜʘ, ʩʢʦʨʦʩʪʴ ʦʢʠʩʣʝʥʠʷ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʜʠʬʬʫʟʠʝʡ ʭʨʦʤʘ. ɺ ʩʧʣʘʚʝ ʍ65ʅɺʌʊ ʠʦʥʳ ʭʨʦʤʘ ʜʠʬʬʫʥʜʠʨʫʶʪ ʦʪ ʦʩʥʦʚʳ ʩʧʣʘʚʘ ʯʝʨʝʟ 

ʧʦʜʩʣʦʡ, ʩʢʦʨʦʩʪʴ ʜʠʬʬʫʟʠʠ ʟʘʚʠʩʠʪ ʩʢʦʨʦʩʪʠ ʦʙʨʘʟʦʚʘʥʠʷ ʧʦʜʩʣʦʷ, ʬʦʨʤʠʨʫʶʱʝʛʦʩʷ ʚ ʧʨʦʮʝʩʩʝ 

ʦʢʠʩʣʝʥʠʷ. 

ʈʘʩʧʦʣʘʛʘʶʱʘʷʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʟʘ ʦʢʘʣʠʥʦʡ ʦʙʣʘʩʪʴ ʩʧʣʘʚʘ ʧʨʠ ʦʢʠʩʣʝʥʠʠ ʦʙʝʜʥʷʝʪʩʷ ʭʨʦʤʦʤ. 

ʇʨʠ ʵʪʦʤ ʧʨʦʠʩʭʦʜʠʪ, ʥʝ ʪʦʣʴʢʦ ʠʟʤʝʥʝʥʠʝ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ a-ʬʘʟʳ, ʥʦ ʠ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʦʙʲʸʤʥʳʭ ʩʦʦʪʥʦʰʝʥʠʡ ʬʘʟ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʜʠʘʛʨʘʤʤʦʡ ʩʦʩʪʦʷʥʠʷ çNi-Crè, ʚʧʣʦʪʴ ʜʦ ʦʙʨʘʟʦʚʘʥʠʷ 

ʩʪʨʫʢʪʫʨʳ, ʩʦʩʪʦʷʱʝʡ ʥʘ 100% ʠʟ g-ʬʘʟʳ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʝʤ ʙʳʩʪʨʝʝ ʚ ʦʢʩʠʜʥʦʤ ʩʣʦʝ ʩʧʣʘʚʘ ʧʦʜ ʦʢʘʣʠʥʦʡ ʩʬʦʨʤʠʨʫʝʪʩʷ ʩʧʣʦʰʥʦʡ ʧʦʜʩʣʦʡ 

g-ʬʘʟʳ, ʪʝʤ ʤʝʥʴʰʝ ʙʫʜʝʪ ʚʝʣʠʯʠʥʘ ʧʨʠʚʝʩʘ ʥʘ ʩʪʘʜʠʠ çʧʘʨʘʙʦʣʠʯʝʩʢʦʛʦ ʦʢʠʩʣʝʥʠʷè, ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 

ʧʘʨʘʤʝʪʨ b ʚ ʫʨʘʚʥʝʥʠʠ (1). 

ʇʨʠ ʧʨʝʚʨʘʱʝʥʠʷʭ ʚ ʪʚʸʨʜʦʤ ʩʦʩʪʦʷʥʠʠ ʥʦʚʘʷ ʬʘʟʘ ʟʘʨʦʞʜʘʝʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʥʘ ʛʨʘʥʠʮʘʭ 

ʟʸʨʝʥ ʠ ʝʸ ʢʦʣʠʯʝʩʪʚʦ ʨʘʩʪʸʪ ʪʝʤ ʙʳʩʪʨʝʝ, ʯʝʤ ʙʦʣʴʰʝ ʧʨʦʪʷʞʝʥʥʦʩʪʴ ʛʨʘʥʠʮ, ʯʪʦ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ 

ʤʝʣʢʦʟʝʨʥʠʩʪʳʭ ʩʪʨʫʢʪʫʨ. 

ʉʨʝʜʠ ʩʧʣʘʚʦʚ, ʠʤʝʶʱʠʭ ʜʚʫʭʬʘʟʥʫʶ ʩʪʨʫʢʪʫʨʫ ʚ ʠʩʭʦʜʥʦʤ ʩʦʩʪʦʷʥʠʠ, ʩʘʤʦʝ ʤʝʣʢʦʝ (ʜʠʩʧʝʨʩʥʦʝ) 

ʟʝʨʥʦ ʫ ʩʧʣʘʚʘ ʚ ʩʦʩʪʦʷʥʠʠ ʧʦʩʪʘʚʢʠ (ʨʠʩʫʥʦʢ 1). ʋ ʪʘʢʦʛʦ ʩʧʣʘʚʘ ʙʳʩʪʨʝʝ ʚʩʝʛʦ ʬʦʨʤʠʨʫʝʪʩʷ ʩʧʣʦʰʥʦʡ 

ʧʦʜʩʣʦʡ, ʠ ʜʣʷ ʪʘʢʦʡ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʭʘʨʘʢʪʝʨʥʦ ʤʝʥʴʰʝʝ ʟʥʘʯʝʥʠʝ ʧʘʨʘʤʝʪʨʘ b. ɺ ʟʘʢʘʣʸʥʥʦʤ 

ʦʙʨʘʟʮʝ, ʠʤʝʶʱʝʤ ʠʩʭʦʜʥʦ ʦʜʥʦʬʘʟʥʫʶ ʩʪʨʫʢʪʫʨʫ, ʧʨʠ ʥʘʛʨʝʚʝ ʜʦ 1100ÁC ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʦʢʠʩʣʝʥʠʝʤ 

ʩʧʣʘʚʘ ʧʨʦʠʩʭʦʜʠʪ ʨʘʩʧʘʜ ʧʝʨʝʩʳʱʝʥʥʦʛʦ a-ʪʚʸʨʜʦʛʦ ʨʘʩʪʚʦʨʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʜʠʩʧʝʨʩʥʦʡ g-ʬʘʟʳ 

(ʨʘʟʤʝʨ ʯʘʩʪʠʮ ʤʝʥʝʝ 2 ʤʢʤ). ʕʪʦ ʦʧʨʝʜʝʣʷʝʪ ʩʘʤʦʝ ʙʳʩʪʨʦʝ ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʧʣʦʰʥʦʛʦ ʧʦʜʩʣʦʷ (ʟʥʘʯʝʥʠʝ 

b ʜʣʷ ʟʘʢʘʣʸʥʥʦʛʦ ʦʙʨʘʟʮʘ ʤʠʥʠʤʘʣʴʥʦ).  

 
ʈʠʩ. 1. ʀʟʤʝʥʝʥʠʝ ʫʜʝʣʴʥʦʡ ʚʝʣʠʯʠʥʳ ʧʨʠʚʝʩʘ ʩʧʣʘʚʘ ʍ65ʅɺʌʊ ʧʨʠ ʦʢʠʩʣʝʥʠʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʝʞʠʤʘ 

ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ. 

ʅʘ çʣʠʥʝʡʥʦʡè ʩʪʘʜʠʠ, ʩʢʦʨʦʩʪʴ ʜʠʬʬʫʟʠʠ ʢʠʩʣʦʨʦʜʘ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʟʜʝʣʘ çʧʦʨʘ-ʧʦʜʩʣʦʡè 

ʟʘʚʠʩʠʪ ʦʪ ʧʦʨʠʩʪʦʩʪʠ ʦʢʩʠʜʘ. ʇʦʪʦʢ ʢʠʩʣʦʨʦʜʘ ʩʢʚʦʟʴ ʦʢʘʣʠʥʫ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʩʢʦʨʦʩʪʴ ʦʢʠʩʣʝʥʠʷ ʠ 

ʢʦʵʬʬʠʮʠʝʥʪ çkè ʪʝʤ ʙʦʣʴʰʝ, ʯʝʤ ʙʦʣʴʰʝ ʧʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʟʜʝʣʘ çʧʦʨʘ-ʦʢʩʠʜè, ʪ.ʝ. ʯʝʤ ʙʦʣʴʰʝ 

ʦʙʲʝʤ ʧʦʨ ʚ ʦʢʩʠʜʝ, ʯʝʤ ʤʝʥʴʰʝ ʝʛʦ ʧʣʦʪʥʦʩʪʴ. ʇʣʦʪʥʦʩʪʴ ʠ ʧʦʨʠʩʪʦʩʪʴ ʦʢʘʣʠʥʳ ʟʘʚʠʩʷʪ ʦʪ ʠʩʭʦʜʥʦʡ 

ʩʪʨʫʢʪʫʨʳ. ʇʣʦʪʥʦʩʪʴ ʦʢʘʣʠʥʳ ʤʘʢʩʠʤʘʣʴʥʘ ʜʣʷ ʦʪʦʞʞʸʥʥʦʛʦ ʦʙʨʘʟʮʘ, ʧʦʵʪʦʤʫ  ʟʥʘʯʝʥʠʝ ʧʘʨʘʤʝʪʨʘ k 

ʜʣʷ ʥʝʛʦ ʤʠʥʠʤʘʣʴʥʦ (ʩʤ. ʪʘʙʣʠʮʫ 1). 

 

*************************************************************************** ***************  
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INFLUENCE OF LOW -ALLOYI NG ADDITIONS OF REFR ACTORY METALS ON 

MICROSTRUCTURE AND M ECHANICAL PROPERTIES  OF CR-NI-BASED ALLOY  

Butrim  V., Razumovskii I. , Trushnikova A., Varlamova S., Simonov V., Bazaleeva K.  

 
The content of low-alloying additions (up to 0,2 mass. %) of refractory metals (Ta, Nb, Hf, Zr) was 

established on the base of thermodynamic calculations of the phase structure for alloy 

Cr-33Ni-2W-0,3V-0,4Ti mass. %. Results of creep and high temperature durability tests, microstructure reports 

and x-ray examination are presented. 

 

ʀʟʫʯʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʫʧʨʦʯʥʝʥʠʷ ʧʣʘʩʪʠʯʥʦʡ ʥʠʢʝʣʝʚʦʡ ʬʘʟʳ ʜʚʫʭʬʘʟʥʦʛʦ ʭʨʦʤʦʥʠʢʝʣʝʚʦʛʦ 

ʩʧʣʘʚʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʥʮʝʧʮʠʠ ʢʦʛʝʟʠʚʥʳʭ ʩʚʦʡʩʪʚ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʩʧʣʘʚʦʚ ʧʦ ʘʥʘʣʦʛʠʠ ʩ 

ʞʘʨʦʧʨʦʯʥʳʤʠ ʥʠʢʝʣʝʚʳʤʠ ʩʧʣʘʚʘʤʠ [2]. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦ ʧʨʠʥʮʠʧʫ ʤʘʢʩʠʤʫʤʘ ʵʥʪʨʦʧʠʠ ʨʘʩʩʯʠʪʘʥ 

ʬʘʟʦʚʳʡ ʩʦʩʪʘʚ ʙʘʟʦʚʦʛʦ ʩʧʣʘʚʘ (ʉʧʣʘʚ I) ʩʦʩʪʘʚʘ Cr-33Ni-2W-0,3V-0,4Ti (ʤʘʩʩ. %) ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ 

ʩʧʣʘʚʘ (ʉʧʣʘʚ II) ʩʦʩʪʘʚʘ Cr-33Ni-2W-0,3V-0,4Ti (ʤʘʩʩ. %) ʩ ʤʘʣʳʤʠ ʜʦʙʘʚʢʘʤʠ (ʜʦ 0,2 ʤʘʩʩ. %) 

ʪʫʛʦʧʣʘʚʢʠʭ ʤʝʪʘʣʣʦʚ (ʊʘ, Nb, Zr, Hf). ʆʧʨʝʜʝʣʝʥʦ ʨʘʮʠʦʥʘʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʤʘʣʦʣʝʛʠʨʫʶʱʠʭ ʜʦʙʘʚʦʢ 

ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤ ʩʧʣʘʚʝ ʜʣʷ ʠʟʫʯʝʥʠʷ ʠʭ ʚʣʠʷʥʠʷ ʥʘ ʝʛʦ ʩʪʨʫʢʪʫʨʫ ʠ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ. 

ʈʝʟʫʣʴʪʘʪʳ ʤʝʭʘʥʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ ʦʪ 20 ʜʦ 1080 Áʉ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʨʠ 

ʚʚʝʜʝʥʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ çʤʘʣʦʣʝʛʠʨʫʶʱʠʭè ʵʣʝʤʝʥʪʦʚ (0,2Ta-0,2Nb-0,05Hf-

0,05Zr), ʤʘʩʩ. %, ʧʨʠ ʧʦʚʳʰʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʠʤʝʝʪ ʤʝʩʪʦ ʩʥʠʞʝʥʠʝ ʟʥʘʯʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ 

ʫʜʣʠʥʝʥʠʷ (ŭ, %) (ʨʠʩ. 1) ʠ ʚʦʟʨʘʩʪʘʥʠʝ ʧʨʝʜʝʣʘ ʧʨʦʯʥʦʩʪʠ ʧʨʠ ʨʘʩʪʷʞʝʥʠʠ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚʦ ʚʨʝʤʷ ʠʩʧʳʪʘʥʠʡ ʥʘ ʧʦʣʟʫʯʝʩʪʴ ʚʨʝʤʷ ʫʩʪʘʥʦʚʠʚʰʝʡʩʷ ʩʪʘʜʠʠ ʜʣʷ ʉʧʣʘʚʘ II  

ʧʨʝʚʳʰʘʝʪ ʚʨʝʤʷ ʜʘʥʥʦʡ ʩʪʘʜʠʠ ʜʣʷ ʉʧʣʘʚʘ I (ʨʠʩ. 2). 

  

ʈʠʩʫʥʦʢ 1 ï ʆʪʥʦʩʠʪʝʣʴʥʦʝ ʫʜʣʠʥʝʥʠʝ 

ʉʧʣʘʚʦʚ I ʠ II  ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ 

ʈʠʩʫʥʦʢ 2 ï ʀʩʧʳʪʘʥʠʷ ʥʘ ʧʦʣʟʫʯʝʩʪʴ ʦʙʨʘʟʮʦʚ 

ʉʧʣʘʚʦʚ I ʠ II  ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 800 Áʉ 

ʈʝʥʪʛʝʥʦʚʩʢʠʤ ʤʝʪʦʜʦʤ ʧʦ ʧʦʣʦʞʝʥʠʶ ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʤʘʢʩʠʤʫʤʦʚ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʝ ʩʧʣʘʚʘ ʜʦʙʘʚʢʘʤʠ ʪʫʛʦʧʣʘʚʢʠʭ ʵʣʝʤʝʥʪʦʚ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʧʝʨʠʦʜʘ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ ɔ-ʬʘʟʳ (ɻʎʂ) ʠ ʥʝ ʚʣʠʷʝʪ ʥʘ ʧʝʨʠʦʜ ʨʝʰʝʪʢʠ Ŭ-ʬʘʟʳ (ʆʎʂ), ʧʨʠ ʵʪʦʤ ʰʠʨʠʥʘ 

ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʤʘʢʩʠʤʫʤʦʚ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʟʤʝʥʷʝʪʩʷ. ʅʘʙʣʶʜʘʝʤʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʟʚʦʣʷʶʪ 

ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʤʠʢʨʦʜʦʙʘʚʢʠ ʪʫʛʦʧʣʘʚʢʠʭ ʵʣʝʤʝʥʪʦʚ ʨʘʩʪʚʦʨʷʶʪʩʷ ʚ ɔ-ʪʚʝʨʜʦʤ ʨʘʩʪʚʦʨʝ, ʠ ʠʭ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦ ʨʝʰʝʪʢʝ ʜʦʩʪʘʪʦʯʥʦ ʨʘʚʥʦʤʝʨʥʦʝ. 



ʉɽʂʎʀʗ 2 ʂʆʄʇʆɿʀʎʀʆʅʅʓɽ ʄɸʊɽʈʀɸʃʓ, ɺʂʃʖʏɸʗ ʇʆʃʀʄɽʈʅʓɽ 
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ʉʨʘʚʥʝʥʠʝ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʩʧʣʘʚʦʚ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʜʦʙʘʚʣʝʥʠʝ ʤʘʣʦʣʝʛʠʨʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ 

ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʩʨʝʜʥʝʛʦ ʨʘʟʤʝʨʘ ʯʘʩʪʠʮ g-ʬʘʟʳ (ʩʚʝʪʣʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ) ʠ ʦʙʣʘʩʪʝʡ Ŭ-ʬʘʟʳ 

(ʪʝʤʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ), ʘ ʪʘʢʞʝ ʢ ʠʩʢʨʠʚʣʝʥʠʶ ʛʨʘʥʠʮ ʨʘʟʜʝʣʘ g/Ŭ ʚ ʉʧʣʘʚʝ II (ʨʠʩ. 3). 

ʕʪʦʪ ʨʝʟʫʣʴʪʘʪ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦ ʪʦʤ, ʯʪʦ ʚʳʙʨʘʥʥʳʝ ʧʨʠʥʮʠʧʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ 

ʚʚʝʜʝʥʠʠ çʤʘʣʦʣʝʛʠʨʫʶʱʠʭè ʜʦʙʘʚʦʢ, ʫʧʨʦʯʥʷʶʱʠʭ ɔïʬʘʟʫ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʦʚʳʰʝʥʠʶ ʧʨʦʯʥʦʩʪʠ 

ʩʧʣʘʚʦʚ ʥʘ ʭʨʦʤʦʥʠʢʝʣʝʚʦʡ ʦʩʥʦʚʝ ʧʨʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. 
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CYANATE ESTER BINDERS FOR THE ESMERALDABRODY C ARBON FIBER 

STRUCTURES OF SATELLITE SYSTEMS AND ORBI TAL COMPLEXES OF NEW  

GENERATION   

Vikhrov I.A, Aristov V.F.  

 

Shown the prospects of using the cyanate ester binders for the esmeraldabrody carbon fiber 

structures for space applications, given the properties of the developed binder. 
 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʨʘʢʝʪʥʦ-ʢʦʩʤʠʯʝʩʢʦʡ ʪʝʭʥʠʢʝ (ʈʂʊ) ʚʦʩʪʨʝʙʦʚʘʥʳ ʢʦʥʩʪʨʫʢʮʠʠ ʠʟ ʧʦʣʠʤʝʨʥʳʭ 

ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ (ʇʂʄ), ʩʧʦʩʦʙʥʳʝ ʨʘʙʦʪʘʪʴ ʙʝʟ ʠʟʤʝʥʝʥʠʷ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʨʘʟʤʝʨʦʚ ʚ 

ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ ʦʪ ʤʠʥʫʩ 150 Áʉ ʜʦ ʧʣʶʩ 150 Áʉ. ʇʨʦʠʟʚʦʜʩʪʚʦ ʪʘʢʠʭ ʇʂʄ ʥʝʦʙʭʦʜʠʤʦ ʚ ʩʚʷʟʠ ʩ 

ʩʦʟʜʘʥʠʝʤ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ ʩʧʫʪʥʠʢʦʚʳʭ ʩʠʩʪʝʤ ʠ ʦʨʙʠʪʘʣʴʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. ʆʩʥʦʚʥʳʤʠ 

ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ ʜʣʷ ʧʦʜʦʙʥʦʛʦ ʨʦʜʘ ʦʙʲʝʢʪʦʚ ʷʚʣʷʶʪʩʷ ʫʛʣʝʧʣʘʩʪʠʢʠ. ɻʣʘʚʥʳʝ 

ʧʨʝʠʤʫʱʝʩʪʚʘ ʫʛʣʝʧʣʘʩʪʠʢʘ ï ʤʘʣʘʷ ʧʣʦʪʥʦʩʪʴ, ʚʳʩʦʢʠʝ ʧʨʦʯʥʦʩʪʥʳʝ ʠ ʫʧʨʫʛʠʝ ʩʚʦʡʩʪʚʘ, ʥʠʟʢʠʡ 

ʢʦʵʬʬʠʮʠʝʥʪ ʣʠʥʝʡʥʦʛʦ ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʩʰʠʨʝʥʠʷ (ʂʃʊʈ). 

ɺ ʫʛʣʝʧʣʘʩʪʠʢʝ ʧʦʣʠʤʝʨʥʘʷ ʤʘʪʨʠʮʘ ʚʳʧʦʣʥʷʝʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʬʫʥʢʮʠʠ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʥʘʧʨʷʞʝʥʠʡ ʤʝʞʜʫ ʚʦʣʦʢʥʘʤʠ ʢʘʨʢʘʩʘ, ʘ ʫʛʣʝʨʦʜʥʳʡ ʢʘʨʢʘʩ ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʝʦʙʭʦʜʠʤʫʶ ʧʨʦʯʥʦʩʪʴ ʠ 

ʞʝʩʪʢʦʩʪʴ. ʆʪ ʚʳʙʦʨʘ ʘʨʤʠʨʫʶʱʝʛʦ ʤʘʪʝʨʠʘʣʘ ʠ ʤʘʪʨʠʮʳ ʙʫʜʫʪ ʟʘʚʠʩʝʪʴ ʢʦʥʝʯʥʳʝ ʩʚʦʡʩʪʚʘ ʇʂʄ. 
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ɼʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʨʘʟʤʝʨʦʩʪʘʙʠʣʴʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʚ ʢʘʯʝʩʪʚʝ ʘʨʤʠʨʫʶʱʝʛʦ ʤʘʪʝʨʠʘʣʘ ʣʫʯʰʝ ʚʩʝʛʦ 

ʧʦʜʭʦʜʷʪ ʚʳʩʦʢʦʤʦʜʫʣʴʥʳʝ ʫʛʣʝʨʦʜʥʳʝ ʚʦʣʦʢʥʘ, ʘ ʩʚʷʟʫʶʱʠʝ ʜʦʣʞʥʦ ʠʤʝʪʴ ʥʠʟʢʠʝ ʧʦʢʘʟʘʪʝʣʠ 

ʛʘʟʦʚʳʜʝʣʝʥʠʷ ʠ ʚʣʘʛʦʧʦʛʣʦʱʝʥʠʷ, ʜʦʩʪʘʪʦʯʥʫʶ ʜʣʷ ʫʩʣʦʚʠʡ ʢʦʩʤʦʩʘ ʪʝʧʣʦʩʪʦʡʢʦʩʪʴ, ʚʳʩʦʢʠʝ ʬʠʟʠʢʦ-

ʤʝʭʘʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʧʦʚʳʰʝʥʥʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʤʠʢʨʦʨʘʩʪʨʝʩʢʠʚʘʥʠʶ ʧʨʠ 

ʪʝʨʤʦʮʠʢʣʠʨʦʚʘʥʠʠ ʠ ʦʙʣʫʯʝʥʠʠ ʢʦʩʤʠʯʝʩʢʠʤʠ ʣʫʯʘʤʠ. 

ʊʨʘʜʠʮʠʦʥʥʦ ʠʩʧʦʣʴʟʫʶʱʠʝʩʷ ʚ ʨʦʩʩʠʡʩʢʦʡ ʢʦʩʤʦʥʘʚʪʠʢʝ ʜʣʷ ʧʦʜʦʙʥʳʭ ʟʘʜʘʯ ʩʚʷʟʫʶʱʠʝ ʥʘ 

ʦʩʥʦʚʝ ʵʧʦʢʩʠʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʥʝ ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʟʘʜʘʥʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ ʠ ʠʤʝʶʪ ʨʷʜ 

ʥʝʜʦʩʪʘʪʢʦʚ, ʪʘʢʠʭ ʢʘʢ ʧʦʚʳʰʝʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʚʣʘʛʦʧʦʛʣʦʱʝʥʠʷ ʠ ʦʙʨʘʟʦʚʘʥʠʷ ʤʠʢʨʦʪʨʝʱʠʥ ʧʨʠ 

ʪʝʨʤʦʮʠʢʣʠʨʦʚʘʥʠʠ ʠ ʨʘʜʠʘʮʠʠ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʨʷʜ ʟʘʨʫʙʝʞʥʳʭ ʬʠʨʤ, ʪʘʢʠʭ ʢʘʢ, Tencate (ʉʐɸ), Hexcel 

(ʉʐɸ) ʠ Cytec (ɺʝʣʠʢʦʙʨʠʪʘʥʠʷ) ʚʳʧʫʩʢʘʶʪ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʫʛʣʝʧʣʘʩʪʠʢʦʚʳʭ ʠʟʜʝʣʠʡ ʩʚʷʟʫʶʱʠʝ ʠ 

ʧʨʝʧʨʝʛʠ ʥʘ ʦʩʥʦʚʝ ʮʠʘʥʘʪʵʬʠʨʥʳʭ ʩʤʦʣ, ʦʙʣʘʜʘʶʱʠʝ ʥʘʠʣʫʯʰʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ 

ʫʩʣʦʚʠʷʭ ʢʦʩʤʠʯʝʩʢʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ.  

ɺ ʥʘʰʝʤ ʠʥʩʪʠʪʫʪʝ ʙʳʣʦ ʨʘʟʨʘʙʦʪʘʥʦ ʩʚʷʟʫʶʱʝʝ ʅʀʀʂɸʄ-ʈʉ ʥʘ ʦʩʥʦʚʝ ʦʣʠʛʦʤʝʨʦʚ ʙʠʩʬʝʥʦʣ ɸ 

ʜʠʮʠʘʥʘʪʘ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʨʝʧʨʝʛʦʚ ʥʘ ʦʩʥʦʚʝ ʚʳʩʦʢʦʤʦʜʫʣʴʥʳʭ ʫʛʣʝʨʦʜʥʳʭ ʚʦʣʦʢʦʥ. ʅʠʞʝ ʚ ʪʘʙʣʠʮʝ 

1 ʧʨʠʚʝʜʝʥʳ ʦʩʥʦʚʥʳʝ ʩʨʘʚʥʠʪʝʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʩʚʷʟʫʶʱʝʛʦ ʅʀʀʂɸʄ-ʈʉ, ʘ ʪʘʢʞʝ 

ʩʚʷʟʫʶʱʝʛʦ ʕʅʌɹ ʨʘʟʨʘʙʦʪʘʥʥʦʝ ʚ ɺʀɸʄ, ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʱʝʛʦʩʷ ʚ ʨʦʩʩʠʡʩʢʠʭ 

ʫʛʣʝʧʣʘʩʪʠʢʦʚʳʭ ʢʦʥʩʪʨʫʢʮʠʷʭ ʢʦʩʤʠʯʝʩʢʦʛʦ ʥʘʟʥʘʯʝʥʠʷ, ʠ ʟʘʨʫʙʝʞʥʦʛʦ ʮʠʘʥʘʪʵʬʠʨʥʦʛʦ ʩʚʷʟʫʶʱʝʛʦ 

EX-1515 ʬʠʨʤʳ Tencate (ʉʐɸ). 

ʊʘʙʣʠʮʘ 1 

ʉʨʘʚʥʠʪʝʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʚʷʟʫʶʱʠʭ ʜʣʷ ʇʂʄ ʢʦʩʤʠʯʝʩʢʦʛʦ ʥʘʟʥʘʯʝʥʠʷ 

ʉʚʷʟʫʶʱʝʝ ʕʅʌɹ EX-1515 ʅʀʀʂɸʄ-ʈʉ 

ʂʃʊʈ, ppm/Áʉ 61-77 61 50-60 

*ɽ, ɻʇʘ 3,5 - 4,5 3,4 3,5-5 

*ůʨ, ʄʇʘ 45-47 - 40-50 

*ůʠ, ʄʇʘ 45-70 - 100-110 

ʄʘʢʩʠʤʘʣʴʥʘʷ ʊʩʪ, Áʉ 115-130 160-180 250-290 

*ʈɺʇ, % 1,5 0,25-0,35 0,24 

*ɽ ï ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ, ůʠ ï ʧʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʧʨʠ ʠʟʛʠʙʝ, ůʨ ï ʧʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʧʨʠ ʨʘʩʪʷʞʝʥʠʠ, 

ʊʩʪ ï ʪʝʤʧʝʨʧʘʪʫʨʘ ʩʪʝʢʣʦʚʘʥʠʷ, ʈɺʇ ï ʨʘʚʥʦʚʝʩʥʦʝ ʚʣʘʛʦʧʦʛʣʦʱʝʥʠʝ ʧʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʚʣʘʞʥʦʩʪʠ 60 

% ʠ ʪʝʤʧʝʨʘʪʫʨʝ 25 Áʉ. 

ʀʟ ʪʘʙʣʠʮʳ ʚʠʜʥʦ, ʯʪʦ ʨʘʟʨʘʙʦʪʘʥʥʦʝ ʚ ʥʘʰʝʤ ʠʥʩʪʠʪʫʪʝ ʩʚʷʟʫʶʱʝʝ ʅʀʀʂɸʄ-ʈʉ ʧʦ ʚʩʝʤ ʬʠʟʠʢʦ-

ʤʝʭʘʥʠʯʝʩʢʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʧʨʝʚʦʩʭʦʜʠʪ ʢʘʢ ʵʧʦʢʩʠʜʥʦʝ ʩʚʷʟʫʶʱʝʝ ʕʅʌɹ, ʪʘʢ ʠ ʮʠʘʥʘʪʵʬʠʨʥʦʝ EX-

1515. ʆʩʦʙʝʥʥʦ ʩʠʣʴʥʦ (ʧʨʠʤʝʨʥʦ ʥʘ ʧʦʨʷʜʦʢ) ʦʪʣʠʯʘʶʪʩʷ ʧʦʢʘʟʘʪʝʣʠ ʨʘʚʥʦʚʝʩʥʦʛʦ ʚʣʘʛʦʧʦʛʣʦʱʝʥʠʷ 

ʮʠʘʥʘʪʵʬʠʨʥʳʭ ʩʚʷʟʫʶʱʠʭ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʘʢʦʚʳʤʠ ʜʣʷ ʵʧʦʢʩʠʜʥʳʭ ʩʚʷʟʫʶʱʠʭ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʚʝʩʴʤʘ 

ʚʘʞʥʳʤ ʩʚʦʡʩʪʚʦʤ ʧʨʠ ʩʦʟʜʘʥʠʠ ʧʨʝʮʠʟʠʦʥʥʳʭ ʨʘʟʤʝʨʦʩʪʘʙʠʣʴʥʳʭ ʫʛʣʝʧʣʘʩʪʠʢʦʚʳʭ ʢʦʥʩʪʨʫʢʮʠʡ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʦʩʥʦʚʝ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʚ ʆʆʆ çʅʀʀʂɸʄè ʮʠʘʥʘʪʵʬʠʨʥʦʛʦ ʩʚʷʟʫʶʱʝʛʦ 

ʚʦʟʤʦʞʥʦ ʧʦʣʫʯʝʥʠʝ ʢʦʥʩʪʨʫʢʮʠʡ ʠʟ ʇʂʄ ʩ ʣʫʯʰʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʩʦʟʜʘʚʘʪʴ 

ʩʧʫʪʥʠʢʦʚʳʝ ʩʠʩʪʝʤʳ ʠ ʦʨʙʠʪʘʣʴʥʳʝ ʢʦʤʧʣʝʢʩʳ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ. 
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ɸʅɸʃʀɿ ʉʊʈʋʂʊʋʈʓ ʀ ʉɺʆʁʉʊɺ ʋɻʃɽʈʆɼ-ʂɽʈɸʄʀʏɽʉʂʆɻʆ ʂʆʄʇʆɿʀʎʀʆʅʅʆɻʆ 

ʄɸʊɽʈʀɸʃɸ ʉʆʉʊɸɺɸ C/(SI-ʉ-HF), ʇʆʃʋʏɽʅʅʆɻʆ ʄɽʊʆɼʆʄ ʇʈʆʇʀʊʂʀ ʈɸʉʇʃɸɺʆʄ 

ʊʋɻʆʇʃɸɺʂʀʍ ʄɽʊɸʃʃʆɺ ʀ ʀʍ ʉʆɽɼʀʅɽʅʀʁ  
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ANALYSIS OF STRUCTURE AND PROPERTIES OF CARBON-CERAMIC COM POSITE 

MATERIAL C/(SI -ʉ-HF) BY MEANS OF REACTIVE MELT INFILTRATI ON PROCESS 

Volkova V.A., Timofeev I.A., Timofeev A.N. 

 
ɺ ʆɸʆ çʂʦʤʧʦʟʠʪè ʩ 2012 ʛʦʜʘ ʠʥʪʝʥʩʠʬʠʮʠʨʦʚʘʣʠʩʴ ʨʘʙʦʪʳ ʧʦ ʨʘʟʨʘʙʦʪʢʝ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʩ ʚʳʩʦʢʦʡ ʩʪʦʡʢʦʩʪʴʶ ʢ ʚʳʩʦʢʦʵʥʪʘʣʴʧʠʡʥʦʤʫ ʦʢʠʩʣʠʪʝʣʴʥʦʤʫ ʧʦʪʦʢʫ. ʊʘʢʠʝ ʤʘʪʝʨʠʘʣʳ 

ʤʦʛʫʪ ʙʳʪʴ ʩʦʟʜʘʥʳ ʤʝʪʦʜʦʤ ʧʨʦʧʠʪʢʠ ʧʦʨʠʩʪʳʭ ʫʛʣʝʨʦʜ-ʫʛʣʝʨʦʜʥʳʭ ʠʣʠ ʫʛʣʝʨʦʜ-ʢʘʨʙʠʜʦʢʨʝʤʥʠʝʚʳʭ 

ʟʘʛʦʪʦʚʦʢ ʨʘʩʧʣʘʚʦʤ ʪʫʛʦʧʣʘʚʢʠʭ ʤʝʪʘʣʣʦʚ ʠ/ʠʣʠ ʠʭ ʩʦʝʜʠʥʝʥʠʡ [1].  

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʩʪʨʫʢʪʫʨʳ ʠ ʩʚʦʡʩʪʚ ʦʙʨʘʟʮʦʚ ʋʂʂʄ ʩ 

ʪʫʛʦʧʣʘʚʢʦʡ ʤʘʪʨʠʮʝʡ, ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʥʘ ʆɸʆ çʂʦʤʧʦʟʠʪè ʤʝʪʦʜʦʤ ʧʨʦʧʠʪʢʠ ʨʘʩʧʣʘʚʦʤ ʤʝʪʘʣʣʦʚ ʠ ʠʭ 

ʩʦʝʜʠʥʝʥʠʡ. 

ʃʠʪʝʨʘʪʫʨʘ 

1. M. Yan, H. Li , Q. Fu, J. Xie, L. Liu, B. Feng. Ablative property of C/C-SiC-HfC composites prepared 

via precursor infiltration and pyrolysis under 3000 ÁC oxyacetylene torch. // Acta Metallurgica Sinica (English 

Letters). ï 2014. ï Vol.27, ˉ 6. ï P.981ï987. 
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ONE-PACKAGE  EPOXY STRUCTAL  ADHESIVES 

Garaeva G.R., Gladkikh S.N., Belinsky M.A. 

 
New one-package epoxy structural adhesives have been developed in JSC Kompozit. Adhesives have high 

strengths at a temperature of minus 60, 20 and 150 ϲC, low coefficient of linear thermal expansion and high glass 

transition temperature. 

 

ɼʣʷ ʧʨʠʢʣʝʠʚʘʥʠʷ ʤʘʛʥʠʪʦʚ ʠʟ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʩʧʣʘʚʦʚ ʢ ʩʪʘʣʴʥʳʤ ʜʝʪʘʣʷʤ ʨʦʪʦʨʦʚ ʠ ʩʪʘʪʦʨʦʚ 

ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʡ ʨʘʟʨʘʙʦʪʘʥʳ ʵʧʦʢʩʠʜʥʳʝ ʦʜʥʦʫʧʘʢʦʚʦʯʥʳʝ ʢʣʝʠ, ʦʪʚʝʨʞʜʘʶʱʠʝʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 

120 Áʉ ʟʘ 2 ʯʘʩʘ ʠʣʠ ʧʨʠ 150 Áʉ ʟʘ 0,5 ʯʘʩʘ, ʩ ʚʳʩʦʢʠʤʠ ʧʨʦʯʥʦʩʪʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʧʨʠ ʩʜʚʠʛʝ ʠ 

ʦʪʨʳʚʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʦʪ ʤʠʥʫʩ 60 ʜʦ 150 Áʉ ʚʟʘʤʝʥ ʢʣʝʷ  

ʋʇ-5-207 (ʧʨʦʠʟʚʦʜʩʪʚʘ ʋʢʨʘʠʥʘ). ʋʢʘʟʘʥʥʳʡ ʚʠʙʨʦ- ʫʜʘʨʦʧʨʦʯʥʳʡ ʢʣʝʡ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʜʣʷ 

ʦʙʝʩʧʝʯʝʥʠʷ ʢʦʨʨʦʟʠʦʥʥʦʡ ʟʘʱʠʪʳ ʠ ʛʝʨʤʝʪʠʟʘʮʠʠ ʢʣʝʝʚʳʭ ʠ ʩʚʘʨʥʳʭ ʰʚʦʚ, ʘ ʪʘʢʞʝ ʛʝʨʤʝʪʠʟʘʮʠʠ 

ʤʠʢʨʦʩʙʦʨʦʢ ʠ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʨʝʞʫʱʠʭ ʠʥʩʪʨʫʤʝʥʪʦʚ [1]. ʇʨʠʤʝʥʝʥʠʝ ʦʜʥʦʫʧʘʢʦʚʦʯʥʳʭ ʢʣʝʷʱʠʭ 

ʤʘʪʝʨʠʘʣʦʚ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʚʫʭ- ʠ ʤʥʦʛʦʫʧʘʢʦʚʦʯʥʳʤʠ ʚʚʠʜʫ ʠʭ ʧʨʘʢʪʠʯʝʩʢʦʡ 

ʙʝʟʦʪʭʦʜʥʦʩʪʠ, ʛʘʨʘʥʪʠʨʦʚʘʥʠʷ ʢʘʯʝʩʪʚʘ ʠʟ-ʟʘ ʠʩʢʣʶʯʝʥʠʷ ʥʝʪʦʯʥʦʩʪʠ ʚ ʜʦʟʠʨʦʚʢʝ ʢʦʤʧʦʥʝʥʪʦʚ ʧʨʠ 

ʠʟʛʦʪʦʚʣʝʥʠʠ ʢʣʝʷ, ʚʦʟʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʦʟʘʪʦʨʦʚ ʜʣʷ ʥʘʥʝʩʝʥʠʷ ʢʣʝʷ ʠ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ 

ʩʢʣʝʠʚʘʥʠʷ ʨʷʜʘ ʢʦʥʚʝʡʝʨʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚ. 

ʈʘʟʨʘʙʦʪʘʥʥʳʝ ʢʣʝʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʙʦʣʝʝ ʥʠʟʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʣʠʥʝʡʥʦʛʦ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʘʩʰʠʨʝʥʠʷ (ʂʃʊʈ) ʠ ʙʦʣʝʝ ʚʳʩʦʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʪʝʤʧʝʨʘʪʫʨʳ ʩʪʝʢʣʦʚʘʥʠʷ (Tg), ʯʝʤ 

ʢʣʝʡ ʋʇ-5-207 (ʪʘʙʣʠʮʘ 1). 
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ʊʘʙʣʠʮʘ 1 ï ʂʦʵʬʬʠʮʠʝʥʪ ʣʠʥʝʡʥʦʛʦ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʘʩʰʠʨʝʥʠʷ (ʂʃʊʈ) ʢʣʝʝʚ ʪʠʧʘ ʎʄʂ-ʆʂ ʚ 

ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ ʦʪ ʤʠʥʫʩ 60 ʜʦ 200 Áʉ 

ʐʠʬʨ ʢʣʝʷ 

ʈʝʞʠʤ ʦʪʚʝʨʞʜʝʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨʘ, 

Áʉ/ʚʨʝʤʷ, ʯ 

ʂʃʊʈ, ŬĀ106 1/ʂ ʚ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ, Üʉ 
Tg, 

ϲC -60 õ 20 20 õ 200 20 õ 150 20õ 100 -60 õ 150 

ʎʄʂ-ʆʂ-1 
120/2 41 226 94 59 74 160 

150/0,5 37 88 49 41 44 159 

ʎʄʂ-ʆʂ-9 
120/2 43 260 123 65 93 134 

150/0,5 40 160 102 57 78 125 

ʋʇ-5-207 
120/2 45 180õ200 128 66 96 60,6 

150/0,5 - - - - - 48,8 

ɺ ʪʘʙʣʠʮʝ 2 ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʨʦʯʥʦʩʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʦʝʜʠʥʝʥʠʡ ʥʘ ʢʣʝʷʭ ʤʘʨʦʢ  

ʎʄʂ-ʆʂ. 

 

ʊʘʙʣʠʮʘ 2 ï ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʣʝʝʚ ʪʠʧʘ ʎʄʂ-ʆʂ (ʨʝʞʠʤ ʦʪʚʝʨʞʜʝʥʠʷ: 2 ʯʘʩʘ ʧʨʠ 120Áʉ) 

ʐʠʬʨ ʢʣʝʷ 

ʆʪʥʦʩʠʪ. 

ʫʜʣʠʥʝʥʠʝ 

ʧʨʠ 

ʨʘʩʪʷʞʝʥʠʠ, 

% 

ʇʨʦʯʥʦʩʪʴ ʧʨʠ ʩʜʚʠʛʝ, ʄʇʘ, ʩʦʝʜʠʥʝʥʠʡ ʩʪʘʣʠ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ, Áʉ 

ʇʨʦʯʥʦʩʪʴ 

ʧʨʠ ʦʪʨʳʚʝ, 

ʄʇʘ, ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ, 

Áʉ (ʉʪ3) 

ʤʠʥʫʩ 60 20Ñ5 120 150 200 20Ñ5 150 

ʎʄʂ-ʆʂ-1 

3,20 
Ó15,9* 

(ʉʪ3) 

Ó17,5* 

(ʉʪ3) 

Ó20,4* 

(ʉʪ3) 

Ó18,3* 

(ʉʪ3) 

6,9 

(ʉʪ3) 
Ó 54,0 24,7 

2,4 (150 Áʉ  

0,5 ʯ) 

18,2 

(30ʍɻʉɸ) 

17,9 

(30ʍɻʉɸ) 

 
Ó14,3* 

(ɸʄʛ6) 

Ó15,5* 

(ɸʄʛ6) 

ʎʄʂ-ʆʂ-9 
3,2 (150 Áʉ  

0,5 ʯ) 

Ó21,9* 

(ʉʪ3) 

Ó23,8* 

(ʉʪ3) Ó16,1* 

(ʉʪ3) 

6,6 

(ʉʪ3) 1,7 

(ʉʪ3) 
Ó 54,0 7,1 

Ó17,1* 

(ɸʄʛ6) 

Ó6,2* 

(ɸʄʛ6) 

ʋʇ-5-207 
3,3 (150 Áʉ, 

0,5 ʯ) 
- 

Ó25,6* 

(ʉʪ3) 
- 

4,1 

(ʉʪ3) 
- Ó 54,0 5,0 

* - ʦʙʨʘʟʮʳ ʢʣʝʝʚʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩʠʣʴʥʦ ʧʦʛʥʫʣʠʩʴ, ʧʦʵʪʦʤʫ ʟʥʘʯʝʥʠʷ ʧʨʦʯʥʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʟʘʥʠʞʝʥʳ 

ʀʟ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʧʳʪʘʥʠʡ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʪʘʙʣʠʮʘʭ 1 ʠ 2 ʚʠʜʥʦ, ʯʪʦ ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʢʣʝʠ ʪʠʧʘ 

ʎʄʂ-ʆʂ ʠʤʝʶʪ ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʩʪʝʢʣʦʚʘʥʠʷ ʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʙʦʣʝʝ ʚʳʩʦʢʠʝ, ʯʝʤ ʢʣʝʡ ʋʇ-

5-207 ʧʨʦʯʥʦʩʪʠ ʧʨʠ ʩʜʚʠʛʝ ʠ ʨʘʚʥʦʤʝʨʥʦʤ ʦʪʨʳʚʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ  

150 Áʉ, ʪʦ ʝʩʪʴ ʷʚʣʷʶʪʩʷ ʙʦʣʝʝ ʪʝʧʣʦʩʪʦʡʢʠʤʠ. 

ʇʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʫʜʣʠʥʝʥʠʷ ʧʨʠ ʨʘʩʪʷʞʝʥʠʠ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʢʣʝʝʚ ʧʨʠ ʦʙʦʠʭ 

ʨʝʞʠʤʘʭ ʦʪʚʝʨʞʜʝʥʠʷ ʩʦʩʪʘʚʣʷʶʪ ʦʪ 2,4 ʜʦ 3,2 % ʠ ʷʚʣʷʶʪʩʷ ʩʨʘʚʥʠʤʳʤʠ ʩ ʦʪʥʦʩʠʪʝʣʴʥʳʤ ʫʜʣʠʥʝʥʠʝʤ 

3,3 % ʜʣʷ ʢʣʝʷ ʋʇ-5-207, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʢʣʝʠ ʥʝ ʷʚʣʷʶʪʩʷ ʭʨʫʧʢʠʤʠ, ʤʦʛʫʪ ʙʳʪʴ ʪʘʢʠʤʠ 

ʞʝ ʚʠʙʨʦ- ʠ ʫʜʘʨʦʧʨʦʯʥʳʤʠ ʢʘʢ ʠ ʫʢʨʘʠʥʩʢʠʡ ʘʥʘʣʦʛ. 

ʂʣʝʠ ʤʘʨʦʢ ʎʄʂ-ʆʂ-1 ʠ ʎʄʂ-ʆʂ-9 ʠʤʝʶʪ ʤʠʥʠʤʘʣʴʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʛʘʟʦʚʳʜʝʣʝʥʠʷ, ʥʝ 

ʧʨʝʚʳʰʘʶʱʠʝ ʜʦʧʫʩʪʠʤʳʭ ʧʦ ɻʆʉʊ ʈ 50109-92 ʟʥʘʯʝʥʠʡ (ʆʇʄ ï ʥʝ ʙʦʣʝʝ 1,0 %, ʃʂɺ ï ʥʝ ʙʦʣʝʝ 0,1 %). 

ʂʣʝʠ ʥʝ ʚʳʟʳʚʘʶʪ ʢʦʨʨʦʟʠʶ ʘʣʶʤʠʥʠʝʚʳʭ ʠ ʪʠʪʘʥʦʚʳʭ ʩʧʣʘʚʦʚ, ʥʝʨʞʘʚʝʶʱʝʡ ʩʪʘʣʠ, ʤʝʜʠ, ʟʘʱʠʱʘʶʪ 

ʦʪ ʢʦʨʨʦʟʠʠ ʫʛʣʝʨʦʜʠʩʪʳʝ ʩʪʘʣʠ, ʫʩʪʦʡʯʠʚʳ ʚ ʫʩʣʦʚʠʷʭ ʮʠʢʣʠʯʝʩʢʦʛʦ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨ (ʦʪ ʤʠʥʫʩ 

60 ϲʉ ʜʦ ʧʣʶʩ 125 ϲʉ, ʢʦʣʠʯʝʩʪʚʦ ʮʠʢʣʦʚ 10), ʭʨʘʥʷʪʩʷ ʥʝ ʤʝʥʝʝ 6 ʤʝʩʷʮʝʚ ʚ ʩʦʩʪʦʷʥʠʠ ʧʦʩʪʘʚʢʠ. ʅʘ 

ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʢʣʝʠ ʚʳʧʫʱʝʥʳ ʪʝʭʥʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʢʣʝʠ ʧʨʦʭʦʜʷʪ ʫʩʢʦʨʝʥʥʳʝ ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʠʩʧʳʪʘʥʠʷ ʧʦ ʦʮʝʥʢʝ 

ʩʦʭʨʘʥʥʦʩʪʠ ʧʨʦʯʥʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚ ʪʝʯʝʥʠʝ 25 ʣʝʪ, ʦʧʨʦʙʫʶʪʩʷ ʚ ɸʆ çʅʇʎ çʇʦʣʶʩè (ʛ. ʊʦʤʩʢ) 



ʉɽʂʎʀʗ 2 ʂʆʄʇʆɿʀʎʀʆʅʅʓɽ ʄɸʊɽʈʀɸʃʓ, ɺʂʃʖʏɸʗ ʇʆʃʀʄɽʈʅʓɽ 
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ʥʘ ʠʤʠʪʘʪʦʨʘʭ, ʚ ʆɸʆ çɹʦʣʭʦʚʩʢʠʡ ʟʘʚʦʜ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʧʨʠʙʦʨʦʚè (ʛ. ɹʦʣʭʦʚ, ʆʨʣʦʚʩʢʘʷ ʦʙʣ.) ʧʨʠ 

ʩʢʣʝʠʚʘʥʠʠ ʢʝʨʘʤʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ, ʚ ʆɸʆ çʅʇʇ çʇʠʨʘʤʠʜʘè (ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ) ʢʣʝʠ ʧʨʦʭʦʜʷʪ 

ʦʧʨʦʙʦʚʘʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʟʘʤʝʥʳ ʧʘʡʢʠ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʛʝʨʤʝʪʠʯʥʦʩʪʠ ʢʦʨʧʫʩʘ ʜʝʪʘʣʝʡ, ʚ ɿɸʆ 

çʄʦʩʢʦʚʩʢʠʡ ʟʘʚʦʜ ʘʚʪʦʪʨʘʢʪʦʨʥʦʡ ʵʣʝʢʪʨʦʘʧʧʘʨʘʪʫʨʳè (ʛ. ʄʦʩʢʚʘ) ï ʜʣʷ ʩʢʣʝʠʚʘʥʠʷ ʜʝʪʘʣʝʡ ʨʝʞʫʱʝʛʦ 

ʠʥʩʪʨʫʤʝʥʪʘ. 

ʈʘʟʨʘʙʦʪʘʥʥʳʝ ʚ ʆɸʆ çʂʦʤʧʦʟʠʪè ʪʝʧʣʦʩʪʦʡʢʠʝ ʢʣʝʷʱʠʝ ʤʘʪʝʨʠʘʣʳ ʨʝʢʦʤʝʥʜʫʶʪʩʷ ʜʣʷ 

ʩʢʣʝʠʚʘʥʠʷ ʤʝʪʘʣʣʦʚ, ʢʝʨʘʤʠʢʠ, ʨʘʟʥʦʨʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʜʝʪʘʣʝʡ ʚ ʠʟʜʝʣʠʷʭ, ʠʩʧʳʪʳʚʘʶʱʠʭ ʚ ʧʨʦʮʝʩʩʝ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʚʦʟʜʝʡʩʪʚʠʝ ʧʦʚʳʰʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨ, ʥʘʧʨʠʤʝʨ, ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʜʝʪʘʣʝʡ ʨʝʞʫʱʝʛʦ 

ʠʥʩʪʨʫʤʝʥʪʘ, ʧʨʠ ʧʨʠʢʣʝʠʚʘʥʠʠ ʤʘʛʥʠʪʦʚ ʚ ʩʪʘʪʦʨʘʭ ʠ ʨʦʪʦʨʘʭ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʡ. 

ʃʠʪʝʨʘʪʫʨʘ 

1. ɻ.ɺ. ʄʦʪʦʚʠʣʠʥ. ʉʢʣʝʠʚʘʥʠʝ. ʇʘʨʘʣʣʝʣʴʥʳʡ ʩʣʦʚʘʨʴ-ʩʧʨʘʚʦʯʥʠʢ. ʉʧʙ.: ʅʘʫʢʘ, 2000, 328. 

 

******************************************************************************************  

 
ʆʉʆɹɽʅʅʆʉʊʀ ʊɽʍʅʆʃʆɻʀʀ ɹʀʆɼɽɻʈɸɼɸʎʀʀ ʆʊʍʆɼʆɺ ʕʇʆʂʉʀɼʅʓʍ ʀ 

ʕʇʆʂʉʀʌɽʅʆʃʔʅʓʍ ʉʄʆʃ 

ɻʘʪʠʥʘ ɽ.ʈ., ʐʘʪʨʦʚ ɺ.ɹ., ʐʘʡʜʫʨʦʚʘ ɻ.ʀ. 

ʈʦʩʩʠʷ, ʛ.ʇʝʨʤʴ, ʇɸʆ ʅʇʆ çʀʩʢʨʘè 

E-mail:ger615@iskra.perm.ru 

 

FEATURES TECHNOLOGY BIODEGRADATION WASTE S EPOXI AND EPOXI-PITCHES 

Gatina E.R., Shatrov V.B., Shaydurova G.I. 

 
Properties of the cured binder technology biodegradation by incubation in the soil. Investigation of surface 

degradation by microorganisms. 

 

ʉʙʦʨ ʠ ʫʪʠʣʠʟʘʮʠʷ ʧʨʦʤʳʰʣʝʥʥʳʭ ʦʪʭʦʜʦʚ  ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʢʦʤʧʦʟʠʪʦʚ ʦʪʥʦʩʠʪʩʷ ʢ ʧʨʦʙʣʝʤʥʳʤ 

ʚʦʧʨʦʩʘʤ ʚ ʨʝʘʣʴʥʦʡ ʧʨʘʢʪʠʢʝ. ʌʝʥʦʣʬʦʨʤʘʣʴʜʝʛʠʜʥʳʝ ʠ ʵʧʦʢʩʠʜʥʳʝ ʩʚʷʟʫʶʱʠʝ  ʩʦʩʪʘʚʣʷʶʪ ʦʩʥʦʚʫ ʜʣʷ 

ʢʦʤʧʦʟʠʪʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʨʘʤʠʜʥʳʭ, ʫʛʣʝʨʦʜʥʳʭ, ʧʦʣʠʘʤʠʜʥʳʭ ʠ ʜʨʫʛʠʭ ʚʦʣʦʢʥʠʩʪʳʭ 

ʥʘʧʦʣʥʠʪʝʣʝʡ. ɺ ʨʝʘʣʴʥʦʡ ʧʨʘʢʪʠʢʝ ʧʨʠ ʥʘʤʦʪʢʝ ʢʨʫʧʥʦʛʘʙʘʨʠʪʥʳʭ ʢʦʨʧʫʩʦʚ ʠʤʝʝʪ ʤʝʩʪʦ ʥʘʢʦʧʣʝʥʠʝ 

ʧʨʦʤʳʰʣʝʥʥʳʭ ʦʪʭʦʜʦʚ  ʩʚʷʟʫʶʱʝʛʦ ʥʘ ʧʦʜʜʦʥʘʭ ʜʣʷ ʩʪʝʢʘʥʠʷ ʠʭ ʤʘʩʩʳ, ʢʦʪʦʨʦʝ ʚ ʜʘʣʴʥʝʡʰʝʤ ʥʝ 

ʧʦʜʣʝʞʠʪ ʚʪʦʨʠʯʥʦʤʫ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʙʝʟ ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʦʚ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ. ʇʨʠ 

ʠʟʛʦʪʦʚʣʝʥʠʠ ʧʨʝʧʨʝʛʦʚ ʪʘʢʞʝ ʦʯʝʚʠʜʥʦ ʧʦʷʚʣʝʥʠʝ ʦʪʭʦʜʘ ʩʚʷʟʫʶʱʝʛʦ ʧʦʩʣʝ ʧʨʦʧʠʪʢʠ ʪʢʘʥʠ.  

ɺʩʝ ʵʪʦ ʚ ʢʦʤʧʣʝʢʩʝ ʚʳʟʳʚʘʝʪ ʦʙʦʩʥʦʚʘʥʥʫʶ ʦʟʦʙʦʯʝʥʥʦʩʪʴ ʧʦ ʦʭʨʘʥʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʧʦʢʘ ʥʝʪ  

ʢʦʥʢʨʝʪʥʦʛʦ ʨʝʰʝʥʠʷ ʚʦʧʨʦʩʘ: ʢʘʢ ʫʪʠʣʠʟʠʨʦʚʘʪʴ  ʦʪʭʦʜʳ ʩʚʷʟʫʶʱʝʛʦ, ʥʝ ʦʢʘʟʳʚʘʷ ʥʝʛʘʪʠʚʥʦʛʦ ʚʣʠʷʥʠʷ 

ʥʘ ʧʨʠʨʦʜʥʫʶ ʩʨʝʜʫ, ʪʘʢ ʢʘʢ ʠʟʚʝʩʪʥʳʝ ʤʝʪʦʜʳ  ʫʪʠʣʠʟʘʮʠʠ (ʟʘʭʦʨʦʥʝʥʠʝ, ʧʠʨʦʣʠʟ) ʚ ʪʦʡ ʠʣʠ ʠʥʦʡ ʤʝʨʝ 

ʚʳʟʳʚʘʶʪ ʵʢʦʣʦʛʠʯʝʩʢʫʶ ʦʧʘʩʥʦʩʪʴ ʢʘʢ ʧʨʠ ʚʳʙʨʦʩʘʭ ʚ ʘʪʤʦʩʬʝʨʫ ʪʘʢ ʠ ʧʨʠ ʟʘʤʝʜʣʝʥʥʦʡ ʜʝʛʨʘʜʘʮʠʠ ʚ 

ʟʝʤʥʳʭ ʥʝʜʨʘʭ. 

 ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʧʨʠʦʙʨʝʪʘʝʪ ʦʩʦʙʫʶ ʘʢʪʫʘʣʴʥʦʩʪʴ ʨʘʟʨʘʙʦʪʢʘ ʩʦʚʨʝʤʝʥʥʦʡ ʠ ʵʬʬʝʢʪʠʚʥʦʡ 

ʪʝʭʥʦʣʦʛʠʠ ʫʪʠʣʠʟʘʮʠʠ ʩʚʷʟʫʶʱʝʛʦ. ɸʥʘʣʠʟ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʢʘʟʘʣ, ʯʪʦ ʢ ʥʘʠʙʦʣʝʝ 

ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʠ ʵʢʦʥʦʤʠʯʥʳʤ ʤʝʪʦʜʘʤ ʦʙʝʟʚʨʝʞʠʚʘʥʠʷ ʢʩʝʥʦʙʠʦʪʠʢʦʚ (ʟʘʛʨʷʟʥʠʪʝʣʝʡ) ʥʠʟʢʦʚʷʟʢʠʭ 

ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩʣʝʜʫʝʪ ʦʪʥʝʩʪʠ ʤʝʪʦʜ ʙʠʦʜʝʛʨʘʜʘʮʠʠ,  ʫʥʠʚʝʨʩʘʣʴʥʦ ʠ ʘʜʨʝʩʥʦ ʨʘʟʨʘʙʦʪʘʥʥʳʡ 

ʜʣʷ ʢʦʥʢʨʝʪʥʦʛʦ ʢʣʘʩʩʘ ʤʘʪʝʨʠʘʣʦʚ. ɹʠʦʨʘʟʣʦʞʝʥʠʝ ʪʦʡ ʠʣʠ ʠʥʦʡ ʢʦʤʧʦʟʠʮʠʠ ʧʨʠʚʦʜʠʪ ʢ ʦʩʣʘʙʣʝʥʠʶ 

ʦʩʪʨʦʪʳ ʛʣʦʙʘʣʴʥʦʡ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʧʨʦʙʣʝʤʳ, ʚʢʣʶʯʘʷ ʟʘʛʨʷʟʥʝʥʠʷ ʚʝʨʭʥʝʛʦ ʩʣʦʷ ʧʦʯʚʳ 

ʧʨʦʤʳʰʣʝʥʥʳʤʠ ʦʪʭʦʜʘʤʠ. 

ʂʦʣʠʯʝʩʪʚʦ ʦʪʭʦʜʦʚ ʥʝʦʪʚʝʨʞʜʝʥʥʦʛʦ ʩʚʷʟʫʶʱʝʛʦ ʚ ʨʘʤʢʘʭ ʧʨʦʠʟʚʦʜʩʪʚʘ ʇɸʆ ʅʇʆ çʀʩʢʨʘè ʛ. 

ʇʝʨʤʴ ʩʦʩʪʘʚʣʷʝʪ ʧʦʨʷʜʢʘ 8 ʪʦʥʥ ʚ ʛʦʜ, ʢʦʪʦʨʦʝ ʦʪʥʦʩʠʪʩʷ ʢʦ 2, 3 ʢʣʘʩʩʫ ʦʧʘʩʥʦʩʪʠ. ʅʘ ʜʘʥʥʦʤ ʵʪʘʧʝ 

ʦʪʭʦʜʳ ʩʚʷʟʫʶʱʝʛʦ ʩʜʘʶʪʩʷ ʚ ʩʪʦʨʦʥʥʶʶ ʦʨʛʘʥʠʟʘʮʠʶ ʥʘ ʦʙʝʟʚʨʝʞʠʚʘʥʠʝ ʠʣʠ ʭʨʘʥʝʥʠʝ ʥʘ ʧʣʘʪʥʦʡ 

ʦʩʥʦʚʝ. ʂʨʦʤʝ ʪʦʛʦ, ʠʟʚʝʩʪʥʦ, ʯʪʦ ʠʭ ʦʙʝʟʚʨʝʞʠʚʘʥʠʝ ʧʨʦʠʟʚʦʜʠʪʩʷ ʟʘ ʧʨʝʜʝʣʘʤʠ ʇʝʨʤʩʢʦʛʦ ʢʨʘʷ.  

ɺ ʨʘʤʢʘʭ ʨʘʟʨʝʰʝʥʠʷ ʵʪʦʡ ʧʨʦʙʣʝʤʳ  ʧʨʦʚʦʜʠʣʠʩʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʦʟʤʦʞʥʦʩʪʠ ʫʪʠʣʠʟʘʮʠʠ 

ʵʧʦʢʩʠʜʥʳʭ ʠ ʵʧʦʢʩʠʬʝʥʦʣʴʥʳʭ ʩʚʷʟʫʶʱʠʭ ʤʝʪʦʜʦʤ ʙʠʦʜʝʛʨʘʜʘʮʠʠ, ʘ ʠʤʝʥʥʦ ʤʝʪʦʜʦʤ ʚʚʝʜʝʥʠʷ ʚ 

ʩʦʩʪʘʚʳ ʨʘʟʣʠʯʥʳʭ ʙʠʦʨʘʟʣʘʛʘʝʤʳʭ ʧʨʦʜʫʢʪʦʚ ʩ ʚʘʨʴʠʨʦʚʘʥʠʝʤ ʠʭ ʨʝʮʝʧʪʫʨʥʦʛʦ ʩʦʩʪʘʚʘ. 

ʇʦʩʣʝʜʫʶʱʠʡ ʵʪʘʧ - ʵʪʦ ʠʥʢʫʙʘʮʠʷ ʟʘʧʦʣʠʤʝʨʠʟʦʚʘʥʥʳʭ ʦʙʨʘʟʮʦʚ ʚ ʤʦʜʝʣʴʥʦʡ ʧʦʯʚʝ ʠ ʩ ʦʮʝʥʢʦʡ 

ʠʭ ʙʠʦʧʦʚʨʝʞʜʝʥʠʷ ʩ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ. ɼʣʷ ʦʮʝʥʢʠ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʫʪʠʣʠʟʘʮʠʠ  ʧʫʪʝʤ 
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ʢɻʩʧʦʟʠʮʠʠ ʚ ʧʦʯʚʝ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʣʘʩʩʘ ʦʧʘʩʥʦʩʪʠ, ʢʠʩʣʦʪʥʦʩʪʠ ʦʪʚʝʨʞʜʝʥʥʦʛʦ ʦʪʭʦʜʘ 

ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʙ ʤʦʜʝʣʴʥʦʡ ʧʦʯʚʳ.  

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʫʪʠʣʠʟʘʮʠʠ ʧʨʦʤʳʰʣʝʥʥʳʭ ʦʪʭʦʜʦʚ ʤʝʪʦʜʦʤ ʙʠʦʜʝʛʨʘʜʘʮʠʠ 

ʧʦʢʘʟʳʚʘʶʪ ʩʚʦʶ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʚ ʨʘʩʰʠʨʝʥʥʳʭ ʤʘʩʰʪʘʙʘʭ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʵʬʬʝʢʪʠʚʥʦ ʨʝʰʠʪʴ 

ʚʘʞʥʝʡʰʫʶ ʵʢʦʣʦʛʠʯʝʩʢʫʶ ʟʘʜʘʯʫ ʚ ʮʝʣʷʭ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʧʨʠʨʦʜʦʧʦʣʴʟʦʚʘʥʠʷ. 
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NEW ADHESIVES JSC KOMPOZIT FOR SPACE-ROCKET TECHNIQUES  

Gladkikh  S.N., Vyalov A.I. 

 

The paper presents new adhesives for space-rocket techniques - assembly polyurethane adhesives for 

adhering of bases used for mounting cables and interblock pipelines on spacecraft frame, structural adhesives with 

highheat resistance (150 õ 200 Áʉ), high-temperature cold-setting adhesives. 

1. ʄʘʣʦʛʘʟʷʱʠʝ ʢʣʝʠ ʜʣʷ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ (ʂɸ) 

ɼʣʷ ʢʦʥʪʘʢʪʥʦʛʦ ʥʘʢʣʝʠʚʘʥʠʷ ʦʧʦʨ (ʩʢʦʙ ʠ ʢʨʦʥʰʪʝʡʥʦʚ), ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʟʘʢʨʝʧʣʝʥʠʷ 

ʢʘʙʝʣʝʡ ɹʂʉ ʠ ʤʝʞʙʣʦʯʥʳʭ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʩʠʩʪʝʤʳ ʢʦʨʨʝʢʮʠʠ ʥʘ ʢʦʨʧʫʩʝ ʂɸ, ʨʘʟʨʘʙʦʪʘʥ 

ʧʦʣʠʫʨʝʪʘʥʦʚʳʡ ʤʦʥʪʘʞʥʳʡ ʪʠʢʩʦʪʨʦʧʥʳʡ ʢʣʝʡ (ʄʊʂ) ʩ ʚʳʩʦʢʦʡ ʣʠʧʢʦʩʪʴʶ, ʧʦʟʚʦʣʷʶʱʝʡ 

ʫʩʪʘʥʘʚʣʠʚʘʪʴ ʵʣʝʤʝʥʪʳ ʢʨʝʧʝʞʘ ʠʟ ʘʣʶʤʠʥʠʝʚʦʛʦ ʩʧʣʘʚʘ, ʫʛʣʝʧʣʘʩʪʠʢʦʚ ʧʦʩʣʝ ʠʭ ʬʠʢʩʘʮʠʠ ʚ ʪʝʯʝʥʠʝ 

5-10 ʤʠʥʫʪ. ɿʘʪʝʤ ʢʣʝʡ ʦʪʚʝʨʞʜʘʝʪʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ  

(25Ñ10) Üʉ, ʥʘʙʠʨʘʝʪ ʧʨʦʯʥʦʩʪʴ ʥʘ ʩʜʚʠʛ ʥʝ ʤʝʥʝʝ 1,0 ʄʇʘ ʟʘ 3 ʯ, Ó 5,0 ʄʇʘ ʚ ʪʝʯʝʥʠʝ ʩʫʪʦʢ, 7-10 ʄʇʘ ʚ 

ʪʝʯʝʥʠʝ 3-7 ʩʫʪʦʢ. ʂʣʝʝʚʦʝ ʩʦʝʜʠʥʝʥʠʝ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦ ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ  

Ñ 150 Üʉ. ɼʦ ʧʦʩʣʝʜʥʝʛʦ ʚʨʝʤʝʥʠ ʩʢʦʙʳ ʠ ʢʨʦʥʰʪʝʡʥʳ ʫʩʪʘʥʘʚʣʠʚʘʣʠʩʴ ʥʘ ʢʣʝʝ ɺʂ-9, ʩ ʦʙʝʩʧʝʯʝʥʠʝʤ 

ʜʘʚʣʝʥʠʷ ʥʘ ʢʘʞʜʦʤ ʵʣʝʤʝʥʪʝ ʢʨʝʧʝʞʘ ʚ ʪʝʯʝʥʠʝ 24 ʯ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ  

(20 Ñ 5) Üʉ.  

ʄʊʂ ʦʧʨʦʙʦʚʘʥ ʪʘʢʞʝ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʩʧʠʨʘʣʴʥʳʭ ʘʥʪʝʥʥ ʜʣʷ ʧʨʠʢʣʝʠʚʘʥʠʷ ʤʝʜʥʦʛʦ ʧʨʦʚʦʜʥʠʢʘ 

ʧʦ ʩʧʠʨʘʣʠ ʥʘ ʩʪʝʢʣʦʧʣʘʩʪʠʢʦʚʦʡ ʪʨʫʙʝ ʚʟʘʤʝʥ ʢʣʝʷ ɹʌ-4 ʛʦʨʷʯʝʛʦ ʦʪʚʝʨʞʜʝʥʠʷ ʩ ʚʳʩʦʢʠʤ 

ʛʘʟʦʚʳʜʝʣʝʥʠʝʤ. ʂʣʝʡ ʄʊʂ ʠʤʝʝʪ ʚʳʩʦʢʫʶ ʘʜʛʝʟʠʶ ʢ ʧʦʣʠʵʪʠʣʝʥʪʝʨʝʬʪʘʣʘʪʥʦʡ (ʇʕʊʌ) ʠ ʧʦʣʠʠʤʠʜʥʦʡ 

ʧʣʝʥʢʘʤ.  

ʅʘ ʦʩʥʦʚʝ ʪʝʨʤʦʩʪʦʡʢʠʭ ʵʧʦʢʩʠʜʥʳʭ ʩʤʦʣ ʨʘʟʨʘʙʦʪʘʥ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʡ ʢʣʝʡ ʭʦʣʦʜʥʦʛʦ 

ʦʪʚʝʨʞʜʝʥʠʷ ʤʘʨʢʠ ʎʄʂ-ʂʂ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʧʨʦʯʥʦʩʪʴ ʩʦʝʜʠʥʝʥʠʡ ʘʣʶʤʠʥʠʝʚʦʛʦ ʩʧʣʘʚʘ ʥʘ ʩʜʚʠʛ ʥʝ 

ʤʝʥʝʝ 5,0 ʄʇʘ ʧʨʠ 150 Üʉ, ʥʝ ʤʝʥʝʝ 17 ʄʇʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 20 Üʉ ʠ ʙʦʣʝʝ 10,5 ʄʇʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 

ʤʠʥʫʩ 196 Üʉ. ʂʣʝʡ ʛʦʪʦʚʠʪʩʷ ʠʟ ʪʨʝʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʠʤʝʝʪ ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪʴ 2-3 ʯ, ʦʪʚʝʨʞʜʘʝʪʩʷ ʚ ʪʝʯʝʥʠʝ 

3 ʩʫʪʦʢ,  ʚ ɸʆ çʀʉʉè ʦʧʨʦʙʦʚʘʥ ʜʣʷ ʩʢʣʝʠʚʘʥʠʷ ʫʛʣʝʧʣʘʩʪʠʢʦʚ, ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʦʚ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʩʧʳʪʘʥʠʡ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʢʣʝʠ ʎʄʂ-ʂʂ, ʄʊʂ:  

- ʷʚʣʷʶʪʩʷ ʩʪʦʡʢʠʤʠ ʢ ʚʦʟʜʝʡʩʪʚʠʶ ʠʦʥʠʟʠʨʫʶʱʝʛʦ ʠʟʣʫʯʝʥʠʷ ʩ ʜʦʟʦʡ 300 ʄʨʘʜ;  

- ʠʤʝʶʪ ʤʠʥʠʤʘʣʴʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʛʘʟʦʚʳʜʝʣʝʥʠʷ ʧʨʠ ʚʘʢʫʫʤʥʦ-ʪʝʧʣʦʚʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʧʦ ʈɼ 134-

0144-207: ʣʝʛʢʦʢʦʥʜʝʥʩʠʨʫʝʤʳʝ ʚʝʱʝʩʪʚʘ (ʃʂɺ) ï ʥʝ ʙʦʣʝʝ 0,1 %, ʦʙʱʘʷ ʧʦʪʝʨʷ ʤʘʩʩʳ ʟʘ ʚʳʯʝʪʦʤ ʚʦʜʳ 

(ʈʇʄ) ʥʝ ʙʦʣʝʝ 1,0 %;  

- ʥʝ ʚʳʟʳʚʘʶʪ ʢʦʨʨʦʟʠʶ ʘʣʶʤʠʥʠʝʚʳʭ ʠ ʪʠʪʘʥʦʚʳʭ ʩʧʣʘʚʦʚ, ʩʪʘʣʝʡ;  

- ʦʙʝʩʧʝʯʠʚʘʶʪ ʚʳʩʦʢʠʝ ʘʜʛʝʟʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʣʝʝʚʳʭ ʩʦʝʜʠʥʝʥʠʡ ʧʦʩʣʝ ʠʤʠʪʘʮʠʠ 

ʭʨʘʥʝʥʠʷ ʚ ʪʝʯʝʥʠʝ 25 ʣʝʪ.  

ʅʘ ʢʣʝʠ ʨʘʟʨʘʙʦʪʘʥʳ ʪʝʭʥʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ, ʢʣʝʠ ʚʚʝʜʝʥʳ ʚ ʆʉʊʳ. 

ʈʘʟʨʘʙʦʪʘʥʳ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʝ ʤʘʣʦʛʘʟʷʱʠʝ ʨʘʜʠʘʮʠʦʥʥʦʩʪʦʡʢʠʝ ʢʣʝʠ ʭʦʣʦʜʥʦʛʦ ʦʪʚʝʨʞʜʝʥʠʷ 

ʎʄʂ-18, ʎʄʂ-18-1, ʎʄʂ-22, ʨʘʙʦʪʦʩʧʦʩʦʙʥʳʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʜʦ  

250-300 Üʉ (ʢʨʘʪʢʦʚʨʝʤʝʥʥʦ) ʩ ʧʨʦʯʥʦʩʪʴʶ ʩʦʝʜʠʥʝʥʠʡ ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʦʚ ʥʘ ʩʜʚʠʛ  

Ó 12 ʄʇʘ ʧʨʠ 20 Üʉ, ʥʝ ʤʝʥʝʝ 3 ʄʇʘ ʧʨʠ 200 Üʉ. ʕʪʠ ʢʣʝʠ ʨʝʢʦʤʝʥʜʫʶʪʩʷ ʜʣʷ ʦʧʨʦʙʦʚʘʥʠʷ  ʚʟʘʤʝʥ ʢʣʝʝʚ 

ʂ-300-61, ʂ-400.  



ʉɽʂʎʀʗ 2 ʂʆʄʇʆɿʀʎʀʆʅʅʓɽ ʄɸʊɽʈʀɸʃʓ, ɺʂʃʖʏɸʗ ʇʆʃʀʄɽʈʅʓɽ 
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2.ɺʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʝ ʢʣʝʠ ʭʦʣʦʜʥʦʛʦ ʦʪʚʝʨʞʜʝʥʠʷ 

ʈʘʟʨʘʙʦʪʘʥ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʡ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʡ ʢʣʝʡ ʭʦʣʦʜʥʦʛʦ ʦʪʚʝʨʞʜʝʥʠʷ ʎʄʂ-ɺʪ, 

ʩʦʜʝʨʞʘʱʠʡ ʚ ʢʘʯʝʩʪʚʝ ʥʘʧʦʣʥʠʪʝʣʷ ʦʪʝʯʝʩʪʚʝʥʥʳʡ ʢʘʨʙʠʜ ʙʦʨʘ, ʧʨʝʚʦʩʭʦʜʷʱʠʡ ʠʟʚʝʩʪʥʳʡ ʢʣʝʡ ʂ-800 

ʧʦ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʜʦ 1000 Üʉ (ʢʨʘʪʢʦʚʨʝʤʝʥʥʦ) ʠ ʧʦ ʧʨʦʯʥʦʩʪʠ ʢʣʝʝʚʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩʪʘʣʠ ʥʘ ʦʪʨʳʚ ( 

ʧʨʠ 20 Üʉ Ó 30 ʄʇʘ) ʧʨʠ 200, 250, 800 Üʉ. ʂʣʝʡ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʩʢʣʝʠʚʘʥʠʷ ʤʝʪʘʣʣʦʚ ʠ ʥʝʤʝʪʘʣʣʠʯʝʩʢʠʭ 

ʤʘʪʝʨʠʘʣʦʚ (ʪʝʧʣʦʟʘʱʠʪʘ, ʪʝʧʣʦʠʟʦʣʷʮʠʷ, ʫʛʣʝʨʦʜʥʳʝ ʤʘʪʝʨʠʘʣʳ).  

ɼʣʷ ʩʢʣʝʠʚʘʥʠʷ ʢʝʨʘʤʦʤʘʪʨʠʯʥʳʭ ʠ ʫʛʣʝʨʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʨʘʟʨʘʙʦʪʘʥ  ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʡ (ʜʦ 

1500 Üʉ) ʢʣʝʡ ɾʊʂ-14 ʭʦʣʦʜʥʦʛʦ ʦʪʚʝʨʞʜʝʥʠʷ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʧʨʦʯʥʦʩʪʴ ʩʢʣʝʠʚʘʥʠʷ ʫʛʣʝʨʦʜʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʧʨʠ 20 Üʉ ʥʝ ʤʝʥʝʝ 5,0 ʄʇʘ, ʧʨʠ 1200 Üʉ ʥʝ ʤʝʥʝʝ 2,0 ʄʇʘ. 

ʅʘ ʢʣʝʠ ʨʘʟʨʘʙʦʪʘʥʳ ʪʝʭʥʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ, ʢʣʝʠ ʚʚʝʜʝʥʳ ʚ ʆʉʊʳ. 
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DEVELOPMENT OF REINF ORCED THERMAL PROTEC TION MATERIALS WORKI NG IN 

HIGH -TEMPERATURE GA S FLOWS 

Glukhov A.I., Dyakonov V.A., Lusova L.R., Pronin B.F. 

 
The report contains results of development and researches of new elastic composite thermal protection 

materials reinforced with a silica fabric supplemented with powdered refractory fillers.  It also gives the basic 

properties of these materials, and highlights the ways for further research and modifications. 

 

ʉʦʚʨʝʤʝʥʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ ʪʚʝʨʜʦʪʦʧʣʠʚʥʳʭ ʜʚʠʛʘʪʝʣʝʡ ʩ ʫʚʝʣʠʯʝʥʥʳʤʠ ʪʝʤʧʝʨʘʪʫʨʘʤʠ ʛʦʨʝʥʠʷ 

ʪʦʧʣʠʚ, ʧʦʚʳʰʝʥʥʳʤʠ ʩʢʦʨʦʩʪʷʤʠ ʦʙʪʝʢʘʥʠʷ ʚʥʫʪʨʝʥʥʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʢʦʨʧʫʩʘ ʜʚʠʛʘʪʝʣʷ ʧʨʦʜʫʢʪʘʤʠ 

ʩʛʦʨʘʥʠʷ ʪʦʧʣʠʚʘ, ʩʦʜʝʨʞʘʱʠʤʠ ʘʙʨʘʟʠʚʥʫʶ ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʬʘʟʫ, ʩ ʠʟʤʝʥʝʥʠʝʤ ʩʦʩʪʘʚʘ ʩʘʤʠʭ 

ʧʨʦʜʫʢʪʦʚ ʩʛʦʨʘʥʠʷ ʚ ʩʪʦʨʦʥʫ ʧʦʚʳʰʝʥʠʷ ʠʭ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʩʪʘʚʷʪ ʧʝʨʝʜ ʨʘʟʨʘʙʦʪʯʠʢʘʤʠ 

ʥʦʚʳʝ ʠ, ʟʘʯʘʩʪʫʶ, ʦʯʝʥʴ ʩʣʦʞʥʳʝ ʟʘʜʘʯʠ ʨʘʟʨʘʙʦʪʢʠ ʪʝʧʣʦʟʘʱʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʧʦʢʨʳʪʠʡ [1]. 

ʆʙʰʠʨʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ ʧʨʠʚʝʣʠ ʢ ʩʦʟʜʘʥʠʶ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ 

ʪʝʧʣʦʟʘʱʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʧʦʢʨʳʪʠʡ, ʦʪʣʠʯʘʶʱʠʭʩʷ ʦʙʣʘʩʪʷʤʠ ʧʨʠʤʝʥʝʥʠʷ, ʩʦʩʪʘʚʦʤ, ʪʝʤʧʝʨʘʪʫʨʥʦ-

ʚʨʝʤʝʥʥʳʤʠ ʠʥʪʝʨʚʘʣʘʤʠ ʧʨʠʤʝʥʝʥʠʷ, ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴʶ ʚ ʧʦʪʦʢʘʭ ʨʘʟʣʠʯʥʦʛʦ ʦʢʠʩʣʠʪʝʣʴʥʦ-

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ. 

ʈʘʟʨʘʙʦʪʘʥʥʳʝ ʨʘʥʝʝ ʠ ʧʨʠʤʝʥʷʝʤʳʝ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʨʘʟʣʠʯʥʳʝ ʪʝʧʣʦʟʘʱʠʪʥʳʝ ʤʘʪʝʨʠʘʣʳ ʥʘ 

ʦʩʥʦʚʝ ʙʫʪʘʜʠʝʥ-ʥʠʪʨʠʣʴʥʳʭ ʠ ʵʪʠʣʝʥ-ʧʨʦʧʠʣʝʥʦʚʳʭ ʢʘʫʯʫʢʦʚ ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʧʦʨʦʰʢʦʦʙʨʘʟʥʳʭ 

ʢʦʤʧʦʥʝʥʪʦʚ, ʘ ʪʘʢʞʝ ʩʤʦʣ, ʥʝ ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʦʪʚʝʯʘʶʪ ʩʦʚʨʝʤʝʥʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʧʦ 

ʣʠʥʝʡʥʦʤʫ ʫʥʦʩʫ, ʯʪʦ ʥʝʛʘʪʠʚʥʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʤʘʩʩʦʛʘʙʘʨʠʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʢʦʥʝʯʥʦʛʦ ʠʟʜʝʣʠʷ [2]. 

ʆʪʩʪʘʚʘʥʠʝ ʚ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ ʤʦʞʝʪ ʥʝʛʘʪʠʚʥʦ ʧʦʚʣʠʷʪʴ ʥʘ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʴ ʨʘʟʨʘʙʦʪʘʥʥʳʭ 

ʠʟʜʝʣʠʡ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʠʥʦʩʪʨʘʥʥʳʤʠ ʨʘʟʨʘʙʦʪʢʘʤʠ.   

ʄʦʜʝʨʥʠʟʘʮʠʷ ʩʫʱʝʩʪʚʫʶʱʠʭ ʠ ʩʦʟʜʘʥʠʝ ʥʦʚʳʭ ʠʟʜʝʣʠʡ ʪʨʝʙʫʝʪ ʩʦʟʜʘʥʠʷ ʵʨʦʟʠʦʥʥʦ-ʩʪʦʡʢʠʭ 

ʵʣʘʩʪʠʯʥʳʭ ʪʝʧʣʦʟʘʱʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʙʦʣʝʝ ʚʳʩʦʢʠʤ ʧʘʨʘʤʝʪʨʦʤ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʠʤʝʶʱʠʤʠʩʷ ʘʥʘʣʦʛʘʤʠ. ʇʦʚʳʰʝʥʥʳʡ ʠʥʪʝʨʝʩ ʨʘʟʨʘʙʦʪʯʠʢʦʚ ʜʚʠʛʘʪʝʣʝʡ ʢ ʵʣʘʩʪʠʯʥʳʤ ʤʘʪʝʨʠʘʣʘʤ ʠ 

ʧʦʢʨʳʪʠʷʤ ʦʙʫʩʣʦʚʣʝʥ ʚʦʟʤʦʞʥʦʩʪʴʶ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʝʨʤʦʤʝʭʘʥʠʯʝʩʢʠʭ ʥʘʛʨʫʟʦʢ ʥʘ ʛʨʘʥʠʮʝ ʩ 

ʢʦʨʧʫʩʦʤ ʜʚʠʛʘʪʝʣʷ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʫʧʨʦʱʘʝʪ ʢʦʥʩʪʨʫʢʮʠʶ. ɼʘʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʜʦʣʞʥʳ ʦʙʣʘʜʘʪʴ 

ʚʳʩʦʢʠʤʠ ʪʝʤʧʝʨʘʪʫʨʘʤʠ ʨʘʟʨʫʰʝʥʠʷ, ʥʠʟʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʪʝʧʣʦ- ʠ ʪʝʤʧʝʨʘʪʫʨʦʧʨʦʚʦʜʥʦʩʪʠ, ʚʳʩʦʢʦʡ 

ʪʝʧʣʦʝʤʢʦʩʪʴʶ, ʭʦʨʦʰʝʡ ʘʜʛʝʟʠʝʡ ʢ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʠʣʠ ʩʪʝʢʣʦʧʣʘʩʪʠʢʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʨʧʫʩʘ ʢʘʤʝʨʳ 

ʩʛʦʨʘʥʠʷ ʜʚʠʛʘʪʝʣʷ, ʘ ʪʘʢʞʝ ʦʙʣʘʜʘʪʴ ʨʘʮʠʦʥʘʣʴʥʦʡ ʪʝʭʥʦʣʦʛʠʝʡ ʠʟʛʦʪʦʚʣʝʥʠʷ. 

ɼʣʷ ʨʝʰʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʳʭ ʟʘʜʘʯ ʧʨʦʚʝʜʝʥʳ ʨʘʙʦʪʳ ʧʦ ʨʘʟʨʘʙʦʪʢʝ ʵʣʘʩʪʠʯʥʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʪʝʧʣʦʟʘʱʠʪʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ, ʘʨʤʠʨʦʚʘʥʥʳʭ ʦʙʲʝʤʥʳʤʠ ʫʛʣʝʨʦʜʥʳʤʠ ʠ ʢʨʝʤʥʝʟʝʤʥʳʤʠ 

ʪʢʘʥʷʤʠ ʩ ʜʦʙʘʚʢʘʤʠ ʧʦʨʦʰʢʦʦʙʨʘʟʥʳʭ ʪʫʛʦʧʣʘʚʢʠʭ ʥʘʧʦʣʥʠʪʝʣʝʡ. 

ʇʨʠʤʝʥʝʥʠʝ ʘʨʤʠʨʦʚʢʠ ʧʦʟʚʦʣʷʝʪ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʨʝ ʩʥʠʟʠʪʴ ʧʘʨʘʤʝʪʨʳ ʫʥʦʩʘ ʤʘʪʝʨʠʘʣʘ ʚ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʛʘʟʦʚʳʭ ʧʦʪʦʢʘʭ. ɸʨʤʠʨʦʚʘʥʥʳʝ ʵʣʘʩʪʠʯʥʳʝ ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ 
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ʦʙʣʘʜʘʶʪ ʢʦʤʧʣʝʢʩʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʩʠʣʦʚʦʡ ʘʨʤʠʨʫʶʱʝʡ ʦʩʥʦʚʳ (ʥʘʧʦʣʥʠʪʝʣʷ) ʠ ʵʣʘʩʪʠʯʥʦʛʦ 

ʧʦʢʨʳʪʠʷ (ʩʚʷʟʫʶʱʝʛʦ). ʊʠʧʠʯʥʳʤ ʧʨʝʜʩʪʘʚʠʪʝʣʝʤ ʪʘʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʷʚʣʷʝʪʩʷ ʨʘʚʥʦʧʨʦʯʥʘʷ ʧʦ ʦʩʥʦʚʝ 

ʠ ʧʦ ʫʪʢʫ ʪʢʘʥʴ ʩ ʜʚʫʭʩʪʦʨʦʥʥʠʤ ʨʝʟʠʥʦʚʳʤ ʧʦʢʨʳʪʠʝʤ - ʪʘʢ ʥʘʟʳʚʘʝʤʘʷ ʧʨʦʨʝʟʠʥʝʥʥʘʷ ʪʢʘʥʴ [3]. ʉ 

ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʪʘʢʠʝ ʤʘʪʝʨʠʘʣʳ ʪʨʝʙʫʶʪ ʥʝ ʪʦʣʴʢʦ ʢʦʨʨʝʢʪʠʨʦʚʢʠ ʨʝʮʝʧʪʫʨʳ ʪʝʧʣʦʟʘʱʠʪʥʦʛʦ 

ʧʦʢʨʳʪʠʷ, ʥʦ ʠ ʥʦʚʦʡ ʪʝʭʥʦʣʦʛʠʠ ʠʟʛʦʪʦʚʣʝʥʠʷ ʧʦʣʫʬʘʙʨʠʢʘʪʘ, ʧʦʩʢʦʣʴʢʫ ʪʨʘʜʠʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ 

ʠʟʛʦʪʦʚʣʝʥʠʷ, ʘ ʠʤʝʥʥʦ ʚʘʣʴʮʝʚʘʥʠʝ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʢʘʣʘʥʜʨʦʚʘʥʠʝʤ, ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʥʝ ʧʨʠʤʝʥʠʤʳ. 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʘʨʤʠʨʦʚʘʥʥʳʭ ʵʣʘʩʪʠʯʥʳʭ ʪʝʧʣʦʟʘʱʠʪʥʳʭ ʧʦʢʨʳʪʠʡ ʚ ʢʘʯʝʩʪʚʝ ʩʚʷʟʫʶʱʠʭ ʚʳʙʨʘʥʳ 

ʥʠʟʢʦʚʷʟʢʠʝ ʢʨʝʤʥʠʡʦʨʛʘʥʠʯʝʩʢʠʝ ʧʦʣʠʤʝʨʳ, ʘ ʪʘʢʞʝ ʣʘʪʝʢʩʥʳʝ ʩʤʝʩʠ, ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʠʟʛʦʪʦʚʣʝʥʠʝʤ 

ʧʦʣʫʬʘʙʨʠʢʘʪʦʚ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ. 

ɺʳʙʨʘʥʥʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʨʝʞʠʤʳ ʧʨʦʧʠʪʢʠ ʩʪʝʢʣʦʪʢʘʥʝʡ ʩʚʷʟʫʶʱʠʤ, ʬʦʨʤʦʚʘʥʠʝ ʟʘʛʦʪʦʚʦʢ, 

ʪʝʤʧʝʨʘʪʫʨʥʦ-ʚʨʝʤʝʥʥʳʝ ʨʝʞʠʤʳ ʦʪʚʝʨʞʜʝʥʠʷ ʧʦʟʚʦʣʠʣʠ ʩʦʟʜʘʪʴ ʤʘʪʝʨʠʘʣ ʩ ʟʘʜʘʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. 

ʉ ʮʝʣʴʶ ʟʘʱʠʪʳ ʤʘʪʝʨʠʘʣʦʚ ʦʪ ʧʨʦʥʠʢʘʶʱʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʪʦʧʣʠʚʘ ʧʨʦʠʟʚʝʜʝʥ ʚʳʙʦʨ 

ʠʟʦʣʠʨʫʶʱʠʭ ʧʦʢʨʳʪʠʡ ʠ ʦʪʨʘʙʦʪʘʥʘ ʪʝʭʥʦʣʦʛʠʷ ʠʭ ʥʘʥʝʩʝʥʠʷ.  

ɺ ʜʦʢʣʘʜʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʟʨʘʙʦʪʢʠ ʨʝʮʝʧʪʫʨ ʤʘʪʝʨʠʘʣʦʚ ʚʥʫʪʨʝʥʥʝʡ ʪʝʧʣʦʟʘʱʠʪʳ 

ʚʦʟʜʫʰʥʦ-ʨʝʘʢʪʠʚʥʳʭ ʪʚʝʨʜʦʪʦʧʣʠʚʥʳʭ ʜʚʠʛʘʪʝʣʝʡ. ʇʨʠʚʝʜʝʥʳ ʜʘʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʦʯʥʦʩʪʥʳʭ, 

ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʦʚ, ʨʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʡ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ 

ʧʨʦʥʠʢʘʶʱʠʤ ʧʣʘʩʪʠʬʠʢʘʪʦʨʘʤ ʪʦʧʣʠʚʘ.  

ʇʦʢʘʟʘʥ ʚʳʙʦʨ ʢʣʝʝʚʳʭ ʩʦʩʪʘʚʦʚ, ʦʪʨʘʙʦʪʢʘ ʪʝʭʥʦʣʦʛʠʠ ʩʢʣʝʠʚʘʥʠʷ ʠ ʦʮʝʥʢʘ ʧʨʦʯʥʦʩʪʠ ʩʦʝʜʠʥʝʥʠʷ 

ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ. ʇʨʝʜʩʪʘʚʣʝʥʳ ʩʦʩʪʘʚ ʠ ʢʦʣʠʯʝʩʪʚʦ ʧʨʦʜʫʢʪʦʚ ʛʘʟʦʚʳʜʝʣʝʥʠʷ ʠʟ 

ʪʝʧʣʦʟʘʱʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚ ʫʩʣʦʚʠʷʭ ʭʨʘʥʝʥʠʷ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʥʝ ʤʘʣʦʚʘʞʥʳʤ ʜʣʷ ʦʮʝʥʢʠ ʢʦʨʨʦʟʠʦʥʥʦʡ 

ʘʢʪʠʚʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʚʣʠʷʥʠʝ ʥʘ ʩʪʘʙʠʣʴʥʦʩʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʦʧʣʠʚʘ. 

ʇʨʠʚʝʜʝʥʳ ʜʘʥʥʳʝ ʩʨʘʚʥʠʪʝʣʴʥʳʭ ʠʩʧʳʪʘʥʠʡ ʤʘʪʝʨʠʘʣʦʚ ʚ ʚʳʩʦʢʦʵʥʪʘʣʴʧʠʡʥʳʭ ʛʘʟʦʚʳʭ ʧʦʪʦʢʘʭ  

ʨʘʟʣʠʯʥʦʛʦ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ  ʠ ʦʧʨʝʜʝʣʝʥʳ ʤʘʩʩʦʚʳʝ ʫʥʦʩʳ. ʉʪʝʥʜʦʚʳʝ ʠʩʧʳʪʘʥʠʷ ʚ ʫʩʣʦʚʠʷʭ, 

ʤʦʜʝʣʠʨʫʶʱʠʭ ʨʘʙʦʪʫ ʪʝʧʣʦʟʘʱʠʪʥʳʭ ʧʦʢʨʳʪʠʡ ʚ ʜʚʠʛʘʪʝʣʴʥʳʭ ʫʩʪʘʥʦʚʢʘʭ, ʧʦʜʪʚʝʨʜʠʣʠ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

ɺ ʟʘʢʣʶʯʝʥʠʠ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʩʝ ʨʘʩʩʤʦʪʨʝʥʥʳʝ ʧʦʢʨʳʪʠʷ ʦʙʝʩʧʝʯʝʥʳ ʩʳʨʴʝʚʦʡ ʙʘʟʦʡ,  

ʧʨʦʤʳʰʣʝʥʥʦʡ ʪʝʭʥʦʣʦʛʠʝʡ ʠ  ʥʘʰʣʠ ʩʚʦʝ ʧʨʠʤʝʥʝʥʠʝ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʠ ʧʨʦʠʟʚʦʜʩʪʚʝ 

ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʠʟʜʝʣʠʡ. 

ɼʣʷ ʥʝʢʦʪʦʨʳʭ ʚʠʜʦʚ ʪʝʧʣʦʟʘʱʠʪʳ ʚ ʨʘʤʢʘʭ ʆɸʆ çʂʦʤʧʦʟʠʪè ʦʨʛʘʥʠʟʦʚʘʥʳ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʫʯʘʩʪʢʠ ʧʦ ʠʟʛʦʪʦʚʣʝʥʠʶ ʧʦʣʫʬʘʙʨʠʢʘʪʦʚ ʧʦʢʨʳʪʠʡ. 
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Electrodeionization is a water treatment technology that utilizes an electrode to ionize water molecules and 

separate dissolved ions (impurities) from water. The membrane permselectivity is the most important membrane 

parameter for electrodeionization process [1]. Due to the presence of mesoporous [2], heterogeneous membranes 

cannot perfectly block the co-ion transport, which limits their applicability in this area. 
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Fig.1. Selectivity (2M/0,1M NaCl) and ion conductivity (at 0,1M NaCl) of obtained hybrid membranes. 

t+(CMX)=89,2% 

In this study we carried out the optimization of the electrochemical properties of heterogeneous membranes 

by in situ introduction of zirconium compounds, which significantly decrease permselectivity and increase the 

selectivity of Ralex membranes (Fig.1), Permselectivity of the last one became similar to the one of the best ion 

exchange NeoseptaÉ CMX membrane. Membranes with asymmetric dopant distribution were obtained, which 

allows to neutralize the worse ionic resistance of hybrid membranes while maintaining high permselectivity. 
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AUTOMATED FORMING OF  REINFORCING PREFORMS  METHOD OF BRAIDING  

 
ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʜʦʣʷ ʨʫʯʥʦʛʦ ʪʨʫʜʘ ʥʘ ʧʨʝʜʧʨʠʷʪʠʷʭ ʈʂʊ, ʧʨʠ ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʠ ʠʟʜʝʣʠʡ ʠʟ 

ʂʄ ʝʱʝ ʦʯʝʥʴ ʚʝʣʠʢʘ. ʈʫʯʥʦʡ ʪʨʫʜ ʥʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʘʜʝʞʥʦʡ ʩʚʷʟʠ ʤʝʞʜʫ ʨʘʩʯʝʪʥʦ-ʢʦʥʩʪʨʫʢʪʦʨʩʢʠʤʠ 

ʪʨʝʙʦʚʘʥʠʷʤʠ ʠ ʢʦʥʝʯʥʳʤ ʠʟʜʝʣʠʝʤ, ʦʙʣʘʜʘʝʪ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʡ ʪʨʫʜʦʝʤʢʦʩʪʴʶ ʠ ʩʪʦʠʤʦʩʪʴʶ. 

ɺʥʝʜʨʝʥʠʝ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʬʦʨʤʦʚʘʥʠʷ ʧʨʝʬʦʨʤ ʜʦʣʞʥʦ ʧʦʟʚʦʣʠʪʴ ʩʫʱʝʩʪʚʝʥʥʦ 

ʩʥʠʟʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʨʫʯʥʳʭ ʦʧʝʨʘʮʠʡ, ʧʦʚʳʩʠʪʴ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʠ ʧʦʚʪʦʨʷʝʤʦʩʪʴ ʠʟʜʝʣʠʡ. 

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʚ ʆɸʆ çʂʦʤʧʦʟʠʪè ʥʘʯʘʪʘ ʨʘʟʨʘʙʦʪʢʘ ʪʝʭʥʦʣʦʛʠʡ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ 

ʠʟʛʦʪʦʚʣʝʥʠʷ ʧʨʝʬʦʨʤ ʤʝʪʦʜʦʤ ʢʦʥʪʫʨʥʦʛʦ ʧʣʝʪʝʥʠʷ ʜʣʷ ʇʂʄ, ʋʋʂʄ ʠ ʂʂʄ. ʈʘʙʦʪʳ ʚʝʜʫʪʩʷ ʧʦ 

ʩʣʝʜʫʶʱʠʤ ʦʩʥʦʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʷʤ: 

ʨʘʟʨʘʙʦʪʢʘ ʠ ʚʥʝʜʨʝʥʠʝ ʪʝʭʥʦʣʦʛʠʠ ʢʦʥʪʫʨʥʦʛʦ ʧʣʝʪʝʥʠʷ ʘʨʤʠʨʫʶʱʠʭ ʧʨʝʬʦʨʤ; 

ʤʝʪʦʜʳ ʦʙʨʘʙʦʪʢʠ ʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʷ ʘʨʤʠʨʫʶʱʠʭ ʤʘʪʝʨʠʘʣʦʚ (ʥʠʪʝʡ); 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʥʦʚʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ʪʝʭʥʦʣʦʛʠʠ ʢʦʥʪʫʨʥʦʛʦ ʧʣʝʪʝʥʠʷ. 

ʊʝʭʥʦʣʦʛʠʷ ʢʦʥʪʫʨʥʦʛʦ ʧʣʝʪʝʥʠʷ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʢʦʤʧʦʟʠʪʥʳʭ ʠʟʜʝʣʠʡ ʧʨʠʤʝʥʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ 

ʜʘʚʥʦ, ʧʝʨʚʳʝ ʧʫʙʣʠʢʘʮʠʠ ʦ ʧʨʠʤʝʥʝʥʠʠ ʧʣʝʪʝʥʳʭ ʜʝʪʘʣʝʡ ʚ ʈʂʊ ʟʘʤʝʯʝʥʳ ʚ ʉʐɸ ʚ ʢʦʥʮʝ 70-ʭ ʛʦʜʦʚ. ɸ 
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ʘʢʪʠʚʥʦʝ ʚʥʝʜʨʝʥʠʝ ʚ ʠʟʜʝʣʠʷ ʈʂʊ ʥʘʯʘʣʦʩʴ ʩ ʢʦʥʮʘ 80-ʭ ʥʘʯʘʣʘ 90-ʭʭ ʛʦʜʦʚ. ɺ ʉʉʉʈ ʠ ʈʦʩʩʠʠ, ʜʦ 

ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ ʠʟ ʫʛʣʝʨʦʜʥʦʡ ʠ ʢʨʝʤʥʝʟʝʤʥʦʡ ʥʠʪʝʡ ʧʣʝʣʠʩʴ ʪʦʣʴʢʦ ʫʧʣʦʪʥʠʪʝʣʴʥʳʝ ʰʥʫʨʳ, 

ʰʠʨʦʢʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʪʝʭʥʦʣʦʛʠʷ ʧʦʢʘ ʥʝ ʧʦʣʫʯʠʣʘ. ʆʜʥʘʢʦ ʜʘʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʤʦʞʝʪ ʙʳʪʴ 

ʧʨʠʤʝʥʝʥʘ ʚ ʩʦʟʜʘʥʠʠ ʪʘʢʠʭ ʠʟʜʝʣʠʡ ʢʘʢ ʪʨʫʙʳ ʨʘʟʣʠʯʥʦʛʦ ʩʝʯʝʥʠʷ, ʧʝʨʝʭʦʜʥʠʢʠ, ʬʦʨʤʦʦʙʨʘʟʫʶʱʠʝ 

ʦʩʥʘʩʪʢʠ ʠʤʝʶʱʠʝ ʢʨʫʛʣʦʝ, ʦʚʘʣʴʥʦʝ, ʪʨʝʫʛʦʣʴʥʦʝ, ʧʨʷʤʦʫʛʦʣʴʥʦʝ ʠ ʧʦʜʦʙʥʳʝ ʠʤ ʩʝʯʝʥʠʷ. ʀʩʭʦʜʷ ʠʟ 

ʚʩʝʛʦ ʚʳʰʝ ʩʢʘʟʘʥʥʦʛʦ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʟʘʢʣʶʯʝʥʠʝ ʯʪʦ ʜʘʥʥʘʷ, ʪʝʭʥʦʣʦʛʠʷ ʦʙʣʘʜʘʝʪ ʙʦʣʴʰʠʤ 

ʧʦʪʝʥʮʠʘʣʦʤ. 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʦʢʘʟʘʥʳ ʨʝʟʫʣʴʪʘʪʳ: 

ʠʟʛʦʪʦʚʣʝʥʠʷ ʠʟʜʝʣʠʡ ʙʦʣʴʰʠʭ ʨʘʟʤʝʨʦʚ; 

ʦʪʨʘʙʦʪʢʠ ʧʨʦʮʝʩʩʦʚ ʥʘʥʝʩʝʥʠʷ ʘʧʧʨʝʪʦʚ ʥʘ ʫʛʣʝʨʦʜʥʳʝ ʥʠʪʠ ʪʠʧʘ ʋʂʅ; 

ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʨʦʜʫʢʪʘ; 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʚʦʡʩʪʚ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ʧʣʝʪʝʥʳʭ ʧʨʝʬʦʨʤ. 
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NEW APPLICATION OF A  POLYMERIC NANOMATERI AL IN FEEDING RUMINA NT ANIMA LS 

Grudina N.V., Bydanova V.V., Grudin N.S. 

Russia, Obninsk, Russian Institute of Radiology and Agroecology 

 
Developed feed additive of new type on the basis of high molecular weight water-soluble polymeric 

nanomaterial. The aim of this work was to investigate the effects of forage supplements on milk production of 

cows in production conditions Supplement increased milk production by 8,6 % Considered the mechanism of 

action of this Supplement, associated with the formation of protein-polymer complexes. 

 

ʆʜʥʠʤ ʠʟ ʨʝʟʝʨʚʦʚ ʧʦʚʳʰʝʥʠʷ ʦʙʝʩʧʝʯʝʥʥʦʩʪʠ ʞʚʘʯʥʳʭ ʞʠʚʦʪʥʳʭ ʙʝʣʢʦʤ ʚ ʫʩʣʦʚʠʷʭ 

ʠʥʪʝʥʩʠʚʥʦʛʦ ʚʝʜʝʥʠʷ ʞʠʚʦʪʥʦʚʦʜʩʪʚʘ ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʨʘʟʣʠʯʥʳʭ ʩʨʝʜʩʪʚ ʠ ʢʦʨʤʦʚʳʭ ʜʦʙʘʚʦʢ, 

ʢʦʪʦʨʳʝ ʧʦʚʳʰʘʶʪ ʫʩʚʦʷʝʤʦʩʪʴ ʢʦʨʤʦʚ ʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʠʭ ʨʘʮʠʦʥʘʣʴʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ. ɽʩʣʠ ʫʯʝʩʪʴ, 

ʯʪʦ ʜʦʣʷ ʢʦʨʤʘ ʚ ʩʝʙʝʩʪʦʠʤʦʩʪʠ ʞʠʚʦʪʥʦʚʦʜʯʝʩʢʦʡ ʧʨʦʜʫʢʮʠʠ ʜʦʩʪʠʛʘʝʪ 70%, ʪʦ ʧʨʠʤʝʥʝʥʠʝ ʢʦʨʤʦʚʳʭ 

ʜʦʙʘʚʦʢ, ʧʦʚʳʰʘʶʱʠʭ ʫʩʚʦʝʥʠʝ ʢʦʨʤʦʚ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʩʥʠʞʝʥʠʝ ʟʘʪʨʘʪ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ 1 ʢʛ 

ʧʨʦʜʫʢʮʠʠ, ʩʤʦʞʝʪ ʦʢʘʟʘʪʴ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʵʢʦʥʦʤʠʯʝʩʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʞʠʚʦʪʥʦʚʦʜʯʝʩʢʦʡ 

ʦʪʨʘʩʣʠ. 

ʆʜʥʠʤ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʜʣʷ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ ʦʙʝʩʧʝʯʝʥʠʷ ʞʠʚʦʪʥʳʭ ʙʝʣʢʦʤ 

ʷʚʣʷʝʪʩʷ ʧʦʠʩʢ ʥʦʚʳʭ ʧʫʪʝʡ çʟʘʱʠʪʳè ʢʦʨʤʦʚʦʛʦ ʙʝʣʢʘ ʦʪ ʨʘʩʧʘʜʘ ʚ ʨʫʙʮʝ ʞʚʘʯʥʳʭ ʞʠʚʦʪʥʳʭ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʥʘʙʞʝʥʠʝ ʘʤʠʥʦʢʠʩʣʦʪʘʤʠ ʦʨʛʘʥʠʟʤʘ ʞʚʘʯʥʳʭ ʞʠʚʦʪʥʳʭ ʟʘʚʠʩʠʪ ʦʪ ʫʨʦʚʥʷ ʩʠʥʪʝʟʘ 

ʤʠʢʨʦʙʥʦʛʦ ʧʨʦʪʝʠʥʘ ʚ ʧʨʝʜʞʝʣʫʜʢʘʭ ʠ ʦʪ ʢʦʣʠʯʝʩʪʚʘ, ʩʦʩʪʘʚʘ ʠ ʧʝʨʝʚʘʨʠʤʦʩʪʠ ʪʦʡ ʯʘʩʪʠ ʢʦʨʤʦʚʦʛʦ 

ʧʨʦʪʝʠʥʘ, ʢʦʪʦʨʘʷ ʠʟʙʝʛʘʝʪ ʨʘʩʧʘʜʘ ʚ ʨʫʙʮʝ (çʟʘʱʠʪʘè ʙʝʣʢʘ). ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʙʦʣʝʝ ʚʳʛʦʜʥʦ 

ʚʳʩʦʢʦʮʝʥʥʳʤ ʙʝʣʢʘʤ ʠʟʙʝʛʘʪʴ ʨʘʩʧʘʜʘ ʚ ʨʫʙʮʝ (ʦʩʦʙʝʥʥʦ ʧʨʠ ʢʦʨʤʣʝʥʠʠ ʚʳʩʦʢʦʧʨʦʜʫʢʪʠʚʥʳʭ 

ʞʠʚʦʪʥʳʭ), ʥʘ ʯʪʦ ʠ ʥʘʧʨʘʚʣʝʥʳ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʨʘʙʦʪʳ ʧʦ çʟʘʱʠʪʝè ʢʦʨʤʦʚʦʛʦ ʙʝʣʢʘ ʦʪ ʨʘʩʧʘʜʘ. 

ʀʤʝʶʱʠʝʩʷ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʨʝʜʩʪʚʘ çʟʘʱʠʪʳè ʠʤʝʶʪ ʥʝʜʦʩʪʘʪʢʠ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʩʚʷʟʘʥʥʳʝ ʩʦ 

ʩʣʦʞʥʦʩʪʴʶ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʠʝʤʦʚ, ʙʦʣʴʰʦʡ ʜʦʟʠʨʦʚʢʦʡ ʧʨʝʧʘʨʘʪʦʚ, ʪʦʢʩʠʯʥʦʩʪʴʶ ʥʝʢʦʪʦʨʳʭ ʠʟ 

ʥʠʭ, ʚʳʩʦʢʠʤʠ ʟʘʪʨʘʪʘʤʠ ʧʨʠ ʠʭ ʧʨʦʠʟʚʦʜʩʪʚʝ ʠ ʧʨʠʤʝʥʝʥʠʠ. ɺʩʝ ʵʪʦ ʜʝʣʘʝʪ ʜʦʨʦʛʦʩʪʦʷʱʠʤ ʠ 

ʥʝʨʝʥʪʘʙʝʣʴʥʳʤ ʧʨʠʤʝʥʝʥʠʝ ʧʦʜʦʙʥʳʭ ʧʨʝʧʘʨʘʪʦʚ, ʘ ʚ ʩʣʫʯʘʝ ʠʭ ʪʦʢʩʠʯʥʦʩʪʠ ï ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ 

ʢʘʯʝʩʪʚʘ ʤʦʣʦʢʘ ʠ ʤʷʩʘ. ʇʦʵʪʦʤʫ ʚ ʮʝʣʷʭ çʟʘʱʠʪʳè ʧʨʦʪʝʠʥʦʚ ʢʦʨʤʘ ʥʘʤʠ ʙʳʣ ʧʨʠʤʝʥʝʥ ʧʨʠʥʮʠʧʠʘʣʴʥʦ 

ʥʦʚʳʡ ʧʦʜʭʦʜ ï ʩʦʟʜʘʥʠʝ ʢʦʨʤʦʚʳʭ ʜʦʙʘʚʦʢ ʥʦʚʦʛʦ ʪʠʧʘ ʥʘ ʦʩʥʦʚʝ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʭ ʧʦʣʠʤʝʨʥʳʭ 

ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ (ɺʇʅ), ʩ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʦʡ  å10 6 ɼʘ ʠ ʨʘʟʤʝʨʘʤʠ ʯʘʩʪʠʮ  ʧʦʨʷʜʢʘ 100 ʤʠʢʨʦʥ.  

ʃʠʪʝʨʘʪʫʨʥʳʝ ʜʘʥʥʳʝ ʠ ʩʦʙʩʪʚʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ in vitro ʧʦʢʘʟʘʣʠ, ʯʪʦ ɺʇʅ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʳʭ 

ʫʩʣʦʚʠʷʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʦʙʨʘʟʫʝʪ ʦʙʨʘʪʠʤʳʝ ʢʦʤʧʣʝʢʩʳ ʩ ʤʦʜʝʣʴʥʳʤ ʙʝʣʢʦʤ. ʕʪʦ ʩʚʦʡʩʪʚʦ ɺʇʅ ʙʳʣʦ 
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ʠʩʧʦʣʴʟʦʚʘʥʦ ʥʘʤʠ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʢʦʨʤʦʚʦʡ ʜʦʙʘʚʢʠ ʥʦʚʦʛʦ ʪʠʧʘ, ʧʦʣʫʯʠʚʰʝʡ ʢʦʤʤʝʨʯʝʩʢʦʝ ʥʘʟʚʘʥʠʝ 

ʉʦʣʫʥʘʪ. ʉʦʣʫʥʘʪ ʷʚʣʷʝʪʩʷ ʞʠʜʢʠʤ ʧʦʣʫʧʨʦʟʨʘʯʥʳʤ ʢʠʩʝʣʝʦʙʨʘʟʥʳʤ ʨʘʩʪʚʦʨʦʤ ʜʣʷ ʦʨʘʣʴʥʦʛʦ 

ʧʨʠʤʝʥʝʥʠʷ, ʥʝ ʠʤʝʝʪ ʮʚʝʪʘ ʚʢʫʩʘ ʠ ʟʘʧʘʭʘ. ʉʳʨʴʝ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʵʪʦʡ ʜʦʙʘʚʢʠ ï ʦʪʝʯʝʩʪʚʝʥʥʦʝ, 

ʩʪʦʠʤʦʩʪʴ ʝʛʦ  ʥʝ ʚʝʣʠʢʘ. ɺʥʦʩʠʪʩʷ ʚ ʨʘʮʠʦʥ ʞʠʚʦʪʥʳʭ ʝʞʝʜʥʝʚʥʦ, ʚ ʩʤʝʩʠ ʩ ʢʦʤʙʠʢʦʨʤʦʤ ʠʣʠ ʜʨʫʛʠʤʠ 

ʚʳʩʦʢʦʙʝʣʢʦʚʳʤʠ ʢʦʥʮʝʥʪʨʘʪʘʤʠ. ʉʦʣʫʥʘʪ ʦʪʣʠʯʘʝʪʩʷ ʧʦʣʥʦʡ ʙʝʟʚʨʝʜʥʦʩʪʴʶ ʜʣʷ ʦʨʛʘʥʠʟʤʘ ʞʠʚʦʪʥʳʭ.  

ɺ ʦʧʳʪʘʭ, ʧʨʦʚʝʜʝʥʥʳʭ ʥʘ ʣʘʢʪʠʨʫʶʱʠʭ ʢʦʨʦʚʘʭ ʩ ʚʞʠʚʣʝʥʥʦʡ ʬʠʩʪʫʣʦʡ ʚ ʨʫʙʝʮ, ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʩʢʘʨʤʣʠʚʘʥʠʝ ʩʤʝʩʠ ʢʦʥʮʝʥʪʨʘʪʦʚ ʩ ʉʦʣʫʥʘʪʦʤ ʚ ʜʦʟʝ 500 ʤʛ/(ʛʦʣ*ʩʫʪ), ʚ ʦʪʣʠʯʠʝ ʦʪ ʢʦʥʪʨʦʣʷ, ʩʥʠʞʘʝʪ 

ʨʘʩʧʘʜʘʝʤʦʩʪʴ ʩʳʨʦʛʦ ʧʨʦʪʝʠʥʘ ʚ ʨʫʙʮʝ, ʫʚʝʣʠʯʠʚʘʝʪ ʢʦʣʠʯʝʩʪʚʦ ʨʫʙʮʦʚʦʡ ʤʠʢʨʦʬʣʦʨʳ, ʘ ʪʘʢʞʝ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʥʝʢʦʪʦʨʦʤʫ ʧʦʚʳʰʝʥʠʶ ʨʅ ʨʫʙʮʦʚʦʡ ʞʠʜʢʦʩʪʠ. ɺʳʷʚʣʝʥʥʳʝ ʵʬʬʝʢʪʳ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦʙ 

ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʮʝʩʩʦʚ ʧʠʱʝʚʘʨʝʥʠʷ ʞʠʚʦʪʥʳʭ, ʧʦʣʫʯʘʚʰʠʭ ʉʦʣʫʥʘʪ.  

ʆʧʳʪʳ, ʧʨʦʚʝʜʝʥʥʳʝ ʥʘ ʤʦʣʦʯʥʦ-ʪʦʚʘʨʥʦʡ ʬʝʨʤʝ, ʧʦʢʘʟʘʣʠ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʚʦʜʦʨʘʩʪʚʦʨʠʤʦʛʦ ʧʦʣʠʤʝʨʥʦʛʦ ʥʘʥʦʤʘʪʝʨʠʘʣʘ ï ʦʩʥʦʚʥʦʛʦ ʜʝʡʩʪʚʫʶʱʝʛʦ ʚʝʱʝʩʪʚʘ ʉʦʣʫʥʘʪʘ ʥʘ 

ʤʦʣʦʯʥʫʶ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʞʚʘʯʥʳʭ ʞʠʚʦʪʥʳʭ. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʯʝʨʝʟ 30 ʩʫʪʦʢ ʧʨʠʤʝʥʝʥʠʷ ʉʦʣʫʥʘʪʘ, 

ʩʨʝʜʥʝʩʫʪʦʯʥʳʡ ʫʜʦʡ ʢʦʨʦʚ ʦʧʳʪʥʦʡ ʛʨʫʧʧʳ ʙʳʣ ʚʳʰʝ, ʯʝʤ ʚ ʢʦʥʪʨʦʣʴʥʦʡ, - ʥʘ 1,9 ʣ, ʪ. ʝ. ʥʘ 8,6 %. 

ʇʨʠʤʝʥʝʥʠʝ ʧʦʣʠʤʝʨʥʦʡ ʢʦʨʤʦʚʦʡ ʜʦʙʘʚʢʠ ʫʚʝʣʠʯʠʚʘʣʦ ʥʝ ʪʦʣʴʢʦ ʩʫʪʦʯʥʳʝ ʫʜʦʠ ʤʦʣʦʢʘ, ʥʦ ʠ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʬʘʟʳ ʨʘʟʜʦʷ (ʧʝʨʚʳʡ ʧʝʨʠʦʜ ʣʘʢʪʘʮʠʠ), ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚ ʢʦʥʪʨʦʣʴʥʦʡ ʛʨʫʧʧʝ ʬʘʟʘ 

ʨʘʟʜʦʷ ʚ ʵʪʦ ʚʨʝʤʷ ʫʞʝ ʟʘʢʘʥʯʠʚʘʣʘʩʴ ʠ ʥʘʩʪʫʧʘʣ   ʚʪʦʨʦʡ ʧʝʨʠʦʜ ʣʘʢʪʘʮʠʠ (ʩʪʘʮʠʦʥʘʨʥʳʡ). 

ʇʦʚʳʰʝʥʠʝ ʤʦʣʦʯʥʦʡ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʞʠʚʦʪʥʳʭ ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ ʉʦʣʫʥʘʪʘ, ʚʝʨʦʷʪʥʦ, ʧʨʦʠʩʭʦʜʠʪ 

ʧʨʝʞʜʝ ʚʩʝʛʦ ʟʘ ʩʯʝʪ ʦʙʨʘʟʦʚʘʥʠʷ ʢʦʤʧʣʝʢʩʦʚ ʢʦʨʤʦʚʦʛʦ ʙʝʣʢʘ ʩ ʘʢʪʠʚʥʳʤʠ ʮʝʥʪʨʘʤʠ ʤʦʣʝʢʫʣ ʧʦʣʠʤʝʨʘ 

(çʟʘʱʠʪʘè ʙʝʣʢʘ), ʢʦʪʦʨʳʝ, ʦʯʝʚʠʜʥʦ, ʤʦʛʫʪ ʦʙʨʘʟʦʚʳʚʘʪʴʩʷ ʥʝ ʪʦʣʴʢʦ in vitro (ʚ ʨʘʩʪʚʦʨʝ), ʥʦ ʠ in vivo, ʚ 

ʞʝʣʫʜʦʯʥʦ-ʢʠʰʝʯʥʦʤ ʪʨʘʢʪʝ.  

ʇʦʣʫʯʝʥʥʳʝ in vivo ʜʘʥʥʳʝ, ʧʦʢʘʟʘʣʠ ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʧʦʣʠʤʝʨʥʦʛʦ ʥʘʥʦʤʘʪʝʨʠʘʣʘ ʥʘ 

ʧʨʦʮʝʩʩʳ ʨʫʙʮʦʚʦʛʦ ʧʠʱʝʚʘʨʝʥʠʷ ʞʚʘʯʥʳʭ ʞʠʚʦʪʥʳʭ ʠ ʠʭ ʤʦʣʦʯʥʫʶ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʧʨʦʚʝʜʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦʢʘʟʘʣʠ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʦʣʠʤʝʨʥʦʛʦ ʥʘʥʦʤʘʪʝʨʠʘʣʘ ʧʦ ʥʦʚʦʤʫ 

ʥʘʟʥʘʯʝʥʠʶ: ʚ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ, ʘ ʠʤʝʥʥʦ, ʚ ʢʦʨʤʣʝʥʠʠ ʞʠʚʦʪʥʳʭ. 
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ʅʘʩʪʦʷʱʘʷ ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʠʟʫʯʝʥʠʶ ʚʣʠʷʥʠʷ ʫʩʣʦʚʠʡ ʧʦʣʫʯʝʥʠʷ ʠ ʢʦʥʮʝʥʪʨʘʮʠʠ Eu3+ ʥʘ 

ʩʪʨʫʢʪʫʨʫ ʠ ʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ʩʚʦʡʩʪʚʘ ʪʚʸʨʜʳʭ ʨʘʩʪʚʦʨʦʚ KGd1-xEux(MoO4)2 (0ÒxÒ1). 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʫʜʝʣʷʝʪʩʷ ʣʶʤʠʥʝʩʮʝʥʪʥʳʤ ʤʘʪʝʨʠʘʣʘʤ, 

ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʢʘʯʝʩʪʚʝ ʣʶʤʠʥʦʬʦʨʦʚ ʜʣʷ ʩʚʝʪʦʜʠʦʜʦʚ ʙʝʣʦʛʦ ʩʚʝʯʝʥʠʷ (White 

Light-Emitting Diodes (WLED)). ʉʦʝʜʠʥʝʥʠʷ ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʰʝʝʣʠʪʘ (CaWO4), ʩʦʜʝʨʞʘʱʠʝ ʢʘʪʠʦʥʳ Eu
3+, 

ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʘʢ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʢʨʘʩʥʳʝ ʣʶʤʠʥʦʬʦʨʳ ʜʣʷ ʪʨʝʭʮʚʝʪʥʳʭ WLED. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʩʚʦʡʩʪʚ KGd1-xEux(MoO4)2 (0.1ÒxÒ0.35) ʧʦʢʘʟʘʣʦ, ʯʪʦ ʤʘʢʩʠʤʫʤ ʢʨʘʩʥʦʡ 

ʣʶʤʠʥʝʩʮʝʥʮʠʠ (~615 ʥʤ) ʥʘʙʣʶʜʘʝʪʩʷ ʜʣʷ ʩʦʩʪʘʚʘ x=0.25 [1]. ʇʨʦʚʝʜʝʥʥʦʝ ʧʦʟʜʥʝʝ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʧʦʣʠʤʦʨʬʠʟʤʘ KEu(MoO4)2 ʚʳʷʚʠʣʦ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʧʨʠ T=700 ʉ ʥʝʦʙʨʘʪʠʤʦʛʦ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʠʟ Ŭ-

ʬʘʟʳ ʚ b-ʬʘʟʫ, ʧʨʠ ʵʪʦʤ ʤʝʥʷʝʪʩʷ ʭʘʨʘʢʪʝʨ ʫʧʦʨʷʜʦʯʝʥʠʷ ʢʘʪʠʦʥʦʚ K ʠ Eu ʚ A-ʧʦʜʨʝʰʝʪʢʝ 

ʰʝʝʣʠʪʦʧʦʜʦʙʥʦʡ ʩʪʨʫʢʪʫʨʳ ABO4 [2].  

ʊʚʝʨʜʳʝ ʨʘʩʪʚʦʨʳ KGd1-xEux(MoO4)2 (ʭ=0-1) ʧʦʣʫʯʝʥʳ ʤʝʪʦʜʦʤ ʪʚʝʨʜʦʬʘʟʥʦʛʦ ʩʠʥʪʝʟʘ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʘʭ 650 ʠ 800 ʦʉ. ʇʦʢʘʟʘʥʘ ʠʟʦʩʪʨʫʢʪʫʨʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ ʩ ʪʨʠʢʣʠʥʥʦʡ 

ʤʦʜʠʬʠʢʘʮʠʝʡ Ŭ-KEu(MoO4)2. ɿʘʤʝʱʝʥʠʝ Gd3+ (rVIII = 1.053¡) ʥʘ Eu3+ (rVIII = 1.066¡) ʧʨʠʚʦʜʠʪ ʢ 

ʫʚʝʣʠʯʝʥʠʶ ʦʙʲʝʤʘ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʚ Ŭ-KGd1-xEux(MoO4)2. ɺʳʷʚʣʝʥʦ ʚʣʠʷʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ Eu3+ 

ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʣʫʯʝʥʠʷ ʥʘ ʩʪʨʫʢʪʫʨʫ ʠ ʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ʩʚʦʡʩʪʚʘ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ KGd1-

xEux(MoO4)2.  
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THE CHOICE OF MATERI ALS AND MANUFACTURIN G TECHNOLOGIES HEATE RS 

ULTRAVIOLET SPACE TE LESCOPE MIRRORS 

Alekseev S.V., Bazhenova O.P., Demina V.D., Ryzhikov I.A., Gusev A.V., Bogachev B.A. 

 
For correct operation of the optical system must be consistency geometric dimensions of its constituent 

elements and to ensure a minimum level of deposited sediment on its own outer atmosphere of the spacecraft (the 

deposition takes place primarily on cold surfaces). Thus, the question arises of heaters for the development of the 

telescope mirrors, providing uniform heating them in a predetermined temperature range. 

At the same time, the main task in the development of these heaters is the hard choice of materials for the 

manufacture of the nature of the evolution of gas, since this type of heater is located in the immediate vicinity of 

the telescope mirrors, and the fallout from such objects fall on the mirror surface in the first place. Since the 

telescope operates in the ultraviolet spectrum, even a small gas emission from the elements, which are close to 

the mirror, the telescope would expose the threat of job: on the mirror of a thin, invisible to the human eye, the 

film, which will be reflected UV radiation from the mirror. Therefore, special requirements apply to molecular 

contamination in the choice of material and design of the heater. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʜʝʪ ʨʘʟʨʘʙʦʪʢʘ ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ ʧʨʦʝʢʪʘ çʉʧʝʢʪʨ-ʋʌè (çɺʩʝʤʠʨʥʘʷ 

ʢʦʩʤʠʯʝʩʢʘʷ ʦʙʩʝʨʚʘʪʦʨʠʷ ï ʫʣʴʪʨʘʬʠʦʣʝʪè, ɺʂʆ-ʋʌ). ɿʘʜʘʯʘ ʵʪʦʛʦ ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ ï 

ʠʩʩʣʝʜʦʚʘʥʠʝ ɺʩʝʣʝʥʥʦʡ ʚ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʤ (ʋʌ) ʜʠʘʧʘʟʦʥʝ (110 - 320 ʥʤ), ʢʦʪʦʨʳʡ ʥʝʜʦʩʪʫʧʝʥ ʜʣʷ 

ʥʘʙʣʶʜʝʥʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʘʟʝʤʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ.  

ɺ ʩʦʩʪʘʚ ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ ʚʭʦʜʠʪ ʪʝʣʝʩʢʦʧ ʊ-170ʄ ʩ ʙʦʣʴʰʦʡ ʨʘʟʨʝʰʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʴʶ, 

ʦʩʥʦʚʥʦʡ ʨʘʙʦʯʠʡ ʠʥʩʪʨʫʤʝʥʪ  ɺʂʆ-ʋʌ ʜʣʷ ʨʘʙʦʪʳ ʚ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʤ ʫʯʘʩʪʢʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ 

ʩʧʝʢʪʨʘ. ʊʝʣʝʩʢʦʧ ʦʩʥʘʱʸʥ ʛʣʘʚʥʳʤ ʟʝʨʢʘʣʦʤ ʜʠʘʤʝʪʨʦʤ 1,7 ʤ ʠ ʚʪʦʨʠʯʥʳʤ - 0,4 ʤ, ʩʧʝʢʪʨʦʛʨʘʬʘʤʠ ʠ 

ʢʘʤʝʨʘʤʠ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ ʚ ʚʠʜʠʤʦʤ ʠ ʋʌ ʜʠʘʧʘʟʦʥʝ. 

ɼʣʷ ʢʦʨʨʝʢʪʥʦʡ ʨʘʙʦʪʳ ʦʧʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʥʝʦʙʭʦʜʠʤʦ ʢʘʢ ʧʦʩʪʦʷʥʩʪʚʦ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʨʘʟʤʝʨʦʚ 

ʵʣʝʤʝʥʪʦʚ ʝʝ ʩʦʩʪʘʚʣʷʶʱʠʭ, ʪʘʢ ʠ ʦʙʝʩʧʝʯʝʥʠʝ ʤʠʥʠʤʘʣʴʥʦʛʦ ʫʨʦʚʥʷ ʦʩʘʞʜʘʝʤʳʭ ʧʨʦʜʫʢʪʦʚ 

ʩʦʙʩʪʚʝʥʥʦʡ ʚʥʝʰʥʝʡ ʘʪʤʦʩʬʝʨʳ ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ (ʦʩʘʞʜʝʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʥʘ 

ʭʦʣʦʜʥʳʝ ʧʦʚʝʨʭʥʦʩʪʠ). ʊʘʢʠʤ ʦʙʨʘʟʦʚ, ʚʩʪʘʝʪ ʚʦʧʨʦʩ ʨʘʟʨʘʙʦʪʢʠ ʥʘʛʨʝʚʘʪʝʣʝʡ ʟʝʨʢʘʣ ʪʝʣʝʩʢʦʧʘ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ ʨʘʚʥʦʤʝʨʥʳʡ ʠʭ ʧʦʜʦʛʨʝʚ ʚ ʟʘʜʘʥʥʦʤ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʜʠʘʧʘʟʦʥʝ. 

ʆʜʥʦʚʨʝʤʝʥʥʦ, ʛʣʘʚʥʦʡ ʟʘʜʘʯʝʡ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʜʘʥʥʳʭ ʥʘʛʨʝʚʘʪʝʣʝʡ ʩʪʘʣ ʞʝʩʪʢʠʡ ʚʳʙʦʨ 

ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʧʦ ʭʘʨʘʢʪʝʨʫ ʛʘʟʦʚʳʜʝʣʝʥʠʷ, ʪʘʢ ʢʘʢ ʵʪʦʪ ʪʠʧ ʥʘʛʨʝʚʘʪʝʣʝʡ ʥʘʭʦʜʠʪʩʷ ʚ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʙʣʠʟʦʩʪʠ ʦʪ ʟʝʨʢʘʣ ʪʝʣʝʩʢʦʧʘ, ʠ ʧʨʦʜʫʢʪʳ ʛʘʟʦʚʳʜʝʣʝʥʠʷ ʦʪ ʪʘʢʠʭ ʦʙʲʝʢʪʦʚ ʧʦʧʘʜʘʶʪ 

ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʟʝʨʢʘʣʘ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ. ɸ ʪʘʢ ʢʘʢ ʪʝʣʝʩʢʦʧ ʨʘʙʦʪʘʝʪ ʚ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʤ ʩʧʝʢʪʨʝ, ʪʦ 

ʜʘʞʝ ʥʝʙʦʣʴʰʦʝ ʛʘʟʦʚʳʜʝʣʝʥʠʝ ʠʟ ʙʣʠʟʢʦ ʥʘʭʦʜʷʱʠʭʩʷ ʦʪ ʟʝʨʢʘʣ ʵʣʝʤʝʥʪʦʚ, ʧʦʜʚʝʨʛʥʝʪ ʫʛʨʦʟʝ ʨʘʙʦʪʫ 

ʪʝʣʝʩʢʦʧʘ: ʥʘ ʟʝʨʢʘʣʝ ʦʙʨʘʟʫʝʪʩʷ ʪʦʥʢʘʷ, ʥʝʚʠʜʠʤʘʷ ʯʝʣʦʚʝʯʝʩʢʦʤʫ ʛʣʘʟʫ, ʧʣʝʥʢʘ, ʢʦʪʦʨʘʷ ʥʝ ʜʘʩʪ 

ʦʪʨʘʟʠʪʴʩʷ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʤʫ ʠʟʣʫʯʝʥʠʶ ʦʪ ʟʝʨʢʘʣʘ. ɼʦʧʫʩʪʠʤʦʝ ʪʝʦʨʝʪʠʯʝʩʢʠ ʚʦʟʤʦʞʥʦʝ ʟʘʛʨʷʟʥʝʥʠʝ 

(ʧʣʝʥʢʘ ʥʘ ʟʝʨʢʘʣʝ) ʜʣʷ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʡ ʨʘʙʦʪʳ ʪʝʣʝʩʢʦʧʘ ʩʦʩʪʘʚʣʷʝʪ ʥʝ ʙʦʣʝʝ 1Ĭ10-7 ʛ/ʩʤ2. ʇʦʵʪʦʤʫ 

ʧʨʠ ʚʳʙʦʨʝ ʤʘʪʝʨʠʘʣʘ ʠ ʢʦʥʩʪʨʫʢʮʠʠ ʥʘʛʨʝʚʘʪʝʣʷ ʦʩʦʙʳʝ ʪʨʝʙʦʚʘʥʠʷ ʧʨʝʜʲʷʚʣʷʶʪʩʷ ʢ ʛʘʟʦʚʳʜʝʣʝʥʠʶ 

ʩʦʩʪʘʚʣʷʶʱʠʭ ʤʘʪʝʨʠʘʣʦʚ. 

ʊʘʢ ʢʘʢ ʢʦʤʧʦʟʠʮʠʠ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʨʘʥʝʝ, ʥʘ ʦʩʥʦʚʝ ʦʨʛʘʥʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʠʤʝʶʪ ʧʦʚʳʰʝʥʥʦʝ 

ʛʘʟʦʚʳʜʝʣʝʥʠʝ, ʩʪʘʣʦ ʥʝʦʙʭʦʜʠʤʳʤ ʧʨʦʨʘʙʦʪʘʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʠʟʛʦʪʦʚʣʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʥʘʛʨʝʚʘʪʝʣʝʡ 



ʉɽʂʎʀʗ 2 ʂʆʄʇʆɿʀʎʀʆʅʅʓɽ ʄɸʊɽʈʀɸʃʓ, ɺʂʃʖʏɸʗ ʇʆʃʀʄɽʈʅʓɽ 

92 
 
 

ʤʥʦʛʦʩʣʦʡʥʦʛʦ ʧʣʝʥʦʯʥʦʛʦ ʪʠʧʘ ʥʘ ʦʩʥʦʚʝ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ, ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʯʪʦ ʙʳ ʦʢʦʥʯʘʪʝʣʴʥʘʷ ʢʦʤʧʦʟʠʮʠʷ ʦʙʝʩʧʝʯʠʚʘʣʘ ʤʠʥʠʤʘʣʴʥʦʝ ʛʘʟʦʚʳʜʝʣʝʥʠʝ. 

ɹʳʣʦ ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ, ʯʪʦ ʢʦʥʩʪʨʫʢʮʠʷ ʥʘʛʨʝʚʘʪʝʣʷ ʜʦʣʞʥʘ ʧʨʝʜʩʪʘʚʣʷʪʴ ʩʦʙʦʡ ʤʝʪʘʣʣʠʯʝʩʢʫʶ 

ʚʳʩʦʢʦʪʝʧʣʦʧʨʦʚʦʜʥʫʶ ʧʦʜʣʦʞʢʫ ʜʣʷ ʨʘʚʥʦʤʝʨʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ, ʥʘ ʢʦʪʦʨʫʶ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʥʘʥʝʩʝʥʳ ʪʦʥʢʠʝ ʩʣʦʠ ʜʠʵʣʝʢʪʨʠʢʘ, ʪʦʢʦʧʨʦʚʦʜʷʱʝʛʦ ʩʣʦʷ ʠ ʦʢʦʥʯʘʪʝʣʴʥʦʛʦ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʟʘʱʠʪʥʦʛʦ ʩʣʦʷ. 

ʇʦʤʠʤʦ ʤʠʥʠʤʘʣʴʥʦʛʦ ʛʘʟʦʚʳʜʝʣʝʥʠʷ, ʤʘʪʝʨʠʘʣʳ ʥʘʛʨʝʚʘʪʝʣʷ ʜʦʣʞʥʳ ʦʙʣʘʜʘʪʴ ʙʣʠʟʢʠʤʠ 

ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ ʣʠʥʝʡʥʦʛʦ ʨʘʩʰʠʨʝʥʠʷ, ʩʪʘʙʠʣʴʥʦʩʪʴʶ ʫʜʝʣʴʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ r, ʪ.ʝ. ʥʠʟʢʠʡ 

ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʊʂr. ʊʦʢʦʧʨʦʚʦʜʷʱʠʡ ʩʣʦʡ ʜʦʣʞʝʥ ʠʤʝʪʴ ʧʦʩʪʦʷʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʦ 

ʚʨʝʤʝʥʠ. ʄʘʪʝʨʠʘʣʳ ʥʘʥʝʩʝʥʥʳʭ ʩʣʦʝʚ ʜʦʣʞʥʳ ʠʤʝʪʴ ʭʦʨʦʰʫʶ ʘʜʛʝʟʠʶ ʢ ʧʦʜʣʦʞʢʝ. 

ɺ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ ʙʳʣʠ ʦʧʨʦʙʦʚʘʥʳ ʠ ʠʩʧʳʪʘʥʳ ʨʘʟʥʳʝ ʚʘʨʠʘʥʪʳ ʢʦʤʧʦʟʠʮʠʡ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʧʳʪʘʥʠʡ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʧʳʪʥʳʭ 

ʦʙʨʘʟʮʦʚ. ʉ ʫʯʝʪʦʤ ʪʝʭʥʦʣʦʛʠʯʥʦʩʪʠ ʠʟʛʦʪʦʚʣʝʥʠʷ ʙʳʣʘ ʚʳʙʨʘʥʘ ʦʧʨʝʜʝʣʝʥʥʘʷ ʢʦʤʧʦʟʠʮʠʷ, ʦʪʨʘʙʦʪʘʥʘ 

ʪʝʭʥʦʣʦʛʠʷ ʝʸ ʠʟʛʦʪʦʚʣʝʥʠʷ. 

ʇʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʘʚʪʦʥʦʤʥʳʭ ʠʩʧʳʪʘʥʠʡ ʥʘʛʨʝʚʘʪʝʣʝʡ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ʚʣʠʷʥʠʷ 

ʧʦʥʠʞʝʥʥʦʛʦ ʜʘʚʣʝʥʠʷ ʠ ʚʳʩʦʢʠʭ ʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ. 
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THE RESEARCH OF STRUCTURE OF C/SIC COMPOSITES AFTER THERMOCH EMICAL TESTS 

IN OXIDIZ ING MEDIUM  

Mironov V.V., Volkov N.N., Volkova L.I., Dobriyanov S.K., Baskakov V.N., Sokolova N.A., Kalinin S.V., 

Gurina I.N., Turutko A.I.  

 
The main aim of the work was to study and analyze the changes in the structure of the C/SiC composites 

during thermal tests. Thin sections of composite samples were analyzed to determine the process of destruction 

of the material. 

ʆʜʥʠʤ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʩʧʦʩʦʙʦʚ ʧʦʚʳʰʝʥʠʷ ʵʥʝʨʛʦʤʘʩʩʦʚʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ ʥʘʜʝʞʥʦʩʪʠ 

ʠʟʜʝʣʠʡ ʨʘʢʝʪʥʦ-ʢʦʩʤʠʯʝʩʢʦʡ ʪʝʭʥʠʢʠ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʂʄ (ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ) ʥʘ 

ʫʛʣʝʨʦʜʥʦʡ ʦʩʥʦʚʝ. ʀʟ ʯʠʩʣʘ ʂʄ ʥʘ ʫʛʣʝʨʦʜʥʦʡ ʦʩʥʦʚʝ ʩ ʧʦʚʳʰʝʥʥʦʡ ʪʝʧʣʦʵʨʦʟʠʦʥʥʦʡ ʩʪʦʡʢʦʩʪʴʶ 

ʥʘʠʙʦʣʝʝ ʦʪʨʘʙʦʪʘʥʥʳʤʠ ʷʚʣʷʶʪʩʷ ʋʂʂʄ (ʫʛʣʝʨʦʜ-ʢʝʨʘʤʠʯʝʩʢʠʝ ʂʄ) ʪʠʧʘ C/SiC ʩ ʦʙʲʝʤʥʳʤ 

ʥʘʩʳʱʝʥʠʝʤ SiC, ʚ ʪʦʤ ʯʠʩʣʝ ʩ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʧʦʢʨʳʪʠʝʤ ʠʟ SiC. ʂʘʨʙʠʜ ʢʨʝʤʥʠʷ ʚʳʙʨʘʥ ʚʩʣʝʜʩʪʚʠʝ 

ʚʳʩʦʢʦʡ ʪʝʧʣʦʵʨʦʟʠʦʥʥʦʡ ʩʪʦʡʢʦʩʪʠ, ʩʚʷʟʘʥʥʦʡ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʥʘ ʝʛʦ ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʦʢʠʩʣʠʪʝʣʴʥʦʡ 

ʩʨʝʜʝ ʩʪʘʙʠʣʴʥʦʡ ʦʢʠʩʥʦʡ ʧʣʝʥʢʠ ʩ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ ʧʣʘʚʣʝʥʠʷ (Tʧʣ ~ 2000K). 
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ʆʩʥʦʚʥʦʡ ʮʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʣʦʩʴ ʠʟʫʯʝʥʠʝ ʠ ʘʥʘʣʠʟ ʠʟʤʝʥʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʠ ʩʦʩʪʘʚʘ ʂʄ ʚ ʧʨʦʮʝʩʩʝ 

ʠʩʧʳʪʘʥʠʡ.  

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʝʭʘʥʠʟʤʦʚ ʨʘʟʨʫʰʝʥʠʷ ʋʂʂʄ ʚ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʦʢʠʩʣʠʪʝʣʴʥʦʡ ʩʨʝʜʝ 

ʧʨʦʚʝʜʝʥʳ ʪʝʧʣʦʵʨʦʟʠʦʥʥʳʝ ʠʩʧʳʪʘʥʠʷ ʦʙʨʘʟʮʦʚ ʋʂʂʄ C/SiC ʚ ʬʦʨʤʝ ʧʣʘʩʪʠʥ ʚ ʧʦʪʦʢʝ ʧʨʦʜʫʢʪʦʚ 

ʩʛʦʨʘʥʠʷ ʢʝʨʦʩʠʥʘ ʚ ʚʦʟʜʫʭʝ ʚ ʛʘʟʦʛʝʥʝʨʘʪʦʨʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ ɻʅʎ ʌɻʋʇ ʎʝʥʪʨ ʂʝʣʜʳʰʘ. 

ʇʦʩʣʝ ʠʩʧʳʪʘʥʠʡ ʧʨʦʚʝʜʝʥʳ ʜʝʬʝʢʪʘʮʠʠ ʦʙʨʘʟʮʦʚ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʩʚʝʜʝʥʠʡ ʦ ʟʘʢʦʥʦʤʝʨʥʦʩʪʷʭ 

ʨʘʟʨʫʰʝʥʠʠ ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. 

ʇʨʦʮʝʩʩ ʨʘʟʨʫʰʝʥʠʷ ʠ ʦʢʠʩʣʝʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʋʂʂʄ ʚ ʭʦʜʝ ʠʩʧʳʪʘʥʠʡ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥ ʧʦ 

ʰʣʠʬʘʤ ʧʦʧʝʨʝʯʥʳʭ ʩʝʯʝʥʠʡ ʦʙʨʘʟʮʦʚ, ʘ ʪʘʢ ʞʝ ʘʥʘʣʠʪʠʯʝʩʢʠ ʩ ʧʦʤʦʱʴʶ ʯʠʩʣʝʥʥʳʭ ʨʘʩʯʝʪʦʚ. ɸʥʘʣʠʟ 

ʰʣʠʬʦʚ ʦʙʨʘʟʮʦʚ ʋʂʂʄ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʧʨʦʪʝʢʘʥʠʝ ʧʨʦʮʝʩʩʘ ʨʘʟʨʫʰʝʥʠʷ ʤʘʪʝʨʠʘʣʘ, ʧʨʠʚʦʜʠʤʦʛʦ ʚ 

ʣʠʪʝʨʘʪʫʨʝ, ʘ ʪʘʢʞʝ ʧʦʢʘʟʳʚʘʝʪ ʥʘʣʠʯʠʝ ʧʨʦʮʝʩʩʦʚ ʦʢʠʩʣʝʥʠʷ ʚ ʦʙʲʝʤʝ ʤʘʪʝʨʠʘʣʘ ʢʘʢ ʫʛʣʝʨʦʜʘ, ʪʘʢ ʠ 

ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ, ʩʚʷʟʘʥʥʳʭ ʩ ʧʦʨʠʩʪʦʡ ʩʪʨʫʢʪʫʨʦʡ ʤʘʪʝʨʠʘʣʘ ʠ ʥʘʣʠʯʠʝʤ ʪʨʝʱʠʥ ʚ ʨʘʩʩʤʦʪʨʝʥʥʳʭ 

ʦʙʨʘʟʮʘʭ. 
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HEAT -RESISTANT LIQUID  INJECTION  SILICONE  MATERIALS  (LIM ) 

Alekseeva H.I ., Dolotko ɸ.R., Ruskol I .J., Simachev A.D. 

 

New injection silicone compounds (LIM) were synthesized. They characterized by a high heat and frost 

resistant, optical transparency and a high-refractive index. To provide high mechanical strength of silicone 

materials we use a nano-sized filler (Q-containing oligomeric siloxane). 

ʊʝʭʥʦʣʦʛʠʷ ʣʠʪʴʷ ʧʦʜ ʜʘʚʣʝʥʠʝʤ ʩʪʘʥʦʚʠʪʩʷ ʚʩʝ ʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʤ ʤʝʪʦʜʦʤ ʧʝʨʝʨʘʙʦʪʢʠ 

ʢʨʝʤʥʠʡʦʨʛʘʥʠʯʝʩʢʠʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ɺʳʩʦʢʘʷ ʩʢʦʨʦʩʪʴ ʧʨʦʮʝʩʩʘ, ʚʦʟʤʦʞʥʦʩʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʪʘʥʜʘʨʪʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʦʩʥʘʩʪʢʠ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʨʘʟʣʠʯʥʳʭ ʠʟʜʝʣʠʡ, ʘ ʪʘʢʞʝ 

ʩʥʠʞʝʥʥʘʷ ʵʥʝʨʛʦʝʤʢʦʩʪʴ ʠ ʤʘʣʦʝ ʢʦʣʠʯʝʩʪʚʦ ʦʪʭʦʜʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ ʜʝʣʘʶʪ ʜʘʥʥʳʡ ʤʝʪʦʜ ʧʝʨʝʨʘʙʦʪʢʠ 

ʚʦʩʪʨʝʙʦʚʘʥʥʳʤ ʠ ʧʝʨʩʧʝʢʪʠʚʥʳʤ, ʦʩʦʙʝʥʥʦ ʜʣʷ ʪʘʢʠʭ ʦʪʨʘʩʣʝʡ ʢʘʢ: ʧʨʠʙʦʨʦʩʪʨʦʝʥʠʝ, 

ʤʠʢʨʦʵʣʝʢʪʨʦʥʠʢʘ, ʘʚʠʘ- ʠ ʘʚʪʦʤʦʙʠʣʴʥʘʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ, ʧʨʦʠʟʚʦʜʩʪʚʦ ʤʝʜʠʮʠʥʩʢʠʭ ʠʟʜʝʣʠʡ. 



ʉɽʂʎʀʗ 2 ʂʆʄʇʆɿʀʎʀʆʅʅʓɽ ʄɸʊɽʈʀɸʃʓ, ɺʂʃʖʏɸʗ ʇʆʃʀʄɽʈʅʓɽ 
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ʄʘʪʝʨʠʘʣʳ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʣʠʪʴʝʚʦʡ ʪʝʭʥʦʣʦʛʠʠ - LIM, ʜʦʣʞʥʳ ʦʙʣʘʜʘʪʴ ʨʷʜʦʤ ʩʧʝʮʠʬʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʘ ʠʤʝʥʥʦ: 

ɺʳʩʦʢʦʡ ʩʢʦʨʦʩʪʴʶ ʦʪʚʝʨʞʜʝʥʠʷ 

ʆʪʩʫʪʩʪʚʠʝʤ ʘʜʛʝʟʠʠ ʢ ʬʦʨʤʝ 

ɾʠʟʥʝʩʧʦʩʦʙʥʦʩʪʴʶ ʢʦʤʧʦʟʠʮʠʠ ʚ ʩʤʝʰʘʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʥʝ ʤʝʥʝʝ 8 ʯʘʩʦʚ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʜʦ 

100Áʉ. 

ʆʩʦʙʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪ ʤʘʪʝʨʠʘʣʳ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʥʘʨʷʜʫ ʩ ʰʠʨʦʢʠʤ ʠʥʪʝʨʚʘʣʦʤ ʨʘʙʦʯʠʭ 

ʪʝʤʧʝʨʘʪʫʨ, ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʭʦʞʜʝʥʠʷ ʯʝʨʝʟ ʥʠʭ ʩʚʝʪʦʚʦʛʦ ʧʦʪʦʢʘ ʙʝʟ ʟʥʘʯʠʪʝʣʴʥʳʭ ʧʦʪʝʨʴ.  

ʆʩʥʦʚʦʡ ʜʣʷ LIM ʷʚʣʷʶʪʩʷ: ʩʠʣʦʢʩʘʥʦʚʳʝ ʢʘʫʯʫʢʠ, ʩʦʜʝʨʞʘʱʠʝ ʢʦʥʮʝʚʳʝ ʚʠʥʠʣʴʥʳʝ ʛʨʫʧʧʳ; 

ʩʰʠʚʘʶʱʠʡ ʘʛʝʥʪ, ʚ ʢʘʯʝʩʪʚʝ ʢʦʪʦʨʦʛʦ ʚʳʩʪʫʧʘʶʪ ʦʣʠʛʦʦʨʛʘʥʦʩʠʣʦʢʩʘʥʳ ʩ ʛʠʜʨʠʜʩʦʜʝʨʞʘʱʠʤʠ 

ʛʨʫʧʧʘʤʠ ʥʘ ʢʦʥʮʘʭ ʠ/ʠʣʠ ʚʥʫʪʨʠ ʮʝʧʠ. ʆʙʨʘʟʦʚʘʥʠʝ ʩʰʠʪʦʛʦ ʧʦʣʠʤʝʨʘ ʧʨʦʠʩʭʦʜʠʪ ʧʦ ʨʝʘʢʮʠʠ 

ʛʠʜʨʦʩʠʣʠʣʠʨʦʚʘʥʠʷ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʧʣʘʪʠʥʦʚʳʭ ʢʦʤʧʣʝʢʩʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʧʨʠ ʫʤʝʨʝʥʥʳʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ. ʂʦʥʪʨʦʣʴ ʩʢʦʨʦʩʪʠ ʧʨʦʮʝʩʩʘ, ʘ ʪʘʢʞʝ ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪʴ ʢʦʤʧʦʟʠʮʠʠ ʚ ʩʤʝʰʝʥʥʦʤ 

ʩʦʩʪʦʷʥʠʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦʜʙʦʨʦʤ ʧʘʨʳ ʢʘʪʘʣʠʟʘʪʦʨ-ʠʥʛʠʙʠʪʦʨ. 

ɺʘʨʴʠʨʦʚʘʥʠʝ ʟʘʤʝʩʪʠʪʝʣʝʡ ʫ ʘʪʦʤʘ ʢʨʝʤʥʠʷ ʚ ʦʩʥʦʚʥʦʡ ʮʝʧʠ ʧʦʟʚʦʣʷʝʪ ʨʘʩʰʠʨʷʪʴ ʧʨʝʜʝʣʳ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʛʦʪʦʚʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʚ ʯʘʩʪʥʦʩʪʠ, ʚʚʝʜʝʥʠʝ ʬʝʥʠʣʴʥʦʛʦ ʟʘʤʝʩʪʠʪʝʣʷ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʚʳʰʝʥʠʝ ʪʝʨʤʦ- ʠ ʤʦʨʦʟʦʩʪʦʡʢʦʩʪʠ. ʊʘʢ ʠʟʚʝʩʪʥʳ ʧʦʣʠʘʜʜʠʮʠʦʥʥʳʝ ʢʦʤʧʘʫʥʜʳ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʵʢʩʧʣʫʘʪʘʮʠʶ ʩʠʩʪʝʤ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʦʪ ï 90 ʜʦ 250Áʉ (ʢʨʘʪʢʦʚʨʝʤʝʥʥʦ ʜʦ 300Áʉ) [1]. 

ʉʦʦʪʥʦʰʝʥʠʝ ʬʝʥʠʣʴʥʳʭ ʠ ʤʝʪʠʣʴʥʳʭ ʟʘʤʝʩʪʠʪʝʣʝʡ ʧʦʟʚʦʣʷʝʪ ʨʝʛʫʣʠʨʦʚʘʪʴ ʥʝ ʪʦʣʴʢʦ 

ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʧʨʝʜʝʣʳ, ʥʦ ʠ ʦʧʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʧʦʚʳʰʘʷ ʧʦʢʘʟʘʪʝʣʴ 

ʧʨʝʣʦʤʣʝʥʠʷ ʩ 1,40 (ʜʣʷ ʧʦʜʠʤʝʪʠʣʩʠʣʦʢʩʘʥʦʚ) ʜʦ 1,53 (ʜʣʷ ʤʝʪʠʣʬʝʥʠʣʩʦʜʝʨʞʘʱʠʭ ʧʦʣʠʤʝʨʦʚ). ʅʘ 

ʨʳʥʢʝ ʠʤʝʝʪʩʷ ʨʷʜ ʟʘʣʠʚʦʯʥʳʭ ʠ ʧʦʢʨʦʚʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʧʦʢʘʟʘʪʝʣʷʤʠ ʧʨʝʣʦʤʣʝʥʠʷ, ʣʝʞʘʱʠʤʠ ʚ 

ʜʘʥʥʦʤ ʜʠʘʧʘʟʦʥʝ, ʠ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʤʠ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ [1]. ʆʜʥʘʢʦ ʦʥʠ 

ʥʝʧʨʠʛʦʜʥʳ ʢ ʣʠʪʴʝʚʦʤʫ ʬʦʨʤʦʚʘʥʠʶ, ʚʚʠʜʫ ʥʠʟʢʦʡ ʚʷʟʢʦʩʪʠ ʠ ʜʣʠʪʝʣʴʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʦʪʚʝʨʞʜʝʥʠʷ, 

ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʟʘʣʠʚʦʯʥʳʭ ʢʦʤʧʘʫʥʜʦʚ ʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʚʫʣʢʘʥʠʟʘʮʠʠ ʩʠʣʠʢʦʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ, 

ʧʨʠʤʝʥʷʝʤʳʭ ʚ ʢʘʯʝʩʪʚʝ ʧʦʢʨʳʪʠʡ, ʥʘʧʨʠʤʝʨ, ʚʦʣʦʢʦʥʥʳʭ ʩʚʝʪʦʚʦʜʦʚ. 

ɿʘʨʫʙʝʞʥʳʝ ʦʙʨʘʟʮʳ LIM ʩ ʚʳʩʦʢʠʤ ʧʦʢʘʟʘʪʝʣʝʤ ʧʨʝʣʦʤʣʝʥʠʷ (nD20) ï [2] ʠʤʝʶʪ ʥʠʟʢʠʝ ʬʠʟʠʢʦ-

ʤʝʭʘʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʤʘʪʝʨʠʘʣʘʤʠ LIM ʩ nD20 =1,40 [3] ʠ ʦʪʝʯʝʩʪʚʝʥʥʳʤʠ 

ʬʝʥʠʣʩʦʜʝʨʞʘʱʠʤʠ ʟʘʣʠʚʦʯʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ ʠʟ-ʟʘ ʩʪʝʨʠʯʝʩʢʠʭ ʟʘʪʨʫʜʥʝʥʠʡ ʧʨʠ ʦʙʨʘʟʦʚʘʥʠʠ 

ʪʨʝʭʤʝʨʥʦʡ ʩʝʪʢʠ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʪʘʥʜʘʨʪʥʳʭ ʧʨʠʝʤʦʚ ʫʚʝʣʠʯʝʥʠʷ ʧʨʦʯʥʦʩʪʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʘʢʪʠʚʥʦʛʦ 

ʥʝʦʨʛʘʥʠʯʝʩʢʦʛʦ ʥʘʧʦʣʥʠʪʝʣʷ, ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʳʤ, ʚʚʠʜʫ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʩʦʭʨʘʥʝʥʠʷ 

ʧʨʦʟʨʘʯʥʦʩʪʠ ʩʠʩʪʝʤʳ. ɼʣʷ ʫʣʫʯʰʝʥʠʷ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʠʤʝʥʷʣʩʷ ʤʝʪʦʜ 

ʦʙʨʘʟʦʚʘʥʠʷ ʚʟʘʠʤʦʧʨʦʥʠʢʘʶʱʠʭ ʧʦʣʠʤʝʨʥʳʭ ʩʝʪʦʢ (ɺʇʉ) ʢʘʫʯʫʢʘʤʠ ʩ ʨʘʟʣʠʯʥʳʤ ʤʦʣʝʢʫʣʷʨʥʳʤ 

ʚʝʩʦʤ, ʘ ʪʘʢʞʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤ ʢʨʝʤʥʠʡʦʨʛʘʥʠʯʝʩʢʠʤ ʦʣʠʛʦʤʝʨʦʤ ʨʘʟʚʝʪʚʣʝʥʥʦʛʦ ʩʪʨʦʝʥʠʷ, 

ʩʦʜʝʨʞʘʱʠʤ ʚ ʦʩʥʦʚʥʦʡ ʮʝʧʠ ʬʨʘʛʤʝʥʪʳ SiO2, ʷʚʣʷʶʱʠʝʩʷ ʥʘʥʦʨʘʟʤʝʨʥʳʤʠ ʥʘʧʦʣʥʠʪʝʣʷʤ (Q-

ʩʦʜʝʨʞʘʱʘʷ ʩʤʦʣʘ). ʀʩʧʦʣʴʟʫʷ ʜʘʥʥʫʶ ʤʝʪʦʜʠʢʫ ʫʧʨʦʯʥʝʥʠʷ, ʫʜʘʣʦʩʴ ʧʦʣʫʯʠʪʴ LIM ʩ nD20=1,46 ʩ 

ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʤʠ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ (ů= 2,2 ʄʇʘ, Ů=160%), ʜʠʘʧʘʟʦʥʦʤ 

ʨʘʙʦʯʠʭ ʪʝʤʧʝʨʘʪʫʨ ʦʪ -70 ʜʦ 250Áʉ ʠ ʩʚʝʪʦʧʨʦʧʫʩʢʘʥʠʝʤ ʚ ʚʠʜʠʤʦʤ ʜʠʘʧʘʟʦʥʝ ʙʦʣʝʝ 92%.  

ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʦʣʫʯʝʥʥʳʡ LIM ʦʙʣʘʜʘʝʪ ʨʷʜʦʤ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʘ ʠʤʝʥʥʦ ʧʦʚʳʰʝʥʥʦʡ ʨʘʜʠʘʮʠʦʥʥʦʡ ʩʪʦʡʢʦʩʪʴʶ. 
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STUDIES OF MOISTURE-RESISTANT COATING FO R SPONGY COMPOSITE DIELECTRIC 

MATERIALS  

Dyakonov V.A., Glukhov A.I., Kamalov A.D., Pronin B.F., Filatov E.N. 

 

The report presents the research results of microstructure of silica matrixes of dielectric composite materials 

formed by sol-gel technology. Research results of dynamics of humidification of disperse structure of silica 

matrixes significantly changing dielectric properties of composite materials are shown. The authors analyze the 

properties of organosilicone elastic coatings capable to protect internal structure of dielectric composite materials 

from humidification in the course of storage and operation. The comparison of technological ways of drawing 

coatings is carried out. Test results of moisture-resistant coatings are shown. 

 

ʂʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʥʘ ʦʩʥʦʚʝ ʢʚʘʨʮʝʚʳʭ ʘʨʤʠʨʫʶʱʠʭ ʥʘʧʦʣʥʠʪʝʣʝʡ ʠ ʜʠʩʧʝʨʩʥʳʭ 

ʢʨʝʤʥʝʟʝʤʥʳʭ ʤʘʪʨʠʮ, ʟʘ ʩʯʝʪ ʚʳʩʦʢʠʭ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ, ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʭ ʠ ʧʨʠʝʤʣʝʤʳʭ ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʥʘʭʦʜʷʪ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʨʘʜʠʦʪʝʭʥʠʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚʘʭ, ʨʘʙʦʪʦʩʧʦʩʦʙʥʳʭ ʧʨʠ 

ʧʦʚʳʰʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʡ ʩʧʦʩʦʙ ʩʦʟʜʘʥʠʷ ʘʨʤʠʨʦʚʘʥʥʳʭ 

ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʙʲʝʤʥʦʡ ʧʨʦʧʠʪʢʝ ʪʢʘʥʥʳʭ ʠʣʠ ʚʦʣʦʢʥʠʩʪʳʭ ʩʪʨʫʢʪʫʨ 

ʢʦʣʣʦʠʜʥʳʤʠ ʢʨʝʤʥʝʟʝʤʥʳʤʠ ʨʘʩʪʚʦʨʘʤʠ (ʟʦʣʷʤʠ) ʩ ʧʦʩʣʝʜʫʶʱʠʤʠ ʩʪʘʜʠʷʤʠ ʩʫʰʢʠ ʠ ʪʝʨʤʠʯʝʩʢʦʡ 

ʦʙʨʘʙʦʪʢʠ. ʇʨʦʮʝʩʩ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʨʝʤʥʝʟʝʤʥʳʭ ʤʘʪʨʠʮ ʫʢʘʟʘʥʥʳʤ ʩʧʦʩʦʙʦʤ ʧʦʣʫʯʠʣ ʥʘʟʚʘʥʠʝ ʟʦʣʴ-

ʛʝʣʴ ʪʝʭʥʦʣʦʛʠʷ. 

ɿʦʣʴ-ʛʝʣʴ ʪʝʭʥʦʣʦʛʠʷ ʢʦʣʣʦʠʜʥʦʛʦ ʢʨʝʤʥʝʟʝʤʘ, ʥʘʰʝʜʰʘʷ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ 

ʨʘʟʣʠʯʥʳʭ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʧʨʦʜʫʢʪʦʚ, ʦʪʥʦʩʠʪʩʷ ʢ ʠʥʪʝʥʩʠʚʥʦ ʨʘʟʚʠʚʘʶʱʠʤʩʷ ʥʘʧʨʘʚʣʝʥʠʷʤ ʩʦʟʜʘʥʠʷ 

ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʆʩʥʦʚʥʳʤ ʜʦʩʪʦʠʥʩʪʚʦʤ ʟʦʣʴ-ʛʝʣʴ ʪʝʭʥʦʣʦʛʠʠ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ 

ʩʠʥʪʝʟʘ ʤʘʪʨʠʮ, ʦʙʣʘʜʘʶʱʠʭ ʚʳʩʦʢʦʡ ʦʜʥʦʨʦʜʥʦʩʪʴʶ ʩʪʨʫʢʪʫʨʳ ʠ ʨʝʛʫʣʠʨʫʝʤʳʤ ʢʦʤʧʣʝʢʩʦʤ ʩʚʦʡʩʪʚ 

[1]. ʇʦʣʠʤʝʨʥʘʷ ʧʨʠʨʦʜʘ ʢʨʝʤʥʝʟʝʤʥʳʭ ʯʘʩʪʠʮ, ʥʘʣʠʯʠʝ ʨʘʟʚʠʪʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ 

ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʩʦʢʫʶ ʨʝʘʢʮʠʦʥʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʯʘʩʪʠʮ ʠ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ [2]. 

ʉʠʥʪʝʟ ʢʨʝʤʥʝʟʝʤʥʳʭ ʤʘʪʨʠʮ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʟʦʣʴ-ʛʝʣʴ ʤʝʪʦʜʦʤ ʤʦʞʝʪ ʚʢʣʶʯʘʪʴ 

ʩʪʘʜʠʠ ʥʘʩʳʱʝʥʠʷ, ʫʜʘʣʝʥʠʷ ʨʘʩʪʚʦʨʠʪʝʣʝʡ (ʚ ʪʦʤ ʯʠʩʣʝ ʘʜʩʦʨʙʠʨʦʚʘʥʥʳʭ ʧʦʚʝʨʭʥʦʩʪʴʶ), ʜʝʛʠʜʨʘʪʘʮʠʠ 

ʩʠʣʘʥʦʣʴʥʳʭ ʛʨʫʧʧ, ʦʢʠʩʣʝʥʠʷ ʦʩʪʘʪʦʯʥʳʭ ʘʣʢʦʢʩʠʛʨʫʧʧ ʠ ʩʧʝʢʘʥʠʷ ʜʠʩʧʝʨʩʥʳʭ ʯʘʩʪʠʮ. ɺ ʧʨʦʮʝʩʩʝ 

ʩʠʥʪʝʟʘ ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʥʘʥʦʨʘʟʤʝʨʥʳʝ ʯʘʩʪʠʮʳ ʢʨʝʤʥʝʟʝʤʘ, ʩʦʜʝʨʞʘʱʠʝʩʷ ʚ ʟʦʣʝ, ʦʙʨʘʟʫʶʪ 

ʤʘʪʨʠʮʳ, ʦʙʣʘʜʘʶʱʠʝ ʚʳʩʦʢʦʡ ʧʦʨʠʩʪʦʩʪʴʶ ʠ ʨʘʟʚʠʪʦʡ ʛʠʜʨʦʬʠʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ. 

ʇʦʨʠʩʪʦʩʪʴ ʢʨʝʤʥʝʟʝʤʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʦʣʦʞʠʪʝʣʴʥʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʫʨʦʚʥʝ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʚ ʪʦʞʝ ʚʨʝʤʷ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʤʘʪʝʨʠʘʣʦʚ ʜʘʥʥʦʛʦ 

ʢʣʘʩʩʘ. ɺʣʘʛʘ, ʩʦʜʝʨʞʘʱʘʷʩʷ ʚ ʦʢʨʫʞʘʶʱʝʤ ʧʨʦʩʪʨʘʥʩʪʚʝ,  ʤʘʪʝʨʠʘʣʘʭ ʢʦʥʩʪʨʫʢʮʠʠ, ʩʧʦʩʦʙʥʘ ʧʨʦʥʠʢʘʪʴ 

ʚ ʧʦʨʠʩʪʳʝ ʢʨʝʤʥʝʟʝʤʥʳʝ ʤʘʪʨʠʮʳ. ɿʘ ʩʯʝʪ ʨʘʟʚʠʪʦʡ ʛʠʜʨʦʬʠʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʢʨʝʤʥʝʟʝʤʘ ʧʨʦʠʩʭʦʜʠʪ 

ʥʘʩʳʱʝʥʠʝ ʤʘʪʝʨʠʘʣʦʚ ʧʘʨʘʤʠ ʚʦʜʳ, ʯʪʦ ʫʭʫʜʰʘʝʪ ʠʭ ʦʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʅʘʣʠʯʠʝ ʨʘʟʚʠʪʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʥʝ ʷʚʣʷʝʪʩʷ ʝʜʠʥʩʪʚʝʥʥʦʡ ʧʨʠʯʠʥʦʡ ʫʜʝʨʞʘʥʠʷ ʚʣʘʛʠ, ʚ ʣʠʪʝʨʘʪʫʨʝ [1,2] ʰʠʨʦʢʦ ʦʧʠʩʘʥʳ 

ʧʨʦʮʝʩʩʳ ʛʠʜʨʘʪʘʮʠʠ ʧʦʚʝʨʭʥʦʩʪʠ ʢʨʝʤʥʝʟʝʤʘ, ʧʨʠʚʦʜʷʱʠʝ ʢ ʭʠʤʠʯʝʩʢʦʤʫ ʩʚʷʟʳʚʘʥʠʶ ʚʣʘʛʠ ʩ 

ʤʦʣʝʢʫʣʘʤʠ SiO2, ʠ ʟʘʢʨʝʧʣʝʥʠʶ ʝʸ ʚ ʩʪʨʫʢʪʫʨʝ ʢʨʝʤʥʝʟʝʤʘ.  

ɺ ʧʨʦʮʝʩʩʝ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʨʦʠʩʭʦʜʷʪ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚ 

ʧʦʨʠʩʪʦʡ ʩʪʨʫʢʪʫʨʝ ʢʨʝʤʥʝʟʝʤʥʳʭ ʤʘʪʨʠʮ, ʫʤʝʥʴʰʘʝʪʩʷ ʧʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʨ, ʫʜʘʣʷʝʪʩʷ 

ʩʦʜʝʨʞʘʱʘʷʩʷ ʚ ʤʘʪʝʨʠʘʣʝ ʚʣʘʛʘ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʬʘʟʦʚʳʝ ʧʝʨʝʭʦʜʳ ʦʢʘʟʳʚʘʶʪ ʥʝʛʘʪʠʚʥʦʝ 

ʚʣʠʷʥʠʝ ʥʘ ʧʨʦʯʥʦʩʪʥʳʝ ʩʚʦʡʩʪʚʘ, ʯʪʦ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʦʛʨʘʥʠʯʠʚʘʝʪ ʧʨʠʝʤʣʝʤʳʝ ʪʝʤʧʝʨʘʪʫʨʥʦ-

ʚʨʝʤʝʥʥʳʝ ʨʝʞʠʤʳ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ. 

ɺ ʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ ʚʘʞʥʝʡʰʝʡ ʧʨʦʙʣʝʤʦʡ ʷʚʣʷʝʪʩʷ ʚʳʙʦʨ ʦʧʪʠʤʘʣʴʥʳʭ ʪʝʤʧʝʨʘʪʫʨʥʦ-ʚʨʝʤʝʥʥʳʭ 

ʨʝʞʠʤʦʚ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʨʝʤʥʝʟʝʤʥʳʭ ʤʘʪʨʠʮ, ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʚʣʠʷʶʱʠʭ ʥʘ ʩʚʦʡʩʪʚʘ ʢʦʥʝʯʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ ʚ ʮʝʣʦʤ.  



ʉɽʂʎʀʗ 2 ʂʆʄʇʆɿʀʎʀʆʅʅʓɽ ʄɸʊɽʈʀɸʃʓ, ɺʂʃʖʏɸʗ ʇʆʃʀʄɽʈʅʓɽ 

96 
 
 

ʇʝʨʝʯʠʩʣʝʥʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ ʥʝ ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʘʪʴ ʢʨʝʤʥʝʟʝʤʥʳʝ ʤʘʪʨʠʮʳ ʦʙʣʘʜʘʶʱʠʝ 

ʤʘʣʦʨʘʟʚʠʪʦʡ ʠʣʠ ʛʠʜʨʦʬʦʙʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ, ʢʦʪʦʨʘʷ ʥʝʦʙʭʦʜʠʤʘ ʜʣʷ ʩʪʘʙʠʣʠʟʘʮʠʠ ʩʚʦʡʩʪʚ 

ʤʘʪʝʨʠʘʣʦʚ ʚ ʧʨʦʮʝʩʩʝ ʭʨʘʥʝʥʠʷ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚʦ ʚʣʘʞʥʦʡ ʘʪʤʦʩʬʝʨʝ. ɼʘʞʝ ʧʨʠ ʥʝʙʦʣʴʰʦʤ ʩʦʜʝʨʞʘʥʠʠ 

ʚʣʘʛʠ ʦʪʤʝʯʘʝʪʩʷ ʧʦʚʳʰʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʠ ʨʝʟʢʦʝ ʫʚʝʣʠʯʝʥʠʝ 

ʪʘʥʛʝʥʩʘ ʫʛʣʘ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʪʝʨʴ, ʯʪʦ ʠʟʤʝʥʷʝʪ ʨʘʜʠʦʪʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʘʢ ʩʘʤʠʭ 

ʤʘʪʝʨʠʘʣʦʚ, ʪʘʢ ʜʝʪʘʣʝʡ ʠ ʠʟʜʝʣʠʡ ʥʘ ʠʭ ʦʩʥʦʚʝ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʠʭ ʨʘʟʫʧʨʦʯʥʝʥʠʝʤ ʚ ʭʦʜʝ ʜʣʠʪʝʣʴʥʦʛʦ 

ʭʨʘʥʝʥʠʷ [3].  

ʆʜʥʠʤ ʠʟ ʨʝʰʝʥʠʡ ʧʨʦʙʣʝʤʳ ʟʘʱʠʪʳ ʦʪ ʚʣʘʛʠ ʤʦʞʝʪ ʷʚʣʷʪʴʩʷ ʧʨʠʤʝʥʝʥʠʝ ʛʝʨʤʝʪʠʯʥʳʭ 

ʵʣʘʩʪʠʯʥʳʭ ʚʣʘʛʦʟʘʱʠʪʥʳʭ ʧʦʢʨʳʪʠʡ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʩʦʭʨʘʥʷʪʴ ʩʚʦʡʩʪʚʘ ʤʘʪʝʨʠʘʣʦʚ. ɺ ʵʣʝʢʪʨʦʥʥʦʡ 

ʪʝʭʥʠʢʝ, ʥʘʧʨʠʤʝʨ ʜʣʷ ʚʣʘʛʦʟʘʱʠʪʳ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʝʯʘʪʥʳʭ ʧʣʘʪ, ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʥʘʰʣʠ 

ʧʦʣʠʘʢʨʠʣʦʚʳʝ, ʧʦʣʠʫʨʝʪʘʥʦʚʳʝ, ʵʧʦʢʩʠʜʥʳʝ, ʢʨʝʤʥʠʡʦʨʛʘʥʠʯʝʩʢʠʝ ʧʦʢʨʳʪʠʷ, ʦʜʥʘʢʦ ʜʣʷ 

ʢʨʝʤʥʝʟʝʤʥʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ  ʨʘʜʠʦʪʝʭʥʠʯʝʩʢʦʛʦ ʥʘʟʥʘʯʝʥʠʷ, ʨʘʙʦʪʦʩʧʦʩʦʙʥʳʭ ʚ 

ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ, ʧʝʨʝʯʠʩʣʝʥʥʳʝ ʚʣʘʛʦʟʘʱʠʪʥʳʝ ʧʦʢʨʳʪʠʷ ʤʘʣʦʧʨʠʤʝʥʠʤʳ, ʠʟ-ʟʘ ʤʘʣʳʭ 

ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʜʠʘʧʘʟʦʥʦʚ ʧʨʠʤʝʥʝʥʠʷ, ʥʝʚʳʩʦʢʠʭ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʙʦʣʴʰʦʛʦ ʟʥʘʯʝʥʠʷ 

ʢʦʢʩʦʚʦʛʦ ʯʠʩʣʘ ʧʨʠ ʪʝʨʤʦʜʝʩʪʨʫʢʮʠʠ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʣʦʞʥʦʩʪʝʡ ʧʨʠ ʥʘʥʝʩʝʥʠʠ ʥʘ ʰʝʨʦʭʦʚʘʪʳʝ 

ʤʘʪʝʨʠʘʣʳ.  

ʇʨʦʚʝʜʝʥʥʳʝ ʚ ʆɸʆ çʂʦʤʧʦʟʠʪè ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʟʚʦʣʠʣʠ ʦʧʨʝʜʝʣʠʪʴ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʝ ʠ 

ʥʘʜʝʞʥʳʝ ʚ ʵʢʩʧʣʫʘʪʘʮʠʠ ʢʨʝʤʥʠʡʦʨʛʘʥʠʯʝʩʢʠʝ ʚʣʘʛʦʟʘʱʠʪʥʳʝ ʧʦʢʨʳʪʠʷ ʦʙʣʘʜʘʶʱʠʝ ʧʨʠʝʤʣʝʤʳʤ 

ʢʦʤʧʣʝʢʩʦʤ ʩʚʦʡʩʪʚ.  

ɺ ʜʦʢʣʘʜʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʪʝʢʩʪʫʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʠʢʨʦʩʪʨʫʢʪʫʨ ʢʨʝʤʥʝʟʝʤʥʳʭ 

ʤʘʪʨʠʮ, ʬʦʨʤʠʨʫʝʤʳʭ ʟʦʣʴ-ʛʝʣʴ ʪʝʭʥʦʣʦʛʠʝʡ, ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʥʦ-ʚʨʝʤʝʥʥʳʭ 

ʨʝʞʠʤʦʚ ʩʠʥʪʝʟʘ. ʇʦʢʘʟʘʥʳ ʨʝʟʫʣʴʪʘʪʳ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʦʙʨʘʪʠʤʳʭ 

ʧʨʦʮʝʩʩʦʚ ʥʘʩʳʱʝʥʠʷ ʢʨʝʤʥʝʟʝʤʥʳʭ ʤʘʪʨʠʮ ʚʣʘʛʦʡ ʚ ʫʩʣʦʚʠʷʭ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦʡ 

ʚʣʘʞʥʦʩʪʠ. ʇʨʠʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʟʤʝʥʝʥʠʷ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʩ ʜʠʩʧʝʨʩʥʳʤʠ ʢʨʝʤʥʝʟʝʤʥʳʤʠ ʤʘʪʨʠʮʘʤʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʜʝʨʞʘʥʠʷ ʚʣʘʛʠ ʚ ʠʭ 

ʩʪʨʫʢʪʫʨʝ.  

ʇʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʩʚʦʡʩʪʚ ʢʨʝʤʥʠʡʦʨʛʘʥʠʯʝʩʢʠʭ ʵʣʘʩʪʠʯʥʳʭ ʧʦʢʨʳʪʠʡ ʚ ʰʠʨʦʢʦʤ ʪʝʤʧʝʨʘʪʫʨʥʦʤ 

ʜʠʘʧʘʟʦʥʝ, ʩʧʦʩʦʙʥʳʭ ʟʘʱʠʪʠʪʴ ʚʥʫʪʨʝʥʥʶʶ ʩʪʨʫʢʪʫʨʫ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʦʪ ʧʨʦʥʠʢʥʦʚʝʥʠʷ 

ʚʣʘʛʠ ʚ ʧʨʦʮʝʩʩʝ ʭʨʘʥʝʥʠʷ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ.  

ʇʨʦʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʧʦʩʦʙʦʚ ʥʘʥʝʩʝʥʠʷ ʧʦʢʨʳʪʠʡ. ʇʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ 

ʠʩʧʳʪʘʥʠʡ ʚʣʘʛʦʟʘʱʠʪʥʳʭ ʧʦʢʨʳʪʠʡ, ʧʦʜʪʚʝʨʞʜʘʶʱʠʭ ʠʭ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ. 
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The use of oxidized polyacrylonitrile (PAN) fibers as the raw material for carbon fiber materials production 

is  determined by their favorable properties such as strength and elasticity. These properties open up the possibility 

of nonwoven processing of pre-oxidized PAN-based staple fibers, with eventual carbon preforms production.  

In this paper, we consider two technological approaches for tubular preforms including cylindrical: 

- hydrosealing of brushed canvas with further winding on a shaft and preform pression molding along the 

cylinder axis; 

- mechanical needle-punching of brushed canvas, its winding on a shaft with simultaneous extra needle-

punching along the winding radius and further pression molding along the cylinder axis. 

The main stages of both technological approaches of tubular preforms formation are demonstrated, 

emerging structures are showed. 

 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʚʦʣʦʢʦʥ ʦʢʠʩʣʝʥʥʦʛʦ ʧʦʣʠʘʢʨʠʣʦʥʠʪʨʠʣʘ (ʇɸʅʘ) ʚ ʢʘʯʝʩʪʚʝ ʩʳʨʴʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʫʛʣʝʨʦʜʥʳʭ ʚʦʣʦʢʥʠʩʪʳʭ ʤʘʪʝʨʠʘʣʦʚ ʦʙʫʩʣʦʚʣʝʥʦ ʨʷʜʦʤ ʧʨʝʠʤʫʱʝʩʪʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʪʘʢʠʭ ʢʘʢ ʧʨʦʯʥʦʩʪʴ 

ʠ ʵʣʘʩʪʠʯʥʦʩʪʴ. ʕʪʠ ʩʚʦʡʩʪʚʘ ʦʪʢʨʳʚʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʜʣʷ ʧʝʨʝʨʘʙʦʪʢʠ ʰʪʘʧʝʣʴʥʳʭ ʚʦʣʦʢʦʥ ʠʟ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʦʢʠʩʣʝʥʥʦʛʦ ʇɸʅʘ ʤʝʪʦʜʘʤʠ ʥʝʪʢʘʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʩ ʧʦʣʫʯʝʥʠʝʤ ʧʨʦʯʝʩʘʥʥʦʛʦ 

ʠʛʣʦʧʨʦʙʠʪʦʛʦ ʭʦʣʩʪʘ, ʘ ʚ ʜʘʣʴʥʝʡʰʝʤ ï ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʫʛʣʝʨʦʜʥʳʭ ʧʨʝʬʦʨʤ ʧʦʩʨʝʜʩʪʚʦʤ ʧʨʦʚʝʜʝʥʠʷ 

ʩʝʨʠʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʪʝʨʤʦʦʙʨʘʙʦʪʦʢ ʧʨʝʩʩʦʚʘʥʥʳʭ ʥʝʪʢʘʥʳʭ ʧʦʣʠʤʝʨʥʳʭ ʟʘʛʦʪʦʚʦʢ. ʊʘʢʠʝ 

ʧʨʝʬʦʨʤʳ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ ʠʟʛʦʪʦʚʣʝʥʠʷ ʥʘ ʠʭ ʦʩʥʦʚʝ ʫʛʣʝʨʦʜ-ʫʛʣʝʨʦʜʥʳʭ 

ʠ ʫʛʣʝʨʦʜ-ʢʝʨʘʤʠʯʝʩʢʠʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʪʝʧʣʦʥʘʛʨʫʞʝʥʥʳʭ ʜʝʪʘʣʝʡ ʘʚʠʘʢʦʩʤʠʯʝʩʢʦʡ 

ʪʝʭʥʠʢʠ, ʠʟʜʝʣʠʡ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ ʠ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ, ʧʨʠ ʵʪʦʤ ʠʭ ʜʦʩʪʦʠʥʩʪʚʘʤʠ 

ʷʚʣʷʶʪʩʷ ʚʳʩʦʢʘʷ ʪʝʭʥʦʣʦʛʠʯʥʦʩʪʴ ʠ ʥʝʚʳʩʦʢʘʷ ʩʪʦʠʤʦʩʪʴ ʩʳʨʴʷ. 

ʇʦ ʪʠʧʫ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʫʧʣʦʪʥʝʥʠʷ ʠ ʫʧʨʦʯʥʝʥʠʷ ʧʨʦʯʝʩʘʥʥʦʛʦ ʭʦʣʩʪʘ ʦʢʠʩʣʝʥʥʦʛʦ ʇɸʅʘ 

ʠʟʚʝʩʪʥʳ ʤʝʪʦʜ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʠʛʣʦʧʨʦʙʠʚʘʥʠʷ, ʠʩʧʦʣʴʟʫʝʤʳʡ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʚ ʜʘʣʴʥʝʡʰʝʤ 

ʧʨʝʩʩʦʚʘʥʥʳʭ ʤʘʩʩʠʚʥʳʭ ʫʛʣʝʨʦʜʥʳʭ ʧʨʝʬʦʨʤ, ʘ ʪʘʢʞʝ ʤʝʪʦʜ ʛʠʜʨʦʩʪʨʫʡʥʦʛʦ ʬʦʨʤʦʚʘʥʠʷ, ʧʨʠ ʢʦʪʦʨʦʤ 

ʚ ʢʘʯʝʩʪʚʝ ʠʛʣ ʠʩʧʦʣʴʟʫʶʪʩʷ ʪʦʥʯʘʡʰʠʝ ʩʪʨʫʠ ʚʦʜʳ, ʧʦʜʘʚʘʝʤʳʝ ʧʦʜ ʚʳʩʦʢʠʤ (ʜʦ 60 ʄʇʘ) ʜʘʚʣʝʥʠʝʤ. 

ʆʪʜʝʣʴʥʦʡ ʟʘʜʘʯʝʡ ʧʨʠ ʩʦʟʜʘʥʠʠ ʋʋʂʄ ʥʘ ʦʩʥʦʚʝ ʥʝʪʢʘʥʳʭ ʠʛʣʦʧʨʦʙʠʚʥʳʭ ʢʘʨʢʘʩʦʚ ʠʟ 

ʦʢʠʩʣʝʥʥʦʛʦ ʇɸʅʘ ʷʚʣʷʝʪʩʷ ʧʦʣʫʯʝʥʠʝ ʪʫʙʫʣʷʨʥʳʭ ʟʘʛʦʪʦʚʦʢ (ʚ ʚʠʜʝ ʪʝʣ ʚʨʘʱʝʥʠʷ), ʚ ʪʦʤ ʯʠʩʣʝ 

ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʬʦʨʤʳ. ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥʳ ʜʚʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʦʜʭʦʜʘ  ʜʣʷ ʨʝʰʝʥʠʷ 

ʵʪʦʡ ʟʘʜʘʯʠ:  

- ʛʠʜʨʦʩʪʨʫʡʥʦʝ ʫʧʣʦʪʥʝʥʠʝ ʧʨʦʯʝʩʘʥʥʦʛʦ ʭʦʣʩʪʘ ʩ ʜʘʣʴʥʝʡʰʝʡ ʥʘʤʦʪʢʦʡ ʥʘ ʚʘʣ ʠ ʫʧʣʦʪʥʝʥʠʝʤ 

ʟʘʛʦʪʦʚʢʠ ʧʨʝʩʩʦʚʘʥʠʝʤ ʚʜʦʣʴ ʦʩʠ ʮʠʣʠʥʜʨʘ; 

- ʤʝʭʘʥʠʯʝʩʢʦʝ ʠʛʣʦʧʨʦʙʠʚʘʥʠʝ ʧʨʦʯʝʩʘʥʥʦʛʦ ʭʦʣʩʪʘ, ʥʘʤʦʪʢʘ ʠʛʣʦʧʨʦʙʠʪʦʛʦ ʭʦʣʩʪʘ ʥʘ ʚʘʣ ʩ 

ʦʜʥʦʚʨʝʤʝʥʥʳʤ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ  ʠʛʣʦʧʨʦʙʠʚʘʥʠʝʤ ʚʜʦʣʴ ʨʘʜʠʫʩʘ ʥʘʤʦʪʢʠ ʠ ʧʦʩʣʝʜʫʶʱʠʤ 

ʫʧʣʦʪʥʝʥʠʝʤ ʧʨʝʩʩʦʚʘʥʠʝʤ ʚʜʦʣʴ ʦʩʠ ʮʠʣʠʥʜʨʘ. 

ʇʦʩʣʝ ʧʨʝʩʩʦʚʘʥʠʷ ʟʘʛʦʪʦʚʢʠ ʢʘʨʢʘʩʦʚ ʚ ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʧʦʜʚʝʨʛʘʣʠʩʴ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ 

ʪʝʨʤʦʦʙʨʘʙʦʪʢʝ (ʜʦʦʢʠʩʣʝʥʠʶ ʠʣʠ ʪʝʨʤʦʩʪʘʙʠʣʠʟʘʮʠʠ), ʧʦʩʣʝʜʫʶʱʝʤʫ ʥʝʦʢʠʩʣʠʪʝʣʴʥʦʤʫ ʦʪʞʠʛʫ 

(ʢʘʨʙʦʥʠʟʘʮʠʠ) ʠ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʤʫ ʦʪʞʠʛʫ (ʛʨʘʬʠʪʠʟʘʮʠʠ). 

ʇʨʝʜʩʪʘʚʣʝʥʳ ʦʩʥʦʚʥʳʝ ʵʪʘʧʳ ʦʙʦʠʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʦʜʭʦʜʦʚ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʪʫʙʫʣʷʨʥʳʭ 

ʢʘʨʢʘʩʦʚ, ʦʩʦʙʝʥʥʦʩʪʠ ʚʦʟʥʠʢʘʶʱʠʭ ʩʪʨʫʢʪʫʨ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʢʘʞʜʦʡ ʠʟ ʪʝʭʥʦʣʦʛʠʡ ʚʳʷʚʣʝʥʳ ʧʨʠʯʠʥʳ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʩʪʨʫʢʪʫʨʥʳʭ ʜʝʬʝʢʪʦʚ. 

ʇʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʤʠʢʨʦ- ʠ ʤʘʢʨʦʩʪʨʫʢʪʫʨʳ ʦʙʨʘʟʮʦʚ, ʧʦʣʫʯʝʥʥʳʝ ʤʝʪʦʜʘʤʠ ʵʣʝʢʪʨʦʥʥʦʡ 

ʤʠʢʨʦʩʢʦʧʠʠ ʠ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʪʦʤʦʛʨʘʬʠʠ.  

 

********************************************************************** ********************  

 
  



ʉɽʂʎʀʗ 2 ʂʆʄʇʆɿʀʎʀʆʅʅʓɽ ʄɸʊɽʈʀɸʃʓ, ɺʂʃʖʏɸʗ ʇʆʃʀʄɽʈʅʓɽ 

98 
 
 

ʇʈʀʄɽʅɽʅʀɽ ɸʂʊʀɺʀʈʆɺɸʅʅʆɻʆ ɼʈɽɺɽʉʅʆɻʆ ʋɻʃʗ ɺ ʉʋʇɽʈʂʆʅɼɽʅʉɸʊʆʈɸʍ ʉ 

ʆʈɻɸʅʀʏɽʉʂʀʄ ʕʃɽʂʊʈʆʃʀʊʆʄ. 

ɾʫʨʠʣʦʚʘ ʄ.ɸ.1,2, ʂʦʯʘʥʦʚʘ ʉ.ɸ.2, ʂʠʩʝʣʝʚʘ ɽ.ɸ.2, ʐʢʦʣʴʥʠʢʦʚ ɽ.ʀ.2, ʉʠʜʦʨʦʚʘ ɽ.ɺ.2. 
1ʈʦʩʩʠʷ, ʛ. ɼʦʣʛʦʧʨʫʜʥʳʡ, ʄʌʊʀ, 2ʈʦʩʩʠʷ, ʛ. ʄʦʩʢʚʘ, ʆʀɺʊ ʈɸʅ 

E-mail:mzhurilova@mail.ru 

 

APPLICATION OF ACTIV ATED CHARCOAL IN SUP ERCAPACITORS WITH TH E ORGANIC  

ELECTROLYTE.  

Zhurilova M.A, Kochanova S.A, Kiseleva E.A, Shkolnikov E.I., Sidorova E.V. 

 
Supercapacitors offer a promising alternative approach to meeting the increasing increasing power demands 

of energy-storage systems in general, and of portable (digital) electronic devices in particular.The main idea of 

the article is to show how dependent electrochemical characteristics of supercapacitors, the thickness of the 

electrodes. 

 

ɼʚʦʡʥʦʩʣʦʡʥʳʝ ʩʫʧʝʨʢʦʥʜʝʥʩʘʪʦʨʳ (ʉʂ) ʘʢʪʠʚʥʦ ʠʩʩʣʝʜʫʶʪʩʷ ʠ ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʚʦ ʚʩʝʤ ʤʠʨʝ 

ʙʣʘʛʦʜʘʨʷ ʩʚʦʠʤ ʚʳʩʦʢʠʤ ʤʦʱʥʦʩʪʥʳʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʠ ʧʦʪʝʥʮʠʘʣʴʥʦ ʚʳʩʦʢʦʡ ʨʝʩʫʨʩʥʦʡ 

ʩʪʘʙʠʣʴʥʦʩʪʠ (ʜʦ 1 ʤʣʥ ʠ ʙʦʣʝʝ ʮʠʢʣʦʚ ʟʘʨʷʜ-ʨʘʟʨʷʜ). ʅʘʠʙʦʣʴʰʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʠʤʝʶʪ ʉʂ ʩ 

ʦʨʛʘʥʠʯʝʩʢʠʤ ʵʣʝʢʪʨʦʣʠʪʦʤ ʠ ʩ ʵʣʝʢʪʨʦʜʘʤʠ ʠʟ ʘʢʪʠʚʠʨʦʚʘʥʥʳʭ ʫʛʣʝʡ (ɸʋ). ʆʩʥʦʚʥʳʝ ʜʦʩʪʦʠʥʩʪʚʘ ɸʋ: 

ʚʳʩʦʢʘʷ ʭʠʤʠʯʝʩʢʘʷ ʩʪʘʙʠʣʴʥʦʩʪʴ, ʧʨʠ ʜʦʩʪʘʪʦʯʥʦʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ, ʠ ʚʳʩʦʢʘʷ ʫʜʝʣʴʥʘʷ 

ʧʦʚʝʨʭʥʦʩʪʴ (ʩʚʳʰʝ 1000 ʤ2/ʛ). [1] ɺ ʢʘʯʝʩʪʚʝ ʵʣʝʢʪʨʦʣʠʪʘ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʝʪʨʘʵʪʠʣʘʤʤʦʥʠʷ 

ʪʝʪʨʘʬʪʦʨʙʦʨʘʪ ʚ ʘʮʝʪʦʥʠʪʨʠʣʝ, ʪ.ʢ. ʜʘʥʥʳʡ ʵʣʝʢʪʨʦʣʠʪ ʦʙʣʘʜʘʝʪ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʡ ʧʨʦʚʦʜʠʤʦʩʪʴʶ 

(ʜʘʞʝ ʧʨʠ ï40 Áʉ) ʠ ʠʤʝʝʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʰʠʨʦʢʦʝ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʝ ʦʢʥʦ (ʜʦ 2.7 ɺ). 

ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʠʩʩʣʝʜʦʚʘʥʠʶ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʫʧʝʨʢʦʥʜʝʥʩʘʪʦʨʘ ʠʟ 

ʘʢʪʠʚʠʨʦʚʘʥʥʦʛʦ ʫʛʣʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʦʣʱʠʥʳ ʵʣʝʢʪʨʦʜʘ. 

ɺ ʢʘʯʝʩʪʚʝ ʵʣʝʢʪʨʦʜʥʳʭ ʩʪʨʫʢʪʫʨ ʜʣʷ ʩʫʧʝʨʢʦʥʜʝʥʩʘʪʦʨʦʚ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʫʛʣʝʨʦʜʥʳʝ 

ʤʘʪʝʨʠʘʣʳ. ʇʨʠʯʠʥʦʡ ʵʪʦʛʦ ʷʚʣʷʝʪʩʷ ʨʷʜ ʫʥʠʢʘʣʴʥʳʭ ʩʚʦʡʩʪʚ ʫʛʣʝʨʦʜʘ, ʪʘʢʠʭ ʢʘʢ, ʚʳʩʦʢʘʷ ʢʦʨʨʦʟʠʦʥʥʘʷ 

ʩʪʦʡʢʦʩʪʴ, ʜʦʩʪʘʪʦʯʥʘʷ ʵʣʝʢʪʨʦʥʥʘʷ ʧʨʦʚʦʜʠʤʦʩʪʴ, ʚʳʩʦʢʘʷ ʪʝʤʧʝʨʘʪʫʨʥʘʷ ʩʪʦʡʢʦʩʪʴ, ʚʦʟʤʦʞʥʦʩʪʴ 

ʨʝʛʫʣʠʨʦʚʢʠ ʟʥʘʯʝʥʠʡ ʫʜʝʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʜʨʫʛʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʦʨʠʩʪʦʡ ʩʪʨʫʢʪʫʨʳ ʚ ʧʨʦʮʝʩʩʝ 

ʩʠʥʪʝʟʘ [2]. 

ɺ ʨʘʙʦʪʝ ʚ ʢʘʯʝʩʪʚʝ ʩʳʨʴʷ ʜʣʷ ʘʢʪʠʚʠʨʦʚʘʥʥʳʭ ʫʛʣʝʡ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʢʦʤʤʝʨʯʝʩʢʠʝ 

ʢʘʨʙʦʥʠʟʠʨʦʚʘʥʥʳʝ ʫʛʣʠ ʠʟ ʙʝʨʝʟʳ. ʇʝʨʝʜ ʘʢʪʠʚʘʮʠʝʡ ʜʘʥʥʳʝ ʫʛʣʠ ʙʳʣʠ ʧʦʤʦʣʦʪʳ ʚ ʧʣʘʥʝʪʘʨʥʦʡ 

ʤʝʣʴʥʠʮʝ. ɿʘʪʝʤ ʫʛʣʠ ʙʳʣʠ ʘʢʪʠʚʠʨʦʚʘʥʳ ʚ ʧʝʯʠ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʜʠʘʧʘʟʦʥʝ 600-750 Áʉ ʚʤʝʩʪʝ ʩ 

ʘʢʪʠʚʠʨʫʶʱʠʤ ʢʦʤʧʦʥʝʥʪʦʤ ï ʱʝʣʦʯʴʶ NaOH.  

ʉʂ ʙʳʣ ʠʟʛʦʪʦʚʣʝʥ ʠʟ ʜʚʫʭ ʧʦʨʠʩʪʳʭ ʫʛʦʣʴʥʳʭ ʵʣʝʢʪʨʦʜʦʚ (ʪʦʱʠʥʦʡ 150-400 ʤʢʤ), ʨʘʟʜʝʣʝʥʥʳʭ 

ʧʦʨʠʩʪʳʤ ʩʝʧʘʨʘʪʦʨʦʤ. ɺ ʢʘʯʝʩʪʚʝ ʪʦʢʦʩʲʝʤʘ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʧʣʘʩʪʠʥʢʠ ʪʝʨʤʦʨʘʩʰʠʨʝʥʥʦʛʦ ʛʨʘʬʠʪʘ 

(150 ʤʢʤ).  ʕʣʝʢʪʨʦʜʳ ʠ ʩʝʧʘʨʘʪʦʨ ʙʳʣʠ ʧʨʦʧʠʪʘʥʳ ʵʣʝʢʪʨʦʣʠʪʦʤ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʚ ʢʘʯʝʩʪʚʝ 

ʵʣʝʢʪʨʦʣʠʪʘ ʠʩʧʦʣʴʟʦʚʘʣʩʷ 1ʄ ʪʝʪʨʘʤʝʪʠʣʘʤʤʦʥʠʡïʪʝʪʨʘʬʪʦʨʙʦʨʘʪʘ, ʨʘʩʪʚʦʨʝʥʥʳʡ ʚ ʘʮʝʪʦʥʠʪʨʠʣʝ.  

ʇʨʦʚʝʣʠ ʵʢʩʧʝʨʠʤʝʥʪʳ ʩ ʠʟʤʝʥʝʥʠʝʤ ʪʦʣʱʠʥʳ ʵʣʝʢʪʨʦʜʦʚ. ʀʩʧʦʣʴʟʦʚʘʣʩʷ ʘʢʪʠʚʠʨʦʚʘʥʥʳʡ ʫʛʦʣʴ 

ʆʀɺʊ ʈɸʅ ɸʋ1 ʩ 6% ʬʪʦʨʦʧʣʘʩʪʘ. ʊʘʢ ʢʘʢ ʨʘʟʥʳʝ ʩʪʨʫʢʪʫʨʳ ʚʣʠʷʶʪ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʵʣʝʢʪʨʦʜʦʚ, ʤʳ 

ʨʝʰʠʣʠ ʧʦʚʘʨʴʠʨʦʚʘʪʴ ʪʦʣʱʠʥʦʡ ʵʣʝʢʪʨʦʜʘ ʠ ʥʘʡʪʠ ʦʧʪʠʤʫʤ. ʇʨʦʚʝʜʷ ʨʷʜ ʠʩʧʳʪʘʥʠʡ, ʚʳʷʩʥʠʣʦʩʴ, ʯʪʦ 

ʦʧʪʠʤʘʣʴʥʘʷ ʪʦʣʱʠʥʘ ʵʣʝʢʪʨʦʜʘ ʥʘʭʦʜʠʪʩʷ ʥʘ ʫʨʦʚʥʝ 120ʤʢʤ., ʧʨʠ ʢʦʪʦʨʦʡ ʨʝʘʣʠʟʫʝʪʩʷ ʦʧʪʠʤʘʣʴʥʘʷ 

ʩʪʨʫʢʪʫʨʘ. ʈʝʟʫʣʴʪʘʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʛʨʘʬʠʢʝ 1.     

ʂʘʟʘʣʦʩʴ ʙʳ, ʯʝʤ ʪʦʥʴʰʝ ʵʣʝʢʪʨʦʜ, ʪʝʤ ʣʫʯʰʝ. ʉʫʱʝʩʪʚʫʝʪ ʦʧʪʠʤʘʣʴʥʘʷ ʚʝʣʠʯʠʥʘ, ʢʦʪʦʨʫʶ 

ʧʨʝʚʳʰʘʪʴ ʥʝʣʴʟʷ. ʆʥʘ ʧʦʜʭʦʜʠʪ ʜʣʷ ʜʘʥʥʦʛʦ ʫʛʣʷ, ʜʣʷ ʜʘʥʥʦʛʦ ʵʣʝʢʪʨʦʣʠʪʘ, ʧʨʠ 6% ʬʪʦʨʦʧʣʘʩʪʘ. ʅʝ 

ʠʩʢʣʶʯʝʥʦ,  ʝʩʣʠ ʫʛʦʣʴ ʙʫʜʝʪ ʙʦʣʝʝ ʘʢʪʠʚʥʳʡ, ʦʥ ʜʘʩʪ ʩʦʚʝʨʰʝʥʥʦ ʜʨʫʛʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

ɺʩʝ ʚʝʣʠʯʠʥʳ, ʢʘʢ ʘʢʪʠʚʥʦʩʪʴ, ʪʘʢ ʠ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʦʨʠʩʪʦʡ ʩʪʨʫʢʪʫʨʦʡ ʵʣʝʢʪʨʦʜʘ. 

ʂʦʛʜʘ ʤʳ ʧʨʦʢʘʪʳʚʘʝʤ ʪʦʥʢʠʡ ʵʣʝʢʪʨʦʜ, ʤʘʢʨʦʧʦʨʳ ʧʨʦʧʘʜʘʶʪ, ʠ ʵʣʝʢʪʨʦʣʠʪʫ ʥʝʪ ʤʝʩʪʘ ʜʣʷ ʨʝʘʢʮʠʠ, 

ʯʝʤ ʪʦʣʱʝ ʵʣʝʢʪʨʦʜ ʪʘʤ ʫʞʝ ʙʦʣʴʰʦʝ ʧʨʠʩʫʪʩʪʚʠʝ ʤʘʢʨʦ ʠ ʤʠʢʨʦ ʧʦʨ, ʯʪʦ ʧʣʦʭʦ ʚʣʠʷʝʪ ʥʘ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʕʪʦʪ ʚʦʧʨʦʩ ʪʨʝʙʫʝʪ ʜʘʣʴʥʝʡʰʝʛʦ ʠʟʫʯʝʥʠʷ. 
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ALTERNATIVE TECHNOLO GY OF ELECTRODES PRODUCTION BASED ON NIA L ALLOYS 

FOR PLASMA ROTATING ELECTRODE PROCESS OF SPHERICAL GRANULES  

Zaitsev A.A., Pogozhev Y.S., Sentyurina Zh.A., Levashov E.A., Sanin V.N., Ikornikov D.M.,  

Mik hailov M.A., Sanin V.V., Logacheva A.I., Logachev I.A., Timofeev A.N.  
 

The electrodes based on NiAl intermetallic alloys doped with Cr, Co and Hf were prepared by proposed 

alternative technology that includes centrifugal SHS casting of a semi-product using oxide raw material, its 

vacuum remelting and electrode molding. The structure and mechanical behavior of semi-products and electrodes 

were studied. The mechanism of dispersion hardening is shown to take place at the Cr/Co ratios > 0.5, leading to 

the formation of chromium-based nanosized segregates inside NiAl grains. The resulting alloys have a three-level 

hierarchical structure with oxygen, nitrogen, and carbon impurity contents of 0.08, 0.002, and 0.02 %, 
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respectively, and the ultimate compressive strength at room temperature till 2300 MPa. Obtained electrodes were 

tested in plasma rotation electrode process (PREP) for sputtering of granules. 

 

ʄʝʪʦʜ ʮʝʥʪʨʦʙʝʞʥʦʛʦ ʧʣʘʟʤʝʥʥʦʛʦ ʨʘʩʧʳʣʝʥʠʷ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʩʘʤʳʭ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʩʬʝʨʠʯʝʩʢʠʭ ʛʨʘʥʫʣ ʠʟ ʞʘʨʦʧʨʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ NiAl. ʆʩʦʙʝʥʥʦʩʪʴʶ ʜʘʥʥʦʛʦ 

ʧʨʦʮʝʩʩʘ ʷʚʣʷʝʪʩʷ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʟʥʘʯʠʪʝʣʴʥʳʭ ʚʥʫʪʨʝʥʥʠʭ ʥʘʧʨʷʞʝʥʠʡ ʚ ʨʘʩʭʦʜʫʝʤʦʤ ʵʣʝʢʪʨʦʜʝ, 

ʦʙʫʩʣʦʚʣʝʥʥʳʭ ʥʘʣʠʯʠʝʤ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʛʨʘʜʠʝʥʪʘ ʠ ʮʝʥʪʨʦʙʝʞʥʳʭ ʩʠʣ, ʚʦʟʥʠʢʘʶʱʠʭ ʧʨʠ ʚʨʘʱʝʥʠʠ ʩ 

ʯʘʩʪʦʪʦʡ (10-20)Ĭ103 ʦʙ./ʤʠʥ. ʇʦʵʪʦʤʫ ʪʝʭʥʦʣʦʛʠʷ ʧʦʣʫʯʝʥʠʷ ʵʣʝʢʪʨʦʜʦʚ ʜʦʣʞʥʘ ʦʙʝʩʧʝʯʠʚʘʪʴ 

ʧʦʣʫʯʝʥʠʝ ʛʦʤʦʛʝʥʥʦʡ ʤʝʣʢʦʟʝʨʥʠʩʪʦʡ ʙʝʟʣʠʢʚʘʮʠʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʠ ʦʪʩʫʪʩʪʚʠʝ ʜʝʬʝʢʪʦʚ, ʘ, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʝʦʙʭʦʜʠʤʳʝ ʧʨʦʯʥʦʩʪʥʳʝ ʩʚʦʡʩʪʚʘ. ʀʟʚʝʩʪʥʳʤ ʩʧʦʩʦʙʦʤ ʧʦʣʫʯʝʥʠʷ ʩʣʠʪʢʦʚ 

ʠʥʪʝʨʤʝʪʘʣʣʠʜʥʳʭ ʩʧʣʘʚʦʚ ʷʚʣʷʝʪʩʷ ʤʥʦʛʦʩʪʘʜʠʡʥʳʡ (3-5 ʢʨʘʪʥʳʡ) ʚʘʢʫʫʤʥʳʡ ʧʝʨʝʧʣʘʚ ʚʳʩʦʢʦʯʠʩʪʳʭ 

ʢʦʤʧʦʥʝʥʪʦʚ. ʕʪʦʪ ʩʧʦʩʦʙ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʢʨʫʧʥʦʛʘʙʘʨʠʪʥʳʝ ʦʪʣʠʚʢʠ ʩ ʛʦʤʦʛʝʥʥʦʡ ʩʪʨʫʢʪʫʨʦʡ, 

ʦʜʥʘʢʦ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʠʟʢʦʡ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴʶ. ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʨʝʜʣʦʞʝʥʘ ʘʣʴʪʝʨʥʘʪʠʚʥʘʷ 

ʜʚʫʭʩʪʘʜʠʡʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʧʦʣʫʯʝʥʠʷ ʠʥʪʝʨʤʝʪʘʣʣʠʜʥʳʭ ʩʧʣʘʚʦʚ NiAl-(Cr/Co)-Hf, ʚʢʣʶʯʘʶʱʘʷ ʚ ʩʝʙʷ: 

1) ʧʦʣʫʯʝʥʠʝ ʧʦʣʫʬʘʙʨʠʢʘʪʘ (ʨʠʩ. 1ʘ) ʩ ʙʝʟʣʠʢʚʘʮʠʦʥʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʤʝʪʦʜʦʤ ʮʝʥʪʨʦʙʝʞʥʦʛʦ ʉɺʉ- 

ʣʠʪʴʷ; 2) ʧʦʩʣʝʜʫʶʱʠʡ ʚʘʢʫʫʤʥʳʡ ʠʥʜʫʢʮʠʦʥʥʳʡ ʧʝʨʝʧʣʘʚ (ɺʀʇ) ʉɺʉ-ʧʦʣʫʬʘʙʨʠʢʘʪʘ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʢʨʫʧʥʦʛʘʙʘʨʠʪʥʦʛʦ ʵʣʝʢʪʨʦʜʘ (ʨʠʩ. 1ʙ).  

   
ʈʠʩʫʥʦʢ 1 ï ʉɺʉ ʧʦʣʫʬʘʙʨʠʢʘʪ (ʘ) ʠ ʵʣʝʢʪʨʦʜ (ʙ) ʠʟ ʩʧʣʘʚʘ NiAl-(Cr/Co)-Hf) 

ʆʪʣʠʯʠʪʝʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʧʨʝʜʣʘʛʘʝʤʦʡ ʪʝʭʥʦʣʦʛʠʠ ʮʝʥʪʨʦʙʝʞʥʦʛʦ ʉɺʉ- ʣʠʪʴʷ ʷʚʣʷʝʪʩʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʢʩʠʜʥʦʛʦ ʩʳʨʴʷ ʚ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. ʇʨʠ ʵʪʦʤ ʠʩʢʦʤʳʡ ʠʥʪʝʨʤʝʪʘʣʣʠʜʥʳʡ 

ʩʧʣʘʚ, ʦʙʨʘʟʫʝʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʪʝʢʘʥʠʷ ʘʣʶʤʦʪʝʨʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ: 

NiO + (Ŭ) Cr2O3 + (ɓ) Co3O4 + Hf + Al + (ʌɼ) Ÿ[NixAly-(Cr/Co)-Hf]+ Al2O3 + Q  

ʛʜʝ Ŭ, ɓ ï ʢʦʵʬʬʠʮʠʝʥʪʳ ʨʝʘʢʮʠʠ, ʧʦʜʦʙʨʘʥʥʳʝ ʠʟ ʨʘʩʯʝʪʘ ʦʙʨʘʟʦʚʘʥʠʷ NixAly-(Cr/Co)-Hf; ʌɼ ï 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʜʦʙʘʚʢʠ (Al2O3, Na3[AlF6]). 

ʇʝʨʝʧʣʘʚ ʉɺʉ- ʧʦʣʫʬʘʙʨʠʢʘʪʘ ʧʨʦʚʦʜʠʣʩʷ ʚ ʚʘʢʫʫʤʥʦʡ ʠʥʜʫʢʮʠʦʥʥʦʡ ʧʝʯʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1700 

Áʉ ʩ ʨʘʟʣʠʚʢʦʡ ʚ ʛʨʘʬʠʪʦʚʫʶ ʠʟʣʦʞʥʠʮʫ, ʦʙʝʩʧʝʯʠʚʘʶʱʫʶ ʧʦʣʫʯʝʥʠʝ ʵʣʝʢʪʨʦʜʘ ʜʠʘʤʝʪʨʦʤ 60 ʠ ʚʳʩʦʪʦʡ 

600 ʤʤ.  

ʇʨʠ ʚʳʩʦʢʠʭ ʩʦʜʝʨʞʘʥʠʷʭ Cr ʠʩʩʣʝʜʫʝʤʳʝ ʩʧʣʘʚʳ NiAl-(Cr/Co)-Hf ʦʙʣʘʜʘʶʪ ʪʨʝʭʫʨʦʚʥʝʚʦʡ 

ʩʪʨʫʢʪʫʨʦʡ (ʨʠʩ. 2). ʇʝʨʚʳʡ ʫʨʦʚʝʥʴ ï ʢʨʫʧʥʳʝ ʚʳʪʷʥʫʪʳʝ ʟʝʨʥʘ, ʩʦʩʪʦʷʱʠʝ ʠʟ ʢʦʣʦʥʠʡ ʩʦʥʘʧʨʘʚʣʝʥʥʳʭ 

ʜʝʥʜʨʠʪʦʚ ʥʘ ʦʩʥʦʚʝ NiAl. ɺʪʦʨʦʡ ʫʨʦʚʝʥʴ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʩʪʨʫʢʪʫʨʫ ʚ ʧʨʝʜʝʣʘʭ ʦʜʥʦʛʦ ʜʝʥʜʨʠʪʘ NiAl, ʚ 

ʢʦʪʦʨʦʤ ʮʝʥʪʨʘʣʴʥʘʷ ʟʦʥʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʠʥʪʝʨʤʝʪʘʣʣʠʜ NiAl ʩ ʨʘʩʪʚʦʨʝʥʥʳʤʠ Co ʠ Cr, 

ʧʝʨʠʬʝʨʠʡʥʘʷ ʟʦʥʘ - ʦʙʦʛʘʱʝʥʘ Cr, ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʦʪʦʨʦʛʦ ʚ ʤʝʞʜʝʥʜʨʠʪʥʦʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝ ʢʨʠʩʪʘʣʣʠʟʫʶʪʩʷ ʧʨʦʩʣʦʡʢʠ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ ʥʘ ʝʛʦ ʦʩʥʦʚʝ ʪʦʣʱʠʥʦʡ 1ï2 ʤʢʤ. ɺ ʜʘʥʥʳʭ 

ʤʝʞʟʝʨʝʥʥʳʭ ʧʨʦʩʣʦʡʢʘʭ ʥʘʙʣʶʜʘʶʪʩʷ ʜʠʩʧʝʨʩʥʳʝ ʚʳʜʝʣʝʥʠʷ ʛʘʬʥʠʷ ʨʘʟʤʝʨʦʤ 1-3 ʤʢʤ. ʊʨʝʪʠʡ ʫʨʦʚʝʥʴ 

ï ʥʘʥʦʜʠʩʧʝʨʩʥʳʝ ʚʳʜʝʣʝʥʠʷ ʦʢʨʫʛʣʦʡ ʬʦʨʤʳ ʥʘ ʦʩʥʦʚʝ Cr ʨʘʟʤʝʨʦʤ 10-200 ʥʤ, ʚʥʫʪʨʠ ʜʝʥʜʨʠʪʥʳʭ 

ʟʝʨʝʥ NiAl.  

      
ʈʠʩʫʥʦʢ 2 ï ʍʘʨʘʢʪʝʨʥʳʝ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʩʧʣʘʚʘ NiAl-Cr(Co,Hf) ʧʦʩʣʝ ʉɺʉ-ʣʠʪʴʷ (ʘ) ʠ ɺʀʇ (ʙ) 

ɼʣʷ ʚʳʙʨʘʥʥʦʛʦ ʦʧʪʠʤʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ ʩʧʣʘʚʘ NiAl-(Cr/Co)-Hf ʜʦʩʪʠʛʥʫʪʳ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ 

ʧʨʦʯʥʦʩʪʠ ʧʨʠ ʩʞʘʪʠʠ (ʊ = 25 ʦʉ): ʜʣʷ ʉɺʉ- ʧʦʣʫʬʘʙʨʠʢʘʪʘ ï 2280Ñ260 ʄʇʘ, ʜʣʷ ʵʣʝʢʪʨʦʜʘ ʧʦʩʣʝ ɺʀʇ 

NiAl 

(Cr) 

Hf Hf 
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ï 1720Ñ90 ʄʇʘ. ʇʨʝʜʣʦʞʝʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʧʦʟʚʦʣʠʣʘ ʧʦʣʫʯʠʪʴ ʚʳʩʦʢʦʯʠʩʪʳʡ ʩʧʣʘʚ ʩ ʩʦʜʝʨʞʘʥʠʝʤ 

ʧʨʠʤʝʩʝʡ: ʆ2-0,08 %; N2-0,002 % ʠ ʉ ï 0,02 % ʅʘ ʨʠʩʫʥʢʝ 3 ʧʨʝʜʩʪʘʚʣʝʥʳ ʬʦʪʦʛʨʘʬʠʠ ʩʪʨʫʢʪʫʨʳ ʛʨʘʥʫʣ, 

ʧʦʣʫʯʝʥʥʳʭ ʮʝʥʪʨʦʙʝʞʥʳʤ ʨʘʩʧʳʣʝʥʠʝʤ ʵʣʝʢʪʨʦʜʘ, ʠʟʛʦʪʦʚʣʝʥʥʦʛʦ ʧʦ ʧʨʝʜʣʘʛʘʝʤʦʡ ʘʣʴʪʝʨʥʘʪʠʚʥʦʡ 

ʪʝʭʥʦʣʦʛʠʠ.   

  
ʈʠʩʫʥʦʢ 3 ï ɻʨʘʥʫʣʳ ʠʟ ʩʧʣʘʚʘ NiAl-(Cr,Co)-Hf, ʧʦʣʫʯʝʥʥʳʝ ʮʝʥʪʨʦʙʝʞʥʳʤ ʨʘʩʧʳʣʝʥʠʝʤ 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʌʎʇ çʀʩʩʣʝʜʦʚʘʥʠʷ ʠ ʨʘʟʨʘʙʦʪʢʠ ʧʦ ʧʨʠʦʨʠʪʝʪʥʳʤ 

ʥʘʧʨʘʚʣʝʥʠʷʤ ʨʘʟʚʠʪʠʷ ʥʘʫʯʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʈʦʩʩʠʠ ʥʘ 2014-2020 ʛʦʜʳè, ʩʦʛʣʘʰʝʥʠʝ ˉ 

14.578.21.0040, ʧʨʦʝʢʪ RFMEFI 57814X0040. 
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RESEARCH OF THE INFL UENCE SILICON RESINS INCLUDED IN FIBER RO DS ON THEIR 

QUALITY AND QUALITY OF THE CARBON-CARBON COMPOSITE MAT ERIALS ON THE 

BASIS OF THEIR 

Zaychenko O.V.1, Simachko A.I. 1, Lakhin A.V. 1, Ivanov P.V.2, Mazhorova N.G.2 

 
In this article a method of modification of carbon fiber rods manufacturing process by silicon resins is 

discussed. 

 Silicon resins have a complex of physical and mechanical properties: good wetting ability and adhesion to 

a carbon material, thermal and oxidation stability, high dielectric and strength characteristics, high cure rate. 

Carbon fiber rods on the base of silicon resins have excellent microstructure and high straight 

characteristics. 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʘʚʠʘʮʠʦʥʥʦʡ ʠ ʨʘʢʝʪʥʦ-ʢʦʩʤʠʯʝʩʢʦʡ ʦʪʨʘʩʣʠ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʧʦʣʫʯʠʣʠ 

ʠʟʜʝʣʠʷ ʥʘ ʦʩʥʦʚʝ ʫʛʣʝʨʦʜ-ʫʛʣʝʨʦʜʥʦʛʦ ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ (ʋʋʂʄ). ɼʘʥʥʳʡ ʤʘʪʝʨʠʘʣ ʦʙʣʘʜʘʝʪ 

ʨʷʜʦʤ ʫʥʠʢʘʣʴʥʳʭ ʩʚʦʡʩʪʚ, ʪʘʢʠʭ ʢʘʢ ʪʝʧʣʦʤʝʭʘʥʠʯʝʩʢʘʷ ʠ ʵʨʦʟʠʦʥʥʘʷ ʩʪʦʡʢʦʩʪʴ, ʚʳʩʦʢʠʝ ʬʠʟʠʢʦ-

ʤʝʭʘʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʯʪʦ ʦʧʨʝʜʝʣʷʝʪ ʧʨʠʤʝʥʝʥʠʝ ʋʋʂʄ ʧʨʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚ ʢʘʯʝʩʪʚʝ 

ʢʦʥʩʪʨʫʢʮʠʦʥʥʦʛʦ ʠ ʪʝʧʣʦʟʘʱʠʪʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. 

ʆʜʥʠʤ ʠʟ ʚʠʜʦʚ ʋʋʂʄ ʷʚʣʷʝʪʩʷ ʤʘʪʝʨʠʘʣ, ʧʦʣʫʯʝʥʥʳʡ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʧʠʪʢʠ ʢʘʨʢʘʩʘ ʥʘ ʦʩʥʦʚʝ 

ʫʛʣʝʧʣʘʩʪʠʢʦʚʳʭ (ʋʇ) ʩʪʝʨʞʥʝʡ ʢʘʤʝʥʥʦʫʛʦʣʴʥʳʤ ʧʝʢʦʤ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʢʘʨʙʦʥʠʟʘʮʠʝʡ ʠ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʦʙʨʘʙʦʪʢʦʡ. [1] 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʩʣʦʞʠʣʘʩʴ ʧʨʦʪʠʚʦʨʝʯʠʚʘʷ ʩʠʪʫʘʮʠʷ ʤʝʞʜʫ ʨʦʩʪʦʤ ʪʨʝʙʦʚʘʥʠʡ ʢ ʬʠʟʠʢʦ-

ʤʝʭʘʥʠʯʝʩʢʠʤ ʠ ʪʝʧʣʦʵʨʦʟʠʦʥʥʳʤ ʩʚʦʡʩʪʚʘʤ ʋʋʂʄ ʠ ʠʤʝʶʱʠʤʩʷ ʫʨʦʚʥʝʤ ʩʚʦʡʩʪʚ ʚʳʧʫʩʢʘʝʤʳʭ ʥʘ 

ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʤʘʪʝʨʠʘʣʦʚ, ʚ ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʩʪʝʧʝʥʠ ʦʪʚʝʯʘʶʱʠʤ ʵʪʠʤ ʪʨʝʙʦʚʘʥʠʷʤ. ʕʪʦ 

ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʘʢʪʫʘʣʴʥʦʩʪʴ ʧʨʦʙʣʝʤʳ ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʩʪʝʨʞʥʝʚʳʭ ʋʋʂʄ. ʇʨʦʛʨʝʩʩ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ 

ʩʚʷʟʘʥ ʩ ʧʦʠʩʢʦʤ ʥʦʚʳʭ ʩʚʷʟʫʶʱʠʭ, ʢʘʢ ʜʣʷ ʋʇ ʩʪʝʨʞʥʝʡ, ʪʘʢ ʠ ʜʣʷ ʤʘʪʨʠʮʳ, ʘʨʤʠʨʫʶʱʠʭ ʥʘʧʦʣʥʠʪʝʣʝʡ, 
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ʩʥʠʞʝʥʠʝʤ ʜʣʠʪʝʣʴʥʦʩʪʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʮʠʢʣʘ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʟʘʪʨʘʪ ʵʥʝʨʛʠʠ, ʧʦʚʳʰʝʥʠʝʤ ʢʘʯʝʩʪʚʘ 

ʧʦʣʫʯʘʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʫʣʫʯʰʝʥʠʝʤ ʝʛʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

ɺ ʧʨʦʮʝʩʩʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ʋʋʂʄ ʪʘʢʦʛʦ ʪʠʧʘ ʩʪʘʜʠʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʋʇ ʩʪʝʨʞʥʝʡ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʘʨʤʠʨʫʶʱʝʛʦ ʢʘʨʢʘʩʘ, ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʭ ʩʪʘʜʠʡ. ɺʳʭʦʜ ʥʘ ʥʦʚʳʡ 

ʫʨʦʚʝʥʴ ʢʘʯʝʩʪʚʘ ʠ ʩʚʦʡʩʪʚ ʋʋʂʄ ʥʘ ʦʩʥʦʚʝ ʩʪʝʨʞʥʝʚʳʭ ʢʘʨʢʘʩʦʚ ʥʝʚʦʟʤʦʞʝʥ ʙʝʟ ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ 

ʋʇ ʩʪʝʨʞʥʝʡ, ʘ ʠʤʝʥʥʦ: ʜʦʩʪʠʞʝʥʠʷ ʩʦʚʝʨʰʝʥʩʪʚʘ ʠʭ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ, ʧʦʩʪʦʷʥʩʪʚʘ ʜʠʘʤʝʪʨʘ, ʢʨʫʛʣʦʡ 

ʬʦʨʤʳ ʩʝʯʝʥʠʷ ʩʪʝʨʞʥʷ, ʦʙʝʩʧʝʯʝʥʠʝ ʪʝʭʥʦʣʦʛʠʯʥʦʩʪʠ ʚ ʧʨʦʮʝʩʩʝ ʩʙʦʨʢʠ ʢʘʨʢʘʩʘ. 

ʆʜʥʠʤ ʠʟ ʩʧʦʩʦʙʦʚ ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʋʇ ʩʪʝʨʞʥʝʡ, ʚʳʙʨʘʥʥʳʤ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʘʚʪʦʨʘʤʠ 

ʨʘʙʦʪʳ, ʷʚʣʷʝʪʩʷ ʤʦʜʠʬʠʢʘʮʠʷ ʧʨʦʮʝʩʩʘ ʠʟʛʦʪʦʚʣʝʥʠʷ ʩʪʝʨʞʥʝʡ ʧʫʪʝʤ ʧʨʦʧʠʪʢʠ ʫʛʣʝʨʦʜʥʦʡ ʥʠʪʠ 

ʧʦʣʠʤʝʨʘʤʠ ʥʘ ʦʩʥʦʚʝ ʢʨʝʤʥʠʡʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ.  

ɺʳʙʨʘʥʥʳʝ ʢʨʝʤʥʠʡʦʨʛʘʥʠʯʝʩʢʠʝ ʩʤʦʣʳ-ʩʚʷʟʫʶʱʠʝ (ʂʆʉ) ʦʙʣʘʜʘʶʪ ʢʦʤʧʣʝʢʩʦʤ ʮʝʥʥʳʭ ʬʠʟʠʢʦ-

ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ: ʦʙʣʘʜʘʶʪ ʭʦʨʦʰʝʡ ʩʤʘʯʠʚʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʠ ʘʜʛʝʟʠʝʡ ʢ ʫʛʣʝʨʦʜʥʳʤ 

ʤʘʪʝʨʠʘʣʘʤ, ʪʝʨʤʠʯʝʩʢʦʡ ʩʪʦʡʢʦʩʪʴʶ, ʠʤʝʶʪ ʚʳʩʦʢʠʝ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʝ ʠ ʧʨʦʯʥʦʩʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, 

ʪʝʨʤʦʦʢʠʩʣʠʪʝʣʴʥʫʶ ʩʪʦʡʢʦʩʪʴ, ʚʳʩʦʢʫʶ ʩʢʦʨʦʩʪʴ ʦʪʚʝʨʞʜʝʥʠʷ ʧʨʘʢʪʠʯʝʩʢʠ ʙʝʟ ʚʳʜʝʣʝʥʠʷ ʣʝʪʫʯʠʭ. [2] 

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʫʩʪʘʥʦʚʣʝʥʠʝ ʚʟʘʠʤʦʩʚʷʟʠ ʤʝʞʜʫ ʤʦʜʠʬʠʢʘʮʠʝʡ ʧʨʦʮʝʩʩʘ ʠʟʛʦʪʦʚʣʝʥʠʷ ʋʇ 

ʩʪʝʨʞʥʝʡ ʂʆʉ ʠ ʩʚʦʡʩʪʚʘʤʠ ʋʇ ʩʪʝʨʞʥʝʡ ʚ ʘʩʧʝʢʪʝ ʧʦʚʳʰʝʥʠʷ ʠʭ ʢʘʯʝʩʪʚʘ ʠ ʩʚʦʡʩʪʚ ʋʋʂʄ ʥʘ ʠʭ 

ʦʩʥʦʚʝ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʘʙʦʪʳ ʫʩʪʘʥʦʚʣʝʥʦ ʚʣʠʷʥʠʝ ʚʚʝʜʝʥʠʷ ʂʆʉ ʥʘ ʢʘʯʝʩʪʚʦ ʋʇ ʩʪʝʨʞʥʝʡ. ʊʘʢ, ʩʪʝʨʞʥʠ 

ʥʘ ʦʩʥʦʚʝ ʂʆʉ ʦʙʣʘʜʘʶʪ ʙʦʣʝʝ ʩʦʚʝʨʰʝʥʥʦʡ ʤʠʢʨʦʩʪʨʫʢʪʫʨʦʡ ʠ ʚʳʩʦʢʠʤʠ ʧʨʦʯʥʦʩʪʥʳʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʯʝʤ ʩʪʝʨʞʥʠ ʥʘ ʦʩʥʦʚʝ ʪʠʧʦʚʦʛʦ ʩʚʷʟʫʶʱʝʛʦ, ʯʪʦ ʪʘʢʞʝ ʤʦʞʝʪ ʦʙʝʩʧʝʯʠʪʴ ʧʦʚʳʰʝʥʠʝ 

ʪʝʭʥʦʣʦʛʠʯʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʩʙʦʨʢʠ ʢʘʨʢʘʩʘ. 

ʂʨʦʤʝ ʪʦʛʦ, ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʫʢʘʟʘʥʥʳʝ ʩʪʝʨʞʥʠ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʩʦʭʨʘʥʷʶʪ ʩʚʦʶ ʬʦʨʤʫ ʚ ʭʦʜʝ 

ʧʝʨʚʳʭ ʮʠʢʣʦʚ ʧʨʦʧʠʪʢʠ ʠ ʢʘʨʙʦʥʠʟʘʮʠʠ, ʦʩʦʙʝʥʥʦ ʧʦʩʣʝ ʧʝʨʚʳʭ ʮʠʢʣʦʚ, ʯʪʦ ʩʥʠʞʘʝʪ ʚʝʨʦʷʪʥʦʩʪʴ 

ʜʝʬʦʨʤʘʮʠʠ ʘʨʤʠʨʫʶʱʝʛʦ ʢʘʨʢʘʩʘ ʚ ʧʨʦʮʝʩʩʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ʋʋʂʄ, ʧʨʠʚʦʜʷʱʝʡ ʢ ʫʚʝʣʠʯʝʥʠʶ ʨʘʟʙʨʦʩʘ 

ʟʥʘʯʝʥʠʡ ʧʣʦʪʥʦʩʪʠ, ʩʥʠʞʝʥʠʶ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʘ. 

ɼʘʣʴʥʝʡʰʝʝ ʠʟʫʯʝʥʠʝ ʧʨʠʤʝʥʝʥʠʷ ʂʆʉ ʚ ʧʨʦʮʝʩʩʝ ʠʟʛʦʪʦʚʣʝʥʠʷ ʋʇ ʩʪʝʨʞʥʝʡ ʧʨʦʜʦʣʞʘʝʪʩʷ ʚ 

ʧʨʦʚʝʜʝʥʠʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʭ ʚʣʠʷʥʠʷ ʥʘ ʘʜʛʝʟʠʦʥʥʫʶ ʧʨʦʯʥʦʩʪʴ ʥʘ ʛʨʘʥʠʮʝ çʩʪʝʨʞʝʥʴ ï ʢʘʤʝʥʥʦʫʛʦʣʴʥʘʷ 

ʤʘʪʨʠʮʘè ʠ ʧʨʦʯʥʦʩʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʋʋʂʄ.  

ʃʠʪʝʨʘʪʫʨʘ 

ʖ.ɻ. ɹʫʰʫʝʚ, ʄ.ʀ. ʇʝʨʩʠʥ, ɺ.ɸ. ʉʦʢʦʣʦʚ. ʋʛʣʝʨʦʜ-ʫʛʣʝʨʦʜʥʳʝ ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʄ.: 

ʄʝʪʘʣʣʫʨʛʠʷ, , 120, 97-104 

ɺ.ɸ. ɼʝʤʠʥʘ. ʍʠʤʠʷ ʜʠʵʣʝʢʪʨʠʢʦʚ, ʵʣʝʢʪʨʦʥʥʦʝ ʠʟʜʘʥʠʝ, ʄʦʩʢʚʘ, 2006, 243, 219-227 

 

******************************************************************************************  

 

ʀʉʉʃɽɼʆɺɸʅʀɽ ɺʃʀʗʅʀʗ ɻʈʋʇʇʆɺʆɻʆ ʉʆʉʊɸɺɸ ʇɽʂʆɺ ʅɸ ʉɺʆʁʉʊɺɸ ʋʋʂʄ 

ʉʠʤʘʯʢʦ ɸ.ʀ.1, ɿʘʡʯʝʥʢʦ ʆ.ɺ.1, ʂʦʢʠʥ ʇ.ɸ.1, ʃʘʭʠʥ ɸ.ɺ.1, ʉʢʫʜʠʥ ɺ.ɺ.2 

1ʆɸʆ çʂʦʤʧʦʟʠʪè, ʂʦʨʦʣʝʚ, ʈʦʩʩʠʷ, 2ʈʦʩʩʠʷ, ʛ. ʄʦʩʢʚʘ, ʈʍʊʋ 

E-mail:simachkoartem@rambler.ru 

 
RESEARCH OF INFLUENC E OF THE GROUP STRUCTURE OF IMPREGNATING  PITCH ON 

THE CARBON-CARBON COMPOSITE MATERIAL PROPERTIES.  

Simachko A.I., Kokin P.A., Lakhin A.V., Skudin V.V. 

 

This article discusses different methods of researching of the carbon-carbon composite material properties 

and properties of the raw materials used. It is shown impregnating pitches obtained as desired product by 

distillation of coal-tar technology have a larger processability then ordinary pitches. 

 

ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʠʟʛʦʪʦʚʣʝʥʠʷ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʭ ʫʛʣʝʨʦʜ-ʫʛʣʝʨʦʜʥʳʭ 

ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʦʙʣʘʜʘʶʱʠʭ ʚʳʩʦʢʠʤʠ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʠ ʪʝʧʣʦʵʨʦʟʠʦʥʥʳʤʠ 

ʩʚʦʡʩʪʚʘʤʠ, ʚʢʣʶʯʘʶʱʠʡ ʚ ʩʝʙʷ ʧʨʦʮʝʩʩ ʞʠʜʢʦʬʘʟʥʦʡ ʧʨʦʧʠʪʢʠ [1] ʢʘʢ ʦʜʠʥ ʠʟ ʵʪʘʧʦʚ ʥʘʩʳʱʝʥʠʷ 

ʫʛʣʝʨʦʜʥʦʡ ʘʨʤʠʨʫʶʱʝʡ ʧʨʝʬʦʨʤʳ ʫʛʣʝʨʦʜʥʦʡ (ʢʦʢʩʦʚʦʡ) ʤʘʪʨʠʮʝʡ, ʷʚʣʷʝʪʩʷ ʢʨʘʡʥʝ ʪʨʫʜʦ- ʠ 

ʥʘʫʢʦʝʤʢʦʡ ʧʨʦʮʝʜʫʨʦʡ. ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʩʫʱʝʩʪʚʝʥʥʳʭ ʬʘʢʪʦʨʦʚ ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʋʋʂʄ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʞʠʜʢʦʬʘʟʥʦʛʦ ʤʝʪʦʜʘ ʷʚʣʷʝʪʩʷ ʪʠʧ ʢʘʤʝʥʥʦʫʛʦʣʴʥʦʛʦ ʧʝʢʘ ï ʩʚʷʟʫʶʱʝʛʦ, ʧʨʠʤʝʥʷʝʤʦʛʦ 

ʧʨʠ ʧʨʦʧʠʪʢʝ ʟʘʛʦʪʦʚʦʢ.  
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ʊʘʢ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʝʪʝʭʥʦʣʦʛʠʯʥʦʛʦ ʩʚʷʟʫʶʱʝʛʦ, ʠʟʛʦʪʘʚʣʠʚʘʝʤʦʛʦ ʧʦ ʪʠʧʦʚʳʤ ʪʝʭʥʦʣʦʛʠʷʤ 

ʨʝʢʪʠʬʠʢʘʮʠʠ ʢʘʤʝʥʥʦʫʛʦʣʴʥʦʡ ʩʤʦʣʳ ï ʧʨʦʜʫʢʪʘ ʧʨʦʮʝʩʩʘ ʢʦʢʩʦʚʘʥʠʷ ʫʛʣʝʡ, ʚ ʢʦʪʦʨʳʭ ʮʝʣʝʚʳʤʠ 

ʷʚʣʷʶʪʩʷ ʥʠʟʢʦʢʠʧʷʱʠʝ ʢʦʤʧʦʥʝʥʪʳ, ʘ ʚʳʩʦʢʦʢʠʧʷʱʠʡ ʦʩʪʘʪʦʢ ï ʧʝʢ ʷʚʣʷʝʪʩʷ ʧʦʙʦʯʥʳʤ, ʧʨʠʚʦʜʠʪ ʢ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʨʦʚʝʜʝʥʠʷ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʧʨʦʮʝʩʩʦʚ ʮʠʢʣʘ ʞʠʜʢʦʬʘʟʥʘʷ ʧʨʦʧʠʪʢʘ-ʪʝʨʤʠʯʝʩʢʘʷ 

ʦʙʨʘʙʦʪʢʘ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʪʨʝʙʫʝʤʦʡ ʧʣʦʪʥʦʩʪʠ ʋʋʂʄ. ʕʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʫʚʝʣʠʯʠʚʘʝʪ ʩʨʦʢʠ 

ʠʟʛʦʪʦʚʣʝʥʠʷ ʤʘʪʝʨʠʘʣʘ, ʘ ʪʘʢʞʝ ʩʥʠʞʘʝʪ ʵʢʦʥʦʤʠʯʝʩʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʠʟʚʦʜʩʪʚʘ. 

 ʎʝʣʴ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʚʠʜʦʚ ʢʘʤʝʥʥʦʫʛʦʣʴʥʳʭ ʧʝʢʦʚ, ʘ 

ʪʘʢʞʝ ʚ ʫʩʪʘʥʦʚʣʝʥʠʠ ʚʟʘʠʤʦʩʚʷʟʝʡ ʤʝʞʜʫ ʩʚʦʡʩʪʚʘʤʠ ʧʝʢʦʚ ʠ ʩʚʦʡʩʪʚʘʤʠ ʋʋʂʄ.  

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʩʫʱʝʩʪʚʫʶʪ ʪʝʭʥʦʣʦʛʠʠ ʧʝʨʝʨʘʙʦʪʢʠ ʢʘʤʝʥʥʦʫʛʦʣʴʥʦʡ ʩʤʦʣʳ, ʚ ʢʦʪʦʨʳʭ ʧʝʢ 

ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʧʨʦʜʫʢʪʦʤ ʩ ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ [2]. ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʩʚʷʟʫʶʱʝʛʦ ʩʧʝʮʠʘʣʴʥʦʛʦ ʢʘʤʝʥʥʦʫʛʦʣʴʥʦʛʦ ʧʝʢʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʧʦ ʪʝʭʥʦʣʦʛʠʠ 

ʨʝʢʪʠʬʠʢʘʮʠʠ ʢʘʤʝʥʥʦʫʛʦʣʴʥʦʡ ʩʤʦʣʳ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʩʦʩʪʘʚʘ, ʚ ʢʦʪʦʨʦʡ ʦʥ ʷʚʣʷʝʪʩʷ ʮʝʣʝʚʳʤ, ʘ ʥʝ 

ʚʪʦʨʠʯʥʳʤ ʧʨʦʜʫʢʪʦʤ, ʦʙʣʘʜʘʶʱʝʛʦ ʪʨʝʙʫʝʤʳʤ ʛʨʫʧʧʦʚʳʤ ʩʦʩʪʘʚʦʤ, ʥʠʟʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʚʣʘʛʠ, ʠ, ʢʘʢ 

ʩʣʝʜʩʪʚʠʝ, ʥʝʦʙʭʦʜʠʤʦʡ ʘʜʛʝʟʠʝʡ ʢ ʫʛʣʝʨʦʜʥʦʤʫ ʥʘʧʦʣʥʠʪʝʣʶ ʠ ʭʦʨʦʰʠʤʠ ʧʨʦʧʠʪʦʯʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, 

ʧʦʟʚʦʣʠʪ ʠʥʪʝʥʩʠʬʠʮʠʨʦʚʘʪʴ ʩʢʦʨʦʩʪʴ ʧʨʠʨʦʩʪʘ ʧʣʦʪʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ ʚ ʧʨʦʮʝʩʩʝ ʧʨʦʚʝʜʝʥʠʷ ʮʠʢʣʘ 

ʞʠʜʢʦʬʘʟʥʘʷ ʧʨʦʧʠʪʢʘ-ʪʝʨʤʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ, ʘ ʪʘʢʞʝ ʧʦʚʳʩʠʪʴ ʝʛʦ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʚʠʜʦʚ ʢʘʤʝʥʥʦʫʛʦʣʴʥʳʭ ʧʝʢʦʚ ʠ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

ʋʋʂʄ ʧʨʦʚʦʜʠʣʦʩʴ ʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʦʙʨʘʟʮʘʭ ʫʛʣʝʨʦʜ-ʫʛʣʝʨʦʜʥʦʛʦ ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, 

ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʩʦʙʦʡ ʢʦʤʧʦʟʠʮʠʠ ʠʟ ʫʛʣʝʧʣʘʩʪʠʢʦʚʳʭ ʩʪʝʨʞʥʝʡ, ʦʙʨʘʟʫʶʱʠʭ ʩʭʝʤʫ ʘʨʤʠʨʦʚʘʥʠʷ 1D, 

ʠ ʫʛʣʝʨʦʜʥʦʡ ʤʘʪʨʠʮʳ ʥʘ ʦʩʥʦʚʝ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʢʘʤʝʥʥʦʫʛʦʣʴʥʦʛʦ ʩʚʷʟʫʶʱʝʛʦ. ɼʣʷ ʩʨʘʚʥʝʥʠʷ 

ʨʝʟʫʣʴʪʘʪʦʚ ʚʳʙʨʘʥ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʦʙʨʘʟʝʮ ʋʋʂʄ ʥʘ ʦʩʥʦʚʝ ʪʠʧʦʚʦʛʦ ʩʨʝʜʥʝʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʝʢʘ 

ʤʘʨʢʠ çɹè ɻʆʉʊ 10200 ʧʨʦʠʟʚʦʜʩʪʚʘ ʆɸʆ çɻʫʙʘʭʠʥʩʢʠʡ ʂʦʢʩè. 

ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʦʢʩʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʊ = 1000 Áʉ ʠ ʈ = 60 ʄʇʘ ʠʟ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʧʝʢʦʚ, 

ʙʳʣʦ ʦʪʤʝʯʝʥʦ ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨʳ ʪʠʧʘ çʢʦʢʩʦʚʳʡ ʧʠʨʦʛè [3], ʧʨʝʜʩʪʘʚʣʷʶʱʝʡ ʩʦʙʦʡ 

ʜʚʫʭʫʨʦʚʥʝʚʳʡ ʩʣʦʠʩʪʳʡ ʤʘʪʝʨʠʘʣ, ʩʪʨʫʢʪʫʨʘ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʢʦʪʦʨʦʛʦ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʤʝʥʝʝ ʧʦʨʠʩʪʦʡ, ʩ 

ʙʦʣʝʝ ʚʳʩʦʢʠʤ ʧʦʢʘʟʘʪʝʣʝʤ ʢʘʞʫʱʝʡʩʷ ʧʣʦʪʥʦʩʪʠ, ʘ ʚʠʟʫʘʣʴʥʦ - ʙʣʝʩʪʷʱʝʡ. ʆʜʥʘʢʦ, ʧʨʠ ʚʠʟʫʘʣʴʥʦʡ 

ʦʮʝʥʢʝ ʧʦʣʫʯʝʥʥʳʭ ʢʦʢʩʦʚ ʙʳʣʦ ʦʪʤʝʯʝʥʦ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝʝ ʦʙʲʝʤʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʚʝʨʭʥʝʡ 

ʙʣʝʩʪʷʱʝʡ ʩʪʨʫʢʪʫʨʳ ʫ ʢʦʢʩʦʚ ʩʧʝʮʠʘʣʴʥʳʭ ʧʝʢʦʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʢʩʦʤ ʪʠʧʦʚʦʛʦ 

ʩʨʝʜʥʝʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʝʢʘ ʤʘʨʢʠ çɹè (ʜʦ 5 %ʦʙ. ʠ ʦʢʦʣʦ 40 %ʦʙ. ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ), ʯʪʦ, 

ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʙʦʣʝʝ ʟʘʚʝʨʰʝʥʥʦʤ ʧʨʦʮʝʩʩʝ ʩʪʨʫʢʪʫʨʦʦʙʨʘʟʦʚʘʥʠʷ ʢʦʢʩʘ ʠʟ 

ʩʧʝʮʠʘʣʴʥʳʭ ʧʝʢʦʚ. ʂʨʦʤʝ ʪʦʛʦ, ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʝʨʭʥʷʷ ʯʘʩʪʴ çʢʦʢʩʦʚʦʛʦ ʧʠʨʦʛʘè ʠʤʝʝʪ 

ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʫʶ ʧʨʦʯʥʦʩʪʴ ʯʝʤ ʥʠʞʥʷʷ. 

ʊʘʢʞʝ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʢʦʢʩʳ, ʧʦʣʫʯʝʥʥʳʝ ʪʝʨʤʦʦʙʨʘʙʦʪʢʦʡ 

ʩʧʝʮʠʘʣʴʥʳʭ ʧʝʢʦʚ ʧʨʠ ʊ = 1000 Áʉ ʠ ʈ = 60 ʄʇʘ, ʠʤʝʶʪ ʧʦʚʳʰʝʥʥʫʶ ʤʝʭʘʥʠʯʝʩʢʫʶ ʧʨʦʯʥʦʩʪʴ ʧʨʠ 

ʩʞʘʪʠʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʢʦʢʩʦʤ, ʧʦʣʫʯʝʥʥʳʤ ʠʟ ʪʠʧʦʚʦʛʦ ʧʝʢʘ. ʇʨʠʨʦʩʪ ʧʨʦʯʥʦʩʪʠ ʜʦʩʪʠʛʘʝʪ 50 %, ʯʪʦ, ʧʦ-

ʚʠʜʠʤʦʤʫ, ʧʦʣʦʞʠʪʝʣʴʥʦ ʩʢʘʞʝʪʩʷ ʥʘ ʧʨʦʯʥʦʩʪʠ ʋʋʂʄ ʥʘ ʦʩʥʦʚʝ ʩʧʝʮʠʘʣʴʥʳʭ ʧʝʢʦʚ. 

ɺ ʭʦʜʝ ʘʥʘʣʠʟʘ ʟʥʘʯʝʥʠʡ ʧʦʨʠʩʪʦʩʪʠ ʠ ʠʩʪʠʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʢʦʢʩʦʚ ʥʘ ʦʩʥʦʚʝ ʩʧʝʮʠʘʣʴʥʳʭ ʠ 

ʪʠʧʦʚʦʛʦ ʧʝʢʦʚ, ʦʪʤʝʯʝʥ ʩʭʦʞʠʡ ʭʘʨʘʢʪʝʨ ʧʝʨʝʭʦʜʘ ʟʘʢʨʳʪʦʡ ʧʦʨʠʩʪʦʩʪʠ ʚ ʦʪʢʨʳʪʫʶ, ʘ ʪʘʢʞʝ 

ʘʥʘʣʦʛʠʯʥʦʝ ʠʟʤʝʥʝʥʠʝ ʠʩʪʠʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʢʦʢʩʦʚ ʩʧʝʮʠʘʣʴʥʦʛʦ ʩʨʝʜʥʝʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʝʢʘ ʠ ʪʠʧʦʚʦʛʦ 

ʩʨʝʜʥʝʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʝʢʘ ʤʘʨʢʠ çɹè, ʧʨʠ ʩʨʘʚʥʠʪʝʣʴʥʦ ʦʜʠʥʘʢʦʚʳʭ ʟʥʘʯʝʥʠʷʭ ʚʳʭʦʜʘ ʢʦʢʩʘ (87 % ʠ 80 

% ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ) ʠʟ ʵʪʠʭ ʧʝʢʦʚ ʧʨʠ ʊ = 1000 Áʉ ʠ P = 60 ʄʇʘ. ʆʜʥʘʢʦ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʧʝʮʠʘʣʴʥʦʛʦ 

ʩʨʝʜʥʝʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʝʢʘ ʚ ʨʦʣʠ ʩʚʷʟʫʶʱʝʛʦ ʧʨʠʚʝʣʦ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʧʦʚʳʰʝʥʠʶ ʩʢʦʨʦʩʪʠ ʧʨʠʨʦʩʪʘ 

(ʜʦ 30 %) ʢʘʞʫʱʝʡʩʷ ʧʣʦʪʥʦʩʪʠ ʋʋʂʄ ʚ ʭʦʜʝ ʧʨʦʚʝʜʝʥʠʷ ʮʠʢʣʦʚ çʞʠʜʢʦʬʘʟʥʘʷ ʧʨʦʧʠʪʢʘ-ʪʝʨʤʠʯʝʩʢʘʷ 

ʦʙʨʘʙʦʪʢʘè ʥʘ ʥʘʯʘʣʴʥʳʭ ʵʪʘʧʘʭ ʥʘʩʳʱʝʥʠʷ ʤʘʪʝʨʠʘʣʘ ʤʘʪʨʠʮʝʡ, ʯʪʦ, ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ, 

ʦʙʫʩʣʦʚʣʠʚʘʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʳʤ ʚʣʠʷʥʠʝʤ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʦʧʨʝʜʝʣʝʥʥʳʭ ʬʨʘʢʮʠʡ ʩʧʝʮʠʘʣʴʥʦʛʦ 

ʩʨʝʜʥʝʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʝʢʘ ʥʘ ʢʠʥʝʪʠʢʫ ʧʨʦʮʝʩʩʦʚ ʩʦʨʙʮʠʠ, ʩʧʝʢʘʥʠʷ ʠ ʢʦʢʩʦʦʙʨʘʟʦʚʘʥʠʷ [4] ʚ ʩʠʩʪʝʤʝ 

ʫʛʣʝʨʦʜʥʳʡ ʥʘʧʦʣʥʠʪʝʣʴ ï ʧʝʢ.  

ʀʩʭʦʜʷ ʠʟ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ, ʜʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ ʨʘʙʦʪʳ ʚʠʜʠʪʩʷ ʚ ʜʝʪʘʣʴʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ 

ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʠʩʧʦʣʴʟʫʝʤʳʭ ʧʝʢʦʚ, ʘ ʪʘʢʞʝ ʚ ʠʟʫʯʝʥʠʠ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʋʋʂʄ ʥʘ 

ʠʭ ʦʩʥʦʚʝ ʩ ʮʝʣʴʶ ʫʩʪʘʥʦʚʣʝʥʠʷ ʚʟʘʠʤʦʩʚʷʟʝʡ ʤʝʞʜʫ ʠʩʩʣʝʜʫʝʤʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʢʦʤʧʦʥʝʥʪʦʚ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʩʠʩʪʝʤʳ ʠ ʤʝʭʘʥʠʟʤʦʚ ʦʩʥʦʚʥʳʭ ʧʨʦʮʝʩʩʦʚ. 

ʃʠʪʝʨʘʪʫʨʘ 
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A.T. Zdvizhkov, V.F. Aristov  

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʨʝʘʢʮʠʷ ʜʠʧʦʣʷʨʥʦʛʦ ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ ʦʨʛʘʥʠʯʝʩʢʠʭ ʘʟʠʜʦʚ ʢ ʘʣʢʠʥʘʤ 

ʥʘʭʦʜʠʪ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ ʧʦʣʠʤʝʨʥʦʡ ʭʠʤʠʠ, ʪʘʢʠʭ ʢʘʢ: ʩʠʥʪʝʟ ʙʣʦʢ- ʠ 

ʧʨʠʚʠʪʳʭ ʩʦʧʦʣʠʤʝʨʦʚ ʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʤʘʪʝʨʠʘʣʦʚ. ɼʘʥʥʳʡ ʧʨʦʮʝʩʩ ʠʤʝʝʪ ʨʷʜ 

ʧʨʝʠʤʫʱʝʩʪʚ ʧʝʨʝʜ ʜʨʫʛʠʤʠ ʨʝʘʢʮʠʷʤʠ, ʘ ʠʤʝʥʥʦ: ʚʳʩʦʢʘʷ ʭʝʤʦʩʝʣʝʢʪʠʚʥʦʩʪʴ, ʦʪʩʫʪʩʪʚʠʝ ʧʦʙʦʯʥʳʭ 

ʧʨʦʜʫʢʪʦʚ, ʤʷʛʢʠʝ ʫʩʣʦʚʠʷ ʧʨʦʚʝʜʝʥʠʷ ʩʠʥʪʝʟʘ, ʦʙʨʘʟʦʚʘʥʠʝ ʩʪʘʙʠʣʴʥʦʛʦ 1,2,3-ʪʨʠʘʟʦʣʴʥʦʛʦ ʮʠʢʣʘ. 

ʇʝʨʝʯʠʩʣʝʥʥʳʝ ʚʳʰʝ ʢʘʯʝʩʪʚʘ ʜʝʣʘʶʪ ʜʘʥʥʳʡ ʧʨʦʮʝʩʩ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʧʦʣʠ-

1,2,3-ʪʨʠʘʟʦʣʦʚ ʩʚʷʟʫʶʱʠʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʫʛʣʝʧʣʘʩʪʠʢʦʚ ʩ ʚʳʩʦʢʦʡ ʪʝʨʤʦ- ʠ 

ʪʝʧʣʦʩʪʦʡʢʦʩʪʴʶ (ʥʝ ʤʝʥʝʝ 400 Áʉ). 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʚʧʝʨʚʳʝ ʦʩʫʱʝʩʪʚʣʝʥ ʩʠʥʪʝʟ ʤʦʜʝʣʴʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ 3-ʘʟʠʜʦ-3-ʬʝʥʠʣʬʪʘʣʠʜʘ ʠ 

ʜʠʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʦʥʦʤʝʨʦʚ ʥʘ ʦʩʥʦʚʝ ʙʠʩʬʝʥʦʣʘ ɸ ʠ ʬʝʥʦʣʬʣʫʦʨʝʥʘ. 

 
ʋʩʣʦʚʠʷ ʧʨʦʚʝʜʝʥʠʷ ʩʠʥʪʝʟʘ ʙʳʣʠ ʦʪʨʘʙʦʪʘʥʳ ʥʘ ʧʨʠʤʝʨʝ 3-ʘʟʠʜʦ-3-ʬʝʥʠʣʬʪʘʣʠʜʘ. ɺ ʢʘʯʝʩʪʚʝ 

ʠʩʭʦʜʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʙʳʣʘ ʚʳʙʨʘʥʘ ʦ-ʙʝʥʟʦʠʣʙʝʥʟʦʡʥʘʷ ʢʠʩʣʦʪʘ, ʢʠʧʷʯʝʥʠʝ ʢʦʪʦʨʦʡ ʚ ʩʨʝʜʝ SOCl2 ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʢʦʣʠʯʝʩʪʚ ɼʄʌɸ ʧʨʠʚʝʣʦ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 3-ʭʣʦʨ-3-ʬʝʥʠʣʬʪʘʣʠʜʘ ʩ 

ʚʳʭʦʜʦʤ 87%. ɼʘʣʴʥʝʡʰʝʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ (2) ʩ ʘʟʠʜʦʤ ʥʘʪʨʠʷ ʚ ʩʨʝʜʝ ɼʄʌɸ ʧʨʠ 20Áʉ ʧʨʠʚʝʣʦ ʢ 

ʦʙʨʘʟʦʚʘʥʠʶ ʮʝʣʝʚʦʛʦ 3-ʘʟʠʜʦ-3-ʬʝʥʠʣʬʪʘʣʠʜʘ (3) ʩ ʚʳʭʦʜʦʤ 75%. 

ʅʘ ʧʨʠʤʝʨʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 3-ʘʟʠʜʦ-3-ʬʝʥʠʣʬʪʘʣʠʜʘ ʩ ʬʝʥʠʣʘʮʝʪʠʣʝʥʦʤ ʙʳʣʠ ʠʟʫʯʝʥʳ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʦʙʨʘʟʦʚʘʥʠʷ 1,2,3-ʪʨʠʘʟʦʣʘ (4). ʅʘʡʜʝʥʦ, ʯʪʦ ʥʘʠʙʦʣʴʰʠʡ ʚʳʭʦʜ (4) 90 % ʜʦʩʪʠʛʘʝʪʩʷ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʢʦʤʧʣʝʢʩʘ CuBr ʩ ʙʠʧʠʨʠʜʠʣʦʤ ʟʘ 30 ʤʠʥ. ɺ ʦʪʩʫʪʩʪʚʠʠ ʙʠʧʠʨʠʜʠʣʘ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ 

ʨʝʘʢʮʠʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʜʦ 36 ʯʘʩʦʚ. ɹʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʘʪʘʣʠʟʘʪʦʨʘ ʨʝʘʢʮʠʷ ʥʝ ʧʨʦʪʝʢʘʝʪ ʜʘʞʝ ʧʨʠ 100 

Áʉ. 
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THERMODYNAMIC CRITER IA AND NEW APPROACHE S TO THE CHOICE OF COMPONENTS  

FOR COMPOSITE MATERI ALS 

Shaidurova G.I., Sokolovskii M.I., Zubova E.V. 

 

This paper summarizes the approaches and criteria for composite materials optimization parameters, which 

are built basic and applied researches of recent years. Authors researched increasing the surface energy of the 

carbon filler by deposition of copper particles, impregnating filler aqueous sodium thiocyanate iron (III), 

deposition of nanostructures. 

 

ʇʦʚʳʰʝʥʠʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ ʧʦʣʠʤʝʨʥʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʧʨʠʤʝʥʷʝʤʳʭ ʚ 

ʨʘʢʝʪʥʦ-ʢʦʩʤʠʯʝʩʢʦʡ ʪʝʭʥʠʢʝ, ʘ ʪʘʢʞʝ ʩʦʟʜʘʥʠʝ ʤʘʪʝʨʠʘʣʦʚ ʩ ʟʘʨʘʥʝʝ ʟʘʜʘʥʥʳʤ ʢʦʤʧʣʝʢʩʦʤ ʩʚʦʡʩʪʚ 

ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ ʩʦʚʨʝʤʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ. 

ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʦʙʦʙʱʘʝʪ ʧʦʜʭʦʜʳ ʠ ʢʨʠʪʝʨʠʠ ʦʧʪʠʤʠʟʘʮʠʠ ʧʘʨʘʤʝʪʨʦʚ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ, ʥʘ ʢʦʪʦʨʳʭ ʧʦʩʪʨʦʝʥʳ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʠ ʧʨʠʢʣʘʜʥʳʝ ʨʘʙʦʪʳ ʧʦʩʣʝʜʥʠʭ ʣʝʪ: 

- ʚ ʨʘʤʢʘʭ ʧʦʣʠʩʪʨʫʢʪʫʨʥʦʡ ʪʝʦʨʠʠ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʤʥʦʛʦʫʨʦʚʥʝʚʳʡ ʧʨʠʥʮʠʧ ʦʨʛʘʥʠʟʘʮʠʠ 

ʩʪʨʫʢʪʫʨʳ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʢʘʢ ʩʣʦʞʥʦʦʨʛʘʥʠʟʦʚʘʥʥʳʭ ʩʠʩʪʝʤ ʪʠʧʘ çʩʪʨʫʢʪʫʨʘ ʚ 

ʩʪʨʫʢʪʫʨʝè. ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʛʦ ʧʦʜʭʦʜʘ ʠʟʫʯʝʥʠʝ ʤʘʪʝʨʠʘʣʘ ʧʨʦʠʩʭʦʜʠʪ ʧʦ ʩʭʝʤʝ: çʨʝʮʝʧʪʫʨʥʦ-

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʬʘʢʪʦʨʳ ï ʩʦʩʪʘʚ, ʩʪʨʫʢʪʫʨʘ ï ʩʚʦʡʩʪʚʘè [1, 2]. 

- ʠʟʫʯʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʷʚʣʝʥʠʡ ʥʘʧʦʣʥʝʥʥʳʭ ʧʦʣʠʤʝʨʦʚ. ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʛʦ ʧʦʜʭʦʜʘ ʦʩʥʦʚʥʳʤʠ 

ʤʝʭʘʥʠʟʤʘʤʠ ʧʦʚʳʰʝʥʠʷ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʷʚʣʷʝʪʩʷ 

ʜʦʩʪʠʞʝʥʠʝ ʩʠʣʴʥʦʛʦ ʭʠʤʠʯʝʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʥʘ ʛʨʘʥʠʮʝ ʧʦʣʠʤʝʨ-ʥʘʧʦʣʥʠʪʝʣʴ. ʕʪʦ ʜʦʩʪʠʛʘʝʪʩʷ ʟʘ 

ʩʯʝʪ ʬʘʢʪʦʨʦʚ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʭ ʧʦʚʳʰʝʥʠʶ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ ʤʘʪʨʠʮʳ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 

ʥʘʧʦʣʥʠʪʝʣʶ: ʦʙʨʘʟʦʚʘʥʠʝ ʭʠʤʠʯʝʩʢʠʭ ʩʚʷʟʝʡ (ʥʘʠʙʦʣʝʝ ʧʨʦʯʥʳʤʠ ʩʣʝʜʫʝʪ ʩʯʠʪʘʪʴ ʉ-ʉ, ʉ-Si, C-N, C-B), 

ʫʚʝʣʠʯʝʥʠʝ ʯʠʩʣʘ ʪʦʯʝʯʥʳʭ ʩʠʣʦʚʳʭ ʢʦʥʪʘʢʪʦʚ [3, 4]. 

- ʦʙʝʩʧʝʯʝʥʠʝ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʡ ʠ ʢʠʥʝʪʠʯʝʩʢʦʡ ʩʦʚʤʝʩʪʠʤʦʩʪʠ ʢʦʤʧʦʥʝʥʪʦʚ ʧʨʠ ʩʦʟʜʘʥʠʠ 

ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʊʝʨʤʦʜʠʥʘʤʠʯʝʩʢʘʷ ʩʦʚʤʝʩʪʠʤʦʩʪʴ ʜʦʩʪʠʛʘʝʪʩʷ ʟʘ ʩʯʝʪ ʚʳʨʘʚʥʠʚʘʥʠʷ 

ʭʠʤʠʯʝʩʢʠʭ ʧʦʪʝʥʮʠʘʣʦʚ ʤʘʪʨʠʮʳ ʠ ʥʘʧʦʣʥʠʪʝʣʷ. ʂʠʥʝʪʠʯʝʩʢʘʷ ʩʦʚʤʝʩʪʠʤʦʩʪʴ ʜʦʩʪʠʛʘʝʪʩʷ 

ʦʜʥʦʚʨʝʤʝʥʥʳʤ ʩʥʠʞʝʥʠʝʤ ʩʢʦʨʦʩʪʝʡ ʜʠʬʬʫʟʠʠ ʠ ʪʚʝʨʜʦʬʘʟʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ [5]. 

- ʚʟʘʠʤʦʩʚʷʟʴ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʭ ʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʦʣʠʤʝʨʥʳʭ ʢʦʤʧʦʟʠʪʦʚ, ʦʙʫʩʣʦʚʣʝʥʥʘʷ 

ʠʟʤʝʥʝʥʠʷʤʠ ʵʥʪʨʦʧʠʠ, ʚʥʫʪʨʝʥʥʝʡ ʠʣʠ ʩʚʦʙʦʜʥʦʡ ʵʥʝʨʛʠʠ, ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʦʪʝʥʮʠʘʣʦʚ ʚ ʧʨʦʮʝʩʩʝ 

ʩʪʨʫʢʪʫʨʥʳʭ ʧʨʝʚʨʘʱʝʥʠʡ. ɼʘʥʥʳʡ ʧʦʜʭʦʜ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤ, ʧʦʩʢʦʣʴʢʫ ʜʘʝʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʠ ʦʧʪʠʤʠʟʘʮʠʠ ʚʘʞʥʝʡʰʠʭ ʩʚʦʡʩʪʚ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʦʪ 

ʦʜʥʦʛʦ ʠʣʠ ʥʝʩʢʦʣʴʢʠʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʦʧʨʝʜʝʣʷʝʤʳʭ ʠʣʠ ʨʘʩʩʯʠʪʳʚʘʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ (ʪʝʧʣʦʝʤʢʦʩʪʠ, 

ʧʣʦʪʥʦʩʪʠ, ʫʙʳʣʠ ʫʜʝʣʴʥʦʡ ʵʥʪʘʣʴʧʠʠ ʦʙʨʘʟʦʚʘʥʠʷ ʪʚʝʨʜʳʭ ʤʘʪʝʨʠʘʣʦʚ) [6, 7, 8]. 

ʅʝʩʤʦʪʨʷ ʥʘ ʨʘʟʣʠʯʥʳʝ ʧʦʜʭʦʜʳ ʢ ʩʦʟʜʘʥʠʶ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʦʙʱʝʝ ʤʥʝʥʠʝ ʫʯʝʥʳʭ 

ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʥʝʦʙʭʦʜʠʤʦ ʦʙʝʩʧʝʯʠʪʴ ʥʘʜʝʞʥʳʡ ʘʜʛʝʟʠʦʥʥʳʡ ʚʟʘʠʤʦʧʨʦʥʠʢʘʶʱʠʡ ʢʦʥʪʘʢʪ ʤʘʪʨʠʮʳ 

ʠ ʥʘʧʦʣʥʠʪʝʣʷ ʚ ʤʝʞʬʘʟʥʦʤ ʩʣʦʝ, ʘ ʪʘʢʞʝ ï ʥʝʧʨʝʨʳʚʥʦʩʪʴ ʧʦʣʠʤʝʨʥʦʡ ʤʘʪʨʠʮʳ. 

ʉʫʱʝʩʪʚʫʶʪ ʨʘʟʣʠʯʥʳʝ ʪʝʦʨʠʠ, ʦʙʲʷʩʥʷʶʱʠʝ ʤʝʭʘʥʠʟʤ ʘʜʛʝʟʠʠ: ʤʝʭʘʥʠʯʝʩʢʘʷ, ʘʜʩʦʨʙʮʠʦʥʥʘʷ, 

ʵʣʝʢʪʨʠʯʝʩʢʘʷ, ʵʣʝʢʪʨʦʨʝʣʘʢʩʘʮʠʦʥʥʘʷ ʠ ʜʨʫʛʠʝ. ʆʜʥʘʢʦ ʚʩʝ ʦʥʠ ʥʦʩʷʪ ʯʘʩʪʥʳʡ ʠ ʦʛʨʘʥʠʯʝʥʥʳʡ ʭʘʨʘʢʪʝʨ. 

ʉʯʠʪʘʝʪʩʷ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʦʙʦʩʥʦʚʘʥʥʦʡ ʩ ʬʠʟʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʪʝʦʨʠʝʡ, ʦʧʠʩʳʚʘʶʱʝʡ ʘʜʛʝʟʠʶ 

ʧʦʣʠʤʝʨʦʚ ʢ ʪʚʝʨʜʳʤ ʧʦʚʝʨʭʥʦʩʪʷʤ, ʷʚʣʷʝʪʩʷ ʘʜʩʦʨʙʮʠʦʥʥʘʷ, ʩʚʷʟʳʚʘʶʱʘʷ ʨʘʙʦʪʫ ʘʜʛʝʟʠʠ ʩ ʯʠʩʣʦʤ 

ʩʚʷʟʝʡ (ʢʘʢ ʭʠʤʠʯʝʩʢʠʭ, ʪʘʢ ʠ ʬʠʟʠʯʝʩʢʠʭ) ʤʝʞʜʫ ʢʦʥʪʘʢʪʠʨʫʶʱʠʤʠ ʧʦʚʝʨʭʥʦʩʪʷʤʠ ʠ ʠʭ ʵʥʝʨʛʠʝʡ. 

ɸʚʪʦʨʘʤʠ ʩʪʘʪʴʠ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʝ ʨʘʙʦʪʳ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʫʚʝʣʠʯʝʥʠʝ 

ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʵʥʝʨʛʠʠ ʫʛʣʝʨʦʜʥʦʛʦ ʥʘʧʦʣʥʠʪʝʣʷ ʋʈɸʃ ʊ-22ʈ ʕʍʆ-ɸ ɻʆʉʊ 28005-88 ʧʫʪʝʤ 

ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʛʦ ʦʩʘʞʜʝʥʠʷ ʯʘʩʪʠʮ ʤʝʪʘʣʣʘ ʧʝʨʝʤʝʥʥʦʡ ʚʘʣʝʥʪʥʦʩʪʠ ï ʤʝʜʠ, ʘ ʪʘʢʞʝ ʟʘ ʩʯʝʪ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʧʨʦʧʠʪʢʠ ʥʘʧʦʣʥʠʪʝʣʷ ʚʦʜʥʳʤ ʨʘʩʪʚʦʨʦʤ ʪʠʦʮʠʘʥʘʪʘ ʞʝʣʝʟʘ (III), ʦʩʘʞʜʝʥʠʝʤ 

ʥʘʥʦʩʪʨʫʢʪʫʨ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʚʦʣʦʢʥʠʩʪʦʤ ʥʘʧʦʣʥʠʪʝʣʝ. 
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 ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʤʦʜʠʬʠʢʘʮʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʫʛʣʝʨʦʜʥʦʛʦ ʚʦʣʦʢʥʠʩʪʦʛʦ ʤʘʪʝʨʠʘʣʘ 

ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠ ʦʩʘʞʜʝʥʥʦʡ ʤʝʜʴʶ ʠʣʠ ʦʙʨʘʙʦʪʢʦʡ ʨʘʩʪʚʦʨʦʤ ʪʠʦʮʠʘʥʘʪʘ ʞʝʣʝʟʘ (III) ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʣʫʯʰʫʶ ʨʘʩʪʝʢʘʝʤʦʩʪʴ ʩʚʷʟʫʶʱʝʛʦ ʠ ʟʘʧʦʣʥʝʥʠʝ ʤʝʞʬʘʟʥʳʤʠ ʦʙʣʘʩʪʷʤʠ ʚʩʝʛʦ ʚʥʫʪʨʝʥʥʝʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʘ, ʯʪʦ ʜʘʝʪ ʦʧʪʠʤʘʣʴʥʳʡ ʵʬʬʝʢʪ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʩʪʨʫʢʪʫʨʳ ʤʝʞʬʘʟʥʳʭ ʦʙʣʘʩʪʝʡ, ʘ ʪʘʢʞʝ 

ʧʨʠʚʦʜʠʪ ʢ ʟʘʤʝʪʥʦʤʫ ʠʟʤʝʥʝʥʠʶ ʚʩʝʛʦ ʢʦʤʧʣʝʢʩʘ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʘ. ʅʦ 

ʤʘʢʩʠʤʘʣʴʥʳʡ ʵʬʬʝʢʪ ʚ ʧʦʚʳʰʝʥʠʠ ʫʨʦʚʥʷ ʧʨʦʯʥʦʩʪʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʜʦʩʪʠʛʥʫʪ ʧʨʠ ʩʦʟʜʘʥʠʠ ʩʧʦʩʦʙʘ 

ʦʩʘʞʜʝʥʠʷ ʥʘʥʦʪʨʫʙʦʢ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʚʦʣʦʢʥʠʩʪʦʛʦ ʥʘʧʦʣʥʠʪʝʣʷ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʚʢʣʘʜʦʤ ʚ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ ʧʦʣʠʤʝʨʥʦʛʦ ʢʦʤʧʦʟʠʪʘ. 
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PRODUCTION OF IR -RE-IR COMPOSIT MATERIAL S BY HIGH TEMPERATUR E 

GALVANOPLASTIC METOD  

Isakov A.V., Nikitina A.O., Zaikov Yu.P., Timofeev A.N., Butrim V.N. 

 
Electrodepostion of Ir-Re-Ir composite was carried out. It was determined, that the sample consisted of two 

phases (Ir and Re). Solid metal layers adherent to each other and to the substrate were obtained. Investigations of 

the Ir-Re-Ir composite structure, chemical composition and mechanical properties of these materials by X-ray, 

optical and electron microscopy were proved. 

 

ʇʝʨʩʧʝʢʪʠʚʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ ʜʣʷ ʨʘʙʦʪʳ ʚ ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʷʚʣʷʶʪʩʷ ʢʦʤʧʦʟʠʪʳ ʥʘ 

ʦʩʥʦʚʝ ʪʫʛʦʧʣʘʚʢʠʭ ʠ ʙʣʘʛʦʨʦʜʥʳʭ ʤʝʪʘʣʣʦʚ. ʄʝʪʦʜ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʛʘʣʴʚʘʥʦʧʣʘʩʪʠʢʠ ʷʚʣʷʝʪʩʷ 

ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʩʧʦʩʦʙʦʤ ʜʣʷ ʩʦʟʜʘʥʠʷ ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʢʦʥʪʨʦʣʠʨʫʝʤʦʡ ʩʪʨʫʢʪʫʨʦʡ, ʧʨʠ 

ʵʪʦʤ ʥʝ ʪʨʝʙʫʶʱʠʤ ʙʦʣʴʰʠʭ ʟʘʪʨʘʪ ʥʘ ʧʦʜʛʦʪʦʚʢʫ ʩʳʨʴʷ ʠ ʤʘʪʝʨʠʘʣʦʚ.  

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨʳ, ʭʠʤʠʯʝʩʢʦʛʦ ʠ ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ Ir-Re-Ir 

ʢʦʤʧʦʟʠʪʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʤʝʪʦʜʦʤ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʛʘʣʴʚʘʥʦʧʣʘʩʪʠʢʠ. 

ɺ ʨʘʩʧʣʘʚʘʭ KCl-NaCl-K2ReCl6 ʠ NaCl-KCl-CsCl-IrCl3 ʥʘ ʫʛʣʝʨʦʜʥʦʤ ʵʣʝʢʪʨʦʜʝ ʩʠʥʪʝʟʠʨʦʚʘʥ 

ʦʙʨʘʟʝʮ ʢʦʤʧʦʟʠʪʘ Ir-Re-Ir. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʦʣʫʯʝʥʥʳʝ ʧʦʢʨʳʪʠʷ ʥʝ ʩʦʜʝʨʞʘʣʠ ʥʠʢʘʢʠʭ ʬʘʟ, ʢʨʦʤʝ 

ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʠʨʠʜʠʷ ʠ ʨʝʥʠʷ (ʈʠʩʫʥʦʢ 1). 
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ʈʠʩʫʥʦʢ 1 - ɼʘʥʥʳʝ ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʠʟʘ ʢʦʤʧʦʟʠʪʘ Ir-Re-Ir  

ʀʩʩʣʝʜʦʚʘʥʳ ʰʣʠʬʳ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʢʦʤʧʦʟʠʪʘ Ir-Re-Ir. ʄʝʪʦʜʠʢʘ 

ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʰʣʠʬʦʚ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 2. 

 
ʈʠʩʫʥʦʢ 2 ï ʉʭʝʤʘ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʰʣʠʬʦʚ ʢʦʤʧʦʟʠʪʘ Ir/Re/Ir : 

a ï ʦʪʨʝʟʘʥʠʝ ʦʙʨʘʟʮʘ ʥʝʦʙʭʦʜʠʤʦʡ ʜʣʠʥʳ; b ï ʟʘʧʨʝʩʩʦʚʢʘ ʚ ʩʧʝʮʠʘʣʴʥʫʶ ʩʤʦʣʫ; 

ʩ ï ʰʣʠʬʦʚʘʥʠʝ; d ï ʨʘʩʧʦʣʦʞʝʥʠʝ ʢʦʤʧʦʟʠʪʘ; e ï ʰʣʠʬ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ; 

ʄʠʢʨʦʨʝʥʪʛʝʥʦʩʧʝʢʪʨʘʣʴʥʳʤ ʤʝʪʦʜʦʤ ʠʩʩʣʝʜʦʚʘʥʘ ʛʨʘʥʠʮʘ ʬʘʟ ʨʝʥʠʷ ʠ ʠʨʠʜʠʷ, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʘ 

ʢʘʨʪʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʧʦ ʩʝʯʝʥʠʶ ʦʙʨʘʟʮʘ (ʈʠʩʫʥʦʢ 3). 
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ʈʠʩʫʥʦʢ 3 ï ɼʘʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʦʤʧʦʟʠʪʘ Ir (100 ʤʢʤ)-Re (800 ʤʢʤ)-Ir  (100 ʤʢʤ): 

ʘ ï ʦʧʪʠʯʝʩʢʘʷ ʤʠʢʨʦʩʢʦʧʠʷ; ʙ ï ʵʣʝʢʪʨʦʥʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ; 

ʚ ï ʢʘʨʪʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʝʥʠʷ; ʛ ï ʢʘʨʪʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠʨʠʜʠʷ; 

ʀʟʤʝʨʝʥʘ ʤʠʢʨʦʪʚʝʨʜʦʩʪʴ ʩʣʦʝʚ ʪʨʫʙʢʠ ʠʟ ʢʦʤʧʦʟʠʪʘ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʬʦʨʤʳ: Ir (ʚʥʫʪʨʝʥʥʠʡ ʩʣʦʡ) 

- 507Ñ50 HV, Re - 600Ñ50 HV, Ir (ʚʥʝʰʥʠʡ ʩʣʦʡ) - 510Ñ50 HV.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʢʘʟʘʥʘ ʧʨʠʥʮʠʧʠʘʣʴʥʘʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʦʟʠʪʦʚ  Ir-Re-Ir ʤʝʪʦʜʦʤ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʛʘʣʴʚʘʥʦʧʣʘʩʪʠʢʠ. ʈʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʠʪ 

ʩʦʯʝʪʘʪʴ ʩʚʦʡʩʪʚʘ Re ʠ Ir ʚ ʤʘʪʝʨʠʘʣʘʭ, ʧʨʠʛʦʜʥʳʭ ʜʣʷ ʨʘʙʦʪʳ ʚ ʫʩʣʦʚʠʷʭ ʦʢʠʩʣʠʪʝʣʴʥʳʭ ʩʨʝʜ ʧʨʠ 

ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʧʨʦʝʢʪʘ ʇʨʦʛʨʘʤʤʳ  ʋʨʆ ʈɸʅ 2015ï2017 ʛʛ. 

çʄʘʪʝʨʠʘʣʳ ʠ ʪʝʭʥʦʣʦʛʠʠ ʜʣʷ ʘʪʦʤʥʦʡ, ʘʣʴʪʝʨʥʘʪʠʚʥʦʡ ʠ ʚʦʟʦʙʥʦʚʣʷʝʤʦʡ ʵʥʝʨʛʝʪʠʢʠè (ʇʨʦʝʢʪ ˉ 15-

20-3-20). 
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PRODUCTION OF RHENIU M COATINGS ON 3ʉ-SIC SUBSTRATES BY ELECTROLYSIS OF 

NACL -KCL -K2RECL6 MELTS  

Isakov A.V., Nikitina A.O., Zaikov Yu.P., Timofeev A.N., Bogachev E.A. 

 

Electrodeposition of rhenium onto 3C-SiC substrates from molten salts was originally investigated. 

Continious rhenium coatings were produced by electrolysis of NaCl-KCl-K2ReCl6. The results of galvanostatic 

long-term electrolysis were presented.  

 

ʇʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʢʦʤʧʦʟʠʪʳ 3ʉ-SiC ʷʚʣʷʶʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʤʘʪʝʨʠʘʣʦʤ ʜʣʷ 

ʤʠʢʨʦʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ (MEMS), ʠʩʧʦʣʴʟʫʶʱʠʭʩʷ ʚ ʞʝʩʪʢʠʭ ʫʩʣʦʚʠʷʭ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʚ 

ʘʪʤʦʩʬʝʨʝ ʧʣʘʟʤʳ [1-3]. ʉʦʟʜʘʥʠʝ ʧʦʢʨʳʪʠʡ ʠʟ ʤʝʪʘʣʣʦʚ ʩ ʚʥʝʰʥʠʤ ʩʣʦʝʤ ʢʘʨʙʠʜʦʚ, ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʠ ʦʢʩʠʜʥʳʭ ʧʦʢʨʳʪʠʡ ʜʣʷ ʥʘʜʝʞʥʳʭ ʪʝʤʧʝʨʘʪʫʨʦʩʪʦʡʢʠʭ ʢʦʥʪʘʢʪʦʚ, ʠʟʤʝʥʝʥʠʝ ʩʚʦʡʩʪʚ 

ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʟʚʦʣʷʶʪ ʦʙʝʩʧʝʯʠʪʴ ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʘʧʧʘʨʘʪʦʚ ʠ 

ʫʩʪʨʦʡʩʪʚ. ʈʝʥʠʡ - ʪʫʛʦʧʣʘʚʢʠʡ ʤʝʪʘʣʣ, ʥʝ ʦʙʨʘʟʫʶʱʠʡ ʢʘʨʙʠʜʦʚ, ʤʦʞʝʪ ʙʳʪʴ ʵʬʬʝʢʪʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʥ 

ʥʘ ʤʘʪʝʨʠʘʣʝ 3ʉ-SiC ʚ ʢʘʯʝʩʪʚʝ ʪʝʧʣʦ- ʠ ʪʦʢʦʧʨʦʚʦʜʷʱʝʛʦ ʩʣʦʷ. 

ʇʝʨʩʧʝʢʪʠʚʥʳʤ ʩʧʦʩʦʙʦʤ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʪʘʢʠʭ ʧʦʢʨʳʪʠʡ ʤʦʞʝʪ ʙʳʪʴ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʝ 

ʦʩʘʞʜʝʥʠʝ ʠʟ ʨʘʩʧʣʘʚʦʚ ʩʦʣʝʡ. ʆʜʥʘʢʦ, ʜʦʩʪʫʧʥʳʭ ʩʚʝʜʝʥʠʡ ʚ ʣʠʪʝʨʘʪʫʨʝ ʧʦ ʬʦʨʤʠʨʦʚʘʥʠʶ ʧʦʢʨʳʪʠʡ 
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ʤʝʪʦʜʘʤʠ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʛʘʣʴʚʘʥʦʧʣʘʩʪʠʢʠ ʥʝ ʦʙʥʘʨʫʞʝʥʦ. ʇʦʵʪʦʤʫ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʟʫʯʝʥʘ 

ʧʨʠʥʮʠʧʠʘʣʴʥʘʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʧʦʢʨʳʪʠʡ ʤʝʪʦʜʦʤ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʛʘʣʴʚʘʥʦʧʣʘʩʪʠʢʠ. 

ʕʣʝʢʪʨʦʦʩʘʞʜʝʥʠʝ ʧʨʦʚʦʜʠʣʠ ʚ ʨʘʩʧʣʘʚʝ NaCl-KCl-K2ReCl6 ʧʨʠ 800 oC. ʅʘ ʧʦʜʣʦʞʢʘʭ ʠʟ 3ʉ-SiC 

ʚʧʝʨʚʳʝ ʵʣʝʢʪʨʦʣʠʟʦʤ ʨʘʩʧʣʘʚʦʚ ʧʦʣʫʯʝʥʳ ʨʝʥʠʝʚʳʝ ʧʦʢʨʳʪʠʷ (ʈʠʩʫʥʦʢ 1). 

 
ʈʠʩʫʥʦʢ 1 - ɼʘʥʥʳʝ ʩʢʘʥʠʨʫʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʠ ʤʠʢʨʦʨʝʥʪʛʝʥʦʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ 

ʦʩʘʜʢʘ Re ʥʘ 3C-SiC 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʨʝʥʠʡ ʢʨʠʩʪʘʣʣʠʟʦʚʘʣʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʤʧʦʟʠʪʘ ʚ ʚʠʜʝ ʛʦʤʦʛʝʥʥʦʛʦ 

ʩʧʣʦʰʥʦʛʦ ʩʣʦʷ. ʇʦʢʨʳʪʠʝ ʨʝʥʠʷ ʠʤʝʣʦ ʭʦʨʦʰʝʝ ʩʮʝʧʣʝʥʠʝ ʩ ʧʦʜʣʦʞʢʦʡ. 

ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚʳʰʝ 500 oC ʨʝʥʠʡ ʩʧʦʩʦʙʝʥ ʦʙʨʘʟʦʚʳʚʘʪʴ ʩʠʣʠʮʠʜʳ [4]. ʀʩʩʣʝʜʦʚʘʥʠʝ  ʛʨʘʥʠʮʳ 

Re/3C-SiC ʤʝʪʦʜʦʤ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ ʩʚʝʪʘ ʥʝ ʚʳʷʚʠʣʦ ʥʘʣʠʯʠʷ ʢʦʣʝʙʘʪʝʣʴʥʳʭ 

ʧʦʣʦʩ, ʦʪʚʝʯʘʶʱʠʭ ʩʚʷʟʠ Re-Si. ʇʦʚʝʨʭʥʦʩʪʴ ʨʝʥʠʝʚʦʛʦ ʧʦʢʨʳʪʠʷ ʠʩʩʣʝʜʦʚʘʥʘ ʤʝʪʦʜʘʤʠ ʦʧʪʠʯʝʩʢʦʡ ʠ 

ʩʢʘʥʠʨʫʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ. ʇʨʠ ʵʪʦʤ ʜʝʬʝʢʪʦʚ ʚ ʚʠʜʝ ʪʨʝʱʠʥ ʠ ʩʢʦʣʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʥʝ 

ʦʙʥʘʨʫʞʝʥʦ. ʇʦʜʛʦʪʦʚʣʝʥʳ ʦʙʨʘʟʮʳ ʧʦʢʨʳʪʠʡ Re ʥʘ 3C-SiC (ʈʠʩʫʥʦʢ 2). 

 

 
ʈʠʩʫʥʦʢ 2 - ʆʙʱʠʡ ʚʠʜ ʦʙʨʘʟʮʘ ʨʝʥʠʝʚʦʛʦ ʧʦʢʨʳʪʠʷ ʥʘ ʧʦʜʣʦʞʢʝ ʠʟ 3C-SiC 

ʇʦʣʫʯʝʥʳ ʧʦʢʨʳʪʠʷ ʨʝʥʠʷ ʥʘ 3ʉ-SiC ʪʦʣʱʠʥʦʡ ʜʦ 200 ʤʢʤ.  ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʦʢʨʳʪʠʝ ʨʝʥʠʷ 

ʚʦʩʧʨʦʠʟʚʦʜʠʪ ʧʨʦʬʠʣʴ ʧʦʜʣʦʞʢʠ ʠʟ 3ʉ-SiC. ɺʳʷʚʣʝʥʦ, ʯʪʦ ʧʦʢʨʳʪʘʷ ʧʣʘʩʪʠʥʘ (ʈʠʩʫʥʦʢ 2) ʧʨʝʪʝʨʧʝʣʘ 

ʥʝʟʥʘʯʠʪʝʣʴʥʫʶ ʜʝʬʦʨʤʘʮʠʶ ʧʦʩʣʝ ʥʘʥʝʩʝʥʠʷ ʧʦʢʨʳʪʠʷ ʚʩʣʝʜʩʪʚʠʝ ʨʘʟʥʠʮʳ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʣʠʥʝʡʥʦʛʦ ʨʘʩʰʠʨʝʥʠʷ ʨʝʥʠʷ ʠ ʧʦʜʣʦʞʢʠ. ʇʨʠ ʵʪʦʤ 3C-SiC ʙʳʣ ʭʠʤʠʯʝʩʢʠ ʫʩʪʦʡʯʠʚ ʢ 

ʨʝʥʠʡʩʦʜʝʨʞʘʱʝʤʫ ʨʘʩʧʣʘʚʫ ʭʣʦʨʠʜʦʚ ʥʘʪʨʠʷ ʠ ʢʘʣʠʷ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʢʘʟʘʥʦ, ʯʪʦ ʤʝʪʦʜʦʤ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʛʘʣʴʚʘʥʦʧʣʘʩʪʠʢʠ ʤʦʛʫʪ ʙʳʪʴ 

ʧʦʣʫʯʝʥʳ ʩʧʣʦʰʥʳʝ ʨʝʥʠʝʚʳʝ ʧʦʢʨʳʪʠʷ ʙʦʣʴʰʦʡ ʧʣʦʱʘʜʠ ʥʘ ʧʦʜʣʦʞʢʘʭ ʠʟ 3C-SiC. ʇʦʢʨʳʪʠʷ ʦʙʣʘʜʘʶʪ 

ʭʦʨʦʰʠʤ ʩʮʝʧʣʝʥʠʝʤ ʩ ʧʦʜʣʦʞʢʦʡ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʧʨʦʝʢʪʘ ʇʨʦʛʨʘʤʤʳ  ʋʨʆ ʈɸʅ 2015ï2017 ʛʛ. 

çʄʘʪʝʨʠʘʣʳ ʠ ʪʝʭʥʦʣʦʛʠʠ ʜʣʷ ʘʪʦʤʥʦʡ, ʘʣʴʪʝʨʥʘʪʠʚʥʦʡ ʠ ʚʦʟʦʙʥʦʚʣʷʝʤʦʡ ʵʥʝʨʛʝʪʠʢʠè (ʇʨʦʝʢʪ ˉ 15-20-

3-20). 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 
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DEVELOPMENT OF APPLICATION TECHN OLOGY OF AMORPHOUS N ICKEL ON 

BERYLLIUM  

Kazakov D.S., Strulya I.L. 

 

Beryllium ï a material possessing a unique combination of properties, including low weight, high modulus 

and high x-ray transparency. Due to the high specific stiffness of all metals beryllium products used in opto-

electronic devices (OED). The Institute of beryllium, JSC çKompozitè is a manufacturer of beryllium components 

and nodes in the OED (mirror housings, mirrors, cathodes laser gyroscopes, supports, brackets, etc) that are used 

in modern satellite communication systems, sensing, systems of orientation, guidance and monitoring.  

In the process of manufacture of the above products require galvanic treatment: chemical etching, chemical 

polishing, coating. Depending on the purpose of the product use different types of coatings: protective (anodizing, 

chemical passivation) and functional (chemical plating). At the Institute of beryllium developed technology for 

deposition of amorphous Nickel on beryllium to create the optical surface. In this paper we analyzed the solutions 

and modes of application of chemical Nickel on the beryllium. 

 

ɹʝʨʠʣʣʠʡ ï ʤʘʪʝʨʠʘʣ, ʦʙʣʘʜʘʶʱʠʡ ʫʥʠʢʘʣʴʥʳʤ ʢʦʤʧʣʝʢʩʦʤ ʩʚʦʡʩʪʚ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʥʠʟʢʠʡ ʚʝʩ, 

ʚʳʩʦʢʠʡ ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ ʠ ʚʳʩʦʢʘʷ ʨʝʥʪʛʝʥʦʚʩʢʘʷ ʧʨʦʟʨʘʯʥʦʩʪʴ. ɹʣʘʛʦʜʘʨʷ ʥʘʠʚʳʩʰʝʡ ʫʜʝʣʴʥʦʡ 

ʞʝʩʪʢʦʩʪʠ ʩʨʝʜʠ ʚʩʝʭ ʤʝʪʘʣʣʦʚ ʙʝʨʠʣʣʠʡ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʠʟʜʝʣʠʷʭ ʦʧʪʠʢʦ-ʵʣʝʢʪʨʦʥʥʳʭ ʧʨʠʙʦʨʦʚ (ʆʕʇ). 

ʀʥʩʪʠʪʫʪ ʙʝʨʠʣʣʠʷ ʆɸʆ çʂʦʤʧʦʟʠʪè ʷʚʣʷʝʪʩʷ ʧʨʦʠʟʚʦʜʠʪʝʣʝʤ ʙʝʨʠʣʣʠʝʚʳʭ ʜʝʪʘʣʝʡ ʠ ʫʟʣʦʚ ʆʕʇ 

(ʢʦʨʧʫʩʘ ʟʝʨʢʘʣ, ʟʝʨʢʘʣʘ, ʢʘʪʦʜʳ ʣʘʟʝʨʥʳʭ ʛʠʨʦʩʢʦʧʦʚ, ʦʧʦʨʳ, ʢʨʦʥʰʪʝʡʥʳ ʠ ʜʨ), ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʩʧʫʪʥʠʢʘʭ ʩʚʷʟʠ, ʩʠʩʪʝʤʘʭ ʟʦʥʜʠʨʦʚʘʥʠʷ ɿʝʤʣʠ, ʩʠʩʪʝʤʘʭ ʦʨʠʝʥʪʘʮʠʠ, ʥʘʚʝʜʝʥʠʷ ʠ 

ʥʘʙʣʶʜʝʥʠʷ.  

ɺ ʧʨʦʮʝʩʩʝ ʠʟʛʦʪʦʚʣʝʥʠʷ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʭ ʠʟʜʝʣʠʡ ʪʨʝʙʫʝʪʩʷ ʛʘʣʴʚʘʥʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ: 

ʭʠʤʠʯʝʩʢʦʝ ʪʨʘʚʣʝʥʠʝ, ʭʠʤʠʯʝʩʢʦʝ ʧʦʣʠʨʦʚʘʥʠʝ, ʥʘʥʝʩʝʥʠʝ ʧʦʢʨʳʪʠʡ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʘʟʥʘʯʝʥʠʷ 

ʠʟʜʝʣʠʷ ʧʨʠʤʝʥʷʶʪʩʷ ʨʘʟʥʳʝ ʚʠʜʳ ʧʦʢʨʳʪʠʡ: ʟʘʱʠʪʥʳʝ (ʘʥʦʜʠʨʦʚʘʥʠʝ, ʭʠʤʠʯʝʩʢʘʷ ʧʘʩʩʠʚʘʮʠʷ) ʠ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ (ʭʠʤʠʯʝʩʢʘʷ ʤʝʪʘʣʣʠʟʘʮʠʷ). ɺ ʀʥʩʪʠʪʫʪʝ ʙʝʨʠʣʣʠʷ ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ʪʝʭʥʦʣʦʛʠʷ 

ʥʘʥʝʩʝʥʠʷ ʢʦʥʩʪʨʫʢʮʠʦʥʥʦʛʦ ʘʤʦʨʬʥʦʛʦ ʥʠʢʝʣʝʚʦʛʦ ʧʦʢʨʳʪʠʷ ʥʘ ʙʝʨʠʣʣʠʡ ʩ ʮʝʣʴʶ ʩʦʟʜʘʥʠʷ ʥʘ ʥʸʤ 

ʦʧʪʠʯʝʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ɺ ʨʘʙʦʪʝ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʨʘʩʪʚʦʨʳ ʠ ʨʝʞʠʤʳ ʥʘʥʝʩʝʥʠʷ ʭʠʤʠʯʝʩʢʦʛʦ ʥʠʢʝʣʷ 

ʥʘ ʙʝʨʠʣʣʠʡ. 
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IMPROVEMENT OF ULTRA  HIGH TEMPERATURE MEC HANICAL TEST FACILIT IES 

Kandinsky R.O., Magnitsky I.V., Odinabekov F.R., Ponomarev K.A. 

 

Flow fields of high Mach number can produce extreme thermal conditions near leading edges and complex 

stress-strain behavior as well. Thus, mechanical testing of high temperature composite materials appears to be of 

current concern. This paper describes solutions and efforts made to improve the existing high-temperature testing 

facilities at JSC ñKompozitò, Russia. Modifications of heater geometry, as well as enhanced radiative insulation, 

have been developed to obtain higher testing temperatures. In order to obtain low-gradient temperature field 

within a test specimen, several concepts of novel heat chambers have been designed. Configuration of the heating 

chamber cooling system has been redesigned as well. To assess the efficiency of the improvements suggested, 

numerical simulations including heat transfer modeling and CFD, as well as experiments with the existing test 

facilities and prototype models, have been used. 

ʉʪʨʝʤʠʪʝʣʴʥʦ ʨʘʟʚʠʚʘʶʱʠʤʩʷ ʥʘʧʨʘʚʣʝʥʠʝʤ ʚ ʨʘʢʝʪʥʦ-ʢʦʩʤʠʯʝʩʢʦʡ ʪʝʭʥʠʢʝ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ 

ʠ ʩʦʟʜʘʥʠʝ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʳʭ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ. ʇʦʣʸʪ ʩʦ ʩʢʦʨʦʩʪʷʤʠ ʩ ʙʦʣʴʰʠʤ ʯʠʩʣʦʤ ʄʘʭʘ 

ʩʦʧʨʷʞʸʥ ʩ ʚʳʩʦʢʠʤʠ ʪʝʧʣʦʚʳʤʠ ʥʘʛʨʫʟʢʘʤʠ ʠ ʩʣʦʞʥʳʤ ʥʘʧʨʷʞʸʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʳʤ ʩʦʩʪʦʷʥʠʝʤ [1]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʟʘʜʘʯʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʦʚ ʧʨʠ ʚʳʩʦʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʘʢʪʫʘʣʴʥʦʡ. 

ɿʘ ʧʦʩʣʝʜʥʠʝ 20 ʣʝʪ ʥʘ ʙʘʟʝ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʦʡ ʣʘʙʦʨʘʪʦʨʠʠ ʆɸʆ çʂʦʤʧʦʟʠʪè ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ 

ʨʷʜ ʪʝʨʤʦʤʝʭʘʥʠʯʝʩʢʠʭ ʫʩʪʘʥʦʚʦʢ, ʧʦʟʚʦʣʷʶʱʠʭ ʧʨʦʚʦʜʠʪʴ ʠʩʧʳʪʘʥʠʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʦʪ ʢʦʤʥʘʪʥʦʡ 

ʜʦ 2 800 K [2]. ɺ ʩʦʩʪʘʚ ʫʩʪʘʥʦʚʢʠ ʜʘʥʥʦʛʦ ʢʣʘʩʩʘ ʚʭʦʜʠʪ ʨʘʟʨʳʚʥʘʷ ʤʘʰʠʥʘ, ʪʝʨʤʦʢʘʤʝʨʘ, ʠʩʪʦʯʥʠʢ 

ʩʠʣʦʚʦʛʦ ʧʠʪʘʥʠʷ, ʧʠʨʦʤʝʪʨ ʠ ʜʨʫʛʠʝ ʩʨʝʜʩʪʚʘ ʠʟʤʝʨʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ. ʅʘʛʨʝʚ ʦʙʨʘʟʮʘ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ 

ʟʘ ʩʯʸʪ ʠʟʣʫʯʝʥʠʷ ʛʨʘʬʠʪʦʚʳʭ ʥʘʛʨʝʚʘʪʝʣʝʡ. 

ɺ ʜʦʢʣʘʜʝ ʦʩʚʝʱʝʥʳ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʠ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʨʝʰʝʥʠʷ ʧʦ ʧʦʚʳʰʝʥʠʶ ʪʝʤʧʝʨʘʪʫʨʳ 

ʠʩʧʳʪʘʥʠʡ, ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ ʢʘʯʝʩʪʚʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦ ʩʝʯʝʥʠʶ ʦʙʨʘʟʮʘ ʠ ʩʦʢʨʘʱʝʥʠʶ 

ʧʦʪʨʝʙʥʦʛʦ ʚʨʝʤʝʥʠ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ. ʉ ʮʝʣʴʶ ʧʦʚʳʰʝʥʠʷ ʚʝʨʭʥʝʛʦ ʧʨʝʜʝʣʘ ʪʝʤʧʝʨʘʪʫʨʳ 

ʠʩʧʳʪʘʥʠʡ ʨʘʟʨʘʙʦʪʘʥ ʨʷʜ ʥʦʚʳʭ ʢʦʥʬʠʛʫʨʘʮʠʡ ʥʘʛʨʝʚʘʪʝʣʝʡ, ʨʘʩʩʤʦʪʨʝʥʘ ʩʠʩʪʝʤʘ ʨʘʜʠʘʮʠʦʥʥʳʭ 

ʵʢʨʘʥʦʚ. ʈʘʟʨʘʙʦʪʘʥ ʨʷʜ ʥʦʚʳʭ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʩʭʝʤ ʥʘʛʨʝʚʘʪʝʣʴʥʦʛʦ ʙʣʦʢʘ. ʂʨʦʤʝ ʪʦʛʦ, ʧʝʨʝʩʤʦʪʨʝʥʘ 

ʩʠʩʪʝʤʘ ʦʭʣʘʞʜʝʥʠʷ ʪʝʨʤʦʢʘʤʝʨʳ. ʆʮʝʥʢʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʪʜʝʣʴʥʳʭ ʨʝʰʝʥʠʡ ʧʦ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ 

ʫʟʣʦʚ ʫʩʪʘʥʦʚʢʠ ʧʨʦʚʦʜʠʣʘʩʴ ʩ ʧʦʤʦʱʴʶ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʣʦʞʥʦʛʦ ʪʝʧʣʦʦʙʤʝʥʘ ʠ ʛʘʟʦʚʦʡ 

ʜʠʥʘʤʠʢʠ, ʘ ʪʘʢʞʝ ʩ ʧʦʤʦʱʴʶ ʧʨʦʚʝʨʦʯʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʥʘ ʩʫʱʝʩʪʚʫʶʱʠʭ ʫʩʪʘʥʦʚʢʘʭ ʠ ʤʘʢʝʪʘʭ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʸʥʥʳʭ ʨʘʙʦʪ ʩʬʦʨʤʫʣʠʨʦʚʘʥ ʢʦʤʧʣʝʢʩʥʳʡ ʧʦʜʭʦʜ ʢ ʦʮʝʥʢʝ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʵʣʝʤʝʥʪʦʚ ʢʦʥʩʪʨʫʢʮʠʠ ʪʝʨʤʦʤʝʭʘʥʠʯʝʩʢʦʡ ʫʩʪʘʥʦʚʢʠ. ʇʨʦʚʝʜʝʥʳ ʠʩʧʳʪʘʥʠʷ, ʚ ʭʦʜʝ ʢʦʪʦʨʳʭ 

ʧʦʣʫʯʝʥʳ ʧʨʦʯʥʦʩʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʫʛʣʝʨʦʜ-ʫʛʣʝʨʦʜʥʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ ʦʪʥʝʩʝʥʠʷ, ʧʨʝʚʳʰʘʶʱʝʡ ʨʘʥʝʝ ʜʦʩʪʠʛʥʫʪʫʶ. 

ʃʠʪʝʨʘʪʫʨʘ 
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FORGING OF HYPEREUTE CTIC AL -SI COMPOSITES 

Mironenko V.N., Vasenev V.V., Karpova Zh. A., Shorstova E.A., 

Vedernikova M.I., Svetikova A.U., Myshlyaev I.V., Gerasimova V.U., Aronin A.S., Aristova I.M. 

 
It is shown the possibility of forging of hypereutectic composites with aluminum matrix with up to 50 

volume percent of silicon. During the forging of composites deformation develops on the self-organized 

precipitations of a relatively more plastic phase. This phase, apparently, appears to be eutectic Ŭ(Al)  ï Al 3Ni. 

Forging improves bondability of powder particles and reliability of the material in comparison with hot-pressed 

briquette. 

ʉʦʛʣʘʩʥʦ ʧʨʦʩʪʝʡʰʝʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʩʧʣʘʚʦʚ ʘʣʶʤʠʥʠʷ, ʟʘʵʚʪʝʢʪʠʯʝʩʢʠʝ ʧʦʨʦʰʢʦʚʳʝ 

ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ (ʂʄ) ʜʣʷ ʧʨʝʮʠʟʠʦʥʥʦʛʦ ʧʨʠʙʦʨʦʩʪʨʦʝʥʠʷ ʩ ʦʙʲʝʤʥʦʡ ʜʦʣʝʡ ʢʨʝʤʥʠʷ ʜʦ 

50% ʠ ʪʝʤʧʝʨʘʪʫʨʥʳʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʣʠʥʝʡʥʦʛʦ ʨʘʩʰʠʨʝʥʠʷ (ʊʂʃʈ) 10-13  ppm/ÁC  ʨʘʩʧʦʣʦʞʝʥʳ  

ʜʘʣʝʢʦ  ʟʘ  ʦʙʣʘʩʪʴʶ  ʣʠʪʝʡʥʳʭ  ʩʧʣʘʚʦʚ.  ʂʄ  ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʥʠʟʢʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʧʣʘʩʪʠʯʥʦʩʪʴʶ 

ʩ ʤʘʢʩʠʤʫʤʦʤ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʫʜʣʠʥʝʥʠʷ  ʚʧʣʦʪʴ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ ʩʦʣʠʜʫʩ 2-3%, ʢʦʪʦʨʳʡ ʨʝʘʣʠʟʫʝʪʩʷ ʚ 

ʦʯʝʥʴ ʫʟʢʦʤ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ  (ʨʠʩ. 1). ʊʘʢʠʝ ʂʄ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʧʦʜʜʘʶʪʩʷ ʜʝʬʦʨʤʘʮʠʠ. 

ʐʪʘʤʧʦʚʢʘ ʧʦʜʦʙʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʪʨʝʙʫʝʪ ʚʩʝʩʪʦʨʦʥʥʝʛʦ ʩʞʘʪʠʷ ʧʨʠ ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʠ [1]. 

ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥ ʦʧʳʪ ʠʟʦʪʝʨʤʠʯʝʩʢʦʡ ʦʙʲʝʤʥʦʡ ʰʪʘʤʧʦʚʢʠ ʂʄ  Alï40-45% Si, ʧʨʠʚʝʜʝʥʳ 

ʦʩʦʙʝʥʥʦʩʪʠ ʩʪʨʫʢʪʫʨʳ ʠ ʩʚʦʡʩʪʚʘ ʰʪʘʤʧʦʚʦʢ ʂʄ ɸʂʇ-1ʇʂ ʠ ʂʦʤʧʘʣ-301. 

 
ʈʠʩʫʥʦʢ 1. ɼʠʘʛʨʘʤʤʘ ʧʣʘʩʪʠʯʥʦʩʪʠ ʂʄ ɸʂʇ-1ʇʂ. 

ɺʩʝʩʪʦʨʦʥʥʝʝ ʩʞʘʪʠʝ ʦʙʝʩʧʝʯʠʚʘʣʦʩʴ ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʠʤ ʜʘʚʣʝʥʠʝʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ 

ʧʣʘʩʪʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʤʝʪʘʣʣʘ ɸɼ1 ʠʣʠ ɸɼ31, ʢʦʪʦʨʳʡ ʚʳʪʝʩʥʷʣʩʷ ʯʝʨʝʟ ʟʘʟʦʨʳ ʠʣʠ ʩʧʝʮʠʘʣʴʥʳʝ 

ʬʠʣʴʝʨʳ ʚ ʤʘʪʨʠʮʝ.  

 
ʈʠʩʫʥʦʢ 2. ʐʪʘʤʧʦʚʢʘ çʢʨʳʰʢʘè 

ʠʟ ʂʄ ɸʂʇ-1ʇʂ. 

 
ʈʠʩʫʥʦʢ 3. ʐʪʘʤʧʦʚʢʘ çʢʨʳʰʢʘè  

ʠʟ ʂʄ ʂʦʤʧʘʣ-301 

 
ʈʠʩʫʥʦʢ 4. ʐʪʘʤʧʦʚʢʘ çʢʦʨʧʫʩè 

ʠʟ ʂʄ ɸʂʇ-1ʇʂ. 

ʊʝʭʥʦʣʦʛʠʷ ʫʩʧʝʰʥʦ ʨʝʘʣʠʟʫʝʪʩʷ ʧʨʠ ʰʪʘʤʧʦʚʢʝ ʧʨʦʩʪʳʭ ʪʝʣ ʚʨʘʱʝʥʠʷ (ʨʠʩ. 2). ʐʪʘʤʧʦʚʢʘ 

ʜʝʪʘʣʝʡ ʩʣʦʞʥʦʡ ʬʦʨʤʳ (ʨʠʩ. 3, 4) ʨʝʘʣʠʟʦʚʘʥʘ ʧʦ ʘʜʜʠʪʠʚʥʦʡ ʪʝʭʥʦʣʦʛʠʠ, ʩʦʚʤʝʱʘʶʱʝʡ ʥʘ ʚʘʢʫʫʤʥʦʤ 

ʧʨʝʩʩʝ ʢʦʤʧʘʢʪʠʨʦʚʘʥʠʝ ʠ ʜʝʬʦʨʤʘʮʠʶ ʥʘ 10-20% ʟʘ ʩʯʝʪ ʚʳʪʝʩʥʝʥʠʷ ʤʝʪʘʣʣʘ ʯʝʨʝʟ ʩʧʝʮʠʘʣʴʥʦ 

ʨʘʩʩʯʠʪʘʥʥʳʝ ʟʘʟʦʨʳ ʚ ʤʘʪʨʠʮʝ [2]. ɼʝʬʦʨʤʘʮʠʷ ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʳʤ ʫʩʣʦʚʠʝʤ ʥʘʜʝʞʥʦʛʦ 

ʩʭʚʘʪʳʚʘʥʠʷ ʯʘʩʪʠʮ ʧʦʨʦʰʢʦʚ ʢʦʤʧʦʟʠʮʠʠ [3]. 
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 ɼʝʬʦʨʤʘʮʠʷ ʚ ʧʨʦʮʝʩʩʝ ʰʪʘʤʧʦʚʢʠ ʂʄ ʨʘʟʚʠʚʘʝʪʩʷ ʧʦ ʩʘʤʦʦʨʛʘʥʠʟʫʶʱʠʤʩʷ ʚʳʜʝʣʝʥʠʷʤ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʦʣʝʝ ʧʣʘʩʪʠʯʥʦʡ ʬʘʟʳ (ʨʠʩ. 5), ʯʪʦ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ 

ʤʥʦʛʦʬʘʟʥʳʭ ʩʧʣʘʚʦʚ ʩ ʨʘʟʣʠʯʘʶʱʠʤʠʩʷ ʩʚʦʡʩʪʚʘʤʠ ʬʘʟ [4]. ʉʦʩʪʘʚ ʬʘʟʳ ʢʦʣʝʙʣʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ (% 

ʤʘʩʩ): Al 59-67, Si 1,51-7,75, Ni 15-39. ʄʦʨʬʦʣʦʛʠʷ ʚʳʜʝʣʝʥʠʡ ʚ ʨʘʟʥʳʭ ʟʦʥʘʭ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʪʝʧʝʥʴʶ 

ʜʝʬʦʨʤʘʮʠʠ. ʊʘʢ, ʚ ʰʪʘʤʧʦʚʢʝ "ʢʦʨʧʫʩ" ʥʘ ʢʨʘʶ ʜʠʩʢʘ, ʛʜʝ ʧʣʘʩʪʠʯʝʩʢʘʷ ʜʝʬʦʨʤʘʮʠʷ ʤʘʣʘ, ʚʳʜʝʣʝʥʠʷ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʢʣʘʩʪʝʨʳ ʠʣʠ ʧʦʣʦʩʳ ʤʘʣʦʡ ʧʨʦʪʷʞʝʥʥʦʩʪʠ ʥʘ ʨʘʥʥʝʡ ʩʪʘʜʠʠ ʬʦʨʤʠʨʦʚʘʥʠʷ. ɺ ʟʦʥʘʭ 

ʥʘʠʙʦʣʴʰʝʡ ʜʝʬʦʨʤʘʮʠʠ ʥʘ ʧʝʨʝʭʦʜʝ ʢ ʜʠʩʢʫ ʠ ʚ ʧʝʨʝʤʳʯʢʝ ʚʳʜʝʣʝʥʠʷ ʠʤʝʶʪ ʚʠʜ ʪʦʥʢʠʭ ʧʨʦʪʷʞʝʥʥʳʭ 

ʧʦʣʦʩ.  
 

   
ʂʨʘʡ ʜʠʩʢʘ ʇʝʨʝʭʦʜ ʢ ʧʝʨʝʤʳʯʢʝ ʇʝʨʝʤʳʯʢʘ 

ʈʠʩʫʥʦʢ 5. ʍʘʨʘʢʪʝʨʥʘʷ ʩʪʨʫʢʪʫʨʘ ʰʪʘʤʧʦʚʢʠ çʢʦʨʧʫʩè. 
 

ʗʨʢʦ ʚʳʨʘʞʝʥʥʦʡ ʪʝʢʩʪʫʨʳ ʚ ʨʝʟʫʣʴʪʘʪʝ ʜʝʬʦʨʤʘʮʠʠ ʥʝ ʦʙʨʘʟʫʝʪʩʷ. ʇʨʠʟʥʘʢʠ ʩʣʘʙʦʡ ʪʝʢʩʪʫʨʳ 

ʦʙʥʘʨʫʞʝʥʳ ʜʣʷ ʢʨʠʩʪʘʣʣʦʚ ʘʣʶʤʠʥʠʷ. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʧʠʢʦʚ ʦʪ ʢʨʝʤʥʠʷ 

ʪʘʢʞʝ ʥʝ ʷʚʣʷʝʪʩʷ ʦʙʳʯʥʳʤ ʠ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʩʣʘʙʦʡ ʪʝʢʩʪʫʨʝ ʠ ʢʨʠʩʪʘʣʣʦʚ ʢʨʝʤʥʠʷ.  

ʇʣʘʩʪʠʯʝʩʢʘʷ ʜʝʬʦʨʤʘʮʠʠ ʫʤʝʥʴʰʘʝʪ ʢʦʣʠʯʝʩʪʚʦ ʢʨʫʧʥʳʭ Ŭ-ʟʝʨʝʥ, ʥʝ ʠʟʤʝʥʷʝʪ ʨʘʟʤʝʨ ʯʘʩʪʠʮ 

ʢʨʝʤʥʠʷ ʠ ʤʝʥʷʝʪ ʭʘʨʘʢʪʝʨ ʨʘʟʨʫʰʝʥʠʷ ʦʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʧʦ ʛʨʘʥʠʮʘʤ ʯʘʩʪʠʮ ʤʘʪʨʠʮʳ ʢ 

ʟʝʨʥʦʛʨʘʥʠʯʥʦʤʫ ʚʥʫʪʨʠ ʯʘʩʪʠʮ. 

 
ʈʠʩʫʥʦʢ 6. ʍʘʨʘʢʪʝʨʥʳʡ ʠʟʣʦʤ ʂʄ ɸʂʇ-1ʇʂ. 

ʇʨʦʯʥʦʩʪʴ ʰʪʘʤʧʦʚʦʢ ʠʟ ʦʙʦʠʭ ʂʄ ʠ ʙʨʠʢʝʪʘ ɸʂʇ-1ʇʂ ʚ ʧʨʝʜʝʣʘʭ 230-286 ʄʇʘ, ʦʪʥʦʩʠʪʝʣʴʥʦʝ 

ʫʜʣʠʥʝʥʠʝ ʰʪʘʤʧʦʚʦʢ 0,2-0,23%, ʙʨʠʢʝʪʘ <<0,2%.  

ʅʘ ʠʟʣʦʤʘʭ ʦʙʨʘʟʮʦʚ ʚʠʜʥʳ ʧʦʣʦʩʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʦʣʝʝ ʧʣʘʩʪʠʯʥʦʡ ʬʘʟʳ (ʨʠʩ. 6). ʉʦʜʝʨʞʘʥʠʝ 

ʢʨʝʤʥʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʠʟʣʦʤʘ ʩʫʱʝʩʪʚʝʥʥʦ ʚʳʰʝ ʩʨʝʜʥʝʛʦ. ɺʘʨʠʘʮʠʷ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʜʦʩʪʠʛʘʝʪ ʚ 

ʙʨʠʢʝʪʝ ʂʄ ɸʂʇ-1ʇʂ 40%, ʚ ʰʪʘʤʧʦʚʢʝ - 20%, ʰʪʘʤʧʦʚʢʝ ʂʦʤʧʘʣ-301 ʧʨʘʢʪʠʯʝʩʢʠ ʦʪʩʫʪʩʪʚʫʝʪ. ʆʯʘʛʦʤ 

ʨʘʟʨʫʰʝʥʠʷ ʦʙʨʘʟʮʦʚ ʷʚʠʣʠʩʴ  ʩʢʦʧʣʝʥʠʷ ʯʘʩʪʠʮ ʢʨʝʤʥʠʷ ʠʣʠ ʚʢʣʶʯʝʥʠʷ Fe-ʩʦʜʝʨʞʘʱʝʡ ʬʘʟʳ ʨʘʟʤʝʨʘʤʠ   

ʜʦ   30-40  ʤʢʤ. ʅʘ ʚʩʝʭ ʦʙʨʘʟʮʘʭ ʠʟʣʦʤ ʤʘʪʨʠʮʳ ʚʷʟʢʠʡ ʷʤʦʯʥʳʡ. ʈʘʟʨʫʰʝʥʠʝ ʧʦ ʚʢʣʶʯʝʥʠʷʤ ʭʨʫʧʢʦʝ, 

ʩʢʦʣʦʤ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʰʪʘʤʧʦʚʢʠ ʟʘʵʚʪʝʢʪʠʯʝʩʢʠʭ ʘʣʶʤʦʤʘʪʨʠʯʥʳʭ ʂʄ, 

ʩʦʜʝʨʞʘʱʠʭ ʜʦ 50% (ʦʙ.) ʢʨʝʤʥʠʷ. ɼʝʬʦʨʤʘʮʠʷ ʧʨʠ ʰʪʘʤʧʦʚʢʝ ʂʄ ʨʘʟʚʠʚʘʝʪʩʷ ʧʦ ʩʘʤʦʦʨʛʘʥʠʟʫʶʱʠʤʩʷ 

ʚʳʜʝʣʝʥʠʷʤ ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʦʣʝʝ ʧʣʘʩʪʠʯʥʦʡ ʬʘʟʳ, ʚʦʟʤʦʞʥʦ, ʵʚʪʝʢʪʠʢʠ Ŭ(Al) ï Al 3Ni. ʐʪʘʤʧʦʚʢʘ 

ʫʣʫʯʰʘʝʪ ʩʭʚʘʪʳʚʘʝʤʦʩʪʴ ʯʘʩʪʠʮ ʧʦʨʦʰʢʘ, ʧʦʚʳʰʘʷ ʥʘʜʝʞʥʦʩʪʴ ʤʘʪʝʨʠʘʣʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʛʦʨʷʯʝʧʨʝʩʩʦʚʘʥʥʳʤ ʙʨʠʢʝʪʦʤ. 

ʃʠʪʝʨʘʪʫʨʘ 
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POWDER METALLURGY OF  INTERMETALLIC COMP OUNDS OF SYSTEM NB-AL  

Kasimtsev A.V., Yudin S.N. 

 
Dense compact samples of niobium aluminide (Nb3Al, Nb2Al and NbAl3) with high chemical and phase 

homogeneity were obtained by powder metallurgy. Powder metallurgy intermetallic compounds Nb-Al system 

consists of two main stages: powder synthesis of the corresponding intermetallic by hydride-calcium method and 

its subsequent consolidation. On derived compact samples identified some mechanical and physical properties. 

 

ʀʥʪʝʨʤʝʪʘʣʣʠʜʳ ʩʠʩʪʝʤʳ Nb-Al : Nb2Al, NbAl 3 ʠ, ʦʩʦʙʝʥʥʦ, Nb3Al, ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʢʘʢ ʦʩʥʦʚʘ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʞʘʨʦʧʨʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚʟʘʤʝʥ ʩʫʱʝʩʪʚʫʶʱʠʭ ʥʠʢʝʣʝʚʳʭ ʩʧʣʘʚʦʚ. 

ɼʘʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʦʪʣʠʯʘʶʪʩʷ ʜʦʚʦʣʴʥʦ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ ʧʣʘʚʣʝʥʠʷ 2213, 1953 ʠ 2333 ʂ ʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʦʡ ʧʣʦʪʥʦʩʪʴʶ 6,87, 4,50 ʠ 7,29 ʛ/ʩʤ3 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʆʜʥʘʢʦ ʨʘʟʨʘʙʦʪʢʘ ʠ ʧʨʠʤʝʥʝʥʠʝ 

ʵʪʠʭ ʤʘʪʝʨʠʘʣʦʚ ʩʜʝʨʞʠʚʘʝʪʩʷ ʩʣʦʞʥʦʩʪʴʶ ʧʦʣʫʯʝʥʠʷ ʟʘʛʦʪʦʚʦʢ ʠ ʧʦʣʫʬʘʙʨʠʢʘʪʦʚ ʥʝʦʙʭʦʜʠʤʦʛʦ 

ʢʘʯʝʩʪʚʘ. ʊʨʘʜʠʮʠʦʥʥʳʝ ʤʝʪʦʜʳ ʚʘʢʫʫʤʥʦʡ ʤʝʪʘʣʣʫʨʛʠʠ ʠʟ-ʟʘ ʙʦʣʴʰʦʡ ʨʘʟʥʦʩʪʠ ʚ ʩʚʦʡʩʪʚʘʭ 

ʢʦʤʧʦʥʝʥʪʦʚ, ʣʠʢʚʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʘʭ ʧʨʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʩʣʠʪʢʦʚ ʥʝ ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʘʪʴ ʩʧʣʘʚʳ ʥʘ 

ʦʩʥʦʚʝ ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʚ ʩ ʨʝʛʫʣʠʨʫʝʤʦʡ ʩʪʨʫʢʪʫʨʦʡ ʠ ʥʝʦʙʭʦʜʠʤʦʡ ʛʦʤʦʛʝʥʥʦʩʪʴʶ ʧʦ ʬʘʟʦʚʦʤʫ ʩʦʩʪʘʚʫ. 

ʈʝʰʝʥʠʝ ʵʪʦʡ ʧʨʦʙʣʝʤʳ ʚʦʟʤʦʞʥʦ, ʧʨʠʤʝʥʷʷ ʧʦʨʦʰʢʦʚʫʶ ʤʝʪʘʣʣʫʨʛʠʶ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʠʟ 

ʠʩʭʦʜʥʳʭ ʧʦʨʦʰʢʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʤʝʪʦʜʘʤʠ ʢʦʥʩʦʣʠʜʘʮʠʠ (ʧʨʝʩʩʦʚʘʥʠʝ, ʩʧʝʢʘʥʠʝ, ʵʢʩʪʨʫʟʠʷ, ɻʀʇ ʠ 

ʪ.ʜ.) ʧʦʣʫʯʘʪʴ ʧʣʦʪʥʳʝ ʢʦʤʧʘʢʪʥʳʝ ʟʘʛʦʪʦʚʢʠ ʩ ʥʝʦʙʭʦʜʠʤʳʤ ʫʨʦʚʥʝʤ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʚʦʡʩʪʚ. ɼʣʷ 

ʩʦʝʜʠʥʝʥʠʡ ʩʠʩʪʝʤʳ Nb-Al  ʘʚʪʦʨʘʤʠ ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ʪʝʭʥʦʣʦʛʠʷ, ʚʢʣʶʯʘʶʱʘʷ ʩʣʝʜʫʶʱʠʝ ʦʩʥʦʚʥʳʝ 

ʦʧʝʨʘʮʠʠ: ʤʝʪʘʣʣʦʪʝʨʤʠʯʝʩʢʠʡ (ʛʠʜʨʠʜʥʦ-ʢʘʣʴʮʠʝʚʳʡ) ʩʠʥʪʝʟ ʧʦʨʦʰʢʦʚ ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʚ ʠ 

ʢʦʤʧʘʢʪʠʨʦʚʘʥʠʝ ʚ ʪʚʝʨʜʦʡ ʬʘʟʝ ʩ ʧʦʣʫʯʝʥʠʝʤ ʧʣʦʪʥʳʭ, ʧʨʘʢʪʠʯʝʩʢʠ ʙʝʩʧʦʨʠʩʪʳʭ ʟʘʛʦʪʦʚʦʢ. 

ɻʠʜʨʠʜʥʦ-ʢʘʣʴʮʠʝʚʳʡ ʧʨʦʮʝʩʩ ʧʦʣʫʯʝʥʠʷ ʧʦʨʦʰʢʦʚ ʘʣʶʤʠʥʠʜʦʚ ʥʠʦʙʠʷ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ, 

ʥʘʧʨʠʤʝʨ, ʜʣʷ ʩʦʝʜʠʥʝʥʠʷ Nb3Al  ʚ ʚʠʜʝ ʩʣʝʜʫʶʱʝʡ ʨʝʘʢʮʠʠ [1, 2]: 

3Nb2O5 + Al2O3 + 18CaH2 Ÿ 2Nb3Al + 18CaO + 18H2ŷ, 

ʢʦʪʦʨʘʷ ʧʨʦʚʦʜʠʪʩʷ ʧʨʠ 1100-1200 Áʉ. ɼʣʷ ʫʜʘʣʝʥʠʷ ʦʢʩʠʜʘ ʢʘʣʴʮʠʷ ʠʟ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ ʧʨʦʚʦʜʷʪ 

ʤʦʢʨʦʝ ʚʳʱʝʣʘʯʠʚʘʥʠʝ ʚʦʜʦʡ ʠ ʨʘʩʪʚʦʨʦʤ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʦʡ. ɻʦʪʦʚʳʡ ʧʦʨʦʰʦʢ ʧʦʜʚʝʨʛʘʝʪʩʷ ʩʫʰʢʝ ʠ 

ʨʘʩʩʝʚʫ. ʇʦʣʫʯʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʧʘʨʪʠʠ ʧʦʨʦʰʢʦʚ Nb3Al, Nb2Al, NbAl 3. ɺ ʪʘʙʣʠʮʝ 1 ʧʨʠʚʝʜʝʥʳ 

ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ, ʘ ʚ ʪʘʙʣʠʮʝ 2 ï ʥʝʢʦʪʦʨʳʝ ʬʠʟʠʯʝʩʢʠʝ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʦʨʦʰʢʦʚ 

ʘʣʶʤʠʥʠʜʦʚ. 

ʊʘʙʣʠʮʘ 1 ï ʍʠʤʠʯʝʩʢʠʡ ʠ ʬʘʟʦʚʳʡ ʩʦʩʪʘʚ ʧʦʨʦʰʢʦʚ ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʚ ʩʠʩʪʝʤʳ Nb-Al  
ʄʘʪʝʨʠʘʣ ʊʠʧ ʨʝʰʸʪʢʠ ʌʘʟʦʚʳʡ ʩʦʩʪʘʚ % ʤʘʩʩ. ʇʝʨʠʦʜ, ʥʤ 

Nb3Al ɸ15 
Nb3AlH x 

Nb3AlH x 

40 

60 

a = 0,5238 

a = 0,5312 

Nb2Al D8b Nb2Al 100 a =1,0063; c = 0,5239 

NbAl3 
D022 

D8b 

NbAl3 

Nb2Al 

90 

10 

a = 0,3841; c = 0,8612 

a = 0,9974; c = 0,5208 

ʄʘʪʝʨʠʘʣ ʄʘʩʩʦʚʘʷ ʜʦʣʷ, % 
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Nb Al  Ca O N C H 

Nb3Al 

ʦʩʥʦʚʘ 

6,45 0,1 0,26 0,028 0,067 0,38 

Nb2Al 12,47 0,1 0,540 0,069 0,111 0,053 

NbAl3 43,0 0,1 0,176 0,0075 0,050 0,035 

ʊʘʙʣʠʮʘ 2 ï ʌʠʟʠʯʝʩʢʠʝ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʦʨʦʰʢʦʚ ʩʦʝʜʠʥʝʥʠʡ Nb-Al  

ʄʘʪʝʨʠʘʣ ʌʦʨʤʘ ʯʘʩʪʠʮ 
ʉʨʝʜʥʠʡ ʨʘʟʤʝʨ 

ʯʘʩʪʠʮ, ʤʢʤ 

ʇʣʦʪʥʦʩʪʴ, ʛ/ʩʤ3 

ʊʝʢʫʯʝʩʪʴ, ʩ (50 

ʛ, Ï2,5 ʤʤ) ʥʘʩʳʧʥʘʷ 
ʧʦʩʣʝ 

ʫʪʨʷʩʢʠ 

Nb3Al ʈʘʚʥʦʦʩʥʘʷ ʫ ʦʪʜʝʣʴʥʳʭ ʯʘʩʪʠʮ 

ʠ ʛʫʙʯʘʪʘʷ ʫ ʢʦʥʛʣʦʤʝʨʘʪʘ 

ʧʦʨʦʰʠʥʦʢ 

2,4 2,04 2,57 

ʅʝ ʪʝʯʸʪ 
Nb2Al 2,7 1,44 1,94 

NbAl3 
ʂʨʫʧʥʳʝ ʧʦʣʠʵʜʨʠʯʝʩʢʠʝ 

ʯʘʩʪʠʮʳ ʠ ʠʭ ʢʦʥʛʣʦʤʝʨʘʪʳ 
13,1 2,20 2,24 

ʂʦʤʧʘʢʪʠʨʦʚʘʥʠʝ ʧʦʨʦʰʢʘ Nb3Al  ʢʘʢ ʤʝʪʦʜʦʤ ʧʨʝʩʩʦʚʘʥʠʝ + ʩʧʝʢʘʥʠʝ (1693 ʠ 2173 ʂ), ʪʘʢ ʠ 

ʤʝʪʦʜʦʤ ʠʩʢʨʦʚʦʛʦ ʧʣʘʟʤʝʥʥʦʛʦ ʩʧʝʢʘʥʠʷ (ʀʇʉ) ʧʦʟʚʦʣʷʝʪ ʠʟʛʦʪʦʚʠʪʴ ʢʦʤʧʘʢʪʥʳʝ ʦʙʨʘʟʮʳ. ʉʧʝʢʘʥʠʝ 

ʧʨʝʩʩʦʚʘʥʥʳʭ ʦʙʨʘʟʮʦʚ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1693 ʂ (0,72Tʧʣ) ʥʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʣʫʯʝʥʠʝ ʧʣʦʪʥʳʭ ʟʘʛʦʪʦʚʦʢ, 

ʧʦʨʠʩʪʦʩʪʴ ʦʩʪʘʸʪʩʷ ʥʘ ʫʨʦʚʥʝ 20 %, ʫʚʝʣʠʯʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʩʧʝʢʘʥʠʷ ʜʦ 2173 ʂ (0,93Tʧʣ) ʩʦʢʨʘʱʘʝʪ 

ʧʦʨʠʩʪʦʩʪʴ ʜʦ 5-7 %. ʀʇʉ ʧʦʨʦʰʢʦʚ ʘʣʶʤʠʥʠʜʦʚ ʥʠʦʙʠʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʣʫʯʝʥʠʝ ʧʣʦʪʥʳʭ ʦʙʨʘʟʮʦʚ ʩ 

ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʧʣʦʪʥʦʩʪʴʶ ~100 %. 

ʇʦʩʣʝ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʩʧʝʢʘʥʠʷ (2173 ʂ), ʘ ʪʘʢʞʝ ʀʇʉ ʧʦʨʦʰʢʘ Nb3Al  ʢʦʤʧʘʢʪʥʳʝ ʦʙʨʘʟʮʳ 

ʠʤʝʶʪ ʩʣʝʜʫʶʱʠʡ ʬʘʟʦʚʳʡ ʩʦʩʪʘʚ: Nb3Al  (ʘ = 0,5192 ʥʤ) ʠ 10-20 % ʤʘʩʩ. ʪʚʸʨʜʦʛʦ ʨʘʩʪʚʦʨʘ ʥʘ ʦʩʥʦʚʝ 

Nb(Al), ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʥʝʢʦʪʦʨʳʤ ʠʩʧʘʨʝʥʠʝʤ ʘʣʶʤʠʥʠʷ. ɿʥʘʯʠʪʝʣʴʥʳʭ ʠʟʤʝʥʝʥʠʡ ʚ ʬʘʟʦʚʦʤ ʩʦʩʪʘʚʝ 

ʢʦʤʧʘʢʪʥʳʭ ʦʙʨʘʟʮʦʚ ʧʨʠ ʀʇʉ ʧʦʨʦʰʢʦʚ Nb2Al  ʠ NbAl3 ʟʘʬʠʢʩʠʨʦʚʘʥʦ ʥʝ ʙʳʣʦ. ʇʨʠ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʤ (2173 ʂ) ʩʧʝʢʘʥʠʠ ʧʦʨʦʰʢʘ Nb3Al  ʧʨʦʠʩʭʦʜʠʪ ʨʘʬʠʥʠʨʦʚʘʥʠʝ ʤʘʪʝʨʠʘʣʘ ʦʪ ʣʝʛʢʠʭ 

ʵʣʝʤʝʥʪʦʚ (O, N, C, H), ʦʩʦʙʝʥʥʦ ʚʦʜʦʨʦʜʘ, ʢʦʥʮʝʥʪʨʘʮʠʷ ʢʦʪʦʨʦʛʦ ʧʘʜʘʝʪ ʜʦ ʪʳʩʷʯʥʳʭ ʜʦʣʝʡ ʧʨʦʮʝʥʪʘ. 

ʇʦʩʣʝ ʀʇʉ ʧʦʨʦʰʢʦʚ Nb3Al, Nb2Al  ʠ NbAl3 ʢʦʥʮʝʥʪʨʘʮʠʷ O, N ʠ C ʦʩʪʘʸʪʩʷ ʥʘ ʪʦʤ ʞʝ ʫʨʦʚʥʝ, ʯʪʦ ʠ ʫ 

ʠʩʭʦʜʥʳʭ ʧʦʨʦʰʢʦʚ, ʦʜʥʘʢʦ ʧʨʦʠʩʭʦʜʠʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʫʤʝʥʴʰʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʦʜʦʨʦʜʘ ʪʘʢʞʝ ʜʦ 

ʪʳʩʷʯʥʳʭ ʜʦʣʝʡ ʧʨʦʮʝʥʪʘ. 

ɺ ʪʘʙʣʠʮʝ 3 ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʝʢʦʪʦʨʳʝ ʩʚʦʡʩʪʚʘ ʢʦʤʧʘʢʪʥʳʭ ʦʙʨʘʟʮʦʚ ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʚ Nb3Al , Nb2Al  

ʠ NbAl3. 

ʊʘʙʣʠʮʘ 3 ï ʅʝʢʦʪʦʨʳʝ ʩʚʦʡʩʪʚʘ ʢʦʤʧʘʢʪʥʳʭ ʘʣʶʤʠʥʠʜʦʚ ʩʠʩʪʝʤʳ Nb-Al  

ʄʘʪʝʨʠʘʣ 
ʊʝʭʥʦʣʦʛʠʷ 

ʢʦʤʧʘʢʪʠʨʦʚʘʥʠʷ 

ůʚʩʞ, ʄʇʘ 

(20 ÁC) 

Ŭ, 10-6, ʛʨʘʜ-1 

(100 ï 1550 ÁC) 

HV 

(2 ʅ, 30 ʩ) 
ɟ, ʆʤĀʩʤ 

Nb3Al 
ʇ+ʉ (2173 ʂ) - - - 4,8Ŀ10-5 

ʀʇʉ 1770 12,48 950 ï 1000 - 

Nb2Al 
ʀʇʉ 

1028 14,10 1040 ï 1080 - 

NbAl3 1330 16,81 770 ï 830 - 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʨʦʰʢʦʚʘʷ ʤʝʪʘʣʣʫʨʛʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʛʠʜʨʠʜʥʦ-ʢʘʣʴʮʠʝʚʳʭ ʧʦʨʦʰʢʦʚʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʢʦʤʧʘʢʪʥʳʝ ʦʙʨʘʟʮʳ ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʚ Nb3Al , Nb2Al  ʠ NbAl3 ʩ ʟʘʜʘʥʥʳʤʠ 

ʬʘʟʦʚʳʤ ʠ ʭʠʤʠʯʝʩʢʠʤ ʩʦʩʪʘʚʦʤ, ʘ ʪʘʢʞʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʠʤ ʫʨʦʚʥʝʤ ʛʘʟʦʦʙʨʘʟʫʶʱʠʭ ʧʨʠʤʝʩʝʡ (O, 

N, C, H). 

ʃʠʪʝʨʘʪʫʨʘ 

ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʨʦʰʢʘ ʠʥʪʝʨʤʝʪʘʣʣʠʜʘ Nb3Al, 

ʧʦʣʫʯʝʥʥʦʛʦ ʛʠʜʨʠʜʥʦ-ʢʘʣʴʮʠʝʚʳʤ ʤʝʪʦʜʦʤ / ɸ.ɺ. ʂʘʩʠʤʮʝʚ, ʉ.ʅ. ʖʜʠʥ, ɻ.ɺ. ʄʘʨʢʦʚʘ, ʊ.ɸ. ʉʚʠʨʠʜʦʚʘ, 
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IMPACT TOUGNESS AND CHARACTERISTIC OF DESTRA CTION  

OF HYBRID COMPOSITE MATERIALS  

Kudinov V.V., Krylov I.K., Korneeva N.V., Mamonov V.I.  

 
By means of Impact Break (IB) method, effect of the ratio of the carbon fibers (CF) and ultra-high molecular 

weight polyethylene (UHMWPE) fibers contained in a hybrid fiber on the impact toughness and strength of the 

hybrid composites (HCM) has been investigated. At the ratio of CF: UHMWPE = 50:50, HCM impact toughness 

and strength values were increased by a factor 2 and 1.5, respectively. At the ratio of CF: UHMWPE = 20:80, the 

CF and UHMWPE-fibers in HCM are no longer deformed and broken down simultaneously. At first CF and then 

UHMWPE-fiber are broken down. Effect of the delay of destruction of HCM on the base of CF and UHMWPE-

fibers is ascertained. 

 

ʋʜʘʨʥʘʷ ʚʷʟʢʦʩʪʴ ʨʘʟʨʫʰʝʥʠʷ ʦʜʥʘ ʠʟ ʛʣʘʚʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, 

ʦʧʨʝʜʝʣʷʶʱʘʷ ʚʦʟʤʦʞʥʦʩʪʴ ʠʭ ʧʨʠʤʝʥʝʥʠʷ ʚ ʢʦʥʩʪʨʫʢʮʠʷʭ. ʋʜʘʨʥʘʷ ʚʷʟʢʦʩʪʴ ʠʤʝʝʪ ʦʩʦʙʝʥʥʦ ʙʦʣʴʰʦʝ 

ʟʥʘʯʝʥʠʝ ʚ ʠʟʜʝʣʠʷʭ ʠʟ ʫʛʣʝʧʣʘʩʪʠʢʦʚ (ʋʇ), ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʘʚʠʘʮʠʠ, ʚʝʨʪʦʣʸʪʘʭ, ʘʚʪʦʤʦʙʠʣʷʭ, 

ʩʫʜʘʭ ʠ ʧʦʜʚʝʨʛʘʶʪʩʷ ʜʠʥʘʤʠʯʝʩʢʠʤ ʠ ʫʜʘʨʥʳʤ ʥʘʛʨʫʟʢʘʤ. ʋʇ ʠʤʝʶʪ ʩʫʱʝʩʪʚʝʥʥʳʡ ʥʝʜʦʩʪʘʪʦʢ: ʥʠʟʢʫʶ 

ʫʜʘʨʥʫʶ ʚʷʟʢʦʩʪʴ ʠ ʭʨʫʧʢʦ-ʦʩʢʦʣʦʯʥʦʝ ʨʘʟʨʫʰʝʥʠʝ ʩ ʦʪʜʝʣʝʥʠʝʤ ʬʨʘʛʤʝʥʪʦʚ ʢʦʥʩʪʨʫʢʮʠʠ. 

ʉʧʦʩʦʙʳ ʧʦʚʳʰʝʥʠʷ ʫʜʘʨʥʦʡ ʚʷʟʢʦʩʪʠ ʋʇ ʚ ʦʩʥʦʚʥʦʤ ʙʘʟʠʨʫʶʪʩʷ ʥʘ ʛʠʙʨʠʜʠʟʘʮʠʠ ʤʘʪʝʨʠʘʣʦʚ. ɺ 

ʩʦʩʪʘʚ ʢʦʤʧʦʟʠʪʘ ʦʜʥʦʚʨʝʤʝʥʥʦ ʚʚʦʜʷʪʩʷ ʭʨʫʧʢʠʝ ʫʛʣʝʨʦʜʥʳʝ ʚʦʣʦʢʥʘ (ʋɺ) ʠ ʵʣʘʩʪʠʯʥʳʝ ʚʦʣʦʢʥʘ ʠʟ 

ʩʚʝʨʭʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʦʛʦ ʧʦʣʠʵʪʠʣʝʥʘ (ʉɺʄʇʕ). ʇʫʪʸʤ ʯʝʨʝʜʦʚʘʥʠʷ ʩʣʦʸʚ ʪʢʘʥʝʡ ʠʟ ʋɺ ʠ ʉɺʄʇʕ-

ʚʦʣʦʢʦʥ ʩʦʟʜʘʶʪ ʛʠʙʨʠʜʥʳʡ ʢʦʤʧʦʟʠʮʠʦʥʥʳʡ ʤʘʪʝʨʠʘʣ (ɻʂʄ) ʩ ʧʦʚʳʰʝʥʥʳʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʫʜʘʨʥʦʤʫ 

ʥʘʛʨʫʞʝʥʠʶ [1]. ɼʣʷ ʩʦʟʜʘʥʠʷ ɻʂʄ ʚʦʟʤʦʞʥʦ ʪʘʢʞʝ ʧʨʠʤʝʥʝʥʠʝ ʛʠʙʨʠʜʥʦʡ ʪʢʘʥʠ, ʩʧʣʝʪʸʥʥʦʡ ʠʟ ʩʪʝʢʣʦ-

, ʫʛʣʝʨʦʜʥʳʭ ʠ ʉɺʄʇʕ-ʪʢʘʥʝʡ [2]. ʅʝʜʦʩʪʘʪʢʦʤ ʵʪʠʭ ʤʝʪʦʜʦʚ ʠ ʤʘʪʝʨʠʘʣʦʚ ʷʚʣʷʝʪʩʷ ʤʘʣʳʡ ʵʬʬʝʢʪ ʦʪ 

ʛʠʙʨʠʜʠʟʘʮʠʠ ʠʟ-ʟʘ ʨʘʟʥʠʮʳ ʚ ʤʦʜʫʣʝ ʠ ʜʝʬʦʨʤʘʮʠʠ ʋɺ ʠ ʉɺʄʇʕ-ʚʦʣʦʢʦʥ, ʢʦʪʦʨʘʷ ʩʦʩʪʘʚʣʷʝʪ ~ 1,77 % 

ʠ  ~ 3,6-3,8 %, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʨʠ ʥʘʛʨʫʞʝʥʠʠ ʵʪʠʭ ʤʘʪʝʨʠʘʣʦʚ ʩʥʘʯʘʣʘ ʨʘʟʨʫʰʘʶʪʩʷ ʋɺ, ʘ ʟʘʪʝʤ 

ʉɺʄʇʕ-ʚʦʣʦʢʥʘ. ɺʦʣʦʢʥʘ ʨʘʟʣʠʯʥʦʛʦ ʪʠʧʘ ʚ ʪʘʢʠʭ ɻʂʄ ʥʝ ʨʘʙʦʪʘʶʪ ʩʦʚʤʝʩʪʥʦ. 

ɼʣʷ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʚʦʡʩʪʚ ʚʦʣʦʢʦʥ ʠʟ ʤʘʪʝʨʠʘʣʦʚ ʨʘʟʣʠʯʥʦʡ ʭʠʤʠʯʝʩʢʦʡ ʧʨʠʨʦʜʳ 

ʥʝʦʙʭʦʜʠʤʦ ʨʘʩʧʦʣʘʛʘʪʴ ʠʭ ʤʘʢʩʠʤʘʣʴʥʦ ʙʣʠʟʢʦ ʜʨʫʛ ʢ ʜʨʫʛʫ, ʯʪʦ ʚʦʟʤʦʞʥʦ ʧʨʠ ʩʦʚʤʝʱʝʥʠʠ ʨʘʟʥʳʭ 

ʚʦʣʦʢʦʥ ʚ ʦʜʥʦʤ ʛʠʙʨʠʜʥʦʤ ʚʦʣʦʢʥʝ. ʉʚʦʡʩʪʚʘʤʠ ʛʠʙʨʠʜʥʦʛʦ ʚʦʣʦʢʥʘ ʤʦʞʥʦ ʫʧʨʘʚʣʷʪʴ, ʨʝʛʫʣʠʨʫʷ 

ʩʦʜʝʨʞʘʥʠʝ ʚʭʦʜʷʱʠʭ ʚ ʥʝʛʦ ʚʦʣʦʢʦʥ [3]. ʎʝʣʴ ʨʘʙʦʪʳ - ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʩʦʦʪʥʦʰʝʥʠʷ ʋɺ ʠ 

ʉɺʄʇʕ-ʚʦʣʦʢʦʥ ʚ ʛʠʙʨʠʜʥʦʤ ʚʦʣʦʢʥʝ ʥʘ ʝʛʦ ʫʜʘʨʥʫʶ ʚʷʟʢʦʩʪʴ ʠ ʜʨʫʛʠʝ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ. 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʚʦʡʩʪʚ ɻʂʄ ʨʘʟʨʘʙʦʪʘʥ ʤʝʪʦʜ ñʨʘʟʨʳʚ ʫʜʘʨʦʤò (Impact break IB) [3,4]. ʄʝʪʦʜ IB 

ʫʯʠʪʳʚʘʝʪ ʘʥʠʟʦʪʨʦʧʥʫʶ ʩʪʨʫʢʪʫʨʫ ʤʘʪʝʨʠʘʣʘ. ʅʘʛʨʫʟʢʘ ʦʪ ʫʜʘʨʘ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʚʦʣʦʢʥʦ, ʥʘʭʦʜʷʱʝʝʩʷ ʚ 

ʤʘʪʨʠʮʝ, ʢʦʪʦʨʘʷ ʧʝʨʝʜʘʸʪ ʝʸ ʥʘ ʚʦʣʦʢʥʦ. ʆʩʦʙʝʥʥʦʩʪʴ ʤʝʪʦʜʘ IB ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʦʙʨʘʟʝʮ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʤʠʢʨʦʧʣʘʩʪʠʢ ʩ ʢʦʥʮʝʚʳʤʠ ʟʘʢʨʝʧʣʝʥʠʷʤʠ, ʞʸʩʪʢʦ ʟʘʬʠʢʩʠʨʦʚʘʥʥʳʤʠ ʚ ʢʦʧʨʝ ʧʨʠ ʫʜʘʨʝ, ʢʦʪʦʨʳʡ 

ʥʘʥʦʩʠʪʩʷ ʧʦ ʝʛʦ ʮʝʥʪʨʫ. ʇʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʪʘʪʠʢʦʡ, ʩʢʦʨʦʩʪʴ ʧʨʠ ʥʘʛʨʫʞʝʥʠʠ ʤʝʪʦʜʦʤ IB ʫʚʝʣʠʯʠʚʘʝʪʩʷ 

ʚ ~104 ʨʘʟ ʩ 5 ʤʤ/ʤʠʥ ʜʦ 5,25 ʤ/ʩ, ʯʪʦ ʚʝʜʸʪ ʢ ʠʟʤʝʥʝʥʠʶ ʢʘʢ ʤʝʭʘʥʠʟʤʦʚ, ʪʘʢ ʠ ʭʘʨʘʢʪʝʨʘ ʨʘʟʨʫʰʝʥʠʷ 

ɻʂʄ. ʇʨʠ ʠʩʧʳʪʘʥʠʷʭ ʠʟʤʝʨʷʶʪ ʩʠʣʫ ʠ ʵʥʝʨʛʠʶ ʫʜʘʨʘ, ʜʝʬʦʨʤʘʮʠʶ ʦʙʨʘʟʮʘ ʠ ʜʣʠʪʝʣʴʥʦʩʪʴ ʧʨʦʮʝʩʩʘ 

ʝʛʦ ʨʘʟʨʫʰʝʥʠʷ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʯʠʪʘʪʴ ʫʜʘʨʥʫʶ ʚʷʟʢʦʩʪʴ, ʧʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʧʨʠ ʨʘʟʨʫʰʝʥʠʠ, 

ʩʜʚʠʛʦʚʫʶ ʧʨʦʯʥʦʩʪʴ ʩʦʝʜʠʥʝʥʠʷ ʚʦʣʦʢʥʘ ʩ ʤʘʪʨʠʮʝʡ, ʦʪʥʦʩʠʪʝʣʴʥʫʶ ʜʝʬʦʨʤʘʮʠʶ ʠ ʜʨ. ʩʚʦʡʩʪʚʘ. 

ɺ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʣʠ ʋɺ TenaxÑ ï J HTA40E13 3ʂ 200 tex (Toho Tenax, ʗʧʦʥʠʷ) ʠ ʉɺʄʇʕ-

ʚʦʣʦʢʥʦ DyneemaÑSK-75 (DSM, ɻʦʣʣʘʥʜʠʷ) (ʪʘʙʣ. 1). ʄʘʪʨʠʮʝʡ ʩʣʫʞʠʣʘ ʵʧʦʢʩʠʜʥʘʷ ʩʤʦʣʘ ʤʘʨʢʠ ʅʊ2 ʩ 

ʦʪʚʝʨʜʠʪʝʣʝʤ ʅʊ2 (PoxySystems, ɻʝʨʤʘʥʠʷ) ʠ ʧʣʘʩʪʠʬʠʢʘʪʦʨʦʤ ʕɼʆʉ. 

ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʨʦʚʦʜʠʣʠ ʥʘ ʛʠʙʨʠʜʥʳʭ ʚʦʣʦʢʥʘʭ, ʢʦʪʦʨʳʝ ʧʦʣʫʯʘʣʠ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ʚ ʩʦʩʪʘʚ 

ʋɺ ʚʚʦʜʠʣʠ ʉɺʄʇʕ-ʚʦʣʦʢʥʦ ʚ ʢʦʣʠʯʝʩʪʚʝ: 20, 50 ʠ 80% (ʧʦ ʦʙʲʸʤʫ). ɼʣʷ ʩʙʣʠʞʝʥʠʷ ʋɺ ʠ ʉɺʄʇʕ-

ʚʦʣʦʢʦʥ ʚ ʛʠʙʨʠʜʥʦʤ ʚʦʣʦʢʥʝ ʝʛʦ ʩʢʨʫʯʠʚʘʣʠ (33 ʦʙ/ʤ) ʠ ʠʟʛʦʪʘʚʣʠʚʘʣʠ ʠʟ ʥʝʛʦ ʦʙʨʘʟʮʳ ʤʠʢʨʦʧʣʘʩʪʠʢʦʚ, 

ʩʦʜʝʨʞʘʱʠʝ 50-60% ʤʘʪʨʠʮʳ ʠ ʥʝʩʢʦʣʴʢʦ ʪʳʩʷʯ ʬʠʣʘʤʝʥʪʦʚ ʛʠʙʨʠʜʥʦʛʦ ʚʦʣʦʢʥʘ. ʕʪʦ ʙʳʣʠ ʩʪʝʨʞʥʠ ʩ 

ʨʘʟʤʝʨʘʤʠ: L = 68 ʤʤ; l = 24 ʤʤ; d = 1,7 ʤʤ. 

ʊʘʙʣʠʮʘ 1. ʉʚʦʡʩʪʚʘ ʋɺ TenaxÑ ï J HTA40E13 3ʂ 200 tex  ʠ ʉɺʄʇʕ-ʚʦʣʦʢʦʥ DyneemaÑSK-75  

ɺʦʣʦʢʥʦ g, ʛ/ʩʤ3 s, ɻʇʘ ɽ, ɻʇʘ e, % 
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ʋɺ 1,77 4,18 236 1,77 

SK-75 0,97 3,4 ï 3,5 110 3,8 

ʀʩʧʳʪʘʥʠʷ ʧʨʦʚʦʜʠʣʠ ʧʫʪʸʤ ʧʦʧʝʨʝʯʥʦʛʦ ʫʜʘʨʘ ʦʙʨʘʟʮʘ ʥʘ ʤʘʷʪʥʠʢʦʚʦʤ ʢʦʧʨʝ Roell Amsler RKP-

450 ʩ PC ʠ ʟʘʧʠʩʴʶ ʜʠʥʘʤʠʯʝʩʢʦʡ ʢʨʠʚʦʡ ñʥʘʛʨʫʟʢʘ ï ʜʝʬʦʨʤʘʮʠʷò (ʥʘʛʨʫʟʢʘ ï ʧʨʦʛʠʙ). ʋʜʘʨʥʠʢ ʢʦʧʨʘ ʚ 

ʤʝʩʪʝ ʫʜʘʨʘ ʠʤʝʣ ʨʘʜʠʫʩ ʟʘʢʨʫʛʣʝʥʠʷ 3 ʤʤ. ʉʢʦʨʦʩʪʴ ʫʜʘʨʘ ʩʦʩʪʘʚʣʷʣʘ ~ 5,25 ʤ/ʩ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ 

ʜʘʥʥʳʝ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ.1 ʠ ʚ ʪʘʙʣ. 2. 

ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʜʦʙʘʚʣʝʥʠʝ ʢ ʋɺ ʪʦʣʴʢʦ 20 % ʉɺʄʇʕ-ʚʦʣʦʢʥʘ (ʨʠʩ. 1, 

ʢʨʠʚʘʷ 2; ʪʘʙʣ. 2) ʧʦʚʳʰʘʝʪ ʫʜʘʨʥʫʶ ʚʷʟʢʦʩʪʴ a ʛʠʙʨʠʜʘ ʩ 81 ʜʦ 96 ɼʞ/ʩʤ2, ʪʦ ʝʩʪʴ ʥʘ 20%; ʘ ʝʛʦ ʧʨʦʯʥʦʩʪʴ 

s ʚʦʟʨʘʩʪʘʝʪ ʩ 950 ʜʦ 1189 ʄʇʘ, ʪʦ ʝʩʪʴ ʥʘ 25%. ʋɺ ʠ ʉɺʄʇʕ-ʚʦʣʦʢʥʦ ʚ ʛʠʙʨʠʜʝ ʜʝʬʦʨʤʠʨʫʶʪʩʷ 

ʩʦʚʤʝʩʪʥʦ ʠ ʨʘʟʨʫʰʘʶʪʩʷ ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʨʠ ʜʝʬʦʨʤʘʮʠʠ e = 1,44 %. 

ɼʘʣʴʥʝʡʰʝʝ ʫʚʝʣʠʯʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʉɺʄʇʕ-ʚʦʣʦʢʥʘ ʚ ʛʠʙʨʠʜʝ ʜʦ 50% (ʨʠʩ. 1, ʢʨʠʚʘʷ 3; ʪʘʙʣ. 2)  

ʧʦʚʳʰʘʝʪ ʝʛʦ ʫʜʘʨʥʫʶ ʚʷʟʢʦʩʪʴ a ʩ 81 ʜʦ 161 ɼʞ/ʩʤ2, ʪʦ ʝʩʪʴ ʚ 2 ʨʘʟʘ, ʘ ʧʨʦʯʥʦʩʪʴ s ʩ 950 ʜʦ 1416 ʄʇʘ, 

ʪʦ ʝʩʪʴ ʚ 1,5 ʨʘʟʘ. ʇʨʠ ʵʪʦʤ ʥʝʩʢʦʣʴʢʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʜʝʬʦʨʤʘʮʠʦʥʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʤʘʪʝʨʠʘʣʘ ʜʦ 1,98 %. 

ɺʦʣʦʢʥʘ, ʩʦʩʪʘʚʣʷʶʱʠʝ ʛʠʙʨʠʜ, ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʪʦʞʝ ʜʝʬʦʨʤʠʨʫʶʪʩʷ ʠ ʨʘʟʨʫʰʘʶʪʩʷ ʩʦʚʤʝʩʪʥʦ. 

ʇʨʠ 80% ʉɺʄʇʕ-ʚʦʣʦʢʥʘ ʚ ʛʠʙʨʠʜʝ ʝʛʦ ʨʘʟʨʫʰʝʥʠʝ (ʨʠʩ. 1, ʢʨʠʚʘʷ 4; ʪʘʙʣ. 2) ʩʪʘʥʦʚʠʪʩʷ 2-ʭ 

ʩʪʘʜʠʡʥʳʤ. ɺʦʣʦʢʥʘ ʧʝʨʝʩʪʘʶʪ ʜʝʬʦʨʤʠʨʦʚʘʪʴʩʷ ʠ ʨʘʟʨʫʰʘʪʴʩʷ ʩʦʚʤʝʩʪʥʦ. ʇʨʠ ʜʝʬʦʨʤʘʮʠʠ, 

ʩʦʩʪʘʚʣʷʶʱʝʡ e = 1,75 %, ʠʩʯʝʨʧʳʚʘʝʪʩʷ ʜʝʬʦʨʤʘʮʠʦʥʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʋɺ (e = 1,77 %). ʋɺ ʨʘʟʨʳʚʘʝʪʩʷ, 

ʠ ʚʩʷ ʥʘʛʨʫʟʢʘ ʦʪ ʫʜʘʨʘ ʩʠʣʦʡ 700 ʅ ʧʝʨʝʭʦʜʠʪ ʥʘ ʉɺʄʇʕ-ʚʦʣʦʢʥʦ. ʇʨʦʜʦʣʞʘʶʱʝʝʩʷ ʜʝʡʩʪʚʠʝ ʥʘʛʨʫʟʢʠ 

ʚʳʟʳʚʘʝʪ ʜʘʣʴʥʝʡʰʫʶ ʜʝʬʦʨʤʘʮʠʶ ʉɺʄʇʕ-ʚʦʣʦʢʥʘ ʠ ʨʦʩʪ ʝʛʦ ʧʨʦʯʥʦʩʪʠ. ʅʘ ʫʯʘʩʪʢʝ ʢʨʠʚʦʡ 

ʨʘʟʨʫʰʝʥʠʷ ʧʦʷʚʣʷʝʪʩʷ ʚʦʩʭʦʜʷʱʠʡ ʫʯʘʩʪʦʢ. ʅʘʛʨʫʟʢʘ ʥʘ ʛʠʙʨʠʜ ʧʦʚʳʰʘʝʪʩʷ ʩ 700 ʜʦ 950 ʅ ʠ ʧʨʠ 

ʜʝʬʦʨʤʘʮʠʠ e = 2,4 % ʦʥ ʥʘʯʠʥʘʝʪ ʨʘʟʨʫʰʘʪʴʩʷ ʠ ʦʢʦʥʯʘʪʝʣʴʥʦ ʨʘʟʨʳʚʘʝʪʩʷ ʧʨʠ e = 2,9 %. ʋʜʘʨʥʘʷ 

ʚʷʟʢʦʩʪʴ a ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʜʦ 172 ɼʞ/ʩʤ2, ʪʦ ʝʩʪʴ ʚ 2,12 ʨʘʟʘ ʠ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʚʝʣʠʯʠʥ: ʚʝʣʠʯʠʥʳ a ʧʨʠ 

ʩʦʚʤʝʩʪʥʦʡ ʜʝʬʦʨʤʘʮʠʠ ʚʦʣʦʢʦʥ ʛʠʙʨʠʜʘ 129 ɼʞ/ʩʤ2 ʠ ʜʝʬʦʨʤʘʮʠʠ ʪʦʣʴʢʦ ʉɺʄʇʕ-ʚʦʣʦʢʥʘ 43 ɼʞ/ʩʤ2. 

ʋʜʘʨʥʘʷ ʧʨʦʯʥʦʩʪʴ s ʛʠʙʨʠʜʘ ʧʨʝʚʦʩʭʦʜʠʪ ʫʜʘʨʥʫʶ ʧʨʦʯʥʦʩʪʴ  ʫʛʣʝʧʣʘʩʪʠʢʘ ʚ 1,84 ʨʘʟʘ. 

ʅʘʠʙʦʣʝʝ ʚʳʩʦʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʧʦ ʚʩʝʤ ʩʚʦʡʩʪʚʘʤ ʜʘʸʪ ʤʠʢʨʦʧʣʘʩʪʠʢ ʩ 100%-ʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ 

ʉɺʄʇʕ-ʚʦʣʦʢʥʘ (ʨʠʩ. 1, ʢʨʠʚʘʷ 5; ʪʘʙʣ. 2). ʂʨʠʚʘʷ 5 ʝʛʦ ʨʘʟʨʫʰʝʥʠʷ ʠʤʝʝʪ ʩʢʘʯʦʢ ʫʧʨʦʯʥʝʥʠʷ ʧʨʠ 

ʜʝʬʦʨʤʘʮʠʠ e = 1,8%. ʅʘʛʨʫʟʢʘ ʦʪ ʫʜʘʨʘ ʧʦʚʳʰʘʝʪʩʷ ʩ 100 ʜʦ 500 ʅ ʠ ʜʘʣʝʝ ʤʘʪʝʨʠʘʣ ʧʨʦʜʦʣʞʘʝʪ 

ʜʝʬʦʨʤʠʨʦʚʘʪʴʩʷ, ʧʦʩʢʦʣʴʢʫ ʥʝ ʠʩʯʝʨʧʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʜʝʬʦʨʤʘʮʠʠ ʚʦʣʦʢʥʘ. ʇʨʦʯʥʦʩʪʴ s ʠ ʫʜʘʨʥʘʷ 

ʚʷʟʢʦʩʪʴ a 100%-ʥʦʛʦ ʤʠʢʨʦʧʦʣʠʵʪʠʣʝʥʧʣʘʩʪʠʢʘ, ʩʦʩʪʘʚʣʷʶʱʠʝ 2,035 ɻʇʘ ʠ 172 ɼʞ/ʩʤ2 ʧʨʝʚʦʩʭʦʜʷʪ ʚ 

2,14 ʠ 2,12 ʨʘʟʘ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʘʥʘʣʦʛʠʯʥʳʝ ʩʚʦʡʩʪʚʘ 100%-ʥʦʛʦ ʤʠʢʨʦʫʛʣʝʧʣʘʩʪʠʢʘ,  ʨʘʚʥʳʝ 0,95 ɻʇʘ 

ʠ 81 ɼʞ/ʩʤ2 (ʪʘʙʣ. 2). 

ɹʣʘʛʦʜʘʨʷ ʛʠʙʨʠʜʠʟʘʮʠʠ ʋɺ ʩ ʉɺʄʇʕ-ʚʦʣʦʢʥʦʤ ʤʝʥʷʝʪʩʷ ʭʘʨʘʢʪʝʨ ʨʘʟʨʫʰʝʥʠʷ ɻʂʄ. ʆʥʦ ʠʟ 

ʭʨʫʧʢʦʛʦ, ʭʘʨʘʢʪʝʨʥʦʛʦ ʜʣʷ ʋʇ (ʨʠʩ. 1, ʢʨʠʚʘʷ 1), ʧʝʨʝʭʦʜʠʪ ʚ ʚʷʟʢʦʝ. ʅʘ ʫʯʘʩʪʢʝ ʢʨʠʚʦʡ ʜʝʬʦʨʤʘʮʠʠ 

ʛʠʙʨʠʜʦʚ (ʨʠʩ. 1, ʢʨʠʚʳʝ 2, 3, 4) ʚʠʜʥʘ ʟʘʜʝʨʞʢʘ ʨʘʟʨʫʰʝʥʠʷ, ʧʨʝʜʰʝʩʪʚʫʶʱʘʷ ʦʢʦʥʯʘʪʝʣʴʥʦʤʫ ʨʘʟʨʳʚʫ 

ʦʙʨʘʟʮʦʚ. 

 
ʈʠʩʫʥʦʢ 1. ʂʨʠʚʳʝ ʜʝʬʦʨʤʘʮʠʠ ʛʠʙʨʠʜʥʳʭ ʋʇ ʩ ʨʘʟʣʠʯʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʋɺ ʠ ʉɺʄʇʕ-ʚʦʣʦʢʥʘ: 1 ï ʋɺ: 

100%; 2 ï ʋɺ: ʉɺʄʇʕ-ʚʦʣʦʢʥʦ = 80:20%; 3 ï ʋɺ: ʉɺʄʇʕ-ʚʦʣʦʢʥʦ = 50:50%; 4 ï ʋɺ: ʉɺʄʇʕ-ʚʦʣʦʢʥʦ 

= 20:80%; 5 ï ʉɺʄʇʕ-ʚʦʣʦʢʥʦ: 100%. 



ʉɽʂʎʀʗ 2 ʂʆʄʇʆɿʀʎʀʆʅʅʓɽ ʄɸʊɽʈʀɸʃʓ, ɺʂʃʖʏɸʗ ʇʆʃʀʄɽʈʅʓɽ 
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ɻʠʙʨʠʜʠʟʘʮʠʷ ʞʸʩʪʢʦʮʝʧʥʦʛʦ ʋɺ ʛʠʙʢʦʮʝʧʥʳʤ ʉɺʄʇʕ-ʚʦʣʦʢʥʦʤ ʧʦʟʚʦʣʷʝʪ ʠʟʤʝʥʠʪʴ ʭʨʫʧʢʠʡ 

ʭʘʨʘʢʪʝʨ ʨʘʟʨʫʰʝʥʠʷ ʫʛʣʝʧʣʘʩʪʠʢʦʚ ʠ ʜʘʸʪ ʚʦʟʤʦʞʥʦʩʪʴ ʟʘʜʝʨʞʘʪʴ ʨʘʟʨʫʰʝʥʠʝ. ʋʚʝʣʠʯʝʥʠʝ ʫʜʘʨʥʦʡ 

ʚʷʟʢʦʩʪʠ ʠ ʠʟʤʝʥʝʥʠʝ ʩʘʤʦʛʦ ʭʘʨʘʢʪʝʨʘ ʨʘʟʨʫʰʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ɻʂʄ ʧʦʚʳʰʘʝʪ ʠʭ 

ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʴ ʥʘ ʦʪʝʯʝʩʪʚʝʥʥʦʤ ʠ ʤʠʨʦʚʦʤ ʨʳʥʢʘʭ. 

ʊʘʙʣʠʮʘ 2. ʇʘʨʘʤʝʪʨʳ ʜʝʬʦʨʤʘʮʠʠ ʠ ʨʘʟʨʫʰʝʥʠʷ ɻʂʄ ʧʨʠ ʨʘʟʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ ʋɺ ʠ ʉɺʄʇʕ-

ʚʦʣʦʢʥʘ ʚ ʤʠʢʨʦʧʣʘʩʪʠʢʝ ʠ ʩʢʦʨʦʩʪʠ ʫʜʘʨʘ 5,25 ʤ/c 

ʉʚʦʡʩʪʚʦ 

ʤʠʢʨʦ- 

ʧʣʘʩʪʠʢʘ 

ʉʦʦʪʥʦʰʝʥʠʝ  ʋɺ ʠ ʉɺʄʇʕ-ʚʦʣʦʢʥʘ ʚ ʛʠʙʨʠʜʝ (%) 

ʋɺ: 100 

(ʢʨ.1) 

ʋɺ: ʉɺʄʇʕ 

80:20 (ʢʨ.2) 

ʋɺ: ʉɺʄʇʕ 

50:50 (ʢʨ.3) 

ʋɺ: ʉɺʄʇʕ 

20:80 (ʢʨ. 4) 

ʉɺʄʇʕ: 

100 (ʢʨ.5) 

a, ɼʞ/ʩʤ2 81 96 161 129+43=172 172 

s, ʄʇʘ 950 1189 1416 1752 2035 

e, % 1,54 1,44 1,98 1,75 ʠ 2,9 3,0 

ɿʘʢʣʶʯʝʥʠʝ. ʀʟʤʝʥʷʷ ʩʦʩʪʘʚ ʛʠʙʨʠʜʥʦʛʦ ʚʦʣʦʢʥʘ ʤʦʞʥʦ ʫʧʨʘʚʣʷʪʴ ʩʚʦʡʩʪʚʘʤʠ ɻʂʄ: ʫʜʘʨʥʦʡ 

ʚʷʟʢʦʩʪʴʶ, ʧʨʦʯʥʦʩʪʴʶ, ʜʝʬʦʨʤʘʮʠʝʡ ʠ ʭʘʨʘʢʪʝʨʦʤ ʝʛʦ ʨʘʟʨʫʰʝʥʠʷ. ʄʝʪʦʜʦʤ  IB ʠʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ 

ʩʦʦʪʥʦʰʝʥʠʷ ʋɺ ʠ ʉɺʄʇʕ-ʚʦʣʦʢʦʥ ʚ ʛʠʙʨʠʜʥʦʤ ʚʦʣʦʢʥʝ ʥʘ ʝʛʦ ʫʜʘʨʥʫʶ ʚʷʟʢʦʩʪʴ ʠ ʫʜʘʨʥʫʶ ʚʷʟʢʦʩʪʴ 

ɻʂʄ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʩʦʦʪʥʦʰʝʥʠʠ ʋɺ: ʉɺʄʇʕ-ʚʦʣʦʢʥʦ = 50:50, ʫʜʘʨʥʘʷ 

ʚʷʟʢʦʩʪʴ ɻʂʄ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ 2, ʘ ʧʨʦʯʥʦʩʪʴ ʚ 1,5 ʨʘʟʘ. ʇʨʠ ʩʦʦʪʥʦʰʝʥʠʠ ʋɺ: ʉɺʄʇʕ-ʚʦʣʦʢʥʦ = 20:80, 

ʛʠʙʨʠʜʥʦʝ ʚʦʣʦʢʥʦ ʚ ɻʂʄ ʧʝʨʝʩʪʘʸʪ ʜʝʬʦʨʤʠʨʦʚʘʪʴʩʷ ʠ ʨʘʟʨʫʰʘʪʴʩʷ ʩʦʚʤʝʩʪʥʦ ʠ ʦʜʥʦʚʨʝʤʝʥʥʦ. ʇʝʨʚʳʤ 

ʨʘʟʨʫʰʘʝʪʩʷ ʋɺ, ʟʘʪʝʤ ʉɺʄʇʕ-ʚʦʣʦʢʥʦ. ʇʨʠ ʩʦʟʜʘʥʠʠ ʩʘʤʦʣʸʪʥʳʭ ʠ ʫʜʘʨʦʧʨʦʯʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʤʦʞʥʦ 

ʧʨʠʤʝʥʷʪʴ ʵʬʬʝʢʪ ʟʘʜʝʨʞʢʠ ʨʘʟʨʫʰʝʥʠʷ ɻʂʄ ʥʘ ʦʩʥʦʚʝ ʛʠʙʨʠʜʥʳʭ ʚʦʣʦʢʦʥ ʠʟ ʋɺ ʠ ʉɺʄʇʕ-ʚʦʣʦʢʦʥ. 
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ʇʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠʟʜʝʣʠʡ ʨʘʢʝʪʥʦ-ʢʦʩʤʠʯʝʩʢʦʡ ʪʝʭʥʠʢʠ (ʈʂʊ) ʚʘʞʥʳʤʠ ʷʚʣʷʶʪʩʷ ʟʘʜʘʯʠ 

ʠʟʤʝʨʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʜʘʚʣʝʥʠʷ, ʠʟʤʝʨʝʥʠʷ ʥʠʟʢʦʯʘʩʪʦʪʥʳʭ ʣʠʥʝʡʥʳʭ ʫʩʢʦʨʝʥʠʡ ʤʘʣʳʭ ʚʝʣʠʯʠʥ ʠ 

ʠʟʤʝʨʝʥʠʷ ʫʧʨʫʛʠʭ ʢʦʣʝʙʘʥʠʡ ʢʦʥʩʪʨʫʢʮʠʡ. ʊʨʝʙʦʚʘʥʠʝ ʦʪʨʘʩʣʠ ʧʦ ʧʦʚʳʰʝʥʠʶ ʥʘʜʝʞʥʦʩʪʠ, 

ʩʪʘʙʠʣʴʥʦʩʪʠ ʪʝʭʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʨʝʜʩʪʚ ʠʟʤʝʨʝʥʠʡ ʧʨʠ ʥʝʠʟʤʝʥʥʦʡ ʩʪʦʠʤʦʩʪʠ ʧʦʩʪʘʚʣʷʝʤʳʭ 

ʧʨʠʙʦʨʦʚ ʜʠʢʪʫʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʩʦʚʨʝʤʝʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʧʦʟʚʦʣʷʶʱʠʤ ʩʥʠʟʠʪʴ ʪʨʫʜʦʸʤʢʦʩʪʴ ʠ ʩʦʢʨʘʪʠʪʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʮʠʢʣʳ 

ʠʟʛʦʪʦʚʣʝʥʠʷ, ʧʦʚʳʩʠʪʴ ʢʘʯʝʩʪʚʦ ʠ ʩʪʘʙʠʣʴʥʦʩʪʴ ʧʨʦʮʝʩʩʦʚ ʦʪ ʬʦʨʤʠʨʦʚʘʥʠʷ ʜʝʪʘʣʝʡ ʜʦ ʩʙʦʨʢʠ ʠ 

ʠʩʧʳʪʘʥʠʡ. ʆʩʥʦʚʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʜʝʪʘʣʝʡ ʜʘʪʯʠʢʦʚʦʡ ʘʧʧʘʨʘʪʫʨʳ, ʥʘʧʨʷʤʫʶ 

ʚʣʠʷʶʱʠʭ ʥʘ ʩʪʘʙʠʣʴʥʦʩʪʴ ʠ ʥʘʜʸʞʥʦʩʪʴ ʧʨʠʙʦʨʦʚ, ʷʚʣʷʶʪʩʷ ʪʦʯʥʦʩʪʴ ʠ ʢʘʯʝʩʪʚʦ ʦʙʨʘʙʦʪʢʠ. 

ʀʤʝʶʱʠʝʩʷ ʪʝʭʥʦʣʦʛʠʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʵʣʝʤʝʥʪʦʚ ʜʘʪʯʠʢʦʚʦʡ ʘʧʧʘʨʘʪʫʨʳ (ɼɸ) ʙʘʟʠʨʫʶʪʩʷ ʥʘ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʫʥʠʚʝʨʩʘʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʩ ʨʫʯʥʳʤ ʫʧʨʘʚʣʝʥʠʝʤ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʮʠʢʣʳ ʠʟʛʦʪʦʚʣʝʥʠʷ 

ʯʨʝʟʚʳʯʘʡʥʦ ʜʣʠʪʝʣʴʥʳ, ʪʦʯʥʦʩʪʴ ʠ ʢʘʯʝʩʪʚʦ ʧʦʚʝʨʭʥʦʩʪʠ ʥʠʟʢʠʝ. ʅʘʙʣʶʜʘʝʪʩʷ ʧʦʚʳʰʝʥʥʳʡ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʦʪʭʦʜ ʠʟ-ʟʘ ʢʨʠʪʠʯʝʩʢʦʛʦ ʠʟʥʦʩʘ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʝʛʦ ʤʦʨʘʣʴʥʦʛʦ ʩʪʘʨʝʥʠʷ.   

ʉ ʮʝʣʴʶ ʨʝʰʝʥʠʷ ʜʘʥʥʳʭ ʧʨʦʙʣʝʤ ʥʝʦʙʭʦʜʠʤʦ ʩʦʟʜʘʪʴ ʢʦʤʧʣʝʢʩ ʪʝʭʥʦʣʦʛʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʩʦʚʨʝʤʝʥʥʦʛʦ ʧʘʨʢʘ ʧʨʝʮʠʟʠʦʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʧʦʟʚʦʣʷʶʱʝʛʦ ʬʦʨʤʠʨʦʚʘʪʴ ʵʣʝʤʝʥʪʳ ʦʙʨʘʟʮʦʚ 

ʜʝʪʘʣʝʡ ʩ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ ʠ ʢʘʯʝʩʪʚʦʤ ʦʙʨʘʙʘʪʳʚʘʝʤʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ. 
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ɺʘʞʥʘʷ ʨʦʣʴ ʚ ʦʙʝʩʧʝʯʝʥʠʠ ʧʦʚʳʰʝʥʠʷ ʪʦʯʥʦʩʪʠ ʠ ʥʘʜʝʞʥʦʩʪʠ ʧʦʢʘʟʘʥʠʡ ɼɸ ʧʨʠʥʘʜʣʝʞʠʪ 

ʵʣʠʥʚʘʨʥʳʤ ʩʧʣʘʚʘʤ ʩ ʪʝʤʧʝʨʘʪʫʨʥʦ-ʩʪʘʙʠʣʴʥʳʤ ʤʦʜʫʣʝʤ ʫʧʨʫʛʦʩʪʠ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʪʦʨʳʭ ʜʣʷ 

ʠʟʛʦʪʦʚʣʝʥʠʷ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʫʧʨʫʛʠʭ ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʞʘʝʪ ʪʝʤʧʝʨʘʪʫʨʥʫʶ 

ʧʦʛʨʝʰʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ [1]. ʆʩʥʦʚʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʢʦʪʦʨʳʤʠ ʜʦʣʞʝʥ ʦʙʣʘʜʘʪʴ ʦʙʨʘʟʝʮ, ʷʚʣʷʶʪʩʷ 

ʚʳʩʦʢʠʡ ʧʨʝʜʝʣ ʫʧʨʫʛʦʩʪʠ, ʧʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʠ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʤʘʪʝʨʠʘʣʘ ʧʣʘʩʪʠʯʝʩʢʠʤ ʜʝʬʦʨʤʘʮʠʷʤ, 

ʦʧʨʝʜʝʣʷʝʤʳʤ ʚ ʫʩʣʦʚʠʷʭ ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʛʦ, ʘ ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʜʣʠʪʝʣʴʥʦʛʦ ʥʘʛʨʫʞʝʥʠʷ; ʧʨʠʯʸʤ 

ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ ʥʝ ʜʦʣʞʝʥ ʟʘʤʝʪʥʦ ʠʟʤʝʥʷʪʴʩʷ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ. ʊʘʢʘʷ ʩʪʘʙʠʣʴʥʦʩʪʴ ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ ʤʦʞʝʪ ʛʘʨʘʥʪʠʨʦʚʘʪʴʩʷ ʪʦʣʴʢʦ ʧʦʩʪʦʷʥʩʪʚʦʤ ʩʪʨʫʢʪʫʨʳ ʤʘʪʝʨʠʘʣʘ ʢʘʢ ʧʨʠ ʥʘʛʨʝʚʝ, ʪʘʢ ʠ ʧʨʠ 

ʦʭʣʘʞʜʝʥʠʠ, ʧʦʵʪʦʤʫ ʥʝʦʙʭʦʜʠʤʦ ʙʦʣʴʰʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʪʴ ʚʳʙʦʨʫ ʤʘʪʝʨʠʘʣʘ, ʚ ʢʦʪʦʨʦʤ ʚ ʨʘʙʦʯʝʤ 

ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ ʥʝ ʧʨʦʠʩʭʦʜʷʪ ʬʘʟʦʚʳʝ ʧʨʝʚʨʘʱʝʥʠʷ, ʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʷ ʠʣʠ ʨʦʩʪ ʟʝʨʥʘ [2-4]. 

ɼʘʥʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʢʦʨʨʦʟʠʦʥʥʦʩʪʦʡʢʠʡ ʚʳʩʦʢʦʧʨʦʯʥʳʡ ʵʣʠʥʚʘʨʥʳʡ ʩʧʣʘʚ 

36ʅʂɺʍɹʊʖ (ɺʋʉ-22), ʦʪʥʦʩʷʱʠʡʩʷ ʢ ʧʨʝʮʠʟʠʦʥʥʳʤ  ʚʳʩʦʢʦʣʝʛʠʨʦʚʘʥʥʳʤ ʩʧʣʘʚʘʤ ʩ ʟʘʜʘʥʥʳʤʠ 

ʬʠʟʠʯʝʩʢʠʤʠ ʠ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʢʦʪʦʨʳʡ ʧʨʠʤʝʥʷʝʪʩʷ  ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʫʧʨʫʛʠʭ 

ʵʣʝʤʝʥʪʦʚ ʧʨʠʙʦʨʦʚ. 

ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʡ ʧʦ ʦʮʝʥʢʝ ʪʝʭʥʦʣʦʛʠʯʥʦʩʪʠ ʦʙʨʘʟʮʦʚ ʧʨʫʪʢʦʚ ʠʟ 

ʩʧʣʘʚʘ 36ʅʂɺʍɹʊʖ (ʧʦʣʠʨʦʚʢʘ, ʩʚʘʨʢʘ, ʧʘʡʢʘ ʠ ʜ.ʨ). ɺ ʧʨʦʮʝʩʩʝ ʧʨʦʚʝʜʝʥʠʷ ʨʘʙʦʪ ʧʦ ʧʦʣʠʨʦʚʢʝ ʩʧʣʘʚʘ 

ɺʋʉ-22 ʙʳʣ ʨʝʰʝʥ ʚʦʧʨʦʩ ʦʧʪʠʤʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ ʵʣʝʢʪʨʦʣʠʪʘ ʠ ʦʪʨʘʙʦʪʘʥʳ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʨʝʞʠʤʳ 

ʧʨʦʮʝʩʩʘ ʧʦʣʠʨʦʚʢʠ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʫʢʘʟʘʥʥʦʤʫ ʩʧʣʘʚʫ. ʇʦʩʣʝ ʧʦʣʠʨʦʚʘʥʠʷ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʚʝʣʠʯʠʥʘ 

ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʚʥʘʷ Ra=0,01 ʤʢʤ, ʨʘʟʤʝʨ ʦʪʜʝʣʴʥʳʭ ʤʠʢʨʦʜʝʬʝʢʪʦʚ Rmax=0,12 ʤʢʤ. 

ʆʩʥʦʚʥʦʡ ʮʝʣʴʶ ʧʨʦʚʝʜʝʥʠʷ ʨʘʙʦʪ ʷʚʣʷʣʘʩʴ ʧʨʦʚʝʨʢʘ ʩʦʦʪʚʝʪʩʪʚʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ ʧʘʨʘʤʝʪʨʦʚ 

ʩʧʣʘʚʘ 36ʅʂɺʍɹʊʖ (ɺʋʉ-22) ʪʨʝʙʦʚʘʥʠʷʤ ʧʦ ʦʮʝʥʢʝ ʪʝʭʥʦʣʦʛʠʯʥʦʩʪʠ ʚ ʯʘʩʪʠ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʥʝʨʘʟʲʝʤʥʳʭ ʩʚʘʨʥʳʭ ʠ ʧʘʷʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩ ʦʙʝʩʧʝʯʝʥʠʝʤ ʠʭ ʛʝʨʤʝʪʠʯʥʦʩʪʠ ʥʝ ʤʝʥʝʝ 1,33Ĭ10-10 ɺʪ 

(1Ĭ10-6 ʣĿʤʢʤ.ʨʪ.ʩʪ./ʩ). ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʫʢʘʟʘʥʥʳʭ ʪʨʝʙʦʚʘʥʠʡ ʧʨʦʚʝʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʨʘʙʦʪʳ ʧʦ 

ʦʪʨʘʙʦʪʢʝ ʪʝʭʥʦʣʦʛʠʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʥʝʨʘʟʲʝʤʥʳʭ ʩʚʘʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʥʘ ʠʤʠʪʘʪʦʨʘʭ ʫʟʣʦʚ ɼʇɸ. ʆʜʥʦʡ 

ʠʟ ʟʘʜʘʯ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣʦ ʦʧʨʝʜʝʣʝʥʠʝ ʦʧʪʠʤʘʣʴʥʳʭ ʨʝʞʠʤʦʚ ʘʨʛʦʥʦʜʫʛʦʚʦʡ ʩʚʘʨʢʠ ʠ ʛʣʫʙʠʥʳ 

ʧʨʦʚʘʨʘ ʩ ʦʙʝʩʧʝʯʝʥʠʝʤ ʛʝʨʤʝʪʠʯʥʦʩʪʠ ʥʝ ʤʝʥʝʝ 1,33Ĭ10-9 ɺʪ  (1Ĭ10-5 ʣĿʤʢʤ.ʨʪ.ʩʪ./ʩ). ʇʨʠ ʵʪʦʤ 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʠʤʠʪʘʪʦʨʳ ʜʝʪʘʣʝʡ, ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʠʟ ʤʘʪʝʨʠʘʣʘ 36ʅʂɺʍɹʊʖ (ɺʋʉ - 22). ʊʦʣʱʠʥʘ 

ʩʚʘʨʦʯʥʦʡ ʢʨʦʤʢʠ ʩʦʩʪʘʚʣʷʝʪ S=0,5Ñ0,05 ʤʤ, ʦʪʩʶʜʘ ʛʣʫʙʠʥʘ ʧʨʦʧʣʘʚʘ ʩʦʛʣʘʩʥʦ ʆʉʊ92-1114-80 

çʉʦʝʜʠʥʝʥʠʷ ʩʚʘʨʥʳʝ. ʊʠʧʳ ʠ ʢʦʥʩʪʨʫʢʮʠʠè ʜʦʣʞʥʘ ʩʦʩʪʘʚʣʷʪʴ Ó 08S. ʉʚʘʨʢʘ ʧʨʦʚʦʜʠʣʘʩʴ ʥʘ ʚʨʘʱʘʪʝʣʝ 

ʪʠʧʘ ʋʉɻ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʩʪʦʯʥʠʢʘ ʧʠʪʘʥʠʷ ɸʇ-5. ɼʣʷ ʬʠʢʩʘʮʠʠ ʠʤʠʪʘʪʦʨʦʚ ʠ ʦʪʚʦʜʘ ʪʝʧʣʘ 

ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʦʩʥʘʩʪʢʘ. ʉʚʘʨʢʘ ʠʤʠʪʘʪʦʨʦʚ ʧʨʦʚʦʜʠʣʘʩʴ ʥʘ ʜʚʫʭ ʨʝʞʠʤʘʭ. ʇʦʩʣʝ ʩʚʘʨʢʠ 

ʧʨʦʚʦʜʠʣʩʷ ʢʦʥʪʨʦʣʴ ʚʥʝʰʥʝʛʦ ʚʠʜʘ ʥʘ ʤʠʢʨʦʩʢʦʧʝ ʄɹʉ-10 ʥʘ ʩʦʦʪʚʝʪʩʪʚʠʝ ʢʘʯʝʩʪʚʘ ʩʚʘʨʥʦʛʦ ʰʚʘ ʆʉʊ-

114-80 ʠ ʢʦʥʪʨʦʣʴ ʛʝʨʤʝʪʠʯʥʦʩʪʠ ʥʘ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʦʤ ʪʝʯʝʠʩʢʘʪʝʣʝ ʇʊʀ-10. ɿʘʪʝʤ ʛʦʪʦʚʠʣʠʩʴ 

ʰʣʠʬʳ ʚ ʪʨʝʭ ʧʣʦʩʢʦʩʪʷʭ, ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ ʦʢʨʫʞʥʦʩʪʠ ʰʚʘ, ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʟʘʤʝʨʦʤ 

ʛʣʫʙʠʥʳ ʧʨʦʚʘʨʘ ʠ ʦʧʨʝʜʝʣʝʥʠʝʤ ʚʥʫʪʨʝʥʥʠʭ ʜʝʬʝʢʪʦʚ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ 100ʭ ʥʘ ʤʠʢʨʦʩʢʦʧʝ ʊʄ-3. 

ɸʥʘʣʠʟ ʩʚʘʨʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʧʦʢʘʟʘʣ, ʯʪʦ ʠʤʠʪʘʪʦʨʳ, ʩʚʘʨʝʥʥʳʝ ʥʘ ʪʦʢʝ 16ɸ, ʛʝʨʤʝʪʠʯʥʳ. ʅʘʣʠʯʠʝ 

ʧʦʨ, ʪʨʝʱʠʥ, ʨʘʢʦʚʠʥ ʥʘ ʥʘʨʫʞʥʳʭ ʧʦʚʝʨʭʥʦʩʪʷʭ ʠ ʚ ʧʣʦʩʢʦʩʪʷʭ  ʰʣʠʬʦʚ ʥʝ ʦʙʥʘʨʫʞʝʥʦ. ʆʜʥʘʢʦ 

ʚʥʝʰʥʠʡ ʚʠʜ ʰʚʘ ʙʝʟ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʙʣʝʩʢʘ, ʦʢʠʩʣʝʥʥʳʡ, ʩ ʨʳʞʝʚʘʪʳʤ ʦʪʪʝʥʢʦʤ. ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, 

ʯʪʦ ʧʨʠʩʫʪʩʪʚʫʶʱʠʡ ʚ ʤʝʪʘʣʣʝ ʪʠʪʘʥ ʧʨʠ ʙʦʣʴʰʦʡ ʧʦʛʦʥʥʦʡ ʵʥʝʨʛʠʠ ʠʥʪʝʥʩʠʚʥʦ ʧʦʛʣʦʱʘʝʪ ʘʟʦʪ, 

ʚʦʜʦʨʦʜ ʠ ʢʠʩʣʦʨʦʜ, ʢʦʪʦʨʳʝ ʚʩʪʫʧʘʶʪ ʩ ʨʘʩʧʣʘʚʣʝʥʥʳʤ ʤʝʪʘʣʣʦʤ ʚ ʭʠʤʠʯʝʩʢʫʶ ʨʝʘʢʮʠʶ. ʅʘ ʙʦʢʦʚʳʭ 

ʧʦʚʝʨʭʥʦʩʪʷʭ ʩʚʘʨʥʦʛʦ ʰʚʘ ʙʦʣʴʰʠʝ ʥʘʧʣʳʚʳ, ʪ. ʝ. ʠʜʝʪ ʟʥʘʯʠʪʝʣʴʥʘʷ ʦʩʘʜʢʘ ʤʝʪʘʣʣʘ. ɿʦʥʘ ʧʨʦʚʘʨʘ 

ʜʦʭʦʜʠʪ ʜʦ ʢʦʨʥʷ ʩʚʘʨʥʳʭ ʢʨʦʤʦʢ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʨʝʣʘʢʩʘʮʠʠ ʦʩʪʘʪʦʯʥʳʭ ʥʘʧʨʷʞʝʥʠʡ. ʀʤʠʪʘʪʦʨʳ, 

ʩʚʘʨʝʥʥʳʝ ʥʘ ʪʦʢʝ 14ɸ, ʛʝʨʤʝʪʠʯʥʳ. ʇʦʨʳ, ʪʨʝʱʠʥʳ, ʨʘʢʦʚʠʥʳ ʦʪʩʫʪʩʪʚʫʶʪ. ʇʦʚʝʨʭʥʦʩʪʴ ʰʚʘ ʠʤʝʝʪ 

ʤʝʪʘʣʣʠʯʝʩʢʠʡ ʙʣʝʩʢ, ʦʢʠʩʣʝʥʠʷ ʦʪʩʫʪʩʪʚʫʶʪ. ʐʦʚ ʧʦ ʚʥʝʰʥʝʤʫ ʚʠʜʫ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʆʉʊ92-1114-80. 

ɹʦʢʦʚʳʝ ʥʘʧʣʳʚʳ ʤʠʥʠʤʘʣʴʥʳʝ. ʅʘʠʤʝʥʴʰʘʷ ʩʨʝʜʥʷʷ ʛʣʫʙʠʥʘ ʧʨʦʚʘʨʘ ʩʦʩʪʘʚʣʷʝʪ 0,475 ʤʤ, ʯʪʦ 

ʧʦʣʥʦʩʪʴʶ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʦʨʤʘʪʠʚʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ. ɼʣʷ ʩʚʘʨʢʠ (ʛʝʨʤʝʪʠʟʘʮʠʠ) ʰʚʘ 

ʚʥʫʪʨʝʥʥʝʡ ʧʦʣʦʩʪʠ ʩ ʮʝʣʴʶ ʦʙʝʩʧʝʯʝʥʠʷ ʚ ʥʝʡ ʦʩʪʘʪʦʯʥʦʛʦ ʚʘʢʫʫʤʘ ʥʝ ʥʠʞʝ 1 Ŀ 10-4 ʤʤ ʨʪ. ʩʪ.  

ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʵʣʝʢʪʨʦʥʥʦ-ʣʫʯʝʚʘʷ ʩʚʘʨʢʘ ʥʘ ʫʩʪʘʥʦʚʢʝ çʕʃɽʂʊʈʆʅ 25/100è. ʆʜʥʠʤ ʠʟ ʨʝʟʫʣʴʪʘʪʦʚ 

ʧʨʦʚʝʜʝʥʥʦʡ ʨʘʙʦʪʳ ʷʚʠʣʦʩʴ ʦʧʨʝʜʝʣʝʥʠʝ ʦʧʪʠʤʘʣʴʥʳʭ ʨʝʞʠʤʦʚ ʩʚʘʨʢʠ. 

ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʢʘʟʘʣ, ʯʪʦ ʩʧʣʘʚ 36ʅʂɺʍɹʊʖ ʠ ʠʩʧʦʣʴʟʫʝʤʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʧʦʟʚʦʣʷʶʪ 

ʧʦʜʙʠʨʘʪʴ ʦʧʪʠʤʘʣʴʥʳʝ ʨʝʞʠʤʳ ʩʚʘʨʢʠ ʜʣʷ  ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʘʯʝʩʪʚʝʥʥʳʭ ʛʝʨʤʝʪʠʯʥʳʭ ʩʚʘʨʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʥʦʨʤʘʪʠʚʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʜʦʢʫʤʝʥʪʘʮʠʝʡ. 



ʉɽʂʎʀʗ 2 ʂʆʄʇʆɿʀʎʀʆʅʅʓɽ ʄɸʊɽʈʀɸʃʓ, ɺʂʃʖʏɸʗ ʇʆʃʀʄɽʈʅʓɽ 
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ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʨʘʤʢʘʭ ʆʂʈ çʌʫʥʢʮʠʦʥʘʣè ʧʦʜʪʚʝʨʜʠʣʠ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ 

ʧʨʝʮʠʟʠʦʥʥʦʛʦ ʩʧʣʘʚʘ 36ʅʂɺʍɹʊʖ, ʚ ʢʘʯʝʩʪʚʝ ʤʘʪʝʨʠʘʣʘ ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ 

ʜʘʪʯʠʢʦʚ ʬʠʟʠʯʝʩʢʠʭ ʚʝʣʠʯʠʥ,  ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʦʙʨʘʟʮʦʚ ʜʝʪʘʣʝʡ ʜʣʷ ʢʦʤʧʦʥʝʥʪʦʚ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-

ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤ ʨʘʢʝʪʥʦ-ʢʦʩʤʠʯʝʩʢʦʡ ʪʝʭʥʠʢʠ.  
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MATERIALS OBTAINED F ROM PTFE IN PLASMA O F THE EL ECTRIC DISCHARGE  

Kuryavyi V.G., Bouznik V.M., Tkachenko I.A., Sukhoverkhov S.V., 

Pavlov A.D., Slobodyouk A.B. 

 
It is known that soot, received by various methods, can significantly differ with the maintenance of 

nanoparticles of various allotropic modifications of carbon, the working surface, can include the nanoparticles of 

different elements isolated in a carbon matrix. In this work the analog of soot from a fluoroplastic (PTFE) is 

obtained. The method of burning of a fluoroplastic in plasma of the pulse high-voltage discharge initiated on air 

under usual conditions is applied. Electrodes of various chemical composition were used. The structure and some 

properties of the obtained samples were studied. The samples obtained with Cu-electrodes were studied after heat 

treatment. Samples contain the nanographite, nanographene tapes, nano-PTFE, different fragments  of the 

fluorinated carbon. Samples possess ferromagnetic, paramagnetic and diamagnetic properties at different 

temperatures and it is probable include superconducting areas at room temperature. The samples obtained with 

platinum electrodes possess high activity on conversion of  CO to CO2 at temperatures near 50o C. 

 

 ʇʨʠ ʧʦʠʩʢʝ ʥʦʚʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠʟʚʝʩʪʝʥ ʠʥʪʝʨʝʩ ʢ ʩʘʞʘʤ, ʧʦʣʫʯʘʝʤʳʤ 

ʨʘʟʣʠʯʥʳʤʠ ʤʝʪʦʜʘʤʠ. ʆʥʠ ʤʦʛʫʪ ʩʦʜʝʨʞʘʪʴ ʥʘʥʦʯʘʩʪʠʮʳ ʨʘʟʣʠʯʥʳʭ ʘʣʣʦʪʨʦʧʥʳʭ  ʤʦʜʠʬʠʢʘʮʠʡ 

ʫʛʣʝʨʦʜʘ, ʚʢʣʶʯʘʪʴ ʠʟʦʣʠʨʦʚʘʥʥʳʝ ʥʘʥʦʯʘʩʪʠʮʳ ʨʘʟʣʠʯʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʵʣʝʤʝʥʪʦʚ. ɺ 

ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʤʝʪʦʜʦʤ ʜʝʩʪʨʫʢʮʠʠ ʇʊʌʕ ʚ ʧʣʘʟʤʝ ʠʤʧʫʣʴʩʥʦʛʦ ʚʳʩʦʢʦʚʦʣʴʪʥʦʛʦ ʨʘʟʨʷʜʘ, ʧʫʪʝʤ 

ʧʦʜʙʦʨʘ ʫʩʣʦʚʠʡ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʧʦʣʫʯʝʥ  ʘʥʘʣʦʛ ʩʘʞʠ -  ʤʘʪʝʨʠʘʣ ʩʦʜʝʨʞʘʱʠʡ, ʙʦʣʝʝ 90 ʘʪ.% ʫʛʣʝʨʦʜʘ ʠ 

ʠʟʦʣʠʨʦʚʘʥʥʳʝ ʥʘʥʦʯʘʩʪʠʮʳ, ʚ ʩʦʩʪʘʚ ʢʦʪʦʨʳʭ ʚʭʦʜʷʪ ʭʠʤʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ ʠʩʧʦʣʴʟʫʝʤʳʭ ʵʣʝʢʪʨʦʜʦʚ. 

ʇʨʠʤʝʥʷʣʠʩʴ ʫʛʣʝʨʦʜʥʳʝ (ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʦʙʨʘʟʮʘ 1), ʤʝʜʥʳʝ (ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʦʙʨʘʟʮʘ 2), ʧʣʘʪʠʥʦʚʳʝ 

(ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʦʙʨʘʟʮʘ 3) ʵʣʝʢʪʨʦʜʳ. ʆʙʨʘʟʝʮ 2, ʠcʩʣʝʜʦʚʘʣʩʷ ʧʦʩʣʝ ʝʛʦ ʧʨʦʢʘʣʠʚʘʥʠʷ. ʀʟʫʯʝʥʳ 

ʩʪʨʦʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʚʝʱʝʩʪʚ, ʤʘʛʥʠʪʥʳʝ (ʜʣʷ ʦʙʨʘʟʮʘ1) ʠ ʢʘʪʘʣʠʪʠʯʝʩʢʠʝ (ʜʣʷ ʦʙʨʘʟʮʘ 3) ʩʚʦʡʩʪʚʘ. 

ʆʙʨʘʟʝʮ 1, ʧʦ ʜʘʥʥʳʤ ʧʨʦʩʚʝʯʠʚʘʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ (ʇʕʄ), ʩʦʩʪʘʚʣʝʥ ʠʟ 

ʥʘʥʦʬʠʙʨʠʣʣ, ʚʳʩʪʨʦʝʥʥʳʭ ʠʟ ʙʣʦʢʦʚ ʩ ʧʦʧʝʨʝʯʥʳʤʠ ʨʘʟʤʝʨʘʤ ~50 ʥʤ, ʚ ʤʘʩʩʫ ʙʣʦʢʦʚ ʚʢʨʘʧʣʝʥʳ 

ʥʘʥʦʯʘʩʪʠʮʳ ʨʘʟʤʝʨʘʤʠ 5 ï 10  ʥʤ. ʇʦ ʜʘʥʥʳʤ ʵʥʝʨʛʦ-ʜʠʩʧʝʨʩʠʦʥʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ (ʕɼʉ) ʦʥʠ ʩʦʜʝʨʞʘʪ 

C ( ʙʦʣʝʝ 90 ʘʪ. %), F (ʜʦ 6 ʘʪ. %), O ( ʜʦ 5  ʘʪ. %).   ʋʛʣʝʨʦʜʥʘʷ ʯʘʩʪʴ ʦʙʨʘʟʮʘ, ʧʦ ʜʘʥʥʳʤ ʇʕʄ ʠ ʂʈ (G ʠ 

D ʣʠʥʠʠ, ~ ʨʘʚʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ) ʚʢʣʶʯʘʝʪ ʥʘʥʦʨʘʟʤʝʨʥʳʝ ʦʙʣʘʩʪʠ ʛʨʘʬʠʪʘ. ʌʪʦʨʠʨʦʚʘʥʥʘʷ ʯʘʩʪʴ - 

ʩʦʜʝʨʞʠʪ ʧʦ ʜʘʥʥʳʤ ʀʂ (1556 ʩʤ-1 ʠ 1225ʩʤ-1 )  ʠ ʗʄʈ F19 (-84.9 ʤ.ʜ., -124 ʤ.ʜ.) ʬʨʘʛʤʝʥʪʳ ʤʦʣʝʢʫʣ 

ʇʊʌʕ. ɼʦʧʦʣʥʠʪʝʣʴʥʦ, ʧʦ ʜʘʥʥʳʤ ʗʄʈ (ʨʠʩ. 1ʘ), ʚ ʥʝʡ ʧʨʠʩʫʪʩʪʚʫʶʪ ʤʦʣʝʢʫʣʳ ʩ ʬʨʘʛʤʝʥʪʘʤʠ ʥʝ 

ʦʪʥʦʩʷʱʠʤʠʩʷ ʢ ʇʊʌʕ, ʩ ʍʉ -59.6 ʤ.ʜ., ʚʦʟʤʦʞʥʦ, ʦʪ ʛʨʫʧʧ >C=C<FF ʠ ʩ ʬʨʘʛʤʝʥʪʘʤʠ 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʤʠʩʷ ʥʝʦʞʠʜʘʥʥʦ ʠʥʪʝʥʩʠʚʥʳʤ ʩʠʛʥʘʣʦʤ ʩ ʍʉ -128.2 ʤ.ʜ., ʢʦʪʦʨʳʡ, ʥʝ ʤʦʞʝʪ ʙʳʪʴ, ʢʘʢ 

ʦʙʳʯʥʦ, ʧʦʣʥʦʩʪʴʶ ʦʪʥʝʩʝʥ ʢ ʛʨʫʧʧʘʤ CF2 ʩʤʝʞʥʳʤ ʩ ʢʦʥʮʝʚʳʤʠ CF3 ʛʨʫʧʧʘʤʠ. ʄʘʩʩ-ʩʧʝʢʪʨʳ 

ʦʪʚʝʯʘʶʱʠʝ ʨʘʟʣʠʯʥʳʤ ʧʠʢʘʤ ʭʨʦʤʘʪʦʛʨʘʤʤʳ, ʧʦʣʫʯʝʥʥʦʡ ʧʨʠ ʧʠʨʦʣʠʟʝ ʦʙʨʘʟʮʘ, ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʚ ʥʝʤ 
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ʩʦʜʝʨʞʘʪʩʷ ʤʦʣʝʢʫʣʳ ʇʊʌʕ, ʘ ʪʘʢ ʞʝ ʤʦʣʝʢʫʣʳ ʥʝ ʦʪʚʝʯʘʶʱʠʝ ʬʦʨʤʫʣʝ ʇʊʌʕ, ʨʘʩʧʘʜʘʶʱʠʝʩʷ ʧʨʠ 

ʠʦʥʠʟʘʮʠʠ ʥʘ ʬʨʘʛʤʝʥʪʳ ʩ ʤʘʩʩʦʚʳʤʠ ʯʠʩʣʘʤʠ, ʦʪʚʝʯʘʶʱʠʤʠ ʬʦʨʤʫʣʘʤ  C19F12, C19F11, C18F10, 

C16F10 , ʢʦʪʦʨʳʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʬʨʘʛʤʝʥʪʠʨʫʶʪʩʷ ʧʫʪʝʤ ʦʪʨʳʚʘ F ʣʠʙʦ CF. ʕʪʦ ʤʦʞʝʪ ʦʪʚʝʯʘʪʴ ʥʘʣʠʯʠʶ 

ʚ ʤʘʩʩʝ ʦʙʨʘʟʮʘ ʤʦʣʝʢʫʣ, ʚʢʣʶʯʘʶʱʠʭ ʥʝʧʦʣʥʦʩʪʴʶ ʬʪʦʨʠʨʦʚʘʥʥʳʝ ʫʛʣʝʨʦʜʥʳʝ ʮʝʧʦʯʢʠ ʩ 

ʥʝʥʘʩʳʱʝʥʥʳʤʠ ʩʚʷʟʷʤʠ ʣʠʙʦ ʬʪʦʨʠʨʦʚʘʥʥʳʝ ʧʦʣʠʮʠʢʣʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ. ʀʟ ʩʦʧʦʩʪʘʚʣʝʥʠʷ 

ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʩʣʝʜʫʝʪ ʚʳʚʦʜ, ʯʪʦ ʦʙʨʘʟʝʮ 1 ʵʪʦ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʦʢʠʩʣʝʥʥʳʡ ʫʛʣʝʨʦʜ-

ʬʪʦʨʫʛʣʝʨʦʜʥʳʡ ʥʘʥʦʢʦʤʧʦʟʠʪ, ʩʦʜʝʨʞʘʱʠʡ ʘʤʦʨʬʥʳʡ ʫʛʣʝʨʦʜ, ʥʘʥʦʛʨʘʬʠʪ, ʥʘʥʦʨʘʟʤʝʨʥʳʡ ʇʊʌʕ, 

ʬʪʦʨʠʨʦʚʘʥʥʳʝ ʫʛʣʝʨʦʜʥʳʝ ʮʝʧʦʯʝʯʥʳʝ ʣʠʙʦ ʧʦʣʠʮʠʢʣʠʯʝʩʢʠʝ ʬʨʘʛʤʝʥʪʳ, ʠʟʦʣʠʨʦʚʘʥʥʳʝ ʫʛʣʝʨʦʜʥʳʝ 

ʣʠʙʦ ʬʪʦʨʫʛʣʝʨʦʜʥʳʝ ʥʘʥʦʯʘʩʪʠʮʳ, ʨʘʟʤʝʨʘʤʠ ʤʝʥʝʝ 5-10 ʥʤ. ʀʟʫʯʘʣʠʩʴ ʪʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ 

ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ (M(T)) ʠ ʧʦʣʝʚʳʝ ʟʘʚʠʩʠʤʦʩʪʠ (M(H))  ʧʨʠ T = 300 K  ʠ T = 2 K. ʇʨʠ 

ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʥʘ M(T) ʠ M(H) ʧʨʦʷʚʣʷʶʪʩʷ ʧʨʠʟʥʘʢʠ ʧʘʨʘʤʘʛʥʝʪʠʟʤʘ (ʇʄ), ʜʠʘʤʘʛʥʝʪʠʟʤʘ 

(ɼʄ) ʠ ʬʝʨʨʦʤʘʛʥʝʪʠʟʤʘ (ʌʄ) ʣʠʙʦ ʘʥʪʠʬʝʨʨʦʤʘʛʥʝʪʠʟʤʘ (ɸʌʄ) ʦʙʨʘʟʮʘ ʠ ʠʭ ʩʦʚʤʝʩʪʥʦʝ ʧʨʦʷʚʣʝʥʠʝ. 

ʈʘʟʥʦʦʙʨʘʟʠʝ ʚʠʜʦʚ ʤʘʛʥʠʪʥʳʭ ʢʦʤʧʦʥʝʥʪ ʤʦʞʝʪ ʙʳʪʴ ʦʙʲʷʩʥʝʥʦ ʩʫʱʝʩʪʚʦʚʘʥʠʝʤ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ 

ʥʘʥʦʜʠʩʧʝʨʩʥʦʤ ʦʙʨʘʟʮʝ ʨʘʟʣʠʯʥʳʭ ʫʛʣʝʨʦʜʥʳʭ ʣʠʙʦ ʬʪʦʨʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʨʘʟʤʝʨʥʳʭ ʦʙʴʝʢʪʦʚ ʩ ʨʘʟʥʳʤ 

ʵʣʝʢʪʨʦʥʥʳʤ ʩʪʨʦʝʥʠʝʤ. ʅʘ M(T) ʠʤʝʝʪʩʷ ʨʷʜ ʦʩʦʙʝʥʥʦʩʪʝʡ: ʩʪʫʧʝʥʴʢʦʦʙʨʘʟʥʦʝ ʠʟʤʝʥʝʥʠʝ M ʧʨʠ 58 K ʠ 

ʥʝʙʦʣʴʰʠʝ ʩʢʘʯʢʠ M ʚ ʦʙʣʘʩʪʠ  170K <T<270 K. ʀʟʤʝʥʝʥʠʝ ʧʨʠ 58 K ʧʦ ʩʚʦʝʤʫ ʚʠʜʫ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʚ ʦʙʨʘʟʮʝ ʌʄ ʠʣʠ ɸʌʄ ʩʦʩʪʦʷʥʠʷ. ʈʝʘʣʴʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʧʝʨʝʭʦʜ ʚ ʌʄ ʧʨʠ 58 K 

ʧʨʦʠʩʭʦʜʠʪ ʚ ʫʛʣʝʨʦʜʥʳʭ ʣʠʙʦ ʬʪʦʨʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʯʘʩʪʠʮʘʭ, ʩʦʛʣʘʩʥʦ [1] ʪʘʢʠʝ ʧʝʨʝʭʦʜʳ ʚʦʟʤʦʞʥʳ. 

ʇʨʠʨʦʜʘ ʩʢʘʯʢʦʚ ʪʨʝʙʫʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʠʟʫʯʝʥʠʷ. ʅʘ M(H), ʟʘʧʠʩʘʥʥʦʡ ʧʨʠ T=300 K, ʧʨʠ ʜʦʩʪʠʞʝʥʠʠ 

ʥʝʢʦʪʦʨʳʭ ʟʥʘʯʝʥʠʡ  ʧʦʣʝʡ ʥʘʙʣʶʜʘʶʪʩʷ ʩʢʘʯʢʦʦʙʨʘʟʥʳʝ ʠʟʤʝʥʝʥʠʷ (ʈʠʩ. 1ʙ). ɸʥʘʣʦʛʠʯʥʳʝ ʠʟʤʝʥʝʥʠʷ 

ʥʘʙʣʶʜʘʣʠʩʴ ʜʨʫʛʠʤʠ ʘʚʪʦʨʘʤʠ ʚ ʫʛʣʝʨʦʜ-ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʢʦʤʧʦʟʠʪʥʳʭ ʧʣʝʥʢʘʭ ʠ ʦʙʲʷʩʥʝʥʳ 

ʩʫʱʝʩʪʚʦʚʘʥʠʝʤ ʩʨʝʜʳ ɼʞʦʟʝʬʩʦʥʦʚʩʢʠʭ ʢʦʥʪʘʢʪʦʚ  ʚ ʨʦʣʠ ʢʦʪʦʨʳʭ ʤʦʛʫʪ ʚʳʩʪʫʧʘʪʴ ʛʨʘʬʠʪʦʧʦʜʦʙʥʳʝ 

ʛʨʘʥʫʣʳ, ʧʦʤʝʱʝʥʥʳʝ ʚ ʤʘʪʨʠʮʫ ʠʟ ʘʤʦʨʬʥʦʛʦ ʫʛʣʝʨʦʜʘ [2]. ʇʦ-ʚʠʜʠʤʦʤʫ,  ʚ ʦʙʨʘʟʮʝ 1 ʩʦʜʝʨʞʘʪʩʷ 

ʥʘʥʦʯʘʩʪʠʮʳ ʩ ʪʘʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʥʦ ʚ ʦʙʲʸʤʝ ʧʦʨʦʰʢʦʚʦʛʦ  ʤʘʪʝʨʠʘʣʘ. 

ʆʙʨʘʟʝʮ 2 ʦʙʣʘʜʘʝʪ ʩʪʨʦʝʥʠʝʤ ʘʥʘʣʦʛʠʯʥʳʤ ʦʙʨʘʟʮʫ 1, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʪʦʛʦ, ʯʪʦ ʚ ʫʛʣʝʨʦʜ-

ʬʪʦʨʫʛʣʝʨʦʜʥʫʶ ʤʘʪʨʠʮʫ ʚʢʨʘʧʣʝʥʳ ʤʝʜʴʩʦʜʝʨʞʘʱʠʝ, ʘ ʥʝ ʫʛʣʝʨʦʜʥʳʝ ʥʘʥʦʯʘʩʪʠʮʳ. ʇʦʩʣʝ 

ʧʨʦʢʘʣʠʚʘʥʠʷ ʦʙʨʘʟʮʘ ʝʛʦ ʤʦʨʬʦʣʦʛʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ ʩʫʱʝʩʪʚʝʥʥʦ ʠʟʤʝʥʷʝʪʩʷ. ʆʥ ʚʦ ʤʥʦʛʦʤ ʩʦʩʪʦʠʪ ʠʟ 

ʤʥʦʛʦʢʘʤʝʨʥʳʭ ʢʣʫʙʢʦʚ ʩʦʙʨʘʥʥʳʭ ʠʟ ʠʟʦʛʥʫʪʳʭ ʛʨʘʬʝʥʦʚʳʭ ʣʝʥʪ ï ʨʠʩ. 1ʚ. ʐʠʨʠʥʳ ʣʝʥʪ ʦʪ 2 ʜʦ 30 ʥʤ. 

ɺ ʭʦʜʝ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ ʦʙʨʘʟʮʘ 2 ʠʟ ʝʛʦ ʦʙʲʝʤʘ ʚʳʜʝʣʷʝʪʩʷ ʜʳʤ, ʩʦʩʪʦʷʱʠʡ ʠʟ ʯʘʩʪʠʮ ʧʦ ʬʦʨʤʝ ʠ 

ʨʘʟʤʝʨʘʤ ʧʦʜʦʙʥʳʭ ʫʣʴʪʨʘʜʠʩʧʝʨʩʥʦʤʫ ʧʦʣʠʪʝʪʨʘʬʪʦʨʵʪʠʣʝʥʫ (ʋʇʊʌʕ), ʥʦ ʦʪʣʠʯʥʳʭ ʦʪ ʋʇʊʌʕ ʧʦ 

ʩʦʜʝʨʞʘʥʠʶ F ʠ C (45 ʘʪ.% F, 55 ʘʪ.%  ʉ). ʉ ʫʯʝʪʦʤ ʜʘʥʥʳʭ ʭʨʦʤʘʪʦʤʘʩʩ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʦʥʠ ʷʚʣʷʶʪʩʷ 

ʥʘʥʦʢʦʤʧʦʟʠʪʦʤ ʬʪʦʨʫʛʣʝʨʦʜʥʦʛʦ ʠ ʬʪʦʨʦʧʣʘʩʪʦʚʦʛʦ ʤʘʪʝʨʠʘʣʘ.  

ʆʙʨʘʟʝʮ 3. ʀʟ ʜʘʥʥʳʭ ʈʌɸ, ʇʕʄ, ʂʈ ʩʣʝʜʫʝʪ, ʯʪʦ ʚ ʥʘʥʦʜʠʩʧʝʨʩʥʦʡ ʫʛʣʝʨʦʜ-ʬʪʦʨʫʛʣʝʨʦʜʥʦʡ 

ʤʘʪʨʠʮʝ ʚʢʨʘʧʣʝʥʳ ʠʟʦʣʠʨʦʚʘʥʥʳʝ ʥʘʥʦʢʨʠʩʪʘʣʣʳ ʧʣʘʪʠʥʳ ʨʘʟʤʝʨʘʤʠ 5õ100 ʥʤ. ʀʩʧʳʪʳʚʘʣʘʩʴ 

ʢʦʥʚʝʨʩʠʷ CO ʚ CO2, ʜʦʩʪʠʛʥʫʪʘ ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʣʫʢʦʥʚʝʨʩʠʠ 50oʉ. 

 

   

ʈʠʩ. 1. ʗʄʈ ʩʧʝʢʪʨ ʦʙʨʘʟʮʘ 1 (ʘ), M(H) ʦʙʨʘʟʮʘ 1 (ʙ), ʇʕʄ ʧʨʦʢʘʣʝʥʥʦʛʦ ʦʙʨʘʟʮʘ 2 (ʚ). 

[1] ʄʘʢʘʨʦʚʘ ʊ.ʃ. // ʌʠʟʠʢʘ ʠ ʪʝʭʥʠʢʘ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ. 2004. ʪ.38.ʚʳʧ.6. ʉ. 641-664. 

[2] Lebedev S.G. //Nucl. Instr. Meth. 2004. V. A521. P. 22ï29. 
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A METHOD FOR MAGNETR ON SPUTTERING 

OF OBTAINING HEAT -RESISTANT COATINGS BASED ON IRIDIUM  

Labutin A.A., Lenkovec A.S., Dervuk V.V. 

 

The paper discusses the technology of manufacture of heat-resistant coatings based on iridium. The 

technology is based on the method of magnetron sputtering with the use of annular cathodes. Obtained laboratory 

samples, investigated microstructure. The prospects of further work in this direction. 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʤʦʱʥʦʩʪʠ ʨʘʢʝʪʥʳʭ ʜʚʠʛʘʪʝʣʝʡ ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʥʦʚʳʝ ʚʠʜʳ 

ʪʦʧʣʠʚʘ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ ʛʦʨʝʥʠʷ ʧʦʨʷʜʢʘ 1800-1850̄ʉ. ɺ ʵʪʦʡ ʩʚʷʟʠ ʦʩʦʙʫʶ ʘʢʪʫʘʣʴʥʦʩʪʴ ʧʨʠʦʙʨʝʪʘʝʪ 

ʧʨʦʙʣʝʤʘ ʟʘʱʠʪʳ ʥʝʦʭʣʘʞʜʘʝʤʳʭ ʜʝʪʘʣʝʡ ʚ ʩʦʩʪʘʚʝ ʜʚʠʛʘʪʝʣʴʥʳʭ ʫʩʪʘʥʦʚʢʘʭ (ɼʋ) ʦʪ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʦʢʠʩʣʝʥʠʷ [1,2]. 

 ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚ ʢʘʯʝʩʪʚʝ ʞʘʨʦʩʪʦʡʢʦʛʦ ʧʦʢʨʳʪʠʷ ʷʚʣʷʝʪʩʷ 

ʠʨʠʜʠʡ [3]. 

 ɼʣʷ ʥʘʥʝʩʝʥʠʷ ʠʨʠʜʠʝʚʳʭ ʧʦʢʨʳʪʠʡ ʚʳʙʨʘʥ ʤʝʪʦʜ ʤʘʛʥʝʪʨʦʥʥʦʛʦ ʥʘʧʳʣʝʥʠʷ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ 

ʧʦʣʫʯʘʪʴ ʧʣʦʪʥʳʝ ʧʦʢʨʳʪʠʷ ʨʝʛʫʣʠʨʫʝʤʦʡ ʪʦʣʱʠʥʳ ʥʘ ʦʩʥʦʚʝ ʤʘʪʝʨʠʘʣʦʚ ʩ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ 

ʧʣʘʚʣʝʥʠʷ. ʈʘʟʨʘʙʦʪʘʥʘ ʩʧʝʮʠʘʣʴʥʘʷ ʩʭʝʤʘ ʥʘʧʳʣʝʥʠʷ, ʛʜʝ ʢʘʪʦʜ ʠʟ ʠʨʠʜʠʷ ʚʳʧʦʣʥʷʝʪʩʷ ʚ ʚʠʜʝ ʢʦʣʴʮʘ, 

ʚʥʫʪʨʠ ʢʦʪʦʨʦʛʦ ʧʦ ʦʩʠ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʜʝʪʘʣʴ. ʇʨʠ ʥʘʧʳʣʝʥʠʠ ʤʘʪʝʨʠʘʣ ʢʘʪʦʜʘ ʯʘʩʪʠʯʥʦ ʦʩʘʞʜʘʝʪʩʷ ʥʘ 

ʜʝʪʘʣʴ ʚ ʚʠʜʝ ʧʦʢʨʳʪʠʷ, ʦʩʪʘʣʴʥʦʡ ʨʘʩʧʳʣʷʝʤʳʡ ʤʘʪʝʨʠʘʣ ʚʥʦʚʴ ʧʦʧʘʜʘʝʪ ʥʘ ʚʥʫʪʨʝʥʥʶʶ ʧʦʚʝʨʭʥʦʩʪʴ 

ʢʘʪʦʜʘ, ʦʙʝʩʧʝʯʠʚʘʷ ʚʳʩʦʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʵʪʦʡ ʩʭʝʤʳ ʩʧʨʦʝʢʪʠʨʦʚʘʥʘ ʠ 

ʠʟʛʦʪʦʚʣʝʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ. ʂʦʥʩʪʨʫʢʮʠʷ ʫʩʪʘʥʦʚʢʠ ʩʦʜʝʨʞʠʪ ʤʝʭʘʥʠʟʤ ʧʝʨʝʤʝʱʝʥʠʷ 

ʧʦʢʨʳʚʘʝʤʦʡ ʜʝʪʘʣʠ ʧʦ ʦʩʠ ʢʘʪʦʜʘ. ʄʘʛʥʝʪʨʦʥʥʳʡ ʫʟʝʣ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʦʣʴʮʝʚʫʶ ʤʘʛʥʠʪʥʫʶ 

ʩʠʩʪʝʤʫ ʩ ʚʦʜʦʦʭʣʘʞʜʝʥʳʤ ʢʘʪʦʜʦʤ. 

ɼʣʷ ʥʘʧʳʣʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠ ʢʦʣʴʮʝʚʦʡ ʢʘʪʦʜ ʩ ʚʥʫʪʨʝʥʥʝʤ Ï 37ʤʤ ʠʟ ʚʳʩʦʢʦʯʠʩʪʦʛʦ ʠʨʠʜʠʷ (Ir 

99,9% ɻʆʉʊ 12338-81). ʆʪʨʘʙʦʪʢʫ ʨʝʞʠʤʦʚ ʧʨʦʚʦʜʠʣʠ ʧʫʪʝʤ ʥʘʧʳʣʝʥʠʷ ʠʨʠʜʠʷ ʥʘ ʮʠʣʠʥʜʨʠʯʝʩʢʫʶ 

ʦʧʨʘʚʢʫ ʠʟ ʙʨʦʥʟʳ ʜʠʘʤʝʪʨʦʤ Ï 10 ʤʤ ʠ ʜʣʠʥʦʡ 70 ʤʤ. ʇʨʠ ʚʳʙʦʨʝ ʨʝʞʠʤʘ ʫʯʠʪʳʚʘʣʠʩʴ: ʩʢʦʨʦʩʪʴ 

ʥʘʧʳʣʝʥʠʷ, ʪʝʤʧʝʨʘʪʫʨʘ ʦʧʨʘʚʢʠ, ʘʜʛʝʟʠʷ ʧʦʢʨʳʪʠʷ ʢ ʤʘʪʝʨʠʘʣʫ ʦʧʨʘʚʢʠ. ʆʧʪʠʤʘʣʴʥʳʤ ʨʝʞʠʤʦʤ 

ʥʘʧʳʣʝʥʠʷ ʠʨʠʜʠʷ ʥʘ ʜʘʥʥʦʤ ʵʪʘʧʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʳʙʨʘʥ ʩʣʝʜʫʶʱʠʡ: Iʢʘʪʦʜʘ= 1ɸ; Uʧʦʜʣ.= 60ɺ; ʊʧʦʜʣ= 

430 Áʉ ʠ ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʚʠʞʝʥʠʷ ʧʦʜʣʦʞʢʠ 40 ʤʤ/ʩ. 

 ʇʦʣʫʯʝʥ ʦʙʨʘʟʝʮ ʧʦʢʨʳʪʠʷ ʠʟ ʠʨʠʜʠʷ ʧʨʠ ʥʘʧʳʣʝʥʠʠ ʚ ʪʝʯʝʥʠʠ 60 ʤʠʥ., ʪʦʣʱʠʥʘ ʢʦʪʦʨʦʛʦ 

ʩʦʩʪʘʚʠʣʘ 20ʤʢʤ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʦʙʨʘʟʮʘ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʩʬʦʨʤʠʨʦʚʘʥʥʦʝ ʧʦʢʨʳʪʠʝ ʠʤʝʝʪ 

ʨʘʚʥʦʤʝʨʥʫʶ ʪʦʣʱʠʥʫ, ʧʣʦʪʥʫʶ, ʤʝʣʢʦʟʝʨʥʠʩʪʫʶ ʩʪʨʫʢʪʫʨʫ ʙʝʟ ʧʦʨ, ʨʘʩʩʣʦʝʥʠʡ ʠ ʪʨʝʱʠʥ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʢʘʟʘʥʘ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʧʨʝʜʣʦʞʝʥʥʦʡ ʩʭʝʤʳ ʤʘʛʥʝʪʨʦʥʥʦʛʦ ʥʘʧʳʣʝʥʠʷ 

ʧʦʢʨʳʪʠʡ ʠʟ ʠʨʠʜʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʣʴʮʝʚʳʭ ʤʘʛʥʝʪʨʦʥʦʚ ʠ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʜʘʣʴʥʝʡʰʠʭ ʨʘʙʦʪ ʚ 

ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. 
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ʇʨʦʙʣʝʤʘ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʧʦʚʳʰʝʥʠʷ ʨʘʙʦʯʠʭ ʪʝʤʧʝʨʘʪʫʨ ʪʝʧʣʦʥʘʛʨʫʞʝʥʥʳʭ ʫʟʣʦʚ ʠ ʵʣʝʤʝʥʪʦʚ  

ʢʦʥʩʪʨʫʢʮʠʡ (ʂʉ, ʩʦʧʣʘ, ʚʢʣʘʜʳʰʠ ʚ ʢʨʠʪʠʯʝʩʢʦʝ ʩʝʯʝʥʠʝ) ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʨʘʟʨʘʙʦʪʢʠ 

ʥʦʚʳʭ  ʢʝʨʘʤʦʤʘʪʨʠʯʥʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʦʙʣʘʜʘʶʱʠʭ ʟʘʧʘʩʦʤ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ 

ʧʨʦʯʥʦʩʪʠ, ʪʚʝʨʜʦʩʪʠ, ʢʦʨʨʦʟʠʦʥʥʦʡ ʠ ʵʨʦʟʠʦʥʥʦʡ ʩʪʦʡʢʦʩʪʠ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʩ ʜʣʠʪʝʣʴʥʳʤ ʞʠʟʥʝʥʥʳʤ 

ʮʠʢʣʦʤ ʚ ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʦʢʠʩʣʝʥʠʷ ʜʦ 2000Üʉ. ʅʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ 

ʜʣʷ ʨʘʙʦʪʳ ʚ ʚʳʰʝ ʫʢʘʟʘʥʥʳʭ ʫʩʣʦʚʠʷʭ ʷʚʣʷʶʪʩʷ ʩʠʩʪʝʤʳ ʥʘ ʦʩʥʦʚʝ ZrB2 ʠ ZrC [1] . ʇʨʠʚʝʜʝʥʥʳʝ ʚ 

ʪʘʙʣʠʮʝ 1 ʥʝʢʦʪʦʨʳʝ ʩʚʦʡʩʪʚʘ ʜʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʧʦʜʪʚʝʨʞʜʘʶʪ ʠʭ ʧʦʪʝʥʮʠʘʣʴʥʫʶ ʚʦʟʤʦʞʥʦʩʪʴ 

ʧʨʠʤʝʥʝʥʠʷ ʧʨʠ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʚ ʯʘʩʪʥʦʩʪʠ ʚʳʰʝ 1850ʦʉ, ʷʚʣʷʶʱʝʡʩʷ ʧʨʝʜʝʣʴʥʦʡ ʜʣʷ ʤʘʪʝʨʠʘʣʦʚ 

ʢʣʘʩʩʘ ʉ/SiC ʠ Si/SiC. 

ʊʘʙʣʠʮʘ 1 - ʅʝʢʦʪʦʨʳʝ ʩʚʦʡʩʪʚʘ ZrB2 ʠ ZrC [2] 

ʆʜʥʘʢʦ ʥʝʩʤʦʪʨʷ ʥʘ ʚʳʩʦʢʫʶ ʪʝʤʧʝʨʘʪʫʨʫ ʧʣʘʚʣʝʥʠʷ ZrB2 ʠ ZrC  (>3000ʦʉ), ʚ ʦʢʠʩʣʠʪʝʣʴʥʦʡ ʩʨʝʜʝ 

ʩʫɦʝʩʪʚʝʥʥʘʷ ʜʝʛʨʘʜʘʮʠʷ ʤʘʪʝʨʠʘʣʘ ʥʘʯʠʥʘʝʪʩʷ ʫʞʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʧʦʨʷʜʢʘ ʊ=1000ʦʉ [3], ʚ ʩʚʷʟʠ ʩ 

ʵʪʠʤ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʠʭ ʦʢʠʩʣʠʪʝʣʴʥʦʡ ʩʪʦʡʢʦʩʪʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʜʦʙʘʚʣʷʶʪ ʢʨʝʤʥʠʡʩʦʜʝʨʞʘʱʠʝ 

ʩʦʝʜʠʥʝʥʠʷ, ʦʙʨʘʟʫʶʱʠʝ ʟʘʱʠʪʥʳʡ ʧʦʚʝʨʭʥʦʩʪʥʳʡ ʩʣʦʡ, ʧʨʝʧʷʪʩʪʚʫʶʱʠʡ ʧʨʦʥʠʢʥʦʚʝʥʠʶ ʢʠʩʣʦʨʦʜʘ ʚ 

ʦʙʲʝʤ ʤʘʪʝʨʠʘʣʘ, 

ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʷʚʣʷʣʘʩʴ ʨʘʟʨʘʙʦʪʢʘ ʪʝʭʥʦʣʦʛʠʠ ʧʦʣʫʯʝʥʠʷ ʥʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ 

ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʘʨʤʠʨʦʚʘʥʥʳʭ ʚʦʣʦʢʥʘʤʠ ʠ ʥʠʪʝʚʠʜʥʳʤʠ ʢʨʠʩʪʘʣʣʘʤʠ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ 

ʩʦʝʜʠʥʝʥʠʡ ʙʦʨʠʜʘ, ʢʘʨʙʠʜʘ ʠ ʥʠʪʨʠʜʘ ʮʠʨʢʦʥʠʷ ʩ ʧʦʚʳʰʝʥʥʳʤʠ ʧʨʦʯʥʦʩʪʥʳʤʠ ʠ ʪʝʤʧʝʨʘʪʫʨʥʳʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ  ʜʣʷ ʪʝʧʣʦʥʘʛʨʫʞʝʥʥʳʭ ʠ ʥʝʦʭʣʘʞʜʘʝʤʳʭ ʵʣʝʤʝʥʪʦʚ ɾʈɼ.  

ʆʜʥʦʡ ʠʟ ʧʨʠʦʨʠʪʝʪʥʳʭ ʟʘʜʘʯ ʩʦʚʨʝʤʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʜʦʩʪʠʞʝʥʠʝ 

ʧʨʦʛʥʦʟʠʨʫʝʤʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʩʚʦʡʩʪʚ, ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʘʨʤʠʨʦʚʘʥʥʦʡ ʢʦʤʧʦʟʠʮʠʦʥʥʦʡ ʥʘʥʦʢʝʨʘʤʠʢʠ. 

ʂʝʨʘʤʠʯʝʩʢʠʝ ʚʦʣʦʢʥʘ ʧʦʟʚʦʣʷʶʪ ʠʩʢʣʶʯʠʪʴ ʚʥʝʟʘʧʥʦʝ ʭʨʫʧʢʦʝ ʨʘʟʨʫʰʝʥʠʝ ʤʘʪʝʨʠʘʣʘ ʟʘ ʩʯʝʪ ʜʝʡʩʪʚʠʷ 

ʨʘʟʣʠʯʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʜʠʩʩʠʧʘʮʠʠ ʵʥʝʨʛʠʠ  ʨʘʟʨʫʰʝʥʠʷ. ʇʦʚʳʰʝʥʥʘʷ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ 

ʥʘʥʦʜʠʩʧʝʨʩʥʳʭ ʧʦʨʦʰʢʦʚʳʭ ʩʠʩʪʝʤ  ʥʘʠʙʦʣʝʝ  ʙʣʘʛʦʧʨʠʷʪʥʘ ʚ ʦʙʣʘʩʪʠ ʢʝʨʘʤʠʯʝʩʢʠʭ ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ 

ʜʣʷ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ, ʧʦʩʢʦʣʴʢʫ ʧʨʠʚʦʜʠʪ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʧʦʚʳʰʝʥʠʶ ʧʨʦʯʥʦʩʪʠ ʠ 

ʪʚʝʨʜʦʩʪʠ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʧʣʘʩʪʠʯʥʦʩʪʴʶ ʠ ʪʝʨʤʠʯʝʩʢʦʡ ʩʪʦʡʢʦʩʪʴʶ, ʧʦʚʳʰʝʥʠʶ ʛʦʤʦʛʝʥʥʦʩʪʠ 

ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ, ʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʠ ʩʚʦʡʩʪʚ.  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʦʚʤʝʩʪʥʦʡ ʨʘʙʦʪʳ ʈʍʊʋ ʩ ʆɸʆ çʂʦʤʧʦʟʠʪè ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʪʝʭʥʦʣʦʛʠʷ ʧʦʣʫʯʝʥʠʷ 

ʥʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʛʦ ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʥʘ ʦʩʥʦʚʝ ʪʫʛʦʧʣʘʚʢʦʡ ʢʝʨʘʤʠʯʝʩʢʦʡ ʤʘʪʨʠʮʳ ʚ 

ʩʠʩʪʝʤʝ: ZrB2ïZrNïZrʉ, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʤʠ ʚʦʣʦʢʥʘʤʠ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʦʙʲʝʤʥʦʛʦ ʵʢʨʘʥʠʨʦʚʘʥʠʷ ʥʘʥʦʨʘʟʤʝʨʥʳʤʠ ʯʘʩʪʠʮʘʤʠ ʜʠʦʢʩʠʜʘ ʮʠʨʢʦʥʠʷ ʧʫʪʝʤ 

ʩʝʛʨʝʛʘʮʠʠ ʠʭ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʟʝʨʝʥ ʤʘʪʨʠʮʳ.  ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʧʳʪʘʥʠʷ ʤʘʪʝʨʠʘʣʘ ʚʳʷʚʠʣʠ ʚʳʩʦʢʠʡ 

ʫʨʦʚʝʥʴ ʩʚʦʡʩʪʚ: ʨʘʙʦʯʘʷ ʪʝʤʧʝʨʘʪʫʨʘ- 1900 - 2000ÜC, ʧʨʦʯʥʦʩʪʴ ʥʘ ʠʟʛʠʙ 450 ʄʇʘ, ʧʨʦʯʥʦʩʪʴ ʧʨʠ ʩʞʘʪʠʠ 

1800 ʄʇʘ, ʪʚʝʨʜʦʩʪʴ ʧʦ ɺʠʢʢʝʨʩʫ 21,7 Ñ 3,3 ɻʇʘ, ʦʢʠʩʣʠʪʝʣʴʥʘʷ ʩʪʦʡʢʦʩʪʴ 0,03 %/ʯ, ʪʝʨʤʦʩʪʘʙʠʣʴʥʦʩʪʴ  

ʉʚʦʡʩʪʚʘ ZrB2 ZrC 

ʇʣʦʪʥʦʩʪʴ, ʛ/ʩʤ3 6,12 6,73 

ʊʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʠʷ, ʦʉ 3245 3530 

ʊʚʝʨʜʦʩʪʴ, ɻʇʘ 23 28 

ʊʂʃʈ, (ʦʉ-1) 6,1Ĭ10-6 7,0Ĭ10-6 

ʂʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ, ɺʪ/(ʤĬʦʉ) 60 23 
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ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1200 Áʉ ï 20 Áʉ ʥʝ ʤʝʥʝʝ 25 ʮʠʢʣʦʚ, ʢʨʠʪʠʯʝʩʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʥʘʧʨʷʞʝʥʠʡ 6,5 Ñ 1,5 ʄʇʘĿʤ1/2 , ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ 52,5 Ñ 1,5 ɺʪ/(ʤĿʂ), ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʧʣʦʪʥʦʩʪʴ 99%. 

ʆʩʥʦʚʥʳʤ ʧʨʦʮʝʩʩʦʤ, ʦʢʘʟʳʚʘʶʱʠʤ ʥʘʠʙʦʣʴʰʝʝ ʚʣʠʷʥʠʝ ʥʘ ʩʪʨʫʢʪʫʨʫ ʠ ʩʚʦʡʩʪʚʘ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ 

ʢʝʨʘʤʠʯʝʩʢʦʛʦ ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʥʘ ʦʩʥʦʚʝ ʪʫʛʦʧʣʘʚʢʦʡ ʢʝʨʘʤʠʯʝʩʢʦʡ ʤʘʪʨʠʮʳ ʚ ʩʠʩʪʝʤʝ: 

ZrB2ïZrNïZrʉ, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʤʠ ʚʦʣʦʢʥʘʤʠ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ, ʷʚʣʷʝʪʩʷ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʡ ʪʝʨʤʦʭʠʤʠʯʝʩʢʠʡ ʩʠʥʪʝʟ, ʧʨʠ ʢʦʪʦʨʦʤ ʧʨʦʠʩʭʦʜʷʪ ʬʠʟʠʯʝʩʢʠʝ (ʜʠʬʫʟʠʦʥʥʦ-

ʚʷʟʢʦʝ ʪʝʯʝʥʠʝ) ʠ ʭʠʤʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ, ʧʨʠʚʦʜʷʱʠʝ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʤʘʪʨʠʮʳ ʠ ʘʨʤʠʨʫʶʱʝʛʦ 

ʥʘʧʦʣʥʠʪʝʣʷ ʚ ʮʝʣʦʤ. ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʤʠʢʨʦʩʪʨʫʢʪʫʨʘ ʥʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʛʦ 

ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʧʦʣʫʯʝʥʥʘʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʈʕʄ. 

 
ʈʠʩʫʥʦʢ 1 ï ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʥʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʛʦ ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ 

ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʤʠʢʨʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʚʳʷʚʣʝʥʘ ʟʘʣʦʞʝʥʥʘʷ ʛʝʪʝʨʦʛʝʥʥʘʷ 

ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʩ ʥʝʟʥʘʯʠʪʝʣʴʥʦʡ ʟʘʤʢʥʫʪʦʡ ʧʦʨʠʩʪʦʩʪʴʶ 0,7%, ʧʨʠ ʵʪʦʤ ʨʘʟʤʝʨ 

ʢʨʠʩʪʘʣʣʦʚ ʚ ʦʩʥʦʚʥʦʤ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 0,1 ï 0,5 ʤʢʤ  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʦʚʤʝʩʪʥʦʡ ʨʘʙʦʪʳ ʈʍʊʋ ʩ ʆɸʆ çʂʦʤʧʦʟʠʪè ʨʘʟʨʘʙʦʪʘʥ 

ʧʝʨʩʧʝʢʪʠʚʥʳʡ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʡ ʢʝʨʘʤʠʯʝʩʢʠʡ ʢʦʤʧʦʟʠʮʠʦʥʥʳʡ ʤʘʪʝʨʠʘʣ, ʦʙʣʘʜʘʶʱʠʡ ʚʳʩʦʢʠʤʠ 

ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʯʪʦ ʜʝʣʘʝʪ ʝʛʦ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʜʣʷ 

ʧʨʠʤʝʥʝʥʠʷ ʚ ʪʝʧʣʦʥʘʛʨʫʞʝʥʥʳʭ ʠ ʥʝʦʭʣʘʞʜʘʝʤʳʭ ʫʟʣʘʭ ʠ ʜʝʪʘʣʝʡ ɾʈɼ    

ʃʠʪʝʨʘʪʫʨʘ 

Ghosh D., Subhashy G. Recent Progress in Zr(Hf)B2 based ultra-high temperature ceramics /In: Handbook 

of advanced Ceramics,  Elsevier Inc., 2nd edition . Chapter 3.3. 2013. ʈ. 267ï299. 
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OBTAINING INGOT -ELECTRODES FROM HOT -RESISTANT NICKEL -BASED SUPERALLOY 

EP741NP 

Labutina N.A., Logachev I.A., Kotelnikov G.I., Medvedeva A.V. 

 

There were made some investigations to determine the influence of charging materials purity on resulting 

ingot of nickel-based alloy during the vacuum induction melting process. The resulting ingot is being used for 

production of high purity material using vacuum-arc remelting process. 
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ɾʘʨʦʧʨʦʯʥʳʝ ʥʠʢʝʣʝʚʳʝ ʩʧʣʘʚʳ (ɾʅʉ) - ʦʩʥʦʚʥʳʝ ʤʘʪʝʨʠʘʣʳ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʜʠʩʢʦʚ 

ʘʚʠʘʮʠʦʥʥʳʭ ʠ ʨʘʢʝʪʥʳʭ ʜʚʠʛʘʪʝʣʝʡ. ʆʪʣʠʯʘʶʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʥʦʡ ʩʠʩʪʝʤʦʡ ʣʝʛʠʨʦʚʘʥʠʷ. ɹʣʘʛʦʜʘʨʷ 

ʩʚʦʠʤ ʩʚʦʡʩʪʚʘʤ ʥʠʢʝʣʝʚʳʝ ʩʧʣʘʚʳ ʯʘʱʝ ʚʩʝʛʦ ʧʨʠʤʝʥʷʶʪ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʜʝʪʘʣʝʡ, ʨʘʙʦʪʘʶʱʠʭ ʧʨʠ 

ʩʘʤʳʭ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. ʀʭ ʛʦʤʦʣʦʛʠʯʝʩʢʠʝ ʨʘʙʦʯʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚʳʰʝ, ʯʝʤ ʫ ʣʶʙʦʡ ʠʟ 

ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʭ ʩʠʩʪʝʤ, ʘ ʚ ʜʚʠʛʘʪʝʣʷʭ ʩ ʧʦʚʳʰʝʥʥʳʤʠ ʪʝʭʥʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʠʭ ʚʝʩʦʚʘʷ 

ʜʦʣʷ ʧʨʝʚʳʰʘʝʪ 50 %.  

ɺ ʧʦʛʦʥʝ ʟʘ ʧʦʩʪʦʷʥʥʦ ʧʦʚʳʰʘʶʱʠʤʠʩʷ ʪʨʝʙʦʚʘʥʠʷʤʠ ʢ ʠʟʜʝʣʠʷʤ ʘʵʨʦʢʦʩʤʠʯʝʩʢʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʨʝʰʘʝʪʩʷ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʥʘʫʯʥʳʭ, ʪʝʭʥʠʯʝʩʢʠʭ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʟʘʜʘʯ. 

ʇʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʨʘʟʨʘʙʦʪʢʠ ʞʘʨʦʧʨʦʯʥʳʭ ʥʠʢʝʣʝʚʳʭ ʩʧʣʘʚʦʚ ʚʝʣʠʩʴ ʚ ʦʩʥʦʚʥʦʤ ʚ ʥʘʧʨʘʚʣʝʥʠʠ 

ʫʩʣʦʞʥʝʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʩʦʩʪʘʚʦʚ. ʏʨʝʟʤʝʨʥʘʷ ʧʝʨʝʣʝʛʠʨʦʚʘʥʥʦʩʪʴ ʦʯʝʥʴ ʩʠʣʴʥʦ ʟʘʪʨʫʜʥʷʝʪ ʠ ʫʜʦʨʦʞʘʝʪ 

ʚʳʧʣʘʚʢʫ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʥʝʦʜʥʦʨʦʜʥʦʩʪʷʤ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʚ ʦʙʲʝʤʝ. ɼʦʧʦʣʥʠʪʝʣʴʥʳʝ ʪʨʫʜʥʦʩʪʠ 

ʜʦʙʘʚʣʷʝʪ ʚʳʩʦʢʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʥʠʢʝʣʷ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ ʢʠʩʣʦʨʦʜʦʤ, ʘʟʦʪʦʤ ʠ ʚʦʜʦʨʦʜʦʤ. 

ʉʚʷʟʘʥʥʳʝ ʩ ʵʪʠʤ ʧʨʦʙʣʝʤʳ ʧʦʟʚʦʣʷʝʪ ʨʝʰʠʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʡ ʛʨʘʥʫʣʴʥʦʡ ʤʝʪʘʣʣʫʨʛʠʠ. 

ʄʝʪʘʣʣʫʨʛʠʷ ʛʨʘʥʫʣ ï ʵʪʦ ʩʦʚʨʝʤʝʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ, ʧʦʟʚʦʣʷʶʱʘʷ ʧʦʣʫʯʘʪʴ ʜʝʪʘʣʠ ʩʣʦʞʥʦʡ ʬʦʨʤʳ ʩ 

ʚʳʩʦʢʠʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʘʪʝʨʠʘʣʘ, ʘ ʚʳʩʦʢʘʷ ʪʦʯʥʦʩʪʴ ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʟʘʛʦʪʦʚʦʢ 

ʧʦʟʚʦʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʩʦʢʨʘʪʠʪʴ ʦʧʝʨʘʮʠʶ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ. ʉʫʪʴ ʪʝʭʥʦʣʦʛʠʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʪʦʤ, ʯʪʦ ʪʦʨʝʮ ʙʳʩʪʨʦ ʚʨʘʱʘʶʱʝʛʦʩʷ ʩʣʠʪʢʘ-ʵʣʝʢʪʨʦʜʘ ʦʧʣʘʚʣʷʝʪʩʷ ʧʣʘʟʤʦʡ ʚ ʩʨʝʜʝ ʠʥʝʨʪʥʳʭ ʛʘʟʦʚ. 

ʈʘʩʧʣʘʚ ʨʘʟʙʨʳʟʛʠʚʘʝʪʩʷ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʮʝʥʪʨʦʙʝʞʥʳʭ ʩʠʣ ʠ ʟʘʪʚʝʨʜʝʚʘʝʪ ʚ ʧʦʣʝʪʝ, ʦʙʨʘʟʫʶ ʛʨʘʥʫʣʳ. 

ʀʩʭʦʜʥʳʤ ʤʘʪʝʨʠʘʣʦʤ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʷʚʣʷʝʪʩʷ ʩʣʠʪʦʢ-ʵʣʝʢʪʨʦʜ, ʢ ʢʦʪʦʨʦʤʫ ʧʨʝʜʲʷʚʣʷʶʪʩʷ ʪʨʝʙʦʚʘʥʠʷ 

ʥʝ ʪʦʣʴʢʦ ʢ ʬʦʨʤʝ ʠ ʪʦʯʥʦʩʪʠ ʠʟʛʦʪʦʚʣʝʥʠʷ, ʥʦ ʠ ʢ ʭʠʤʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ. ʇʦʩʢʦʣʴʢʫ ʢʘʞʜʘʷ ʛʨʘʥʫʣʘ ï ɻ ʪʦ 

ʧʦ ʩʫʪʠ ʤʠʢʨʦʩʣʠʪʦʢ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʩʦʩʪʘʚʫ ʨʘʩʧʳʣʷʝʤʦʛʦ ʵʣʝʢʪʨʦʜʘ, ʥʝʦʙʭʦʜʠʤʦ ʦʙʝʩʧʝʯʠʪʴ 

ʩʦʦʪʚʝʪʩʪʚʠʝ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʚ ʠʩʭʦʜʥʦʤ ʤʘʪʝʨʠʘʣʝ ʟʘʜʘʥʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ. ʉ ʵʪʦʡ ʮʝʣʴʶ ʧʨʦʮʝʩʩ 

ʚʳʧʣʘʚʢʠ ʚʝʜʫʪ ʚ ʚʘʢʫʫʤʥʦ-ʠʥʜʫʢʮʠʦʥʥʳʭ ʧʝʯʘʭ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʧʝʨʝʧʣʘʚʦʤ ʚ ʚʘʢʫʫʤʥʦ-ʜʫʛʦʚʳʭ ʧʝʯʘʭ.  

ʆʩʥʦʚʥʘʷ ʮʝʣʴ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ï ʧʨʦʚʝʜʝʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʣʠʷʥʠʷ ʰʠʭʪʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚ 

ʧʨʦʮʝʩʩʝ ʚʘʢʫʫʤʥʦ-ʠʥʜʫʢʮʠʦʥʥʦʡ ʧʣʘʚʢʠ ʥʘ ʩʣʠʪʦʢ-ʵʣʝʢʪʨʦʜ ʠʟ ʥʠʢʝʣʝʚʦʛʦ ʩʧʣʘʚʘ ʧʦʚʳʰʝʥʥʦʡ ʯʠʩʪʦʪʳ 

ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ ʚʘʢʫʫʤʥʦ-ʜʫʛʦʚʦʛʦ ʧʝʨʝʧʣʘʚʘ. 

ɺ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʞʘʨʦʧʨʦʯʥʳʡ ʥʠʢʝʣʝʚʳʡ ʜʠʩʢʦʚʳʡ ʩʧʣʘʚ 

ʕʇ741ʅʇ. ʕʪʦʪ ʩʧʣʘʚ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʩʘʤʳʭ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʭ ɾʅʉ ʢʦʥʩʪʨʫʢʮʠʦʥʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ, 

ʧʦʣʫʯʘʝʤʳʭ ʤʝʪʦʜʘʤʠ ʤʝʪʘʣʣʫʨʛʠʠ ʛʨʘʥʫʣ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʦʚʤʝʩʪʥʳʭ ʨʘʙʦʪ ʩ ʅʀʊʋ çʄʀʉʠʉè ʚ ʚʘʢʫʫʤʥʦ-ʠʥʜʫʢʮʠʦʥʥʦʡ ʧʝʯʠ ʧʨʦʚʝʜʝʥʳ 

ʧʣʘʚʢʠ ʠ ʧʦʣʫʯʝʥʳ ʵʣʝʢʪʨʦʜʳ ʥʠʢʝʣʝʚʦʛʦ ʩʧʣʘʚʘ ʕʇ741ʅʇ. 

ʅʘ ʧʦʣʫʯʝʥʥʳʭ ʵʣʝʢʪʨʦʜʘʭ ʠʩʩʣʝʜʦʚʘʥʳ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ, ʤʠʢʨʦʩʪʨʫʢʪʫʨʘ. ɺʳʷʚʣʝʥʦ, ʯʪʦ ʪʦʣʴʢʦ 

ʯʠʩʪʳʝ ʰʠʭʪʦʚʳʝ ʤʘʪʝʨʠʘʣʳ ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʘʪʴ ʵʣʝʢʪʨʦʜʳ ʛʦʜʥʳʝ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ ʚʘʢʫʫʤʥʦ-

ʜʫʛʦʚʦʛʦ ʧʝʨʝʧʣʘʚʘ. 
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SYNTHESIS OF SILICON  THIN  FILMS  BY ELECTROLYSIS  OF KF-KCL -K 2SIF6-SIO2 MELTS  

Laptev M.V., Isakov A.V., Zhuk S.I ., Apisarov A.P., Zaikov Yu.P. 

 

Method of production of silicon thin films by electrolysis of oxide-halide melts was developed. Silicon thin 

films were produced by galvanostatic electrolysis of KF-KCl-K2SiF6-SiO2. The results of Raman spectroscopy 

shown, that the silicon films may be characterized as sp2-sp3 hybridized silicen. 

 

ʈʘʟʚʠʪʠʝ ʪʝʭʥʦʣʦʛʠʡ ʚʦʟʦʙʥʦʚʣʷʝʤʦʡ ʵʥʝʨʛʝʪʠʢʠ ʟʘʚʠʩʠʪ ʦʪ ʨʘʟʨʘʙʦʪʦʢ ʚ ʦʙʣʘʩʪʠ ʧʦʣʫʯʝʥʠʷ ʥʦʚʳʭ 

ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʇʝʨʝʜʦʚʳʝ ʨʘʟʨʘʙʦʪʢʠ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʥʘʧʨʷʤʫʶ 

ʩʚʷʟʘʥʳ ʩ ʢʨʝʤʥʠʝʚʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ. ʇʝʨʩʧʝʢʪʠʚʥʳʤ ʩʧʦʩʦʙʦʤ ʧʦʣʫʯʝʥʠʷ ʢʨʝʤʥʠʷ ʷʚʣʷʝʪʩʷ ʤʝʪʦʜ 

ʵʣʝʢʪʨʦʣʠʪʠʯʝʩʢʦʛʦ ʦʩʘʞʜʝʥʠʷ ʚ ʨʘʩʧʣʘʚʣʝʥʥʳʭ ʩʦʣʝʚʳʭ ʵʣʝʢʪʨʦʣʠʪʘʭ. ʇʝʨʩʧʝʢʪʠʚʥʳʤʠ ʩʦʣʝʚʳʤʠ 

ʩʠʩʪʝʤʘʤʠ, ʩ ʫʯʝʪʦʤ ʥʝʦʙʭʦʜʠʤʦʛʦ ʟʘʜʝʣʘ, ʷʚʣʷʶʪʩʷ ʨʘʩʧʣʘʚʳ ʥʘ ʦʩʥʦʚʝ ʩʠʩʪʝʤʳ KF-KCl-K2SiF6. ʆʥʠ 

ʠʤʝʶʪ ʭʦʨʦʰʫʶ ʪʝʨʤʠʯʝʩʢʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ [1]. ɺʩʝ ʢʦʤʧʦʥʝʥʪʳ ʜʘʥʥʦʡ ʩʠʩʪʝʤʳ ʨʘʩʪʚʦʨʠʤʳ ʚ ʚʦʜʥʳʭ 

ʨʘʩʪʚʦʨʘʭ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʧʨʠ ʨʘʟʜʝʣʝʥʠʠ ʩʦʣʝʚʦʡ ʠ ʢʨʝʤʥʠʝʚʦʡ ʬʘʟ ʢʘʪʦʜʥʳʭ ʦʩʘʜʢʦʚ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ ʵʣʝʢʪʨʦʣʠʟʘ [2] ʠ ʨʘʟʚʠʪʠʝ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʦ ʟʘʨʦʜʳʰʝʦʙʨʘʟʦʚʘʥʠʠ [1] ʚ ʵʪʠʭ 

ʨʘʩʧʣʘʚʘʭ ʧʦʟʚʦʣʷʶʪ ʥʘʧʨʘʚʣʝʥʥʦ ʠʟʤʝʥʷʪʴ ʤʦʨʬʦʣʦʛʠʶ ʵʣʝʢʪʨʦʣʠʪʠʯʝʩʢʠʭ ʦʩʘʜʢʦʚ ʢʨʝʤʥʠʷ ʠ 

ʧʝʨʝʭʦʜʠʪʴ ʢ ʠʩʩʣʝʜʦʚʘʥʠʶ ʧʨʦʮʝʩʩʦʚ ʧʨʦʪʝʢʘʶʱʠʭ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ ʙʣʠʟʢʠʭ ʢ 

ʜʚʫʤʝʨʥʳʤ ʤʘʪʝʨʠʘʣʘʤ ʠ ʩʠʣʠʮʝʥʘ. 

ʉʠʥʪʝʟ ʪʦʥʢʦʡ ʧʣʝʥʢʠ ʢʨʝʤʥʠʷ ʧʨʦʚʦʜʠʣʠ ʤʝʪʦʜʦʤ ʛʘʣʴʚʘʥʦʩʪʘʪʠʯʝʩʢʦʛʦ ʵʣʝʢʪʨʦʣʠʟʘ ʚ ʨʘʩʧʣʘʚʝ 

KF-KCl(2:1)-K2SiF6-SiO2. ʕʣʝʢʪʨʦʦʩʘʞʜʝʥʠʝ ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ 5 ʤɸ/ʩʤ
2 ʠ ʪʝʤʧʝʨʘʪʫʨʝ 750 

oC ʚ ʪʝʯʝʥʠʝ 4 ʯʘʩʦʚ. ɺ ʨʘʙʦʪʝ [1] ʧʦʢʘʟʘʥʦ, ʯʪʦ ʥʫʢʣʝʘʮʠʷ ʢʨʝʤʥʠʷ ʚ ʨʘʩʧʣʘʚʘʭ KF-KCl-K2SiF6 ʧʨʦʠʩʭʦʜʠʪ 

ʧʦ ʤʝʭʘʥʠʟʤʫ ʤʛʥʦʚʝʥʥʦʛʦ ʟʘʨʦʞʜʝʥʠʷ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʜʠʬʬʫʟʠʦʥʥʦ-ʢʦʥʪʨʦʣʠʨʫʝʤʳʤ ʨʦʩʪʦʤ. ʉʦʛʣʘʩʥʦ 

ʵʪʦʤʫ, ʩʫʱʝʩʪʚʫʶʪ ʫʩʣʦʚʠʷ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʣʝʥʢʠ ʠʟ ʟʘʨʦʜʳʰʝʡ ʥʘ ʥʘʯʘʣʴʥʳʭ ʩʪʘʜʠʷʭ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ. ɼʠʦʢʩʠʜ ʢʨʝʤʥʠʷ ʚʚʦʜʠʣʠ ʚ ʨʘʩʧʣʘʚ KF-KCl-K2SiF6 ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʧʦʚʣʠʷʪʴ ʥʘ 

ʩʪʨʫʢʪʫʨʫ ʠ ʤʦʨʬʦʣʦʛʠʶ ʧʨʦʜʫʢʪʘ ʧʨʠ ʜʣʠʪʝʣʴʥʦʤ ʵʣʝʢʪʨʦʣʠʟʝ ʠ ʩʬʦʨʤʠʨʦʚʘʪʴ ʧʣʦʭʦ ʩʮʝʧʣʝʥʥʳʡ ʩ 

ʧʦʜʣʦʞʢʦʡ ʦʩʘʜʦʢ ʚ ʧʨʦʮʝʩʩʝ ʤʘʩʩʦʚʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ [2].  

ʋʩʪʘʥʦʚʣʝʥʥʳʝ ʨʘʥʝʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʧʦʟʚʦʣʠʣʠ ʧʨʠ ʦʩʘʞʜʝʥʠʠ ʩʬʦʨʤʠʨʦʚʘʪʴ ʩʣʦʡ ʠʟ ʟʘʨʦʜʳʰʝʡ 

ʢʨʝʤʥʠʷ ʠ ʧʦʢʨʳʚʘʶʱʠʡ ʝʛʦ ʩʣʦʡ ʚ ʚʠʜʝ ʧʦʨʦʰʢʦʦʙʨʘʟʥʦʛʦ ʦʩʘʜʢʘ ʢʨʝʤʥʠʷ. ʇʦʨʦʰʢʦʦʙʨʘʟʥʳʡ ʩʣʦʡ 

ʢʨʝʤʥʠʷ ʠʤʝʣ ʧʣʦʭʦʝ ʩʮʝʧʣʝʥʠʝ ʩ ʧʝʨʚʠʯʥʦʡ ʧʣʝʥʢʦʡ ʠ ʝʛʦ ʫʜʘʣʷʣʠ ʤʝʭʘʥʠʯʝʩʢʠ ʧʦʩʣʝ ʩʠʥʪʝʟʘ. 

ʆʩʪʘʚʰʠʡʩʷ ʩʣʦʡ ʠʟ ʟʘʨʦʜʳʰʝʡ ʧʦʜʚʝʨʛʘʣʠ ʠʩʩʣʝʜʦʚʘʥʠʶ. ʇʦʚʝʨʭʥʦʩʪʴ ʵʣʝʢʪʨʦʜʘ ʠʟʫʯʘʣʠ ʤʝʪʦʜʦʤ 

ʩʢʘʥʠʨʫʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʠ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ ʩʚʝʪʘ. ʊʠʧʠʯʥʳʝ 

ʨʝʟʫʣʴʪʘʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 1. 

 
ʈʠʩʫʥʦʢ 1 - ɼʘʥʥʳʝ ʩʢʘʥʠʨʫʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʠ ʂʈ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʪʦʥʢʦʡ ʧʣʝʥʢʠ 

ʢʨʝʤʥʠʷ 

ɼʘʥʥʳʝ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ (ʈʠʩʫʥʦʢ 1ʘ) ʠ ʨʝʟʫʣʴʪʘʪʳ ʩʦʩʪʘʚʣʝʥʠʷ ʢʘʨʪ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʵʣʝʤʝʥʪʦʚ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʵʣʝʢʪʨʦʜʘ ʦʙʨʘʟʦʚʳʚʘʣʘʩʴ ʧʣʝʥʢʘ ʢʨʝʤʥʠʷ. ʇʣʝʥʢʘ ʠʤʝʣʘ 

ʜʝʬʝʢʪʳ ʚ ʚʠʜʝ ʪʨʝʱʠʥ, ʢʦʪʦʨʳʝ ʦʙʨʘʟʦʚʘʣʠʩʴ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʚʩʣʝʜʩʪʚʠʝ ʨʘʟʥʠʮʳ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 
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ʪʝʧʣʦʚʦʛʦ ʣʠʥʝʡʥʦʛʦ ʨʘʩʰʠʨʝʥʠʷ ʤʘʪʝʨʠʘʣʦʚ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʫʯʘʩʪʢʠ ʩʧʣʦʰʥʳʭ ʧʣʝʥʦʢ 

ʧʣʦʱʘʜʴʶ ʦʢʦʣʦ 475 ʤʢʤ2. 

ʅʘ ʩʧʝʢʪʨʝ  (ʈʠʩʫʥʦʢ 1b) ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ ʢʦʣʝʙʘʪʝʣʴʥʘʷ ʧʦʣʦʩʘ ʩ ʤʘʢʩʠʤʫʤʦʤ 516 ʩʤ-1 ʠ 

ʨʘʩʪʷʥʫʪʳʡ ʧʠʢ ʩ ʤʘʢʩʠʤʫʤʦʤ ʚ ʨʘʡʦʥʝ 950-960 ʩʤ-1, ʢʦʪʦʨʳʝ ʧʦ ʧʦʣʦʞʝʥʠʶ ʠ ʧʦʣʫʰʠʨʠʥʝ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʢʦʣʝʙʘʥʠʷʤ ʧʝʨʚʦʛʦ ʠ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ ʩʚʷʟʝʡ Si-Si ʚ ʨʝʰʝʪʢʝ sp2-sp3 ʛʠʙʨʠʜʠʟʠʨʦʚʘʥʥʦʛʦ 

ʩʠʣʠʮʝʥʘ [3]. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʨʘʙʦʪʝ [4] ʜʣʷ ʢʨʝʤʥʠʷ ʫʩʪʘʥʦʚʣʝʥʳ ʧʦʣʦʞʝʥʠʷ ʤʘʢʩʠʤʫʤʦʚ ʜʣʷ 

ʢʦʣʝʙʘʥʠʡ ʩʚʷʟʠ Si-Si ʧʝʨʚʠʯʥʳʭ (520,2Ñ0,5 ʩʤ-1) ʠ ʚʪʦʨʠʯʥʳʭ (950Ñ0,5  ʩʤ-1). ʇʨʠ ʵʪʦʤ ʜʣʷ ʩʠʣʠʮʝʥʘ 

ʥʘʙʣʶʜʘʝʪʩʷ ʦʪʢʣʦʥʝʥʠʝ ʦʪ ʧʦʣʦʞʝʥʠʷ ʤʘʢʩʠʤʫʤʘ ʧʦʣʦʩʳ ʧʝʨʚʠʯʥʳʭ ʢʦʣʝʙʘʥʠʡ ʜʦ 516 ʩʤ-1 ʠ ʫʚʝʣʠʯʝʥʠʝ 

ʰʠʨʠʥʳ ʧʦʣʦʩʳ, ʦʪʚʝʯʘʶʱʝʡ ʚʪʦʨʠʯʥʳʤ ʢʦʣʝʙʘʥʠʷʤ. ɼʘʥʥʦʝ  ʠʟʤʝʥʝʥʠʝ ʩʧʝʢʪʨʦʚ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʚ ʢʘʯʝʩʪʚʝ ʦʪʣʠʯʠʪʝʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʠ  ʜʣʷ ʨʝʛʠʩʪʨʘʮʠʠ ʦʙʨʘʟʦʚʘʥʠʷ ʩʠʣʠʮʝʥʘ. 

 ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʢʘʟʘʥʘ ʧʨʠʥʮʠʧʠʘʣʴʥʘʷ ʚʦʟʤʦʞʥʦʩʪʴ ʩʠʥʪʝʟʘ ʪʦʥʢʠʭ ʧʣʝʥʦʢ ʢʨʝʤʥʠʷ, 

ʦʩʥʦʚʘʥʥʦʛʦ ʥʘ ʵʣʝʢʪʨʦʦʩʘʞʜʝʥʠʠ ʢʨʝʤʥʠʷ ʠʟ ʦʢʩʠʜʥʦ-ʛʘʣʦʛʝʥʠʜʥʳʭ ʨʘʩʧʣʘʚʦʚ KF-KCl-K2SiF6-SiO2. 

ɻʘʣʴʚʘʥʦʩʪʘʪʠʯʝʩʢʠʤ ʵʣʝʢʪʨʦʣʠʟʦʤ ʧʦʣʫʯʝʥʳ ʪʦʥʢʠʝ ʧʣʝʥʢʠ ʢʨʝʤʥʠʷ. ʈʝʟʫʣʴʪʘʪʳ ʩʧʝʢʪʨʦʩʢʦʧʠʠ 

ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ ʩʚʝʪʘ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʦʣʫʯʝʥʥʳʝ ʧʣʝʥʢʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ sp2-sp3 

ʛʠʙʨʠʜʠʟʠʨʦʚʘʥʥʦʤʫ ʩʠʣʠʮʝʥʫ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ ʚ ʨʘʤʢʘʭ ʉʦʛʣʘʰʝʥʠʷ 
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DIMENSIONAL -REINFORCED COMPOSITE  MATERIALS OF RAISED DEFORMABILITY  FOR 

THE AEROSPACE TECHNI CIANS WORKING AT SUB ZERO WEATHER  

Laushkina A.A., Lebedev A.A. 

 
Study the possibility of using dimensional-reinforced composite materials as mobile elements in the 

fabrication of the elastic hinges pivoting nozzle solid-propellant rocket engine to replace the existing rubber-to-

metal bonded fabrication. 

ɺ ʨʘʢʝʪʥʦʡ ʠ ʘʚʠʘʮʠʦʥʥʦʡ ʪʝʭʥʠʢʝ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʚʦʟʤʦʞʥʦʩʪʠ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʧʦʣʦʞʝʥʠʷ 

ʫʧʨʘʚʣʷʶʱʠʭ ʵʣʝʤʝʥʪʦʚ (ʩʦʧʝʣ, ʚʝʢʪʦʨʦʚ ʚʝʨʪʦʣʝʪʦʚ) ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʪ.ʥ. ʵʣʘʩʪʠʯʥʳʝ ʰʘʨʥʠʨʳ, 

ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʩʦʙʦʡ ʢʦʥʩʪʨʫʢʮʠʶ ʠʟ ʯʝʨʝʜʫʶʱʠʭʩʷ ʩʬʝʨʠʯʝʩʢʠʭ ʩʣʦʝʚ ʤʝʪʘʣʣʘ ʠ ʵʣʘʩʪʦʤʝʨʘ, 

ʩʢʣʝʝʥʥʳʭ ʤʝʞʜʫ ʩʦʙʦʡ. ʅʝʜʦʩʪʘʪʢʘʤʠ ʧʦʜʦʙʥʳʭ ʵʣʘʩʪʠʯʥʳʭ ʰʘʨʥʠʨʦʚ ʷʚʣʷʶʪʩʷ ʥʝʚʦʟʤʦʞʥʦʩʪʴ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʨʠ ʦʪʨʠʮʘʪʝʣʴʥʳʭ (ʜʦ -50Áʉ) ʪʝʤʧʝʨʘʪʫʨʘʭ ʠʟ-ʟʘ ʨʝʟʢʦʛʦ ʩʥʠʞʝʥʠʷ ʜʝʬʦʨʤʘʪʠʚʥʦʩʪʠ 

ʵʣʘʩʪʦʤʝʨʦʚ ʠ ʢʣʝʝʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʠʭ ʩʦʝʜʠʥʝʥʠʝ ʩ ʤʝʪʘʣʣʠʯʝʩʢʠʤʠ ʵʣʝʤʝʥʪʘʤʠ [1]. 

ɺ ɸʆ çʂʦʨʧʦʨʘʮʠʷ çʄʀʊè ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʧʨʠʤʝʥʝʥʠʶ ʚ ʢʘʯʝʩʪʚʝ ʧʦʜʚʠʞʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ʵʣʘʩʪʠʯʥʦʛʦ ʰʘʨʠʥʨʘ ʦʙʲʝʤʥʦ-ʘʨʤʠʨʦʚʘʥʥʳʭ ʩʪʨʫʢʪʫʨ, ʧʦʣʫʯʝʥʥʳʭ ʤʝʪʦʜʦʤ 3D-ʪʢʘʯʝʩʪʚʘ ʠʟ 

ʥʠʪʝʡ ʅʉɺʄ ʠ ʧʨʦʧʠʪʘʥʥʳʭ ʩʠʣʠʢʦʥʦʚʳʤʠ ʛʝʨʤʝʪʠʢʘʤʠ. ʈʘʙʦʪʳ ʚʳʧʦʣʥʷʣʠʩʴ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʫʟʣʫ 

ʧʦʜʚʝʩʘ ʧʦʚʦʨʦʪʥʦʛʦ ʫʧʨʘʚʣʷʶʱʝʛʦ ʩʦʧʣʘ ʈɼʊʊ. 

mailto:larkyann@gmail.com


ʉɽʂʎʀʗ 2 ʂʆʄʇʆɿʀʎʀʆʅʅʓɽ ʄɸʊɽʈʀɸʃʓ, ɺʂʃʖʏɸʗ ʇʆʃʀʄɽʈʅʓɽ 

128 
 
 

ʈʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ ʦʮʝʥʢʠ ʩʜʚʠʛʦʚʦʡ ʜʝʬʦʨʤʘʪʠʚʥʦʩʪʠ ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ ʧʦʜʚʠʞʥʦʛʦ ʧʘʢʝʪʘ 

ʕʐ ʧʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʦʩʝʚʦʡ ʥʘʛʨʫʟʢʠ. ʀʩʧʳʪʘʥʠʷ ʦʙʨʘʟʮʦʚ ʨʘʟʣʠʯʥʦʛʦ ʧʣʝʪʝʥʠʷ 

ʧʦʟʚʦʣʠʣʠ ʦʧʨʝʜʝʣʠʪʴ ʩʪʨʫʢʪʫʨʫ ʦʙʲʝʤʥʦ-ʘʨʤʠʨʦʚʘʥʥʦʛʦ ʧʘʢʝʪʘ, ʙʣʠʟʢʫʶ ʢ ʚʝʣʠʯʠʥʝ ʩʜʚʠʛʘ ʢ ʰʪʘʪʥʦʤʫ 

ʨʝʟʠʥʦʤʝʪʘʣʣʠʯʝʩʢʦʤʫ ʘʥʘʣʦʛʫ. 

ʇʦʜʚʠʞʥʳʡ ʧʘʢʝʪ ʩʦ ʩʣʦʞʥʳʤ ʧʝʨʝʧʣʝʪʝʥʠʝʤ ʠʟʛʦʪʦʚʣʝʥ ʥʘ ʩʪʘʥʢʝ ʜʣʷ 3D-ʪʢʘʯʝʩʪʚʘ ʬʠʨʤʳ 

Mageba ʠʟ ʥʠʪʠ ʅʉɺʄ-14,3 ɻʆʉʊ 28007-88 ʠ ʧʨʦʧʠʪʘʥ ʩʠʣʠʢʦʥʦʚʳʤ ʛʝʨʤʝʪʠʢʦʤ ʤʘʨʢʠ Makroflex SX-

101 ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʛʝʨʤʝʪʠʯʥʦʩʪʠ. 

ʀʟʛʦʪʦʚʣʝʥ ʠ ʠʩʧʳʪʘʥ ʥʘ ʩʪʝʥʜʝ ʵʣʘʩʪʠʯʥʳʡ ʰʘʨʥʠʨ ʩ ʢʦʤʧʦʟʠʮʠʦʥʥʳʤ ʧʦʜʚʠʞʥʳʤ ʧʘʢʝʪʦʤ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʡ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʦʪʢʣʦʥʷʶʱʠʝ ʫʩʠʣʠʷ ʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤ ʫʟʣʝ ʤʝʥʴʰʝ, ʯʝʤ ʫ 

ʰʪʘʪʥʦʛʦ ʫʟʣʘ. 

ʇʨʠʤʝʥʝʥʠʝ ʦʙʲʝʤʥʦ-ʘʨʤʠʨʦʚʘʥʥʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʤʝʪʦʜʦʤ 3D-

ʪʢʘʯʝʩʪʚʘ, ʧʦ ʩʚʦʝʡ ʜʝʬʦʨʤʘʪʠʚʥʦʩʪʠ ʥʝ ʫʩʪʫʧʘʶʱʠʝ ʩʚʦʝʤʫ ʨʝʟʠʥʦʤʝʪʘʣʣʠʯʝʩʢʦʤʫ ʧʨʦʪʦʪʠʧʫ ʧʦʟʚʦʣʠʪ 

ʩʥʠʟʠʪʴ ʚʝʩ ʵʣʘʩʪʠʯʥʳʭ ʰʘʨʥʠʨʦʚ ʠ ʩʫʱʝʩʪʚʝʥʥʦ ʫʤʝʥʴʰʠʪʴ ʪʨʫʜʦʝʤʢʦʩʪʴ ʠ ʜʣʠʪʝʣʴʥʦʩʪʴ ʠʟʛʦʪʦʚʣʝʥʠʷ 

ʫʟʣʘ ʠ ʦʙʝʩʧʝʯʠʪʴ ʝʛʦ ʨʘʙʦʪʫ ʚ ʜʚʠʛʘʪʝʣʷʭ ʧʨʠ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. 

ʃʠʪʝʨʘʪʫʨʘ 
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PROCESSES OF THE SEQUENCE MELTING -UP AS A WAYS TO PRODUCING COMPOSITE OF 

VARIOUS CLASSES 

V.S. Dub, L.Ya. Levkov, D.A. Shurygin, A.V. Lazukin 

 
The theoretical premises and experimental results of using the process of sequence melting-up as a ways to 

producing composites was presented. Possibilities of Russia's largest EBM furnace on receipt macrocomposite 

ingot for manufacturing various products by providing a minimum depth of two-phase area and the length of the 

transition layer are underlined. The possibilities of using ESR low frequency AC for controlling the solidification 

process are demonstrated. 

 

ʇʨʝʜʩʪʘʚʣʝʥʳ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʧʨʝʜʧʦʩʳʣʢʠ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʧʨʦʮʝʩʩʦʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʥʘʧʣʘʚʣʝʥʠʷ (ʇʇʅ): ʵʣʝʢʪʨʦʥʥʦ-ʣʫʯʝʚʦʛʦ (ʕʃʇ), ʵʣʝʢʪʨʦʰʣʘʢʦʚʦʛʦ 

(ʕʐʇ) ʠ ʧʣʘʟʤʝʥʥʦʛʦ (ʇʇ) ʧʝʨʝʧʣʘʚʦʚ ʢʘʢ ʩʧʦʩʦʙʦʚ ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʦʟʠʪʦʚ. ʇʨʠʥʮʠʧʠʘʣʴʥʳʝ 

ʚʦʟʤʦʞʥʦʩʪʠ ʇʇʅ ʧʦ ʫʧʨʘʚʣʝʥʠʶ ʧʨʦʮʝʩʩʘʤʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʜʚʫʭʬʘʟʥʦʡ ʦʙʣʘʩʪʠ, 

ʧʦʟʚʦʣʷʶʪ ʨʘʩʧʦʣʦʞʠʪʴ ʠʭ ʚ ʨʷʜ ʧʦ ʚʦʟʨʘʩʪʘʥʠʶ: ʕʃʇ ï ʕʐʇ ï ʇʇ. ʅʘ ʦʩʥʦʚʝ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ 

ʧʦʢʘʟʘʪʝʣʝʡ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʬʦʨʤʫ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʚʘʥʥʳ ʠ ʩʚʷʟʘʥʥʫʶ ʩ ʥʝʡ ʬʦʨʤʫ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʜʚʫʭʬʘʟʥʦʡ ʦʙʣʘʩʪʠ (ɼʌʆ), ʧʦʢʘʟʘʥʦ, ʯʪʦ ʣʠʥʝʡʥʘʷ ʩʢʦʨʦʩʪʴ ʟʘʪʚʝʨʜʝʚʘʥʠʷ (ʩʢʦʨʦʩʪʴ ʧʨʦʜʚʠʞʝʥʠʷ 

ʬʨʦʥʪʘ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ) ʦʙʨʘʪʥʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʧʨʦʪʷʞʝʥʥʦʩʪʠ, ʪʦ ʝʩʪʴ ʤʘʢʩʠʤʘʣʴʥʦʡ ʛʣʫʙʠʥʝ ɼʌʆ. 

ʇʨʠ ʧʣʦʩʢʦʡ ʬʦʨʤʝ ʥʠʞʥʝʡ ʛʨʘʥʠʮʳ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʚʘʥʥʳ ʠ ʤʘʣʦʡ ʧʨʦʪʷʞʝʥʥʦʩʪʠ ɼʌʆ ʥʘʧʣʘʚʣʝʥʥʳʡ 

ʤʝʪʘʣʣ ʙʫʜʝʪ ʤʠʥʠʤʘʣʴʥʦ ʩʢʣʦʥʝʥ ʢ ʣʠʢʚʘʮʠʠ, ʪʦ ʝʩʪʴ ʥʘʠʙʦʣʝʝ ʦʜʥʦʨʦʜʝʥ.  

ʇʦʜʯʝʨʢʥʫʪʳ ʚʦʟʤʦʞʥʦʩʪʠ ʢʨʫʧʥʝʡʰʝʡ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʧʝʯʠ ʕʃʇ ʧʨʠ ʧʦʣʫʯʝʥʠʠ 

ʤʘʢʨʦʢʦʤʧʦʟʠʪʥʦʛʦ ʩʣʠʪʢʘ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʟʘʤʳʢʘʶʱʠʭ ʰʚʦʚ ʧʨʠ ʩʚʘʨʢʝ ʪʨʫʙ ʨʘʟʥʦʛʦ ʩʦʩʪʘʚʘ, ʨʦʪʦʨʦʚ 

ʧʠʢʦʚʳʭ ʘʛʨʝʛʘʪʦʚ (ʞʘʨʦʧʨʦʯʥʳʝ ï ʭʣʘʜʦʩʪʦʡʢʠʝ ʢʦʤʧʦʟʠʮʠʠ), ʧʣʘʢʠʨʦʚʘʥʥʳʭ (ʩ ʦʜʥʦʡ ʠʣʠ ʜʚʫʭ ʩʪʦʨʦʥ) 

ʜʠʩʢʦʚ ʠ ʜʨ. ʟʘ ʩʯʝʪ ʦʙʝʩʧʝʯʝʥʠʷ ʤʠʥʠʤʘʣʴʥʦʡ ʛʣʫʙʠʥʳ ɼʌʆ ʠ ʧʨʦʪʷʞʝʥʥʦʩʪʠ ʧʝʨʝʭʦʜʥʦʛʦ ʩʣʦʷ. 

ʇʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʳ ʚʦʟʤʦʞʥʦʩʪʠ ʕʐʇ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ ʧʦʥʠʞʝʥʥʦʡ ʯʘʩʪʦʪʳ 

ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʮʝʩʩʦʤ ʟʘʪʚʝʨʜʝʚʘʥʠʷ, ʦʧʪʠʤʠʟʘʮʠʠ ʬʦʨʤʳ ɼʌʆ, ʜʠʩʧʝʨʛʠʨʦʚʘʥʠʷ ʜʝʥʜʨʠʪʥʦʡ 

ʩʪʨʫʢʪʫʨʳ ʠ ʩʥʠʞʝʥʠʷ ʣʠʢʚʘʮʠʠ, ʦʪʤʝʯʝʥʥʳʝ ʪʘʢʞʝ ʘʚʪʦʨʘʤʠ [1,2]. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʫʤʝʥʴʰʝʥʠʝ ʯʘʩʪʦʪʳ ʧʝʨʝʤʝʥʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ ʫʣʫʯʰʘʝʪ ʫʩʣʦʚʠʷ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʟʘ ʩʯʝʪ ʚʣʠʷʥʠʷ ʥʘ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʧʝʨʝʧʣʘʚʘ, ʚ ʪ.ʯ. ʟʥʘʯʠʪʝʣʴʥʦ ʠʟʤʝʥʷʝʪ 
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ʭʘʨʘʢʪʝʨ ʧʨʦʪʝʢʘʥʠʷ ʪʦʢʘ ʧʦ ʵʣʝʢʪʨʦʜʫ ʠ ʩʣʠʪʢʫ (ʩʢʠʥ-ʵʬʬʝʢʪ). ɻʣʫʙʠʥʘ ʧʨʦʥʠʢʥʦʚʝʥʠʷ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʚʦʣʥʳ ʚ ʤʝʪʘʣʣ ʤʦʞʝʪ ʙʳʪʴ ʧʦʚʳʰʝʥʘ ʥʘ ʜʚʘ ʧʦʨʷʜʢʘ. ʇʨʠ ʵʪʦʤ ʩʦʟʜʘʶʪʩʷ ʫʩʣʦʚʠʷ 

ʫʤʝʥʴʰʝʥʠʷ ʩʨʝʜʥʝʛʦ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʦʩʷʤʠ ʜʝʥʜʨʠʪʦʚ (ʇ, ʤʢʤ) ʚ 3 - 4 ʨʘʟʘ, ʯʪʦ ʦʧʠʩʘʥʦ ʫʨʘʚʥʝʥʠʝʤ: 

ÌÇʇ  ÌÇʇ ÍϽÌÇ
Ͻ Ͻ̈Ͻ

, 

ʛʜʝ ȹT - ʨʘʟʥʠʮʘ ʪʝʤʧʝʨʘʪʫʨ ʣʠʢʚʠʜʫʩ ʠ ʩʦʣʠʜʫʩ, 0ʉ; 6̈  ʣʠʥʝʡʥʘʷ ʩʢʦʨʦʩʪʴ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ, ʤ/ʩ; 
f - ʯʘʩʪʦʪʘ ʪʦʢʘ ʧʝʨʝʧʣʘʚʘ, ɻʮ; ‌- ʢʦʵʬʬʠʮʠʝʥʪ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ ʠʟʤʝʥʝʥʠʝ ʚʨʝʤʝʥʠ ʟʘʪʚʝʨʜʝʚʘʥʠʷ ʧʨʠ 

ʫʤʝʥʴʰʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ, ʦʧʨʝʜʝʣʷʝʤʳʡ ʵʤʧʠʨʠʯʝʩʢʠ, ʩ/0ʉ; ʂD = 
ϽϽ ϽϽ ̠̘

   ï ʧʦʢʘʟʘʪʝʣʴ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʜʠʬʬʫʟʠʠ, ʤ2/ʩ2 [3]; ɚ0 ï ʧʦʩʪʦʷʥʥʘʷ ʚʝʣʠʯʠʥʘ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʘʷ ʤʠʥʠʤʘʣʴʥʦʝ ʨʘʩʩʪʦʷʥʠʝ 

ʤʝʞʜʫ ʦʩʷʤʠ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ, ʤʢʤ ʠ m ï ʙʝʟʨʘʟʤʝʨʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ, ʦʧʨʝʜʝʣʷʝʤʳʝ ʵʤʧʠʨʠʯʝʩʢʠ.  

ʉʨʘʚʥʠʪʝʣʴʥʳʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʜʠʩʧʝʨʩʥʦʩʪʠ ʜʝʥʜʨʠʪʥʦʡ ʩʪʨʫʢʪʫʨʳ ʩʣʠʪʢʦʚ ʕʐʇ ʬʝʨʨʠʪʥʳʭ, 

ʤʘʨʪʝʥʩʠʪʥʦ-ʬʝʨʨʠʪʥʳʭ ʠ ʧʝʨʣʠʪʥʳʭ ʩʪʘʣʝʡ ʚ ʨʘʙʦʪʘʭ [4,5] ʧʦʢʘʟʘʥʦ ʧʦʚʳʰʝʥʠʝ ʦʜʥʦʨʦʜʥʦʩʪʠ ʤʝʪʘʣʣʘ, 

ʧʦʣʫʯʝʥʥʦʛʦ ʧʨʠ ʧʝʨʝʧʣʘʚʝ ʥʘ ʧʝʨʝʤʝʥʥʦʤ ʪʦʢʝ ʧʦʥʠʞʝʥʥʦʡ ʯʘʩʪʦʪʳ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʧʨʦʤʳʰʣʝʥʥʦʡ ʯʘʩʪʦʪʳ. ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʤʝʪʦʜʘʤʠ ʬʨʘʢʮʠʦʥʥʦʛʦ ʛʘʟʦʚʦʛʦ ʘʥʘʣʠʟʘ (ʘʥʘʣʠʟʘʪʦʨ ʘʟʦʪʘ 

ʠ ʢʠʩʣʦʨʦʜʘ ʊʉ-600, Leco) ʠ ʨʝʥʪʛʝʥʦʩʧʝʢʪʨʘʣʴʥʦʛʦ ʤʠʢʨʦʘʥʘʣʠʟʘ (ʨʘʩʪʨʦʚʳʡ ʵʣʝʢʪʨʦʥʥʳʡ ʤʠʢʨʦʩʢʦʧ 

JSM-6060A ʩ ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʦʡ ʧʨʠʩʪʘʚʢʦʡ JED-2300, JEOL) ʚʳʷʚʣʝʥʳ ʚʦʟʤʦʞʥʦʩʪʠ ʧʝʨʝʤʝʥʥʦʛʦ 

ʪʦʢʘ ʧʦʥʠʞʝʥʥʦʡ ʯʘʩʪʦʪʳ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʨʘʟʤʝʨʘʤʠ, ʩʦʩʪʘʚʦʤ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʥʝʤʝʪʘʣʣʠʯʝʩʢʠʭ 

ʚʢʣʶʯʝʥʠʡ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʕʐʇ ʥʘ ʧʝʨʝʤʝʥʥʦʤ ʪʦʢʝ ʧʦʥʠʞʝʥʥʦʡ ʯʘʩʪʦʪʳ ʫʜʘʝʪʩʷ ʟʘʬʠʢʩʠʨʦʚʘʪʴ ʚ 

ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʤʘʪʨʠʮʝ ʯʘʩʪʠʮʳ ʥʘ ʦʩʥʦʚʝ ʢʦʨʫʥʜʘ ʩʨʝʜʥʠʤ ʨʘʟʤʝʨʦʤ 1 ʤʢʤ ʠ ʤʝʥʝʝ (ʨʠʩ. 1).  

 
ʈʠʩ. 1. ɺʣʠʷʥʠʝ ʯʘʩʪʦʪʳ ʪʦʢʘ ʥʘ ʨʘʟʤʝʨ ʥʝʤʝʪʘʣʣʠʯʝʩʢʠʭ ʚʢʣʶʯʝʥʠʡ ʚ ʤʝʪʘʣʣʝ ʕʐʇ, ʩʪʘʣʴ 

10ɻʅ2ʄʌɸ-ʐ. 

ʅʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʠ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʧʨʝʜʣʦʞʝʥʦ 

ʧʨʠʤʝʥʝʥʠʝ ʫʩʪʘʥʦʚʦʢ ʇʇʅ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʦʣʫʯʝʥʠʷ ʣʠʪʳʭ ʢʦʤʧʦʟʠʪʦʚ, ʪ.ʝ. 

ʪʝʭʥʦʣʦʛʠʡ ʚʚʝʜʝʥʠʷ ʵʢʟʦʛʝʥʥʳʭ ʯʘʩʪʠʮ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʞʠʜʢʫʶ ʚʘʥʥʫ. 

ʉʦʟʜʘʥʠʝ ʟʘʜʘʥʥʳʭ ʨʝʞʠʤʦʚ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʜʚʠʞʝʥʠʷ ʧʦʟʚʦʣʠʪ ʵʬʬʝʢʪʠʚʥʦ ʨʘʩʧʨʝʜʝʣʠʪʴ 

ʚʚʦʜʠʤʳʝ ʯʘʩʪʠʮʳ, ʘ ʤʘʣʦʝ ʚʨʝʤʷ ʣʦʢʘʣʴʥʦʛʦ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʚʘʥʥʳ ʵʬʬʝʢʪʠʚʥʦ ʠʭ 

ʬʠʢʩʠʨʦʚʘʪʴ ʚ ʟʘʪʚʝʨʜʝʚʘʶʱʝʡ ʤʘʪʨʠʮʝ. 
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IMPACT MODIFIERS INT RODUCED INTO COAL TA R PITCH ON THE PROPETIES OF THE 

PRODUCED COKE FROM I T 

Lakhin A.V., Lomtev D.V. 

 

The purpose of the present work, the establishment of the relationship between the type of additives in the 

pitch and the characteristics of the coke produced at its carbonization. As a result of this work established the 

influence each of these modifiers on the characteristics of coke: coke output, sintering capacity, volumetric 

shrinkage, open porosity, hydrostatic and pycnometric density. Also, it was concluded on the need to develop 

methods of preparation of the modified samples are also taken for the investigation and the search for new modifier 

that will improve the physical, chemical and physico-mechanical properties of the carbon matrix. 

 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ ʫʛʣʝʨʦʜ-ʫʛʣʝʨʦʜʥʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ (ʋʋʂʄ), ʠʤʝʶʱʠʭ 

ʧʦʚʳʰʝʥʥʫʶ ʵʨʦʟʠʦʥʥʫʶ ʠ ʪʝʨʤʠʯʝʩʢʫʶ ʩʪʦʡʢʦʩʪʴ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʛʘʟʦʚʳʭ 

ʧʦʪʦʢʦʚ, ʦʙʫʩʣʦʚʣʝʥʘ ʚʳʜʚʠʛʘʝʤʳʤʠ ʪʝʭʥʠʯʝʩʢʠʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ ʢ ʵʣʝʤʝʥʪʘʤ ʢʦʥʩʪʨʫʢʮʠʡ ʠʟʜʝʣʠʡ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭʩʷ ʵʢʩʪʨʝʤʘʣʴʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʧʦ ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʜʘʚʣʝʥʠʶ. 

ɺ ʢʘʯʝʩʪʚʝ ʤʘʪʝʨʠʘʣʘ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʝʛʦ ʵʪʠʤ ʪʨʝʙʦʚʘʥʠʷʤ, ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʣʦʞʝʥ ʋʋʂʄ, 

ʩʦʩʪʦʷʱʠʡ ʠʟ ʘʨʤʠʨʫʶʱʝʛʦ ʢʘʨʢʘʩʘ ï ʫʛʣʝʧʣʘʩʪʠʢʦʚʳʭ (ʋʇ) ʩʪʝʨʞʥʝʡ, ʫʣʦʞʝʥʥʳʭ ʚ ʥʝʩʢʦʣʴʢʠʭ 

ʥʘʧʨʘʚʣʝʥʠʷʭ, ʠ ʫʛʣʝʨʦʜʥʦʡ ʤʘʪʨʠʮʳ, ʚ ʢʘʯʝʩʪʚʝ ʢʦʪʦʨʦʡ ʚʳʩʪʫʧʘʝʪ ʢʦʢʩ ʢʘʤʝʥʥʦʫʛʦʣʴʥʦʛʦ ʧʝʢʘ.  

ʋʤʝʥʴʰʝʥʠʝ ʩʪʨʫʢʪʫʨʥʦʡ ʷʯʝʡʢʠ ʘʨʤʠʨʫʶʱʝʛʦ ʢʘʨʢʘʩʘ ʠ ʩʚʷʟʘʥʥʦʝ ʩ ʥʠʤ ʫʧʣʦʪʥʝʥʠʝ ʘʨʤʠʨʫʶʱʠʭ 

ʋʇ ʩʪʝʨʞʥʝʡ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʟʘʪʨʫʜʥʝʥʠʶ ʟʘʧʦʣʥʝʥʠʷ ʨʘʩʧʣʘʚʦʤ ʧʝʢʘ ʢʘʢ ʩʠʩʪʝʤʳ ʵʣʝʤʝʥʪʘʨʥʳʭ ʷʯʝʝʢ 

ʢʘʨʢʘʩʘ, ʪʘʢ ʠ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʩʪʝʨʞʥʷ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʚʦʟʥʠʢʘʝʪ ʧʨʦʙʣʝʤʘ: ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʥʝʦʙʭʦʜʠʤ 

ʤʝʣʢʦʷʯʝʠʩʪʳʡ ʋʋʂʄ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʵʨʦʟʠʦʥʥʦʡ ʩʪʦʡʢʦʩʪʠ ʤʘʪʝʨʠʘʣʘ, ʩ ʜʨʫʛʦʡ ï ʧʦʷʚʣʷʶʪʩʷ 

ʪʨʫʜʥʦʩʪʠ ʧʨʠ ʧʨʦʧʠʪʢʝ ʢʘʨʢʘʩʘ ʩʚʷʟʫʶʱʠʤ, ʩʚʷʟʘʥʥʳʝ ʩ ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʩʤʘʯʠʚʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʴʶ 

ʧʝʢʘ ʠ ʥʝʚʦʟʤʦʞʥʦʩʪʴʶ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʝʛʦ ʚ ʵʣʝʤʝʥʪʘʨʥʳʝ ʷʯʝʡʢʠ ʢʘʨʢʘʩʘ, ʘ ʪʘʢʞʝ ʚ ʧʦʨʳ ʋʇ ʩʪʝʨʞʥʝʡ. 

ʆʜʥʠʤ ʠʟ ʧʫʪʝʡ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʮʝʩʩʦʚ ʧʝʢʦʧʨʦʧʠʪʢʠ ʠ ʢʦʢʩʦʦʙʨʘʟʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ 

ʤʝʪʦʜ ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʷ ʫʛʣʝʨʦʜʥʦʡ ʤʘʪʨʠʮʳ ʋʋʂʄ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʤʦʜʠʬʠʢʘʪʦʨʦʚ, ʧʦ-ʚʠʜʠʤʦʤʫ, 

ʧʦʟʚʦʣʠʪ: ʠʥʪʝʥʩʠʬʠʮʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩʳ ʧʝʢʦʧʨʦʧʠʪʢʠ, ʫʤʝʥʴʰʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʮʠʢʣʦʚ çʧʨʦʧʠʪʢʘ-

ʢʘʨʙʦʥʠʟʘʮʠʷè, ʯʪʦ ʫʤʝʥʴʰʠʪ ʜʣʠʪʝʣʴʥʦʩʪʴ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʮʠʢʣʘ ʧʦʣʫʯʝʥʠʷ ʋʋʂʄ, ʧʦʚʳʩʠʪʴ 

ʧʣʦʪʥʦʩʪʴ ʧʦʣʫʯʘʝʤʦʛʦ ʢʦʤʧʦʟʠʪʘ ʟʘ ʩʯʝʪ ʧʦʚʳʰʝʥʠʷ ʚʳʭʦʜʘ ʢʦʢʩʦʚʦʛʦ ʦʩʪʘʪʢʘ ʧʨʠ ʪʝʨʤʦʦʙʨʘʙʦʪʢʝ 

ʟʘʛʦʪʦʚʢʠ ʠ ʫʣʫʯʰʠʪʴ ʢʦʥʪʘʢʪ ʧʦʚʝʨʭʥʦʩʪʠ ʪʚʝʨʜʦʛʦ ʥʘʧʦʣʥʠʪʝʣʷ ʠ ʞʠʜʢʦʧʣʘʩʪʠʯʥʦʛʦ ʩʚʷʟʫʶʱʝʛʦ ʟʘ 

ʩʯʝʪ ʧʦʚʳʰʝʥʠʷ ʪʝʢʫʯʝʩʪʠ ʧʦʩʣʝʜʥʝʛʦ ʠ ʩʤʘʯʠʚʘʝʤʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘʧʦʣʥʠʪʝʣʷ ʩʚʷʟʫʶʱʠʤ. ɺ ʩʚʷʟʠ ʩ 

ʵʪʠʤ ʪʝʤʘ ʜʘʥʥʦʡ ʨʘʙʦʪʳ, ʩʚʷʟʘʥʥʘʷ ʩ ʚʳʷʩʥʝʥʠʝʤ ʚʣʠʷʥʠʷ ʤʦʜʠʬʠʮʠʨʫʶʱʠʭ ʜʦʙʘʚʦʢ, ʚʚʦʜʠʤʳʭ ʚ 

ʢʘʤʝʥʥʦʫʛʦʣʴʥʳʡ ʧʝʢ, ʥʘ ʩʚʦʡʩʪʚʘ ʧʦʣʫʯʘʝʤʦʛʦ ʠʟ ʥʝʛʦ ʢʦʢʩʘ, ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ 

ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ɺ ʢʘʯʝʩʪʚʝ ʦʙʨʘʟʮʦʚ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʙʨʘʥʳ ʧʝʢʦʢʦʢʩʦʚʳʝ ʢʦʤʧʦʟʠʮʠʠ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʩʦʙʦʡ 

çʟʝʣʝʥʳʝ ʟʘʛʦʪʦʚʢʠè, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʳʭ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʩʤʦʜʝʣʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩʳ, ʧʨʦʪʝʢʘʶʱʠʝ ʚ ʧʦʨʘʭ 

ʟʘʛʦʪʦʚʦʢ ʋʋʂʄ ʚ ʭʦʜʝ ʧʝʢʦʧʨʦʧʠʪʢʠ ʠ ʢʘʨʙʦʥʠʟʘʮʠʠ. 

ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʫʩʪʘʥʦʚʣʝʥʠʝ ʚʟʘʠʤʦʩʚʷʟʠ ʤʝʞʜʫ ʪʠʧʦʤ ʚʚʦʜʠʤʦʛʦ 

ʤʦʜʠʬʠʢʘʪʦʨʘ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʢʦʢʩʘ, ʥʘ ʢʦʪʦʨʳʝ ʦʥ ʦʢʘʟʘʣ ʚʦʟʜʝʡʩʪʚʠʝ. ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ 

ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʙʳʣʠ ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: ʠʟʛʦʪʦʚʣʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʧʘʨʪʠʡ 

ʤʦʜʝʣʴʥʳʭ ʧʝʢʦʢʦʢʩʦʚʳʭ ʢʦʤʧʦʟʠʮʠʡ, ʧʨʦʚʝʜʝʥʠʝ ʢʘʨʙʦʥʠʟʘʮʠʠ ʦʙʨʘʟʮʦʚ, ʧʨʦʚʝʜʝʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʠ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʦʙʨʘʟʮʦʚ, ʧʨʦʰʝʜʰʠʭ ʪʝʨʤʦʦʙʨʘʙʦʪʢʫ. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʦʩʪʘʚʣʝʥʥʳʤʠ ʟʘʜʘʯʘʤʠ ʙʳʣʦ ʠʟʛʦʪʦʚʣʝʥʦ 11 ʧʘʨʪʠʡ ʧʝʢʦʢʦʢʩʦʚʳʭ ʢʦʤʧʦʟʠʮʠʡ, 

ʦʩʥʦʚʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʢʦʪʦʨʳʭ ʷʚʣʷʣʠʩʴ ʢʘʤʝʥʥʦʫʛʦʣʴʥʳʡ ʧʝʢ ʠ ʧʝʢʦʚʳʡ ʢʦʢʩ. ɺ ʩʦʩʪʘʚ ʥʝʢʦʪʦʨʳʭ 

ʧʘʨʪʠʡ ʦʙʨʘʟʮʦʚ ʙʳʣʠ ʚʚʝʜʝʥʳ ʤʦʜʠʬʠʮʠʨʫʶʱʠʝ ʜʦʙʘʚʢʠ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʟʚʦʣʠʣʠ ʫʩʪʘʥʦʚʠʪʴ ʚʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ ʩʚʦʡʩʪʚʘʤʠ 

ʢʦʤʧʦʟʠʮʠʡ ʠ ʪʠʧʦʤ ʚʚʦʜʠʤʳʭ ʤʦʜʠʬʠʮʠʨʫʶʱʠʭ ʜʦʙʘʚʦʢ,  

ʧʨʦʷʚʣʷʶʱʫʶʩʷ ʚ ʨʘʟʣʠʯʥʦʤ ʭʘʨʘʢʪʝʨʝ ʠʟʤʝʥʝʥʠʷ ʠʩʩʣʝʜʫʝʤʳʭ ʩʚʦʡʩʪʚ,  
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ʦʙʫʩʣʦʚʣʝʥʥʦʛʦ ʨʘʟʣʠʯʥʦʡ ʥʘʧʨʘʚʣʝʥʥʦʩʪʴʶ ʠ ʩʪʝʧʝʥʴʶ ʚʳʨʘʞʝʥʥʦʩʪʠ ʩʦʩʪʘʚʣʷʶʱʠʭ  

ʤʝʭʘʥʠʟʤʦʚ ʤʦʜʠʬʠʮʠʨʫʶʱʝʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʵʪʠʭ ʜʦʙʘʚʦʢ. 

ʋʩʪʘʥʦʚʣʝʥʥʳʝ ʤʦʜʠʬʠʮʠʨʫʶʱʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʪʘʢʠʝ ʢʘʢ ʧʣʘʩʪʠʬʠʮʠʨʫʶʱʝʝ ʜʝʡʩʪʚʠʝ, 

ʩʧʝʢʘʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ, ʩʤʘʯʠʚʘʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ, ʚ ʥʘʠʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʧʨʠʩʫʱʠʝ ʦʣʝʠʥʦʚʦʡ ʢʠʩʣʦʪʝ, 

ʤʦʛʫʪ ʙʳʪʴ ʨʘʩʩʤʦʪʨʝʥʳ ʢʘʢ ʧʨʝʠʤʫʱʝʩʪʚʘ, ʢʦʪʦʨʳʝ,  

ʧʦ-ʚʠʜʠʤʦʤʫ, ʦʙʝʩʧʝʯʘʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʧʝʢʦʧʨʦʧʠʪʢʠ ʠ ʢʘʨʙʦʥʠʟʘʮʠʠ ʋʋʂʄ ʩ ʫʤʝʥʴʰʝʥʥʦʡ 

ʩʪʨʫʢʪʫʨʥʦʡ ʷʯʝʡʢʦʡ, ʦʩʦʙʝʥʥʦ ʥʘ ʟʘʢʣʶʯʠʪʝʣʴʥʳʭ ʮʠʢʣʘʭ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ 

ʤʦʜʠʬʠʮʠʨʫʶʱʠʭ ʜʦʙʘʚʦʢ, ʚʚʦʜʠʤʳʭ ʚ ʫʛʣʝʨʦʜʥʫʶ ʤʘʪʨʠʮʫ, ʥʘ  

ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʠ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʋʋʂʄ. 
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ANALISYS OF SPECIFIC  FEATURES OF THE TEMP ERATURE FIELDS  

IN 3D REINFORCED C/C COMPOSITES 

Vagin V.P., Kladov M.Y., Magnitsky I.V., Ponomarev K.A., Smirnov A.S., Tashchilov S.V. 

 

A complex of experimental and computational means for C/C composite thermal behavior modeling has 

been developed. Some testing devices for thermal conductivity measurement have been improved to minimize 

the measurement error. Structural models for the C/C composite thermal conductance have been developed based 

on both analytical and numerical computation schemes. Based on the experimental data and the structural models, 

thermal conductivity values have been obtained for 4DL C/C composite components. 

ʆʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʬʫʥʢʮʠʡ ʫʟʣʦʚ ʠʟ ʫʛʣʝʨʦʜ-ʫʛʣʝʨʦʜʥʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ (ʋʋʂʄ) 

ʷʚʣʷʝʪʩʷ ʦʙʝʩʧʝʯʝʥʠʝ ʪʝʧʣʦʚʦʛʦ ʨʝʞʠʤʘ ʤʝʥʝʝ ʪʝʨʤʦʩʪʦʡʢʠʭ ʠ ʪʝʨʤʦʧʨʦʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʢʦʥʩʪʨʫʢʮʠʠ 

ʠʟʜʝʣʠʡ, ʪʦ ʝʩʪʴ ʜʘʥʥʳʡ ʢʣʘʩʩ ʤʘʪʝʨʠʘʣʦʚ, ʢʘʢ ʧʨʘʚʠʣʦ, ʤʦʞʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ ʪʝʧʣʦʟʘʱʠʪʥʳʡ. ɺ 

ʩʚʷʟʠ ʩ ʵʪʠʤ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʠʟʜʝʣʠʡ ʚʘʞʥʦ ʢʘʢ ʤʦʞʥʦ ʪʦʯʥʝʝ ʩʤʦʜʝʣʠʨʦʚʘʪʴ ʧʦʚʝʜʝʥʠʝ ʋʋʂʄ ʧʨʠ 

ʪʝʧʣʦʚʦʤ ʥʘʛʨʫʞʝʥʠʠ ʵʣʝʤʝʥʪʦʚ ʢʦʥʩʪʨʫʢʮʠʠ ʠʟ ʥʝʛʦ, ʠ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʩ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʡ 

ʪʦʯʥʦʩʪʴʶ ʩʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʧʦʣʷ ʚ ʥʝʤ. ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʵʪʦʡ ʮʝʣʠ ʚʘʞʥʦ, ʩ ʦʜʥʦʡ 

ʩʪʦʨʦʥʳ, ʧʦʣʫʯʠʪʴ ʜʦʩʪʦʚʝʨʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʦ ʩʚʦʡʩʪʚʘʭ ʤʘʪʝʨʠʘʣʘ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ, ʘ ʩ ʜʨʫʛʦʡ, ʢʦʨʨʝʢʪʥʦ ʦʧʠʩʘʪʴ ʧʨʦʮʝʩʩ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʪʝʧʣʘ ʚ ʦʙʲʝʤʝ ʫʟʣʘ. ʈʝʰʝʥʠʶ 

ʵʪʠʭ ʜʚʫʭ ʟʘʜʘʯ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʤʦʜʝʣʴʥʦʤʫ ʋʋʂʄ ʩʦ ʩʭʝʤʦʡ ʘʨʤʠʨʦʚʘʥʠʷ 4ɼʃ ʠ ʧʦʩʚʷʱʝʥʘ ʥʘʩʪʦʷʱʘʷ 

ʨʘʙʦʪʘ. 

ɺ ʨʘʤʢʘʭ ʨʘʙʦʪ ʧʦ ʫʪʦʯʥʝʥʠʶ ʟʥʘʯʝʥʠʡ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ ʙʳʣ ʤʦʜʝʨʥʠʟʠʨʦʚʘʥ ʧʨʠʙʦʨ 

ɸ-26ʄ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʟʤʝʨʝʥʠʡ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 50 ÜC, ʧʨʠ ʵʪʦʤ ʙʳʣʘ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʰʝʥʘ ʝʛʦ 

ʪʦʯʥʦʩʪʴ; ʨʘʟʨʘʙʦʪʘʥ ʠ ʨʝʘʣʠʟʦʚʘʥ ʩʪʘʮʠʦʥʘʨʥʳʡ ʦʩʝʩʠʤʤʝʪʨʠʯʥʳʡ ʤʝʪʦʜ ʠʟʤʝʨʝʥʠʷ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ 

ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ ʦʪ 100 ÜC  ʜʦ 1000 ÜC ʩ ʧʘʩʩʠʚʥʳʤ ʥʘʛʨʝʚʦʤ ʦʙʨʘʟʮʘ; ʚʥʝʩʝʥʳ ʢʦʨʨʝʢʪʠʚʳ ʚ 

ʤʝʪʦʜʠʢʫ ʠʟʤʝʨʝʥʠʷ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʜʦ 2700 ÜC ʥʘ ʫʩʪʘʥʦʚʢʝ ɚ-3000, ʧʦʟʚʦʣʠʚʰʠʝ 

ʩʥʠʟʠʪʴ ʥʝʠʩʢʣʶʯʝʥʥʫʶ ʩʠʩʪʝʤʘʪʠʯʝʩʢʫʶ ʩʦʩʪʘʚʣʷʶʱʫʶ ʧʦʛʨʝʰʥʦʩʪʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʙʳʣʠ ʠʟʤʝʨʝʥʳ ʫʪʦʯʥʝʥʥʳʝ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʠʩʩʣʝʜʫʝʤʦʛʦ 

ʋʋʂʄ ʚʜʦʣʴ ʦʩʝʡ X, Y ʠ Z ʤʘʪʝʨʠʘʣʘ. 

ɹʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʩʪʨʫʢʪʫʨʥʘʷ ʪʝʦʨʠʷ ʪʝʧʣʦʧʝʨʝʥʦʩʘ ʚ ʤʘʪʝʨʠʘʣʝ ʩʦ ʩʭʝʤʦʡ ʘʨʤʠʨʦʚʘʥʠʷ 4ɼʃ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʧʦ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʩʪʫʧʝʥʯʘʪʦʡ ʤʦʜʝʣʠ, ʦʩʥʦʚʘʥʥʦʡ ʥʘ ʛʠʧʦʪʝʟʘʭ 

ʩʦʚʤʝʩʪʥʦʩʪʠ, ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʯʠʩʣʝʥʥʳʤʠ ʨʘʩʯʝʪʘʤʠ, ʘ ʪʘʢʞʝ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦ ʦʧʠʩʳʚʘʶʪ 

ʠʤʝʶʱʠʝʩʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ. 

ʅʘ ʦʩʥʦʚʝ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʩʪʨʫʢʪʫʨʥʦʡ ʪʝʦʨʠʠ ʙʳʣʘ ʨʝʘʣʠʟʦʚʘʥʘ ʧʨʦʮʝʜʫʨʘ ʠʜʝʥʪʠʬʠʢʘʮʠʠ, ʚ ʭʦʜʝ 

ʢʦʪʦʨʦʡ ʙʳʣʠ ʦʮʝʥʝʥʳ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʤʧʦʥʝʥʪʦʚ ʋʋʂʄ. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʥʝ 

ʧʨʦʪʠʚʦʨʝʯʘʪ ʠʤʝʶʱʠʤʩʷ ʚ ʣʠʪʝʨʘʪʫʨʝ ʩʚʝʜʝʥʠʷʤ. 



ʉɽʂʎʀʗ 2 ʂʆʄʇʆɿʀʎʀʆʅʅʓɽ ʄɸʊɽʈʀɸʃʓ, ɺʂʃʖʏɸʗ ʇʆʃʀʄɽʈʅʓɽ 
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ʪʦʯʥʦʩʪʴ ʨʘʩʯʝʪʦʚ ʵʣʝʤʝʥʪʦʚ ʢʦʥʩʪʨʫʢʮʠʡ ʠʟ ʋʋʂʄ ʠ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʝʟʝʥ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ 

ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʠʟʜʝʣʠʡ ʈʂʊ. 
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INVESTIGATE OF DIFFU SION COMPOSITIONS OF HETEROGENEOUS  METALS, PRODUCED 

UNDER CONDITIONS OF ULTRA -HIGH PRESSURE OF COMPRESSION IN HOT ISOSTATIC 

PRESSING (HIP) 

Medvedev D. A., Denisov V. N., Klyatskin, A. S., Butrim V. N. 

 

ABSTRACT 

Developed technological methods create a diffusion of compositions of heterogeneous metals (aluminium 

- titanium, aluminium ï steel, aluminium-Nickel, molybdenum-titanium, molybdenum ï steel, titanium-steel, 

bronze-steel) in environment of ultra-high pressure of compression in the process of hot isostatic pressing (hip). 

Investigated the structure and properties of the obtained compositions, the peculiarities of their formation in 

diffusion welding under the conditions of the hip, the extent of influence of ultra-high pressure of compression 

on the character of diffusion processes. 

 

ɸʅʅʆʊɸʎʀʗ 

ʈʘʟʨʘʙʦʪʘʥʳ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʨʠʝʤʳ ʧʦʣʫʯʝʥʠʷ ʜʠʬʬʫʟʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʨʘʟʥʦʨʦʜʥʳʭ 

ʤʝʪʘʣʣʦʚ (ʘʣʶʤʠʥʠʡ - ʪʠʪʘʥ, ʘʣʶʤʠʥʠʡ ï ʩʪʘʣʴ, ʘʣʶʤʠʥʠʡ-ʥʠʢʝʣʴ, ʤʦʣʠʙʜʝʥ-ʪʠʪʘʥ, ʤʦʣʠʙʜʝʥ ï ʩʪʘʣʴ, 

ʪʠʪʘʥ-ʩʪʘʣʴ, ʙʨʦʥʟʘ-ʩʪʘʣʴ)  ʚ ʫʩʣʦʚʠʷʭ ʩʚʝʨʭʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ ʚʩʝʩʪʦʨʦʥʥʝʛʦ ʩʞʘʪʠʷ ʚ ʧʨʦʮʝʩʩʝ ʛʦʨʷʯʝʛʦ 

ʠʟʦʩʪʘʪʠʯʝʩʢʦʛʦ ʧʨʝʩʩʦʚʘʥʠʷ (ɻʀʇ). ʀʩʩʣʝʜʦʚʘʥʳ ʩʪʨʫʢʪʫʨʘ ʠ ʩʚʦʡʩʪʚʘ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, 

ʚʳʷʚʣʝʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʠʭ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʨʠ ʜʠʬʬʫʟʠʦʥʥʦʡ ʩʚʘʨʢʝ ʚ ʫʩʣʦʚʠʷʭ ɻʀʇ, ʫʩʪʘʥʦʚʣʝʥʘ ʩʪʝʧʝʥʴ 

ʚʣʠʷʥʠʷ ʩʚʝʨʭʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ ʚʩʝʩʪʦʨʦʥʥʝʛʦ ʩʞʘʪʠʷ ʥʘ ʭʘʨʘʢʪʝʨ ʜʠʬʬʫʟʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ. 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʷʭ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʚʦʟʨʘʩʪʘʝʪ ʧʦʪʨʝʙʥʦʩʪʴ ʚ 

ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʘʭ, ʚ ʪʦʤ ʯʠʩʣʝ, ʚ ʩʚʷʟʠ ʩ ʠʤʧʦʨʪʦʟʘʤʝʱʝʥʠʝʤ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ 

ʠʟʛʦʪʦʚʣʝʥʠʷ ʧʝʨʝʭʦʜʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʩʚʘʨʥʳʭ ʢʦʥʩʪʨʫʢʮʠʷʭ ʦʪʚʝʪʩʪʚʝʥʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ. 

ʉʦʝʜʠʥʝʥʠʝ ʨʘʟʥʦʨʦʜʥʳʭ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʦʩʫʱʝʩʪʚʣʷʶʪ  ʚʦ ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ ʩʧʦʩʦʙʘʤʠ 

ʩʚʘʨʢʠ ʚ ʪʚʝʨʜʦʤ ʩʦʩʪʦʷʥʠʠ, ʚ ʪʦʤ ʯʠʩʣʝ, ʜʠʬʬʫʟʠʦʥʥʦʡ ʩʚʘʨʢʦʡ (ɼʉ) ʚ ʚʘʢʫʫʤʝ [1]. ʊʨʘʜʠʮʠʦʥʥʘʷ ɼʉ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʚʦʡʩʪʚ ʩʚʘʨʠʚʘʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ ʦʛʨʘʥʠʯʝʥʘ ʚʝʨʭʥʠʤ ʧʨʝʜʝʣʦʤ ʩʚʘʨʦʯʥʦʛʦ ʫʩʠʣʠʷ (ʜʦ 40 

ʄʇʘ) ʠ ʚʨʝʤʝʥʝʤ (ʜʦ 60 ʤʠʥ), ʧʨʝʚʳʰʝʥʠʝ ʢʦʪʦʨʳʭ ʧʨʠʚʦʜʠʪ ʢ ʤʘʢʨʦʜʝʬʦʨʤʘʮʠʠ ʠʟʜʝʣʠʷ, ʘ ʪʘʢʞʝ 

ʪʨʫʜʥʦʚʳʧʦʣʥʠʤʘ ʜʣʷ ʢʨʫʧʥʦʛʘʙʘʨʠʪʥʳʭ, ʪʷʞʝʣʳʭ, ʠʤʝʶʱʠʭ ʩʣʦʞʥʫʶ ʬʦʨʤʫ ʜʝʪʘʣʝʡ.  

ɺʳʩʦʢʦʝ ʩʚʘʨʦʯʥʦʝ ʫʩʠʣʠʝ ʧʨʠ ɼʉ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʦʟʜʘʥʠʝ ʥʘʜʝʞʥʦʛʦ ʬʠʟʠʯʝʩʢʦʛʦ ʢʦʥʪʘʢʪʘ ʤʝʞʜʫ 

ʩʦʝʜʠʥʷʝʤʳʤʠ ʧʦʚʝʨʭʥʦʩʪʷʤʠ ʠ ʢʘʯʝʩʪʚʦ ʩʦʝʜʠʥʝʥʠʷ, ʘ ʨʝʘʣʠʟʦʚʘʪʴ ʝʛʦ ʤʦʞʥʦ ʚ ʛʘʟʦʩʪʘʪʝ ʟʘ ʩʯʝʪ 

ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ ʚʩʝʩʪʦʨʦʥʥʝʛʦ ʩʞʘʪʠʷ ʠʥʝʨʪʥʦʛʦ ʛʘʟʘ ʚ ʧʨʦʮʝʩʩʝ ɻʀʇ (ʜʦ 200 ʄʇʘ), ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ 

ʦʩʥʦʚʥʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʵʬʬʝʢʪʳ ʠ ʧʨʝʠʤʫʱʝʩʪʚʘ: 

- ʦʜʠʥʘʢʦʚʦʝ ʩʚʘʨʦʯʥʦʝ ʫʩʠʣʠʝ ʚ ʣʶʙʦʡ ʪʦʯʢʝ ʟʦʥʳ ʩʦʝʜʠʥʝʥʠʷ, ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʝʝ ʛʝʦʤʝʪʨʠʠ ʠ 

ʨʘʟʤʝʨʦʚ; 

- ʩʦʭʨʘʥʝʥʠʝ  ʠʩʭʦʜʥʳʭ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʨʘʟʤʝʨʦʚ ʠ ʬʦʨʤʳ ʦʙʨʘʙʘʪʳʚʘʝʤʦʛʦ ʦʙʲʝʢʪʘ ʠ ʩʦʟʜʘʥʠʝ 

ʘʙʩʦʣʶʪʥʦʛʦ ʬʠʟʠʯʝʩʢʦʛʦ ʢʦʥʪʘʢʪʘ ʩʦʝʜʠʥʷʝʤʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ. 

ʂʨʦʤʝ ʪʦʛʦ, ʧʨʠ ʠʟʫʯʝʥʠʠ ʦʙʨʘʟʦʚʘʥʠʷ ʠʥʪʝʨʤʝʪʘʣʣʠʯʝʩʢʠʭ ʬʘʟ ʤʝʞʜʫ ʥʠʢʝʣʝʤ ʠ ʘʣʶʤʠʥʠʝʤ ʧʨʠ 

ʜʘʚʣʝʥʠʠ ʧʦʨʷʜʢʘ 500 ʄʇʘ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʬʘʟʘ Al3Ni2 ʥʝ ʚʦʟʥʠʢʘʝʪ ʫʞʝ ʧʨʠ ʜʘʚʣʝʥʠʷʭ 170-300 

ʄʇʘ, ʚʳʰʝ 300 ʄʇʘ ʦʙʨʘʟʫʝʪʩʷ ʣʠʰʴ ʬʘʟʘ Al3Ni, ʘ ʧʨʠ ʜʘʚʣʝʥʠʠ ʧʦʨʷʜʢʘ 500 ʄʇʘ ʠʥʪʝʨʤʝʪʘʣʣʠʯʝʩʢʠʭ 

ʬʘʟ ʦʙʥʘʨʫʞʝʥʦ ʥʝ ʙʳʣʦ  [2]. 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʚʳʰʘʷ ʜʘʚʣʝʥʠʝ, ʤʦʞʥʦ ʜʦʩʪʠʛʥʫʪʴ ʪʘʢʠʭ ʫʩʣʦʚʠʡ ʧʨʦʭʦʞʜʝʥʠʷ ʧʨʦʮʝʩʩʘ ɼʉ, 

ʧʨʠ ʢʦʪʦʨʳʭ ʚ ʟʦʥʝ ʩʚʘʨʢʠ ʙʫʜʝʪ ʧʦʜʘʚʣʷʪʴʩʷ ʟʘʨʦʞʜʝʥʠʝ ʠ ʨʦʩʪ ʥʝʞʝʣʘʪʝʣʴʥʳʭ ʠʥʪʝʨʤʝʪʘʣʣʠʜʥʳʭ ʬʘʟ, 

ʬʦʨʤʠʨʦʚʘʪʴʩʷ ʜʠʬʬʫʟʠʦʥʥʘʷ ʟʦʥʘ  ʩ ʥʝʦʙʭʦʜʠʤʦʡ ʩʪʨʫʢʪʫʨʦʡ ʠ ʩʚʦʡʩʪʚʘʤʠ. 

ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʪʝʤʧʝʨʘʪʫʨʥʦ-ʚʨʝʤʝʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ 

ʨʝʞʠʤʦʚ ɻʀʇ ʚ ʫʩʣʦʚʠʷʭ ʩʚʝʨʭʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ ʚʩʝʩʪʦʨʦʥʥʝʛʦ ʩʞʘʪʠʷ ʥʘ ʭʘʨʘʢʪʝʨ  ʜʠʬʬʫʟʠʦʥʥʳʭ 

ʧʨʦʮʝʩʩʦʚ ʠ ʢʘʯʝʩʪʚʦ ʩʦʝʜʠʥʝʥʠʡ ʨʘʟʥʦʨʦʜʥʳʭ ʤʝʪʘʣʣʦʚ (ʘʣʶʤʠʥʠʡ - ʪʠʪʘʥ, ʘʣʶʤʠʥʠʡ ï ʩʪʘʣʴ, 

ʘʣʶʤʠʥʠʡ-ʥʠʢʝʣʴ, ʤʦʣʠʙʜʝʥ-ʪʠʪʘʥ, ʤʦʣʠʙʜʝʥ ï ʩʪʘʣʴ, ʪʠʪʘʥ-ʩʪʘʣʴ, ʙʨʦʥʟʘ-ʩʪʘʣʴ), ʚʳʷʚʣʝʥʠʝ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ɼʉ ʚ ʫʩʣʦʚʠʷʭ ɻʀʇ. 

ʄʝʪʦʜʠʢʘ ʚʳʧʦʣʥʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʨʘʟʨʘʙʘʪʳʚʘʣʘʩʴ ʩ ʫʯʝʪʦʤ ʦʩʦʙʝʥʥʦʩʪʝʡ   ʪʝʭʥʦʣʦʛʠʡ  ɻʀʇ 

ʠ ʪʨʘʜʠʮʠʦʥʥʦʡ ɼʉ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʪʦʛʦ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʠ ʦʧʨʦʙʦʚʘʥʳ ʥʦʚʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʨʠʝʤʳ 

ɼʉ ʚ ʫʩʣʦʚʠʷʭ ɻʀʇ ʨʘʟʣʠʯʥʳʭ ʧʘʨ ʨʘʟʥʦʨʦʜʥʳʭ ʤʝʪʘʣʣʦʚ, ʘ ʧʦʣʫʯʝʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʩ 

ʧʦʤʦʱʴʶ ʦʧʪʠʯʝʩʢʦʡ ʠ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ, ʧʦʜʚʝʨʛʘʣʠʩʴ ʤʝʭʘʥʠʯʝʩʢʠʤ ʠʩʧʳʪʘʥʠʷʤ. ʅʘʧʨʠʤʝʨ, 

ʜʣʷ ʧʘʨ ʪʠʪʘʥ-ʘʣʶʤʠʥʠʡ (ɺʊ23+ɸʄʛ6) ʠ ʩʪʘʣʴ-ʘʣʶʤʠʥʠʡ (12ʍ18ʅ10ʊ+ɸʤʛ6) ʧʨʠʤʝʥʠʣʠ  ʩʦʟʜʘʥʠʝ 

ʨʝʣʴʝʬʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʪʘʣʠ ʠ ʪʠʪʘʥʘ (ʨʠʩʫʥʦʢ 1ʘ,ʙ), ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʨʘʟʦʨʚʘʪʴ ʧʣʦʪʥʫʶ ʦʢʠʩʥʫʶ ʧʣʝʥʫ 

ʧʨʠ ʚʜʘʚʣʠʚʘʥʠʠ ʘʣʶʤʠʥʠʷ ʚ ʨʝʣʴʝʬ ʚ ʫʩʣʦʚʠʷʭ ʩʚʝʨʭʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ ʠ ʧʦʣʫʯʠʪʴ ʚʳʩʦʢʫʶ ʧʨʦʯʥʦʩʪʴ 

ʥʘ ʩʜʚʠʛ (120 ʄʇʘ). ɼʣʷ ʧʘʨʳ ʪʠʪʘʥ-ʩʪʘʣʴ (ɺʊ6ʉ+12ʍ18ʅ10ʊ), ʩʦʝʜʠʥʷʝʤʦʡ ʯʝʨʝʟ ʧʨʦʩʣʦʡʢʠ ʤʝʜʠ ʠ 

ʥʠʦʙʠʷ, ʩ ʮʝʣʴʶ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʦʙʨʘʟʦʚʘʥʠʷ ʵʚʪʝʢʪʠʢʠ ʪʠʪʘʥ-ʤʝʜʴ ʚ ʧʨʦʮʝʩʩʝ ɻʀʇ, ʦʧʨʦʙʦʚʘʣʠ ʩ 

ʧʦʣʦʞʠʪʝʣʴʥʳʤ ʨʝʟʫʣʴʪʘʪʦʤ ʙʣʦʢʠʨʦʚʘʥʠʝ ʚʳʜʘʚʣʠʚʘʥʠʷ ʤʝʜʠ ʠʟ ʟʘʟʦʨʘ ʩ ʧʦʤʦʱʴʶ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ 

ʧʨʦʪʦʯʢʠ ʚ ʩʪʘʣʴʥʦʡ ʟʘʛʦʪʦʚʢʝ (ʨʠʩʫʥʦʢ 1ʚ). ɼʣʷ ʵʪʦʡ ʞʝ ʧʘʨʳ, ʫʯʠʪʳʚʘʷ ʥʠʯʪʦʞʥʦ ʤʘʣʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʚʦʟʜʫʭʘ ʚ ʢʘʧʩʫʣʝ, ʘ ʪʘʢʞʝ ʩʧʦʩʦʙʥʦʩʪʴ ʪʠʪʘʥʘ ʨʘʩʪʚʦʨʷʪʴ ʢʠʩʣʦʨʦʜ ʚ ʙʦʣʴʰʦʤ ʢʦʣʠʯʝʩʪʚʝ ʧʨʠ ʥʘʛʨʝʚʝ, 

ʦʩʫʱʝʩʪʚʠʣʠ ɻʀʇ ʙʝʟ ʚʘʢʫʫʤʠʨʦʚʘʥʠʷ ʢʘʧʩʫʣʳ, ʧʦʣʫʯʠʚ ʧʨʠ ʵʪʦʤ ʧʨʦʯʥʦʩʪʴ ʩʦʝʜʠʥʝʥʠʷ ʥʝ ʤʝʥʴʰʝ 

ʧʨʦʯʥʦʩʪʠ ʩʦʝʜʠʥʝʥʠʷ ʚ ʚʘʢʫʫʤʝ. 

ɹʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʩʪʨʫʢʪʫʨʘ ʠ ʩʚʦʡʩʪʚʘ ʜʠʬʬʫʟʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʨʘʟʣʠʯʥʳʭ ʧʘʨ ʨʘʟʥʦʨʦʜʥʳʭ 

ʤʝʪʘʣʣʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ 570-950Áʉ ʠ ʚʨʝʤʝʥʠ ʩʚʘʨʢʠ 12ʤʠʥ - 2,5 ʯ ʚ ʫʩʣʦʚʠʷʭ 

ʩʚʝʨʭʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ ʚʩʝʩʪʦʨʦʥʥʝʛʦ ʩʞʘʪʠʷ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʧʨʦʩʣʦʝʢ ʠ ʙʝʟ ʥʠʭ, 

ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʠʣʠ ʚʳʷʚʠʪʴ ʥʝʢʦʪʦʨʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ɼʉ ʚ ʫʩʣʦʚʠʷʭ ɻʀʇ.      

ɺʣʠʷʥʠʝ ʜʘʚʣʝʥʠʷ ʚʩʝʩʪʦʨʦʥʥʝʛʦ ʩʞʘʪʠʷ ʥʘ ʭʘʨʘʢʪʝʨ ʜʠʬʬʫʟʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʠʩʩʣʝʜʦʚʘʣʠ ʚ 

ʜʠʘʧʘʟʦʥʝ ʟʥʘʯʝʥʠʡ ʦʪ 30 ʄʇʘ ʜʦ 180 ʄʇʘ  ʧʨʠ ɼʉ ʩʦʝʜʠʥʝʥʠʡ ʤʦʣʠʙʜʝʥ-ʪʠʪʘʥ,  ʦʙʨʘʟʫʶʱʠʭ 

ʥʝʧʨʝʨʳʚʥʳʡ ʨʷʜ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ, ʦʧʨʝʜʝʣʷʷ ʛʣʫʙʠʥʫ ʜʠʬʬʫʟʠʠ ʪʠʪʘʥʘ ʠ ʤʦʣʠʙʜʝʥʘ (ʨʠʩʫʥʦʢ 2ʘ,ʙ), ʘ 

ʪʘʢʞʝ  ʧʨʠ ɼʉ ʩʦʝʜʠʥʝʥʠʡ ʥʠʢʝʣʴ-ʘʣʶʤʠʥʠʡ ʠ ʪʠʪʘʥ-ʩʪʘʣʴ, ʦʙʨʘʟʫʶʱʠʭ ʭʨʫʧʢʠʝ ʭʠʤʠʯʝʩʢʠʝ 

ʩʦʝʜʠʥʝʥʠʷ, ʦʧʨʝʜʝʣʷʷ ʬʘʟʦʚʳʡ ʩʦʩʪʘʚ. 
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METAL -ORGANIC FRAMEWORKS B ASED ON OCTACARBOXYPHTHALOCYANINES AS 

HETEROGENEOUS CATALI STS IN OXIDATION REA CTIONS 

Mengel Y.S., Matyushina A.V., Golovashova E.S. 

 
The main object of this work is to synthesis the new metal-organic frameworks based on phthalocyanines 

and to investigate their catalytic activity. 

The main results: nanomaterials based on octacarboxyphthalocyanines were obtained, physical and 

chemical properties, spectral properties were examined. The kinetics of the interaction of obtained substunces 

with ascorbic acid were study by spectrophotometrically.  

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʥʠʤʘʥʠʝ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʧʨʠʚʣʝʢʘʶʪ ʤʝʪʘʣʣʦʢʦʤʧʝʣʢʩʥʳʝ ʢʘʨʢʘʩʥʳʝ 

ʩʦʝʜʠʥʝʥʠʷ, ʧʦʣʫʯʝʥʥʳʝ ʥʘ ʦʩʥʦʚʝ ʧʦʨʬʠʨʠʥʘʪʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ ʧʦʜʭʦʜʷʱʠʝ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʛʨʫʧʧʳ, ʥʘʧʨʠʤʝʨ, ʢʘʨʙʦʢʩʠʣʴʥʳʝ. ʌʪʘʣʦʮʠʘʥʠʥʘʪʳ ʤʝʪʘʣʣʦʚ ʷʚʣʷʶʪʩʷ ʩʠʥʪʝʪʠʯʝʩʢʠ 

ʙʦʣʝʝ ʜʦʩʪʫʧʥʳʤʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʦʨʬʠʨʠʥʘʪʘʤʠ, ʘ ʪʘʢ ʞʝ ʦʪʣʠʯʘʶʪʩʷ ʧʦʚʳʰʝʥʥʦʡ ʩʪʘʙʠʣʴʥʦʩʪʴʶ, ʯʪʦ 

ʜʝʣʘʝʪ ʠʭ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʚʝʱʝʩʪʚʘʤʠ ʜʣʷ ʩʦʟʜʘʥʠʷ ʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

 
ʈʠʩ.1 ï ʆʢʪʘʢʘʨʙʦʢʩʠʬʪʘʣʦʮʠʘʥʠʥʘʪ ʤʝʜʠ 

 
ʈʠʩ.2ʘ. ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʩʦʝʜʠʥʝʥʠʷ ʄʦ+Ti. 

ʊʦʯʢʠ  ʄʈʉɸ 

ʄʦ 

0

10

20

30

40

50

60

70

80

90

100

0 5 10 15 20

ʅʦʤʝʨ ʪʦʯʢʠ

ʄ
ʘ
ʩ
ʩ
ʦ
ʚ
ʘ
ʷ
 
ʜ
ʦ
ʣ
ʷ
,
 
%

Mo

Ti

ʄʦ 

ʊi ʄʦ 
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ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʥʘʥʦʤʘʪʝʨʠʘʣʳ ʥʘ ʦʩʥʦʚʝ ʦʢʪʘʢʘʨʙʦʢʩʠʬʪʘʣʦʮʠʘʥʠʥʘʪʦʚ ʩ 

ʨʘʟʣʠʯʥʳʤʠ ʣʠʛʘʥʜʘʤʠ. ɺ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʥʳ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ, ʩʧʝʢʪʨʘʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʜʘʥʥʳʭ 

ʚʝʱʝʩʪʚ. ʉʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ ʠʟʫʯʝʥʘ ʢʠʥʝʪʠʢʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʦʣʫʯʝʥʥʳʭ ʚʝʱʝʩʪʚ ʩ 

ʘʩʢʦʨʙʠʥʦʚʦʡ ʢʠʩʣʦʪʦʡ. ʆʧʨʝʜʝʣʝʥʳ ʢʠʥʝʪʠʯʝʩʢʠʝ ʠ ʘʢʪʠʚʘʮʠʦʥʥʳʝ ʧʘʨʘʤʝʪʨʳ ʨʝʘʢʮʠʠ. ʅʘ ʧʨʠʤʝʨʝ 

ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚʧʝʨʚʳʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʢʦʤʧʣʝʢʩʳ ʩ ʦʢʪʘʢʘʨʙʦʢʩʠʬʪʘʣʦʮʠʘʥʠʥʦʚʳʤ ʣʠʛʘʥʜʦʤ 

ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʢʘʯʝʩʪʚʝ ʩʪʨʦʠʪʝʣʴʥʳʭ ʙʣʦʢʦʚ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʥʦʚʳʭ ʚʳʩʦʢʦʧʦʨʠʩʪʳʭ 

ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ. ʇʫʪʝʤ ʚʘʨʴʠʨʦʚʘʥʠʷ ʧʨʠʨʦʜʳ ʮʝʥʪʨʘʣʴʥʦʛʦ ʠ ʧʝʨʠʬʝʨʠʡʥʦʛʦ ʢʘʪʠʦʥʦʚ ʤʝʪʘʣʣʦʚ ʤʦʞʥʦ 

ʧʦʣʫʯʠʪʴ ʤʘʪʝʨʠʘʣʳ ʩ ʨʘʟʣʠʯʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʛʝʪʝʨʦʛʝʥʥʳʝ ʢʘʪʘʣʠʟʘʪʦʨʳ 

ʨʝʘʢʮʠʡ ʦʢʠʩʣʝʥʠʷ. 
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SURFACE CLEANING OF BERYLLIUM PARTS FROM  BE-CONTAINMENT DUST  

Milkov  A.V.1, Sisenev V.S.1, Gitarskiy  L.S.1, Kazakov D.S.1, Vdovin A.I. 1, Giniyatulin  R.N.2, 

Gervash A.A.2, Mazul I.V. 2, Saifutdinova S.E.3, Zhidilev A.A.3, Kupriyanov I.B.3, Goncharova E.V.4, 

Fedulaeva S.S.4 
1Russia, Korolev, JSC ñKompozitò, 2Russia, St-Petersburg, Efremovôs Institute, 3Russia, Moscow, Bochvar 

Institute, 4Russia, Saratov, FGUP Bazalt 

 
The total area of the ITER First Wall (FW) panels is about 700 m2 and 40% of them are obligation of 

Russian Federation (RF). About 180 FW panels should be produced by RF in which 7200 heat flux fingers will 

be coated by 325 000 beryllium tiles. It is well known that beryllium dust is a toxic material and that is why strong 

requirement for allowable level of Be-containment of FW panels was announced by ITER organization, the upper 

limit is 10 ɛg/m2. 

 In order to get this goal it is necessary to develop a technique of cleaning completely finished beryllium 

products. This technique should provide the minimum surface contamination level of removable beryllium dust 

and the reproducibility of the cleaning results in a serial production conditions. 

 Different technics of cleaning beryllium tiles from Be-containment dust were tested. Ultrasonic cleaning 

with and without surfactant and with mechanical brushing were used. Surface contamination level was determined 

with a variety of methods such as colorimetric, atomic absorption spectroscopy and mass spectrometry. It was 

found that the complex cleaning in an ultrasonic bath with multistage rinsing provides best results. At the same 

time, different smear methods and different analysis methods give a diversity of results which are discussing in 

the paper. 

 

ʆʙʱʘʷ ʧʣʦʱʘʜʴ ʧʝʨʚʦʡ ʩʪʝʥʢʠ (ʇʉ) ʄʝʞʜʫʥʘʨʦʜʥʦʛʦ ʀʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʊʝʨʤʦʷʜʝʨʥʦʛʦ ʈʝʘʢʪʦʨʘ 

ʀʊʕʈ ʩʦʩʪʘʚʣʷʝʪ 650 ʤ2, ʠʟ ʢʦʪʦʨʳʭ 40% ʷʚʣʷʶʪʩʷ ʦʙʷʟʘʪʝʣʴʩʪʚʘʤʠ ʈʌ. ɺ ʅʀʀʕʌɸ ʙʫʜʫʪ ʠʟʛʦʪʦʚʣʝʥʳ 

ʠ ʠʩʧʳʪʘʥʳ 179 ʧʘʥʝʣʝʡ ʇʉ, ʜʣʷ ʯʝʛʦ ʧʦʪʨʝʙʫʶʪʩʷ 7200 ʪʝʧʣʦʚʦʩʧʨʠʥʠʤʘʶʱʠʭ ʵʣʝʤʝʥʪʦʚ (çʧʘʣʴʮʝʚè) ʠ 

325 000 ʙʝʨʠʣʣʠʝʚʳʭ ʪʘʡʣʦʚ. ʂʘʢ ʠʟʚʝʩʪʥʦ, ʙʝʨʠʣʣʠʡ ʪʦʢʩʠʯʥʳʡ ʤʘʪʝʨʠʘʣ, ʚ ʩʚʷʟʠ ʩ ʵʪʠʤ ʢ ʧʘʥʝʣʷʤ ʇʉ 

ʠ ʙʝʨʠʣʣʠʝʚʳʤ ʦʙʣʠʮʦʚʦʯʥʳʤ ʧʣʠʪʢʘʤ ʧʨʝʜʲʷʚʣʷʝʪʩʷ ʞʝʩʪʢʦʝ ʪʨʝʙʦʚʘʥʠʝ ʧʦ ʠʭ ʦʪʤʳʚʢʝ ʦʪ 

ʙʝʨʠʣʣʠʡʩʦʜʝʨʞʘʱʝʡ ʧʳʣʠ, ʦʙʨʘʟʫʶʱʝʡʩʷ ʚ ʧʨʦʮʝʩʩʝ ʧʨʦʠʟʚʦʜʩʪʚʘ: ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʘʷ 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʙʝʨʠʣʣʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʠʪʦʢ ʥʝ ʜʦʣʞʥʘ ʧʨʝʚʳʰʘʪʴ 10 ʤʢʛ/ʤ2 ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʩʦʛʣʘʰʝʥʠʝʤ ʥʘ ʧʦʩʪʘʚʢʫ ʧʘʥʝʣʝʡ ʇʉ ʤʝʞʜʫ IO (ITER Organisation) ʠ RF ʜʦʤʘʰʥʠʤ ʘʛʝʥʪʩʪʚʦʤ 

mailto:alexmilkov89@yandex.ru
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ˉ1.6.P1A.RF.01.0 (ʚ ʩʣʫʯʘʝ ʝʩʣʠ ʵʪʦ ʧʨʝʜʝʣʴʥʳʡ ʫʨʦʚʝʥʴ ʟʘʛʨʷʟʥʝʥʠʡ ʜʦʩʪʠʞʠʤ ʩ ʧʦʤʦʱʴʶ 

ʨʘʮʠʦʥʘʣʴʥʳʭ ʩʨʝʜʩʪʚ). 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʨʘʙʦʪʘʪʴ ʤʝʪʦʜʠʢʫ ʦʯʠʩʪʢʠ ʦʢʦʥʯʘʪʝʣʴʥʦ 

ʦʙʨʘʙʦʪʘʥʥʳʭ ʠʟʜʝʣʠʡ, ʢʦʪʦʨʘʷ ʙʫʜʝʪ ʦʙʝʩʧʝʯʠʚʘʪʴ, ʚʦ-ʧʝʨʚʳʭ, ʤʠʥʠʤʘʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʫʜʘʣʷʝʤʳʭ 

ʙʝʨʠʣʣʠʡʩʦʜʝʨʞʘʱʠʭ ʟʘʛʨʷʟʥʝʥʠʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ, ʘ ʚʦ-ʚʪʦʨʳʭ, ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʦʯʠʩʪʢʠ 

ʚ ʫʩʣʦʚʠʷʭ ʩʝʨʠʡʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʙʝʨʠʣʣʠʝʚʦʡ ʧʨʦʜʫʢʮʠʠ. 

ʆʧʨʦʙʦʚʘʥʳ ʨʘʟʣʠʯʥʳʝ ʩʧʦʩʦʙʳ ʦʯʠʩʪʢʠ ʙʝʨʠʣʣʠʝʚʳʭ ʦʙʣʠʮʦʚʦʯʥʳʭ ʧʣʠʪʦʢ ʦʪ 

ʙʝʨʠʣʣʠʡʩʦʜʝʨʞʘʱʝʡ ʧʳʣʠ (ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʋɿ, ʇɸɺ ʠ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʯʠʩʪʢʠ ʱʝʪʢʘʤʠ) ʠ ʦʧʨʝʜʝʣʝʥʳ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʟʘʛʨʷʟʥʝʥʠʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʟʣʠʯʥʳʤʠ ʤʝʪʦʜʘʤʠ (ʢʦʣʦʨʠʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ, ʘʪʦʤʥʦ-

ʘʙʩʦʨʙʮʠʦʥʥʳʤ ʠ ʤʝʪʦʜʦʤ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ). ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʢʦʤʧʣʝʢʩʥʘʷ ʦʯʠʩʪʢʘ ʚ 

ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʚʘʥʥʝ ʩ ʤʥʦʛʦʩʪʘʜʠʡʥʳʤ ʧʦʣʦʩʢʘʥʠʝʤ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʩʦʢʫʶ ʩʪʝʧʝʥʴ ʦʯʠʩʪʢʠ, ʦʜʥʘʢʦ 

ʧʦʚʝʨʭʥʦʩʪʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʙʝʨʠʣʣʠʡʩʦʜʝʨʞʘʱʝʡ ʧʳʣʠ ʥʝ ʩʥʠʞʘʝʪʩʷ ʥʠʞʝ ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ ʧʨʝʜʝʣʘ 10 

ʤʢʛ/ʤ2. ʇʨʠ ʵʪʦʤ, ʛʣʘʚʥʦʡ ʟʘʜʘʯʝʡ ʦʩʪʘʝʪʩʷ ʧʦʣʫʯʝʥʠʝ ʩʪʘʙʠʣʴʥʦ ʥʠʟʢʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʫʜʘʣʷʝʤʳʭ 

ʙʝʨʠʣʣʠʡʩʦʜʝʨʞʘʱʠʭ ʟʘʛʨʷʟʥʝʥʠʡ ʚ ʫʩʣʦʚʠʷʭ ʩʝʨʠʡʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. 
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ʩʦʚʨʝʤʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ. ɼʦʙʠʪʴʩʷ ʫʚʝʣʠʯʝʥʠʷ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʦʚ ʤʦʞʥʦ 

ʟʘ ʩʯʝʪ ʜʠʩʧʝʨʩʠʦʥʥʦʛʦ ʪʚʝʨʜʝʥʠʷ (ɼʊ) ʚ ʧʨʦʮʝʩʩʝ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ ʩʧʣʘʚʦʚ ʩ ʤʝʪʘʩʪʘʙʠʣʴʥʦʡ ʩʪʨʫʢʪʫʨʦʡ, 

ʢʦʪʦʨʫʶ, ʟʘ ʩʯʝʪ ʚʳʩʦʢʠʭ ʩʢʦʨʦʩʪʝʡ ʧʨʦʪʝʢʘʥʠʷ ʨʝʘʢʮʠʡ ʠ ʙʦʣʴʰʦʛʦ ʛʨʘʜʠʝʥʪʘ ʪʝʤʧʝʨʘʪʫʨ, ʧʦʟʚʦʣʷʝʪ 

ʧʦʣʫʯʘʪʴ ʧʨʦʮʝʩʩ ʉɺʉ (ʉɺʉ - ʩʘʤʦʨʘʩʧʨʦʩʪʨʘʥʷʶʱʠʡʩʷ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʡ ʩʠʥʪʝʟ). ʂ ʤʘʪʝʨʠʘʣʘʤ ʩ 

ʚʦʟʤʦʞʥʦʩʪʴʶ ʜʠʩʧʝʨʩʠʦʥʥʦʛʦ ʪʚʝʨʜʝʥʠʷ ʦʪʥʦʩʷʪʩʷ ʩʧʣʘʚʳ ʥʘ ʦʩʥʦʚʝ ʢʘʨʙʠʜʘ ʪʠʪʘʥʘ, ʣʝʛʠʨʦʚʘʥʥʳʝ 

ʧʝʨʝʭʦʜʥʳʤʠ ʤʝʪʘʣʣʘʤʠ IVïVI ʛʨʫʧʧ ʇʝʨʠʦʜʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʵʣʝʤʝʥʪʦʚ, ʦʙʣʘʜʘʶʱʠʝ ʟʥʘʯʠʪʝʣʴʥʳʤʠ 

ʦʙʣʘʩʪʷʤʠ ʨʘʩʪʚʦʨʠʤʦʩʪʠ. 

ɺ ʨʘʙʦʪʝ ʠʟʫʯʝʥʳ ʬʘʟʦ- ʠ ʩʪʨʫʢʪʫʨʦʦʙʨʘʟʦʚʘʥʠʝ ʚ ʚʦʣʥʝ ʛʦʨʝʥʠʷ ʉɺʉ ʠ ʧʦʩʣʝ ʦʪʞʠʛʘ ʚ ʚʘʢʫʫʤʝ 

ʩʧʣʘʚʦʚ ʩʠʩʪʝʤ TiïZrïC ʠ TiïNbïC ʩʦ ʩʚʷʟʢʦʡ ʥʘ ʦʩʥʦʚʝ ʥʠʢʝʣʷ. 

ɼʣʷ ʩʠʩʪʝʤʳ TiïZrïC ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʟʦʥʝ ʛʦʨʝʥʠʷ ʦʙʨʘʟʫʶʪʩʷ ʟʝʨʥʘ (Ti,Zr)C. ɺ ʟʦʥʝ ʜʦʛʦʨʘʥʠʷ 

ʥʘʙʣʶʜʘʝʪʩʷ ʨʦʩʪ ʢʘʨʙʠʜʥʳʭ ʟʝʨʝʥ ʠ ʨʘʩʧʘʜ ʥʘ ʜʚʝ ʢʘʨʙʠʜʥʳʝ ʬʘʟʳ (Ti,Zr)C ʠ (Zr,Ti)C ʚ ʩʧʣʘʚʘʭ ʩ 

ʩʦʜʝʨʞʘʥʠʝʤ Zr > 11 %. ɺ ʧʨʦʮʝʩʩʝ ʦʭʣʘʞʜʝʥʠʷ ʚ ʩʚʷʟʢʝ ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʠʥʪʝʨʤʝʪʘʣʣʠʜʥʘʷ ʧʨʦʩʣʦʡʢʘ ʚ 

ʚʠʜʝ ʬʘʟʳ ʃʘʚʝʩʘ (Ni,Co)(Ti,Zr)2 (ʩʧʣʘʚ ʩ 5 % ʩʚʷʟʢʠ) ʠʣʠ Ti(Ni,Co) (ʩʧʣʘʚʳ ʩ 20 ʠ 30 % ʩʚʷʟʢʠ). ʉ 

ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʣʠʯʝʩʪʚʘ ʩʚʷʟʢʠ ʨʘʟʤʝʨ ʢʘʨʙʠʜʥʳʭ ʟʝʨʝʥ ʫʤʝʥʴʰʘʝʪʩʷ ʩ 2,5-4,0 ʤʢʤ (ʤʘʪʝʨʠʘʣ ʩ 5 % 

ʩʚʷʟʢʠ) ʜʦ 0,5-1,0 ʤʢʤ (ʩ 30 % ʩʚʷʟʢʠ). 

ʇʦʩʣʝ ʦʪʞʠʛʘ ʢʦʣʠʯʝʩʪʚʦ (Zr,Ti)C ʠ ʠʥʪʝʨʤʝʪʘʣʣʠʜʥʳʭ ʬʘʟ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʟʘ ʩʯʝʪ ʨʘʩʧʘʜʘ 

ʧʝʨʝʩʳʱʝʥʥʦʛʦ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ ʢʘʨʙʠʜʘ (Ti,Zr)C. ɺ ʦʙʨʘʟʮʘʭ ʩ ʩʦʜʝʨʞʘʥʠʝʤ Zr > 22 % ʧʦʩʣʝ 

ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ ʠʟʤʝʥʷʝʪʩʷ ʬʘʟʦʚʳʡ ʩʦʩʪʘʚ ʩʚʷʟʢʠ: ʧʦʤʠʤʦ ʬʘʟʳ Ti(Ni,Co), ʚ ʥʝʙʦʣʴʰʦʤ ʢʦʣʠʯʝʩʪʚʝ 

ʚʳʜʝʣʷʝʪʩʷ ʠʥʪʝʨʤʝʪʘʣʣʠʜ ZrCo2 ʨʘʟʤʝʨʦʤ ʤʝʥʝʝ 0,1 ʤʢʤ. 

ɺ ʩʠʩʪʝʤʝ TiïNbïC ʩʦ ʩʚʷʟʢʦʡ ʬʘʟʦ- ʠ ʩʪʨʫʢʪʫʨʦʦʙʨʘʟʦʚʘʥʠʝ ʪʘʢʞʝ ʧʨʦʭʦʜʠʪ ʚ ʥʝʩʢʦʣʴʢʦ ʩʪʘʜʠʡ: 

ʦʙʨʘʟʦʚʘʥʠʝ ʟʝʨʝʥ (Ti,Nb)C ʚ ʚʦʣʥʝ ʛʦʨʝʥʠʷ, ʚ ʟʦʥʝ ʜʦʛʦʨʘʥʠʷ ʨʦʩʪ ʢʘʨʙʠʜʥʳʭ ʟʝʨʝʥ, ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʚʥʫʪʨʠ ʥʠʭ ʛʨʘʜʠʝʥʪʘ ʢʦʥʮʝʥʪʨʘʮʠʡ Ti ʠ Nb ʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʷ ʩʚʷʟʢʠ. ʆʩʦʙʝʥʥʦʩʪʴʶ ʜʘʥʥʦʡ ʩʠʩʪʝʤʳ 

ʷʚʣʷʝʪʩʷ ʚʳʜʝʣʝʥʠʝ ʠʟʙʳʪʦʯʥʦʛʦ ɓ-ʨʘʩʪʚʦʨʘ (Ti,Nb) ʧʨʠ ʤʘʣʦʤ ʩʦʜʝʨʞʘʥʠʠ ʩʚʷʟʢʠ (5 %). ɺ ʧʨʦʮʝʩʩʝ 

ʦʪʞʠʛʘ ʧʨʦʠʩʭʦʜʠʪ ʚʳʜʝʣʝʥʠʝ ʠʟʙʳʪʦʯʥʦʛʦ Nb ʠʟ ʢʘʨʙʠʜʥʦʡ ʬʘʟʳ ʠ ʝʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩʦ ʩʚʷʟʢʦʡ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʥʘʥʦʨʘʟʤʝʨʥʳʭ ʬʘʟ NbCo2, Ni3NbAl ʠ Ni2NbAl ʚ ʤʘʪʝʨʠʘʣʝ ʩ 30 % ʩʚʷʟʢʠ. ʊʘʢʞʝ ʚ ʵʪʦʤ 

ʩʧʣʘʚʝ ʦʙʨʘʟʫʝʪʩʷ çʢʦʣʴʮʝʚʘʷè ʩʪʨʫʢʪʫʨʘ ʢʘʨʙʠʜʥʳʭ ʬʘʟ ʩ ʦʙʦʛʘʱʝʥʥʦʡ Ti ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʴʶ ʠ Nb ï ʥʘ 

ʧʝʨʠʬʝʨʠʠ ʟʝʨʥʘ. ɺ ʦʙʨʘʟʮʝ ʩ 20 % ʩʚʷʟʢʠ ʦʙʥʘʨʫʞʝʥʳ ʚʳʜʝʣʝʥʠʷ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ ʥʘ ʦʩʥʦʚʝ (Cr,Al). 

ʈʘʟʤʝʨ ʢʘʨʙʠʜʥʦʡ ʬʘʟʳ ʚ ʩʧʣʘʚʘʭ ʩ 20 ʠ 30 % ʩʚʷʟʢʠ ʥʝ ʧʨʝʚʳʰʘʝʪ 1,0 ʤʢʤ. 
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ʅʘʣʠʯʠʝ ʩʚʷʟʢʠ ʧʦʟʚʦʣʠʣʦ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʟʠʪʴ ʦʩʪʘʪʦʯʥʫʶ ʧʦʨʠʩʪʦʩʪʴ ʦʙʨʘʟʮʦʚ (ʜʦ 1%) ʠ ʪʝʤ 

ʩʘʤʳʤ ʧʦʚʳʩʠʪʴ ʪʚʝʨʜʦʩʪʴ ʚ 2 ʨʘʟʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʤʘʪʝʨʠʘʣʦʤ ʙʝʟ ʩʚʷʟʢʠ, ʫʣʫʯʰʠʚ ʧʨʦʯʥʦʩʪʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

ʈʘʟʨʘʙʦʪʘʥʥʳʝ ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʩʠʩʪʝʤ TiïZrïC ʠ TiïNbïC ʩ ʥʠʢʝʣʝʚʦʡ ʩʚʷʟʢʦʡ 

ʨʝʢʦʤʝʥʜʦʚʘʥʳ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʚ ʢʘʯʝʩʪʚʝ ʵʣʝʢʪʨʦʜʦʚ ʜʣʷ ʵʣʝʢʪʨʦʠʩʢʨʦʚʦʛʦ ʥʘʥʝʩʝʥʠʷ ʞʘʨʦ- ʠ 

ʠʟʥʦʩʦʩʪʦʡʢʠʭ ʧʦʢʨʳʪʠʡ. 
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SPECIAL ASPECTS OF EXPERIMENTAL INVESTIGATION ON THE ELASTIC AND S TREGTH 

PROPETIES OF COMPOSITE MATERIALS UNDER F LEXURAL TESTS  

Mironikhin A.N., Chekletsov A.A., Shangin K.V. 

 
Effect of the ñmulti-modulusò nature of composite materials (CMs) on their strain-stress state under flexural 

loading is analyzed. Theoretical estimates obtained for the aforesaid effect on the CM flexural behavior are 

discussed against experimental results. Elastic properties of CCCM are investigated experimentally under 3-point 

flexural loading. A new method is suggested for determining (estimating) elasticity modulus EF of thin-walled 

CMs. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ (ʂʄ) ʥʘʭʦʜʷʪ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʨʘʢʝʪʥʦ-

ʢʦʩʤʠʯʝʩʢʦʡ ʪʝʭʥʠʢʝ. ʇʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʵʣʝʤʝʥʪʦʚ ʢʦʥʩʪʨʫʢʮʠʡ ʠʟ ʂʄ, ʧʨʦʚʝʜʝʥʠʠ ʧʨʦʯʥʦʩʪʥʳʭ 

ʨʘʩʯʸʪʦʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʥʝʦʙʭʦʜʠʤʦ ʨʘʩʧʦʣʘʛʘʪʴ ʥʘʙʦʨʦʤ ʫʧʨʫʛʠʭ ʠ ʧʨʦʯʥʦʩʪʥʳʭ 

ʩʚʦʡʩʪʚ ʂʄ [1, 2]. ʕʪʦ ʚʦ ʤʥʦʛʦʤ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʚʘʞʥʦʩʪʴ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʂʄ [3]. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʘʢʪʫʘʣʴʥʳʤʠ ʧʨʦʙʣʝʤʘʤʠ ʦʩʪʘʶʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ 

ʤʝʪʦʜʦʚ ʠʩʧʳʪʘʥʠʷ ʂʄ, ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʠ ʦʮʝʥʢʘ ʛʨʘʥʠʮ ʧʨʠʤʝʥʠʤʦʩʪʠ ʫʞʝ ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʝʪʦʜʦʚ 

ʩ ʫʯʸʪʦʤ ʦʩʦʙʝʥʥʦʩʪʝʡ ʚʥʦʚʴ ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʭ ʠ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʂʄ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʨʘʟʥʦʤʦʜʫʣʴʥʦʩʪʠ (EP Í EC) ʂʄ ʥʘ ʦʧʨʝʜʝʣʷʝʤʳʝ 

ʤʘʢʩʠʤʘʣʴʥʳʝ ʥʦʨʤʘʣʴʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʧʨʠ ʠʟʛʠʙʝ: ʧʦʣʫʯʝʥʳ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʦʮʝʥʢʠ, ʧʨʦʚʝʜʝʥʦ 

ʩʨʘʚʥʝʥʠʝ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ. ʊʘʢʞʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʫʧʨʫʛʠʝ 

ʩʚʦʡʩʪʚʘ ʥʝʢʦʪʦʨʳʭ ʫʛʣʝʨʦʜ-ʫʛʣʝʨʦʜʥʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ (ʋʋʂʄ) ʧʨʠ 4-ʭ ʪʦʯʝʯʥʦʤ ʠʟʛʠʙʝ, 

ʜʝʬʦʨʤʘʮʠʠ ʨʘʩʪʷʞʝʥʠʷ (ʩʞʘʪʠʷ) ʠʟʤʝʨʷʣʠʩʴ ʩ ʧʦʤʦʱʴʶ ʥʘʢʣʝʝʥʥʳʭ ʥʘ ʦʙʨʘʟʮʳ ʪʝʥʟʦʨʝʟʠʩʪʦʨʦʚ. 

ʇʨʠʚʝʜʝʥʘ ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ɽʀ = f(ɽʈ, ɽʉ) ʜʣʷ ʤʦʜʫʣʷ ʫʧʨʫʛʦʩʪʠ ɽʀ, ʦʧʨʝʜʝʣʷʝʤʦʛʦ ʯʝʨʝʟ 

ʧʨʦʛʠʙ w ʧʨʠ 4-ʭ ʪʦʯʝʯʥʦʤ ʠʟʛʠʙʝ, ʠ ʤʦʜʫʣʝʡ ʫʧʨʫʛʦʩʪʠ ʨʘʩʪʷʞʝʥʠʷ ɽʈ ʠ ʩʞʘʪʠʷ ɽʉ. 

ʊʘʢʞʝ ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʫʧʨʫʛʠʝ ʩʚʦʡʩʪʚʘ ʋʋʂʄ ʧʨʠ 3-ʭ ʪʦʯʝʯʥʦʤ ʠʟʛʠʙʝ: ʚʘʨʴʠʨʦʚʘʣʘʩʴ ʙʘʟʘ ʠʟʛʠʙʘ, 

ʦʧʨʝʜʝʣʷʣʠʩʴ ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ Eʀ ʠ ʤʦʜʫʣʴ ʩʜʚʠʛʘ G. ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʨʝʟʫʣʴʪʘʪʦʚ ʩʜʝʣʘʥ ʚʳʚʦʜ ʦ ʢʦʨʨʝʢʪʥʦʩʪʠ ʜʘʥʥʦʛʦ ʩʧʦʩʦʙʘ ʦʧʨʝʜʝʣʝʥʠʷ ʫʧʨʫʛʠʭ ʩʚʦʡʩʪʚ ʂʄ. 

ʂʨʦʤʝ ʪʦʛʦ, ʜʣʷ ʪʦʥʢʦʩʪʝʥʥʳʭ ʂʄ ʠʩʩʣʝʜʦʚʘʥʘ ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ  

Fʢʨ = f(Eʀ) ʢʨʠʪʠʯʝʩʢʦʛʦ ʫʩʠʣʠʷ Fʢʨ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʧʦʪʝʨʝ ʫʩʪʦʡʯʠʚʦʩʪʠ, ʦʪ ʠʟʛʠʙʥʦʛʦ ʤʦʜʫʣʷ 

ʫʧʨʫʛʦʩʪʠ Eʀ. ʈʘʩʩʤʦʪʨʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʟʘʚʠʩʠʤʦʩʪʠ Fʢʨ = f(Eʀ) ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ Eʀ. 
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THE AGGREGATIVE STAB ILITY OF THE NANOCOM POSITES OF CHYMOTRYPSIN AND 

SILVER NANOPARTI CLES 

Mitusova K.A., Titova A.V., Borovikova L.N., Pisarev O.A. 

 
Method of synthesis of the nanocomposites of chymotrypsin and silver nanoparticles was developed. The 

stability of obtained nanocomposites depending on pH and ionic strength of the medium was studied. The pH 

stability range was determined and the influence of the ionic strength of the medium on the stability of 

nanocomposite was shown.  

 

ʀʤʤʦʙʠʣʠʟʦʚʘʥʥʳʝ ʬʝʨʤʝʥʪʳ ʥʘʭʦʜʷʪ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʤʝʜʠʮʠʥʝ ʢʘʢ ʚ ʢʣʠʥʠʯʝʩʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʷʭ, ʪʘʢ ʠ ʚ ʵʢʩʪʨʘ- ʠ ʠʥʪʨʘʢʦʨʧʦʨʘʣʴʥʦʡ ʪʝʨʘʧʠʠ ʨʘʟʣʠʯʥʳʭ ʧʘʪʦʣʦʛʠʡ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ 

ʫʜʝʣʷʝʪʩʷ ʩʦʟʜʘʥʠʶ ʥʦʚʳʭ ʢʦʤʧʣʝʢʩʥʳʭ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʬʦʨʤ, ʚʢʣʶʯʘʶʱʠʭ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʝ 

ʢʦʤʧʦʥʝʥʪʳ, ʢʦʪʦʨʳʝ ʦʙʣʘʜʘʶʪ ʨʷʜʦʤ ʧʨʝʠʤʫʱʝʩʪʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʥʘʪʠʚʥʳʤʠ ʬʝʨʤʝʥʪʘʤʠ. 

ʇʝʨʩʧʝʢʪʠʚʥʦʡ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʠʜʝʷ ʤʦʜʠʬʠʢʘʮʠʠ ʬʝʨʤʝʥʪʦʚ ʥʘʥʦʯʘʩʪʠʮʘʤʠ: ʨʝʟʢʦʝ ʫʚʝʣʠʯʝʥʠʝ 

ʫʜʝʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘʥʦʯʘʩʪʠʮ (ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʟʚʝʩʪʥʳʤʠ ʤʦʜʠʬʠʢʘʪʦʨʘʤʠ) ʜʦʣʞʥʦ ʧʨʠʚʦʜʠʪʴ ʢ 

ʨʝʘʣʠʟʘʮʠʠ ʤʥʦʛʦʪʦʯʝʯʥʦʛʦ ʧʨʦʯʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʬʝʨʤʝʥʪʘ ʩ ʥʘʥʦʯʘʩʪʠʮʝʡ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʢ 

ʩʪʘʙʠʣʠʟʘʮʠʠ ʝʛʦ ʢʦʥʬʦʨʤʘʮʠʠ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʜʣʷ ʠʤʤʦʙʠʣʠʟʘʮʠʠ ʬʝʨʤʝʥʪʦʚ ʥʘʥʦʯʘʩʪʠʮ ʙʠʦʛʝʥʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ʧʦʟʚʦʣʠʪ ʩʦʟʜʘʚʘʪʴ ʧʦʣʠʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʧʨʝʧʘʨʘʪʳ, ʩʦʚʤʝʱʘʶʱʠʝ ʚ ʩʝʙʝ ʨʘʟʣʠʯʥʳʝ 

ʧʦʣʝʟʥʳʝ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ. 

ʎʝʣʴ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ - ʠʩʩʣʝʜʦʚʘʥʠʝ ʘʛʨʝʛʘʪʠʚʥʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ ʭʠʤʦʪʨʠʧʩʠʥʘ 

(ʍʊ) ʩ ʥʘʥʦʯʘʩʪʠʮʘʤʠ ʩʝʨʝʙʨʘ (Ag) ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʅ ʠ ʠʦʥʥʦʡ ʩʠʣʳ ʩʨʝʜʳ. 

ɻʠʜʨʦʣʠʪʠʯʝʩʢʠʡ ʬʝʨʤʝʥʪ ʍʊ ʙʳʣ ʚʳʙʨʘʥ ʚ ʢʘʯʝʩʪʚʝ ʤʘʪʨʠʮʳ, ʪʘʢ ʢʘʢ ʦʥ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʪʩʷ ʚ 

ʤʝʜʠʮʠʥʝ ʠ ʧʠʱʝʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ɺ ʢʘʯʝʩʪʚʝ ʥʦʩʠʪʝʣʷ - ʙʳʣʠ ʚʳʙʨʘʥʳ ʥʘʥʦʯʘʩʪʠʮʳ Ag, 

ʧʨʝʜʩʪʘʚʣʷʶʱʝʝ ʟʥʘʯʠʪʝʣʴʥʳʡ ʠʥʪʝʨʝʩ ʚ ʩʚʷʟʠ ʩ ʠʭ ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ.  

ʉʠʥʪʝʟ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʧʫʪʝʤ ʧʨʦʚʝʜʝʥʠʷ ʨʝʘʢʮʠʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʘʟʦʪʥʦʢʠʩʣʦʛʦ 

ʩʝʨʝʙʨʘ ʙʦʨʛʠʜʨʠʜʦʤ ʥʘʪʨʠʷ ʚ ʚʦʜʥʦʡ ʩʨʝʜʝ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʍʊ ʧʨʠ ʘʪʤʦʩʬʝʨʥʦʤ ʜʘʚʣʝʥʠʠ ʠ ʪʝʤʧʝʨʘʪʫʨʝ 

40ʉ [1]: 

AgNʆ3+NaBH4+H2O = Ag+NaNO3+B(OH)3+H2ŷ. 

ʂʦʥʮʝʥʪʨʘʮʠʷ Ag (ʉAg) ʚʘʨʴʠʨʦʚʘʣʘʩʴ ʦʪ 0.001 ʜʦ 0.05 ʤʘʩʩ. %, ʢʦʥʮʝʥʪʨʘʮʠʷ ʍʊ ʦʩʪʘʚʘʣʘʩʴ 

ʧʦʩʪʦʷʥʥʦʡ Cʍʊ = 0.1 ʤʘʩʩ. %. ʇʦʣʫʯʝʥʥʳʝ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʥʘʥʦʢʦʤʧʦʟʠʪʳ ʩʦʭʨʘʥʷʣʠ ʩʪʘʙʠʣʴʥʦʝ 

ʩʦʩʪʦʷʥʠʝ ʚ ʪʝʯʝʥʠʝ ʰʝʩʪʠ ʤʝʩʷʮʝʚ. ʈʘʩʪʚʦʨʳ ʠʤʝʣʠ ʦʧʘʣʝʩʮʠʨʫʶʱʫʶ ʦʢʨʘʩʢʫ ʦʪ ʩʚʝʪʣʦ ʜʦ ʪʝʤʥʦ-

ʢʦʨʠʯʥʝʚʦʛʦ. 

ʆʙʨʘʟʦʚʘʥʠʝ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ ʙʳʣʦ ʧʦʜʪʚʝʨʞʜʝʥʦ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʠ. ʇʦʢʘʟʘʥʦ ʫʚʝʣʠʯʝʥʠʝ 

ʘʙʩʦʣʶʪʥʦʛʦ ʟʥʘʯʝʥʠʷ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ (ʛʠʧʝʨʭʨʦʤʥʳʡ ʵʬʬʝʢʪ) ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʠʩʭʦʜʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ï ʍʊ ʠ ʟʦʣʝʤ Ag, ʘ ʪʘʢʞʝ ʙʘʪʦʭʨʦʤʥʳʡ ʩʜʚʠʛ ʧʦʣʦʩʳ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ 

ʧʣʘʟʤʦʥʥʦʛʦ ʨʝʟʦʥʘʥʩʘ (ʇʇʈ), ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʧʦʛʣʦʱʝʥʠʶ ʥʘʥʦʯʘʩʪʠʮ Ag. ʀʩʭʦʜʥʳʝ ʢʦʤʧʦʥʝʥʪʳ 

ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ ʠʤʝʣʠ ʩʣʝʜʫʶʱʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ: ʤʘʢʩʠʤʫʤ ʇʇʈ Ag ʧʨʠʭʦʜʠʣʩʷ ʥʘ ɚʤʘʢʩ. = 380-390 ʥʤ, 

ʘ ʤʘʢʩʠʤʫʤ ʧʦʛʣʦʱʝʥʠʷ ʍʊ ʥʘ ɚʤʘʢʩ. = 280 ʥʤ. ʆʩʥʦʚʥʦʡ ʤʘʢʩʠʤʫʤ ʧʦʛʣʦʱʝʥʠʷ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ 

ʧʨʠʭʦʜʠʣʩʷ ʥʘ ʠʥʪʝʨʚʘʣ ɚʤʘʢʩ. = 420-430 ʥʤ. ʉʜʚʠʛ ʤʘʢʩʠʤʫʤʘ ʚ ʜʣʠʥʥʦʚʦʣʥʦʚʫʶ ʦʙʣʘʩʪʴ ʪ. ʝ. 

ʙʘʪʦʭʨʦʤʥʳʡ ʩʜʚʠʛ, ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʣ ʦʙ ʦʙʨʘʟʦʚʘʥʠʠ ʥʘʥʦʢʦʤʧʦʟʠʪʘ. 

ɺʣʠʷʥʠʝ ʨʅ ʠ ʠʦʥʥʦʡ ʩʠʣʳ ʩʨʝʜʳ ʥʘ ʘʛʨʝʛʘʪʠʚʥʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ ʠʟʫʯʝʥʦ ʜʚʫʤʷ 

ʩʧʦʩʦʙʘʤʠ. ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʨʘʩʪʚʦʨʳ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ ʧʦʤʝʱʘʣʠʩʴ ʚ ʫʥʠʚʝʨʩʘʣʴʥʳʡ ʙʫʬʝʨ ʋɹ3 [2] 

ʠʩʩʣʝʜʫʝʤʦʛʦ ʜʠʘʧʘʟʦʥʘ ʨʅ. ɺʦ ʚʪʦʨʦʤ ʩʣʫʯʘʝ ʟʥʘʯʝʥʠʝ ʨʅ ʨʘʩʪʚʦʨʦʚ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ ʠʟʤʝʥʷʣʦʩʴ ʧʫʪʝʤ 

ʚʚʝʜʝʥʠʷ ʨʘʟʣʠʯʥʦʛʦ ʦʙʲʝʤʘ 1ʥ. NaOH ʠʣʠ 1ʥ. HCl. ʇʨʠ ʦʜʠʥʘʢʦʚʳʭ ʟʥʘʯʝʥʠʷʭ ʨʅ ʩʨʝʜʳ, ʜʦʩʪʠʛʥʫʪʳʭ 

ʜʚʫʤʷ ʩʧʦʩʦʙʘʤʠ, ʠʦʥʥʘʷ ʩʠʣʘ ʧʦʣʫʯʝʥʥʳʭ ʨʘʩʪʚʦʨʦʚ ʨʘʟʣʠʯʘʣʘʩʴ. ʈʘʩʪʚʦʨʳ ʚʳʜʝʨʞʠʚʘʣʠʩʴ ʚ ʪʝʯʝʥʠʝ 

ʤʝʩʷʮʘ. ʏʝʨʝʟ 10 ʜʥʝʡ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʥʘʙʣʶʜʘʣʠʩʴ ʪʨʠ ʩʣʫʯʘʷ: 1 ï ʩʦʩʪʦʷʥʠʝ ʥʘʥʦʢʦʤʧʦʟʠʪʘ 
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ʦʩʪʘʚʘʣʦʩʴ ʥʝʠʟʤʝʥʥʳʤ, ʦʥ ʧʨʝʜʩʪʘʚʣʷʣ ʩʦʙʦʡ ʤʦʣʝʢʫʣʷʨʥʳʡ ʨʘʩʪʚʦʨ; 2 ï ʥʘʙʣʶʜʘʣʦʩʴ ʯʘʩʪʠʯʥʦʝ 

ʨʘʟʜʝʣʝʥʠʝ ʬʘʟ (ʨʘʩʪʚʦʨ ʥʘʜ ʦʩʘʜʢʦʤ ʩʦʭʨʘʥʷʣ ʦʢʨʘʰʠʚʘʥʠʝ); 3 ï ʧʦʣʥʦʝ ʨʘʟʜʝʣʝʥʠʝ ʬʘʟ (ʨʘʩʪʚʦʨ ʥʘʜ 

ʦʩʘʜʢʦʤ ʩʪʘʥʦʚʠʣʩʷ ʙʝʩʮʚʝʪʥʳʤ). 

ʅʘʥʦʢʦʤʧʦʟʠʪʳ, ʧʦʤʝʱʝʥʥʳʝ ʚ ʩʨʝʜʫ ʩ ʦʜʠʥʘʢʦʚʳʤ ʟʥʘʯʝʥʠʝʤ ʨʅ, ʥʦ ʨʘʟʥʦʡ ʠʦʥʥʦʡ ʩʠʣʦʡ, ʚʝʣʠ 

ʩʝʙʷ ʧʦ-ʨʘʟʥʦʤʫ. ɺ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʥʘʥʦʢʦʤʧʦʟʠʪ ʙʳʣ ʧʦʤʝʱʝʥ ʚ ʫʥʠʚʝʨʩʘʣʴʥʳʡ ʙʫʬʝʨ, ʧʦʣʥʦʝ ʨʘʟʜʝʣʝʥʠʝ 

ʬʘʟ ʜʣʷ ʨʘʩʪʚʦʨʦʚ ʩ ʉAg = 0.01 ʠ ʉAg = 0.05 ʤʘʩʩ. % ʥʘʙʣʶʜʘʣʦʩʴ ʧʨʠ ʨʅ 3-4; ʧʨʠ ʨʅ 5-6 ʠ 12 ʩʦʩʪʦʷʥʠʝ 

ʩʠʩʪʝʤʳ ʙʳʣʦ ʤʝʪʘʩʪʘʙʠʣʴʥʳʤ. ʇʨʠ ʧʦʥʠʞʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʜʠʘʧʘʟʦʥ ʩʪʘʙʠʣʴʥʦʩʪʠ ʫʚʝʣʠʯʠʚʘʣʩʷ ʠ 

ʯʘʩʪʠʯʥʦʝ ʨʘʟʜʝʣʝʥʠʝ ʬʘʟ ʥʘʙʣʶʜʘʣʦʩʴ ʪʦʣʴʢʦ ʧʨʠ ʨʅ 3-4. ʇʨʠ ʜʨʫʛʠʭ ʟʥʘʯʝʥʠʷʭ ʨʅ ʠʩʩʣʝʜʦʚʘʥʥʦʛʦ 

ʜʠʘʧʘʟʦʥʘ ʩʠʩʪʝʤʳ ʙʳʣʠ ʩʪʘʙʠʣʴʥʳ. ʇʨʠ ʵʪʦʤ ʠʦʥʥʘʷ ʩʠʣʘ ʠʟʤʝʥʷʣʘʩʴ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 0.097 ʜʦ 0.125. ɺ 

ʩʣʫʯʘʝ, ʢʦʛʜʘ ʨʅ ʨʘʩʪʚʦʨʦʚ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ ʟʘʜʘʚʘʣʦʩʴ ʱʝʣʦʯʴʶ ʠʣʠ ʢʠʩʣʦʪʦʡ, ʪʦ ʩʪʘʙʠʣʴʥʦʩʪʴ 

ʨʘʩʪʚʦʨʦʚ ʤʝʥʷʣʘʩʴ. ʇʦʣʥʦʝ ʨʘʟʜʝʣʝʥʠʝ ʬʘʟ ʜʣʷ ʨʘʩʪʚʦʨʦʚ ʩ ʉAg = 0.01 ʠ ʉAg = 0.05 ʥʘʙʣʶʜʘʣʦʩʴ ʧʨʠ ʨʅ 

3-4; ʘ ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʉAg = 0.001 ʠ ʉAg = 0.005 ʤʘʩʩ. % ï ʪʦʣʴʢʦ ʧʨʠ ʨʅ 3. ʇʨʠ ʜʨʫʛʠʭ ʟʥʘʯʝʥʠʷʭ ʨʅ 

ʨʘʩʪʚʦʨʳ ʧʨʝʜʩʪʘʚʣʷʣʠ ʩʦʙʦʡ ʤʦʣʝʢʫʣʷʨʥʳʡ ʨʘʩʪʚʦʨ. ʀʦʥʥʘʷ ʩʠʣʘ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ Ag ʠ 

ʨʅ ʨʘʩʪʚʦʨʦʚ ʥʘʭʦʜʠʣʘʩʴ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 0.000039 ʜʦ 0.00254. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʠʩʪʝʤʳ 

ʥʘʙʣʶʜʘʣʠʩʴ ʚ ʪʝʯʝʥʠʝ ʤʝʩʷʮʘ. ʅʘʥʦʢʦʤʧʦʟʠʪʳ, ʧʦʤʝʱʝʥʥʳʝ ʚ ʙʫʬʝʨ, ʧʦ ʠʩʪʝʯʝʥʠʶ ʵʪʦʛʦ ʚʨʝʤʝʥʠ ʥʝ 

ʠʟʤʝʥʠʣʠ ʩʚʦʝ ʩʦʩʪʦʷʥʠʝ, ʘ ʚ ʨʘʩʪʚʦʨʘʭ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ ʙʝʟ ʙʫʬʝʨʘ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʨʅ ʩʨʝʜʳ ʥʘʙʣʶʜʘʣʦʩʴ 

ʯʘʩʪʠʯʥʦʝ ʨʘʟʜʝʣʝʥʠʝ ʬʘʟ (ʨʘʩʪʚʦʨ ʥʘʜ ʦʩʘʜʢʦʤ ʩʦʭʨʘʥʷʣ ʦʢʨʘʰʠʚʘʥʠʝ). ʂʨʦʤʝ ʪʦʛʦ, ʠʟʤʝʨʝʥʠʷ ʨʅ ʩʧʫʩʪʷ 

ʜʚʝ ʥʝʜʝʣʠ ʧʦʢʘʟʘʣʠ ʠʟʤʝʥʝʥʠʝ ʥʘ 0.3-0.5 ʝʜʠʥʠʮ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʝʨʚʦʥʘʯʘʣʴʥʳʭ ʚʝʣʠʯʠʥ. ʇʦʜʦʙʥʦʝ 

ʠʟʤʝʥʝʥʠʝ ʨʅ ʨʘʩʪʚʦʨʦʚ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʟʘ ʩʯʝʪ ʧʝʨʝʟʘʨʷʜʢʠ ʤʦʣʝʢʫʣʳ ʍʊ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʧʨʝʜʝʣʝʥ ʨʅ ʜʠʘʧʘʟʦʥ ʘʛʨʝʛʘʪʠʚʥʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ Ag-XT. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʩʨʝʜʝ ʩ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʦʡ ʠʦʥʥʦʡ ʩʠʣʦʡ ʥʘʥʦʢʦʤʧʦʟʠʪ ʩʦʭʨʘʥʷʣ ʩʪʘʙʠʣʴʥʦʝ 

ʩʦʩʪʦʷʥʠʝ ʙʦʣʝʝ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʝ ʚʨʝʤʷ, ʯʝʤ ʚ ʩʨʝʜʝ ʩ ʥʠʟʢʦʡ ʠʦʥʥʦʡ ʩʠʣʦʡ. ʕʪʦ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ 

ʧʦʟʚʦʣʠʪ ʚ ʜʘʣʴʥʝʡʰʝʤ ʦʧʨʝʜʝʣʠʪʴ ʦʧʪʠʤʘʣʴʥʳʝ ʠʥʪʝʨʚʘʣʳ ʨʅ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʤʤʦʙʠʣʠʟʦʚʘʥʥʦʛʦ 

ʬʝʨʤʝʥʪʘ.  

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ (ʛʨʘʥʪ ʤʦʣ_ʘ ˉ 16-33-00891). 
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THE EXPERIENCE IN DE VELOPMENT OF SMART C ARBON FIBER REINFORC ED PLASTICS 

WITH EMBEDDED OPTICA L FIBER SENSORS FOR AEROSPACE INDUSTRY 

Mikhaylovskiy K.V., Bazanov M.A. 

 
ABSTRACT: In this paper, some recent advances on development of carbon fiber reinforced plastics parts 

for aerospace industry with embedded fiber bragg gratings are given. Then, recent results in residual strain 

measurement during curing with fiber bragg gratings are presented. Finally, some data on static and dynamic 

loading of named materials is briefly discussed. 

 

ʇʝʨʩʧʝʢʪʠʚʥʦʝ ʨʘʟʚʠʪʠʝ ʩʧʫʪʥʠʢʦʚ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ ɿʝʤʣʠ, ʦʨʙʠʪʘʣʴʥʳʭ 

ʢʦʩʤʠʯʝʩʢʠʭ ʩʪʘʥʮʠʡ, ʪʝʣʝʩʢʦʧʦʚ ʠ ʢʦʩʤʠʯʝʩʢʠʭ ʦʙʩʝʨʚʘʪʦʨʠʠ ʚ ʨʘʤʢʘʭ  ʌʝʜʝʨʘʣʴʥʦʡ ʢʦʩʤʠʯʝʩʢʦʡ 

ʧʨʦʛʨʘʤʤʘ ʈʦʩʩʠʠ ʥʘ 2016-2025 ʛʦʜʳ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʩʦʟʜʘʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ, ʧʝʨʩʧʝʢʪʠʚʥʳʭ, 

ʤʥʦʛʦʮʝʣʝʚʳʭ ʂɸ ʥʝʛʝʨʤʝʪʠʯʥʦʛʦ ʠʩʧʦʣʥʝʥʠʷ ʩ ʜʣʠʪʝʣʴʥʳʤ ʩʨʦʢʦʤ ʩʣʫʞʙʳ. ʂʨʦʤʝ ʪʦʛʦ, ʩʦʚʨʝʤʝʥʥʳʝ 

mailto:kompozit-mv@.ru


ʉɽʂʎʀʗ 2 ʂʆʄʇʆɿʀʎʀʆʅʅʓɽ ʄɸʊɽʈʀɸʃʓ, ɺʂʃʖʏɸʗ ʇʆʃʀʄɽʈʅʓɽ 

140 
 
 

ʧʨʦʝʢʪʳ ʂɸ ʪʠʧʘ çɽʥʠʩʝʡïɸ2è, çʕʣʝʢʪʨʦïʄ2è, çʉʧʝʢʪʨïɺʂʆè, çʕʢʩʧʨʝʩʩ-4000è ʜʦʣʞʥʳ ʦʙʣʘʜʘʪʴ ʥʝ 

ʪʦʣʴʢʦ ʤʘʩʩʦʚʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʫʟʣʦʚ ʠ ʘʛʨʝʛʘʪʦʚ ʟʘ ʩʯʝʪ ʧʨʠʤʝʥʝʥʠʷ 

ʧʦʣʠʤʝʨʥʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ (ʇʂʄ), ʥʦ ʠ ʟʥʘʯʠʪʝʣʴʥʦʡ ʥʘʜʝʞʥʦʩʪʴʶ. ʉʦʚʨʝʤʝʥʥʳʝ 

ʪʝʭʥʦʣʦʛʠʠ ʠʟʛʦʪʦʚʣʝʥʠʷ ʜʝʪʘʣʝʡ ʠʟ ʇʂʄ ʧʦʟʚʦʣʷʶʪ ʬʦʨʤʠʨʦʚʘʪʴ ʪʨʝʙʫʝʤʫʶ ʩʭʝʤʫ ʘʨʤʠʨʦʚʘʥʠʷ, 

ʘʜʘʧʪʠʨʦʚʘʥʥʫʶ ʢ ʜʝʡʩʪʚʠʶ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʥʘʛʨʫʟʦʢ, ʦʜʥʘʢʦ, ʚ ʩʠʣʫ ʠʭ ʘʥʠʟʦʪʨʦʧʠʠ ʠ 

ʩʫʱʝʩʪʚʫʶʱʝʛʦ ʨʘʟʙʨʦʩʘ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ, ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ ʩʣʦʞʥʦʡ ʚʥʫʪʨʝʥʥʝʡ 

ʠʝʨʘʨʭʠʠ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʥʝʦʙʭʦʜʠʤʦ ʦʩʫʱʝʩʪʚʣʷʪʴ ʢʦʥʪʨʦʣʴ ʟʘ ʫʨʦʚʥʝʤ ʦʩʪʘʪʦʯʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʥʘʧʨʷʞʝʥʠʡ ʠ ʜʝʬʦʨʤʘʮʠʡ, ʘ ʪʘʢʞʝ ʟʘ ʥʘʢʦʧʣʝʥʠʝʤ ʜʝʬʦʨʤʘʮʠʡ ʠ ʧʦʚʨʝʞʜʝʥʠʡ ʧʨʠ ʜʝʡʩʪʚʠʠ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʥʘʛʨʫʟʦʢ. ʉʫʱʝʩʪʚʫʶʱʠʝ ʤʝʪʦʜʳ ʠ ʘʣʛʦʨʠʪʤʳ ʢʦʥʪʨʦʣʷ ʜʝʬʦʨʤʘʮʠʡ ʠ 

ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʧʦʣʝʡ ʜʝʪʘʣʝʡ ʠʟ ʇʂʄ ʦʩʥʦʚʳʚʘʶʪʩʷ ʥʘ ʧʨʠʤʝʥʝʥʠʝ ʩʪʘʥʜʘʨʪʥʳʭ ʜʘʪʯʠʢʦʚ ʠ ʧʨʠʙʦʨʥʳʭ 

ʙʣʦʢʦʚ ʧʦ ʦʙʨʘʙʦʪʢʝ ʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ, ʧʨʠʯʝʤ ʢʦʥʪʨʦʣʴ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʣʠʰʴ ʢʦʩʚʝʥʥʳʤ ʤʝʪʦʜʦʤ ʧʨʠ 

ʨʘʟʤʝʱʝʥʠʠ ʜʘʪʯʠʢʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʢʣʝʝʚʳʭ ʧʨʦʩʣʦʝʢ ʠʣʠ ʟʘ ʩʯʝʪ ʢʨʝʧʝʞʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʜʘʥʥʳʝ ʧʦʜʭʦʜʳ ʪʨʝʙʫʶʪ ʧʨʠʤʝʥʝʥʠʷ ʤʥʦʞʝʩʪʚʘ ʤʘʩʩʠʚʥʳʭ ʩʨʝʜʩʪʚ ʢʦʥʪʨʦʣʷ 

ʠ ʘʥʘʣʠʟʘ ʠʥʬʦʨʤʘʮʠʠ, ʥʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ ʠʟʤʝʨʝʥʠʝ ʥʝʦʙʭʦʜʠʤʳʭ ʧʘʨʘʤʝʪʨʦʚ ʚ ʦʙʲʝʤʝ 

ʇʂʄ. ʅʘ ʧʨʦʪʷʞʝʥʠʠ ʨʷʜʘ ʣʝʪ ʚ ʉʐɸ, ʗʧʦʥʠʠ, ʌʈɻ, ʌʨʘʥʮʠʠ, ɺʝʣʠʢʦʙʨʠʪʘʥʠʠ ʠ ʖʞʥʦʡ ʂʦʨʝʠ ʘʢʪʠʚʥʦ 

ʨʘʟʚʠʚʘʝʪʩʷ ʥʘʧʨʘʚʣʝʥʠʠ ʩʦʟʜʘʥʠʷ ʩʨʝʜʩʪʚ ʢʦʥʪʨʦʣʷ ʠ ʜʘʪʯʠʢʦʚ ʥʘ ʦʩʥʦʚʝ ʦʧʪʠʯʝʩʢʠʭ ʚʦʣʦʢʦʥ ʠ ʫʞʝ 

ʩʫʱʝʩʪʚʫʶʪ ʦʧʳʪʥʳʝ ʠ ʩʝʨʠʡʥʳʝ ʦʙʨʘʟʮʳ [1ï3]. ɺ ʈʦʩʩʠʠ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʩʦʟʜʘʥʠʷ ʩʝʨʠʡʥʳʭ ʩʨʝʜʩʪʚ 

ʢʦʥʪʨʦʣʷ ʥʘ ʦʩʥʦʚʝ ʦʧʪʠʯʝʩʢʠʭ ʚʦʣʦʢʦʥ ʧʨʦʚʦʜʷʪʩʷ ʨʘʙʦʪʳ ʚ ʅʎɺʆ ʈɸʅ, ɸʆ çʅʀʀʌʀè, ʅʆʎ 

çʌʦʪʦʥʠʢʘè.  

ʅʘ ʦʩʥʦʚʝ ʚʳʰʝʩʢʘʟʘʥʥʦʛʦ, ʥʘʩʪʦʷʱʘʷ ʨʘʙʦʪʘ ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʨʘʟʨʘʙʦʪʢʫ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ 

ʫʛʣʝʧʣʘʩʪʠʢʦʚ ʩ ʠʩʧʦʣʥʠʪʝʣʴʥʦʡ ʬʫʥʢʮʠʝʡ ʧʦ ʢʦʥʪʨʦʣʶ ʚʥʫʪʨʝʥʥʠʭ ʜʝʬʦʨʤʘʮʠʡ ʠ ʪʝʤʧʝʨʘʪʫʨ, ʢʘʢ ʧʨʠ 

ʠʟʛʦʪʦʚʣʝʥʠʠ ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʜʝʪʘʣʝʡ, ʪʘʢ ʠ ʧʨʠ ʜʝʡʩʪʚʠʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʥʘʛʨʫʟʦʢ. ɺ ʨʘʙʦʪʝ 

ʧʨʝʜʩʪʘʚʣʝʥ ʦʧʳʪ ʠʟʛʦʪʦʚʣʝʥʠʷ ʦʙʨʘʟʮʦʚ ʠ ʜʝʪʘʣʝʡ ʠʟ ʫʛʣʝʧʣʘʩʪʠʢʘ ʩ ʚʥʝʜʨʝʥʥʳʤʠ ʦʧʪʦʚʦʣʦʢʦʥʥʳʤʠ 

ʜʘʪʯʠʢʘʤʠ ʩ ʥʘʥʝʩʝʥʥʳʤʠ ʨʘʩʧʨʝʜʝʣʝʥʥʳʤʠ ʙʨʵʛʛʦʚʩʢʠʤʠ ʨʝʰʝʪʢʘʤʠ. ʇʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ 

ʢʦʥʪʨʦʣʷ ʦʩʪʘʪʦʯʥʳʭ ʜʝʬʦʨʤʘʮʠʡ ʚ ʦʙʨʘʟʮʘʭ ʠʟ ʫʛʣʝʧʣʘʩʪʠʢʘ ʥʘ ʩʪʘʜʠʠ ʦʪʚʝʨʞʜʝʥʠʷ ʧʦʣʠʤʝʨʥʦʡ 

ʤʘʪʨʠʮʳ ʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥ ʭʘʨʘʢʪʝʨ ʠʭ ʨʘʩʧʨʝʜʝʣʝʥʠʷ. ʆʪʜʝʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʷ ʦʩʪʘʪʦʯʥʳʭ 

ʜʝʬʦʨʤʘʮʠʡ ʩ ʧʦʤʦʱʴʶ ʚʥʝʜʨʝʥʥʳʭ ɺɹʈ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ. 
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ʈʠʩʫʥʦʢ ï ʆʩʪʘʪʦʯʥʳʝ ʜʝʬʦʨʤʘʮʠʠ ʚ ʧʣʘʩʪʠʥʝ ʠʟ ʦʜʥʦʥʘʧʨʘʚʣʝʥʥʦʛʦ ʫʛʣʝʧʣʘʩʪʠʢʘ ʚ ʧʨʦʜʦʣʴʥʦʤ ʠ 

ʧʦʧʝʨʝʯʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ 

ʇʨʠʚʝʜʝʥʳ ʜʘʥʥʳʝ ʧʦ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʦʙʨʘʟʮʦʚ ʠʟ ʫʛʣʝʧʣʘʩʪʠʢʦʚ ʩ ʚʥʝʜʨʝʥʥʳʤʠ 

ʦʧʪʦʚʦʣʦʢʦʥʥʳʤʠ ʜʘʪʯʠʢʘʤʠ ʩ ʥʘʥʝʩʝʥʥʳʤʠ ʨʘʩʧʨʝʜʝʣʝʥʥʳʤʠ ʙʨʵʛʛʦʚʩʢʠʤʠ ʨʝʰʝʪʢʘʤʠ ʧʨʠ 

ʦʜʥʦʢʨʘʪʥʦʤ ʠ ʤʥʦʛʦʢʨʘʪʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʩʠʣʦʚʳʭ ʥʘʛʨʫʟʦʢ, ʵʤʠʪʠʨʫʶʱʠʭ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ. 
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DEVELOPMENT AND RESE ARCHING OF COMPOSITI ON THERMALPROTECTIOM  COATING 

WITH USING OF LIQUID  FLOWING.  

Molodtsova ɸ.V., Glukhov A.I., Dyakonov V.A., Kamalov A.D., Pronin B.F.,  

Sotskova L.P. 

 

In this report there are results of development of thermal protection coating with using of liquid flowing 

based on silicone-organic elastomers and thermoresistant dispersed fillers. Influence of filler quantity content on 

coating characteristics was under investigation. Selection of cold setting catalyst for thermal protection coating 

with using of liquid flowing was made. Technological parameters of application were determined and coating 

characteristics complex has been researched. Realized heating testing in high-entalpy gas stream confirmed the 

working capacity of above-mentioned coating. 

 

ʈʘʟʚʠʪʠʝ ʘʚʠʘʮʠʦʥʥʦʡ ʠ ʨʘʢʝʪʥʦ-ʢʦʩʤʠʯʝʩʢʦʡ ʦʪʨʘʩʣʝʡ ʩʪʘʚʠʪ ʧʝʨʝʜ ʨʘʟʨʘʙʦʪʯʠʢʘʤʠ ʤʘʪʝʨʠʘʣʦʚ 

ʥʦʚʳʝ ʟʘʜʘʯʠ, ʩʚʷʟʘʥʥʳʝ, ʚʦ-ʧʝʨʚʳʭ, ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʩʢʦʨʦʩʪʠ ʠ ʜʘʣʴʥʦʩʪʠ ʧʦʣʝʪʘ ʠʟʜʝʣʠʡ, ʚʦ-ʚʪʦʨʳʭ, ʩ 

ʦʪʨʘʙʦʪʢʦʡ ʥʘʠʙʦʣʝʝ ʪʝʭʥʦʣʦʛʠʯʥʳʭ ʧʨʦʮʝʩʩʦʚ ʥʘʥʝʩʝʥʠʷ ʠ  ʬʦʨʤʦʚʘʥʠʷ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ 

ʪʝʧʣʦʟʘʱʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʟʘʱʠʱʘʝʤʳʝ ʢʦʥʩʪʨʫʢʮʠʠ.  

ɼʣʷ ʟʘʱʠʪʳ ʢʘʢ ʥʘʨʫʞʥʳʭ,  ʪʘʢ ʠ ʚʥʫʪʨʝʥʥʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʵʣʝʤʝʥʪʦʚ ʢʦʥʩʪʨʫʢʮʠʡ ʦʪ ʪʝʧʣʦʚʳʭ ʠ 

ʵʨʦʟʠʦʥʥʳʭ ʚʦʟʜʝʡʩʪʚʠʡ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʥʘʰʣʠ ʵʣʘʩʪʠʯʥʳʝ ʪʝʧʣʦʟʘʱʠʪʥʳʝ ʧʦʢʨʳʪʠʷ ʥʘ ʦʩʥʦʚʝ 

ʭʣʦʨʩʫʣʴʬʠʨʦʚʘʥʥʳʭ, ʵʪʠʣʝʥ-ʧʨʦʧʠʣʝʥʦʚʳʭ, ʙʫʪʘʜʠʝʥ-ʥʠʪʨʠʣʴʥʳʭ, ʙʫʪʘʜʠʝʥ-ʩʪʠʨʦʣʴʥʳʭ ʠ 

ʢʨʝʤʥʠʡʦʨʛʘʥʠʯʝʩʢʠʭ ʧʦʣʠʤʝʨʦʚ ʩ ʨʘʟʣʠʯʥʳʤʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʥʘʧʦʣʥʠʪʝʣʷʤʠ [1, 2]. 

ʊʨʘʜʠʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʥʘʥʝʩʝʥʠʷ ʧʦʢʨʳʪʠʡ ʥʘ ʥʘʨʫʞʥʳʝ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʪʦʜʦʤ 

ʧʥʝʚʤʘʪʠʯʝʩʢʦʛʦ ʨʘʩʧʳʣʝʥʠʷ ʠʤʝʶʪ ʩʣʠʰʢʦʤ ʧʨʦʜʦʣʞʠʪʝʣʴʥʳʡ ʮʠʢʣ ʧʦʩʣʦʡʥʦʛʦ ʠʟʛʦʪʦʚʣʝʥʠʷ. 

ʌʦʨʤʦʚʘʥʠʝ ʵʣʘʩʪʠʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʚʥʫʪʨʝʥʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʤʠ ʤʝʪʦʜʘʤʠ, 

ʪʘʢʠʤʠ, ʢʘʢ ʚʫʣʢʘʥʠʟʘʮʠʷ ʚ ʧʨʝʩʩ-ʬʦʨʤʘʭ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʛʠʙʢʦʡ ʜʠʘʬʨʘʛʤʳ ʚʥʫʪʨʠ ʢʦʨʧʫʩʘ ʠʟʜʝʣʠʷ, 

ʣʠʪʴʝʤ ʧʦʜ ʜʘʚʣʝʥʠʝʤ, ʤʘʣʦʧʨʠʤʝʥʠʤʳ ʦʩʦʙʝʥʥʦ ʢ ʟʘʤʢʥʫʪʳʤ ʤʘʣʦʛʘʙʘʨʠʪʥʳʤ ʠʟʜʝʣʠʷʤ ʩʣʦʞʥʦʡ 

ʬʦʨʤʳ [2,3]. ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʩʣʦʞʥʦʩʪʠ ʪʘʢ ʞʝ ʚʦʟʥʠʢʘʶʪ ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʤʥʦʛʦʩʣʦʡʥʳʭ 

ʢʦʥʩʪʨʫʢʮʠʡ, ʪʨʝʙʫʶʱʠʭ ʤʥʦʛʦʩʪʘʜʠʡʥʦʛʦ ʥʘʥʝʩʝʥʠʷ ʪʝʧʣʦʟʘʱʠʪʳ ʩ ʨʘʟʣʠʯʥʳʤʠ ʪʝʤʧʝʨʘʪʫʨʥʦ-

ʚʨʝʤʝʥʥʳʤʠ ʨʝʞʠʤʘʤʠ ʬʦʨʤʦʚʘʥʠʷ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʧʨʠ ʤʥʦʛʦʢʨʘʪʥʳʭ ʥʘʛʨʝʚʘʭ ʤʘʪʝʨʠʘʣʦʚ ʧʨʦʠʩʭʦʜʠʪ 

ʪʝʨʤʠʯʝʩʢʦʝ ʩʪʘʨʝʥʠʝ ʨʘʥʝʝ ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʩʣʦʝʚ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʩʚʦʡʩʪʚ ʧʦʢʨʳʪʠʡ ʠ 

ʧʨʦʯʥʦʩʪʠ ʢʣʝʷʱʠʭ ʩʦʩʪʘʚʦʚ ʤʝʞʜʫ ʥʠʤʠ. 
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ɺ ʩʚʷʟʠ ʩ ʧʝʨʝʯʠʩʣʝʥʥʳʤʠ ʧʨʦʙʣʝʤʘʤʠ ʚ ʆɸʆ çʂʦʤʧʦʟʠʪè ʨʘʟʨʘʙʦʪʘʥʳ ʞʠʜʢʦʟʘʣʠʚʦʯʥʳʝ 

ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʪʝʧʣʦʟʘʱʠʪʥʳʝ ʩʦʩʪʘʚʳ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʦʪʚʝʨʞʜʘʶʱʠʝʩʷ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, 

ʤʝʪʦʜ ʠʭ ʬʦʨʤʦʚʘʥʠʷ ʠʤʝʝʪ ʨʷʜ ʧʨʝʠʤʫʱʝʩʪʚ ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʩʦʢʨʘʱʝʥʠʝ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʮʠʢʣʘ, ʩʥʠʞʝʥʠʝ ʵʥʝʨʛʦʟʘʪʨʘʪ, ʤʝʪʘʣʣʦʝʤʢʦʩʪʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʦʪʭʦʜʦʚ.   

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʨʦʚʝʜʝʥʥʳʭ ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʭ, ʨʝʦʣʦʛʠʯʝʩʢʠʭ ʠ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʦʠʟʚʝʜʝʥ ʚʳʙʦʨ ʞʠʜʢʦʛʦ ʢʨʝʤʥʠʡʦʨʛʘʥʠʯʝʩʢʦʛʦ ʩʚʷʟʫʶʱʝʛʦ ʦʙʣʘʜʘʶʱʝʛʦ 

ʦʧʪʠʤʘʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʦ ʚʣʠʷʥʠʝ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʥʘ ʨʝʦʣʦʛʠʯʝʩʢʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʚʷʟʫʶʱʝʛʦ ʩ ʦʧʨʝʜʝʣʝʥʠʝʤ ʚʨʝʤʝʥʠ ʞʠʚʫʯʝʩʪʠ ʢʦʤʧʦʟʠʮʠʠ. 

ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʵʨʦʟʠʦʥʥʦʡ ʩʪʦʡʢʦʩʪʠ ʢʦʤʧʦʟʠʮʠʠ ʧʨʠ ʪʝʧʣʦʚʳʭ ʚʦʟʜʝʡʩʪʚʠʷʭ ʙʳʣ ʧʨʦʠʟʚʝʜʝʥ 

ʚʳʙʦʨ ʪʝʨʤʦʩʪʦʡʢʦʛʦ ʜʠʩʧʝʨʩʥʦʛʦ ʥʝʦʨʛʘʥʠʯʝʩʢʦʛʦ ʥʘʧʦʣʥʠʪʝʣʷ [4]. ʀʩʩʣʝʜʦʚʘʥʳ ʚʣʠʷʥʠʝ 

ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʩʦʜʝʨʞʘʥʠʝ  ʥʘʧʦʣʥʠʪʝʣʷ ʥʘ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ, 

ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʝ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʣʫʯʘʝʤʦʡ ʞʠʜʢʦʟʘʣʠʚʦʯʥʦʡ ʢʦʤʧʦʟʠʮʠʠ. 

ʉ ʮʝʣʴʶ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʧʦʢʨʳʪʠʷ ʚ ʚʳʩʦʢʦʵʥʪʘʣʴʧʠʡʥʳʭ ʛʘʟʦʚʳʭ ʧʦʪʦʢʘʭ 

ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʠʩʧʳʪʘʥʠʷ, ʤʦʜʝʣʠʨʫʶʱʠʝ ʥʘʪʫʨʥʳʝ ʧʦ ʪʝʧʣʦʚʳʤ ʠ ʭʠʤʠʯʝʩʢʠʤ ʚʦʟʜʝʡʩʪʚʠʷʤ, ʩ 

ʦʧʨʝʜʝʣʝʥʠʝʤ ʣʠʥʝʡʥʳʭ ʠ ʤʘʩʩʦʚʳʭ ʫʥʦʩʦʚ. 

ʆʪʨʘʙʦʪʘʥʳ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʠʟʛʦʪʦʚʣʝʥʠʷ ʠ ʥʘʥʝʩʝʥʠʷ ʪʝʧʣʦʟʘʱʠʪʥʦʛʦ ʧʦʢʨʳʪʠʷ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʥʩʪʨʫʢʮʠʡ ʩʣʦʞʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ, ʦʪʚʝʨʞʜʘʶʱʝʛʦʩʷ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ.  

ɺ ʜʦʢʣʘʜʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʟʨʘʙʦʪʢʠ ʞʠʜʢʦʟʘʣʠʚʦʯʥʳʭ ʪʝʧʣʦʟʘʱʠʪʥʳʭ 

ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ʢʨʝʤʥʠʡʦʨʛʘʥʠʯʝʩʢʠʭ ʵʣʘʩʪʦʤʝʨʦʚ. 
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NATURAL  METALLOPORPHYRINS  AS CATALYSTS  CURED ELECTRODEPOSITED  COATINGS 

Bespalova G.N., Larin A.N., Ageeva T.A., Koifman O.I., Morokhina A.K., Moiseeva K.E. 

 
Water-thinnable composition for electrodeposition are colloidal nature. An indicator of the stability of 

colloidal systems and their electrophoretic activity is the magnitude of the zeta potential. Studies have shown that 

introduction of modifiers - porphyrins, the stability of colloidal systems is not reduced. ʈainting by 

electrodeposition of metals makes it possible to obtain coatings of high quality. This is achieved by reduction of 

curing temperature. Gel fraction coatings cured at lower temperatures than the same parameter values of the 

standard composition. 

 

ʆʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʪʝʥʜʝʥʮʠʡ ʨʘʟʚʠʪʠʷ ʩʦʚʨʝʤʝʥʥʦʡ ʣʘʢʦʢʨʘʩʦʯʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʷʚʣʷʝʪʩʷ 

ʩʪʨʝʤʣʝʥʠʝ ʫʤʝʥʴʰʠʪʴ ʠʣʠ ʧʦʣʥʦʩʪʴʶ ʠʩʢʣʶʯʠʪʴ ʧʨʠʤʝʥʝʥʠʝ ʪʦʢʩʠʯʥʳʭ, ʧʦʞʘʨʦʦʧʘʩʥʳʭ ʠ ʜʦʩʪʘʪʦʯʥʦ 

ʜʦʨʦʛʠʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣʝʡ. ʕʪʦ ʧʨʠʚʝʣʦ ʢ ʩʦʟʜʘʥʠʶ ʚʦʜʦʨʘʟʙʘʚʣʷʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ, 

ʧʦʨʦʰʢʦʚʳʭ ʢʨʘʩʦʢ, ʣʘʢʦʢʨʘʩʦʯʥʳʭ ʩʠʩʪʝʤ, ʧʦʣʠʤʝʨʠʟʫʶʱʠʭʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʟʘʱʠʱʘʝʤʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ. 

ʆʩʥʦʚʥʳʝ ʥʘʟʥʘʯʝʥʠʷ ʧʦʣʠʤʝʨʥʳʭ ʧʦʢʨʳʪʠʡ ï ʵʪʦ ʟʘʱʠʪʘ ʦʪ ʢʦʨʨʦʟʠʠ ʠ ʧʨʠʜʘʥʠʝ ʠʟʜʝʣʠʷʤ 

ʢʨʘʩʠʚʦʛʦ ʚʥʝʰʥʝʛʦ ʚʠʜʘ. ʅʘʠʙʦʣʝʝ ʧʦʣʥʦ ʨʝʘʣʠʟʦʚʘʪʴ ʟʘʱʠʪʥʳʡ, ʘʥʪʠʢʦʨʨʦʟʠʦʥʥʳʡ ʧʦʪʝʥʮʠʘʣ 
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ʣʘʢʦʢʨʘʩʦʯʥʳʭ ʧʦʢʨʳʪʠʡ ʤʦʞʥʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʦʚʨʝʤʝʥʥʦʛʦ ʤʝʪʦʜʘ ʦʢʨʘʰʠʚʘʥʠʷ ï 

ʵʣʝʢʪʨʦʦʩʘʞʜʝʥʠʷ. 

ʆʜʥʠʤ ʠʟ ʩʝʨʴʝʟʥʳʭ ʥʝʜʦʩʪʘʪʢʦʚ ʧʨʝʜʣʘʛʘʝʤʳʭ ʥʘ ʨʳʥʢʝ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʵʣʝʢʪʨʦʦʩʘʞʜʝʥʠʷ 

ʷʚʣʷʝʪʩʷ ʚʳʩʦʢʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʦʢʨʳʪʠʡ (180é200Üʉ). ʊʘʢʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʦʙʫʩʣʘʚʣʠʚʘʶʪ 

ʧʦʚʳʰʝʥʥʫʶ ʵʥʝʨʛʦʝʤʢʦʩʪʴ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʠ, ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʦʛʨʘʥʠʯʠʚʘʶʪ ʦʙʣʘʩʪʴ ʧʨʠʤʝʥʝʥʠʷ 

ʚʦʜʦʨʘʟʙʘʚʣʷʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩʚʝʪʣʳʭ ʪʦʥʦʚ, ʧʦʩʢʦʣʴʢʫ ʧʦʢʨʳʪʠʷ ʥʘ ʠʭ ʦʩʥʦʚʝ, ʦʪʚʝʨʞʜʝʥʥʳʝ ʚ ʪʘʢʠʭ 

ʫʩʣʦʚʠʷʭ, ʧʨʠʦʙʨʝʪʘʶʪ ʞʝʣʪʳʡ ʦʪʪʝʥʦʢ. [1] 

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʩʥʠʞʝʥʠʝ ʵʥʝʨʛʦʝʤʢʦʩʪʠ ʧʦʣʫʯʝʥʠʷ ʧʦʣʠʤʝʨʥʳʭ ʧʦʢʨʳʪʠʡ, ʫʣʫʯʰʝʥʠʝ ʠʭ ʬʠʟʠʢʦ-

ʤʝʭʘʥʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ, ʨʘʩʰʠʨʝʥʠʝ ʮʚʝʪʦʚʦʡ ʛʘʤʤʳ ʣʘʢʦʢʨʘʩʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ 

ʵʣʝʢʪʨʦʦʩʘʞʜʝʥʠʷ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. 

ʆʜʥʠʤ ʠʟ ʵʬʬʝʢʪʠʚʥʳʭ ʠ ʤʘʣʦʟʘʪʨʘʪʥʳʭ ʧʫʪʝʡ ʨʝʰʝʥʠʷ ʦʙʦʟʥʘʯʝʥʥʳʭ ʧʨʦʙʣʝʤ ʷʚʣʷʝʪʩʷ ʚʚʝʜʝʥʠʝ 

ʚ ʩʦʩʪʘʚ ʦʣʠʛʦʤʝʨʥʳʭ ʚʦʜʦʨʘʟʙʘʚʣʷʝʤʳʭ ʢʦʤʧʦʟʠʮʠʡ ʮʝʣʝʚʳʭ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʜʦʙʘʚʦʢ. ɺ ʢʘʯʝʩʪʚʝ 

ʪʘʢʠʭ ʤʦʜʠʬʠʢʘʪʦʨʦʚ ʥʘʤʠ ʙʳʣʠ ʚʳʙʨʘʥʳ ʧʨʠʨʦʜʥʳʝ ʤʝʪʘʣʣʦʧʦʨʬʠʨʠʥʳ. ʅʘʣʠʯʠʝ ʚ ʩʦʩʪʘʚʝ ʠʭ ʤʦʣʝʢʫʣ 

ʜʚʦʡʥʳʭ ʩʚʷʟʝʡ, ʭʨʦʤʦʬʦʨʥʳʭ ʠ ʘʫʢʩʦʭʨʦʤʦʬʦʨʥʳʭ ʛʨʫʧʧ ʫʢʘʟʳʚʘʝʪ ʥʘ ʩʧʦʩʦʙʥʦʩʪʴ ʦʢʨʘʰʠʚʘʪʴ 

ʧʦʣʠʤʝʨʥʳʝ ʧʦʢʨʳʪʠʷ. ʆʜʥʦʚʨʝʤʝʥʥʦ ʧʨʠʩʫʪʩʪʚʠʝ ʧʦʣʠʚʘʣʝʥʪʥʳʭ ʤʝʪʘʣʣʦʚ, ʪʘʢʠʭ ʢʘʢ ʢʦʙʘʣʴʪ, ʤʝʜʴ ʠ 

ʜʨʫʛʠʭ ʜʘʝʪ ʦʩʥʦʚʘʥʠʝ ʧʨʝʜʧʦʣʘʛʘʪʴ, ʯʪʦ ʤʝʪʘʣʣʦʧʦʨʬʠʨʠʥʳ ʤʦʛʫʪ ʧʨʦʷʚʣʷʪʴ ʢʘʪʘʣʠʪʠʯʝʩʢʫʶ 

ʘʢʪʠʚʥʦʩʪʴ ʚ ʧʨʦʮʝʩʩʝ ʦʢʠʩʣʠʪʝʣʴʥʦʡ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʧʣʝʥʢʦʦʙʨʘʟʦʚʘʪʝʣʝʡ ʧʨʠ ʦʪʚʝʨʞʜʝʥʠʠ ʧʦʢʨʳʪʠʡ. 

[2] 

ʄʦʜʝʣʴʥʳʤ ʧʣʝʥʢʦʦʙʨʘʟʦʚʘʪʝʣʝʤ ʜʣʷ ʘʥʦʜʥʦʛʦ ʵʣʝʢʪʨʦʦʩʘʞʜʝʥʠʷ ʙʳʣ ʚʳʙʨʘʥ ʣʘʢ ʂʏ-0125, 

ʛʣʘʚʥʳʤ ʢʦʤʧʦʥʝʥʪʦʤ ʢʦʪʦʨʦʛʦ ʷʚʣʷʝʪʩʷ ʦʣʠʛʦʤʝʨʥʳʡ ʤʘʣʝʠʥʠʟʠʨʦʚʘʥʥʳʡ ʧʦʣʠʙʫʪʘʜʠʝʥ. ɺ ʢʘʯʝʩʪʚʝ 

ʤʦʜʠʬʠʢʘʪʦʨʦʚ ʠʩʧʦʣʴʟʦʚʘʥʳ ʪʘʢʠʝ ʤʝʪʘʣʣʦʧʦʨʬʠʨʠʥʳ, ʢʘʢ ʬʝʦʬʝʪʠʥ ʢʦʙʘʣʴʪʘ ʠ ʬʝʦʬʦʨʙʠʜ ʤʝʜʠ. 

ʂʦʥʮʝʥʪʨʘʮʠʷ ʚʚʦʜʠʤʦʡ ʜʦʙʘʚʢʠ ʥʝ ʧʨʝʚʳʰʘʝʪ 10-4 ʛ/ʣ.  

ʉʨʘʚʥʠʪʝʣʴʥʳʝ ʩʧʝʢʪʨʳ ʦʪʨʘʞʝʥʠʷ, ʩʥʷʪʳʝ ʥʘ ʧʨʠʙʦʨʝ SHIMADZU UV-2550 (ʗʧʦʥʠʷ) ʧʦʢʘʟʳʚʘʶʪ  

ʚʢʣʶʯʝʥʠʝ ʬʝʦʬʦʨʙʠʜʘ ʤʝʜʠ (ɚ=652ʥʤ) ʠ ʬʝʦʬʠʪʠʥʘ ʢʦʙʘʣʴʪʘ (ɚ=672ʥʤ) ʚ ʩʦʩʪʘʚ ʧʣʝʥʢʦʦʙʨʘʟʦʚʘʪʝʣʷ ʚ 

ʨʘʙʦʯʠʭ ʢʦʤʧʦʟʠʮʠʷʭ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʧʨʠ ʵʣʝʢʪʨʦʦʩʘʞʜʝʥʠʠ. 

ʆʜʥʠʤ ʠʟ ʚʘʞʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢʦʣʣʦʠʜʥʳʭ ʩʠʩʪʝʤ ʠ ʠʭ ʵʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʦʡ 

ʧʦʜʚʠʞʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʚʝʣʠʯʠʥʘ ɕ-ʧʦʪʝʥʮʠʘʣʘ. 

ʇʨʠ ʨʘʟʙʘʚʣʝʥʠʠ ʨʘʩʪʚʦʨʘ ʧʦʣʠʤʝʨʘ ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʝʩʪʨʦʡʢʘ ʝʛʦ ʤʠʮʝʣʣʳ, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ 

ʜʠʬʬʫʟʥʳʡ ʩʣʦʡ ʨʘʩʰʠʨʷʝʪʩʷ. ʕʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʝʨʝʭʦʜʫ ʠʟ ʘʜʩʦʨʙʮʠʦʥʥʦʛʦ ʩʣʦʷ ʚ ʜʠʬʬʫʟʥʳʡ ʚʩʸ 

ʙʦʣʴʰʝʛʦ ʯʠʩʣʘ ʧʨʦʪʠʚʦʠʦʥʦʚ, ʢʦʥʮʝʥʪʨʘʮʠʷ ʠʭ ʚ ʜʠʩʧʝʨʩʠʦʥʥʦʡ ʩʨʝʜʝ ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʚʦʟʨʘʩʪʘʥʠʶ ʚʝʣʠʯʠʥʳ ʨʅ ʠ ɕ-ʧʦʪʝʥʮʠʘʣʘ ʠ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʚʳʩʦʢʦʡ ʘʛʨʝʛʘʪʠʚʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʠʩʩʣʝʜʫʝʤʳʭ ʩʠʩʪʝʤ. 

ʉʧʦʩʦʙʥʦʩʪʴ ʬʝʦʬʦʨʙʠʜʘ ʤʝʜʠ ʠ ʬʝʦʬʠʪʠʥʘʪʘ ʢʦʙʘʣʴʪʘ ʧʨʦʷʚʣʷʪʴ ʢʘʪʘʣʠʪʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʧʨʠ 

ʦʪʚʝʨʞʜʝʥʠʠ ʵʣʝʢʪʨʦʦʩʘʞʜʝʥʥʳʭ ʧʦʢʨʳʪʠʡ ʧʨʦʚʦʜʠʣʦʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ ʦʧʨʝʜʝʣʝʥʠʷ ʛʝʣʴ(g)-

ʟʦʣʴ(z) ʬʨʘʢʮʠʡ ʧʦʢʨʳʪʠʡ ʚ ʘʧʧʘʨʘʪʝ ʉʦʢʩʣʝʪʘ. 

ʉʨʘʚʥʠʪʝʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʦʧʨʝʜʝʣʝʥʠʷ ʚʝʣʠʯʠʥʳ ʛʝʣʴï, ʟʦʣʴ-ʬʨʘʢʮʠʡ ʧʦʢʨʳʪʠʡ, ʦʪʚʝʨʞʜʝʥʥʳʭ 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 180 ʠ 160 0ʉ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ. 

ʊʘʙʣʠʮʘ 

ʉʨʘʚʥʠʪʝʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʦʧʨʝʜʝʣʝʥʠʷ ʛʝʣʴ-, ʟʦʣʴ-ʬʨʘʢʮʠʡ ʚ ʦʪʚʝʨʞʜʝʥʥʳʭ ʧʦʢʨʳʪʠʷʭ 

 

ʈʝʞʠʤʳ ʦʪʚʝʨʞʜʝʥʠʷ ʉʦʩʪʘʚ ʠʩʭʦʜʥʳʭ ʢʦʤʧʦʟʠʮʠʡ 

ʊʝʤʧʝʨʘʪʫʨʘ, 0ʉ 
ɺʨʝʤʷ, 

ʤʠʥ 

ʈʘʩʪʚʦʨ 

ʂʏ-0125 

ʈʘʩʪʚʦʨ ʂʏ-0125 + 

ʬʝʦʬʦʨʙʠʜ ʤʝʜʠ 

ʈʘʩʪʚʦʨ ʂʏ-0125 + 

ʬʝʦʬʠʪʠʥʘʪ ʢʦʙʘʣʴʪʘ 

1 180 30 83,5 87,9 96,1 

2 160 30 57,5 79,2 93,1 

 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʫʢʘʟʘʥʥʳʭ ʤʝʪʘʣʣʦʧʦʨʬʠʨʠʥʦʚ ʚ ʢʘʯʝʩʪʚʝ 

ʢʘʪʘʣʠʟʠʨʫʶʱʠʭ ʘʛʝʥʪʦʚ ʧʨʠ ʦʪʚʝʨʞʜʝʥʠʠ ʵʣʝʢʪʨʦʦʩʘʞʜʝʥʥʳʭ ʧʦʢʨʳʪʠʡ. ʇʨʠ ʵʪʦʤ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʥʘʠʙʦʣʴʰʫʶ ʢʘʪʘʣʠʪʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʧʨʦʷʚʣʷʝʪ ʬʝʦʬʠʪʠʥʘʪ ʢʦʙʘʣʴʪʘ. 

ʇʨʦʮʝʩʩʳ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʠʷ ʵʣʝʢʪʨʦʦʩʘʞʜʝʥʥʳʭ ʧʣʝʥʦʢ, ʧʦʣʫʯʝʥʥʳʝ ʠʟ ʢʦʤʧʦʟʠʮʠʡ ʩ 

ʬʝʦʬʠʪʠʥʘʪʦʤ ʢʦʙʘʣʴʪʘ (II) ʧʨʠ ʦʜʠʥʘʢʦʚʳʭ ʫʩʣʦʚʠʷʭ ʧʨʦʮʝʩʩʘ ʦʪʚʝʨʞʜʝʥʠʷ, ʧʦʢʘʟʳʚʘʶʪ ʟʥʘʯʠʪʝʣʴʥʦʝ 

ʚʦʟʨʘʩʪʘʥʠʝ ʚʝʣʠʯʠʥʳ ʛʝʣʴ-ʬʨʘʢʮʠʠ ʜʦ ʟʥʘʯʝʥʠʡ 93é96 % ʧʨʦʪʠʚ 57é84 %  ʚ ʧʦʢʨʳʪʠʷʭ ʙʝʟ 

ʢʘʪʘʣʠʟʠʨʫʶʱʝʡ ʜʦʙʘʚʢʠ (ʪʘʙʣ.). 



ʉɽʂʎʀʗ 2 ʂʆʄʇʆɿʀʎʀʆʅʅʓɽ ʄɸʊɽʈʀɸʃʓ, ɺʂʃʖʏɸʗ ʇʆʃʀʄɽʈʅʓɽ 

144 
 
 

ɺʚʝʜʝʥʠʝ ʤʝʜʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʬʝʦʬʦʨʙʠʜʘ ʤʝʜʠ (ʘ) ʧʨʠʜʘʝʪ ʧʨʦʟʨʘʯʥʳʤ ʧʦʢʨʳʪʠʷʤ ʠʟʫʤʨʫʜʥʦ-

ʟʝʣʝʥʳʡ ʮʚʝʪ. 

ʄʦʜʠʬʠʮʠʨʦʚʘʥʥʳʝ ʵʣʝʢʪʨʦʩʘʞʜʝʥʥʳʝ ʧʦʢʨʳʪʠʷ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʠʤʠ ʟʘʱʠʪʥʳʤʠ ʠ ʬʠʟʠʢʦ-

ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ. [3] 
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MODIFICATION OF HYDR OXYAPATITE NANOPARTI CLES WITH DIFERENT A CRYLIC 

COMPOUND 

Mosiagin I.P., Osipova O.M, Osmolowsky M.G., Osmolowskay O.M. 

 
Tissue engineering is a very promising area of medicine. One of the most challenging fields is bone 

recovery. Hydroxyapatite is inorganic bone substance, so it is the most suitable object for this application. It is 

very important to modify nanoparticles by organic compounds to make composite. In our work we study 

interaction of different acrylic compound with hydroxyapatite nanoparticles by wide range of physicochemical 

analyses methods. Also we made composite with methyl methacrylate as good model object. 

ʊʢʘʥʝʚʘʷ ʠʥʞʝʥʝʨʠʷ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʤʝʪʦʜʦʤ ʨʝʛʝʥʝʨʘʪʠʚʥʦʡ ʤʝʜʠʮʠʥʳ. ɺ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʦʩʩʪʘʥʦʚʣʝʥʥʘʷ ʢʦʞʘ ʷʚʣʷʝʪʩʷ ʢʦʤʤʝʨʯʝʩʢʠ ʜʦʩʪʫʧʥʦʡ. ʆʜʥʘʢʦ ʦʩʪʘʣʴʥʳʝ ʦʨʛʘʥʳ ʠ 

ʪʢʘʥʠ ʯʝʣʦʚʝʢʘ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʤʦʛʫʪ ʙʳʪʴ ʚʦʩʩʪʘʥʦʚʣʝʥʳ. ʆʜʥʦʡ ʠʟ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʭ ʟʘʜʘʯ ʩʦʚʨʝʤʝʥʥʦʡ 

ʤʝʜʠʮʠʥʳ ʷʚʣʷʝʪʩʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʢʦʩʪʝʡ ʯʝʣʦʚʝʢʘ ʧʦʩʣʝ ʧʝʨʝʣʦʤʦʚ, ʪʘʢ ʢʘʢ, ʦʨʛʘʥʠʟʤ ʯʝʣʦʚʝʢʘ ʥʝ 

ʤʦʞʝʪ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʚʦʩʩʪʘʥʦʚʠʪʴʩʷ ʧʦʩʣʝ ʩʣʦʞʥʦʛʦ ʧʝʨʝʣʦʤʘ, ʦʩʦʙʝʥʥʦ ʦʩʪʨʦ ʵʪʘ ʧʨʦʙʣʝʤʘ ʩʪʦʠʪ ʜʣʷ 

ʧʦʞʠʣʳʭ ʣʶʜʝʡ. 

ɻʠʜʨʦʢʩʠʘʧʘʪʠʪ ʷʚʣʷʝʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʤʘʪʝʨʠʘʣʦʤ ʜʣʷ ʪʢʘʥʝʚʦʡ ʠʥʞʝʥʝʨʠʠ ʢʦʩʪʠ, ʧʦʩʢʦʣʴʢʫ ʦʥ 

ʷʚʣʷʝʪʩʷ ʥʝʦʨʛʘʥʠʯʝʩʢʠʤ ʢʦʤʧʦʥʝʥʪʦʤ ʧʨʠʨʦʜʥʦʡ ʢʦʩʪʠ, ʘ ʟʥʘʯʠʪ, ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʩʦʚʤʝʩʪʠʤ ʩ ʥʝʡ. 

ʇʦʩʢʦʣʴʢʫ ʩʦʟʜʘʥʠʝ ʢʦʤʧʦʟʠʪʦʚ ʪʨʝʙʫʝʪ ʭʦʨʦʰʝʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʜʨʫʛ ʚ ʜʨʫʛʝ, 

ʘ ʪʘʢʞʝ, ʪʝʩʥʦʛʦ ʠʭ ʢʦʥʪʘʢʪʘ, ʪʦ ʣʦʛʠʯʥʦ ʠʩʭʦʜʠʪʴ ʠʟ ʥʘʥʦʨʘʟʤʝʨʥʦʛʦ ʛʠʜʨʦʢʩʠʘʧʘʪʠʪʘ. 

ɼʣʷ ʩʦʟʜʘʥʠʷ ʢʦʤʧʦʟʠʪʦʚ ʛʠʜʨʦʢʩʠʘʧʘʪʠʪ ʥʝʦʙʭʦʜʠʤʦ ʤʦʜʠʬʠʮʠʨʦʚʘʪʴ ʨʘʟʣʠʯʥʳʤʠ 

ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʤʦʣʝʢʫʣʘʤʠ, ʜʣʷ ʪʦʛʦ ʯʪʦʙʳ ʧʨʦʠʟʚʦʜʠʪʴ ʜʘʣʴʥʝʡʰʝʝ ʩʚʷʟʳʚʘʥʠʝ ʩ ʜʨʫʛʠʤʠ 

ʢʦʤʧʦʥʝʥʪʘʤʠ. ʕʪʘ ʦʙʣʘʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʯʝʥʴ ʰʠʨʦʢʘ ʠ ʤʘʣʦ ʠʟʫʯʝʥʘ. ʅʘ ʜʘʥʥʦʡ ʤʦʤʝʥʪ ʧʨʘʢʪʠʯʝʩʢʠ 

ʥʝʪ ʤʝʪʦʜʠʢ ʧʨʦʯʥʦʡ ʤʦʜʠʬʠʢʘʮʠʠ ʥʘʥʦʯʘʩʪʠʮ ʛʠʜʨʦʢʩʠʘʧʘʪʠʪʘ ʨʘʟʣʠʯʥʳʤʠ ʦʨʛʘʥʠʯʝʩʢʠʤʠ 

ʤʦʣʝʢʫʣʘʤʠ. 

ʇʦʵʪʦʤʫ ʮʝʣʴʶ ʥʘʰʝʡ ʨʘʙʦʪʳ ʷʚʣʷʣʦʩʴ ʠʟʫʯʝʥʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʩʚʷʟʳʚʘʥʠʷ ʥʘʥʦʯʘʩʪʠʮ 

ʛʠʜʨʦʢʩʠʘʧʘʪʠʪʘ ʩ ʨʘʟʣʠʯʥʳʤʠ ʧʨʦʠʟʚʦʜʥʳʤʠ ʘʢʨʠʣʦʚʦʡ ʢʠʩʣʦʪʳ (ʘʢʨʠʣʦʚʦʡ ʢʠʩʣʦʪʦʡ, 

ʤʝʪʠʣʤʝʪʘʢʨʠʣʘʪʦʤ ʠ ʛʣʠʮʝʜʠʣʤʝʪʘʢʨʠʣʘʪʦʤ). ʕʪʠ ʩʦʝʜʠʥʝʥʠʷ ʷʚʣʷʶʪʩʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ 

ʤʦʜʝʣʴʥʳʤʠ ʦʙʲʝʢʪʘʤʠ, ʠʟ ʥʠʭ ʧʦʣʫʯʘʶʪ ʦʨʛʘʥʠʯʝʩʢʠʝ ʩʪʸʢʣʘ. 

ʉʚʷʟʳʚʘʥʠʝ ʤʦʜʠʬʠʢʘʪʦʨʦʚ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʛʠʜʨʦʢʩʠʘʧʘʪʠʪʘ ʙʳʣʦ ʠʟʫʯʝʥʦ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʦʚ 

ʪʚʝʨʜʦʪʝʣʴʥʦʡ ʗʄʈ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʥʘ ʷʜʨʘʭ 1H, 13C, 31P, ʤʝʪʦʜʦʤ ʀʂ, ʘ ʪʘʢʞʝ ʀʂ ʩʧʝʢʪʨʦʩʢʦʧʠʝʡ 

ʥʝʧʦʣʥʦʛʦ ʚʥʫʪʨʝʥʥʝʛʦ ʦʪʨʘʞʝʥʠʷ. ɹʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʨʘʟʤʝʨʳ ʥʘʥʦʯʘʩʪʠʮ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʇʕʄ, ʘ 

ʪʘʢʞʝ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʩʚʝʪʦʨʘʩʩʝʷʥʠʷ. ʋʜʝʣʴʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʙʳʣʘ ʨʘʩʩʯʠʪʘʥʘ ʧʦ ʜʘʥʥʳʤ ʇʕʄ, ʘ ʪʘʢʞʝ ʩ 
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ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ɹʕʊ. ʉʦʩʪʘʚ ʥʘʥʦʯʘʩʪʠʮ ʙʳʣ ʠʟʫʯʝʥ ʤʝʪʦʜʦʤ ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʠʟʘ. ɼʦʧʦʣʥʠʪʝʣʴʥʦ 

ʙʳʣʘ ʠʩʩʣʝʜʦʚʘʥʘ ʫʩʪʦʡʯʠʚʦʩʪʴ ʩʫʩʧʝʥʟʠʡ ʥʘʥʦʯʘʩʪʠʮ ʚ ʨʘʟʣʠʯʥʳʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ. ʊʘʢʞʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

ʧʦʣʠʤʝʨʥʳʝ ʧʣʸʥʢʠ ʠʟ ʤʝʪʠʣʤʝʪʘʢʨʠʣʘʪʘ ʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʥʘʥʦʯʘʩʪʠʮ, ʙʳʣʠ ʠʟʤʝʨʝʥʳ ʠʭ 

ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ. 

ʋʩʪʘʥʦʚʣʝʥʦ ʥʘʣʠʯʠʝ ʭʠʤʠʯʝʩʢʦʛʦ ʩʚʷʟʳʚʘʥʠʷ ʤʦʜʠʬʠʢʘʪʦʨʦʚ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʥʘʥʦʯʘʩʪʠʮ 

ʛʠʜʨʦʢʩʠʘʧʘʪʠʪʘ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʜʣʷ ʜʘʣʴʥʝʡʰʝʡ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ. ʊʘʢʞʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʤʦʜʠʬʠʢʘʮʠʷ ʟʘʤʝʪʥʦ ʚʣʠʷʝʪ ʥʘ ʩʚʦʡʩʪʚʘ ʥʘʥʦʯʘʩʪʠʮ ʠ ʢʦʤʧʦʟʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʠʭ ʦʩʥʦʚʝ. 
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Abstract. Nano- and microdimensional Ag surface layers were created by method of magnetron sputtering 

in vacuum on flat and wire NiTi and SiO2 substrates. Structure and composition of samples were defined by SEM, 

AES and x-ray diffractometry. Thickness and structure of surface layers are influenced by a sputtering distance 

and time. 

Keywords: composite, transition layer, surface layer, magnetron sputtering. 
 

ʍʦʨʦʰʠʤ ʧʨʠʤʝʨʦʤ ʙʠʦʤʝʭʘʥʠʯʝʩʢʠ ʩʦʚʤʝʩʪʠʤʳʭ ʩ ʞʠʚʳʤ ʦʨʛʘʥʠʟʤʦʤ ʤʘʪʝʨʠʘʣʦʚ ʷʚʣʷʝʪʩʷ 

ʥʠʪʠʥʦʣ, ʧʨʦʷʚʣʷʶʱʠʡ ʧʦʜʦʙʠʝ ʞʠʚʳʤ ʪʢʘʥʷʤ [1-3]. ʅʦ ʚ ʩʦʩʪʘʚ ʵʪʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ 

ʚʭʦʜʠʪ ʪʦʢʩʠʯʥʳʡ ʥʠʢʝʣʴ, ʩʧʦʩʦʙʥʳʡ ʚʣʠʷʪʴ ʥʘ ʦʢʨʫʞʘʶʱʠʝ ʪʢʘʥʠ ʧʨʷʤʦ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʠʤʧʣʘʥʪʘʪʘ ʠʣʠ 

ʚʳʜʝʣʷʪʴʩʷ ʚ ʘʛʨʝʩʩʠʚʥʳʝ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʝ ʩʨʝʜʳ ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʨʨʦʟʠʠ, ʯʪʦ ʚʝʜʝʪ ʦʜʥʦʚʨʝʤʝʥʥʦ ʢ 

ʨʘʟʨʫʰʝʥʠʶ ʠʟʜʝʣʠʷ ʠ ʧʦʨʘʞʝʥʠʶ ʦʨʛʘʥʠʟʤʘ [4 -7]. 

ɺ ʢʘʯʝʩʪʚʝ ʟʘʱʠʪʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʥʠʪʠʥʦʣʘ ʚ ʨʦʣʠ ʦʩʥʦʚʳ ʩʣʦʠʩʪʦʛʦ 

ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʧʦʟʚʦʣʷʶʱʝʛʦ ʵʬʬʝʢʪʠʚʥʦ ʩʦʯʝʪʘʪʴ ʞʝʣʘʝʤʳʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʤʧʦʥʝʥʪʦʚ, ʜʦʣʞʝʥ ʚʳʩʪʫʧʘʪʴ ʤʘʪʝʨʠʘʣ ʩ ʚʳʩʦʢʦʡ ʢʦʨʨʦʟʠʦʥʥʦʡ ʩʪʦʡʢʦʩʪʴʶ ʠ 

ʙʠʦʩʦʚʤʝʩʪʠʤʦʩʪʴʶ. ʆʜʥʠʤ ʠʭ ʧʦʜʭʦʜʷʱʠʭ ʢʘʥʜʠʜʘʪʦʚ ʷʚʣʷʝʪʩʷ ʩʝʨʝʙʨʦ, ʢʨʦʤʝ ʪʦʛʦ ʧʨʦʷʚʣʷʶʱʝʝ 

ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʫʶ, ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʫʶ ʠ ʪ.ʜ. ʘʢʪʠʚʥʦʩʪʴ [8]. ʕʬʬʝʢʪʠʚʥʳʤ ʤʝʪʦʜʦʤ ʩʦʟʜʘʥʠʷ 

ʧʦʜʦʙʥʳʭ ʢʦʤʧʦʟʠʪʦʚ ʷʚʣʷʝʪʩʷ ʬʠʟʠʯʝʩʢʦʝ ʦʩʘʞʜʝʥʠʝ ʚ ʚʘʢʫʫʤʝ, ʦʩʦʙʝʥʥʦ ʨʘʟʥʦʚʠʜʥʦʩʪʠ ʤʘʛʥʝʪʨʦʥʥʦʛʦ 

ʨʘʩʧʳʣʝʥʠʷ [9 - 10]. 

ʎʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʧʦʣʫʯʝʥʠʷ  ʩʣʦʠʩʪʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʦʩʥʦʚʦʡ 

ʠʟ ʥʠʪʠʥʦʣʘ ʠ ʧʦʚʝʨʭʥʦʩʪʥʳʤʠ ʩʣʦʷʤʠ ʠʟ ʩʝʨʝʙʨʘ ʤʝʪʦʜʦʤ ʤʘʛʥʝʪʨʦʥʥʦʛʦ ʨʘʩʧʳʣʝʥʠʷ. 

ʆʜʥʦʤʝʨʥʳʡ ʢʦʤʧʦʟʠʪ çʧʦʜʣʦʞʢʘ ï ʧʦʚʝʨʭʥʦʩʪʥʳʡ ʩʣʦʡè, ʧʦʣʫʯʘʣʠ ʚ ʛʘʟʦʚʦʡ ʩʨʝʜʝ ʘʨʛʦʥʘ ʧʨʠ 

ʦʩʪʘʪʦʯʥʦʤ ʠ ʨʘʙʦʯʝʤ ʜʘʚʣʝʥʠʷʭ ~ 4ʭ10-4 ʠ ~ 0,4 ʇʘ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɼʣʷ ʦʯʠʩʪʢʠ, ʘʢʪʠʚʘʮʠʠ ʠ ʧʦʣʠʨʦʚʢʠ 

ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʜʣʦʞʢʠ ʧʨʦʚʦʜʠʣʘʩʴ ʙʦʤʙʘʨʜʠʨʦʚʢʘ ʠʦʥʘʤʠ ʘʨʛʦʥʘ ï ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʝ ʠʦʥʥʦʝ ʪʨʘʚʣʝʥʠʝ. 

ʇʦʣʫʯʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʣʦʝʚ ʧʨʦʚʦʜʠʣʦʩʴ ʧʨʠ ʫʩʣʦʚʠʷʭ ʧʨʦʮʝʩʩʘ: ʤʘʛʥʝʪʨʦʥ ʥʘ ʧʦʩʪʦʷʥʥʦʤ 

ʪʦʢʝ, I å 865 ʤA, U ~ 830 ɺ, ʚʨʝʤʷ ʨʘʩʧʳʣʝʥʠʷ 20 ʠ 30 ʤʠʥ, ʜʠʩʪʘʥʮʠʷ ʥʘʧʳʣʝʥʠʷ (ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʤʠʰʝʥʠ 

ʜʦ ʧʦʜʣʦʞʢʠ) 40 ï 160 ʤʤ. ʊʝʤʧʝʨʘʪʫʨʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʜʣʦʞʝʢ ʧʨʠ ʣʶʙʦʤ ʨʝʞʠʤʝ ʥʝ ʜʦʩʪʠʛʘʣʘ 150 

ʦʉ. 

ɼʣʷ ʦʪʨʘʙʦʪʢʠ ʧʨʦʮʝʩʩʦʚ ʩʦʟʜʘʥʠʷ ʩʣʦʠʩʪʳʭ ʢʦʤʧʦʟʠʪʦʚ ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʳ ʚʳʩʪʫʧʘʣʠ ʧʣʘʩʪʠʥʳ ʠ 

ʧʨʦʚʦʣʦʢʠ ʠʟ ʤʠʢʨʦ- ʠ ʥʘʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʥʠʢʝʣʠʜʘ ʪʠʪʘʥʘ ʠ SiO2. ʂʨʝʤʥʠʝʚʳʝ ʧʦʜʣʦʞʢʠ ʪʘʢʞʝ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʠʥʪʝʨʝʩ, ʢʘʢ ʦʩʥʦʚʘ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ 



ʉɽʂʎʀʗ 2 ʂʆʄʇʆɿʀʎʀʆʅʅʓɽ ʄɸʊɽʈʀɸʃʓ, ɺʂʃʖʏɸʗ ʇʆʃʀʄɽʈʅʓɽ 
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ʥʘʟʥʘʯʝʥʠʷ (ʚ ʦʧʪʠʢʝ, ʵʣʝʢʪʨʦʥʠʢʝ ʠ ʜʨ.).  ʇʦʜʣʦʞʢʠ ʠʟ ʥʠʪʠʥʦʣʘ ʧʦʜʚʝʨʛʘʣʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ ʰʣʠʬʦʚʢʝ 

ʧʦʚʝʨʭʥʦʩʪʠ ʥʘʞʜʘʯʥʦʡ ʙʫʤʘʛʦʡ ʦʪ 180 ʜʦ 1000 grit ʩ ʢʦʥʝʯʥʦʡ ʦʙʨʘʙʦʪʢʦʡ ʧʘʩʪʦʡ ɻʆʀ.  

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ ʠʩʧʦʣʴʟʦʚʘʣʠ ʨʝʥʪʛʝʥʦʚʩʢʠʡ ʜʠʬʨʘʢʪʦʤʝʪʨ "Ultima IV" ʬʠʨʤʳ 

"ʈʠʛʘʢʫ" ʚ CuKŬ - ʠʟʣʫʯʝʥʠʠ. ʌʘʟʦʚʳʡ ʘʥʘʣʠʟ ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʚ ʧʨʦʛʨʘʤʤʥʦʤ ʢʦʤʧʣʝʢʩʝ PDXL ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʘʟʳ ʜʘʥʥʳʭ ICDD. ʄʦʨʬʦʣʦʛʠʶ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʩʣʦʡʥʦʛʦ ʵʣʝʤʝʥʪʥʦʛʦ 

ʩʦʩʪʘʚʘ ʠʩʩʣʝʜʦʚʘʣʠ ʥʘ ʩʢʘʥʠʨʫʶʱʝʤ ʵʣʝʢʪʨʦʥʥʦʤ ʤʠʢʨʦʩʢʦʧʝ (ʉʕʄ) TESCAN VEGA II SBU, 

ʩʥʘʙʞʝʥʥʦʤ ʧʨʠʩʪʘʚʢʦʡ ʜʣʷ ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ INCA Energy ʠ ʆʞʝ-ʩʧʝʢʪʨʦʤʝʪʨʝ JAMP-

9500F ʬʠʨʤʳ JEOL ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʠʦʥʥʳʤ ʪʨʘʚʣʝʥʠʝʤ ʧʨʠ ʙʦʤʙʘʨʜʠʨʦʚʢʝ ʘʨʛʦʥʦʤ ʧʦʜ ʫʛʣʦʤ 30ʦ.  

ʇʦʣʫʯʝʥʳ ʢʦʤʧʦʟʠʮʠʠ çʚʥʝʰʥʠʡ ʦʢʩʠʜʥʳʡ ʩʣʦʡ ï ʧʦʚʝʨʭʥʦʩʪʥʳʡ ʩʝʨʝʙʨʷʥʳʡ ʩʣʦʡ ï ʧʝʨʝʭʦʜʥʳʡ 

ʩʣʦʡ ï ʧʦʜʣʦʞʢʘè. ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʥʘʧʳʣʝʥʠʷ ʪʦʣʱʠʥʘ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʠ ʧʝʨʝʭʦʜʥʦʛʦ ʩʣʦʝʚ 

ʚʦʟʨʘʩʪʘʝʪ, ʘ ʩ ʨʦʩʪʦʤ ʜʠʩʪʘʥʮʠʠ ʥʘʧʳʣʝʥʠʷ ï ʫʤʝʥʴʰʘʝʪʩʷ ʧʦʯʪʠ ʣʠʥʝʡʥʳʤ ʦʙʨʘʟʦʤ. ʆʪʤʝʯʘʝʪʩʷ 

ʥʘʧʳʣʝʥʠʷ ʩ ʦʙʨʘʪʥʦʡ ʥʘʧʨʘʚʣʝʥʠʶ ʦʩʘʞʜʘʝʤʦʛʦ ʧʦʪʦʢʘ ʩʪʦʨʦʥʳ ʩ ʪʘʢʠʤ ʞʝ ʧʝʨʝʭʦʜʥʳʤ ʩʣʦʝʤ ʢʘʢ ʥʘ 

ʧʨʷʤʦʡ ʩʪʦʨʦʥʝ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʢʦʤʧʦʟʠʪʦʚ ʧʦʩʣʝ ʨʘʟʨʫʰʝʥʠʷ (ʩʪʘʪʠʯʝʩʢʠʡ ʨʘʩʪʷʞʝʥʠʝ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʧʨʦʚʦʣʦʢʠ 

ʠʣʠ ʭʨʫʧʢʠʡ ʩʢʦʣ ʩʪʝʢʣʘ) ʧʦʢʘʟʘʣʠ, ʯʪʦ ʠʭ ʢʦʤʧʦʥʝʥʪʳ (ʧʦʚʝʨʭʥʦʩʪʥʳʡ ʩʣʦʡ ʠ ʦʩʥʦʚʘ) ʥʝ ʦʪʩʣʘʠʚʘʶʪʩʷ 

ʜʨʫʛ ʦʪ ʜʨʫʛʘ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʧʨʦʛʨʘʤʤʳ ʈʌʌʀ ˉ 15-33-70006 çʤʦʣ_ʘ_ʤʦʩè ʠ 14-29-10208 

çʦʬʠ_ʤè. 
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Abstract. Microstructural polymer layers with the drug content obtained by precipitation from solution. 

Methods of differential spectroscopy and SEM used, carried out static mechanical tests. Thickness and properties 

of surface layers depending on their composition. 

Keywords: composite, surface layer, polymer, chitosan. 
 

ɺ ʩʣʫʯʘʝ ʰʠʨʦʢʦʛʦ ʨʷʜʘ ʩʦʮʠʘʣʴʥʦ ʟʥʘʯʠʤʳʭ ʟʘʙʦʣʝʚʘʥʠʡ ʥʝʦʙʭʦʜʠʤʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʧʨʦʩʚʝʪʘ 

ʧʦʣʳʭ ʫʯʘʩʪʢʦʚ ʩʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʦʡ, ʜʳʭʘʪʝʣʴʥʦʡ, ʧʠʱʝʚʘʨʠʪʝʣʴʥʦʡ ʠ ʚʳʜʝʣʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤ ʜʣʷ 

ʚʦʟʦʙʥʦʚʣʝʥʠʷ ʥʦʨʤʘʣʴʥʦʡ ʮʠʨʢʫʣʷʮʠʠ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʧʦʪʦʢʦʚ. ʇʨʠ ʵʪʦʤ ʚʩʝ ʙʦʣʴʰʝʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʨʠʦʙʨʝʪʘʝʪ ʧʨʦʮʝʜʫʨʘ ʚʤʝʰʘʪʝʣʴʩʪʚʘ ʙʝʟ ʧʨʦʚʝʜʝʥʠʷ ʧʦʣʦʩʪʥʦʡ ʭʠʨʫʨʛʠʯʝʩʢʦʡ 

ʦʧʝʨʘʮʠʠ: ʧʫʪʝʤ ʫʩʪʘʥʦʚʢʠ ʚ ʥʝʦʙʭʦʜʠʤʦʤ ʫʯʘʩʪʢʝ ʪʝʣʘ ʤʝʜʠʮʠʥʩʢʠʭ ʠʟʜʝʣʠʡ ʪʠʧʘ çʩʪʝʥʪè ʠ ʂɸɺɸ-

ʬʠʣʴʪʨ, ʜʦʩʪʘʚʣʷʝʤʳʭ ʧʨʦʩʪʳʤ ʢʘʪʝʪʝʨʦʤ [1].  

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣʦ ʩʦʟʜʘʥʠʝ ʙʠʦʩʦʚʤʝʩʪʠʤʦʛʦ ʢʦʤʧʦʟʠʪʘ ʥʘ ʦʩʥʦʚʝ ʥʠʪʠʥʦʣʘ, 

ʦʙʣʘʜʘʶʱʝʛʦ ʵʬʬʝʢʪʦʤ ʧʘʤʷʪʠ ʬʦʨʤʳ (ʥʝʦʙʭʦʜʠʤʳʤ ʜʣʷ ʩʦʟʜʘʥʠʷ ʩʘʤʦʨʘʩʢʨʳʚʘʶʱʠʭʩʷ ʩʪʝʥʪʦʚ) ʠ 

ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʧʦʜʦʙʥʳʤʠ ʧʦʚʝʜʝʥʠʶ ʞʠʚʳʭ ʪʢʘʥʝʡ ʦʨʛʘʥʠʟʤʘ (ʩʚʝʨʭʵʣʘʩʪʠʯʥʦʩʪʴ, 

ʩʦʙʣʶʜʝʥʠʝ ʟʘʢʦʥʘ ʟʘʧʘʟʜʳʚʘʥʠʷ), ʥʦ ʩʦʜʝʨʞʘʱʝʛʦ ʪʦʢʩʠʯʥʳʡ ʥʠʢʝʣʴ [2], ʠ ʙʠʦʜʝʛʨʘʜʠʨʫʝʤʦʛʦ ʧʦʣʠʤʝʨʘ 

ʭʠʪʦʟʘʥʘ, ʠʟʚʝʩʪʥʦʛʦ ʩʚʦʝʡ ʥʝʪʦʢʩʠʯʥʦʩʪʴʶ, ʥʝʠʤʤʫʥʦʛʝʥʥʦʩʪʴʶ, ʘʥʪʠʤʠʢʨʦʙʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʠ ʪ.ʜ. ʠ 

ʧʨʠʛʦʜʥʦʛʦ ʜʣʷ ʟʘʢʨʝʧʣʝʥʠʷ ʠ ʧʦʩʪʝʧʝʥʥʦʛʦ ʚʳʜʝʣʝʥʠʷ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʩʨʝʜʩʪʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʤʝʩʪʝ 

ʣʝʯʝʥʠʷ [3-4]. 

ʀʩʧʦʣʴʟʦʚʘʣʘʩʴ ʧʨʦʚʦʣʦʢʘ ʜʠʘʤʝʪʨʦʤ 280-300 ʤʢʤ ʠʟ ʥʘʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʥʠʪʠʥʦʣʘ (ʧʦʧʝʨʝʯʥʳʡ 

ʜʠʘʤʝʪʨ ʟʝʨʥʘ 30-70 ʥʤ). ʅʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʠʝ ʥʠʪʠʥʦʣʘ ʧʦʟʚʦʣʷʝʪ ʵʬʬʝʢʪʠʚʥʦ ʨʝʛʫʣʠʨʦʚʘʪʴ ʩʚʦʡʩʪʚʘ 

ʩʧʣʘʚʘ (ʠʟʤʝʥʝʥʠʝ ʛʠʩʪʝʨʝʟʠʩʘ, ʤʝʪʘʣʣʦʝʤʢʦʩʪʠ ʤʘʪʝʨʠʘʣʘ ʠ ʪ.ʜ.), ʧʨʠʚʦʜʠʪ ʢ ʙʦʣʝʝ ʥʠʟʢʦʤʫ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʤʠʢʨʦʩʪʨʫʢʪʫʨʥʳʤ ʥʠʪʠʥʦʣʦʤ ʫʜʝʣʴʥʦʤʫ ʚʝʩʫ ʠ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʠʤ ʧʘʨʘʤʝʪʨʘʤ 

ʬʦʨʤʦʠʟʤʝʥʝʥʠʷ ʧʨʠ ʥʘʣʠʯʠʠ ʕʇʌ ʠ ʩʚʝʨʭʵʣʘʩʪʠʯʥʦʩʪʠ, ʣʫʯʰʝʤʫ ʩʦʚʧʘʜʝʥʠʶ ʠʟʜʝʣʠʷ ʧʦ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʤ ʧʘʨʘʤʝʪʨʘʤ ʩ ʠʟʦʛʥʫʪʳʤʠ ʫʯʘʩʪʢʘʤʠ ʧʨʦʪʝʟʠʨʫʝʤʦʛʦ ʦʨʛʘʥʘ, ʫʤʝʥʴʰʝʥʠʶ ʩʝʯʝʥʠʷ ʚ 

ʪʨʘʥʩʧʦʨʪʥʦʤ ʧʦʣʦʞʝʥʠʠ. ʇʨʦʚʦʣʦʢʘ ʧʦʜʚʝʨʛʘʣʘʩʴ ʤʝʭʘʥʠʯʝʩʢʦʡ (ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʘʷ ʧʦʣʠʨʦʚʢʘ 

ʰʢʫʨʢʘʤʠ ʨʘʟʣʠʯʥʦʡ ʟʝʨʥʠʩʪʦʩʪʠ) ʠ ʪʝʨʤʠʯʝʩʢʦʡ (ʦʪʞʠʛ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʦʪ 400 ʜʦ 500 ʦʉ ʚ ʪʝʯʝʥʠʝ 15 

ʤʠʥʫʪ) ʦʙʨʘʙʦʪʢʝ. ʇʦʚʝʨʭʥʦʩʪʥʳʡ ʩʣʦʡ ʬʦʨʤʠʨʦʚʘʣʠ ʤʝʪʦʜʦʤ ʦʩʘʞʜʝʥʠʷ ʠʟ ʨʘʩʪʚʦʨʘ. ɺ ʢʘʯʝʩʪʚʝ 

ʥʘʧʦʣʥʠʪʝʣʷ ʧʦʣʠʤʝʨʥʦʛʦ ʩʣʦʷ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʘʥʪʠʙʠʦʪʠʢʠ.  

ʄʝʪʦʜʦʤ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʙʳʣʘ ʠʟʫʯʝʥʘ ʢʠʥʝʪʠʢʘ ʚʳʭʦʜʘ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʩʨʝʜʩʪʚ 

ʠʟ ʤʘʪʝʨʠʘʣʘ ʚ ʨʘʩʪʚʦʨʳ ʤʦʜʝʣʠʨʫʶʱʠʝ ʚʥʝʢʣʝʪʦʯʥʳʝ ʞʠʜʢʦʩʪʠ ʦʨʛʘʥʠʟʤʘ. ʀʩʩʣʝʜʦʚʘʥʠʷ 

ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ  ʤʘʪʝʨʠʘʣʘ ʧʨʦʚʦʜʠʣʠ ʥʘ ʩʢʘʥʠʨʫʶʱʝʤ ʵʣʝʢʪʨʦʥʥʦʤ ʤʠʢʨʦʩʢʦʧʝ (ʉʕʄ) TESCAN VEGA 

II SBU, ʩʥʘʙʞʝʥʥʦʤ ʧʨʠʩʪʘʚʢʦʡ ʜʣʷ ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ INCA Energy. ʇʨʦʚʝʜʝʥʳ ʩʪʘʪʠʯʝʩʢʠʝ 

ʤʝʭʘʥʠʯʝʩʢʠʝ ʠʩʧʳʪʘʥʠʷ ʠ ʬʨʘʢʪʦʛʨʘʬʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ʈʘʩʪʚʦʨʳ ʭʠʪʦʟʘʥʘ ʛʦʪʦʚʠʣʠ ʥʘ ʦʩʥʦʚʝ ʫʢʩʫʩʥʦʡ, ʩʦʣʷʥʦʡ, ʬʦʩʬʦʨʥʦʡ ʠ ʛʣʫʪʘʤʠʥʦʚʦʡ ʢʠʩʣʦʪ 

ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʦʪ 1 ʜʦ 4%, ʩʧʦʩʦʙʩʪʚʫʶʱʝʡ ʛʦʤʦʛʝʥʥʦʩʪʠ ʧʦʣʠʤʝʨʥʦʛʦ ʩʣʦʷ ʪʦʣʱʠʥʦʡ ʦʪ 4 ʜʦ 70 ʤʢʤ. 

ʆʧʪʠʤʘʣʴʥʦʡ ʚʳʙʨʘʥʘ ʢʦʥʮʝʥʪʨʘʮʠʷ ʢʠʩʣʦʪʳ 3 %, ʩʧʦʩʦʙʩʪʚʫʶʱʘʷ ʬʦʨʤʠʨʦʚʘʥʠʶ ʩʣʦʷ ʪʦʣʱʠʥʦʡ 15-30 

ʤʢʤ ʩ ʥʘʠʣʫʯʰʠʤʠ ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʠ ʙʠʦʜʝʛʨʘʜʘʮʠʝʡ.. ʉʢʦʨʦʩʪʴ ʙʠʦʜʝʛʨʘʜʘʮʠʠ 

ʧʦʢʨʳʪʠʷ ʧʨʠ pH ʩʨʝʜʳ ʦʪ 5,8 ʜʦ 9,2 ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʭʠʪʦʟʘʥʘ (ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʡ ʠʣʠ 

ʩʨʝʜʥʝʤʦʣʝʢʫʣʷʨʥʳʡ) ʠ ʪʠʧʘ ʘʥʪʠʙʠʦʪʠʢʘ (ʣʠʥʢʦʤʠʮʠʥ, ʮʝʬʦʪʦʢʩʠʤ, ʛʝʥʪʘʤʠʮʠʥ) ʩʦʩʪʘʚʣʷʣʘ ʦʪ 4 ʜʦ 358 
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ʜʥʝʡ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʚʦʜʠʤʦʛʦ ʘʥʪʠʙʠʦʪʠʢʘ ʠ ʝʛʦ ʢʦʥʮʝʥʪʘʮʠʠ ʦʪ 0,9 ʜʦ 7% ʥʘʙʣʶʜʘʣʦʩʴ ʠʟʤʝʥʝʥʠʝ 

ʩʢʦʨʦʩʪʠ ʚʳʭʦʜʘ ʦʪ 100 % ʚ ʪʝʯʝʥʠʝ ʧʝʨʚʳʭ ʩʫʪʦʢ ʜʦ ʥʘʯʘʣʘ ʚʳʭʦʜʘ ʪʦʣʴʢʦ ʥʘ 10 ʩʫʪʢʠ. ʇʨʠ ʨʘʟʥʦʤ 

ʩʦʩʪʘʚʝ ʠ ʪʦʣʱʠʥʝ ʧʦʢʨʳʪʠʷ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʨʘʟʣʠʯʥʫʶ ʙʠʦʜʝʛʨʘʜʘʮʠʶ ʧʦʢʨʳʪʠʡ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʥʝʦʙʭʦʜʠʤʦʛʦ ʧʨʠʤʝʥʝʥʠʷ. 

ʌʦʨʤʠʨʦʚʘʥʠʝ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʥʝ ʦʢʘʟʳʚʘʣʦ ʚʣʠʷʥʠʷ ʥʘ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʦʜʣʦʞʢʠ, 

ʧʨʠ ʵʪʦʤ ʥʘʙʣʶʜʘʣʘʩʴ ʭʦʨʦʰʝʝ ʘʜʛʝʟʠʦʥʥʦʝ ʩʮʝʧʣʝʥʠʝ ʤʝʞʜʫ ʢʦʤʧʦʥʝʥʪʘʤʠ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʧʨʦʛʨʘʤʤʳ ʈʌʌʀ 14-29-10208 çʦʬʠ_ʤè.  
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THE RESEARCH OF THE EFFECT OF ISOTHERMAL S TRAIN CONDITIONS AND  FURTHER 

THERMAL TREATMENT ON  EP202-VD ALLOY STRUCTURE A ND PROPERIIES 

Nedashkovskii K.I., Sinelnikov S.I., Moiseev N.V., Abdrakhmanov D.R., Galyamov A.L. 

 

Abstract 

The research results have been given of the effect of isothermal strain, further thermal treatment on the 

ChN67MVTYu-VD (EP202-VD) alloy structure, mechanical properties, and weldability.  

 

ɾʘʨʦʧʨʦʯʥʳʡ ʩʧʣʘʚ ʥʘ ʥʠʢʝʣʝʚʦʡ ʦʩʥʦʚʝ ʕʇ202-ɺɼ ʥʘʰʝʣ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ  ʢʦʨʧʫʩʥʳʭ 

ʜʝʪʘʣʷʭ ɾʈɼ. ʀʟʛʦʪʘʚʣʠʚʘʝʤʳʝ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʟʘʛʦʪʦʚʢʠ ʠʟ ʜʘʥʥʦʛʦ ʩʧʣʘʚʘ ʪʨʘʜʠʮʠʦʥʥʳʤ ʤʝʪʦʜʦʤ 

ʠʤʝʶʪ ʢʨʫʧʥʦʟʝʨʥʠʩʪʫʶ ʩʪʨʫʢʪʫʨʫ ʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦʡ ʨʘʟʥʦʟʝʨʥʠʩʪʦʩʪʴʶ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʦʙʨʘʟʦʚʘʥʠʶ ʤʝʞʢʨʠʩʪʘʣʣʠʪʥʳʭ ʪʨʝʱʠʥ ʚ ʦʢʦʣʦʰʦʚʥʦʡ ʟʦʥʝ ʩʚʘʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ [1]. ʇʝʨʩʧʝʢʪʠʚʥʳʤ 

ʤʝʪʦʜʦʤ ʦʙʝʩʧʝʯʝʥʠʷ ʢʘʯʝʩʪʚʘ ʜʝʬʦʨʤʠʨʦʚʘʥʥʳʭ ʟʘʛʦʪʦʚʦʢ ʷʚʣʷʝʪʩʷ ʠʟʦʪʝʨʤʠʯʝʩʢʘʷ ʜʝʬʦʨʤʘʮʠʷ, 

ʧʦʟʚʦʣʷʶʱʘʷ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʪʝʨʤʦʦʙʨʘʙʦʪʢʦʡ ʧʦʣʫʯʘʪʴ ʨʝʛʣʘʤʝʥʪʠʨʦʚʘʥʥʫʶ 

ʤʝʣʢʦʟʝʨʥʠʩʪʫʶ ʩʪʨʫʢʪʫʨʫ ʠ ʩʪʘʙʠʣʴʥʳʝ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ [2]. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʠʟʦʪʝʨʤʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ ʠ 

ʧʦʩʣʝʜʫʶʱʝʡ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʥʘ ʤʠʢʨʦʩʪʨʫʢʪʫʨʫ, ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʠ ʩʚʘʨʠʚʘʝʤʦʩʪʴ ʩʧʣʘʚʘ 

ʕʇ202-ɺɼ. 

ʀʟʦʪʝʨʤʠʯʝʩʢʫʶ ʜʝʬʦʨʤʘʮʠʶ ʦʩʫʱʝʩʪʚʣʷʣʠ ʦʩʘʜʢʦʡ ʥʘ ʧʣʦʩʢʠʭ ʙʦʡʢʘʭ ʩʦ ʩʢʦʨʦʩʪʷʤʠ ʥʘʛʨʫʞʝʥʠʷ 

2,0 ʠ 5,0 ʤʤ/ʩ, ʩʪʝʧʝʥʷʤʠ ʜʝʬʦʨʤʘʮʠʠ ʦʪ 30 ʜʦ 70% ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʦʪ 960 ʜʦ 1080Áʉ. ʇʦʩʣʝ ʦʩʘʜʢʠ 

ʟʘʛʦʪʦʚʢʠ ʦʭʣʘʞʜʘʣʠ ʥʘ ʚʦʟʜʫʭʝ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʜʝʬʦʨʤʠʨʦʚʘʥʥʳʭ ʦʙʨʘʟʮʦʚ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʦʩʣʝ 

ʠʟʦʪʝʨʤʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 1020-1080Áʉ ʬʦʨʤʠʨʫʝʪʩʷ ʨʝʢʨʠʩʪʘʣʣʠʟʦʚʘʥʥʘʷ 

ʩʪʨʫʢʪʫʨʘ ʩ ʨʘʟʤʝʨʦʤ ʤʠʢʨʦʟʝʨʥʘ 7-8 ʙʘʣʣ ʧʦ ɻʆʉʊ 5639. ʇʨʠ ʵʪʦʤ ʥʘʨʷʜʫ ʩ ʤʝʣʢʠʤʠ ʟʸʨʥʘʤʠ 7-8 ʙʘʣʣʘ 

ʧʨʠʩʫʪʩʪʚʫʝʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʥʝʨʝʢʨʠʩʪʘʣʣʠʟʦʚʘʥʥʳʭ ʟʝʨʝʥ. 
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ɼʝʬʦʨʤʘʮʠʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 960Áʉ ʧʨʠʚʦʜʠʪ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʥʝʨʝʢʨʠʩʪʘʣʣʠʟʦʚʘʥʥʦʡ ʩʪʨʫʢʪʫʨʳ 

ʩ ʠʩʭʦʜʥʳʤʠ ʟʸʨʥʘʤʠ, ʚʳʪʷʥʫʪʳʤʠ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʠʥʪʝʥʩʠʚʥʦʛʦ ʪʝʯʝʥʠʷ ʤʝʪʘʣʣʘ. ɼʦʣʷ 

ʨʝʢʨʠʩʪʘʣʣʠʟʦʚʘʥʥʦʡ ʤʝʣʢʦʟʝʨʥʠʩʪʦʡ ʩʪʨʫʢʪʫʨʳ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1000Áʉ ʥʝ ʧʨʝʚʳʰʘʝʪ 10-20%. 

ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʦʙʨʘʟʮʦʚ, ʚʳʨʝʟʘʥʥʳʭ ʠʟ ʮʝʥʪʨʘʣʴʥʦʡ ʟʦʥʳ ʠʟʦʪʝʨʤʠʯʝʩʢʦʡ ʧʦʢʦʚʢʠ ʩʧʣʘʚʘ 

ʕʇ202-ɺɼ, ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʡ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1020Áʉ, ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʩʪʴʶ ʨʝʢʨʠʩʪʘʣʣʠʟʦʚʘʥʥʘʷ. 

ɼʦʣʷ ʨʝʢʨʠʩʪʘʣʣʠʟʦʚʘʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʧʦʢʦʚʢʠ ʩʦʩʪʘʚʣʷʝʪ 90%, ʥʘ ʨʘʩʩʪʦʷʥʠʠ İ 

ʨʘʜʠʫʩʘ ï 80%, ʚʝʣʠʯʠʥʘ ʨʝʢʨʠʩʪʘʣʣʠʟʦʚʘʥʥʦʛʦ ʟʝʨʥʘ ʩʦʩʪʘʚʣʷʝʪ 7-9 ʙʘʣʣ. 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʧʦʣʥʦʩʪʴʶ ʤʝʣʢʦʟʝʨʥʠʩʪʦʡ ʩʪʨʫʢʪʫʨʳ ʥʝʦʙʭʦʜʠʤʦ ʧʦʜʦʙʨʘʪʴ ʨʝʞʠʤ ʟʘʢʘʣʢʠ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʧʨʦʪʝʢʘʥʠʝ ʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʚʦ ʚʩʸʤ ʦʙʲʸʤʝ ʠʟʦʪʝʨʤʠʯʝʩʢʦʡ ʧʦʢʦʚʢʠ, ʥʦ ʥʝ ʧʨʠʚʦʜʷʱʠʡ ʢ 

ʨʦʩʪʫ ʟʝʨʥʘ. ɹʳʣʠ ʘʧʨʦʙʠʨʦʚʘʥʳ ʪʨʠ ʨʝʞʠʤʘ ʟʘʢʘʣʢʠ ʩ 1050ʦʉ, 1060ʦʉ ʠ 1070ʦʉ. ʇʦʩʣʝ ʟʘʢʘʣʢʠ ʩ 1050ʦʉ ʠ 

1060ʦʉ ʧʦʣʥʘʷ ʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʷ ʥʝ ʧʨʦʰʣʘ. ɿʘʢʘʣʢʘ ʩ 1070ʦʉ ʧʦʢʘʟʘʣʘ, ʯʪʦ ʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʷ ʧʨʦʰʣʘ ʚʦ 

ʚʩʸʤ ʦʙʲʸʤʝ ʧʦʢʦʚʢʠ, ʤʠʢʨʦʩʪʨʫʢʪʫʨʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʨʘʚʥʦʦʩʥʳʝ ʟʸʨʥʘ 5-6 ʙʘʣʣʘ. 

ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʪʨʝʙʫʝʤʦʛʦ ʫʨʦʚʥʷ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʩʧʣʘʚʘ ʕʇ202-ɺɼ ʙʳʣʠ ʘʧʨʦʙʠʨʦʚʘʥʳ 

ʨʘʟʣʠʯʥʳʝ ʨʝʞʠʤʳ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʦʩʣʝ ʟʘʢʘʣʢʠ, ʦʧʪʠʤʘʣʴʥʦʡ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʤʝʣʢʦʟʝʨʥʠʩʪʦʡ ʩʪʨʫʢʪʫʨʳ, ʠ ʩʪʘʥʜʘʨʪʥʦʛʦ ʨʝʞʠʤʘ ʩʪʘʨʝʥʠʷ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

ʧʨʝʚʳʰʘʶʪ ʪʨʝʙʦʚʘʥʠʷ ʊʋ14-1-592-2015 (ʪʘʙʣʠʮʘ 1). ʊʝʨʤʦʦʙʨʘʙʦʪʢʘ ʧʦ ʩʪʘʥʜʘʨʪʥʦʤʫ ʨʝʞʠʤʫ ʩʪʘʨʝʥʠʷ 

850Áʉ, 10 ʯ ʙʝʟ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʟʘʢʘʣʢʠ ʥʝ ʧʨʠʚʝʣʘ ʢ ʧʦʚʳʰʝʥʠʶ ʧʨʦʯʥʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

ɼʦʧʦʣʥʠʪʝʣʴʥʦʝ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʝ ʩʪʘʨʝʥʠʝ ʧʨʠ 750Áʉ ʩ ʚʳʜʝʨʞʢʘʤʠ 5 ʠ 10 ʯ ʧʨʠʚʝʣʦ ʢ ʫʚʝʣʠʯʝʥʠʶ 

ʧʨʦʯʥʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘ 100 ʄʇʘ ʠ ʥʝʟʥʘʯʠʪʝʣʴʥʦʤʫ ʩʥʠʞʝʥʠʶ ʧʣʘʩʪʠʯʥʦʩʪʠ. 

ʊʘʙʣʠʮʘ 1 ï ʄʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʦʙʨʘʟʮʦʚ ʠʟ ʩʧʣʘʚʘ ʕʇ202-ɺɼ ʧʦʩʣʝ ʠʟʦʪʝʨʤʠʯʝʩʢʦʡ 

ʜʝʬʦʨʤʘʮʠʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1020Áʉ ʠ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ ʧʦ ʨʘʟʣʠʯʥʳʤ ʨʝʞʠʤʘʤ 

ʈʝʞʠʤ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ ůʚ, ʄʇʘ 
ů0,2, 

ʄʇʘ 
ŭ, % ɣ, % 

ɿʘʢʘʣʢʘ 1070Áʉ, 1 ʯ, ʚʦʟʜʫʭ + ʩʪʘʨʝʥʠʝ 850Áʉ, 10 ʯ, ʚʦʟʜʫʭ 1189 747 32,0 42,2 

ʉʪʘʨʝʥʠʝ 850Áʉ, 10 ʯ, ʚʦʟʜʫʭ 1189 808 28,8 37,8 

ʉʪʘʨʝʥʠʝ 850Áʉ, 10 ʯ, ʚʦʟʜʫʭ + ʩʪʘʨʝʥʠʝ 750Áʉ, 5 ʯ, ʚʦʟʜʫʭ 1293 883 23,4 37,9 

ʉʪʘʨʝʥʠʝ 850Áʉ, 10 ʯ, ʚʦʟʜʫʭ + ʩʪʘʨʝʥʠʝ 750Áʉ, 10 ʯ, ʚʦʟʜʫʭ 1292 890 22,2 39,7 

ʄʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʦ ʊʋ14-1-592-2015, ʥʝ ʤʝʥʝʝ 930 550 16 18 

ɼʣʷ ʧʨʦʚʝʨʢʠ ʩʚʘʨʠʚʘʝʤʦʩʪʠ ʦʙʨʘʟʮʦʚ ʠʟ ʩʧʣʘʚʘ ʕʇ202-ɺɼ, ʧʦʣʫʯʝʥʥʳʭ ʤʝʪʦʜʦʤ ʠʟʦʪʝʨʤʠʯʝʩʢʦʡ 

ʜʝʬʦʨʤʘʮʠʠ, ʙʳʣʠ ʠʟʛʦʪʦʚʣʝʥʳ ʞʸʩʪʢʠʝ ʧʨʦʙʳ, ʠʤʠʪʠʨʫʶʱʠʝ ʩʚʘʨʥʳʝ ʰʚʳ, ʧʦʜʚʝʨʛʘʝʤʳʝ 

ʫʧʨʦʯʥʷʶʱʝʡ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ, ʠ ʟʘʤʳʢʘʶʱʠʝ ʩʚʘʨʥʳʝ ʰʚʳ, ʥʝ ʧʦʜʚʝʨʛʘʝʤʳʝ ʪʝʨʤʠʯʝʩʢʦʡ 

ʦʙʨʘʙʦʪʢʝ. ʉʚʘʨʢʘ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʚ ʥʝʩʢʦʣʴʢʦ ʵʪʘʧʦʚ ʩ ʢʦʥʪʨʦʣʝʤ ʥʘ ʦʪʩʫʪʩʪʚʠʝ ʜʝʬʝʢʪʦʚ ʩ ʥʘʨʫʞʥʦʡ ʠ 

ʚʥʫʪʨʝʥʥʝʡ ʩʪʦʨʦʥʳ ʧʨʦʙ ʤʝʪʦʜʦʤ ʮʚʝʪʥʦʡ ʜʝʬʝʢʪʦʩʢʦʧʠʠ ʠ ʨʝʥʪʛʝʥʦʚʩʢʠʤ ʤʝʪʦʜʦʤ ʧʦʩʣʝ ʢʘʞʜʦʛʦ 

ʵʪʘʧʘ. ʊʨʝʱʠʥ ʚ ʦʢʦʣʦʰʦʚʥʦʡ ʟʦʥʝ ʩʚʘʨʥʳʭ ʧʨʦʙ ʥʝ ʚʳʷʚʣʝʥʦ. ʇʨʝʜʝʣ ʚʨʝʤʝʥʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ʨʘʟʨʳʚʫ ʟʘʤʳʢʘʶʱʠʭ ʩʚʘʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʚʳʧʦʣʥʝʥʥʳʭ ʩ ʧʨʠʩʘʜʢʦʡ ʠʟ ʩʚʘʨʦʯʥʦʡ ʧʨʦʚʦʣʦʢʠ ʕʇ367, 

ʥʝʩʢʦʣʴʢʦ ʥʠʞʝ, ʯʝʤ ʧʨʦʯʥʦʩʪʥʳʝ ʩʚʦʡʩʪʚʘ ʩʚʘʨʥʳʭ ʰʚʦʚ, ʚʳʧʦʣʥʝʥʥʳʭ ʩ ʧʨʠʩʘʜʢʦʡ ʠʟ ʩʚʘʨʦʯʥʦʡ 

ʧʨʦʚʦʣʦʢʠ ʕʇ642, ʘ ʧʣʘʩʪʠʯʥʦʩʪʴ ʚʳʰʝ (ʪʘʙʣʠʮʘ 2). ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʙʣʘʛʦʪʚʦʨʥʦʝ ʚʣʠʷʥʠʝ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʠʟʦʪʝʨʤʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ ʥʘ ʧʣʘʩʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʩʚʘʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚʩʣʝʜʩʪʚʠʝ 

ʦʪʩʫʪʩʪʚʠʷ ʪʨʝʱʠʥ ʚ ʦʢʦʣʦʰʦʚʥʦʡ ʟʦʥʝ. 

ʊʘʙʣʠʮʘ 2 - ʄʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʩʚʘʨʥʳʭ ʧʨʦʙ ʠʟ ʩʧʣʘʚʘ ʕʇ202-ɺɼ 

ɺʠʜ ʩʚʘʨʥʳʭ ʧʨʦʙ sɺ, 

ʄʇʘ 

s0,2, 

ʄʇʘ 
d, % y, % 

ʪʝʨʤʠʯʝʩʢʠ ʫʧʨʦʯʥʷʝʤʳʝ, ʩ ʧʨʠʩʘʜʦʯʥʦʡ ʧʨʦʚʦʣʦʢʦʡ ʕʇ642 788 527 11,8 29,0 

ʪʝʨʤʠʯʝʩʢʠ ʥʝ ʫʧʨʦʯʥʷʝʤʳʝ, ʩ ʧʨʠʩʘʜʦʯʥʦʡ ʧʨʦʚʦʣʦʢʦʡ ʕʇ367 782 499 17,4 55,6 

ɺʳʚʦʜʳ 

ɺ ʧʨʦʮʝʩʩʝ ʠʟʦʪʝʨʤʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ ʧʨʫʪʢʦʚ ʠʟ ʩʧʣʘʚʘ ʕʇ202-ɺɼ ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ ʦʭʣʘʞʜʝʥʠʷ 

ʬʦʨʤʠʨʫʝʪʩʷ ʨʝʢʨʠʩʪʘʣʣʠʟʦʚʘʥʥʘʷ ʩʪʨʫʢʪʫʨʘ. ɼʦʣʷ ʜʠʥʘʤʠʯʝʩʢʠ ʨʝʢʨʠʩʪʘʣʣʠʟʦʚʘʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʚ 

ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʧʦʢʦʚʦʢ ʩʦʩʪʘʚʣʷʝʪ ~ 90%. 

ʇʦʣʥʦʩʪʴʶ ʨʝʢʨʠʩʪʘʣʣʠʟʦʚʘʥʥʘʷ ʤʝʣʢʦʟʝʨʥʠʩʪʘʷ ʩʪʨʫʢʪʫʨʘ, ʩ ʨʘʟʤʝʨʦʤ ʟʝʨʥʘ ʥʝ ʢʨʫʧʥʝʝ 5 ʙʘʣʣʘ 

ʧʦ ʰʢʘʣʝ ɻʆʉʊ 5639 ʬʦʨʤʠʨʫʝʪʩʷ ʧʦʩʣʝ ʟʘʢʘʣʢʠ ʩ ʪʝʤʧʝʨʘʪʫʨʳ 1070ʦʉ. 

ɼʣʷ ʩʧʣʘʚʘ ʕʇ202-ɺɼ ʨʘʟʨʘʙʦʪʘʥ ʨʝʞʠʤ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʤʘʢʩʠʤʘʣʴʥʳʡ ʫʨʦʚʝʥʴ 

ʧʨʦʯʥʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ: ʩʪʘʨʝʥʠʝ 850Áʉ, 10 ʯ, ʚʦʟʜʫʭ + ʩʪʘʨʝʥʠʝ 750Áʉ, 5 ʯ, ʚʦʟʜʫʭ. 



ʉɽʂʎʀʗ 2 ʂʆʄʇʆɿʀʎʀʆʅʅʓɽ ʄɸʊɽʈʀɸʃʓ, ɺʂʃʖʏɸʗ ʇʆʃʀʄɽʈʅʓɽ 
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ʇʨʝʜʚʘʨʠʪʝʣʴʥʘʷ ʠʟʦʪʝʨʤʠʯʝʩʢʘʷ ʜʝʬʦʨʤʘʮʠʷ ʟʘʛʦʪʦʚʦʢ ʠʟ ʩʧʣʘʚʘ ʕʇ202-ɺɼ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʚʳʩʦʢʦʝ ʢʘʯʝʩʪʚʦ ʩʚʘʨʥʳʭ ʰʚʦʚ ʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʪʘʢʠʤ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳʤ ʧʦʢʘʟʘʪʝʣʝʤ, ʢʘʢ ʦʪʩʫʪʩʪʚʠʝ 

ʪʨʝɦʠʥ ʚ ʦʢʦʣʦʰʦʚʥʦʡ ʟʦʥʝ. 
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SYNTHESIS OF THE CATALYTIC MATERIAL BASE D ON TITANIUM DIOXID E AND 

NANOPARTICLES OF PAL LADIUM AND PLATINUM  

Nemeryuk A.M., Lylina M.M.  

 

Studied material based on titanium dioxide, and platinum metal nanoparticles obtained through 

polycondensation of alkoxides of titanium and silicon in the presence of platinum group metals compounds. 

ʉhemical composition and morphology of the obtained samples was examined. 

 

ɺʳʩʦʢʘʷ ʢʘʪʘʣʠʪʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʜʠʦʢʩʠʜʘ ʪʠʪʘʥʘ ʧʨʠʚʣʝʢʘʝʪ ʚʥʠʤʘʥʠʝ ʢ ʠʟʫʯʝʥʠʶ ʥʦʚʳʭ 

ʤʝʪʦʜʦʚ ʩʠʥʪʝʟʘ ʤʘʪʝʨʠʘʣʦʚ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʦʢʩʠʜʥʳʭ ʩʠʩʪʝʤʘʭ, ʩʦʜʝʨʞʘʱʠʭ ʜʠʦʢʩʠʜ ʪʠʪʘʥʘ ʠ ʜʨʫʛʠʝ 

ʢʦʤʧʦʥʝʥʪʳ, ʚʣʠʷʶʱʠʝ ʥʘ ʢʘʪʘʣʠʪʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʠ ʪʝʨʤʠʯʝʩʢʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ.  

ɹʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʦʙʨʘʟʮʳ ʦʢʩʠʜʥʳʭ ʩʠʩʪʝʤ, ʧʦʣʫʯʝʥʥʳʭ ʧʫʪʝʤ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʧʨʦʜʫʢʪʦʚ 

ʧʦʣʠʢʦʥʜʝʥʩʘʮʠʠ ʘʣʢʦʢʩʠʜʦʚ ʪʠʪʘʥʘ ʠ ʢʨʝʤʥʠʷ ʚ ʥʝʚʦʜʥʳʭ ʩʨʝʜʘʭ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʧʨʝʢʫʨʩʦʨʦʚ 

ʧʣʘʪʠʥʦʚʳʭ ʤʝʪʘʣʣʦʚ.  

ɺ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʥʘʥʦʯʘʩʪʠʮ ʧʣʘʪʠʥʦʚʳʭ ʤʝʪʘʣʣʦʚ, ʚʭʦʜʷʱʠʭ ʚ 

ʩʦʩʪʘʚ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʠʩʩʣʝʜʦʚʘʥʳ ʢʦʤʧʣʝʢʩʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʧʘʣʣʘʜʠʷ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ 

ʦʩʦʙʝʥʥʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʜʠʭʣʦʨʠʜ ʜʠ(ʬʝʥʠʣʘʮʝʪʦʥʠʪʨʠʣ) ʧʘʣʣʘʜʠʷ (II), ʘ ʪʘʢʞʝ ʩʦʝʜʠʥʝʥʠʷ 

ʧʣʘʪʠʥʳ, ʨʘʩʪʚʦʨʠʤʳʝ ʚ ʧʦʣʷʨʥʳʭ ʘʧʨʦʪʦʥʥʳʭ ʨʘʩʪʦʨʠʪʝʣʷʭ, ʥʘʧʨʠʤʝʨ, ʪʝʪʨʘʭʣʦʨʧʣʘʪʦʘʪ (II) ʘʤʤʦʥʠʷ.  

ʉʠʥʪʝʟ ʧʨʦʚʦʜʠʣʩʷ ʚ ʫʩʣʦʚʠʷʭ, ʦʧʠʩʘʥʥʳʭ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʛʠʙʨʠʜʥʳʭ ʦʨʛʘʥʦ-ʤʠʥʝʨʘʣʴʥʳʭ ʩʠʩʪʝʤ 

ʥʘ ʦʩʥʦʚʝ ʜʠʦʢʩʠʜʦʚ ʪʠʪʘʥʘ ʠ ʢʨʝʤʥʠʷ, ʩʦʜʝʨʞʘʱʠʭ ʦʨʛʘʥʠʯʝʩʢʠʝ ʬʨʘʛʤʝʥʪʳ ʚ ʩʨʝʜʝ ʙʝʟʚʦʜʥʦʛʦ 

ʚʳʩʦʢʦʢʠʧʷʱʝʛʦ ʨʘʩʪʚʦʨʠʪʝʣʷ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʠʩʣʦʪʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ. ʊʝʨʤʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ 

ʧʦʣʫʯʝʥʥʳʭ ʧʨʦʜʫʢʪʦʚ ʧʨʠ 600-700ʦʉ ʚ ʦʢʠʩʣʠʪʝʣʴʥʦʡ ʘʪʤʦʩʬʝʨʝ ʚ ʪʝʯʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʯʘʩʦʚ ʧʦʟʚʦʣʷʝʪ 

ʧʦʣʫʯʠʪʴ ʤʘʪʝʨʠʘʣ, ʩʦʜʝʨʞʘʱʠʡ ʤʠʥʠʤʘʣʴʥʳʝ ʢʦʣʠʯʝʩʪʚʘ ʦʩʪʘʪʦʯʥʦʛʦ ʫʛʣʝʨʦʜʘ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʠ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʣʫʯʝʥʥʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʦʙʨʘʟʮʦʚ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʩ ʧʦʤʦʱʴʶ ʩʢʘʥʠʨʫʶʱʝʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ Jeol 

ʠ ʘʥʘʣʠʪʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ.  

ɺ ʩʦʩʪʘʚʝ ʦʙʨʘʟʮʦʚ ʦʙʥʘʨʫʞʝʥʳ ʯʘʩʪʠʮʳ ʧʣʘʪʠʥʳ ʨʘʟʤʝʨʦʤ 50-80 ʥʤ, ʬʦʨʤʘ ʢʦʪʦʨʳʭ ʙʣʠʟʢʘ ʢ 

ʩʬʝʨʠʯʝʩʢʦʡ, ʧʘʣʣʘʜʠʡ ʧʨʝʜʩʪʘʚʣʝʥ ʘʛʣʦʤʝʨʘʪʘʤʠ ʯʘʩʪʠʮ, ʠʤʝʶʱʠʤʠ ʥʝʧʨʘʚʠʣʴʥʫʶ ʬʦʨʤʫ. ɿʝʨʥʘ 

ʦʢʩʠʜʥʦʛʦ ʥʦʩʠʪʝʣʷ ʠʤʝʶʪ ʙʣʠʟʢʫʶ ʢ ʩʬʝʨʠʯʝʩʢʦʡ ʬʦʨʤʫ.  

ʌʘʟʦʚʳʡ ʩʦʩʪʘʚ ʦʪʚʝʯʘʝʪ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ, ʩʪʨʫʢʪʫʨʝ ʘʥʘʪʘʟʘ. ʇʨʠʩʫʪʩʪʚʠʝ ʚ ʩʦʩʪʘʚʝ ʦʢʩʠʜʥʦʡ 

ʩʠʩʪʝʤʳ ʥʝʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʜʠʦʢʩʠʜʘ ʢʨʝʤʥʠʷ ʚʝʜʝʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʪʝʨʤʠʯʝʩʢʦʡ ʩʪʦʡʢʦʩʪʠ ʠ 

ʧʨʝʧʷʪʩʪʚʫʝʪ ʬʘʟʦʚʳʤ ʧʝʨʝʭʦʜʘʤ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʦʣʫʯʝʥʥʳʝ ʢʘʪʘʣʠʪʠʯʝʩʢʠʝ ʤʘʪʝʨʠʘʣʳ ʚ 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʜʦ 650 ʦʉ. ʇʨʠʩʫʪʩʪʚʠʝ ʥʘʥʦʯʘʩʪʠʮ ʧʣʘʪʠʥʳ ʦʪʨʘʞʘʝʪʩʷ  ʥʘ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ 

ʚ ʦʪʥʦʰʝʥʠʠ ʨʝʘʢʮʠʡ ʦʢʠʩʣʝʥʠʷ, ʤʘʪʝʨʠʘʣʳ ʥʘ ʦʩʥʦʚʝ ʧʘʣʣʘʜʠʷ ʥʝʩʢʦʣʴʢʦ ʤʝʥʝʝ ʘʢʪʠʚʥʳ. 

ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ʧʦ ʨʘʟʨʘʙʦʪʘʥʥʦʤʫ ʤʝʪʦʜʫ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ 

ʤʘʪʝʨʠʘʣʦʚ ʚ ʩʠʩʪʝʤʘʭ ʩʥʠʞʝʥʠʷ ʪʦʢʩʠʯʥʦʩʪʠ ʦʪʨʘʙʦʪʘʚʰʠʭ ʛʘʟʦʚ ʜʚʠʛʘʪʝʣʝʡ ʚʥʫʪʨʝʥʥʝʛʦ ʩʛʦʨʘʥʠʷ, ʜʣʷ 
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ʦʙʝʟʟʘʨʘʞʠʚʘʥʠʷ ʩʪʦʯʥʳʭ ʚʦʜ, ʩʦʜʝʨʞʘʱʠʭ ʦʨʛʘʥʠʯʝʩʢʠʝ ʧʨʠʤʝʩʠ ʠ ʜʣʷ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʛʘʟʦʬʘʟʥʳʭ 

ʨʝʘʢʮʠʡ. ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʪʘʢʞʝ ʧʦʣʫʯʘʪʴ ʢʘʪʘʣʠʪʠʯʝʩʢʠ ʘʢʪʠʚʥʳʝ ʧʦʢʨʳʪʠʷ ʥʘ ʠʥʝʨʪʥʳʭ 

ʤʘʪʝʨʠʘʣʘʭ. 

ʇʨʠʢʣʘʜʥʳʝ ʥʘʫʯʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʧʦʣʥʝʥʳ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʛʦʩʫʜʘʨʩʪʚʘ ʚ ʣʠʮʝ 

ʄʠʥʦʙʨʥʘʫʢʠ ʈʦʩʩʠʠ ʚ ʨʘʤʢʘʭ ʩʦʛʣʘʰʝʥʠʷ ʦ ʧʨʝʜʦʩʪʘʚʣʝʥʠʠ ʩʫʙʩʠʜʠʠ ˉ 14.624.21.0006 ʦʪ 8 ʩʝʥʪʷʙʨʷ 

2014 ʛʦʜʘ. (ʋʥʠʢʘʣʴʥʳʡ ʠʜʝʥʪʠʬʠʢʘʪʦʨ ʧʨʠʢʣʘʜʥʳʭ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ  RFMEFI62414X0006). 
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INVESTIGATION OF THE  EFFECT OF COATINGS ON THE CAPACITY OF WO RK OF THE 

INSTRUMENT FOR FRICT ION WELDING  
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A comparative analysis of the behavior of nACRo and CrNmod coatings 

deposited on welding instruments was performed in the process of the friction welding of aluminum alloys 

 

ʆʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʡ ʧʨʦʙʣʝʤ ʬʨʠʢʮʠʦʥʥʦʡ ʩʚʘʨʢʠ ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʦʚ ʷʚʣʷʝʪʩʷ  ʚʳʩʦʢʘʷ ʘʜʛʝʟʠʠ 

ʩʚʘʨʠʚʘʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʚʘʨʦʯʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ. ʇʨʠʤʝʨʳ ʘʜʛʝʟʠʠ ʩʚʘʨʠʚʘʝʤʦʛʦ 

ʤʘʪʝʨʠʘʣʘ ʢ ʠʥʩʪʨʫʤʝʥʪʫ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 1. 

  
ʘ) ʙ) 

ʘ ï ʩʚʘʨʦʯʥʳʡ ʩʪʝʨʞʝʥʴ ʩʦ ʩʣʦʝʤ ʥʘʣʠʧʰʝʛʦ ʘʣʶʤʠʥʠʝʚʦʛʦ ʩʧʣʘʚʘ 

ʙ- ʩʦʙʨʘʥʥʳʡ ʩʚʘʨʦʯʥʳʡ ʠʥʩʪʨʫʤʝʥʪ ʩʦ ʩʣʦʝʤ ʥʘʣʠʧʰʝʛʦ ʘʣʶʤʠʥʠʝʚʦʛʦ ʩʧʣʘʚʘ 

ʈʠʩʫʥʦʢ 1 ï ʇʨʠʤʝʨʳ ʥʘʣʠʧʘʥʠʷ ʩʚʘʨʠʚʘʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ 

ʉ ʮʝʣʴʶ ʫʤʝʥʴʰʝʥʠʷ ʘʜʛʝʟʠʠ ʤʝʞʜʫ ʩʚʘʨʠʚʘʝʤʳʤ ʤʘʪʝʨʠʘʣʦʤ ʠ ʩʚʘʨʦʯʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʧʨʠʥʷʪʦ 

ʨʝʰʝʥʠʝ ʦʧʨʦʙʦʚʘʪʴ ʧʦʢʨʳʪʠʷ CrNmod, NaCRO. ʆʥʠ ʙʳʣʠ ʥʘ ʥʘʥʝʩʝʥʳ ʥʘ ʩʚʘʨʦʯʥʦʡ ʩʪʝʨʞʝʥʴ ʠʟ ʩʪʘʣʠ 

4ʍ5ʄʌ1ʉ ʠ ʢʦʨʧʫʩ ʠʟ ʩʪʘʣʠ ʈ18. nACRo ï ʥʘʥʦʢʦʤʧʦʟʠʪʥʦʝ ʧʦʢʨʳʪʠʝ, ʩʝʨʦ-ʛʦʣʫʙʦʛʦ ʮʚʝʪʘ, ʥʘʥʝʩʸʥʥʦʝ 

ʥʘ ʫʩʪʘʥʦʚʢʝ ʬʠʨʤʳ PLATIT ʤʝʪʦʜʦʤ ʬʠʟʠʯʝʩʢʦʛʦ ʦʩʘʞʜʝʥʠʷ. CrNmod -  ʤʥʦʛʦʩʣʦʡʥʦʝ  ʦʪʣʠʯʘʝʪʩʷ 

ʪʦʥʢʠʤ ʚʝʨʭʥʠʤ ʧʦʢʨʳʪʠʝʤ, ʣʝʛʠʨʦʚʘʥʥʳʤ ʩʧʝʮʠʘʣʴʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ. ʆʥʠ ʬʦʨʤʠʨʫʶʪ 

ʩʪʝʢʣʦʧʦʜʦʙʥʫʶ ʩʪʨʫʢʪʫʨʫ ʩ ʦʯʝʥʴ ʥʠʟʢʦʡ ʩʪʝʧʝʥʴʶ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʵʥʝʨʛʠʡ. ʇʦʢʨʳʪʠʝ ʨʘʜʫʞʥʦʛʦ ʮʚʝʪʘ. 

ʅʘʥʦʩʠʣʦʩʴ ʥʘ ʫʩʪʘʥʦʚʢʝ ʬʠʨʤʳ  Sulzer Metco ʥʘʥʝʩʝʥʥʳʝ ʤʝʪʦʜʦʤ ʬʠʟʠʯʝʩʢʦʛʦ ʦʩʘʞʜʝʥʠʷ ʠʟ ʛʘʟʦʚʦʡ 

ʬʘʟʳ. 

 ʇʦʢʨʳʪʠʷ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʜʦ ʠ ʧʦʩʣʝ ʩʚʘʨʢʠ ʤʝʪʦʜʘʤʠ ʦʧʪʠʯʝʩʢʦʡ ʠ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ. 

ʉʚʘʨʢʘ ʙʳʣʘ ʧʨʦʠʟʚʝʜʝʥʘ ʚ ʦʜʠʥ ʧʨʦʭʦʜ, ʜʣʠʥʘ ʰʚʘ ʩʦʩʪʘʚʠʣʘ 750 ʤʤ. ɺ ʧʨʦʮʝʩʩʝ ʩʚʘʨʢʠ ʙʳʣʦ ʚʳʷʚʣʝʥʦ, 

ʯʪʦ ʠʥʩʪʨʫʤʝʥʪ ʩ ʧʦʢʨʳʪʠʝʤ CrNmod ʩʦʟʜʘʸʪ ʙʦʣʝʝ ʢʘʯʝʩʪʚʝʥʥʳʡ ʰʦʚ.  ʇʨʠ ʦʢʦʥʯʘʥʠʠ ʩʚʘʨʢʠ ʠ ʦʩʤʦʪʨʝ 

ʠʥʩʪʨʫʤʝʥʪʘ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʥʘ ʠʥʩʪʨʫʤʝʥʪʘʭ ʩ ʧʦʢʨʳʪʠʷʤʠ  ʧʦʚʝʨʭʥʦʩʪʴ ʩʘʤʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ 
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ʤʝʥʝʝ ʨʘʟʚʠʪʘʷ, ʯʝʤ ʧʦʚʝʨʭʥʦʩʪʴ ʠʥʩʪʨʫʤʝʥʪʘ ʙʝʟ ʧʦʢʨʳʪʠʷ, ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ 

ʧʦʢʨʳʪʠʷ ʜʣʷ ʠʥʩʪʨʫʤʝʥʪʘ ʜʣʷ ʬʨʠʢʮʠʦʥʥʦʡ ʩʚʘʨʢʠ. ʇʦʢʨʳʪʠʷ ʩʪʦʡʢʠ ʢ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʦʧʝʨʘʮʠʠ 

ʪʨʘʚʣʝʥʠʷ ʚ ʱʝʣʦʯʠ ʜʣʷ ʩʥʷʪʠʷ ʩʣʦʷ ʘʣʶʤʠʥʠʷ. ʅʘʠʣʫʯʰʘʷ ʩʦʭʨʘʥʥʦʩʪʴ ʬʦʨʤʳ ʠʥʩʪʨʫʤʝʥʪʘ ʠ 

ʥʘʠʤʝʥʴʰʠʡ ʩʣʦʡ ʥʘʣʠʧʰʝʛʦ ʩʚʘʨʠʚʘʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʧʦʢʨʳʪʠʝ CrNmod.  

ʃʠʪʝʨʘʪʫʨʘ 

ʆʉʊ 134-1051-2010 çʉʚʘʨʢʘ ʬʨʠʢʮʠʦʥʥʘʷè; 
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THE STUDY OF ELECTRO CHEMICAL AND CHEMICA L ETCHING OF METALS FROM THE 

SURFACE LAYER OF THE  POLYCRYSTALLINE PCD  

Polushin N.I., Ovchinnikova M.S., Kuchina I.Yu. 

 

The presence on the surface of polycrystalline carbon PCD metal catalysts reduces their properties due to 

a difference in coefficient of thermal expansion between the diamond grains and a catalyst that can lead to cracking 

during use. High temperature of PCD polycrystalline sample at its operation in the cutting area leads to reverse 

phase transition diamond - graphite. This phenomenon decreases the mechanical properties of the tool. In order 

to improve the wear resistance characteristics of polycrystalline diamond produced using metal catalysts, metal 

etching process is investigated with the working surface area of the polycrystalline.  

 

ɸʣʤʘʟʥʳʝ ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ (PCD, polycrystalline diamond compact) ʥʘʭʦʜʷʪ ʰʠʨʦʢʦʝ 

ʧʨʠʤʝʥʝʥʠʝ ʚ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʡ, ʙʫʨʦʚʦʡ ʠ ʩʪʨʦʠʪʝʣʴʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ [1]. ʅʘʣʠʯʠʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʘʣʤʘʟʥʳʭ ʧʦʣʠʢʨʠʩʪʘʣʣʦʚ PCD ʤʝʪʘʣʣʦʚ-ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʩʥʠʞʘʝʪ ʠʭ ʩʚʦʡʩʪʚʘ, ʧʦʩʢʦʣʴʢʫ ʨʘʟʥʠʮʘ ʚ 

ʢʦʵʬʬʠʮʠʝʥʪʝ ʪʝʧʣʦʚʦʛʦ ʨʘʩʰʠʨʝʥʠʷ ʤʝʞʜʫ ʘʣʤʘʟʥʳʤʠ ʟʝʨʥʘʤʠ ʠ ʢʘʪʘʣʠʟʘʪʦʨʦʤ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ 

ʨʘʩʪʨʝʩʢʠʚʘʥʠʶ ʚ ʧʨʦʮʝʩʩʝ ʨʝʟʢʠ, ʘ ʚʳʩʦʢʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʧʨʠ ʝʛʦ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚ ʟʦʥʝ ʨʝʟʢʠ - ʢ ʦʙʨʘʪʥʦʤʫ 

ʬʘʟʦʚʦʤʫ ʧʝʨʝʭʦʜʫ ʘʣʤʘʟ ï ʛʨʘʬʠʪ. ʕʪʦ ʫʭʫʜʰʘʝʪ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʠʥʩʪʨʫʤʝʥʪʘ. ʉ ʮʝʣʴʶ 

ʧʦʚʳʰʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ ʘʣʤʘʟʥʳʭ ʧʦʣʠʢʨʠʩʪʘʣʣʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʤʝʪʘʣʣʦʚ-ʢʘʪʘʣʠʟʘʪʦʨʦʚ, ʠʩʩʣʝʜʫʝʪʩʷ ʧʨʦʮʝʩʩ ʚʳʪʨʘʚʣʠʚʘʥʠʷ ʤʝʪʘʣʣʦʚ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʙʦʯʝʡ ʟʦʥʳ 

ʠʥʩʪʨʫʤʝʥʪʘ ʙʝʟ ʩʥʠʞʝʥʠʷ ʧʨʦʯʥʦʩʪʠ ʩʮʝʧʣʝʥʠʷ ʘʣʤʘʟʥʦʛʦ ʠ ʪʚʝʨʜʦʩʧʣʘʚʥʦʛʦ ʩʣʦʝʚ. ʂ ʪʦʤʫ ʞʝ ʩʥʠʞʝʥʠʝ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʚʷʟʢʠ ʠʟ ʨʝʞʫʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʤʧʦʟʠʪʦʚ PCD ʷʚʣʷʝʪʩʷ ʪʨʝʙʦʚʘʥʠʝʤ ʜʦʩʪʠʞʝʥʠʷ 

ʚʳʩʦʢʦʛʦ ʢʘʯʝʩʪʚʘ ʦʙʨʘʙʦʪʢʠ ʘʣʤʘʟʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʪʦʜʦʤ ʰʣʠʬʦʚʘʥʠʷ ʠ ʧʦʣʠʨʦʚʘʥʠʷ.   

ɹʳʣʠ ʧʨʦʚʝʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʜʚʫʤ ʪʠʧʘʤ ʪʨʘʚʣʝʥʠʷ: ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʝ ʠ ʭʠʤʠʯʝʩʢʦʝ. 

ʕʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʝ ʪʨʘʚʣʝʥʠʝ ʧʨʦʚʦʜʠʣʠ ʚ ʩʝʨʥʦʡ ʢʠʩʣʦʪʝ ʩ ʟʘʜʘʥʥʳʤʠ ʪʦʢʦʚʳʤʠ ʨʝʞʠʤʘʤʠ ʠ 

ʢʦʥʮʝʥʪʨʘʮʠʝʡ, ʭʠʤʠʯʝʩʢʦʝ - ʚ ʮʘʨʩʢʦʡ ʚʦʜʢʝ ʠ ʩʤʝʩʠ ʧʣʘʚʠʢʦʚʦʡ ʠ ʘʟʦʪʥʦʡ ʢʠʩʣʦʪ. ʇʨʦʚʝʜʝʥ 

ʢʦʣʠʯʝʩʪʚʝʥʥʳʡ ʠ ʢʘʯʝʩʪʚʝʥʥʳʡ ʘʥʘʣʠʟ ʵʣʝʤʝʥʪʦʚ ʧʦʣʫʯʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʧʦ ʛʣʫʙʠʥʝ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ 

ʪʨʘʚʣʝʥʠʷ ʘʣʤʘʟʥʦʛʦ ʧʦʣʠʢʨʠʩʪʘʣʣʘ ʩ ʧʦʤʦʱʴʶ ʩʢʘʥʠʨʫʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ. ʉʜʝʣʘʥʳ 

ʚʳʚʦʜʳ ʦ ʥʘʠʙʦʣʝʝ ʦʧʪʠʤʘʣʴʥʳʭ ʨʝʞʠʤʘʭ ʪʨʘʚʣʝʥʠʷ.  

ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʬʝʜʝʨʘʣʴʥʦʛʦ ʮʝʣʝʚʦʛʦ ʧʨʦʝʢʪʘ ʧʨʦʛʨʘʤʤʳ çʀʩʩʣʝʜʦʚʘʥʠʷ ʠ 

ʨʘʟʨʘʙʦʪʢʠ ʧʦ ʧʨʠʦʨʠʪʝʪʥʳʤ ʥʘʧʨʘʚʣʝʥʠʷʤ ʨʘʟʚʠʪʠʷ ʥʘʫʯʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʈʦʩʩʠʠ ʥʘ 
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HYBRID COMPOSITE MAT ERIAL BASED ON POLYP HENOXAZINE AND COPPE R 

NANOPARTICLES   

Ozkan S.Zh., Karpacheva G.P.  

 
It is shown that, during the IR heating of polyphenoxazine in the presence of copper acetate monohydrate 

Cu(OOCCH3)2ĿH2O in an inert atmosphere at 250ï450 ÁC, the dehydrogenation of phenoxazine structures 

accompanied by the formation of conjugated bonds C=N and the reduction of Cu2+ to Cu0 by the evolving 

hydrogen followed by the formation of copper nanoparticles occur simultaneously. As a result, a nanostructured 

hybrid composite material, in which Cu nanoparticles are dispersed in the polymer matrix, is formed. The material 

shows thermal stability and Cu nanoparticles have diameters of 5ï40 nm. 

 

ɻʠʙʨʠʜʥʳʝ ʥʘʥʦʤʘʪʝʨʠʘʣʳ, ʩʦʜʝʨʞʘʱʠʝ ʥʘʥʦʯʘʩʪʠʮʳ Cu ʚ ʧʦʣʠʤʝʨʥʦʡ ʤʘʪʨʠʮʝ, ʥʘʭʦʜʷʪ ʰʠʨʦʢʦʝ 

ʧʨʠʤʝʥʝʥʠʝ ʚ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ, ʩʝʥʩʦʨʘʭ ʠ ʙʠʦʩʝʥʩʦʨʘʭ, ʩʚʝʪʦʠʟʣʫʯʘʶʱʠʭ ʩʪʨʫʢʪʫʨʘʭ ʠ ʜʨ. 

ʇʦʣʠʤʝʨʳ ʩ ʩʠʩʪʝʤʦʡ ʩʦʧʨʷʞʝʥʠʷ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʘʢ ʘʥʪʠʩʪʘʪʠʯʝʩʢʠʝ ʧʦʢʨʳʪʠʷ ʠ ʤʘʪʝʨʠʘʣʳ, 

ʧʦʛʣʦʱʘʶʱʠʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ ʠʟʣʫʯʝʥʠʝ ʚ ʨʘʟʣʠʯʥʳʭ ʜʠʘʧʘʟʦʥʘʭ ʜʣʠʥʳ ʚʦʣʥʳ, ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʢʦʤʧʦʥʝʥʪʦʚ ʵʣʝʢʪʨʦʥʥʦʡ ʪʝʭʥʠʢʠ.  

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʤʝʪʘʣʣʦʧʦʣʠʤʝʨʥʳʭ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ ʧʫʪʝʤ ʭʠʤʠʯʝʩʢʠʭ ʧʨʝʚʨʘʱʝʥʠʡ ʧʦʣʠʬʝʥʦʢʩʘʟʠʥʘ (ʇʌʆɸ) ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʤʦʥʦʛʠʜʨʘʪʘ ʘʮʝʪʘʪʘ ʤʝʜʠ Cu(OOCCH3)2ĿH2O ʚ ʫʩʣʦʚʠʷʭ ʀʂ ʥʘʛʨʝʚʘ ʚ ʘʪʤʦʩʬʝʨʝ Ar ʧʨʠ 

ʨʘʟʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʧʦʣʫʯʝʥʠʷ ʦʙʨʘʟʮʘ ʊ = 250ï450 Áʉ. ɺʧʝʨʚʳʝ ʨʘʟʨʘʙʦʪʘʥ ʦʜʥʦʩʪʘʜʠʡʥʳʡ ʤʝʪʦʜ 

ʩʠʥʪʝʟʘ ʛʠʙʨʠʜʥʦʛʦ ʥʘʥʦʢʦʤʧʦʟʠʪʘ Cu/ʇʌʆɸ.  

ʇʌʆɸ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʵʣʝʢʪʨʦʘʢʪʠʚʥʳʡ ʧʦʣʫʣʝʩʪʥʠʯʥʳʡ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʡ ʧʦʣʠʤʝʨ, ʚ 

ʩʪʨʫʢʪʫʨʝ ʢʦʪʦʨʦʛʦ ʩʦʜʝʨʞʘʪʩʷ, ʥʘʨʷʜʫ ʩ ʘʪʦʤʘʤʠ ʘʟʦʪʘ, ʘʪʦʤʳ ʢʠʩʣʦʨʦʜʘ, ʫʯʘʩʪʚʫʶʱʠʝ ʚ ʦʙʱʝʡ ʩʠʩʪʝʤʝ 

ʧʦʣʠʩʦʧʨʷʞʝʥʠʷ [1]. ʄʝʪʦʜʦʤ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʀʂ ʥʘʛʨʝʚʝ ʇʌʆɸ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

Cu(OOCCH3)2ĿH2O ʧʨʦʠʩʭʦʜʠʪ ʜʝʛʠʜʨʠʨʦʚʘʥʠʝ ʬʝʥʦʢʩʘʟʠʥʦʚʳʭ ʩʪʨʫʢʪʫʨ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʦʧʨʷʞʝʥʥʳʭ 

ʩʚʷʟʝʡ ʉ=N [2]. ɼʘʥʥʳʝ ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ ʧʦʜʪʚʝʨʞʜʘʶʪ ʜʝʛʠʜʨʠʨʦʚʘʥʠʝ ʬʝʥʦʢʩʘʟʠʥʦʚʳʭ ʩʪʨʫʢʪʫʨ. 

ɺ ʇʌʆɸ ʚ ʧʨʠʩʫʪʩʪʚʠʠ Cu(OOCCH3)2ĿH2O ʧʨʦʠʩʭʦʜʠʪ ʫʤʝʥʴʰʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʚʦʜʦʨʦʜʘ ʧʨʠ 

ʫʚʝʣʠʯʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʦʙʨʘʟʮʘ. ɺʳʜʝʣʷʶʱʠʡʩʷ ʧʨʠ ʵʪʦʤ ʚʦʜʦʨʦʜ ʩʧʦʩʦʙʩʪʚʫʝʪ ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ Cu2+ 

ʜʦ Cu0 ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʥʘʥʦʯʘʩʪʠʮ ʤʝʜʠ.  

ʆʙʨʘʟʦʚʘʥʠʝ ʥʘʥʦʯʘʩʪʠʮ Cu ʧʦʜʪʚʝʨʞʜʝʥʦ ʤʝʪʦʜʦʤ ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʠʟʘ. ʅʘ 

ʜʠʬʨʘʢʪʦʛʨʘʤʤʘʭ ʥʘʥʦʢʦʤʧʦʟʠʪʘ ʠʜʝʥʪʠʬʠʮʠʨʫʶʪʩʷ ʧʠʢʠ ʦʪʨʘʞʝʥʠʷ ʥʘʥʦʯʘʩʪʠʮ Cu ʚ ʦʙʣʘʩʪʠ 

ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʫʛʣʦʚ 2ɗ = 66.69Á, 79.14Á (ʈʠʩ. 1). ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ 

ʨʘʩʩʯʠʪʘʥʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦ ʨʘʟʤʝʨʘʤ ʦʙʣʘʩʪʝʡ ʢʦʛʝʨʝʥʪʥʦʛʦ ʨʘʩʩʝʷʥʠʷ (ʆʂʈ) ʢʨʠʩʪʘʣʣʠʪʦʚ ʚ 

ʥʘʥʦʯʘʩʪʠʮʘʭ ʉu. ʆʢʦʣʦ 91ï95 % ʢʨʠʩʪʘʣʣʠʪʦʚ Cu ʠʤʝʶʪ ʨʘʟʤʝʨʳ 2 < d < 35 ʥʤ ʩ ʤʘʢʩʠʤʫʤʦʤ 12ï14 ʥʤ. 

ʀʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ ʫʩʣʦʚʠʡ ʩʠʥʪʝʟʘ (ʪʝʤʧʝʨʘʪʫʨʳ ʦʙʨʘʟʮʘ ʠ ʚʨʝʤʝʥʠ ʧʨʦʛʨʝʚʘ, ʘ ʪʘʢʞʝ 

ʢʦʥʮʝʥʪʨʘʮʠʠ Cu) ʥʘ ʚʳʭʦʜ ʠ ʩʪʨʫʢʪʫʨʫ ʥʘʥʦʢʦʤʧʦʟʠʪʘ Cu/ʇʌʆɸ. ɺʳʭʦʜ ʥʘʥʦʢʦʤʧʦʟʠʪʘ ʜʦʩʪʠʛʘʝʪ 77ï

95 %.  

ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʚʣʠʷʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʦʙʨʘʟʮʘ ʥʘ ʬʘʟʦʚʳʡ ʩʦʩʪʘʚ ʥʘʥʦʢʦʤʧʦʟʠʪʘ Cu/ʇʌʆɸ 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʊ = 250ï350 Áʉ ʚ ʥʘʥʦʢʦʤʧʦʟʠʪʝ ʥʘʨʷʜʫ ʩ ʥʘʥʦʯʘʩʪʠʮʘʤʠ Cu, ʧʨʠʩʫʪʩʪʚʫʶʪ 

ʥʘʥʦʯʘʩʪʠʮʳ Cu2O ʚ ʦʙʣʘʩʪʠ ʫʛʣʦʚ ʜʠʬʨʘʢʮʠʠ 2ɗ = 55.4Á, 65.23Á. ʋʚʝʣʠʯʝʥʠʝ ʚʨʝʤʝʥʠ ʧʨʦʛʨʝʚʘ ʜʦ 30 ʤʠʥ 

ʠʣʠ ʪʝʤʧʝʨʘʪʫʨʳ ʦʙʨʘʟʮʘ ʜʦ 400 Áʉ ʧʨʠʚʦʜʠʪ ʢ ʧʦʣʥʦʤʫ ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ Cu2O ʜʦ ʉu. ɺ ʠʥʝʨʪʥʦʡ ʩʨʝʜʝ 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʦʙʨʘʟʮʘ 400ï450 Áʉ ʠ ʜʣʠʪʝʣʴʥʦʩʪʠ ʀʂ ʥʘʛʨʝʚʘ 2ï5 ʤʠʥ ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʤʝʜʠ ʧʦ 



ʉɽʂʎʀʗ 2 ʂʆʄʇʆɿʀʎʀʆʅʅʓɽ ʄɸʊɽʈʀɸʃʓ, ɺʂʃʖʏɸʗ ʇʆʃʀʄɽʈʅʓɽ 
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ʟʘʛʨʫʟʢʝ [ʉu] = 2ï30 ʤʘʩʩ. % ʨʝʛʠʩʪʨʠʨʫʶʪʩʷ ʪʦʣʴʢʦ ʥʘʥʦʯʘʩʪʠʮʳ ʉu. ʇʦ ʜʘʥʥʳʤ ʘʪʦʤʥʦ-ʘʙʩʦʨʙʮʠʦʥʥʦʡ 

ʩʧʝʢʪʨʦʤʝʪʨʠʠ ʩʦʜʝʨʞʘʥʠʝ ʤʝʜʠ ʚ ʥʘʥʦʢʦʤʧʦʟʠʪʝ, ʧʦʣʫʯʝʥʥʦʤ ʧʨʠ 400 Áʉ, ʩʦʩʪʘʚʣʷʝʪ 13.0 ʤʘʩ. %. ʇʦ 

ʜʘʥʥʳʤ ʧʨʦʩʚʝʯʠʚʘʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʦʙʨʘʟʫʶʪʩʷ ʥʘʥʦʯʘʩʪʠʮʳ ʉu ʩʬʝʨʠʯʝʩʢʦʡ ʬʦʨʤʳ ʩ 

ʨʘʟʤʝʨʘʤʠ 5 < d < 40 ʥʤ. 

  
ʈʠʩ. 1. ɼʠʬʨʘʢʪʦʛʨʘʤʤʘ ʠ ʫʤʝʥʴʰʝʥʠʝ ʤʘʩʩʳ ʥʘʥʦʢʦʤʧʦʟʠʪʘ Cu/ʇʌʆɸ (1, 2) ʠ ʇʌʆɸ (3, 4) ʧʨʠ 

ʥʘʛʨʝʚʘʥʠʠ ʜʦ 1000 Áʉ ʩʦ ʩʢʦʨʦʩʪʴʶ 10 Áʉ/ʤʠʥ ʚ ʪʦʢʝ ʘʟʦʪʘ (1, 3) ʠ ʥʘ ʚʦʟʜʫʭʝ (2, 4). 

ʊʝʨʤʠʯʝʩʢʘʷ ʩʪʘʙʠʣʴʥʦʩʪʴ ʥʘʥʦʢʦʤʧʦʟʠʪʘ Cu/ʇʌʆɸ ʠʩʩʣʝʜʦʚʘʥʘ ʤʝʪʦʜʘʤʠ ʊɻɸ ʠ ɼʉʂ. ʄʘʩʩʘ 

ʥʘʥʦʢʦʤʧʦʟʠʪʘ Cu/ʇʌʆɸ ʥʝ ʠʟʤʝʥʷʝʪʩʷ ʚʧʣʦʪʴ ʜʦ 280 Áʉ, ʯʪʦ ʪʘʢʞʝ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʜʘʥʥʳʤʠ ɼʉʂ. ɺ 

ʦʪʣʠʯʠʝ ʦʪ ʥʘʥʦʢʦʤʧʦʟʠʪʘ ʚ ʇʌʆɸ ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʪʝʨʷ ʤʘʩʩʳ ʧʨʠ 230 Áʉ, ʦʙʫʩʣʦʚʣʝʥʥʘʷ ʨʘʟʣʦʞʝʥʠʝʤ 

ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʦʡ ʬʨʘʢʮʠʠ, ʩʦʜʝʨʞʘʱʝʡʩʷ ʚ ʧʦʣʠʤʝʨʝ [1]. ɺ ʠʥʝʨʪʥʦʡ ʩʨʝʜʝ ʚ ʥʘʥʦʢʦʤʧʦʟʠʪʝ Cu/ʇʌʆɸ 

ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʩʪʝʧʝʥʥʘʷ ʧʦʪʝʨʷ ʤʘʩʩʳ ʠ ʧʨʠ 1000 Áʉ ʦʩʪʘʪʦʢ ʩʦʩʪʘʚʣʷʝʪ 67 %. ɺ ʇʌʆɸ ʧʨʠ 1000 Áʉ 

ʦʩʪʘʪʦʢ ʩʦʩʪʘʚʣʷʝʪ 51 %. ʅʘ ʚʦʟʜʫʭʝ ʥʘʥʦʢʦʤʧʦʟʠʪ ʤʝʥʝʝ ʪʝʨʤʦʩʪʘʙʠʣʝʥ, ʯʝʤ ʇʌʆɸ. ʆʩʥʦʚʥʳʝ ʧʨʦʮʝʩʩʳ 

ʪʝʨʤʦʦʢʠʩʣʠʪʝʣʴʥʦʡ ʜʝʩʪʨʫʢʮʠʠ ʇʌʆɸ ʥʘʯʠʥʘʶʪʩʷ ʧʨʠ 430 Áʉ, ʘ ʥʘʥʦʢʦʤʧʦʟʠʪʘ Cu/ʇʌʆɸ ï ʧʨʠ 340 

Áʉ. ɼʣʷ ʇʌʆɸ 5 %-ʥʘʷ ʧʦʪʝʨʷ ʤʘʩʩʳ ʥʘ ʚʦʟʜʫʭʝ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ 190 Áʉ, ʘ 50 %-ʥʘʷ ʧʦʪʝʨʷ ʤʘʩʩʳ ï  ʧʨʠ 

580 Áʉ. ʅʘʥʦʢʦʤʧʦʟʠʪ Cu/ʇʌʆɸ ʪʝʨʷʝʪ ʧʦʣʦʚʠʥʫ ʧʝʨʚʦʥʘʯʘʣʴʥʦʡ ʤʘʩʩʳ ʧʨʠ 537 Áʉ, ʪʦʛʜʘ ʢʘʢ 5 %-ʥʘʷ 

ʧʦʪʝʨʷ ʤʘʩʩʳ ʚ ʥʘʥʦʢʦʤʧʦʟʠʪʝ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ 340 Áʉ ʥʘ ʚʦʟʜʫʭʝ ʠ 500 Áʉ ʚ ʠʥʝʨʪʥʦʡ ʩʨʝʜʝ.    

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʝʨʤʠʯʝʩʢʠʭ ʧʨʝʚʨʘʱʝʥʠʡ ʇʌʆɸ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʤʦʥʦʛʠʜʨʘʪʘ ʘʮʝʪʘʪʘ ʤʝʜʠ Cu(OOCCH3)2ĿH2O ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʀʂ-ʠʟʣʫʯʝʥʠʷ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʬʦʨʤʠʨʫʝʪʩʷ ʛʠʙʨʠʜʥʳʡ ʥʘʥʦʤʘʪʝʨʠʘʣ, ʚ ʢʦʪʦʨʦʤ ʥʘʥʦʯʘʩʪʠʮʳ Cu ʜʠʩʧʝʨʛʠʨʦʚʘʥʳ ʚ ʧʦʣʠʤʝʨʥʦʡ 

ʤʘʪʨʠʮʝ ʇʌʆɸ. ʅʘʥʦʯʘʩʪʠʮʳ ʠʤʝʶʪ ʨʘʟʤʝʨʳ 5 < d < 40 ʥʤ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʥʘʥʦʢʦʤʧʦʟʠʪ Cu/ʇʌʆɸ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʪʝʨʤʦʩʪʘʙʠʣʴʥʦʩʪʴʶ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʇʌʆɸ. 
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THE METAL COMPOSITE MATERIAL DERIVATION IS REINFORCED WITH F IBERS OF 

CARBIDE SILICON  

Oleshko A.Y., Scherbakova E.N., Leschev N.E., Potapova T.K. 

 

Research and development is domestic industry metal composites based on light alloys (Al, Ti) and non-

metallic fibers silicon carbide for power heat-stressed structures to ensure weight loss, increase operating 

temperatures and dimensional stability. 

 

ʂʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʥʘ ʦʩʥʦʚʝ ʣʝʛʢʠʭ ʩʧʣʘʚʦʚ, ʘʨʤʠʨʦʚʘʥʥʳʝ ʚʳʩʦʢʦʧʨʦʯʥʳʤʠ 

ʚʳʩʦʢʦʤʦʜʫʣʴʥʳʤʠ ʥʝʤʝʪʘʣʣʠʯʝʩʢʠʤʠ ʚʦʣʦʢʥʘʤʠ, ʠʤʝʶʪ ʫʥʠʢʘʣʴʥʳʝ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʘʢ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ 

ʠʟʜʝʣʠʡ ʨʘʢʝʪʥʦ-ʢʦʩʤʠʯʝʩʢʦʡ ʪʝʭʥʠʢʠ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ. 

ɺ ʥʘʰʝʡ ʩʪʨʘʥʝ ʚ ʰʪʘʪʥʳʭ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʘʭ ʧʨʠʤʝʥʷʝʪʩʷ ʧʦʢʘ ʪʦʣʴʢʦ ʙʦʨʘʣʶʤʠʥʠʡ - 

ʤʝʪʘʣʣʦʢʦʤʧʦʟʠʪ ʥʘ ʦʩʥʦʚʝ ʘʣʶʤʠʥʠʷ, ʘʨʤʠʨʦʚʘʥʥʳʡ ʙʦʨʥʳʤʠ ʚʦʣʦʢʥʘʤʠ, ʧʨʦʤʳʰʣʝʥʥʳʡ ʚʳʧʫʩʢ 

ʢʦʪʦʨʳʭ ʙʳʣ ʦʩʚʦʝʥ ʚ ʉʉʉʈ. ɿʘ ʨʫʙʝʞʦʤ (ʉʐɸ), ʥʘʯʠʥʘʷ ʩ 70-ʭ ʛʦʜʦʚ, ʧʨʦʠʟʚʦʜʷʪʩʷ ʚʦʣʦʢʥʘ ʢʘʨʙʠʜʘ 

ʢʨʝʤʥʠʷ (SiC) ʨʘʟʣʠʯʥʳʭ ʤʦʜʠʬʠʢʘʮʠʡ. ʅʘʠʙʦʣʝʝ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʤʳʤ ʷʚʣʷʝʪʩʷ ʚʦʣʦʢʥʦ ʤʘʨʢʠ SCS-6 

ʢʦʤʧʘʥʠʠ Specialty Materials Incorporated. ʈʘʟʨʘʙʦʪʢʘ ʘʥʘʣʦʛʠʯʥʦʛʦ ʚʦʣʦʢʥʘ ʚ ʥʘʰʝʡ ʩʪʨʘʥʝ ʚ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʪʦʣʴʢʦ ʥʘʯʠʥʘʝʪʩʷ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ ʨʘʙʦʪʝ 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʦʧʳʪʥʳʝ ʦʙʨʘʟʮʳ ʚʦʣʦʢʦʥ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ ɸʆ çɻʅʀʀʍʊʕʆʉè. 

ʆʪʣʠʯʠʪʝʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʚʦʣʦʢʦʥ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ ʷʚʣʷʝʪʩʷ ʚʳʩʦʢʘʷ ʞʘʨʦʧʨʦʯʥʦʩʪʴ, ʦʥʠ 

ʧʨʝʚʦʩʭʦʜʷʪ ʜʨʫʛʠʝ ʥʝʤʝʪʘʣʣʠʯʝʩʢʠʝ ʚʦʣʦʢʥʘ ʧʦ ʧʨʦʯʥʦʩʪʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʩʚʳʰʝ 400 Áʉ, ʧʨʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʚʳʩʦʢʦʡ ʧʣʦʪʥʦʩʪʠ (3,2 ʛ/ʩʤ3), ʯʪʦ ʦʙʝʩʧʝʯʠʪ ʩʥʠʞʝʥʠʝ ʚʝʩʘ ʠ ʧʦʚʳʰʝʥʠʝ ʞʝʩʪʢʦʩʪʠ 

ʥʝʩʫʱʠʭ ʢʦʥʩʪʨʫʢʮʠʡ. ʇʦʪʝʥʮʠʘʣʴʥʳʤʠ ʤʝʪʘʣʣʠʯʝʩʢʠʤʠ ʤʘʪʨʠʯʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ ʜʣʷ ʵʪʠʭ ʚʦʣʦʢʦʥ 

ʷʚʣʷʶʪʩʷ ʘʣʶʤʠʥʠʝʚʳʝ (Al) ʠ ʪʠʪʘʥʦʚʳʝ (Ti) ʩʧʣʘʚʳ.  

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʤʝʪʘʣʣʦʢʦʤʧʦʟʠʪʦʚ ʩʠʩʪʝʤ AlïSiʉ ʠ Ti-Al -SiC ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʪʝʭʥʦʣʦʛʠʷ, 

ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʜʣʷ ʙʦʨʘʣʶʤʠʥʠʷ, ʢʦʪʦʨʘʷ ʚʢʣʶʯʘʝʪ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʝ ʠʟʛʦʪʦʚʣʝʥʠʝ ʤʦʥʦʩʣʦʡʥʦʛʦ 

ʧʦʣʫʬʘʙʨʠʢʘʪʘ, ʩʙʦʨʢʫ ʤʥʦʛʦʩʣʦʡʥʦʡ ʟʘʛʦʪʦʚʢʠ ʠ ʝʝ ʛʦʨʷʯʝʝ ʧʨʝʩʩʦʚʘʥʠʝ [1]. ʉʫʱʝʩʪʚʝʥʥʳʤ ʦʪʣʠʯʠʝʤ 

ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʙʦʣʝʝ ʞʝʩʪʢʠʭ ʪʝʤʧʝʨʘʪʫʨʥʦ-ʚʨʝʤʝʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʧʨʝʩʩʦʚʘʥʠʷ ʚʚʠʜʫ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʣʘʙʦʛʦ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ ʩ ʘʣʶʤʠʥʠʝʤ. ʕʪʦ 

ʧʦʟʚʦʣʠʣʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʞʠʜʢʦʬʘʟʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʧʦʣʫʯʝʥʠʷ, ʥʝ ʪʨʝʙʫʶʱʠʝ ʧʨʠʤʝʥʝʥʠʷ ʚʳʩʦʢʠʭ 

ʜʘʚʣʝʥʠʡ, ʯʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʨʫʧʥʦʛʘʙʘʨʠʪʥʳʭ ʵʣʝʤʝʥʪʦʚ ʢʦʥʩʪʨʫʢʮʠʡ [2]. 

ʀʟʛʦʪʦʚʣʝʥʳ ʦʧʳʪʥʳʝ ʦʙʨʘʟʮʳ ʤʝʪʘʣʣʦʢʦʤʧʦʟʠʪʦʚ ʩʠʩʪʝʤ AlïSiʉ ʠ Ti-Al -SiC. ʇʨʦʚʝʜʝʥʳ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʭ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ [3,4,5], ʯʘʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʪʘʙʣʠʮʝ 1.  

ʊʘʙʣʠʮʘ ï 1 ʌʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʤʝʪʘʣʣʦʢʦʤʧʦʟʠʪʦʚ 
 

ʄʝʪʘʣʣʦʢʦʤʧʦʟʠʪʳ 

ʌʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

ʇʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ, 

ůʚ, ʄʇʘ 

ʇʣʦʪʥʦʩʪʴ, 

ɟ, ʛ/ʩʤ3 

ʊʂʃʈ ʚ ʠʥʪʝʨʚʘʣʝ 

ʪʝʤʧʝʨʘʪʫʨ 20õ100 Üʉ,  

10-6 ʂ-1 

AlïSiʉ 1 390 Ñ 35 3,0 Ñ 0,1 9,0 Ñ 0,2 

Ti-Al -SiC 1 370 Ñ 35 3,9 Ñ 0,1 7,8 Ñ 0,2 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʝʪʘʣʣʦʢʦʤʧʦʟʠʪʳ ʩʠʩʪʝʤ AlïSiʉ ʠ Ti-Al-SiC ʤʦʛʫʪ ʥʘʡʪʠ ʩʚʦʸ ʧʨʠʤʝʥʝʥʠʝ ʚ 

ʩʦʩʪʘʚʝ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʥʝʩʫʱʠʭ ʢʦʥʩʪʨʫʢʮʠʡ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʫʩʪʘʥʦʚʦʢ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ, ʛʜʝ 

ʥʝʦʙʭʦʜʠʤ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʨʠ ʧʦʚʳʰʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ 

ʵʢʩʧʣʫʘʪʘʮʠʠ. 

ʃʠʪʝʨʘʪʫʨʘ 

mailto:korolev2005-06@mail.ru
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SYNTHESIS AND STUDY OF SORPTION AFFINITY OF GRAN ULAR ORGANIC -INORGANIC 

SURFACE MOLECULARLY IMPRINTED POLYMERS T O CHOLESTEROL  

Osipenko A.A.1, Polyakova I.V.2, Borovikova L.N.2, Pisarev O.A.1,2 
1Russia, Saint-Petersburg, Peter the Great Saint-Petersburg Polytechnic University, Department of medical 

physics, 2Russia, Saint-Petersburg, Institute of Macromolecular Compounds of Russian Academy of Sciences 

E-mail:osipeno4kalexa@mail.ru 

 

Novel granular organic-inorganic surface molecularly imprinted polymers (MIPs) based on 2-hydroxyethyl 

methacrylate (HEMA) and ethylene glycol dimethacrylate (EGDMA) were prepared by co-polymerization on the 

surface of selenium (Se) nanoparticles stabilized with poly(vinyl pyrrolidone) (PVP) at different concentrations 

of cholesterol as a template molecule. The obtained compounds are intended for use as selective hemosorbents in 

efferent therapy of hypercholesterolemia. The sorbents were characterized by scanning electron microscopy 

(SEM), infrared spectroscopy (IR) and sorption experiments. It was revealed that MIPs possess more pronounced 

porous structure as compared to that of the reference non-imprinted polymer (NIP). The influence of the amount 

of introduced cholesterol template on physico-chemical and sorption properties of MIPs was investigated [1].  

IR spectroscopy and thermodynamic studies showed that the affinity of MIPs towards cholesterol is related 

to multi-point polyfunctional binding of adsorbate in complementary cavities or imprint sites; hydrogen bonds 

play the key role in recognition of the target molecule (Fig.1, 2).  
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Fig. 1. Fragments of the IR spectra of 

granulated hybrid copolymers in the spectral range 

attributed to stretching vibrations of >C=O groups. 

ɜ is the wave number; (1, 2) NIP and MIP before 

cholesterol sorption, respectively; (3) differential 

spectrum obtained by subtraction of 1 from 2; (4, 5) 

NIP and MIP after cholesterol sorption, 

respectively; (7, 8) differential spectra obtained by 

subtraction of 1 and 2 from 4 and 5, respectively 

Fig. 2. Scheme of the formation of hydrogen 

bonds during cholesterol sorption in non-specific and 

specific sorption sites. 
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Sorption models such as the Freundlich isotherm [2], the Langmuir isotherm [3], the Temkin isotherm [4], 

and the Brunauer-Emmett-Teller isotherm (BET isotherm) [5] were used to fit the experimental data and evaluate 

the parameters of cholesterol adsorption by the hybrid surface-imprinted sorbents (Fig.3). In the non-linear 

regression method, sorption parameters were determined by the trial and error procedure with minimization of the 

respective determination coefficient (Ὑ2) between experimental data and the predicted values.  

The equilibrium sorption of cholesterol by the NIP was characterized by the extremal isotherm with a 

maximum (Fig. 3a). Apparently, this pattern results from the hindered heterogeneous mass transfer of cholesterol 

associates into the dense isoporous polymeric surface layer of the NIP. Thus, to evaluate the parameters and 

energy of direct binding of adsorbate with sorbent surface, the experimental data were processed within the 

concentration range up to the inflection point on the isotherm. The energetically heterogeneous distribution of the 

adsorbate conditioned the good fit of the Freundlich isotherm to the experimental data. The calculated from model 

isotherms parameters indicated cooperative adsorption [1]. Thus, energetically heterogeneous binding of 

cholesterol in the NIP network could result from both the ñsorbent-adsorbateò and ñadsorbate-adsorbateò binding. 

Networks of the MIPs were more porous and more permeable as compared to that of the NIP. The sorption of 

cholesterol by the MIPs proceeded in a wide range of concentrations, and no extremal isotherm including a 

maximum was observed. The sorption processes on MIP-4 were described by the isotherms that conformed well 

to the BET model (Fig. 3b). 
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Fig. 3. Experimental (1) and model (2ï5) sorption isotherms of cholesterol onto NIP (a), MIP-4 (b) and MIP-6 

(c). 

 

The initial parts of experimental isotherms describing the sorption in monolayer conformed well to the 

Langmuir isotherm. This indicated that the distribution of cholesterol becomes more homogenous in the MIP-4 

matrix. With increasing amount of imprint sites, tendency for specific cholesterol binding in the monolayer also 

increases. As a result, in the case of MIP-6 (containing higher amount of imprint sites in its network), the sorption 

of cholesterol proceeded in the monolayer within a wide concentration range, and experimental data best 

conformed to the Langmuir isotherm (Fig. 3c). Thus, the formation of the surface sorption layer in the MIPs 

facilitates availability of imprint sites and enhances the efficiency of specific cholesterol binding.  

The work was financially supported by the Russian Foundation for Basic Research (projects no. 15-03-

07968; 16-03-00862). 
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ADSORPTION PROPERTIES OF INDUSTRIAL NANO PARTICLES IN ALIFATI C AMINOACIDES 

SOLUTIONS 

Julia Papina, Anna Godymchuk, Anton Kutukov 

 

Preparing suspensions of nanoparticles with targeted dispersity and electrokinetic properties can 

significantly expand the scope of industrial nanopowders. However, high reactivity, tendency to aggregation and 

sedimentation create difficulties in application and storage of nanoparticulate suspensions. Our work is focused 

on the experimental search of the conditions (acidity, particles concentration, nature and content of surfactant, 

pH, etc.) contributing to effective surfactant adsorption and creating aqueous suspensions of nanosized ZnO, TiO2 

and Y2O3 powders and ultradisperse ZnO powder with high coagulation and sedimentation stability. Glycine and 

Glutamine are used as a stabilizing component. Adsorption efficiency is measured via the transmittance change 

on the IR-spectrum in the range corresponding to the vibrations of amino-group bonds. The experimental have 

shown how aminoacids adsorption efficiency is effected by nanoparticles size and concentration, exposure time, 

and pH value of the dispersion medium. The work is supported by the Russian Fund for Basic Research (project 

# 15-03-06528_ʘ) 

 

ɺ ʩʠʣʫ ʧʦʚʩʝʤʝʩʪʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʥʘʥʦʧʦʨʦʰʢʦʚ ʚ ʤʝʜʠʮʠʥʝ, ʢʦʩʤʝʪʠʯʝʩʢʦʡ ʠ 

ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʷʭ ʚʦʟʨʘʩʪʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʩʦʟʜʘʥʠʷ ʫʩʪʦʡʯʠʚʳʭ ʛʠʜʨʦʟʦʣʝʡ 

ʥʘʥʦʯʘʩʪʠʮ [1]. ʆʜʥʘʢʦ, ʚʳʩʦʢʘʷ ʨʝʘʢʮʠʦʥʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ, ʢʦʘʛʫʣʷʮʠʷ ʠ ʩʝʜʠʤʝʥʪʘʮʠʷ ʥʘʥʦʯʘʩʪʠʮ 

ʩʦʟʜʘʶʪ ʪʨʫʜʥʦʩʪʠ ʧʨʠ ʠʭ ʜʠʩʧʝʨʛʠʨʦʚʘʥʠʠ ʚ ʚʦʜʥʦʡ ʩʨʝʜʝ [2]. ɼʦʙʘʚʣʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʥʦ-ʘʢʪʠʚʥʳʭ 

ʚʝʱʝʩʪʚ (ʇɸɺ) ʚ ʢʘʯʝʩʪʚʝ ʩʪʘʙʠʣʠʟʘʪʦʨʦʚ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʤʝʪʦʜʦʤ ʜʠʩʧʝʨʛʠʨʦʚʘʥʠʷ 

ʪʚʝʨʜʳʭ ʚʝʱʝʩʪʚ, ʪʘʢ ʢʘʢ ʧʦʟʚʦʣʷʝʪ ʥʘ ʚʩʝ ʚʨʝʤʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʦʜʜʝʨʞʠʚʘʪʴ ʜʠʩʧʝʨʩʥʦʩʪʴ ʩʫʩʧʝʥʟʠʡ ʚ 

ʟʦʣʷʭ ʩʦ ʩʣʦʞʥʳʤ ʩʦʩʪʘʚʦʤ [3].  

ʅʘ ʫʩʪʦʡʯʠʚʦʩʪʴ ʛʠʜʨʦʟʦʣʝʡ ʚʣʠʷʶʪ ʬʠʟʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʠʩʧʝʨʩʥʦʡ ʬʘʟʳ: ʩʦʩʪʘʚ, 

ʢʦʥʮʝʥʪʨʘʮʠʷ, ʟʘʨʷʜ, ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦ ʨʘʟʤʝʨʘʤ, ʧʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ, ʩʪʨʫʢʪʫʨʘ ʠ ʬʦʨʤʘ ʯʘʩʪʠʮ [4], ʘ 

ʪʘʢʞʝ ʩʚʦʡʩʪʚʘ ʜʠʩʧʝʨʩʥʦʡ ʩʨʝʜʳ: ʢʠʩʣʦʪʥʦʩʪʴ ʩʨʝʜʳ, ʠʦʥʥʘʷ ʩʠʣʘ ʨʘʩʪʚʦʨʘ ʠ ʵʣʝʢʪʨʦʣʠʪʳ, [5,6] ʇɸɺʳ 

ʠ ʜʨʫʛʠʝ [7]. 

ɺ ʜʘʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʨʘʩʩʤʦʪʨʝʥʦ ʚʣʠʷʥʠʝ ʨʘʟʣʠʯʥʳʭ ʬʘʢʪʦʨʦʚ (ʩʦʩʪʘʚ, ʨʘʟʤʝʨ ʠ ʢʦʥʮʝʥʪʨʘʮʠʷ 

ʥʘʥʦʧʦʨʦʰʢʦʚ, ʩʦʩʪʘʚ ʘʤʠʥʦʢʠʩʣʦʪ, ʢʠʩʣʦʪʥʦʩʪʴ ʩʨʝʜʳ, ʚʨʝʤʷ ʚʳʜʝʨʞʠʚʘʥʠʷ ʩʫʩʧʝʥʟʠʠ) ʥʘ ʩʪʝʧʝʥʴ 

ʘʜʩʦʨʙʮʠʠ ʇɸɺ, ʥʘ ʩʪʝʧʝʥʴ ʜʠʩʧʝʨʛʠʨʦʚʘʥʠʷ ʠ ʵʣʝʢʪʨʦʢʠʥʝʪʠʯʝʩʢʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ ʩʫʩʧʝʥʟʠʡ 

ʥʘʥʦʯʘʩʪʠʮ. ɺ ʢʘʯʝʩʪʚʝ ʩʪʘʙʠʣʠʟʘʪʦʨʦʚ ʚʳʙʨʘʥʳ ʘʣʠʬʘʪʠʯʝʩʢʠʝ ʘʤʠʥʦʢʠʩʣʦʪʳ ï ʛʣʠʮʠʥ ʠ ʛʣʫʪʘʤʠʥʦʚʘʷ 

ʢʠʩʣʦʪʘ, ʢʦʪʦʨʳʝ ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʜʝʟʘʛʨʝʛʘʮʠʠ ʥʘʥʦʯʘʩʪʠʮ [8], ʚʭʦʜʷʪ ʚ ʩʦʩʪʘʚ ʤʥʦʛʠʭ ʙʠʦʣʦʛʠʯʝʩʢʠ 

ʘʢʪʠʚʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʥʝ ʷʚʣʷʶʪʩʷ ʪʦʢʩʠʯʥʳʤʠ.  

ɺ ʨʘʙʦʪʝ ʛʦʪʦʚʠʣʠ ʚʦʜʥʳʝ ʩʫʩʧʝʥʟʠʠ ʥʘ ʦʩʥʦʚʝ ʧʣʘʟʤʦʭʠʤʠʯʝʩʢʠʭ ʥʘʥʦʧʨʦʰʢʦʚ TiO2, ZnO, Y2O3 ʩʦ 

ʩʨʝʜʥʠʤ ʨʘʟʤʝʨʦʤ ʯʘʩʪʠʮ ʤʝʥʝʝ 50 ʥʤ ʠ ʥʘ ʦʩʥʦʚʝ ʤʠʢʨʦʨʘʟʤʝʨʥʦʛʦ ʧʦʨʦʰʢʘ ZnO (200 ʥʤ). ʉʪʝʧʝʥʴ 

ʘʜʩʦʨʙʮʠʠ ʨʘʩʩʯʠʪʳʚʘʣʘʩʴ ʢʘʢ ʢʦʣʠʯʝʩʪʚʦ ʘʜʩʦʨʙʠʨʦʚʘʥʥʦʛʦ ʠʟ ʨʘʩʪʚʦʨʘ ʇɸɺ ʥʘ ʝʜʠʥʠʮʫ ʧʦʚʝʨʭʥʦʩʪʠ 

ʥʘʥʦʧʦʨʦʰʢʘ. ʂʦʥʮʝʥʪʨʘʮʠʶ ʇɸɺ, ʦʩʪʘʚʰʫʶʩʷ ʚ ʨʘʩʪʚʦʨʝ, ʦʧʨʝʜʝʣʷʣʠ ʠʟ ʢʘʣʠʙʨʦʚʦʯʥʳʭ ʛʨʘʬʠʢʦʚ, 

ʧʦʩʪʨʦʝʥʥʳʭ ʜʣʷ ʨʘʩʪʚʦʨʦʚ ʇɸɺ ʨʘʟʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ, ʧʦ ʠʟʤʝʥʝʥʠʶ ʚʳʩʦʪʳ ʧʠʢʦʚ ʀʂ-ʩʧʝʢʪʨʦʚ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʢʦʣʝʙʘʥʠʷʤ ʩʚʷʟʝʡ ʚ ʘʤʠʥʦʛʨʫʧʧʝ (ʧʦ ʧʠʢʫ 1330 ʩʤ-1 ʜʣʷ ʛʣʠʮʠʥʘ ʠ 1440 ʩʤ-1 ʜʣʷ 

ʛʣʫʪʘʤʠʥʦʚʦʡ ʢʠʩʣʦʪʳ).  

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʦʨʦʰʢʦʚ ʚ ʩʫʩʧʝʥʟʠʠ ʚ 6 ʨʘʟ ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʘʜʩʦʨʙʮʠʠ ʇɸɺ. ʊʘʢ, ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʯʘʩʪʠʮ ʦʪ 0,02 ʜʦ 0,12 ʛ/ʤʣ ʚ 2ʄ 

ʨʘʩʪʚʦʨʝ ʛʣʠʮʠʥʘ ʯʝʨʝʟ 3 ʯʘʩʘ ʩʪʝʧʝʥʴ ʘʜʩʦʨʙʮʠʠ ʫʤʝʥʴʰʘʝʪʩʷ ʚ 20é6é3è ʨʘʟ ʚ ʨʷʜʫ ʧʦʨʦʰʢʦʚ 

çY2O3ï TiO2 ï ZnOè, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʨʠ ʵʪʦʤ ʚ ʩʣʘʙʦʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʭ ʩʫʩʧʝʥʟʠʷʭ (0,02é0,04 ʤʛ/ʣ) 

ʙʦʣʴʰʫʶ ʨʦʣʴ ʠʛʨʘʝʪ ʚʨʝʤʷ ʚʳʜʝʨʞʠʚʘʥʠʷ ʩʫʩʧʝʥʟʠʠ: ʟʘ ʩʫʪʢʠ ʥʘʙʣʶʜʘʝʪʩʷ ʩʥʠʞʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʘʜʩʦʨʙʮʠʠ ʥʘ 83, 18 ʠ 5 %, ʜʣʷ ʥʘʥʦʯʘʩʪʠʮ Y2O3, ZnO, TiO2, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʯʘʩʪʠʮ ʚ ʩʫʩʧʝʥʟʠʠ ʜʦ 0,12 ʤʛ/ʣ ʚʨʝʤʷ ʚʳʜʝʨʞʠʚʘʥʠʷ ʥʝ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʷ ʥʘ ʩʦʨʙʮʠʶ ʥʘ 

ʚʩʝʭ ʠʩʩʣʝʜʫʝʤʳʭ ʯʘʩʪʠʮʘʭ.  
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ʇʦʢʘʟʘʥʦ, ʯʪʦ ʥʘʥʦʧʦʨʦʰʦʢ TiO2 ʦʙʣʘʜʘʝʪ ʥʘʠʙʦʣʝʝ ʩʠʣʴʥʳʤʠ ʘʜʩʦʨʙʮʠʦʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ ʠʩʩʣʝʜʫʝʤʳʤ ʘʤʠʥʦʢʠʩʣʦʪʘʤ, ʘ ʚ ʨʷʜʫ çTiO2 ï ZnO ï Y2O3è ʥʘʙʣʶʜʘʝʪʩʷ ʪʝʥʜʝʥʮʠʷ ʢ 

ʫʤʝʥʴʰʝʥʠʶ ʢʦʵʬʬʠʮʠʝʥʪʘ ʘʜʩʦʨʙʮʠʠ ʚʳʙʨʘʥʥʳʭ ʘʤʠʥʦʢʠʩʣʦʪ: ç2,31é1,66é0,58 ʤʄ/ʤ2è ʠ 

ç1,36é1,22é0,92 ʤʄ/ʤ2è, ʚ Gly- ʠ Glut-ʨʘʩʪʚʦʨʘʭ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʯʘʩʪʠʮ 0,02 ʛ/ʤʣ ʠ 

3-ʯʘʩʦʚʦʤ ʚʳʜʝʨʞʠʚʘʥʠʠ. ʇʨʠ ʵʪʦʤ ʛʣʠʮʠʥ ʘʜʩʦʨʙʠʨʫʝʪʩʷ ʚ 1,3é1,7 ʨʘʟ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ, ʯʝʤ 

ʛʣʫʪʘʤʠʥ.  

ʅʘ ʧʨʠʤʝʨʝ ʥʘʥʦʨʘʟʤʝʨʥʳʭ ʠ ʫʣʴʪʨʘʜʠʩʧʝʨʩʥʳʭ ʯʘʩʪʠʮ ZnO ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚʣʠʷʥʠʝ ʫʚʝʣʠʯʝʥʠʷ ʨʅ 

ʥʘ ʘʜʩʦʨʙʮʠʦʥʥʳʝ, ʜʠʩʧʝʨʩʠʦʥʥʳʝ ʠ ʵʣʝʢʪʨʦʢʠʥʝʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʯʘʩʪʠʮ ʠ ʫʩʠʣʠʚʘʝʪʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ 

ʨʘʟʤʝʨʘ ʯʘʩʪʠʮ ʠ ʫʤʝʥʴʰʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʯʘʩʪʠʮ ʚ ʩʫʩʧʝʥʟʠʠ. ɺ ʩʫʩʧʝʥʟʠʷʭ 2ʄ ʨʘʩʪʚʦʨʘ ʛʣʠʮʠʥʘ ʠ 

ʯʘʩʪʠʮ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 0,02 ʛ/ʤʣ ʧʨʠ ʧʝʨʝʭʦʜʝ ʨʅ ʠʟ ʦʙʣʘʩʪʠ ʢʠʩʣʦʪ ʚ ʦʙʣʘʩʪʴ ʦʩʥʦʚʘʥʠʡ ʢʦʵʬʬʠʮʠʝʥʪ 

ʘʜʩʦʨʙʮʠʠ ʫʤʝʥʴʰʘʝʪʩʷ: ʥʘʧʨʠʤʝʨ, ʚ ʨʷʜʫ ʨʅ ç2é4é6é8 ʫʜ.ʝʜ.è ʢʦʵʬʬʠʮʠʝʥʪ ʘʜʩʦʨʙʮʠʠ ʩʦʩʪʘʚʣʷʝʪ 

ç1,59...1,15...1,00....1,06 ʤʄ/ʤ2è ʠ ç7,33...6,5...4,59...4,52 ʤʄ/ʤ2è ʜʣʷ ʥʘʥʦ- ʠ ʤʠʢʨʦʧʦʨʦʰʢʘ ZnO, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʨʝʜʚʘʨʠʪʝʣʴʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʠ ʫʤʝʥʴʰʝʥʠʠ ʨʘʟʤʝʨʘ ʯʘʩʪʠʮ 

ʘʜʩʦʨʙʮʠʷ ʇɸɺ ʧʨʦʪʝʢʘʝʪ ʤʝʥʝʝ ʵʬʬʝʢʪʠʚʥʦ: ʚ ʩʫʩʧʝʥʟʠʠ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 0,02 ʛ/ʤʣ ʧʨʠ ʫʤʝʥʴʰʝʥʠʠ 

ʨʘʟʤʝʨʘ ʯʘʩʪʠʮ ZnO ʚ 4,5 ʨʘʟ ʢʦʵʬʬʠʮʠʝʥʪ ʘʜʩʦʨʙʮʠʠ ʛʣʠʮʠʥʘ ʫʤʝʥʴʰʘʝʪʩʷ ʚ ʩʨʝʜʥʝʤ ʚ 4,5 ʨʘʟʘ 

ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʢʠʩʣʦʪʥʦʩʪʠ ʩʨʝʜʳ, ʯʪʦ ʪʨʝʙʫʝʪ ʧʨʦʚʝʜʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʦʛʦ ʬʦʥʜʘ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ (ʛʨʘʥʪ 

ˉ15-03-06528_ʘ). 
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The aim of the present work consisted in the investigation of the structure, mechanical, and electrical 

properties of a new deformable alloy of the 01307 grade 

 

ɺ 2015 ʛʦʜʫ ʆɸʆ çʂʦʤʧʦʟʠʪè ʩʦʚʤʝʩʪʥʦ ʩ ʆɸʆ çɺʀʃʉè ʨʘʟʨʘʙʦʪʘʣʠ ʠ ʟʘʧʘʪʝʥʪʦʚʘʣʠ ʥʦʚʳʡ 

ʘʣʶʤʠʥʠʝʚʳʡ ʜʝʬʦʨʤʠʨʫʝʤʳʡ ʩʧʣʘʚ ʩʠʩʪʝʤʳ  Al-Mg-Si, ʤʘʨʢʠ 01307. ʉʧʣʘʚ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ 

ʜʝʬʦʨʤʠʨʦʚʘʥʥʳʭ ʧʦʣʫʬʘʙʨʠʢʘʪʦʚ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʚʠʜʝ ʧʨʝʩʩʦʚʘʥʥʳʭ ʧʨʫʪʢʦʚ, ʚ ʢʘʯʝʩʪʚʝ 

ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʛʦ ʢʦʥʩʪʨʫʢʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʜʣʷ ʪʦʢʦʧʨʦʚʦʜʷʱʠʭ ʵʣʝʤʝʥʪʦʚ 

ʢʦʥʩʪʨʫʢʮʠʠ ʚ ʘʚʠʘʢʦʩʤʠʯʝʩʢʦʡ ʪʝʭʥʠʢʝ, ʩʫʜʦʩʪʨʦʝʥʠʠ, ʪʨʘʥʩʧʦʨʪʥʦʤ ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ ʠ ʜʨʫʛʠʭ 

ʦʪʨʘʩʣʷʭ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʚ ʢʘʯʝʩʪʚʝ ʟʘʛʦʪʦʚʢʠ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʵʣʝʢʪʨʦʧʨʦʚʦʜʦʚ. 

 ʀʟ ʜʘʥʥʦʛʦ ʩʧʣʘʚʘ ʠʟʛʦʪʦʚʣʝʥʳ ʩʣʠʪʢʠ ʠ ʧʨʝʩʩʦʚʘʥʥʳʝ ʧʨʫʪʢʠ ʜʠʘʤʝʪʨʦʤ 110 ʤʤ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ 

ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʪʨʫʢʪʫʨʳ ʠ ʩʚʦʡʩʪʚ, ʘ ʪʘʢʞʝ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʦʙʨʘʟʮʦʚ ʙʠʤʝʪʘʣʣʠʯʝʩʢʦʡ 

ʧʨʦʚʦʣʦʢʠ. 

ʉʧʣʘʚ 01307 ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʠʟʚʝʩʪʥʳʭ ʨʘʥʝʝ ʪʝʤ, ʯʪʦ ʦʥ ʩʦʜʝʨʞʠʪ ʮʠʨʢʦʥʠʡ, ʢʘʣʴʮʠʡ, ʞʝʣʝʟʦ, 

ʢʨʝʤʥʠʡ ʠ ʥʝʠʟʙʝʞʥʳʝ ʧʨʠʤʝʩʠ, ʦʩʥʦʚʥʳʤʠ ʠʟ ʢʦʪʦʨʳʭ ʷʚʣʷʶʪʩʷ ʤʝʜʴ, ʮʠʥʢ, ʤʘʨʛʘʥʝʮ ʠ ʭʨʦʤ. ʕʪʠ 

ʢʦʤʧʦʥʝʥʪʳ ʚ ʩʧʣʘʚʝ ʦʙʨʘʟʫʶʪ  ʠʥʪʝʨʤʝʪʘʣʣʠʜʳ ʪʠʧʘ Al3(Sc,Zr), ʘ ʪʘʢʞʝ ʦʙʨʘʟʫʶʱʠʝʩʷ ʧʨʠ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʨʘʩʧʣʘʚʘ ʬʘʟ ʚʢʣʶʯʝʥʠʷ  Mg2Si, CaâSi2 ʠ Al(Fe,Si),  ʦʢʘʟʳʚʘʶʱʠʝ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ 

ʫʧʨʦʯʥʷʶʱʝʝ ʚʦʟʜʝʡʩʪʚʠʝ, ʙʣʘʛʦʜʘʨʷ ʯʝʤʫ ʜʦʩʪʠʛʘʝʪʩʷ ʧʦʚʳʰʝʥʥʳʡ ʫʨʦʚʝʥʴ ʧʨʦʯʥʦʩʪʥʳʭ ʩʚʦʡʩʪʚ ʚ 

ʩʦʩʪʦʷʥʠʠ ʧʦʩʣʝ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʦʪʞʠʛʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʳʡ ʜʣʷ ʜʘʥʥʦʛʦ 

ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʫʨʦʚʝʥʴ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ. ʇʦʚʳʰʝʥʠʝ ʧʨʦʯʥʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʟʚʦʣʠʪ 

ʩʥʠʟʠʪʴ ʤʘʩʩʫ ʠ ʛʘʙʘʨʠʪʳ ʪʦʢʦʧʨʦʚʦʜʷʱʠʭ ʵʣʝʤʝʥʪʦʚ , ʧʦʚʳʰʘʷ ʪʝʤ ʩʘʤʳʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʝʩʦʚʦʡ 

ʦʪʜʘʯʠ ʢʦʥʩʪʨʫʢʮʠʠ ʚ ʮʝʣʦʤ. 

ʆʮʝʥʢʘ ʩʪʨʫʢʪʫʨʳ ʧʨʫʪʢʦʚ ʧʦʢʘʟʘʣʘ, ʯʪʦ ʩʪʨʫʢʪʫʨʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʪʨʫʢʪʫʨʝ ʤʘʣʦʣʝʛʠʨʦʚʘʥʥʳʭ 

ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʦʚ ʚ ʦʪʦʞʞʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ. ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʩʧʣʘʚʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ1. 

  
ʘ) ʧʨʦʜʦʣʴʥʳʡ ʰʣʠʬ ʙ) ʧʦʧʝʨʝʯʥʳʡ ʰʣʠʬ 

ʈʠʩʫʥʦʢ 1 - ʊʠʧʠʯʥʳʝ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʧʨʫʪʢʘ ʩʧʣʘʚʘ 01307 

ʌʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʩʧʣʘʚʘ ʤʘʨʢʠ 01307 ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ (sʚ = 200 ʄʇʘ, 

s02 = 150 ʄʇʘ, d = 18,5 %, KCU = 61,5 ɼʞ/ʩʤ2; ʫʜʝʣʴʥʦʝ ʵʣʝʢʪʨʦʩʦʧʨʦʪʠʚʣʝʥʠʝ  g=31,7  ʤʢʆʤÖʤ). 

ʃʠʪʝʨʘʪʫʨʘ 

ɸʣʶʤʠʥʠʝʚʳʝ ʩʧʣʘʚʳ. ʇʨʠʤʝʥʝʥʠʝ ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʦʚ. ʉʧʨʘʚʦʯʥʦʝ ʨʫʢʦʚʦʜʩʪʚʦ. ʄ.: 

ʄʝʪʘʣʣʫʨʛʠʷ. 1972. ʉ. 238 

 

********************************************************************** ********************  

 

  



3 - 7 ʦʢʪʷʙʨʷ 2016, ʛ. ʉʫʟʜʘʣʴ   

161 
 
 

ʀʉʇʆʃʔɿʆɺɸʅʀɽ ɿɸʈʆɼʓʐɽʆɹʈɸɿʆɺɸʊɽʃɽʁ ɼʃʗ ʈɽɻʋʃʀʈʆɺɸʅʀʗ ʄʆʈʌʆʃʆɻʀʀ 

ʀ ʌʋʅʂʎʀʆʅɸʃʔʅʓʍ ʉɺʆʁʉʊɺ ʅɸʅʆʏɸʉʊʀʎ ɼʀʆʂʉʀɼɸ ɺɸʅɸɼʀʗ 

ʇʝʪʫʭʦʚʘ ʖ.ɺ., ʄʝʟʝʥʦʚ ʖ.ɸ., ɹʦʙʨʳʰʝʚʘ ʅ.ʇ., ʆʩʤʦʣʦʚʩʢʠʡ ʄ.ɻ., ʆʩʤʦʣʦʚʩʢʘʷ ʆ.ʄ. 

ʈʦʩʩʠʷ, ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʉʇʙɻʋ 

E-mail:yulia.petukh.ova@yandex.ru 

 

NUCLEATING AGENTS FO R VANADIUM DIOXIDE M ORPHOLOGY AND FUNCTI ONAL 

PROPERTIES REGULATIO N 

Petukhova Yu.V., Mezenov Yu.A., Bobrysheva N.P., Osmolowsky M.G., Osmolovskaya O.M. 

 

Vanadium dioxide nanoparticles of varied morphology were synthesized by hydrothermal method in 

presence of nucleating agents with different structure. Samples obtained were characterized with different 

methods (i.e. SSA estimation, scanning electron microscopy, X-ray diffraction, infrared spectroscopy). It was 

shown that vanadium dioxide takes over from the structure of nucleating agents, size of particles decreases with 

concentration of these agent growing and SMPT temperature of the samples is related to its morphology as 

expected. 

ɼʠʦʢʩʠʜ ʚʘʥʘʜʠʷ ʦʙʣʘʜʘʝʪ ʬʘʟʦʚʳʤ ʧʝʨʝʭʦʜʦʤ ʧʦʣʫʧʨʦʚʦʜʥʠʢ-ʤʝʪʘʣʣ (ʌʇʇʄ), ʢʦʪʦʨʳʡ 

ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʨʝʟʢʠʤ ʠʟʤʝʥʝʥʠʝʤ ʦʧʪʠʯʝʩʢʠʭ, ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʝʛʦ ʚ ʢʘʯʝʩʪʚʝ ʤʘʪʝʨʠʘʣʘ ʜʣʷ ʪʝʨʤʦʜʘʪʯʠʢʦʚ, ʪʝʨʤʦʧʝʨʝʢʣʶʯʘʪʝʣʝʡ, ʀʂ ʣʠʤʠʪʝʨʦʚ ʠ 

çʫʤʥʳʭè ʧʦʢʨʳʪʠʡ ʜʣʷ ʩʪʝʢʦʣ. ʊʘʢʞʝ ʙʣʘʛʦʜʘʨʷ ʩʪʨʦʝʥʠʶ ʠ ʧʨʦʚʦʜʠʤʦʩʪʠ VO2 ʷʚʣʷʝʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤ 

ʵʣʝʢʪʨʦʜʥʳʤ ʤʘʪʝʨʠʘʣʦʤ ʜʣʷ Li-ʠʦʥʥʳʭ ʙʘʪʘʨʝʡ. ɺ ʤʘʩʩʠʚʥʦʤ ʚʝʱʝʩʪʚʝ ʌʇʇʄ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ 68ʦʉ, 

ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʰʝ ʪʝʤʧʝʨʘʪʫʨʳ, ʧʨʠ ʢʦʪʦʨʦʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʙʦʣʴʰʠʥʩʪʚʦ ʫʩʪʨʦʡʩʪʚ, ʧʦʵʪʦʤʫ 

ʦʩʥʦʚʥʦʡ ʮʝʣʴʶ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʷʚʣʷʝʪʩʷ ʧʦʥʠʞʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʧʝʨʝʭʦʜʘ ʩ ʩʦʭʨʘʥʝʥʠʝʤ ʝʛʦ 

ʚʳʨʘʞʝʥʥʦʩʪʠ ʚ ʨʘʟʣʠʯʥʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʚʦʡʩʪʚʘʭ. ʆʙʳʯʥʦ ʫʤʝʥʴʰʝʥʠʝ ʊʌʇʇʄ ʜʦʩʪʠʛʘʝʪʩʷ ʧʫʪʝʤ 

ʣʝʛʠʨʦʚʘʥʠʷ [1], ʥʦ ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʤʦʨʬʦʣʦʛʠʷ ʦʢʩʠʜʘ ʪʘʢʞʝ ʦʢʘʟʳʚʘʝʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʌʇʇʄ [2]. 

ʉʨʝʜʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ʜʠʦʢʩʠʜʘ ʚʘʥʘʜʠʷ ʤʦʥʦʢʣʠʥʥʘʷ ʠʤʝʝʪ ʩʘʤʳʡ ʚʳʨʘʞʝʥʥʳʡ 

ʬʘʟʦʚʳʡ ʧʝʨʝʭʦʜ  ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʜʣʷ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʤʦʨʬʦʣʦʛʠʠ ʧʨʦʜʫʢʪʘ ʙʳʣ ʧʨʝʜʣʦʞʝʥ 

ʥʦʚʳʡ ʧʦʭʦʜ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʚʳʙʦʨʝ ʟʘʨʦʜʳʰʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʩ ʨʘʟʣʠʯʥʦʡ ʩʠʥʛʦʥʠʝʡ, ʵʣʝʤʝʥʪʘʨʥʘʷ 

ʷʯʝʡʢʘ ʢʦʪʦʨʳʭ ʩʭʦʞʘ ʧʦ ʧʘʨʘʤʝʪʨʘʤ ʩ ʘʥʘʣʦʛʠʯʥʦʡ ʩʪʨʫʢʪʫʨʦʡ VO2. ɺ ʢʘʯʝʩʪʚʝ ʟʘʨʦʜʳʰʝʡ ʙʳʣʠ 

ʚʳʙʨʘʥʳ ʤʦʥʦʢʣʠʥʥʳʡ CuO ʠ ʪʝʪʨʘʛʦʥʘʣʴʥʳʡ SnO2. ʊʘʢʞʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʦʙʨʘʟʮʳ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʘʛʝʥʪʘ, ʢʦʥʪʨʦʣʠʨʫʶʱʝʛʦ ʨʦʩʪ ʯʘʩʪʠʮ, ʚ ʢʘʯʝʩʪʚʝ ʢʦʪʦʨʦʛʦ ʚʳʩʪʫʧʘʣʘ ʆʕɼʌ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʤʦʨʬʦʣʦʛʠʠ ʤʝʪʦʜʘʤʠ ʉʕʄ ʠ ʈʌɸ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʧʨʦʜʫʢʪ ʥʘʩʣʝʜʫʝʪ ʩʪʨʫʢʪʫʨʫ 

ʟʘʨʦʜʳʰʘ ʠ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʝʛʦ ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʘʟʤʝʨ ʯʘʩʪʠʮ ʫʤʝʥʴʰʘʝʪʩʷ. ʇʨʠ ʚʚʝʜʝʥʠʠ ʚ ʨʝʘʢʮʠʦʥʥʫʶ 

ʩʤʝʩʴ ʆʕɼʌ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʡ ʪʠʧ ʥʘʥʦʯʘʩʪʠʮ ʤʝʥʷʝʪʩʷ ʦʪ ʩʪʝʨʞʥʝʦʙʨʘʟʥʦʛʦ, ʭʘʨʘʢʪʝʨʥʦʛʦ ʜʣʷ 

ʜʠʦʢʩʠʜʘ ʚʘʥʘʜʠʷ ʙʝʟ ʜʦʙʘʚʦʢ, ʢ ʩʬʝʨʠʯʝʩʢʦʤʫ. 

ɼʣʷ ʠʟʤʝʨʝʥʠʷ ʦʧʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʯʘʩʪʠʮ ʙʳʣʠ ʩʦʟʜʘʥʳ ʧʦʢʨʳʪʠʷ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʩʪʝʢʣʘ. ɿʥʘʯʠʪʝʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚ ʩʧʝʢʪʨʘʭ ʥʘʙʣʶʜʘʣʠʩʴ ʜʣʷ ʯʘʩʪʠʮ ʩʪʝʨʞʥʝʦʙʨʘʟʥʦʡ 

ʬʦʨʤʳ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʛʠʧʦʪʝʟʫ ʦ ʥʘʩʣʝʜʦʚʘʥʠʠ ʩʪʨʫʢʪʫʨʳ ʩ ʧʘʨʘʤʝʪʨʘʤʠ, ʦʪʚʝʯʘʶʱʠʤʠ 

ʤʦʜʠʬʠʢʘʮʠʠ ʩ ʭʦʨʦʰʦ ʚʳʨʘʞʝʥʥʳʤ ʌʇʇʄ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʜʜʝʨʞʘʥʳ ʛʨʘʥʪʦʤ ʈʌʌʀ ˉ 16-03-00167-ʘ. 
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RESEARCH OF THE COMPOSITION, STRUCTURE A ND PROPERTIES OF INTERMETALLICS 

MACHINED  

Logacheva A.I.1, Logachev I.A.1, Blesman A.I.2, Postnikov D.V.2, Polonyankin D.A.2 

 

Abstract. The model of mass transfer in the surface layers of intermetallics, including numerical 

calculationôs schemes of chemical elements redistribution (carbon, oxygen) on the basis of kinetic equations of 

mass transfer was developed, as well as its verification carried out in experimental research. Mass transfer model 

allows offering recommendations on the optimal machining mode selection by its ingot grinding in dependence 

from thickness of the surface layer containing carbon and oxygen at not satisfying the casting quality requirement 

concentrations. Mass transfer model allows offering recommendations of the optimal machining mode selection 

by its ingot grinding in dependence from thickness of the surface layer containing carbon and oxygen at 

concentrations that don't satisfy the casting quality requirement. 

 

ɸʥʥʦʪʘʮʠʷ. ʈʘʟʨʘʙʦʪʘʥʘ ʤʦʜʝʣʴ ʤʘʩʩʦʧʝʨʝʥʦʩʘ ʚ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʣʦʷʭ ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʚ, 

ʚʢʣʶʯʘʶʱʘʷ ʯʠʩʣʝʥʥʳʝ ʩʭʝʤʳ ʨʘʩʯʸʪʦʚ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ (ʫʛʣʝʨʦʜ, ʢʠʩʣʦʨʦʜ) 

ʥʘ ʦʩʥʦʚʝ ʢʠʥʝʪʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ ʤʘʩʩʦʧʝʨʝʥʦʩʘ, ʘ ʪʘʢʞʝ ʧʨʦʚʝʜʝʥʘ ʝʝ ʚʝʨʠʬʠʢʘʮʠʷ ʚ ʭʦʜʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʄʦʜʝʣʴ ʤʘʩʩʦʧʝʨʝʥʦʩʘ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʣʦʞʠʪʴ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ 

ʚʳʙʦʨʫ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʝʞʠʤʘ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʩʣʠʪʢʘ ʤʝʪʦʜʦʤ ʝʛʦ ʦʙʪʘʯʠʚʘʥʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʪʦʣʱʠʥʳ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ, ʩʦʜʝʨʞʘʱʝʛʦ ʫʛʣʝʨʦʜ ʠ ʢʠʩʣʦʨʦʜ ʚ ʢʦʥʮʝʥʪʨʘʮʠʷʭ, ʥʝ 

ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʭ ʪʨʝʙʦʚʘʥʠʝʤ ʢʘʯʝʩʪʚʘ ʦʪʣʠʚʢʠ.  

 

ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʧʨʦʠʟʚʦʜʩʪʚʘ ʤʝʣʢʦʜʠʩʧʝʨʩʥʳʭ ʧʦʨʦʰʢʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ 

ʚ ʘʜʜʠʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʷʭ ʩʝʣʝʢʪʠʚʥʦʛʦ ʣʘʟʝʨʥʦʛʦ ʩʧʝʢʘʥʠʷ [1, 2], ʚʢʣʶʯʘʝʪ ʠʟʛʦʪʦʚʣʝʥʠʝ ʠ 

ʤʝʭʘʥʠʯʝʩʢʫʶ ʦʙʨʘʙʦʪʢʫ ʣʠʪʦʡ ʟʘʛʦʪʦʚʢʠ ʩ ʝʝ ʧʦʩʣʝʜʫʶʱʠʤ ʮʝʥʪʨʦʙʝʞʥʳʤ ʨʘʩʧʳʣʝʥʠʝʤ ʠ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʛʨʘʥʫʣ ʧʦʨʦʰʢʘ. ʂ ʧʘʨʘʤʝʪʨʘʤ ʢʘʯʝʩʪʚʘ ʢʘʞʜʦʛʦ ʠʟ ʵʪʘʧʦʚ ʧʨʦʮʝʩʩʘ ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʷ 

ʧʦʨʦʰʢʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʦʪʥʦʩʷʪʩʷ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ, ʩʪʨʫʢʪʫʨʘ ʠ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

ʦʩʥʦʚʥʦʛʦ ʦʙʲʝʤʘ ʠ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʟʘʛʦʪʦʚʢʠ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʦʜʥʦʡ ʠʟ ʘʢʪʫʘʣʴʥʳʭ ʧʨʦʙʣʝʤ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠ ʦʜʥʦʨʦʜʥʳʭ ʛʨʘʥʫʣʠʨʦʚʘʥʥʳʭ ʧʦʨʦʰʢʦʚ ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʚ ʷʚʣʷʝʪʩʷ 

ʨʘʟʨʘʙʦʪʢʘ ʨʝʞʠʤʦʚ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʟʘʛʦʪʦʚʢʠ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʭ ʜʦʩʪʠʞʝʥʠʶ ʥʝʦʙʭʦʜʠʤʳʭ 

ʧʘʨʘʤʝʪʨʦʚ ʝʝ ʢʘʯʝʩʪʚʘ [3ï5]. 

ʊʨʝʙʦʚʘʥʠʷ, ʧʨʝʜʲʷʚʣʷʝʤʳʝ ʢ ʩʪʨʫʢʪʫʨʝ ʠ ʩʦʩʪʘʚʫ ʟʘʛʦʪʦʚʢʠ, ʝʝ ʬʦʨʤʝ ʠ ʨʘʟʤʝʨʘʤ (ʩʦʦʩʥʦʩʪʴ, 

ʢʦʥʫʩʥʦʩʪʴ), ʤʠʢʨʦʛʝʦʤʝʪʨʠʠ ʧʦʚʝʨʭʥʦʩʪʠ (ʰʝʨʦʭʦʚʘʪʦʩʪʴ), ʦʙʫʩʣʦʚʣʠʚʘʶʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʨʝʞʠʤʦʚ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʥʘ ʧʘʨʘʤʝʪʨʳ ʢʘʯʝʩʪʚʘ ʩʣʠʪʢʘ ʩ ʮʝʣʴʶ ʚʳʙʦʨʘ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʝʞʠʤʘ ʦʙʨʘʙʦʪʢʠ. ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʩʪʠ 

ʪʝʦʨʝʪʠʯʝʩʢʦʝ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʬʠʟʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʤʘʩʩʦʧʝʨʝʥʦʩʘ ʠ ʩʝʛʨʝʛʘʮʠʠ 

ʤʘʣʦʨʘʟʤʝʨʥʳʭ ʧʨʠʤʝʩʝʡ ʢʠʩʣʦʨʦʜʘ ʠ ʫʛʣʝʨʦʜʘ ʥʘ ʵʪʘʧʝ ʦʪʣʠʚʢʠ ʟʘʛʦʪʦʚʢʠ ʚ ʛʨʘʬʠʪʦʚʦʡ ʠʟʣʦʞʥʠʮʝ, 

ʦʢʘʟʳʚʘʶʱʠʭ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʧʘʨʘʤʝʪʨʳ ʢʘʯʝʩʪʚʘ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʩʣʠʪʢʘ. 

ɺ ʨʘʤʢʘʭ ʩʦʚʤʝʩʪʥʦʡ ʨʘʙʦʪʳ ʆɸʆ çʂʦʤʧʦʟʠʪè ʠ ʆʤɻʊʋ ʨʘʟʨʘʙʦʪʘʥʘ ʤʦʜʝʣʴ ʤʘʩʩʦʧʝʨʝʥʦʩʘ ʚ 

ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʣʦʷʭ ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʚ, ʚʢʣʶʯʘʶʱʘʷ ʯʠʩʣʝʥʥʳʝ ʩʭʝʤʳ ʨʘʩʯʸʪʦʚ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ (ʫʛʣʝʨʦʜ, ʢʠʩʣʦʨʦʜ) ʥʘ ʦʩʥʦʚʝ ʢʠʥʝʪʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ ʤʘʩʩʦʧʝʨʝʥʦʩʘ, ʘ ʪʘʢʞʝ 

ʧʨʦʚʝʜʝʥʘ ʝʝ ʚʝʨʠʬʠʢʘʮʠʷ ʚ ʭʦʜʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʄʦʜʝʣʴ ʤʘʩʩʦʧʝʨʝʥʦʩʘ ʚ 

ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʣʦʷʭ ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʚ ʠ ʧʨʦʚʝʜʝʥʥʳʝ ʥʘ ʝʝ ʦʩʥʦʚʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʚʢʣʶʯʘʶʪ: 

ï ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʤʘʣʦʨʘʟʤʝʨʥʳʭ ʧʨʠʤʝʩʝʡ (ʫʛʣʝʨʦʜ, ʢʠʩʣʦʨʦʜ) ʧʦ ʛʣʫʙʠʥʝ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ 

ʩʣʠʪʢʘ; 

ï ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʨʘʟʤʝʨʦʚ ʠ ʬʦʨʤʳ ʢʨʠʩʪʘʣʣʠʪʦʚ ʚ ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ ʩʣʠʪʢʘ, ʥʘʣʠʯʠʝ ʚ ʥʝʤ 

ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʠʭ ʚʢʣʶʯʝʥʠʡ; 

ï ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ, ʥʘʣʠʯʠʷ ʚ ʥʝʤ ʩʫʙʤʠʢʨʦʥʥʳʭ 

ʚʢʣʶʯʝʥʠʡ ʠ ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ; 
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ï ʨʝʟʫʣʴʪʘʪʳ ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʳʭ ʧʨʦʬʠʣʝʡ ʚ ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ 

(ʠʥʪʝʛʨʘʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʵʣʝʤʝʥʪʦʚ, ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʵʣʝʤʝʥʪʦʚ ʧʦ ʢʨʠʩʪʘʣʣʠʪʘʤ ʠ ʛʣʫʙʠʥʝ 

ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ); 

ï ʨʝʟʫʣʴʪʘʪʳ ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʠ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ. 

ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʤʦʜʝʣʴ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʣʦʞʠʪʴ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʚʳʙʦʨʫ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʝʞʠʤʘ 

ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʩʣʠʪʢʘ ʤʝʪʦʜʦʤ ʝʛʦ ʦʙʪʘʯʠʚʘʥʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʦʣʱʠʥʳ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ 

ʩʣʦʷ, ʩʦʜʝʨʞʘʱʝʛʦ ʫʛʣʝʨʦʜ ʠ ʢʠʩʣʦʨʦʜ ʚ ʢʦʥʮʝʥʪʨʘʮʠʷʭ, ʥʝ ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʭ ʪʨʝʙʦʚʘʥʠʝʤ ʢʘʯʝʩʪʚʘ 

ʦʪʣʠʚʢʠ. 
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THE PREPARATION OF N EW SORPTION MATERIAL  ON THE BASE OF MODIF IED SHUNGITE  

Polunina I.A., Goncharova I.S., Petukhova G.A., Polunin K.E., Buryak A.K. 

 
The modification procedure of shungite rock (shungite-III) was proposed that permits to obtain 

nanodispersed porous sorbent with the carbon content up to 75% and effective pore size near 19 nm. It was 

investigated the effect of physical and chemical modification procedures of shungite on its composition and 

sorption properties.  

 

ʋʥʠʢʘʣʴʥʳʝ ʰʫʥʛʠʪʦʚʳʝ ʧʦʨʦʜʳ ʂʘʨʝʣʠʠ ʩʦʜʝʨʞʘʪ ʰʫʥʛʠʪʦʚʳʡ ʫʛʣʝʨʦʜ (ʦʪ 99 ʜʦ 5%), ʤʠʥʝʨʘʣʳ 

(ʢʚʘʨʮ, ʧʦʣʝʚʦʡ ʰʧʘʪ, ʘʣʶʤʦʩʠʣʠʢʘʪʳ, ʢʘʨʙʦʥʘʪʳ, ʧʠʨʠʪʳ), ʥʝʙʦʣʴʰʠʝ ʢʦʣʠʯʝʩʪʚʘ ʙʠʪʫʤʦʠʜʥʦʡ 

ʦʨʛʘʥʠʢʠ ʠ ʚʦʜʳ. ʅʘʠʙʦʣʝʝ ʷʨʢʦ ʚʳʨʘʞʝʥʥʦʡ ʘʜʩʦʨʙʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʦʙʣʘʜʘʝʪ ʰʫʥʛʠʪ ʪʨʝʪʴʝʡ 

ʨʘʟʥʦʚʠʜʥʦʩʪʠ (ʰʫʥʛʠʪ-III), ʩʦʜʝʨʞʘʱʠʡ 20ï40% ʫʛʣʝʨʦʜʘ [1]. ʆʩʦʙʝʥʥʦʩʪʷʤʠ ʵʪʦʛʦ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʳʨʴʷ 

ʷʚʣʷʶʪʩʷ ʜʝʰʝʚʠʟʥʘ ʠ ʙʦʣʴʰʠʝ ʧʨʠʨʦʜʥʳʝ ʟʘʧʘʩʳ, ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʧʨʦʮʝʩʩʘʭ ʩʦʨʙʮʠʠ, 

ʦʯʠʩʪʢʠ ʠ ʦʙʝʟʚʨʝʞʠʚʘʥʠʷ ʞʠʜʢʠʭ ʠ ʛʘʟʦʦʙʨʘʟʥʳʭ ʧʨʦʜʫʢʪʦʚ, ʭʠʤʠʯʝʩʢʘʷ ʠ ʢʘʪʘʣʠʪʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ, 

ʙʘʢʪʝʨʠʮʠʜʥʳʝ ʩʚʦʡʩʪʚʘ [2].  

ʅʝʦʙʨʘʙʦʪʘʥʥʳʝ ʰʫʥʛʠʪʳ ʠʤʝʶʪ ʥʠʟʢʫʶ ʫʜʝʣʴʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ, ʩʣʘʙʦʨʘʟʚʠʪʫʶ ʧʦʨʠʩʪʦʩʪʴ ʠ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʥʠʟʢʫʶ ʘʜʩʦʨʙʮʠʦʥʥʫʶ ʝʤʢʦʩʪʴ, ʯʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʥʘʩʳʱʝʥʠʝʤ ʧʦʚʝʨʭʥʦʩʪʠ ʰʫʥʛʠʪʦʚ 

ʨʘʟʣʠʯʥʳʤʠ ʚʝʱʝʩʪʚʘʤʠ ʚ ʧʨʦʮʝʩʩʝ ʠʭ ʦʙʨʘʟʦʚʘʥʠʷ. ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʤʠʥʝʨʘʣʴʥʦʛʦ ʰʫʥʛʠʪʘ ʚ ʢʘʯʝʩʪʚʝ ʩʦʨʙʝʥʪʘ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʦʚʦʜʠʪʴ ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʝ ʝʛʦ ʧʦʚʝʨʭʥʦʩʪʠ 

ʨʘʟʣʠʯʥʳʤʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ. ʅʘʣʠʯʠʝ ʢʦʤʧʣʝʢʩʘ ʛʠʜʨʦʬʠʣʴʥʳʭ ʠ ʛʠʜʨʦʬʦʙʥʳʭ 

ʩʦʨʙʝʥʪʦʚ ʚ ʩʦʩʪʘʚʝ ʰʫʥʛʠʪʘ, ʘ ʪʘʢʞʝ ʩʠʣʴʥʦʢʠʩʣʦʪʥʳʭ ʮʝʥʪʨʦʚ, ʧʦʟʚʦʣʷʝʪ ʠʟʤʝʥʷʪʴ ʝʛʦ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʠ ʧʦʣʫʯʘʪʴ ʥʦʚʳʝ ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʝʟʦʧʘʩʥʳʝ ʧʨʦʜʫʢʪʳ ʠ ʤʘʪʝʨʠʘʣʳ. 

ʎʝʣʴ ʨʘʙʦʪʳ ï ʧʦʣʫʯʝʥʠʝ ʥʘʥʦʜʠʩʧʝʨʩʥʦʛʦ ʧʦʨʠʩʪʦʛʦ ʰʫʥʛʠʪʘ ʩ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʮʝʥʥʦʛʦ 

ʫʛʣʝʨʦʜʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʧʫʪʝʤ ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʷ ʤʠʥʝʨʘʣʴʥʦʛʦ ʰʫʥʛʠʪʘ-III, ʘ ʪʘʢʞʝ ʠʟʫʯʝʥʠʝ ʩʦʩʪʘʚʘ ʠ 

ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʥʦʚʦʛʦ ʩʦʨʙʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. 

ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣ ʚʳʙʨʘʥ ʤʠʥʝʨʘʣʴʥʳʡ ʰʫʥʛʠʪ-III ʠʟ ʤʝʩʪʦʨʦʞʜʝʥʠʷ 

çɿʘʞʦʛʠʥʦè (ʂʘʨʝʣʠʷ, ʈʌ). ɼʠʩʧʝʨʩʥʦʩʪʴ ʧʦʨʦʰʢʦʚ ʰʫʥʛʠʪʘ ʦʧʨʝʜʝʣʷʣʘʩʴ ʤʝʪʦʜʦʤ ʜʠʥʘʤʠʯʝʩʢʦʛʦ 

ʩʚʝʪʦʨʘʩʩʝʷʥʠʷ ʥʘ ʧʨʠʙʦʨʝ Zetasizer Nano S (Malvern Instrument Ltd., ɺʝʣʠʢʦʙʨʠʪʘʥʠʷ). ʀʩʩʣʝʜʦʚʘʥʠʝ 

ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʠ ʪʝʢʩʪʫʨʳ ʧʦʚʝʨʭʥʦʩʪʠ ʰʫʥʛʠʪʘ ʧʨʦʚʦʜʠʣʠ ʩ ʧʦʤʦʱʴʶ ʨʘʩʪʨʦʚʦʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ 



ʉɽʂʎʀʗ 2 ʂʆʄʇʆɿʀʎʀʆʅʅʓɽ ʄɸʊɽʈʀɸʃʓ, ɺʂʃʖʏɸʗ ʇʆʃʀʄɽʈʅʓɽ 
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ʤʠʢʨʦʩʢʦʧʘ Quanta 650 FEG ʩ ʧʦʣʝʚʳʤ ʢʘʪʦʜʦʤ (FEI, ʅʠʜʝʨʣʘʥʜʳ), ʦʩʥʘʱʝʥʥʦʛʦ ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʳʤ 

ʜʘʪʯʠʢʦʤ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ (ʤʝʪʦʜ EDAX). ʉʦʨʙʮʠʶ ʘʟʦʪʘ ʥʘ  ʰʫʥʛʠʪʝ ʠʟʤʝʨʷʣʠ ʦʙʲʝʤʥʳʤ 

ʩʪʘʪʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ ʧʨʠ ī196ÜC ʩ ʧʦʤʦʱʴʶ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘʪʦʨʘ TriStar II 3020 (Micromeritics 

Instrument Corp., ʉʐɸ). ʋʜʝʣʴʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʰʫʥʛʠʪʘ ʦʧʨʝʜʝʣʷʣʘʩʴ ʧʦ ʤʝʪʦʜʫ ɹʨʫʥʘʫʵʨʘïʕʤʤʝʪʘï

ʊʝʣʣʝʨʘ (BET), ʦʙʱʠʡ ʦʙʲʝʤ ʧʦʨ ʠ ʠʭ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦ ʨʘʟʤʝʨʘʤ ʨʘʩʩʯʠʪʳʚʘʣʠʩʴ ʧʦ ʤʝʪʦʜʫ ɹʘʨʨʝʪʘï

ɼʞʦʡʥʝʨʘïʍʘʣʝʥʜʳ (BJH). 

ʄʠʥʝʨʘʣʴʥʳʡ ʰʫʥʛʠʪ, ʚʟʷʪʳʡ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʨʝʜʩʪʘʚʣʷʣ ʩʦʙʦʡ ʛʨʫʙʦʜʠʩʧʝʨʩʥʳʡ ʧʦʨʦʰʦʢ 

ʯʝʨʥʦʛʦ ʮʚʝʪʘ, ʩʦʜʝʨʞʘʱʠʡ ʯʘʩʪʠʮʳ ʨʘʟʤʝʨʦʤ 0,5ï5,0 ʤʤ. ɻʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʜʘʥʥʦʛʦ ʧʦʨʦʰʢʘ 

ʜʦʚʦʜʠʣʩʷ ʜʦ ʨʘʟʤʝʨʘ ʤʝʥʝʝ 0,3 ʤʤ ʧʫʪʝʤ ʜʝʟʠʥʪʝʛʨʘʮʠʠ ʧʦʨʦʜʳ ʚ ʨʘʟʤʦʣʴʥʦʡ ʤʝʣʴʥʠʮʝ ʩʦ ʩʪʘʣʴʥʳʤʠ 

ʰʘʨʘʤʠ ʠ ʧʦʩʣʝʜʫʶʱʠʤ ʦʪʩʝʠʚʘʥʠʝʤ ʢʨʫʧʥʳʭ ʯʘʩʪʠʮ. ʋʜʝʣʴʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʧʦʣʫʯʝʥʥʦʛʦ ʧʦʨʦʰʢʘ, 

ʩʦʩʪʘʚʣʷʣʘ 2 ʤ2/ʛ, ʩʫʤʤʘʨʥʳʡ ʦʙʲʝʤ ʧʦʨ ï 0,046 ʩʤ3/ʛ. ʕʪʦ ʪʠʧʠʯʥʳʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʤʠʥʝʨʘʣʴʥʦʛʦ ʰʫʥʛʠʪʘ-III. ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʜʠʩʧʝʨʩʥʦʩʪʠ ʰʫʥʛʠʪʘ ʝʛʦ ʧʦʨʦʰʦʢ, ʩʦʜʝʨʞʘʱʠʡ ʯʘʩʪʠʮʳ 

ʨʘʟʤʝʨʦʤ 0,1ï0,3 ʤʤ ʧʦʜʚʝʨʛʘʣʩʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʤʫ ʨʘʟʤʦʣʫ ʚ ʧʣʘʥʝʪʘʨʥʦʡ ʰʘʨʦʚʦʡ ʤʦʥʦʤʝʣʴʥʠʮʝ 

Pulverisette 6 (Fritsch, ʌʈɻ) ʧʨʠ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ 300 ʦʙ./ʤʠʥ. ʠ ʚ ʙʠʩʝʨʥʦʤ ʜʠʩʧʝʨʛʘʪʦʨʝ Dyno-Mill 

(Multi Lab, ʀʩʧʘʥʠʷ) ʧʦ ʪʝʭʥʦʣʦʛʠʠ ʤʦʢʨʦʛʦ ʨʘʟʤʦʣʘ ʩ ʛʨʘʥʫʣʘʤʠ ʮʠʨʢʦʥʠʷ ʧʨʠ ʩʢʦʨʦʩʪʠ 700 ʦʙ./ʤʠʥ. ʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 40ʦʉ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʜʝʟʠʥʪʝʛʨʘʮʠʠ ʚ ʫʣʴʪʨʘʟʚʫʢʦʚʦʤ ʜʠʩʧʝʨʛʘʪʦʨʝ Ultrasonic Homogenizers 

(Hielscher Ultrasonics, ʌʈɻ) ʚʦʜʥʦʡ ʩʫʩʧʝʥʟʠʠ ʠ ʧʦʩʣʝʜʫʶʱʝʡ ʜʝʛʠʜʨʘʪʘʮʠʠ ʜʠʩʧʝʨʩʠʠ ʧʨʠ 100ʦʉ ʫʜʘʣʦʩʴ 

ʧʦʣʫʯʠʪʴ ʧʦʣʠʜʠʩʧʝʨʩʥʳʡ ʧʦʨʦʰʦʢ, ʩ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦʡ ʬʨʘʢʮʠʝʡ, ʩʦʜʝʨʞʘʱʝʡ ʯʘʩʪʠʮʳ ʨʘʟʤʝʨʦʤ 20ï

50 ʥʤ. 

ʀʟʫʯʝʥʠʝ ʘʜʩʦʨʙʮʠʠ ʠ ʜʝʩʦʨʙʮʠʠ ʛʘʟʦʚ ʪʚʸʨʜʳʤʠ ʪʝʣʘʤʠ ʤʦʞʝʪ ʜʘʪʴ ʮʝʥʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦʙ ʠʭ 

ʧʦʨʠʩʪʦʡ ʩʪʨʫʢʪʫʨʝ, ʦʙʲʝʤʝ ʧʦʨ, ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʧʦʨ ʧʦ ʨʘʟʤʝʨʘʤ. ɺʝʣʠʯʠʥʘ ʫʜʝʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʰʫʥʛʠʪʘ ʩʦʩʪʘʚʠʣʘ S = 70,6 ʤ2/ʛ, ʯʪʦ ʚ 35 ʨʘʟ ʚʳʰʝ ʚʝʣʠʯʠʥʳ ʫʜʝʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʠʩʭʦʜʥʦʛʦ ʩʦʨʙʝʥʪʘ. ʇʦʣʫʯʝʥʥʳʝ ʠʥʪʝʛʨʘʣʴʥʳʝ ʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ ʢʨʠʚʳʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʙʲʝʤʘ ʧʦʨ 

ʚ ʰʫʥʛʠʪʝ ʧʦ ʨʘʟʤʝʨʘʤ ʧʦʟʚʦʣʷʶʪ ʩʫʜʠʪʴ ʦ ʭʘʨʘʢʪʝʨʝ ʧʦʨʠʩʪʦʩʪʠ ʘʜʩʦʨʙʝʥʪʘ: ʦʥ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 

ʩʦʜʝʨʞʠʪ ʧʦʨʳ ʨʘʟʤʝʨʦʤ 3ï4 ʥʤ ʠ ʤʝʟʦʧʦʨʳ ʨʘʟʤʝʨʦʤ 5ï50 ʥʤ. ɺʝʩʴʤʘ ʚʝʨʦʷʪʥʦ, ʧʨʠʩʫʪʩʪʚʠʝ ʠ 

ʤʘʢʨʦʧʦʨ, ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʚʩʝʭ ʰʫʥʛʠʪʦʚ. ɼʣʷ ʩʨʘʚʥʝʥʠʷ, 99% ʦʙʲʝʤʘ ʧʦʨ ʤʠʥʝʨʘʣʴʥʦʛʦ ʰʫʥʛʠʪʘ 

ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʤʘʢʨʦʧʦʨʳ ʨʘʟʤʝʨʦʤ 200 ʥʤ ʠ ʙʦʣʝʝ [1]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʤʝʭʘʥʦʭʠʤʠʯʝʩʢʦʡ 

ʠ ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʜʝʟʠʥʪʝʛʨʘʮʠʠ ʤʠʥʝʨʘʣʴʥʦʛʦ ʰʫʥʛʠʪʘ ʙʳʣ ʧʦʣʫʯʝʥ ʥʘʥʦʜʠʩʧʝʨʩʥʳʡ ʩʦʨʙʝʥʪ ʩ 

ʫʜʝʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ 70,6 ʤ2/ʛ ʠ ʩʫʤʤʘʨʥʳʤ ʦʙʲʝʤʦʤ ʧʦʨ 0,336 ʩʤ3/ʛ, ʟʥʘʯʠʪʝʣʴʥʫʶ ʜʦʣʶ ʢʦʪʦʨʳʭ 

ʩʦʩʪʘʚʣʷʶʪ ʧʦʨʳ ʨʘʟʤʝʨʦʤ 3ï4 ʥʤ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʰʫʥʛʠʪʘ ʩ 

ʬʠʣʴʪʨʘʮʠʦʥʥʳʤʠ ʮʝʣʷʤʠ.  

ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʦʣʫʯʝʥʥʦʛʦ ʩʦʨʙʝʥʪʘ ʤʝʪʦʜʘʤʠ ʨʘʩʪʨʦʚʦʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʠ 

ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʤʠʢʨʦʘʥʘʣʠʟʘ EDAX ʧʦʟʚʦʣʠʣʦ ʫʩʪʘʥʦʚʠʪʴ, ʯʪʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʷ 

ʧʨʦʠʟʦʰʣʦ ʟʥʘʯʠʪʝʣʴʥʦʝ ʦʙʦʛʘʱʝʥʠʝ ʠʩʭʦʜʥʦʛʦ ʰʫʥʛʠʪʘ ʮʝʥʥʳʤ ʫʛʣʝʨʦʜʥʳʤ ʢʦʤʧʦʥʝʥʪʦʤ ï ʝʛʦ ʜʦʣʷ 

ʫʚʝʣʠʯʠʣʘʩʴ ʜʦ 76%, ʯʪʦ ʧʦʯʪʠ ʚ 2 ʨʘʟʘ ʙʦʣʴʰʝ, ʯʝʤ ʚ ʠʩʭʦʜʥʦʤ ʦʙʨʘʟʮʝ. ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʫʛʣʝʨʦʜʘ ʨʘʩʪʝʪ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ ʰʫʥʛʠʪʘ, ʤʝʥʷʶʪʩʷ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ, ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʠ 

ʩʦʨʙʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʪʝʨʠʘʣʘ, ʚ ʩʦʩʪʘʚʝ ʫʛʣʝʨʦʜʘ ʢʦʪʦʨʦʛʦ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʧʨʠʩʫʪʩʪʚʠʝ 

ʬʫʣʣʝʨʝʥʦʚ, ʛʨʘʬʝʥʦʚ ʠ ʥʘʥʦʪʨʫʙʦʢ.  

ʇʦʧʳʪʢʘ ʩʦʟʜʘʥʠʷ ʨʘʟʚʠʪʦʡ ʩʠʩʪʝʤʳ ʤʠʢʨʦʧʦʨ ʚ ʥʘʥʦʜʠʩʧʝʨʩʥʦʤ ʰʫʥʛʠʪʝ ʧʦ ʩʭʝʤʝ ʘʢʪʠʚʘʮʠʠ 

ʫʛʣʝʡ ʧʨʠʚʝʣʘ, ʦʜʥʘʢʦ, ʢ ʧʦʣʥʦʤʫ ʚʳʛʦʨʘʥʠʶ ʚʩʝʛʦ ʫʛʣʝʨʦʜʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʝʛʦ ʦʢʠʩʣʝʥʠʷ ʚʦʜʷʥʳʤ ʧʘʨʦʤ 

ʧʨʠ 800ʦʉ. ʇʦ-ʚʠʜʠʤʦʤʫ, ʤʝʭʘʥʦʭʠʤʠʯʝʩʢʦʝ ʨʘʟʨʫʰʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʰʫʥʛʠʪʘ, ʝʛʦ ʩʠʣʠʢʘʪʥʦʛʦ ʢʘʨʢʘʩʘ ʠ 

ʩʚʷʟʝʡ ʫʛʣʝʨʦʜʥʦʡ ʤʘʪʨʠʮʳ ʩ ʤʠʥʝʨʘʣʘʤʠ ʧʨʠ ʜʝʟʠʥʪʝʛʨʘʮʠʠ ʧʦʨʦʜʳ ʧʨʠʚʝʣʦ ʢ ʧʦʷʚʣʝʥʠʶ ʙʦʣʴʰʦʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʥʝʩʚʷʟʘʥʥʦʛʦ ʫʛʣʝʨʦʜʘ, ʜʝʬʝʢʪʥʳʭ ʩʪʨʫʢʪʫʨ ʠ ʘʢʪʠʚʥʳʭ ʮʝʥʪʨʦʚ, ʧʦʚʳʩʠʣʦ ʭʠʤʠʯʝʩʢʫʶ ʠ 

ʧʦʚʝʨʭʥʦʩʪʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʰʫʥʛʠʪʘ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʤʥʦʛʦʢʨʘʪʥʦʡ ʜʝʟʠʥʪʝʛʨʘʮʠʠ ʰʫʥʛʠʪʘ-III ʠ ʦʪʜʝʣʝʥʠʷ ʬʨʘʢʮʠʠ 

ʪʨʫʜʥʦʠʟʤʝʣʴʯʘʝʤʳʭ ʯʘʩʪʠʮ ʪʚʝʨʜʳʭ ʤʠʥʝʨʘʣʦʚ ʫʜʘʣʦʩʴ ʧʦʣʫʯʠʪʴ ʦʙʦʛʘʱʝʥʥʳʡ ʫʛʣʝʨʦʜʦʤ 

ʥʘʥʦʜʠʩʧʝʨʩʥʳʡ ʧʦʨʦʰʦʢ ʧʦʨʠʩʪʦʛʦ ʰʫʥʛʠʪʘ. ʆʙʥʘʨʫʞʝʥʥʳʝ ʚ ʰʫʥʛʠʪʝ ʤʠʢʨʦʧʨʠʤʝʩʠ ʧʝʨʝʭʦʜʥʳʭ 

ʤʝʪʘʣʣʦʚ (W, Cr, V, Mo, Co, Ga, Mn) ʩʢʘʟʳʚʘʶʪʩʷ ʥʘ ʝʛʦ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚʘʭ. ɺʩʝ ʵʪʦ ʧʦʟʚʦʣʷʝʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ ʥʘʥʦʜʠʩʧʝʨʩʥʳʡ ʧʦʨʠʩʪʳʡ ʰʫʥʛʠʪ ʢʘʢ ʩʦʨʙʝʥʪ, ʥʘʧʦʣʥʠʪʝʣʴ ʠ ʧʠʛʤʝʥʪ 

ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʨʘʟʣʠʯʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ, ʢʘʪʘʣʠʟʘʪʦʨ ʠ ʧʝʨʩʧʝʢʪʠʚʥʳʡ ʤʘʪʝʨʠʘʣ ʜʣʷ 

ʨʘʟʚʠʪʠʷ ʥʘʥʦʪʝʭʥʦʣʦʛʠʡ.  

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ (ʛʨʘʥʪʳ ˉ 15-08-08006 ʠ 14-08-00780). 

ʃʠʪʝʨʘʪʫʨʘ 

ʐʫʥʛʠʪʳ ï ʥʦʚʦʝ ʫʛʣʝʨʦʜʠʩʪʦʝ ʩʳʨʴʝ / ʇʦʜ ʨʝʜ. ɺ. ɸ. ʉʦʢʦʣʦʚʘ, ʖ. ʂ. ʂʘʣʠʥʠʥʘ, ɽ. ʌ. ɼʶʢʢʠʝʚʘ. 
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INVESTIGATION ON THE SCAL E FACTOR AND NONLINE AR BEHAVIOR OF  

3D REINFORCED CARBON C/C COMPOSITE UNDER COMPRESSIVE LOADS 

Voronin A.V., Magnitsky I.V., Ponomarev K.A. 

 
General results of the experimental study on the C/C composite behavior under compressive loads are 

discussed. Strength values and elastic modulus scale factors has been obtained for the high-density 4DL-

reinforced C/C composite with a cell of about 1.5 mm. Strain-stress curves, as well as strength and modulus 

dependencies on the specimen cross-area, has been obtained. Structural changes in material components under 

compressive loads has been investigated. 

ɸʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʵʣʝʤʝʥʪʦʚ ʢʦʥʩʪʨʫʢʮʠʡ ʘʚʠʘʮʠʦʥʥʦʡ ʠ ʢʦʩʤʠʯʝʩʢʦʡ 

ʪʝʭʥʠʢʠ ʷʚʣʷʝʪʩʷ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʧʦʚʝʜʝʥʠʷ ʧʨʠʤʝʥʷʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ [1, 2]. ɺ ʨʷʜʝ 

ʩʣʫʯʘʝʚ ʜʣʷ ʪʝʧʣʦʥʘʛʨʫʞʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʪʘʢʠʭ ʢʦʥʩʪʨʫʢʮʠʡ ʧʨʠʤʝʥʷʶʪʩʷ ʫʛʣʝʨʦʜ-ʫʛʣʝʨʦʜʥʳʝ 

ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ (ʋʋʂʄ). ʆʪʣʠʯʠʪʝʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʨʷʜʘ ʤʘʪʝʨʠʘʣʦʚ ʜʘʥʥʦʛʦ ʢʣʘʩʩʘ 

ʷʚʣʷʝʪʩʷ ʛʝʪʝʨʦʛʝʥʥʦʩʪʴ ʚʥʫʪʨʝʥʥʝʡ ʩʪʨʫʢʪʫʨʳ ʥʘ ʤʘʩʰʪʘʙʘʭ, ʩʨʘʚʥʠʤʳʭ ʩ ʭʘʨʘʢʪʝʨʥʳʤʠ ʨʘʟʤʝʨʘʤʠ 

ʫʟʣʦʚ ʠʟʜʝʣʠʡ. ʉʣʝʜʩʪʚʠʝʤ ʵʪʦʛʦ ʩʪʘʥʦʚʠʪʩʷ ʥʘʣʠʯʠʝ ʷʨʢʦ ʚʳʨʘʞʝʥʥʳʭ ʤʘʩʰʪʘʙʥʳʭ ʵʬʬʝʢʪʦʚ ʧʨʦʯʥʦʩʪʠ 

ʠ ʞʝʩʪʢʦʩʪʠ. ʇʦʤʠʤʦ ʵʪʦʛʦ, ʠʥʪʝʨʝʩ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʪʘʢʞʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠ ʫʯʝʪ ʥʝʣʠʥʝʡʥʦʩʪʠ 

ʜʠʘʛʨʘʤʤʳ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʪʘʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʩʪʨʫʢʪʫʨʥʳʝ ʠʟʤʝʥʝʥʠʷ, ʧʨʦʠʩʭʦʜʷʱʠʝ ʚ ʧʨʦʮʝʩʩʝ 

ʥʘʛʨʫʞʝʥʠʷ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʘʩʰʪʘʙʥʳʭ 

ʵʬʬʝʢʪʦʚ ʧʨʦʯʥʦʩʪʠ ʠ ʞʝʩʪʢʦʩʪʠ ʜʣʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ʘʨʤʠʨʦʚʘʥʥʦʛʦ ʋʋʂʄ ʩʦ ʩʪʝʨʞʥʝʚʳʤ ʢʘʨʢʘʩʦʤ 

ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ ʧʨʠ ʥʦʨʤʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ʈʘʩʩʤʦʪʨʝʥʦ ʚʣʠʷʥʠʝ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʨʘʟʤʝʨʦʚ ʠ ʬʦʨʤʳ ʥʘ ʧʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ, ʝʛʦ ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ ʠ ʚʠʜ 

ʜʠʘʛʨʘʤʤʳ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ. ʀʩʩʣʝʜʦʚʘʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʥʝʣʠʥʝʡʥʦʛʦ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʤʘʪʝʨʠʘʣʘ, 

ʚʣʠʷʥʠʝ ʤʥʦʛʦʢʨʘʪʥʦʛʦ ʥʘʛʨʫʞʝʥʠʷ. ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʦʚ ʥʝʨʘʟʨʫʰʘʶʱʝʛʦ ʢʦʥʪʨʦʣʷ ʧʨʦʚʝʜʝʥ 

ʘʥʘʣʠʟ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʚ ʩʪʨʫʢʪʫʨʥʳʭ ʢʦʤʧʦʥʝʥʪʘʭ ʤʘʪʝʨʠʘʣʘ. 
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NUMERICAL SCHEMES FO R THE HEAT EQUATION SOLUTION FOR SPHERICAL PARTICLES 

AT THE SELECTIVE LAS ER SINTERING  

Logacheva A.I.1, Logachev I.A.1, Blesman A.I.2, Postnikov D.V.2, Polonyankin D.A.2 

 
Abstract. A numerical calculation schemes for temperature field redistribution in a spherical particle upon 

exposure to laser radiation was investigated. The proposed numerical schemes is verified for 3-dimensional heat 

equation with no restrictions on the convergence and stability of numerical solution at low exposure times, take 

into account the phase transition. 

 

ɸʥʥʦʪʘʮʠʷ. ʈʘʟʨʘʙʦʪʘʥʘ ʯʠʩʣʝʥʥʘʷ ʩʭʝʤʘ ʨʘʩʯʝʪʘ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ ʧʨʠ 

ʚʦʟʜʝʡʩʪʚʠʠ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʥʘ ʯʘʩʪʠʮʫ ʩʬʝʨʠʯʝʩʢʦʡ ʬʦʨʤʳ. ʇʨʝʜʣʦʞʝʥʥʳʝ ʯʠʩʣʝʥʥʳʝ ʩʭʝʤʳ 

ʚʝʨʠʬʠʮʠʨʦʚʘʥʳ ʜʣʷ 3-ʭ ʤʝʨʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʙʝʟ ʦʛʨʘʥʠʯʝʥʠʡ ʥʘ ʩʭʦʜʠʤʦʩʪʴ ʠ 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʯʠʩʣʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʧʨʠ ʢʨʘʪʢʦʚʨʝʤʝʥʥʳʭ ʚʦʟʜʝʡʩʪʚʠʷʭ ʠ ʩ ʫʯʝʪʦʤ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ.  

 

ʊʝʭʥʦʣʦʛʠʷ ʧʦʩʣʦʡʥʦʛʦ ʧʦʩʪʨʦʝʥʠʷ ʤʦʜʝʣʝʡ ʧʨʠ ʩʝʣʝʢʪʠʚʥʦʤ ʣʘʟʝʨʥʦʤ ʩʧʝʢʘʥʠʠ ʧʨʝʜʧʦʣʘʛʘʝʪ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʚʳʩʦʢʦʡ ʤʦʱʥʦʩʪʠ ʜʣʷ ʧʣʘʚʣʝʥʠʷ ʥʝʙʦʣʴʰʠʭ ʯʘʩʪʠʮ ʧʣʘʩʪʠʢʘ, 

ʤʝʪʘʣʣʘ, ʢʝʨʘʤʠʯʝʩʢʠʭ ʧʦʨʦʰʢʦʚ ʚ ʠʟʜʝʣʠʝ ʩ ʥʝʦʙʭʦʜʠʤʦʡ ʪʨʝʭʤʝʨʥʦʡ ʬʦʨʤʦʡ. ʃʘʟʝʨ ʠʟʙʠʨʘʪʝʣʴʥʦ 

ʩʧʝʢʘʝʪ ʧʦʨʦʰʢʦʦʙʨʘʟʥʳʡ ʤʘʪʝʨʠʘʣ ʧʦʩʨʝʜʩʪʚʦʤ ʩʢʘʥʠʨʦʚʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʨʦʰʢʘ ʠ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ ʩʚʝʨʢʠ ʝʛʦ ʩ ʛʝʥʝʨʠʨʫʝʤʦʡ ʚ ʧʘʤʷʪʠ ʢʦʤʧʴʶʪʝʨʘ 3D ʤʦʜʝʣʴʶ ʜʝʪʘʣʠ (ʥʘʧʨʠʤʝʨ, ʬʘʡʣʦʚ 

CAD ʠʣʠ ʩʢʘʥʠʨʦʚʘʥʥʳʭ ʜʘʥʥʳʭ ʜʨʫʛʦʛʦ ʬʦʨʤʘʪʘ). ʇʦʩʣʝ ʪʦʛʦ ʢʘʢ ʩʝʯʝʥʠʷ ʜʝʪʘʣʠ ʟʘʢʦʥʯʝʥʦ, ʝʤʢʦʩʪʴ ʩ 

ʧʦʨʦʰʢʦʤ ʧʦʛʨʫʞʘʝʪʩʷ ʥʘ ʦʜʠʥ ʩʣʦʡ ʥʠʞʝ ʠ ʧʨʦʮʝʩʩ ʧʦʚʪʦʨʷʝʪʩʷ. 

ɼʣʷ ʨʘʟʨʘʙʦʪʢʠ ʪʝʭʥʦʣʦʛʠʠ ʣʘʟʝʨʥʦʛʦ ʩʧʝʢʘʥʠʷ ʪʨʝʙʫʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʤʦʜʝʣʠ, ʠ ʪʦʯʥʳʝ ʯʠʩʣʝʥʥʳʝ 

ʨʘʩʯʝʪʳ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʧʦʣʝʡ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʫʟʢʠʡ 

ʜʠʘʧʘʟʦʥ ʟʥʘʯʝʥʠʡ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʩʢʦʨʦʩʪʠ ʦʙʨʘʙʦʪʢʠ ʩʧʝʢʘʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠ ʩʣʫʞʠʪ ʜʣʷ 

ʦʪʨʘʙʦʪʢʠ ʪʝʭʥʦʣʦʛʠʠ ʩʦʟʜʘʥʠʷ ʉʃʉ-ʠʟʜʝʣʠʡ. ɺ ʦʩʥʦʚʝ ʤʦʜʝʣʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʫʨʘʚʥʝʥʠʝ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ. ɼʣʷ ʧʦʜʙʦʨʘ ʤʝʪʦʜʦʚ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʷ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʨʘʩʩʤʦʪʨʠ ʨʘʟʨʘʙʦʪʘʥʥʳʝ 

ʢ ʜʘʥʥʦʤʫ ʚʨʝʤʝʥʠ ʯʠʩʣʝʥʥʳʝ ʤʝʪʦʜʳ. ʋʩʣʦʚʥʦ ʚʩʝ ʩʫʱʝʩʪʚʫʶʱʠʝ ʯʠʩʣʝʥʥʳʝ ʩʭʝʤʳ ʨʝʰʝʥʠʷ ʤʦʞʥʦ 

ʨʘʟʜʝʣʠʪʴ ʥʘ 3 ʙʦʣʴʰʠʝ ʛʨʫʧʧʳ: ʨʝʰʝʥʠʷ ʤʝʪʦʜʦʤ ʢʦʥʝʯʥʳʭ ʨʘʟʥʦʩʪʝʡ, ʨʝʰʝʥʠʝ ʤʝʪʦʜʦʤ ʛʨʘʥʠʯʥʳʭ 

ʵʣʝʤʝʥʪʦʚ, ʨʝʰʝʥʠʝ ʤʝʪʦʜʦʤ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ. ʆʙʦʟʥʘʯʠʤ ʦʩʥʦʚʥʳʝ ʧʨʠʥʮʠʧʳ ʢʘʞʜʦʛʦ ʤʝʪʦʜʘ: 

ʄʝʪʦʜ ʢʦʥʝʯʥʳʭ ʨʘʟʥʦʩʪʝʡ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʥʝʷʚʥʳʭ ʩʭʝʤ ʦʙʣʘʜʘʝʪ ʘʙʩʦʣʶʪʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʴʶ 

ʯʠʩʣʝʥʥʦʡ ʩʭʝʤʳ [1], ʩʘʤʦʡ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ. ʂ ʥʝʜʦʩʪʘʪʢʘʤ ʤʝʪʦʜʘ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʟʥʘʯʠʪʝʣʴʥʳʡ 

ʦʙʲʝʤ ʚʳʯʠʩʣʝʥʠʡ ʠ ʩʣʦʞʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ ʥʘ ʛʨʘʥʠʮʘʭ ʩʣʦʞʥʦʡ ʬʦʨʤʳ.  

ʄʝʪʦʜ ʛʨʘʥʠʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʟʘʜʘʝʪ ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʧʦʣʝ ʚʩʝʭ ʪʝʤʧʝʨʘʪʫʨ ʥʘ ʛʨʘʥʠʮʝ ʪʝʣʘ, ʟʘʪʝʤ ʪʝʣʦ 

ʨʘʟʙʠʚʘʝʪʩʷ ʥʘ ʫʯʘʩʪʢʠ ʠ ʩ ʧʦʤʦʱʴʶ ʨʝʰʝʥʠʷ ʣʠʥʝʡʥʳʭ ʫʨʘʚʥʝʥʠʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦ ʚʩʝʭ 

ʦʩʪʘʣʴʥʳʭ ʪʦʯʢʘʭ. ʂ ʥʝʜʦʩʪʘʪʢʘʤ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʦʜʙʦʨʘ ʩʦʦʪʥʦʰʝʥʠʝ ʰʘʛʘ ʢʦʦʨʜʠʥʘʪʳ 

ʠ ʚʨʝʤʝʥʠ. ʂ ʧʨʝʠʤʫʱʝʩʪʚʘʤ ʤʝʪʦʜʘ ʤʦʞʥʦ ʦʪʥʝʩʪʠ, ʜʦʩʪʘʪʦʯʥʦʡ ʧʨʦʩʪʦʡ ʩʧʦʩʦʙ ʚʚʝʜʝʥʠʷ ʛʨʘʥʠʯʥʳʭ 

ʫʩʣʦʚʠʡ ʜʣʷ ʠʟʜʝʣʠʡ ʩʣʦʞʥʦʡ ʬʦʨʤʳ. 

ʌʫʥʜʘʤʝʥʪʘʣʴʥʳʡ ʧʨʠʥʮʠʧ ʄʂʕ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʨʘʟʙʠʝʥʠʠ ʠʟʫʯʘʝʤʦʡ ʦʙʣʘʩʪʠ ʥʘ ʵʣʝʤʝʥʪʘʨʥʳʝ 

ʦʙʣʘʩʪʠ ʢʦʥʝʯʥʳʭ ʨʘʟʤʝʨʦʚ (ʢʦʥʝʯʥʳʝ ʵʣʝʤʝʥʪʳ). ɺ ʢʘʞʜʦʤ ʪʘʢʦʤ ʵʣʝʤʝʥʪʝ ʥʝʠʟʚʝʩʪʥʘʷ ʬʫʥʢʮʠʷ 

ʘʧʧʨʦʢʩʠʤʠʨʫʝʪʩʷ ʧʦʣʠʥʦʤʦʤ, ʩʪʝʧʝʥʴ ʢʦʪʦʨʦʛʦ ʤʝʥʷʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʟʘʜʘʯʠ, ʥʦ ʦʩʪʘʝʪʩʷ ʦʙʳʯʥʦ 

ʥʝʚʳʩʦʢʦʡ (ʦʪ 1 ʜʦ 6). ɼʣʷ ʢʘʞʜʦʛʦ ʵʣʝʤʝʥʪʘ ʘʧʧʨʦʢʩʠʤʠʨʫʶʱʠʡ ʧʦʣʠʥʦʤ ʦʧʨʝʜʝʣʷʝʪʩʷ ʝʛʦ 

ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ. ʂʦʵʬʬʠʮʠʝʥʪʳ ʤʦʛʫʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʳ ʟʥʘʯʝʥʠʷʤʠ ʬʫʥʢʮʠʠ ʚ ʯʘʩʪʥʳʭ ʪʦʯʢʘʭ, 

ʥʘʟʳʚʘʝʤʳʭ ʫʟʣʘʤʠ ʵʣʝʤʝʥʪʘ. ʂ ʜʦʩʪʦʠʥʩʪʚʘʤ ʤʝʪʦʜʘ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʘʣʳʡ ʦʙʲʝʤ 

ʚʳʯʠʩʣʝʥʠʡ, ʧʨʦʩʪʦʪʫ ʚʚʝʜʝʥʠʷ ʩʣʦʞʥʳʭ ʛʨʘʥʠʮ. ʂ ʥʝʜʦʩʪʘʪʢʘʤ ʥʠʟʢʫʶ ʪʦʯʥʦʩʪʴ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʧʨʝʜʳʜʫʱʠʤʠ ʤʝʪʦʜʘʤʠ ʠ ʟʘʚʠʩʠʤʦʩʪʴ ʨʝʟʫʣʴʪʘʪʘ ʦʪ ʚʳʙʦʨʘ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʷ ʠ ʘʧʧʨʦʢʩʠʤʠʨʫʶʱʠʭ 

ʬʫʥʢʮʠʡ. 

ɼʣʷ ʨʝʰʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ ʧʦ ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʪʝʧʣʦʚʳʭ ʧʨʦʮʝʩʩʦʚ ʧʨʠ ʩʧʝʢʘʥʠʠ 

ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʯʘʩʪʠʮ ʩʬʝʨʠʯʝʩʢʦʡ ʬʦʨʤʳ ʣʘʟʝʨʥʳʤ ʠʟʣʫʯʝʥʠʝʤ ʚʳʙʨʘʥ ʤʝʪʦʜ ʢʦʥʝʯʥʳʭ ʨʘʟʥʦʩʪʝʡ ʩ 

ʧʦʤʦʱʴʶ ʥʝʷʚʥʳʭ ʩʭʝʤ, ʢʘʢ ʦʙʣʘʜʘʶʱʝʡ ʘʙʩʦʣʶʪʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʠ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ. 
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ʇʨʝʜʣʦʞʝʥʥʘʷ ʯʠʩʣʝʥʥʘʷ ʩʭʝʤʘ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʤʝʪʦʜʝ ʧʨʦʛʦʥʦʢ ʧʨʠ ʨʝʰʝʥʠʠ ʩʠʩʪʝʤʳ ʣʠʥʝʡʥʳʭ 

ʫʨʘʚʥʝʥʠʡ.  

ʉʣʝʜʫʶʱʠʤ ʚʘʞʥʳʤ ʰʘʛʦʤ ʷʚʣʷʝʪʩʷ ʩʨʘʚʥʝʥʠʝ ʩ ʜʠʥʘʤʠʯʝʩʢʠʤ ʘʥʘʣʠʪʠʯʝʩʢʠʤ ʨʝʰʝʥʠʝʤ. ʂʘʢ 

ʧʦʢʘʟʳʚʘʝʪ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʯʠʩʣʝʥʥʦʛʦ ʠ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʨʝʰʝʥʠʷ, ʥʘʙʣʶʜʘʝʪʩʷ ʭʦʨʦʰʝʝ 

ʩʦʦʪʚʝʪʩʪʚʠʝ ʨʝʟʫʣʴʪʘʪʦʚ. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. V.A. Grigorôev, V.M. Zorin Heat and mass transfer: thermal-engineering experiment, 1982, Moscow, 

Energoizdat, 512. 
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ANALYZE OF HIP-PROCESS FOR NIOBIUM-BASED POWDER ALLOYS 

Potapkin P.A., Grigorovich K.V., Logachev A.V., Sulman E.M. 

 
There were made some investigations of compact samples made from Nb/Nb3Al powder alloys using HIP 

technology. Structural determination and mechanical properties have presented. 

 

ʈʘʟʚʠʪʠʝ ʩʦʚʨʝʤʝʥʥʦʡ ʪʝʭʥʠʢʠ ʪʨʝʙʫʝʪ ʩʦʟʜʘʥʠʷ ʤʘʪʝʨʠʘʣʦʚ, ʩʧʦʩʦʙʥʳʭ ʜʣʠʪʝʣʴʥʦ ʨʘʙʦʪʘʪʴ ʚ 

ʫʩʣʦʚʠʷʭ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘʛʨʫʟʦʢ (ʚ ʪ.ʯ. ʮʠʢʣʠʯʝʩʢʠʭ) ʧʨʠ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ʆʜʥʠʤ ʠʟ ʪʘʢʠʭ 

ʤʘʪʝʨʠʘʣʦʚ ʷʚʣʷʶʪʩʷ ʥʠʦʙʠʝʚʳʝ ʩʧʣʘʚʳ, ʩʧʦʩʦʙʥʳʝ ʵʬʬʝʢʪʠʚʥʦ ʨʘʙʦʪʘʪʴ ʚ ʪʝʨʤʦʥʘʛʨʫʞʝʥʥʳʭ ʜʝʪʘʣʷʭ ʠ 

ʫʟʣʘʭ. ʏʠʩʪʳʡ ʥʠʦʙʠʡ ʥʝ ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʦʡ ʧʨʦʯʥʦʩʪʴʶ, ʧʦʵʪʦʤʫ ʜʣʷ ʝʝ ʧʦʚʳʰʝʥʠʷ ʠʩʧʦʣʴʟʫʶʪ 

ʣʝʛʠʨʫʶʱʠʝ ʵʣʝʤʝʥʪʳ. ʅʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ ʧʨʦʯʥʦʩʪʴ ʥʠʦʙʠʷ ʧʦʚʳʰʘʶʪ ʚʦʣʴʬʨʘʤ, ʤʦʣʠʙʜʝʥ, 

ʮʠʨʢʦʥʠʡ, ʪʠʪʘʥ.  

ʃʝʛʠʨʦʚʘʥʠʝ ʥʠʦʙʠʷ ʧʨʠʚʦʜʠʪ ʢ ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʧʦʚʳʰʝʥʠʶ ʪʝʤʧʝʨʘʪʫʨʳ ʝʛʦ ʧʝʨʝʭʦʜʘ ʠʟ 

ʧʣʘʩʪʠʯʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚ ʭʨʫʧʢʦʝ, ʧʦʵʪʦʤʫ ʩʫʤʤʘʨʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʣʝʛʠʨʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ ʦʙʳʯʥʦ ʥʝ 

ʧʨʝʚʳʰʘʝʪ 10-12%. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʚʳʩʦʢʘʷ ʧʨʦʯʥʦʩʪʴ ʜʦʩʪʠʛʘʝʪʩʷ ʟʘ ʩʯʝʪ ʩʦʟʜʘʥʠʷ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ. 

ʇʨʠ ʚʚʝʜʝʥʠʠ ʚ ʩʧʣʘʚʳ, ʩʦʜʝʨʞʘʱʠʝ ʢʘʨʙʠʜʦʦʙʨʘʟʫʶʱʠʝ (ʪʠʪʘʥ, ʮʠʨʢʦʥʠʡ) ʣʝʛʠʨʫʶʱʠʝ ʵʣʝʤʝʥʪʳ, 

ʥʝʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʫʛʣʝʨʦʜʘ (ʜʦ 0,3% ʤʘʩʩ) ʦʙʨʘʟʫʶʪʩʷ ʢʘʨʙʠʜʥʳʝ ʬʘʟʳ TiC, ZrC, ʩʠʣʴʥʦ 

ʫʧʨʦʯʥʷʶʱʠʝ ʦʙʲʝʤ ʠ ʛʨʘʥʠʮʳ ʟʝʨʝʥ.  

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʵʬʬʝʢʪʘ ʫʧʨʦʯʥʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʤʝʥʷʪʴ ʢʦʤʧʣʝʢʩʥʦʝ 

ʣʝʛʠʨʦʚʘʥʠʝ. ʇʨʠʤʝʨʦʤ ʢʦʤʧʣʝʢʩʥʦʛʦ ʣʝʛʠʨʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʩʧʣʘʚ ɺʅ4, ʠʤʝʶʱʠʡ ʧʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 1200 0ʉ 550ʄʇʘ.  

ɽʱʝ ʦʜʥʠʤ ʩʧʦʩʦʙʦʤ ʧʦʚʳʰʝʥʠʷ ʞʘʨʦʧʨʦʯʥʦʩʪʠ ʥʠʦʙʠʝʚʳʭ ʩʧʣʘʚʦʚ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥʠʝ 

ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʤʝʪʦʜʦʤ ʧʦʨʦʰʢʦʚʦʡ ʤʝʪʘʣʣʫʨʛʠʠ.  ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʢʦʤʧʘʢʪʥʳʝ ʦʙʨʘʟʮʳ 

ʧʦʣʫʯʠʣʠ ʛʦʨʷʯʠʤ ʠʟʦʩʪʘʪʠʯʝʩʢʠʤ ʧʨʝʩʩʦʚʘʥʠʝʤ ʧʦʨʦʰʢʦʚʳʭ ʩʤʝʩʝʡ Nb/Nb3Al. ʇʨʠʚʝʜʝʥʳ ʠ 

ʦʙʩʫʞʜʘʶʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʩʪʨʫʢʪʫʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʦʧʨʝʜʝʣʝʥʠʷ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. 
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PERFORMANCE ANALYSIS OF FASTENING ELEMENT FROM BRAIDED CARBON PREFORM WITH 

THERMOPLASTIC BINDER FOR COMPOSITE STRUCTURES 

Prokopenko A.V., Timofeev I.A., Smerdov A.A., Aleksandrov N.G. 

 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʣʦʞʥʳʭ ʩʦʩʪʘʚʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʠʟ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʠʟʜʝʣʠʡ 

ʘʚʠʘʮʠʦʥʥʦʡ ʠ ʨʘʢʝʪʥʦ-ʢʦʩʤʠʯʝʩʢʦʡ ʪʝʭʥʠʢʠ ʦʩʪʨʦ ʩʪʦʠʪ ʧʨʦʙʣʝʤʘ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʚʳʙʦʨʘ ʢʨʝʧʝʞʥʳʭ 

ʠʟʜʝʣʠʡ. ʇʨʠʤʝʥʝʥʠʝ ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʢʨʝʧʝʞʘ ʦʛʨʘʥʠʯʝʥʦ ʨʷʜʦʤ ʬʘʢʪʦʨʦʚ, ʥʘʧʨʠʤʝʨ, 

ʤʘʩʩʦʚʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʠ ʨʘʟʣʠʯʠʝʤ ʚ ʢʦʵʬʬʠʮʠʝʥʪʘʭ ʣʠʥʝʡʥʦʛʦ ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʩʰʠʨʝʥʠʷ.  

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʦʚʝʜʝʥ ʦʙʟʦʨ ʤʠʨʦʚʦʛʦ ʦʧʳʪʘ ʚ ʨʘʟʨʘʙʦʪʢʝ ʢʨʝʧʝʞʥʳʭ ʠʟʜʝʣʠʡ ʠʟ 

ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʧʨʝʜʣʦʞʝʥʘ ʩʭʝʤʘ ʩʦʝʜʠʥʝʥʠʷ ʩ ʢʨʝʧʝʞʥʳʤ ʵʣʝʤʝʥʪʦʤ ʠʟ 

ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʥʘ ʦʩʥʦʚʝ ʫʛʣʝʨʦʜʥʦʡ ʮʝʣʴʥʦʪʢʘʥʦʡ ʧʨʝʬʦʨʤʳ ʩ ʪʝʨʤʦʧʣʘʩʪʠʯʥʳʤ 

ʩʚʷʟʫʶʱʠʤ. ʇʨʦʚʝʜʝʥʘ ʧʨʝʜʚʘʨʠʪʝʣʴʥʘʷ ʦʮʝʥʢʘ ʥʘʧʨʷʞʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʤʦʜʝʣʴʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ. 
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TREATMENT OF SURFACE  LAYER MAT ERIALS INTERMETALLIC  NI-AL BY PLASMA ION 

IMPLANTATION BASIS U SING COLD PLASMA MIC ROWAVE OSCILLATOR  

Shilyaev A.S., Tarmosin E.V., Logachev A.V. 

 

Intermetallic compounds have a unique set of physical and mechanical features and are widely used in a 

heavy-duty exploitation including space technology. This article examines the processes of elemental and phase-

structural states formation and ion-implanted layers features using microwave atmospheric plasma. 

ʀʥʪʝʨʤʝʪʘʣʣʠʜʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʦʙʣʘʜʘʶʪ ʢʦʤʧʣʝʢʩʦʤ ʫʥʠʢʘʣʴʥʳʭ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ: 

ʥʠʟʢʦʡ ʧʣʦʪʥʦʩʪʴʶ, ʚʳʩʦʢʦʡ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴʶ, ʚʳʩʦʢʠʤʠ ʞʘʨʦʧʨʦʯʥʦʩʪʴʶ ʠ ʞʘʨʦʩʪʦʡʢʦʩʪʴʶ, ʘ ʪʘʢʞʝ 

ʚʳʩʦʢʦʡ ʢʦʨʨʦʟʠʦʥʥʦʡ ʩʪʦʡʢʦʩʪʴʶ. ʕʪʦ ʝʜʠʥʩʪʚʝʥʥʳʡ ʚʠʜ ʤʘʪʝʨʠʘʣʦʚ, ʫ ʢʦʪʦʨʳʭ ʦʙʥʘʨʫʞʠʚʘʶʪʩʷ 

ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʘʥʦʤʘʣʠʠ ʚ ʜʝʬʦʨʤʘʮʠʦʥʥʦʤ ʧʦʚʝʜʝʥʠʠ, ʥʘʧʨʠʤʝʨ, ʩ ʨʦʩʪʦʤ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʙʣʶʜʘʝʪʩʷ 

ʫʚʝʣʠʯʝʥʠʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʝʬʦʨʤʠʨʦʚʘʥʠʶ. ɼʣʷ ʨʘʟʨʘʙʦʪʢʠ ʞʘʨʦʧʨʦʯʥʳʭ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ʠʥʪʝʨʤʝʪʘʣʣʠʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʥʘʠʙʦʣʴʰʠʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʠʩʪʝʤʳ Ni-Al. 

[1] 

ʋʚʝʣʠʯʝʥʠʝ ʧʨʦʯʥʦʩʪʥʳʭ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʦʚ ʟʘ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʙʳʣ ʦʙʫʩʣʦʚʣʝʥ ʚ ʦʩʥʦʚʥʦʤ 

ʨʘʟʨʘʙʦʪʢʦʡ ʩʧʣʘʚʦʚ ʩ ʥʦʚʳʤ ʭʠʤʠʯʝʩʢʠʤ ʠ ʬʘʟʦʚʳʤ ʩʦʩʪʘʚʦʤ. ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʥʘʤʝʪʠʣʠʩʴ ʥʦʚʳʝ ʧʫʪʠ 

ʧʦʚʳʰʝʥʠʷ ʩʚʦʡʩʪʚ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʟʘ ʩʯʝʪ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦʛʦ ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʠʢʨʦ- ʠ 

ʥʘʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ. 

ʉʦʚʨʝʤʝʥʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʧʨʦʮʝʩʩʘʭ ʬʦʨʤʠʨʦʚʘʥʠʷ ʵʣʝʤʝʥʪʥʳʭ ʠ ʬʘʟʦʚʦ- ʩʪʨʫʢʪʫʨʥʳʭ 

ʩʦʩʪʦʷʥʠʡ ʠ ʩʚʦʡʩʪʚ ʠʦʥʥʦ-ʠʤʧʣʘʥʪʠʨʦʚʘʥʥʳʭ ʩʣʦʝʚ, ʘ ʪʘʢʞʝ ʧʨʠʤʝʥʷʝʤʳʝ ʥʘ ʧʨʘʢʪʠʢʝ ʜʣʷ ʦʙʨʘʙʦʪʢʠ 

ʤʝʪʘʣʣʦʠʟʜʝʣʠʡ ʩʧʦʩʦʙʳ ʠʦʥʥʦʡ ʠʤʧʣʘʥʪʘʮʠʠ ʩ ʫʩʪʘʥʦʚʢʘʤʠ ʥʠʟʢʠʭ ʠ ʩʨʝʜʥʠʭ ʵʥʝʨʛʠʡ (ʦʪ 1 ʜʦ 100 ʢʵɺ) 

ʧʨʠ ʙʦʣʴʰʠʭ ʜʦʟʘʭ ʦʙʣʫʯʝʥʠʷ ʠʥʪʝʥʩʠʚʥʳʤʠ ʠʦʥʥʳʤʠ ʧʦʪʦʢʘʤʠ (Ó 1 ʤɸ/ʩʤ2), ʧʦʣʫʯʠʣʠ ʥʘʟʚʘʥʠʝ 

ʠʤʧʣʘʥʪʘʮʠʦʥʥʦʡ ʤʝʪʘʣʣʫʨʛʠʠ. ʆʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ ʩʫʱʥʦʩʪʠ ʤʝʪʦʜʘ ʠʤʧʣʘʥʪʘʮʠʠ ʚʳʨʘʞʘʶʪʩʷ ʚ ʪʦʤ, 

ʯʪʦ ʧʨʠ ʫʧʨʫʛʠʭ ʩʪʦʣʢʥʦʚʝʥʠʷʭ ʠʦʥʦʚ ʩ ʘʪʦʤʘʤʠ ʪʚʝʨʜʦʛʦ ʪʝʣʘ ʨʘʩʩʪʦʷʥʠʝ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʣʝʛʠʨʫʶʱʠʭ 

ʵʣʝʤʝʥʪʦʚ ʥʝ ʧʨʝʚʳʰʘʝʪ ʜʝʩʷʪʳʭ ʜʦʣʝʡ ʤʠʢʨʦʤʝʪʨʘ, ʫʚʝʣʠʯʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʜʣʦʞʢʠ ʚ ʧʨʦʮʝʩʩʘʭ 
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ʠʤʧʣʘʥʪʘʮʠʠ ʥʝ ʧʨʝʚʳʰʘʝʪ 100 ʦʉ ʠ ʧʨʠ ʵʥʝʨʛʠʷʭ ʠʦʥʦʚ ʚ ʜʝʩʷʪʢʠ ʢʵɺ ʥʘʙʠʨʘʶʪʩʷ ʜʦʟʳ ʦʙʣʫʯʝʥʠʷ ʦʪ 

1016 ʜʦ 1018 ʠʦʥ/ʩʤ2. ʈʘʜʠʘʮʠʦʥʥʳʝ ʜʝʬʝʢʪʳ ʠ ʨʘʜʠʘʮʠʦʥʥʦ-ʫʩʢʦʨʝʥʥʘʷ ʜʠʬʬʫʟʠʷ ʩʧʦʩʦʙʩʪʚʫʶʪ 

ʘʪʦʤʥʦʤʫ ʧʝʨʝʤʝʰʠʚʘʥʠʶ, ʠ ʚ ʩʣʦʝ 0,01õ0,1 ʤʢʤ ʧʨʦʠʩʭʦʜʠʪ ʠʟʤʝʥʝʥʠʝ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ 

(ʣʝʛʠʨʦʚʘʥʠʝ), ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʫʣʫʯʰʘʪʴ  ʩʚʦʡʩʪʚʘ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʦʩʦʙʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʚʦʡʩʪʚ ʠʥʪʝʨʤʝʪʘʣʣʠʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʧʦʜʚʝʨʛʥʫʪʳʭ ʠʦʥʥʦ-ʧʣʘʟʤʝʥʥʦʡ ʦʙʨʘʙʦʪʢʝ ʚ ʉɺʏ ʛʝʥʝʨʘʪʦʨʝ ʘʪʤʦʩʬʝʨʥʦʡ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʧʣʘʟʤʳ.  

ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʨʘʙʦʪʝ ʷʚʣʷʣʠʩʴ ʠʥʪʝʨʤʝʪʘʣʣʠʜʥʳʝ ʛʨʘʥʫʣʳ ʥʘ ʦʩʥʦʚʝ Ni-Al  ʜʠʘʤʝʪʨʦʤ  

50-150 ʤʢʤ ʠ ʧʦʚʝʨʭʥʦʩʪʠ ʟʘʛʦʪʦʚʦʢ ʠʟ ʠʥʪʝʨʤʝʪʘʣʣʠʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ Ni-Al. ɺ ʢʘʯʝʩʪʚʝ 

ʧʣʘʟʤʦʦʙʨʘʟʫʶʱʝʛʦ ʛʘʟʘ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʘʨʛʦʥ ʩ ʯʠʩʪʦʪʦʡ 99,9%. ʀʩʧʦʣʴʟʦʚʘʣʠʩʴ ʨʘʩʧʳʣʷʶʱʠʝ 

ʵʣʝʢʪʨʦʜʳ ʥʘ ʦʩʥʦʚʝ ʥʠʭʨʦʤʘ ʠ ʚʦʣʴʬʨʘʤʘ. ʆʙʨʘʙʦʪʘʥʥʳʝ ʧʣʘʟʤʦʡ ʛʨʘʥʫʣʳ ʧʦʜʚʝʨʛʘʣʠʩʴ: ʩʧʝʢʘʥʠʶ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 1350 ʦʉ ʚ ʪʝʯʝʥʠʝ 3 ʯʘʩʦʚ, ʛʦʨʷʯʝʤʫ ʠʟʦʩʪʘʪʠʯʝʩʢʦʤʫ ʧʨʝʩʩʦʚʘʥʠʶ (ɻʀʇ). ʇʦʣʫʯʝʥʥʳʝ 

ʦʙʨʘʟʮʳ ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʢʘʯʝʩʪʚʝʥʥʦ ʥʘ ʨʘʩʪʨʦʚʦʤ ʵʣʝʢʪʨʦʥʥʦʤ ʤʠʢʨʦʩʢʦʧʝ, ʥʘʣʠʯʠʝ 

ʢʠʩʣʦʨʦʜʦʩʦʜʝʨʞʘʱʠʭ ʦʙʨʘʟʦʚʘʥʠʡ  ʢʦʥʪʨʦʣʠʨʦʚʘʣʦʩʴ ʤʝʪʦʜʦʤ ʦʙʨʘʪʥʦ ʦʪʨʘʞʝʥʥʳʭ ʵʣʝʢʪʨʦʥʦʚ.  

 
ʈʠʩ.1 ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ (ʈʕʄ) ʩʧʝʯʝʥʥʳʭ ʛʨʘʥʫʣ 

ʙʝʟ ʚʦʟʜʝʡʩʪʚʠʷ ʧʣʘʟʤʳ 

 
ʈʠʩ.2 ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ (ʈʕʄ) ʩʧʝʯʝʥʥʳʭ ʛʨʘʥʫʣ 

ʧʦʩʣʝ ʚʦʟʜʝʡʩʪʚʠʷ ʧʣʘʟʤʳ 

 
ʈʠʩ.3 ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ (ʈʕʄ) ʦʙʨʘʟʮʦʚ ʧʦʩʣʝ 

ɻʀʇ ʙʝʟ ʚʦʟʜʝʡʩʪʚʠʷ ʧʣʘʟʤʳ 

 
ʈʠʩ.4 ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ (ʈʕʄ) ʦʙʨʘʟʮʦʚ ʧʦʩʣʝ 

ɻʀʇ ʧʦʩʣʝ ʚʦʟʜʝʡʩʪʚʠʷ ʧʣʘʟʤʳ 

ɺ ʨʘʙʦʪʝ ʧʦʣʫʯʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʦ ʚʣʠʷʥʠʠ ʉɺʏ ʘʪʤʦʩʬʝʨʥʦʡ ʧʣʘʟʤʳ ʥʘ 

ʠʥʪʝʨʤʝʪʘʣʣʠʜʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʥʘ ʦʩʥʦʚʝ Ni-Al. ʄʦʞʥʦ ʚʳʜʝʣʠʪʴ ʩʣʝʜʫʶʱʠʝ ʦʩʥʦʚʥʳʝ ʵʬʬʝʢʪʳ 

ʦʙʨʘʙʦʪʢʠ ʧʣʘʟʤʦʡ: ʚʦʟʤʦʞʥʦʩʪʴ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʮʝʩʩʦʤ ʩʧʝʢʘʥʠʷ ʛʨʘʥʫʣ ʧʫʪʝʤ ʠʟʤʝʥʝʥʠʷ ʪʠʧʦʚ 

ʨʘʩʧʳʣʷʶʱʠʭ ʵʣʝʢʪʨʦʜʦʚ ʠ ʠʟʤʝʥʝʥʠʝʤ ʚʦʟʜʝʡʩʪʚʫʶʱʝʡ ʤʦʱʥʦʩʪʠ; ʫʤʝʥʴʰʝʥʠʝ ʧʦʣʝʡ ʥʘʧʨʷʞʝʥʠʷ ʥʘ 

ʛʨʘʥʠʮʝ ʩʪʳʢʦʚ ʩʧʝʢʘʝʤʳʭ ʛʨʘʥʫʣ; ʫʤʝʥʴʰʝʥʠʝ ʩʦʜʝʨʞʘʥʠʝ ʢʠʩʣʦʨʦʜʦʩʦʜʝʨʞʘʱʠʭ ʦʙʨʘʟʦʚʘʥʠʡ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʦʚ ʧʦʩʣʝ ɻʀʇ; ʧʦʣʫʯʝʥʠʝ ʨʘʚʥʦʤʝʨʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʧʦ 

ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʦʚ ɻʀʇ. 

 

******************************************************* ***********************************  

 

  



ʉɽʂʎʀʗ 2 ʂʆʄʇʆɿʀʎʀʆʅʅʓɽ ʄɸʊɽʈʀɸʃʓ, ɺʂʃʖʏɸʗ ʇʆʃʀʄɽʈʅʓɽ 

170 
 
 

ʇʈʀʄɽʅɽʅʀɽ ɺʈɽʄɽʅʅʆɻʆ ʄɽʊʆɼɸ ʋʃʔʊʈɸɿɺʋʂʆɺʆɻʆ ʂʆʅʊʈʆʃʗ ʀɿɼɽʃʀʁ ʀɿ 

ʋʋʂʄ ɼʃʗ ɺʓʗɺʃɽʅʀʗ ɼɽʌɽʂʊʆɺ ʀ ʆʎɽʅʀɺɸʅʀʗ ʀʍ ʈɸɿʄɽʈʆɺ 

ʐʠʧʰʘ ɺ.ɻ., ʇʨʦʭʦʨʦʚʠʯ ɺ.ɽ., ɺʘʩʠʣʴʝʚ ɺ.ɸ. 

ʈʦʩʩʠʷ, ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʆʆʆ çʅʊʎ çʕʪʘʣʦʥè 

E-mail:shipshavg@yandex.ru  

 

THE USE TEMPORARY ME THOD OF ULTRASONIC I NSPECTION OF PRODUCTS FROM CCCM 

FOR IDENTIFYING DEFE CTS AND ESTIMATING T HEIR SIZE  

Shipsha V.G., Prohorovich V.E., Vasilyev V.A. 

 

This article presents the possibility of using temporary methods to determine sizes of planar defects in 

products from CCCM. This method is based on measuring the speed of the traversing ultrasonic wave. In case 

existence a defect in the material the speed is reduced, which allows to estimate size of the defect. 

ʆʜʥʠʤ ʠʟ ʜʝʬʝʢʪʦʚ ʠʟʜʝʣʠʡ ʠʟ ʫʛʣʝʨʦʜ-ʫʛʣʝʨʦʜʥʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ (ʋʋʂʄ), ʷʚʣʷʝʪʩʷ 

ʥʘʨʫʰʝʥʠʝ ʚʥʫʪʨʝʥʥʝʡ ʩʧʣʦʰʥʦʩʪʠ ʪʠʧʘ ʨʘʩʩʣʦʝʥʠʡ, ʪʨʝʱʠʥ. ʕʪʠ ʜʝʬʝʢʪʳ ʥʝʦʙʭʦʜʠʤʦ ʚʳʷʚʣʷʪʴ ʩ 

ʧʦʤʦʱʴʶ ʥʝʨʘʟʨʫʰʘʶʱʝʛʦ ʢʦʥʪʨʦʣʷ, ʚ ʯʘʩʪʥʦʩʪʠ ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʢʦʥʪʨʦʣʷ (ʋɿʂ). ʀʟʚʝʩʪʥʦ, ʯʪʦ 

ʩʣʦʞʥʘʷ ʚʥʫʪʨʝʥʥʷʷ ʩʪʨʫʢʪʫʨʘ ʋʋʂʄ [1] ʧʨʠʚʦʜʠʪ ʩ ʩʠʣʴʥʦʤʫ ʟʘʪʫʭʘʥʠʷ ʋɿ ʠʤʧʫʣʴʩʘ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʨʘʩʩʝʠʚʘʥʠʷ, ʜʠʬʨʘʢʮʠʠ ʠ ʜʠʩʧʝʨʩʠʠ. ʇʦʵʪʦʤʫ ʧʨʘʢʪʠʯʝʩʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʥʘʭʦʜʠʪ ʥʠʟʢʦʯʘʩʪʦʪʥʳʡ 

ʪʝʥʝʚʦʡ ʤʝʪʦʜ [2,3]. ɺ ʢʘʯʝʩʪʚʝ ʠʥʬʦʨʤʘʪʠʚʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ʧʨʠʟʥʘʢʘ ʥʘʣʠʯʠʷ ʜʝʬʝʢʪʘ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʘʤʧʣʠʪʫʜʘ ʧʨʦʰʝʜʰʝʛʦ ʩʠʛʥʘʣʘ ɸ, ʢʦʪʦʨʘʷ ʧʨʠ ʥʘʣʠʯʠʠ ʜʝʬʝʢʪʘ ʩʥʠʞʘʝʪʩʷ. ɺ ʨʷʜʝ ʩʣʫʯʘʝʚ ʥʝʦʙʭʦʜʠʤʦ 

ʧʨʦʚʦʜʠʪʴ ʦʢʦʥʪʫʨʠʚʘʥʠʝ ʜʝʬʝʢʪʦʚ ʠ ʦʧʨʝʜʝʣʝʥʠʝ ʠʭ ʧʣʦʱʘʜʠ [3,4]. 

ʇʨʠʤʝʥʝʥʠʝ ʜʣʷ ʵʪʠʭ ʮʝʣʝʡ ʘʤʧʣʠʪʫʜʳ ʧʨʦʰʝʜʰʝʛʦ ʩʠʛʥʘʣʘ ʧʨʠʚʦʜʠʪ ʢ ʟʥʘʯʠʪʝʣʴʥʳʤ 

ʧʦʛʨʝʰʥʦʩʪʷʤ ʚ ʦʮʝʥʢʝ ʧʣʦʱʘʜʠ ʜʝʬʝʢʪʘ, ʚ ʯʘʩʪʥʦʩʪʠ ʜʣʷ ʜʝʬʝʢʪʘ 50ʭ50 ʤʤ ʧʦʛʨʝʰʥʦʩʪʴ ʤʦʞʝʪ 

ʜʦʩʪʠʛʘʪʴ (20..30)%. ʕʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʩʪʨʫʢʪʫʨʥʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴʶ ʋʋʂʄ, ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, 

ʟʥʘʯʠʪʝʣʴʥʳʤʠ ʚʘʨʠʘʮʠʷʤʠ ʘʤʧʣʠʪʫʜʳ ɸ ʜʘʞʝ ʥʘ ʙʝʟʜʝʬʝʢʪʥʳʭ ʫʯʘʩʪʢʘ. ɺʤʝʩʪʝ ʩ ʪʝʤ ʘʚʪʦʨʳ 

ʧʨʝʜʧʦʣʦʞʠʣʠ, ʯʪʦ ʚʨʝʤʷ (ʩʢʦʨʦʩʪʴ ʉ) ʧʨʦʭʦʞʜʝʥʠʷ ʩʠʛʥʘʣʘ ʤʝʞʜʫ ʘʢʫʩʪʠʯʝʩʢʠʤʠ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷʤʠ 

[2] ʤʝʥʝʝ ʟʘʚʠʩʠʤʘ ʦʪ ʩʪʨʫʢʪʫʨʥʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʋʋʂʄ, ʠ ʧʨʠʤʝʥʝʥʠʝ ʧʘʨʘʤʝʪʨʘ ʉ ʧʦʟʚʦʣʠʪ ʥʘʜʝʞʥʦ 

ʚʳʷʚʣʷʪʴ ʨʘʩʩʣʦʝʥʠʷ ʠ ʫʤʝʥʴʰʠʪʴ ʧʦʛʨʝʰʥʦʩʪʠ ʚ ʦʮʝʥʢʝ ʠʭ ʧʣʦʱʘʜʠ. 

ɼʣʷ ʧʨʦʚʝʨʢʠ ʵʪʦʡ ʛʠʧʦʪʝʟʳ ʠ ʨʘʟʨʘʙʦʪʢʠ ʪʝʭʥʦʣʦʛʠʠ ʚʳʷʚʣʝʥʠʷ ʨʘʩʩʣʦʝʥʠʷ ʚ ʂʄ ʠ ʦʮʝʥʠʚʘʥʠʷ ʠʭ 

ʧʣʦʱʘʜʠ ʚʳʧʦʣʥʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘ ʧʣʦʩʢʠʭ ʦʙʨʘʟʮʘʭ ʋʋʂʄ ʪʦʣʱʠʥʦʡ 10ʤʤ ʩ ʟʘʣʦʞʝʥʥʳʤʠ ʥʘ ʨʘʟʥʳʭ 

ʫʨʦʚʥʷʭ ʠʤʠʪʘʪʦʨʘʤʠ ʨʘʩʩʣʦʝʥʠʡ (ʜʝʬʝʢʪʦʚ). ʋɿʂ ʧʨʦʚʦʜʠʣʩʷ ʧʫʪʝʤ ʩʢʘʥʠʨʦʚʘʥʠʷ ʦʙʨʘʟʮʦʚ ʩ ʰʘʛʦʤ 7 

ʤʤ (0,5Ï ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʇ111-06), ʧʨʠ ʵʪʦʤ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠʩʴ ʘʤʧʣʠʪʫʜʘ ɸ ʠ ʚʨʝʤʷ (ʩʢʦʨʦʩʪʴ ʉ) 

ʧʨʦʭʦʞʜʝʥʠʷ ʋɿɺ ʤʝʞʜʫ ʜʚʫʤʷ ʩʦʦʩʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʜʘʪʯʠʢʘʤʠ. ʂʨʦʤʝ ʪʦʛʦ, ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ 

ʠʟʤʝʨʝʥʠʷ ʫʢʘʟʘʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʥʘ ʙʝʟʜʝʬʝʢʪʥʳʭ ʫʯʘʩʪʢʘʭ ʩ ʦʧʨʝʜʝʣʝʥʠʝʤ ʩʨʝʜʥʠʭ ʟʥʘʯʝʥʠʡ ɸʉʈ ʠ 

ʉʉʈ , ʘ ʪʘʢʞʝ ʠʭ ʨʘʟʤʘʭ ʚʘʨʠʘʮʠʡ Rɸ ʠ Rʉ. ɼʣʷ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʦʚ ʧʦʣʫʯʝʥʳ: Rɸ=6 ʜɹ ʠ Rʉ=200 ʤ/ʩ. 

ʇʨʠ ʥʘʣʠʯʠʠ ʜʝʬʝʢʪʘ ʚ ʢʦʥʪʨʦʣʠʨʫʝʤʦʡ ʟʦʥʝ ʦʙʨʘʟʮʘ ʥʘʙʣʶʜʘʣʦʩʴ ʠʟʤʝʥʝʥʠʝ ʘʤʧʣʠʪʫʜʳ ʠ 

ʩʢʦʨʦʩʪʠ ʧʨʦʰʝʜʰʝʡ ʧʨʦʜʦʣʴʥʦʡ ʚʦʣʥʳ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚ ʢʘʯʝʩʪʚʝ ʠʥʬʦʨʤʘʪʠʚʥʦʛʦ 

ʧʘʨʘʤʝʪʨʘ ʩʢʦʨʦʩʪʠ ʉ ʥʘʜʝʞʥʦ ʚʳʷʚʣʷʶʪʩʷ ʠʤʠʪʘʪʦʨʳ ʨʘʩʩʣʦʝʥʠʡ ʩ ʨʘʟʤʝʨʘʤʠ 25ʭ25 ʤʤ ʠ ʙʦʣʝʝ, ʯʪʦ 

ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 1ʠ 3. 

ʆʮʝʥʠʚʘʥʠʝ ʨʘʟʤʝʨʦʚ ʠʤʠʪʘʪʦʨʦʚ ʨʘʩʩʣʦʝʥʠʡ ʧʨʦʚʦʜʠʣʦʩʴ ʥʘ ʦʙʨʘʟʮʝ ʩ ʠʤʠʪʘʪʦʨʦʤ ʨʘʟʤʝʨʦʤ 

50ʭ50 ʤʤ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʘʨʘʤʝʪʨʦʚ ɸ ʠ ʉ. ʇʦʜʪʚʝʨʞʜʝʥʠʝ ʥʘʣʠʯʠʷ ʠʤʠʪʘʪʦʨʘ ʠ ʝʛʦ ʨʘʟʤʝʨʦʚ 

ʧʨʦʚʦʜʠʣʦʩʴ ʨʘʜʠʦʛʨʘʬʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ, ʨʝʟʫʣʴʪʘʪʳ ʢʦʪʦʨʦʛʦ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩʫʥʢʝ 2. ɿʘʚʠʩʠʤʦʩʪʠ 

ʩʢʦʨʦʩʪʠ ʉ ʠ ʘʤʧʣʠʪʫʜʳ ɸ ʧʨʦʰʝʜʰʝʡ ʋɿ ʚʦʣʥʳ ʧʨʠ ʩʢʘʥʠʨʦʚʘʥʠʠ ʦʙʨʘʟʮʘ ʩ ʠʤʠʪʘʪʦʨʦʤ ʜʝʬʝʢʪʘ 

ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩʫʥʢʝ 3. 
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ʘ) ʙ) 

ʈʠʩʫʥʦʢ 1- - ɿʘʚʠʩʠʤʦʩʪʴ ʩʢʦʨʦʩʪʠ ʋɿʂ ʚʜʦʣʴ ʪʨʘʝʢʪʦʨʠʠ ʩʢʘʥʠʨʦʚʘʥʠʷ ʦʙʨʘʟʮʘ ʋʋʂʄ ʩ 

ʠʤʠʪʘʪʦʨʘʤʠ ʜʝʬʝʢʪʦʚ: ʘ) 50ʭ50 ʤʤ;  ʙ) 25ʭ25 ʤʤ 

ʆʮʝʥʠʚʘʥʠʝ ʨʘʟʤʝʨʘ ʠʤʠʪʘʪʦʨʘ ʜʝʬʝʢʪʘ ʧʦ ʩʢʦʨʦʩʪʠ ʧʨʦʰʝʜʰʝʡ ʚʦʣʥʳ ʉ ʧʨʦʚʦʜʠʣʘʩʴ ʧʦ ʣʠʥʠʠ 

ʦʮʝʥʢʠ, ʢʦʪʦʨʘʷ ʙʳʣʘ ʧʨʠʥʷʪʘ ʥʘ 100ʤ/ʩ ʤʝʥʴʰʝ ʥʠʞʥʝʡ ʛʨʘʥʠʮʳ ʨʘʟʤʘʭʘ ʚʘʨʠʘʮʠʠ ʩʢʦʨʦʩʪʠ Rʉ ʥʘ 

ʙʝʟʜʝʬʝʢʪʥʦʤ ʫʯʘʩʪʢʝ ʦʙʨʘʟʮʘ. ʇʨʠ ʵʪʦʤ ʦʮʝʥʢʘ ʣʠʥʝʡʥʦʛʦ ʨʘʟʤʝʨʘ ʠʤʠʪʘʪʦʨʘ ʜʝʬʝʢʪʘ ʧʦ ʩʢʦʨʦʩʪʠ 

ʩʦʩʪʘʚʠʣʘ~ 48ʤʤ  
 

 

 
ʈʠʩʫʥʦʢ 2 ï ʈʝʥʪʛʝʥʦʛʨʘʤʤʘ 

ʦʙʨʘʟʮʘ ʩ ʠʤʠʪʘʪʦʨʦʤ ʜʝʬʝʢʪʘ 

50,8ʭ50,4 ʤʤ 

ʈʠʩʫʥʦʢ 3 ï ʆʮʝʥʢʘ ʣʠʥʝʡʥʦʛʦ ʨʘʟʤʝʨʘ ʠʤʠʪʘʪʦʨʘ 

ʜʝʬʝʢʪʘ ʧʦ ʩʢʦʨʦʩʪʠ ʉ ʠ ʘʤʧʣʠʪʫʜʝ ɸ ʧʨʦʰʝʜʰʝʡ ʋɿ ʚʦʣʥʳ 

ʆʮʝʥʢʘ ʨʘʟʤʝʨʘ ʠʤʠʪʘʪʦʨʘ ʜʝʬʝʢʪʘ ʧʦ ʘʤʧʣʠʪʫʜʝ ɸ ʧʨʦʰʝʜʰʝʡ ʚʦʣʥʳ ʧʨʦʚʦʜʠʣʘʩʴ ʧʦ ʣʠʥʠʠ 

ʦʮʝʥʢʠ, ʢʦʪʦʨʘʷ ʙʳʣʘ ʧʨʠʥʷʪʘ ʥʘ 3ʜɹ ʙʦʣʴʰʝ ʚʝʨʭʥʝʡ ʛʨʘʥʠʮʳ ʨʘʟʤʘʭʘ ʚʘʨʠʘʮʠʠ ʠʟʤʝʥʝʥʠʷ ʘʤʧʣʠʪʫʜʳ 

Rɸ ʥʘ ʙʝʟʜʝʬʝʢʪʥʦʤ ʫʯʘʩʪʢʝ ʦʙʨʘʟʮʘ. ʆʮʝʥʢʘ ʣʠʥʝʡʥʦʛʦ ʨʘʟʤʝʨʘ ʠʤʠʪʘʪʦʨʘ ʜʝʬʝʢʪʘ ʧʦ ʘʤʧʣʠʪʫʜʝ 

ʩʦʩʪʘʚʠʣʘ ~43ʤʤ 

ʇʦʛʨʝʰʥʦʩʪʴ ʦʮʝʥʠʚʘʥʠʷ ʧʣʦʱʘʜʠ ʠʤʠʪʘʪʦʨʘ ʜʝʬʝʢʪʘ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʢʦʨʦʩʪʠ ʧʨʦʰʝʜʰʝʡ 

ʚʦʣʥʳ ʉ ʩʦʩʪʘʚʣʷʝʪ ~ 10%, ʘ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʘʤʧʣʠʪʫʜʳ ɸ ʧʦʛʨʝʰʥʦʩʪʴ ʩʦʩʪʘʚʣʷʝʪ ~ 25%. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʚʨʝʤʝʥʥʦʛʦ ʤʝʪʦʜʘ ʋɿʂ ʧʦʟʚʦʣʷʝʪ 

ʥʘʜʝʞʥʦ ʚʳʷʚʣʷʪʴ ʜʝʬʝʢʪʳ ʪʠʧʘ ʨʘʩʩʣʦʝʥʠʷ ʚ ʋʋʂʄ ʠ ʧʨʦʚʦʜʠʪʴ ʦʮʝʥʠʚʘʥʠʝ ʠʭ ʨʘʟʤʝʨʦʚ ʩ ʤʝʥʴʰʝʡ 

ʧʦʛʨʝʰʥʦʩʪʴʶ, ʯʝʤ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʘʤʧʣʠʪʫʜʥʦʛʦ ʤʝʪʦʜʘ. 
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ʢʦʥʪʨʦʣʝ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʠʟʜʝʣʠʡ// ʉʙ. ʪʨ. 1-ʡ ʜʠʩʪʘʥʮʠʦʥʥʦʡ ʥʘʫʯʥʦ-ʪʝʭʥ. ʢʦʥʬ. ʅʂʂʄï2014 
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******************************************************************************************  

 

  

ʀʤʠʪʘʪʦʨ 
ʜʝʬʝʢʪʘ 



ʉɽʂʎʀʗ 2 ʂʆʄʇʆɿʀʎʀʆʅʅʓɽ ʄɸʊɽʈʀɸʃʓ, ɺʂʃʖʏɸʗ ʇʆʃʀʄɽʈʅʓɽ 

172 
 
 

ʆʎɽʅʂɸ ʇʆʈʀʉʊʆʁ ʉʊʈʋʂʊʋʈʓ ɿɸɻʆʊʆɺʂʀ ʂɸʄɽʈʓ ʉɻʆʈɸʅʀʗ ʅɸ ʆʉʅʆɺɽ 

ʇʃɽʊɽʅʆɻʆ ʋɻʃɽʈʆɼʅʆɻʆ ʂɸʈʂɸʉɸ ʀ ʋɻʃɽʈʆɼ-ʂɽʈɸʄʀʏɽʉʂʆʁ ʄɸʊʈʀʎʓ 

ʈʘʟʠʥʘ ɸ.ʉ., ɹʦʛʘʯʝʚ ɽ.ɸ., ʉʝʨʜʶʢ ɽ.ɸ. 

ʈʦʩʩʠʷ, ʛ. ʂʦʨʦʣʝʚ, ʆɸʆ çʂʦʤʧʦʟʠʪè 

E-mail:info@kompozit-mv.ru 

 
EVALU ATION OF THE POROUS STRUCTURE OF PREFORM OF COMBUSTION CHAMBE R 

BASED ON BRAIDED CARBON PREFORM AND CARBON-CERAMIC MATRIX  

Razina A.S., Bogachev E.A., Serdyuk E.A. 

 

ɺ ʆɸʆ çʂʦʤʧʦʟʠʪè ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʝʜʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʢʘʤʝʨ ʩʛʦʨʘʥʠʷ (ʂʉ) ʞʠʜʢʦʩʪʥʳʭ 

ʨʘʢʝʪʥʳʭ ʜʚʠʛʘʪʝʣʝʡ ʤʘʣʦʡ ʪʷʛʠ (ɾʈɼ ʄʊ) ʠʟ ʫʛʣʝʨʦʜ-ʢʝʨʘʤʠʯʝʩʢʦʛʦ ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ 

(ʋʂʂʄ) ʪʠʧʘ ʉ-SiC. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʋʂʂʄ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʂʉ ʧʦʟʚʦʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʫʣʫʯʰʠʪʴ 

ʤʘʩʩʦʚʦ-ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ɾʈɼ ʄʊ. 

ʋʂʂʄ ʪʠʧʘ C-SiC ʧʦʣʫʯʘʶʪ ʤʝʪʦʜʦʤ ʛʘʟʦʬʘʟʥʦʛʦ ʦʩʘʞʜʝʥʠʷ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʤʦʥʦʤʝʪʠʣʩʠʣʘʥʘ ʚ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʦʛʦ ʨʝʘʛʝʥʪʘ [1], ʚ ʢʦʪʦʨʦʤ, ʚ ʢʘʯʝʩʪʚʝ ʟʘʛʦʪʦʚʢʠ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʫʛʣʝʨʦʜ-ʫʛʣʝʨʦʜʥʘʷ ʟʘʛʦʪʦʚʢʘ ʩ ʦʙʝʩʧʝʯʝʥʥʦʡ ʧʦʨʠʩʪʦʡ ʩʪʨʫʢʪʫʨʦʡ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʪʠʧʘ. ɺ [2] ʧʨʦʚʝʜʝʥʘ 

ʩʠʩʪʝʤʘʪʠʟʘʮʠʷ ʬʘʢʪʦʨʦʚ ʚʣʠʷʶʱʠʭ ʥʘ ʧʦʨʦʦʙʨʘʟʦʚʘʥʠʝ ʚ ʟʘʛʦʪʦʚʢʝ ʥʘ ʦʩʥʦʚʝ ʪʢʘʥʦʛʦ ʥʘʧʦʣʥʠʪʝʣʷ, 

ʨʘʟʨʘʙʦʪʘʥʳ ʤʝʪʦʜʳ ʦʨʛʘʥʠʟʘʮʠʠ ʧʦʨʠʩʪʦʡ ʩʪʨʫʢʪʫʨʳ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʦʚʝʜʝʥʘ ʦʮʝʥʢʘ ʧʦʨʠʩʪʦʡ ʩʪʨʫʢʪʫʨʳ ʟʘʛʦʪʦʚʢʠ ʂʉ ʥʘ ʦʩʥʦʚʝ ʧʣʝʪʝʥʦʛʦ 

ʫʛʣʝʨʦʜʥʦʛʦ ʢʘʨʢʘʩʘ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʧʣʝʪʝʥʦ-ʥʘʤʦʪʦʯʥʦʛʦ ʩʧʦʩʦʙʘ ʠʟʛʦʪʦʚʣʝʥʠʷ ʫʛʣʝʨʦʜʥʦʛʦ ʢʘʨʢʘʩʘ ʂʉ 

ʧʦʟʚʦʣʠʣʦ ʠʟʙʝʞʘʪʴ ʧʦʷʚʣʝʥʠʷ ʢʨʫʧʥʳʭ ʥʝʩʧʣʦʰʥʦʩʪʝʡ ʠ ʟʘʢʨʳʪʳʭ ʧʦʨ ʠ ʩʦʟʜʘʪʴ ʨʘʚʥʦʤʝʨʥʦ 

ʨʘʩʧʨʝʜʝʣʝʥʥʫʶ ʫʛʣʝʨʦʜ-ʢʝʨʘʤʠʯʝʩʢʫʶ ʤʘʪʨʠʮʫ ʚ ʟʘʛʦʪʦʚʢʝ ʂʉ.  
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INVESTIGATION OF CUT TING WORKABILITY INT ERMETALLIC COMPOUNDS  

Rechenko D.S., Titov Y.V., Artemenko N.S., Logacheva A. I., Senturina J.A., Timofeev A.N.  

 
The main purpose of this work - to explore a variety of intermetallic compounds for turning different plates. 

After conducting many experiments it was found that the compound based on nickel-chromium and molybdenum 

had a better surface finish. Just turning plate with cubic boron nitride showed the best results in resistance. 

 

ʀʥʪʝʨʤʝʪʘʣʣʠʜʥʳʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ ʠʣʠ ʠʥʪʝʨʤʝʪʘʣʣʠʜʘʤʠ ʥʘʟʳʚʘʶʪ ʩʦʝʜʠʥʝʥʠʷ ʤʝʪʘʣʣʦʚ ʤʝʞʜʫ 

ʩʦʙʦʡ. 

ʆʙʱʘʷ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʚ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʜʘʣʴʪʦʥʠʜʳ, ʙʝʨʪʦʣʣʠʜʳ ʠ ʬʘʟʳ 

ʂʫʨʥʘʢʦʚʘ. 

ʉʚʦʡʩʪʚʘ ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʚ [1]: 

Å    ʚʳʩʦʢʘʷ ʧʨʦʯʥʦʩʪʴ, ʢʦʪʦʨʘʷ ʥʝ ʜʝʛʨʘʜʠʨʫʝʪ ʩ ʚʦʟʨʘʩʪʘʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ; 

Å    ʘʥʦʤʘʣʴʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʧʨʝʜʝʣʘ ʪʝʢʫʯʝʩʪʠ; 

Å ʥʠʟʢʘʷ ʧʣʦʪʥʦʩʪʴ ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʚ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʚʳʩʦʢʦʤʫ ʦʪʥʦʰʝʥʠʶ ʧʨʦʯʥʦʩʪʴ/ʧʣʦʪʥʦʩʪʴ; 

Å    ʚʳʩʦʢʠʝ ʫʧʨʫʛʠʝ ʤʦʜʫʣʠ; 

Å    ʚʳʩʦʢʘʷ ʩʪʦʡʢʦʩʪʴ ʢ ʦʢʠʩʣʝʥʠʶ. 
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ʆʙʣʘʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʥʠʢʝʣʝʚʦʡ ʦʩʥʦʚʝ: ʘʚʠʘʮʠʦʥʥʘʷ ʠ ʘʵʨʦʢʦʩʤʠʯʝʩʢʘʷ ʪʝʭʥʠʢʘ; 

ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʜʝʪʘʣʝʡ ʤʘʰʠʥ, ʨʘʙʦʪʘʶʱʠʭ ʜʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ ʧʨʠ ʧʦʚʳʰʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚ 

ʦʢʠʩʣʠʪʝʣʴʥʳʭ ʩʨʝʜʘʭ; ʜʣʷ ʨʘʙʦʪʳ ʧʨʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ; ʩʧʣʘʚʳ ʩ ʵʬʬʝʢʪʦʤ ʧʘʤʷʪʠ ʬʦʨʤʳ; 

ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʠʤʧʣʘʥʪʘʥʪʳ; ʥʦʚʳʝ ʤʘʪʝʨʠʘʣʳ ʚ ʩʪʦʤʘʪʦʣʦʛʠʠ; ʧʨʫʞʠʥʳ ʨʘʟʣʠʯʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ; 

ʪʝʧʣʦʚʳʝ ʜʚʠʛʘʪʝʣʠ, ʤʘʥʠʧʫʣʷʪʦʨʳ ʠ ʜʨ. [2-4] 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʚ ʠ ʩʧʣʘʚʦʚ ʥʘ ʠʭ ʦʩʥʦʚʝ ʚ ʢʘʯʝʩʪʚʝ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʪʦʨʤʦʟʠʪʩʷ ʧʦ ʩʣʝʜʫʶʱʠʤ ʧʨʠʯʠʥʘʤ [5]: 

1. ʩʚʦʡʩʪʚʝʥʥʘ ʠʥʪʝʨʤʝʪʘʣʣʠʜʘʤ ʭʨʫʧʢʦʩʪʴ, ʦʩʦʙʝʥʥʦ, ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 

2. ʥʝʜʦʩʪʘʪʦʯʥʦʝ ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʦʢʠʩʣʝʥʠʶ; 

3. ʥʝʜʦʩʪʘʪʦʯʥʘʷ ʥʘʜʝʞʥʦʩʪʴ ʤʝʪʦʜʦʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʧʨʝʜʩʢʘʟʘʥʠʷ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʠʟʜʝʣʠʡ ʠʟ ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʚ; 

4. ʦʪʩʫʪʩʪʚʠʝ ʧʦʩʪʘʚʱʠʢʦʚ ʢʘʯʝʩʪʚʝʥʥʦʡ ʧʨʦʜʫʢʮʠʠ ʩ ʠʥʪʝʨʤʝʪʘʣʣʠʜʘʤʠ; 

5. ʚʳʩʦʢʘʷ ʩʪʦʠʤʦʩʪʴ ʠʟʜʝʣʠʡ. 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ ʦʙʨʘʙʦʪʢʠ ʙʳʣʠ ʚʳʙʨʘʥʳ ʩʣʝʜʫʶʱʠʝ 

ʪʨʫʜʥʦʦʙʨʘʙʘʪʳʚʘʝʤʳʝ ʩʧʣʘʚʳ: 

1) çʩʧʣʘʚ 1è ï ʩʦʝʜʠʥʝʥʠʝ ʥʘ ʥʠʢʝʣʝʚʦʡ ʦʩʥʦʚʝ ʩ ʚʢʣʶʯʝʥʠʝʤ ʭʨʦʤʘ ʠ ʢʦʙʘʣʴʪʘ;  

2) çʩʧʣʘʚ 2è ï ʩʦʝʜʠʥʝʥʠʝ ʥʘ ʥʠʢʝʣʝʚʦʡ ʦʩʥʦʚʝ ʩ ʭʨʦʤʦʤ;  

3) çʩʧʣʘʚ 3è ï ʩʦʝʜʠʥʝʥʠʝ ʥʘ ʥʠʢʝʣʝʚʦʡ ʦʩʥʦʚʝ ʩ ʭʨʦʤʦʤ ʠ ʤʦʣʠʙʜʝʥʦʤ. 

ɿʘʛʦʪʦʚʢʠ ʧʦʣʫʯʝʥʳ ʧʨʠ ʩʧʝʢʘʥʠʠ ʧʦʨʦʰʢʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

ʇʨʦʤʝʨʠʣʠ ʪʚʝʨʜʦʩʪʴ ʩʧʣʘʚʦʚ ʧʦ ʰʢʘʣʝ ʈʦʢʚʝʣʣʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʠʣʠ ʩʣʝʜʫʶʱʠʝ ʟʥʘʯʝʥʠʷ: 

ʩʧʣʘʚ 1 - HRC 37,2...43,5; ʩʧʣʘʚ 2 - HRC 43,3...45,3; ʩʧʣʘʚ 3 - HRC 54,9...43,3. 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ ʦʙʨʘʙʦʪʢʠ ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ 

ʨʝʞʫʱʠʝ ʩʣʝʜʫʶʱʠʝ ʧʣʘʩʪʠʥʳ: 

1) ʊʚʝʨʜʦʩʧʣʘʚʥʘʷ ʧʣʘʩʪʠʥʘ (ʪʚʝʨʜʳʡ ʤʠʢʨʦʟʝʨʥʠʩʪʳʡ ʩʧʣʘʚ, Ti-Al-Si-N ʧʦʢʨʳʪʠʝ - ʥʘʥʦʣʘʤʠʥʘʪ); 

2) ʇʣʘʩʪʠʥʘ ʩ ʢʫʙʠʯʝʩʢʠʤ ʥʠʪʨʠʜʦʤ ʙʦʨʘ; 

3) ʇʣʘʩʪʠʥʘ ʩ ʘʣʤʘʟʦʤ; 

4) ʇʣʘʩʪʠʥʘ ʩ ʢʫʙʠʯʝʩʢʠʤ ʥʠʪʨʠʜʦʤ ʙʦʨʘ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʸʥʥʳʭ ʠʩʧʳʪʘʥʠʡ, ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩʣʝʜʫʶʱʠʝ ʟʥʘʯʝʥʠʷ ʰʝʨʦʭʦʚʘʪʦʩʪʠ 

ʦʙʨʘʙʘʪʳʚʘʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʅʦʤʝʨ 

ʩʧʣʘʚʘ 

ʊʚʝʨʜʦʩʧʣʘʚʥʘʷ 

ʧʣʘʩʪʠʥʘ CNMG 

120408  

ʇʣʘʩʪʠʥʘ ʩ ʂʅɹ 

CNGA 120412  

ʇʣʘʩʪʠʥʘ ʩ 

ʘʣʤʘʟʦʤ CNGA 

120408 

ʇʣʘʩʪʠʥʘ ʩ ʂʅɹ 

CNGA 120408 

1 Ra = 4,153 ʤʢʤ Ra = 0,535 ʤʢʤ Ra = 4,133 ʤʢʤ Ra = 1,431 ʤʢʤ 

2 Ra = 4,151 ʤʢʤ Ra = 2,856 ʤʢʤ Ra = 4,890 ʤʢʤ Ra = 4,920 ʤʢʤ 

3 Ra = 0,795 ʤʢʤ Ra = 0,451 ʤʢʤ Ra = 0,621 ʤʢʤ Ra = 0,647 ʤʢʤ 

ʇʨʠ ʪʦʢʘʨʥʦʡ ʦʙʨʘʙʦʪʢʝ ʚʩʝʭ ʪʨʸʭ ʩʧʣʘʚʦʚ ʙʣʠʞʝ ʢ ʦʩʠ ʚʨʘʱʝʥʠʷ ʜʝʪʘʣʠ ʧʦʣʫʯʠʣʠʩʴ ʨʘʢʦʚʠʥʳ 

0,5-1 ʤʤ ʠ ʤʝʣʢʠʝ ʪʨʝʱʠʥʳ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʧʳʪʦʚ ʧʦʣʫʯʠʣʠ ʠʟʥʦʩ ʢʨʦʤʢʠ ʥʘ ʧʣʘʩʪʠʥʘʭ. 

ʅʦʤʝʨ ʩʧʣʘʚʘ ʀʟʥʦʩ h = 

1 0,03é0,05 ʤʤ 0é0,02 ʤʤ 0,1é0,15 ʤʤ 0,05é0,1 ʤʤ 

2 
0,05é0,08 ʤʤ 0é0,02 ʤʤ 0,1é0,15 ʤʤ 

ʇʦʣʥʳʡ (1é1,5 

ʤʤ) 

3 0,05é0,08 ʤʤ 0é0,03 ʤʤ 0,1é0,15 ʤʤ 0,05é0,1 ʤʤ 

ʇʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ ʤʥʦʞʝʩʪʚʘ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʙʳʣʦ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʩʦʝʜʠʥʝʥʠʝ ʥʘ ʥʠʢʝʣʝʚʦʡ ʦʩʥʦʚʝ 

ʩ ʭʨʦʤʦʤ ʠ ʤʦʣʠʙʜʝʥʦʤ ʠʤʝʣʦ ʣʫʯʰʫʶ ʰʝʨʦʭʦʚʘʪʦʩʪʴ ʦʙʨʘʙʦʪʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ʊʘʢ ʞʝ ʪʦʢʘʨʥʘʷ 

ʧʣʘʩʪʠʥʘ ʩ ʢʫʙʠʯʝʩʢʠʤ ʥʠʪʨʠʜʦʤ ʙʦʨʘ ʧʦʢʘʟʘʣʘ ʥʘʠʣʫʯʰʠʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦ ʩʪʦʡʢʦʩʪʠ. [6,7] 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ: 

ʀʥʪʝʨʤʝʪʘʣʣʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ : ʩʙ. ʩʪ. / ʧʦʜ ʨʝʜ. ʀ. ʀ. ʂʦʨʥʠʣʦʚʘ ;  ʧʝʨ. ʩ ʘʥʛʣ. ɺ. ɸ. ɹʨʳʢʩʠʥʘ 

[ʠ ʜʨ.]. ï ʄ. : ʄʝʪʘʣʣʫʨʛʠʷ, 1970. ï 440 ʩ. 

Effect of composition on mechanical properties of newly developed Ti2AlNb-based titanium aluminide / 

L. Germann [et. all] // Intermetallics. ï 2005. ï ˉ 13. ï P. 920ï924. 
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Titanium and titanium alloys. Fundamentals and applications / Ed. by C. Leyens, Peters M. Wiley. ï VCH, 

Germany, 2003. ï 51 p. 

ʇʫʪʠ ʦʧʪʠʤʠʟʘʮʠʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ ʩʧʣʘʚʦʚ ʥʘ ʦʩʥʦʚʝ ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʚ / ʅ. ɸ. ʅʦʯʦʚʥʘʷ 

[ʠ ʜʨ.] // ɸʚʠʘʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʠ ʪʝʭʥʦʣʦʛʠʠ : ʶʙʠʣʝʡʥ. ʥʘʫʯ.-ʪʝʭʥ. ʩʙ. ï ʄ., 2012. ï ʉ. 196ï205. ï 

(ʧʨʠʣʦʞʝʥʠʝ ʢ ʞʫʨʥʘʣʫ "ɸʚʠʘʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʠ ʪʝʭʥʦʣʦʛʠʠ"). 
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STUDIES OF INFLUENCE OF IMPUR ITIES OF ALKALINE AN D EARTH METALS ON 

DIELECTRIC PROPERTIE S OF COMPOSITE 

Rodinovsky Yu.V., Dyakonov V.A., Stroitelev V.N., Kamalov A.D., Pronin B.F. 

 

The report presents the results of spectral and ion-selective potentiometric studies of the chemical 

composition of raw materials used in the production of dielectric composite. The authors make comparison of 

qualitative and quantitative composition of the impurities contained in the raw material of various manufacturers. 

The article gives a detailed analysis of chemical, structural interactions of the educed impurities with the basic 

components of materials and the influence of these processes on the main characteristics of dielectric materials. 

The authors offer techniques and technical means of effective quality control of the raw materials used at 

production of dielectric composite. 

 

ʉʪʨʝʤʠʪʝʣʴʥʦʝ ʨʘʟʚʠʪʠʝ ʩʦʚʨʝʤʝʥʥʦʡ ʪʝʭʥʠʢʠ ʜʠʢʪʫʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ 

ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʚʳʩʦʢʠʤʠ ʠ ʩʪʘʙʠʣʴʥʳʤʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʧʨʦʩʪʦʡ 

ʪʝʭʥʦʣʦʛʠʝʡ ʠʟʛʦʪʦʚʣʝʥʠʷ, ʚʦʟʤʦʞʥʦʩʪʴʶ ʠʟʛʦʪʦʚʣʝʥʠʷ ʢʨʫʧʥʦʛʘʙʘʨʠʪʥʳʭ ʠʟʜʝʣʠʡ ʩʣʦʞʥʦʡ 

ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʬʦʨʤʳ. ɺʩʝ ʙʦʣʝʝ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʥʘʭʦʜʷʪ ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʝ 

ʤʘʪʝʨʠʘʣʳ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʘʭ ʩ ʧʦʚʳʰʝʥʥʳʤʠ ʩʢʦʨʦʩʪʷʤʠ ʠ ʜʘʣʴʥʦʩʪʴʶ ʧʦʣʝʪʘ ʠ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʢ ʤʘʪʝʨʠʘʣʘʤ ʧʨʝʜʲʷʚʣʷʶʪʩʷ ʚʩʝ ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʠ ʩʪʘʙʠʣʴʥʳʝ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ. ʇʦʩʪʦʷʥʥʦ ʧʦʚʳʰʘʶʱʠʝʩʷ ʪʨʝʙʦʚʘʥʠʷ ʢ ʩʪʘʙʠʣʴʥʦʩʪʠ ʦʩʥʦʚʥʳʭ ʩʚʦʡʩʪʚ 

ʤʘʪʝʨʠʘʣʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʚ ʫʩʣʦʚʠʷʭ ʚʦʟʜʝʡʩʪʚʠʷ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ, ʩʪʘʚʠʪ ʧʝʨʝʜ ʨʘʟʨʘʙʦʪʯʠʢʘʤʠ 

ʟʘʜʘʯʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʦʙʝʩʧʝʯʝʥʠʝʤ ʢʘʯʝʩʪʚʘ ʚʳʧʫʩʢʘʝʤʦʡ ʧʨʦʜʫʢʮʠʠ. 

ʆɸʆ çʂʦʤʧʦʟʠʪè ʷʚʣʷʝʪʩʷ ʚʝʜʫʱʠʤ ʨʘʟʨʘʙʦʪʯʠʢʦʤ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʨʘʟʣʠʯʥʦʛʦ 

ʧʨʠʤʝʥʝʥʠʷ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʘʢʪʠʚʥʦ ʚʝʜʫʪʩʷ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʨʘʟʣʠʯʥʳʭ ʢʣʘʩʩʦʚ, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʪʨʝʙʫʝʪ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ ʤʝʪʦʜʦʚ ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ, 

ʢʘʢ ʛʦʪʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʪʘʢ ʠ ʧʨʠʤʝʥʷʝʤʦʛʦ ʧʨʠ ʠʭ ʠʟʛʦʪʦʚʣʝʥʠʠ ʩʳʨʴʷ. 

ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʩʪʘʙʠʣʴʥʦʩʪʠ ʢʘʯʝʩʪʚʘ ʧʨʦʠʟʚʦʜʩʪʚʘ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʨʘʟʨʘʙʦʪʘʥʦ ʠ 

ʧʨʠʤʝʥʷʝʪʩʷ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʤʝʪʦʜʦʚ ʧʨʦʚʝʨʢʠ ʛʦʪʦʚʦʡ ʧʨʦʜʫʢʮʠʠ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʫʩʣʦʚʥʦ 

ʨʘʟʜʝʣʠʪʴ ʥʘ ʨʘʟʨʫʰʘʶʱʠʝ ʠ ʥʝʨʘʟʨʫʰʘʶʱʠʝ ʤʝʪʦʜʳ. 

ʆʧʨʝʜʝʣʝʥʠʝ ʦʩʥʦʚʥʳʭ ʩʚʦʡʩʪʚ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʚ ʛʦʪʦʚʳʭ ʠʟʜʝʣʠʷʭ ʨʘʟʨʫʰʘʶʱʠʤʠ 

ʤʝʪʦʜʘʤʠ ʢʦʥʪʨʦʣʷ ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʳʤ, ʘ ʩʦʚʨʝʤʝʥʥʳʝ ʤʝʪʦʜʳ ʥʝʨʘʟʨʫʰʘʶʱʝʛʦ ʢʦʥʪʨʦʣʷ ʥʝ 

ʜʘʶʪ ʜʦʩʪʘʪʦʯʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʦʩʥʦʚʥʳʭ ʩʚʦʡʩʪʚʘʭ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʠ ʦ ʢʘʯʝʩʪʚʝ ʛʦʪʦʚʦʡ ʧʨʦʜʫʢʮʠʠ. 

ɹʦʣʝʝ ʪʦʛʦ, ʩʦʚʨʝʤʝʥʥʳʝ ʤʝʪʦʜʳ ʥʝʨʘʟʨʫʰʘʶʱʝʛʦ ʢʦʥʪʨʦʣʷ ʪʨʝʙʫʶʪ ʩʣʦʞʥʦʛʦ ʩʧʝʮʠʘʣʴʥʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʠʩʧʳʪʘʪʝʣʴʥʳʭ ʩʪʝʥʜʦʚ, ʤʦʜʝʣʠʨʫʶʱʠʭ ʥʘʪʫʨʥʳʝ ʫʩʣʦʚʠʷ ʵʢʩʧʣʫʘʪʘʮʠʠ [1]. 
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 ʈʘʩʧʨʦʩʪʨʘʥʝʥʥʦʝ ʨʝʰʝʥʠʝ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʨʦʚʝʜʝʥʠʠ ʧʘʨʘʣʣʝʣʴʥʦʛʦ ʩ ʦʩʥʦʚʥʳʤ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʨʝʞʠʤʦʤ, ʧʨʦʮʝʩʩʘ ʠʟʛʦʪʦʚʣʝʥʠʷ ʦʙʨʘʟʮʦʚ-ʩʚʠʜʝʪʝʣʝʡ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʢʦʥʪʨʦʣʷ 

ʦʩʥʦʚʥʳʭ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʘ ʨʘʟʣʠʯʥʳʤʠ ʤʝʪʦʜʘʤʠ ʢʦʥʪʨʦʣʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ. 

ʋʢʘʟʘʥʥʳʡ ʩʧʦʩʦʙ ʢʦʥʪʨʦʣʷ ʠʤʝʝʪ ʨʷʜ ʥʝʜʦʩʪʘʪʢʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʧʨʦʚʝʜʝʥʠʷ 

ʧʘʨʘʣʣʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ ʠʟʛʦʪʦʚʣʝʥʠʷ, ʫʚʝʣʠʯʝʥʠʝʤ ʨʘʩʭʦʜʘ ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʪʨʫʜʦʚʳʭ ʨʝʩʫʨʩʦʚ, ʘ ʪʘʢʞʝ 

ʧʦʩʣʝʜʫʶʱʠʡ ʢʦʥʪʨʦʣʴ ʦʩʥʦʚʥʳʭ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʦʚ ʤʦʞʝʪ ʥʝ ʚʳʷʚʠʪʴ ʚʣʠʷʥʠʝ ʥʝʞʝʣʘʪʝʣʴʥʳʭ 

ʧʨʠʤʝʩʝʡ ʚ ʝʛʦ ʩʪʨʫʢʪʫʨʝ. ɺʣʠʷʥʠʝ ʚʨʝʜʥʳʭ ʧʨʠʤʝʩʝʡ, ʥʘʧʨʠʤʝʨ ʥʝʢʦʪʦʨʳʭ ʩʦʝʜʠʥʝʥʠʡ ʱʝʣʦʯʥʳʭ ʠ 

ʱʝʣʦʯʥʦʟʝʤʝʣʴʥʳʭ ʤʝʪʘʣʣʦʚ, ʤʦʞʝʪ ʧʨʦʷʚʠʪʴʩʷ ʪʦʣʴʢʦ ʧʨʠ ʜʣʠʪʝʣʴʥʦʤ ʭʨʘʥʝʥʠʠ ʠʣʠ ʫʩʣʦʚʠʷʭ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠʟʜʝʣʠʡ. 

ʉ ʮʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʨʘʟʣʠʯʥʳʭ ʧʨʠʤʝʩʝʡ ʥʘ ʩʚʦʡʩʪʚʘ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʢʣʶʯʘʶʱʠʝ ʩʧʝʢʪʨʘʣʴʥʳʝ ʠ ʧʦʪʝʥʮʠʦʤʝʪʨʠʯʝʩʢʠʝ ʘʥʘʣʠʟʳ 

ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʩʳʨʴʷ, ʧʨʠʤʝʥʷʝʤʦʛʦ ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʤʘʪʝʨʠʘʣʦʚ. ɹʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʢʦʣʠʯʝʩʪʚʘ 

ʩʦʜʝʨʞʘʱʠʭʩʷ ʚ ʩʳʨʴʝ ʢʘʪʠʦʥʦʚ ʱʝʣʦʯʥʳʭ ʠ ʱʝʣʦʯʥʦʟʝʤʝʣʴʥʳʭ ʤʝʪʘʣʣʦʚ, ʘ ʪʘʢʞʝ ʩʦʧʫʪʩʪʚʫʶʱʠʝ ʠʤ 

ʘʥʠʦʥʳ.  

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʟʚʦʣʠʣʠ ʚʳʷʚʠʪʴ  ʠ, ʚ ʧʦʩʣʝʜʫʶʱʝʤ ʦʮʝʥʠʪʴ ʚʣʠʷʥʠʝ 

ʩʦʝʜʠʥʝʥʠʡ ʱʝʣʦʯʥʳʭ ʠ ʱʝʣʦʯʥʦʟʝʤʝʣʴʥʳʭ ʤʝʪʘʣʣʦʚ ʥʘ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʤʘʪʝʨʠʘʣʦʚ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʧʨʠ ʧʦʚʳʰʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʘ ʪʘʢʞʝ ʠʭ ʚʣʠʷʥʠʝ ʥʘ 

ʢʦʥʝʯʥʳʝ ʩʚʦʡʩʪʚʘ ʤʘʪʝʨʠʘʣʦʚ, ʧʨʦʠʟʚʦʜʠʣʠʩʴ ʤʝʪʦʜʘʤʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʠʠ, 

ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʠʟʘ, ʘ ʪʘʢʞʝ ʢʦʥʪʨʦʣʝʤ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʢʦʥʝʯʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ. 

ɸʥʘʣʠʟ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ [2,3] ʠ ʧʨʦʚʝʜʝʥʥʳʝ ʚ ʆɸʆ çʂʦʤʧʦʟʠʪè ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʩʪʘʚʘ 

ʠʩʭʦʜʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ, ʧʦʟʚʦʣʠʣʠ ʫʩʪʘʥʦʚʠʪʴ ʚʦʟʤʦʞʥʳʝ 

ʠ ʥʘʠʙʦʣʝʝ ʚʨʝʜʥʳʝ ʧʨʠʤʝʩʠ, ʚʣʠʷʶʱʠʝ ʥʘ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʝ, ʧʨʦʯʥʦʩʪʥʳʝ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʛʦʪʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

ɺ ʜʦʢʣʘʜʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʩʧʝʢʪʨʘʣʴʥʳʭ ʠ ʠʦʥʩʝʣʝʢʪʠʚʥʳʭ ʧʦʪʝʥʮʠʦʤʝʪʨʠʯʝʩʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʩʳʨʴʷ ʧʨʠʤʝʥʷʝʤʦʛʦ ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ. ʇʨʦʠʟʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʩʦʩʪʘʚʘ ʧʨʠʤʝʩʝʡ 

ʩʦʜʝʨʞʘʱʠʭʩʷ ʚ ʩʳʨʴʝ ʨʘʟʣʠʯʥʳʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ. ʀʟʫʯʝʥʳ ʭʠʤʠʯʝʩʢʠʝ, ʩʪʨʫʢʪʫʨʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʚʳʷʚʣʝʥʥʳʭ ʧʨʠʤʝʩʝʡ ʩ ʢʦʤʧʦʥʝʥʪʘʤʠ ʤʘʪʝʨʠʘʣʦʚ ʠ ʚʣʠʷʥʠʝ ʵʪʠʭ ʧʨʦʮʝʩʩʦʚ ʥʘ ʦʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ. ʇʨʝʜʣʦʞʝʥʳ ʩʧʦʩʦʙʳ ʠ ʪʝʭʥʠʯʝʩʢʠʝ ʩʨʝʜʩʪʚʘ ʵʬʬʝʢʪʠʚʥʦʛʦ ʢʦʥʪʨʦʣʷ 

ʢʘʯʝʩʪʚʘ ʩʳʨʴʷ ʧʨʠʤʝʥʷʝʤʦʛʦ ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ.  
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THE RESEARCH OF CHEM ICAL COMPOSITION, MI CROSTRACTURE AND MEC HANICAL 

PROPERTIES OF NICKEL -BASED ALLOY DURING S LM PROCESS 

Ryabikov Y.L., Logachev I.A., Logacheva A.I., Sentyurina Zh.A. 

 

Selective Laser Melting is a method of additive manufacturing, which builds metal parts from powder 

materials in a layer by layer procedure based on a CAD template. The main goal of research is to determine the 

influence of the SLM-process of nickel-based alloy on properties of resulting component. 

 

ʉʝʣʝʢʪʠʚʥʦʝ ʣʘʟʝʨʥʦʝ ʧʣʘʚʣʝʥʠʝ (ʉʃʇ) - ʦʜʠʥ ʠʟ ʚʠʜʦʚ ʘʜʜʠʪʠʚʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʧʨʠ ʢʦʪʦʨʦʤ 

ʜʝʪʘʣʴ ʠʟʛʦʪʘʚʣʠʚʘʝʪʩʷ ʩʦʛʣʘʩʥʦ ʪʨʝʭʤʝʨʥʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʠʟ ʧʦʨʦʰʢʦʚʦʛʦ ʤʘʪʝʨʠʘʣʘ. ɺ 

ʧʨʦʮʝʩʩʝ ʠʟʛʦʪʦʚʣʝʥʠʷ ʥʘ ʧʣʠʪʫ ʩʣʦʡ ʟʘ ʩʣʦʝʤ ʥʘʥʦʩʠʪʩʷ ʠʩʭʦʜʥʳʡ ʤʘʪʝʨʠʘʣ, ʚʧʦʩʣʝʜʩʪʚʠʠ ʩʧʣʘʚʣʷʝʤʳʡ 

ʣʘʟʝʨʦʤ ʚʳʩʦʢʦʡ ʤʦʱʥʦʩʪʠ ʩʦʛʣʘʩʥʦ ʧʦʧʝʨʝʯʥʳʤ ʩʝʯʝʥʠʷʤ ʪʨʝʙʫʝʤʦʡ ʤʦʜʝʣʠ. ɼʘʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ 

ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʜʝʪʘʣʠ ʩʣʦʞʥʳʭ ʬʦʨʤ ʙʝʟ ʧʨʠʤʝʥʝʥʠʷ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʦʩʥʘʩʪʦʢ, ʥʝʦʙʭʦʜʠʤʳʭ, 

ʥʘʧʨʠʤʝʨ, ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʣʠʪʳʭ ʜʝʪʘʣʝʡ, ʯʪʦ ʚ ʠʪʦʛʝ ʩʦʢʨʘʱʘʝʪ ʜʣʠʪʝʣʴʥʦʩʪʴ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ 

ʮʠʢʣʘ ʠ ʩʫʤʤʘʨʥʳʝ ʢʘʧʠʪʘʣʴʥʳʝ ʟʘʪʨʘʪʳ. 

ʄʝʪʘʣʣʫʨʛʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʙʳʩʪʨʦʛʦ ʨʘʩʧʣʘʚʣʝʥʠʷ ʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʚ ʧʨʦʮʝʩʩʝ ʉʃʇ ʷʚʣʷʶʪʩʷ ʚ 

ʦʩʥʦʚʥʦʤ ʥʝʨʘʚʥʦʚʝʩʥʳʤʠ. ɺ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ ʪʝʤʧʝʨʘʪʫʨʘ ʤʘʪʝʨʠʘʣʘ ʚ ʬʦʢʫʩʝ ʣʘʟʝʨʥʦʛʦ ʣʫʯʘ ʜʦʩʪʠʛʘʝʪ 

105 ʂ, ʘ ʧʦʩʣʝʜʫʶʱʝʝ ʦʭʣʘʞʜʝʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʩʦ ʩʢʦʨʦʩʪʷʤʠ, ʜʦʩʪʠʛʘʶʱʠʤʠ 106-7 ʂ/ʩ. ɺʳʩʦʢʠʝ 

ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʛʨʝʚʘ ʠʥʪʝʥʩʠʬʠʮʠʨʫʶʪ ʨʝʘʢʮʠʠ ʦʢʠʩʣʝʥʠʷ, ʘ ʪʘʢʞʝ ʚʳʟʳʚʘʶʪ ʫʩʢʦʨʝʥʥʦʝ ʠʩʧʘʨʝʥʠʝ 

(ʚʦʟʛʦʥʢʫ) ʤʝʪʘʣʣʘ. ɺ ʧʨʦʮʝʩʩʝ ʜʘʥʥʳʭ ʨʝʘʢʮʠʡ ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʠʟʤʝʥʝʥʠʝ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ 

ʤʘʪʝʨʠʘʣʘ, ʯʪʦ ʚʳʟʚʘʥʦ ʨʘʟʣʠʯʥʳʤ ʩʨʦʜʩʪʚʦʤ ʣʝʛʠʨʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ ʩʧʣʘʚʘ ʢʠʩʣʦʨʦʜʫ, ʘ ʪʘʢʞʝ 

ʨʘʟʣʠʯʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʫʧʨʫʛʦʩʪʠ ʧʘʨʘ ʜʣʷ ʜʘʥʥʳʭ ʵʣʝʤʝʥʪʦʚ. ʀʟʤʝʥʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʣʝʛʠʨʫʶʱʠʭ 

ʵʣʝʤʝʥʪʦʚ ʚ ʩʧʣʘʚʝ ʤʦʞʝʪ ʚʳʟʚʘʪʴ ʦʪʢʣʦʥʝʥʠʝ ʧʨʦʯʥʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʣʫʯʘʝʤʳʭ ʠʟʜʝʣʠʡ ʦʪ 

ʪʨʝʙʫʝʤʳʭ ʟʥʘʯʝʥʠʡ, ʩʥʠʟʠʪʴ ʫʩʪʘʣʦʩʪʥʫʶ ʧʨʦʯʥʦʩʪʴ, ʩʪʦʡʢʦʩʪʴ ʢ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʢʦʨʨʦʟʠʠ, ʘ 

ʪʘʢʞʝ ʜʨʫʛʠʝ ʧʘʨʘʤʝʪʨʳ, ʦʪ ʢʦʪʦʨʳʭ ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʠʪ ʥʘʜʝʞʥʦʩʪʴ ʫʟʣʦʚ ʠ ʤʝʭʘʥʠʟʤʦʚ, ʚ ʢʦʪʦʨʳʭ 

ʧʨʠʤʝʥʷʶʪʩʷ ʜʘʥʥʳʝ ʜʝʪʘʣʠ. 

ʆʩʥʦʚʥʦʡ ʮʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʣʦʩʴ ʠʩʩʣʝʜʦʚʘʥʠʝ ʠʟʤʝʥʝʥʠʷ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ, 

ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʠ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʘ ʚ ʧʨʦʮʝʩʩʝ ʉʃʇ. ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʥʠʢʝʣʝʚʳʡ ʩʫʧʝʨʩʧʣʘʚ ʀʥʢʦʥʝʣʴ 718. ʅʘ ʨʠʩʫʥʢʝ 1 ʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʤʦʨʬʦʣʦʛʠʷ ʠ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ 

ʩʦʩʪʘʚ ʠʩʭʦʜʥʦʛʦ ʧʦʨʦʰʢʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʤʝʪʦʜʦʤ ʛʘʟʦʚʦʡ ʘʪʦʤʠʟʘʮʠʠ ʨʘʩʧʣʘʚʘ. ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʙʳʣʠ 

ʚʳʨʘʱʝʥʳ ʦʙʨʘʟʮʳ ʩ ʨʘʟʣʠʯʥʦʡ ʦʨʠʝʥʪʘʮʠʝʡ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʧʣʘʪʬʦʨʤʝ ʧʦʩʪʨʦʝʥʠʷ (0 ʠ 90Ü). ʄʝʪʦʜʦʤ 

ʨʘʩʪʨʦʚʦʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʠʩʩʣʝʜʦʚʘʥʘ ʤʠʢʨʦʩʪʨʫʢʪʫʨʘ ʧʦʣʫʯʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʚ ʧʨʦʜʦʣʴʥʦʤ ʠ 

ʧʦʧʝʨʝʯʥʦʤ ʩʝʯʝʥʠʷʭ (ʨʠʩʫʥʦʢ 2). ʇʨʦʚʝʜʝʥ ʭʠʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʠʩʭʦʜʥʦʛʦ ʧʦʨʦʰʢʘ ʠ ʦʙʨʘʟʮʦʚ ʧʦʩʣʝ 

ʉʃʇ ʥʘ ʩʦʜʝʨʞʘʥʠʝ ʦʩʥʦʚʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʛʘʟʦʚʳʭ ʧʨʠʤʝʩʝʡ (O, N). ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʨʘʙʦʪʳ ʚʳʷʚʣʝʥʳ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʧʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʫʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ ʧʨʦʮʝʩʩʝ ʝʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʣʘʟʝʨʥʳʤ ʣʫʯʦʤ. 

 
ʘ) 

 
ʙ) 
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MECHANICAL ALLOYING ï METHOD OF N IAL INGOTS PRODUCTIO N FOR PREP-

TECHNOLOGY  

Safronova V.M., Logacheva A.I., Timofeev A.N., Logacheva I.A., Gusakov M.S.,  

Sentyurina Zh.A., Kandiba A.A., Shvagirev M.V. 

 

The work presents research results of the development of technology for obtaining the cylindrical ingotson 

the basis of intermetallic NiAl. The possibility of effective application of mechanical alloying and hot isostatic 

pressing. The obtained cylindrical ingots are used to produce small granules (less than 200 microns) usingPREP-

technology. 

 

ʆʩʥʦʚʥʳʤʠ ʬʘʢʪʦʨʘʤʠ, ʣʠʤʠʪʠʨʫʶʱʠʤʠ ʦʩʚʦʝʥʠʝ ʩʧʣʘʚʦʚ ʥʘ ʦʩʥʦʚʝ ɓ-ʬʘʟʳ ʩʠʩʪʝʤʳ Ni-Al ʚ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʷʚʣʷʶʪʩʷ ʠʭ ʧʣʦʭʘʷ ʤʝʭʘʥʠʯʝʩʢʘʷ ʦʙʨʘʙʘʪʳʚʘʝʤʦʩʪʴ, ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʩʪʨʫʢʪʫʨʳ, 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʫʣʝʚʘʷ ʧʣʘʩʪʠʯʥʦʩʪʴ ʠ ʥʝʜʦʩʪʘʪʦʯʥʳʡ ʟʘʧʘʩ ʧʨʦʯʥʦʩʪʠ. ɺ ʦʩʥʦʚʥʦʤ, ʧʨʠʯʠʥʘʤʠ ʥʠʟʢʠʭ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ, ʧʦʤʠʤʦ ʧʨʠʨʦʜʥʦʡ ʭʨʫʧʢʦʩʪʠ ʠʥʪʝʨʤʝʪʘʣʣʠʜʘ, ʩʣʫʞʘʪ ʥʝʜʦʩʪʘʪʢʠ ʣʠʪʝʡʥʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʦʜʦʙʥʳʭ ʩʧʣʘʚʦʚ. ʆʪʩʫʪʩʪʚʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʤʠʢʨʦʣʝʛʠʨʦʚʘʥʠʷ, ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴ 

ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ, ʫʢʨʫʧʥʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʠ ʥʘʣʠʯʠʝ ʚʥʫʪʨʝʥʥʠʭ ʜʝʬʝʢʪʦʚ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ 

ʷʚʣʷʶʪʩʷ ʥʝʧʨʝʦʜʦʣʠʤʳʤʠ ʧʨʦʙʣʝʤʘʤʠ ʣʠʪʝʡʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʢʦʥʪʝʢʩʪʝ ʧʦʣʫʯʝʥʠʷ ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʚ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʩʠʩʪʝʤʳ. 

ʆʜʥʘʢʦ, ʩʦʚʨʝʤʝʥʥʳʝ ʨʝʘʣʠʠ ʩʪʘʚʷʪ ʧʝʨʝʜ ʦʪʝʯʝʩʪʚʝʥʥʳʤ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʴʝʤ ʟʘʜʘʯʠ ʧʦ ʨʘʟʨʘʙʦʪʢʝ 

ʥʦʚʳʭ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ, ʨʝʰʘʪʴ ʢʦʪʦʨʳʝ ʥʝʚʦʟʤʦʞʥʦ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʧʦʪʝʥʮʠʘʣʘ ʠʥʪʝʨʤʝʪʘʣʣʠʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. 

ʆʜʥʠʤ ʠʟ ʥʘʧʨʘʚʣʝʥʠʡ ʧʦʚʳʰʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʩʧʣʘʚʦʚ ʥʘ ʦʩʥʦʚʝ ɓ-ʬʘʟʳ ʩʠʩʪʝʤʳ Ni-

Al ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʡ ʛʨʘʥʫʣʴʥʦʡ ʤʝʪʘʣʣʫʨʛʠʠ, ʢʦʪʦʨʳʝ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʤʠʥʠʤʘʣʴʥʳʤ 

ʤʝʭʘʥʠʯʝʩʢʠʤ ʚʦʟʜʝʡʩʪʚʠʝʤ ʥʘ ʩʪʘʜʠʠ ʢʦʥʝʯʥʦʡ ʦʙʨʘʙʦʪʢʠ, ʨʘʚʥʦʤʝʨʥʦʩʪʴʶ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʠ 
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ʤʠʢʨʦʨʘʟʤʝʨʥʦʩʪʴʶ ʩʪʨʫʢʪʫʨʳ ʧʦʣʫʯʘʝʤʳʭ ʠʟʜʝʣʠʡ. ɹʘʟʦʚʳʤ ʧʨʦʮʝʩʩʦʤ ʛʨʘʥʫʣʴʥʦʡ ʤʝʪʘʣʣʫʨʛʠʠ 

ʷʚʣʷʝʪʩʷ ʮʝʥʪʨʦʙʝʞʥʦʝ ʧʣʘʟʤʝʥʥʦʝ ʨʘʩʧʳʣʝʥʠʝ ʚʨʘʱʘʝʤʦʛʦ ʧʨʫʪʢʘ, ʢ ʢʦʪʦʨʦʤʫ ʧʨʝʜʲʷʚʣʷʶʪʩʷ ʨʷʜ 

ʩʪʨʦʛʠʭ ʪʨʝʙʦʚʘʥʠʡ ʧʦ ʛʝʦʤʝʪʨʠʠ ʠ ʰʝʨʦʭʦʚʘʪʦʩʪʠ, ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʪʝʭʥʦʣʦʛʠʠ. ɹʝʟ 

ʜʦʣʞʥʦʛʦ ʫʨʦʚʥʷ ʧʣʘʩʪʠʯʥʦʩʪʠ ʧʦʣʫʯʠʪʴ ʧʨʠʛʦʜʥʫʶ ʧʦ ʩʚʦʡʩʪʚʘʤ ʟʘʛʦʪʦʚʢʫ ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ 

ʚʦʟʤʦʞʥʳʤ. ɺʚʠʜʫ ʚʳʰʝʩʢʘʟʘʥʥʦʛʦ, ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ ʷʚʣʷʝʪʩʷ ʧʦʠʩʢ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʢʣʘʩʩʠʯʝʩʢʠʤ 

ʣʠʪʝʡʥʳʤ ʪʝʭʥʦʣʦʛʠʷʤ ʩʧʦʩʦʙʦʚ ʠʟʛʦʪʦʚʣʝʥʠʷ ʧʨʫʪʢʦʚʳʭ ʟʘʛʦʪʦʚʦʢ ʥʘ ʦʩʥʦʚʝ ʠʥʪʝʨʤʝʪʘʣʣʠʜʘNiAlʜʣʷ 

ʧʨʦʚʝʜʝʥʠʷ ʮʝʥʪʨʦʙʝʞʥʦʛʦ ʧʣʘʟʤʝʥʥʦʛʦ ʨʘʩʧʳʣʝʥʠʷ. 

ʅʘʠʙʦʣʝʝ ʧʨʦʩʪʳʤ ʠ ʨʝʘʣʠʟʫʝʤʳʤ ʩʧʦʩʦʙʦʤ ʧʦʚʳʩʠʪʴ ʫʨʦʚʝʥʴ ʧʣʘʩʪʠʯʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ 

ʤʝʣʢʦʜʠʩʧʝʨʩʥʦʡ, ʚʧʣʦʪʴ ʜʦ ʥʘʥʦʨʘʟʤʝʨʥʦʡ, ʩʪʨʫʢʪʫʨʳ ʤʘʪʝʨʠʘʣʘ. ʕʬʬʝʢʪʠʚʥʳʤ ʚ ʵʪʦʤ ʧʣʘʥʝ ʤʝʪʦʜʦʤ 

ʷʚʣʷʝʪʩʷ ʤʝʭʘʥʦʭʠʤʠʯʝʩʢʠʡ ʩʠʥʪʝʟ (ʄʍʉ) ï ʧʨʦʮʝʩʩ ʦʙʨʘʟʦʚʘʥʠʷ ʠʥʪʝʨʤʝʪʘʣʣʠʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚ 

ʫʩʣʦʚʠʷ ʠʥʪʝʥʩʠʚʥʦʡ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ.  

ʌʘʟʦʦʙʨʘʟʦʚʘʥʠʝ ʧʨʠ ʄʍʉ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʟʘ ʩʯʝʪ ʜʘʚʣʝʥʠʷ ʤʝʣʶʱʝʡ ʩʨʝʜʳ ʥʘ ʠʩʭʦʜʥʫʶ 

ʧʦʨʦʰʢʦʚʫʶ ʩʤʝʩʴ ʥʝʦʙʭʦʜʠʤʦʛʦ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ. ʇʝʨʚʦʥʘʯʘʣʴʥʦ ʧʨʦʠʩʭʦʜʠʪ ʠʟʤʝʣʴʯʝʥʠʝ ʯʘʩʪʠʮ 

ʜʦ ʢʨʫʧʥʦʩʪʠ ʤʝʥʝʝ 15 ʤʢʤ, ʩʦʧʨʦʚʦʞʜʘʶʱʝʝʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʦʡ ʜʠʬʬʫʟʠʝʡ ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ ʥʘ ʦʩʥʦʚʝ ʥʠʢʝʣʷ. ʇʦʩʣʝʜʫʶʱʠʡ ʧʦʤʦʣ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʠʥʪʝʨʤʝʪʘʣʣʠʜʥʦʡ 

ʬʘʟʳ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʵʥʝʨʛʝʪʠʢʠ ʧʦʤʦʣʘ ʦʙʨʘʟʦʚʘʥʠʝ 90-95 % ɓïʬʘʟʳ ʜʦʩʪʠʛʘʝʪʩʷ ʟʘ 3-8 ʯʘʩʦʚ. 

ʇʨʦʚʦʜʠʤʘʷ ʨʘʙʦʪʘ ʧʦ ʦʪʨʘʙʦʪʢʝ ʦʧʪʠʤʘʣʴʥʦʛʦ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʩʧʣʘʚʘ ʥʘ ʦʩʥʦʚʝ ɓ-NiAl 

ʧʦʟʚʦʣʠʣʘ ʚ ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʧʨʝʜʣʦʞʠʪʴ ʩʣʝʜʫʶʱʫʶ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʫʶ ʩʠʩʪʝʤʫ Ni-Al-Co-Cr-B-

Hf. 

ɺ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʜʣʷ ʧʦʤʦʣʘ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʧʣʘʥʝʪʘʨʥʘʷ ʤʝʣʴʥʠʮʘ Fritsch P4 ʠ 

ʘʪʪʨʠʪʦʨUnionProcess SD-1, ʚ ʢʦʪʦʨʳʭ ʜʦʩʪʠʛʘʝʪʩʷ ʥʘʠʙʦʣʴʰʝʝ ʜʘʚʣʝʥʠʝ ʤʝʣʶʱʝʡ ʩʨʝʜʳ ʥʘ ʝʜʠʥʠʮʫ 

ʤʘʩʩʳ ʧʦʨʦʰʢʘ. ʂʨʫʧʥʦʩʪʴ ʛʦʪʦʚʦʛʦ ʄʍʉ-ʧʦʨʦʰʢʘ ʥʝ ʧʨʝʚʳʰʘʝʪ 8 ʤʢʤ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʨʘʚʥʦʤʝʨʥʦʡ ʜʠʩʧʝʨʩʥʦʡ ʩʪʨʫʢʪʫʨʳ ʢʦʤʧʘʢʪʦʚ ʧʨʠ ʜʘʣʴʥʝʡʰʝʤ ʢʦʤʧʘʢʪʠʨʦʚʘʥʠʠ (ʨʠʩʫʥʦʢ 1). 

 
ʈʠʩʫʥʦʢ 1 ï ʉʪʨʫʢʪʫʨʘ ʢʦʤʧʘʢʪʥʦʛʦ ʦʙʨʘʟʮʘ ʄʍʉ-ʧʦʨʦʰʢʘ NiAl 

ʂʦʥʝʯʥʦʝ ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʝ ʧʦʨʦʰʢʘ ʧʨʦʚʦʜʠʣʦʩʴ ʤʝʪʦʜʦʤ ʛʦʨʷʯʝʛʦ ʠʟʦʩʪʘʪʠʯʝʩʢʦʛʦ ʧʨʝʩʩʦʚʘʥʠʷ 

ʚ ʩʧʝʮʠʘʣʴʥʦʡ ʢʘʧʩʫʣʴʥʦʡ ʦʩʥʘʩʪʢʝ, ʠʟʛʦʪʦʚʣʝʥʥʦʡ ʠʟ ʩʪʘʣʠ 12ʍ18ʅ10ʊ. ɻʝʦʤʝʪʨʠʯʝʩʢʠʝ ʨʘʟʤʝʨʳ 

ʢʘʧʩʫʣʳ ʨʘʩʩʯʠʪʳʚʘʣʠʩʴ ʠʩʭʦʜʷ ʠʟ ʦʨʠʝʥʪʠʨʦʚʦʯʥʦʡ ʫʩʘʜʢʠ ʧʦʨʦʰʢʘ, ʫʨʦʚʝʥʴ ʢʦʪʦʨʦʡ ʩʦʩʪʘʚʣʷʝʪ 

ʧʦʨʷʜʢʘ 70-75%. ʂʦʤʧʘʢʪʠʨʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1250Áʉ ʠ ʚʳʜʝʨʞʢʝ 3 ʯʘʩʘ. ʇʦʩʣʝ 

ʧʨʦʚʝʜʝʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʧʨʝʩʩʦʚʘʥʠʷ ʵʣʝʤʝʥʪʳ ʢʘʧʩʫʣʳ ʫʜʘʣʷʣʠʩʴ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʦʡ. ʆʙʱʠʡ ʚʠʜ 

ʧʨʫʪʢʦʚʦʡ ʟʘʛʦʪʦʚʢʠ ʠʟ ʄʍʉ-ʧʦʨʦʰʢʘ NiAl ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 2. 

 
ʈʠʩʫʥʦʢ 2 ï ʆʙʱʠʡ ʚʠʜ ʧʨʫʪʢʦʚʦʡ ʟʘʛʦʪʦʚʢʠ ʠʟ ʄʍʉ-ʧʦʨʦʰʢʘ NiAl 

ɼʠʩʧʝʨʥʦʩʪʴ ʩʪʨʫʢʪʫʨʳ ʧʦʟʚʦʣʷʝʪ ʦʙʝʩʧʝʯʠʪʴ ʚʳʩʦʢʠʝ ʜʣʷ ʜʘʥʥʦʛʦ ʢʣʘʩʩʘ ʠʥʪʝʨʤʝʪʘʣʣʠʜʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʦʣʫʯʘʝʤʦʡ ʟʘʛʦʪʦʚʢʠ. ɺ ʪʘʙʣʠʮʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ 

ʠʩʧʳʪʘʥʠʡ ʥʘ ʩʞʘʪʠʝ ʧʦʣʫʯʝʥʥʳʭ ʢʦʤʧʘʢʪʥʳʭ ʦʙʨʘʟʮʦʚ ʄʍʉ-ʧʦʨʦʰʢʘ NiAl. 

ʊʘʙʣʠʮʘ 1 ï ʄʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʄʍʉ-ʦʙʨʘʟʮʦʚ ʩʧʣʘʚʘ ʩʠʩʪʝʤʳ NiAl-Cr-Co-Hf-B 

ʅʘʠʤʝʥʦʚʘʥʠʝ ♫ʩʞ.ʚ, ʄʇʘ ♫ʩʞ.0,2, ʄʇʘ Ů, % 

ʄʍʉ-ʦʙʨʘʟʝʮ 1382 694 8,8 

ʎʝʥʪʨʦʙʝʞʥʦʝ ʧʣʘʟʤʝʥʥʦʝ ʨʘʩʧʳʣʝʥʠʝ ʧʦʣʫʯʝʥʥʦʡ ʟʘʛʦʪʦʚʢʠ ʧʨʦʚʦʜʠʣʦʩʴ ʥʘ ʫʩʪʘʥʦʚʢʝ ʋʎʈ-2, 

ʚʭʦʜʷʱʝʡ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʫʶ ʮʝʧʦʯʢʫ çʤʝʪʘʣʣʫʨʛʠʷ ʛʨʘʥʫʣè ʆɸʆ çʂʦʤʧʦʟʠʪè. ʉʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ 
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ʟʘʛʦʪʦʚʢʠ ʩʦʩʪʘʚʣʷʣʘ 20Ĭ103 ʦʙ/ʤʠʥ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʣʫʯʝʥʠʝ ʛʨʘʥʫʣ ʤʝʥʝʝ 200 ʤʢʤ. ʇʦʣʫʯʝʥʥʳʝ 

ʛʨʘʥʫʣʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʠʜʝʘʣʴʥʦʡ ʩʬʝʨʠʯʝʩʢʦʡ ʬʦʨʤʦʡ, ʥʠʟʢʠʤ ʫʨʦʚʥʝʤ ʛʘʟʦʚʦʡ ʧʦʨʠʩʪʦʩʪʠ ʠ 

ʦʪʩʫʪʩʪʚʠʝʤ ʩʘʪʝʣʣʠʪʦʚ. ʀʤʝʶʪ ʤʝʣʢʦʟʝʨʥʠʩʪʫʶ ʜʝʥʜʨʠʜʥʫʶ ʤʠʢʨʦʩʪʨʫʢʪʫʨʫ ʩ ʨʘʚʥʦʤʝʨʥʳʤ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʚʩʝʭ ʣʝʛʠʨʫʶʱʠʭ ʢʦʤʧʦʥʝʥʪʦʚ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʧʦʣʫʯʝʥʠʶ ʟʘʛʦʪʦʚʦʢ ʠʟ ʩʧʣʘʚʦʚ ʥʘ ʦʩʥʦʚʝ ɓ-NiAl  

ʤʝʭʘʥʦʭʠʤʠʯʝʩʢʠʡ ʩʠʥʪʝʟ ʷʚʣʷʝʪʩʷ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʡ ʘʣʴʪʝʨʥʘʪʠʚʦʡ ʢʣʘʩʩʠʯʝʩʢʠʤ ʣʠʪʝʡʥʳʤ 

ʪʝʭʥʦʣʦʛʠʷʤ. ʇʦʣʫʯʝʥʥʳʝ ʟʘʛʦʪʦʚʢʠ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʪʦʤ ʯʠʩʣʝ ʜʣʷ ʧʦʣʫʯʝʥʠʝ ʛʨʘʥʫʣ ʤʝʪʦʜʦʤ 

ʮʝʥʪʨʦʙʝʞʥʦʛʦ ʧʣʘʟʤʝʥʥʦʛʦ ʨʘʩʧʳʣʝʥʠʷ, ʧʨʠʛʦʜʥʳʭ ʧʦ ʬʨʘʢʮʠʦʥʥʦʤʫ ʩʦʩʪʘʚʫ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʠʟʜʝʣʠʡ 

ʤʝʪʦʜʦʤ ʤʝʪʘʣʣʫʨʛʠʠ ʛʨʘʥʫʣ. 
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MICROSTRUCTURE AND M ECHANICAL PROPERTIES  OF TITANIUM ALLOY VT 6S 

FABRICATED BY SELECT IVE ELECTRON BEAM ME LTING  

Sentyurina Zh.A., Logachev I.A., Usov P.A., Logacheva A.I., Timofeev A.N. 

 

This work presents the experience of JSC "Kompozit" in production of parts from VT6S alloy using electron 

beam melting technology. Cylindrical specimens oriented in the three different build direction were produced 

using an Arcam A2 system. As-fabricated specimens were annealed under vacuum and hot isostatic pressed (HIP) 

in argon. Both the as-fabricated and HIP/annealed samples were characterized by scanning electron microscopy 

and energy-dispersive X-ray spectroscopy to determine the microstructure and composition. Tensile testing was 

performed in Universal Testing machine at room temperature for as-fabricated in all build orientation and 

HIP/annealed samples. Fracture surface examination was also performed by SEM. The results of this investigation 

demonstrate a good homogeneous microstructure, minimal defects and fine grains caused by EBM, as well as 

excellent mechanical properties of VT6S. Various details of the aerospace appointment were produced based on 

the research of this alloy. 

 

ʉʝʣʝʢʪʠʚʥʦʝ ʵʣʝʢʪʨʦʥʥʦ-ʣʫʯʝʚʦʝ ʩʧʣʘʚʣʝʥʠʝ (ʉʕʃʉ) ï ʧʝʨʩʧʝʢʪʠʚʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʘʜʜʠʪʠʚʥʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ, ʚ ʧʨʦʮʝʩʩʝ ʢʦʪʦʨʦʡ ʠʟʛʦʪʦʚʣʝʥʠʝ ʜʝʪʘʣʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʫʪʝʤ ʧʦʩʣʦʡʥʦʛʦ ʠʟʙʠʨʘʪʝʣʴʥʦʛʦ 

ʩʧʣʘʚʣʝʥʠʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʥʘʥʝʩʝʥʥʦʛʦ ʩʣʦʷ ʧʦʨʦʰʢʘ. ʇʨʠ ʵʪʦʤ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤ ʠʩʪʦʯʥʠʢʦʤ ʩʣʫʞʠʪ 

ʤʦʱʥʳʡ ʵʣʝʢʪʨʦʥʥʳʡ ʣʫʯ, ʪʨʘʝʢʪʦʨʠʷ ʜʚʠʞʝʥʠʷ ʢʦʪʦʨʦʛʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʦʧʝʨʝʯʥʦʤʫ ʩʝʯʝʥʠʶ ʠʟʜʝʣʠʷ, 

ʩʛʝʥʝʨʠʨʦʚʘʥʥʦʛʦ ʠʟ CAD-ʤʦʜʝʣʠ. 

ʊʝʭʥʦʣʦʛʠʷ ʉʕʃʉ, ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʚ 2009 ʛʦʜʫ ʰʚʝʜʩʢʦʡ ʢʦʤʧʘʥʠʝʡ Arcam AB, ʠʤʝʝʪ ʨʷʜ 

ʧʨʝʠʤʫʱʝʩʪʚ ʧʝʨʝʜ ʣʘʟʝʨʥʳʤʠ ʘʜʜʠʪʠʚʥʳʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ (ʧʨʷʤʦʝ ʣʘʟʝʨʥʦʝ ʥʘʥʝʩʝʥʠʝ ʤʘʪʝʨʠʘʣʘ ʠ 

ʩʝʣʝʢʪʠʚʥʦʝ ʣʘʟʝʨʥʦʝ ʩʧʝʢʘʥʠʝ/ʩʧʣʘʚʣʝʥʠʝ). ʇʨʦʮʝʩʩ ʧʦʩʪʨʦʝʥʠʷ ʜʝʪʘʣʠ ʧʨʦʭʦʜʠʪ ʚ ʫʩʣʦʚʠʷʭ ʛʣʫʙʦʢʦʛʦ 

ʚʘʢʫʫʤʘ (10-5 ʇʘ), ʯʪʦ ʩʦʟʜʘʝʪ ʙʣʘʛʦʧʨʠʷʪʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʨʘʙʦʪʳ ʩ ʚʳʩʦʢʦʘʢʪʠʚʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ, ʚ 

ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʧʨʦʤʳʰʣʝʥʥʳʤʠ ʪʠʪʘʥʦʚʳʤʠ ʩʧʣʘʚʘʤʠ. ɺ ʨʘʙʦʯʝʡ ʟʦʥʝ ʫʩʪʘʥʦʚʦʢ ʉʕʃʉ ʧʨʦʠʟʚʦʜʠʪʩʷ 

ʧʦʩʪʦʷʥʥʳʡ ʧʦʜʦʛʨʝʚ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ 700-1000 Áʉ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʤʝʥʴʰʝʥʠʶ ʪʝʨʤʠʯʝʩʢʠʭ 

ʥʘʧʨʷʞʝʥʠʡ ʚ ʠʟʜʝʣʠʠ ʠ ʦʢʘʟʳʚʘʝʪ ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʤʠʢʨʦʩʪʨʫʢʪʫʨʫ ʦʙʨʘʟʮʘ. ʊʘʢʞʝ 

ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʜʦʛʨʝʚʘ ʜʦ ʪʘʢʠʭ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʘʥʥʫʶ ʪʝʭʥʦʣʦʛʠʶ ʜʣʷ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʩʧʣʘʚʦʚ, ʥʘʧʨʠʤʝʨ ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʚ ʠ ʪʫʛʦʧʣʘʚʢʠʭ ʩʦʝʜʠʥʝʥʠʡ. ʂʨʦʤʝ ʪʦʛʦ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʦʣʴʰʠʥʩʪʚʘ ʣʘʟʝʨʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʉʕʃʉ ʪʝʭʥʦʣʦʛʠʷ ʠʤʝʝʪ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʫʶ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʧʨʦʮʝʩʩʘ (ʜʦ 80 ʩʤ3/ʯ). 

ɺ ʢʘʯʝʩʪʚʝ ʧʨʝʢʫʨʩʦʨʘ ʚ ʪʝʭʥʦʣʦʛʠʠ ʉʕʃʉ ʠʩʧʦʣʴʟʫʶʪ ʧʦʨʦʰʢʦʚʳʝ ʤʘʪʝʨʠʘʣʳ ʩʦ ʩʬʝʨʠʯʝʩʢʦʡ 

ʬʦʨʤʦʡ ʯʘʩʪʠʮ ʠ ʬʨʘʢʮʠʦʥʥʳʤ ʩʦʩʪʘʚʦʤ 40-110 ʤʢʤ. ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʣʩʷ 

ʪʠʪʘʥʦʚʳʡ (Ŭ+ɓ)-ʩʧʣʘʚ ɺʊ6ʉ. ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʛʨʘʥʫʣʳ ʠʟ ʠʩʩʣʝʜʫʝʤʦʛʦ ʩʧʣʘʚʘ, ʧʦʣʫʯʝʥʥʳʝ 



ʉɽʂʎʀʗ 2 ʂʆʄʇʆɿʀʎʀʆʅʅʓɽ ʄɸʊɽʈʀɸʃʓ, ɺʂʃʖʏɸʗ ʇʆʃʀʄɽʈʅʓɽ 
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ʥʘ ʆɸʆ çʂʦʤʧʦʟʠʪè ʤʝʪʦʜʦʤ ʧʣʘʟʤʝʥʥʦʛʦ ʮʝʥʪʨʦʙʝʞʥʦʛʦ ʨʘʩʧʳʣʝʥʠʷ ʨʘʩʭʦʜʫʝʤʦʡ ʟʘʛʦʪʦʚʢʠ. ɼʣʷ 

ʧʦʣʫʯʝʥʥʳʭ ʛʨʘʥʫʣ ʧʨʦʠʟʚʝʜʝʥʘ ʦʮʝʥʢʘ ʩʣʝʜʫʶʱʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ: ʤʦʨʬʦʣʦʛʠʷ, ʬʨʘʢʮʠʦʥʥʳʡ ʩʦʩʪʘʚ, 

ʚʥʫʪʨʝʥʥʷʷ ʤʠʢʨʦʩʪʨʫʢʪʫʨʘ, ʩʦʜʝʨʞʘʥʠʝ ʛʘʟʦʚʳʭ ʧʨʠʤʝʩʝʡ, ʘ ʪʘʢʞʝ ʪʝʢʫʯʝʩʪʴ ʠ ʥʘʩʳʧʥʘʷ ʧʣʦʪʥʦʩʪʴ. 

ɺʳʷʚʣʝʥʦ, ʯʪʦ ʛʨʘʥʫʣʳ ʠʤʝʶʪ ʥʝʦʙʭʦʜʠʤʳʡ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ ʩʦʩʪʘʚ, ʠʜʝʘʣʴʥʫʶ ʩʬʝʨʠʯʝʩʢʫʶ 

ʬʦʨʤʫ, ʥʠʟʢʠʡ ʫʨʦʚʝʥʴ ʜʝʬʝʢʪʥʦʩʪʠ ʠ ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʪʨʝʙʦʚʘʥʠʷʤ ʧʨʦʮʝʩʩʘ ʉʕʃʉ. 

 

   
ʈʠʩʫʥʦʢ 1 ï ɻʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ ʩʦʩʪʘʚ (ʘ), ʤʦʨʬʦʣʦʛʠʷ (ʙ, ʚ) ʠ ʚʥʫʪʨʝʥʥʷʷ ʩʪʨʫʢʪʫʨʘ (ʛ) 

ʛʨʘʥʫʣ ʠʟ ʩʧʣʘʚʘ ɺʊ6ʉ 

ɺ ʭʦʜʝ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʥʘ ʫʩʪʘʥʦʚʢʝ Arcam A2 (ʐʚʝʮʠʷ) ʚʳʨʘʱʝʥʳ ʦʙʨʘʟʮʳ ʩ ʨʘʟʣʠʯʥʦʡ 

ʦʨʠʝʥʪʘʮʠʝʡ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʧʣʘʪʬʦʨʤʝ ʧʦʩʪʨʦʝʥʠʷ (0, 45 ʠ 90Ü). ɺʩʝ ʧʦʣʫʯʝʥʥʳʝ ʦʙʨʘʟʮʳ ʠʩʩʣʝʜʦʚʘʥʳ 

ʤʝʪʦʜʘʤʠ ʨʘʩʪʨʦʚʦʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʠ ʤʠʢʨʦʨʝʥʪʛʝʥʦʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʜʣʷ ʦʮʝʥʢʠ 

ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʠ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʩʧʣʘʚʘ ʧʦʩʣʝ ʧʨʦʮʝʩʩʘ ʉʕʃʉ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʥʘ ʨʠʩʫʥʢʝ 2 

ʧʨʝʜʩʪʘʚʣʝʥ ʚʥʝʰʥʠʡ ʚʠʜ ʠ ʤʠʢʨʦʩʪʨʫʢʪʫʨʘ ʚʝʨʪʠʢʘʣʴʥʳʭ ʦʙʨʘʟʮʦʚ (90Ü) ʚ ʨʘʟʣʠʯʥʳʭ ʩʝʯʝʥʠʷʭ. ʉʧʣʘʚ 

ɺʊ6ʉ ʧʦʩʣʝ ʉʕʃʉ ʠʤʝʝʪ ʚʠʜʤʘʥʰʪʝʪʪʦʚʫʶ     (Ŭ+ɓ)-ʩʪʨʫʢʪʫʨʫ ʠ ʦʪʣʠʯʘʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʥʠʟʢʦʡ 

ʩʪʨʫʢʪʫʨʥʦʡ ʘʥʠʟʦʪʨʦʧʠʝʡ. 

   
ʈʠʩʫʥʦʢ 2 ï ɺʥʝʰʥʠʡ ʚʠʜ ʚʝʨʪʠʢʘʣʴʥʳʭ ʦʙʨʘʟʮʦʚ (ʘ) ʠ ʠʭ ʤʠʢʨʦʩʪʨʫʢʪʫʨʘ ʚ ʧʨʦʜʦʣʴʥʦʤ (ʙ) ʠ ʧʦʧʝʨʝʯʥʦʤ 

(ʚ) ʩʝʯʝʥʠʷʭ 

ɺʩʝ ʚʠʜʳ ʦʙʨʘʟʮʦʚ ʧʦʩʣʝ ʉʕʃʉ ʙʳʣʠ ʧʦʜʚʝʨʛʥʫʪʳ ʛʦʨʷʯʝʤʫ ʠʟʦʩʪʘʪʠʯʝʩʢʦʤʫ ʧʨʝʩʩʦʚʘʥʠʶ ʠ 

ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ ʧʨʠ ʩʪʘʥʜʘʨʪʥʳʭ ʨʝʞʠʤʘʭ. ʇʨʦʚʝʜʝʥʳ ʩʨʘʚʥʠʪʝʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʯʥʦʩʪʥʳʭ 

ʩʚʦʡʩʪʚ ʧʨʠ ʠʩʧʳʪʘʥʠʷʭ ʥʘ ʨʘʩʪʷʞʝʥʠʝ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ʄʝʪʦʜʦʤ ʉʕʄ ʠʩʩʣʝʜʦʚʘʥʘ 

ʬʨʘʢʪʦʛʨʘʬʠʷ ʠʟʣʦʤʦʚ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠʟ ʩʧʣʘʚʘ ɺʊ6ʉ ʚʳʨʘʱʝʥʳ ʨʘʟʣʠʯʥʳʝ ʜʝʪʘʣʠ 

ʘʵʨʦʢʦʩʤʠʯʝʩʢʦʛʦ ʥʘʟʥʘʯʝʥʠʷ. 
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ALTERNATIVE TECHNOLO GY OF TIAL -BASED BLANKS PRODUCTION FOR PLASMA 

ROTATING ELECTRODE P ROCESS 

Sentyurina Zh.A., Zaitsev A.A., Pogozhev Y.S., Levashov E.A., Yukhvid V.I., Andreev D.E., Logachev 

I.A., Konstantinov A.V., Logacheva A.I., Timofeev A.N. 
 
Proposed the technology of the production TiA- based blanks which include synthesis of semi-product by 

centrifugal SHS casting and its subsequent vacuum induction remelting (VIR). The chemical composition, 

microstructure and mechanical properties of synthesized alloys after the SHS-casting and VIR were studied. The 

obtained cylindrical electrodes have a homogeneous structure, compressive strength at room temperature of 1760 

MPa and fulfill requirements for rotation electrode process (PREP). 

 

ʊʝʭʥʦʣʦʛʠʷ ʧʣʘʟʤʝʥʥʦʛʦ ʮʝʥʪʨʦʙʝʞʥʦʛʦ ʨʘʩʧʳʣʝʥʠʷ (ʇʎʈ) ʷʚʣʷʝʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʤʝʪʦʜʦʤ 

ʧʦʣʫʯʝʥʠʷ ʧʦʨʦʰʢʦʚ (ʛʨʘʥʫʣ) ʚʳʩʦʢʦʘʢʪʠʚʥʳʭ ʠʥʪʝʨʤʝʪʘʣʣʠʜʥʳʭ ʩʧʣʘʚʦʚ ʥʘ ʦʩʥʦʚʝ TiAl, ʪʘʢ ʢʘʢ 

ʧʦʣʥʦʩʪʴʶ ʠʩʢʣʶʯʘʝʪ ʢʦʥʪʘʢʪ ʨʘʩʧʣʘʚʘ ʩ ʪʠʛʣʝʤ ʠʣʠ ʨʘʟʣʠʚʦʯʥʳʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ ʚ ʧʨʦʮʝʩʩʝ ʨʘʩʧʳʣʝʥʠʷ 

ʨʘʩʧʣʘʚʘ. ʇʦʨʦʰʢʦʚʳʝ ʤʘʪʝʨʠʘʣʳ, ʧʦʣʫʯʝʥʥʳʝ ʧʦ ʪʝʭʥʦʣʦʛʠʠ ʇʎʈ, ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ 

ʩʬʝʨʠʯʥʦʩʪʠ, ʥʠʟʢʠʤ ʫʨʦʚʥʝʤ ʛʘʟʦʚʦʡ ʧʦʨʠʩʪʦʩʪʠ ʠ ʦʪʩʫʪʩʪʚʠʝʤ ʩʘʪʝʣʣʠʪʦʚ. 

ʇʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʇʎʈ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʣʫʯʘʝʤʳʭ ʛʨʘʥʫʣ ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʷʪ ʦʪ 

ʢʘʯʝʩʪʚʘ ʨʘʩʭʦʜʫʝʤʦʡ ʟʘʛʦʪʦʚʢʠ, ʢ ʢʦʪʦʨʦʡ ʧʨʝʜʲʷʚʣʷʝʪʩʷ ʨʷʜ ʪʨʝʙʦʚʘʥʠʡ, ʦʙʫʩʣʦʚʣʝʥʥʳʭ 

ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʪʝʭʥʦʣʦʛʠʠ. ʀʩʭʦʜʥʘʷ ʟʘʛʦʪʦʚʢʘ ʜʦʣʞʥʘ ʠʤʝʪʴ ʮʠʣʠʥʜʨʠʯʝʩʢʫʶ ʬʦʨʤʫ ʩ ʭʘʨʘʢʪʝʨʥʳʤʠ 

ʛʘʙʘʨʠʪʥʳʤʠ ʨʘʟʤʝʨʘʤʠ d = 55-80 ʤʤ ʠ l = 400-700 ʤʤ, ʨʘʚʥʦʤʝʨʥʳʡ ʧʦ ʚʩʝʡ ʜʣʠʥʝ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ, 

ʛʦʤʦʛʝʥʥʫʶ ʤʠʢʨʦʩʪʨʫʢʪʫʨʫ, ʦʪʩʫʪʩʪʚʠʝ ʚʥʫʪʨʝʥʥʠʭ ʜʝʬʝʢʪʦʚ ʠ ʥʝʦʙʭʦʜʠʤʳʡ ʟʘʧʘʩ ʧʨʦʯʥʦʩʪʠ, ʯʪʦʙʳ 

ʚʳʜʝʨʞʠʚʘʪʴ ʚʳʩʦʢʠʝ ʮʝʥʪʨʦʙʝʞʥʳʝ ʥʘʛʨʫʟʢʠ ʠ ʟʥʘʯʠʪʝʣʴʥʳʝ ʪʝʨʤʠʯʝʩʢʠʝ ʥʘʧʨʷʞʝʥʠʷ ʚ ʧʨʦʮʝʩʩʝ 

ʨʘʩʧʳʣʝʥʠʷ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʪʘʢʠʭ ʟʘʛʦʪʦʚʦʢ ʢʣʘʩʩʠʯʝʩʢʠʤʠ ʣʠʪʝʡʥʳʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ ʠʩʧʦʣʴʟʫʶʪ 

ʚʳʩʦʢʦʯʠʩʪʳʝ ʢʦʤʧʦʥʝʥʪʳ, ʢʦʪʦʨʳʝ ʧʦʜʚʝʨʛʘʶʪ ʤʥʦʛʦʢʨʘʪʥʦʤʫ ʛʦʤʦʛʝʥʠʟʠʨʫʶʱʝʤʫ ʧʝʨʝʧʣʘʚʫ. 

ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʧʨʝʜʣʘʛʘʝʪʩʷ ʘʣʴʪʝʨʥʘʪʠʚʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʧʦʣʫʯʝʥʠʷ ʧʨʫʪʢʦʚʳʭ ʟʘʛʦʪʦʚʦʢ, 

ʚʢʣʶʯʘʶʱʘʷ ʧʦʣʫʯʝʥʠʝ ʧʦʣʫʬʘʙʨʠʢʘʪʘ ʩʧʣʘʚʘ (ʨʠʩ. 1, ʘ) ʤʝʪʦʜʦʤ ʮʝʥʪʨʦʙʝʞʥʦʡ ʉɺʉ- ʤʝʪʘʣʣʫʨʛʠʠ ʠ 

ʧʦʩʣʝʜʫʶʱʠʡ ʝʛʦ ʚʘʢʫʫʤʥʳʡ ʠʥʜʫʢʮʠʦʥʥʳʡ ʧʝʨʝʧʣʘʚ ʩ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʢʨʫʧʥʦʛʘʙʘʨʠʪʥʦʡ ʟʘʛʦʪʦʚʢʠ 

(ʨʠʩ. 1, ʙ) ʜʣʷ ʧʨʦʮʝʩʩʘ ʇʎʈ. ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʣʩʷ ʠʥʪʝʨʤʝʪʘʣʣʠʜʥʳʡ ʩʧʣʘʚ ʤʘʨʢʠ 4822 

ʩʠʩʪʝʤʳ Ti-47Al-2Nb-2Cr. ʇʨʝʠʤʫʱʝʩʪʚʦʤ ʤʝʪʦʜʘ ʉɺʉ- ʤʝʪʘʣʣʫʨʛʠʠ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʝʰʝʚʦʛʦ ʦʢʩʠʜʥʦʛʦ ʩʳʨʴʷ ʠ ʥʠʟʢʠʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʟʘʪʨʘʪʳ. ɺ ʦʙʱʝʤ ʚʠʜʝ ʭʠʤʠʯʝʩʢʫʶ 

ʨʝʘʢʮʠʶ ʧʦʣʫʯʝʥʠʷ ʠʩʩʣʝʜʫʝʤʦʛʦ ʠʥʪʝʨʤʝʪʘʣʣʠʜʥʦʛʦ ʩʧʣʘʚʘ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʢʘʢ: 

TiO2 + Nb2O5 + Cr2O3 + Al + CaO2 + CaF2 Ÿ [TixAlyïNbïCr] + Al2O3ïCaO + F2ŷ + Q. 

CaO2 ʜʦʙʘʚʣʷʝʪʩʷ ʚ ʠʩʭʦʜʥʫʶ ʩʤʝʩʴ ʚ ʢʘʯʝʩʪʚʝ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʜʦʙʘʚʢʠ ʜʣʷ ʧʦʚʳʰʝʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨʳ ʛʦʨʝʥʠʷ, CaF2 ï ʚ ʢʘʯʝʩʪʚʝ ʬʣʶʩʘ ʜʣʷ ʩʥʠʞʝʥʠʷ ʚʷʟʢʦʩʪʠ ʦʢʩʠʜʥʦʡ ʬʘʟʳ ʧʨʦʜʫʢʪʦʚ ʛʦʨʝʥʠʷ. 

ʇʦʣʫʯʝʥʥʳʡ ʉɺʉ- ʧʦʣʫʬʘʙʨʠʢʘʪ ʠʤʝʣ ʣʠʪʫʶ ʛʦʤʦʛʝʥʥʫʶ ʩʪʨʫʢʪʫʨʫ (ʨʠʩ. 2, ʘ) ʩ ʥʝʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ 

ʦʢʩʠʜʥʳʭ ʚʢʣʶʯʝʥʠʡ. 

  

 ͊  ͋
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ʈʠʩʫʥʦʢ 1 ï ʉɺʉ- ʧʦʣʫʬʘʙʨʠʢʘʪ (ʘ) ʠ ʧʦʣʫʯʝʥʥʘʷ ʠʟ ʥʝʛʦ ʧʨʫʪʢʦʚʘʷ ʟʘʛʦʪʦʚʢʘ (ʙ) 

ʇʝʨʝʧʣʘʚ ʉɺʉ- ʧʦʣʫʬʘʙʨʠʢʘʪʘ ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʚ ʚʘʢʫʫʤʥʦʡ ʠʥʜʫʢʮʠʦʥʥʦʡ ʧʝʯʠ, ʦʩʥʘʱʝʥʥʦʡ 

ʤʝʜʥʳʤ ʚʦʜʦʦʭʣʘʞʜʘʝʤʳʤ ʪʠʛʣʝʤ, ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1600-1650Áʉ ʩ ʨʘʟʣʠʚʢʦʡ ʨʘʩʧʣʘʚʘ ʚ ʩʪʘʣʴʥʫʶ 

ʠʟʣʦʞʥʠʮʫ, ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʥʘʛʨʝʪʫʶ ʜʦ 800Áʉ. ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʩʧʣʘʚʘ ʧʦʩʣʝ ʧʝʨʝʧʣʘʚʘ (ʨʠʩ. 2, ʙ) 

ʢʘʯʝʩʪʚʝʥʥʦ ʩʦʚʧʘʜʘʝʪ ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʩʧʣʘʚʘ ʧʦʩʣʝ ʉɺʉ- ʣʠʪʴʷ, ʠʟ ʯʝʛʦ ʤʦʞʥʦ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʧʝʨʝʧʣʘʚ 

ʥʝ ʚʣʝʯʝʪ ʟʘ ʩʦʙʦʡ ʩʝʨʴʝʟʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʩʦʩʪʘʚʘ ʩʧʣʘʚʘ ʧʦ ʦʩʥʦʚʥʳʤ ʢʦʤʧʦʥʝʥʪʘʤ ʠ ʣʝʛʠʨʫʶʱʠʤ 

ʜʦʙʘʚʢʘʤ. ʆʜʥʘʢʦ ʚ ʧʨʦʮʝʩʩʝ ʧʝʨʝʧʣʘʚʘ ʧʨʦʠʩʭʦʜʠʪ ʨʘʬʠʥʠʨʦʚʘʥʠʝ ʨʘʩʧʣʘʚʘ ʦʪ ʛʘʟʦʚʳʭ ʧʨʠʤʝʩʝʡ (O, N) 

ʠ ʦʢʩʠʜʥʳʭ ʚʢʣʶʯʝʥʠʡ, ʧʨʠʚʦʜʷʱʝʝ ʢ ʫʤʝʥʴʰʝʥʠʶ ʠʭ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʦʯʪʠ ʚ 1,5 ʨʘʟʘ. 

ɿʥʘʯʠʪʝʣʴʥʦʝ ʫʤʝʥʴʰʝʥʠʝ ʛʘʟʦʚʳʭ ʧʨʠʤʝʩʝʡ, ʠʟʤʝʣʴʯʝʥʠʝ ʧʨʠʤʝʩʥʳʭ ʬʘʟ ʠ ʧʦʣʫʯʝʥʠʝ 

ʙʝʩʧʦʨʠʩʪʦʡ ʩʪʨʫʢʪʫʨʳ ʦʪʣʠʚʢʠ ʚ ʧʨʦʮʝʩʩʝ ʧʝʨʝʧʣʘʚʘ ʧʨʠʚʝʣʦ ʢ ʧʦʚʳʰʝʥʠʶ ʧʨʦʯʥʦʩʪʠ ʩʧʣʘʚʘ ʧʨʠ 

ʩʞʘʪʠʠ ʦʪ 1400 ʄʇʘ ʜʦ 1640 ʄʇʘ, ʘ ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʪʝʨʤʦʦʙʨʘʙʦʪʢʘ ʦʪʣʠʚʢʠ ʧʦʟʚʦʣʠʣʘ ʜʦʩʪʠʛʥʫʪʴ 

ʧʨʦʯʥʦʩʪʠ 1760 ʄʇʘ. ʅʘ ʨʠʩʫʥʢʝ 3 ʧʨʝʜʩʪʘʚʣʝʥʳ ʤʦʨʬʦʣʦʛʠʷ ʠ ʤʠʢʨʦʩʪʨʫʢʪʫʨʘ ʛʨʘʥʫʣ ʧʦʩʣʝ ʇʎʈ 

ʟʘʛʦʪʦʚʢʠ, ʧʦʣʫʯʝʥʥʦʡ ʧʦ ʧʨʝʜʣʦʞʝʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ. 

  
ʈʠʩʫʥʦʢ 2 ï ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʩʧʣʘʚʘ 4822 ʧʦʩʣʝ ʉɺʉ- ʣʠʪʴʷ (ʘ) ʠ ɺʀʇ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʊʆ (ʙ) 

   
ʈʠʩʫʥʦʢ 3 ï ʄʦʨʬʦʣʦʛʠʷ (ʘ, ʙ) ʠ ʤʠʢʨʦʩʪʨʫʢʪʫʨʘ (ʚ) ʛʨʘʥʫʣ ʠʟ ʩʧʣʘʚʘ 4822 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʌʎʇ çʀʩʩʣʝʜʦʚʘʥʠʷ ʠ ʨʘʟʨʘʙʦʪʢʠ ʧʦ 

ʧʨʠʦʨʠʪʝʪʥʳʤ ʥʘʧʨʘʚʣʝʥʠʷʤ ʨʘʟʚʠʪʠʷ ʥʘʫʯʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʈʦʩʩʠʠ ʥʘ 2014ð2020 

ʛʦʜʳè, ʩʦʛʣʘʰʝʥʠʝ ˉ 14.578.21.0040, ʧʨʦʝʢʪ RFMEFI 57814X0040. 
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THE SOLIDITY OF THIC K-WALLED WOUND COMPOSI TES 
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Abstract: Model elastic problems of a thick-walled coil-processing composite cooling on a mandrel and in 

case of mandrel absence are solved. The elastic problem of connection strength of a ring and a mandrel in the axis 

of symmetry direction is solved. Technologies of manufacturing coil-processing composites with the use of hot 

and cold binder type are compared. The influence of a thick-walled coil-processing composite thickness on 

residual stresses is shown. Experimental results of adhesive strength of steel specimens with epoxy binder with 

the use pull-out method and a normal separation specimens method are given. 
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ʅʘʤʦʪʦʯʥʳʝ ʚʦʣʦʢʥʠʩʪʳʝ ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʥʘʰʣʠ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʧʨʠ 

ʧʨʦʠʟʚʦʜʩʪʚʝ ʪʨʫʙ ʥʝʬʪʝ- ʠ ʛʘʟʦʧʨʦʚʦʜʦʚ, ʝʤʢʦʩʪʝʡ ʜʣʷ ʭʨʘʥʝʥʠʷ ʛʘʟʦʚ ʧʦʜ ʜʘʚʣʝʥʠʝʤ, ʪʦʧʣʠʚʥʳʭ ʙʘʢʦʚ 

ʜʣʷ ʩʘʤʦʣʝʪʦʚ, ʙʘʣʣʦʥʦʚ ʜʣʷ ʛʘʟʦʦʙʨʘʟʥʦʛʦ ʪʦʧʣʠʚʘ ʘʚʪʦʪʨʘʢʪʦʨʥʦʡ ʪʝʭʥʠʢʠ, ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʭ ʮʠʩʪʝʨʥ, 

ʘ ʪʘʢʞʝ ʧʨʠ ʨʝʤʦʥʪʝ ʨʦʪʦʨʦʚ ʛʝʥʝʨʘʪʦʨʦʚ ʪʦʢʘ, ʩʪʦʷʢʦʚ ʥʝʬʪʷʥʳʭ ʧʣʘʪʬʦʨʤ, ʤʝʪʘʣʣʠʯʝʩʢʠʭ 

ʪʨʫʙʦʧʨʦʚʦʜʦʚ, ʚʳʭʣʦʧʥʳʭ ʩʠʩʪʝʤ ʛʨʫʟʦʚʳʭ ʠ ʣʝʛʢʦʚʳʭ ʘʚʪʦʤʦʙʠʣʝʡ [1]. ɺʳʩʦʢʘʷ ʧʦʧʫʣʷʨʥʦʩʪʴ 

ʢʦʤʧʦʟʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩʚʷʟʘʥʘ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʩ ʩʦʯʝʪʘʥʠʝʤ ʚ ʥʠʭ ʚʳʩʦʢʠʭ ʧʨʦʯʥʦʩʪʥʳʭ ʩʚʦʡʩʪʚ ʠ 

ʩʪʦʡʢʦʩʪʠ ʢ ʢʦʨʨʦʟʠʦʥʥʳʤ ʠ ʭʠʤʠʯʝʩʢʠ ʘʛʨʝʩʩʠʚʥʳʤ ʩʨʝʜʘʤ ʩ ʥʠʟʢʠʤʠ ʫʜʝʣʴʥʳʤ ʚʝʩʦʤ. 

 ʆʜʥʘʢʦ ʧʨʦʮʝʩʩ ʩʦʟʜʘʥʠʷ ʥʘʤʦʪʦʯʥʦʛʦ ʢʦʤʧʦʟʠʪʘ ʩʚʷʟʘʥ ʩ ʨʷʜʦʤ ʨʝʰʝʥʠʡ ʬʠʟʠʯʝʩʢʠʭ ʠ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʟʘʜʘʯ. ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʵʪʦ ʟʘʜʘʯʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʚʳʙʦʨʦʤ ʪʠʧʘ ʩʚʷʟʫʶʱʝʛʦ ʠ 

ʦʪʚʝʨʜʠʪʝʣʷ, ʦʧʨʝʜʝʣʷʶʱʝʛʦ ʪʝʭʥʦʣʦʛʠʶ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʠ ʧʦʩʣʝʜʫʶʱʝʡ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ ʬʦʨʤʠʨʫʝʤʦʛʦ 

ʠʟʜʝʣʠʷ, ʘ ʪʘʢʞʝ ʩ ʚʳʙʦʨʦʤ ʘʨʤʠʨʫʶʱʠʭ ʚʦʣʦʢʦʥ ʠ ʜʠʩʧʝʨʩʥʳʭ ʥʘʧʦʣʥʠʪʝʣʝʡ; ʚʚʝʜʝʥʠʝʤ ʧʦʩʣʝʜʥʠʭ 

ʚʦʟʤʦʞʥʦ ʥʝʢʦʪʦʨʦʝ ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʤʝʭʘʥʠʯʝʩʢʠʭ ʠ ʪʝʧʣʦʚʳʭ ʩʚʦʡʩʪʚ ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. ɺʦ-

ʚʪʦʨʳʭ, ʟʘʜʘʯʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʚʳʙʦʨʦʤ ʩʭʝʤʳ ʘʨʤʠʨʦʚʘʥʠʷ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʠʧʘ ʘʨʤʠʨʫʶʱʝʛʦ ʤʘʪʝʨʠʘʣʘ 

(ʚʦʣʦʢʥʘ, ʥʠʪʠ, ʞʛʫʪʘ, ʣʝʥʪʳ ʠʣʠ ʪʢʘʥʠ). ʀ, ʥʘʢʦʥʝʮ, ʢʣʘʩʩ ʟʘʜʘʯ, ʩʚʷʟʘʥʥʳʡ ʩ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ 

ʪʨʫʜʥʦʩʪʷʤʠ ʚ ʧʨʦʮʝʩʩʝ ʧʦʣʫʯʝʥʠʷ ʥʘʤʦʪʦʯʥʦʛʦ ʢʦʤʧʦʟʠʪʥʦʛʦ ʠʟʜʝʣʠʷ. 

ʇʝʨʚʦʡ ʩʪʘʜʠʝʡ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʦʝʜʠʥʝʥʠʷ ʢʦʤʧʦʟʠʪʥʦʡ ʦʙʦʣʦʯʢʠ ʩ ʦʧʨʘʚʢʦʡ (ʠʣʠ ʣʝʡʥʝʨʦʤ) 

ʷʚʣʷʝʪʩʷ ʥʘʤʦʪʢʘ [1,2]. ʅʘ ʵʪʘʧʝ ʥʘʤʦʪʢʠ ʘʨʤʠʨʫʶʱʝʛʦ ʤʘʪʝʨʠʘʣʘ ʢ ʥʝʤʫ ʧʨʠʢʣʘʜʳʚʘʝʪʩʷ ʥʘʛʨʫʟʢʘ, 

ʩʦʟʜʘʶʱʘʷ ʥʘʪʷʞʝʥʠʝ. ʆʥʦ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʟʘʜʘʥʥʦʡ ʦʨʠʝʥʪʘʮʠʠ ʚʦʣʦʢʦʥ ʠ ʧʣʦʪʥʦʡ 

ʩʪʨʫʢʪʫʨʳ ʤʘʪʝʨʠʘʣʘ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ ʥʘʪʷʞʝʥʠʷ ʥʘʤʘʪʳʚʘʝʤʦʛʦ ʚʦʣʦʢʥʘ ʚ ʩʣʫʯʘʝ 

ʤʦʢʨʦʡ ʥʘʤʦʪʢʠ ʙʣʘʛʦʧʨʠʷʪʥʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʧʨʦʯʥʦʩʪʠ ʠʟʜʝʣʠʷ. ʆʥʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʤʝʥʴʰʝʥʠʶ 

ʢʦʣʠʯʝʩʪʚʘ ʜʝʬʝʢʪʦʚ ʚ ʠʟʜʝʣʠʠ, ʨʘʩʧʨʷʤʣʝʥʠʶ ʫʢʣʘʜʳʚʘʝʤʳʭ ʚʠʪʢʦʚ ʚʦʣʦʢʥʘ ʠ ʫʚʝʣʠʯʝʥʠʶ ʟʘʜʘʚʘʝʤʦʛʦ 

ʥʘʪʷʛʘ ʦʙʦʣʦʯʢʠ ʥʘ ʦʧʨʘʚʢʫ. ɺʘʨʴʠʨʦʚʘʥʠʝ ʥʘʪʷʞʝʥʠʝʤ ʚʦʣʦʢʥʘ ʚ ʧʨʦʮʝʩʩʝ ʥʘʤʦʪʢʠ ʪʝʦʨʝʪʠʯʝʩʢʠ 

ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʪʨʝʙʫʝʤʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʥʘʧʨʷʞʝʥʠʡ ʚ ʬʦʨʤʠʨʫʝʤʦʤ ʠʟʜʝʣʠʠ. ʆʜʥʘʢʦ 

ʩʫʱʝʩʪʚʝʥʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ ʚʦʟʤʦʞʥʦʩʪʠ ʥʘʤʦʪʢʠ ʚʥʦʩʠʪ ʬʠʣʴʪʨʘʮʠʷ ʩʚʷʟʫʶʱʝʛʦ ʩʢʚʦʟʴ ʧʦʨʠʩʪʫʶ 

ʩʪʨʫʢʪʫʨʫ ʘʨʤʘʪʫʨʳ ʠ ʧʦʪʝʨʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʞʘʪʳʭ ʩʣʦʝʚ ʥʘʤʦʪʘʥʥʳʭ ʚʦʣʦʢʦʥ (ʦʙʨʘʟʦʚʘʥʠʝ ʩʚʠʣʝʡ) [1,3]. 

ɺʪʦʨʳʤ ʵʪʘʧʦʤ ʧʦʣʫʯʝʥʠʷ ʥʘʤʦʪʦʯʥʦʛʦ ʠʟʜʝʣʠʷ ʦʙʳʯʥʦ ʷʚʣʷʝʪʩʷ ʝʛʦ ʨʘʟʦʛʨʝʚ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ 

ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʩʚʷʟʫʶʱʝʛʦ ʠ ʧʦʩʣʝʜʫʶʱʘʷ ʧʦʣʠʤʝʨʠʟʘʮʠʷ. ɺ ʧʨʦʮʝʩʩʝ ʨʘʟʦʛʨʝʚʘ ʩʚʷʟʫʶʱʝʝ 

ʧʨʝʪʝʨʧʝʚʘʝʪ ʧʘʜʝʥʠʝ ʚʷʟʢʦʩʪʠ, ʯʪʦ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʝʱʝ ʙʦʣʴʰʝʡ ʝʛʦ ʬʠʣʴʪʨʘʮʠʝʡ ʯʝʨʝʟ ʥʘʧʦʣʥʠʪʝʣʴ ʧʦʜ 

ʜʝʡʩʪʚʠʝʤ ʛʨʘʜʠʝʥʪʘ ʜʘʚʣʝʥʠʷ. ɺ ʧʨʦʮʝʩʩʝ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʢʦʤʧʦʟʠʪ çʥʘʙʠʨʘʝʪè ʩʚʦʠ ʩʚʦʡʩʪʚʘ. 

ɿʥʘʯʠʪʝʣʴʥʦʝ ʠʟʤʝʥʝʥʠʝ ʤʘʢʨʦʥʘʧʨʷʞʝʥʠʡ ʥʘ ʵʪʦʤ ʵʪʘʧʝ ʦʙʳʯʥʦ ʥʝ ʦʙʥʘʨʫʞʠʚʘʝʪʩʷ. ʆʜʥʘʢʦ ʠʤʝʥʥʦ ʥʘ 

ʵʪʦʤ ʵʪʘʧʝ ʚʦʟʤʦʞʥʦ ʟʘʨʦʞʜʝʥʠʝ ʜʝʬʝʢʪʘ ʠʟ-ʟʘ ʣʦʢʘʣʴʥʳʭ ʨʘʟʨʳʚʦʚ ʩʧʣʦʰʥʦʩʪʠ ʞʠʜʢʦʛʦ ʩʚʷʟʫʶʱʝʛʦ 

ʧʨʠ ʜʚʠʞʝʥʠʠ ʬʨʦʥʪʘ ʧʦʣʠʤʝʨʠʟʘʮʠʠ [4]. ʕʪʘʧʦʤ ʦʭʣʘʞʜʝʥʠʷ ʠ ʫʜʘʣʝʥʠʝʤ ʦʧʨʘʚʢʠ (ʝʩʣʠ ʵʪʦ 

ʥʝʦʙʭʦʜʠʤʦ) ʟʘʢʘʥʯʠʚʘʝʪʩʷ ʧʨʦʮʝʩʩ ʩʦʟʜʘʥʠʷ ʥʘʤʦʪʦʯʥʦʛʦ ʠʟʜʝʣʠʷ. ʅʘ ʵʪʘʧʝ ʦʭʣʘʞʜʝʥʠʷ ʥʘʠʙʦʣʝʝ 

ʩʠʣʴʥʦ ʠʟʤʝʥʷʶʪʩʷ ʦʩʪʘʪʦʯʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʚ ʠʟʜʝʣʠʠ, ʩʦʟʜʘʥʥʳʝ ʥʘ ʨʘʥʥʠʭ ʩʪʘʜʠʷʭ, ʠʟ-ʟʘ ʘʥʠʟʦʪʨʦʧʠʠ 

ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʩʚʦʡʩʪʚ ʠʟʜʝʣʠʷ. ʀʤʝʥʥʦ ʧʦ ʦʢʦʥʯʘʥʠʠ ʵʪʦʛʦ ʵʪʘʧʘ ʧʨʦʷʚʣʷʝʪʩʷ ʜʝʬʝʢʪʥʦʩʪʴ ʠʟʜʝʣʠʷ ï 

ʦʙʨʘʟʦʚʘʥʠʝ ʤʝʞʩʣʦʝʚʳʭ ʪʨʝʱʠʥ. ɺ ʧʨʦʮʝʩʩʝ ʦʭʣʘʞʜʝʥʠʷ ʢʦʤʧʦʟʠʪʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʟʥʘʯʠʪʝʣʴʥʦ 

ʠʟʤʝʥʷʶʪʩʷ ʠ ʨʝʣʘʢʩʘʮʠʦʥʥʳʝ ʧʘʨʘʤʝʪʨʳ, ʢʦʪʦʨʳʝ ʚʦ ʤʥʦʛʦʤ ʦʧʨʝʜʝʣʷʶʪ ʧʦʚʝʜʝʥʠʝ ʤʘʪʝʨʠʘʣʘ ʚ 

ʜʘʣʴʥʝʡʰʝʤ (ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʭʨʘʥʝʥʠʠ). ʆʪʤʝʪʠʤ, ʯʪʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʩʧʦʩʦʙʦʚ ʦʭʣʘʞʜʝʥʠʷ 

ʢʦʣʴʮʘ ʧʨʠʚʝʣʠ ʢ ʩʦʟʜʘʥʠʶ ʦʧʪʠʤʘʣʴʥʳʭ ʨʝʞʠʤʦʚ, ʧʦʟʚʦʣʷʶʱʠʭ ʧʦʣʫʯʘʪʴ ʤʦʥʦʣʠʪʥʳʝ ʥʘʤʦʪʦʯʥʳʝ 

ʢʦʥʩʪʨʫʢʮʠʠ ʚ ʢʨʘʪʯʘʡʰʠʝ ʩʨʦʢʠ [5]. ʇʨʦʮʝʩʩ ʩʥʷʪʠʷ ʠʟʜʝʣʠʷ ʩ ʦʧʨʘʚʢʠ ʩʚʷʟʘʥ ʩ ʧʘʜʝʥʠʝʤ ʩʦʟʜʘʥʥʳʭ 

ʥʘʧʨʷʞʝʥʠʡ ʥʘʪʷʛʘ ʢʦʤʧʦʟʠʪʘ ʥʘ ʦʧʨʘʚʢʫ. 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʨʝʰʝʥʳ ʤʦʜʝʣʴʥʳʝ ʟʘʜʘʯʠ ʦʪʚʝʨʞʜʝʥʠʷ ʠ ʦʭʣʘʞʜʝʥʠʷ ʢʦʤʧʦʟʠʪʥʦʛʦ ʢʦʣʴʮʘ 

ʦʜʥʦʥʘʧʨʘʚʣʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʥʘ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʦʧʨʘʚʢʝ. ɺʚʝʜʝʥ ʢʨʠʪʝʨʠʡ ʛʘʨʘʥʪʠʨʦʚʘʥʥʦʡ 

ʤʦʥʦʣʠʪʥʦʩʪʠ, ʧʦʟʚʦʣʷʶʱʠʡ ʚʳʜʝʣʠʪʴ ʦʙʣʘʩʪʴ ʪʦʣʱʠʥ ʢʦʣʝʮ, ʦʙʝʩʧʝʯʠʚʘʶʱʫʶ ʦʪʩʫʪʩʪʚʠʝ ʤʝʞʩʣʦʝʚʳʭ 

ʪʨʝʱʠʥ ʚ ʪʦʣʩʪʦʩʪʝʥʥʳʭ ʥʘʤʦʪʦʯʥʳʭ ʢʦʥʩʪʨʫʢʮʠʷʭ. ʈʝʰʝʥʘ ʤʦʜʝʣʴʥʘʷ ʟʘʜʘʯʘ ʪʝʨʤʦʫʧʨʫʛʦʩʪʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʥʘʤʦʪʦʯʥʦʛʦ ʢʦʤʧʦʟʠʪʘ ʩ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʦʧʨʘʚʢʦʡ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ. 

ʈʝʰʝʥʘ ʟʘʜʘʯʘ ʪʝʨʤʦʚʷʟʢʦʫʧʨʫʛʦʛʦ ʧʦʚʝʜʝʥʠʷ ʥʘʤʦʪʦʯʥʦʛʦ ʢʦʤʧʦʟʠʪʘ, ʥʘʭʦʜʷʱʝʛʦʩʷ ʥʘ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ 

ʦʧʨʘʚʢʝ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʦʩʪʘʪʦʯʥʳʭ ʥʘʧʨʷʞʝʥʠʡ. ʇʨʠʚʝʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʩʪʘʪʦʯʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʚ ʥʘʤʦʪʦʯʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʛʦʨʷʯʝʛʦ ʠ 

ʭʦʣʦʜʥʦʛʦ ʪʠʧʦʚ ʩʚʷʟʫʶʱʝʛʦ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʪʝʭʥʦʣʦʛʠʷʭ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʩʚʷʟʫʶʱʝʛʦ. 

ʇʦʣʫʯʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʚʣʠʷʥʠʷ ʪʦʣʱʠʥʳ ʪʦʣʩʪʦʩʪʝʥʥʦʛʦ ʥʘʤʦʪʦʯʥʦʛʦ ʢʦʤʧʦʟʠʪʘ ʥʘ ʚʝʣʠʯʠʥʫ ʥʘʪʷʛʘ ʝʛʦ 

ʥʘ ʦʧʨʘʚʢʫ. ʇʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʘʜʛʝʟʠʦʥʥʦʡ ʧʨʦʯʥʦʩʪʠ ʩʦʝʜʠʥʝʥʠʷ 

ʵʧʦʢʩʠʜʥʦʛʦ ʩʚʷʟʫʶʱʝʛʦ ʩ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʧʦʜʣʦʞʢʦʡ ʧʨʠ ʩʜʚʠʛʝ (ʤʝʪʦʜʦʤ pull-out) ʠ ʥʦʨʤʘʣʴʥʦʤ ʦʪʨʳʚʝ 
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ʩʢʣʝʝʥʥʳʭ ʚʩʪʳʢ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʦʙʨʘʟʮʦʚ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʧʦʣʫʯʝʥʳ 

ʦʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ʘʜʛʝʟʠʦʥʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʵʧʦʢʩʠʜʥʳʡ ʧʦʣʠʤʝʨ - ʩʪʘʣʴʥʘʷ ʧʦʜʣʦʞʢʘ, ʧʦʟʚʦʣʷʶʱʠʝ 

ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʧʨʦʯʥʦʩʪʴ ʥʘʤʦʪʦʯʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ ʥʘʛʨʫʞʝʥʠʷ. 
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Diamond cutting tools with metal binders are widely used to machine the most difficult to work with 

materials, such as reinforced concrete, stone and ceramics. The working layer of the tool contains diamond grains 

embedded in a metal matrix (binder). The role of the matrix is to retain the diamond grains until they are 

completely worn out. The grain retention strength depends on the strengths of the matrix material and its interface 

with diamond, which is influenced by chemical interactions between the two phases.  

The iron triad metals (Ni, Co, Fe) are usually added to the binder composition to increase its mechanical 

properties. However, these metals have a negative effect on diamond retention, as they catalyze the diamond (sp3) 

ï graphite (sp2) phase transition at elevated temperatures. As a result, a low-strength graphite layer is formed on 

the diamond surface when a tool is manufactured and/or used, which causes diamonds to prematurely chip off the 

metal matrix. More than that, graphitizing leads to erosion of diamonds at areas that contact with metal catalyst. 

This process leads to destruction of diamond grains. 

The mechanism of spontaneous formation of WC-based layer on diamond surface during sintering with 

metal binder in the presence of WC nanopowder as a reinforcing additive is studied. This intermediate layer 

provides a good adhesion between matrix and diamond. The layer is formed via a gas-phase transport mechanism 

leading to chemisorption of volatile tungsten oxide WO3 onto diamond surface followed by WO3 reduction and 

carbide formation.  

The simultaneous increase of the binder mechanical properties and formation of a protective WC-based 

layer on the diamond surface provide a synergistic effect, leading to the enhancement in operation performance 

of the diamond tool, in particular increasing productivity and cutting speed. 
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CALCULATION AND EXPE RIMENTAL INVESTIGATI ON OF THE PROPERTIES OF BRAIDED 

AND 3D WOVEN STRUCTURES BASED ON CARBON FIBERS 

Smerdov An.A., Tairova L.P., Timofejev I.ɸ., Grachev F.A. 

 
The objective of the study is experimental and calculation investigation of mechanical properties of 

composites based on the UKN-M-6K carbon fibers and the ENFB binder, which were fabricated with the aid of 

braiding and 3D weaving processes.  It is important to determine the effect of technological parameters (such as 

winding pitch and winding angle as well as their real scatter, the number of repeated layers, the degree of 

impregnation) on mechanical properties of examined structures. In the calculations, one estimates the dependence 

of average composite properties on the strand path over the thickness and the properties of these strands. The 

experiments are performed with the aid of braided specimens that were the tubes 270 mm in internal diameter; 

tubular specimens with 45 mm and 60 mm internal diameters are also tested. Obtained results enables one to 

elaborate recommendations on improving the manufacturing process and the procedures for calculating average 

material properties. 

 

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠ ʨʘʩʯʝʪʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʤʝʭʘʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʢʦʤʧʦʟʠʪʦʚ ʥʘ ʦʩʥʦʚʝ ʫʛʣʝʨʦʜʥʳʭ ʚʦʣʦʢʦʥ, ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʪʝʭʥʦʣʦʛʠʡ ʧʣʝʪʝʥʠʷ ʠ 

ʦʙʲʝʤʥʦʛʦ ʪʢʘʯʝʩʪʚʘ. ʕʪʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘʧʨʘʚʣʝʥʳ ʚ ʢʦʥʝʯʥʦʤ ʩʯʝʪʝ ʥʘ ʨʘʟʨʘʙʦʪʢʫ ʘʣʛʦʨʠʪʤʦʚ ʠ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʜʣʷ ʨʘʩʯʝʪʥʦʛʦ ʘʥʘʣʠʟʘ ʩʭʝʤ ʘʨʤʠʨʦʚʘʥʠʷ ʠ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʣʠʤʝʨʥʳʭ, ʫʛʣʝʨʦʜ-ʫʛʣʝʨʦʜʥʳʭ ʠ ʫʛʣʝʨʦʜ-ʢʝʨʘʤʠʯʝʩʢʠʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʥʘ ʦʩʥʦʚʝ ʮʝʣʴʥʦʪʢʘʥʳʭ (ʤʥʦʛʦʩʣʦʡʥʳʭ ʧʣʝʪʝʥʥʳʭ) ʧʨʝʬʦʨʤ. 

ɼʣʷ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʦ ʚʳʷʚʣʝʥʠʝ ʩʪʝʧʝʥʠ ʚʣʠʷʥʠʷ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʪʝʨʠʘʣʦʚ ʪʘʢʠʭ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʢʘʢ ʰʘʛ ʠ ʫʛʣʳ ʫʢʣʘʜʢʠ ʧʨʷʜʝʡ ʩ ʫʯʝʪʦʤ ʨʝʘʣʴʥʳʭ ʨʘʟʙʨʦʩʦʚ ʵʪʠʭ ʚʝʣʠʯʠʥ, 

ʢʦʣʠʯʝʩʪʚʦ ʧʦʚʪʦʨʷʶʱʠʭʩʷ ʩʣʦʝʚ ʠ ʫʨʦʚʝʥʴ ʧʨʦʧʠʪʢʠ ʩʚʷʟʫʶʱʠʤ. ʕʪʠ ʩʚʝʜʝʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʩʧʳʪʘʥʠʡ ʠʟ ʢʦʤʧʦʟʠʪʦʚ ʥʘ ʦʩʥʦʚʝ ʫʛʣʝʨʦʜʥʳʭ 

ʚʦʣʦʢʦʥ ʋʂʅ-ʄ-6ʂ ʠ ʩʚʷʟʫʶʱʝʛʦ ʕʅʌɹ ʙʳʣʠ ʠʟʛʦʪʦʚʣʝʥʳ ʧʣʝʪʝʥʠʝʤ ʮʠʣʠʥʜʨʠʯʝʩʢʠʝ ʦʙʦʣʦʯʢʠ ʩ 

ʚʥʫʪʨʝʥʥʠʤ ʜʠʘʤʝʪʨʦʤ 270 ʤʤ, ʩʦʩʪʦʷʱʠʝ ʠʟ ʧʨʷʜʝʡ, ʫʣʦʞʝʥʥʳʭ ʧʦ ʚʠʥʪʦʚʳʤ ʣʠʥʠʷʤ ʠ ʚ ʥʘʧʨʘʚʣʝʥʠʠ 

ʧʨʦʜʦʣʴʥʦʡ ʦʩʠ. ʀʟʛʦʪʦʚʣʝʥʦ ʧʷʪʴ ʚʘʨʠʘʥʪʦʚ ʪʘʢʠʭ ʦʙʦʣʦʯʝʢ: ʩ ʥʦʤʠʥʘʣʴʥʳʤʠ ʫʛʣʘʤʠ ʫʢʣʘʜʢʠ ʚʠʥʪʦʚʳʭ 

ʧʨʷʜʝʡ Ñ65,̄ Ñ80,̄ Ñ45 ̄ʠ ʧʨʦʜʦʣʴʥʳʤʠ ʧʨʷʜʷʤʠ, ʩ ʥʦʤʠʥʘʣʴʥʳʤʠ ʫʛʣʘʤʠ ʫʢʣʘʜʢʠ ʚʠʥʪʦʚʳʭ ʧʨʷʜʝʡ Ñ65,̄ 

Ñ45̄ ʙʝʟ ʧʨʦʜʦʣʴʥʳʭ ʧʨʷʜʝʡ. ʀʟ ʵʪʠʭ ʦʙʦʣʦʯʝʢ ʙʳʣʠ ʚʳʨʝʟʘʥʳ ʦʙʨʘʟʮʳ-ʧʦʣʦʩʢʠ ʚ ʥʘʧʨʘʚʣʝʥʠʠ 

ʧʨʦʜʦʣʴʥʦʡ ʦʩʠ ʜʣʷ ʠʩʧʳʪʘʥʠʡ ʥʘ ʨʘʩʪʷʞʝʥʠʝ ʠ ʧʦʧʝʨʝʯʥʳʡ ʠʟʛʠʙ ʠ ʢʦʣʴʮʝʚʳʝ ʦʙʨʘʟʮʳ ʜʣʷ ʠʩʧʳʪʘʥʠʡ 

ʥʘ ʨʘʩʪʷʞʝʥʠʝ ʧʦʣʫʜʠʩʢʘʤʠ. ɺʦ ʚʨʝʤʷ ʠʩʧʳʪʘʥʠʡ ʠʟʤʝʨʷʣʠʩʴ ʜʝʬʦʨʤʘʮʠʠ ʣʠʙʦ ʧʦ ʧʝʨʝʤʝʱʝʥʠʷʤ ʚ 

ʢʦʥʪʨʦʣʴʥʳʭ ʪʦʯʢʘʭ, ʣʠʙʦ ʧʦ ʧʦʢʘʟʘʥʠʷʤ ʪʝʥʟʦʜʘʪʯʠʢʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʘ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ 

ʠʩʧʳʪʘʥʠʡ ʦʧʨʝʜʝʣʝʥʳ ʩʨʝʜʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʞʝʩʪʢʦʩʪʠ ʠ ʧʨʦʯʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ. ɸʥʘʣʠʟ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʧʨʦʚʝʜʝʥ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʝʜʧʦʣʦʞʝʥʠʷ, ʯʪʦ ʪʦʣʱʠʥʘ ʫʩʣʦʚʥʦʛʦ ʩʣʦʷ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʢʘʞʜʦʤʫ ʠʟ ʥʘʧʨʘʚʣʝʥʠʡ ʚʦʣʦʢʦʥ, ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʦʙʲʝʤʫ ʚʦʣʦʢʦʥ ʚ ʵʪʦʤ ʩʣʦʝ. ʇʦ 

ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʦʚʝʜʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʜʘʥʘ ʦʮʝʥʢʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʫʧʨʫʛʦʩʪʠ ʠ ʧʨʦʯʥʦʩʪʠ ʪʘʢʦʛʦ ʫʩʣʦʚʥʦʛʦ 

ʩʣʦʷ. 

ɼʘʣʝʝ ʙʳʣʠ ʠʟʛʦʪʦʚʣʝʥʳ ʤʝʪʦʜʦʤ ʧʣʝʪʝʥʠʷ ʠ ʠʩʧʳʪʘʥʳ ʥʘ ʨʘʩʪʷʞʝʥʠʝ ʠ ʚʥʫʪʨʝʥʥʝʝ ʜʘʚʣʝʥʠʝ 

ʪʨʫʙʯʘʪʳʝ ʦʙʨʘʟʮʳ ʩ ʧʦʜʢʨʝʧʣʝʥʠʝʤ ʢʦʣʴʮʝʚʦʡ ʥʘʤʦʪʢʦʡ ʥʘ ʢʦʥʮʘʭ. ʕʪʠ ʦʙʨʘʟʮʳ ʠʤʝʣʠ ʚʥʫʪʨʝʥʥʠʝ 

ʜʠʘʤʝʪʨʳ 45 ʤʤ, 60 ʤʤ ʠ ʥʦʤʠʥʘʣʴʥʳʝ ʫʛʣʳ ʫʢʣʘʜʢʠ ʧʨʷʜʝʡ ʚ ʚʠʥʪʦʚʳʭ ʩʣʦʷʭ Ñ65.̄ ʇʦʣʦʚʠʥʘ ʵʪʠʭ 

ʦʙʨʘʟʮʦʚ ʠʟʛʦʪʦʚʣʝʥʘ ʙʝʟ ʧʨʦʜʦʣʴʥʳʭ ʧʨʷʜʝʡ, ʘ ʦʩʪʘʣʴʥʳʝ ï ʩ ʧʨʦʜʦʣʴʥʳʤʠ ʧʨʷʜʷʤʠ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ 

ʠʩʧʳʪʘʥʠʡ ʧʨʦʚʝʜʝʥʘ ʦʮʝʥʢʘ ʤʘʩʰʪʘʙʥʦʛʦ ʵʬʬʝʢʪʘ ʠ ʩʧʦʩʦʙʘ ʥʘʛʨʫʞʝʥʠʷ ʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ 

ʟʥʘʯʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʞʝʩʪʢʦʩʪʠ ʠ ʧʨʦʯʥʦʩʪʠ.   
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ʅʘ ʟʘʚʝʨʰʘʶʱʝʤ ʵʪʘʧʝ ʨʘʙʦʪ ʙʳʣʠ ʠʟʛʦʪʦʚʣʝʥʳ ʠ ʠʩʧʳʪʘʥʳ ʧʦʣʥʦʛʘʙʘʨʠʪʥʳʝ ʮʠʣʠʥʜʨʠʯʝʩʢʠʝ 

ʧʣʝʪʝʥʳʝ ʵʣʝʤʝʥʪʳ ʜʠʘʤʝʪʨʦʤ 270 ʤʤ. ɹʳʣʠ ʧʨʦʚʝʜʝʥʳ ʠʩʧʳʪʘʥʠʷ ʥʘ ʨʘʩʪʷʞʝʥʠʝ ʠ ʚʥʫʪʨʝʥʥʝʝ ʜʘʚʣʝʥʠʝ. 

ɼʣʷ ʵʪʠʭ ʠʩʧʳʪʘʥʠʡ ʙʳʣʘ ʩʧʨʦʝʢʪʠʨʦʚʘʥʘ ʠ ʠʟʛʦʪʦʚʣʝʥʘ ʩʧʝʮʠʘʣʴʥʘʷ ʦʩʥʘʩʪʢʘ. 

ʇʦʣʫʯʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʜʘʶʪ ʦʩʥʦʚʫ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ 

ʧʣʝʪʝʥʳʭ ʩʪʨʫʢʪʫʨ. ʅʝʢʦʪʦʨʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʪʘʢʠʭ ʤʦʜʝʣʝʡ ʦʙʩʫʞʜʘʶʪʩʷ ʚ ʜʦʢʣʘʜʝ. 

ʂʨʦʤʝ ʪʦʛʦ, ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʨʘʩʯʝʪʥʳʝ ʘʣʛʦʨʠʪʤʳ ʠ ʩʦʩʪʘʚʣʝʥʘ ʧʨʦʛʨʘʤʤʘ ʢʦʤʧʴʶʪʝʨʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ʮʝʣʴʥʦʪʢʘʥʳʭ (ʦʙʲʝʤʥʦ-ʪʢʘʥʳʭ) ʧʨʝʬʦʨʤ ʠ 

ʪʠʧʦʚʳʭ ʥʝʩʫʱʠʭ ʵʣʝʤʝʥʪʦʚ ʠʟ ʪʘʢʠʭ ʤʘʪʝʨʠʘʣʦʚ. ʉ ʧʦʤʦʱʴʶ ʵʪʦʡ ʧʨʦʛʨʘʤʤʳ ʤʦʞʥʦ ʙʳʩʪʨʦ ʜʘʪʴ ʦʮʝʥʢʫ 

ʨʘʟʣʠʯʥʳʭ ʚʘʨʠʘʥʪʦʚ ʘʨʤʠʨʦʚʘʥʠʷ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʩʠʣʦʚʳʭ ʵʣʝʤʝʥʪʦʚ ʠʟ ʢʦʤʧʦʟʠʪʦʚ ʥʘ ʦʩʥʦʚʝ 

ʦʙʲʝʤʥʦ-ʪʢʘʥʳʭ ʧʨʝʬʦʨʤ. 

ʅʘ ʩʣʝʜʫʶʱʝʤ ʵʪʘʧʝ ʨʘʙʦʪ ʧʣʘʥʠʨʫʝʪʩʷ ʧʨʦʜʦʣʞʝʥʠʝ ʨʘʩʯʝʪʥʳʭ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ. 
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ON THE ISSUE OF OXIDATION  STABILITY  AND PROPERTIES OF CMCM UNDER EFFECT OF 

HIGH ENTHALPY GAS FL OWS 

Tashev V.P., Timofeev I.A., Dvoretsky A.E., Taschilov S.V., Vagin V.P. 

 
The experiments to evaluate oxidation stability under effect of high enthalpy on different carbon-carbon 

materials were conducted. Thermal-physical effects were revealed in relation to CMCM oxidation process due to 

introduction of high temperature ablators into different types of carbon preforms. Significant decrease of heat flux 

into carbon materials has been observed. A multilayer thermal protection model has been propounded. 

 

ʉ ʧʦʷʚʣʝʥʠʝʤ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠʟʛʦʪʦʚʣʝʥʠʷ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʘ ʪʘʢʞʝ 

ʥʦʚʳʤʠ ʤʝʪʦʜʘʤʠ ʠʭ ʠʩʧʳʪʘʥʠʡ ʧʦʷʚʠʣʘʩʴ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ ʠ ʩʦʟʜʘʥʠʷ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʳʭ 

ʚʠʜʦʚ ʪʝʧʣʦʟʘʱʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʩʧʦʩʦʙʥʳʭ ʧʨʝʧʷʪʩʪʚʦʚʘʪʴ ʠʭ ʦʢʠʩʣʝʥʠʶ ʠ ʨʘʟʨʫʰʝʥʠʶ ʧʨʠ 

ʚʦʟʜʝʡʩʪʚʠʠ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʛʘʟʦʚʳʭ ʧʦʪʦʢʦʚ. ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʘʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʠʢʪʫʝʪʩʷ 

ʚʳʩʦʢʠʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ ʢ ʦʢʠʩʣʠʪʝʣʴʥʦʡ ʠ ʪʝʧʣʦʚʦʡ ʩʪʦʡʢʦʩʪʠ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ 

ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʳʭ ʃɸ. 

ʅʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤ ʩʪʝʥʜʝ ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ ʋʇʀʄ-200 ʆɸʆ "ʂʦʤʧʦʟʠʪ" ʙʳʣ 

ʧʨʦʚʝʜʝʥ ʨʷʜ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ʦʢʠʩʣʠʪʝʣʴʥʦʡ ʩʪʦʡʢʦʩʪʠ ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʭ ʋʂʂʄ ʩ ʥʘ 

ʨʘʟʣʠʯʥʳʭ ʪʠʧʘʭ ʢʘʨʢʘʩʦʚ. ʇʨʠ ʘʥʘʣʠʟʝ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʧʳʪʘʥʠʡ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥ r ʵʬʬʝʢʪ,r 
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ʙʣʦʢʠʨʫʶʱʠʝ ʠʥʪʝʥʩʠʚʥʦʝ ʦʢʠʩʣʝʥʠʝ ʤʘʪʝʨʠʘʣʘ, ʘ ʪʘʢʞʝ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʫʤʝʥʴʰʘʶʱʠʝ 

ʪʝʧʣʦʚʦʡ ʧʦʪʦʢ ʚʥʫʪʨʴ ʤʘʪʝʨʠʘʣʘ. 

ʆʙʥʘʨʫʞʝʥʥʳʝ ʵʬʬʝʢʪ rʙʣʦʢʠʨʦʚʢʠ ʧʨʦʮʝʩʩʦʚ ʦʙʲʝʤʥʦʛʦ ʦʢʠʩʣʝʥʠʷ ʤʘʪʝʨʠʘʣʘ ʧʨʦʷʚʣʷʶʪʩ ̫ʟʘ 

ʩʯʝʪ ʦʙʨʘʟʦʚʘʥʠʷ ʚ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʣʦʷʭ ʤʘʪʝʨʠʘʣʘ ʞʠʜʢʦʬʘʟʥʦʡ, ʥʝʧʨʦʥʠʮʘʝʤʦʡ ʜʣʷ ʜʠʬʬʫʟʠʠ 

ʢʠʩʣʦʨʦʜʘ ʧʣʝʥʢʠ. ʀʟʤʝʥʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʠ ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʠ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʣʦʝʚ 

ʤʘʪʝʨʠʘʣʘ ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ ʚʥʫʪʨʴ ʤʘʪʝʨʠʘʣʘ. ʇʨʝʜʣʦʞʝʥ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʡ 

ʤʝʭʘʥʠʟʤ ʦʙʥʘʨʫʞʝʥʥʳʭ ʵʬʬʝʢʪʦʚ. ɺ ʧʨʦʮʝʩʩʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʤʘʪʝʨʠʘʣʘ ʚʦʟʥʠʢʘʝʪ ʤʥʦʛʦʩʣʦʡʥʘʷ 

ʩʪʨʫʢʪʫʨʘ ʚ ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ ʤʘʪʝʨʠʘʣʘ, ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʩʦʩʪʦʷʱʘʷ ʠʟ: 1) - ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ 

ʥʠʟʢʦʧʨʦʥʠʮʘʝʤʳʭ ʦʢʩʠʜʦʚ; 2) - ʚʳʩʦʢʦʧʦʨʠʩʪʦʛʦ ʩʣʦʷ ʩ ʥʠʟʢʦʡ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴʶ; 3) - ʞʠʜʢʦʡ ʬʘʟʳ 

ʨʘʩʧʣʘʚʘ ʦʢʠʩʣʦʚ.  

ʇʨʠ ʩʦʟʜʘʥʠʠ ʪʘʢʦʡ ʩʪʨʫʢʪʫʨʳ ʪʝʧʣʦʚʦʡ ʢʦʥʚʝʢʪʠʚʥʳʡ ʧʦʪʦʢ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʵʢʨʘʥʠʨʫʝʪʩʷ 

ʠʟ-ʟʘ ʪʦʛʦ, ʯʪʦ ʧʦʚʝʨʭʥʦʩʪʥʘʷ ʪʚʝʨʜʦʬʘʟʥʘʷ ʧʣʝʥʢʘ ʦʢʩʠʜʘ ʠʤʝʝʪ ʥʠʟʢʫʶ ʠʥʪʝʛʨʘʣʴʥʫʶ ʩʪʝʧʝʥʴ ʯʝʨʥʦʪʳ 

(ʦʢʦʣʦ 0,4), ʘ ʪʝʧʣʦʚʦʡ ʧʦʪʦʢ ʚʥʫʪʨʴ ʤʘʪʝʨʠʘʣʘ ʩʢʣʘʜʳʚʘʝʪʩʷ ʠʟ ʨʘʜʠʘʮʠʦʥʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʠ 

ʩʦʩʪʘʚʣʷʶʱʝʡ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʚ ʚʳʩʦʢʦʧʦʨʠʩʪʦʤ ʧʦʜʩʣʦʝ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʫʤʝʥʴʰʝʥʠʶ 

ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ ʚ ʩʪʨʫʢʪʫʨʝ ʤʘʪʝʨʠʘʣʘ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʢʦʥʚʝʢʪʠʚʥʦʤʫ ʧʦʪʦʢʫ ʥʘ ʚʥʝʰʥʝʡ ʝʛʦ ʛʨʘʥʠʮʝ.  
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STUDYING THE DEFORMA TION AND FAILURE MOD ES OF CARBON FIBER COMPOSITE 

FASTENERS  

Smerdov An.A., Tairova L.P., Smerdov Al.A., Timofejev I.A., Mihailovski K.M. 

 
The objective of the study is designing the joints in which both connected elements and fasteners are made 

of composites.  The following materials are used for the joints: carbon fibers UKN-6K and carbon fabric UT900-

3K-240 with the ENFB binder as well as carbon-carbon composites and carbon-ceramic composites based on the 

UT900-3K-340 fabric.  The paper presents the properties of composites experimentally determined with the aid 

of specimens, the results of numerical calculations, and the results of the tests of several types of fastener elements 

and joints.  Composite bolts and pins with the nuts are examined.  The joints are tested under tension and shear; 

the diagrams are recorded of the displacement of test machine grips versus the applied load. The paper also 

presents the results of numerical calculations and test results for several types of model joints with several 

fasteners. Obtained results demonstrate the abilities of applications of fasteners made of carbon fiber composites. 

 

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʦʟʤʦʞʥʦʩʪʝʡ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʦʤʧʦʟʠʪʥʦʛʦ ʢʨʝʧʝʞʘ ʧʨʠ 

ʩʦʝʜʠʥʝʥʠʠ ʜʝʪʘʣʝʡ ʠʟ ʢʦʤʧʦʟʠʪʦʚ. ʇʨʠ ʵʪʦʤ ʤʘʪʝʨʠʘʣ ʢʨʝʧʝʞʥʳʭ ʵʣʝʤʝʥʪʦʚ ʜʦʣʞʝʥ ʙʳʪʴ ʤʘʢʩʠʤʘʣʴʥʦ 

ʙʣʠʟʦʢ ʢ ʤʘʪʝʨʠʘʣʫ ʩʦʝʜʠʥʷʝʤʳʭ ʵʣʝʤʝʥʪʦʚ (ʥʘʧʨʠʤʝʨ, ʫʛʣʝʧʣʘʩʪʠʢʦʚʳʡ ʢʨʝʧʝʞ ʧʨʠ ʩʦʝʜʠʥʝʥʠʠ ʣʠʩʪʦʚ 

ʫʛʣʝʧʣʘʩʪʠʢʘ). 

ɺ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʥʳ ʩʦʝʜʠʥʝʥʠʷ ʫʛʣʝʧʣʘʩʪʠʢʦʚ ʥʘ ʦʩʥʦʚʝ ʥʠʪʝʡ ʋʂʅ-6ʂ ʠ ʪʢʘʥʠ ʋʊ900-3ʂ-240 

ʩʦ ʩʚʷʟʫʶʱʠʤ ʕʅʌɹ, ʘ ʪʘʢʞʝ ʋʋʂʄ ʠ ʋʂʂʄ ʥʘ ʦʩʥʦʚʝ ʪʢʘʥʠ ʋʊ900-3ʂ-240.  

ʀʩʭʦʜʥʳʤʠ ʜʘʥʥʳʤʠ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʢʨʝʧʝʞʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʷʚʣʷʶʪʩʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʫʧʨʫʛʦʩʪʠ ʠ ʧʨʦʯʥʦʩʪʠ ʚ ʧʣʦʩʢʦʩʪʠ ʦʜʥʦʥʘʧʨʘʚʣʝʥʥʦʛʦ ʩʣʦʷ ʜʣʷ ʫʛʣʝʧʣʘʩʪʠʢʘ ʥʘ ʦʩʥʦʚʝ ʥʠʪʝʡ ʠ ʚ 

ʧʣʦʩʢʦʩʪʠ ʪʢʘʥʠ ʜʣʷ ʢʦʤʧʦʟʠʪʦʚ ʥʘ ʦʩʥʦʚʝ ʪʢʘʥʠ, ʘ ʪʘʢʞʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚ ʥʘʧʨʘʚʣʝʥʠʠ, 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʤ ʧʣʦʩʢʦʩʪʠ ʪʢʘʥʠ, ʠʟ ʢʦʪʦʨʳʭ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʤʠ ʷʚʣʷʶʪʩʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʠ 

ʤʝʞʩʣʦʡʥʦʤ ʩʜʚʠʛʝ. ʇʦʵʪʦʤʫ ʧʝʨʚʳʤ ʵʪʘʧʦʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʠʣʦʩʴ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʙʨʘʟʮʘʭ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʘʥʘʣʠʟʦʤ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʦʚ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʣʦʷ [1]. ʆʩʥʦʚʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʠʩʧʳʪʘʥʠʡ ʠ 

ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʨʘʙʦʪʝ. 



ʉɽʂʎʀʗ 2 ʂʆʄʇʆɿʀʎʀʆʅʅʓɽ ʄɸʊɽʈʀɸʃʓ, ɺʂʃʖʏɸʗ ʇʆʃʀʄɽʈʅʓɽ 
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ɿʘʪʝʤ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʠʩʧʳʪʘʥʠʷ ʥʘ ʨʘʩʪʷʞʝʥʠʝ ʠ ʩʨʝʟ ʢʨʝʧʝʞʥʳʭ ʵʣʝʤʝʥʪʦʚ ʜʚʫʭ ʚʠʜʦʚ: ʙʦʣʪʳ ʠ 

ʰʧʠʣʴʢʠ ʩ ʛʘʡʢʘʤʠ ʠʟ ʢʦʤʧʦʟʠʪʦʚ ʩ ʨʘʟʤʝʨʘʤʠ ʤʝʪʨʠʯʝʩʢʦʡ ʨʝʟʴʙʳ ʄ8, ʄ10, ʄ12. ɺ ʧʨʦʮʝʩʩʝ ʠʩʧʳʪʘʥʠʡ 

ʧʦʣʫʯʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʧʝʨʝʤʝʱʝʥʠʡ ʟʘʭʚʘʪʦʚ ʦʪ ʧʨʠʣʦʞʝʥʥʦʡ ʥʘʛʨʫʟʢʠ, ʢʦʪʦʨʳʝ ʠ ʧʨʠ ʨʘʩʪʷʞʝʥʠʠ, ʠ 

ʧʨʠ ʩʨʝʟʝ ʦʢʘʟʘʣʠʩʴ ʩʫʱʝʩʪʚʝʥʥʦ ʥʝʣʠʥʝʡʥʳʤʠ. ʆʩʥʦʚʥʳʤʠ ʧʨʠʯʠʥʘʤʠ ʵʪʦʡ ʥʝʣʠʥʝʡʥʦʩʪʠ ʷʚʣʷʝʪʩʷ 

ʧʦʩʪʝʧʝʥʥʦʝ ʥʘʢʦʧʣʝʥʠʝ ʧʦʚʨʝʞʜʝʥʠʡ ʢʘʢ ʚ ʢʨʝʧʝʞʥʳʭ ʵʣʝʤʝʥʪʘʭ, ʪʘʢ ʠ ʚ ʩʢʨʝʧʣʷʝʤʳʭ ʢʦʤʧʦʟʠʪʥʳʭ 

ʧʣʘʩʪʠʥʘʭ.  

ɿʘʢʣʶʯʠʪʝʣʴʥʳʤ ʵʪʘʧʦʤ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʠʣʠʩʴ ʠʩʧʳʪʘʥʠʷ ʤʦʜʝʣʴʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʩ ʥʝʩʢʦʣʴʢʠʤʠ ʢʨʝʧʝʞʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ.  

ɺʩʝ ʵʪʘʧʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʦʧʨʦʚʦʞʜʘʣʠʩʴ ʪʘʢʞʝ ʯʠʩʣʝʥʥʳʤʠ ʨʘʩʯʝʪʘʤʠ. 

ʂʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʤʧʣʝʢʩʘ Ansys 15. ʇʨʠ ʵʪʦʤ 

ʠʟʫʯʘʣʠʩʴ ʨʘʟʥʳʝ ʚʘʨʠʘʥʪʳ ʨʘʟʤʝʱʝʥʠʷ ʢʦʤʧʦʟʠʪʥʦʛʦ ʢʨʝʧʝʞʘ ʠ ʝʛʦ ʘʨʤʠʨʦʚʘʥʠʷ. 

  

ʈʠʩʫʥʦʢ 1 ï ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʜʚʫʭʨʷʜʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʩ ʢʨʝʧʝʞʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʠʟ ʢʦʤʧʦʟʠʪʦʚ 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʨʝʢʦʤʝʥʜʘʮʠʠ ʢ ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ 

ʛʨʫʧʧʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ ʢʦʤʧʦʟʠʪʦʚ ʩ ʧʦʤʦʱʴʶ ʢʦʤʧʦʟʠʪʥʳʭ ʢʨʝʧʝʞʥʳʭ ʵʣʝʤʝʥʪʦʚ.  

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʳʚʘʶʪ ʦʩʦʙʝʥʥʦʩʪʠ ʨʘʙʦʪʳ ʢʨʝʧʝʞʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠʟ ʢʦʤʧʦʟʠʪʦʚ 

ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʪʠʧʦʚ ʠ ʜʘʶʪ ʤʘʪʝʨʠʘʣ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʪʘʢʠʭ ʩʦʝʜʠʥʝʥʠʡ. 

ʃʠʪʝʨʘʪʫʨʘ 
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PRODUCING CMC WITH S I-B-C-N MATRIX  BY COMBINATION PIP -CVI METHODS  

Timofeev P.A., Reznik S.V. 

 

ʂʘʢ ʠʟʚʝʩʪʥʦ, ʥʘʠʙʦʣʴʰʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʠʥʪʝʛʨʘʮʠʠ ʤʘʪʨʠʮʳ ʚ ʧʦʨʠʩʪʳʡ ʢʘʨʢʘʩ ʠʤʝʶʪ 

ʪʝʭʥʦʣʦʛʠʠ ʭʠʤʠʯʝʩʢʦʛʦ ʛʘʟʦʬʘʟʥʦʛʦ ʦʩʘʞʜʝʥʠʷ (CVI)  ʠ ʞʠʜʢʦʬʘʟʥʦʡ ʧʨʦʧʠʪʢʠ ʨʘʩʧʣʘʚʦʤ (LSI). ɺ ʪʦ 

ʞʝ ʚʨʝʤʷ ʚʩʝ ʙʦʣʴʰʫʶ ʧʦʧʫʣʷʨʥʦʩʪʴ ʚ ʤʠʨʦʚʦʡ ʧʨʘʢʪʠʢʝ ʥʘʙʠʨʘʝʪ ʞʠʜʢʦʬʘʟʥʳʡ ʩʧʦʩʦʙ ʥʘʩʳʱʝʥʠʷ 

ʢʘʨʢʘʩʦʚ ʩ ʧʦʤʦʱʴʶ ʧʨʝʜʢʝʨʘʤʠʯʝʩʢʦʛʦ ʧʦʣʠʤʝʨʘ (PIP). ʋ ʢʘʞʜʦʛʦ ʠʟ ʵʪʠʭ ʪʨʝʭ ʩʧʦʩʦʙʦʚ ʝʩʪʴ ʩʚʦʠ 

ʜʦʩʪʦʠʥʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ. ʈʘʙʦʪʘ ʩ CVI ʤʝʪʦʜʘʤʠ ʥʝʨʘʟʨʳʚʥʦ ʩʚʷʟʘʥʘ ʩ ʙʦʣʴʰʠʤʠ ʚʨʝʤʝʥʥʳʤʠ 

ʨʝʩʫʨʩʘʤʠ, ʦʜʥʘʢʦ ʢʘʯʝʩʪʚʦ ʧʦʣʫʯʘʝʤʦʡ ʤʘʪʨʠʮʳ ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠʟʜʝʣʠʡ ʷʚʣʷʝʪʩʷ 

ʥʘʠʣʫʯʰʠʤ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʩʧʦʩʦʙʘʤʠ. ɾʠʜʢʦʬʘʟʥʳʝ ʤʝʪʦʜʳ ʧʨʦʧʠʪʢʠ ʨʘʩʧʣʘʚʘʤʠ ʧʦʟʚʦʣʷʶʪ 

ʙʳʩʪʨʦ ʬʦʨʤʠʨʦʚʘʪʴ ʤʘʪʨʠʮʫ ʤʘʪʝʨʠʘʣʘ, ʦʜʥʘʢʦ, ʟʘʯʘʩʪʫʶ, ʵʪʦʪ ʧʨʦʮʝʩʩ ʩʚʷʟʘʥ ʩ ʜʝʛʨʘʜʘʮʠʝʡ ʬʠʟʠʢʦ-

ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʢʦʤʧʦʟʠʪʘ ʚ ʮʝʣʦʤ. ʄʝʪʦʜ ʧʨʦʧʠʪʢʠ ʧʦʣʠʤʝʨʥʳʤ ʧʨʝʢʫʨʩʦʨʦʤ ʩ ʧʦʩʣʝʜʫʶʱʠʤ 

ʧʠʨʦʣʠʟʦʤ  ʧʦʟʚʦʣʷʝʪ ʟʘʨʘʱʠʚʘʪʴ ʧʦʨʳ ʙʳʩʪʨʝʝ, ʯʝʤ ʛʘʟʦʬʘʟʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʦʜʥʘʢʦ ʢʘʯʝʩʪʚʦ ʩʘʤʦʡ 

ʤʘʪʨʠʮʳ ʥʠʞʝ.  

ɺ ʜʦʢʣʘʜʝ ʧʨʠʚʝʜʝʥʳ ʜʘʥʥʳʝ ʦ ʩʢʦʨʦʩʪʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʝʨʘʤʠʯʝʩʢʦʡ ʤʘʪʨʠʮʳ PIP ʠ  CVI 

ʤʝʪʦʜʘʤʠ. ʇʦʣʫʯʝʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʩʨʘʚʥʠʚʘʶʪ ʧʦ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ, ʚʝʣʠʯʠʥʘʤ 
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ʦʪʢʨʳʪʦʡ ʧʦʨʠʩʪʦʩʪʠ, ʚʨʝʤʝʥʠ ʧʦʣʫʯʝʥʠʷ ʤʘʪʝʨʠʘʣʦʚ ʠ ʩʪʦʡʢʦʩʪʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʤʘʪʝʨʠʘʣʦʚ ʢ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʤʫ ʦʢʠʩʣʠʪʝʣʴʥʦʤʫ ʥʘʙʝʛʘʶʱʝʤʫ ʧʦʪʦʢʫ.  

ʇʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʫʧʣʦʪʥʝʥʠʷ, ʚ ʢʦʪʦʨʦʤ ʯʘʩʪʴ ʤʘʪʨʠʮʳ 

ʬʦʨʤʠʨʫʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʧʦʣʠʤʝʨʘ, ʘ ʦʩʪʘʣʴʥʘʷ ʯʘʩʪʴ ï ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʭʠʤʠʯʝʩʢʦʛʦ ʦʩʘʞʜʝʥʠʷ 

ʢʝʨʘʤʠʢʠ ʠʟ ʛʘʟʦʚʦʡ ʬʘʟʳ. ʇʨʠʚʦʜʠʪʩʷ ʢʠʥʝʪʠʢʘ ʨʦʩʪʘ ʤʘʪʨʠʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠ ʩʨʘʚʥʠʚʘʝʪʩʷ ʩ ʢʘʞʜʳʤ 

ʤʝʪʦʜʦʤ ʚ ʦʪʜʝʣʴʥʦʩʪʠ, ʪʘʢʞʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʛʨʘʬʠʢʠ ʟʘʚʠʩʠʤʦʩʪʠ ʧʦʨʠʩʪʦʩʪʠ (ʠʥʪʝʛʨʘʣʴʥʦʡ ʠ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ) ʧʦ ʤʝʨʝ ʥʘʩʳʱʝʥʠʷ ʢʘʨʢʘʩʦʚ, ʧʨʦʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʧʦʣʫʯʘʝʤʳʭ 

ʨʘʟʣʠʯʥʳʤʠ ʤʝʪʦʜʘʤʠ ʦʙʨʘʟʮʦʚ ʤʘʪʝʨʠʘʣʘ ʠ ʩʜʝʣʘʥʳ ʚʳʚʦʜʳ ʦʙ ʦʧʪʠʤʘʣʴʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ ʤʘʪʨʠʮʳ, 

ʧʦʣʫʯʘʝʤʦʡ PIP ʠ CVI ʤʝʪʦʜʘʤʠ. 
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EFFECT OF PH AND SELENIUM CONCENTRATION ON ENZYME KINETICS O F THE 

NANOCOMPOSITES OF CHYMOTRYPSIN AND SELEN IUM NANOPARTICLES  

Titova A.V., Mitusova K.A., Borovikova L.N., Pisarev O.A. 

 

The enzyme kinetics of nanocomposite of proteolytic enzyme chymotrypsin (CT) with selenium (Se) 

nanoparticles was studied in comparison with the native CT. The time dependences of the product concentration 

for the enzymatic reaction of CT and Se-CT nanocomposite at different pH values were obtained for 

nanocomposites with different Se concentrations. 

 

ɸʢʪʠʚʥʦʩʪʴ ʬʝʨʤʝʥʪʦʚ ʚ ʙʦʣʴʰʦʡ ʩʪʝʧʝʥʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʫʩʣʦʚʠʷʤʠ ʧʨʦʚʝʜʝʥʠʷ ʨʝʘʢʮʠʠ, ʚ 

ʯʘʩʪʥʦʩʪʠ ʚʝʣʠʯʠʥʦʡ ʨʅ ʩʨʝʜʳ. ʄʘʢʩʠʤʘʣʴʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʬʝʨʤʝʥʪ ʧʨʦʷʚʣʷʝʪ ʧʨʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʝʤʫ 

ʦʧʪʠʤʘʣʴʥʦʡ ʚʝʣʠʯʠʥʝ ʨʅ. ʇʨʠ ʧʦʚʳʰʝʥʠʠ ʠʣʠ ʧʦʥʠʞʝʥʠʠ ʨʅ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʧʪʠʤʫʤʘ ʘʢʪʠʚʥʦʩʪʴ 

ʬʝʨʤʝʥʪʘ ʦʙʳʯʥʦ ʨʝʟʢʦ ʩʥʠʞʘʝʪʩʷ. ʆʜʥʘʢʦ ʚ ʤʝʜʠʮʠʥʝ ʠ ʚ ʨʘʟʣʠʯʥʳʭ ʙʠʦʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ 

ʠʤʝʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʬʝʨʤʝʥʪʦʚ ʧʨʠ ʥʝʦʧʪʠʤʘʣʴʥʳʭ ʚʝʣʠʯʠʥʘʭ ʨʅ ʩʨʝʜʳ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, 

ʨʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ ʤʝʪʦʜʦʚ ʠʤʤʦʙʠʣʠʟʘʮʠʠ, ʧʦʟʚʦʣʷʶʱʠʭ ʩʦʭʨʘʥʠʪʴ ʘʢʪʠʚʥʦʩʪʴ ʬʝʨʤʝʥʪʘ ʧʨʠ ʫʩʣʦʚʠʷʭ 

ʩʨʝʜʳ, ʦʪʣʠʯʥʳʭ ʦʪ ʦʧʪʠʤʘʣʴʥʳʭ, ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʚʘʞʥʝʡʰʠʭ ʟʘʜʘʯ ʩʦʚʨʝʤʝʥʥʦʡ ʙʠʦʪʝʭʥʦʣʦʛʠʠ.  

 ɺ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʥʘ ʬʝʨʤʝʥʪʘʪʠʚʥʘʷ ʢʠʥʝʪʠʢʘ ʥʘʥʦʢʦʤʧʦʟʠʪʘ ʧʨʦʪʝʦʣʠʪʠʯʝʩʢʦʛʦ ʬʝʨʤʝʥʪʘ 

ʭʠʤʦʪʨʠʧʩʠʥʘ (ʍʊ) ʩ ʥʘʥʦʯʘʩʪʠʮʘʤʠ ʩʝʣʝʥʘ (Se) ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʥʘʪʠʚʥʳʤ ʍʊ. ʉʠʥʪʝʟ ʥʘʥʦʢʦʤʧʦʟʠʪʘ Se-

ʍʊ ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʧʫʪʝʤ ʧʨʦʚʝʜʝʥʠʷ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ ʨʝʘʢʮʠʠ ʤʝʞʜʫ ʩʝʣʝʥʠʩʪʦʡ ʠ 

ʘʩʢʦʨʙʠʥʦʚʦʡ ʢʠʩʣʦʪʘʤʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʍʊ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʘʪʤʦʩʬʝʨʥʦʤ ʜʘʚʣʝʥʠʠ. 

ʂʦʥʮʝʥʪʨʘʮʠʷ ʍʊ (CXT) ʩʦʩʪʘʚʣʷʣʘ 2 ʤʛ/ʤʣ, ʢʦʥʮʝʥʪʨʘʮʠʷ  Se (CSe) ʚʘʨʴʠʨʦʚʘʣʘʩʴ. ɼʣʷ ʫʜʦʙʩʪʚʘ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʙʳʣ ʚʚʝʜʝʥ ʧʘʨʘʤʝʪʨ ɜ = CSe/CXT. ɹʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʩʠʩʪʝʤʳ ʩ ɜ = 0.1 ʠ ɜ = 1. 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʬʝʨʤʝʥʪʘʪʠʚʥʦʡ ʢʠʥʝʪʠʢʝ ʛʦʪʦʚʠʣʠʩʴ 70 ʤʣ ʨʘʩʪʚʦʨʘ ʙʝʣʢʘ-

ʩʫʙʩʪʨʘʪʘ (ʢʘʟʝʠʥʘʪʘ ʥʘʪʨʠʷ) ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 10 ʤʛ/ʤʣ. ʨʅ ʨʘʩʪʚʦʨʘ ʠʟʤʝʥʷʣʦʩʴ ʧʫʪʝʤ ʜʦʙʘʚʣʝʥʠʷ 

ʨʘʟʣʠʯʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ 1ʥ. NaOH. ʈʘʩʪʚʦʨʳ ʪʝʨʤʦʩʪʘʪʠʨʦʚʘʣʠʩʴ ʧʨʠ 370ʉ. ʀʟ ʧʦʣʫʯʝʥʥʳʭ ʨʘʩʪʚʦʨʦʚ 2 ʤʣ 

ʦʪʙʠʨʘʣʠʩʴ ʚ ʢʘʯʝʩʪʚʝ ʢʦʥʪʨʦʣʴʥʳʭ ʧʨʦʙ. ɺ ʦʩʪʘʚʰʠʝʩʷ 68 ʤʣ ʨʘʩʪʚʦʨʘ ʙʝʣʢʘ ʜʦʙʘʚʣʷʣʠʩʴ 3.4 ʤʣ ʨʘʩʪʚʦʨʘ 

ʬʝʨʤʝʥʪʘ (ʥʘʥʦʢʦʤʧʦʟʠʪʘ). ʏʝʨʝʟ ʦʧʨʝʜʝʣʝʥʥʳʝ ʧʨʦʤʝʞʫʪʢʠ ʚʨʝʤʝʥʠ ʠʟ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʦʪʙʠʨʘʣʠʩʴ 

ʧʨʦʙʳ ʧʦ 2 ʤʣ. ɼʣʷ ʧʨʝʨʳʚʘʥʠʷ ʨʝʘʢʮʠʠ ʧʫʪʝʤ ʜʝʥʘʪʫʨʘʮʠʠ ʙʝʣʢʘ ʢʘʞʜʘʷ ʧʨʦʙʘ (ʚ ʪʦʤ ʯʠʩʣʝ ʠ 

ʢʦʥʪʨʦʣʴʥʳʝ) ʩʤʝʰʠʚʘʣʠʩʴ ʩ 3 ʤʣ 0.5ʥ. ʪʨʠʭʣʦʨʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ. ɿʘʪʝʤ ʧʨʦʙʳ ʬʠʣʴʪʨʦʚʘʣʠʩʴ, ʠ 

ʠʟʤʝʨʷʣʘʩʴ ʧʨʠ ɚ=280 ʥʤ ʦʧʪʠʯʝʩʢʘʷ ʧʣʦʪʥʦʩʪʴ ʥʘʜʦʩʘʜʦʯʥʦʡ ʞʠʜʢʦʩʪʠ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʘʷ ʢʦʣʠʯʝʩʪʚʦ 

ʨʘʩʱʝʧʣʝʥʥʦʛʦ ʙʝʣʢʘ.  

ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʬʝʨʤʝʥʪʘʪʠʚʥʦʡ ʢʠʥʝʪʠʢʠ ʥʘʥʦʢʦʤʧʦʟʠʪʘ ʩ ɜ 

= 1 ʧʨʠ ʨʅ 8 ʠ 11 ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʥʘʪʠʚʥʳʤ ʬʝʨʤʝʥʪʦʤ. ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ, ʘʢʪʠʚʥʦʩʪʴ ʥʘʥʦʢʦʤʧʦʟʠʪʘ 

ʧʨʠ ʨʅ 8 ʩʥʠʞʘʝʪʩʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʘʢʪʠʚʥʦʩʪʴʶ ʥʘʪʠʚʥʦʛʦ ʍʊ. ʆʜʥʘʢʦ, ʧʨʠ ʨʅ 11 ʘʢʪʠʚʥʦʩʪʴ 

ʥʘʥʦʢʦʤʧʦʟʠʪʘ ʧʨʝʚʳʰʘʝʪ ʘʢʪʠʚʥʦʩʪʴ ʍʊ ʠ ʤʘʣʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʘʢʪʠʚʥʦʩʪʠ ʍʊ ʧʨʠ ʨʅ 8.  



ʉɽʂʎʀʗ 2 ʂʆʄʇʆɿʀʎʀʆʅʅʓɽ ʄɸʊɽʈʀɸʃʓ, ɺʂʃʖʏɸʗ ʇʆʃʀʄɽʈʅʓɽ 
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ʀʟʫʯʝʥʠʝ ʚʣʠʷʥʠʷ ʩʦʜʝʨʞʘʥʠʷ Se ʚ ʥʘʥʦʢʦʤʧʦʟʠʪʝ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʧʨʠ ʨʅ 8 ʢʨʠʚʳʝ ʥʘʢʦʧʣʝʥʠʷ 

ʧʨʦʜʫʢʪʘ ʦʪ ʚʨʝʤʝʥʠ ʜʣʷ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ ʩ ɜ = 0.1 ʠ ɜ = 1 ʧʨʘʢʪʠʯʝʩʢʠ ʩʦʚʧʘʜʘʶʪ (ʨʠʩʫʥʦʢ 2). 
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1 ï ʍʊ (ʨʅ 8); 2 ï ʍʊ (ʨʅ 11); 3 ï Se-ʍʊ (ʨʅ 8); 4 ï Se-ʍʊ (ʨʅ 11) 

ʈʠʩʫʥʦʢ 1 ï ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʨʦʜʫʢʪʘ ʦʪ ʚʨʝʤʝʥʠ ʬʝʨʤʝʥʪʘʪʠʚʥʦʡ ʨʝʘʢʮʠʠ ʜʣʷ ʍʊ ʠ Se-ʍʊ 

(ɜ=1) ʧʨʠ ʨʘʟʥʳʭ ʟʥʘʯʝʥʠʷʭ ʨʅ 
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1 ï ʍʊ; 2 ï Se-ʍʊ (ɜ=1); 3 ï Se-ʍʊ (ɜ=0.1) 

ʈʠʩʫʥʦʢ 2 ï ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʨʦʜʫʢʪʘ ʦʪ ʚʨʝʤʝʥʠ ʬʝʨʤʝʥʪʘʪʠʚʥʦʡ ʨʝʘʢʮʠʠ ʜʣʷ ʍʊ ʠ Se-ʍʊ 

ʧʨʠ ʨʅ 8 

ɺ ʩʣʫʯʘʝ ʨʅ 11 ʥʘʥʦʢʦʤʧʦʟʠʪ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʟʥʘʯʝʥʠʷʭ ɜ ʧʨʦʷʚʣʷʝʪ ʙʦʣʴʰʫʶ ʘʢʪʠʚʥʦʩʪʴ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʥʘʪʠʚʥʳʤ ʍʊ. ʇʨʠ ʵʪʦʤ ʘʢʪʠʚʥʦʩʪʴ ʥʘʥʦʢʦʤʧʦʟʠʪʘ ʩ ɜ = 1 ʚʳʰʝ ʘʢʪʠʚʥʦʩʪʠ ʥʘʥʦʢʦʤʧʦʟʠʪʘ  

ʩ ɜ = 0.1. 
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1 ï ʍʊ; 2 ï Se-ʍʊ (ɜ=1); 3 ï Se-ʍʊ (ɜ=0.1) 

ʈʠʩʫʥʦʢ 3 ï ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʨʦʜʫʢʪʘ ʦʪ ʚʨʝʤʝʥʠ ʬʝʨʤʝʥʪʘʪʠʚʥʦʡ ʨʝʘʢʮʠʠ ʜʣʷ ʍʊ ʠ Se-ʍʊ 

ʧʨʠ ʨʅ 11 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʠʤʤʦʙʠʣʠʟʘʮʠʠ ʍʊ ʥʘ ʥʘʥʦʯʘʩʪʠʮʘʭ Se ʥʘʙʣʶʜʘʣʩʷ ʩʜʚʠʛ ʦʧʪʠʤʫʤʘ ʨʅ 

ʬʝʨʤʝʥʪʘ ʚ ʱʝʣʦʯʥʫʶ ʦʙʣʘʩʪʴ. ʋʚʝʣʠʯʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ Se ʚ ʥʘʥʦʢʦʤʧʦʟʠʪʝ ʧʨʠʚʦʜʠʣʦ ʢ ʧʦʚʳʰʝʥʠʶ 

ʛʠʜʨʦʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʬʝʨʤʝʥʪʘ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ (ʛʨʘʥʪ ʤʦʣ_ʘ ˉ 16-33-00891). 
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PHASE TRANSFORMATION S IN THE AMORPHOUS ALLOY AL85NI5FE7LA3 A S A RESULT OF 

PULSE PHOTON PROCESSING 

Bakhteeva N.D., Vasiliev A.L., Kannykin S.V., Kolobylina N.N., Todorova E.V. 

 

For the purpose of optimum technologies developing for amorphous and nanocrystalline structures 

producing in initially amorphous alloys possibilities of impulse photon processing by the radiation of gas 

discharge tubes on Al85Ni5Fe7La3 alloy after amorphicity were investigated. The radiant energy dose, directed on 

a sample, was changed from 10 to 30 J/cm2. As a result of processing the multiphase polycrystalline coating with 

variable grains size, depending on the enclosed energy, was created.  

 

ɸʥʘʣʠʟ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʨʘʙʦʪ, ʚ ʪʦʤ ʯʠʩʣʝ ʨʘʙʦʪ ʘʚʪʦʨʦʚ, ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ʩʪʨʫʢʪʫʨʳ ʠ ʩʚʦʡʩʪʚ 

ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʦʚ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʧʦʚʳʰʝʥʥʳʝ ʧʨʦʯʥʦʩʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʩʧʣʘʚʳ ʩ ʘʤʦʨʬʥʦ-ʥʘʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʦʡ [1, 2]. ʃʝʛʠʨʦʚʘʥʠʝ ʘʣʶʤʠʥʠʷ 

ʧʝʨʝʭʦʜʥʳʤʠ ʠ ʨʝʜʢʦʟʝʤʝʣʴʥʳʤʠ ʤʝʪʘʣʣʘʤʠ ʧʦʟʚʦʣʷʝʪ ʧʨʠ ʨʘʟʫʤʥʳʭ ʚʝʣʠʯʠʥʘʭ ʩʢʦʨʦʩʪʠ ʦʭʣʘʞʜʝʥʠʷ 

(ʜʦ 106 ʛʨʘʜ/ʤʠʥ), ʢʦʪʦʨʳʝ ʨʝʘʣʴʥʦ ʜʦʩʪʠʞʠʤʳ ʥʘ ʧʨʘʢʪʠʢʝ, ʧʦʣʫʯʠʪʴ ʚ ʩʧʣʘʚʘʭ ʘʤʦʨʬʥʫʶ ʩʪʨʫʢʪʫʨʫ. 

ʈʝʥʪʛʝʥʦʘʤʦʨʬʥʘʷ ʩʪʨʫʢʪʫʨʘ ʚ ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʘʭ ʫʞʝ ʚ ʠʩʭʦʜʥʦʤ ʩʦʩʪʦʷʥʠʠ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʧʦʚʳʰʝʥʥʫʶ ʪʚʝʨʜʦʩʪʴ ʠ ʧʨʦʯʥʦʩʪʴ ʧʨʠ ʥʠʟʢʠʭ ʟʥʘʯʝʥʠʷʭ ʧʣʘʩʪʠʯʥʦʩʪʠ. ʆʜʥʠʤ ʠʟ ʩʧʦʩʦʙʦʚ 

ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦʚʳʰʝʥʠʷ ʠ ʧʨʦʯʥʦʩʪʠ ʠ ʧʣʘʩʪʠʯʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʘʤʦʨʬʥʦ-ʥʘʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ 

ʤʥʦʛʦʬʘʟʥʳʭ ʩʪʨʫʢʪʫʨ, ʚ ʢʦʪʦʨʳʭ ʥʘʨʷʜʫ ʩ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʤ ʘʣʶʤʠʥʠʝʤ ʚʳʜʝʣʷʶʪʩʷ ʥʘʥʦʨʘʟʤʝʨʥʳʝ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʠʥʪʝʨʤʝʪʘʣʣʠʜʥʳʝ ʬʘʟʳ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʵʚʪʝʢʪʠʢʠ ʥʘ ʠʭ ʦʩʥʦʚʝ.  

ʉ ʮʝʣʴʶ ʧʦʠʩʢʘ ʦʧʪʠʤʘʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʦʣʫʯʝʥʠʷ ʘʤʦʨʬʥʦ-ʥʘʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ʚ 

ʩʧʣʘʚʘʭ ʥʘ ʘʣʶʤʠʥʠʝʚʦʡ ʦʩʥʦʚʝ ʠʩʩʣʝʜʦʚʘʥʳ ʚʦʟʤʦʞʥʦʩʪʠ ʠʤʧʫʣʴʩʥʦʡ ʬʦʪʦʥʥʦʡ ʦʙʨʘʙʦʪʢʠ (ʀʌʆ) 

ʠʟʣʫʯʝʥʠʝʤ ʢʩʝʥʦʥʦʚʳʭ ʛʘʟʦʨʘʟʨʷʜʥʳʭ ʣʘʤʧ. ɼʦʟʫ ʵʥʝʨʛʠʠ ʠʟʣʫʯʝʥʠʷ, ʧʦʩʪʫʧʘʶʱʝʛʦ ʥʘ ʦʙʨʘʟʝʮ, 

ʠʟʤʝʥʷʣʠ ʦʪ 10 ʜʦ 30 ɼʞ/ʩʤ2. ʉʪʨʫʢʪʫʨʥʳʝ ʧʨʝʚʨʘʱʝʥʠʷ ʚ ʩʧʣʘʚʝ Al 85Ni5Fe7La3 ʧʦʩʣʝ ʟʘʢʘʣʢʠ ʩʦ 

ʩʢʦʨʦʩʪʴʶ 106 Á/ʤʠʥ ʠ ʀʌʆ ʠʟʫʯʘʣʠ ʤʝʪʦʜʘʤʠ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ (ʈʉɸ) ʠ 

ʵʣʝʢʪʨʦʥʥʦʤʠʢʨʦʩʢʦʧʠʯʝʩʢʦʛʦ (ʕʄ) ʘʥʘʣʠʟʦʚ, ʘ ʪʘʢʞʝ  ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʦʛʦ ʤʠʢʨʦʘʥʘʣʠʟʘ. 

ʄʠʢʨʦʪʚʝʨʜʦʩʪʴ ʦʙʨʘʟʮʦʚ ʜʦ ʠ ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ ʦʮʝʥʠʚʘʣʠ ʥʘ ʤʠʢʨʦʪʚʝʨʜʦʤʝʨʝ 402 ʄVD ï Wolpert 

Wilson Instruments. 

ʉʧʣʘʚ ʚ ʠʩʭʦʜʥʦʤ ʧʦʩʣʝ ʟʘʢʘʣʢʠ ʩʦʩʪʦʷʥʠʠ ʠʤʝʝʪ ʨʝʥʪʛʝʥʦʘʤʦʨʬʥʫʶ ʩʪʨʫʢʪʫʨʫ. ʇʦʩʣʝ ʦʙʣʫʯʝʥʠʷ 

ʩ ʜʦʟʦʡ ʵʥʝʨʛʠʠ 10 ɼʞ/ʩʤ2 ʨʝʥʪʛʝʥʦ-ʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ ʩʫʱʝʩʪʚʝʥʥʳʭ ʠʟʤʝʥʝʥʠʡ ʩʪʨʫʢʪʫʨʳ ʩʧʣʘʚʘ ʥʝ 

ʚʳʚ̫ʠʣ. ʕʣʝʢʪʨʦʥʥʦ-ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠ ʚ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʦʙʣʫʯʝʥʥʳʭ ʩʣʦʷʭ ʣʝʥʪʳ ʥʘʙʣʶʜʘʣʠ ʥʘʯʘʣʴʥʫʶ 

ʩʪʘʜʠʶ ʯʘʩʪʠʯʥʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʟʝʨʝʥ ʘʣʶʤʠʥʠʷ ʨʘʟʤʝʨʦʤ 6,5. ʥʤ. ʆʙʲʝʤ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʤʘʣ, ʯʪʦ ʦʙʲʷʩʥʷʝʪ ʦʪʩʫʪʩʪʚʠʝ ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʤʘʢʩʠʤʫʤʦʚ ʥʘ ʜʠʬʨʘʢʪʦʛʨʘʤʤʘʭ ʧʨʠ 

ʈʉɸ. 

ʇʦʩʣʝ ʀʌʆ ʩ ʵʥʝʨʛʠʝʡ 15 ɼʞ/ʩʤ2 ʥʘ ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʜʠʬʨʘʢʪʦʛʨʘʤʤʘʭ ʧʦʷʚʣʷʶʪʩʷ ʧʠʢʠ ʪʦʣʴʢʦ ʦʪ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʘʣʶʤʠʥʠʷ. ʕʣʝʢʪʨʦʥʥʦ-ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠ ʦʙʥʘʨʫʞʝʥʘ ʩʢʚʦʟʥʘʷ ʛʨʘʜʠʝʥʪʥʘʷ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʚ ʢʦʪʦʨʦʡ ʨʘʟʤʝʨ ʟʝʨʝʥ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʦʪ 11,5 ʜʦ 120 ʥʤ ʦʪ ʥʝʦʙʣʫʯʝʥʥʦʡ 

ʩʪʦʨʦʥʳ ʢ ʦʙʣʫʯʝʥʥʦʡ. ʆʙʨʘʙʦʪʢʘ ʦʙʨʘʟʮʦʚ ʚ ʠʥʪʝʨʚʘʣʝ ʜʦʟ ʵʥʝʨʛʠʠ ʦʙʣʫʯʝʥʠʷ 20-30 ɼʞ/ʩʤ2 ʧʨʠʚʦʜʠʪ ʢ 

ʧʦʷʚʣʝʥʠʶ ʥʘ ʜʠʬʨʘʢʪʦʛʨʘʤʤʘʭ, ʧʦʣʫʯʝʥʥʳʭ ʤʝʪʦʜʦʤ ʈʉɸ, ʤʥʦʞʝʩʪʚʝʥʥʳʭ ʧʠʢʦʚ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʱʠʭ 

ʦ ʤʥʦʛʦʬʘʟʥʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʢʘʢ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʘʣʶʤʠʥʠʷ, ʪʘʢ ʠ ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʚ 

- Al 9Fe2-ʭNi2, Al 11La3. ɺ ʩʧʣʘʚʝ ʨʘʟʚʠʚʘʝʪʩʷ ʩʢʚʦʟʥʘʷ ʢʨʠʩʪʘʣʣʠʟʘʮʠʷ ʧʦ ʚʩʝʡ ʪʦʣʱʠʥʝ ʣʝʥʪʳ ʩ ʫʚʝʣʠʯʝʥʠʝʤ 

ʨʘʟʤʝʨʘ ʟʝʨʝʥ ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʚ. ʄʘʢʩʠʤʘʣʴʥʳʡ ʨʘʟʤʝʨ ʟʝʨʝʥ, ʩʫʱʝʩʪʚʝʥʥʦ ʚʦʟʨʘʩʪʘʶʱʠʡ ʧʨʠ 

ʧʦʚʳʰʝʥʠʠ ʜʦʟʳ ʦʙʣʫʯʝʥʠʷ ʜʦ 30 ɼʞ/ʩʤ2
, ʠʤʝʝʪ ʠʥʪʝʨʤʝʪʘʣʣʠʜ Al 9Fe2-ʭNi2. ɺ ʟʝʨʥʘʭ ʫʢʘʟʘʥʥʦʛʦ 

ʠʥʪʝʨʤʝʪʘʣʣʠʜʘ ʥʘʙʣʶʜʘʝʪʩʷ ʷʨʢʦ ʚʳʨʘʞʝʥʥʦʝ ʪʚʝʨʜʦʬʘʟʥʦʝ ʧʨʝʚʨʘʱʝʥʠʝ ʩ ʚʳʜʝʣʝʥʠʝʤ ʯʘʩʪʠʮ 

ʠʥʪʝʨʤʝʪʘʣʣʠʜʘ Al 11La3.  
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ʉɽʂʎʀʗ 2 ʂʆʄʇʆɿʀʎʀʆʅʅʓɽ ʄɸʊɽʈʀɸʃʓ, ɺʂʃʖʏɸʗ ʇʆʃʀʄɽʈʅʓɽ 
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ʈʠʩ. 1. ʕʣʝʢʪʨʦʥʥʦ-ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʠ ʜʠʬʨʘʢʮʠʦʥʥʘʷ ʢʘʨʪʠʥʘ ʩʧʣʘʚʘ 

Al85Ni5Fe7La3 ʧʦʩʣʝ ʦʙʣʫʯʝʥʠʷ ʩ ʜʦʟʦʡ ʵʥʝʨʛʠʠ 30 ɼʞ/ʩʤ
2. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʀʌʆ ʚ ʠʩʭʦʜʥʦ ʘʤʦʨʬʥʦʤ ʩʧʣʘʚʝ ʩʬʦʨʤʠʨʦʚʘʥʘ ʤʥʦʛʦʬʘʟʥʘʷ ʢʦʤʧʦʟʠʪʥʘʷ ʩʪʨʫʢʪʫʨʘ 

ʩ ʧʝʨʝʤʝʥʥʳʤ ʨʘʟʤʝʨʦʤ ʟʝʨʝʥ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʜʦʟʳ ʵʥʝʨʛʠʠ ʧʨʠ ʀʌʆ. ʇʦʚʳʰʝʥʥʘʷ ʦʙʲʝʤʥʘʷ ʜʦʣʷ 

ʠʥʪʝʨʤʝʪʘʣʣʠʜʥʳʭ ʬʘʟ, ʠ, ʚ ʯʘʩʪʥʦʩʪʠ, Al 9Fe2-ʭNi2, ʚ ʨʝʟʫʣʴʪʘʪʝ ʜʘʝʪ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ 

(ʜʦ 617 HV), ʯʪʦ ʚ ʧʦʣʪʦʨʘ ʨʘʟʘ ʚʳʰʝ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʠʩʭʦʜʥʦʛʦ ʘʤʦʨʬʥʦʛʦ ʩʧʣʘʚʘ (456 HV). ɺ ʨʘʙʦʪʝ 

ʪʘʢʞʝ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʩʪʨʫʢʪʫʨ ʠ ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ ʩʧʣʘʚʘ ʧʦʩʣʝ ʠʤʧʫʣʴʩʥʦʡ ʬʦʪʦʥʥʦʡ ʠ 

ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʦʢ ʜʣʷ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʘ ʧʨʠ ʀʌʆ. ʇʦʩʣʝ ʫʢʘʟʘʥʥʳʭ ʜʦʟ 

ʵʥʝʨʛʠʠ ʠʟʣʫʯʝʥʠʷ ʚʳʧʦʣʥʝʥʳ ʠʟʤʝʨʝʥʠʷ ʥʘʥʦʪʚʝʨʜʦʩʪʠ, ʤʦʜʫʣʷ ʫʧʨʫʛʦʩʪʠ ʠ ʜʦʣʠ ʫʧʨʫʛʦʡ 

ʩʦʩʪʘʚʣʷʶʱʝʡ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʧʨʠʤʝʨʝ ʠʩʭʦʜʥʦ ʘʤʦʨʬʥʦʛʦ ʩʧʣʘʚʘ Al 85Ni5Fe7La3  ʧʦʢʘʟʘʥʦ, ʯʪʦ ʀʌʆ ʧʦʟʚʦʣʷʝʪ 

ʧʦʣʫʯʠʪʴ ʛʨʘʜʠʝʥʪʥʳʝ ʩʪʨʫʢʪʫʨʳ ʩ ʠʟʤʝʥʷʶʱʠʤʩʷ ʩʦʩʪʘʚʦʤ ʠ ʢʦʥʪʨʦʣʠʨʫʝʤʳʤ ʨʘʟʤʝʨʦʤ ʟʝʨʝʥ, ʘ ʪʘʢʞʝ 

ʩʦʟʜʘʚʘʪʴ ʤʥʦʛʦʬʘʟʥʳʝ ʥʘʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʧʦʢʨʳʪʠʷ ʟʘʜʘʥʥʦʡ ʪʦʣʱʠʥʳ ʥʘ ʦʙʲʝʢʪʘʭ ʩʣʦʞʥʦʡ 

ʢʦʥʬʠʛʫʨʘʮʠʠ. ʋʢʘʟʘʥʥʘʷ ʦʙʨʘʙʦʪʢʘ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʛʫʣʠʨʦʚʘʪʴ ʩʦʦʪʥʦʰʝʥʠʷ ʦʙʲʝʤʥʳʭ ʜʦʣʝʡ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʠ ʘʤʦʨʬʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ, ʯʪʦ ʦʧʨʝʜʝʣʷʝʪ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʥʘʥʦʢʦʤʧʦʟʠʪʘ ʧʦʩʣʝ 

ʦʙʨʘʙʦʪʢʠ. 

ʃʠʪʝʨʘʪʫʨʘ 

1. ʀʝʚʣʝʚ ɺ.ʄ., ɸʢʪʠʚʘʮʠʷ ʪʚʝʨʜʦʬʘʟʥʳʭ ʧʨʦʮʝʩʩʦʚ ʠʟʣʫʯʝʥʠʝʤ ʛʘʟʦʨʘʟʨʷʜʥʳʭ ʣʘʤʧ, ʋʩʧʝʭʠ 

ʭʠʤʠʠ 82 ʩʪʨ. 1-5 (2013). 

2. ɺʘʩʠʣʴʝʚ ɸ.ʃ., ʀʚʘʥʦʚʘ ɸ.ɻ., ɹʘʭʪʝʝʚʘ ʅ.ɼ. ʠ ʜʨ. ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʩʠʩʪʝʤʳ Al-Ni-Fe-La, 

ʂʨʠʩʪʘʣʣʦʛʨʘʬʠʷ, 2015, ʪ.60, ˉ 1, ʩ. 28-34. 

 
********************************** ********************************************************  

 
  



3 - 7 ʦʢʪʷʙʨʷ 2016, ʛ. ʉʫʟʜʘʣʴ   

193 
 
 

ɸʅɸʃʀɿ ʂɸʏɽʉʊɺɸ ʀʉʍʆɼʅʓʍ ɿɸɻʆʊʆɺʆʂ ʀ ʇʈʆɼʋʂʊʆɺ ʎɽʅʊʈʆɹɽɾʅʆɻʆ 

ʈɸʉʇʓʃɽʅʀʗ 

ʊʨʘʥʜʠʥʘ ʅ.ɸ.1., ʄʘʨʴʠʥ ʉ.ʉ.1., ʃʦʛʘʯʝʚʘ ɸ.ʀ.1, ʄʘʪʚʝʝʚʘ ɺ.ɻ.2 

1ʈʦʩʩʠʷ, ʛ. ʂʦʨʦʣʝʚ, ʆɸʆ çʂʦʤʧʦʟʠʪè, 2ʈʦʩʩʠʷ, ʛ. ʊʚʝʨʴ, ʊɻʊʋ 

E-mail:info@kompozit-mv.ru 

 

RESEARCH OF QUALITY PROPERTIES OF INGOTS FOR PREP 

TECHNOLOGY ANDPRODUCEDGRANULES  

TrandinaN.A., Marin S.S., Logacheva A.I., Matveeva V.G. 

 

Result of the work is analysis of quality control method for primary ingots and products of PREP-

technology. Conformities in quality parameters of PREP-technology products during the process were found. 

 

ɺʩʝ ʩʪʘʣʠ ʠ ʩʧʣʘʚʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʫʶ ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʩʤʝʩʴ ʬʘʟ 

ʨʘʟʣʠʯʥʦʛʦ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʠ ʨʘʟʤʝʨʦʚ. ɺ ʢʣʘʩʩʠʯʝʩʢʦʡ ʤʝʪʘʣʣʫʨʛʠʠ ʥʝʦʙʭʦʜʠʤʫʶ ʩʤʝʩʴ ʬʘʟ 

ʧʦʣʫʯʘʶʪ ʠʟ ʨʘʩʧʣʘʚʘ, ʚ ʢʦʪʦʨʦʤ ʨʘʩʪʚʦʨʝʥʳ ʭʠʤʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʩʦʩʪʘʚʘ. ʌʘʟʳ 

ʚʳʜʝʣʷʶʪʩʷ ʢʘʢ ʧʨʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʩʣʠʪʢʘ, ʪʘʢ ʠ ʧʨʠ ʧʦʩʣʝʜʫʶʱʠʭ ʪʝʨʤʦʤʝʭʘʥʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ.  

ʇʦʣʫʯʝʥʠʝ ʤʝʪʦʜʦʤ ʢʣʘʩʩʠʯʝʩʢʦʡ ʤʝʪʘʣʣʫʨʛʠʠ ʩʣʦʞʥʦʧʨʦʬʠʣʴʥʳʭ ʠʟʜʝʣʠʡ ʤʦʞʝʪ ʩʦʧʨʦʚʦʞʜʘʪʴʩʷ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʜʝʬʝʢʪʦʚ, ʪʘʢʠʭ ʢʘʢ ʫʩʘʜʦʯʥʘʷ ʨʘʢʦʚʠʥʘ, ʣʠʪʝʡʥʘʷ ʧʦʨʠʩʪʦʩʪʴ ʠ ʜʨ. 

ʀʟʙʝʞʘʪʴ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʝ ʧʨʦʙʣʝʤʳ ʚʦʟʤʦʞʥʦ ʧʨʠʤʝʥʝʥʠʝʤ ʛʨʘʥʫʣʴʥʦʡ ʤʝʪʘʣʣʫʨʛʠʠ, ʢʦʪʦʨʘʷ 

ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʨʘʟʚʠʪʠʷ ʩʦʚʨʝʤʝʥʥʦʛʦ, ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠ ʨʘʟʚʠʪʳʭ ʩʪʨʘʥ ʤʠʨʦʚʦʛʦ ʩʦʦʙʱʝʩʪʚʘ. 

ʅʘʠʙʦʣʝʝ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʧʦʨʦʰʢʦʚʦʡ (ʛʨʘʥʫʣʴʥʦʡ) ʤʝʪʘʣʣʫʨʛʠʠ ʜʣʷ 

ʞʘʨʦʧʨʦʯʥʳʭ ʩʧʣʘʚʦʚ ʥʠʢʝʣʷ ʠ ʪʠʪʘʥʘ ʧʦʣʫʯʠʣ ʤʝʪʦʜ ʚʨʘʱʘʶʱʝʛʦʩʷ ʵʣʝʢʪʨʦʜʘ ʩ ʧʣʘʟʤʝʥʥʳʤ ʥʘʛʨʝʚʦʤ 

(PREP), ʧʨʠ ʢʦʪʦʨʦʤ ʚʨʘʱʘʶʱʠʡʩʷ ʵʣʝʢʪʨʦʜ ʧʦʜʘʝʪʩʷ ʚ ʢʘʤʝʨʫ ʨʘʩʧʳʣʝʥʠʷ, ʛʜʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʧʣʘʚʣʝʥʠʷ 

ʧʣʘʟʤʝʥʥʦʡ ʜʫʛʦʡ ʥʘ ʪʦʨʮʝ ʵʣʝʢʪʨʦʜʘ ʦʙʨʘʟʫʝʪʩʷ ʞʠʜʢʘʷ ʧʣʝʥʢʘ ʤʝʪʘʣʣʘ. ʆʪʜʝʣʝʥʠʝ ʯʘʩʪʠʮʳ ʦʪ ʵʣʝʢʪʨʦʜʘ 

ʧʨʦʠʩʭʦʜʠʪ ʩ ʪʦʨʮʝʚʦʛʦ ʞʠʜʢʦʛʦ ʚʝʥʮʘ, ʜʠʘʤʝʪʨ ʢʦʪʦʨʦʛʦ ʙʦʣʴʰʝ ʜʠʘʤʝʪʨʘ ʵʣʝʢʪʨʦʜʘ.  

ʄʝʪʦʜ ʮʝʥʪʨʦʙʝʞʥʦʛʦ ʨʘʩʧʳʣʝʥʠʷ ʙʳʩʪʨʦʚʨʘʱʘʶʱʝʛʦʩʷ ʵʣʝʢʪʨʦʜʘ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ 

ʩʬʝʨʠʯʝʩʢʠʝ ʧʦʨʦʰʢʠ (ʛʨʘʥʫʣʳ) ʟʘʜʘʥʥʦʛʦ ʭʠʤʠʯʝʩʢʦʛʦ ʠ ʬʨʘʢʮʠʦʥʥʦʛʦ ʩʦʩʪʘʚʘ (ʨʠʩʫʥʦʢ 1) 

 
ʘ 

 
ʙ 

ʘïʛʨʘʥʫʣ ʥʠʢʝʣʝʚʦʛʦ ʩʧʣʘʚʘ ɸɾʂ 

ʙ ïʛʨʘʥʫʣ ʪʠʪʘʥʦʚʦʛʦ ʩʧʣʘʚʘ ɺʊ1-0 

ʈʠʩʫʥʦʢ 1ïʆʙʱʠʡ ʚʠʜ ʛʨʘʥʫʣ ʧʦʣʫʯʝʥʥʳʭ ʤʝʪʦʜʦʤ PREP 

ʇʦʣʫʯʘʝʤʳ ʤʝʪʦʜʦʤ PREP ʛʨʘʥʫʣʳ ʧʨʠʤʝʥʷʶʪʩʷ ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʟʘʛʦʪʦʚʦʢ ʠʟʜʝʣʠʡ ʟʘʜʘʥʥʦʡ 

ʧʨʦʯʥʦʩʪʠ, ʪʦʯʥʳʭ ʨʘʟʤʝʨʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʩʣʦʞʥʦʡ ʬʦʨʤʳ ʙʝʟ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʠʣʠ ʤʠʥʠʤʘʣʴʥʦʡ 

ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ.  

ʄʝʣʢʦʜʠʩʧʝʨʩʥʳʝ ʧʦʨʦʰʢʠ (ʨʘʟʤʝʨʦʤ ʤʝʥʝʝ 100 ʤʢʤ) ʥʘʰʣʠ ʩʚʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʨʘʟʚʠʚʘʶʱʝʤʩʷ ʚ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘʧʨʘʚʣʝʥʠʠ ʘʜʜʠʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʛʜʝ ʦʥʠ ʷʚʣʷʶʪʩʷ ʠʩʭʦʜʥʳʤ ʩʳʨʴʝʤ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʛʦʪʦʚʦʛʦ ʠʟʜʝʣʠʷ. 

ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʧʦʣʫʯʝʥʠʷ ʛʨʘʥʫʣ ʤʝʪʦʜʦʤ ʮʝʥʪʨʦʙʝʞʥʦʛʦ ʨʘʩʧʳʣʝʥʠʷ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ 

ʥʘ ʩʣʝʜʫʶʱʠʝ ʵʪʘʧʳ: 

ʚʭʦʜʥʦʡ ʢʦʥʪʨʦʣʴ ʵʣʝʢʪʨʦʜʦʚ; 

ʧʦʣʫʯʝʥʠʝ ʛʨʘʥʫʣ ʤʝʪʦʜʦʤ ʮʝʥʪʨʦʙʝʞʥʦʛʦ ʨʘʩʧʳʣʝʥʠʷ ʚʨʘʱʘʶʱʝʡʩʷ ʟʘʛʦʪʦʚʢʠ; 

ʨʘʩʩʝʚ ʠ ʤʘʛʥʠʪʥʘʷ ʩʝʧʘʨʘʮʠʷ ʧʦʣʫʯʝʥʥʳʭ ʛʨʘʥʫʣ; 

ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʘʷ ʩʝʧʘʨʘʮʠʷ; 

ʢʦʥʪʨʦʣʴ ʧʦʣʫʯʝʥʥʳʭ ʛʨʘʥʫʣ. 



ʉɽʂʎʀʗ 2 ʂʆʄʇʆɿʀʎʀʆʅʅʓɽ ʄɸʊɽʈʀɸʃʓ, ɺʂʃʖʏɸʗ ʇʆʃʀʄɽʈʅʓɽ 
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ʂ ʦʩʥʦʚʥʳʤ ʧʦʢʘʟʘʪʝʣʷʤ ʢʦʥʪʨʦʣʷ ʧʨʦʮʝʩʩʘ ʮʝʥʪʨʦʙʝʞʥʦʛʦ ʨʘʩʧʳʣʝʥʠʷ ʦʪʥʦʩʠʪʩʷ: ʢʦʥʪʨʦʣʴ 

ʢʘʯʝʩʪʚʘ ʠʩʭʦʜʥʦʛʦ ʩʳʨʴʷ (ʵʣʝʢʪʨʦʜʦʚ), ʢʦʥʪʨʦʣʴ ʧʦʢʘʟʘʪʝʣʝʡ ʩʘʤʦʛʦ ʧʨʦʮʝʩʩʘ ʧʣʘʚʢʠ, ʢʦʥʪʨʦʣʴ 

ʬʨʘʢʮʠʦʥʥʦʛʦ ʩʦʩʪʘʚʘ, ʢʦʥʪʨʦʣʴ ʥʘʩʳʧʥʦʡ ʧʣʦʪʥʦʩʪʠ ʠ ʪʝʢʫʯʝʩʪʠ ʛʨʘʥʫʣ. 

ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʚʭʦʜʥʦʤʫ ʢʦʥʪʨʦʣʶ ʢʘʯʝʩʪʚʘ ʩʣʠʪʢʦʚ-ʵʣʝʢʪʨʦʜʦʚ, ʧʨʠ ʢʦʪʦʨʦʤ 

ʧʨʦʚʝʨʷʶʪʩʷ ʩʦʧʨʦʚʦʜʠʪʝʣʴʥʘʷ ʜʦʢʫʤʝʥʪʘʮʠʷ, ʤʘʨʢʠʨʦʚʢʘ, ʥʘʣʠʯʠʝ ʚʥʝʰʥʠʭ ʜʝʬʝʢʪʦʚ, ʢʦʥʪʨʦʣʠʨʫʶʪʩʷ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʨʘʟʤʝʨʳ ʵʣʝʢʪʨʦʜʦʚ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʯʝʨʪʝʞʦʤ.  

ʆʩʥʦʚʥʦʡ ʩʪʘʜʠʝʡʚʭʦʜʥʦʛʦ ʢʦʥʪʨʦʣʷ ʵʣʝʢʪʨʦʜʦʚ ʷʚʣʷʝʪʩʷ ʠʟʤʝʨʝʥʠʝ ʨʘʜʠʘʣʴʥʦʛʦ ʙʠʝʥʠʷ 

ʵʣʝʢʪʨʦʜʦʚ, ʧʦʩʢʦʣʴʢʫ ʧʨʠ ʦʪʢʣʦʥʝʥʠʠ ʦʪ ʜʦʧʫʩʪʠʤʳʭ ʟʥʘʯʝʥʠʡ ʧʨʦʠʩʭʦʜʠʪ ʥʝʧʨʘʚʠʣʴʥʦʝ ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʢʘʧʣʠ ʨʘʩʧʣʘʚʘ, ʘ ʪʘʢʞʝ ʤʦʞʝʪ ʧʨʦʠʟʦʡʪʠ ʧʦʣʦʤʢʘ ʫʟʣʦʚ ʠ ʘʛʨʝʛʘʪʦʚ ʫʩʪʘʥʦʚʢʠ ʮʝʥʪʨʦʙʝʞʥʦʛʦ 

ʨʘʩʧʳʣʝʥʠʷ.  

ʋʯʠʪʳʚʘʷ ʚʳʩʦʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʭʠʤʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ ʪʠʪʘʥʦʚʳʭ ʠ ʥʠʢʝʣʝʚʳʭ ʩʧʣʘʚʦʚ ʚ ʧʨʦʮʝʩʩʝ 

ʧʣʘʚʢʠ ʢʦʥʪʨʦʣʠʨʫʶʪ ʥʘʣʠʯʠʝ ʢʠʩʣʦʨʦʜʘ ʚ ʧʦʣʫʯʝʥʥʳʭ ʛʨʘʥʫʣʘʭ.ʉʪʘʙʠʣʴʥʳʡ ʧʨʦʮʝʩʩ ʨʘʩʧʳʣʝʥʠʝ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʣʥʦʝ ʩʦʦʪʚʝʪʩʪʚʠʝ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʠʩʭʦʜʥʳʭ ʩʣʠʪʢʦʚ-ʵʣʝʢʪʨʦʜʦʚ ʠ ʧʦʣʫʯʘʝʤʳʭ 

ʛʨʘʥʫʣ. ʇʨʠʯʠʥʦʡ ʧʨʝʚʳʰʝʥʠʷ ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʥʦʨʤ ʟʘʯʘʩʪʫʶ ʷʚʣʷʶʪʩʷ ʥʘʨʫʰʝʥʠʝ ʛʝʨʤʝʪʠʯʥʦʩʪʠ 

ʫʩʪʘʥʦʚʢʠ ʠ ʙʨʘʢ ʠʩʭʦʜʥʳʭ ʟʘʛʦʪʦʚʦʢ.  

ʂʦʥʪʨʦʣʴ ʬʨʘʢʮʠʦʥʥʦʛʦ ʩʦʩʪʘʚʘ ʛʨʘʥʫʣ ʧʨʦʚʦʜʷʪ ʤʝʪʦʜʦʤ ʩʠʪʦʚʦʛʦ ʘʥʘʣʠʟʘ, ʠʩʧʦʣʴʟʫʷ ʚʠʙʨʦʩʠʪʘ 

ʠ ʣʘʟʝʨʥʳʤ ʘʥʘʣʠʟʘʪʦʨʦʤ ʯʘʩʪʠʮ ANALYSETTE 22 ʬʠʨʤʳ FRITSCH (ʨʠʩʫʥʦʢ 2). 

 
 

ʈʠʩʫʥʦʢ 2 -ʈʝʟʫʣʴʪʘʪ ʠʟʤʝʨʝʥʠʡ ʬʨʘʢʮʠʦʥʥʦʛʦ ʩʦʩʪʘʚʘ ʥʠʢʝʣʝʚʦʛʦ ʧʦʨʦʰʢʘ 

ʄʦʨʬʦʣʦʛʠʷ ʛʨʘʥʫʣ ʠ ʧʝʨʚʠʯʥʳʡ ʘʥʘʣʠʟ ʩʦʩʪʦʷʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʢʘʥʠʨʫʶʱʝʡ 

ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʝʡ ʷʚʣʷʶʱʝʡʩʷ ʥʝʦʪʲʝʤʣʝʤʳʤ ʵʪʘʧʦʤ ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ. 

ʈʝʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʦʨʦʰʢʦʚ, ʠʤʝʶʱʠʝ ʚʘʞʥʦʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʷ, ʠʢ ʢʦʪʦʨʳʤ 

ʦʪʥʦʩʷʪʩʷ ʥʘʩʳʧʥʘʷ ʧʣʦʪʥʦʩʪʴ ʠ ʪʝʢʫʯʝʩʪʴ ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʦ ɻʆʉʊ 19440. 

ʊʘʢʞʝ ʪʝʢʫʯʝʩʪʴ, ʫʛʦʣ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʦʪʢʦʩʘ ʥʘʩʳʧʘʥʥʦʛʦ ʢʦʥʫʩʘ, ʥʘʩʳʧʥʘʷ ʧʣʦʪʥʦʩʪʴʦʧʨʝʜʝʣʷʶʪʩʷ 

ʧʨʠ ʧʦʤʦʱʠ ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ Pharma Test ïʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʳʤ 

ʘʚʪʦʤʘʪʠʯʝʩʢʠʤ ʘʥʘʣʠʟʘʪʦʨʦʤ ʩʳʧʫʯʝʩʪʠ (ʪʝʢʫʯʝʩʪʠ) ʧʦʨʦʰʢʦʚ ʠ ʛʨʘʥʫʣ PTG-S4. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʜʝʣʘʥʥʦʡ ʨʘʙʦʪʳ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʤʝʪʦʜʦʚ ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ ʠʩʭʦʜʥʳʭ ʟʘʛʦʪʦʚʦʢ 

ʠ ʧʨʦʜʫʢʪʦʚ ʮʝʥʪʨʦʙʝʞʥʦʛʦ ʨʘʩʧʳʣʝʥʠʷ. ɺʳʷʚʣʝʥʳ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʩʥʦʚʥʳʭ ʩʚʦʡʩʪʚ 

ʧʨʦʜʫʢʪʦʚ ʮʝʥʪʨʦʙʝʞʥʦʛʦ ʨʘʩʧʳʣʝʥʠʷ ʚ ʭʦʜʝ ʚʩʝʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ.  
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ʇʦ ʩʚʦʝʡ ʩʪʨʫʢʪʫʨʝ ʫʛʣʝʨʦʜ-ʢʝʨʘʤʠʯʝʩʢʠʝ ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʢʦʤʧʦʟʠʮʠʶ 

ʠʟ ʫʛʣʝʨʦʜʥʦʡ ʠ ʢʝʨʘʤʠʯʝʩʢʦʡ ʩʦʩʪʘʚʣʷʶʱʠʭ ʚ ʦʙʲʝʤʝ ʤʘʪʝʨʠʘʣʘ, ʧʦʵʪʦʤʫ ʦʢʠʩʣʠʪʝʣʴ, ʧʦʩʪʫʧʘʶʱʠʡ 

ʯʝʨʝʟ ʧʦʢʨʳʪʠʝ, ʤʦʞʝʪ ʚʩʪʫʧʘʪʴ ʚ ʭʠʤʠʯʝʩʢʫʶ ʨʝʘʢʮʠʶ ʢʘʢ ʩ ʫʛʣʝʨʦʜʦʤ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʛʘʟʦʦʙʨʘʟʥʳʭ 

ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ, ʪʘʢ ʠ ʩ ʢʘʨʙʠʜʦʤ ʢʨʝʤʥʠʷ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʪʚʝʨʜʦʡ ʧʣʝʥʢʠ ʜʠʦʢʩʠʜʘ ʢʨʝʤʥʠʷ ʥʘ 

ʢʝʨʘʤʠʯʝʩʢʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʘʥʘʣʠʟʘ ʦʩʥʦʚʥʳʭ ʬʠʟʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʨʘʟʨʫʰʝʥʠʝ ʤʘʪʝʨʠʘʣʦʚ 

ʋʂʂʄ ʧʦʩʣʝ ʪʝʧʣʦʵʨʦʟʠʦʥʥʳʭ ʠʩʧʳʪʘʥʠʡ ʚ ʦʢʠʩʣʠʪʝʣʴʥʦʤ ʧʦʪʦʢʝ, ʨʘʟʨʘʙʦʪʘʥʘ ʤʦʜʝʣʴ ʨʘʟʨʫʰʝʥʠʷ 

ʋʂʂʄ ʩ ʧʦʢʨʳʪʠʝʤ ʠʟ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ. 

ʆʩʥʦʚʥʳʤʠ ʬʠʟʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ, ʦʧʨʝʜʝʣʷʶʱʠʤʠ ʨʘʟʨʫʰʝʥʠʝ  ʤʘʪʝʨʠʘʣʦʚ ʋʂʂʄ ʪʠʧʘ C/SiC 

ʚ ʦʢʠʩʣʠʪʝʣʴʥʳʭ ʩʨʝʜʘʭ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʧʦʚʝʨʭʥʦʩʪʠ  ʜʦ 1950ʂ, ʜʘʚʣʝʥʠʠ ʩʨʝʜʳ ʚʳʰʝ 0,01 ʄʇʘ, ʠ 

ʪʦʣʱʠʥʝ ʧʦʢʨʳʪʠʷ 10-100 ʤʢʤ, ʷʚʣʷʶʪʩʷ: 

ʜʠʬʬʫʟʠʷ ʦʢʠʩʣʷʶʱʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʛʘʟʦʚʦʡ ʩʨʝʜʳ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ 

ʦʪʪʦʢ ʛʘʟʦʦʙʨʘʟʥʳʭ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ 

ʦʙʨʘʟʦʚʘʥʠʝ ʠ ʨʦʩʪ ʪʦʣʱʠʥʳ ʧʣʝʥʢʠ ʜʠʦʢʩʠʜʘ ʢʨʝʤʥʠʷ ʥʘ ʨʘʙʦʯʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʘ ʠʟ-ʟʘ 

ʦʢʠʩʣʝʥʠʷ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ; 

ʪʝʯʝʥʠʝ ʠ ʠʩʧʘʨʝʥʠʝ ʧʣʝʥʢʠ ʜʠʦʢʩʠʜʘ ʢʨʝʤʥʠʷ; 

ʧʦʜʚʦʜ ʦʢʠʩʣʠʪʝʣʷ ʢ ʫʛʣʝʨʦʜʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʤʘʪʝʨʠʘʣʘ ʧʦʩʨʝʜʩʪʚʦʤ ʜʠʬʬʫʟʠʠ ʯʝʨʝʟ ʪʨʝʱʠʥʳ ʚ 

ʧʦʢʨʳʪʠʠ, ʦʙʨʘʟʦʚʘʥʠʝ ʢʦʪʦʨʳʭ ʧʨʦʠʩʭʦʜʠʪ ʢʘʢ ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ, ʪʘʢ ʠ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʤʘʪʝʨʠʘʣʘ, ʯʪʦ 

ʷʚʣʷʝʪʩʷ ʩʣʝʜʩʪʚʠʝʤ ʨʘʟʣʠʯʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʩʰʠʨʝʥʠʷ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ ʠ ʫʛʣʝʨʦʜʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ; 

ʭʠʤʠʯʝʩʢʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʫʛʣʝʨʦʜʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ  ʤʘʪʝʨʠʘʣʘ ʩ ʦʢʠʩʣʷʶʱʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ 

ʛʘʟʦʚʦʡ ʩʨʝʜʳ. 

ɺ ʨʘʤʢʘʭ ʤʦʜʝʣʠ ʧʨʦʚʝʜʝʥ ʯʠʩʣʝʥʥʳʡ ʨʘʩʯʝʪ ʪʝʯʝʥʠʷ ʠ ʠʩʧʘʨʝʥʠʷ ʧʣʝʥʢʠ ʜʠʦʢʩʠʜʘ ʢʨʝʤʥʠʷ ʩ 

ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʘ ʋʂʂʄ. 
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THE INFLUENCE OF COM POSITION OF THE THREE -PHASE COMPOSITE MATE RIALS NIAL -

NI 3AL -TIB 2 ON MECHANICAL PROPER TIES 

V.Yu. Evdokimov, Yu.B. Tyutkova, M.E. Prutskov, N.A. Ovsyannikov, S.M. Barinov, N.A. Aladyev, A.S. 

Lysenkov, V.V. Smirnov, A.A. Egorov, A.S. Fomin 

 

Fracture toughness and strength levels of composite materials based on aluminide nickel phases NiAl-20 

vol.%Ni3Al, reinforced by dispersed TiB2 (5-40vol.%) particulates were investigated. Samples of materials were 

obtained from powder mixture by pressing and sintering in vacuum at 1500̄ C or by hot pressing at temperatures 

from 1300 to 1570̄C. Fracture toughness (20̄C) of samples based on [NiAl-20vol.%Ni3Al] -(5-40vol.%)TiB2 

obtained by hot pressing at 1570̄C varied from 14 to 33 MPaÖm1/2 (when TiB2 content in NiAl two-phases 

powders increased from 5 to 40 vol.%, respectively). Strength values changed from 300 MPa (5vol.%TiB2) to 700 

MPa (20vol.%TiB2). Maximum value of fracture toughness was 33 MPaÖm1/2 during the tests (500̄C) for samples 

[NiAl -20vol.%Ni3Al] -20vol.%TiB2.  

 

ɺ ʨʘʙʦʪʝ ʠʟʫʯʝʥʦ ʚʣʠʷʥʠʝ ʚʢʣʶʯʝʥʠʷ ʢʝʨʘʤʠʯʝʩʢʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ï ʯʘʩʪʠʮ TiB2 ʚ 

ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʝ ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ (ʂʄ) ʥʘ ʦʩʥʦʚʝ ʘʣʶʤʠʥʠʜʦʚ ʥʠʢʝʣʷ, ʢʦʪʦʨʳʝ, ʢʘʢ 

ʠʟʚʝʩʪʥʦ, ʦʙʣʘʜʘʶʪ ʢʦʤʧʣʝʢʩʦʤ ʚʳʩʦʢʠʭ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʚ ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʠ 

ʥʘʛʨʫʟʦʢ [1,2]. 

ʀʟ ʠʩʭʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ï ʧʦʨʦʰʢʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ ʘʣʶʤʠʥʠʜʦʚ ʥʠʢʝʣʷ - NiAl , Ni3Al-  ʠ TiB2 

ʧʦʣʫʯʝʥʳ ʂʄ: [NiAl -20 ʦʙ.%Ni3Al ]-(5-40 ʦʙ.%)TiB2. ɺ ʧʦʨʦʰʢʦʚʫʶ ʤʘʪʨʠʮʫ NiAl -20 ʦʙ.%Ni3Al  ʚʚʦʜʠʣʠ 

ʧʦʨʦʰʢʠ TiB2 (5-40 ʦʙ.%), ʠʟʤʝʣʴʯʝʥʥʳʝ ʚ ʧʣʘʥʝʪʘʨʥʦʡ ʤʝʣʴʥʠʮʝ ʜʦ 1·5 ʤʢʤ. ʇʦʣʫʯʝʥʥʳʝ ʩʤʝʩʠ 

ʩʦʩʪʦʷʣʠ ʠʟ ʧʦʨʦʰʢʦʚ ʤʘʪʨʠʮʳ NiAl -20 ʦʙ.%Ni3Al  ʠ ʜʠʩʧʝʨʩʥʳʭ ʧʦʨʦʰʢʦʚʳʭ ʯʘʩʪʠʮ TiB2 ʚ ʢʦʣʠʯʝʩʪʚʝ 

5, 10, 15, 20, 25, 30, 35, 40 ʦʙ. %. ɼʠʩʧʝʨʩʥʳʝ ʯʘʩʪʠʮʳ TiB2 ʚʚʦʜʠʣʠ ʚ ʩʦʩʪʘʚ ʜʚʫʭʬʘʟʥʦʡ 

ʠʥʪʝʨʤʝʪʘʣʣʠʜʥʦʡ ʤʘʪʨʠʮʳ ʤʝʭʘʥʠʯʝʩʢʠʤ ʩʤʝʰʠʚʘʥʠʝʤ ʧʦʨʦʰʢʦʚʦʡ ʰʠʭʪʳ. ɼʘʣʝʝ ʦʙʨʘʟʮʳ ʤʘʪʝʨʠʘʣʦʚ 

ʧʦʣʫʯʘʣʠ ʜʚʫʤʷ ʩʧʦʩʦʙʘʤʠ: ʩʧʝʢʘʥʠʝʤ ʚ ʚʘʢʫʫʤʝ ʠ ʛʦʨʷʯʠʤ ʧʨʝʩʩʦʚʘʥʠʝʤ (ɻʇ). ʆʙʨʘʟʮʳ ʂʄ (ʙʘʣʦʯʢʠ 

5Ĭ5Ĭ20ʤʤ) ʧʨʝʩʩʦʚʘʣʠ ʧʨʠ ʜʘʚʣʝʥʠʠ 100 ʄʇʘ. ʉʧʝʢʘʥʠʝ ʚ ʚʘʢʫʫʤʝ ʧʨʦʚʦʜʠʣʦʩʴ ʧʨʠ 1500C̄, ʚʳʜʝʨʞʢʘ ï 

2 ʯ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʘʥʥʳʡ ʧʨʦʮʝʩʩ ʷʚʣʷʝʪʩʷ ʩʧʝʢʘʥʠʝʤ ʩʠʩʪʝʤʳ ʩ ʥʝʨʘʩʪʚʦʨʠʤʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ. ɻʇ 

(30 ʄʇʘ) ʦʙʨʘʟʮʦʚ ʧʨʦʚʦʜʠʣʦʩʴ ʚ ʚʘʢʫʫʤʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 1500, 1550 ʠ 1570ʉ̄ ʚ ʛʨʘʬʠʪʦʚʳʭ ʧʨʝʩʩ-

ʬʦʨʤʘʭ.  

ʆʮʝʥʢʘ ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʠ ʧʨʦʚʝʜʝʥʘ ʥʘ ʦʙʨʘʟʮʘʭ SENB-ʪʠʧʘ ʩ ʧʨʷʤʳʤ ʙʦʢʦʚʳʤ ʥʘʜʨʝʟʦʤ. 

ɺʝʣʠʯʠʥʘ ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʠ ʩʧʝʯʝʥʥʳʭ ʚ ʚʘʢʫʫʤʝ ʦʙʨʘʟʮʦʚ ʩʦʩʪʘʚʣʷʣʘ 11,6 ʄʇʘÖʤ1/2 ʧʨʠ ʩʦʜʝʨʞʘʥʠʠ 

TiB2 - 20 ʦʙ.%, ʘ ʧʨʠ 40 ʦʙ.% TiB2 - 12,9 ʄʇʘÖʤ1/2. ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʩʦʜʝʨʞʘʥʠʷ TiB2 ʥʘʙʣʶʜʘʣʩʷ ʨʦʩʪ 

ʧʦʨʠʩʪʦʩʪʠ (10-15%). ɼʣʷ ʦʙʨʘʟʮʦʚ ʤʘʪʝʨʠʘʣʦʚ, ʧʦʣʫʯʝʥʥʳʭ ɻʇ, ʭʘʨʘʢʪʝʨʥʳ ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ 

ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʠ. ʅʘʠʙʦʣʴʰʘʷ ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʴ ʧʨʠ 20ʉ̄ ʧʦʣʫʯʝʥʘ ʜʣʷ ʦʙʨʘʟʮʦʚ ʂʄ ʩʦʩʪʘʚʘ [NiAl -20 

ʦʙ.%Ni3Al ]-20 ʦʙ.% TiB2. ɼʣʷ ʪʝʤʧʝʨʘʪʫʨʳ ɻʇ 1500C̄ ʦʥʘ ʩʦʩʪʘʚʠʣʘ 15,0 ʄʇʘÖʤ1/2, ʜʣʷ 1550C̄-16,0 

ʄʇʘÖʤ1/2, ʜʣʷ 1570̄ ʉ-20,0 ʄʇʘÖʤ1/2. ʇʦʚʳʰʝʥʠʝ ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʠ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʦ ʧʦʥʠʞʝʥʠʶ 

ʧʦʨʠʩʪʦʩʪʠ ʤʘʪʝʨʠʘʣʦʚ, ʢʦʪʦʨʘʷ ʩʦʩʪʘʚʣʷʣʘ - 11; 6 ʠ 1% ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ɻʇ 1500, 1550, 1570C̄ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʉʦʜʝʨʞʘʥʠʝ TiB2 ʚ ʂʄ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ʥʘ ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʴ ï ʧʨʠ ʧʦʚʳʰʝʥʠʠ 

ʩʦʜʝʨʞʘʥʠʷ TiB2 ʦʪ 5 ʜʦ 40 ʦʙ.% ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ɻʇ 1570C̄, ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʴ ʦʙʨʘʟʮʦʚ ʚʦʟʨʘʩʪʘʣʘ ʦʪ 

13 ʄʇʘĿʤ1/2 (5 ʦʙ.%TiB2) ʜʦ 16 ʄʇʘÖʤ1/2 (40 ʦʙ.%TiB2). ɹʦʣʝʝ ʚʳʨʘʞʝʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʠ 

ʤʘʪʝʨʠʘʣʦʚ ʦʪ ʩʦʜʝʨʞʘʥʠʷ TiB2 ʥʘʙʣʶʜʘʝʪʩʷ ʜʣʷ ʦʙʨʘʟʮʦʚ ʂʄ, ʩʦʜʝʨʞʘʱʠʭ 20 ʦʙ.%TiB2 ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 

ʠʩʧʳʪʘʥʠʡ 500 ʉ̄. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʧʨʦʠʩʭʦʜʠʪ ʨʝʟʢʦʝ ʫʚʝʣʠʯʝʥʠʝ ʚʝʣʠʯʠʥʳ ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʠ ʦʪ 13 

ʄʇʘÖʤ1/2 (5 ʦʙ.%TiB2) ʜʦ 33,0 ʄʇʘÖʤ1/2 ʜʣʷ ʦʙʨʘʟʮʦʚ ʂʄ [NiAl -20ʦʙ.%Ni3Al ]-20ʦʙ. %TiB2 (ʈʠʩ. 1), ʯʪʦ 

ʙʦʣʝʝ ʯʝʤ ʚ 1,5 ʨʘʟʘ ʧʨʝʚʳʰʘʝʪ ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʴ ʠʥʪʝʨʤʝʪʘʣʣʠʜʥʳʭ ʤʘʪʨʠʮ ʧʨʠ 20C̄. ɼʣʷ ʦʙʨʘʟʮʦʚ ʂʄ 

ʩ ʙʦʣʴʰʠʤ ʩʦʜʝʨʞʘʥʠʝʤ TiB2 (20-40 ʦʙ.%) ʚʳʩʦʢʘʷ ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʴ ʦʙʫʩʣʦʚʣʝʥʘ ʥʘʣʠʯʠʝʤ TiB2, 

ʧʦʚʳʰʘʶʱʠʤ ʚʝʣʠʯʠʥʫ ʢʨʠʪʠʯʝʩʢʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʥʘʧʨʷʞʝʥʠʡ ʧʨʠ ʨʘʟʨʫʰʝʥʠʠ.  
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ʈʠʩ.1. ʊʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʚʝʣʠʯʠʥʳ ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʠ ʦʙʨʘʟʮʦʚ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ [NiAl-20ʦʙ.%Ni3Al] -20 ʦʙ.% TiB2 ʧʦʩʣʝ ʠʩʧʳʪʘʥʠʡ ʥʘ ʪʨʝʭʪʦʯʝʯʥʳʡ ʠʟʛʠʙ (ɻʇ 1570ʉ̄). 

ʇʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʩʧʝʢʘʥʠʷ ʧʨʦʯʥʦʩʪʴ ʧʨʠ ʠʟʛʠʙʝ ʦʙʨʘʟʮʦʚ ʂʄ ʥʘ ʦʩʥʦʚʝ 

NiAl -20 ʦʙ.%Ni3Al  ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʩʦʜʝʨʞʘʥʠʷ TiB2 ʦʪ 5 ʜʦ 40 ʦʙ.% ʩʦʩʪʘʚʠʣʘ ʦʪ 180 ʜʦ 290 ʄʇʘ (ʧʨʠ 

20̄ C). ʄʘʢʩʠʤʘʣʴʥʫʶ ʧʨʦʯʥʦʩʪʴ ʧʨʠ ʠʟʛʠʙʝ ʧʨʠ 20C̄ - 290 ʄʇʘ - ʧʦʢʘʟʘʣʠ ʦʙʨʘʟʮʳ [NiAl -20 ʦʙ. % Ni3Al ]-

20 ʦʙ.%TiB2. ʆʙʨʘʟʮʳ ʤʘʪʝʨʠʘʣʦʚ, ʧʦʣʫʯʝʥʥʳʝ ɻʇ, ʠʤʝʶʪ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʧʨʦʯʥʦʩʪʴ ʧʨʠ ʠʟʛʠʙʝ: ʂʄ ʥʘ 

ʦʩʥʦʚʝ NiAl -20 ʦʙ.%Ni3Al, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ1570C̄  - ʧʨʠ ʩʦʜʝʨʞʘʥʠʠ TiB2 ʦʪ 5 ʜʦ 15 ʦʙ.% ï ʦʪ 300 ʜʦ 425 

ʄʇʘ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, -  ʧʨʠ 20ʉ̄, ʠ ʦʪ 400 ʜʦ 615 ʄʇʘ - ʧʨʠ 500ʉ̄. ʂʄ ʩ ʩʦʜʝʨʞʘʥʠʝʤ 40 ʦʙ.% TiB2, 

ʧʦʣʫʯʝʥʥʳʝ ɻʇ ʧʨʠ1570ʉ̄, ʠʤʝʶʪ ʧʨʦʯʥʦʩʪʴ ʧʨʠ ʠʟʛʠʙʝ ʜʦ 330 ʄʇʘ (20C̄) ʠ ʜʦ 460 ʄʇʘ (500C̄). 

ʅʘʠʙʦʣʴʰʝʝ ʫʧʨʦʯʥʝʥʠʝ ï 720 ʄʇʘ (500C̄) ï ʧʦʣʫʯʝʥʦ ʜʣʷ ʂʄ ʩ ʩʦʜʝʨʞʘʥʠʝʤ TiB2 ʚ ʢʦʣʠʯʝʩʪʚʝ 20 ʦʙ.%, 

ʚ ʤʘʪʨʠʮʝ NiAl  ï 20 ʦʙ.%Ni3Al  (ʨʠʩ. 2).  
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ʦʙʨʘʟʮʦʚ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ [NiAl-20ʦʙ.%Ni3Al] -20 ʦʙ.%TiB2. 
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DEVICE OF DYNAMIC IN DENTATION TO CONTROL  THE MECHANICAL CHARA CTERISTICS 

OF COMPOSITE MA TERIALS  

Fedorov A.V., Kren A.P. 

 

Report is devoted to designing the device for dynamic indentation to control mechanical properties 

composite materials. Substantiates the prospects of applying the method of dynamic indentation. A brief 

description of the structure of the sensor the device. Experimental testing of the device showed the possibility of 

its use for the control of the mechanical characteristics of the elements composite materials. 

 

ʉʝʛʦʜʥʷ ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ (ʂʄ) ʥʘʭʦʜʷʪ ʚʩʝ ʙʦʣʝʝ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʨʘʟʣʠʯʥʳʭ 

ʦʪʨʘʩʣʷʭ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʦʩʦʙʝʥʥʦ ʚ ʘʚʠʘʮʠʦʥʥʦʡ ʠ ʨʘʢʝʪʥʦ-ʢʦʩʤʠʯʝʩʢʦʡ. ʂʄ, ʘʨʤʠʨʦʚʘʥʥʳʝ 

ʚʳʩʦʢʦʧʨʦʯʥʳʤʠ ʚʦʣʦʢʥʘʤʠ, ʧʦʟʚʦʣʷʶʪ ʦʙʝʩʧʝʯʠʚʘʪʴ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʠʝ ʤʝʭʘʥʠʯʝʩʢʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʜʥʦʨʦʜʥʳʤʠ ʥʝʢʦʤʧʦʟʠʮʠʦʥʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ. ʆʜʥʘʢʦ, ʚ ʦʪʣʠʯʠʝ ʦʪ 

ʦʜʥʦʨʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʂʄ ʦʙʣʘʜʘʶʪ ʩʣʦʞʥʦʡ ʛʝʪʝʨʦʛʝʥʥʦʡ ʩʪʨʫʢʪʫʨʦʡ, ʥʘʣʠʯʠʝʤ ʥʝʩʢʦʣʴʢʠʭ 

ʥʘʧʨʘʚʣʝʥʠʡ ʘʨʤʠʨʦʚʘʥʠʷ, ʨʘʟʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʤʘʪʨʠʮʳ ʠ ʚʦʣʦʢʥʘ, ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʛʨʘʥʠʮ ʠʭ 

ʨʘʟʜʝʣʘ. ʅʘʣʠʯʠʝ ʩʪʦʣʴ ʩʣʦʞʥʦʡ ʩʪʨʫʢʪʫʨʳ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʠʛʘʪʴ ʚʳʩʦʢʠʭ ʩʚʦʡʩʪʚ, ʩ 

ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʢʦʥʪʨʦʣʷ ʠʭ ʤʝʭʘʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ (ʥʘʧʨʠʤʝʨ, 

ʪʚʝʨʜʦʩʪʠ ʠ ʤʦʜʫʣʷ ʫʧʨʫʛʦʩʪʠ) ʢʘʢ ʥʘ ʚʩʝʭ ʵʪʘʧʘʭ ʠʭ ʠʟʛʦʪʦʚʣʝʥʠʷ, ʪʘʢ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʪʚʝʨʜʦʩʪʠ ʠ ʤʦʜʫʣʷ ʫʧʨʫʛʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʣʦʝʚ 

ʤʘʪʝʨʠʘʣʦʚ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʝʪʦʜ ʥʝʧʨʝʨʳʚʥʦʛʦ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʠʥʜʝʥʪʠʨʦʚʘʥʠʷ (ʀʀ) [1], ʦʩʥʦʚʳ 

ʢʦʪʦʨʦʛʦ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʚ ʢʦʥʮʝ ʧʨʦʰʣʦʛʦ ʚʝʢʘ ʚ ʉʦʚʝʪʩʢʦʤ ʉʦʶʟʝ ʠ ʦʥ ʙʳʣ ʙʦʣʝʝ ʠʟʚʝʩʪʝʥ ʢʘʢ ʤʝʪʦʜ 

çʢʠʥʝʪʠʯʝʩʢʦʡ ʪʚʝʨʜʦʩʪʠè [2]. ʆʜʥʘʢʦ ʩʣʝʜʫʝʪ ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ ʥʘ ʦʛʨʘʥʠʯʝʥʥʦʩʪʴ ʤʝʪʦʜʘ ʀʀ ʚ 

ʦʙʣʘʩʪʠ ʙʝʟʦʙʨʘʟʮʦʚʦʛʦ ʠ ʦʧʝʨʘʪʠʚʥʦʛʦ ʢʦʥʪʨʦʣʷ ʤʝʭʘʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ʆʜʥʠʤ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ 

ʥʘʧʨʘʚʣʝʥʠʡ ʨʘʟʚʠʪʠʷ ʥʝʨʘʟʨʫʰʘʶʱʠʭ ʤʝʪʦʜʦʚ ʙʝʟʦʙʨʘʟʮʦʚʦʡ ʦʧʝʨʘʪʠʚʥʦʡ ʦʮʝʥʢʠ ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʷʚʣʷʝʪʩʷ ʤʝʪʦʜ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʠʥʜʝʥʪʠʨʦʚʘʥʠʷ (ɼʀ) [3,4], ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʠ ʨʘʟʚʠʚʘʝʤʳʡ 

ʚ ʣʘʙʦʨʘʪʦʨʠʠ ʢʦʥʪʘʢʪʥʦ-ʜʠʥʘʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʢʦʥʪʨʦʣʷ ʀʥʩʪʠʪʫʪʘ ʧʨʠʢʣʘʜʥʦʡ ʬʠʟʠʢʠ ʅʘʮʠʦʥʘʣʴʥʦʡ 

ʘʢʘʜʝʤʠʠ ʥʘʫʢ ɹʝʣʘʨʫʩʠ. ɺ ʦʩʥʦʚʝ ʤʝʪʦʜʘ ɼʀ ʣʝʞʠʪ ʥʝʧʨʝʨʳʚʥʘʷ ʨʝʛʠʩʪʨʘʮʠʷ ʧʨʦʮʝʩʩʘ ʫʜʘʨʥʦʛʦ 

ʣʦʢʘʣʴʥʦʛʦ ʢʦʥʪʘʢʪʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠʥʜʝʥʪʦʨʘ ʩ ʠʩʧʳʪʳʚʘʝʤʳʤ ʤʘʪʝʨʠʘʣʦʤ, ʘ ʠʤʝʥʥʦ ʨʝʛʠʩʪʨʘʮʠʷ 

ʪʝʢʫʱʝʡ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʠʥʜʝʥʪʦʨʘ. 

ʂʦʥʪʨʦʣʴ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʢʦʤʧʦʥʝʥʪʦʚ ʂʄ ʤʝʪʦʜʦʤ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʠʥʜʝʥʪʠʨʦʚʘʥʠʷ, 

ʦʩʣʦʞʥʝʥ ʠʭ ʛʝʦʤʝʪʨʠʯʝʩʢʠʤʠ ʨʘʟʤʝʨʘʤʠ, ʠ ʪʨʝʙʫʝʪ ʨʘʟʨʘʙʦʪʢʠ ʧʨʠʙʦʨʘ ɼʀ, ʚʢʣʶʯʘʶʱʝʛʦ ʩʨʝʜʩʪʚʘ 

ʚʠʟʫʘʣʠʟʘʮʠʠ ʠ ʧʨʝʮʠʟʠʦʥʥʦʛʦ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ. ɼʣʷ ʢʦʥʪʨʦʣʷ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʢʦʤʧʦʥʝʥʪʦʚ ʂʄ 

ʤʝʪʦʜʦʤ ɼʀ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʧʨʠʙʦʨ ʩ ʩʧʝʮʠʘʣʴʥʳʤ ʜʘʪʯʠʢʦʤ (ʨʠʩʫʥʦʢ 1). 

ʂʦʥʩʪʨʫʢʮʠʷ ʜʘʪʯʠʢʘ (ʩʤ. ʨʠʩʫʥʦʢ 1) ʚʢʣʶʯʘʝʪ ʩʣʝʜʫʶʱʠʝ ʫʟʣʳ: ʢʦʨʧʫʩ, ʠʟʤʝʨʠʪʝʣʴʥʦʝ ʫʩʪʨʦʡʩʪʚʦ 

ʠ ʤʝʭʘʥʠʟʤ ʥʘʛʨʫʞʝʥʠʷ. ʆʩʥʦʚʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʢʦʨʧʫʩʘ ʷʚʣʷʶʪʩʷ ʩʪʦʡʢʠ 1, ʦʩʥʦʚʘʥʠʝ 2 ʠ ʢʨʳʰʢʘ 3 ʩ 

ʟʘʢʨʝʧʣʝʥʥʳʤ ʥʘ ʥʝʡ ʥʝʩʫʱʝʡ ʚʪʫʣʢʦʡ 4 ʠ ʦʧʦʨʦʡ 5. ɺʪʫʣʢʘ 4 ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʬʠʢʩʘʮʠʠ ʜʘʪʯʠʢʘ ʚ 

ʩʠʩʪʝʤʝ ʝʛʦ ʧʝʨʝʤʝʱʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʙʨʘʟʮʘ ʂʄ 24. ɺʥʫʪʨʝʥʥʝʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʢʦʨʧʫʩʘ ʟʘʱʠʱʝʥʦ ʦʪ 

ʧʦʧʘʜʘʥʠʷ ʧʳʣʠ ʠ ʧʦʩʪʦʨʦʥʥʠʭ ʧʨʝʜʤʝʪʦʚ ʩʪʝʥʢʘʤʠ 7, 8. ʀʟʤʝʨʠʪʝʣʴʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʩʦʩʪʦʠʪ ʠʟ 

ʚʠʜʝʦʢʘʤʝʨʳ 9, ʢʘʪʫʰʢʠ  ʠʥʜʫʢʪʠʚʥʦʩʪʠ 10 ʠ ʠʥʜʝʥʪʦʨʘ, ʚʢʣʶʯʘʶʱʝʛʦ ʢʦʨʧʫʩ 11 ʩ ʟʘʧʨʝʩʩʦʚʘʥʥʳʤʠ ʚ 

ʥʝʛʦ ʧʦʩʪʦʷʥʥʳʤ ʤʘʛʥʠʪʦʤ 12 (ʥʘ ʨʠʩʫʥʢʝ 1 ʥʝ ʧʦʢʘʟʘʥ) ʠ ʠʥʜʝʥʪʦʨʦʤ 13. ɿʘʢʨʝʧʣʝʥʥʘʷ ʥʘ ʦʩʥʦʚʘʥʠʠ 2 

ʢʘʪʫʰʢʘ ʠʥʜʫʢʪʠʚʥʦʩʪʠ 10 ʠ ʤʘʛʥʠʪ 12 ʦʙʨʘʟʫʶʪ ʤʘʛʥʠʪʦʠʥʜʫʢʮʠʦʥʥʳʡ ʩʝʥʩʦʨ. ɺʠʜʝʦʢʘʤʝʨʘ 9 

ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʚ ʦʧʦʨʫ 5 ʠ ʬʠʢʩʠʨʫʝʪʩʷ ʚʠʥʪʦʤ 6. ʄʝʭʘʥʠʟʤ ʥʘʛʨʫʞʝʥʠʷ ʩʦʩʪʦʠʪ ʠʟ ʨʳʯʘʛʘ 14, ʥʘ 

ʢʦʪʦʨʦʤ ʟʘʢʨʝʧʣʝʥ ʢʦʨʧʫʩ ʠʥʜʝʥʪʦʨʘ 11; ʦʩʠ 15, ʚʦʢʨʫʛ ʢʦʪʦʨʦʡ ʚʨʘʱʘʝʪʩʷ ʨʳʯʘʛ 14; ʦʧʦʨʳ 16 ʠ ʧʨʠʞʠʤʘ 

17, ʬʠʢʩʠʨʫʶʱʠʭ ʦʩʴ 15; ʟʘʢʨʝʧʣʝʥʥʳʭ ʥʘ ʦʧʦʨʝ 16 ʜʚʠʛʘʪʝʣʝʡ 18 ʠ 19 ʩ ʨʳʯʘʛʘʤʠ 20, 21, ʫʧʦʨʦʤ 22 ʠ 

ʟʘʮʝʧʦʤ 23. ɼʚʠʛʘʪʝʣʴ 19, ʨʳʯʘʛ 21 ʠ ʟʘʮʝʧ 23 ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʧʦʜʲʝʤʘ ʨʳʯʘʛʘ 14 ʥʘ ʟʘʜʘʥʥʳʡ ʫʛʦʣ, 

ʜʚʠʛʘʪʝʣʴ 18, ʨʳʯʘʛ 20 ʠ ʫʧʦʨ 22 ï ʜʣʷ ʦʛʨʘʥʠʯʝʥʠʷ ʵʪʦʛʦ ʫʛʣʘ. 
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ʈʠʩʫʥʦʢ 1 ïɼʘʪʯʠʢʘ ʧʨʠʙʦʨʘ ɼʀ 

ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʠʟʤʝʨʝʥʠʷ ʨʳʯʘʛ 21, ʫʩʪʘʥʦʚʣʝʥʥʳʡ ʥʘ ʚʘʣʫ ʜʚʠʛʘʪʝʣʷ 19, ʚʨʘʱʘʝʪʩʷ ʧʦ ʯʘʩʦʚʦʡ 

ʩʪʨʝʣʢʝ, ʧʨʠ ʵʪʦʤ ʟʘʢʨʝʧʣʝʥʥʳʡ ʥʘ ʨʳʯʘʛʝ 21 ʛʠʙʢʠʡ ʟʘʮʝʧ 23 ʧʦʜʥʠʤʘʝʪ ʨʳʯʘʛ 14 ʜʦ ʢʦʥʪʘʢʪʘ ʩ ʞʝʩʪʢʠʤ 

ʫʧʦʨʦʤ 22. ʇʨʠ ʜʘʣʴʥʝʡʰʝʤ ʚʨʘʱʝʥʠʠ ʨʳʯʘʛʘ 21 ʟʘʮʝʧ 23 ʜʝʬʦʨʤʠʨʫʝʪʩʷ, ʚʳʩʚʦʙʦʞʜʘʷ ʨʳʯʘʛ 14, 

ʢʦʪʦʨʳʡ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʠʣʳ ʪʷʞʝʩʪʠ ʚʨʘʱʘʝʪʩʷ ʧʨʦʪʠʚ ʯʘʩʦʚʦʡ ʩʪʨʝʣʢʠ. ɿʘʢʨʝʧʣʝʥʥʳʡ ʥʘ ʨʳʯʘʛʝ 14 

ʠʥʜʝʥʪʦʨ ʥʘʥʦʩʠʪ ʧʦ ʠʟʜʝʣʠʶ 24 ʠʩʧʳʪʘʪʝʣʴʥʳʡ ʫʜʘʨ. ɺ ʤʦʤʝʥʪ ʫʜʘʨʘ ʤʘʛʥʠʪ 12 ʥʘʚʦʜʠʪ ʚ ʢʘʪʫʰʢʝ 

ʠʥʜʫʢʪʠʚʥʦʩʪʠ 10 ʠʟʤʝʨʠʪʝʣʴʥʳʡ ʩʠʛʥʘʣ, ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳʡ ʩʢʦʨʦʩʪʠ ʠʥʜʝʥʪʦʨʘ. ʦʙʨʘʙʦʪʘʥʥʳʡ ʧʦ 

ʩʧʝʮʠʘʣʴʥʳʤ ʘʣʛʦʨʠʪʤʘʤ, ʵʪʦʪ ʩʠʛʥʘʣ ʥʝʩʝʪ ʠʥʬʦʨʤʘʮʠʶ ʦ ʤʝʭʘʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʢʦʤʧʦʥʝʥʪ 

ʂʄ. 

ɼʣʷ ʦʙʨʘʙʦʪʢʠ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʠ ʦʪʦʙʨʘʞʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʦ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʠ 

ʜʘʪʯʠʢʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʙʲʝʢʪʘ ʢʦʥʪʨʦʣʷ ʙʳʣʦ ʨʘʟʨʘʙʦʪʘʥʦ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʧʨʦʚʝʜʝʥʠʷ 

ʠʟʤʝʨʝʥʠʡ ʚ ʟʘʜʘʥʥʦʡ ʣʦʢʘʣʴʥʦʡ çʪʦʯʢʝè ʦʙʨʘʟʮʘ ʂʄ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʦʪʨʘʙʦʪʢʘ ʧʨʠʙʦʨʘ ɼʀ ʧʦʢʘʟʘʣʘ ʚʦʟʤʦʞʥʦʩʪʴ ʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʣʷ 

ʦʧʝʨʘʪʠʚʥʦʛʦ ʠ ʙʝʟʦʙʨʘʟʮʦʚʦʛʦ ʢʦʥʪʨʦʣʷ ʤʝʭʘʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʦʤʧʦʥʝʥʪʦʚ ʂʄ. 
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1ʈʦʩʩʠʷ, ʛ. ʄʦʩʢʚʘ, ʌɻʋʇ ʅʀʀʉʋ, 2ʈʦʩʩʠʷ, ʛ. ʂʨʘʩʥʦʷʨʩʢ, ʅʇʎ ʄɻɼ 

 

CONTROL  STRUCTURE FORMATION  EUTECTIC  ALLOY  BASED AL -CE SYSTEM USING 

ELECTROMAGNETIC  FIELD  

Figurovskiy D.K., Pervuhin M.V., Timofeev V.N., Roberov I.G. 

 

ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʚʦʟʜʝʡʩʪʚʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʩʪʨʫʢʪʫʨʳ ʵʚʪʝʢʪʠʢʠ ʩʧʣʘʚʘ ʥʘ ʦʩʥʦʚʝ ʩʠʩʪʝʤʳ Al-Ce. ɼʠʩʧʝʨʛʠʨʦʚʘʥʠʝ ʵʚʪʝʢʪʠʯʝʩʢʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ 

ʩʧʣʘʚʘ ʠ ʦʙʝʩʧʝʯʝʥʠʝ ʦʜʥʦʨʦʜʥʦʩʪʠ ʝʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦ ʩʝʯʝʥʠʶ ʠ ʜʣʠʥʝ ʣʠʪʦʡ ʟʘʛʦʪʦʚʢʠ ʩʧʣʘʚʘ Al-Ce 

ʷʚʣʷʝʪʩʷ  ʧʨʠʦʨʝʪʝʪʥʦʡ ʟʘʜʘʯʝʡ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʪʦʢʦʚʝʜʫʱʠʭ ʵʣʝʤʝʥʪʦʚ ʙʦʨʪʦʚʦʡ ʵʣʝʢʪʨʦʥʠʢʠ. 



ʉɽʂʎʀʗ 2 ʂʆʄʇʆɿʀʎʀʆʅʅʓɽ ʄɸʊɽʈʀɸʃʓ, ɺʂʃʖʏɸʗ ʇʆʃʀʄɽʈʅʓɽ 
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ʇʝʨʩʧʝʢʪʠʚʥʳʤ ʨʝʰʝʥʠʝʤ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʪʦʜʘ ʣʠʪʴʷ ʩʣʠʪʢʦʚ ʤʘʣʦʛʦ 

ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ (ʜʠʘʤʝʪʨʦʤ ʜʦ 25 ʤʤ) ʚ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʡ ʢʨʠʩʪʘʣʣʠʟʘʪʦʨ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ 

ʫʧʨʘʚʣʝʥʠʝ ʢʨʠʩʪʘʣʣʠʟʘʮʠʝʡ ʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʳ ʩʧʣʘʚʘ ʟʘ ʩʯʝʪ ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ [1,2,3]. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʯʘʩʪʦʪʘ ʪʦʢʘ ʠʥʜʫʢʪʦʨʘ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʚʘʞʥʝʡʰʠʭ ʧʘʨʘʤʝʪʨʦʚ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ 

ʧʦʣʷ, ʦʢʘʟʳʚʘʶʱʝʛʦ ʚʣʠʷʥʠʝ ʥʘ ʜʠʩʧʝʨʛʠʨʦʚʘʥʠʝ ʵʚʪʝʢʪʠʯʝʩʢʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʩʧʣʘʚʘ. 

ʕʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʩʠʣʳ, ʜʝʡʩʪʚʫʶʱʠʝ ʥʘ ʨʘʩʧʣʘʚ, ʧʨʠʚʦʜʷʪ ʢ ʝʛʦ ʠʥʪʝʥʩʠʚʥʦʤʫ ʧʝʨʝʤʝʰʠʚʘʥʠʶ. ɺ 

ʨʘʩʧʣʘʚʝ ʚʦʟʥʠʢʘʝʪ ʜʚʘ ʚʠʭʨʷ, ʦʜʠʥ ʠʟ ʢʦʪʦʨʳʭ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʫ ʬʨʦʥʪʘ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ 

ʠ ʦʢʘʟʳʚʘʝʪ ʥʘ ʥʝʛʦ ʢʘʢ ʪʝʧʣʦʚʦʝ ʪʘʢ ʠ ʤʝʭʘʥʠʯʝʩʢʦʝ ʚʦʟʜʝʡʩʪʚʠʝ, ʜʨʫʛʦʡ  ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʥʘʜ ʧʝʨʚʳʤ ʠ 

ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ʣʠʰʴ ʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʨʘʩʧʣʘʚʝ. ʆʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʬʘʢʪʦʨʦʚ, 

ʦʢʘʟʳʚʘʶʱʠʭ ʚʣʠʷʥʠʝ ʥʘ ʭʘʨʘʢʪʝʨ ʠ ʩʢʦʨʦʩʪʴ ʮʠʨʢʫʣʷʮʠʠ ʤʝʪʘʣʣʘ ʚ ʞʠʜʢʦʡ ʬʘʟʝ ʩʣʠʪʢʘ ʷʚʣʷʝʪʩʷ ʯʘʩʪʦʪʘ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʦʧʨʝʜʝʣʷʶʱʘʷ ʛʣʫʙʠʥʫ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʩʠʣ ʚ ʨʘʩʧʣʘʚ. 

ʋʤʝʥʴʰʝʥʠʝ ʯʘʩʪʦʪʳ ʪʦʢʘ ʠʥʜʫʢʪʦʨʘ ʩ 60 ʜʦ 20 ʢɻʮ ʧʨʠʚʦʜʠʪ ʢ ʜʠʩʧʝʨʛʠʨʦʚʘʥʠʶ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʠ 

ʧʦʚʳʰʝʥʠʶ ʦʜʥʦʨʦʜʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʚʪʝʢʪʠʯʝʩʢʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʧʦ ʩʝʯʝʥʠʶ ʠ ʜʣʠʥʝ ʣʠʪʦʡ 

ʟʘʛʦʪʦʚʢʠ. 

 ʇʦʣʫʯʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʛʣʫʙʠʥʳ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʩʠʣ, ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ 

ʤʝʪʘʣʣʘ ʚ ʞʠʜʢʦʡ ʬʘʟʝ ʩʣʠʪʢʘ, ʨʘʟʤʝʨʳ ʬʦʨʤʠʨʫʶʱʠʭʩʷ ʵʣʝʤʝʥʪʦʚ ʩʪʨʫʢʪʫʨʳ ʵʚʪʝʢʪʠʢʠ ʦʪ ʯʘʩʪʦʪʳ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. 

ʈʘʩʩʤʦʪʨʝʥ ʤʝʭʘʥʠʟʤ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʵʚʪʝʢʪʠʢʠ ʩʧʣʘʚʘ ʩʠʩʪʝʤʳ 

Al-Ce ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ ʧʨʦʮʝʩʩʝ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ. 
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SECOND GENERATION HI GH TEMPERATURE SUPERCONDUCTING TAPES ON ALLOY 

ʉU(68.4%)NI(30.0%)FE(1.6%) 

Kharchenko A.V., Maklakov A.S., Grigoriev A.N. 

 

Second generation high temperature superconducting tapes on alloy ʉu(68.4%)Ni(30.0%)Fe(1.6%) are 

promising materials. The first this substrate has sharp texture. The second is non magnetic. The third is a cheaper 

than allays based on nickel. We studied crystallization process and repeat already known procedure of buffer layer 

and superconductor layer deposition processes. 

ɼʚʫʤʝʨʥʳʝ ʤʘʪʝʨʠʘʣʳ (ʠʣʠ ʧʣʝʥʢʠ) ʩʝʛʦʜʥʷ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʦʚʩʝʤʝʩʪʥʦ: ʢʘʢ ʚ ʙʳʪʫ, ʪʘʢ ʠ ʚ ʩʦʩʪʘʚʝ 

ʩʣʦʞʥʳʭ ʠʥʞʝʥʝʨʥʳʭ ʫʩʪʨʦʡʩʪʚ. ʇʨʠʤʝʥʝʥʠʝ çʧʣʝʥʦʯʥʳʭè ʪʝʭʥʦʣʦʛʠʡ ʥʝ ʧʨʦʩʪʦ ʧʦʟʚʦʣʷʝʪ ʫʤʝʥʴʰʠʪʴ 

ʨʘʟʤʝʨ, ʥʦ ʠ ʧʦʣʫʯʠʪʴ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʳʝ ʩʦʝʜʠʥʝʥʠʷ, ʦʙʣʘʜʘʶʱʠʝ ʫʥʠʢʘʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. 

ʇʨʠʤʝʨʦʤ ʧʦʩʣʝʜʥʠʭ ʩʣʫʞʘʪ ʪʝʢʩʪʫʨʠʨʦʚʘʥʥʳʝ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʝ ʩʚʝʨʭʧʨʦʚʦʜʥʠʢʠ (ʚ ʩʦʩʪʘʚʝ 

ɺʊʉʇ-ʣʝʥʪ ʚʪʦʨʦʛʦ ʧʦʢʦʣʝʥʠʷ [1]) ʠ ʜʚʫʤʝʨʥʳʝ ʩʪʨʫʢʪʫʨʳ, ʚ ʢʦʪʦʨʳʭ ʨʝʘʣʠʟʦʚʘʥ ʵʬʬʝʢʪ ʵʧʠʪʘʢʩʠʘʣʴʥʦʡ 

ʩʪʘʙʠʣʠʟʘʮʠʠ (ʦʢʩʠʜ ʩ ʪʝʤʧʝʨʘʪʫʨʥʳʤ ʧʝʨʝʭʦʜʦʤ çʤʝʪʘʣʣ-ʜʠʵʣʝʢʪʨʠʢè SmNiO3 [2] ʠ ʜʨ.). 

ɺ ʨʘʙʦʪʝ ʚʳʙʨʘʥ ʭʠʤʠʯʝʩʢʠʡ ʤʝʪʦʜ ʥʘʥʝʩʝʥʠʷ ʚ ʧʨʠʣʦʞʝʥʠʠ ʢ ʧʦʣʫʯʝʥʠʶ ʧʨʦʪʷʞʝʥʥʳʭ ʧʣʝʥʦʢ. 

ɼʣʷ ʵʪʦʛʦ, ʧʦʤʠʤʦ ʭʠʤʠʯʝʩʢʦʡ ʦʩʥʦʚʳ, ʥʝʦʙʭʦʜʠʤʦ ʨʘʩʩʤʦʪʨʝʥʠʝ ʪʝʯʝʥʠʷ ʞʠʜʢʦʩʪʠ, ʢʦʪʦʨʦʝ ʠʟʫʯʝʥʦ ʚ 

ʦʙʱʝʤ ʚʠʜʝ ʜʣʷ ʧʨʦʮʝʩʩʘ dip coating [3].  ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʘ ʚʳʙʨʘʥ ʢʦʤʧʦʥʝʥʪ ɺʊʉʇ-ʣʝʥʪʳ ʚʪʦʨʦʛʦ 

ʧʦʢʦʣʝʥʠʷ ï ʪʦʥʢʘʷ ʧʣʝʥʢʘ ʪʝʢʩʪʫʨʠʨʦʚʘʥʥʦʛʦ ʦʢʩʠʜʘ La2Zr2O7 ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʜʣʦʞʢʠ ʠʟ 

ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ ʩʧʣʘʚʘ ʉu(68.4%)Ni(30.0%)Fe(1.6%) (ʤʘʩʩʦʚʳʝ ʧʨʦʮʝʥʪʳ) [4]. ɺʳʧʦʣʥʝʥ ʚʝʩʴ ʧʫʪʴ 
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ʧʦʣʫʯʝʥʠʷ ɺʊʉʇ-ʣʝʥʪʳ ʚʪʦʨʦʛʦ ʧʦʢʦʣʝʥʠʷ: ʦʪ ʧʦʣʫʯʝʥʠʷ ʠ ʠʟʫʯʝʥʠʷ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʩʧʣʘʚʘ ʜʦ 

ʥʘʥʝʩʝʥʠʷ ʙʫʬʝʨʥʦʛʦ ʩʣʦʷ ʠ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʩʚʝʨʭʧʨʦʚʦʜʥʠʢʘ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʝʥʦ ʩʘʤʦʡ 

ʧʝʨʚʦʡ ʩʪʘʜʠʠ ï  ʧʦʣʫʯʝʥʠʶ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʣʝʥʪʳ. ɼʣʷ ʵʪʦʛʦ ʚ ʠʥʩʪʠʪʫʪʝ ʬʠʟʠʢʠ ʋʨʆ ʈɸʅ ʙʳʣ 

ʚʳʧʣʘʚʣʝʥ ʪʨʦʡʥʦʡ ʩʧʣʘʚ Cu(68.4%)Ni(30%)Fe(1.6%). ɽʛʦ ʢʦʚʘʣʠ ʚ ʧʨʫʪʢʠ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ, ʟʘʪʝʤ 

ʦʪʞʠʛʘʣʠ ʜʣʷ ʩʥʷʪʠʷ ʥʘʧʨʷʞʝʥʠʷ, ʦʩʪʫʞʘʣʠ ʠ ʚʳʧʦʣʥʷʣʠ ʭʦʣʦʜʥʫʶ ʧʨʦʢʘʪʢʫ. ʋʞʝ ʧʦʣʫʯʝʥʥʘʷ ʣʝʥʪʘ 

ʧʦʩʪʫʧʠʣʘ ʢ ʥʘʤ, ʠ ʤʳ ʠʟʫʯʘʣʠ ʝʝ ʢʠʥʝʪʠʢʫ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ, ʚʘʨʴʠʨʫʶ ʪʝʤʧʝʨʘʪʫʨʫ ʠ ʚʨʝʤʷ ʦʪʞʠʛʘ ʚ 

ʚʘʢʫʫʤʥʦʡ ʧʝʯʠ. 

ɼʣʷ ʭʘʨʘʢʪʝʨʠʟʘʮʠʠ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʣʝʥʪʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʨʘʩʪʨʦʚʫʶ ʵʣʝʢʪʨʦʥʥʫʶ ʤʠʢʨʦʩʢʦʧʠʶ. 

ɸʥʘʣʠʟʠʨʦʚʘʣʠ ʨʘʟʤʝʨ ʟʝʨʝʥ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʣʦʚʠʡ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ. ɺ ʧʨʦʜʝʣʘʥʥʦʡ ʨʘʙʦʪʝ ʫʜʘʣʦʩʴ 

ʦʮʝʥʠʪʴ ʠʥʪʝʨʚʘʣʳ ʧʝʨʚʠʯʥʦʡ ʠ ʚʪʦʨʠʯʥʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ, ʘ ʪʘʢʞʝ ʦʧʨʝʜʝʣʠʪʴ ʢʦʥʩʪʘʥʪʳ ʩʢʦʨʦʩʪʠ ʵʪʠʭ 

ʧʨʦʮʝʩʩʦʚ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʈʌʌʀ ˉ16-03-00981. 
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EXPERIMENTAL STUDY A ND DEVELOPMENT OF FA ILURE CRITERIA FOR 4 D-L CARBON-

CARBON COMPOSITE IN TRIAXIAL STRE SS STATE 

A.N. Baryshev1, G.G. Kulish1, A.A. Smerdov1, S.V. Tsvetkov1, S.V. Tashilov2, I.V. Magnitskiy 2, K.A. 

Ponomarev2 
1Russia, Moscow, Institute of composite technologies,  

2Russia, Korolev, JSC çKompozitè 

 

The paper presents the analysis of the symmetry type for the structure of 4D-L carbon-carbon composite 

material (CCCM). It is shown that the second order criterion cannot be used to describe the strength of the 

material.  To develop a phenomenological criterion for the 4 D-L type CCCM, it is necessary to have experimental 

data on the material strength under combined state of stress. Experimental set-ups are described which enable one 

to obtain necessary data. The problems are discussed arising at implementation of various types of combined state 

of stress with specialized set-ups. Obtained experimental results are also discussed.  
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ɺ ʜʦʢʣʘʜʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʢʦʥʝʯʥʦʡ ʮʝʣʴʶ ʢʦʪʦʨʳʭ ʷʚʣʷʣʦʩʴ ʧʦʩʪʨʦʝʥʠʝ 

ʢʨʠʪʝʨʠʷ ʧʨʦʯʥʦʩʪʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ʘʨʤʠʨʦʚʘʥʥʦʛʦ ʫʛʣʝʨʦʜ-ʫʛʣʝʨʦʜʥʦʛʦ ʢʦʤʧʦʟʠʪʘ (ʋʋʂʄ) ʧʨʠ 

ʧʨʦʠʟʚʦʣʴʥʦʤ ʪʨʝʭʦʩʥʦʤ ʥʘʧʨʷʞʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ. 

ʉʪʨʫʢʪʫʨʘ ʫʛʣʝʨʦʜ-ʫʛʣʝʨʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʪʠʧʘ 4ɼ-ʃ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 1 ʠ ʩʦʩʪʦʠʪ ʠʟ ʯʝʪʳʨʝʭ 

ʩʝʤʝʡʩʪʚ ʫʛʣʝʨʦʜʥʳʭ ʚʦʣʦʢʦʥ, ʩʦʝʜʠʥʝʥʥʳʭ ʫʛʣʝʨʦʜʥʦʡ ʤʘʪʨʠʮʝʡ. ʉʪʨʫʢʪʫʨʘ   ʤʘʪʝʨʠʘʣʘ ʠʤʝʝʪ ʪʨʠ 

ʚʟʘʠʤʥʦ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳʝ ʦʩʠ ʩʠʤʤʝʪʨʠʠ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ. ɽʩʣʠ ʩʯʠʪʘʪʴ ʪʦʣʱʠʥʫ ʘʨʤʠʨʫʶʱʠʭ ʚʦʣʦʢʦʥ 

ʤʘʣʦʡ ʧʦ ʩʨʘʚʥʝʥʠʷ ʩ ʧʨʝʜʩʪʘʚʠʪʝʣʴʥʳʤ ʵʣʝʤʝʥʪʦʤ ʤʘʪʝʨʠʘʣʘ, ʪʦ ʪʨʠ ʥʘʧʨʘʚʣʝʥʠʷ ʚʜʦʣʴ ʩʝʤʝʡʩʪʚ 

ʚʦʣʦʢʦʥ b, c ʠ d ʨʘʚʥʦʧʨʘʚʥʳ. ʇʦʵʪʦʤʫ ʢ ʵʣʝʤʝʥʪʘʤ ʩʠʤʤʝʪʨʠʠ ʩʪʨʫʢʪʫʨʳ ʤʘʪʝʨʠʘʣʘ ʜʦʙʘʚʣʷʝʪʩʷ 

ʚʝʨʪʠʢʘʣʴʥʘʷ ʦʩʴ ʩʠʤʤʝʪʨʠʠ ʰʝʩʪʦʛʦ ʧʦʨʷʜʢʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʪʨʫʢʪʫʨʘ ʋʋʂʄ ʪʠʧʘ 4ɼ-ʃ ʦʪʥʦʩʠʪʩʷ ʢ 

ʢʣʘʩʩʫ ʩʠʤʤʝʪʨʠʠ D6 (ʚ ʦʙʦʟʥʘʯʝʥʠʷʭ ʐʝʥʬʣʠʩʘ) [1]. ʌʝʥʦʤʝʥʦʣʦʛʠʯʝʩʢʠʡ ʢʨʠʪʝʨʠʡ ʧʨʦʯʥʦʩʪʠ 

ʘʥʠʟʦʪʨʦʧʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʩʪʨʦʠʪʩʷ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʧʳʪʘʥʠʡ ʦʙʨʘʟʮʦʚ ʤʘʪʝʨʠʘʣʘ ʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʠʥʚʘʨʠʘʥʪʥʦïʧʦʣʠʥʦʤʠʘʣʴʥʦʡ ʬʦʨʤʫʣʠʨʦʚʢʦʡ ʠʤʝʝʪ ʚʠʜ [2] 

1...=+++ kjiijkjiijii IIIAIIAIA , 

ʛʜʝ ʧʨʦʠʟʚʦʜʠʪʩʷ ʩʫʤʤʠʨʦʚʘʥʠʝ ʧʦ ʧʦʚʪʦʨʷʶʱʠʤʩʷ ʠʥʜʝʢʩʘʤ, ʠ I1,I2, é, In ï ʥʘʙʦʨ ʠʥʚʘʨʠʘʥʪʦʚ 

ʪʝʥʟʦʨʘ ʥʘʧʨʷʞʝʥʠʡ ůij, ʩʦʩʪʘʚʣʷʶʱʠʭ ʧʦʣʠʥʦʤʠʘʣʴʥʳʡ ʙʘʟʠʩ ʜʣʷ ʛʨʫʧʧʳ ʩʠʤʤʝʪʨʠʠ ʩʪʨʫʢʪʫʨʳ 

ʤʘʪʝʨʠʘʣʘ. ʂʦʣʠʯʝʩʪʚʦ ʩʣʘʛʘʝʤʳʭ ʚ ʚʳʨʘʞʝʥʠʠ ʜʣʷ ʢʨʠʪʝʨʠʷ ʚʳʙʠʨʘʝʪʩʷ ʠʩʭʦʜʷ ʠʟ ʥʝʦʙʭʦʜʠʤʦʡ 

ʪʦʯʥʦʩʪʠ ʜʣʷ ʦʧʠʩʘʥʠʷ ʜʘʥʥʳʭ ʧʨʦʯʥʦʩʪʥʳʭ ʠʩʧʳʪʘʥʠʡ ʦʙʨʘʟʮʦʚ. ʂʦʥʩʪʘʥʪʳ A i, A ij, A ijk, éʥʘʭʦʜʷʪʩʷ ʠʟ 

ʜʘʥʥʳʭ ʧʨʦʯʥʦʩʪʥʳʭ ʠʩʧʳʪʘʥʠʡ.  

ɼʣʷ ʛʨʫʧʧʳ ʩʠʤʤʝʪʨʠʠ D6 ʧʦʣʠʥʦʤʠʘʣʴʥʳʡ ʙʘʟʠʩ ʩʦʩʪʦʠʪ ʠʟ ʩʣʝʜʫʶʱʝʛʦ ʥʘʙʦʨʘ ʠʥʚʘʨʠʘʥʪʦʚ [3]: 
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ʀʟ ʦʩʦʙʝʥʥʦʩʪʝʡ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʘ 4ɼ-ʃ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʢʨʠʪʝʨʠʡ ʧʨʦʯʥʦʩʪʠ ʜʦʣʞʝʥ ʠʤʝʪʴ ʧʦʨʷʜʦʢ 

ʥʝ ʥʠʞʝ ʯʝʪʚʝʨʪʦʡ ʩʪʝʧʝʥʠ.  

ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʢʨʠʪʝʨʠʷ ʧʨʦʚʝʜʝʥʘ ʩʝʨʠʷ ʠʩʧʳʪʘʥʠʡ ʦʙʨʘʟʮʦʚ ʧʨʠ ʧʨʦʩʪʝʡʰʠʭ ʥʘʧʨʷʞʝʥʥʳʭ 

ʩʦʩʪʦʷʥʠʷʭ: ʦʜʥʦʦʩʥʦʛʦ ʩʞʘʪʠʷ, ʦʜʥʦʦʩʥʦʛʦ ʨʘʩʪʷʞʝʥʠʷ ʧʦ ʦʩʷʤ X, Y ʠ Z , ʯʠʩʪʦʛʦ ʩʜʚʠʛʘ ʚ ʧʣʦʩʢʦʩʪʷʭ 

XY, XZ ʠ YZ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʫʯʝʥʳ ʠʥʞʝʥʝʨʥʳʝ ʧʨʝʜʝʣʳ ʧʨʦʯʥʦʩʪʠ: 

ʧʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʧʨʠ ʨʘʩʪʷʞʝʥʠʠ ʧʦ ʦʩʠ ʍ F+X=80,8 ʄʇʘ  

ʧʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʧʨʠ ʨʘʩʪʷʞʝʥʠʠ ʧʦ ʦʩʠ Y F+Y=64,3 ʄʇʘ  

ʧʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʧʨʠ ʨʘʩʪʷʞʝʥʠʠ ʧʦ ʦʩʠ Z F+Z=112,7 ʄʇʘ  

ʧʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʧʨʠ ʩʞʘʪʠʠ ʧʦ ʦʩʠ ʍ F+X=132,3 ʄʇʘ 

ʧʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʧʨʠ ʩʞʘʪʠʠ ʧʦ ʦʩʠ Y F+Y=116,8 ʄʇʘ 

ʧʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʧʨʠ ʩʞʘʪʠʠ ʧʦ ʦʩʠ Z F+Z=210,0 ʄʇʘ 

ʧʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʧʨʠ ʩʜʚʠʛʝ ʧʦ ʦʩʠ ʍ FXY=48,7 ʄʇʘ 

ʧʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʧʨʠ ʩʜʚʠʛʝ ʧʦ ʦʩʠ ʍ FXZ=35,6 ʄʇʘ 

ʧʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʧʨʠ ʩʜʚʠʛʝ ʧʦ ʦʩʠ ʍ FYZ=34,4 ʄʇʘ 
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ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʢʨʠʪʝʨʠʷ ʧʨʦʯʥʦʩʪʠ ʪʘʢʞʝ ʥʝʦʙʭʦʜʠʤʦ ʧʦʣʫʯʠʪʴ ʜʘʥʥʳʝ ʧʦ ʧʨʦʯʥʦʩʪʥʳʤ 

ʠʩʧʳʪʘʥʠʷʤ ʦʙʨʘʟʮʦʚ ʧʨʠ ʩʣʦʞʥʦʤ ʥʘʧʨʷʞʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ. ʄʥʦʛʠʝ ʤʝʪʦʜʳ ʠʩʧʳʪʘʥʠʡ ʦʙʨʘʟʮʦʚ 

ʢʦʤʧʦʟʠʪʦʚ ʠʟ ʘʨʤʠʨʦʚʘʥʥʳʭ ʧʣʘʩʪʠʢʦʚ ʧʨʠ ʩʣʦʞʥʦʤ ʥʘʧʨʷʞʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʥʝ ʧʦʜʭʦʜʷʪ ʜʣʷ 

ʠʩʧʳʪʘʥʠʡ ʦʙʨʘʟʮʦʚ ʋʋʂʄ. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʜʣʷ ʠʩʧʳʪʘʥʠʡ ʦʙʨʘʟʮʦʚ ʋʋʂʄ ʧʨʠ ʩʣʦʞʥʦʤ ʥʘʧʨʷʞʝʥʥʦʤ 

ʩʦʩʪʦʷʥʠʠ ʨʘʟʨʘʙʦʪʘʥʳ ʥʦʚʳʝ ʤʝʪʦʜʠʢʠ, ʫʯʠʪʳʚʘʶʱʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ 4ɼ-ʃ. ʈʘʟʨʘʙʦʪʘʥʳ: 

ʫʩʪʘʥʦʚʢʘ ʜʣʷ ʠʩʧʳʪʘʥʠʡ ʦʙʨʘʟʮʦʚ ʤʘʪʝʨʠʘʣʘ 4ɼ-ʃ ʥʘ ʩʦʚʤʝʩʪʥʦʝ ʜʝʡʩʪʚʠʝ ʩʜʚʠʛʦʚʳʭ ʠ ʨʘʩʪʷʛʠʚʘʶʱʠʭ 

ʥʘʧʨʷʞʝʥʠʡ, ʫʩʪʘʥʦʚʢʘ ʜʣʷ ʠʩʧʳʪʘʥʠʡ ʦʙʨʘʟʮʦʚ ʥʘ ʜʚʫʭʦʩʥʦʝ ʠ ʪʨʝʭʦʩʥʦʝ ʨʘʩʪʷʞʝʥʠʝ, ʫʩʪʘʥʦʚʢʘ ʜʣʷ 

ʠʩʧʳʪʘʥʠʡ ʦʙʨʘʟʮʦʚ ʥʘ ʜʚʫʭʦʩʥʦʝ ʠ ʪʨʝʭʦʩʥʦʝ ʩʞʘʪʠʝ. 

ʆʜʥʘ ʠʟ ʵʪʠʭ ʫʩʪʘʥʦʚʦʢ - ʫʩʪʘʥʦʚʢʘ ʥʘ ʪʨʝʭʦʩʥʦʝ ʩʞʘʪʠʝ - ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 2 ʠ ʧʨʝʜʥʘʟʥʘʯʝʥʘ 

ʜʣʷ ʠʩʧʳʪʘʥʠʡ ʢʫʙʠʯʝʩʢʠʭ ʦʙʨʘʟʮʦʚ. ʋʩʪʘʥʦʚʢʘ ʩʦʩʪʦʠʪ ʠʟ ʪʨʝʭ ʥʘʛʨʫʟʦʯʥʳʭ ʫʩʪʨʦʡʩʪʚ, ʚ ʢʘʞʜʦʝ ʠʟ 

ʢʦʪʦʨʳʭ ʚʭʦʜʠʪ ʛʠʜʨʦʮʠʣʠʥʜʨ ʥʘ 50 ʢʅ. ɺʝʨʪʠʢʘʣʴʥʦʝ ʥʘʛʨʫʟʦʯʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʟʘʢʨʝʧʣʝʥʦ ʩʪʘʮʠʦʥʘʨʥʦ 

ʥʘ ʩʪʘʥʠʥʝ. ɼʚʘ ʜʨʫʛʠʭ ʥʘʛʨʫʟʦʯʥʳʭ ʫʩʪʨʦʡʩʪʚʘ ʧʦʜʚʝʰʠʚʘʶʪʩʷ ʥʘ ʧʨʫʞʠʥʥʳʭ ʧʦʜʚʝʩʘʭ, ʠʤʝʶʱʠʭ 

ʥʝʙʦʣʴʰʫʶ ʞʝʩʪʢʦʩʪʴ. ʊʘʢʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʫʩʪʘʥʦʚʢʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʪʦ, ʯʪʦ ʣʠʥʠʠ ʜʝʡʩʪʚʠʷ ʩʠʣ, 

ʧʨʠʣʦʞʝʥʥʳʭ ʢ ʦʙʨʘʟʮʫ, ʚʩʝʛʜʘ ʧʨʦʭʦʜʷʪ ʯʝʨʝʟ ʝʛʦ ʮʝʥʪʨ.  
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COMPOSITES WITH SHAP E MEMORY EFFECT TO C REATE SELF-DEPLOYING STRUCTURES 

FOR SPACE APPLICATIO NS 

Chernyshenko A.O., Aristov V.F. 

 

New shape memory copolymer resin designed for cosmic application with ñtunableò temperature of shape 

transformation from 80 to 160ÁC. This work show the possibility of creating a self-deploying space-related 

constructions of carbon composites with shape memory effect. 

 

ʇʦʣʠʤʝʨʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʦʙʣʘʜʘʶʱʠʝ ʧʘʤʷʪʴʶ ʬʦʨʤʳ, ʷʚʣʷʶʪʩʷ ʦʯʝʥʴ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʤʠ 

ʤʘʪʝʨʠʘʣʘʤʠ ʜʣʷ ʩʦʟʜʘʥʠʷ ʢʦʥʩʪʨʫʢʮʠʡ ʩʧʦʩʦʙʥʳʭ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʨʘʟʚʦʨʘʯʠʚʘʪʴʩʷ ʠʟ ʢʦʤʧʘʢʪʥʦʡ 

ʪʨʘʥʩʧʦʨʪʘʙʝʣʴʥʦʡ ʬʦʨʤʳ. ʄʘʪʝʨʠʘʣʳ ʩ ʧʘʤʷʪʴʶ ʬʦʨʤʳ ʩʦʚʤʝʱʘʶʪ ʬʫʥʢʮʠʶ ʢʦʥʩʪʨʫʢʮʠʦʥʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ ʩ ʬʫʥʢʮʠʝʡ ʥʘʢʦʧʠʪʝʣʷ ʵʥʝʨʛʠʠ ʠ ʧʨʠʚʦʜʘ. ʆʩʥʦʚʦʡ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʪʘʢʠʭ ʧʦʣʠʤʝʨʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʵʣʘʩʪʦʤʝʨʥʦʡ ʠ ʩʪʝʢʣʫʝʤʦʡ ʬʘʟ ʦʙʨʘʟʫʶʱʠʭ ʩʰʠʪʫʶ ʩʪʨʫʢʪʫʨʫ. ʇʨʠʯʝʤ 

ʦʩʥʦʚʥʘʷ ʬʦʨʤʘ ʟʘʧʦʤʠʥʘʝʪʩʷ ʚ ʚʠʜʝ ʩʝʪʢʠ ʩʚʷʟʝʡ ʚ ʩʪʝʢʣʫʝʤʦʡ ʬʘʟʝ, ʘ ʵʥʝʨʛʠʷ ʥʝʦʙʭʦʜʠʤʘʷ ʜʣʷ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʬʦʨʤʳ ʥʘʢʘʧʣʠʚʘʝʪʩʷ ʚ ʚʠʜʝ ʥʘʧʨʷʞʝʥʠʡ ʚ ʵʣʘʩʪʦʤʝʨʥʳʭ ʩʝʛʤʝʥʪʘʭ ʧʦʣʠʤʝʨʘ. ʆʩʥʦʚʦʡ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʪʘʢʠʭ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʵʣʘʩʪʦʤʝʨʥʦʡ ʠ ʩʪʝʢʣʫʝʤʦʡ ʬʘʟ 

ʦʙʨʘʟʫʶʱʠʭ ʩʰʠʪʫʶ ʩʪʨʫʢʪʫʨʫ. ʇʨʠʯʝʤ ʦʩʥʦʚʥʘʷ ʬʦʨʤʘ ʟʘʧʦʤʠʥʘʝʪʩʷ ʚ ʚʠʜʝ ʩʝʪʢʠ ʩʚʷʟʝʡ ʚ ʩʪʝʢʣʫʝʤʦʡ 

ʬʘʟʝ, ʘ ʵʥʝʨʛʠʷ ʥʝʦʙʭʦʜʠʤʘʷ ʜʣʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʬʦʨʤʳ ʥʘʢʘʧʣʠʚʘʝʪʩʷ ʚ ʚʠʜʝ ʥʘʧʨʷʞʝʥʠʡ ʚ 

ʵʣʘʩʪʦʤʝʨʥʳʭ ʩʝʛʤʝʥʪʘʭ ʧʦʣʠʤʝʨʘ. ʇʨʠ ʚʦʟʜʝʡʩʪʚʠʠ, ʢʦʪʦʨʦʝ ʧʨʠʚʦʜʠʪ ʢ ʨʘʟʤʦʨʘʞʠʚʘʥʠʶ ʧʦʜʚʠʞʥʦʩʪʝʡ 

ʩʪʝʢʣʫʝʤʦʡ ʬʘʟʳ ʧʨʦʠʩʭʦʜʠʪ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʟʘʧʦʤʥʝʥʥʦʡ ʬʦʨʤʳ. ɼʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ ʫʩʣʦʚʠʷʭ ʢʦʩʤʦʩʘ 

ʦʩʦʙʝʥʥʦ ʠʥʪʝʨʝʩʥʳ  ʤʘʪʝʨʠʘʣʳ, ʦʙʣʘʜʘʶʱʠʝ ʵʬʬʝʢʪʦʤ ʧʘʤʷʪʠ ʬʦʨʤʳ, ʥʦ ʧʨʠ ʵʪʦʤ ʧʦʢʘʟʳʚʘʶʱʠʝ 

ʚʳʩʦʢʠʝ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʇʦʵʪʦʤʫ ʦʩʥʦʚʥʳʝ ʫʩʠʣʠʷ 

ʧʦʩʚʷʱʝʥʳ ʨʘʟʨʘʙʦʪʢʝ ʫʛʣʝʨʦʜʥʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʦʙʣʘʜʘʶʱʠʭ ʵʬʬʝʢʪʦʤ ʧʘʤʷʪʠ ʬʦʨʤʳ 

ʠ ʠʟʜʝʣʠʷʤ ʠʟ ʥʠʭ [1]. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʘʤʝʨʠʢʘʥʩʢʘʷ ʬʠʨʤʘ Composite Technology Development (CTD) ʫʞʝ 

ʨʘʟʨʘʙʦʪʘʣʘ ʦʧʠʩʳʚʘʝʤʳʝ ʤʘʪʝʨʠʘʣʳ ʠ ʧʨʦʚʝʣʘ ʠʩʧʳʪʘʥʠʷ ʠʟʜʝʣʠʡ ʥʘ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʘʭ. ʊʘʢ ʧʝʪʣʠ 

ʩ ʧʘʤʷʪʴʶ ʬʦʨʤʳ ʙʳʣʠ ʠʩʧʳʪʘʥʳ ʚ ʩʦʩʪʘʚʝ ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ TacSat-2 (16.12.06 ʧʦ 05.02.2011) ʠ 

ʫʩʧʝʰʥʦ ʨʘʟʚʝʨʥʫʣʠ ʧʘʥʝʣʴ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ [2]. 

ɺ ʅʀʀʂɸʄ ʚʝʜʫʪʩʷ ʨʘʙʦʪʳ ʧʦ ʩʦʟʜʘʥʠʶ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʧʦʣʠʤʝʨʥʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʦʙʣʘʜʘʶʱʠʭ ʧʘʤʷʪʴʶ ʬʦʨʤʳ ʠ ʧʨʠʛʦʜʥʳʭ ʢ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚ ʫʩʣʦʚʠʷʭ ʢʦʩʤʦʩʘ. ɺ ʣʠʪʝʨʘʪʫʨʝ ʦʧʠʩʘʥʳ 

ʨʘʟʣʠʯʥʳʝ ʤʘʪʝʨʠʘʣʳ ʩ ʧʘʤʷʪʴʶ ʬʦʨʤʳ ʥʘ ʦʩʥʦʚʝ ʵʧʦʢʩʠʜʥʳʭ ʠ ʫʨʝʪʘʥʦʚʳʭ ʤʘʪʨʠʮ[1], ʦʜʥʘʢʦ ʪʘʢʠʝ 

ʧʦʣʠʤʝʨʥʳʝ ʤʘʪʝʨʠʘʣʳ ʥʝ ʦʙʣʘʜʘʶʪ ʜʦʣʛʦʚʝʯʥʦʩʪʴʶ ʚ ʢʦʩʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ. ɻʦʨʘʟʜʦ ʙʦʣʝʝ 

ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʤʠ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ ʢʦʩʤʦʩʝ ʷʚʣʷʶʪʩʷ ʧʦʣʠʤʝʨʳ ʥʘ ʦʩʥʦʚʝ ʧʦʣʠʵʬʠʨʢʝʪʦʥʘ [3] ʠ 

ʵʬʠʨʮʠʘʥʘʪʥʳʭ ʩʤʦʣ. ɺ ʥʘʰʝʡ ʣʘʙʦʨʘʪʦʨʠʠ ʨʘʟʨʘʙʦʪʘʥʳ ʥʦʚʳʝ ʩʚʷʟʫʶʱʠʝ ʠ ʫʛʣʝʧʣʘʩʪʠʢʠ ʥʘ ʠʭ ʦʩʥʦʚʝ, 

ʦʙʣʘʜʘʶʱʠʝ ʵʬʬʝʢʪʦʤ ʧʘʤʷʪʠ ʬʦʨʤʳ ʠ ʥʘʩʪʨʘʠʚʘʝʤʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ ʩʨʘʙʘʪʳʚʘʥʠʷ. ɺʦʟʤʦʞʥʦʩʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʙʳʣʘ ʧʦʢʘʟʘʥʘ ʥʘ ʧʨʠʤʝʨʝ ʢʦʥʩʪʨʫʢʮʠʠ ʩʘʤʦʨʘʩʢʨʳʚʘʶʱʠʭʩʷ ʧʝʪʝʣʴ ʩ 

ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʤʠ ʧʣʝʥʦʯʥʳʤʠ ʥʘʛʨʝʚʘʪʝʣʷʤʠ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʩʣʫʞʠʪʴ, ʥʘʧʨʠʤʝʨ, ʜʣʷ ʨʘʟʚʝʨʪʳʚʘʥʠʷ 

ʧʘʥʝʣʝʡ ʩʦʣʥʝʯʥʳʭ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ.   

 ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʚ ʅʀʀʂɸʄ ʨʘʙʦʪ ʧʦ ʩʦʟʜʘʥʠʶ ʟʘʜʝʣʘ ʚ ʦʙʣʘʩʪʠ ʧʦʣʠʤʝʨʥʳʭ 

ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʦʙʣʘʜʘʶʱʠʭ ʵʬʬʝʢʪʦʤ ʧʘʤʷʪʠ ʬʦʨʤʳ ʤʳ ʤʦʞʝʤ ʩ ʫʚʝʨʝʥʥʦʩʪʴʶ ʩʢʘʟʘʪʴ, 

ʯʪʦ ʚʦʟʤʦʞʥʦ ʩʦʟʜʘʥʠʝ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʧʨʦʠʟʚʦʜʩʪʚʦ ʠʟʜʝʣʠʡ. ʂ ʪʘʢʠʤ ʠʟʜʝʣʠʷʤ ʩʣʝʜʫʝʪ 

ʦʪʥʝʩʪʠ ʥʝ ʪʦʣʴʢʦ ʩʘʤʦʨʘʩʢʨʳʚʘʶʱʠʝʩʷ ʧʝʪʣʠ ʜʣʷ ʨʘʩʢʨʳʪʠʷ ʧʘʥʝʣʝʡ ʙʘʪʘʨʝʡ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ, ʥʦ ʠ ʩʘʤʦʨʘʟʚʦʨʘʯʠʚʘʶʱʠʝʩʷ ʘʥʪʝʥʥʳ ʠ ʬʝʨʤʝʥʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ, ʵʣʝʤʝʥʪʳ ʪʝʧʣʦʚʳʭ 

ʵʢʨʘʥʦʚ ʠ ʜʨʫʛʠʝ ʢʨʫʧʥʦʛʘʙʘʨʠʪʥʳʝ ʵʣʝʤʝʥʪʳ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ. ʇʨʠʤʝʥʝʥʠʝ ʢʦʤʧʦʟʠʪʦʚ ʩ 

ʵʬʬʝʢʪʦʤ  ʧʘʤʷʪʠ ʬʦʨʤʳ ʦʪʢʨʳʚʘʝʪ ʩʦʚʝʨʰʝʥʥʦ ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʚ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʠ ʠ ʩʙʦʨʢʝ 

ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ, ʪʘʢ ʥʘʧʨʠʤʝʨ ʧʣʦʩʢʠʝ ʣʠʩʪʳ ʤʘʪʝʨʠʘʣʘ ʤʦʛʫʪ ʧʨʝʚʨʘʱʘʪʴʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ 

ʦʨʙʠʪʝ ʚ ʨʘʟʣʠʯʥʳʝ ʦʙʲʸʤʥʳʝ ʜʝʪʘʣʠ ʥʝʩʫʱʠʭ ʢʦʥʩʪʨʫʢʮʠʡ. ʊʘʢ ʥʝʩʫʱʠʝ ʰʪʘʥʛʠ (ʥʘʧʨʠʤʝʨ ʪʨʫʙʯʘʪʦʡ 

ʬʦʨʤʳ) ʤʦʛʫʪ ʙʳʪʴ ʩʚʝʨʥʫʪʳ ʚ ʢʦʤʧʘʢʪʥʳʡ ʨʫʣʦʥ, ʢʦʪʦʨʳʡ ʫʞʝ ʥʘ ʦʨʙʠʪʝ ʚʥʦʚʴ ʧʨʝʚʨʘʪʠʪʩʷ ʚ ʥʝʩʫʱʠʡ 
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ʵʣʝʤʝʥʪ ʢʦʥʩʪʨʫʢʮʠʠ[4]. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʢʦʤʧʦʟʠʪ ʩ ʧʘʤʷʪʴʶ ʬʦʨʤʳ ʧʦ ʩʚʦʠʤ ʧʨʦʯʥʦʩʪʥʳʤ 

ʧʦʢʘʟʘʪʝʣʷʤ ʥʝ ʫʩʪʫʧʘʝʪ ʪʨʘʜʠʮʠʦʥʥʳʤ ʫʛʣʝʧʣʘʩʪʠʢʘʤ. 
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PERSPECTIVE COMPOSITE MATERIALS AND THEI R PRODUCTION TECHNOL OGY, 

DEVELOPED AT THE UNI VERSITY OF TECHNOLOG Y 

Chesnokov A.V., Timofeev A.N., Timofeev I.A. 

 

This article provides information on some of the current results of the engineering center "High-temperature 

composite materials" and the direction of development. Most attention in the work of the engineering center is 

given to the development of technologies for the production of composite materials based on high-temperature 

thermoplastic polymer - polyether ether ketone, braiding technology, rod assembly automation processes, studies 

of the microstructure of different composite materials and semi-finished products, the gas-phase synthesis 

technology of refractory materials. 

 

ɺ ʄʦʩʢʦʚʩʢʦʤ ʦʙʣʘʩʪʥʦʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤ ʫʥʠʚʝʨʩʠʪʝʪʝ ʩʦʚʤʝʩʪʥʦ ʩ ʆɸʆ çʂʦʤʧʦʟʠʪè ʩʦʟʜʘʥ 

ʠʥʞʠʥʠʨʠʥʛʦʚʳʡ ʮʝʥʪʨ çɺʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʝ ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳè. ɺ ʩʦʩʪʘʚ ʮʝʥʪʨʘ ʚʭʦʜʷʪ 

ʢʘʬʝʜʨʘ çʋʧʨʘʚʣʝʥʠʝ ʢʘʯʝʩʪʚʦʤ ʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ ʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʪʝʭʥʦʣʦʛʠʡè ʠ ʜʚʝ ʫʯʝʙʥʦ-

ʥʘʫʯʥʳʝ ʣʘʙʦʨʘʪʦʨʠʠ: çʃʘʙʦʨʘʪʦʨʠʷ ʛʝʪʝʨʦʛʝʥʥʦʛʦ ʩʠʥʪʝʟʘ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʤʘʪʝʨʠʘʣʦʚè ʠ çʃʘʙʦʨʘʪʦʨʠʷ 

ʥʦʚʳʭ ʩʧʦʩʦʙʦʚ ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʷ ʪʫʛʦʧʣʘʚʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʘʨʤʠʨʫʶʱʠʭ ʢʘʨʢʘʩʦʚè. 

ʅʘʠʙʦʣʴʰʝʝ ʚʥʠʤʘʥʠʝ ʚ ʨʘʙʦʪʘʭ ʠʥʞʠʥʠʨʠʥʛʦʚʦʛʦ ʮʝʥʪʨʘ, ʚ ʪ.ʯ. ʚ ʨʘʤʢʘʭ ʜʦʛʦʚʦʨʦʚ ʩ ʆɸʆ 

çʂʦʤʧʦʟʠʪè, ʫʜʝʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʝ ʪʝʭʥʦʣʦʛʠʡ ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʪʝʨʤʦʧʣʘʩʪʠʯʥʦʛʦ ʧʦʣʠʤʝʨʘ ï ʧʦʣʠʬʠʨʵʬʠʨʢʝʪʦʥʘ, ʪʝʭʥʦʣʦʛʠʷʤ ʢʦʥʪʫʨʥʦʛʦ 

ʧʣʝʪʝʥʠʷ, ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʮʝʩʩʦʚ ʩʪʝʨʞʥʝʚʦʡ ʩʙʦʨʢʠ, ʠʩʩʣʝʜʦʚʘʥʠʷʤ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʨʘʟʣʠʯʥʳʭ 

ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʧʦʣʫʬʘʙʨʠʢʘʪʦʚ, ʛʘʟʦʬʘʟʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʩʠʥʪʝʟʘ ʪʫʛʦʧʣʘʚʢʠʭ 

ʤʘʪʝʨʠʘʣʦʚ. 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʨʘʙʦʪ ʚ ʠʥʞʠʥʠʨʠʥʛʦʚʦʤ ʮʝʥʪʨʝ ʠʤʝʝʪʩʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʝ ʠ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʝ 

ʦʙʦʨʫʜʦʚʘʥʠʝ: ʨʘʜʠʘʣʴʥʦ-ʧʣʝʪʝʣʴʥʘʷ ʤʘʰʠʥʘ ʈʇ64-1-130 ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʢʣʘʩʩʘ, ʫʩʪʘʥʦʚʢʘ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʩʪʝʨʞʥʝʚʦʡ ʩʙʦʨʢʠ ʢʘʨʢʘʩʦʚ, ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʡ ʧʨʝʩʩ ʠ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʡ 

ʪʝʨʤʦʧʣʘʩʪʘʚʪʦʤʘʪ, ʵʪʘʣʦʥʥʳʡ ʢʦʥʪʘʢʪʥʳʡ ʧʦʨʦʤʝʨ ʠ ʨʘʟʣʠʯʥʦʛʦ ʪʠʧʘ ʧʝʯʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ. 

ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʠʥʬʦʨʤʘʮʠʷ ʦ ʥʝʢʦʪʦʨʳʭ ʪʝʢʫʱʠʭ ʨʝʟʫʣʴʪʘʪʘʭ ʜʝʷʪʝʣʴʥʦʩʪʠ ʣʘʙʦʨʘʪʦʨʠʡ ʠ 

ʥʘʧʨʘʚʣʝʥʠʷ ʝʸ ʨʘʟʚʠʪʠʷ. 
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STRUCTURAL CERAMIC M ATRIX COMPOSITE BASE D ON BORON NITRIDE R EINFORCED 

WITH CARBON NANOMATE RIALS  

Shavelkina M.B., Amirov R.H., Iskhakov M.E., Dolgoborodov A.Yu., Akopov F.A. 

 
Carbon nanomaterialsï cubic boron nitride ceramic has been fabricated by the hot-press method. The results 

show that carbon nanotubes can be obtained in BN ceramic under the specific hot-press conditions (1450 K and 

5,5 GPa in a high-pressure atmosphere) employed by adding  of the plasma jet graphene. The effect of  a nano-

size reinforcement in ceramic matrix composite was observed. 

 

ʀʟʜʝʣʠʷ ʠʟ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʢʝʨʘʤʠʢʠ ʥʘ ʦʩʥʦʚʝ ʥʠʪʨʠʜʘ ʙʦʨʘ ʠʤʝʶʪ ʚʳʩʦʢʫʶ 

ʪʝʨʤʦʩʪʦʡʢʦʩʪʴ ʠ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ, ʥʠʟʢʠʡ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʣʠʥʝʡʥʦʛʦ ʨʘʩʰʠʨʝʥʠʷ, 

ʭʠʤʠʯʝʩʢʫʶ ʩʪʦʡʢʦʩʪʴ ʢ ʨʘʩʧʣʘʚʘʤ ʤʥʦʛʠʭ ʤʝʪʘʣʣʦʚ, ʭʦʨʦʰʫʶ ʤʝʭʘʥʠʯʝʩʢʫʶ ʦʙʨʘʙʘʪʳʚʘʝʤʦʩʪʴ. ʊʘʢʠʝ 

ʤʘʪʝʨʠʘʣʳ ʚ ʚʠʜʝ 2D- ʠ 3D-ʠʟʜʝʣʠʡ ʥʘʭʦʜʷʪ ʧʨʠʤʝʥʝʥʠʝ ʚ ʘʚʠʘʮʠʦʥʥʦʡ ʠ ʢʦʩʤʠʯʝʩʢʦʡ ʪʝʭʥʠʢʝ, 

ʭʠʤʠʯʝʩʢʦʤ ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ, ʚ ʩʦʟʜʘʥʠʠ ʠʥʜʠʚʠʜʫʘʣʴʥʦʡ ʙʨʦʥʝʟʘʱʠʪʳ ʠ ʜʨʫʛʠʭ ʦʙʣʘʩʪʷʭ. ɺʤʝʩʪʝ ʩ ʪʝʤ, 

ʢʝʨʘʤʠʯʝʩʢʠʝ ʤʘʪʝʨʠʘʣʳ ʠʤʝʶʪ ʥʠʟʢʦʝ ʟʥʘʯʝʥʠʝ ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʠ. ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʠ 

ʠ ʤʦʜʫʣʷ ʫʧʨʫʛʦʩʪʠ ʧʨʠʤʝʥʷʶʪ ʢʝʨʘʤʦʤʘʪʨʠʯʥʳʝ ʢʦʤʧʦʟʠʪʳ, ʘʨʤʠʨʦʚʘʥʥʳʝ ʚʦʣʦʢʥʘʤʠ. ʎʝʣʴʶ ʨʘʙʦʪʳ 

ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʢʝʨʘʤʦʤʘʪʨʠʯʥʳʭ ʢʦʤʧʦʟʠʪʦʚ ʥʘ 

ʦʩʥʦʚʝ ʢʫʙʠʯʝʩʢʦʛʦ  ʥʠʪʨʠʜʘ ʙʦʨʘ (ʂɺʅ), ʢʦʛʜʘ ʚ ʢʘʯʝʩʪʚʝ ʚʦʣʦʢʦʥ  ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʛʨʘʬʝʥʳ. ɼʣʷ 

ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʘ ʚʳʙʨʘʥʘ ʩʠʩʪʝʤʘ BN-Al-TiC ʩ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ (ʙʦʣʝʝ 70 ʤʘʩʩ. %) 

ʂʅɹ ɓ-BN, ʘʥʘʣʦʛʠʯʥʘʷ ʪʠʧʦʚʦʡ ʤʘʩʩʝ ʠʩʧʦʣʴʟʫʝʤʦʡ ʚ ʩʝʨʠʡʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ ʨʝʞʫʱʝʡ ʢʝʨʘʤʠʢʠ 7010ʄ 

ʆʆʆ çʄʠʢʨʦʙʦʨ ʂʦʤʧʦʟʠʪè. ɻʨʘʬʝʥʦʚʳʝ ʤʘʪʝʨʠʘʣʳ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʝ ʜʣʷ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʩ ʧʦʨʦʰʢʘʤʠ 

ɓ-BN, Al ʠ TiC, ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚ ʧʣʘʟʤʦʩʪʨʫʡʥʳʤ ʨʝʘʢʪʦʨʝ ʧʨʠ ʧʠʨʦʣʠʟʝ ʘʮʝʪʠʣʝʥʘ ʚ ʘʪʤʦʩʬʝʨʝ ʘʨʛʦʥʘ. 

ʉʦʛʣʘʩʥʦ ʈʘʤʘʥ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʤʘʪʝʨʠʘʣʳ ʦʙʣʘʜʘʶʪ ʭʘʨʘʢʪʝʨʥʳʤʠ ʪʨʝʤʷ ʧʠʢʘʤʠ ʜʣʷ ʤʘʣʦʩʣʦʡʥʳʭ 

ʛʨʘʬʝʥʦʚ (1360, 1567 ʠ 2685 ʩʤ-1). ʀʜʝʥʪʠʬʠʢʘʮʠʷ ʧʨʦʚʦʜʠʣʘʩʴ ʧʦ 2D-ʤʦʜʝ. ʆʜʥʦʦʩʥʦʝ ʧʨʝʩʩʦʚʘʥʠʝ 

ʢʨʫʧʥʦʨʘʟʤʝʨʥʳʭ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʟʘʛʦʪʦʚʦʢ ʢʦʤʧʦʟʠʪʘ ʨʘʟʤʝʨʦʤ 42Ĭ20 ʤʤ ʧʨʦʚʦʜʠʣʠ ʚ ʩʪʘʣʴʥʳʭ ʧʨʝʩʩ-

ʬʦʨʤʘʭ ʧʨʠ ʜʘʚʣʝʥʠʠ 300 ʄʇʘ ʥʘ ʧʨʦʤʳʰʣʝʥʥʦʤ ʛʠʜʨʘʚʣʠʯʝʩʢʦʤ ʧʨʝʩʩʝ. ʄʠʢʨʦʩʪʨʫʢʪʫʨʫ ʧʦʣʫʯʝʥʥʳʭ 

ʦʙʨʘʟʮʦʚ, ʩʨʝʜʥʠʡ ʨʘʟʤʝʨ ʯʘʩʪʠʮ, ʭʘʨʘʢʪʝʨ ʠ ʚʝʣʠʯʠʥʫ ʟʘʢʨʳʪʦʡ ʧʦʨʠʩʪʦʩʪʠ ʠʩʩʣʝʜʦʚʘʣʠ ʤʝʪʦʜʘʤʠ 

ʩʢʘʥʠʨʫʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ. ʅʘ ʨʠʩʫʥʢʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʨʘʟʨʫʰʝʥʠʷ ʦʙʨʘʟʮʘ ʩ 

ʤʘʪʨʠʮʝʡ ʂʅɹ, ʩʦʜʝʨʞʘʱʝʡ 1% ʛʨʘʬʝʥʦʚ.  

 
ʆʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʛʦʨʷʯʝʛʦ ʧʨʝʩʩʦʚʘʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʘʟʦʚʘʥʠʝ ʥʠʪʝʚʠʜʥʳʭ 

ʥʘʥʦʩʪʨʫʢʪʫʨ, ʘʨʤʠʨʫʶʱʠʝ ʤʝʞʟʝʨʝʥʥʳʝ ʛʨʘʥʠʮʳ, ʪ.ʝ. ʧʦʣʫʯʝʥ ʵʬʬʝʢʪ ʩʘʤʦʘʨʤʠʨʦʚʘʥʠʷ. 
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MODIFICATION OF REAC TION RELATED SILICON  CARBIDE BY CARBON NA NOMATERIALS  

Shavelkina M.B., Amirov R.H., Katarzhis V.A., Kelina I.Yu., Golubeva N.A. 

 
Carbon nanotubesï-SiC ceramic has been produced by the reaction-bonded silicon carbide method. Stages 

of preparation procedure involved the fabrication of carbon nanotubes gathered in clusters, and the introduction 

and fixation of clusters in nanocomposite matrix. The optimum content of the batch process and operating 

parameters were determined for forming a ceramic material. Physical and mechanical properties of the 

nanocomposites were investigated. 

 

ɹʣʘʛʦʜʘʨʷ ʫʥʠʢʘʣʴʥʦʤʫ ʩʦʯʝʪʘʥʠʶ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ  ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʘʷ ʢʝʨʘʤʠʢʘ ʥʘ 

ʦʩʥʦʚʝ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ ʰʠʨʦʢʦ ʚʦʩʪʨʝʙʦʚʘʥʘ ʚ ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ, ʘʪʦʤʥʦʡ ʵʥʝʨʛʝʪʠʢʝ, ʥʘ ʧʨʝʜʧʨʠʷʪʠʷʭ 

ʦʙʦʨʦʥʥʦʡ, ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʡ, ʧʠʱʝʚʦʡ, ʭʠʤʠʯʝʩʢʦʡ, ʥʝʬʪʝʜʦʙʳʚʘʶʱʝʡ ʠ ʥʝʬʪʝʧʝʨʝʨʘʙʘʪʳʚʘʶʱʝʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ʅʘʣʠʯʠʝ ʚ ʢʝʨʘʤʠʯʝʩʢʦʡ ʤʘʪʨʠʮʝ ʫʛʣʝʨʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʤʦʞʝʪ ʟʥʘʯʠʪʝʣʴʥʦ 

ʧʦʚʳʩʠʪʴ ʧʨʦʯʥʦʩʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʢʝʨʘʤʠʯʝʩʢʦʡ ʤʘʪʨʠʮʝʡ, 

ʟʥʘʯʠʪʝʣʴʥʦ ʫʣʫʯʰʠʪʴ ʠʭ ʩʪʦʡʢʦʩʪʴ ʢ ʪʝʨʤʦʫʜʘʨʫ, ʩʢʦʤʧʝʥʩʠʨʦʚʘʪʴ ʣʦʢʘʣʴʥʳʝ ʨʘʩʰʠʨʝʥʠʷ ʚʥʫʪʨʠ 

ʤʘʪʝʨʠʘʣʘ.  

ɺ ʜʦʢʣʘʜʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʧʦ ʧʨʠʛʦʪʦʚʣʝʥʠʶ ʠ ʩʚʦʡʩʪʚʘʤ ʢʘʨʙʠʜʢʨʝʤʥʠʝʚʳʭ ʢʦʤʧʦʟʠʪʦʚ, 

ʩʦʜʝʨʞʘʱʠʭ ʫʛʣʝʨʦʜʥʳʝ ʥʘʥʦʤʘʪʝʨʠʘʣʳ. ʅʘʥʦʤʘʪʝʨʠʘʣʳ ʧʦʣʫʯʝʥʳ ʨʘʟʣʦʞʝʥʠʝʤ ʘʮʝʪʠʣʝʥʘ ʚ 

ʧʣʘʟʤʦʩʪʨʫʡʥʦʤ ʨʝʘʢʪʦʨʝ ʧʨʠ ʘʪʤʦʩʬʝʨʥʦʤ ʜʘʚʣʝʥʠʠ. ʅʘʡʜʝʥʳ ʨʝʞʠʤʳ, ʧʨʠ ʢʦʪʦʨʳʭ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʝ 

ʥʠʪʝʚʠʜʥʳʝ ʩʪʨʫʢʪʫʨʳ ʩʦʙʨʘʥʳ  ʚ ʞʛʫʪʳ, ʜʠʘʤʝʪʨʦʤ  ʥʝ ʙʦʣʝʝ 100 ʥʤ. ʇʦ ʪʝʭʥʦʣʦʛʠʠ ʨʝʘʢʮʠʦʥʥʦ-

ʩʚʷʟʘʥʥʦʛʦ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ ʙʳʣʠ ʠʟʛʦʪʦʚʣʝʥʳ ʦʙʨʘʟʮʳ ʢʘʨʙʠʜʢʨʝʤʥʠʝʚʦʡ ʢʝʨʘʤʠʢʠ ʩ ʜʦʙʘʚʢʦʡ 

ʫʛʣʝʨʦʜʥʳʭ ʞʛʫʪʦʚ  ʚ 0,01; 0,05;0,1;0,5 ʠ 1,0 ʤʘʩʩ.%.. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚʚʦʜ ʩʧʝʮʠʘʣʴʥʦʡ ʜʦʙʘʚʢʠ dolapix (2 

ʤʘʩʩ %), ʧʦʚʳʰʘʝʪ ʭʠʤʠʯʝʩʢʫʶ ʩʦʚʤʝʩʪʠʤʦʩʪʴ ʤʝʞʜʫ ʥʘʥʦʤʘʪʝʨʠʘʣʘʤʠ ʠ SiC ʠ ʫʚʝʣʠʯʠʚʘʝʪ ʧʨʦʯʥʦʩʪʴ 

ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ ʤʝʞʜʫ ʥʠʤʠ.  

ʇʦ ʜʘʥʥʳʤ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʩʢʦʣʘ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ ʢʝʨʘʤʠʢʠ, ʩʦʜʝʨʞʘʱʝʡ 1 ʤʘʩʩ. % 

ʋʅʊ, ʥʝ ʧʨʦʠʩʭʦʜʠʪ ʨʘʟʤʘʪʳʚʘʥʠʷ ʠ ʚʳʪʷʛʠʚʘʥʠʷ ʥʘʥʦʪʨʫʙʦʢ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʳʤ ʤʦʤʝʥʪʦʤ ʚ 

ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʦʟʠʪʘ, ʦʙʣʘʜʘʶʱʝʛʦ ʠ ʚʳʩʦʢʦʡ ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʴʶ, ʠ ʚʳʩʦʢʦʡ ʧʨʦʯʥʦʩʪʴʶ 

ï ʥʝʪʠʧʠʯʥʦʡ ʢʦʤʙʠʥʘʮʠʠ ʜʣʷ ʢʝʨʘʤʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ. ʕʪʦ ʦʙʲʷʩʥʷʝʪ  ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ 

ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʢʦʤʧʦʟʠʪʘ. ɽʛʦ  ʧʣʦʪʥʦʩʪʴ ʠʟʤʝʥʷʝʪʩʷ ʚ ʠʥʪʝʨʚʘʣʘʭ  

ʦʪ 2,857 ʜʦ 2,881 ʛ/ʩʤ3, ʦʪʢʨʳʪʘʷ ʧʦʨʠʩʪʦʩʪʴ 0,27 ï 0,43%, ʚʦʜʦʧʦʛʣʦʱʝʥʠʝ 0,05-0,1%. ʉ ʫʚʝʣʠʯʝʥʠʝʤ 

ʩʦʜʝʨʞʘʥʠʷ ʜʦʙʘʚʢʠ ʋʅʊ ʩ 0,01 ʜʦ 0,5 % ʥʘʙʣʶʜʘʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ ʟʥʘʯʝʥʠʡ ʧʨʝʜʝʣʘ ʧʨʦʯʥʦʩʪʠ ʧʨʠ 

ʩʪʘʪʠʯʝʩʢʦʤ ʠʟʛʠʙʝ ʩ 290 ʜʦ 345 ʄʇʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦ ʪʝʭʥʦʣʦʛʠʠ ʨʝʘʢʮʠʦʥʥʦʩʚʷʟʘʥʥʦʛʦ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ ʧʦʣʫʯʝʥʳ ʦʧʳʪʥʳʝ ʦʙʨʘʟʮʳ 

ʢʦʤʧʦʟʠʮʠʦʥʥʦʡ ʢʝʨʘʤʠʢʠ ʢʘʨʙʠʜ ʢʨʝʤʥʠʷ ï ʫʛʣʝʨʦʜʥʳʝ ʥʘʥʦʤʘʪʝʨʠʘʣʳ ʩ ʫʣʫʯʰʝʥʥʳʤʠ ʬʠʟʠʢʦ-

ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ. ʇʦʚʳʰʝʥʠʝ ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʠ (ʚ 1,5 ʨʘʟʘ)  ʥʘʥʦʢʦʤʧʦʟʠʪʘ ʦʙʝʩʧʝʯʠʚʘʶʪ 

ʥʘʭʦʜʷʱʠʝʩʷ ʥʘ ʧʝʨʠʬʝʨʠʠ ʟʝʨʝʥ SiC ʧʠʨʦʣʠʪʠʯʝʩʢʠʝ ʫʛʣʝʨʦʜʥʳʝ ʥʘʥʦʩʪʨʫʢʪʫʨʳ ʚ ʚʠʜʝ ʞʛʫʪʦʚ ʩ 

ʚʳʩʦʢʦʡ ʛʠʜʨʦʬʦʙʥʦʩʪʴʶ ʠʟ-ʟʘ ʩʧʦʩʦʙʘ ʧʦʣʫʯʝʥʠʷ. ɺ ʮʝʣʦʤ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʩʪʨʫʢʪʫʨʘ ʢʦʤʧʦʟʠʪʘ ʩ 

ʩʝʪʯʘʪʦ-ʢʘʨʢʘʩʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʫʛʣʝʨʦʜʥʳʭ ʞʛʫʪʦʚ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʣʫʯʰʝʥʠʶ ʩʪʨʫʢʪʫʨʳ 

ʢʘʨʙʠʜʢʨʝʤʥʠʝʚʦʡ ʤʘʪʨʠʮʳ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʠ ʈʌʌʀ ˉ 16-08-00057ʘ. 
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FORMATION OF NANOSTR UCTURES IN A HEATPROOF AND EROSION MATERIAL S 

Shaydurova G.I., Shatrov V.B., Gatina E.R. 

 

Nanostruktup formation and study their impact on the physical and mechanical properties of polymer 

composites and thermal protection materials. Use of surfactants in the fibers and fabrics. 

 ʈʘʟʚʠʪʠʝ ʩʦʚʨʝʤʝʥʥʦʡ ʪʝʭʥʠʢʠ ʪʨʝʙʫʝʪ ʥʦʚʳʭ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʧʨʝʚʦʩʭʦʜʷʱʠʝ 

ʪʨʘʜʠʮʠʦʥʥʳʝ ʧʦ ʧʨʦʯʥʦʩʪʥʳʤ ʠ ʩʧʝʮʠʘʣʴʥʳʤ ʩʚʦʡʩʪʚʘʤ, ʯʪʦ ʪʨʝʙʫʝʪ ʩʠʩʪʝʤʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʠʭ 

ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ. ʇʦʣʠʤʝʨʥʦ-ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʚʩʝ ʙʦʣʝʝ ʟʘʥʠʤʘʶʪ ʣʠʜʠʨʫʶʱʝʝ 

ʧʦʣʦʞʝʥʠʝ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʘʵʨʦʢʦʩʤʠʯʝʩʢʦʡ ʪʝʭʥʠʢʠ. ɺʦʣʦʢʥʠʩʪʳʝ ʦʨʛʘʥʠʯʝʩʢʠʝ ʠ ʥʝʦʨʛʘʥʠʯʝʩʢʠʝ 

ʥʘʧʦʣʥʠʪʝʣʠ ʥʘʰʣʠ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʩʪʝʢʣʦ-, ʦʨʛʘʥʦ- ʠ ʫʛʣʝʢʦʤʧʦʟʠʪʘʭ. ʆʜʥʘʢʦ, ʦʙʨʘʱʘʝʪ ʥʘ ʩʝʙʷ 

ʚʥʠʤʘʥʠʝ ʘʢʪʫʘʣʴʥʦʩʪʴ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʨʘʩʩʤʦʪʨʝʥʠʷ ʧʨʦʮʝʩʩʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʥʘ ʛʨʘʥʠʮʝ ʩ 

ʧʦʣʠʤʝʨʥʳʤʠ ʤʘʪʨʠʮʘʤʠ. ʀʟʤʝʥʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʵʥʝʨʛʠʠ ʩʫʙʩʪʨʘʪʦʚ ʤʦʞʝʪ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʨʝ 

ʧʦʚʣʠʷʪʴ ʥʘ ʤʝʞʬʘʟʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ  ʠ ʠʟʤʝʥʠʪʴ ʩʪʨʫʢʪʫʨʫ ʢʦʤʧʦʟʠʪʘ ʚ ʩʪʦʨʦʥʫ ʩʫʱʝʩʪʚʝʥʥʦʛʦ 

ʫʣʫʯʰʝʥʠʷ. 

 ɺʳʙʦʨ ʥʘʧʨʘʚʣʝʥʠʡ ʜʣʷ ʠʟʤʝʥʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʵʥʝʨʛʠʠ ʩ ʮʝʣʴʶ ʫʣʫʯʰʝʥʠʷ ʣʠʦʬʠʣʴʥʳʭ 

ʩʚʦʡʩʪʚ ʟʘʚʠʩʠʪ ʦʪ ʢʣʘʩʩʘ ʤʘʪʝʨʠʘʣʘ ʢʘʢ ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʈʘʟʥʦʦʙʨʘʟʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʠʝʤʦʚ, 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʜʣʷ ʪʝʭʥʦʣʦʛʠʡ ʧʨʦʠʟʚʦʜʩʪʚʘ ʢʦʤʧʦʟʠʪʦʚ, ʩʚʦʜʠʪʩʷ ʢ ʠʟʫʯʝʥʠʶ  ʫʛʣʘ 

ʩʤʘʯʠʚʘʥʠʷ ʩʫʙʩʪʨʘʪʦʚ ʚ ʠʩʭʦʜʥʦʤ ʩʦʩʪʦʷʥʠʠ ʠ ʧʦʩʣʝ ʚʳʙʨʘʥʥʦʛʦ ʤʝʪʦʜʘ ʦʙʨʘʙʦʪʢʠ. ʇʨʠʤʝʥʝʥʠʝ 

ʧʦʚʝʨʭʥʦʩʪʥʦ-ʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ, ʥʘʧʨʠʤʝʨ, ʜʣʷ ʫʛʣʝʨʦʜʥʳʭ ʚʦʣʦʢʦʥ ʠ ʪʢʘʥʝʡ, ʭʦʪʷ ʠ ʧʨʠʚʦʜʠʪ ʢ  

ʧʦʚʳʰʝʥʠʶ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘ 20-30%, ʥʦ ʩʘʤʦʝ ʙʦʣʴʰʦʝ ʚʣʠʷʥʠʝ ʦʢʘʟʳʚʘʝʪ  

ʵʬʬʝʢʪʠʚʥʦʝ ʬʦʨʤʠʨʦʚʘʥʠʝ ʥʘʥʦʩʪʨʫʢʪʫʨ, ʘ ʵʪʦ ʥʘ ʜʘʥʥʦʤ ʵʪʘʧʝ ʩʪʘʥʦʚʠʪʩʷ  ʨʝʘʣʴʥʳʤ.  ʈʘʙʦʪʳ ʚ ʅʇʆ 

çʀʩʢʨʘè  ʧʦ ʜʘʥʥʦʤʫ ʥʘʧʨʘʚʣʝʥʠʶ ʧʨʦʚʦʜʠʣʠʩʴ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ  ʨʘʟʣʠʯʥʳʭ ʤʝʪʦʜʦʚ 

ʦʙʨʘʙʦʪʢʠ: 

ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʝ ʦʩʘʞʜʝʥʠʝ ʤʝʜʠ; 

ʧʨʦʧʠʪʢʘ ʨʦʜʘʥʠʜʦʤ ʞʝʣʝʟʘ; 

ʦʩʘʞʜʝʥʠʝ ʥʘʥʦʪʨʫʙʦʢ  ʠ ʥʘʥʦʧʦʨʦʰʢʦʚ. 

ʆʙʨʘʙʦʪʢʘ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʵʪʦ ʥʘʧʨʘʚʣʝʥʠʝ, ʢʘʢ ʦʧʨʝʜʝʣʷʶʱʝʝ 

ʜʣʷ ʩʦʚʨʝʤʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ ʚ ʢʦʤʧʦʟʠʪʘʭ. ʇʨʝʚʘʣʠʨʫʶʱʠʤ ʷʚʣʷʝʪʩʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʠʝʤ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʦʩʘʞʜʝʥʠʷ ʥʘʥʦʩʪʨʫʢʪʫʨ  ʠʟ ʦʨʛʘʥʠʯʝʩʢʠʭ ʧʨʦʜʫʢʪʦʚ, ʜʣʷ ʢʦʪʦʨʳʭ 

ʩʚʦʡʩʪʚʝʥʥʘ ʜʝʛʨʘʜʘʮʠʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʥʝ ʦʢʘʟʳʚʘʶʱʠʭ ʧʦʚʨʝʞʜʝʥʠʝ ʩʫʙʩʪʨʘʪʦʚ ʢʘʢ ʘʨʤʠʨʫʶʱʠʭ 

ʥʘʧʦʣʥʠʪʝʣʝʡ. ʇʨʝʜʚʘʨʠʪʝʣʴʥʦ ʜʦʣʞʥʳ ʙʳʪʴ ʠʟʫʯʝʥʳ ʧʨʦʮʝʩʩʳ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʭ ʧʨʝʚʨʘʱʝʥʠʡ ʘʨʤʠʨʫʶʱʠʭ ʥʘʧʦʣʥʠʪʝʣʝʡ ʜʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʦʛʨʘʥʠʯʝʥʠʡ ʧʦ ʪʝʤʧʝʨʘʪʫʨʥʦʤʫ 

ʚʦʟʜʝʡʩʪʚʠʶ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʥʘ ʵʪʘʧʝ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʦʙʨʘʙʦʪʢʠ. 

ɼʦʩʪʘʪʦʯʥʦ ʧʨʦʙʣʝʤʘʪʠʯʥʦ ʚʧʠʩʘʪʴʩʷ ʚ ʩʭʝʤʳ ʨʝʘʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, 

ʦʩʫʱʝʩʪʚʣʷʝʤʳʭ ʥʘʤʦʪʢʦʡ ʢʘʢ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʝʧʨʝʛʦʚ, ʪʘʢ ʠ ʚ ʩʫʭʠʭ ʚʦʣʦʢʦʥ (ʞʛʫʪʦʚ), ʥʦ 

ʜʦʩʪʠʞʝʥʠʝ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚ ʠʟʜʝʣʠʷʭ ï ʟʘʜʘʯʘ ʠʩʢʣʶʯʠʪʝʣʴʥʦʡ ʚʘʞʥʦʩʪʠ ʜʣʷ 

ʘʵʨʦʢʦʩʤʠʯʝʩʢʦʡ ʪʝʭʥʠʢʠ ʠ ʜʦʣʞʥʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʨʝʰʘʪʴʩʷ ʩ ʧʦʤʦʱʴʶ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ 

ʜʦʦʩʥʘʱʝʥʠʷ. 
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DEVELOPMENT AND TEST S OF CONDUCTIVE ADHE SIVES WITH CARBON EX CIPIENTS 

Shcheglov P.A., Gladkikh S.N., Basharina E.N. 

 

New conductive epoxy structural adhesives have been developed in JSC Kompozit. Adhesives have high 

conductivity, stable results by physicomechanical characteristics of wide temperature range. These characteristics 

have increased according to results of Speed-Up Climatical Tests (27 years). 

ɺ ʆɸʆ çʂʦʤʧʦʟʠʪè ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʪʦʢʦʧʨʦʚʦʜʷʱʠʡ ʧʦʣʠʫʨʝʪʘʥʦʚʳʡ ʢʣʝʡ ʭʦʣʦʜʥʦʛʦ ʦʪʚʝʨʞʜʝʥʠʷ 

ʇʋ-ʊʂ-18, ʨʘʙʦʪʦʩʧʦʩʦʙʥʳʡ ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ Ñ80ʦʉ (Ñ150ʦʉ ʢʨʘʪʢʦʚʨʝʤʝʥʥʦ), ʜʣʷ ʥʘʢʣʝʠʚʘʥʠʷ 

ʘʣʶʤʠʥʠʝʚʦʡ ʬʦʣʴʛʠ, ʤʝʪʘʣʣʠʟʠʨʦʚʘʥʥʳʭ ʪʢʘʥʝʡ, ʧʣʝʥʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ  ʦʪʚʦʜʘ 

ʟʘʨʷʜʦʚ ʩʪʘʪʠʯʝʩʢʦʛʦ ʵʣʝʢʪʨʠʯʝʩʪʚʘ ʩ ʘʥʪʝʥʥʦʬʠʜʝʨʥʳʭ ʫʩʪʨʦʡʩʪʚ (ɸʌʋ), ʙʦʨʪʦʚʦʡ ʢʘʙʝʣʴʥʦʡ ʩʝʪʠ 

(ɹʂʉ) ʠ ʪ.ʧ. ʅʦ ʪʘʢ ʢʘʢ ʚ ʨʝʟʫʣʴʪʘʪʝ ʫʩʢʦʨʝʥʥʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʡ ʠʩʧʳʪʘʥʠʡ (ʋʂʀ) ʫʩʪʘʥʦʚʣʝʥʦ ʧʘʜʝʥʠʝ 

ʝʛʦ ʧʨʦʚʦʜʠʤʦʩʪʠ ʧʦʩʣʝ ʠʤʠʪʘʮʠʠ 20 ʣʝʪʥʝʛʦ ʭʨʘʥʝʥʠʷ (ʧʦ-ʚʠʜʠʤʦʤʫ, ʠʟ-ʟʘ ʦʢʠʩʣʝʥʠʷ ʧʦʨʦʰʢʘ ʥʠʢʝʣʷ) 

ʧʨʦʚʦʜʠʣʘʩʴ ʨʘʟʨʘʙʦʪʢʘ ʪʦʢʦʧʨʦʚʦʜʷʱʠʭ ʢʣʝʷʱʠʭ ʤʘʪʝʨʠʘʣʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʩʤʝʩʝʚʳʝ ʫʛʣʝʨʦʜʥʳʝ 

ʥʘʧʦʣʥʠʪʝʣʠ. ʈʘʟʨʘʙʦʪʘʥʳ:  

- ʢʣʝʡ ʊʂ-1 - ʥʘ ʦʩʥʦʚʝ ʵʧʦʢʩʠʬʝʥʦʣʴʥʦʡ ʩʤʦʣʳ, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ ʥʠʟʢʦʚʷʟʢʠʤʠ 

ʦʣʠʛʦʵʬʠʨʵʧʦʢʩʠʜʘʤʠ, ʩʤʝʩʝʚʦʛʦ ʘʤʠʜʦʘʤʠʥʥʦʛʦ ʦʪʚʝʨʜʠʪʝʣʷ;  

- ʛʝʨʤʝʪʠʢ ʊɻ-1 ï ʥʘ ʦʩʥʦʚʝ ʩʤʝʩʠ ʥʠʟʢʦʚʷʟʢʠʭ ʦʣʠʛʦʵʬʠʨʵʧʦʢʩʠʜʦʚ, ʩʤʝʩʝʚʦʛʦ ʘʤʠʥʥʦʛʦ 

ʦʪʚʝʨʜʠʪʝʣʷ.  

ʄʝʭʘʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʢʣʝʷʱʠʭ ʤʘʪʝʨʠʘʣʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʘʭ 1-3, 

ʵʣʝʢʪʨʠʯʝʩʢʠʝ ï ʚ ʪʘʙʣʠʮʝ 4. 

ʊʘʙʣʠʮʘ 1 ï ʇʨʦʯʥʦʩʪʠ ʧʨʠ ʩʜʚʠʛʝ (Ű ʩʜʚ), ʦʪʨʳʚʝ (ůʦʪʨ) ʩʦʝʜʠʥʝʥʠʡ ʥʘ ʢʣʝʝ ʊʂ-1 ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 

ʦʪ ʤʠʥʫʩ 196 ʜʦ 150Áʉ 

ʊʘʙʣʠʮʘ 2 ï ʇʨʦʯʥʦʩʪʠ ʧʨʠ ʩʜʚʠʛʝ ʛʝʨʤʝʪʠʢʘ ʊɻ-1 ʦʪ ʤʠʥʫʩ 196 ʜʦ 150Áʉ 

ʉʢʣʝʠʚʘʝʤʳʝ ʤʘʪʝʨʠʘʣʳ 

ʇʨʦʯʥʦʩʪʴ ʧʨʠ ʩʜʚʠʛʝ, ʄʇʘ, ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ, Üʉ  

ʇʣʶʩ 20 
ʄʠʥʫʩ 60 ʄʠʥʫʩ  

196 

ʇʣʶʩ  

100 

ʇʣʶʩ  

150 

ʉʪʘʣʴ ʥʝʨʞʘʚʝʶʱʘʷ  
3,9 9,1 7,7 1,54 1,2 

ɸʣʶʤʠʥʠʝʚʳʡ ʩʧʣʘʚ 

ʤʘʨʢʠ ɸʄʛ6 
3,9 5,8 6,5 1,45 1,15 

ʆʨʛʘʥʦʧʣʘʩʪʠʢ 3,15 4,5 4,0 1,7 1,04 

ʊʘʙʣʠʮʘ 3 ï ʇʦʢʘʟʘʪʝʣʠ ʧʨʠ ʨʘʩʪʷʞʝʥʠʠ ʛʝʨʤʝʪʠʢʘ ʊɻ-1 ʦʪ ʤʠʥʫʩ 60 ʜʦ 150Üʉ 

ʊʝʤʧʝʨʘʪʫʨʘ 

ʠʩʧʳʪʘʥʠʡ, Üʉ 
ʇʨʦʯʥʦʩʪʴ, ʄʇʘ ʆʪʥʦʩʠʪʝʣʴʥʦʝ ʫʜʣʠʥʝʥʠʝ, % 

ʇʣʶʩ 20 4,7 10,0 

ʄʠʥʫʩ 60 19,0 1,0 

ʇʣʶʩ 100 1,5 4,2 

ʇʣʶʩ 150 1,2 3,2 

ʉʢʣʝʠʚʘʝʤʳʝ 

ʤʘʪʝʨʠʘʣʳ 

Ű ʩʜʚ , ʄʇʘ, ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ, Áʉ ůʦʪʨ, ʄʇʘ, ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ, Áʉ 

- 60 -196  20  100  150 - 60  20  100  150 

ʉʪʘʣʴ ʥʝʨʞʘʚʝʶʱʘʷ  7,65 7,45 6,34 1,57 1,58 12,8 5,15 1,68 1,62  

ɸʣʶʤʠʥʠʝʚʳʡ ʩʧʣʘʚ 

ɸʄʛ6 
6,5 6,33 5,70 1,32 1,31 7,0 5,13 1,35 1,29 

ʆʨʛʘʥʦʧʣʘʩʪʠʢ 3,85 3,66 5,15 1,3 1,24      
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ʊʘʙʣʠʮʘ 4 ï ʋʜʝʣʴʥʦʝ ʦʙʲʝʤʥʦʝ ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ (ɟv) ʪʦʢʦʧʨʦʚʦʜʷʱʠʭ ʤʘʪʝʨʠʘʣʦʚ ʯʝʨʝʟ 2-

90 ʩʫʪʦʢ ʧʦʩʣʝ ʠʟʛʦʪʦʚʣʝʥʠʷ  

ʐʠʬʨ 

ʢʦʤʧʦʟʠʮʠʠ 

ɟv ʆʤĀʤ, Ā10
-2 ʧʦʩʣʝ ʚʳʜʝʨʞʢʠ ʚ ʪʝʯʝʥʠʝ ʩʫʪʦʢ 

2 5 30 60 90 

ʊʂ-1  6,7  1,1  1,5  0,67 0,58 

ʊɻ-1 2,1 2,0 0,71 0,32 0,35 

 ʀʟ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʧʳʪʘʥʠʡ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʪʘʙʣʠʮʘʭ 1, 2, 3, 4 ʚʠʜʥʦ: 

- ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʠʤʝʶʪ ʚʳʩʦʢʫʶ ʘʜʛʝʟʠʶ ʢ ʥʝʨʞʘʚʝʶʱʝʡ ʩʪʘʣʠ, ʘʣʶʤʠʥʠʝʚʦʤʫ ʩʧʣʘʚʫ, 

ʦʨʛʘʥʦʧʣʘʩʪʠʢʫ;  

- ʛʝʨʤʝʪʠʢ ʊɻ-1 ʠʤʝʝʪ ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʫʜʣʠʥʝʥʠʝ ʧʨʠ ʨʘʩʪʷʞʝʥʠʠ Ó10%; 

-  ʦʙʘ ʤʘʪʝʨʠʘʣʘ ʠʤʝʶʪ ʚʳʩʦʢʫʶ ʧʨʦʚʦʜʠʤʦʩʪʴ ɟv = (0,32-0,6)Ā10-2 ʆʤĀʤ.  

ʀʟ ʧʦʢʘʟʘʪʝʣʝʡ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʤʘʪʝʨʠʘʣʦʚ ʧʦʩʣʝ ʋʂʀ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʪʘʙʣʠʮʝ 

5, ʚʠʜʥʦ ʩʦʭʨʘʥʝʥʠʝ ʧʨʦʚʦʜʠʤʦʩʪʠ (0,6-1,0) 10-2 ʆʤĀʤ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʢʣʝʷ ʠ ʛʝʨʤʝʪʠʢʘ ʧʦʩʣʝ ʠʤʠʪʘʮʠʠ 

ʠʭ 27 ʣʝʪʥʝʛʦ ʭʨʘʥʝʥʠʷ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʋʂʀ, ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʛʝʨʤʝʪʠʢ ʊɻ-1 ʚʳʟʳʚʘʝʪ ʢʦʨʨʦʟʠʶ ʥʘ 

ʘʣʶʤʠʥʠʝʚʦʤ ʩʧʣʘʚʝ ɸʄʛ6 ʚ ʧʨʦʮʝʩʩʝ ʭʨʘʥʝʥʠʷ.  

ʊʘʙʣʠʮʘ 5 ï ʋʜʝʣʴʥʦʝ ʦʙʲʝʤʥʦʝ ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ (ɟv) ʤʘʪʝʨʠʘʣʦʚ ʧʦʩʣʝ ʋʂʀ  

ʐʠʬʨ 

ʤʘʪʝʨʠʘʣʘ 

ɟv ʆʤĀʤ, Ā10-2 ʧʦʩʣʝ ʩʲʝʤʦʚ 

ʀʩʭʦʜʥʦʝ  1 (3 ʛʦʜʘ) 2 (11,5 ʣʝʪ) 3 (16,5 ʣʝʪ) 4 (27 ʣʝʪ) 

ʊʂ-1  0,4 0,7 0,62 0,59 0,58 

ʊɻ-1 1,7 1,0 0,98 0,52 0,95 

ʊʘʙʣʠʮʘ 6 - ʇʨʦʯʥʦʩʪʠ ʩʦʝʜʠʥʝʥʠʡ ʥʘ ʢʣʝʝ ʊʂ-1, ʛʝʨʤʝʪʠʢʝ ʊɻ-1 ʧʦʩʣʝ ʋʂʀ 

ʄʘʪʝ

ʨʠʘʣʘ 

ʉʢʣʝʠʚʘʝ

ʤʳʝ 

ʤʘʪʝʨʠʘʣ

 r

ʇʦʢʘʟʘʪʝʣʠ ʧʨʦʯʥʦʩʪʠ, ʄʇʘ 

ʅʘ ʩʜʚʠʛ  ʅʘ ʦʪʨʳʚ 

ʀʩʭʦʜ-

ʥʳʝ 

ʧʦʩʣʝ ʩʲʝʤʦʚ ʋʂʀ 
ʀʩʭʦʜ-

ʥʳʝ 

ʧʦʩʣʝ ʩʲʝʤʦʚ ʋʂʀ 

1  2  3  4  1  2  3  4  

ʊʂ-1 

ɸʄʛ6  5,8 4,1 3,3 7,2 5,3 5,6 1,9 3,0 1,8 3,3 

ʅʝʨʞ. 

ʉʪ. 
6,1 7,4 9,1  10,1 9,6 5,2 4,4 3,7 3,7 5,2 

ʊɻ-1 
ʅʝʨʞ. 

ʉʪ. 
3,9 5,9 12,0 8,8 7,2 - - - - - 

ʀʟ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʧʳʪʘʥʠʡ ʢʣʝʝʚʳʭ ʩʦʝʜʠʥʝʥʠʡ ʧʦʩʣʝ ʋʂʀ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʪʘʙʣʠʮʝ 6 ʚʠʜʥʦ, ʯʪʦ 

ʜʣʷ ʦʙʨʘʟʮʦʚ ʠʟ ʥʝʨʞʘʚʝʶʱʝʡ ʩʪʘʣʠ ʩ ʢʣʝʝʤ ʊʂ-1 ʧʨʦʯʥʦʩʪʴ ʧʨʠ ʩʜʚʠʛʝ ʚʦʟʨʘʩʪʘʝʪ ʥʘ 50%, ʧʨʦʯʥʦʩʪʴ 

ʧʨʠ ʦʪʨʳʚʝ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʩʥʠʞʘʝʪʩʷ. ʅʘ ʦʙʨʘʟʮʘʭ ʠʟ ʘʣʶʤʠʥʠʝʚʦʛʦ ʩʧʣʘʚʘ ɸʄʛ6 ʧʨʦʯʥʦʩʪʴ ʩʢʣʝʠʚʘʥʠʷ 

ʧʨʠ ʩʜʚʠʛʝ ʤʘʣʦ ʠʟʤʝʥʷʝʪʩʷ, ʧʨʠ ʦʪʨʳʚʝ  ʩʥʠʞʘʝʪʩʷ ʥʘ ~ 40 %. ʅʘ ʦʙʨʘʟʮʘʭ ʠʟ ʥʝʨʞʘʚʝʶʱʝʡ ʩʪʘʣʠ ʩ 

ʛʝʨʤʝʪʠʢʦʤ ʊɻ-1 ʧʨʦʯʥʦʩʪʴ ʢʣʝʝʚʳʭ ʩʦʝʜʠʥʝʥʠʡ ʧʨʠ ʩʜʚʠʛʝ ʚʦʟʨʘʩʪʘʝʪ ʧʦʯʪʠ ʥʘ 100%. 

 

************************* *****************************************************************  

 

ʊʆʂʆʇʈʆɺʆɼʗʑʀɽ ʂʃɽʀ ɼʃʗ ʉɹʆʈʂʀ ʕʃɽʂʊʈʆʀɿɼɽʃʀʁ ɹʆʈʊʆɺʆʁ ɸʇʇɸʈɸʊʋʈʓ 

ɻʣʘʜʢʠʭ ʉ.ʅ., ʐʝʩʪʘʢʦʚ ɸ.ʉ. 

ʈʦʩʩʠʷ, ʛ. ʂʦʨʦʣʝʚ, ʆɸʆ çʂʦʤʧʦʟʠʪè 

E-mail:kompolit@yandex.ru, info@kompozit-mv.ru 

 

ELECTRICAIIY CONDUCT IVITY ADHESIVES FOR ONBOARD EQUIPMENT  

Gladkikh S.N.; Shestakov A.S. 

 

JSC Kompozit has developed the new electrically conductivity and thermal conductivity adhesives. Which 

full powder silver for aero-space application. 

 

ʅʘ ʧʨʝʜʧʨʠʷʪʠʠ ʆɸʆ "ʂʦʤʧʦʟʠʪ" ʨʘʟʨʘʙʦʪʘʥʳ ʪʦʢʦʧʨʦʚʦʜʷʱʠʝ ʢʣʝʠ ʥʘ ʦʩʥʦʚʝ ʵʧʦʢʩʠʜʥʳʭ ʩʤʦʣ ʠ 

ʧʦʨʦʰʢʦʚ ʩʝʨʝʙʨʘ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʝ ʜʣʷ ʥʠʟʢʦʦʤʥʦʛʦ ʢʦʥʪʘʢʪʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʵʣʝʤʝʥʪʦʚ 
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ʵʣʝʢʪʨʦʠʟʜʝʣʠʡ (ʕʈʀ), ʪʘʢ ʢʘʢ ʧʨʠʤʝʥʝʥʠʝ ʪʦʢʦʧʨʦʚʦʜʷʱʠʭ ʢʣʝʝʚ ʚʟʘʤʝʥ ʧʘʡʢʠ ʷʚʣʷʝʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʦʡ 

ʪʝʭʥʦʣʦʛʠʝʡ ʥʘ ʦʧʝʨʘʮʠʷʭ ʤʦʥʪʘʞʘ ʵʣʝʤʝʥʪʦʚ, ʠʥʪʝʛʨʘʣʴʥʳʭ ʩʭʝʤ, ʢʨʠʩʪʘʣʣʦʥʦʩʠʪʝʣʝʡ, ʩʘʤʠʭ 

ʢʨʠʩʪʘʣʣʦʚ ʠ ʪ.ʧ. ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʠʟʜʝʣʠʡ  ʤʠʢʨʦʵʣʝʢʪʨʦʥʠʢʠ, ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʠ ʜʨʫʛʠʭ ʵʣʝʢʪʨʦʥʥʳʭ 

ʧʨʠʙʦʨʦʚ. 

ɺ ʪʘʙʣʠʮʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʵʧʦʢʩʠʜʥʳʝ ʪʦʢʦʧʨʦʚʦʜʷʱʠʝ ʢʣʝʠ ʩʝʨʠʠ ʕʊʂ - 

ʜʚʫʭʫʧʘʢʦʚʦʯʥʳʝ ʪʦʢʦʧʨʦʚʦʜʷʱʠʝ ʢʣʝʠ ʭʦʣʦʜʥʦʛʦ ʠ ʛʦʨʷʯʝʛʦ ʦʪʚʝʨʞʜʝʥʠʷ, ʠʭ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʠ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʂʣʝʡ ʕʊʂ-6 ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʥʘʢʣʝʠʚʘʥʠʷ ʢʨʳʰʝʢ ʧʨʠʙʦʨʦʚ ʩ ʮʝʣʴʶ 

ʠʭ ʵʣʝʢʪʨʦʛʝʨʤʝʪʠʟʘʮʠʠ, ʥʘʢʣʝʠʚʘʥʠʷ ʤʠʢʨʦʩʭʝʤ ʥʘ ʢʦʨʧʫʩʘ ʧʨʠʙʦʨʦʚ ʚ ʠʟʜʝʣʠʷʭ, ʵʢʩʧʣʫʘʪʠʨʫʶʱʠʭʩʷ  

ʚ ʫʩʣʦʚʠʷʭ ʚʠʙʨʘʮʠʡ ʠ ʫʜʘʨʥʳʭ ʥʘʛʨʫʟʦʢ. ʊʦʢʦʧʨʦʚʦʜʷʱʠʡ ʢʣʝʡ ʊʊʂ ʩ  ʫʜʝʣʴʥʳʤ ʦʙʲʝʤʥʳʤ 

ʵʣʝʢʪʨʠʯʝʩʢʠʠ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʥʝ ʙʦʣʝʝ 2,5Ŀ10-4 ʆʤĿʩʤ , ʠʤʝʝʪ ʧʨʦʯʥʦʩʪʴ ʥʘ ʩʜʚʠʛ ʩʦʝʜʠʥʝʥʠʡ 

ʘʣʶʤʠʥʠʝʚʦʛʦ ʩʧʣʘʚʘ ɸʄʛ6 ʧʨʠ 20 Üʉ ʥʝ ʤʝʥʝʝ 8,3 ʄʇʘ,   ʨʘʙʦʪʦʩʧʦʩʦʙʥʳʡ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʦʪ ʤʠʥʫʩ 

196 Üʉ ʜʦ ʧʣʶʩ 250 Üʉ, ʚ ʫʩʣʦʚʠʷʭ ʚʦʟʜʝʡʩʪʚʠʷ ʚʠʙʨʘʮʠʡ, ʧʦʚʳʰʝʥʥʦʡ ʚʣʘʞʥʦʩʪʠ, ʧʘʨʦʚ ʪʦʧʣʠʚʘ, ʙʝʥʟʠʥʘ. 

ʇʨʠʤʝʥʷʝʪʩʷ ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʜʘʪʯʠʢʦʚʦʡ ʘʧʧʘʨʘʪʫʨʳ. ʇʦ ʤʠʥʠʤʘʣʴʥʳʤ ʧʦʢʘʟʘʪʝʣʷʤ ʛʘʟʦʚʳʜʝʣʝʥʠʷ 

ʢʣʝʠ ʕʊʂ-6, ʕʊʂ-15, ʊʊʂ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʪʨʝʙʦʚʘʥʠʷʤ ɻʆʉʊ ʈ 50109-92. 

ʊʘʙʣʠʮʘ 1. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ  ʜʚʫʭʢʦʤʧʦʥʝʥʪʥʳʭ ʢʣʝʝʚ ʕʊʂ 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʧʦʢʘʟʘʪʝʣʷ 
ʄʘʨʢʘ ʢʣʝʷ 

ʕʊʂ-6 ʕʊʂ-10 ʕʊʂ-12 ʕʊʂ-13 ʕʊʂ-15 

ɾʠʟʥʝʩʧʦʩʦʙʥʦʩʪʴ ʚ ʤʘʩʩʝ 100 ʤʛ 

ʧʨʠ (25Ñ10) Áʉ, ʤʠʥ, ʥʝ ʤʝʥʝʝ 
30 50 30 30 60 

ʈʝʞʠʤ ʦʪʚʝʨʞʜʝʥʠʷ:  ʪʝʤʧʝʨʘʪʫʨʘ, 
ʦC / ʚʨʝʤʷ, ʯ  

60*/6 100/3 120/2 120/2 120/3 80/8 

ʋʜʝʣʴʥʦʝ ʦʙʲʝʤʥʦʝ ʵʣʝʢʪʨʠʯʝʩʢʦʝ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ 10-4, ʆʤĿʩʤ, ʥʝ 

ʙʦʣʝʝ 

5,0 2,0 1,5ï3,0 3,0 3,0 

ʇʨʦʯʥʦʩʪʴ ʥʘ ʩʜʚʠʛ ʩʦʝʜʠʥʝʥʠʡ 

ʩʧʣʘʚʘ ɸʄʛ6 ʧʨʠ (25Ñ10) ÁC, ʄʇʘ, 

ʥʝ ʤʝʥʝʝ 

 

3,0 

 

4,0 

 

4,5-6,0 

 

5,0 

 

3,5 

 

3,8 

*ʇʨʠʤʝʯʘʥʠʝ. ʂʣʝʡ ʕʊʂ-6 ʤʦʞʝʪ ʦʪʚʝʨʞʜʘʪʴʩʷ ʧʨʠ (25Ñ5) ʦC ʚ ʪʝʯʝʥʠʝ ʥʝ ʤʝʥʝʝ 5 ʩʫʪʦʢ. 

ɺ ʪʘʙʣʠʮʝ 2 ʧʨʝʜʩʪʘʚʣʝʥʳ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʜʥʦʫʧʘʢʦʚʦʯʥʳʭ ʢʣʝʝʚ, ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʜʣʷ ʪʝʭʥʦʣʦʛʠʡ 

ʤʠʢʨʦʩʙʦʨʦʯʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʥʝ ʩʦʜʝʨʞʘʱʠʭ ʨʘʩʪʚʦʨʠʪʝʣʝʡ, ʩʦ ʩʨʦʢʦʤ ʭʨʘʥʝʥʠʷ ʥʝ ʤʝʥʝʝ 6 ʤʝʩʷʮʝʚ 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ (1-5)Áʉ. ʅʝʢʦʪʦʨʳʝ ʠʟ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʢʣʝʝʚ ʷʚʣʷʶʪʩʷ ʘʥʘʣʦʛʘʤʠ ʠʤʧʦʨʪʥʳʭ ʢʣʝʝʚ ʧʦ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ, ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʠ ʧʨʦʯʥʦʩʪʥʳʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ. 

ʊʘʙʣʠʮʘ 2. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ  ʦʜʥʦʢʦʤʧʦʥʝʥʪʥʳʭ (ʦʜʥʦʫʧʘʢʦʚʦʯʥʳʭ) ʢʣʝʝʚ 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʧʦʢʘʟʘʪʝʣʷ 
ʄʘʨʢʘ ʢʣʝʷ 

ʆʊʂ-ʉ ʕʊʂ-9ʉ ʆʊʂ-ʅ ʕʊʂ-9ʅ 

ʈʝʞʠʤ ʦʪʚʝʨʞʜʝʥʠʷ:  ʪʝʤʧʝʨʘʪʫʨʘ, ʦC 

/ ʚʨʝʤʷ, ʯ  
175/2 

120/1-2 

ʟʘʪʝʤ 150/1 
175/2 120/2 

ʋʜʝʣʴʥʦʝ ʦʙʲʝʤʥʦʝ ʵʣʝʢʪʨʠʯʝʩʢʦʝ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ  10-4, ʆʤĿʩʤ, ʥʝ ʙʦʣʝʝ 
2,5 2,0 250 640 

ʇʨʦʯʥʦʩʪʴ ʥʘ ʩʜʚʠʛ ʩʦʝʜʠʥʝʥʠʡ 

ʩʧʣʘʚʘ ɸʄʛ6 ʧʨʠ (25Ñ10) ÁC, ʄʇʘ, ʥʝ 

ʤʝʥʝʝ 

11,7 8,0 14 8,0 

ʅʘʧʦʣʥʠʪʝʣʴ ʧʦʨʦʰʦʢ ʩʝʨʝʙʨʘ ʢʘʨʙʦʥʠʣʴʥʳʡ ʥʠʢʝʣʴ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʆɸʆ "ʂʦʤʧʦʟʠʪ" ʧʨʦʚʦʜʷʪʩʷ ʧʦʠʩʢʦʚʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʯʘʩʪʠ 

ʪʦʢʦʧʨʦʚʦʜʷʱʠʭ ʩʝʨʝʙʨʦʩʦʜʝʨʞʘʱʠʭ ʢʣʝʝʚ ʩ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ 8ï15 ɺʪ/(ʤĿʂ) ʠ ʚʳʰʝ, 



ʉɽʂʎʀʗ 2 ʂʆʄʇʆɿʀʎʀʆʅʅʓɽ ʄɸʊɽʈʀɸʃʓ, ɺʂʃʖʏɸʗ ʇʆʃʀʄɽʈʅʓɽ 

212 
 
 

ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʢʦʪʦʨʳʭ ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʣʘʩʴ ʚ ʩʚʷʟʠ ʩ ʟʘʜʘʯʘʤʠ ʤʠʥʠʘʪʶʨʠʟʘʮʠʠ ʵʣʝʢʪʨʦʥʥʳʭ 

ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʦʙʝʩʧʝʯʝʥʠʝʤ ʠʭ ʥʘʜʝʞʥʦʡ ʨʘʙʦʪʳ ʚ ʪʝʧʣʦʥʘʛʨʫʞʝʥʥʳʭ ʫʟʣʘʭ. 

ʄʠʥʠʘʪʶʨʠʟʘʮʠʷ ʕʈʀ ʦʛʨʘʥʠʯʝʥʘ ʧʨʦʙʣʝʤʦʡ ʨʘʩʩʝʷʥʠʷ ʙʦʣʴʰʦʡ ʚʳʜʝʣʷʝʤʦʡ ʪʝʧʣʦʚʦʡ ʤʦʱʥʦʩʪʠ. 

ɺ ʯʘʩʪʥʦʩʪʠ, ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʤʠʥʠʘʪʶʨʥʳʭ ʚʪʦʨʠʯʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʧʠʪʘʥʠʷ ʙʦʨʪʦʚʦʡ ʘʧʧʘʨʘʪʫʨʳ 

ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ ʦʜʥʦʡ ʠʟ ʛʣʘʚʥʳʭ ʟʘʜʘʯ, ʥʘʨʷʜʫ ʩ ʧʦʣʫʯʝʥʠʝʤ ʪʨʝʙʫʝʤʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʷʚʣʷʝʪʩʷ 

ʫʤʝʥʴʰʝʥʠʝ ʤʘʩʩʦʛʘʙʘʨʠʪʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʜʦ ʫʨʦʚʥʷ ʚʝʜʫʱʠʭ ʟʘʨʫʙʝʞʥʳʭ ʘʥʘʣʦʛʦʚ. ʀʟʚʝʩʪʥʦ ʪʘʢ ʞʝ, 

ʯʪʦ ʜʣʷ ʩʥʠʞʝʥʠʷ ʤʘʩʩʦʛʘʙʘʨʠʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠʟʜʝʣʠʡ ʤʠʢʨʦʩʙʦʨʦʯʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʦʩʦʙʝʥʥʦ 

ʵʬʬʝʢʪʠʚʥʳʤ ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʩʢʣʝʠʚʘʥʠʷ ʚʤʝʩʪʦ ʜʨʫʛʠʭ ʩʧʦʩʦʙʦʚ ʩʦʝʜʠʥʝʥʠʷ. ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ 

ʥʘʜʝʞʥʦʡ ʨʘʙʦʪʳ ʪʘʢʠʭ ʠʟʜʝʣʠʡ ʧʨʠʤʝʥʷʝʤʳʝ ʚ ʥʠʭ ʢʣʝʷʱʠʝ ʤʘʪʝʨʠʘʣʳ ʜʦʣʞʥʳ ʠʤʝʪʴ ʤʘʢʩʠʤʘʣʴʥʦ 

ʜʦʩʪʠʞʠʤʳʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚ ʯʘʩʪʠ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ, ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ, 

ʧʨʦʯʥʦʩʪʠ, ʩʪʘʙʠʣʴʥʦʩʪʠ ʚ ʫʩʣʦʚʠʷʭ ʚʦʟʜʝʡʩʪʚʠʷ ʩʧʝʮʬʘʢʪʦʨʦʚ ʢʦʩʤʠʯʝʩʢʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʠ ʪ. ʜ.  

ʈʘʟʨʘʙʦʪʘʥʳ ʦʙʨʘʟʮʳ ʦʜʥʦʢʦʤʧʦʥʝʥʪʥʳʭ ʪʦʢʦʪʝʧʣʦʧʨʦʚʦʜʷʱʠʭ ʢʣʝʝʚ ʜʚʫʭ ʪʠʧʦʚ:  

- ʩ ʩʦʜʝʨʞʘʥʠʝʤ 80ï82% ʧʦʨʦʰʢʦʚ ʩʝʨʝʙʨʘ, ʩ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ 6ï8,0 ɺʪ/(ʤĿʂ), 

ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ɟv (5ï8) Ā 10
ï5 ʆʤĀʩʤ, ʦʪʚʝʨʞʜʘʶʱʠʝʩʷ ʧʨʠ ʩʪʫʧʝʥʯʘʪʦʤ ʥʘʛʨʝʚʝ ʦʪ 120Áʉ 

ʜʦ 175Áʉ ʩ ʫʩʘʜʢʦʡ ʜʦ 5%, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʨʠʤʝʥʷʪʴʩʷ ʜʣʷ ʵʣʝʤʝʥʪʦʚ ʩʦ ʟʥʘʯʠʪʝʣʴʥʳʤʠ ʩʢʣʝʠʚʘʝʤʳʤʠ 

ʧʦʚʝʨʭʥʦʩʪʷʤʠ;  

- ʩ ʩʦʜʝʨʞʘʥʠʝʤ 89ï90% ʧʦʨʦʰʢʦʚ ʩʝʨʝʙʨʘ, ʩ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ 10ï17 ɺʪ/(ʤĿʂ), 

ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ɟv (0,6ï8) Ā 10ï5 ʆʤĀʩʤ, ʦʪʚʝʨʞʜʘʶʱʠʝʩʷ ʚ ʜʚʘ ʵʪʘʧʘ: 1 ʯ ʧʨʠ 100Áʉ ʠ 1 ʯ 

ʧʨʠ 175Áʉ. ʂ ʩʦʞʘʣʝʥʠʶ, ʵʪʠ ʢʣʝʠ, ʢʘʢ ʠ ʥʝʢʦʪʦʨʳʝ ʟʘʨʫʙʝʞʥʳʝ ʩ ʚʳʩʦʢʦʡ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴʶ, ʤʦʛʫʪ 

ʧʨʠʤʝʥʷʪʴʩʷ ʪʦʣʴʢʦ ʜʣʷ ʥʘʢʣʝʠʚʘʥʠʷ ʥʝʙʦʣʴʰʠʭ ʵʣʝʤʝʥʪʦʚ.  
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DETERMINATION OF THE  MECHANICAL CHARACTER ISTICS OF THE COMPON ENTS OF 

THE CCCM BY THE METH OD OF KINETIC INDENT ATION  

Shipsha V.G., Vasilyev V.A., Reger A.V. 

This article the authors present a method of measuring the modulus of elasticity of the components of the 

CCCM by using the indenter in the shape of a truncated cone. Taking into account the particular structure of the 

components of the CCCM. 

 

ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ʘʨʤʠʨʦʚʘʥʥʳʝ ʫʛʣʝʨʦʜ-ʫʛʣʝʨʦʜʥʳʝ ʤʘʪʝʨʠʘʣʳ (ʋʋʂʄ) (ʩ 3D- , 4D ï 

ʘʨʤʠʨʦʚʘʥʠʝʤ) ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʢʘʨʢʘʩ ʠʟ ʫʛʣʝʨʦʜʥʳʭ ʩʪʝʨʞʥʝʡ, ʩʦʚʤʝʱʝʥʥʳʡ ʩ ʫʛʣʝʨʦʜʥʦʡ 

ʤʘʪʨʠʮʝʡ [1]. ʉʣʦʞʥʘʷ ʚʥʫʪʨʝʥʥʷʷ ʩʪʨʫʢʪʫʨʘ ʋʋʂʄ ʚʦ ʤʥʦʛʦʤ ʦʧʨʝʜʝʣʷʝʪ ʠʭ ʩʣʫʞʝʙʥʳʝ ʩʚʦʡʩʪʚʘ. 

ʌʠʟʠʢʦïʤʝʭʘʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʤʧʦʥʝʥʪʦʚ (ʩʪʝʨʞʥʝʡ ʠ ʤʘʪʨʠʮʳ) ʋʋʂʄ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʧʨʠ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʠ ʧʨʦʯʥʦʩʪʥʳʭ ʨʘʩʯʝʪʘʭ, ʤʦʛʫʪ ʦʪʣʠʯʘʪʴʩʷ ʦʪ ʪʘʢʦʚʳʭ ʚ ʨʝʘʣʴʥʳʭ ʠʟʜʝʣʠʷʭ. ɼʣʷ 

ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʠʷ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʩʦʩʪʘʚʝ ʋʋʂʄ 

ʪʨʝʙʦʚʘʥʠʷʤ ʢʦʥʩʪʨʫʢʪʦʨʩʢʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ, ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʷʪʴ ʵʪʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʝʪʦʜʘʤʠ 

ʥʝʨʘʟʨʫʰʘʶʱʝʛʦ ʢʦʥʪʨʦʣʷ. ɺ ʢʘʯʝʩʪʚʝ ʪʘʢʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ (ʤʦʜʫʣʴ 

ʖʥʛʘ). 

ʉ ʫʯʝʪʦʤ ʤʘʩʰʪʘʙʘ ʢʦʤʧʦʥʝʥʪʦʚ ʋʋʂʄ (ʜʠʘʤʝʪʨ ʘʨʤʠʨʫʶʱʝʛʦ ʩʪʝʨʞʥʷ ~(0,5...0,7) ʤʤ) ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʤʦʜʫʣʷ ʫʧʨʫʛʦʩʪʠ ʧʨʠʝʤʣʝʤʳʤ ʷʚʣʷʝʪʩʷ ʤʝʪʦʜ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʛʦ ʠʥʜʝʥʪʠʨʦʚʘʥʠʷ ʚ 

ʤʠʢʨʦʜʠʘʧʘʟʦʥʝ (ʀʀ) [2,3]. ʄʝʪʦʜ ʀʀ, ʟʘʢʣʶʯʘʝʪʩʷ ʚʦ ʚʜʘʚʣʠʚʘʥʠʠ ʠʥʜʝʥʪʦʨʘ ʚ ʧʦʚʝʨʭʥʦʩʪʴ ʦʙʨʘʟʮʘ ʜʦ 

ʜʦʩʪʠʞʝʥʠʷ ʟʘʜʘʥʥʦʡ ʥʘʛʨʫʟʢʠ Fmax ʠʣʠ ʛʣʫʙʠʥʳ ʚʜʘʚʣʠʚʘʥʠʷ hmax ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʨʘʟʛʨʫʟʢʦʡ. ʇʨʠ 

ʵʪʦʤ ʨʝʛʠʩʪʨʠʨʫʝʪʩʷ ʟʘʚʠʩʠʤʦʩʪʴ çʥʘʛʨʫʟʢʘ F ï ʚʥʝʜʨʝʥʠʝ hè (ʨʠʩ.1,ʘ), ʢʦʪʦʨʘʷ ʘʥʘʣʠʟʠʨʫʝʪʩʷ ʧʦ ʤʝʪʦʜʫ 

ʆʣʠʚʝʨʘ-ʌʘʨʨʘ [2]. 

ʇʨʠ ʘʜʘʧʪʘʮʠʠ ʤʝʪʦʜʘ ʀʀ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʤʦʜʫʣʷ ʫʧʨʫʛʦʩʪʠ ɽIT  ʢʦʤʧʦʥʝʥʪʦʚ ʋʋʂʄ ʙʳʣʠ 

ʚʳʧʦʣʥʝʥʳ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʦʨʬʦʣʦʛʠʠ ʠ ʜʝʬʝʢʪʥʦʩʪʠ ʢʦʤʧʦʥʝʥʪʦʚ ʋʋʂʄ, ʘ ʪʘʢʞʝ 

ʦʙʦʩʥʦʚʘʥʠʷ ʦʩʥʦʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʤʝʪʦʜʠʢʠ ʠʟʤʝʨʝʥʠʡ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʠʢʨʦ/ʥʘʥʦ-ʪʚʝʨʜʦʤʝʨʘ 

ʄʅʊ-ʂʄ [4]. 
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ʆʩʥʦʚʥʳʝ ʚʳʚʦʜʳ ʵʪʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʟʘʢʣʶʯʘʶʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ: 

- ʚ ʩʪʨʫʢʪʫʨʝ ʋʋʂʄ ʥʝʠʟʙʝʞʥʦ ʧʨʠʩʫʪʩʪʚʫʶʪ ʜʝʬʝʢʪʳ, ʩʦʠʟʤʝʨʠʤʳʝ ʩ ʨʘʟʤʝʨʘʤʠ ʦʪʧʝʯʘʪʢʦʚ 

ʠʥʜʝʥʪʦʨʦʚ (ʧʠʨʘʤʠʜʳ ɺʠʢʢʝʨʩʘ, ɹʝʨʢʦʚʠʯʘ), ʧʨʠʤʝʥʷʝʤʳʭ ʧʨʠ ʀʀ. ʉʪʨʫʢʪʫʨʥʘʷ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʠ 

ʜʝʬʝʢʪʥʦʩʪʴ ʩʪʝʨʞʥʝʡ ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʝʪ ʥʘ ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʧʨʠ ʀʀ; 

- ʧʦʣʫʯʘʝʤʳʝ ʧʨʠ ʀʀ ʟʥʘʯʝʥʠʷ ʤʦʜʫʣʷ ʫʧʨʫʛʦʩʪʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʤʘʣʳʝ ʤʠʢʨʦʦʙʲʝʤʳ ʤʘʪʝʨʠʘʣʘ ʠ 

ʥʝ ʤʦʛʫʪ ʙʳʪʴ ʢʦʨʨʝʢʪʥʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʥʘ ʚʝʩʴ ʩʪʝʨʞʝʥʴ ʋʋʂʄ; 

- ʩʨʘʚʥʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ɽIT  ʩʪʝʨʞʥʝʡ ʋʋʂʄ ʩ ʜʘʥʥʳʤʠ ʜʨʫʛʠʭ ʘʚʪʦʨʦʚ[5] ʧʦʢʘʟʘʣʠ 

ʟʥʘʯʠʪʝʣʴʥʳʝ ʨʘʟʣʠʯʠʷ ʚ ʠʭ ʟʥʘʯʝʥʠʷʭ.  

ɸʥʘʣʠʟ ʩʭʝʤʳ ʥʘʛʨʫʞʝʥʠʷ ʩʪʝʨʞʥʷ ʠ ʧʦʣʫʯʘʝʤʦʛʦ ʦʪʧʝʯʘʪʢʘ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʠʨʘʤʠʜ 

ɹʝʨʢʦʚʠʯʘ (ʇɹ) ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʬʠʣʘʤʝʥʪʳ ʩʪʝʨʞʥʷ ʠʩʧʳʪʳʚʘʶʪ ʢʘʢ ʩʞʠʤʘʶʱʠʝ, ʪʘʢ ʠ ʠʟʛʠʙʘʶʱʠʝ 

ʥʘʛʨʫʟʢʠ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʨʘʟʨʫʰʝʥʠʶ ʠʭ ʢʘʩʘʪʝʣʴʥʳʤʠ ʥʘʧʨʷʞʝʥʠʷʤʠ ʠ ʫʧʣʦʪʥʝʥʠʶ ʬʨʘʛʤʝʥʪʦʚ 

ʩʦʚʤʝʩʪʥʦ ʩ ʤʘʪʨʠʮʝʡ. ʈʘʩʩʤʦʪʨʝʥʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩʫʥʢʝ 1. ʉ ʫʯʝʪʦʤ ʵʪʦʛʦ ʦʧʨʝʜʝʣʝʥʠʝ 

ʤʦʜʫʣʷ ʫʧʨʫʛʦʩʪʠ ɽIT ʩʪʝʨʞʥʷ ʧʦ ʢʨʠʚʦʡ ʨʘʟʛʨʫʟʢʠ ʥʘ ʜʠʘʛʨʘʤʤʝ çF - hè ʷʚʣʷʝʪʩʷ ʥʝ ʚʧʦʣʥʝ ʢʦʨʨʝʢʪʥʳʤ.  

ɼʣʷ ʫʤʝʥʴʰʝʥʠʷ ʚʣʠʷʥʠʷ ʩʪʨʫʢʪʫʨʥʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʠ ʜʝʬʝʢʪʥʦʩʪʠ ʩʪʝʨʞʥʝʡ, ʘ ʪʘʢʞʝ 

ʨʝʘʣʠʟʘʮʠʠ ʙʦʣʝʝ ʢʦʨʨʝʢʪʥʦʡ ʩʭʝʤʳ ʥʘʛʨʫʞʝʥʠʷ ʧʨʠ ʀʀ ʧʨʝʜʣʦʞʝʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʥʜʝʥʪʦʨ ʚ ʚʠʜʝ 

ʫʩʝʯʸʥʥʦʛʦ ʢʦʥʫʩʘ (ʋʂ) ʩ ʜʠʘʤʝʪʨʦʤ ʢʦʥʪʘʢʪʠʨʫʶʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ 100ʤʢʤ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʫʯʘʩʪʦʢ 

ʠʥʜʝʥʪʠʨʦʚʘʥʠʷ ʠʩʧʳʪʳʚʘʝʪ ʚ ʦʩʥʦʚʥʦʤ ʩʞʠʤʘʶʱʠʝ ʥʘʧʨʷʞʝʥʠʷ, ʠ ʧʨʠ ʠʩʧʦʣʴʟʫʝʤʳʭ ʥʘʛʨʫʟʢʘʭ (ʜʦ 1,5 

ʅ) ʜʝʬʦʨʤʘʮʠʷ ʷʚʣʷʝʪʩʷ ʫʧʨʫʛʦʡ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝʤ ʥʘ ʠʩʩʣʝʜʫʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚʠʜʠʤʦʛʦ 

ʦʪʧʝʯʘʪʢʘ (ʩʤ. ʨʠʩʫʥʦʢ 1) ʠ ʜʠʘʛʨʘʤʤʦʡ ʠʥʜʝʥʪʠʨʦʚʘʥʠʷ çF - hè (ʩʤ. ʨʠʩʫʥʦʢ 2)  

 

ʈʝʟʫʣʴʪʘʪʳ ʦʧʨʝʜʝʣʝʥʠʷ  ɽIT  

ʩʪʝʨʞʥʝʡ ʋʋʂʄ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʠʥʜʝʥʪʦʨʘ ʚ ʚʠʜʝ ʋʂ ʧʦʢʘʟʘʣʠ ʩʣʝʜʫʶʱʝʝ. 

ɼʠʘʛʨʘʤʤʘ ʠʥʜʝʥʪʠʨʦʚʘʥʠʷ çF - hè (ʩʤ. 

ʨʠʩʫʥʦʢ 2) ʫʩʝʯʝʥʥʳʤ ʢʦʥʫʩʦʤ 

ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʧʨʘʢʪʠʯʝʩʢʠ ʫʧʨʫʛʠʝ 

ʜʝʬʦʨʤʘʮʠʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʙʦʣʝʝ ʢʦʨʨʝʢʪʥʦ 

ʦʧʨʝʜʝʣʷʪʴ ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ ɽIT 

ʩʪʝʨʞʥʝʡ. ɼʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʝ ʧʷʪʥʦ 

ʢʦʥʪʘʢʪʘ (ʧʦʨʷʜʢʘ 100 ʤʢʤ) ʧʦʟʚʦʣʷʝʪ 

ʧʨʦʚʦʜʠʪʴ ʠʟʤʝʨʝʥʠʷ ʩ ʫʯʝʪʦʤ ʠʤʝʶʱʠʭʩʷ 

ʜʝʬʝʢʪʦʚ ʩʪʨʫʢʪʫʨʳ ʩʪʝʨʞʥʝʡ ʠ ʧʦʣʫʯʘʪʴ 

ʠʥʪʝʛʨʘʣʴʥʳʝ ʧʦ ʧʣʦʱʘʜʠ ʩʝʯʝʥʠʷ 

ʩʪʝʨʞʥʝʡ ʟʥʘʯʝʥʠʷ ɽIT.  

ʆʙʥʘʨʫʞʝʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ɽIT =f 

(F) ʧʨʠ  ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʇɹ[4] ʥʘʙʣʶʜʘʝʪʩʷ 

ʠ ʜʣʷ  ʋʂ. ʕʪʦʪ ʬʘʢʪ ʥʝʦʙʭʦʜʠʤʦ 

ʫʯʠʪʳʚʘʪʴ ʧʨʠ ʚʳʙʦʨʝ ʧʘʨʘʤʝʪʨʦʚ ʀʀ ʚ 

ʅɼ ʥʘ ʢʦʥʪʨʦʣʴ ʋʋʂʄ ʤʝʪʦʜʦʤ ʀʀ.  

ʈʝʟʫʣʴʪʘʪʳ  ʧʨʦʚʝʜʝʥʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʣʝʛʣʠ ʚ ʦʩʥʦʚʫ ʧʨʦʝʢʪʘ 

çʄʝʪʦʜʠʢʠ ʦʧʨʝʜʝʣʝʥʠʷ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʠ 

ʤʦʜʫʣʷ ʫʧʨʫʛʦʩʪʠ ʢʦʤʧʦʥʝʥʪʦʚ ʋʋʂʄ 

ʤʝʪʦʜʦʤ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʠʥʜʝʥʪʠʨʦʚʘʥʠʷè,  

ʢʦʪʦʨʳʡ ʧʨʦʭʦʜʠʪ ʦʧʳʪʥʫʶ ʘʧʨʦʙʘʮʠʶ ʚ 

ʆɸʆ çʂʦʤʧʦʟʠʪè. 
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STUDY OF THE INFLUEN CE OF VARIOUS FACTOR S ON THE PROPERTIES OF 2-D 

STRUCTURE OF CARBON-CARBON COMPOSITES OF VARYING DENSITY  

Shiroyan D.S., Laʢhin A.V. 

OJSC çKompozitè 

 

Based on the results of this work revealed that higher values of the compressive strength and a high density 

can be achieved by using a modified regime impregnation matrix of fiber preforms 

 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʪʨʝʙʦʚʘʥʠʡ ʟʘʢʘʟʯʠʢʘ ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʝ ʫʛʣʝʨʦʜ-ʫʛʣʝʨʦʜʥʳʝ ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ 

ʤʘʪʝʨʠʘʣʳ (ʋʋʂʄ) ʜʦʣʞʥʳ ʦʙʝʩʧʝʯʠʪʴ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʠʟʜʝʣʠʡ ʥʘ ʠʭ ʦʩʥʦʚʝ, ʚ ʢʘʯʝʩʪʚʝ ʢʦʪʦʨʳʭ 

ʤʦʛʫʪ ʚʳʩʪʫʧʘʪʴ ʢʨʠʪʠʯʝʩʢʠ ʥʘʛʨʫʞʝʥʥʳʝ ʵʣʝʤʝʥʪʳ ʢʦʥʩʪʨʫʢʮʠʡ ʨʘʢʝʪʥʦʡ ʪʝʭʥʠʢʠ. ɸʢʪʫʘʣʴʥʦʩʪʴ 

ʨʘʟʨʘʙʦʪʢʠ ʋʋʂʄ, ʠʤʝʶʱʠʭ ʩʪʘʙʠʣʴʥʳʝ ʠ ʙʦʣʝʝ ʧʨʦʛʥʦʟʠʨʫʝʤʳʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʧʨʠ 

ʚʦʟʜʝʡʩʪʚʠʠ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʛʘʟʦʚʳʭ ʧʦʪʦʢʦʚ, ʦʙʫʩʣʦʚʣʝʥʘ ʚʳʜʚʠʛʘʝʤʳʤʠ ʪʝʭʥʠʯʝʩʢʠʤʠ 

ʪʨʝʙʦʚʘʥʠʷʤʠ ʢ ʵʣʝʤʝʥʪʘʤ ʢʦʥʩʪʨʫʢʮʠʡ ʠʟʜʝʣʠʡ. ʂʨʦʤʝ ʪʦʛʦ, ʧʦʚʳʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʠʟʛʦʪʘʚʣʠʚʘʝʤʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʠʭ ʚʳʩʦʢʦʡ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ ʚ ʜʘʥʥʦʡ ʦʪʨʘʩʣʠ.  

ʆʜʥʠʤ ʠʟ ʧʨʠʤʝʥʷʝʤʳʭ ʤʝʪʦʜʦʚ ʧʦʣʫʯʝʥʠʷ ʋʋʂʄ ʷʚʣʷʝʪʩʷ ʧʨʦʧʠʪʢʘ ʘʨʤʠʨʫʶʱʠʭ ʢʘʨʢʘʩʦʚ 

ʨʘʩʧʣʘʚʦʤ ʢʘʤʝʥʥʦʫʛʦʣʴʥʦʛʦ ʧʝʢʘ, ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʪʝʨʤʦʦʙʨʘʙʦʪʢʦʡ ʧʦʜ ʚʳʩʦʢʠʤ ʜʘʚʣʝʥʠʝʤ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʢʦʢʩʘ [1].  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘ ʆɸʆ çʂʦʤʧʦʟʠʪè ʚʳʧʫʩʢʘʝʪʩʷ ʋʋʂʄ ʤʘʨʢʠ çɸʨʛʦʣʦʥè ʥʘ ʦʩʥʦʚʝ ʪʢʘʥʦ-

ʧʨʦʰʠʚʥʦʛʦ ʢʘʨʢʘʩʘ ʩʪʨʫʢʪʫʨʳ 2-D ʠ ʢʦʢʩʘ ʢʘʤʝʥʥʦʫʛʦʣʴʥʦʛʦ ʧʝʢʘ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʮʠʢʣʦʚ, 

ʧʨʦʠʟʚʦʜʠʪʩʷ ʤʘʪʝʨʠʘʣ ʩ ʨʘʟʣʠʯʥʳʤʠ ʩʜʘʪʦʯʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. ʅʘ ʧʝʨʚʦʤ ʮʠʢʣʝ ʧʨʠʤʝʥʷʝʪʩʷ, ʪʘʢ 

ʥʘʟʳʚʘʝʤʘʷ çʙʝʩʢʦʥʪʝʡʥʝʨʥʘʷ ʧʨʦʧʠʪʢʘè. 

ɺ ʧʨʦʤʳʰʣʝʥʥʦ-ʨʝʘʣʠʟʦʚʘʥʥʦʤ ʧʨʦʮʝʩʩʝ ʧʝʨʝʜ ʥʘʯʘʣʦʤ ʧʨʦʚʝʜʝʥʠʷ ʩʪʘʜʠʠ ʧʨʦʧʠʪʢʠ ʧʝʢ 

ʟʘʛʨʫʞʘʶʪ, ʨʘʩʧʣʘʚʣʷʶʪ ʠ ʭʨʘʥʷʪ ʚ ʨʘʩʧʣʘʚʣʝʥʥʦʤ ʚʠʜʝ. ʉʦ ʚʨʝʤʝʥʝʤ ʧʨʦʠʩʭʦʜʠʪ çʩʪʘʨʝʥʠʝè 

ʩʚʷʟʫʶʱʝʛʦ, ʩʦʧʨʦʚʦʞʜʘʶʱʝʝʩʷ ʫʭʫʜʰʝʥʠʝʤ ʝʛʦ ʧʨʦʧʠʪʦʯʥʳʭ ʩʚʦʡʩʪʚ, ʯʪʦ ʩʚʷʟʘʥʥʦ ʩ ʠʟʤʝʥʝʥʠʝʤ 

ʛʨʫʧʧʦʚʦʛʦ ʩʦʩʪʘʚʘ. ʊʘʢʞʝ ʧʨʦʮʝʩʩ ʧʨʦʧʠʪʢʠ ʷʚʣʷʝʪʩʷ ʪʨʫʜʦʝʤʢʠʤ ʠ ʵʥʝʨʛʦʟʘʪʨʘʪʥʳʤ, ʚ ʩʚʷʟʠ ʩ 

ʧʦʪʨʝʙʥʦʩʪʴʶ ʧʦʜʜʝʨʞʘʥʠʷ ʧʝʢʘ ʚ ʨʘʩʧʣʘʚʣʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʢʨʫʛʣʦʩʫʪʦʯʥʦ, ʘ ʪʘʢʞʝ ʫʪʠʣʠʟʘʮʠʝʡ 

ʦʩʪʘʪʢʦʚ ʨʘʩʧʣʘʚʘ ʧʝʢʘ.   

ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʷʚʣʷʣʦʩʴ: 

- ʫʩʪʘʥʦʚʣʝʥʠʝ ʚʣʠʷʥʠʷ ʬʘʢʪʦʨʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʦʚʦʛʦ ʧʝʢʘ, ʘ ʥʝ ʝʛʦ ʨʘʩʧʣʘʚʘ, ʦʩʪʘʚʰʝʛʦʩʷ ʧʦʩʣʝ 

ʧʨʝʜʰʝʩʪʚʫʶʱʠʭ ʮʠʢʣʦʚ ʧʨʦʧʠʪʢʠ, ʥʘ ʢʘʯʝʩʪʚʦ ʠʟʛʦʪʦʚʣʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ; 

- ʠʟʫʯʝʥʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʋʋʂʄ ʤʘʨʢʠ çɸʨʛʦʣʦʥè ʚ ʠʟʤʝʥʝʥʥʦʤ ʘʧʧʘʨʘʪʫʨʥʦʤ 

ʦʬʦʨʤʣʝʥʠʠ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʘ;   

- ʫʩʪʘʥʦʚʣʝʥʠʝ ʬʘʢʪʦʨʘ ʚʣʠʷʥʠʷ ʢʦʥʪʝʡʥʝʨʥʦʡ ʧʨʦʧʠʪʢʠ ʢʘʨʢʘʩʘ, ʥʘʯʠʥʘʷ ʩ 1 ʮʠʢʣʘ, ʥʘ ʩʚʦʡʩʪʚʘ 

ʧʦʣʫʯʘʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ.  
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ʅʘ ʦʩʥʦʚʘʥʠʠ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʦʛʦ, ʧʨʦʚʝʜʝʥ ʵʢʩʧʝʨʠʤʝʥʪ ʩ ʨʘʟʣʠʯʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʮʠʢʣʦʚ 

ʧʨʦʧʠʪʢʠ ʪʢʘʥʦ-ʧʨʦʰʠʚʥʦʛʦ ʘʨʤʠʨʫʶʱʝʛʦ ʢʘʨʢʘʩʘ ʩʪʨʫʢʪʫʨʳ 2-D ʧʝʢʦʤ, ʧʨʠ ʫʩʣʦʚʠʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʧʝʨʝʜ ʢʘʞʜʳʤ ʮʠʢʣʦʤ ʥʦʚʦʛʦ ʧʝʢʘ. ɼʣʷ ʥʘʩʳʱʝʥʠʷ ʫʛʣʝʨʦʜʥʦʡ ʤʘʪʨʠʮʝʡ ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʢʘʤʝʥʥʦʫʛʦʣʴʥʳʡ ʧʝʢ, ʦʪʚʝʯʘʶʱʠʡ ʩʪʘʥʜʘʨʪʥʳʤ ʩʚʦʡʩʪʚʘʤ [2]. ʂʘʨʢʘʩ ʧʦʤʝʱʘʣʠ ʚ ʤʝʪʘʣʣʠʯʝʩʢʠʡ 

ʢʦʥʪʝʡʥʝʨ, ʧʨʦʠʟʚʦʜʠʣʠ ʟʘʩʳʧʢʫ ʧʝʢʦʤ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʫʩʪʘʥʦʚʢʦʡ ʚ ʘʚʪʦʢʣʘʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ 

ʵʢʩʧʝʨʠʤʝʥʪʝ ʙʳʣʘ ʦʩʫʱʝʩʪʚʣʝʥʘ ʩʭʝʤʘ ʩʪʘʜʠʠ çʧʨʦʧʠʪʢʘ-ʢʘʨʙʦʥʠʟʘʮʠʷè ʟʘ ʦʜʠʥ ʧʨʦʮʝʩʩ. ʇʝʨʚʳʝ 2 

ʩʪʘʜʠʠ ʥʘʩʳʱʝʥʠʷ ʫʛʣʝʨʦʜʥʦʡ ʤʘʪʨʠʮʝʡ ʧʨʦʠʟʚʦʜʠʣʠ ʧʨʠ ʟʘʩʳʧʢʝ ʛʨʘʥʫʣʠʨʦʚʘʥʥʳʤ ʧʝʢʦʤ, ʘ ʧʝʨʝʜ 3 

ʩʪʘʜʠʝʡ ʧʝʢ ʠʟʤʝʣʴʯʘʣʠ ʚ ʧʦʨʦʰʦʢ. ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʙʳʣ ʧʦʣʫʯʝʥ ʋʋʂʄ, ʩʚʦʡʩʪʚʘ ʢʦʪʦʨʦʛʦ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ. ʇʦʤʠʤʦ ʵʪʦʛʦ ʚ ʪʘʙʣʠʮʝ ʧʨʠʚʦʜʠʪʩʷ ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʋʋʂʄ, 

ʧʦʣʫʯʝʥʥʦʛʦ ʧʦ ʧʨʦʤʳʰʣʝʥʥʦʤʫ ʨʝʞʠʤʫ. 

ʊʘʙʣʠʮʘ. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʋʋʂʄ ʤʘʨʦʢ çɸʨʛʦʣʦʥè ʩʪʨʫʢʪʫʨʳ 2-D ʨʘʟʣʠʯʥʦʡ ʧʣʦʪʥʦʩʪʠ, 

ʧʦʣʫʯʝʥʥʳʭ ʧʦ ʧʨʦʤʳʰʣʝʥʥʦʤʫ ʠ ʠʟʤʝʥʝʥʥʦʤʫ ʨʝʞʠʤʘʤ ʫʧʣʦʪʥʝʥʠʷ ʫʛʣʝʨʦʜʥʦʡ ʤʘʪʨʠʮʝʡ ʥʘ ʨʘʟʣʠʯʥʳʭ 

ʩʪʘʜʠʷʭ 

ʇʦʢʘʟʘʪʝʣʴ 

ʆʜʥʦʩʪʘʜʠʡʥʳʡ ʧʨʦʮʝʩʩ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʥʠʟʢʦʧʣʦʪʥʦʛʦ 

çɸʨʛʦʣʦʥʘè 

ʊʨʝʭʩʪʘʜʠʡʥʳʡ ʧʨʦʮʝʩʩ 

ʧʨʦʠʟʚʦʜʩʪʚʘ çɸʨʛʦʣʦʥʘè ʩ 

ʧʦʚʳʰʝʥʥʦʡ ʧʣʦʪʥʦʩʪʴʶ 

ʇʨʦʤʳʰʣ. ʀʟʤʝʥ. ʇʨʦʤʳʰʣ. ʀʟʤʝʥ. 

ʇʣʦʪʥʦʩʪʴ, ʛ/ʩʤ3 1,1 1,09 1,39 1,52 

ʇʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʧʨʠ 

ʩʞʘʪʠʠ, ʄʇʘ 
67,5Ñ3 108Ñ4 138Ñ5 190Ñ7 

ʊʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʧʨʠ 

50 ʆʉ, ɺʪ/(ʤĿʂ) 
0,41Ñ0,03 0,55 *Ñ0,03 1,17 *Ñ0,04 1,78*Ñ0,05 

*- ʜʘʥʥʳʝ ʧʦʣʫʯʝʥʳ ʥʘ ʪʘʙʣʝʪʢʘʭ ß12ʭ4 ʤʤ. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʦʚʝʜʝʥʥʦʡ ʨʘʙʦʪʳ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʠʟʤʝʥʝʥʥʦʛʦ ʨʝʞʠʤʘ 

ʫʧʣʦʪʥʝʥʠʷ ʢʘʨʢʘʩʦʚ ʤʘʪʨʠʮʝʡ ʤʦʛʫʪ ʙʳʪʴ ʜʦʩʪʠʛʥʫʪʳ ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʧʨʦʯʥʦʩʪʠ ʧʨʠ ʩʞʘʪʠʠ 

ʢʘʢ ʜʣʷ ʋʋʂʄ ʤʘʨʢʠ çɸʨʛʦʣʦʥè ʩ ʥʠʟʢʦʡ ʧʣʦʪʥʦʩʪʴʶ, ʪʘʢ ʠ ʜʣʷ ʋʋʂʄ ʤʘʨʢʠ çɸʨʛʦʣʦʥè ʩ ʧʦʚʳʰʝʥʥʦʡ 

ʧʣʦʪʥʦʩʪʴʶ. ɼʣʷ ʋʋʂʄ ʩ ʧʦʚʳʰʝʥʥʦʡ ʧʣʦʪʥʦʩʪʴʶ ʧʨʠ ʵʪʦʤ ʜʦʩʪʠʛʘʝʪʩʷ ʙʦʣʝʝ ʚʳʩʦʢʦʝ ʟʥʘʯʝʥʠʝ 

ʧʣʦʪʥʦʩʪʠ. 

ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʦʡ ʣʠʪʝʨʘʪʫʨʳ: 

ʋʛʣʝʨʦʜ-ʫʛʣʝʨʦʜʥʳʝ ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ: ʉʧʨʘʚ. ʀʟʜ. ɹʫʰʫʝʚ ʖ.ɻ.,   ʇʝʨʩʠʥ ʄ.ʀ., 

ʉʦʢʦʣʦʚ ɺ.ɸ.: ʄʝʪʘʣʣʫʨʛʠʷ, 1994, 128 ʩ. 
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CONCENTRATION OPERATORS OF ELECTRI C FIELD FOR THE ANAL YSIS OF LOCAL 

PROPERTIES OF COMPOSITE MATERIALS  

Yakovleva E.N., Yakovlev V.B. 

 
A method of prediction of distributions of local electric fields in composite media based on analysis of the 

tensor operators of the concentration of intensity and induction as functions of volume concentrations and average 

distance between inclusions is proposed. The analytical expressions are obtained for the operators of the 

concentration of electric fields in various types of inclusions (spheres, fibers, layers) of composite materials. 

Diagrams for these values from volume concentration and average distance are presented for spherical inclusions. 
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ɼʣʷ ʨʘʟʨʘʙʦʪʢʠ ʠ ʚʥʝʜʨʝʥʠʷ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʦʩʦʙʝʥʥʦ ʚ ʵʣʝʢʪʨʦʥʠʢʝ ʠ ʨʘʜʠʦʪʝʭʥʠʢʝ, 

ʦʛʨʦʤʥʫʶ ʨʦʣʴ ʠʛʨʘʶʪ ʤʝʪʦʜʳ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠʭ 

ʧʦʚʝʜʝʥʠʷ ʧʨʠ ʚʥʝʰʥʠʭ ʚʦʟʜʝʡʩʪʚʠʷʭ ʨʘʟʣʠʯʥʦʛʦ ʨʦʜʘ. ʇʦʜʦʙʥʳʡ ʘʥʘʣʠʟ ʧʦʟʚʦʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʦ 

ʩʦʢʨʘʪʠʪʴ ʩʨʦʢʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʟʘʨʘʥʝʝ ʦʮʝʥʠʪʴ ʩʣʦʞʥʦʩʪʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ, ʫʤʝʥʴʰʠʪʴ 

ʪʨʫʜʦʟʘʪʨʘʪʳ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʩʪʦʠʤʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ ʢʦʤʧʦʟʠʪʘ ʩ ʟʘʜʘʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. ʉʫʱʝʩʪʚʫʶʪ 

ʜʚʘ ʚʠʜʘ ʩʚʦʡʩʪʚ ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʧʦʜʣʝʞʘʱʠʭ ʘʥʘʣʠʟʫ, ï ʤʘʪʝʨʠʘʣʴʥʳʝ (ʵʬʬʝʢʪʠʚʥʳʝ), 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʧʦʚʝʜʝʥʠʝ ʢʦʤʧʦʟʠʪʘ ʢʘʢ ʮʝʣʦʛʦ, ʠ ʧʦʣʝʚʳʝ, ʩʚʷʟʳʚʘʶʱʠʝ ʚʥʝʰʥʠʝ (ʠʣʠ ʩʨʝʜʥʠʝ ʧʦ 

ʤʘʪʝʨʠʘʣʫ) ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʤʘʪʝʨʠʘʣ ʩ ʣʦʢʘʣʴʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʠ ʠʥʜʫʢʮʠʠ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʚʥʫʪʨʠ ʵʣʝʤʝʥʪʘ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ (ʚʢʣʶʯʝʥʠʷ). ʇʨʝʜʩʪʘʚʣʝʥʥʘʷ ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ 

ʪʝʦʨʝʪʠʯʝʩʢʦʤʫ ʨʝʰʝʥʠʶ ʚʪʦʨʦʡ ʧʨʦʙʣʝʤʳ. 

ɼʣʷ ʤʘʪʨʠʯʥʦʛʦ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʦʜʥʦʨʦʜʥʦʛʦ ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʩ ʰʘʨʦʦʙʨʘʟʥʳʤʠ 

ʚʢʣʶʯʝʥʠʷʤʠ, ʘ ʪʘʢ ʞʝ ʚʢʣʶʯʝʥʠʷʤʠ ʚ ʚʠʜʝ ʚʦʣʦʢʦʥ ʠ ʩʣʦʝʚ, ʨʘʟʨʘʙʦʪʘʥ ʤʝʪʦʜ ʚʳʯʠʩʣʝʥʠʷ ʣʦʢʘʣʴʥʳʭ 

ʟʥʘʯʝʥʠʡ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʚʥʝʰʥʠʭ ʚʦʟʜʝʡʩʪʚʠʷʭ [1]. ʇʨʦʚʝʜʝʥʳ ʨʘʩʯʝʪʳ ʠ ʧʦʣʫʯʝʥʳ 

ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʠʟʦʪʨʦʧʥʳʭ ʟʥʘʯʝʥʠʡ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʘʪʨʠʮʳ ʠ 

ʚʢʣʶʯʝʥʠʡ. ɺ ʦʩʥʦʚʝ ʤʝʪʦʜʘ ʨʘʩʯʝʪʘ ʣʝʞʠʪ ʦʧʨʝʜʝʣʝʥʠʝ ʦʧʝʨʘʪʦʨʘ ʢʦʥʮʝʥʪʨʘʮʠʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ 

E ( ) K ( ) E ( )E

i ij jr r r= < >
, ʛʜʝ ʫʛʣʦʚʳʝ ʩʢʦʙʢʠ ʦʧʨʝʜʝʣʷʶʪ ʦʧʝʨʘʮʠʶ ʫʩʨʝʜʥʝʥʠʷ ʧʦ ʦʙʲʝʤʫ (ʘʥʘʣʦʛʠʯʥʦʝ 

ʚʳʨʘʞʝʥʠʝ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʠ ʜʣʷ ʢʦʤʧʦʥʝʥʪ ʚʝʢʪʦʨʘ ʠʥʜʫʢʮʠʠ 

( ) K ( ) ( )D

i ij jD r r D r= < >
).  

ʆʧʝʨʘʪʦʨʳ ʢʦʥʮʝʥʪʨʘʮʠʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʷ 

ʇʫʘʩʩʦʥʘ ʩ ʢʫʩʦʯʥʦ-ʦʜʥʦʨʦʜʥʳʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ ʩ ʧʦʤʦʱʴʶ ʚʚʝʜʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʛʦ 

ʦʜʥʦʨʦʜʥʦʛʦ ʪʝʣʘ ʩʨʘʚʥʝʥʠʷ. ɼʘʥʥʘʷ ʟʘʜʘʯʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʟʘʜʘʯʫ ʤʥʦʛʠʭ ʪʝʣ, ʢʦʪʦʨʘʷ ʥʝ ʠʤʝʝʪ 

ʪʦʯʥʦʛʦ ʨʝʰʝʥʠʷ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʙʣʠʞʝʥʠʷ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʤʝʪʦʜ ʦʙʦʙʱʝʥʥʦʛʦ ʩʠʥʛʫʣʷʨʥʦʛʦ 

ʧʨʠʙʣʠʞʝʥʠʷ ʪʝʦʨʠʠ ʩʣʫʯʘʡʥʳʭ ʧʦʣʝʡ, ʧʦʟʚʦʣʷʶʱʠʡ ʫʯʠʪʳʚʘʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʢʣʶʯʝʥʠʡ ʜʨʫʛ ʩ 

ʜʨʫʛʦʤ. [2] ʇʨʠ ʵʪʦʤ ʟʥʘʯʝʥʠʷ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʠ ʠʥʜʫʢʮʠʠ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʣʝʡ ʚʥʫʪʨʠ ʵʣʝʤʝʥʪʦʚ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ ʷʚʣʷʶʪʩʷ ʦʜʥʦʨʦʜʥʳʤʠ, ʥʦ ʦʪʣʠʯʘʶʪʩʷ ʜʨʫʛ ʦʪ ʜʨʫʛʘ. 

ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʧʨʦʠʟʚʦʜʠʪʩʷ ʨʘʩʯʝʪ ʟʘʚʠʩʠʤʦʩʪʠ ʟʥʘʯʝʥʠʡ ʦʧʝʨʘʪʦʨʦʚ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʦʪ ʦʙʲʝʤʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʢʣʶʯʝʥʠʡ ʚ ʤʘʪʝʨʠʘʣʝ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʦʙʲʝʤʥʘʷ 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʘ ʩʦ ʩʨʝʜʥʠʤ ʨʘʩʩʪʦʷʥʠʝʤ ʤʝʞʜʫ ʚʢʣʶʯʝʥʠʷʤʠ, ʯʪʦ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʧʦʩʪʨʦʠʪʴ ʟʘʚʠʩʠʤʦʩʪʠ ʦʧʝʨʘʪʦʨʦʚ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʦʣʝʡ ʠ ʦʪ ʩʨʝʜʥʝʛʦ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʚʢʣʶʯʝʥʠʷʤʠ. 

ʅʘ ʨʠʩʫʥʢʘʭ 1ʘ ʠ 1ʙ ʧʨʝʜʩʪʘʚʣʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʦʧʝʨʘʪʦʨʦʚ K (r)E

  ʠ K (r)D

 ʦʪ ʦʙʲʝʤʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʰʘʨʦʦʙʨʘʟʥʳʭ ʚʢʣʶʯʝʥʠʡ 2v
 ʠ ʦʪ ʩʦʦʪʥʦʰʝʥʠʷ h R, ʛʜʝ 2h  ï ʩʨʝʜʥʝʝ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʚʢʣʶʯʝʥʠʷʤʠ, 

ʘ R  ï ʨʘʜʠʫʩ ʚʢʣʶʯʝʥʠʷ. 

 
ʘ)           ʙ) 

ʈʠʩʫʥʦʢ 1. ɿʘʚʠʩʠʤʦʩʪʴ ʦʧʝʨʘʪʦʨʦʚ K (r)E

 (ʢʨʠʚʳʝ 1, 2) ʠ K (r)D

 (ʢʨʠʚʳʝ 3, 4) ʦʪ ʦʙʲʝʤʥʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʰʘʨʦʦʙʨʘʟʥʳʭ ʚʢʣʶʯʝʥʠʡ 2v
 (ʘ) ʠ ʦʪ ʩʦʦʪʥʦʰʝʥʠʷ h R (ʙ). ʂʨʠʚʳʝ 2 ʠ 3 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʩʣʫʯʘʶ ʚʢʣʶʯʝʥʠʷr VÍ
 , ʘ 1 ʠ 4 - ʤʘʪʨʠʮʳr VÍ

. ɺ ʢʘʯʝʩʪʚʝ ʤʘʪʨʠʮʳ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ 

ʵʧʦʢʩʠʜʥʘʷ ʩʤʦʣʘ (10k= ), ʘ ʚ ʢʘʯʝʩʪʚʝ ʚʢʣʶʯʝʥʠʷ ï ʩʪʝʢʣʦ (3.6k= ) 

ɸʥʘʣʦʛʠʯʥʳʝ ʚʳʯʠʩʣʝʥʠʷ ʧʨʦʚʦʜʠʪʩʷ ʜʣʷ ʚʦʣʦʢʥʠʩʪʳʭ ʠ ʩʣʦʠʩʪʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʳʭʦʜ ʟʥʘʯʝʥʠʡ ʥʘ ʧʦʩʪʦʷʥʥʫʶ ʚʝʣʠʯʠʥʫ ʩ ʨʦʩʪʦʤ h R ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ 
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ʥʠʚʝʣʠʨʦʚʘʥʠʠ ʚʣʠʷʥʠʡ ʚʢʣʶʯʝʥʠʡ ʧʨʠ ʠʭ ʤʘʣʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ (ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʙʦʣʴʰʦʤ ʨʘʩʩʪʦʷʥʠʠ 

ʜʨʫʛ ʦʪ ʜʨʫʛʘ). ʆʜʥʘʢʦ ʧʨʠ ʤʘʣʳʭ ʨʘʩʩʪʦʷʥʠʷʭ ʤʝʞʜʫ ʚʢʣʶʯʝʥʠʷʤʠ ʟʘʚʠʩʠʤʦʩʪʴ ʷʚʣʷʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʦ 

ʥʝʣʠʥʝʡʥʦʡ. 
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MATHEMATICAL METHODS  OF ANALYSIS OF EFFECTIVE AND LOCAL CHARA CTERISTICS 

OF DIELECTRIC COMPOS ITES 

Yakovlev V.B. 

 

Mathematical methods of analysis of local and effective properties of composites and polycrystals are 

developed. In the framework of the general singular approximation the analytic expressions for the calculation of 

effective dielectric parameters and operators of the concentration of electric fields, connecting the external 

electrical loadings on the material with local significance within a single inclusion, are obtained. Comparison with 

known methods and the analysis of limiting condition are realized. 

 ʇʨʠ ʧʦʠʩʢʝ ʥʦʚʳʭ, ʦʙʣʘʜʘʶʱʠʭ ʥʫʞʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʥʝʦʜʥʦʨʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʙʦʣʴʰʦʝ 

ʟʥʘʯʝʥʠʝ ʧʨʠʦʙʨʝʪʘʶʪ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʪʝʦʨʠʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʠ ʨʘʩʯʝʪʘ ʩʚʦʡʩʪʚ ʧʦʣʠʢʨʠʩʪʘʣʣʦʚ ʠ 

ʢʦʤʧʦʟʠʪʦʚ. ʕʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʪʝʤ, ʯʪʦ ʚ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ ʩʠʩʪʝʤʘʭ ʧʨʠʭʦʜʠʪʩʷ ʧʨʦʚʦʜʠʪʴ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʫʶ ʨʘʙʦʪʫ, ʢʦʪʦʨʘʷ ʪʨʝʙʫʝʪ ʢʦʣʦʩʩʘʣʴʥʳʭ ʟʘʪʨʘʪ ʚʨʝʤʝʥʠ, ʤʘʪʝʨʠʘʣʴʥʳʭ ʠ ʬʠʥʘʥʩʦʚʳʭ 

ʨʝʩʫʨʩʦʚ. ʇʨʠ ʵʪʦʤ ʥʝʪ ʫʚʝʨʝʥʥʦʩʪʠ, ʯʪʦ ʙʫʜʝʪ ʧʦʣʫʯʝʥʦ ʦʧʪʠʤʘʣʴʥʦʝ ʨʝʰʝʥʠʝ. ʌʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʪʝʦʨʠʠ 

ʦʙʝʩʧʝʯʠʚʘʶʪ ʢʘʯʝʩʪʚʝʥʥʫʶ ʦʮʝʥʢʫ ʠ ʧʦʟʚʦʣʷʶʪ ʧʨʦʠʟʚʦʜʠʪʴ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʨʘʩʯʝʪʳ ʦʩʥʦʚʥʳʭ 

ʦʧʨʝʜʝʣʷʶʱʠʭ ʩʚʦʡʩʪʚ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ ʧʦʣʠʢʨʠʩʪʘʣʣʦʚ ʠ ʢʦʤʧʦʟʠʪʦʚ, ʢ ʢʦʪʦʨʳʤ ʦʪʥʦʩʷʪʩʷ 

ʵʬʬʝʢʪʠʚʥʳʝ ʠ ʣʦʢʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ.  

ʅʝʩʤʦʪʨʷ ʥʘ ʦʙʠʣʠʝ ʨʘʙʦʪ ʚ ʦʙʣʘʩʪʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʨʘʟʥʦʦʙʨʘʟʠʝ ʤʦʜʝʣʝʡ 

ʥʝʦʜʥʦʨʦʜʥʳʭ ʩʨʝʜ, ʦʱʫʱʘʝʪʩʷ ʥʝʜʦʩʪʘʪʦʢ ʪʝʦʨʠʡ, ʚ ʢʦʪʦʨʳʭ ʩ ʝʜʠʥʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ 

ʠʟʚʝʩʪʥʳʝ ʤʝʪʦʜʳ ʚʳʯʠʩʣʝʥʠʷ ʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʘ ʪʘʢ ʞʝ ʫʯʠʪʳʚʘʝʪʩʷ ʬʦʨʤʘ ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʨʘʟʣʠʯʠʝ 

ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ, ʦʧʨʝʜʝʣʷʶʪʩʷ ʛʨʘʥʠʮʳ ʧʨʠʤʝʥʠʤʦʩʪʠ ʪʘʢʠʭ ʤʝʪʦʜʦʚ. ʇʨʠ ʵʪʦʤ ʢʣʶʯʝʚʦʡ ʧʨʦʙʣʝʤʦʡ 

ʠ ʦʪʣʠʯʠʪʝʣʴʥʦʡ ʯʝʨʪʦʡ ʵʪʠʭ ʤʝʪʦʜʦʚ ʷʚʣʷʝʪʩʷ ʩʧʦʩʦʙ ʫʯʝʪʘ ʚ ʪʦʡ ʠʣʠ ʠʥʦʡ ʬʦʨʤʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʵʣʝʤʝʥʪʦʚ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʜʨʫʛ ʩ ʜʨʫʛʦʤ. ʆʧʠʩʘʥʠʝ ʪʘʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʪʨʝʙʫʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʥʪʝʛʨʘʣʴʥʳʭ ʦʧʝʨʘʪʦʨʦʚ, ʦʜʥʘʢʦ ʧʨʠ ʵʪʦʤ ʨʝʰʝʥʠʝ ʙʫʜʝʪ ʠʤʝʪʴ ʚʠʜ ʥʝʢʦʪʦʨʦʛʦ 

ʬʫʥʢʮʠʦʥʘʣʘ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʨʘʩʯʝʪʥʳʭ ʩʦʦʪʥʦʰʝʥʠʡ ʪʨʝʙʫʝʪʩʷ ʚʚʝʜʝʥʠʝ ʨʷʜʘ ʦʛʨʘʥʠʯʝʥʠʡ, ʥʘʧʨʠʤʝʨ, 

ʦʜʥʦʨʦʜʥʦʩʪʠ ʧʦʣʝʡ ʚ ʧʨʝʜʝʣʘʭ ʦʪʜʝʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ.  

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʚʳʚʝʜʝʥʳ ʪʦʯʥʳʝ ʦʧʝʨʘʪʦʨʥʳʝ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʵʬʬʝʢʪʠʚʥʳʭ 
*( ) ( )i ij jD r E re< >= < >

 ʠ ʣʦʢʘʣʴʥʳʭ 
( ) K ( ) ( )E

i ij jE r r E r= < >
 ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʦʤʧʦʟʠʪʘ, ʘ ʟʘʪʝʤ ʚ 

ʦʙʦʙʱʸʥʥʦʤ ʩʠʥʛʫʣʷʨʥʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʧʦʣʫʯʝʥʳ ʨʘʩʯʸʪʥʳʝ ʬʦʨʤʫʣʳ ʦʙʱʝʛʦ ʚʠʜʘ ʚ ʧʨʝʜʧʦʣʦʞʝʥʠʠ, 

ʯʪʦ ʩʨʝʜʘ ʩʦʩʪʦʠʪ ʠʟ ʟʸʨʝʥ ʵʣʣʠʧʩʦʠʜʘʣʴʥʦʡ ʬʦʨʤʳ. ʇʨʠ ʵʪʦʤ ʫʜʘʣʦʩʴ ʧʦʢʘʟʘʪʴ, ʯʪʦ ʨʷʜ ʠʟʚʝʩʪʥʳʭ 

ʧʨʠʙʣʠʞʝʥʠʡ ʧʦʣʫʯʘʶʪʩʷ ʢʘʢ ʯʘʩʪʥʳʝ ʩʣʫʯʘʠ ʦʙʦʙʱʸʥʥʦʛʦ ʩʠʥʛʫʣʷʨʥʦʛʦ ʧʨʠʙʣʠʞʝʥʠʷ ʧʨʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʚʳʙʦʨʝ ʧʘʨʘʤʝʪʨʘ ʩʨʝʜʳ ʩʨʘʚʥʝʥʠʷ ʠʣʠ ʩʧʦʩʦʙʘ ʧʦʣʫʯʝʥʠʷ ʨʘʩʯʝʪʥʳʭ ʬʦʨʤʫʣ 



ʉɽʂʎʀʗ 2 ʂʆʄʇʆɿʀʎʀʆʅʅʓɽ ʄɸʊɽʈʀɸʃʓ, ɺʂʃʖʏɸʗ ʇʆʃʀʄɽʈʅʓɽ 
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(ʧʨʠʙʣʠʞʝʥʠʷ ʄʘʢʩʚʝʣʣʘ-ɻʘʨʥʝʪʪʘ, ɺʠʥʝʨʘ, ɹʨʫʛʛʝʤʘʥʘ, ʢʦʨʨʝʣʷʮʠʦʥʥʳʝ ʧʨʠʙʣʠʞʝʥʠʷ, ʧʨʠʙʣʠʞʝʥʠʝ 

ʃʘʥʜʘʫ). ʅʘ ʦʩʥʦʚʝ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʧʦʜʭʦʜʘ ʜʣʷ ʜʚʫʭʢʦʤʧʦʥʝʥʪʥʦʡ ʩʨʝʜʳ ʩʦ ʩʬʝʨʠʯʝʩʢʠʤʠ ʠʟʦʪʨʦʧʥʳʤʠ 

ʟʸʨʥʘʤʠ, ʩʪʨʦʠʪʩʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʡ ʧʨʦʮʝʩʩ, ʧʨʠʚʦʜʷʱʠʡ ʢ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʦʤʫ ʫʨʘʚʥʝʥʠʶ, 

ʦʙʣʘʜʘʶʱʝʤʫ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʦʙʱʥʦʩʪʠ ʠ ʚ ʧʨʝʜʝʣʴʥʳʭ ʯʘʩʪʥʳʭ ʩʣʫʯʘʷʭ ʩʦʚʧʘʜʘʶʱʝʤʫ ʩ ʫʨʘʚʥʝʥʠʝʤ 

ʄʘʢʩʚʝʣʣʘ-ɻʘʨʥʝʪʪʘ, ʩʠʤʤʝʪʨʠʯʥʳʤ ʠʣʠ ʘʩʠʤʤʝʪʨʠʯʥʳʤ ʫʨʘʚʥʝʥʠʷʤʠ ɹʨʫʛʛʝʤʘʥʘ. ʆʩʦʙʝʥʥʦʩʪʴ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʚʚʝʜʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʚ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʡ ʧʨʦʮʝʩʩ 

ʧʦʟʚʦʣʠʣʦ ʧʦʣʫʯʠʪʴ ʫʨʘʚʥʝʥʠʝ, ʩʦʯʝʪʘʶʱʝʝ ʚ ʩʝʙʝ ʠ ʯʝʨʪʳ ʠʩʭʦʜʥʦʛʦ ʧʨʠʙʣʠʞʝʥʠʷ, ʥʘ ʦʩʥʦʚʝ ʢʦʪʦʨʦʛʦ 

ʩʪʨʦʠʣʩʷ ʧʨʦʮʝʩʩ, ʠ ʯʝʨʪʳ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʧʨʠʙʣʠʞʝʥʠʷ. ʇʨʦʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʧʨʝʜʣʦʞʝʥʥʦʛʦ 

ʧʦʜʭʦʜʘ ʠ ʦʙʦʙʱʸʥʥʦʛʦ ʧʦʜʭʦʜʘ ʵʬʬʝʢʪʠʚʥʦʡ ʩʨʝʜʳ ʉʪʨʘʫʜʘ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʦʥʠ ʷʚʣʷʶʪʩʷ ʨʦʜʩʪʚʝʥʥʳʤʠ. 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʨʘʩʯʝʪʥʳʭ ʩʦʦʪʥʦʰʝʥʠʡ ʣʦʢʘʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʧʦʜʭʦʜ, 

ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʦʧʨʝʜʝʣʝʥʠʠ ʦʧʝʨʘʪʦʨʦʚ ʢʦʥʮʝʥʪʨʘʮʠʠ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʣʝʡ ʚ ʢʦʤʧʦʟʠʪʝ, ʩʚʷʟʳʚʘʶʱʠʭ 

ʣʦʢʘʣʴʥʳʝ ʠ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ. ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʟʘʜʘʯʠ ʠʩʧʦʣʴʟʫʶʪ ʦʜʠʥ ʠ ʪʦʪ ʞʝ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʡ ʘʧʧʘʨʘʪ ʠ ʦʪʣʠʯʘʶʪʩʷ ʪʦʣʴʢʦ ʧʨʦʮʝʜʫʨʦʡ ʚʳʨʘʞʝʥʠʷ ʥʝʦʙʭʦʜʠʤʳʭ ʚʝʣʠʯʠʥ. ʇʦʢʘʟʘʥʦ, 

ʯʪʦ ʚ ʧʨʝʜʝʣʴʥʦʤ ʩʣʫʯʘʝ, ʚʳʨʘʞʝʥʠʝ ʧʝʨʝʭʦʜʠʪ ʚ ʠʟʚʝʩʪʥʦʝ ʜʣʷ ʝʜʠʥʠʯʥʦʛʦ ʚʢʣʶʯʝʥʠʷ. ʇʦʣʫʯʝʥ ʨʷʜ 

ʧʨʠʙʣʠʞʝʥʠʡ, ʘʥʘʣʦʛʠʯʥʳʭ ʧʨʠʙʣʠʞʝʥʠʷʤ ʜʣʷ ʵʬʬʝʢʪʠʚʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

ʇʦʩʪʨʦʝʥʥʳʝ ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʤʦʜʝʣʠ ʩʣʫʯʘʡʥʦ-ʥʝʦʜʥʦʨʦʜʥʳʭ ʩʨʝʜ ʠ ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʤʝʪʦʜʳ 

ʨʘʩʯʸʪʘ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʠʡ ʘʧʧʘʨʘʪ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʩʚʦʡʩʪʚ ʢʦʤʧʦʟʠʪʦʚ ʠ 

ʧʦʣʠʢʨʠʩʪʘʣʣʦʚ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʦ ʚ ʤʠʢʨʦ- ʠ ʥʘʥʦʵʣʝʢʪʨʦʥʠʢʝ ʧʨʠ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʠ 

ʤʘʪʝʨʠʘʣʦʚ ʩ ʞʝʣʘʝʤʳʤʠ ʬʠʟʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʘʥʘʣʠʟʝ ʧʨʦʮʝʩʩʦʚ ʧʦʣʷʨʠʟʘʮʠʠ 

ʩʝʛʥʝʪʦʢʝʨʘʤʠʢʠ, ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʦʧʪʠʯʝʩʢʠʭ ʠ ʉɺʏ ʩʚʦʡʩʪʚ, ʥʘʧʨʠʤʝʨ, ʩʧʝʢʪʨʦʚ ʧʦʛʣʦʱʝʥʠʷ, 

ʦʪʨʘʞʝʥʠʷ ʠ ʧʨʦʧʫʩʢʘʥʠʷ ʚ ʪʦʥʢʠʭ ʧʣʝʥʢʘʭ. 
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CVD process is one of the main method of SiC coating. This paper is on the basis of SiC CVD coating 

process features, research on equipment structure optimize through controlling of temperature uniformity, gas 

flow distribution, reaction gases and cover gas ratio, thus to control the structure, morphology and phase 

composition of SiC coating. In application of materials, carbon fiber with strengthen phase is easily react with 

oxygen, water and corrosive salts, and spoil the whole material quality. Now, protection coating is the most 

effective way for materials in such applications, and CVD(Chemical Vapor Deposition) is the major method to 

do the coating.Lots of research showing that during CVD of SiC process, the deposition temperature, reaction 

material concentration and gases ratio are the key factors to influence the SiC coating quality. In this paper, it 

states how to optimize the structure of equipment temperature field and gases field, and how to precise control 

the temperature, gas flow, reaction gas and cover gas, thus to create a good control condition of SiC coating 

structure, morphology and phase composition. 

ɸʥʥʦʪʘʮʠʷ: ʊʝʭʥʦʣʦʛʠʷ ʭʠʤʠʯʝʩʢʦʛʦ ʛʘʟʦʬʘʟʥʦʛʦ ʦʩʘʞʜʝʥʠʷ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʤʝʪʦʜʦʚ 

ʠʟʛʦʪʦʚʣʝʥʠʷ ʢʘʨʙʠʜʦʢʨʝʤʥʠʝʚʦʛʦ ʧʦʢʨʳʪʠʷ. ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʠʟʛʦʪʦʚʣʝʥʠʷ 

ʢʘʨʙʠʜʦʢʨʝʤʥʠʝʚʦʛʦ ʧʦʢʨʳʪʠʷ ʧʦ ʪʝʭʥʦʣʦʛʠʠ ʭʠʤʠʯʝʩʢʦʛʦ ʛʘʟʦʬʘʟʥʦʛʦ ʦʩʘʞʜʝʥʠʷ ʚ ʦʩʥʦʚʥʦʤ ʩʚʦʜʷʪʩʷ 

ʢ ʢʦʥʪʨʦʣʶ ʨʘʚʥʦʤʝʨʥʦʩʪʠ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ, ʢʦʥʪʨʦʣʶ ʦʜʥʦʨʦʜʥʦʩʪʠ ʧʦʣʷ ʧʦʪʦʢʘ, ʢʦʥʪʨʦʣʶ 

ʩʦʦʪʥʦʰʝʥʠʷ ʨʝʘʢʮʠʦʥʥʦʛʦ ʛʘʟʘ ʠ ʥʝʩʫʱʝʛʦ ʛʘʟʘ ʠ ʪ.ʜ. ʇʨʦʠʟʚʦʜʠʪʩʷ ʦʧʪʠʤʠʟʘʮʠʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 

ʢʦʥʩʪʨʫʢʮʠʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʭʠʤʠʯʝʩʢʦʛʦ ʛʘʟʦʬʘʟʥʦʛʦ ʦʩʘʞʜʝʥʠʷ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ 

ʦʩʫʱʝʩʪʚʠʪʴ ʵʬʬʝʢʪʠʚʥʳʡ ʢʦʥʪʨʦʣʴ ʩʪʨʫʢʪʫʨʳ ʢʘʨʙʠʜʦʢʨʝʤʥʠʝʚʦʛʦ ʧʦʢʨʳʪʠʷ, ʤʦʨʬʦʣʦʛʠʠ ʦʨʛʘʥʠʟʘʮʠʠ 

ʠ ʬʘʟʥʦʛʦ ʩʦʩʪʘʚʘ.  

ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʭʠʤʠʯʝʩʢʦʛʦ ʛʘʟʦʬʘʟʥʦʛʦ ʦʩʘʞʜʝʥʠʷ 

ʌʘʢʪʦʨʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ ʢʘʯʝʩʪʚʦ ʧʦʢʨʳʪʠʷ CVD ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ, ʦʯʝʥʴ ʤʥʦʛʦ. ɺ ʦʩʥʦʚʥʦʤ, ʦʥʠ 

ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ ʪʝʤʧʝʨʘʪʫʨʫ ʦʩʘʞʜʝʥʠʷ, ʢʦʥʮʝʥʪʨʘʮʠʶ ʨʝʘʛʠʨʫʶʱʝʛʦ ʚʝʱʝʩʪʚʘ, ʩʦʦʪʥʦʰʝʥʠʝ 

ʨʝʘʢʮʠʦʥʥʦʛʦ ʠ ʥʝʩʫʱʝʛʦ ʛʘʟʘ, ʜʘʚʣʝʥʠʝ ʦʩʘʞʜʝʥʠʷ, ʠ ʪ.ʜ. (1) ʊʝʤʧʝʨʘʪʫʨʘ ʦʩʘʞʜʝʥʠʷ (2) ʂʦʥʮʝʥʪʨʘʮʠʷ 

ʨʝʘʛʠʨʫʶʱʝʛʦ ʚʝʱʝʩʪʚʘ (3) ʉʦʦʪʥʦʰʝʥʠʝ ʨʝʘʢʮʠʦʥʥʦʛʦ ʛʘʟʘ ʠ ʥʝʩʫʱʝʛʦ ʛʘʟʘ 

ʆʙʦʨʫʜʦʚʘʥʠʝ ʭʠʤʠʯʝʩʢʦʛʦ ʛʘʟʦʬʘʟʥʦʛʦ ʦʩʘʞʜʝʥʠʷ 

ʇʨʠ ʧʨʠʛʦʪʦʚʣʝʥʠʠ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʭʠʤʠʯʝʩʢʦʛʦ ʛʘʟʦʬʘʟʥʦʛʦ ʦʩʘʞʜʝʥʠʷ ʚ 

ʢʘʯʝʩʪʚʝ ʧʨʝʢʫʨʩʦʨʘ ʠʩʧʦʣʴʟʫʝʪʩʷ MTS, ʠ ʧʨʝʜʦʩʪʘʚʣʷʶʪʩʷ ʠʩʪʦʯʥʠʢ ʢʨʝʤʥʠʷ ʠ ʠʩʪʦʯʥʠʢ ʫʛʣʝʨʦʜʘ 

ʨʝʘʢʮʠʠ ʦʩʘʞʜʝʥʠʷ; ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ H2 ʚ ʢʘʯʝʩʪʚʝ ʥʝʩʫʱʝʛʦ ʛʘʟʘ ʠ ʨʝʘʢʮʠʦʥʥʦʛʦ ʛʘʟʘ ʚʥʦʩʠʪʩʷ MTS 

ʚ ʢʘʤʝʨʫ ʨʝʘʢʮʠʠ ʧʦʩʨʝʜʩʪʚʦʤ ʙʘʨʙʦʪʘʞʥʦʛʦ ʤʝʪʦʜʘ, Ar ʷʚʣʷʝʪʩʷ ʨʘʟʨʝʞʸʥʥʳʤ ʛʘʟʦʤ. ʂʦʥʩʪʨʫʢʮʠʷ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʭʠʤʠʯʝʩʢʦʛʦ ʛʘʟʦʬʘʟʥʦʛʦ ʦʩʘʞʜʝʥʠʷ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 1. 

 
ʈʠʩ. 1.  ʉʭʝʤʘ ʢʦʥʩʪʨʫʢʮʠʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʭʠʤʠʯʝʩʢʦʛʦ ʛʘʟʦʬʘʟʥʦʛʦ ʦʩʘʞʜʝʥʠʷ 

1- ʈʘʩʭʦʜʦʤʝʨ; 2- ʊʨʸʭʭʦʜʦʚʦʡ ʢʣʘʧʘʥ; 3- ɹʘʨʙʦʪʘʞʥʘʷ ʸʤʢʦʩʪʴ; 4- ʕʣʝʢʪʨʦʥʥʳʝ ʚʝʩʳ; 5- ɹʘʢ ʜʣʷ 

ʩʤʝʰʠʚʘʥʠʷ ʛʘʟʘ; 6- ɺʘʢʫʫʤʥʳʡ ʤʘʥʦʤʝʪʨ; 7- ɻʨʘʬʠʪʥʳʡ ʥʘʛʨʝʚʘʪʝʣʴʥʳʡ ʵʣʝʤʝʥʪ; 8- 

ʊʝʧʣʦʠʟʦʣʷʮʠʦʥʥʳʡ ʫʛʣʝʨʦʜʥʳʡ ʚʦʡʣʦʢ; 9- ʊʝʨʤʦʧʘʨʘ; 10- ʆʙʨʘʟʝʮ; 11, 12, 13- ʉʧʝʮʠʘʣʴʥʳʝ ʩʠʩʪʝʤʳ 

ʦʙʨʘʙʦʪʢʠ ʚʳʭʣʦʧʥʳʭ ʛʘʟʦʚ. 

ʂʦʥʪʨʦʣʴ ʨʘʚʥʦʤʝʨʥʦʩʪʠ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ 
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ɼʣʷ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʩʠʩʪʝʤʳ ʨʝʘʢʮʠʠ ʪʝʤʧʝʨʘʪʫʨʘ ʦʩʘʞʜʝʥʠʷ ʦʢʘʟʳʚʘʝʪ ʩʨʘʚʥʠʪʝʣʴʥʦ ʙʦʣʴʰʦʝ 

ʚʣʠʷʥʠʝ ʥʘ ʩʢʦʨʦʩʪʴ ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ ʚ ʧʨʦʮʝʩʩʝ ʦʩʘʞʜʝʥʠʷ, ʧʦʵʪʦʤʫ ʪʝʤʧʝʨʘʪʫʨʘ ʦʩʘʞʜʝʥʠʷ 

ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʩʘʤʳʭ ʚʘʞʥʳʭ ʬʘʢʪʦʨʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ ʤʦʨʬʦʣʦʛʠʶ ʠ ʩʪʨʫʢʪʫʨʫ ʧʦʢʨʳʪʠʷ. ʉʦʩʪʦʷʥʠʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʨʘʙʦʯʝʡ ʦʙʣʘʩʪʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʭʠʤʠʯʝʩʢʦʛʦ ʛʘʟʦʬʘʟʥʦʛʦ ʦʩʘʞʜʝʥʠʷ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚʣʠʷʝʪ ʥʘ ʩʢʦʨʦʩʪʴ ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ ʚʩʝʭ ʟʦʥ ʚ ʨʘʙʦʯʝʡ ʦʙʣʘʩʪʠ, ʟʘʪʝʤ ʦʢʘʟʳʚʘʝʪ 

ʚʣʠʷʥʠʝ ʥʘ ʩʪʨʫʢʪʫʨʫ, ʦʨʛʘʥʠʟʘʮʠʶ, ʬʘʟʥʳʡ ʩʦʩʪʘʚ ʧʦʢʨʳʪʠʷ. ʈʘʚʥʦʤʝʨʥʦʩʪʴ ʪʝʤʧʝʨʘʪʫʨʳ ʦʙʦʨʫʜʦʚʘʥʠʷ 

ʤʦʞʝʪ ʙʳʪʴ ʧʦʚʳʰʝʥʘ ʯʝʨʝʟ ʨʘʮʠʦʥʘʣʴʥʦʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʟʦʥʳ ʢʦʤʧʝʥʩʘʮʠʠ ʪʝʤʧʝʨʘʪʫʨʳ, 

ʨʘʮʠʦʥʘʣʴʥʦʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʨʘʩʧʦʣʦʞʝʥʠʷ ʠ ʬʦʨʤʳ ʥʘʛʨʝʚʘʪʝʣʝʡ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʠ 

ʥʝʟʘʚʠʩʠʤʦʛʦ ʤʥʦʛʦʟʦʥʥʦʛʦ ʢʦʥʪʨʦʣʷ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʪ. ʜ.  

ʂʦʥʪʨʦʣʴ ʨʘʚʥʦʤʝʨʥʦʩʪʠ ʧʦʣʷ ʧʦʪʦʢʘ 

ɺ ʧʨʦʮʝʩʩʝ CVD ʢʦʥʮʝʥʪʨʘʮʠʷ ʨʝʘʢʮʠʦʥʥʦʛʦ ʛʘʟʘ ʪʝʩʥʦ ʩʚʷʟʘʥʘ ʩʦ ʩʢʦʨʦʩʪʴʶ ʦʩʘʞʜʝʥʠʷ. 

ʈʘʚʥʦʤʝʨʥʦʩʪʴ ʧʦʣʷ ʧʦʪʦʢʘ ʚ ʨʘʙʦʯʝʡ ʦʙʣʘʩʪʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʭʠʤʠʯʝʩʢʦʛʦ ʛʘʟʦʬʘʟʥʦʛʦ ʦʩʘʞʜʝʥʠʷ 

ʦʧʨʝʜʝʣʠʣʘ ʨʘʚʥʦʤʝʨʥʦʩʪʴ ʦʩʘʞʜʝʥʠʷ ʢʘʞʜʦʡ ʪʦʯʢʠ ʥʘ ʦʙʨʘʙʘʪʳʚʘʝʤʦʡ ʜʝʪʘʣʠ. ʕʪʦ ʪʨʝʙʫʝʪ ʩʥʘʯʘʣʘ 

ʦʧʨʝʜʝʣʠʪʴ ʨʝʞʠʤ ʢʦʥʪʨʦʣʷ ʨʘʩʭʦʜʘ, ʜʘʚʣʝʥʠʷ ʠ ʩʢʦʨʦʩʪʠ ʧʦʪʦʢʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʛʘʟʘ, ʨʝʞʠʤ 

ʨʘʟʤʝʱʝʥʠʷ ʚʧʫʩʢʥʦʛʦ ʛʘʟʘ ʠ ʩʪʨʫʢʪʫʨʳ ʚʧʫʩʢʥʦʛʦ ʩʦʧʣʘ ʠ ʚʳʧʫʩʢʥʦʛʦ ʩʦʧʣʘ. 

ʂʦʥʪʨʦʣʴ ʩʦʦʪʥʦʰʝʥʠʷ ʨʝʘʢʮʠʦʥʥʦʛʦ ʛʘʟʘ ʠ ʥʝʩʫʱʝʛʦ ʛʘʟʘ 

ɺʳʚʦʜʳ  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʟʛʦʪʦʚʣʝʥʠʝ ʟʘʱʠʪʥʦʡ ʩʠʩʪʝʤʳ ʢʘʨʙʠʜʦʢʨʝʤʥʠʝʚʦʛʦ ʧʦʢʨʳʪʠʷ ʩ ʧʦʤʦʱʴʶ 

ʤʝʪʦʜʘ ʭʠʤʠʯʝʩʢʦʛʦ ʛʘʟʦʬʘʟʥʦʛʦ ʦʩʘʞʜʝʥʠʷ ʷʚʣʷʝʪʩʷ ʩʘʤʦʡ ʵʬʬʝʢʪʠʚʥʦʡ ʤʝʨʦʡ ʜʣʷ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤ, 

ʩʚʷʟʘʥʥʳʭ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʢʦʤʧʦʟʠʪʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʥʘ ʦʩʥʦʚʝ ʥʝʦʢʩʠʜʥʦʡ ʢʝʨʘʤʠʢʠ, ʘʨʤʠʨʦʚʘʥʥʦʛʦ 

ʫʛʣʝʨʦʜʥʳʤ ʚʦʣʦʢʥʦʤ ʠ ʜʨʫʛʠʭ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚ ʩʫʨʦʚʳʭ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʫʩʣʦʚʠʷʭ. ʄʥʦʛʦʯʠʩʣʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʚ ʧʨʦʮʝʩʩʝ 

ʭʠʤʠʯʝʩʢʦʛʦ ʛʘʟʦʬʘʟʥʦʛʦ ʦʩʘʞʜʝʥʠʷ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ ʪʝʤʧʝʨʘʪʫʨʘ ʦʩʘʞʜʝʥʠʷ, ʢʦʥʮʝʥʪʨʘʮʠʷ 

ʨʝʘʛʠʨʫʶʱʝʛʦ ʚʝʱʝʩʪʚʘ, ʩʦʦʪʥʦʰʝʥʠʝ ʨʝʘʢʮʠʦʥʥʦʛʦ ʛʘʟʘ ʠ ʥʝʩʫʱʝʛʦ ʛʘʟʘ ʠ ʜʨʫʛʠʝ ʬʘʢʪʦʨʳ ʷʚʣʷʶʪʩʷ 

ʢʣʶʯʝʚʳʤʠ ʬʘʢʪʦʨʘʤʠ, ʚʣʠʷʶʱʠʤʠ ʥʘ ʢʘʯʝʩʪʚʦ ʢʘʨʙʠʜʦʢʨʝʤʥʠʝʚʦʛʦ ʧʦʢʨʳʪʠʷ. ʂʦʥʩʪʨʫʢʮʠʷ ʚ ʢʘʯʝʩʪʚʝ 

ʥʦʩʠʪʝʣʷ ʨʝʘʣʠʟʘʮʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʭʠʤʠʯʝʩʢʦʛʦ 

ʛʘʟʦʬʘʟʥʦʛʦ ʦʩʘʞʜʝʥʠʷ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ ʦʧʨʝʜʝʣʷʶʪ ʢʘʯʝʩʪʚʦ ʢʘʨʙʠʜʦʢʨʝʤʥʠʝʚʦʛʦ ʧʦʢʨʳʪʠʷ. ɺ ʜʘʥʥʦʡ 

ʩʪʘʪʴʝ ʟʘ ʩʯʸʪ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤʳ ʨʝʘʣʠʟʘʮʠʠ ʪʝʤʧʝʨʘʪʫʨʳ, ʩʠʩʪʝʤʳ ʨʝʘʣʠʟʘʮʠʠ 

ʘʪʤʦʩʬʝʨʳ, ʩʠʩʪʝʤʳ ʪʨʫʙ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʛʘʟʘ ʠ ʜʨʫʛʠʭ ʢʦʥʩʪʨʫʢʮʠʡ ʦʙʦʨʫʜʦʚʘʥʠʷ ʭʠʤʠʯʝʩʢʦʛʦ 

ʛʘʟʦʬʘʟʥʦʛʦ ʦʩʘʞʜʝʥʠʷ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ ʦʩʫʱʝʩʪʚʣʝʥ ʪʦʯʥʳʡ ʢʦʥʪʨʦʣʴ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ, ʧʦʣʷ 

ʧʦʪʦʢʘ, ʩʦʦʪʥʦʰʝʥʠʷ ʨʝʘʢʮʠʦʥʥʦʛʦ ʛʘʟʘ ʠ ʥʝʩʫʱʝʛʦ ʛʘʟʘ, ʠ ʜʨʫʛʠʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʦʙʦʨʫʜʦʚʘʥʠʷ. ʉʦʟʜʘʥʳ ʫʩʣʦʚʠʷ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʢʦʥʪʨʦʣʷ ʩʪʨʫʢʪʫʨʳ, ʤʦʨʬʦʣʦʛʠʠ ʦʨʛʘʥʠʟʘʮʠʠ ʠ 

ʬʘʟʥʦʛʦ ʩʦʩʪʘʚʘ ʢʘʨʙʠʜʦʢʨʝʤʥʠʝʚʦʛʦ ʧʦʢʨʳʪʠʷ. 
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Inorganic nanotubes and inorganic fullerene-like nanoparticles (NP) of WS2 are exploited as porous media 

for hydrogen storage [1]. A new approach of using hydrogen activated by radiofrequency plasma dramatically 

increased the efficiency of its absorption on the NP surface as compared to hydrogenation by high pressure 

molecular unactivated hydrogen. The chemical configuration of the absorbed hydrogen is of primary importance 

as it affects its absorption stability and possibility of release. For this purpose we applied both the experimental 
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analysis methods by using various spectroscopy and microscopy techniques and the theoretical model. Micro-

Raman spectroscopy was used as a primary tool to elucidate chemical bonding of hydrogen and to distinguish 

between chemi- and physisorption. To provide stronger confirmation for hydrogenation by plasma treatment, also 

deuterium was used instead of hydrogen. In all plasma-hydrogenated samples of WS2 NP molecular form of the 

absorbed hydrogen (H2) was clearly identified: in the frame of this study we did not find any experimental 

evidence for intercalation of atomic hydrogen. In addition, it was shown that hydrogen is generally stable under 

high vacuum conditions at room temperature, which implies its stability at the ambient atmosphere. A model 

based on the density functional theory (DFT) was developed to simulate the absorption of hydrogen in the WS2 

NP. The DFT model considers various absorption sites and defines the preferential locations of the absorbed 

hydrogen in several WS2 structures, like this shown in Fig. 1. It demonstrates good concordance between theory 

and experiment and providing tools for optimization of hydrogen exposure conditions and the type of substrate 

materials. 

 
Fig.1. Optimized structure for two monolayers of H2 molecules adsorbed on top of a WS2 layer. 

Another possible application of WS2 NP is based on the fact that they conserve their semiconductor and 

diamagnetic behavior of bulk WS2 material. Implantation of metal atoms like Ga, Nb, Cl, Re, etc. into the crystal 

structure of these NP can change their electronic (semiconductor to metal transfer), magnetic (diamagnetic to 

paramagnetic transfer), and optical properties, surface characteristics, and chemical behavior. These parameters 

are of extreme interest during the last few decades as could be useful in many nanotechnology applications, like 

photovoltaics and optoelectronics, catalysts and sensors preparation, and even tribology and lubrication. For 

example, doping of WS2 fullerene-like NP with Re atoms resulted in their improved lubrication properties due to 

increase in electrical conductivity which led to electrostatic mutual repulsion [2]. 

Focused ion beam (FIB) etching was already applied for ion implantation into different materials with the 

objective to apply this technology as an alternative method for fabricating semiconductor devices [3]. For WS2 

NP, the previously used Ga+ doses of ~1017 cm-2 induced damage and amorphization. However, when 

decreasing the Ga+ ion dose to 1-3³1015 cm-2, the resultant structural damage was minor and the characteristic 

bands in the micro-Raman spectra taken from the ion-exposed WS2 samples were mostly identical to the pristine 

WS2 NP. Nevertheless, even at these low ion doses FIB irradiation, Ga+ atoms penetrated to the NP to the 

concentrations of 0.2-0.6 at.%, (dependent on the dose and the NP type), as measured by EDS. Micro-Raman 

spectra of the FIB-treated materials showed appearance of a number of additional small peaks in the 180-300 cm-

1 region. These features can be attributed to the formation Ga-Ga and Ga-S bonds. 

FIB-induced implantation of Ga to WS2 NP to the concentrations listed above may considerably affect their 

electronic and electrical properties. In order to determine the modifications induced by the Ga+ FIB irradiation in 

the WS2 NP, various measurements will be applied like four point probe I-V electrical measurements, scanning 

tunneling spectroscopy, SQUID magnetometry (superconducting quantum interference device), etc. 
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Annotation.  

In this study, mathematical model of helicoidal rolling were built. Obtained results defined that helicoidal 

rolling provides additional melting of cast macrostructure due to appearance of macroshear deformation. It leads 

to the increase of technological plasticity and decrease the energy-power parameters of longitudinal rolling. These 

effects enable deformation of hard-rolled materials without crack formation. Also it leads to the reduction of 

transverse anisotropy. 

 

ʄʝʪʦʜʦʤ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ ʧʨʦʛʨʘʤʤʝ DEFORM-3D ʙʳʣ ʠʩʩʣʝʜʦʚʘʥ ʭʘʨʘʢʪʝʨ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʥʘʧʨʷʞʝʥʠʡ ʠ ʜʝʬʦʨʤʘʮʠʠ ʧʨʠ ʧʨʦʜʦʣʴʥʦʡ ʧʨʦʢʘʪʢʝ ʚ ʛʝʣʠʢʦʠʜʘʣʴʥʳʭ 

ʚʘʣʢʘʭ. ɼʘʥʥʳʡ ʤʝʪʦʜ ʧʨʦʢʘʪʢʠ ʙʳʣ ʚʧʝʨʚʳʝ ʧʨʝʜʣʦʞʝʥ ʠ ʦʧʠʩʘʥ ʚ ʨʘʙʦʪʘʭ [1-5] ʀʄɽʊ ʈɸʅ.  

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʦʩʦʙʝʥʥʦʩʪʴ ʥʦʚʦʛʦ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʨʝʰʝʥʠʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʧʨʦʢʘʪʥʳʭ ʚʘʣʢʦʚ. 

ɻʝʣʠʢʦʠʜ ʥʘʥʦʩʠʪʩʷ ʪʦʣʴʢʦ ʥʘ ʧʦʣʦʚʠʥʫ ʜʣʠʥʳ ʙʦʯʢʠ ʚʘʣʢʘ. ɼʨʫʛʘʷ ʧʦʣʦʚʠʥʘ ʵʪʦʛʦ ʚʘʣʢʘ ʦʩʪʘʝʪʩʷ 

ʛʣʘʜʢʦʡ, ʠ ʥʘ ʥʝʡ ʧʨʦʠʩʭʦʜʠʪ ʨʘʩʢʘʪʢʘ ʨʘʥʝʝ ʧʦʣʫʯʝʥʥʦʛʦ ʨʝʣʴʝʬʘ ʜʦ ʛʣʘʜʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʣʦʩʳ 

(ʨʠʩ.1). ʊʘʢʦʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʫʚʝʣʠʯʠʪʴ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʠʟ-ʟʘ ʩʦʢʨʘʱʝʥʠʷ ʯʠʩʣʘ 

ʧʝʨʝʚʘʣʦʢ ʥʘ ʜʫʦʨʝʚʝʨʩʠʚʥʦʤ ʩʪʘʥʝ.  

 
ʈʠʩʫʥʦʢ 1 ï ɺʥʝʰʥʠʡ ʚʠʜ ʨʘʙʦʯʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʦʢʘʪʥʳʭ ʚʘʣʢʦʚ 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʘʩʯʝʪʘ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʦʣʷ ʜʝʬʦʨʤʘʮʠʡ, ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʜʝʬʦʨʤʘʮʠʠ, ʥʘʧʨʷʞʝʥʠʡ ʠ 

ʜʨ. ɺ ʭʦʜʝ ʧʨʦʚʝʜʝʥʠʷ ʨʘʙʦʪʳ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʥʘʧʨʷʞʝʥʠʡ ʠʟʤʝʥʷʝʪʩʷ ʧʦ ʚʩʝʡ ʛʣʫʙʠʥʝ 
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ʟʘʛʦʪʦʚʢʝ ʠ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʟʘ ʧʨʝʜʝʣʳ ʦʯʘʛʘ ʜʝʬʦʨʤʘʮʠʠ. ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʜʝʬʦʨʤʘʮʠʠ ʜʦʩʪʠʛʘʝʪ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʚ ʤʝʩʪʝ ʢʦʥʪʘʢʪʘ ʚʳʩʪʫʧʘ ʩ ʧʦʣʦʩʦʡ ʠ ʦʙʨʘʟʫʝʪ ʩʝʪʢʫ, ʦʢʨʫʞʘʶʱʫʶ 

ʥʝʜʝʬʦʨʤʠʨʦʚʘʥʥʳʝ ʟʦʥʳ. 

ɺʝʣʠʯʠʥʫ ʤʘʢʨʦʩʜʚʠʛʦʚ ʥʘʠʣʫʯʰʠʤ ʦʙʨʘʟʦʤ ʦʪʨʘʞʘʝʪ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʜʝʬʦʨʤʘʮʠʠ (ʨʠʩ.2), ʢʦʪʦʨʘʷ  

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʚʪʦʨʦʤʫ ʠʥʚʘʨʠʘʥʪʫ ʪʝʥʟʦʨʘ ʢʦʥʝʯʥʳʭ ʜʝʬʦʨʤʘʮʠʡ. ʆʥʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʥʘʢʦʣʝʥʥʫʶ 

ʜʝʬʦʨʤʘʮʠʶ ʚ ʟʘʜʘʥʥʦʡ ʤʘʪʝʨʠʘʣʴʥʦʡ ʪʦʯʢʝ ʚ ʧʨʦʮʝʩʩʝ ʧʨʦʢʘʪʢʠ [5]. 

  
ʘ) ʙ) 

ʈʠʩʫʥʦʢ 2 ï ʇʦʣʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʜʝʬʦʨʤʘʮʠʠ (ʤʤ/ʤʤ) ʧʨʠ ʧʨʦʢʘʪʢʝ ʟʘʛʦʪʦʚʢʠ 8ʭ60ʭ100 ʤʤ ʠʟ 

ʘʣʶʤʠʥʠʝʚʦʛʦ ʩʧʣʘʚʘ ɸɼ1 ʚ ʛʝʣʠʢʦʠʜʘʣʴʥʳʭ ʚʘʣʢʘʭ ß110 ʤʤ ʩ ʛʣʫʙʠʥʦʡ ʚʥʝʜʨʝʥʠʷ 2 ʤʤ ʩ ʨʘʟʥʳʤʠ 

ʫʛʣʘʤʠ ʥʘʢʣʦʥʘ ʩʧʠʨʘʣʠ ʟʘʭʦʜʘ ʢ ʦʩʠ ʚʘʣʢʘ: ʘ) Ŭ=45Á; ʙ) Ŭ=60Á. 

ʇʦʣʫʯʝʥʥʳʝ ʚ ʨʘʙʦʪʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʜʪʚʝʨʞʜʘʶʪ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʨʘʟʚʠʪʠʷ ʜʘʥʥʦʛʦ ʩʧʦʩʦʙʘ 

ʧʨʦʢʘʪʢʠ ʠ ʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʷʚʠʪʴ ʦʩʥʦʚʥʳʝ ʝʛʦ ʧʨʝʠʤʫʱʝʩʪʚʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʨʦʜʦʣʴʥʦʡ 

ʧʨʦʢʘʪʢʦʡ ʪʦʣʴʢʦ ʚ ʛʣʘʜʢʠʭ ʚʘʣʢʘʭ, ʘ ʠʤʝʥʥʦ: 

ʦʙʝʩʧʝʯʝʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʧʨʦʨʘʙʦʪʢʠ ʣʠʪʦʡ ʤʘʢʨʦʩʪʨʫʢʪʫʨʳ ʩʧʣʘʚʘ ʟʘ ʩʯʝʪ ʤʘʢʨʦʩʜʚʠʛʦʚʦʡ 

ʜʝʬʦʨʤʘʮʠʠ;  

ʧʦʚʳʰʝʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʧʣʘʩʪʠʯʥʦʩʪʠ ʠ ʩʥʠʞʝʥʠʝ ʵʥʝʨʛʦʩʠʣʦʚʳʭ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʜʦʣʴʥʦʡ 

ʧʨʦʢʘʪʢʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʦʢʘʪʳʚʘʪʴ ʪʨʫʜʥʦʜʝʬʦʨʤʠʨʫʝʤʳʝ ʤʘʪʝʨʠʘʣʳ ʙʝʟ ʨʘʟʨʫʰʝʥʠʷ; 

ʫʣʫʯʰʝʥʠʝ ʩʚʦʡʩʪʚ ʣʠʩʪʦʚʦʡ ʧʨʦʜʫʢʮʠʠ ʟʘ ʩʯʝʪ ʫʤʝʥʴʰʝʥʠʷ ʘʥʠʟʦʪʨʦʧʠʠ  ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ;  

ʃʠʪʝʨʘʪʫʨʘ 

ʇʘʪʝʥʪ ˉ 2407605, ʈʦʩʩʠʡʩʢʘʷ ʌʝʜʝʨʘʮʠʷ. ɻʝʣʠʢʦʠʜʘʣʴʥʳʡ ʧʨʦʢʘʪʥʳʡ ʚʘʣʦʢ / ʂʘʨʝʣʠʥ ʌ.ʈ.,  

ʏʦʧʦʨʦʚ ɺ.ʌ., ʖʩʫʧʦʚ ɺ.ʉ., ʊʨʘʡʥʦ ɸ.ʀ., ɻʫʙʘʥʦʚʘ ʅ.ɺ. ɹʶʣʣ. ˉ 36. 2010 ʛ. 
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X-RAY DETECTOR BASED ON THE SILVER THIOGALLATE  

Asadov S.M. 

 

Set high values for X-ray conductivity and sensitivity coefficients at room temperature of grown AgGaS2 

single crystals, enables to recommend these materials for creation of uncooled and virtually inertialess X-ray 

detecting devices on their base. 

 

ʄʦʥʦʢʨʠʩʪʘʣʣʳ AgGaS2 ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʭʘʣʴʢʦʧʠʨʠʪʘ ʷʚʣʷʶʪʩʷ ʦʜʥʠʤ ʠʟ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ 

ʧʨʠʤʝʥʝʥʠʷ ʚ ʦʧʪʠʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚʘʭ, ʨʘʙʦʪʘʶʱʠʭ ʚ ʀʂ-ʜʠʘʧʘʟʦʥʝ ʙʣʘʛʦʜʘʨʷ ʚʳʩʦʢʠʤ ʥʝʣʠʥʝʡʥʳʤ 

ʦʧʪʠʯʝʩʢʠʤ ʢʦʵʬʬʠʮʠʝʥʪʘʤ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʜʚʫʣʫʯʝʧʨʝʣʦʤʣʝʥʠʷ. ʆʥʠ ʪʘʢʞʝ ʷʚʣʷʶʪʩʷ 

ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʢʚʘʥʪʦʚʳʭ ʛʝʥʝʨʘʪʦʨʦʚ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʢ ʧʨʠʤʝʥʝʥʠʶ 

ʚ ʥʝʣʠʥʝʡʥʦʡ ʦʧʪʠʢʝ, ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʠ ʩʚʷʟʠ. ɸʥʘʣʠʟ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ 

ʠʟʚʝʩʪʥʳʝ ʬʠʟʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ AgGaS2, ʚ ʯʘʩʪʥʦʩʪʠ, ʦʧʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ, ʪʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʠʷ, 

ʧʘʨʘʤʝʪʨʳ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ, ʰʠʨʠʥʘ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ, ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʨʠ 298 ʂ, ʦʪʣʠʯʘʶʪʩʷ 

ʜʨʫʛ ʦʪ ʜʨʫʛʘ. ʕʪʦ ʨʘʟʣʠʯʠʝ ʚ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ AgGaS2 ʤʦʞʥʦ ʩʚʷʟʘʪʴ ʩ ʪʝʭʥʦʣʦʛʠʝʡ ʧʦʣʫʯʝʥʠʷ 

ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ.  

ʆʜʥʠʤ ʠʟ ʵʬʬʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʘ 

ʭʠʤʠʯʝʩʢʠʭ ʛʘʟʦʪʨʘʥʩʧʦʨʪʥʳʭ ʨʝʘʢʮʠʡ (ʍʊʈ). ʕʪʦ ʦʜʥʘ ʠʟ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʤʝʪʦʜʠʢ, ʢʦʪʦʨʘʷ ʠ ʚ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩ ʫʩʧʝʭʦʤ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʦʚ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʍʊʈ 

ʧʦʟʚʦʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʟʠʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʧʨʦʮʝʩʩʘ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ 

ʚʝʱʝʩʪʚ.  

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʣʦʩʴ ʦʧʨʝʜʝʣʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʨʝʥʪʛʝʥʦʧʨʦʚʦʜʠʤʦʩʪʠ ʠ 

ʨʝʥʪʛʝʥʦʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʧʦʣʫʯʝʥʥʳʭ ʤʝʪʦʜʦʤ ʍʊʈ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ 

AgGaS2.  

ʉʪʨʫʢʪʫʨʫ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʠʟ ʵʣʝʤʝʥʪʦʚ ʢʨʠʩʪʘʣʣʦʚ AgGaS2 ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʣʠ 

ʨʝʥʪʛʝʥʦʛʨʘʬʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ. ʇʘʨʘʤʝʪʨʳ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ AgGaS2 ʦʧʨʝʜʝʣʷʣʠ ʥʘ 

ʜʠʬʨʘʢʪʦʤʝʪʨʝ ɼʈʆʅ-3 ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʦʥʦʭʨʦʤʘʪʠʯʝʩʢʦʛʦ CuKŬ-ʠʟʣʫʯʝʥʠʷ. ʇʦʛʨʝʰʥʦʩʪʴ 

ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ ʩʦʩʪʘʚʣʷʣʘ 0.001 ¡.  ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʪʨʫʢʪʫʨʘ 

ʢʨʠʩʪʘʣʣʦʚ AgGaS2 (a = 5.757 ¡, ʩ = 10.311 ¡) ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʫʩʪʦʡʯʠʚʦʡ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 

ʪʝʪʨʘʛʦʥʘʣʴʥʦʡ ʩʠʥʛʦʥʠʠ (ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʛʨʫʧʧʘ I24d) ʪʠʧʘ ʭʘʣʴʢʦʧʠʨʠʪʘ.  

ʄʝʪʦʜʦʤ ʍʊʈ ʠʟ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʣʠʪʢʦʚ AgGaS2 ʚ ʢʚʘʨʮʝʚʦʡ ʘʤʧʫʣʝ, 

ʚʘʢʫʫʤʠʨʦʚʘʥʥʦʡ ʜʦ ʦʩʪʘʪʦʯʥʦʛʦ ʜʘʚʣʝʥʠʷ 1.33 ³ 10ï3 ʇʘ, ʙʳʣʠ ʚʳʨʘʱʝʥʳ ʤʦʥʦʢʨʠʩʪʘʣʣʳ.  

ʇʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʦʙʨʘʟʮʦʚ ʠʟ AgGaS2 ʜʣʷ ʨʝʥʪʛʝʥʜʦʟʠʤʝʪʨʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ ʢʦʥʪʘʢʪʳ ʢ ʥʠʤ 

ʙʳʣʠ ʩʦʟʜʘʥʳ ʥʘʥʝʩʝʥʠʝʤ ʩʝʨʝʙʨʷʥʦʡ ʧʘʩʪʳ ʥʘ ʙʦʢʦʚʳʝ ʪʦʨʮʳ ʦʙʨʘʟʮʦʚ ʤʦʥʦʢʨʠʩʪʘʣʣʘ. ʈʝʥʪʛʝʥʦʚʩʢʦʝ 

ʠʟʣʫʯʝʥʠʝ ʚ ʧʨʦʮʝʩʩʝ ʠʟʤʝʨʝʥʠʡ ʥʘʧʨʘʚʣʷʣʦʩʴ ʚ ʤʝʞʢʦʥʪʘʢʪʥʫʶ ʦʙʣʘʩʪʴ ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʜʝʪʝʢʪʦʨʦʚ 

ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ.  

ʉ ʮʝʣʴʶ ʠʟʫʯʝʥʠʷ ʨʝʥʪʛʝʥʦʜʦʟʠʤʝʪʨʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʣʫʯʝʥʥʳʭ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ AgGaS2 ʚ 

ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʥʘ ʫʩʪʘʥʦʚʢʘ ʪʠʧʘ ʋʈʉ ʩ ʪʨʫʙʢʦʡ ɹʉɺï2(Cu). 

ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ʨʝʛʫʣʠʨʦʚʘʣʘʩʴ ʧʦʩʨʝʜʩʪʚʦʤ ʚʘʨʠʘʮʠʠ ʪʦʢʘ ʚ ʪʨʫʙʢʝ ʧʨʠ 

ʢʘʞʜʦʤ ʟʘʜʘʥʥʦʤ ʟʥʘʯʝʥʠʠ ʫʩʢʦʨʷʶʱʝʛʦ ʧʦʪʝʥʮʠʘʣʘ ʥʘ ʥʝʡ. ɸʙʩʦʣʶʪʥʳʝ ʟʥʘʯʝʥʠʷ ʜʦʟ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ 

ʠʟʣʫʯʝʥʠʷ ʠʟʤʝʨʝʥʳ ʨʝʥʪʛʝʥʜʦʟʠʤʝʪʨʦʤ ɼʈɻɿ-02. ʀʟʤʝʥʝʥʠʝ ʚʝʣʠʯʠʥʳ ʪʦʢʘ ʚ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʦʙʨʘʟʮʘʭ 

ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ʨʝʛʠʩʪʨʠʨʦʚʘʣʦʩʴ ʚ ʨʝʞʠʤʝ ʤʘʣʦʛʦ ʥʘʛʨʫʟʦʯʥʦʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ (Rʥ<<Rʢʨʠʩʪ.) ʩ ʧʦʤʦʱʴʶ ʵʣʝʢʪʨʦʤʝʪʨʠʯʝʩʢʦʛʦ ʫʩʠʣʠʪʝʣʷ ʪʠʧʘ ʋ5ï9. 

ʀʩʩʣʝʜʫʝʤʳʝ ʤʦʥʦʢʨʠʩʪʘʣʣʳ AgGaS2 ʧʨʦʷʚʣʷʣʠ ʚʳʩʦʢʫʶ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʨʝʥʪʛʝʥʦʚʩʢʦʤʫ 

ʠʟʣʫʯʝʥʠʶ. ʂʦʵʬʬʠʮʠʝʥʪ ʨʝʥʪʛʝʥʦʧʨʦʚʦʜʠʤʦʩʪʠ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ ʨʝʥʪʛʝʥʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ 

ʤʦʥʦʢʨʠʩʪʘʣʣʘ, ʦʧʨʝʜʝʣʷʣʠ ʧʦ ʬʦʨʤʫʣʝ: 
EK E Ö-= 00 /ssss  
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ʛʜʝ Es  ï ʧʨʦʚʦʜʠʤʦʩʪʴ ʦʙʨʘʟʮʘ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʦʙʣʫʯʝʥʠʷ ʤʦʱʥʦʩʪʴʶ ʜʦʟʳ E  

(ʈ/ʤʠʥ); 0s ï ʪʝʤʥʦʚʘʷ ʫʜʝʣʴʥʘʷ ʧʨʦʚʦʜʠʤʦʩʪʴ ʤʦʥʦʢʨʠʩʪʘʣʣʘ. 

Pʝʥʪʛʝʥʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʤʦʥʦʢʨʠʩʪʘʣʣʘ ʦʧʨʝʜʝʣʷʣʠ ʧʦ ʬʦʨʤʫʣʝ: 
EUIK E ÖD= /0, ,          ʛʜʝ 

00, III EE -=D
; EI ï ʚʝʣʠʯʠʥʘ ʪʦʢʘ ʚ ʦʙʨʘʟʮʝ ʧʨʠ ʤʦʱʥʦʩʪʠ ʜʦʟʳ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʦʙʣʫʯʝʥʠʷ E  (ʈ/ʤʠʥ); 

0I
 ï ʪʝʤʥʦʚʦʡ ʪʦʢ; U  ï ʚʥʝʰʥʝʝ ʧʨʠʣʦʞʝʥʥʦʝ ʢ ʦʙʨʘʟʮʫ ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʥʘʧʨʷʞʝʥʠʝ. 

ʆʧʨʝʜʝʣʝʥʳ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʨʝʥʪʛʝʥʦʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ AgGaS2 ʧʨʠ 

ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʷʭ ʫʩʢʦʨʷʶʱʝʛʦ ʧʦʪʝʥʮʠʘʣʘ ʥʘ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʪʨʫʙʢʝ aV
 (ʠʣʠ ʵʬʬʝʢʪʠʚʥʦʡ ʞʝʩʪʢʦʩʪʠ 

ʠʟʣʫʯʝʥʠʷ) ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʜʦʟʘʭ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ.  

ʋʩʪʘʥʚʣʝʥʦ, ʯʪʦ ʢʦʵʬʬʠʮʠʝʥʪ ʨʝʥʪʛʝʥʦʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ AgGaS2 ʠʟʤʝʥʷʝʪʩʷ ʚ ʠʥʪʝʨʚʘʣʝ 1.16 ³ 

10ï13ï1.66 ³ 10ï12 (ɸÖʤʠʥ)/(ɺÖʈ). ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʢʘʟʘʣ, ʯʪʦ ʧʨʠ 

aV
 = 25 ʢʵɺ ʠʤʝʣ ʤʝʩʪʦ ʜʦʚʦʣʴʥʦ ʢʨʫʪʦʡ ʨʦʩʪ Kʦʪ E. ʇʨʠ  aV

= 30 ʢʵɺ ʧʦʩʣʝ ʥʝʙʦʣʴʰʦʛʦ ʨʦʩʪʘ K  

ʥʘʙʣʶʜʘʣʩʷ ʝʛʦ ʩʧʘʜ, ʘ ʩ ʜʘʣʴʥʝʡʰʠʤ ʫʚʝʣʠʯʝʥʠʝʤ ʵʬʬʝʢʪʠʚʥʦʡ ʞʝʩʪʢʦʩʪʠ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ 

ʚʧʣʦʪʴ ʜʦ 50 ʢʵɺ ʟʘʚʠʩʠʤʦʩʪʴ K ( E) ʧʨʠ ʚʩʝʭ ʜʦʟʘʭ ʠʟʣʫʯʝʥʠʷ ʥʦʩʠʣʘ ʩʧʘʜʘʶʱʠʡ ʭʘʨʘʢʪʝʨ ʠ ʩʣʘʙʦ 

ʟʘʚʠʩʝʣʘ ʦʪ E . 

ɸʥʘʣʦʛʠʯʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʠ ʜʣʷ ʜʦʟʦʚʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʨʝʥʪʛʝʥʦʧʨʦʚʦʜʠʤʦʩʪʠ sK
 ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ AgGaS2. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ aV

 

ʨʝʥʪʛʝʥʦʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ  ʤʦʥʦʢʨʠʩʪʘʣʣʘ AgGaS2 ʫʤʝʥʴʰʘʝʪʩʷ. 

ʀʟʫʯʝʥʳ ʪʘʢʞʝ ʨʝʥʪʛʝʥʘʤʧʝʨʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ AgGaS2, ʠʟ ʢʦʪʦʨʳʭ ʩʣʝʜʫʝʪ, ʯʪʦ 

ʟʘʚʠʩʠʤʦʩʪʴ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʨʝʥʪʛʝʥʦʪʦʢʘ ʦʪ ʜʦʟʳ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ʥʦʩʠʪ ʩʪʝʧʝʥʥʦʡ ʭʘʨʘʢʪʝʨ:
aEIII EE ~00, -=D
. ʇʨʠ aV

 = 25 ʢʵɺ ʨʝʥʪʛʝʥʘʤʧʝʨʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʠʩʩʣʝʜʦʚʘʥʥʦʛʦ ʤʦʥʦʢʨʠʩʪʘʣʣʘ 

ʧʨʠ ʤʘʣʳʭ ʜʦʟʘʭ ʠʟʣʫʯʝʥʠʷ ʙʳʣʘ ʢʚʘʜʨʘʪʠʯʥʦʡ, ʘ ʟʘʪʝʤ ʟʥʘʯʝʥʠʝ a ʩʦʩʪʘʚʣʷʣʦ 0.85. ʇʨʠ ʩʨʘʚʥʠʪʝʣʴʥʦ 

ʙʦʣʴʰʠʭ ʜʦʟʘʭ ʟʥʘʯʝʥʠʝ ʧʦʢʘʟʘʪʝʣʷ ʩʪʝʧʝʥʠ a ʧʦ ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʡ ʞʝʩʪʢʦʩʪʠ 

ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ʫʤʝʥʴʰʘʣʦʩʴ ʜʦ 0.6.  

ʅʘʤʠ ʠʟʫʯʝʥʘ ʪʘʢʞʝ ʢʠʥʝʪʠʢʘ ʨʝʥʪʛʝʥʦʪʦʢʘ ʚ ʦʙʨʘʟʮʘʭ AgGaS2. ɹʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʧʨʠ 

ʦʪʢʣʶʯʝʥʠʠ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ʫʨʦʚʝʥʴ ʪʝʤʥʦʚʦʛʦ ʪʦʢʘ ʚ ʦʙʨʘʟʮʝ ʫʩʪʘʥʘʚʣʠʚʘʣʩʷ ʧʦʯʪʠ ʩʨʘʟʫ, ʚ 

ʦʪʣʠʯʠʝ ʦʪ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ CdIn2S4 [1]  ʠ CdGa2S4 [2]  ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʭʘʣʴʢʦʧʠʨʠʪʘ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʢʦʵʬʬʠʮʠʝʥʪ ʨʝʥʪʛʝʥʦʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ (K) ʚʳʨʘʱʝʥʳʭ 
ʤʝʪʦʜʦʤ ʍʊʈ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ AgGaS2 ʚʘʨʴʠʨʫʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 1.16 ³ 10-13ï1.66 ³ 10-12 (ɸÖʤʠʥ)/(ɺÖʈ) 

ʧʨʠ ʵʬʬʝʢʪʠʚʥʦʡ ʞʝʩʪʢʦʩʪʠ ʠʟʣʫʯʝʥʠʷ aV
 = 25ï50 ʢʵɺ ʤʦʱʥʦʩʪʴʶ ʜʦʟʳ  E  = 0.75ï78.05 ʈ/ʤʠʥ. ʀʟ 

ʨʝʥʪʛʝʥʘʤʧʝʨʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʦʥʦʢʨʠʩʪʘʣʣʘ AgGaS2 ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʟʘʚʠʩʠʤʦʩʪʴ ʩʪʘʮʠʦʥʘʨʥʦʛʦ 

ʨʝʥʪʛʝʥʦʪʦʢʘ ʦʪ ʜʦʟʳ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ʥʦʩʠʪ ʩʪʝʧʝʥʥʦʡ ʭʘʨʘʢʪʝʨ: 
aEI E ~0,D
. ʆʙʥʘʨʫʞʝʥʦ, ʯʪʦ 

ʧʦʢʘʟʘʪʝʣʴ ʩʪʝʧʝʥʠ a ʧʦ ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ aV
 ʫʤʝʥʴʰʘʣʩʷ ʦʪ 2 ʜʦ 0.6.  
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ʅʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʡ ʩʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ ʚʳʩʦʢʦʯʠʩʪʦʛʦ ʚʦʜʦʨʦʜʘ - ʝʛʦ ʠʟʚʣʝʯʝʥʠʝ ʠʟ ʛʘʟʦʚʦʡ 

ʩʤʝʩʠ ʯʝʨʝʟ ʤʝʤʙʨʘʥʳ [1]. ʅʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʜʣʷ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʤʘʪʝʨʠʘʣʦʤ 

ʤʝʤʙʨʘʥ ʷʚʣʷʝʪʩʷ ʩʧʣʘʚ ʥʘ ʦʩʥʦʚʝ ʧʘʣʣʘʜʠʷ ʩ 40 ʤʘʩʩ. % Cu, ʚʩʪʨʝʯʘʶʱʠʡʩʷ ʚ ʜʚʫʭ ʤʦʜʠʬʠʢʘʮʠʷʭ ɻʎʂ 
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ʠ ʪʠʧʘ CsCl. ʅʘʠʣʫʯʰʠʤ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤ ʩʚʦʡʩʪʚʘʤ ʦʪʚʝʯʘʝʪ ɓ-ʬʘʟʘ ʩʫʱʝʩʪʚʫʶʱʘʷ ʫ ʩʧʣʘʚʘ Pd-40Cu 

ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʨʷʜʢʘ 600Á ʉ, ʧʦʣʫʯʘʝʤʘʷ ʧʫʪʝʤ ʭʦʣʦʜʥʦʡ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ. ɺ ʨʘʙʦʪʝ ʙʳʣʘ 

ʧʦʩʪʨʦʝʥʘ ʠ ʧʨʠʤʝʥʝʥʘ ʥʘ ʧʨʘʢʪʠʢʝ ʟʘʚʠʩʠʤʦʩʪʴ ʧʘʨʘʤʝʪʨʘ ʨʝʰʝʪʢʠ ɻʎʂ ʪʚ. ʨ-ʨʘ. PdCu ʦʪ ʩʦʜʝʨʞʘʥʠʷ Pd 

[2] ʠ ʧʨʝʜʣʦʞʝʥ ʤʝʭʘʥʠʟʤ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ɻʎʂ ʚ CsCl.  

ʃʠʪʝʨʘʪʫʨʘ. 
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APLICATION OF ATOMIC -EMISSION SPECTROMETR Y WITH INDUCTIVELY  COUPLED 

PLASMA METHOD FOR DE TERMINATION  OF ZIRCON IUM FORMS IN ALLOYS ON BASIS OF 

NICKEL  

Kazenas E.K., Volchenkova V.A., Andreeva N.A., Dergunova N.N., Penkina T.N., Fomina A.A. 

 
Using AES-ICP were developed methods for determination of zirconium  forms in nickel-based alloys 

without prior separation of the matrix in a wide range of concentrations from nĿ10-4 to n% with good metrological 

characteristics. The relative standard deviation (Sr) is less then 0,2. 

 

ɼʣʷ ʠʟʫʯʝʥʠʷ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʦʩʥʦʚ ʠʟʚʣʝʯʝʥʠʷ ʤʝʪʘʣʣʦʚ ʠʟ ʢʦʤʧʣʝʢʩʥʳʭ ʨʫʜ ʨʘʟʨʘʙʦʪʘʥʘ 

ʤʝʪʦʜʠʢʘ ʨʘʟʜʝʣʴʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʮʠʨʢʦʥʠʷ, ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʚ ʤʝʪʘʣʣʝ, ʠ, ʮʠʨʢʦʥʠʷ, 

ʥʘʭʦʜʷʱʝʛʦʩʷ ʚ ʚʠʜʝ ʥʘʥʦʯʘʩʪʠʮ ZrO2.  

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠʩʧʦʣʴʟʦʚʘʣʠ ʤʝʪʦʜ ʘʪʦʤʥʦ-ʵʤʠʩʩʠʦʥʥʦʡ ʩʧʝʢʪʨʦʤʝʪʨʠʠ ʩ ʠʥʜʫʢʪʠʚʥʦ-

ʩʚʷʟʘʥʥʦʡ ʧʣʘʟʤʦʡ (ɸʕʉ ʩ ʀʉʇ). ʈʘʙʦʪʫ ʧʨʦʚʦʜʠʣʠ ʥʘ ʧʣʘʟʤʝʥʥʦʤ ʩʧʝʢʪʨʦʤʝʪʨʝ ULTIMA  2 ʬʠʨʤʳ 

çHORIBA JOBIN YVONè (ʌʨʘʥʮʠʷ-ʗʧʦʥʠʷ). ɺʳʩʦʢʦʝ ʨʘʟʨʝʰʝʥʠʝ (5ʨʤ) ʩʧʝʢʪʨʦʤʝʪʨʘ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʣʫʯʰʝʝ ʩʦʦʪʥʦʰʝʥʠʝ ʩʠʛʥʘʣʘ ʢ ʬʦʥʫ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʥʠʟʢʠʤ ʧʨʝʜʝʣʘʤ ʦʙʥʘʨʫʞʝʥʠʷ ʵʣʝʤʝʥʪʦʚ. ɺʳʙʨʘʥʳ 

ʦʧʪʠʤʘʣʴʥʳʝ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʦʧʨʝʜʝʣʝʥʠʷ ʮʠʨʢʦʥʠʷ: ʜʣʠʥʘ ʚʦʣʥʳ - 339,198 ʥʤ; ʤʦʱʥʦʩʪʴ 

ʨʘʟʨʷʜʘ ï 1,2 ʢɺʊ; ʦʭʣʘʞʜʘʶʱʠʡ ʧʦʪʦʢ ʘʨʛʦʥʘ ï 14 ʣ/ʤʠʥ; ʪʨʘʥʩʧʦʨʪʠʨʫʶʱʠʡ ï 0,80 ʣ/ʤʠʥ; 

ʧʣʘʟʤʦʦʙʨʘʟʫʶʱʠʡ ï 0,5 ʣ/ʤʠʥ; ʚʳʩʦʪʘ ʥʘʙʣʶʜʝʥʠʷ ï 14 ʤʤ ʥʘʜ ʚʝʨʭʥʠʤ ʚʠʪʢʦʤ ʠʥʜʫʢʮʠʦʥʥʦʡ ʢʘʪʫʰʢʠ; 

ʩʢʦʨʦʩʪʴ ʧʦʜʘʯʠ ʦʙʨʘʟʮʦʚ ï 1,0 ʤʣ/ʤʠʥ. ʀʟʫʯʝʥʦ ʚʣʠʷʥʠʝ ʤʘʪʨʠʯʥʦʛʦ ʵʣʝʤʝʥʪʘ (ʥʠʢʝʣʷ) ʠ ʩʧʦʩʦʙʳ ʝʛʦ 

ʫʩʪʨʘʥʝʥʠʷ. ʅʘ ʨʠʩ. 1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ ʨʘʟʣʠʯʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ 

ʮʠʨʢʦʥʠʷ ʦʪ ʚʝʣʠʯʠʥʳ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʠʢʝʣʷ. ʉʦʜʝʨʞʘʥʠʝ ʥʠʢʝʣʷ ʜʦ 10 ʛ/ʣ ʥʝ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʷ ʥʘ 

ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʩʠʛʥʘʣʳ ʨʘʩʪʚʦʨʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʙʦʣʝʝ 2 ppb ʮʠʨʢʦʥʠʷ. ʕʪʦ ʜʝʣʘʝʪ ʚʦʟʤʦʞʥʳʤ ʧʨʷʤʦʝ, ʙʝʟ 

ʦʪʜʝʣʝʥʠʷ ʥʠʢʝʣʝʚʦʡ ʤʘʪʨʠʮʳ ʦʧʨʝʜʝʣʝʥʠʝ Zr, ʥʘʯʠʥʘʷ ʦʪ 2Ŀ10-4%. ɺ ʩʣʫʯʘʝ ʤʝʥʴʰʠʭ ʢʦʥʮʝʥʪʨʘʮʠʡ 

ʮʠʨʢʦʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʦʜʠʪʴ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʝ ʦʪʜʝʣʝʥʠʝ ʤʘʪʨʠʮʳ ʠʣʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʝʪʦʜʳ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 

ɼʣʷ ʧʝʨʝʚʝʜʝʥʠʷ ʚ ʨʘʩʪʚʦʨ Zr, ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʚ ʤʝʪʘʣʣʝ, ʠʩʧʦʣʴʟʦʚʘʣʠ ʮʘʨʩʢʫʶ ʚʦʜʢʫ: ʩʤʝʩʴ 

HClʢʦʥʮ+ HNO3ʢʦʥʮ (3:1). ʆʢʩʠʜ ʮʠʨʢʦʥʠʷ (ZrO2) ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʩʘʤʳʭ ʪʨʫʜʥʦ ʚʩʢʨʳʚʘʝʤʳʭ 

ʩʦʝʜʠʥʝʥʠʡ. ʈʘʩʪʚʦʨʝʥʠʝ ZrO2 ʧʨʦʚʦʜʠʣʠ ʚ ʩʠʩʪʝʤʝ ʤʠʢʨʦʚʦʣʥʦʚʦʡ ʧʨʦʙʦʧʦʜʛʦʪʦʚʢʠ MARS 5 (CEM 

Corporation, ʉʐɸ) ʧʨʠ ʨʘʟʥʳʭ ʨʝʞʠʤʘʭ (P, T) ʨʘʟʣʠʯʥʳʤʠ ʩʤʝʩʷʤʠ ʢʠʩʣʦʪ. ʈʝʟʫʣʴʪʘʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ 

ʪʘʙʣʠʮʝ 1. ʀʟʫʯʝʥʘ ʩʪʝʧʝʥʴ ʠʟʚʣʝʯʝʥʠʷ ZrO2 ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʠʨʦʜʳ ʨʘʩʪʚʦʨʠʪʝʣʷ ʠ ʚʨʝʤʝʥʠ 

ʦʙʨʘʙʦʪʢʠ. ʆʢʩʠʜ ʮʠʨʢʦʥʠʷ ʨʘʩʪʚʦʨʷʣʩʷ ʚ ʩʤʝʩʠ: HF+ HNO3ʢʦʥʮ+ HClʢʦʥʮ (4:3:1) ʚ ʪʝʯʝʥʠʝ 40 ʤʠʥʫʪ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 2100ʉ. 
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ʉɽʂʎʀʗ 3 ʌʋʅʂʎʀʆʅɸʃʔʅʓɽ ʄɽʊɸʃʃʀʏɽʉʂʀɽ ʄɸʊɽʈʀɸʃʓ, ɺʂʃʖʏɸʗ ɺʓʉʆʂʆʏʀʉʊʓɽ 

228 
 
 

ʇʦʣʥʦʪʫ ʧʝʨʝʚʝʜʝʥʠʷ ʚ ʨʘʩʪʚʦʨ ʦʢʩʠʜʘ ʮʠʨʢʦʥʠʷ ʥʘʡʜʝʥʥʦʡ ʩʤʝʩʴʶ ʢʦʥʪʨʦʣʠʨʦʚʘʣʠ ʢʣʘʩʩʠʯʝʩʢʠʤ 

ʤʝʪʦʜʦʤ: ʧʝʨʝʚʝʜʝʥʠʝʤ ZrO2 ʚ ʨʘʩʪʚʦʨ ʧʦʩʣʝ ʩʧʣʘʚʣʝʥʠʷ ʦʙʨʘʟʮʦʚ ʩ ʩʦʣʷʤʠ ʱʝʣʦʯʥʳʭ ʤʝʪʘʣʣʦʚ. 

ʇʦʣʫʯʝʥʳ ʜʦʩʪʘʪʦʯʥʦ ʙʣʠʟʢʠʝ ʨʝʟʫʣʴʪʘʪʳ ʦʧʨʝʜʝʣʝʥʠʷ ʮʠʨʢʦʥʠʷ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʦʚʨʝʤʝʥʥʦʡ 

ʘʚʪʦʢʣʘʚʥʦʡ ʧʨʦʙʦʧʦʜʛʦʪʦʚʢʠ ʜʣʷ ʨʘʩʪʚʦʨʝʥʠʷ ʦʙʨʘʟʮʦʚ ʢʠʩʣʦʪʘʤʠ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʝʝ ʢʣʘʩʩʠʯʝʩʢʦʛʦ 

ʩʧʣʘʚʣʝʥʠʷ, ʪʘʢ ʢʘʢ ʫʤʝʥʴʰʘʝʪʩʷ ʚʨʝʤʷ ʧʨʦʚʝʜʝʥʠʷ ʘʥʘʣʠʟʘ, ʘ ʩʘʤʦʝ ʛʣʘʚʥʦʝ, ʫʣʫʯʰʘʶʪʩʷ 

ʤʝʪʨʦʣʦʛʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʧʨʝʜʝʣʝʥʠʷ ʮʠʨʢʦʥʠʷ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʧʣʘʚʣʝʥʠʷ ʩ ʦʢʩʠʜʘʤʠ ʠ 

ʩʦʣʷʤʠ ʱʝʣʦʯʥʳʭ ʤʝʪʘʣʣʦʚ ʫʭʫʜʰʘʶʪʩʷ ʧʨʝʜʝʣʳ ʦʙʥʘʨʫʞʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʧʦ ʜʚʫʤ ʧʨʠʯʠʥʘʤ: ʨʝʟʢʦ 

ʚʦʟʨʘʩʪʘʝʪ ʚʝʣʠʯʠʥʘ ʭʦʣʦʩʪʦʛʦ ʦʧʳʪʘ ʠ ʧʨʠʩʫʪʩʪʚʠʝ ʙʦʣʴʰʠʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʱʝʣʦʯʥʳʭ ʤʝʪʘʣʣʦʚ ʚ 

ʨʘʩʪʚʦʨʝ ʥʝʙʣʘʛʦʧʨʠʷʪʥʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʩʠʛʥʘʣʘʭ ʦʧʨʝʜʝʣʷʝʤʳʭ ʵʣʝʤʝʥʪʦʚ ʚ 

ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʭ ʤʝʪʦʜʘʭ ʘʥʘʣʠʟʘ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʵʣʝʤʝʥʪʳ ʨʝʘʣʴʥʦ ʦʧʨʝʜʝʣʷʪʴ, ʥʘʯʠʥʘʷ ʩ ʩʦʪʳʭ ʜʦʣʝʡ 

ʧʨʦʮʝʥʪʘ. 

ʈʘʟʨʘʙʦʪʘʥʥʳʝ ʤʝʪʦʜʠʢʠ ʧʦʟʚʦʣʠʣʠ ʦʧʨʝʜʝʣʷʪʴ ʩʦʜʝʨʞʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʬʦʨʤ ʮʠʨʢʦʥʠʷ, ʥʘʯʠʥʘʷ ʦʪ 

nĿ10-4 % ʠ ʚʳʰʝ. ʆʪʥʦʩʠʪʝʣʴʥʦʝ ʩʪʘʥʜʘʨʪʥʦʝ ʦʪʢʣʦʥʝʥʠʝ (Sr) ʥʝ ʧʨʝʚʳʰʘʣʦ 0,2. 

ʈʘʟʜʝʣʴʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʩʦʜʝʨʞʘʥʠʡ ʮʠʨʢʦʥʠʷ ʠ ʦʢʩʠʜʘ ʮʠʨʢʦʥʠʷ ʚ ʤʦʜʝʣʴʥʦʤ ʨʘʩʧʣʘʚʝ Ni-Sn-ZrO2 

ʧʦʟʚʦʣʠʣʦ ʦʮʝʥʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʥʘʥʦʯʘʩʪʠʮ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʛʝʪʝʨʦʬʘʟʥʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʦʣʦʚʦʤ, ʠ 

ʫʜʘʣʠʚʰʠʭʩʷ ʥʘ ʛʨʘʥʠʮʫ ʨʘʟʜʝʣʘ ʬʘʟ ʚ ʚʠʜʝ ʘʥʩʘʤʙʣʝʡ ʠ ʢʦʣʠʯʝʩʪʚʦ ʥʘʥʦʯʘʩʪʠʮ, ʧʨʠʩʫʪʩʪʚʫʶʱʠʭ ʚ 

ʨʘʩʧʣʘʚʝ ʠ ʚʣʠʷʶʱʠʭ ʥʘ ʧʨʦʮʝʩʩ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʠ ʩʪʨʫʢʪʫʨʫ ʤʝʪʘʣʣʘ. 

 
ʈʠʩʫʥʦʢ 1 - ʄʘʪʨʠʯʥʦʝ ʚʣʠʷʥʠʝ ʥʠʢʝʣʷ ʥʘ ɸʕʉ ʩ ʀʉʇ ʦʧʨʝʜʝʣʝʥʠʝ ʮʠʨʢʦʥʠʷ 

ʊʘʙʣʠʮʘ 1 - ʈʝʟʫʣʴʪʘʪʳ ɸʕʉ ʩ ʀʉʇ ʦʧʨʝʜʝʣʝʥʠʷ ʮʠʨʢʦʥʠʷ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʨʘʟʣʠʯʥʳʭ 

ʩʧʦʩʦʙʦʚ ʨʘʩʪʚʦʨʝʥʠʷ 

ʄʝʪʦʜ 

ʚʩʢʨʳʪʠʷ ʧʨʦʙ 
ʉʤʝʩʠ ʜʣʷ ʨʘʩʪʚʦʨʝʥʠʷ 

ʋʩʣʦʚʠʷ 

ʨʘcʪʚʦʨʝʥʠʷ 

ʉʦʜʝʨʞʘʥʠʝ Zr, 

% 
Sr 

ʈʘʩʪʚʦʨʝʥʠʝ ʚ 

ʦʪʢʨʳʪʳʭ 

ʩʦʩʫʜʘʭ 

HClʢʦʥʮ 

ʅʘʛʨʝʚʘʥʠʝ ʚ 

ʪʝʨʤʦʩʪʦʡʢʦʡ 

ʩʪʝʢʣʷʥʥʦʡ 

ʧʦʩʫʜʝ 

0,0008 0,2 

HNO3ʢʦʥʮ 0,0009 0,2 

H2SO4ʢʦʥʮ 0,0008 0,2 

HClʢʦʥʮ+HNO3ʢʦʥʮ (3:1) 0,0030 0,2 

HClʢʦʥʮ+HNO3ʢʦʥʮ (3:1) + 

H2O2 
0,0029 0,2 

H2SO4ʢʦʥʮ+HNO3ʢʦʥʮ (1:1) 0,0030 0,2 

ʈʘʩʪʚʦʨʝʥʠʝ ʚ 

ʟʘʢʨʳʪʦʡ 

ʩʠʩʪʝʤʝ Mars 

5 

HClʢʦʥʮ+HNO3ʢʦʥʮ  + 

HFʢʦʥʮ(1:3:4) 
210 0ʉ 

45 ʤʠʥʫʪ 

0,29 0,04 

H2SO4ʢʦʥʮ+HNO3ʢʦʥʮ (1:1) 0,0030 0,2 

HClʢʦʥʮ+HNO3ʢʦʥʮ (3:1) + 

H2O2 
0,0030 0,2 

ʉʧʣʘʚʣʝʥʠʝ 
Na2CO3 Pt ʧʦʩʫʜʘ 

1000-1200 0ʉ 

0,22 0,06 

Na2CO3 + Na2BO4 0,30 0,05 
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LiBO2 10-20 ʤʠʥ. 0,28 0,05 

 

******************************************************************************************  

 
ʀʉʉʃɽɼʆɺɸʅʀɽ ʉʊʈʋʂʊʋʈʓ ʀ ʉɺʆʁʉʊɺ ʇɽʈʉʇɽʂʊʀɺʅʆɻʆ ʃʀʊɽʁʅʆɻʆ ʉʇʃɸɺɸ 

ɼʃʗ ʊɽʈʄʆʈɸɿʄɽʈʆʉʊɸɹʀʃʔʅʓʍ ɼɽʊɸʃɽʁ 

ɻʚʦʟʜʢʦʚ ʀ.ɸ.1, ɹʝʣʠʢʦʚ ɹ.ɸ.1, ʉʠʟʝʥʝʚ ɺ.ʉ.1, ɹʨʷʥʮʝʚ ʇ.ʖ.2 
1ʈʦʩʩʠʷ, ʛ. ʂʦʨʦʣʝʚ, ʆɸʆ çʂʦʤʧʦʟʠʪè, 2ʈʦʩʩʠʷ, ʛ. ʄʦʩʢʚʘ, ʅʀʊʋ çʄʀʉʠʉè 

E-mail:beryllium@kompozit-mv.ru 

 

INVESTIGATING OF MIC ROSTRUCTURE AND PROPERTIES OF CASTING AL LOY FOR 

THERMAL -DIMENSIONAL STABLE P ARTS 

Gvozdkov I.A., Belikov B.A., Sisenev V.S., Bryantsev P.U. 

 

Rewieved requirements to materials for space-based optoelectronic devices (OED). Observed the prospects 

of using beryllium-silicium alloys to develop thermal-dimensional stable casting alloy: alloy with composition 

close to the eutectic point will provide thermal-dimensional agreement of parts in OED. 

The experimental alloys were made by investment casting, with beryllium content from 34 to 44% by 

weight. The microstructure was investigated by optical and scanning electron microscopy, hardness determined 

at room temperature and the linear coefficient of thermal expansion (CTE) in the temperature range from 20 to 

500 Á C. 

The microstructure of eutectic alloy consist of eutectic and primary beryllium dendrites. The eutectic phase 

has both a columnar and plate structure. Primary dendrites surrounded by pure silicon, which is formed by forming 

a degenerate eutectic. Pores detected in the microstructure of alloys, pore distribution is diffuse in nature, and the 

shape is mainly spherical, which indicates the gas-shrinkage porosity. The presence in the structure of 

hypereutectic alloy primary silicon crystals leads to embrittlement. 

The measured hardness of the alloys is between 450 and 550 HV, which are characterized as intractable 

alloys. 

The coefficient of liniar thermal expansion of experimental alloys is reduced to 50% in the temperature 

range 20-500 Á C, compared with technical sintered beryllium. Detected weak CTE dependence on temperature: 

the value of the CTE of the experemental alloys increases by only 12 % in the temperature range 100-500 ÁC, 

while the CTE of beryllium is changed to 48 %. Reduced CTE of alloys provides thermal-dimensional agreement 

to optical glasses used in the OED. 

 

ʈʘʩʩʤʦʪʨʝʥʳ ʪʨʝʙʦʚʘʥʠʷ ʢ ʤʘʪʝʨʠʘʣʘʤ ʜʣʷ ʦʧʪʠʢʦ-ʵʣʝʢʪʨʦʥʥʳʭ ʧʨʠʙʦʨʦʚ (ʆʕʇ) ʢʦʩʤʠʯʝʩʢʦʛʦ 

ʙʘʟʠʨʦʚʘʥʠʷ. ʇʦʢʘʟʘʥʘ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʧʣʘʚʦʚ ʩʠʩʪʝʤʳ ʙʝʨʠʣʣʠʡ-ʢʨʝʤʥʠʡ ʜʣʷ 

ʨʘʟʨʘʙʦʪʢʠ ʪʝʨʤʦʨʘʟʤʝʨʦʩʪʘʙʠʣʴʥʦʛʦ ʣʠʪʝʡʥʦʛʦ ʩʧʣʘʚʘ: ʩʧʣʘʚ ʙʣʠʟʢʠʡ ʧʦ ʩʦʩʪʘʚʫ ʢ ʵʚʪʝʢʪʠʯʝʩʢʦʡ ʪʦʯʢʝ 

ʦʙʝʩʧʝʯʠʪ ʪʝʨʤʦʩʦʛʣʘʩʦʚʘʥʥʦʩʪʴ ʜʝʪʘʣʝʡ ʠ ʫʟʣʦʚ ʆʕʇ. 

ʇʦʣʫʯʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʦʪʣʠʚʢʠ ʜʚʦʡʥʳʭ ʩʧʣʘʚʦʚ, ʚʳʧʦʣʥʝʥʥʳʝ ʣʠʪʴʝʤ ʧʦ ʚʳʧʣʘʚʣʷʝʤʳʤ 

ʤʦʜʝʣʷʤ, ʩ ʩʦʜʝʨʞʘʥʠʝ ʙʝʨʠʣʣʠʷ ʦʪ 34 ʜʦ 44 % ʤʘʩʩ. ʀʩʩʣʝʜʦʚʘʥʘ ʤʠʢʨʦʩʪʨʫʢʪʫʨʘ ʤʝʪʦʜʘʤʠ ʦʧʪʠʯʝʩʢʦʡ 

ʠ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ, ʦʧʨʝʜʝʣʝʥʘ ʪʚʝʨʜʦʩʪʴ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʢʦʵʬʬʠʮʠʝʥʪ 

ʪʝʨʤʠʯʝʩʢʦʛʦ ʣʠʥʝʡʥʦʛʦ ʨʘʩʰʠʨʝʥʠʷ ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ ʦʪ 20 ʜʦ 500 Áʉ. 

ɺ ʤʠʢʨʦʩʪʨʫʢʪʫʨʝ ʩʧʣʘʚʘ ʵʚʪʝʢʪʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʦʙʥʘʨʫʞʝʥʳ ʧʝʨʚʠʯʥʳʝ ʜʝʥʜʨʠʪʳ ʙʝʨʠʣʣʠʷ. 

ʕʚʪʝʢʪʠʯʝʩʢʘʷ ʬʘʟʘ ʠʤʝʝʪ ʢʘʢ ʩʪʦʣʙʯʘʪʳʡ, ʪʘʢ ʠ ʧʣʘʩʪʠʥʯʘʪʳʡ ʚʠʜ. ʇʝʨʚʠʯʥʳʝ ʜʝʥʜʨʠʪʳ ʦʢʨʫʞʝʥʳ 

ʯʠʩʪʳʤ ʢʨʝʤʥʠʝʤ, ʢʦʪʦʨʳʡ ʦʙʨʘʟʫʝʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚʳʨʦʞʜʝʥʥʦʡ ʵʚʪʝʢʪʠʢʠ. ɺ ʩʪʨʫʢʪʫʨʝ 

ʩʧʣʘʚʦʚ ʦʙʥʘʨʫʞʝʥʳ ʧʦʨʳ, ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦʨ ʠʤʝʝʪ ʨʘʩʩʝʷʥʥʳʡ ʭʘʨʘʢʪʝʨ, ʘ ʩʘʤʠ ʧʦʨʳ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 

ʩʬʝʨʠʯʝʩʢʫʶ ʬʦʨʤʫ, ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʛʘʟʦ-ʫʩʘʜʦʯʥʦʤ ʭʘʨʘʢʪʝʨʝ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʧʦʨʠʩʪʦʩʪʠ. ʅʘʣʠʯʠʝ ʚ 

ʩʪʨʫʢʪʫʨʝ ʟʘʵʚʪʝʢʪʠʯʝʩʢʦʛʦ ʩʧʣʘʚʘ ʧʝʨʚʠʯʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʢʨʝʤʥʠʷ ʧʨʠʚʦʜʠʪ ʢ ʦʭʨʫʧʯʠʚʘʥʠʶ. 

ʀʟʤʝʨʝʥʥʘʷ ʪʚʸʨʜʦʩʪʴ ʩʧʣʘʚʦʚ ʨʘʚʥʘ ʦʪ 450 ʜʦ 550 HV, ʯʪʦ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʩʧʣʘʚʳ ʢʘʢ 

ʪʨʫʜʥʦʦʙʨʘʙʘʪʳʚʘʝʤʳʝ. 

ʊʝʨʤʠʯʝʩʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʣʠʥʝʡʥʦʛʦ ʨʘʩʰʠʨʝʥʠʷ ʦʧʳʪʥʳʭ ʩʧʣʘʚʦʚ ʩʥʠʞʝʥ ʜʦ 50 % ʚ ʠʥʪʝʨʚʘʣʝ 

ʪʝʤʧʝʨʘʪʫʨ 20-500 Áʉ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʝʭʥʠʯʝʩʢʠʤ ʩʧʝʯʝʥʥʳʤ ʙʝʨʠʣʣʠʝʤ, ʧʨʠ ʵʪʦʤ ʦʪʤʝʯʝʥʘ ʩʣʘʙʘʷ 

ʟʘʚʠʩʠʤʦʩʪʴ ʊʂʃʈ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ: ʟʥʘʯʝʥʠʝ ʊʂʃʈ ʩʧʣʘʚʦʚ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚʩʝʛʦ ʥʘ 12 % ʚ ʜʠʘʧʘʟʦʥʝ 
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ʪʝʤʧʝʨʘʪʫʨ 100-500 Áʉ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʊʂʃʈ ʙʝʨʠʣʣʠʷ ʠʟʤʝʥʷʝʪʩʷ ʥʘ 48 %. ʇʦʥʠʞʝʥʥʳʡ ʊʂʃʈ ʩʧʣʘʚʘ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʪʝʨʤʦʩʦʛʣʘʩʦʚʘʥʥʦʩʪʴ ʩ ʦʧʪʠʯʝʩʢʠʤʠ ʩʪʝʢʣʘʤʠ ʧʨʠʤʝʥʷʝʤʳʤʠ ʚ ʢʦʥʩʪʨʫʢʮʠʷʭ ʆʕʇ. 

 

******************************************************************************************  
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INVESTIGATION OF ADH ESION STRENGTH OF COMPOSITE COATINGS BA SED ON 

ñMETALL-NONMETALLò SYSTEMS, MADE BY THE COLD GAS -DYNAMIC SPRAYING 

METHOD.  

Gerashchenkov D.A. 

FSUI CRISM ñPrometeyò, Saint-Petersburg, Russia 

 
Abstracts 

The present study is dedicated of obtaining of antifrictional composite coating for engine slide bearings, 

made of aluminum alloy by the CGDS method. 

As a matrix material, a powder from the Al-Sn-Zn system was chosen, and the reinforcing component was 

alumina Al2O3. 

Experimental results of coatings (based on Al-Sn-Zn system) and reinforced coatings (obtained from 

powder compositions of Al-Sn-Zn and Al2O3 system by different methods) adhesion strength are shown. 

 

ʊʝʟʠʩʳ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʝʜʲʷʚʣʷʶʪʩʷ ʚʩʸ ʙʦʣʝʝ ʞʝʩʪʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʫʟʣʘʤ ʪʨʝʥʠʷ, ʘ ʠʤʝʥʥʦ: 

ʧʦʚʳʰʝʥʠʝ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ, ʪʘʢʠʭ ʢʘʢ, ʘʜʛʝʟʠʷ ʠ ʤʠʢʨʦʪʚʝʨʜʦʩʪʴ ʧʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʤ 

ʩʦʭʨʘʥʝʥʠʠ ʠʣʠ ʫʤʝʥʴʰʝʥʠʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ.  

ʊʨʘʜʠʮʠʦʥʥʳʤ ʠʩʭʦʜʥʳʤ ʤʘʪʝʨʠʘʣʦʤ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʚʢʣʘʜʳʰʝʡ ʧʦʜʰʠʧʥʠʢʦʚ ʩʢʦʣʴʞʝʥʠʷ 

ʷʚʣʷʶʪʩʷ ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʝ ʣʠʩʪʳ, ʥʘʧʨʠʤʝʨ, ʩʪʘʣʴ-ʘʣʶʤʠʥʠʡ (ɸʆ9-1, ɸʆ3-1, ɸʆ20-1 ʠ ʜ.ʨ.), ʦʜʥʘʢʦ 

ʧʨʠʤʝʥʝʥʠʝ ʪʝʭʥʦʣʦʛʠʠ ʥʘʥʝʩʝʥʠʷ ʧʦʢʨʳʪʠʡ ʤʦʞʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʩʠʪʴ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ 

ʚʦʟʤʦʞʥʦʩʪʠ ʧʘʨ ʪʨʝʥʠʷ ʟʘ ʩʯʝʪ ʩʦʟʜʘʥʠʷ ʛʨʘʜʠʝʥʪʥʦʡ ʩʪʨʫʢʪʫʨʳ ʩ ʧʝʨʝʤʝʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʧʦ ʪʦʣʱʠʥʝ 

ʧʦʢʨʳʪʠʷ. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʘʚʠʣʦʤ ʐʘʨʧʠ ʧʦʚʳʰʝʥʠʝ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʘʥʪʠʬʨʠʢʮʠʦʥʥʦʛʦ 

ʩʣʦʷ ʚʦʟʤʦʞʥʦ ʧʨʠ ʚʚʝʜʝʥʠʠ ʚ ʤʷʛʢʫʶ ʤʘʪʨʠʮʫ ʪʚʝʨʜʳʭ ʚʢʣʶʯʝʥʠʡ. ʈʝʘʣʠʟʦʚʘʪʴ ʵʪʦ ʚʦʟʤʦʞʥʦ ʧʨʠ 

ʩʦʟʜʘʥʠʠ ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ ʧʦʢʨʳʪʠʷ, ʩʦʜʝʨʞʘʱʝʛʦ ʚ ʩʚʦʝʤ ʦʙʲʝʤʝ ʪʚʝʨʜʫʶ ʢʦʤʧʦʥʝʥʪʫ ʚ ʪʨʝʙʫʝʤʦʤ 

ʢʦʣʠʯʝʩʪʚʝ.  

ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʧʦʣʫʯʝʥʠʶ ʘʥʪʠʬʨʠʢʮʠʦʥʥʦʛʦ ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ ʧʦʢʨʳʪʠʷ ʜʣʷ 

ʧʦʜʰʠʧʥʠʢʦʚ ʩʢʦʣʴʞʝʥʠʷ ʜʚʠʛʘʪʝʣʝʡ ʚʥʫʪʨʝʥʥʝʛʦ ʩʛʦʨʘʥʠʷ ʥʘ ʦʩʥʦʚʝ ʘʣʶʤʠʥʠʝʚʦʛʦ ʩʧʣʘʚʘ ʤʝʪʦʜʦʤ 

ʍɻɼʅ. 

ɺ ʢʘʯʝʩʪʚʝ ʤʘʪʝʨʠʘʣʘ ʤʘʪʨʠʮʳ ʦʙʦʩʥʦʚʘʥ ʚʳʙʦʨ ʩʠʩʪʝʤʳ Al-Sn-Zn, ʘʨʤʠʨʫʶʱʝʡ ʢʦʤʧʦʥʝʥʪʦʡ 

ʷʚʣʷʝʪʩʷ ʦʢʩʠʜ ʘʣʶʤʠʥʠʷ Al 2O3. 

ɺ ʜʦʢʣʘʜʝ ʧʨʠʚʦʜʷʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʚʣʠʷʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʨʤʠʨʫʶʱʝʡ ʢʦʤʧʦʥʝʥʪʳ ʠ ʩʧʦʩʦʙʘ 

ʧʦʣʫʯʝʥʠʷ ʧʦʨʦʰʢʦʚʦʡ ʢʦʤʧʦʟʠʮʠʠ ʥʘ ʘʜʛʝʟʠʦʥʥʫʶ ʧʨʦʯʥʦʩʪʴ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʧʦʢʨʳʪʠʡ ʩʠʩʪʝʤʳ 

çʤʝʪʘʣʣ-ʥʝʤʝʪʘʣʣè. 

ʇʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʘʜʛʝʟʠʦʥʥʦʡ ʧʨʦʯʥʦʩʪʠ ʠ 

ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʧʦʢʨʳʪʠʡ, ʧʦʣʫʯʝʥʥʳʭ ʠʟ ʧʦʨʦʰʢʘ ʤʘʪʨʠʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʩʠʩʪʝʤʳ Al-Sn-Zn, ʘ ʪʘʢʞʝ ʠʟ 

ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ ʧʦʨʦʰʢʘ ʩʠʩʪʝʤʳ Al-Sn-Zn-Al 2O3. 

 
**************************************************************************** **************  
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PALLADIUM  BASED ALLOYS ARE PROMISING MATERIALS FOR  HYDROGEN ENERGY  

G.S. Burkhanov, N.R. Roshan N, E.M. Chistov, N.L. Korenovskii, S.V. Gorbunov, T.V. Chistova. 

 
The article contains a review of our developments of palladium alloys, the study of complex membrane 

properties, membrane elements and opportunities of their industrial applications. 

ɺ ʩʚʷʟʠ ʩ ʙʳʩʪʨʳʤ ʨʘʟʚʠʪʠʝʤ ʚʦʜʦʨʦʜʥʦʡ ʵʥʝʨʛʝʪʠʢʠ ʠ ʮʝʣʦʛʦ ʨʷʜʘ ʥʘʫʢʦʝʤʢʠʭ ʪʝʭʥʦʣʦʛʠʡ ʨʝʟʢʦ 

ʨʘʩʪʝʪ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʚʦʜʦʨʦʜʝ ʚʳʩʦʢʦʡ ʯʠʩʪʦʪʳ (99,9999 ʦʙ.% ʠ ʙʦʣʝʝ).  

ɽʜʠʥʩʪʚʝʥʥʳʤ ʩʧʦʩʦʙʦʤ ʧʦʣʫʯʝʥʠʷ ʪʘʢʦʛʦ ʚʳʩʦʢʦʯʠʩʪʦʛʦ ʚʦʜʦʨʦʜʘ ʷʚʣʷʝʪʩʷ ʚʳʜʝʣʝʥʠʝ ʚʦʜʦʨʦʜʘ 

ʠʟ ʚʦʜʦʨʦʜʦʩʦʜʝʨʞʘʱʠʭ ʛʘʟʦʚʳʭ ʩʤʝʩʝʡ ʚ ʨʝʟʫʣʴʪʘʪʝ ʝʛʦ ʩʝʣʝʢʪʠʚʥʦʡ ʜʠʬʬʫʟʠʠ ʯʝʨʝʟ ʤʝʤʙʨʘʥʳ ʠʟ 

ʩʧʣʘʚʦʚ ʧʘʣʣʘʜʠʷ. 

ɹʦʣʴʰʦʡ ʦʙʲʝʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʟʘ ʨʫʙʝʞʦʤ ʧʨʠʚʝʣ ʚ ʨʝʟʫʣʴʪʘʪʝ ʢ ʪʦʤʫ, ʯʪʦ ʠʟʛʦʪʘʚʣʠʚʘʝʪʩʷ ʚʩʝ 

ʙʦʣʴʰʝ ʵʬʬʝʢʪʠʚʥʳʭ ʩʝʣʝʢʪʠʚʥʳʭ ʤʝʤʙʨʘʥ ʠ ʤʝʤʙʨʘʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠ ʨʘʩʰʠʨʷʝʪʩʷ ʦʙʣʘʩʪʴ ʠʭ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ. ʅʦ ʧʦʯʪʠ ʚʩʝ ʤʝʤʙʨʘʥʥʳʝ ʘʧʧʘʨʘʪʳ ï ʵʪʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʘʧʧʘʨʘʪʳ ʤʘʣʦʡ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠ ʧʦʢʘ ʥʝʪ ʢʨʫʧʥʳʭ ʧʨʦʤʳʰʣʝʥʥʳʭ ʫʩʪʘʥʦʚʦʢ.  

ɿʘʜʘʯʘ ʧʦʣʫʯʝʥʠʷ ʜʝʰʝʚʦʛʦ ʚʳʩʦʢʦʯʠʩʪʦʛʦ ʚʦʜʦʨʦʜʘ ʚ ʧʨʦʤʳʰʣʝʥʥʦʤ ʤʘʩʰʪʘʙʝ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ 

ʪʨʝʙʫʝʪ ʨʘʟʨʘʙʦʪʢʠ ʰʠʨʦʢʦʡ ʥʦʤʝʥʢʣʘʪʫʨʳ  ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʭ ʤʝʤʙʨʘʥʥʳʭ ʩʧʣʘʚʦʚ ʧʘʣʣʘʜʠʷ, 

ʢʦʪʦʨʳʝ ʜʦʣʞʥʳ ʦʙʣʘʜʘʪʴ ʮʝʣʳʤ ʢʦʤʧʣʝʢʩʦʤ ʤʝʤʙʨʘʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ: ʚʳʩʦʢʠʤʠ 

ʚʦʜʦʨʦʜʦʧʨʦʥʠʮʘʝʤʦʩʪʴʶ, ʧʨʦʯʥʦʩʪʴʶ ʠ ʧʣʘʩʪʠʯʥʦʩʪʴʶ, ʥʠʟʢʦʡ ʪʝʨʤʦʢʦʥʮʝʥʪʨʘʮʠʦʥʥʦʡ ʜʠʣʘʪʘʮʠʝʡ ʚ 

ʚʦʜʦʨʦʜʝ, ʚʳʩʦʢʠʤʠ ʢʦʨʨʦʟʠʦʥʥʦʡ ʩʪʦʡʢʦʩʪʴʶ ʠ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʚ ʨʘʟʣʠʯʥʳʭ ʛʘʟʦʚʳʭ 

ʩʨʝʜʘʭ [1]. 

ʋʯʠʪʳʚʘʷ ʪʨʝʙʦʚʘʥʠʷ, ʧʨʝʜʲʷʚʣʷʝʤʳʝ ʢ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤ ʤʝʤʙʨʘʥʥʳʤ ʤʘʪʝʨʠʘʣʘʤ, ʧʦʠʩʢʠ 

ʵʬʬʝʢʪʠʚʥʳʭ ʩʧʣʘʚʦʚ ʦʛʨʘʥʠʯʠʚʘʶʪʩʷ ʦʙʣʘʩʪʷʤʠ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ ʥʘ ʦʩʥʦʚʝ ʧʘʣʣʘʜʠʷ.  

ʂ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʥʘʤʠ ʨʘʟʨʘʙʦʪʘʥʳ ʵʬʬʝʢʪʠʚʥʳʝ ʩʧʣʘʚʳ ʧʘʣʣʘʜʠʷ ʩ ʵʣʝʤʝʥʪʘʤʠ I, III, IV ʠ 

VIII ʛʨʫʧʧ ʇʉ. ʀʟ ʩʧʣʘʚʦʚ ʧʦʣʫʯʝʥʳ ʬʦʣʴʛʠ ʪʦʣʱʠʥʦʡ 50 ʤʢʤ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʪʘʥʜʘʨʪʥʳʭ ʠ 

ʦʨʠʛʠʥʘʣʴʥʳʭ ʤʝʪʦʜʠʢ ʠʩʩʣʝʜʦʚʘʥ ʢʦʤʧʣʝʢʩ ʠʭ ʤʝʤʙʨʘʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ.   

ʀʩʩʣʝʜʦʚʘʥʳ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ, ʫʜʝʣʴʥʘʷ ʚʦʜʦʨʦʜʦʧʨʦʥʠʮʘʝʤʦʩʪʴ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʪʝʤʧʝʨʘʪʫʨʳ, ʢʦʵʬʬʠʮʠʝʥʪʳ ʪʝʨʤʦʢʦʥʮʝʥʪʨʘʮʠʦʥʥʦʡ ʜʠʣʘʪʘʮʠʠ ʚ ʚʦʜʦʨʦʜʝ, ʢʦʨʨʦʟʠʦʥʥʘʷ ʩʪʦʡʢʦʩʪʴ ʚ 

ʨʘʟʣʠʯʥʳʭ ʛʘʟʦʚʳʭ ʩʨʝʜʘʭ. 

ʇʨʦʚʝʜʝʥʘ ʘʪʪʝʩʪʘʮʠʷ ʦʧʳʪʥʳʭ ʤʝʤʙʨʘʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʧʦ ʚʘʞʥʝʡʰʝʡ ʢʣʶʯʝʚʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʝ - 

ʢʦʨʨʦʟʠʦʥʥʦʡ ʩʪʦʡʢʦʩʪʠ ʧʨʠ ʨʘʙʦʪʝ ʚ ʛʘʟʦʚʳʭ ʩʨʝʜʘʭ, ʘ ʪʘʢ ʞʝ ʦʧʨʝʜʝʣʝʥʘ ʠʭ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʧʦ 

ʚʦʜʦʨʦʜʫ. 

ʇʝʨʩʧʝʢʪʠʚʳ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʝʤʙʨʘʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠ ʤʦʜʫʣʝʡ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʜʝʰʝʚʦʛʦ ʚʳʩʦʢʦʯʠʩʪʦʛʦ ʚʦʜʦʨʦʜʘ ʙʫʜʝʪ ʦʧʨʝʜʝʣʷʪʩʷ ʨʝʰʝʥʠʝʤ ʢʦʥʢʨʝʪʥʦʡ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʟʘʜʘʯʠ ï 

ʦʧʪʠʤʠʟʘʮʠʝʡ ʧʨʦʮʝʩʩʘ ʠʟʚʣʝʯʝʥʠʷ ʚʦʜʦʨʦʜʘ ʜʣʷ ʢʘʞʜʦʛʦ ʢʦʥʢʨʝʪʥʦʛʦ ʩʦʩʪʘʚʘ ʛʘʟʦʚʦʡ ʩʤʝʩʠ ʥʘ 

ʤʝʤʙʨʘʥʘʭ ʩ ʚʳʩʦʢʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ, ʩʪʘʙʠʣʴʥʦʩʪʴʶ ʠ ʜʣʠʪʝʣʴʥʳʤ ʨʝʩʫʨʩʦʤ ʨʘʙʦʪʳ. 

ʃʠʪʝʨʘʪʫʨʘ 

G.S. Burkhanov, N.B. Gorina, N.B. Kolchugina, N.R. Roshan, D.I. Slovetskii and E.M. Chistov, Palladium-

Based Alloy Membranes for Separation of High-Purity Hydrogen from Hydrogen-Containing Gas Mixtures, 

Platinum Metals Rev., 2011, 55(1), 3-12. 
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NEW OPPORTUNITIES FOR METHODS OF ANALYSI S OF FUNCTIONAL NANO MATERIALS 

AND HIGH - SUBSTANCES 

Grigorovich K.V.  

 
In the report discusses the advanced features and the main directions of development of methods for 

determining of gas-forming impurities in metals, alloys, nano-sized powders and coatings. The possibilities of 

these methods for determining of inclusions and layers composition will be presented. Modern techniques of heat 

extraction in the carrier gas to selectively determine the presence of forms of light elements (C, O, N, H) in the 

powders will be presented. 

 

ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ ʚʦ ʤʥʦʛʦʤ 

ʟʘʚʠʩʷʪ ʦʪ ʩʦʜʝʨʞʘʥʠʷ ʚ ʥʠʭ ʛʘʟʦʦʙʨʘʟʫʶʱʠʭ ʧʨʠʤʝʩʝʡ (ɻʇ), ʢʦʪʦʨʳʝ ʧʦʧʘʜʘʶʪ ʚ ʤʝʪʘʣʣ ʠʟ ʦʢʨʫʞʘʶʱʝʡ 

ʥʘʩ ʩʨʝʜʳ. ʃʝʛʢʠʝ ʵʣʝʤʝʥʪʳ ʚ ʩʠʣʫ ʩʚʦʝʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ ʚ ʇʝʨʠʦʜʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ ʵʣʝʤʝʥʪʦʚ, 

ʚʘʣʝʥʪʥʦʩʪʠ ʠ ʨʘʟʤʝʨʦʚ ʘʪʦʤʦʚ ʦʙʨʘʟʫʶʪ ʚ ʤʝʪʘʣʣʘʭ ʨʘʩʪʚʦʨʳ ʚʥʝʜʨʝʥʠʷ, ʦʙʣʘʜʘʶʪ ʟʥʘʯʠʪʝʣʴʥʦʡ 

ʨʘʩʪʚʦʨʠʤʦʩʪʴʶ ʚ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʨʘʩʧʣʘʚʘʭ ʠ ʚ ʧʨʦʮʝʩʩʘʭ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʚʳʜʝʣʷʶʪʩʷ ʚ ʚʠʜʝ ʩʦʝʜʠʥʝʥʠʡ 

ï ʛʠʜʨʠʜʦʚ, ʢʘʨʙʠʜʦʚ, ʥʠʪʨʠʜʦʚ, ʦʢʩʠʜʦʚ ʠ ʩʫʣʴʬʠʜʦʚ ʢʦʪʦʨʳʝ ʥʝʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʷʶʪʩʷ ʚ ʦʙʲʝʤʝ 

ʤʝʪʘʣʣʘ ʠ ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʶʪ ʥʘ ʩʚʦʡʩʪʚʘ. 

ʄʝʪʦʜ ʚʘʢʫʫʤʥʦʡ ʠʦʥʥʦ-ʧʣʘʟʤʝʥʥʦʡ (ɺʀʇ) ʦʙʨʘʙʦʪʢʠ ʦʙʣʘʜʘʝʪ ʟʥʘʯʠʪʝʣʴʥʳʤʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ 

ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʧʦ ʬʦʨʤʠʨʦʚʘʥʠʶ ʤʥʦʛʦʩʣʦʡʥʳʭ, ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ, ʛʨʘʜʠʝʥʪʥʳʭ, 

ʥʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʧʦʢʨʳʪʠʡ ʥʘ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʘʭ. ʉʦʟʜʘʚʘʝʤʳʝ, ʧʨʠ 

ʵʪʦʤ, ʥʦʚʳʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʘ ʦʩʥʦʚʳ, ʘ 

ʬʦʨʤʠʨʫʝʤʳʝ ʢʦʤʧʦʟʠʪʳ çʤʝʪʘʣʣ - ʧʦʚʝʨʭʥʦʩʪʥʳʡ ʩʣʦʡè ʧʦʟʚʦʣʷʶʪ ʦʙʝʩʧʝʯʠʚʘʪʴ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ 

ʠʟʜʝʣʠʡ ʚ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ ʵʢʩʧʣʫʘʪʘʮʠʠ. ɺ ʦʩʥʦʚʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ɺʀʇ ʦʙʨʘʙʦʪʢʠ ʣʝʞʘʪ 

ʧʨʦʮʝʩʩʳ ʛʝʥʝʨʘʮʠʠ ʧʣʘʟʤʝʥʥʳʭ ʧʦʪʦʢʦʚ, ʠʭ ʫʩʢʦʨʝʥʠʝ ʚ ʨʘʙʦʯʝʤ ʦʙʲʸʤʝ ʚʘʢʫʫʤʥʳʭ ʢʘʤʝʨ ʠ ʧʨʦʮʝʩʩʳ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʫʩʢʦʨʝʥʥʳʭ ʚʳʩʦʢʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʧʦʪʦʢʦʚ ʛʘʟʦʚʦʡ ʠ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʧʣʘʟʤʳ, ʩ 

ʦʙʨʘʙʘʪʳʚʘʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ. ʈʝʟʫʣʴʪʘʪʦʤ ʪʘʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʷʚʣʷʝʪʩʷ: ʠʟʤʝʥʝʥʠʝ ʤʦʨʬʦʣʦʛʠʠ 

ʠʩʭʦʜʥʦʛʦ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ, ʦʩʫʱʝʩʪʚʣʷʝʤʦʝ ʚ ʥʘʥʦʤʝʪʨʠʯʝʩʢʦʤ ʜʠʘʧʘʟʦʥʝ, ʠʟʤʝʥʝʥʠʝ ʝʛʦ ʬʘʟʦʚʦʛʦ 

ʠ ʩʪʨʫʢʪʫʨʥʦʛʦ ʩʦʩʪʦʷʥʠʷ, ʠʟʤʝʥʝʥʠʝ ʤʠʢʨʦʪʚʸʨʜʦʩʪʠ, ʚʝʣʠʯʠʥʳ ʠ ʟʥʘʢʘ ʦʩʪʘʪʦʯʥʳʭ ʥʘʧʨʷʞʝʥʠʡ, 

ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʧʦʚʝʨʭʥʦʩʪʠ, ʚʝʣʠʯʠʥʳ ʧʨʠʚʝʜʸʥʥʦʛʦ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʠ ʚʦʣʴʪʘʤʧʝʨʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ. ʆʩʦʙʦʝ ʟʥʘʯʝʥʠʝ ʧʨʠ ʵʪʦʤ ʧʨʠʦʙʨʝʪʘʝʪ ʬʦʨʤʠʨʦʚʘʥʠʝ ʥʠʪʨʠʜʥʳʭ ʠ 

ʦʢʩʠʜʥʳʭ ʩʣʦʝʚ. 

ɺʘʞʥʝʡʰʝʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʥʘʥʦʨʘʟʤʝʨʥʳʭ ʧʦʨʦʰʢʦʚ ʷʚʣʷʝʪʩʷ ʚʝʣʠʯʠʥʘ ʫʜʝʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʜʦʩʪʠʛʘʶʱʘʷ 100 ʤ2/ʛ. ʠ ʚʳʩʦʢʘʷ ʭʠʤʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ. ʉʦʜʝʨʞʘʥʠʝ ʛʘʟʦʦʙʨʘʟʫʶʱʠʭ ʧʨʠʤʝʩʝʡ, 

ʥʘʧʨʠʤʝʨ ʢʠʩʣʦʨʦʜʘ ʚ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʥʘʥʦʧʦʨʦʰʢʘʭ ʥʘ ʧʦʨʷʜʦʢ ʧʨʝʚʳʰʘʝʪ ʩʦʜʝʨʞʘʥʠʝ ʚʩʝʭ ʦʩʪʘʣʴʥʳʭ 

ʧʨʠʤʝʩʝʡ ʠ ʦʧʨʝʜʝʣʷʝʪ ʦʙʱʫʶ ʯʠʩʪʦʪʫ ʤʘʪʝʨʠʘʣʘ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʝʪ ʥʘ ʝʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʠ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ. ʀʤʝʥʥʦ ʧʦʵʪʦʤʫ ʛʘʟʦʦʙʨʘʟʫʶʱʠʝ ʧʨʠʤʝʩʠ ʚ ʧʦʨʦʰʢʘʭ ʥʘʭʦʜʷʱʠʝʩʷ ʚ 

ʨʘʟʣʠʯʥʳʭ ʬʦʨʤʘʭ, ʧʦʜʣʝʞʘʪ ʦʙʷʟʘʪʝʣʴʥʦʤʫ ʢʦʥʪʨʦʣʶ.  

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ɻʇ ʚ ʤʝʪʘʣʣʘʭ ʠ ʩʧʣʘʚʘʭ ʧʨʠʤʝʥʷʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʝ ʤʝʪʦʜʳ: 

ʤʝʪʦʜʳ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʵʢʩʪʨʘʢʮʠʠ ʚ ʥʝʩʫʱʝʤ ʛʘʟʝ, ʘʪʦʤʥʦ -ʵʤʠʩʩʠʦʥʥʘʷ ʠ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʷ ʩ 

ʨʘʟʣʠʯʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʚʦʟʙʫʞʜʝʥʠʷ, ʀʂ- ʩʧʝʢʪʨʦʤʝʪʨʠʷ, ʨʝʥʪʛʝʥʦʬʣʫʦʨʝʩʮʝʥʪʥʳʡ ʘʥʘʣʠʟ, 

ʥʝʡʪʨʦʥʥʦ-ʘʢʪʠʚʘʮʠʦʥʥʳʡ ʘʥʘʣʠʟ, ʘʢʪʠʚʘʮʠʦʥʥʳʡ ʘʥʘʣʠʟ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ, ʦʞʝ- ʵʣʝʢʪʨʦʥʥʘʷ 

ʩʧʝʢʪʨʦʤʝʪʨʠʷ. ʈʘʩʩʤʦʪʨʝʥʳ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ ʤʝʪʦʜʦʚ ʦʧʨʝʜʝʣʝʥʠʷ, ʧʨʠʚʝʜʝʥʘ ʦʮʝʥʢʘ 

ʧʨʝʜʝʣʦʚ ʜʦʩʪʦʚʝʨʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦ ʜʘʥʥʳʤ ʣʠʪʝʨʘʪʫʨʳ ʠ ʨʝʟʫʣʴʪʘʪʘʤ ʩʦʙʩʪʚʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ɹʫʨʥʦʝ ʨʘʟʚʠʪʠʝ ʤʠʢʨʦʵʣʝʢʪʨʦʥʠʢʠ ʠ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ ʦʪʢʨʳʣʦ ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ 

ʦʙʨʘʙʦʪʢʠ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʢʨʠʚʳʭ ʠ ʧʨʠʚʝʣʦ ʢ ʨʘʜʠʢʘʣʴʥʳʤ ʠʟʤʝʥʝʥʠʷʤ ʤʝʪʨʦʣʦʛʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʤʝʪʦʜʦʚ ʦʧʨʝʜʝʣʝʥʠʷ. ʇʦʷʚʠʣʠʩʴ ʥʦʚʳʝ ʤʝʪʦʜʳ ʦʧʨʝʜʝʣʝʥʠʷ ʛʘʟʦʦʙʨʘʟʫʶʱʠʭ ʧʨʠʤʝʩʝʡ ï ʦʧʪʠʯʝʩʢʘʷ 

ʵʤʠʩʩʠʦʥʥʘʷ ʩʧʝʢʪʨʦʤʝʪʨʠʷ ʪʣʝʶʱʝʛʦ ʨʘʟʨʷʜʘ ʧʦ ɻʨʠʤʫ, ʦʧʪʠʯʝʩʢʘʷ ʵʤʠʩʩʠʦʥʥʘʷ PDA ʩʧʝʢʪʨʦʤʝʪʨʠʷ, 
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ʩʧʝʢʪʨʦʤʝʪʨʠʷ ʣʘʟʝʨʥʦʛʦ ʧʨʦʙʦʷ (LIBS), ʤʝʪʦʜʳ ʦʧʨʝʜʝʣʝʥʠʷ ʜʠʬʬʫʟʠʦʥʥʦ-ʧʦʜʚʠʞʥʦʛʦ ʠ ʩʚʷʟʘʥʥʦʛʦ 

ʚʦʜʦʨʦʜʘ ʠ ʬʨʘʢʮʠʦʥʥʳʡ ʛʘʟʦʚʳʡ ʘʥʘʣʠʟ.  

ɺ ʜʦʢʣʘʜʝ ʦʙʩʫʞʜʘʶʪʩʷ ʩʦʚʨʝʤʝʥʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʠ ʦʩʥʦʚʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʨʘʟʚʠʪʠʷ ʤʝʪʦʜʦʚ 

ʦʧʨʝʜʝʣʝʥʠʷ ʛʘʟʦʦʙʨʘʟʫʶʱʠʭ ʧʨʠʤʝʩʝʡ ʚ ʤʝʪʘʣʣʘʭ, ʩʧʣʘʚʘʭ, ʥʘʥʦʨʘʟʤʝʨʥʳʭ ʧʦʨʦʰʢʘʭ ʠ ʧʦʢʨʳʪʠʷʭ. 

ʆʙʩʫʞʜʘʶʪʩʷ ʚʦʟʤʦʞʥʦʩʪʠ ʤʝʪʦʜʦʚ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʚʝʱʝʩʪʚʝʥʥʦʛʦ ʩʦʩʪʘʚʘ ʚʢʣʶʯʝʥʠʡ ʠ ʩʣʦʝʚ 

ʦʙʨʘʟʫʝʤʳʭ ʣʝʛʢʠʤʠ ʵʣʝʤʝʥʪʘʤʠ. ʇʨʝʜʩʪʘʚʣʝʥʦ ʨʘʟʚʠʪʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʦʚ ʪʝʨʤʠʯʝʩʢʦʡ ʵʢʩʪʨʘʢʮʠʠ 

ʚ ʥʝʩʫʱʝʤ ʛʘʟʝ ʜʣʷ ʠʟʙʠʨʘʪʝʣʴʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʬʦʨʤ ʧʨʠʩʫʪʩʪʚʠʷ ʣʝʛʢʠʭ ʵʣʝʤʝʥʪʦʚ (C,O,N,H) ʚ 

ʧʦʨʦʰʢʘʭ, ʚ ʪʦʤ ʯʠʩʣʝ ʥʘʥʦʨʘʟʤʝʨʥʳʭ ʧʦʨʦʰʢʘʭ, ʤʝʪʘʣʣʦʚ, ʩʧʣʘʚʦʚ ʠ ʩʦʝʜʠʥʝʥʠʡ. ʆʙʩʫʞʜʘʝʪʩʷ 

ʧʨʦʙʣʝʤʳ  ʘʥʘʣʠʟʘ, ʤʝʪʦʜʠʢ ʦʧʨʝʜʝʣʝʥʠʷ, ʤʝʪʨʦʣʦʛʠʠ ʠ ʩʪʘʥʜʘʨʪʥʳʭ ʦʙʨʘʟʮʦʚ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʦʩʦʙʦʝ 

ʚʥʠʤʘʥʠʝ ʜʦʣʞʥʦ ʙʳʪʴ ʫʜʝʣʝʥʦ ʨʘʟʨʘʙʦʪʢʝ ʩʧʦʩʦʙʦʚ ʧʨʦʙʦʦʪʙʦʨʘ, ʧʨʦʙʦʧʦʜʛʦʪʦʚʢʠ ʠ ʭʨʘʥʝʥʠʷ ʦʙʨʘʟʮʦʚ, 

ʩ ʫʯʝʪʦʤ  ʧʨʠʨʦʜʳ ʠ ʩʦʩʪʦʷʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʨʦʰʢʦʚ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʤʝʪʦʜʘ (ʌɻɸ) ʠ ʦʨʠʛʠʥʘʣʴʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʟʚʦʣʷʶʪ ʦʧʨʝʜʝʣʷʪʴ ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʩʦʜʝʨʞʘʥʠʝ ʢʠʩʣʦʨʦʜʘ ʠ 

ʘʟʦʪʘ ʩʚʷʟʘʥʥʳʭ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʦʙʨʘʟʮʘ, ʨʘʩʪʚʦʨʝʥʥʳʭ ʚ ʤʘʪʨʠʮʝ ʠ ʩʚʷʟʘʥʥʳʭ ʚ ʨʘʟʣʠʯʥʳʝ ʪʠʧʳ 

ʩʦʝʜʠʥʝʥʠʡ -ʥʝʤʝʪʘʣʣʠʯʝʩʢʠʭ ʚʢʣʶʯʝʥʠʡ. ʕʪʦ ʧʨʦʠʣʣʶʩʪʨʠʨʦʚʘʥʦ ʥʘ ʧʨʠʤʝʨʘʭ ʘʥʘʣʠʟʘ ʦʙʨʘʟʮʦʚ 

ʤʦʜʝʣʴʥʳʭ ʩʧʣʘʚʦʚ, ʥʘʥʦʨʘʟʤʝʨʥʳʭ ʧʦʨʦʰʢʦʚ ʠ ʧʦʢʨʳʪʠʡ.  

ʆʙʩʫʞʜʘʶʪʩʷ ʦʨʠʛʠʥʘʣʴʥʳʝ ʤʝʪʦʜʠʢʠ ʘʥʘʣʠʟʘ ʥʘʥʦʨʘʟʤʝʨʥʳʭ ʧʦʨʦʰʢʦʚ ʪʫʛʦʧʣʘʚʢʠʭ ʤʝʪʘʣʣʦʚ, 

ʢʘʨʙʠʜʦʚ ʥʘ ʩʦʜʝʨʞʘʥʠʝ ʢʠʩʣʦʨʦʜʘ ʚ ʨʘʟʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʬʦʨʤʘʭ. ʄʝʪʦʜʠʢʠ ʧʦʟʚʦʣʷʶʪ ʦʧʨʝʜʝʣʠʪʴ, ʢʘʢ 

ʦʙʱʝʝ ʩʦʜʝʨʞʘʥʠʝ ʢʠʩʣʦʨʦʜʘ ʚ ʥʘʥʦʧʦʨʦʰʢʘʭ ʪʘʢ ʠ ʩʦʜʝʨʞʘʥʠʝ ʢʠʩʣʦʨʦʜʘ ʚ ʬʦʨʤʝ ʦʢʩʠʜʦʚ, ʚ ʬʦʨʤʝ 

ʚʦʜʳ, ʭʝʤʦʩʦʨʙʠʨʦʚʘʥʥʳʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʯʘʩʪʠʮ ʢʠʩʣʦʨʦʜ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʩʦʜʝʨʞʘʥʠʝ ʢʠʩʣʦʨʦʜʘ ʚ 

ʬʦʨʤʝ ʩʦʨʙʠʨʦʚʘʥʥʦʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ  ʥʘʥʦʨʘʟʤʝʨʥʳʭ ʧʦʨʦʰʢʦʚ H2O ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ 50 % ʦʪ ʦʙʱʝʛʦ 

ʩʦʜʝʨʞʘʥʠʷ ʢʠʩʣʦʨʦʜʘ. ʇʨʘʚʠʣʴʥʦʩʪʴ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʬʦʨʤ ʧʨʠʩʫʪʩʪʚʠʷ ʢʠʩʣʦʨʦʜʘ ʚ ʠʩʩʣʝʜʫʝʤʳʭ 

ʤʘʪʝʨʠʘʣʘʭ ʧʦʜʪʚʝʨʞʜʝʥʘ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʤʠ ʨʘʩʯʝʪʘʤʠ ʠ ʤʝʪʦʜʦʤ ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʠʟʘ. 

ʇʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ ʧʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʦʚ ʦʧʪʠʯʝʩʢʦʡ ʵʤʠʩʩʠʦʥʥʦʡ ʩʧʝʢʪʨʦʤʝʪʨʠʠ ʪʣʝʶʱʝʛʦ 

ʨʘʟʨʷʜʘ ʧʦ ɻʨʠʤʫ ʠ ʆʞʝ ïɻ ʣʝʢʪʨʦʥʥʦʡ ʩʧʝʢʪʨʦʤʝʪʨʠʠ ʧʨʠ ʠʟʫʯʝʥʠʠ ʤʝʭʘʥʠʟʤʦʚ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʥʘʥʦʨʘʟʤʝʨʥʳʭ ʠʟʥʦʩʦʩʪʦʡʢʠʭ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʣʦʸʚ ʩ ʧʦʚʳʰʝʥʥʦʡ ʪʚʝʨʜʦʩʪʴʶ ʠ ʥʠʟʢʦʡ ʭʠʤʠʯʝʩʢʦʡ 

ʘʢʪʠʚʥʦʩʪʴʶ ʥʘ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʘʭ ʧʨʠ ʠʦʥʥʦ-ʚʘʢʫʫʤʥʦʡ ʭʠʤʠʢʦ-ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʜʣʷ 

ʦʙʝʩʧʝʯʝʥʠʷ ʠʭ ʧʦʚʳʰʝʥʥʦʡ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ. 
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DEVELOPMENT OF TECHN OLOGY OF FORMATION O F QUASICRYSTAL STRUCTURE OF 

ALUMINIUM ALLOYS BY THE MOULDING M ETHOD WITH CRYSTALLI ZATION UNDER 

PRESSURE  

Denisov M.S. 

 

Annotation 

The results of researches directed to formation of uniform quasicrystal structure in the course of 

crystallization under pressure are presented. Control of formation of nonequilibrium structure is exercised due to 

imposing of pressure upon liquid metal. 

Object of research is process of receiving cast preparations of higher level of mechanical properties, by 

formation of nonequilibrium structure of an alloy in preparations of Ï80x70 of mm. 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʤʘʪʝʨʠʘʣʳ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʩʪʴʶ ʠʩʯʝʨʧʘʣʠ 

ʩʚʦʠ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ, ʧʦ ʧʨʠʯʠʥʝ ʨʝʟʢʦ ʚʦʟʨʦʩʰʠʭ 

ʪʨʝʙʦʚʘʥʠʡ ʢ ʢʦʤʧʣʝʢʩʫ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ʀʭ ʩʧʝʮʠʘʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʤʦʛʫʪ ʥʘʭʦʜʠʪʴʩʷ 
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ʥʘ ʫʨʦʚʥʝ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʪʨʝʙʦʚʘʥʠʷʤ, ʥʦ ʢʦʤʧʣʝʢʩ ʩʦʧʫʪʩʪʚʫʶʱʠʭ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʥʝ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʪʨʝʙʫʝʤʦʡ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ[1,2,6].  

ʕʬʬʝʢʪʠʚʥʳʤ ʧʫʪʝʤ ʧʦʚʳʰʝʥʠʷ ʢʦʤʧʣʝʢʩʘ ʩʚʦʡʩʪʚ ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʦʚ ʷʚʣʷʝʪʩʷ ʠʭ ʦʧʨʝʩʩʦʚʢʘ 

ʤʝʪʦʜʦʤ ʣʠʪʴʷ ʩ ʢʨʠʩʪʘʣʣʠʟʘʮʠʝʡ ʧʦʜ ʜʘʚʣʝʥʠʝʤ. ʉʭʝʤʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʦʩʥʘʩʪʢʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ.1. 

ʇʦʩʪʘʚʣʝʥʥʘʷ ʟʘʜʘʯʘ ʨʝʰʘʝʪʩʷ ʟʘ ʩʯʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʦʤʧʣʝʢʩʘ ʜʣʷ ʣʠʪʴʷ ʩ ʢʨʠʩʪʘʣʣʠʟʘʮʠʝʡ ʧʦʜ 

ʜʘʚʣʝʥʠʝʤ (ʇʃɼ-300) [4]. 

ʋʧʨʘʚʣʝʥʠʝ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʦʜʥʦʨʦʜʥʦʡ ʢʚʘʟʠʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʤʝʪʘʣʣʘ ʚ ʧʨʦʮʝʩʩʝ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʧʦʜ ʜʘʚʣʝʥʠʝʤ [3,7], ʚʢʣʶʯʘʝʪ ʟʘʣʠʚʢʫ ʞʠʜʢʦʛʦ ʤʝʪʘʣʣʘ, ʥʘʭʦʜʷʱʝʛʦʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 

ʚʳʰʝ ʣʠʢʚʠʜʫʩʘ ʥʘ 150-200 ʂ, ʢʦʪʦʨʘʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʚʘʢʫʫʤʠʨʫʝʤʫʶ ʧʦʣʦʩʪʴ ʬʦʨʤʳ ʯʝʨʝʟ 

ʟʘʣʠʚʦʯʥʫʶ ʯʘʰʫ. ʅʘ ʢʨʠʩʪʘʣʣʠʟʫʶʱʠʡʩʷ ʤʝʪʘʣʣ ʥʘʢʣʘʜʳʚʘʶʪ ʜʘʚʣʝʥʠʝ ʧʨʝʩʩ-ʧʣʫʥʞʝʨʘʤʠ ʩʦ 

ʩʢʦʨʦʩʪʴʶ 120-125 ʄʇʘ/ʩ, ʚ ʪʝʯʝʥʠʝ 4 ʩ ʜʦ ʚʝʣʠʯʠʥʳ 500 ʄʇʘ, ʪʝʤ ʩʘʤʳʤ ʫʧʣʦʪʥʷʷ ʤʝʪʘʣʣ ʜʦ 

ʨʘʚʥʦʚʝʩʥʦʛʦ ʩʦʩʪʦʷʥʠʷ.  ʄʠʢʨʦʩʪʨʫʢʪʫʨʳ ʩʧʣʘʚʘ Al 99 ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ  ʨʠʩ. 2, ʘ, ʙ, ʚ.  

ʊʘʢʦʡ ʧʦʜʭʦʜ ʧʨʠ ʧʦʣʫʯʝʥʠʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʦʪʣʠʯʘʝʪʩʷ ʚʘʞʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ï  

ʩʚʦʡʩʪʚʘ ʧʦʣʫʯʘʝʤʦʛʦ ʤʝʪʘʣʣʘ ʤʦʞʥʦ ʠʟʤʝʥʷʪʴ ʚ ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʝʣʠʯʠʥʳ, ʩʢʦʨʦʩʪʠ 

ʥʘʣʦʞʝʥʠʷ ʜʘʚʣʝʥʠʷ, ʚʨʝʤʝʥʠ ʚʳʜʝʨʞʢʠ ʤʝʪʘʣʣʘ ʧʦʜ ʜʘʚʣʝʥʠʝʤ [5]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʦʟʤʦʞʥʦ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʩʚʦʡʩʪʚ ʧʦʣʫʯʘʝʤʦʛʦ ʩʧʣʘʚʘ, ʤʘʢʩʠʤʘʣʴʥʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʫʩʣʦʚʠʷʤ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩ 

ʥʦʚʳʤʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ.   

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʜʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʣʠʪʴʷ ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʦʚ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʢʚʘʟʠʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʧʨʠʚʦʜʠʪ ʢ ʧʦʚʳʰʝʥʠʶ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʩʧʣʘʚʦʚ ʠ ʢ 

ʧʦʷʚʣʝʥʠʶ ʫ ʥʠʭ ʚʦʟʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʢʦʥʩʪʨʫʢʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ 

ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʛʦ ʚ ʢʦʥʩʪʨʫʢʮʠʶ ʠʣʠ ʤʝʭʘʥʠʟʤ. ʂʨʠʚʳʝ ʜʝʬʦʨʤʘʮʠʠ ʩʧʣʘʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 3. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʚʦʟʥʠʢʘʝʪ ʩʧʣʘʚ  ʢʦʥʩʪʨʫʢʮʠʦʥʥʦ-ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ. 

 
ʈʠʩ. 1 ʉʭʝʤʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʦʩʥʘʩʪʢʠ 

1 ï ʣʝʚʘʷ ʧʦʜʚʠʞʥʘʷ ʧʣʠʪʘ, 2 ï ʫʧʦʨ ʣʝʚʳʡ, 3 - ʢʘʤʝʨʘ ʧʨʝʩʩʦʚʘʥʠʷ ʣʝʚʘʷ, 4 ï ʣʝʚʘʷ ʧʦʣʫʬʦʨʤʘ, 5 ï ʣʝʚʳʡ 

ʧʨʝʩʩʫʶʱʠʡ ʧʣʫʥʞʝʨ, 6 ï ʙʘʥʜʘʞ, 7 ï ʰʪʫʮʝʨ ʜʣʷ ʩʚʷʟʠ ʩ ʚʘʢʫʫʤʥʳʤ ʥʘʩʦʩʦʤ, 8 ï ʧʦʣʦʩʪʴ ʬʦʨʤʳ, 9 ï 

ʧʨʘʚʳʡ ʧʨʝʩʩʫʶʱʠʡ ʧʣʫʥʞʝʨ, 10 ï ʞʠʜʢʠʡ ʤʝʪʘʣʣ, 11 ï ʩʪʦʧʦʨ, 12 ï ʟʘʣʠʚʦʯʥʘʷ ʯʘʰʘ, 13 ʧʨʘʚʘʷ 

ʥʝʧʦʜʚʠʞʥʘʷ ʧʣʠʪʘ. 

   
ʈʠʩ.2 ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʯʠʩʪʦʛʦ ʘʣʶʤʠʥʠʷ AL 99 ʧʦʩʣʝ ʦʧʨʝʩʩʦʚʢʠ Ĭ 1000: 

a ï P=200 ʄʇʘ, ʙ ï P=400 ʄʇʘ, ʚ ï P=500 ʄʇʘ 

a) 
ʙ) ʚ) 
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The paper presents the technique of determining the cold brittleness temperature according to test samples 

of sheet material for the eccentric tension patterns, supplemented by the study of the structural mechanisms with 

the help of the photometric analysis of the structural imaging.  

 
 ʊʨʘʜʠʮʠʦʥʥʦ ʩʢʣʦʥʥʦʩʪʴ ʤʝʪʘʣʣʦʚ ʢ ʭʨʫʧʢʦʤʫ ʨʘʟʨʫʰʝʥʠʶ ʦʮʝʥʠʚʘʝʪʩʷ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ 

ʠʩʧʳʪʘʥʠʡ ʥʘ ʫʜʘʨʥʫʶ ʚʷʟʢʦʩʪʴ. ʆʜʥʘʢʦ ʪʘʢʦʡ ʩʧʦʩʦʙ ʥʝ ʣʠʰʝʥ ʨʷʜʘ ʪʨʫʜʥʦ ʫʩʪʨʘʥʠʤʳʭ ʥʝʜʦʩʪʘʪʢʦʚ. 

ɺʦ-ʧʝʨʚʳʭ, ʫʜʘʨʥʘʷ ʚʷʟʢʦʩʪʴ - ʵʪʦ ʥʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ, ʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʧʨʦʙʘ ʜʣʷ ʚʳʙʦʨʘ ʦʧʪʠʤʘʣʴʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʠʭ ʦʙʨʘʙʦʪʢʠ; ʦʥʘ ʥʝ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʨʘʩʯʝʪʘʭ ʥʘ ʧʨʦʯʥʦʩʪʴ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʠʟʜʝʣʠʡ. ɺʦ-ʚʪʦʨʳʭ, ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʦʨʨʝʢʪʥʳʭ 

ʨʝʟʫʣʴʪʘʪʦʚ ʦʙʨʘʟʮʳ ʜʦʣʞʥʳ ʠʤʝʪʴ ʧʣʦʱʘʜʴ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʥʝ ʤʝʥʝʝ ~10Ĭ10ʤʤ2. ʇʦʵʪʦʤʫ ʦʥʘ ʥʝ 

ʧʨʠʛʦʜʥʘ ʜʣʷ ʦʮʝʥʢʠ ʩʚʦʡʩʪʚ ʪʦʥʢʦʣʠʩʪʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ. ɽʝ ʜʦʩʪʦʠʥʩʪʚʦ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʧʦʩʦʙʥʦʩʪʠ 

ʦʮʝʥʠʪʴ ʢʨʠʪʠʯʝʩʢʫʶ ʪʝʤʧʝʨʘʪʫʨʫ ʚʷʟʢʦ-ʭʨʫʧʢʦʛʦ ʧʝʨʝʭʦʜʘ ʤʘʪʝʨʠʘʣʦʚ, ʢʦʪʦʨʘʷ ʠʛʨʘʝʪ ʨʦʣʴ ʢʨʠʪʝʨʠʷ 

ʜʣʷ ʦʮʝʥʢʠ ʭʣʘʜʥʦʣʦʤʢʦʩʪʠ ʤʘʪʝʨʠʘʣʦʚ.  

 ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʨʝʜʧʨʠʥʷʪʘ ʧʦʧʳʪʢʘ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʤʘʪʝʨʠʘʣʦʚ ʭʨʫʧʢʦʤʫ ʨʘʟʨʫʰʝʥʠʶ ʤʝʭʘʥʠʢʫ ʨʘʟʨʫʰʝʥʠʷ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʬʦʪʦʤʝʪʨʠʯʝʩʢʠʤ 

ʘʥʘʣʠʟʦʤ ʩʪʨʫʢʪʫʨʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʤʘʪʝʨʠʘʣʘ ʫ ʬʨʦʥʪʘ ʪʨʝʱʠʥʳ (ʌɸʉʀ). ʊʘʢʦʡ ʧʦʜʭʦʜ ʜʘʝʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʧʨʦʮʝʩʩ ʨʘʟʨʫʰʝʥʠʷ ʚ ʨʘʤʢʘʭ ʨʘʩʯʝʪʥʳʭ ʩʭʝʤ, ʫʞʝ ʠʟʫʯʝʥʥʳʭ ʚ ʤʝʭʘʥʠʢʝ, ʠ  

ʠʩʧʦʣʴʟʦʚʘʪʴ ʝʝ ʢʨʠʪʝʨʠʠ ʜʣʷ ʦʮʝʥʢʠ ʫʩʣʦʚʠʡ ʧʝʨʝʭʦʜʘ ʪʨʝʱʠʥ ʢ ʥʝʩʪʘʙʠʣʴʥʦʤʫ ʨʦʩʪʫ. ʇʨʠʤʝʥʝʥʠʝ 

ʌɸʉʀ ʧʦʟʚʦʣʷʝʪ ʥʘʡʪʠ ʩʪʨʫʢʪʫʨʥʳʝ ʧʨʠʟʥʘʢʠ ʪʘʢʦʛʦ ʨʘʟʚʠʪʠʷ ʪʨʝʱʠʥ. ɺ ʢʘʯʝʩʪʚʝ ʢʨʠʪʝʨʠʷ ʦʮʝʥʢʠ 

ʧʨʝʜʝʣʴʥʳʭ ʫʩʣʦʚʠʡ ʜʣʷ ʨʘʚʥʦʚʝʩʠʷ ʤʘʪʝʨʠʘʣʘ ʩ ʪʨʝʱʠʥʦʡ ʚ ʤʝʭʘʥʠʢʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʥʘʧʨʷʞʝʥʠʡ (ʂʀʅ). ʂʨʠʪʠʯʝʩʢʠʝ ʟʥʘʯʝʥʠʷ ʂʀʅ ʦʧʨʝʜʝʣʷʶʪ ʥʘ ʦʙʨʘʟʮʘʭ, ʨʘʟʤʝʨʳ 

ʢʦʪʦʨʳʭ ʧʦʟʚʦʣʷʶʪ ʚʦʩʧʨʦʠʟʚʝʩʪʠ ʨʘʟʨʫʰʝʥʠʝ ʧʨʠ  ʧʣʦʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ. ɺ ʩʣʫʯʘʝ ʪʦʥʢʠʭ ʣʠʩʪʦʚ ʪʘʢʠʝ 

ʫʩʣʦʚʠʷ ʦʪʩʫʪʩʪʚʫʶʪ.  

 ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʂʀʅ ʚ ʫʩʣʦʚʠʷʭ ʦʪʨʳʚʘ ʙʳʣʠ ʧʨʠʛʦʪʦʚʣʝʥʳ ʦʙʨʘʟʮʳ ʜʣʷ 

ʚʥʝʮʝʥʪʨʝʥʥʦʛʦ ʨʘʩʪʷʞʝʥʠʷ, ʛʝʦʤʝʪʨʠʷ ʠ ʨʘʟʤʝʨʳ ʢʦʪʦʨʳʭ ʫʜʦʚʣʝʪʚʦʨʷʣʠ ʪʨʝʙʦʚʘʥʠʷʤ ʤʝʭʘʥʠʢʠ 

ʨʘʟʨʫʰʝʥʠʷ, ʘ ʪʦʣʱʠʥʘ ʦʙʨʘʟʮʦʚ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʘ ʪʨʝʙʦʚʘʥʠʷʤ ʟʘʢʘʟʯʠʢʘ. ɺʩʝʛʦ ʙʳʣʦ ʧʨʠʛʦʪʦʚʣʝʥʦ 6 

ʦʙʨʘʟʮʦʚ ʠʟ ʣʠʩʪʦʚ ʩʧʣʘʚʘ ʎʄ-2ɸ ʪʦʣʱʠʥʦʡ ~0,8 ʤʤ, ʦʪʣʠʯʘʶʱʠʭʩʷ ʪʝʭʥʦʣʦʛʠʝʡ ʧʨʦʢʘʪʢʠ ʠ 

ʥʘʧʨʘʚʣʝʥʠʝʤ ʥʘʜʨʝʟʘ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʥʘʧʨʘʚʣʝʥʠʶ ʧʨʦʢʘʪʢʠ. ʆʙʨʘʟʮʳ ʙʳʣʠ ʠʩʧʳʪʘʥʳ ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ʥʘ ʫʥʠʚʝʨʩʘʣʴʥʦʡ ʤʘʰʠʥʝ ʪʠʧʘ çʀʥʩʪʨʦʥ-3382è ʩʦ ʩʢʦʨʦʩʪʴʶ ʥʘʛʨʫʞʝʥʠʷ 0,5 ʤʤ/ʤʠʥ.  

 ʈʘʟʚʠʪʠʝ ʪʨʝʱʠʥ ʥʘ ʚʩʝʭ ʦʙʨʘʟʮʘʭ ʥʘʯʠʥʘʣʦʩʴ ʠʟ ʚʝʨʰʠʥʳ ʥʘʜʨʝʟʘ ʩ ʨʘʜʠʫʩʦʤ ʢʨʠʚʠʟʥʳ r = 0,1ʤʤ. 

ɼʣʷ ʦʮʝʥʢʠ ʂʀʅ ʠʩʧʦʣʴʟʦʚʘʣʠ ʤʘʢʩʠʤʘʣʴʥʫʶ ʥʘʛʨʫʟʢʫ ʥʘ ʫʧʨʫʛʦʤ ʫʯʘʩʪʢʝ ʥʘʛʨʫʞʝʥʠʷ. ʆʥʘ 

ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʘ ʩʪʘʨʪʫ ʪʨʝʱʠʥʳ. ʇʝʨʚʦʥʘʯʘʣʴʥʦ ʚ ʪʝʯʝʥʠʝ 30-40 ʩ ʨʘʟʚʠʪʠʝ ʪʨʝʱʠʥʳ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʧʦ 

I ʤʦʜʝ ʨʘʟʨʫʰʝʥʠʷ, ʪ.ʝ. ʧʦ ʩʭʝʤʝ ʥʦʨʤʘʣʴʥʦʛʦ ʦʪʨʳʚʘ. ʇʨʠ ʜʘʣʴʥʝʡʰʝʤ ʧʦʚʳʰʝʥʠʠ ʥʘʛʨʫʟʢʠ ʦʙʨʘʟʝʮ 

ʪʝʨʷʣ ʫʩʪʦʡʯʠʚʦʩʪʴ, ʠ ʝʛʦ ʯʘʩʪʠ, ʢ ʢʦʪʦʨʳʤ ʧʨʠʣʘʛʘʣʘʩʴ ʥʘʛʨʫʟʢʘ, ʨʘʟʚʦʨʘʯʠʚʘʣʠʩʴ ʚ ʨʘʟʥʳʝ ʩʪʦʨʦʥʳ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʝʨʚʦʥʘʯʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʦʙʨʘʟʮʘ.  

 ʈʘʟʚʠʪʠʝ  ʪʨʝʱʠʥʳ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʚ ʜʚʝ ʩʪʘʜʠʠ. ʅʘ ʧʝʨʚʦʡ ʩʪʘʜʠʠ ʧʨʦʠʩʭʦʜʠʣʦ ʨʘʩʢʨʳʪʠʝ 

ʪʨʝʱʠʥʳ-ʥʘʜʨʝʟʘ ʠ ʫʚʝʣʠʯʝʥʠʝ ʨʘʜʠʫʩʘ ʢʨʠʚʠʟʥʳ ʚ ʝʝ ʚʝʨʰʠʥʝ. ʇʨʠ ʵʪʦʤ ʫʚʝʣʠʯʠʚʘʣʘʩʴ ʧʣʘʩʪʠʯʝʩʢʘʷ 

ʟʦʥʘ, ʦʭʚʘʪʳʚʘʶʱʘʷ ʚʝʨʰʠʥʫ ʪʨʝʱʠʥʳ, ʠ ʚ ʝʝ ʧʨʝʜʝʣʘʭ ʧʦʷʚʠʣʠʩʴ ʤʠʢʨʦʪʨʝʱʠʥʳ. ʅʘ ʚʪʦʨʦʡ ʩʪʘʜʠʠ 

ʧʨʦʠʩʭʦʜʠʣʦ ʙʳʩʪʨʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʪʨʝʱʠʥʳ ʯʝʨʝʟ ʝʝ ʧʣʘʩʪʠʯʝʩʢʫʶ ʟʦʥʫ. ʇʨʠ ʵʪʦʤ ʨʦʩʪ ʪʨʝʱʠʥʳ 

ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʧʫʪʸʤ ʥʝʧʨʝʨʳʚʥʦʛʦ ʧʨʦʜʚʠʞʝʥʠʷ ʚʝʨʰʠʥʳ ʪʨʝʱʠʥʳ ʠ ʩʢʘʯʢʦʦʙʨʘʟʥʦʛʦ ʝʝ ʧʦʜʨʘʩʪʘʥʠʷ 

ʟʘ ʩʯʝʪ ʧʦʛʣʦʱʝʥʠʷ ʤʠʢʨʦʪʨʝʱʠʥ. ʍʘʨʘʢʪʝʨ ʨʘʟʚʠʪʠʷ ʪʨʝʱʠʥʳ ʥʘ ʵʪʦʡ ʩʪʘʜʠʠ ʤʦʞʥʦ ʫʚʠʜʝʪʴ ʥʘ ʨʠʩ. 1. 



3 - 7 ʦʢʪʷʙʨʷ 2016, ʛ. ʉʫʟʜʘʣʴ   

237 
 
 

  
ʈʠʩ.1. ʈʦʩʪ ʪʨʝʱʠʥʳ ʯʝʨʝʟ ʧʣʘʩʪʠʯʝʩʢʫʶ ʟʦʥʫ, ʦʢʨʫʞʘʶʱʫʶ ʝʝ ʚʝʨʰʠʥʫ. (Ĭ170). 

ɺʓɺʆɼ: 

 ʈʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ ʦʧʨʝʜʝʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʭʣʘʜʥʦʣʦʤʢʦʩʪʠ ʧʦ ʜʘʥʥʳʤ ʠʩʧʳʪʘʥʠʡ 

ʪʦʥʢʦʣʠʩʪʦʚʦʛʦ ʤʘʪʝʨʠʘʣʘ ʥʘ ʦʙʨʘʟʮʘʭ ʜʣʷ ʚʥʝʮʝʥʪʨʝʥʥʦʛʦ ʨʘʩʪʷʞʝʥʠʷ, ʜʦʧʦʣʥʝʥʥʘʷ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʤʝʪʦʜʦʤ ʌɸʉʀ. 

 

**************************************************************************************** **  

 

ʅɸʅʆʈɸɿʄɽʈʅʓɽ ʇʆʃʀʄɽʊɸʃʃʀʏɽʉʂʀɽ ʉʀʉʊɽʄʓ ʊʀʇɸ ʗɼʈʆ-ʆɹʆʃʆʏʂɸ 

ɿʘʭʘʨʦʚ ʖ.ɸ.1,2, ʂʦʣʤʳʢʦʚ ʈ.ʇ.1,2, ʇʫʛʘʯʝʚ ɺ.ʄ.1, ɼʦʜʦʥʦʚ ɺ.ɻ.1, ʈʫʩʩʘʢʦʚ ɼ.ʄ.1,, ʆʙʨʘʟʮʦʚʘ ʀ.ʀ.2, 

ɹʦʛʦʤʷʢʦʚ ɸ.ʉ.3, ʗʢʫʙʠʢ ɼ.ɻ.1, ʀʚʘʥʦʚʘ ʅ.ɺ.1, ʀʚʘʥʦʚ ʅ.ʅ.1 
1ʈʦʩʩʠʷ, ʛ. ʂʝʤʝʨʦʚʦ, ʂʝʤɻʋ, 2ʈʦʩʩʠʷ, ʛ. ʂʝʤʝʨʦʚʦ, ʀʋʍʄ ʌʀʎ ʋʋʍ ʉʆ ʈɸʅ, 3ʈʦʩʩʠʷ, ʛ. ʅʦʚʦʩʠʙʠʨʩʢ, 

ʄʊʎ ʉʆ ʈɸʅ 

E-mail:zaharov@kemsu.ru 

 

NANOSIZED POLYMETALL IC SYSTEM CORE-SHELL TYPE  

Zakharov Yu.A.1,2, Kolmykov R.P.1,2, Pugachev V.M. 1, Dodonov V.G.1, Russakov D.M.1, Obraztsova I.I. 2, 

Bogomyakov A.S.3, Yakybik  D.G.1, Ivanova N.V.1, Ivanov N.N.1 

1Russia, Kemerovo, Kemerovo State University 
2Russia, Kemerovo, Institute of coalchemistry and material science SB RAS  

3Russia, Novosibirsk, The Scientific research institute of the International tomographic center SB RAS 

 

The ideas about available morphology, chemical and phase compositions and the crystal structure of the 

nuclei, the features of optical and magnetic properties of this kind systems developed on the basis of Ni / Au, Co 

/ Au, Fe-Co / Au core-shell nanoparticles. 

 

ʅʘʥʦʨʘʟʤʝʨʥʳʝ (ʅʈ) ʩʠʩʪʝʤʳ ʪʠʧʘ çʚʳʩʦʢʦʤʘʛʥʠʪʥʦʝ ʷʜʨʦ ï ʭʠʤʠʯʝʩʢʠ ʠʥʝʨʪʥʘʷ ʦʙʦʣʦʯʢʘè 

ʚʳʟʳʚʘʶʪ ʧʦʚʳʰʝʥʥʳʡ ʠʥʪʝʨʝʩ ʚ ʩʚʷʟʠ ʩʦ ʩʚʦʝʦʙʨʘʟʠʝʤ ʤʦʨʬʦʣʦʛʠʠ ʠ ʩʚʦʡʩʪʚ ʯʘʩʪʠʮ ʠ 

ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴʶ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʭ ʚ ʤʝʜʠʮʠʥʝ (ʣʘʟʝʨʥʘʷ ʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʘʷ ʛʠʧʝʨʪʝʨʤʠʷ), ʢʘʪʘʣʠʟʝ, 

ʤʘʛʥʠʪʦʪʝʭʥʠʢʝ ʠ ʜʨ. 

ɺ ʜʦʢʣʘʜʝ ʧʨʝʜʩʪʘʚʣʝʥ ʦʙʟʦʨ ʧʦʣʫʯʝʥʥʳʭ ʘʚʪʦʨʘʤʠ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʨʝʟʫʣʴʪʘʪʦʚ ʚ ʦʙʣʘʩʪʠ ʩʠʥʪʝʟʘ 

ʠ ʩʚʦʡʩʪʚ ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʵʪʦʤʫ ʢʣʘʩʩʫ ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʩʠʩʪʝʤ Ni/Au, Co/Au, Fe-Co/Au ʠ 

ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʠʭ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʨʫʛʠʭ ʘʚʪʦʨʦʚ. 

ʄʝʪʦʜʘʤʠ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʜʠʬʨʘʢʪʦʤʝʪʨʠʠ ʥʘ ʰʠʨʦʢʠʭ (ʈʌɸ) ʠ ʤʘʣʳʭ (ʄʋʈʈ) ʫʛʣʘʭ, 

ʧʨʦʩʚʝʯʠʚʘʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ (ʇʕʄ ɺʄ) ʚ ʩʦʯʝʪʘʥʠʠ ʩ 

ʤʠʢʨʦʜʠʬʨʘʢʮʠʝʡ, ʮʠʢʣʠʯʝʩʢʦʡ ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʠ (ʎɺɸ), ʦʧʪʠʢʦ-ʵʤʠʩʩʠʦʥʥʦʡ ʩʧʝʢʪʨʦʤʝʪʨʠʠ ʩ 

ʠʥʜʫʢʪʠʚʥʦ ʩʚʷʟʘʥʥʦʡ ʧʣʘʟʤʦʡ (ʆʕʉ ʀʉʇ), ʨʝʥʪʛʝʥʬʦʪʦʵʣʝʢʪʨʦʥʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ (ʈʌʕʉ), 

ʦʧʪʠʯʝʩʢʦʡ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʠ (ʆʉ) ʠ ʉʂɺʀɼ-ʤʘʛʥʠʪʦʤʝʪʨʠʠ ʠʟʫʯʝʥʳ ʤʦʨʬʦʣʦʛʠʷ ʯʘʩʪʠʮ, ʵʣʝʤʝʥʪʥʳʝ, 

ʬʘʟʦʚʳʝ ʩʦʩʪʘʚʳ ʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ ʷʜʝʨ, ʦʧʪʠʯʝʩʢʠʝ (ʧʦʣʦʩʳ ʧʣʘʟʤʦʥʥʦʛʦ ʧʦʛʣʦʱʝʥʠʷ) ʠ 
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ʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʩʠʩʪʝʤ, ʠ ʚ ʠʪʦʛʝ, ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʟʚʠʪʳ ʧʨʝʜʩʪʘʚʣʝʥʠʷ [1-2] ʦʙ ʘʨʭʠʪʝʢʪʫʨʝ ʯʘʩʪʠʮ ʠ 

ʩʚʷʟʘʥʥʦʡ ʩ ʥʝʡ ʩʧʝʮʠʬʠʢʝ ʠʭ ʩʚʦʡʩʪʚ. 

ʅʈ ʯʘʩʪʠʮʳ Ni, Co ʠ Fe-Co ʩʬʝʨʠʯʝʩʢʦʡ ʬʦʨʤʳ, ʩ ʫʟʢʠʤʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷʤʠ ʧʦ ʨʘʟʤʝʨʘʤ 

(ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʩʨʝʜʥʝʛʦ ʥʘ ʧʦʣʫʰʠʨʠʥʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʝ ʙʦʣʝʝ 60%), ʨʘʟʤʝʨʘʤʠ (ʧʦ ʤʘʢʩʠʤʫʤʘʤ 

ʨʘʩʧʨʝʜʝʣʝʥʠʡ) 6 ï 14 ʥʤ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʨʘʟʨʘʙʦʪʘʥʥʳʤ ʤʝʪʦʜʦʤ ʧʦʵʪʘʧʥʦʛʦ ʫʢʨʫʧʥʝʥʠʷ ʯʘʩʪʠʮ ʧʫʪʝʤ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʚ ʱʝʣʦʯʥʦʡ ʩʨʝʜʝ ʧʦʨʮʠʡ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ ʩʫʣʴʬʘʪʦʚ ʤʝʪʘʣʣʦʚ 

ʪʝʪʨʘʛʠʜʨʦʙʦʨʘʪʦʤ ʥʘʪʨʠʷ (ʊɻɹ) ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʩʪʘʙʠʣʠʟʘʪʦʨʘ ʮʠʪʨʘʪʘ ʥʘʪʨʠʷ. ʋʢʘʟʘʥʥʳʝ ʨʘʟʤʝʨʥʳʝ 

ʧʘʨʘʤʝʪʨʳ ʜʦʩʪʠʛʥʫʪʳ ʦʧʪʠʤʠʟʘʮʠʝʡ ʫʩʣʦʚʠʡ ʩʠʥʪʝʟʘ ʠ ʧʨʦʚʝʜʝʥʠʝʤ ʝʛʦ ʚ ʫʩʣʦʚʠʷʭ ʧʨʘʢʪʠʯʝʩʢʦʛʦ 

ʧʦʩʪʦʷʥʩʪʚʘ ʯʠʩʣʘ ʟʘʨʦʜʳʰʝʡ, ʦʙʨʘʟʦʚʘʥʥʳʭ ʥʘ ʧʝʨʚʦʤ ʵʪʘʧʝ. ʆʙʦʣʦʯʢʘ ʷʜʝʨ ʬʦʨʤʠʨʦʚʘʣʘʩʴ 

ʜʚʫʭʩʪʘʜʠʡʥʳʤ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ HAuCl4 ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʷʜʝʨ (ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʝ 

ʟʘʤʝʱʝʥʠʝ Au+3 + Ni0 Ÿ Au0 + Ni+2 ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʊɻɹ) ʠ ʩʦʩʪʘʚʣʷʣʘ ʜʣʷ ʚʩʝʭ ʩʠʩʪʝʤ, ʩʦʛʣʘʩʥʦ ʜʘʥʥʳʤ 

ʇʕʄ ɺʈ ʠ ʄʋʈʈ, ʦʢʦʣʦ 1 ʥʤ ʧʨʠ ʨʘʩʯʝʪʥʦʤ ʟʥʘʯʝʥʠʠ ʜʣʷ ʩʬʝʨʠʯʝʩʢʠʭ ʷʜʝʨ 0.6 ï 0.7 ʥʤ. ʉʦʛʣʘʩʥʦ ʇʕʄ 

ɺʈ ʠ ʈʌɸ ʦʙʦʣʦʯʢʘ ʩʬʦʨʤʠʨʦʚʘʥʘ ʪʦʥʢʠʤʠ ʩʣʦʷʤʠ Au-ɻʎʂ. ʀʟ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʫʩʨʝʜʥʝʥʥʦʡ ʪʦʣʱʠʥʳ 

ʦʙʦʣʦʯʢʠ ʩ ʦʮʝʥʝʥʥʳʤʠ ʠʟ ʫʰʠʨʝʥʠʡ ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʨʝʬʣʝʢʩʦʚ ʩʨʝʜʥʠʤʠ ʨʘʟʤʝʨʘʤʠ Au-ʢʨʠʩʪʘʣʣʠʪʦʚ 

(4 ï 6 ʥʤ) ʩʣʝʜʫʝʪ, ʯʪʦ ʦʙʦʣʦʯʢʘ ʩʦʩʪʘʚʣʝʥʘ ʠʟ ʧʦʣʠʵʜʨʠʯʝʩʢʠʭ ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʥʘʥʦʬʨʘʛʤʝʥʪʦʚ. 

ɺ ʤʝʩʪʘʭ ʩʦʧʨʷʞʝʥʠʷ (ʩʤʳʢʘʥʠʷ) ʧʦʣʠʵʜʨʦʚ ʠʤʝʶʪʩʷ ʢʘʥʘʣʳ, ʚʝʨʦʷʪʥʦ, ʩʫʙʥʘʥʦʨʘʟʤʝʨʥʳʭ 

ʜʠʘʤʝʪʨʦʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʜʦʩʪʫʧ ʢʠʩʣʦʨʦʜʘ ʠ ʵʣʝʢʪʨʦʣʠʪʘ ʢ Ni-ʷʜʨʘʤ, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʧʨʦʪʝʢʘʝʪ 

ʥʘʙʣʶʜʘʝʤʦʝ ʤʝʪʦʜʘʤʠ ʎɺɸ ʠ ʈʌʕʉ ʦʢʠʩʣʝʥʠʝ ʠʭ ʩʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʈʌʕʉ ʚ ʦʩʥʦʚʥʦʤ ʜʦ Ni(OH)2. 

ʌʘʟʦʚʳʡ ʩʦʩʪʘʚ Ni-Co- ʷʜʝʨ ʷʚʣʷʝʪʩʷ ʩʣʦʞʥʳʤ. ʅʘʨʷʜʫ ʩ ʦʩʪʨʦʚʢʘʤʠ ʛʠʜʨʦʢʩʠʜʥʳʭ ʬʘʟ, 

ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʚʝʨʦʷʪʥʦ, ʚ ʤʝʩʪʘʭ ʩʦʧʨʷʞʝʥʠʷ Au-ʧʦʣʠʵʜʨʦʚ, ʤʝʪʦʜʘʤʠ ʈʌɸ, ʈʌʕʉ, ʎɺɸ ʠ ʆʕʉ ʀʉʇ 

ʫʚʝʨʝʥʥʦ ʬʠʢʩʠʨʫʝʪʩʷ ʥʘʥʦʬʘʟʘ ʙʦʛʘʪʦʛʦ ʟʦʣʦʪʦʤ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ Au-Ni (ʊʈ). ʆʮʝʥʝʥʥʦʝ ʠʟ 

ʧʦʜʨʦʙʥʦʛʦ ʘʥʘʣʠʟʘ ʨʝʥʪʛʝʥʜʠʬʨʘʢʮʠʦʥʥʳʭ ʜʫʙʣʝʪʥʳʭ ʨʝʬʣʝʢʩʦʚ ʩʦʜʝʨʞʘʥʠʝ Ni ʚ ʊʈ å 18 ʘʪ. %, ʘ ʠʟ 

ʩʦʦʪʥʦʰʝʥʠʷ ʨʘʟʤʝʨʦʚ ʢʨʠʩʪʘʣʣʠʪʦʚ Au-ʦʙʦʣʦʯʢʠ ʠ ʊʈ ʩʣʝʜʫʝʪ, ʯʪʦ ʧʦʩʣʝʜʥʠʝ ʨʘʩʧʦʣʦʞʝʥʳ ʧʦʜ 

ʦʙʦʣʦʯʢʦʡ, ʪʦ ʝʩʪʴ ʩʬʦʨʤʠʨʦʚʘʥʳ ʚ ʨʝʟʫʣʴʪʘʪʝ ʜʠʬʬʫʟʠʠ ʚ ʦʩʥʦʚʥʦʤ ʥʠʢʝʣʷ (ʠʟ ʩʦʦʪʥʦʰʝʥʠʷ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʩʘʤʦʜʠʬʬʫʟʠʠ Ni ʠ Au ʠ ʜʠʬʬʫʟʠʠ Ni ʚ ʊʈ) ʯʝʨʝʟ ʧʣʦʪʥʳʡ (ʚʝʨʦʷʪʥʦ, ʵʧʠʪʘʢʩʠʘʣʴʥʦʛʦ 

ʭʘʨʘʢʪʝʨʘ) ʠʥʪʝʨʬʝʡʩ Ni/Au. ʇʦʩʢʦʣʴʢʫ ʬʘʟʦʚʘʷ ʜʠʘʛʨʘʤʤʘ ʩʠʩʪʝʤʳ Au-Ni ʥʝ ʜʦʧʫʩʢʘʝʪ ʦʙʨʘʟʦʚʘʥʠʷ ʊʈ 

ʚ ʦʙʣʘʩʪʠ ʪʝʤʧʝʨʘʪʫʨ ʩʠʥʪʝʟʘ ʠ ʭʨʘʥʝʥʠʷ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʩʪʨʫʢʪʫʨ ʷʜʨʦ-ʦʙʦʣʦʯʢʘ, ʧʦʣʫʯʝʥʥʳʝ 

ʨʝʟʫʣʴʪʘʪʳ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʧʨʠʤʝʥʠʤʦʩʪʠ ʜʣʷ ʥʠʭ ʢʦʥʮʝʧʮʠʠ ʵʬʬʝʢʪʠʚʥʳʭ (ʧʦʚʳʰʝʥʥʳʭ) 

ʪʝʤʧʝʨʘʪʫʨ, ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʜʣʷ ʥʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʧʦʣʠʤʝʪʘʣʣʦʚ [3-4]. ʆʮʝʥʝʥʥʳʝ ʜʣʷ ʅʈ ʩʠʩʪʝʤʳ 

Ni/Au ʟʥʘʯʝʥʠʷ ʊʵʬʬ = 500 ï 560Áʉ. 

ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʈʌʕʉ ʠ ʆʕʉ ʀʉʇ ʷʜʨʘ ʩʦʜʝʨʞʘʪ ʪʘʢʞʝ ʧʨʠʤʝʩʠ ʙʦʨʘ ʠʣʠ ʙʦʨʩʦʜʝʨʞʘʱʠʭ 

ʩʦʝʜʠʥʝʥʠʡ - ʧʨʦʜʫʢʪʳ ʦʢʠʩʣʝʥʠʷ ʊɻɹ - ʚ ʢʦʣʠʯʝʩʪʚʘʭ ʜʦ 6 ʚʝʩ%. 

ʂʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ ʥʘʥʦʨʘʟʤʝʨʥʳʭ ʷʜʝʨ ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʪʘʢʦʚʳʤ ʜʣʷ ʤʘʩʩʠʚʥʳʭ 

ʤʝʪʘʣʣʦʚ (ɻʎʂ ï Ni, Co, ʊʈ). ʈʝʟʫʣʴʪʘʪʳ ʈʌɸ ʠ ʄʋʈʈ ʥʘʥʦʨʘʟʤʝʨʥʳʭ ʷʜʝʨ Ni ʠ Fe-Co ʜʘʶʪ ʦʩʥʦʚʘʥʠʝ 

ʩʯʠʪʘʪʴ, ʯʪʦ ʦʥʠ ʷʚʣʷʶʪʩʷ ʢʚʘʟʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʤʠ (ʚʝʨʦʷʪʥʦ, ʠʤʝʶʪ ʠʢʦʩʘʵʜʨʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ). ʕʪʦ 

ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʚʳʧʦʣʥʝʥʥʦʛʦ ʧʦ ʩʦʦʪʥʦʰʝʥʠʶ ɼʝʙʘʷ ʨʘʩʯʝʪʘ ʧʦʣʦʞʝʥʠʡ ʜʠʬʨʘʢʮʠʦʥʥʳʭ 

ʨʝʬʣʝʢʩʦʚ. 

ʇʦʣʦʞʝʥʠʝ ʧʦʣʦʩʳ ʧʣʘʟʤʦʥʥʦʛʦ ʧʦʛʣʦʱʝʥʠʷ ʟʦʣʝʤ Ni/Au (521 ʥʤ) ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʮʝʥʝʥʥʦʡ 

ʪʦʣʱʠʥʝ Au-ʦʙʦʣʦʯʢʠ; ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʭʘʨʘʢʪʝʨʘ ʷʜʝʨ ʥʘʙʣʶʜʘʶʪʩʷ ʢʘʢ ʙʘʪʦʭʨʦʤʥʳʡ (Co/Au), ʪʘʢ ʠ 

ʛʠʧʩʦʭʨʦʤʥʳʡ (Fe-Co/Au) ʩʜʚʠʛʠ ʧʦʣʦʩʳ. 

ʄʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ Ni/Au ʠ Co/Au (ʚʝʣʠʯʠʥʳ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʥʘʩʳʱʝʥʠʷ, ʢʦʵʨʮʠʪʠʚʥʦʩʪʠ ʠ 

ʪʝʤʧʝʨʘʪʫʨʳ ʙʣʦʢʠʨʦʚʢʠ ʩʫʧʝʨʧʘʨʘʤʘʛʥʠʪʥʦʛʦ ʩʦʩʪʦʷʥʠʷ), ʘ ʪʘʢʞʝ ʦʩʦʙʝʥʥʦʩʪʠ ʠʭ (ʥʝʪʠʧʠʯʥʦ ʚʳʩʦʢʠʝ 

ʜʣʷ ʩʫʧʝʨʧʘʨʘʤʘʛʥʝʪʠʢʦʚ ʚʝʣʠʯʠʥʳ ʘʢʪʠʚʘʮʠʦʥʥʳʭ ʙʘʨʴʝʨʦʚ, ʢʦʥʩʪʘʥʪʳ ʤʘʛʥʠʪʥʦʡ ʘʥʠʟʦʪʨʦʧʠʠ, ʘ ʪʘʢʞʝ 

ʢʘʨʜʠʥʘʣʴʥʦʝ ʫʤʝʥʴʰʝʥʠʝ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʥʘʩʳʱʝʥʠʷ ʚ ʩʫʧʝʨʧʘʨʘʤʘʛʥʠʪʥʦʤ ʩʦʩʪʦʷʥʠʠ) ʦʙʩʫʞʜʝʥʳ ʩ 

ʫʯʝʪʦʤ ʬʘʢʪʦʨʘ ʨʘʟʤʝʨʥʦʩʪʠ ʷʜʝʨ, ʩʧʝʮʠʬʠʢʠ ʠʭ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʠ ʯʘʩʪʠʯʥʦʛʦ ʦʢʠʩʣʝʥʠʷ 

ʚʚʠʜʫ ʥʝʩʧʣʦʰʥʦʩʪʠ Au-ʦʙʦʣʦʯʢʠ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʧʨʦʝʢʪʘ ʄʠʥʦʙʨʥʘʫʢʠ ʈʌ 64/2014. 
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IMPACT OF VARIOUS TE RMOMECHAN ICAL TREATMENTS ON M ICROSTRUCTURE, 

MECHANICAL AND FUNCT IONAL PROPERTIES OF TI -NI SHAPE MEMORY ALLO YS 

Khmelevskaya I.Y., Prokoshkin S.D., Andreev V.A., Yusupov V.S., Perkas M.M., Prosvirnin V.V., 

Shelest A.E., Karelin R.D. 

 

Annotation 

Influence of different thermomechanical treatments, including equal channel angular pressing and warm 

rotary forging, on microstructure, main functional and mechanical properties of two Ti-Ni shape memory alloys 

were studied. It was determined that investigated combinations of thermomechanical treatment gave high level of 

strength properties and plasticity. High level of fully reversible deformation may be defined by a large difference 

between dislocation and phase yield strengths. 

 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʪʝʨʤʦʤʝʭʘʥʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ, ʚʢʣʶʯʘʶʱʘʷ ʠʥʪʝʥʩʠʚʥʫʶ ʧʣʘʩʪʠʯʝʩʢʫʶ 

ʜʝʬʦʨʤʘʮʠʶ (ʀʇɼ) ʬʦʨʤʠʨʫʝʪ ʚ ʩʧʣʘʚʘʭ c ʧʘʤʷʪʴʶ ʬʦʨʤʳ (ʉʇʌ) ʫʣʴʪʨʘʤʝʣʢʦʟʝʨʥʠʩʪʫʶ ʩʪʨʫʢʪʫʨʫ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʫʶ ʧʦʚʳʰʝʥʥʳʡ ʫʨʦʚʝʥʴ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʚʦʡʩʪʚ (ʌʉ). ɺ ʨʘʙʦʪʘʭ [1] ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʤʘʢʩʠʤʘʣʴʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʢʦʤʧʣʝʢʩʘ ʩʚʦʡʩʪʚ ʤʦʞʝʪ ʙʳʪʴ ʜʦʩʪʠʛʥʫʪʦ ʧʫʪʝʤ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʥʘʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ. ʇʦʵʪʦʤʫ ʨʘʟʚʠʪʠʝ ʤʝʪʦʜʦʚ ʀʇɼ ʠʜʝʪ ʧʦ ʧʫʪʠ ʧʦʠʩʢʘ ʩʭʝʤ, 

ʧʦʟʚʦʣʷʶʱʠʭ ʧʦʣʫʯʘʪʴ ʤʘʩʩʠʚʥʳʝ ʟʘʛʦʪʦʚʢʠ ʩ ʥʘʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʦʡ. ʕʪʦ ʧʦʟʚʦʣʠʣʦ ʙʳ 

ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʪʴ ʨʝʩʫʨʩ ʧʦʣʥʦʩʪʴʶ ʦʙʨʘʪʠʤʦʡ ʜʝʬʦʨʤʘʮʠʠ ʠ ʨʝʘʢʪʠʚʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʠ ʩʥʠʟʠʪʴ 

ʤʝʪʘʣʣʦʝʤʢʦʩʪʴ ʠʟʜʝʣʠʡ, ʪʝʤ ʩʘʤʳʤ ʜʘʚ ʚʦʟʤʦʞʥʦʩʪʴ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʪʴ ʫʞʝ ʩʫʱʝʩʪʚʫʶʱʠʝ ʫʩʪʨʦʡʩʪʚʘ 

ʠ ʟʥʘʯʠʪʝʣʴʥʦ  ʨʘʩʰʠʨʠʪʴ ʦʙʣʘʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʉʇʌ ʥʘ ʦʩʥʦʚʝ Ti-Ni. ʅʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʤʝʪʦʜʦʤ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʅʂʉ ʩʪʨʫʢʪʫʨʳ ʚ ʤʘʩʩʠʚʥʳʭ ʟʘʛʦʪʦʚʢʘʭ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʷʚʣʷʝʪʩʷ ʨʘʚʥʦʢʘʥʘʣʴʥʦʝ 

ʫʛʣʦʚʦʝ ʧʨʝʩʩʦʚʘʥʠʝ (ʈʂʋʇ). [2,3] ʆʜʥʘʢʦ ʧʦʩʣʝ ʧʨʠʤʝʥʝʥʠʷ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʥʝʦʙʭʦʜʠʤʦ ʜʘʣʴʥʝʡʰʝʝ 

ʠʟʤʝʥʝʥʠʝ ʨʘʟʤʝʨʦʚ ʟʘʛʦʪʦʚʢʠ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʘʢ ʦʙʲʝʤʥʦʛʦ, ʪʘʢ ʠ ʜʣʠʥʥʦʤʝʨʥʦʛʦ ʧʦʣʫʬʘʙʨʠʢʘʪʘ. ɺ 

ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʣʠ ʚʣʠʷʥʠʝ ʨʘʟʣʠʯʥʳʭ ʢʦʤʙʠʥʘʮʠʡ ʈʂʋʇ ʠ ʨʦʪʘʮʠʦʥʥʦʡ ʢʦʚʢʠ ʥʘ ʩʪʨʫʢʪʫʨʫ ʠ 

ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʩʧʣʘʚʘ ʩ ʧʘʤʷʪʴʶ ʬʦʨʤʳ ʥʘ ʦʩʥʦʚʝ ʥʠʢʝʣʠʜʘ ʪʠʪʘʥʘ.  

ʉʣʠʪʢʠ ʩʧʣʘʚʘ 1 ï Ti-50,2 ʘʪ.%Ni ʠ 2 ï Ti-50,0 ʘʪ.% Ni ʤʘʩʩʦʡ 25 ʢʛ ʧʦʜʚʝʨʛʘʣʠ ʛʦʨʷʯʝʡ ʧʦʧʝʨʝʯʥʦ-

ʚʠʥʪʦʚʦʡ ʧʨʦʢʘʪʢʝ ʜʦ ʧʦʣʫʯʝʥʠʷ ʧʨʫʪʢʘ ʜʠʘʤʝʪʨʦʤ 20 ʤʤ ʟʘ ʥʝʩʢʦʣʴʢʦ ʧʨʦʭʦʜʦʚ ʩ ʝʜʠʥʠʯʥʳʤʠ 

ʦʙʞʘʪʠʷʤʠ 7-20% ʠ ʧʨʦʤʝʞʫʪʦʯʥʳʤʠ ʥʘʛʨʝʚʘʤʠ ʧʨʠ 950-850̄ ʉ. ɼʘʣʝʝ ʧʨʫʪʢʠ ʩʧʣʘʚʘ 1 ʧʦʜʚʝʨʛʘʣʠ 

ʨʘʚʥʦʢʘʥʘʣʴʥʦʤʫ ʫʛʣʦʚʦʤʫ ʧʨʝʩʩʦʚʘʥʠʶ (ʈʂʋʇ) ) ʚ ʢʚʘʟʠʥʝʧʨʝʨʳʚʥʦʤ ʨʝʞʠʤʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 400ʉ̄ 

ʟʘ 3, 5 ʠ 7 ʧʨʦʭʦʜʦʚ ʧʨʠ ʫʛʣʝ ʧʝʨʝʩʝʯʝʥʠʷ ʢʘʥʘʣʦʚ 120.̄ ɺ ʢʘʯʝʩʪʚʝ ʢʦʥʪʨʦʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ ʩʣʫʞʠʣʦ 

ʦʙʳʯʥʦʝ ʧʝʨʠʦʜʠʯʝʩʢʦʝ ʈʂʋʇ ʟʘ 20 ʧʨʦʭʦʜʦʚ ʧʨʠ 450ʉ̄ ʩ ʧʨʦʤʝʞʫʪʦʯʥʳʤʠ ʧʦʜʦʛʨʝʚʘʤʠ. ʇʨʫʪʢʠ ʩʧʣʘʚʘ 

2 ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʧʦʜʚʝʨʛʘʣʠ ʨʘʚʥʦʢʘʥʘʣʴʥʦʤʫ ʫʛʣʦʚʦʤʫ ʧʨʝʩʩʦʚʘʥʠʶ (ʈʂʋʇ) ʚ ʧʝʨʠʦʜʠʯʝʩʢʦʤ ʨʝʞʠʤʝ 

ʧʨʠ 450ʉ̄ ʟʘ 6 ʧʨʦʭʦʜʦʚ ʠ ʟʘʪʝʤ ʪʝʧʣʦʡ ʢʦʚʢʝ ʧʨʠ 500ʉ̄ (ʊʂ500) ʜʦ ʜʠʘʤʝʪʨʘ 5,0 ʤʤ, ʣʠʙʦ ʛʦʨʷʯʝʡ ʢʦʚʢʝ 

(ɻʂ) ʜʦ ʜʠʘʤʝʪʨʘ 12,3 ʤʤ ʠ ʪʝʧʣʦʡ ʢʦʚʢʝ ʧʨʠ 450ʉ̄ (ʊʂ450) ʠ 350ʦʉ (ʊʂ350) ʜʦ 5.0 ʤʤ. ʇʦʩʣʝ ʜʝʬʦʨʤʘʮʠʠ 

ʧʨʦʚʦʜʠʣʠ ʦʪʞʠʛ ʧʨʠ 450 ʠ 550ʉ̄ (1 ʯ).  
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ʄʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʦʧʨʝʜʝʣʷʣʠ ʧʨʠ ʠʩʧʳʪʘʥʠʷʭ ʥʘ ʨʘʩʪʷʞʝʥʠʝ. ʆʙʨʘʪʠʤʫʶ ʜʝʬʦʨʤʘʮʠʶ 

ʦʧʨʝʜʝʣʷʣʠ ʪʝʨʤʦʤʝʭʘʥʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ, ʠʩʧʦʣʴʟʫʷ ʩʭʝʤʫ ʠʟʛʠʙʘ. ʍʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʝ ʪʝʤʧʝʨʘʪʫʨʳ 

ʤʘʨʪʝʥʩʠʪʥʳʭ ʧʨʝʚʨʘʱʝʥʠʡ ʦʧʨʝʜʝʣʷʣʠ ʤʝʪʦʜʦʤ ʜʠʣʘʪʦʤʝʪʨʠʠ. ʉʪʨʫʢʪʫʨʫ ʠʩʩʣʝʜʦʚʘʣʠ ʩ ʧʦʤʦʱʴʶ 

ʧʨʦʩʚʝʯʠʚʘʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʈʂʋʇ ʚ ʦʙʳʯʥʦʤ ʨʝʞʠʤʝ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʩʤʝʰʘʥʥʘʷ ʫʣʴʪʨʘʤʝʣʢʘʷ ʩʪʨʫʢʪʫʨʘ ʩ 

ʨʘʟʤʝʨʘʤʠ ʩʪʨʫʢʪʫʨʥʳʭ ʵʣʝʤʝʥʪʦʚ (ʟʸʨʝʥ ʠ ʩʫʙʟʸʨʝʥ) ʦʪ 50 ʜʦ 300 ʥʤ ʠ ʚʳʩʦʢʦʡ ʧʣʦʪʥʦʩʪʴʶ ʩʚʦʙʦʜʥʳʭ 

ʜʠʩʣʦʢʘʮʠʡ ʚʥʫʪʨʠ. ʇʦʩʣʝ ɻʂ+ʊʂ ʚ ʩʧʣʘʚʝ ʩʦʟʜʘʝʪʩʷ ʩʤʝʰʘʥʥʘʷ ʩʫʙʤʠʢʨʦʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ 

(ʜʠʘʤʝʪʨ ʟʝʨʥʘ 100-150 ʥʤ) ʩ ʥʝʙʦʣʴʰʠʤʠ ʚʢʨʘʧʣʝʥʠʷʤʠ ʥʘʥʦʩʫʙʟʝʨʝʥʥʳʭ ʫʯʘʩʪʢʦʚ ʠ ʚʳʩʦʢʦʡ 

ʧʣʦʪʥʦʩʪʴʶ ʜʠʩʣʦʢʘʮʠʡ. ʉʪʨʫʢʪʫʨʘ, ʧʦʣʫʯʝʥʥʘʷ ʧʦʩʣʝ ʈʂʋʇ+ʊʂ, ʙʦʣʝʝ ʦʜʥʦʨʦʜʥʘ ʧʦ ʨʘʟʤʝʨʫ 

ʩʪʨʫʢʪʫʨʥʳʭ ʵʣʝʤʝʥʪʦʚ. ʇʦʩʣʝʜʝʬʦʨʤʘʮʠʦʥʥʳʡ ʦʪʞʠʛ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 450ʉ̄ ʫʤʝʥʴʰʘʝʪ ʢʦʣʠʯʝʩʪʚʦ 

ʜʝʬʝʢʪʦʚ ʩʪʨʫʢʪʫʨʳ ʠ ʪʘʢʞʝ ʜʝʣʘʝʪ ʝʝ ʙʦʣʝʝ ʦʜʥʦʨʦʜʥʦʡ. ʈʂʋʇ  ʚ ʢʚʘʟʠʥʝʧʨʝʨʳʚʥʦʤ ʨʝʞʠʤʝ ʫʞʝ ʟʘ 3 

ʧʨʦʭʦʜʘ ʬʦʨʤʠʨʫʝʪ ʩʤʝʰʘʥʥʫʶ ʩʫʙʤʠʢʨʦʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ  ʠ ʥʘʥʦʩʫʙʟʝʨʝʥʥʫʶ ʩʪʨʫʢʪʫʨʫ. ʋʚʝʣʠʯʝʥʠʝ 

ʯʠʩʣʘ ʧʨʦʭʦʜʦʚ ʩ 3 ʜʦ 7 ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʩʨʝʜʥʝʛʦ ʨʘʟʤʝʨʘ ʩʪʨʫʢʪʫʨʥʳʭ ʵʣʝʤʝʥʪʦʚ ʜʦ 103Ñ5 ʥʤ.  

ʀʩʧʦʣʴʟʦʚʘʥʥʳʝ ʨʝʞʠʤʳ ʦʙʨʘʙʦʪʢʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʚʳʩʦʢʠʝ ʧʨʦʯʥʦʩʪʥʳʝ ʩʚʦʡʩʪʚʘ (s0,2=760-900 ʠ 

sʚ=850-1200 ʄʇʘ) ʠ ʚʳʩʦʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʣʘʩʪʠʯʥʦʩʪʠ (d=24-64%). ɺʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʧʦʣʥʦʩʪʴʶ 

ʦʙʨʘʪʠʤʦʡ ʜʝʬʦʨʤʘʮʠʠ (6-9,5%) ʦʧʨʝʜʝʣʷʶʪʩʷ ʙʦʣʴʰʦʡ ʨʘʟʥʦʩʪʴʶ ʤʝʞʜʫ  ʜʠʩʣʦʢʘʮʠʦʥʥʳʤ  ʠ ʬʘʟʦʚʳʤ 

ʧʨʝʜʝʣʘʤʠ ʪʝʢʫʯʝʩʪʠ (Ds=650-870 ʄʇʘ).   
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CALCIUM HYDRIDE SYNT HESIS AND PROPERTIES OF POWDERS OF TI -NB-TA, TI -NB-ZR 

ALLOYS  

Kasimtsev A.V., Yudin  S.N., Sviridova T.A., Volodko S.S. 

 

It is shown the possibility of obtaining of powders of alloys of Ti-Nb-Ta and Ti-Nb-Zr by calcium hydride 

method. Powders of alloys Ti-30,1Nb-17,4Ta, Ti-33,2Nb-8,6Zr (% wt.) characterized by high chemical and phase 

uniformity were synthesized. The phase composition of the both powders corresponds to ɓ-Ti. Powder alloys have 

good compactability, which allows you to receive from them a variety of powder metallurgy. 

 
ʆʜʥʦʡ ʠʟ ʘʢʪʫʘʣʴʥʳʭ ʦʙʣʘʩʪʝʡ ʨʘʟʚʠʪʠʷ ʩʦʚʨʝʤʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ 

ʙʠʦʩʦʚʤʝʩʪʠʤʳʭ ʩʧʣʘʚʦʚ ʤʝʜʠʮʠʥʩʢʦʛʦ ʥʘʟʥʘʯʝʥʠʷ. ʅʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʠʤʠ ʜʣʷ ʵʪʦʡ ʮʝʣʠ, ʷʚʣʷʶʪʩʷ 

ʩʧʣʘʚʳ ʩʠʩʪʝʤʳ Ti-Nb-Ta ʠ Ti-Nb-Zr. ʆʥʠ ʦʪʣʠʯʘʶʪʩʷ ʥʠʟʢʠʤ ʤʦʜʫʣʝʤ ʫʧʨʫʛʦʩʪʠ, ʧʨʦʷʚʣʷʶʪ ʵʬʬʝʢʪ 

ʩʚʝʨʭʫʧʨʫʛʦʩʪʠ ʠ ʧʘʤʷʪʠ ʬʦʨʤʳ, ʘ ʪʘʢʞʝ ʠʤʝʶʪ ʚʳʩʦʢʫʶ ʙʠʦʭʠʤʠʯʝʩʢʫʶ ʩʦʚʤʝʩʪʠʤʦʩʪʴ ʩ ʦʨʛʘʥʠʟʤʦʤ 

ʯʝʣʦʚʝʢʘ. 

ʄʝʪʦʜʘʤʠ ʚʘʢʫʫʤʥʦʡ ʧʣʘʚʢʠ ʠʟʛʦʪʘʚʣʠʚʘʪʴ ʩʧʣʘʚʳ ʩʠʩʪʝʤʳ Ti-Nb-Ta ʠ Ti-Nb-Zr ʜʦʚʦʣʴʥʦ ʩʣʦʞʥʦ 

ʠʟ-ʟʘ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʧʣʘʚʣʝʥʠʷ ʠ ʭʠʤʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʵʣʝʤʝʥʪʦʚ, ʘ ʪʘʢʞʝ ʣʠʢʚʘʮʠʦʥʥʦʡ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʩʣʠʪʢʦʚ ʧʨʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ. ʂʦʥʢʫʨʝʥʪʥʳʤ ʤʝʪʦʜʦʤ ʤʦʞʝʪ ʷʚʣʷʪʴʩʷ ʧʦʨʦʰʢʦʚʘʷ 

ʤʝʪʘʣʣʫʨʛʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʛʠʜʨʠʜʥʦ-ʢʘʣʴʮʠʝʚʦʛʦ ʩʠʥʪʝʟʘ. ʕʪʦʪ ʤʝʪʘʣʣʦʪʝʨʤʠʯʝʩʢʠʡ ʤʝʪʦʜ 

ʧʦʟʚʦʣʷʝʪ ʩʠʥʪʝʟʠʨʦʚʘʪʴ ʜʘʥʥʳʝ ʩʧʣʘʚʳ ʠʟ ʠʩʭʦʜʥʦʛʦ ʦʢʩʠʜʥʦʛʦ ʩʳʨʴʷ, ʘ ʧʦʩʣʝʜʫʶʱʠʤʠ ʤʝʪʦʜʘʤʠ 

ʢʦʥʩʦʣʠʜʘʮʠʠ (ʧʨʝʩʩʦʚʘʥʠʝ + ʩʧʝʢʘʥʠʝ, ɻʀʇ, ʵʢʩʪʨʫʟʠʷ ʠ ʪ.ʜ.) ʚʦʟʤʦʞʥʦ ʧʦʣʫʯʘʪʴ ʧʣʦʪʥʳʝ ʢʦʤʧʘʢʪʥʳʝ 

ʟʘʛʦʪʦʚʢʠ ʩʧʣʘʚʦʚ.  
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ɻʠʜʨʠʜʥʦ-ʢʘʣʴʮʠʝʚʳʡ ʩʠʥʪʝʟ ʧʦʨʦʰʢʦʚ ʩʧʣʘʚʦʚ ʩʠʩʪʝʤʳ Ti-Nb-Ta ʠ Ti-Nb-Zr ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ 

ʚʠʜʝ ʩʣʝʜʫʶʱʠʭ ʨʝʘʢʮʠʡ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ: 

TiO2 + Nb2O5 + Ta2O5 + CaH2 Ÿ Ti-Nb-Ta + CaO + H2ŷ,                       (1) 

TiO2 + Nb2O5 + ZrO2 + CaH2 Ÿ Ti-Nb-Zr + CaO + H2ŷ.                          (2) 

ʆʪʨʘʙʦʪʢʫ ʨʝʞʠʤʦʚ ʩʠʥʪʝʟʘ ʩʧʣʘʚʦʚ ʧʨʦʚʦʜʠʣʠ ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 1100 ï 1200 ÁC, ʩʦʩʪʘʚʳ 

ʰʠʭʪ ʨʘʩʩʯʠʪʳʚʘʣʠ ʧʦ ʫʨʘʚʥʝʥʠʷʤ (1) ʠ (2), ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʩʧʣʘʚʦʚ ʨʝʛʫʣʠʨʦʚʘʣʠ, ʠʟʤʝʥʷʷ 

ʩʦʦʪʥʦʰʝʥʠʝ ʠʩʭʦʜʥʦʛʦ ʦʢʩʠʜʥʦʛʦ ʩʳʨʴʷ ʚ ʰʠʭʪʝ. ʆʢʩʠʜ ʢʘʣʴʮʠʷ ʫʜʘʣʷʣʠ ʩʥʘʯʘʣʘ ʦʙʨʘʙʦʪʢʦʡ ʧʨʦʜʫʢʪʦʚ 

ʨʝʘʢʮʠʡ ʚʦʜʦʡ, ʘ ʟʘʪʝʤ ʨʘʩʪʚʦʨʦʤ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʳ. ʇʦʣʫʯʝʥʥʳʝ ʧʦʨʦʰʢʠ ʩʫʰʠʣʠ ʚ ʚʘʢʫʫʤʥʦʤ 

ʩʫʰʠʣʴʥʦʤ ʰʢʘʬʫ, ʘ ʟʘʪʝʤ ʦʪʩʝʠʚʘʣʠ ʥʘ ʬʨʘʢʮʠʶ ʤʝʥʝʝ 200 ʤʢʤ. ɺ ʪʘʙʣʠʮʝ 1 ʧʦʢʘʟʘʥ ʭʠʤʠʯʝʩʢʠʡ ʠ 

ʬʘʟʦʚʳʡ ʩʦʩʪʘʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʧʦʨʦʰʢʦʚ Ti-Nb-Ta ʠ Ti-Nb-Zr, ʧʦʣʫʯʝʥʥʳʭ ʛʠʜʨʠʜʥʦ-ʢʘʣʴʮʠʝʚʳʤ 

ʤʝʪʦʜʦʤ. 

ʊʘʙʣʠʮʘ 1 ï ʍʠʤʠʯʝʩʢʠʡ ʠ ʬʘʟʦʚʳʡ ʩʦʩʪʘʚʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʧʦʨʦʰʢʦʚ Ti-Nb-Ta ʠ Ti-Nb-Zr 

ʉʧʣʘʚ 
ʄʘʩʩʦʚʘʷ ʜʦʣʷ, % 

Ti Nb Ta Zr O N C 

Ti-Nb-Ta 
ʦʩʥʦʚʘ 

30,1 17,4 -- 0,12 0,12 0,099 

Ti-Nb-Zr 33,2 -- 8,6 0,19 0,072 0,081 

ʌʘʟʦʚʳʡ ʩʦʩʪʘʚ 

ʉʧʣʘʚ ʌʘʟʘ % ʤʘʩʩ. ʇʝʨʠʦʜʳ, ʥʤ 

Ti-Nb-Ta ɓ-Ti (ʪʠʧ ɸ2) ~100 0,3314 

Ti-Nb-Zr ɓ-Ti (ʪʠʧ ɸ2) ~100 0,3311 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʪʘʙʣʠʮʳ 1 ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʝ ʧʦʨʦʰʢʠ ʩʧʣʘʚʦʚ Ti-Nb-Ta ʠ Ti-Nb-Zr ʦʪʣʠʯʘʶʪʩʷ 

ʚʳʩʦʢʦʡ ʬʘʟʦʚʦʡ ʦʜʥʦʨʦʜʥʦʩʪʴʶ. ʌʘʟʦʚʳʡ ʩʦʩʪʘʚ ʧʦʨʦʰʢʦʚ, ʧʦ ʜʘʥʥʳʤ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʘʥʘʣʠʟʘ, 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʜʥʦʬʘʟʥʦʤʫ ʩʦʩʪʦʷʥʠʶ ɓ-Ti. ʃʝʛʠʨʦʚʘʥʠʝ ʪʠʪʘʥʘ ɓ-ʠʟʦʤʦʨʬʥʳʤʠ ʩʪʘʙʠʣʠʟʘʪʦʨʘʤʠ (Nb, 

Ta) ʧʦʣʥʦʩʪʴʶ ʧʦʜʘʚʠʣʦ ʬʦʨʤʠʨʦʚʘʥʠʝ Ŭ-Ti. 

ɺ ʪʘʙʣʠʮʝ 2 ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʝʢʦʪʦʨʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʦʨʦʰʢʦʚ Ti-Nb-Ta ʠ Ti-Nb-Zr. 

ʊʘʙʣʠʮʘ 2 ï ʌʠʟʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʦʨʦʰʢʦʚ ʩʠʩʪʝʤʳ Ti-Nb-Ta ʠ Ti-Nb-Zr 

ʉʧʣʘʚ ʌʦʨʤʘ ʯʘʩʪʠʮ 

ʉʨʝʜʥʠʡ 

ʨʘʟʤʝʨ 

ʯʘʩʪʠʮ, ʤʢʤ 

ʇʣʦʪʥʦʩʪʴ, ʛ/ʩʤ3 
ʊʝʢʫʯʝʩʪʴ, ʩ 

(50 ʛ, Ï2,5 ʤʤ) ʥʘʩʳʧʥʘʷ 
ʧʦʩʣʝ 

ʫʪʨʷʩʢʠ 

Ti-Nb-Ta 
ʈʘʚʥʦʦʩʥʦʘʷ ʫ ʤʝʣʢʠʭ ʯʘʩʪʠʮ + 

ʢʨʫʧʥʳʝ ʢʦʥʛʣʦʤʝʨʘʪʳ 

ʨʘʟʚʝʪʚʣʸʥʥʦʡ ʬʦʨʤʳ, 

ʦʙʨʘʟʦʚʘʥʥʳʝ ʥʝʩʢʦʣʴʢʠʤʠ 

ʧʦʨʦʰʠʥʢʘʤʠ 

29 1,51 1,93 

ʅʝ ʪʝʯʸʪ 

Ti-Nb-Zr 30 1,21 1,64 

ʇʦʨʦʰʢʠ ʩʧʣʘʚʦʚ Ti-Nb-Ta ʠ Ti-Nb-Zr, ʧʦʣʫʯʝʥʥʳʝ ʛʠʜʨʠʜʥʦ-ʢʘʣʴʮʠʝʚʳʤ ʤʝʪʦʜʦʤ, ʠʤʝʶʪ 

ʦʜʠʥʘʢʦʚʫʶ ʤʦʨʬʦʣʦʛʠʶ, ʧʦʢʘʟʘʥʥʫʶ ʥʘ ʨʠʩʫʥʢʝ. 

 
ʈʠʩʫʥʦʢ ï ʄʦʨʬʦʣʦʛʠʷ ʯʘʩʪʠʮ ʧʦʨʦʰʢʦʚ ʩʧʣʘʚʦʚ Ti-Nb-Ta ʠ Ti-Nb-Zr, ʧʦʣʫʯʝʥʥʳʭ ʛʠʜʨʠʜʥʦ-ʢʘʣʴʮʠʝʚʳʤ 

ʤʝʪʦʜʦʤ 
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ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ ʫ ʧʦʨʦʰʢʦʚ ʜʦʚʦʣʴʥʦ ʨʘʟʚʠʪʘʷ ʧʦʚʝʨʭʥʦʩʪʴ. ʄʝʣʢʠʝ ʯʘʩʪʠʮʳ ʠʤʝʶʪ ʬʦʨʤʫ, 

ʙʣʠʟʢʫʶ ʢ ʨʘʚʥʦʦʩʥʦʡ, ʪʦʛʜʘ ʢʘʢ ʢʨʫʧʥʳʝ, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʧʸʢʰʠʝʩʷ ʢʦʥʛʣʦʤʝʨʘʪʳ 

ʨʘʟʚʝʪʚʣʸʥʥʦʡ ʬʦʨʤʳ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʯʘʩʪʠʮ. 

ɻʠʜʨʠʜʥʦ-ʢʘʣʴʮʠʝʚʳʝ ʧʦʨʦʰʢʠ ʩʧʣʘʚʦʚ Ti-Nb-Ta ʠ Ti-Nb-Zr ʧʦʢʘʟʘʣʠ ʭʦʨʦʰʫʶ ʫʧʣʦʪʥʷʝʤʦʩʪʴ. 

ʋʞʝ ʧʨʠ ʜʘʚʣʝʥʠʠ ʦʜʥʦʩʪʦʨʦʥʥʝʛʦ ʧʨʝʩʩʦʚʘʥʠʷ ʚʳʰʝ 1 ʪ/ʩʤ2 ʧʦʣʫʯʝʥʳ ʟʘʛʦʪʦʚʢʠ ʩ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʡ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʧʨʦʯʥʦʩʪʴʶ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʛʠʜʨʠʜʥʦ-ʢʘʣʴʮʠʝʚʦʛʦ ʩʠʥʪʝʟʘ ʧʦʨʦʰʢʦʚ ʩʧʣʘʚʦʚ Ti-Nb-Ta 

ʠ Ti-Nb-Zr, ʪʨʝʙʫʝʤʦʛʦ ʭʠʤʠʯʝʩʢʦʛʦ ʠ ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʦʚ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʠʤ ʫʨʦʚʥʝʤ ʧʨʠʤʝʩʝʡ. 

ʇʦʨʦʰʢʠ ʧʦʜʜʘʶʪʩʷ ʢʦʤʧʘʢʪʠʨʦʚʘʥʠʶ, ʯʪʦ ʦʧʨʝʜʝʣʷʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʚ ʜʘʣʴʥʝʡʰʝʤ ʧʣʦʪʥʳʭ 

ʟʘʛʦʪʦʚʦʢ ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʥʩʦʣʠʜʘʮʠʠ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ (ʧʨʦʝʢʪ ˉ16-43-710688 ʨ_ʘ). 

 

******************************************************************************************  

 
ʅɸʅʆɼʀʉʇɽʈʉʅʓɽ ʇʆʈʆʐʂʀ ʊʋɻʆʇʃɸɺʂʀʍ ʂɸʈɹʀɼʆɺ ʇɽʈɽʍʆɼʅʓʍ ʄɽʊɸʃʃʆɺ 

IV  ʀ V ʇʆɼɻʈʋʇʇ 

ʂʘʩʠʤʮʝʚ ɸ.ɺ.1, ʊʘʙʘʯʢʦʚʘ ʅ.ʖ.2, ʃʝʚʠʥʩʢʠʡ ʖ.ɺ.3, ʉʚʠʨʠʜʦʚʘ ʊ.ɸ.2, ʖʜʠʥ ʉ.ʅ.1,4 
1ʈʦʩʩʠʷ, ʛ. ʊʫʣʘ, ʆʆʆ çʄʝʪʩʠʥʪʝʟè, 2ʈʦʩʩʠʷ, ʛ. ʄʦʩʢʚʘ, ʅʀʊʋ çʄʀʉʠʉè, 3ʈʦʩʩʠʷ, ʛ. ʏʝʨʥʦʛʦʣʦʚʢʘ, 

ʀʉʄɸʅ, 4ʈʦʩʩʠʷ, ʛ. ʊʫʣʘ, ʊʫʣɻʋ 

E-mail:metsintez@yandex.ru 

 

NANOPOWDERS OF REFRACTORY CARBIDES OF TR ANSITION  

METALS IV AND V SUBGR OUPS 

Kasimtsev A.V., Levinsky Yu.V., Sviridova T.A., Tabachkova N.Yu., Yudin S.N. 

 
This work is devoted to the study of one of the most promising methods for the preparation of disperse 

powders of metal carbides - reduction of metal oxides in the presence of calcium hydride, carbon-containing 

component. Thermodynamic evaluation conducted opportunities of carbides of metal IV (Ti, Zr, Hf) and V (V, 

Nb, Ta) subgroups in the temperature range of 1100 - 1200 Á C. It was found that the reaction of calcium hydride 

synthesis of zirconium carbide is endothermic, and the rest of carbides - exothermic. Conducted modes and 

obtained samples of nanopowders of carbides TiC, ZrC, HfC, NbC, TaC. The chemical and phase composition of 

the powders were obtained. It is shown that the particle size of the powders depends on the temperature of calcium 

hydride reduction and thermodynamic properties of a particular carbide. 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʩʥʦʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʧʦʚʳʰʝʥʠʷ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 

ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ʢʘʨʙʠʜʦʚ ʪʫʛʦʧʣʘʚʢʠʭ ʤʝʪʘʣʣʦʚ ʷʚʣʷʝʪʩʷ ʧʦʣʫʯʝʥʠʝ ʠʭ ʚ ʥʘʥʦʩʪʨʫʢʪʫʨʥʦʤ 

ʩʦʩʪʦʷʥʠʠ. ʇʦʩʢʦʣʴʢʫ ʨʘʟʤʝʨ ʟʝʨʝʥ ʢʘʨʙʠʜʥʦʡ ʬʘʟʳ ʟʘʚʠʩʠʪ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʦʪ ʨʘʟʤʝʨʘ ʯʘʩʪʠʮ 

ʠʩʭʦʜʥʦʛʦ ʧʦʨʦʰʢʘ ʢʘʨʙʠʜʘ, ʠʤʝʥʥʦ ʵʪʦʪ ʬʘʢʪʦʨ ʦʧʨʝʜʝʣʷʝʪ ʩʚʦʡʩʪʚʘ ʢʦʥʝʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʊʘʢ, 

ʥʘʧʨʠʤʝʨ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʘʥʦʨʘʟʤʝʨʥʳʭ ʧʦʨʦʰʢʦʚ ʢʘʨʙʠʜʦʚ ʧʦʟʚʦʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʪʴ 

ʩʣʫʞʝʙʥʳʝ ʩʚʦʡʩʪʚʘ ʪʚʝʨʜʦʩʧʣʘʚʥʳʭ ʠʟʜʝʣʠʡ: ʪʚʝʨʜʦʩʪʴ, ʧʨʦʯʥʦʩʪʴ, ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ ʠ ʜʨ. 

ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʠʩʩʣʝʜʦʚʘʥʠʶ ʦʜʥʦʛʦ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʧʦʣʫʯʝʥʠʷ ʜʠʩʧʝʨʩʥʳʭ 

ʧʦʨʦʰʢʦʚ ʢʘʨʙʠʜʦʚ ʤʝʪʘʣʣʦʚ ï ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ ʦʢʩʠʜʦʚ ʤʝʪʘʣʣʦʚ ʛʠʜʨʠʜʦʤ ʢʘʣʴʮʠʷ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʫʛʣʝʨʦʜʩʦʜʝʨʞʘʱʝʛʦ ʢʦʤʧʦʥʝʥʪʘ. ɺ ʨʘʙʦʪʝ ʠʟʫʯʝʥʦ ʚʣʠʷʥʠʝ ʦʩʥʦʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʩʠʥʪʝʟʘ ʥʘ ʧʦʢʘʟʘʪʝʣʠ 

ʧʨʦʮʝʩʩʘ ʠ ʠʩʩʣʝʜʦʚʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʨʘʟʤʝʨʘ ʯʘʩʪʠʮ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʢʘʨʙʠʜʦʚ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʧʘʨʪʠʠ ʧʦʨʦʰʢʦʚ ʢʘʨʙʠʜʦʚ ʧʦʣʫʯʘʣʠ ʥʘ ʦʩʥʦʚʝ ʛʠʜʨʠʜʥʦ-ʢʘʣʴʮʠʝʚʦʛʦ ʤʝʪʦʜʘ 

ʧʦ ʤʝʪʦʜʠʢʝ [1]. ʈʘʩʯʸʪ ʰʠʭʪʳ ʧʨʦʚʦʜʠʣʠ ʧʦ ʨʝʘʢʮʠʠ (1) ʜʣʷ ʢʘʞʜʦʛʦ ʢʘʨʙʠʜʘ ʦʪʜʝʣʴʥʦ. ʊʝʤʧʝʨʘʪʫʨʘ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʙʳʣʘ 1100, 1150 ʠ 1200 Áʉ. 

2ʄʝO + CaH2 + ʉʘʉ2 Ÿ 2ʄʝC + 2CaO + H2ŷ,                                           (1) 

ʛʜʝ ʄʝO ï ʦʢʩʠʜʳ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ  ZrO2,  HfO2, Nb2O5,  Ta2O5.  

ʇʨʠ ʚʩʝʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʩʠʥʪʝʟʘ ʫʜʘʣʦʩʴ ʧʦʣʫʯʠʪʴ ʛʦʤʦʛʝʥʥʳʝ ʧʦʨʦʰʢʠ ʢʘʨʙʠʜʦʚ ʧʝʨʝʭʦʜʥʳʭ 

ʤʝʪʘʣʣʦʚ (Zr, Hf, Nb, ʠ Ta) ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʦʩʥʦʚʥʦʡ ʬʘʟʳ ~100 %. ʉʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʢʘʨʙʠʜʦʚ 

ʦʮʝʥʠʚʘʣʠ ʚ ʧʨʠʙʣʠʞʝʥʠʠ, ʯʪʦ ʠʟʤʝʨʝʥʥʳʡ ʧʝʨʠʦʜ ʨʝʰʸʪʢʠ ʢʘʨʙʠʜʦʚ ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʦʣʴʢʦ ʩʦʜʝʨʞʘʥʠʝʤ 

ʫʛʣʝʨʦʜʘ. ʇʘʨʘʤʝʪʨ ʨʝʰʝʪʢʠ ʧʦʣʫʯʝʥʥʳʭ ʢʘʨʙʠʜʦʚ ʥʝ ʟʘʚʠʩʝʣ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʩʠʥʪʝʟʘ, 

ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʧʦʨʦʰʢʦʚ  ʩʦʦʪʚʝʪʩʪʚʦʚʘʣ ʩʦʩʪʘʚʘʤ - ZrC0,95, HfC0,85, NbC0,87 ʠ TaC0,97.  
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ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʛʘʟʦʚʦʛʦ ʘʥʘʣʠʟʘ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʝ ʧʦʨʦʰʢʠ ʦʪʣʠʯʘʣʠʩʴ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʘʟʦʪʘ ʠ ʚʦʜʦʨʦʜʘ, ʥʦ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʢʠʩʣʦʨʦʜʘ (ʪʘʙʣʠʮʘ). ɺʦʟʤʦʞʥʦ, ʚʳʩʦʢʦʝ 

ʩʦʜʝʨʞʘʥʠʝ ʢʠʩʣʦʨʦʜʘ ʩʚʷʟʘʥʦ ʩ ʧʨʠʩʫʪʩʪʚʠʝʤ ʦʢʩʠʜʥʦʡ ʧʣʝʥʢʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʯʘʩʪʠʮ ʧʦʨʦʰʢʘ. ɼʣʷ 

ʧʦʨʦʰʢʦʚ ZrC, HfC, NbC ʠ TaC ʙʳʣ ʚʳʧʦʣʥʝʥ ʨʘʩʯʸʪ, ʩʚʷʟʳʚʘʶʱʠʡ ʨʘʟʤʝʨ ʯʘʩʪʠʮ ʧʦʨʦʰʢʘ ʠ ʪʦʣʱʠʥʫ 

ʦʢʩʠʜʥʦʡ ʧʣʸʥʢʠ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʢʠʩʣʦʨʦʜʘ. ʈʘʩʯʸʪ ʧʨʦʚʦʜʠʣʩʷ ʚ ʜʦʧʫʱʝʥʠʠ, ʯʪʦ ʯʘʩʪʠʮʳ ʧʦʨʦʰʢʘ ZrC 

ʠ HfC ʨʘʚʥʦʤʝʨʥʦ ʧʦʢʨʳʚʘʝʪ ʩʣʦʡ ʦʢʩʠʜʘ ZrO2 ʠ HfO2, ʘ ʯʘʩʪʠʮʳ ʧʦʨʦʰʢʘ NbC ʠ TaC ʩʣʦʡ ʦʢʩʠʜʘ Nb2O5 

ʠ Ta2O5. ʈʘʩʯʝʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ, ʥʘʧʨʠʤʝʨ, ʜʣʷ ʧʦʨʦʰʢʘ TaC ʩ ʨʘʟʤʝʨʦʤ ʯʘʩʪʠʮ ~ 100 ʥʤ ʧʦʢʨʳʪʳʭ 

ʦʢʩʠʜʥʦʡ ʧʣʸʥʢʦʡ Ta2O5 ʪʦʣʱʠʥʦʡ 1 ï 2 ʥʤ ʢʦʥʮʝʥʪʨʘʮʠʷ ʢʠʩʣʦʨʦʜʘ ʩʦʩʪʘʚʠʪ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 0,7 ï 1,0 % 

ʤʘʩʩ. ʕʪʘ ʢʦʥʮʝʥʪʨʘʮʠʷ ʢʠʩʣʦʨʦʜʘ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʜʘʥʥʳʤʠ ʛʘʟʦʚʦʛʦ ʘʥʘʣʠʟʘ ʧʦʨʦʰʢʘ TaC, ʛʜʝ 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʢʠʩʣʦʨʦʜʘ ʩʦʩʪʘʚʠʣʘ 0,83 % ʤʘʩʩ. ʅʘʣʠʯʠʝ ʪʦʥʢʦʡ ʧʣʸʥʢʠ ʚ ʧʦʨʦʰʢʘʭ ZrC, HfC, NbC ʠ TaC 

ʙʳʣʦ ʧʦʜʪʚʝʨʞʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʧʦʨʦʰʢʦʚ ʤʝʪʦʜʦʤ ʧʨʦʩʚʝʯʠʚʘʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ. 

ʊʘʙʣʠʮʘ ï ʂʦʥʮʝʥʪʨʘʮʠʷ ʛʘʟʦʦʙʨʘʟʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ ʠ ʩʨʝʜʥʠʡ ʨʘʟʤʝʨ ʯʘʩʪʠʮ ʧʦʨʦʰʢʦʚ ʢʘʨʙʠʜʦʚ 

ʄʘʪʝʨʠʘʣ Tʚʦʩʩʪ, ÁC 
ʄʘʩʩʦʚʘʷ ʜʦʣʷ, % ʉʨʝʜʥʠʡ ʨʘʟʤʝʨ ʯʘʩʪʠʮ, ʥʤ 

O N Cʦʙ ɦ ʉʩʚʷʟ H ʉʕʄ ɹʕʊ 

ZrC 1200 2,50 0,05 10,30 10,29 - 70 129 

NbC 

1150 

2,05 0,022 10,60 10,59 0,071 150 195 

HfC 1,67 0,055 6,09 6,08 0,073 80 98 

TaC 0,83 0,0013 6,01 6,00 0,04 70 97 

ɿʘʚʳʰʝʥʥʳʡ ʨʘʟʤʝʨ ʯʘʩʪʠʮ, ʦʧʨʝʜʝʣʸʥʥʳʡ ʧʦ ʤʝʪʦʜʫ ɹʕʊ, ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʠʟʫʘʣʴʥʦʛʦ ʠʟʤʝʨʝʥʠʷ ʥʘ 

ʉʕʄ, ʚʝʨʦʷʪʥʦ, ʩʚʷʟʘʥ ʩ ʦʩʦʙʝʥʥʦʩʪʴʶ ʤʝʪʦʜʘ. ʊʝʧʣʦʚʘʷ ʘʙʩʦʨʙʮʠʷ ʘʪʦʤʦʚ ʘʟʦʪʘ ʧʨʦʠʩʭʦʜʠʪ ʥʝ ʥʘ 

ʢʘʞʜʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʦʪʜʝʣʴʥʦ ʚʟʷʪʦʡ ʯʘʩʪʠʮʳ ʢʘʨʙʠʜʘ, ʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ, ʦʙʨʘʟʦʚʘʥʥʦʡ ʢʦʥʛʣʦʤʝʨʘʪʘʤʠ 

ʯʘʩʪʠʮ, ʫʤʝʥʴʰʘʷ ʪʝʤ ʩʘʤʳʤ ʦʙʱʫʶ ʫʜʝʣʴʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ. 

ʇʦ ʜʘʥʥʳʤ ʩʢʘʥʠʨʫʶʱʝʡ ʠ ʧʨʦʩʚʝʯʠʚʘʶʱʝʡ ʤʠʢʨʦʩʢʦʧʠʠ ʯʘʩʪʠʮʳ ʧʦʨʦʰʢʘ ZrC, HfC, TaC ʠ NbC 

ʧʨʝʜʩʪʘʚʣʷʣʠ ʩʦʙʦʡ ʦʛʨʘʥʝʥʥʳʝ, ʩʦʚʝʨʰʝʥʥʳʝ ʢʨʠʩʪʘʣʣʳ ʧʦ ʬʦʨʤʝ ʙʣʠʟʢʠʝ ʢ ʢʫʙʠʯʝʩʢʦʡ (ʨʠʩʫʥʦʢ). 

ʈʘʟʤʝʨ ʯʘʩʪʠʮ ʧʦʨʦʰʢʦʚ ʢʘʨʙʠʜʦʚ ʛʘʬʥʠʷ, ʪʘʥʪʘʣʘ ʠ ʥʠʦʙʠʷ ʫʤʝʥʴʰʘʣʩʷ ʧʨʠ ʧʦʥʠʞʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ 

ʩʠʥʪʝʟʘ. ʋʩʪʘʥʦʚʣʝʥʥʘʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʨʘʟʤʝʨʘ ʯʘʩʪʠʮ ʧʦʨʦʰʢʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʪʝʤʧʝʨʘʪʫʨʳ ʩʠʥʪʝʟʘ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʷʚʣʷʝʪʩʷ ʦʙʱʝʡ ʧʨʠ ʧʦʣʫʯʝʥʠʠ ʢʘʨʙʠʜʦʚ ʤʝʪʘʣʣʦʚ ʛʠʜʨʠʜʥʦ-

ʢʘʣʴʮʠʝʚʳʤ ʤʝʪʦʜʦʤ. ʊʘʢ, ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʩʠʥʪʝʟʘ ʦʪ 1200 ʜʦ 1100 ʉ̄ ʩʨʝʜʥʠʡ ʨʘʟʤʝʨ ʯʘʩʪʠʮ 

ʧʦʨʦʰʢʘ HfC ʫʤʝʥʴʰʘʣʩʷ ʦʪ 120 ʜʦ 50 ʥʤ, TaC ï ʦʪ 100 ʜʦ 50 ʥʤ, ʠ NbC ï ʦʪ 200 ʜʦ 100 ʥʤ. 

 
ʈʠʩʫʥʦʢ ï ʀʟʦʙʨʘʞʝʥʠʝ ʦʪʜʝʣʴʥʳʭ ʯʘʩʪʠʮ ʧʦʨʦʰʢʘ: ʘ) ï ZrC (Tʚʦʩʩʪ = 1200 Áʉ); 

ʙ) ï HfC (1150 ÁC); ʚ) ï TaC (1150 ÁC) 

ʈʘʟʤʝʨʳ ʯʘʩʪʠʮ ʧʦʨʦʰʢʦʚ ʢʘʨʙʠʜʦʚ ʨʘʟʥʳʭ ʤʝʪʘʣʣʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʦʜʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʩʠʥʪʝʟʘ, 

ʦʪʣʠʯʘʣʠʩʴ. ʉʨʝʜʥʠʡ ʨʘʟʤʝʨ ʯʘʩʪʠʮ ʧʦʨʦʰʢʘ ʙʳʣ ʪʝʤ ʤʝʥʴʰʝ (ʧʨʠ ʦʜʠʥʘʢʦʚʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʩʠʥʪʝʟʘ), ʯʝʤ 

ʚr ʰʝ ʪʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʠʷ ʢʘʨʙʠʜʘ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʩ ʫʯʝʪʦʤ [1] ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʨʘʟʤʝʨ ʯʘʩʪʠʮ ʢʘʨʙʠʜʦʚ 

ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ IV (Ti, Zr, Hf) ʠ V (Nb, Ta) ʧʦʜʛʨʫʧʧ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʥʝʩʢʦʣʴʢʠʤʠ 

ʬʘʢʪʦʨʘʤʠ: ʪʝʤʧʝʨʘʪʫʨʦʡ ʧʨʦʮʝʩʩʘ ʛʠʜʨʠʜʥʦ-ʢʘʣʴʮʠʝʚʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ, ʪʝʤʧʝʨʘʪʫʨʦʡ ʧʣʘʚʣʝʥʠʷ ʠ  

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʢʦʥʢʨʝʪʥʦʛʦ ʢʘʨʙʠʜʘ. 

ʃʠʪʝʨʘʪʫʨʘ 

1. ʄʝʪʘʣʣʦʪʝʨʤʠʯʝʩʢʠʡ ʩʠʥʪʝʟ ʠ ʩʚʦʡʩʪʚʘ ʫʣʴʪʨʘ- ʠ ʥʘʥʦʜʠʩʧʝʨʩʥʳʭ ʧʦʨʦʰʢʦʚ ʢʘʨʙʠʜʘ ʪʠʪʘʥʘ / 

ɸ.ɺ. ʂʘʩʠʤʮʝʚ, ʅ.ʖ. ʊʘʙʘʯʢʦʚʘ, ɻ.ʄ. ɺʦʣʴʜʤʘʥ, ʉ.ʅ. ʖʜʠʥ // ʎʚʝʪʥʳʝ ʤʝʪʘʣʣʳ, ï 2014. ï ˉ7. ï ʉ. 54 ï 

58. 
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THE OBTIANING OF CAR BIDES AND CARBONITRIDES POWDERS OF ZIRCONIUM BY 

CALCI UM-HYDRIDE METHOD  

Kasimtsev A.V., Levinsky Yu.V., Sviridova T.A., Tabachkova N.Yu., Yudin S.N., Malyarov A.V. 

 

In this study nanoparticulate powder of carbide and carbonitride of zirconium was obtained by calcium-

hydride method. The mixture components were zirconia, calcium hydride and carbon in the form of soot. 

Synthesis was carried out at the temperature of 1200 ÁC. Zirconium carbonitride was obtained at different times 

isothermal holding, maintaining the necessary pressure of nitrogen in the container. The average particle size of 

zirconium carbide powder was about 70 nm. After nitriding average particle size of the zirconium carbonitride 

powder has not changed. The particles remain cut and inner perfection of structure Upon receipt of zirconium 

carbonitrides with an increase in the holding time at a temperature of 1200 Á C in the studied powders the 

concentration of nitrogen increased due to a decrease carbon content. Nitrogen concentration was higher in the 

zirconium carbonitride powders obtained at a nitrogen pressure of 0.1 atm. 

 

ʂʘʨʙʠʜ ʠ ʢʘʨʙʦʥʠʪʨʠʜ ʮʠʨʢʦʥʠʷ ʦʪʥʦʩʷʪʩʷ ʢ ʪʫʛʦʧʣʘʚʢʠʤ ʩʦʝʜʠʥʝʥʠʷʤ ʠ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ 

ʪʝʤʧʝʨʘʪʫʨʦʡ ʧʣʘʚʣʝʥʠʷ, ʪʚʝʨʜʦʩʪʴʶ, ʭʠʤʠʯʝʩʢʦʡ ʩʪʦʡʢʦʩʪʴʶ, ʤʘʣʳʤ ʩʝʯʝʥʠʝʤ ʟʘʭʚʘʪʘ ʪʝʧʣʦʚʳʭ 

ʥʝʡʪʨʦʥʦʚ. ɹʣʘʛʦʜʘʨʷ ʵʪʠʤ ʩʚʦʡʩʪʚʘʤ ʧʦʨʦʰʢʠ ʢʘʨʙʠʜʘ ʠ ʢʘʨʙʦʥʠʪʨʠʜʘ ʮʠʨʢʦʥʠʷ ʠ ʠʟʜʝʣʠʷ ʠʟ ʥʠʭ 

ʧʝʨʩʧʝʢʪʠʚʥʳ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʫʧʨʦʯʥʠʪʝʣʝʡ ʞʘʨʦʧʨʦʯʥʳʭ ʩʧʣʘʚʦʚ, ʠʟʥʦʩʦʩʪʦʡʢʠʭ 

ʧʦʢʨʳʪʠʡ, ʪʠʛʣʝʡ ʠ ʜʨʫʛʠʭ ʠʟʜʝʣʠʡ, ʢʦʥʪʘʢʪʠʨʫʶʱʠʭ ʩ ʨʘʩʧʣʘʚʣʝʥʥʳʤʠ ʤʝʪʘʣʣʘʤʠ, ʥʝʢʦʪʦʨʳʭ ʫʟʣʦʚ 

ʷʜʝʨʥʳʭ ʨʝʘʢʪʦʨʦʚ ʥʘ ʪʝʧʣʦʚʳʭ ʥʝʡʪʨʦʥʘʭ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʩʥʦʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʧʦʚʳʰʝʥʠʷ 

ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ʪʫʛʦʧʣʘʚʢʠʭ ʢʘʨʙʠʜʦʚ ʷʚʣʷʝʪʩʷ 

ʧʦʣʫʯʝʥʠʝ ʠʭ ʚ ʥʘʥʦʩʪʨʫʢʪʫʨʥʦʤ ʩʦʩʪʦʷʥʠʠ.  

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʥʘʥʦʜʠʩʧʝʨʩʥʳʭ ʧʦʨʦʰʢʦʚ ʢʘʨʙʠʜʘ ʮʠʨʢʦʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠ ʛʠʜʨʠʜʥʦ-ʢʘʣʴʮʠʝʚʳʡ 

(ʤʝʪʘʣʣʦʪʝʨʤʠʯʝʩʢʠʡ) ʤʝʪʦʜ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʦʢʩʠʜʦʚ ʤʝʪʘʣʣʦʚ ʛʠʜʨʠʜʦʤ ʢʘʣʴʮʠʷ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʫʛʣʝʨʦʜʩʦʜʝʨʞʘʱʝʛʦ ʢʦʤʧʦʥʝʥʪʘ. ɺ ʢʘʯʝʩʪʚʝ ʢʦʤʧʦʥʝʥʪʦʚ ʰʠʭʪʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʠʦʢʩʠʜ ʮʠʨʢʦʥʠʷ ZrO2, 

ʛʠʜʨʠʜ ʢʘʣʴʮʠʷ ʉʘʅ2 ʠ ʫʛʣʝʨʦʜ ʚ ʚʠʜʝ ʩʘʞʠ. ʉʠʥʪʝʟ ʚʝʣʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1200 Áʉ. ʂʘʨʙʦʥʠʪʨʠʜ ʮʠʨʢʦʥʠʷ 

ʧʦʣʫʯʘʣʠ ʧʨʠ ʨʘʟʥʳʭ ʚʨʝʤʝʥʘʭ ʠʟʦʪʝʨʤʠʯʝʩʢʦʡ ʚʳʜʝʨʞʢʠ, ʧʦʜʜʝʨʞʠʚʘʷ ʥʝʦʙʭʦʜʠʤʦʝ ʜʘʚʣʝʥʠʝ ʘʟʦʪʘ ʚ 

ʢʦʥʪʝʡʥʝʨʝ. 

ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʠʚʝʜʝʥʳ ʠʟʦʙʨʘʞʝʥʠʷ ʯʘʩʪʠʮ ʧʦʨʦʰʢʘ ʢʘʨʙʠʜʘ (ʘ) ʠ ʢʘʨʙʦʥʠʪʨʠʜʘ (ʙ) ʮʠʨʢʦʥʠʷ, 

ʧʦʣʫʯʝʥʥʳʝ ʛʠʜʨʠʜʥʦ-ʢʘʣʴʮʠʝʚʳʤ ʤʝʪʦʜʦʤ. 
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ʈʠʩʫʥʦʢ 1 - ʀʟʦʙʨʘʞʝʥʠʷ ʯʘʩʪʠʮ ʧʦʨʦʰʢʘ ʢʘʨʙʠʜʘ (ʘ) ʠ ʢʘʨʙʦʥʠʪʨʠʜʘ (ʙ) ʮʠʨʢʦʥʠʷ, 

ʧʦʣʫʯʝʥʥʳʭ ʛʠʜʨʠʜʥʦ-ʢʘʣʴʮʠʝʚʳʤ ʤʝʪʦʜʦʤ 

ʉʨʝʜʥʠʡ ʨʘʟʤʝʨ ʯʘʩʪʠʮ ʧʦʨʦʰʢʘ ʢʘʨʙʠʜʘ ʮʠʨʢʦʥʠʷ ~ 70 ʥʤ. ʏʘʩʪʠʮʳ ʦʛʨʘʥʝʥʥʳʝ, ʤʦʥʦʜʦʤʝʥʥʳʝ ʩ 

ʫʟʢʠʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʯʘʩʪʠʮ ʧʦ ʨʘʟʤʝʨʘʤ. ʇʦʩʣʝ ʘʟʦʪʠʨʦʚʘʥʠʷ ʩʨʝʜʥʠʡ ʨʘʟʤʝʨ ʯʘʩʪʠʮ ʧʦʨʦʰʢʘ 

ʢʘʨʙʦʥʠʪʨʠʜʘ ʮʠʨʢʦʥʠʷ ʥʝ ʤʝʥʷʝʪʩʷ. ʏʘʩʪʠʮʳ ʩʦʭʨʘʥʷʶʪ ʦʛʨʘʥʢʫ ʠ ʚʥʫʪʨʝʥʥʝʝ ʩʦʚʝʨʰʝʥʩʪʚʦ ʩʪʨʫʢʪʫʨʳ.  

ɺ ʪʘʙʣʠʮʝ 1 ʧʨʠʚʝʜʝʥʘ ʢʦʥʮʝʥʪʨʘʮʠʷ ʛʘʟʦʦʙʨʘʟʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ, ʠ ʧʘʨʘʤʝʪʨ ʨʝʰʝʪʢʠ 

ʢʘʨʙʦʥʠʪʨʠʜʘ ʮʠʨʢʦʥʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʨʝʤʝʥʠ ʚʳʜʝʨʞʢʠ ʠ ʜʘʚʣʝʥʠʷ ʘʟʦʪʘ.  

ʊʘʙʣʠʮʘ 1 ï ʂʦʥʮʝʥʪʨʘʮʠʷ ʛʘʟʦʦʙʨʘʟʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ ʠ ʧʘʨʘʤʝʪʨ ʨʝʰʝʪʢʠ ʢʘʨʙʦʥʠʪʨʠʜʘ ʮʠʨʢʦʥʠʷ 

ʄʘʪʝʨʠʘʣ Tʚʦʩʩʪ, ÁC Űʚʳʜ, ʯʘʩ. PN2
, ʘʪʤ. 

ʄʘʩʩʦʚʘʷ ʜʦʣʷ, % ʇʘʨʘʤʝʪʨ 

ʨʝʰʝʪʢʠ, ʥʤ N ʉ 

ZrCxNy 1200 

1 

1,1 

0,55 10,58 0,4696 

3 1,11 9,34 0,4695 

6 1,68 9,40 0,4693 

1 

0,1 

1,18 9,70 0,4693 

3 1,63 9,54 0,4692 

6 3,52 8,16 0,4692 

ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʩ ʨʦʩʪʦʤ ʚʨʝʤʝʥʠ ʚʳʜʝʨʞʢʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1200 ÁC 

ʚ ʠʩʩʣʝʜʫʝʤʳʭ ʧʦʨʦʰʢʘʭ ʢʦʥʮʝʥʪʨʘʮʠʷ ʘʟʦʪʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʟʘ ʩʯʸʪ ʫʤʝʥʴʰʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʫʛʣʝʨʦʜʘ. 

ʂʦʥʮʝʥʪʨʘʮʠʷ ʘʟʦʪʘ ʙʳʣʘ ʚʳʰʝ ʚ ʧʦʨʦʰʢʘʭ ʢʘʨʙʦʥʠʪʨʠʜʘ ʮʠʨʢʦʥʠʷ, ʧʦʣʫʯʝʥʥʦʛʦ ʧʨʠ ʜʘʚʣʝʥʠʠ ʘʟʦʪʘ 0,1 

ʘʪʤ. ɺʦʟʤʦʞʥʦ, ʵʪʦ ʩʚʷʟʘʥʦ ʩ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʛʠʜʠʨʠʜʥʦ-ʢʘʣʴʮʠʝʚʦʛʦ ʩʠʥʪʝʟʘ, ʘ ʠʤʝʥʥʦ ʧʨʠʩʫʪʩʪʚʠʝʤ 

ʚʦʜʦʨʦʜʘ ʚ ʢʦʥʪʝʡʥʝʨʝ ʧʨʠ ʠʟʙʳʪʦʯʥʦʤ ʜʘʚʣʝʥʠʠ ʘʟʦʪʘ 1,1 ʘʪʤ., ʠ ʝʛʦ ʬʘʢʪʠʯʝʩʢʦʤ ʦʪʩʫʪʩʪʚʠʠ ʧʨʠ 

ʦʩʪʘʪʦʯʥʦʤ ʜʘʚʣʝʥʠʠ ʘʟʦʪʘ 0,1 ʘʪʤ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ (ʧʨʦʝʢʪ ˉ15-03-04982 ʘ). 
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ABOUT THE FORMATION OF SURFACE ZONE IN ʎʄ2ɸ-ALLOY SHEETS  

Burkhanov G.S., Serebrianyiy V.N., Kirillova V.M., Sdobyrev V.V., Dement,ev V.A., Manakov A.A., 

Kadyrbaev A.R. 

 
Investigation is concerned the formation of surface zone in some Mo-alloys sheet. According to the light 

optical microscopy and x-ray method the 0,2 mm-surface zone of Mo-alloy sheet is distinguished by being an 

coarse surface layer; its texture show the pronounced scattering of basic characteristics by contrast to inner layers 

of sheet. This surface zone will be referred to as zone of hindered recrystallization. Besides, the coarse surface 

relief facilitates the formation of sheet lamination. This defect is typical for sheets. 

 

ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʣʠʩʪʦʚ, ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʠʟ ʤʦʣʠʙʜʝʥʦʚʳʭ ʩʧʣʘʚʦʚ, ʚ ʯʘʩʪʥʦʩʪʠ ʠʟ ʩʧʣʘʚʘ ʎʄ2ɸ, 

ʜʘʚʥʦ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʦʩʦʙʦʝ ʩʦʩʪʦʷʥʠʝ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʪʦʣʱʠʥʦʡ 0,1 ʤʤ, ʢʦʪʦʨʳʡ ʥʘʟʚʘʣʠ ʟʦʥʦʡ 

ʟʘʪʨʫʜʥʸʥʥʦʡ ʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ (ɿɿʈ). ɼʘʞʝ ʧʦʩʣʝ ʦʪʞʠʛʘ ʧʨʠ 15000ʉ ʚ ʪʝʯʝʥʠʝ 1 ʯʘʩʘ ʚ ʣʠʩʪʘʭ ʠʟ 

ʫʢʘʟʘʥʥʦʛʦ ʩʧʣʘʚʘ ʚ ʵʪʦʡ ʟʦʥʝ ʩʦʭʨʘʥʷʝʪʩʷ ʚʦʣʦʢʥʠʩʪʘʷ ʥʝ-ʨʝʢʨʠʩʪʘʣʣʠʟʦʚʘʥʥʘʷ ʩʪʨʫʢʪʫʨʘ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ 

ʚ  ʪʦʣʱʝ ʤʝʪʘʣʣʘ ʚʳʨʘʩʪʘʶʪ ʟʸʨʥʘ ʨʘʟʤʝʨʦʤ 0,03-0,04 ʤʤ [1]. ʉʫʱʝʩʪʚʫʝʪ ʜʚʝ ʪʦʯʢʠ ʟʨʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʧʨʠʯʠʥ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ɿɿʈ: (1) - ʟʘʛʨʷʟʥʝʥʠʝ ʧʨʠʤʝʩʷʤʠ ʧʨʠ ʧʨʦʢʘʪʢʝ ʠ ʦʪʞʠʛʝ ʠ (2) - ʨʘʟʣʠʯʥʦʝ 

ʜʝʬʦʨʤʘʮʠʦʥʥʦʝ ʫʧʨʦʯʥʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʠ ʮʝʥʪʨʘʣʴʥʳʭ ʩʣʦʸʚ, ʚ ʢʦʪʦʨʳʭ ʬʦʨʤʠʨʫʝʪʩʷ ʨʘʟʣʠʯʥʘʷ 

ʜʠʩʣʦʢʘʮʠʦʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ï ʷʯʝʠʩʪʘʷ ʚ (ʪʦʣʱʝ ʣʠʩʪʘ) ʠ ʧʦʣʠʛʦʥʠʟʦʚʘʥʥʘʷ (ʚ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ). 

ʇʨʠ ʧʦʩʣʝʜʫʶʱʠʭ ʦʪʞʠʛʘʭ ʮʝʥʪʨʘʣʴʥʳʝ ʩʣʦʠ ʨʝʢʨʠʩʪʘʣʣʠʟʫʶʪʩʷ ʧʦ ʦʙʳʯʥʦʤʫ ʤʝʭʘʥʠʟʤʫ, ʘ ʚ 

ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ ʧʨʦʠʩʭʦʜʠʪ ʣʠʰʴ ʫʢʨʫʧʥʝʥʠʝ ʧʦʣʠʛʦʥʘʣʴʥʳʭ ʙʣʦʢʦʚ ʚ ʨʘʤʢʘʭ ʩʪʘʨʳʭ 

ʙʦʣʴʰʝʫʛʣʦʚʳʭ ʛʨʘʥʠʮ. ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʤʝʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʭ ʠ 

ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʣʠʩʪʦʚ ʠʟ ʩʧʣʘʚʘ ʎʄ2ɸ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʱʠʝ ʚ ʧʦʣʴʟʫ ʚʪʦʨʦʡ ʧʨʠʯʠʥʳ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ ɿɿʈ. 

ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʚʳʙʨʘʥʳ ʣʠʩʪʳ ʠʟ ʩʧʣʘʚʘ ʎʄ2ɸ ʪʦʣʱʠʥʦʡ 0,8ʤʤ, 

ʠʟʛʦʪʦʚʣʝʥʥʳʝ ʠʟ ʧʨʝʩʩʦʚʘʥʥʳʭ ʟʘʛʦʪʦʚʦʢ. ʀʟ ʥʠʭ ʚʳʨʝʟʘʣʠ ʦʙʨʘʟʮʳ ʨʘʟʤʝʨʦʤ 20ʭ15 (ʤʤ) ʚʜʦʣʴ 

ʥʘʧʨʘʚʣʝʥʠʷ ʧʨʦʢʘʪʢʠ. ʆʯʠʩʪʢʘ ʚʥʝʰʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩ ʦʙʝʠʭ ʩʪʦʨʦʥ ʧʨʦʚʦʜʠʣʘʩʴ ʤʝʪʦʜʦʤ 

ʵʣʝʢʪʨʦʧʦʣʠʨʦʚʢʠ ʚ ʩʤʝʩʠ ʫʢʩʫʩʥʦʡ (7 ʯʘʩʪʝʡ) ʠ ʩʝʨʥʦʡ (1 ʯʘʩʪʴ) ʢʠʩʣʦʪ ʧʨʠ ʪʦʢʝ 3-6 ɸ. ʇʦ ʵʪʦʡ ʞʝ 

ʤʝʪʦʜʠʢʝ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʧʦʩʣʦʡʥʦʝ ʫʪʦʥʝʥʠʝ ʦʙʨʘʟʮʘ ʥʘ 0,01; 0,1; 0,2; 0,3 (ʤʤ) ʚʧʣʦʪʴ ʜʦ ʩʝʨʝʜʠʥʳ 

ʪʦʣʱʠʥʳ ʣʠʩʪʘ, ʠʩʧʦʣʴʟʫʷ ʜʣʷ ʢʦʥʪʨʦʣʷ ʤʠʢʨʦʤʝʪʨ. ʄʦʨʬʦʣʦʛʠʷ ʠʩʭʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʣʠʩʪʦʚ ʠ ʠʭ 

ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʩʣʝ ʢʘʞʜʦʛʦ ʵʪʘʧʘ ʫʪʦʥʝʥʠʷ, ʘ ʪʘʢʞʝ ʠʭ ʪʝʢʩʪʫʨʘ ʠʟʫʯʘʣʘʩʴ ʩʚʝʪʦʚʦʡ ʦʧʪʠʯʝʩʢʦʡ 

ʤʠʢʨʦʩʢʦʧʠʝʡ ʠ ʨʝʥʪʛʝʥʦʚʩʢʠʤ ʤʝʪʦʜʦʤ. ʅʠʞʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʵʪʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ʅʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʦʚ ʚ ʠʩʭʦʜʥʦʤ ʩʦʩʪʦʷʥʠʠ ʚʠʜʝʥ ʛʨʫʙʳʡ ʨʝʣʴʝʬ, ʵʣʝʤʝʥʪʳ ʢʦʪʦʨʦʛʦ ʚʳʪʷʥʫʪʳ 

ʚ ʧʦʧʝʨʝʯʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʘʧʨʘʚʣʝʥʠʷ ʧʨʦʢʘʪʢʠ ʥʘ ʟʘʢʣʶʯʠʪʝʣʴʥʦʤ ʵʪʘʧʝ (ʨʠʩ.1,ʘ). 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʜʘʣʴʥʝʡʰʝʛʦ ʧʦʩʣʦʡʥʦʛʦ ʫʪʦʥʝʥʠʷ ʦʙʨʘʟʮʦʚ ʧʦʩʣʝ ʵʣʝʢʪʨʦʧʦʣʠʨʦʚʢʠ  ʨʝʣʴʝʬ 

ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʩʪʝʧʝʥʥʦ ʩʛʣʘʞʠʚʘʝʪʩʷ ʠ ʩʪʘʥʦʚʠʪʩʷ ʝʜʚʘ ʟʘʤʝʪʥʳʤ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 0,1 ï 0,2 ʤʤ ʦʪ ʠʩʭʦʜʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʣʠʩʪʘ (ʨʠʩ.1,ʙ). ɺ ʮʝʥʪʨʘʣʴʥʳʭ ʩʣʦʷʭ ʣʠʩʪʦʚ (ʧʦ ʪʦʣʱʠʥʝ) ʥʠʢʘʢʠʭ ʩʣʝʜʦʚ ʨʝʣʴʝʬʘ ʥʝ 

ʥʘʙʣʶʜʘʝʪʩʷ. 

  
ʘ) ʙ) 
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ʈʠʩ.1. ʇʦʚʝʨʭʥʦʩʪʴ ʣʠʩʪʦʚ ʚ ʩʦʩʪʦʷʥʠʠ ʧʦʩʪʘʚʢʠ (ʘ), ʧʦʩʣʝ ʩʥʷʪʠʷ ʵʣʝʢʪʨʦʧʦʣʠʨʦʚʢʦʡ 0,2ʤʤ 

(ʙ), ʭ100. 

ʈʝʥʪʛʝʥʦʚʩʢʠʝ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʟʚʦʣʠʣʠ ʧʦʣʫʯʠʪʴ ʪʝʢʩʪʫʨʥʳʝ ʜʘʥʥʳʝ ʚ ʚʠʜʝ ʬʫʥʢʮʠʠ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʨʠʝʥʪʠʨʦʚʦʢ (ʌʈʆ) ʠ ʩʫʤʤʘʨʥʳʭ ʦʙʲʸʤʥʳʭ ʜʦʣʝʡ ʦʨʠʝʥʪʠʨʦʚʦʢ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʩʣʦʸʚ ʧʦ 

ʪʦʣʱʠʥʝ ʣʠʩʪʘ. ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʠ ʮʝʥʪʨʘʣʴʥʳʝ ʩʣʦʠ ʧʦ ʪʦʣʱʠʥʝ ʣʠʩʪʦʚ ʠʤʝʶʪ 

ʨʘʟʣʠʯʥʳʝ ʪʠʧʳ ʪʝʢʩʪʫʨ ʧʨʦʢʘʪʢʠ. ʇʦʚʝʨʭʥʦʩʪʥʳʡ ʪʠʧ ʪʝʢʩʪʫʨʳ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʤ 

ʨʘʩʩʝʷʥʠʝʤ ʦʩʥʦʚʥʳʭ ʦʨʠʝʥʪʠʨʦʚʦʢ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʮʝʥʪʨʘʣʴʥʳʤ ʪʠʧʦʤ ʪʝʢʩʪʫʨʳ. 

ɿʦʥʘ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʪʝʢʩʪʫʨʳ ʧʨʦʜʚʠʛʘʝʪʩʷ ʚʛʣʫʙʴ ʣʠʩʪʘ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʥʘ 0,2 ʤʤ (ʨʠʩ.1). 

 
ʈʠʩ.1. ɿʘʚʠʩʠʤʦʩʪʴ ʩʫʤʤʘʨʥʦʡ ʦʙʲʝʤʥʦʡ ʜʦʣʠ ʦʨʠʝʥʪʠʨʦʚʦʢ ʦʪ ʪʦʣʱʠʥʳ ʦʪʦʞʞʝʥʥʦʛʦ ʣʠʩʪʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʘʥʥʳʝ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʘʥʘʣʠʟʘ ʠ ʩʚʝʪʦʚʦʡ ʦʧʪʠʯʝʩʢʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʩʦʚʧʘʜʘʶʪ. 

ɺʳʚʦʜ. ʈʝʟʫʣʴʪʘʪʳ ʩʚʝʪʦʚʦʡ ʦʧʪʠʯʝʩʢʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʠ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʤʝʪʦʜʘ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ 

ʪʦʤ, ʯʪʦ ʚ ʣʠʩʪʘʭ ʎʄ-2ɸ ʧʦʚʝʨʭʥʦʩʪʥʳʡ ʩʣʦʡ ʛʣʫʙʠʥʦʡ 0,1-0,2 ʤʤ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʮʝʥʪʨʘʣʴʥʳʭ ʩʣʦʸʚ 

ʥʘʣʠʯʠʝʤ ʛʨʫʙʦʛʦ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʨʝʣʴʝʬʘ ʠ ʪʝʤ, ʯʪʦ ʝʛʦ ʪʝʢʩʪʫʨʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʤ 

ʨʘʩʩʝʷʥʠʝʤ ʦʩʥʦʚʥʳʭ ʦʨʠʝʥʪʠʨʦʚʦʢ.  

ʄʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ ʪʘʢʞʝ, ʯʪʦ ʥʘʣʠʯʠʝ ʛʨʫʙʦʛʦ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʨʝʣʴʝʬʘ ʤʦʞʝʪ ʧʨʦʚʦʮʠʨʦʚʘʪʴ 

ʦʙʨʘʟʦʚʘʥʠʝ ʨʘʩʩʣʦʷ ï ʥʘʠʙʦʣʝʝ ʪʠʧʠʯʥʦʛʦ ʜʝʬʝʢʪʘ ʣʠʩʪʦʚ. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

ʅ.ʅ.ʄʦʨʛʫʥʦʚʘ, ɹ.ɸ.ʂʣʳʧʠʥ, ɺ.ɸ.ɹʦʷʨʰʠʥʦʚ, ʃ.ɸ.ʊʘʨʘʢʘʥʦʚ, ʖ.ɺ.ʄʘʥʝʛʠʥ. ʉʧʣʘʚʳ ʤʦʣʠʙʜʝʥʘ. 

ʄʦʩʢʚʘ, ʄʝʪʘʣʣʫʨʛʠʷ, 1975, ʉ.391. 
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ʉopper and silver films deposited on a substrate of Al and W by use of plasma focus installation were 

investigated. It is shown that the concentration of uncontrolled impurities in the films can be substantially reduced 

by choosing suitable material of the anode of plasma focus installation. 
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ʀʩʩʣʝʜʦʚʘʥʳ ʤʝʜʥʳʝ ʠ ʩʝʨʝʙʨʷʥʳʝ ʧʣʝʥʢʠ, ʥʘʧʳʣʝʥʥʳʝ ʥʘ ʧʦʜʣʦʞʢʠ ʠʟ Al ʠ W ʥʘ ʫʩʪʘʥʦʚʢʝ 

ʇʣʘʟʤʝʥʥʳʡ ʬʦʢʫʩ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʢʦʥʮʝʥʪʨʘʮʠʶ ʥʝʢʦʥʪʨʦʣʠʨʫʝʤʳʭ ʧʨʠʤʝʩʝʡ ʚ ʧʣʝʥʢʘʭ ʤʦʞʥʦ 

ʩʫʱʝʩʪʚʝʥʥʦ ʫʤʝʥʴʰʠʪʴ ʧʫʪʝʤ ʚʳʙʦʨʘ ʧʦʜʭʦʜʷʱʠʭ ʤʘʪʝʨʠʘʣʦʚ ʘʥʦʜʥʦʛʦ ʫʟʣʘ ʫʩʪʘʥʦʚʢʠ. 

 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʧʨʠ ʥʘʥʝʩʝʥʠʠ ʨʘʟʣʠʯʥʳʭ ʧʦʢʨʳʪʠʡ ʥʘ ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʧʦʜʣʦʞʢʠ ʩ ʧʦʤʦʱʴʶ 

ʧʣʘʟʤʝʥʥʳʭ ʩʪʨʫʡ, ʚ ʥʠʭ ʩʦʜʝʨʞʘʪʩʷ ʨʘʟʣʠʯʥʳʝ ʧʨʠʤʝʩʠ, ʢʦʪʦʨʳʝ ʧʦʩʪʫʧʘʶʪ ʩ ʘʥʦʜʥʦʛʦ ʫʟʣʘ ʫʩʪʘʥʦʚʦʢ 

[1, 2]. ʕʪʠ ʧʨʠʤʝʩʠ ʦʢʘʟʳʚʘʶʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʩʚʦʡʩʪʚʘ ʧʦʢʨʳʪʠʡ, ʢʦʛʜʘ ʢʦʥʮʝʥʪʨʘʮʠʷ 

ʵʣʝʤʝʥʪʦʚ ʥʘʧʳʣʷʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ ʩʪʘʥʦʚʠʪʩʷ ʩʨʘʚʥʠʤʦʡ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʧʨʠʤʝʩʝʡ. 

ʈʘʙʦʪʳ ʧʦ ʥʘʧʳʣʝʥʠʶ ʤʝʜʥʳʭ ʠ ʩʝʨʝʙʨʷʥʳʭ ʧʣʝʥʦʢ ʥʘ ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʧʦʜʣʦʞʢʠ ʠʟ ʚʦʣʴʬʨʘʤʘ ʠ 

ʘʣʶʤʠʥʠʷ ʥʘ ʠʤʧʫʣʴʩʥʦʡ ʧʣʘʟʤʝʥʥʦʡ ʫʩʪʘʥʦʚʢʝ ʪʠʧʘ ʇʣʘʟʤʝʥʥʳʡ ʬʦʢʫʩ (ʇʌ-4, ʌʀɸʅ) ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚ 

ʧʣʝʥʢʘʭ ʩʦʜʝʨʞʠʪʩʷ ʤʥʦʛʦ ʩʪʦʨʦʥʥʠʭ ʧʨʠʤʝʩʝʡ: C, W, Fe, O, Al, Si ʠ ʨʷʜ ʜʨʫʛʠʭ ʵʣʝʤʝʥʪʦʚ [3-5]. 

  
ʘ ʙ 

ʈʠʩ. 1. ʇʣʝʥʢʘ ʤʝʜʠ ʥʘ ʘʣʶʤʠʥʠʝʚʦʡ ʧʦʜʣʦʞʢʝ, ʧʦʣʫʯʝʥʥʘʷ ʥʘ ʫʩʪʘʥʦʚʢʝ ʇʌ-4 ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ 

ʘʨʛʦʥʦʚʦʡ ʧʣʘʟʤʳ ʯʝʨʝʟ ʤʝʜʥʫʶ ʪʨʫʙʢʫ (ʘ): ʯʠʩʣʦ ʧʣʘʟʤʝʥʥʳʭ ʠʤʧʫʣʴʩʦʚ n=20; ʨʘʩʩʪʦʷʥʠʝ ʜʦ 

ʧʦʜʣʦʞʢʠ  h = 35 ʤʤ ʙ ï ʵʣʝʤʝʥʪʥʳʡ ʩʦʩʪʘʚ ʤʝʜʥʦʡ ʧʣʝʥʢʠ. 

ʇʨʠ ʘʥʘʣʠʟʝ ʤʘʪʝʨʠʘʣʦʚ ʘʥʦʜʥʦʛʦ ʫʟʣʘ ʇʌ-4 ʙʳʣʦ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʢʦʨʧʫʩ ʘʥʦʜʘ ʠʟ ʥʝʨʞʘʚʝʶʱʝʡ 

ʩʪʘʣʠ ʪʠʧʘ ʍ18ʅ10ʊ ʠ ʚʦʣʴʬʨʘʤʦʚʳʡ ʚʢʣʘʜʳʰ, ʫʩʪʘʥʦʚʣʝʥʥʳʡ ʚ ʤʝʜʥʳʡ ʥʘʢʦʥʝʯʥʠʢ ʘʥʦʜʘ, ʤʦʛʫʪ ʙʳʪʴ 

ʠʩʪʦʯʥʠʢʘʤʠ ʩʪʦʨʦʥʥʠʭ ʧʨʠʤʝʩʝʡ. ʇʨʠ ʧʦʩʣʝʜʫʶʱʝʡ ʤʦʜʝʨʥʠʟʘʮʠʠ ʫʩʪʘʥʦʚʢʠ ʇʌ-4 ʢʦʨʧʫʩ ʘʥʦʜʘ ʙʳʣ 

ʧʦʢʨʳʪ ʩʣʦʝʤ ʤʝʜʠ ʥʘ ʜʫʛʦʚʦʤ ʧʣʘʟʤʘʪʨʦʥʝ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ (ʀʄɽʊ ʈɸʅ). ɹʳʣ ʫʜʘʣʝʥ ʚʦʣʴʬʨʘʤʦʚʳʡ 

ʚʢʣʘʜʳʰ ʠ ʫʩʪʘʥʦʚʣʝʥ ʘʥʦʜʥʳʡ ʥʘʢʦʥʝʯʥʠʢ ʠʟ ʯʠʩʪʦʡ ʤʝʜʠ (ʨʠʩ. 2). 

 
 

ʘ ʙ 

ʈʠʩ. 2. ʇʣʝʥʢʘ Ag ʥʘ ʚʦʣʴʬʨʘʤʦʚʦʡ ʧʦʜʣʦʞʢʝ (ʘ), ʥʘʧʳʣʝʥʥʘʷ  ʥʘ ʫʩʪʘʥʦʚʢʝ ʇʌ-4 ʧʦʩʣʝ 

ʤʦʜʝʨʥʠʟʘʮʠʠ. ʇʣʝʥʢʘ ʧʦʣʫʯʝʥʘ ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʩʪʨʫʠ ʘʟʦʪʥʦʡ ʧʣʘʟʤʳ ʯʝʨʝʟ ʢʦʥʫʩʥʦʝ ʦʪʚʝʨʩʪʠʝ ʚ 

Ag ʧʣʘʩʪʠʥʝ: n=5; h = 30 ʤʤ; ʙ ï ʵʣʝʤʝʥʪʥʳʡ ʩʦʩʪʘʚ ʩʝʨʝʙʨʷʥʦʡ ʧʣʝʥʢʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʟ ʧʨʠʚʝʜʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʚʠʜʥʦ, ʯʪʦ ʩʦʜʝʨʞʘʥʠʝ ʥʝʢʦʥʪʨʦʣʠʨʫʝʤʳʭ ʧʨʠʤʝʩʝʡ 

ʧʨʠ ʧʦʜʙʦʨʝ ʤʘʪʝʨʠʘʣʦʚ ʘʥʦʜʥʦʛʦ ʫʟʣʘ ʫʩʪʘʥʦʚʢʠ ʇʌ-4 ʤʦʞʝʪ ʙʳʪʴ ʩʥʠʞʝʥʦ. ʅʘʣʠʯʠʝ ʢʠʩʣʦʨʦʜʘ, ʘʟʦʪʘ 

ʠ ʫʛʣʝʨʦʜʘ ʚ ʧʣʝʥʢʘʭ ʩʚʷʟʘʥʦ ʩ ʫʩʣʦʚʠʷʤʠ ʚʘʢʫʫʤʥʦʡ ʦʪʢʘʯʢʠ ʫʩʪʘʥʦʚʢʠ ʇʌ-4 ʠ ʪʨʝʙʫʝʪ ʦʪʜʝʣʴʥʦʛʦ 

ʘʥʘʣʠʟʘ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ, ʧʨʦʝʢʪ ˉ 15-02-05995 
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ʀɿʋʏɽʅʀɽ ʆʉʆɹɽʅʅʆʉʊɽʁ ɺʆʉʉʊɸʅʆɺʃɽʅʀʗ ʆʂʉʀɼʅʓʍ ʉʆɽɼʀʅɽʅʀʁ 

ʊʋɻʆʇʃɸɺʂʀʍ ʄɽʊɸʃʃʆɺ ʇʆɼɻʈʋʇʇʓ ʍʈʆʄɸ ʇɸʈɸʄʀ ʑɽʃʆʏʅʆɿɽʄɽʃʔʅʓʍ 
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STUDY OF REDUCTION PECULIARITIES OF OXID E COMPOUNDS METALS CHROMIUM 

SUBGROUP BY ALKALINE EARTH METAL VA POURS 

Kolosov V.N., Orlov V.M., Miroshnichenko M.N. 

 
In this paper it was studied Cr, W and Mo nanoporous powders prepared by reducing ordinary oxides Cr2O3, 

WO3, MoO3, and binary oxides MgWO4, MgMoO4, CaWO4, CaMoO4, Ca3WO6 with Mg either Ca vapours in the 

temperature range 700-870ÁC at a residual Ar either He pressure of 5-20 kPa. At a temperature below the melting 

points of the components during reducing Cr2O3, WO3, MoO3, MgWO4, MgMoO4 and CaMoO4 it was observed 

that the oxide and metal phases of the reaction mixture are spatially separated with the deposition of dense MgO 

either CaO sediments outside the reaction zone. It was shown that use as precursors in magnesium or calcium 

vapour reduction binary oxide metals chromium subgroup containing refractory oxide MgO either CaO makes it 

possible to increase severalfold the specific surface area of the produced powders in comparison with ordinary 

oxides reduction. 

ʇʦʨʦʰʢʠ ʪʫʛʦʧʣʘʚʢʠʭ ʤʝʪʘʣʣʦʚ ʧʦʜʛʨʫʧʧʳ ʭʨʦʤʘ, ʚ ʢʦʪʦʨʫʶ ʥʘʨʷʜʫ ʩ ʭʨʦʤʦʤ ʚʭʦʜʷʪ ʚʦʣʴʬʨʘʤ ʠ 

ʤʦʣʠʙʜʝʥ, ʷʚʣʷʶʪʩʷ ʚʘʞʥʝʡʰʠʤʠ ʧʨʦʤʳʰʣʝʥʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʤʠ ʢʦʤʧʣʝʢʩ 

ʫʥʠʢʘʣʴʥʳʭ ʩʚʦʡʩʪʚ ʨʘʟʣʠʯʥʳʭ ʠʟʜʝʣʠʡ: ʞʘʨʦʧʨʦʯʥʦʩʪʴ, ʪʫʛʦʧʣʘʚʢʦʩʪʴ, ʧʨʦʯʥʦʩʪʴ, ʭʠʤʠʯʝʩʢʫʶ ʠ 

ʢʦʨʨʦʟʠʦʥʥʫʶ ʩʪʦʡʢʦʩʪʴ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʠʟʜʝʣʠʡ ʤʝʪʦʜʘʤʠ ʧʦʨʦʰʢʦʚʦʡ ʤʝʪʘʣʣʫʨʛʠʠ, ʘ ʪʘʢʞʝ 

ʪʫʛʦʧʣʘʚʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʥʘ ʠʭ ʦʩʥʦʚʝ ʚ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʪʨʝʙʫʶʪʩʷ ʯʠʩʪʳʝ 

ʚʳʩʦʢʦʜʠʩʧʝʨʩʥʳʝ ʧʦʨʦʰʢʠ. ʉʫʱʝʩʪʚʫʶʱʠʝ ʪʝʭʥʦʣʦʛʠʠ ʧʦʣʫʯʝʥʠʷ ʧʦʨʦʰʢʦʚ ʭʨʦʤʘ [1], ʚʦʣʴʬʨʘʤʘ ʠ 

ʤʦʣʠʙʜʝʥʘ [2] ʷʚʣʷʶʪʩʷ ʩʣʦʞʥʳʤʠ, ʤʥʦʛʦʩʪʘʜʠʡʥʳʤʠ, ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʙʦʣʴʰʠʤʠ ʟʘʪʨʘʪʘʤʠ ʠ ʧʨʠ ʵʪʦʤ 

ʠʤʝʝʪ ʤʝʩʪʦ ʦʛʨʘʥʠʯʝʥʠʝ ʧʦ ʚʝʣʠʯʠʥʝ ʠʭ ʫʜʝʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ʅʝʜʦʩʪʘʪʢʠ ʪʨʘʜʠʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ 

ʧʨʠʚʝʣʠ ʢ ʧʦʠʩʢʫ ʠ ʨʘʟʨʘʙʦʪʢʝ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʤʝʪʦʜʦʚ. ʈʘʥʝʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʦʨʦʰʢʠ ʚʦʣʴʬʨʘʤʘ ʩ 

ʚʳʩʦʢʦʡ ʫʜʝʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʦʢʩʠʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚʦʣʴʬʨʘʤʘ 

ʧʘʨʘʤʠ ʤʘʛʥʠʷ [3].  

ʅʘʩʪʦʷʱʘʷ ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʠʟʫʯʝʥʠʶ ʦʩʦʙʝʥʥʦʩʪʝʡ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʧʘʨʘʤʠ ʱʝʣʦʯʥʦʟʝʤʝʣʴʥʳʭ 

ʤʝʪʘʣʣʦʚ (ʤʘʛʥʠʷ ʠʣʠ ʢʘʣʴʮʠʷ) ʦʢʩʠʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʭʨʦʤʘ ʠ ʤʦʣʠʙʜʝʥʘ ʠ ʠʩʩʣʝʜʦʚʘʥʠʶ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 

ʧʘʨʘʤʠ ʢʘʣʴʮʠʷ ʦʢʩʠʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚʦʣʴʬʨʘʤʘ ʩ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʧʦʨʦʰʢʦʚ  ʭʨʦʤʘ, ʚʦʣʴʬʨʘʤʘ ʠ  

ʤʦʣʠʙʜʝʥʘ ʩ ʚʳʩʦʢʦʡ ʫʜʝʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ. 

ɺ ʢʘʯʝʩʪʚʝ ʧʨʝʢʫʨʩʦʨʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʨʦʩʪʳʝ: Cr2O3 (çʭʯè), WO3 (çʯè), MoO3 (çʯè) ʠ ʜʚʦʡʥʳʝ: 

MgMoO4, CaMoO4, MgWO4, CaWO4 ʠ Ca3WO6 ʦʢʩʠʜʳ. ɼʚʦʡʥʳʝ  ʦʢʩʠʜʳ ʩʠʥʪʝʟʠʨʦʚʘʣʠ ʤʝʪʦʜʦʤ ʩʧʝʢʘʥʠʷ 
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CaCO3 (çʯʜʘè) ʠʣʠ MgO (çʯʜʘè) ʩ MoO3 (çʯè) ʠʣʠ WO3 (çʯè). ɺʦʩʩʪʘʥʦʚʣʝʥʠʝ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʚʳʰʝ 

ʦʢʩʠʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʢʨʦʤʝ MoO3, ʧʨʦʚʦʜʠʣʠ ʧʫʪʝʤ ʠʭ ʚʳʜʝʨʞʢʠ ʚ ʧʘʨʘʭ ʤʘʛʥʠʷ ʠʣʠ ʢʘʣʴʮʠʷ ʚ 

ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨʳ 700-850 ̄ʉ ʧʨʠ ʦʩʪʘʪʦʯʥʦʤ ʜʘʚʣʝʥʠʠ ʠʥʝʨʪʥʦʛʦ ʛʘʟʘ (ʘʨʛʦʥʘ ʠʣʠ ʛʝʣʠʷ) 5-20 ʢʇʘ. 

ɺʩʣʝʜʩʪʚʠʝ ʥʠʟʢʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʘʚʣʝʥʠʷ ʦʢʩʠʜʘ MoO3, ʝʛʦ ʚʦʩʩʪʘʥʘʚʣʠʚʘʣʠ ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨʳ 

700-780 ʉ̄. ʇʨʝʢʫʨʩʦʨʳ ʚ ʩʚʦʙʦʜʥʦ ʥʘʩʳʧʘʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʟʘʛʨʫʞʘʣʠ ʚ ʩʪʘʣʴʥʳʝ ʢʦʥʪʝʡʥʝʨʳ ʠ 

ʨʘʟʤʝʱʘʣʠ ʚ ʨʝʘʢʮʠʦʥʥʦʤ ʩʪʘʢʘʥʝ ʥʘʜ ʝʤʢʦʩʪʴʶ ʩ ʤʘʛʥʠʝʤ ʠʣʠ ʢʘʣʴʮʠʝʤ. ʇʨʦʜʫʢʪʳ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 

Cr2O3  ʦʙʨʘʙʘʪʳʚʘʣʠ ʨʘʩʪʚʦʨʦʤ ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʳ, ʘ ʧʨʦʜʫʢʪʳ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʦʢʩʠʜʦʚ ʚʦʣʴʬʨʘʤʘ ʠ 

ʤʦʣʠʙʜʝʥʘ - ʨʘʩʪʚʦʨʦʤ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʳ. ɿʘʪʝʤ ʧʦʨʦʰʢʠ ʦʪʤʳʚʘʣʠ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʦʡ ʜʦ 

ʥʝʡʪʨʘʣʴʥʦʡ ʨʝʘʢʮʠʠ ʠ ʩʫʰʠʣʠ ʥʘ ʚʦʟʜʫʭʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 80Áʉ. ʈʝʥʪʛʝʥʦʬʘʟʦʚʳʡ ʘʥʘʣʠʟ (ʈʌɸ) 

ʧʨʦʚʦʜʠʣʠ ʥʘ ʜʠʬʨʘʢʪʦʤʝʪʨʝ SHIMADZU XRD-6000 (CuKŬ-ʠʟʣʫʯʝʥʠʝ). ʋʜʝʣʴʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʠ 

ʧʦʨʠʩʪʦʩʪʴ ʧʦʨʦʰʢʦʚ ʠʟʤʝʨʷʣʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʤʝʪʦʜʘʤʠ BET ʠ BJH ʥʘ ʧʨʠʙʦʨʝ TriStar II 3020 V1.03. 

ɺ ʠʥʪʝʨʚʘʣʝ ʨʘʙʦʯʠʭ ʪʝʤʧʝʨʘʪʫʨ ʠʩʭʦʜʥʳʝ ʚʝʱʝʩʪʚʘ ʠ ʧʨʦʜʫʢʪʳ ʠʭ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ, ʢʨʦʤʝ ʤʘʛʥʠʷ, 

ʢʘʣʴʮʠʷ ʠ ʪʨʠʦʢʩʠʜʘ ʤʦʣʠʙʜʝʥʘ, ʠʤʝʶʪ ʫʧʨʫʛʦʩʪʴ ʧʘʨʦʚ ʥʝ ʙʦʣʝʝ 10-18-10-12 ʇʘ [4, 5]. ʇʨʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ 

MoO3 ʝʛʦ ʫʧʨʫʛʦʩʪʴ ʧʘʨʦʚ ʩʫʱʝʩʪʚʝʥʥʦ ʚʳʰʝ ʠ ʥʘʭʦʜʠʪʩʷ ʥʘ ʫʨʦʚʥʝ 102-103 ʇʘ [4]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ 

ʙʳʣʦ ʦʞʠʜʘʪʴ, ʯʪʦ ʟʘ ʩʯʝʪ ʩʫʙʣʠʤʘʮʠʠ ʪʨʠʦʢʩʠʜʘ ʤʦʣʠʙʜʝʥʘ ʯʘʩʪʴ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ ʧʦʩʣʝ ʝʛʦ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʤʦʞʝʪ ʨʘʩʧʦʣʘʛʘʪʴʩʷ ʚʥʝ ʢʦʥʪʝʡʥʝʨʘ, ʚ ʢʦʪʦʨʳʡ ʦʥ ʙʳʣ ʟʘʛʨʫʞʝʥ. ɺ ʜʨʫʛʠʭ ʩʣʫʯʘʷʭ, ʚʚʠʜʫ 

ʥʠʟʢʦʡ ʫʧʨʫʛʦʩʪʠ ʧʘʨʦʚ ʠʩʭʦʜʥʳʭ ʨʝʘʛʝʥʪʦʚ ʠ ʦʙʨʘʟʫʶʱʠʭʩʷ ʧʨʦʜʫʢʪʦʚ, ʨʝʘʢʮʠʦʥʥʘʷ ʤʘʩʩʘ ʜʦʣʞʥʘ 

ʧʦʣʥʦʩʪʴʶ ʦʩʪʘʚʘʪʴʩʷ ʚ ʢʦʥʪʝʡʥʝʨʝ.  

ʆʜʥʘʢʦ ʧʦʩʣʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʚ ʧʨʠʚʝʜʝʥʥʳʭ ʚʳʰʝ ʫʩʣʦʚʠʷʭ, ʥʝ ʪʦʣʴʢʦ ʚ ʩʣʫʯʘʝ MoO3, ʥʦ ʪʘʢʞʝ ʠ 

ʧʦʩʣʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ Cr2O3, WO3, MgMoO4, MgWO ʠ CaMoO4 ʥʘ ʚʥʫʪʨʝʥʥʝʡ ʙʦʢʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʢʦʥʪʝʡʥʝʨʦʚ ʚʳʰʝ ʫʨʦʚʥʷ ʟʘʛʨʫʟʢʠ, ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʨʝʘʢʮʠʦʥʥʦʡ ʤʘʩʩʳ ʠ ʥʘ ʢʨʳʰʢʘʭ ʢʦʥʪʝʡʥʝʨʦʚ, 

ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ ʨʘʩʩʪʦʷʥʠʠ ʦʢʦʣʦ 30 ʤʤ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʝʢʫʨʩʦʨʦʚ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʟʥʘʯʠʪʝʣʴʥʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʧʣʦʪʥʳʭ ʦʪʣʦʞʝʥʠʡ ʚʝʱʝʩʪʚʘ ʙʝʣʦʛʦ ʮʚʝʪʘ. ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʈʌɸ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʧʨʝʢʫʨʩʦʨʘ ʠ ʤʝʪʘʣʣʘ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʷ ʙʝʣʦʝ ʚʝʱʝʩʪʚʦ ʧʨʝʜʩʪʘʚʣʷʣʦ ʩʦʙʦʡ ʯʠʩʪʳʡ 

ʦʢʩʠʜ ʤʘʛʥʠʷ, ʯʠʩʪʳʡ ʦʢʩʠʜ ʢʘʣʴʮʠʷ ʠʣʠ ʠʭ ʩʤʝʩʴ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʝʨʝʥʦʩ ʪʫʛʦʧʣʘʚʢʠʭ ʦʢʩʠʜʦʚ MgO 

ʠ CaO ʠʟ ʨʝʘʢʮʠʦʥʥʦʡ ʟʦʥʳ ʧʨʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʚʳʰʝ ʩʦʝʜʠʥʝʥʠʡ ʥʝ ʦʙʫʩʣʦʚʣʝʥ 

ʧʨʦʪʝʢʘʥʠʝʤ ʢʘʢʠʭ-ʣʠʙʦ ʭʠʤʠʯʝʩʢʠʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʨʝʘʢʮʠʡ [6]. ɺ ʨʝʘʛʝʥʪʘʭ ʦʪʩʫʪʩʪʚʫʶʪ ʢʘʢʠʝ-ʣʠʙʦ 

ʚʝʱʝʩʪʚʘ, ʩʧʦʩʦʙʥʳʝ ʦʙʨʘʟʦʚʳʚʘʪʴ ʣʝʪʫʯʠʝ ʩʦʝʜʠʥʝʥʠʷ ʩ ʦʢʩʠʜʦʤ ʤʘʛʥʠʷ ʠʣʠ ʩ ʦʢʩʠʜʦʤ ʢʘʣʴʮʠʷ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʧʨʦʯʠʭ ʨʘʚʥʳʭ ʫʩʣʦʚʠʷʭ ʤʘʩʩʘ ʦʪʣʦʞʝʥʠʡ ʦʢʩʠʜʘ ʤʘʛʥʠʷ, ʦʢʩʠʜʘ ʢʘʣʴʮʠʷ ʠʣʠ ʠʭ 

ʩʤʝʩʠ ʚʥʝ ʨʝʘʢʮʠʦʥʥʦʡ ʟʦʥʳ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ ʧʦʚʳʰʝʥʠʝʤ ʦʩʪʘʪʦʯʥʦʛʦ ʜʘʚʣʝʥʠʷ ʠʥʝʨʪʥʦʛʦ ʛʘʟʘ ʚ 

ʨʝʘʢʪʦʨʝ ʠ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʣʠʯʝʩʪʚʘ ʪʝʧʣʘ, ʚʳʜʝʣʷʶʱʝʛʦʩʷ ʥʘ ʝʜʠʥʠʮʫ ʤʘʩʩʳ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʦʡ 

ʰʠʭʪʳ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʦʨʠʩʪʦʡ ʩʪʨʫʢʪʫʨʳ ʧʦʨʦʰʢʦʚ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʫʜʝʣʴʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʧʨʘʢʪʠʯʝʩʢʠ 

ʧʦʣʥʦʩʪʴʶ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦʚʝʨʭʥʦʩʪʴʶ ʧʦʨ. ʇʨʠ ʵʪʦʤ ʨʦʩʪ ʫʜʝʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʦʠʩʭʦʜʠʪ ʚ ʦʩʥʦʚʥʦʤ 

ʟʘ ʩʯʝʪ ʫʚʝʣʠʯʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʥʘʥʦʧʦʨ ʤʝʥʴʰʝʛʦ ʜʠʘʤʝʪʨʘ. ʂʨʠʚʳʝ ʘʜʩʦʨʙʮʠʠ ʧʦʣʫʯʝʥʥʳʭ ʧʦʨʦʰʢʦʚ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ IV ʪʠʧʫ ʧʦ IUPAC. ʆʥʠ ʦʪʣʠʯʘʶʪʩʷ ʥʘʣʠʯʠʝʤ ʧʝʪʣʠ ʛʠʩʪʝʨʝʟʠʩʘ ʠ ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ 

ʤʘʪʝʨʠʘʣʦʚ ʩ ʤʝʟʦʧʦʨʠʩʪʦʡ ʩʪʨʫʢʪʫʨʦʡ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ 

ʧʘʨʘʤʠ ʤʘʛʥʠʷ ʠʣʠ ʢʘʣʴʮʠʷ ʜʚʦʡʥʳʭ ʦʢʩʠʜʦʚ ʤʝʪʘʣʣʦʚ ʧʦʜʛʨʫʧʧʳ ʭʨʦʤʘ, ʩʦʜʝʨʞʘʱʠʭ ʪʫʛʦʧʣʘʚʢʠʝ 

ʦʢʩʠʜʳ MgO ʠʣʠ CaO, ʫʜʝʣʴʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʧʦʨʦʰʢʦʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʤʝʪʘʣʣʦʚ ʚ 3-6 ʨʘʟ ʧʨʝʚʳʰʘʝʪ 

ʪʘʢʦʚʫʶ ʜʣʷ ʧʦʨʦʰʢʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʘʥʘʣʦʛʠʯʥʳʭ ʫʩʣʦʚʠʷʭ ʠʟ ʧʨʦʩʪʳʭ ʦʢʩʠʜʦʚ. ɼʦʩʪʠʛʥʫʪʘʷ ʧʨʠ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ʜʚʦʡʥʳʭ ʦʢʩʠʜʦʚ ʤʘʢʩʠʤʘʣʴʥʘʷ ʫʜʝʣʴʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʧʦʨʦʰʢʦʚ ʚʦʣʴʬʨʘʤʘ ʠ ʤʦʣʠʙʜʝʥʘ 

ʥʘʭʦʜʠʪʩʷ ʥʘ ʫʨʦʚʥʝ 20 ʤ2/ʛ.  
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MAGNETIC AND CATALYT ICAL PROPERTIES OF M ONO- AND BIMETALLIC 

NANOPARTICLES WITH N ICKEL AND COBALT  

Kotelnikova S.V., Suslonov V.V., Osmolowsky M.G., Osmolowskaya O.M. 

 

Magnetic and catalytical properties of nanoparticle depend on their morphology and composition. In this 

work the dependence of the characteristics of the particles on the conditions of synthesis was studied. Co and 

Co@Ni nanoparticles were prepared via polyol method using chelating agents and NaBH4 as a reduction agent. 

The NPs were characterized by XRD, SEM and SSA estimation. The magnetic properties were studied by VSM. 

The catalytic properties were investigated by UV-VIS spectroscopy using the model reaction of reduction of p-

nitrophenol to p- aminophenol. 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʥʘʥʦʯʘʩʪʠʮʳ (ʅʏ) ʙʣʘʛʦʜʘʨʷ ʩʚʦʠʤ ʩʚʦʡʩʪʚʘʤ ʠʤʝʶʪ ʰʠʨʦʢʠʡ 

ʢʨʫʛ ʧʨʠʤʝʥʝʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʦʧʪʠʯʝʩʢʠʭ, ʵʣʝʢʪʨʦʥʥʳʭ, ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʠ ʤʘʛʥʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ɺ ʩʚʷʟʠ 

ʩ ʵʪʠʤ, ʧʨʝʜʣʦʞʝʥʳ ʨʘʟʣʠʯʥʳʝ ʤʝʪʦʜʳ ʩʠʥʪʝʟʘ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʅʏ. ʊʘʢ ʢʘʢ ʦʥʠ ʦʯʝʥʴ 

ʨʝʘʢʮʠʦʥʥʦʩʧʦʩʦʙʥʳ, ʅʏ ʤʝʪʘʣʣʦʚ ʪʨʘʜʠʮʠʦʥʥʦ ʧʦʣʫʯʘʶʪ ʚ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʨʝʜʘʭ ʠ ʠʩʧʦʣʴʟʫʶʪ 

ʩʪʘʙʠʣʠʟʘʪʦʨʳ ʜʣʷ ʧʘʩʩʠʚʠʨʦʚʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ. ʅʘʥʦʯʘʩʪʠʮʳ ʤʝʪʘʣʣʦʚ ʧʨʠʤʝʥʷʶʪ ʚ ʢʘʯʝʩʪʚʝ 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ, ʥʝ ʪʦʣʴʢʦ ʠʟ-ʟʘ ʠʭ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʣʝʛʢʦʤʫ ʦʪʜʝʣʝʥʠʶ ʯʘʩʪʠʮ ʠʟ 

ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ, ʥʦ ʠ ʠʟ-ʟʘ ʙʦʣʴʰʦʡ ʚʝʣʠʯʠʥʳ ʫʜʝʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ʇʨʠʤʝʨʦʤ ʤʦʞʝʪ ʩʣʫʞʠʪʴ 

ʨʝʘʢʮʠʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʧʘʨʘ-ʥʠʪʨʦʬʝʥʦʣʘ ʙʦʨʛʠʜʨʠʜʦʤ ʥʘʪʨʠʷ. ʅʘʥʦʯʘʩʪʠʮʳ ʫʩʢʦʨʷʶʪ ʨʝʘʢʮʠʶ, 

ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʩʪʴʶ ʩʥʠʞʘʶʪ ʢʦʣʠʯʝʩʪʚʦ ʚʨʝʜʥʳʭ ʜʣʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʥʠʪʨʦʩʦʝʜʠʥʝʥʠʡ, ʧʨʠ 

ʵʪʦʤ ʦʩʥʦʚʥʳʤ ʧʨʦʜʫʢʪʦʤ ʷʚʣʷʶʪʩʷ ʘʤʠʥʦʧʨʦʠʟʚʦʜʥʳʝ, ʢʦʪʦʨʳʝ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʨʘʟʣʠʯʥʳʭ 

ʦʙʣʘʩʪʷʭ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʣʦʩʴ ʠʟʫʯʝʥʠʝ ʚʣʠʷʥʠʷ ʫʩʣʦʚʠʡ ʩʠʥʪʝʟʘ 

ʥʘʥʦʯʘʩʪʠʮ Co, Ni ʠ Co@Ni ʥʘ ʠʭ ʤʘʛʥʠʪʥʳʝ ʠ ʢʘʪʘʣʠʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ. 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʥʘʥʦʯʘʩʪʠʮ ʠʩʧʦʣʴʟʦʚʘʣʠ ʤʝʪʦʜ ʧʦʣʠʦʣʴʥʦʛʦ ʩʠʥʪʝʟʘ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ʠʦʥʦʚ ʤʝʪʘʣʣʘ ʚ ʩʨʝʜʝ ʤʥʦʛʦʘʪʦʤʥʳʭ ʩʧʠʨʪʦʚ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʩʪʘʙʠʣʠʟʘʪʦʨʦʚ ʨʘʟʣʠʯʥʦʡ 

ʧʨʠʨʦʜʳ, ʘ ʪʘʢʞʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʚʦʩʩʪʘʥʦʚʠʪʝʣʷ (NaBH4) ʠʣʠ ʚ ʩʣʫʯʘʝ Ni ʙʝʟ ʥʝʛʦ. 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʟʤʝʨʦʚ ʧʦʣʫʯʝʥʥʳʭ ʅʏ ʠ ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʩʠʥʪʝʟʝ ʩʪʘʙʠʣʠʟʘʪʦʨʦʚ ʤʝʥʷʶʪʩʷ ʠʭ 

ʤʘʛʥʠʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʉʠʥʪʝʟʠʨʦʚʘʥʥʳʝ ʅʏ ʬʝʨʨʦʤʘʛʥʠʪʥʳ ʠ ʙʣʠʟʢʠ ʢ ʦʜʥʦʜʦʤʝʥʥʦʤʫ ʩʦʩʪʦʷʥʠʶ. 

ʆʧʨʝʜʝʣʝʥʳ ʦʧʪʠʤʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ʧʨʦʚʝʜʝʥʠʷ ʤʦʜʝʣʴʥʦʡ ʨʝʘʢʮʠʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʧʘʨʘ-ʥʠʪʨʦʬʝʥʦʣʘ 

(ʞʝʣʪʳʡ) ʜʦ ʘʤʠʥʦʬʝʥʦʣʘ (ʙʝʩʮʚʝʪʥʳʡ), ʠʟʫʯʝʥʳ ʢʘʪʘʣʠʪʠʯʝʩʢʠʝ ʠ ʨʝʛʝʥʝʨʘʪʠʚʥʳʝ ʩʧʦʩʦʙʥʦʩʪʠ 

ʧʦʣʫʯʝʥʥʳʭ ʦʙʨʘʟʮʦʚ. ʊʘʢʞʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʦʪ ʩʦʩʪʘʚʘ ʥʘʥʦʯʘʩʪʠʮ 

Co@Ni. ʇʦʣʫʯʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʥʘʠʣʫʯʰʠʤʠ ʢʘʪʘʣʠʪʠʯʝʩʢʠʤʠ 

ʩʚʦʡʩʪʚʘʤʠ ʦʙʣʘʜʘʶʪ ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʝ ʅʏ Co@Ni, ʚ ʢʦʪʦʨʳʭ ʤʦʣʷʨʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʉʦ:Ni ʩʦʩʪʘʚʣʷʝʪ 

70:30. ɺ ʩʣʫʯʘʝ ʥʘʥʦʯʘʩʪʠʮ Ni ʥʘʙʣʶʜʘʣʦʩʴ ʫʭʫʜʰʝʥʠʝ ʢʘʪʘʣʠʩʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʩʪʘʙʠʣʠʟʘʪʦʨʘ. 
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CHANGE OF THE ELECTR OPHYSICAL PROPERTIES  OF THE COMPOUNDS FESE AND MOS2 

BY HYDROGEN DOPING  

Burkhanov G.S., Sachenkov S.A., Kononov M.A., Vlasenko V.A., Korenovskiy N.L 

 
Made the intercalation of hydrogen of the two compounds with a layered structure of the superconductor 

FeSe0,88 and semiconductor MoS2 . 
ɸʥʘʣʠʟ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʩʚʝʨʭʧʨʦʚʦʜʥʠʢʦʚ (ɺʊʉʇ) Y ʠ Bi ï 

ʢʝʨʘʤʠʢʠ, MgB2 ʠ ʦʪʢʨʳʪʳʭ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʜʘʚʥʦ ʩʚʝʨʭʧʨʦʚʦʜʷʱʠʭ ʘʨʩʝʥʠʜʦʚ ʞʝʣʝʟʘ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ 

ʚʩʝ ʦʥʠ ʦʙʣʘʜʘʶʪ ʩʣʦʠʩʪʦʡ ʩʪʨʫʢʪʫʨʦʡ. 

ʂ ʩʣʦʠʩʪʳʤ  ʩʦʝʜʠʥʝʥʠʷʤ, ʩʦ  ʩʣʘʙʳʤʠ ɺʘʥ-ʜʝʨ-ɺʘʘʣʴʩʦʚʳʤʠ ʩʠʣʘʤ, ʦʪʥʦʩʠʪʩʷ ʠ ʩʚʝʨʭʧʨʦʚʦʜʷʱʝʝ 

ʩʦʝʜʠʥʝʥʠʝ FeSey (y~0,88) ʩ ʊʢ  7-8 ʂ. 

ʋ ʥʝʢʦʪʦʨʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩ ʪʘʢʦʡ ʩʪʨʫʢʪʫʨʦʡ, ʥʘʧʨʠʤʝʨ MoS2, ʩʣʦʠ ʩʚʷʟʘʥʳ ʩʣʘʙʳʤʠ ɺʘʥ-ʜʝʨ-

ɺʘʘʣʴʩʦʚʳʤʠ ʩʠʣʘʤʠ. ɽʩʣʠ ʤʝʞʜʫ ʩʣʦʷʤʠ ʪʘʢʠʭ ʩʦʝʜʠʥʝʥʠʷ  ʚʚʝʩʪʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʘʪʦʤʳ, ʪʦ ʤʦʞʥʦ 

ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʪʴ  ʠʭ ʩʪʨʫʢʪʫʨʫ ʠ ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ ʢʦʨʝʥʥʳʤ ʦʙʨʘʟʦʤ ʠʟʤʝʥʠʪʴ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ. ʅʘʧʨʠʤʝʨ, ʧʦʣʫʧʨʦʚʦʜʥʠʢ MoS2 ʧʦʩʣʝ  ʠʥʪʝʨʢʘʣʠʨʦʚʘʥʠʷ ʘʪʦʤʘʤʠ ʱʝʣʦʯʥʳʭ ʤʝʪʘʣʣʦʚ 

ʩʪʘʥʦʚʠʪʩʷ ʩʚʝʨʭʧʨʦʚʦʜʥʠʢʦʤ ʩ ʊʢ ~ 6 ʂ [1, 2].  

ɽʩʣʠ ʤʝʞʜʫ ʩʣʦʷʤʠ ʩʚʝʨʭʧʨʦʚʦʜʷʱʝʛʦ ʩʦʝʜʠʥʝʥʠʷ FeSey , ʢʦʪʦʨʦʝ ʦʙʣʘʜʘʝʪ ʪʝʪʨʘʛʦʥʘʣʴʥʦʡ 

ʨʝʰʝʪʢʦʡ, ʚʚʝʩʪʠ ʘʪʦʤʳ ʱʝʣʦʯʥʦʛʦ ʤʝʪʘʣʣʘ ʪʦ ʢʨʠʪʠʯʝʩʢʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʩʚʝʨʭʧʨʦʚʦʜʷʱʝʛʦ ʧʝʨʝʭʦʜʘ 

ʚʦʟʨʘʩʪʘʝʪ ʦʪ 7-8 ʂ ʜʦ ʪʝʤʧʝʨʘʪʫʨ ʩʚʳʰʝ 40 ʂ [ 3 ].  

ʅʘʩʪʦʷʱʘʷ ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʫʩʪʘʥʦʚʣʝʥʠʶ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʠʟʤʝʥʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʠ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʩʦʝʜʠʥʝʥʠʡ FeSe ʠ MoS2 ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʥʠʭ ʚʦʜʦʨʦʜʘ, ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ 

ʵʣʝʢʪʨʦʥʥʳʤ ʘʥʘʣʦʛʦʤ ʱʝʣʦʯʥʳʤ ʤʝʪʘʣʣʘʤ. 

ʀʥʪʝʨʢʘʣʠʨʦʚʘʥʠʝ ʠʦʥʘʤʠ ʚʦʜʦʨʦʜʘ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʩ ʧʦʤʦʱʴʶ ʩʧʝʮʠʘʣʴʥʦʛʦ ʠʦʥʥʦʛʦ ʠʩʪʦʯʥʠʢʘ 

(ʀʀ) ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʢʘʪʦʜʥʦʛʦ ʨʘʟʨʷʜʘ (ʨʠʩ.1). 

 
ʈʠʩ.1 ʉʭʝʤʘ ʠʦʥʥʦʛʦ ʠʩʪʦʯʥʠʢʘ 

ʉʠʣʘ ʪʦʢʘ, ʚ ʦʙʨʘʟʦʚʘʚʰʝʤʩʷ ʠʦʥʥʦʤ ʧʫʯʢʝ,  ʩʦʩʪʘʚʣʷʣʘ ~ 0,5-0,6 ʤɸ, ʫʩʢʦʨʷʶʱʘʷ ʨʘʟʥʦʩʪʴ 

ʧʦʪʝʥʮʠʘʣʦʚ ʦʪ 500 ʜʦ +4000 ʚʦʣʴʪ.  ʆʩʪʘʪʦʯʥʦʝ ʜʘʚʣʝʥʠʝ ʚ ʢʘʤʝʨʝ , ʧʝʨʝʜ ʥʘʧʫʩʢʦʤ ʚʦʜʦʨʦʜʘ,   ~ 10-4 ʇʘ, 

ʘ  ʧʨʠ ʨʘʙʦʪʘʶʱʝʤ ʠʩʪʦʯʥʠʢʝ, ʟʘ ʩʯʝʪ ʚʦʜʦʨʦʜʘ  ʜʘʚʣʝʥʠʝ ʧʦʚʳʰʘʝʪʩʷ ʜʦ   10-2 -10-1 ʇʘ. ɺʦʜʦʨʦʜ 

ʠʦʥʠʟʠʨʫʝʪʩʷ ʧʝʨʚʠʯʥʳʤʠ ʵʣʝʢʪʨʦʥʘʤʠ ʧʨʠ ʧʦʜʘʯʝ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʘʥʦʜ. ɺ ʜʘʣʴʥʝʡʰʝʤ ʨʘʟʨʷʜ 

ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʚʪʦʨʠʯʥʳʤʠ ʵʣʝʢʪʨʦʥʘʤʠ, ʦʙʨʘʟʫʶʱʠʤʠʩʷ ʚ ʧʨʦʮʝʩʩʝ ʠʦʥʠʟʘʮʠʠ ʛʘʟʘ. 

ɺʦʟʜʝʡʩʪʚʠʝ ʚʦʜʦʨʦʜʘ ʥʘ FeSe0,88 , ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʩʣʦʷʤʠ ʚ ʩʦʝʜʠʥʝʥʠʠ 

( ʧʘʨʘʤʝʪʨ ʨʝʰʝʪʢʠ çʩè ʫʙʳʚʘʝʪ) ʩ ʦʜʥʦʚʨʝʤʝʥʥʳʤ ʧʦʚʳʰʝʥʠʝʤ  ʊʢʩ ( ʩʝʨʝʜʠʥʘ ʩʚʝʨʭʧʨʦʚʦʜʷʱʝʛʦ 

ʧʝʨʝʭʦʜʘ ) ʥʘ ʚʝʣʠʯʠʥʫ ~ 1 ʂ ʠ ʫʤʝʥʴʰʝʥʠʝ ʰʠʨʠʥʳ ʩʚʝʨʭʧʨʦʚʦʜʷʱʝʛʦ ʧʝʨʝʭʦʜʘ.  

ɺ ʧʨʦʮʝʩʩʝ ʜʦʧʠʨʦʚʘʥʠʷ MoS2   ʚʦʜʦʨʦʜʦʤ ʝʛʦ ʤʘʩʩʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʧʘʨʘʤʝʪʨ ʨʝʰʝʪʢʠ çʩè, 

ʩʚʷʟʘʥʥʳʡ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʩʣʦʷʤʠ ʚʦʟʨʘʩʪʘʝʪ ʦʪ 12.241(6) Ȕ  ʜʦ 12.297(5) Ȕ . ʇʨʠ ʵʪʦʤ 

ʥʘʨʷʜʫ ʩ ʩʫʱʝʩʪʚʫʶʱʠʤʠ  ɺʘʥ-ʜʝʨ-ɺʘʘʣʴʩʦʚʳʤʠ ʩʠʣʘʤʠ ʚʦʟʥʠʢʘʶʪ  ʅ- ʩʚʷʟʠ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 
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ʬʦʨʤʠʨʦʚʘʥʠʶ ʛʠʜʨʠʜʘ MoS2H0,38 ʠ ʨʝʟʢʦʤʫ ʩʢʘʯʢʫ ʫʜʝʣʴʥʦʛʦ ʵʣʝʢʪʨʦʩʦʧʨʦʪʠʚʣʝʥʠʷ (ʥʘ ʧʦʨʷʜʦʢ ʧʨʦʪʠʚ 

ʝʛʦ ʟʥʘʯʝʥʠʷ ʜʦ ʠʥʪʝʨʢʘʣʠʨʦʚʘʥʠʷ ʚʦʜʦʨʦʜʦʤ). 
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THE DEVELOPMENT OF M ECHANICALLY ALLOYED BINDERS FOR DIAMOND 

IMPREGNATED TO OLS BASED ON HOME MA NUFACTURED METALLIC POWDERS 

Loginov P.A., Sidorenko D.A., Levashov E.A., Andreev V.A. 

 
In this study optimization of chemical composition and manufacturing technology of metallic powder 

binders for diamond impregnated tools was performed. Home manufactured metallic powders were taken as initial 

materials. The aim of the study was to obtain binders with the same mechanical properties as the best foreign 

analogues. Two types of binders were designed: [Fe-Cu-Co]-X%Ni for granite and low-abrasive rocks and Fe-

Co-Ni for concrete. Both of them demonstrate excellent strength (1100 MPa for [Fe-Cu-Co]-X%Ni and 1980 MPa 

for Fe-Co-Ni) and wear resistance up to 30 times higher than ones of the same purpose of the global manufacturer. 

 

ʈʝʞʫʱʠʡ ʠ ʰʣʠʬʦʚʘʣʴʥʳʡ ʠʥʩʪʨʫʤʝʥʪ ʥʘ ʦʩʥʦʚʝ ʩʚʝʨʭʪʚʝʨʜʳʭ ʤʘʪʝʨʠʘʣʦʚ (ʘʣʤʘʟʘ, ʢʫʙʠʯʝʩʢʦʛʦ 

ʥʠʪʨʠʜʘ ʙʦʨʘ) ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ʂ ʪʘʢʦʤʫ ʠʥʩʪʨʫʤʝʥʪʫ ʦʪʥʦʩʷʪʩʷ ʦʪʨʝʟʥʳʝ 

ʩʝʛʤʝʥʪʥʳʝ ʜʠʩʢʠ, ʢʘʥʘʪʥʳʝ ʧʠʣʳ, ʢʦʣʴʮʝʚʳʝ ʩʚʝʨʣʘ, ʰʚʦʥʘʨʝʟʯʠʢʠ ʠ ʪ.ʜ. ʈʘʙʦʯʠʡ ʩʣʦʡ ʠʥʩʪʨʫʤʝʥʪʦʚ 

ʜʘʥʥʦʛʦ ʢʣʘʩʩʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʦʤʧʦʟʠʮʠʦʥʥʳʡ ʤʘʪʝʨʠʘʣ ï ʟʝʨʥʘ ʩʚʝʨʭʪʚʝʨʜʦʛʦ ʤʘʪʝʨʠʘʣʘ, 

ʚʳʧʦʣʥʷʶʱʠʝ ʬʫʥʢʮʠʶ ʘʙʨʘʟʠʚʘ, ʟʘʢʣʶʯʝʥʥʳʝ ʚ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʩʚʷʟʢʝ (ʠʥʦʛʜʘ ʢʝʨʘʤʠʯʝʩʢʦʡ ʠʣʠ 

ʦʨʛʘʥʠʯʝʩʢʦʡ), ʦʪʚʝʯʘʶʱʝʡ ʟʘ ʠʭ ʫʜʝʨʞʘʥʠʝ ʠ ʧʦʩʪʝʧʝʥʥʦʝ ʦʙʥʦʚʣʝʥʠʝ ʨʘʙʦʯʝʛʦ ʩʣʦʷ.  

ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʧʨʦʠʟʚʦʜʩʪʚʦ ʘʣʤʘʟʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʨʘʟʚʠʪʦ ʚ ʈʦʩʩʠʠ ʠ ʧʨʝʜʩʪʘʚʣʝʥʦ ʨʷʜʦʤ 

ʢʨʫʧʥʳʭ ʢʦʤʧʘʥʠʡ, ʧʨʝʜʧʨʠʷʪʠʡ, ʟʘʥʠʤʘʶʱʠʭʩʷ ʨʘʟʨʘʙʦʪʢʦʡ ʠ ʚʳʧʫʩʢʦʤ ʧʦʨʦʰʢʦʚʳʭ ʩʚʷʟʦʢ ʜʣʷ ʠʭ 

ʥʫʞʜ ʥʝʪ. ʕʪʦ ʚʳʥʫʞʜʘʝʪ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʘʣʤʘʟʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʜʦʨʦʛʦʩʪʦʷʱʫʶ ʧʨʦʜʫʢʮʠʶ ʠʥʦʩʪʨʘʥʥʳʭ ʢʦʤʧʘʥʠʡ (Eurotungstene, Umicore, Freeport Cobalt ʠ ʜʨ.). ɺ 

ʫʩʣʦʚʠʷʭ ʜʦʨʦʛʦʚʠʟʥʳ ʠʤʧʦʨʪʥʳʭ ʧʦʨʦʰʢʦʚʳʭ ʩʚʷʟʦʢ ʦʩʦʙʫʶ ʘʢʪʫʘʣʴʥʦʩʪʴ ʧʨʠʦʙʨʝʪʘʝʪ ʨʘʟʨʘʙʦʪʢʘ 

ʪʝʭʥʦʣʦʛʠʠ ʧʦʣʫʯʝʥʠʷ ʘʥʘʣʦʛʦʚ, ʥʝ ʫʩʪʫʧʘʶʱʠʭ ʧʦ ʩʚʦʡʩʪʚʘʤ, ʠʟ ʤʘʪʝʨʠʘʣʦʚ, ʧʨʦʠʟʚʦʜʠʤʳʭ ʚ ʈʦʩʩʠʠ.  

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʩʦʩʪʘʚʳ ʩʚʷʟʦʢ [Fe-Cu-Co]-X%Ni (ʛʜʝ X = 5 õ 30 ʤʘʩʩ. %) ʠ Fe-

Co-Ni, ʘ ʪʘʢʞʝ ʪʝʭʥʦʣʦʛʠʷ ʠʭ ʧʦʣʫʯʝʥʠʷ ʠʟ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʧʦʨʦʰʢʦʚ ʞʝʣʝʟʘ, ʤʝʜʠ, ʥʠʢʝʣʷ (ʈʦʩʩʠʷ) ʠ 

ʢʦʙʘʣʴʪʘ (ʂʠʪʘʡ). ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʧʦʨʦʰʢʦʚʳʭ ʩʤʝʩʝʡ ʙʳʣ ʧʨʠʤʝʥʝʥ ʤʝʪʦʜ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʣʝʛʠʨʦʚʘʥʠʷ ʚ 

ʧʣʘʥʝʪʘʨʥʳʭ ʮʝʥʪʨʦʙʝʞʥʳʭ ʤʝʣʴʥʠʮʘʭ (ʇʎʄ).  

ʆʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʮʝʣʝʡ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣʘ ʦʧʪʠʤʠʟʘʮʠʷ ʩʦʩʪʘʚʘ ʠ ʪʝʭʥʦʣʦʛʠʠ ʧʦʣʫʯʝʥʠʷ ʩʚʷʟʢʠ 

[Fe-Cu-Co]-X%Ni, ʘʥʘʣʦʛʦʤ ʢʦʪʦʨʦʡ ʧʦ ʩʦʦʪʥʦʰʝʥʠʶ ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʥʘʟʥʘʯʝʥʠʶ (ʦʙʨʘʙʦʪʢʘ ʛʨʘʥʠʪʘ ʠ 

ʜʨʫʛʠʭ ʤʘʣʦʘʙʨʘʟʠʚʥʳʭ ʧʦʨʦʜ) ʷʚʣʷʝʪʩʷ ʩʚʷʟʢʘ ʤʘʨʢʠ MX1480 ʢʦʤʧʘʥʠʠ Eurotungstene (ʌʨʘʥʮʠʷ) ï 

ʤʠʨʦʚʦʛʦ ʣʠʜʝʨʘ ʚ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ. ʆʩʥʦʚʥʳʤʠ ʢʨʠʪʝʨʠʷʤʠ, ʧʦ ʢʦʪʦʨʳʤ ʦʮʝʥʠʚʘʣʦʩʴ ʢʘʯʝʩʪʚʦ ʦʙʨʘʟʮʦʚ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʩʚʷʟʦʢ, ʙʳʣʠ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʠ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ. ɸʣʤʘʟʥʳʡ ʨʝʞʫʱʠʡ 

ʠʥʩʪʨʫʤʝʥʪ, ʢʘʢ ʧʨʘʚʠʣʦ, ʨʘʙʦʪʘʝʪ ʥʘ ʚʳʩʦʢʠʭ ʩʢʦʨʦʩʪʷʭ ʠ ʧʨʠ ʟʥʘʯʠʪʝʣʴʥʳʭ ʜʠʥʘʤʠʯʝʩʢʠʭ ʥʘʛʨʫʟʢʘʭ. 

ʇʦʵʪʦʤʫ ʦʜʥʦʡ ʠʟ ʚʘʞʥʝʡʰʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʚʷʟʢʠ ʷʚʣʷʝʪʩʷ ʫʜʘʨʥʘʷ ʚʷʟʢʦʩʪʴ. ʉ ʮʝʣʴʶ ʝʝ ʧʦʚʳʰʝʥʠʷ ʚ 

ʙʘʟʦʚʳʡ ʩʦʩʪʘʚ Fe-Cu-Co ʚʚʦʜʠʣʠ ʥʠʢʝʣʴ. ʉʤʝʰʠʚʘʥʠʝ ʢʦʤʧʦʥʝʥʪʦʚ ʦʩʫʱʝʩʪʚʣʷʣʠ ʚ ʇʎʄ ʤʘʨʢʠ ʄʇʇ-1 
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(ʈʦʩʩʠʷ) ʩ ʮʝʥʪʨʦʙʝʞʥʳʤ ʬʘʢʪʦʨʦʤ 28 g, ʩʢʦʨʦʩʪʴʶ ʚʨʘʱʝʥʠʷ ʙʘʨʘʙʘʥʦʚ 300 ʦʙ/ʤʠʥ ʠ ʩʦʦʪʥʦʰʝʥʠʝʤ 

ʤʘʩʩʳ ʨʘʟʤʦʣʴʥʳʭ ʰʘʨʦʚ ʢ ʤʘʩʩʝ ʧʦʨʦʰʢʘ 15 : 1 ʚ ʪʝʯʝʥʠʝ 3 ʤʠʥʫʪ. ɼʘʥʥʳʡ ʨʝʞʠʤ ʩʤʝʰʠʚʘʥʠʷ ʧʦʟʚʦʣʠʣ 

ʧʦʣʫʯʠʪʴ ʩʤʝʩʠ ʩ ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʥʳʤʠ ʚ ʦʙʲʝʤʝ ʯʘʩʪʠʮʘʤʠ ʠʩʭʦʜʥʳʭ ʧʦʨʦʰʢʦʚ. ɿʘʪʝʤ ʠʟ 

ʧʦʨʦʰʢʦʚʳʭ ʩʤʝʩʝʡ [Fe-Cu-Co]-X%Ni ʤʝʪʦʜʦʤ ʛʦʨʷʯʝʛʦ ʧʨʝʩʩʦʚʘʥʠʷ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʢʦʤʧʘʢʪʥʳʝ 

ʦʙʨʘʟʮʳ ʜʣʷ ʤʝʭʘʥʠʯʝʩʢʠʭ ʠ ʪʨʠʙʦʣʦʛʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ. ʇʦ ʪʦʡ ʞʝ ʤʝʪʦʜʠʢʝ ʙʳʣʠ ʠʟʛʦʪʦʚʣʝʥʳ ʦʙʨʘʟʮʳ 

ʠʟ ʩʚʷʟʢʠ MX1480. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʦ ʤʝʭʘʥʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʩʚʷʟʢʠ [Fe-Cu-Co]-

X%Ni ʥʝ ʫʩʪʫʧʘʶʪ, ʘ ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʠ ʧʨʝʚʦʩʭʦʜʷʪ ʟʘʨʫʙʝʞʥʳʡ ʘʥʘʣʦʛ. ʆʙʨʘʟʮʳ, ʩʦʜʝʨʞʘʱʠʝ 5, 20 

ʠ 30 % ʥʠʢʝʣʷ, ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʠʩʴ ʧʨʦʯʥʦʩʪʴʶ ʧʨʠ ʠʟʛʠʙʝ 1070 ï 1100 ʄʇʘ (ʫ MX1480 ï 1050 ʄʇʘ). ʀʭ 

ʪʚʝʨʜʦʩʪʴ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʠʢʝʣʷ ʚʘʨʴʠʨʦʚʘʣʘʩʴ ʦʪ 98 ʜʦ 101 HRB, ʯʪʦ ʣʠʰʴ ʥʝʤʥʦʛʦ 

ʥʠʞʝ, ʯʝʤ ʫ MX1480. ʅʘʠʙʦʣʴʰʝʝ ʚʣʠʷʥʠʝ ʜʦʙʘʚʢʘ ʥʠʢʝʣʷ ʦʢʘʟʳʚʘʝʪ ʥʘ ʫʜʘʨʥʫʶ ʚʷʟʢʦʩʪʴ ʩʚʷʟʢʠ. ʉ 

ʫʚʝʣʠʯʝʥʠʝʤ ʝʛʦ ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʪ 5 ʜʦ 30 ʤʘʩʩ. % ʧʦʚʳʰʘʝʪʩʷ ʫʜʘʨʥʘʷ ʚʷʟʢʦʩʪʴ ʩ 5 ʜʦ 9 ɼʞ/ʤʤ2, ʯʪʦ ʚ 3 

ʨʘʟʘ ʚʳʰʝ, ʯʝʤ ʫ ʟʘʨʫʙʝʞʥʦʛʦ ʘʥʘʣʦʛʘ.  

ɼʣʷ ʦʮʝʥʢʠ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʠʥʩʪʨʫʤʝʥʪʘ ʩʦ ʩʚʷʟʢʘʤʠ [Fe-Cu-Co]-X%Ni ʙʳʣʠ 

ʧʨʦʚʝʜʝʥʳ ʠʭ ʪʨʠʙʦʣʦʛʠʯʝʩʢʠʝ ʠʩʧʳʪʘʥʠʷ ʤʝʪʦʜʦʤ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʩʢʦʣʴʞʝʥʠʷ ʠ ʦʧʨʝʜʝʣʝʥ 

ʧʨʠʚʝʜʝʥʥʳʡ ʠʟʥʦʩ. ʉʭʝʤʘ ʠʩʧʳʪʘʥʠʡ ï çʩʪʝʨʞʝʥʴ ï ʧʣʘʩʪʠʥʘè, ʫʩʣʦʚʠʷ ï ʨʘʜʠʫʩ ʜʦʨʦʞʢʠ 6,8 ʤʤ, 

ʧʨʠʢʣʘʜʳʚʘʝʤʘʷ ʥʘʛʨʫʟʢʘ 2 ʅ, ʩʢʦʨʦʩʪʴ 10 ʩʤ/ʩ, ʢʦʥʪʨʪʝʣʦ ʰʘʨʠʢ ʜʠʘʤʝʪʨʦʤ 3 ʤʤ ʠʟ ʩʧʝʯʝʥʥʦʛʦ ʦʢʩʠʜ 

ʘʣʶʤʠʥʠʷ (Al2O3), ʧʨʦʙʝʛ 214 ʤ ʠʣʠ 5 000 ʮʠʢʣʦʚ. ɺ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʧʨʠʚʝʜʝʥʥʳʡ ʠʟʥʦʩ ʩʚʷʟʢʠ MX1480 

ʩʦʩʪʘʚʠʣ 195Ŀ10-6Ŀʤʤ3/(ʅĿʤ). ɼʣʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʩʚʷʟʦʢ ʵʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʩʦʩʪʘʚʣʷʣʘ ʦʪ 72 ʜʦ 7 

10-6Ŀʤʤ3/(ʅĿʤ) ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʩʦʜʝʨʞʘʥʠʷ ʥʠʢʝʣʷ ʦʪ 5 ʜʦ 30 %. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʩʦʩʪʘʚʳ ʧʦ 

ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ ʧʨʝʚʦʩʭʦʜʷʪ ʟʘʨʫʙʝʞʥʳʡ ʘʥʘʣʦʛ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʟʥʘʯʠʪʝʣʴʥʘʷ ʨʘʟʥʠʮʘ ʚ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʩʚʷʟʦʢ ʩ ʨʘʟʣʠʯʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʥʠʢʝʣʷ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʭ ʚ ʠʥʩʪʨʫʤʝʥʪʘʭ 

ʨʘʟʣʠʯʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ (ʩ 5% Ni ʜʣʷ ʛʨʘʥʠʪʘ, ʩ 30%Ni ʜʣʷ ʙʝʪʦʥʘ). 

ɺʪʦʨʘʷ ʯʘʩʪʴ ʨʘʙʦʪʳ ʧʦʩʚʷʱʝʥʘ ʨʘʟʨʘʙʦʪʢʝ ʪʝʭʥʦʣʦʛʠʠ ʧʦʣʫʯʝʥʠʷ ʩʚʷʟʦʢ Fe-Co-Ni. ʎʝʣʴʶ ʷʚʣʷʣʦʩʴ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʳ ʠ ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ ʧʦʨʦʰʢʦʚʳʭ ʩʤʝʩʝʡ ʧʨʠ 

ʦʙʨʘʙʦʪʢʝ ʚ ʇʎʄ ʥʘ ʩʚʦʡʩʪʚʘ ʢʦʤʧʘʢʪʥʳʭ ʦʙʨʘʟʮʦʚ. ʆʙʨʘʙʦʪʢʫ ʧʦʨʦʰʢʦʚʳʭ ʩʤʝʩʝʡ ʦʩʫʱʝʩʪʚʣʷʣʠ ʚ 

ʇʎʄ çɸʢʪʠʚʘʪʦʨ-2sè (ʈʦʩʩʠʷ) ʩ ʮʝʥʪʨʦʙʝʞʥʳʤ ʬʘʢʪʦʨʦʤ 120 g, ʩʦʦʪʥʦʰʝʥʠʝʤ ʤʘʩʩʳ ʨʘʟʤʦʣʴʥʳʭ ʰʘʨʦʚ 

ʢ ʤʘʩʩʝ ʧʦʨʦʰʢʘ 15 : 1 ʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴʶ ʦʪ 3 ʜʦ 20 ʤʠʥʫʪ. ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʙʳʣʘ ʧʨʠʛʦʪʦʚʣʝʥʘ ʦʜʥʘ 

ʧʦʨʦʰʢʦʚʘʷ ʩʤʝʩʴ ʵʪʦʛʦ ʞʝ ʩʦʩʪʘʚʘ ʚ ʩʤʝʩʠʪʝʣʝ çTurbulaè (ʙʝʟ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ). ʇʨʠ 

ʦʙʨʘʙʦʪʢʝ ʚ ʇʎʄ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʦʨʦʰʢʦʚʳʝ ʛʨʘʥʫʣʳ ʩʦ ʩʣʦʠʩʪʦʡ (3 ï 10 ʤʠʥʫʪ) ʠ ʛʦʤʦʛʝʥʥʦʡ 

ʩʪʨʫʢʪʫʨʦʡ (15-20 ʤʠʥʫʪ). ɼʘʥʥʳʝ ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʠʟʘ ʧʦʣʫʯʝʥʥʳʭ ʩʤʝʩʝʡ ʫʢʘʟʳʚʘʶʪ ʥʘ 

ʧʦʩʪʝʧʝʥʥʦʝ ʨʘʩʪʚʦʨʝʥʠʝ ʢʦʙʘʣʴʪʘ ʠ ʥʠʢʝʣʷ ʚ ʨʝʰʝʪʢʝ Ŭ-Fe ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʦʙʨʘʙʦʪʢʠ (ʧʦʩʣʝ 20 

ʤʠʥʫʪ ʦʙʨʘʙʦʪʢʠ ʚ ʩʦʩʪʘʚʝ ʙʳʣ ʦʙʥʘʨʫʞʝʥ ʪʦʣʴʢʦ ʪʚʝʨʜʳʡ ʨʘʩʪʚʦʨ ʥʘ ʦʩʥʦʚʝ ʞʝʣʝʟʘ (Ŭ-Fe)). ʀʟ ʚʩʝʭ 

ʫʢʘʟʘʥʥʳʭ ʧʦʨʦʰʢʦʚʳʭ ʩʤʝʩʝʡ ʙʳʣʠ ʠʟʛʦʪʦʚʣʝʥʳ ʢʦʤʧʘʢʪʥʳʝ ʦʙʨʘʟʮʳ ʠ ʦʧʨʝʜʝʣʝʥʳ ʠʭ ʤʝʭʘʥʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ. ʆʙʨʘʟʮʳ ʠʟ ʩʤʝʩʠ, ʧʨʠʛʦʪʦʚʣʝʥʥʦʡ ʚ ʩʤʝʩʠʪʝʣʝ çTurbulaè, ʦʙʣʘʜʘʣʠ ʩʘʤʦʡ ʥʠʟʢʦʡ ʧʨʦʯʥʦʩʪʴʶ 

ʠ ʪʚʝʨʜʦʩʪʴʶ ï 1270 ʄʇʘ ʠ 88 HRB ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʆʙʨʘʙʦʪʢʘ ʩʤʝʩʝʡ ʚ ʇʎʄ ʧʦʟʚʦʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʦ 

ʧʦʚʳʩʠʪʴ ʵʪʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʄʘʢʩʠʤʫʤ ʩʚʦʡʩʪʚ ʙʳʣ ʦʙʥʘʨʫʞʝʥ ʫ ʦʙʨʘʟʮʦʚ, ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʠʟ 

ʧʦʨʦʰʢʦʚʦʡ ʩʤʝʩʠ, ʦʙʨʘʙʦʪʘʥʥʦʡ ʚ ʪʝʯʝʥʠʝ 15 ʤʠʥʫʪ ï 1980 ʄʇʘ ʠ 105 HRB. ʀʩʩʣʝʜʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʳ ʠ 

ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ ʧʦʟʚʦʣʠʣʠ ʫʩʪʘʥʦʚʠʪʴ, ʯʪʦ ʧʦʚʳʰʝʥʠʝ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʩʚʷʟʘʥʦ ʩ 

ʪʚʝʨʜʦʨʘʩʪʚʦʨʥʳʤ ʫʧʨʦʯʥʝʥʠʝʤ ʤʘʪʨʠʮʳ (Ŭ-Fe) ʟʘ ʩʯʝʪ ʨʘʩʪʚʦʨʝʥʠʷ ʚ ʥʝʡ ʢʦʙʘʣʴʪʘ ʠ ʥʠʢʝʣʷ ʠ 

ʚʳʜʝʣʝʥʠʝʤ ʠʟ ʥʝʝ ʩʫʙʤʠʢʨʦʥʥʳʭ ʟʝʨʝʥ ʬʘʟʳ Fe3Ni, ʩʦʟʜʘʶʱʠʭ ʵʬʬʝʢʪ ʜʠʩʧʝʨʩʥʦʛʦ ʫʧʨʦʯʥʝʥʠʷ.  

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ ʠ ʇʨʘʚʠʪʝʣʴʩʪʚʘ ʄʦʩʢʚʳ ʚ ʨʘʤʢʘʭ 

ʥʘʫʯʥʦʛʦ ʧʨʦʝʢʪʘ ˉ 15-38-70019 çʤʦʣ_ʘ_ʤʦʩè. 
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BERYLLIUM , TECHNOLOGY SITUATION  AND PRODUCTION PROBL EMS 

V Matyasova, Z. Alekberov 

Russia, Moscow JSC çVNIIHTè 

 

Currently there is no beryllium production in Russia. Beryllium refers to strategically significant metals, 

which are irreplaceable in such industries as atomic, aerospace, aviation, electronic and electrotechnic and etc. 

Development of the knowledge-intensive industries and global political environment govern the need for initiation 

of domestic beryllium production in Russia.  

The technologies applied world-wide provide beryllium production of required quality. However they are 

multioperational, power-intensive and sensitive to the fluorine which is contained in beryllic concentrates that 

narrows their application in practice. Moreover, losses of beryllium with dump products are significant. Based on 

the research results innovative technology of receiving beryllium hydroxide from beryllium containing 

concentrates is presented. 

The above mentioned technology for beryllium production initiation has a pronounced public, strategic, 

ecological and social focus. Resolving the issue in question also contributes to import substitution of a strategically 

important substance for Russia. 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʈʦʩʩʠʠ ʦʪʩʫʪʩʪʚʫʝʪ ʧʨʦʠʟʚʦʜʩʪʚʦ ʙʝʨʠʣʣʠʷ. ɹʝʨʠʣʣʠʡ ʧʨʠʥʘʜʣʝʞʠʪ ʢ 

ʩʪʨʘʪʝʛʠʯʝʩʢʠ ʚʘʞʥʳʤ ʤʝʪʘʣʣʘʤ, ʥʝʟʘʤʝʥʠʤʳʤ ʚ ʨʷʜʝ ʦʪʨʘʩʣʝʡ ʩʦʚʨʝʤʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ (ʘʪʦʤʥʘʷ, 

ʘʵʨʦʢʦʩʤʠʯʝʩʢʘʷ ʠ ʘʚʠʘʮʠʦʥʥʘʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ, ʥʝʬʪʝʛʘʟʦʚʘʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ, ʵʣʝʢʪʨʦʥʠʢʘ ʠ 

ʵʣʝʢʪʨʦʪʝʭʥʠʢʘ ʠ ʜʨ.). ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʨʘʟʚʠʪʠʷ ʥʘʫʢʦʸʤʢʠʭ ʦʙʣʘʩʪʝʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʧʦʣʠʪʠʯʝʩʢʘʷ 

ʦʙʩʪʘʥʦʚʢʘ ʚ ʤʠʨʝ ʜʠʢʪʫʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʦʨʛʘʥʠʟʘʮʠʠ ʩʦʙʩʪʚʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʙʝʨʠʣʣʠʷ ʚ ʈʦʩʩʠʠ.  

ʊʝʭʥʦʣʦʛʠʠ, ʜʝʡʩʪʚʫʶʱʠʝ ʥʘ ʚʩʝʭ ʤʠʨʦʚʳʭ ʧʨʝʜʧʨʠʷʪʠʷʭ, ʦʙʝʩʧʝʯʠʚʘʶʪ ʧʦʣʫʯʝʥʠʝ ʙʝʨʠʣʣʠʝʚʦʡ 

ʧʨʦʜʫʢʮʠʠ ʪʨʝʙʫʝʤʦʛʦ ʢʘʯʝʩʪʚʘ. ʆʜʥʘʢʦ ʦʥʠ ʤʥʦʛʦʦʧʝʨʘʮʠʦʥʥʳ, ʵʥʝʨʛʦʸʤʢʠ, çʯʫʚʩʪʚʠʪʝʣʴʥʳè ʢ ʬʪʦʨʫ, 

ʩʦʜʝʨʞʘʱʝʤʫʩʷ ʚ ʙʝʨʠʣʣʠʝʚʳʭ ʢʦʥʮʝʥʪʨʘʪʘʭ, ʯʪʦ ʦʛʨʘʥʠʯʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʠʭ ʧʨʘʢʪʠʯʝʩʢʦʛʦ 

ʧʨʠʤʝʥʝʥʠʷ. ʂʨʦʤʝ ʪʦʛʦ, ʚʝʣʠʢʠ ʧʦʪʝʨʠ ʙʝʨʠʣʣʠʷ ʩ ʦʪʚʘʣʴʥʳʤʠ ʧʨʦʜʫʢʪʘʤʠ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʨʝʟʫʣʴʪʘʪʦʚ 

ʣʘʙʦʨʘʪʦʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʠʩʧʳʪʘʥʠʡ ʧʨʝʜʣʦʞʝʥʘ ʠʥʥʦʚʘʮʠʦʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʧʦʣʫʯʝʥʠʷ ʛʠʜʨʦʢʩʠʜʘ 

ʙʝʨʠʣʣʠʷ ʠʟ ʙʝʨʠʣʣʠʡʩʦʜʝʨʞʘʱʠʭ ʢʦʥʮʝʥʪʨʘʪʦʚ.  

ɼʣʷ ʩʦʟʜʘʥʠʷ ʫʥʠʚʝʨʩʘʣʴʥʦʡ, ʵʢʦʥʦʤʠʯʝʩʢʠ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʡ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʝʟʦʧʘʩʥʦʡ 

ʪʝʭʥʦʣʦʛʠʠ ʧʦʣʫʯʝʥʠʷ ʛʠʜʨʦʢʩʠʜʘ ʙʝʨʠʣʣʠʷ ʦʧʨʝʜʝʣʝʥʘ ʩʳʨʴʝʚʘʷ ʙʘʟʘ ʠ ʧʨʝʜʣʦʞʝʥ ʩʧʦʩʦʙ ʘʚʪʦʢʣʘʚʥʦʛʦ 

ʚʩʢʨʳʪʠʷ ʙʝʨʠʣʣʠʡʩʦʜʝʨʞʘʱʠʭ ʢʦʥʮʝʥʪʨʘʪʦʚ ʱʝʣʦʯʥʳʤ ʨʝʘʛʝʥʪʦʤ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʧʝʨʝʨʘʙʦʪʢʦʡ 

ʨʘʩʪʚʦʨʦʚ ʙʝʨʠʣʣʘʪʘ ʥʘʪʨʠʷ. ɺʧʝʨʚʳʝ ʚ ʪʝʭʥʦʣʦʛʠʠ ʧʦʣʫʯʝʥʠʷ ʛʠʜʨʦʢʩʠʜʘ ʙʝʨʠʣʣʠʷ ʩ ʧʦʣʦʞʠʪʝʣʴʥʳʤʠ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʠʩʧʳʪʘʥ ʤʝʪʦʜ ʤʝʤʙʨʘʥʥʦʛʦ ʵʣʝʢʪʨʦʜʠʘʣʠʟʘ ʚ ʧʨʦʮʝʩʩʘʭ ʥʝʡʪʨʘʣʠʟʘʮʠʠ ʠ ʨʝʛʝʥʝʨʘʮʠʠ 

ʱʝʣʦʯʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʩʢʣʶʯʠʪʴ ʦʧʝʨʘʮʠʶ ʚʳʧʘʨʢʠ ʦʙʦʨʦʪʥʳʭ ʨʘʩʪʚʦʨʦʚ ʠ ʩʦʢʨʘʪʠʪʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʫʶ 

ʮʝʧʦʯʢʫ. ʆʧʨʝʜʝʣʝʥʳ ʧʘʨʘʤʝʪʨʳ ʦʯʠʩʪʢʠ ʱʝʣʦʯʥʳʭ ʨʘʩʪʚʦʨʦʚ ʦʪ ʧʨʠʤʝʩʝʡ ʠ ʛʠʜʨʦʣʠʟʘ ʙʝʨʠʣʣʘʪʘ ʥʘʪʨʠʷ 

ʩ ʧʦʣʫʯʝʥʠʝʤ ʛʠʜʨʦʢʩʠʜʘ ʙʝʨʠʣʣʠʷ ʚʳʩʦʢʦʛʦ ʢʘʯʝʩʪʚʘ. 

ʆʩʥʦʚʥʳʤʠ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ ʧʨʝʜʣʦʞʝʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʷʚʣʷʶʪʩʷ ʚʳʩʦʢʦʝ ʠʟʚʣʝʯʝʥʠʝ ʙʝʨʠʣʣʠʷ, 

ʚʦʟʤʦʞʥʦʩʪʴ ʧʝʨʝʨʘʙʦʪʢʠ ʢʦʥʮʝʥʪʨʘʪʦʚ ʣʶʙʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ, ʩʥʠʞʝʥʠʝ ʵʥʝʨʛʦʟʘʪʨʘʪ ʠ ʥʘʛʨʫʟʢʠ ʥʘ 

ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ.  

ʇʨʝʜʣʘʛʘʝʤʘʷ ʪʝʭʥʦʣʦʛʠʷ ʢʘʢ ʦʩʥʦʚʘ ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʠ ʙʝʨʠʣʣʠʝʚʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠʤʝʝʪ ʷʨʢʦ 

ʚʳʨʘʞʝʥʥʫʶ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦ-ʩʪʨʘʪʝʛʠʯʝʩʢʫʶ, ʵʢʦʣʦʛʠʯʝʩʢʫʶ, ʩʦʮʠʘʣʴʥʫʶ ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ. ʈʝʰʝʥʠʝ 

ʵʪʦʡ ʟʘʜʘʯʠ ʧʦʟʚʦʣʠʪ ʪʘʢʞʝ ʨʝʰʠʪʴ ʧʨʦʙʣʝʤʫ ʠʤʧʦʨʪʦʟʘʤʝʱʝʥʠʷ ʩʪʨʘʪʝʛʠʯʝʩʢʠ ʚʘʞʥʦʛʦ ʜʣʷ ʈʦʩʩʠʠ 

ʤʘʪʝʨʠʘʣʘ. 
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ʀʦʥʥʘʷ ʠʤʧʣʘʥʪʘʮʠʷ - ʥʦʚʳʡ ʤʝʪʦʜ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʦʚ. 

ʆʩʥʦʚʥʳʤ ʧʨʠʥʮʠʧʦʤ ʷʚʣʷʝʪʩʷ ʚʥʝʜʨʝʥʠʝ ʫʩʢʦʨʝʥʥʳʭ ʠʦʥʦʚ ʠʤʧʣʘʥʪʠʨʫʝʤʦʛʦ ʚʝʱʝʩʪʚʘ ʚ ʧʦʜʣʦʞʢʫ 

ʚʝʜʫʱʝʝ ʢ ʠʟʤʝʥʝʥʠʶ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʦʡ ʩʪʨʫʢʪʫʨʳ ʧʦʚʳʰʘʶʱʝʤʫ ʢʦʨʨʦʟʠʦʥʥʫʶ ʩʪʦʡʢʦʩʪʴ ʠ 

ʫʧʨʦʯʥʷʶʱʝʤʫ ʧʦʚʝʨʭʥʦʩʪʴ.. ɼʘʥʥʳʡ ʤʝʪʦʜ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝ ʪʨʫʜʦʝʤʢʠʡ ʠ ʥʝʜʦʨʦʛʦʡ, ʵʢʦʣʦʛʠʯʥʳʡ, 

ʚʚʠʜʫ ʦʪʩʫʪʩʪʚʠʷ ʢʘʢʠʭ-ʣʠʙʦ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʛʝʥʪʦʚ, ʷʚʣʷʝʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʵʣʝʢʪʨʦʢʘʪʘʣʠʟʘʪʦʨʦʚ ʜʣʷ ʪʦʧʣʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʪʘʢ ʢʘʢ, ʩ ʧʦʤʦʱʴʶ ʵʪʦʛʦ ʤʝʪʦʜʘ ʤʦʞʥʦ ʧʦʣʫʯʘʪʴ ʩʧʣʘʚʳ 

ʨʘʟʣʠʯʥʳʭ ʤʝʪʘʣʣʦʚ, ʢʦʪʦʨʳʝ ʥʝʚʦʟʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʢʘʢʠʤ-ʣʠʙʦ ʜʨʫʛʠʤ ʠʟʚʝʩʪʥʳʤ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ 

ʩʧʦʩʦʙʦʤ. ʈʠʩʫʥʦʢ 1 ʥʘʛʣʷʜʥʦ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʬʠʟʠʢʫ ʧʨʦʮʝʩʩʘ. 

 
ʈʠʩʫʥʦʢ 1. ʀʟʦʙʨʘʞʝʥʠʝ ʧʨʦʮʝʩʩʘ ʠʦʥʥʦʡ ʠʤʧʣʘʥʪʘʮʠʠ. 

ɽʱʝ ʦʜʠʥ ʤʝʪʦʜ, ʢʦʪʦʨʳʡ ʫʩʧʝʰʥʦ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʩʦʟʜʘʥʠʠ ʵʣʝʢʪʨʦʢʘʪʘʣʠʟʘʪʦʨʦʚ - ʤʘʛʥʝʪʨʦʥʥʦʝ 

ʥʘʧʳʣʝʥʠʝ ʪʦʥʢʠʭ ʧʣʝʥʦʢ ʥʘ ʧʦʜʣʦʞʢʫ. ɻʣʘʚʥʳʤ ʦʪʣʠʯʠʝʤ ʦʪ ʚʳʰʝʦʧʠʩʘʥʥʦʛʦ ʤʝʪʦʜʘ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ 

ʘʪʦʤʳ ʚʝʱʝʩʪʚʘ ʥʝ ʧʨʦʥʠʢʘʶʪ ʚʛʣʫʙʴ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷʧʦʜʣʦʞʢʠ, ʘ ʥʘʥʦʩʷʪʩʷ ʥʘ ʝʝ ʧʦʚʝʨʭʥʦʩʪʴ, 

ʦʙʨʘʟʫʷ ʪʦʥʢʫʶ ʧʣʝʥʢʫ, ʨʘʟʤʝʨʳ ʢʦʪʦʨʳʡ ʤʦʞʥʦ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ. ʅʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳ ʜʣʷ 

ʧʨʠʤʝʥʝʥʠʷ ʚ ʤʝʤʙʨʘʥʥʦ-ʵʣʝʢʪʨʦʜʥʳʭ ʙʣʦʢʘʭ ʪʦʧʣʠʚʥʳʭ  ʵʣʝʤʝʥʪʦʚ ʪʠʪʘʥʦʚʳʝ ʵʣʝʢʪʨʦʜʳ, 

ʠʤʧʣʘʥʪʠʨʦʚʘʥʥʳʝ ʧʦʚʳʰʘʶʱʠʤʠ ʠʭ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʵʣʝʤʝʥʪʘʤʠ. 

ʈʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʭʦʜʝ ʨʝʩʫʨʩʥʳʭ ʠʩʧʳʪʘʥʠʡ, ʜʦʢʘʟʳʚʘʶʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʵʪʠʭ ʜʚʫʭ 

ʤʝʪʦʜʠʢ. ɹʳʣʦ ʠʩʩʣʝʜʦʚʘʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʦʙʨʘʟʮʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʨʘʟʥʳʭ ʨʝʞʠʤʘʭ ʥʘʧʳʣʝʥʠʷ 

ʠ ʠʤʧʣʘʥʪʘʮʠʠ, ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʨʘʟʥʳʭ ʧʦʜʣʦʞʝʢ ʠ ʚʥʝʜʨʷʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

ɺ ʨrʘʞʝʥʠʝ ʙʣʘʛʦʜʘʨʥʦʩʪʠ 

ɸʚʪʦʨ ʚʳʨʘʞʘʝʪ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʩʚʦʠʤ ʥʘʫʯʥʳʤ ʨʫʢʦʚʦʜʠʪʝʣʷʤ ɺ. ʅ. ʌʘʪʝʝʚʫ ʠ ʉ. ʄ. ʅʠʢʠʪʠʥʫ, ʘ 

ʪʘʢʞʝ ʗ. ɺ. ɿʫʙʘʚʠʯʫʩʫ ʟʘ ʩʲʝʤʢʫ ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʩʧʝʢʪʨʦʚ, ɸ. ʃ. ɺʘʩʠʣʴʝʚʫ ʟʘ ʵʣʝʢʪʨʦʥʥʦ-

ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ɸ. ɸ. ʐʝʤʫʭʠʥʫ ʟʘ ʠʩʩʣʝʜʦʚʘʥʠʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠʤʧʣʘʥʪʠʨʦʚʘʥʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʤʝʪʦʜʦʤ ʦʙʨʘʪʥʦʛʦ ʈʝʟʝʨʬʦʨʜʦʚʩʢʦʛʦ ʨʘʩʩʝʷʥʠʷ.  

ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʚʝʜʝʥʦ ʟʘ ʩʯʝʪ ʩʨʝʜʩʪʚ ʬʠʥʘʥʩʦʚʦʡ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ (ʉʦʛʣʘʰʝʥʠʝ ˉ 

14-29-00111) ʚ ʅʀʎ çʂʫʨʯʘʪʦʚʩʢʠʡ ʠʥʩʪʠʪʫʪè. 
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Abstract. Investigation of the corrosion resistance, static mechanical properties and microhardness of 

nanostructured NiTi alloy and its comparison with the microstructured alloy conducted, and the effect of treatment 

on the properties revealed. 

ʉʧʣʘʚʳ ʥʘ ʦʩʥʦʚʝ NiTi ʦʙʣʘʜʘʶʪ ʨʷʜʦʤ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʤʝʭʘʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, 

ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʠʥʪʝʨʝʩ ʚ ʨʘʟʣʠʯʥʳʭ ʩʬʝʨʘʭ ʯʝʣʦʚʝʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ: ʩʚʝʨʭʵʣʘʩʪʠʯʥʦʩʪʴ, 

ʩʦʙʣʶʜʝʥʠʝ ʟʘʢʦʥʘ ʟʘʧʘʟʜʳʚʘʥʠʷ (ʟʘʤʝʜʣʝʥʥʘʷ ʨʝʘʢʮʠʷ ʥʘ ʚʦʟʜʝʡʩʪʚʠʝ), ʵʬʬʝʢʪ ʧʘʤʷʪʠ ʬʦʨʤʳ (ʣʝʛʢʘʷ 

ʜʝʬʦʨʤʠʨʫʝʤʦʩʪʴ ʧʨʠ ʧʨʦʯʠʭ ʫʩʣʦʚʠʷʭ ʠ ʟʘʜʘʥʥʦʝ ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʝ ʧʨʠ ʦʙʦʟʥʘʯʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, 

ʟʘʜʘʚʘʝʤʦʡ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʦʡ ʤʘʪʝʨʠʘʣʘ ʠ ʝʛʦ ʩʦʩʪʘʚʦʤ). 

ʉʝʡʯʘʩ ʥʠʪʠʥʦʣ ʠ ʝʛʦ ʤʦʜʠʬʠʢʘʮʠʠ ʜʦʚʦʣʴʥʦ ʧʦʧʫʣʷʨʥʳ. ʇʦʤʠʤʦ ʝʛʦ ʰʠʨʦʢʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ 

ʤʝʜʠʮʠʥʝ (ʩʪʝʥʪʳ, ʢʨʘʥʠʦʬʠʢʩʘʪʦʨʳ ʯʝʨʝʧʥʳʭ ʪʨʘʥʩʧʣʘʥʪʘʪʦʚ, "ʫʤʥʘʷ" ʤʝʜʠʮʠʥʩʢʘʷ ʠʛʣʘ, ʢʘʚʘ-

ʬʠʣʴʪʨʳ, ʧʨʦʪʠʚʦʟʘʯʘʪʦʯʥʳʝ ʩʧʠʨʘʣʴʢʠ, ʟʘʞʠʤʳ ʜʣʷ ʟʘʱʝʤʣʝʥʠʷ ʩʣʘʙʳʭ ʚʝʥ, ʠʩʢʫʩʩʪʚʝʥʥʳʝ ʤʳʰʮʳ, 

ʧʨʠʚʦʜʠʤʳʝ ʚ ʜʝʡʩʪʚʠʝ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʪʦʢʦʤ, ʢʨʝʧʝʞʥʳʝ ʰʪʠʬʪʳ ʜʣʷ ʬʠʢʩʘʮʠʠ ʧʨʦʪʝʟʦʚ ʥʘ ʢʦʩʪʷʭ, 

ʩʪʝʨʞʥʠ ʜʣʷ ʢʦʨʨʝʢʮʠʠ ʧʦʟʚʦʥʦʯʥʠʢʘ ʧʨʠ ʩʢʦʣʠʦʟʝ, ʚʨʝʤʝʥʥʳʝ ʟʘʞʠʤʥʳʝ ʬʠʢʩʠʨʫʶʱʠʝ ʵʣʝʤʝʥʪʳ ʧʨʠ 

ʠʤʧʣʘʥʪʘʮʠʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʭʨʫʩʪʘʣʠʢʘ ʚ ʦʬʪʘʣʴʤʦʣʦʛʠʠ, ʜʝʥʪʘʣʴʥʳʝ ʠʤʧʣʘʥʪʘʪʳ ʠ ʦʨʪʦʜʦʥʪʠʯʝʩʢʘʷ 

ʜʫʛʘ, ʦʨʪʦʧʝʜʠʯʝʩʢʠʝ ʠʤʧʣʘʥʪʘʪʳ ʠ ʜʨ.) ʟʘ ʩʯʝʪ ʕʇʌ ʥʠʪʠʥʦʣ ʥʘʭʦʜʠʪ ʩʘʤʦʝ ʨʘʟʥʦʦʙʨʘʟʥʦʝ ʧʨʠʤʝʥʝʥʠʝ: 

ʦʧʨʘʚʳ ʜʣʷ ʦʯʢʦʚ, ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʩʢʚʘʞʠʥʳ ʩ ʨʘʙʦʯʠʤʠ ʦʨʛʘʥʘʤʠ ʠʟ ʥʠʪʠʥʦʣʘ ʜʣʷ ʦʜʥʦʚʨʝʤʝʥʥʦ-

ʨʘʟʜʝʣʴʥʦʡ ʠ ʧʦʦʯʝʨʝʜʥʦʡ ʜʦʙʳʯʠ ʫʛʣʝʚʦʜʦʨʦʜʦʚ, ʘʥʪʝʥʥʳ ʜʣʷ ʢʦʩʤʠʯʝʩʢʠʭ ʩʧʫʪʥʠʢʦʚ, ʟʘʢʣʝʧʢʠ, 

ʵʣʝʤʝʥʪʳ ʩʠʛʥʘʣʴʥʳʭ ʩʠʩʪʝʤ ʠ ʜʘʪʯʠʢʦʚ,  ʨʘʙʦʯʝʝ ʪʝʣʦ ʭʦʣʦʜʠʣʴʥʠʢʦʚ ʠ ʪʝʧʣʦʚʳʭ ʥʘʩʦʩʦʚ ʠ ʪ.ʜ. ʚʧʣʦʪʴ 

ʜʦ ʩʦʟʜʘʥʠʷ ʦʜʝʞʜʳ ʠ ʪʢʘʥʝʡ, ʬʦʢʫʩʦʚ ʠʣʣʶʟʠʦʥʠʩʪʦʚ ʠʣʠ ʙʳʪʦʚʳʭ ʨʦʟʳʛʨʳʰʝʡ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ 

ʧʨʦʚʦʜʷʪʩʷ ʠʥʪʝʥʩʠʚʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʧʦʠʩʢʫ ʧʫʪʝʡ ʫʣʫʯʰʝʥʠʷ ʝʛʦ ʩʚʦʡʩʪʚ, ʥʘʧʨʠʤʝʨ, ʧʦʚʳʰʝʥʠʷ 

ʢʦʨʨʦʟʠʦʥʥʦʡ ʩʪʦʡʢʦʩʪʠ ʠ ʙʠʦʩʦʚʤʝʩʪʠʤʦʩʪʠ, ʩʥʠʞʝʥʠʝ ʫʜʝʣʴʥʦʛʦ ʚʝʩʘ ʠ ʧʨʦʯ. 

ʆʜʥʠʤ ʠʟ ʩʧʦʩʦʙʦʚ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʩʚʦʡʩʪʚʘ ʤʘʪʝʨʠʘʣʘ ʷʚʣʷʝʪʩʷ ʝʛʦ ʥʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʠʝ. ʎʝʣʴʶ 

ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʣʦʩʴ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʚʦʡʩʪʚ ʧʨʦʚʦʣʦʯʥʳʭ ʦʙʨʘʟʮʦʚ ʥʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʛʦ NiTi. 

ʉʪʘʪʠʯʝʩʢʠʝ ʤʝʭʘʥʠʯʝʩʢʠʝ ʠʩʧʳʪʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʫʥʠʚʝʨʩʘʣʴʥʦʡ ʠʩʧʳʪʘʪʝʣʴʥʦʡ ʤʘʰʠʥʝ 

INSTRON 3382.  

ʂʦʨʨʦʟʠʦʥʥʳʝ ʠʩʧʳʪʘʥʠʷ ʤʝʪʦʜʦʤ ʧʦʛʨʫʞʝʥʠʷ ʚ ʨʘʩʪʚʦʨʳ, ʤʦʜʝʣʠʨʫʶʱʠʝ ʢʠʩʣʦʪʥʦʩʪʴ ʠ/ʠʣʠ 

ʩʦʩʪʘʚ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʩʨʝʜ (ʩʪʘʥʜʘʨʪʥʳʝ ʙʫʬʝʨʥʳʝ ʨʘʩʪʚʦʨʳ ʩ ʨʅ 1,68, 3,56, 4,01 ʠ 9,18, ʥʝʡʪʨʘʣʴʥʳʡ 

0,9 ʤʘʩʩ. % ʨʘʩʪʚʦʨ ʭʣʦʨʠʜʘ ʥʘʪʨʠʷ ʠ ʠʩʢʫʩʩʪʚʝʥʥʘʷ ʧʣʘʟʤʘ ʜʣʷ ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʷ 1,53ï1,67 ʥʦʨʤʘ 

ʞʝʣʫʜʦʯʥʦʛʦ ʩʦʢʘ; 3,8ï4 ʚ ʧʨʠʩʪʝʥʦʯʥʦʡ ʦʙʣʘʩʪʠ ʢʠʰʝʯʥʠʢʘ; 7,34ï7,43 ʥʦʨʤʘ ʢʨʦʚʠ; 8,5ï9 ʚ ʪʦʣʩʪʦʤ 

ʢʠʰʝʯʥʠʢʝ). ʇʨʦʚʦʣʦʯʥʳʝ ʦʙʨʘʟʮʳ ʤʘʩʩʦʡ ʧʦ 32,6 ʤʛ (ʦʪʜʝʣʴʥʦ ʜʨʫʛ ʦʪ ʜʨʫʛʘ) ʧʦʤʝʩʪʠʣʠ ʚ ʧʣʦʩʢʦʜʦʥʥʳʝ 

ʢʦʣʙʳ ʠʟ ʪʝʨʤʦʩʪʦʡʢʦʛʦ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʩʪʝʢʣʘ (ʢʠʩʣʳʝ ʠ ʥʝʡʪʨʘʣʴʥʘʷ ʩʨʝʜʳ) ʠʣʠ ʧʦʣʠʧʨʦʧʠʣʝʥʘ 

(ʱʝʣʦʯʥʘʷ ʩʨʝʜʘ) ʩʦ 100 ʤʣ ʚʳʙʨʘʥʥʦʛʦ ʨʘʩʪʚʦʨʘ. ʂʦʣʙʫ ʧʣʦʪʥʦ ʟʘʢʨʳʚʘʣʠ ʧʨʠʪʝʨʪʦʡ/ʟʘʚʠʥʯʠʚʘʶʱʝʡʩʷ 

ʢʨʳʰʢʦʡ ʠ ʜʝʨʞʘʣʠ ʚ ʪʝʤʥʦʤ ʤʝʩʪʝ. ʆʙʨʘʟʮʳ ʧʨʦʰʣʠ ʜʦʣʛʦʩʨʦʯʥʳʝ ʠʩʧʳʪʘʥʠʷ. ʇʦ ʠʩʪʝʯʝʥʠʠ 

ʚʳʙʨʘʥʥʦʛʦ ʩʨʦʢʘ ʠʟ ʢʦʣʙ ʧʨʦʠʟʚʦʜʠʣʠ ʦʪʙʦʨ ʧʨʦʙ ʜʣʷ ʘʥʘʣʠʟʘ. ʀʩʭʦʜʥʳʝ ʙʫʬʝʨʥʳʝ ʨʘʩʪʚʦʨʳ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʚ ʢʘʯʝʩʪʚʝ ʨʘʩʪʚʦʨʦʚ ʩʨʘʚʥʝʥʠʷ. ɸʥʘʣʠʟ  ʧʨʦʚʦʜʠʣʩʷ  ʥʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʤ  ʘʪʦʤʥʦï

ʵʤʠcʩʠʦʥʥʦʤ ʩʧʝʢʪʨʦʤʝʪʨʝ  ʩ ʠʥʜʫʢʮʠʦʥʥʦʡ  ʧʣʘʟʤʦʡ  çULTIMA 2è ʬʠʨʤʳ  çHORIBA Jobin Yvonè ʩ 

ʮʝʣʴʶ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʝʪʦʜʘ ɸʕʉ ʩ ʀʅʇ (ʘʪʦʤʥʦïɻ ʤʠʩʩʠʦʥʥʘʷ ʩʧʝʢʪʨʦʤʝʪʨʠʷ ʩ ʠʥʜʫʢʪʠʚʥʦïʩʚʷʟʘʥʥʦʡ 

ʧʣʘʟʤʦʡ). 

ʄʠʢʨʦʪʚʝʨʜʦʩʪʴ ʦʧʨʝʜʝʣʷʣʠ ʩ ʧʦʤʦʱʴʶ ʦʩʥʘʱʝʥʥʦʛʦ ʦʧʪʠʯʝʩʢʠʤ ʤʠʢʨʦʩʢʦʧʦʤ ʧʨʠʙʦʨʘ 

WOLPERT GROUP 401/402 ï MVD ʩ ʢʦʤʧʴʶʪʝʨʥʳʤ ʫʧʨʘʚʣʝʥʠʝʤ. ʀʩʧʳʪʘʥʠʷ ʧʨʦʚʦʜʠʣʠ ʧʦ ʩʭʝʤʝ  

mailto:nacakina@mail.ru
mailto:nacakina@mail.ru


ʉɽʂʎʀʗ 3 ʌʋʅʂʎʀʆʅɸʃʔʅʓɽ ʄɽʊɸʃʃʀʏɽʉʂʀɽ ʄɸʊɽʈʀɸʃʓ, ɺʂʃʖʏɸʗ ɺʓʉʆʂʆʏʀʉʊʓɽ 

258 
 
 

"ʤʠʢʨʦ-ɺʠʢʢʝʨʩ", ʠʩʧʦʣʴʟʫʷ ʘʣʤʘʟʥʳʡ ʠʥʜʝʥʪʦʨ ʨʘʟʤʝʨʦʤ 10 ʤʢʤ ʠ ʥʘʛʨʫʟʢʠ ʚ ʨʘʟʤʝʨʝ 100 ï 200 ʛʩ. 

ʇʨʦʚʦʣʦʯʥʳʝ ʦʙʨʘʟʮʳ ʬʠʢʩʠʨʦʚʘʣʠ ʩʧʝʮʠʘʣʴʥʦʡ ʪʚʝʨʜʝʶʱʝʡ ʩʤʝʩʴʶ. 

ɼʣʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʧʨʦʚʦʣʦʢʠ ʥʘʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʥʠʢʝʣʠʜʘ ʪʠʪʘʥʘ ʚ 3-ʭ ʩʦʩʪʦʷʥʠʷʭ: 

ʧʦʩʣʝ ʧʦʩʪʘʚʢʠ (ʧʦʩʣʝ ʚʦʣʦʯʝʥʠʷ), ʧʦʩʣʝ ʦʪʞʠʛʘ (450 ʦʉ, 15 ʤʠʥ. ʚʳʜʝʨʞʢʠ), ʧʦʩʣʝ ʰʣʠʬʦʚʢʠ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ ʟʥʘʯʠʪʝʣʴʥʦʝ ʧʦʚʳʰʝʥʠʝ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʘ ʚ ʩʨʘʚʥʝʥʠʠ ʩ 

ʤʠʢʨʦʩʪʨʫʢʪʫʨʥʳʤ ʩʧʣʘʚʦʤ. ʆʪʤʝʯʝʥʦ, ʯʪʦ ʚʩʝ ʚʠʜʳ ʦʙʨʘʙʦʪʢʠ ʫʣʫʯʰʘʶʪ ʤʝʭʘʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʤʘʪʝʨʠʘʣʘ, ʥʦ ʦʪʞʠʛ ʧʦʥʠʞʘʝʪ ʝʛʦ ʢʦʨʨʦʟʠʦʥʥʫʶ ʩʪʦʡʢʦʩʪʴ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʧʨʦʛʨʘʤʤʳ ʈʌʌʀ ˉ 15-33-70006 çʤʦʣ_ʘ_ʤʦʩè ʠ 14-29-10208 

çʦʬʠ_ʤè. 
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NEUTRON TEXTURE INVE STIGATIONS OF METALLIC AND BIOL OGICAL MATERIALS  

Nikolayev D., Lychagina T. 

 
We present results of neutron time-of-flight texture studies of steel slab. The slab is the primary product 

after steel casting. It turns out that slabs are very morphologically inhomogeneous. Our measurements show that 

the crystallographic texture is rather similar through the slab cross-section.  

Besides we also present the study of the mussel shells from Black sea (Mytilus galloprovincialis). It is 

shown the texture changes after 40 years of the shells ashore exposition. All spectra were measured at SKAT 

spectrometer at pulsed reactor IBR-2 (JINR, Dubna, Russia). 

 

ʂʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʘʷ ʪʝʢʩʪʫʨʘ ʦʙʳʯʥʦ ʠʟʫʯʘʝʪʩʷ ʜʣʷ ʤʝʪʘʣʣʠʯʝʩʢʠʭ  ʩʧʣʘʚʦʚ, ʧʨʦʤʳʰʣʝʥʥʳʭ 

ʠʟʜʝʣʠʡ  ʠ ʛʦʨʥʳʭ ʧʦʨʦʜ.  ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʧʦʷʚʠʣʩʷ ʦʩʦʙʳʡ ʠʥʪʝʨʝʩ ʢ ʠʟʫʯʝʥʠʶ ʪʝʢʩʪʫʨʳ 

ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ. ɸʥʠʟʦʪʨʦʧʠʷ ʤʝʭʘʥʠʯʝʩʢʠʭ ʠ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʩʚʷʟʘʥʘ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʩ 

ʧʨʠʩʫʪʩʪʚʠʝʤ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʳʭ ʦʨʠʝʥʪʘʮʠʡ ʠʣʠ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʡ ʪʝʢʩʪʫʨʳ, ʢʦʪʦʨʘʷ 

ʢʦʣʠʯʝʩʪʚʝʥʥʦ  ʤʦʞʝʪ ʙʳʪʴ ʦʧʠʩʘʥʘ ʩ ʧʦʤʦʱʴʶ ʬʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʨʠʝʥʪʘʮʠʡ (ʌʈʆ). ɼʣʷ 

ʧʦʥʠʤʘʥʠʷ ʧʦʚʝʜʝʥʠʷ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ  ʩʫʱʝʩʪʚʝʥʥʦ ʟʥʘʥʠʝ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʡ 

ʪʝʢʩʪʫʨʳ, ʘ ʪʘʢʞʝ ʝʝ ʚʣʠʷʥʠʷ ʥʘ ʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ.  

ɺʘʞʥʳʤ ʰʘʛʦʤ ʪʝʢʩʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʷʚʣʷʝʪʩʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʌʈʆ ʧʦ ʦʙʨʘʙʦʪʘʥʥʳʤ ʧʦʣʶʩʥʳʤ 

ʬʠʛʫʨʘʤ. ʇʦʣʶʩʥʳʝ ʬʠʛʫʨʳ ʧʦʣʫʯʘʶʪʩʷ ʠʟ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʠʟʤʝʨʝʥʥʳʭ ʚʨʝʤʷʧʨʦʣʝʪʥʳʭ ʥʝʡʪʨʦʥʥʳʭ 

ʩʧʝʢʪʨʦʚ. 

ʉʫʱʝʩʪʚʝʥʥʳʤ ʜʦʩʪʦʠʥʩʪʚʦʤ ʥʝʡʪʨʦʥʥʦʛʦ ʪʝʢʩʪʫʨʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ 

ʠʟʤʝʨʝʥʠʷ ʛʣʦʙʘʣʴʥʦʡ ʪʝʢʩʪʫʨʳ (ʨʘʟʤʝʨ ʦʙʨʘʟʮʦʚ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʜʝʩʷʪʢʦʚ ʢʫʙʠʯʝʩʢʠʭ ʩʘʥʪʠʤʝʪʨʦʚ) 

ʙʣʘʛʦʜʘʨʷ ʚʳʩʦʢʦʡ ʧʨʦʥʠʢʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʥʝʡʪʨʦʥʦʚ. ɽʱʝ ʦʜʥʦ ʧʨʝʠʤʫʱʝʩʪʚʦ ʥʝʡʪʨʦʥʥʦʛʦ 

ʪʝʢʩʪʫʨʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤ ʨʝʥʪʛʝʥʦʚʩʢʠʤ ï ʵʪʦ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ 

ʠʟʤʝʨʝʥʠʝ ʧʦʣʥʳʭ ʧʦʣʶʩʥʳʭ ʬʠʛʫʨ. 

ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʤʳ ʧʨʠʚʦʜʠʤ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʝʢʩʪʫʨʳ ʩʪʘʣʴʥʳʭ ʩʣʷʙʦʚ. ʉʣʷʙ 

ʷʚʣʷʝʪʩʷ ʧʝʨʚʠʯʥʳʤ ʧʨʦʜʫʢʪʦʤ ʧʦʩʣʝ ʦʪʣʠʚʢʠ ʩʪʘʣʠ. ʆʢʘʟʳʚʘʝʪʩʷ, ʯʪʦ ʩʣʷʙʳ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠ ʦʯʝʥʴ 

ʥʝʦʜʥʦʨʦʜʥʳ. ʅʘʰʠ ʠʟʤʝʨʝʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʨʠ ʵʪʦʤ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʘʷ ʪʝʢʩʪʫʨʘ ʜʦʩʪʘʪʦʯʥʦ 

ʦʜʥʦʨʦʜʥʘ ʧʦ ʩʝʯʝʥʠʶ ʩʣʷʙʘ. ʇʦʩʢʦʣʴʢʫ ʟʝʨʥʘ ʚ ʩʣʷʙʘʭ ʜʦʩʪʘʪʦʯʥʦ ʢʨʫʧʥʳʝ (ʩʦʪʥʠ ʤʠʢʨʦʥ), 

ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʦʙʦʩʥʦʚʘʥʥʦʝ ʠʟʤʝʨʝʥʠʝ ʪʝʢʩʪʫʨʳ ʚ ʥʠʭ ʚʦʟʤʦʞʥʦ ʪʦʣʴʢʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʩʩʝʷʥʠʷ 

ʥʝʡʪʨʦʥʦʚ ʥʘ ʢʨʫʧʥʳʭ ʦʙʨʘʟʮʘʭ.  

ʂʨʦʤʝ ʪʦʛʦ, ʤʳ ʪʘʢʞʝ ʠʟʫʯʘʣʠ ʨʘʢʦʚʠʥʳ ʯʝʨʥʦʤʦʨʩʢʠʭ ʤʠʜʠʡ (Mytilus galloprovincialis). ʇʦʢʘʟʘʥʳ 

ʠʟʤʝʥʝʥʠʷ ʪʝʢʩʪʫʨʳ ʧʦʩʣʝ ʩʦʨʦʢʘʣʝʪʥʝʡ ʚʳʜʝʨʞʢʠ ʨʘʢʦʚʠʥ ʥʘ ʚʦʟʜʫʭʝ.  

ɺʩʝ ʩʧʝʢʪʨʳ ʙʳʣʠ ʠʟʤʝʨʝʥʳ ʥʘ ʜʠʬʨʘʢʪʦʤʝʪʨʝ ʉʂɸʊ ʥʘ ʠʤʧʫʣʴʩʥʦʤ ʨʝʘʢʪʦʨʝ ʀɹʈ-2 (ʆʀʗʀ, 

ɼʫʙʥʘ). 
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TERMOELECTRI C MATERIALS RECEIVED  BY LIQUID CRYSTALLIZ ATION  

Nikulin D.S., Ivanova L.D., GranatkinaYu.V., Petrova L.I., Malchev A.G.,  Nihezina I.Yu. 

 
The dependence on conditions of receipt of Sb2Te3īBi2Te3 solid solution powders on mechanical and 

thermoelectrical properties of the samples received by hot pressure and extraction of these powders were 

investigated.  The morphology and particle size of the powder and the microstructure of fracture surfaces of the 

samples were examined by scanning electron microscopy. The mechanical properties of the samples were studied 

at  300, 450, 550 and 620 K temperatures using compression tests. The thermoelectric properties of the samples 

(Seebeck coefficient, electrical conductivity and thermal conductivity) were studied in the range 100-700 K. The 

optimal conditions of receipt of the powders and the samples with the high figure of merit were determined. 

 

ʄʘʪʝʨʠʘʣʳ ʥʘ ʦʩʥʦʚʝ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ ʭʘʣʴʢʦʛʝʥʠʜʦʚ ʚʠʩʤʫʪʘ ʠ ʩʫʨʴʤʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ 

ʠʟʛʦʪʦʚʣʝʥʠʷ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʦʭʣʘʜʠʪʝʣʝʡ ʠ ʛʝʥʝʨʘʪʦʨʦʚ, ʨʘʙʦʪʘʶʱʠʭ ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 200-

500 ʂ. ʆʩʥʦʚʥʘʷ ʟʘʜʘʯʘ ï ʧʦʚʳʰʝʥʠʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ ʤʝʭʘʥʠʯʝʩʢʦʡ ʧʨʦʯʥʦʩʪʠ 

ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚ, ʢʦʪʦʨʳʝ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʚʷʟʘʥʳ ʩʦ ʩʚʦʡʩʪʚʘʤʠ ʤʘʪʝʨʠʘʣʦʚ ʠʭ ʚʝʪʚʝʡ. 

ʋʣʫʯʰʠʪʴ ʩʚʦʡʩʪʚʘ ʵʪʠʭ ʤʘʪʝʨʠʘʣʦʚ ʤʦʞʥʦ ʟʘ ʩʯʝʪ ʩʦʟʜʘʥʠʷ ʤʝʣʢʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ, ʠʩʧʦʣʴʟʫʷ 

ʙʳʩʪʨʫʶ ʢʨʠʩʪʘʣʣʠʟʘʮʠʶ ʨʘʩʧʣʘʚʘ ʚ ʦʭʣʘʞʜʘʝʤʫʶ ʞʠʜʢʦʩʪʴ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʚʧʝʨʚʳʝ ʠʩʧʦʣʴʟʦʚʘʥ 

ʥʦʚʳʡ ʤʝʪʦʜ ʧʦʣʫʯʝʥʠʷ ʛʨʘʥʫʣ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ Bi0.5Sb1.5Te3 (ʨ-ʪʠʧ ʧʨʦʚʦʜʠʤʦʩʪʠ) ʧʫʪʝʤ ʙʳʩʪʨʦʡ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʨʘʩʧʣʘʚʘ ʚ ʞʠʜʢʦʩʪʠ. ʂʨʠʩʪʘʣʣʠʟʘʮʠʶ ʨʘʩʧʣʘʚʘ ʧʨʦʚʦʜʠʣʠ ʚ ʞʠʜʢʦʩʪʴ ʩ ʪʝʤʧʝʨʘʪʫʨʘʤʠ  

300, 270 ʠ 180 ʂ. ʇʦʣʫʯʝʥʥʳʝ ʛʨʘʥʫʣʳ ʠʟʤʝʣʴʯʘʣʠ ʚ ʥʦʞʝʚʦʡ ʠʣʠ ʰʘʨʦʚʦʡ ʤʝʣʴʥʠʮʘʭ. ʀʟʤʝʣʴʯʝʥʠʝ ʚ 

ʥʦʞʝʚʦʡ ʤʝʣʴʥʠʮʝ ʧʨʦʭʦʜʠʣʦ ʚ ʪʝʯʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʩʝʢʫʥʜ ʥʘ ʚʦʟʜʫʭʝ, ʚ ʰʘʨʦʚʦʡ ʦʢʦʣʦ 40 ʤʠʥʫʪ ʚ 

ʘʪʤʦʩʬʝʨʝ ʘʟʦʪʘ. ʀʟ ʵʪʠʭ ʧʦʨʦʰʢʦʚ ʢʦʤʧʘʢʪʠʨʦʚʘʣʠ ʦʙʨʘʟʮʳ ʛʦʨʷʯʠʤ ʧʨʝʩʩʦʚʘʥʠʝʤ ʠʣʠ ʵʢʩʪʨʫʟʠʝʡ. 

ʆʙʨʘʟʮʳ ʦʪʞʠʛʘʣʠ ʚ ʪʝʯʝʥʠʝ 24 ʯʘʩʦʚ ʧʨʠ 610 ʂ ʚ ʘʪʤʦʩʬʝʨʝ ʘʟʦʪʘ. ʅʘ ʨʘʩʪʨʦʚʦʤ ʵʣʝʢʪʨʦʥʥʦʤ 

ʤʠʢʨʦʩʢʦʧʝ ʠʟʫʯʝʥʳ ʬʨʘʢʪʦʛʨʘʤʤʳ ʩʢʦʣʦʚ ʦʙʨʘʟʮʦʚ, ʥʘ ʦʧʪʠʯʝʩʢʦʤ ʤʠʢʨʦʩʢʦʧʝ ʧʨʦʚʝʜʝʥ 

ʤʠʢʨʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ ʵʪʠʭ ʩʢʦʣʦʚ (ʨʠʩ.1).  

 
ʈʠʩʫʥʦʢ 1. ʈʕʄ-ʠʟʦʙʨʘʞʝʥʠʷ ʩʢʦʣʦʚ ʦʙʨʘʟʮʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʠʟ ʛʨʘʥʫʣ, ʠʟʤʝʣʴʯʝʥʥʳʭ ʚ ʥʦʞʝʚʦʡ (1ʘ) ʠ 

ʧʣʘʥʝʪʘʨʥʦʡ (1ʙ) ʤʝʣʴʥʠʮʘʭ ʠ ʤʠʢʨʦʬʦʪʦʛʨʘʬʠʠ, ʧʦʣʫʯʝʥʥʳʝ ʥʘ ʦʧʪʠʯʝʩʢʦʤ ʤʠʢʨʦʩʢʦʧʝ (1ʚ, ʛ). 

ɻʦʨʷʯʝʧʨʝʩʩʦʚʘʥʥʳʝ ʠ ʵʢʩʪʨʫʜʠʨʦʚʘʥʥʳʝ ʦʙʨʘʟʮʳ ʠʟ ʛʨʘʥʫʣ, ʠʟʤʝʣʴʯʝʥʥʳʭ ʚ ʥʦʞʝʚʦʡ ʤʝʣʴʥʠʮʝ, 

ʩʦʩʪʦʷʣʠ ʠʟ ʥʘʧʨʘʚʣʝʥʥʳʭ ʟʝʨʝʥ ʨʘʟʤʝʨʘʤʠ ʜʦ ʩʦʪʝʥ ʤʠʢʨʦʥ (ʨʠʩ.1ʘ). ʆʙʨʘʟʮʳ ʠʟ ʛʨʘʥʫʣ, ʠʟʤʝʣʴʯʝʥʥʳʭ 

ʚ ʧʣʘʥʝʪʘʨʥʦʡ ʤʝʣʴʥʠʮʝ, ʠʤʝʣʠ ʤʝʣʢʦʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ ʩ ʨʘʟʤʝʨʦʤ ʟʝʨʝʥ ʦʪ ʝʜʠʥʠʮ ʜʦ ʜʝʩʷʪʢʘ 

ʤʠʢʨʦʥ (ʨʠʩ.1ʙ), ʧʨʠʯʝʤ ʵʢʩʪʨʫʜʠʨʦʚʘʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʠʤʝʣʠ ʙʦʣʝʝ ʦʜʥʦʨʦʜʥʫʶ ʥʘʧʨʘʚʣʝʥʥʫʶ 

ʩʪʨʫʢʪʫʨʫ. ɺʦ ʚʩʝʭ ʦʙʨʘʟʮʘʭ, ʢʨʦʤʝ ʦʩʥʦʚʥʦʡ ʬʘʟʳ (ʪʝʤʥʦʛʦ ʮʚʝʪʘ) ʠʤʝʣʦʩʴ ʥʝʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʬʘʟʳ 

ʙʝʣʦʛʦ ʮʚʝʪʘ ï ʵʚʪʝʢʪʠʢʠ ʥʘ ʦʩʥʦʚʝ ʪʝʣʣʫʨʘ (ʨʠʩ.1ʚ,ʛ). 

ʇʨʦʚʝʜʝʥʳ ʠʩʧʳʪʘʥʠʷ ʥʘ ʩʞʘʪʠʝ ʥʝʢʦʪʦʨʳʭ ʦʙʨʘʟʮʦʚ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ  300, 450, 550 ʠ 620 ʂ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʨʘʟʨʫʰʝʥʠʝ ï ʭʨʫʧʢʦʝ. ʇʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʟʘʚʠʩʠʪ ʦʪ ʩʧʦʩʦʙʘ ʠʟʤʝʣʴʯʝʥʠʷ ʛʨʘʥʫʣ ʠ 

ʧʦʯʪʠ ʥʝ ʠʟʤʝʥʷʝʪʩʷ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʠʩʧʳʪʘʥʠʷ. ɼʣʷ ʦʙʨʘʟʮʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʛʦʨʷʯʠʤ 

ό͊ύ ό)͋ ό͍ύ ό͎ύ 
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ʧʨʝʩʩʦʚʘʥʠʝʤ ʛʨʘʥʫʣ, ʧʨʠʛʦʪʦʚʣʝʥʥʳʭ ʢʨʠʩʪʘʣʣʠʟʘʮʠʝʡ ʚ ʞʠʜʢʦʩʪʷʭ ʩ ʨʘʟʥʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ ʠ 

ʠʟʤʝʣʴʯʝʥʥʳʭ ʚ ʧʣʘʥʝʪʘʨʥʦʡ ʤʝʣʴʥʠʮʝ, ʧʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʩʦʩʪʘʚʣʷʝʪ sʩ ~ 100 ʄʇʘ ʧʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦʤ 

ʫʜʣʠʥʝʥʠʠ Ů = 1 % ʧʨʠ 300 ʂ.  

ɼʣʷ ʵʢʩʪʨʫʜʠʨʦʚʘʥʥʳʭ ʦʙʨʘʟʮʦʚ  sʩ ~ 180 ʄʇʘ ʧʨʠ Ů = 1 % ʧʨʠ 300 ʂ  ʠ Ů = 1.7 %  ʧʨʠ 550 ʂ. ɽʩʣʠ 

ʠʟʤʝʣʴʯʝʥʠʝ ʛʨʘʥʫʣ ʧʨʦʚʦʜʠʣʠ ʚ ʥʦʞʝʚʦʡ ʤʝʣʴʥʠʮʝ, ʪʦ sʩ ʦʢʘʟʘʣʦʩʴ ʚ 2 ʨʘʟʘ ʤʝʥʴʰʝ ʠ ʩʦʩʪʘʚʠʣʦ 

ʚʝʣʠʯʠʥʫ sʩ ~ 65 ʄʇʘ ʧʨʠ Ů = 1 % ʧʨʠ 300 ʂ ʠ  Ů = 2,3 %  ʧʨʠ 620 ʂ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʠʙʦʣʝʝ ʧʨʦʯʥʳʤʠ 

ʷʚʣʷʶʪʩʷ ʵʢʩʪʨʫʜʠʨʦʚʘʥʥʳʝ ʦʙʨʘʟʮʳ, ʧʦʣʫʯʝʥʥʳʝ ʠʟ ʛʨʘʥʫʣ, ʠʟʤʝʣʴʯʝʥʥʳʭ ʚ ʧʣʘʥʝʪʘʨʥʦʡ ʤʝʣʴʥʠʮʝ. 

ʂʦʵʬʬʠʮʠʝʥʪ ɿʝʝʙʝʢʘ (Ŭ), ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ (ů) ʠ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ (k) ʦʙʨʘʟʮʦʚ ʠʟʤʝʨʷʣʠʩʴ ʧʨʠ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʚ ʠʥʪʝʨʚʘʣʝ 100ī700 ʂ. ʀʩʧʦʣʴʟʫʷ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʵʪʠʭ 

ʧʘʨʘʤʝʪʨʦʚ, ʙʳʣʘ ʨʘʩʩʯʠʪʘʥʘ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʘʷ ʜʦʙʨʦʪʥʦʩʪʴ ʤʘʪʝʨʠʘʣʦʚ   ZT = Ŭ2ůT/ ə, ʪʝʤʧʝʨʘʪʫʨʥʘʷ 

ʟʘʚʠʩʠʤʦʩʪʴ ʢʦʪʦʨʦʡ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩ.2. 

 
ʈʠʩʫʥʦʢ 2. ɿʘʚʠʩʠʤʦʩʪʴ ZT ʛʦʨʷʯʝʧʨʝʩʩʦʚʘʥʥʳʭ (1,2) ʠ ʵʢʩʪʨʫʜʠʨʦʚʘʥʥʳʭ (3,4) ʦʙʨʘʟʮʦʚ ʠʟ ʧʦʨʦʰʢʦʚ, 

ʠʟʤʝʣʴʯʝʥʥʳʭ ʚ ʧʣʘʥʝʪʘʨʥʦʡ ʤʝʣʴʥʠʮʝ ʛʨʘʥʫʣ, ʧʦʣʫʯʝʥʥʳʭ ʢʨʠʩʪʘʣʣʠʟʘʮʠʝʡ ʨʘʩʧʣʘʚʘ ʚ ʚʦʜʝ ʩ 

ʪʝʤʧʝʨʘʪʫʨʦʡ 300 ʂ (1,3) ʠ ʵʪʘʥʦʣʝ, ʦʭʣʘʞʜʘʝʤʦʤ ʞʠʜʢʠʤ ʘʟʦʪʦʤ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ 180 ʂ (2,4). 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʠʙʦʣʴʰʘʷ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʘʷ ʜʦʙʨʦʪʥʦʩʪʴ (ZT º 1.4) ʧʦʣʫʯʝʥʘ ʜʣʷ 

ʵʢʩʪʨʫʜʠʨʦʚʘʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ Bi0.5Sb1.5Te3. ʇʦʨʦʰʢʠ ʜʣʷ ʵʢʩʪʨʫʟʠʠ ʧʨʠʛʦʪʦʚʣʝʥʳ 

ʠʟ ʠʟʤʝʣʴʯʝʥʥʳʭ ʚ ʧʣʘʥʝʪʘʨʥʦʡ ʤʝʣʴʥʠʮʝ ʛʨʘʥʫʣ, ʧʦʩʣʝ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʨʘʩʧʣʘʚʘ ʚ ʚʦʜʝ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ,  ʧʨʦʝʢʪ ˉ16-08-00033 ʘ 
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The results of researches of influence of processes of return and recrystallization on the 

macroelasticity yield, tensile strength yield and grain boundary hardening coefficient K in the Hall-Petch 

relations in submicrocrystalline metals prepared by equal-channel angular pressing (ECAP) method. 
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ɺ ʨʘʙʦʪʝ ʦʧʠʩʘʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʣʠʷʥʠʷ ʧʨʦʮʝʩʩʦʚ ʚʦʟʚʨʘʪʘ ʠ ʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʥʘ 

ʧʨʝʜʝʣ ʤʘʢʨʦʫʧʨʫʛʦʩʪʠ sʦ, ʧʨʝʜʝʣ ʪʝʢʫʯʝʩʪʠ sʪ ʠ ʢʦʵʬʬʠʮʠʝʥʪ ʟʝʨʥʦʛʨʘʥʠʯʥʦʛʦ ʫʧʨʦʯʥʝʥʠʷ Keff ʚ 

ʩʦʦʪʥʦʰʝʥʠʠ ʍʦʣʣʘ-ʇʝʪʯʘ ( d/Keffoʪ +s=s ) ʩʫʙʤʠʢʨʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ (ʉʄʂ) ʤʝʪʘʣʣʦʚ, 

ʧʦʣʫʯʝʥʥʳʭ ʤʝʪʦʜʦʤ ʨʘʚʥʦʢʘʥʘʣʴʥʦʛʦ ʫʛʣʦʚʦʛʦ ʧʨʝʩʩʦʚʘʥʠʷ (ʈʂʋʇ). ʈʂʋʇ ʦʙʨʘʟʮʦʚ 14³14³140 ʤʤ 

(ʞʝʣʝʟʦ, ʪʠʪʘʥ) ʠ 20³20³160 ʤʤ (ʤʝʜʴ, ʤʝʜʥʳʝ ʩʧʣʘʚʳ, ʘʣʶʤʠʥʠʝʚʳʝ ʩʧʣʘʚʳ, ʤʘʛʥʠʝʚʳʝ ʩʧʣʘʚʳ) 

ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʚ ʠʥʩʪʨʫʤʝʥʪʝ ʩ ʫʛʣʦʤ ʧʝʨʝʩʝʯʝʥʠʷ ʨʘʙʦʯʝʛʦ ʠ ʚʳʭʦʜʥʦʛʦ ʢʘʥʘʣʦʚ 2ʌ=p/2. ɿʘʛʦʪʦʚʢʘ ʥʘ 

ʢʘʞʜʦʤ ʮʠʢʣʝ ʧʦʚʦʨʘʯʠʚʘʣʩʷ ʥʘ ʫʛʦʣ p/2 ʚʦʢʨʫʛ ʩʚʦʝʡ ʦʩʠ. ʉʢʦʨʦʩʪʴ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʩʦʩʪʘʚʣʷʣʘ 0.4 ʤʤ/ʩ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ sʦ ʠ sʪ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʤʝʪʦʜʠʢʘ ʨʝʣʘʢʩʘʮʠʦʥʥʳʭ ʠʩʧʳʪʘʥʠʡ ʤʠʢʨʦʦʙʨʘʟʮʦʚ ʥʘ 

ʩʞʘʪʠʝ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ɺ ʦʩʥʦʚʝ ʤʝʪʦʜʠʢʠ ʨʝʣʘʢʩʘʮʠʦʥʥʳʭ ʠʩʧʳʪʘʥʠʡ ʣʝʞʠʪ ʩʧʦʩʦʙ 

ʠʩʧʳʪʘʥʠʡ ʤʠʥʠʘʪʶʨʥʳʭ ʦʙʨʘʟʮʦʚ (ʜʠʘʤʝʪʨ d=3 ʤʤ, ʚʳʩʦʪʘ L=2d) ʥʘ ʩʞʘʪʠʝ ʧʨʠ ʩʪʫʧʝʥʯʘʪʦʤ 

ʥʘʛʨʫʞʝʥʠʠ ʩ ʧʦʩʪʦʷʥʥʦʡ ʩʢʦʨʦʩʪʴʶ ʜʝʬʦʨʤʘʮʠʠ. ɺʝʣʠʯʠʥʘ ʢʦʵʬʬʠʮʠʝʥʪʘ ʟʝʨʥʦʛʨʘʥʠʯʥʦʛʦ ʫʧʨʦʯʥʝʥʠʷ 

Keff ʚʯrʠʩʣʷʣʘʩʴ ʧʦ ʬʦʨʤʫʣʝ: d)(K oʪeff s-s= . 

ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʟʥʘʯʝʥʠʡ Keff, ʦʧʨʝʜʝʣʝʥʥʳʭ ʤʝʪʦʜʦʤ ʨʝʣʘʢʩʘʮʠʦʥʥʳʭ ʠʩʧʳʪʘʥʠʡ ʩ ʠʟʚʝʩʪʥʳʤʠ ʠʟ 

ʣʠʪʝʨʘʪʫʨʳ ʜʘʥʥʳʤʠ ʜʣʷ ʢʨʫʧʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʧʦʢʘʟʳʚʘʝʪ ʭʦʨʦʰʝʝ ʩʦʦʪʚʝʪʩʪʚʠʝ. ʕʪʦ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʝʪʦʜʠʢʠ ʨʝʣʘʢʩʘʮʠʦʥʥʳʭ ʠʩʧʳʪʘʥʠʡ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʧʘʨʘʤʝʪʨʦʚ ʩʦʦʪʥʦʰʝʥʠʷ ʍʦʣʣʘ-ʇʝʪʯʘ. 

ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʚʝʣʠʯʠʥʘ Keff ʚ ʦʙʳʯʥʳʭ 

ʤʝʪʘʣʣʘʭ ʦʢʘʟʳʚʘʝʪʩʷ ʚ 1.5-2.5 ʨʘʟʘ ʚʳʰʝ, ʯʝʤ ʚ ʉʄʂ ʤʝʪʘʣʣʘʭ, ʧʦʣʫʯʝʥʥʳʭ ʤʝʪʦʜʦʤ ʈʂʋʇ ʧʨʠ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ (ʚʝʣʠʯʠʥʘ Keff ʜʣʷ ʉʄʂ ʤʝʜʠ ʄ1 ʧʦʩʣʝ N=12 ʮʠʢʣʦʚ ʈʂʋʇ ʩʦʩʪʘʚʣʷʝʪ 0.09 

ʄʇʘÖʤ1/2, ʚ ʢʨʫʧʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʤʝʜʠ - Keff =0.24 ʄʇʘÖʤ1/2; ʜʣʷ ʢʨʫʧʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʠ ʉʄʂ ʪʠʪʘʥʘ 

ɺʊ1-0 ʟʥʘʯʝʥʠʷ Keff ʩʦʩʪʘʚʣʷʶʪ 0.46 ʄʇʘÖʤ1/2 ʠ 0.23 ʄʇʘÖʤ1/2, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). ʕʪʦ ʚʝʩʴʤʘ ʥʝʦʞʠʜʘʥʥʳʡ 

ʨʝʟʫʣʴʪʘʪ, ʪ.ʢ. ʪʨʘʜʠʮʠʦʥʥʦ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʬʦʨʤʠʨʦʚʘʥʠʝ ʚ ʧʨʦʮʝʩʩʝ ʀʇɼ ʛʨʘʥʠʮ ʟʝʨʝʥ ʩ ʚʥʝʩʝʥʥʳʤ 

ʜʝʬʝʢʪʘʤʠ ʩʫʱʝʩʪʚʝʥʥʦ ʫʚʝʣʠʯʠʚʘʝʪ ʚʢʣʘʜ ʛʨʘʥʠʮ ʟʝʨʝʥ ʚ ʫʧʨʦʯʥʝʥʠʝ ʤʝʪʘʣʣʘ. 

ɼʨʫʛʦʡ ʠʥʪʝʨʝʩʥʳʡ ʵʬʬʝʢʪ ʩʚʷʟʘʥ ʩ ʘʥʘʣʠʟʦʤ ʚʣʠʷʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʈʂʋʇ ʥʘ ʚʝʣʠʯʠʥʫ 

ʢʦʵʬʬʠʮʠʝʥʪʘ Keff (ʩʤ. ʨʠʩ. 1) ʀʟ ʨʘʩʩʤʦʪʨʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʥʘ ʨʠʩ. 1, ʚʠʜʥʦ, ʯʪʦ ʧʨʠ 

ʫʚʝʣʠʯʝʥʠʠ ʊʨʢʫʧ ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʚʳʰʝʥʠʝ Keff. ʇʨʠ ʵʪʦʤ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʟʥʘʯʝʥʠʷ Keff ʚ ʉʄʂ 

ʤʘʪʝʨʠʘʣʘʭ ʚʩʝ ʨʘʚʥʦ ʦʩʪʘʶʪʩʷ ʤʝʥʴʰʝ ʟʥʘʯʝʥʠʡ K0, ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʦʪʦʞʞʝʥʥʦʛʦ 

ʢʨʫʧʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʤʝʪʘʣʣʘ. 

 
ʈʠʩʫʥʦʢ 1. ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ ʟʝʨʥʦʛʨʘʥʠʯʥʦʛʦ ʫʧʨʦʯʥʝʥʠʷ Keff ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʈʂʋʇ 

ʜʣʷ ʉʄʂ ʤʝʪʘʣʣʦʚ ʠ ʩʧʣʘʚʦʚ 

ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʚʣʠʷʥʠʷ ʧʨʦʮʝʩʩʦʚ ʚʦʟʚʨʘʪʘ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ, ʚʦ-ʧʝʨʚʳʭ, ʤʘʩʰʪʘʙ ʫʤʝʥʴʰʝʥʠʷ 

ʧʨʝʜʝʣʘ ʪʝʢʫʯʝʩʪʠ Dsʪ ʧʨʠ ʜʦʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʦʤ ʦʪʞʠʛʝ ʉʄʂ ʤʝʜʠ ʧʨʝʚʳʰʘʝʪ ʤʘʩʰʪʘʙ ʫʤʝʥʴʰʝʥʠʷ 

ʧʨʝʜʝʣʘ ʤʘʢʨʦʫʧʨʫʛʦʩʪʠ Dsʦ, ʘ, ʚʦ-ʚʪʦʨʳʭ, ʚʝʣʠʯʠʥʳ Dsʦ ʠ Dsʪ ʧʨʠ ʦʪʞʠʛʝ ʉʄʂ ʤʝʪʘʣʣʘ ʦʢʘʟʳʚʘʶʪʩʷ ʚ 

1.5-2 ʨʘʟʘ ʙʦʣʴʰʝ, ʯʝʤ ʧʨʠ ʦʪʞʠʛʝ ʢʨʫʧʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʤʝʪʘʣʣʘ. 
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ʇʦʢʘʟʘʥʦ, ʯʪʦ ʭʘʨʘʢʪʝʨ ʟʘʚʠʩʠʤʦʩʪʝʡ sʦ(ʊʦʪʞ) ʠ Keff(ʊʦʪʞ) ʦʧʨʝʜʝʣʷʝʪʩʷ ʭʘʨʘʢʪʝʨʦʤ ʧʨʦʮʝʩʩʦʚ 

ʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ. ɺ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʚ ʉʄʂ ʤʝʪʘʣʣʘʭ ʧʨʠ ʦʪʞʠʛʝ ʠʤʝʝʪ ʤʝʩʪʦ ʘʥʦʤʘʣʴʥʳʡ ʨʦʩʪ ʟʝʨʝʥ, ʥʘ 

ʟʘʚʠʩʠʤʦʩʪʠ sʦ(ʊʦʪʞ) ʥʘʙʣʶʜʘʝʪʩʷ ʵʬʬʝʢʪ ʘʥʦʤʘʣʴʥʦʛʦ ʫʧʨʦʯʥʝʥʠʷ: ï ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ ʦʪʞʠʛʘ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʪʝʤʧʝʨʘʪʫʨʝ ʥʘʯʘʣʘ ʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ (ʊ1), sʦ ʧʦʚʳʰʘʝʪʩʷ ʥʘ 50-300% ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʠʩʭʦʜʥʳʤ ʟʥʘʯʝʥʠʝʤ ʚ ʩʦʩʪʦʷʥʠʠ ʧʦʩʣʝ ʈʂʋʇ. ʇʨʠ ʜʘʣʴʥʝʡʰʝʤ ʫʚʝʣʠʯʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʦʪʞʠʛʘ 

ʚʝʣʠʯʠʥʘ sʦ ʤʦʥʦʪʦʥʥʦ ʫʤʝʥʴʰʘʝʪʩʷ, ʩʪʨʝʤʷʩʴ ʢ ʟʥʘʯʝʥʠʷʤ, ʭʘʨʘʢʪʝʨʥʳʤ ʜʣʷ ʦʪʦʞʞʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ. ɺ 

ʩʣʫʯʘʝ, ʢʦʛʜʘ ʧʨʦʮʝʩʩ ʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʚ ʉʄʂ ʤʝʪʘʣʣʘʭ ʠʤʝʝʪ ʦʙʳʯʥʳʡ ʭʘʨʘʢʪʝʨ, ʧʨʝʜʝʣ 

ʤʘʢʨʦʫʧʨʫʛʦʩʪʠ ʤʦʥʦʪʦʥʥʦ ʫʤʝʥʴʰʘʝʪʩʷ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ ʦʪʞʠʛʘ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʟʘʚʠʩʠʤʦʩʪʴ Keff(ʊʦʪʞ) ʠʤʝʝʪ ʥʝʤʦʥʦʪʦʥʥʳʡ ʭʘʨʘʢʪʝʨ. ɺ ʧʨʝʜʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʦʤ 

ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ (ʊ<T1) ʥʘʙʣʶʜʘʝʪʩʷ ʫʤʝʥʴʰʝʥʠʝ ʚʝʣʠʯʠʥʳ Keff ʥʘ 15-35%, ʧʨʠʯʝʤ ʚʝʣʠʯʠʥʘ Keff 

ʦʩʪʘʝʪʩʷ ʤʝʥʴʰʝ ʘʥʘʣʦʛʠʯʥʦʛʦ ʟʥʘʯʝʥʠʷ ʜʣʷ ʢʨʫʧʥʦʟʝʨʥʠʩʪʳʭ ʤʘʪʝʨʠʘʣʦʚ Ko. ɺ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 

T~T1 ʥʘʙʣʶʜʘʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʦʝ ʧʦʚʳʰʝʥʠʝ ʚʝʣʠʯʠʥʳ Keff ʚ 2-3.5 ʨʘʟʘ ʜʦ ʟʥʘʯʝʥʠʡ, ʧʨʝʚʳʰʘʶʱʠʭ 

ʚʝʣʠʯʠʥʫ Kʦ, ʧʦʩʣʝ ʯʝʛʦ, ʧʨʠ ʜʘʣʴʥʝʡʰʝʤ ʫʚʝʣʠʯʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʦʪʞʠʛʘ, ʚʝʣʠʯʠʥʘ Keff ʤʦʥʦʪʦʥʥʦ 

ʫʤʝʥʴʰʘʝʪʩʷ ʜʦ Ko. ʄʘʩʰʪʘʙ ʧʦʚʳʰʝʥʠʷ Keff ʠ ʩʢʦʨʦʩʪʴ ʵʪʠʭ ʠʟʤʝʥʝʥʠʡ ʤʘʢʩʠʤʘʣʴʥʳ ʜʣʷ ʉʄʂ 

ʤʘʪʝʨʠʘʣʦʚ, ʚ ʢʦʪʦʨʳʭ ʥʘʙʣʶʜʘʝʪʩʷ ʘʥʦʤʘʣʴʥʳʡ ʨʦʩʪ ʟʝʨʝʥ. 

ɺ ʨʘʙʦʪʝ ʧʨʝʜʣʦʞʝʥʘ ʤʦʜʝʣʴ ʨʘʩʯʝʪʘ ʧʘʨʘʤʝʪʨʦʚ ʩʦʦʪʥʦʰʝʥʠʷ ʍʦʣʣʘ-ʇʝʪʯʘ ʚ ʉʄʂ ʤʘʪʝʨʠʘʣʘʭ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʥʠʟʢʠʝ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ Keff ʦʙʫʩʣʦʚʣʝʥʳ ʚʣʠʷʥʠʝʤ ʚʥʫʪʨʝʥʥʠʭ ʧʦʣʝʡ ʥʘʧʨʷʞʝʥʠʡ, 

ʩʦʟʜʘʚʘʝʤʳʭ ʨʘʩʧʨʝʜʝʣʝʥʥʳʤʠ ʚ ʛʨʘʥʠʮʘʭ ʟʝʨʝʥ ʜʝʬʝʢʪʘʤʠ, ʥʘ ʧʦʜʚʠʞʥʦʩʪʴ ʨʝʰʝʪʦʯʥʳʭ ʜʠʩʣʦʢʘʮʠʡ ʠ 

ʚʦʟʤʦʞʥʦʩʪʴ ʦʙʨʘʟʦʚʘʥʠʷ ʜʠʩʣʦʢʘʮʠʦʥʥʳʭ ʩʢʦʧʣʝʥʠʡ ʫ ʥʝʨʘʚʥʦʚʝʩʥʳʭ ʛʨʘʥʠʮ ʟʝʨʝʥ ʉʄʂ ʤʝʪʘʣʣʘ. 

ʇʨʝʜʣʦʞʝʥʘ ʤʦʜʝʣʴ ʵʬʬʝʢʪʘ ʘʥʦʤʘʣʴʥʦʛʦ ʫʧʨʦʯʥʝʥʠʷ ʠ ʥʝʤʦʥʦʪʦʥʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ 

Keff ʧʨʠ ʦʪʞʠʛʝ ʉʄʂ ʤʘʪʝʨʠʘʣʦʚ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʥʝʤʦʥʦʪʦʥʥʳʡ ʭʘʨʘʢʪʝʨ ʠʟʤʝʥʝʥʠʷ ʧʨʦʯʥʦʩʪʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʉʄʂ ʤʘʪʝʨʠʘʣʦʚ ʚ ʫʩʣʦʚʠʷʭ ʘʥʦʤʘʣʴʥʦʛʦ ʨʦʩʪʘ ʟʝʨʝʥ ʦʙʫʩʣʦʚʣʝʥ ʧʨʦʮʝʩʩʦʤ ʥʘʢʦʧʣʝʥʠʷ 

ʜʝʬʝʢʪʦʚ ʥʘ ʤʠʛʨʠʨʫʶʱʠʭ ʛʨʘʥʠʮʘʭ ʟʝʨʝʥ. ʇʦʣʫʯʝʥʳ ʚʳʨʘʞʝʥʠʷ, ʧʦʟʚʦʣʷʶʱʠʝ ʩʚʷʟʘʪʴ ʚʝʣʠʯʠʥʫ 

ʧʨʝʜʝʣʘ ʤʘʢʨʦʫʧʨʫʛʦʩʪʠ, ʧʨʝʜʝʣʘ ʪʝʢʫʯʝʩʪʠ ʠ ʢʦʵʬʬʠʮʠʝʥʪʘ Keff ʩʦ ʩʢʦʨʦʩʪʴʶ ʤʠʛʨʘʮʠʠ ʛʨʘʥʠʮ ʟʝʨʝʥ, 

ʫʨʦʚʥʝʤ ʠʭ ʥʝʨʘʚʥʦʚʝʩʥʦʩʪʠ, ʧʣʦʪʥʦʩʪʴʶ ʨʝʰʝʪʦʯʥʳʭ ʜʠʩʣʦʢʘʮʠʡ, ʘ ʪʘʢʞʝ ʪʝʤʧʝʨʘʪʫʨʦʡ ʠ ʚʨʝʤʝʥʝʤ 

ʦʪʞʠʛʘ. ʈʝʟʫʣʴʪʘʪʳ ʯʠʩʣʝʥʥʳʭ ʨʘʩʯʝʪʦʚ ʩʦʧʦʩʪʘʚʣʝʥʳ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ (ʛʨʘʥʪ ˉ15-08-09298) ʠ ʄʠʥʦʙʨʥʘʫʢʠ ʈʌ. 
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EXPERIMENTAL STUDY O F THERMAL STABILITY,  MECHANICAL PROPERTIE S AND 

CORROSION RESISTANCE OF THE FINE -GRAINED ALUMINUM ALLOY S 

Nokhrin A.V., Chuvilôdeev V.N., Kopylov V.I., Kozlova N.A., Piskunov A.V., Sakharov N.V., Chegurov 

M.K., Bobrov A.A., Sysoev A.N., Pirozhnikova O.Ed., Smirnova E.S. 

 

The results of experimental studies of the effect of the preliminary deformation and microstructure (average 

grain size, the volume fraction of recrystallized structure) on microhardness and corrosion resistance of aluminium 

alloys Al-Mg and Al-Zn. It is shown that the alloying of aluminium with magnesium (up to 5 wt.%) leads to a 

decrease in the recrystallization temperature and decrease of corrosion rate, the susceptibility of alloys to 

intergranular corrosion rate is almost constant. Alloying aluminium with zinc (up to 5 wt.%) leads to an increase 

in the recrystallization temperature and to increase corrosion rate and the intergranular corrosion rate. 

 

ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʳʩʪʫʧʘʣʠ ʯʠʩʪʳʡ Al (ɸ99), ʩʧʣʘʚʳ ʩʠʩʪʝʤʳ Al-Mg (Al-1Mg, Al-

3Mg, Al-5Mg) ʠ ʩʧʣʘʚʳ ʩʠʩʪʝʤʳ Al-Zn (Al-1Zn, Al-3Zn, Al-5Zn), ʧʦʣʫʯʝʥʥʳʝ ʤʝʪʦʜʘʤʠ ʚʠʙʨʘʮʠʦʥʥʦʛʦ 

ʣʠʪʴʷ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʭʦʣʦʜʥʦʡ ʜʝʬʦʨʤʘʮʠʝʡ ʧʨʦʢʘʪʢʦʡ (ʩʪʝʧʝʥʴ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʜʝʬʦʨʤʘʮʠʠ 

ʩʦʩʪʘʚʣʷʣʘ 95%). ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ ʪʘʢʞʝ ʚʳʩʪʫʧʘʣʠ ʩʧʣʘʚʳ Al-2Mg (ɸʄʛ2) ʠ Al-6Mg 
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(ɸʄʛ6), ʫʣʴʪʨʘʤʝʣʢʦʟʝʨʥʠʩʪʘʷ (ʋʄɿ) ʩʪʨʫʢʪʫʨʘ ʚ ʢʦʪʦʨʳʭ ʙʳʣʘ ʩʬʦʨʤʠʨʦʚʘʥʘ ʤʝʪʦʜʦʤ ʨʘʚʥʦʢʘʥʘʣʴʥʦʛʦ 

ʫʛʣʦʚʦʛʦ ʧʨʝʩʩʦʚʘʥʠʷ (ʈʂʋʇ). 

ɼʣʷ ʘʪʪʝʩʪʘʮʠʠ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʩʧʣʘʚʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʤʝʪʦʜʳ ʤʝʪʘʣʣʦʛʨʘʬʠʠ ʠ ʨʘʩʪʨʦʚʦʡ 

ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ. ʀʟʤʝʨʝʥʠʝ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʧʨʦʚʦʜʠʣʦʩʴ ʩ ʧʦʤʦʱʴʶ ʪʚʝʨʜʦʤʝʨʘ çDuramin 

Struers-5è. ʆʪʞʠʛ ʜʝʬʦʨʤʠʨʦʚʘʥʥʳʭ ʦʙʨʘʟʮʦʚ ʧʨʦʚʦʜʠʣʩʷ ʚ ʚʦʟʜʫʰʥʦʡ ʧʝʯʠ ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ ʦʪ 

100 ʜʦ 500 ʦʉ. ɺʨʝʤʷ ʦʪʞʠʛʘ ʚʘʨʴʠʨʦʚʘʣʦʩʴ ʦʪ 1 ʤʠʥ ʜʦ 3 ʯ. 

ʂʦʨʨʦʟʠʦʥʥʳʝ ʠʩʧʳʪʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʧʦ ɻʆʉʊ 9.021-74 ʚ ʚʦʜʥʦʤ 

ʨʘʩʪʚʦʨʝ 3%NaCl+1%HCl. ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʠʩʧʳʪʘʥʠʡ ʩʦʩʪʘʚʣʷʣʘ 24 ʯʘʩʘ. ʉʢʦʨʦʩʪʴ ʢʦʨʨʦʟʠʠ 

ʦʧʨʝʜʝʣʷʣʘʩʴ ʧʦ ʚʝʣʠʯʠʥʝ ʧʦʪʝʨʠ ʤʘʩʩʳ ʦʙʨʘʟʮʘ. ʊʠʧ ʢʦʨʨʦʟʠʦʥʥʦʛʦ ʧʦʚʨʝʞʜʝʥʠʷ ʠ ʛʣʫʙʠʥʘ ʄʂʂ 

ʦʧʨʝʜʝʣʷʣʘʩʴ ʤʝʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʛʦ ʤʠʢʨʦʩʢʦʧʘ Leica IM 

DRM. ɺ ʪʝʭ ʞʝ ʫʩʣʦʚʠʷʭ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʝ ʠʩʧʳʪʘʥʠʷ, ʘ ʪʘʢʞʝ ʧʘʪʝʥʮʠʦʩʪʘʪʠʯʝʩʢʠʝ 

ʠʩʧʳʪʘʥʠʷ ʧʦʩʨʝʜʩʪʚʦʤ ʩʥʷʪʠʷ ʧʦʣʷʨʠʟʘʮʠʦʥʥʳʭ ʢʨʠʚʳʭ ʧʨʠ ʧʦʤʦʱʠ ʧʦʪʝʥʮʠʦʩʪʘʪʘ-ʛʘʣʴʚʘʥʦʩʪʘʪʘ çP-

30Sè. ʉʢʦʨʦʩʪʴ ʢʦʨʨʦʟʠʠ (ʧʣʦʪʥʦʩʪʴ ʪʦʢʘ ʢʦʨʨʦʟʠʠ) ʦʧʨʝʜʝʣʷʣʘʩʴ ʩʪʘʥʜʘʨʪʥʳʤ ʦʙʨʘʟʦʤ ʧʦ ʊʘʬʬʝʣʝʚʩʢʠʤ 

ʟʘʚʠʩʠʤʦʩʪʷʤ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʘʥʘʣʠʟʘ ʟʘʚʠʩʠʤʦʩʪʝʡ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ, ʩʨʝʜʥʝʛʦ ʨʘʟʤʝʨʘ ʟʝʨʥʘ ʠ ʦʙʲʝʤʥʦʡ ʜʦʣʠ 

ʨʝʢʨʠʩʪʘʣʣʠʟʦʚʘʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ 30-ʤʠʥʫʪʥʦʛʦ ʦʪʞʠʛʘ ʦʧʨʝʜʝʣʷʣʠʩʴ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʯʘʣʘ 

ʠ ʦʢʦʥʯʘʥʠʷ ʧʝʨʚʠʯʥʦʡ ʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʣʝʛʠʨʦʚʘʥʠʝ ʘʣʶʤʠʥʠʷ ʤʘʛʥʠʝʤ (ʜʦ 5%) 

ʧʨʠʚʦʜʠʪ ʢ ʧʦʚʳʰʝʥʠʶ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʯʘʣʘ ʧʝʨʚʠʯʥʦʡ ʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʦʪ 2500ʉ ʜʦ 3000ʉ-3500ʉ. 

ʃʝʛʠʨʦʚʘʥʠʝ ʘʣʶʤʠʥʠʷ ʮʠʥʢʦʤ (ʜʦ 5%) ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʯʘʣʘ ʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ 

ʦʪ 2500ʉ ʜʦ 2000ʉ. 

ʅʘ ʩʪʘʜʠʠ ʩʦʙʠʨʘʪʝʣʴʥʦʡ ʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʧʨʦʚʝʨʷʣʦʩʴ ʚʳʧʦʣʥʝʥʠʝ ʩʦʦʪʥʦʰʝʥʠʷ ʍʦʣʣʘ-ʇʝʪʯʘ ʠ 

ʦʧʨʝʜʝʣʷʣʘʩʴ ʚʝʣʠʯʠʥʘ ʢʦʵʬʬʠʮʠʝʥʪʘ ʟʝʨʥʦʛʨʘʥʠʯʥʦʛʦ ʫʧʨʦʯʥʝʥʠʷ KHP. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚʚʝʜʝʥʠʝ ʤʘʛʥʠʷ 

ʚ ʤʝʣʢʦʟʝʨʥʠʩʪʳʡ ʘʣʶʤʠʥʠʡ ʥʝ ʧʨʠʚʦʜʠʪ ʢ ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʠʟʤʝʥʝʥʠʶ ʢʦʵʬʬʠʮʠʝʥʪʘ ʍʦʣʣʘ-ʇʝʪʯʘ ï 

ʚʝʣʠʯʠʥʘ ʢʦʵʬʬʠʮʠʝʥʪʘ KHP ʩʦʩʪʘʚʣʷʝʪ 0.16-0.34 ʄʇʘÖʤ1/2. ɺʚʝʜʝʥʠʝ ʮʠʥʢʘ ʚ ʘʣʶʤʠʥʠʡ ʧʨʠʚʦʜʠʪ ʢ 

ʧʦʚʳʰʝʥʠʶ ʚʝʣʠʯʠʥʳ KHP ʦʪ 0.23 ʄʇʘÖʤ1/2 ʜʦ 1.29 ʄʇʘÖʤ1/2. ʇʨʦʚʝʜʝʥʥʳʝ ʵʣʝʢʪʨʦʥʥʦ-ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʩʦʜʝʨʞʘʥʠʷ ʮʠʥʢʘ ʜʦ 5% ʥʘʙʣʶʜʘʝʪʩʷ ʚʳʜʝʣʝʥʠʝ ʯʘʩʪʠʮ 

ʚʪʦʨʦʡ ʬʘʟʳ, ʨʘʩʧʦʣʘʛʘʶʱʠʭʩʷ ʧʦ ʛʨʘʥʠʮʘʤ ʟʝʨʝʥ ʨʝʢʨʠʩʪʘʣʣʠʟʦʚʘʥʥʦʡ ʩʪʨʫʢʪʫʨʳ. 

ɼʣʷ ʘʥʘʣʠʟʘ ʚʣʠʷʥʠʷ ʣʝʛʠʨʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ ʥʘ ʜʠʬʬʫʟʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʛʨʘʥʠʮ ʟʝʨʝʥ ʧʨʦʚʦʜʠʣʩʷ 

ʨʘʩʯʝʪ ʚʝʣʠʯʠʥʳ ʵʥʝʨʛʠʠ ʘʢʪʠʚʘʮʠʠ ʩʦʙʠʨʘʪʝʣʴʥʦʡ ʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ QR. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʵʥʝʨʛʠʠ 

ʘʢʪʠʚʘʮʠʠ QR2 ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʟʘʚʠʩʠʤʦʩʪʠ ʩʨʝʜʥʝʛʦ ʨʘʟʤʝʨʘ ʟʝʨʥʘ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʦʪʞʠʛʘ ʚ 

ʧʦʣʫʣʦʛʘʨʠʬʤʠʯʝʩʢʠʭ ʢʦʦʨʜʠʥʘʪʘʭ ln(d2-d0
2) ï Tm/T (ʛʜʝ Tm ï ʘʙʩʦʣʶʪʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʠʷ (ʚ ʂ)). 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʦʚʳʰʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʘʛʥʠʷ ʚ ʘʣʶʤʠʥʠʠ ʦʪ 0% ʜʦ 5% ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ 

ʵʥʝʨʛʠʠ ʘʢʪʠʚʘʮʠʠ ʟʝʨʥʦʛʨʘʥʠʯʥʦʡ ʜʠʬʬʫʟʠʠ ʦʪ 10.4 kTm ʜʦ 16.7 kTm, ʘ ʧʦʚʳʰʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʮʠʥʢʘ 

ʦʪ 0% ʜʦ 5% ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʵʥʝʨʛʠʠ ʘʢʪʠʚʘʮʠʠ ʟʝʨʥʦʛʨʘʥʠʯʥʦʡ ʜʠʬʬʫʟʠʠ ʦʪ 10.4 kTm ʜʦ 8.3 

kTm. 

ɼʣʷ ʦʙʲʷʩʥʝʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʦʜʭʦʜʳ ʪʝʦʨʠʠ ʥʝʨʘʚʥʦʚʝʩʥʳʭ ʛʨʘʥʠʮ 

ʟʝʨʝʥ ʚ ʤʝʪʘʣʣʘʭ, ʚ ʨʘʤʢʘʭ ʢʦʪʦʨʦʡ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʜʠʬʬʫʟʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʛʨʘʥʠʮ ʟʝʨʝʥ ʟʘʚʠʩʷʪ ʥʝ ʪʦʣʴʢʦ 

ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʣʝʛʠʨʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ, ʥʦ ʠ ʦʪ ʩʦʦʪʥʦʰʝʥʠʷ ʘʪʦʤʥʳʭ ʨʘʜʠʫʩʦʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ 

ʨʝʰʝʪʢʠ ʠ ʣʝʛʠʨʫʶʱʝʛʦ ʵʣʝʤʝʥʪʘ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚʚʝʜʝʥʠʝ ʚ ʘʣʶʤʠʥʠʡ ʤʘʛʥʠʷ, ʘʪʦʤʥʳʡ ʨʘʜʠʫʩ ʢʦʪʦʨʦʛʦ 

(rMg=0.160 ¡) ʙʦʣʴʰʝ ʘʪʦʤʥʦʛʦ ʨʘʜʠʫʩʘ ʘʣʶʤʠʥʠʷ (rAl=0.143 ¡), ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʵʥʝʨʛʠʠ 

ʘʢʪʠʚʘʮʠʠ Qb, ʘ çʚʚʝʜʝʥʠʝè ʮʠʥʢʘ (rZn=0.138 ¡) ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʵʥʝʨʛʠʠ Qb. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʮʠʥʢʘ ʚ ʘʣʶʤʠʥʠʠ ʧʨʠʚʦʜʠʪ ʢ ʧʦʚʳʰʝʥʠʶ ʩʢʦʨʦʩʪʠ ʢʘʢ 

ʦʙʱʝʡ, ʪʘʢ ʠ ʄʂʂ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʫʚʝʣʠʯʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʘʛʥʠʷ ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʩʢʦʨʦʩʪʠ 

ʦʙʱʝʡ ʢʦʨʨʦʟʠʠ ʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʟʤʝʥʷʝʪ ʩʢʣʦʥʥʦʩʪʴ ʩʧʣʘʚʘ ʢ ʄʂʂ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʨʘʟʣʠʯʥʳʡ ʪʠʧ 

ʢʦʨʨʦʟʠʦʥʥʦʛʦ ʧʦʚʝʜʝʥʠʷ ʩʧʣʘʚʘ Al-Mg ʠ Al-Zn ʦʙʫʩʣʦʚʣʝʥ ʨʘʟʣʠʯʥʳʤ ʭʘʨʘʢʪʝʨʦʤ ʚʣʠʷʥʠʷ ʤʘʛʥʠʷ ʠ 

ʮʠʥʢʘ ʥʘ ʚʝʣʠʯʠʥʫ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʛʨʘʥʠʮʳ ʟʝʨʥʘ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʭʦʣʦʜʥʘʷ ʧʣʘʩʪʠʯʝʩʢʘʷ ʜʝʬʦʨʤʘʮʠʷ ʧʨʦʢʘʪʢʦʡ ʧʨʠʚʦʜʠʪ ʢ ʥʝʟʥʘʯʠʪʝʣʴʥʦʤʫ 

ʧʦʚʳʰʝʥʠʶ ʩʢʦʨʦʩʪʠ ʢʦʨʨʦʟʠʠ ʩʧʣʘʚʦʚ Al-Mg, ʦʙʫʩʣʦʚʣʝʥʥʦʤʫ ʥʘʢʦʧʣʝʥʠʶ ʜʝʬʝʢʪʦʚ ʥʘ ʛʨʘʥʠʮʘʭ ʟʝʨʝʥ 

ʩʧʣʘʚʘ. ɺ ʧʨʦʮʝʩʩʝ ʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʦʛʦ ʦʪʞʠʛʘ, ʧʨʠʚʦʜʷʱʝʛʦ ʢ ʫʤʝʥʴʰʝʥʠʶ ʪʚʝʨʜʦʩʪʠ, ʥʘʙʣʶʜʘʝʪʩʷ 

ʧʦʚʳʰʝʥʠʝ ʩʢʦʨʦʩʪʠ ʢʦʨʨʦʟʠʠ, ʩʚʷʟʘʥʥʦʝ ʩ ʨʘʟʚʠʪʠʝʤ ʘʥʦʤʘʣʴʥʦʛʦ ʨʦʩʪʘ ʟʝʨʝʥ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʛʦʩʷ 

ʚʳʩʦʢʠʤʠ ʩʢʦʨʦʩʪʷʤʠ ʤʠʛʨʘʮʠʠ ʛʨʘʥʠʮ ʟʝʨʝʥ. ʇʨʠ ʜʘʣʴʥʝʡʰʝʤ ʧʦʚʳʰʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʦʪʞʠʛʘ ʚʥʦʚʴ 

ʥʘʙʣʶʜʘʝʪʩʷ ʫʤʝʥʴʰʝʥʠʝ ʩʢʦʨʦʩʪʠ ʢʦʨʨʦʟʠʠ. 
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ʇʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʦʪʞʠʛʘ ʥʘ ʢʦʨʨʦʟʠʦʥʥʫʶ ʩʪʦʡʢʦʩʪʴ ʧʨʦʤʳʰʣʝʥʥʳʭ ʠ ʤʦʜʝʣʴʥʳʭ 

ʋʄɿ ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʤʝʪʦʜʦʤ ʈʂʋʇ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʢʘʢ ʠ ʚ ʩʣʫʯʘʝ ʭʦʣʦʜʥʦ-

ʜʝʬʦʨʤʠʨʦʚʘʥʥʳʭ ʩʧʣʘʚʦʚ, ʟʘʚʠʩʠʤʦʩʪʴ ʩʢʦʨʦʩʪʠ ʢʦʨʨʦʟʠʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʦʪʞʠʛʘ ʠʤʝʝʪ ʩʣʦʞʥʳʡ 

ʥʝʤʦʥʦʪʦʥʥʳʡ ʭʘʨʘʢʪʝʨ, ʦʧʨʝʜʝʣʷʝʤʳʡ ʢʠʥʝʪʠʢʦʡ ʥʘʢʦʧʣʝʥʠʷ ʠ ʘʥʥʠʛʠʣʷʮʠʠ ʜʝʬʝʢʪʦʚ ʥʘ ʤʠʛʨʠʨʫʶʱʠʭ 

ʛʨʘʥʠʮʘʭ ʟʝʨʝʥ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ (ʛʨʘʥʪ ˉ15-03-08969_ʘ) ʠ ʄʠʥʠʩʪʝʨʩʪʚʘ ʦʙʨʘʟʦʚʘʥʠʷ ʠ 

ʥʘʫʢʠ ʈʌ. 
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EXPERIMENTAL STUDY O F THERMAL STABILITY OF STRUCTURE OF THE FINE-GRAINED 

COPPER-SILVER AND COPPER-TIN ALLOYS  

Nokhrin A.V., Chuvilôdeev V.N., Piskunov A.V., Lancev E.A., Shadrina Ya.S., Bobrov A.A., 

Lopatin Yu.G., Sysoev A.N., Smirnova E.S. 

 

The results of researches of influence of small additions of silver (up to 0.5 wt.%) and tin (up to 3 wt.%) 

on the thermal stability of fine-grained structure of copper. It is shown that alloying of copper with silver and tin 

leads to an increase of the activation energy of the recrystallization. 
 

ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʳʩʪʫʧʘʣʘ ʚʳʩʦʢʦʯʠʩʪʘʷ ʤʝʜʴ ʄ00ʢ, ʘ ʪʘʢʞʝ ʩʧʣʘʚʳ ʩʠʩʪʝʤ Cu-

Sn (Cu-1Sn, Cu-2Sn, Cu-3Sn) ʠ Cu-Ag (Cu-0.1Ag, Cu-0.25Ag, Cu-0.5Ag), ʧʦʣʫʯʝʥʥʳʝ ʤʝʪʦʜʘʤʠ 

ʠʥʜʫʢʮʠʦʥʥʦʛʦ ʣʠʪʴʷ (ʠʥʜʫʢʮʠʦʥʥʘʷ ʣʠʪʴʝʚʘʷ ʤʘʰʠʥʘ çINDUTHERM VTC-200è) ʩ ʧʦʩʣʝʜʫʶʱʝʡ 

ʭʦʣʦʜʥʦʡ ʜʝʬʦʨʤʘʮʠʝʡ ʧʨʦʢʘʪʢʦʡ. ʉʫʤʤʘʨʥʘʷ ʩʪʝʧʝʥʴ ʜʝʬʦʨʤʘʮʠʠ ʩʦʩʪʘʚʣʷʣʘ 65% ʠ 95%. ʂʦʥʮʝʥʪʨʘʮʠʷ 

ʦʣʦʚʘ ʠ ʩʝʨʝʙʨʘ ʚ ʩʧʣʘʚʘʭ ʥʝ ʧʨʝʚʳʰʘʣʘ ʧʨʝʜʝʣʘ ʨʘʩʪʚʦʨʠʤʦʩʪʠ. 

ɺʳʙʦʨ ʦʣʦʚʘ ʠ ʩʝʨʝʙʨʘ ʚ ʢʘʯʝʩʪʚʝ ʣʝʛʠʨʫʶʱʝʛʦ ʵʣʝʤʝʥʪʘ ʦʙʫʩʣʦʚʣʝʥ ʠʭ ʧʦʚʳʰʝʥʥʦʡ ʩʢʣʦʥʥʦʩʪʴʶ 

ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʟʝʨʥʦʛʨʘʥʠʯʥʳʭ ʩʝʛʨʝʛʘʮʠʡ. ʂʨʦʤʝ ʵʪʦʛʦ, ʘʪʦʤʥʳʡ ʨʘʜʠʫʩ ʦʣʦʚʘ (aSn=0.158 ¡) ʠ ʩʝʨʝʙʨʘ 

(aAg=0.144 ¡) ʙʦʣʴʰʝ ʘʪʦʤʥʦʛʦ ʨʘʜʠʫʩʘ ʤʝʜʠ (aCu=0.128 ¡) ʯʪʦ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʝʦʨʠʝʡ ʥʝʨʘʚʥʦʚʝʩʥʳʭ 

ʛʨʘʥʠʮ ʟʝʨʝʥ, ʜʦʣʞʥʦ ʧʨʠʚʦʜʠʪʴ ʢ ʟʘʤʝʜʣʝʥʠʶ ʧʨʦʮʝʩʩʘ ʟʝʨʥʦʛʨʘʥʠʯʥʦʡ ʜʠʬʬʫʟʠʠ ʚ ʤʝʜʠ [1] ʠ, ʢʘʢ 

ʩʣʝʜʩʪʚʠʝ, ʦʙʝʩʧʝʯʠʚʘʪʴ ʧʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʯʘʣʘ ʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʧʨʠ ʦʪʞʠʛʝ 

ʩʠʣʴʥʦʜʝʬʦʨʤʠʨʦʚʘʥʥʦʡ ʤʝʜʠ. 

ʉʪʨʫʢʪʫʨʘ ʩʧʣʘʚʦʚ ʠʩʩʣʝʜʦʚʘʣʘʩʴ ʩ ʧʦʤʦʱʴʶ ʤʝʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʛʦ ʤʠʢʨʦʩʢʦʧʘ Leica IM DRM, ʘ 

ʪʘʢʞʝ ʨʘʩʪʨʦʚʦʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ Jeol JSM-6490 ʩ ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʳʤ ʤʠʢʨʦʘʥʘʣʠʟʘʪʦʨʦʤ 

INCA 350. ɺ ʧʨʦʮʝʩʩʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʟʤʝʨʷʣʘʩʴ ʦʙʲʝʤʥʘʷ ʜʦʣʷ ʨʝʢʨʠʩʪʘʣʣʠʟʦʚʘʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʠ 

ʩʨʝʜʥʠʡ ʨʘʟʤʝʨ ʨʝʢʨʠʩʪʘʣʣʠʟʦʚʘʥʥʦʛʦ ʟʝʨʥʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʚʨʝʤʝʥʠ ʦʪʞʠʛʘ. 

ʄʠʢʨʦʪʚʝʨʜʦʩʪʴ (Hm) ʩʧʣʘʚʦʚ ʠʟʤʝʨʷʣʘʩʴ ʧʨʠ ʧʦʤʦʱʠ ʪʚʝʨʜʦʤʝʨʘ Duramin Struers-5. ɺ ʭʦʜʝ ʵʢʩʧʝʨʠʤʝʥʪʘ 

ʩʪʨʦʠʣʘʩʴ ʟʘʚʠʩʠʤʦʩʪʴ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʦʪʞʠʛʘ. ɺʝʣʠʯʠʥʘ ʢʦʵʬʬʠʮʠʝʥʪʘ ʍʦʣʣʘ-ʇʝʪʯʘ 

(K) ʦʧʨʝʜʝʣʷʣʘʩʴ ʥʘ ʩʪʘʜʠʠ ʩʦʙʠʨʘʪʝʣʴʥʦʡ ʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʧʦ ʫʛʣʫ ʥʘʢʣʦʥʘ ʟʘʚʠʩʠʤʦʩʪʠ Hm-1/d1/2. 

ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʩʝʨʝʙʨʘ (ʜʦ 0.5ʚʝʩ.%) ʚ ʤʝʜʠ 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ʥʘ ʤʠʢʨʦʪʚʝʨʜʦʩʪʴ ʩʧʣʘʚʦʚ ʚ ʧʨʝʜʝʣʘʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ 

ʧʦʛʨʝʰʥʦʩʪʠ. ʋʚʝʣʠʯʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʣʦʚʘ ʦʪ 0 ʜʦ 3 ʚʝʩ.% ʧʨʠʚʦʜʠʪ ʧʦʚʳʰʝʥʠʶ Hm 

ʩʠʣʴʥʦʜʝʬʦʨʤʠʨʦʚʘʥʥʦʡ ʤʝʜʠ ʦʪ 1050 ʄʇʘ ʜʦ 2100 ʄʇʘ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʪʦʣʴ ʩʠʣʴʥʦʝ 

ʧʦʚʳʰʝʥʠʝ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʷʚʣʷʝʪʩʷ ʥʝʭʘʨʘʢʪʝʨʥʳʤ ʜʣʷ ʚʢʣʘʜʘ ʪʚʝʨʜʦʨʘʩʪʚʦʨʥʦʛʦ ʫʧʨʦʯʥʝʥʠʷ, ʤʘʩʰʪʘʙ 

ʢʦʪʦʨʦʛʦ ʚ ʨʝʢʨʠʩʪʘʣʣʠʟʦʚʘʥʥʦʡ ʤʝʜʠ ʩ ʧʦʚʳʰʝʥʠʝʤ ʩʦʜʝʨʞʘʥʠʷ ʦʣʦʚʘ ʦʪ 0 ʜʦ 3% ʦʢʘʟʳʚʘʝʪʩʷ ʟʘʤʝʪʥʦ 

ʤʝʥʴʰʝ (ʦʪ 500 ʄʇʘ ʜʦ 900-950 ʄʇʘ). 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʣʝʛʠʨʦʚʘʥʠʝ ʤʝʣʢʦʟʝʨʥʠʩʪʦʡ ʤʝʜʠ ʩʝʨʝʙʨʦʤ (ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ ʜʦ 0.5 ʚʝʩ.%) ʠ 

ʦʣʦʚʦʤ (ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ ʜʦ 3 ʚʝʩ.%) ʥʝ ʦʢʘʟʳʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʚʝʣʠʯʠʥʫ ʢʦʵʬʬʠʮʠʝʥʪʘ 
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ʟʝʨʥʦʛʨʘʥʠʯʥʦʛʦ ʫʧʨʦʯʥʝʥʠʷ K ʚ ʫʨʘʚʥʝʥʠʠ ʍʦʣʣʘ-ʇʝʪʯʘ: Hm = Hm0 +Kd-1/2, ʛʜʝ Hm0 ï ʤʠʢʨʦʪʚʝʨʜʦʩʪʴ 

ʢʨʫʧʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʤʝʜʠ. 

ʇʨʦʚʝʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ ʧʝʨʚʠʯʥʦʡ ʠ ʩʦʙʠʨʘʪʝʣʴʥʦʡ 

ʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʧʨʠ ʦʪʞʠʛʝ ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʡ ʤʝʜʠ ʠ ʩʧʣʘʚʦʚ ʩʠʩʪʝʤʳ Cu-Ag. ʇʦʢʘʟʘʥʦ, ʯʪʦ 

çʚʚʝʜʝʥʠʝè ʩʝʨʝʙʨʘ ʚ ʤʝʜʴ (ʜʦ 0.5 ʚʝʩ.%) ʧʨʠʚʦʜʠʪ ʢ ʧʦʚʳʰʝʥʠʶ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʯʘʣʘ ʧʝʨʚʠʯʥʦʡ 

ʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʊ1 ʦʪ 225ᴈ ʜʦ 400ᴈ ʜʣʷ ʩʪʝʧʝʥʠ ʜʝʬʦʨʤʘʮʠʠ 65%, ʠ ʦʪ 200ᴈ ʜʦ 350ᴈ ʜʣʷ ʩʪʝʧʝʥʠ 

ʜʝʬʦʨʤʘʮʠʠ 95%. (ʊʝʤʧʝʨʘʪʫʨʘ ʥʘʯʘʣʘ ʧʝʨʚʠʯʥʦʡ ʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʦʧʨʝʜʝʣʷʣʘʩʴ ʤʝʪʦʜʘʤʠ 

ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʠ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʘ ʪʝʤʧʝʨʘʪʫʨʝ ʦʪʞʠʛʘ, ʧʨʠ ʢʦʪʦʨʦʡ ʬʠʢʩʠʨʦʚʘʣʦʩʴ ʥʘʣʠʯʠʝ 

ʧʝʨʚʦʛʦ ʨʝʢʨʠʩʪʘʣʣʠʟʦʚʘʥʥʦʛʦ ʟʝʨʥʘ). 

ɺʚʝʜʝʥʠʝ ʚ ʚʳʩʦʢʦʯʠʩʪʫʶ ʤʝʜʴ ʦʣʦʚʘ (ʜʦ 3 ʚʝʩ.%) ʧʨʠʚʦʜʠʪ ʢ ʧʦʚʳʰʝʥʠʶ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʯʘʣʘ 

ʧʝʨʚʠʯʥʦʡ ʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʊ1 ʦʪ 225 
ʦʉ ʜʦ 350 ʦʉ ʠ ʜʦ 300 ʦʉ ʜʣʷ ʦʙʨʘʟʮʦʚ, ʧʦʜʚʝʨʛʥʫʪʳʭ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʜʝʬʦʨʤʘʮʠʠ ʧʨʦʢʘʪʢʦʡ 65% ʠ 95%, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʵʥʝʨʛʠʠ ʘʢʪʠʚʘʮʠʠ ʧʝʨʚʠʯʥʦʡ ʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ QR1 ʧʦʣʫʯʝʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʙʲʝʤʥʦʡ ʜʦʣʠ ʨʝʢʨʠʩʪʘʣʣʠʟʦʚʘʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʦʪ ʚʨʝʤʝʥʠ ʦʪʞʠʛʘ fv(t) ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ 

ʘʥʘʣʠʟʠʨʦʚʘʣʠʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʫʨʘʚʥʝʥʠʷ ɸʚʨʘʤʠ: fv=1-exp(-(t/t)n1), ʛʜʝ n1 ï ʯʠʩʣʝʥʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ, 

t=t0exp(QR1/kT) ï ʭʘʨʘʢʪʝʨʥʦʝ ʚʨʝʤʷ ʜʠʬʬʫʟʠʦʥʥʦʛʦ ʤʘʩʩʦʧʝʨʝʥʦʩʘ ʚ ʫʩʣʦʚʠʷʭ ʧʝʨʚʠʯʥʦʡ 

ʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ (ʟʜʝʩʴ t0 ï ʧʨʝʜʵʢʩʧʦʥʝʥʮʠʘʣʴʥʳʡ ʤʥʦʞʠʪʝʣʴ, k ï ʧʦʩʪʦʷʥʥʘʷ ɹʦʣʴʮʤʘʥʘ). ɺ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʫʨʘʚʥʝʥʠʝʤ ɸʚʨʘʤʠ ʧʦ ʫʛʣʫ ʥʘʢʣʦʥʘ ʟʘʚʠʩʠʤʦʩʪʝʡ fv(t) ʚ ʜʚʦʡʥʳʭ ʣʦʛʘʨʠʬʤʠʯʝʩʢʠʭ 

ʢʦʦʨʜʠʥʘʪʘʭ ln(ln(1-fv)) ï ln(t) ʦʧʨʝʜʝʣʷʣʘʩʴ ʚʝʣʠʯʠʥʘ ʢʦʵʬʬʠʮʠʝʥʪʘ n1; ʩʚʦʙʦʜʥʳʡ ʯʣʝʥ ʧʨʠ ʵʪʦʤ 

ʩʦʦʪʚʝʪʩʪʚʦʚʘʣ n1ln(t). ʕʥʝʨʛʠʷ ʘʢʪʠʚʘʮʠʠ ʧʝʨʚʠʯʥʦʡ ʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ QR1 ʦʧʨʝʜʝʣʷʣʘʩʴ ʧʦ ʫʛʣʫ 

ʥʘʢʣʦʥʘ ʟʘʚʠʩʠʤʦʩʪʠ ln(t) ï Tm/T. 

ʕʥʝʨʛʠʷ ʘʢʪʠʚʘʮʠʠ ʩʦʙʠʨʘʪʝʣʴʥʦʡ ʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ QR2 ʦʧʨʝʜʝʣʷʣʘʩʴ ʧʦ ʫʛʣʫ ʥʘʢʣʦʥʘ 

ʟʘʚʠʩʠʤʦʩʪʠ ln(d2-d0
2)-Tm/T, ʛʜʝ d ï ʩʨʝʜʥʠʡ ʨʘʟʤʝʨ ʨʝʢʨʠʩʪʘʣʣʠʟʦʚʘʥʥʦʛʦ ʟʝʨʥʘ, d0 ï ʩʨʝʜʥʠʡ ʥʘʯʘʣʴʥʳʡ 

ʨʘʟʤʝʨ ʟʝʨʥʘ (ʧʦ ʦʢʦʥʯʘʥʠʶ ʧʨʦʮʝʩʩʘ ʧʝʨʚʠʯʥʦʡ ʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ), Tm ï ʘʙʩʦʣʶʪʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ 

ʧʣʘʚʣʝʥʠʷ. 

ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʧʠʩʘʥʥʦʡ ʚʳʰʝ ʧʨʦʮʝʜʫʨʳ ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ ʟʥʘʯʝʥʠʷ ʵʥʝʨʛʠʠ ʘʢʪʠʚʘʮʠʠ 

ʧʝʨʚʠʯʥʦʡ ʠ ʩʦʙʠʨʘʪʝʣʴʥʦʡ ʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʜʣʷ ʤʝʣʢʦʟʝʨʥʠʩʪʳʭ ʤʝʜʥʳʭ ʩʧʣʘʚʦʚ ʩ ʨʘʟʣʠʯʥʳʤ 

ʩʦʜʝʨʞʘʥʠʝʤ ʦʣʦʚʘ ʠ ʩʝʨʝʙʨʘ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʝʨʝʙʨʘ ʚ ʤʝʣʢʦʟʝʨʥʠʩʪʦʡ ʤʝʜʠ ʩʝʨʝʙʨʦʤ (ʦʪ 0 ʜʦ 0.5 

ʚʝʩ.%) ʧʨʠʚʦʜʠʪ ʢ ʧʦʚʳʰʝʥʠʶ ʵʥʝʨʛʠʠ ʧʝʨʚʠʯʥʦʡ ʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ QR1 ʦʪ 6.5 kTm ʜʦ 16.3 kTm ʜʣʷ 

ʦʙʨʘʟʮʦʚ ʩʦ ʩʪʝʧʝʥʴʶ ʜʝʬʦʨʤʘʮʠʠ 65%. ʕʥʝʨʛʠʷ ʘʢʪʠʚʘʮʠʠ QR1 ʜʣʷ ʦʙʨʘʟʮʦʚ ʧʦʜʚʝʨʛʥʫʪʳʭ ʜʝʬʦʨʤʘʮʠʠ 

ʜʦ ʩʪʝʧʝʥʠ 95% ʦʢʘʟʳʚʘʝʪʩʷ ʥʝʤʥʦʛʦ ʤʝʥʴʰʝ ʠ ʩ ʧʦʚʳʰʝʥʠʝʤ ʩʦʜʝʨʞʘʥʠʷ ʩʝʨʝʙʨʘ ʦʪ 0 ʜʦ 0.5% 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʦʪ 5.9 kTm ʜʦ 13.8 kTm. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʵʥʝʨʛʠʷ ʘʢʪʠʚʘʮʠʠ ʩʦʙʠʨʘʪʝʣʴʥʦʡ ʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ 

QR2 ʧʨʠ ʵʪʦʤ ʧʦʚʳʰʘʝʪʩʷ ʦʪ 7.9-8.7 kTm ʜʦ 13.2-13.9 kTm ʠ ʩʣʘʙʦ ʟʘʚʠʩʠʪ ʦʪ ʩʪʝʧʝʥʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ 

ʜʝʬʦʨʤʘʮʠʠ. 

ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ ʢʠʥʝʪʠʢʠ ʧʝʨʚʠʯʥʦʡ ʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ 

ʣʝʛʠʨʦʚʘʥʠʝ ʚʳʩʦʢʦʯʠʩʪʦʡ ʤʝʜʠ ʦʣʦʚʦʤ ʧʨʠʚʦʜʠʪ ʢ ʧʦʚʳʰʝʥʠʶ ʵʥʝʨʛʠʠ ʘʢʪʠʚʘʮʠʠ ʧʝʨʚʠʯʥʦʡ 

ʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʜʦ 9.6%. ʉʪʝʧʝʥʴ ʜʝʬʦʨʤʘʮʠʠ, ʧʨʠ ʵʪʦʤ, ʚ ʧʨʝʜʝʣʘʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʧʦʛʨʝʰʥʦʩʪʠ 

°1.5 kTm ʥʝ ʦʢʘʟʳʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ QR1. 

ɼʣʷ ʦʙʲʷʩʥʝʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʝʜʣʦʞʝʥʘ ʤʦʜʝʣʴ ʚʣʠʷʥʠʷ ʤʘʣʳʭ ʜʦʙʘʚʦʢ ʣʝʛʠʨʫʶʱʠʭ 

ʵʣʝʤʝʥʪʦʚ ʥʘ ʪʝʤʧʝʨʘʪʫʨʫ ʥʘʯʘʣʘ ʧʝʨʚʠʯʥʦʡ ʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʤʝʣʢʦʟʝʨʥʠʩʪʳʭ ʤʝʜʥʳʭ ʩʧʣʘʚʦʚ, 

ʙʘʟʠʨʫʶʱʘʷʩʷ ʥʘ ʧʦʜʭʦʜʘʭ ʪʝʦʨʠʠ ʥʝʨʘʚʥʦʚʝʩʥʳʭ ʛʨʘʥʠʮ ʟʝʨʝʥ ʚ ʤʝʪʘʣʣʘʭ [1] ʠ ʨʘʥʝʝ ʨʘʟʨʘʙʦʪʘʥʥʳʭ 

ʤʦʜʝʣʷʭ ʚʣʠʷʥʠʷ ʣʝʛʠʨʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ ʥʘ ʜʠʬʬʫʟʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʥʝʨʘʚʥʦʚʝʩʥʳʭ ʛʨʘʥʠʮ ʟʝʨʝʥ [2]. 

ʈʝʟʫʣʴʪʘʪʳ ʯʠʩʣʝʥʥʳʭ ʨʘʩʯʝʪʦʚ ʩʦʧʦʩʪʘʚʣʝʥʳ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ ʧʦ ʟʘʚʠʩʠʤʦʩʪʠ 

ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʯʘʣʘ ʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʤʝʜʠ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʣʝʛʠʨʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ. ʇʦʢʘʟʘʥʦ ʭʦʨʦʰʝʝ 

ʩʦʦʪʚʝʪʩʪʚʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʝʪʦʚ ʧʦʣʫʯʝʥʥʳʤ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʜʘʥʥʳʤ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ (ʛʨʘʥʪ ˉ14-08-00089-ʘ) ʠ ʄʠʥʦʙʨʥʘʫʢʠ ʈʌ. 
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PREPARED AND STUDY OF THE ULTRA -FINE-GRAINED HEAVY TUNGST EN ALLOYS WITH 

HIGH STRENGTH BY SPA RK PLASMA SINTERING METHOD  

Nokhrin A.V., Chuvilôdeev V.N., Boldin M.S., Sakharov N.V., Baranov G.V., Belov V.Yu., Melekhin 

N.V., Sysoev A.N., Popov A.A., Trushin V.N., Smirnova E.S. 

 
The sintering mechanisms, structure and mechanical properties of ultrafine-grained W-Ni-Fe and W-Ni-

Fe-Co tungsten heavy alloys were investigated. The effect of tungsten particles size on the optimum sintering 

temperature was studied. Changing in particle size carried out by means of mechanical activation of initial coarse-

grained mixture. The consolidation of nano- and ultra-fine powders conducted by sintering in hydrogen 

atmosphere and by spark plasma sintering (SPS) in vacuum. It was found that the dependence of alloy density on 

heating temperature have nonmonotonic rate of curve with maximum corresponds to an optimum sintering 

temperature. The formation of a supersaturated solid solution of tungsten in g-phase leads to the increase of the 

coefficient K in the Hall-Petch relation and can give an additional contribution to hardening in the case of 

interphase a-g boundaries intense migration during sintering of the mechanically activated tungsten alloys. 

 

ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʩʪʫʧʘʣʠ ʩʧʣʘʚʳ 95ʚʝʩ.%W-3.5ʚʝʩ.%Ni-1.5ʚʝʩ.%Fe ʠ 

95ʚʝʩ.%W-3.5ʚʝʩ.%Ni-1.0ʚʝʩ.%Fe-0.5ʚʝʩ.%Co. ɼʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʩʧʣʘʚʦʚ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʧʦʨʦʰʦʢ 

ʚʦʣʴʬʨʘʤʘ ʩʦ ʩʨʝʜʥʠʤ ʨʘʟʤʝʨʦʤ ʯʘʩʪʠʮ ʧʦ ʌʠʰʝʨʫ 3.9 ʤʢʤ, ʧʦʨʦʰʦʢ ʥʠʢʝʣʷ ʩʦ ʩʨʝʜʥʠʤ ʨʘʟʤʝʨʦʤ ʯʘʩʪʠʮ 

ʤʝʥʝʝ 20 ʤʢʤ, ʧʦʨʦʰʦʢ ʞʝʣʝʟʘ ʩʦ ʩʨʝʜʥʠʤ ʨʘʟʤʝʨʦʤ ʯʘʩʪʠʮ ʤʝʥʝʝ 11 ʤʢʤ ʠ ʧʦʨʦʰʦʢ ʢʦʙʘʣʴʪʘ ʩ ʨʘʟʤʝʨʥʦʤ 

ʯʘʩʪʠʮ ʥʝ ʙʦʣʝʝ 45 ʤʢʤ. ʄʝʭʘʥʦʘʢʪʠʚʘʮʠʷ ʩʤʝʩʠ ʧʦʨʦʰʢʦʚ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʚ ʚʳʩʦʢʦʵʥʝʨʛʝʪʠʯʝʩʢʦʡ 

ʧʣʘʥʝʪʘʨʥʦʡ ʤʝʣʴʥʠʮʝ ɸʇʌ-3 ʩ ʫʩʢʦʨʝʥʠʝʤ ʤʝʣʶʱʠʭ ʪʝʣ 60g (ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ Vʤʘ=1450 ʦʙ/ʤʠʥ, 

ʚʨʝʤʷ ʤʝʭʘʥʦʘʢʪʠʚʘʮʠʠ tʤʘ=20 ʤʠʥ). 

ʉʧʝʢʘʥʠʝ ʦʙʨʘʟʮʦʚ ʧʦʨʦʰʢʦʚ ʩʝʨʠʠ ˉ4 ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʤʝʪʦʜʦʤ Spark Plasma Sintering ʥʘ 

ʫʩʪʘʥʦʚʢʝ çDr. SINTER model SPS-625è (SYNTEX INC., ʗʧʦʥʠʷ) ʚ ʚʘʢʫʫʤʝ (6 ʇʘ). ʉʧʝʢʘʣʠʩʴ ʦʙʨʘʟʮʳ 

ʜʠʘʤʝʪʨʦʤ Å20 ʤʤ ʠ ʚʳʩʦʪʦʡ h = 3 ʤʤ. ʊʝʤʧʝʨʘʪʫʨʘ ʩʧʝʢʘʥʠʷ ʚʘʨʴʠʨʦʚʘʣʘʩʴ ʚ ʠʥʪʝʨʚʘʣʝ ʦʪ 900 ʜʦ 1300 
ʦʉ. ʊʝʤʧʝʨʘʪʫʨʘ ʠʟʤʝʨʷʣʘʩʴ ʧʦ ʧʠʨʦʤʝʪʨʫ Chino IR-AH (ʗʧʦʥʠʷ), ʩʬʦʢʫʩʠʨʦʚʘʥʥʦʤʫ ʥʘ ʚʥʝʰʥʝʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʛʨʘʬʠʪʦʚʦʡ ʧʨʝʩʩ-ʬʦʨʤʳ. ʅʘʛʨʝʚ ʦʙʨʘʟʮʦʚ ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʠʤʧʫʣʴʩʘʤʠ ʪʦʢʘ ʜʣʠʪʝʣʴʥʦʩʪʴʶ 

3.3 ʤʩ. ʉʢʦʨʦʩʪʴ ʩʧʝʢʘʥʠʷ ʦʙʨʘʟʮʦʚ ʚʘʨʴʠʨʦʚʘʣʘʩʴ ʚ ʠʥʪʝʨʚʘʣʝ ʦʪ 50 ʜʦ 300 ʦ/ʤʠʥ. ʉʧʝʢʘʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ 

ʧʨʠ ʧʨʠʣʦʞʝʥʠʠ ʜʘʚʣʝʥʠʷ 50 ʄʇʘ. ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʠʣʘʪʦʤʝʪʨʘ, ʚʭʦʜʷʱʝʛʦ ʚ ʩʦʩʪʘʚ ʫʩʪʘʥʦʚʢʠ çDr. 

Sinter model SPS-625è, ʚ ʨʝʞʠʤʝ ʥʝʧʨʝʨʳʚʥʦʛʦ ʥʘʛʨʝʚʘ ʠʟʤʝʨʷʣʘʩʴ ʫʩʘʜʢʘ (L, ʤʤ) ʠ ʩʢʦʨʦʩʪʴ ʫʩʘʜʢʠ (S, 

ʤʤ/ʩ). 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʳ ʩʧʣʘʚʦʚ ʧʨʦʚʦʜʠʣʠʩʴ ʤʝʪʦʜʦʤ ʨʘʩʪʨʦʚʦʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʠ 

ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʠʟʘ. ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʩʧʝʯʝʥʥʳʭ ʦʙʨʘʟʦʚ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ 

ʨʝʣʘʢʩʘʮʠʦʥʥʳʭ ʠʩʧʳʪʘʥʠʡ, ʧʦʟʚʦʣʷʶʱʘʷ ʦʧʨʝʜʝʣʷʪʴ ʚ ʠʩʧʳʪʘʥʠʷʭ ʥʘ ʩʞʘʪʠʝ ʚʝʣʠʯʠʥʫ ʧʨʝʜʝʣʘ 

ʤʘʢʨʦʫʧʨʫʛʦʩʪʠ (sʦ) ʠ ʧʨʝʜʝʣʘ ʪʝʢʫʯʝʩʪʠ (sy). ɺʝʣʠʯʠʥʘ ʢʦʵʬʬʠʮʠʝʥʪʘ ʍʦʣʣʘ-ʇʝʪʯʘ ʦʧʨʝʜʝʣʷʣʘʩʴ ʧʦ 

ʬʦʨʤʫʣʝ: K=(sy-s0)d
1/2. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʧʨʦʮʝʩʩʝ ɺʄɸ ʧʨʦʠʩʭʦʜʠʪ ʠʟʤʝʣʴʯʝʥʠʝ ʧʦʨʦʰʢʦʚ ʚʦʣʴʬʨʘʤʘ ʦʪ ʥʘʯʘʣʴʥʦʛʦ 

ʨʘʟʤʝʨʘ 3-5 ʤʢʤ ʜʦ 80-100 ʥʤ ʩ ʦʜʥʦʚʨʝʤʝʥʥʳʤ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʩʠʣʴʥʦ ʧʝʨʝʩʳʱʝʥʥʦʛʦ ʪʚʝʨʜʦʛʦ 

ʨʘʩʪʚʦʨʘ ʚʦʣʴʬʨʘʤʘ ʚ g-ʬʘʟʝ ʥʘ ʦʩʥʦʚʝ ʥʠʢʝʣʷ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʦʩʣʝ ɺʄɸ ʥʘʥʦʯʘʩʪʠʮʳ ʚʦʣʴʬʨʘʤʘ 

ʠʤʝʶʪ ʩʪʨʫʢʪʫʨʫ çʷʜʨʦ - ʦʙʦʣʦʯʢʘè, ʚ ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ ʢʦʪʦʨʳʭ ʩʬʦʨʤʠʨʦʚʘʥ ʧʝʨʝʩʳʱʝʥʥʳʡ ʪʚʝʨʜʳʡ 

ʨʘʩʪʚʦʨ ʥʠʢʝʣʷ ʚ ʚʦʣʴʬʨʘʤʝ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʟʘʚʠʩʠʤʦʩʪʴ ʧʣʦʪʥʦʩʪʠ ʤʝʭʘʥʦʘʢʪʠʚʠʨʦʚʘʥʥʳʭ ʩʧʣʘʚʦʚ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʩʧʝʢʘʥʠʷ 

ʠʤʝʝʪ ʥʝʤʦʥʦʪʦʥʥʳʡ ʭʘʨʘʢʪʝʨ ʩ ʤʘʢʩʠʤʫʤʦʤ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʦʧʪʠʤʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʩʧʝʢʘʥʠʷ, 
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ʦʙʫʩʣʦʚʣʝʥʥʳʡ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʥʝʨʘʚʥʦʚʝʩʥʦʛʦ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ ʚʦʣʴʬʨʘʤʘ ʚ g-ʬʘʟʝ, ʧʨʠʚʦʜʠʪ ʢ 

ʩʥʠʞʝʥʠʶ ʦʧʪʠʤʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʩʧʝʢʘʥʠʷ ʚʦʣʴʬʨʘʤʦʚʳʭ ʩʧʣʘʚʦʚ (ʊ1). 

ʄʝʪʦʜʦʤ ɺʄɸ ʠ ʕʀʇʉ ʧʦʣʫʯʝʥʳ ʦʙʨʘʟʮʳ ʤʝʣʢʦʟʝʨʥʠʩʪʳʭ ʩʧʣʘʚʦʚ W-Ni-Fe ʩ ʚʳʩʦʢʠʤʠ 

ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ. ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ 

ʟʘʚʠʩʠʤʦʩʪʴ ʧʨʝʜʝʣʘ ʪʝʢʫʯʝʩʪʠ sy ʦʪ ʨʘʟʤʝʨʘ ʟʝʨʥʘ d ʚ ʢʦʦʨʜʠʥʘʪʘʭ sy-1/d1/2 ʤʦʞʝʪ ʙʳʪʴ ʠʥʪʝʨʧʦʣʠʨʦʚʘʥʘ 

ʧʨʷʤʦʡ ʣʠʥʠʝʡ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʜʣʷ ʠʩʩʣʝʜʫʝʤʳʭ ʩʧʣʘʚʦʚ ʚʳʧʦʣʥʷʝʪʩʷ ʩʦʦʪʥʦʰʝʥʠʝ ʍʦʣʣʘ-ʇʝʪʯʘ (ʩʤ. 

ʨʠʩ.1ʘ). ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʨʘʟʤʝʨʘ ʟʝʨʥʘ ʥʘʙʣʶʜʘʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ K. 

ʄʠʥʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ K~0.1-0.3 ʄʇʘÖʤ1/2 ʥʘʙʣʶʜʘʶʪʩʷ ʜʣʷ ʩʧʣʘʚʦʚ, ʚ ʢʦʪʦʨʳʭ ʨʦʩʪ ʟʝʨʥʘ ʙʳʣ 

ʤʠʥʠʤʘʣʝʥ (ʥʘʙʣʶʜʘʣʩʷ ʨʦʩʪ ʯʘʩʪʠʮ a-W ʦʪ ʥʘʯʘʣʴʥʦʛʦ ʨʘʟʤʝʨʘ ~0.1 ʤʢʤ ʜʦ 0.95-1.1 ʤʢʤ). 

ʄʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ K~1.6-1.9 ʄʇʘÖʤ1/2 ʥʘʙʣʶʜʘʶʪʩʷ ʜʣʷ ʤʝʭʘʥʦʘʢʪʠʚʠʨʦʚʘʥʥʳʭ ʩʧʣʘʚʦʚ, ʚ 

ʧʨʦʮʝʩʩʝ ʩʧʝʢʘʥʠʷ ʢʦʪʦʨʳʭ ʥʘʙʣʶʜʘʝʪʩʷ ʟʘʤʝʪʥʳʡ ʨʦʩʪ ʟʝʨʥʘ (ʦʪ ʥʘʯʘʣʴʥʦʛʦ ʨʘʟʤʝʨʘ ʯʘʩʪʠʮ ~1 ʤʢʤ ʜʦ 

50 ʤʢʤ). 

 
ʈʠʩʫʥʦʢ 1. ʘ) ʟʘʚʠʩʠʤʦʩʪʴ ʧʨʝʜʝʣʘ ʪʝʢʫʯʝʩʪʠ (sy) ʦʪ ʨʘʟʤʝʨʘ ʟʝʨʥʘ (d) ʜʣʷ ʤʝʭʘʥʦʘʢʪʠʚʠʨʦʚʘʥʥʳʭ 

ʚʦʣʴʬʨʘʤʦʚʳʭ ʩʧʣʘʚʦʚ; ʙ) ʟʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ ʍʦʣʣʘ-ʇʝʪʯʘ (K) ʦʪ ʨʘʟʤʝʨʘ ʟʝʨʥʘ d ʜʣʷ 

ʤʝʭʘʥʦʘʢʪʠʚʠʨʦʚʘʥʥʳʭ ʚʦʣʴʬʨʘʤʦʚʳʭ ʩʧʣʘʚʦʚ. ʆʙʦʙʱʝʥʳ ʜʘʥʥʳʝ ʜʣʷ ʚʩʝʭ ʠʩʩʣʝʜʫʝʤʳʭ ʩʧʣʘʚʦʚ 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠʯʠʥʦʡ ʫʚʝʣʠʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ K ʧʨʠ ʨʦʩʪʝ ʟʝʨʥʘ ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ 

ʧʝʨʝʩʳʱʝʥʥʦʛʦ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ ʚʦʣʴʬʨʘʤʘ ʚ g-ʬʘʟʝ. ʄʠʛʨʠʨʫʶʱʘʷ ʩ ʙʦʣʴʰʦʡ ʩʢʦʨʦʩʪʴʶ ʤʝʞʬʘʟʥʘʷ 

(a-g)-ʛʨʘʥʠʮʘ çʟʘʤʝʪʘʝʪè ʘʪʦʤʳ ʚʦʣʴʬʨʘʤʘ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʚ g-ʬʘʟʝ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʚʧʝʨʝʜʠ 

ʤʠʛʨʠʨʫʶʱʝʡ (a-g)-ʛʨʘʥʠʮʳ ʩʦʟʜʘʝʪʩʷ ʪʦʥʢʠʡ ʩʣʦʡ ʠʟ ʩʠʣʴʥʦ ʧʝʨʝʩʳʱʝʥʥʦʛʦ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ ʘʪʦʤʦʚ 

ʚʦʣʴʬʨʘʤʘ ʚ g-ʬʘʟʝ, ʢʦʪʦʨʳʡ ʜʘʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʚʢʣʘʜ ʚ ʧʦʚʳʰʝʥʠʝ K ʠ ʯʘʩʪʠʯʥʦ çʢʦʤʧʝʥʩʠʨʫʝʪè 

ʫʤʝʥʴʰʝʥʠʝ ʧʨʦʯʥʦʩʪʠ ʩʧʣʘʚʘ, ʩʚʷʟʘʥʥʦʝ ʩ ʨʦʩʪʦʤ ʟʝʨʥʘ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʄʠʥʦʙʨʥʘʫʢʠ ʈʌ (ʛʨʘʥʪ ˉʅʐ-7179.2016.8). 
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This study was aimed at preparing submicron powders and nanostructured granules based on NiAl and TiAl 

using MA SHS. The effect of MA parameters on the structure and phase composition of the reaction mixtures and 

the resulting SHS products NiAl were studied by optical and electron microscopy, X-ray diffraction and X-ray 

spectroscopy, laser diffraction. The optimal modes of treatment of the reaction mixtures and SHS-process were 

determined. Selected special functional additives that increase the porosity of sintered products and facilitate 

further grinding. Is defined the quantity of functional additives. Most effectively contribute to the destruction of 

the intermetalic particles of sodium chloride, boron nitride and tungsten carbide additives. Obtained submicron 

powders with nano-block  structure based on NiAl and TiAl. 

ʈʘʟʚʠʪʠʝ ʙʘʟʠʩʥʳʭ ʦʪʨʘʩʣʝʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʪʝʭʥʠʯʝʩʢʠʡ ʧʨʦʛʨʝʩʩ, ʚ ʦʩʥʦʚʥʦʤ 

ʟʘʚʠʩʠʪ ʦʪ ʩʦʟʜʘʥʠʷ ʥʦʚʳʭ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʝʜʫʱʝʝ 

ʤʝʩʪʦ ʟʘʥʠʤʘʶʪ ʠʥʪʝʨʤʝʪʘʣʣʠʜʳ. ʀʥʪʝʨʤʝʪʘʣʣʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ ʘʣʶʤʠʥʠʷ ʦʪʣʠʯʘʶʪʩʷ ʚʳʩʦʢʠʤʠ 

ʞʘʨʦʩʪʦʡʢʦʩʪʴʶ ʠ ʞʘʨʦʧʨʦʯʥʦʩʪʴʶ, ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʦʡ ʨʷʜʘ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʨʘʢʝʪʥʦʡ, 

ʛʘʟʦʪʫʨʙʠʥʥʦʡ ʠ ʘʪʦʤʥʦʡ ʪʝʭʥʠʢʠ.  

ʉʧʣʘʚʳ ʥʘ ʦʩʥʦʚʝ NiAl ʠ TiAl ʦʙʣʘʜʘʶʪ ʮʝʥʥʳʤʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤʠ  ʠ ʤʝʭʘʥʠʯʝʩʢʠʤʠ 

ʩʚʦʡʩʪʚʘʤʠ, ʠʤʝʶʪ ʣʫʯʰʫʶ ʦʙʨʘʙʘʪʳʚʘʝʤʦʩʪʴ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʝʨʘʤʠʯʝʩʢʠʤʠ ʤʘʪʝʨʠʘʣʘʤʠ, ʷʚʣʷʶʪʩʷ 

ʢʦʨʨʦʟʠʦʥʥʦ-ʩʪʦʡʢʠʤʠ, ʚ ʯʝʤ ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʦʩʭʦʜʷʪ ʦʙʳʯʥʳʝ ʤʝʪʘʣʣʳ. ʀʥʪʝʨʝʩ ʢ ʵʪʠʤ ʩʧʣʘʚʘʤ 

ʦʙʫʩʣʦʚʣʝʥ ʧʨʝʞʜʝ ʚʩʝʛʦ ʪʘʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʢʘʢ ʚʳʩʦʢʠʝ ʞʘʨʦʧʨʦʯʥʦʩʪʴ (ʚʧʣʦʪʴ ʜʦ 0,7ï0,8 tʧʣ), 

ʞʘʨʦʩʪʦʡʢʦʩʪʴ (ʜʦ 1100 ʦʉ) ʠ ʥʠʟʢʘʷ ʧʣʦʪʥʦʩʪʴ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʟʥʘʯʠʪʝʣʴʥʦʡ ʫʜʝʣʴʥʦʡ ʧʨʦʯʥʦʩʪʠ. 

ʆʩʥʦʚʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʤʥʦʛʠʭ ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʚ ʷʚʣʷʝʪʩʷ ʠʭ ʭʨʫʧʢʦʩʪʴ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʠ ʚʳʩʦʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ, ʦʙʫʩʣʦʚʣʝʥʥʘʷ ʤʥʦʛʠʤʠ ʧʨʠʯʠʥʘʤʠ, ʦʜʥʘ ʠʟ ʢʦʪʦʨʳʭ ï ʩʪʨʫʢʪʫʨʥʘʷ ʠ ʬʘʟʦʚʘʷ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ.  

ɺ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʧʦʣʫʯʝʥʠʷ ʩʫʙʤʠʢʨʦʥʥʳʭ ʧʦʨʦʰʢʦʚ ʥʘ ʦʩʥʦʚʝ NiAl ʠ 

TiAl ʤʝʪʦʜʦʤ ʉɺʉ ʠʟ ʤʝʭʘʥʠʯʝʩʢʠ ʘʢʪʠʚʠʨʦʚʘʥʥʳʭ (ʄɸ) ʨʝʘʢʮʠʦʥʥʳʭ ʩʤʝʩʝʡ Ni+Al, Ti+Al. ʉ ʧʦʤʦʱʴʶ 

ʦʧʪʠʯʝʩʢʦʡ ʠ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ, ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʠ ʨʝʥʪʛʝʥʦʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʠʟʦʚ, 

ʣʘʟʝʨʥʦʡ ʜʠʬʨʘʢʮʠʠ, ʠʟʫʯʝʥʦ ʚʣʠʷʥʠʝ ʨʘʟʣʠʯʥʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʜʦʙʘʚʦʢ ʥʘ ʩʪʨʫʢʪʫʨʫ ʠ ʬʘʟʦʚʳʡ 

ʩʦʩʪʘʚ ʉɺʉ ʧʨʦʜʫʢʪʦʚ. ʆʧʨʝʜʝʣʝʥʳ ʦʧʪʠʤʘʣʴʥʳʝ ʨʝʞʠʤʳ ʧʨʦʚʝʜʝʥʠʷ ʄɸ, ʫʩʣʦʚʠʷ ʩʠʥʪʝʟʘ, ʘ ʪʘʢʞʝ 

ʢʦʣʠʯʝʩʪʚʦ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʜʦʙʘʚʦʢ, ʢʦʪʦʨʳʝ ʫʚʝʣʠʯʠʚʘʶʪ ʧʦʨʠʩʪʦʩʪʴ ʩʧʝʢʦʚ ʠ ʦʙʣʝʛʯʘʶʪ 

ʧʦʩʣʝʜʫʶʱʝʝ ʠʟʤʝʣʴʯʝʥʠʝ, ʥʝ ʦʢʘʟʳʚʘʷ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʧʘʨʘʤʝʪʨʳ ʉɺʉ ʠ ʬʘʟʦʚʳʡ ʩʦʩʪʘʚ 

ʧʨʦʜʫʢʪʦʚ ʩʠʥʪʝʟʘ. ʅʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ ʨʘʟʨʫʰʝʥʠʶ ʠ ʠʟʤʝʣʴʯʝʥʠʶ ʧʨʦʜʫʢʪʦʚ ʉɺʉ ʩʧʦʩʦʙʩʪʚʫʶʪ 

ʜʦʙʘʚʢʠ ʭʣʦʨʠʜʘ ʥʘʪʨʠʷ, ʥʠʪʨʠʜʘ ʙʦʨʘ ʠ ʢʘʨʙʠʜʘ ʚʦʣʴʬʨʘʤʘ. ʇʦʣʫʯʝʥʳ ʩʫʙʤʠʢʨʦʥʥʳʝ ʧʦʨʦʰʢʠ ʩ 

ʥʘʥʦʙʣʦʯʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʥʘ ʦʩʥʦʚʝ NiAl ʠ TiAl ʩ ʨʘʟʤʝʨʦʤ ʯʘʩʪʠʮ ʤʝʥʝʝ 5 ʤʢʤ ʩ ʥʘʥʦʙʣʦʯʥʦʡ ʩʪʨʫʢʪʫʨʦʡ  

30-70 ʥʤ. 

ʘ  ʙ 

ʈʠʩʫʥʦʢ -1 ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʧʦʨʦʰʢʦʚ ʥʘ ʦʩʥʦʚʝ ʥʘ ʦʩʥʦʚʝ NiAl (ʘ) ʠ TiAl (ʙ) 

ʄʝʪʦʜʦʤ ʛʦʨʷʯʝʛʦ ʧʨʝʩʩʦʚʘʥʠʷ ʠ ʠʩʢʨʦʚʦʛʦ ʧʣʘʟʤʝʥʥʦʛʦ ʩʧʝʢʘʥʠʷ ʧʦʣʫʯʝʥʳ ʢʦʤʧʘʢʪʥʳʝ 

ʤʝʪʘʣʣʦʤʘʪʨʠʯʥʳʝ ʢʦʤʧʦʟʠʪʳ ʥʘ ʦʩʥʦʚʝ NiAl ʠ TiAl ʩ ʦʜʥʦʨʦʜʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʠ ʦʩʪʘʪʦʯʥʦʡ  ʧʦʨʠʩʪʦʩʪʴʶ 

ʤʝʥʝʝ 0,1%. ʀʟʫʯʝʥʳ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʠ ʞʘʨʦʩʪʦʡʢʦʩʪʴ ʩʧʝʯʝʥʥʳʭ ʦʙʨʘʟʮʦʚ. ʇʦʢʘʟʘʥʦ, ʯʪʦ 

ʢʦʤʧʦʟʠʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʘʢʪʠʚʠʨʦʚʘʥʠʷ (ʄɸ) ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ 

ʩʘʤʦʨʘʩʧʨʦʩʪʨʘʥʷʶʱʝʛʦʩʷ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʩʠʥʪʝʟʘ (ʉɺʉ), ʠʤʝʶʪ ʙʦʣʝʝ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʬʠʟʠʢʦ-

ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʤʘʪʝʨʠʘʣʘʤʠ ʙʣʠʟʢʦʛʦ ʩʦʩʪʘʚʘ, ʧʨʠʛʦʪʦʚʣʝʥʥʳʤʠ 

ʘʣʴʪʝʨʥʘʪʠʚʥʳʤʠ ʤʝʪʦʜʘʤʠ. 
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ACID METHOD FOR PROC ESSING RED MUD FROM ALUMINA PRODUCTION  

Perekhoda S.P., LaynerYu.A. , Tuzhilin A.S., Vetchinkina T.N. 

 
ʉonducted studies of physical and chemical principles and the technology of complex processing of red 

mud sulfuric acid method. 

 

ʆʩʥʦʚʥʳʤ ʦʪʭʦʜʦʤ ʛʣʠʥʦʟʝʤʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʷʚʣʷʶʪʩʷ ʢʨʘʩʥʳʝ ʠ ʙʝʣʠʪʦʚʳʝ ʰʣʘʤʳ: ʥʘ ʢʘʞʜʫʶ 

ʪʦʥʥʫ ʧʨʦʠʟʚʦʜʠʤʦʛʦ ʛʣʠʥʦʟʝʤʘ ʧʨʠʭʦʜʠʪʩʷ ʙʦʣʝʝ 1 ʪ ʢʨʘʩʥʦʛʦ ʰʣʘʤʘ ʚ ʩʧʦʩʦʙʝ ɹʘʡʝʨʘ ʠ 2,5 ʪ ʙʝʣʠʪʦʚʦʛʦ 

ʰʣʘʤʘ ʚ ʩʧʦʩʦʙʝ ʩʧʝʢʘʥʠʷ. ʋʯʠʪʳʚʘʷ, ʯʪʦ ʛʣʠʥʦʟʝʤʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʷʚʣʷʝʪʩʷ ʩʘʤʳʤ ʤʘʩʰʪʘʙʥʳʤ ʚ 

ʮʚʝʪʥʦʡ ʤʝʪʘʣʣʫʨʛʠʠ ʧʨʦʙʣʝʤʘ ʫʪʠʣʠʟʘʮʠʠ ʢʨʘʩʥʳʭ ʰʣʘʤʦʚ ʩʪʦʠʪ ʚʝʩʴʤʘ ʦʩʪʨʦ, ʝʞʝʛʦʜʥʦ ʚ ʤʠʨʝ ʚ 

ʦʪʚʘʣʳ ʩʢʣʘʜʠʨʫʶʪʩʷ ʜʝʩʷʪʢʠ ʤʠʣʣʠʦʥʦʚ ʪʦʥʥ ʢʨʘʩʥʳʭ ʰʣʘʤʦʚ ʠ ʪʦʣʴʢʦ ʥʝʟʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʠʟ ʥʠʭ 

ʥʘʭʦʜʠʪ ʧʨʠʤʝʥʝʥʠʝ. 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʦʩʥʦʚ ʠ ʧʨʝʜʣʦʞʝʥʘ ʪʝʭʥʦʣʦʛʠʷ 

ʢʦʤʧʣʝʢʩʥʦʡ ʧʝʨʝʨʘʙʦʪʢʠ ʢʨʘʩʥʳʭ ʰʣʘʤʦʚ ʩʝʨʥʦʢʠʩʣʦʪʥʳʤ ʩʧʦʩʦʙʦʤ. ʇʨʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʦʙʨʘʙʦʪʢʝ 

ʢʨʘʩʥʦʛʦ ʰʣʘʤʘ ʤʠʥʝʨʘʣʴʥʳʤʠ ʢʠʩʣʦʪʘʤʠ ʦʙʨʘʟʫʶʪʩʷ ʨʘʩʪʚʦʨʳ ʩʣʦʞʥʦʛʦ ʩʦʩʪʘʚʘ ʩ ʚʳʩʦʢʠʤ 

ʩʦʜʝʨʞʘʥʠʝʤ ʞʝʣʝʟʘ, ʨʘʟʜʝʣʝʥʠʝ ʢʦʤʧʦʥʝʥʪʦʚ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʩʣʦʞʥʳʤ. ʇʨʝʜʣʘʛʘʝʤʳʡ 

ʩʝʨʥʦʢʠʩʣʦʪʥʳʡ ʩʧʦʩʦʙ ʧʝʨʝʨʘʙʦʪʢʠ ʢʨʘʩʥʦʛʦ ʰʣʘʤʘ ʩ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ 

ʵʣʝʢʪʨʦʧʣʘʚʢʦʡ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʤʝʪʘʣʣʦʧʨʦʜʫʢʪ ʠ ʛʝʣʝʥʠʪʦʚʳʝ ʰʣʘʢʠ, ʩʦʜʝʨʞʘʱʠʝ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʦʢʩʠʜʦʚ ʞʝʣʝʟʘ ʠ ʧʦʚʳʰʝʥʥʦʝ ï ʨʝʜʢʠʭ ʤʝʪʘʣʣʦʚ. ʐʣʘʢʠ ʣʝʛʢʦ ʨʘʟʣʘʛʘʶʪʩʷ ʩʝʨʥʦʡ ʢʠʩʣʦʪʦʡ 

ʠ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʢʦʤʧʣʝʢʩʥʦʡ ʧʝʨʝʨʘʙʦʪʢʠ ʥʘ ʢʦʘʛʫʣʷʥʪ, ʛʣʠʥʦʟʝʤ, ʩʢʘʥʜʠʝʚʳʡ ʠ ʥʠʦʙʠʡ-

ʮʠʨʢʦʥʠʝʚʳʡ ʢʦʥʮʝʥʪʨʘʪʳ, ʩʪʨʦʠʪʝʣʴʥʳʝ ʤʘʪʝʨʠʘʣʳ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʩ ʢʨʘʩʥʳʤ ʰʣʘʤʦʤ ʩʦʩʪʘʚʘ, % ʤʘʩʩ.: 19,46 Al2O3; 9,86 SiO2; 

38,90 Fe2O3; 3,39 CaO; 3,17 ʊiO2; 4,77 Na2O. ʇʦ ʜʘʥʥʳʤ ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʠʟʘ ʢʨʘʩʥʳʡ ʰʣʘʤ 

ʧʨʝʜʩʪʘʚʣʝʥ ʛʝʤʘʪʠʪʦʤ, ʛʝʪʠʪʦʤ, ʨʫʪʠʣʦʤ, ʛʠʜʨʦʘʣʶʤʦʩʠʣʠʢʘʪʦʤ ʥʘʪʨʠʷ. ɺ ʢʘʯʝʩʪʚʝ ʚʦʩʩʪʘʥʦʚʠʪʝʣʷ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʦʤʝʥʥʳʡ ʢʦʢʩ ʢʨʫʧʥʦʩʪʴʶ 0,2 ʤʤ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʫʛʣʝʨʦʜʘ 86 %. ʌʣʶʩʫʶʱʝʡ ʜʦʙʘʚʢʦʡ 

ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʰʣʘʢʘ ʥʝʦʙʭʦʜʠʤʦʛʦ ʩʦʩʪʘʚʘ ʷʚʣʷʣʘʩʴ ʠʟʚʝʩʪʴ ʩ ʩʦʜʝʨʞʘʥʠʝʤ CaO 65 %. ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ 

ʧʣʘʚʢʠ ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʩʪʝʧʝʥʥʦʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʦʢʩʠʜʘ ʞʝʣʝʟʘ ʦʪ ʠʩʭʦʜʥʦʛʦ ʚ ʢʨʘʩʥʦʤ ʰʣʘʤʝ ʜʦ 5,4 % 

ʚ ʰʣʘʢʦʚʦʡ ʬʘʟʝ ʯʝʨʝʟ 15 ʤʠʥ. ʩ ʥʘʯʘʣʘ ʧʣʘʚʣʝʥʠʷ, ʠ ʜʦ 1,0-0,8 % ʚ ʢʦʥʝʯʥʦʤ ʧʨʦʜʫʢʪʝ ʧʦʩʣʝ 60 ʤʠʥ. 

ʧʣʘʚʣʝʥʠʷ. 

ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʧʦʣʫʯʝʥʥʦʛʦ ʤʝʪʘʣʣʦʧʨʦʜʫʢʪʘ ʙʳʣ ʩʣʝʜʫʶʱʠʤ, % ʤʘʩʩ.: 96-97 Fe; 3-4 C; 0,1-

0,2 Si, 0,02-0,03 S, 0,02-0,03 P; 0,1-0,2 Mn; 0,1-0,2 Ti; 0,1-0,2 Nb; 0,005-0,01 Zr; 0,006-0,008 Sc. ʋʩʪʘʥʦʚʣʝʥʦ, 

ʯʪʦ ʦʩʥʦʚʥʦʡ ʬʘʟʦʡ ʤʝʪʘʣʣʦʧʨʦʜʫʢʪʘ ʷʚʣʷʝʪʩʷ Ŭ-ʞʝʣʝʟʦ (ʩʦʜʝʨʞʘʥʠʝ ʝʛʦ ʦʢʦʣʦ 95 %). ɺ ʧʦʣʠʨʦʚʘʥʥʳʭ 

ʰʣʠʬʘʭ ʚʝʱʝʩʪʚʦ ʦʜʥʦʨʦʜʥʦ, ʮʚʝʪ Ŭ-ʞʝʣʝʟʘ ʙʝʣʳʡ, ʦʪʨʘʞʝʥʠʝ ʩʚʳʰʝ 60 %. ɺʪʦʨʘʷ ʬʘʟʘ ï ʛʨʘʬʠʪ ï 

ʩʦʩʪʘʚʣʷʝʪ ʤʝʥʝʝ 5 % ʚʝʱʝʩʪʚʘ ʠ ʦʙʥʘʨʫʞʠʚʘʝʪʩʷ ʚ ʚʠʜʝ ʤʝʣʴʯʘʡʰʠʭ ʚʢʣʶʯʝʥʠʡ ʠ ʧʨʦʞʠʣʢʦʚ, 

ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʩʦʙʦʡ ʤʦʥʦʢʨʠʩʪʘʣʣʳ ʛʨʘʬʠʪʘ. ʇʦʣʫʯʝʥʥʳʡ ʧʨʦʜʫʢʪ ʦʪʥʦʩʠʪʩʷ ʢ ʛʨʘʬʠʪ-ʧʝʨʣʠʪ-

ʬʝʨʨʠʪʦʚʦʤʫ ʯʫʛʫʥʫ. 

ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʰʣʘʢʦʚ, % ʤʘʩʩ.: 27-30 Al2O3; 25-27 CaO; 25-28 SiO2; 8-10 TiO2;                0,8-

1,0 Feʦʙʱ.; 0,33-0,46 ZrO2; 0,2-0,4 Nb2O5; 0,03-0,04 Sc2O3; 0,01-0,03 Na2O. ɺ ʩʦʩʪʘʚʝ ʰʣʘʢʦʚ 

ʧʨʠʩʫʪʩʪʚʫʶʪ ʛʝʣʝʥʠʪ ʠ ʘʥʦʨʪʠʪ, ʩ ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʛʝʣʝʥʠʪʘ, ʘ ʪʘʢʞʝ ʚʢʨʘʧʣʝʥʠʷ ʛʨʘʬʠʪʘ ʠ ʤʝʣʴʯʘʡʰʠʝ 

ʚʳʜʝʣʝʥʠʷ ʤʝʪʘʣʣʘ. ʐʣʘʢʦʚʘʷ ʤʘʪʨʠʮʘ ʭʦʨʦʰʦ ʦʢʨʠʩʪʘʣʣʠʟʦʚʘʥʘ, ʝʝ ʦʩʥʦʚʫ ʩʦʩʪʘʚʣʷʶʪ ʦʢʩʠʜʳ 

ʘʣʶʤʠʥʠʷ, ʢʘʣʴʮʠʷ, ʢʨʝʤʥʠʷ. ʊʠʪʘʥ ʦʙʨʘʟʫʝʪ ʠʥʜʠʚʠʜʫʘʣʴʥʫʶ ʬʘʟʫ ʪʠʪʘʥʘʪ ʢʘʣʴʮʠʷ CaTiO3, ʢ ʢʦʪʦʨʦʡ 

ʪʷʛʦʪʝʶʪ ʮʠʨʢʦʥʠʡ ʠ ʥʠʦʙʠʡ. 

ɺʳʱʝʣʘʯʠʚʘʥʠʝ ʰʣʘʢʦʚ ʵʣʝʢʪʨʦʧʣʘʚʢʠ ʧʨʦʚʦʜʠʣʦʩʴ 40 % ʨʘʩʪʚʦʨʦʤ ʩʝʨʥʦʡ ʢʠʩʣʦʪʳ ʧʨʠ ʊ:ɾ = 1:4 

ʠ ʪʝʤʧʝʨʘʪʫʨʝ 87-90 ÁC ʚ ʢʠʩʣʦʪʦʩʪʦʡʢʦʤ ʨʝʘʢʪʦʨʝ ʧʨʠ ʩʢʦʨʦʩʪʠ ʧʝʨʝʤʝʰʠʚʘʥʠʷ  650 ʦʙ/ʤʠʥ, ʯʪʦ 

ʧʦʟʚʦʣʠʣʦ ʜʦʩʪʠʯʴ ʦʪʩʫʪʩʪʚʠʷ ʚ ʩʠʩʪʝʤʝ ʚʥʝʰʥʝʜʠʬʬʫʟʠʦʥʥʦʛʦ ʪʦʨʤʦʞʝʥʠʷ. ʀʟʚʣʝʯʝʥʠʝ ʚ ʨʘʩʪʚʦʨ 

Al2O3 ʩʦʩʪʘʚʠʣʦ ʙʦʣʝʝ 90 %. 
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ʊʚʝʨʜʳʝ ʦʩʪʘʪʢʠ, ʧʦʣʫʯʘʝʤʳʝ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʰʣʘʢʘ ʨʘʩʪʚʦʨʦʤ ʩʝʨʥʦʡ ʢʠʩʣʦʪʳ, ʩʦʜʝʨʞʘʣʠ 3,0-3,5 

% ʤʘʩʩ. TiO2 ʠ ʜʦ 0,2 % ʤʘʩʩ. Nb2O5 ʠ ZrO2. ɼʦʠʟʚʣʝʯʝʥʠʝ ʥʠʦʙʠʷ ʠ ʮʠʨʢʦʥʠʷ ʚʦʟʤʦʞʥʦ ʧʫʪʝʤ ʦʙʨʘʙʦʪʢʠ 

ʪʚʝʨʜʳʭ ʦʩʪʘʪʢʦʚ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʡ ʩʝʨʥʦʡ ʢʠʩʣʦʪʦʡ. ʇʨʠ ʜʝʡʩʪʚʠʠ 85-90 % ʩʝʨʥʦʡ ʢʠʩʣʦʪʳ ʧʨʠ 

ʦʪʥʦʰʝʥʠʠ ʬʘʟ 1:4 ʨʝʘʢʮʠʦʥʥʘʷ ʤʘʩʩʘ ʨʘʟʦʛʨʝʚʘʝʪʩʷ ʜʦ 180-190 ÁC. ʇʦʣʫʯʝʥʥʘʷ ʛʫʩʪʘʷ ʧʫʣʴʧʘ 

ʨʘʟʙʘʚʣʷʝʪʩʷ ʚʦʜʦʡ ʠ ʦʪʬʠʣʴʪʨʦʚʳʚʘʝʪʩʷ. ʇʨʠ ʵʪʦʤ ʚ ʩʝʨʥʦʢʠʩʣʳʡ ʨʘʩʪʚʦʨ ʧʝʨʝʭʦʜʠʪ 80-85 % Nb2O5 ʠ 

80-82 % ZrO2, 85-90 % TiO2. ɻʠʜʨʦʣʠʪʠʯʝʩʢʦʝ ʦʩʘʞʜʝʥʠʝ ʧʨʠ 70-80 ÁC ʚ ʪʝʯʝʥʠʝ ʜʚʫʭ ʯʘʩʦʚ ʧʦʟʚʦʣʠʣʦ 

ʧʦʣʫʯʠʪʴ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʦʩʘʜʢʠ, ʧʦʩʣʝ ʧʨʦʢʘʣʠʚʘʥʠʷ ʢʦʪʦʨʳʭ ʧʦʣʫʯʝʥ ʧʨʦʜʫʢʪ, ʩʦʜʝʨʞʘʱʠʡ Zr ʠ Nb 

ʥʘ ʫʨʦʚʥʝ 30-40 % ʠ Ti ï10 %. 

ʐʣʘʤ, ʦʙʨʘʟʫʶʱʠʡʩʷ ʧʨʠ ʩʫʣʴʬʘʪʠʟʘʮʠʠ, ʩʦʜʝʨʞʘʣ ʘʤʦʨʬʥʫʶ ʢʨʝʤʥʝʢʠʩʣʦʪʫ ʠ ʛʠʧʩ. ʌʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʙʨʘʟʮʦʚ ʢʨʝʤʥʝʛʠʧʩʦʚʦʛʦ ʰʣʘʤʘ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʦʥ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʚ 

ʢʘʯʝʩʪʚʝ ʘʢʪʠʚʥʦʡ ʤʠʥʝʨʘʣʴʥʦʡ ʜʦʙʘʚʢʠ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʮʝʤʝʥʪʘ ʠʣʠ ʰʣʘʢʦʢʣʠʥʢʝʨʥʦʛʦ ʚʷʞʫʱʝʛʦ. 

ʊʘʢʞʝ ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʩʠʥʪʝʟʫ ʠʟ ʰʣʘʢʦʚ ʵʣʝʢʪʨʦʧʣʘʚʢʠ ʢʦʘʛʫʣʷʥʪʦʚ ʜʣʷ ʦʯʠʩʪʢʠ ʚʦʜ 

ï ʩʫʣʴʬʘʪʘ ʠ ʛʠʜʨʦʢʩʦʩʫʣʴʬʘʪʘ ʘʣʶʤʠʥʠʷ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʧʨʝʜʣʦʞʝʥʘ ʪʝʭʥʦʣʦʛʠʷ ʢʦʤʧʣʝʢʩʥʦʡ ʧʝʨʝʨʘʙʦʪʢʠ 

ʢʨʘʩʥʦʛʦ ʰʣʘʤʘ ʩ ʧʦʣʫʯʝʥʠʝʤ ʢʦʘʛʫʣʷʥʪʦʚ (ʩʫʣʴʬʘʪʘ ʠ ʛʠʜʨʦʢʩʦʩʫʣʴʬʘʪʘ ʘʣʶʤʠʥʠʷ), ʛʣʠʥʦʟʝʤʘ, 

ʤʝʪʘʣʣʦʧʨʦʜʫʢʪʘ, ʩʢʘʥʜʠʝʚʦʛʦ ʠ ʥʠʦʙʠʡ-ʩʢʘʥʜʠʝʚʦʛʦ ʢʦʥʮʝʥʪʨʘʪʦʚ, ʩʠʣʠʢʘʪʥʦ-ʛʠʧʩʦʚʦʛʦ ʧʨʦʜʫʢʪʘ (ʈʠʩ. 

1). 

 
ʈʠʩ. 1. ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʩʭʝʤʘ ʢʦʤʧʣʝʢʩʥʦʡ ʧʝʨʝʨʘʙʦʪʢʠ ʢʨʘʩʥʦʛʦ ʰʣʘʤʘ. 

ɺʳʚʦʜʳ. 

ʀʩʩʣʝʜʦʚʘʥʳ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʠ ʨʘʟʨʘʙʦʪʘʥʘ ʪʝʭʥʦʣʦʛʠʷ ʢʦʤʧʣʝʢʩʥʦʡ ʧʝʨʝʨʘʙʦʪʢʠ 

ʢʨʘʩʥʦʛʦ ʰʣʘʤʘ ʩ ʧʦʣʫʯʝʥʠʝʤ ʤʝʪʘʣʣʦʧʨʦʜʫʢʪʘ, ʢʦʘʛʫʣʷʥʪʘ, ʛʣʠʥʦʟʝʤʘ, ʩʢʘʥʜʠʝʚʦʛʦ ʠ ʥʠʦʙʠʡ-

ʮʠʨʢʦʥʠʝʚʦʛʦ ʢʦʥʮʝʥʪʨʘʪʦʚ, ʩʠʣʠʢʘʪʥʦ-ʛʠʧʩʦʚʦʛʦ ʧʨʦʜʫʢʪʘ. 
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Annotation. We discuss the process of extrusion billets in parallel channels for the newly developed circuit 

matrix the upper bound method of a mathematical model for determining the strength and deformation parameters 

of the new process. 

 

ʀʟʚʝʩʪʥʦ ʤʥʦʞʝʩʪʚʦ ʩʧʦʩʦʙʦʚ ʠʥʪʝʥʩʠʚʥʦʛʦ ʧʣʘʩʪʠʯʝʩʢʦʛʦ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ (ʀʇɼ), ʚ ʦʩʥʦʚʝ 

ʢʦʪʦʨʳʭ ʣʝʞʠʪ ʩʭʝʤʘ ʨʘʚʥʦʢʘʥʘʣʴʥʦʛʦ ʫʛʣʦʚʦʛʦ ʧʨʝʩʩʦʚʘʥʠʷ (ʈʂʋʇ) [1]. ʅʘʨʷʜʫ ʩ ʢʨʫʯʝʥʠʝʤ ʧʦʜ 

ʚʳʩʦʢʠʤ ʜʘʚʣʝʥʠʝʤ [2], ʈʂʋʇ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʚʦʩʪʨʝʙʦʚʘʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ 

ʧʦʣʫʯʝʥʠʷ ʦʙʲʝʤʥʳʭ ʟʘʛʦʪʦʚʦʢ ʠʟ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʤʝʪʘʣʣʦʚ ʩ ʩʫʙʤʠʢʨʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ (ʉʄʂ) ʠ 

ʥʘʥʦʩʪʨʫʢʪʫʨʦʡ (ʅʉ) [3]. ʇʦʚʳʰʝʥʠʝ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʵʥʝʨʛʠʠ ʪʚʝʨʜʦʛʦ ʪʝʣʘ ʟʘ ʩʯʝʪ ʜʝʬʦʨʤʘʮʠʦʥʥʦʛʦ 

ʬʨʘʛʤʝʥʪʠʨʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʳ [4] ʚʝʜʝʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʫʨʦʚʥʷ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʤʝʪʘʣʣʦʚ ʠ ʦʩʦʙʝʥʥʦ ʧʨʦʯʥʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩ ʦʜʥʦʚʨʝʤʝʥʥʳʤ ʩʦʭʨʘʥʝʥʠʝʤ 

ʚʝʩʴʤʘ ʚʳʩʦʢʦʡ ʧʣʘʩʪʠʯʥʦʩʪʠ [5,6]. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʙʝʟ ʫʱʝʨʙʘ ʩʧʣʦʰʥʦʩʪʠ ʤʘʪʝʨʠʘʣʦʚ ʧʨʦʚʦʜʠʪʴ ʠʭ 

ʜʘʣʴʥʝʡʰʝʝ ʬʦʨʤʦʠʟʤʝʥʝʥʠʝ ʩʧʦʩʦʙʘʤʠ ʧʣʘʩʪʠʯʝʩʢʦʛʦ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʚ ʠʟʦʪʝʨʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʠʣʠ 

ʚ ʫʩʣʦʚʠʷʭ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʩʚʝʨʭʧʣʘʩʪʠʯʥʦʩʪʠ [7]. ʈʘʩʰʠʨʝʥʠʝ ʦʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʪʘʢʠʭ 

ʤʘʪʝʨʠʘʣʦʚ ʧʦʩʣʫʞʠʪ ʥʦʚʳʤ ʪʦʣʯʢʦʤ ʜʣʷ ʨʘʟʚʠʪʠʷ ʤʘʰʠʥʦʩʪʨʦʠʪʝʣʴʥʦʡ ʦʪʨʘʩʣʠ ʥʘ ʦʩʥʦʚʝ ʧʦʚʳʰʝʥʠʷ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ [8] ʠ ʫʤʝʥʴʰʝʥʠʷ ʤʝʪʘʣʣʦʝʤʢʦʩʪʠ ʠʟʜʝʣʠʡ [9], ʘ ʪʘʢʞʝ ʫʚʝʣʠʯʝʥʠʷ ʨʝʩʫʨʩʘ ʠʟʜʝʣʠʡ 

ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ [10]. 

ʇʝʨʝʯʠʩʣʝʥʥʳʤ ʦʩʦʙʝʥʥʦʩʪʷʤ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʦʚʘʷ ʩʭʝʤʘ ʚʳʜʘʚʣʠʚʘʥʠʷ ʟʘʛʦʪʦʚʦʢ ʚ ʧʘʨʘʣʣʝʣʴʥʳʭ 

ʢʘʥʘʣʘʭ (ʨʠʩʫʥʦʢ 1) [11], ʷʚʣʷʶʱʝʡʩʷ ʤʦʜʠʬʠʢʘʮʠʝʡ ʈʂʋʇ ʚ ʧʘʨʘʣʣʝʣʴʥʳʭ ʢʘʥʘʣʘʭ [12]. ʂʘʢ ʧʦʢʘʟʘʥʦ ʚ 

ʩʝʯʝʥʠʠ ɹ-ɹ, ʰʠʨʠʥʘ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʢʘʥʘʣʘ ʫʤʝʥʴʰʘʝʪʩʷ ʜʦ ʨʘʟʤʝʨʘ kab Ö= , ʛʜʝ ʢʦʵʬʬʠʮʠʝʥʪ 

2
cos21 2 q-=k ʟʘʚʠʩʠʪ ʦʪ ʫʛʣʘ ʧʝʨʝʩʝʯʝʥʠʷ ʢʘʥʘʣʦʚ ɗ. 

 

 

 

ʈʠʩʫʥʦʢ 1 ï ɻʝʦʤʝʪʨʠʷ ʢʘʥʘʣʦʚ ʤʘʪʨʠʮʳ: 

4 ï ʧʨʠʝʤʥʳʡ ʢʘʥʘʣ; 5 ï ʧʨʦʤʝʞʫʪʦʯʥʳʡ ʢʘʥʘʣ; 6 ï ʚʳʭʦʜʥʦʡ ʢʘʥʘʣ; 

ɗ ï ʫʛʦʣ ʧʝʨʝʩʝʯʝʥʠʷ ʢʘʥʘʣʦʚ; bïh ʠʨʠʥʘ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʢʘʥʘʣʘ; 

s ï ʤʝʞʦʩʝʚʦʝ ʨʘʩʩʪʦʷʥʠʝ 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʠʣʦʚʳʭ ʠ ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʠʥʪʝʥʩʠʚʥʦʛʦ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʧʦ 

ʧʨʝʜʣʦʞʝʥʥʦʡ ʩʭʝʤʝ ʚʳʜʘʚʣʠʚʘʥʠʷ ʚʦʩʧʦʣʴʟʫʝʤʩʷ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ ʚʝʨʭʥʝʡ ʦʮʝʥʢʠ. 
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ʈʘʩʩʤʦʪʨʠʤ ʧʣʘʩʪʠʯʝʩʢʫʶ ʦʙʣʘʩʪʴ ʚʙʣʠʟʠ ʣʠʥʠʠ ʧʝʨʝʩʝʯʝʥʠʷ ʧʨʠʝʤʥʦʛʦ ʠ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ 

ʢʘʥʘʣʦʚ, ʨʘʟʙʠʚ ʦʯʘʛ ʜʝʬʦʨʤʘʮʠʠ ʥʘ ʞʝʩʪʢʠʝ ʙʣʦʢʠ ʚ ʚʠʜʝ ʪʨʝʫʛʦʣʴʥʠʢʦʚ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʦʢ 2, ʘ. 

ɼʣʷ ʫʯʝʪʘ ʨʘʜʠʫʩʘ ʩʦʧʨʷʞʝʥʠʷ ʢʘʥʘʣʦʚ r, ʧʨʦʭʦʜʷʱʝʛʦ ʯʝʨʝʟ ʪʦʯʢʠ ɸ, K, C, ʟʘʤʝʥʠʤ ʜʫʛʠ ʦʜʥʦʠʤʝʥʥʳʤʠ 

ʭʦʨʜʘʤʠ AK ʠ KC. ɺ ʚʠʜʫ ʤʘʣʦʩʪʠ r ʙʦʣʴʰʦʡ ʦʰʠʙʢʠ ʚ ʜʣʠʥʘʭ ʥʝ ʚʦʟʥʠʢʥʝʪ. ʅʝʦʙʭʦʜʠʤʳʝ ʜʣʠʥʳ ʣʠʥʠʡ 

ʩʪʳʢʘ ʞʝʩʪʢʠʭ ʙʣʦʢʦʚ, ʜʨʫʛʠʤʠ ʩʣʦʚʘʤʠ ʜʣʠʥʳ ʣʠʥʠʡ ʨʘʟʨʳʚʘ ʩʢʦʨʦʩʪʝʡ ʧʝʨʝʤʝʱʝʥʠʡ, ʚʳʯʠʩʣʠʤ ʠʟ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʩʦʦʙʨʘʞʝʥʠʡ. 

 
ʘ)        ʙ) 

ʈʠʩʫʥʦʢ 2 ï ʉʭʝʤʘ ʨʘʟʙʠʝʥʠʷ ʧʣʘʩʪʠʯʝʩʢʦʡ ʦʙʣʘʩʪʠ ʥʘ ʞʝʩʪʢʠʝ ʙʣʦʢʠ (ʘ) ʠ ʛʦʜʦʛʨʘʬ ʩʢʦʨʦʩʪʝʡ 

ʧʝʨʝʤʝʱʝʥʠʡ (ʙ) 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʩʭʝʤʦʡ ʨʘʟʙʠʝʥʠʷ ʧʣʘʩʪʠʯʝʩʢʦʡ ʦʙʣʘʩʪʠ ʥʘ ʞʝʩʪʢʠʝ ʙʣʦʢʠ ʧʦʩʪʨʦʝʥ ʛʦʜʦʛʨʘʬ 

ʩʢʦʨʦʩʪʝʡ ʧʝʨʝʤʝʱʝʥʠʡ (ʨʠʩʫʥʦʢ 2,ʙ), ʧʦʟʚʦʣʠʚʰʠʡ  ʦʧʨʝʜʝʣʠʪʴ ʚʝʢʪʦʨʳ ʩʢʦʨʦʩʪʝʡ ʧʝʨʝʤʝʱʝʥʠʡ ʠ 

ʢʦʤʧʦʥʝʥʪʳ ʠʭ ʥʦʨʤʘʣʴʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ.  

ʉʦʛʣʘʩʥʦ ʤʝʪʦʜʫ ʚʝʨʭʥʝʡ ʦʮʝʥʢʠ ʫʜʝʣʴʥʦʡ ʩʠʣʳ ʠʥʪʝʥʩʠʚʥʦʛʦ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʚʳʜʘʚʣʠʚʘʥʠʝʤ ʚ 

ʧʘʨʘʣʣʝʣʴʥʳʭ ʢʘʥʘʣʘʭ ʥʝʦʙʭʦʜʠʤʦ ʩʦʩʪʘʚʠʪʴ ʫʨʘʚʥʝʥʠʝ ʙʘʣʘʥʩʘ ʤʦʱʥʦʩʪʠ: 

( ) 0104040303020234342323121201 2 vkmlvlvlvlvlvlvlkvaP çàãÖ++++++=ÖÖ ,   (1) 

ʛʜʝ
 

l ij ï
 
ʜʣʠʥʳ ʣʠʥʠʡ ʨʘʟʨʳʚʘ ʩʢʦʨʦʩʪʝʡ ʧʝʨʝʤʝʱʝʥʠʡ vij;

3

sk
s
= - ʧʦʩʪʦʷʥʥʘʷ ʧʣʘʩʪʠʯʥʦʩʪʠ;

 

mkk 2=t - ʢʘʩʘʪʝʣʴʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʢʦʥʪʘʢʪʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. 

ʇʨʦʚʝʜʝʤ ʦʮʝʥʢʫ ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʟʘʛʦʪʦʚʢʠ. ʉʫʤʤʘʨʥʳʝ ʩʜʚʠʛʦʚʳʝ ʜʝʬʦʨʤʘʮʠʠ 

ʚʳʯʠʩʣʷʶʪʩʷ 342312 g+g+g=g  (ʛʜʝ 
n

ij

ij

ij
v

v
=g ), ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʣʠʥʝʡʥʳʭ ʜʝʬʦʨʤʘʮʠʡ.

3

g
=ei  

ʆʙʩʫʞʜʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ.  ʅʘ ʨʠʩʫʥʢʝ 3 ʧʦʢʘʟʘʥʦ ʚʣʠʷʥʠʝ 

ʨʘʜʠʫʩʘ ʩʦʧʨʷʞʝʥʠʷ ʢʘʥʘʣʦʚ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʫʛʣʘʭ ʠʭ ʧʝʨʝʩʝʯʝʥʠʷ. ʇʨʠ ʫʤʝʥʴʰʝʥʠʠ ʫʛʣʘ ʧʝʨʝʯʝʥʠʷ 

ʢʘʥʘʣʦʚ ʠ ʨʘʜʠʫʩʘ ʠʭ ʩʦʧʨʷʞʝʥʠʷ ʙʝʟʨʘʟʤʝʨʥʘʷ ʫʜʝʣʴʥʘʷ ʩʠʣʘ ʚʦʟʨʘʩʪʘʝʪ, ʧʨʠ ʵʪʦʤ ʭʘʨʘʢʪʝʨ ʠʟʤʝʥʝʥʠʷ 

ʩʠʣʳ ʥʝʣʠʥʝʡʥʳʡ. 

 
ʈʠʩ. 3 ï ʀʟʤʝʥʝʥʠʝ ʙʝʟʨʘʟʤʝʨʥʦʡ ʫʜʝʣʴʥʦʡ ʩʠʣʳ ʠʥʪʝʥʩʠʚʥʦʛʦ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʧʨʠ ʚʘʨʴʠʨʦʚʘʥʠʠ 

ʫʧʨʘʚʣʷʶʱʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ r ʠ q 
ɺr ʷʚʣʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʥʘʢʦʧʣʝʥʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʜʝʬʦʨʤʘʮʠʡ ʟʘ ʦʜʠʥ ʧʝʨʝʭʦʜ ʦʪ ʫʧʨʘʚʣʷʶʱʠʭ 

ʧʘʨʘʤʝʪʨʦʚ - ʨʘʜʠʫʩʘ ʩʦʧʨʷʞʝʥʠʷ ʢʘʥʘʣʦʚ ʠ ʫʛʣʘ ʠʭ ʧʝʨʝʩʝʯʝʥʠʷ (ʨʠʩʫʥʦʢ 4). 
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ʘ)    ʙ) 

ʈʠʩʫʥʦʢ 4 ï ɺʣʠʷʥʠʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʢʘʥʘʣʦʚ ʥʘ ʥʘʢʦʧʣʝʥʥʫʶ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʜʝʬʦʨʤʘʮʠʠ 

ʟʘ ʦʜʠʥ ʧʝʨʝʭʦʜ: ʘ ï ʨʘʜʠʫʩʘ ʩʦʧʨʷʞʝʥʠʷ ʢʘʥʘʣʦʚ; ʙ ï ʫʛʣʘ ʧʝʨʝʩʝʯʝʥʠʷ ʢʘʥʘʣʦʚ 

ʃʠʪʝʨʘʪʫʨʘ 

ʉʝʛʘʣ, ɺ.ʄ. ʇʨʦʮʝʩʩʳ ʧʣʘʩʪʠʯʝʩʢʦʛʦ ʩʪʨʫʢʪʫʨʦʦʙʨʘʟʦʚʘʥʠʷ ʤʝʪʘʣʣʦʚ / ɺ.ʄ.ʉʝʛʘʣ, ɺ.ʀ.ʈʝʟʥʠʢʦʚ, 

ɺ.ʀ. ʂʦʧʳʣʦʚ ʠ ʜʨ. ʄʠʥʩʢ: ʅʘʫʢʘ ʠ ʪʝʭʥʠʢʘ, 1994. 232 ʩ.   

ɹʨʠʜʞʤʝʥ, ʇ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʙʦʣʴʰʠʭ ʧʣʘʩʪʠʯʝʩʢʠʭ ʜʝʬʦʨʤʘʮʠʡ ʠ ʨʘʟʨʳʚʘ. ɺʣʠʷʥʠʝ ʚʳʩʦʢʦʛʦ 

ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʜʘʚʣʝʥʠʷ ʥʘ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʤʘʪʝʨʠʘʣʦʚ / ʇ. ɹʨʠʜʞʤʝʥ / ʄ.: ʀʟʜ. ʀʥʦʩʪʨʘʥʥʦʡ 

ʣʠʪʝʨʘʪʫʨʳ, 1955. 444 ʩ. 
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THE TECHNOLOGICAL FE ATURES OF NIAL - BASED POWDERS PRODUCTION BY PLASM A 

ROTATION ELECTRODE P ROCESS 

Sentyurina Zh.A., Logachev I.A., Gusakov M.S., Zaitsev A.A., 

Levashov E.A., Logacheva A.I., Sanin V.N. 

 

The study describes the technological features of NiAl-based intermetallic powders production by plasma 

rotation electrode process (PREP). Research objects were alloying compositions as NiAl-Cr-Co-Hf, NiAl -Cr-Co-

Hf-B and NiAl-Mo-Cr-B-Mn-Hf. Impact of PREP parameters on productivity and granules properties was 

investigated. Obtained NiAl-based powder characterized by high degree of sphericity, low gas porosity and lack 

of satellites. 

 

ʀʥʪʝʨʤʝʪʘʣʣʠʜ NiAl ʠ ʩʧʣʘʚʳ ʥʘ ʝʛʦ ʦʩʥʦʚʝ ʷʚʣʷʶʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʤʠ 

ʤʘʪʝʨʠʘʣʘʤʠ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ ʘʚʠʘʮʠʦʥʥʦʡ, ʘʵʨʦʢʦʩʤʠʯʝʩʢʦʡ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʦʪʨʘʩʣʷʭ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ɼʘʥʥʳʝ ʩʧʣʘʚʳ ʦʙʣʘʜʘʶʪ ʨʷʜʦʤ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʭ ʭʠʤʠʯʝʩʢʠʭ, ʬʠʟʠʯʝʩʢʠʭ ʠ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ, ʪʘʢʠʭ ʢʘʢ ʚʳʩʦʢʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʠʷ, ʭʠʤʠʯʝʩʢʘʷ ʩʪʘʙʠʣʴʥʦʩʪʴ, 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʘʷ ʧʣʦʪʥʦʩʪʴ, ʭʦʨʦʰʘʷ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ, ʚʳʩʦʢʘʷ ʞʘʨʦʩʪʦʡʢʦʩʪʴ, ʢʦʨʨʦʟʠʦʥʥʘʷ 

ʩʪʦʡʢʦʩʪʴ ʠ ʜʨ. 

ʆʜʥʘʢʦ ʧʦʣʫʯʝʥʠʝ ʠʟʜʝʣʠʡ ʠʟ ʩʧʣʘʚʦʚ ʥʘ ʦʩʥʦʚʝ NiAl ʢʣʘʩʩʠʯʝʩʢʠʤʠ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ 

ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʦʡ ʚʝʩʴʤʘ ʟʘʪʨʫʜʥʝʥʦ ʠʟ-ʟʘ ʠʭ ʥʠʟʢʦʡ ʪʝʭʥʦʣʦʛʠʯʥʦʩʪʠ ʚʚʠʜʫ 

ʥʝʚʳʩʦʢʦʡ ʧʣʘʩʪʠʯʥʦʩʪʠ ʠ ʩʢʣʦʥʥʦʩʪʠ ʢ ʨʘʩʪʨʝʩʢʠʚʘʥʠʶ ʚ ʧʨʦʮʝʩʩʝ ʦʙʨʘʙʦʪʢʠ. ʈʝʰʝʥʠʝ ʜʘʥʥʦʡ 

ʧʨʦʙʣʝʤʳ ʚʦʟʤʦʞʥʦ ʟʘ ʩʯʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʝʭʥʦʣʦʛʠʡ, ʧʦʟʚʦʣʷʶʱʠʭ ʧʦʣʫʯʘʪʴ ʟʘʛʦʪʦʚʢʫ ʠʟʜʝʣʠʷ, 

ʙʣʠʟʢʫʶ ʢ ʢʦʥʝʯʥʦʡ ʬʦʨʤʝ ʠ ʪʨʝʙʫʶʱʫʶ ʤʠʥʠʤʘʣʴʥʦʡ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ. ʂ ʪʘʢʠʤ ʪʝʭʥʦʣʦʛʠʷʤ 

ʦʪʥʦʩʷʪʩʷ ʛʨʘʥʫʣʴʥʘʷ ʤʝʪʘʣʣʫʨʛʠʷ ʠ ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʶʱʠʝʩʷ ʪʝʭʥʦʣʦʛʠʠ ʘʜʜʠʪʠʚʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. 

ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʣʦʞʥʦʧʨʦʬʠʣʴʥʳʭ ʜʝʪʘʣʝʡ c ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʝʨʝʯʠʩʣʝʥʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʥʝʦʙʭʦʜʠʤʳ ʠʩʭʦʜʥʳʝ ʧʦʨʦʰʢʠ (ʛʨʘʥʫʣʳ) ʧʨʘʚʠʣʴʥʦʡ ʩʬʝʨʠʯʝʩʢʦʡ ʬʦʨʤʳ, ʟʘʜʘʥʥʦʛʦ 

ʭʠʤʠʯʝʩʢʦʛʦ ʠ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ, ʩ ʤʠʥʠʤʘʣʴʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʜʝʬʝʢʪʦʚ ʚ ʚʠʜʝ ʛʘʟʦʚʦʡ 

ʧʦʨʠʩʪʦʩʪʠ, ʩʘʪʝʣʣʠʪʦʚ ʠ ʦʙʲʝʤʥʦʡ ʣʠʢʚʘʮʠʠ. ʆʩʥʦʚʥʦʡ ʮʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʣʦʩʴ ʧʦʣʫʯʝʥʠʝ 

ʠʥʪʝʨʤʝʪʘʣʣʠʜʥʳʭ ʛʨʘʥʫʣ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʭ ʪʨʝʙʦʚʘʥʠʷʤ ʧʨʦʮʝʩʩʦʚ ʛʨʘʥʫʣʴʥʦʡ ʤʝʪʘʣʣʫʨʛʠʠ ʠ 

ʘʜʜʠʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʣʠʩʴ ʩʧʣʘʚʳ ʥʘ ʦʩʥʦʚʝ ʵʢʚʠʘʪʦʤʥʦʛʦ ʘʣʶʤʠʥʠʜʘ 

ʥʠʢʝʣʷ ʩʠʩʪʝʤ NiAl -Cr-Co-Hf, NiAl -Cr-Co-Hf-B ʠ NiAl -Mo-Cr-B-Mn-Hf. 

ʇʦʨʦʰʢʦʚʳʝ ʤʘʪʝʨʠʘʣʳ ʠʟ ʠʩʩʣʝʜʫʝʤʳʭ ʩʧʣʘʚʦʚ ʧʦʣʫʯʘʣʠ ʤʝʪʦʜʦʤ ʧʣʘʟʤʝʥʥʦʛʦ ʮʝʥʪʨʦʙʝʞʥʦʛʦ 

ʨʘʩʧʳʣʝʥʠʷ (ʇʎʈ) ʩ ʪʦʨʮʘ ʧʨʫʪʢʦʚʦʡ ʟʘʛʦʪʦʚʢʠ. ʈʘʩʭʦʜʫʝʤʳʝ ʟʘʛʦʪʦʚʢʠ ʜʣʷ ʧʨʦʮʝʩʩʘ ʇʎʈ ʠʟʛʦʪʘʚʣʠʚʘʣʠ 

ʧʦ ʘʣʴʪʝʨʥʘʪʠʚʥʦʡ ʜʚʫʭʩʪʘʜʠʡʥʦʡ ʪʝʭʥʦʣʦʛʠʠ, ʚʢʣʶʯʘʶʱʝʡ ʚ ʩʝʙʷ ʧʦʣʫʯʝʥʠʝ ʧʦʣʫʬʘʙʨʠʢʘʪʘ ʩʧʣʘʚʘ 

ʤʝʪʦʜʦʤ ʮʝʥʪʨʦʙʝʞʥʦʡ ʉɺʉ- ʤʝʪʘʣʣʫʨʛʠʠ ʠʟ ʦʢʩʠʜʥʦʛʦ ʩʳʨʴʷ ʠ ʧʦʩʣʝʜʫʶʱʠʡ ʝʛʦ ʚʘʢʫʫʤʥʳʡ 

ʠʥʜʫʢʮʠʦʥʥʳʡ ʧʝʨʝʧʣʘʚ ʩ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʢʨʫʧʥʦʛʘʙʘʨʠʪʥʦʡ ʧʨʫʪʢʦʚʦʡ ʟʘʛʦʪʦʚʢʠ. 

ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʙʳʣʦ ʠʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʇʎʈ (ʤʦʱʥʦʩʪʴ 

ʧʣʘʟʤʦʪʨʦʥʘ ʠ ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ʟʘʛʦʪʦʚʢʠ) ʥʘ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʧʦʣʫʯʘʝʤʳʭ ʛʨʘʥʫʣ. ɺʳʷʚʣʝʥʦ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʧʨʫʪʢʦʚʦʡ ʟʘʛʦʪʦʚʢʠ ʜʦ      13-

17 Ĭ103 ʦʙ./ʤʠʥ. (ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʩʪʘʚʘ) ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʤʝʥʴʰʝʥʠʶ ʨʘʟʤʝʨʘ ʛʨʘʥʫʣ, ʠʟʤʝʣʴʯʝʥʠʶ ʠʭ 

ʩʪʨʫʢʪʫʨʳ ʠ ʫʤʝʥʴʰʝʥʠʶ ʚʥʫʪʨʝʥʥʠʭ ʜʝʬʝʢʪʦʚ. ʇʨʝʚʳʰʝʥʠʝ ʫʢʘʟʘʥʥʳʭ ʩʢʦʨʦʩʪʝʡ ʚʝʜʝʪ ʢ ʯʘʩʪʠʯʥʦʤʫ 

ʨʘʟʨʫʰʝʥʠʶ ʵʣʝʢʪʨʦʜʦʚ ʚ ʧʨʦʮʝʩʩʝ ʨʘʩʧʳʣʝʥʠʷ ʠ ʫʚʝʣʠʯʝʥʠʶ ʜʦʣʠ ʥʝʩʬʝʨʠʯʥʳʭ ʯʘʩʪʠʮ. ʋʚʝʣʠʯʝʥʠʝ 

ʤʦʱʥʦʩʪʠ ʧʣʘʟʤʦʪʨʦʥʘ ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʤʝʥʴʰʝʥʠʶ ʚʷʟʢʦʩʪʠ ʧʣʝʥʢʠ ʨʘʩʧʣʘʚʘ ʠ ʫʤʝʥʴʰʝʥʠʶ ʨʘʟʤʝʨʘ 

ʛʨʘʥʫʣ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʘʥʳ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʨʝʞʠʤʘʤ ʨʘʩʧʳʣʝʥʠʷ ʠʥʪʝʨʤʝʪʘʣʣʠʜʥʳʭ 

ʩʧʣʘʚʦʚ ʥʘ ʦʩʥʦʚʝ NiAl . 
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ɼʣʷ ʚʩʝʭ ʧʦʣʫʯʝʥʥʳʭ ʛʨʘʥʫʣ ʧʨʦʠʟʚʝʜʝʥʘ ʦʮʝʥʢʘ ʩʣʝʜʫʶʱʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ: ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ 

ʩʦʩʪʘʚ, ʤʦʨʬʦʣʦʛʠʷ, ʩʦʩʪʦʷʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ, ʚʥʫʪʨʝʥʥʷʷ ʤʠʢʨʦʩʪʨʫʢʪʫʨʘ, ʩʦʜʝʨʞʘʥʠʝ ʛʘʟʦʚʳʭ ʧʨʠʤʝʩʝʡ, 

ʘ ʪʘʢʞʝ ʪʝʢʫʯʝʩʪʴ ʠ ʥʘʩʳʧʥʘʷ ʧʣʦʪʥʦʩʪʴ. ɺʳʷʚʣʝʥʳ ʤʝʭʘʥʠʟʤʳ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʛʨʘʥʫʣ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʠʭ ʩʦʩʪʘʚʘ ʠ ʦʧʨʝʜʝʣʝʥʘ ʦʧʪʠʤʘʣʴʥʘʷ ʢʦʤʧʦʟʠʮʠʷ ʩʧʣʘʚʘ ʥʘ ʦʩʥʦʚʝ NiAl  ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʛʨʘʥʫʣ ʤʝʪʦʜʦʤ 

ʇʎʈ. ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʳ ʦʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʛʨʘʥʫʣ ʠʟ ʩʧʣʘʚʘ ʩʠʩʪʝʤʳ NiAl-Cr-Co-

Hf ʦʧʪʠʤʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ. 

 

   
ʈʠʩʫʥʦʢ 1 ï ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʛʨʘʥʫʣ ʠʟ ʩʧʣʘʚʘ ʩʠʩʪʝʤʳ NiAl-Cr-Co-Hf: ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ ʩʦʩʪʘʚ (ʘ), 

ʤʦʨʬʦʣʦʛʠʷ (ʙ), ʩʦʩʪʦʷʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ (ʚ) ʠ ʚʥʫʪʨʝʥʥʷʷ ʤʠʢʨʦʩʪʨʫʢʪʫʨʘ (ʛ) 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʌʎʇ çʀʩʩʣʝʜʦʚʘʥʠʷ ʠ ʨʘʟʨʘʙʦʪʢʠ ʧʦ 

ʧʨʠʦʨʠʪʝʪʥʳʤ ʥʘʧʨʘʚʣʝʥʠʷʤ ʨʘʟʚʠʪʠʷ ʥʘʫʯʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʈʦʩʩʠʠ ʥʘ 2014ð2020 

ʛʦʜʳè, ʩʦʛʣʘʰʝʥʠʝ ˉ 14.578.21.0040, ʧʨʦʝʢʪ RFMEFI 57814X0040. 
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CATALYTIC REDUCTION OF AU(III) BY HYDROG EN ON GOLD NANOPARTI CLES AT 

AQUEOUS MEDIUM  

Solovov R. D., Abkhalimov E. V., Ershov B. G. 

 
The aim of this work was to investigate catalytic reduction of Au(III) by hydrogen on gold nanoparticles 

and influence on this process by pH. It was found that constant of rate this reaction was linearly increased with 

growth of pH. This phenomenon is the confirmation of hydrogen dissociative adsorption on surface gold 

nanoparticles. 
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ɼʣʷ ʩʠʥʪʝʟʘ ʛʠʜʨʦʟʦʣʷ ʟʦʣʦʪʘ ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʚʦʩʩʪʘʥʦʚʠʪʝʣʠ, ʧʨʠʩʫʪʩʪʚʠʝ ʧʨʦʜʫʢʪʦʚ 

ʦʢʠʩʣʝʥʠʷ ʢʦʪʦʨʳʭ, çʟʘʛʨʷʟʥʷʝʪè ʨʘʩʪʚʦʨ, ʤʦʞʝʪ ʧʦʚʳʰʘʪʴ ʠʦʥʥʫʶ ʩʠʣʫ, ʘ ʪʘʢʞʝ ʤʦʞʝʪ ʚʳʟʳʚʘʪʴ 

ʘʛʨʝʛʘʮʠʶ ʠ ʩʝʜʠʤʝʥʪʘʮʠʶ ʯʘʩʪʠʮ ʠʟ ʟʦʣʷ. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʠʩʫʪʩʪʚʠʝ ʧʦʜʦʙʥʳʭ ʚʝʱʝʩʪʚ ʤʦʞʝʪ 

ʟʥʘʯʠʪʝʣʴʥʦ ʫʭʫʜʰʘʪʴ ʢʘʪʘʣʠʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʟʦʣʷ. 

 
ʈʠʩʫʥʦʢ 1. ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ ʟʝʨʥʦʛʨʘʥʠʯʥʦʛʦ ʫʧʨʦʯʥʝʥʠʷ Keff ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʈʂʋʇ 

ʜʣʷ ʉʄʂ ʤʝʪʘʣʣʦʚ ʠ ʩʧʣʘʚʦʚ 

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʥʘʤʠ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʤʝʪʦʜ ʩʠʥʪʝʟʘ ʩ ʧʨʠʤʝʥʝʥʠʝʤ çʭʠʤʠʯʝʩʢʠ ʯʠʩʪʦʛʦè 

ʚʦʩʩʪʘʥʦʚʠʪʝʣʷ ï ʚʦʜʦʨʦʜʘ H2 ï ʠ ʠʟʫʯʝʥ ʧʨʦʮʝʩʩ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʠʦʥʦʚ Au(III) ʥʘ ʥʘʥʦʯʘʩʪʠʮʘʭ ʟʦʣʦʪʘ 

(ʥʘ ʟʘʪʨʘʚʢʘʭ). ʇʦʩʣʝʜʥʠʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʬʦʪʦʭʠʤʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ, ʢʦʪʦʨʳʡ ʩʦʩʪʦʷʣ ʚ ʦʙʣʫʯʝʥʠʠ 

ʨʘʩʪʚʦʨʘ, ʩʦʜʝʨʞʘʱʝʛʦ ʠʦʥʳ Au(III) ʠ ʩʪʘʙʠʣʠʟʠʨʫʶʱʠʡ ʘʛʝʥʪ ʋʌ-ʩʚʝʪʦʤ ʠʤʧʫʣʴʩʥʦʡ ʢʩʝʥʦʥʦʚʦʡ 

ʣʘʤʧʦʡ. ɺʦ ʚʨʝʤʷ ʦʙʣʫʯʝʥʠʷ ʚ ʨʘʩʪʚʦʨʝ ʦʙʨʘʟʦʚʳʚʘʣʠʩʴ ʚʳʩʦʢʦʘʢʪʠʚʥʳʝ ʨʘʜʠʢʘʣʳ, ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʱʠʝ 

Au(III) ʜʦ ʥʘʥʦʯʘʩʪʠʮ Au0. ʆʙʨʘʟʫʶʱʠʡʩʷ ʟʦʣʴ ʟʦʣʦʪʘ ʙʳʣ ʤʦʥʦʜʠʩʧʝʨʩʝʥ ʠ ʠʤʝʣ ʩʨʝʜʥʠʡ ʜʠʘʤʝʪʨ 

ʢʨʠʩʪʘʣʣʠʪʘ dʇʕʄ = (4.6 Ñ 0.8) ʥʤ (ʜʘʥʥʳʝ ʩ ʧʨʦʩʚʝʯʠʚʘʶʱʝʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ ʇʕʄ), 

ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʡ ʨʘʜʠʫʩ dʜʠʥ. = (6.1 Ñ 1.6) ʥʤ (ʜʘʥʥʳʝ ʩ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʘʩʩʝʷʥʠʷ ʩʚʝʪʘ) ʠ 

ʜʟʝʪʘ-ʧʦʪʝʥʮʠʘʣ ɕ = ï 78.3 ʤɺ. ɺʳʩʦʢʦʝ ʘʙʩʦʣʶʪʥʦʝ ʟʥʘʯʝʥʠʝ ʜʟʝʪʘ-ʧʦʪʝʥʮʠʘʣʘ ʫʢʘʟʳʚʘʝʪ ʥʘ 

ʘʛʨʝʛʘʪʠʚʥʫʶ ʠ ʩʝʜʠʤʝʥʪʮʠʦʥʥʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ ʟʦʣʷ ʟʦʣʦʪʘ. 

ʂʘʪʘʣʠʪʠʯʝʩʢʦʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ Au(III) ʚʦʜʦʨʦʜʦʤ ʥʘ ʟʘʪʨʘʚʦʯʥʳʭ ʥʘʥʦʯʘʩʪʠʮ Au0 ʠʟʫʯʘʣʦʩʴ ʧʨʠ 

ʨʘʟʣʠʯʥʦʤ ʨʅ. ʇʦʩʪʦʷʥʩʪʚʦ ʨʅ ʧʦʜʜʝʨʞʠʚʘʣʠ ʫʥʠʚʝʨʩʘʣʴʥʦʡ ʙʫʬʝʨʥʦʡ ʩʤʝʩʴʶ (H3PO4, H3BO3, ʠ 

CH3COOH, ʜʦʚʝʜʝʥʥʦʡ ʜʦ ʥʫʞʥʦʛʦ ʨʅ ʱʝʣʦʯʴʶ NaOH). ʈʘʩʪʚʦʨ, ʩʦʜʝʨʞʘʱʠʡ ʢʦʤʧʣʝʢʩ Au(III), 

ʩʪʘʙʠʣʠʟʠʨʫʶʱʫʶ ʜʦʙʘʚʢʫ (ʮʠʪʨʘʪ ʥʘʪʨʠʷ) ʠ ʙʫʬʝʨʥʫʶ ʩʠʩʪʝʤʫ, ʥʘʩʳʱʘʣʩʷ ʚʦʜʦʨʦʜʦʤ (kH = 7.6Ŀ10ï4 

MĿʘʪʤï1). ʇʨʦʮʝʩʩʳ, ʧʨʦʪʝʢʘʶʱʠʝ ʚ ʨʘʩʪʚʦʨʝ ʤʦʞʥʦ ʦʧʠʩʘʪʴ ʩʣʝʜʫʶʱʠʤʠ ʫʨʘʚʥʝʥʠʷʤʠ: 

2Au+III + 3H2 + Aucoll Ÿ 2Au0@Aucoll + 6H+ 

ʆʙʨʘʟʦʚʘʥʠʝ çʤʘʥʪʠʠè ʟʦʣʦʪʘ ʥʘ ʟʘʪʨʘʚʦʯʥʳʭ ʥʘʥʦʯʘʩʪʠʮʘʭ ʩʦʧʨʦʚʦʞʜʘʣʦʩʴ ʫʚʝʣʠʯʝʥʠʝʤ 

ʧʦʛʣʦʱʝʥʠʷ ʚ ʦʙʣʘʩʪʠ ʧʦʣʦʩʳ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʧʣʘʟʤʦʥʥʦʛʦ ʨʝʟʦʥʘʥʩʘ (ʇʇʈ) ʤʝʪʘʣʣʘ. ʂʠʥʝʪʠʢʘ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʠʟʫʯʘʣʘʩʴ ʦʧʪʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ ʧʦ ʥʘʨʘʩʪʘʥʠʶ ʧʦʛʣʦʱʝʥʠʷ ʧʦʣʦʩʳ ʇʇʈ. 

ɹʳʣʦ ʥʘʡʜʝʥʦ, ʯʪʦ ʥʘʙʣʶʜʘʝʤʘʷ ʢʦʥʩʪʘʥʪʘ ʩʢʦʨʦʩʪʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ Au(III) ʣʠʥʝʡʥʦ ʚʦʟʨʘʩʪʘʣʘ ʩ 

ʫʚʝʣʠʯʝʥʠʝʤ ʟʥʘʯʝʥʠʷ ʨʅ (ʨʠʩʫʥʦʢ 1). ɼʘʥʥʦʝ ʷʚʣʝʥʠʝ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʧʨʝʜʧʦʣʦʞʝʥʠʝʤ ʦ 

ʧʨʦʪʝʢʘʥʠʠ ʜʠʩʩʦʮʠʘʪʠʚʥʦʡ ʘʜʩʦʨʙʮʠʠ ʚʦʜʦʨʦʜʘ ʥʘ ʥʘʥʦʯʘʩʪʠʮʝ ʟʦʣʦʪʘ. ʇʦʜʦʙʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ pH 

ʥʘʙʣʶʜʘʝʪʩʷ ʠ ʫ ʩʪʘʥʜʘʨʪʥʦʛʦ ʚʦʜʦʨʦʜʥʦʛʦ ʵʣʝʢʪʨʦʜʘ, ʛʜʝ ʠʤʝʝʪ ʤʝʩʪʦ ʘʥʘʣʦʛʠʯʥʦʝ ʜʠʩʩʦʮʠʘʪʠʚʥʘʷ 

ʘʜʩʦʨʙʮʠʷ. 

ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʙʳʣʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʦʛʦ ʌʦʥʜʘ ʌʫʥʜʘʤʝʥʪʘʣʴʥʳʭ 

ʀʩʩʣʝʜʦʚʘʥʠʡ (ɻʨʘʥʪ ˉ 15-03-02068-ʘ). 
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IMPACT ASSESSMENT OF THE OPTICAL ELEMENTS  POLLUTION LEVEL ON L IGHT 

SCATTERING CHARACTER ISTICS 

Sachkov M.E., Bazhenova O.P., Stepanova A.I., Vlasenko O.V., Alekseev S.V., Bogachev V.A. 

 
The image quality degradation due to reflective mirror surfaces light scattering of space telescope (project 

WSO-UV), caused by particles pollution (dust particles) and molecular contamination of the reflective mirror 

surface at the ground and the full-scale operation of the telescope, remains a serious problem for the optical 

spectral range of 115 - 305 nm. 

Thus, there is the task to evaluate the light scattering of the optical surfaces with different pollution levels, 

to build a relationship between the light scattering and the sediment thickness, and to find the maximum 

permissible concentration and the sediment thickness that provides the performance of the target telescope tasks 

after the full-scale operation of the telescope. 

ʈʘʟʨʘʙʘʪʳʚʘʝʤʳʡ ʈʦʩʩʠʝʡ ʩ ʙʦʣʴʰʦʡ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʢʦʦʧʝʨʘʮʠʝʡ ʪʝʣʝʩʢʦʧ ʊ-170ʄ ʧʨʦʝʢʪʘ 

ʉʧʝʢʪʨ-ʋʌ (ʤʝʞʜʫʥʘʨʦʜʥʦʝ ʥʘʟʚʘʥʠʝ WSO-UV) [1] ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝʤ ʘʩʪʨʦʬʠʟʠʯʝʩʢʦʡ ʦʙʩʝʨʚʘʪʦʨʠʠ 

ʢʦʩʤʠʯʝʩʢʦʛʦ ʙʘʟʠʨʦʚʘʥʠʷ ʩ ʧʨʦʚʝʜʝʥʠʝʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʋʌ-ʜʠʘʧʘʟʦʥʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ. 

ʊʝʣʝʩʢʦʧ ʊ-170ʄ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʨʝʮʠʟʠʦʥʥʳʡ ʢʨʫʧʥʦʛʘʙʘʨʠʪʥʳʡ ʦʧʪʠʯʝʩʢʠʡ ʧʨʠʙʦʨ, 

ʧʦʣʥʦʩʪʴʶ ʧʦʩʪʨʦʝʥʥʳʡ ʥʘ ʦʪʨʘʞʘʪʝʣʴʥʦʡ ʦʧʪʠʢʝ. ʅʘʟʥʘʯʝʥʠʝ ʦʧʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʪʝʣʝʩʢʦʧʘ - 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʠʟʦʙʨʘʞʝʥʠʡ ʠʩʩʣʝʜʫʝʤʳʭ ʢʦʩʤʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ ʚ ʬʦʢʘʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʪʝʣʝʩʢʦʧʘ, ʘ 

ʪʘʢʞʝ, ʥʘ ʧʨʠʝʤʥʠʢʘʭ ʠʟʣʫʯʝʥʠʷ ʥʘʫʯʥʦʡ ʘʧʧʘʨʘʪʫʨʳ ʪʝʣʝʩʢʦʧʘ ʊ-170ʄ ʚ ʩʧʝʢʪʨʘʣʴʥʦʤ ʜʠʘʧʘʟʦʥʝ 

115 - 600 ʥʤ.  

ʆʧʪʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʪʝʣʝʩʢʦʧʘ ʊ-170ʄ ʧʦʩʪʨʦʝʥʘ ʧʦ ʜʚʫʭʟʝʨʢʘʣʴʥʦʡ ʦʧʪʠʯʝʩʢʦʡ ʩʭʝʤʝ ʈʠʯʠ - 

ʂʨʝʪʴʝʥʘ ʠʟ ʜʚʫʭ ʛʠʧʝʨʙʦʣʠʯʝʩʢʠʭ ʟʝʨʢʘʣ ʩ ʥʘʥʝʩʸʥʥʳʤ ʥʘ ʠʭ ʨʘʙʦʯʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʜʚʫʭʩʣʦʡʥʳʤ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʤ (ʰʪʘʪʥʳʤ) ʧʦʢʨʳʪʠʝʤ Al+MgF2. 

ʇʨʠ ʨʘʙʦʪʝ ʩ ʦʧʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʦʡ ʪʝʣʝʩʢʦʧʘ ʚʦʟʥʠʢʘʶʪ ʚʦʧʨʦʩʳ ʠʟʤʝʥʝʥʠʷ ʝʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʟʘʛʨʷʟʥʝʥʠʷ ʟʝʨʢʘʣʴʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ. 

ʇʨʠ ʥʘʟʝʤʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʪʝʣʝʩʢʦʧʘ (ʫʩʣʦʚʠʷ ʩʙʦʨʢʠ ʠ ʶʩʪʠʨʦʚʢʠ ʚ ʮʝʭʘʭ) ʧʨʠʩʫʪʩʪʚʫʶʪ ʜʚʘ 

ʚʠʜʘ ʟʘʛʨʷʟʥʝʥʠʡ ʦʧʪʠʯʝʩʢʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ: 

ʟʘʛʨʷʟʥʝʥʠʝ ʯʘʩʪʠʮʘʤʠ (ʧʳʣʴ); 

ʤʦʣʝʢʫʣʷʨʥʦʝ ʟʘʛʨʷʟʥʝʥʠʝ ï ʧʣʸʥʢʠ ʦʪ ʠʩʧʘʨʝʥʠʷ ʠ ʩʫʙʣʠʤʘʮʠʠ ʚʝʱʝʩʪʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ, ʜʝʩʦʨʙʮʠʠ 

ʠʟ ʢʨʘʩʦʢ, ʠʟʦʣʷʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʨʦʚʦʜʦʚ, ʧʣʘʩʪʤʘʩʩ, ʪʝʨʤʠʯʝʩʢʦʝ ʨʘʟʣʦʞʝʥʠʝ ʤʘʪʝʨʠʘʣʦʚ ʚʳʩʦʢʦʛʦ 

ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʚʝʩʘ ʚ ʚʘʢʫʫʤʥʳʭ ʢʘʤʝʨʘʭ ʧʨʠ ʠʩʧʳʪʘʥʠʷʭ. 

ʇʨʠ ʥʘʪʫʨʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ (ʥʘ ʦʨʙʠʪʝ) ʧʨʠʩʫʪʩʪʚʫʝʪ ʪʦʣʴʢʦ ʤʦʣʝʢʫʣʷʨʥʦʝ ʟʘʛʨʷʟʥʝʥʠʝ ï 

ʦʩʘʞʜʝʥʠʷ ʚ ʚʠʜʝ ʪʦʥʢʠʭ ʧʣʝʥʦʢ ʥʘ ʚʩʝʭ ʵʣʝʤʝʥʪʘʭ ʦʧʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ, ʧʦʷʚʣʷʶʱʠʝʩʷ ʦʪ ʩʦʙʩʪʚʝʥʥʦʡ 

ʘʪʤʦʩʬʝʨʳ ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ [2]. 

ʕʪʠ ʧʨʝʜʧʦʣʘʛʘʝʤʳʝ ʟʘʛʨʷʟʥʝʥʠʷ ʥʘ ʦʧʪʠʯʝʩʢʠʭ ʧʦʚʝʨʭʥʦʩʪʷʭ ʧʨʠʚʦʜʷʪ ʢ ʩʥʠʞʝʥʠʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʦʧʪʠʢʠ (ʢʦʵʬʬʠʮʠʝʥʪʘ ʦʪʨʘʞʝʥʠʷ), ʧʦʷʚʣʝʥʠʶ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʩʚʝʪʦʨʘʩʩʝʷʥʠʷ ʦʪ ʧʣʸʥʦʢ ʩ ʜʨʫʛʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʧʨʝʣʦʤʣʝʥʠʷ, ʧʦʷʚʣʝʥʠʷ ʠʥʪʝʨʬʝʨʝʥʮʠʠ ʠ ʜʨ. 

ʋʭʫʜʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʠʟʦʙʨʘʞʝʥʠʷ ʠʟ-ʟʘ ʨʘʩʩʝʷʥʠʷ ʩʚʝʪʘ ʥʘ ʦʪʨʘʞʘʶʱʠʭ ʧʦʚʝʨʭʥʦʩʪʷʭ ʟʝʨʢʘʣ, 

ʚʳʟʚʘʥʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʝʤ ʯʘʩʪʠʮʘʤʠ (ʧʳʣʠʥʢʘʤʠ) ʠ ʤʦʣʝʢʫʣʷʨʥʳʤ ʟʘʛʨʷʟʥʝʥʠʝʤ ʦʪʨʘʞʘʶʱʠʭ 

ʧʦʚʝʨʭʥʦʩʪʝʡ ʟʝʨʢʘʣ ʧʨʠ ʥʘʟʝʤʥʦʡ ʠ ʥʘʪʫʨʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʪʝʣʝʩʢʦʧʘ, ʦʩʪʘʝʪʩʷ ʩʝʨʴʝʟʥʦʡ ʧʨʦʙʣʝʤʦʡ 

ʜʣʷ ʦʧʪʠʢʠ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʜʠʘʧʘʟʦʥʘ 115 - 305 ʥʤ [3]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʷʚʣʷʝʪʩʷ ʟʘʜʘʯʘ ʦʮʝʥʠʪʴ ʩʚʝʪʦʨʘʩʩʝʷʥʠʝ ʦʧʪʠʯʝʩʢʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʧʨʠ ʨʘʟʥʳʭ 

ʫʨʦʚʥʷʭ ʟʘʛʨʷʟʥʝʥʠʡ, ʚʳʩʪʨʦʠʪʴ ʚʟʘʠʤʦʩʚʷʟʴ ʩʚʝʪʦʨʘʩʩʝʷʥʠʷ ʦʪ ʪʦʣʱʠʥʳ ʧʣʝʥʢʠ, ʠ ʥʘʡʪʠ ʧʨʝʜʝʣʴʥʦ 

ʜʦʧʫʩʪʠʤʫʶ ʢʦʥʮʝʥʪʨʘʮʠʶ ʠ ʪʦʣʱʠʥʫ ʦʩʘʜʢʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʫʶ ʚʳʧʦʣʥʝʥʠʝ ʮʝʣʝʚʳʭ ʟʘʜʘʯ ʪʝʣʝʩʢʦʧʘ 

ʧʨʠ ʥʘʪʫʨʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʠʤʠʪʘʮʠʠ ʩʨʦʢʦʚ ʘʢʪʠʚʥʦʛʦ ʩʫʱʝʩʪʚʦʚʘʥʠʷ [4]. 



ʉɽʂʎʀʗ 3 ʌʋʅʂʎʀʆʅɸʃʔʅʓɽ ʄɽʊɸʃʃʀʏɽʉʂʀɽ ʄɸʊɽʈʀɸʃʓ, ɺʂʃʖʏɸʗ ɺʓʉʆʂʆʏʀʉʊʓɽ 
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ɺ ʦʙʝʩʧʝʯʝʥʠʝ ʵʪʦʛʦ ʙʫʜʝʪ ʧʨʦʚʝʜʝʥʘ ʠʤʠʪʘʮʠʷ ʟʘʛʨʷʟʥʝʥʠʷ ʚ ʚʘʢʫʫʤʥʦʡ ʢʘʤʝʨʝ ʠ ʦʮʝʥʝʥʘ 

ʟʘʚʠʩʠʤʦʩʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʚʝʪʦʨʘʩʩʝʷʥʠʷ ʦʪ ʫʨʦʚʥʷ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʜʣʷ ʠʟʚʝʩʪʥʦʛʦ 

ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʦʛʦ ʚʝʱʝʩʪʚʘ. 

ʊʘʢʞʝ ʙʫʜʫʪ ʧʨʦʚʝʜʝʥʳ ʥʘʪʫʨʥʳʝ ʠʩʧʳʪʘʥʠʷ ʧʦ ʵʢʩʧʦʥʠʨʦʚʘʥʠʶ ʦʙʨʘʟʮʦʚ-ʩʚʠʜʝʪʝʣʝʡ ʟʝʨʢʘʣ 

ʪʝʣʝʩʢʦʧʘ ʚ ʫʩʣʦʚʠʷʭ ʮʝʭʘ ʩʪʝʥʜʘ ʩʙʦʨʢʠ ʪʝʣʝʩʢʦʧʘ ʩ ʮʝʣʴʶ ʚʳʷʚʠʪʴ ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʳʡ ʫʨʦʚʝʥʴ 

ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʠ ʟʘʛʨʷʟʥʝʥʠʷ ʦʩʘʞʜʝʥʥʳʤʠ ʯʘʩʪʠʮʘʤʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʮʝʣʝʚʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʧʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʪʝʣʝʩʢʦʧʘ. 

ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʧʳʪʘʥʠʡ ʧʦʤʦʞʝʪ ʨʘʟʨʘʙʦʪʘʪʴ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʤʠʥʠʤʠʟʘʮʠʠ 

ʟʘʛʨʷʟʥʝʥʠʡ ʨʘʙʦʯʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʟʝʨʢʘʣ ʪʝʣʝʩʢʦʧʘ ʊ-170ʄ ʥʘ ʚʩʝʭ ʵʪʘʧʘʭ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʘ ʪʘʢʞʝ 

ʚʳʧʫʩʪʠʪʴ ʤʝʪʦʜʠʢʫ ʢʦʥʪʨʦʣʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʚʝʪʦʨʘʩʩʝʷʥʠʷ ʧʨʠ ʥʘʟʝʤʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʟʝʨʢʘʣ. 
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CALCULATION OF THE P ERFORMANCE OF FILTRA TING ELEMENTS FOR OB TAINING HIGH 

PURITY HYDROGEN AND TH E INFLUENCE OF TRANS ITION PROCESSES ON THEIR 

OPERATION.  

Burkhanov G.S., Roshan N.R., Chistov E.M., Chistova T.V. 

 
To date, a sufficient number of palladium based alloys are created for the produce of membrane filtrating 

elements to receiving high purity hydrogen. A number of designs of the flat filtrating elements are developed on 

their base. 

ʂ ʥʘʩʪʦʷʱʝʤʫ ʤʦʤʝʥʪʫ ʩʦʟʜʘʥʦ ʜʦʩʪʘʪʦʯʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʧʣʘʚʦʚ ʥʘ ʦʩʥʦʚʝ ʧʘʣʣʘʜʠʷ, 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʤʝʤʙʨʘʥʥʳʭ ʬʠʣʴʪʨʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʦʩʦʙʦʯʠʩʪʦʛʦ 

ʚʦʜʦʨʦʜʘ. ʅʘ ʠʭ ʦʩʥʦʚʝ ʨʘʟʨʘʙʦʪʘʥ ʨʷʜ ʢʦʥʩʪʨʫʢʮʠʡ ʧʣʦʩʢʠʭ ʬʠʣʴʪʨʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ. 

ʅʘʤʠ ʨʘʟʨʘʙʦʪʘʥʳ ʵʬʬʝʢʪʠʚʥʳʝ ʩʧʣʘʚʳ ʥʘ ʦʩʥʦʚʝ ʧʘʣʣʘʜʠʷ ʜʣʷ ʨʘʙʦʪʳ ʚ ʨʘʟʥʳʭ ʛʘʟʦʚʳʭ ʩʨʝʜʘʭ, 

ʠʟ ʥʠʭ ʧʦʣʫʯʝʥʳ ʢʘʯʝʩʪʚʝʥʥʳʝ ʚʘʢʫʫʤʥʦʧʣʦʪʥʳʝ ʬʦʣʴʛʠ ʪʦʣʱʠʥʦʡ ʦʪ 50 ʜʦ 30 ʤʢʤ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ 

ʤʝʤʙʨʘʥ ʠ ʤʝʤʙʨʘʥʥʳʭ ʵʣʝʤʝʥʪʦʚ. ʉʧʨʦʝʢʪʠʨʦʚʘʥʳ, ʨʘʟʨʘʙʦʪʘʥʳ ʠ ʠʟʛʦʪʦʚʣʝʥʳ ʤʝʤʙʨʘʥʳ ʠ 

ʤʝʤʙʨʘʥʥʳʝ ʵʣʝʤʝʥʪʳ ʜʠʩʢʦʚʦʛʦ ʪʠʧʘ ʩ ʜʠʘʤʝʪʨʦʤ ʤʝʤʙʨʘʥ 50, 100, 150 ʤʤ ʠ ʨʝʰʝʥ ʨʷʜ ʚʦʧʨʦʩʦʚ, 

ʚʦʟʥʠʢʘʶʱʠʡ ʧʨʠ ʠʭ ʵʢʩʧʣʫʘʪʘʮʠʠ.   

ʆʩʥʦʚʥʦʡ ʟʘʜʘʯʝʡ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʤʝʤʙʨʘʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʚʦʜʦʨʦʜʦʩʦʜʝʨʞʘʱʠʭ ʛʘʟʦʚʳʭ ʩʤʝʩʷʭ 

ʨʘʟʣʠʯʥʦʛʦ ʩʦʩʪʘʚʘ ʷʚʣʷʝʪʩʷ ʩʦʭʨʘʥʝʥʠʝ ʠʭ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ. ɼʣʷ ʵʪʦʛʦ 

ʥʝʦʙʭʦʜʠʤʦ ʫʩʪʘʥʦʚʠʪʴ ʚʣʠʷʥʠʝ ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ ʥʘ ʠʭ ʥʘʜʝʞʥʦʩʪʴ ʠ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ. 

ʇʦʜ ʧʝʨʝʭʦʜʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ ʧʦʜʨʘʟʫʤʝʚʘʝʪʩʷ: 

- ʈʘʟʦʛʨʝʚ ʠ ʦʭʣʘʞʜʝʥʠʝ ʤʝʤʙʨʘʥʥʳʭ ʵʣʝʤʝʥʪʦʚ (ʠʭ ʧʫʩʢ ʠ ʦʩʪʘʥʦʚʘ); 

- ʇʝʨʝʭʦʜ ʩ ʦʜʥʦʛʦ ʫʨʦʚʥʷ ʪʝʤʧʝʨʘʪʫʨ ʥʘ ʜʨʫʛʦʡ; 
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- ʇʝʨʝʭʦʜ ʩ ʦʜʥʦʡ ʚʦʜʦʨʦʜʩʦʜʝʨʞʘʱʝʡ ʛʘʟʦʚʦʡ ʩʤʝʩʠ ʥʘ ʜʨʫʛʫʶ; 

- ɻʘʟʦ- ʠ ʛʠʜʨʦʜʠʥʘʤʠʢʘ (ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩʤʝʩʠ ʧʦ ʬʠʣʴʪʨʫʶʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʚʨʝʤʷ ʢʦʥʪʘʢʪʘ 

ʚʦʜʦʨʦʜʦʩʦʜʝʨʞʘʱʝʡ ʩʤʝʩʠ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʤʝʤʙʨʘʥʳ); 

- ʊʝʨʤʦʙʘʨʦʢʦʥʮʝʥʪʨʘʮʠʦʥʥʳʝ ʨʘʩʰʠʨʝʥʠʝ ʤʝʤʙʨʘʥ ʠ ʠʭ ʢʦʤʧʝʥʩʘʮʠʷ. 

ʅʘʤʠ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʯʘʩʪʴ ʚʦʧʨʦʩʦʚ ʜʦʩʪʘʪʦʯʥʦ ʦʙʦʩʥʦʚʘʥʥʦ ʨʝʰʝʥʘ, ʘ ʠʤʝʥʥʦ: ʨʘʟʦʛʨʝʚ ʠ 

ʦʭʣʘʞʜʝʥʠʝ ʤʝʤʙʨʘʥʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʛʘʟʦʨʘʩʧʨʝʜʝʣʝʥʠʝ, ʪʝʨʤʦʙʘʨʦʢʦʥʮʝʥʪʨʘʮʠʦʥʥʳʝ ʥʘʧʨʷʞʝʥʠʷ. 

ʅʝʜʦʩʪʘʪʦʯʥʦ ʨʘʩʩʤʦʪʨʝʥʳ ʚʦʧʨʦʩʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ: ʩʘʞʝʦʙʨʘʟʦʚʘʥʠʝ, 

ʭʠʤʠʯʝʩʢʦʝ ʦʪʨʘʚʣʝʥʠʝ ʤʝʤʙʨʘʥ, ʠʭ ʢʦʨʨʦʟʠʦʥʥʘʷ ʩʪʦʡʢʦʩʪʴ. 

ɼʨʫʛʦʡ ʟʘʜʘʯʝʡ, ʩʚʷʟʘʥʥʦʡ ʩ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴʶ, ʷʚʣʷʝʪʩʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʬʠʣʴʪʨʫʶʱʝʛʦ 

ʵʣʝʤʝʥʪʘ (ʌʕʃʘ): 

˜ ὖϽϽ ὖ̖̃ ὖ̜̃ Ͻ̖ὛϽ†     (1); 

ʛʜʝ P ï ʚʦʜʦʨʦʜʦʧʨʦʥʠʮʘʝʤʦʩʪʴ, ŭ ï ʪʦʣʱʠʥʘ, S ï ʨʘʙʦʯʘʷ ʧʣʦʱʘʜʴ, Ű ï ʚʨʝʤʷ ʨʘʙʦʪʳ, Pʚʭ ʠ Pʚʳʭ ï 

ʜʘʚʣʝʥʠʝ H2 ʩʦ ʩʪʦʨʦʥʳ ʧʦʜʘʚʘʝʤʦʡ ʛʘʟʦʚʦʡ ʩʤʝʩʠ ʠ ʩʦ ʩʪʦʨʦʥʳ ʯʠʩʪʦʛʦ ʚʦʜʦʨʦʜʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ɺ ʩʣʫʯʘʝ ʠʟʚʣʝʯʝʥʠʷ ʚʦʜʦʨʦʜʘ ʠʟ ʚʦʜʦʨʦʜʦʩʦʜʜʝʨʞʘʱʝʡ ʛʘʟʦʚʦʡ ʩʤʝʩʠ ʬʦʨʤʫʣʘ ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʡ 

ʚʠʜ: 

˜ В ˜        (2); 

˜ ὖϽϽ ὧϽὖ̖̃ ὖ̜̃ Ͻ̖ὛϽ†    (3); 

ʛʜʝ Pʚʭ ï ʜʘʚʣʝʥʠʝ ʛʘʟʦʚʦʡ ʩʤʝʩʠ, ʩi ï ʢʦʥʮʝʥʪʨʘʮʠʷ H2 ʚ ʪʦʯʢʝ i, Si ï ʧʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʪʦʯʢʝ 

i, ʇi ï ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʚ ʪʦʯʢʝ i. 

ʆʪʩʶʜʘ ʩʣʝʜʫʝʪ, ʯʪʦ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʬʠʣʴʪʨʫʶʱʝʛʦ ʵʣʝʤʝʥʪʘ ʧʦ ʤʝʨʝ ʜʚʠʞʝʥʠʷ 

ʚʦʜʦʨʦʜʦʩʦʜʝʨʞʘʱʝʡ ʛʘʟʦʚʦʡ ʩʤʝʩʠ ʦʪ ʚʭʦʜʘ ʜʦ ʩʙʨʦʩʘ ʥʝʧʦʩʪʦʷʥʥʘʷ ʚʝʣʠʯʠʥʘ ʪ.ʢ. ʤʝʥʷʝʪʩʷ 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʚʦʜʦʨʦʜʘ ʧʦ ʧʫʪʠ ʩʣʝʜʦʚʘʥʠʷ ʚʦʜʦʨʦʜʦʩʦʜʝʨʞʘʱʝʡ ʛʘʟʦʚʦʡ ʩʤʝʩʠ ʠʟ-ʟʘ ʦʪʙʦʨʘ ʯʠʩʪʦʛʦ 

ʚʦʜʦʨʦʜʘ. ɺʝʣʠʯʠʥʫ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʦʧʨʝʜʝʣʷʝʪ ʜʘʚʣʝʥʠʝ ʚʦʜʦʨʦʜʘ ʩ ñʯʠʩʪʦʡ ʩʪʦʨʦʥʳò, ʪʦ ʝʩʪʴ ʪʦ 

ʜʘʚʣʝʥʠʝ, ʧʨʠ ʢʦʪʦʨʦʤ ʚʳʩʦʢʦʯʠʩʪʳʡ ʚʦʜʦʨʦʜ ʧʦʩʪʫʧʘʝʪ ʢ ʧʦʪʨʝʙʠʪʝʣʶ. ɺ ʩʪʘʮʠʦʥʘʨʥʦʤ ʨʝʞʠʤʝ ʚʦʜʦʨʦʜ 

ʩʙʨʘʩʳʚʘʝʪʩʷ ʩ ʪʝʤ ʞʝ ʧʘʨʮʠʘʣʴʥʳʤ ʜʘʚʣʝʥʠʝʤ, ʢʦʪʦʨʳʡ ʧʦʣʫʯʘʝʪ ʧʦʪʨʝʙʠʪʝʣʴ ʪ.ʝ. ʯʝʤ ʚʳʰʝ ʜʘʚʣʝʥʠʝ ʩ 

ʯʠʩʪʦʡ ʩʪʦʨʦʥʳ, ʪʝʤ ʥʠʞʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ. 

ʊ.ʢ. ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʟʘʜʘʥʥʦʡ ʧʦʪʨʝʙʠʪʝʣʝʤ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʤʝʤʙʨʘʥʥʦʡ 

ʫʩʪʘʥʦʚʢʠ, (ʢʦʣʠʯʝʩʪʚʦ ʬʠʣʴʪʨʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ) ʪʨʫʜʦʝʤʢʦʝ ʠ ʜʣʠʪʝʣʴʥʦʝ, ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ 

ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʨʘʩʯʝʪʘ ʧʣʦʩʢʦʛʦ ʬʠʣʴʪʨʫʶʱʝʛʦ ʵʣʝʤʝʥʪʘ ʜʠʩʢʦʚʦʛʦ ʪʠʧʘ, ʧʦʟʚʦʣʷʶʱʘʷ 

ʨʘʩʩʯʠʪʘʪʴ ʢʦʣʠʯʝʩʪʚʦ ʬʠʣʴʪʨʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ ʟʘʜʘʥʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʧʨʠ ʟʘʜʘʥʥʦʡ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠ ʚʩʝʭ ʦʩʪʘʣʴʥʳʭ ʨʘʙʦʯʠʭ ʧʘʨʘʤʝʪʨʘʭ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʫʙʳʩʪʨʷʝʪ ʤʝʤʙʨʘʥʥʳʭ 

ʬʠʣʴʪʨʫʶʱʠʭ ʫʩʪʘʥʦʚʦʢ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʦʛʦ ʬʦʥʜʘ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʨʦʝʢʪ 

ˉ13-08-12408 ʆʌʀ_ʄ2 ʠ ʜʦʛʦʚʦʨʘ ʩ ɺɻʋ ˉ3010-15/325-16. 
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NIOBIU M  ALLOYS  DISPERSIO N HARDENED BY INTERMETALLIC AND  CIRBIDE PHASES 

Sheftel E.N. 

 
High temperature Nb - base alloy dispersion hardened by intermetallic compound  (Ti3Al)/(Ti 2AlNb) 

intended for work in  aircraft  engine at 600-8000C under stress in air atmosphere is presented. Unfortunately the 

alloy is characterized  by high sensitivity to stress concentraters during prolonged work at 600-7000C in air 

atmosphere under stress. The physical reasons of this unfavorable effect and the approach to decrease or 

elimination of the effect are discussed in the presentation. 

mailto:sheftel@imet.ac.ru


ʉɽʂʎʀʗ 3 ʌʋʅʂʎʀʆʅɸʃʔʅʓɽ ʄɽʊɸʃʃʀʏɽʉʂʀɽ ʄɸʊɽʈʀɸʃʓ, ɺʂʃʖʏɸʗ ɺʓʉʆʂʆʏʀʉʊʓɽ 

280 
 
 

 

ʉʦʟʜʘʥʠʝ ʥʦʚʳʭ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʞʘʨʦʧʨʦʯʥʳʭ ʠ ʞʘʨʦʩʪʦʡʢʠʭ ʩʧʣʘʚʦʚ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ, ʚ 

ʯʘʩʪʥʦʩʪʠ, ʚ ʘʚʠʘʮʠʦʥʥʳʭ ʜʚʠʛʘʪʝʣʷʭ ʚʦ ʚʩʝ ʚʨʝʤʝʥʘ ʦʩʪʘʸʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ ʜʣʷ ʤʝʪʘʣʣʦʚʝʜʦʚ. 

ʋʩʣʦʚʠʷ ʥʘʛʨʫʞʝʥʠʷ ʠ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʫʩʣʦʚʠʷ ʨʘʙʦʪʳ ʜʝʪʘʣʝʡ ʜʚʠʛʘʪʝʣʷ ʦʧʨʝʜʝʣʷʶʪ ʪʨʝʙʦʚʘʥʠʷ ʢ 

ʢʦʤʧʣʝʢʩʫ ʩʚʦʡʩʪʚ ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʭ ʩʧʣʘʚʦʚ. ɼʣʷ ʫʢʘʟʘʥʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʟʘʩʣʫʞʠʚʘʶʪ ʚʥʠʤʘʥʠʝ ʩʧʣʘʚʳ 

ʥʘ ʦʩʥʦʚʝ Nb ʩʠʩʪʝʤʳ Nb-Ti-Al.  ʕʪʦ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ ʧʣʘʚʣʝʥʠʷ Nb, ʙʦʣʴʰʠʤ 

ʦʙʲʝʤʦʤ ʥʘʢʦʧʣʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ  ʧʦ ʚʣʠʷʥʠʶ Ti, Al , V, Hf, Zr, Cr ʠ ʜʨʫʛʠʭ ʵʣʝʤʝʥʪʦʚ 

ʥʘ ʩʚʦʡʩʪʚʘ Nb, ʘ ʪʘʢʞʝ ʦʙʰʠʨʥʦʡ ʙʘʟʦʡ ʜʘʥʥʳʭ ʧʦ ʜʠʘʛʨʘʤʤʘʤ ʩʦʩʪʦʷʥʠʷ ʩʠʩʪʝʤ ʥʘ ʦʩʥʦʚʝ Nb. 

 ɺ 90-ʝ ʛʛ. ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ  ʞʘʨʦʧʨʦʯʥʳʝ ʠ, ʢʘʢ ʧʨʝʜʧʦʣʘʛʘʣʦʩʴ,  ʞʘʨʦʩʪʦʡʢʠʝ ʩʧʣʘʚʳ ʥʘ ʦʩʥʦʚʝ 

ʩʠʩʪʝʤʳ Nb-Ti-Al  ʩ ʠʥʪʝʨʤʝʪʘʣʣʠʜʥʳʤ ʫʧʨʦʯʥʝʥʠʝʤ ʬʘʟʦʡ Ŭ2 (Ti  3 Al)/ Ŭ2
* (Ti2AlNb). ɼʦʩʪʠʛʥʫʪʳʡ ʫʨʦʚʝʥʴ 

ʩʚʦʡʩʪʚ ʵʪʠʭ ʩʧʣʘʚʦʚ ʩʦʩʪʘʚʣʷʝʪ: ʧʣʦʪʥʦʩʪʴ-5.3-6.9ʛ/ʩʤ3 , ʧʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʧʨʠ 600-8000ʉ - 621-966ʄʇʘ, 

ʧʣʘʩʪʠʯʥʦʩʪʴ (ŭ) ʠ ʚʷʟʢʦʩʪʴ ʨʘʟʨʫʰʝʥʠʷ (KCU) ʧʨʠ 200ʉ - Ó10% ʠ 39ɼʞ/ʤ2  ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʜʝʬʦʨʤʘʮʠʷ 

ʜʦ ʨʘʟʨʫʰʝʥʠʷ 13-14% , ʣʫʯʰʝʝ (ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ Nb) ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʦʢʠʩʣʝʥʠʶ ʟʘ ʩʯʝʪ ʦʙʨʘʟʦʚʘʥʠʷ 

ʟʘʱʠʪʥʳʭ  ʦʢʠʩʥʳʭ ʧʣʸʥʦʢ  Ŭ-TiO2  ʠʣʠ Ŭ-Al 2O3.  ʇʨʝʜʧʦʣʘʛʘʣʦʩʴ, ʯʪʦ ʩʧʣʘʚʳ  ʩʤʦʛʫʪ  ʨʘʙʦʪʘʪʴ ʜʣʠʪʝʣʴʥʦʝ 

ʚʨʝʤʷ  ʥʘ ʚʦʟʜʫʭʝ ʧʦʜ ʥʘʧʨʷʞʝʥʠʝʤ ʧʨʠ 700-8000ʉ ʠʣʠ  ʩ ʧʦʢʨʳʪʠʝʤ ʧʨʠ 1000-12500ʉ, ʘ  ʚ ʩʣʫʯʘʝ 

ʨʘʟʨʫʰʝʥʠʷ ʧʦʢʨʳʪʠʷ ʩʧʣʘʚʳ ʙʫʜʫʪ ʩʧʦʩʦʙʥʳ  ʝʱʝ ʥʝʢʦʪʦʨʦʝ ʚʨʝʤʷ ʩʦʭʨʘʥʷʪʴ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ 

(ʩʠʪʫʘʮʠʷ ʥʝ ʦʢʘʞʝʪʩʷ ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʦʡ). ʇʨʝʜʧʦʣʘʛʘʣʦʩʴ ʪʘʢʞʝ, ʯʪʦ ʩʧʣʘʚʳ ʩʤʦʛʫʪ ʨʘʙʦʪʘʪʴ ʚ ʢʘʯʝʩʪʚʝ 

ʚʥʫʪʨʝʥʥʠʭ ʵʣʝʤʝʥʪʦʚ ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ [1-3]. ʆʜʥʘʢʦ, ʩʧʣʘʚʳ ʧʨʦʷʚʠʣʠ ʧʦʚʳʰʝʥʥʫʶ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʥʘʣʠʯʠʶ ʢʦʥʮʝʥʪʨʘʪʦʨʦʚ ʥʘʧʨʷʞʝʥʠʡ ʚ  ʫʩʣʦʚʠʷʭ ʨʘʙʦʪʳ ʥʘ ʚʦʟʜʫʭʝ ʧʦʜ 

ʥʘʧʨʷʞʝʥʠʝʤ ʧʨʠ 700-8000ʉ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʣʦ ʦ ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʠʭ ʞʘʨʦʩʪʦʡʢʦʩʪʠ. ɺ ʜʦʢʣʘʜʝ 

ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʦʩʚʷʱʝʥʥʳʭ ʠʟʫʯʝʥʠʶ ʧʨʠʨʦʜʳ ʧʦʚʨʝʞʜʘʶʱʝʛʦ ʜʝʡʩʪʚʠʷ 

ʚʦʟʜʫʰʥʦʡ ʩʨʝʜʳ ʧʨʠ ʨʘʙʦʪʝ ʩʧʣʘʚʦʚ ʧʦʜ ʥʘʧʨʷʞʝʥʠʝʤ ʧʨʠ 600-8000ʉ ʠ ʧʫʪʝʡ ʝʛʦ ʫʩʪʨʘʥʝʥʠʷ.  

ɼʣʷ  ʚʳʷʚʣʝʥʠʷ ʧʨʠʨʦʜʳ ʧʦʚʨʝʞʜʘʶʱʝʛʦ ʜʝʡʩʪʚʠʷ ʚʦʟʜʫʰʥʦʡ ʩʨʝʜʳ ʙʳʣʠ ʠʟʫʯʝʥʳ ʧʨʦʮʝʩʩ 

ʦʢʠʩʣʝʥʠʷ ʩʧʣʘʚʦʚ, ʧʨʦʮʝʩʩ ʠʭ ʨʘʟʨʫʰʝʥʠʷ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʵʪʠʭ ʜʚʫʭ ʧʨʦʮʝʩʩʦʚ. ɼʣʠʪʝʣʴʥʦʝ 

ʚʦʟʜʝʡʩʪʚʠʝ ʦʢʠʩʣʠʪʝʣʴʥʦʡ ʩʨʝʜʳ ʥʘ ʩʧʣʘʚ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʦʢʠʩʥʦʛʦ ʩʣʦʷ, 

ʩʦʩʪʦʷʱʝʛʦ ʠʟ ʜʚʫʭ ʦʩʥʦʚʥʳʭ ʬʘʟ: Ŭ-TiO2  ʠ K-ʬʘʟʳ- m Nb2O5 Ț n TiO2.. ʉ ʧʦʚʳʰʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʠ 

ʫʚʝʣʠʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʚʳʜʝʨʞʢʠ ʩʧʣʘʚʘ ʥʘ ʚʦʟʜʫʭʝ ʫʤʝʥʴʰʘʝʪʩʷ ʢʦʣʠʯʝʩʪʚʦ Ŭ- ʬʘʟʳ ʟʘ ʩʯʝʪ ʫʚʝʣʠʯʝʥʠʷ 

K-ʬʘʟʳ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʚʦʟʨʘʩʪʘʥʠʶ ʩʪʝʧʝʥʠ ʦʢʠʩʣʝʥʠʷ ʩʧʣʘʚʘ. ʇʨʠ ʵʪʦʤ ʦʙʨʘʟʫʝʪʩʷ ʧʦʜʦʢʘʣʠʥʥʳʡ ʩʣʦʡ, 

ʩʣʝʜʫʶʱʠʡ, ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ,  ʟʘ ʦʢʘʣʠʥʦʡ, ʦʙʝʜʥʸʥʥʳʡ  ʧʦ  ʩʦʜʝʨʞʘʥʠʶ  Al ʠ Ti,  ʦʙʦʛʘʱʸʥʥʳʡ  ʧʦ O ʠ  

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡʩʷ  ʯʨʝʟʚʳʯʘʡʥʦ ʚʳʩʦʢʦʡ ʤʠʢʨʦʪʚʝʨʜʦʩʪʴʶ (1500-1900 ʄʇʘ), ʥʠʟʢʦʡ ʦʪʨʳʚʥʦʡ 

ʧʨʦʯʥʦʩʪʴʶ.  

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʬʠʣʷ ʠ ʤʦʨʬʦʣʦʛʠʠ ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʝʱʠʥ, ʦʙʨʘʟʫʶʱʠʭʩʷ ʧʨʠ ʠʩʧʳʪʘʥʠʷʭ ʥʘ 

ʜʣʠʪʝʣʴʥʫʶ ʧʨʦʯʥʦʩʪʴ ʦʙʨʘʟʮʦʚ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʩʧʣʘʚʦʚ ʥʘ ʚʦʟʜʫʭʝ,  ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚ ʫʩʣʦʚʠʷʭ ʧʦʣʟʫʯʝʩʪʠ 

ʚ ʧʦʜʦʢʘʣʠʥʥʦʤ ʩʣʦʝ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʤʩʷ ʧʦʥʠʞʝʥʥʦʡ ʦʪʨʳʚʥʦʡ ʧʨʦʯʥʦʩʪʴʶ, ʟʘʨʦʞʜʘʶʪʩʷ ʪʨʝʱʠʥʳ,  

ʢʦʪʦʨʳʝ ʩʪʘʥʦʚʷʪʩʷ ʠ  ʢʘʥʘʣʘʤʠ ʣʦʢʘʣʴʥʦʛʦ ʧʦʜʚʦʜʘ ʢʠʩʣʦʨʦʜʘ,  ʠ ʢʦʥʮʝʥʪʨʘʪʦʨʘʤʠ ʥʘʧʨʷʞʝʥʠʡ, 

ʘʢʪʠʚʠʟʠʨʫʶʱʠʤʠ ʣʦʢʘʣʴʥʫʶ ʜʠʬʬʫʟʠʶ ʢʠʩʣʦʨʦʜʘ ʚ ʤʝʪʘʣʣ ʚ ʦʙʣʘʩʪʴ  ʫ ʚʝʨʰʠʥʳ ʪʨʝʱʠʥʳ. ɺ ʵʪʦʡ 

ʦʙʣʘʩʪʠ  ʬʦʨʤʠʨʫʝʪʩʷ ʭʠʤʠʯʝʩʢʠʡ ʠ ʬʘʟʦʚʳʡ ʩʦʩʪʘʚ, ʘʥʘʣʦʛʠʯʥʳʝ ʩʦʩʪʘʚʫ ʧʦʜʦʢʘʣʠʥʥʦʛʦ ʩʣʦʷ, ʠ ʦʥʘ 

ʩʪʘʥʦʚʠʪʩʷ ʟʦʥʦʡ ʦʙʣʝʛʯʝʥʥʦʛʦ ʨʘʟʨʫʰʝʥʠʷ. ʇʨʦʮʝʩʩ ʨʘʟʨʫʰʝʥʠʷ ʩʪʘʥʦʚʠʪʩʷ ʩʘʤʦʨʘʟʚʠʚʘʶʱʠʤʩʷ. 

ɿʥʘʯʠʪʝʣʴʥʦʛʦ ʦʩʣʘʙʣʝʥʠʷ ʧʦʚʨʝʞʜʘʶʱʝʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʦʢʠʩʣʠʪʝʣʴʥʦʡ ʩʨʝʜʳ  ʤʦʞʥʦ ʜʦʩʪʠʛʥʫʪʴ 

ʟʘ ʩʯʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʣʝʛʠʨʦʚʘʥʠʷ ʩʧʣʘʚʦʚ  ʫʛʣʝʨʦʜʦʤ, ʧʨʠʚʦʜʷʱʝʛʦ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʚ ʩʧʣʘʚʝ  ʢʘʨʙʠʜʘ 

TiC. ɺ ʫʩʣʦʚʠʷʭ ʜʣʠʪʝʣʴʥʳʭ ʠʩʧʳʪʘʥʠʡ ʥʘ ʚʦʟʜʫʭʝ  ʧʦʜ ʥʘʧʨʷʞʝʥʠʝʤ ʚ ʩʧʣʘʚʘʭ, ʜʦʧʦʣʥʠʪʝʣʴʥʦ 

ʣʝʛʠʨʦʚʘʥʥʳʭ ʫʛʣʝʨʦʜʦʤ,  ʚ ʦʙʣʘʩʪʠ ʫ ʚʝʨʰʠʥʳ ʦʙʨʘʟʦʚʘʚʰʝʡʩʷ ʪʨʝʱʠʥʳ ʟʘ ʩʯʝʪ ʜʝʬʦʨʤʘʮʠʦʥʥʦʛʦ 

ʩʪʘʨʝʥʠʷ ʚʳʜʝʣʷʶʪʩʷ ʚʳʩʦʢʦ ʜʠʩʧʝʨʩʥʳʝ ʢʘʨʙʠʜʳ TiC,  ʧʦʜʘʚʣʷʶʱʠʝ  ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʣʦʢʘʣʴʥʫʶ  

ʧʣʘʩʪʠʯʝʩʢʫʶ ʜʝʬʦʨʤʘʮʠʶ, ʧʨʝʜʰʝʩʪʚʫʶʱʫʶ ñ ʫʛʣʫʙʣʝʥʠʶò ʪʨʝʱʠʥʳ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʧʨʦʯʥʝʥʠʶ 

ʤʘʪʝʨʠʘʣʘ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʢ ʦʩʣʘʙʣʝʥʠʶ ʧʦʚʨʝʞʜʘʶʱʝʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʦʢʠʩʣʠʪʝʣʴʥʦʡ ʩʨʝʜʳ. 
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OBTAINMENT OF PALLAD IUM ALLOY FOIL  

Burkhanov G.S., Karelin F.R., Karelin R.D., Roshan N.R., Yusupov V.S. 

 
Annotation.  

In this study, the temperature and deformation conditions of obtainment the foil with predetermined 

thickness from Pd-In-Ru, Pd-Ru and Pd-Cu alloys were developed. Primary hot deformation of billets was 

implemented on vacuum rolling mill to thinness of 2,0 mm. Subsequent cold rolling was implemented on for-roll 

rolling mill with intermediate annealing at temperatures of 850-1050ÁC in vacuum each time when total degree 

of deformation reached 65-70%. In the result 50 ɛm thickness foil was obtained. This foil is a blank for subsequent 

rolling on twenty-roll rolling mill were it is planned to achieve a foil with thickness of 10 ɛm. 

 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʢʘʯʝʩʪʚʝʥʥʳʭ ʩʧʣʘʚʦʚ ʧʘʣʣʘʜʠʷ ʠʟ-ʟʘ ʝʛʦ ʩʢʣʦʥʥʦʩʪʠ ʢ ʚʥʫʪʨʝʥʥʝʤʫ ʦʢʠʩʣʝʥʠʶ ʠ 

ʦʙʨʘʟʦʚʘʥʠʶ ʩʣʦʞʥʳʭ ʧʨʠʤʝʩʥʳʭ ʚʢʣʶʯʝʥʠʡ ʚ ʩʪʨʫʢʪʫʨʝ, ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ ʢʘʢ ʯʠʩʪʦʪʘ ʠʩʭʦʜʥʳʭ 

ʢʦʤʧʦʥʝʥʪʦʚ, ʪʘʢ ʠ ʧʨʦʮʝʩʩ ʠʟʛʦʪʦʚʣʝʥʠʷ ʤʝʪʘʣʣʦʧʨʦʜʫʢʮʠʠ, ʩʦʧʨʦʚʦʞʜʘʶʱʠʡʩʷ ʥʝʦʜʥʦʢʨʘʪʥʳʤʠ 

ʪʝʨʤʠʯʝʩʢʠʤʠ ʦʙʨʘʙʦʪʢʘʤʠ. 

ʉʣʠʪʢʠ ʠʟ ʩʧʣʘʚʦʚ Pd-In-Ru, Pd-Ru ʠ Pd-Cu ʙʳʣʠ ʚʳʧʣʘʚʣʝʥʳ ʤʝʪʦʜʦʤ ʜʫʛʦʚʦʡ ʧʣʘʚʢʠ ʥʘ ʤʝʜʥʦʤ 

ʚʦʜʦʭʣʘʞʜʘʝʤʦʤ ʧʦʜʜʦʥʝ ʩ ʥʝʨʘʩʭʦʜʫʝʤʳʤ ʵʣʝʢʪʨʦʜʦʤ ʚ ʘʪʤʦʩʬʝʨʝ ʛʝʣʠʷ, ʦʯʠʱʝʥʥʦʛʦ ʚʳʤʦʨʘʞʠʚʘʥʠʝʤ 

ʧʘʨʦʚ ʚʦʜʳ ʞʠʜʢʠʤ ʘʟʦʪʦʤ. 

ʇʝʨʚʠʯʥʫʶ ʛʦʨʷʯʫʶ ʜʝʬʦʨʤʘʮʠʶ ʩʣʠʪʢʦʚ ʧʨʦʚʦʜʠʣʠ ʥʘ ʚʘʢʫʫʤʥʦʤ ʧʨʦʢʘʪʥʦʤ ʩʪʘʥʝ ɼʫʦ-170 

ʢʦʥʩʪʨʫʢʮʠʠ çʚʘʣʢʠ-ʢʘʤʝʨʘè ʜʦ ʪʦʣʱʠʥʳ 2,0 ʤʤ ʩ ʯʘʩʪʥʳʤʠ ʦʙʞʘʪʠʷʤʠ 15-20% ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1050Áʉ. 

ʇʝʨʝʜ ʜʝʬʦʨʤʘʮʠʝʡ ʩʣʠʪʢʠ ʧʦʜʚʝʨʛʘʣʠ ʛʦʤʦʛʝʥʠʟʠʨʫʶʱʝʤʫ ʦʪʞʠʛʫ ʚ ʚʘʢʫʫʤʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1000Áʉ ʚ 

ʪʝʯʝʥʠʝ 5 ʯʘʩʦʚ.  

ʇʦʩʣʝʜʫʶʱʫʶ ʧʨʦʢʘʪʢʫ ʚʝʣʠ ʥʘ ʯʝʪʳʨʝʭʚʘʣʢʦʚʦʤ ʩʪʘʥʝ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʩ ʯʘʩʪʥʳʤʠ 

ʦʙʞʘʪʠʷʤʠ 10-15%. ʇʨʦʤʝʞʫʪʦʯʥʳʝ ʦʪʞʠʛʠ ʚ ʚʘʢʫʫʤʝ ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 850-1050Áʉ ʢʘʞʜʳʡ 

ʨʘʟ,  ʧʨʠ ʜʦʩʪʠʞʝʥʠʷ ʩʫʤʤʘʨʥʦʡ ʩʪʝʧʝʥʠ ʜʝʬʦʨʤʘʮʠʠ 65-70%. ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʧʦʣʦʩʘ 

ʨʘʟʤʝʨʘʤʠ 0,05Ĭ100Ĭ300 ʤʤ, ʢʦʪʦʨʘʷ ʷʚʠʣʘʩʴ ʧʦʜʢʘʪʦʤ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʧʦʣʫʯʝʥʠʷ ʫʣʴʪʨʘʪʦʥʢʦʡ ʬʦʣʴʛʠ 

ʪʦʣʱʠʥʦʡ ʜʦ 10ʤʢʤ ʧʨʦʢʘʪʢʦʡ ʥʘ ʜʚʘʜʮʘʪʠʚʘʣʢʦʚʦʤ ʩʪʘʥʝ. 

ʃʠʪʝʨʘʪʫʨʘ 

ʇʘʪ. 2381055 ʈʦʩʩʠʡʩʢʘʷ ʌʝʜʝʨʘʮʠʷ, ʄʇʂ  B 01 D 67/00, C 23 C 14/14, B 81 B 3/00. ʉʧʦʩʦʙ 

ʠʟʛʦʪʦʚʣʝʥʠʷ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʝʤʙʨʘʥ ʥʘ ʦʩʥʦʚʝ ʪʦʥʢʠʭ ʧʣʝʥʦʢ ʤʝʪʘʣʣʦʚ / ʀʝʚʣʝʚ ɺ.ʄ., ɹʝʣʦʥʦʛʦʚ ɽ.ʂ., 

ʄʘʢʩʠʤʝʥʢʦ ɸ.ɸ. ʠ ʜʨ.; ʟʘʷʚʠʪʝʣʴ ʠ ʧʘʪʝʥʪʦʦʙʣʘʜʘʪʝʣʴ ɺʦʨʦʥʝʞ. ɺʦʨʦʥʝʞʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʳʡ 

ʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ. - N 2008107627/02; ʟʘʷʚʣ. 27.02.08; ʦʧʫʙʣ. 10.09.09, ɹʶʣ. N 4. 

ʇʘʪ. 2535843 ʈʦʩʩʠʡʩʢʘʷ ʌʝʜʝʨʘʮʠʷ, ʄʇʂ  C 23 C 14/35, C 22 C 5/04, ʉ 22 F 1/14,  B 01 D 71/02. 

ʉʧʦʩʦʙ ʬʦʨʤʠʨʦʚʘʥʠʷ ʪʥʢʦʡ ʬʦʣʴʛʠ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ Pd-Cu ʩ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʦʡ ʪʠʧʘ CsCi / 

ʀʝʚʣʝʚ ɺ.ʄ., ɹʝʣʦʥʦʛʦʚ ɽ.ʂ., ʄʘʢʩʠʤʝʥʢʦ ɸ.ɸ. ʠ ʜʨ.; ʟʘʷʚʠʪʝʣʴ ʠ ʧʘʪʝʥʪʦʦʙʣʘʜʘʪʝʣʴ ɺʦʨʦʥʝʞ. ʌɻɹʆʋ 

ɺʇʆ ɺɻʋ. - N 2013147564/05; ʟʘʷʚʣ. 24.10.13; ʦʧʫʙʣ. 20.12.14, ɹʶʣ. N 35. 

ʇʘʪ. 2013102825 ʈʦʩʩʠʡʩʢʘʷ ʌʝʜʝʨʘʮʠʷ, ʄʇʂ  B 01 D 53/22, ʉʧʦʩʦʙ ʩʦʟʜʘʥʠʷ ʢʦʤʧʦʟʠʮʠʦʥʥʦʡ 

ʤʝʤʙʨʘʥʳ ʜʣʷ ʦʯʠʩʪʢʠ ʚʦʜʦʨʦʜʘ/ ʀʝʚʣʝʚ ɺ.ʄ., ɹʝʣʦʥʦʛʦʚ ɽ.ʂ., ʄʘʢʩʠʤʝʥʢʦ ɸ.ɸ. ʠ ʜʨ.; ʟʘʷʚʠʪʝʣʴ ʠ 

ʧʘʪʝʥʪʦʦʙʣʘʜʘʪʝʣʴ ɺʦʨʦʥʝʞ. ɺʦʨʦʥʝʞʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ. - N 2013102825/05; 

ʟʘʷʚʣ. 22.01.13; ʦʧʫʙʣ. 27.07.14, ɹʶʣ. N 21. 
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X-RAY PHOTOELECTRON AN D MICRO -RAMAN SPECTROSCOPY STUDY OF 

ND3+:Y3AL5O12/Y3AL5O12 COMBINED TRANSPARENT CERAMICS  

Kosyanov D.Yu.1, Yavetskiy R.P.2, Dobrotvorskaya M.V. 2, Vorona I.O.2, Tolmachev A.V.2, Pustovalov 

E.V.1, Cherednichenko A.I. 1, Vovna V.I. 1 
1Russia, Vladivostok, Far Eastern Federal University, 2Ukraine, Kharkov, Institute for Single Crystals of NAS of 

Ukraine 

E-mail:kosjanovdenis@rambler.ru; kosianov.diu@dvfu.ru 

  

The modern trend in development the diode-pumped solid-state lasers is the use of gain media based on 

ceramics with the combined architecture, particularly Nd3+:Y3Al 5O12 / Y3Al 5O12 (Nd3+:YAG / YAG) transparent 

ceramics. This work is aimed to characterization of microstructure and chemical state of elements in 

Nd3+:YAG / YAG transparent ceramics by scanning electron microscopy, photoelectron and micro-Raman 

spectroscopy. 

4 at.% Nd3+:YAG / YAG combined transparent ceramics (as the model object) were obtained by the 

reactive sintering method using commercial Ŭ-Al 2O3, Y2O3, and Nd2O3 powders as starting materials, and SiO2, 

ZrO2 as a complex sintering aid [1]. The ceramic samples are characterized by a homogenous microstructure, with 

no impurity phases revealed at the grain boundaries. According to EDX results of Nd3+-doped layer the 

composition corresponds to 4 at.% Nd3+:YAG within the method error, indicating effective incorporation of Nd3+ 

ions into YAG host. The diffusion distance of Nd3+ ions was nearly 230 ɛm. 

The presence of the following elements in the Nd3+:YAG / YAG structure was defined by XPS analysis of 

polished surface of the sample: Al, (Y, Nd), O, Zr. The lines position in the Al2s (Eb=119 eV), Al2p (Eb=74.1 eV), 

Y3p3/2 (Eb=301.3 eV), Y3p1/2 (Eb=312.9 eV), Y3d (Eb=158.2 eV), Y4s (Eb=45.9 eV), Y4p (Eb=26.1 eV) and O1s 

(Eb=530 eV) spectra of 4 at.% Nd3+:YAG / YAG ceramic surface layers corresponding well with the literature 

data for Cr3+/Yb3+:YAG films [2], 2.8 at.% V3+:YAG single crystals and ceramics [3]. The values of XPS binding 

energies and intensity of the peaks at the study of the polished surface of the sample and of its cleavage are 

identical. Zr3d XPS spectrum shows a sharp doublet according to spin-orbit splitting into Zr3d3/2 and Zr3d5/2 peaks 

with binding energies of 184 and 182 eV, respectively, which indicates the ZrO2 bonding [4]. XPS spectra of 

Nd3d3/2 and Nd3d5/2 peaks, centered at 1005 eV and 982 eV, corresponding to Nd3+ state in Nd2O3 [5]. Therefore, 

XPS results confirmed that Nd atoms have been effectively incorporated into the Nd3+:YAG garnet matrix and 

participate in the chemical bonding. The calculated content of neodymium in the sample is equal to 3.9 at.% (the 

calculation error does not exceed Ñ10 %). This confirms indirectly the structural and chemical homogeneity of 

the synthesized 4 at.% Nd3+:YAG / YAG combined transparent ceramics over the whole volume of the sample.  

Lattice deformation of 4 at.% Nd3+:YAG ceramic layer with a slight change of crystallites symmetry was 

revealed (according to the intensity of vibrational motion at 547 cm-1 ɜ2 mode of the (AlO4) group). Analysis of 

micro-Raman spectra of 4 at.% Nd3+:YAG / YAG layers showed no significant spectral shifts, indicating their 

exceptional compositional homogeneity in grains and grain boundaries [6]. 
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OBTAINING HIGH -PURITY HYDROXIDE AND  ALUMINUM OXIDE BY OX IDATION OF 

COARSE ALUMINUM IN L OW CONCENTRATION ALK ALINE SOLUTIONS, FOL LOWED BY 

THERMAL AND ACID TRE ATMENT  

Ambaryan G.N., Vlaskin M.S., Zhuk A.Z., Shkolnikov E.I.  

 
The paper investigates the production of pure hydroxide and aluminum oxide from a coarse of aluminium 

by oxidation in low-concentrated alkaline solution. The resulting product is treated with acid and then fired in a 

furnace. Research results have been obtained alumina samples with impurity content Ò 50 ppm. 

 

ʉʪʨʝʤʠʪʝʣʴʥʦʝ ʨʘʟʚʠʪʠʝ ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʳʭ ʦʪʨʘʩʣʝʡ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʨʠʚʦʜʠʪ ʢ ʧʦʚʳʰʝʥʠʶ 

ʩʧʨʦʩʘ ʥʘ ʛʠʜʨʦʢʩʠʜ ʠ ʦʢʩʠʜ ʘʣʶʤʠʥʠʷ, ʢʦʪʦʨʳʝ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʣʘʟʝʨʦʚ, 

ʦʧʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʩʦʚʨʝʤʝʥʥʳʭ ʠʥʪʝʛʨʘʣʴʥʳʭ ʩʭʝʤ, ʩʚʝʪʦʜʠʦʜʦʚ, ʟʘʱʠʪʥʳʭ ʩʪʝʢʦʣ, ʦʛʥʝʫʧʦʨʥʳʭ 

ʠʟʜʝʣʠʡ, ʢʘʪʘʣʠʟʘʪʦʨʦʚ, ʩʦʨʙʝʥʪʦʚ ʠ ʪ.ʜ. ɻʠʜʨʦʢʩʠʜ ʘʣʶʤʠʥʠʷ ʦʙʣʘʜʘʝʪ ʩʧʦʩʦʙʥʦʩʪʴʶ ʘʜʩʦʨʙʠʨʦʚʘʪʴ 

ʤʥʦʛʠʝ ʚʝʱʝʩʪʚʘ, ʵʪʦ ʦʪʢʨʳʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦ ʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʚ ʧʨʦʮʝʩʩʘʭ ʦʯʠʩʪʢʠ ʨʘʟʣʠʯʥʳʭ ʩʨʝʜ, 

ʚʢʣʶʯʘʷ ʧʠʪʴʝʚʫʶ ʚʦʜʫ. 

ɻʣʘʚʥʦʡ ʧʨʦʙʣʝʤʦʡ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʦʢʩʠʜʘ ʘʣʶʤʠʥʠʷ ʚʳʩʦʢʦʡ ʯʠʩʪʦʪʳ ʷʚʣʷʝʪʩʷ ʚʳʩʦʢʘʷ 

ʩʪʦʠʤʦʩʪʴ ʩʳʨʴʷ ʜʣʷ ʝʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʘ ʪʘʢʞʝ ʩʣʦʞʥʦʩʪʴ ʩʫʱʝʩʪʚʫʶʱʠʭ ʪʝʭʥʦʣʦʛʠʡ, ʚʢʣʶʯʘʶʱʠʭ 

ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʩʪʘʜʠʠ ʝʛʦ ʭʠʤʠʯʝʩʢʦʡ ʦʯʠʩʪʢʠ. ɺ ʧʨʦʤʳʰʣʝʥʥʳʭ ʤʘʩʰʪʘʙʘʭ ʚʳʩʦʢʦʯʠʩʪʳʡ ʦʢʩʠʜ 

ʘʣʶʤʠʥʠʷ ʧʦʣʫʯʘʶʪ ʠʟ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʛʦ ʛʣʠʥʦʟʝʤʘ, ʠʤʝʶʱʝʛʦ ʯʠʩʪʦʪʫ 99.7% (ʤʘʨʢʘ ɻ-100). 

ʊʝʭʥʦʣʦʛʠʷ ʭʠʤʠʯʝʩʢʦʡ ʦʯʠʩʪʢʠ ʛʣʠʥʦʟʝʤʘ ʦʪ ʧʨʠʤʝʩʝʡ ʨʘʟʚʠʪʘ ʟʘ ʨʫʙʝʞʦʤ, ʥʦ, ʚʚʠʜʫ ʩʣʦʞʥʦʛʦ 

ʘʧʧʘʨʘʪʥʦʛʦ ʦʬʦʨʤʣʝʥʠʷ, ʩʪʦʠʤʦʩʪʴ ʧʦʣʫʯʘʝʤʦʛʦ ʧʨʦʜʫʢʪʘ ʨʝʟʢʦ ʚʦʟʨʘʩʪʘʝʪ [1]. ʀʩʩʣʝʜʦʚʘʥʠʷ, 

ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʫʣʫʯʰʝʥʠʝ ʜʘʥʥʦʡ ʧʨʦʮʝʜʫʨʳ, ʧʦ-ʧʨʝʞʥʝʤʫ ʧʨʦʚʦʜʷʪʩʷ [2,3]. 

ʎʝʣʴ ʨʘʙʦʪʳ - ʨʘʟʨʘʙʦʪʢʘ ʪʝʭʥʦʣʦʛʠʠ ʠ ʦʧʪʠʤʠʟʘʮʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʧʦʣʫʯʝʥʠʷ 

ʛʠʜʨʦʢʩʠʜʘ ʠ ʦʢʩʠʜʘ ʘʣʶʤʠʥʠʷ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʧʨʠʤʝʥʝʥʠʝʤ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ ʧʨʦʠʟʚʦʜʩʪʚʘ.  

ɺ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʦʢʠʩʣʝʥʠʶ ʘʣʶʤʠʥʠʷ 

ʨʘʟʣʠʯʥʳʭ ʤʘʨʦʢ ʚ ʚʠʜʝ ʛʨʘʥʫʣ ʠ ʩʪʨʫʞʢʠ ʚ ʥʠʟʢʦʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʡ ʱʝʣʦʯʥʦʡ ʩʨʝʜʝ. ʀʩʩʣʝʜʦʚʘʣʠʩʴ 

ʚʣʠʷʥʠʝ ʢʠʩʣʦʪʥʳʭ ʧʨʦʤʳʚʦʢ ʠ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ ʥʘ ʫʜʘʣʝʥʠʝ ʧʨʠʤʝʩʝʡ: ʞʝʣʝʟʦ, ʤʘʛʥʠʡ, ʢʘʣʠʡ, ʥʠʢʝʣʴ, 

ʪʠʪʘʥ, ʤʘʨʛʘʥʝʮ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʠ ʧʦʜʦʙʨʘʥʳ ʦʧʪʠʤʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ʧʨʦʚʝʜʝʥʠʷ ʨʝʘʢʮʠʠ ʠ 

ʥʘʣʘʞʝʥ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʩ ʮʝʣʴʶ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʚʳʭʦʜʘ ʛʠʜʨʦʢʩʠʜʘ ʘʣʶʤʠʥʠʷ ʠ ʧʦʣʫʯʝʥʠʷ 

ʚʦʜʦʨʦʜʘ. ʉ ʧʦʤʦʱʴʶ ʢʠʩʣʦʪʥʦʡ ʠ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʫʜʘʣʦʩʴ ʟʥʘʯʠʪʝʣʴʥʦ ʠʟʙʘʚʠʪʴʩʷ ʦʪ ʧʨʠʤʝʩʝʡ 

ʤʝʪʘʣʣʦʚ. ʉʫʤʤʘʨʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʧʨʠʤʝʩʝʡ ʚ ʦʙʨʘʟʮʘʭ ʦʢʩʠʜʘ ʘʣʶʤʠʥʠʷ ʩʦʩʪʘʚʣʷʶʪ Ò 50 ppm. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʦʢʠʩʣʝʥʠʶ ʘʣʶʤʠʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʘʚʪʦʢʣʘʚʝ ʩ 

ʚʝʨʭʥʝʧʨʠʚʦʜʥʦʡ ʤʘʛʥʠʪʥʦʡ ʤʝʰʘʣʢʦʡ, ʩʪʨʫʢʪʫʨʥʘʷ ʧʥʝʚʤʦʛʠʜʨʘʚʣʠʯʝʩʢʘʷ ʩʭʝʤʘ ʥʘ ʙʣʦʢ 

ʤʝʭʘʥʦʭʠʤʠʯʝʩʢʠ ʘʢʪʠʚʠʨʦʚʘʥʥʦʛʦ ʦʢʠʩʣʝʥʠʷ ʘʣʶʤʠʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1. 

ɹʣʦʢ ʩʭʝʤʘ ʧʨʦʮʝʩʩʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ 2. 
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ʈʠʩ. 1 

ɹʣʦʢ ʤʝʭʘʥʦʭʠʤʠʯʝʩʢʦʛʦ ʦʢʠʩʣʝʥʠʷ ʩʦʩʪʦʠʪ ʠʭ 3 ʯʘʩʪʝʡ: 1 - ʧʦʜʛʦʪʦʚʢʠ ʨʘʩʪʚʦʨʦʚ, 2 ïʭʠʤʠʯʝʩʢʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, 3 ï ʫʪʠʣʠʟʘʮʠʷ ʚʦʜʦʨʦʜʘ ʠ ʧʨʦʠʟʚʦʜʩʪʚʦ ʧʦʣʝʟʥʦʡ ʵʥʝʨʛʠʠ. 

 
ʈʠʩ. 2 

ɹʣʦʢ ʩʭʝʤʘ ʧʨʦʮʝʩʩʘ ʧʦʣʫʯʝʥʠʷ ʦʢʩʠʜʦʚ ʠ ʛʠʜʨʦʢʩʠʜʦʚ ʘʣʶʤʠʥʠʷ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʄʠʥʦʙʨʥʘʫʢʠ ʧʦ ʩʦʛʣʘʰʝʥʠʶ ˉ 14.579.21.0077 ʦʪ 

ç28è ʥʦʷʙʨʷ 2014 ʛ. (ʫʥʠʢʘʣʴʥʳʡ ʠʜʝʥʪʠʬʠʢʘʪʦʨ ʧʨʦʝʢʪʘ RFMEFI57914X0077). 
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ADVANCED SUPERIONIC CONDUCTORS: STRUCTURAL DESCRIPTORS, PROPERTIES, 

APPLICATIONS  

Andreeva A.V., Despotuli ɸ.L. 

Russia, Chernogolovka, ISMAN 

E-mail: andreeva@ipmt-hpm.ac.ru 

 

Solid electrolytes  (SE) have important applications  in supercapacitors, batteries, fuel cells etc. 

Functionality of these devices is defined by properties of materials and contacts between them. For many 

applications of SEs there are necessary high ionic conductivity si (it is desirable at room temperature), low 

activation energy (Ea) and electrochemical stability of SEs against anode and cathode. Among all solid ionic 

conductors, we distinguished a new class of advanced  superionic conductors (AdSICs) whose crystal structure is 

close to the optimum for fast ion-transport (FIT) and determines a record-high level of ion-transport characteristics 

(ionic conductivity siå0.3 ȵ-1 ʩm-1 at 300 ʂ, activation energy  Eaå4 kBT300 º 0.1 eV).  The mechanism of 
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conductivity in AdSICs is an interstitial type over barriers in long range net of interrelated crystallographic sites, 

which form the continuous 3D-net of crystallographic FIT- channels and a relatively flat energy landscape along 

channels. In this work a search of optimal SEs for different applications can be done systematically and some 

special descriptors of AdSICs, based on symmetry group of rigid sublattice and  topology and local symmetry of 

interconnected  interstitial-sites of  mobile ions have been proposed.  

Disordering of the crystal structure affects the values of si and Ea of AdSICs and other SEs  in two opposite 

ways [1].   For SE ïnanocomposites integral values of si can be much larger than in the component bulks, the 

effect resulting from a great density of grain boundaries (GB) with usually higher ionic conductivity along GB. 

However, the integral ion-transport characteristics of these materials are much worse (Ea is by 4-8 times large) 

than in AdSIC (a- RbAg4I5 - ůi~0.35/Ohm cm at 300K; Rb4Cu16I7Cl13 - ůi~0.5/Ohm cm at 300K etc.) where 

structure defects, e.g. GBs, usually violate FIT conditions. It is shown that the contact between SEs with relatively 

low ionic conductivity can promote space charge accumulation and provide fast ionic conduction pathways along 

interfaces due to changing from the vacancy diffusion to interstitial mechanism for mobile ions. We conclude that 

the rational design of highly conductive SEs is based on organization of 3-D net of FIT channels into structure. 

There are different length-scales of structure organization (Fig 1), such as  atomic (unit cell) in AdSICs, mesocopic 

(selforganized domains with specific distribution of FIT-channels)in superionic conductors (SICs), microstructure 

features (grain boundaries and their distribution etc.)in SEs .  

 
Fig.1  3-D nets of  of ion pathways  on different scales ( atomic structure, mesoscopic structure, microstructure) 

In 2005 a new direction of solid state ionics, namely, ñNanoionics of advanced superionic conductorsò was 

introduced to develop nanoionics further [2]. The central challenge in nanoionics of AdSICs is the influence of 

atomic structure on the ion-transport and polarization processes in the space charge region of a AdSIC/electronic 

conductor heterojunction (HJ), which is the key functional element of nanoionic devices.  In present work the 

interrelated topological, crystal-chemical and ion-transport properties of coherent homo-(GB)  and heterophase 

(HJ) boundaries in AdSIC-nanosystems are considered.  Some GB models with FIT- channels are presented. To 

explain available experimental data the FIT-theory on nanoscale was used, which was developed within the 

framework of the structure-dynamic approach of nanoionics [3]. In the frame of new nanoionic fundamentals, 

ways of creating functional HJs in supercapacitors with carbon based composite electrodes and high quantum 

capacitance are discussed. The atomic structure models of interfaces between AdSIC and composite electrode, 

including electronic conductor and carbon nanostructures such as graphene and/or ropes of single wall carbon 

nanotubes are presented. We think these ýndings provide important insight into ion-transport in AdSICs and serve 

as design principles of new nanoionics devices.  
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SYNTHESIS OF YTTRIUM  ORTHOVANADATE ACTIVA TED BY MICROWAVE AND  

ULTRASONIC RADIATION  

Boykov N.I., Tomina E.V., Mittova I.Y., Puzenko V.S. 

 

Abstract. Synthesis of yttrium orthovanadate nanopowders was activated by microwave and ultrasonic 

radiation. The synthesized sample is a single-phase of YVO4 and the average size is 24 nm (XRD data). According 

to transmission electron microscopy data synthesized sample is fractionally agglomerated. Size of the nanopowder 

particles is in the range of 20-60 nm. 

 

ʅʘʥʦʯʘʩʪʠʮʳ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʝʨʩʧʝʢʪʠʚʥʳ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʤʝʜʠʮʠʥʝ, ʚ 

ʢʘʯʝʩʪʚʝ ʩʚʝʪʦʜʠʦʜʦʚ ʋʌ-ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʠʟʣʫʯʝʥʠʷ, ʩʢʨʳʪʳʭ ʤʝʪʦʢ ʜʣʷ ʟʘʱʠʪʳ ʜʦʢʫʤʝʥʪʦʚ, ʚ 

ʢʦʥʮʝʥʪʨʘʪʦʨʘʭ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʠ ʠ ʪ.ʧ. ʇʦʵʪʦʤʫ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ ʩʦʚʨʝʤʝʥʥʦʡ ʭʠʤʠʠ ʷʚʣʷʝʪʩʷ 

ʧʨʦʩʪʦʡ ʠ ʤʘʩʰʪʘʙʠʨʫʝʤʳʡ ʩʠʥʪʝʟ ʥʘʥʦʯʘʩʪʠʮ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʂ ʯʠʩʣʫ ʧʝʨʩʧʝʢʪʠʚʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ, ʦʙʣʘʜʘʶʱʠʭ ʣʶʤʠʥʝʩʮʝʥʪʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʦʪʥʦʩʠʪʩʷ ʦʨʪʦʚʘʥʘʜʘʪ ʠʪʪʨʠʷ, ʜʦʧʠʨʦʚʘʥʥʳʡ 

ʵʣʝʤʝʥʪʘʤʠ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʤʝʪʘʣʣʦʚ [1, 2]. ʈʘʥʝʝ ʥʘʥʦʯʘʩʪʠʮʳ ʦʨʪʦʚʘʥʘʜʘʪʘ ʠʪʪʨʠʷ ʩʠʥʪʝʟʠʨʦʚʘʣʠ 

ʤʝʪʦʜʦʤ ʇʝʯʠʥʠ, ʚ ʩʦʣʝʚʦʤ ʨʘʩʧʣʘʚʝ, ʪʚʝʨʜʦʬʘʟʥʳʤ ʩʠʥʪʝʟʦʤ [3]. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʘʢʪʠʚʥʦ ʚʝʜʫʪʩʷ 

ʨʘʙʦʪʳ ʚ ʦʙʣʘʩʪʠ ʠʥʠʮʠʠʨʦʚʘʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ, ʫʩʢʦʨʝʥʠʷ ʧʨʦʮʝʩʩʦʚ ʩʫʰʢʠ, ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ 

ʪʝʨʤʦʭʠʤʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ ʠ ʬʦʨʤʦʚʘʥʠʷ ʥʦʚʳʭ ʬʘʟ. ʆʩʦʙʳʝ ʵʬʬʝʢʪʳ ʚʦʟʜʝʡʩʪʚʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ 

ʠʟʣʫʯʝʥʠʷ ʉɺʏ ʜʠʘʧʘʟʦʥʘ ʥʘ ʪʚʝʨʜʳʝ, ʞʠʜʢʠʝ ʠʣʠ ʛʘʟʦʦʙʨʘʟʥʳʝ ʩʨʝʜʳ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʩʦʢʨʘʱʝʥʠʷ ʤʘʪʝʨʠʘʣʴʥʳʭ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʟʘʪʨʘʪ. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʝʠʤʫʱʝʩʪʚʦ ʤʝʪʦʜʘ 

ʤʠʢʨʦʚʦʣʥʦʚʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʩʦʩʪʦʠʪ ʝʱʝ ʚ ʪʦʤ, ʯʪʦ ʫʜʘʝʪʩʷ ʠʟʙʝʞʘʪʴ ʥʝʢʦʥʪʨʦʣʠʨʫʝʤʦʛʦ ʠʟʤʝʥʝʥʠʷ 

ʩʦʩʪʘʚʘ ʠʩʭʦʜʥʦʡ ʰʠʭʪʳ ʠ ʦʩʫʱʝʩʪʚʠʪʴ ʨʘʚʥʦʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʦʣʥ ʥʘ 

ʦʙʨʘʙʘʪʳʚʘʝʤʳʡ ʤʘʪʝʨʠʘʣ ʧʦ ʚʩʝʤʫ ʦʙʲʝʤʫ. ʇʦʤʠʤʦ ʤʠʢʨʦʚʦʣʥʦʚʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ, ʪʘʢʞʝ ʧʨʠʤʝʥʷʶʪ 

ʫʣʴʪʨʘʟʚʫʢʦʚʫʶ ʢʘʚʠʪʘʮʠʶ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʥʝ ʪʦʣʴʢʦ ʫʩʢʦʨʠʪʴ ʧʨʦʮʝʩʩʳ ʩʠʥʪʝʟʘ, ʥʦ ʠ ʜʠʩʧʝʨʛʠʨʦʚʘʪʴ 

ʪʚʝʨʜʳʝ ʢʦʤʧʦʥʝʥʪʳ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʩʪʳʤ ʤʝʪʦʜʦʤ ʧʦʣʫʯʝʥʠʷ ʫʣʴʪʨʘʜʠʩʧʝʨʩʥʳʭ ʧʦʨʦʰʢʦʚ. 

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʣʩʷ ʩʠʥʪʝʟ YVO4,  ʘʢʪʠʚʠʨʦʚʘʥʥʳʡ ʤʠʢʨʦʚʦʣʥʦʚʳʤ ʠ ʫʣʴʪʨʘʟʚʫʢʦʚʳʤ 

ʠʟʣʫʯʝʥʠʝʤ. 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʤʝʪʘʚʘʥʘʜʘʪʘ ʥʘʪʨʠʷ V2O5 ʩʤʝʰʠʚʘʣʠ ʚ ʵʢʚʠʚʘʣʝʥʪʥʦʤ ʢʦʣʠʯʝʩʪʚʝ ʩ NaOH, ʧʦʩʣʝ 

ʯʝʛʦ ʜʦʙʘʚʣʷʣʠ ʵʢʚʠʚʘʣʝʥʪʥʦʝ ʢʦʣʠʯʝʩʪʚʦ Y(NO3)3Ŀ6H2O ʠ ʥʝʙʦʣʴʰʦʡ ʠʟʙʳʪʦʢ NaHCO3. ɺ ʪʝʯʝʥʠʝ 10 

ʤʠʥʫʪ ʥʘ ʜʘʥʥʳʡ ʨʘʩʪʚʦʨ ʚʦʟʜʝʡʩʪʚʦʚʘʣʠ ʤʠʢʨʦʚʦʣʥʦʚʳʤ ʠʟʣʫʯʝʥʠʝʤ ʤʦʱʥʦʩʪʴʶ 700 ɺʪ, ʘ ʟʘʪʝʤ ʚ 

ʪʝʯʝʥʠʝ 10 ʤʠʥʫʪ ʫʣʴʪʨʘʟʚʫʢʦʤ. 

ʇʦʣʫʯʝʥʥʳʡ ʦʩʘʜʦʢ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ, ʚʳʩʫʰʠʚʘʣʠ ʠ ʨʘʩʪʠʨʘʣʠ ʚ ʩʪʫʧʢʝ. ɿʘʪʝʤ ʧʦʣʫʯʝʥʥʳʡ 

ʧʦʨʦʰʦʢ ʧʦʜʚʝʨʛʘʣʩʷ ʪʝʨʤʠʯʝʩʢʦʤʫ ʦʪʞʠʛʫ ʜʣʷ ʫʜʘʣʝʥʠʷ ʚʦʜʳ ʠ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 

800ʦʉ ʚ ʪʝʯʝʥʠʝ 2 ʯʘʩʦʚ. 

ʈʝʟʫʣʴʪʘʪʳ ʈʌɸ ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʛʦ ʦʙʨʘʟʮʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 1. ʇʕʄ ʠʟʦʙʨʘʞʝʥʠʝ ʦʙʨʘʟʮʘ ʠ 

ʛʠʩʪʦʛʨʘʤʤʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʯʘʩʪʠʮ ʧʦ ʨʘʟʤʝʨʘʤ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 2(ʘ) ʠ 2(ʙ) ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

mailto:boykov-hfmm@bk.ru
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ʈʠʩ. 1. ɼʠʬʨʘʢʪʦʛʨʘʤʤʘ YVO4. 

ʉʦʛʣʘʩʥʦ ʨʝʟʫʣʴʪʘʪʘʤ ʈʌɸ, ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʡ ʦʙʨʘʟʝʮ ʷʚʣʷʝʪʩʷ ʦʜʥʦʬʘʟʥʳʤ YVO4, ʪʘʢ ʢʘʢ ʚʩʝ ʧʠʢʠ 

ʥʘ ʜʠʬʨʘʢʪʦʛʨʘʤʤʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʮʝʣʝʚʦʤʫ ʧʨʦʜʫʢʪʫ. 

 
ʈʠʩ. 2. ʘ ï ʇʕʄ ʠʟʦʙʨʘʞʝʥʠʝ ʯʘʩʪʠʮ YVO4 ʚ ʞʝʣʘʪʠʥʦʚʦʤ ʩʣʦʝ; ʙ ï ʛʠʩʪʦʛʨʘʤʤʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʯʘʩʪʠʮ ʧʦ ʨʘʟʤʝʨʘʤ. 

ʇʦ ʜʘʥʥʳʤ ʇʕʄ, ʯʘʩʪʠʮʳ ʦʨʪʦʚʘʥʘʜʘʪʘ ʠʪʪʨʠʷ ʠʤʝʶʪ ʩʬʝʨʠʯʝʩʢʫʶ ʬʦʨʤʫ ʠ ʷʚʣʷʶʪʩʷ ʩʣʘʙʦ 

ʘʛʣʦʤʝʨʠʨʦʚʘʥʥʳʤʠ. ʈʘʟʤʝʨ ʯʘʩʪʠʮ ʥʘʭʦʜʠʪʩʷ ʚ ʠʥʪʝʨʚʘʣʝ 20-60 ʥʤ, ʩʨʝʜʥʠʡ ʨʘʟʤʝʨ ʯʘʩʪʠʮ, 

ʨʘʩʩʯʠʪʘʥʥʳʡ ʧʦ ʤʝʪʦʜʫ ʐʝʨʨʝʨʘ, ʩʦʩʪʘʚʣʷʝʪ 24 ʥʤ. ʄʠʢʨʦʚʦʣʥʦʚʳʡ ʥʘʛʨʝʚ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʫʣʴʪʨʘʟʚʫʢʦʤ 

ʧʦʟʚʦʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʠʥʪʝʥʩʠʬʠʮʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩ ʩʠʥʪʝʟʘ ʥʘʥʦʧʦʨʦʰʢʦʚ YVO4 ʟʘ ʩʯʝʪ ʨʘʚʥʦʤʝʨʥʦʛʦ 

ʥʘʛʨʝʚʘ ʨʘʩʪʚʦʨʘ ʧʦ ʚʩʝʤʫ ʦʙʲʝʤʫ, ʠʥʪʝʥʩʠʚʥʦʛʦ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʠ ʜʠʩʧʝʨʛʠʨʦʚʘʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ 

ʨʝʘʢʮʠʠ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʈʌʌʀ ˉ 16-43-360595 ʨ_ʘ. 
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PHYSICO-CHEMICAL STUDIES ON PRODUCTION OF FINELY  BINDER 

FOR CERAMICS INDUSTR Y 

Vetchinkina T.N., Layner Yu.A., Rozhkov D.Yu., Tuzhilin A.S. 

 
In order to explore the methods for production of calcium-free binder (analogue of produced abroad by 

çAlmatisè brand çAlphabondè for the manufacture of corundum refractories with high thermal resistance) 

research was conducted using domestic source material - aluminum hydroxide, having a minimum amount of 

impurities 

 

ɼʣʷ ʫʣʫʯʰʝʥʠʷ ʩʚʦʡʩʪʚ ʢʦʨʫʥʜʦʚʳʭ ʦʛʥʝʫʧʦʨʦʚ ʨʘʟʨʘʙʦʪʘʥʳ ʥʦʚʳʝ ʠʩʭʦʜʥʳʝ ʤʘʪʝʨʠʘʣʳ ʥʘ ʦʩʥʦʚʝ 

ʦʢʩʠʜʘ ʘʣʶʤʠʥʠʷ. ʉʧʝʮʠʘʣʴʥʦ ʜʣʷ ʪʝʭ ʩʣʫʯʘʝʚ, ʢʦʛʜʘ ʧʦ ʫʩʣʦʚʠʷʤ ʩʣʫʞʙʳ ʥʝʞʝʣʘʪʝʣʴʥʦ ʧʨʠʩʫʪʩʪʚʠʝ ʚ 

ʦʛʥʝʫʧʦʨʥʳʭ ʠʟʜʝʣʠʷʭ ʦʢʩʠʜʦʚ ʢʘʣʴʮʠʷ ʠ ʢʨʝʤʥʠʷ, ʢʦʤʧʘʥʠʷ çAlmatisè ʨʘʟʨʘʙʦʪʘʣʘ ʩʝʤʝʡʩʪʚʦ 

ʙʝʩʢʘʣʴʮʠʝʚʳʭ ʛʣʠʥʦʟʝʤʥʳʭ ʩʚʷʟʫʶʱʠʭ ʤʘʨʢʠ çAlphabondè. ʀʥʥʦʚʘʮʠʦʥʥʦʡ ʨʘʟʨʘʙʦʪʢʦʡ ʵʪʦʡ ʬʠʨʤʳ 

ʷʚʣʷʝʪʩʷ ʨʝʘʢʪʠʚʥʳʡ ʛʣʠʥʦʟʝʤ, ʢʦʪʦʨʳʡ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʠʟʛʦʪʘʚʣʠʚʘʪʴ ʧʨʦʯʥʳʝ ʪʝʨʤʦʩʪʦʡʢʠʝ 

ʦʛʥʝʫʧʦʨʳ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʦʢʩʠʜʘ ʘʣʶʤʠʥʠʷ ʜʦ 99,5%. ʇʨʠʤʝʥʝʥʠʝ ʩʚʷʟʫʶʱʠʭ ʠʟ ʩʝʨʠʠ çAlphabondè 

ʧʦʟʚʦʣʷʝʪ ʨʝʛʫʣʠʨʦʚʘʪʴ ʪʝʨʤʠʯʝʩʢʫʶ ʩʪʦʡʢʦʩʪʴ ʢʦʨʫʥʜʦʚʳʭ ʦʛʥʝʫʧʦʨʦʚ.  

ɺʳʧʦʣʥʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʧʦʣʫʯʝʥʠʶ ʙʝʩʢʘʣʴʮʠʝʚʦʛʦ ʛʣʠʥʦʟʝʤʥʦʛʦ ʦʛʥʝʫʧʦʨʥʦʛʦ ʩʚʷʟʫʶʱʝʛʦ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ ʠʩʭʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ï ʛʠʜʨʦʢʩʠʜʘ ʘʣʶʤʠʥʠʷ, ʠʤʝʶʱʝʛʦ ʤʠʥʠʤʘʣʴʥʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʧʨʠʤʝʩʝʡ. ɼʣʷ ʨʝʰʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ ʠʩʧʦʣʴʟʦʚʘʣʠ ʪʨʠ ʚʠʜʘ ʛʠʜʨʦʢʩʠʜʘ ʘʣʶʤʠʥʠʷ. 

ʇʝʨʚʳʡ (ʦʙʨʘʟʝʮ-1) - ʧʦʣʫʯʝʥ ʥʘ ʆɸʆ çɹʦʢʩʠʪʦʛʦʨʩʢʠʡ ʛʣʠʥʦʟʝʤè ʧʨʠ ʧʝʨʝʨʘʙʦʪʢʝ ʙʦʢʩʠʪʦʚ ʩʧʦʩʦʙʦʤ 

ʩʧʝʢʘʥʠʷ, ʧʨʠ ʢʦʪʦʨʦʤ ʠʟ ʘʣʶʤʠʥʘʪʥʳʭ ʨʘʩʪʚʦʨʦʚ ʚʳʜʝʣʷʶʪ ʛʠʜʨʦʢʩʠʜ ʤʝʪʦʜʦʤ ʢʘʨʙʦʥʠʟʘʮʠʠ. ɺʪʦʨʦʡ 

(ʦʙʨʘʟʝʮ-2) - ʧʦʣʫʯʝʥ ʩʧʦʩʦʙʦʤ ɹʘʡʝʨʘ. ʀʩʭʦʜʥʳʤ ʩʳʨʴʝʤ ʪʘʢʞʝ ʷʚʣʷʶʪʩʷ ʙʦʢʩʠʪʳ, ʥʦ ʠʟ ʘʣʶʤʠʥʘʪʥʳʭ 

ʨʘʩʪʚʦʨʦʚ ʛʠʜʨʦʢʩʠʜ ʘʣʶʤʠʥʠʷ ʚʳʜʝʣʷʶʪ ʤʝʪʦʜʦʤ ʜʝʢʦʤʧʦʟʠʮʠʠ. ʊʨʝʪʠʡ (ʦʙʨʘʟʝʮ-3) ï ʧʦʣʫʯʝʥ ʥʘ ʆɸʆ 

çɸʯʠʥʩʢʠʡ ʛʣʠʥʦʟʝʤʥʳʡ ʢʦʤʙʠʥʘʪè ʧʨʠ ʧʝʨʝʨʘʙʦʪʢʝ ʥʝʬʝʣʠʥʘ ʩʧʦʩʦʙʦʤ ʩʧʝʢʘʥʠʷ, ʧʨʠ ʢʦʪʦʨʦʤ ʠʟ 

ʘʣʶʤʠʥʘʪʥʳʭ ʨʘʩʪʚʦʨʦʚ ʚʳʜʝʣʷʶʪ ʛʠʜʨʦʢʩʠʜ ʘʣʶʤʠʥʠʷ ʤʝʪʦʜʦʤ ʢʘʨʙʦʥʠʟʘʮʠʠ. 

ʇʦ ʜʘʥʥʳʤ ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʠʟʘ ʠʩʭʦʜʥʳʡ ʛʠʜʨʦʢʩʠʜ ʘʣʶʤʠʥʠʷ (ʦʙʨʘʟʮʳ 1,2,3) ʧʨʝʜʩʪʘʚʣʝʥ 

ʛʠʙʙʩʠʪʦʤ. ʇʨʦʚʝʜʝʥʥʳʝ ʨʘʥʴʰʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚ ʨʝʟʫʣʴʪʘʪʝ çʫʜʘʨʥʦʡè ʜʝʛʠʜʨʘʪʘʮʠʠ 

ʚʳʜʝʣʝʥʳ ʦʙʨʘʟʮʳ ʩ ʫʜʝʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ 242-283 ʤ2/ʛ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʤʠ 

ʩʪʨʫʢʪʫʨʥʳʤʠ ʤʦʜʠʬʠʢʘʮʠʷʤʠ: ɖ-, ɡ-, ɢ-, ɜ-, ɗ-, ɟ-, ŭ- Al 2O3 [1]. ʆʜʥʘʢʦ, ʦʜʥʦʨʦʜʥʳʡ ʬʘʟʦʚʳʡ ʩʦʩʪʘʚ 

ʦʙʨʘʟʮʦʚ ʧʦʣʫʯʠʪʴ ʥʝ ʫʜʘʣʦʩʴ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʜʝʛʠʜʨʦʢʩʠʣʘʮʠʠ AI(OH)3 ʦʢʦʥʯʘʪʝʣʴʥʦ ʧʦʜʦʙʨʘʪʴ 

ʪʝʤʧʝʨʘʪʫʨʫ ʠ ʜʣʠʪʝʣʴʥʦʩʪʴ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ ʜʣʷ ʢʘʞʜʦʛʦ ʚʠʜʘ ʛʠʜʨʦʢʩʠʜʘ ʥʝʦʙʭʦʜʠʤʦ ʠʥʜʠʚʠʜʫʘʣʴʥʦ, 

ʪ.ʢ. ʩʦʩʪʘʚ ʩʪʨʫʢʪʫʨʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ, ʚʝʣʠʯʠʥʘ ʫʜʝʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʧʦʨʠʩʪʦʩʪʴ ʯʘʩʪʠʮ ʟʘʚʠʩʠʪ ʦʪ 

ʚʠʜʘ ʩʳʨʴʷ, ʠʟ ʢʦʪʦʨʦʛʦ ʧʦʣʫʯʘʶʪ ʠʩʭʦʜʥʳʡ ʧʨʦʜʫʢʪ ʠ ʢʘʢʠʤ ʩʧʦʩʦʙʦʤ. ɹʳʣʠ ʚʳʧʦʣʥʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʨʦʮʝʩʩʘ ʜʝʛʠʜʨʘʢʩʠʣʘʮʠʠ Al(OH)3 ʚ ʫʩʣʦʚʠʷʭ ʧʦʥʠʞʝʥʥʦʛʦ ʜʘʚʣʝʥʠʷ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ çʫʜʘʨʥʦʡè 

ʪʝʧʣʦʚʦʡ ʥʘʛʨʫʟʢʝ ʧʨʠ 600ʦʉ ʠ ʨʘʟʨʝʞʝʥʠʠ 0,1 ʢʛ/ʩʤ2, ʧʦʣʫʯʘʝʤ ʧʨʦʜʫʢʪ ʥʘʠʙʦʣʝʝ ʙʣʠʟʢʠʡ ʧʦ ʬʘʟʦʚʦʤʫ 

ʩʦʩʪʘʚʫ ʢ çAlphabondè.  

ɹʳʣʠ ʧʨʦʜʦʣʞʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩ ʛʠʜʨʦʢʩʠʜʦʤ ʘʣʶʤʠʥʠʷ, ʧʦʣʫʯʝʥʥʳʤ ʥʘ ʆɸʆ çɸʯʠʥʩʢʠʡ 

ʛʣʠʥʦʟʝʤʥʳʡ ʢʦʤʙʠʥʘʪè, ʪʘʢ ʢʘʢ ʧʨʠ çʫʜʘʨʥʦʤè ʪʝʧʣʦʚʦʤ ʚʦʟʜʝʡʩʪʚʠʠ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ 

ʦʙʨʘʟʮʘʤʠ, ʵʪʦʪ Al(OH)3 ʘʢʪʠʚʥʝʝ ʨʘʟʣʘʛʘʝʪʩʷ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʙʦʣʴʰʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ 

ʤʦʜʠʬʠʢʘʮʠʡ Al2O3 : ɢ ï 90%; ɖ-, ɡ- 7-8%. ʋʩʣʦʚʠʷ ʧʨʦʚʝʜʝʥʠʷ ʦʧʳʪʦʚ: ʠʟʤʝʥʝʥʠʝ ʩʢʦʨʦʩʪʠ ʠ ʚʨʝʤʝʥʠ 

ʥʘʛʨʝʚʘ ʜʦ ʟʘʜʘʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ, ʠʟʤʝʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʜʣʠʪʝʣʴʥʦʩʪʠ ʚʳʜʝʨʞʢʠ, ʘ ʪʘʢʞʝ ʩʪʝʧʝʥʠ 

ʨʘʟʨʷʞʝʥʠʷ ʧʨʠʚʦʜʷʪʩʷ ʚ ʪʘʙʣ.1.  
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ʊʘʙʣʠʮʘ 1. ʋʩʣʦʚʠʷ ʧʨʦʚʝʜʝʥʠʷ ʦʧʳʪʦʚ 

ʅʦʤʝʨ 

ʦʙʨʘʟʮʘ 

 

ʈʝʞʠʤ ʥʘʛʨʝʚʘ ʈʝʞʠʤ ʚʳʜʝʨʞʢʠ 
ʄʘʢʩʠʤʘʣʴʥʘʷ 

ʩʪʝʧʝʥʴ 

ʨʘʟʨʷʞʝʥʠʷ ʤʤ 

ʨʪ.ʩʪ. (ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 

ʚʳʜʝʨʞʢʠ) 

ʉʪʨʫʢʪʫʨʘ 

ʦʙʨʘʟʮʦʚ 
ɼʦ ʪʝʤʧʝʨʘʪʫʨʳ, 
ʦʉ ʩ ʨʘʟʥʦʡ 

ʩʢʦʨʦʩʪʴʶ 

ɺʨʝʤʷ, 

ʤʠʥ. 

 

ʊʝʤʧʝʨʘʪʫʨʘ, ʦʉ 

ɺʨʝʤʷ, 

ʤʠʥ. 

 

1 
ʀʩʭʦʜʥʳʡ 

ʛʠʜʨʦʢʩʠʜ 
    ʛʠʙʙʩʠʪ 

2 300 30 300 30 8Ā10-2 
ʛʠʙʙʩʠʪ-30%, 

ʙʝʤʠʪ-70% 

3 300 150 300 60 5Ā10-3 ʙʝʤʠʪ 

4 300 30 300 180 6Ā10-3 ʙʝʤʠʪ 

5 300 90 300 180 5Ā10-3 ʙʝʤʠʪ 

6 200 60 200 180 7Ā10-3 ʙʝʤʠʪ 

7 320 60 320 180 7Ā10-3 ʙʝʤʠʪ 

8 280 60 280 180 5Ā10-3 ʙʝʤʠʪ 

9 300 30 300 300 8Ā10-3 

ʙʣʠʟʢʘ ʢ 

ʨʝʥʪʛʝʥʦ- 

ʘʤʦʨʬʥʦʡ 

10 300 60 300 300 7Ā10-3 ʙʝʤʠʪ 

11 250 60 250 300 7Ā10-3 ʙʝʤʠʪ 

12 250 30 250 60 7Ā10-3 ʙʝʤʠʪ 

13 250 30 250 180 7Ā10-3 

ʙʣʠʟʢʘ ʢ 

ʨʝʥʪʛʝʥʦ- 

ʘʤʦʨʬʥʦʡ 

ʇʨʠ ʜʦʩʪʠʞʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʜʦ 180-200 ʦʉ ʥʘʯʠʥʘʣʩʷ ʧʨʦʮʝʩʩ ʜʝʛʠʜʨʦʢʩʠʣʘʮʠʠ. ʆʙʨʘʟʝʮ 

çʚʩʢʠʧʘʣè. ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʠʩʢʣʶʯʠʪʴ ʵʪʦ ʷʚʣʝʥʠʝ ʤʝʥʷʣʠ ʩʢʦʨʦʩʪʴ ʥʘʛʨʝʚʘ,  ʦʜʥʘʢʦ, ʦʪ çʚʳʢʠʧʘʥʠʷè ʥʝ 

ʩʤʦʛʣʠ ʠʟʙʘʚʠʪʴʩʷ ʧʦʣʥʦʩʪʴʶ. ʅʘʠʣʫʯʰʠʝ ʨʝʟʫʣʴʪʘʪʳ ʥʘ ʜʘʥʥʦʤ ʵʪʘʧʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʫ 

ʦʙʨʘʟʮʦʚ ʧʦʜ ʥʦʤʝʨʘʤʠ 9 ʠ 13. ʇʦ ʜʘʥʥʳʤ ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʠʟʘ ʩʪʨʫʢʪʫʨʘ ʦʙʨʘʟʮʦʚ ʙʳʣʘ 

ʤʝʣʢʦʟʝʨʥʠʩʪʦʡ ʠ ʙʣʠʟʢʘ ʢ ʘʤʦʨʬʥʦʡ ɟ (ʨʦ)- ʬʘʟʝ Al2O3. 

ʃʠʪʝʨʘʪʫʨʘ 

1. ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ ʧʦʣʫʯʝʥʠʷ ʥʘʥʦʜʠʩʧʝʨʩʥʦʛʦ ʩʚʷʟʫʶʱʝʛʦ ʥʘ ʦʩʥʦʚʝ ʛʠʜʨʦʢʩʠʜʘ 

ʘʣʶʤʠʥʠʷ, ʧʨʠʤʝʥʷʝʤʦʛʦ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚʳʩʦʢʦʦʛʥʝʫʧʦʨʥʦʡ ʢʦʨʫʥʜʦʚʦʡ ʢʝʨʘʤʠʢʠ / ʊ.ʅ. ɺʝʪʯʠʥʢʠʥʘ, 

ʖ.ɸ. ʃʘʡʥʝʨ, ɺ.ɺ. ɸʚʝʨʠʥ, ʊ.ɺ. ʆʣʶʥʠʥʘ // ʄʝʪʘʣʣʳ.ð2015. ðˉ2.ð ʉ. 35-41. 
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PRODUCTION OF HIGH P URITY ALUMINA ON THE EXPERIMENTAL MODEL OF  

INSTALLATION  

Grigorenko A.V., Lisytsyn A.V., Vlaskin M.S., Meshkov E.A., Shkolônikov E.I., Zhuk A.Z. 

 

Production of Ŭ-alumina (corundum) of high purity (to 99.995 by weight) by hydrothermal oxidation of 

aluminum to obtain the intermediate product - boehmite (ɔ-AlOOH), followed by heating the boehmite to a certain 

temperature. The main goal is to get the raw material for growing single crystals of sapphire. 

ʉʪʨʝʤʠʪʝʣʴʥʦʝ ʨʘʟʚʠʪʠʝ ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʳʭ ʦʪʨʘʩʣʝʡ ʧʨʠʚʦʜʠʪ ʢ ʧʦʚʳʰʝʥʠʶ ʩʧʨʦʩʘ ʥʘ 

ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʢʦʨʫʥʜʳ, ʢʦʪʦʨʳʝ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʣʘʟʝʨʦʚ, ʦʧʪʠʯʝʩʢʠʭ 

ʩʠʩʪʝʤ, ʩʦʚʨʝʤʝʥʥʳʭ ʠʥʪʝʛʨʘʣʴʥʳʭ ʩʭʝʤ, ʩʚʝʪʦʜʠʦʜʦʚ, ʟʘʱʠʪʥʳʭ ʩʪʝʢʦʣ, ʦʛʥʝʫʧʦʨʥʳʭ ʠʟʜʝʣʠʡ, 



3 - 7 ʦʢʪʷʙʨʷ 2016, ʛ. ʉʫʟʜʘʣʴ   

291 
 
 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ, ʩʦʨʙʝʥʪʦʚ ʠ ʪ.ʜ. ɻʣʘʚʥʦʡ ʧʨʦʙʣʝʤʦʡ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʢʦʨʫʥʜʘ ʚʳʩʦʢʦʡ ʯʠʩʪʦʪʳ ʷʚʣʷʝʪʩʷ 

ʚʳʩʦʢʘʷ ʩʪʦʠʤʦʩʪʴ ʩʳʨʴʷ ʜʣʷ ʝʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʘ ʪʘʢʞʝ ʩʣʦʞʥʦʩʪʴ ʩʫʱʝʩʪʚʫʶʱʠʭ ʪʝʭʥʦʣʦʛʠʡ, 

ʚʢʣʶʯʘʶʱʠʭ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʩʪʘʜʠʠ ʝʛʦ ʭʠʤʠʯʝʩʢʦʡ ʦʯʠʩʪʢʠ. 

ʆʢʩʠʜʳ ʘʣʶʤʠʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʠʟ ʘʣʶʤʠʥʠʷ ʧʫʪʝʤ ʝʛʦ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʚʦʜʦʡ ʠʣʠ ʚʦʜʷʥʳʤ ʧʘʨʦʤ ʚ ʪʝʭ ʠʣʠ ʠʥʳʭ ʫʩʣʦʚʠʷʭ [1-3]. ʇʝʨʩʧʝʢʪʠʚʥʳʤ ʤʝʪʦʜʦʤ 

ʧʦʣʫʯʝʥʠʷ ʦʢʩʠʜʦʚ ʠ ʛʠʜʨʦʢʩʠʜʦʚ ʘʣʶʤʠʥʠʷ ʚʳʩʦʢʦʡ ʯʠʩʪʦʪʳ ʷʚʣʷʝʪʩʷ ʪʝʭʥʦʣʦʛʠʷ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʛʦ 

ʦʢʠʩʣʝʥʠʷ [3]. ʈʘʥʝʝ ʙʳʣʘ ʧʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʙʝʤʠʪʘ (ʦʢʩʠʛʠʜʨʦʢʩʠʜʘ ʘʣʶʤʠʥʠʷ) ʩ 

ʨʘʟʚʠʪʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʠ ʤʠʢʨʦʧʦʨʠʩʪʦʡ ʩʪʨʫʢʪʫʨʦʡ ʚ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʤ ʨʝʘʢʪʦʨʝ ʥʝʧʨʝʨʳʚʥʦʛʦ 

ʜʝʡʩʪʚʠʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʦʢʦʣʦ 300Áʉ ʠ ʜʘʚʣʝʥʠʠ ʦʢʦʣʦ 10 ʄʇʘ [4]. ɺ ʧʨʦʮʝʩʩʝ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʛʦ 

ʦʢʠʩʣʝʥʠʷ ʘʣʶʤʠʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʨʝʘʛʝʥʪʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʘʣʶʤʠʥʠʡ ʪʝʭʥʠʯʝʩʢʦʡ ʯʠʩʪʦʪʳ (ʩ 

ʩʦʜʝʨʞʘʥʠʝʤ ʘʣʶʤʠʥʠʷ ʦʢʦʣʦ 99.8%) ʚ ʚʠʜʝ ʧʦʨʦʰʢʘ ʤʠʢʨʦʥʥʳʭ ʬʨʘʢʮʠʡ ʠ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʘʷ ʚʦʜʘ ʙʝʟ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʨʘʩʪʚʦʨʷʶʱʠʭ ʜʦʙʘʚʦʢ ʠʣʠ ʨʝʘʢʪʠʚʦʚ, ʧʨʠ ʵʪʦʤ ʩʪʝʧʝʥʴ ʧʨʝʚʨʘʱʝʥʠʷ ʘʣʶʤʠʥʠʷ ʙʳʣʘ 

ʙʣʠʟʢʘ ʢ 100% [4,5]. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʦʢʩʠʜʘ ʘʣʶʤʠʥʠʷ ʚʳʩʦʢʦʡ ʯʠʩʪʦʪʳ ʠʟ 

ʘʣʶʤʠʥʠʷ ʪʝʭʥʠʯʝʩʢʦʡ ʯʠʩʪʦʪʳ ʧʫʪʝʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʧʨʦʚʝʜʝʥʠʷ ʧʨʦʮʝʩʩʦʚ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʛʦ 

ʦʢʠʩʣʝʥʠʷ ʘʣʶʤʠʥʠʷ ʠ ʚʘʢʫʫʤʥʦ-ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʧʨʦʜʫʢʪʘ ʦʢʠʩʣʝʥʠʷ. ʀʟʫʯʝʥʳ ʠ 

ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʥʳ ʠʟʤʝʥʝʥʠʷ ʩʪʨʫʢʪʫʨʥʳʭ ʩʚʦʡʩʪʚ ʠ ʭʠʤʠʯʝʩʢʦʡ ʯʠʩʪʦʪʳ ʦʢʩʠʜʘ ʘʣʶʤʠʥʠʷ, 

ʧʦʣʫʯʘʝʤʦʛʦ ʚ ʭʦʜʝ ʚʘʢʫʫʤʥʦ-ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʧʨʦʜʫʢʪʘ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʛʦ ʦʢʠʩʣʝʥʠʷ. 

ʎʝʣʴ ʨʘʙʦʪʳ - ʨʘʟʨʘʙʦʪʢʘ ʪʝʭʥʦʣʦʛʠʠ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʦʣʫʯʝʥʠʷ Ŭ-ʦʢʩʠʜʘ ʘʣʶʤʠʥʠʷ (ʢʦʨʫʥʜʘ) 

ʚʳʩʦʢʦʡ ʯʠʩʪʦʪʳ ï ʩʳʨʴʷ ʜʣʷ ʚʳʨʘʱʠʚʘʥʠʷ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʣʝʡʢʦʩʘʧʬʠʨʘ. 

ɺ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʧʦʣʫʯʝʥʠʶ ʠ ʠʟʫʯʝʥʠʶ 

ʢʦʨʫʥʜʘ ʚʳʩʦʢʦʡ ʯʠʩʪʦʪʳ ʧʫʪʝʤ ʢʦʤʧʣʝʢʩʥʦʡ ʪʝʭʥʦʣʦʛʠʠ, ʚʢʣʶʯʘʶʱʝʡ ʚ ʩʝʙʷ ʪʝʭʥʦʣʦʛʠʶ 

ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʛʦ ʦʢʠʩʣʝʥʠʷ ʘʣʶʤʠʥʠʷ ʩ ʧʦʣʫʯʝʥʠʝʤ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʧʨʦʜʫʢʪʘ ï ʙʝʤʠʪʘ, ʝʛʦ 

ʛʨʘʥʫʣʠʨʦʚʘʥʠʷ, ʠʩʢʣʶʯʘʶʱʫʶ ʚʥʝʩʝʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʧʨʠʤʝʩʝʡ, ʘ ʪʘʢʞʝ ʪʝʭʥʦʣʦʛʠʶ ʪʝʨʤʠʯʝʩʢʦʡ 

ʦʙʨʘʙʦʪʢʠ ʙʝʤʠʪʘ ʠ ʢʘʣʴʮʠʥʘʮʠʠ ʢʦʨʫʥʜʘ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʣʘʙʦʨʘʪʦʨʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʧʦʣʫʯʝʥʠʷ ʢʦʨʫʥʜʘ 

ʯʠʩʪʦʪʦʡ ʜʦ 99,995 ʚʝʩʦʚʳʭ. 

ʂʦʥʮʝʧʮʠʷ ʨʘʟʨʘʙʦʪʢʠ ʪʝʭʥʦʣʦʛʠʠ ʧʦʣʫʯʝʥʠʷ ʢʦʨʫʥʜʘ ʚʳʩʦʢʦʡ ʯʠʩʪʦʪʳ: 

- ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʝ ʦʢʠʩʣʝʥʠʝ ʘʣʶʤʠʥʠʷ ʩ ʧʦʣʫʯʝʥʠʝʤ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʧʨʦʜʫʢʪʘ - 

ʙʝʤʠʪʘ (ɔ-AlOOH); 

- ʠʟʛʦʪʦʚʣʝʥʠʝ ʠʟ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʧʨʦʜʫʢʪʘ ʩʳʨʴʷ ʩ ʨʘʟʣʠʯʥʳʤʠ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ 

(ʧʦʨʦʰʦʢ, çʢʨʝʢè, ʛʨʘʥʫʣʳ); 

- ʠʟʛʦʪʦʚʣʝʥʠʝ ʠʟ ʙʝʤʠʪʘ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʢʦʨʫʥʜʘ ʚʳʩʦʢʦʡ ʯʠʩʪʦʪʳ ʥʘʛʨʝʚʘʥʠʝʤ ʜʦ ʦʧʨʝʜʝʣʸʥʥʳʭ 

ʪʝʤʧʝʨʘʪʫʨ; 

- ʩʦʙʣʶʜʝʥʠʝ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʵʢʦʣʦʛʠʠ; 

- ʧʨʦʩʪʦʪʘ ʠ ʥʘʜʸʞʥʦʩʪʴ ʵʢʩʧʣʫʘʪʘʮʠʠ; 

- ʧʨʠʤʝʥʝʥʠʝ ʧʝʨʝʜʦʚʳʭ ʩʨʝʜʩʪʚ ɸʉʋ ʠ ʂ; 

- ʦʧʪʠʤʘʣʴʥʦʝ ʩʦʯʝʪʘʥʠʝ ʤʘʩʩʦʛʘʙʘʨʠʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ 

ʧʨʦʮʝʩʩʘ. 

ʊʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʩʭʝʤʘ ʧʦʣʫʯʝʥʠʷ ʢʦʨʫʥʜʘ ʚʳʩʦʢʦʡ ʯʠʩʪʦʪʳ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1 ʠ ʩʦʩʪʦʠʪ 

ʠʟ ʩʣʝʜʫʶʱʠʭ ʩʦʩʪʘʚʥʳʭ ʯʘʩʪʝʡ: 

1 - ɹʣʦʢ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʛʦ ʦʢʠʩʣʝʥʠʷ ʘʣʶʤʠʥʠʷ ʜʦ ʙʝʤʠʪʘ. 

2 - ɹʣʦʢ ʦʩʫʰʢʠ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʧʨʦʜʫʢʪʘ. 

3 - ɹʣʦʢ ʛʨʘʥʫʣʷʮʠʠ ʙʝʤʠʪʘ. 

4 - ɹʣʦʢ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʙʝʤʠʪʘ ʠ ʧʦʣʫʯʝʥʠʝ ʢʦʨʫʥʜʘ ʚʳʩʦʢʦʡ ʯʠʩʪʦʪʳ.  
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THEORY OF ION TRANSP ORT ON NANOSCALE AND  CHARACTERISTICS OF N ANOSYSTEMS 

ON A BASIS OF SOLID ELECTROLYTES  

Despotuli A.L., Andreeva A.V. 

 

The solid substances with high ionic conductivity (> 10-3 S/cm) and very small electronic one have a broad 

application: supercapacitors, fuel cells, ion batteries, memristors, sensors, etc. They are called by solid electrolytes 

(SE). The interpretation of impedance spectroscopy data of SE-nanosystems and development of new devices 

with fast ionic transport (FIT) must be performed on a basic theory. However, a basic FIT-theory describing nano-

object response on external dynamic influence has not been formulated until now. To solve this problem, for the 

development of nanoionics and interpretation of frequency-dependent impedance of SE-nanosystems we have put 

forward a structure-dynamic approach (SDA) of nanoionics. The theoretical system of SDA includes a structural 

layered 1D-hopping atomic model of the region with a non-uniform potential landscape, a method of ñhiddenò 

variables (excess concentrations of mobile ions induced by external influence on crystallographic planes), a 

physico-mathematical formalism (based on the principle of a detailed balance and the kinetic equations in the 

form of the particle conservation law), and a method of an uniform effective field. Nanoscale dynamic modeling 

of ion-transport is generalized by including a new notion, i.e., the Maxwell displacement current on a potential 

barrier, as well as an essential definition of uniform effective electrostatic field Feff (corrected uniform Gauss 

field) for model SE-nanostructures. The objects under consideration are model nanostructures, e.g. ideally 
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polarizable blocking heterojunctions, representing the sequence of potential barriers of different height in the 

crystal potential relief of a ñrigidò sub-lattice of SE distorted at the interface. SDA interconnects the processes of 

space charge formation and relaxation with local ionic and Maxwell displacement currents in the interface region. 

Within the framework of SDA a computer simulation of ion transport, the frequency (time) behavior of 

capacitance and impedance of heterojunctions have been performed under external influence of a current 

generator (ac- and galvanostatic modes). 

ɺʝʱʝʩʪʚʘ ʩ ʚʳʩʦʢʦʡ ʠʦʥʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʴʶ (>10-3ʦʤ-1 ʩʤ-1) ʠ ʦʯʝʥʴ ʤʘʣʦʡ ʵʣʝʢʪʨʦʥʥʦʡ 

ʧʨʦʚʦʜʠʤʦʩʪʴʶ ʥʘʭʦʜʷʪ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ (ʩʫʧʝʨʢʦʥʜʝʥʩʘʪʦʨʳ, ʪʦʧʣʠʚʥʳʝ ʷʯʝʡʢʠ, ʙʘʪʘʨʠ, 

ʤʝʤʨʠʩʪʦʨʳ, ʩʝʥʩʦʨʳ ʠ ʜʨ.). ʊʘʢʠʝ ʚʝʱʝʩʪʚʘ ʥʘʟʳʚʘʶʪ ʪʚʝʨʜʳʤʠ ʵʣʝʢʪʨʦʣʠʪʘʤʠ (ʊʕ). ʀʥʪʝʨʧʨʝʪʘʮʠʷ 

ʜʘʥʥʳʭ ʠʤʧʝʜʘʥʩʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʥʘʥʦʩʠʩʪʝʤ ʥʘ ʦʩʥʦʚʝ ʊʕ ʠ ʨʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ ʧʨʠʙʦʨʦʚ ʩ ʙʳʩʪʨʳʤ 

ʠʦʥʥʳʤ ʪʨʘʥʩʧʦʨʪʦʤ (ɹʀʊ) ʥʘ ʥʘʥʦʤʘʩʰʪʘʙʝ ʜʦʣʞʥʳ ʚʳʧʦʣʥʷʪʴʩʷ ʥʘ ʦʩʥʦʚʝ ʙʘʟʦʚʦʡ ʪʝʦʨʠʠ. ʆʜʥʘʢʦ, ʚ 

ʣʠʪʝʨʘʪʫʨʝ ʪʘʢʘʷ ʪʝʦʨʠʷ ʦʪʩʫʪʩʪʚʫʝʪ. ʉ ʮʝʣʴʶ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ, ʘ ʪʘʢʞʝ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʟʚʠʪʠʷ 

ʥʘʥʦʠʦʥʠʢʠ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʯʘʩʪʦʪʥʦ ʟʘʚʠʩʠʤʦʛʦ ʠʤʧʝʜʘʥʩʘ, ʚ ʀʇʊʄ ʈɸʅ ʚʳʜʚʠʥʫʪʘ ʧʨʦʛʨʘʤʤʘ ʧʦ 

ʩʦʟʜʘʥʠʶ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʦʧʠʩʘʥʠʷ ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʤʦʜʝʣʴʥʳʭ ʥʘʥʦʩʠʩʪʝʤ ʩ ɹʀʊ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʘ ʩʦʟʜʘʥʘ ʪʝʦʨʝʪʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ï çʩʪʨʫʢʪʫʨʥʦ-ʜʠʥʘʤʠʯʝʩʢʠʡ ʧʦʜʭʦʜ ʥʘʥʦʠʦʥʠʢʠè (ʉɼʇ), 

ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʠ ʦʧʠʩʳʚʘʪʴ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʝ ʠʦʥ-

ʪʨʘʥʩʧʦʨʪʥʳʝ ʠ ʜʠʵʣʝʢʪʨʠʢ-ʧʦʣʷʨʠʟʘʮʠʦʥʥʳʝ ʧʨʦʮʝʩʩʳ, ʢʦʪʦʨʳʝ ʧʨʦʪʝʢʘʶʪ ʧʨʠ ʤʘʣʳʭ ʦʪʢʣʦʥʝʥʠʷʭ ʦʪ 

ʨʘʚʥʦʚʝʩʠʷ ʚ ʤʦʜʝʣʴʥʳʭ ʊʕ-ʥʘʥʦʩʪʨʫʢʪʫʨʘʭ.  

ʉɼʇ ʚʢʣʶʯʘʝʪ: (1) ʩʣʦʝʚʫʶ 1D-ʧʨʳʞʢʦʚʫʶ ʘʪʦʤʘʨʥʫʶ ʤʦʜʝʣʴ ʥʘʥʦʩʪʨʫʢʪʫʨʳ, ʦʙʲʝʜʠʥʷʶʱʫʶ 

ʩʠʩʪʝʤʫ ʧʘʨʘʣʣʝʣʴʥʳʭ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʭ ʧʣʦʩʢʦʩʪʝʡ Xj, ʤʝʞʜʫ ʢʦʪʦʨʳʤʠ ʯʝʨʝʟ ʧʦʪʝʥʮʠʘʣʴʥʳʝ 

ʙʘʨʴʝʨʳ ʧʝʨʝʤʝʱʘʶʪʩʷ ʧʦʜʚʠʞʥʳʝ ʠʦʥʳ (ʥʘ Xj  ʥʘʭʦʜʷʪʩʷ ʤʠʥʠʤʫʤʳ ʧʦʪʝʥʮʠʘʣʴʥʦʛʦ ʨʝʣʴʝʬʘ - 

ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ ʧʦʟʠʮʠʠ, ʜʦʩʪʫʧʥʳʝ ʜʣʷ ʠʦʥʦʚ ʧʦʜʚʠʞʥʦʛʦ ʩʦʨʪʘ); (2) ʤʝʪʦʜ çʩʢʨʳʪʳʭè 

ʧʝʨʝʤʝʥʥʳʭ (ʠʟʙʳʪʦʯʥʳʝ, ʠʥʜʫʮʠʨʦʚʘʥʥʳʝ ʚʥʝʰʥʠʤ ʚʦʟʜʝʡʩʪʚʠʝʤ, ʥʝʨʘʚʥʦʚʝʩʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʦʥʦʚ 

ʧʦʜʚʠʞʥʦʛʦ ʩʦʨʪʘ ʥʘ Xj  (ʯʠʩʣʦ ʜʦʩʪʫʧʥʳʭ ʧʦʟʠʮʠʡ ʚ 4-6 ʨʘʟ ʙʦʣʴʰʝ ʯʠʩʣʘ ʧʦʜʚʠʞʥʳʭ ʠʦʥʦʚ); (3) ʬʠʟʠʢʦ-

ʤʘʪʝʤʘʪʠʯʝʩʢʠʡ ʬʦʨʤʘʣʠʟʤ (ʩʠʩʪʝʤʘ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ), ʢʦʪʦʨʳʡ ʦʧʝʨʠʨʫʝʪ çʩʢʨʳʪʳʤʠè 

ʧʝʨʝʤʝʥʥʳʤʠ ʠ ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʧʨʠʥʮʠʧʝ ʜʝʪʘʣʴʥʦʛʦ ʨʘʚʥʦʚʝʩʠʷ ʠ ʢʠʥʝʪʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʷʭ, ʟʘʧʠʩʘʥʥʳʭ 

ʚ ʬʦʨʤʝ ʟʘʢʦʥʘ ʩʦʭʨʘʥʝʥʠʷ ʯʠʩʣʘ ʯʘʩʪʠʮ; (4) ʉɼʇ ʧʦʟʚʦʣʷʝʪ ʚ 1D ʛʝʦʤʝʪʨʠʠ ʦʧʠʩʳʚʘʪʴ ʠʦʥ-ʪʨʘʥʩʧʦʨʪʥʳʝ 

ʠ ʜʠʵʣʝʢʪʨʠʢ-ʧʦʣʷʨʠʟʘʮʠʦʥʥʳʝ ʧʨʦʮʝʩʩʳ, ʢʦʪʦʨʳʝ ʩʦʩʪʦʷʪ ʠʟ ʪʝʨʤʠʯʝʩʢʠ ʘʢʪʠʚʠʨʦʚʘʥʥʳʭ ʪʦʢʦʚ ʠʦʥʦʚ 

ʧʦʜʚʠʞʥʦʛʦ ʩʦʨʪʘ ʤʝʞʜʫ ʤʠʥʠʤʫʤʘʤʠ ʧʦʪʝʥʮʠʘʣʴʥʦʛʦ ʨʝʣʴʝʬʘ ʊʕ ʠ ʪʦʢʦʚ ʩʤʝʱʝʥʠʷ ʄʘʢʩʚʝʣʣʘ ʥʘ 

ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʙʘʨʴʝʨʘʭ. ʅʦʚʦʝ ʧʦʥʷʪʠʝ, ʪ.ʝ. ʪʦʢ ʩʤʝʱʝʥʠʷ ʄʘʢʩʚʝʣʣʘ ʥʘ ʧʦʪʝʥʮʠʘʣʴʥʦʤ ʙʘʨʴʝʨʝ, 

ʧʦʟʚʦʣʠʣʦ ʜʘʪʴ ʦʙʦʙʱʝʥʥʦʝ ʜʠʥʘʤʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʨʝʣʘʢʩʘʮʠʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʟʘʨʷʜʘ ʚ 

ʧʦʪʝʥʮʠʘʣʴʥʦʤ ʨʝʣʴʝʬʝ (ʧʨʷʤʘʷ ʟʘʜʘʯʘ) ʠ ʦʜʥʦʟʥʘʯʥʦ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʪʴ (ʦʙʨʘʪʥʘʷ ʟʘʜʘʯʘ) ʩʚʦʡʩʪʚʘ ʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘʥʦʩʠʩʪʝʤ; (5) ʦʙʦʩʥʦʚʘʥʘ ʧʨʠʤʝʥʠʤʦʩʪʴ ʤʝʪʦʜʘ ʦʜʥʦʨʦʜʥʦʛʦ ʵʬʬʝʢʪʠʚʥʦʛʦ 

ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʧʦʣʷ ʚ ʫʩʣʦʚʠʷʭ, ʢʦʛʜʘ ʠʟʙʳʪʦʯʥʳʝ ʪʦʯʝʯʥʳʝ ʟʘʨʷʜʳ ʨʘʩʧʨʝʜʝʣʝʥʳ ʧʦ Xj ʜʠʩʢʨʝʪʥʦ-

ʩʣʫʯʘʡʥʦ (ʩʣʘʙʦʝ ʚʥʝʰʥʝʝ ʚʦʟʜʝʡʩʪʚʠʝ). ʇʦʢʘʟʘʥʦ, ʯʪʦ ʪʦʯʥʦʩʪʴ ʨʘʩʯʝʪʦʚ ʉɼʇ ʤʦʞʥʦ ʫʚʝʣʠʯʠʪʴ, ʝʩʣʠ ʚ 

ʢʘʯʝʩʪʚʝ ʵʬʬʝʢʪʠʚʥʦʛʦ ʧʦʣʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʢʦʨʨʝʢʪʠʨʦʚʘʥʥʦʝ ʦʜʥʦʨʦʜʥʦʝ ʧʦʣʝ ɻʘʫʩʩʘ ʟʘʨʷʞʝʥʥʦʡ 

ʧʣʦʩʢʦʩʪʠ X j. 

ʇʨʝʜʣʦʞʝʥʥʳʝ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʩʨʝʜʩʪʚʘ [1-5] ʧʦʟʚʦʣʷʶʪ ʥʘ ʝʜʠʥʦʡ ʦʩʥʦʚʝ ʤʦʜʝʣʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩʳ 

ʠ ʢʦʣʣʝʢʪʠʚʥʳʝ ʷʚʣʝʥʠʷ, ʚʦʟʥʠʢʘʶʱʠʝ, ʥʘʧʨʠʤʝʨ, ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʠ ʨʝʣʘʢʩʘʮʠʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ 

ʟʘʨʷʜʘ ʚ ʥʘʥʦʩʪʨʫʢʪʫʨʘʭ ʩ ʥʝʦʜʥʦʨʦʜʥʳʤ ʥʘ ʥʘʥʦʤʘʩʰʪʘʙʝ ʧʦʪʝʥʮʠʘʣʴʥʳʤ ʨʝʣʴʝʬʦʤ. ɺ ʢʦʤʧʴʶʪʝʨʥʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʮʝʥʪʨʘ ʤʘʩʩ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʟʘʨʷʜʘ ʟʘʚʠʩʠʪ ʦʪ ʚʳʩʦʪʳ 

ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʙʘʨʴʝʨʦʚ, ʘ ʝʤʢʦʩʪʴ ʛʝʪʝʨʦʧʝʨʝʭʦʜʘ C ʚʦʟʨʘʩʪʘʝʪ (ʫʤʝʥʴʰʘʝʪʩʷ) ʩ ʚʦʟʨʘʩʪʘʥʠʝʤ t (w). 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʜʠʩʩʠʧʘʮʠʷ ʵʥʝʨʛʠʠ ʥʘ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʙʘʨʴʝʨʘʭ ʧʦʥʠʞʘʝʪʩʷ ʩ ʧʦʚʳʰʝʥʠʝʤ ʯʘʩʪʦʪʳ 

ʛʘʨʤʦʥʠʯʝʩʢʦʛʦ ʚʥʝʰʥʝʛʦ ʚʦʟʜʝʡʩʪʚʠʷ w. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʭʘʨʘʢʪʝʨ ʦʪʢʣʠʢʘ ʥʘ ʚʦʟʜʝʡʩʪʚʠʝ ʤʝʥʷʝʪʩʷ ʦʪ 

ʨʝʟʠʩʪʠʚʥʦʛʦ ʢ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʤʫ, ʪ. ʝ. ʨʦʣʴ ʪʦʢʦʚ ʩʤʝʱʝʥʠʷ ʄʘʢʩʚʝʣʣʘ ʚʦʟʨʘʩʪʘʝʪ. ʅʘ ʦʩʥʦʚʝ ʉɼʇ 

ʚʧʝʨʚʳʝ ʚʳʷʚʣʝʥʳ ʬʠʟʠʯʝʩʢʠʝ ʦʩʥʦʚʳ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʧʦʷʚʣʝʥʠʝ ʫʥʠʚʝʨʩʘʣʴʥʦʛʦ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʦʪʢʣʠʢʘ 

ɼʞʦʥʰʝʨʘ ʚ ʊʕ-ʥʘʥʦʩʪʨʫʢʪʫʨʘʭ: Res*  ́ wn ( ), ʪ.ʝ. ʜʝʡʩʪʚʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʢʦʤʧʣʝʢʩʥʦʡ 

ʧʨʦʚʦʜʠʤʦʩʪʠ s* ʷʚʣʷʝʪʩʷ ʩʪʝʧʝʥʥʦʡ ʬʫʥʢʮʠʝʡ ʯʘʩʪʦʪʳ w .  
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ʈɸɿʈʋʐɽʅʀE ʈɽɿʎʆɺ ʀɿ ʂɽʈɸʄʀʏɽʉʂʀʍ ʂʆʄʇʆɿʀʊʆɺ ʇʈʀ ʊʆʏɽʅʀʀ ɿɸʂɸʃɽʅʅʆʁ 

ʉʊɸʃʀ  

ʄʝʣʴʥʠʡʯʫʢ ʖ.ɸ.1, ʂʣʠʤʝʥʢʦ ʉ.ɸ.1, ʂʦʧʝʡʢʠʥʘ ʄ.ʖ.1, ʂʦʣʤʘʢʦʚ ɸ.ɻ.2, ʅʘʩʘʢʠʥʘ ɽ.ʆ.2, ʍʝʡʬʝʮ 

ʄ.ʃ.3 
1ʋʢʨʘʠʥʘ, ʛ. ʂʠʝʚ, ʀʉʄ ʅɸʅ, 2ʈʦʩʩʠʷ, ʛ. ʄʦʩʢʚʘ, ʀʄɽʊ ʈɸʅ, 3ʇʨʝʟʠʜʠʫʤ ʅɸʅ ɹʝʣʦʨʫʩʩʠʠ 

 
ɸʥʘʣʠʟ ʨʘʙʦʪ, ʧʦʩʚʷʱʝʥʥʳʭ ʚʦʧʨʦʩʘʤ ʨʘʟʨʘʙʦʪʢʠ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʝʞʫʱʠʭ ʠʥʩʪʨʫʤʝʥʪʦʚ, 

ʦʩʥʘʱʝʥʥʳʭ ʢʝʨʘʤʠʯʝʩʢʠʤʠ ʢʦʤʧʦʟʠʪʘʤʠ, ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʠʭ ʨʘʟʨʫʰʝʥʠʝ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚ ʫʩʣʦʚʠʷʭ 

ʚʳʩʦʢʠʭ ʜʠʥʘʤʠʯʝʩʢʠʭ ʠ ʪʝʨʤʠʯʝʩʢʠʭ ʥʘʛʨʫʟʦʢ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʠʤʝʝʪ ʭʨʫʧʢʠʡ ʭʘʨʘʢʪʝʨ ï ʨʘʟʨʫʰʝʥʠʝ 

ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʩʯʝʪ ʤʛʥʦʚʝʥʥʦʛʦ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʦʛʦ ʥʘʨʫʰʝʥʠʷ ʩʧʣʦʰʥʦʩʪʠ ʢʝʨʘʤʠʯʝʩʢʠʭ ʢʦʤʧʦʟʠʪʦʚ 

ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʚʥʝʰʥʠʭ ʥʘʛʨʫʟʦʢ. ʇʨʠʯʠʥʦʡ ʨʘʟʨʫʰʝʥʠʷ, ʢʘʢ ʧʨʘʚʠʣʦ, ʩʪʘʥʦʚʷʪʩʷ ʜʝʬʝʢʪʳ ʩʪʨʫʢʪʫʨ 

ʤʘʪʝʨʠʘʣʦʚ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʢʦʥʮʝʥʪʨʘʪʦʨʘʤʠ ʥʘʧʨʷʞʝʥʠʡ.  

ʅʘ ʨʠʩ. 1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʬʦʪʦʛʨʘʬʠʠ ʨʘʟʨʫʰʝʥʥʳʭ ʚʝʨʰʠʥʳ ʨʝʟʮʘ ʠʟ ʢʝʨʘʤʠʢʠ ʉʉ650 (ʐʚʝʮʠʷ). 

ʍʘʨʘʢʪʝʨʥʳʤ ʷʚʣʷʝʪʩʷ ʩʢʣʘʜʯʘʪʳʡ ʨʝʣʴʝʬ ʧʦʚʝʨʭʥʦʩʪʠ ʩʢʦʣʘ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʨʘʟʨʫʰʝʥʠʠ 

ʠʥʩʪʨʫʤʝʥʪʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ ʨʦʩʪʘ ʥʝʩʢʦʣʴʢʠʭ ʪʨʝʱʠʥ ʠʟ ʦʙʣʘʩʪʝʡ ʢʦʤʧʦʟʠʪʘ, 

ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ ʥʝʢʦʪʦʨʦʤ ʫʜʘʣʝʥʠʠ ʜʨʫʛ ʦʪ ʜʨʫʛʘ.  

   
ʘ ʙ ʚ 

   
ʛ ʜ ʝ 

ʈʠʩ. 1. ɺʝʨʰʠʥʘ (ʘ, ʙ, ʚ) ʠ ʧʝʨʝʜʥʷʷ ʧʦʚʝʨʭʥʦʩʪʴ (ʛ, ʜ, ʝ) ʠʥʩʪʨʫʤʝʥʪʘ ʠʟ ʢʝʨʘʤʠʢʠ ʉʉ650 (ʘ, ʛ), ɺʆʂ 71 

(ʙ, ʜ),  Al2O3-ZrC (ʚ, ʝ) ʩʦ ʩʢʦʣʦʤ 

(v = 190 ʤ/ʤʠʥ; S = 0,14 ʤʤ/ʦʙ; t = 0,2 ʤʤ) 
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ʍʘʨʘʢʪʝʨ ʧʦʚʝʨʭʥʦʩʪʠ ʩʢʘʣʳʚʘʥʠʷ ʠʥʩʪʨʫʤʝʥʪʘ ʠʟ ʢʝʨʘʤʠʢʠ ɺʆʂ 71 ʧʦʢʘʟʳʚʘʝʪ (ʨʠʩ. 1), ʯʪʦ ʠʭ 

ʨʘʟʨʫʰʝʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʥʪʝʥʩʠʚʥʦʛʦ ʨʘʟʚʠʪʠʷ ʦʜʥʦʡ ʤʘʛʠʩʪʨʘʣʴʥʦʡ 

ʪʨʝʱʠʥʳ ʚ ʢʦʤʧʦʟʠʪʝ. ʇʦʚʝʨʭʥʦʩʪʠ ʨʘʟʨʫʰʝʥʠʷ ʨʝʟʮʦʚ ʠʟ ʢʝʨʘʤʠʢʠ Al2O3-ZrC, ʧʦʣʫʯʝʥʥʦʡ ʤʝʪʦʜʦʤ 

ʛʦʨʷʯʝʛʦ ʧʨʝʩʩʦʚʘʥʠʷ ʠʟ ʩʤʝʩʠ  ZrO2ïAlïC, ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʨʘʟʚʠʪʳʤ ʨʝʣʴʝʬʦʤ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ 

ʠʭ ʨʘʟʨʫʰʝʥʠʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʙʨʘʟʦʚʘʥʠʠ ʚ ʤʘʪʝʨʠʘʣʝ ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠʥʩʪʨʫʤʝʥʪʘ ʩʠʩʪʝʤʳ 

ʤʠʢʨʦʪʨʝʱʠʥ (ʨʠʩ. 1). 

ʅʘ ʨʠʩ. 2 ʧʨʠʚʝʜʝʥʘ ʬʦʪʦʛʨʘʬʠʷ ʨʘʙʦʯʝʛʦ ʫʯʘʩʪʢʘ ʧʝʨʝʜʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠʥʩʪʨʫʤʝʥʪʘ ʠʟ ʢʝʨʘʤʠʢʠ 

Al2O3-ZrC ʧʦʩʣʝ ʪʦʯʝʥʠʷ ʩʪʘʣʠ ʐʍ 15 ʩ ʫʜʘʨʦʤ. ɺʠʜʥʦ, ʯʪʦ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠʥʩʪʨʫʤʝʥʪʘ ʩ ʚʳʩʦʢʠʤʠ 

ʜʠʥʘʤʠʯʝʩʢʠʤʠ ʥʘʛʨʫʟʢʘʤʠ ʚ ʤʘʪʝʨʠʘʣʝ ʦʙʨʘʟʫʝʪʩʷ ʩʠʩʪʝʤʘ ʪʨʝʱʠʥ, ʠʤʝʶʱʠʭ ʨʘʟʥʳʡ ʚʝʢʪʦʨ ʨʦʩʪʘ. 

ʆʙʲʝʜʠʥʝʥʠʷ ʥʝʩʢʦʣʴʢʠʭ ʪʨʝʱʠʥ ʚ ʦʜʥʫ ʤʘʢʨʦʪʨʝʱʠʥʫ ʥʝ ʥʘʙʣʶʜʘʣʦʩʴ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʥʘʣʠʯʠʠ 

ʙʘʨʴʝʨʦʚ ʥʘ ʧʫʪʠ ʠʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ï ʦʩʥʦʚʥʳʝ ʬʘʟʳ ʢʦʤʧʦʟʠʪʘ ʩʦʟʜʘʶʪ ʧʦʣʷ ʤʠʢʨʦʥʘʧʨʷʞʝʥʠʡ, 

ʢʦʪʦʨʳʝ ʧʨʠʚʦʜʷʪ ʢ  ʪʦʨʤʦʞʝʥʠʶ, ʚʝʪʚʣʝʥʠʶ ʠ, ʚʦʟʤʦʞʥʦ, ʦʩʪʘʥʦʚʢʝ ʚʦʟʥʠʢʘʶʱʠʭ ʪʨʝʱʠʥ. ʊʨʘʝʢʪʦʨʠʠ 

ʦʙʨʘʟʦʚʘʚʰʠʭʩʷ ʪʨʝʱʠʥ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʠʭ ʨʘʟʚʠʪʠʠ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʧʦ ʬʘʟʝ Al2O3 ʩ ʦʛʠʙʘʥʠʝʤ 

ʬʘʟʳ ZrC ʠ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʝʝ ʢʘʨʢʘʩʝ ʟʝʨʝʥ ZrO2.  
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ʈʠʩ. 2. ʊʨʝʱʠʥʳ, ʦʙʨʘʟʦʚʘʚʰʠʝʩʷ ʥʘ ʧʝʨʝʜʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠʥʩʪʨʫʤʝʥʪʘ ʠʟ ʢʝʨʘʤʠʢʠ Al2O3-ZrC 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʧʨʦʚʝʨʢʘ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʠʥʩʪʨʫʤʝʥʪʘ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʪʦʨʤʦʞʝʥʠʝ ʪʨʝʱʠʥʳ 

ʧʦʣʷʤʠ ʩʞʠʤʘʶʱʠʭ ʥʘʧʨʷʞʝʥʠʡ, ʩʬʦʨʤʠʨʦʚʘʚʰʠʤʠʩʷ ʚ ʦʢʨʝʩʪʥʦʩʪʷʭ ʬʘʟ ZrC ʠ ZrO2 ʚ ʧʨʦʮʝʩʩʝ 

ʛʦʨʷʯʝʛʦ ʧʨʝʩʩʦʚʘʥʠʷ, ʧʦʟʚʦʣʷʝʪ ʵʬʬʝʢʪʠʚʥʦ ʨʝʘʣʠʟʦʚʘʪʴ ʧʨʦʮʝʩʩ ʪʦʯʝʥʠʷ ʟʘʢʘʣʝʥʥʦʡ ʩʪʘʣʠ ʩ 

ʧʦʚʳʰʝʥʥʳʤʠ ʜʠʥʘʤʠʯʝʩʢʠʤʠ ʥʘʛʨʫʟʢʘʤʠ ʠ ʫʚʝʣʠʯʠʪʴ ʩʝʯʝʥʠʝ ʩʨʝʟʘ ʟʘ ʩʯʝʪ ʙʦʣʴʰʝʡ ʧʦʜʘʯʠ. 
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The purpose of this work is to understand general trends of the variation in the amount of nitrogen absorbed 

by zirconium during high-temperature nitridation. 

Zirconium samples in the form of ribbons 60 mm in length and 3.0 Ĭ 0.5 mm in cross section were heated 

in an extrapure-grade nitrogen atmosphere at temperatures of 1500, 1800, 1965, and 2400ÁC. The possibility of 

direct nitridation above the melting point of zirconium was demonstrated previously. The nitridation time at each 

temperature was 4, 6, 11, 21, 30, 40, 50, and 60 min. 

The kinetics of zirconium saturation with nitrogen were experimentally evaluated from the weight gain of 

the samples over a period of 60 min. The samples were weighed with an accuracy of Ñ0.0001 g. During heating 

at each temperature, we measured the resistivity of the sample. 

Figure 1 shows plots of the sample weight gain against nitridation time at different temperatures. Our results 

demonstrate that zirconium saturation with nitrogen involves two stages: the first stage can be described by an 




