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ʄʦʩʢʚʘ 2024 ʛ 
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ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʬʝʜʝʨʘʣʴʥʦʤ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤ ʘʚʪʦʥʦʤʥʦʤ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʤ ʫʯʨʝʞʜʝʥʠʠ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʅʘʮʠʦʥʘʣʴʥʦʤ 

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʤ ʷʜʝʨʥʦʤ ʫʥʠʚʝʨʩʠʪʝʪʝ çʄʀʌʀè 

 

ʅʘʫʯʥʳʡ 

ʨʫʢʦʚʦʜʠʪʝʣʴ:  

ʀʩʘʝʥʢʦʚʘ ʄʘʨʛʘʨʠʪʘ ɻʝʥʥʘʜʴʝʚʥʘ  

ʜʦʢʪʦʨ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, 

ʅʀʗʋ ʄʀʌʀ, ʛ. ʄʦʩʢʚʘ 

ʆʬʠʮʠʘʣʴʥʳʝ 

ʦʧʧʦʥʝʥʪʳ: 

ɹʘʥʥʳʭ ʀʛʦʨʴ ʆʣʝʛʦʚʠʯ 

ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʚʝʜʫʱʠʡ ʥʘʫʯʥʳʡ 

ʩʦʪʨʫʜʥʠʢ, ʀʥʩʪʠʪʫʪ ʤʝʪʘʣʣʫʨʛʠʠ ʠ 

ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ ʠʤ. ɸ.ɸ. ɹʘʡʢʦʚʘ ʈʦʩʩʠʡʩʢʦʡ 

ʘʢʘʜʝʤʠʠ ʥʘʫʢ (ʀʄɽʊ ʈɸʅ), ʛ. ʄʦʩʢʚʘ 

ɽʥʠʢʝʝʚ ʅʘʨʠʤʘʥ ɸʡʨʘʪʦʚʠʯ 

ʜʦʢʪʦʨ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ, ʛʣʘʚʥʳʡ 

ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ, ʋʬʠʤʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʥʘʫʢʠ ʠ 

ʪʝʭʥʦʣʦʛʠʡ (ʋʋʅʠʊ), ʛ. ʋʬʘ 

ʌʠʣʠʧʧʦʚʘ ɺʘʨʚʘʨʘ ʇʝʪʨʦʚʥʘ 

ʢʘʥʜʠʜʘʪ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ, ʟʘʤʝʩʪʠʪʝʣʴ 

ʜʠʨʝʢʪʦʨʘ ʥʘʫʯʥʦʛʦ ʮʝʥʪʨʘ ʤʝʪʘʣʣʦʚʝʜʝʥʠʷ ʠ ʬʠʟʠʢʠ 

ʤʝʪʘʣʣʦʚ ʠʤ. ɻ.ɺ. ʂʫʨʜʶʤʦʚʘ, ʎʝʥʪʨʘʣʴʥʳʡ ʥʘʫʯʥʦ-

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪ ʯʝʨʥʦʡ ʤʝʪʘʣʣʫʨʛʠʠ 

ʠʤ. ʀ.ʇ. ɹʘʨʜʠʥʘ (ʎʅʀʀʯʝʨʤʝʪ), ʛ. ʄʦʩʢʚʘ 

 

ɿʘʱʠʪʘ ʜʠʩʩʝʨʪʘʮʠʠ ʩʦʩʪʦʠʪʩʷ ç11è ʠʶʥʷ 2024 ʛ. ʚ 11 ʯʘʩ. 30 ʤʠʥ. ʥʘ 

ʟʘʩʝʜʘʥʠʠ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʩʦʚʝʪʘ ʄʀʌʀ.1.07 ʬʝʜʝʨʘʣʴʥʦʛʦ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʘʚʪʦʥʦʤʥʦʛʦ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʫʯʨʝʞʜʝʥʠʷ ʚʳʩʰʝʛʦ 

ʦʙʨʘʟʦʚʘʥʠʷ çʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʷʜʝʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

çʄʀʌʀè (115409, ʛ. ʄʦʩʢʚʘ, ʂʘʰʠʨʩʢʦʝ ʰʦʩʩʝ, 31). 

ʉ ʜʠʩʩʝʨʪʘʮʠʝʡ ʤʦʞʥʦ ʦʟʥʘʢʦʤʠʪʴʩʷ ʚ ʙʠʙʣʠʦʪʝʢʝ ʅʀʗʋ ʄʀʌʀ ʠ ʥʘ 

ʩʘʡʪʝ https://ds.mephi.ru. 

ɸʚʪʦʨʝʬʝʨʘʪ ʨʘʟʦʩʣʘʥ ç____è __________2024 ʛ. 

 

ʋʯʝʥʳʡ ʩʝʢʨʝʪʘʨʴ 

ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʩʦʚʝʪʘ ʄʀʌʀ.1.07, 

ʢʘʥʜʠʜʘʪ ʬʠʟʠʢʦïʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ 

 

ɸ.ɸ. ʉʘʚʯʝʥʢʦ 

  

https://ds.mephi.ru/
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ʆɹʑɸʗ ʍɸʈɸʂʊɽʈʀʉʊʀʂɸ ʈɸɹʆʊʓ 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʧʨʦʙʣʝʤʳ 

ʋʞʝʩʪʦʯʝʥʠʝ ʪʨʝʙʦʚʘʥʠʡ ʢ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ 

ʤʘʪʝʨʠʘʣʦʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʥʘʜʝʞʥʦʩʪʴ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʩʦʟʜʘʥʥʳʭ ʥʘ ʠʭ 

ʦʩʥʦʚʝ ʢʦʥʩʪʨʫʢʮʠʡ, ʩʪʠʤʫʣʠʨʫʝʪ ʨʘʟʨʘʙʦʪʢʫ ʥʦʚʳʭ ʩʧʣʘʚʦʚ ʠ ʨʘʟʚʠʪʠʝ 

ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠʭ ʧʦʣʫʯʝʥʠʷ. ʆʜʥʠʤʠ ʠʟ ʩʘʤʳʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʠ 

ʜʦʩʪʫʧʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʢʦʥʩʪʨʫʢʮʠʡ ʷʚʣʷʶʪʩʷ ʩʪʘʣʠ ʨʘʟʣʠʯʥʦʛʦ ʢʣʘʩʩʘ, 

ʩʪʨʫʢʪʫʨʘ ʠ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʘʷ ʪʝʢʩʪʫʨʘ ʢʦʪʦʨʳʭ ʧʨʝʪʝʨʧʝʚʘʶʪ 

ʩʝʨʴʝʟʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚ ʧʨʦʮʝʩʩʝ ʪʝʨʤʦʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ. ɺ 

ʩʦʚʨʝʤʝʥʥʦʤ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʠ ʧʦʣʫʯʝʥʠʝ ʢʦʥʝʯʥʦʛʦ ʠʟʜʝʣʠʷ ʩ ʟʘʜʘʥʥʳʤʠ 

ʩʚʦʡʩʪʚʘʤʠ ʷʚʣʷʝʪʩʷ ʜʦʚʦʣʴʥʦ ʤʥʦʛʦʩʪʫʧʝʥʯʘʪʦʡ ʟʘʜʘʯʝʡ, ʚʢʣʶʯʘʶʱʝʡ ʚ 

ʩʝʙʷ ʪʘʢʠʝ ʧʨʦʮʝʩʩʳ, ʢʘʢ ʛʦʨʷʯʘʷ ʠ ʭʦʣʦʜʥʘʷ ʧʨʦʢʘʪʢʠ, ʪʝʨʤʦʦʙʨʘʙʦʪʢʘ 

(ʟʘʢʘʣʢʘ, ʦʪʧʫʩʢ, ʩʪʘʨʝʥʠʝ ʠ ʪ.ʧ.), ʘ ʪʘʢʞʝ ʠʭ ʢʦʤʙʠʥʘʮʠʠ. 

ʉʪʨʫʢʪʫʨʘ ʠ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʘʷ ʪʝʢʩʪʫʨʘ ʤʘʪʝʨʠʘʣʘ ʧʦʣʥʦʩʪʴʶ 

ʦʧʨʝʜʝʣʷʶʪ ʝʛʦ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ. ʄʦʜʠʬʠʢʘʮʠʷ ʩʦʩʪʘʚʘ ʩʪʘʣʝʡ 

ʠ ʨʘʟʚʠʪʠʝ ʪʝʭʥʦʣʦʛʠʠ ʠʟʛʦʪʦʚʣʝʥʠʷ ʠʟʜʝʣʠʡ ʧʨʝʜʦʧʨʝʜʝʣʷʶʪ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʦʩʪʦʷʥʥʦʛʦ ʠʟʫʯʝʥʠʷ ʠʭ ʩʪʨʫʢʪʫʨʳ, ʪʝʢʩʪʫʨʳ ʠ ʩʚʦʡʩʪʚ. 

ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʩʪʘʣʝʡ ʰʠʨʦʢʦ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʣʠʪʝʨʘʪʫʨʝ, ʦʜʥʘʢʦ 

ʩʚʝʜʝʥʠʷʤ ʦ ʟʘʢʦʥʦʤʝʨʥʦʩʪʷʭ ʬʦʨʤʠʨʦʚʘʥʠʷ ʪʝʢʩʪʫʨʳ ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ 

ʠʟʜʝʣʠʡ ʠʟ ʩʪʘʣʝʡ ʫʜʝʣʝʥʦ ʥʝ ʪʘʢ ʤʥʦʛʦ ʚʥʠʤʘʥʠʷ, ʭʦʪʷ 

ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʘʷ ʪʝʢʩʪʫʨʘ ʷʚʣʷʝʪʩʷ ʯʫʚʩʪʚʠʪʝʣʴʥʳʤ ʠʥʜʠʢʘʪʦʨʦʤ 

ʧʨʦʮʝʩʩʦʚ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʧʨʠ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ ʠ ʪʝʨʤʦʦʙʨʘʙʦʪʢʝ. 

ʂʨʦʤʝ ʪʦʛʦ, ʪʝʢʩʪʫʨʘ ʦʧʨʝʜʝʣʷʝʪ ʘʥʠʟʦʪʨʦʧʠʶ ʪʘʢʠʭ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ, ʢʘʢ ʧʨʝʜʝʣ ʪʝʢʫʯʝʩʪʠ, ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ, ʦʧʨʝʜʝʣʷʶʱʝʡʩʷ 

ʤʠʥʠʤʘʣʴʥʳʤ ʫʛʣʦʤ ʤʝʞʜʫ ʦʜʥʠʤ ʠʟ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʭ ʥʘʧʨʘʚʣʝʥʠʡ 

ʣʝʛʢʦʛʦ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ <100> ʠ ʚʝʢʪʦʨʦʤ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ, ʤʘʛʥʠʪʥʘʷ 

ʵʥʝʨʛʠʷ, ʟʘʪʨʘʯʠʚʘʝʤʘʷ ʧʨʠ ʧʝʨʝʤʘʛʥʠʯʠʚʘʥʠʠ ʪʨʘʥʩʬʦʨʤʘʪʦʨʥʳʭ ʧʣʘʩʪʠʥ, 

ʦʩʪʘʪʦʯʥʳʝ ʤʘʢʨʦʥʘʧʨʷʞʝʥʠʷ, ʪʚʝʨʜʦʩʪʴ, ʧʣʘʩʪʠʯʥʦʩʪʴ ʠ ʪ.ʧ.    

ʇʦʤʠʤʦ ʪʝʢʩʪʫʨʳ ʚ ʧʨʦʮʝʩʩʝ ʪʝʨʤʦʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʩʪʘʣʝʡ 

ʬʦʨʤʠʨʫʝʪʩʷ ʩʫʙʩʪʨʫʢʪʫʨʥʘʷ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ, ʦʢʘʟʳʚʘʶʱʘʷ ʚʣʠʷʥʠʝ ʥʘ 

ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʪʝʢʩʪʫʨʦʚʘʥʥʳʭ ʩʧʣʘʚʦʚ. ʀʩʩʣʝʜʦʚʘʪʴ ʝʝ 

ʤʦʞʥʦ ʩ ʧʦʤʦʱʴʶ ʦʙʦʙʱʝʥʥʳʭ ʧʨʷʤʳʭ ʧʦʣʶʩʥʳʭ ʬʠʛʫʨ (ʆʇʇʌ), 

ʧʦʩʪʨʦʝʥʠʝ ʢʦʪʦʨʳʭ ʦʩʥʦʚʘʥʦ ʥʘ ʪʦʤ, ʯʪʦ ʧʨʦʬʠʣʴ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʣʠʥʠʠ (hkl) 

ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʩʦʩʪʦʷʥʠʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʸʪʢʠ ʚ ʦʙʣʫʯʘʝʤʳʭ ʟʸʨʥʘʭ 

ʚʜʦʣʴ ʥʦʨʤʘʣʠ ʢ ʦʪʨʘʞʘʶʱʠʤ ʧʣʦʩʢʦʩʪʷʤ {hkl}.  ʇʦ ʩʫʪʠ, ʪʘʢʦʡ ʧʦʜʭʦʜ 

ʷʚʣʷʝʪʩʷ ʢʦʤʙʠʥʘʮʠʝʡ ʠʟʤʝʨʝʥʠʷ ʪʝʢʩʪʫʨʳ ʠ ʩ ʦʜʥʦʚʨʝʤʝʥʥʦʡ ʨʝʛʠʩʪʨʘʮʠʝʡ 
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ʧʨʦʬʠʣʷ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʦʪʨʘʞʝʥʠʷ.  ʊʦ ʝʩʪʴ, ʚ ʧʨʦʮʝʩʩʝ ʩʲʝʤʢʠ ʇʇʌ, 

ʧʦʤʠʤʦ ʠʥʪʝʛʨʘʣʴʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʪʨʘʞʝʥʠʷ ʨʝʛʠʩʪʨʠʨʫʶʪʩʷ ʝʛʦ ʫʛʣʦʚʦʝ 

ʧʦʣʦʞʝʥʠʝ ʠ ʬʠʟʠʯʝʩʢʦʝ ʫʰʠʨʝʥʠʝ ʜʣʷ ʢʘʞʜʦʡ ʪʦʯʢʠ ʩʪʝʨʝʦʛʨʘʬʠʯʝʩʢʦʡ 

ʧʨʦʝʢʮʠʠ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʧʝʨʝʩʯʠʪʘʪʴ ʚ ʫʧʨʫʛʫʶ ʜʝʬʦʨʤʘʮʠʶ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʟʝʨʝʥ.  

ʈʝʥʪʛʝʥʦʚʩʢʠʝ ʤʝʪʦʜʳ ʧʦʣʫʯʠʣʠ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʧʨʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤ ʠʟʫʯʝʥʠʠ ʠ ʘʥʘʣʠʟʝ ʪʝʢʩʪʫʨʳ ʚ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʝʡ, ʨʝʥʪʛʝʥʦʚʩʢʠʡ ʧʫʯʦʢ ʧʨʦʥʠʢʘʝʪ ʥʘ 

ʙ·ʣʴʰʫʶ ʛʣʫʙʠʥʫ, ʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʙʦʣʝʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠ 

ʟʥʘʯʠʤʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦʡ ʦʨʠʝʥʪʘʮʠʠ ʟʝʨʝʥ ʚ ʤʘʪʝʨʠʘʣʝ ʠ 

ʠʭ ʩʪʨʫʢʪʫʨʥʦʤ ʩʦʩʪʦʷʥʠʠ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʦʧʠʩʘʥʠʝ ʪʝʢʩʪʫʨʳ ʙʘʟʠʨʫʝʪʩʷ 

ʥʘ ʬʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʟʝʨʝʥ ʧʦ ʦʨʠʝʥʪʘʮʠʷʤ (ʌʈʆ), ʢʦʪʦʨʘʷ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʦʮʝʥʢʠ ʘʥʠʟʦʪʨʦʧʠʠ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

ʤʘʪʝʨʠʘʣʘ, ʧʨʝʪʝʨʧʝʚʘʶʱʝʛʦ ʟʘʢʦʥʦʤʝʨʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ ʠ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ. 

ɺ ʩʚʷʟʠ ʩʦ ʚʩʝʤ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʤ ʜʘʥʥʘʷ ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ 

ʫʩʪʨʘʥʝʥʠʶ ʧʨʦʙʝʣʦʚ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʪʝʢʩʪʫʨʳ ʠ ʩʫʙʩʪʨʫʢʪʫʨʥʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʩʪʘʣʝʡ ʨʘʟʣʠʯʥʦʛʦ ʢʣʘʩʩʘ ʚ 

ʧʨʦʮʝʩʩʝ ʠʭ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʨʘʟʚʠʪʠʝ ʤʝʪʦʜʦʚ ʨʘʩʯʝʪʘ ʠ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʘʥʠʟʦʪʨʦʧʠʠ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʩ ʫʯʝʪʦʤ 

ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʡ ʪʝʢʩʪʫʨʳ ʠ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʩʫʙʩʪʨʫʢʪʫʨʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʟʝʨʝʥ ʨʘʟʣʠʯʥʳʭ ʦʨʠʝʥʪʘʮʠʡ. ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥʳ ʩʪʘʣʠ ʩ 

ʨʘʟʣʠʯʥʦʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʦʡ: ʦʙʲʸʤʥʦ-ʮʝʥʪʨʠʨʦʚʘʥʥʦʡ 

ʢʫʙʠʯʝʩʢʦʡ (ʆʎʂ) ï ʬʝʨʨʠʪʥʘʷ ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʘʷ ʩʪʘʣʴ 2414 (Fe3Si1Al ), 

ʬʝʨʨʠʪʥʦ-ʧʝʨʣʠʪʥʘʷ ʩʪʘʣʴ ʢʘʪʝʛʦʨʠʠ ʧʨʦʯʥʦʩʪʠ ʂ60 (X70) ʠ ʙʝʡʥʠʪʥʘʷ ʩʪʘʣʴ 

ʂ65 (X80), ʘ ʪʘʢʞʝ ʩʪʘʣʴ AISI 304 (08ʍ18ʅ10) ʩ ʛʨʘʥʝʮʝʥʪʨʠʨʦʚʘʥʥʦʡ 

ʢʫʙʠʯʝʩʢʦʡ (ɻʎʂ) ʩʪʨʫʢʪʫʨʦʡ. 

ʎʝʣʴ ʨʘʙʦʪʳ 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʠʣʘʩʴ ʦʧʪʠʤʠʟʘʮʠʷ ʧʨʦʮʝʩʩʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʩʪʘʣʝʡ ʨʘʟʣʠʯʥʦʛʦ ʢʣʘʩʩʘ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʟʘʜʘʥʥʳʭ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ ʥʘ ʦʩʥʦʚʝ ʫʩʪʘʥʦʚʣʝʥʠʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʵʚʦʣʶʮʠʠ 

ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʡ ʪʝʢʩʪʫʨʳ ʤʘʪʝʨʠʘʣʘ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʩʚʦʡʩʪʚ ʩ 

ʫʯʝʪʦʤ ʩʫʙʩʪʨʫʢʪʫʨʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʟʝʨʝʥ. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʨʝʰʝʥʳ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

1) ɺʳʷʚʣʝʥʳ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʡ 

ʪʝʢʩʪʫʨʳ, ʩʪʨʫʢʪʫʨʳ ʠ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʚ ʩʪʘʣʷʭ ʨʘʟʣʠʯʥʦʛʦ 

ʢʣʘʩʩʘ ʧʨʠ ʠʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ. 
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2) ʈʘʟʨʘʙʦʪʘʥʳ ʤʝʪʦʜʠʢʠ ʠʟʤʝʨʝʥʠʷ ʦʩʪʘʪʦʯʥʳʭ ʤʘʢʨʦʥʘʧʨʷʞʝʥʠʡ ʚ 

ʠʟʜʝʣʠʷʭ ʨʘʟʥʳʭ ʛʘʙʘʨʠʪʦʚ ʠ ʦʮʝʥʢʠ ʧʘʨʘʤʝʪʨʦʚ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʡ 

ʪʝʢʩʪʫʨʳ ʬʝʨʨʠʪʥʳʭ ʠ ʘʫʩʪʝʥʠʪʥʳʭ ʩʪʘʣʝʡ (ʩ ʆʎʂ, ʆʎʊ ʠ ɻʎʂ-

ʩʪʨʫʢʪʫʨʘʤʠ). 

3) ʋʩʪʘʥʦʚʣʝʥʦ ʚʣʠʷʥʠʝ ʪʝʢʩʪʫʨʳ ʠ ʩʫʙʩʪʨʫʢʪʫʨʳ ʤʘʪʝʨʠʘʣʘ ʥʘ 

ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʬʝʨʨʠʪʥʳʭ ʠ ʘʫʩʪʝʥʠʪʥʳʭ ʩʪʘʣʝʡ. 

4) ʈʘʟʨʘʙʦʪʘʥʳ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʨʝʞʠʤʘʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʬʝʨʨʠʪʥʦʡ ʩʪʘʣʠ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʟʘʜʘʥʥʳʭ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ 

ʧʫʪʝʤ ʩʦʟʜʘʥʠʷ ʦʧʪʠʤʘʣʴʥʳʭ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʠ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʡ 

ʪʝʢʩʪʫʨʳ. 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʨʘʙʦʪʳ  

1) ʈʘʟʨʘʙʦʪʘʥʳ ʠ ʚʥʝʜʨʝʥʳ ʤʝʪʦʜʠʢʠ ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʪʝʢʩʪʫʨʳ ʠ ʦʩʪʘʪʦʯʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʩʪʘʣʷʤ ʬʝʨʨʠʪʥʦ-

ʧʝʨʣʠʪʥʦʛʦ ʠ ʙʝʡʥʠʪʥʦʛʦ ʢʣʘʩʩʦʚ. 

2) ɺʧʝʨʚʳʝ ʜʣʷ ʩʪʘʣʝʡ ʨʘʟʣʠʯʥʦʛʦ ʢʣʘʩʩʘ ʫʩʪʘʥʦʚʣʝʥʳ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʥʝʦʜʥʦʨʦʜʥʦʛʦ ʟʘʨʦʞʜʝʥʠʷ ʠ ʨʦʩʪʘ ʟʝʨʝʥ ʨʘʟʣʠʯʥʳʭ 

ʢʦʤʧʦʥʝʥʪ ʪʝʢʩʪʫʨʳ ʧʨʦʢʘʪʢʠ ʚ ʧʨʦʮʝʩʩʝ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ, 

ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʥʝʦʜʥʦʨʦʜʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʥʘʢʦʧʣʝʥʥʦʡ ʵʥʝʨʛʠʠ 

ʠʩʢʘʞʝʥʥʦʩʪʠ ʨʝʰʝʪʢʠ (ʥʘʢʣʝʧʘ) ʚ ʧʨʦʢʘʪʘʥʥʦʤ ʤʘʪʝʨʠʘʣʝ ʠ ʧʨʠʚʦʜʷʱʠʝ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʢ ʨʘʟʣʠʯʠʶ ʨʘʟʤʝʨʦʚ ʟʝʨʥʘ.  

3) ʅʘ ʧʨʠʤʝʨʝ ʘʫʩʪʝʥʠʪʥʦʡ ʩʪʘʣʠ AISI 304 (08ʍ18ʅ10) 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʳ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʚʣʠʷʥʠʷ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʡ 

ʪʝʢʩʪʫʨʳ ʠ ʩʫʙʩʪʨʫʢʪʫʨʥʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʥʘ ʧʨʦʪʝʢʘʥʠʝ ʧʨʷʤʦʛʦ ʠ 

ʦʙʨʘʪʥʦʛʦ ʬʘʟʦʚʦʛʦ ʧʨʝʚʨʘʱʝʥʠʷ ʘʫʩʪʝʥʠʪ ź ʤʘʨʪʝʥʩʠʪ ʜʝʬʦʨʤʘʮʠʠ ʚ 

ʧʨʦʮʝʩʩʝ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ ʠ ʧʦʩʣʝʜʫʶʱʝʡ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ. 

ʅʘʫʯʥʘʷ ʠ ʧʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʦʚʳʝ ʟʥʘʥʠʷ ʦ ʬʦʨʤʠʨʦʚʘʥʠʠ 

ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʡ ʪʝʢʩʪʫʨʳ ʠ ʩʪʨʫʢʪʫʨʥʦ-ʬʘʟʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ ʠʟʜʝʣʠʡ 

ʠʟ ʩʪʘʣʝʡ ʨʘʟʣʠʯʥʦʛʦ ʢʣʘʩʩʘ ʧʨʠ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ ʠ ʪʝʨʤʠʯʝʩʢʦʡ 

ʦʙʨʘʙʦʪʢʝ. ʇʨʠ ʵʪʦʤ ʧʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʧʦʟʚʦʣʷʶʪ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ 

ʢʦʥʝʯʥʫʶ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʫʶ ʪʝʢʩʪʫʨʫ ʠ ʝʝ ʚʣʠʷʥʠʝ ʥʘ ʬʠʟʠʢʦ-

ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʩʪʘʣʴʥʳʭ ʠʟʜʝʣʠʡ. 

ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʟʘʢʣʶʯʘʝʪʩʷ:  

ï ʚ ʨʝʢʦʤʝʥʜʘʮʠʷʭ ʧʦ ʦʧʪʠʤʠʟʘʮʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʤʘʨʰʨʫʪʘ 

ʠʟʛʦʪʦʚʣʝʥʠʷ ʣʠʩʪʦʚʦʛʦ ʧʨʦʢʘʪʘ ʠʟ ʩʪʘʣʠ 2414 (Fe3Si1Al) c ʦʧʪʠʤʘʣʴʥʦʡ 
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ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʡ ʪʝʢʩʪʫʨʦʡ ʜʣʷ ʩʦʟʜʘʥʠʷ ʟʘʜʘʥʥʦʛʦ ʫʨʦʚʥʷ ʤʘʛʥʠʪʥʳʭ 

ʩʚʦʡʩʪʚ. (ɸʢʪ ʚʥʝʜʨʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʙʦʪʳ ʚ ʇɸʆ çʅʃʄʂè); 

ï ʚ ʨʘʟʨʘʙʦʪʢʝ ʠ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʤʝʪʦʜʠʢʠ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʡ ʪʝʢʩʪʫʨʳ ʠ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʤʝʪʦʜʠʢʠ ʠʟʤʝʨʝʥʠʷ 

ʦʩʪʘʪʦʯʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʬʝʨʨʠʪʥʦ-ʧʝʨʣʠʪʥʦʡ ʩʪʘʣʠ 

ʢʘʪʝʛʦʨʠʠ ʧʨʦʯʥʦʩʪʠ ʂ60 (X70) ʠ ʙʝʡʥʠʪʥʦʡ ʩʪʘʣʠ ʂ65 (X80). (ɸʢʪ 

ʚʥʝʜʨʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʨʘʙʦʪʳ ʚ ʆʆʆ çɻʘʟʧʨʦʤ 

ɺʅʀʀɻɸɿè). 

ʇʦʣʫʯʝʥʥʳʝ ʚ ʭʦʜʝ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʝʟʫʣʴʪʘʪʳ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʅʀʈ ʧʦ ʧʨʦʝʢʪʘʤ: 

ï ʧʨʦʝʢʪ ʈʌʌʀ ˉ18-32-00619 (ʤʦʣ_ʘ) ʥʘ ʚʳʧʦʣʥʝʥʠʝ ʥʘʫʯʥʦ-

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʨʘʙʦʪʳ (ʅʀʈ) ʧʦ ʪʝʤʝ çʆʧʨʝʜʝʣʝʥʠʝ ʚʢʣʘʜʘ ʨʘʟʥʳʭ 

ʧʨʦʮʝʩʩʦʚ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ ʚ ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨʳ ʣʠʩʪʘ ʠʟ 

ʬʝʨʨʠʪʥʦʡ ʥʠʟʢʦʫʛʣʝʨʦʜʠʩʪʦʡ ʩʪʘʣʠ ʧʦ ʦʩʦʙʝʥʥʦʩʪʷʤ ʪʝʢʩʪʫʨʳ ʝʛʦ ʛʦʨʷʯʝʡ 

ʧʨʦʢʘʪʢʠè ʚ 2018-2019 ʛʦʜʘʭ; 

ï ʟʘʜʘʥʠʝ ʄʠʥʠʩʪʝʨʩʪʚʘ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʥʘʫʢʠ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ 

ˉ3.2228.2017/ʇʏ ʦʪ 09.01.2017 ʛ. ʧʦ ʪʝʤʝ çʉʥʠʞʝʥʠʝ ʩʢʣʦʥʥʦʩʪʠ ʢ 

ʢʦʨʨʦʟʠʦʥʥʦʤʫ ʨʘʩʪʨʝʩʢʠʚʘʥʠʶ ʪʨʫʙ ʤʘʛʠʩʪʨʘʣʴʥʳʭ ʛʘʟʦʧʨʦʚʦʜʦʚ ʧʫʪʝʤ 

ʩʦʟʜʘʥʠʷ ʚ ʥʠʭ ʧʦʩʣʦʡʥʦʡ ʪʝʢʩʪʫʨʥʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠè; 

ï ʜʦʛʦʚʦʨ ʩ ʅʀʎ çʂʫʨʯʘʪʦʚʩʢʠʡ ʠʥʩʪʠʪʫʪè ˉ 00-3-009-0748 ʦʪ 

18.12.2020 ʧʦ ʪʝʤʝ çʇʨʦʚʝʜʝʥʠʝ ʢʦʤʧʣʝʢʩʘ ʤʘʢʨʦ- ʠ ʤʠʢʨʦʩʪʨʫʢʪʫʨʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ, ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʠ ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʠʟʘ ʦʙʨʘʟʮʦʚ ʚ 

ʦʙʦʩʥʦʚʘʥʠʝ ʚʳʙʦʨʘ ʢʦʤʧʦʟʠʮʠʡ ʢʦʨʧʫʩʥʳʭ ʩʪʘʣʝʡ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤ ʧʘʨʘʤʝʪʨʘʤ ɺɺʕʈ-ʉ ʠ ɺɺʕʈ-ʉʂɼè;  

ï ʜʦʛʦʚʦʨ ʩ ʇɸʆ çʅʃʄʂè ˉ 00-3-009-0700 ʦʪ 18.08.2020 ʧʦ ʪʝʤʝ 

çʈʘʟʨʘʙʦʪʢʘ ʧʣʘʥʘ ʠ ʩʭʝʤʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʪʝʢʩʪʫʨʳ ʠ 

ʩʪʨʫʢʪʫʨʳ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʧʦ ʬʦʨʤʠʨʦʚʘʥʠʶ 

ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʜʠʥʘʤʥʦʡ ʩʪʘʣʠ ʚ ʫʩʣʦʚʠʷʭ ʇɸʆ çʅʃʄʂè; 

ï ʜʦʛʦʚʦʨ ʩ ʆʆʆ çɻʘʟʧʨʦʤ ɺʅʀʀɻɸɿè ˉ 00-7-009-0421 ʦʪ 31.05.2021 

ʧʦ ʪʝʤʝ çʇʨʦʚʝʜʝʥʠʝ ʠʟʤʝʨʝʥʠʡ ʩʦʦʪʥʦʰʝʥʠʡ ʪʝʢʩʪʫʨʥʳʭ ʢʦʤʧʦʥʝʥʪ ʠ 

ʫʨʦʚʥʷ ʦʩʪʘʪʦʯʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʚ ʦʙʨʘʟʮʘʭ ʩʪʘʣʴʥʳʭ ʪʨʫʙ ʢʣʘʩʩʘ ʧʨʦʯʥʦʩʪʠ 

ʍ80è; 

ï ʜʦʛʦʚʦʨ ʩ ʆʆʆ çɻʘʟʧʨʦʤ ɺʅʀʀɻɸɿè ˉ 00-3-009-0860 ʦʪ 08.12.2021 

ʧʦ ʪʝʤʝ çʈʘʟʨʘʙʦʪʢʘ ʢʦʤʧʣʝʢʩʘ ʤʝʪʘʣʣʦʬʠʟʠʯʝʩʢʠʭ ʣʘʙʦʨʘʪʦʨʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʘʨʘʤʝʪʨʦʚ ʪʝʢʩʪʫʨʳ ʠ ʩʪʨʫʢʪʫʨʳ ʪʨʫʙʥʦʡ ʩʪʘʣʠè; 

ï ʜʦʛʦʚʦʨ ʩ ʇɸʆ çʅʃʄʂè ˉ 00-7-009-0922 ʦʪ 15.12.2021 ʧʦ ʪʝʤʝ 

çʈʘʟʨʘʙʦʪʢʘ ʤʦʜʝʣʠ ʵʚʦʣʶʮʠʠ ʪʝʢʩʪʫʨʳ ʚ ʧʨʦʮʝʩʩʝ ʦʜʥʦʩʪʘʜʠʡʥʦʡ ʭʦʣʦʜʥʦʡ 
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ʧʨʦʢʘʪʢʠ ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʦʡ ʠʟʦʪʨʦʧʥʦʡ ʩʪʘʣʠ ʚ ʨʘʤʢʘʭ ʦʧʠʩʘʥʥʳʭ 

ʦʛʨʘʥʠʯʝʥʠʡ ʠ ʜʦʧʫʱʝʥʠʡè. 

ʆʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ 

1) ɸʜʘʧʪʠʨʦʚʘʥʥʳʝ ʤʝʪʦʜʠʢʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʩʣʦʡʥʦʡ ʪʝʢʩʪʫʨʥʦʡ 

ʠ ʩʫʙʩʪʨʫʢʪʫʨʥʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʦʩʪʘʪʦʯʥʳʭ ʤʘʢʨʦʥʘʧʨʷʞʝʥʠʡ ʚ 

ʬʝʨʨʠʪʥʦ-ʧʝʨʣʠʪʥʦʡ ʩʪʘʣʠ ʢʘʪʝʛʦʨʠʠ ʧʨʦʯʥʦʩʪʠ ʂ60 (X70) ʠ ʙʝʡʥʠʪʥʦʡ 

ʩʪʘʣʠ ʂ65 (X80); 

2) ɺʳʷʚʣʝʥʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʪʝʢʩʪʫʨʦʦʙʨʘʟʦʚʘʥʠʷ ʚ ʧʨʦʮʝʩʩʝ 

ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ ʠ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ ʬʝʨʨʠʪʥʦʡ ʩʪʘʣʠ 2414 

(Fe3Si1Al) ʩ ʫʯʝʪʦʤ ʚʣʠʷʥʠʷ ʩʫʙʩʪʨʫʢʪʫʨʥʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʟʝʨʝʥ 

ʨʘʟʣʠʯʥʳʭ ʪʝʢʩʪʫʨʥʳʭ ʢʦʤʧʦʥʝʥʪ. 

3) ʋʩʪʘʥʦʚʣʝʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʚʣʠʷʥʠʷ ʩʫʙʩʪʨʫʢʪʫʨʥʦʡ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʥʘ ʧʨʷʤʦʝ ʠ ʦʙʨʘʪʥʦʝ ɔźŬ' ʧʨʝʚʨʘʱʝʥʠʝ ʚ ʘʫʩʪʝʥʠʪʥʦʡ 

ʩʪʘʣʠ AISI 304 (08ʍ18ʅ10) ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʨʝʞʠʤʘʭ ʭʦʣʦʜʥʦʡ ʧʨʦʢʘʪʢʠ ʠ 

ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ. 

4) ɺʳʚ̫ʣʝʥʥrʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʚʣʠʷʥʠʷ ʥʘʢʦʧʣʝʥʥʦʡ ʧʨʠ 

ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ ʵʥʝʨʛʠʠ ʤʠʢʨʦʠʩʢʘʞʝʥʠʡ ʟʝʨʝʥ ʨʘʟʣʠʯʥʳʭ 

ʢʦʤʧʦʥʝʥʪ ʪʝʢʩʪʫʨʳ ʥʘ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʩʪʘʣʝʡ, ʚ ʪʦʤ ʯʠʩʣʝ 

ʫʧʨʫʛʠʝ, ʤʘʛʥʠʪʥʳʝ ʠ ʧʣʘʩʪʠʯʥʦʩʪʴ. 

ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʥʘʫʯʥʳʭ ʧʦʣʦʞʝʥʠʡ, ʨʝʟʫʣʴʪʘʪʦʚ ʠ ʚʳʚʦʜʦʚ 

ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʦʙʫʩʣʦʚʣʝʥʘ ʧʨʠʤʝʥʝʥʠʝʤ ʨʷʜʘ ʦʙʱʝʧʨʠʟʥʘʥʥʳʭ 

ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʡ ʪʝʢʩʪʫʨʳ ʠ ʩʪʨʫʢʪʫʨʳ 

ʤʘʪʝʨʠʘʣʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʦʚʨʝʤʝʥʥʦʛʦ ʩʝʨʪʠʬʠʮʠʨʦʚʘʥʥʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ, ʦʮʝʥʢʦʡ ʧʦʛʨʝʰʥʦʩʪʠ ʧʨʦʚʝʜʸʥʥʳʭ ʠʟʤʝʨʝʥʠʡ, ʘ ʪʘʢʞʝ 

ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʴʶ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʩʥʦʚʘʥ ʥʘ ʩʦʚʨʝʤʝʥʥʳʭ ʧʨʝʜʩʪʘʚʣʝʥʠʷʭ ʦ ʩʫʙʩʪʨʫʢʪʫʨʝ, 

ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʡ ʪʝʢʩʪʫʨʝ ʠ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚʘʭ 

ʠʟʫʯʝʥʥʳʭ ʦʙʲʝʢʪʦʚ. ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘ ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʥʝ 

ʧʨʦʪʠʚʦʨʝʯʘʪ ʠʟʚʝʩʪʥʳʤ ʣʠʪʝʨʘʪʫʨʥʳʤ ʜʘʥʥʳʤ ʠ ʩʦʛʣʘʩʫʶʪʩʷ ʤʝʞʜʫ ʩʦʙʦʡ. 

ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ 

ɸʚʪʦʨ ʧʨʠʥʠʤʘʣ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ ʫʯʘʩʪʠʝ ʚ ʧʦʣʥʦʤ ʮʠʢʣʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʠʟʫʯʝʥʠʷ ʤʘʪʝʨʠʘʣʦʚ, ʚʢʣʶʯʘʶʱʠʭ ʚ ʩʝʙʷ: ʧʦʜʛʦʪʦʚʢʫ 

ʦʙʨʘʟʮʦʚ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ; ʧʨʦʚʝʜʝʥʠʝ ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʠʟʤʝʨʝʥʠʡ ʧʦ ʨʘʟʥʳʤ 

ʤʝʪʦʜʠʢʘʤ; ʦʙʨʘʙʦʪʢʫ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʠʤʝʶʱʝʛʦʩʷ ʢʦʤʧʣʝʢʩʘ ʢʦʤʧʴʶʪʝʨʥʳʭ ʧʨʦʛʨʘʤʤ; ʩʠʩʪʝʤʘʪʠʟʘʮʠʶ ʠ 

ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʥʘ ʦʩʥʦʚʝ ʦʧʨʝʜʝʣʝʥʥʳʭ ʢʨʠʪʝʨʠʝʚ; ʘʜʘʧʪʘʮʠʶ 
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ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʩʪʘʣʷʤ ʨʘʟʥʳʭ 

ʢʣʘʩʩʦʚ. ʇʦʤʠʤʦ ʵʪʦʛʦ, ʘʚʪʦʨ ʘʢʪʠʚʥʦ ʫʯʘʩʪʚʦʚʘʣ ʚ ʦʙʩʫʞʜʝʥʠʠ ʨʝʟʫʣʴʪʘʪʦʚ, 

ʥʘʧʠʩʘʥʠʠ ʥʘʫʯʥʦïʪʝʭʥʠʯʝʩʢʠʭ ʦʪʯʝʪʦʚ ʠ ʩʪʘʪʝʡ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʘʚʪʦʨʦʤ ʥʘ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʠ ʚʩʝʨʦʩʩʠʡʩʢʠʭ ʢʦʥʬʝʨʝʥʮʠʷʭ. 

ʉʦʠʩʢʘʪʝʣʴ ʧʨʠʥʠʤʘʣ ʫʯʘʩʪʠʝ ʚ ʨʘʟʨʘʙʦʪʢʝ, ʘʧʨʦʙʘʮʠʠ ʠ ʚʥʝʜʨʝʥʠʠ ʤʝʪʦʜʠʢ 

ʠʟʫʯʝʥʠʷ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʡ ʪʝʢʩʪʫʨʳ ʠ ʩʪʨʫʢʪʫʨʳ ʩʪʘʣʝʡ ʚ ʥʘʫʯʥʳʭ 

ʮʝʥʪʨʘʭ ʛʘʟʦʚʦʡ ʠ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʡ ʦʪʨʘʩʣʝʡ.  

ɸʧʨʦʙʘʮʠʷ ʨʘʙʦʪʳ 

ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʜʠʩʩʝʨʪʘʮʠʠ ʜʦʢʣʘʜʳʚʘʣʠʩʴ ʠ ʦʙʩʫʞʜʘʣʠʩʴ ʥʘ 

ʩʣʝʜʫʶʱʠʭ ʢʦʥʬʝʨʝʥʮʠʷʭ: IV, V, VI  ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʠʡ 

ʩʝʤʠʥʘʨ çʇʦʚʳʰʝʥʠʝ ʥʘʜʝʞʥʦʩʪʠ ʤʘʛʠʩʪʨʘʣʴʥʳʭ ʛʘʟʦʧʨʦʚʦʜʦʚ, 

ʧʦʜʚʝʨʞʝʥʥʳʭ ʢʦʨʨʦʟʠʦʥʥʦʤʫ ʨʘʩʪʨʝʩʢʠʚʘʥʠʶ ʧʦʜ ʥʘʧʨʷʞʝʥʠʝʤè (ʧ. 

ʈʘʟʚʠʣʢʘ, ʛ. ʂʠʩʣʦʚʦʜʩʢ, ʈʦʩʩʠʷ, 2018, 2020, 2022 ʛʛ.); 16-ʷ, 17-ʷ, 19-ʷ, 20-ʷ, 

21-ʷ ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʰʢʦʣʘ-ʢʦʥʬʝʨʝʥʮʠʷ çʅʦʚʳʝ ʤʘʪʝʨʠʘʣʳè (ʛ. ʄʦʩʢʚʘ, 

ʈʦʩʩʠʷ, 2018, 2019, 2021, 2022, 2023 ʛʛ.); XXVI ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʘʷ 

ʢʦʥʬʝʨʝʥʮʠʷ ʩʪʫʜʝʥʪʦʚ, ʘʩʧʠʨʘʥʪʦʚ ʠ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ çʃʦʤʦʥʦʩʦʚ-2019è (ʛ. 

ʄʦʩʢʚʘ, ʈʦʩʩʠʷ, 2019 ʛ.);  ɽʚʨʦʧʝʡʩʢʠʡ ʢʦʥʛʨʝʩʩ ʠ ʚʳʩʪʘʚʢʘ ʧʝʨʝʜʦʚʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʠ ʧʨʦʮʝʩʩʦʚ çEUROMAT 2019è (ʛ. ʉʪʦʢʛʦʣʴʤ, ʐʚʝʮʠʷ, 2019); ʍ-

ʷ ɽʚʨʘʟʠʡʩʢʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çʇʨʦʯʥʦʩʪʴ ʥʝʦʜʥʦʨʦʜʥʳʭ 

ʩʪʨʫʢʪʫʨè ʇʈʆʉʊ 2020/2021 (ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ, 2021 ʛ.); 16-ʷ 

ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʧʦ ʤʘʨʪʝʥʩʠʪʥʦʤʫ ʧʨʝʚʨʘʱʝʥʠʶ ICOMAT 

2022 (ʛ. ʉʝʫʣ, ʂʦʨʝʷ, 2022 ʛ.).  

ʇʫʙʣʠʢʘʮʠʠ 

ʇʦ ʪʝʤʝ ʜʠʩʩʝʨʪʘʮʠʠ ʦʧʫʙʣʠʢʦʚʘʥʘ 21 ʨʘʙʦʪʘ, ʠʟ ʥʠʭ 8 ʩʪʘʪʝʡ ʚ 

ʨʝʬʝʨʠʨʫʝʤʳʭ ʞʫʨʥʘʣʘʭ, 2 ʩʪʘʪʴʠ ʚʭʦʜʷʪ ʚ ʧʝʨʝʯʝʥʴ ɺɸʂ, 6 ʩʪʘʪʝʡ ï ʚ 

ʤʝʞʜʫʥʘʨʦʜʥʫʶ ʙʘʟʫ ʜʘʥʥʳʭ ʮʠʪʠʨʦʚʘʥʠʷ Scopus. 

ʆʙʲʝʤ ʠ ʩʪʨʫʢʪʫʨʘ ʜʠʩʩʝʨʪʘʮʠʠ 

ɼʠʩʩʝʨʪʘʮʠʦʥʥʘʷ ʨʘʙʦʪʘ ʠʟʣʦʞʝʥʘ ʥʘ 137 ʩʪʨʘʥʠʮʘʭ, ʩʦʩʪʦʠʪ ʠʟ 

ʚʚʝʜʝʥʠʷ, ʧʷʪʠ ʛʣʘʚ ʠ ʚʳʚʦʜʦʚ, ʘ ʪʘʢʞʝ 2 ʧʨʠʣʦʞʝʥʠʡ; ʩʦʜʝʨʞʠʪ:  

102 ʨʠʩʫʥʢʘ, 23 ʪʘʙʣʠʮʳ ʠ ʩʧʠʩʢʘ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʣʠʪʝʨʘʪʫʨʥʳʭ ʠʩʪʦʯʥʠʢʦʚ 

ʠʟ 94 ʥʘʠʤʝʥʦʚʘʥʠʡ. 

ʆʉʅʆɺʅʆɽ ʉʆɼɽʈɾɸʅʀɽ ʈɸɹʆʊʓ 

ɺʦ ʚʚʝʜʝʥʠʠ ʦʙʦʩʥʦʚʘʥʘ ʘʢʪʫʘʣʴʥʦʩʪʴ ʨʘʙʦʪʳ, ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʮʝʣʴ ʠ 

ʟʘʜʘʯʠ, ʫʢʘʟʘʥʘ ʥʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʠ ʠʭ 
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ʧʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ, ʠʟʣʦʞʝʥʳ ʦʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ 

ʟʘʱʠʪʫ. 

ɺ ʧʝʨʚʦʡ ʛʣʘʚʝ ʩʦʜʝʨʞʠʪʩʷ ʦʙʟʦʨ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʦ 

ʬʦʨʤʠʨʦʚʘʥʠʠ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʡ ʪʝʢʩʪʫʨʳ ʚ ʩʪʘʣʷʭ ʧʨʠ ʨʘʟʣʠʯʥʳʭ 

ʚʠʜʘʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʙʨʘʙʦʪʦʢ. ʈʘʩʩʤʦʪʨʝʥʳ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʧʠʩʘʥʠʷ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʩʫʙʩʪʨʫʢʪʫʨʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚ 

ʩʪʘʣʴʥʳʭ ʣʠʩʪʘʭ, ʧʦʣʫʯʝʥʥʳʭ ʛʦʨʷʯʝʡ ʠ/ʠʣʠ ʭʦʣʦʜʥʦʡ ʧʨʦʢʘʪʢʦʡ. ʆʧʠʩʘʥ 

ʧʨʦʮʝʩʩ ʠʟʤʝʥʝʥʠʷ ʪʝʢʩʪʫʨʳ ʠ ʩʪʨʫʢʪʫʨʳ ʧʨʠ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ. 

ʈʘʩʩʤʦʪʨʝʥʦ ʚʣʠʷʥʠʝ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʡ ʪʝʢʩʪʫʨʳ ʥʘ ʠʟʤʝʥʝʥʠʝ ʬʠʟʠʢʦ-

ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. 

ɺʦ ʚʪʦʨʦʡ ʛʣʘʚʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʠʩʧʦʣʴʟʫʝʤʳʝ ʨʝʥʪʛʝʥʦʚʩʢʠʝ ʤʝʪʦʜʳ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʫʙʩʪʨʫʢʪʫʨʳ ʠ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʡ ʪʝʢʩʪʫʨʳ. ʆʧʠʩʘʥʳ 

ʤʝʪʦʜʠʢʠ ʘʥʘʣʠʟʘ ʠ ʦʙʨʘʙʦʪʢʠ ʧʦʣʫʯʝʥʥʳʭ ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʜʘʥʥʳʭ, ʚ 

ʯʘʩʪʥʦʩʪʠ, ʨʘʩʯʝʪʘ ʬʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʟʝʨʝʥ ʧʦ ʦʨʠʝʥʪʘʮʠʷʤ (ʌʈʆ) ʠʟ 

ʠʩʭʦʜʥʳʭ ʥʝʧʦʣʥʳʭ ʧʨʷʤʳʭ ʧʦʣʶʩʥʳʭ ʬʠʛʫʨ (ʇʇʌ), ʧʦʣʫʯʝʥʥʳʭ ʤʝʪʦʜʦʤ 

çʥʘ ʦʪʨʘʞʝʥʠʝè: {110}, {100}, {211} ʠʣʠ {111} ï ʜʣʷ ʆʎʂïʩʪʨʫʢʪʫʨ ʠ {111}, 

{100} ʠ {110} ï ʜʣʷ ɻʎʂïʩʪʨʫʢʪʫʨ, ʘ ʪʘʢʞʝ ʤʝʪʦʜʳ ʦʙʦʙʱʝʥʥʳʭ ʇʇʌ. ɼʣʷ 

ʚʩʝʭ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʦʙʨʘʟʮʦʚ ʦʩʥʦʚʥʳʤʠ ʚʥʝʰʥʠʤʠ ʥʘʧʨʘʚʣʝʥʠʷʤʠ 

ʷʚʣʷʶʪʩʷ ʅʇ, ʅʅ ʠ ʇʅ ï ʥʘʧʨʘʚʣʝʥʠʝ ʧʨʦʢʘʪʢʠ, ʥʦʨʤʘʣʴʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ, 

ʧʦʧʝʨʝʯʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ). ʈʘʩʯʝʪ ʧʨʦʚʦʜʠʣʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʚʦʙʦʜʥʦ 

ʨʘʩʧʨʦʩʪʨʘʥʷʝʤʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ (ʇʆ) MTEX ʠ ʧʨʦʛʨʘʤʤ 

ʩʦʙʩʪʚʝʥʥʦʡ ʨʘʟʨʘʙʦʪʢʠ ʃʘʙʦʨʘʪʦʨʠʠ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʪʝʢʩʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ 

ʅʀʗʋ ʄʀʌʀ. ʇʨʝʜʩʪʘʚʣʝʥ ʩʧʦʩʦʙ ʦʧʨʝʜʝʣʝʥʠʷ ʦʩʪʘʪʦʯʥʳʭ 

ʤʘʢʨʦʥʘʧʨʷʞʝʥʠʡ ʤʝʪʦʜʦʤ sin2ɣ. ʈʘʩʯʝʪ ʧʨʦʚʦʜʠʣʩʷ ʩ ʧʦʤʦʱʴʶ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ DIFFRAC.Leptos. ɼʣʷ ʘʥʘʣʠʟʘ 

ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʡ ʪʝʢʩʪʫʨʳ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʨʝʥʪʛʝʥʦʚʩʢʠʝ 

ʜʠʬʨʘʢʪʦʤʝʪʨʳ ɼʈʆʅ-3 ʩ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʪʝʢʩʪʫʨʥʦʡ ʧʨʠʩʪʘʚʢʦʡ ʠ 

ʭʨʦʤʦʚʳʤ ʘʥʦʜʦʤ ʠ Bruker D8 DISCOVER ʩ ʤʝʜʥʳʤ ʘʥʦʜʦʤ.  

ʆʧʠʩʘʥʘ ʤʝʪʦʜʠʢʘ ʚʳʷʚʣʝʥʠʷ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʥʘ ʦʧʪʠʯʝʩʢʦʤ 

ʤʠʢʨʦʩʢʦʧʝ ɽʉ ʄɽʊɸʄ ʈɺ22 ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ 

ɺʠʜʝʦʊʝʩʊ ï ʉʪʨʫʢʪʫʨʘ 5.2. ʊʚʝʨʜʦʩʪʴ ʠ ʧʣʘʩʪʠʯʥʦʩʪʴ ʠʟʤʝʨʷʣʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʘʥʦʪʚʝʨʜʦʤʝʨʘ DNT-1/5, ʘ ʨʘʩʯʝʪ ʧʨʦʠʟʚʦʜʠʣʩʷ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʦʙʩʪʚʝʥʥʳʭ ʧʨʦʛʨʘʤʤ ʃʘʙʦʨʘʪʦʨʠʠ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ 

ʪʝʢʩʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ. 

ɺ ʪʨʝʪʴʝʡ ʛʣʘʚʝ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʘʧʨʦʙʘʮʠʠ, ʦʧʪʠʤʠʟʘʮʠʠ ʠ 

ʢʦʨʨʝʢʪʠʨʦʚʢʠ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʤʝʪʦʜʠʢ ʠʟʤʝʨʝʥʠʡ 
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ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʡ ʪʝʢʩʪʫʨʳ ʠ ʦʩʪʘʪʦʯʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʚ ʠʟʜʝʣʠʷʭ ʠʟ 

ʩʪʘʣʝʡ ʩ ʨʘʟʣʠʯʥʦʡ ʩʪʨʫʢʪʫʨʦʡ. 

ʀʩʩʣʝʜʦʚʘʥʦ 8 ʬʨʘʛʤʝʥʪʦʚ, ʚʳʨʝʟʘʥʥʳʭ ʠʟ ʦʩʥʦʚʥʦʛʦ ʤʝʪʘʣʣʘ ʪʨʫʙ 

ʣʠʥʝʡʥʦʡ ʯʘʩʪʠ ʤʘʛʠʩʪʨʘʣʴʥʳʭ ʛʘʟʦʧʨʦʚʦʜʦʚ (ʄɻ) ʠʟ ʩʪʘʣʝʡ ʢʘʪʝʛʦʨʠʠ 

ʧʨʦʯʥʦʩʪʠ ʍ70 ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʦʩʥʦʚʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ: 0,08 ʉ, 1,50 

Mn, 0,04 Nb ʠ ʍ80 ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʦʩʥʦʚʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ: 0,06 ʉ, 

1,83 Mn, 0,06 Nb, 0,22 Mo (ʤʘʩ.%).  ʉʪʦʠʪ ʪʘʢʞʝ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʠʟʫʯʘʣʠʩʴ 

ʪʨʫʙʳ, ʥʘʭʦʜʠʚʰʠʝʩʷ ʚ ʵʢʩʧʣʫʘʪʘʮʠʠ ʜʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ. 

ɺ ʪʘʙʣʠʮʝ 1 ʧʨʠʚʝʜʝʥ ʧʝʨʝʯʝʥʴ ʫʯʘʩʪʢʦʚ ʄɻ, ʦʙʨʘʟʮʳ ʢʦʪʦʨʳʭ 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʧʨʠ ʘʧʨʦʙʘʮʠʠ, ʦʧʪʠʤʠʟʘʮʠʠ ʠ ʢʦʨʨʝʢʪʠʨʦʚʢʝ ʤʝʪʦʜʠʢ 

(ʜʠʘʤʝʪʨ ³ ʪʦʣʱʠʥʘ ʩʪʝʥʢʠ (t)), ʘ ʪʘʢʞʝ ʠʥʬʦʨʤʘʮʠʷ ʦ ʠʭ ʩʪʨʫʢʪʫʨʝ. 

ʊʘʙʣʠʮʘ 1 ï ʇʝʨʝʯʝʥʴ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʦʙʨʘʟʮʦʚ 

ˉ 

ʦʙʨʘʟʮʘ 

ʈʘʟʤʝʨ 

(Å³t, ʤʤ) 

ʂʘʪʝʛʦʨʠʷ 

ʧʨʦʯʥʦʩʪʠ  
ʉʪʨʫʢʪʫʨʘ 

1 1420³15,7 

ʍ70 ʌʝʨʨʠʪʥʦ-ʧʝʨʣʠʪʥʘʷ 

2 1420³18,7 

3 1220³14,5 

4 1020³9,0 

5 1020³13,5 

6 1020³16,0 

7 1020³15,7 
ʍ80 

ɹʝʡʥʠʪʥʘʷ, ʩ 

ʘʫʩʪʝʥʠʪʥʦ-

ʤʘʨʪʝʥʩʠʪʥʳʤʠ 

ʫʯʘʩʪʢʘʤʠ 
8 1020³15,7 

 

ʇʨʠ ʘʥʘʣʠʟʝ ʜʘʥʥʳʭ ʧʦʣʫʯʝʥʦ, ʯʪʦ ʪʨʫʙʳ ʠʟ ʩʪʘʣʝʡ ʍ70 ʠ ʍ80 ʚ 

ʙʦʣʴʰʠʥʩʪʚʝ ʩʚʦʝʤ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 

ʪʠʧʠʯʥʦʡ ʜʣʷ ʛʦʨʷʯʝʢʘʪʘʥʳʭ ʩʪʘʣʴʥʳʭ 

ʣʠʩʪʦʚ ʪʝʢʩʪʫʨʦʡ ʩ ʨʘʟʣʠʯʥʳʤ 

ʩʦʦʪʥʦʰʝʥʠʝʤ ʢʦʤʧʦʥʝʥʪ Ŭ- ʠ ɔ-ʚʦʣʦʢʥʘ 

(<110> || ʥʘʧʨʘʚʣʝʥʠʶ ʧʨʦʢʘʪʢʠ (ʅʇ) ʠ 

<111> || ʥʦʨʤʘʣʴʥʦʤʫ ʥʘʧʨʘʚʣʝʥʠʶ (ʅʅ) 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ) (ʨʠʩʫʥʦʢ 1). 

ʇʨʠ ʵʪʦʤ ʪʝʢʩʪʫʨʘ ʚʥʝʰʥʠʭ ʩʣʦʝʚ 

ʙʦʣʝʝ ʨʘʟʤʳʪʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʚʥʫʪʨʝʥʥʠʤʠ ʩʣʦʷʤʠ, ʦ ʯʝʤ ʤʦʞʥʦ 

ʩʫʜʠʪʴ ʧʦ ʫʤʝʥʴʰʝʥʠʶ ʪʝʢʩʪʫʨʥʦʛʦ 

ʠʥʜʝʢʩʘ Tf (ʪʘʙʣʠʮʘ 2), ʢʦʪʦʨʳʡ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʩʪʝʧʝʥʴ ʧʨʝʦʙʣʘʜʘʥʠʷ ʟʝʨʝʥ 

ʦʧʨʝʜʝʣʝʥʥʳʭ ʦʨʠʝʥʪʠʨʦʚʦʢ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʙʝʩʪʝʢʩʪʫʨʥʳʤ ʤʘʪʝʨʠʘʣʦʤ. ɼʣʷ 

 

ʈʠʩʫʥʦʢ 1 ï ʍʘʨʘʢʪʝʨʥʦʝ ʜʣʷ 

ʆʎʂ-ʩʪʘʣʝʡ X70 ʠ X80 ʩʝʯʝʥʠʝ 

ʌʈʆ ʧʨʠ ű2=45Á 
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ʙʝʩʪʝʢʩʪʫʨʥʦʛʦ ʦʙʨʘʟʮʘ Tf = 1, ʪ.ʝ. ʚʝʨʦʷʪʥʦʩʪʴ ʦʙʥʘʨʫʞʝʥʠʷ ʟʝʨʝʥ ʣʶʙʦʡ 

ʦʨʠʝʥʪʘʮʠʠ ʦʜʠʥʘʢʦʚʘ ʠ ʧʦ ʫʩʣʦʚʠʷʤ ʥʦʨʤʠʨʦʚʢʠ ʨʘʚʥʘ 1, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʜʣʷ 

ʠʜʝʘʣʴʥʦʛʦ ʤʦʥʦʢʨʠʩʪʘʣʣʘ Tf  ­ ¤, ʪʦʛʜʘ ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʟʥʘʯʝʥʠʷ 

ʧʘʨʘʤʝʪʨʘ Tf ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʥʝʢʦʪʦʨʦʡ çʦʩʪʨʦʪʝè ʪʝʢʩʪʫʨʳ:  

Tf =ḂὪὫ ὨὫ. (1) 

ʇʦʣʫʯʝʥʥʳʝ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʧʘʨʘʤʝʪʨʳ ʪʝʢʩʪʫʨʳ ʜʣʷ ʚʩʝʭ ʦʙʨʘʟʮʦʚ 

ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 2. 

ʊʘʙʣʠʮʘ 2 ï ʂʦʣʠʯʝʩʪʚʝʥʥʳʝ ʧʘʨʘʤʝʪʨʳ ʪʝʢʩʪʫʨʳ ʦʙʲʝʤʥʳʭ ʦʙʨʘʟʮʦʚ 

ˉ 

ʦʙʨʘʟʮʘ 

ɺʥʝʰʥʠʝ ʩʣʦʠ  ʎʝʥʪʨʘʣʴʥʳʝ ʩʣʦʠ  

VFŬ, % VFɔ, % 
VFŬ/VFɔ, 

ʦʪʥ. ʝʜ. 
Tf VFŬ, % VFɔ, % 

VFŬ/VFɔ, 

ʦʪʥ. ʝʜ. 
Tf 

1 12,1 10,1 1,2 1,7 48,3 22,3 2,2 3,4 

2 22,1 9,6 2,3 1,6 42,3 25,4 1,7 2,7 

3 17,6 15,9 1,1 1,2 28,7 15,9 1,8 1,3 

4 20,6 16,4 1,3 1,2 18,4 17,5 1,1 1,3 

5 16,1 12,0 1,3 1,2 39,9 22,3 1,8 2,2 

6 21,5 11,3 1,9 1,6 42,4 22,0 1,9 2,5 

7 6,8 5,8 1,12 2,3 41,7 28,4 1,5 3,4 

8 6,7 6,6 1,0 2,4 38,4 25,6 1,5 2,6 

ʅʘʨʷʜʫ ʩ ʪʝʢʩʪʫʨʥʳʤ ʠʥʜʝʢʩʦʤ Tf ʦʮʝʥʠʚʘʣʠʩʴ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʠ 

ʩʣʫʯʘʡʥʳʝ ʧʦʛʨʝʰʥʦʩʪʠ ʠʟʤʝʨʝʥʠʷ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʡ ʪʝʢʩʪʫʨʳ. ʉʲʸʤʢʘ 

ʠ ʧʦʩʪʨʦʝʥʠʝ ʦʜʥʦʡ ʇʇʌ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʧʦʨʷʜʢʘ ʪʳʩʷʯʠ ʠʟʤʝʨʝʥʠʡ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʦʪʨʘʞʝʥʠʷ, ʧʨʦʚʦʜʠʤʳʭ ʧʨʠ ʢʘʞʜʦʤ ʠʟ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʧʦʣʦʞʝʥʠʡ ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʨʘʟʮʘ. ʇʦʵʪʦʤʫ ʦʰʠʙʢʘ 

ʠʟʤʝʨʝʥʠʷ ʙʫʜʝʪ ʠʤʝʪʴ ʥʝʢʦʪʦʨʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʥʘ ʩʪʝʨʝʦʛʨʘʬʠʯʝʩʢʦʡ 

ʧʨʦʝʢʮʠʠ. ɽʩʣʠ I(ɣi, űi) ï ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʦʪʨʘʞʝʥʠʷ, 

ʨʝʛʠʩʪʨʠʨʫʝʤʦʛʦ ʧʨʠ ʧʦʣʦʞʝʥʠʠ ʦʙʨʘʟʮʘ (ɣi, űi), ʘ ŭ(ɣi, űi) ï ʦʪʥʦʩʠʪʝʣʴʥʘʷ 

ʦʰʠʙʢʘ ʠʟʤʝʨʝʥʠʷ ʚ ʢʘʞʜʦʡ ʪʦʯʢʝ ʩʪʝʨʝʦʛʨʘʬʠʯʝʩʢʦʡ ʧʨʦʝʢʮʠʠ, ʪʦ ʤʦʞʥʦ 

ʨʘʩʩʯʠʪʘʪʴ ʠʥʪʝʛʨʘʣʴʥʫʶ ʦʰʠʙʢʫ  ʧʦ ʚʩʝʡ ʩʪʝʨʝʦʛʨʘʬʠʯʝʩʢʦʡ ʧʨʦʝʢʮʠʠ: 

ɿ
В yȟ Ͻyȟ

В yȟ
, (2) 

ʛʜʝ ʩʫʤʤʠʨʦʚʘʥʠʝ ʧʨʦʚʦʜʠʪʩʷ ʧʦ ʚʩʝʡ ʩʦʚʦʢʫʧʥʦʩʪʠ ʪʦʯʝʢ ʇʇʌ (imax = 1012). 

ʀʤʝʥʥʦ ʚʳʯʠʩʣʝʥʠʝ ʠʥʪʝʛʨʘʣʴʥʦʡ ʦʰʠʙʢʠ ʠʤʝʝʪ ʩʤʳʩʣ ʧʨʠ 

ʦʧʪʠʤʠʟʘʮʠʠ ʨʝʞʠʤʘ ʠ ʛʝʦʤʝʪʨʠʠ ʜʠʬʨʘʢʪʦʤʝʪʨʠʯʝʩʢʦʡ ʩʲʝʤʢʠ ʪʝʢʩʪʫʨʳ. 

ʆʪʥʦʩʠʪʝʣʴʥʘʷ ʦʰʠʙʢʘ ʠʟʤʝʨʝʥʠʷ ʇʇʌ ŭ(ɣi, űi) ʙʫʜʝʪ ʩʢʣʘʜʳʚʘʪʴʩʷ ʠʟ 

ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʰʠʙʢʠ ʨʝʛʠʩʪʨʘʮʠʠ ʧʦʪʦʢʘ ʢʚʘʥʪʦʚ ʠ ʩʣʫʯʘʡʥʳʭ 

ʧʦʛʨʝʰʥʦʩʪʝʡ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʦʚʪʦʨʷʶʱʠʭʩʷ 
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ʩʲʝʤʦʢ ʦʜʥʦʛʦ ʠ ʪʦʛʦ ʞʝ ʦʙʨʘʟʮʘ. ʉʪʘʪʠʩʪʠʯʝʩʢʘʷ ʦʰʠʙʢʘ ʨʝʛʠʩʪʨʘʮʠʠ 

ʧʦʪʦʢʘ ʢʚʘʥʪʦʚ d1 ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ: 

ɿ
Ѝ

. (3) 

ʇʨʠ ʵʪʦʤ ɿ1 ʙʫʜʝʪ ʟʘʚʠʩʝʪʴ ʦʪ ʤʦʱʥʦʩʪʠ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʪʨʫʙʢʠ, 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʫʯʢʘ, ʤʘʪʝʨʠʘʣʘ ʠʩʩʣʝʜʫʝʤʦʛʦ 

ʦʙʨʘʟʮʘ ʠ ʪʦʯʥʦʩʪʠ ʝʛʦ ʫʩʪʘʥʦʚʢʠ, ʘ ʪʘʢʞʝ ʦʪ ʧʨʘʚʠʣʴʥʦʩʪʠ ʚʳʙʦʨʘ 2ɗhkl ʠ 

2ɗbg (ʫʛʣʦʚʦʝ ʧʦʣʦʞʝʥʠʝ ʧʠʢʘ ʠ ʫʛʣʦʚʦʝ ʧʦʣʦʞʝʥʠʝ ʬʦʥʘ) ʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦʡ ʦʨʠʝʥʪʘʮʠʠ ʟʝʨʝʥ ʚ ʤʘʪʝʨʠʘʣʝ (ʪʝʢʩʪʫʨʳ). ɺʩʝ 

ʧʝʨʝʯʠʩʣʝʥʥʳʝ ʧʫʥʢʪʳ ʩʫʱʝʩʪʚʝʥʥʦ ʩʢʘʟʳʚʘʶʪʩʷ ʥʘ ʧʦʣʫʯʘʝʤʦʡ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʦʪʨʘʞʝʥʠʷ. ɼʣʷ ʦʮʝʥʢʠ ʧʘʜʝʥʠʷ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ (ʤʦʱʥʦʩʪʠ) ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʪʨʫʙʢʠ ʩ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʪʘʢʞʝ 

ʧʦʣʝʟʥʦ ʩʣʝʜʠʪʴ ʟʘ ʚʝʣʠʯʠʥʦʡ ʩʨʝʜʥʝʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʦ ʢʘʞʜʦʡ ʇʇʌ, 

ʨʘʩʩʯʠʪʳʚʘʝʤʦʡ ʧʦ ʬʦʨʤʫʣʝ 4: 

ὍӶ 
᷿ ᷿ yȟ yϽ yϽyϽ

y

᷿ ᷿ yϽyϽ
y , (4) 

ʘ ᷿ ᷿ ÓÉÎyϽὨyϽÄʒ
y

 = s ï ʧʣʦʱʘʜʴ ʠʩʩʣʝʜʦʚʘʥʥʦʡ ʦʙʣʘʩʪʠ ʇʇʌ ʚ 

ʝʜʠʥʠʮʘʭ ʪʝʣʝʩʥʦʛʦ ʫʛʣʘ, ʨʘʚʥʘʷ 2p ʜʣʷ ʧʦʣʥʦʡ ʇʇʌ (ymax=p/2). 

ɺ ʯʠʩʣʝ ʩʣʫʯʘʡʥʳʭ ʬʘʢʪʦʨʦʚ (ʦʰʠʙʦʢ) ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʥʝʪʦʯʥʦʩʪʴ 

ʫʩʪʘʥʦʚʢʠ ʦʙʨʘʟʮʘ ʚ ʜʝʨʞʘʪʝʣʝ ʪʝʢʩʪʫʨʥʦʡ ʧʨʠʩʪʘʚʢʠ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 

ʨʝʧʝʨʥʳʤ ʚʥʝʰʥʠʤ ʦʩʷʤ, ʣʶʬʪ ʪʝʢʩʪʫʨʥʦʡ ʧʨʠʩʪʘʚʢʠ, ʥʝʩʪʘʙʠʣʴʥʦʩʪʴ 

ʨʘʙʦʪʳ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʭʝʤ ʠ ʵʣʝʢʪʨʦʥʥʳʭ ʙʣʦʢʦʚ. ʆʩʥʦʚʥʦʡ ʧʨʠʝʤ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʚʳʷʚʣʝʥʠʷ ʩʣʫʯʘʡʥʳʭ ʦʰʠʙʦʢ ʩʦʩʪʦʠʪ ʚ ʤʥʦʛʦʢʨʘʪʥʦʡ 

ʫʩʪʘʥʦʚʢʝ ʠ ʩʲʝʤʢʝ ʇʇʌ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʩʦʧʦʩʪʘʚʣʝʥʠʝʤ ʨʝʟʫʣʴʪʘʪʦʚ 

ʦʪʜʝʣʴʥʳʭ ʩʲʝʤʦʢ. ʆʪʥʦʩʠʪʝʣʴʥʘʷ ʦʰʠʙʢʘ ɿ ʚʳʯʠʩʣʷʝʪʩʷ ʧʦ ʩʨʝʜʥʝʤʫ 

ʢʚʘʜʨʘʪʠʯʝʩʢʦʤʫ ʦʪʢʣʦʥʝʥʠʶ ʠʥʪʝʥʩʠʚʥʦʩʪʠ, ʨʝʛʠʩʪʨʠʨʫʝʤʦʡ ʧʨʠ ʜʘʥʥʦʤ 

ʧʦʣʦʞʝʥʠʠ ʦʙʨʘʟʮʘ, ʦʪ ʝʝ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ: 

ɿ В Ⱦ Ὅ , (5) 

ʛʜʝ N ï ʦʙʱʝʝ ʯʠʩʣʦ ʠʟʤʝʨʝʥʠʡ, I i ï ʨʝʟʫʣʴʪʘʪ i-ʛʦ ʠʟʤʝʨʝʥʠʷ ʠ Ὅ  ï 

ʩʨʝʜʥʷʷ ʚʝʣʠʯʠʥʘ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚ ʜʘʥʥʦʡ ʪʦʯʢʝ ʇʇʌ. 

ɿʘʪʝʤ ɿ ʫʩʨʝʜʥʷʝʪʩʷ ʧʦ ʚʩʝʡ ʩʪʝʨʝʦʛʨʘʬʠʯʝʩʢʦʡ ʧʨʦʝʢʮʠʠ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʬʦʨʤʫʣʦʡ 2. ʏʝʤ ʥʠʞʝ ʧʦʣʶʩʥʘʷ ʧʣʦʪʥʦʩʪʴ ʚ ʜʘʥʥʦʡ ʪʦʯʢʝ 

ʇʇʌ, ʪʝʤ ʚʳʰʝ ʩʪʘʪʠʩʪʠʯʝʩʢʘʷ ʦʰʠʙʢʘ ʨʝʛʠʩʪʨʘʮʠʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ɿ1 ʧʨʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʧʦʣʦʞʝʥʠʠ ʦʙʨʘʟʮʘ. ʉʨʝʜʠ ʬʘʢʪʦʨʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ 

ʚʝʣʠʯʠʥʫ ʦʰʠʙʢʠ ɿ2, ʥʘʠʙʦʣʝʝ ʩʫʱʝʩʪʚʝʥʥʘ ʥʝʪʦʯʥʦʩʪʴ ʥʘʯʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ 
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ʦʙʨʘʟʮʘ. ʅʘʠʙʦʣʴʰʠʝ ʟʥʘʯʝʥʠʷ ɿ2 ʜʦʩʪʠʛʘʶʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʦʙʣʘʩʪʝʡ ʩ 

ʤʠʥʠʤʘʣʴʥʦʡ ʧʦʣʶʩʥʦʡ ʧʣʦʪʥʦʩʪʴʶ ʠ ʝʝ ʤʘʢʩʠʤʘʣʴʥʳʤʠ ʣʦʢʘʣʴʥʳʤʠ 

ʛʨʘʜʠʝʥʪʘʤʠ, ʚʘʨʴʠʨʫʷʩʴ ʦʪ 4 % ʚ ʪʝʢʩʪʫʨʥʳʭ ʤʘʢʩʠʤʫʤʘʭ ʜʦ 40 % ʚ 

ʪʝʢʩʪʫʨʥʳʭ ʤʠʥʠʤʫʤʘʭ.  

ɺ ʨʘʤʢʘʭ ʦʪʨʘʙʦʪʢʠ ʤʝʪʦʜʠʢʠ ʠʟʤʝʨʝʥʠʷ ʪʝʢʩʪʫʨʳ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ 

ʦʰʠʙʢʠ ʠʟʤʝʨʝʥʠʷ ʇʇʌ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʌʈʆ ʜʣʷ ʦʙʨʘʟʮʘ ʩ ʥʘʠʙʦʣʝʝ 

ʨʘʟʤʳʪʦʡ (ʥʠʟʢʠʡ Tf) ʠ ʥʘʠʙʦʣʝʝ ʦʩʪʨʦʡ ʪʝʢʩʪʫʨʦʡ (ʚʳʩʦʢʠʡ Tf) ʠʟ 

ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʚ ʪʘʙʣʠʮʝ 1. ʆʮʝʥʢʘ ʩʣʫʯʘʡʥʦʡ ʧʦʛʨʝʰʥʦʩʪʠ ʧʨʦʚʦʜʠʣʘʩʴ ʧʦ 

ʨʝʟʫʣʴʪʘʪʘʤ ʧʷʪʠ ʠʜʝʥʪʠʯʥʳʭ ʩʲʝʤʦʢ ʩ ʧʦʚʪʦʨʥʦʡ ʫʩʪʘʥʦʚʢʦʡ ʦʙʨʘʟʮʘ. ɺ 

ʪʘʙʣʠʮʝ 3 ʩʦʙʨʘʥʳ ʜʘʥʥʳʝ ʦ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ (ɿ), ʩʣʫʯʘʡʥʦʡ (ɿ) ʠ 

ʩʫʤʤʘʨʥʦʡ (ɿВ) ʦʰʠʙʢʘʭ ʠʟʤʝʨʝʥʠʷ ʇʇʌ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʌʈʆ, ʧʦ 

ʢʦʪʦʨʳʤ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʚ ʣʶʙʦʤ ʩʣʫʯʘʝ ʦʰʠʙʢʘ ʟʘʧʠʩʠ ʇʇʌ ʥʝ 

ʧʨʝʚʳʰʘʝʪ 9,5% ʧʨʠ ʚʝʣʠʯʠʥʝ ὍӶ ʥʝ ʤʝʥʝʝ 450 ʝʜʠʥʠʮ, ʥʘʠʙʦʣʴʰʘʷ 

ʧʦʛʨʝʰʥʦʩʪʴ ʥʘʙʣʶʜʘʝʪʩʷ ʜʣʷ ʇʇʌ {100} ʚ ʩʠʣʫ ʤʝʥʴʰʝʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʦʪʨʘʞʝʥʠʷ (200), ʥʘ ʢʦʪʦʨʦʤ ʧʨʦʭʦʜʠʪ ʩʲʝʤʢʘ. 

ʋʯʠʪʳʚʘʷ, ʯʪʦ ʣʶʙʳʝ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʧʦʣʫʯʝʥʥʳʝ ʥʘ 

ʦʩʥʦʚʝ ʌʈʆ, ʷʚʣʷʶʪʩʷ ʢʦʩʚʝʥʥʳʤʠ, ʘ ʨʘʟʣʠʯʥʦʝ ʇʆ ʙʘʟʠʨʫʝʪʩʷ ʥʘ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʝʪʦʜʘʭ ʠ ʧʨʠʝʤʘʭ, ʢʦʪʦʨʳʝ ʟʘʢʨʳʪʳ ʦʪ ʧʦʣʴʟʦʚʘʪʝʣʷ, 

ʨʘʩʩʯʠʪʘʪʴ ʧʦʛʨʝʰʥʦʩʪʴ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ 

ʚʦʟʤʦʞʥʳʤ. ɺʢʣʘʜ ʚ ʥʝʝ ʙʫʜʝʪ ʜʘʚʘʪʴ ʧʦʛʨʝʰʥʦʩʪʴ ʩʲʝʤʢʠ ʇʇʌ, ʪʦʯʥʦʩʪʴ 

ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʜʝʬʦʢʫʩʠʨʦʚʢʠ, ʢʨʦʤʝ ʪʦʛʦ, ʦʥʘ ʙʫʜʝʪ ʟʘʚʠʩʝʪʴ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʦʪ ʦʩʪʨʦʪʳ ʪʝʢʩʪʫʨʳ. ʊ.ʢ. ʩʣʫʯʘʡʥʘʷ ʧʦʛʨʝʰʥʦʩʪʴ 

ʠʟʤʝʨʝʥʠʷ ʇʇʌ (ʪʘʙʣʠʮʘ 3) ʚ ʮʝʣʦʤ ʚʳʰʝ, ʦʮʝʥʠʚʘʪʴ ʧʦʛʨʝʰʥʦʩʪʴ 

ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʝʢʩʪʫʨʳ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ 

ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʤʥʦʛʦʢʨʘʪʥʦʡ ʩʲʝʤʢʦʡ ʦʜʥʦʛʦ ʠ ʪʦʛʦ ʞʝ 

ʦʙʨʘʟʮʘ. ɺ ʪʘʙʣʠʮʝ 3 VF ï ʵʪʦ ʦʙʲʝʤʥʘʷ ʜʦʣʷ ʚʦʣʦʢʥʘ (ʦʪ ʘʥʛʣ. volume 

fraction).  

ɺ ʩʠʣʫ ʪʦʛʦ, ʯʪʦ ʢʦʤʧʦʥʝʥʪʳ ʪʝʢʩʪʫʨʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʥʝ ʪʦʯʢʠ ʥʘ 

ʌʈʆ, ʘ ʠʤʝʶʪ ʥʝʢʦʪʦʨʦʝ ʨʘʟʤʳʪʠʝ, ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʜʠʘʧʘʟʦʥ ʨʘʩʯʝʪʘ ʜʣʷ 

ʦʙʲʝʤʥʳʭ ʜʦʣʝʡ ʪʝʢʩʪʫʨʥʳʭ ʢʦʤʧʦʥʝʥʪ ʩʦʩʪʘʚʣʷʝʪ ȹVF=15Á. ʇʦʛʨʝʰʥʦʩʪʴ 

ʦʧʨʝʜʝʣʝʥʠʷ ʦʙʲʝʤʥʦʡ ʜʦʣʠ ɔ-ʚʦʣʦʢʥʘ VFg ʥʝ ʧʨʝʚʳʰʘʝʪ 2 %, ʘ VFa  

a-ʚʦʣʦʢʥʘ ï 0,5 %, ʧʦʵʪʦʤʫ ʟʜʝʩʴ ʠ ʜʘʣʝʝ ʧʦʛʨʝʰʥʦʩʪʴ ʙʫʜʝʪ ʩʦʩʪʘʚʣʷʪʴ 2 %. 
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ʊʘʙʣʠʮʘ 3 ï ʂʦʣʠʯʝʩʪʚʝʥʥʳʝ ʧʘʨʘʤʝʪʨʳ ʇʇʌ ʠ ʌʈʆ, ʩʪʘʪʠʩʪʠʯʝʩʢʘʷ (ɿ), 

ʩʣʫʯʘʡʥʘʷ (ɿ) ʠ ʩʫʤʤʘʨʥʘʷ (ɿВ) ʦʰʠʙʢʠ ʠʭ ʠʟʤʝʨʝʥʠʷ ʜʣʷ ʦʙʨʘʟʮʦʚ ʩ ʥʠʟʢʠʤ 

(ʩʲʝʤʢʠ 1-1 ï 1-5) ʠ ʚʳʩʦʢʠʤ (ʩʲʝʤʢʠ 2-1 ï 2-5) ʪʝʢʩʪʫʨʥʳʤ ʠʥʜʝʢʩʦʤ 

ʚʘʨʠʘʥʪ 

ʩʲʝʤʢʠ 

ὍӶ ɿ, % Tf, ʦʪʥ. 

ʝʜ. 
VFŬ, % VFɔ, % VFŬ/VFɔ 

{110} {100}  {211}  {110} {100}  {211}  

1-1 3108 522 3069 1.7 4.2 1.7 1.2 16.1 12.0 1.3 

1-2 2639 447 2926 1.9 4.6 1.7 1.2 15.7 11.4 1.4 

1-3 2632 442 2915 1.9 4.6 1.7 1.2 15.8 11.3 1.4 

1-4 2785 476 3008 1.9 4.4 1.7 1.2 15.8 11.2 1.4 

1-5 2815 471 3038 1.8 4.5 1.7 1.2 15.9 11.5 1.4 

̒̑̆̅̎̆̆ 2796 472 2991 1.8 4.5 1.7 1.2 15.8 11.5 1.4 

ɿ, % ï ï ï 9.0 8.3 3.0 0.4 0.3 2.0 2.0 

ɿВ, % ï ï ï 9.2 9.4 3.4 0.4 0.3 2.0 2.0 

2-1 2924 465 3279 1.7 4.7 1.7 1.7 12.1 10.1 1.2 

2-2 2950 475 3159 1.7 4.6 1.7 1.7 12.3 10.6 1.2 

2-3 2749 443 3089 1.8 4.8 1.7 1.7 12.4 10.6 1.2 

2-4 2817 446 3024 1.7 4.8 1.7 1.7 12.2 10.4 1.2 

2-5 2711 427 3049 1.8 4.9 1.7 1.7 12.1 10.2 1.2 

̒̑̆̅̎̆̆ 2830 451 3120 1.7 4.8 1.7 1.7 12.2 10.4 1.2 

ɿ, % ï ï ï 5.0 7.1 3.9 0.3 0.2 1.7 1.6 

ɿВ, % ï ï ï 5.3 8.5 4.3 0.3 0.2 1.7 1.6 

ɺ ʯʝʪʚʝʨʪʦʡ ʛʣʘʚʝ ʨʘʩʩʤʦʪʨʝʥʳ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʪʝʢʩʪʫʨʦʙʨʘʟʦʚʘʥʠʷ ʠ 

ʵʚʦʣʶʮʠʠ ʩʫʙʩʪʨʫʢʪʫʨʥʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʚ ʧʨʦʮʝʩʩʝ ʧʨʦʢʘʪʢʠ ʩ 

ʧʨʦʤʝʞʫʪʦʯʥʳʤʠ ʚʦʟʚʨʘʪʥʳʤʠ ʦʪʞʠʛʘʤʠ ʥʘ ʧʨʠʤʝʨʝ ʬʝʨʨʠʪʥʦʡ ʩʪʘʣʠ 2414 

(Fe3Si1Al), ʘ ʪʘʢʞʝ ʠʭ ʚʣʠʷʥʠʝ ʥʘ ʟʘʨʦʞʜʝʥʠʝ ʠ ʨʦʩʪ ʟʝʨʝʥ ʧʨʠ ʧʦʩʣʝʜʫʶʱʝʤ 

ʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʦʤ ʦʪʞʠʛʝ.  

ɺ ʭʦʜʝ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ ʚ ʤʝʪʘʣʣʝ ʧʨʦʠʩʭʦʜʷʪ ʨʘʟʣʠʯʥʳʝ 

ʩʪʨʫʢʪʫʨʥʳʝ ʠʟʤʝʥʝʥʠʷ ï ʠʟʤʝʥʷʝʪʩʷ ʬʦʨʤʘ ʢʨʠʩʪʘʣʣʠʪʦʚ, ʠʭ 

ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʘʷ ʦʨʠʝʥʪʠʨʦʚʢʘ (ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʘʷ ʪʝʢʩʪʫʨʘ) ʠ 

ʚʥʫʪʨʝʥʥʝʝ ʩʪʨʦʝʥʠʝ. ɿʝʨʥʘ, ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʨʘʟʣʠʯʥʳʤ ʪʝʢʩʪʫʨʥʳʤ 

ʢʦʤʧʦʥʝʥʪʘʤ, ʠʤʝʶʪ ʨʘʟʥʳʝ ʪʨʘʝʢʪʦʨʠʠ ʧʝʨʝʦʨʠʝʥʪʘʮʠʠ, ʦʧʨʝʜʝʣʷʶʱʠʝʩʷ 

ʠʩʭʦʜʥʦʡ ʦʨʠʝʥʪʘʮʠʝʡ ʠ ʘʢʪʠʚʠʟʘʮʠʝʡ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠ 

ʨʝʛʣʘʤʝʥʪʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ (ʩʢʦʣʴʞʝʥʠʷ ʠʣʠ 

ʜʚʦʡʥʠʢʦʚʘʥʠʷ), ʯʪʦ ʦʙʲʷʩʥʷʝʪ ʬʦʨʤʠʨʦʚʘʥʠʝ ʚ ʥʠʭ ʨʘʟʥʦʡ ʩʫʙʩʪʨʫʢʪʫʨʳ.  

ʅʘ ʨʠʩʫʥʢʝ 2 ʧʨʠʚʝʜʝʥ rʇʇʌ {110}  (ʘ), ʆʇʇʌ ɓ110 (ʙ) ʠ ʩʝʯʝʥʠʝ 

ʧʦʩʣʝʜʥʝʡ (y=35̄ ) (ʚ) ʜʣʷ ʜʚʫʭ ʭʦʣʦʜʥʦʢʘʪʘʥʳʭ ʦʙʨʘʟʮʦʚ. ʈʘʟʥʦʮʚʝʪʥʳʤʠ 

ʪʦʯʢʘʤʠ ʥʘ ʇʇʌ ʠ ʆʇʇʌ ʧʦʢʘʟʘʥʳ ʠʜʝʘʣʴʥʳʝ ʦʨʠʝʥʪʠʨʦʚʢʠ, ʦʪʥʦʩʷʱʠʝʩʷ ʢ 

ʨʘʟʣʠʯʥʳʤ ʢʦʤʧʦʥʝʥʪʘʤ ʪʝʢʩʪʫʨʳ ʧʨʦʢʘʪʢʠ. ʀʟ ʨʠʩʫʥʢʘ ʚʠʜʥʦ, ʯʪʦ ʟʝʨʥʘ Ŭ- 

ʠ ɔ-ʚʦʣʦʢʦʥ, ʬʦʨʤʠʨʫʶʱʠʝʩʷ ʧʨʠ ʭʦʣʦʜʥʦʡ ʧʨʦʢʘʪʢʝ ʟʘ ʩʯʝʪ ʜʝʡʩʪʚʠʷ 

ʨʘʟʥʳʭ ʩʠʩʪʝʤ ʩʢʦʣʴʞʝʥʠʷ, ʠʤʝʶʪ ʨʘʟʣʠʯʥʫʶ ʟʘʧʘʩʝʥʥʫʶ ʵʥʝʨʛʠʶ 

ʜʝʬʦʨʤʘʮʠʠ (ʥʘʢʣʝʧ). ɿʝʨʥʘ ɔ-ʚʦʣʦʢʥʘ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʧʦʚʳʰʝʥʥʦʡ ʧʦ 
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ʅʇ 

ʇʅ 

ʩʨʘʚʥʝʥʠʶ ʩ ʟʝʨʥʘʤʠ Ŭ-ʚʦʣʦʢʥʘ ʚʝʣʠʯʠʥʦʡ b110, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʠʭ 

ʧʦʚʳʰʝʥʥʦʡ ʠʩʢʘʞʝʥʥʦʩʪʠ ʠ ʤʝʣʢʦʜʠʩʧʝʨʩʥʦʩʪʠ. 

ʊʘʢ ʢʘʢ ʢʦʤʧʦʥʝʥʪʳ Ŭ- ʠ ɔ-ʚʦʣʦʢʦʥ ʷʚʣʷʶʪʩʷ ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ 

ʪʝʢʩʪʫʨʳ ʧʨʦʢʘʪʢʠ ʆʎʂ ʤʘʪʝʨʠʘʣʦʚ, ʧʦʣʥʦʩʪʴʶ ʥʠʚʝʣʠʨʦʚʘʪʴ ʠʭ ʥʝ 

ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʳʤ. ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʘ 

ʥʝʦʙʭʦʜʠʤʦ ʧʦʚʳʩʠʪʴ ʜʦʣʶ ʟʝʨʝʥ l-ʚʦʣʦʢʥʘ (<100> || ʅʅ). ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʧʦʣʫʯʝʥʥʳʤʠ ʜʘʥʥʳʤʠ ʧʨʦʢʘʪʢʘ ʣʠʩʪʦʚ ʕʊʉ ʩʪʘʣʠ ʥʝ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ 

ʟʘʜʘʥʥʳʝ ʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ. ʇʨʦʚʝʜʝʥʥʦʝ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ 

ʪʝʢʩʪʫʨʦʦʙʨʘʟʦʚʘʥʠʷ ʚ ʆʎʂ-ʩʪʘʣʠ ʧʨʠ ʧʨʦʢʘʪʢʝ ʧʦʜʪʚʝʨʞʜʘʝʪ ʚʳʚʦʜ, 

ʩʜʝʣʘʥʥʳʡ ʧʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʜʘʥʥʳʤ. 

  

   

  

ʈʠʩʫʥʦʢ 2 ï ʇʇʌ {110}(ʘ), ʆʇʇʌ ɓ110 (ʙ), ʩʝʯʝʥʠʝ ʆʇʇʌ ɓ110  

ʧʨʠ y=35̄  (ʚ) ʜʣʷ ʜʚʫʭ ʭʦʣʦʜʥʦʢʘʪʘʥʳʭ ʦʙʨʘʟʮʦʚ ʩ ʆʎʂ-ʩʪʨʫʢʪʫʨʦʡ  

ʍʦʣʦʜʥʘʷ ʧʨʦʢʘʪʢʘ ʥʝ ʷʚʣʷʝʪʩʷ ʟʘʢʣʶʯʠʪʝʣʴʥʳʤ ʵʪʘʧʦʤ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʦʡ ʩʪʘʣʠ (ʕʊʉ). ɼʘʣʝʝ ʜʣʷ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʳ ʠ 

ʩʪʘʙʠʣʠʟʘʮʠʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ ʧʨʦʚʦʜʠʪʩʷ ʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʳʡ 

ʦʪʞʠʛ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʦʛʦ ʥʘʙʣʶʜʘʝʪʩʷ ʩʥʠʞʝʥʠʝ ʥʘʢʣʝʧʘ ʠ ʦʩʪʘʪʦʯʥʳʭ 

ʥʘʧʨʷʞʝʥʠʡ, ʟʘ ʩʯʝʪ ʩʥʠʞʝʥʠʷ ʯʠʩʣʘ ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ ʜʝʬʝʢʪʦʚ ʠ ʨʦʩʪʘ 

ʨʘʟʤʝʨʦʚ ʟʝʨʝʥ. ʅʘʙʣʶʜʘʝʤʘʷ ʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʷ ʧʨʠʚʦʜʠʪ ʢ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠ ʁ ʩʪʨʫʢʪʫʨʳ ʟʝʨʝʥ, ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʶ ʪʝʢʩʪʫʨʥʳʭ 

ʢʦʤʧʦʥʝʥʪ ʚ ʩʪʘʣʴʥʦʤ ʣʠʩʪʝ ʠ ʧʦʚʳʰʝʥʠʶ ʝʛʦ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʤʘʛʥʠʪʥʳʭ 

ʩʚʦʡʩʪʚ. 

ɼʦʧʦʣʥʠʪʝʣʴʥʦʡ ʚʦʟʤʦʞʥʦʩʪʴʶ ʧʦʚʳʰʝʥʠʷ ʜʦʣʠ ʟʝʨʝʥ l-ʚʦʣʦʢʥʘ 

ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʪʞʠʛʦʚ ʥʘ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʵʪʘʧʘʭ ʧʣʘʩʪʠʯʝʩʢʦʡ 

ʜʝʬʦʨʤʘʮʠʠ. ɺ ʆʎʂ-ʤʝʪʘʣʣʘʭ ʩʫʱʝʩʪʚʫʝʪ ʢʘʢ ʤʠʥʠʤʫʤ ʜʚʝ ʩʠʩʪʝʤʳ 

ʩʢʦʣʴʞʝʥʠʷ ({110}<111> ʠ {112}<111>). ʌʦʨʤʠʨʦʚʘʥʠʝ ʪʝʢʩʪʫʨʥʳʭ 

ʢʦʤʧʦʥʝʥʪ ɔ- ʠ Ŭ-ʚʦʣʦʢʦʥ ʧʨʦʠʩʭʦʜʠʪ ʚ ʨʝʟʫʣʴʪʘʪʝ ʘʢʪʠʚʠʟʘʮʠʠ ʪʦʡ ʠʣʠ ʠʥʦʡ 

ʩʠʩʪʝʤʳ ʩʢʦʣʴʞʝʥʠʷ, ʧʨʠ ʵʪʦʤ ʟʘ ʩʯʝʪ ʥʘʢʦʧʣʝʥʠʷ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʫʛʦʣ ʦʪʥʦʩʠʪʝʣʴʥʦ ʅʇ (ű), ʛʨʘʜ. 

{112}<110> 

ʆʇʇʌ 

ɓ110 

ʇʅ 

ʇʇʌ 

{110}  

ɓ110 {111}<110-112> 

{112}<110> 

ʘ 

ʙ 

ʚ 
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ʜʠʩʣʦʢʘʮʠʡ ʧʨʦʠʩʭʦʜʠʪ ʫʧʨʦʯʥʝʥʠʝ ʟʝʨʝʥ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʜʝʡʩʪʚʫʶʱʠʭ 

ʩʠʩʪʝʤ ʜʝʬʦʨʤʘʮʠʠ ʫʧʨʦʯʥʝʥʠʝ ʚ ʟʝʨʥʘʭ ʨʘʟʥʦʡ ʦʨʠʝʥʪʘʮʠʠ ʤʦʛʫʪ ʙʳʪʴ 

ʨʘʟʥʳʤʠ. ʉʦʛʣʘʩʥʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʜʘʥʥʳʤ (ʨʠʩʫʥʦʢ 2) ʟʝʨʥʘ, 

ʦʪʥʦʩʷʱʠʝʩʷ ʢ ɔ-ʚʦʣʦʢʥʫ, ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ   ʙʦʣʝʝ ʚʳʩʦʢʠʤ ʟʥʘʯʝʥʠʝʤ 

ʫʰʠʨʝʥʠʷ ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʣʠʥʠʡ, ʪ.ʝ. ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʥʘʢʣʝʧʘ. ɺ 

ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʣʦʞʝʥʦ ʧʨʦʚʝʜʝʥʠʝ ʚʦʟʚʨʘʪʥʦʛʦ ʦʪʞʠʛʘ ʥʘ 

ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʵʪʘʧʘʭ ʭʦʣʦʜʥʦʡ ʧʨʦʢʘʪʢʠ ʜʣʷ ʩʥʷʪʠʷ ʫʧʨʦʯʥʝʥʠʷ ʚ ʟʝʨʥʘʭ 

ʨʘʟʥʳʭ ʦʨʠʝʥʪʘʮʠʡ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʧʝʨʝʨʘʩʧʨʝʜʝʣʠʪʴ ʩʦʦʪʥʦʰʝʥʠʝ ʦʙʲʝʤʥʳʭ 

ʜʦʣʝʡ ʨʘʟʣʠʯʥʳʭ ʢʦʤʧʦʥʝʥʪ ʪʝʢʩʪʫʨʳ (ʨʠʩʫʥʦʢ 3) ʚ ʧʨʦʢʘʪʘʥʥʦʤ ʤʘʪʝʨʠʘʣʝ 

ʠ ʧʨʠ ʜʘʣʴʥʝʡʰʝʡ ʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʧʨʠʚʝʜʝʪ ʢ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʶ 

ʦʙʲʝʤʥʳʭ ʜʦʣʝʡ ʢʦʤʧʦʥʝʥʪ ʪʝʢʩʪʫʨʳ ʚ ʢʦʥʝʯʥʦʤ ʣʠʩʪʝ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ (ʨʠʩʫʥʦʢ 3) ʫʩʪʘʥʦʚʣʝʥʦ:  

ï ʩʥʠʞʝʥʠʝ ʜʦʣʠ ʦʪʨʠʮʘʪʝʣʴʥʦ ʚʣʠʷʶʱʝʛʦ ʥʘ ʤʘʛʥʠʪʥʳʝ ʧʦʪʝʨʠ  

ɔ-ʚʦʣʦʢʥʘ (<111> || ʅʅ), ʢʘʢ ʥʘʠʙʦʣʝʝ ʥʘʢʣʝʧʘʥʥʦʛʦ, ʧʦʩʣʝ ʚʦʟʚʨʘʪʥʦʛʦ 

ʦʪʞʠʛʘ ʠ ʩʦʧʫʪʩʪʚʫʶʱʠʡ ʨʦʩʪ ɚ-ʚʦʣʦʢʥʘ (<100> || ʅʅ), ʷʚʣʷʶʱʝʛʦʩʷ 

ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʤ ʜʣʷ ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʦʡ ʩʪʘʣʠ 2414; 

ï ʧʨʦʚʝʜʝʥʠʝ ʚʦʟʚʨʘʪʥʦʛʦ ʦʪʞʠʛʘ ʥʘ ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʩʪʘʜʠʠ ʧʨʦʢʘʪʢʠ 

(~50 % ʜʝʬʦʨʤʘʮʠʠ) ʦʢʘʟʳʚʘʝʪ ʙʦʣʝʝ ʙʣʘʛʦʧʨʠʷʪʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʢʦʥʝʯʥʫʶ 

ʪʝʢʩʪʫʨʫ ʧʨʦʢʘʪʢʠ, ʯʝʤ ʨʘʟʫʧʨʦʯʥʝʥʠʝ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʝʨʝʜ 

ʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʳʤ ʦʪʞʠʛʦʤ; 

ï ʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʳʡ ʦʪʞʠʛ ʧʨʠʚʦʜʠʪ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʜʦʚʦʣʴʥʦ 

ʦʜʥʦʨʦʜʥʦʡ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʩʭʦʜʥʳʤ ʩʦʩʪʦʷʥʠʝʤ, ʪʝʢʩʪʫʨʳ ʧʦ ʪʦʣʱʠʥʝ 

ʣʠʩʪʘ, ʩ ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʪʠʧʠʯʥʦʡ ʜʣʷ ʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʆʎʂ-ʤʝʪʘʣʣʦʚ 

ʢʦʤʧʦʥʝʥʪʳ Ŭȭ-ʚʦʣʦʢʥʘ (<210> || ʅʇ), ʘ ʪʘʢʞʝ ʢʦʤʧʦʥʝʥʪʳ {111}<112>. 
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ʈʠʩʫʥʦʢ 3 ï ʀʟʤʝʥʝʥʠʝ ʩʝʯʝʥʠʷ ʌʈʆ ʦʙʨʘʟʮʦʚ ʕʊʉ ʩ ʆʎʂ-ʩʪʨʫʢʪʫʨʦʡ 

ʧʨʠ ű2=45Á ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʭʝʤʦʡ 

ɼʘʣʝʝ ʨʘʩʩʯʠʪʳʚʘʣʘʩʴ ʵʥʝʨʛʠʷ ʤʘʛʥʠʪʥʦʡ ʘʥʠʟʦʪʨʦʧʠʠ ộὉỚ, ʢʦʪʦʨʘʷ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʢʦʣʠʯʝʩʪʚʦ ʵʥʝʨʛʠʠ, ʥʝʦʙʭʦʜʠʤʦʝ ʜʣʷ ʧʦʚʦʨʦʪʘ ʚʝʢʪʦʨʦʚ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʚʥʫʪʨʠ ʜʦʤʝʥʦʚ ʚʜʦʣʴ ʥʘʧʨʘʚʣʝʥʠʷ ʚʥʝʰʥʝʛʦ ʤʘʛʥʠʪʥʦʛʦ 

ʧʦʣʷ. ɺ ʧʦʣʠʢʨʠʩʪʘʣʣʘʭ ộὉỚ ʟʘʚʠʩʠʪ ʦʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦʡ ʦʨʠʝʥʪʘʮʠʠ 

ʟʝʨʝʥ, ʪ.ʝ. ʦʪ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʡ ʪʝʢʩʪʫʨʳ, ʠ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ  

ʧʦ ʬʦʨʤʫʣʝ (6): 

ộὉỚ τȟχχ πȟςρςυφϽϷ3ÉπȟπσψρφϽϷ!ÌϽɻρ
ςɻς
ς ɻς

ςɻσ
ς ɻσ

ςɻρ
ςȟ (6) 

ʛʜʝ Ŭ1, Ŭ2, Ŭ3 ï ʥʘʧʨʘʚʣʷʶʱʠʝ ʢʦʩʠʥʫʩʳ ʫʛʣʦʚ ʤʝʞʜʫ ʥʘʧʨʘʚʣʝʥʠʝʤ 

ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ ʠ ʪʨʝʤʷ ʥʘʧʨʘʚʣʝʥʠʷʤʠ ʢʨʠʩʪʘʣʣʘ <100>. 

ʇʘʨʘʤʝʪʨ ʤʘʛʥʠʪʥʦʡ ʘʥʠʟʦʪʨʦʧʠʠ ộὉỚ ʧʘʜʘʝʪ ʚ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʚʦʟʚʨʘʪʥʳʭ ʦʪʞʠʛʦʚ ʥʘ ʨʘʟʣʠʯʥʳʭ ʵʪʘʧʘʭ ʭʦʣʦʜʥʦʡ 

ʧʨʦʢʘʪʢʠ (ʪʘʙʣʠʮʘ 4). ʅʘʠʤʝʥʴʰʝʝ ộὉỚ ʥʘʙʣʶʜʘʝʪʩʷ ʜʣʷ ʦʙʨʘʟʮʦʚ, 

ʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʷ ʚ ʚʘʢʫʫʤʝ 
(T=1050 ÁC, t=30 ʤʠʥ) 

ʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʷ ʥʘ 
ʚʦʟʜʫʭʝ  

(T=1050 ÁC, t=30 ʤʠʥ) 

ʚʦʟʚʨʘʪ  

(T=400 ÁC, t=30) 

ʤʠʥ)  

ʭʦʣʦʜʥʘʷ 

ʧʨʦʢʘʪʢʘ 

(Ůå75 %) 

ʛʦʨʷʯʘʷ ʧʦʢʘʪʢʘ + 
ʥʦʨʤʘʣʠʟʘʮʠʷ 

ʭʦʣʦʜʥʘʷ 
ʧʨʦʢʘʪʢʘ  
(Ůå50 %) 

ʚʦʟʚʨʘʪ  
(T=400 ÁC, t=30 ʤʠʥ) 

ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʩʣʦʠ 

ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʩʣʦʠ 

ʮʝʥʪʨʘʣʴʥʳʝ ʩʣʦʠ 

ʮʝʥʪʨʘʣʴʥʳʝ ʩʣʦʠ 

ʭʦʣʦʜʥʘʷ ʧʨʦʢʘʪʢʘ 
(Ůå80 %)  
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ʨʝʢʨʠʩʪʘʣʣʠʟʦʚʘʥʥʳʭ ʚ ʚʘʢʫʫʤʝ ʠ ʩ ʚʦʟʚʨʘʪʥʳʤ ʦʪʞʠʛʦʤ ʥʘ 50 % 

ʜʝʬʦʨʤʘʮʠʠ, ʦʙʲʝʤʥʘʷ ʜʦʣʷ ɔ-ʚʦʣʦʢʥʘ ʪʘʢʞʝ ʥʠʞʝ, ʯʪʦ ʜʝʣʘʝʪ ʠʭ 

ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʤ ʚʘʨʠʘʥʪʦʤ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʦʜʥʘʢʦ ʨʦʩʪ ʙʦʣʴʰʠʭ ʟʝʨʝʥ 

ʥʝʙʣʘʛʦʧʨʠʷʪʥʦ ʩʢʘʞʝʪʩʷ ʥʘ ʤʘʛʥʠʪʥʳʭ ʧʦʪʝʨʷʭ, ʢ ʪʦʤʫ ʞʝ 

ʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʳʡ ʦʪʞʠʛ ʚ ʚʘʢʫʫʤʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʳʝ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʪʨʫʜʥʦʩʪʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʨʝʢʦʤʝʥʜʦʚʘʪʴ 

ʧʨʦʚʝʜʝʥʠʝ ʚʦʟʚʨʘʪʥʦʛʦ ʦʪʞʠʛʘ ʥʘ ʧʨʦʤʝʞʫʪʦʯʥʦʤ ʵʪʘʧʝ ʭʦʣʦʜʥʦʡ ʧʨʦʢʘʪʢʠ 

ʚʙʣʠʟʠ 50 % ʜʝʬʦʨʤʘʮʠʠ ʣʠʩʪʘ ʧʦ ʪʦʣʱʠʥʝ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʧʪʠʤʘʣʴʥʦʡ 

ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʡ ʪʝʢʩʪʫʨʳ ʚ ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʠʭ ʩʪʘʣʷʭ ʩ 

ʫʣʫʯʰʝʥʥʳʤʠ ʤʘʛʥʠʪʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. 

ʊʘʙʣʠʮʘ 4 ï ʇʘʨʘʤʝʪʨʳ ʪʝʢʩʪʫʨʳ ʠ ʩʪʨʫʢʪʫʨʳ ʥʘ ʨʘʟʣʠʯʥʳʭ ʵʪʘʧʘʭ 

ʠʟʛʦʪʦʚʣʝʥʠʷ ʕʊʉ 

 ̄ ʉʣʦʠ 

<dʅʅ> / 

<dʅʇ>, 

ʤʢʤ 

ʊf, 
ʦʪʥ. 

ʝʜ. 

ʆʙʲʝʤʥʳʝ ʜʦʣʠ ʨʘʟʣʠʯʥʳʭ 

ʢʦʤʧʦʥʝʥʪ ʪʝʢʩʪʫʨʳ VF, % 
ộὉỚ, 

³104ɼʞ/ʤ3 
a- g- ɚ- h- 

1 
ç0è 68 / ï 1,6 12,8 8,6 9,2 19,0 

ï 
çİè ï 4,5 55,0 23,8 25,6 2,9 

2 ç0è ï 4,7 57,8 35,0 17,5 2,3 ï 

3 ç0è ï 4,1 53,7 40,8 13,2 2,1 ï 

4 
ç0è 

216 / 149 
4,6 17,7 44,7 14,5 5,3 

0,86 
çİè 4,4 18,4 41,5 13,8 6,2 

5 
ç0è 

159 / 152 
5,0 16,4 41,4 12,3 5,8 

0,85 
çİè 3,9 21,0 35,9 15,4 6,5 

6 ç0è ï 3,7 49,8 23,6 23,2 4,8 ï 

7 ç0è ï 2,3 33,0 29,5 14,6 6,9 ï 

8 ç0è ï 3,9 44,7 34,5 19,1 3,7 ï 

9 
ç0è 

153 / 145 
5,1 16,7 39,3 21,0 10,0 

0,83 
çİè 3,8 20,4 31,7 19,4 9,8 

10 
ç0è 

140 / 132 
4,3 19,5 33,7 15,2 5,3 

0,82 
çİè  4,1 22,3 29,9 22,7 7,1 

ʧʨʠʤʝʯʘʥʠʝ: ç0è ï ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʩʣʦʠ; ç1/2è ï ʮʝʥʪʨʘʣʴʥʳʝ ʩʣʦʠ; <dʅʅ> ï ʨʘʟʤʝʨ ʟʝʨʥʘ ʚ 

ʧʣʦʩʢʦʩʪʠ ʣʠʩʪʘ; <dʅʇ> ï ʨʘʟʤʝʨ ʟʝʨʥʘ ʚ ʩʝʯʝʥʠʠ ʣʠʩʪʘ. 

ɺ ʧʷʪʦʡ ʛʣʘʚʝ ʨʘʩʩʤʦʪʨʝʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʥʘʩʣʝʜʦʚʘʥʠʷ ʪʝʢʩʪʫʨʳ ʚ 

ʘʫʩʪʝʥʠʪʥʦʡ ʩʪʘʣʠ AISI 304 (08ʍ18ʅ10) ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʚʠʜʘʭ ʭʦʣʦʜʥʦʡ 

ʧʨʦʢʘʪʢʠ ʠ ʧʦʩʣʝʜʫʶʱʝʡ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ ʟʘʢʘʣʢʦʡ (ʊʆ). 

ʈʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʦʙʨʘʟʮʳ ʠʟ ʘʫʩʪʝʥʠʪʥʦʡ ʩʪʘʣʠ, ʧʦʜʚʝʨʛʥʫʪʳʝ 

ʜʝʬʦʨʤʘʮʠʠ ʭʦʣʦʜʥʦʡ ʧʨʦʜʦʣʴʥʦʡ ʠ ʧʝʨʝʢʨʝʩʪʥʦʡ ʧʨʦʢʘʪʢʦʡ (ʩʫʤʤʘʨʥʘʷ 

ʜʝʬʦʨʤʘʮʠʷ ʧʦ ʪʦʣʱʠʥʝ ʩʦʩʪʘʚʠʣʘ ~90 %) ʠ ʧʦʩʣʝʜʫʶʱʝʡ ʟʘʢʘʣʢʦʡ ʚ ʚʦʜʫ ʦʪ 

700 Áʉ ʩ ʨʘʟʣʠʯʥʳʤ ʚʨʝʤʝʥʝʤ ʚʳʜʝʨʞʢʠ ï 1, 5 ʠ 20 ʤʠʥ ʧʨʠ 700 Áʉ. 

ʀʩʭʦʜʥʦʝ ʩʦʩʪʦʷʥʠʝ ʤʘʪʝʨʠʘʣʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʦʩʥʦʚʥʦʡ ʬʘʟʦʡ  

ʩ ɻʎʂ ʩʪʨʫʢʪʫʨʦʡ ʩʦ ʩʣʘʙʦʡ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʡ ʪʝʢʩʪʫʨʦʡ, ʧʨʠ ʢʦʪʦʨʦʡ 

ʚʜʦʣʴ ʥʘʧʨʘʚʣʝʥʠʷ ʚʳʪʷʞʢʠ ʦʨʠʝʥʪʠʨʫʶʪʩʷ ʥʦʨʤʘʣʠ <100> ʠ <111>.  
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ɺ ʨʝʟʫʣʴʪʘʪʝ ʭʦʣʦʜʥʦʡ ʧʨʦʢʘʪʢʠ ʚʩʝʛʦ ʣʠʰʴ ʜʦ 10 % ʚ ʘʫʩʪʝʥʠʪʥʦʡ ʩʪʘʣʠ 

ʚʦʟʥʠʢʘʝʪ Ŭ'-ʤʘʨʪʝʥʩʠʪ (ʨʠʩʫʥʦʢ 4 ʠ ʨʠʩʫʥʦʢ  5, ʘ). ʈʘʩʯʝʪ ʦʙʲʝʤʥʦʡ ʜʦʣʠ  

Ŭ'- ʤʘʨʪʝʥʩʠʪʘ ʦʙʳʯʥʦ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦ ʬʦʨʤʫʣʝ 7: 

ὠὊ
ȟ ᶻ

. (7) 

 

ʈʠʩʫʥʦʢ 4 ï ʀʟʤʝʥʝʥʠʷ ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʩʧʝʢʪʨʦʚ ʧʨʠ ʧʨʦʜʦʣʴʥʦʡ ʧʨʦʢʘʪʢʝ 

ʜʦ ʨʘʟʣʠʯʥʳʭ ʩʪʝʧʝʥʝʡ ʜʝʬʦʨʤʘʮʠʠ 

  

ʈʠʩʫʥʦʢ 5 ï ɿʘʚʠʩʠʤʦʩʪʠ ὠὊ (ʘ) ʠ Tf (ʚ) ʦʪ ʩʪʝʧʝʥʠ ʜʝʬʦʨʤʘʮʠʠ ʧʨʠ 

ʧʨʦʜʦʣʴʥʦʡ ʧʨʦʢʘʪʢʝ 

ɸʥʘʣʠʟ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʡ ʪʝʢʩʪʫʨʳ ʧʦʢʘʟʘʣ, ʯʪʦ ʧʨʠ 10 % 

ʜʝʬʦʨʤʘʮʠʠ ʚʦʟʥʠʢʘʝʪ ʤʘʨʪʝʥʩʠʪ ʩʦ ʩʣʘʙʦʡ ʩʪʨʫʢʪʫʨʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ  

<100> || ʅʅ, ʩ ʪʝʢʩʪʫʨʥʳʤ ʠʥʜʝʢʩʦʤ Tf ʦʢʦʣʦ 1, ʩʦʭʨʘʥʷʶʱʠʤʩʷ ʚʧʣʦʪʴ ʜʦ  

60 % ʜʝʬʦʨʤʘʮʠʠ (ʨʠʩʫʥʦʢ 5, ʙ). ʊʝʢʩʪʫʨʘ ʤʘʨʪʝʥʩʠʪʘ ʩʪʘʥʦʚʠʪʩʷ ʪʠʧʠʯʥʦʡ 

ʜʣʷ ʧʨʦʢʘʪʢʠ ʤʘʪʝʨʠʘʣʦʚ ʩ ʆʎʂ-ʩʪʨʫʢʪʫʨʦʡ ʪʦʣʴʢʦ ʧʨʠ ʜʝʬʦʨʤʘʮʠʠ 70 %, 

ʥʘʯʠʥʘʷ ʩ ʢʦʪʦʨʦʡ ʠ ʜʘʣʝʝ ʦʥʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʣʝʜʫʶʱʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ 

Ŭ-ʚʦʣʦʢʥʦ + {111}<112> + {554}<225> (ʨʠʩʫʥʦʢ 6). 

ʇʨʦʚʝʜʝʥʥʘʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʧʝʨʝʢʨʝʩʪʥʘʷ ʭʦʣʦʜʥʘʷ ʧʨʦʢʘʪʢʘ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʝʩʢʦʣʴʢʦ ʠʥʦʡ ʢʦʥʝʯʥʦʡ ʪʝʢʩʪʫʨʦʡ ʤʘʨʪʝʥʩʠʪʘ, ʝʝ 

2ɗ ʛʨʘʜ. 

ɻ¡-̍́̑̓̆̎̒̉̓ 
ɾ-́̔̒̓̆̎̉̓ 

̗̠̅̆̏̑̍́̉̕ 

90 % 

70 % 

30 % 

10 % 

̖̉̒̏̅̎̏̆ ̠̒̏̒̓̏̎̉̆  

ʀ
ʥ
ʪ
ʝ
ʥ
ʩ
ʠ
ʚ
ʥ
ʦ
ʩ
ʪ
ʴ
,
 
ʠ
ʤ
ʧ
.
/
ʩ

  
 

ʩʪʝʧʝʥʴ ʜʝʬʦʨʤʘʮʠʠ ʧʨʠ ʧʨʦʜʦʣʴʥʦʡ ʧʨʦʢʘʪʢʝ, % 

ὠὊȟϷ 

  ́ Ŭ¡-ʤʘʨʪʝʥʩʠʪ 

ɔ-ʘʫʩʪʝʥʠʪ 

 

Tf 

 ̂
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ʦʩʥʦʚʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʷʚʣʷʶʪʩʷ ʢʦʤʧʦʥʝʥʪʘ {001}<110> ʠ ɔ-ʚʦʣʦʢʥʦ 

(ʨʠʩʫʥʦʢ 6). 

 

ʧʨʦʜʦʣʴʥʘʷ ʧʨʦʢʘʪʢʘ (ʘ) ʧʝʨʝʢʨʝʩʪʥʘʷ ʧʨʦʢʘʪʢʘ (ʙ) 

Ŭ¡-ʤʘʨʪʝʥʩʠʪ   Ŭ¡-ʤʘʨʪʝʥʩʠʪ   

 

(ʌʈʆʊʆï 

ʌʈʆʜʝʬ) ɔ-ʘʫʩʪʝʥʠʪ 
 

(ʌʈʆʊʆ ï 

ʌʈʆʜʝʬ) ɔ-ʘʫʩʪʝʥʠʪ 

       

       

ʈʠʩʫʥʦʢ 6 ï ʊʝʢʩʪʫʨʥʳʝ ʠʟʤʝʥʝʥʠʷ ʧʨʠ ʚʘʨʴʠʨʦʚʘʥʠʠ ʜʣʠʪʝʣʴʥʦʩʪʠ 

ʚʳʜʝʨʞʢʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 700 ʉ ʦʙʨʘʟʮʦʚ, ʜʝʬʦʨʤʠʨʦʚʘʥʥʳʭ ʜʦ 90 % 

ʧʨʦʜʦʣʴʥʦʡ (ʘ) ʠ ʧʝʨʝʢʨʝʩʪʥʦʡ ʧʨʦʢʘʪʢʦʡ (ʙ) 

ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʦ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʥʘʢʣʸʧʘ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ 

ʪʝʢʩʪʫʨʥʳʭ ʤʘʢʩʠʤʫʤʦʚ ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʦʙʨʘʟʮʘ, ʦʧʨʝʜʝʣʷʝʤʦʛʦ ʧʦ 

ʆʇʇʌ b110 (ʨʠʩʫʥʦʢ 7), ʚʠʜʥʦ, ʯʪʦ ʟʝʨʥʘ, ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʪʝʢʩʪʫʨʥʳʤ 

ʤʠʥʠʤʫʤʘʤ, ʠʤʝʶʪ ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʧʦʣʫʰʠʨʠʥʳ, ʪ.ʝ. 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʠʩʢʘʞʝʥʥʦʩʪʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ 

ʩʪʨʫʢʪʫʨʳ, ʧʦʵʪʦʤʫ ʚ ʥʠʭ ʟʘʨʦʞʜʝʥʠʝ ɔ-ʬʘʟʳ ʜʦʣʞʥʦ ʥʘʯʠʥʘʪʴʩʷ ʨʘʥʴʰʝ. 

ʇʨʠ ʵʪʦʤ ʨʦʩʪ ɔ-ʬʘʟʳ ʧʨʦʠʩʭʦʜʠʪ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʦʨʠʝʥʪʘʮʠʦʥʥʳʤ 

ʩʦʦʪʥʦʰʝʥʠʝʤ {110}ɔ || {100}Ŭ' ʠ <112>ɔ || <110>Ŭ'. 

    

{001}<110>; {112}<110>; {111}<112> 

ʈʠʩʫʥʦʢ 7 ï ʇʇʌ {110} ʠ ʆʇʇʌ ɓ110 ʦʙʨʘʟʮʘ ʩ ʆʎʊ-ʩʪʨʫʢʪʫʨʦʡ, 

ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʧʨʦʜʦʣʴʥʦʡ ʧʨʦʢʘʪʢʦʡ (ʘ) ʠ ʧʝʨʝʢʨʝʩʪʥʦʡ (ʙ) 
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