
1 

 

 

 

 

 

 

 

 

 

XIV ʈʦʩʩʠʡʩʢʘʷ ʝʞʝʛʦʜʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ 

ʤʦʣʦʜʳʭ ʥʘʫʯʥʳʭ ʩʦʪʨʫʜʥʠʢʦʚ ʠ ʘʩʧʠʨʘʥʪʦʚ  

"ʌʠʟʠʢʦ-ʭʠʤʠʷ ʠ ʪʝʭʥʦʣʦʛʠʷ 

ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ" 

(ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ) 

 

 

ʉɹʆʈʅʀʂ ʊʈʋɼʆɺ 

ʢʦʥʬʝʨʝʥʮʠʠ 
 

 

 

17-20 ʦʢʪʷʙʨʷ 2017 ʛ. 

 

 

 

ʀʄɽʊ ʈɸʅ 

ʄʦʩʢʚʘ 2017 

 



2 

 

ʋɼʂ 539.3/.6+ 544+ 546.03 

ɹɹʂ 24,1+ 24.5 

ʈ76 

 

ʌ50 ʍIII ʈʦʩʩʠʡʩʢʘʷ ʝʞʝʛʦʜʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʤʦʣʦʜʳʭ ʥʘʫʯʥʳʭ ʩʦʪʨʫʜʥʠʢʦʚ ʠ ʘʩʧʠʨʘʥʪʦʚ çʌʠʟʠʢʦ-

ʭʠʤʠʷ ʠ ʪʝʭʥʦʣʦʛʠʷ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚè. ʄʦʩʢʚʘ. 17-20 ʦʢʪʷʙʨʷ 2017 ʛ. / ʉʙʦʨʥʠʢ ʪʨʫʜʦʚ. ï 

ʄ:ʀʄɽʊ ʈɸʅ, 2017, 530.  

ISBN 978-5- 9500763-3-6 

 

ɺ ʩʙʦʨʥʠʢʝ ʤʘʪʝʨʠʘʣʦʚ ʦʧʫʙʣʠʢʦʚʘʥʳ ʜʦʢʣʘʜʳ ʍIV ʈʦʩʩʠʡʩʢʦʡ ʝʞʝʛʦʜʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ 

ʤʦʣʦʜʳʭ ʥʘʫʯʥʳʭ ʩʦʪʨʫʜʥʠʢʦʚ ʠ ʘʩʧʠʨʘʥʪʦʚ çʌʠʟʠʢʦ-ʭʠʤʠʷ ʠ ʪʝʭʥʦʣʦʛʠʷ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ 

ʤʘʪʝʨʠʘʣʦʚè, ʩʦʜʝʨʞʘʱʠʝ ʨʝʟʫʣʴʪʘʪʳ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʙʣʘʩʪʠ ʥʘʫʢ ʦ ʤʘʪʝʨʠʘʣʘʭ, 

ʚʢʣʶʯʘʶʱʠʭ ʨʘʟʨʘʙʦʪʢʫ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʦʩʥʦʚ ʩʦʟʜʘʥʠʷ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʠ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ 

ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ ʠ ʥʘʥʦʪʝʭʥʦʣʦʛʠʡ, ʢʝʨʘʤʠʢʠ, ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʚ. ɺ ʢʦʥʬʝʨʝʥʮʠʠ ʧʨʠʥʷʣʠ ʫʯʘʩʪʠʝ 

ʤʦʣʦʜʳʝ ʥʘʫʯʥʳʝ ʩʦʪʨʫʜʥʠʢʠ ʠ ʘʩʧʠʨʘʥʪʳ ʘʢʘʜʝʤʠʯʝʩʢʠʭ ʠʥʩʪʠʪʫʪʦʚ, ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʥʘʫʯʥʳʭ 

ʮʝʥʪʨʦʚ, ʘ ʪʘʢʞʝ ʩʪʫʜʝʥʪʳ ɺʳʩʰʠʭ ʫʯʝʙʥʳʭ ʟʘʚʝʜʝʥʠʡ ʈʦʩʩʠʠ. ʉʙʦʨʥʠʢ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʥʘʫʯʥʳʭ 

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

ʙʳʪʴ ʧʦʣʝʟʝʥ ʩʪʫʜʝʥʪʘʤ ʩʪʘʨʰʠʭ ʢʫʨʩʦʚ ɺʳʩʰʠʭ ʫʯʝʙʥʳʭ ʟʘʚʝʜʝʥʠʡ. 

 

ʄʘʪʝʨʠʘʣʳ ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ ʘʚʪʦʨʩʢʦʡ ʨʝʜʘʢʮʠʠ. 

 

ʉʙʦʨʥʠʢ ʤʘʪʝʨʠʘʣʦʚ ʜʦʩʪʫʧʝʥ ʥʘ ʩʘʡʪʝ www.m.imetran.ru 

 

ʇʨʦʚʝʜʝʥʠʝ ʢʦʥʬʝʨʝʥʮʠʠ ʧʦʜʜʝʨʞʘʥʦ ʬʦʥʜʦʤ ʈʌʌʀ (ʛʨʘʥʪ 17-38-10303 ʤʦʣ_ʛ). 

 

ʆʨʛʘʥʠʟʘʪʦʨʳ ʢʦʥʬʝʨʝʥʮʠʠ: 

 

ʌʝʜʝʨʘʣʴʥʦʝ ʘʛʝʥʪʩʪʚʦ ʥʘʫʯʥʳʭ ʦʨʛʘʥʠʟʘʮʠʡ, 

ʈʦʩʩʠʡʩʢʘʷ ʘʢʘʜʝʤʠʷ ʥʘʫʢ, 

ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ʥʘʫʢʠ ʀʥʩʪʠʪʫʪ ʤʝʪʘʣʣʫʨʛʠʠ ʠ 

ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ ʠʤ. ɸ.ɸ. ɹʘʡʢʦʚʘ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ, 

ʌʅʄ ʄɻʋ ʠʤ. ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ, 

ʉʦʚʝʪ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ ʈɸʅ, 

ʉʦʚʝʪ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ ʀʄɽʊ ʈɸʅ 
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ʆʨʛʘʥʠʟʘʮʠʦʥʥʳʡ ʢʦʤʠʪʝʪ ʢʦʥʬʝʨʝʥʮʠʠ: 

ʇʨʝʜʩʝʜʘʪʝʣʴ ï ʘʢʘʜʝʤʠʢ ʖ.ɺ. ʎʚʝʪʢʦʚ (ʀʄɽʊ ʈɸʅ, ʄʦʩʢʚʘ); 

 ʏʣʝʥʳ ʦʨʛʢʦʤʠʪʝʪʘ: 

ɸ.ɻ. ʂʦʣʤʘʢʦʚ (ʀʄɽʊ ʈɸʅ, ʄʦʩʢʚʘ) - ʟʘʤ. ʧʨʝʜʩʝʜʘʪʝʣʷ 

ɺ.ʉ. ʂʦʤʣʝʚ (ʀʄɽʊ ʈɸʅ, ʄʦʩʢʚʘ) - ʟʘʤ. ʧʨʝʜʩʝʜʘʪʝʣʷ 

ʉ.ɺ. ʉʠʤʘʢʦʚ (ʀʄɽʊ ʈɸʅ, ʄʦʩʢʚʘ) - ʟʘʤ. ʧʨʝʜʩʝʜʘʪʝʣʷ 

ʅ.ɼ. ɹʘʭʪʝʝʚʘ (ʀʄɽʊ ʈɸʅ, ʄʦʩʢʚʘ) - ʫʯʝʥʳʡ ʩʝʢʨʝʪʘʨʴ 

ʄ.ʀ. ɸʣʳʤʦʚ (ʀʉʄɸʅ ʈɸʅ, ʏʝʨʥʦʛʦʣʦʚʢʘ ʄʆ) 

ɺ.ʌ. ɹʘʣʘʢʠʨʝʚ (ʀʥʩʪʠʪʫʪ ʄʝʪʘʣʣʫʨʛʠʠ ʋʈʆ ʈɸʅ, ɽʢʘʪʝʨʠʥʙʫʨʛ) 

ʆ.ɸ. ɹʘʥʥʳʭ (ʀʄɽʊ ʈɸʅ, ʄʦʩʢʚʘ) 

ɺ.ɻ. ɹʘʤʙʫʨʦʚ (ʀʍʊʊ ʋʨʆ ʈɸʅ, ɽʢʘʪʝʨʠʥʙʫʨʛ) 

ʉ.ʄ. ɹʘʨʠʥʦʚ (ʀʄɽʊ ʈɸʅ, ʄʦʩʢʚʘ) 

ʂ.ɽ. ɹʦʨʠʩʦʚ (ɼʝʧʘʨʪʘʤʝʥʪ ʥʘʫʢʠ ʠ ʪʝʭʥʦʣʦʛʠʡ ʄʠʥʦʙʨʥʘʫʢʠ ʈʦʩʩʠʠ) 

ɺ.ʄ. ɹʫʟʥʠʢ (ɻʅʎ ɺʀɸʄ, ʄʦʩʢʚʘ) 

ɺ.ɸ. ʏʘʥʪʫʨʠʷ (ʀʇʂʆʅ ʈɸʅ, ʄʦʩʢʚʘ) 

ɻ.ʉ. ɹʫʨʭʘʥʦʚ (ʀʄɽʊ ʈɸʅ, ʄʦʩʢʚʘ) 

ʇ.ɸ. ɺʠʪʷʟʴ (ʇʨʝʟʠʜʠʫʤ ʅɸʅɹ, ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ) 

ɸ.ɽ. ɻʚʦʟʜʝʚ (ʊʫʣʴʩʢʠʡ ʇɻʋ, ʊʫʣʘ) 

ʉ.ɸ. ɻʝʨʘʩʠʤʦʚ (ʄɻʊʋ ʠʤ. ʅ.ʕ. ɹʘʫʤʘʥʘ, ʄʦʩʢʚʘ) 

ʉ.ɺ. ɻʥʝʜʝʥʢʦʚ (ʀʥʩʪʠʪʫʪ ʭʠʤʠʠ ɼɺʆ ʈɸʅ, ʛ.ɺʣʘʜʠʚʦʩʪʦʢ) 

ʖ.ɻ. ɻʦʨʙʫʥʦʚʘ (ʀʆʅʍ ʈɸʅ, ʀʌʍʕ ʈɸʅ, ʄʦʩʢʚʘ) 

ʌ.ɺ. ɻʨʝʯʥʠʢʦʚ (ʉɻɸʋ, ʉʘʤʘʨʘ) 

ʂ.ɺ. ɻʨʠʛʦʨʦʚʠʯ (ʀʄɽʊ ʈɸʅ, ʄʦʩʢʚʘ) 

ɽ.ɸ. ɻʫʜʠʣʠʥ (ʄɻʋ, ʄʦʩʢʚʘ) 

ɺ.ɺ. ɻʫʩʘʨʦʚ (ʉʇʙɻʊʀ(ʊʋ), ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ) 

ɹ.ʀ. ɼʦʣʛʫʰʠʥ (ʅʀʀ ʂʆ ʈʆʅʎ ʠʤ. ʅ.ʅ. ɹʣʦʭʠʥʘ, ʄʦʩʢʚʘ) 

ɼ.ɺ. ɼʦʣʛʫʰʠʥ (ʌɸʅʆ ʈʦʩʩʠʠ) 

ɸ.ɺ. ʀʚʘʥʦʚ (ʆɸʆ ɺʅʀʀʍʊ, ʄʦʩʢʚʘ) 

ɺ.ʂ. ʀʚʘʥʦʚ (ʀʆʅʍ ʈɸʅ, ʄʦʩʢʚʘ) 

ɺ.ʄ. ʀʝʚʣʝʚ (ɺɻʋ, ʛ.ɺʦʨʦʥʝʞ, ʄɻʋ, ʛ.ʄʦʩʢʚʘ) 

ɸ.ɼ. ʀʟʦʪʦʚ (ʀʆʅʍ ʈɸʅ, ʄʦʩʢʚʘ) 

ɸ.ʌ. ʀʣʴʶʱʝʥʢʦ (ɻʅʇʆ ʧʦʨʦʰʢʦʚʦʡ ʤʝʪʘʣʣʫʨʛʠʠ, ʛ.ʄʠʥʩʢ, ɹʝʣʘʨʫʩʴ) 

ɽ.ʅ. ʂʘʙʣʦʚ (ɻʅʎ ɺʀɸʄ, ʄʦʩʢʚʘ) 

ʉ.ɸ. ʂʣʠʤʝʥʢʦ (ʀʥ-ʪ ʩʚʝʨʭʪʚʝʨʜʳʭ ʤʘʪʝʨʠʘʣʦʚ ʅɸʅʋ, ʋʢʨʘʠʥʘ) 

ɸ.ɺ. ʂʥʦʪʴʢʦ (ʄɻʋ, ʛ.ʄʦʩʢʚʘ) 

ɺ.ʇ. ʂʦʣʦʪʦʚ ɻɽʆʍʀ ʈɸʅ, ʄʦʩʢʚʘ) 

ʂ.ʂ. ʂʫʩʘʠʳʥʦʚ (ʂʘʨʘʛʘʥʜʠʥʩʢʠʡ ɻʋ ʠʤ. ɽ.ɸ. ɹʫʢʝʪʦʚʘ, ʂʘʟʘʭʩʪʘʥ) 

ɸ.ʇ. ʃʘʩʢʦʚʥʝʚ (ʅɸʅɹ, ɹʝʣʘʨʫʩʴ) 

ɽ.ɸ. ʃʝʚʘʰʦʚ (ʄʀʉʠʉ, ʄʦʩʢʚʘ) 

ʃ.ʀ. ʃʝʦʥʪʴʝʚ (ʀʄɽʊ ʈɸʅ, ʄʦʩʢʚʘ) 

ɸ.ɺ. ʃʫʢʘʰʠʥ (ʄɻʋ, ʛ.ʄʦʩʢʚʘ) 

ɸ.ʅ. ʃʫʮʝʥʢʦ (ɻʅʎ ʈʌ ɺʀɸʄ, ʄʦʩʢʚʘ) 

ɻ.ʄ. ʃʫʢʦʚʢʠʥ (ʄɻʋ, ʄʦʩʢʚʘ) 

ɺ.ʀ. ʃʳʩʘʢ (ɺʦʣʛɻʊʋ, ɺʦʣʛʦʛʨʘʜ) 

ʅ.ɿ. ʃʷʭʦʚ (ʀʍʊʊʄ ʉʆ ʈɸʅ, ʅʦʚʦʩʠʙʠʨʩʢ) 

L. Matlakhova (State University of the North Fluminense Darcy Ribeiro, ɹʨʘʟʠʣʠʷ) 

ɺ.ʇ. ʄʝʰʘʣʢʠʥ (ʈʍʊʋ ʠʤ. ɼ.ʀ. ʄʝʥʜʝʣʝʝʚʘ, ʄʦʩʢʚʘ) 

ɸ.ʀ. ʅʠʢʦʣʘʝʚ (ʀʍʊʈʕʄʉ ʂʅʎ ʈɸʅ, ɸʧʘʪʠʪʳ) 

ɺ.ʄ. ʅʦʚʦʪʦʨʮʝʚ (ʀʆʅʍ ʈɸʅ, ʄʦʩʢʚʘ) 

ɸ.ɻ. ʇʘʜʘʣʢʦ (ʀʄɽʊ ʈɸʅ, ʄʦʩʢʚʘ) 
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ɸ.ɺ. ʇʘʥʠʥ (ʀʌʇʄ ʉʆ ʈɸʅ, ʛ.ʊʦʤʩʢ) 

ɸ.ɸ. ʇʘʨʬʝʥʦʚ (ʆɸʆ ɺʅʀʀʅʄ ʠʤ. ɸ.ɸ. ɹʦʯʚʘʨʘ, ʄʦʩʢʚʘ) 

ɺ.ʂ. ʇʦʧʦʚ (ʌʅʀʎ çʂʨʠʩʪʘʣʣʦʛʨʘʬʠʷ ʠ ʬʦʪʦʥʠʢʘè ʈɸʅ, ʄʦʩʢʚʘ) 

ʈ.ʅ. ʈʠʟʘʭʘʥʦʚ (ɻʅʎ ʌɻʋʇ çʎʝʥʪʨ ʂʝʣʜʳʰʘè, ʄʦʩʢʚʘ) 

ɸ.ʂ. ʉʢʫʨʘʪʦʚ (ʌɻɹʅʋ "ɼʠʨʝʢʮʠʷ ʅʊʇ", ʄʦʩʢʚʘ) 

A. Shoshenskiy (Air Liquide Welding, ʌʨʘʥʮʠʷ) 

ɸ.ʆ. ʊʝʨʝʥʪʴʝʚ (ʀʆʍ ʈɸʅ, ʄʦʩʢʚʘ) 

ʆ.ʅ. ʌʦʤʠʥʘ (ʀʄɽʊ ʈɸʅ, ʄʦʩʢʚʘ) 

T. Hailing (General Research Institute for Non-ferrous Metals, ʂʅʈ) 

ʄ.ʃ. ʍʝʡʬʝʮ (ʅɸʅɹ, ɹʝʣʘʨʫʩʴ) 

ɸ.ʖ. ʎʠʚʘʜʟʝ (ʀʌʍʕ ʈɸʅ, ʄʦʩʢʚʘ) 

A. Ļiuplys (Kaunas University of Technology, ʃʠʪʚʘ) 

ɹ.ɹ. ʏʘʡʚʘʥʦʚ (ʅʀʎ "ʂʫʨʯʘʪʦʚʩʢʠʡ ʠʥʩʪʠʪʫʪ", ʄʦʩʢʚʘ) 

ɺ.ɸ. ʏʘʥʪʫʨʠʷ (ʀʇʂʆʅ ʈɸʅ, ʄʦʩʢʚʘ) 

ʉ.ɸ. ʏʠʞʠʢ (ʇʨʝʟʠʜʠʫʤ ʅɸʅɹ, ɹʝʣʘʨʫʩʴ) 

ʄ.ʌ. ʏʫʨʙʘʥʦʚ (ʀʍɺɺ ʈɸʅ, ʛ.ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ) 

ɽ.ɺ. ʖʨʪʦʚ (ʈʍʊʋ ʠʤ. ɼ.ʀ. ʄʝʥʜʝʣʝʝʚʘ, ʄʦʩʢʚʘ) 

ɺ.ʉ. ʖʩʫʧʦʚ (ʀʄɽʊ ʈɸʅ, ʄʦʩʢʚʘ) 

ɸ.ɸ. ʗʨʦʩʣʘʚʦʚ (ʄɻʋ, ʄʦʩʢʚʘ) 

ɸ.ɹ. ʗʨʦʩʣʘʚʮʝʚ (ʀʆʅʍ ʈɸʅ, ʄʦʩʢʚʘ) 

 

ʇʨʦʛʨʘʤʤʥʳʡ ʢʦʤʠʪʝʪ ʢʦʥʬʝʨʝʥʮʠʠ: 

ɸ.ɻ. ʂʦʣʤʘʢʦʚ ð ʧʨʝʜʩʝʜʘʪʝʣʴ 

ʉ.ɺ. ʉʠʤʘʢʦʚ ð ʟʘʤ. ʧʨʝʜʩʝʜʘʪʝʣʷ 

ʅ.ɼ. ɹʘʭʪʝʝʚʘ ð ʦʪʚʝʪʩʪʚʝʥʳʡ ʩʝʢʨʝʪʘʨʴ 

ʀ.ɾ. ɹʫʥʠʥ (ʀʇʂʆʅ ʈɸʅ, ʄʦʩʢʚʘ) 

ɽ.ɼ. ʂʦʚʘʣʝʚʘ (ʀʄɽʊ ʈɸʅ, ʄʦʩʢʚʘ) 

ʀ.ɻ. ʂʫʣʠʢʦʚʘ (ʀʄɽʊ ʈɸʅ, ʄʦʩʢʚʘ) 

ɸ. ʉ. ʃʳʩʝʥʢʦʚ (ʀʄɽʊ ʈɸʅ, ʄʦʩʢʚʘ) 

ɽ.ɺ. ʊʦʜʦʨʦʚʘ (ʀʄɽʊ ʈɸʅ, ʄʦʩʢʚʘ) 

ɼ.ɺ. ʇʨʦʩʚʠʨʥʠʥ (ʀʄɽʊ ʈɸʅ, ʄʦʩʢʚʘ) 

ʄ.ɽ. ʇʨʫʮʢʦʚ (ʀʄɽʊ ʈɸʅ, ʄʦʩʢʚʘ) 

ʄ.ɸ. ʉʝʚʦʩʪʴʷʥʦʚ (ʀʄɽʊ ʈɸʅ, ʄʦʩʢʚʘ) 

ʅ.ʉ. ʉʝʨʛʝʝʚʘ (ʄʅʀʆʀ ʠʤ. ʇ.ɸ. ɻʝʨʮʝʥʘ, ʄʦʩʢʚʘ) 

ʖ.ɹ. ʊʶʪʴʢʦʚʘ (ʀʄɽʊ ʈɸʅ, ʄʦʩʢʚʘ) 
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ʉʝʢʮʠʷ 1 

çʉʪʨʫʢʪʫʨʘ ʠ ʩʚʦʡʩʪʚʘ ʚʳʩʦʢʦʧʨʦʯʥʳʭ 

ʠ ʥʘʥʦʩʪʨʫʢʪʫʨʥʳʭ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʠ 

ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚè 
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ʀʉʉʃɽɼʆɺɸʅʀɽ ʉɺʉ ʂɸʈɹʀɼɸ ʊʀʊɸʅɸ ʉ ʅʀʂɽʃɽɺʆʁ ʉɺʗɿʂʆʁ ʀɿ 

ɻʈɸʅʋʃʀʈʆɺɸʅʅʆʁ ʐʀʍʊʓ ʅɸʉʓʇʅʆʁ ʇʃʆʊʅʆʉʊʀ  

ɸʙʟʘʣʦʚ ʅ.ʀ. 

ʈʌ, ʏʝʨʥʦʛʦʣʦʚʢʘ, ʀʥʩʪʠʪʫʪ ʩʪʨʫʢʪʫʨʥʦʡ ʤʘʢʨʦʢʠʥʝʪʠʢʠ ʠ ʧʨʦʙʣʝʤ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ 

ʈɸʅ;  ʈʌ, ʋʬʘ, ʋʬʠʤʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʘʚʠʘʮʠʦʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

abzalov396@mail.ru 

ʄʘʪʝʨʠʘʣʳ ʥʘ ʦʩʥʦʚʝ ʢʘʨʙʠʜʘ ʪʠʪʘʥʘ TiC ʠʤʝʶʪ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʧʨʠʤʝʥʝʥʠʷ: ʦʪ ʘʙʨʘʟʠʚʦʚ ʠ 

ʟʘʱʠʪʥʳʭ ʧʦʢʨʳʪʠʡ ʜʦ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʪʨʠʙʦʣʦʛʠʯʝʩʢʠʭ ʩʧʣʘʚʦʚ. ʇʨʠ ʵʪʦʤ ʠʟ-ʟʘ ʚʳʩʦʢʦʡ 

ʭʨʫʧʢʦʩʪʠ ʢʘʨʙʠʜʘ ʪʠʪʘʥʘ ʚ ʤʘʪʝʨʠʘʣʘʭ ʥʘ ʝʛʦ ʦʩʥʦʚʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʚʷʟʢʘ. ɺ ʥʘʰʝʡ ʨʘʙʦʪʝ ʤʳ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʚ ʢʘʯʝʩʪʚʝ ʩʚʷʟʢʠ ʥʠʢʝʣʴ Ni.  

 
ʈʠʩ.1 ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʛʨʘʥʫʣʳ Ti+C+25%Ni ʧʦʩʣʝ ʩʠʥʪʝʟʘ. 

 

 
ʈʠʩ. 2. ʌʦʪʦʛʨʘʬʠʠ ʛʦʨʷʱʝʛʦ ʦʙʨʘʟʮʘ ʠʟ ʛʨʘʥʫʣʠʨʦʚʘʥʥʦʡ ʩʤʝʩʠ (Ti+C)+25%Ni ʚ ʨʘʟʣʠʯʥʳʝ 

ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʩʥʦʚʥʳʤ ʤʝʪʦʜʦʤ ʧʦʣʫʯʝʥʠʷ ʤʘʪʝʨʠʘʣʦʚ ʠʟ ʠʩʭʦʜʥʳʭ ʧʦʨʦʰʢʦʚ ʷʚʣʷʝʪʩʷ 

ʩʧʝʢʘʥʠʝ, ʢʦʪʦʨʦʝ ʪʨʝʙʫʝʪ ʙʦʣʴʰʠʭ ʟʘʪʨʘʪ ʵʥʝʨʛʠʠ ʠ ʚʨʝʤʝʥʠ, ʘ ʪʘʢʞʝ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ, ʪʨʘʜʠʮʠʦʥʥʳʭ ʜʣʷ ʧʦʨʦʰʢʦʚʦʡ ʤʝʪʘʣʣʫʨʛʠʠ. ɸʣʴʪʝʨʥʘʪʠʚʦʡ ʩʧʝʢʘʥʠʶ 

ʷʚʣʷʝʪʩʷ ʩʘʤʦʨʘʩʧʨʦʩʪʨʘʥʷʶʱʠʡʩʷ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʡ ʩʠʥʪʝʟ (ʉɺʉ), ʢʦʪʦʨʳʡ ʥʘʟʳʚʘʶʪ ʩʠʥʪʝʟʦʤ 

ʛʦʨʝʥʠʝʤ ʠʣʠ ʘʚʪʦʚʦʣʥʦʚʳʤ ʩʠʥʪʝʟʦʤ.  ʉɺʉ ʧʦʟʚʦʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʟʠʪʴ ʵʥʝʨʛʦʟʘʪʨʘʪʳ, ʪ.ʢ. 

ʪʝʧʣʦ, ʥʝʦʙʭʦʜʠʤʦʝ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʦʥʝʯʥʦʛʦ ʧʨʦʜʫʢʪʘ, ʚʳʜʝʣʷʝʪʩʷ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʠʩʭʦʜʥʳʭ 

ʨʝʘʛʝʥʪʦʚ. ɼʨʫʛʦʡ ʦʯʝʥʴ ʚʘʞʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʉɺʉ ʷʚʣʷʝʪʩʷ ʧʣʘʚʣʝʥʠʝ ʥʘʠʙʦʣʝʝ ʣʝʛʢʦʧʣʘʚʢʠʭ 

ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʧʨʦʮʝʩʩʝ ʛʦʨʝʥʠʷ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʨʘʩʪʝʢʘʥʠʝ ʨʘʩʧʣʘʚʘ ʠ ʩʘʤʦʜʠʩʧʝʨʛʠʨʦʚʘʥʠʝ 

ʠʩʭʦʜʥʳʭ ʨʝʘʛʝʥʪʦʚ. 
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ʅʦʚʠʟʥʘ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʘʚʪʦʚʦʣʥʦʚʦʡ ʩʠʥʪʝʟ ʧʨʦʜʫʢʪʘ ʦʩʫʱʝʩʪʚʣʸʥ ʚ 

ʧʨʦʪʦʯʥʦʤ ʨʝʘʢʪʦʨʝ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʧʨʦʜʫʚʘ ʘʢʪʠʚʥʦʛʦ ʠʣʠ ʠʥʝʨʪʥʦʛʦ ʛʘʟʘ ʯʝʨʝʟ ʟʘʩʳʧʢʫ ʰʠʭʪʳ. 

ʊʘʢʦʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʩʠʥʪʝʟ ʫʧʨʘʚʣʷʝʤʳʤ, ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦ ʚʣʠʷʪʴ ʥʘ ʭʠʤʠʯʝʩʢʠʡ ʠ 

ʬʘʟʦʚʳʡ ʩʦʩʪʘʚ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʭ ʧʨʦʜʫʢʪʦʚ, ʚʘʨʴʠʨʫʷ ʚʝʣʠʯʠʥʫ ʠ ʩʦʩʪʘʚ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʘ ʯʝʨʝʟ 

ʦʙʨʘʟʝʮ, ʚ ʩʦʯʝʪʘʥʠʠ ʩʦ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʠʝʤ (ʛʨʘʥʫʣʠʨʦʚʘʥʠʝʤ) ʠʩʭʦʜʥʦʡ ʩʤʝʩʠ. 

ɺ ʙʦʣʝʝ ʨʘʥʥʠʭ ʨʘʙʦʪʘʭ, ʧʦʩʚʷʱʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʶ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʛʦʨʝʥʠʷ 

ʛʨʘʥʫʣʠʨʦʚʘʥʥʳʭ ʩʤʝʩʝʡ Ti-C, ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʦʩʣʝ ʩʠʥʪʝʟʘ ʛʨʘʥʫʣʳ ʩʦʭʨʘʥʷʶʪ ʩʚʦʠ ʨʘʟʤʝʨʳ ʠ 

ʥʝ ʩʧʝʢʘʶʪʩʷ ʜʨʫʛ ʩ ʜʨʫʛʦʤ. ʕʪʦʪ ʨʝʟʫʣʴʪʘʪ ʠʤʝʝʪ ʧʨʠʥʮʠʧʠʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʘʨʙʠʜʘ 

ʪʠʪʘʥʘ ʩ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʩʚʷʟʢʦʡ ʚ ʧʦʨʦʰʢʦʦʙʨʘʟʥʦʤ ʩʦʩʪʦʷʥʠʠ, ʪ.ʢ. ʨʘʟʤʦʣ ʢʦʥʝʯʥʦʛʦ ʧʨʦʜʫʢʪʘ ʧʦʩʣʝ 

ʩʠʥʪʝʟʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʙʦʣʴʰʠʝ ʪʨʫʜʥʦʩʪʠ ʠ ʪʨʝʙʫʝʪ ʙʦʣʴʰʠʭ ʵʥʝʨʛʦʟʘʪʨʘʪ. 

ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʠʩʩʣʝʜʦʚʘʥʠʶ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʛʦʨʝʥʠʷ ʧʦʨʦʰʢʦʚʳʭ ʠ 

ʛʨʘʥʫʣʠʨʦʚʘʥʥʳʭ ʩʤʝʩʝʡ Ti-C-Ni ʩ ʨʘʟʥʦʡ ʤʘʩʩʦʚʦʡ ʜʦʣʝʡ Ni (25õ50%) ʚ ʩʤʝʩʠ ʠ ʘʥʘʣʠʟʫ ʧʨʦʜʫʢʪʦʚ 

ʩʠʥʪʝʟʘ ʨʘʟʣʠʯʥʳʤʠ ʤʝʪʦʜʘʤʠ.  

ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʠ ʛʦʨʝʥʠʠ ʛʨʘʥʫʣʠʨʦʚʘʥʥʳʭ ʩʤʝʩʝʡ Ti-C-Ni ʧʦʩʣʝ ʩʠʥʪʝʟʘ 

ʛʨʘʥʫʣʳ ʩʦʭʨʘʥʷʶʪ ʩʚʦʠ ʨʘʟʤʝʨʳ ʠ ʥʝ ʩʧʝʢʘʶʪʩʷ ʜʨʫʛ ʩ ʜʨʫʛʦʤ. 

ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʭ ʧʨʦʜʫʢʪʦʚ (ʛʨʘʥʫʣ) ʠʩʩʣʝʜʦʚʘʣʘʩʴ ʤʝʪʦʜʦʤ ʩʢʘʥʠʨʫʶʱʝʡ 

ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ (ʉʕʄ) ʥʘ ʤʠʢʨʦʩʢʦʧʝ Ultra Plus ʬʠʨʤʳ Carl Zeiss. ʅʘ ʨʠʩ. 1 ʧʨʠʚʝʜʝʥʘ 

ʬʦʪʦʛʨʘʬʠʷ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʛʨʘʥʫʣ Ti+C+25%Ni ʧʦʩʣʝ ʩʠʥʪʝʟʘ. ʀʟ ʨʠʩʫʥʢʘ ʚʠʜʥʦ, ʯʪʦ ʩʨʝʜʥʠʡ 

ʨʘʟʤʝʨ ʟʝʨʝʥ ʢʘʨʙʠʜʘ ʩʦʩʪʘʚʣʷʝʪ 2-4ʤʢʤ, ʯʪʦ ʥʘ ʧʦʨʷʜʦʢ ʤʝʥʴʰʝ ʠʩʭʦʜʥʳʭ ʨʘʟʤʝʨʦʚ ʯʘʩʪʠʮ ʪʠʪʘʥʘ 

(50ʤʢʤ), ʪ.ʝ. ʚ ʧʨʦʮʝʩʩʝ ʛʦʨʝʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʪʘʢ ʥʘʟʳʚʘʝʤʦʝ çʩʘʤʦʜʠʩʧʝʨʛʠʨʦʚʘʥʠʝè ʯʘʩʪʠʮ ʪʠʪʘʥʘ, ʘ 

ʥʠʢʝʣʝʚʘʷ ʩʚʷʟʢʘ ʧʨʝʧʷʪʩʪʚʫʝʪ ʨʦʩʪʫ ʟʝʨʝʥ ʢʘʨʙʠʜʘ ʪʠʪʘʥʘ ʧʦʩʣʝ ʩʠʥʪʝʟʘ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʩʪʦʠʪ 

ʫʜʝʣʠʪʴ ʪʦʤʫ ʬʘʢʪʫ, ʯʪʦ Ni ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥ ʧʦ ʛʨʘʥʫʣʝ ʧʦʩʣʝ ʩʠʥʪʝʟʘ (ʩʚʝʪʣʳʝ ʦʙʣʘʩʪʠ ʥʘ 

ʨʠʩ.1, ʪʝʤʥʳʝ ï ʢʘʨʙʠʜ ʪʠʪʘʥʘ).  

ʊʘʢʞʝ ʚʘʞʥʦ, ʦʪʤʝʪʠʪʴ, ʯʪʦ ʛʦʨʝʥʠʝ ʜʘʥʥʦʡ ʩʤʝʩʠ, ʢʘʢ ʧʦʨʦʰʢʦʚʦʡ, ʪʘʢ ʠ ʛʨʘʥʫʣʠʨʦʚʘʥʥʦʡ, 

ʧʨʦʠʩʭʦʜʠʣʦ ʚ 2 ʵʪʘʧʘ ï ʩʥʘʯʘʣʘ ʧʨʦʭʦʜʠʣ ʬʨʦʥʪ ʛʦʨʝʥʠʷ, ʘ ʩʨʘʟʫ ʧʦʩʣʝ ʵʪʦʛʦ ʥʘʯʠʥʘʣʦʩʴ ʨʘʟʛʦʨʘʥʠʝ 

(ʙʦʣʝʝ ʷʨʢʦʝ ʩʚʝʯʝʥʠʝ) ʦʙʨʘʟʮʘ, ʜʣʠʚʰʝʝʩʷ ʚ ʩʨʝʜʥʝʤ 7-8ʩ (ʩʤ. ʨʠʩ. 2). 

ʇʦ-ʚʠʜʠʤʦʤʫ, ʜʚʫʭʩʪʘʜʠʡʥʳʡ ʭʘʨʘʢʪʝʨ ʛʦʨʝʥʠʷ ʩʚʷʟʘʥ ʩ ʪʝʤ, ʯʪʦ Ni, ʠʤʝʷ ʙʦʣʝʝ ʥʠʟʢʫʶ 

ʪʝʤʧʝʨʘʪʫʨʫ ʧʣʘʚʣʝʥʠʷ (1726ʂ), ʯʝʤ ʪʠʪʘʥ (1933ʂ), ʚ ʧʨʦʮʝʩʩʝ ʛʦʨʝʥʠʷ ʧʣʘʚʠʪʩʷ ʠ ʯʘʩʪʠʯʥʦ 

ʧʨʝʧʷʪʩʪʚʫʝʪ ʨʘʩʪʝʢʘʥʠʶ ʪʠʪʘʥʘ ʧʦ ʩʘʞʝ, ʪʘʢʞʝ, ʚʦʟʤʦʞʥʦ, ʨʘʩʧʣʘʚʳ ʪʠʪʘʥʘ ʠ ʥʠʢʝʣʷ ʯʘʩʪʠʯʥʦ 

ʩʤʝʰʠʚʘʶʪʩʷ, ʦʙʨʘʟʦʚʳʚʘʷ ʨʘʩʪʚʦʨ, ʦʪʢʫʜʘ ʚ ʧʦʩʣʝʜʩʪʚʠʠ ʥʠʢʝʣʴ ʚʳʪʝʩʥʷʝʪʩʷ ʫʛʣʝʨʦʜʦʤ. ʆʪʤʝʪʠʤ, 

ʯʪʦ ʚ ʢʦʥʝʯʥʦʤ ʧʨʦʜʫʢʪʝ ʤʳ ʚʠʜʠʤ ʣʠʰʴ ʢʘʨʙʠʜ ʪʠʪʘʥʘ ʠ ʥʠʢʝʣʴ, ʯʪʦ ʩʦʚʧʘʜʘʝʪ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ. ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʨʝʘʢʮʠʡ ʚ ʚʦʣʥʝ ʛʦʨʝʥʠʷ ʠ ʜʝʪʘʣʠʟʘʮʠʷ ʤʝʭʘʥʠʟʤʘ 

ʦʙʨʘʟʦʚʘʥʠʷ ʢʦʥʝʯʥʦʛʦ ʧʨʦʜʫʢʪʘ ʪʨʝʙʫʝʪ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʫʯʘʩʪʠʠ ʈʎʂʇ ʀʉʄɸʅ. 

ɸʚʪʦʨ ʚʳʨʘʞʘʝʪ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ɹ.ʉ. ʉʝʧʣʷʨʩʢʦʤʫ ʠ ʈ.ɸ. ʂʦʯʝʪʢʦʚʫ ʟʘ ʘʢʪʠʚʥʦʝ ʫʯʘʩʪʠʝ ʚ 

ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʠ ʦʙʩʫʞʜʝʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. 
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ʋʃʔʊʈɸɼʀʉʇɽʈʉʅʓʍ ʏɸʉʊʀʎ ʅʀʊʈʀɼɸ ʊʀʊɸʅɸ 

ɸʨʪʝʤʴʝʚ ɸ.ɸ. 
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ʇʨʠʤʝʥʝʥʠʝ ʫʣʴʪʨʘʜʠʩʧʝʨʩʥʳʭ ʯʘʩʪʠʮ ʪʫʛʦʧʣʘʚʢʠʭ ʭʠʤʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʧʨʦʮʝʩʩʘʭ 

ʜʫʛʦʚʦʡ ʥʘʧʣʘʚʢʠ ʪʝʨʤʦ- ʠ ʠʟʥʦʩʦʩʪʦʡʢʠʭ ʩʧʣʘʚʦʚ ʦʙʝʩʧʝʯʠʚʘʝʪ ʠʭ ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʝ, ʯʪʦ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʚʳʰʝʥʠʶ ʤʝʭʘʥʠʯʝʩʢʠʭ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ [1]. ʆʜʥʘʢʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʫʣʴʪʨʘʜʠʩʧʝʨʩʥʳʭ ʯʘʩʪʠʮ ʚ ʩʦʩʪʘʚʝ ʵʣʝʢʪʨʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ (ʧʦʢʨʳʪʳʭ ʵʣʝʢʪʨʦʜʦʚ, ʧʦʨʦʰʢʦʚʳʭ ʠ 

ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʧʨʦʚʦʣʦʢ), ʧʣʘʚʷʱʠʭʩʷ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʧʣʘʟʤʳ ʜʫʛʠ, 

ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʠʭ ʧʦʚʳʰʝʥʥʫʶ ʜʠʩʩʦʮʠʘʮʠʶ ʚ ʨʝʘʢʮʠʦʥʥʳʭ ʟʦʥʘʭ. ʕʪʦ ʥʝʩʢʦʣʴʢʦ ʩʥʠʞʘʝʪ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʷ ʠ ʧʨʝʜʦʧʨʝʜʝʣʷʝʪ ʧʦʪʝʨʠ ʜʦʨʦʛʦʩʪʦʷʱʠʭ ʤʦʜʠʬʠʢʘʪʦʨʦʚ. 

ʈʘʟʨʘʙʦʪʘʥʘ ʨʝʩʫʨʩʦʩʙʝʨʝʛʘʶʱʘʷ ʪʝʭʥʦʣʦʛʠʷ ʜʫʛʦʚʦʡ ʥʘʧʣʘʚʢʠ ʧʣʘʚʷʱʠʤʩʷ ʵʣʝʢʪʨʦʜʦʤ ʚ ʩʨʝʜʝ 

ʟʘʱʠʪʥʦʛʦ ʛʘʟʘ ʩ ʚʚʝʜʝʥʠʝʤ ʚ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʫʶ ʦʙʣʘʩʪʴ ʩʚʘʨʦʯʥʦʡ ʚʘʥʥʳ ʧʨʠʩʘʜʦʯʥʦʡ 

ʧʦʨʦʰʢʦʚʦʡ ʧʨʦʚʦʣʦʢʠ ʩ ʤʦʜʠʬʠʢʘʪʦʨʦʤ. ɺ ʢʘʯʝʩʪʚʝ ʤʦʜʠʬʠʢʘʪʦʨʘ ʚʦʟʤʦʞʥʦ ʧʨʠʤʝʥʝʥʠʝ ʢʘʢ 

ʧʦʨʦʰʢʦʚ ʪʫʛʦʧʣʘʚʢʠʭ ʢʘʨʙʠʜʦʚ, ʥʠʪʨʠʜʦʚ ʠ ʙʦʨʠʜʦʚ ʤʝʪʘʣʣʦʚ, ʪʘʢ ʠ ʢʦʤʧʣʝʢʩʥʦʛʦ ʤʦʜʠʬʠʢʘʪʦʨʘ, 

ʩʦʩʪʦʷʱʝʛʦ ʠʟ ʪʫʛʦʧʣʘʚʢʠʭ ʯʘʩʪʠʮ, ʩʮʝʤʝʥʪʠʨʦʚʘʥʥʳʭ ʰʣʘʢʦʚʦʡ ʬʘʟʦʡ [2]. 
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ʎʝʣʴ ʨʘʙʦʪʳ ï ʠʟʫʯʠʪʴ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʳ ʠ ʩʚʦʡʩʪʚ 

ʘʙʨʘʟʠʚʦʩʪʦʡʢʠʭ ʥʘʧʣʘʚʣʝʥʥʳʭ ʩʧʣʘʚʦʚ ʩʠʩʪʝʤʳ ʣʝʛʠʨʦʚʘʥʠʷ Fe-Cr-Mo-Ni-Ti-C-B ʧʦʜ ʚʣʠʷʥʠʝʤ 

ʫʣʴʪʨʘʜʠʩʧʝʨʥʳʭ ʯʘʩʪʠʮ ʥʠʪʨʠʜʘ ʪʠʪʘʥʘ TiN. 

ʅʘʧʣʘʚʢʫ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʦʙʨʘʟʮʦʚ ʩʧʣʘʚʦʚ 320ʍ13ʄ2ʅʈ ʠ 320ʍ13ʄ2ʅʊʈ ʧʨʦʠʟʚʦʜʠʣʠ 

ʧʦʨʦʰʢʦʚʳʤʠ ʧʨʦʚʦʣʦʢʘʤʠ ʜʠʘʤʝʪʨʦʤ 3 ʤʤ ʚ ʩʨʝʜʝ ʘʨʛʦʥʘ ʥʘ ʧʣʘʩʪʠʥʳ ʠʟ ʩʪʘʣʠ 20 ʪʦʣʱʠʥʦʡ 12 ʤʤ.  

ʇʨʠʩʘʜʦʯʥʳʝ ʧʦʨʦʰʢʦʚʳʝ ʧʨʦʚʦʣʦʢʠ ʜʠʘʤʝʪʨʦʤ 1,8 ʤʤ ʩ ʦʙʦʣʦʯʢʦʡ ʠʟ ʥʠʟʢʦʫʛʣʝʨʦʜʠʩʪʦʡ ʩʪʘʣʠ 

ʩʦʜʝʨʞʘʣʠ ʚ ʥʘʧʦʣʥʠʪʝʣʝ ʧʦʨʦʰʦʢ ʥʠʪʨʠʜʘ TiN, ʛʨʘʥʫʣʠʨʦʚʘʥʥʳʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʚʷʟʫʶʱʝʛʦ ï 

ʢʘʣʠʝʚʦ-ʥʘʪʨʠʝʚʦʛʦ ʩʠʣʠʢʘʪʘ (K2SiO3, Na2SiO3) ï ʚ ʢʦʣʠʯʝʩʪʚʝ ʥʝ ʙʦʣʝʝ 10 ʤʘʩʩ. %. ɸʥʘʣʠʟʦʤ 

ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʠʩʭʦʜʥʦʛʦ ʧʦʨʦʰʢʘ TiN, ʧʦʣʫʯʝʥʥʦʛʦ ʧʣʘʟʤʦʭʠʤʠʯʝʩʢʠʤ ʩʠʥʪʝʟʦʤ, 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʥ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴʶ ʯʘʩʪʠʮ ʧʦ ʨʘʟʤʝʨʘʤ, ʢʦʪʦʨʳʝ 

ʥʘʭʦʜʷʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 10 ʥʤ ʜʦ 70 ʤʢʤ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʤʦʜʠʬʠʢʘʪʦʨʘ 

ʩʚʷʟʫʶʱʝʛʦ ʚʝʱʝʩʪʚʘ ʧʦʟʚʦʣʠʣʦ ʧʦʚʳʩʠʪʴ ʪʝʭʥʦʣʦʛʠʯʥʦʩʪʴ ʠ ʦʙʝʩʧʝʯʠʪʴ ʙʠʦʣʦʛʠʯʝʩʢʫʶ 

ʙʝʟʦʧʘʩʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʠʟʛʦʪʦʚʣʝʥʠʷ ʧʨʦʚʦʣʦʢ, ʩʦʜʝʨʞʘʱʠʭ ʚ ʥʘʧʦʣʥʠʪʝʣʝ ʥʘʥʦʨʘʟʤʝʨʥʳʝ ʯʘʩʪʠʮʳ.  

ʉʢʦʨʦʩʪʴ ʚʚʝʜʝʥʠʷ ʚ ʩʚʘʨʦʯʥʫʶ ʚʘʥʥʫ ʧʨʠʩʘʜʦʯʥʦʡ ʧʨʦʚʦʣʦʢʠ ʚʳʙʠʨʘʣʠ ʠʩʭʦʜʷ ʠʟ 

ʦʙʝʩʧʝʯʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʤʦʜʠʬʠʢʘʪʦʨʘ ʚ ʢʦʣʠʯʝʩʪʚʝ 0,4 % ʦʪ ʤʘʩʩʳ ʥʘʧʣʘʚʣʝʥʥʦʛʦ ʤʝʪʘʣʣʘ. 

ʇʨʠʩʘʜʦʯʥʫʶ ʧʨʦʚʦʣʦʢʫ ʚʚʦʜʠʣʠ ʚ ʩʚʘʨʦʯʥʫʶ ʚʘʥʥʫ ʧʦʜ ʫʛʣʦʤ 60 ʛʨʘʜ ʦʪ ʦʩʠ ʵʣʝʢʪʨʦʜʘ ʠ ʥʘ 

ʨʘʩʩʪʦʷʥʠʠ ʦʪ ʥʝʛʦ, ʨʘʚʥʦʤ (0,34-0,47)L, ʛʜʝ L ï ʜʣʠʥʳ ʚʘʥʥʳ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʢʦʥʚʝʢʪʠʚʥʳʭ ʧʦʪʦʢʦʚ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʨʘʩʧʣʘʚʘ ʚ ʦʙʲʝʤʝ ʚʘʥʥʳ ʪʦʥʢʦʩʪʝʥʥʘʷ ʦʙʦʣʦʯʢʘ ʫʩʧʝʚʘʝʪ 

ʧʦʣʥʦʩʪʴʶ ʨʘʩʧʣʘʚʠʪʴʩʷ. ʇʨʠ ʵʪʦʤ ʥʘʙʣʶʜʘʝʪʩʷ ʚʳʩʦʢʠʡ (0,78) ʢʦʵʬʬʠʮʠʝʥʪ ʧʝʨʝʭʦʜʘ ʪʠʪʘʥʘ ʠʟ 

ʧʨʦʚʦʣʦʢʠ ʚ ʤʝʪʘʣʣ, ʢʦʪʦʨʳʡ ʩʫʱʝʩʪʚʝʥʥʦ ʧʨʝʚʳʰʘʝʪ ʜʘʥʥʳʡ ʧʦʢʘʟʘʪʝʣʴ (0,2é0,4) ʧʨʠ 

ʢʣʘʩʩʠʯʝʩʢʠʭ ʩʧʦʩʦʙʘʭ ʜʫʛʦʚʦʡ ʥʘʧʣʘʚʢʠ. ʕʪʦ ʢʦʩʚʝʥʥʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʧʦʥʠʞʝʥʥʫʶ ʩʪʝʧʝʥʴ 

ʜʠʩʩʦʮʠʘʮʠʠ ʯʘʩʪʠʮ TiN ʚ ʤʝʪʘʣʣʠʯʝʩʢʦʤ ʨʘʩʧʣʘʚʝ, ʯʪʦ ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʩʥʠʞʝʥʠʝ ʝʛʦ ʥʘʩʳʱʝʥʠʷ 

ʭʠʤʠʯʝʩʢʠ ʘʢʪʠʚʥʳʤ ʪʠʪʘʥʦʤ ʠ ʫʤʝʥʴʰʘʝʪ ʧʦʪʝʨʠ ʥʘ ʦʙʨʘʟʦʚʘʥʠʝ ʦʢʩʠʜʘ TiO2, ʚʳʭʦʜʷʱʝʛʦ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʴ ʥʘʧʣʘʚʣʝʥʥʦʛʦ ʤʝʪʘʣʣʘ. 

ʇʨʝʚʳʰʝʥʠʝ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʧʨʦʚʦʣʦʢʘʤʠ ʩʚʳʰʝ 0,47L ʧʨʠʚʦʜʠʪ ʢ ʧʦʷʚʣʝʥʠʶ ʩʪʨʫʢʪʫʨʥʦ-

ʤʝʭʘʥʠʯʝʩʢʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʚ ʤʝʪʘʣʣʝ, ʘ ʪʘʢʞʝ ʥʘʨʫʰʝʥʠʶ ʧʨʦʮʝʩʩʘ ʥʘʧʣʘʚʢʠ ʠʟ-ʟʘ ʧʨʠʚʘʨʠʚʘʥʠʷ 

ʧʨʠʩʘʜʦʯʥʦʡ ʧʨʦʚʦʣʦʢʠ ʢʦ ʜʥʫ ʚʘʥʥʳ. ʇʨʠ ʨʘʩʩʪʦʷʥʠʠ ʤʝʥʝʝ 0,34L ʘʢʪʠʚʠʨʫʝʪʩʷ ʜʠʩʩʦʮʠʘʮʠʷ ʯʘʩʪʠʮ 

TiN ʚ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʦʙʣʘʩʪʠ ʚʘʥʥʳ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʨʘʩʪʚʦʨʝʥʠʶ ʚ ʥʝʡ ʪʠʪʘʥʘ ʠ ʘʟʦʪʘ. ʇʨʠ 

ʵʪʦʤ ʪʠʪʘʥ ʠʥʪʝʥʩʠʚʥʦ ʦʢʠʩʣʷʝʪʩʷ, ʘ ʘʟʦʪ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʧʦʨ ʚ ʤʝʪʘʣʣʝ. ʇʦʢʘʟʘʥʦ, ʯʪʦ 

ʚʚʝʜʝʥʠʝ ʧʨʝʜʣʦʞʝʥʥʳʤ ʩʧʦʩʦʙʦʤ ʚ ʩʚʘʨʦʯʥʫʶ ʚʘʥʥʫ ʤʦʜʠʬʠʢʘʪʦʨʘ ʩʧʦʩʦʙʩʪʚʫʝʪ ʜʠʩʧʝʨʛʠʨʦʚʘʥʠʶ 

ʩʪʨʫʢʪʫʨʳ ʙʝʟʪʠʪʘʥʦʚʦʛʦ ʩʧʣʘʚʘ 320ʍ13ʄ2ʅʈ ʠ ʧʦʷʚʣʝʥʠʶ ʚ ʥʝʡ ʚʢʣʶʯʝʥʠʡ TiN ʢʫʙʠʯʝʩʢʦʡ ʠ 

ʛʣʦʙʫʣʷʨʥʦʡ ʬʦʨʤ (ʨʠʩ. 1). ʇʨʠʯʝʤ ʠʭ ʢʦʣʠʯʝʩʪʚʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ 

ʧʨʠʩʘʜʦʯʥʦʡ ʠ ʵʣʝʢʪʨʦʜʥʦʡ ʧʨʦʚʦʣʦʢʘʤʠ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ 

ʨʘʩʧʣʘʚʘ ʧʨʠ ʫʜʘʣʝʥʠʠ ʦʪ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʜʫʛʠ. ʊʘʢ, ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʨʘʩʩʪʦʷʥʠʷ ʦʪ 0,25L ʜʦ 0,47L 

ʪʝʤʧʝʨʘʪʫʨʘ ʨʘʩʧʣʘʚʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʚʘʥʥʳ ʫʤʝʥʴʰʘʝʪʩʷ ʩ 1550 Áʉ ʜʦ 1360 Áʉ.  

ɺʝʨʦʷʪʥʦ, ʛʣʦʙʫʣʷʨʥʳʝ ʚʢʣʶʯʝʥʠʷ (ʨʠʩ. 1, ʘ) ʷʚʣʷʶʪʩʷ ʩʦʭʨʘʥʠʚʰʠʤʠʩʷ ʦʪ ʜʠʩʩʦʮʠʘʮʠʠ 

ʯʘʩʪʠʮʘʤʠ TiN, ʚʚʝʜʝʥʥʳʤʠ ʚ ʩʚʘʨʦʯʥʫʶ ʚʘʥʥʫ ʚ ʩʦʩʪʘʚʝ ʧʨʠʩʘʜʦʯʥʦʡ ʧʦʨʦʰʢʦʚʦʡ ʧʨʦʚʦʣʦʢʠ. 

ʀʩʩʣʝʜʦʚʘʥʠʝʤ ʩʪʨʫʢʪʫʨʳ ʚʳʜʝʣʝʥʠʡ ʢʫʙʠʯʝʩʢʦʡ ʬʦʨʤʳ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʠʭ ʮʝʥʪʨʘʣʴʥʳʭ 

ʦʙʣʘʩʪʷʭ ʯʘʩʪʦ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚʢʣʶʯʝʥʠʷ ʦʢʩʠʜʦʚ TiO2 (ʨʠʩ. 1, ʙ) ʠ, ʠʥʦʛʜʘ, Al2O3. ʆʙʣʘʜʘʶʱʠʝ 

ʙʦʣʝʝ ʥʠʟʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʵʥʝʨʛʠʠ ɻʠʙʙʩʘ ʦʢʩʠʜʳ ʪʠʪʘʥʘ ʩʪʘʥʦʚʷʪʩʷ ʮʝʥʪʨʘʤʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʜʣʷ 

ʥʠʪʨʠʜʦʚ ʪʠʪʘʥʘ, ʢʦʪʦʨʳʝ ʚʳʜʝʣʷʶʪʩʷ ʠʟ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʨʘʩʧʣʘʚʘ, ʣʝʛʠʨʦʚʘʥʥʦʛʦ ʪʠʪʘʥʦʤ ʠ ʘʟʦʪʦʤ, 

ʦʙʨʘʟʦʚʘʚʰʠʭʩʷ ʚʩʣʝʜʩʪʚʠʝ ʥʝʧʦʣʥʦʡ ʜʠʩʩʦʮʠʘʮʠʠ ʯʘʩʪʠʮ ʤʦʜʠʬʠʢʘʪʦʨʘ.  

 
ʈʠʩ. 1 ï ɺʢʣʶʯʝʥʠʷ ʥʠʪʨʠʜʘ ʪʠʪʘʥʘ ʚ ʩʧʣʘʚʝ 320ʍ13ʄ2ʅʈ: 

ʘ ï ʯʘʩʪʠʮʳ TiN ʠʟ ʩʦʩʪʘʚʘ ʤʦʜʠʬʠʢʘʪʦʨʘ; ʙ ï ʚʳʜʝʣʠʚʰʠʝʩʷ ʠʟ ʨʘʩʧʣʘʚʘ ʚʢʣʶʯʝʥʠʷ TiN. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʝ ʯʘʩʪʠʮʘʤʠ TiN ʣʝʛʠʨʦʚʘʥʥʦʛʦ ʪʠʪʘʥʦʤ ʩʧʣʘʚʘ 

320ʍ13ʄ2ʅʊʈ ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʣʴʯʝʥʠʶ ʝʛʦ ʵʚʪʝʢʪʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ, ʩʦʩʪʦʷʱʝʡ ʠʟ ʪʚʝʨʜʳʭ 

ʨʘʩʪʚʦʨʦʚ Ŭ- ʠ ɔ-ʞʝʣʝʟʘ, ʤʝʣʢʦʜʠʩʧʝʨʩʥʦʡ ʠʥʪʝʨʤʝʪʘʣʣʠʜʥʦʡ ʬʘʟʳ ʚ ʚʠʜʝ ʩʦʝʜʠʥʝʥʠʡ Fe-Cr-Ti ʠ Fe-
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Cr-Mo, ʘ ʪʘʢʞʝ ʢʘʨʙʦʙʦʨʠʜʦʚ (Fe,Cr)7(C,B)3. ʇʨʠ ʵʪʦʤ ʚ ʩʪʨʫʢʪʫʨʝ ʩʧʣʘʚʘ ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ 

ʢʦʣʠʯʝʩʪʚʦ ʤʝʣʢʠʭ (ʜʦ 4 ʤʢʤ) ʢʘʨʙʠʜʦʚ (Ti0,91Mo0,09)C0,92, ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʩʦʙʦʡ ʪʚʝʨʜʳʡ ʨʘʩʪʚʦʨ 

ʠʟʦʩʪʨʫʢʪʫʨʥʳʭ ʢʘʨʙʠʜʦʚ TiC ʠ  MoC1-ʭ (ʨʠʩ. 2).  

 
ʈʠʩ. 2 ï ʂʘʨʙʠʜʳ (Ti0,91Mo0,09)C0,92 ʚ ʩʪʨʫʢʪʫʨʝ ʩʧʣʘʚʘ 320ʍ13ʄ2ʅʊʈ, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ TiN. 

ɺ ʮʝʥʪʨʘʣʴʥʳʭ ʦʙʣʘʩʪʷʭ ʜʘʥʥʳʭ ʢʘʨʙʠʜʦʚ ʥʘʭʦʜʷʪʩʷ ʤʠʢʨʦ- ʠ ʥʘʥʦʨʘʟʤʝʨʥʳʝ (ʦʪ 300 ʥʤ ʜʦ 2 

ʤʢʤ) ʚʢʣʶʯʝʥʠʷ ʥʠʪʨʠʜʘ TiN ʢʘʢ ʛʣʦʙʫʣʷʨʥʦʡ, ʪʘʢ ʠ ʢʫʙʠʯʝʩʢʦʡ ʬʦʨʤʳ. ʆʯʝʚʠʜʥʦ, ʩʦʭʨʘʥʠʚʰʠʝʩʷ 

ʦʪ ʜʠʩʩʦʮʠʘʮʠʠ, ʘ ʪʘʢʞʝ ʚʳʜʝʣʠʚʰʠʝʩʷ ʠʟ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʨʘʩʧʣʘʚʘ ʥʠʪʨʠʜʳ TiN ʩʪʘʥʦʚʷʪʩʷ 

ʮʝʥʪʨʘʤʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʜʣʷ ʢʘʨʙʠʜʦʚ (Ti0,91Mo0,09)C0,92. ʕʪʦʤʫ ʩʧʦʩʦʙʩʪʚʫʝʪ ʦʜʠʥʘʢʦʚʳʡ ʪʠʧ (ɻʎʂ) 

ʠ ʙʣʠʟʢʠʝ ʧʘʨʘʤʝʪʨʳ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʨʝʰʝʪʦʢ ʜʘʥʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ. 

ʌʦʨʤʠʨʫʶʱʘʷʩʷ ʫʧʨʦʯʥʷʶʱʘʷ ʬʘʟʘ ʩʦʛʣʘʩʥʦ ʠʟʚʝʩʪʥʳʤ ʜʘʥʥʳʤ ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʦʡ 

ʪʚʝʨʜʦʩʪʴʶ, ʘ ʪʘʢʞʝ ʩʪʦʡʢʦʩʪʴʶ ʢ ʢʦʘʛʫʣʷʮʠʠ ʧʨʠ ʥʘʛʨʝʚʝ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʚʳʰʝʥʠʶ 

ʤʝʭʘʥʠʯʝʩʢʠʭ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ ʥʘʧʣʘʚʣʝʥʥʦʛʦ ʤʝʪʘʣʣʘ. ʊʘʢ, ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʝ ʩʧʣʘʚʘ 

320ʍ13ʄ2ʅʊʈ ʦʙʝʩʧʝʯʠʚʘʝʪ ʨʦʩʪ ʝʛʦ ʪʚʝʨʜʦʩʪʠ ʩ 55 ʜʦ 57 HRC ʠ ʩʪʦʡʢʦʩʪʠ ʢ ʠʟʥʘʰʠʚʘʥʠʶ ʧʨʠ 

ʪʨʝʥʠʠ ʤʝʪʘʣʣʘ ʧʦ ʤʝʪʘʣʣʫ ʯʝʨʝʟ ʘʙʨʘʟʠʚʥʫʶ ʧʨʦʩʣʦʡʢʫ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 500 Áʉ ʥʘ 23 %. 

ʀʟʥʦʩʦʩʪʦʡʢʦʩʪʴ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʩʧʣʘʚʘ ʚ 1,5 ʨʘʟʘ ʧʨʝʚʳʰʘʝʪ ʧʦʢʘʟʘʪʝʣʠ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʠ 

ʟʘʨʫʙʝʞʥʳʭ ʘʥʘʣʦʛʦʚ: 150ʍ15ʈ3ʊ2 ʠ 350ʍ22ʄ3ʌ (OK Tubrodur 55 OA, ESAB). 

ɸʚʪʦʨ ʚʳʨʘʞʘʝʪ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʜʦʢʪʦʨʫ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬ. ʉʦʢʦʣʦʚʫ ɻ.ʅ. ʠ ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ 

ɸʥʪʦʥʦʚʫ ɸ.ɸ. ʟʘ ʧʦʤʦʱʴ ʚ ʧʨʦʚʝʜʝʥʠʠ ʠ ʘʥʘʣʠʟʝ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʀʩʩʣʝʜʦʚʘʥʠʷ 

ʚʳʧʦʣʥʝʥʳ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ (ʧʨʦʝʢʪʳ ˉ16-08-01276, 16-38-00764). 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. ʌʝʥʦʤʝʥʦʣʦʛʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʬʦʨʤʠʨʦʚʘʥʠʷ ʮʝʥʪʨʦʚ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʚ ʤʝʪʘʣʣʠʯʝʩʢʦʤ 

ʨʘʩʧʣʘʚʝ ʧʨʠ ʩʚʘʨʢʝ ʧʦʜ ʚʣʠʷʥʠʝʤ ʫʣʴʪʨʘʜʠʩʧʝʨʩʥʳʭ ʪʫʛʦʧʣʘʚʢʠʭ ʢʦʤʧʦʥʝʥʪʦʚ / ɻ.ʅ. ʉʦʢʦʣʦʚ, ɺ.ʀ. 

ʃʳʩʘʢ, ʀ.ɺ. ɿʦʨʠʥ, ɸ.ɸ. ɸʨʪʝʤʴʝʚ, ʖ.ʅ. ɼʫʙʮʦʚ, ɺ.ʆ. ʍʘʨʣʘʤʦʚ, ɸ.ɸ. ɸʥʪʦʥʦʚ // ɺʦʧʨʦʩʳ 

ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ. ï 2015. - ˉ 4. ï ʩ.159-168. 

2. ʈʘʟʨʘʙʦʪʢʘ ʤʦʜʠʬʠʢʘʪʦʨʘ ʵʢʟʦʛʝʥʥʦʛʦ ʪʠʧʘ ʜʣʷ ʩʚʘʨʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ / ɻ.ʅ. ʉʦʢʦʣʦʚ, ɺ.ʀ. 

ʃʳʩʘʢ, ɸ.ɸ. ɸʨʪʝʤʴʝʚ, ʀ.ɺ. ɿʦʨʠʥ, ɸ.ɸ. ɸʥʪʦʥʦʚ, ʖ.ʅ. ɼʫʙʮʦʚ, ʉ.ʇ. ɹʫʢʠʥ, ɸ.ɸ. ʂʘʣʘʰʥʠʢʦʚ, ɺ.ʇ. 

ɽʚʩʝʝʚ // ʀʟʚʝʩʪʠʷ ɺʦʣʛɻʊʋ. ʉʝʨ. ʇʨʦʙʣʝʤʳ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ, ʩʚʘʨʢʠ ʠ ʧʨʦʯʥʦʩʪʠ ʚ 

ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ. - ɺʦʣʛʦʛʨʘʜ, 2015. - ˉ 12 (175). - C. 103-107. 
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ʉʊʈʋʂʊʋʈɸ ʀ ʌʋʅʂʎʀʆʅɸʃʔʅʓɽ ʉɺʆʁʉʊɺɸ ʇʆɺɽʈʍʅʆʉʊʅʓʍ ʉʃʆɽɺ 

TINI ZR ʇʆʃʋʏɽʅʅʓʍ ɺʓʉʆʂʆʕʅɽʈɻɽʊʀʏɽʉʂʀʄ ɺʆɿɼɽʁʉʊɺʀɽʄ 

ɹʦʨʦʚʝʮ ʆ.ʀ. 

ʈʦʩʩʠʷ, ʂʫʙʘʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, rpo82@bk.ru 

 

ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨʳ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʚʦʡʩʪʚ 

ʢʦʤʧʦʟʠʮʠʠ çʩʪʘʣʴ - ʩʣʦʡ ʩ ʕʇʌ ʥʘ ʦʩʥʦʚʝ Ti-Ni-Zrè ʧʦʣʫʯʝʥʥʳʭ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʳʤ ʛʘʟʦʧʣʘʤʝʥʥʳʤ 

ʥʘʧʳʣʝʥʠʝʤ ʤʝʭʘʥʠʯʝʩʢʠ ʘʢʪʠʚʠʨʦʚʘʥʥʦʛʦ ʧʦʨʦʰʢʘ ʚ ʟʘʱʠʪʥʦʡ ʘʪʤʦʩʬʝʨʝ. 

ʄʘʢʨʦ- ʠ ʤʠʢʨʦʘʥʘʣʠʟ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʣʦʝʚ ʩʧʣʘʚʘ Ti-Ni-Zr, ʧʦʣʫʯʝʥʥʳʭ ʧʦ ʦʪʨʘʙʦʪʘʥʥʦʡ 

ʪʝʭʥʦʣʦʛʠʠ, ʧʦʢʘʟʘʣ, ʯʪʦ ʩʪʨʫʢʪʫʨʘ ʩʣʦʝʚ ʜʦʩʪʘʪʦʯʥʦ ʧʣʦʪʥʘʷ. ɻʨʘʥʠʮʘ ʨʘʟʜʝʣʘ ʤʝʞʜʫ ʧʦʢʨʳʪʠʝʤ ʠ 

ʧʦʜʣʦʞʢʦʡ ʙʝʟ ʚʠʜʠʤʳʭ  ʜʝʬʝʢʪʦʚ (ʨʠʩ. 1,ʘ). ʉʣʦʡ Ti-Ni-Zr ʠʤʝʝʪ ʪʦʣʱʠʥʫ 1ʤʤ. ʇʨʠ  ʧʨʦʭʦʞʜʝʥʠʠ 

ʯʘʩʪʠʮ ʧʦʨʦʰʢʘ ʯʝʨʝʟ ʛʘʟʦʧʣʘʤʝʥʥʫʶ ʩʪʨʫʶ, ʦʥʠ ʥʘʛʨʝʚʘʶʪʩʷ, ʧʣʘʚʷʪʩʷ ʠ ʧʨʠ ʫʜʘʨʝ ʦ ʧʦʜʣʦʞʢʫ 

ʟʘʪʚʝʨʜʝʚʘʶʪ ʚ ʚʠʜʝ ʜʝʬʦʨʤʠʨʦʚʘʥʥʳʭ ʜʠʩʢʦʚ ʜʠʘʤʝʪʨʦʤ 20-35ʤʢʤ, ʪʦʣʱʠʥʦʡ 5-20 ʤʢʤ. ʈʘʟʤʝʨ 

ʟʝʨʥʘ ʚ ʧʦʢʨʳʪʠʠ ʧʦʣʫʯʝʥʥʳʤ ɺɻʅ ʚ ʟʘʱʠʪʥʦʡ ʩʨʝʜʝ (ʩʨʝʜʘ ʘʨʛʦʥʘ) ʩʦʩʪʘʚʣʷʝʪ 80 ʜʦ 100 ʥʤ (ʨʠʩ. 1, 

ʙ, ʚ, ʛ).    
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ʘ) ʙ) ʚ) ʛ)  

ʜ)   ʝ)  

ʈʠʩ.1. ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ Ti-Ni-Zr  ʧʦʢʨʳʪʠʷ ʧʦʣʫʯʝʥʥʦʛʦ ɺɻʅ ʚ ʟʘʱʠʪʥʦʡ ʘʪʤʦʩʬʝʨʝ, ʘ) - 

Ĭ10000; ʘʫʩʪʝʥʠʪʥʘʷ ʩʪʨʫʢʪʫʨʘ ʙ) ï Ĭ200000, ʚ) ï Ĭ120000; ʪʚʠʜʦʚʳʡ ʵʣʝʢʪʨʦʥʥʦ-

ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʡ ʢʦʥʪʨʘʩʪ ʛ) -Ĭ150 000; ʤʠʢʨʦʵʣʝʢʪʨʦʥʦʛʨʘʤʤʘ ʧʦʢʨʳʪʠʷ - ʜ); ʟʘʚʠʩʠʤʦʩʪʴ 

ʩʨʝʜʥʝʛʦ ʨʘʟʤʝʨʘ ʟʝʨʥʘ ʦʪ ʝʛʦ ʧʨʦʮʝʥʪʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ï ʝ) 

ɿʘʚʠʩʠʤʦʩʪʴ ʩʨʝʜʥʝʛʦ ʨʘʟʤʝʨʘ ʟʝʨʥʘ ʦʪ ʝʛʦ ʧʨʦʮʝʥʪʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ.1ʝ. 

ʄʠʢʨʦʪʚʝʨʜʦʩʪʴ Ti-Ni-Zr - ʩʣʦʷ ʢʦʣʝʙʣʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ Hɛ=9,5õ12,7 ɻʇa. ʈʝʟʫʣʴʪʘʪʳ 

ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʠʟʘ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʠʩʭʦʜʥʦʝ ʬʘʟʦʚʦʝ ʩʦʩʪʦʷʥʠʝ 

ʩʣʦʷ Ti-Ni-Zr, ʧʦʩʣʝ ɺɻʅ ʄɸ ʧʦʨʦʰʢʘ ʚ ʟʘʱʠʪʥʦʡ ʘʪʤʦʩʬʝʨʝ (ʘʨʛʦʥ) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʤʘʨʪʝʥʩʠʪʥʳʝ ʬʘʟʳ ɺ19' ʩ ʤʦʥʦʢʣʠʥʥʦʡ ʨʝʰʝʪʢʦʡ, ʘʫʩʪʝʥʠʪʥʳʝ ɺ2-ʬʘʟʳ ʩ ʢʫʙʠʯʝʩʢʦʡ ʨʝʰʝʪʢʦʡ, 

ʠʥʪʝʨʤʝʪʘʣʣʠʜʥʳʝ ʬʘʟʳ Ni3Ti, Ti2Ni, NiZr, NiZr2, ʩ ʢʫʙʠʯʝʩʢʦʡ ʠ ʛʝʢʩʘʛʦʥʘʣʴʥʦʡ ʨʝʰʝʪʢʦʡ, ʘ ʪʘʢʞʝ 

ʥʘʙʣʶʜʘʝʪʩʷ ʥʝʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʦʢʩʠʜʘ ʪʠʪʘʥʘ (TiO) ʤʝʥʝʝ 2% (ʨʠʩ. 2). 

 

ʈʠʩ. 2. ʈʝʥʪʛʝʥʦʬʘʟʦʚʳʡ ʘʥʘʣʠʟ ʩʧʣʘʚʘ Ti-Ni-Zr, ʧʦʩʣʝ ɺɻʅ ʚ ʟʘʱʠʪʥʦʡ ʩʨʝʜʝ ʘʨʛʦʥʘ 

ɺɻʅ ʧʦʢʨʳʪʠʡ ʩ ʕʇʌ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʥʦʛʦʩʪʘʜʠʡʥʳʡ ʧʨʦʮʝʩʩ, ʥʘ ʢʘʞʜʦʤ ʵʪʘʧʝ ʵʪʦʛʦ 

ʧʨʦʮʝʩʩʘ ʩʦʚʝʨʰʝʥʩʪʚʫʶʪʩʷ ʧʘʨʘʤʝʪʨʳ ʬʫʥʢʮʠʦʥʘʣʴʥʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. ʆʜʥʠʤ ʠʟ ʪʘʢʠʭ 

ʵʪʘʧʦʚ ʷʚʣʷʶʪʩʷ ʪʝʨʤʠʯʝʩʢʠʝ ʦʧʝʨʘʮʠʠ. ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ (ʊʆ) 

ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʣʦʝʚ Ti-Ni-Zr ʧʦʩʣʝ ɺɻʅ ʚ ʟʘʱʠʪʥʦʡ ʘʪʤʦʩʬʝʨʝ, ʘ ʪʘʢʞʝ ʚʳʙʦʨ ʪʝʤʧʝʨʘʪʫʨʥʦ-

ʚʨʝʤʝʥʥʳʭ ʠʥʪʝʨʚʘʣʦʚ ʊʆ ʧʨʦʜʠʢʪʦʚʘʥ ʩʣʝʜʫʶʱʠʤʠ ʩʦʦʙʨʘʞʝʥʠʷʤʠ - ʜʦʙʠʪʴʩʷ ʵʬʬʝʢʪʘ 

ʩʪʘʙʠʣʠʟʘʮʠʠ ʩʪʨʫʢʪʫʨʳ ʧʨʠ ʚʦʟʤʦʞʥʦʡ ʨʝʣʘʢʩʘʮʠʠ ʦʩʪʘʪʦʯʥʳʭ ʚʥʫʪʨʝʥʥʠʭ ʥʘʧʨʷʞʝʥʠʡ ʧʦʩʣʝ 

ʥʘʧʳʣʝʥʠʷ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʩ ʨʦʩʪʦʤ ʪʝʤʧʝʨʘʪʫʨ ʦʪʞʠʛʘ ʜʣʷ ʩʧʣʘʚʦʚ ʩ ʧʘʤʷʪʴʶ ʘʢʪʠʚʠʟʠʨʫʶʪʩʷ 

ʧʨʦʮʝʩʩʳ ʨʝʣʘʢʩʘʮʠʠ ʥʘʧʨʷʞʝʥʠʡ ʠ ʫʩʪʨʘʥʝʥʠʷ ʜʝʬʝʢʪʦʚ. 

ɺɻʅ ʤʝʭʘʥʦʘʢʪʠʚʠʨʦʚʘʥʥʳʭ ʧʦʨʦʰʢʦʚ ʩ ʕʇʌ ʧʨʠʚʦʜʠʪ ʢ ʚʳʩʦʢʦʡ ʧʣʦʪʥʦʩʪʠ ʜʝʬʝʢʪʦʚ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ ʠ ʚʥʫʪʨʝʥʥʠʤ ʥʘʧʨʷʞʝʥʠʷʤ (ʥʘʧʨʷʞʝʥʠʷʤ ʧʝʨʚʦʛʦ ʨʦʜʘ ʠʣʠ ʦʩʪʘʪʦʯʥʳʤ), 

ʧʨʠʯʝʤ ʠʭ ʚʝʣʠʯʠʥʘ ʠ ʭʘʨʘʢʪʝʨ ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʨʠʨʦʜʦʡ ʤʘʪʝʨʠʘʣʦʚ ʠ ʫʩʣʦʚʠʷʤʠ ʥʘʧʳʣʝʥʠʷ. 

ɺʥʫʪʨʝʥʥʠʝ ʥʘʧʨʷʞʝʥʠʷ, ʧʨʝʧʷʪʩʪʚʫʷ ʧʦʜʚʠʞʥʦʩʪʠ ʛʨʘʥʠʮ ʜʚʦʡʥʠʢʦʚʘʥʠʷ, ʤʦʛʫʪ ʧʨʠʚʦʜʠʪʴ ʢ 

ʩʥʠʞʝʥʠʶ ʬʫʥʢʮʠʦʥʘʣʴʥʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʦʣʫʯʘʝʤʳʭ ʩʣʦʝʚ, ʘ ʪʘʢʞʝ ʢ ʨʘʩʪʨʝʩʢʠʚʘʥʠʶ ʣʠʙʦ 

ʦʪʩʣʘʠʚʘʥʠʶ ʧʦʢʨʳʪʠʡ ʦʪ ʦʩʥʦʚʳ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʤʝʭʘʥʠʟʤʦʤ ʨʝʣʘʢʩʘʮʠʠ ʚʥʫʪʨʝʥʥʠʭ ʦʩʪʘʪʦʯʥʳʭ 

ʥʘʧʨʷʞʝʥʠʡ ʧʨʠ ʦʪʞʠʛʝ, ʠʭ ʯʘʩʪʠʯʥʘʷ ʠʣʠ ʧʦʣʥʘʷ ʨʝʣʘʢʩʘʮʠʷ ʷʚʣʷʝʪʩʷ ʧʦʙʦʯʥʳʤ ʧʨʦʮʝʩʩʦʤ, 

ʩʦʚʝʨʰʘʶʱʠʤʩʷ ʧʨʠ ʛʦʤʦʛʝʥʠʟʘʮʠʦʥʥʦʤ ʣʠʙʦ ʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʦʤ ʦʪʞʠʛʝ. ʇʨʠ ʵʪʦʤ ʦʪʞʠʛ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʘʢ ʩʨʝʜʩʪʚʦ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʘʤʷʪʠ ʬʦʨʤʳ, ʧʦʩʢʦʣʴʢʫ ʧʨʠ 
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ʨʝʣʘʢʩʘʮʠʠ ʚʥʫʪʨʝʥʥʠʭ ʥʘʧʨʷʞʝʥʠʡ ʤʘʨʪʝʥʩʠʪʥʳʝ ʜʚʦʡʥʠʢʠ ʤʦʛʫʪ ʙʳʪʴ ʧʦʜʚʠʞʥʳʤʠ ʚʥʫʪʨʠ 

ʩʚʦʙʦʜʥʳʭ ʩʫʙʛʨʘʥʠʮ. ɻʦʤʦʛʝʥʠʟʘʮʠʦʥʥʳʡ (ʜʠʬʬʫʟʠʦʥʥʳʡ) ʦʪʞʠʛ ʫʩʪʨʘʥʷʝʪ ʭʠʤʠʯʝʩʢʫʶ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʥʘʧʳʣʝʥʥʳʭ ʩʣʦʝʚ. ɻʦʤʦʛʝʥʠʟʘʮʠʦʥʥʳʡ ʦʪʞʠʛ ʧʨʠʚʦʜʠʪ ʢ  ʧʦʣʥʦʤʫ ʨʘʩʪʚʦʨʝʥʠʶ 

ʠʟʙʳʪʦʯʥʳʭ ʬʘʟ, ʧʨʠʙʣʠʞʘʷ ʬʘʟʦʚʳʡ ʩʦʩʪʘʚ ʩʧʣʘʚʦʚ ʢ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠ ʨʘʚʥʦʚʝʩʥʦʤʫ ʩʦʩʪʦʷʥʠʶ ʠ 

ʫʣʫʯʰʝʥʠʶ ʩʚʦʡʩʪʚ ʩʧʣʘʚʦʚ ʩ ʕʇʌ. ʊʆ ʪʘʢʞʝ ʧʨʠʚʦʜʠʪ ʢ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʜʠʬʬʫʟʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ 

ʧʨʦʠʩʭʦʜʷʱʠʭ ʥʘ ʛʨʘʥʠʮʝ çʩʪʘʣʴʥʘʷ ʦʩʥʦʚʘ ï ʧʝʨʝʭʦʜʥʳʡ ʩʣʦʡè ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʳʭ ʧʨʦʠʩʭʦʜʠʪ 

ʧʦʚʳʰʝʥʠʝ  ʧʨʦʯʥʦʩʪʠ ʩʮʝʧʣʝʥʠʷ ʧʦʢʨʳʪʠʡ ʩ ʦʩʥʦʚʦʡ. 

ɺ ʩʣʦʝ Ti-Ni-Zr ʧʦʩʣʝ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʠ ʧʦʚʝʨʭʥʦʩʪʥʦ-ʧʣʘʩʪʠʯʝʩʢʦʛʦ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ 

(ʇʇɼ) ʥʘʙʣʶʜʘʝʪʩʷ ʪʘʢʘʷ ʞʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʤʘʨʪʝʥʩʠʪʥʳʭ ʧʨʝʚʨʘʱʝʥʠʡ, ʯʪʦ ʠ ʧʦʩʣʝ ʟʘʢʘʣʢʠ 

ɺ2źɺ19'. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʩʪʨʫʢʪʫʨʘ ʘʫʩʪʝʥʠʪʘ, ʬʦʨʤʠʨʫʶʱʘʷʩʷ ʚ ʧʨʦʮʝʩʩʝ ʦʪʞʠʛʘ ʧʨʠ 873ʂ, 

ʥʝʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʩʪʨʫʢʪʫʨʳ ʧʦʩʣʝ ʟʘʢʘʣʢʠ ʩʧʣʘʚʘ. ʅʘ ʨʠʩ. 3 ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʢʘʣʦʨʠʤʝʪʨʠʯʝʩʢʠʝ ʢʨʠʚʳʝ ʇʄʉʕʇʌ Ti-Ni-Zr. ʀʟ ʥʝʛʦ ʚʠʜʥʦ, ʯʪʦ ʤʘʨʪʝʥʩʠʪʥʦʝ ʧʨʝʚʨʘʱʝʥʠʝ ʚ 

ʩʧʣʘʚʝ Ti-Ni-Zr ʧʨʦʠʩʭʦʜʠʪ  ʦʪ ʘʫʩʪʝʥʠʪʥʦʡ ʬʘʟʳ ʚ ʤʘʨʪʝʥʩʠʪʥʫʶ ɺ19: ɺ2źɺ19'. 

ɺ ʩʣʦʝ Ti-Ni-Zr ʧʦʩʣʝ ʊʆ ʠ ʇʇɼ ʥʘʙʣʶʜʘʝʪʩʷ ʩʣʝʜʫʶʱʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʤʘʨʪʝʥʩʠʪʥʳʭ 

ʧʨʝʚʨʘʱʝʥʠʡ, ɺ2źɺ19'. ʅʘ ʨʠʩ.3ʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʘʣʦʨʠʤʝʪʨʠʯʝʩʢʠʝ ʢʨʠʚʳʝ ʇʄʉʕʇʌ Ti-Ni-Zr, 

ʧʦʩʣʝ ʧʦʣʥʦʛʦ ʮʠʢʣʘ ʦʙʨʘʙʦʪʢʠ ʦʪʞʠʛ + ʇʇɼ. ʊʝʤʧʝʨʘʪʫʨʳ ʤʘʨʪʝʥʩʠʪʥʳʭ ʧʨʝʚʨʘʱʝʥʠʡ ʩʣʦʝʚ ʠʟ 

ʤʘʪʝʨʠʘʣʦʚ ʩ ʕʇʌ ʄf = 459ʂ, ʄs = 522ʂ, ɸs = 488ʂ, ɸf = 571ʂ. ʅʘ ʨʠʩ. 3ʙ,ʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʛʨʘʬʠʢʠ 

ʟʘʚʠʩʠʤʦʩʪʝʡ ʚʝʣʠʯʠʥʳ ʦʙʨʘʪʠʤʦʡ ʜʝʬʦʨʤʘʮʠʠ Ůʆ ʦʪ ʥʘʚʝʜʝʥʥʦʡ ʜʝʬʦʨʤʘʮʠʠ Ůʅ ʜʣʷ ʇʄʉʕʇʌ 

TiNiZr ʧʦʩʣʝ ɺɻʅ ʠ ʊʄʆ. 

ʘ) ʙ) ʚ)  

ʈʠʩ. 3. ʂʘʣʦʨʠʤʝʪʨʠʯʝʩʢʠʝ ʢʨʠʚʳʝ ʧʦʚʝʨʭʥʦʩʪʥʦ-ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʩʣʦʝʚ TiNiZr, ʧʦʩʣʝ 

ʧʦʣʥʦʛʦ ʮʠʢʣʘ ʦʙʨʘʙʦʪʢʠ ʦʪʞʠʛ + ʇʇɼ ïʘ); ʛʨʘʬʠʢʠ ʟʘʚʠʩʠʤʦʩʪʝʡ Ůʆ ʦʪ Ůʅ ʜʣʷ ʇʄʉʕʇʌ TiNiZr 

ʧʦʩʣʝ ɺɻʅ ʠ ʇʇɼ: ʦʪʞʠʛ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 600Áʉ ïʙ), 800Áʉ-ʚ) 

ʇʦʩʣʝ ɺɻʅ ʠ ʇʇɼ ʥʘʠʙʦʣʴʰʘʷ ʚʝʣʠʯʠʥʘ ʦʙʨʘʪʠʤʦʡ ʜʝʬʦʨʤʘʮʠʠ ʜʣʷ ʩʧʣʘʚʘ TiNiZr ʨʘʚʥʘ 2,1-

2,3% (ʨʠʩ. 3ʙ,ʚ), ʜʦʩʪʠʛʘʝʪʩʷ ʚ ʠʥʪʝʨʚʘʣʝ ʦʪʞʠʛʦʚ 600-800Áʉ. 

ɿʘʢʣʶʯʝʥʠʝ. ʇʦʩʣʝ ɺɻʅ ʤʝʭʘʥʠʯʝʩʢʠ ʘʢʪʠʚʠʨʦʚʘʥʥʦʛʦ ʧʦʨʦʰʢʘ TiNiZr  ʧʦʣʫʯʘʝʪʩʷ 

ʥʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʝ ʧʦʢʨʳʪʠʝ ʩ ʨʘʟʤʝʨʦʤ ʟʝʨʥʘ ʦʪ 80-100ʥʤ. ɺʳʧʦʣʥʝʥʳ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʚʰʠʝ, ʯʪʦ ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʣʦʝʚ ʧʦ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʨʦʷʚʣʝʥʠʝ ʵʬʬʝʢʪʘ ʧʘʤʷʪʠ ʬʦʨʤʳ. ʀʩʩʣʝʜʦʚʘʥʳ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʩʣʦʷ 

TiNiZr, ʧʦʢʘʟʘʚʰʠʝ ʚʝʣʠʯʠʥʫ ʦʙʨʘʪʠʤʦʡ ʜʝʬʦʨʤʘʮʠʠ  2,1-2,3%. 

ɺʳʨʘʞʝʥʠʝ ʙʣʘʛʦʜʘʨʥʦʩʪʠ: ʘʚʪʦʨ ʚʳʨʘʞʘʝʪ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʥʘʫʯʥʳʤ ʨʫʢʦʚʦʜʠʪʝʣʷʤ ʩ.ʥ.ʩ., 

ʜʦʮʝʥʪʫ ʈʫʩʠʥʦʚʫ ʇ.ʆ., ʚ.ʥ.ʩ., ʧʨʦʬʝʩʩʦʨʫ ɹʣʝʜʥʦʚʦʡ ɾ.ʄ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʈʦʩʩʠʡʩʢʦʛʦ ʅʘʫʯʥʦʛʦ ʌʦʥʜʘ ˉ 15-19-00202. 

 

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

 

ʆʉʆɹɽʅʅʆʉʊʀ ʂʈʀʉʊɸʃʃʀɿɸʎʀʀ ʀ ʉʊʈʋʂʊʋʈʓ ɾɸʈʆʉʊʆʁʂʀʍ 

ȸNIAL+ũËNI3AL ʉʇʃɸɺʆɺ ʉʀʉʊɽʄʓ NI-CO-AL  

ɹʫʣʘʭʪʠʥʘ ʄ.ɸ. 

ʈʦʩʩʠʷ, ʀʥʩʪʠʪʫʪ ʤʝʪʘʣʣʫʨʛʠʠ ʠ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ ʠʤ. ɸ.ɸ.ɹʘʡʢʦʚʘ ʈɸʅ, m_sm@inbox.ru 

 

ʀʥʪʝʨʤʝʪʘʣʣʠʜʳ (ʀʄ) - ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʤʘʪʝʨʠʘʣʳ ʜʣʷ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ, 

ʦʙʣʘʜʘʶʱʠʝ ʭʦʨʦʰʠʤ ʩʦʯʝʪʘʥʠʝʤ ʞʘʨʦʧʨʦʯʥʦʩʪʠ ʠ ʞʘʨʦʩʪʦʡʢʦʩʪʠ, ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʦʡ 

ʧʣʦʪʥʦʩʪʴʶ, ʙʦʣʴʰʝʡ ʧʣʘʩʪʠʯʥʦʩʪʴʶ ʠ ʚʷʟʢʦʩʪʴʶ ʨʘʟʨʫʰʝʥʠʷ, ʪʝʧʣʦ- ʠ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴʶ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʢʝʨʘʤʠʯʝʩʢʠʤʠ ʤʘʪʝʨʠʘʣʘʤʠ. ɸʣʶʤʠʥʠʜʳ ʥʠʢʝʣʷ ɓ-NiAl  ʠ ɔȭ-Ni3Al   ʠʤʝʶʪ ʜʦʩʪʘʪʦʯʥʦ 

ʚʳʩʦʢʫʶ ʪʝʤʧʝʨʘʪʫʨʫ ʧʣʘʚʣʝʥʠʷ 1638 ʠ 1395Áʉ ʠ ʫʤʝʨʝʥʥʫʶ ʧʣʦʪʥʦʩʪʴ ɟ=5,86 ʠ 7,50 ʛ/ʩʤ3
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ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʕʪʠ ʀʄ ʩʧʣʘʚʳ ʠʤʝʶʪ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʩʪʦʡʢʦʩʪʴ ʢ ʦʢʠʩʣʝʥʠʶ, ʯʝʤ ʞʘʨʦʧʨʦʯʥʳʝ 

ʥʠʢʝʣʝʚʳʝ ʩʫʧʝʨʩʧʣʘʚʳ ʙʣʘʛʦʜʘʨʷ ʙʦʣʝʝ ʚʳʩʦʢʦʤʫ ʩʦʜʝʨʞʘʥʠʶ ʘʣʶʤʠʥʠʷ.  

ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʟʫʯʝʥʠʝ ʦʩʦʙʝʥʥʦʩʪʝʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʠ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʩʪʨʫʢʪʫʨʳ ʛʝʪʝʨʦʬʘʟʥʳʭ ɔȭ+ɓ ʩʧʣʘʚʦʚ, ʞʘʨʦʩʪʦʡʢʠʭ ʜʦ 1300Üʉ, ʩ ʧʣʦʪʥʦʩʪʴʶ ʥʝ ʙʦʣʝʝ ~ 7,2 ʛ/ʩʤ3
 

ʉʠʩʪʝʤʘ Ni-Al -Cʦ ʙʳʣʘ ʚʟʷʪʘ ʟʘ ʦʩʥʦʚʫ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʞʘʨʦʩʪʦʡʢʠʭ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʩʧʣʘʚʦʚ, 

ʧʦʩʢʦʣʴʢʫ ʢʦʙʘʣʴʪ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʣʝʛʠʨʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʩʧʣʘʚʦʚ ʥʘ 

ʦʩʥʦʚʝ Ni3Al, ʘ ʪʘʢʞʝ ʦʜʥʠʤ ʠʟ ʢʦʤʧʦʥʝʥʪʦʚ ʞʘʨʦʩʪʦʡʢʠʭ ʧʦʢʨʳʪʠʡ ʥʘ ʦʩʥʦʚʝ NiAl. ʏʘʩʪʴ 

ʜʠʘʛʨʘʤʤʳ ʩʦʩʪʦʷʥʠʷ ʩ ʩʦʜʝʨʞʘʥʠʝʤ Al ʜʦ 40 ʘʪ. % ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩ. 1 ʘ. ʅʠʢʝʣʴ ʦʙʨʘʟʫʝʪ ʩ ʉʦ 

ʥʝʧʨʝʨʳʚʥʳʡ ʨʷʜ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ (ɔ), ʠʟʦʩʪʨʫʢʪʫʨʥʳʝ NiAl  ʠ CoAl (ʊʧʣ=1633Áʉ) ʦʙʨʘʟʫʶʪ 

ʥʝʧʨʝʨʳʚʥʳʡ ʨʷʜ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ (ɓ). ʉ ʧʦʚʳʰʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʦʪ 900 ʜʦ 1300Üʉ 

ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʉʦ ʚ Ni3Al  (ɔȭ) ʨʝʟʢʦ ʫʤʝʥʴʰʘʝʪʩʷ, ʨʘʩʪʚʦʨʠʤʦʩʪʴ Al ʚ ɔ (Ni,Co) ʪʚʝʨʜʦʤ ʨʘʩʪʚʦʨʝ 

ʚʦʟʨʘʩʪʘʝʪ ʩ 12-15 ʜʦ ~20-21 % ʘʪ. % Al, ʘ ʪʨʝʭʬʘʟʥʘʷ ʦʙʣʘʩʪʴ ʨʝʟʢʦ ʩʫʞʘʝʪʩʷ ʠ ʩʜʚʠʛʘʝʪʩʷ ʚ ʩʪʦʨʦʥʫ 

ʤʝʥʴʰʠʭ ʩʦʜʝʨʞʘʥʠʡ ʢʦʙʘʣʴʪʘ (ʦʪ 25-42 % ʜʦ 8-10 ʘʪ. % ʉʦ). ʉʦʩʪʘʚʳ ʩʧʣʘʚʦʚ ʫʢʘʟʘʥʳ ʥʘ ʨʠʩ. 1 ʘ. 

 
ʈʠʩ. 1. (ʘ) - ʫʯʘʩʪʦʢ ʠʟʦʪʝʨʤʠʯʝʩʢʦʛʦ ʩʝʯʝʥʠʷ ʩʠʩʪʝʤʳ Ni-Al-Cʦ ʧʨʠ 900Áʉ; (ʙ)- ʩʭʝʤʘ ʨʝʘʢʮʠʡ 

ʩ ʫʯʘʩʪʠʝʤ ʞʠʜʢʦʡ ʬʘʟʳ ʠ b-NiAl ʜʠʘʛʨʘʤʤʳ ʩʦʩʪʦʷʥʠʷ Ni-Al-Co, ʨʘʟʨʝʟ ʧʨʠ (8-10) ʘʪ. % Co. 

 

ʉʣʠʪʢʠ ʠʟʛʦʪʘʚʣʠʚʘʣʠ ʤʝʪʦʜʦʤ ʚʘʢʫʫʤʥʦʡ ʠʥʜʫʢʮʠʦʥʥʦʡ ʧʣʘʚʢʠ (ɺʀʇ). ʇʨʫʪʢʠ Ï16 ʤʤ, l=180 

ʤʤ ʧʦʣʫʯʘʣʠ ʥʘʧʨʘʚʣʝʥʥʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʝʡ (ʅʂ) ʩ ʛʨʘʜʠʝʥʪʦʤ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ G=150Áʉ/ʩʤ ʠ 

ʩʢʦʨʦʩʪʴʶ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ R=5 ʤʤ/ʤʠʥ. ʄʠʢʨʦʨʝʥʪʛʝʥʦʩʧʝʢʪʨʘʣʴʥʳʡ ʘʥʘʣʠʟ (ʄʈʉɸ) ʧʨʦʚʦʜʠʣʠ ʥʘ 

ʧʨʠʙʦʨʝ çLEO-1420è ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʦʛʦ ʤʠʢʨʦʘʥʘʣʠʟʘʪʦʨʘ ñOxfordò. 

ʄʠʢʨʦʩʪʨʫʢʪʫʨʫ ʠʩʩʣʝʜʦʚʘʣʠ ʥʘ ʦʧʪʠʯʝʩʢʦʤ ʤʠʢʨʦʩʢʦʧʝ çOlimpus GX51è ʠ ʨʘʩʪʨʦʚʦʤ ʵʣʝʢʪʨʦʥʥʦʤ 

ʤʠʢʨʦʩʢʦʧʝ LEO-1420. ʊʝʤʧʝʨʘʪʫʨʳ ʬʘʟʦʚʳʭ ʧʨʝʚʨʘʱʝʥʠʡ ʧʨʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʦʧʨʝʜʝʣʷʣʠ ʥʘ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʤ ʩʢʘʥʠʨʫʶʱʝʤ ʢʘʣʦʨʠʤʝʪʨʝ DSC 404 F1. 

ʀʟʫʯʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨ ʬʘʟʦʚʳʭ ʧʨʝʚʨʘʱʝʥʠʡ ʚ ʩʧʣʘʚʘʭ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʜʘʥʥʳʤʠ ʘʥʘʣʠʟʘ ʠʭ 

ʩʪʨʫʢʪʫʨ ʠ ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʧʨʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʠ ʧʦʩʣʝʜʫʶʱʝʤ ʦʭʣʘʞʜʝʥʠʠ ʚ 

ʠʥʪʝʨʚʘʣʝ ʧʦʜʩʦʣʠʜʫʩʥʳʭ ʪʝʤʧʝʨʘʪʫʨ 1323-1364Áʉ ʚ ʩʧʣʘʚʘʭ ʧʨʦʠʩʭʦʜʠʪ ʨʷʜ ʬʘʟʦʚʳʭ ʧʨʝʚʨʘʱʝʥʠʡ, 

ʦʧʨʝʜʝʣʷʶʱʠʭ ʩʣʦʞʥʳʡ ʬʘʟʦʚʳʡ ʩʦʩʪʘʚ ʠ ʩʪʨʫʢʪʫʨʫ ʩʧʣʘʚʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʅʂ.  

ʂʨʠʩʪʘʣʣʠʟʘʮʠʷ (ɔË+ɓ) ʩʧʣʘʚʦʚ c ~10 ʘʪ. % Co, ~ 29 ʘʪ. % Al ʧʨʦʭʦʜʠʪ ʧʦ ʵʚʪʝʢʪʠʯʝʩʢʦʡ 

ʨʝʘʢʮʠʠ Lźɔ+ɓ (ʨʠʩ. 1 ʙ). ʕʚʪʝʢʪʠʢʘ (ɓ+ɔ) ʠʤʝʝʪ ʚʠʜ ʚʳʨʦʞʜʝʥʥʦʡ ʵʚʪʝʢʪʠʢʠ (ɔ ʚ ʤʝʞʜʝʥʜʨʠʪʥʦʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝ ɓ ʜʝʥʜʨʠʪʦʚ) (ʨʠʩ. 2 ʘ). ʇʨʠ ʦʭʣʘʞʜʝʥʠʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʩʦʣʠʜʫʩ ʧʨʦʠʩʭʦʜʷʪ 

ʩʣʝʜʫʶʱʠʝ ʧʨʦʮʝʩʩʳ. ʅʘ ʤʝʞʬʘʟʥʦʡ ʛʨʘʥʠʮʝ ɓ/ɔ ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʠʪʝʢʪʦʠʜʥʦʝ ʧʨʝʚʨʘʱʝʥʠʝ ɓ+ɔŸɔË, ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʥʘ ʧʝʨʠʬʝʨʠʠ ʢʨʫʧʥʳʭ ʚʳʜʝʣʝʥʠʡ ɔ ʬʘʟʳ ʵʚʪʝʢʪʠʯʝʩʢʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʦʙʨʘʟʫʶʪʩʷ 

ʦʙʦʜʢʠ ɔË-ʬʘʟʳ ʩ ʧʦʚʳʰʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʘʣʶʤʠʥʠʷ (ʨʠʩ. 2 ʚ). ʇʨʝʚʨʘʱʝʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʯʝʨʝʟ 

ʪʨʝʭʬʘʟʥʫʶ ʦʙʣʘʩʪʴ (ɓ+ɔ+ɔË). C ʧʦʥʠʞʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʠʟ ʧʝʨʝʩʳʱʝʥʥʦʛʦ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ ʥʘ 

ʦʩʥʦʚʝ ɓ ʚʳʜʝʣʷʶʪʩʷ ʢʨʫʧʥʳʝ ʧʝʨʠʩʪʳʝ ʚʳʜʝʣʝʥʠʷ ɔ-ʬʘʟʳ ʩ ʧʦʚʳʰʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʘʣʶʤʠʥʠʷ 

(ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʡ ʨʘʩʧʘʜ) ʠ ʙʦʣʝʝ ʜʠʩʧʝʨʩʥʳʝ ʧʝʨʠʩʪʳʝ ʚʳʜʝʣʝʥʠʷ ɔË-ʬʘʟʳ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 

ʥʠʞʝ 1300Á (ʨʠʩ. 2 ʙ).  

ʉʪʨʫʢʪʫʨʘ ʩʧʣʘʚʘ ʩ ~8 ʘʪ. % Co, ~ 32 ʘʪ. % Al ʧʦʩʣʝ ʅʂ ʠ ʊʆ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ 

ʩʦʜʝʨʞʘʥʠʝ ʥʠʢʝʣʷ ʚ ʩʧʣʘʚʝ ʥʠʞʝ ʝʛʦ ʧʨʝʜʝʣʴʥʦʡ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʚ ɓ-NiAl. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʩʧʣʘʚ 

ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʧʦ ʜʨʫʛʦʡ ʩʭʝʤʝ (L+ɓźɓŸ ɓ+ɔË), ʤʠʥʫʷ ʵʚʪʝʢʪʠʯʝʩʢʫʶ ʨʝʘʢʮʠʶ Lźɔ+ɓ (ʨʠʩ. 1ʙ). 

ʌʘʟʘ ɓ ʬʦʨʤʠʨʫʝʪʩʷ ʠʟ ʨʘʩʧʣʘʚʘ. ʇʨʠ ʧʦʥʠʞʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʥʠʞʝ ʣʠʥʠʠ ʩʦʣʴʚʫʩ, ʚ ʣʠʪʦʤ 

ʤʘʪʝʨʠʘʣʝ ʦʙʨʘʟʫʶʪʩʷ ʙʦʣʝʝ ʢʨʫʧʥʳʝ (ʪʦʣʱʠʥʘ ʜʦ 4 ʤʢʤ) ʧʝʨʠʩʪʳʝ ʚʪʦʨʠʯʥʳʝ ʚʳʜʝʣʝʥʠʷ ɔ 

(ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʠʥʪʝʨʚʘʣʝ ɔ+ɓźɔȭ ʧʨʝʚʨʘʱʝʥʠʡ) ʠ ʙʦʣʝʝ ʪʦʥʢʠʝ (ʪʦʣʱʠʥʦʡ ʜʦ 2 ʤʢʤ) ʚʪʦʨʠʯʥʳʝ 

ʚʳʜʝʣʝʥʠʷ ɔË-ʬʘʟʳ (ʨʠʩ. 2 ʛ, ʜ).  



13 

 

 
ʈʠʩ. 2. ʄʠʢʨʦʩʪʨʫʢʪʫʨʳ ʩʧʣʘʚʦʚ ˉ5 (ʘʪ. %) 60,55%Ni, 28,82%Al, 9,99%Co, 0,25%Re, 0,21%Ta: 

ʘ, ʙ, ʚ - ʅʂ; ˉ7 (ʘʪ.%): 58,07%Ni, 31,98%Al, 8,02%Co, 0,4%Re, 1,29%Ta, 0,01%La, 0,09%C: ʛ, ʜ- ʅʂ, 

ʝ- ʧʦʩʣʝ ʊʆ ʧʨʠ 1300Áʉ 2 ʯ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʦʜʥʫ ʭʘʨʘʢʪʝʨʥʫʶ ʦʩʦʙʝʥʥʦʩʪʴ ʨʝʥʠʡ ʩʦʜʝʨʞʘʱʠʭ ʩʧʣʘʚʦʚ ʠʩʩʣʝʜʫʝʤʦʡ 

ʩʠʩʪʝʤʳ, ʚ ʢʦʪʦʨʳʭ ʧʨʠʩʫʪʩʪʚʫʶʪ ɔȭ, ɓ ʠ ɔ ʬʘʟʳ. ʈʝʥʠʡ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʨʘʩʪʚʦʨʷʝʪʩʷ ʚ ɓ- ʠ ɔË-ʬʘʟʘʭ ʩ 

ʫʧʦʨʷʜʦʯʝʥʥʳʤʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʤʠ ʨʝʰʝʪʢʘʤʠ. ɺʦ ʚʩʝʭ ʩʧʣʘʚʘʭ ʦʥ ʩʦʩʨʝʜʦʪʦʯʝʥ ʚ ɔ-ʬʘʟʝ ʩ 

ʥʝʫʧʦʨʷʜʦʯʝʥʥʦʡ ʛ.ʮ.ʢ. ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʦʡ. ʇʦʵʪʦʤʫ ʧʨʠʩʫʪʩʪʚʠʝ ɔ-ʬʘʟʳ ʚ ʣʠʪʳʭ ʩʧʣʘʚʘʭ 

ʢʦʩʚʝʥʥʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝʤ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʨʝʥʠʷ ʚ ɓ ʠ ɔȭ ʬʘʟʘʭ ʠ ʥʘʣʠʯʠʝ ʝʛʦ 

ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʚ ʚʳʜʝʣʝʥʠʷʭ, ʢʦʪʦʨʳʝ ʤʳ ʠʜʝʥʪʠʬʠʮʠʨʫʝʤ, ʢʘʢ ɔ-ʬʘʟʫ, ʥʝʩʤʦʪʨʷ ʥʘ ʙʦʣʝʝ ʚʳʩʦʢʦʝ 

ʩʦʜʝʨʞʘʥʠʝ ʚ ʥʝʡ ʘʣʶʤʠʥʠʷ (>20 ʘʪ. %), ʯʝʤ ʩʣʝʜʫʝʪ ʠʟ ʜʚʦʡʥʦʡ ʜʠʘʛʨʘʤʤʳ ʩʦʩʪʦʷʥʠʷ.  

ɺ (ɔȭ+ɓ) ʩʧʣʘʚʝ c ~8 ʘʪ. % Co, ~ 32 ʘʪ. % Al ʨʝʥʠʡ ʚʭʦʜʠʪ ʚ ʩʦʩʪʘʚ ʠʟʦʣʠʨʦʚʘʥʥʳʭ ʜʠʩʧʝʨʩʥʳʭ 

ʚʢʣʶʯʝʥʠʡ, ʦʙʦʟʥʘʯʝʥʥʳʭ ʢʘʢ Rʝʯ (ʨʠʩ. 2 ʜ, ʝ), ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʪʚʝʨʜʳʝ ʜʠʩʧʝʨʩʥʳʝ 

ʯʘʩʪʠʮʳ (ʨʘʟʤʝʨʦʤ 100-200 ʥʤ), ʚʳʜʝʣʷʶʱʠʝʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ɓ ʤʘʪʨʠʮʝ. ʉʢʦʧʣʝʥʠʷ ʚ ɓ-

ʤʘʪʨʠʮʝ ʪʘʢʠʭ ʞʝ ʯʘʩʪʠʮ, ʚ ʢʦʪʦʨʳʭ ʩʢʦʥʮʝʥʪʨʠʨʦʚʘʥ ʨʝʥʠʡ, ʠʟʨʝʜʢʘ ʚʩʪʨʝʯʘʶʪʩʷ ʚ ʩʧʣʘʚʘʭ c ~10 ʘʪ. 

% Co, ~ 28 ʘʪ. % Al. ʀʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʯʘʩʪʠʮʳ ʧʦʢʘ ʥʝ ʫʜʘʣʦʩʴ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʨʘʥʝʝ ʧʨʦʚʝʜʝʥʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʧʣʘʚʦʚ ʪʠʧʘ ɺʂʅɸ, ʚ ʢʦʪʦʨʳʭ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʬʘʟʳ, ʩʦʜʝʨʞʘʱʠʝ 

ʨʝʥʠʡ, ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ Rʝʯ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʊʇʋ ʬʘʟʫ.  

 ʅʘ ʦʩʥʦʚʘʥʠʠ ʘʥʘʣʠʟʘ ʧʨʠʚʝʜʝʥʥʳʭ ʚ ʨʘʙʦʪʝ ʜʘʥʥʳʭ ʤʦʞʥʦ ʧʨʝʜʣʦʞʠʪʴ ʩʭʝʤʫ ʬʘʟʦʚʳʭ 

ʧʨʝʚʨʘʱʝʥʠʡ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʚ (ɔË+ɓ) ʩʧʣʘʚʘʭ Ni-(8-10)% Co-(28-32)% Al  (ʨʠʩ. 1 ʙ).  

ʉʭʝʤʘ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʠ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʝ ʬʘʟʦʚʳʝ ʧʨʝʚʨʘʱʝʥʠʷ ʚ ʠʩʩʣʝʜʦʚʘʥʥʳʭ (ɔË+ɓ) 

ʩʧʣʘʚʘʭ ʧʨʠʚʦʜʷʪ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʧʝʨʠʩʪʳʭ ʩʪʨʫʢʪʫʨ: ʚʳʜʝʣʝʥʠʶ ʙʦʣʝ ʧʣʘʩʪʠʯʥʳʭ ɔ ʠ ɔË ʬʘʟ ʚ 

ʭʨʫʧʢʦʡ ɓ ʤʘʪʨʠʮʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʧʨʝʜʧʦʣʘʛʘʪʴ, ʯʪʦ ʩʧʣʘʚʳ ʩ ʬʘʟʦʚʳʤ ʩʦʩʪʘʚʦʤ (ɓ+ɔË) ʩ 29-

33 ʘʪ. % Al ʧʨʠ 8-10 % ʉʦ ʙʫʜʫʪ ʠʤʝʪʴ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʞʘʨʦʩʪʦʡʢʦʩʪʴ ʧʨʠ 1300Áʉ, ʯʝʤ (ɔË+ɔ) ʩʧʣʘʚʳ 

ʩ 17 ʘʪ. % Al ʧʨʠ 5 % ʉʦ ʧʨʠ 1150-1200Áʉ, ʜʝʤʦʥʩʪʨʠʨʫʷ ʧʨʠ ʵʪʦʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʦʯʥʦʩʪʠ ʠ 

ʞʘʨʦʧʨʦʯʥʦʩʪʠ, ʧʦʟʚʦʣʷʶʱʠʝ ʠʭ ʨʘʩʩʤʘʪʨʠʚʘʪʴ, ʢʘʢ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʝ ʪʝʧʣʦʩʪʦʡʢʠʝ ʩʧʣʘʚʳ. 

ɸʚʪʦʨ ʚʳʨʘʞʘʝʪ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʧʨʦʬ., ʜ.ʪ.ʥ. ʇʦʚʘʨʦʚʦʡ ʂ.ɹ. ʠ ʢ.ʪ.ʥ. ɼʨʦʟʜʦʚʫ ɸ.ɸ. ʟʘ 

ʨʫʢʦʚʦʜʩʪʚʦ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʨʘʙʦʪʳ ʠ ʧʦʤʦʱʴ ʚ ʦʙʩʫʞʜʝʥʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

 

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

 

ʂʈʀʉʊɸʃʃʀʏɽʉʂɸʗ ʉʊʈʋʂʊʋʈɸ ʀ ʉɺʆʁʉʊɺɸ ʉʃʆɾʅʓʍ ʆʂʉʀɼʆɺ, 

ʆɹʈɸɿʋʖʑʀʍʉʗ ɺ ʉʀʉʊɽʄɸʍ ND-ʄɽ-FE-O (ʄɽ=SR, CA) 

ɺʘʭʨʦʤʝʝʚʘ ɸ.ɽ. 
 

ʈʦʩʩʠʷ, ʋʨʘʣʴʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʧʝʨʚʦʛʦ ʇʨʝʟʠʜʝʥʪʘ ʈʦʩʩʠʠ ɹ.ʅ. ɽʣʴʮʠʥʘ 

E-mail: Maruska1393n@mail.ru 

 
 

ʉʣʦʞʥʳʝ ʦʢʩʠʜʳ ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʧʝʨʦʚʩʢʠʪʘ ABO3°d, A4B3O10°d, A3B2O3°d, A2BO4°d, ʩʦʜʝʨʞʘʱʠʝ 

ʚ ʫʟʣʘʭ ɸ ï ʈɿʕ ʠʣʠ ʑɿʕ, ʚ ʫʟʣʘʭ ɺ ï 3d-ʧʝʨʝʭʦʜʥʳʡ ʤʝʪʘʣʣ (Fe, Co, Ni, Cu, Ti, Cr, Mn) ʷʚʣʷʶʪʩʷ 

ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ ʚ ʩʚʷʟʠ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʠʭ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʨʘʟʣʠʯʥʳʭ 

ʦʙʣʘʩʪʷʭ ʪʝʭʥʠʢʠ, ʚ ʢʘʯʝʩʪʚʝ ʵʣʝʢʪʨʦʜʦʚ ɺʊ ʊʆʊʕ, ʢʠʩʣʦʨʦʜʥʳʭ ʜʘʪʯʠʢʦʚ, ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʜʦʞʠʛʘʥʠʷ 

ʚʳʭʣʦʧʥʳʭ ʛʘʟʦʚ, ʢʠʩʣʦʨʦʜʥʳʭ ʤʝʤʙʨʘʥ. ʉʯʠʪʘʷ ʜʘʥʥʫʶ ʦʙʣʘʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʦʩʪʘʪʦʯʥʦ 
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ʘʢʪʫʘʣʴʥʦʡ, ʥʠʞʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʠʥʬʦʨʤʘʮʠ ̫ ʦ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʝ ʠ ʩʚʦʡʩʪʚʘʭ 

ʩʣʦʞʥʦʦʢʩʠʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʦʙʨʘʟʫʶʱʠʭʩʷ ʚ ʩʠʩʪʝʤʘʭ Nd-ʄʝ-Fe-O (ʄʝ=Sr, Ca). 

ɼʣʷ ʠʟʫʯʝʥʠʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʦʙʨʘʟʫʶʱʠʭʩʷ ʩʣʦʞʥʳʭ ʦʢʩʠʜʦʚ ʧʦ ʛʣʠʮʝʨʠʥ-

ʥʠʪʨʘʪʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʙʳʣʦ ʩʠʥʪʝʟʠʨʦʚʘʥʦ 70 ʦʙʨʘʟʮʦʚ ʩ ʨʘʟʣʠʯʥʳʤ ʩʦʦʪʥʦʰʝʥʠʝʤ ʧʦ 

ʤʝʪʘʣʣʠʯʝʩʢʠʤ ʢʦʤʧʦʥʝʥʪʘʤ ʚ ʩʠʩʪʝʤʝ Nd-Sr-Fe-O ʠ 46 ʦʙʨʘʟʮʦʚ ʚ ʩʠʩʪʝʤʝ Nd-Ca-Fe-O. ʇʦ 

ʨʝʟʫʣʴʪʘʪʘʤ ʈʌɸ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʠʩʪʝʤʘ Nd-Sr-Fe-O ʜʦʩʪʘʪʦʯʥʦ ʙʦʛʘʪʘ ʦʙʨʘʟʫʶʱʠʤʠʩʷ ʚ 

ʫʩʣʦʚʠʷʭ ʵʢʩʧʝʨʠʤʝʥʪʘ ʪʠʧʘʤʠ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ: Nd1-xSrxFeO3-ŭ, Sr2-yNdyFeO4-ŭ, Sr3-zNdzFe2O7-ŭ ʠ 

Sr4-uNduFe3O10-ŭ, ʘ ʚ ʩʠʩʪʝʤʝ Nd-Ca-Fe-O ʫʩʪʘʥʦʚʣʝʥʦ ʦʙʨʘʟʦʚʘʥʠʝ ʧʦʢʘ ʪʦʣʴʢʦ ʦʜʥʦʛʦ ʨʷʜʘ ʩʣʦʞʥʳʭ 

ʦʢʩʠʜʦʚ: Nd1-vCavFeO3-ŭ. 

ʈʝʥʪʛʝʥʦʛʨʘʬʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ Nd1-xSrxFeO3-d ʚ ʠʥʪʝʨʚʘʣʝ ʩʦʩʪʘʚʦʚ 0.0¢x¢0.6 

ʙʳʣʠ ʧʨʦʠʥʜʝʢʩʠʨʦʚʘʥʳ ʚ ʨʘʤʢʘʭ ʦʨʪʦʨʦʤʙʠʯʝʩʢʦʡ ʷʯʝʡʢʠ (ʧʨ.ʛʨ. Pbnm). 
 

 
ʈʠʩʫʥʦʢ 1 ï ʈʝʥʪʛʝʥʦʛʨʘʤʤʳ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ Nd1-xSrxFeO3-d 

 

ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʩʦʜʝʨʞʘʥʠʷ ʩʪʨʦʥʮʠʷ ʦʪ ʭ=0.0 ʜʦ ʭ=0.3 ʥʘ 

ʨʝʥʪʛʝʥʦʛʨʘʤʤʘʭ ʦʢʩʠʜʦʚ Nd1-xSrxFeO3-d ʥʘʙʣʶʜʘʝʪʩʷ ʩʣʠʷʥʠʝ ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʧʠʢʦʚ ʧʨʠ ʫʛʣʘʭ 

ʨʘʩʩʝʷʥʠʷ 30ï45̄  ʠ 55ï60̄ , ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʫʚʝʣʠʯʝʥʠʠ ʩʠʤʤʝʪʨʠʠ ʠ ʫʤʝʥʴʰʝʥʠʠ 

ʦʨʪʦʨʦʤʙʠʯʝʩʢʠʭ ʠʩʢʘʞʝʥʠʡ; ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʥʘ ʨʝʥʪʛʝʥʦʛʨʘʤʤʘʭ ʦʙʨʘʟʮʦʚ ʩ ʭ=0.5 ʠ 0.6 

ʟʘʬʠʢʩʠʨʦʚʘʥʦ ʥʝʙʦʣʴʰʦʝ ʨʘʩʱʝʧʣʝʥʠʝ ʧʠʢʦʚ ʧʨʠ ʫʛʣʘʭ 58.5 ̄ʠ 68.7.̄ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʩʦʜʝʨʞʘʥʠʷ ʜʦʧʘʥʪʘ ʦʪ ʭ=0.0 ʜʦ ʭ=0.6 ʚ Nd1-xSrxFeO3-d ʧʨʠ 1373 

K ʥʘ ʚʦʟʜʫʭʝ ʧʨʦʠʩʭʦʜʠʪ ʩʣʝʜʫʶʱʠʡ ʧʝʨʝʭʦʜ ʦʨʪʦʨʦʤʙʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ: ʆïʪʠʧ Ÿ O/ïʪʠʧ Ÿ ʆï

ʪʠʧ. 

ɼʘʣʴʥʝʡʰʝʝ ʫʚʝʣʠʯʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʩʪʨʦʥʮʠʷ ʚ ʦʙʨʘʟʮʘʭ ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ 

ʦʨʪʦʨʦʤʙʠʯʝʩʢʠʭ ʠʩʢʘʞʝʥʠʡ, ʠ ʩʦʩʪʘʚʳ ʩ 0.7¢x¢0.9 ʠʤʝʶʪ ʧʨʘʢʪʠʯʝʩʢʠ ʠʜʝʘʣʴʥʫʶ ʢʫʙʠʯʝʩʢʫʶ 

ʩʪʨʫʢʪʫʨʫ (ʧʨ.ʛʨ. Pm3m). 

ʊʚʝʨʜʳʝ ʨʘʩʪʚʦʨʳ Sr2-yNdyFeO4-ŭ ʠ Sr4-uNduFe3O10-ŭ ʚ ʫʩʣʦʚʠʷʭ ʵʢʩʧʝʨʠʤʝʥʪʘ ʦʙʨʘʟʫʶʪʩʷ ʚ 

ʠʥʪʝʨʚʘʣʝ ʩʦʩʪʘʚʦʚ 0.7¢y/u¢0.9 ʠ ʢʨʠʩʪʘʣʣʠʟʫʶʪʩʷ ʚ ʪʝʪʨʘʛʦʥʘʣʴʥʦʡ ʩʠʤʤʝʪʨʠʠ (ʧʨ.ʛʨ. I4/mmm). 

ʅʝʜʦʧʠʨʦʚʘʥʥʳʝ ʦʢʩʠʜʳ Sr2FeO4-d ʠ Sr4Fe3O10-d ʧʨʠ 1373 K ʥʘ ʚʦʟʜʫʭʝ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠ 

ʥʝʩʪʘʙʠʣʴʥʳ. ɺʚʝʜʝʥʠʝ ʥʝʦʜʠʤʘ ʚ ʧʦʜʨʝʰʝʪʢʫ ʩʪʨʦʥʮʠʷ ʧʦʥʠʞʘʝʪ ʩʨʝʜʥʶʶ ʩʪʝʧʝʥʴ ʦʢʠʩʣʝʥʠʷ 

ʞʝʣʝʟʘ ʚ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʘʭ, ʪʝʤ ʩʘʤʳʤ ʩʪʘʙʠʣʠʟʠʨʫʷ ʫʢʘʟʘʥʥʳʝ ʬʘʟʳ. 

ʆʙʣʘʩʪʴ ʛʦʤʦʛʝʥʥʦʩʪʠ ʩʣʦʞʥʳʭ ʦʢʩʠʜʦʚ ʦʙʱʝʡ ʬʦʨʤʫʣʳ Sr3-zNdzFe2O7-ŭ ʣʝʞʠʪ ʚ ʜʚʫʭ 

ʠʥʪʝʨʚʘʣʘʭ ʩʦʩʪʘʚʦʚ: 0.0¢z¢0.4 ʠ 1.8¢z¢1.9. ʇʦʜʦʙʥʦ ʥʝʟʘʤʝʱʝʥʥʦʤʫ ʬʝʨʨʠʪʫ Sr3Fe2O7-d, ʪʚʝʨʜʳʝ 

ʨʘʩʪʚʦʨʳ Sr3-zNdzFe2O7-d ʠʤʝʶʪ ʪʝʪʨʘʛʦʥʘʣʴʥʫʶ ʩʪʨʫʢʪʫʨʫ ʠ ʢʨʠʩʪʘʣʣʠʟʫʶʪʩʷ ʚ ʧʨ. ʛʨ. I4/mmm. 

ɺ ʩʠʩʪʝʤʝ Nd-Ca-Fe-O ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʦʙʣʘʩʪʴ ʛʦʤʦʛʝʥʥʦʩʪʠ ʩʣʦʞʥʳʭ ʦʢʩʠʜʦʚ ʩʦʩʪʘʚʘ 

Nd1-vCavFeO3-ŭ ʧʨʦʩʪʠʨʘʝʪʩʷ ʦʪ v=0 ʜʦ v=0.35. ʈʝʥʪʛʝʥʦʛʨʘʤʤʳ ʜʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ 

ʚ ʨʘʤʢʘʭ ʦʨʪʦʨʦʤʙʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʳ Pbnm. 

ʈʝʥʪʛʝʥʦʛʨʘʬʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʩʣʦʞʥʦʛʦ ʦʢʩʠʜʘ Ca1.1Nd0.9FeO4°ŭ ʧʦʟʚʦʣʠʣʠ ʦʙʩʯʠʪʘʪʴ ʝʛʦ ʚ 

ʨʘʤʢʘʭ ʦʨʪʦʨʦʤʙʠʯʝʩʢʦʡ ʷʯʝʡʢʠ ʩ ʧʨ.ʛʨ. Cmca. 

ʂʠʩʣʦʨʦʜʥʘʷ ʥʝʩʪʝʭʠʦʤʝʪʨʠʷ (d) ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ Nd1-xSrxFeO3-d, Sr2-yNdyFeO4-ŭ, 

Sr4-uNduFe3O10-ŭ, Sr3-zNdzFe2O7-ŭ ʠ Nd1-vCavFeO3°ŭ ʙʳʣʘ ʠʟʫʯʝʥʘ ʤʝʪʦʜʦʤ ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʦʛʦ 

ʘʥʘʣʠʟʘ ʚ ʠʥʪʝʨʚʘʣʝ 298ï1373 K ʥʘ ʚʦʟʜʫʭʝ. ɸʙʩʦʣʶʪʥʳʝ ʟʥʘʯʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʢʠʩʣʦʨʦʜʘ ʚ ʦʢʩʠʜʘʭ 

ʦʧʨʝʜʝʣʷʣʠʩʴ ʤʝʪʦʜʦʤ ʡʦʜʦʤʝʪʨʠʯʝʩʢʦʛʦ ʪʠʪʨʦʚʘʥʠʷ ʠ ʧʨʷʤʳʤ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ ʦʙʨʘʟʮʘ ʚ ʊɻ 
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ʫʩʪʘʥʦʚʢʝ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚʩʝ ʩʪʨʦʥʮʠʡ ʟʘʤʝʱʝʥʥʳʝ ʪʚʝʨʜʳʝ ʨʘʩʪʚʦʨʳ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ Sr2-yNdyFeO4-

ŭ, ʷʚʣʷʶʪʩʷ ʢʠʩʣʦʨʦʜ-ʜʝʬʠʮʠʪʥʳʤʠ ʧʨʠ ʚʩʝʭ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʠ ʚʝʣʠʯʠʥʘ ʢʠʩʣʦʨʦʜʥʦʡ 

ʥʝʩʪʝʭʠʦʤʝʪʨʠʠ (d) ʚʦʟʨʘʩʪʘʝʪ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʩʦʜʝʨʞʘʥʠʷ ʩʪʨʦʥʮʠʷ ʚ ʦʙʨʘʟʮʘʭ. 

ɼʣʷ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ Nd1-xSrxFeO3-d (0.2¢x¢0.6 ʠ x=0.8) ʥʘ ʦʩʥʦʚʘʥʠʠ ʧʦʣʫʯʝʥʥʳʭ 

ʟʘʚʠʩʠʤʦʩʪʝʡ 3-d=¥(T) ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ ʟʥʘʯʝʥʠʷ ʩʨʝʜʥʝʡ ʩʪʝʧʝʥʠ ʦʢʠʩʣʝʥʠʷ ʠʦʥʦʚ ʞʝʣʝʟʘ ʚ 

ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʠʥʪʝʨʚʘʣʝ 298ï1373 K ʥʘ ʚʦʟʜʫʭʝ (ʩʤ. ʨʠʩʫʥʦʢ 2). 
 

 
 

ʈʠʩʫʥʦʢ 2 ï ɿʘʚʠʩʠʤʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʩʨʝʜʥʝʡ ʩʪʝʧʝʥʠ ʦʢʠʩʣʝʥʠʷ ʠʦʥʦʚ ʞʝʣʝʟʘ ʚ ʪʚʝʨʜʳʭ 

ʨʘʩʪʚʦʨʘʭ Nd1-xSrxFeO3-d (0.2¢x¢0.6; x=0.8) ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʚʦʟʜʫʭʝ 
 

ɺʠʜʥʦ, ʯʪʦ ʩʨʝʜʥʷʷ ʩʪʝʧʝʥʴ ʦʢʠʩʣʝʥʠʷ ʠʦʥʦʚ ʞʝʣʝʟʘ ʚ Nd1-xSrxFeO3-d ʤʦʥʦʪʦʥʥʦ ʧʘʜʘʝʪ ʩ 

ʨʦʩʪʦʤ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʫʤʝʥʴʰʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʪʨʦʥʮʠʷ ʚ ʦʙʨʘʟʮʘʭ. ɺ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʤ 

ʠʥʪʝʨʚʘʣʝ, ʛʜʝ ʥʝʪ ʦʙʤʝʥʘ ʢʠʩʣʦʨʦʜʦʤ ʤʝʞʫ ʪʚʝʨʜʦʡ ʠ ʛʘʟʦʚʦʡ ʬʘʟʘʤʠ, ʟʘʨʷʜʦʚʘʷ ʢʦʤʧʝʥʩʘʮʠʷ ʧʨʠ 

ʥʝʠʟʦʚʘʣʝʥʪʥʦʤ ʟʘʤʝʱʝʥʠʠ Nd3+ ʥʘ Sr2+ ʚ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʘʭ Nd1-xSrxFeO3-d ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʟʘ ʩʯʝʪ ʫʚʝʣʠʯʝʥʠʷ ʩʨʝʜʥʝʡ ʩʪʝʧʝʥʠ ʦʢʠʩʣʝʥʠʷ ʠʦʥʦʚ ʞʝʣʝʟʘ. ʇʨʠ ʚʳʩʦʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʩʨʝʜʥʷʷ ʩʪʝʧʝʥʴ ʦʢʠʩʣʝʥʠʷ ʠʦʥʦʚ ʞʝʣʝʟʘ, ʥʝ ʟʘʚʠʩʠʤʦ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʪʨʦʥʮʠʷ, 

ʩʪʨʝʤʠʪʩʷ ʢ ʟʥʘʯʝʥʠʶ ~3.02ï3.04, ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʟʘʨʷʜʦʚʘʷ ʢʦʤʧʝʥʩʘʮʠʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʟʘ ʩʯʝʪ 

ʦʙʨʘʟʦʚʘʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʚʘʢʘʥʩʠʡ ʢʠʩʣʦʨʦʜʘ. 

ʉʣʦʞʥʳʝ ʦʢʩʠʜʳ ʩʦʩʪʘʚʦʚ Sr2-yNdyFeO4-ŭ ʠ Nd1-vCavFeO3°ŭ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʦʙʤʝʥʠʚʘʶʪʩʷ 

ʢʠʩʣʦʨʦʜʦʤ ʩ ʛʘʟʦʚʦʡ ʬʘʟʦʡ. 

ʀʟʤʝʨʝʥʠʝ ʪʝʨʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʩʣʦʞʥʳʭ ʦʢʩʠʜʦʚ Nd1-xSrxFeO3-d (0.6¢x¢0.8) ʧʨʦʚʦʜʠʣʦʩʴ ʥʘ 

ʩʧʝʯʝʥʥʳʭ ʧʨʠ 1623 ʂ ʙʨʫʩʢʘʭ ʚ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʠʥʪʝʨʚʘʣʝ 298ï1373 ʂ ʥʘ ʚʦʟʜʫʭʝ ʤʝʪʦʜʦʤ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʜʠʣʘʪʦʤʝʪʨʠʠ. ʀʟ ʧʦʣʫʯʝʥʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʣʠʥʝʡʥʦʛʦ 

ʨʘʩʰʠʨʝʥʠʷ ʙʨʫʩʢʦʚ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʠʥʪʝʨʚʘʣʝ 298ï1373 K ʥʘ ʚʦʟʜʫʭʝ ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ ʩʨʝʜʥʠʝ 

ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʩʰʠʨʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʦʢʩʠʜʦʚ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʫʚʝʣʠʯʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʜʦʧʘʥʪʘ ʚ Nd1-xSrxFeO3-d ʧʨʠʚʦʜʠʪ ʢ ʚʦʟʨʘʩʪʘʥʠʶ ʚʝʣʠʯʠʥʳ ʂʊʈ ʦʪ  

19.7Ö10-6 K-1 ʜʦ 22.9Ö10-6 K-1. 

ɺʳʨʘʞʘʶ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʩʚʦʠʤ ʥʘʫʯʥʳʤ ʨʫʢʦʚʦʜʠʪʝʣʷʤ ʢ.ʭ.ʥ. ɸʢʩʝʥʦʚʦʡ ʊ.ɺ., ʢ.ʭ.ʥ. ʋʨʫʩʦʚʦʡ 

ɸ.ʉ., ʧʨʦʬ.ʏʝʨʝʧʘʥʦʚʫ ɺ.ɸ. 

 

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

 

ɺʃʀʗʅʀɽ ʆʊɾʀɻɸ ʅɸ ʌʀɿʀʂʆ-ʄɽʍɸʅʀʏɽʉʂʀɽ ʉɺʆʁʉʊɺɸ 

ʄɽʊɸʃʃʀʏɽʉʂʀʍ  

ʂʆʄʇʆɿʀʎʀʆʅʅʓʍ ʄɸʊɽʈʀɸʃʆɺ, ɸʈʄʀʈʆɺɸʅʅʓʍ  

ʉɺɽʈʍʋʇʈʋɻʀʄʀ ʊɺɽʈɼʓʄʀ ʋɻʃɽʈʆɼʅʓʄʀ ʏɸʉʊʀʎɸʄʀ 

ɺʠʘʥʥʵ ɹʫʘʡʦ 

ʈʦʩʩʠʷ, ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ʚʳʩʰʝʛʦ 

ʦʙʨʘʟʦʚʘʥʠʷ çʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʅ.ʕ. ɹʘʫʤʘʥʘ 

(ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ)è,  

vianney.boillot@gmail.com 

 

ʌʫʣʣʝʨʝʥ ï ʦʜʥʘ ʠʟ ʘʣʣʦʪʨʦʧʥʳʭ ʤʦʜʠʬʠʢʘʮʠʡ ʫʛʣʝʨʦʜʘ, ʥʘʨʷʜʫ ʩ ʘʣʤʘʟʦʤ ʠ ʛʨʘʬʠʪʦʤ. ʕʪʦ 

ʤʦʣʝʢʫʣʷʨʥʦʝ ʩʦʝʜʠʥʝʥʠʝ, ʧʨʝʜʩʪʘʚʣʷʶʱʝʝ ʩʦʙʦʡ ʚʳʧʫʢʣʳʝ ʟʘʤʢʥʫʪʳʝ ʤʥʦʛʦʛʨʘʥʥʠʢʠ, 

ʩʦʩʪʘʚʣʝʥʥʳʝ ʠʟ ʯʸʪʥʦʛʦ ʯʠʩʣʘ ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ (ʨʠʩ.1.ʘ ʠ ʨʠʩ. 1.ʙ). ʆʥʠ ʩʪʘʙʠʣʴʥʳ ʜʦ 800ʉ̄. ʕʪʠ 
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ʤʦʣʝʢʫʣʳ ʦʙʨʘʟʫʶʪ ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʨʝʰʝʪʢʫ ʩʦ ʩʣʘʙʳʤʠ ʚʘʥ-ʜʝʨ-ʚʘʘʣʴʩʦʚʘʤʠ ʩʚʷʟʷʤʠ (ʨʠʩ. 1.ʚ). 

ʊʘʢʠʝ ʤʦʣʝʢʫʣʷʨʥʳʝ ʢʨʠʩʪʘʣʣʳ ʥʘʟʳʚʘʶʪʩʷ ʬʫʣʣʝʨʠʪʘʤʠ.  

 

 
ʈʠʩ.1. ʉʭʝʤʳ ʩʪʨʦʝʥʠʷ ʤʦʣʝʢʫʣ ʬʫʣʣʝʨʝʥʘ ʉ60 (ʘ), ʉ70 (ʙ) ʠ ʬʫʣʣʝʨʠʪʘ (ʚ). 

ʊʝʨʤʦʙʘʨʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʬʫʣʣʝʨʝʥʦʚ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚʳʰʝ ʧʦʨʦʛʘ ʩʪʘʙʠʣʴʥʦʩʪʠ 

ʬʫʣʣʝʨʝʥʦʚʦʡ ʤʦʣʝʢʫʣʳ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʦʙʲʝʤʥʳʝ ʩʚʝʨʭʫʧʨʫʛʠʝ ʠ ʪʚʝʨʜʳʝ ʫʛʣʝʨʦʜʥʳʝ 

ʤʘʪʝʨʠʘʣʳ, ʩʪʨʫʢʪʫʨʘ ʠ ʩʚʦʡʩʪʚʘ ʢʦʪʦʨʳʭ ʘʥʘʣʦʛʠʯʥʳ ʪʘʢʦʚʳʤ ʘʣʤʘʟʦʧʦʜʦʙʥʳʭ ʧʦʢʨʳʪʠʡ. 

ʆʙʲʝʤʥʳʝ ʯʘʩʪʠʮʳ, ʧʦʣʫʯʝʥʥʳʝ ʠʟ ʬʫʣʣʝʨʝʥʦʚ, ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʘʨʤʠʨʦʚʘʥʠʷ 

ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ (ʂʄ) [1].  

ʀʟʫʯʝʥʠʝ ʪʝʨʤʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ ʘʨʤʠʨʫʶʱʠʭ ʯʘʩʪʠʮ ʚ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʤʘʪʨʠʮʝ ʧʦʟʚʦʣʷʝʪ 

ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʠʥʪʝʨʚʘʣ ʨʘʙʦʯʠʭ ʪʝʤʧʝʨʘʪʫʨ ʂʄ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʘʣʤʘʟʦʧʦʜʦʙʥʳʝ ʧʦʢʨʳʪʠʷ 

ʪʝʨʤʠʯʝʩʢʠ ʩʪʘʙʠʣʴʥʳ ʜʦ ʪʝʤʧʝʨʘʪʫʨ ʧʦʨʷʜʢʘ 500ʉ̄, ʘ ʧʨʠ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚ ʥʠʭ 

ʧʨʦʪʝʢʘʶʪ ʧʨʦʮʝʩʩʳ ʛʨʘʬʠʪʠʟʘʮʠʠ. ʎʝʣʴʶ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʣʦʩʴ ʠʟʫʯʝʥʠʝ ʚʣʠʷʥʠʷ ʦʪʞʠʛʘ 

ʧʨʠ 500̄ ʉ ʥʘ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʫʛʣʝʨʦʜʥʳʭ ʯʘʩʪʠʮ, ʧʦʣʫʯʝʥʥʳʭ ʠʟ ʬʫʣʣʝʨʝʥʦʚ ʧʦʜ ʜʘʚʣʝʥʠʝʤ, 

ʘ ʪʘʢʞʝ ʥʘ ʪʨʠʙʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚʘ ʘʨʤʠʨʦʚʘʥʥʳʭ ʠʤʠ ʂʄ.    

ʄʝʪʘʣʣʦʤʘʪʨʠʯʥʳʝ ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʠʟ ʩʤʝʩʝʡ ʧʦʨʦʰʢʦʚ ʢʦʙʘʣʴʪʘ ʩ 

10 ʚʝʩ.% ʬʫʣʣʝʨʝʥʦʚ ʉ60/70. ʊʝʨʤʦʙʘʨʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʩʠʥʪʝʟʘ (800Áʉ, 8 ɻʇʘ) ʦʙʝʩʧʝʯʠʚʘʣʠ ʢʦʣʣʘʧʩ 

ʬʫʣʣʝʨʝʥʦʚʳʭ ʤʦʣʝʢʫʣ, ʧʨʝʚʨʘʱʝʥʠʝ ʠʭ ʚ ʯʘʩʪʠʮʳ ʩʚʝʨʭʫʧʨʫʛʦʡ ʪʚʝʨʜʦʡ ʫʛʣʝʨʦʜʥʦʡ ʬʘʟʳ ʠ 

ʦʜʥʦʚʨʝʤʝʥʥʦʝ ʩʧʝʢʘʥʠʝ ʂʄ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʦʙʨʘʟʮʦʚ ʠ ʠʟʤʝʨʝʥʠʝ ʬʠʟʠʢʦ-

ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ (ɻʆʉʊ ʈ 8.748-2011) ʧʨʦʚʦʜʠʣʠ ʩ ʧʦʤʦʱʴʶ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʤʠʢʨʦʪʚʝʨʜʦʤʝʨʘ 

DUH-211 (Shimadzu, ʗʧʦʥʠʷ). ɼʠʣʘʪʦʤʝʪʨʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠ ʥʘ 100% ʫʛʣʝʨʦʜʥʳʭ 

ʦʙʨʘʟʮʘʭ, ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʠʟ ʬʫʣʣʝʨʝʥʦʚ ʧʨʠ ʪʝʭ ʞʝ ʫʩʣʦʚʠʷʭ, ʥʘ ʪʝʨʤʠʯʝʩʢʦʤ ʜʠʣʘʪʦʤʝʪʨʝ DL-

1500-RH. 

ɺ ʤʠʢʨʦʩʪʨʫʢʪʫʨʝ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʂʄ (ʨʠʩ. 2) ʥʘʙʣʶʜʘʶʪʩʷ ʛʣʘʜʢʠʝ ʦʜʥʦʨʦʜʥʳʝ ʚʢʣʶʯʝʥʠʷ 

ʘʨʤʠʨʫʶʱʝʡ ʫʛʣʝʨʦʜʥʦʡ ʬʘʟʳ ʨʘʟʤʝʨʦʤ ʜʦ 200 ʤʢʤ. ɼʣʷ ʵʪʠʭ ʚʢʣʶʯʝʥʠʡ ʭʘʨʘʢʪʝʨʥʳ ʚʳʩʦʢʠʝ 

ʟʥʘʯʝʥʠʷ ʪʚʝʨʜʦʩʪʠ ʠʥʜʝʥʪʠʨʦʚʘʥʠʷ (ʅIT = 25-28 ɻʇʘ), ʤʦʜʫʣʷ ʠʥʜʝʥʪʠʨʦʚʘʥʠʷ (ɽIT = 110 ï 130 ɻʇʘ) 

ʠ ʫʧʨʫʛʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ, ʚʳʨʘʞʝʥʥʦʛʦ ʦʪʥʦʰʝʥʠʝʤ ʨʘʙʦʪʳ ʫʧʨʫʛʦʡ ʜʝʬʦʨʤʘʮʠʠ ʢ ʧʦʣʥʦʡ ʨʘʙʦʪʝ 

ʜʝʬʦʨʤʘʮʠʠ ʧʨʠ ʠʥʜʝʥʪʠʨʦʚʘʥʠʠ (ɖIT > 80%). 

ʇʦʩʣʝ ʦʪʞʠʛʘ ʧʨʠ 500ʉ̄ ʪʚʝʨʜʦʩʪʴ ʫʛʣʝʨʦʜʥʳʭ ʯʘʩʪʠʮ ʥʝʤʥʦʛʦ ʩʥʠʞʘʝʪʩʷ (ʅIT = 18-26 ɻʇʘ) ʠ 

ʟʥʘʯʠʪʝʣʴʥʦ ʚʦʟʨʘʩʪʘʝʪ ʨʘʟʙʨʦʩ ʟʥʘʯʝʥʠʡ ʪʚʝʨʜʦʩʪʠ, ʧʨʠʯʝʤ ʤʝʥʴʰʘʷ ʪʚʝʨʜʦʩʪʴ ʭʘʨʘʢʪʝʨʥʘ ʜʣʷ 

ʯʘʩʪʠʮ ʤʝʥʝʝ 60 ʤʢʤ. ʕʪʦʪ ʵʬʬʝʢʪ ʩʚʷʟʘʥ ʩ ʥʘʯʘʣʦʤ ʛʨʘʬʠʪʠʟʘʮʠʠ, ʯʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʜʠʣʘʪʦʤʝʪʨʠʯʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʘʢʠʭ ʫʛʣʝʨʦʜʥʳʭ ʬʘʟ. ʇʦʩʣʝ ʦʪʞʠʛʘ ʫʛʣʝʨʦʜʥʳʝ ʯʘʩʪʠʮʳ 

ʩʦʭʨʘʥʷʶʪ ʚʳʩʦʢʦʝ ʫʧʨʫʛʦʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʧʨʠ ʠʥʜʝʥʪʠʨʦʚʘʥʠʠ (ɖIT ~80%). 

 

 
ʈʠʩ. 2. ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʂʄ, ʧʦʣʫʯʝʥʥʦʛʦ ʠʟ ʢʦʙʘʣʴʪʘ ʠ ʥʝʨʘʟʜʝʣʝʥʥʦʡ ʩʤʝʩʠ ʬʫʣʣʝʨʠʪʦʚ (ʘ) 

ʩ ʦʪʧʝʯʘʪʢʘʤʠ ʠʥʜʝʥʪʦʨʘ (ʙ) ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʠʤ ʢʨʠʚʳʤʠ ʠʥʜʝʥʪʠʨʦʚʘʥʠʷ (ʚ) ʜʣʷ 

ʘʨʤʠʨʫʶʱʠʭ ʯʘʩʪʠʮ (1) ʠ ʤʘʪʨʠʮʳ (2) ʜʦ ʦʪʞʠʛʦʚ. 

ʊʨʠʙʦʣʦʛʠʯʝʩʢʠʝ ʠʩʧʳʪʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ ʥʝʙʦʣʴʰʦʝ ʧʦʚʳʰʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ ʂʄ 

ʧʦʩʣʝ ʦʪʞʠʛʘ (ʦʪ 0,16 ʜʦ 0,22) (ʈʠʩ.3). ʂʨʠʚʘʷ ʟʘʚʠʩʠʤʦʩʪʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ ʦʪ ʚʨʝʤʝʥʠ ʧʦʩʣʝ 

ʦʪʞʠʛʘ ʧʨʠʦʙʨʝʪʘʝʪ ʟʫʙʯʘʪʳʡ ʭʘʨʘʢʪʝʨ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʧʨʦʮʝʩʩʳ ʘʜʛʝʟʠʦʥʥʦʛʦ ʩʭʚʘʪʳʚʘʥʠʷ 

ʦʙʨʘʟʮʘ ʩ ʢʦʥʪʨʪʝʣʦʤ.  
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ʈʠʩ. 3. ʂʦʵʬʬʠʮʠʝʥʪʳ ʪʨʝʥʠʷ ʂʄ ʠʟʛʦʪʦʚʣʝʥʥʦʛʦ ʠʟ ʉʦ+10% ʉ60/70  ʜʦ ʦʪʞʠʛʘ (ʢʨʠʚʘʷ 1), 

ʧʦʩʣʝ ʦʪʞʠʛʘ ʧʨʠ 500ʉ̄ (ʢʨʠʚʘʷ 2) ʠ ʵʪʘʣʦʥʥʦʛʦ ʉʦ (ʢʨʠʚʘʷ 3). ʅʘ ʚʩʪʘʚʢʝ ʧʦʢʘʟʘʥʘ 

ʤʠʢʨʦʩʪʨʫʢʪʫʨʘ ʦʪʦʞʞʝʥʥʦʛʦ ʂʄ ʧʦʩʣʝ ʪʨʠʙʦʣʦʛʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ. 

ɸʚʪʦʨ ʚʳʨʘʞʘʝʪ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʥʘʫʯʥʳʤ ʨʫʢʦʚʦʜʠʪʝʣʷʤ ʜ.ʪ.ʥ., ʧʨʦʬ. ʌʝʜʦʨʦʚʦʡ ʃ. ɺ. ʠ ʢ.ʪ.ʥ. 

ʏʝʨʥʦʛʦʨʦʚʦʡ ʆ.ʇ., ʘ ʪʘʢʞʝ ʢ.ʪ.ʥ ɼʨʦʟʜʦʚʦʡ ɽ.ʀ. ʠ ʢ.ʬ.-ʤ.ʥ. ʋʰʘʢʦʚʦʡ ʀ.ʅ. 

ʃʠʪʝʨʘʪʫʨʘ: 

1. ʏʝʨʥʦʛʦʨʦʚʘ ʆ.ʇ., ɼʨʦʟʜʦʚʘ ɽ. ʀ., ɹʣʠʥʦʚ ɺ. ʄ., ʆʚʯʠʥʥʠʢʦʚʘ ʀ.ʅ. ɺʣʠʷʥʠʝ ʜʘʚʣʝʥʠʷ ʥʘ 

ʦʙʨʘʟʦʚʘʥʠʝ ʩʚʝʨʭʫʧʨʫʛʠʭ ʪʚʝʨʜʳʭ ʯʘʩʪʠʮ ʚ ʩʠʩʪʝʤʝ ʤʝʪʘʣʣ-ʬʫʣʣʝʨʝʥ ʠ ʪʨʠʙʦʣʦʛʠʯʝʩʢʠʝ  ʩʚʦʡʩʪʚʘ 

ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʘʨʤʠʨʦʚʘʥʥʳʭ ʪʘʢʠʤʠ ʯʘʩʪʠʮʘʤʠ. // ʄʝʪʘʣʣʳ. ï 2011 ï  

ˉ 2 ï ʉ. 63-70. 

 

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

 

ɺʃʀʗʅʀɽ ʈɽɾʀʄʆɺ ʊɽʈʄʀʏɽʉʂʆʁ ʆɹʈɸɹʆʊʂʀ ʅɸ ʄɽʍɸʅʀʏɽʉʂʀɽ 

ʉɺʆʁʉʊɺɸ ɺʓʉʆʂʆʇʈʆʏʅʆʁ ʂʆʈʈʆɿʀʆʅʅʆʉʊʆʁʂʆʁ ʉʊɸʃʀ ʕʇ678 

ɺʣʘʜʠʩʣʘʚʩʢʘʷ ɽ.ʖ. 

ʈʦʩʩʠʷ, ɸʆ çʂʦʨʧʦʨʘʮʠʷ çʄʀʊè,  vinco696@gmail.com  

 

ɺʚʝʜʝʥʠʝ.  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʨʘʢʝʪʥʦʡ ʪʝʭʥʠʢʝ ʜʣʷ ʦʪʚʝʪʩʪʚʝʥʥʦʛʦ ʢʨʝʧʝʞʘ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ 

ʢʦʨʨʦʟʠʦʥʥʦʩʪʦʡʢʠʝ ʩʪʘʣʠ ʕʇ56 ʠ ʕʇ310, ʢʦʪʦʨʳʝ ʦʪʥʦʩʷʪʩʷ ʢ ʤʘʨʪʝʥʩʠʪʥʦʤʫ ʠ ʧʝʨʝʭʦʜʥʦʤʫ 

ʢʣʘʩʩʘʤ. ʉʪʘʣʴ ʕʇ310 ʦʙʣʘʜʘʝʪ ʫʥʠʢʘʣʴʥʳʤ ʢʦʤʧʣʝʢʩʦʤ ʩʚʦʡʩʪʚ (ʧʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʦʡ 

ʧʨʦʯʥʦʩʪʠ, ʦʯʝʥʴ ʚʳʩʦʢʘʷ ʫʜʘʨʥʘʷ ʚʷʟʢʦʩʪʴ ʠ ʧʣʘʩʪʠʯʥʦʩʪʴ, ʯʪʦ ʜʝʣʘʝʪ ʢʨʝʧʝʞʥʳʡ ʵʣʝʤʝʥʪ 

ʥʘʜʝʞʥʳʤ), ʥʦ, ʥʝ ʩʤʦʪʨʷ ʥʘ ʵʪʦ, ʩʪʘʣʠ ʤʘʨʪʝʥʩʠʪʥʦʛʦ ʠ ʧʝʨʝʭʦʜʥʦʛʦ ʢʣʘʩʩʦʚ ʦʙʣʘʜʘʶʪ ʥʠʟʢʠʤ 

ʧʨʝʜʝʣʦʤ ʪʝʢʫʯʝʩʪʠ, ʪʨʝʙʫʶʪ ʩʣʦʞʥʦʡ ʠ ʜʣʠʪʝʣʴʥʦʡ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʯʘʩʪʦ ʧʨʠʚʦʜʷʱʝʡ ʢ 

ʢʦʨʦʙʣʝʥʠʶ, ʦʙʝʟʫʛʣʝʨʦʞʠʚʘʥʠʶ, ʦʙʨʘʟʦʚʘʥʠʶ ʦʢʘʣʠʥʳ, ʩʪʨʫʢʪʫʨʥʦʡ ʢʘʨʙʠʜʥʦʡ ʩʝʪʢʝ ʠ ʧʨʠ 

ʠʟʛʦʪʦʚʣʝʥʠʠ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʧʨʠʧʫʩʢ ʧʦʜ ʤʝʭʘʥʠʯʝʩʢʫʶ ʦʙʨʘʙʦʪʢʫ. 

ʊʘʢʞʝ ʜʣʷ ʦʪʚʝʪʩʪʚʝʥʥʦʛʦ ʢʨʝʧʝʞʘ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʠʤʝʥʷʶʪ ʚʳʩʦʢʦʧʨʦʯʥʫʶ 

ʤʘʨʪʝʥʩʠʪʥʦʩʪʘʨʝʶʱʫʶ ʩʪʘʣʴ ʪʠʧʘ ʏʉ5, ʢʦʪʦʨʘʷ ʦʙʣʘʜʘʝʪ ʢʦʤʧʣʝʢʩʦʤ ʚʳʩʦʢʠʭ  ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ, ʪʝʭʥʦʣʦʛʠʯʥʘ, ʦʜʥʘʢʦ ʷʚʣʷʝʪʩʷ ʥʝʢʦʨʨʦʟʠʦʥʥʦʩʪʦʡʢʦʡ, ʯʪʦ ʜʝʣʘʝʪ ʝʸ ʫʷʟʚʠʤʦʡ ʢʘʢ ʢ ʦʙʱʝʡ 

ʢʦʨʨʦʟʠʠ ʪʘʢ ʠ ʢ ʢʦʨʨʦʟʠʠ ʧʦʜ ʥʘʧʨʷʞʝʥʠʝʤ ʠ ʧʨʠʤʝʥʷʝʪʩʷ ʩ ʦʙʷʟʘʪʝʣʴʥʳʤ ʘʥʪʠʢʦʨʨʦʟʠʦʥʥʳʤ 

ʧʦʢʨʳʪʠʝʤ, ʚ ʩʣʫʯʘʝ ʥʘʨʫʰʝʥʠʷ ʢʦʪʦʨʦʛʦ ʚʦʟʥʠʢʘʝʪ ʨʠʩʢ ʦʙʨʘʟʦʚʘʥʠʷ ʦʯʘʛʘ ʢʦʨʨʦʟʠʠ ʠ 

ʧʦʩʣʝʜʫʶʱʝʛʦ ʨʘʟʨʫʰʝʥʠʷ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʮʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʦʮʝʥʠʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʚʳʩʦʢʦʧʨʦʯʥʳʭ 

ʢʦʨʨʦʟʠʦʥʥʦʩʪʦʡʢʠʭ ʤʘʨʪʝʥʩʠʪʥʦʩʪʘʨʝʶʱʠʭ ʩʪʘʣʝʡ ʜʣʷ ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʢʨʝʧʝʞʥʳʭ ʜʝʪʘʣʝʡ ʠ 

ʨʘʟʨʘʙʦʪʘʪʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʫʧʨʦʯʥʷʶʱʝʡ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ 

ʦʧʪʠʤʘʣʴʥʳʡ ʢʦʤʧʣʝʢʩ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. 

ʄʝʪʦʜʠʢʘ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʠ ʤʘʪʝʨʠʘʣʳ.  

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʥʳ ʧʨʦʯʥʦʩʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʤʝʭʘʥʠʟʤʳ ʨʘʟʨʫʰʝʥʠʷ ʦʙʨʘʟʮʦʚ 

ʠʟ ʩʪʘʣʠ ʕʇ678 ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʝʞʠʤʘ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ. ɿʘʛʦʪʦʚʢʠ ʦʙʨʘʟʮʦʚ ʧʦʜʚʝʨʛʘʣʠʩʴ 
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ʩʣʝʜʫʶʱʝʡ ʪʝʨʤʦʦʙʨʘʙʦʪʢʝ: ʟʘʢʘʣʢʘ ʩ ʪʝʤʧʝʨʘʪʫʨʳ 950 ʉ̄ ʚ ʚʦʜʫ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʩʪʘʨʝʥʠʝʤ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʦʪ 480 ʜʦ 520ʉ̄. 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ.  

ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʭʘʨʘʢʪʝʨʥʘʷ ʤʠʢʨʦʩʪʨʫʢʪʫʨʘ ʠ ʠʟʣʦʤ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʦʙʨʘʟʮʦʚ ʠʟ 

ʩʪʘʣʠ ʕʇ678. ʉʪʨʫʢʪʫʨʘ ʩʪʘʣʠ ʧʦʩʣʝ ʫʧʨʦʯʥʷʶʱʝʡ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʙʝʟʫʛʣʝʨʦʜʠʩʪʳʡ ʥʠʢʝʣʝʚʳʡ ʤʘʨʪʝʥʩʠʪ ʩ ʚʳʜʝʣʝʥʠʝʤ ʧʦ ʛʨʘʥʠʮʘʤ ʟʝʨʝʥ ʫʧʨʦʯʥʷʶʱʝʡ 

ʫʣʴʪʨʘʜʠʩʧʝʨʩʥʦʡ ʬʘʟʳ ʠʥʪʝʨʤʝʪʘʣʣʠʜʘ ʪʠʪʘʥʘ [1, 2]. ʏʘʩʪʠʮʳ ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʚ ʨʘʟʤʝʨʦʤ 50 - 100 ¡ 

ʦʙʥʘʨʫʞʠʚʘʶʪʩʷ ʥʘ ʩʪʘʜʠʠ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʫʧʨʦʯʥʝʥʠʷ (ʚʳʰʝ 500 Áʉ) [3]. ʈʘʟʨʫʰʝʥʠʝ ʤʘʪʝʨʠʘʣʘ 

ʠʜʝʪ ʧʦ ʢʚʘʟʠʚʷʟʢʦʤʫ ʤʝʭʘʥʠʟʤʫ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʚʳʩʦʢʦʤ ʩʦʧʨʦʪʠʚʣʝʥʠʠ ʫʜʘʨʥʳʤ ʥʘʛʨʫʟʢʘʤ. 

        
ʘ. ʙ. 

ʈʠʩ. 1. ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ (ʘ) ʠ ʠʟʣʦʤ (ʙ) ʦʙʨʘʟʮʦʚ ʠʟ ʩʪʘʣʠ ʕʇ678 

ʅʘ ʨʠʩʫʥʢʝ 2 ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʨʠʚʘʷ ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʦʙʨʘʟʮʦʚ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʨʝʞʠʤʘ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ. 

 
ʈʠʩ. 2. ʂʨʠʚʘʷ ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʦʙʨʘʟʮʦʚ ʩʪʘʣʠ ʕʇ678, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʨʝʞʠʤʦʚ ʩʪʘʨʝʥʠʷ. 

ʀʟ ʨʠʩʫʥʢʘ 2 ʚʠʜʥʦ, ʯʪʦ ʤʘʢʩʠʤʘʣʴʥʳʝ ʧʨʦʯʥʦʩʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (ʧʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ) 

ʜʦʩʪʠʛʘʶʪʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʩʪʘʨʝʥʠʷ 500-5050ʉ. ʋʜʘʨʥʘʷ ʚʷʟʢʦʩʪʴ ʤʘʨʪʝʥʩʠʪʥʦʩʪʘʨʝʶʱʠʭ ʩʪʘʣʝʡ 

ʚʳʩʦʢʘ, ʥʦ ʩʥʠʞʘʝʪʩʷ ʩ ʫʨʦʚʥʝʤ ʧʨʦʯʥʦʩʪʠ [4]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʵʪʠʭ ʞʝ ʪʝʤʧʝʨʘʪʫʨʘʭ ʩʪʘʨʝʥʠʷ 

ʜʦʩʪʠʛʘʣʦʩʴ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʝ ʟʥʘʯʝʥʠʝ ʫʜʘʨʥʦʡ ʚʷʟʢʦʩʪʠ (6 ï 6,5 ʢʛʩĀʤ/ʩʤ2). ʕʪʦʪ ʬʘʢʪ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʧʦʣʫʯʝʥʠʠ ʚ ʵʪʦʤ ʚʘʨʠʘʥʪʝ ʪʝʭʥʦʣʦʛʠʠ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ ʥʘʠʙʦʣʝʝ ʦʧʪʠʤʘʣʴʥʳʭ 

ʩʚʦʡʩʪʚ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʢʨʝʧʝʞʥʳʭ ʵʣʝʤʝʥʪʦʚ. 

ɺʳʚʦʜʳ. 

 ɸʥʘʣʠʟ ʨʝʞʠʤʦʚ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ ʧʦʢʘʟʘʣ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʣʝʢʩʘ ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ ʢʦʨʨʦʟʠʦʥʥʦʩʪʦʡʢʦʡ ʤʘʨʪʝʥʩʠʪʥʦʩʪʘʨʝʶʱʝʡ ʩʪʘʣʠ ʕʇ678, ʜʦʩʪʘʪʦʯʥʳʡ ʜʣʷ ʪʨʝʙʦʚʘʥʠʡ ʢ 

ʚʳʩʦʢʦʧʨʦʯʥʦʤʫ ʦʪʚʝʪʩʪʚʝʥʥʦʤʫ ʢʨʝʧʝʞʫ. 

 ʇʨʠʤʝʥʝʥʠʝ ʢʦʨʨʦʟʠʦʥʥʦʩʪʦʡʢʦʡ ʤʘʨʪʝʥʩʠʪʥʦʩʪʘʨʝʶʱʝʡ ʩʪʘʣʠ ʕʇ678 ʧʦʟʚʦʣʠʪ ʩʫʱʝʩʪʚʝʥʥʦ 

ʩʦʢʨʘʪʠʪʴ ʜʣʠʪʝʣʴʥʦʩʪʴ ʮʠʢʣʘ ʠʟʛʦʪʦʚʣʝʥʠʷ ʢʨʝʧʝʞʥʳʭ ʵʣʝʤʝʥʪʦʚ. 
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ɸʚʪʦʨ ʚʳʨʘʞʘʝʪ ʦʛʨʦʤʥʫʶ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʜ.ʪ.ʥ. ʂʦʣʤʘʢʦʚʫ ɸ.ɻ., ʜ.ʪ.ʥ ʊʝʨʝʥʪʴʝʚʫ ɺ.ʌ. (ʀʄɽʊ 

ʈɸʅ), ʢ.ʪ.ʥ. ʊʝʣʴʥʦʚʦʡ ʄ.ɸ.(ɸʆ çʂʦʨʧʦʨʘʮʠʷ çʄʀʊè) ʟʘ ʧʦʤʦʱʴ ʚ ʧʨʦʚʝʜʝʥʠʠ ʨʘʙʦʪʳ. 

ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʦʡ ʣʠʪʝʨʘʪʫʨʳ: 

1.ʇʝʨʢʘʩ ʄ.ɼ., ʂʘʨʜʦʥʩʢʠʡ ɺ.ʄ. çɺʳʩʦʢʦʧʨʦʯʥʳʝ ʤʘʨʪʝʥʩʠʪʥʦ-ʩʪʘʨʝʶʱʠʝ ʩʪʘʣʠè.  

ʄʝʪʘʣʣʫʨʛʠʟʜʘʪ, 1970. 

2.ɹʝʨʝʩʥʝʚ ɻ.ɸ., ɺʳʣʝʞʥʝʚ ɺ.ʇ., ʉʘʨʨʘʢ ɺ.ʀ. çʄʠʊʆʄè, 1968, ˉ6 

3,ʂʫʨʜʶʤʦʚ ɻ.ɺ., ʋʪʝʚʩʢʠʡ ʃ.ʄ., ʕʥʪʠʥ ʈ.ʀ. ʇʨʝʚʨʘʱʝʥʠʷ ʚ ʞʝʣʝʟʝ ʠ ʩʪʘʣʠ // ʄʦʩʢʚʘ: ʅʘʫʢʘ. 

1977. 236 ʩ.  

4.ʇʦʪʘʢ  ʗ.ʄ. çʄʠʊʆʄè, 1969, ˉ4 
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ʕʌʌɽʂʊʀɺʅʓɽ ʂʆʕʌʌʀʎʀɽʅʊʓ ʇʋɸʉʉʆʅɸ ʀ ʄʆɼʋʃʔ ʖʅɻɸ 

ɼɺʋʍʉʃʆʁʅʆʁ ʇʃɸʉʊʀʅʓ ʀɿ ɸʋʂʉɽʊʀʏɽʉʂʀʍ ʀ ʅɽɸʋʂʉɽʊʀʏɽʉʂʀʍ 

ʂʋɹʀʏɽʉʂʀʍ ʂʈʀʉʊɸʃʃʆɺ ʉ ʈɸɿʃʀʏʅʆʁ ʆʈʀɽʅʊɸʎʀɽʁ ʉʃʆɽɺ 

ɺʦʣʢʦʚʆʰʠʙʢʘ! ɿʘʢʣʘʜʢʘ ʥʝ ʦʧʨʝʜʝʣʝʥʘ. ʄ.ɸ. 

ʈʦʩʩʠʷ, ʀʥʩʪʠʪʫʪ ʧʨʦʙʣʝʤ ʤʝʭʘʥʠʢʠ ʠʤ. ɸ. ʖ. ʀʰʣʠʥʩʢʦʛʦ ʈɸʅ, Volkovmikhl@gmail.com 

 

ʄʘʪʝʨʠʘʣʳ, ʢʦʵʬʬʠʮʠʝʥʪ ʇʫʘʩʩʦʥʘ ʢʦʪʦʨʳʭ ʠʤʝʝʪ ʦʪʨʠʮʘʪʝʣʴʥʦʝ ʟʥʘʯʝʥʠʝ, ʥʘʟʳʚʘʶʪ 

ʘʫʢʩʝʪʠʢʘʤʠ. ɼʣʷ ʠʟʦʪʨʦʧʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʢʦʵʬʬʠʮʠʝʥʪ ʇʫʘʩʩʦʥʘ ʦʛʨʘʥʠʯʝʥ ʤʝʞʜʫ -1 ʠ 0.5, ʚ ʪʦ 

ʚʨʝʤʷ ʢʘʢ ʜʣʷ ʘʥʠʟʦʪʨʦʧʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʪʘʢʠʝ ʦʛʨʘʥʠʯʝʥʠʷ ʦʪʩʫʪʩʪʚʫʶʪ. ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʦʮʝʥʢʠ 

ʵʬʬʝʢʪʠʚʥʳʭ ʩʚʦʡʩʪʚ ʩʣʦʠʩʪʳʭ ʢʦʤʧʦʟʠʪʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʫʢʩʝʪʠʯʝʩʢʠʭ ʠ ʥʝʘʫʢʩʝʪʠʯʝʩʢʠʭ 

ʩʣʦʝʚ [1-3] ʧʦʢʘʟʘʣʠ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʘʫʢʩʝʪʠʯʝʩʢʠʭ ʩʣʦʝʚ ʧʨʠʚʦʜʠʪ ʢ ʨʦʩʪʫ ʚʝʣʠʯʠʥ ʵʬʬʝʢʪʠʚʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʦʤʧʦʟʠʪʘ. 

ɺ [4] ʘʥʘʣʠʪʠʯʝʩʢʠ ʠʟʫʯʝʥʘ ʠʟʤʝʥʯʠʚʦʩʪʴ ʵʬʬʝʢʪʠʚʥʳʭ ʤʦʜʫʣʷ ʖʥʛʘ ʠ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʇʫʘʩʩʦʥʘ ʢʦʤʧʦʟʠʪʦʚ ʠʟ ʜʚʫʭ ʦʜʠʥʘʢʦʚʦ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʧʣʘʩʪʠʥ ʠʟ ʢʫʙʠʯʝʩʢʠʭ ʢʨʠʩʪʘʣʣʦʚ ʠʣʠ 

ʠʟʦʪʨʦʧʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʣʷ ʢʦʤʧʦʟʠʪʦʚ ʠʟ ʘʫʢʩʝʪʠʯʝʩʢʦʛʦ ʠ ʥʝʘʫʢʩʝʪʠʯʝʩʢʦʛʦ 

ʢʫʙʠʯʝʩʢʠʭ ʢʨʠʩʪʘʣʣʦʚ ʧʨʘʚʠʣʦ ʩʤʝʩʝʡ ʤʦʞʝʪ ʥʘʨʫʰʘʪʴʩʷ, ʵʬʬʝʢʪʠʚʥʳʡ ʤʦʜʫʣʴ ʖʥʛʘ ʧʨʝʚʦʩʭʦʜʠʪ 

ʤʦʜʫʣʠ ʖʥʛʘ ʠʩʭʦʜʥʳʭ ʢʨʠʩʪʘʣʣʦʚ. 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʦʙʩʫʞʜʘʝʪʩʷ ʩʣʫʯʘʡ ʢʦʤʧʦʟʠʪʘ, ʩʦʩʪʘʚʣʝʥʥʦʛʦ ʠʟ ʜʚʫʭ ʧʣʘʩʪʠʥ ʠʟ 

ʢʫʙʠʯʝʩʢʠʭ ʢʨʠʩʪʘʣʣʦʚ ʩ ʨʘʟʣʠʯʥʦʡ ʦʨʠʝʥʪʘʮʠʝʡ, ʦʪʣʠʯʘʶʱʝʡʩʷ ʥʘ ʫʛʦʣ a. ʄʝʞʜʫ ʧʣʘʩʪʠʥʘʤʠ 

ʢʦʤʧʦʟʠʪʘ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʞʝʩʪʢʦʝ ʩʮʝʧʣʝʥʠʝ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʠʟ [5] ʠ [6] 

ʧʨʦʚʝʜʝʥ ʯʠʩʣʝʥʥʳʡ ʘʥʘʣʠʟ ʠʟʤʝʥʯʠʚʦʩʪʠ ʵʬʬʝʢʪʠʚʥʳʭ ʤʦʜʫʣʷ ʖʥʛʘ ʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʇʫʘʩʩʦʥʘ ʜʣʷ 

ʚʳʙʦʨʢʠ ʢʦʤʧʦʟʠʪʥʳʭ ʧʣʘʩʪʠʥ, ʩʦʩʪʦʷʱʠʭ ʧʨʠʤʝʨʥʦ ʠʟ 10000 ʚʦʟʤʦʞʥʳʭ ʢʦʤʙʠʥʘʮʠʡ ʢʫʙʠʯʝʩʢʠʭ 

ʢʨʠʩʪʘʣʣʦʚ. ɸʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʵʬʬʝʢʪʠʚʥʳʡ ʤʦʜʫʣʴ ʖʥʛʘ ʤʦʞʝʪ ʧʨʝʚʦʩʭʦʜʠʪʴ ʟʥʘʯʝʥʠʷ ʤʦʜʫʣʝʡ 

ʖʥʛʘ ʠʩʭʦʜʥʳʭ ʘʫʢʩʝʪʠʯʝʩʢʠʭ ʠ ʥʝʘʫʢʩʝʪʠʯʝʩʢʠʭ ʢʨʠʩʪʘʣʣʦʚ. ɺ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʵʬʬʝʢʪʠʚʥʳʡ 

ʤʦʜʫʣʴ ʖʥʛʘ ʥʘ 20% ʧʨʝʚʦʩʭʦʜʠʪ ʧʦ ʚʝʣʠʯʠʥʝ ʥʘʠʙʦʣʴʰʠʡ ʠʟ ʤʦʜʫʣʝʡ ʖʥʛʘ ʠʩʭʦʜʥʳʭ ʢʨʠʩʪʘʣʣʦʚ. 

ʊʘʢʦʝ ʧʦʚʝʜʝʥʠʝ ʦʪʤʝʯʝʥʦ ʤʝʥʝʝ ʯʝʤ ʜʣʷ 4% ʩʣʫʯʘʝʚ ʚʳʙʦʨʢʠ. ɿʘʚʠʩʠʤʦʩʪʠ ʤʦʜʫʣʝʡ ʖʥʛʘ ʠʩʭʦʜʥʳʭ 

ʢʨʠʩʪʘʣʣʦʚ ʠ ʵʬʬʝʢʪʠʚʥʦʛʦ ʤʦʜʫʣʷ ʖʥʛʘ ʦʪ ʫʛʣʘ a ʧʨʠ ʦʜʠʥʘʢʦʚʦʡ ʪʦʣʱʠʥʝ ʧʣʘʩʪʠʥ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʥʘ ʨʠʩ.1 ʜʣʷ ʢʦʤʙʠʥʘʮʠʡ ʥʝʘʫʢʩʝʪʠʢʘ Al ʠ ʯʘʩʪʠʯʥʦʛʦ ʘʫʢʩʝʪʠʢʘ (ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ 

ʇʫʘʩʩʦʥʘ ʠʤʝʝʪ ʤʝʩʪʦ ʜʣʷ ʥʝʢʦʪʦʨʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʨʘʩʪʷʞʝʥʠʷ) Cu-14 wt % Al -3.15 wt% Ni, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

 
ʈʠʩ. 1 ɿʘʚʠʩʠʤʦʩʪʠ ʵʬʬʝʢʪʠʚʥʦʛʦ ʤʦʜʫʣʷ ʖʥʛʘ (ʞʠʨʥʘʷ ʩʧʣʦʰʥʘʷ ʣʠʥʠʷ), ʤʦʜʫʣʝʡ ʖʥʛʘ 

ʧʝʨʚʦʛʦ ʩʣʦʷ ʠʟ Al (ʩʧʣʦʰʥʘʷ ʣʠʥʠʷ) ʠ ʚʪʦʨʦʛʦ ʩʣʦʷ Cu-14 wt % Al-3.15 wt% Ni (ʰʪʨʠʭʦʚʘʥʥʘʷ ʣʠʥʠʷ) 

ʦʪ ʫʛʣʘ a ʢʦʤʧʦʟʠʪʘ ʠʟ ʥʝʘʫʢʩʝʪʠʢʘ Al ʠ ʯʘʩʪʠʯʥʦʛʦ ʘʫʢʩʝʪʠʢʘ Cu-14 wt % Al-3.15 wt% Ni 
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ʂʦʵʬʬʠʮʠʝʥʪʳ ʇʫʘʩʩʦʥʘ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʜʝʬʦʨʤʘʮʠʶ ʢʦʤʧʦʟʠʪʘ ʚ ʥʘʧʨʘʚʣʝʥʠʷʭ, 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳʤ ʧʣʦʩʢʦʩʪʠ ʧʣʘʩʪʠʥʳ (xzn ), ʨʘʟʣʠʯʥʳ ʜʣʷ ʢʘʞʜʦʛʦ ʠʟ ʩʣʦʝʚ ʢʦʤʧʦʟʠʪʘ. ɽʩʣʠ 

ʢʦʤʧʦʟʠʪ ʩʦʩʪʦʠʪ ʠʟ ʩʣʦʷ ʘʫʢʩʝʪʠʢʘ ʠ ʯʘʩʪʠʯʥʦʛʦ ʘʫʢʩʝʪʠʢʘ, ʪʦ ʚʦʟʤʦʞʥʦ ʟʥʘʯʠʪʝʣʴʥʦʝ ʫʤʝʥʴʰʝʥʠʝ 

ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʇʫʘʩʩʦʥʘ ʧʝʨʚʦʛʦ ʩʣʦʷ (ʚʧʣʦʪʴ ʜʦ 30%), ʩʦʧʨʦʚʦʞʜʘʝʤʦʝ 

ʟʥʘʯʠʪʝʣʴʥʳʤ ʨʦʩʪʦʤ ʚʝʣʠʯʠʥʳ ʢʦʵʬʬʠʮʠʝʥʪʘ ʇʫʘʩʩʦʥʘ ʚʪʦʨʦʛʦ ʩʣʦʷ, ʯʪʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ ʥʘ 

ʨʠʩ.2 ʥʘ ʧʨʠʤʝʨʝ ʢʦʤʧʦʟʠʪʥʦʡ ʧʣʘʩʪʠʥʳ ʠʟ ʘʫʢʩʝʪʠʢʘ Sm0.75La0.25S ʠ ʯʘʩʪʠʯʥʦʛʦ ʘʫʢʩʝʪʠʢʘ Cu-

14 wt % Al -3.15 wt% Ni ʜʣʷ ʩʣʦʝʚ ʦʜʠʥʘʢʦʚʦʡ ʪʦʣʱʠʥʳ. ɼʣʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʇʫʘʩʩʦʥʘ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʛʦ ʜʝʬʦʨʤʘʮʠʶ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʣʝʞʘʱʝʤ ʚ ʧʣʦʩʢʦʩʪʠ ʧʣʘʩʪʠʥʳ (xyn ), ʥʝ ʦʪʤʝʯʝʥʦ 

ʩʣʫʯʘʝʚ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʙʦʣʝʝ ʦʪʨʠʮʘʪʝʣʴʥʦʤʫ ʢʦʵʬʬʠʮʠʝʥʪʫ ʇʫʘʩʩʦʥʘ, ʯʝʤ ʫ ʠʩʭʦʜʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʧʨʠ 0=a  ʠʣʠ 4/p=a . ʊʘʢʦʝ ʧʦʚʝʜʝʥʠʝ ʪʘʢ ʞʝ ʦʪʤʝʯʝʥʦ ʤʝʥʝʝ ʯʝʤ ʜʣʷ 4% ʩʣʫʯʘʝʚ ʠʟ 

ʚʳʙʦʨʢʠ. 

 

 
ʈʠʩ.2 ɿʘʚʠʩʠʤʦʩʪʠ ʵʬʬʝʢʪʠʚʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʇʫʘʩʩʦʥʘ xyn  (ʞʠʨʥʘʷ ʩʧʣʦʰʥʘʷ ʣʠʥʠʷ), 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʇʫʘʩʩʦʥʘ xzn  ʩʣʦʷ Sm0.75La0.25S (ʰʪʨʠʭʦʚʘʥʥʘʷ ʣʠʥʠʷ), ʢʦʵʬʬʠʮʠʝʥʪʘ ʇʫʘʩʩʦʥʘ xzn  

ʚʪʦʨʦʛʦ ʩʣʦʷ Cu-14 wt % Al -3.15 wt% Ni (ʰʪʨʠʭ-ʧʫʥʢʪʠʨʥʘʷ ʣʠʥʠʷ), ʠʩʭʦʜʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʇʫʘʩʩʦʥʘ ʩʣʦʷ Sm0.75La0.25S (ʪʦʥʢʘʷ ʣʠʥʠʷ) ʠ ʠʩʭʦʜʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʇʫʘʩʩʦʥʘ ʩʣʦʷ Cu-14 wt % Al-

3.15 wt% Ni (ʧʫʥʢʪʠʨʥʘʷ ʣʠʥʠʷ) ʦʪ ʫʛʣʘ a ʢʦʤʧʦʟʠʪʘ ʠʟ ʘʫʢʩʝʪʠʢʘ Sm0.75La0.25S ʠ ʯʘʩʪʠʯʥʦʛʦ 

ʘʫʢʩʝʪʠʢʘ Cu-14 wt % Al -3.15 wt% Ni 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʛʨʘʥʪʘ ʈʌʌʀ 16-01-00325ɸ çʏʠʩʣʝʥʥʦ-ʘʥʘʣʠʪʠʯʝʩʢʦʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʧʦʚʝʜʝʥʠʷ ʥʘʥʦ/ʤʠʢʨʦʦʙʲʝʢʪʦʚ ʚ ʨʘʤʢʘʭ ʪʝʦʨʠʠ ʫʧʨʫʛʦʩʪʠ 

ʘʥʠʟʦʪʨʦʧʥʦʛʦ ʪʝʣʘ ʠ ʤʦʣʝʢʫʣʷʨʥʦʡ ʜʠʥʘʤʠʢʠè 

ɸʚʪʦʨ ʚʳʨʘʞʘʝʪ ʙʣʘʛʦʜʘʨʥʦʩʪ ɹ ʟʘ ʧʦʤʦʱʴ ʚ ʧʨʦʚʝʜʝʥʠʠ ʨʘʙʦʪʳ ʈ.ɺ. ɻʦʣʴʜʰʪʝʡʥʫ, ɺ.ɸ. 

ɻʦʨʦʜʮʦʚʫ ʠ ɼ.ʉ. ʃʠʩʦʚʝʥʢʦ. 
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ʄʘʛʥʠʪʦʪʚʸʨʜʳʝ ʩʧʣʘʚʳ ʥʘ ʦʩʥʦʚʝ ʩʠʩʪʝʤʳ Fe-Cr-Co ʦʪʥʦʩʷʪʩʷ ʢ ʩʧʣʘʚʘʤ ʩ ʫʥʠʢʘʣʴʥʳʤ 

ʩʦʯʝʪʘʥʠʝʤ ʤʘʛʥʠʪʥʳʭ ʛʠʩʪʝʨʝʟʠʩʥʳʭ (ʦʩʪʘʪʦʯʥʘʷ ʠʥʜʫʢʮʠʷ Br, ʢʦʵʨʮʠʪʠʚʥʘʷ ʩʠʣʘ Hc, ʤʘʢʩʠʤʘʣʴʥʦʝ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʝ ʧʨʦʠʟʚʝʜʝʥʠʝ (BH)max) ʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ (ʧʨʦʯʥʦʩʪʥʳʭ ʠ ʧʣʘʩʪʠʯʝʩʢʠʭ), 

ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʥʦ-ʚʨʝʤʝʥʥʦʡ ʩʪʘʙʠʣʴʥʦʩʪʴʶ ʠ ʢʦʨʨʦʟʠʦʥʥʦʡ ʩʪʦʡʢʦʩʪʴʶ. ʆʥʠ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʥʝ ʪʦʣʴʢʦ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʧʦʩʪʦʷʥʥʳʭ ʤʘʛʥʠʪʦʚ, ʥʦ ʠ ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʨʦʪʦʨʦʚ 

ʛʠʩʪʝʨʝʟʠʩʥʳʭ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʡ ʠ ʜʣʷ ʤʘʛʥʠʪʥʦʡ ʟʘʧʠʩʠ. ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ 

ʤʘʛʥʠʪʦʪʚʸʨʜʳʤʠ ʩʧʣʘʚʘʤʠ (Fe-Al -Ni-Co, Fe-Co-V, SmCo5, Sm2Co17 ʠ ʜʨʫʛʠʤʠ) Fe-Cr-Co ʩʧʣʘʚʳ 

ʩʦʜʝʨʞʘʪ ʫʤʝʨʝʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʢʦʙʘʣʴʪʘ ʠ ʥʝ ʩʦʜʝʨʞʘʪ ʜʦʨʦʛʠʭ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʤʝʪʘʣʣʦʚ, ʯʪʦ 

ʘʢʪʫʘʣʴʥʦ ʜʣʷ ʠʭ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ. 

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʧʦʠʩʢ ʨʝʞʠʤʦʚ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʤʘʛʥʠʪʦʪʚʸʨʜʳʭ Fe-Cr-Co 

ʩʧʣʘʚʦʚ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʢʦʙʘʣʴʪʘ ʦʪ 7 ʜʦ 13 ʤʘʩʩ. % ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʳʭ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ. 

ʉʧʣʘʚʳ ʧʦʣʫʯʘʣʠ ʤʝʪʦʜʦʤ ʧʦʨʦʰʢʦʚʦʡ ʤʝʪʘʣʣʫʨʛʠʠ [1]. ʆʙʨʘʟʮʳ ʠʟʫʯʘʣʠ ʚ ʘʥʠʟʦʪʨʦʧʥʦʤ ʩʦʩʪʦʷʥʠʠ 

ʧʦʩʣʝ ʪʝʨʤʦʤʘʛʥʠʪʥʦʡ ʦʙʨʘʙʦʪʢʠ (ʊʄʆ), ʢʦʪʦʨʫʶ ʧʨʦʚʦʜʠʣʠ ʚ ʣʘʙʦʨʘʪʦʨʥʦʡ ʧʝʯʠ ʩ ʧʘʥʮʠʨʥʳʤ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʦʤ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʙʦʣʝʝ 240 ʢɸ/ʤ. ʊʝʨʤʠʯʝʩʢʫʶ ʦʙʨʘʙʦʪʢʫ (ʊʆ) ʧʨʦʚʦʜʠʣʠ ʚ 

ʣʘʙʦʨʘʪʦʨʥʳʭ ʧʝʯʘʭ ʤʫʬʝʣʴʥʦʛʦ ʪʠʧʘ. ʄʘʛʥʠʪʥʳʝ ʛʠʩʪʝʨʝʟʠʩʥʳʝ ʩʚʦʡʩʪʚʘ (Br, Hc, (BH)max) 

ʠʟʤʝʨʷʣʠ ʥʘ ʛʠʩʪʝʨʝʟʠʩʛʨʘʬʘʭ Permagraph L EP-3, ʘ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ ʥʘʩʳʱʝʥʠʷ 4ˊIs ʥʘ ʋʀ.ʌʀ-

400\5-003. ʆʮʝʥʢʫ ʤʘʛʥʠʪʥʳʭ ʛʠʩʪʝʨʝʟʠʩʥʳʭ ʩʚʦʡʩʪʚ ʠʟʫʯʘʝʤʳʭ ʩʧʣʘʚʦʚ ʠ ʦʧʪʠʤʠʟʘʮʠʶ ʨʝʞʠʤʦʚ 

ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʨʦʚʦʜʠʣʠ ʤʝʪʦʜʦʤ ʦʜʥʦʬʘʢʪʦʨʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʩ ʮʝʣʴʶ 

ʚʳʙʦʨʘ ʟʥʘʯʠʤʳʭ ʬʘʢʪʦʨʦʚ ʠ ʠʥʪʝʨʚʘʣʦʚ ʠʭ ʚʘʨʴʠʨʦʚʘʥʠʷ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʧʣʘʥʠʨʦʚʘʥʠʝʤ 

ʤʥʦʛʦʬʘʢʪʦʨʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩ ʧʦʩʪʨʦʝʥʠʝʤ ʮʝʥʪʨʘʣʴʥʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʧʣʘʥʦʚ. 

ɺ ʧʨʦʮʝʩʩʝ ʦʧʪʠʤʠʟʘʮʠʠ ʨʝʞʠʤʦʚ ʊʄʆ ʥʠʟʢʦʢʦʙʘʣʴʪʦʚʳʭ ʩʧʣʘʚʦʚ ʙʳʣʘ ʦʙʥʘʨʫʞʝʥʘ 

ʦʩʦʙʝʥʥʦʩʪʴ. ʇʨʦʮʝʩʩ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚʳʩʦʢʦʢʦʵʨʮʠʪʠʚʥʦʛʦ ʩʦʩʪʦʷʥʠʷ (ɺʂʉ) ʚ ʩʧʣʘʚʘʭ Fe-30%Cr-

8%Co-1%Mo-0,5%Si ʠ Fe-30%Cr-8%Co-3%Mo-0,5%Si ʟʘʢʘʥʯʠʚʘʣʩʷ ʧʨʠ ʙʦʣʝʝ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ 

(ʚʧʣʦʪʴ ʜʦ 420 Áʉ). ʀʩʩʣʝʜʦʚʘʥʥʘʷ ʵʣʝʢʪʨʦʥʥʘʷ ʤʠʢʨʦʩʪʨʫʢʪʫʨʘ ʩʧʣʘʚʦʚ ʧʦʣʥʦʩʪʴʶ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʘ 

ʩʪʨʫʢʪʫʨʝ ɺʂʉ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʵʪʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʬʘʢʪʘ ʙʳʣʦ ʧʨʝʜʣʦʞʝʥʦ ʨʝʰʝʥʠʝ ʠʟʚʝʩʪʥʦʡ ʧʨʦʙʣʝʤʳ 

ï ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʥʝʩʪʘʙʠʣʴʥʦʩʪʠ Fe-Cr-Co ʩʧʣʘʚʦʚ ʜʣʷ ʛʠʩʪʝʨʝʟʠʩʥʳʭ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʡ. ʀʟʚʝʩʪʥʦ, 

ʯʪʦ ʧʨʠ ʥʘʛʨʝʚʝ ʨʦʪʦʨʘ (100 ï 160 Áʉ) ʢʦʵʨʮʠʪʠʚʥʘʷ ʩʠʣʘ Hc ʥʘʯʠʥʘʣʘ ʨʘʩʪʠ, ʯʪʦ ʧʨʠʚʦʜʠʣʦ ʢ ʚʳʭʦʜʫ 

ʜʚʠʛʘʪʝʣʷ ʠʟ ʨʝʞʠʤʘ ʩʠʥʭʨʦʥʥʦʩʪʠ. ʇʦʩʣʝ ʚʢʣʶʯʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ 

ʦʪʧʫʩʢʘ ʧʨʠ 460 ï 480 Áʉ ʵʪʘ ʧʨʦʙʣʝʤʫ ʤʦʞʥʦ ʫʩʪʨʘʥʠʪʴ. 

ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʨʝʞʠʤ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʙʳʣ ʟʘʧʘʪʝʥʪʦʚʘʥ [2]. 

ɸʚʪʦʨ ʚʳʨʘʞʘʝʪ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʥʘʫʯʥʦʤʫ ʨʫʢʦʚʦʜʠʪʝʣʶ ʜ.ʪ.ʥ. ʄʠʣʷʝʚʫ ʀ.ʄ. ʠ ʟʘʚʝʜʫʶʱʝʤʫ 

ʣʘʙʦʨʘʪʦʨʠʠ ˉ 15 ʀʄɽʊ ʈɸʅ ʜ.ʪ.ʥ. ʖʩʫʧʦʚʫ ɺ.ʉ. 

ʃʠʪʝʨʘʪʫʨʘ 
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10 ʤʘʩʩ.%Co. // ʇʝʨʩʧʝʢʪʠʚʥʳʝ ʤʘʪʝʨʠʘʣʳ. 2013, ˉ 4. ʉ. 59 ï 63. 

2. ʇʘʪ. 2557852 ʈʦʩʩʠʡʩʢʘʷ ʌʝʜʝʨʘʮʠʷ, ʄʇʂ C21D, C22F. ʉʧʦʩʦʙ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ 

ʤʘʛʥʠʪʦʪʚʸʨʜʳʭ ʩʧʣʘʚʦʚ ʩʠʩʪʝʤʳ ʞʝʣʝʟʦ-ʭʨʦʤ-ʢʦʙʘʣʴʪ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʢʦʙʘʣʴʪʘ 8 ʚʝʩ. % / ʄ.ʀ. 

ɸʣʳʤʦʚ, ʀ.ʄ. ʄʠʣʷʝʚ, ɸ.ɹ. ɸʥʢʫʜʠʥʦʚ, ʊ.ɸ. ɺʦʤʧʝ, ɺ.ɸ. ɿʝʣʝʥʩʢʠʡ, ɺ.ʉ. ʖʩʫʧʦʚ; ʟʘʷʚʠʪʝʣʴ ʠ 

ʧʘʪʝʥʪʦʦʙʣʘʜʘʪʝʣʴ ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ʥʘʫʢʠ ʀʥʩʪʠʪʫʪ 

ʤʝʪʘʣʣʫʨʛʠʠ ʠ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ ʠʤ. ɸ.ɸ. ɹʘʡʢʦʚʘ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ (ʀʄɽʊ ʈɸʅ). ï ˉ 

2014102868/02; ʟʘʷʚʣ. 29.01.2014; ʦʧʫʙʣ. 27.07.2015, ɹʶʣ. ˉ 21. ï 5 ʩ. 
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ʀɿʋʏɽʅʀɽ ʉʂʃʆʅʅʆʉʊʀ ʂ ʍʃɸɼʅʆʃʆʄʂʆʉʊʀ ʅʀɿʂʆʋɻʃɽʈʆɼʀʉʊʓʍ 

ʄʀʂʈʆʃɽɻʀʈʆɺɸʅʅʓʍ ʊʈʋɹʅʓʍ ʉʊɸʃɽʁ ʄɽʊʆɼʆʄ ɼʀʌʈɸʂʎʀʀ ʆɹʈɸʊʅʆ 

ʆʊʈɸɾɽʅʅʓʍ ʕʃɽʂʊʈʆʅʆɺ 

ɺʦʨʢʘʯʝʚ ʂ.ɻ. 

ʈʦʩʩʠʷ, ʀʥʩʪʠʪʫʪ ʤʝʪʘʣʣʫʨʛʠʠ ʠ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ ʠʤ. ɸ.ɸ. ɹʘʡʢʦʚʘ ʈɸʅ, KGV@imet.ac.ru 

 

ɼʣʷ ʛʘʟʦʧʨʦʚʦʜʦʚ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ ʪʨʝʙʫʶʪʩʷ ʚʳʩʦʢʦʧʨʦʯʥʳʝ ʥʠʟʢʦʫʛʣʝʨʦʜʠʩʪʳʝ ʩʪʘʣʠ 

ʢʣʘʩʩʘ ʧʨʦʯʥʦʩʪʠ X80, ʦʙʣʘʜʘʶʱʠʝ ʫʥʠʢʘʣʴʥʳʤ ʩʦʯʝʪʘʥʠʝʤ ʩʚʦʡʩʪʚ. ʅʘʨʷʜʫ ʩ ʚʳʩʦʢʦʡ ʧʨʦʯʥʦʩʪʴʶ, 

ʪʘʢʠʝ ʩʪʘʣʠ ʧʣʘʩʪʠʯʥʳ, ʦʙʣʘʜʘʶʪ ʭʦʨʦʰʝʡ ʩʚʘʨʠʚʘʝʤʦʩʪʴʶ ʠ ʚʳʩʦʢʠʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʭʨʫʧʢʦʤʫ 

ʨʘʟʨʫʰʝʥʠʶ ʧʨʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʪʘʙʣʠʮʘ 1. ʀʟ ʪʘʢʠʭ ʩʪʘʣʝʡ ʧʦʩʪʨʦʝʥ ʫʯʘʩʪʦʢ ʛʘʟʦʧʨʦʚʦʜʘ 

ɹʦʚʘʥʝʥʢʦʚʦ-ʋʭʪʘ ʧʨʦʪʷʞʝʥʥʦʩʪʴʶ 1100 ʢʤ. ʊʘʢʦʡ ʢʦʤʧʣʝʢʩ ʩʚʦʡʩʪʚ ʙʳʣ ʜʦʩʪʠʛʥʫʪ ʧʨʠʤʝʥʝʥʠʝʤ 

ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚʳʧʣʘʚʢʠ ʩʪʘʣʝʡ, ʨʝʟʢʦ ʩʥʠʞʘʶʱʠʭ ʩʦʜʝʨʞʘʥʠʝ S ʠ P. ʆʜʥʘʢʦ ʦʩʥʦʚʥʦʡ 

ʧʨʦʙʣʝʤʦʡ ʷʚʣʷʝʪʩʷ ʦʙʝʩʧʝʯʝʥʠʝ ʚʷʟʢʦʩʪʠ ʧʨʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʯʪʦ ʥʝʦʙʭʦʜʠʤʦ ʚ ʩʚʷʟʠ ʩ 

ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʚ ʘʨʢʪʠʯʝʩʢʦʤ ʨʝʛʠʦʥʝ. 

ʊʝʤ ʥʝ ʤʝʥʝʝ, ʩʢʣʦʥʥʦʩʪʴ ʢ ʭʨʫʧʢʦʤʫ ʨʘʟʨʫʰʝʥʠʶ ʧʨʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʜʣʷ ʩʪʘʣʝʡ ʢʣʘʩʩʘ 

ʧʨʦʯʥʦʩʪʠ X80 ʤʦʞʝʪ ʙʳʪʴ ʨʘʟʣʠʯʥʦʡ. 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʩ ʮʝʣʴʶ ʚʳʷʚʣʝʥʠʷ ʧʨʠʯʠʥ ʨʘʟʣʠʯʥʦʡ ʩʢʣʦʥʥʦʩʪʠ ʢ ʭʣʘʜʥʦʣʦʤʢʦʩʪʠ 

ʩʪʘʣʝʡ ʢʣʘʩʩʘ ʧʨʦʯʥʦʩʪʠ X80 ʧʨʠʤʝʥʷʣʠ ʤʝʪʦʜʳ ʦʧʪʠʯʝʩʢʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʠ ʤʠʢʨʦʩʢʦʧʠʠ 

ʦʨʠʝʥʪʘʮʠʦʥʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ (ʄʆʀ). ʀʟʫʯʘʣʠ ʜʚʝ ʥʠʟʢʦʫʛʣʝʨʦʜʠʩʪʳʝ ʤʠʢʨʦʣʝʛʠʨʦʚʘʥʥʳʝ ʩʪʘʣʠ ʩ 

ʨʘʟʣʠʯʥʦʡ ʩʢʣʦʥʥʦʩʪʴʶ ʢ ʭʣʘʜʥʦʣʦʤʢʦʩʪʠ, ʧʨʦʠʟʚʝʜʝʥʥʳʝ ʚ ʟʘʚʦʜʩʢʠʭ ʫʩʣʦʚʠʷʭ ʤʝʪʦʜʦʤ 

ʢʦʥʪʨʦʣʠʨʫʝʤʦʛʦ ʪʝʨʤʦ-ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ. 

ʂʨʠʚʳʝ ʟʥʘʯʝʥʠʡ ʫʜʘʨʥʦʡ ʚʷʟʢʦʩʪʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʦʪ +20 ʜʦ -100, ʨʠʩ.1, ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʩ 

ʧʦʥʠʞʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʫʜʘʨʥʘʷ ʚʷʟʢʦʩʪʴ ʭʦʪʷ ʠ ʧʦʥʠʞʘʝʪʩʷ, ʥʦ ʧʝʨʝʭʦʜʘ ʚ 

ʭʨʫʧʢʦʝ ʩʦʩʪʦʷʥʠʝ ʥʝ ʜʦʩʪʠʛʘʝʪʩʷ, ʨʠʩ.1. ʕʥʝʨʛʠʷ ʚʷʟʢʦʛʦ ʨʘʟʨʫʰʝʥʠʷ ʫ ʩʪʘʣʠ 1 ʚʳʰʝ. ʄʠʥʠʤʘʣʴʥʳʝ 

ʟʥʘʯʝʥʠʷ ʫʜʘʨʥʦʡ ʚʷʟʢʦʩʪʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ +20 ʠ -60 ʜʣʷ ʩʪʘʣʠ 1 ʚʳʰʝ. 

ʊʠʧ ʩʪʨʫʢʪʫʨʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʠ ʨʘʟʤʝʨ ʟʝʨʝʥ ʦʧʨʝʜʝʣʷʣʠ ʤʝʪʦʜʦʤ ʄʆʀ. ʅʘ 

ʦʨʠʝʥʪʘʮʠʦʥʥʳʭ ʢʘʨʪʘʭ ʚ ʧʨʝʜʩʪʘʚʣʝʥʠʠ ʦʙʨʘʪʥʦʡ ʧʦʣʶʩʥʦʡ ʬʠʛʫʨʳ (ʆʇʌ), ʨʠʩ.2, ʚʠʜʥʦ, ʯʪʦ 

ʤʠʢʨʦʩʪʨʫʢʪʫʨʘ ʦʙʝʠʭ ʩʪʘʣʝʡ ʩʠʣʴʥʦ ʬʨʘʛʤʝʥʪʠʨʦʚʘʥʘ, ʦ ʯʝʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʥʘʣʠʯʠʝ 

ʦʨʠʝʥʪʘʮʠʦʥʥʳʭ ʛʨʘʜʠʝʥʪʦʚ. ʀʩʧʦʣʴʟʦʚʘʣʘʩʴ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʩʪʨʫʢʪʫʨʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ, 

ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʨʘʟʣʠʯʠʷʭ  ʤʦʨʬʦʣʦʛʠʡ ʠ ʜʝʬʝʢʪʥʦʩʪʠ ʩʪʨʫʢʪʫʨʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʤʠʢʨʦʩʪʨʫʢʪʫʨʘ ʩʪʘʣʠ 1 ʩʦʩʪʦʠʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʠʟ ʦʜʥʦʨʦʜʥʦ 

ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʟʝʨʝʥ ʢʚʘʟʠʧʦʣʠʛʦʥʘʣʴʥʦʛʦ ʬʝʨʨʠʪʘ ʩ ʥʝʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʟʝʨʝʥ 

ʧʦʣʠʛʦʥʘʣʴʥʦʛʦ ʬʝʨʨʠʪʘ. ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʩʪʘʣʠ 2 ʙʦʣʝʝ ʥʝʦʜʥʦʨʦʜʥʘ ʠ ʩʦʩʪʦʠʪ ʠʟ ʟʝʨʝʥ 

ʢʚʘʟʠʧʦʣʠʛʦʥʘʣʴʥʦʛʦ ʠ ʧʦʣʠʛʦʥʘʣʴʥʦʛʦ ʬʝʨʨʠʪʦʚ, ʘ ʪʘʢʞʝ ʢʨʫʧʥʳʭ ʧʦʣʦʩ ʙʝʡʥʠʪʥʦʛʦ ʬʝʨʨʠʪʘ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʘʣʠʯʠʝ ʧʦʩʣʝʜʥʠʭ ʚ ʤʠʢʨʦʩʪʨʫʢʪʫʨʝ ʩʚʷʟʘʥʦ ʩ ʧʨʠʩʫʪʩʪʚʠʝʤ ʚ 

ʤʠʢʨʦʩʪʨʫʢʪʫʨʝ ʙʳʚʰʝʛʦ ʘʫʩʪʝʥʠʪʘ ʰʠʨʦʢʠʭ ʧʨʦʪʷʞʝʥʥʳʭ ʙʣʠʥʦʦʙʨʘʟʥʳʭ ʟʝʨʝʥ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʦʙʫʩʣʦʚʣʝʥʘ ʢʘʢ ʥʘʩʣʝʜʦʚʘʥʠʝʤ ʩʪʨʦʝʥʠʷ 

ʙʳʚʰʝʛʦ ʘʫʩʪʝʥʠʪʘ, ʪʘʢ ʠ ʣʦʢʘʣʴʥʳʤʠ ʥʝʦʜʥʦʨʦʜʥʦʩʪʷʤʠ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ. 

ɿʘʚʠʩʠʤʦʩʪʴ ʟʥʘʯʝʥʠʡ ʫʜʘʨʥʦʡ ʚʷʟʢʦʩʪʠ ʦʪ ʨʘʟʤʝʨʘ ʟʝʨʝʥ ʧʦ ʦʙʱʝʡ ʚʳʙʦʨʢʝ ʟʝʨʝʥ ʩʪʨʫʢʪʫʨʥʳʭ 

ʩʦʩʪʘʚʣʷʶʱʠʭ ʥʝʜʦʩʪʘʪʦʯʥʘ, ʧʦʩʢʦʣʴʢʫ ʩʫʱʝʩʪʚʫʝʪ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʠʭ ʧʨʠʨʦʜʳ. 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ ʩʪʨʫʢʪʫʨʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ (ʙʝʡʥʠʪʥʳʡ ʬʝʨʨʠʪ ʠʣʠ 

ʢʚʘʟʠʧʦʣʠʛʦʥʘʣʴʥʳʡ ʬʝʨʨʠʪ), ʣʦʢʘʣʴʥʳʡ ʦʙʲʝʤ ʩʪʘʣʠ ʙʫʜʝʪ ʦʙʣʘʜʘʪʴ ʨʘʟʣʠʯʥʦʡ ʩʢʣʦʥʥʦʩʪʴʶ ʢ 

ʭʨʫʧʢʦʤʫ ʨʘʟʨʫʰʝʥʠʶ. ʅʘʣʠʯʠʝ ʚ ʤʠʢʨʦʩʪʨʫʢʪʫʨʝ ʙʦʣʝʝ ʪʚʝʨʜʦʡ ʙʝʡʥʠʪʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʧʨʠʚʦʜʠʪ 

ʢ ʧʦʚʳʰʝʥʠʶ ʚʨʝʤʝʥʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʥʦ ʧʨʠ ʵʪʦʤ ʧʨʦʠʩʭʦʜʠʪ ʫʭʫʜʰʝʥʠʝ ʚʷʟʢʦʩʪʠ. ɺ ʩʚʦʶ 

ʦʯʝʨʝʜʴ ʥʘʣʠʯʠʝ ʢʚʘʟʠʧʦʣʠʛʦʥʘʣʴʥʦʛʦ ʬʝʨʨʠʪʘ ʤʝʥʴʰʝ ʧʦʚʳʰʘʝʪ ʚʨʝʤʝʥʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʨʠ 

ʩʫʱʝʩʪʚʝʥʥʦʤ ʫʣʫʯʰʝʥʠʠ ʚʷʟʢʦʩʪʠ. 

ʆʧʪʠʤʘʣʴʥʦʡ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʤʝʥʴʰʝʡ ʩʢʣʦʥʥʦʩʪʠ ʢ ʭʣʘʜʥʦʣʦʤʢʦʩʪʠ ʷʚʣʷʝʪʩʷ ʦʜʥʦʨʦʜʥʘʷ  

ʤʠʢʨʦʩʪʨʫʢʪʫʨʘ, ʩʦʩʪʦʷʱʘʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʠʟ ʢʚʘʟʠʧʦʣʠʛʦʥʘʣʴʥʦʛʦ ʬʝʨʨʠʪʘ, ʦʙʨʘʟʦʚʘʚʰʘʷʩʷ ʠʟ 

ʥʝʙʦʣʴʰʠʭ, ʦʪʥʦʩʠʪʝʣʴʥʦ ʪʦʥʢʠʭ, ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʟʝʨʝʥ ʙʳʚʰʝʛʦ ʘʫʩʪʝʥʠʪʘ. 

ɺʳʨʘʞʘʶ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʥʘʫʯʥʦʤʫ ʨʫʢʦʚʦʜʠʪʝʣʶ ʘʢʘʜʝʤʠʢʫ ʜ.ʭ.ʥ. ʉʦʣʥʮʝʚʫ ʂ.ɸ. ʠ ʥʘʫʯʥʦʤʫ 

ʢʦʥʩʫʣʴʪʘʥʪʫ ʢ.ʪ.ʥ. ʂʘʥʪʦʨʫ ʄ.ʄ. 

  



23 

 

ʊʘʙʣʠʮʘ 1. 

ʄʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ. 

ʉʪʘʣʴ ɺʨʝʤʝʥʥʦʝ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ 

ůʚ, ʄʇʘ 

ʇʨʝʜʝʣ 

ʪʝʢʫʯʝʩʪʠ 

ůʪ, ʄʇʘ 

ʆʪʥʦʩʠʪʝʣʴʥʦʝ 

ʫʜʣʠʥʝʥʠʝ ŭ, 

% 

ʆʪʥʦʰʝʥʠʝ 

ʧʨʝʜʝʣʘ 

ʪʝʢʫʯʝʩʪʠ ʢ 

ʚʨʝʤʝʥʥʦʤʫ 

ʩʦʧʨʦʪʠʚʣʝʥʠʶ 

ůʪ/ůʚ 

ʋʜʘʨʥʘʷ ʚʷʟʢʦʩʪʴ 

ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ, 

ɼʞ/ʩʤ2 

ʉʪʘʣʴ 1 690 572 24,5 0,82 378 

ʉʪʘʣʴ 2 723 601 19,1 0,83 345 

 

 

ʈʠʩ1. ʉʝʨʠʘʣʴʥʳʝ ʢʨʠʚʳʝ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʧʳʪʘʥʠʷ ʥʘ ʫʜʘʨʥʳʡ ʠʟʛʠʙ KCU: ʘ) ʩʪʘʣʴ 1; ʙ) ʩʪʘʣʴ 

2. 

 

ʈʠʩ.2. ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ. ʂʘʨʪʘ ʆʇʌ. ɼʆʕ: ʘ) ʩʪʘʣʴ 1; ʙ) ʩʪʘʣʴ 2. 

 

******************** ******************** ******************** ******************** **  
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ʀʉʉʃɽɼʆɺɸʅʀɽ ɺʃʀʗʅʀʗ ʈɽɾʀʄɸ ʊɽʈʄʆʆɹʈɸɹʆʊʂʀ ʅɸ ʄɽʍɸʅʀʏɽʉʂʀɽ 

ʍɸʈɸʂʊɽʈʀʉʊʀʂʀ ʆɹʈɸɿʎʆɺ ʀɿ ɸʃʖʄʀʅʀɽɺʆɻʆ ʉʇʃɸɺɸ ʉʀʉʊɽʄʓ AL -SI-MG, 

ʇʆʃʋʏɽʅʅʓʍ ʄɽʊʆɼʆʄ ʉɽʃɽʂʊʀɺʅʆɻʆ ʃɸɿɽʈʅʆɻʆ ʇʃɸɺʃɽʅʀʗ 

ɻʝʨʦʚ ʄ.ɺ. 

ʈʦʩʩʠʷ, ʌʝʜʝʨʘʣʴʥʦʝ ʥʘʫʯʥʦʝ ʙʶʜʞʝʪʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ʀʥʩʪʠʪʫʪ ʤʝʪʘʣʣʫʨʛʠʠ ʠ 

ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ ʠʤ. ɸ.ɸ. ɹʘʡʢʦʚʘ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ,  zodom@mail.ru  

 

ɺʚʝʜʝʥʠʝ.  

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʚʥʠʤʘʥʠʝ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʦʙʨʘʱʝʥʦ ʥʘ ʦʩʚʦʝʥʠʝ ʠ ʨʘʟʚʠʪʠʝ ʤʝʪʦʜʠʢ 

ʧʦʣʫʯʝʥʠʷ ʛʦʪʦʚʳʭ ʜʝʪʘʣʝʡ ʠʟ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʜʜʠʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, 

ʚ ʯʘʩʪʥʦʩʪʠ ʩʝʣʝʢʪʠʚʥʦʛʦ ʣʘʟʝʨʥʦʛʦ ʧʣʘʚʣʝʥʠʷ (SLM). ʊʘʢ, ʚ ʯʘʩʪʥʦʩʪʠ, ʩʚʦʡʩʪʚʘ ʠ ʦʩʦʙʝʥʥʦʩʪʠ 

ʩʪʨʫʢʪʫʨʳ, ʧʦʣʫʯʝʥʥʳʭ ʵʪʠʤ ʤʝʪʦʜʦʤ ʤʘʪʝʨʠʘʣʦʚ, ʥʘʠʙʦʣʝʝ ʜʝʪʘʣʴʥʦ ʠʟʫʯʝʥʳ ʥʘ ʧʨʠʤʝʨʝ ʪʠʪʘʥʦʚʳʭ 

ʩʧʣʘʚʦʚ [1]. ʀʟʫʯʘʝʪʩʷ ʪʘʢʞʝ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʝʪʦʜʘ ʩʝʣʝʢʪʠʚʥʦʛʦ ʣʘʟʝʨʥʦʛʦ ʧʣʘʚʣʝʥʠʷ 

ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʜʝʪʘʣʝʡ ʠʟ ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʦʚ [2,3]. 

ɼʣʷ ʘʣʶʤʠʥʠʝʚʳʭ ʠʟʜʝʣʠʡ, ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʜʜʠʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ 

ʦʪʢʨʳʚʘʶʪʩʷ ʰʠʨʦʢʠʝ ʧʝʨʩʧʝʢʪʠʚʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʘʚʪʦʤʦʙʠʣʝʩʪʨʦʝʥʠʠ, ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ, ʘ ʪʘʢʞʝ 

ʚ ʘʵʨʦʢʦʩʤʠʯʝʩʢʦʡ ʦʪʨʘʩʣʠ.  

ʉ ʫʜʝʰʝʚʣʝʥʠʝʤ ʪʝʭʥʦʣʦʛʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʩ ʦʪʢʨʳʪʠʝʤ ʥʦʚʳʭ ʩʧʣʘʚʦʚ, ʩʦʩʪʘʚʦʚ, ʩʧʨʦʩ ʥʘ 

ʘʜʜʠʪʠʚʥʳʝ ʜʝʪʘʣʠ ʙʫʜʝʪ ʪʦʣʴʢʦ ʨʘʩʪʠ. ɼʦʩʪʦʠʥʩʪʚʦ ʘʜʜʠʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʝʨʚʫʶ 

ʦʯʝʨʝʜʴ ʚ ʦʪʩʫʪʩʪʚʠʠ ʦʛʨʘʥʠʯʝʥʠʡ, ʧʨʠʩʫʱʠʭ ʪʨʘʜʠʮʠʦʥʥʳʤ ʩʧʦʩʦʙʘʤ ʧʨʦʠʟʚʦʜʩʪʚʘ. ɿʥʘʯʠʪʝʣʴʥʳʤ 

ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʷʚʣʷʝʪʩʷ ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ ʧʦʜʭʦʜʘ, ʢʦʛʜʘ ʜʣʷ ʚʥʝʩʝʥʠʷ ʠʟʤʝʥʝʥʠʡ ʚ 

ʠʟʜʝʣʠʝ ʥʝ ʪʨʝʙʫʝʪʩʷ ʧʝʨʝʥʘʩʪʨʦʡʢʘ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʟʘʤʝʥʘ ʜʦʨʦʛʦʩʪʦʷʱʝʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ 

ʦʩʥʘʩʪʢʠ. 

ʎʝʣʴ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʩʦʩʪʦʷʣʘ ʚ ʦʮʝʥʢʝ ʧʨʦʯʥʦʩʪʥʳʭ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʘ ʦʙʨʘʟʮʦʚ ʧʨʠ 

ʠʟʛʦʪʦʚʣʝʥʠʠ ʤʝʪʦʜʦʤ SLM- ʧʣʘʚʣʝʥʠʷ ʠʟ ʧʦʨʦʰʢʦʚ ʘʣʶʤʠʥʠʝʚʦʛʦ ʩʧʣʘʚʘ AlSi10Mg ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ. 

ʄʝʪʦʜʠʢʘ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʠ ʤʘʪʝʨʠʘʣʳ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʥʳ ʧʨʦʯʥʦʩʪʴ ʠ ʤʝʭʘʥʠʟʤʳ 

ʨʘʟʨʫʰʝʥʠʷ ʦʙʨʘʟʮʦʚ ʠʟ ʧʦʨʦʰʢʘ ʩʧʣʘʚʘ ɸʉʇ-27 AlSi10Mg (ʘʥʘʣʦʛ ʩʧʣʘʚʘ ɸʂ9ʧʯ, ʠʟʛʦʪʦʚʠʪʝʣʴï ʆʂ 

çʈʋʉɸʃè), ʧʦʣʫʯʝʥʥʳʭ ʤʝʪʦʜʦʤ SLM ʚ ɸʆ çʂʦʨʧʦʨʘʮʠʷ çʄʀʊè. ʆʙʨʘʟʮʳ ʙʳʣʠ ʚʳʨʘʱʝʥʳ ʧʦʜ 

ʫʛʣʘʤʠ 45,̄ 90̄  ʠ 180 ̄ʢ ʧʣʘʪʬʦʨʤʝ ʧʦʩʪʨʦʝʥʠʷ ʤʝʪʦʜʦʤ SLM. ɿʘʛʦʪʦʚʢʠ ʦʙʨʘʟʮʦʚ ʧʦʜʚʝʨʛʘʣʠʩʴ 

ʪʝʨʤʦʦʙʨʘʙʦʪʢʝ: ʦʪʞʠʛ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 240ʉ̄ ʩ ʚʳʜʝʨʞʢʦʡ 6 ʯʘʩʦʚ, ʦʭʣʘʞʜʝʥʠʝ ʩ ʧʝʯʴʶ ʠ ʦʪʞʠʛ 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 300ʉ̄ ʩ ʚʳʜʝʨʞʢʦʡ 2 ʯʘʩʘ, ʦʭʣʘʞʜʝʥʠʝ ʩ ʧʝʯʴʶ. 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ.  

ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʦʙʨʘʟʮʦʚ ʠʟ ʩʧʣʘʚʘ ɸʉʇ-27 

AlSi10Mg (ʘʥʘʣʦʛ ʩʧʣʘʚʘ ɸʂ9ʧʯ), ʧʦʣʫʯʝʥʥʳʭ ʤʝʪʦʜʦʤ SLM, ʘ ʚ ʪʘʙʣʠʮʝ 1 ʜʘʥʥʳʝ ʧʦ ʤʝʭʘʥʠʯʝʩʢʠʤ 

ʩʚʦʡʩʪʚʘʤ ʦʙʨʘʟʮʦʚ, ʚʳʨʘʱʝʥʥʳʭ ʧʦʜ ʫʛʣʘʤʠ 45,̄ 90̄  ʠ 180.̄ 

  
ʘ. ʙ. 

ʈʠʩ. 1. ʄʠʢʨʦʩʪʨʫʢʪʫʨʳ ʦʙʨʘʟʮʦʚ ʠʟ ʩʧʣʘʚʘ ɸʉʇ-27 AlSi10Mg 

ʊʘʢʘʷ ʩʪʨʫʢʪʫʨʘ ʷʚʣʷʝʪʩʷ ʪʠʧʠʯʥʦʡ ʜʣʷ ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʧʦ ʵʪʦʡ ʪʝʭʥʦʣʦʛʠʠ 

[2, 3]. ɺ ʧʨʦʮʝʩʩʝ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʩʧʣʘʚʘ ʬʦʨʤʠʨʫʝʪʩʷ ʫʣʴʪʨʘʤʝʣʢʘʷ ʩʪʨʫʢʪʫʨʘ, ʢʦʪʦʨʘʷ ʥʝ 

ʭʘʨʘʢʪʝʨʥʘ ʜʣʷ ʢʣʘʩʩʠʯʝʩʢʠʭ ʩʠʣʫʤʠʥʦʚ. ʅʘ ʩʪʨʫʢʪʫʨʝ (ʨʠʩ. 1) ʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ ʛʨʘʥʠʮʳ ʣʘʟʝʨʥʳʭ 

ʪʨʝʢʦʚ, ʘ ʪʘʢʞʝ ʦʪʜʝʣʴʥʳʝ ʧʦʨʳ.  ʅʘʣʠʯʠʝ ʪʘʢʦʡ ʦʜʥʦʨʦʜʥʦʡ ʫʣʴʪʨʘʤʝʣʢʦʡ ʩʪʨʫʢʪʫʨʳ ʩʧʦʩʦʙʩʪʚʫʝʪ 
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ʧʦʣʫʯʝʥʠʶ ʧʦʚʳʰʝʥʥʳʭ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʙʳʯʥʳʤʠ ʩʠʣʫʤʠʥʘʤʠ [16] (ʪʘʙʣʠʮʘ 

2).  

ʀʟ ʪʘʙʣʠʮʳ 1 ʚʠʜʥʦ, ʯʪʦ ʧʨʠ ʦʪʞʠʛʝ 240ʉ̄ ʚ ʪʝʯʝʥʠʝ 6 ʯʘʩʦʚ ʤʘʢʩʠʤʘʣʴʥʳʝ ʧʨʦʯʥʦʩʪʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (ʧʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ůʚ ʠ ʫʩʣʦʚʥʳʡ ʧʨʝʜʝʣ ʪʝʢʫʯʝʩʪʠ ů0,2) ʥʝʤʥʦʛʦ ʚʳʰʝ ʫ ʦʙʨʘʟʮʦʚ, 

ʧʨʦʠʟʚʝʜʝʥʥʳʭ ʧʦʜ ʫʛʣʦʤ 45.̄ ʆʩʦʙʝʥʥʦ ʚʘʞʥʦ ʪʦ, ʯʪʦ ʨʘʟʙʨʦʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʤʝʥʴʰʝ 

ʚʩʝʛʦ ʠʤʝʥʥʦ ʫ ʵʪʠʭ ʦʙʨʘʟʮʦʚ. 

ʕʪʦʪ ʬʘʢʪ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʧʦʣʫʯʝʥʠʠ ʚ ʵʪʦʤ ʚʘʨʠʘʥʪʝ ʪʝʭʥʦʣʦʛʠʠ ʙʦʣʝʝ ʦʜʥʦʨʦʜʥʦʡ 

ʩʪʨʫʢʪʫʨʳ. ʊʘʢʘʷ ʞʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʧʨʦʯʥʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʙʨʘʟʮʦʚ ʠʟ ʩʧʣʘʚʘ 

ɸʉʇ-27 AlSi10Mg ʥʘʙʣʶʜʘʝʪʩʷ ʠ ʧʨʠ ʦʪʞʠʛʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 300ʉ̄ ʚ ʪʝʯʝʥʠʝ 2 ʯʘʩʦʚ. ʇʨʠʤʝʥʝʥʠʝ 

ʦʪʞʠʛʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 3000ʉ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʟʘʤʝʪʥʦ ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʧʣʘʩʪʠʯʥʦʩʪʠ, 

ʯʪʦ ʦʩʦʙʝʥʥʦ ʟʘʤʝʪʥʦ ʥʘ ʧʦʢʘʟʘʪʝʣʷʭ ʫʜʘʨʥʦʡ ʚʷʟʢʦʩʪʠ. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʘʪʝʨʠʘʣʘ 

ʜʣʷ ʜʝʪʘʣʝʡ ʪʨʝʙʫʶʱʠʭ ʧʦʚʳʰʝʥʥʦʡ ʢʦʥʩʪʨʫʢʪʠʚʥʦʡ ʧʨʦʯʥʦʩʪʠ ʥʘʠʙʦʣʝʝ ʮʝʣʝʩʦʦʙʨʘʟʥʦ 

ʧʨʠʤʝʥʝʥʠʝ ʜʘʥʥʦʛʦ ʨʝʞʠʤʘ ʦʪʞʠʛʘ. 

ʊʘʙʣʠʮʘ 1. ʄʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʦʙʨʘʟʮʦʚ ʠʟ ʩʧʣʘʚʘ ʚɸʉʇ-27 AlSi10Mg ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ 

 
ɺʳʚʦʜʳ. 

  ʇʦʜʪʚʝʨʞʜʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʠʟʛʦʪʦʚʣʝʥʠʷ ʜʝʪʘʣʝʡ ʠ ʦʙʨʘʟʮʦʚ ʤʝʪʦʜʦʤ ʩʝʣʝʢʪʠʚʥʦʛʦ 

ʣʘʟʝʨʥʦʛʦ ʧʣʘʚʣʝʥʠʷ ʠʟ ʘʣʶʤʠʥʠʝʚʦʛʦ ʩʧʣʘʚʘ AlSi10Mg, ʦʙʣʘʜʘʶʱʠʭ ʚʳʩʦʢʠʤʠ ʧʨʦʯʥʦʩʪʥʳʤʠ 

ʩʚʦʡʩʪʚʘʤʠ (ůʚ, Ó25 ʢʛʩ/ʤʤ2), ʧʨʘʢʪʠʯʝʩʢʠ ʠʟʦʪʨʦʧʥʳʤʠ ʠ ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʤʠʩʷ ʦʪʩʫʪʩʪʚʠʝʤ 

ʚʥʫʪʨʝʥʥʠʭ ʜʝʬʝʢʪʦʚ. 

  ʇʨʠʤʝʥʝʥʠʝ ʦʪʞʠʛʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 3000ʉ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʟʘʤʝʪʥʦ ʙʦʣʝʝ ʚʳʩʦʢʠʝ 

ʧʦʢʘʟʘʪʝʣʠ ʧʣʘʩʪʠʯʥʦʩʪʠ, ʯʪʦ ʦʩʦʙʝʥʥʦ ʟʘʤʝʪʥʦ ʥʘ ʧʦʢʘʟʘʪʝʣʷʭ ʫʜʘʨʥʦʡ ʚʷʟʢʦʩʪʠ. 

ɸʚʪʦʨ ʚʳʨʘʞʘʝʪ ʦʛʨʦʤʥʫʶ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʜ.ʪ.ʥ. ʂʦʣʤʘʢʦʚʫ ɸ.ɻ., ʜ.ʪ.ʥ ʊʝʨʝʥʪʴʝʚʫ ɺ.ʌ. (ʀʄɽʊ 

ʈɸʅ), ʢ.ʪ.ʥ. ʊʝʣʴʥʦʚʦʡ ʄ.ɸ., ɺʣʘʜʠʩʣʘʚʩʢʦʡ ɽ.ʖ. (ɸʆ çʂʦʨʧʦʨʘʮʠʷ çʄʀʊè) ʟʘ ʧʦʤʦʱʴ ʚ 

ʧʨʦʚʝʜʝʥʠʠ ʨʘʙʦʪʳ. 
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ɺ ʩʚʷʟʠ ʩ ʙʳʩʪʨʳʤ ʨʘʟʚʠʪʠʝʤ ʚʦʜʦʨʦʜʥʦʡ ʵʥʝʨʛʝʪʠʢʠ ʚʩʪʘʝʪ ʟʘʜʘʯʘ ʧʦʣʫʯʝʥʠʷ ʜʝʰʝʚʦʛʦ 

ʚʳʩʦʢʦʯʠʩʪʦʛʦ ʚʦʜʦʨʦʜʘ ʚ ʧʨʦʤʳʰʣʝʥʥʦʤ ʤʘʩʰʪʘʙʝ, ʯʪʦ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʪʨʝʙʫʝʪ ʨʘʟʨʘʙʦʪʢʠ 

ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʭ ʤʝʤʙʨʘʥʥʳʭ ʩʧʣʘʚʦʚ ʧʘʣʣʘʜʠʷ ʦʙʣʘʜʘʶʱʠʭ ʢʦʤʧʣʝʢʩʦʤ ʤʝʤʙʨʘʥʥʳʭ 

ʩʚʦʡʩʪʚ. ʀʩʩʣʝʜʦʚʘʥʥʳʡ ʥʘʤʠ ʨʘʥʝʝ ʩʧʣʘʚ Pd-6ʤʘʩʩ.%Ru ʦʙʣʘʜʘʝʪ ʜʦʩʪʘʪʦʯʥʦʡ 

ʚʦʜʦʨʦʜʦʧʨʦʥʠʮʘʝʤʦʩʪʴʶ, ʚʳʩʦʢʠʤʠ ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʥʠʟʢʦʡ ʩʢʣʦʥʥʦʩʪʴʶ ʢ ʜʠʣʘʪʘʮʠʠ 

ʧʨʠ ʥʘʩʳʱʝʥʠʠ ʚʦʜʦʨʦʜʦʤ, ʚʳʩʦʢʦʡ ʢʦʨʨʦʟʠʦʥʥʦʡ ʩʪʦʡʢʦʩʪʴʶ ʚ ʫʛʣʝʚʦʜʦʨʦʜʥʳʭ ʠ ʭʣʦʨʩʦʜʝʨʞʘʱʠʭ 

ʛʘʟʦʚʳʭ ʩʨʝʜʘʭ. [1] 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʳʣʦ ʠʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ ʪʨʝʪʴʝʛʦ ʢʦʤʧʦʥʝʥʪʘ ʥʘ ʚʦʜʦʨʦʜʦʧʨʦʥʠʮʘʝʤʦʩʪʴ ʠ 

ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʩʧʣʘʚʦʚ ʩʠʩʪʝʤʳ Pd-Ru. ʅʘ ʦʩʥʦʚʘʥʠʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʙʠʥʘʨʥʳʡ ʩʧʣʘʚ ʧʘʣʣʘʜʠʷ ʩ 6 ʤʘʩʩ. % ʨʫʪʝʥʠʷ ʣʝʛʠʨʦʚʘʣʠ ʦʣʦʚʦʤ, ʩʚʠʥʮʦʤ, ʛʘʣʣʠʝʤ ʠ 

ʨʝʜʢʦʟʝʤʝʣʴʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ. 

ɺʩʝ ʠʩʩʣʝʜʦʚʘʥʥʳʝ ʩʧʣʘʚʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʪʚʝʨʜʳʝ ʨʘʩʪʚʦʨʳ ʩ ʤʝʭʘʥʠʯʝʩʢʦʡ ʧʨʦʯʥʦʩʪʴʶ, 

ʧʨʝʚʳʰʘʶʱʝʡ ʧʨʦʯʥʦʩʪʴ ʜʚʦʡʥʦʛʦ ʩʧʣʘʚʘ, ʠ ʜʦʩʪʘʪʦʯʥʦʡ ʪʝʭʥʦʣʦʛʠʯʥʦʩʪʴʶ. ʄʝʪʦʜʦʤ ʭʦʣʦʜʥʦʡ 

ʧʨʦʢʘʪʢʠ ʩ ʧʨʦʤʝʞʫʪʦʯʥʳʤʠ ʚʘʢʫʫʤʥʳʤʠ ʦʪʞʠʛʘʤʠ ʠʟ ʩʧʣʘʚʦʚ ʧʦʣʫʯʝʥʳ ʬʦʣʴʛʠ ʪʦʣʱʠʥʦʡ 50 ʤʢʤ. 

ɺʦʜʦʨʦʜʦʧʨʦʥʠʮʘʝʤʦʩʪʴ ʵʪʠʭ ʩʧʣʘʚʦʚ ʠʟʫʯʝʥʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʩʦʩʪʘʚʘ ʩʧʣʘʚʦʚ 

ʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤ ʩʪʝʥʜʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʷʯʝʡʢʠ ʤʝʪʦʜʦʤ 

ʢʘʣʠʙʨʦʚʘʥʥʦʛʦ ʦʙʲʝʤʘ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚʩʝ ʣʝʛʠʨʫʶʱʠʝ ʜʦʙʘʚʢʠ ʫʚʝʣʠʯʠʚʘʶʪ ʚʦʜʦʨʦʜʦʧʨʦʥʠʮʘʝʤʦʩʪʴ ʩʧʣʘʚʘ Pd-Ru ʟʘ 

ʠʩʢʣʶʯʝʥʠʝʤ ʦʣʦʚʘ.  

ʉʧʣʘʚ Pd-6ʤʘʩʩ.%Ru ʷʚʣʷʝʪʩʷ ʘʢʪʠʚʥʳʤ ʤʝʤʙʨʘʥʥʳʤ ʢʘʪʘʣʠʟʘʪʦʨʦʤ ʮʝʣʦʛʦ ʨʷʜʘ ʧʨʦʮʝʩʩʦʚ 

ʞʠʜʢʦʬʘʟʥʦʛʦ ʛʠʜʨʠʨʦʚʘʥʠʷ [2]. ʀʩʩʣʝʜʦʚʘʥʥʳʝ ʪʨʦʡʥʳʝ ʩʧʣʘʚʳ ʩ ʫʣʫʯʰʝʥʥʳʤʠ ʤʝʤʙʨʘʥʥʳʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʤʦʞʥʦ ʨʝʢʦʤʝʥʜʦʚʘʪʴ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʚʳʩʦʢʦʧʨʦʯʥʳʭ ʤʝʤʙʨʘʥʥʳʭ 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ, ʘ ʪʘʢʞʝ ʜʣʷ ʛʣʫʙʦʢʦʡ ʦʯʠʩʪʢʠ ʚʦʜʦʨʦʜʘ ʠ ʨʘʟʜʝʣʝʥʠʷ ʛʘʟʦʚʳʭ ʩʤʝʩʝʡ ʚ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤ ʧʨʦʮʝʩʩʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ʯʠʩʪʦʛʦ ʢʨʝʤʥʠʷ.  

ʍʦʯʫ ʚʳʨʘʟʠʪʴ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʚ ʧʦʩʪʘʥʦʚʢʝ ʠ ʧʨʦʚʝʜʝʥʠʠ ʨʘʙʦʪʳ ʟʘʚʝʜʫʶʱʝʤʫ ʣʘʙʦʨʘʪʦʨʠʝʡ 

ˉ12, ʯʣʝʥ-ʢʦʨʨʝʩʧʦʥʜʝʥʪʫ ʈɸʅ ɹʫʨʭʘʥʦʚʫ ɻ.ʉ. ʠ ʩʪʘʨʰʠʤ ʥʘʫʯʥʳʤ ʩʦʪʨʫʜʥʠʢʘʤ ʣʘʙʦʨʘʪʦʨʠʠ 12 

ʈʦʰʘʥ ʅ.ʈ. ʠ ʏʠʩʪʦʚʫ ɽ.ʄ. 

ʃʠʪʝʨʘʪʫʨʘ 

1.G.S. Burkhanov, N.B. Gorina, N.B. Kolchugina, N.R. Roshan, D.I. Slovetsky, E.M. Chistov 

/Platinum Metals Rev./ 2011, 55(1), 3-12. 
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ʆɹʃɸʉʊʔ ɻʆʄʆɻɽʅʅʆʉʊʀ ʊɺɪʈɼʓʍ ʈɸʉʊɺʆʈʆɺ ʉʆʉʊɸɺɸ YBACO XFE1-XCUO5Ñȹ 

ʀ YBAFEYCU2-YO5Ñȹ 

ɪʣʦʭʦʚʘ ɸ.ɸ.  

ʈʦʩʩʠʷ, ʋʨʘʣʴʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʧʝʨʚʦʛʦ ʇʨʝʟʠʜʝʥʪʘ ʈʦʩʩʠʠ ɹ.ʅ. ɽʣʴʮʠʥʘ,  

e-mail: elokhova.alena@yandex.ru 

 

ʈʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʠʟʫʯʝʥʠʶ ʬʘʟʦʚʳʭ ʨʘʚʥʦʚʝʩʠʡ ʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʦʙʨʘʟʫʶʱʠʭʩʷ ʚ ʩʠʩʪʝʤʘʭ  Co) Fe, = (Me O-Me-Cu-Ba-Y .  

ɼʣʷ ʩʠʥʪʝʟʘ ʠʩʧʦʣʴʟʦʚʘʣʠ ʦʢʩʠʜʳ   OY 32  (ʀʪʆ-ɺ),   OFe 32  (ʦʩ.ʯ.) ʠ   CuO  (ʯ.ʜ.ʘ.), ʢʘʨʙʦʥʘʪ 

ʙʘʨʠʷ   BaCO3  (ʦʩ.ʯ.), ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʢʦʙʘʣʴʪ ʠ ʞʝʣʝʟʦ, ʧʦʣʫʯʝʥʥʳʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ ʠʟ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʦʢʩʠʜʦʚ ʧʨʠ 600 ʠ 750Ǔ ʉ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʚ ʪʦʢʝ ʚʦʜʦʨʦʜʘ.  

ʇʦ ʛʣʠʮʝʨʠʥ-ʥʠʪʨʘʪʥʦʡ ʪʝʭʥʦʣʦʛʠʠ  ʥʘʚʝʩʢʠ ʠʩʭʦʜʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʚʟʷʪʳʭ ʚ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʭ ʢʦʣʠʯʝʩʪʚʘʭ, ʨʘʩʪʚʦʨʷʣʠ ʚ ʨʘʟʙʘʚʣʝʥʥʦʡ ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʝ ʧʨʠ 

ʥʘʛʨʝʚʘʥʠʠ. ɼʘʣʝʝ ʢ ʨʘʩʪʚʦʨʫ ʜʦʙʘʚʣʷʣʠ ʵʢʚʠʤʦʣʷʨʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʛʣʠʮʝʨʠʥʘ ʠ ʨʘʩʪʚʦʨ ʚʳʧʘʨʠʚʘʣʠ. 

ʉʫʭʦʡ ʦʩʪʘʪʦʢ ʤʝʜʣʝʥʥʦ ʥʘʛʨʝʣʠ ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 500 - 1000Ü ʉ. ɼʘʣʴʥʝʡʰʠʡ ʧʨʦʚʦʜʠʣʠ ʧʨʠ 
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ʪʝʤʧʝʨʘʪʫʨʝ 1000Üʉ ʚ ʪʝʯʝʥʠʝ 120 ʯʘʩʦʚ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʦʭʣʘʞʜʝʥʠʝʤ ʜʦ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʩʦ 

ʩʢʦʨʦʩʪʴʶ 100/̄ʯʘʩ, ʠʣʠ ʟʘʢʘʣʢʦʡ ʥʘ ʢʦʤʥʘʪʥʫʶ ʪʝʤʧʝʨʘʪʫʨʫ ʩʦ ʩʢʦʨʦʩʪʴʶ 500Ü/ʤʠʥ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʧʦʩʪʘʚʣʝʥʥʳʭ ʟʘʜʘʯ. 

ʌʘʟʦʚʳʡ ʩʦʩʪʘʚ ʧʦʣʫʯʝʥʥʳʭ ʦʢʩʠʜʦʚ ʢʦʥʪʨʦʣʠʨʦʚʘʣʠ ʨʝʥʪʛʝʥʦʛʨʘʬʠʯʝʩʢʠ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʜʠʬʨʘʢʪʦʤʝʪʨʘ Shimadzu XRD-7000 ʚ CuKa-ʠʟʣʫʯʝʥʠʠ (ɚ = 1.5418 ¡).  

ʆʧʨʝʜʝʣʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʵʣʝʤʝʥʪʘʨʥʳʭ ʷʯʝʝʢ ʠʟ ʜʠʬʨʘʢʪʦʛʨʘʤʤ ʦʩʫʱʝʩʪʚʣʷʣʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤ çCelRef 3.0è, ʫʪʦʯʥʝʥʠʝ ʧʦʣʥʦʧʨʦʬʠʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʈʠʪʚʝʣʜʘ ʚ ʧʨʦʛʨʘʤʤʝ 

çFullProf 2017è.  

ʉʦʛʣʘʩʥʦ ʨʝʟʫʣʴʪʘʪʘʤ ʈʌɸ ʚ ʩʠʩʪʝʤʘʭ  Co) Fe, = (Me O-Me-Cu-Ba-Y ʥʘ ʚʦʟʜʫʭʝ 

ʫʩʪʘʥʦʚʣʝʥʦ ʦʙʨʘʟʦʚʘʥʠʝ ʜʚʫʭ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ: )25.00.0(CuOFeYBaCo 5x-1x ¢¢° x
d

ʠ 

)1.10.1(OCuYBaFe 5y-2y ¢¢° y
d .ʈʝʥʪʛʝʥʦʛʨʘʤʤʳ ʚʩʝʭ ʦʜʥʦʬʘʟʥʳʭ ʦʢʩʠʜʦʚ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦ 

ʦʧʠʩʳʚʘʶʪʩʷ ʚ ʨʘʤʢʘʭ ʪʝʪʨʘʛʦʥʘʣʴʥʦʡ ʷʯʝʡʢʠ ʪʠʧʘ ʘʨĬʘʨĬ2ʘʨ ʩ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʦʡ P4mm. ɺ 

ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ, ʥʘ ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʥʪʛʝʥʦʛʨʘʬʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʠ ʩʪʨʫʢʪʫʨʥʘʷ ʤʦʜʝʣʴ ʜʣʷ 

ʩʦʩʪʘʚʘ 
d°5

YBaFeCuO . ɼʣʷ ʚʩʝʭ ʦʜʥʦʬʘʟʥʳʭ ʦʢʩʠʜʦʚ ʨʘʩʩʯʠʪʘʥʳ  ʧʘʨʘʤʝʪʨʳ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ 

ʠ ʬʘʢʪʦʨʳ ʥʘʜʝʞʥʦʩʪʠ. 

 
 

ʈʠʩʫʥʦʢ 1. ʈʝʥʪʛʝʥʦʛʨʘʬʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʜʣʷ 
d°5

YBaFeCuO , ʦʙʨʘʙʦʪʘʥʥʳʝ ʧʦ ʤʝʪʦʜʫ 

ʈʠʪʚʝʣʜʘ: ʪʦʯʢʠ - ʵʢʩʧʝʨʝʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ; ʩʧʣʦʰʥʘʷ ʣʠʥʠʷ - ʪʝʦʨʝʪʠʯʝʩʢʠʡ ʩʧʝʢʪʨ; ʥʠʞʥʷʷ 

ʩʧʣʦʰʥʘʷ ʣʠʥʠʷ - ʨʘʟʥʠʮʘ ʤʝʞʜʫ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ ʠ ʨʘʩʩʯʠʪʘʥʥʳʡ ʩʧʝʢʪʨʦʤ (ɸ), 

ʩʪʨʫʢʪʫʨʘ ʦʢʩʠʜʘ ʩʦʩʪʘʚʘ 
d°5

YBaFeCuO (ɹ). 
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ʉʊʈʋʂʊʋʈɸ ʀ ʉɺʆʁʉʊɺɸ ʊɽʈʄʆ- ʀ ʀɿʅʆʉʆʉʊʆʁʂʆɻʆ ʄɽʊɸʃʃɸ, 

ʇʆʃʋʏɽʅʅʆɻʆ ʅɸʇʃɸɺʂʆʁ ʅɸ ʉʇʃɸɺ ʀɿ ɾɸʈʆʉʊʆʁʂʆɻʆ ʏʋɻʋʅɸ 

ɽʣʩʫʢʦʚ ʉ.ʂ. 

ʈʦʩʩʠʷ, ɺʦʣʛʦʛʨʘʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, serzh.eluskov@yandex.ru 

 

ɺ ʩʚʷʟʠ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʦʙʲʝʤʦʚ ʜʦʙʳʯʠ ʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʘ, ʘ ʪʘʢʞʝ 

ʩʪʨʦʠʪʝʣʴʩʪʚʦʤ ʥʦʚʳʭ ʛʘʟʦʧʨʦʚʦʜʦʚ, ʘʢʪʫʘʣʴʥʳʤ ʩʪʘʥʦʚʠʪʩʷ ʨʝʰʝʥʠʝ ʧʨʦʙʣʝʤʳ ʥʘʧʣʘʚʢʠ 

ʙʳʩʪʨʦʠʟʥʘʰʠʚʘʶʱʠʭʩʷ ʧʣʦʩʢʠʭ ʩʦʧʨʷʛʘʶʱʠʭʩʷ ʧʦʚʝʨʭʥʦʩʪʝʡ ʨʘʟʲʝʤʘ ʢʦʨʧʫʩʘ ʪʫʨʙʠʥʳ ɻʊʂ-10ʀ, 

ʵʢʩʧʣʫʘʪʠʨʫʶʱʝʛʦʩʷ ʚ ʫʩʣʦʚʠʷʭ ʛʘʟʦʘʙʨʘʟʠʚʥʦʡ ʩʨʝʜʳ ʠ ʧʦʚʳʰʝʥʥʳʭ ʜʦ 500-600 Áʉ ʪʝʤʧʝʨʘʪʫʨ [1]. 

ʇʦʩʢʦʣʴʢʫ ʪʘʢʠʝ ʢʦʨʧʫʩʘ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʠʟʛʦʪʘʚʣʠʚʘʶʪʩʷ ʠʟ ʞʘʨʦʩʪʦʡʢʠʭ ʯʫʛʫʥʦʚ ʩ ʧʦʚʳʰʝʥʥʳʤ 

(ʜʦ 25 ʤʘʩʩ.%) ʩʦʜʝʨʞʘʥʠʝʤ ʘʣʶʤʠʥʠʷ, ʪʦ ʪʝʭʥʦʣʦʛʠʷ ʠʭ ʥʘʧʣʘʚʢʠ ʜʦʣʞʥʘ ʛʘʨʘʥʪʠʨʦʚʘʪʴ ʩʪʦʡʢʦʩʪʴ ʢ 

ʦʙʨʘʟʦʚʘʥʠʶ ʧʦʨ ʠ ʪʨʝʱʠʥ, ʯʪʦ ʥʝ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʦʢʨʳʪʳʭ ʵʣʝʢʪʨʦʜʦʚ ʩ 

ʞʝʣʝʟʦʥʠʢʝʣʝʚʳʤ ʩʝʨʜʝʯʥʠʢʦʤ. ɹʦʣʝʝ ʵʢʦʥʦʤʥʳʤʠ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʤʠ ʩʧʦʩʦʙʘʤʠ ʧʦʣʫʯʝʥʠʷ 

ʤʥʦʛʦʩʣʦʡʥʦʛʦ ʥʘʧʣʘʚʣʝʥʥʦʛʦ ʤʝʪʘʣʣʘ ʥʘ ʧʣʦʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʟʲʝʤʘ ʷʚʣʷʝʪʩʷ ʧʨʦʮʝʩʩ 
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ʘʨʛʦʥʦʜʫʛʦʚʦʡ ʥʘʧʣʘʚʢʠ ʧʣʘʚʷʱʠʤʩʷ ʵʣʝʢʪʨʦʜʦʤ. ɺ ʩʚʷʟʠ ʩ ʯʝʤ ʮʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʣʘʩʴ ʨʘʟʨʘʙʦʪʢʘ 

ʪʝʭʥʦʣʦʛʠʠ ʥʘʧʣʘʚʢʠ ʵʣʝʢʪʨʦʜʥʦʡ ʧʨʦʚʦʣʦʢʦʡ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʢʘʯʝʩʪʚʝʥʥʳʡ ʠʟʥʦʩʦʩʪʦʡʢʠʡ ʜʦ 550 

Áʉ ʥʘʧʣʘʚʣʝʥʥʳʡ ʤʝʪʘʣʣ. 

ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʚʢʣʶʯʘʝʪ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʡ ʧʦʜʦʛʨʝʚ ʠʟʜʝʣʠʷ ʠʟ ʞʘʨʦʩʪʦʡʢʦʛʦ 

ʯʫʛʫʥʘ ʜʦ 350 Üʉ; ʤʝʭʘʥʠʟʠʨʦʚʘʥʥʫʶ ʘʨʛʦʥʦʜʫʛʦʚʫʶ ʥʘʧʣʘʚʢʫ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʤʧʦʟʠʮʠʦʥʥʦʡ 

ʧʨʦʚʦʣʦʢʠ ʜʠʘʤʝʪʨʦʤ 3,2 ʤʤ, ʢʦʪʦʨʘʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʣʫʯʝʥʠʝ ʥʘʧʣʘʚʣʝʥʥʦʛʦ ʤʝʪʘʣʣʘ ʪʠʧʘ 

ʍ3ʅ50ʄɺ5ʖ9 (ʧʨʦʯʠʝ ʵʣʝʤʝʥʪʳ: ʪʘʥʪʘʣ - 4 ʤʘʩʩ. %, ʞʝʣʝʟʦ - 27 ʤʘʩʩ.%); ʪʝʨʤʠʯʝʩʢʠʡ ʦʪʜʳʭ 

ʥʘʧʣʘʚʣʝʥʥʦʛʦ ʤʝʪʘʣʣʘ ʩ ʪʝʤʧʝʨʘʪʫʨʳ 350 Üʉ ʚ ʪʝʯʝʥʠʠ 17 ʯʘʩʦʚ ʜʦ ʪʝʤʧʝʨʘʪʫʨ 50-70 Üʉ.  

 

 
ʈʠʩʫʥʦʢ 1 ï ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʥʠʢʝʣʷ, ʞʝʣʝʟʘ, ʘʣʶʤʠʥʠʷ (ʘ) ʠ ʪʚʝʨʜʦʩʪʠ (ʙ) ʧʦ ʚʳʩʦʪʝ 

ʥʘʧʣʘʚʣʝʥʥʦʛʦ ʤʝʪʘʣʣʘ: I ï ʯʫʛʘʣʴ; II ï ʦʙʣʘʩʪʴ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʩʧʣʘʚʘ ʯʫʛʘʣʴ ʩ ʥʘʧʣʘʚʣʝʥʥʳʤ 

ʤʝʪʘʣʣʦʤ; III ï ʥʘʧʣʘʚʣʝʥʥʳʡ ʤʝʪʘʣʣ ʪʠʧʘ ʍ3ʅ50ʄɺ5ʖ9. 

ʋʯʘʩʪʦʢ I ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʩʥʦʚʥʦʤʫ ʤʝʪʘʣʣʫ ʩʧʣʘʚ ʯʫʛʘʣʴ, ʩʪʨʫʢʪʫʨʘ ʢʦʪʦʨʦʛʦ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʣʝʜʝʙʫʨʠʪ ʥʘ ʬʝʨʨʠʪʥʦʡ ʦʩʥʦʚʝ ʠ ʮʝʤʝʥʪʠʪ ʚʪʦʨʠʯʥʳʡ (ʨʠʩ. 1). ʅʝʩʤʦʪʨʷ ʥʘ ʧʨʠʩʫʪʩʪʚʠʝ ʚ 

ʩʪʨʫʢʪʫʨʝ ʵʪʦʛʦ ʫʯʘʩʪʢʘ ʚʳʜʝʣʝʥʠʡ ʧʝʨʚʠʯʥʦʛʦ ʛʨʘʬʠʪʘ ʚ ʚʠʜʝ ʨʘʟʚʝʪʚʣʝʥʥʳʭ ʠ ʧʣʘʩʪʠʥʯʘʪʳʭ 

ʦʙʨʘʟʦʚʘʥʠʡ, ʚʙʣʠʟʠ ʫʩʣʦʚʥʦʡ ʣʠʥʠʠ ʩʧʣʘʚʣʝʥʠʷ ʩʪʨʦʯʝʯʥʳʝ ʚʳʜʝʣʝʥʠʷ ʢʘʨʙʠʜʦʚ ʥʝ ʙʳʣʠ ʚʳʷʚʣʝʥʳ. 

ʕʪʦ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʯʘʩʪʠʯʥʳʤ ʚʳʛʦʨʘʥʠʝʤ ʫʛʣʝʨʦʜʘ ʠʟ ʦʩʥʦʚʥʦʛʦ ʤʝʪʘʣʣʘ ʚ ʧʨʦʮʝʩʩʝ ʥʘʧʣʘʚʢʠ, ʘ 

ʪʘʢʞʝ ʥʠʟʢʦʡ ʜʠʬʬʫʟʠʦʥʥʦʡ ʧʦʜʚʠʞʥʦʩʪʴʶ ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ ʠ ʢʘʨʙʠʜʦʦʙʨʘʟʫʶʱʠʭ ʚ ʧʦʛʨʘʥʠʯʥʦʤ 

ʩʣʦʝ ʨʘʩʧʣʘʚʘ ʥʠʢʝʣʴ-ʘʣʶʤʠʥʠʝʚʦʛʦ ʨʘʩʧʣʘʚʘ. 

ʌʦʨʤʠʨʦʚʘʥʠʝ ʟʦʥʳ II ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʥʝʨʘʚʥʦʤʝʨʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʞʝʣʝʟʘ ʠ ʥʠʢʝʣʷ 

ʚʩʣʝʜʩʪʚʠʝ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʜʚʫʭ ʨʘʩʧʣʘʚʦʚ ʧʨʠ ʥʘʧʣʘʚʢʝ ʧʝʨʚʳʭ ʩʣʦʝʚ, ʯʪʦ ʦʙʫʩʣʦʚʣʠʚʘʝʪ 

ʫʤʝʥʴʰʝʥʠʝ ʪʚʝʨʜʦʩʪʠ ʥʘ ʵʪʦʤ ʫʯʘʩʪʢʝ ʜʦ 40 HRC. ɼʘʣʝʝ ʪʚʝʨʜʦʩʪʴ ʧʣʘʚʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʜʦ 

ʟʥʘʯʝʥʠʡ ~45 HRC ʠ ʩʦʭʨʘʥʷʝʪʩʷ ʥʝʠʟʤʝʥʥʦʡ ʧʦ ʚʩʝʡ ʚʳʩʦʪʝ ʥʘʧʣʘʚʣʝʥʥʦʛʦ ʤʝʪʘʣʣʘ (ʟʦʥʘ III), ʯʪʦ 

ʦʪʨʘʞʘʝʪ ʚʳʩʦʢʫʶ ʦʜʥʦʨʦʜʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʠʢʝʣʷ, ʘʣʶʤʠʥʠʷ ʠ ʞʝʣʝʟʘ, ʩʦʜʝʨʞʘʥʠʝ ʢʦʪʦʨʳʭ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʘʩʯʝʪʥʳʤ ʟʥʘʯʝʥʠʷʤ (ʨʠʩ. 2).  

 
ʈʠʩʫʥʦʢ 2 ï ʊʠʧʠʯʥʳʡ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʥʘʧʣʘʚʣʝʥʥʦʛʦ ʤʝʪʘʣʣʘ 

ʉʪʨʫʢʪʫʨʘ ʥʘʧʣʘʚʣʝʥʥʦʛʦ ʤʝʪʘʣʣʘ ʥʘ ʵʪʦʤ ʫʯʘʩʪʢʝ ʩʦʩʪʦʠʪ ʠʟ ʣʝʛʠʨʦʚʘʥʥʦʛʦ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ 

ʥʘ ʦʩʥʦʚʝ ɔ'-Ni3Al ʬʘʟʳ ʠ ʣʝʛʠʨʦʚʘʥʥʦʛʦ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ ʥʘ ʦʩʥʦʚʝ ʞʝʣʝʟʦʥʠʢʝʣʝʚʦʛʦ ʘʫʩʪʝʥʠʪʘ. 

ʄʠʢʨʦʨʝʥʪʛʝʥʦʩʧʝʢʪʨʘʣʴʥʳʡ ʘʥʘʣʠʟ, ʧʨʦʚʝʜʝʥʥʳʡ ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʥʘʧʣʘʚʣʝʥʥʦʛʦ ʤʝʪʘʣʣʘ ʧʦʢʘʟʘʣ, 



29 

 

ʯʪʦ ʣʝʛʠʨʫʶʱʠʝ ʵʣʝʤʝʥʪʳ ʨʘʩʧʨʝʜʝʣʝʥʳ ʥʝʨʘʚʥʦʤʝʨʥʦ ʤʝʞʜʫ ʜʚʫʤʷ ʪʚʝʨʜʳʤʠ ʨʘʩʪʚʦʨʘʤʠ (ʨʠʩ. 1). 

ɹʦʣʴʰʝʝ ʩʦʜʝʨʞʘʥʠʝ ʚʦʣʴʬʨʘʤʘ, ʪʘʥʪʘʣʘ, ʤʦʣʠʙʜʝʥʘ ʠ ʭʨʦʤʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʫʯʘʩʪʢʘʤ ʩʦʩʨʝʜʦʪʦʯʝʥʠʷ 

ɔ'-Ni3Al ʬʘʟʳ, ʘ ʤʝʥʴʰʝʝ ʠʭ ʢʦʣʠʯʝʩʪʚʦ ʨʘʩʪʚʦʨʝʥʦ ʚ ʞʝʣʝʟʦʥʠʢʝʣʝʚʦʤ ʘʫʩʪʝʥʠʪʝ. 

ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʧʳʪʘʥʠʷ ʥʘ ʩʪʦʡʢʦʩʪʴ ʥʘʧʣʘʚʣʝʥʥʦʛʦ ʤʝʪʘʣʣʘ ʢ ʘʙʨʘʟʠʚʥʦʤʫ 

ʠʟʥʘʰʠʚʘʥʠʶ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 500 Áʉ [2] ʧʦʢʘʟʘʣ ʣʫʯʰʠʝ ʤʝʭʘʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʤʳʤ ʚ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ ʪʝʨʤʦ- ʠ ʠʟʥʦʩʦʩʪʦʡʢʠʤ 

ʩʧʣʘʚʦʤ 25ʍ5ʌʄʉ. 

 
ʘ   ʙ 

ʈʠʩʫʥʦʢ 3 ï ʉʨʘʚʥʠʪʝʣʴʥʘʷ ʦʮʝʥʢʘ ʩʪʦʡʢʦʩʪʠ ʥʘʧʣʘʚʣʝʥʥʦʛʦ ʤʝʪʘʣʣʘ ʢ ʘʙʨʘʟʠʚʥʦʤʫ 

ʠʟʥʘʰʠʚʘʥʠʶ æV ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 500 Áʉ ʠ ʪʚʝʨʜʦʩʪʠ: ʘ - 25ʍ5ʌʄʉ; ʙ - ʍ3ʅ50ʄɺ5ʖ9. 

ʄʘʣʘʷ ʚʝʣʠʯʠʥʘ ʧʦʪʝʨʠ ʦʙʲʝʤʘ ʤʝʪʘʣʣʘ ʜʘʥʥʦʛʦ ʪʠʧʘ (ʨʠʩ. 3) ʩʚʷʟʘʥʘ ʩ ʦʩʦʙʝʥʥʦʩʪʷʤʠ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʳ, ʚ ʢʦʪʦʨʦʡ ʨʦʣʴ ʧʣʘʩʪʠʯʥʦʡ ʤʘʪʨʠʮʳ ʚʳʧʦʣʥʷʝʪ ʣʝʛʠʨʦʚʘʥʥʳʡ 

ʞʝʣʝʟʦʥʠʢʝʣʝʚʳʡ ʘʫʩʪʝʥʠʪ, ʘ ʫʧʨʦʯʥʷʶʱʠʤʠ ʬʘʟʘʤʠ ʷʚʣʷʶʪʩʷ ʫʯʘʩʪʢʠ ʩʦʩʨʝʜʦʪʦʯʝʥʠʷ ɔ'-Ni3Al 

ʬʘʟʳ ʩ ʧʦʚʳʰʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʪʫʛʦʧʣʘʚʢʠʭ ʪʘʥʪʘʣʘ, ʚʦʣʴʬʨʘʤʘ ʠ ʤʦʣʠʙʜʝʥʘ. 

ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʫʞʝ ʚʦ ʚʪʦʨʦʤ ʠ ʪʨʝʪʴʠʭ ʩʣʦʷʭ ʢʘʯʝʩʪʚʝʥʥʳʡ 

ʭʠʤʠʯʝʩʢʠ ʦʜʥʦʨʦʜʥʳʡ ʤʝʪʘʣʣ ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ ʥʠʢʝʣʷ ʩ ʨʘʟʣʠʯʥʳʤ 

ʩʦʜʝʨʞʘʥʠʝʤ ʣʝʛʠʨʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ. ʇʦʚʳʰʝʥʥʘʷ ʩʪʦʡʢʦʩʪʴ ʥʘʧʣʘʚʣʝʥʥʦʛʦ ʤʝʪʘʣʣʘ ʢ ʘʙʨʘʟʠʚʥʦʤʫ 

ʠʟʥʘʰʠʚʘʥʠʶ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 550 Áʉ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʟʚʝʩʪʥʳʤ ʘʙʨʘʟʠʚʦʩʪʦʡʢʠʤ ʩʧʣʘʚʦʤ ʥʘ 

ʦʩʥʦʚʝ ʞʝʣʝʟʘ 25ʍ5ʌʄʉ, ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʦʧʪʠʤʘʣʴʥʳʤ ʩʦʦʪʥʦʰʝʥʠʝʤ ʚ ʩʪʨʫʢʪʫʨʝ ʫʯʘʩʪʢʦʚ 

ʣʝʛʠʨʦʚʘʥʥʦʛʦ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ ʥʠʢʝʣʷ ʩʦʜʝʨʞʘʱʠʭ ʫʧʨʦʯʥʷʶʱʫʶ ɔ'-Ni3Al ʬʘʟʫ ʠ ʫʯʘʩʪʢʦʚ 

ʣʝʛʠʨʦʚʘʥʥʦʛʦ ʘʫʩʪʝʥʠʪʘ. 

ɸʚʪʦʨ ʚʳʨʘʞʘʝʪ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʜʦʢʪʦʨʫ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬ. ʉʦʢʦʣʦʚʫ ɻ.ʅ. ʠ ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ 

ɿʦʨʠʥʫ ʀ.ɺ. ʟʘ ʧʦʤʦʱʴ ʚ ʧʨʦʚʝʜʝʥʠʠ ʠ ʘʥʘʣʠʟʝ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʚʳʧʦʣʥʝʥʳ 

ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ ʚ ʨʘʤʢʘʭ ʥʘʫʯʥʳʭ ʧʨʦʝʢʪʦʚ ˉ 16-38-00764 ʠ 16-08-01276, ʘ ʪʘʢʞʝ 

ʛʨʘʥʪʘ ʇʨʝʟʠʜʝʥʪʘ ʈʌ ˉ MK-4265.2014.8. 
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ʉʀʅʊɽɿ ʎʀʅʂ-ɻʈɸʌɽʅʆɺʓʍ ʂʆʄʇʆɿʀʊʆɺ, ʀʍ ɸʊʊɽʉʊɸʎʀʗ ʀ 

ʂʆʈʈʆɿʀʆʅʅʆ-ʕʃɽʂʊʈʆʍʀʄʀʏɽʉʂʆɽ ʇʆɺɽɼɽʅʀɽ 

ɽʣʰʠʥʘ ɺ.ɸ. 

ʀʥʩʪʠʪʫʪ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʵʣʝʢʪʨʦʭʠʤʠʠ ʋʨʆ ʈɸʅ, ɽʢʘʪʝʨʠʥʙʫʨʛ, ʈʦʩʩʠʷ 

e-mail: yolshina_94@mail.ru 

 

ʀʩʩʣʝʜʦʚʘʥʦ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʝ ʭʠʤʠʯʝʩʢʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʞʠʜʢʦʛʦ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʮʠʥʢʘ 

ʩ ʪʚʝʨʜʳʤʠ ʦʨʛʘʥʠʯʝʩʢʠʤ ʠ ʥʝʦʨʛʘʥʠʯʝʩʢʠʤ ʫʛʣʝʨʦʜʩʦʜʝʨʞʘʱʠʤʠ ʧʨʝʢʫʨʩʦʨʘʤʠ ʧʦʜ ʩʣʦʝʤ 

ʨʘʩʧʣʘʚʣʝʥʥʳʭ ʛʘʣʦʛʝʥʠʜʦʚ ʱʝʣʦʯʥʳʭ ʤʝʪʘʣʣʦʚ ʚ ʚʦʟʜʫʰʥʦʡ ʘʪʤʦʩʬʝʨʝ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚʥʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ ʧʨʝʢʫʨʩʦʨʘ ʧʨʠ ʩʦʜʝʨʞʘʥʠʷʭ ʫʛʣʝʨʦʜʘ ʜʦ 0.3 ʤʘʩ.% ʚ 

ʮʠʥʢʝ ʦʙʨʘʟʫʶʪʩʷ ʩʣʦʠ ʛʨʘʬʝʥʘ, ʯʪʦ ʙʳʣʦ ʜʦʢʘʟʘʥʦ ʤʝʪʦʜʦʤ ʈʘʤʘʥʦʚʩʢʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ. ʇʨʠ 
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ʫʚʝʣʠʯʝʥʠʠ ʩʦʜʝʨʞʘʥʠʷ ʫʛʣʝʨʦʜʘ ʚʳʰʝ 0.4 ʤʘʩ.% ʚ ʮʠʥʢʝ ʥʘʨʷʜʫ ʩ ʧʣʝʥʢʘʤʠ ʛʨʘʬʝʥʘ ʦʙʨʘʟʫʶʪʩʷ 

ʢʨʠʩʪʘʣʣʳ ʘʣʤʘʟʦʚ, ʯʪʦ ʙʳʣʦ ʧʦʜʪʚʝʨʞʜʝʥʦ ʈʌɸ ʠ ʈʘʤʘʥʦʚʩʢʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʝʡ. 

 

 
ʈʠʩ.1. ʕʣʝʢʪʨʦʥʥʦ -ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ (ʘ) ʠ ʩʧʝʢʪʨ ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ 

(ʙ) ʫʛʣʝʨʦʜʥʦʛʦ ʚʢʣʶʯʝʥʠʷ ʚ ʮʠʥʢ-ʛʨʘʬʝʥʦʚʦʤ ʢʦʤʧʦʟʠʪʝ ʩ 0.1 ʤʘʩ.% ʛʨʘʬʝʥʘ, ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʛʦ ʠʟ 

ʥʝʦʨʛʘʥʠʯʝʩʢʦʛʦ ʧʨʝʢʫʨʩʦʨʘ. 

ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʠʚʝʜʝʥʘ ʤʠʢʨʦʬʦʪʦʛʨʘʬʠʷ ʫʛʣʝʨʦʜʥʦʛʦ ʚʢʣʶʯʝʥʠʷ ʚ ʮʠʥʢʦʚʳʡ ʢʦʤʧʦʟʠʪ. 

ʇʣʝʥʢʘ ʨʘʟʤʝʨʘʤʠ 10Ĭ10 ʤʢʤ ʦʧʪʠʯʝʩʢʠ ʧʦʣʥʦʩʪʴʶ ʧʨʦʟʨʘʯʥʘ, ʯʪʦ ʦʜʥʦʟʥʘʯʥʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ 

ʥʝʙʦʣʴʰʦʤ ʢʦʣʠʯʝʩʪʚʝ ʩʣʦʝʚ ʚ ʛʨʘʬʝʥʝ. ʈʘʤʘʥʦʚʩʢʠʡ ʩʧʝʢʪʨ ʵʪʦʛʦ ʚʢʣʶʯʝʥʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʪʠʧʠʯʥʳʡ ʛʨʘʬʝʥʦʚʳʡ ʩʧʝʢʪʨ ʩ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʤʠ ʜʣʷ ʛʨʘʬʝʥʘ ʧʠʢʘʤʠ D- ʥʘ 1345.9 ʩʤ-1, G-1575 

ʩʤ-1 ʠ   2D ï ʥʘ 2692.1 ʩʤ-1.  ʄʘʣʘʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʠʢʘ D, ʦʪʚʝʯʘʶʱʝʛʦ ʟʘ ʨʘʟʫʧʦʨʷʜʦʯʝʥʥʦʩʪʴ 

ʛʨʘʬʝʥʘ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʬʦʨʤʠʨʦʚʘʥʠʠ ʧʨʘʢʪʠʯʝʩʢʠ ʩʦʚʝʨʰʝʥʥʦʛʦ, ʙʝʟʜʝʬʝʢʪʥʦʛʦ ʛʨʘʬʝʥʘ. ʇʦ 

ʩʦʦʪʥʦʰʝʥʠʶ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʧʠʢʦʚ I2D/IG ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʩʣʦʝʚ ʚ ʛʨʘʬʝʥʝ []. 

ɺʝʣʠʯʠʥʘ I2D/IG=0.7 ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʙʨʘʟʦʚʘʥʠʶ  ʜʚʫʩʣʦʡʥʦʛʦ ʛʨʘʬʝʥʘ. ʕʪʦ ʢʦʩʚʝʥʥʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ 

ʧʨʦʟʨʘʯʥʦʩʪʴʶ ʧʣʝʥʢʠ. 

ʀʩʩʣʝʜʦʚʘʥʦ ʢʦʨʨʦʟʠʦʥʥʦ-ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʝ ʧʦʚʝʜʝʥʠʝ ʮʠʥʢʘ, ʮʠʥʢ-ʛʨʘʬʝʥʦʚʦʛʦ ʠ ʮʠʥʢ-

ʛʨʘʬʠʪʦʚʦʛʦ ʢʦʤʧʦʟʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚ 2 ʄ ʨʘʩʪʚʦʨʝ ʛʠʜʨʦʢʩʠʜʘ ʢʘʣʠʷ.  

ʕʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʠʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʧʦʤʦʱʠ ʧʦʪʝʥʮʠʦʩʪʘʪʘ-ʛʘʣʴʚʘʥʦʩʪʘʪʘ çAutolab 

302Nè ʚ ʪʨʝʭʵʣʝʢʪʨʦʜʥʦʡ ʷʯʝʡʢʫ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥ.ʚ.ʵ. ʩ ʧʣʘʪʠʥʦʚʳʤ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʤ ʵʣʝʢʪʨʦʜʦʤ. 

ʇʦʣʷʨʠʟʘʮʠʦʥʥʳʝ ʢʨʠʚʳʝ ʚ ʧʦʪʝʥʮʠʦʜʠʥʘʤʠʯʝʩʢʦʤ ʨʝʞʠʤʝ ʩʥʠʤʘʣʠ ʧʦʩʣʝ ʫʩʪʘʥʦʚʣʝʥʠʷ ʧʦʪʝʥʮʠʘʣʘ 

ʢʦʨʨʦʟʠʠ. ʇʦʣʷʨʠʟʘʮʠʶ ʥʘʯʠʥʘʣʠ ʠʟ ʢʘʪʦʜʥʦʡ ʦʙʣʘʩʪʠ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʥʘ 150 ʤɺ ʦʪʨʠʮʘʪʝʣʴʥʝʝ 

ʧʦʪʝʥʮʠʘʣʘ ʢʦʨʨʦʟʠʠ ʠ ʩʜʚʠʛʘʣʠ ʧʦʪʝʥʮʠʘʣ ʚ ʧʦʣʦʞʠʪʝʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʩʦ ʩʢʦʨʦʩʪʴʶ ʨʘʟʚʝʨʪʢʠ 1 

ʤɺ/ʩ.  ʎʠʢʣʠʯʝʩʢʠʝ ʚʦʣʴʪʘʤʧʝʨʦʛʨʘʤʤʳ ʩʥʠʤʘʣʠ ʚ ʪʦʡ ʞʝ ʷʯʝʡʢʝ ʩʦ ʩʢʦʨʦʩʪʴʶ ʨʘʟʚʝʨʪʢʠ 10 ʤɺ/ʩ. 

ʈʘʟʚʝʨʪʢʫ ʥʘʯʠʥʘʣʠ ʚ ʘʥʦʜʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ, ʟʘʪʝʤ ʚ ʢʘʪʦʜʥʦʤ. ɼʣʷ ʢʘʞʜʦʛʦ ʦʙʨʘʟʮʘ ʩʥʠʤʘʣʠ ʦʪ 25 

ʜʦ 60 ʮʠʢʣʦʚ. ʍʨʦʥʦʘʤʧʝʨʦʛʨʘʤʤʳ ʩʥʠʤʘʣʠ ʧʨʠ ʦʪʢʣʦʥʝʥʠʠ ʦʪ ʧʦʪʝʥʮʠʘʣʘ ʢʦʨʨʦʟʠʠ +200 ʤɺ. 

ʆʩʥʦʚʥʳʝ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʮʠʥʢʘ ʠ ʮʠʥʢ-ʛʨʘʬʝʥʦʚʳʭ ʢʦʤʧʦʟʠʪʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʦʪʝʥʮʠʘʣ ʢʦʨʨʦʟʠʠ ʮʠʥʢʘ ʠ ʝʛʦ ʢʦʤʧʦʟʠʪʦʚ 
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ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʩʦʜʝʨʞʘʥʠʷ ʫʛʣʝʨʦʜʘ ʚ ʥʝʤ. ʇʣʦʪʥʦʩʪʴ ʪʦʢʘ ʢʦʨʨʦʟʠʠ ʮʠʥʢ-ʛʨʘʬʝʥʦʚʦʛʦ 

ʢʦʤʧʦʟʠʪʘ ʧʦʯʪʠ ʚ 4 ʨʘʟʘ ʚʳʰʝ, ʯʝʤ ʫ ʠʩʭʦʜʥʦʛʦ ʮʠʥʢʘ.   

ʊʘʙʣʠʮʘ 1 

ʆʩʥʦʚʥʳʝ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʮʠʥʢʘ ʠ ʮʠʥʢ-ʛʨʘʬʝʥʦʚʳʭ ʢʦʤʧʦʟʠʪʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ 

 

Zn Zn- 0.1% ʛʨʘʬʝʥ Zn - 0.2% ʛʨʘʬʝʥʘ 

Eʢʦʨʨ, (ɺ) -1.45 -1.43 -1.43 

jʢʦʨʨ, (ʤA/cʤ2) 2.17 8.08 8.06 

ʉʢʦʨʦʩʪʴ ʢʦʨʨʦʟʠʠ (ʤʤ/ʛʦʜ) 64.75 241.2 240.8 

ʇʦʣʷʨʠʟʘʮʠʦʥʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ (ɋ) 41.05 13.52 12.42 

Iʧʘʩʩ (ʤɸ/ʩʤ2) 2.38 9.50 8.80 

Eʧʘʩʩ (ɺ) -0.97 -0.87 -0.90 

 

 
ʈʠʩʫʥʦʢ 2.  ʇʦʪʝʥʮʠʦʜʠʥʘʤʠʯʝʩʢʠʝ ʢʨʠʚʳʝ ʮʠʥʢʘ ʠ ʮʠʥʢ-ʛʨʘʬʝʥʦʚʳʭ ʢʦʤʧʦʟʠʪʦʚ ʚ 2 ʄ 

ʨʘʩʪʚʦʨʝ ʂʆʅ 

ʆʙʣʘʩʪʴ ʘʢʪʠʚʥʦʛʦ ʨʘʩʪʚʦʨʝʥʠʷ ʮʠʥʢ-ʫʛʣʝʨʦʜʥʳʭ ʢʦʤʧʦʟʠʪʦʚ  ʩʦʩʪʘʚʣʷʝʪ ʙʦʣʝʝ 150 ʤɺ, ʪʦʛʜʘ 

ʢʘʢ ʦʙʣʘʩʪʴ ʘʢʪʠʚʥʦʛʦ ʨʘʩʪʚʦʨʝʥʠʷ ʮʠʥʢʘ ʥʝ ʧʨʝʚʳʰʘʝʪ 20 ʤɺ. ʇʦʪʝʥʮʠʘʣ ʥʘʯʘʣʘ ʧʘʩʩʠʚʘʮʠʠ ʫ ʮʠʥʢ-

ʫʛʣʝʨʦʜʥʳʭ ʢʦʤʧʦʟʠʪʦʚ ʥʘ 100-150 ʤɺ ʧʦʣʦʞʠʪʝʣʴʥʝʝ, ʯʝʤ ʫ ʠʩʭʦʜʥʦʛʦ ʮʠʥʢʘ. ʇʣʦʪʥʦʩʪʴ ʪʦʢʘ 

ʧʘʩʩʠʚʘʮʠʠ ʮʠʥʢ-ʛʨʘʬʝʥʦʚʳʭ ʢʦʤʧʦʟʠʪʦʚ  ʤʥʦʛʦ ʚʳʰʝ, ʯʝʤ ʫ ʠʩʭʦʜʥʦʛʦ ʮʠʥʢʘ. 

ʎʠʥʢ-ʫʛʣʝʨʦʜʥʳʝ ʢʦʤʧʦʟʠʪʳ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦ ʮʠʢʣʠʨʫʶʪʩʷ (ʜʦ 60 ʮʠʢʣʦʚ) ʙʝʟ ʫʭʫʜʰʝʥʠʷ 

ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

ʎʠʥʢ-ʛʨʘʬʝʥʦʚʳʝ ʢʦʤʧʦʟʠʪʥʳʝ ʤʘʪʝʨʠʘʣʳ ʤʦʛʫʪ ʙʳʪʴ ʨʝʢʦʤʝʥʜʦʚʘʥʳ ʜʣʷ ʟʘʤʝʥʳ ʮʠʥʢʘ ʚ 

ʮʠʥʢ-ʚʦʟʜʫʰʥʳʭ ʘʢʢʫʤʫʣʷʪʦʨʘʭ. 

ɹʣʘʛʦʜʘʨʥʦʩʪʠ. 

ɽʣʰʠʥʘ ɺ.ɸ. ʙʣʘʛʦʜʘʨʠʪ ʟʘ ʧʦʤʦʱʴ ʚ ʨʘʙʦʪʝ ʥʘʫʯʥʦʛʦ ʨʫʢʦʚʦʜʠʪʝʣʷ ʜ.ʭ.ʥ. ɽʣʰʠʥʫ ʃ.ɸ. 

 

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

 

ʆʎɽʅʂɸ ʊʈɽʑʀʅʆʉʊʆʁʂʆʉʊʀ ʂʆʄʇʆɿʀʊɸ ʅɸ ʆʉʅʆɺɽ TI -AL -ME. 

ɾʝʣʪʷʢʦʚʘ ʀ.ʉ., ʂʘʨʧʦʚ ʄ.ʀ. 

ʈʦʩʩʠʷ, ʀʌʊʊ ʈɸʅ, terekhova@issp.ac.ru 

 

ʈʘʟʨʘʙʘʪʳʚʘʝʤʳʝ ʤʘʪʝʨʠʘʣʳ ʥʘ ʦʩʥʦʚʝ ʩʠʩʪʝʤʳ Ti-Al -Me (ʛʜʝ Me ï ʢʦʤʧʣʝʢʩ ʣʝʛʠʨʫʶʱʠʭ 

ʵʣʝʤʝʥʪʦʚ IVb-, Vb- ʠ VIb-ʛʨʫʧʧ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ) ʥʘʮʝʣʝʥʳ ʥʘ ʨʘʙʦʪʫ ʚ ʫʤʝʨʝʥʥʦʤ 

ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ. ʂʨʦʤʝ ʧʨʦʯʥʦʩʪʠ, ʧʨʠ ʫʤʝʨʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʦʧʨʝʜʝʣʷʶʱʝʡ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʷʚʣʷʝʪʩʷ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʦʣʟʫʯʝʩʪʠ, ʘ ʧʨʠ ʥʠʟʢʠʭ, ʚʢʣʶʯʘʷ çʢʦʤʥʘʪʥʫʶè, - 

ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʴ. ʆʙʨʘʟʮʳ ʢʦʤʧʦʟʠʪʘ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʤʝʪʦʜʦʤ ʜʠʬʬʫʟʠʦʥʥʦʡ ʩʚʘʨʢʠ ʧʦʜ 

ʜʘʚʣʝʥʠʝʤ ʚ 2 ʵʪʘʧʘ. ʉʪʨʫʢʪʫʨʘ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʯʝʨʝʜʦʚʘʥʠʝʤ ʧʨʦʯʥʳʭ ʩʣʦʝʚ 
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ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʚ (Ti-Me)3Al, (Ti-Me)Al, (Ti-Me)Al2 ʠ (Ti-Me)Al3, ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʥʳʭ ʤʝʪʦʜʦʤ ʃʈʉɸ, ʠ 

ʩʣʦʝʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʣʘʩʪʠʯʥʦʛʦ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ ʘʣʶʤʠʥʠʷ ʚ ʩʧʣʘʚʝ Ti-Me.  

ʆʮʝʥʢʘ ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʠ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʧʨʦʚʦʜʠʣʘʩʴ ʥʘ ʦʙʨʘʟʮʘʭ 

ʧʨʷʤʦʫʛʦʣʴʥʦʛʦ ʩʝʯʝʥʠʷ ʩ ʙʦʢʦʚʳʤ ʥʘʜʨʝʟʦʤ ʧʫʪʝʤ ʠʩʧʳʪʘʥʠʡ ʥʘ ʪʨʝʭʪʦʯʝʯʥʳʡ ʠʟʛʠʙ ʚ ʫʩʣʦʚʠʷʭ 

ʧʣʦʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ (ʨʠʩ.1ʘ). 

 

   
ʈʠʩ. 1 ʈʘʟʨʫʰʝʥʥʳʡ ʦʙʨʘʟʝʮ ʢʦʤʧʦʟʠʪʘ Ti-Al-Me ʧʦʩʣʝ ʠʩʧʳʪʘʥʠʡ ʥʘ ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʴ: (ʘ) 

ʚʠʜ ʙʦʢʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʘ (ʩʪʨʝʣʢʦʡ ʯʝʨʥʦʛʦ ʮʚʝʪʘ ï ʥʘʧʨʘʚʣʝʥʠʝ ʧʨʠʣʦʞʝʥʠʷ ʥʘʛʨʫʟʢʠ) ʠ (ʙ) 

ʧʦʚʝʨʭʥʦʩʪʴ ʨʘʟʨʫʰʝʥʠʷ. 

ʀʩʧʳʪʘʥʠʷ ʦʙʨʘʟʮʦʚ ʥʘ ʧʨʦʯʥʦʩʪʴ ʠ ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʴ ʚʳʧʦʣʥʷʣʠʩʴ ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʫʩʣʦʚʠʷʭ ʪʨʝʭʪʦʯʝʯʥʦʛʦ ʠʟʛʠʙʘ. 

 ɿʥʘʯʝʥʠʝ ʪʨʝʱʠʥʦʩʪʦʢʦʩʪʠ ʩʦʩʪʘʚʠʣʦ K*= (6,93Ñ0.69) ʄʇʘĿʤ1/2 ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 20Áʉ. 

ʇʦʣʫʯʝʥʥʳʡ ʫʨʦʚʝʥʴ ʂ* ʫʢʘʟʳʚʘʝʪ, ʯʪʦ ʠʩʧʳʪʘʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʧʦ ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʠ ʟʘʥʠʤʘʶʪ 

ʧʨʦʤʝʞʫʪʦʯʥʦʝ ʧʦʣʦʞʝʥʠʝ ʤʝʞʜʫ ʭʨʫʧʢʠʤʠ ʢʝʨʘʤʠʢʘʤʠ ʠ ʚʳʩʦʢʦʧʨʦʯʥʳʤʠ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʤʠ 

ʤʝʪʘʣʣʠʯʝʩʢʠʤʠ ʤʘʪʝʨʠʘʣʘʤʠ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʯʘʩʪʠʯʥʦʡ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʧʨʦʛʨʘʤʤʳ ʈɸʅ çʅʘʥʦʩʪʨʫʢʪʫʨʳè 

 

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

 

ɸʅɸʃʀɿ ʇʋɹʃʀʂɸʎʀʁ ʇʆ ʈɽɿʋʃʔʊɸʊɸʄ ʀʉʉʃɽɼʆɺɸʅʀʗ 

ɺʆɼʆʈʆɼʆʇʈʆʅʀʎɸɽʄʆʉʊʀ ʀ ʌʀɿʀʂʆ-ʍʀʄʀʏɽʉʂʀʍ ʉɺʆʁʉʊɺ ʄɽʄɹʈɸʅʅʓʍ 

ʉʇʃɸɺʆɺ ʅɸ ʆʉʅʆɺɽ ʉʀʉʊɽʄ ʇɸʃʃɸɼʀʁ-ʈɿʄ 

ɿʘʭʘʨʦʚ ɸ.ɼ. 
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ɺ ʩʚʷʟʠ ʩ ʛʣʦʙʘʣʴʥʳʤ ʨʘʟʚʠʪʠʝʤ ʚʦʜʦʨʦʜʥʦʡ ʵʥʝʨʛʝʪʠʢʠ ʠ ʚʩʝ ʙʦʣʝʝ ʘʢʪʠʚʥʦʤ ʧʨʠʤʝʥʝʥʠʠ 

ʚʦʜʦʨʦʜʘ ʚ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʵʥʝʨʛʠʠ, ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩʧʨʦʩ ʥʘ ʩʧʣʘʚʳ ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʭ ʤʝʤʙʨʘʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠ ʤʦʜʫʣʝʡ ʜʣʷ ʠʟʚʣʝʯʝʥʠʷ ʚʳʩʦʢʦʯʠʩʪʦʛʦ ʚʦʜʦʨʦʜʘ 

ʠʟ ʚʦʜʦʨʦʜʦʩʦʜʝʨʞʘʱʠʭ ʛʘʟʦʚʳʭ ʩʤʝʩʝʡ. ɼʘʥʥʳʝ ʩʧʣʘʚʳ ʜʦʣʞʥʳ ʦʙʣʘʜʘʪʴ ʦʧʪʠʤʘʣʴʥʳʤ ʢʦʤʧʣʝʢʩʦʤ 

ʩʚʦʡʩʪʚ, ʚ ʢʦʪʦʨʳʡ ʚʭʦʜʷʪ: ʚʳʩʦʢʘʷ ʚʦʜʦʨʦʜʦʧʨʦʥʠʮʘʝʤʦʩʪʴ, ʧʨʦʯʥʦʩʪʴ, ʧʣʘʩʪʠʯʥʦʩʪʴ, ʥʠʟʢʘʷ 

ʩʢʣʦʥʥʦʩʪʴ ʢ ʜʠʣʘʪʘʮʠʠ, ʢʦʨʨʦʟʠʦʥʥʘ ̫ʩʪʦʡʢʦʩʪʴ ʠ ʢʘʪʘʣʠʪʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʩʧʣʘʚʦʚ ʧʨʠ ʠʭ ʨʘʙʦʪʝ 

ʚ ʛʘʟʦʚʳʭ ʩʨʝʜʘʭ. ʅʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʠʤʠ ʧʦ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʷʚʣʷʶʪʩʷ ʩʧʣʘʚʳ 

ʧʘʣʣʘʜʠʷ [1]. ʆʩʦʙʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʧʣʘʚʳ ʩʠʩʪʝʤ ʧʘʣʣʘʜʠʡ-ʈɿʄ ʚ ʚʠʜʫ ʚʳʷʚʣʝʥʥʦʛʦ 

ʦʙʨʘʟʦʚʘʥʠʷ ʧʘʣʣʘʜʠʝʤ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ ʩʦ ʚʩʝʤʠ ʨʝʜʢʦʟʝʤʝʣʴʥʳʤʠ ʤʝʪʘʣʣʘʤʠ (ʢʨʦʤʝ ʣʘʥʪʘʥʘ ʠ 

ʥʝʦʜʠʤʘ) ʚ ʰʠʨʦʢʦʡ ʟʦʥʝ ʢʦʥʮʝʥʪʨʘʮʠʡ ʈɿʄ (ʜʦ 10 ï 15 % (ʤʘʩʩ.)) [2].  

ɺ ʵʪʦʡ ʩʚʷʟʠ, ʩ ʮʝʣʴʶ ʦʧʨʝʜʝʣʝʥʠʷ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʜʣʷ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ 

ʨʘʟʨʘʙʦʪʦʢ ʩʧʣʘʚʦʚ, ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʧʫʙʣʠʢʘʮʠʡ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʚʦʜʦʨʦʜʦʧʨʦʥʠʮʘʝʤʦʩʪʠ ʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʤʝʤʙʨʘʥʥʳʭ ʩʧʣʘʚʦʚ ʥʘ ʦʩʥʦʚʝ ʩʠʩʪʝʤ 

ʧʘʣʣʘʜʠʷ ʩ ʨʝʜʢʦʟʝʤʝʣʴʥʳʤʠ ʤʝʪʘʣʣʘʤʠ. 

ʈʘʩʩʤʦʪʨʝʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʧʣʘʚʦʚ ʧʘʣʣʘʜʠʷ ʩ ʈɿʄ, 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʜʠʘʛʨʘʤʤʳ ʩʦʩʪʦʷʥʠʷ ʠ ʤʝʭʘʥʠʟʤʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʘʣʣʘʜʠʷ ʩ ʈɿʄ. ʇʨʦʠʟʚʝʜʝʥʘ 

ʧʦʧʳʪʢʘ ʫʩʪʘʥʦʚʣʝʥʠʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʚʣʠʷʥʠʷ ʣʝʛʠʨʫʶʱʠʭ ʜʦʙʘʚʦʢ ʥʘ ʚʠʜ ʜʠʘʛʨʘʤʤʳ ʩʦʩʪʦʷʥʠʷ ʠ 

ʬʘʟʦʚʳʝ ʨʘʚʥʦʚʝʩʠʷ ʩʧʣʘʚʦʚ ʧʘʣʣʘʜʠʷ ʩ ʥʝʢʦʪʦʨʳʤʠ ʨʝʜʢʦʟʝʤʝʣʴʥʳʤʠ ʤʝʪʘʣʣʘʤʠ. ʀʟʫʯʝʥʘ 
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ʪʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʩʧʣʘʚʦʚ ʧʘʣʣʘʜʠʡ-ʈɿʄ. ʇʨʦʚʝʜʝʥ ʘʥʘʣʠʟ 

ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʷ ʚʦʜʦʨʦʜʦʧʨʦʥʠʮʘʝʤʦʩʪʠ ʩʧʣʘʚʦʚ ʧʘʣʣʘʜʠʷ, ʣʝʛʠʨʦʚʘʥʥʳʭ ʠʪʪʨʠʝʤ, ʩʢʘʥʜʠʝʤ 

ʠ ʣʘʥʪʘʥʦʠʜʘʤʠ [3-12].    

ɺʳʨʘʞʘʶ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʚ ʧʦʩʪʘʥʦʚʢʝ ʠ ʪʝʭʥʠʯʝʩʢʦʤ ʨʫʢʦʚʦʜʩʪʚʝ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʨʘʙʦʪʳ 

ʟʘʚʝʜʫʶʱʝʤʫ ʣʘʙʦʨʘʪʦʨʠʝʡ ˉ12, ʯʣʝʥ-ʢʦʨʨʝʩʧʦʥʜʝʥʪʫ ʈɸʅ ɹʫʨʭʘʥʦʚʫ ɻʝʥʥʘʜʠʶ ʉʝʨʛʝʝʚʠʯʫ ʠ 

ʩʪʘʨʰʝʤʫ ʥʘʫʯʥʦʤʫ ʩʦʪʨʫʜʥʠʢʫ ʣʘʙʦʨʘʪʦʨʠʠ ˉ12 ʈʦʰʘʥ ʅʘʪʘʣʴʝ ʈʦʙʝʨʪʦʚʥʝ. 
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ʇʆʃʋʏɽʅʀɽ ɺʓʉʆʂʆʇʈʆʏʅʓʍ ʅʌʆʈʄʆɺɸʅʅʓʍ ʆɻʅɽʋʇʆʈʅʓʍ 
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ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʫʱʝʩʪʚʫʶʪ ʩʣʝʜʫʶʱʠʝ ʦʩʥʦʚʥʳʝ ʤʠʨʦʚʳʝ ʪʝʥʜʝʥʮʠʠ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ 

ʦʛʥʝʫʧʦʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ:  

- ʧʦʚʳʰʝʥʠʝ ʪʨʝʙʦʚʘʥʠʡ ʢ ʢʘʯʝʩʪʚʫ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʡ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʤʘʪʝʨʠʘʣʦʚ; 

- ʧʨʠʤʝʥʝʥʠʝ ʚʳʩʦʢʦʯʠʩʪʦʛʦ ʠ ʩʠʥʪʝʪʠʯʝʩʢʦʛʦ ʩʳʨʴʷ; 

- ʫʚʝʣʠʯʝʥʠʝ ʜʦʣʠ ʥʝʬʦʨʤʦʚʘʥʥʳʭ ʦʛʥʝʫʧʦʨʦʚ, ʥʝ ʪʨʝʙʫʶʱʠʭ ʦʙʞʠʛʘ, ʚ ʦʙʱʝʤ ʦʙʲʸʤʝ 

ʧʨʦʠʟʚʦʜʩʪʚʘ, ʩʥʠʞʘʶʱʠʭ ʪʨʫʜʦʸʤʢʦʩʪʴ ʨʘʙʦʪ ʠ ʫʜʝʰʝʚʣʷʶʱʠʭ ʨʝʤʦʥʪ; 

ɺ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʨʘʙʦʪʝ ʠʩʩʣʝʜʫʶʪʩʷ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʠ ʦʛʥʝʫʧʦʨʥʳʝ ʩʚʦʡʩʪʚʘ ʥʦʚʳʭ 

ʤʦʜʠʬʠʢʘʮʠʡ ʦʛʥʝʫʧʦʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʫʣʫʯʰʝʥʥʳʤʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤʠ, ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʠ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. 

ʎʝʣʴ ʨʘʙʦʪʳ ï ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʦʧʨʝʜʝʣʠʪʴ ʩʚʦʡʩʪʚʘ ʥʦʚʳʭ ʦʛʥʝʫʧʦʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ 

ʚʳʷʚʠʪʴ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʠʟ ʥʠʭ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʠʟʜʝʣʠʡ, ʧʦʜʚʝʨʛʘʝʤʳʭ ʧʨʷʤʦʤʫ 

ʚʦʟʜʝʡʩʪʚʠʶ ʩʚʝʨʭʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ: ʬʘʢʝʣʦʚ ʛʦʨʝʣʦʢ, ʜʝʬʣʝʢʪʦʨʦʚ, ʙʘʣʦʢ ʠ.ʪ.ʧ. 
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ʄʝʪʦʜʠʢʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʝʜʫʩʤʘʪʨʠʚʘʣʘ ʠʟʛʦʪʦʚʣʝʥʠʝ ʦʙʨʘʟʮʦʚ ʠʟ 

ʦʛʥʝʫʧʦʨʥʳʭ ʢʝʨʘʤʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ, ʠʭ ʦʙʞʠʛ ʜʦ ʊ=1600Üʉ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʠʩʩʣʝʜʦʚʘʥʠʝʤ ʠʭ 

ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ ʠʟʤʝʥʝʥʠʡ ʩʪʨʫʢʪʫʨʳ. 

ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʢʦʨʫʥʜʦʚʳʝ ʤʘʪʝʨʠʘʣʳ, ʚ ʪʦʤ ʯʠʩʣʝ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʵʣʝʢʪʨʦʧʣʘʚʣʝʥʥʦʛʦ ʢʦʨʫʥʜʘ, ʚʳʩʦʢʦʯʠʩʪʦʛʦ Al2O3, ʘ ʪʘʢʞʝ ʥʘ ʦʩʥʦʚʝ ʪʘʙʫʣʷʨʥʦʛʦ 

ʢʦʨʫʥʜʘ, ʧʨʝʜʩʪʘʚʣʷʶʱʝʛʦ ʩʦʙʦʡ ʢʨʫʧʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʛʨʘʥʫʣʳ, ʦʙʦʞʞʝʥʥʳʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 

1950Üʉ. ʊʘʢʦʡ ʢʦʨʫʥʜ ʥʦʩʠʪ ʥʘʟʚʘʥʠʝ çʪʘʙʫʣʷʨʥʳʡè (ʧʣʘʩʪʠʥʯʘʪʳʡ), ʧʦʩʢʦʣʴʢʫ ʝʛʦ ʢʨʠʩʪʘʣʣʳ ʠʤʝʶʪ 

ʧʣʘʩʪʠʥʯʘʪʫʶ ʬʦʨʤʫ ʠ ʨʘʟʤʝʨ ʦʪ 50 ʜʦ 150 ʤʢʤ. ʂʨʦʤʝ ʪʦʛʦ, ʙʳʣʠ ʠʟʛʦʪʦʚʣʝʥʳ ʦʙʨʘʟʮʳ ʥʘ ʦʩʥʦʚʝ 

ʵʣʝʢʪʨʦʧʣʘʚʣʝʥʥʦʛʦ ʢʦʨʫʥʜʘ ʩ ʜʦʙʘʚʢʘʤʠ ʤʠʢʨʦʬʠʙʨʳ: ʙʘʟʘʣʴʪʦʚʦʡ ʠ ʫʛʣʝʨʦʜʥʦʡ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.. 

ʅʘ ʚʪʦʨʦʤ ʵʪʘʧʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʢʦʨʫʥʜʦʚʳʝ ʤʘʪʝʨʠʘʣʳ ʩ ʜʦʙʘʚʢʦʡ ʧʝʨʠʢʣʘʟʘ 

(MgO). ʆʙʨʘʟʮʳ ʪʘʢʞʝ ʧʦʜʚʝʨʛʘʣʠʩʴ ʪʝʨʤʦʦʙʨʘʙʦʪʢʝ ʜʦ ʤʘʢʩʠʤʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ 1600Áʉ.  

ʅʘ ʪʨʝʪʴʝʤ ʵʪʘʧʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʠ ʠʟʛʦʪʦʚʣʝʥʳ ʦʙʨʘʟʮʳ ʨʘʟʤʝʨʦʤ 50ʭ50ʭ50 ʤʤ ʠ ʧʨʦʚʝʜʝʥʘ 

ʦʮʝʥʢʘ ʧʨʦʯʥʦʩʪʥʳʭ ʩʚʦʡʩʪʚ ʨʘʟʣʠʯʥʳʭ ʩʦʩʪʘʚʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʧʦʩʣʝ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ ʧʨʠ ʨʘʟʣʠʯʥʳʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ. 

ʄʝʪʦʜʠʢʘ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʨʝʜʫʩʤʘʪʨʠʚʘʣʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʟʤʝʥʝʥʠʡ ʩʪʨʫʢʪʫʨʳ ʤʘʪʝʨʠʘʣʦʚ ʧʨʠ 

ʚʦʟʜʝʡʩʪʚʠʠ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʙʨʘʟʮʦʚ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ:  

- ʠʟʜʝʣʠʷ ʠʟ ʥʝʬʦʨʤʦʚʘʥʥʳʭ ʦʛʥʝʫʧʦʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ Al2O3 (ʵʣʝʢʪʨʦʢʦʨʫʥʜ) 

ʩʧʦʩʦʙʥʳ ʨʘʙʦʪʘʪʴ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʥʝ ʤʝʥʝʝ 1600Áʉ ʙʝʟ ʦʧʣʘʚʣʝʥʠʷ ʠ ʨʘʟʨʫʰʝʥʠʷ. ʇʨʠ ʵʪʦʤ, ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʚʦʟʜʝʡʩʪʚʠʷ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʠ ʩʠʥʪʝʟʘ ʥʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʚʘʶʪʩʷ 

ʠʭ ʧʨʦʯʥʦʩʪʥʳʝ ʩʚʦʡʩʪʚʘ ʠ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ.  

- ʣʠʥʝʡʥʘʷ ʪʝʨʤʠʯʝʩʢʘʷ ʫʩʘʜʢʘ ʢʦʨʫʥʜʦʚʳʭ ʥʝʬʦʨʤʦʚʘʥʥʳʭ ʦʛʥʝʫʧʦʨʦʚ  ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʜʦ 

1600Áʉ ʩʦʩʪʘʚʣʷʝʪ ʧʦʨʷʜʢʘ 6-7%. 

-  ʚʚʝʜʝʥʠʝ ʫʛʣʝʨʦʜʥʦʡ ʤʠʢʨʦʬʠʙʨʳ ʧʦʟʚʦʣʷʝʪ ʫʤʝʥʴʰʠʪʴ ʤʘʩʩʫ ʠ ʧʣʦʪʥʦʩʪʴ, ʥʦ ʦʜʥʦʚʨʝʤʝʥʥʦ 

ʧʨʦʠʩʭʦʜʠʪ ʫʚʝʣʠʯʝʥʠʝ ʫʩʘʜʢʠ ʜʦ 9% ʧʨʠ 1600Áʉ ʚʩʣʝʜʩʪʚʠʝ ʚʳʛʦʨʘʥʠʷ ʬʠʙʨʳ. 

-  ʚʚʝʜʝʥʠʝ ʧʝʨʠʢʣʘʟʘ ʚ ʢʦʨʫʥʜʦʚʳʝ ʦʛʥʝʫʧʦʨʳ ʧʦʨʷʜʢʘ 5-10% ʧʦ ʤʘʩʩʝ ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ 

ʣʠʥʝʡʥʫʶ ʪʝʨʤʠʯʝʩʢʫʶ ʫʩʘʜʢʫ ʧʨʠ 1600Áʉ ʜʦ 2%. 

2. ʈʝʟʫʣʴʪʘʪʳ ʧʨʦʯʥʦʩʪʥʳʭ ʠʩʧʳʪʘʥʠʡ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʦʯʥʦʩʪʴ ʢʦʨʫʥʜʦʚʳʭ ʠ ʢʦʨʫʥʜʦʚʦ-

ʧʝʨʠʢʣʘʟʦʚʳʭ ʦʛʥʝʫʧʦʨʦʚ ʧʦʩʣʝ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ ʜʦ 1600Áʉ ʢʘʢ ʧʨʘʚʠʣʦ ʚʦʟʨʘʩʪʘʝʪ ʥʘ 35-50%. ʂʨʦʤʝ 

ʪʦʛʦ, ʦʪʤʝʯʝʥʦ ʟʥʘʯʠʪʝʣʴʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ ʠ ʩʪʦʡʢʦʩʪʠ ʢ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ. 

3. ʈʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʢʦʨʫʥʜʦʚʦ-ʧʝʨʠʢʣʘʟʦʚʳʭ ʦʙʨʘʟʮʦʚ 

ʧʦʢʘʟʘʣ,  ʯʪʦ ʧʦʩʣʝ ʥʘʛʨʝʚʘ ʜʦ 1600Üʉ, ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʦʙʨʘʟʫʝʪʩʷ ʪʨʠʜʠʤʠʪ ʠ 

ʰʧʠʥʝʣʴ, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʨʦʯʥʦʩʪʴ ʠ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ. 

4. ʇʦʩʢʦʣʴʢʫ ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʦʛʥʝʫʧʦʨʥʳʝ ʤʘʪʝʨʠʘʣʳ ʷʚʣʷʶʪʩʷ ʥʝʬʦʨʤʦʚʘʥʥʳʤʠ,  

ʧʨʠʤʝʥʷʶʪʩʷ ʧʦ ʟʘʣʠʚʥʦʡ ʪʝʭʥʦʣʦʛʠʠ, ʠʤʝʶʪ ʚʳʩʦʢʫʶ ʨʘʙʦʯʫʶ  ʪʝʤʧʝʨʘʪʫʨʫ ʠ ʥʝ ʪʨʝʙʫʶʪ  ʥʠ 

ʚʠʙʨʦ-, ʥʠ ʧʨʝʩʩʦʚʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʪʦ ʠʭ ʧʨʠʤʝʥʝʥʠʝ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʦ ʚ ʪʘʢʠʭ ʧʨʦʙʣʝʤʥʳʭ  

ʵʣʝʤʝʥʪʘʭ ʧʝʯʝʡ, ʢʘʢ ʛʦʨʝʣʦʯʥʳʝ ʢʘʤʥʠ, ʜʝʬʣʝʢʪʦʨʘ, ʙʘʣʢʠ ʠ ʜʨ.   
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ʆʇʓʊ ɸʈɻʆʅʆɼʋɻʆɺʆʁ ʉɺɸʈʂʀ ʃʀʉʊʆɺʆɻʆ ʇʈʆʂɸʊɸ ɺʓʉʆʂʆʇʈʆʏʅʆɻʆ 

ʕʂʆʅʆʄʅʆʃɽɻʀʈʆɺɸʅʅʆɻʆ ɸʃʖʄʀʅʀɽɺʆɻʆ ʉʇʃɸɺɸ ɸʎ6ʅ0,5ɾ 

ʂʘʨʧʦʚʘ ɾ.ɸ. 

ʆɸʆ çʂʦʤʧʦʟʠʪè, ʛ. ʂʦʨʦʣʝʚ ʄʦʩʢ. ʦʙʣ. 
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ɸʣʶʤʠʥʠʡ ʠ ʝʛʦ ʩʧʣʘʚʳ ʢʘʢ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʡ ʤʘʪʝʨʠʘʣ ʧʨʠʤʝʥʷʝʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʚʦ ʚʩʝʭ 

ʦʪʨʘʩʣʷʭ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ: ʚ ʩʪʨʦʠʪʝʣʴʥʳʭ ʢʦʥʩʪʨʫʢʮʠʷʭ, ʩʫʜʦʩʪʨʦʝʥʠʠ, ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʤ ʠ 

ʘʚʪʦʤʦʙʠʣʴʥʦʤ ʪʨʘʥʩʧʦʨʪʝ, ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʘʭ, ʥʝʬʪʷʥʦʤ ʠ ʭʠʤʠʯʝʩʢʦʤ ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ, 

ʵʣʝʢʪʨʦʪʝʭʥʠʢʝ, ʢʨʠʦʛʝʥʥʦʡ ʪʝʭʥʠʢʝ [1]. ɼʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʠ ʨʝʤʦʥʪʘ ʠʟʜʝʣʠʡ ʠʟ ʘʣʶʤʠʥʠʝʚʳʭ 

ʩʧʣʘʚʦʚ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʚʘʨʦʯʥʳʝ ʪʝʭʥʦʣʦʛʠʠ. 

ʂʘʢ ʠʟʚʝʩʪʥʦ, ʩʧʣʘʚʳ ʩʠʩʪʝʤʳ Al-Zn-Mg-Cu ʦʪʣʠʯʘʶʪʩʷ ʥʘʠʙʦʣʴʰʠʤ ʜʠʩʧʝʨʩʠʦʥʥʳʤ 

ʫʧʨʦʯʥʝʥʠʝʤ ʠ ʥʘʠʙʦʣʴʰʝʡ ʧʨʦʯʥʦʩʪʴʶ ʩʨʝʜʠ ʩʦʚʨʝʤʝʥʥʳʭ ʧʨʦʤʳʰʣʝʥʥʳʭ ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʦʚ 

[2]. ɺ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʦʪ ʚʳʩʦʢʦʧʨʦʯʥʳʭ ʩʧʣʘʚʦʚ ʪʨʝʙʫʝʪʩʷ ʩʦʯʝʪʘʥʠʝ ʚʳʩʦʢʠʭ ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. ʉʧʣʘʚʳ ʪʠʧʘ ɺ95 ʷʚʣʷʶʪʩʷ ʦʛʨʘʥʠʯʝʥʥʦ ʩʚʘʨʠʚʘʝʤʳʤʠ, ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ 
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ʵʪʠʤ ʩʧʣʘʚʘʤ ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʩʧʝʮʠʘʣʴʥʳʝ ʩʧʦʩʦʙʳ ʩʚʘʨʢʠ (ʚ ʯʘʩʪʥʦʩʪʠ, ʩʚʘʨʢʘ ʪʨʝʥʠʝʤ ʩ 

ʧʝʨʝʤʝʰʠʚʘʥʠʝʤ). 

ʄʘʪʝʨʠʘʣʦʤ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʩʣʫʞʠʣ ʧʨʝʜʣʦʞʝʥʥʳʡ ʅʀʊʋ çʄʀʉʠʉè ʚʳʩʦʢʦʧʨʦʯʥʳʡ 

ʩʧʣʘʚ ʥʘ ʙʘʟʝ ʩʠʩʪʝʤʳ Al-Zn-Mg-(Cu) - ʵʢʦʥʦʤʥʦʣʝʛʠʨʦʚʘʥʥʳʡ ʥʠʢʘʣʠʥ ɸʎ6ʅ0,5ɾ ʩ ʜʦʙʘʚʢʘʤʠ 

ʥʠʢʝʣʷ ʠ ʞʝʣʝʟʘ [3]. ʃʠʩʪʳ ʩʧʣʘʚʘ ɸʎ6ʅ0,5ɾ ʪʦʣʱʠʥʦʡ 3 ʤʤ ʪʝʨʤʦʦʙʨʘʙʦʪʘʥʥʳʝ ʧʦ ʨʝʞʠʤʫ ʊ6 

ʧʦʜʚʝʨʛʘʣʠʩʴ ʩʚʘʨʢʝ ʚ ʩʨʝʜʝ ʘʨʛʦʥʘ ʩʚʘʨʦʯʥʦʡ ʧʨʦʚʦʣʦʢʦʡ ʪʦʛʦ ʞʝ ʩʦʩʪʘʚʘ. 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ 1, ʩʚʘʨʥʦʡ ʰʦʚ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʤ ʢʘʯʝʩʪʚʦʤ: 

ʦʪʩʫʪʩʪʚʫʶʪ ʛʦʨʷʯʠʝ ʪʨʝʱʠʥʳ, ʥʝʧʨʦʚʘʨ; ʧʦʨʳ ʚʠʜʥʳ ʚ ʥʝʙʦʣʴʰʦʤ ʢʦʣʠʯʝʩʪʚʝ; ʯʝʨʥʦʪʘ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ. ʀʤʝʝʪ ʩʤʳʩʣ ʜʘʣʴʥʝʡʰʝʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʚʘʨʠʚʘʝʤʦʩʪʠ ʩʧʣʘʚʘ ɸʎ6ʅ0,5ɾ ʩ ʪʦʯʢʠ 

ʟʨʝʥʠʷ ʧʦʜʛʦʪʦʚʢʠ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʦʧʪʠʤʠʟʘʮʠʠ ʨʝʞʠʤʘ ʩʚʘʨʢʠ. 

  
ʘ ʙ 

ʈʠʩʫʥʦʢ 1 ï ɺʥʝʰʥʠʡ ʚʠʜ ʩʚʘʨʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ (ʘ) ʠ ʤʘʢʨʦʩʪʨʫʢʪʫʨʘ ʩʚʘʨʥʦʛʦ ʰʚʘ (ʙ) 

ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʚ ʟʦʥʝ ʦʩʥʦʚʥʦʛʦ ʤʝʪʘʣʣʘ (ʆʄ) ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʦʜʥʦʨʦʜʥʳʤ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʰʘʨʦʚʠʜʥʳʭ ʯʘʩʪʠʮ ɸl9FeNi, ʨʘʟʤʝʨ ʢʦʪʦʨʳʭ ʩʦʩʪʘʚʣʷʝʪ 1-2 ʤʢʤ (ʨʠʩʫʥʦʢ 2, ʘ). 

  
ʘ ʙ 

ʈʠʩʫʥʦʢ 2 - ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʚ ʟʦʥʝ ʆʄ (ʘ) ʠ ʚ ʟʦʥʝ ʉʐ (ʙ) 

ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʚ ʟʦʥʝ ʩʚʘʨʥʦʛʦ ʰʚʘ (ʉʐ) ʧʦʩʣʝ ʘʨʛʦʥʦʜʫʛʦʚʦʡ ʩʚʘʨʢʠ ʠʤʝʝʪ ʚʠʜ, 

ʭʘʨʘʢʪʝʨʥʳʡ ʜʣʷ ʣʠʪʦʡ ʩʪʨʫʢʪʫʨʳ (ʨʠʩʫʥʦʢ 2, ʙ) ʠ ʥʝ ʩʦʜʝʨʞʠʪ ʠʛʦʣʴʯʘʪʳʭ ʬʘʟ ʪʠʧʘ Al3Fe. ʌʘʟʘ 

Al 9FeNi ʵʚʪʝʢʪʠʯʝʩʢʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʧʦ ʛʨʘʥʠʮʘʤ ʜʝʥʜʨʠʪʥʳʭ ʷʯʝʝʢ 

ʘʣʶʤʠʥʠʝʚʦʛʦ ʨʘʩʪʚʦʨʘ ʚ ʜʦʩʪʘʪʦʯʥʦ ʢʦʤʧʘʢʪʥʦʡ ʬʦʨʤʝ ʨʘʟʤʝʨʦʤ 2-3 ʤʢʤ, ʥʝ ʦʙʨʘʟʫʷ ʧʨʠ ʵʪʦʤ 

ʩʧʣʦʰʥʦʡ ʩʝʪʢʠ. 

ɸʚʪʦʨ ʚʳʨʘʞʘʝʪ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ɹʝʣʦʚʫ ʅ.ɸ. (ʅʀʊʋ ʄʀʉʠʉ) ʠ ɸʢʦʧʷʥʫ ʊ.ʂ. (ʀʄɽʊ ʈɸʅ) ʟʘ 

ʧʨʝʜʦʩʪʘʚʣʝʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʜʣʷ ʩʚʘʨʢʠ ʠ ʮʝʥʥʳʝ ʢʦʥʩʫʣʴʪʘʮʠʠ. 

ʈʘʙʦʪʘ ʧʨʦʚʝʜʝʥʘ ʚ ʨʘʤʢʘʭ ʛʨʘʥʪʘ ʇʨʝʟʠʜʝʥʪʘ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʜʣʷ ʧʦʜʜʝʨʞʢʠ ʚʝʜʫʱʠʭ 

ʥʘʫʯʥʳʭ ʰʢʦʣ, ʅʐ-9899.2016.8. 

ʃʠʪʝʨʘʪʫʨʘ 
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ʉʈɸɺʅʀʊɽʃʔʅʆɽ ʀʉʉʃɽɼʆɺɸʅʀɽ ʄʀʂʈʆʉʊʈʋʂʊʋʈ, ʌʆʈʄʀʈʋʖʑʀʍʉʗ ʇʈʀ 

ʋɼɸʈʅʆ-ɺʆʃʅʆɺʆʄ ɺʆɿɼɽʁʉʊɺʀʀ ɺ ʊʀʊɸʅɽ ʀ ʅʀʂɽʃʀɼɽ ʊʀʊɸʅɸ 

ʂʦʣʦʙʦʚʘ ɸ.ʖ. 
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ɺ ʜʦʢʣʘʜʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʟʤʝʥʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʠ ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ 

ʪʝʭʥʠʯʝʩʢʠ ʯʠʩʪʦʛʦ ʪʠʪʘʥʘ ʤʘʨʢʠ ɺʊ1-0 ʠ ʩʧʣʘʚʘ ʥʠʢʝʣʠʜʘ ʪʠʪʘʥʘ Tiï50,7 ʘʪ. % Ni ʚ 

ʢʨʫʧʥʦʟʝʨʥʠʩʪʦʤ ʠ ʩʫʙʤʠʢʨʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʤ ʩʦʩʪʦʷʥʠʷʭ ʧʨʠ ʫʜʘʨʥʦ-ʚʦʣʥʦʚʦʤ ʚʦʟʜʝʡʩʪʚʠʠ (ʋɺɺ) 

ʜʚʫʤʷ ʨʘʟʣʠʯʥʳʤʠ ʩʧʦʩʦʙʘʤʠ: ʧʦʨʦʭʦʚʦʡ ʟʘʨʷʜ ʩ ʤʝʪʘʣʣʠʯʝʩʢʠʤ ʫʜʘʨʥʠʢʦʤ, ʤʝʪʦʜ ʂʦʣʴʩʢʦʛʦ ʩʦ 

ʩʪʝʨʞʥʝʤ ɻʦʧʢʠʥʩʦʥʘ. ʈʘʟʣʠʯʥʳʝ ʠʩʭʦʜʥʳʝ ʩʪʨʫʢʪʫʨʥʳʝ ʩʦʩʪʦʷʥʠʷ ʚ ʫʢʘʟʘʥʥʳʭ ʩʧʣʘʚʘʭ 

ʬʦʨʤʠʨʦʚʘʣʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʤʝʭʘʥʠʢʦ-ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʚʦʟʜʝʡʩʪʚʠʝʤ ʙʦʣʴʰʦʡ 

(ʨʘʟʚʠʪʦʡ, ʤʝʛʘʧʣʘʩʪʠʯʝʩʢʦʡ) ʜʝʬʦʨʤʘʮʠʠ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʩʬʦʨʤʠʨʦʚʘʪʴ ʠʩʭʦʜʥʫʶ ʩʪʨʫʢʪʫʨʫ 

ʦʙʨʘʟʮʦʚ ʩ ʨʘʟʣʠʯʥʳʤ ʨʘʟʤʝʨʦʤ ʟʝʨʝʥ ʚ ʠʥʪʝʨʚʘʣʝ ʦʪ 0.2 ʜʦ 40 ʤʢʤ. 

ʉ ʧʨʠʤʝʥʝʥʠʝʤ ʤʝʪʦʜʘ ʧʨʦʩʚʝʯʠʚʘʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ 

ʪʝʭʥʠʯʝʩʢʠ ʯʠʩʪʦʤ ʪʠʪʘʥʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʫʜʘʨʥʦ-ʚʦʣʥʦʚʦʛʦ ʥʘʛʨʫʞʝʥʠʷ ʤʝʪʘʣʣʠʯʝʩʢʠʤ ʫʜʘʨʥʠʢʦʤ, 

ʨʘʟʦʛʥʘʥʥʳʤ ʜʦ ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʠ ʩ ʧʦʤʦʱʴʶ ʧʦʨʦʭʦʚʦʛʦ ʟʘʨʷʜʘ (ʜʘʚʣʝʥʠʝ ʜʦ 40 ɻʇʘ) ʥʘʙʣʶʜʘʝʪʩʷ 

ʬʨʘʛʤʝʥʪʘʮʠʷ ʠʩʭʦʜʥʦʡ ʩʪʨʫʢʪʫʨʳ. ɼʣʷ ʠʩʭʦʜʥʦʡ ʩʫʙʤʠʢʨʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʩ ʨʘʟʤʝʨʦʤ 

ʵʣʝʤʝʥʪʦʚ ʟʝʨʝʥʥʦ-ʩʫʙʟʝʨʝʥʥʦʡ 0.25 Ñ 0.02 ʤʢʤ ʟʘʤʝʪʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʥʝ 

ʧʨʦʠʩʭʦʜʠʪ. ɺ ʦʙʨʘʟʮʘʭ ʩʦ ʩʨʝʜʥʠʤ ʨʘʟʤʝʨʦʤ ʟʝʨʝʥ ʙʦʣʝʝ 0.3 ʤʢʤ ʠʤʝʝʪ ʤʝʩʪʦ ʵʬʬʝʢʪ ʠʟʤʝʣʴʯʝʥʠʷ 

ʩʪʨʫʢʪʫʨʳ. ʇʨʠ ʵʪʦʤ ʚʥʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʘʯʘʣʴʥʦʛʦ ʨʘʟʤʝʨʘ ʵʣʝʤʝʥʪʦʚ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʠʭ 

ʠʟʤʝʣʴʯʝʥʠʝ ʩʪʨʝʤʠʪʩʷ ʢ ʥʝʢʦʪʦʨʦʤʫ ʢʨʠʪʠʯʝʩʢʦʤʫ ʟʥʘʯʝʥʠʶ ʧʦʨʷʜʢʘ 0.2ï0.3 ʤʢʤ, ʯʪʦ, ʢʘʢ ʠʟʚʝʩʪʥʦ, 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʨʝʜʝʣʴʥʦʤʫ ʠʟʤʝʣʴʯʝʥʠʶ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʤʝʪʘʣʣʦʚ ʠ ʩʧʣʘʚʦʚ ʧʨʠ ʧʨʦʷʚʣʝʥʠʠ 

ʵʬʬʝʢʪʘ ʬʨʘʛʤʝʥʪʘʮʠʠ ʧʨʠ ʨʘʟʚʠʪʦʡ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ. ɸʥʘʣʦʛʠʯʥʳʝ ʠʟʤʝʥʝʥʠʷ ʩʪʨʫʢʪʫʨʳ 

ʥʘʙʣʶʜʘʶʪʩʷ ʧʨʠ ʋɺɺ ʤʝʪʦʜʦʤ ʂʦʣʴʩʢʦʛʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʨʝʟʥʦʛʦ ʩʪʝʨʞʥʷ ɻʦʧʢʠʥʩʦʥʘ. ʉ 

ʧʨʠʤʝʥʝʥʠʝʤ ʤʝʪʦʜʦʚ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʜʠʬʨʘʢʪʦʤʝʪʨʠʠ ʠ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʜʠʬʨʘʢʮʠʠ ʚʦ ʚʩʝʭ 

ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʘʭ ʚʳʷʚʣʝʥʦ ʧʦʷʚʣʝʥʠʝ ʨʝʬʣʝʢʩʦʚ ɤ-ʬʘʟʳ (ʬʘʟʘ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ ʚ ʪʠʪʘʥʝ) ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʬʘʟʦʚʦʛʦ ʧʨʝʚʨʘʱʝʥʠʷ ŬŸɤ.  

ɺ ʦʪʣʠʯʠʠ ʦʪ ʪʠʪʘʥʘ, ʚ ʩʧʣʘʚʝ ʥʠʢʝʣʠʜʘ ʪʠʪʘʥʘ ʧʦʩʣʝ ʋɺɺ ʢʘʢ ʜʣʷ ʢʨʫʧʥʦʟʝʨʥʠʩʪʦʛʦ, ʪʘʢ ʠ ʜʣʷ 

ʩʫʙʤʠʢʨʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʠʩʭʦʜʥʳʭ ʩʦʩʪʦʷʥʠʡ, ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʷʚʣʝʥʠʝ ʧʦʣʦʩʯʘʪʳʭ ʵʣʝʤʝʥʪʦʚ 

ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ, ʢʦʪʦʨʳʝ ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʷʚʣʷʶʪʩʷ ʤʘʨʪʝʥʩʠʪʥʳʤʠ ʢʨʠʩʪʘʣʣʘʤʠ, 

ʦʙʨʘʟʦʚʘʚʰʠʤʠʩʷ ʚ ʭʦʜʝ ʬʘʟʦʚʦʛʦ ʧʨʝʚʨʘʱʝʥʠʷ ʧʨʠ ʚʳʩʦʢʠʭ ʜʘʚʣʝʥʠʷʭ. ʐʠʨʠʥʘ ʧʦʣʦʩ ʩʫʱʝʩʪʚʝʥʥʦ 

ʟʘʚʠʩʠʪ ʦʪ ʠʩʭʦʜʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʤʘʪʝʨʠʘʣʘ ʠ ʩʦʩʪʘʚʣʷʝʪ ʧʦʨʷʜʢʘ 10 ʥʤ ʜʣʷ ʠʩʭʦʜʥʦʛʦ 

ʩʫʙʤʠʢʨʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʠ ʧʦʨʷʜʢʘ 50 ʥʤ - ʜʣʷ ʢʨʫʧʥʦʟʝʨʥʠʩʪʦʛʦ  ʩʦʩʪʦʷʥʠʷ. 

ɸʚʪʦʨ ʚʳʨʘʞʘʝʪ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʟʘ ʧʦʤʦʱʴ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʉ.ʉ. ʄʘʥʦʭʠʥʫ, 

ɸ.ʄ. ʄʦʣʦʜʮʫ, ɸ.ɸ. ɻʦʣʳʰʝʚʫ, ɺ.ʅ. ʇʝʨʝʚʝʟʝʥʮʝʚʫ, ʉ.ɼ. ʇʨʦʢʦʰʢʠʥʫ, ɽ.ʇ. ʈʳʢʣʠʥʦʡ. 

 

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

 

ɺʅʋʊʈʀʂʆʄʇʃɽʂʉʅʓɽ ʉʆɽɼʀʅɽʅʀʗ ʊʈʀʉ(2-ɻʀɼʈʆʂʉʀʕʊʀʃ)ɸʄʀʅɸ - 

ʇɽʈʉʇɽʂʊʀɺʅʓɽ ʂʆʄʇʆʅɽʅʊʓ ɺ ʉʆʉʊɸɺɽ ʂʆʄʇʆɿʀʎʀʆʅʅʓʍ ʄɸʊɽʈʀɸʃʆɺ 

ɹʀʆʎʀɼʅʆɻʆ ɼɽʁʉʊɺʀʗ 

ʂʦʥʜʨʘʪʝʥʢʦ ʖ.ɸ. 

ʈʦʩʩʠʷ, ʀʥʩʪʠʪʫʪ ʭʠʤʠʠ ʩʠʣʠʢʘʪʦʚ ʠʤ. ʀ.ɺ. ɻʨʝʙʝʥʱʠʢʦʚʘ ʈɸʅ, kondratencko.iulia@yandex.ru 

 

ɺʥʫʪʨʠʢʦʤʧʣʝʢʩʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʪʨʠʩ(2-ʛʠʜʨʦʢʩʠʵʪʠʣ)ʘʤʠʥʘ (ʊɽɸ) ʝʱʝ ʩʦ ʚʪʦʨʦʡ ʧʦʣʦʚʠʥʳ 

ʧʨʦʰʣʦʛʦ ʩʪʦʣʝʪʠʷ ʚʳʟʳʚʘʶʪ ʥʝʤʘʣʳʡ ʠʥʪʝʨʝʩ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʙʣʘʛʦʜʘʨʷ ʠʭ ʫʥʠʢʘʣʴʥʦʤʫ ʩʪʨʦʝʥʠʶ 

ʠ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ ʜʝʡʩʪʚʠʷ. ʉʨʝʜʠ ʥʠʭ ʦʩʦʙʦ ʩʣʝʜʫʝʪ ʚʳʜʝʣʠʪʴ 

ʤʝʪʘʣʣʘʪʨʘʥʳ (ʩʠʣʘʪʨʘʥʳ, ʛʝʨʤʘʪʨʘʥʳ ʠ ʜʨ.), ʧʨʦʪʘʪʨʘʥʳ  ʪʨʠʩ(2-ʛʠʜʨʦʢʩʠʵʪʠʣ)ʘʤʤʦʥʠʝʚʳʝ ʩʦʣʠ ʠ 

ʛʠʜʨʦʤʝʪʘʣʣʘʪʨʘʥʳ  ʢʦʤʧʣʝʢʩʳ ʊɽɸ ʩ ʩʦʣʷʤʠ ʤʝʪʘʣʣʦʚ. ɺʩʝ ʵʪʠ ʩʦʝʜʠʥʝʥʠʷ, ʘʪʨʘʥʳ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʫʥʠʢʘʣʴʥʳʤ ʮʠʢʣʠʯʝʩʢʠʤ ʩʪʨʦʝʥʠʝʤ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʤ ʥʘ ʨʠʩ. 1. ʈʘʥʝʝ ʥʘʤʠ ʙʳʣ 
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ʧʦʣʫʯʝʥ ʰʠʨʦʢʠʡ ʨʷʜ ʪʨʠʩ(2-ʛʠʜʨʦʢʩʠʵʪʠʣ)ʘʤʤʦʥʠʝʚʳʭ ʩʦʣʝʡ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʢʘʨʙʦʥʦʚʳʭ 

ʢʠʩʣʦʪ [1], ʠʩʩʣʝʜʦʚʘʥʦ ʠʭ ʩʪʨʦʝʥʠʝ ʠ ʩʚʦʡʩʪʚʘ [2]. 

 
ʈʠʩʫʥʦʢ 1. ʉʪʨʦʝʥʠʝ ʘʪʨʘʥʦʚ: ʘ) ʤʝʪʘʣʣʘʪʨʘʥʳ (ʩʠʣʘʪʨʘʥʳ (M = Si), ʛʝʨʤʘʪʨʘʥʳ (M = Ge) ʠ 

ʜʨ.); ʙ) ʧʨʦʪʘʪʨʘʥʳ; ʚ) ʛʠʜʨʦʤʝʪʘʣʣʘʪʨʘʥʳ (ʦʜʥʘ ʠʟ ʚʦʟʤʦʞʥʳʭ ʩʪʨʫʢʪʫʨ) 

ʉ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʥʦʚʳʭ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʘʪʨʘʥʦʚʦʛʦ ʨʷʜʘ ʙʳʣʠ 

ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʊɽɸ, ʙʠʦʛʝʥʥʳʭ ʤʝʪʘʣʣʦʚ (Cu(II), Zn(II), Co(II)) ʠ 

ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ (ʙʝʥʟʦʡʥʘʷ, ʩʘʣʠʮʠʣʦʚʘʷ, ʢʦʨʠʯʥʘʷ ʠ ʷʥʪʘʨʥʘʷ).  

ʂʦʤʧʣʝʢʩ ʩʦʩʪʘʚʘ [Zn(TEA)(C6H5COO)3] ʙʳʣ ʧʦʣʫʯʝʥ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʊɽɸ ʩ ʙʝʥʟʦʘʪʦʤ ʮʠʥʢʘ 

ʚ ʤʝʪʘʥʦʣʝ [3]. ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʈʉɸ, ʢʦʤʧʣʝʢʩ ʷʚʣʷʝʪʩʷ ʙʠʷʜʝʨʥʳʤ (ʨʠʩ. 2 ʘ). ʇʝʨʚʳʡ ʘʪʦʤ ʮʠʥʢʘ 

(Zn1) ʩ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʤ ʯʠʩʣʦʤ ʨʘʚʥʳʤ ʰʝʩʪʠ ʢʦʦʨʜʠʥʠʨʦʚʘʥ ʘʪʦʤʦʤ ʘʟʦʪʘ (N10) ʠ ʪʨʝʤʷ ʘʪʦʤʘʤʠ  

ʢʠʩʣʦʨʦʜʘ ʊɽɸ (O4, O6 ʠ O8), ʘ ʪʘʢʞʝ ʜʚʫʤʷ ʘʪʦʤʘʤʠ ʢʠʩʣʦʨʦʜʘ (O1 ʠ O2) ʦʪ ʜʚʫʭ ʨʘʟʥʳʭ ʙʝʥʟʦʘʪ-

ʣʠʛʘʥʜʦʚ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʦʙʨʘʟʦʚʘʥʠʝ ʢʦʤʧʣʝʢʩʘ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʜʠʩʩʦʮʠʘʮʠʝʡ ʊɽɸ ʧʦ 

ʦʜʥʦʡ ʛʠʜʨʦʢʩʠʵʪʠʣʴʥʦʡ ʚʝʪʚʠ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʪʨʠʵʪʘʥʦʣʘʤʠʥʘʪ-ʘʥʠʦʥʘ, ʢʦʪʦʨʳʡ ʜʝʡʩʪʚʫʝʪ ʢʘʢ 

ʪʝʪʨʘʜʝʥʪʘʪʥʳʡ ʣʠʛʘʥʜ, ʠʩʧʦʣʴʟʫʷ ʚʩʝ ʩʚʦʠ ʜʦʥʦʨʥʳʝ ʘʪʦʤʳ ʘʟʦʪʘ ʠ ʢʠʩʣʦʨʦʜʘ. ɺʪʦʨʦʡ ʘʪʦʤ ʮʠʥʢʘ 

ʢʦʦʨʜʠʥʠʨʦʚʘʥ ʦʜʥʠʤ ʘʪʦʤʦʤ ʢʠʩʣʦʨʦʜʘ ʜʝʧʨʦʪʦʥʠʨʦʚʘʥʥʦʡ ʛʠʜʨʦʢʩʠʵʪʠʣʴʥʦʡ ʛʨʫʧʧʳ ʊɽɸ (O4), ʘ 

ʪʘʢʞʝ ʜʚʫʤʷ ʘʪʦʤʘʤʠ ʢʠʩʣʦʨʦʜʘ ʦʜʥʦʛʦ ʙʝʥʟʦʘʪ-ʣʠʛʘʥʜʘ (O3 ʠ O9) ʠ ʜʚʫʤʷ ʘʪʦʤʘʤʠ ʢʠʩʣʦʨʦʜʘ ʦʪ 

ʜʚʫʭ ʨʘʟʥʳʭ ʙʝʥʟʦʘʪ-ʣʠʛʘʥʜʦʚ (O7 ʠ O5). ʊʝʨʤʠʯʝʩʢʦʝ ʨʘʟʣʦʞʝʥʠʝ ʢʦʤʧʣʝʢʩʘ [Zn(TEA)(C6H5COO)3] 

ʥʘʯʠʥʘʝʪʩʷ ʧʦʩʣʝ ʨʘʩʧʣʘʚʣʝʥʠʷ ʢʦʤʧʣʝʢʩʘ ʧʨʠ 179 Áʉ, ʟʜʝʩʴ ʧʨʦʠʩʭʦʜʠʪ ʦʯʝʥʴ ʩʣʘʙʦʝ ʚʳʜʝʣʝʥʠʝ 

ʚʦʜʳ, ʘ ʧʦʩʣʝ 280Áʉ ʥʘʯʠʥʘʝʪʩʷ ʘʢʪʠʚʥʦʝ ʨʘʟʣʦʞʝʥʠʝ ʦʙʨʘʟʮʘ, ʢʦʪʦʨʦʝ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʚʳʜʝʣʝʥʠʝʤ 

ʚʦʜʳ ʠ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ. 

ʘ) ʙ)  

ʈʠʩʫʥʦʢ 2. ʄʦʣʝʢʫʣʷʨʥʘʷ ʩʪʨʫʢʪʫʨʘ ʘ) ʢʦʤʧʣʝʢʩʘ [Zn(TEA)(C6H5COO)3] ʠ ʙ) ʢʦʤʧʣʝʢʩʘ 

[Cu2(TEA)2(Sal)2](H 2O) 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʊɽɸ ʩ ʩʘʣʠʮʠʣʘʪʦʤ (Sal) ʠ ʮʠʥʥʘʤʘʪʦʤ (Cin) Cu(II) ʚ ʚʦʜʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

ʢʦʤʧʣʝʢʩʳ ʩʦʩʪʘʚʘ [Cu2(TEA)2(Sal)2](H2O) ʠ [Cu2(TEA)2(Cin)2](H2O). ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ 

ʢʦʤʧʣʝʢʩʦʚ ʚʢʣʶʯʘʝʪ ʜʠʤʝʨʥʳʡ ʙʠʷʜʝʨʥʳʡ ʢʦʤʧʣʝʢʩ ʠ ʦʜʥʫ ʤʦʣʝʢʫʣʫ ʚʦʜʳ. ʂʘʞʜʳʡ ʘʪʦʤ ʤʝʜʠ 

ʢʦʦʨʜʠʥʠʨʦʚʘʥ ʘʪʦʤʦʤ ʘʟʦʪʘ ʠ ʪʨʝʤʷ ʘʪʦʤʘʤʠ ʢʠʩʣʦʨʦʜʘ ʊɽɸ ʠ ʦʜʥʠʤ ʘʪʦʤʦʤ ʢʠʩʣʦʨʦʜʘ ʩʘʣʠʮʠʣʘʪ 

(ʩʠʥʥʘʤʘʪ) ʣʠʛʘʥʜʘ (ʨʠʩ. 2 ʙ). ʊɽɸ ʜʝʧʨʦʪʦʥʠʨʦʚʘʥ ʧʦ ʦʜʥʦʡ ʛʠʜʨʦʢʩʠʵʪʠʣʴʥʦʡ ʚʝʪʚʠ ʠ ʜʝʡʩʪʚʫʝʪ 

ʢʘʢ ʪʝʪʨʘʜʝʥʪʘʪʥʳʡ ʣʠʛʘʥʜ. ɸʪʦʤʳ ʤʝʜʠ ʩʚʷʟʘʥʳ ʯʝʨʝʟ ʘʪʦʤʳ ʢʠʩʣʦʨʦʜʘ ʜʝʧʨʦʪʦʥʠʨʦʚʘʥʥʦʡ ʚʝʪʚʠ 

ʜʚʫʭ ʊɽɸ, ʚʳʩʪʫʧʘʶʱʠʝ ʤʦʩʪʠʢʦʚʳʤʠ ʣʠʛʘʥʜʘʤʠ. 

ʂʘʪʠʦʥʥʳʝ ʤʦʥʦʷʜʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ (ʨʠʩ. 1 ʚ) ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʊɽɸ ʩ 

ʩʘʣʠʮʠʣʘʪʦʤ ʠ ʩʠʥʥʘʤʘʪʦʤ Co(II), ʩʫʢʮʠʥʘʪʦʤ Cu(II), ʘ ʪʘʢʞʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʢʦʤʧʣʝʢʩʘ 

[Co(TEA)2](NO3)2 ʩ ʷʥʪʘʨʥʦʡ ʢʠʩʣʦʪʦʡ. ɺʦ ʚʩʝʭ ʢʦʤʧʣʝʢʩʘʭ ʢʘʪʠʦʥʳ ʦʙʨʘʟʦʚʘʥʳ ʤʝʪʘʣʣʦʤ, 

ʩʚʷʟʘʥʥʳʤ ʩ ʜʚʫʤʷ ʤʦʣʝʢʫʣʘʤʠ ʊɽɸ ʯʝʨʝʟ ʜʚʘ ʘʪʦʤʘ ʢʠʩʣʦʨʦʜʘ ʠ ʘʪʦʤ ʘʟʦʪʘ. ʊʨʝʪʴʷ 
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ʛʠʜʨʦʢʩʠʵʪʠʣʴʥʘʷ ʚʝʪʚʴ ʊɽɸ ʥʝ ʫʯʘʩʪʚʫʝʪ ʚ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʠ ʩ ʮʝʥʪʨʘʣʴʥʳʤ ʤʝʪʘʣʣʦʤ. 

ʂʦʦʨʜʠʥʘʮʠʦʥʥʳʡ ʧʦʣʠʵʜʨ ʤʝʪʘʣʣʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʠʩʢʘʞʝʥʥʦʤʫ ʦʢʪʘʵʜʨʫ (MN2O4). 

ʇʦʣʫʯʝʥʥʳʝ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʊɽɸ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʤʝʪʦʜʘʤʠ ʈʉɸ, ʀʂ 

ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʢʚʘʥʪʦʚʦʭʠʤʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ, ʵʣʝʤʝʥʪʥʳʤ ʘʥʘʣʠʟʘʤ ʠ ʢʦʤʧʣʝʢʩʥʳʤ ʪʝʨʤʠʯʝʩʢʠʤ 

ʘʥʘʣʠʟʦʤ.  

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ çʋʄʅʀʂè ʌʦʥʜʘ ʩʦʜʝʡʩʪʚʠʷ ʨʘʟʚʠʪʠʶ 

ʤʘʣʳʭ ʬʦʨʤ ʧʨʝʜʧʨʠʷʪʠʡ ʚ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʩʬʝʨʝ (ˉ ʜʦʛʦʚʦʨʘ  10280 ɻʋ2015 ʦʪ 16.06.2016). 

ɸʚʪʦʨ ʚʳʨʘʞʘʝʪ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʥʘʫʯʥʦʤʫ ʨʫʢʦʚʦʜʠʪʝʣʶ ʜ.ʭ.ʥ., ʧʨʦʬʝʩʩʦʨʫ ʂʦʯʠʥʦʡ ʊ.ɸ., ʘ 

ʪʘʢʞʝ ʜ.ʭ.ʥ. ʀʛʥʘʪʴʝʚʫ ʀ.ʉ., ʢ.ʪ.ʥ. ʋʛʦʣʢʦʚʫ ɺ.ʃ., ʌʫʥʜʘʤʝʥʩʢʦʤʫ ɺ.ʉ., ʩʪʫʜʝʥʪʘʤ ɻʦʣʝʫʩʦʚʦʡ ʖ.ɸ. 

ʠ ɸʣʬʝʨʦʚʦʡ ɸ.ʉ. ʟʘ ʧʦʤʦʱʴ ʚ ʚʳʧʦʣʥʝʥʠʠ ʨʘʙʦʪʳ.  

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʙʦʨʫʜʦʚʘʥʠʷ ʨʝʩʫʨʩʥʳʭ ʮʝʥʪʨʦʚ ʉʇʙɻʋ çʄʘʛʥʠʪʥʦ-

ʨʝʟʦʥʘʥʩʥʳʝ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷè, çʈʝʥʪʛʝʥʦʜʠʬʨʘʢʮʠʦʥʥʳʝ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷè, çʄʝʪʦʜʳ 

ʘʥʘʣʠʟʘ ʩʦʩʪʘʚʘ ʚʝʱʝʩʪʚʘè, çʆʧʪʠʯʝʩʢʠʝ ʠ ʣʘʟʝʨʥʳʝ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʝʱʝʩʪʚʘè ʠ 

çʊʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʝ ʠ ʢʘʣʦʨʠʤʝʪʨʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷè. 
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ʇʨʠʤʝʥʝʥʠʝ ʣʘʟʝʨʥʦʡ ʩʚʘʨʢʠ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʙʦʣʴʰʫʶ ʛʣʫʙʠʥʫ ʧʨʦʧʣʘʚʣʝʥʠʷ ʧʨʠ ʤʘʣʦʡ 

ʰʠʨʠʥʝ ʰʚʘ, ʩʥʠʟʠʪʴ ʨʠʩʢ ʧʦʪʝʨʠ ʘʟʦʪʘ, ʫʤʝʥʴʰʠʪʴ ʟʦʥʫ ʪʝʨʤʠʯʝʩʢʦʛʦ ʚʣʠʷʥʠʷ, ʩʚʘʨʦʯʥʳʝ 

ʜʝʬʦʨʤʘʮʠʠ ʠ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʩʠʪʴ ʩʦʧʨʦʪʠʚʣʷʝʤʦʩʪʴ ʤʘʪʝʨʠʘʣʦʚ ʦʙʨʘʟʦʚʘʥʠʶ ʛʦʨʷʯʠʭ ʠ 

ʭʦʣʦʜʥʳʭ ʪʨʝʱʠʥ. ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʡ ï ʦʮʝʥʢʘ ʢʘʯʝʩʪʚʘ ʩʚʘʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ (ʉʉ) ʪʦʥʢʦʣʠʩʪʦʚʦʡ 

ʘʟʦʪʠʩʪʦʡ ʘʫʩʪʝʥʠʪʥʦʡ ʩʪʘʣʠ 05ʍ(21-22)ɸɻ15ʅ8ʄ(1-2)ʌ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʘʟʦʪʘ 0,5% (ʤʘʩʩ.), 

ʧʦʣʫʯʝʥʥʳʭ ʤʝʪʦʜʦʤ ʣʘʟʝʨʥʦʡ ʩʚʘʨʢʠ. 

ʀʩʩʣʝʜʦʚʘʣʠ ʧʦʣʫʯʝʥʥʳʝ ʣʘʟʝʨʥʦʡ ʩʚʘʨʢʦʡ ʩʚʘʨʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʤʝʪʘʣʣʘ ʘʫʩʪʝʥʠʪʥʳʭ ʩʪʘʣʝʡ 

(ʪʘʙʣ.1). ɼʣʷ ʩʚʘʨʢʠ ʠʩʧʦʣʴʟʦʚʘʣʠ ʢʘʨʪʦʯʢʠ ʠ ʧʦʣʦʩʳ ʪʦʣʱʠʥʦʡ 1-3 ʤʤ ʠʟ ʣʠʩʪʦʚʦʛʦ ʛʦʨʷʯʝʢʘʪʘʥʦʛʦ 

ʤʝʪʘʣʣʘ (ɻʇ) ʠ ʣʠʪʦʡ ʩʪʘʣʠ (ʃ) ʚ ʩʦʩʪʦʷʥʠʠ ʧʦʩʣʝ ʛʦʤʦʛʝʥʠʟʠʨʫʶʱʝʡ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ.  

ʊʘʙʣʠʮʘ 1 - ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʩʪʘʣʝʡ, % ʤʘʩʩ (Fe ï ʠ ʧʨʠʤʝʩʠ ï ʦʩʪʘʣʴʥʦʝ). 

 
ʃʘʟʝʨʥʫ  ʁʩʚʘʨʢʫ ʫʢʘʟʘʥʥʦʛʦ ʧʨʦʢʘʪʘ ʧʨʦʚʦʜʠʣʠ ʥʘ ʦʙʦʨʫʜʦʚʘʥʠʠ ʠ ʧʦ ʨʝʞʠʤʘʤ ʅʊʆ çʀʈʕ-

ʇʦʣʶʩè. ʈʘʟʨʝʟʘʥʥʳʝ ʣʠʩʪʳ ʧʨʠʢʣʘʜʳʚʘʣʠ ʜʨʫʛ ʢ ʜʨʫʛʫ ʠ ʙʝʟ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʩʧʝʮʠʘʣʴʥʦʡ ʨʘʟʜʝʣʢʠ 

ʢʨʦʤʦʢ ʧʨʦʧʣʘʚʣʷʣʠ ʚʩʪʳʢ ʩ ʟʘʟʦʨʦʤ < 25 ʤʢʤ ʠʪʪʝʨʙʠʝʚʳʤ ʚʦʣʦʢʦʥʥʳʤ ʣʘʟʝʨʦʤ (ʨʘʟʨʘʙʦʪʢʘ IPG IRE-

Polus), ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʚʘʨʦʯʥʳʭ ʧʨʠʩʘʜʦʢ. ʈʝʞʠʤʳ ʩʚʘʨʢʠ: ʤʦʱʥʦʩʪʴ P = 1 é 6, ʢɺʪ; ʩʢʦʨʦʩʪʴ 

ʩʚʘʨʢʠ Vcʚ= 1é7 ʤ/ʤʠʥ, ʟʘʛʣʫʙʣʝʥʠʝ ʬʦʢʫʩʘ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ +3 é -3 ʤʤ. 

ʉʚʘʨʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʠʟʫʯʝʥʥʳʭ ʩʪʘʣʝʡ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʥʘʣʠʯʠʝʤ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ 

ʩʚʘʨʥʦʛʦ ʰʚʘ ʯʝʪʢʦʡ ʚʝʨʪʠʢʘʣʴʥʦʡ ʣʠʥʠʠ ʩʪʳʢʦʚʢʠ ʜʝʥʜʨʠʪʦʚ ʨʘʩʧʣʘʚʣʝʥʥʦʛʦ ʤʝʪʘʣʣʘ ʢʘʞʜʦʡ ʠʟ 

ʜʚʫʭ ʧʦʣʦʚʠʥ ʉʉ (ʨʠʩ.1).  
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ʈʠʩ.1 ï ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʦʩʥʦʚʥʦʛʦ ʤʝʪʘʣʣʘ (ʆʄ), ʩʚʘʨʥʦʛʦ ʰʚʘ (ʉʐ) ʠ ʣʠʥʠʠ ʩʧʣʘʚʣʝʥʠʷ (ʃʉ) 

ʉʉ ʛʦʨʷʯʝʢʘʪʘʥʦʡ ʩʪʘʣʠ (ʘ); ʉʉ ʣʠʪʦʡ ʩʪʘʣʠ (ʙ). 

ʄʠʢʨʦʨʝʥʪʛʝʥʦʩʧʝʢʪʨʘʣʴʥʳʤ ʘʥʘʣʠʟʦʤ ʦʧʨʝʜʝʣʷʣʠ ʩʦʜʝʨʞʘʥʠʝ ʦʩʥʦʚʥʳʭ ʣʝʛʠʨʫʶʱʠʭ 

ʵʣʝʤʝʥʪʦʚ (ʃʕ) (ʪʘʙʣ.2) ʚ ʨʘʟʣʠʯʥʳʭ ʫʯʘʩʪʢʘʭ CC ʛʦʨʷʯʝʢʘʪʘʥʥʦʡ ʩʪʘʣʠ (ʨʠʩ.2). ɺ ʆʄ ʩʦʜʝʨʞʘʥʠʝ 

ʦʩʥʦʚʥʳʭ ʃʕ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʤʘʨʦʯʥʦʤʫ ʩʦʩʪʘʚʫ ʩʪʘʣʠ 05ʍ(21-22)ɸɻ15ʅ8ʄ(1-2)ʌ. ɺ ʉʐ 

ʥʘʙʣʶʜʘʝʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʫʤʝʥʴʰʝʥʠʝ Mn (ʚ ʩʨʝʜʥʝʤ 14,5% ʧʨʦʪʠʚ 15,3% ʚ ʆʄ), ʩʦʜʝʨʞʘʥʠʝ 

ʦʩʪʘʣʴʥʳʭ ʣʝʛʠʨʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʩʦʜʝʨʞʘʥʠʷ ʪʘʢʦʚʳʭ ʚ ʆʄ.  

 

 
ʈʠʩ.  2 ï ʉʚʘʨʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ɻʇ ʘʫʩʪʝʥʠʪʥʦʡ ʩʪʘʣʠ. 

 

ʊʘʙʣʠʮʘ 2 - ʉʦʜʝʨʞʘʥʠʝ ʦʩʥʦʚʥʳʭ ʣʝʛʠʨʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʤʝʪʘʣʣʝ ʉʉ (ʤʘʩʩ. %). 

 
ɺʳʚʦʜʳ. 

 ʀʟʫʯʝʥʳ ʩʚʘʨʥʳʝ ʩʦʝʜʠʥʝʥʠʷ (ʉʉ) ʘʫʩʪʝʥʠʪʥʦʡ ʩʪʘʣʠ 05ʍ(21-22)ɸɻ15ʅ8ʄ(1-2)ʌ ʩ 0,5%N - 

ʛʦʨʷʯʝʢʘʪʘʥʦʡ ʪʦʥʢʦʣʠʩʪʦʚʦʡ ʠ ʣʠʪʦʡ, ʧʦʣʫʯʝʥʥʳʝ ʤʝʪʦʜʦʤ ʣʘʟʝʨʥʦʡ ʩʚʘʨʢʠ ʚʩʪʳʢ, ʙʝʟ ʩʚʘʨʦʯʥʦʡ 

ʧʨʠʩʘʜʢʠ, ʩ ʟʘʟʦʨʦʤ < 25 ʤʢʤ, ʠʪʪʝʨʙʠʝʚʳʤ ʚʦʣʦʢʦʥʥʳʤ ʣʘʟʝʨʦʤ (ʨʘʟʨʘʙʦʪʢʘ IPG IRE-Polus).  ɺʩʝ ʉʐ 

ʠʤʝʶʪ ʤʝʣʢʫʶ ʜʝʥʜʨʠʪʥʫʶ ʩʪʨʫʢʪʫʨʫ, ʚ ʢʦʪʦʨʦʡ ʜʝʥʜʨʠʪʳ ʰʠʨʠʥʦʡ ʦʪ 5 ʜʦ 150 ʤʢʤ ʨʘʩʪʫʪ ʦʪ 

ʮʝʥʪʨʘ ʰʚʘ ʚ ʩʪʦʨʦʥʫ ʆʄ, ʪʘʢ ʯʪʦ ʠʤʝʝʪ ʤʝʩʪʦ ʷʨʢʦ ʚʳʨʘʞʝʥʥʘʷ ʦʩʝʚʘʷ ʩʠʤʤʝʪʨʠʷ ʉʐ.  

 ɺ ʩʚʘʨʥʳʭ ʩʦʝʜʠʥʝʥʠʷʭ ʧʦʨ ʠ ʪʨʝʱʠʥ ʥʝ ʦʙʥʘʨʫʞʝʥʦ.  

 ʉʦʜʝʨʞʘʥʠʝ ʦʩʥʦʚʥʳʭ ʣʝʛʠʨʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʆʄ ʠ ʉʐ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʟʤʝʥʷʝʪʩʷ ʠ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʤʘʨʦʯʥʦʤʫ ʩʦʩʪʘʚʫ ʩʪʘʣʠ 05ʍ(21-22)ɸɻ15ʅ8ʄ(1-2)ʌ. ɺ ʉʐ ʟʘʬʠʢʩʠʨʦʚʘʥʦ 

ʥʝʙʦʣʴʰʦʝ ʫʤʝʥʴʰʝʥʠʝ Mn (ʚ ʩʨʝʜʥʝʤ 14,5% ʧʨʦʪʠʚ 15,3% ʚ ʆʄ).  

ɼʣʷ ʩʚʘʨʢʠ ʨʝʢʦʤʝʥʜʫʶʪʩʷ ʨʝʞʠʤʳ: ʤʦʱʥʦʩʪʴ P = 1 é 3, ʢɺʪ; ʩʢʦʨʦʩʪʴ ʩʚʘʨʢʠ Vcʚ= 3é7 ʤ/ʤʠʥ, 

ʟʘʛʣʫʙʣʝʥʠʝ ʬʦʢʫʩʘ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ +3 é -3 ʤʤ.  

ɸʚʪʦʨ ʚʳʨʘʞʘʝʪ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʩʚʦʝʤʫ ʥʘʫʯʥʦʤʫ ʨʫʢʦʚʦʜʠʪʝʣʶ ʜ.ʪ.ʥ., ʄ.ɺ. ʂʦʩʪʠʥʦʡ. 
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