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ʉʝʢʮʠʷ 1 çʌʠʟʠʢʘ ʧʨʦʯʥʦʩʪʠ ʠ ʧʣʘʩʪʠʯʥʦʩʪʠè 

ɼʀʅɸʄʀʏɽʉʂɸʗ ʇʈʆʏʅʆʉʊʔ ʉʇʃɸɺʆɺ ʅɸ ʆʉʅʆɺɽ ʄɽɼʀ               

ʉ ʉʋɹʄʀʂʈʆʂʈʀʉʊɸʃʃʀʏɽʉʂʆʁ ʉʊʈʋʂʊʋʈʆʁ  

ɼ.ʅ. ɸʙʜʫʣʣʠʥʘ1, ʀ.ɺ. ʍʦʤʩʢʘʷ1, ʉ.ɺ. ʈʘʟʦʨʝʥʦʚ2, ʃ.ɸ. ɽʣʰʠʥʘ3, ɽ.ɺ. ʐʦʨʦʭʦʚ4 

1ʀʥʩʪʠʪʫʪ ʬʠʟʠʢʠ ʤʝʪʘʣʣʦʚ ʠʤ. ʄ.ʅ. ʄʠʭʝʝʚʘ ʋʨʆ ʈɸʅ, ɽʢʘʪʝʨʠʥʙʫʨʛ 
2 ʀʥʩʪʠʪʫʪ ʧʨʦʙʣʝʤ ʭʠʤʠʯʝʩʢʦʡ ʬʠʟʠʢʠ ʈɸʅ, ʏʝʨʥʦʛʦʣʦʚʢʘ 
3ʀʥʩʪʠʪʫʪ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʵʣʝʢʪʨʦʭʠʤʠʠ  ʋʨʆ ʈɸʅ, ɽʢʘʪʝʨʠʥʙʫʨʛ 
4ʈʦʩʩʠʡʩʢʠʡ ʌʝʜʝʨʘʣʴʥʳʡ ʷʜʝʨʥʳʡ ʮʝʥʪʨïɺʅʀʀ ʪʝʭʥʠʯʝʩʢʦʡ ʬʠʟʠʢʠ, ʉʥʝʞʠʥʩʢ 

Email: abdullina@imp.uran.ru 

ʀʟʫʯʝʥʳ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʩʧʣʘʚʦʚ ʥʘ ʦʩʥʦʚʝ ʤʝʜʠ, ʣʝʛʠʨʦʚʘʥʥʳʭ 

ʤʠʢʨʦʜʦʙʘʚʢʘʤʠ (0.02-0.1) ʤʘʩ.% ʮʠʨʢʦʥʠʷ, ʭʨʦʤʘ ʠ ʛʨʘʬʝʥʘ ʩ 

ʩʫʙʤʠʢʨʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ (ʉʄʂ) ʩʪʨʫʢʪʫʨʦʡ, ʧʦʣʫʯʝʥʥʦʡ ʤʝʪʦʜʦʤ ʜʠʥʘʤʠʯʝʩʢʦʛʦ 

ʢʘʥʘʣʴʥʦ-ʫʛʣʦʚʦʛʦ ʧʨʝʩʩʦʚʘʥʠʷ (ɼʂʋʇ). ʀʩʧʳʪʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʫʩʣʦʚʠʷʭ ʫʜʘʨʥʦʛʦ 

ʩʞʘʪʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ 5.6-7.0 ɻʇʘ ʠ ʩʢʦʨʦʩʪʴʶ ʜʝʬʦʨʤʘʮʠʠ (0.9ï2.0)Ā105 ʩ-1. 

ʈʝʛʠʩʪʨʘʮʠʷ ʚʦʣʥʦʚʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʦʙʨʘʟʮʘʭ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʩ ʧʦʤʦʱʴʶ ʣʘʟʝʨʥʦʛʦ 

ɼʦʧʣʝʨʦʚʩʢʦʛʦ ʠʟʤʝʨʠʪʝʣʷ ʩʢʦʨʦʩʪʠ VISAR, ʠʤʝʶʱʝʛʦ ʚʨʝʤʝʥʥʦʝ ʨʘʟʨʝʰʝʥʠʝ ~ 1 ʥʩ. 

ʇʨʠ ɼʂʋʇ ʤʘʪʝʨʠʘʣʳ ʜʝʬʦʨʤʠʨʫʶʪʩʷ ʩʦ ʩʢʦʨʦʩʪʷʤʠ 104-105ʩ-1, ʪ.ʝ. ʥʘ ʧʷʪʴ-ʰʝʩʪʴ 

ʧʦʨʷʜʢʦʚ ʚʳʰʝ, ʯʝʤ ʧʨʠ ʠʟʚʝʩʪʥʦʤ ʢʚʘʟʠʩʪʘʪʠʯʝʩʢʦʤ ʤʝʪʦʜʝ ʈʂʋʇ. ʅʘ 

ʨʝʟʫʣʴʪʠʨʫʶʱʫʶ ʩʪʨʫʢʪʫʨʫ ʧʨʠ ɼʂʋʇ ʦʢʘʟʳʚʘʶʪ ʚʣʠʷʥʠʝ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʘʷ 

ʜʝʬʦʨʤʘʮʠʠ ʩʜʚʠʛʘ, ʫʜʘʨʥʦ-ʚʦʣʥʦʚʘʷ ʜʝʬʦʨʤʘʮʠʷ ʩʞʘʪʠʷ ʠ ʪʝʤʧʝʨʘʪʫʨʘ. ʌʦʨʤʠʨʦʚʘʥʠʝ 

ʧʨʠ ɼʂʋʇ ʥʝʨʘʚʥʦʚʝʩʥʦʡ ʉʄʂ ʩʪʨʫʢʪʫʨʳ ʚ ʩʧʣʘʚʘʭ ʤʝʜʠ, ʣʝʛʠʨʦʚʘʥʥʳʭ ʭʨʦʤʦʤ ʠ 

ʮʠʨʢʦʥʠʝʤ, ʧʨʦʠʩʭʦʜʠʪ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʮʝʩʩʦʚ ʬʨʘʛʤʝʥʪʘʮʠʠ ʠ ʯʘʩʪʠʯʥʦʛʦ 

ʜʝʬʦʨʤʘʮʠʦʥʥʦʛʦ ʩʪʘʨʝʥʠʷ ʩ ʚʳʜʝʣʝʥʠʝʤ ʥʘʥʦʯʘʩʪʠʮ ʚʪʦʨʳʭ ʬʘʟ.  

ɸʥʘʣʠʟ ʵʚʦʣʶʮʠʠ ʩʚʦʡʩʪʚ: ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʨʝʜʝʣʘ ʫʧʨʫʛʦʩʪʠ -ůHEL, 

ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʨʝʜʝʣʘ ʪʝʢʫʯʝʩʪʠ -Y, ʜʠʥʘʤʠʯʝʩʢʦʡ (ʦʪʢʦʣʴʥʦʡ) ʧʨʦʯʥʦʩʪʠ -ůsp 

ʩʧʣʘʚʦʚ ʜʦ ʠ ʧʦʩʣʝ ɼʂʋʇ ʧʦ ʨʘʟʣʠʯʥʳʤ ʨʝʞʠʤʘʤ ʧʦʟʚʦʣʠʣ ʦʮʝʥʠʪʴ ʚʣʠʷʥʠʝ 

ʜʠʩʧʝʨʩʥʦʩʪʠ ʉʄʂ ʩʪʨʫʢʪʫʨʳ ʥʘ ʝʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʤʫ 

ʜʝʬʦʨʤʠʨʦʚʘʥʠʶ ʠ ʨʘʟʨʫʰʝʥʠʶ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ɼʂʋʇ (n=1-3) ʩʧʣʘʚʦʚ Cu-0.03 ʤʘʩ.%Zr  

ʠ Cu-0.1 ʤʘʩ.% Cr, ʧʨʠʚʦʜʷʱʝʝ ʢ ʠʟʤʝʣʴʯʝʥʠʶ ʢʨʠʩʪʘʣʣʠʪʦʚ ʦʪ 200-400 ʤʢʤ ʜʦ 0.2-1.0 

ʤʢʤ, ʫʚʝʣʠʯʠʚʘʝʪ ʜʠʥʘʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ůHEL ʠ Y ʚ 1.9-3.7 ʠ 1.8-2.6 ʨʘʟʘ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʠʩʭʦʜʥʳʤ ʢʨʫʧʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʤ (ʂʂ) ʩʦʩʪʦʷʥʠʝʤ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ɼʂʋʇ (n=1) ʢʦʤʧʦʟʠʪʘ ʥʘ ʦʩʥʦʚʝ ʤʝʜʠ ʩ ʤʠʢʨʦʜʦʙʘʚʢʦʡ ʛʨʘʬʝʥʘ (Cu-0.02 ʤʘʩ.% Gn) 

ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ůHEL ʠ Y ʚ 4.0-5.6 ʨʘʟ. ʋʚʝʣʠʯʝʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʫʧʨʫʛʦ-

ʧʣʘʩʪʠʯʝʩʢʦʛʦ ʧʝʨʝʭʦʜʘ ʩʚʷʟʘʥʦ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʚ ʩʧʣʘʚʘʭ ʧʨʠ ɼʂʋʇ ʥʝʨʘʚʥʦʚʝʩʥʦʡ 

ʜʝʬʝʢʪʥʦʡ ʉʄʂ ʩʪʨʫʢʪʫʨʳ. ɼʠʩʧʝʨʛʠʨʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨʳ ʩʧʣʘʚʦʚ Cu-0.1 ʤʘʩ.% Cr ʠ Cu-

0.02 ʤʘʩ.% Gn ʜʦ ʉʄʂ ʩʦʩʪʦʷʥʠʷ ʫʚʝʣʠʯʠʚʘʝʪ ʚ 1.4 ʠ 1.5-1.8 ʨʘʟʘ ʦʪʢʦʣʴʥʫʶ ʧʨʦʯʥʦʩʪʴ 

(ůsp), ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʩʭʦʜʥʳʤ ʂʂ ʩʦʩʪʦʷʥʠʝʤ. ʇʦʣʫʯʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ 

ʦ ʭʘʨʘʢʪʝʨʝ ʦʪʢʦʣʴʥʦʛʦ ʨʘʟʨʫʰʝʥʠʷ ʩʧʣʘʚʦʚ ʥʘ ʦʩʥʦʚʝ ʤʝʜʠ ʩ ʉʄʂ ʩʪʨʫʢʪʫʨʦʡ ʠ ʦʮʝʥʢʘ 

ʚʣʠʷʥʠʷ ʜʠʩʧʝʨʩʥʦʩʪʠ ʠ ʜʝʬʝʢʪʥʦʩʪʠ ʩʪʨʫʢʪʫʨʳ ʥʘ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʤʫ 

ʜʝʬʦʨʤʠʨʦʚʘʥʠʶ ʧʨʠ ʩʫʙʤʠʢʨʦʩʝʢʫʥʜʥʳʭ ʜʣʠʪʝʣʴʥʦʩʪʷʭ ʥʘʛʨʫʟʢʠ ʧʦʟʚʦʣʷʪ 

ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʧʦʚʝʜʝʥʠʝ ʉʄʂ ʤʘʪʝʨʠʘʣʦʚ ʚ ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʠʭ ʵʢʩʧʣʫʘʪʘʮʠʠ. 

ɼ.ʅ. ɸʙʜʫʣʣʠʥʘ ʙʣʘʛʦʜʘʨʠʪ ʀʥʩʪʠʪʫʪ ʬʠʟʠʢʠ ʤʝʪʘʣʣʦʚ ʠʤʝʥʠ ʄ.ʅ. ʄʠʭʝʝʚʘ ʟʘ 

ʧʦʜʜʝʨʞʢʫ ʨʘʙʦʪʳ ʧʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤʫ ʟʘʜʘʥʠʶ ʄʠʥʦʙʨʥʘʫʢʠ ʈʦʩʩʠʠ ʧʦ ʪʝʤʝ 

çʉʪʨʫʢʪʫʨʘè ˉɸɸɸɸ-ɸ18-118020190116-6, ʚʳʧʦʣʥʝʥʥʦʡ ʚ ʨʘʤʢʘʭ ʤʦʣʦʜʝʞʥʦʛʦ 

ʧʨʦʝʢʪʘ ʀʌʄ ʋʨʆ ʈɸʅ ˉ ʤ 24-21.  

mailto:abdullina@imp.uran.ru
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ʊɽʄʇɽʈɸʊʋʈʅɸʗ ɿɸɺʀʉʀʄʆʉʊʔ ɼɽʌʆʈʄɸʎʀʆʅʅʆɻʆ 

ʇʆɺɽɼɽʅʀʗ ʀ ʈɸɿʈʋʐɽʅʀʗ ɻɽʊɽʈʆʌɸɿʅʓʍ ʉʇʃɸɺʆɺ 

ʉʀʉʊɽʄʓ FeMnCrNiCo(N,ʉ) 

ɽ.ɻ. ɸʩʪʘʬʫʨʦʚʘ1, ʀ.ɸ. ʊʫʤʙʫʩʦʚʘ1,2, ʄ.ʖ. ʇʘʥʯʝʥʢʦ1, ʂ.ɸ. ʈʝʫʥʦʚʘ1,  

ʉ.ɺ. ɸʩʪʘʬʫʨʦʚ1, ɽ.ɺ. ʄʝʣʴʥʠʢʦʚ1 

1ʀʥʩʪʠʪʫʪ ʬʠʟʠʢʠ ʧʨʦʯʥʦʩʪʠ ʠ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ ʉʆ ʈɸʅ, ʊʦʤʩʢ, ʈʦʩʩʠʷ 
2ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʊʦʤʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʊʦʤʩʢ, 

ʈʦʩʩʠʷ 

Email: elena.g.astafurova@ispms.ru 

ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʦʚ ʧʨʦʩʚʝʯʠʚʘʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ (ʇʕʄ) ʠ 

ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ (ʈʉɸ) ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʠ 

ʤʝʭʘʥʠʟʤʦʚ ʜʠʩʧʝʨʩʠʦʥʥʦʛʦ ʪʚʝʨʜʝʥʠʷ ʧʨʠ ʩʪʘʨʝʥʠʠ ʩʧʣʘʚʦʚ Fe20Mn20Cr20Ni20Co20 

(ʩʧʣʘʚ ʂʘʥʪʦʨʘ), Fe20Mn20Cr20Ni20Co19,2N0,8, Fe20Mn20Cr20Ni20Co18,6N1,4, 

Fe20Mn20Cr20Ni20Co19C1 ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ (600-1000)Áʉ (1-50 ʯ.), ʘ ʪʘʢʞʝ ʠʟʫʯʝʥʳ 

ʠʭ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʠ ʤʝʭʘʥʠʟʤʳ ʨʘʟʨʫʰʝʥʠʷ ʧʨʠ ʨʘʩʪʷʞʝʥʠʠ ʚ ʠʥʪʝʨʚʘʣʝ 

ʪʝʤʧʝʨʘʪʫʨ (-196 ï 23)Áʉ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʝʞʠʤʘ ʩʪʘʨʝʥʠʷ. 

ʄʝʪʦʜʦʤ ʈʉɸ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʩʪʘʨʝʥʠʠ ʧʦ ʚʳʙʨʘʥʥʳʤ 

ʨʝʞʠʤʘʤ ʚʩʝ ʩʧʣʘʚʳ ʩʦʭʨʘʥʷʶʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʘʫʩʪʝʥʠʪʥʫʶ ʩʪʨʫʢʪʫʨʫ. ɺ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʛʦʤʦʛʝʥʠʟʠʨʦʚʘʥʥʦʤ ʢʨʫʧʥʦʟʝʨʥʠʩʪʦʤ ʩʧʣʘʚʝ ʂʘʥʪʦʨʘ ʤʝʪʦʜʦʤ ʇʕʄ 

ʚʳʷʚʣʝʥʦ ʬʦʨʤʠʨʦʚʘʥʠʝ ʦʙʦʛʘʱʝʥʥʦʡ ʭʨʦʤʦʤ ʠʥʪʝʨʤʝʪʘʣʣʠʜʥʦʡ ů-ʬʘʟʳ ʧʦʩʣʝ 

ʩʪʘʨʝʥʠʷ ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 700-900Áʉ. ʅʝʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʟʝʨʥʦʛʨʘʥʠʯʥʦʡ ʬʘʟʳ ʬʦʨʤʠʨʫʝʪʩʷ ʚ ʚʠʜʝ ʧʣʘʩʪʠʥ ʠʣʠ ʦʢʨʫʛʣʳʭ ʯʘʩʪʠʮ, ʚʳʟʳʚʘʷ 

ʯʘʩʪʠʯʥʦʝ ʩʤʘʯʠʚʘʥʠʝ ʛʨʘʥʠʮ. ʈʘʟʤʝʨ ʯʘʩʪʠʮ ʠ ʰʠʨʠʥʘ ʧʣʘʩʪʠʥ ʚʦʟʨʘʩʪʘʝʪ ʧʨʠ 

ʫʚʝʣʠʯʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʩʪʘʨʝʥʠʷ ʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʚʳʜʝʨʞʢʠ (ʦʪ 80 ʜʦ 150-160 ʥʤ 

ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʩʪʘʨʝʥʠʷ ʦʪ 700Áʉ (1ʯ) ʜʦ 900Áʉ (1ʯ) ʠʣʠ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʚʳʜʝʨʞʢʠ ʦʪ 1 ʜʦ 50 ʯʘʩʦʚ ʧʨʠ ʊ=700Áʉ). ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʩʪʘʨʝʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʨʦʩʪ ʯʘʩʪʠʮ ů-ʬʘʟʳ ʦʪ ʛʨʘʥʠʮ ʚ ʪʝʣʦ ʟʝʨʝʥ ʠ 

ʟʘʨʦʞʜʝʥʠʝ ʝʜʠʥʠʯʥʳʭ ʢʦʛʝʨʝʥʪʥʳʭ ʤʘʪʨʠʮʝ ʯʘʩʪʠʮ ʚ ʪʝʣʝ ʟʝʨʝʥ. ʇʨʝʜʚʘʨʠʪʝʣʴʥʘʷ 

ʧʣʘʩʪʠʯʝʩʢʘʷ ʜʝʬʦʨʤʘʮʠʷ ʩʧʣʘʚʘ ʂʘʥʪʦʨʘ ʩʧʦʩʦʙʩʪʚʫʝʪ ʛʦʤʦʛʝʥʥʦʤʫ ʟʘʨʦʞʜʝʥʠʶ ʠ 

ʨʦʩʪʫ ʯʘʩʪʠʮ ů-ʬʘʟʳ ʚ ʪʝʣʝ ʟʝʨʝʥ ʧʨʠ ʧʦʩʣʝʜʫʶʱʝʤ ʩʪʘʨʝʥʠʠ ʪʘʢ, ʯʪʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʯʘʩʪʠʮ ʩʪʘʥʦʚʠʪʩʷ ʦʜʥʦʨʦʜʥʳʤ ʧʦ ʦʙʲʝʤʫ ʩʦʩʪʘʨʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. 

ɺ ʦʪʣʠʯʠʝ ʦʪ ʩʧʣʘʚʘ ʂʘʥʪʦʨʘ, ʦʩʥʦʚʥʦʡ ʚʪʦʨʠʯʥʦʡ ʬʘʟʦʡ ʚ ʘʟʦʪʠʩʪʳʭ ʩʧʣʘʚʘʭ 

ʷʚʣʷʝʪʩʷ ʥʠʪʨʠʜ ʭʨʦʤʘ Cr2N, ʘ ů-ʬʘʟʘ ʚʳʷʚʣʷʝʪʩʷ ʪʦʣʴʢʦ ʧʦʩʣʝ ʩʪʘʨʝʥʠʷ ʧʨʠ ʚʳʩʦʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʠ ʙʦʣʴʰʦʡ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʚʳʜʝʨʞʢʠ (900 ʠ 1000Üʉ). ʊʝʤʧʝʨʘʪʫʨʥʳʡ 

ʠʥʪʝʨʚʘʣ ʚʳʜʝʣʝʥʠʷ ʚʪʦʨʠʯʥʳʭ ʬʘʟ ʟʘʚʠʩʠʪ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʟʦʪʘ ʚ ʩʦʩʪʘʚʝ ʩʧʣʘʚʘ: 700-

900Üʉ ʜʣʷ ʩʧʣʘʚʘ ʩ 0,8 ʘʪ. %N ʠ 700-1000Üʉ ʜʣʷ ʩʧʣʘʚʘ ʩ 1,4 ʘʪ. %N. ʇʨʠ ʵʪʦʤ, 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʘʷ ʧʣʘʩʪʠʯʝʩʢʘʷ ʜʝʬʦʨʤʘʮʠʷ, ʪʘʢ ʞʝ, ʢʘʢ ʠ ʚ ʩʧʣʘʚʝ ʂʘʥʪʦʨʘ, ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʠʟʤʝʥʝʥʠʶ ʤʝʭʘʥʠʟʤʘ ʚʳʜʝʣʝʥʠʷ ʯʘʩʪʠʮ ʦʪ ʛʝʪʝʨʦʛʝʥʥʦʛʦ ʫ ʛʨʘʥʠʮ ʟʝʨʝʥ ʧʨʠ ʩʪʘʨʝʥʠʠ 

ʛʦʤʦʛʝʥʠʟʠʨʦʚʘʥʥʳʭ ʢʨʫʧʥʦʟʝʨʥʠʩʪʳʭ ʦʙʨʘʟʮʦʚ ʢ ʛʦʤʦʛʝʥʥʦʤʫ ʧʨʠ ʩʪʘʨʝʥʠʠ 

ʧʨʦʢʘʪʘʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ.  

ʇʦʩʣʝ ʩʪʘʨʝʥʠʷ ʩʧʣʘʚʘ Fe20Mn20Cr20Ni20Co19C1 ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 700-1000Áʉ 

ʧʨʦʠʩʭʦʜʠʪ ʛʦʤʦʛʝʥʥʦʝ ʟʘʨʦʞʜʝʥʠʝ ʠ ʨʦʩʪ ʜʠʩʧʝʨʩʥʳʭ ʯʘʩʪʠʮ (5-7%), ʦʜʥʦʨʦʜʥʦ 

ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʚ ʩʪʨʫʢʪʫʨʝ ʠ ʢʦʛʝʨʝʥʪʥʳʭ ʘʫʩʪʝʥʠʪʥʦʡ ʤʘʪʨʠʮʝ. ɼʠʬʨʘʢʮʠʦʥʥʳʡ 

ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʦʩʥʦʚʥʘʷ ʚʪʦʨʠʯʥʘʷ ʬʘʟʘ ï ʵʪʦ ʢʘʨʙʠʜ ʭʨʦʤʘ ʪʠʧʘ ʄ23ʉ6 ʠ ʨʝʞʠʤ 

ʩʪʘʨʝʥʠʷ ʥʝ ʚʣʠʷʝʪ ʥʘ ʪʠʧ ʬʦʨʤʠʨʫʝʤʳʭ ʜʠʩʧʝʨʩʥʳʡ ʯʘʩʪʠʮ. ʇʨʝʜʰʝʩʪʚʫʶʱʘʷ 

ʩʪʘʨʝʥʠʶ ʧʣʘʩʪʠʯʝʩʢʘʷ ʜʝʬʦʨʤʘʮʠʷ ʥʝ ʚʣʠʷʝʪ ʥʘ ʪʠʧ ʠ ʭʘʨʘʢʪʝʨ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʢʘʨʙʠʜʦʚ, ʥʦ ʠʟʤʝʥʷʝʪ ʠʭ ʤʦʨʬʦʣʦʛʠʶ ï ʯʘʩʪʠʮʳ ʩʪʘʥʦʚʷʪʩʷ ʦʢʨʫʛʣʳʤʠ ʠ ʪʝʨʷʶʪ 
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ʢʦʛʝʨʝʥʪʥʦʩʪʴ ʩ ʘʫʩʪʝʥʠʪʥʦʡ ʬʘʟʦʡ. ʕʪʠ ʜʘʥʥʳʝ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʨʦʣʴ ʪʠʧʘ ʪʚʝʨʜʦʛʦ 

ʨʘʩʪʚʦʨʘ ʚʥʝʜʨʝʥʠʷ (ʘʟʦʪʠʩʪʳʡ ʠ ʫʛʣʝʨʦʜʠʩʪʳʡ ʘʫʩʪʝʥʠʪ) ʥʘ ʤʝʭʘʥʠʟʤʳ ʬʘʟʦʚʳʭ 

ʧʨʝʚʨʘʱʝʥʠʡ ʧʨʠ ʩʪʘʨʝʥʠʠ ï ʣʝʛʠʨʦʚʘʥʠʝ ʫʛʣʝʨʦʜʦʤ ʠ ʘʟʦʪʦʤ ʠʟʤʝʥʷʝʪ ʪʠʧ ʜʠʩʧʝʨʩʥʦʡ 

ʬʘʟʳ, ʬʦʨʤʠʨʫʝʤʦʡ ʚ ʩʧʣʘʚʝ ʩʠʩʪʝʤʳ FeMnNiCoCr-X (X=C, N), ʢʠʥʝʪʠʢʘ ʩʪʘʨʝʥʠʷ 

ʩʧʣʘʚʘ ʂʘʥʪʦʨʘ ʠ ʘʟʦʪʠʩʪʳʭ ʩʧʣʘʚʦʚ ʙʦʣʝʝ ʚʷʣʘʷ, ʯʝʤ ʚ ʫʛʣʝʨʦʜʠʩʪʦʤ ʩʧʣʘʚʝ. ʇʨʠ 

ʙʣʠʟʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʘʪʦʤʦʚ ʚʥʝʜʨʝʥʠʷ ʚ ʩʧʣʘʚʘʭ Fe20Mn20Cr20Ni20Co19C1 ʠ 

Fe20Mn20Cr20Ni20Co19,2N0,8 ʥʘʙʣʶʜʘʶʪʩʷ ʨʘʟʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʜʠʩʧʝʨʩʠʦʥʥʦʛʦ 

ʪʚʝʨʜʝʥʠʷ. ʉʪʘʨʝʥʠʝ ʛʦʤʦʛʝʥʠʟʠʨʦʚʘʥʥʳʭ ʩʧʣʘʚʦʚ (ʙʝʟ ʧʨʝʜʰʝʩʪʚʫʶʱʝʡ ʜʝʬʦʨʤʘʮʠʠ) 

ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʛʝʪʝʨʦʛʝʥʥʳʤ ʟʘʨʦʞʜʝʥʠʝʤ ʠ ʨʦʩʪʦʤ ʟʝʨʥʦʛʨʘʥʠʯʥʦʡ ʬʘʟʳ ʥʠʪʨʠʜʘ 

ʭʨʦʤʘ ʚ ʩʧʣʘʚʝ ʩ ʘʟʦʪʦʤ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚ ʫʛʣʝʨʦʜʠʩʪʦʤ ʩʧʣʘʚʝ ʧʨʦʠʩʭʦʜʠʪ ʛʦʤʦʛʝʥʥʦʝ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʬʘʟʳ ʢʘʨʙʠʜʘ ʭʨʦʤʘ ʦʜʥʦʨʦʜʥʦ ʧʦ ʚʩʝʤʫ ʦʙʨʘʟʮʫ. ʀʥʪʝʨʚʘʣ rʪʝʤʧʝʨʘʪʫʨ, 

ʧʨʠ ʢʦʪʦʨʦʤ ʧʨʦʠʩʭʦʜʠʪ ʜʠʩʧʝʨʩʠʦʥʥʦʝ ʪʚʝʨʜʝʥʠʝ ʩʧʣʘʚʦʚ Fe20Mn20Cr20Ni20Co19C1 ʠ 

Fe20Mn20Cr20Ni20Co19,2N0,8 ʨʘʟʥʳʝ, ʦʥ ʰʠʨʝ ʜʣʷ ʫʛʣʝʨʦʜʠʩʪʦʛʦ ʩʧʣʘʚʘ.  

ɼʣʷ ʠʩʩʣʝʜʫʝʤʳʭ ʩʧʣʘʚʦʚ ʩʪʘʨʝʥʠʝ, ʩʦʧʨʦʚʦʞʜʘʶʱʝʝʩʷ ʚʳʜʝʣʝʥʠʝʤ 

ʟʝʨʥʦʛʨʘʥʠʯʥʳʭ ʬʘʟ (ů-ʬʘʟʘ ʧʦ ʛʨʘʥʠʮʘʤ ʟʝʨʝʥ ʚ ʩʧʣʘʚʝ Fe20Mn20Cr20Ni20Co20, ʥʠʪʨʠʜʳ 

ʭʨʦʤʘ Cr2N ʧʦ ʛʨʘʥʠʮʘʤ ʟʝʨʝʥ ʚ ʩʧʣʘʚʘʭ Fe20Mn20Cr20Ni20Co19,2N0,8, 

Fe20Mn20Cr20Ni20Co18,6N1,4, ʢʘʨʙʠʜʳ ʭʨʦʤʘ Cr23C6 ʧʦ ʛʨʘʥʠʮʘʤ ʠ ʚ ʪʝʣʝ ʟʝʨʝʥ ʚ ʩʧʣʘʚʝ 

Fe20Mn20Cr20Ni20Co19C1, ʢʨʫʧʥʦʟʝʨʥʠʩʪʳʝ ʦʙʨʘʟʮʳ), ʩʣʘʙʦ ʚʣʠʷʝʪ ʥʘ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ 

ʧʣʘʩʪʠʯʝʩʢʦʛʦ ʪʝʯʝʥʠʷ ʚ ʠʩʩʣʝʜʫʝʤʦʤ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ (-196 ï 23)Áʉ: ʬʦʨʤʘ 

ʢʨʠʚʳʭ ʪʝʯʝʥʠʷ, ʩʪʘʜʠʡʥʦʩʪʴ, ʜʝʬʦʨʤʘʮʠʦʥʥʦʝ ʫʧʨʦʯʥʝʥʠʝ, ʚʝʣʠʯʠʥʘ ʧʨʝʜʝʣʘ ʪʝʢʫʯʝʩʪʠ 

ï ʚʩʝ ʵʪʠ ʧʘʨʘʤʝʪʨʳ ʥʝ ʠʟʤʝʥʷʶʪʩʷ ʧʨʠ ʩʪʘʨʝʥʠʠ. ʊʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʫʩʣʦʚʥʦʛʦ 

ʧʨʝʜʝʣʘ ʪʝʢʫʯʝʩʪʠ ʩʦʩʪʘʨʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʧʦʣʥʦʩʪʴʶ ʧʦʚʪʦʨʷʝʪ ʜʘʥʥʳʝ ʜʣʷ ʦʜʥʦʬʘʟʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ. ɺʦ ʚʩʝʭ ʩʣʫʯʘʷʭ ʧʦʪʝʨʷ ʧʣʘʩʪʠʯʥʦʩʪʠ (ʫʜʣʠʥʝʥʠʷ) ʥʘʙʣʶʜʘʝʪʩʷ ʪʦʣʴʢʦ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ ʜʝʬʦʨʤʘʮʠʠ 77ʂ, ʥʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʵʪʦ, ʚʩʝ ʩʧʣʘʚʳ ʠʤʝʶʪ ʧʦ-ʧʨʝʞʥʝʤʫ 

ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʝ ʚʝʣʠʯʠʥʳ ʫʜʣʠʥʝʥʠʷ, ʪʦ ʝʩʪʴ ʧʦʣʥʦʛʦ ʦʭʨʫʧʯʠʚʘʥʠʷ ʤʘʪʝʨʠʘʣʘ ʥʝ 

ʧʨʦʠʩʭʦʜʠʪ. ʉ ʧʦʥʠʞʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʠʩʧʳʪʘʥʠʷ ʟʝʨʥʦʛʨʘʥʠʯʥʘʷ ʬʘʟʘ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʬʦʨʤʠʨʦʚʘʥʠʶ ʭʨʫʧʢʠʭ ʪʨʝʱʠʥ ʚʜʦʣʴ ʛʨʘʥʠʮ ʟʝʨʝʥ, ʩʦʜʝʨʞʘʱʠʭ ʚʪʦʨʠʯʥʳʝ ʬʘʟʳ. 

ɻʦʤʦʛʝʥʥʦʝ ʬʦʨʤʠʨʦʚʘʥʠʝ ʚʥʫʪʨʠʟʝʨʝʥʥʳʭ ʯʘʩʪʠʮ ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʝʪ ʥʘ 

ʧʨʦʯʥʦʩʪʥʳʝ ʩʚʦʡʩʪʚʘ ʩʧʣʘʚʦʚ, ʥʦ ʠʭ ʫʜʣʠʥʝʥʠʝ ʧʨʠ ʵʪʦʤ ʦʩʪʘʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʠʤ 

ʠ ʨʘʟʨʫʰʘʶʪʩʷ ʦʥʠ ʪʨʘʥʩʢʨʠʩʪʘʣʣʠʪʥʦ ʚʷʟʢʦ ʚ ʠʩʩʣʝʜʫʝʤʦʤ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 

ʜʝʬʦʨʤʘʮʠʠ. ɼʣʷ ʩʧʣʘʚʘ ʂʘʥʪʦʨʘ ʠ ʘʟʦʪʠʩʪʳʭ ʩʧʣʘʚʦʚ, ʚ ʢʦʪʦʨʳʭ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʜʠʩʧʝʨʩʠʦʥʥʦʛʦ ʪʚʝʨʜʝʥʠʷ ʠ ʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʧʨʦʠʩʭʦʜʠʪ ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʤʝʣʢʦʟʝʨʥʠʩʪʦʡ ʩʪʨʫʢʪʫʨʳ ʩ ʯʘʩʪʠʮʘʤʠ ů-ʬʘʟʳ (Fe20Mn20Cr20Ni20Co20) ʠ ʥʠʪʨʠʜʘ ʭʨʦʤʘ 

(Fe20Mn20Cr20Ni20Co19,2N0,8, Fe20Mn20Cr20Ni20Co18,6N1,4), ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʚ 

ʠʩʩʣʝʜʫʝʤʦʤ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ ʧʦʚʳʰʘʶʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦ, ʘ ʚʝʣʠʯʠʥʘ ʧʨʝʜʝʣʘ 

ʪʝʢʫʯʝʩʪʠ ʚʦʟʨʘʩʪʘʝʪ ʚ 1,5-2 ʨʘʟʘ. ʌʦʨʤʘ ʢʨʠʚʳʭ ʪʝʯʝʥʠʷ ʩʪʘʥʦʚʠʪʩʷ ʙʣʠʟʢʦʡ ʢ 

ʧʘʨʘʙʦʣʠʯʝʩʢʦʡ, ʭʘʨʘʢʪʝʨʥʦʡ ʜʣʷ ʜʠʩʧʝʨʩʥʦ-ʫʧʨʦʯʥʝʥʥʳʭ ʩʧʣʘʚʦʚ ʩ ʢʨʫʧʥʳʤʠ 

ʥʝʢʦʛʝʨʝʥʪʥʳʤʠ ʚʢʣʶʯʝʥʠʷʤʠ. ʇʨʠʩʫʪʩʪʚʠʝ ʪʘʢʠʭ ʯʘʩʪʠʮ ʚ ʩʪʨʫʢʪʫʨʝ ʩʧʣʘʚʘ ʚʳʟʳʚʘʝʪ 

ʠʟʤʝʥʝʥʠʝ ʪʠʧʘ ʜʠʩʣʦʢʘʮʠʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʩʦʩʪʘʨʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʠʩʭʦʜʥʳʤʠ ʦʜʥʦʬʘʟʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ ï ʯʘʩʪʠʮʳ ʥʝ ʜʝʬʦʨʤʠʨʫʶʪʩʷ, ʥʦ ʪʦʨʤʦʟʷʪ 

ʜʚʠʞʝʥʠʝ ʜʠʩʣʦʢʘʮʠʡ ʠ ʩʪʠʤʫʣʠʨʫʶʪ çʚʦʣʥʠʩʪʦʝè ʩʢʦʣʴʞʝʥʠʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʜʠʩʧʝʨʩʥʳʭ ʯʘʩʪʠʮ ʚ ʪʝʣʝ ʟʝʨʝʥ ʠ ʤʝʣʢʦʛʦ ʨʘʟʤʝʨʘ ʟʝʨʥʘ ʩʧʦʩʦʙʩʪʚʫʶʪ 

ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʫʧʨʦʯʥʝʥʠʶ ʩʧʣʘʚʦʚ Fe20Mn20Cr20Ni20Co20, Fe20Mn20Cr20Ni20Co19,2N0,8, 

Fe20Mn20Cr20Ni20Co18,6N1,4 ʠ Fe20Mn20Cr20Ni20Co19C1 ʠ ʩʦʭʨʘʥʝʥʠʶ ʩʠʣʴʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʠʭ ʩʚʦʡʩʪʚ ʟʘ ʩʯʝʪ ʢʦʤʧʣʝʢʩʥʦʛʦ ʵʬʬʝʢʪʘ ʫʧʨʦʯʥʝʥʠʷ 

(ʟʝʨʥʦʛʨʘʥʠʯʥʦʛʦ, ʜʠʩʧʝʨʩʠʦʥʥʦʛʦ, ʪʚʝʨʜʦʨʘʩʪʚʦʨʥʦʛʦ), ʢʦʤʧʝʥʩʠʨʫʶʱʝʛʦ 

ʨʘʟʫʧʨʦʯʥʝʥʠʝ ʠʟ-ʟʘ ʦʙʝʜʥʝʥʠʷ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ ʘʪʦʤʘʤʠ ʚʥʝʜʨʝʥʠʷ ʠ ʟʘʤʝʱʝʥʠʷ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʜʥʦʬʘʟʥʳʭ ʩʦʩʪʦʷʥʠʡ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ (ˉ 20-19-00261).  
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ɺʃʀʗʅʀɽ ɼʀʅɸʄʀʏɽʉʂʆɻʆ ʅɸɻʈʋɾɽʅʀʗ, 

ʀʅʀʎʀʀʈʆɺɸʅʅʆɻʆ ʃɸɿɽʈʆʄ, ʅɸ ɺʅʋʊʈɽʅʅʖʖ 

ʉʊʈʋʂʊʋʈʋ ʄɽʊɸʃʃɸ ʄʀʐɽʅɽʁ 

ɸ.ʅ. ɹʘʣʘʭʥʠʥ, ʉ.ɺ. ʋʚʘʨʦʚ, ɸ.ʅ. ɺʰʠʚʢʦʚ, ɸ.ɽ. ʇʨʦʭʦʨʦʚ, ʆ.ɹ. ʅʘʡʤʘʨʢ 

ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ʥʘʫʢʠ ʀʥʩʪʠʪʫʪ ʤʝʭʘʥʠʢʠ 

ʩʧʣʦʰʥʳʭ ʩʨʝʜ ʋʨʆ ʈɸʅ, ʈʦʩʩʠʷ 

Email: balakhnin.a@icmm.ru 

ʇʨʦʚʝʜʝʥʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ 

ʥʘ ʚʥʫʪʨʝʥʥʶʶ ʩʪʨʫʢʪʫʨʫ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʤʠʰʝʥʝʡ. ɺ ʢʘʯʝʩʪʚʝ ʤʠʰʝʥʝʡ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ 

ʜʠʩʢʠ ʠʟ ʪʠʪʘʥʘ ʠ ʚʘʥʘʜʠʷ ʜʠʘʤʝʪʨʦʤ 10 ï 13 ʤʤ ʪʦʣʱʠʥʦʡ 0,8 ï 1,0 ʤʤ. ɼʠʥʘʤʠʯʝʩʢʦʝ 

ʚʦʟʜʝʡʩʪʚʠʝ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʳʩʦʢʦʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʥʘʥʦʩʝʢʫʥʜʥʦʛʦ 

ʠʤʧʫʣʴʩʥʦʛʦ ʣʘʟʝʨʘ Beamtech SGR-Extra-10 ʪʠʧʘ Nd:YAG, ʠʤʝʶʱʝʛʦ ʩʣʝʜʫʶʱʠʝ 

ʧʘʨʘʤʝʪʨʳ: ʜʣʠʥʘ ʚʦʣʥʳ ʠʟʣʫʯʝʥʠʷ 1064 ʥʤ; ʜʣʠʪʝʣʴʥʦʩʪʴ ʠʤʧʫʣʴʩʘ 10 ʥʩ, ʵʥʝʨʛʠʷ 

ʠʤʧʫʣʴʩʘ ï ʜʦ 10 ɼʞ. ʃʘʟʝʨʥʳʡ ʧʫʯʦʢ ʬʦʢʫʩʠʨʦʚʘʣʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʠʰʝʥʠ ʚ 

ʢʚʘʜʨʘʪʥʦʝ ʧʷʪʥʦ ʨʘʟʤʝʨʦʤ ʦʪ 1 ʜʦ 3 ʤʤ ʚ ʨʘʟʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ. ʅʘ ʧʦʚʝʨʭʥʦʩʪʴ 

ʤʠʰʝʥʠ ʥʘʢʣʝʠʚʘʣʘʩʴ ʞʝʨʪʚʝʥʥʘʷ ʘʣʶʤʠʥʠʝʚʘʷ ʬʦʣʴʛʘ, ʬʘʢʪʠʯʝʩʢʠ ʚʳʧʦʣʥʷʶʱʘʷ ʨʦʣʴ 

ʫʜʘʨʥʠʢʘ ʜʣʷ ʤʠʰʝʥʠ. ɺʦʟʜʝʡʩʪʚʠʝ ʣʘʟʝʨʦʤ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʯʝʨʝʟ ʪʦʥʢʫʶ ʚʦʜʥʫʶ 

ʟʘʚʝʩʫ.  

ʇʨʦʚʝʜʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʦ ʜʘʥʥʦʡ ʩʭʝʤʝ ʧʦʟʚʦʣʷʝʪ ʠʟʫʯʠʪʴ ʧʦʚʝʜʝʥʠʝ 

ʤʘʪʝʨʠʘʣʘ ʧʨʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚʦʟʜʝʡʩʪʚʠʷ, ʭʘʨʘʢʪʝʨʥʦʛʦ ʢʘʢ ʜʣʷ ʪʝʭʥʦʣʦʛʠʠ 

ʫʧʨʦʯʥʝʥʠʷ ʣʠʮʝʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ ʚʦʟʜʝʡʩʪʚʠʝʤ ʫʜʘʨʥʦ-ʚʦʣʥʦʚʦʛʦ ʠʤʧʫʣʴʩʘ, 

ʪʘʢ ʠ ʜʣʷ ʩʣʫʯʘʷ ʩʣʫʯʘʡʥʦʛʦ ʩʦʫʜʘʨʝʥʠʷ ʣʦʧʘʪʦʢ ʚʝʥʪʠʣʷʪʦʨʦʚ ʘʚʠʘʮʠʦʥʥʳʭ ʜʚʠʛʘʪʝʣʝʡ 

ʩ ʧʦʩʪʦʨʦʥʥʠʤʠ ʧʨʝʜʤʝʪʘʤʠ. ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʠʩʧʳʪʘʥʠʡ ʫʜʘʨʥʘʷ ʚʦʣʥʘ, 

ʠʥʠʮʠʠʨʦʚʘʥʥʘʷ ʣʘʟʝʨʥʳʤ ʠʤʧʫʣʴʩʦʤ ʠ ʬʦʨʤʠʨʫʶʱʘʷ ʩʞʠʤʘʶʱʠʝ ʥʘʧʨʷʞʝʥʠʷ, 

ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʤʘʪʝʨʠʘʣ ʦʙʨʘʟʮʘ ʠ ʦʪʨʘʞʘʝʪʩʷ ʦʪ ʪʳʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʠʥʪʝʨʬʝʨʝʥʮʠʠ ʧʘʜʘʶʱʝʡ ʠ ʦʪʨʘʞʝʥʥʳʭ ʚʦʣʥ ʚʥʫʪʨʠ ʤʘʪʝʨʠʘʣʘ ʦʙʨʘʟʮʘ ʩʦʟʜʘʶʪʩʷ 

ʨʘʩʪʷʛʠʚʘʶʱʠʝ ʥʘʧʨʷʞʝʥʠʷ, ʚʝʣʠʯʠʥʘ ʢʦʪʦʨʳʭ ʤʦʞʝʪ ʙʳʪʴ ʜʦʩʪʘʪʦʯʥʘ ʜʣʷ ʨʘʟʚʠʪʠʷ 

ʧʦʚʨʝʞʜʝʥʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ ʠʣʠ ʜʘʞʝ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʢʦʣʴʥʦʡ ʧʣʘʩʪʠʥʳ. 

ɸʥʘʣʠʟ ʚʥʫʪʨʝʥʥʝʡ ʩʪʨʫʢʪʫʨʳ ʤʘʪʝʨʠʘʣʘ ʤʠʰʝʥʝʡ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʫʜʘʨʥʦ-ʚʦʣʥʦʚʦʛʦ ʠʤʧʫʣʴʩʘ, ʠʥʠʮʠʠʨʦʚʘʥʥʦʛʦ ʣʘʟʝʨʥʳʤ ʚʦʟʜʝʡʩʪʚʠʝʤ, ʫʩʪʘʥʦʚʠʣ 

ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʘʣʠʟʘʮʠʠ ʜʚʫʭ ʨʝʞʠʤʦʚ: ʨʝʞʠʤʘ ʫʜʘʨʥʦ-ʚʦʣʥʦʚʦʡ ʧʨʦʢʦʚʢʠ ʣʠʮʝʚʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʤʠʰʝʥʝʡ ʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʙʣʘʩʪʝʡ ʧʦʚʨʝʞʜʝʥʥʦʩʪʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʨʘʟʨʫʰʝʥʠʶ çʘʜʠʘʙʘʪʠʯʝʩʢʠʤ ʩʜʚʠʛʦʤè ʚ ʦʙʲʝʤʝ ʤʠʰʝʥʝʡ. ʆʙʨʘʟʦʚʘʥʠʝ 

çʘʜʠʘʙʘʪʠʯʝʩʢʠʤ ʩʜʚʠʛʦʤè ʦʙʣʘʩʪʝʡ ʧʦʚʨʝʞʜʝʥʥʦʩʪʠ ʚ ʦʙʲʝʤʝ ʤʘʪʝʨʠʘʣʘ ʤʦʞʝʪ 

ʚʳʟʳʚʘʪʴ ʨʝʟʢʦʝ ʩʥʠʞʝʥʠʝ ʫʩʪʘʣʦʩʪʥʦʛʦ ʨʝʩʫʨʩʘ ʵʣʝʤʝʥʪʦʚ ʘʚʠʘʮʠʦʥʥʦʛʦ ʜʚʠʛʘʪʝʣʷ. 

ʇʦʥʠʤʘʥʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʧʨʦʮʝʩʩʦʚ ʠʟʤʝʥʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʤʘʪʝʨʠʘʣʦʚ, 

ʧʦʜʚʝʨʛʥʫʪʳʭ ʫʜʘʨʥʦ-ʚʦʣʥʦʚʦʤʫ ʚʦʟʜʝʡʩʪʚʠʶ (ʚ ʪʦʤ ʯʠʩʣʝ ʧʨʦʢʦʚʢʝ, ʠʥʠʮʠʠʨʦʚʘʥʥʦʡ 

ʣʘʟʝʨʦʤ) ʧʦʟʚʦʣʠʪ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʧʨʦʤʳʰʣʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ 

ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʫʧʨʦʯʥʝʥʠʷ ʤʝʪʘʣʣʦʚ, ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ ï ʧʦʚʳʩʠʪʴ ʥʘʜʸʞʥʦʩʪʴ ʠ 

ʫʩʪʘʣʦʩʪʥʳʡ ʨʝʩʫʨʩ ʚʳʩʦʢʦʦʪʚʝʪʩʪʚʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʢʦʥʩʪʨʫʢʮʠʡ.  

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʅʌ (ʛʨʘʥʪ ˉ 21-79-30041). 
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ʏʀʉʃɽʅʅʆɽ ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʕʌʌɽʂʊʀɺʅʓʍ ʋʇʈʋɻʀʍ 

ʉɺʆʁʉʊɺ ʂʆʄʇʆɿʀʎʀʆʅʅʆɻʆ ʄɸʊɽʈʀɸʃɸ ʉ ʋʏɽʊʆʄ 

ʅɸʂʆʇʃɽʅʀʗ ʇʆɺʈɽɾɼɽʅʀʁ 

1,2 ɻʦʣʦʚʠʥ ʄ.ʉ., 1ɹʘʥʥʠʢʦʚ ʄ.ɺ., 1,2ɹʘʷʥʜʠʥ ʖ.ɺ., 1,2ʅʘʡʤʘʨʢ ʆ.ɹ. 

1 ʀʥʩʪʠʪʫʪ ʤʝʭʘʥʠʢʠ ʩʧʣʦʰʥʳʭ ʩʨʝʜ ʋʨʆ ʈɸʅ, ʇʝʨʤʴ 
2 ʇʝʨʤʩʢʠʡ ʅʘʮʠʦʥʘʣʴʥʳʡ ʀʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʇʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʋʥʠʚʝʨʩʠʪʝʪ, ʇʝʨʤʴ 

Email: buv@icmm.ru 

ʈʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʦʧʨʝʜʝʣʝʥʠʶ ʵʬʬʝʢʪʠʚʥʳʭ ʫʧʨʫʛʠʭ ʩʚʦʡʩʪʚ ʦʨʪʦʪʨʦʧʥʦʛʦ 

ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ ʫʩʣʦʚʠʷʭ ʢʚʘʟʠʩʪʘʪʠʯʝʩʢʦʛʦ ʥʘʛʨʫʞʝʥʠʷ ʩ ʫʯʝʪʦʤ 

ʵʚʦʣʶʮʠʠ ʧʦʚʨʝʞʜʝʥʥʦʩʪʠ ʚʥʫʪʨʝʥʥʝʡ ʩʪʨʫʢʪʫʨʳ [1]. ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ 

ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʨʘʟʨʫʰʝʥʠʷ 

ʧʨʝʜʩʪʘʚʠʪʝʣʴʥʦʛʦ ʦʙʲʝʤʘ (ʷʯʝʡʢʠ ʧʝʨʠʦʜʠʯʥʦʩʪʠ) ʩʣʦʠʩʪʦʛʦ ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ, ʫʯʠʪʳʚʘʶʱʝʡ ʨʘʟʚʠʪʠʝ ʜʝʬʝʢʪʦʚ ʚ ʫʧʨʫʛʦʡ ʤʘʪʨʠʮʝ ʠ ʨʘʟʨʫʰʝʥʠʝ ʚʦʣʦʢʦʥ.  

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʵʬʬʝʢʪʠʚʥʳʭ ʫʧʨʫʛʠʭ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʘ ʩ ʧʦʚʨʝʞʜʝʥʥʦʩʪʴʶ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʦʜʭʦʜ, ʧʨʝʜʣʦʞʝʥʥʳʡ ʂʵʨʦʣʦʤ ʚ 2001 ʛʦʜʫ [2]. ɺ ʦʩʥʦʚʝ ʜʘʥʥʦʛʦ ʧʦʜʭʦʜʘ 

ʣʝʞʠʪ ʦʧʨʝʜʝʣʝʥʠʝ ʢʦʤʧʦʥʝʥʪ ʪʝʥʟʦʨʘ ʫʧʨʫʛʠʭ ʩʚʦʡʩʪʚ ʯʝʪʚʝʨʪʦʛʦ ʨʘʥʛʘ ʩ ʫʯʝʪʦʤ 

ʘʥʠʟʦʪʨʦʧʠʠ ʧʦʚʨʝʞʜʝʥʥʦʩʪʠ. ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʚʚʦʜʠʪʩʷ ʪʝʥʟʦʨ ʧʦʚʨʝʞʜʝʥʥʦʩʪʠ, 

ʦʙʫʩʣʦʚʣʝʥʥʳʡ ʥʘʢʦʧʣʝʥʠʝʤ ʧʦʚʨʝʞʜʝʥʠʡ ʚ ʢʦʤʧʦʟʠʮʠʦʥʥʦʤ ʤʘʪʝʨʠʘʣʝ ʥʘ 

ʤʘʢʨʦʫʨʦʚʥʝ   

 1 1: :eff - -=E Ŭ E Ŭ, (1) 

ʛʜʝ E  ī ʪʝʥʟʦʨ ʫʧʨʫʛʠʭ ʩʚʦʡʩʪʚ ʯʝʪʚʝʨʪʦʛʦ ʨʘʥʛʘ, eff
E  ī ʪʝʥʟʦʨ ʵʬʬʝʢʪʠʚʥʳʭ ʫʧʨʫʛʠʭ 

ʩʚʦʡʩʪʚ, Ŭ ī ʪʝʥʟʦʨ ʯʝʪʚʝʨʪʦʛʦ ʨʘʥʛʘ, ʦʪʚʝʯʘʶʱʠʡ ʟʘ ʧʦʚʨʝʞʜʝʥʥʦʩʪʴ. 

ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʟʘʜʘʯʘ ʦʧʨʝʜʝʣʝʥʠʷ ʵʬʬʝʢʪʠʚʥʳʭ ʫʧʨʫʛʠʭ ʤʦʜʫʣʝʡ ʷʯʝʡʢʠ 

ʧʝʨʠʦʜʠʯʥʦʩʪʠ [3], ʧʨʝʜʩʪʘʚʣʷʶʱʝʡ ʩʦʙʦʡ ʟʘʜʘʥʥʫʶ ʧʦʩʣʦʡʥʫʶ ʫʢʣʘʜʢʫ ʚʦʣʦʢʦʥ ʚ 

ʫʧʨʫʛʦʡ ʤʘʪʨʠʮʝ. ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʧʦʩʪʘʥʦʚʢʘ  ʟʘʜʘʯʠ, ʚʢʣʶʯʘʶʱʝʡ ʫʨʘʚʥʝʥʠʝ 

ʨʘʚʥʦʚʝʩʠʷ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʩʦʦʪʥʦʰʝʥʠʷ ʫʧʨʫʛʦʡ ʩʨʝʜʳ ʚ ʩʢʦʨʦʩʪʥʦʡ ʬʦʨʤʝ ʩ 

ʚʚʝʜʝʥʥʳʤ ʧʘʨʘʤʝʪʨʦʤ ʧʦʚʨʝʞʜʝʥʥʦʩʪʠ ʚ ʚʠʜʝ ʪʝʥʟʦʨʘ ʚʪʦʨʦʛʦ ʨʘʥʛʘp  ʠ 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʛʦ ʜʝʬʦʨʤʘʮʠʦʥʥʳʡ ʚʢʣʘʜ ʥʘʢʦʧʣʝʥʥʳʭ ʧʦʚʨʝʞʜʝʥʠʡ, ʠʤʝʝʪ 

ʩʣʝʜʫʶʱʠʡ ʚʠʜ 

 ÐÖ =ů 0, (2) 

 ( ):R= -ů E D p& ,  (3) 

 ( ): ( )= -p ũ ů f p& ,  (4) 

ʛʜʝ ů ī ʪʝʥʟʦʨ ʥʘʧʨʷʞʝʥʠʡ ʂʦʰʠ; R
ů  ī ʦʙʲʝʢʪʠʚʥʘʷ ʧʨʦʠʟʚʦʜʥʘʷ ɻʨʠʥʘīʅʘʛʭʜʠ; D  ī 

ʪʝʥʟʦʨ ʜʝʬʦʨʤʘʮʠʠ ʩʢʦʨʦʩʪʠ; p  ī ʪʝʥʟʦʨ ʥʝʫʧʨʫʛʠʭ ʜʝʬʦʨʤʘʮʠʡ; E  ī ʪʝʥʟʦʨ ʫʧʨʫʛʠʭ 

ʩʚʦʡʩʪʚ, ũ ī ʢʠʥʝʪʠʯʝʩʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʠ ( )f p  ī ʥʝʣʠʥʝʡʥʘʷ ʨʝʘʢʮʠʷ ʤʘʪʝʨʠʘʣʘ, 

ʦʙʫʩʣʦʚʣʝʥʥʘʷ ʥʘʢʦʧʣʝʥʠʝʤ ʧʦʚʨʝʞʜʝʥʠʡ [1], ʧʦʜʙʠʨʘʝʤʳʝ ʠʟ ʟʘʜʘʯʠ ʠʜʝʥʪʠʬʠʢʘʮʠʠ. 

ʂʨʘʝʚʘʷ ʟʘʜʘʯʘ (2)-(4) ʨʝʰʘʣʘʩʴ ʤʝʪʦʜʦʤ ʢʦʥʝʯʥʳʤ ʵʣʝʤʝʥʪʦʚ ʩ ʧʝʨʠʦʜʠʯʝʩʢʠʤʠ 

ʛʨʘʥʠʯʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʜʚʫʭ ʚʠʜʦʚ: ʨʘʩʪʷʞʝʥʠʝ/ʩʞʘʪʠʝ ʠ ʩʜʚʠʛ. ʈʝʟʫʣʴʪʘʪ ʯʠʩʣʝʥʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 1. ʈʝʰʝʥʠʝ ʟʘʜʘʯʠ ʧʦ ʥʘʛʨʫʞʝʥʠ ʁ ʷʯʝʡʢʠ 

ʧʝʨʠʦʜʠʯʥʦʩʪʠ ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʦʟʚʦʣʠʣʦ ʦʧʨʝʜʝʣʠʪʴ ʵʬʬʝʢʪʠʚʥʳʝ 

ʫʧʨʫʛʠʝ ʤʦʜʫʣʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʘʢʦʧʣʝʥʥʳʭ ʧʦʚʨʝʞʜʝʥʠʡ, ʦʙʫʩʣʦʚʣʝʥʥʳʭ 

ʟʘʨʦʞʜʝʥʠʝʤ ʠ ʨʘʟʚʠʪʠʝʤ  ʜʝʬʝʢʪʦʚ ʚ ʧʨʦʮʝʩʩʝ ʜʝʬʦʨʤʘʮʠʠ. ʇʦʣʫʯʝʥʥʳʝ ʵʬʬʝʢʪʠʚʥʳʝ 

ʫʧʨʫʛʠʝ ʩʚʦʡʩʪʚʘ ʢʦʤʧʦʟʠʪʘ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʠʟʚʝʩʪʥʳʤʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ 

ʜʘʥʥʳʤʠ ʜʣʷ ʩʪʝʢʣʦ- ʠ ʫʛʣʝʧʣʘʩʪʠʢʦʚ. 
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ʅʘ ʨʠʩʫʥʢʝ 2 ʧʨʠʚʝʜʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʧʨʦʜʦʣʴʥʳʭ ʩʨʝʜʥʠʭ ʥʘʧʨʷʞʝʥʠʡ ʚ ʷʯʝʡʢʝ 

ʧʝʨʠʦʜʠʯʥʦʩʪʠ (ʜʣʷ ʩʣʫʯʘʷ ʨʘʩʪʷʞʝʥʠʷ) ʦʪ ʥʘʢʦʧʣʝʥʥʳʭ ʥʝʫʧʨʫʛʠʭ ʜʝʬʦʨʤʘʮʠʡ, 

ʦʙʫʩʣʦʚʣʝʥʥʳʭ ʥʘʢʦʧʣʝʥʥʳʤʠ ʠʥʪʝʛʨʘʣʴʥʳʤʠ ʧʦʚʨʝʞʜʝʥʠʷʤʠ. 

  
ʘ) ʙ) 

ʈʠʩ.1. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʥʘʧʨʷʞʝʥʠʡ ʜʣʷ ʭʘʨʘʢʪʝʨʥʦʡ ʷʯʝʡʢʠ ʧʝʨʠʦʜʠʯʥʦʩʪʠ:  

ʘ) ʩʣʫʯʘʡ ʨʘʩʪʷʞʝʥʠʷ (ʧʨʠʚʝʜʝʥʘ ʧʨʦʜʦʣʴʥʘʷ ʢʦʤʧʦʥʝʥʪʘ ʪʝʥʟʦʨʘ ʥʘʧʨʷʞʝʥʠʡ) 

ʙ) ʩʣʫʯʘʡ ʩʜʚʠʛʘ (ʧʨʠʚʝʜʝʥʘ ʩʜʚʠʛʦʚʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʪʝʥʟʦʨʘ ʥʘʧʨʷʞʝʥʠʡ) 

 

 
ʈʠʩ.2. ɿʘʚʠʩʠʤʦʩʪʴ ʪʝʢʫʱʠʭ (ʩʨʝʜʥʠʭ) ʥʘʧʨʷʞʝʥʠʡ ʦʪ ʥʘʢʦʧʣʝʥʥʳʭ ʧʦʚʨʝʞʜʝʥʠʡ 

ʜʣʷ ʚʳʩʦʢʦʤʦʜʫʣʴʥʦʛʦ ʫʛʣʝʧʣʘʩʪʠʢʘ.   

ʄʦʜʝʣʴ ʧʨʝʜʩʪʘʚʠʪʝʣʴʥʦʛʦ ʦʙʲʝʤʘ (ʷʯʝʡʢʠ ʧʝʨʠʦʜʠʯʥʦʩʪʠ) ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʷʪʴ 

ʵʬʬʝʢʪʠʚʥʳʝ ʫʧʨʫʛʠʝ ʩʚʦʡʩʪʚʘ, ʢʦʪʦʨʳʝ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʠʟʚʝʩʪʥʳʤʠ ʤʦʜʝʣʷʤʠ 

ʦʩʨʝʜʥʝʥʠʷ [3], ʚ ʪʦʤ ʯʠʩʣʝ ʩ ʫʯʝʪʦʤ ʥʘʢʦʧʣʝʥʠʷ ʧʦʚʨʝʞʜʝʥʠʡ. ʇʨʝʜʣʦʞʝʥ ʧʦʜʭʦʜ ʢ 

ʦʧʠʩʘʥʠʶ ʵʬʬʝʢʪʠʚʥʳʭ ʫʧʨʫʛʠʭ ʩʚʦʡʩʪʚ ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʥʘ ʦʩʥʦʚʝ 

ʚʚʝʜʝʥʠʷ ʧʘʨʘʤʝʪʨʘ ʧʦʚʨʝʞʜʝʥʥʦʩʪʠ ʚ ʚʠʜʝ ʪʝʥʟʦʨʘ ʯʝʪʚʝʨʪʦʛʦ ʨʘʥʛʘ. ʈʘʟʨʘʙʦʪʘʥʥʘʷ 

ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʪʘʢʞʝ ʧʨʝʜʩʢʘʟʳʚʘʝʪ ʟʥʘʯʝʥʠʷ ʢʨʠʪʠʯʝʩʢʠʭ ʥʘʧʨʷʞʝʥʠʡ, ʧʨʠ 

ʢʦʪʦʨʳʭ ʧʨʦʠʩʭʦʜʠʪ ʨʘʟʨʫʰʝʥʠʝ ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. ɿʥʘʯʝʥʠʝ ʧʨʝʜʝʣʴʥʦʛʦ 

ʥʘʧʨʷʞʝʥʠʷ ʧʨʠ ʨʘʩʪʷʞʝʥʠʠ ~700 ʄʇʘ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʜʘʥʥʳʤʠ ʜʣʷ 

ʚʳʩʦʢʦʤʦʜʫʣʴʥʦʛʦ ʚʦʣʦʢʥʠʩʪʦʛʦ ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʅʌ (ʧʨʦʝʢʪ ˉ 21-79-30041). 
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ʇʈʆʏʅʆʉʊʀ AL-CU ʉʇʃɸɺʆɺ ʉ ɻʀɹʈʀɼʅʓʄʀ ʀ 

ʅɽɻʀɹʈʀɼʅʓʄʀ Ū'-ʌɸɿɸʄʀ  

ʇ.ɸ. ɹʝʟʙʦʨʦʜʦʚʘ, ɺ.ʉ. ʂʨʘʩʥʠʢʦʚ, ɸ.ɽ. ʄʘʡʝʨ, ɺ.ɺ. ʇʦʛʦʨʝʣʢʦ 

ʏʝʣʷʙʠʥʩʢʠʡ ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʋʥʠʚʝʨʩʠʪʝʪ 
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ʉʦʚʨʝʤʝʥʥʳʝ ʢʦʤʤʝʨʯʝʩʢʠʝ ʩʧʣʘʚʳ ʘʣʶʤʠʥʠʷ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʥʳʤ 

ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʤ ʤʘʪʝʨʠʘʣʦʤ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ʇʦ ʩʚʦʝʡ 

ʧʨʠʨʦʜʝ Al-Cu ʩʧʣʘʚʳ ʤʥʦʛʦʬʘʟʥʳ ï ʚ ʧʨʦʮʝʩʩʝ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʤʠʛʨʘʮʠʷ 

ʨʘʩʪʚʦʨʝʥʥʳʭ ʘʪʦʤʦʚ ʧʨʠʚʦʜʠʪ ʢ ʟʘʨʦʞʜʝʥʠʶ ʠʥʪʝʨʤʝʪʘʣʣʠʯʝʩʢʠʭ ʬʘʟ. ɺ ʧʨʦʮʝʩʩʝ 

ʩʪʘʨʝʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ ʚʳʜʝʣʝʥʠʝ ʫʧʨʦʯʥʷʶʱʠʭ ʬʘʟ ʧʦ ʠʟʚʝʩʪʥʦʡ 

ʩʭʝʤʝ: ʧʝʨʝʩʳʱʝʥʥʳʡ ʪʚʝʨʜʳʡ ʨʘʩʪʚʦʨ Ÿ ɻʇ-1 Ÿ ɻʇ-2 Ÿ ɗ'' Ÿ ɗ' Ÿ ɗ. ʀʟʚʝʩʪʥʦ, ʯʪʦ 

ʨʝʘʣʴʥʳʝ ʤʝʪʘʣʣʳ ʠ ʩʧʣʘʚʳ ʩʦʜʝʨʞʘʪ ʜʝʬʝʢʪʳ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ ï ʜʠʩʣʦʢʘʮʠʠ, 

ʜʚʠʞʝʥʠʝ ʢʦʪʦʨʳʭ ʦʧʨʝʜʝʣʷʶʪ ʧʨʦʮʝʩʩ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ.  

ʇʨʦʚʝʜʝʥʦ ʤʦʣʝʢʫʣʷʨʥʦ-ʜʠʥʘʤʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʜʚʠʞʝʥʠʷ ʜʠʩʣʦʢʘʮʠʡ ʚ 

ʘʣʶʤʠʥʠʠ, ʩʦʜʝʨʞʘʱʝʤ ʫʧʨʦʯʥʷʶʱʠʝ ʬʘʟʳ ʚ ʩʠʩʪʝʤʝ Al-Cu. ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʜʠʩʣʦʢʘʮʠʠ ʩ ʜʚʫʤʷ ʪʠʧʘʤʠ ʫʧʨʦʯʥʷʶʱʠʭ ʚʢʣʶʯʝʥʠʡ, ʩʪʨʫʢʪʫʨʘ 

ʢʦʪʦʨʳʭ ʙʳʣʘ ʟʘʬʠʢʩʠʨʦʚʘʥʘ ʤʝʪʦʜʦʤ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ. ʇʝʨʚʳʡ ʪʠʧ ï ʵʪʦ 

ʦʜʥʦʬʘʟʥʘʷ ʩʪʨʫʢʪʫʨʘ (s). ɺʪʦʨʦʡ ʪʠʧ (h) ʠʤʝʝʪ ʩʵʥʜʚʠʯ-ʩʪʨʫʢʪʫʨʫ ʩ ʪʝʪʨʘʛʦʥʘʣʴʥʦʡ ɗ' 

ʨʝʰʝʪʢʦʡ ʚ ʩʝʨʜʮʝʚʠʥʝ ʠ ɻʇ-ʧʦʜʦʙʥʳʤʠ ʩʪʨʫʢʪʫʨʘʤʠ ʚʜʦʣʴ ʰʠʨʦʢʠʭ ʤʝʞʬʘʟʥʳʭ 

ʛʨʘʥʠʮ.  

ɺʢʣʶʯʝʥʠʷ ɗ'-ʬʘʟʳ ʩʦʟʜʘʚʘʣʠʩʴ c ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ Atomsk. ʈʘʩʩʤʘʪʨʠʚʘʣʠʩʴ 

ʮʠʣʠʥʜʨʠʯʝʩʢʠʝ ʚʢʣʶʯʝʥʠʷ ʜʠʘʤʝʪʨʦʤ 20 ʥʤ ʠ ʰʠʨʠʥʦʡ ʚ 9 ʘʪʦʤʥʳʭ ʩʣʦʝʚ, ʦʩʥʦʚʘʥʠʷ 

ʢʦʪʦʨʳʭ ʧʘʨʘʣʣʝʣʴʥʳ ʧʣʦʩʢʦʩʪʠ (100) ʘʣʶʤʠʥʠʝʚʦʡ ʨʝʰʝʪʢʠ. ɼʚʠʞʝʥʠʝ ʜʠʩʣʦʢʘʮʠʠ ʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ɗ'-ʬʘʟʘʤʠ ʠʩʩʣʝʜʫʶʪʩʷ ʧʦ ʩʭʝʤʝ, ʧʨʝʜʣʦʞʝʥʥʦʡ ʜʣʷ ʩʠʩʪʝʤʳ 

ʩʢʦʣʴʞʝʥʠʷ [-110](111). ɼʠʩʣʦʢʘʮʠʷ ʩʦʟʜʘʝʪʩʷ ʚ ʨʘʩʯʝʪʥʦʡ ʦʙʣʘʩʪʠ ʧʫʪʝʤ ʜʦʙʘʚʣʝʥʠʷ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʘʪʦʤʥʦʡ ʧʦʣʫʧʣʦʩʢʦʩʪʠ. ʄʦʣʝʢʫʣʷʨʥʦ-ʜʠʥʘʤʠʯʝʩʢʠʝ (ʄɼ) ʨʘʩʯʝʪʳ 

ʚʳʧʦʣʥʷʣʠʩʴ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʘʢʝʪʘ LAMMPS. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʘʪʦʤʦʚ 

ʦʧʠʩʳʚʘʝʪʩʷ ʧʦʪʝʥʮʠʘʣʦʤ ADP. ɸʥʘʣʠʟ ʠ ʚʠʟʫʘʣʠʟʘʮʠʷ ʧʦʣʫʯʝʥʥʳʭ ʘʪʦʤʥʳʭ 

ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʧʘʢʝʪʘ OVITO. 

ʈʝʟʫʣʴʪʘʪʳ ʄɼ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʩʠʩʪʝʤʘ, ʩʦʜʝʨʞʘʱʘʷ s-ɗ', ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʩʨʝʜʥʠʡ 

ʫʨʦʚʝʥʴ ʩʜʚʠʛʦʚʳʭ ʥʘʧʨʷʞʝʥʠʡ ʧʨʠʤʝʨʥʦ 320 ʄʇʘ. ɺ ʩʣʫʯʘʝ h-ɗ' ʵʪʘ ʚʝʣʠʯʠʥʘ 

ʩʦʩʪʘʚʣʷʝʪ 400 ʄʇʘ. ʃʦʢʘʣʴʥʳʝ ʩʜʚʠʛʦʚʳʝ ʥʘʧʨʷʞʝʥʠʷ, ʜʝʡʩʪʚʫʶʱʠʝ ʥʘ ʘʪʦʤʳ 

ʚʢʣʶʯʝʥʠʷ ʥʘ ʧʣʦʩʢʦʩʪʠ ʩʢʦʣʴʞʝʥʠʷ ʜʠʩʣʦʢʘʮʠʠ, ʜʦʩʪʠʛʘʶʪ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ 

2,5 ɻʇʘ ʜʣʷ s-ɗ' ʠ 5 ɻʇʘ ʜʣʷ h-ɗ'. ʇʨʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʭ ʜʠʩʣʦʢʘʮʠʠ ʠ 

ʚʢʣʶʯʝʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʥʘʢʦʧʣʝʥʠʝ ʣʦʢʘʣʴʥʳʭ ʩʜʚʠʛʦʚʳʭ ʥʘʧʨʷʞʝʥʠʡ, ʢʦʪʦʨʳʝ 

ʧʨʠʚʦʜʷʪ ʢ ʧʝʨʝʨʝʟʘʥʠʶ ɗ'-ʬʘʟʳ. ʋʩʪʘʥʦʚʣʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʥʘʧʨʷʞʝʥʠʷ ʧʝʨʝʨʝʟʘʥʠʷ s-ɗ' 

ʦʪ ʝʝ ʪʦʣʱʠʥʳ ʩ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʩʪʠ 1.94 ɻʇʘ/ʥʤ. ɼʣʷ ʛʠʙʨʠʜʥʦʡ ɗ' 

ʬʘʟʳ ʥʘʧʨʷʞʝʥʠʝ ʧʝʨʝʨʝʟʘʥʠʷ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʨʠʤʝʨʥʦ ʚ ʜʚʘ ʨʘʟʘ.  

ʈʝʟʫʣʴʪʘʪʳ ʄɼ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʢʘʣʠʙʨʦʚʢʠ ʢʦʥʪʠʥʫʘʣʴʥʦʡ ʤʦʜʝʣʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʜʠʩʣʦʢʘʮʠʡ ʩ ʫʧʨʦʯʥʷʶʱʠʤʠ ʬʘʟʘʤʠ, ʦʩʥʦʚʘʥʥʦʡ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʠ 

https://elibrary.ru/item.asp?id=44086904&selid=44087078
https://elibrary.ru/item.asp?id=44086904&selid=44087078


28 

 

ʧʝʪʣʠ ʆʨʦʚʘʥʘ ʚʦʢʨʫʛ ʚʢʣʶʯʝʥʠʷ. ʆʧʨʝʜʝʣʝʥʘ ʵʥʝʨʛʠʷ ʜʠʩʣʦʢʘʮʠʦʥʥʳʭ ʩʝʛʤʝʥʪʦʚ, 

ʧʨʠʣʝʛʘʶʱʠʭ ʢ ʫʧʨʦʯʥʷʶʱʠʤ ʬʘʟʘʤ.  ʕʪʘ ʵʥʝʨʛʠʷ ʧʨʠʤʝʨʥʦ ʥʘ 40% ʚʳʰʝ ʚ ʩʣʫʯʘʝ 

ʛʠʙʨʠʜʥʳʭ ʬʘʟ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʠʭ ʙʦʣʝʝ ʚʳʩʦʢʠʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʩʜʚʠʛʫ. 

ɼʣʷ ʧʝʨʝʭʦʜʘ ʥʘ ʤʝʟʦʩʢʦʧʠʯʝʩʢʠʡ ʤʘʩʰʪʘʙʥʳʡ ʫʨʦʚʝʥʴ ʧʨʠʤʝʥʷʣʩʷ ʤʝʪʦʜ 

ʜʠʩʢʨʝʪʥʦʡ ʜʠʩʣʦʢʘʮʠʦʥʥʦʡ ʜʠʥʘʤʠʢʠ (ɼɼɼ), ʚ ʢʦʪʦʨʦʤ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʨʘʩʯʝʪʥʘʷ 

ʦʙʣʘʩʪʴ, ʩʦʜʝʨʞʘʱʘʷ ʙʦʣʴʰʦʝ ʯʠʩʣʦ ʜʠʩʣʦʢʘʮʠʡ ʠ ʫʧʨʦʯʥʷʶʱʠʭ ʚʢʣʶʯʝʥʠʡ. 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʜʠʩʣʦʢʘʮʠʡ ʠ ʫʧʨʦʯʥʷʶʱʠʭ ʚʢʣʶʯʝʥʠʡ ʦʧʠʩʳʚʘʝʪʩʷ ʩ ʧʦʤʦʱʴʶ 

ʢʦʥʪʠʥʫʘʣʴʥʦʡ ʤʦʜʝʣʠ. ʈʘʟʤʝʨʳ ʚʢʣʶʯʝʥʠʡ ʨʘʩʧʨʝʜʝʣʝʥʳ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʣʦʛʥʦʨʤʘʣʴʥʳʤ ʟʘʢʦʥʦʤ, ʥʘʙʣʶʜʘʝʤʳʤ ʚ ʨʝʘʣʴʥʳʭ ʩʧʣʘʚʘʭ. 

 ʈʝʟʫʣʴʪʘʪʳ ɼɼɼ ʜʝʤʦʥʩʪʨʠʨʫʶʪ, ʯʪʦ ʧʨʠ ʦʜʠʥʘʢʦʚʦʡ ʦʙʲʝʤʥʦʡ ʜʦʣʝ ʚʢʣʶʯʝʥʠʡ 

ʩʧʣʘʚ ʩ h-ɗ' ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʝʝ ʚʳʩʦʢʦʝ ʥʘʧʨʷʞʝʥʠʝ ʪʝʯʝʥʠʷ, ʢʦʪʦʨʦʝ 

ʧʨʝʚʳʰʘʝʪ ʟʥʘʯʝʥʠʝ ʥʘʧʨʷʞʝʥʠʷ ʜʣʷ s-ɗ' ʧʨʠʤʝʨʥʦ ʥʘ 35%. ʆʜʥʘʢʦ, ʧʦʩʢʦʣʴʢʫ 

ʢʦʥʮʝʥʪʨʘʮʠʷ Cu ʚ h-ɗ' ʟʘʚʠʩʠʪ ʦʪ ʪʦʣʱʠʥʳ ʚʢʣʶʯʝʥʠʷ, ʪʘʢ ʢʘʢ ʢʦʣʠʯʝʩʪʚʦ ʘʪʦʤʦʚ ʤʝʜʠ 

ʥʘ ɻʇ-ʧʦʜʦʙʥʳʭ ʛʨʘʥʠʮʘʭ ʨʘʟʜʝʣʘ ʚʳʰʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʙʲʝʤʦʤ ɗ', ʪʦ ʧʨʠ ʩʨʘʚʥʝʥʠʠ 

ʩʜʚʠʛʦʚʦʡ ʧʨʦʯʥʦʩʪʠ ʩʧʣʘʚʦʚ ʩ ʦʜʠʥʘʢʦʚʳʤ ʤʘʩʩʦʚʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʤʝʜʠ ʨʘʟʥʠʮʘ 

ʩʪʘʥʦʚʠʪʩʷ ʥʝ ʩʪʦʣʴ ʟʘʤʝʪʥʦʡ. ɿʥʘʯʠʪʝʣʴʥʘʷ ʨʘʟʥʠʮʘ ʚ ʥʘʧʨʷʞʝʥʠʷʭ ʪʝʢʫʯʝʩʪʠ ʩʧʣʘʚʦʚ 

ʧʨʦʷʚʣʷʝʪʩʷ ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʠ, ʧʨʝʚʳʰʘʶʱʝʡ 2 ʤʘʩ.%, ʠ ʜʦʩʪʠʛʘʝʪ ʧʨʠʤʝʨʥʦ 20%. 

ʈʘʙʦʪʘ ʧʦʜʜʝʨʞʘʥʘ ʈʅʌ ʚ ʨʘʤʢʘʭ ʧʨʦʝʢʪʘ ˉ 18-71-10038-ʇ 

 

ʆɹʒɽʄʅʓɽ ʅɸʅʆʉʊʈʋʂʊʋʈʅʓɽ ʄɸʊɽʈʀɸʃʓ ʉ 

ʄʅʆɻʆʌʋʅʂʎʀʆʅɸʃʔʅʓʄʀ ʉɺʆʁʉʊɺɸʄʀ ɼʃʗ 

ʇʈʀʄɽʅɽʅʀʗ ɺ ʕʂʉʊʈɽʄɸʃʔʅʓʍ ʉʈɽɼɸʍ  

ʈ.ɿ. ɺʘʣʠʝʚ  

ʋʬʠʤʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʘʚʠʘʮʠʦʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʋʬʘ, ʈʦʩʩʠʷ 
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ʂ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʨʘʟʨʘʙʦʪʘʥ ʮʝʣʳʡ ʨʷʜ ʤʝʪʦʜʦʚ ʧʦʣʫʯʝʥʠʷ ʦʙʲʝʤʥʳʭ 

ʥʘʥʦʩʪʨʫʢʪʫʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʥʦ ʦʩʦʙʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʠʥʪʝʥʩʠʚʥʦʡ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ (ʀʇɼ), ʩʦʯʝʪʘʶʱʝʡ ʦʙʨʘʙʦʪʢʫ ʤʘʪʝʨʠʘʣʦʚ 

ʩʚʝʨʭʙʦʣʴʰʠʤʠ ʜʝʬʦʨʤʘʮʠʷʤʠ ʚ ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʠʭ ʧʨʠʣʦʞʝʥʥʳʭ ʜʘʚʣʝʥʠʡ [1,2].   

ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥʳ ʧʨʠʥʮʠʧʳ ʥʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʤʝʪʘʣʣʠʯʝʩʢʠʭ 

ʤʘʪʝʨʠʘʣʦʚ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʤʝʪʦʜʘʤʠ ʀʇɼ, ʩʚʷʟʘʥʥʳʝ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʫʣʴʪʨʘʤʝʣʢʠʭ 

ʟʝʨʝʥ ʠ ʨʘʟʚʠʪʠʝʤ ʥʝʦʙʳʯʥʳʭ ʬʘʟʦʚʳʭ ʧʨʝʚʨʘʱʝʥʠʡ, ʧʨʠʚʦʜʷʱʠʭ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 

ʟʝʨʥʦʛʨʘʥʠʯʥʳʭ ʩʝʛʨʝʛʘʮʠʡ ʠ ʥʘʥʦʨʘʟʤʝʨʥʳʭ ʚʳʜʝʣʝʥʠʡ ʚʪʦʨʠʯʥʳʭ ʬʘʟ. ʅʝʜʘʚʥʠʝ 

ʢʦʤʧʣʝʢʩʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʤʦʨʬʦʣʦʛʠʷ ʠ ʧʣʦʪʥʦʩʪʴ ʵʪʠʭ 

ʥʘʥʦʩʪʨʫʢʪʫʨʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʦʧʨʝʜʝʣʷʶʪʩʷ ʨʝʞʠʤʘʤʠ ʀʇɼ ʦʙʨʘʙʦʪʢʠ 

(ʪʝʤʧʝʨʘʪʫʨʦʡ, ʫʩʣʦʚʠʷʤʠ ʜʝʬʦʨʤʘʮʠʠ, ʚʝʣʠʯʠʥʦʡ ʧʨʠʣʦʞʝʥʥʦʛʦ ʜʘʚʣʝʥʠʷ). ʕʪʦ 

ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʥʘʥʦʤʘʪʝʨʠʘʣʳ ʩ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ 

ʩʚʦʡʩʪʚʘʤʠ, ʩʦʯʝʪʘʶʱʠʤʠ ʚʳʩʦʢʠʝ ʤʝʭʘʥʠʯʝʩʢʠʝ (ʦʯʝʥʴ ʚʳʩʦʢʘʷ ʧʨʦʯʥʦʩʪʴ ʠ 

ʧʣʘʩʪʠʯʥʦʩʪʴ, ʩʚʝʨʭʧʣʘʩʪʠʯʥʦʩʪʴ) ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʩʚʦʡʩʪʚʘ (ʢʦʨʨʦʟʠʦʥʥʘʷ ʠ 

ʨʘʜʠʘʮʠʦʥʥʘʷ ʩʪʦʡʢʦʩʪʴ, ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ ʠ ʪ.ʜ.) [3-5]. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ 

ʬʠʟʠʯʝʩʢʦʡ ʧʨʠʨʦʜʝ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʠʭ 

ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʧʨʠʤʝʥʝʥʠʡ ʚ ʤʝʜʠʮʠʥʝ ʠ ʪʝʭʥʠʢʝ, ʚ ʯʘʩʪʥʦʩʪʠ ʚ ʫʩʣʦʚʠʷʭ ʘʛʨʝʩʩʠʚʥʳʭ 

ʩʨʝʜ ʚ ɻʊɼ, ʛʜʝ ʤʘʪʝʨʠʘʣʳ ʧʦʜʚʝʨʛʘʶʪʩʷ ʦʜʥʦʚʨʝʤʝʥʥʦ ʙʦʣʴʰʠʤ ʥʘʛʨʫʟʢʘʤ, ʢʦʨʨʦʟʠʠ ʠ 

ʘʙʨʘʟʠʚʥʦʤʫ ʠʟʥʦʩʫ. 
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ʀɿʄɽʅɽʅʀɽ ʉʊʈʋʂʊʋʈʓ ʀ ʉɺʆʁʉʊɺ ɿʆʃʆʊʆ-ʄɽɼʅʓʍ 

ʉʇʃɸɺʆɺ, ʋʇʆʈʗɼʆʏɽʅʅʓʍ ɺ ʋʉʃʆɺʀʗʍ ɺʅɽʐʅʀʍ 

ʉɾʀʄɸʖʑʀʍ ʀʃʀ ʈɸʉʊʗɻʀɺɸʖʑʀʍ ʅɸʇʈʗɾɽʅʀʁ 

ɸ. ʖ. ɺʦʣʢʦʚ, ɸ.ɺ. ɻʣʫʭʦʚ, ʆ.ɺ. ɸʥʪʦʥʦʚʘ, ɸ.ɸ. ʃʠʚʠʥʝʮ 

ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ʥʘʫʢʠ ʀʥʩʪʠʪʫʪ ʬʠʟʠʢʠ 

ʤʝʪʘʣʣʦʚ ʠʤʝʥʠ ʄ.ʅ. ʄʠʭʝʝʚʘ ʋʨʘʣʴʩʢʦʛʦ ʦʪʜʝʣʝʥʠʷ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ, ʫʣ. ʉ. 

ʂʦʚʘʣʝʚʩʢʦʡ, 18, ɽʢʘʪʝʨʠʥʙʫʨʛ 620108, ʈʦʩʩʠʷ  

E-mail: volkov@imp.uran.ru 

ʇʨʠ ʦʭʣʘʞʜʝʥʠʠ ʟʦʣʦʪʦ-ʤʝʜʥʳʭ ʩʧʣʘʚʦʚ ʚʙʣʠʟʠ ʵʢʚʠʘʪʦʤʥʦʛʦ ʩʦʩʪʘʚʘ ʥʠʞʝ 400 , 

ʚ ʥʠʭ ʧʨʦʠʩʭʦʜʠʪ ʬʘʟʦʚʦʝ ʧʨʝʚʨʘʱʝʥʠʝ ʙʝʩʧʦʨʷʜʦʢ-ʧʦʨʷʜʦʢ, ʚ ʭʦʜʝ ʢʦʪʦʨʦʛʦ 

ʨʘʟʫʧʦʨʷʜʦʯʝʥʥʘʷ (A1) ʬʘʟʘ ʧʝʨʝʩʪʨʘʠʚʘʝʪʩʷ ʚ ʫʧʦʨʷʜʦʯʝʥʥʫʶ ʧʦ ʪʠʧʫ L1o ʩʪʨʫʢʪʫʨʫ. 

ʋʧʦʨʷʜʦʯʝʥʥʘʷ ʬʘʟʘ ʠʤʝʝʪ ɻʎʊ ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʨʝʰʝʪʢʫ ʩʦ ʩʪʝʧʝʥʴʶ 

ʪʝʪʨʘʛʦʥʘʣʴʥʦʩʪʠ ʩ/ʘå0,92. ʇʦʩʢʦʣʴʢʫ ʦʙʲʝʤ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ ʫʧʦʨʷʜʦʯʝʥʥʦʡ 

ʬʘʟʳ ʥʝʩʢʦʣʴʢʦ ʤʝʥʴʰʝ, ʵʪʦ ʬʘʟʦʚʦʝ ʧʨʝʚʨʘʱʝʥʠʝ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʥʝʙʦʣʴʰʠʤ 

ʠʟʤʝʥʝʥʠʝʤ ʦʙʲʝʤʘ ʦʙʨʘʟʮʦʚ (ʥʘ ~1%). ʈʘʥʝʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ [1], ʯʪʦ ʘʪʦʤʥʦʝ 

ʫʧʦʨʷʜʦʯʝʥʠʝ ʧʦ ʪʠʧʫ L1o ʚ ʧʦʣʝ ʚʥʝʰʥʠʭ ʥʘʧʨʷʞʝʥʠʡ ʧʦʟʚʦʣʷʝʪ ʵʬʬʝʢʪʠʚʥʦ ʫʧʨʘʚʣʷʪʴ 

ʥʘʧʨʘʚʣʝʥʠʝʤ ʨʦʩʪʘ ʩ-ʜʦʤʝʥʦʚ. ʇʨʠʣʦʞʝʥʠʝ ʩʞʠʤʘʶʱʠʭ ʥʘʧʨʷʞʝʥʠʡ ʨʘʟʚʦʨʘʯʠʚʘʝʪ 

ʪʝʪʨʘʛʦʥʘʣʴʥʳʝ ʩ-ʜʦʤʝʥʳ ʚʜʦʣʴ ʥʘʧʨʘʚʣʝʥʠʷ ʥʘʛʨʫʟʢʠ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʨʘʩʪʷʛʠʚʘʶʱʠʝ 

ʥʘʧʨʷʞʝʥʠʷ ʨʘʟʚʦʨʘʯʠʚʘʶʪ ʩ-ʜʦʤʝʥʳ ʧʦʧʝʨʝʢ ʥʘʧʨʘʚʣʝʥʠʷ ʧʨʠʣʦʞʝʥʥʦʡ ʩʠʣʳ [2]. 

ɸʥʘʣʠʟ ʣʠʪʝʨʘʪʫʨʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʧʦʢʘʟʘʣ, ʯʪʦ ʬʦʨʤʠʨʦʚʘʥʠʝ ʫʧʦʨʷʜʦʯʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ 

ʚ ʧʦʣʝ ʚʥʝʰʥʠʭ ʩʠʣ ʠʟʫʯʝʥʦ ʜʦʩʪʘʪʦʯʥʦ ʧʦʜʨʦʙʥʦ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʦʩʪʘʝʪʩʷ ʥʝʠʟʚʝʩʪʥʳʤ, 

ʢʘʢ ʠʟʤʝʥʷʶʪʩʷ ʧʨʠ ʵʪʦʤ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʦʙʨʘʟʮʦʚ.  

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʠ ʚʟʷʪʳ ʜʚʘ ʟʦʣʦʪʦ-ʤʝʜʥʳʭ ʩʧʣʘʚʘ: ʵʢʚʠʘʪʦʤʥʳʡ Cu-50Au ʠ 

ʥʝʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʡ ʩʧʣʘʚ Cu-56Au. ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʧʨʦʚʦʣʦʯʥʳʭ 

ʦʙʨʘʟʮʘʭ ʜʠʘʤʝʪʨʦʤ 1,5 ʤʤ ʠ ʜʣʠʥʦʡ 50 ʤʤ, ʢʦʪʦʨʳʝ ʚ ʭʦʜʝ ʫʧʦʨʷʜʦʯʝʥʠʷ ʨʘʩʪʷʛʠʚʘʣʠʩʴ 

ʠʣʠ ʩʞʠʤʘʣʠʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʧʝʮʠʘʣʴʥʳʭ ʧʨʠʩʧʦʩʦʙʣʝʥʠʡ. ʄʘʢʩʠʤʘʣʴʥʘʷ 

ʥʘʛʨʫʟʢʘ ʥʘ ʦʙʨʘʟʮʳ ʚ ʭʦʜʝ ʦʪʞʠʛʦʚ ʩʦʩʪʘʚʣʷʣʘ 50 ʄʇʘ. ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʢʘʢ 

ʥʘ ʟʘʢʘʣʝʥʥʳʭ, ʪʘʢ ʠ ʥʘ ʠʩʭʦʜʥʦ ʜʝʬʦʨʤʠʨʦʚʘʥʥʳʭ ʦʙʨʘʟʮʘʭ. ʋʧʦʨʷʜʦʯʝʥʠʝ 

ʵʢʚʠʘʪʦʤʥʦʛʦ ʩʧʣʘʚʘ Cu-50Au ʧʨʦʚʦʜʠʣʦʩʴ ʦʪʞʠʛʘʤʠ ʚ ʪʝʯʝʥʠʝ 6 ʯʘʩʦʚ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 

ʤʘʢʩʠʤʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʧʨʝʚʨʘʱʝʥʠʷ (~350 ). ʋʧʦʨʷʜʦʯʝʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʚ ʩʧʣʘʚʝ Cu-

56Au ʬʦʨʤʠʨʦʚʘʣʘʩʴ ʤʝʜʣʝʥʥʳʤ ʦʭʣʘʞʜʝʥʠʝʤ ʦʙʨʘʟʮʦʚ ʠʟ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ 

ʦʙʣʘʩʪʠ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʭʦʜʝ ʘʪʦʤʥʦʛʦ ʫʧʦʨʷʜʦʯʝʥʠʷ ʠʟʤʝʥʷʝʪʩʷ ʜʣʠʥʘ ʦʙʨʘʟʮʦʚ. 

ʕʪʦʪ ʵʬʬʝʢʪ ʫʩʠʣʠʚʘʝʪʩʷ ʧʨʠʣʦʞʝʥʠʝʤ ʥʘʛʨʫʟʢʠ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʨʘʟʚʦʨʦʪ 

ʪʝʪʨʘʛʦʥʘʣʴʥʳʭ ʩ-ʜʦʤʝʥʦʚ ʚ ʪʦʤ ʠʣʠ ʠʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʫʧʦʨʷʜʦʯʝʥʠʝ ʚ 

ʧʦʣʝ ʨʘʩʪʷʛʠʚʘʶʱʠʭ ʚʥʝʰʥʠʭ ʩʠʣ ʥʝʩʢʦʣʴʢʦ ʧʦʚʳʰʘʝʪ ʧʨʝʜʝʣ ʪʝʢʫʯʝʩʪʠ (ʥʘ ~15%) ʠ ʚ 
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2 ʨʘʟʘ ʫʚʝʣʠʯʠʚʘʝʪ ʫʜʣʠʥʝʥʠʝ ʦʙʨʘʟʮʦʚ ʜʦ ʨʘʟʨʫʰʝʥʠʷ. ɺʳʷʩʥʝʥʦ, ʯʪʦ ʦʙʥʘʨʫʞʝʥʥʳʡ 

ʵʬʬʝʢʪ ʩʠʣʴʥʦ ʟʘʚʠʩʠʪ ʦʪ ʠʩʭʦʜʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʦʙʨʘʟʮʦʚ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʥʘ ʧʨʘʢʪʠʢʝ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʅʌ (ʧʨʦʝʢʪ ˉ21-13-00135). 

1. Ohta M., Shiraishi ʊ., Ouchida R., Nakagawa M., Matsuya S., J. Alloys and Compounds, 265, p.240-

248 (1998). 

2. ɺʦʣʢʦʚ ɸ.ʖ., ʂʘʟʘʥʮʝʚ ɺ.ɸ., ʌʄʄ, 113, ʩ.66-76 (2012). 

 

ʉʊʈʋʂʊʋʈɸ ʀ ʉɺʆʁʉʊɺɸ ɸʃʖʄʆʄɸʊʈʀʏʅʓʍ 

ʂʆʄʇʆɿʀʊʆɺ, ɸʈʄʀʈʆɺɸʅʅʓʍ ɻʈɸʌɽʅʆʄ 

ʀ.ɻ. ɹʨʦʜʦʚʘ1, ʀ.ɻ. ʐʠʨʠʥʢʠʥʘ1, ɼ.ʖ. ʈʘʩʧʦʩʠʝʥʢʦ1, ɸ.ʅ. ʇʝʪʨʦʚʘ1,                          

ʃ.ɸ. ɽʣʰʠʥʘ2, ʉ.ɺ. ʈʘʟʦʨʝʥʦʚ3 

1 ʀʥʩʪʠʪʫʪ ʬʠʟʠʢʠ ʤʝʪʘʣʣʦʚ ʠʤʝʥʠ ʄ.ʅ. ʄʠʭʝʝʚʘ ʋʨʆ ʈɸʅ , ʛ. ɽʢʘʪʝʨʠʥʙʫʨʛ 
2 ʀʥʩʪʠʪʫʪ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʵʣʝʢʪʨʦʭʠʤʠʠ ʋʨʆ ʈɸʅ, ʛ. ɽʢʘʪʝʨʠʥʙʫʨʛ 
3 ʀʥʩʪʠʪʫʪ ʧʨʦʙʣʝʤ ʭʠʤʠʯʝʩʢʦʡ ʬʠʟʠʢʠ ʈɸʅ, ʛ. ʏʝʨʥʦʛʦʣʦʚʢʘ 
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ʄʝʪʘʣʣʦʤʘʪʨʠʯʥʳʝ ʢʦʤʧʦʟʠʪʳ, ʘʨʤʠʨʦʚʘʥʥʳʝ ʫʛʣʝʨʦʜʩʦʜʝʨʞʘʱʠʤʠ ʜʦʙʘʚʢʘʤʠ 

(ʛʨʘʬʝʥʦʤ, ʥʘʥʦʪʨʫʙʢʘʤʠ, ʬʫʣʣʝʨʝʥʘʤʠ ʠ ʪ.ʜ.), ʷʚʣʷʶʪʩʷ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʤʠ ʠ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ ʠ ʚʦʩʪʨʝʙʦʚʘʥʳ  ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ 

ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʷʭ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʚʢʣʶʯʘʷ ʪʘʢʠʝ ʢʘʢ ʘʚʠʘ- ʠ ʘʚʪʦʤʦʙʠʣʝʩʪʨʦʝʥʠʝ, 

ʵʣʝʢʪʨʦʥʠʢʘ, ʵʥʝʨʛʝʪʠʢʘ ʠ ʪ.ʜ. ʎʝʣʴʶ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʣʦʩʴ  

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʤʝʪʦʜʘʤʠ ʠʟʫʯʠʪʴ ʩʪʨʫʢʪʫʨʫ ʠ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

ʘʣʶʤʦʤʘʪʨʠʯʥʳʭ ʢʦʤʧʦʟʠʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʧʦ ʦʨʠʛʠʥʘʣʴʥʦʡ ʤʝʪʦʜʠʢʝ ʧʫʪʝʤ ʩʠʥʪʝʟʘ 

çin-situè ʧʦʜ ʩʣʦʝʤ ʩʦʣʝʚʦʛʦ ʨʘʩʧʣʘʚʘ, ʠ ʦʮʝʥʠʪʴ ʨʦʣʴ ʛʨʘʬʝʥʘ ʚ ʢʘʯʝʩʪʚʝ ʘʨʤʠʨʫʶʱʝʡ 

ʜʦʙʘʚʢʠ. ʆʙʲʝʢʪʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʣʫʞʠʣʠ ʩʣʠʪʢʠ ʠ ʧʨʫʪʢʠ ʠʟ ʘʣʶʤʠʥʠʷ ʠ ʝʛʦ ʩʧʣʘʚʦʚ 

ɸʄʮ (Al-Mn) ʠ ɸʄʛ3 (Al-Mg), ʘ ʪʘʢʞʝ ʘʣʶʤʦʤʘʪʨʠʯʥʳʝ ʢʦʤʧʦʟʠʪʳ ʥʘ ʠʭ ʦʩʥʦʚʝ, 

ʩʦʜʝʨʞʘʱʠʝ ʜʦ 0,4 ʤʘʩ. % ʛʨʘʬʝʥʘ. ɼʣʷ ʧʨʦʚʝʨʢʠ ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ ʠ ʠʜʝʥʪʠʬʠʢʘʮʠʠ 

ʫʛʣʝʨʦʜʩʦʜʝʨʞʘʱʝʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʢʦʤʧʦʟʠʪʦʚ ʧʨʠʤʝʥʷʣʩʷ ʤʝʪʦʜ ʩʧʝʢʪʨʦʩʢʦʧʠʠ 

ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ ʩʚʝʪʘ. ʉʦʛʣʘʩʥʦ ʘʥʘʣʠʟʫ ʨʘʤʘʥʦʚʩʢʠʭ ʩʧʝʢʪʨʦʚ, ʧʨʠ ʩʠʥʪʝʟʝ 

ʢʦʤʧʦʟʠʪʦʚ ʦʙʨʘʟʫʝʪʩʷ 2-ʭ ʠʣʠ 3-ʭ - ʩʣʦʡʥʳʡ ʛʨʘʬʝʥ ʨʘʟʥʦʡ ʩʪʝʧʝʥʠ ʜʝʬʝʢʪʥʦʩʪʠ. 

ʋʩʪʘʥʦʚʣʝʥʦ ʚʣʠʷʥʠʝ ʛʨʘʬʝʥʘ ʥʘ ʫʩʣʦʚʠʷ ʠ ʭʘʨʘʢʪʝʨ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʢʦʤʧʦʟʠʪʦʚ. 

ɼʦʢʘʟʘʥʦ, ʯʪʦ ʤʠʢʨʦʣʝʛʠʨʦʚʘʥʠʝ Al ʛʨʘʬʝʥʦʤ ʥʝ ʦʢʘʟʳʚʘʝʪ ʠʥʦʢʫʣʠʨʫʶʱʝʛʦ ʜʝʡʩʪʚʠʷ, 

ʪ.ʝ. ʥʝ ʠʟʤʝʣʴʯʘʝʪ ʣʠʪʫʶ ʢʨʫʧʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ (ʂʂ) ʩʪʨʫʢʪʫʨʫ Al ʤʘʪʨʠʮʳ 

ʢʦʤʧʦʟʠʪʦʚ. ʅʘʥʦʧʣʘʩʪʠʥʢʠ ʛʨʘʬʝʥʘ ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʧʦ ʦʙʲʝʤʫ ʦʪʣʠʚʢʠ ʠ ʠʭ 

ʧʨʦʪʷʞʝʥʥʦʩʪʴ ʜʦʩʪʠʛʘʝʪ ʥʝʩʢʦʣʴʢʦ ʤʠʢʨʦʤʝʪʨʦʚ. ʀʟʫʯʝʥʘ ʵʚʦʣʶʮʠʷ 

ʩʪʨʫʢʪʫʨʦʦʙʨʘʟʦʚʘʥʠʷ ʢʦʤʧʦʟʠʪʦʚ ʧʨʠ ʠʥʪʝʥʩʠʚʥʦʡ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ ʧʫʪʝʤ 

ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʩʞʘʪʠʷ  ( ɼʉ, ʩʢʦʨʦʩʪʴ ʜʝʬʦʨʤʘʮʠʠ ɏ=103 ʩ-1) ʠ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʢʘʥʘʣʴʥʦ-

ʫʛʣʦʚʦʛʦ ʧʨʝʩʩʦʚʘʥʠʷ (ɼʂʋʇ, ɏ=105 ʩ-1), ʠ ʦʧʨʝʜʝʣʝʥʳ ʦʧʪʠʤʘʣʴʥʳʝ ʫʩʣʦʚʠʷ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʦʤʧʦʟʠʪʦʚ ʩ ʩʫʙʤʠʢʨʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ (ʉʄʂ) ʩʪʨʫʢʪʫʨʦʡ. ʆʮʝʥʝʥʘ 

ʤʦʨʬʦʣʦʛʠʷ ʠ ʨʘʟʤʝʨ ʩʪʨʫʢʪʫʨʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʚ ʣʠʪʳʭ ʠ ʜʝʬʦʨʤʠʨʦʚʘʥʥʳʭ 

ʢʦʤʧʦʟʠʪʘʭ ʥʘ ʨʘʟʥʦʤ ʤʘʩʰʪʘʙʥʦʤ ʫʨʦʚʥʝ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʜʠʥʘʤʠʯʝʩʢʦʤ ʩʞʘʪʠʠ 

ʬʦʨʤʠʨʫʝʪʩʷ ʤʝʣʢʦʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ (ʄʂ) ʧʦʣʦʩʦʚʘʷ ʷʯʝʠʩʪʘʷ ʩʪʨʫʢʪʫʨʘ ʨʘʟʤʝʨʦʤ 100-

120 ʤʢʤ. ʌʦʨʤʘ ʠ ʨʘʟʤʝʨʳ ʥʘʥʦʧʣʘʩʪʠʥʦʢ ʛʨʘʬʝʥʘ ʧʨʠ ɼʉ ʥʝ ʠʟʤʝʥʷʶʪʩʷ. ʋʩʪʘʥʦʚʣʝʥʦ, 

ʯʪʦ ʚ ʧʨʦʮʝʩʩʝ 2-4 ʮʠʢʣʦʚ ɼʂʋʇ ʦʙʨʘʟʫʝʪʩʷ ʉʄʂ ʩʤʝʰʘʥʥʘʷ ʩʪʨʫʢʪʫʨʘ, ʩʦʩʪʦʷʱʘʷ ʠʟ 

ʬʨʘʛʤʝʥʪʠʨʦʚʘʥʥʳʭ ʟʝʨʝʥ-ʩʫʙʟʝʨʝʥ ʠ ʜʠʥʘʤʠʯʝʩʢʠ ʨʝʢʨʠʩʪʘʣʣʠʟʦʚʘʥʥʳʭ ʟʝʨʝʥ ʩʦ 

ʟʥʘʯʠʪʝʣʴʥʦʡ ʜʦʣʝʡ (0,54) ʙʦʣʴʰʝʫʛʣʦʚʳʭ ʛʨʘʥʠʮ. ʉʨʝʜʥʠʡ ʨʘʟʤʝʨ ʟʝʨʝʥ ï ʩʫʙʟʝʨʝʥ ʥʝ 
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ʧʨʝʚʳʰʘʝʪ 1 ʤʢʤ. ʇʦʜ ʜʝʡʩʪʚʠʝʤ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʡ ʜʝʬʦʨʤʘʮʠʠ ʥʘʥʦʧʣʘʩʪʠʥʢʠ 

ʛʨʘʬʝʥʘ, ʨʘʩʧʦʣʘʛʘʷʩʴ ʚʥʫʪʨʠ ʠ ʧʦ ʛʨʘʥʠʮʘʤ ʟʝʨʝʥ-ʩʫʙʟʝʨʝʥ, ʬʨʘʛʤʝʥʪʠʨʫʶʪʩʷ (2 ʮʠʢʣʘ 

ɼʂʋʇ, ʨʠʩ.1) ʠ ʠʟʛʠʙʘʶʪʩʷ (4 ʮʠʢʣʘ ɼʂʋʇ). 

ʇʨʦʚʝʜʸʥ ʘʥʘʣʠʟ ʜʶʨʦʤʝʪʨʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʣʠʪʳʭ ʠ ʜʝʬʦʨʤʠʨʦʚʘʥʥʳʭ 

ʢʦʤʧʦʟʠʪʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʜʝʨʞʘʥʠʷ ʛʨʘʬʝʥʘ ʠ ʠʭ ʩʨʘʚʥʝʥʠʝ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʣʷ 

ʥʝʘʨʤʠʨʦʚʘʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ɸʥʘʣʠʟ ʠʟʤʝʥʝʥʠʷ ʪʚʝʨʜʦʩʪʠ ʣʠʪʳʭ ʠ ʜʝʬʦʨʤʠʨʦʚʘʥʥʳʭ 

ʢʦʤʧʦʟʠʪʦʚ ʩ ʨʘʟʥʳʤ ʪʠʧʦʤ ʩʪʨʫʢʪʫʨʳ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʪʚʝʨʜʦʩʪʴʶ ʥʝʘʨʤʠʨʦʚʘʥʥʦʛʦ Al 

(ʨʠʩ. 2) ʧʦʢʘʟʘʣ, ʯʪʦ ʚ ʂʂ ʩʦʩʪʦʷʥʠʠ ʤʠʢʨʦʜʦʙʘʚʢʘ ʛʨʘʬʝʥʘ ʩʣʘʙʦ ʚʣʠʷʝʪ ʥʘ ʪʚʝʨʜʦʩʪʴ 

ʤʘʪʝʨʠʘʣʘ (~10%). ʋʧʨʦʯʥʷʶʱʘʷ ʨʦʣʴ ʛʨʘʬʝʥʘ ʚʦʟʨʘʩʪʘʝʪ ʩ ʠʟʤʝʣʴʯʝʥʠʝʤ ʩʪʨʫʢʪʫʨʳ 

ʤʘʪʨʠʮʳ. ʊʘʢ ʬʦʨʤʠʨʦʚʘʥʠʝ ʉʄʂ ʩʪʨʫʢʪʫʨʳ ʢʦʤʧʦʟʠʪʦʚ ʜʘʝʪ ʧʨʠʨʦʩʪ ʪʚʝʨʜʦʩʪʠ ʥʘ 28% 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʉʄʂ Al ʠ ʚ 1,5 ʨʘʟʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʪʚʝʨʜʦʩʪʠ ʂʂ ʢʦʤʧʦʟʠʪʘ. 

     

             ʘ                                           ʙ                                           ʚ 

ʈʠʩ.1 ʌʨʘʛʤʝʥʪ ʥʘʥʦʧʣʘʩʪʠʥʢʠ ʛʨʘʬʝʥʘ ʚ ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʤ ʢʦʤʧʦʟʠʪʝ AlGr:ʘ-

ʩʚʝʪʣʦʧʦʣʴʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ; ʙ-ʪʝʤʥʦʧʦʣʴʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʚ ʨʝʬʣʝʢʩʝ (100) ʛʨʘʬʝʥʘ : ʚ- 

ʧʨʷʤʦʝ ʨʘʟʨʝʰʝʥʠʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʸʪʢʠ ʛʨʘʬʝʥʘ (ʦʙʨʘʪʥʦʝ ʌʫʨʴʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ 

ʠʟʦʙʨʘʞʝʥʠʷ d=0.31785) 

  

ʈʠʩ. 2 ʊʚʸʨʜʦʩʪʴ ʚ ʝʜʠʥʠʮʘʭ HB             ʈʠʩ. 3 ɼʠʥʘʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

ʀʟʤʝʨʝʥʳ ʜʠʥʘʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʢʦʤʧʦʟʠʪʦʚ ʩ ʨʘʟʥʳʤ ʪʠʧʦʤ ʩʪʨʫʢʪʫʨʳ ʠ 

ʧʨʦʚʝʜʝʥʦ ʠʭ ʩʨʘʚʥʝʥʠʝ ʩʦ ʩʚʦʡʩʪʚʘʤʠ ʥʝʘʨʤʠʨʦʚʘʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʕʢʩʧʝʨʠʤʝʥʪ ʧʦ 

ʥʘʛʨʫʞʝʥʠʶ ʢʦʤʧʦʟʠʪʦʚ ʩ ɏ=103 ʩ-1 ʧʦʢʘʟʘʣ, ʯʪʦ ʜʦʙʘʚʢʘ Gr ʥʝ ʤʝʥʷʝʪ ʩʚʦʡʩʪʚʘ ʄʂ Al ʠ 

ʝʛʦ ʩʧʣʘʚʦʚ. ʋʚʝʣʠʯʝʥʠʝ ʩʢʦʨʦʩʪʠ ʜʝʬʦʨʤʘʮʠʠ ʜʦ  ɏ=105 ʩ-1  ʧʨʠ ʥʘʛʨʫʞʝʥʠʠ ʢʦʤʧʦʟʠʪʦʚ 

ʧʣʦʩʢʦʡ ʫʜʘʨʥʦʡ ʚʦʣʥʦʡ ʧʨʠʚʝʣʦ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʧʦʚʳʰʝʥʠʶ ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

ʢʦʤʧʦʟʠʪʦʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʥʝʘʨʤʠʨʦʚʘʥʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ (ʨʠʩ. 3). ʀʟ ʨʝʟʫʣʴʪʘʪʦʚ 

ʵʢʩʧʝʨʠʤʝʥʪʘ ʩʣʝʜʫʝʪ, ʯʪʦ ʧʝʨʝʭʦʜ ʠʟ ʂʂ ʚ ʉʄʂ ʩʦʩʪʦʷʥʠʝ ʧʨʠʚʦʜʠʪ ʢ ʨʦʩʪʫ 

ʫʧʨʫʛʦʧʣʘʩʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ï ʧʨʝʜʝʣʘ ɻʶʛʦʥʠʦ ʠ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʨʝʜʝʣʘ 

ʪʝʢʫʯʝʩʪʠ ʚ 1,8-2,0 ʨʘʟʘ, ʥʦ ʩʥʠʞʘʝʪ ʦʪʢʦʣʴʥʫʶ  ʧʨʦʯʥʦʩʪʴ ʥʘ 25-30%. ʉʨʘʚʥʝʥʠʝ ʩʚʦʡʩʪʚ 

ʉʄʂ ʢʦʤʧʦʟʠʪʦʚ ʠ ʉʄʂ ʥʝʘʨʤʠʨʦʚʘʥʥʳʭ Al ʠ ʩʧʣʘʚʦʚ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʤʠʢʨʦʜʦʙʘʚʢʘ 

ʛʨʘʬʝʥʘ ʫʧʨʦʯʥʷʝʪ ʤʘʪʝʨʠʘʣ ʠ ʧʦʚʳʰʘʝʪ ʜʠʥʘʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʥʘ 35-40%. ʇʨʝʜʣʦʞʝʥʘ 

ʛʠʧʦʪʝʟʘ ʦ ʜʚʦʡʥʦʡ ʨʦʣʠ ʛʨʘʬʝʥʘ ʚ ʫʧʨʦʯʥʝʥʠʠ ʢʦʤʧʦʟʠʪʦʚ - ʚ ʢʘʯʝʩʪʚʝ ʙʘʨʴʝʨʘ ʜʣʷ 

ʜʚʠʞʝʥʠʷ ʜʠʩʣʦʢʘʮʠʡ ʘʥʘʣʦʛʠʯʥʦ ʜʠʩʧʝʨʩʥʳʤ ʫʧʨʦʯʥʷʶʱʠʤ ʬʘʟʘʤ ʠ ʢʘʢ ʠʩʪʦʯʥʠʢʘ 
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ʤʘʪʨʠʮʳ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ ʧʦ ʪʝʤʝ çʉʪʨʫʢʪʫʨʘè 

ɻ.ʨ.ˉ ɸɸɸɸ-ɸ18-118020190116-6. 

 

ʆʈʀɽʅʊɸʎʀʆʅʅɸʗ ɿɸɺʀʉʀʄʆʉʊʔ ʄɽʍɸʅʀʏɽʉʂʆɻʆ 

ʇʆɺɽɼɽʅʀʗ ʄʆʅʆʂʈʀʉʊɸʃʃʆɺ ɺʓʉʆʂʆʕʅʊʈʆʇʀʁʅʆɻʆ 

ʉʇʃɸɺɸ COCRFENI ʇʈʀ ʊɺɽʈɼʆʈɸʉʊɺʆʈʅʆʄ ʋʇʈʆʏʅɽʅʀʀ 

ɸʊʆʄɸʄʀ Mo 

ɺʳʨʦʜʦʚʘ ɸ.ɺ., ʂʠʨʝʝʚʘ ʀ.ɺ., ʏʫʤʣʷʢʦʚ ʖ.ʀ.  

ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʊʦʤʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʊʦʤʩʢ  

E-mail: wirodowa@mail.ru 

ʅʘ ]111[ -, [001]- ʠ [144]-ʤʦʥʦʢʨʠʩʪʘʣʣʘʭ ɻʎʂ ɻʢʚʠʘʪʦʤʥʦʛʦ CoCrFeNi (ʘʪ.%) 

ʚʳʩʦʢʦʵʥʪʨʦʧʠʡʥʦʛʦ ʩʧʣʘʚʘ (ɺʕʉ) ʠʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ ʣʝʛʠʨʦʚʘʥʠʷ ʘʪʦʤʘʤʠ Mo 

ʢʦʥʮʝʥʪʨʘʮʠʝʡ 4 ʘʪ.% ʥʘ ʪʝʤʧʝʨʘʪʫʨʥʫ  ʁ ʟʘʚʠʩʠʤʦʩʪʴ ʢʨʠʪʠʯʝʩʢʠʭ ʩʢʘʣʳʚʘʶʱʠʭ 

ʥʘʧʨʷʞʝʥʠʡ Űʢʨ, ʩʪʘʜʠʡʥʦʩʪʴ ʢʨʠʚʳʭ ʪʝʯʝʥʠʷ, ʜʠʩʣʦʢʘʮʠʦʥʥʫ  ʁʩʪʨʫʢʪʫʨʫ, ʤʝʭʘʥʠʟʤ 

ʜʝʬʦʨʤʘʮʠʠ ï ʩʢʦʣʴʞʝʥʠʝ/ʜʚʦʡʥʠʢʦʚʘʥʠʝ ʠ ʨʘʟʨʫʰʝʥʠʝ ʧʨʠ ʜʝʬʦʨʤʘʮʠʠ ʨʘʩʪʷʞʝʥʠʝʤ 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 296 ʂ. ʃʝʛʠʨʦʚʘʥʠʝ ʘʪʦʤʘʤʠ Mo ʜʦ 4 ʘʪ.% ʧʨʦʚʦʜʠʣʠ ʟʘ ʩʯʝʪ 

ʫʤʝʥʴʰʝʥʠʷ ʢʘʞʜʦʛʦ ʵʣʝʤʝʥʪʘ ʩʠʩʪʝʤʳ CoCrFeNi ʚ ʨʘʚʥʳʭ ʘʪʦʤʥʳʭ ʜʦʣʷʭ. ʇʦʣʫʯʝʥʥʳʡ 

Co24Cr24Fe24Ni24Mo4 (ʘʪ.%) ɺʕʉ ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʩʷ ʚʝʣʠʯʠʥʦʡ ʵʥʝʨʛʠʠ ʜʝʬʝʢʪʘ ʫʧʘʢʦʚʢʠ 

ɔ0 ʨʘʚʥʦʡ 0.030 ɼʞ/ʤ
2.   

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʊ=296 ʂ ʥʘʯʘʣʦ ʧʣʘʩʪʠʯʝʩʢʦʛʦ ʪʝʯʝʥʠʷ ʚʦ ʚʩʝʭ ʦʨʠʝʥʪʘʮʠʷʭ 

ʩʚʷʟʘʥʦ ʩʦ ʩʢʦʣʴʞʝʥʠʝʤ. ʂʨʠʪʠʯʝʩʢʠʝ ʩʢʘʣʳʚʘʶʱʠʝ ʥʘʧʨʷʞʝʥʠʷ Űʢʨ (Űʢʨ( ]111[ )=78 ʄʇʘ, 

Űʢʨ([001])=85 ʄʇʘ, Űʢʨ([144])=76 ʄʇʘ) ʦʢʘʟʳʚʘʶʪʩʷ ʙʣʠʟʢʠʤʠ ʠ ʦʨʠʝʥʪʘʮʠʦʥʥʘʷ 

ʟʘʚʠʩʠʤʦʩʪʴ Űʢʨ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ, ʯʪʦ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ɻʎʂ ʤʝʪʘʣʣʦʚ ʠ ʩʧʣʘʚʦʚ ʟʘʤʝʱʝʥʠʷ 

ʧʨʠ ʜʝʬʦʨʤʘʮʠʠ ʩʢʦʣʴʞʝʥʠʝʤ.  

ʇʨʠ ʣʝʛʠʨʦʚʘʥʠʠ ʘʪʦʤʘʤʠ Mo ʚ ʢʨʠʩʪʘʣʣʘʭ ʧʨʠ ʊ=296 ʂ ʨʘʟʚʠʚʘʝʪʩʷ ʧʣʘʥʘʨʥʘʷ 

ʩʪʨʫʢʪʫʨʘ ʩ ʧʣʦʩʢʠʤʠ ʩʢʦʧʣʝʥʠʷʤʠ ʜʠʩʣʦʢʘʮʠʡ ʠ ʜʠʩʣʦʢʘʮʠʦʥʥʳʤʠ ʩʝʪʢʘʤʠ. ʈʘʟʚʠʪʠʝ 

ʧʣʘʥʘʨʥʦʡ ʩʪʨʫʢʪʫʨʳ ʩʚʷʟʘʥʦ ʩ ʟʘʪʨʫʜʥʝʥʠʝʤ ʧʨʦʮʝʩʩʦʚ ʧʦʧʝʨʝʯʥʦʛʦ ʩʢʦʣʴʞʝʥʠʷ 

ʜʠʩʣʦʢʘʮʠʡ ʠʟ-ʟʘ ʥʠʟʢʠʭ ʟʥʘʯʝʥʠʡ ʵʥʝʨʛʠʠ ʜʝʬʝʢʪʘ ʫʧʘʢʦʚʢʠ ɔ0 ʠ ʚʳʩʦʢʦʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʚʠʞʝʥʠʶ ʜʠʩʣʦʢʘʮʠʡ ʩʦ ʩʪʦʨʦʥʳ ʘʪʦʤʦʚ ʟʘʤʝʱʝʥʠʷ.  

ʅʝʩʤʦʪʨʷ ʥʘ ʦʪʩʫʪʩʪʚʠʝ ʦʨʠʝʥʪʘʮʠʦʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ Űʢʨ, ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʠʜ 

ʢʨʠʚʳʭ ʪʝʯʝʥʠʷ, ʢʦʵʬʬʠʮʠʝʥʪ ʜʝʬʦʨʤʘʮʠʦʥʥʦʛʦ ʫʧʨʦʯʥʝʥʠʷ ʠ ʧʣʘʩʪʠʯʥʦʩʪʴ ʟʘʚʠʩʷʪ ʦʪ 

ʦʨʠʝʥʪʘʮʠʠ ʢʨʠʩʪʘʣʣʘ, ʯʪʦ ʦʧʨʝʜʝʣʷʝʪʩʷ ʯʠʩʣʦʤ ʜʝʡʩʪʚʫʶʱʠʭ ʩʠʩʪʝʤ ʩʢʦʣʴʞʝʥʠʷ. ɺ 

]111[ -, [001]-ʢʨʠʩʪʘʣʣʘʭ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʜʣʷ ʩʜʚʠʛʘ ʚ ʥʝʩʢʦʣʴʢʠʭ ʩʠʩʪʝʤʘʭ, 

ʧʣʘʩʪʠʯʝʩʢʦʝ ʪʝʯʝʥʠʝ ʨʘʟʚʠʚʘʝʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʦʜʥʫ ʣʠʥʝʡʥʫʶ ʩʪʘʜʠʶ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʜʠʩʣʦʢʘʮʠʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʝʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʩʢʦʣʴʞʝʥʠʝ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʤʝʭʘʥʠʟʤʦʤ ʜʝʬʦʨʤʘʮʠʠ 

ʚʦ ʚʩʝʭ ʦʨʠʝʥʪʘʮʠʷʭ, ʢʦʪʦʨʳʡ ʦʧʨʝʜʝʣʷʝʪ ʢʦʵʬʬʠʮʠʝʥʪ ʜʝʬʦʨʤʘʮʠʦʥʥʦʛʦ ʫʧʨʦʯʥʝʥʠʷ 

Ū=dů/dŮ ʠ ʧʣʘʩʪʠʯʥʦʩʪʴ ŭ. ɺ ]111[ - ʢʨʠʩʪʘʣʣʘʭ Ū=dů/dŮ ʨʘʚʝʥ 1870 ʄʇʘ, ʘ ŭ=55 %, 

ʢʦʪʦʨʳʝ ʦʢʘʟʳʚʘʶʪʩʷ ʚʳʰʝ, ʯʝʤ ʚ [001]-ʢʨʠʩʪʘʣʣʘʭ, ʛʜʝ Ū=dů/dŮ ʨʘʚʝʥ 1320 ʄʇʘ, ʠ 

ŭ=47 %. ʕʪʦ ʨʘʟʣʠʯʠʝ ʚ Ū=dů/dŮ ʠ ŭ ʩʚʷʟʘʥʦ ʩ ʨʘʟʚʠʪʠʝʤ ʜʝʬʦʨʤʘʮʠʠ ʜʚʦʡʥʠʢʦʚʘʥʠʝʤ 

ʧʦʩʣʝ ʧʨʝʜʰʝʩʪʚʫʶʱʝʡ ʜʝʬʦʨʤʘʮʠʠ ʩʢʦʣʴʞʝʥʠʝʤ 15ï20 % ʚ ]111[ - ʢʨʠʩʪʘʣʣʘʭ ʠ ʝʛʦ 

ʦʪʩʫʪʩʪʚʠʝʤ ʚ [001]-ʢʨʠʩʪʘʣʣʘʭ.  
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ɺ [144]-ʢʨʠʩʪʘʣʣʘʭ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʜʣʷ ʦʜʠʥʦʯʥʦʛʦ ʩʜʚʠʛʘ, ʥʘ ů(Ů)-ʢʨʠʚʦʡ 

ʥʘʙʣʶʜʘʝʪʩʷ ʪʨʠ ʩʪʘʜʠʠ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ, ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʩʜʚʠʛʘ ʚ ʦʜʥʦʡ 

ʩʠʩʪʝʤʝ ʩʢʦʣʴʞʝʥʠʷ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʝʮʝʩʩʠʠ ʦʩʠ ʢʨʠʩʪʘʣʣʘ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʚ ʵʪʠʭ 

ʢʨʠʩʪʘʣʣʘʭ ʩʢʦʣʴʞʝʥʠʝ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʤʝʭʘʥʠʟʤʦʤ ʜʝʬʦʨʤʘʮʠʠ, ʢʦʪʦʨʳʡ  

ʦʧʨʝʜʝʣʷʝʪ ʚʝʣʠʯʠʥʫ Ū=1020 ʄʇʘ ʠ ŭ=75%. ɺ [144]-ʢʨʠʩʪʘʣʣʘʭ Ū ʦʢʘʟʳʚʘʝʪʩʷ ʤʝʥʴʰʝ, 

ʘ ŭ, ʥʘʧʨʦʪʠʚ, ʙʦʣʴʰʝ, ʯʝʤ ʚ ]111[ -, [001]-ʢʨʠʩʪʘʣʣʘʭ ʠʟ-ʟʘ ʨʘʟʚʠʪʠʷ ʜʝʬʦʨʤʘʮʠʠ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʦʜʥʦʡ ʩʠʩʪʝʤʝ ʩʢʦʣʴʞʝʥʠʷ.  

ʇʨʠ ʊ=296 ʂ ʚʦ ʚʩʝʭ ʦʨʠʝʥʪʘʮʠʷʭ ʭʘʨʘʢʪʝʨ ʨʘʟʨʫʰʝʥʠʷ ʚʷʟʢʠʡ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʇʨʦʛʨʘʤʤʳ ʨʘʟʚʠʪʠʷ ʊʦʤʩʢʦʛʦ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ (ʇʨʠʦʨʠʪʝʪ-2030).  

 

ʇʈʀʄɽʅɽʅʀɽ ʄɸʐʀʅʅʆɻʆ ʆɹʋʏɽʅʀʗ ɺ ʀʉʉʃɽɼʆɺɸʅʀʀ 

ʇʆɺɽɼɽʅʀʗ ʉʇʃɸɺʆɺ Al-Cu ʇʈʀ ɼɽʌʆʈʄʀʈʆɺɸʅʀʀ 

ʅ.ɸ. ɻʨʘʯʸʚʘ1, ɽ.ɺ. ʌʦʤʠʥ1, ɸ.ɽ. ʄʘʡʝʨ1 

1ʏʝʣʷʙʠʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʏʝʣʷʙʠʥʩʢ, ʈʦʩʩʠʷ 

E-mail: nagra45da@gmail.com 

ʆʜʥʠʤ ʠʟ ʘʢʪʫʘʣʴʥʳʭ ʥʘʫʯʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʤʘʰʠʥʥʦʛʦ 

ʦʙʫʯʝʥʠʷ ʚ ʪʝʦʨʝʪʠʯʝʩʢʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʧʦʚʝʜʝʥʠʷ ʤʘʪʝʨʠʘʣʦʚ ʧʦʜ ʥʘʛʨʫʟʢʘʤʠ. ɺ 

ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʤʳ ʠʩʧʦʣʴʟʫʝʤ ʢʦʤʧʣʝʢʩʥʳʡ ʧʦʜʭʦʜ ʢ ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ 

ʘʣʶʤʠʥʠʝʚʦ-ʤʝʜʥʳʭ ʩʧʣʘʚʦʚ ʧʨʠ ʥʘʛʨʫʞʝʥʠʠ ʩ ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʴʶ ʜʝʬʦʨʤʘʮʠʠ. ɼʚʝ 

ʠʩʢʫʩʩʪʚʝʥʥʳʝ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ ʩ ʧʨʷʤʦʡ ʩʚʷʟʴʶ (ʀʅʉ) ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʢʦʥʩʪʘʥʪ ʫʧʨʫʛʦʩʪʠ ʠ ʨʘʩʯʝʪʘ ʜʘʚʣʝʥʠʷ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʘʣʶʤʠʥʠʷ ʚ 

ʢʨʠʩʪʘʣʣʝ ʤʝʜʠ. ʅʘʙʦʨ ʦʙʫʯʘʶʱʠʭ ʜʘʥʥʳʭ ʜʣʷ ʀʅʉ ʧʦʣʫʯʝʥ ʧʫʪʝʤ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʦʜʥʦʦʩʥʦʛʦ ʠ ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʩʞʘʪʠʷ ʠ ʨʘʩʪʷʞʝʥʠʷ ʢʨʠʩʪʘʣʣʦʚ ʤʝʪʦʜʦʤ 

ʤʦʣʝʢʫʣʷʨʥʦʡ ʜʠʥʘʤʠʢʠ. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʜʣʷ ʰʠʨʦʢʦʛʦ ʜʠʘʧʘʟʦʥʘ 

ʪʝʤʧʝʨʘʪʫʨ. ʇʣʘʩʪʠʯʝʩʢʘʷ ʜʝʬʦʨʤʘʮʠʷ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ ʤʦʜʝʣʠ 

ʄʘʢʩʚʝʣʣʘ [1] ʩ ʟʘʨʦʞʜʝʥʠʝʤ ʜʠʩʣʦʢʘʮʠʡ [2]. ɹʘʡʝʩʦʚʩʢʠʡ ʤʝʪʦʜ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ 

ʚʳʙʦʨʘ ʧʘʨʘʤʝʪʨʦʚ ʤʦʜʝʣʠ. ʄʦʜʝʣʴ ʨʝʘʣʠʟʫʝʪʩʷ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʳ ʫʜʘʨʥʦʡ 

ʚʦʣʥʳ ʚ Al-Cu ʩʧʣʘʚʝ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʵʣʝʤʝʥʪʦʚ.  

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ, ʧʨʦʝʢʪ ˉ 20-11-

20153. 

1. T.V. Popova, A.E. Mayer, K.V. Khishchenko, J. Appl. Phys. 123 (2018). 

2. F.T. Latypov, A.E. Mayer, V.S. Krasnikov, Int. J. Solids Struct. 202, ʩʩ. 418-433 (2020).  

 

ʉʊʈʋʂʊʋʈɸ ʀ ʉɺʆʁʉʊɺɸ ʉʆɽɼʀʅɽʅʀʗ SrLaCuS3   

ɺ.ɸ. ʏʝʨʥʳʰʝʚ1, ʄ.ɺ. ɻʨʠʛʦʨʴʝʚ2, ʃ.ɸ. ʉʦʣʦʚʴʝʚ3, ɸ.ɺ. ʈʫʩʝʡʢʠʥʘ2  

1ʋʨʘʣʴʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 
2ʊʶʤʝʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ  
3ʀʥʩʪʠʪʫʪ ʭʠʤʠʠ ʠ ʭʠʤʠʯʝʩʢʦʡ ʪʝʭʥʦʣʦʛʠʠ ʉʆ ʈɸʅ 

Email: vchern@inbox.ru 

ɺ ʨʘʤʢʘʭ ʝʜʠʥʦʛʦ ab initio ʧʦʜʭʦʜʘ ʠʩʩʣʝʜʦʚʘʥ ʢʦʤʧʣʝʢʩ ʩʚʦʡʩʪʚ SrLaCuS3 (ʧʨ. ʛʨ. 

Pnma, Z=4, ʩʪʨʫʢʪʫʨʥʳʡ ʪʠʧ Ba2MnS3). ʇʨʦʚʝʜʝʥ DFT ʨʘʩʯʝʪ ʩ ʛʠʙʨʠʜʥʳʤ 

ʬʫʥʢʮʠʦʥʘʣʦʤ B3LYP, ʫʯʠʪʳʚʘʶʱʠʤ ʚʢʣʘʜ ʥʝʣʦʢʘʣʴʥʦʛʦ ʦʙʤʝʥʘ ʚ ʬʦʨʤʘʣʠʟʤʝ ʍʘʨʪʠ-

mailto:vchern@inbox.ru


34 

 

ʌʦʢʘ. ɼʣʷ ʨʘʩʯʝʪʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʧʨʦʛʨʘʤʤʘ CRYSTAL17. ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ (a = 8.07457 ¡, b = 4.10793 ¡, c = 15.99813 ¡, V = 530.654 

¡3) ʭʦʨʦʰʦ ʩʦʛʣʘcʫʶʪʩʷ ʩ ʵʢʩʧʝʨʠʤʝʥʪʦʤ: (a = 8.1746(3) ¡, b = 4.0727(2) ¡, c =   

16.0473(8) ¡, V =  534.26(4) ¡3).  ʉʦʛʣʘʩʥʦ ʨʘʩʯʝʪʘʤ, ʰʠʨʠʥʘ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ (ʐɿɿ) ʫ 

ʢʨʠʩʪʘʣʣʘ SrLaCuS3 (ʦʮʝʥʢʘ çHOMO-LUMOè) ~ 2.8 ʕʚ (ʨʠʩ. 1). ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʦʪʦʣʦʢ 

ʚʘʣʝʥʪʥʦʡ ʟʦʥʳ ʦʙʨʘʟʦʚʘʥ ʩʦʩʪʦʷʥʠʷʤʠ Cu ʠ ʩʝʨʳ, ʜʥʦ ʟʦʥʳ ʧʨʦʚʦʜʠʤʦʩʪʠ ï 

ʩʦʩʪʦʷʥʠʷʤʠ ʣʘʥʪʘʥʘ. ʀʩʩʣʝʜʦʚʘʥ ʬʦʥʦʥʥʳʡ ʩʧʝʢʪʨ, ʠʟ ab initio ʨʘʩʯʝʪʘ ʦʧʨʝʜʝʣʝʥʳ 

ʯʘʩʪʦʪʳ ʠ ʪʠʧʳ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʢʦʣʝʙʘʥʠʡ, ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʀʂ ʠ ʂʈ ʤʦʜ. ʅʘ ʨʠʩ. 1 

ʧʦʢʘʟʘʥʳ ʩʤʝʱʝʥʠʷ ʠʦʥʦʚ ʚ ʥʘʠʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦʡ ʀʂ ʤʦʜʝ.  ʈʘʩʩʯʠʪʘʥ ʪʝʥʟʦʨ ʫʧʨʫʛʠʭ 

ʧʦʩʪʦʷʥʥʳʭ, ʫʧʨʫʛʠʝ ʤʦʜʫʣʠ. 

    

ʈʠʩʫʥʦʢ 1. ɿʦʥʥʘʷ ʩʪʨʫʢʪʫʨʘ, ʧʣʦʪʥʦʩʪʴ ʵʣʝʢʪʨʦʥʥʳʭ ʩʦʩʪʦʷʥʠʡ, cʤʝʱʝʥʠʷ 

ʠʦʥʦʚ ʚ ʥʘʠʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦʡ ʀʂ ʤʦʜʝ B2u (~215 ʩʤ
-1) ʚ SrLaCuS3. ɻʦʣʫʙʦʡ ʢʨʫʛ ï La, 

ʢʦʨʠʯʥʝʚʳʡ ï Cu, ʟʝʣʝʥʳʡ ïSr, ʞʝʣʪʳʡ ï S. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʄʠʥʠʩʪʝʨʩʪʚʘ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʥʘʫʢʠ ʈʌ (ʧʨʦʝʢʪ 

ˉ FEUZ-2020-0054). 

 

ɼʀʃɸʊɸʎʀʆʅʅʆɽ ɺʂʃʖʏɽʅʀɽ ɺ ɺʀɼɽ ɹɽʉʂʆʅɽʏʅʆɻʆ 

ʎʀʃʀʅɼʈɸ ʉ ʇʆʇɽʈɽʏʅʓʄ ʉɽʏɽʅʀɽʄ ɺ ʌʆʈʄɽ 

ʂʆʃʔʎɽɺʆɻʆ ʉɽʂʊʆʈɸ ɺ ʋʇʈʋɻʆʄ ʂʃʀʅɽ 

ɾ.ɺ. ɻʫʜʢʠʥʘ1, 2, ʄ.ʖ. ɻʫʪʢʠʥ2, 3, 4, ʉ.ɸ. ʂʨʘʩʥʠʮʢʠʡ2, 3, 4 

1ʌʊʀ ʠʤ. ɸ.ʌ. ʀʦʬʬʝ ʈɸʅ, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ 
2ʋʥʠʚʝʨʩʠʪʝʪ ʀʊʄʆ, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ 
3ʉʇʙʇʋ ʠʤ. ʇʝʪʨʘ ɺʝʣʠʢʦʛʦ, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ 
4ʀʥʩʪʠʪʫʪ ʧʨʦʙʣʝʤ ʤʘʰʠʥʦʚʝʜʝʥʠʷ ʈɸʅ, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ 

E-mail: gudkinazhanna@mail.ru 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʜʝʬʦʨʤʘʮʠʡ ʠ ʥʘʧʨʷʞʝʥʠʡ ʥʝʩʦʦʪʚʝʪʩʪʚʠʷ, ʩʚʷʟʘʥʥʳʭ ʩ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʤʠ ʥʘʥʦʛʝʪʝʨʦʩʪʨʫʢʪʫʨʘʤʠ ʩʣʦʞʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ, ʷʚʣʷʝʪʩʷ ʚʘʞʥʦʡ 

ʧʨʦʙʣʝʤʦʡ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ ʠ ʥʘʥʦʤʝʭʘʥʠʢʠ. ʕʪʠ ʜʝʬʦʨʤʘʮʠʠ ʠ ʥʘʧʨʷʞʝʥʠʷ 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʨʘʟʣʠʯʠʷʤʠ ʧʘʨʘʤʝʪʨʦʚ ʨʝʰʝʪʢʠ ʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʪʝʧʣʦʚʦʛʦ ʨʘʩʰʠʨʝʥʠʷ 

ʢʦʥʪʘʢʪʠʨʫʶʱʠʭ ʤʘʪʝʨʠʘʣʦʚ, ʘ ʪʘʢʞʝ ʠʭ ʭʠʤʠʯʝʩʢʠʤʠ ʥʝʦʜʥʦʨʦʜʥʦʩʪʷʤʠ. ʉʥʠʞʝʥʠʝ 

ʥʘʧʨʷʞʝʥʠʡ ʥʝʩʦʦʪʚʝʪʩʪʚʠʷ ʟʘ ʩʯʝʪ ʦʙʨʘʟʦʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʜʝʬʝʢʪʦʚ ʯʘʩʪʦ 
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ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʫʭʫʜʰʝʥʠʝʤ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʚʦʡʩʪʚ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨ ʠ ʠʭ 

ʧʦʩʣʝʜʫʶʱʠʤ ʨʘʟʨʫʰʝʥʠʝʤ. ʇʦʵʪʦʤʫ ʪʱʘʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʥʘʧʨʷʞʝʥʠʡ ʥʝʩʦʦʪʚʝʪʩʪʚʠʷ ʚ 

ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʘʭ ʩ ʫʯʝʪʦʤ ʠʭ ʨʝʘʣʴʥʦʡ ʬʦʨʤʳ ʦʛʨʘʥʢʠ ʠʤʝʝʪ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ 

ʩʦʟʜʘʥʠʷ ʙʝʟʜʝʬʝʢʪʥʳʭ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʫʩʪʨʦʡʩʪʚ ʩ ʧʦʚʳʰʝʥʥʳʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. ʉ ʵʪʦʡ ʮʝʣʴʶ ʤʳ ʥʘʰʣʠ ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ ʢʨʘʝʚʦʡ ʟʘʜʘʯʠ ʚ 

ʢʣʘʩʩʠʯʝʩʢʦʡ ʪʝʦʨʠʠ ʫʧʨʫʛʦʩʪʠ ʜʣʷ ʢʣʠʥʦʚʠʜʥʦʛʦ ʪʝʣʘ, ʩʦʜʝʨʞʘʱʝʛʦ ʚʢʣʶʯʝʥʠʝ ʚ ʚʠʜʝ 

ʙʝʩʢʦʥʝʯʥʦʛʦ ʮʠʣʠʥʜʨʘ ʩ ʧʦʧʝʨʝʯʥʳʤ ʩʝʯʝʥʠʝʤ ʚ ʬʦʨʤʝ ʢʦʣʴʮʝʚʦʛʦ ʩʝʢʪʦʨʘ (ʎ-ʂʉ), 

ʧʦʜʚʝʨʞʝʥʥʫʶ ʪʨʝʭʤʝʨʥʦʤʫ ʨʘʩʪʷʞʝʥʠʶ ʩʦʙʩʪʚʝʥʥʦʡ ʜʝʬʦʨʤʘʮʠʠ, ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ 

ʪʘʢ ʥʘʟʳʚʘʝʤʦʡ çʜʠʣʘʪʘʮʠʦʥʥʦʡ ʥʠʪʴʶè.  

 

 (ʘ) (ʙ) 

  

(ʚ) (ʛ) 

  

ʈʠʩ. 1. ʂʘʨʪʳ ʥʘʧʨʷʞʝʥʠʡ ʜʠʣʘʪʘʮʠʦʥʥʦʛʦ ʚʢʣʶʯʝʥʠʷ ʚ ʚʠʜʝ ʎ-ʂʉ ʚ ʙʝʩʢʦʥʝʯʥʦʡ 

ʫʧʨʫʛʦʡ ʩʨʝʜʝ ʙʝʟ ʩʚʦʙʦʜʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ. (ʘ) ůrr, (ʙ) ůűű, (ʚ) ůrű, (ʛ) ůzz. ʅʘʧʨʷʞʝʥʠʷ 

ʜʘʥʳ ʚ ʝʜʠʥʠʮʘʭ Ŭ. ɿʝʣʝʥʦʡ ʬʠʛʫʨʦʡ ʦʪʤʝʯʝʥʦ ʧʦʣʦʞʝʥʠʝ ʚʢʣʶʯʝʥʠʷ. 
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ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʣʷ ʥʘʧʨʷʞʝʥʠʡ ʵʪʦʛʦ ʜʝʬʝʢʪʘ ʚʚʝʜʝʤ ʬʫʥʢʮʠʶ ʥʘʧʨʷʞʝʥʠʡ 

ʕʨʠ ʚ ʚʠʜʝ ʩʫʤʤʳ ɣ = ɣel + ɣpl, ʛʜʝ ɣel - ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ ʙʠʛʘʨʤʦʥʠʯʝʩʢʦʛʦ 

ʫʨʘʚʥʝʥʠʷ ʚ ʫʧʨʫʛʦʡ ʟʘʜʘʯʝ ʜʣʷ ʢʣʠʥʘ, ʘ ɣpl - ʯʘʩʪʥʦʝ ʨʝʰʝʥʠʝ, ʢʦʪʦʨʦʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʜʠʣʘʪʘʮʠʦʥʥʦʤʫ ʚʢʣʶʯʝʥʠʶ ʚ ʚʠʜʝ ʎ-ʂʉ. ʀʥʪʝʛʨʘʣʴʥʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʄʝʣʣʠʥʘ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʚʳʚʦʜʘ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ ʜʣʷ ʬʫʥʢʮʠʠ ʥʘʧʨʷʞʝʥʠʷ ʕʨʠ [1]. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʞʝʣʘʝʤʳʝ ʢʦʤʧʦʥʝʥʪʳ ʥʘʧʨʷʞʝʥʠʷ ʥʘʭʦʜʷʪʩʷ ʚ ʠʥʪʝʛʨʘʣʴʥʦʡ ʬʦʨʤʝ ʩ 

ʧʦʤʦʱʴʶ ʦʙʨʘʪʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʃʘʧʣʘʩʘ-ʄʝʣʣʠʥʘ. ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʦʛʦ ʨʝʰʝʥʠʷ 

ʧʨʦʚʦʜʠʣʩʷ ʯʠʩʣʝʥʥʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʛʨʘʬʠʢʦʚ ʠ ʢʘʨʪ ʧʦʣʝʡ ʥʘʧʨʷʞʝʥʠʡ. ʅʘ ʨʠʩ. 1 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʘʨʪʳ ʥʘʧʨʷʞʝʥʠʡ ʜʠʣʘʪʘʮʠʦʥʥʦʛʦ ʚʢʣʶʯʝʥʠʷ ʚ ʚʠʜʝ ʙʝʩʢʦʥʝʯʥʦʛʦ 

ʮʠʣʠʥʜʨʘ ʩ ʧʦʧʝʨʝʯʥʳʤ ʩʝʯʝʥʠʝʤ ʚ ʬʦʨʤʝ ʢʦʣʴʮʝʚʦʛʦ ʩʝʢʪʦʨʘ ʚ ʙʝʩʢʦʥʝʯʥʦʡ ʫʧʨʫʛʦʡ 

ʩʨʝʜʝ ʙʝʟ ʩʚʦʙʦʜʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ. ʂʘʨʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʚ ʯʘʩʪʥʦʩʪʠ, ʯʪʦ ʦʩʝʚʘʷ 

ʢʦʤʧʦʥʝʥʪʘ ʥʘʧʨʷʞʝʥʠʡ ʪʦʞʜʝʩʪʚʝʥʥʦ ʨʘʚʥʘ ʥʫʣʶ ʚʥʝ ʚʢʣʶʯʝʥʠʷ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʈʌʌʀ ˉ 19-29-12041. 

1. Gutkin M. Yu., Romanov A. E., Aifantis E. C. Screw dislocation near a triple junction of phases with different 

elastic moduli. I. General solution // Physica Status Solidi A. 153(1), ʨ. 65-75 (1996) 

 

ʄʀʂʈʆʄɽʍɸʅʀʂɸ ɼʀʉʃʆʂɸʎʀʁ ʅɽʉʆʆʊɺɽʊʉʊɺʀʗ ɺ 

ʅɸʅʆʇʈʆɺʆʃʆʂɸʍ ʊʀʇɸ çʗɼʈʆ-ʆɹʆʃʆʏʂɸè 

ɻʫʪʢʠʥ ʄ.ʖ.1-3  
1ʀʥʩʪʠʪʫʪ ʧʨʦʙʣʝʤ ʤʘʰʠʥʦʚʝʜʝʥʠʷ ʈɸʅ, 199178, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ 
2ʋʥʠʚʝʨʩʠʪʝʪ ʀʊʄʆ, 197101 ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ 
3ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʇʝʪʨʘ ɺʝʣʠʢʦʛʦ, 195251, ʉʘʥʢʪ-

ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ 
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ʈʘʩʩʤʦʪʨʝʥʳ ʥʝʜʘʚʥʠʝ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʨʝʣʘʢʩʘʮʠʠ ʥʘʧʨʷʞʝʥʠʡ 

ʥʝʩʦʦʪʚʝʪʩʪʚʠʷ ʚ ʢʦʤʧʦʟʠʪʥʳʭ ʥʘʥʦʧʨʦʚʦʣʦʢʘʭ ʪʠʧʘ çʷʜʨʦ-ʦʙʦʣʦʯʢʘè [1-3]. ɺ ʧʝʨʚʦʡ 

ʯʘʩʪʠ ʜʦʢʣʘʜʘ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʦʚʦʝ ʨʝʰʝʥʠʝ ʛʨʘʥʠʯʥʦʡ ʟʘʜʘʯʠ ʪʝʦʨʠʠ ʫʧʨʫʛʦʩʪʠ ʦ 

ʢʨʫʛʦʚʦʡ ʧʨʠʟʤʘʪʠʯʝʩʢʦʡ ʜʠʩʣʦʢʘʮʠʦʥʥʦʡ ʧʝʪʣʝ ʚ ʫʧʨʫʛʦʤ ʮʠʣʠʥʜʨʝ, ʜʘʥʳ ʚʳʨʘʞʝʥʠʷ 

ʜʣʷ ʝʝ ʫʧʨʫʛʦʡ ʵʥʝʨʛʠʠ ʠ ʵʥʝʨʛʠʠ ʧʘʨʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʪʘʢʠʤʠ ʧʝʪʣʷʤʠ [1]. 

ʆʧʨʝʜʝʣʝʥʳ ʢʨʠʪʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ ʪʘʢʦʡ ʧʝʪʣʠ ʥʘ ʛʨʘʥʠʮʝ 

ʨʘʟʜʝʣʘ ʚ ʥʘʥʦʧʨʦʚʦʣʦʢʝ ʪʠʧʘ çʷʜʨʦ-ʦʙʦʣʦʯʢʘè, ʠ ʥʘʡʜʝʥʘ ʨʘʚʥʦʚʝʩʥʘʷ ʧʣʦʪʥʦʩʪʴ 

ʙʝʩʢʦʥʝʯʥʦʛʦ ʧʝʨʠʦʜʠʯʝʩʢʦʛʦ ʨʷʜʘ ʪʘʢʠʭ ʧʝʪʝʣʴ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʩʣʫʯʘʝ ʥʘʥʦʧʨʦʚʦʣʦʢʠ, 

ʩʦʩʪʦʷʱʝʡ ʠʟ ʷʜʨʘ InAs ʠ ʦʙʦʣʦʯʢʠ GaAs, ʨʘʩʯʝʪʥʦʝ ʟʥʘʯʝʥʠʝ ʨʘʚʥʦʚʝʩʥʦʛʦ ʧʝʨʠʦʜʘ 

ʪʘʢʦʛʦ ʨʷʜʘ 8.35ï9.05 ʥʤ [1] ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤʫ ʟʥʘʯʝʥʠʶ 7.0ï8.5 ʥʤ [4]. 

ʆʪʥʦʩʠʪʝʣʴʥʳʡ ʚʳʠʛʨʳʰ ʚ ʵʥʝʨʛʠʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʪʘʢʦʡ ʨʝʣʘʢʩʘʮʠʠ ʥʘʧʨʷʞʝʥʠʡ 

ʥʝʩʦʦʪʚʝʪʩʪʚʠʷ ʩʦʩʪʘʚʠʣ ʧʨʠʤʝʨʥʦ 31%. 

ɺʦ ʚʪʦʨʦʡ ʯʘʩʪʠ ʜʦʢʣʘʜʘ ʨʘʩʩʤʦʪʨʝʥʳ ʨʘʟʥʳʝ ʤʝʭʘʥʠʟʤʳ ʦʙʨʘʟʦʚʘʥʠʷ 

ʧʨʷʤʦʣʠʥʝʡʥʳʭ ʜʠʩʣʦʢʘʮʠʡ ʥʝʩʦʦʪʚʝʪʩʪʚʠʷ (ɼʅ) ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʚ ʢʦʤʧʦʟʠʪʥʦʡ 

ʥʘʥʦʧʨʦʚʦʣʦʢʝ ʩ ʷʜʨʦʤ ʚ ʚʠʜʝ ʧʨʷʤʦʡ ʧʨʠʟʤʳ ʢʚʘʜʨʘʪʥʦʛʦ ʩʝʯʝʥʠʷ [2]: ʩʢʦʣʴʞʝʥʠʝ 

ʯʘʩʪʠʯʥʳʭ ʠ ʧʦʣʥʳʭ ʜʠʩʣʦʢʘʮʠʡ, ʧʝʨʝʧʦʣʟʘʥʠʝ ʧʦʣʥʳʭ ʜʠʩʣʦʢʘʮʠʡ ʩʦ ʩʚʦʙʦʜʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʦʣʦʯʢʠ ʠ ʠʩʧʫʩʢʘʥʠʝ ʨʝʙʨʦʤ ʷʜʨʘ ʩʢʦʣʴʟʷʱʠʭ ʜʠʧʦʣʝʡ ʯʘʩʪʠʯʥʳʭ ʠ 

ʧʦʣʥʳʭ ʜʠʩʣʦʢʘʮʠʡ. ʅʘʡʜʝʥʳ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʙʘʨʴʝʨʳ ʜʣʷ ʩʨʘʙʘʪʳʚʘʥʠʷ ʵʪʠʭ 

ʤʝʭʘʥʠʟʤʦʚ (ʨʠʩ. 1). 

ʀʟ ʩʨʘʚʥʝʥʠʷ ʵʪʠʭ ʙʘʨʴʝʨʦʚ ʤʝʞʜʫ ʩʦʙʦʡ ʦʧʨʝʜʝʣʝʥʳ ʥʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʳʝ 

ʩʮʝʥʘʨʠʠ ʦʙʨʘʟʦʚʘʥʠʷ ʜʠʩʣʦʢʘʮʠʡ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʤʦʜʝʣʴʥʦʡ ʩʠʩʪʝʤʝ Au-Pd  
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ʈʠʩʫʥʦʢ 1. ʕʥʝʨʛʝʪʠʯʝʩʢʠʝ ʙʘʨʴʝʨʳ ʜʣʷ ʨʘʟʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʟʘʨʦʞʜʝʥʠʷ 

ʜʠʩʣʦʢʘʮʠʡ ʚ ʤʦʜʝʣʴʥʦʡ ʥʘʥʦʧʨʦʚʦʣʦʢʝ Au-Pd ʨʘʜʠʫʩʦʤ 5, 10 ʠ 50 ʥʤ (ʧʦ ʜʘʥʥʳʤ 

ʨʘʙʦʪʳ [2]).  

ʠʩʧʫʩʢʘʥʠʝ ʨʝʙʨʦʤ ʷʜʨʘ ʜʠʧʦʣʝʡ ʜʠʩʣʦʢʘʮʠʡ ʵʥʝʨʛʝʪʠʯʝʩʢʠ ʙʦʣʝʝ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦ, ʯʝʤ 

ʟʘʨʦʞʜʝʥʠʝ ʦʪʜʝʣʴʥʳʭ ʜʠʩʣʦʢʘʮʠʡ ʩʦ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʦʣʦʯʢʠ. ɺ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʪʦʥʢʠʭ ʥʘʥʦʧʨʦʚʦʣʦʢʘʭ ʙʦʣʝʝ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦ ʠʩʧʫʩʢʘʥʠʝ ʜʠʧʦʣʝʡ ʯʘʩʪʠʯʥʳʭ 

ʜʠʩʣʦʢʘʮʠʡ, ʘ ʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʪʦʣʩʪʳʭ ʥʘʥʦʧʨʦʚʦʣʦʢʘʭ ï ʥʘʦʙʦʨʦʪ, ʠʩʧʫʩʢʘʥʠʝ ʜʠʧʦʣʝʡ 

ʧʦʣʥʳʭ ʜʠʩʣʦʢʘʮʠʡ. ʅʘʡʜʝʥʳ ʠ ʠʟʫʯʝʥʳ ʦʧʪʠʤʘʣʴʥʳʝ (ʨʘʚʥʦʚʝʩʥʳʝ) ʧʦʣʦʞʝʥʠʷ ɼʅ ʥʘ 

ʛʨʘʥʠʮʝ ʷʜʨʘ ʠ ʦʙʦʣʦʯʢʠ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʦʧʪʠʤʘʣʴʥʦʝ ʧʦʣʦʞʝʥʠʝ ʧʦʣʥʦʡ ɼʅ ʥʝ ʟʘʚʠʩʠʪ 

ʦʪ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʥʘʥʦʧʨʦʚʦʣʦʢʠ ï ʝʩʣʠ ɼʅ ʦʙʨʘʟʫʝʪʩʷ, ʪʦ ʚʩʝʛʜʘ ʜʦʣʞʥʘ 

ʟʘʣʝʛʘʪʴ ʚ ʮʝʥʪʨʝ ʛʨʘʥʠʮʳ. ʅʘʧʨʦʪʠʚ, ʦʧʪʠʤʘʣʴʥʦʝ ʧʦʣʦʞʝʥʠʝ ʯʘʩʪʠʯʥʦʡ ɼʅ ʟʘʚʠʩʠʪ 

ʢʘʢ ʦʪ ʵʥʝʨʛʠʠ ʜʝʬʝʢʪʘ ʫʧʘʢʦʚʢʠ, ʪʘʢ ʠ ʦʪ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʥʘʥʦʧʨʦʚʦʣʦʢʠ. 

ɺ ʤʦʜʝʣʴʥʦʡ ʩʠʩʪʝʤʝ AuïPd ʯʘʩʪʠʯʥʘʷ ɼʅ ʚʩʝʛʜʘ ʜʦʣʞʥʘ ʟʘʣʝʛʘʪʴ ʙʣʠʞʝ ʢ ʮʝʥʪʨʫ 

ʛʨʘʥʠʮʳ, ʥʦ ʥʠʢʦʛʜʘ ʥʝ ʩʤʦʞʝʪ ʝʛʦ ʜʦʩʪʠʯʴ. ʏʝʤ ʪʦʣʱʝ ʥʘʥʦʧʨʦʚʦʣʦʢʘ ʠ ʦʙʦʣʦʯʢʘ, ʪʝʤ 

ʙʣʠʞʝ ʢ ʮʝʥʪʨʫ ʛʨʘʥʠʮʳ ʜʦʣʞʥʘ ʙʳʪʴ ʯʘʩʪʠʯʥʘʷ ɼʅ. 

1. A.P. Chernakov, A.L. Kolesnikova, M.Yu. Gutkin, A.E. Romanov, Intern. J. Eng. Sci., 156, pp. 103367(1)ï

103367(22) (2020). 

2. A.M. Smirnov, S.A. Krasnitckii, M.Yu. Gutkin, Acta Mater., 186, pp. 494ï510 (2020). 

3. A.M. Smirnov, S.A. Krasnitckii, S.S. Rochas, M.Yu. Gutkin, Rev. Adv. Mater. Technol., 2, 3, pp. 19ï43 

(2020). 

4. R. Popovitz-Biro, A. Kretinin, P. Von Huth, H. Shtrikman, Cryst. Growth Des., 11, pp. 3858ï3865 (2011). 

 

  



38 

 

ʏʀʉʃɽʅʅʆɽ ʄʆɼɽʃʀʈʆɺɸʅʀɽ ɼɽʌʆʈʄʀʈʆɺɸʅʀʗ ʀ 

ʈɸɿʈʋʐɽʅʀʗ ʄʅʆɻʆʉʃʆʁʅʓʍ ʂʆʄʇʆɿʀʊʅʓʍ ʇʃɸʉʊʀʅ ʉ 

ɺʅʋʊʈɽʅʅʀʄʀ ɼɽʌɽʂʊɸʄʀ ʇʆɼ ɼɽʁʉʊɺʀɽʄ 

ɼʀʅɸʄʀʏɽʉʂʀʍ ʅɸɻʈʋɿʆʂ ʈɸɿʃʀʏʅʆɻʆ ʍɸʈɸʂʊɽʈɸ 

ɼ.ɺ. ɼʝʜʦʚʘ1, ʄ.ʀ. ʄʘʨʪʠʨʦʩʦʚ2, ɸ.ɺ. ʍʦʤʯʝʥʢʦ1 

1ʇɸʆ çʂʦʨʧʦʨʘʮʠʷ çʀʨʢʫʪè, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 
2ʄʦʩʢʦʚʩʢʠʡ ʘʚʠʘʮʠʦʥʥʳʡ ʠʥʩʪʠʪʫʪ (ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ), 

ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

Email: darina.dedova98@gmail.com 

ʉʨʝʜʠ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ 

ʘʚʠʘʮʠʦʥʥʦʡ ʪʝʭʥʠʢʝ (ɸʊ), ʙʦʣʴʰʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʨʠʦʙʨʝʪʘʶʪ ʧʦʣʠʤʝʨʥʳʝ 

ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ (ʇʂʄ), ʢʦʪʦʨʳʝ ʦʙʣʘʜʘʶʪ ʦʧʨʝʜʝʣʝʥʥʳʤ ʢʦʤʧʣʝʢʩʦʤ 

ʧʨʝʠʤʫʱʝʩʪʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʤʝʪʘʣʣʠʯʝʩʢʠʤʠ ʤʘʪʝʨʠʘʣʘʤʠ. ʉʨʝʜʠ 

ʪʘʢʠʭ ʧʨʝʠʤʫʱʝʩʪʚ ʩʣʝʜʫʝʪ ʚʳʜʝʣʠʪʴ ʚʳʩʦʢʫʶ ʫʜʝʣʴʥʫʶ ʧʨʦʯʥʦʩʪʴ ʠ ʞʸʩʪʢʦʩʪʴ, 

ʚʳʩʦʢʫʶ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ ʠ ʪʝʨʤʦʩʪʦʡʢʦʩʪʴ, ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʫʩʪʘʣʦʩʪʠ, ʭʠʤʠʯʝʩʢʫʶ ʠ 

ʨʘʜʠʘʮʠʦʥʥʫʶ ʩʪʦʡʢʦʩʪʴ, ʥʠʟʢʠʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʪʨʝʥʠʷ ʠ ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʩʰʠʨʝʥʠʷ. 

ɼʝʡʩʪʚʫʶʱʠʤʠ ɸʚʠʘʮʠʦʥʥʳʤʠ ʇʨʘʚʠʣʘʤʠ (ɸʇ-25) ʫʩʪʘʥʦʚʣʝʥʳ ʪʨʝʙʦʚʘʥʠʷ ʢ 

ʧʨʦʯʥʦʩʪʠ ʠ ʜʝʬʦʨʤʘʮʠʷʤ ɸʊ ʜʣʷ ʚʩʝʭ ʨʝʞʠʤʦʚ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʢʦʪʦʨʳʝ ʥʝ ʟʘʚʠʩʷʪ ʦʪ 

ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʢʦʥʩʪʨʫʢʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ (ʤʝʪʘʣʣ ʠʣʠ ʇʂʄ): 

-  ʢʦʥʩʪʨʫʢʮʠʷ ʜʦʣʞʥʘ ʚʳʜʝʨʞʠʚʘʪʴ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʥʘʛʨʫʟʢʠ ʙʝʟ ʧʦʷʚʣʝʥʠʷ 
ʦʧʘʩʥʳʭ ʦʩʪʘʪʦʯʥʳʭ ʜʝʬʦʨʤʘʮʠʡ; 

-  ʢʦʥʩʪʨʫʢʮʠʷ ʜʦʣʞʥʘ ʚʳʜʝʨʞʠʚʘʪʴ ʨʘʩʯʝʪʥʳʝ ʥʘʛʨʫʟʢʠ ʙʝʟ ʨʘʟʨʫʰʝʥʠʷ ʚ ʪʝʯʝʥʠʝ 

ʪʨʝʭ ʩʝʢʫʥʜ (ʥʝ ʤʝʥʝʝ). 

ʊʨʘʜʠʮʠʦʥʥʳʝ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʝ ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʤʘʪʝʨʠʘʣʳ ʟʘ ʩʯʝʪ ʩʪʘʙʠʣʴʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʧʝʨʠʦʜʘ ʩʦʭʨʘʥʝʥʠʷ ʤʝʭʘʥʠʯʝʩʢʠʭ ʠ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʦʙʝʩʧʝʯʠʚʘʶʪ ʟʘʜʘʥʥʳʝ ʧʨʦʯʥʦʩʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʢʦʥʩʪʨʫʢʮʠʠ ɸʊ. 

ʋʨʦʚʝʥʴ ʙʝʟʦʧʘʩʥʦʩʪʠ ɸʊ, ʩʦʟʜʘʥʥʦʡ ʥʘ ʦʩʥʦʚʝ ʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ (ʠ ʥʦʚʳʭ 

ʪʝʭʥʦʣʦʛʠʡ), ʜʦʣʞʝʥ ʙʳʪʴ ʥʝ ʥʠʞʝ ʫʨʦʚʥʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʩʫʱʝʩʪʚʫʶʱʝʡ ɸʊ, 

ʠʟʛʦʪʦʚʣʝʥʥʦʡ ʠʟ ʪʨʘʜʠʮʠʦʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ (ʠ ʧʦ ʪʨʘʜʠʮʠʦʥʥʳʤ 

ʪʝʭʥʦʣʦʛʠʷʤ). ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʮʝʣʴʶ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ ʇʂʄ ʷʚʣʷʝʪʩʷ 

ʦʙʲʝʜʠʥʝʥʠʝ ʨʘʟʣʠʯʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʜʣʷ ʩʦʟʜʘʥʠʷ ʤʘʪʝʨʠʘʣʦʚ ʩ ʥʦʚʳʤʠ ʟʘʜʘʥʥʳʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʦʪʣʠʯʥʳʤʠ ʦʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠʩʭʦʜʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ. 

ɻʦʚʦʨʷ ʦ ʥʝʜʦʩʪʘʪʢʘʭ ʇʂʄ ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʵʣʝʤʝʥʪʦʚ ʢʦʥʩʪʨʫʢʮʠʡ ʠʟ ʪʘʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʤʦʛʫʪ ʚʦʟʥʠʢʘʪʴ ʨʘʟʣʠʯʥʳʝ ʜʝʬʝʢʪʳ 

(ʧʦʚʨʝʞʜʝʥʠʷ), ʢʦʪʦʨʳʝ ʦʢʘʟʳʚʘʶʪ ʩʝʨʴʝʟʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʦʩʪʘʪʦʯʥʫʶ ʧʨʦʯʥʦʩʪʴ. ʅʘ 

ʧʨʘʢʪʠʢʝ ʚ ʵʣʝʤʝʥʪʘʭ ʢʦʥʩʪʨʫʢʮʠʡ ʠʟ ʇʂʄ  ʚʩʪʨʝʯʘʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʦʩʥʦʚʥʳʝ ʜʝʬʝʢʪʳ: 

-  ʥʝʧʨʦʢʣʝʡ ï ʥʘʨʫʰʝʥʠʝ ʘʜʛʝʟʠʦʥʥʦʡ ʩʚʷʟʠ ʤʝʞʜʫ ʤʦʥʦʩʣʦʷʤʠ, ʦʙʨʘʟʫʶʱʠʤʠ 

ʢʦʤʧʦʟʠʪʥʳʡ ʧʘʢʝʪ (ʂʇ), (ʥʘʧʨʠʤʝʨ, ʧʦʩʣʝ ʘʚʪʦʢʣʘʚʥʦʛʦ ʬʦʨʤʦʚʘʥʠʷ); 

-  ʥʝʜʦʩʪʘʪʦʯʥʘʷ ʧʨʦʧʠʪʢʘ ʩʚʷʟʫʶʱʠʤ ï ʥʘʨʫʰʝʥʠʝ ʘʜʛʝʟʠʦʥʥʦʡ ʩʚʷʟʠ ʤʝʞʜʫ 

ʩʣʦʷʤʠ ʥʘʧʦʣʥʠʪʝʣʷ ʚ ʂʇ ʠʣʠ ʦʪʩʫʪʩʪʚʠʝ ʩʚʷʟʫʶʱʝʛʦ ʚ ʩʣʦʝ (ʩʣʦʷʭ) ʥʘʧʦʣʥʠʪʝʣʷ 

(ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʡ ʠʣʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʜʝʬʝʢʪ); 

-  ʨʘʩʩʣʦʝʥʠʝ ï ʥʘʨʫʰʝʥʠʝ ʘʜʛʝʟʠʦʥʥʦʡ ʩʚʷʟʠ ʤʝʞʜʫ ʩʣʦʷʤʠ ʥʘʧʦʣʥʠʪʝʣʷ ʚ ʂʇ, 

ʚʳʟʚʘʥʥʦʝ ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʚʦʟʜʝʡʩʪʚʠʷʤʠ ʫʜʘʨʥʦʛʦ ʭʘʨʘʢʪʝʨʘ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠʣʠ 
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ʚʥʫʪʨʝʥʥʠʤʠ ʧʦʚʨʝʞʜʝʥʠʷʤʠ ʚ ʂʇ ʧʦʩʣʝ ʬʦʨʤʦʚʘʥʠʷ ʠʣʠ ʧʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ ʩʙʦʨʦʯʥʦ-

ʤʦʥʪʘʞʥʳʭ ʨʘʙʦʪ; 

-  ʧʦʨʠʩʪʦʩʪʴ ï ʣʶʙʘʷ ʧʦʣʦʩʪʴ, ʩʦʜʝʨʞʘʱʘʷ ʚʦʟʜʫʭ ʚ ʩʪʨʫʢʪʫʨʝ ʂʇ, ʚʳʟʳʚʘʶʱʘʷ 

ʠʟʤʝʥʝʥʠʝ ʝʛʦ ʘʢʫʩʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ (ʟʘʪʫʭʘʥʠʝ ʫʣʴʪʨʘʟʚʫʢʘ ʚ ʇʂʄ). 

ʊʘʢʠʝ ʜʝʬʝʢʪʳ ʦʪʥʦʩʷʪʩʷ ʢ ʚʥʫʪʨʝʥʥʠʤ, ʪʘʢ ʢʘʢ ʦʭʚʘʪʳʚʘʶʪ ʚʥʫʪʨʝʥʥʠʝ ʩʣʦʠ ʂʇ. 

ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʣʘʩʪʠʥʘ ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʬʦʨʤʳ ʟʘʜʘʥʥʦʡ ʛʝʦʤʝʪʨʠʠ ʠʟ 

ʇʂʄ ʧʨʠ ʥʘʣʠʯʠʠ ʩʠʩʪʝʤʳ ʨʘʩʩʣʦʝʥʠʡ ʨʘʟʣʠʯʥʦʡ ʬʦʨʤʳ ʠ ʨʘʟʤʝʨʦʚ. ʀʩʩʣʝʜʫʶʪʩʷ 

ʨʘʩʩʣʦʝʥʠʷ ʵʣʣʠʧʪʠʯʝʩʢʦʡ ʬʦʨʤʳ ʩ ʨʘʟʣʠʯʥʳʤ ʩʦʦʪʥʦʰʝʥʠʝʤ ʦʩʝʡ, ʢʨʫʛʦʚʦʡ ʬʦʨʤʳ 

ʨʘʟʣʠʯʥʦʛʦ ʨʘʜʠʫʩʘ ʠ ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʬʦʨʤʳ ʩ ʨʘʟʣʠʯʥʳʤ ʩʦʦʪʥʦʰʝʥʠʝʤ ʣʠʥʝʡʥʳʭ 

ʨʘʟʤʝʨʦʚ. ʏʠʩʣʦ ʪʘʢʠʭ ʜʝʬʝʢʪʦʚ ʤʦʞʝʪ ʙʳʪʴ ʧʨʦʠʟʚʦʣʴʥʳʤ, ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʦʥʠ ʤʝʞʜʫ 

ʤʦʥʦʩʣʦʷʤʠ ʂʇ ʪʘʢʞʝ ʧʨʦʠʟʚʦʣʴʥʳʤ ʦʙʨʘʟʦʤ. ɺ ʢʘʯʝʩʪʚʝ ʚʥʝʰʥʠʭ ʥʘʛʨʫʟʦʢ 

ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ ʥʘ ʧʨʘʢʪʠʢʝ ʟʘʢʦʥʳ ʜʝʡʩʪʚʠʷ ʜʠʥʘʤʠʯʝʩʢʠʭ 

ʥʘʛʨʫʟʦʢ ʨʘʟʣʠʯʥʦʛʦ ʭʘʨʘʢʪʝʨʘ. 

ʇʣʘʩʪʠʥʘ ʚʳʧʦʣʥʝʥʘ ʚ ʚʠʜʝ ʤʥʦʛʦʩʣʦʡʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʩ ʩʠʤʤʝʪʨʠʯʥʦʡ ʫʢʣʘʜʢʦʡ 

ʤʦʥʦʩʣʦʸʚ: [+45Á/ï45Á/0Á/90Á/0Á/0Á/+45Á/ï45Á/ï45Á/+45Á/0Á/0Á/90Á/0Á/ï45Á/+45Á]. ɺʩʝʛʦ ʚ 

ʂʇ 16 ʤʦʥʦʩʣʦʸʚ. ʄʘʪʝʨʠʘʣ ʧʣʘʩʪʠʥʳ ï ʦʜʥʦʥʘʧʨʘʚʣʝʥʥʳʡ ʫʛʣʝʧʣʘʩʪʠʢ ʥʘ ʦʩʥʦʚʝ 

ʧʨʝʧʨʝʛʘ HexPly M21/34%/UD194/IMA-12K (ʫʛʣʝʨʦʜʥʘʷ ʣʝʥʪʘ IMA ʥʘ ʦʩʥʦʚʝ 

ʚʳʩʦʢʦʧʨʦʯʥʦʛʦ ʚʦʣʦʢʥʘ HexTowIMA ï 12ʂ ʠ ʵʧʦʢʩʠʜʥʦʝ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʝ 

ʩʚʷʟʫʶʱʝʝ ʄ21) ʧʨʦʠʟʚʦʜʩʪʚʘ ʬʠʨʤʳ Hexcel Composites (ʉʐɸ). ʊʝʭʥʦʣʦʛʠʷ 

ʠʟʛʦʪʦʚʣʝʥʠʷ ï ʘʚʪʦʢʣʘʚʥʘʷ. ɺ ʛʨʘʞʜʘʥʩʢʦʡ ʘʚʠʘʮʠʠ ʠʟ ʵʪʦʛʦ ʧʨʝʧʨʝʛʘ ʤʦʛʫʪ 

ʧʨʦʠʟʚʦʜʠʪʴʩʷ, ʥʘʧʨʠʤʝʨ, ʩʣʝʜʫʶʱʠʝ ʜʝʪʘʣʠ: ʧʘʥʝʣʠ, ʣʦʥʞʝʨʦʥʳ ʠ ʥʝʨʚʶʨʳ 

ʮʝʥʪʨʦʧʣʘʥʘ; ʧʘʥʝʣʠ, ʣʦʥʞʝʨʦʥʳ ʠ ʥʝʨʚʶʨʳ ʢʦʥʩʦʣʠ ʢʨʳʣʘ; ʦʙʰʠʚʢʠ, ʣʦʥʞʝʨʦʥʳ ʠ 

ʥʝʨʚʶʨʳ ʩʪʘʙʠʣʠʟʘʪʦʨʘ ʠ ʢʠʣʷ; ʙʘʣʢʠ ʧʦʣʘ ʠ ʪ.ʜ. ʌʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʤʦʥʦʩʣʦʷ ʠʟʚʝʩʪʥʳ. ʕʪʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʷʚʣʷʶʪʩʷ ʧʘʩʧʦʨʪʥʳʤʠ ʠ ʧʦʣʫʯʝʥʳ 

ʧʨʦʠʟʚʦʜʠʪʝʣʝʤ ʧʨʝʧʨʝʛʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦ ʝʚʨʦʧʝʡʩʢʠʤ ʩʪʘʥʜʘʨʪʘʤ EN ʠ 

ʘʤʝʨʠʢʘʥʩʢʠʤ ʩʪʘʥʜʘʨʪʘʤ ASTM ʜʣʷ ʨʝʞʠʤʘ RTD (Room Temperature Dry). 

ʇʣʘʩʪʠʥʘ ʤʦʜʝʣʠʨʫʝʪʩʷ ʦʙʲʸʤʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʪʠʧʘ Solid Laminate ʚ 

ʧʨʦʛʨʘʤʤʥʦʤ ʢʦʤʧʣʝʢʩʝ Simcenter Femap, ʟʘʪʝʤ ʤʦʜʝʣʴ ʠʤʧʦʨʪʠʨʫʝʪʩʷ ʚ ʧʨʦʛʨʘʤʤʥʳʡ 

ʢʦʤʧʣʝʢʩ ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ LS-DYNA (Lawrence Livermore National 

Laboratory), ʛʜʝ ʟʘʜʘʶʪʩʷ ʩʚʦʡʩʪʚʘ ʤʘʪʝʨʠʘʣʘ, ʥʘʛʨʫʟʢʠ ʠ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ. ɺʩʝ ʩʣʦʠ 

ʞʸʩʪʢʦ ʩʮʝʧʣʝʥʳ ʢʣʝʝʚʳʤ ʢʦʥʪʘʢʪʦʤ ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʦʙʣʘʩʪʝʡ ʩ ʜʝʬʝʢʪʘʤʠ, ʚ ʢʦʪʦʨʳʭ 

ʫʯʠʪʳʚʘʝʪʩʷ ʢʦʥʪʘʢʪʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ. ɻʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʞʸʩʪʢʦʤʫ 

ʟʘʱʝʤʣʝʥʠʶ ʧʦ ʚʩʝʤ ʩʪʦʨʦʥʘʤ ʧʣʘʩʪʠʥʳ ʠʣʠ ʰʘʨʥʠʨʥʦʤʫ ʦʧʠʨʘʥʠʶ ʝʝ ʜʣʠʥʥʳʭ ʩʪʦʨʦʥ 

ʧʨʠ ʩʚʦʙʦʜʥʳʭ ʢʦʨʦʪʢʠʭ. ʀʩʧʦʣʴʟʫʝʪʩʷ ʷʚʥʘʷ ʩʭʝʤʘ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʧʦʣʥʦʡ ʩʠʩʪʝʤʳ 

ʫʨʘʚʥʝʥʠʡ ʤʝʪʦʜʘ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ (ʄʂʕ). 

ʆʧʨʝʜʝʣʷʝʪʩʷ ʧʦʣʝ ʥʘʧʨʷʞʝʥʠʡ ʠ ʜʝʬʦʨʤʘʮʠʡ ʚ ʢʘʞʜʦʤ ʩʣʦʝ ʧʣʘʩʪʠʥʳ. ʅʘ ʦʩʥʦʚʝ 

ʧʦʣʝʡ ʥʘʧʨʷʞʝʥʠʡ ʚʳʯʠʩʣʷʶʪʩʷ ʠʥʜʝʢʩʳ ʨʘʟʨʫʰʝʥʠʷ ʤʦʥʦʩʣʦʷ (ʨʘʟʨʫʰʝʥʠʝ ʥʘʩʪʫʧʘʝʪ, 

ʢʦʛʜʘ ʵʪʦʪ ʠʥʜʝʢʩ ʩʪʘʥʦʚʠʪʩʷ ʨʘʚʥʳʤ 1) ʚ ʨʘʟʣʠʯʥʳʝ ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ ʧʨʠ ʥʘʣʠʯʠʠ ʠ 

ʦʪʩʫʪʩʪʚʠʠ ʜʝʬʝʢʪʦʚ. ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʢʨʠʪʝʨʠʠ ʨʘʟʨʫʰʝʥʠʷ ʜʣʷ ʇʂʄ: 

Puck, Hashin, Chang-Chang, LaRC (Langley Research Center). ʇʨʦʚʦʜʠʪʩʷ ʩʨʘʚʥʝʥʠʝ 

ʨʝʟʫʣʴʪʘʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʧʦ ʵʪʠʤ ʢʨʠʪʝʨʠʷʤ. 

ʇʨʝʜʣʦʞʝʥʥʘʷ ʤʝʪʦʜʠʢʘ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʥʘʧʨʷʞʝʥʥʦ-

ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʤʥʦʛʦʩʣʦʡʥʳʭ ʢʦʤʧʦʟʠʪʥʳʭ ʧʣʘʩʪʠʥ ʩ ʫʯʸʪʦʤ 

ʧʨʦʠʟʚʦʣʴʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʤʥʦʞʝʩʪʚʝʥʥʳʭ ʤʝʞʩʣʦʝʚʳʭ ʜʝʬʝʢʪʦʚ ʨʘʟʣʠʯʥʦʡ ʬʦʨʤʳ ʠ 

ʨʘʟʤʝʨʦʚ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʥʘʛʨʫʟʦʢ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʧʨʠ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʵʣʝʤʝʥʪʦʚ ʢʦʥʩʪʨʫʢʮʠʡ ʠʟ ʇʂʄ ʜʣʷ ʩʦʚʨʝʤʝʥʥʦʡ ɸʊ. 
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ɺʃʀʗʅʀɽ ɼʆɹɸɺʂʀ ɼʀʆʂʉʀɼɸ ʂʈɽʄʅʀʗ ʅɸ 

ɼɽʌʆʈʄɸʎʀʆʅʅʆɽ ʇʆɺɽɼɽʅʀɽ ʎʀʈʂʆʅʀɽɺʆʁ ʂɽʈɸʄʀʂʀ, 

ʋʇʈʆʏʅɽʅʅʆʁ ʆʂʉʀɼʆʄ ɸʃʖʄʀʅʀʗ 
ɸ.ɸ. ɼʤʠʪʨʠʝʚʩʢʠʡ1, ɼ.ɻ. ɾʠʛʘʯʝʚʘ1, ʅ.ʖ. ɽʬʨʝʤʦʚʘ1,  ɺ.ʄ. ɺʘʩʶʢʦʚ1,                          

ʇ.ʅ. ʆʚʯʠʥʥʠʢʦʚ1 

1 ʊʘʤʙʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ɻ.ʈ. ɼʝʨʞʘʚʠʥʘ 
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ʇʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʮʠʨʢʦʥʠʝʚʳʝ ʢʝʨʘʤʠʢʠ, ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʳʝ ʚ 

ʪʝʪʨʘʛʦʥʘʣʴʥʦʡ ʬʘʟʝ ʠ ʫʧʨʦʯʥʝʥʥʳʝ ʦʢʩʠʜʦʤ ʘʣʶʤʠʥʠʷ (ATZ), ʚ ʩʠʣʫ ʫʥʠʢʘʣʴʥʦʩʪʠ 

ʢʦʤʧʣʝʢʩʘ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ, ʭʠʤʠʯʝʩʢʦʡ, ʪʝʨʤʠʯʝʩʢʦʡ ʠ ʨʘʜʠʘʮʠʦʥʥʦʡ ʩʪʦʡʢʦʩʪʠ, 

ʘ ʪʘʢʞʝ ʙʠʦʠʥʝʨʪʥʦʩʪʠ, ʥʘʭʦʜʷʪ ʰʠʨʦʢʦʝ ʧʨʘʢʪʠʯʝʩʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʦʪ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ 

ʜʦ ʤʝʜʠʮʠʥʳ [1]. ʉʦʯʝʪʘʥʠʝ ʪʨʘʥʩʬʦʨʤʘʮʠʦʥʥʦʛʦ ʠ ʜʠʩʧʝʨʩʠʦʥʥʦʛʦ ʤʝʭʘʥʠʟʤʦʚ 

ʫʧʨʦʯʥʝʥʠʷ ʦʙʝʩʧʝʯʠʚʘʶʪ ATZ ʢʝʨʘʤʠʢʘʤ ʦʜʥʦʚʨʝʤʝʥʥʦ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʪʚʝʨʜʦʩʪʠ ʠ 

ʚʷʟʢʦʩʪʠ ʨʘʟʨʫʰʝʥʠʷ [2,3]. ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʩʫʱʝʩʪʚʝʥʥʳʭ ʥʝʜʦʩʪʘʪʢʦʚ ATZ ʢʝʨʘʤʠʢ 

ʷʚʣʷʝʪʩʷ ʠʭ ʭʨʫʧʢʦʩʪʴ (ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ < 500 Áʉ) [4]. ʉʦʛʣʘʩʥʦ [4] ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʩʪʘʙʠʣʠʟʘʪʦʨʦʚ ʪʝʪʨʘʛʦʥʘʣʴʥʦʡ ʬʘʟʳ ʠ ʚʚʝʜʝʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ 

ʜʦʙʘʚʦʢ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʨʦʷʚʣʝʥʠʶ ʧʨʠʟʥʘʢʦʚ ʧʣʘʩʪʠʯʥʦʩʪʠ ʮʠʨʢʦʥʠʝʚʳʭ ʢʝʨʘʤʠʢ ʧʨʠ 

ʢʦʤʥʘʪʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʮʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʣʦʩʴ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʜʠʦʢʩʠʜʘ ʢʨʝʤʥʠʷ ʚ ʩʦʩʪʘʚʝ ATZ+SiO2 ʢʝʨʘʤʠʢʠ ʥʘ ʝʝ ʜʝʬʦʨʤʘʮʠʦʥʥʦʝ 

ʧʦʚʝʜʝʥʠʝ (ʜʠʘʛʨʘʤʤʫ ʥʘʛʨʫʞʝʥʠʷ) ʧʨʠ ʢʦʤʥʘʪʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ.  

ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʩʪʦʡʢʦʩʪʠ ATZ ʢʝʨʘʤʠʢʠ ʢ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʜʝʛʨʘʜʘʮʠʠ, 

ʚʤʝʩʪʦ Y2O3 - ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʩʪʘʙʠʣʠʟʘʪʦʨʘ ʪʝʪʨʘʛʦʥʘʣʴʥʦʡ ʬʘʟʳ t-ZrO2, ʙʳʣ 

ʠʩʧʦʣʴʟʦʚʘʥ CaO. ʉʦʦʪʥʦʰʝʥʠʝ ʦʩʥʦʚʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʚʳʜʝʨʞʠʚʘʣʠ ʥʝʠʟʤʝʥʥʳʤ: 

ZrO2:CaO:Al 2O3 = 6,2:88:5,8. ʂʦʥʮʝʥʪʨʘʮʠʶ SiO2 ʚʘʨʴʠʨʦʚʘʣʠ ʦʪ 0 ʜʦ 6 mol.%. 

ʇʦʢʘʟʘʥʦ (ʈʠʩ. 1), ʯʪʦ ů-Ů-ʜʠʘʛʨʘʤʤʘ, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʘʷ ʧʨʠ ʜʝʬʦʨʤʠʨʦʚʘʥʠʠ 

ʙʝʩʢʨʝʤʥʠʝʚʦʡ ATZ ʢʝʨʘʤʠʢʠ, ʤʦʞʝʪ ʙʳʪʴ ʦʧʠʩʘʥʘ ʣʠʥʝʡʥʦʡ ʟʘʚʠʩʠʤʦʩʪʴʶ, ʪʦ ʝʩʪʴ 

ʷʚʣʷʝʪʩʷ ʭʘʨʘʢʪʝʨʥʦʡ ʜʣʷ ʭʨʫʧʢʠʭ ʤʘʪʝʨʠʘʣʦʚ. ʆʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʚʚʝʜʝʥʠʝ ʜʠʦʢʩʠʜʘ 

ʢʨʝʤʥʠʷ ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʪ 2 ʜʦ 5 mol.% ʚʳʟʳʚʘʝʪ ʢʘʯʝʩʪʚʝʥʥʦʝ ʠʟʤʝʥʝʥʠʝ ů-Ů-ʜʠʘʛʨʘʤʤ 

ï ʧʦʷʚʣʝʥʠʝ ʩʪʘʜʠʠ ʪʝʢʫʯʝʩʪʠ. ʊʦ ʝʩʪʴ, ATZ ʢʝʨʘʤʠʢʘ ʧʨʠʦʙʨʝʪʘʝʪ ʧʣʘʩʪʠʯʥʦʩʪʴ ʧʨʠ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ʅʘʠʙʦʣʝʝ ʷʨʢʦ ʚʳʨʘʞʝʥʥʫʶ ʩʪʘʜʠʶ ʪʝʢʫʯʝʩʪʠ ʠʤʝʝʪ ATZ+SiO2 

ʢʝʨʘʤʠʢʘ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʜʠʦʢʩʠʜʘ ʢʨʝʤʥʠʷ 4 mol.%. ɿʘʚʠʩʠʤʦʩʪʠ ʧʨʝʜʝʣʘ ʧʨʦʯʥʦʩʪʠ ůʩ 

ʠ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʜʝʬʦʨʤʘʮʠʠ Ů ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ SiO2 ʠʤʝʶʪ ʤʘʢʩʠʤʫʤʳ (ʈʠʩ. 1). 

ʅʘʠʙʦʣʝʝ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ůʩ ʠ Ů ʜʦʩʪʠʛʘʶʪ ʧʨʠ 2-ʧʨʦʮʝʥʪʥʦʤ ʩʦʜʝʨʞʘʥʠʠ SiO2. 

ʋʚʝʣʠʯʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʜʠʦʢʩʠʜʘ ʢʨʝʤʥʠʷ ʜʦ 6 mol.% ʧʨʠʚʦʜʠʪ ʢ ʦʭʨʫʧʯʠʚʘʥʠʶ ʠ 

ʨʝʟʢʦʤʫ ʧʘʜʝʥʠʶ ʧʨʝʜʝʣʘ ʧʨʦʯʥʦʩʪʠ. 

ʄʝʪʦʜʘʤʠ ʤʥʦʛʦʮʠʢʣʦʚʦʛʦ ʥʘʥʦʠʥʜʝʥʪʠʨʦʚʘʥʠʷ, ʨʘʤʘʥʦʚʩʢʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʠ 

ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʜʠʬʨʘʢʪʦʤʝʪʨʠʠ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚʚʝʜʝʥʠʝ ʜʦʙʘʚʢʠ SiO2 ʚ ATZ ʢʝʨʘʤʠʢʫ (t-

ZrO2 ʬʘʟʘ ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʘ ʦʢʩʠʜʦʤ ʢʘʣʴʮʠʷ) ʚʳʟʳʚʘʝʪ ʧʦʚʳʰʝʥʠʝ ʤʝʭʘʥʦ-

ʠʥʜʫʮʠʨʦʚʘʥʥʦʡ ʪʨʘʥʩʬʦʨʤʠʨʫʝʤʦʩʪʠ ʪʝʪʨʘʛʦʥʘʣʴʥʦʡ ʬʘʟʳ ʜʠʦʢʩʠʜʘ ʮʠʨʢʦʥʠʷ. ʕʪʦ 

ʤʦʞʝʪ ʷʚʣʷʪʴʩʷ ʨʝʟʫʣʴʪʘʪʦʤ ʫʤʝʥʴʰʝʥʠʷ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʙʘʨʴʝʨʘ ʜʣʷ t Ÿ m 

ʧʨʝʚʨʘʱʝʥʠʷ ʠ ʧʨʠʯʠʥʦʡ ʧʦʚʳʰʝʥʠʷ ʨʦʣʠ ʪʨʘʥʩʬʦʨʤʘʮʠʦʥʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʫʧʨʦʯʥʝʥʠʷ 

ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʧʦʷʚʣʝʥʠʷ ʟʘʧʘʩʘ ʧʣʘʩʪʠʯʥʦʩʪʠ ʟʘ ʩʯʝʪ ʨʦʩʪʘ ʚʷʟʢʦʩʪʠ ʨʘʟʨʫʰʝʥʠʷ. 

ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʧʦʣʫʯʝʥʥʳʝ ʥʘʤʠ ʨʘʥʝʝ ʨʝʟʫʣʴʪʘʪʳ [3] ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʧʦʯʪʠ 75-

ʧʨʦʮʝʥʪʥʦʤ ʫʚʝʣʠʯʝʥʠʠ ʚʷʟʢʦʩʪʠ ʨʘʟʨʫʰʝʥʠʷ ATZ ʢʝʨʘʤʠʢʠ ʧʨʠ ʚʚʝʜʝʥʠʠ ʚ ʥʝʝ 5 % 

ʜʠʦʢʩʠʜʘ ʢʨʝʤʥʠʷ. 
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ʈʠʩʫʥʦʢ 1. ů-Ů-ʜʠʘʛʨʘʤʤʳ, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʝ ʚ ʧʨʦʮʝʩʩʝ ʦʜʥʦʦʩʥʦʛʦ ʩʞʘʪʠʷ ʧʨʠ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʦʙʨʘʟʮʦʚ ATZ ʢʝʨʘʤʠʢʠ ʩ ʩʦʜʝʨʞʘʥʠʝʤ SiO2:  

0; 2; 4; 4,5; 5 ʠ 6 mol.%  

ɺ ʟʘʢʣʶʯʝʥʠʝ ʦʪʤʝʪʠʤ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ CaO ʚ ʢʘʯʝʩʪʚʝ ʩʪʘʙʠʣʠʟʘʪʦʨʘ t-ZrO2 

ʬʘʟʳ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʚʳʰʝʥʠʝ ʩʪʦʡʢʦʩʪʠ ATZ ʠ ATZ+SiO2 ʢʝʨʘʤʠʢ ʢ 

ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʜʝʛʨʘʜʘʮʠʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʘʥʘʣʦʛʘʤʠ, ʪʨʘʜʠʮʠʦʥʥʦ 

ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʳʤʠ ʦʢʩʠʜʦʤ ʠʪʪʨʠʷ [5]. ʉ ʫʯʝʪʦʤ ʵʪʦʛʦ, ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ʦʪʢʨʳʚʘʶʪ ʥʦʚʳʝ ʧʝʨʩʧʝʢʪʠʚʳ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ATZ+SiO2 ʢʝʨʘʤʠʢʠ ʚ ʢʘʯʝʩʪʚʝ 

ʠʟʜʝʣʠʡ, ʚʳʥʫʞʜʝʥʥʳʭ ʠʩʧʳʪʳʚʘʪʴ ʥʝʟʥʘʯʠʪʝʣʴʥʳʝ ʜʝʬʦʨʤʘʮʠʠ ʚ ʧʨʦʮʝʩʩʝ 

ʵʢʩʧʣʫʘʪʘʮʠʠ, ʚ ʪʦʤ ʯʠʩʣʝ, ʚʦ ʚʣʘʞʥʦʡ ʘʪʤʦʩʬʝʨʝ.   

ʈʝʟʫʣʴʪʘʪʳ ʧʦʣʫʯʝʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʩʥʘʱʝʥʠʷ ʎʝʥʪʨʘ ʢʦʣʣʝʢʪʠʚʥʦʛʦ 

ʧʦʣʴʟʦʚʘʥʠʷ ʥʘʫʯʥʳʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ ʊɻʋ ʠʤʝʥʠ ɻ.ʈ. ɼʝʨʞʘʚʠʥʘ. ʈʘʙʦʪʘ ʧʦʜʜʝʨʞʘʥʘ 

ʄʠʥʠʩʪʝʨʩʪʚʦʤ ʥʘʫʢʠ ʠ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʚ ʨʘʤʢʘʭ ʧʨʦʝʢʪʘ 

ʧʦ ʩʦʛʣʘʰʝʥʠʶ ˉ 075-15-2021-709 (ʫʥʠʢʘʣʴʥʳʡ ʠʜʝʥʪʠʬʠʢʘʪʦʨ ʧʨʦʝʢʪʘ RF----
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ʆʉʆɹɽʅʅʆʉʊʀ ʌʆʈʄʀʈʆɺɸʅʀʗ ʉʊʈʋʂʊʋʈʓ ʂʆʄʇʆɿʀʎʀʆʅʅʆɻʆ 

ʄɸʊɽʈʀɸʃɸ ʅɸ ʆʉʅʆɺɽ ɸʃʖʄʀʅʀɽɺʆ-ʂʈɽʄʅʀɽɺʆɻʆ ʉʇʃɸɺɸ ɸʂ5, 

ʇʆʃʋʏɽʅʅʆɻʆ ʄɽʊʆɼʆʄ ʕʃɽʂʊʈʆʅʅʆ-ʃʋʏɽɺʆɻʆ ɸɼɼʀʊʀɺʅʆɻʆ 

ʇʈʆʀɿɺʆɼʉʊɺɸ ʉ ɺɺɽɼɽʅʀɽʄ ʇʈʆɺʆʃʆʂʀ ɾɸʈʆʇʈʆʏʅʆɻʆ 

ʅʀʂɽʃɽɺʆɻʆ ʉʇʃɸɺɸ UDIMET  500 

ɸ.ʈ. ɼʦʙʨʦʚʦʣʴʩʢʠʡ1, ɸ.ɺ. ʏʫʤʘʝʚʩʢʠʡ1, ʉ.ʖ. ʅʠʢʦʥʦʚ1, ɸ.ʇ. ɿʳʢʦʚʘ1,                    

ʉ.ʖ. ʊʘʨʘʩʦʚ1 

1ʀʥʩʪʠʪʫʪ ʬʠʟʠʢʠ ʧʨʦʯʥʦʩʪʠ ʠ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ ʉʆ ʈɸʅ, 634055, ʛ. ʊʦʤʩʢ, ʧʨ. 

ɸʢʘʜʝʤʠʯʝʩʢʠʡ, 2/4. 

E-mail: artdobrov@ispms.ru 

ɸʜʜʠʪʠʚʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ï ʵʪʦ ʙʳʩʪʨʦʨʘʟʚʠʚʘʶʱʘʷʩʷ ʦʙʣʘʩʪʴ ʩʦʚʨʝʤʝʥʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ. ʀʥʪʝʨʝʩ ʢ ʘʜʜʠʪʠʚʥʳʤ ʪʝʭʥʦʣʦʛʠʷʤ ʚʳʟʚʘʥ ʥʝ ʪʦʣʴʢʦ ʩʥʠʞʝʥʠʝʤ ʟʘʪʨʘʪ 

ʨʝʩʫʨʩʦʚ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʠʟʜʝʣʠʡ ʠʟ ʫʞʝ ʦʩʚʦʝʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ [1], ʥʦ ʠ 

ʚʦʟʤʦʞʥʦʩʪʴʶ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʧʨʠʤʝʥʝʥʠʷ ʥʦʚʳʭ, ʨʘʥʝʝ ʥʝ ʠʩʧʦʣʴʟʫʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʠ ʠʭ ʩʦʯʝʪʘʥʠʡ [2]. ʕʣʝʢʪʨʦʥʥʦ-ʣʫʯʝʚʦʝ ʘʜʜʠʪʠʚʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ (ʕʃɸʇ) ʷʚʣʷʝʪʩʷ 

ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʤʝʪʦʜʦʤ ʠʟʛʦʪʦʚʣʝʥʠʷ ʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ. ɼʘʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʣʦʢʘʣʴʥʦʤ ʧʣʘʚʣʝʥʠʠ ʧʦʜʘʚʘʝʤʳʭ ʟʦʥʫ ʧʝʯʘʪʠ ʧʨʦʚʦʣʦʯʥʳʭ ʬʠʣʘʤʝʥʪʦʚ 

ʠ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʠʟʜʝʣʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʜʥʦʡ ʠ ʙʦʣʝʝ ʧʨʦʚʦʣʦʢ ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʢʦʥʩʪʨʫʢʮʠʠ ʫʩʪʘʥʦʚʢʠ ʘʜʜʠʪʠʚʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ [3]. ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʜʚʫʭʧʨʦʚʦʣʦʯʥʦʡ ʧʦʜʘʯʠ ʬʠʣʘʤʝʥʪʦʚ ʚ ʚʘʥʥʫ ʨʘʩʧʣʘʚʘ ʧʨʠ ʵʣʝʢʪʨʦʥʥʦ-ʣʫʯʝʚʦʡ 3D-

ʧʝʯʘʪʠ ʚʦʟʤʦʞʥʦ ʧʦʣʫʯʝʥʠʝ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ 

ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʤʘʪʨʠʮʝʡ. 

ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʳ ʧʨʠ 

ʧʦʣʫʯʝʥʠʠ ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʥʘ ʦʩʥʦʚʝ ʩʧʣʘʚʘ ɸʂ5 ʩ ʚʚʝʜʝʥʠʝʤ ʧʨʠ ʧʝʯʘʪʠ 

ʥʠʢʝʣʝʚʦʛʦ ʩʧʣʘʚʘ Udimet 500. ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʠ ʧʦʜʛʦʪʦʚʣʝʥʳ 

ʦʙʨʘʟʮʳ ʠʟ ʩʧʣʘʚʘ ɸʂ5 ʤʝʪʦʜʦʤ ʕʃɸʇ ʩ ʚʚʝʜʝʥʠʝʤ ʩʚʘʨʦʯʥʦʡ ʧʨʦʚʦʣʦʢʠ ʠʟ 

ʞʘʨʦʧʨʦʯʥʦʛʦ ʥʠʢʝʣʝʚʦʛʦ ʩʧʣʘʚʘ Udimet 500 ʚ ʩʦʦʪʥʦʰʝʥʠʠ 10% ʦʙ. ɼʠʘʤʝʪʨʳ 

ʧʨʦʚʦʣʦʢ ʩʦʩʪʘʚʣʷʣʠ 1,2ʤʤ, ʚ ʢʘʯʝʩʪʚʝ ʧʦʜʣʦʞʢʠ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʘʣʶʤʠʥʠʝʚʳʡ ʣʠʩʪ 

ɸʄʛ5 ʪʦʣʱʠʥʦʡ 5 ʤʤ. ʆʙʨʘʟʮʳ ʠʤʝʶʪ ʬʦʨʤʳ ʪʦʥʢʠʭ ʚʝʨʪʠʢʘʣʴʥʳʭ ʩʪʝʥʦʢ ʪʦʣʱʠʥʦʡ 

8ï10 ʤʤ. ʉʪʨʫʢʪʫʨʘ ʦʙʨʘʟʮʦʚ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʝʦʜʥʦʨʦʜʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʢʨʫʧʥʳʭ 

ʬʨʘʛʤʝʥʪʦʚ ʥʠʢʝʣʝʚʦʛʦ ʩʧʣʘʚʘ ʠ ʠʥʪʝʨʤʝʪʘʣʣʠʜʥʳʤʠ ʜʝʥʜʨʠʪʥʳʤʠ ʢʨʠʩʪʘʣʣʘʤʠ ʚ 

ʘʣʶʤʠʥʠʝʚʦʡ ʤʘʪʨʠʮʝ (ʨʠʩʫʥʦʢ 1). ɹʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʬʨʘʛʤʝʥʪʦʚ ʥʠʢʝʣʝʚʦʛʦ ʩʧʣʘʚʘ, 

ʥʝʧʨʦʨʝʘʛʠʨʦʚʘʚʰʠʤʠ ʩ ʘʣʶʤʠʥʠʝʚʳʤ ʩʧʣʘʚʦʤ ʦʙʫʩʣʦʚʣʝʥʦ ʠʭ ʙʳʩʪʨʳʤ ʟʘʩʪʳʚʘʥʠʝʤ 

ʟʘ ʩʯʝʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʘʚʣʝʥʠʷ.  

ʈʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʡ ʥʘ ʩʞʘʪʠʝ ʧʦʢʘʟʳʚʘʶʪ ʫʚʝʣʠʯʝʥʠʝ ʧʨʝʜʝʣʘ ʧʨʦʯʥʦʩʪʠ ʜʦ 

500 ʄʇʘ ʫ ʩʦʩʪʘʚʘ ɸʂ5+10% Udimet 500 ʧʨʠ ʧʨʝʜʝʣʝ ʪʝʢʫʯʝʩʪʠ 498 ʄʇʘ. ʇʣʘʩʪʠʯʥʦʩʪʴ 

ʦʙʨʘʟʮʦʚ ʩʥʠʞʘʝʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʜʦ ʥʫʣʝʚʳʭ ʟʥʘʯʝʥʠʡ. ʈʘʟʨʫʰʝʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʭʨʫʧʢʦ 

ʧʦ ʜʦʩʪʠʞʝʥʠʠ ʧʨʝʜʝʣʘ ʧʨʦʯʥʦʩʪʠ.  
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ʈʠʩʫʥʦʢ 1. ʉʪʨʫʢʪʫʨʘ ʦʙʨʘʟʮʦʚ ɸʂ5+10% Udimet 500, ʧʦʣʫʯʝʥʥʳʭ ʤʝʪʦʜʦʤ ʕʃɸʇ 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʚʝʜʝʥʠʝ ʧʨʦʚʦʣʦʢʠ ʠʟ ʥʠʢʝʣʝʚʦʛʦ ʩʧʣʘʚʘ Udimet 500 ʚ ʢʘʯʝʩʪʚʝ 

ʫʧʨʦʯʥʷʶʱʝʛʦ ʢʦʤʧʦʥʝʥʪʘ ʘʣʶʤʠʥʠʝʚʦ-ʢʨʝʤʥʠʝʚʦʛʦ ʩʧʣʘʚʘ ɸʂ5 ʚʦ ʚʨʝʤʷ ʕʃɸʇ 

ʧʨʠʚʦʜʠʪ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʤʥʦʛʦʬʘʟʥʦʡ ʩʪʨʫʢʪʫʨʳ. ʏʘʩʪʴ ʥʠʢʝʣʝʚʦʛʦ ʩʧʣʘʚʘ 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʨʝʘʛʠʨʫʝʪ ʩ ʤʘʪʝʨʠʘʣʦʤ ʤʘʪʨʠʮʳ ʠ ʘʛʣʦʤʝʨʠʨʫʝʪʩʷ, ʦʙʨʘʟʫʷ ʢʨʫʧʥʳʝ 

ʚʢʣʶʯʝʥʠʷ ʛʣʦʙʫʣʷʨʥʦʡ ʠ ʚʳʪʷʥʫʪʦʡ ʬʦʨʤ ʟʘ ʩʯʝʪ ʙʳʩʪʨʦʡ ʩʢʦʨʦʩʪʠ ʟʘʩʪʳʚʘʥʠʷ. 

ʇʦʣʫʯʝʥʥʳʡ ʤʘʪʝʨʠʘʣ ʦʙʣʘʜʘʝʪ ʧʦʚʳʰʝʥʥʳʤʠ ʧʨʦʯʥʦʩʪʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʥʦ 

ʩʢʣʦʥʝʥ ʢ ʭʨʫʧʢʦʤʫ ʨʘʟʨʫʰʝʥʠʶ. ʊʘʢʘʷ ʩʪʨʫʢʪʫʨʘ ʧʦʪʝʥʮʠʘʣʴʥʦ ʤʦʞʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ 

ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʨʦʩʪʫ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ ʤʘʪʝʨʠʘʣʘ, ʯʪʦ ʙʫʜʝʪ ʦʧʨʝʜʝʣʝʥʦ ʚ ʜʘʣʴʥʝʡʰʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʷʭ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ ʀʌʇʄ ʉʆ ʈɸʅ, ʪʝʤʘ ʥʦʤʝʨ 
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ʩʪʦʨʦʥʳ, ʧʨʠʚʦʜʠʪ ʢ ʟʥʘʯʠʪʝʣʴʥʦʡ ʵʢʦʥʦʤʠʠ ʤʘʪʝʨʠʘʣʘ ʠ ʩʥʠʞʝʥʠʶ ʫʜʝʣʴʥʦʛʦ ʚʝʩʘ 

ʢʦʥʩʪʨʫʢʮʠʠ, ʘ ʩ ʜʨʫʛʦʡ ï ʥʘʨʫʰʘʝʪ ʩʪʨʫʢʪʫʨʥʫʶ ʮʝʣʦʩʪʥʦʩʪʴ ʠ ʥʝʧʨʝʨʳʚʥʦʩʪʴ 

ʣʠʩʪʦʚʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠ ʦʙʨʘʟʦʚʘʥʠʶ ʩʣʦʞʥʳʭ ʧʦʣʝʡ ʥʘʧʨʷʞʝʥʠʡ ʠ ʜʝʬʦʨʤʘʮʠʠ ʚʙʣʠʟʠ 

ʦʪʚʝʨʩʪʠʡ, ʯʪʦ ʦʪʨʠʮʘʪʝʣʴʥʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʥʘʜʝʞʥʦʩʪʠ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠʟʜʝʣʠʡ. 

ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʦʙʨʘʟʮʦʚ ʩ ʛʨʫʧʧʘʤʠ çʧʣʦʪʥʦ ʫʧʘʢʦʚʘʥʥʳʭè ʦʪʚʝʨʩʪʠʡ 

ʤʝʭʘʥʠʟʤ ʵʚʦʣʶʮʠʠ ʧʦʣʝʡ ʥʘʧʨʷʞʝʥʠʡ ʠ ʜʝʬʦʨʤʘʮʠʠ ʫʩʣʦʞʥʷʝʪʩʷ ʧʨʦʷʚʣʝʥʠʝʤ ʪʘʢ 

ʥʘʟʳʚʘʝʤʦʛʦ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʦʛʦ ʵʬʬʝʢʪʘ, ʧʨʠʚʦʜʷʱʝʛʦ ʢ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʶ 

ʣʦʢʘʣʴʥʦʡ ʜʝʬʦʨʤʘʮʠʠ ʠ ʥʘʧʨʷʞʝʥʠʡ ʚʦʢʨʫʛ ʦʪʚʝʨʩʪʠʡ ʠ ʚ ʠʪʦʛʝ ï ʢ ʧʨʝʞʜʝʚʨʝʤʝʥʥʦʡ 

ʜʝʛʨʘʜʘʮʠʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʠ ʨʝʩʫʨʩʘ ʠʟʜʝʣʠʡ. ʈʝʟʫʣʴʪʘʪ ʚʣʠʷʥʠʷ ʬʝʥʦʤʝʥʘ 

çʠʥʪʝʨʬʝʨʝʥʮʠʠè ʩʦʩʪʦʠʪ ʚ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʪʨʝʱʠʥ ʚʥʝ ʘʢʪʠʚʥʳʭ ʟʦʥ. ʂʘʢ ʧʨʘʚʠʣʦ, 

ʦʙʨʘʟʮʳ ʙʝʟ ʦʪʚʝʨʩʪʠʡ ʨʘʟʨʫʰʘʶʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʘʣʝʩʮʝʥʮʠʠ ʤʠʢʨʦʧʦʨ, ʚ ʪʦ ʚʨʝʤʷ, 

ʢʘʢ ʦʙʨʘʟʮʳ ʩ ʦʪʚʝʨʩʪʠʷʤʠ ʨʘʟʨʫʰʘʶʪʩʷ ʚʩʣʝʜʩʪʚʠʝ ʙʳʩʪʨʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʪʨʝʱʠʥ 

ʤʝʞʜʫ ʦʪʚʝʨʩʪʠʷʤʠ. ʄʝʭʘʥʠʟʤʳ ʟʘʨʦʞʜʝʥʠʷ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʪʨʝʱʠʥ ʚ 

ʧʝʨʬʦʨʠʨʦʚʘʥʥʳʭ ʧʣʘʩʪʠʥʘʭ ʠʟ ʩʧʣʘʚʦʚ, ʜʝʤʦʥʩʪʨʠʨʫʶʱʠʭ ʧʨʝʨʳʚʠʩʪʫʶ ʜʝʬʦʨʤʘʮʠʶ 

ʠ ʧʦʣʦʩʦʦʙʨʘʟʦʚʘʥʠʝ ʦʩʪʘʶʪʩʷ ʤʘʣʦʠʟʫʯʝʥʥʳʤʠ.  

ɺʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʦʪʚʝʨʩʪʠʷʤʠ ʚʣʠʷʶʪ ʥʘ ʧʦʚʝʜʝʥʠʝ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ 

ʤʘʪʝʨʠʘʣʦʚ ʧʨʠ ʣʦʢʘʣʠʟʘʮʠʠ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ. ʃʦʢʘʣʠʟʘʮʠʷ, ʢʘʢ ʨʝʟʫʣʴʪʘʪ 

ʥʝʫʩʪʦʡʯʠʚʦʛʦ ʜʝʬʦʨʤʘʮʠʦʥʥʦʛʦ ʧʦʚʝʜʝʥʠʷ, ʨʘʩʩʤʘʪʨʠʚʘʝʤʘʷ ʚ ʨʘʤʢʘ ʵʬʬʝʢʪʘ 

ʇʦʨʪʝʚʝʥʘ-ʃʝ ʐʘʪʝʣʴʝ (ʇʃʐ), ʦʙʳʯʥʦ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʘʣʶʤʠʥʠʝʚʳʭ, ʤʝʜʥʳʭ ʩʧʣʘʚʘʭ ʠ 

ʧʨ. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʵʬʬʝʢʪʘ ʇʃʐ ʤʦʛʫʪ ʟʘʚʠʩʝʪʴ ʦʪ ʬʦʨʤʳ ʠ ʨʘʟʤʝʨʘ 

ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʦʙʨʘʟʮʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʦʪ ʧʨʠʩʫʪʩʪʚʠʷ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʠʭ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ ʨʘʟʣʠʯʥʦʛʦ ʧʣʘʥʘ (ʮʘʨʘʧʠʥʳ, ʥʘʜʨʝʟʳ, ʦʪʚʝʨʩʪʠʷ), ʢʦʪʦʨʳʝ ʠʛʨʘʶʪ 

ʩʫʱʝʩʪʚʝʥʥʫʶ ʨʦʣʴ ʚ ʧʦʷʚʣʝʥʠʠ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʣʦʢʘʣʠʟʦʚʘʥʥʳʭ ʧʦʣʦʩ ʜʝʬʦʨʤʘʮʠʠ 

ʠ ʧʨʝʞʜʝʚʨʝʤʝʥʥʦʤ ʨʘʟʨʫʰʝʥʠʠ ʤʘʪʝʨʠʘʣʘ. ʆʪʚʝʨʩʪʠʷ ʚ ʤʘʪʝʨʠʘʣʝ ʩʦʟʜʘʶʪ ʩʚʦʠʤ 

ʧʨʠʩʫʪʩʪʚʠʝʤ ʥʘ ʬʨʦʥʪʝ ʧʦʣʦʩʳ ʜʝʬʦʨʤʘʮʠʠ ʥʦʚʫʶ ʙʦʢʦʚʫʶ ʧʦʚʝʨʭʥʦʩʪʴ, ʪʝʤ ʩʘʤʳʤ 

ʧʨʦʚʦʮʠʨʫʷ ʦʙʨʘʟʦʚʘʥʠʝ ʥʦʚʳʭ ʧʦʣʦʩ ʜʝʬʦʨʤʘʮʠʠ.  

ɺ ʨʘʙʦʪʘʭ [1-4] ʥʘ ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʘʭ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʨʘʟʨʫʰʝʥʠʝ ʤʘʪʝʨʠʘʣʘ 

ʧʨʦʠʩʭʦʜʠʪ ʚ ʦʙʣʘʩʪʷʭ, ʥʘʠʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦ ʦʙʨʘʙʦʪʘʥʥʳʭ ʧʦʣʦʩʘʤʠ ʜʝʬʦʨʤʘʮʠʠ, ʘ 

ʦʪʚʝʨʩʪʠʷ ʚ ʤʘʪʝʨʠʘʣʝ ʠʣʠ ʠʥʳʝ ʧʦʚʨʝʞʜʝʥʠʷ, ʥʘʧʨʠʤʝʨ, ʣʦʢʘʣʴʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʣʘʟʝʨʘ, 

ʠʛʨʘʶʪ ʨʦʣʴ ʢʦʥʮʝʥʪʨʘʪʦʨʘ ʧʦʣʦʩ ʚ ʦʙʣʘʩʪʠ ʤʝʞʜʫ ʦʪʚʝʨʩʪʠʷʤʠ, ʩʦʟʜʘʚʘʷ ʪʝʤ ʩʘʤʳʤ 

ʟʥʘʯʠʪʝʣʴʥʳʡ ʛʨʘʜʠʝʥʪ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʜʝʬʦʨʤʘʮʠʠ, ʯʪʦ ʠ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ 

ʧʨʝʞʜʝʚʨʝʤʝʥʥʦʤʫ ʨʘʟʨʫʰʝʥʠʶ. ɺ ʵʪʠʭ ʨʘʙʦʪʘʭ ʧʨʝʜʣʦʞʝʥ ʢʦʤʧʣʝʢʩʥʳʡ ʧʦʜʭʦʜ ʥʘ ʙʘʟʝ 

ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ ʠʟʫʯʝʥʠʷ ʩʠʣʦʚʦʛʦ ʠ ʜʝʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʪʢʣʠʢʦʚ, ʵʤʠʩʩʠʦʥʥʳʭ 

ʩʠʛʥʘʣʦʚ (ʘʢʫʩʪʠʯʝʩʢʦʛʦ, ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ, ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʛʦ, ʪʝʧʣʦʚʦʛʦ) ʠ 

ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʡ ʚʠʜʝʦʩʲʝʤʢʠ ʧʦʚʝʨʭʥʦʩʪʠ ʜʝʬʦʨʤʠʨʫʝʤʦʛʦ ʦʙʨʘʟʮʘ.  

ʕʪʘ ʤʝʪʦʜʦʣʦʛʠʷ ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʝʣʠʥʝʡʥʦʛʦ ʧʦʚʝʜʝʥʠʷ ʧʦʣʦʩ 

ʜʝʬʦʨʤʘʮʠʠ ʚ ʧʣʦʩʢʠʭ ʦʙʨʘʟʮʘʭ ʩʧʣʘʚʘ ɸʄʛ6 ʩ ʨʝʛʫʣʷʨʥʳʤʠ ʦʪʚʝʨʩʪʠʷʤʠ ʧʣʘʩʪʠʥʘʭ ʩ 

ʮʝʣʴʶ ʠʟʫʯʝʥʠʷ ʚʟʘʠʤʦʩʚʷʟʠ ʤʝʞʜʫ ʵʚʦʣʶʮʠʝʡ ʧʣʘʩʪʠʯʝʩʢʠʭ ʟʦʥ ʠ ʨʝʞʠʤʦʤ ʟʘʨʦʞʜʝʥʠʷ 

ʪʨʝʱʠʥ ʧʨʠ ʠʩʧʳʪʘʥʠʷʭ ʥʘ ʦʜʥʦʦʩʥʦʝ ʨʘʩʪʷʞʝʥʠʝ ʚ ʫʩʣʦʚʠʷʭ ʵʬʬʝʢʪʘ ʇʃʐ. ɺ ʦʙʨʘʟʮʘʭ 

ʚ ʚʠʜʝ ʜʚʫʭʩʪʦʨʦʥʥʠʭ ʣʦʧʘʪʦʢ ʩ ʨʘʟʤʝʨʘʤʠ ʨʘʙʦʯʝʡ ʯʘʩʪʠ 7Ĭ5Ĭ0.5 ʤʤ ʚʳʩʚʝʨʣʠʚʘʣʠʩʴ 

16 ʦʪʚʝʨʩʪʠʡ ʜʠʘʤʝʪʨʦʤ 0.5 ʤʤ ʩ ʰʘʛʦʤ 0.6 ʤʤ ʚ ʚʠʜʝ ʢʚʘʜʨʘʪʥʦʡ ʩʝʪʢʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʜʦʩʪʠʛʘʣʦʩʴ ʫʩʣʦʚʠʝ çʧʣʦʪʥʦʡ ʫʧʘʢʦʚʢʠè ʦʪʚʝʨʩʪʠʡ, ʧʨʠ ʢʦʪʦʨʦʡ ʨʘʟʤʝʨ ʦʪʚʝʨʩʪʠʡ 

ʩʦʠʟʤʝʨʠʤ ʩ ʨʘʩʩʪʦʷʥʠʷʤʠ ʤʝʞʜʫ ʥʠʤʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ ʵʬʬʝʢʪʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʤʝʞʜʫ ʦʪʚʝʨʩʪʠʷʤʠ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ ʢʨʠʚʳʭ ʜʣʷ ʦʙʨʘʟʮʦʚ ʩ ʦʪʚʝʨʩʪʠʷʤʠ ʠ ʢʦʥʪʨʦʣʴʥʳʭ 

(ʙʝʟ ʦʪʚʝʨʩʪʠʡ) ʦʙʨʘʟʮʦʚ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʜʣʷ ʦʙʨʘʟʮʘ ʩ ʦʪʚʝʨʩʪʠʷʤʠ ʚʝʣʠʯʠʥʘ ʧʝʨʚʦʡ 

ʢʨʠʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ (ʜʝʬʦʨʤʘʮʠʷ ʥʘʯʘʣʘ ʧʝʨʚʦʛʦ ʩʢʘʯʢʘ ʨʘʟʛʨʫʟʢʠ) ʩʥʠʞʘʝʪʩʷ, 

ʢʦʣʠʯʝʩʪʚʦ ʩʢʘʯʢʦʚ ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʘ ʠʭ ʘʤʧʣʠʪʫʜʘ ʫʤʝʥʴʰʘʝʪʩʷ. ɺʠʜʝʦʬʠʣʴʤʠʨʦʚʘʥʠʝ 
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ʧʦʚʝʨʭʥʦʩʪʠ ʜʝʬʦʨʤʠʨʫʝʤʦʛʦ ʦʙʨʘʟʮʘ ʥʘ ʩʢʦʨʦʩʪʠ 1000 ʢʘʜʨ/ʩ ʧʦʢʘʟʳʚʘʝʪ ʙʦʣʝʝ 

ʩʣʦʞʥʫʶ ʜʠʥʘʤʠʢʫ ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ ʧʦʣʦʩ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʴʥʳʤ ʦʙʨʘʟʮʦʤ. ɺʦ-

ʧʝʨʚʳʭ, ʥʘʙʣʶʜʘʝʪʩʷ ʵʬʬʝʢʪ ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ ʤʥʦʞʝʩʪʚʝʥʥʦʛʦ ʟʘʨʦʞʜʝʥʠʷ ʧʦʣʦʩ 

ʜʝʬʦʨʤʘʮʠʠ ʚ ʦʙʣʘʩʪʷʭ ʤʝʞʜʫ ʦʪʚʝʨʩʪʠʷʤʠ, ʪʦʛʜʘ ʢʘʢ ʚ ʢʦʥʪʨʦʣʴʥʦʤ ʩʣʫʯʘʝ ʟʘʨʦʞʜʘʝʪʩʷ 

ʣʠʰʴ ʦʜʥʘ ʧʦʣʦʩʘ ʜʝʬʦʨʤʘʮʠʠ, ʠ ʧʦʢʘ ʦʥʘ ʥʝ ʦʩʪʘʥʦʚʠʪʩʷ, ʜʨʫʛʘʷ ʧʦʣʦʩʘ ʥʝ ʤʦʞʝʪ 

ʟʘʨʦʜʠʪʴʩʷ. ɺʦ-ʚʪʦʨʳʭ, ʧʝʨʝʠʟʣʫʯʝʥʠʝ ʧʦʣʦʩ ʜʝʬʦʨʤʘʮʠʠ ʧʨʦʠʩʭʦʜʠʪ ʩʧʦʥʪʘʥʥʳʤ 

ʦʙʨʘʟʦʤ ʦʪ ʦʪʚʝʨʩʪʠʷ ʢ ʦʪʚʝʨʩʪʠʶ. ʀ, ʥʘʢʦʥʝʮ, ʧʦ ʤʝʨʝ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʤʝʞʜʫ 

ʦʪʚʝʨʩʪʠʷʤʠ ʬʦʨʤʠʨʫʝʪʩʷ ʢʘʨʪʠʥʘ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʧʦʣʦʩ ʧʨʦʚʦʮʠʨʫʶʱʠʭ 

ʦʙʨʘʟʦʚʘʥʠʝ çʣʦʞʥʳʭ ʰʝʝʢè, ʥʝ ʣʦʢʘʣʠʟʫʶʱʠʭ ʨʘʟʨʫʰʝʥʠʝ. ʈʘʩʧʨʦʩʪʨʘʥʝʥʠʝ 

ʤʘʛʠʩʪʨʘʣʴʥʦʡ ʪʨʝʱʠʥʳ ʧʨʦʠʩʭʦʜʠʪ ʧʦ ʪʨʘʝʢʪʦʨʠʠ ʥʝ ʩʦʚʧʘʜʘʶʱʝʡ ʩ ʥʠʤʠ. ʇʦʩʢʦʣʴʢʫ 

ʤʘʛʠʩʪʨʘʣʴʥʘʷ ʪʨʝʱʠʥʘ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʧʦ ʧʫʪʠ ʥʘʠʙʦʣʴʰʝʛʦ ʛʨʘʜʠʝʥʪʘ ʚʥʫʪʨʝʥʥʠʭ 

ʥʘʧʨʷʞʝʥʠʡ, ʪʦ ʪʘʢʘʷ ʢʘʨʪʠʥʘ ʫʢʘʟʳʚʘʝʪ ʥʘ ʧʨʝʦʙʣʘʜʘʶʱʫʶ ʨʦʣʴ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʳʭ 

ʵʬʬʝʢʪʦʚ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʧʦʣʷ ʥʘʧʨʷʞʝʥʠʡ ʠ ʜʝʬʦʨʤʘʮʠʠ.  

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʥʝʦʙʭʦʜʠʤʦ ʠʟʫʯʠʪʴ ʚʣʠʷʥʠʝ 

ʦʨʠʝʥʪʘʮʠʦʥʥʳʭ ʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ (ʚʟʘʠʤʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʦʪʚʝʨʩʪʠʡ, ʠ 

ʦʨʠʝʥʪʘʮʠʷ ʛʨʫʧʧ ʦʪʚʝʨʩʪʠʡ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʥʘʧʨʘʚʣʝʥʠʶ ʨʘʩʪʷʞʝʥʠʷ) ʥʘ ʭʘʨʘʢʪʝʨ 

ʜʚʠʞʝʥʠʷ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ ʧʦʣʦʩ ʠ ʚʝʨʦʷʪʥʦʩʪʴ ʧʨʝʜʩʢʘʟʘʥʠʷ 

ʪʨʘʝʢʪʦʨʠʠ ʤʘʛʠʩʪʨʘʣʴʥʦʡ ʪʨʝʱʠʥʳ ʠ ʤʦʨʬʦʣʦʛʠʠ ʨʘʟʨʫʰʝʥʠʷ. 

ʈʘʙʦʪʘ ʧʦʜʜʝʨʞʘʥʘ ʯʘʩʪʠʯʥʦ ʄʠʥʠʩʪʝʨʩʪʚʦʤ ʥʘʫʢʠ ʠ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ 

ʈʦʩʩʠʡʩʢʦʡ ʬʝʜʝʨʘʮʠʠ ʚ ʨʘʤʢʘʭ ʧʨʦʝʢʪʘ ʧʦ ʩʦʛʣʘʰʝʥʠʶ ˉ 075-15-2021-709 

(ʫʥʠʢʘʣʴʥʳʡ ʠʜʝʥʪʠʬʠʢʘʪʦʨ ʧʨʦʝʢʪʘ RF----2296.61321X0037) ʠ ʯʘʩʪʠʯʥʦ ʧʨʦʝʢʪʦʤ ʈʅʌ 

ˉ 22-22-00692. 
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Email: ojv76@mail.ru 

ʀʟʚʝʩʪʥʦ [1], ʯʪʦ ʤʠʢʨʦʪʚʝʨʜʦʩʪʴ ʟʘʢʘʣʝʥʥʳʭ ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʦʚ, ʪʠʧʘ ɼ1, ɼ16 

ʠ ɺ95ʧʯ, ʠʩʢʫʩʩʪʚʝʥʥʦ ʩʦʩʪʘʨʝʥʥʳʭ ʚ ʧʦʩʪʦʷʥʥʳʭ ʠ ʠʤʧʫʣʴʩʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ, 

ʟʘʤʝʪʥʦ ʠʟʤʝʥʷʝʪʩʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʣʫʯʘʝʤ ʩʪʘʨʝʥʠʷ ʙʝʟ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. 

ʅʘʙʣʶʜʘʝʪʩʷ, ʪʘʢ ʥʘʟʳʚʘʝʤʳʡ, ʤʘʛʥʠʪʦʧʣʘʩʪʠʯʝʩʢʠʡ ʵʬʬʝʢʪ (ʄʇʕ) [2-3] 

ʟʘʢʣʶʯʘʶʱʠʡʩʷ ʚ ʠʟʤʝʥʝʥʠʠ ʧʣʘʩʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʩʧʣʘʚʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʥʘʣʦʞʝʥʠʷ 

ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʮʝʣʝʩʦʦʙʨʘʟʥʳʤ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʩʪʦʷʥʥʦʛʦ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ (ʇʄʇ) ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʘʣʶʤʠʥʠʝʚʦʛʦ 

ʩʧʣʘʚʘ ɸʂ9, ʯʪʦ ʧʦʟʚʦʣʠʪ, ʚ ʩʣʫʯʘʝ ʜʦʩʪʠʞʝʥʠʷ ʠʭ ʚʳʩʦʢʠʭ ʟʥʘʯʝʥʠʡ, ʧʨʝʜʣʦʞʠʪʴ 

ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʫʶ ʪʝʭʥʦʣʦʛʠʶ ʦʙʨʘʙʦʪʢʠ ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʦʚ. 
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ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʩʫʱʝʩʪʚʦʚʘʥʠʠ ʤʘʛʥʠʪʦʧʣʘʩʪʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ ʩʦʤʥʝʚʘʪʴʩʷ 

ʥʝ ʧʨʠʭʦʜʠʪʩʷ [2, 4-5]. ʆʜʥʘʢʦ, ʜʦ ʩʠʭ ʧʦʨ ʦʩʪʘʝʪʩʷ ʨʷʜ ʚʦʧʨʦʩʦʚ, ʢʘʩʘʶʱʠʭʩʷ ʝʛʦ 

ʬʠʟʠʯʝʩʢʦʡ ʧʨʠʨʦʜʳ. ɺ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʥʝʩʢʦʣʴʢʦ 

ʬʠʟʠʯʝʩʢʠʭ ʤʝʭʘʥʠʟʤʦʚ [2ï5] ʦʧʨʝʜʝʣʷʶʪ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʚʣʠʷʥʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʥʘ 

ʩʚʦʡʩʪʚʘ ʠ ʩʪʨʫʢʪʫʨʫ ʤʘʪʝʨʠʘʣʦʚ. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʟʥʘʯʝʥʠʷ 

ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʇʄʇ ʥʘ ʧʘʨʘʤʝʪʨʳ ʄʇʕ ʠ ʧʨʦʮʝʩʩ ʬʘʟʦʦʙʨʘʟʦʚʘʥʠʷ ʚ ʩʦʩʪʘʨʝʥʥʦʤ 

ʘʣʶʤʠʥʠʝʚʦʛʦ ʩʧʣʘʚʘ ɸʂ9.  

 

 
 

ʈʠʩʫʥʦʢ 1. ɿʘʚʠʩʠʤʦʩʪʴ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʘʣʶʤʠʥʠʝʚʦʛʦ ʩʧʣʘʚʘ ɸʂ9 ʦʪ 

ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʇʄʇ 

 

ʆʙʨʘʟʮʳ ʠʟ ʘʣʶʤʠʥʠʝʚʦʛʦ ʩʧʣʘʚʘ ɸʂ9 ʧʦʩʣʝ ʚʳʜʝʨʞʢʠ 2 ʯ ʠ ʧʦʩʣʝʜʫʶʱʝʡ ʟʘʢʘʣʢʠ 

ʦʪ 535 Áʉ ʚ ʚʦʜʫ ʦʪʞʠʛʘʣʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 175 Áʉ ʜʣʠʪʝʣʴʥʦʩʪʴʶ 4 ʯ ʚ ʇʄʇ 

ʥʘʧʨʷʞʝʥʥʦʩʪʴʶ ʦʪ 1 ʜʦ 7 ʢʕ. ʊʝʤʧʝʨʘʪʫʨʫ ʠ ʚʨʝʤʷ ʩʪʘʨʝʥʠʷ ʚʳʙʠʨʘʣʠ ʥʘ ʦʩʥʦʚʝ 

ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ [7] ʠ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʥʝʝ ʧʨʦʚʝʜʝʥʥʳʭ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʭ ʦʧʳʪʦʚ [1, 

6]. 

ɸʥʘʣʠʟ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ: 

1. ʅʘʣʦʞʝʥʠʝ ʇʄʇ ʥʘʧʨʷʞʝʥʥʦʩʪʴʶ ʦʪ 1 ʜʦ 7 ʢʕ ʥʘ ʩʪʘʨʝʥʠʝ ʘʣʶʤʠʥʠʝʚʦʛʦ ʩʧʣʘʚʘ 

ɸʂ9 ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʜʦ 25 %, ʧʨʠ ʵʪʦʤ ʧʣʘʩʪʠʯʝʩʢʠʡ ʩʚʦʡʩʪʚʘ 

ʩʧʣʘʚʘ ʚʦʟʨʘʩʪʘʶʪ, ʯʪʦ ʠʤʝʝʪ ʙʦʣʴʰʦʝ ʧʨʘʢʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ. ʅʘʙʣʶʜʘʝʪʩʷ 

ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʄʇʕ [5]. ʆʜʥʘʢʦ, ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʚʝʣʠʯʠʥʳ 

ʥʘʧʨʷʞʸʥʥʦʩʪʠ ʇʄʇ ʟʥʘʯʝʥʠʷ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʟʤʝʥʷʶʪʩʷ. 

2. ɸʥʘʣʠʟ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʨʝʥʪʛʝʥʦʛʨʘʬʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ 

ʪʦʤ, ʯʪʦ ʥʘʣʦʞʝʥʠʝ ʇʄʇ ʥʘ ʩʪʘʨʝʥʠʝ ʘʣʶʤʠʥʠʝʚʦʛʦ ʩʧʣʘʚʘ ɸʂ9 ʥʝ ʧʨʠʚʦʜʠʪ ʢ 

ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʠʟʤʝʥʝʥʠʶ ʧʘʨʘʤʝʪʨʘ ʨʝʰʝʪʢʠ ʩʧʣʘʚʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʪʘʨʝʥʠʝʤ ʙʝʟ 

ʧʦʣʷ, ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʇʄʇ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʘ ʨʝʰʝʪʢʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ 

ʠʟʤʝʥʷʶʪʩʷ. 

3. ʄʝʪʦʜʦʤ ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʠʟʘ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʥʘʣʦʞʝʥʠʝ ʇʄʇ 

ʥʘʧʨʷʞʝʥʥʦʩʪʴʶ ʦʪ 1 ʜʦ 7 ʢʕ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚʩʝʭ ʥʘʙʣʶʜʘʝʤʳʭ 

ʣʠʥʠʡ (Ŭ-ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ ʥʘ ʦʩʥʦʚʝ ʘʣʶʤʠʥʠʷ, ʬʘʟʳ Mg2Si ʠ ʯʠʩʪʦʛʦ ʢʨʝʤʥʠʷ ʩ 

ʵʣʝʤʝʥʪʘʤʠ ʵʚʪʝʢʪʠʢʠ) ʜʦ 16 ʨʘʟ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʪʞʠʛʦʤ ʙʝʟ ʧʦʣʷ ʠ ʫʤʝʥʴʰʝʥʠʶ ʠʭ 
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ʧʦʣʫʰʠʨʠʥʳ ʜʦ 0,2Á, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʬʦʨʤʠʨʦʚʘʥʠʠ ʙʦʣʝʝ ʩʦʚʝʨʰʝʥʥʦʡ ʠ 

ʦʜʥʦʨʦʜʥʦʡ ʩʪʨʫʢʪʫʨʳ ʩʧʣʘʚʘ. ʇʨʘʢʪʠʯʝʩʢʠ ʚʩʝʛʜʘ ʥʘʙʣʶʜʘʝʪʩʷ ʩʤʝʱʝʥʠʝ ʣʠʥʠʡ Ŭ-

ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ ʥʘ ʦʩʥʦʚʝ ʘʣʶʤʠʥʠʷ ʚ ʩʪʦʨʦʥʫ ʙʦʣʴʰʠʭ ʫʛʣʦʚ ʜʦ 0,42Á. 
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ɸʚʪʦʚʦʣʥʦʚʘʷ ʢʦʥʮʝʧʮʠʷ ʢʠʥʝʪʠʢʠ ʧʨʦʮʝʩʩʘ ʧʣʘʩʪʠʯʝʩʢʦʛʦ ʪʝʯʝʥʠʷ ʚ ʤʘʪʝʨʠʘʣʘʭ 

[1] ʦʩʥʦʚʘʥʘ ʥʘ ʛʠʧʦʪʝʟʝ ʦʙ ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʠ ʷʚʣʝʥʠʷ ʣʦʢʘʣʠʟʘʮʠʠ ʤʘʢʨʦʤʘʩʰʪʘʙʥʦʡ 

ʜʝʬʦʨʤʘʮʠʠ. ʉʧʨʘʚʝʜʣʠʚʦʩʪʴ ʵʪʦʡ ʛʠʧʦʪʝʟʳ ʙʳʣʘ ʜʦʢʘʟʘʥʘ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ, 

ʧʨʦʚʝʜʝʥʥʳʭ ʥʘ ʙʦʣʝʝ ʯʝʤ ʧʷʪʠʜʝʩʷʪʠ ʨʘʟʥʳʭ ʤʘʪʝʨʠʘʣʘʭ. ʂʘʢ ʫʩʪʘʥʦʚʣʝʥʦ, ʚ ʭʦʜʝ 

ʧʣʘʩʪʠʯʝʩʢʦʛʦ ʪʝʯʝʥʠʷ ʦʙʣʘʩʪʠ ʣʦʢʘʣʠʟʦʚʘʥʥʦʡ ʜʝʬʦʨʤʘʮʠʠ ʦʙʨʘʟʫʶʪ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʦʙʨʘʟʮʘ ʭʘʨʘʢʪʝʨʥʳʡ ʧʘʪʪʝʨʥ, ʥʘʙʣʶʜʘʷ ʟʘ ʵʚʦʣʶʮʠʝʡ ʢʦʪʦʨʦʛʦ, ʤʦʞʥʦ ʧʦʣʫʯʘʪʴ 

ʢʦʣʠʯʝʩʪʚʝʥʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ 

ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʧʣʘʩʪʠʯʝʩʢʠʤ ʪʝʯʝʥʠʝʤ, ʪʦ ʝʩʪʴ, ʘʚʪʦʚʦʣʥ 

ʣʦʢʘʣʠʟʦʚʘʥʥʦʛʦ ʧʣʘʩʪʠʯʝʩʢʦʛʦ ʪʝʯʝʥʠʷ, ʨʘʟʚʠʚʘʶʱʠʭʩʷ ʚ ʦʙʲʝʤʝ ʜʝʬʦʨʤʠʨʫʝʤʦʡ 

ʩʨʝʜʳ. ʉʫʱʝʩʪʚʝʥʥʦ, ʯʪʦ ʪʠʧʳ ʘʚʪʦʚʦʣʥʦʚʳʭ ʤʦʜ ʣʦʢʘʣʠʟʦʚʘʥʥʦʛʦ ʧʣʘʩʪʠʯʝʩʢʦʛʦ 

ʪʝʯʝʥʠʷ ʦʜʥʦʟʥʘʯʥʦ ʩʚʷʟʘʥʳ ʩʦ ʩʪʘʜʠʷʤʠ ʜʝʬʦʨʤʘʮʠʦʥʥʦʛʦ ʫʧʨʦʯʥʝʥʠʷ, ʭʘʨʘʢʪʝʨʥʳʤʠ 

ʜʣʷ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ, ʇʨʘʚʠʣʦʤ ʩʦʦʪʚʝʪʩʪʚʠʷ, ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʤʫ: 

- ʩʪʘʜʠʠ ʧʣʦʱʘʜʢʠ ʪʝʢʫʯʝʩʪʠ ʦʪʚʝʯʘʝʪ ʘʚʪʦʚʦʣʥʘ ʧʝʨʝʢʣʶʯʝʥʠʷ, 

- ʥʘ ʩʪʘʜʠʠ ʣʠʥʝʡʥʦʛʦ ʜʝʬʦʨʤʘʮʠʦʥʥʦʛʦ ʫʧʨʦʯʥʝʥʠʷ ʬʦʨʤʠʨʫʝʪʩʷ ʬʘʟʦʚʘʷ ʘʚʪʦʚʦʣʥʘ,  

- ʧʨʠ ʧʘʨʘʙʦʣʠʯʝʩʢʦʤ ʫʧʨʦʯʥʝʥʠʠ ʚʦʟʥʠʢʘʝʪ ʩʪʘʮʠʦʥʘʨʥʘʷ ʜʠʩʩʠʧʘʪʠʚʥʘʷ ʩʪʨʫʢʪʫʨʘ, 

- ʥʘ ʩʪʘʜʠʠ ʧʨʝʜʨʘʟʨʫʰʝʥʠʷ ʥʘʙʣʶʜʘʝʪʩʷ ʢʦʣʣʘʧʩ ʘʚʪʦʚʦʣʥʳ ʣʦʢʘʣʠʟʦʚʘʥʥʦʛʦ ʪʝʯʝʥʠʷ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʮʝʩʩ ʧʣʘʩʪʠʯʝʩʢʦʛʦ ʪʝʯʝʥʠʷ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥ ʢʘʢ 

ʟʘʢʦʥʦʤʝʨʥʘʷ ʩʤʝʥʘ ʘʚʪʦʚʦʣʥʦʚʳʭ ʤʦʜ, ʢʘʞʜʘʷ ʠʟ ʢʦʪʦʨʳʭ ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ ʜʝʡʩʪʚʠʝʤ 

ʢʦʥʢʨʝʪʥʳʭ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʭ (ʜʠʩʣʦʢʘʮʠʦʥʥʳʭ) ʤʝʭʘʥʠʟʤʦʚ ʜʝʬʦʨʤʘʮʠʠ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʚʳʧʦʣʥʝʥʠʝ ʭʘʨʘʢʪʝʨʥʦʛʦ ʜʣʷ ʜʘʥʥʦʡ ʩʪʘʜʠʠ ʧʨʦʮʝʩʩʘ ʧʣʘʩʪʠʯʝʩʢʦʛʦ 

ʪʝʯʝʥʠʷ ʟʘʢʦʥʘ ʜʝʬʦʨʤʘʮʠʦʥʥʦʛʦ ʫʧʨʦʯʥʝʥʠʷ [2]. ʇʨʘʚʠʣʦ ʩʦʦʪʚʝʪʩʪʚʠʷ ʦʧʨʝʜʝʣʷʝʪ 

ʧʨʝʜʩʢʘʟʘʪʝʣʴʥʫʶ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʟʚʠʚʘʝʤʦʡ ʘʚʪʦʚʦʣʥʦʚʦʡ ʤʦʜʝʣʠ ʧʣʘʩʪʠʯʥʦʩʪʠ 

ʤʘʪʝʨʠʘʣʦʚ. ʂʘʢ ʧʦʢʘʟʘʣ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʘʥʘʣʠʟ ʵʚʦʣʶʮʠʠ ʧʘʪʪʝʨʥʘ ʣʦʢʘʣʠʟʦʚʘʥʥʦʡ 

ʧʣʘʩʪʠʯʥʦʩʪʠ, ʵʪʦ ʧʨʘʚʠʣʦ ʚʳʧʦʣʥʷʝʪʩʷ ʥʘ ʚʩʝʭ ʩʪʘʜʠʷʭ ʜʝʬʦʨʤʘʮʠʦʥʥʦʛʦ ʧʨʦʮʝʩʩʘ, 

ʧʨʠʯʝʤ ʦʥʦ ʩʧʨʘʚʝʜʣʠʚʦ ʢʘʢ ʜʣʷ ʤʝʪʘʣʣʦʚ ʠ ʩʧʣʘʚʦʚ, ʪʘʢ ʠ ʜʣʷ ʥʝʤʝʪʘʣʣʠʯʝʩʢʠʭ 

ʤʘʪʝʨʠʘʣʦʚ, ʘ ʪʘʢʞʝ ʛʦʨʥʳʭ ʧʦʨʦʜ. ʕʪʦ ʧʨʠʜʘʝʪ ʘʚʪʦʚʦʣʥʦʚʦʤʫ ʧʦʜʭʦʜʫ ʢ ʦʧʠʩʘʥʠʶ 

mailto:lbz@ispms.tsc.ru
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ʬʝʥʦʤʝʥʘ ʧʣʘʩʪʠʯʥʦʩʪʠ ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʴ, ʜʝʣʘʷ ʝʛʦ ʧʨʠʛʦʜʥʳʤ ʜʣʷ ʦʙʲʷʩʥʝʥʠʷ 

ʜʠʥʘʤʠʢʠ ʬʦʨʤʦʠʟʤʝʥʝʥʠʷ ʤʘʪʝʨʠʘʣʦʚ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʠʭ ʧʨʠʨʦʜʳ ʠ ʩʪʨʫʢʪʫʨʳ. 

ʇʨʦʚʝʜʝʥʥʳʝ ʜʣʷ ʧʨʦʚʝʨʢʠ ʵʪʦʛʦ ʧʦʣʦʞʝʥʠʷ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʨʦʮʝʩʩʦʚ ʜʝʬʦʨʤʘʮʠʠ ʤʥʦʞʝʩʪʚʘ ʨʘʟʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʨʘʟʥʳʭ 

ʩʪʨʫʢʪʫʨʥʳʭ ʩʦʩʪʦʷʥʠʷʭ, ʠʤʝʶʱʠʭ ʨʘʟʥʫʶ ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʨʝʰʝʪʢʫ ʠ 

ʜʝʬʦʨʤʠʨʫʶʱʠʭʩʷ ʩ ʧʦʤʦʱʴʶ ʨʘʟʥʳʭ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʭ ʤʝʭʘʥʠʟʤʦʚ, ʧʦʢʘʟʘʣʠ, ʯʪʦ ʥʘ 

ʩʪʘʜʠʠ ʣʠʥʝʡʥʦʛʦ ʜʝʬʦʨʤʘʮʠʦʥʥʦʛʦ ʫʧʨʦʯʥʝʥʠʷ, ʘ ʪʘʢʞʝ ʥʘ ʫʩʪʘʥʦʚʠʚʰʝʡʩʷ ʩʪʘʜʠʠ 

ʧʦʣʟʫʯʝʩʪʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʪʝʢʘʶʱʠʭ ʚ ʩʨʝʜʝ, ʩʚʷʟʘʥʳ 

ʩʦʦʪʥʦʰʝʥʠʝʤ 

1Ĕ ,
2
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t

V
Z

V

l

c
¹ º                                                         (1) 

ʥʘʟʚʘʥʥʳʤ [1] ʋʧʨʫʛʦʧʣʘʩʪʠʯʝʩʢʠʤ ʠʥʚʘʨʠʘʥʪʦʤ ʜʝʬʦʨʤʘʮʠʠ. ɺ ʵʪʦʤ ʩʦʦʪʥʦʰʝʥʠʠ l- 

ʜʣʠʥʘ ʘʚʪʦʚʦʣʥʳ ʣʦʢʘʣʠʟʦʚʘʥʥʦʛʦ ʧʣʘʩʪʠʯʝʩʢʦʛʦ ʪʝʯʝʥʠʷ, 
awV - ʩʢʦʨʦʩʪʴ ʝʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ, c- ʤʝʞʧʣʦʩʢʦʩʪʥʦʝ ʨʘʩʩʪʦʷʥʠʝ, ʘ 
tV - ʩʢʦʨʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʧʦʧʝʨʝʯʥʳʭ ʫʧʨʫʛʠʭ ʚʦʣʥ ʚ ʜʝʬʦʨʤʠʨʫʝʤʦʡ ʩʨʝʜʝ. ʆʯʝʚʠʜʥʦ, ʩʦʦʪʥʦʰʝʥʠʝ (1) 

ʩʚʷʟʳʚʘʝʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʣʦʢʘʣʠʟʦʚʘʥʥʦʡ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ (
awVl ) ʩ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʫʧʨʫʛʠʭ ʚʦʣʥ (
tVc ), ʧʝʨʝʨʘʩʧʨʝʜʝʣʷʶʱʠʭ ʫʧʨʫʛʠʝ 

ʥʘʧʨʷʞʝʥʠʷ ʚ ʤʘʪʝʨʠʘʣʝ. ʀʥʳʤʠ ʩʣʦʚʘʤʠ, ʠʥʚʘʨʠʘʥʪ (1) ʩʣʫʞʠʪ ʷʚʥʳʤ ʫʢʘʟʘʥʠʝʤ ʥʘ 

ʚʟʘʠʤʦʦʙʫʩʣʦʚʣʝʥʥʦʩʪʴ ʫʧʨʫʛʠʭ ʠ ʧʣʘʩʪʠʯʝʩʢʠʭ ʵʬʬʝʢʪʦʚ ʚ ʜʝʬʦʨʤʠʨʫʝʤʦʡ ʩʨʝʜʝ ʚ 

ʮʝʣʦʤ. 

ʇʨʠʨʦʜʘ ʋʧʨʫʛʦʧʣʘʩʪʠʯʝʩʢʦʛʦ ʠʥʚʘʨʠʘʥʪʘ ʜʝʬʦʨʤʘʮʠʠ ʙʳʣʘ ʦʙʲʷʩʥʝʥʘ ʥʘ 

ʦʩʥʦʚʘʥʠʠ ʘʥʘʣʠʟʘ ʧʨʠʨʦʜʳ ʩʚʷʟʠ ʫʧʨʫʛʠʭ ʠ ʧʣʘʩʪʠʯʝʩʢʠʭ ʩʤʝʱʝʥʠʡ ʚ ʜʝʬʦʨʤʠʨʫʝʤʦʡ 

ʩʨʝʜʝ ʧʨʠ ʜʝʡʩʪʚʠʠ ʚʥʝʰʥʝʡ ʥʘʛʨʫʟʢʠ. ɹʳʣʦ ʪʘʢʞʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʢʦʣʠʯʝʩʪʚʝʥʥʘʷ ʬʦʨʤʘ 

ʠʥʚʘʨʠʘʥʪʘ (1) ʦʧʨʝʜʝʣʷʝʪʩʷ ʫʩʣʦʚʠʝʤ ʫʤʝʥʴʰʝʥʠʷ ʵʥʪʨʦʧʠʠ ʜʝʬʦʨʤʠʨʫʝʤʦʡ ʩʨʝʜʳ ʚ 

ʧʨʦʮʝʩʩʝ ʛʝʥʝʨʘʮʠʠ ʘʚʪʦʚʦʣʥ ʣʦʢʘʣʠʟʦʚʘʥʥʦʛʦ ʧʣʘʩʪʠʯʝʩʢʦʛʦ ʪʝʯʝʥʠʷ. ʂʘʢ ʠʟʚʝʩʪʥʦ [3, 

4], ʪʘʢʦʝ ʫʤʝʥʴʰʝʥʠʝ ʷʚʣʷʝʪʩʷ ʦʙʷʟʘʪʝʣʴʥʳʤ ʧʨʠʟʥʘʢʦʤ ʧʨʦʮʝʩʩʘ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ. 

ʋʩʪʘʥʦʚʣʝʥʥʘʷ ʚʟʘʠʤʦʩʚʷʟʴ ʧʦʟʚʦʣʠʣʘ ʨʘʟʚʠʪʴ ʤʦʜʝʣʴ ʘʚʪʦʚʦʣʥʦʚʦʡ ʧʣʘʩʪʠʯʥʦʩʪʠ, 

ʦʩʥʦʚʘʥʥʫʶ ʥʘ ʩʘʤʦʧʨʦʠʟʚʦʣʴʥʦʤ ʨʘʩʩʣʦʝʥʠʠ ʜʝʬʦʨʤʠʨʫʝʤʦʡ ʩʨʝʜʳ ʥʘ ʜʠʥʘʤʠʯʝʩʢʫʶ 

(ʜʠʩʣʦʢʘʮʠʦʥʥʫʶ) ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʫʶ (ʬʦʥʦʥʥʫʶ) ʧʦʜʩʠʩʪʝʤʳ, ʫʯʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʢʦʪʦʨʳʭ ʜʘʝʪ ʧʨʘʚʠʣʴʥʫʶ ʦʮʝʥʢʫ ʜʣʠʥʳ ʘʚʪʦʚʦʣʥʳ ʣʦʢʘʣʠʟʘʮʠʠ ʠ ʩʢʦʨʦʩʪʠ ʝʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ. ɼʣʷ ʵʪʦʡ ʤʦʜʝʣʠ ʠʥʚʘʨʠʘʥʪ (1) ʠʛʨʘʝʪ ʨʦʣʴ ʦʩʥʦʚʥʦʛʦ ʫʨʘʚʥʝʥʠʷ, ʘ 

ʜʝʬʦʨʤʘʮʠʦʥʥʳʝ ʘʢʪʳ ʚ ʩʨʝʜʝ ʨʘʟʚʠʚʘʶʪʩʷ ʧʦ ʩʣʝʜʫʶʱʝʤʫ ʩʮʝʥʘʨʠʶ. ɼʠʩʣʦʢʘʮʠʦʥʥʳʝ 

ʩʜʚʠʛʠ, ʦʪʚʝʪʩʪʚʝʥʥʳʝ ʟʘ ʧʣʘʩʪʠʯʝʩʢʦʝ ʬʦʨʤʦʠʟʤʝʥʝʥʠʝ, ʠʥʠʮʠʠʨʫʶʪʩʷ ʠʤʧʫʣʴʩʘʤʠ 

ʘʢʫʩʪʠʯʝʩʢʦʡ ʵʤʠʩʩʠʠ, ʢʦʪʦʨʳʝ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʛʝʥʝʨʠʨʫʶʪʩʷ ʜʨʫʛʠʤʠ ʩʜʚʠʛʘʤʠ. ʕʪʦ 

ʧʦʟʚʦʣʷʝʪ ʦʙʲʷʩʥʠʪʴ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʦʛʦ ʤʘʩʰʪʘʙʘ lº10-2 ʤ ʧʨʠ 

ʧʣʘʩʪʠʯʝʩʢʦʤ ʪʝʯʝʥʠʠ, ʦʩʫʱʝʩʪʚʣʷʝʤʦʤ ʜʠʩʣʦʢʘʮʠʷʤʠ ʩ ʭʘʨʘʢʪʝʨʥʳʤ ʤʘʩʰʪʘʙʦʤ b cº º

10-10 ʤ, ʛʜʝ b ï ʚʝʢʪʦʨ ɹʶʨʛʝʨʩʘ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʝʜʣʦʞʝʥʥʦʡ ʘʚʪʦʚʦʣʥʦʚʦʡ ʤʦʜʝʣʠ 

ʣʦʢʘʣʠʟʦʚʘʥʥʦʛʦ ʧʣʘʩʪʠʯʝʩʢʦʛʦ ʪʝʯʝʥʠʷ ʧʦʟʚʦʣʷʝʪ ʚ ʜʦʩʪʘʪʦʯʥʦʡ ʤʝʨʝ ʪʦʯʥʦ ʦʧʠʩʘʪʴ 

ʦʩʥʦʚʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʧʣʘʩʪʠʯʝʩʢʦʛʦ ʬʦʨʤʦʠʟʤʝʥʝʥʠʷ ʪʚʝʨʜʳʭ ʪʝʣ ʨʘʟʣʠʯʥʦʡ 

ʬʠʟʠʯʝʩʢʦʡ ʧʨʠʨʦʜʳ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʬʦʨʤʠʨʦʚʘʥʠʝ ʘʚʪʦʚʦʣʥʦʚʦʛʦ ʧʨʦʮʝʩʩʘ ʧʨʠ ʧʣʘʩʪʠʯʝʩʢʦʤ ʪʝʯʝʥʠʠ 

ʪʚʝʨʜʳʭ ʪʝʣ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʶ ʩʧʣʦʰʥʦʡ ʩʨʝʜʳ ʚ ʭʦʜʝ ʝʝ 

ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ. ʊʘʢʘʷ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʷ ʧʨʠʥʠʤʘʝʪ ʬʦʨʤʫ ʘʚʪʦʚʦʣʥʦʚʦʛʦ 

ʧʨʦʮʝʩʩʘ ʣʦʢʘʣʠʟʦʚʘʥʥʦʡ ʧʣʘʩʪʠʯʥʦʩʪʠ [1], ʘ ʧʨʝʜʣʦʞʝʥʥʘʷ ʥʘ ʦʩʥʦʚʝ ʵʪʦʛʦ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʤʦʜʝʣʴ ʨʘʟʚʠʪʠʷ ʣʦʢʘʣʠʟʦʚʘʥʥʦʛʦ ʧʣʘʩʪʠʯʝʩʢʦʛʦ ʪʝʯʝʥʠʷ ʠʩʧʦʣʴʟʫʝʪ ʚ 

ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʋʧʨʫʛʦʧʣʘʩʪʠʯʝʩʢʠʡ ʠʥʚʘʨʠʘʥʪ ʜʝʬʦʨʤʘʮʠʠ (1). ɸʥʘʣʠʟ 
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ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʩʣʝʜʩʪʚʠʷ ʠʟ ʠʥʚʘʨʠʘʥʪʘ ʦʧʠʩʳʚʘʶʪ ʚʩʝ ʦʩʥʦʚʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ 

ʘʚʪʦʚʦʣʥʦʚʦʛʦ ʧʨʦʮʝʩʩʘ, ʚ ʯʘʩʪʥʦʩʪʠ, ʩʢʦʨʦʩʪʴ ʝʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ, ʜʠʩʧʝʨʩʠʶ 

ʘʚʪʦʚʦʣʥ, ʟʘʚʠʩʠʤʦʩʪʴ ʜʣʠʥʳ ʘʚʪʦʚʦʣʥʳ ʦʪ ʨʘʟʤʝʨʘ ʟʝʨʥʘ, ʘ ʪʘʢʞʝ ʩʦʦʪʥʦʰʝʥʠʝ ʍʦʣʣʘ-

ʇʝʪʯʘ, ʟʘʚʠʩʠʤʦʩʪʴ ʧʣʦʪʥʦʩʪʠ ʜʠʩʣʦʢʘʮʠʡ ʦʪ ʜʝʬʦʨʤʘʮʠʠ, ʤʘʩʰʪʘʙʥʳʡ ʵʬʬʝʢʪ ʠ ʜʨʫʛʠʝ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ ʚ ʤʘʪʝʨʠʘʣʘʭ ʨʘʟʥʦʡ ʧʨʠʨʦʜʳ. 

ʉʦʙʩʪʚʝʥʥʦ ʧʨʦʮʝʩʩ ʛʝʥʝʨʘʮʠʠ ʘʚʪʦʚʦʣʥ ʣʦʢʘʣʠʟʦʚʘʥʥʦʡ ʧʣʘʩʪʠʯʥʦʩʪʠ 

ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦʤ, ʯʪʦ ʩʢʦʨʦʩʪʴ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ ʟʘ ʩʯʝʪ 

ʜʚʠʞʝʥʠʷ ʜʠʩʣʦʢʘʮʠʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚ ʨʘʤʢʘʭ ʪʝʦʨʠʠ ʜʠʩʣʦʢʘʮʠʡ ʩʦʦʪʥʦʰʝʥʠʝʤ 

ʊʝʡʣʦʨʘ-ʆʨʦʚʘʥʘ [2] 

md dislb Ve r= ,                                                     (2) 

ʛʜʝ mdr  - ʧʣʦʪʥʦʩʪʴ ʧʦʜʚʠʞʥʳʭ ʜʠʩʣʦʢʘʮʠʡ, ʘ 
dislV  - ʠʭ ʩʢʦʨʦʩʪʴ. ʇʨʠ ʚʦʟʤʦʞʥʦʤ 

ʫʤʝʥʴʰʝʥʠʠ ʵʪʠʭ ʚʝʣʠʯʠʥ ʩ ʨʦʩʪʦʤ ʜʝʬʦʨʤʘʮʠʠ ʫʩʣʦʚʠʝ conste= , ʟʘʜʘʚʘʝʤʦʝ 

ʠʩʧʳʪʘʪʝʣʴʥʦʡ ʤʘʰʠʥʦʡ, ʤʦʞʝʪ ʙʳʪʴ ʚʳʧʦʣʥʝʥʦ ʪʦʣʴʢʦ ʟʘ ʩʯʝʪ ʘʢʪʠʚʘʮʠʠ ʥʦʚʳʭ ʦʯʘʛʦʚ 

ʣʦʢʘʣʠʟʦʚʘʥʥʦʡ ʜʝʬʦʨʤʘʮʠʠ ʥʘ ʨʘʩʩʪʦʷʥʠʠ ~l ʦʪ ʠʩʭʦʜʥʦʛʦ, ʪʦ ʝʩʪʴ, ʧʨʠ ʛʝʥʝʨʘʮʠʠ 

ʘʚʪʦʚʦʣʥʦʚʦʡ  ʤʦʜʳ ʣʦʢʘʣʠʟʠʨʦʚʘʥʥʦʡ ʧʣʘʩʪʠʯʥʦʩʪʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʇʨʘʚʠʣʦʤ 

ʩʦʦʪʚʝʪʩʪʚʠʷ [5]. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʈʅʌ ˉ 21-19-00075. 
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ɺʃʀʗʅʀɽ ʉʂʆʈʆʉʊʀ ʅɸɻʈʋɾɽʅʀʗ ʅɸ ʇʈʆʏʅʆʉʊʔ 

ʂʆʄʇʆɿʀʊʅʓʍ ʇʃɽʅʆʂ ʅɸ ʆʉʅʆɺɽ ʇʆʃʀʄɽʈɸ ʀ 
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ʀʟʚʝʩʪʥʦ, ʯʪʦ ʙʦʣʴʰʦʝ ʚʣʠʷʥʠʝ ʥʘ ʧʨʦʷʚʣʝʥʠʝ ʩʚʦʡʩʪʚ ʢʦʤʧʦʟʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

(ʂʄ) ʦʢʘʟʳʚʘʶʪ ʩʢʦʨʦʩʪʴ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʥʘʛʨʫʞʝʥʠʷ ʠ ʜʨʫʛʠʭ ʬʘʢʪʦʨʦʚ [1]. ɺ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʢʘʟʘʥʥʳʭ ʦʙʩʪʦʷʪʝʣʴʩʪʚ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʤʘʪʝʨʠʘʣʦʚ 

ʧʨʦʷʚʣʷʶʪʩʷ ʧʦ-ʨʘʟʥʦʤʫ. ʄʝʭʘʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʂʄ, ʧʦʣʫʯʝʥʥʳʝ ʥʘ ʨʘʟʥʳʭ 

ʫʩʪʘʥʦʚʢʘʭ ʧʨʠ ʨʘʟʥʳʭ ʚʠʜʘʭ ʥʘʛʨʫʞʝʥʠʷ, ʤʦʛʫʪ ʦʪʣʠʯʘʪʴʩʷ ʟʥʘʯʠʪʝʣʴʥʦ. ɼʘʥʥʘʷ 

ʧʨʦʙʣʝʤʘ ʙʦʣʝʝ ʘʢʪʫʘʣʴʥʘ ʜʣʷ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʜʠʩʧʝʨʩʥʳʭ ʩʨʝʜ, 

ʧʨʦʷʚʣʷʶʱʠʭ ʩʚʦʡʩʪʚʘ ʘʥʠʟʦʪʨʦʧʠʠ [2, 3].  ʂ ʪʘʢʠʤ ʩʠʩʪʝʤʘʤ ʦʪʥʦʩʠʪʩʷ 

ʢʘʧʩʫʣʠʨʦʚʘʥʥʳʝ ʧʦʣʠʤʝʨʘʤʠ ʞʠʜʢʠʝ ʢʨʠʩʪʘʣʣʳ (ʂʇɾʂ), ʧʨʠʤʝʥʷʝʤʳʝ ʚ ʧʦʩʣʝʜʥʝʝ 

ʚʨʝʤʷ ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʛʦ ʩʳʨʴʷ ʜʣʷ ʦʧʪʦʵʣʝʢʪʨʦʥʠʢʠ, ʤʠʢʨʦʵʣʝʢʪʨʦʥʠʢʠ ʠ 

ʠʥʜʠʢʘʪʦʨʥʦʡ ʪʝʭʥʠʢʠ. ʆʪʥʦʩʠʪʝʣʴʥʦ ʩʚʝʪʦʧʨʦʧʫʩʢʘʥʠʷ ʂʇɾʂ ʧʣʝʥʦʢ ʚ ʵʣʝʢʪʨʠʯʝʩʢʦʤ 

ʠ ʤʘʛʥʠʪʥʦʤ ʧʦʣʷʭ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʧʝʨʝʦʨʠʝʥʪʘʮʠʝʡ ʧʦʣʝ ʜʠʨʝʢʪʦʨʘ ʥʝʤʘʪʠʢʘ ʠʤʝʶʪʩʷ 

ʥʝʦʛʨʘʥʠʯʝʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʙʦʪ [2-4]. ʆʜʥʘʢʦ, ʚʦʧʨʦʩ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ ʚ ʚʳʰʝʫʢʘʟʘʥʥʳʭ ʧʦʣʷʭ ʩ ʫʯʝʪʦʤ ʬʦʨʤʠʨʦʚʘʥʠʷ ʥʦʚʳʭ ʤʦʜʠʬʠʢʘʮʠʡ 

ʢʦʥʬʠʛʫʨʘʮʠʠ ʥʘʭʦʜʠʪʩʷ ʚ ʩʪʘʜʠʠ ʚʩʝʩʪʦʨʦʥʥʝʡ ʠʟʫʯʝʥʠʠ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ 

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʠʤʝʥʥʦ ʪʘʢʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ.  
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ʀʩʩʣʝʜʫʝʤʳʤ ʞʠʜʢʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʤ ʢʦʤʧʦʥʝʥʪʦʤ ʩʣʫʞʠʣʘ ʠʟʚʝʩʪʥʳʡ ʥʝʤʘʪʠʢ 

4-ʥ-ʛʝʧʪʠʣ-4ô-ʮʠʘʥʦʙʠʬʝʥʠʣ (7ʉɺ), ʠʤʝʶʱʠʡ ʪʝʤʧʝʨʘʪʫʨʳ ʧʝʨʝʭʦʜʦʚ ʢʨʠʩʪʘʣʣ 280ʉ 

ʥʝʤʘʪʠʢ 42,50ʉ ʠʟʦʪʨʦʧ. ʇʦʢʘʟʘʪʝʣʠ ʧʨʝʣʦʤʣʝʥʠʷ ʠʩʩʣʝʜʫʝʤʦʛʦ 7ʉɺ: 534.10 ==^ nn  ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ ʊ=25ʦʉ ʠ ʜʣʠʥ ʚʦʣʥ ɚ=0,633 ʤʢʤ. ʇʦʣʠʤʝʨʥʳʤ ʩʚʷʟʫʶʱʠʤ ʤʘʪʝʨʠʘʣʦʤ ʙʳʣ 

ʧʦʣʠʚʠʥʠʣʙʫʪʠʨʘʣʴ (ʇɺɹ) ʩ nʨ=1,492. ʇɺɹ ʦʙʝʩʧʝʯʠʚʘʝʪ ʪʘʥʛʝʥʮʠʘʣʴʥʦʝ ʩʮʝʧʣʝʥʠʝ ʩ 

ʤʦʣʝʢʫʣʘʤʠ ʧʨʦʠʟʚʦʜʥʳʭ ʘʣʢʠʣʮʠʘʥʦʙʠʬʝʥʠʣʦʚ.  

ʉʪʨʫʢʪʫʨʘ ʠ ʩʚʦʡʩʪʚʘ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʨʠʩ. 1  

 

 

 

 

 

 

  

 

ʈʠʩ. 1. ʅʝʤʘʪʠʯʝʩʢʠʡ ʞʠʜʢʠʡ ʢʨʠʩʪʘʣʣ  

4-n-ʛʝʧʪʠʣ-4'-ʮʠʘʥʦʙʠʬʝʥʠʣ                        ʇʦʣʠʚʠʥʠʣʙʫʪʠʨʘʣʴ (ʇɺɹ)           

ɺʠʟʫʘʣʴʥʳʝ ʥʘʙʣʶʜʝʥʠʷ ʪʝʢʩʪʫʨʳ ʢʘʧʝʣʴ ɾʂ ʧʨʦʚʦʜʠʣʠʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʧʦʣʷʨʠʟʘʮʠʦʥʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ ʇʦʣʘʨ-2. ʌʨʘʛʤʝʥʪ ʤʠʢʨʦʬʦʪʦʛʨʘʬʠʠ ʪʘʢʦʡ ʧʣʝʥʢʠ, 

ʠʩʩʣʝʜʫʝʤʦʡ ʚ ʩʢʨʝʱʝʥʥʳʭ ʧʦʣʷʨʠʟʘʪʦʨʘʭ ʤʠʢʨʦʩʢʦʧʘ, ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩ. 2.  

                                                                       

ʈʠʩ. 2. ʌʨʘʛʤʝʥʪ ʧʣʝʥʢʠ ʇɺɹ c 

ʜʠʩʧʝʨʛʠʨʦʚʘʥʥʳʤ ʥʝʤʘʪʠʢʦʤ 7ʉɺ. 

ʂʘʢ ʚʠʜʥʦ, ʚ ʩʣʫʯʘʝ ʛʝʦʤʝʪʨʠʠ 

ʩʢʨʝʱʸʥʥʳʭ ʧʦʣʷʨʠʟʘʪʦʨʦʚ ʥʘʙʣʶʜʘʝʪʩʷ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʢʘʧʣʠ ʤʠʢʨʦʥʥʦʛʦ ʨʘʟʤʝʨʘ 

ʩ ʨʘʟʣʠʯʥʦʡ ʩʪʨʫʢʪʫʨʦʡ. ʅʘʙʣʶʜʘʝʤʳʡ 

ʵʬʬʝʢʪ ʩʪʨʦʛʦ ʟʘʚʠʩʠʪ ʦʪ ʨʝʞʠʤʘ 

ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʩʤʝʩʠ ʢʦʤʧʦʟʠʪʘ. ʉʶʜʘ ʚ 

ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʦʪʥʦʩʠʪʩʷ ʚʨʝʤʷ 

ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʧʦʣʠʤʝʨʘ ʠ 

ʞʠʜʢʦʛʦ ʢʨʠʩʪʘʣʣʘ.  

ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʳ ʚ ʚʠʜʝ ʛʨʘʬʠʢʘ ʟʘʚʠʩʠʤʦʩʪʠ =f(t) ʚ 

ʧʦʣʫʣʦʛʘʨʠʬʤʠʯʝʩʢʦʡ ʢʦʦʨʜʠʥʘʪʝ ʠʣʣʶʩʪʨʠʨʦʚʘʥʳ ʥʘ ʨʠʩ. 3. ʂʘʢ ʚʠʜʥʦ, ʜʣʷ ʦʙʝ ʩʝʨʠʠ 

ʢʦʤʧʦʥʝʥʪʦʚ (15 ʠ 25%) ʵʪʠ ʟʘʚʠʩʠʤʦʩʪʠ ʠʤʝʶʪ ʣʠʥʝʡʥʳʡ ʭʘʨʘʢʪʝʨ. ɼʣʷ ʦʙʨʘʟʮʦʚ ʩ 15% 

ʢʦʤʧʦʥʝʥʪʦʡ ʅɾʂ (ʧʨʷʤʘʷ 1) ʨʘʟʨʳʚʥʦʡ ʧʨʦʯʥʦʩʪʠ  ʧʨʠ ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʠ 

ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʠʤʝʝʪ ʟʥʘʯʝʥʠʷ ♫=26,4 ʄʇʘ, ʘ ʜʣʷ ʤʝʜʣʝʥʥʦʡ ʩʢʦʨʦʩʪʠ ʥʘʛʨʫʞʝʥʠʷ 

ʨʘʚʥʘ ♫=23,8 ʄʇʘ.  
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ʈʠʩ. 3. ɿʘʚʠʩʠʤʦʩʪʴ ʨʘʟʨʳʚʥʦʡ ʧʨʦʯʥʦʩʪʠ ʦʪ ʩʢʦʨʦʩʪʴ ʥʘʛʨʫʞʝʥʠʷ ʜʣʷ 

ʂʇɾʂ ʧʣʝʥʦʢ ʜʣʷ 15%-ʥʦʛʦ (ʘ) ʠ 2- 25%-ʥʦʛʦ (ʙ) ʢʦʤʧʦʥʝʥʪʳ ʅɾʂ  

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʦʪʝʨʷ ʧʨʦʯʥʦʩʪʠ ʚ ʜʘʥʥʦʤ ʨʝʞʠʤʝ ʠʩʧʳʪʘʥʠʡ ʩʦʩʪʘʚʣʷʝʪ 

ʧʨʠʤʝʨʥʦ 9,84%. ʉʦʧʦʩʪʘʚʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʧʦʪʝʨʠ ʧʨʦʯʥʦʩʪʠ ʜʣʷ ʜʚʫʭ ʩʝʨʠʠ 

ʢʦʤʧʦʥʝʥʪʦʚ ʅɾʂ ʚ ʩʦʩʪʘʚʝ ʇɺɹ ʧʦʢʘʟʘʣ, ʯʪʦ ʚʦ ʚʪʦʨʦʤ ʩʣʫʯʘʝ ʧʦʪʝʨʷ ʚ ʪʨʠ ʨʘʟʘ 

ʙʦʣʴʰʝ. ʆʙʥʘʨʫʞʝʥʥʳʡ ʬʘʢʪ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʠʟ-ʟʘ ʫʚʝʣʠʯʝʥʠʷ ʢʦʤʧʦʥʝʥʪʳ ʅɾʂ ʚ 

ʩʦʩʪʘʚʝ ʧʦʣʠʤʝʨʥʦʡ ʩʚʷʟʫʶʱʝʡ ʢʦʣʠʯʝʩʪʚʦ ʢʘʧʝʣʴ ʥʝʤʘʪʠʢʘ ʢʘʢ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ, ʪʘʢ ʠ ʚ 

ʦʙʲʝʤʝ ʤʘʪʨʠʮʳ ʧʨʠʚʦʜʠʪ ʢ ʧʘʜʝʥʠʶ ʧʨʦʯʥʦʩʪʠ. ʈʘʚʥʦʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʢʘʧʝʣʴ 

ʥʝʤʘʪʠʢʘ ʩʧʦʩʦʙʩʪʚʫʝʪ ʨʘʟʨʳʚʫ ʤʘʢʨʦʤʦʣʝʢʫʣʳ ʇɺɹ ʠ ʝʩʪʝʩʪʚʝʥʥʦ, ʫʤʝʥʴʰʝʥʠʶ 

ʧʨʦʯʥʦʩʪʠ.   

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʟʫʯʝʥʦ ʭʘʨʘʢʪʝʨ ʠʟʤʝʥʝʥʠʷ ʧʨʦʯʥʦʩʪʠ ʧʦʣʠʤʝʨʥʦʡ ʤʘʪʨʠʮʳ ʠʟ 

ʇɺɹ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʥʝʤʘʪʠʯʝʩʢʦʛʦ ʞʠʜʢʦʛʦ ʢʨʠʩʪʘʣʣʘ ʚ ʢʘʯʝʩʪʚʝ ʠʥʛʠʙʠʪʦʨʘ. 

ʇʦʢʘʟʘʣʠ, ʯʪʦ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʢʦʤʧʦʟʠʪʥʳʭ 

ʧʣʝʥʦʢ ʥʘʙʣʶʜʘʝʪʩʷ ʧʘʜʝʥʠʷ ʨʘʟʨʳʚʥʦʡ ʧʨʦʯʥʦʩʪʠ, ʧʨʠʯʝʤ, ʯʝʤ ʙʦʣʴʰʝ ʧʨʦʮʝʥʪʥʦʝ 

ʩʦʦʪʥʦʰʝʥʠʝ ʢʦʤʧʦʥʝʥʪʳ ʅɾʂ, ʪʝʤ ʙʳʩʪʨʝʝ ʫʤʝʥʴʰʝʥʠʝ ʧʨʦʯʥʦʩʪʠ. ʂ ʦʙʥʘʨʫʞʝʥʥʦʤʫ 

ʵʬʬʝʢʪʫ ʚʣʠʷʝʪ ʨʘʟʤʝʨ ʠ ʬʦʨʤʳ ʢʘʧʝʣʴ ʥʝʤʘʪʠʢʘ.   
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ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʜʝʬʦʨʤʘʮʠʦʥʥʦʛʦ 

ʧʦʚʝʜʝʥʠʷ ʩʧʝʯʝʥʥʳʭ ʢʝʨʘʤʠʢ ʠʟ ʢʘʨʙʠʜʘ ʚʦʣʴʬʨʘʤʘ ʩ ʨʘʟʣʠʯʥʳʤ ʨʘʟʤʝʨʦʤ ʟʝʨʥʘ.  

ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʩʪʫʧʘʣʠ ʧʦʨʦʰʢʠ ʤʦʥʦʢʘʨʙʠʜʘ ʚʦʣʴʬʨʘʤʘ Ŭ-

WC ʩ ʨʘʟʣʠʯʥʳʤ ʥʘʯʘʣʴʥʳʤ ʨʘʟʤʝʨʦʤ ʯʘʩʪʠʮ: ʥʘʥʦʧʦʨʦʰʦʢ ˉ1 ʩ ʥʘʯʘʣʴʥʳʤ ʨʘʟʤʝʨʦʤ 

ʯʘʩʪʠʮ ~95 ʥʤ, ʘ ʪʘʢʞʝ ʧʦʨʦʰʢʠ ˉ2 ʠ ˉ3 ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʂʠʨʦʚʦʛʨʘʜʩʢʦʛʦ ʟʘʚʦʜʘ ʪʚʝʨʜʳʭ ʩʧʣʘʚʦʚ ʩ ʥʘʯʘʣʴʥʳʤ ʨʘʟʤʝʨʦʤ ʯʘʩʪʠʮ ʧʦ ʌʠʰʝʨʫ 0.8 

ʤʢʤ ʠ 3 ʤʢʤ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʅʘʥʦʧʦʨʦʰʦʢ ˉ1 ʙʳʣ ʧʦʣʫʯʝʥ ʤʝʪʦʜʦʤ 

ʧʣʘʟʤʦʭʠʤʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʤ ʦʪʞʠʛʦʤ ʚ ʚʦʜʦʨʦʜʝ 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1050  (3 ʯ). 

ʂʦʤʧʘʢʪʠʨʦʚʘʥʠʝ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʦʙʨʘʟʮʦʚ ʜʠʘʤʝʪʨʦʤ 12 ʤʤ ʠ ʚʳʩʦʪʦʡ h = 12 ʤʤ 

ʧʨʦʚʦʜʠʣʦʩʴ ʤʝʪʦʜʦʤ ʕʀʇʉ ʧʨʠ ʧʦʤʦʱʠ ʫʩʪʘʥʦʚʢʠ Dr. Sinter model SPS-625. ʆʙʨʘʟʮʳ 

ʩʧʝʢʘʣʠʩʴ ʠʟ ʧʦʨʦʰʢʦʚʳʭ ʧʨʝʩʩʦʚʦʢ ʤʘʩʩʦʡ 22.5 ʛ ʚ ʨʝʞʠʤʝ ʥʝʧʨʝʨʳʚʥʦʛʦ ʥʘʛʨʝʚʘ ʩ 

ʟʘʜʘʥʥʦʡ ʩʢʦʨʦʩʪʴ 50 /ʤʠʥ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ ʩʧʝʢʘʥʠʷ Ts ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʦʭʣʘʞʜʝʥʠʝʤ 

ʚ ʩʚʦʙʦʜʥʦʤ ʨʝʞʠʤʝ. ɺʳʜʝʨʞʢʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ Ts ʦʪʩʫʪʩʪʚʦʚʘʣʘ. ʉʧʝʢʘʥʠʝ 

ʧʨʦʚʦʜʠʣʦʩʴ ʚ ʫʩʣʦʚʠʷʭ ʦʜʥʦʦʩʥʦʛʦ ʜʘʚʣʝʥʠʷ 70 ʄʇʘ, ʢʦʪʦʨʦʝ ʧʨʠʢʣʘʜʳʚʘʣʦʩʴ ʢ 

ʦʙʨʘʟʮʘʤ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʥʘʯʘʣʦʤ ʥʘʛʨʝʚʘ.  

ɺʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʘʷ ʜʝʬʦʨʤʘʮʠʷ ʩʧʝʯʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʩ ʧʦʤʦʱʴʶ 

ʫʩʪʘʥʦʚʢʠ Dr. Sinter model SPS-625. ɼʣʷ ʠʩʧʳʪʘʥʠʡ ʥʘ ʧʦʣʟʫʯʝʩʪʴ ʦʙʨʘʟʮʳ ʧʦʤʝʱʘʣʠʩʴ 

ʚ ʛʨʘʬʠʪʦʚʫʶ ʧʨʝʩʩ-ʬʦʨʤʫ ʩ ʚʥʫʪʨʝʥʥʠʤ ʜʠʘʤʝʪʨʦʤ 20 ʤʤ, ʢʦʪʦʨʳʡ ʙʳʣ ʙʦʣʴʰʝ, ʯʝʤ 

ʜʠʘʤʝʪʨ ʩʧʝʯʝʥʥʳʭ ʢʝʨʘʤʠʯʝʩʢʠʭ ʦʙʨʘʟʮʦʚ.  

ʀʩʧʳʪʘʥʠʷ ʥʘ ʧʦʣʟʫʯʝʩʪʴ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʜʚʫʭ ʨʝʞʠʤʘʭ. ʆʙʨʘʟʮʳ ʩʝʨʠʠ ˉ1 

ʥʘʛʨʝʚʘʣʠʩʴ ʩʦ ʩʢʦʨʦʩʪʴʶ 25 /ʤʠʥ ʜʦ ʪʝʤʧʝʨʘʪʫʨ Th1 = 1300 ï 1375  ʩ ʰʘʛʦʤ 25  ʩ 

ʧʦʩʪʦʷʥʥʳʤ ʚʨʝʤʝʥʝʤ ʚʳʜʝʨʞʢʠ 30 ʤʠʥ ʧʨʠ ʢʘʞʜʦʡ ʪʝʤʧʝʨʘʪʫʨʝ Th1 ʠ ʧʦʩʪʦʷʥʥʳʤ 

ʧʨʠʣʦʞʝʥʥʳʤ ʦʜʥʦʦʩʥʳʤ ʜʘʚʣʝʥʠʝʤ 70 ʄʇʘ (ʤʝʪʦʜ çʠʟʦʪʝʨʤʠʯʝʩʢʦʡ ʚʳʜʝʨʞʢʠè). ɺ 

ʧʨʦʮʝʩʩʝ ʠʟʦʪʝʨʤʠʯʝʩʢʦʡ ʚʳʜʝʨʞʢʠ ʬʠʢʩʠʨʦʚʘʣʘʩʴ ʟʘʚʠʩʠʤʦʩʪʴ ʵʬʬʝʢʪʠʚʥʦʡ ʫʩʘʜʢʠ 

Leff ʦʪ ʚʨʝʤʝʥʠ ʠʟʦʪʝʨʤʠʯʝʩʢʦʡ ʚʳʜʝʨʞʢʠ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. 

ɺʪʦʨʘʷ ʩʝʨʠʷ ʦʙʨʘʟʮʦʚ ʥʘʛʨʝʚʘʣʘʩʴ ʚ ʨʝʞʠʤʝ ʠʟʦʪʝʨʤʠʯʝʩʢʦʡ ʚʳʜʝʨʞʢʠ ʜʦ 

ʪʝʤʧʝʨʘʪʫʨʳ Th2 = 1325 , ʧʨʠ ʢʦʪʦʨʦʡ ʚʘʨʴʠʨʦʚʘʣʦʩʴ ʚʝʣʠʯʠʥʘ ʧʨʠʣʦʞʝʥʥʦʛʦ 

ʥʘʧʨʷʞʝʥʠʷ (ʤʝʪʦʜ çʩʢʘʯʢʦʚ ʥʘʧʨʷʞʝʥʠʡè). ɺ ʧʨʦʮʝʩʩʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʤʳ ʧʦʚʳʰʘʣʠ 

ʚʝʣʠʯʠʥʫ ʦʜʥʦʦʩʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ, ʧʨʠʢʣʘʜʳʚʘʝʤʦʛʦ ʢ ʦʙʨʘʟʮʫ (50, 70, 90 ʄʇʘ) ʠ ʜʘʣʝʝ 

ʦʙʨʘʟʝʮ ʚʳʜʝʨʞʠʚʘʣʩʷ ʧʨʠ ʜʘʥʥʦʤ ʥʘʧʨʷʞʝʥʠʠ ʚ ʪʝʯʝʥʠʝ 15 ʤʠʥ. ɺ ʧʨʦʮʝʩʩʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘ ʬʠʢʩʠʨʦʚʘʣʘʩʴ ʟʘʚʠʩʠʤʦʩʪʴ ʵʬʬʝʢʪʠʚʥʦʡ ʫʩʘʜʢʠ ʠ ʩʢʦʨʦʩʪʠ ʫʩʘʜʢʠ ʦʪ 

ʚʝʣʠʯʠʥʳ ʧʨʠʣʦʞʝʥʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ. 

ɼʣʷ ʫʯʝʪʘ ʚʢʣʘʜʘ ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʩʰʠʨʝʥʠʷ ʧʨʝʩʩ-ʬʦʨʤʳ ʧʨʦʠʟʚʦʜʠʣʩʷ 

ʵʢʩʧʝʨʠʤʝʥʪ ʧʦ ʥʘʛʨʝʚʫ ʧʫʩʪʳʭ ʧʨʝʩʩ-ʬʦʨʤ. ʀʩʪʠʥʥʘʷ ʚʝʣʠʯʠʥʘ ʫʩʘʜʢʠ (L) ʦʧʨʝʜʝʣʷʣʘʩʴ 

ʧʫʪʝʤ ʚʳʯʠʪʘʥʠʷ ʪʝʧʣʦʚʦʛʦ ʨʘʩʰʠʨʝʥʠʷ ʧʨʝʩʩ-ʬʦʨʤʳ ʠʟ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʠʟʤʝʨʝʥʥʦʡ 

çʵʬʬʝʢʪʠʚʥʦʡè ʚʝʣʠʯʠʥʳ Leff(T, t). 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚʝʣʠʯʠʥʘ ʵʥʝʨʛʠʠ ʘʢʪʠʚʘʮʠʠ ʧʦʣʟʫʯʝʩʪʠ ʚ ʫʣʴʪʨʘʤʝʣʢʦʟʝʨʥʠʩʪʦʤ 

(ʋʄɿ) ʢʘʨʙʠʜʝ ʚʦʣʴʬʨʘʤʘ ʩ ʨʘʟʤʝʨʦʤ ʟʝʨʥʘ ~0.15 ʤʢʤ, ʩʧʝʯʝʥʥʦʤ ʠʟ ʧʣʘʟʤʦʭʠʤʠʯʝʩʢʠʭ 

ʥʘʥʦʧʦʨʦʰʢʦʚ, ʩʦʩʪʘʚʣʷʝʪ ~31 kTm. ʕʪʘ ʚʝʣʠʯʠʥʘ ʚ 1.5-2 ʨʘʟʘ ʧʨʝʚʳʰʘʝʪ ʵʥʝʨʛʠʶ 

ʘʢʪʠʚʘʮʠʠ ʧʦʣʟʫʯʝʩʪʠ ʚ ʤʝʣʢʦʟʝʨʥʠʩʪʳʭ ʦʙʨʘʟʮʘʭ ʢʘʨʙʠʜʘ ʚʦʣʴʬʨʘʤʘ, ʧʦʣʫʯʝʥʥʳʭ 

ʤʝʪʦʜʦʤ ʕʀʇʉ ʠʟ ʩʫʙʤʠʢʨʦʥʥʳʭ (~0.8 ʤʢʤ) ʠ ʤʠʢʨʦʥʥʳʭ (~3 ʤʢʤ) ʧʨʦʤʳʰʣʝʥʥʳʭ 

ʧʦʨʦʰʢʦʚ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʝʣʠʯʠʥʘ ʢʦʵʬʬʠʮʠʝʥʪʘ n ʚʘʨʴʠʨʫʝʪʩʷ ʦʪ 2.4 ʜʦ 3.1, ʯʪʦ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʣʫʯʘʶ ʜʚʠʞʝʥʠʷ ʨʝʰʝʪʦʯʥʳʭ ʜʠʩʣʦʢʘʮʠʡ ʚ ʧʦʣʝ ʨʘʚʥʦʤʝʨʥʦ 

ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʪʦʯʝʯʥʳʭ ʧʨʝʧʷʪʩʪʚʠʡ. ɺʳʩʢʘʟʘʥʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʦʜʥʦʡ ʠʟ ʧʨʠʯʠʥ 

ʧʦʚʳʰʝʥʠʷ ʵʥʝʨʛʠʠ ʘʢʪʠʚʘʮʠʠ ʧʦʣʟʫʯʝʩʪʠ ʧʨʠ ʠʩʧʳʪʘʥʠʠ ʋʄɿ ʦʙʨʘʟʮʦʚ ʢʘʨʙʠʜʘ 

ʚʦʣʴʬʨʘʤʘ ʷʚʣʷʝʪʩʷ ʧʦʚʳʰʝʥʥʘʷ ʦʙʲʝʤʥʘʷ ʜʦʣʷ ʯʘʩʪʠʮ ʥʠʟʰʝʛʦ ʢʘʨʙʠʜʘ W2C, 
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ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʧʨʠ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʤ ʩʧʝʢʘʥʠʠ ʧʣʘʟʤʦʭʠʤʠʯʝʩʢʠʭ ʥʘʥʦʧʦʨʦʰʢʦʚ Ŭ-

WC ʩ ʧʦʚʳʰʝʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʘʜʩʦʨʙʠʨʦʚʘʥʥʦʛʦ ʢʠʩʣʦʨʦʜʘ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʈʌʌʀ ˉ20-33-90214. 

 

ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʉɾɸʊʀʗ ʇʆʈʀʉʊʓʍ ʄɽʊɸʃʃʆɺ ʇʈʀ 

ɺʓʉʆʂʆʉʂʆʈʆʉʊʅʆʁ ɼɽʌʆʈʄɸʎʀʀ 

ʌ.ʊ. ʃʘʪʳʧʦʚ1, ɸ.ɽ. ʄʘʡʝʨ1, ɽ.ɺ. ʌʦʤʠʥ1, ɺ.ʉ. ʂʨʘʩʥʠʢʦʚ1  

1ʏʝʣʷʙʠʥʩʢʠʡ ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʋʥʠʚʝʨʩʠʪʝʪ, ʏʝʣʷʙʠʥʩʢ, ʈʦʩʩʠʷ 

Email: latypovfanil@gmail.com 

ʄʳ ʧʨʠʤʝʥʠʣʠ ʜʚʫʭʫʨʦʚʥʝʚʳʡ ʧʦʜʭʦʜ ʢ ʠʟʫʯʝʥʠʶ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʧʦʚʝʜʝʥʠʷ 

ʧʦʨʠʩʪʳʭ ʤʝʪʘʣʣʦʚ ʧʨʠ ʜʠʥʘʤʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ. ʅʘ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʦʤ ʫʨʦʚʥʝ ʩ 

ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʤʦʣʝʢʫʣʷʨʥʦʡ ʜʠʥʘʤʠʢʠ (ʄɼ) ʠʟʫʯʝʥʦ ʚʣʠʷʥʠʝ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʡ 

ʜʝʬʦʨʤʘʮʠʠ ʩʞʘʪʠʷ ʥʘ ʧʦʨʠʩʪʳʝ ʤʝʪʘʣʣʳ. ʂʨʠʚʳʝ ʥʘʧʨʷʞʝʥʠʝ-ʜʝʬʦʨʤʘʮʠʷ, 

ʧʦʨʠʩʪʦʩʪʴ-ʜʝʬʦʨʤʘʮʠʷ ʠ ʧʣʦʪʥʦʩʪʴ ʜʠʩʣʦʢʘʮʠʡ-ʜʝʬʦʨʤʘʮʠʷ ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʚ 

ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ ʦʪ 300 ʜʦ 900 ʂ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʨʘʟʤʝʨʦʚ ʧʦʨ. 

ʅʘ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʦʤ ʫʨʦʚʥʝ ʤʳ ʩʨʘʚʥʠʣʠ ʜʚʘ ʧʦʜʭʦʜʘ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʤʘʰʠʥʥʦʤ 

ʦʙʫʯʝʥʠʠ, ʠʩʢʫʩʩʪʚʝʥʥʫʶ ʥʝʡʨʦʥʥʫʶ ʩʝʪʴ (ʀʅʉ) [1] ʠ ʤʠʢʨʦʤʝʭʘʥʠʯʝʩʢʫʶ ʤʦʜʝʣʴ 

ʦʧʠʩʘʥʥʫʶ ʚ [2] ʩ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʙʘʡʝʩʦʚʩʢʦʡ ʠʜʝʥʪʠʬʠʢʘʮʠʝʡ ʧʘʨʘʤʝʪʨʦʚ ʤʦʜʝʣʠ ʚ 

ʧʨʠʤʝʥʝʥʠʠ ʢ ʠʤʠʪʘʮʠʠ ʜʝʬʦʨʤʘʮʠʦʥʥʦʛʦ ʧʦʚʝʜʝʥʠʷ ʥʘʥʦʧʦʨʠʩʪʦʛʦ ʘʣʶʤʠʥʠʷ, 

ʠʟʚʣʝʯʝʥʥʦʛʦ ʠʟ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʤʦʣʝʢʫʣʷʨʥʦʡ ʜʠʥʘʤʠʢʠ (ʄɼ). ɼʘʥʥʳʝ ʜʣʷ ʩʨʘʚʥʝʥʠʷ 

ʧʦʣʫʯʝʥʳ ʧʫʪʝʤ ʄɼ-ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʢʘʢ ʜʣʷ ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʦʛʦ, ʪʘʢ ʠ ʦʜʥʦʦʩʥʦʛʦ 

ʩʞʘʪʠʷ ʧʨʝʜʩʪʘʚʠʪʝʣʴʥʳʭ ʦʙʲʝʤʥʳʭ ʵʣʝʤʝʥʪʦʚ ʤʦʥʦʢʨʠʩʪʘʣʣʘ ʘʣʶʤʠʥʠʷ ʩ ʥʘʥʦʧʦʨʘʤʠ 

ʩʬʝʨʠʯʝʩʢʦʡ, ʢʫʙʠʯʝʩʢʦʡ ʠ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʬʦʨʤʳ.  

ʆʙʘ ʧʦʜʭʦʜʘ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʤʘʰʠʥʥʦʤ ʦʙʫʯʝʥʠʠ, ʧʦʟʚʦʣʷʶʪ ʧʦʩʪʨʦʠʪʴ 

ʦʧʨʝʜʝʣʷʶʱʠʝ ʫʨʘʚʥʝʥʠʷ ʥʘʥʦʧʦʨʠʩʪʦʛʦ ʘʣʶʤʠʥʠʷ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʨʠʤʝʥʷʪʴʩʷ ʧʨʠ 

ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʧʨʦʮʝʩʩʦʚ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʫʧʣʦʪʥʝʥʠʷ ʠ ʫʜʘʨʥʦ-

ʚʦʣʥʦʚʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʵʪʦʤ ʤʘʪʝʨʠʘʣʝ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʦʛʦ ʬʦʥʜʘ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ (ʇʨʦʝʢʪʳ ˉ 20-38-90209 ʠ 20-08-00350) ʠ ʄʠʥʠʩʪʝʨʩʪʚʘ ʥʘʫʢʠ ʠ ʚʳʩʰʝʛʦ 

ʦʙʨʘʟʦʚʘʥʠʷ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ (ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʟʘʜʘʥʠʝ ʥʘ ʧʨʦʚʝʜʝʥʠʝ ʥʘʫʯʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʏʝʣɻʋ ˉ 075-00992-21-00). 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ: 

 
1. N.A. Gracheva, M.V. Lekanov, A.E. Mayer, E.V. Fomin, Mech. Solids 56, pp. 326ï342 (2021). 

2. A.E. Mayer, Int. J. Plast. 147, 103102  (2021). 
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ɼʀʅɸʄʀʂɸ ʄʀʂʈʆʉʊʈʋʂʊʋʈʅʓʍ ʇʆɺʈɽɾɼɽʅʀʁ ʇʈʀ 

ɼɽʌʆʈʄʀʈʆɺɸʅʀʀ ʆɼʅʆʈʆɼʅʆɻʆ ʊɺɽʈɼʆɻʆ ʊɽʃɸ ʅɸ 

ʇʈʀʄɽʈɽ ʅʀɿʂʆʋɻʃɽʈʆɼʀʉʊʆʁ ʉʊɸʃʀ ʇʆ ɼɸʅʅʓʄ 

ʃʀʅɽʁʅʆʁ ʃʆʂɸʎʀʀ ʀ ʉʇɽʂʊʈɸ ʄʆʑʅʆʉʊʀ 

ɸʂʋʉʊʀʏɽʉʂʆʁ ʕʄʀʉʉʀʀ 

ɸ.ʄ. ʃʝʢʩʦʚʩʢʠʡ1, ɹ.ʃ. ɹʘʩʢʠʥ1, ʇ.ʅ. ʗʢʫʰʝʚ1,  

ɺ.ʈ. ʈʞʝʚʢʠʥ2, ɻ.ɺ. ɺʘʛʘʥʦʚ3,  ʐ.ʐ. ɸʟʠʤʦʚ4 

1 ʌʊʀ ʠʤ. ɸ.ʌ. ʀʦʬʬʝ  
2 ʆʆʆ  çɼʀɸʇɸʂè 
3 ʀɺʉ  ʈɸʅ  
4 ʌʊʀ  ʅʊɸʅ 

Email:  a.leks2007@mail.ru 

ɺʦʧʨʦʩ ʦʪʩʣʝʞʠʚʘʥʠʷ ʤʠʢʨʦʩʪʨʫʢʪʫʨʥʳʭ ʠʟʤʝʥʝʥʠʡ / ʧʦʚʨʝʞʜʝʥʠʡ ʚ ʪʚʝʨʜʦʤ ʪʝʣʝ 

ʧʦʜ ʥʘʛʨʫʟʢʦʡ ʠ ʫʧʨʘʚʣʝʥʠʝ ʵʪʠʤ ʧʨʦʮʝʩʩʦʤ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʚʘʞʥʝʡʰʠʭ. ʅʝ ʪʦʣʴʢʦ ʚ 

ʯʠʩʪʦ ʘʢʘʜʝʤʠʯʝʩʢʦʤ ʧʣʘʥʝ, ʥʦ ʪʘʢʞʝ ʠ ʚ ʧʨʠʢʣʘʜʥʦʤ, ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʠʥʪʝʨʝʩʥʳʤ  

ʧʨʦʩʣʝʜʠʪʴ ʢʘʢ ʠʤʝʥʥʦ ʪʚʝʨʜʦʝ ʪʝʣʦ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʥʝʦʜʦʣʠʤʦʡ ʚʥʝʰʥʝʡ ʩʠʣʳ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʦʨʛʘʥʠʟʫʝʪ ʜʠʩʩʠʧʘʪʠʚʥʫʶ ʩʪʨʫʢʪʫʨʫ [1] ʧʦʩʠʣʴʥʦʛʦ ʪʦʨʤʦʞʝʥʠʷ 

ʬʨʘʛʤʝʥʪʘʨʥʦʛʦ ʨʘʩʧʘʜʘ. ɺ ʰʠʨʦʢʦʡ ʣʠʪʝʨʘʪʫʨʝ ʥʘʤ ʪʘʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʝ ʠʟʚʝʩʪʥʳ.   

ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʥʠʟʢʦʫʛʣʝʨʦʜʠʩʪʘʷ ʩʪʘʣʴ ʩʪ 3 ʚ 

ʩʦʩʪʦʷʥʠʠ ʧʦʩʪʘʚʢʠ. ʆʙʨʘʟʮʳ ʠʟ ʣʠʩʪʦʚʦʛʦ ʤʘʪʝʨʠʘʣʘ ʩ ʨʘʟʤʝʨʦʤ ʟʝʨʥʘ 30-50 mm ʙʳʣʠ 

ʚ ʚʠʜʝ ʜʚʫʩʪʦʨʦʥʥʝʡ ʣʦʧʘʪʢʠ ʩ ʨʘʙʦʯʝʡ ʯʘʩʪʴʶ (170 ʭ 4 ʭ 12.5 ) mm. ʆʜʥʦʦʩʥʦʝ 

ʨʘʩʪʷʞʝʥʠʝ ʦʙʨʘʟʮʦʚ ʧʨʦʠʟʚʦʜʠʣʦʩʴ  ʥʘ ʠʩʧʳʪʘʪʝʣʴʥʦʡ  ʤʘhʠʥʝ  1231-ʋ10  ʩ  

ʧʦʩʪʦʷʥʥʦʡ ʩʢʦʨʦʩʪʴʶ ʧʝʨʝʤʝʱʝʥʠʷ ʟʘʭʚʘʪʦʚ 2.5 mm/min. ʈʝʛʠʩʪʨʘʮʠʷ ʠ ʦʙʨʘʙʦʪʢʘ 

ʩʠʛʥʘʣʦʚ ɸʕ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʧʨʠʙʦʨʦʤ DISP PAC (Mistras Group). ʀʩʧʦʣʴʟʦʚʘʣʠʩʴ 

ʰʠʨʦʢʦʧʦʣʦʩʥʳʝ ʘʢʪʠʚʥʳʝ ʜʘʪʯʠʢʠ  ISPK301 ʩʦ ʚʩʪʨʦʝʥʥʳʤ  ʫʩʠʣʠʪʝʣʝʤ ʠ ʧʦʩʪʦʷʥʥʳʤ 

ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʫʩʠʣʝʥʠʷ 40 dB. ɺ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʩ  ʣʠʥʝʡʥʦʡ ʣʦʢʘʮʠʝʡ ʧʦ ʜʣʠʥʝ 

ʦʙʨʘʟʮʘ (ʨʠʩ.1) ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʦʜʥʘ ʧʘʨʘ ʜʘʪʯʠʢʦʚ (ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʜʘʪʯʠʢʘʤʠ 170 

mm), ʧʦʨʦʛ ʨʝʛʠʩʪʨʘʮʠʠ 34 dB. ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʩʧʝʢʪʨʘʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ɸʕ 

ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʦʜʠʥ ʜʘʪʯʠʢ, ʧʦʨʦʛ ʨʝʛʠʩʪʨʘʮʠʠ ʥʝ ʫʩʪʘʥʘʚʣʠʚʘʣʩʷ. 

 

 

ʈʠʩ.1. ɸʇʇ2022. ʘ) - ʦʙʱʘʷ 3D 

ʜʠʘʛʨʘʤʤʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʩʝʭ 22 000 

ɸʕ ʩʦʙʳʪʠʡ ñʘʤʧʣʠʪʫʜʘ ï ʢʦʦʨʜʠʥʘʪʘ 

ï ʚʨʝʤʷ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷò ʩ ʘʢʮʝʥʪʦʤ 

ʥʘ ʧʦʩʣʝʜʥʠʝ 300 s;  b) ï 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ ʚʦ ʚʨʝʤʝʥʠ 

ʠʟʤʝʥʝʥʠʝ ʢʦʦʨʜʠʥʘʪ ʩʦʙʳʪʠʡ ʚ ʜʚʫʭ 

ʦʜʥʦʩʝʢʫʥʜʥʳʭ ʦʢʥʘʭ ʚ ñʮʝʥʪʨʝ ʩʦʙʳʪʠʡò ʥʘ 130-

ʡ  ʠ 250-ʡ ʩʝʢʫʥʜʘʭ  ʚʨʝʤʝʥʠ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ .  

   ʄʥʦʛʦʩʣʦʞʥʦʩʪʴ ʩʪʨʫʢʪʫʨʥʳʭ ʧʝʨʝʩʪʨʦʝʥʠʡ ʧʦ ʜʘʥʥʳʤ ʣʠʥʝʡʥʦʡ ʣʦʢʘʮʠʠ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 2. ʅʘ ʨʠʩ. 3 ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʘʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʵʥʝʨʛʦʯʘʩʪʦʪʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʚʳʷʚʠʪʴ ʨʷʜ ʦʩʦʙʝʥʥʦʩʪʝʡ ʜʝʬʦʨʤʘʮʠʦʥʥʦʛʦ 

ʧʨʦʮʝʩʩʘ ʥʘ ʥʝʩʢʦʣʴʢʠʭ ʤʘʩʰʪʘʙʥʳʭ ʫʨʦʚʥʷʭ ʤʠʢʨʦʩʪʨʫʢʪʫʨʥʳʭ ʠʟʤʝʥʝʥʠʡ.  
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 ʈʠʩ. 2. ɸʇʇ2022. ʀʪʦʛʦʚʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦ ʚʨʝʤʝʥʠ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ : 2 - 

ʘʤʧʣʠʪʫʜ ʚʩʝʭ  22000 ʩʦʙʳʪʠʡ, dB;  3 - ʩʨʝʜʥʝʡ ʘʤʧʣʠʪʫʜʳ,dB; 4- ʵʥʝʨʛʠʠ ʩʠʛʥʘʣʦʚ,10-

24 J ;  5 - ʘʢʪʠʚʥʦʩʪʠ, s-1; 1 - ʠʟʤʝʥʝʥʠʝ ʥʘʛʨʫʟʢʠ.                                            

ʈʠʩ. 3. ɸʇʇ2022. ʀʟʤʝʥʝʥʠʝ ʧʦ ʚʨʝʤʝʥʠ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ : ʧʠʢʘ ʤʦʱʥʦʩʪʠ ɸʕ ʚ 

ʧʦʣʦʩʘʭ ʯʘʩʪʦʪ (kHz ):  1- (195.313 · 400.391);  2 ï (400.391 ·  595.703);  3 ï (595.703 · 

800.781); 4 -  (800.781 · 996.094);  5 - ʤʝʜʠʘʥʥʘʷ ʯʘʩʪʦʪʘ, kHz     

ʇʝʨʚʳʡ ʧʠʢ ʢʨʠʚʦʡ ʘʢʪʠʚʥʦʩʪʠ (75 s) (ʨʠʩ.2) ʩʦʚʧʘʜʘʝʪ ʩ ʥʘʙʣʶʜʘʝʤʳʤ 

ʤʘʢʩʠʤʫʤʦʤ  ʩʧʝʢʪʨʘʣʴʥʦʡ ʤʦʱʥʦʩʪʠ (ʨʠʩ.3) ʚʦ ʚʩʝʭ 4-ʭ ʧʦʣʦʩʘʭ ʠ ʩʦʚʧʘʜʘʝʪ ʩ 

ʧʦʣʦʞʝʥʠʝʤ ʧʣʦʱʘʜʢʠ ʪʝʢʫʯʝʩʪʠ. ʅʘ ʵʪʦʤ ʵʪʘʧʝ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʠʜʝʪ ʙʳʩʪʨʦʪʝʯʥʳʡ, 

ʥʦ ʠʥʪʝʥʩʠʚʥʳʡ  ʥʠʟʢʦʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ, ʩʚʷʟʘʥʥʳʡ, ʚ ʪʦʤ ʯʠʩʣʝ,  ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʠ ʨʘʟʚʠʪʠʝʤ ʧʦʣʦʩ ʏʝʨʥʦʚʘ-ʃʶʜʝʨʩʘ  ʧʦ ʩʜʚʠʛʦʚʦʤʫ ʤʝʭʘʥʠʟʤʫ. ʉʠʥʭʨʦʥʥʳʡ ʧʦʜʲʝʤ  

ʩʧʝʢʪʨʘʣʴʥʦʡ ʤʦʱʥʦʩʪʠ ʚʦ ʚʩʝʭ ʯʘʩʪʦʪʥʳʭ ʧʦʣʦʩʘʭ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʨʘʟʥʦʤ ʤʘʩʰʪʘʙʝ 

ʚʦʟʥʠʢʘʶʱʠʭ ʩʜʚʠʛʦʚʳʭ ʧʦʣʦʩ ʠ ʜʨʫʛʠʭ ʜʝʬʝʢʪʦʚ. ʅʘ ʦʪʤʝʪʢʫ ~150 s (ʨʠʩ. 2) ʧʨʠʭʦʜʠʪʩʷ 

ʤʘʢʩʠʤʫʤ ʵʥʝʨʛʦʚʳʜʝʣʝʥʠʷ (4) ʠ ʩʨʝʜʥʝʡ ʘʤʧʣʠʪʫʜʳ (3). ɺ ʵʪʦʡ ʦʙʣʘʩʪʠ ʧʨʦʠʩʭʦʜʠʪ 

ʥʘʣʦʞʝʥʠʝ ʥʘ ʧʨʦʮʝʩʩ ʥʠʟʢʦʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʧʝʨʚʦʛʦ ʧʠʢʘ ʘʢʪʠʚʥʦʩʪʠ  ʥʘʨʘʩʪʘʶʱʝʛʦ 

ʚʳʩʦʢʦʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʚʪʦʨʦʛʦ ʧʠʢʘ.  

ɺ ʫʩʣʦʚʠʷʭ ʩʦʚʤʝʩʪʥʦʩʪʠ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʧʝʨʚʳʤʠ ʧʨʠʥʠʤʘʶʪ ʥʘʛʨʫʟʢʫ ʥʘ ʩʝʙʷ 

ʚʳʩʦʢʦʤʦʜʫʣʴʥʳʝ ʩʪʨʫʢʪʫʨʥʳʝ ʵʣʝʤʝʥʪʳ. ʂʘʢ ʪʦʣʴʢʦ ʠʭ ʢʦʣʠʯʝʩʪʚʦ  ʫʤʝʥʴʰʘʝʪʩʷ, 

ʪʝʨʤʦʜʠʥʘʤʠʢʘ ʥʝʨʘʚʥʦʚʝʩʥʳʭ ʩʠʩʪʝʤ  ʚʢʣʶʯʘʝʪ ʚ ʨʘʙʦʪʫ ʜʨʫʛʠʝ, ʯʫʪʴ  ʤʝʥʴʰʠʝ ʧʦ 

ʤʦʜʫʣʶ, ʥʦ ʩ ʙʦʣʴʰʝʡ ʩʢʦʨʦʩʪʴʶ ʠ ʚ ʙʦʣʴʰʝʤ ʢʦʣʠʯʝʩʪʚʝ. ʕʪʦ ʤʦʞʥʦ ʫʚʠʜʝʪʴ ʧʦ 

ʦʜʥʦʩʝʢʫʥʜʥʳʤ ʦʢʥʘʤ ʥʘ ʦʪʤʝʪʢʘʭ  130 ʠ 250 s ʧʦ ʨʘʟʥʳʝ ʩʪʦʨʦʥʳ ʧʠʢʦʚ 4 ʠ 3 (ʨʠʩ.1b). 

ɹʣʠʞʘʡʰʝʝ ʧʦ ʚʨʝʤʝʥʠ ʩʦʙʳʪʠʝ ʦʯʝʥʴ ʯʘʩʪʦ ʥʝ ʷʚʣʷʝʪʩʷ ʩʦʩʝʜʥʠʤ ʧʦ ʣʦʢʘʮʠʠ ʠ ʥʝʨʝʜʢʦ 

ʦʪʩʪʦʷʱʠʤ ʥʘ ʤʥʦʛʠʝ cm ʥʘ ʜʨʫʛʦʤ ʢʦʥʮʝ ʦʙʨʘʟʮʘ. ʂʘʢ ʤʦʞʥʦ ʚʠʜʝʪʴ, ʧʨʠʤʝʨʥʦ ʩ 300 s 

ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ (ʩʤ. ʨʠʩ. 2 ʠ 3) ʥʝʩʤʦʪʨʷ ʥʘ ʧʨʠʩʫʪʩʪʚʠʝ ʦʪʜʝʣʴʥʳʭ ʩʦʙʳʪʠʡ ʩ ʚʳʩʦʢʦʡ 

ʵʥʝʨʛʠʝʡ, ʦʩʥʦʚʥʦʡ ʚʢʣʘʜ ʚ ʵʥʝʨʛʝʪʠʢʫ ʤʠʢʨʦʩʪʨʫʢʪʫʨʥʳʭ ʠʟʤʝʥʝʥʠʡ ʦʧʨʝʜʝʣʷʶʪ 

ʥʠʟʢʦʨʘʟʤʝʨʥʳʝ, ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʝ ʜʠʩʣʦʢʘʮʠʦʥʥʳʝ ʵʣʝʤʝʥʪʳ (ʢʨ. 4, 5 ʨʠʩ. 3) ʚʧʣʦʪʴ ʜʦ 

ʜʠʩʣʦʢʘʮʠʦʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʤʘʩʰʪʘʙʘ ʚʥʫʪʨʝʥʥʝʛʦ ʪʨʝʥʠʷ [2].  ʕʪʦʪ ʧʨʦʮʝʩʩ ʪʝʯʝʥʠʷ ʪʝʤ 

ʥʝ ʤʝʥʝʝ ʧʨʝʨʳʚʘʝʪʩʷ, ʩʦʛʣʘʩʥʦ ʪʝʦʨʠʠ [3] ʚʩʣʝʜʩʪʚʠʝ  ʚʦʟʤʦʞʥʦʡ ʬʣʫʢʪʫʘʮʠʠ 

ʧʣʦʪʥʦʩʪʠ ( ʩʤ. 2, 5 ʨʠʩ. 2).  

ɺ ʟʘʢʣʶʯʝʥʠʝ ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʣʷ ʤʘʪʝʨʠʘʣʦʚ ʩ ʙʦʣʝʝ ʩʣʦʞʥʦʡ ʩʪʨʫʢʪʫʨʥʦʡ 

ʦʨʛʘʥʠʟʘʮʠʝʡ, ʯʝʤ ʧʨʦʩʪʝʡʰʘʷ ʩʪ 3, ʩʦʛʣʘʩʥʦ ʧʘʨʘʜʠʛʤʝ [1] ʤʦʞʥʦ ʦʞʠʜʘʪʴ ʧʨʦʷʚʣʝʥʠʝ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʚ ʧʨʦʮʝʩʩʝ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ ʜʠʩʩʠʧʘʪʠʚʥʦʡ ʩʪʨʫʢʪʫʨʳ.  

1.  ɻ. ʅʠʢʦʣʠʩ, ʀ. ʇʨʠʛʦʞʠʥ, ʉʘʤʦʦʨʛʘʥʠʟʘʮʠʷ ʚ ʥʝʨʘʚʥʦʚʝʩʥʳʭ ʩʠʩʪʝʤʘʭ, ʄ.: ʄʠʨ, 512 ʩ.,(1979).  

2.  ɸ.ɹ. ʃʝʙʝʜʝʚ, ʌʊʊ, 35, ʩ.ʩ. 2305-2338), (1993).  

3.  ʀ.ʉ. ʗʩʥʠʢʦʚ, ɸ.ʖ. ɺʠʥʦʛʨʘʜʦʚ, ʖ.ɿ. ʕʩʪʨʠʥ. XʍI ʇʝʪʝʨʙʫʨʛʩʢʠʝ ʯʪʝʥʠʷ ʧʦ ʧʨʦʙʣʝʤʘʤ ʧʨʦʯʥʦʩʪʠ     
     ʉʇʙ.: ʉʦʣʦ, (2014). 
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ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʥʝʜʨʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʧʣʘʟʤʝʥʥʦʛʦ ʫʧʨʦʯʥʝʥʠʷ ʜʣʷ ʧʘʨ 

ʪʨʝʥʠʷ ʚ ʫʟʣʘʭ, ʨʘʙʦʪʘʶʱʠʭ ʧʨʠ ʟʥʘʯʠʪʝʣʴʥʳʭ ʥʘʛʨʫʟʢʘʭ ʠ ʩʢʦʨʦʩʪʷʭ (ʫʧʨʦʯʥʝʥʠʝ 

ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʥʘʨʫʞʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʠʟ ʟʘʢʘʣʠʚʘʝʤʳʭ ʩʪʘʣʝʡ, ʥʘʧʨʠʤʝʨ, ʨʦʣʠʢʦʚ 

ʨʦʣʴʛʘʥʛʘ, ʚʘʣʢʦʚ, ʦʩʝʡ, ʢʦʣʝʩ) [1]. ɺ ʯʘʩʪʥʦʩʪʠ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʪʩʷ ʪʝʭʥʦʣʦʛʠʷ 

ʫʧʨʦʯʥʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʛʨʝʙʥʷ ʠ ʙʘʥʜʘʞʝʡ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʭ ʢʦʣʝʩ 

ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʘʟʦʪʠʩʪʦʡ ʧʣʘʟʤʦʡ, ʪ.ʢ. ʜʘʥʥʳʡ ʚʠʜ ʫʧʨʦʯʥʝʥʠʷ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʧʦʚʳʰʝʥʠʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʛʦ ʨʝʩʫʨʩʘ ʠ ʤʝʞʨʝʤʦʥʪʥʳʭ ʩʨʦʢʦʚ ʟʘ ʩʯʝʪ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʣʦʷ ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʦʪʧʫʱʝʥʥʦʛʦ ʤʘʨʪʝʥʩʠʪʘ ʛʣʫʙʠʥʦʡ 

ʙʦʣʝʝ 1 ʤʤ.  

ʊʝʭʥʦʣʦʛʠʷ ʫʧʨʦʯʥʝʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʟʦʪʘ ʚ ʢʘʯʝʩʪʚʝ ʧʣʘʟʤʦʦʙʨʘʟʫʶʱʝʛʦ 

ʛʘʟʘ ʠʤʝʝʪ ʨʷʜ ʧʨʝʠʤʫʱʝʩʪʚ [2]. 

ʆʜʥʘʢʦ ʧʨʠ ʜʣʠʪʝʣʴʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚ ʧʦʣʫʯʝʥʥʦʤ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʘʨʪʝʥʩʠʪʥʦʤ 

ʩʣʦʝ ʚʦʟʥʠʢʘʝʪ ʦʧʘʩʥʦʩʪʴ ʨʘʟʚʠʪʠʷ ʧʨʦʮʝʩʩʘ ʟʘʤʝʜʣʝʥʥʦʛʦ ʭʨʫʧʢʦʛʦ ʨʘʟʨʫʰʝʥʠʷ (ɿʍʈ). 

ʇʨʦʙʣʝʤʘ ʨʘʟʚʠʪʠʷ ʧʨʦʮʝʩʩʦʚ ʟʘʤʝʜʣʝʥʥʦʛʦ ʭʨʫʧʢʦʛʦ ʨʘʟʨʫʰʝʥʠʷ ʧʦʪʨʝʙʦʚʘʣʘ 

ʥʘʫʯʥʦʛʦ ʦʙʦʩʥʦʚʘʥʠʷ ʚʳʙʦʨʘ ʨʝʞʠʤʘ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʤʘʪʝʨʠʘʣʳ, ʢʦʪʦʨʳʡ ʦʙʝʩʧʝʯʠʚʘʣ 

ʙʳ ʚʳʩʦʢʠʡ ʨʝʩʫʨʩ ʠʟʜʝʣʠʡ ʚ ʩʣʦʞʥʳʭ ʫʩʣʦʚʠʷʭ ʵʢʩʧʣʫʘʪʘʮʠʠ. 

ʅʘ ʧʨʠʤʝʨʝ ʚʳʩʦʢʦʫʛʣʝʨʦʜʠʩʪʦʡ ʩʪʘʣʠ ʤʘʨʢʠ ç2è ʧʦ ɻʆʉʊ 10791 ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʩʪʨʫʢʪʫʨʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʧʣʘʟʤʝʥʥʦʫʧʨʦʯʥʝʥʥʦʡ 

ʚʳʩʦʢʦʫʛʣʝʨʦʜʠʩʪʦʡ ʩʪʘʣʠ ʥʘ ʦʩʥʦʚʥʳʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʪʘʢʠʝ ʢʘʢ 

ʪʚʝʨʜʦʩʪʴ ʠ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ ʧʨʠ ʫʯʝʪʝ ʩʢʣʦʥʥʦʩʪʠ ʢ ɿʍʈ. 

ʇʣʘʟʤʝʥʥʦʝ ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʦʚʦʜʠʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʩʧʝʮʠʘʣʴʥʦ ʤʦʜʝʨʥʠʟʠʨʦʚʘʥʥʦʛʦ ʧʣʘʟʤʦʪʨʦʥʘ ʩ ʨʘʩʰʠʨʷʶʱʠʤʩʷ ʢʘʥʘʣʦʤ ʚʳʭʦʜʥʦʛʦ 

ʵʣʝʢʪʨʦʜʘ ʠ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʤ ʧʦʪʦʢʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʤ ʬʦʨʤʠʨʦʚʘʥʠʝ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ 

ʩʪʨʫʠ ʧʣʘʟʤʳ, ʚʳʪʝʢʘʶʱʝʡ ʠʟ ʘʥʦʜʘ ʧʣʘʟʤʦʪʨʦʥʘ, ʚ ʧʣʦʩʢʫʶ ʩʪʨʫʶ ʥʘ ʥʝʢʦʪʦʨʦʤ 

ʨʘʩʩʪʦʷʥʠʠ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʠʟʜʝʣʠʷ [2].  

ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʣʝʛʠʨʦʚʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʜʝʪʘʣʠ ʚ 

ʢʘʯʝʩʪʚʝ ʧʣʘʟʤʦʦʙʨʘʟʫʶʱʝʛʦ ʛʘʟʘ ʠʩʧʦʣʴʟʦʚʘʣʠ ʘʟʦʪ. 

ɼʣʷ ʧʣʘʟʤʝʥʥʦʡ ʦʙʨʘʙʦʪʢʠ ʧʦʚʝʨʭʥʦʩʪʠ ʙʳʣʠ ʧʨʝʜʣʦʞʝʥʳ ʨʝʞʠʤʳ ʦʙʨʘʙʦʪʢʠ ʩ 

ʚʘʨʴʠʨʦʚʘʥʠʝʤ ʤʦʱʥʦʩʪʠ ʜʫʛʠ ʠ ʩʢʦʨʦʩʪʠ ʦʙʨʘʙʦʪʢʠ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʧʦ ʛʣʫʙʠʥʝ ʧʣʘʟʤʝʥʥʦ-

ʫʧʨʦʯʥʝʥʥʦʛʦ ʩʣʦʷ ʦʩʫʱʝʩʪʚʣʷʣʠ ʤʝʪʦʜʦʤ ʦʧʪʠʯʝʩʢʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʥʘ ʤʠʢʨʦʩʢʦʧʝ 

Nikon ʄɸ200 ʧʨʠ ʫʚʝʣʠʯʝʥʠʷʭ ʜʦ 500 ʢʨʘʪ. ʊʨʘʚʣʝʥʠʝ ʧʨʦʚʦʜʠʣʠ ʚ 3% ʩʧʠʨʪʦʚʦʤ 

ʨʘʩʪʚʦʨʝ ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʳ. ʄʠʢʨʦʪʚʝʨʜʦʩʪʴ ʦʧʨʝʜʝʣʷʣʠ ʧʦ ɻʆʉʊ 9450 ʥʘ ʇʄʊ-3 ʧʨʠ 

ʥʘʛʨʫʟʢʝ 100 ʛ. 

ʀʟʥʦʩʦʩʪʦʡʢʦʩʪʴ ʚ ʫʩʣʦʚʠʷʭ ʩʫʭʦʛʦ ʪʨʝʥʠʷ ʦʧʨʝʜʝʣʷʣʠ ʥʘ ʪʨʠʙʦʣʦʛʠʯʝʩʢʦʤ 

ʢʦʤʧʣʝʢʩʝ ʊʂ-1 [4]. ɺ ʢʘʯʝʩʪʚʝ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʩʨʝʜʩʪʚ ʠʩʧʦʣʴʟʦʚʘʣʠ ʤʥʦʛʦʦʙʦʨʦʪʥʳʡ 

ʠʥʜʠʢʘʪʦʨ ʪʠʧʘ 1 ʄʀɻ ɻʆʉʊ 9696 ʠ ʠʥʬʨʘʢʨʘʩʥʳʡ ʜʘʪʯʠʢ ʧʝʨʝʤʝʱʝʥʠʡ. ʂʦʥʪʨʪʝʣʦʤ 

ʩʣʫʞʠʣ ʜʠʩʢ ʠʟ ʩʧʣʘʚʘ ɺʂ-8 ʜʠʘʤʝʪʨʦʤ 22 ʤʤ ʠ ʪʦʣʱʠʥʦʡ 2 ʤʤ, ʟʘʢʨʝʧʣʝʥʥʳʡ ʥʘ ʦʩʠ 
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ʩʠʥʭʨʦʥʥʦʛʦ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ. ʉʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ʜʠʩʢʘ - 600 ʩ-1, ʥʘʛʨʫʟʢʘ ʥʘ ʦʩʴ ʜʠʩʢʘ 

ï 25 ʅ. 

ɼʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ɿʍʈ ʧʣʘʟʤʝʥʥʦʤʫʧʨʦʯʥʝʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʦʧʨʝʜʝʣʷʣʠ ʧʘʨʘʤʝʪʨʳ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʨʘʟʨʫʰʝʥʠʶ ʩʪʘʣʠ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ɻʆʉʊ 14019 ʧʨʠ ʠʩʧʳʪʘʥʠʠ ʥʘ ʩʦʩʨʝʜʦʪʦʯʝʥʥʳʡ ʠʟʛʠʙ ʥʘ ʫʥʠʚʝʨʩʘʣʴʥʦʡ 

ʠʩʧʳʪʘʪʝʣʴʥʦʡ ʤʘʰʠʥʝ çʀʅʉʊʈʆʅè ʩʦ ʩʢʦʨʦʩʪʴʶ ʜʚʠʞʝʥʠʷ ʪʨʘʚʝʨʩʳ 0,2 ʩʤ/ʤʠʥ. 

ʅʘʜʨʝʟ ʛʣʫʙʠʥʦʡ 1 ʤʤ ʥʘʥʦʩʠʣʠ ʩʦ ʩʪʦʨʦʥʳ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʧʣʘʟʤʝʥʥʦʛʦ ʫʧʨʦʯʥʝʥʠʷ. ʆʧʨʝʜʝʣʷʣʠ ʨʘʟʨʫʰʘʶʱʝʝ ʥʘʧʨʷʞʝʥʠʝ sʨ, ʥʘʧʨʷʞʝʥʠʝ ʦʙʱʝʡ 

ʪʝʢʫʯʝʩʪʠ sʦʪ, ʩʪʨʝʣʫ ʧʣʘʩʪʠʯʝʩʢʦʛʦ ʧʨʦʛʠʙʘ fʧʣ ʠ ʩʦʩʪʘʚʣʷʶʱʠʝ ʨʘʙʦʪʳ ʨʘʟʨʫʰʝʥʠʷ ɸä 

- ʨʘʙʦʪʫ ʟʘʨʦʞʜʝʥʠʷ ɸʟ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ɸʨ ʪʨʝʱʠʥʳ. 

ʀʩʧʳʪʘʥʠʷ ʥʘ ʟʘʤʝʜʣʝʥʥʦʝ ʨʘʟʨʫʰʝʥʠʝ ʧʨʦʚʦʜʠʣʠʩʴ ʧʨʠ ʠʟʛʠʙʝ ʦʙʨʘʟʮʦʚ ʙʝʟ 

ʥʘʜʨʝʟʘ ʚ 0,1 N ʨʘʩʪʚʦʨʝ ʩʝʨʥʦʡ ʢʠʩʣʦʪʳ. ʅʘʧʨʷʞʝʥʠʝ ʩʦʩʪʘʚʣʷʣʦ 0,8-0,6 sʨ. ʅʘʩʳʱʝʥʠʝ 
ʚʦʜʦʨʦʜʦʤ ʦʩʫʱʝʩʪʚʣʷʣʠ ʢʘʪʦʜʥʦʡ ʧʦʣʷʨʠʟʘʮʠʝʡ ʧʨʠ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ 1 ʤɸ/ʩʤĮ. ʇʨʠ 

ʠʩʧʳʪʘʥʠʠ ʬʠʢʩʠʨʦʚʘʣʠ ʚʨʝʤʷ ʜʦ ʟʘʨʦʞʜʝʥʠʷ ʪʨʝʱʠʥʳ ï ʠʥʢʫʙʘʮʠʦʥʥʳʡ ʧʝʨʠʦʜ ætʠ ʠ 

ʩʨʝʜʥʶʶ ʩʢʦʨʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʪʘʙʠʣʴʥʦʡ ʪʨʝʱʠʥʳ Vʨ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʧʳʪʘʥʠʡ 

ʙʳʣʠ ʧʦʩʪʨʦʝʥʳ ʢʨʠʚʳʝ ʟʘʤʝʜʣʝʥʥʦʛʦ ʨʘʟʨʫʰʝʥʠʷ ʧʨʠ ʧʦʨʦʛʦʚʦʤ ʚʨʝʤʝʥʠ ʜʦ 

ʨʘʟʨʫʰʝʥʠʷ 1800 ʤʠʥ.  

ʌʨʘʢʪʦʛʨʘʬʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠ ʥʘ ʵʣʝʢʪʨʦʥʥʦʤ ʩʢʘʥʠʨʫʶʱʝʤ 

ʤʠʢʨʦʩʢʦʧʝ JEOL JSM-6610 LV ʧʨʠ ʫʚʝʣʠʯʝʥʠʷʭ ʜʦ 2000 ʢʨʘʪ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʫʩʪʘʥʦʚʣʝʥʳ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʠʟʤʝʥʝʥʠʷ 

ʤʝʭʘʥʠʟʤʘ ʨʘʟʨʫʰʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʩʪʨʫʢʪʫʨ ʧʣʘʟʤʝʥʥʦʫʧʨʦʯʥʝʥʥʦʛʦ ʩʣʦʷ 

ʚʳʩʦʢʦʫʛʣʝʨʦʜʠʩʪʦʡ ʩʪʘʣʠ ʧʨʠ ɿʍʈ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʚʦʜʦʨʦʜʘ:  

- ʧʦʚʝʨʭʥʦʩʪʥʳʡ ʩʣʦʡ ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʥʠʟʢʦʦʪʧʫʱʝʥʥʦʛʦ ʤʘʨʪʝʥʩʠʪʘ ʨʘʟʨʫʰʘʝʪʩʷ 

ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʧʦ ʤʝʞʟʝʨʝʥʥʦʤʫ ʤʝʭʘʥʠʟʤʫ, ʜʘʞʝ ʝʩʣʠ ʚ ʫʩʣʦʚʠʷʭ ʩʪʘʪʠʯʝʩʢʦʛʦ ʠʟʛʠʙʘ 

ʨʘʟʨʫʰʝʥʠʝ ʧʨʦʠʩʭʦʜʠʣʦ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʧʦ ʭʨʫʧʢʦʤʫ ʪʨʘʥʩʢʨʠʩʪʘʣʣʠʯʝʩʢʦʤʫ 

ʤʝʭʘʥʠʟʤʫ; 

- ʧʝʨʝʭʦʜʥʳʡ ʩʣʦʡ ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʦʪʧʫʱʝʥʥʦʛʦ  ʤʘʨʪʝʥʩʠʪʘ, ʪʨʦʦʩʪʦʤʘʨʪʝʥʩʠʪʘ ʠ 

ʩʦʨʙʠʪʘ ʚ ʫʩʣʦʚʠʷʭ ʩʪʘʪʠʯʝʩʢʦʛʦ ʠʟʛʠʙʘ ʨʘʟʨʫʰʘʝʪʩʷ ʧʦ ʤʝʭʘʥʠʟʤʫ ʭʨʫʧʢʦʛʦ ʩʢʦʣʘ, ʘ 

ʧʨʠ ɿʍʈ ʨʘʟʨʫʰʝʥʠʝ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʧʨʦʠʩʭʦʜʠʪ ʧʦ ʤʝʞʟʝʨʝʥʥʦʤʫ ʤʝʭʘʥʠʟʤʫ 

ʥʝʩʤʦʪʨʷ ʥʘ  ʦʯʝʥʴ ʤʝʣʢʦʝ ʟʝʨʥʦ ~5 ʤʢʤ; 

- ʥʝʫʧʨʦʯʥʝʥʥʳʡ ʤʝʪʘʣʣ ʩ ʧʝʨʣʠʪʥʦ-ʬʝʨʨʠʪʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʚ ʫʩʣʦʚʠʷʭ 

ʩʪʘʪʠʯʝʩʢʦʛʦ ʠʟʛʠʙʘ ʚ ʦʙʣʘʩʪʠ ʟʘʨʦʞʜʝʥʠʷ ʪʨʝʱʠʥʳ ʨʘʟʨʫʰʘʝʪʩʷ ʧʦ ʚʷʟʢʦʤʫ ʯʘʰʝʯʥʦʤʫ 

ʤʝʭʘʥʠʟʤʫ, ʚ ʦʙʣʘʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʪʨʝʱʠʥʳ ï ʧʦ ʭʨʫʧʢʦʤʫ  ʪʨʘʥʩʢʨʠʩʪʘʣʣʠʯʝʩʢʦʤʫ 

ʤʝʭʘʥʠʟʤʫ. ɺ ʧʨʦʮʝʩʩʝ ɿʍʈ ʨʘʟʨʫʰʝʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʧʦ ʭʨʫʧʢʦʤʫ 

ʪʨʘʥʩʢʨʠʩʪʘʣʣʠʯʝʩʢʦʤʫ ʤʝʭʘʥʠʟʤʫ ʩ ʬʨʘʛʤʝʥʪʘʤʠ ʬʨʘʛʤʝʥʪʳ ʤʝʞʟʝʨʝʥʥʦʛʦ. ɺ ʠʟʣʦʤʝ 

ʧʨʠʩʫʪʩʪʚʫʶʪ ʙʣʠʩʪʠʨʳ ʠ ʤʥʦʞʝʩʪʚʝʥʥʳʝ ʚʪʦʨʠʯʥʳʝ ʪʨʝʱʠʥʳ, ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ 

ʚʦʜʦʨʦʜʥʦʛʦ ʦʭʨʫʧʯʠʚʘʥʠʷ. 

ʆʧʨʝʜʝʣʝʥʳ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʧʣʘʟʤʝʥʥʦʛʦ ʫʧʨʦʯʥʝʥʠʷ 

ʚʳʩʦʢʦʫʛʣʝʨʦʜʠʩʪʦʡ ʩʪʘʣʠ (V=300 ʤʤ/ʤʠʥ, N=28 ʢɺʪ, F=1,6 ʛ/ʩ), ʧʦʟʚʦʣʷʶʱʠʝ ʧʦʣʫʯʠʪʴ 

ʦʧʪʠʤʘʣʴʥʦʝ ʩʦʯʝʪʘʥʠʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ɿʍʈ, ʚʳʩʦʢʦʡ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʥʘ ʛʣʫʙʠʥʝ 0,05 

ʤʤ - 1100 HV, ʧʦʚʳʰʝʥʥʦʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʠʩʭʦʜʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚ 1,8 ʨʘʟʘ ʘʙʨʘʟʠʚʥʦʡ 

ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ ʠ ʥʘ 27% ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ ʚ ʫʩʣʦʚʠʷʭ ʩʫʭʦʛʦ ʪʨʝʥʠʷ. 
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ʅɸʈʋʐɽʅʀɽ ʉʆʆʊʅʆʐɽʅʀʗ ʊɽʁʃʆʈɸ ʇʈʀ 

ɺʓʉʆʂʆʉʂʆʈʆʉʊʅʆʁ ɼɽʌʆʈʄɸʎʀʀ ʉʆʉʊɸʈɽʅʅʓʍ 

ʉʇʃɸɺʆɺ 

ɺ. ɺ. ʄʘʣʘʰʝʥʢʦ1,2, ʊ.ʀ. ʄʘʣʘʰʝʥʢʦ3,4 

1 ɼʦʥʝʮʢʠʡ ʬʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ʠʤ. ɸ.ɸ. ɻʘʣʢʠʥʘ, ɼʦʥʝʮʢ 
2ɼʦʥʝʮʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ɼʦʥʝʮʢ 
3ɼʦʥʝʮʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ɼʦʥʝʮʢ 
4ɼʦʥʝʮʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʵʢʦʥʦʤʠʢʠ ʠ ʪʦʨʛʦʚʣʠ, ɼʦʥʝʮʢ 
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ɹʠʥʘʨʥʳʝ ʩʧʣʘʚʳ ʧʦʣʫʯʠʣʠ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʢʦʥʩʪʨʫʢʮʠʦʥʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ ʚ ʘʚʠʘʩʪʨʦʝʥʠʠ, ʩʫʜʦʩʪʨʦʝʥʠʠ, ʨʘʢʝʪʥʦʡ ʪʝʭʥʠʢʝ ʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ. 

ɿʘʚʠʩʠʤʦʩʪʴ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʙʠʥʘʨʥʳʭ ʩʧʣʘʚʦʚ ʦʪ ʧʣʦʪʥʦʩʪʠ ʜʠʩʣʦʢʘʮʠʡ ʧʨʠ 

ʢʚʘʟʠʩʪʘʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ ʠʟʫʯʝʥʘ ʜʦʩʪʘʪʦʯʥʦ ʜʝʪʘʣʴʥʦ ʠ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦ 

ʦʧʠʩʳʚʘʝʪʩʷ ʩʦʦʪʥʦʰʝʥʠʝʤ ʊʝʡʣʦʨʘ, ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʤʫ, ʚ ʯʘʩʪʥʦʩʪʠ, ʧʨʝʜʝʣ ʪʝʢʫʯʝʩʪʠ 

ʤʝʪʘʣʣʦʚ ʠ ʩʧʣʘʚʦʚ ʧʨʦʧʦʨʮʠʦʥʘʣʝʥ ʢʚʘʜʨʘʪʥʦʤʫ ʢʦʨʥʶ ʠʟ ʧʣʦʪʥʦʩʪʠ ʜʠʩʣʦʢʘʮʠʡ.  ʕʪʦ 

ʩʦʦʪʥʦʰʝʥʠʝ ʷʚʣʷʝʪʩʷ ʜʦʚʦʣʴʥʦ ʫʥʠʚʝʨʩʘʣʴʥʳʤ. ɸʚʪʦʨʳ [1] ʥʘʙʣʶʜʘʣʠ ʝʛʦ ʚʳʧʦʣʥʝʥʠʝ 

ʧʨʠ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʡ ʜʝʬʦʨʤʘʮʠʠ ʤʝʜʠ ʠ ʩʪʘʣʠ. ʆʜʥʘʢʦ ʚ ʩʣʫʯʘʝ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʡ 

ʜʝʬʦʨʤʘʮʠʠ ʩʦʩʪʘʨʝʥʥʳʭ ʙʠʥʘʨʥʳʭ ʩʧʣʘʚʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʟʦʥʳ ɻʠʥʴʝ-ʇʨʝʩʪʦʥʘ, 

ʩʠʪʫʘʮʠʷ ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʩʣʦʞʥʦʡ. ɺʳʩʦʢʦʩʢʦʨʦʩʪʥʘʷ ʜʝʬʦʨʤʘʮʠʷ ʠʤʝʝʪ ʤʝʩʪʦ ʧʨʠ 

ʚʳʩʦʢʦʵʥʝʨʛʝʪʠʯʝʩʢʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʤʘʪʝʨʠʘʣʳ. ʆʥʘ ʨʝʘʣʠʟʫʝʪʩʷ ʚ 

ʪʘʢʠʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠ ʚʘʞʥʳʭ ʧʨʠʣʦʞʝʥʠʷʭ, ʢʘʢ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʘʷ ʦʙʨʘʙʦʪʢʘ ʠ 

ʬʦʨʤʦʚʢʘ ʤʘʪʝʨʠʘʣʦʚ, ʩʦʟʜʘʥʠʝ ʫʜʘʨʦʩʪʦʡʢʠʭ ʤʘʪʝʨʠʘʣʦʚ, ʧʨʦʙʠʚʘʥʠʝ ʟʘʱʠʪʥʳʭ 

ʦʙʦʣʦʯʝʢ, ʫʜʘʨʥʦʝ ʧʦʚʨʝʞʜʝʥʠʝ ʘʚʠʘʮʠʦʥʥʳʭ ʠ ʢʦʩʤʠʯʝʩʢʠʭ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ ʠ 

ʢʦʥʩʪʨʫʢʮʠʡ, ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʚʘʨʢʠ ʚʟʨʳʚʦʤ, ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʤʘʪʝʨʠʘʣʳ 

ʣʘʟʝʨʥʳʤʠ ʠʤʧʫʣʴʩʘʤʠ ʚʳʩʦʢʦʡ ʤʦʱʥʦʩʪʠ, ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʝʪʦʜʘ ʜʠʥʘʤʠʯʝʩʢʦʛʦ 

ʢʘʥʘʣʴʥʦ-ʫʛʣʦʚʦʛʦ ʧʨʝʩʩʦʚʘʥʠʷ [2-5]. ɺ ʭʦʜʝ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʩʢʦʨʦʩʪʴ 

ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ ʜʦʩʪʠʛʘʝʪ ʟʥʘʯʝʥʠʡ 3 9 110 10 c-- ,  ʘ ʜʠʩʣʦʢʘʮʠʠ ʩʦʚʝʨʰʘʶʪ 

ʥʘʜʙʘʨʴʝʨʥʦʝ ʩʢʦʣʴʞʝʥʠʝ, ʧʝʨʝʤʝʱʘʷʩʴ ʩʦ ʩʢʦʨʦʩʪʷʤʠ 210v c-² , ʛʜʝ c ï  ʩʢʦʨʦʩʪʴ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʦʧʝʨʝʯʥʳʭ ʟʚʫʢʦʚʳʭ ʚʦʣʥ ʚ ʢʨʠʩʪʘʣʣʝ, ʠ ʧʨʝʦʜʦʣʝʚʘʷ ʩʪʨʫʢʪʫʨʥʳʝ 

ʜʝʬʝʢʪʳ ʥʘ ʩʚʦʝʤ ʧʫʪʠ ʜʠʥʘʤʠʯʝʩʢʠʤ ʦʙʨʘʟʦʤ. ʇʨʠ ʵʪʦʤ ʤʝʭʘʥʠʟʤ ʜʠʩʩʠʧʘʮʠʠ 

ʜʠʩʣʦʢʘʮʠʦʥʥʦʡ ʵʥʝʨʛʠʠ  ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʥʝʦʙʨʘʪʠʤʦʤ ʧʝʨʝʭʦʜʝ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ 

ʧʦʩʪʫʧʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʜʠʩʣʦʢʘʮʠʠ ʚ ʵʥʝʨʛʠʶ ʝʝ ʠʟʛʠʙʥʳʭ ʢʦʣʝʙʘʥʠʡ ʚ ʧʣʦʩʢʦʩʪʠ 

ʩʢʦʣʴʞʝʥʠʷ, ʢʦʪʦʨʳʝ ʚʦʟʥʠʢʘʶʪ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʜʠʩʣʦʢʘʮʠʡ ʩ ʜʨʫʛʠʤʠ ʜʝʬʝʢʪʘʤʠ 

ʩʪʨʫʢʪʫʨʳ. ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ ʪʝʦʨʠʠ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʜʠʩʣʦʢʘʮʠʡ ʩʦ 

ʩʪʨʫʢʪʫʨʥʳʤʠ ʜʝʬʝʢʪʘʤʠ [6-9], ʜʠʥʘʤʠʢʘ ʜʠʩʣʦʢʘʮʠʡ ʧʨʠ ʪʘʢʦʤ ʤʝʭʘʥʠʟʤʝ ʜʠʩʩʠʧʘʮʠʠ 

ʟʘʚʠʩʠʪ ʦʪ ʚʠʜʘ ʩʧʝʢʪʨʘ ʜʠʩʣʦʢʘʮʠʦʥʥʳʭ ʢʦʣʝʙʘʥʠʡ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʦʪ ʥʘʣʠʯʠʷ ʱʝʣʠ 

ʚ ʜʠʩʣʦʢʘʮʠʦʥʥʦʤ ʩʧʝʢʪʨʝ. ʇʨʠ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʡ ʜʝʬʦʨʤʘʮʠʠ ʧʣʦʪʥʦʩʪʴ ʜʠʩʣʦʢʘʮʠʡ 

ʟʥʘʯʠʪʝʣʴʥʦ ʚʦʟʨʘʩʪʘʝʪ ʠ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ ʟʥʘʯʝʥʠʡ 
15 210 ʤr -= . ɹʣʘʛʦʜʘʨʷ ʵʪʦʤʫ 

ʠʤʝʥʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʜʠʩʣʦʢʘʮʠʡ ʤʝʞʜʫ ʩʦʙʦʡ ʚʥʦʩʠʪ ʛʣʘʚʥʳʡ ʚʢʣʘʜ ʚ ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʱʝʣʠ ʚ ʩʧʝʢʪʨʝ ʜʠʩʣʦʢʘʮʠʦʥʥʳʭ ʢʦʣʝʙʘʥʠʡ. ʅʘʣʠʯʠʝ ʪʘʢʦʡ ʱʝʣʠ ʦʟʥʘʯʘʝʪ, ʯʪʦ 

ʜʠʩʣʦʢʘʮʠʷ ʩʦʚʝʨʰʘʝʪ ʢʦʣʝʙʘʥʠʷ ʚ ʧʘʨʘʙʦʣʠʯʝʩʢʦʡ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʷʤʝ, 

ʧʝʨʝʤʝʱʘʶʱʝʡʩʷ ʧʦ ʢʨʠʩʪʘʣʣʫ ʚʤʝʩʪʝ ʩ ʥʝʡ. ʋʚʝʣʠʯʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʜʠʩʣʦʢʘʮʠʡ 
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ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʱʝʣʠ, ʪ.ʝ. ʫʛʣʫʙʣʝʥʠʶ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʷʤʳ, ʢʦʪʦʨʘʷ 

ʦʛʨʘʥʠʯʠʚʘʝʪ ʘʤʧʣʠʪʫʜʫ ʜʠʩʣʦʢʘʮʠʦʥʥʳʭ ʢʦʣʝʙʘʥʠʡ, ʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʩʥʠʞʘʝʪ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʪʦʨʤʦʞʝʥʠʷ. ʇʨʠ ʚʳʩʦʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚ ʩʧʣʘʚʝ ʟʦʥ 

ɻʠʥʴʝ-ʇʨʝʩʪʦʥʘ ʠʤʝʥʥʦ ʦʥʠ ʚʥʦʩʷʪ ʛʣʘʚʥʳʡ ʚʢʣʘʜ ʚ ʜʠʥʘʤʠʯʝʩʢʦʝ ʪʦʨʤʦʞʝʥʠʝ 

ʜʠʩʣʦʢʘʮʠʡ. ʇʦʩʢʦʣʴʢʫ ʩ ʨʦʩʪʦʤ ʧʣʦʪʥʦʩʪʠ ʜʠʩʣʦʢʘʮʠʡ ʚʝʣʠʯʠʥʘ ʵʪʦʛʦ ʪʦʨʤʦʞʝʥʠʷ 

ʩʥʠʞʘʝʪʩʷ, ʚʦʟʥʠʢʘʝʪ ʦʪʢʣʦʥʝʥʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʧʨʝʜʝʣʘ ʪʝʢʫʯʝʩʪʠ ʦʪ ʩʦʦʪʥʦʰʝʥʠʷ 

ʊʝʡʣʦʨʘ. 

ɿʦʥʳ  ɻʠʥʴʝ-ʇʨʝʩʪʦʥʘ ʦʢʘʟʳʚʘʶʪ ʚʝʩʴʤʘ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʤʝʭʘʥʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ ʩʧʣʘʚʦʚ, ʠʟʫʯʝʥʠʶ ʵʪʦʛʦ ʚʣʠʷʥʠʷ ʧʦʩʚʷʱʝʥʦ ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʙʦʪ, 

ʦʜʥʘʢʦ ʟʘʚʠʩʠʤʦʩʪʴ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʩʦʩʪʘʨʝʥʥʳʭ ʩʧʣʘʚʦʚ ʦʪ ʧʣʦʪʥʦʩʪʠ 

ʜʠʩʣʦʢʘʮʠʡ ʧʨʠ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʡ ʜʝʬʦʨʤʘʮʠʠ ʨʘʥʝʝ ʥʝ ʠʟʫʯʘʣʘʩʴ. 

ɼʠʥʘʤʠʯʝʩʢʠʡ ʧʨʝʜʝʣ ʪʝʢʫʯʝʩʪʠ ʙʠʥʘʨʥʦʛʦ ʩʧʣʘʚʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʳʨʘʞʝʥʠʝʤ 

                                                             T G d ft t t t t= + + +                                                    (1) 

ɿʜʝʩʴ  Tt ï ʩʣʘʛʘʝʤʦʝ, ʦʧʨʝʜʝʣʷʝʤʦʝ ʩʦʦʪʥʦʰʝʥʠʝʤ ʊʝʡʣʦʨʘ  

                                                              T bt am r= ,                                                             (2) 

ʛʜʝ m ï  ʤʦʜʫʣʴ ʩʜʚʠʛʘ, r ï  ʧʣʦʪʥʦʩʪʴ ʜʠʩʣʦʢʘʮʠʡ, a ï ʙʝʟʨʘʟʤʝʨʥʳʡ 

ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʨʷʜʢʘ ʝʜʠʥʠʮʳ, Gtï ʚʢʣʘʜ ʩʠʣʳ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʪʦʨʤʦʞʝʥʠʷ ʜʠʩʣʦʢʘʮʠʠ 

ʟʦʥʘʤʠ ɻʠʥʴʝ-ʇʨʝʩʪʦʥʘ, dt ï ʚʢʣʘʜ ʩʠʣʳ ʪʦʨʤʦʞʝʥʠʷ ʪʦʯʝʯʥʳʤʠ ʜʝʬʝʢʪʘʤʠ (ʘʪʦʤʘʤʠ 

ʚʪʦʨʦʛʦ ʢʦʤʧʦʥʝʥʪʘ). ʅʘʩ ʠʥʪʝʨʝʩʫʝʪ ʩʣʫʯʘʡ, ʢʦʛʜʘ ʛʣʘʚʥʳʡ ʚʢʣʘʜ ʚ ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʩʧʝʢʪʨʘʣʴʥʦʡ ʱʝʣʠ ʚʥʦʩʠʪ ʢʦʣʣʝʢʪʠʚʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʜʠʩʣʦʢʘʮʠʡ, ʘ ʛʣʘʚʥʳʡ ʚʢʣʘʜ ʚ 

ʜʠʥʘʤʠʯʝʩʢʦʝ ʪʦʨʤʦʞʝʥʠʝ ʜʠʩʣʦʢʘʮʠʡ ʚʥʦʩʠʪ ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʟʦʥʘʤʠ ɻʠʥʴʝ-

ʇʨʝʩʪʦʥʘ. ʊʘʢʘʷ ʩʠʪʫʘʮʠʷ ʨʝʘʣʠʟʫʝʪʩʷ ʚ ʩʣʫʯʘʝ ʙʦʣʴʰʠʭ ʟʥʘʯʝʥʠʡ ʧʣʦʪʥʦʩʪʠ 

ʜʠʩʣʦʢʘʮʠʡ ʠ ʢʦʥʮʝʥʪʨʘʮʠʡ ʟʦʥ ɻʠʥʴʝ-ʇʨʝʩʪʦʥʘ:  
15 16 210 -10 ʤr -= , 

23 24 310 -10 ʤGn -= . 

ʇʨʠ ʪʘʢʠʭ ʟʥʘʯʝʥʠʷʭ ʧʘʨʘʤʝʪʨʦʚ ʦʩʥʦʚʥʦʡ ʚʢʣʘʜ ʚ ʪʦʨʤʦʞʝʥʠʝ ʘʥʩʘʤʙʣʷ 

ʜʚʠʞʫʱʠʭʩʷ ʜʠʩʣʦʢʘʮʠʡ ʚʥʦʩʷʪ ʪʦʨʤʦʞʝʥʠʝ ʟʦʥʘʤʠ ɻʠʥʴʝ-ʇʨʝʩʪʦʥʘ ʠ ʪʦʨʤʦʞʝʥʠʝ 

ʜʠʩʣʦʢʘʮʠʷʤʠ, ʦʧʨʝʜʝʣʷʝʤʦʝ ʩʦʦʪʥʦʰʝʥʠʝʤ ʊʝʡʣʦʨʘ. ɿʘʚʠʩʠʤʦʩʪʴ ʜʠʥʘʤʠʯʝʩʢʦʛʦ 

ʧʨʝʜʝʣʘ ʪʝʢʫʯʝʩʪʠ ʙʠʥʘʨʥʦʛʦ ʩʧʣʘʚʘ ʦʪ ʧʣʦʪʥʦʩʪʠ  ʜʠʩʣʦʢʘʮʠʡ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʩʪʘʥʦʚʠʪʩʷ 

ʥʝʤʦʥʦʪʦʥʥʦʡ: ʢʦʨʥʝʚʦʡ ʨʦʩʪ ʩʤʝʥʷʝʪʩʷ ʩʧʘʜʦʤ. ʄʘʢʩʠʤʫʤ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʟʥʘʯʝʥʠʶ 

ʧʣʦʪʥʦʩʪʠ, ʧʨʠ ʢʦʪʦʨʦʡ ʜʠʩʣʦʢʘʮʠʠ ʥʘʯʠʥʘʶʪ ʚʥʦʩʠʪʴ ʛʣʘʚʥʳʡ ʚʢʣʘʜ ʚ ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʜʠʩʣʦʢʘʮʠʦʥʥʦʛʦ ʩʧʝʢʪʨʘ. 

ʋʯʝʪ ʦʧʠʩʘʥʥʦʛʦ ʚʳʰʝ ʵʬʬʝʢʪʘ ʤʦʞʝʪ ʠʛʨʘʪʴ ʩʫʱʝʩʪʚʝʥʥʫʶ ʨʦʣʴ ʧʨʠ ʘʥʘʣʠʟʝ 

ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʡ ʜʝʬʦʨʤʘʮʠʠ ʙʠʥʘʨʥʳʭ ʩʧʣʘʚʦʚ. 
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ʂʈʋɻʆɺʓɽ ʇʈʀɿʄɸʊʀʏɽʉʂʀɽ ʇɽʊʃʀ ɼʀʉʃʆʂɸʎʀʁ 

ʅɽʉʆʆʊɺɽʊʉʊɺʀʗ ɺ ʉʌɽʈʀʏɽʉʂʆʁ ʂʆʄʇʆɿʀʊʅʆʁ 

ʅɸʅʆʏɸʉʊʀʎɽ ʉ ʗɼʈʆʄ ɺ ʌʆʈʄɽ ʋʉɽʏɽʅʅʆɻʆ ʐɸʈɸ  

ɼ.ʉ. ʄʠʭʝʝʚ1, ʄ.ʖ. ɻʫʪʢʠʥ1,2,3, ɸ.ʃ. ʂʦʣʝʩʥʠʢʦʚʘ2,3, ɸ.ɽ. ʈʦʤʘʥʦʚ3 

1 ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʇʝʪʨʘ ɺʝʣʠʢʦʛʦ, 195251, ʉʘʥʢʪ-

ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ 
2 ʀʥʩʪʠʪʫʪ ʧʨʦʙʣʝʤ ʤʘʰʠʥʦʚʝʜʝʥʠʷ ʈɸʅ, 199178, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ 
3 ʋʥʠʚʝʨʩʠʪʝʪ ʀʊʄʆ, 197101 ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ 

Email: ds.mikheev@mail.ru 

ʈʘʟʨʘʙʦʪʢʘ, ʠʩʩʣʝʜʦʚʘʥʠʝ ʠ ʧʨʠʤʝʥʝʥʠʝ ʢʦʤʧʦʟʠʪʥʳʭ ʥʘʥʦʯʘʩʪʠʮ ʦʙʨʘʟʫʶʪ 

ʦʙʰʠʨʥʳʝ ʦʙʣʘʩʪʠ ʥʘ ʧʝʨʝʜʥʝʤ ʢʨʘʝ ʨʘʟʚʠʪʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʥʘʥʦʪʝʭʥʦʣʦʛʠʡ. ɺ 

ʯʘʩʪʥʦʩʪʠ, ʦʩʦʙʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪ ʢʦʤʧʦʟʠʪʥʳʝ ʥʘʥʦʯʘʩʪʠʮʳ ʪʠʧʘ çʷʜʨʦ-

ʦʙʦʣʦʯʢʘè [1-3]. ʅʝʦʜʥʦʨʦʜʥʦʩʪʴ ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ ʪʘʢʠʭ ʯʘʩʪʠʮ ʧʨʠʚʦʜʠʪ ʢ ʧʦʷʚʣʝʥʠʶ 

ʦʩʪʘʪʦʯʥʳʭ ʫʧʨʫʛʠʭ ʜʝʬʦʨʤʘʮʠʡ ʠ ʥʘʧʨʷʞʝʥʠʡ, ʚʳʟʚʘʥʥʳʭ ʥʝʩʦʦʪʚʝʪʩʪʚʠʝʤ ʨʝʰʝʪʢʠ ʠ 

ʨʘʟʥʳʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ ʪʝʧʣʦʚʦʛʦ ʨʘʩʰʠʨʝʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ. ʄʝʭʘʥʠʟʤʳ ʨʝʣʘʢʩʘʮʠʠ 

ʥʘʧʨʷʞʝʥʠʡ ʥʝʩʦʦʪʚʝʪʩʪʚʠʷ ʚʢʣʶʯʘʶʪ ʦʙʨʘʟʦʚʘʥʠʝ ʜʠʩʣʦʢʘʮʠʡ ʥʝʩʦʦʪʚʝʪʩʪʚʠʷ ʚʦʢʨʫʛ 

ʷʜʨʘ, ʧʨʠʟʤʘʪʠʯʝʩʢʠʭ ʠ ʩʢʦʣʴʟʷʱʠʭ ʧʝʪʝʣʴ ʜʠʩʣʦʢʘʮʠʡ ʚ ʦʙʦʣʦʯʢʝ, ʪʨʝʱʠʥ ʚ ʷʜʨʝ ʠʣʠ ʚ 

ʦʙʦʣʦʯʢʝ, ʦʪʩʣʦʝʥʠʝ ʷʜʨʘ ʦʪ ʦʙʦʣʦʯʢʠ ʠ ʩʤʝʱʝʥʠʝ ʷʜʨʘ ʠʟ ʮʝʥʪʨʘ ʯʘʩʪʠʮʳ [4, 5]. 

ʇʨʠʙʣʠʞʝʥʥʳʝ ʨʘʩʯʝʪʳ [5] ʧʦʢʘʟʘʣʠ, ʯʪʦ ʦʙʨʘʟʦʚʘʥʠʝ ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʷʜʨʘ ʠ 

ʦʙʦʣʦʯʢʠ ʢʨʫʛʦʚʦʡ ʧʨʠʟʤʘʪʠʯʝʩʢʦʡ ʜʠʩʣʦʢʘʮʠʦʥʥʦʡ ʧʝʪʣʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠ ʙʦʣʝʝ 

ʚʳʛʦʜʥʦ, ʯʝʤ ʜʨʫʛʠʝ ʩʧʦʩʦʙʳ ʨʝʣʘʢʩʘʮʠʠ ʥʘʧʨʷʞʝʥʠʡ. ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʙʳʣ ʧʨʝʜʣʦʞʝʥ 

ʨʷʜ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʜʣʷ ʨʘʩʯʝʪʘ ʢʨʠʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʪʘʢʠʭ 

ʧʝʪʝʣʴ [5-8]. ʆʜʥʘʢʦ ʚʩʝ ʵʪʠ ʨʘʩʯʝʪʳ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʜʣʷ ʩʬʝʨʠʯʝʩʢʠʭ ʯʘʩʪʠʮ ʩ 

ʮʝʥʪʨʠʨʦʚʘʥʥʳʤʠ ʩʬʝʨʠʯʝʩʢʠʤʠ ʷʜʨʘʤʠ, ʭʦʪʷ ʥʘ ʧʨʘʢʪʠʢʝ ʯʘʩʪʠʮʳ çʷʜʨʦ-ʦʙʦʣʦʯʢʘè 

ʤʦʛʫʪ ʧʨʠʥʠʤʘʪʴ ʠ ʜʨʫʛʠʝ ʬʦʨʤʳ [1-3]. ɺ ʨʘʙʦʪʝ [9] ʙʳʣʘ ʨʝʰʝʥʘ ʛʨʘʥʠʯʥʘʷ ʟʘʜʘʯʘ 

ʪʝʦʨʠʠ ʫʧʨʫʛʦʩʪʠ ʜʣʷ ʫʩʝʯʝʥʥʦʛʦ ʩʬʝʨʠʯʝʩʢʦʛʦ ʚʢʣʶʯʝʥʠʷ, ʥʘʭʦʜʷʱʝʛʦʩʷ ʚ 

ʦʩʝʩʠʤʤʝʪʨʠʯʥʦʤ ʧʦʣʦʞʝʥʠʠ ʚ ʫʧʨʫʛʦʤ ʰʘʨʝ ʩ ʪʝʤʠ ʞʝ ʠʟʦʪʨʦʧʥʳʤʠ ʫʧʨʫʛʠʤʠ 

ʧʦʩʪʦʷʥʥʳʤʠ. ʈʝʣʘʢʩʘʮʠʷ ʦʩʪʘʪʦʯʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʟʘ ʩʯʝʪ ʦʙʨʘʟʦʚʘʥʠʷ 

ʧʨʠʟʤʘʪʠʯʝʩʢʦʡ ʧʝʪʣʠ ʥʘ ʛʨʘʥʠʮʝ ʷʜʨʘ ʠ ʦʙʦʣʦʯʢʠ. ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʥʘ 

ʚʦʟʤʦʞʥʦʩʪʴ ʦʙʨʘʟʦʚʘʥʠʷ ʥʝ ʦʜʥʦʡ, ʘ ʥʝʩʢʦʣʴʢʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʜʨʫʛ ʩ ʜʨʫʛʦʤ 

ʜʠʩʣʦʢʘʮʠʦʥʥʳʭ ʧʝʪʝʣʴ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʩ ʨʦʩʪʦʤ 

ʥʝʩʦʦʪʚʝʪʩʪʚʠʷ ʵʥʝʨʛʝʪʠʯʝʩʢʠ ʚʳʛʦʜʥʦ ʦʙʨʘʟʦʚʘʥʠʝ ʚʩʝ ʙʦʣʴʰʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʧʝʪʝʣʴ. 

ʇʨʠ ʵʪʦʤ ʥʘʠʙʦʣʝʝ ʥʝʫʩʪʦʡʯʠʚʳʤʠ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʧʝʪʝʣʴ ʜʠʩʣʦʢʘʮʠʡ ʥʝʩʦʦʪʚʝʪʩʪʚʠʷ 

ʦʢʘʟʳʚʘʶʪʩʷ ʥʘʥʦʯʘʩʪʠʮʳ, ʚ ʢʦʪʦʨʳʭ ʨʘʜʠʫʩ ʷʜʨʘ ʩʦʩʪʘʚʣʷʝʪ 0.75 ʦʪ ʚʥʝʰʥʝʛʦ ʨʘʜʠʫʩʘ 

ʥʘʥʦʯʘʩʪʠʮʳ. 
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ʀʉʉʃɽɼʆɺɸʅʀɽ ɺʃʀʗʅʀʗ ʆʊɾʀɻʆɺ ʅɸ ʂʆʈʈʆɿʀʆʅʅʆ-

ʋʉʊɸʃʆʉʊʅʋʖ ʇʈʆʏʅʆʉʊʔ ʋʃʔʊʈɸʄɽʃʂʆɿɽʈʅʀʉʊʆɻʆ 

ʇʉɽɺɼʆ-a ʊʀʊɸʅʆɺʆɻʆ ʉʇʃɸɺɸ 

ɸ.ɸ. ʄʫʨʘʰʦʚ, ʅ.ʅ. ɹʝʨʝʥʜʝʝʚ, ɸ.ɺ. ʅʦʭʨʠʥ 

ʅʠʞʝʛʦʨʦʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʅ.ʀ. ʃʦʙʘʯʝʚʩʢʦʛʦ, ʅʠʞʥʠʡ 

ʅʦʚʛʦʨʦʜ, ʈʦʩʩʠʷ 
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ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʪʠʪʘʥʦʚʳʝ ʩʧʣʘʚʳ ʷʚʣʷʶʪʩʷ ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʘʪʦʤʥʦʛʦ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ ʠ ʷʜʝʨʥʦʡ ʵʥʝʨʛʝʪʠʢʠ. ɺ ʯʘʩʪʥʦʩʪʠ, ʩʦʚʨʝʤʝʥʥʳʝ ʪʠʪʘʥʦʚʳʝ 

Ŭ- ʠ ʧʩʝʚʜʦ-Ŭ ʩʧʣʘʚʳ ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʘʪʦʤʥʦʤ ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ ʠ ʷʜʝʨʥʦʡ 

ʵʥʝʨʛʝʪʠʢʠ ʠ ʪ.ʜ. ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʦʧʘʩʥʳʭ ʨʘʟʨʫʰʘʶʱʠʭ ʧʨʦʮʝʩʩʦʚ ʪʠʪʘʥʦʚʳʭ 

ʩʧʣʘʚʦʚ ʚ ʘʪʦʤʥʦʤ ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ ʷʚʣʷʝʪʩʷ ʢʦʨʨʦʟʠʦʥʥʦ-ʫʩʪʘʣʦʩʪʥʦʝ ʨʘʟʨʫʰʝʥʠʝ, 

ʢʦʪʦʨʦʝ ʧʨʦʠʩʭʦʜʠʪ ʚ ʫʩʣʦʚʠʷʭ ʚʦʟʜʝʡʩʪʚʠʷ ʧʦʚʳʰʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨ, ʛʦʨʷʯʝʡ ʩʦʣʝʚʦʡ 

ʢʦʨʨʦʟʠʠ ʠ ʚʦʜʦʨʦʜʥʦʛʦ ʦʭʨʫʧʯʠʚʘʥʠʷ. ʆʩʦʙʝʥʥʦ ʦʧʘʩʥʦʡ ʷʚʣʷʝʪʩʷ ʤʝʞʢʨʠʩʪʘʣʣʠʪʥʘʷ 

ʛʦʨʷʯʘʷ ʩʦʣʝʚʘʷ ʢʦʨʨʦʟʠʷ, ʢʦʪʦʨʘʷ ʧʨʠʚʦʜʠʪ ʢ ʧʦʷʚʣʝʥʠʶ ʪʦʥʢʠʭ ʧʨʦʪʷʞʝʥʥʳʭ 

ʢʦʥʮʝʥʪʨʘʪʦʨʦʚ [1]. ʄʝʭʘʥʠʟʤʳ ʢʦʨʨʦʟʠʦʥʥʦ-ʫʩʪʘʣʦʩʪʥʦʛʦ ʨʘʟʨʫʰʝʥʠʷ 

ʤʝʣʢʦʟʝʨʥʠʩʪʳʭ ʪʠʪʘʥʦʚʳʭ ʩʧʣʘʚʦʚ ʦʩʪʘʶʪʩʷ ʧʣʦʭʦ ʠʟʫʯʝʥʥʳʤʠ. 

ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʩʪʫʧʘʝʪ ʧʨʦʤʳʰʣʝʥʥʳʡ ʧʩʝʚʜʦ-Ŭ ʪʠʪʘʥʦʚʳʡ 

ʩʧʣʘʚ ʇʊ-3ɺ (Ti-4.73ʚʝʩ.%Al-1.88ʚʝʩ.%V). ʋʣʴʪʨʘʤʝʣʢʦʟʝʨʥʠʩʪʘʷ (ʋʄɿ) ʩʪʨʫʢʪʫʨʘ ʚ 

ʩʧʣʘʚʝ ʬʦʨʤʠʨʦʚʘʣʘʩʴ ʤʝʪʦʜʦʤ ʨʦʪʘʮʠʦʥʥʦʡ ʢʦʚʢʠ (ʈʂ). ʈʦʪʘʮʠʦʥʥʘʷ ʢʦʚʢʘ 

ʧʨʦʚʦʜʠʣʘʩʴ ʩ ʧʦʤʦʱʴʶ ʨʦʪʘʮʠʦʥʥʦ-ʢʦʚʦʯʥʦʡ ʤʘʰʠʥʳ ʬʠʨʤʳ R5-4-21 HIP çHeinrich 

Muller Maschinfabrikè ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʜʦ ʩʪʝʧʝʥʠ ʜʝʬʦʨʤʘʮʠʠ 70%. 

ʀʩʧʳʪʘʥʠʷ ʥʘ ʫʩʪʘʣʦʩʪʴ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʦʙʨʘʟʮʘʭ ʧʦ ʩʭʝʤʝ çʠʟʛʠʙ ʩ 

ʚʨʘʱʝʥʠʝʤè ʚ 3%-ʥʦʤ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ NaCl. ʏʘʩʪʦʪʘ ʥʘʛʨʫʞʝʥʠʷ ʩʦʩʪʘʚʣʷʣʘ 50 ɻʮ. ɼʣʷ 

ʦʪʞʠʛʘ ʪʠʪʘʥʦʚʳʭ ʦʙʨʘʟʮʦʚ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʤʫʬʝʣʴʥʘʷ ʵʣʝʢʪʨʦʧʝʯʴ ʕʂʇʉ-10. ʂʦʨʦʪʢʠʝ 

30-ʤʠʥʫʪʥʳʝ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʝ ʦʪʞʠʛʠ ʧʨʦʚʦʜʠʣʠʩʴ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 500, 550, 600 

ʠ 700 Áʉ. ɼʣʠʪʝʣʴʥʳʝ (500, 1000, 1500, 2000 ʯ) ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʝ ʦʪʞʠʛʠ 

ʧʨʦʚʦʜʠʣʠʩʴ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 250 Áʉ.  

ʀʩʩʣʝʜʦʚʘʥʠʷ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʦʩʣʝ ʈʂ ʚ ʩʧʣʘʚʝ ʇʊ-3ɺ 

ʩʬʦʨʤʠʨʦʚʘʥʘ ʋʄɿ ʩʪʨʫʢʪʫʨʘ ʩʦ ʩʨʝʜʥʠʤ ʨʘʟʤʝʨʦʤ ʬʨʘʛʤʝʥʪʦʚ ~0.2-0.5 ʤʢʤ. ʇʦʩʣʝ 

ʜʣʠʪʝʣʴʥʳʭ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʦʪʞʠʛʦʚ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 250 Áʉ ʠ 30-ʤʠʥʫʪʥʳʭ 

ʦʪʞʠʛʦʚ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 500, 550 Áʉ ʩʪʨʫʢʪʫʨʘ ʩʧʣʘʚʦʚ ʥʝ ʠʟʤʝʥʷʝʪʩʷ, ʥʘʙʣʶʜʘʝʪʩʷ 

ʩʠʣʴʥʦ ʜʝʬʦʨʤʠʨʦʚʘʥʥʘʷ ʩʪʨʫʢʪʫʨʘ, ʩʬʦʨʤʠʨʦʚʘʥʥʘʷ ʧʨʠ ʈʂ. ʅʘʯʘʣʦ ʧʨʦʮʝʩʩʦʚ 

ʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʩʣʝ ʦʪʞʠʛʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 600 Áʉ (30 ʤʠʥ) ï ʥʘ ʬʦʥʝ 

ʩʤʝʰʝʥʥʦʡ ʟʝʨʝʥʥʦ-ʩʫʙʟʝʨʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʧʦʷʚʣʷʶʪʩʷ ʟʝʨʥʘ ʨʘʟʤʝʨʦʤ ~1 ʤʢʤ. ʇʦʩʣʝ 

30-ʤʠʥʫʪʥʦʛʦ ʦʪʞʠʛʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 700 Áʉ ʚ ʩʧʣʘʚʝ ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʣʥʦʩʪʴʶ 

ʨʝʢʨʠʩʪʘʣʣʠʟʦʚʘʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʩ ʨʘʟʤʝʨʦʤ ʟʝʨʝʥ 3-3.5 ʤʢʤ. ɺʳʜʝʣʝʥʠʡ ʯʘʩʪʠʮ b-ʬʘʟʳ 

ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ. 

ʇʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ, ʘ ʪʘʢʞʝ ʩʪʦʡʢʦʩʪʠ ʦʪʦʞʞʝʥʥʳʭ 

ʩʧʣʘʚʦʚ ʢ ʢʦʨʨʦʟʠʦʥʥʦ-ʫʩʪʘʣʦʩʪʥʦʤʫ ʨʘʟʨʫʰʝʥʠʶ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 

ʦʪʞʠʛʘ 500 ʠ 550 Áʉ ʤʠʢʨʦʪʚʝʨʜʦʩʪʴ ʥʝ ʠʟʤʝʥʷʝʪʩʷ ʠ ʩʦʩʪʘʚʣʷʝʪ ~ 2980 ʄʇʘ, ʯʪʦ 

ʩʦʧʦʩʪʘʚʠʤʦ ʩ ʤʠʢʨʦʪʚʝʨʜʦʩʪʴʶ ʋʄɿ ʩʧʣʘʚʘ ʚ ʩʦʩʪʦʷʥʠʠ ʧʦʩʣʝ ʈʂ. ʉʫʱʝʩʪʚʝʥʥʦʝ 

ʧʘʜʝʥʠʝ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʩʣʝ ʦʪʞʠʛʦʚ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʙʦʣʝʝ 600 Áʉ; 

ʧʦʩʣʝ ʦʪʞʠʛʦʚ ʧʨʠ 600 ʦʉ ʠ 700 Áʉ ʤʠʢʨʦʪʚʝʨʜʦʩʪʴ ʩʧʣʘʚʘ ʩʦʩʪʘʚʣʷʝʪ 2760 ʄʇʘ ʠ 2290 

ʄʇʘ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʄʠʢʨʦʪʚʝʨʜʦʩʪʴ ʋʄɿ ʪʠʪʘʥʦʚʦʛʦ ʩʧʣʘʚʘ ʇʊ-3ɺ ʧʦʩʣʝ 

ʜʣʠʪʝʣʴʥʳʭ (2000 ʯ) ʦʪʞʠʛʦʚ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 250 Áʉ ʦʩʪʘʝʪʩʷ ʥʝʠʟʤʝʥʥʦʡ ʠ ʩʦʩʪʘʚʣʷʝʪ 

~3100 ʄʇʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʋʄɿ ʩʧʣʘʚ ʩʦʭʨʘʥʷʝʪ ʩʚʦʶ 
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ʪʝʨʤʠʯʝʩʢʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ ʚ ʫʩʣʦʚʠʷʭ ʜʣʠʪʝʣʴʥʦʡ ʚʳʜʝʨʞʢʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ, 

ʤʦʜʝʣʠʨʫʶʱʝʡ ʧʨʠʤʝʥʝʥʠʝ ʪʠʪʘʥʦʚʳʭ ʩʧʣʘʚʦʚ ʚ ʫʩʣʦʚʠʷʭ ʚʦʟʜʝʡʩʪʚʠʷ ʛʦʨʷʯʝʡ ʩʦʣʝʚʦʡ 

ʢʦʨʨʦʟʠʠ [2]. 

ʇʨʦʚʝʜʝʥʠʝ ʢʦʨʨʦʟʠʦʥʥʦ-ʫʩʪʘʣʦʩʪʥʳʭ ʠʩʧʳʪʘʥʠʡ ʤʝʣʢʦʟʝʨʥʠʩʪʦʛʦ ʪʠʪʘʥʦʚʦʛʦ 

ʩʧʣʘʚʘ ʇʊ-3ɺ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʦʪʞʠʛ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 500 ʠ 550 Áʉ ʧʨʠʚʦʜʠʪ ʢ 

ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʩʥʠʞʝʥʠʶ ʢʦʨʨʦʟʠʦʥʥʦ-ʫʩʪʘʣʦʩʪʥʦʡ ʧʨʦʯʥʦʩʪʠ ʋʄɿ ʪʠʪʘʥʦʚʦʛʦ ʩʧʣʘʚʘ 

ʇʊ-3ɺ. ʇʨʠ ʵʪʦʤ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʝ ʩʤʦʪʨʷ ʥʘ ʩʥʠʞʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ 

ʜʦʣʛʦʚʝʯʥʦʩʪʠ, ʢʦʨʨʦʟʠʦʥʥʦ-ʫʩʪʘʣʦʩʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʋʄɿ ʩʧʣʘʚʘ ʧʦʩʣʝ ʦʪʞʠʛʘ 

ʧʨʝʚʳʰʘʶʪ ʘʥʘʣʦʛʠʯʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʧʣʘʚʘ ʇʊ-3ɺ ʚ ʢʨʫʧʥʦʟʝʨʥʠʩʪʦʤ ʩʦʩʪʦʷʥʠʠ. 

ʇʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ, ʪʘʢʦʝ ʧʦʚʝʜʝʥʠʝ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʧʨʦʮʝʩʩʦʤ ʚʦʟʚʨʘʪʘ, ʯʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʦʙʣʝʛʯʝʥʠʶ ʧʨʦʮʝʩʩʘ ʟʘʨʦʞʜʝʥʠʷ ʠ ʨʦʩʪʘ ʫʩʪʘʣʦʩʪʥʳʭ ʪʨʝʱʠʥ. ʇʨʠ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʦʪʞʠʛʘ 600 ʠ 700 Áʉ ʥʘʙʣʶʜʘʝʪʩʷ ʝʱʝ ʙʦʣʝʝ ʩʫʱʝʩʪʚʝʥʥʦʝ ʧʘʜʝʥʠʝ 

ʢʦʨʨʦʟʠʦʥʥʦ-ʫʩʪʘʣʦʩʪʥʦʡ ʧʨʦʯʥʦʩʪʠ ʋʄɿ ʪʠʪʘʥʦʚʦʛʦ ʩʧʣʘʚʘ ʇʊ-3ɺ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ 

ʥʘʯʘʚʰʠʤʠʩʷ ʧʨʦʮʝʩʩʘʤʠ ʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ; ʜʘʥʥʳʡ ʵʬʬʝʢʪ ʤʦʞʝʪ ʙʳʪʴ ʫʩʠʣʝʥ 

ʨʝʣʘʢʩʘʮʠʝʡ ʚʥʫʪʨʝʥʥʠʭ ʩʞʠʤʘʶʱʠʭ ʥʘʧʨʷʞʝʥʠʡ. 

ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʢʦʨʨʦʟʠʦʥʥʦ-ʫʩʪʘʣʦʩʪʥʳʭ ʠʩʧʳʪʘʥʠʡ ʧʦʩʣʝ ʜʣʠʪʝʣʴʥʳʭ 

ʦʪʞʠʛʦʚ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 250 Áʉ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʦʩʣʝ 500 ʯʘʩʦʚʦʛʦ ʦʪʞʠʛʘ, 

ʥʘʙʣʶʜʘʝʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʩʥʠʞʝʥʠʝ ʢʦʨʨʦʟʠʦʥʥʦ-ʫʩʪʘʣʦʩʪʥʦʡ ʧʨʦʯʥʦʩʪʠ ʋʄɿ 

ʪʠʪʘʥʦʚʦʛʦ ʩʧʣʘʚʘ ʇʊ-3ɺ, ʘ ʧʦʩʣʝ ʦʪʞʠʛʦʚ ʜʣʠʪʝʣʴʥʦʩʪʴʶ 1000, 1500, 2000 ʯ 

ʥʘʙʣʶʜʘʝʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʧʦʚʳʰʝʥʠʝ ʢʦʨʨʦʟʠʦʥʥʦ-ʫʩʪʘʣʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ.  

ʇʨʦʚʝʜʝʥ ʬʨʘʢʪʦʛʨʘʬʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʠʟʣʦʤʦʚ ʦʙʨʘʟʮʦʚ ʦʪʦʞʞʝʥʥʳʭ ʋʄɿ 

ʪʠʪʘʥʦʚʳʭ ʩʧʣʘʚʦʚ ʧʦʩʣʝ ʠʭ ʢʦʨʨʦʟʠʦʥʥʦ-ʫʩʪʘʣʦʩʪʥʳʭ ʠʩʧʳʪʘʥʠʡ ʧʨʠ ʨʘʟʣʠʯʥʳʭ 

ʘʤʧʣʠʪʫʜʘʭ ʥʘʧʨʷʞʝʥʠʷ. ɺʳʷʚʣʝʥʳ ʦʩʥʦʚʥʳʝ ʩʪʘʜʠʠ ʟʘʨʦʞʜʝʥʠʷ ʠ ʨʦʩʪʘ ʪʨʝʱʠʥʳ. 

ʇʨʦʚʝʜʝʥ ʪʝʦʨʝʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʢʨʠʚʳʭ ʫʩʪʘʣʦʩʪʥʦʛʦ ʨʘʟʨʫʰʝʥʠʷ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʫʨʘʚʥʝʥʠʷ ɹʘʩʢʚʠʥʘ. ʆʧʨʝʜʝʣʝʥʳ ʟʥʘʯʝʥʠʷ ʫʩʣʦʚʥʦʛʦ ʧʨʝʜʝʣʘ 

ʚʳʥʦʩʣʠʚʦʩʪʠ ʠ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʚʣʠʷʥʠʷ ʦʪʞʠʛʦʚ ʥʘ ʧʘʨʘʤʝʪʨʳ ʢʦʨʨʦʟʠʦʥʥʦ-

ʫʩʪʘʣʦʩʪʥʦʡ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʋʄɿ ʪʠʪʘʥʦʚʦʛʦ ʩʧʣʘʚʘ ʇʊ-3ɺ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʧʨʦʝʢʪʘ ˉ075-03-2020-191/5 ʄʠʥʦʙʨʥʘʫʢʠ 

ʈʦʩʩʠʠ. 
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2 A.M. Bakhmetyev, O.A. Bykh, N.G. Sandler et al., Applied Solid State Chemistry 1(6), pp. 23-31 (2019). 

 

ʄɸʂʈʆʃʆʂɸʃʀɿɸʎʀʗ ʇʃɸʉʊʀʏɽʉʂʆʁ ɼɽʌʆʈʄɸʎʀʀ ɺ 

ɸʃʖʄʀʅʀʀ ʇʈʀ ʇʆʃɿʋʏɽʉʊʀ 

ʄ.ɺ. ʅʘʜʝʞʢʠʥ, ʉ.ɸ. ɹʘʨʘʥʥʠʢʦʚʘ, ɸ.ʉ. ʃʫʯʠʥ 

ʀʥʩʪʠʪʫʪ ʬʠʟʠʢʠ ʧʨʦʯʥʦʩʪʠ ʠ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ ʉʆ ʈɸʅ, ʛ. ʊʦʤʩʢ 

Email: mvn@ispms.ru 

ɺʦʟʥʠʢʥʦʚʝʥʠʝ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʠʭ ʟʦʥ ʣʦʢʘʣʠʟʦʚʘʥʥʦʡ ʜʝʬʦʨʤʘʮʠʠ ʚ ʧʨʦʮʝʩʩʝ 

ʘʢʪʠʚʥʦʛʦ ʥʘʛʨʫʞʝʥʠʷ ʤʘʪʝʨʠʘʣʦʚ ʷʚʣʷʝʪʩʷ ʭʦʨʦʰʦ ʠʟʫʯʝʥʥʳʤ ʬʘʢʪʦʤ [1]. ɺ 

ʜʦʧʦʣʥʝʥʠʝ ʢ ʨʘʥʝʝ ʧʦʣʫʯʝʥʥʳʤ ʜʘʥʥʳʤ, ʠʩʧʳʪʘʥʠʷ ʥʘ ʧʦʣʟʫʯʝʩʪʴ ʤʦʛʫʪ ʧʦʤʦʯʴ 

ʧʦʣʫʯʠʪʴ ʩʚʝʜʝʥʠʷ ʦ ʤʠʢʨʦʤʝʭʘʥʠʟʤʘʭ ʧʣʘʩʪʠʯʝʩʢʦʛʦ ʪʝʯʝʥʠʷ, ʟʥʘʯʝʥʠʷʭ 

ʘʢʪʠʚʘʮʠʦʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʢʦʥʪʨʦʣʠʨʫʶʱʠʭ ʧʣʘʩʪʠʯʝʩʢʦʝ ʪʝʯʝʥʠʝ, ʠ ʠʭ ʩʚʷʟʴ ʩʦ 

ʩʪʨʫʢʪʫʨʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ [2]. ʂ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʠʤʝʝʪʩʷ ʦʛʨʘʥʠʯʝʥʥʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʨʘʙʦʪ ʨʘʩʩʤʘʪʨʠʚʘʶʱʠʭ ʧʨʦʮʝʩʩʳ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʦʡ ʣʦʢʘʣʠʟʘʮʠʠ 

ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ ʧʨʠ ʧʦʣʟʫʯʝʩʪʠ, ʧʦʵʪʦʤʫ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʧʨʠʥʠʤʘʝʪʩʷ 
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ʠʩʩʣʝʜʦʚʘʪʴ ʦʩʦʙʝʥʥʦʩʪʠ ʤʘʢʨʦʣʦʢʘʣʠʟʘʮʠʠ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ ʧʨʠ ʧʦʣʟʫʯʝʩʪʠ 

ʪʝʭʥʠʯʝʩʢʠ ʯʠʩʪʦʛʦ ʘʣʶʤʠʥʠʷ ɸ5ʄ. 

ʄʝʭʘʥʠʯʝʩʢʠʝ ʠʩʧʳʪʘʥʠʷ ʥʘ ʧʦʣʟʫʯʝʩʪʴ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʥʘ ʧʣʦʩʢʠʭ ʦʙʨʘʟʮʘʭ ʚ 

ʬʦʨʤʝ ʜʚʫʩʪʦʨʦʥʥʝʡ ʣʦʧʘʪʢʠ. ʇʦʩʢʦʣʴʢʫ ʘʣʶʤʠʥʠʡ ʠʤʝʝʪ ʥʠʟʢʫʶ ʪʝʤʧʝʨʘʪʫʨʫ 

ʧʣʘʚʣʝʥʠʷ ʦʢʦʣʦ 930ʂ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʪʝʧʝʥʠ ʯʠʩʪʦʪʳ, ʪʦ ʫʞʝ ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʦʙʨʘʟʮʘʭ ʚʦʟʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʫʶ ʧʦʣʟʫʯʝʩʪʴ. 

ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʫʥʠʚʝʨʩʘʣʴʥʦʡ ʠʩʧʳʪʘʪʝʣʴʥʦʡ ʤʘʰʠʥʝ Walter+Bai LFM-

125 ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 300ʂ. ɺ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʚʘʨʴʠʨʦʚʘʣʦʩʴ ʧʦʜʜʝʨʞʠʚʘʝʤʦʝ 

ʥʘʧʨʷʞʝʥʠʝ ʧʦʣʟʫʯʝʩʪʠ ʚ ʠʥʪʝʨʚʘʣʝ 50-55 ʄʇʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʫʜʘʣʦʩʴ ʧʦʣʫʯʠʪʴ 

ʩʝʤʝʡʩʪʚʦ ʟʘʚʠʩʠʤʦʩʪʝʡ ʚʝʣʠʯʠʥʳ ʜʝʬʦʨʤʘʮʠʠ ʦʪ ʚʨʝʤʝʥʠ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʥʘʛʨʫʟʢʘʭ, ʥʘ 

ʢʦʪʦʨʳʭ ʤʦʞʥʦ ʯʝʪʢʦ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʪʨʠ ʩʪʘʜʠʠ ʧʦʣʟʫʯʝʩʪʠ ï ʥʘʯʘʣʴʥʳʡ ʫʯʘʩʪʦʢ 

ʟʘʪʫʭʘʶʱʝʡ ʧʦʣʟʫʯʝʩʪʠ, ʫʯʘʩʪʦʢ ʫʩʪʘʥʦʚʠʚʰʝʡʩʷ ʧʦʣʟʫʯʝʩʪʠ ʠ ʫʩʢʦʨʝʥʥʘʷ ʧʦʣʟʫʯʝʩʪʴ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʰʝʡʢʠ ʨʘʟʨʫʰʝʥʠʷ. 

ʄʝʪʦʜʦʤ ʮʠʬʨʦʚʦʡ ʢʦʨʨʝʣʷʮʠʠ ʩʧʝʢʣ-ʠʟʦʙʨʘʞʝʥʠʡ ʫʜʘʣʦʩʴ ʟʘʬʠʢʩʠʨʦʚʘʪʴ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʧʣʘʩʪʠʯʝʩʢʦʛʦ ʪʝʯʝʥʠʷ ʧʨʠ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʧʦʣʟʫʯʝʩʪʠ ʠ ʦʮʝʥʠʪʴ 

ʧʘʨʘʤʝʪʨʳ ʤʘʢʨʦʣʦʢʘʣʠʟʘʮʠʠ ʜʝʬʦʨʤʘʮʠʠ. ʅʘʙʣʶʜʘʝʤʳʝ ʦʯʘʛʠ ʣʦʢʘʣʠʟʘʮʠʠ ʥʘ ʩʪʘʜʠʠ 

ʫʩʪʘʥʦʚʠʚʰʝʡʩʷ ʧʦʣʟʫʯʝʩʪʠ ʚʝʜʫʪ ʩʝʙʷ ʩʭʦʞʠʤ ʦʙʨʘʟʦʤ, ʢʘʢ ʠ ʥʘ ʩʪʘʜʠʠ 

ʧʘʨʘʙʦʣʠʯʝʩʢʦʛʦ ʜʝʬʦʨʤʘʮʠʦʥʥʦʛʦ ʫʧʨʦʯʥʝʥʠʷ, ʘ ʠʤʝʥʥʦ ʥʝ ʤʝʥʷʶʪ ʩʚʦʝʛʦ ʧʦʣʦʞʝʥʠʷ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʘ ʠ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʬʦʨʤʠʨʫʶʪ ʩʪʘʮʠʦʥʘʨʥʫʶ ʢʘʨʪʠʥʫ 

ʘʚʪʦʚʦʣʥʦʚʦʡ ʧʣʘʩʪʠʯʥʦʩʪʠ ʩ ʬʠʢʩʠʨʦʚʘʥʥʳʤ ʧʝʨʠʦʜʦʤ ʣʦʢʘʣʠʟʘʮʠʠ l [1]. ɺ ʭʦʜʝ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʙʳʣʘ ʫʩʪʘʥʦʚʣʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʧʘʨʘʤʝʪʨʘ ʣʦʢʘʣʠʟʘʮʠʠ ʦʪ ʚʝʣʠʯʠʥʳ 

ʥʘʧʨʷʞʝʥʠʷ ʧʦʣʟʫʯʝʩʪʠ, ʘ ʪʘʢʞʝ ʨʘʩʩʯʠʪʘʥʳ ʧʘʨʘʤʝʪʨʳ ʘʢʪʠʚʘʮʠʠ ʧʣʘʩʪʠʯʝʩʢʦʛʦ 

ʪʝʯʝʥʠʷ ʟʘ ʩʯʝʪ ʜʚʠʞʝʥʠʷ ʜʠʩʣʦʢʘʮʠʡ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ ʀʌʇʄ ʉʆ ʈɸʅ, ʧʨʦʝʢʪ 

FWRW-2021-0011. 

1. ʃ.ɹ. ɿʫʝʚ, ʉ.ɸ. ɹʘʨʘʥʥʠʢʦʚʘ, ɸ.ɻ. ʃʫʥʝʚ ʆʪ ʤʘʢʨʦ ʢ ʤʠʢʨʦ. ʄʘʩʰʪʘʙʳ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ 

(ʅʘʫʢʘ, ʅʦʚʦʩʠʙʠʨʩʢ, 2018). 
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ʆɹɿʆʈ ʇʆ ʈɽɿʋʃʔʊɸʊɸʄ ʄɽʍɸʅʀʏɽʉʂʀʍ ʀʉʇʓʊɸʅʀʁ 

ʄɽʊɸʃʃʀʏɽʉʂʀʍ ʄɸʊɽʈʀɸʃʆɺ ɼʃʗ ʇʆʃɿʋʏɽʉʊʀ ʀ 

ɼʃʀʊɽʃʔʅʆʁ ʇʈʆʏʅʆʉʊʀ ɿɸ ʇʆʉʃɽɼʅʀɽ 17 ʃɽʊ 

ɺ.ɺ. ʅʘʟʘʨʦʚ1 

1ʅʀʀ ʤʝʭʘʥʠʢʠ ʄɻʋ ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ, ʈʦʩʩʠʡʩʢʘʷ ʌʝʜʝʨʘʮʠʷ 

Email: inmec130@mail.ru 

ʈʘʩʩʤʦʪʨʝʥʳ ʨʘʙʦʪʳ 2004ī2021 ʛʦʜʦʚ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ 

(ʤʘʛʥʠʝʚʦ-ʣʠʪʠʝʚʳʡ ʩʧʣʘʚ, ʤʝʜʴ, ʘʣʶʤʠʥʠʝʚʳʡ ʩʧʣʘʚ, ʪʠʪʘʥʦʚʳʡ ʩʧʣʘʚ, ʩʪʘʣʴ, 

ʥʠʢʝʣʝʚʳʡ ʩʧʣʘʚ) ʚ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʜʠʘʧʘʟʦʥʝ 20ī1100oC. ɺ ʵʪʠʭ ʨʘʙʦʪʘʭ ʨʝʟʫʣʴʪʘʪʳ 

ʠʩʧʳʪʘʥʠʡ ʧʦʣʫʯʝʥʳ ʜʣʷ ʠʟʦʪʝʨʤʠʯʝʩʢʦʡ ʧʦʣʟʫʯʝʩʪʠ ʧʨʠ ʦʜʥʦʦʩʥʦʤ ʨʘʩʪʷʞʝʥʠʠ ʠ 

ʩʣʦʞʥʦʤ ʥʘʧʨʷʞʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ. ʏʠʩʣʦ ʪʘʢʠʭ ʨʘʙʦʪ ʦʛʨʘʥʠʯʝʥʦ. ɺ ʜʘʥʥʳʡ ʦʙʟʦʨ ʥʝ 

ʚʦʰʣʠ ʨʘʙʦʪʳ, ʚ ʢʦʪʦʨʳʭ ʨʘʩʩʤʦʪʨʝʥʦ ʭʠʤʠʯʝʩʢʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ 

ʩ ʤʝʪʘʣʣʠʯʝʩʢʠʤ ʤʘʪʝʨʠʘʣʦʤ. ʉʨʝʜʠ ʵʪʠʭ ʨʘʙʦʪ ʧʨʠʩʫʪʩʪʚʫʶʪ ʤʘʣʦʠʟʚʝʩʪʥʳʝ ʠ 

ʫʥʠʢʘʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ. ɺ ʦʜʥʦʡ ʠʟ ʪʘʢʠʭ ʨʘʙʦʪ ʚʧʝʨʚʳʝ ʨʘʩʩʤʦʪʨʝʥʘ ʧʦʣʟʫʯʝʩʪʴ 

ʤʘʛʥʠʝʚʦ-ʣʠʪʠʝʚʦʛʦ ʩʧʣʘʚʘ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ɺ ʜʨʫʛʦʡ ʨʘʙʦʪʝ ʚʧʝʨʚʳʝ 

ʢʨʠʚʳʝ ʧʦʣʟʫʯʝʩʪʠ ʜʣʷ ʞʘʨʦʧʨʦʯʥʦʡ ʩʪʘʣʠ ʜʦʧʦʣʥʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ 
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ʜʠʘʛʨʘʤʤʘʤʠ ʥʘʧʨʷʞʝʥʠʝ ï ʜʝʬʦʨʤʘʮʠʷ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʟʥʘʯʝʥʠʡ ʚʳʩʦʢʦʡ 

ʪʝʤʧʝʨʘʪʫʨʳ. ɽʱʝ ʦʜʥʘ ʦʪʣʠʯʠʪʝʣʴʥʘʷ ʨʘʙʦʪʘ, ʚ ʢʦʪʦʨʦʡ ʜʣʷ ʭʘʨʘʢʪʝʨʥʳʭ ʤʦʤʝʥʪʦʚ 

ʚʨʝʤʝʥʠ ʧʨʦʮʝʩʩʘ ʧʦʣʟʫʯʝʩʪʠ ʩʜʝʣʘʥʦ ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʬʦʪʦʩʥʠʤʢʦʚ ʠʟʤʝʥʝʥʠʷ 

ʤʠʢʨʦʩʪʨʫʪʫʨʳ ʠ ʢʨʠʚʦʡ ʧʦʣʟʫʯʝʩʪʠ ʜʦ ʤʦʤʝʥʪʘ ʚʨʝʤʝʥʠ ʨʘʟʨʫʰʝʥʠʷ. ʇʝʨʝʯʠʩʣʝʥʳ 

ʨʘʙʦʪʳ, ʚ ʢʦʪʦʨʳʭ ʠʟ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʜʥʦʦʩʥʳʤ ʨʘʩʪʷʞʝʥʠʝʤ ʦʙʥʘʨʫʞʝʥʘ 

ʥʝʦʜʥʦʟʥʘʯʥʦʩʪʴ ʚʦ ʚʣʠʷʥʠʠ ʜʚʫʭʦʩʥʦʛʦ ʨʘʩʪʷʞʝʥʠʷ ʥʘ ʚʨʝʤʷ ʚ ʤʦʤʝʥʪ ʨʘʟʨʫʰʝʥʠʷ. ɺ 

ʦʙʟʦʨʝ ʧʝʨʝʯʠʩʣʝʥʳ ʩʣʦʞʥʳʝ ʵʢʚʠʚʘʣʝʥʪʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʦʧʠʩʘʥʠʷ 

ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʨʘʟʣʠʯʠʷ ʟʥʘʯʝʥʠʡ ʚʨʝʤʝʥʠ ʚ ʤʦʤʝʥʪ ʨʘʟʨʫʰʝʥʠʷ ʧʨʠ ʦʜʥʦʦʩʥʦʤ 

ʨʘʩʪʷʞʝʥʠʠ, ʜʚʫʭʦʩʥʦʤ ʨʘʩʪʷʞʝʥʠʠ ʠ  ʪʨʝʭʦʩʥʦʤ ʨʘʩʪʷʞʝʥʠʠ. 

ɼʘʥʥʳʡ ʦʙʟʦʨ ʜʦʧʦʣʥʷʝʪ ʨʘʥʝʝ ʦʧʫʙʣʠʢʦʚʘʥʥʳʝ ʦʙʟʦʨʳ [1ï2], ʚ ʢʦʪʦʨʳʭ 

ʧʝʨʝʯʠʩʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘʯʠʥʘʷ ʩ 

50-ʭ ʛʦʜʦʚ ʧʨʦʰʣʦʛʦ ʩʪʦʣʝʪʠʷ, ʧʨʠ ʵʪʦʤ ʛʣʘʚʥʳʡ ʘʢʮʝʥʪ ʜʝʣʘʝʪʩʷ ʥʘ ʨʝʟʫʣʴʪʘʪʳ, 

ʜʦʩʪʠʛʥʫʪʳʝ ʩʦʚʝʪʩʢʠʤʠ ʫʯʝʥʳʤʠ. ɺ ʜʘʥʥʦʤ ʦʙʟʦʨʝ ʩʚʝʜʝʥʳ ʚ ʦʜʥʦ ʤʝʩʪʦ 

ʤʘʣʦʠʟʚʝʩʪʥʳʝ ʨʘʙʦʪʳ ʢʠʪʘʡʩʢʠʭ ʠ ʷʧʦʥʩʢʠʭ ʫʯʝʥʳʭ, ʚ ʢʦʪʦʨʳʭ ʧʨʠʚʝʜʝʥʳ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʜʣʷ ʰʠʨʦʢʦʛʦ ʢʣʘʩʩʘ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ, 

ʧʦʣʫʯʝʥʥʳʭ ʚ ʫʩʣʦʚʠʷʭ ʦʜʥʦʦʩʥʦʛʦ ʨʘʩʪʷʞʝʥʠʷ ʠ ʩʣʦʞʥʦʛʦ ʥʘʧʨʷʞʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ. 

ʈʘʙʦʪʳ, ʚ ʢʦʪʦʨʳʭ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ 

ʭʠʤʠʠ ʠ ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʥʘ ʪʝʨʤʦʤʝʭʘʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʚ ʜʘʥʥʦʤ 

ʦʙʟʦʨʝ ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ. 
 

ʂʘʢ ʧʨʘʚʠʣʦ, ʚ ʨʘʩʯʝʪʘʭ ʥʘ ʧʨʦʯʥʦʩʪʴ ʵʣʝʤʝʥʪʦʚ ʢʦʥʩʪʨʫʢʮʠʡ, ʧʦʜʚʝʨʛʘʶʱʠʭʩʷ 

ʚʦʟʜʝʡʩʪʚʠʶ ʚʥʝʰʥʠʭ ʩʠʣ, ʚʳʯʠʩʣʝʥʠʷ ʧʨʦʚʦʜʷʪ ʜʣʷ ʦʙʨʘʪʠʤʳʭ ʜʝʬʦʨʤʘʮʠʡ ʫʧʨʫʛʦʩʪʠ, 

ʧʨʠ ʵʪʦʤ ʩʪʘʨʘʶʪʩʷ ʠʟʙʝʛʘʪʴ ʦʙʨʘʟʦʚʘʥʠʷ ʦʙʣʘʩʪʝʡ, ʚ ʢʦʪʦʨʳʭ ʚʦʟʤʦʞʥʘ ʨʝʘʣʠʟʘʮʠʷ 

ʥʝʦʙʨʘʪʠʤʳʭ ʜʝʬʦʨʤʘʮʠʡ ʧʣʘʩʪʠʯʥʦʩʪʠ (ʟʘʚʠʩʠʪ ʪʦʣʴʢʦ ʦʪ ʧʨʠʣʦʞʝʥʥʳʭ ʥʘʧʨʷʞʝʥʠʡ) 

ʠ ʧʦʣʟʫʯʝʩʪʠ (ʟʘʚʠʩʠʪ ʦʪ ʧʨʠʣʦʞʝʥʥʳʭ ʥʘʧʨʷʞʝʥʠʡ, ʘ ʪʘʢʞʝ ʚʨʝʤʝʥʠ ʠʭ ʚʦʟʜʝʡʩʪʚʠʷ). 

ʈʝʘʣʠʟʘʮʠʷ ʜʝʬʦʨʤʘʮʠʠ ʧʦʣʟʫʯʝʩʪʠ ʚʦʟʤʦʞʥʘ ʚ ʩʦʩʫʜʘʭ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ, ʚ ʜʠʩʢʘʭ 

ɻʊɼ ʘʚʠʘʮʠʦʥʥʳʭ ʜʚʠʛʘʪʝʣʝʡ, ʘ ʪʘʢʞʝ ʚ ʧʦʜʚʦʜʥʳʭ ʪʨʫʙʢʘʭ ʢʦʪʣʦʚ ʥʘ ʪʝʧʣʦʚʳʭ 

ʩʪʘʥʮʠʷʭ ʠ ʨʝʘʢʪʦʨʦʚ ʥʘ ʘʪʦʤʥʳʭ ʩʪʘʥʮʠʷʭ. ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʟʘʤʝʪʥʦʝ ʚʥʠʤʘʥʠʝ ʩʪʘʣʠ 

ʫʜʝʣʷʪʴ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤʫ ʠʩʩʣʝʜʦʚʘʥʠʶ ʧʨʦʯʥʦʩʪʠ ʧʨʠ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʤ 

ʥʘʛʨʝʚʝ ʩʚʘʨʥʳʭ ʰʚʦʚ. ʂʨʦʤʝ ʵʪʦʛʦ ʩʚʦʡʩʪʚʦ ʧʦʣʟʫʯʝʩʪʠ ʠʩʧʦʣʴʟʫʶʪ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʘʭ ʦʩʘʜʢʠ ʠ ʰʪʘʤʧʦʚʢʠ ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʢʨʫʧʥʦʛʘʙʘʨʠʪʥʳʭ ʵʣʝʤʝʥʪʦʚ 

ʢʦʥʩʪʨʫʢʮʠʡ. ʉ ʵʪʦʡ ʮʝʣʴʶ ʫʯʝʥʳʤʠ ʅʀʀ ʤʝʭʘʥʠʢʠ ʄɻʋ ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ 

ʧʨʝʜʣʦʞʝʥʳ ʨʘʟʣʠʯʥʳʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʧʦ ʦʩʘʜʢʝ ʨʘʟʣʠʯʥʳʭ ʧʦʣʫʬʘʙʨʠʢʘʪʦʚ, 

ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʧʦʜʦʙʨʘʪʴ ʥʘʠʙʦʣʝʝ ʵʢʦʥʦʤʠʯʝʩʢʠ ʚʳʛʦʜʥʳʝ ʚʥʝʰʥʠʝ ʫʩʣʦʚʠʷ ʧʨʠ 

ʦʩʫʱʝʩʪʚʣʝʥʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ. 
 

ɺ ʦʙʟʦʨʝ ʚʧʝʨʚʳʝ ʨʘʩʩʤʦʪʨʝʥʘ ʧʦʣʟʫʯʝʩʪʴ ʤʘʛʥʠʝʚʦ-ʣʠʪʠʝʚʦʛʦ ʩʧʣʘʚʘ (ʦʜʥʦʛʦ ʠʟ 

ʩʘʤʳʭ ʣʝʛʢʠʭ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʚʳʩʦʢʦʡ ʫʜʝʣʴʥʦʡ ʧʨʦʯʥʦʩʪʴʶ) ʧʨʠ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ʂʨʦʤʝ ʵʪʦʡ ʨʘʙʦʪʳ, ʟʘ ʧʦʩʣʝʜʥʠʝ ʧʦʣʪʦʨʘ ʜʝʩʷʪʢʘ ʣʝʪ ʧʦʷʚʠʣʦʩʴ 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʙʦʪ, ʚ ʢʦʪʦʨʳʭ ʧʨʠʚʝʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʢʨʠʚʳʝ 

ʧʦʣʟʫʯʝʩʪʠ ʜʣʷ ʦʜʥʦʛʦ ʠ ʪʦʛʦ ʞʝ ʤʘʪʝʨʠʘʣʘ ʧʨʠ ʨʘʟʥʳʭ ʟʥʘʯʝʥʠʷʭ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʳ. 

ɺ ʦʜʥʦʡ ʠʟ ʪʘʢʠʭ ʨʘʙʦʪ ʢʨʠʚʳʝ ʧʦʣʟʫʯʝʩʪʠ ʜʦʧʦʣʥʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ 

ʜʠʘʛʨʘʤʤʘʤʠ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʞʘʨʦʧʨʦʯʥʦʡ ʩʪʘʣʠ ʧʨʠ ʨʘʟʥʳʭ ʟʥʘʯʝʥʠʷʭ 

ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʳ. 
 

ɼʨʫʛʘʷ ʯʘʩʪʴ ʦʙʟʦʨʘ ʧʦʩʚʷʱʝʥʘ ʥʦʚʳʤ ʨʝʟʫʣʴʪʘʪʘʤ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʣʠʪʝʣʴʥʦʡ ʧʨʦʯʥʦʩʪʠ ʧʨʠ ʩʣʦʞʥʦʤ ʥʘʧʨʷʞʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ. ʂʘʢ 

ʧʨʘʚʠʣʦ, ʧʨʠ ʠʟʤʝʨʝʥʠʠ ʚʨʝʤʝʥʠ ʚ ʤʦʤʝʥʪ ʨʘʟʨʫʰʝʥʠʷ ʚ ʫʩʣʦʚʠʷʭ ʩʣʦʞʥʦʛʦ 

ʥʘʧʨʷʞʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʧʨʦʚʦʜʷʪ ʠʩʧʳʪʘʥʠʷ ʥʘ ʪʦʥʢʦʩʪʝʥʥʳʭ ʪʨʫʙʯʘʪʳʭ ʦʙʨʘʟʮʘʭ, 

ʣʠʙʦ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʢʨʫʪʷʱʝʛʦ ʤʦʤʝʥʪʘ [3] ʠ ʦʩʝʚʦʡ ʩʠʣʳ, ʛʜʝ ʧʨʦʠʩʭʦʜʠʪ 

ʦʜʥʦʚʨʝʤʝʥʥʦʝ ʨʘʩʪʷʞʝʥʠʝ ʠ ʩʞʘʪʠʝ ʵʣʝʤʝʥʪʘʨʥʦʛʦ ʧʣʦʩʢʦʛʦ ʵʣʝʤʝʥʪʘ), ʣʠʙʦ ʧʦʜ 
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ʚʦʟʜʝʡʩʪʚʠʝʤ ʚʥʫʪʨʝʥʥʝʛʦ ʜʘʚʣʝʥʠʷ  [4] ʠ ʦʩʝʚʦʡ ʩʠʣʳ, ʛʜʝ ʧʨʦʠʩʭʦʜʠʪ ʦʜʥʦʚʨʝʤʝʥʥʦʝ 

ʜʚʫʭʦʩʥʦʝ ʨʘʩʪʷʞʝʥʠʝ ʵʣʝʤʝʥʪʘʨʥʦʛʦ ʧʣʦʩʢʦʛʦ ʵʣʝʤʝʥʪʘ. ʂʨʦʤʝ ʵʪʠʭ ʩʪʘʥʜʘʨʪʥʳʭ 

ʠʩʧʳʪʘʥʠʡ, ʷʧʦʥʩʢʠʤʠ ʫʯʝʥʳʤʠ ʧʦʣʫʯʝʥʳ ʫʥʠʢʘʣʴʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʧʨʠ 

ʤʥʦʛʦʦʩʥʦʤ ʨʘʩʪʷʞʝʥʠʠ ʧʣʦʩʢʠʭ [5ï6] ʠ ʢʫʙʠʯʝʩʢʠʭ [6] ʦʙʨʘʟʮʦʚ. ɺ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʜʘʥʥʳʭ [5ï6], ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʦʜʥʦʦʩʥʦʤ ʠ ʨʘʚʥʦʤ ʜʚʫʭʦʩʥʦʤ ʨʘʩʪʷʞʝʥʠʷʭ ʧʣʦʩʢʠʭ 

ʦʙʨʘʟʮʦʚ ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʠʟ ʜʚʫʭ ʨʘʟʣʠʯʥʳʭ ʤʘʨʦʢ ʥʝʨʞʘʚʝʶʱʝʡ ʩʪʘʣʠ, ʥʘʙʣʶʜʘʝʪʩʷ 

ʨʘʟʣʠʯʠʝ ʚʨʝʤʝʥ ʚ ʤʦʤʝʥʪ ʨʘʟʨʫʰʝʥʠʷ. ʊʘʢ, ʝʩʣʠ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ [5] ʚʨʝʤʷ 

ʚ ʤʦʤʝʥʪ ʨʘʟʨʫʰʝʥʠʷ ʧʨʠ ʦʜʥʦʦʩʥʦʤ ʨʘʩʪʷʞʝʥʠʠ ʙʦʣʴʰʝ ʯʝʤ ʧʨʠ ʨʘʚʥʦʤ ʜʚʫʭʦʩʥʦʤ 

ʨʘʩʪʷʞʝʥʠʠ, ʪʦ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ [6] ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʡ 

ʵʬʬʝʢʪ. 
 

ɼʦ ʥʝʜʘʚʥʝʛʦ ʚʨʝʤʝʥʠ ʦʧʠʩʘʪʴ ʵʬʬʝʢʪ ʜʣʠʪʝʣʴʥʦʡ ʧʨʦʯʥʦʩʪʠ ʩ ʨʘʟʣʠʯʠʝʤ ʚʨʝʤʝʥ 

ʚ ʤʦʤʝʥʪ ʨʘʟʨʫʰʝʥʠʷ ʧʨʠ ʦʜʥʦʦʩʥʦʤ ʠ ʨʘʚʥʦʤ ʤʥʦʛʦʦʩʥʦʤ ʨʘʩʪʷʞʝʥʠʷʭ ʙʳʣʦ ʚʦʟʤʦʞʥʦ 

ʪʦʣʴʢʦ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʫʨʘʚʥʝʥʠʡ ʬʝʥʦʤʝʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʦʜʭʦʜʘ, ʧʨʝʜʣʦʞʝʥʥʦʛʦ 

ʚʳʜʘʶʱʠʤʠʩʷ ʩʦʚʝʪʩʢʠʤʠ ʫʯʝʥʳʤʠ ʖ.ʅ. ʈʘʙʦʪʥʦʚʳʤ ʠ ʃ.ʄ. ʂʘʯʘʥʦʚʳʤ, ʘ ʪʘʢʞʝ 

ʧʨʦʜʦʣʞʠʚʰʠʤʠ ʨʘʟʚʠʪʠʝ ʵʪʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʉ.ɸ. ʐʝʩʪʝʨʠʢʦʚʳʤ ʠ ɸ.ʄ. ʃʦʢʦʱʝʥʢʦ, ʘ 

ʪʘʢ ʞʝ ʜʨʫʛʠʤʠ ʫʯʝʥʳʤʠ. ɺ ʨʘʙʦʪʘʭ [6ï7] ʧʨʝʜʣʦʞʝʥʳ ʩʣʦʞʥʳʝ ʵʢʚʠʚʘʣʝʥʪʥʳʝ 

ʥʘʧʨʷʞʝʥʠ,̫ ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʦʧʠʩʘʪʴ ʫʧʦʤʷʥʫʪʳʡ ʵʬʬʝʢʪ ʜʣʠʪʝʣʴʥʦʡ ʧʨʦʯʥʦʩʪʠ ʠ 

ʧʨʦʮʝʩʩ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʨʦʩʪʘ ʤʠʢʨʦʧʦʨ ʧʨʠ ʨʘʚʥʦʤ ʪʨʝʭʦʩʥʦʤ ʨʘʩʪʷʞʝʥʠʠ. 
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ʈʘʩʩʤʦʪʨʝʥʳ ʜʚʝ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʧʦ ʫʩʪʘʥʦʚʠʚʰʝʡʩʷ 

ʧʦʣʟʫʯʝʩʪʠ ʠ ʜʣʠʪʝʣʴʥʦʡ ʧʨʦʯʥʦʩʪʠ. ʇʝʨʚʘʷ ʘʧʧʨʦʢʩʠʤʘʮʠʷ ʩ ʜʚʫʤʷ ʤʘʪʝʨʠʘʣʴʥʳʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ ʧʨʝʜʣʦʞʝʥʘ ʥʝʟʘʚʠʩʠʤʦ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʜʚʫʤʷ ʟʘʨʫʙʝʞʥʳʤʠ ʫʯʝʥʳʤʠ (F.H. 

Norton, R.W. Bailey, 1929) ʠ ʧʦ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʨʘʟʥʳʤʠ ʫʯʝʥʳʤʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ 

ʤʝʭʘʥʠʢʝ ʜʝʬʦʨʤʠʨʫʝʤʦʛʦ ʪʚʝʨʜʦʛʦ ʪʝʣʘ. ɺʪʦʨʘʷ ʘʧʧʨʦʢʩʠʤʘʮʠʷ ʩ ʯʝʪʳʨʴʤʷ 

ʤʘʪʝʨʠʘʣʴʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʧʨʝʜʣʦʞʝʥʘ ʩʦʚʤʝʩʪʥʦ ʜʚʫʤʷ ʩʦʚʝʪʩʢʠʤʠ ʫʯʝʥʳʤʠ (ʉ.ɸ. 

ʐʝʩʪʝʨʠʢʦʚ, ʄ.ɸ. ʖʤʘʰʝʚʘ, 1984) ʠ ʥʝ ʧʦʣʫʯʠʣʘ ʧʨʠʤʝʥʝʥʠʷ ʚ ʤʝʭʘʥʠʢʝ 

ʜʝʬʦʨʤʠʨʫʝʤʦʛʦ ʪʚʝʨʜʦʛʦ ʪʝʣʘ ʧʦ ʧʨʠʯʠʥʝ ʦʧʨʝʜʝʣʝʥʠʷ ʜʚʫʭ ʤʘʪʝʨʠʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ 

ʠʟ ʩʧʝʮʠʘʣʴʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ. ɺ ʨʘʙʦʪʝ (ɺ.ɺ. ʅʘʟʘʨʦʚ, ɸ.ʈ. ʃʝʧʝʰʢʠʥ, 2017) 

ʧʨʝʜʣʦʞʝʥʦ ʚʳʯʠʩʣʠʪʴ ʵʪʠ ʜʚʘ ʤʘʪʝʨʠʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʘ (ʥʘʧʨʷʞʝʥʠʝ ʩʪʘʨʪʦʚʦʡ 

ʧʦʣʟʫʯʝʩʪʠ, ʧʨʝʜʝʣ ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʡ ʧʨʦʯʥʦʩʪʠ) ʠʟ ʫʩʣʦʚʠʷ ʩʫʤʤʘʨʥʦʡ ʤʠʥʠʤʘʣʴʥʦʡ 

ʧʦʛʨʝʰʥʦʩʪʠ ʨʘʟʥʦʩʪʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠ ʘʧʧʨʦʢʩʠʤʠʨʫʶʱʠʭ ʟʥʘʯʝʥʠʡ. ɺʤʝʩʪʝ ʩ 
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ʵʪʠʤ, ʩʨʘʚʥʝʥʠʝ ʟʥʘʯʝʥʠʡ ʜʣʷ ʤʠʥʠʤʘʣʴʥʦʡ ʩʫʤʤʘʨʥʦʡ ʧʦʛʨʝʰʥʦʩʪʠ ʧʦʟʚʦʣʷʝʪ 

ʫʩʪʘʥʦʚʠʪʴ ʧʨʝʚʦʩʭʦʜʩʪʚʦ ʦʜʥʦʡ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʥʘʜ ʜʨʫʛʦʡ ʘʧʧʨʦʢʩʠʤʘʮʠʝʡ. ɺ 

ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʨʘʩʩʤʦʪʨʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʜʣʷ ʪʠʪʘʥʦʚʦʛʦ ʩʧʣʘʚʘ ɺʊ5 

ʧʨʠ 650ʦʉ, ʢʦʪʦʨʳʝ ʧʦʣʫʯʝʥʳ ʧʨʠ ʦʜʥʦʦʩʥʦʤ ʨʘʩʪʷʞʝʥʠʠ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʦʙʨʘʟʮʦʚ ʧʨʠ 

ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʷʭ ʥʦʤʠʥʘʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ. 
 

ʂʘʢ ʧʨʘʚʠʣʦ, ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʠ ʬʠʟʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʧʨʦʮʝʩʩʦʚ ʫʩʪʘʥʦʚʠʚʰʝʡʩʷ ʧʦʣʟʫʯʝʩʪʠ ʠ ʜʣʠʪʝʣʴʥʦʡ ʧʨʦʯʥʦʩʪʠ ʜʣʷ ʠʩʩʣʝʜʫʝʤʦʛʦ 

ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʨʦʚʦʜʷʪ ʜʣʠʪʝʣʴʥʳʝ ʠʩʧʳʪʘʥʠʷ ʥʘ ʦʜʥʦʦʩʥʦʝ ʨʘʩʪʷʞʝʥʠʝ 

ʧʨʠ ʨʘʟʥʳʭ ʟʥʘʯʝʥʠʷʭ ʥʦʤʠʥʘʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ. ʇʦ ʧʨʠʯʠʥʝ ʪʦʛʦ, ʯʪʦ ʢʦʣʠʯʝʩʪʚʦ 

ʪʘʢʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʦʛʨʘʥʠʯʝʥʦ, ʚ ʢʘʯʝʩʪʚʝ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʠʩʧʦʣʴʟʫʶʪ ʩʪʝʧʝʥʥʫʶ 

ʟʘʚʠʩʠʤʦʩʪʴ [1ï2] ʩ ʜʚʫʤʷ ʤʘʪʝʨʠʘʣʴʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ. 
 

ʆʯʝʚʠʜʥʳʡ ʥʝʜʦʩʪʘʪʦʢ ʵʪʦʡ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʦʥʘ ʥʝ 

ʦʛʨʘʥʠʯʝʥʘ ʧʨʝʜʝʣʘʤʠ ʧʦ ʥʦʤʠʥʘʣʴʥʦʤʫ ʥʘʧʨʷʞʝʥʠʶ, ʛʜʝ ʪʘʢʦʚʳʤʠ ʷʚʣʷʶʪʩʷ 

ʥʘʧʨʷʞʝʥʠʝ ʩʪʘʨʪʦʚʦʡ ʧʦʣʟʫʯʝʩʪʠ ï ʤʘʢʩʠʤʘʣʴʥʦʝ ʥʦʤʠʥʘʣʴʥʦʝ ʥʘʧʨʷʞʝʥʠʝ, ʧʨʠ 

ʢʦʪʦʨʦʤ ʩʢʦʨʦʩʪʴ ʜʝʬʦʨʤʘʮʠʠ ʨʘʚʥʘ ʥʫʣʶ, ʧʨʝʜʝʣ ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʡ ʧʨʦʯʥʦʩʪʠ ï 

ʤʠʥʠʤʘʣʴʥʦʝ ʥʦʤʠʥʘʣʴʥʦʝ ʥʘʧʨʷʞʝʥʠʝ, ʧʨʠ ʢʦʪʦʨʦʤ ʧʨʦʠʩʭʦʜʠʪ ʤʛʥʦʚʝʥʥʦʝ ʭʨʫʧʢʦʝ 

ʨʘʟʨʫʰʝʥʠʝ. ʏʪʦʙʳ ʠʩʧʨʘʚʠʪʴ ʵʪʦʪ ʥʝʜʦʩʪʘʪʦʢ, ʚ ʢʘʯʝʩʪʚʝ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʚ [3] 

ʨʘʩʩʤʦʪʨʝʥʘ ʜʨʦʙʥʦ-ʩʪʝʧʝʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʩ ʯʝʪʳʨʴʤʷ ʤʘʪʝʨʠʘʣʴʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, 

ʜʚʘ ʠʟ ʢʦʪʦʨʳʭ ʠʤʝʶʪ ʦʧʨʝʜʝʣʝʥʥʳʡ ʬʠʟʠʯʝʩʢʠʡ ʩʤʳʩʣ ʥʘʧʨʷʞʝʥʠʷ ʩʪʘʨʪʦʚʦʡ 

ʧʦʣʟʫʯʝʩʪʠ ʠ ʧʨʝʜʝʣʘ ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʡ ʧʨʦʯʥʦʩʪʠ. 
 

ʅʝ ʩʤʦʪʨʷ ʥʘ ʦʯʝʚʠʜʥʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ ʰʠʨʦʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʥʘ ʧʨʘʢʪʠʢʝ 

ʘʧʧʨʦʢʩʠʤʘʮʠʷ [3] ʪʘʢ ʠ ʥʝ ʧʦʣʫʯʠʣʘ ʧʦ ʧʨʠʯʠʥʝ ʠʟʤʝʨʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ʩʪʘʨʪʦʚʦʡ 

ʧʦʣʟʫʯʝʩʪʠ ʠ ʧʨʝʜʝʣʘ ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʡ ʧʨʦʯʥʦʩʪʠ ʠʟ ʩʧʝʮʠʘʣʴʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ. ɽʱʝ 

ʦʜʥʘ ʧʨʠʯʠʥʘ ï ʙʦʣʴʰʠʥʩʪʚʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʧʦʣʫʯʘʶʪ ʧʨʠ ʟʥʘʯʝʥʠʷʭ 

ʥʦʤʠʥʘʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʟʘʤʝʪʥʦʛʦ ʦʪʣʠʯʥʳʭ ʦʪ ʟʥʘʯʝʥʠʡ ʥʘʧʨʷʞʝʥʠʷ ʩʪʘʨʪʦʚʦʡ 

ʧʦʣʟʫʯʝʩʪʠ ʠ ʧʨʝʜʝʣʘ ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʡ ʧʨʦʯʥʦʩʪʠ ï ʧʨʠ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʨʘʟʣʠʯʠʝ ʤʝʞʜʫ 

ʘʧʧʨʦʢʩʠʤʘʮʠʷʤʠ [1ï2] ʠ [3] ʤʘʣʦ ʟʘʤʝʪʥʦ. ɺ [4] ʚʤʝʩʪʦ ʠʟʤʝʨʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ 

ʩʪʘʨʪʦʚʦʡ ʧʦʣʟʫʯʝʩʪʠ ʠ ʧʨʝʜʝʣʘ ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʡ ʧʨʦʯʥʦʩʪʠ ʠʟ ʩʧʝʮʠʘʣʴʥʦʛʦ 

ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʨʝʜʣʦʞʝʥʦ ʠʭ ʚʳʯʠʩʣʠʪʴ ʜʣʷ ʤʠʥʠʤʘʣʴʥʦʡ ʩʫʤʤʘʨʥʦʡ ʧʦʛʨʝʰʥʦʩʪʠ 

ʨʘʟʥʦʩʪʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠ ʘʧʧʨʦʢʩʠʤʠʨʫʶʱʠʭ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʟʥʘʯʝʥʠʡ. 
 

ɺ [4] ʨʘʩʩʤʦʪʨʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ (ʚʩʝʛʦ 6 ʨʘʟʣʠʯʥʳʭ ʩʝʨʠʡ 

ʤʝʭʘʥʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ ʥʘ ʜʣʠʪʝʣʴʥʫʶ ʧʨʦʯʥʦʩʪʴ ʧʨʠ ʦʜʥʦʦʩʥʦʤ ʨʘʩʪʷʞʝʥʠʠ) ʜʣʷ 

ʨʘʟʣʠʯʥʳʭ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʪʘʢʠʭ, ʢʘʢ ʥʠʢʝʣʝʚʳʡ ʩʧʣʘʚ, ʥʝʨʞʘʚʝʶʱʘʷ ʩʪʘʣʴ 

ʠ ʪʠʪʘʥʦʚʳʡ ʩʧʣʘʚ. ɸʥʘʣʠʟ ʩʫʤʤʘʨʥʳʭ ʧʦʛʨʝʰʥʦʩʪʝʡ ʧʦʢʘʟʘʣ, ʯʪʦ ʚ 4-ʭ ʩʝʨʠʷʭ 

ʠʩʧʳʪʘʥʠʡ ʘʧʧʨʦʢʩʠʤʘʮʠʠ [1ï2] ʠ [3] ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʦʜʠʥʘʢʦʚʦ ʭʦʨʦʰʦ ʦʧʠʩʳʚʘʶʪ 

ʜʣʠʪʝʣʴʥʫʶ ʧʨʦʯʥʦʩʪʴ, ʘ ʚ ʦʩʪʘʚʰʠʭʩʷ 2-ʭ ʩʝʨʠʷʭ ʠʩʧʳʪʘʥʠʡ ʘʧʧʨʦʢʩʠʤʘʮʠʷ [3] 

ʧʨʦʷʚʠʣʘ ʩʝʙʷ ʟʘʤʝʪʥʦ ʣʫʯʰʝ, ʯʝʤ ʘʧʧʨʦʢʩʠʤʘʮʠʷ [1ï2]. 
 

ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʷʚʣʷʝʪʩʷ ʧʨʦʜʦʣʞʝʥʠʝʤ [4], ʚ ʢʦʪʦʨʦʡ ʢʨʦʤʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʜʘʥʥʳʭ ʧʦ ʜʣʠʪʝʣʴʥʦʡ ʧʨʦʯʥʦʩʪʠ ʨʘʩʩʤʦʪʨʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ [5] ʧʦ 

ʫʩʪʘʥʦʚʠʚʰʝʡʩʷ ʧʦʣʟʫʯʝʩʪʠ ʜʣʷ ʜʚʫʭ ʨʘʟʥʳʭ ʤʘʨʦʢ ʪʠʪʘʥʦʚʳʭ ʩʧʣʘʚʦʚ, ʠʩʧʳʪʘʥʥʳʭ ʧʨʠ 

ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʚ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʧʨʠʚʝʜʝʥʳ 

ʘʧʧʨʦʢʩʠʤʘʮʠʠ [1ï2] ʠ [3] ʪʦʣʴʢʦ ʜʣʷ ʪʠʪʘʥʦʚʦʛʦ ʩʧʣʘʚʘ ɺʊ5 (93% Ti, 5% Al , 1% Fe, 1% 

Zr) ʧʨʠ 650ʦʉ, ʦʪʢʫʜʘ ʤʦʞʥʦ ʚʠʜʝʪʴ, ʯʪʦ ʘʧʧʨʦʢʩʠʤʘʮʠʠ [1ï2] ʠ [3] ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 

ʦʜʠʥʘʢʦʚʦ ʭʦʨʦʰʦ ʦʧʠʩʳʚʘʶʪ ʧʨʦʮʝʩʩʳ ʫʩʪʘʥʦʚʠʚʰʝʡʩʷ ʧʦʣʟʫʯʝʩʪʠ ʠ ʜʣʠʪʝʣʴʥʦʡ 

ʧʨʦʯʥʦʩʪʠ. 
 

ʕʪʦ ʟʘʢʣʶʯʝʥʠʝ ʝʱʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʝ ʠ ʩʣʝʜʫʝʪ ʠʟ ʘʥʘʣʠʟʘ ʩʫʤʤʘʨʥʳʭ 

ʧʦʛʨʝʰʥʦʩʪʝʡ ʜʣʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ [5]. ɺ ʜʘʣʴʥʝʡʰʝʤ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ 
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ʧʨʦʜʦʣʞʠʪʴ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚ ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʠ ʨʘʩʩʤʦʪʨʝʪʴ ʜʨʫʛʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ 

ʜʘʥʥʳʝ, ʢʦʪʦʨʳʝ ʧʦʣʫʯʝʥʳ ʜʣʷ ʜʨʫʛʠʭ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ, ʯʪʦʙʳ ʤʦʞʥʦ 

ʫʚʝʨʝʥʥʦ ʧʦʜʪʚʝʨʜʠʪʴ ʧʨʝʚʦʩʭʦʜʩʪʚʦ ʘʧʧʨʦʢʩʠʤʘʮʠʠ [3] ʥʘʜ ʘʧʧʨʦʢʩʠʤʘʮʠʝʡ [1ï2]. 
 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʯʘʩʪʠʯʥʦʡ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʦʛʦ ʌʦʥʜʘ 

ʌʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʀʩʩʣʝʜʦʚʘʥʠʡ, ʧʨʦʝʢʪ 20ī08ī00387. 
 

8. F.H. Norton, Creep of steel at high temperatures (Mc. Graw-Hill Book Company, New York, 1929). 

9. R.W. Bailey, Trans. World Power Conf. 3 (Tokyo, 1929). 

10. ʉ.ɸ. ʐʝʩʪʝʨʠʢʦʚ, ʄ.ɸ. ʖʤʘʰʝʚʘ, ʀʟʚ. ɸʅ ʉʉʉʈ. ʄʝʭʘʥʠʢʘ ʪʚʝʨʜʦʛʦ ʪʝʣʘ 1, cʩ. 86ī92 (1984). 

11. V.V. Nazarov, A.R. Lepeshkin, Diagnostics, Resource and Mechanics of materials and structures 1, pp. 

36ī42 (2017). 
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ɺʃʀʗʅʀɽ ʇʆɺɽʈʍʅʆʉʊʅʆɻʆ ʉʇʃɸɺɸ Ti-Ni-Ta-Si ʅɸ 

ʅɽʋʇʈʋɻʆɽ ʇʆɺɽɼɽʅʀɽ ʅʀʂɽʃʀɼɸ ʊʀʊɸʅɸ ʇʈʀ 

ʎʀʂʃʀʏɽʉʂʆʄ ʅɸɻʈʋɾɽʅʀʀ ʂʈʋʏɽʅʀɽʄ 

ɸ.ɸ. ʅʝʡʤʘʥ1, ʌ.ɸ. ɼʴʷʯʝʥʢʦ1, ʃ.ʃ. ʄʝʡʩʥʝʨ1,2, ɺ.ɺ. ʃʦʙʘʥʴ2 

1ʌɻɹʋʅ ʀʥʩʪʠʪʫʪ ʬʠʟʠʢʠ ʧʨʦʯʥʦʩʪʠ ʠ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ ʉʆ ʈɸʅ, 

ʊʦʤʩʢ,nasa@ispms.ru 
2ʅʀ ʊʦʤʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʊʦʤʩʢ 

ʉʧʣʘʚʳ ʩ ʵʬʬʝʢʪʦʤ ʧʘʤʷʪʠ ʬʦʨʤʳ ʥʘ ʦʩʥʦʚʝ ʥʠʢʝʣʠʜʘ ʪʠʪʘʥʘ ʧʨʠʤʝʥʷʶʪʩʷ ʚ 

ʢʘʯʝʩʪʚʝ ʤʘʪʝʨʠʘʣʦʚ, ʚʳʧʦʣʥʷʶʱʠʭ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʤʝʭʘʥʠʯʝʩʢʫʶ ʨʘʙʦʪʫ. 

ʄʝʜʠʮʠʥʩʢʦʝ ʧʨʠʣʦʞʝʥʠʝ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʤʠʥʠʘʪʶʨʥʦʩʪʴ ʠʟʜʝʣʠʡ ʠ ʵʪʠʭ ʩʧʣʘʚʦʚ. 

ʌʦʨʤʠʨʫʝʤʳʝ ʥʘ ʠʭ ʧʦʚʝʨʭʥʦʩʪʷʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʧʦʢʨʳʪʠʡ ʜʦʣʞʥʳ ʦʙʣʘʜʘʪʴ 

ʚʳʩʦʢʦʡ ʘʜʛʝʟʠʦʥʥʦʡ ʧʨʦʯʥʦʩʪʴʶ, ʘ ʠʭ ʧʣʘʩʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʜʦʣʞʥʳ ʙʳʪʴ 

ʩʦʧʦʩʪʘʚʠʤʳ ʩʚʦʡʩʪʚʘʤ ʧʦʜʣʦʞʢʠ ʠʟ ʥʠʢʝʣʠʜʘ ʪʠʪʘʥʘ.  

ʌʦʨʤʠʨʦʚʘʥʠʝ ʪʦʥʢʦʛʦ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʧʣʘʚʘ (ʇʉ) ʘʜʜʠʪʠʚʥʳʤ ʤʝʪʦʤ ʨʝʰʘʝʪ 

ʧʨʦʙʣʝʤʫ ʘʜʛʝʟʠʦʥʥʦʡ ʧʨʦʯʥʦʩʪʠ. ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʠʩʩʣʝʜʦʚʘʥʠʶ ʥʝʫʧʨʫʛʠʭ 

ʩʚʦʡʩʪʚ ʢʦʤʧʦʟʠʪʥʦʡ ʩʠʩʪʝʤʳ çTi-Ni-Ta-Si ʇʉ ʥʘ ʧʦʜʣʦʞʢʝ TiNiè. 

ʇC ʩʦʟʜʘʚʘʣʠ ʥʘ ʫʩʪʘʥʦʚʢʝ çʈʀʊʄ-ʉʇè (ʆʆʆ çʄʠʢʨʦʩʧʣʘʚè, ʈʦʩʩʠʷ) ʤʝʪʦʜʦʤ 

ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ ʤʘʛʥʝʪʨʦʥʥʦʛʦ ʦʩʘʞʜʝʥʠʷ ʯʠʩʪʳʭ ʵʣʝʤʝʥʪʦʚ Ti, Ta ʠ Si ʩ ʧʦʩʣʝʜʫʶʱʠʤ 

ʵʣʝʢʪʨʦʥʥʦʧʫʯʢʦʚʳʤ ʧʝʨʝʧʣʘʚʦʤ ʚ ʝʜʠʥʦʤ ʚʘʢʫʫʤʥʦʤ ʮʠʢʣʝ. ɿʘ ʦʜʠʥ ʮʠʢʣ ʬʦʨʤʠʨʦʚʘʣʠ 

ʤʘʛʥʝʪʨʦʥʥʦʝ ʧʦʢʨʳʪʠʝ ʩʦʩʪʘʚʘ Ti60Ta30Si10 ʠ ʧʝʨʝʧʣʘʚʣʷʣʠ ʝʛʦ ʜʝʩʷʪʠʢʨʘʪʥʳʤ 

ʠʤʧʫʣʴʩʥʳʤ ʚʦʟʜʝʡʩʪʚʠʝʤ ʧʨʠ ʧʣʦʪʥʦʩʪʠ ʧʫʯʢʘ Es = 1.7 J/cm2. ʇʉ ʩʠʥʪʝʟʠʨʦʚʘʥ ʟʘ 10 

ʮʠʢʣʦʚ, ʘ ʝʛʦ ʪʦʣʱʠʥʘ ʩʦʩʪʘʚʠʣʘ ʥʝ ʙʦʣʝʝ 1 ʤʢʤ. ʇʣʘʚʣʝʥʠʶ ʧʦʜʚʝʨʛʘʝʪʩʷ ʠ ʧʦʢʨʳʪʠʝ, ʠ 

TiNi  ʦʩʥʦʚʘ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʬʦʨʤʠʨʫʝʪʩʷ ʯʝʪʳʨʝʭʢʦʤʧʦʥʝʥʪʥʳʡ Ti-Ni-Ta-Si ʇʉ. ʇʉ 

ʩʠʥʪʝʟʠʨʦʚʘʥ ʥʘ ʦʙʨʘʟʮʘʭ ʚ ʚʠʜʝ ʠʛʣ ʢʚʘʜʨʘʪʥʦʛʦ ʩʝʯʝʥʠʷ ʠʟ ʩʧʣʘʚʘ TiNi  ʩ ʨʘʟʤʝʨʘʤʠ 

ʨʘʙʦʯʝʡ ʯʘʩʪʠ 1ʭ1ʭ18ʤʤ.  

ʄʝʭʘʥʠʯʝʩʢʠʝ ʠʩʧʳʪʘʥʠʷ ʢʨʫʯʝʥʠʝʤ ʧʨʦʚʝʜʝʥʳ ʥʘ ʫʩʪʘʥʦʚʢʝ çʅɼɺ-100è (ʆʆʆ 

çʄʝʪʨʦʪʝʩʪè, ʈʦʩʩʠʷ) ʧʨʠ ʧʦʩʪʦʷʥʥʦʡ ʩʢʦʨʦʩʪʠ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ (70 ʛʨʘʜ./ʤʠʥ). ɿʘ 

ʦʜʠʥ ʮʠʢʣ ʠʩʧʳʪʘʥʠʷ ʦʙʨʘʟʝʮ ʟʘʢʨʫʯʠʚʘʣʠ ʜʦ ʚʝʣʠʯʠʥʳ ʜʝʬʦʨʤʘʮʠʠ 4%, ʟʘʪʝʤ 

ʨʘʩʢʨʫʯʠʚʘʣʠ ʜʦ ʜʦʩʪʠʞʝʥʠʷ ʥʫʣʝʚʦʛʦ ʟʥʘʯʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ, ʮʠʢʣʳ ʧʦʚʪʦʨʷʣʠ 20 ʨʘʟ. ɺ 

ʠʩʩʣʝʜʦʚʘʥʠʠ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʮʠʢʣʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ ʥʝʫʧʨʫʛʠʭ ʩʚʦʡʩʪʚ ʢʦʤʧʦʟʠʪʘ ʥʘ ʦʩʥʦʚʝ TiNi . ʄʝʪʦʜʘʤʠ ʵʣʝʢʪʨʦʥʥʦʡ 

ʤʠʢʨʦʩʢʦʧʠʠ ʧʨʦʚʝʜʝʥʘ ʦʮʝʥʢʘ ʤʝʭʘʥʠʯʝʩʢʦʡ ʩʦʚʤʝʩʪʠʤʦʩʪʠ ʢʦʤʧʦʟʠʪʥʦʡ ʩʠʩʪʝʤʳ çTi-

Ni-Ta-Si ʇʉ/TiNiè. 

mailto:nasa@ispms.ru
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ʅʘʣʠʯʠʝ ʇʉ ʥʝ ʠʟʤʝʥʷʝʪ ʚʠʜ ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ ʢʨʠʚʳʭ, ʦʜʥʘʢʦ ʦʥʠ ʠʤʝʶʪ ʙʦʣʝʝ 

ʥʠʟʢʠʝ ʟʥʘʯʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ʤʘʨʪʝʥʩʠʪʥʦʛʦ ʩʜʚʠʛʘ, ʧʦʩʢʦʣʴʢʫ ʇʉ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʙʦʣʝʝ ʥʠʟʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʧʨʝʜʝʣʘ ʪʝʢʫʯʝʩʪʠ ʠ ʚʳʩʦʢʠʤʠ ʧʣʘʩʪʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ. 

ʅʝ ʦʙʥʘʨʫʞʝʥʦ ʢʨʠʪʠʯʝʩʢʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʥʝʫʧʨʫʛʠʝ ʩʚʦʡʩʪʚʘ TiNi-ʩʧʣʘʚʘ, ʠʭ ʫʨʦʚʝʥʴ 

ʦʩʪʘʝʪʩʷ ʙʣʠʟʢʠʤ ʢ ʠʩʭʦʜʥʦʤʫ. ʇʦʩʣʝ 20 ʮʠʢʣʦʚ ʥʘʛʨʫʞʝʥʠʷ-ʨʘʟʛʨʫʟʢʠ ʥʘ ʇʉ 

ʬʦʨʤʠʨʫʶʪʩʷ ʤʠʢʨʦʪʨʝʱʠʥʳ, ʨʘʟʨʫʰʝʥʠʷ ʠ ʦʪʩʣʘʠʚʘʥʠʷ ʦʪ TiNi-ʧʦʜʣʦʞʢʠ ʥʝ 

ʥʘʙʣʶʜʘʝʪʩʷ.  

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ (ʛʨʘʥʪ ʈʅʌ 

ˉ22-29-00047). 

 

ɺʃʀʗʅʀɽ ʕʃɽʂʊʈʆʅʅʆ-ʇʋʏʂʆɺʓʍ ʆɹʈɸɹʆʊʆʂ ʅɸ 

ʕɺʆʃʖʎʀʖ ʉʊʈʋʂʊʋʈʅʆ-ʌɸɿʆɺʓʍ ʉʆʉʊʆʗʅʀʁ ɺ 

ʉʀʉʊɽʄɽ çʇʆɺɽʈʍʅʆʉʊʅʓʁ Ti-Ni-Nb-Si ʉʇʃɸɺ/TiNi -

ʇʆɼʃʆɾʂɸè 

ʄ.ɻ. ʆʩʪʘʧʝʥʢʦ1, ɺ.ʆ. ʉʝʤʠʥ1, ʃ.ʃ. ʄʝʡʩʥʝʨ1 

1ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ʥʘʫʢʠ ʀʥʩʪʠʪʫʪ ʬʠʟʠʢʠ 

ʧʨʦʯʥʦʩʪʠ ʠ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ ʉʠʙʠʨʩʢʦʛʦ ʦʪʜʝʣʝʥʠʷ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ, 

ʊʦʤʩʢ 

Email: artifakt@ispms.ru 

ʆʩʥʦʚʥʦʡ ʧʨʦʙʣʝʤʦʡ ʧʨʠ ʙʠʦʤʝʜʠʮʠʥʩʢʦʤ ʧʨʠʤʝʥʝʥʠʠ ʩʧʣʘʚʦʚ ʩ ʧʘʤʷʪʴʶ ʬʦʨʤʳ 

ʥʘ ʦʩʥʦʚʝ TiNi, ʷʚʣʷʝʪʩʷ ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʪʦʢʩʠʯʥʳʭ ʠʦʥʦʚ ʥʠʢʝʣʷ Ni [1]. ʆʜʥʠʤ ʠʟ 

ʧʫʪʝʡ ʨʝʰʝʥʠʷ ʵʪʦʡ ʧʨʦʙʣʝʤʳ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʟʘʱʠʪʥʳʭ ʧʦʢʨʳʪʠʡ 

ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ TiNi  [2]. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʩʠʩʪʝʤʘ Ti-Nb-Ni ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʦʡ, 

ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʣʝʛʢʦ ʘʤʦʨʬʠʟʫʝʤʦʛʦ ʩʦʩʪʘʚʘ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ TiNi 

ʘʤʦʨʬʥʦ-ʥʘʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ (ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʩʪʝʢʣʘ) [3]. ʀʟ-ʟʘ ʦʪʩʫʪʩʪʚʠʷ 

ʛʨʘʥʠʮ ʟʝʨʝʥ ʠ ʜʨʫʛʠʭ ʜʝʬʝʢʪʦʚ, ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʩʪʝʢʣʘ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʠʤʠ 

ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʢʦʨʨʦʟʠʦʥʥʦʡ ʩʪʦʡʢʦʩʪʴʶ ʠ ʙʠʦʩʦʚʤʝʩʪʠʤʦʩʪʴʶ. 

ʀʤʧʫʣʴʩʥʳʝ ʥʠʟʢʦʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʩʠʣʴʥʦʪʦʯʥʳʝ ʵʣʝʢʪʨʦʥʥʳʝ ʧʫʯʢʠ (ʅʉʕʇ) ʧʦʟʚʦʣʷʶʪ 

ʦʩʫʱʝʩʪʚʣʷʪʴ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʙʘʪʳʚʘʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ ʩʠʥʪʝʟ ʧʦʚʝʨʭʥʦʩʪʥʳʭ 

ʩʧʣʘʚʦʚ (ʇʉ) ʩ ʛʨʘʜʠʝʥʪʥʳʤʠ ʩʦʩʪʘʚʦʤ ʠ ʘʤʦʨʬʥʦʡ ʠʣʠ ʥʘʥʦʢʦʤʧʦʟʠʪʥʦʡ ʩʪʨʫʢʪʫʨʦʡ 

[4]. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʘʥʘʣʠʟ ʵʚʦʣʶʮʠʠ ʩʪʨʫʢʪʫʨʥʦ-ʬʘʟʦʚʳʭ ʩʦʩʪʦʷʥʠʡ ʚ 

ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʣʦʷʭ Ti-Nb-Si ʇʉ/TiNi , ʩʬʦʨʤʠʨʦʚʘʥʥʦʡ ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʘʢ ʘʜʜʠʪʠʚʥʦʛʦ 

ʪʦʥʢʦʧʣʝʥʦʯʥʦʛʦ ʵʣʝʢʪʨʦʥʥʦ-ʧʫʯʢʦʚʦʛʦ (ɸʊʇ-ʕʇ) ʩʠʥʪʝʟʘ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʧʣʘʚʘ (ʇʉ), 

ʪʘʢ ʠ ʧʦʩʪ-ʅʉʕʇ ʦʙʨʘʙʦʪʢʠ. 

ʉʪʨʫʢʪʫʨʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠ ʥʘ ʦʙʨʘʟʮʘʭ ʩ Ti-Nb-Si ʇʉ/TiNi , 

ʧʦʣʫʯʝʥʥʳʭ ɸʊʇ-ʕʇ ʩʧʦʩʦʙʦʤ ʩʠʥʪʝʟʘ ʩʠʩʪʝʤʳ 

[ʧʣʝʥʢʘ (Ti60Nb30Si10), 100 ʥʤ/ ʧʦʜʣʦʞʢʘ TiNi] [3]. ʇʦʩʣʝ ʩʠʥʪʝʟʘ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ 

ʩʧʣʘʚʘ, ʯʘʩʪʴ ʦʙʨʘʟʮʦʚ ʧʦʜʚʝʨʛʘʣʠ 10-ʢʨʘʪʥʦʡ ʧʦʩʪ-ʅʉʕʇ ʦʙʨʘʙʦʪʢʝ ʧʨʠ ES=1.7 ɼʞ/ʩʤ2. 

ʊʘʢʠʝ ʦʙʨʘʟʮʳ ʜʘʣʝʝ ʦʙʦʟʥʘʯʝʥʳ ï Ti-Nb-Si ʇʉ/TiNi  +ʕʇ . ʈʝʥʪʛʝʥʦʜʠʬʨʘʢʮʠʦʥʥʳʝ 

(XRD) ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠ ʥʘ ʜʠʬʨʘʢʪʦʤʝʪʨʝ Shimadzu XRD-6000 (Japan, ʅʆʀʎ 

ñʅʘʥʦʤʘʪʝʨʠʘʣʳ ʠ ʥʘʥʦʪʝʭʥʦʣʦʛʠʠò ʅʀ ʊʇʋ, ʈʦʩʩʠʷ, ʛ. ʊʦʤʩʢ) ʚ Cu-ʂŬ ʠʟʣʫʯʝʥʠʠ 

(ɚ= 1.54 ¡) ʚ ʩʠʤʤʝʪʨʠʯʥʦʡ ʛʝʦʤʝʪʨʠʠ ɹʨʝʛʛʘ-ɹʨʝʥʪʘʥʦ ɗ-2ɗ. 

ɺ ʨʘʙʦʪʝ ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ ʠ ʝʛʦ ʠʟʤʝʥʝʥʠʷ ʚ ʦʙʨʘʟʮʘʭ Ti-

Nb-Si ʇʉ/TiNi  ʧʦʩʣʝ ɸʊʇ-ʕʇ ʩʠʥʪʝʟʘ, ʘ ʪʘʢʞʝ ʧʦʩʣʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʅʉʕʇ ʦʙʨʘʙʦʪʦʢ. 
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ʅʘ ʈʠʩ. 1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʠʬʨʘʢʪʦʛʨʘʤʤʳ ʦʪ ʦʙʨʘʟʮʦʚ ʠʩʭʦʜʥʦʡ TiNi-ʧʦʜʣʦʞʢʠ (ʈʠʩ. 

1 ʘ), ʧʦʩʣʝ ʩʠʥʪʝʟʘ Ti-Nb-Si ʇʉ (ʈʠʩ. 1 ʙ) ʠ ʩ ʦʙʨʘʟʮʘ ʩ ʧʦʩʪ-ʅʉʕʇ ʦʙʨʘʙʦʪʢʦʡ Ti-Nb-

Si ʇʉ/TiNi  +ʕʇ  (ʈʠʩ. 1 ʚ). ʅʘ ʜʠʬʨʘʢʪʦʛʨʘʤʤʝ ʦʪ ʠʩʭʦʜʥʦʡ TiNi  ʧʦʜʣʦʞʢʠ (ʈʠʩ. 1a) 

ʥʘʙʣʶʜʘʶʪʩʷ ʠʥʪʝʥʩʠʚʥʳʝ ʣʠʥʠʠ ʤʘʪʨʠʯʥʦʡ ɺ2 ʬʘʟʳ ʠ ʤʘʣʦʠʥʪʝʥʩʠʚʥʳʝ ʣʠʥʠʠ ʦʪ 

ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʚ Ti2Ni ʠ Ti3Ni4.  

ɸʥʘʣʠʟ ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʢʘʨʪʠʥ ʦʙʨʘʟʮʦʚ ʩ Ti-Nb-Si ʇʉ ʜʦ (ʈʠʩ. 1 ʙ) ʠ ʧʦʩʣʝ ʅʉʕʇ 

ʦʙʨʘʙʦʪʢʠ (ʈʠʩ. 1 ʚ) ʧʦʟʚʦʣʠʣ ʧʨʦʚʝʩʪʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʡ ʦʪʙʦʨ ʥʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʳʭ ʬʘʟ, 

ʦʙʨʘʟʫʶʱʠʭʩʷ ʚ Ti-Nb-Si ʇʉ ʠ ʚ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ TiNi  ʧʦʜʣʦʞʢʠ. ʋʩʪʘʥʦʚʣʝʥʦ, 

ʯʪʦ ʥʘʨʷʜʫ ʩ ʨʝʥʪʛʝʥʦʚʩʢʠʤʠ ʣʠʥʠʷʤʠ ʬʘʟ ʠʩʭʦʜʥʦʛʦ ʩʧʣʘʚʘ, ʚ ʫʛʣʦʚʳʭ ʜʠʘʧʘʟʦʥʘʭ 

D2ɗ=30·52 ʠ 58·100 ʛʨʘʜ. ʥʘʙʣʶʜʘʶʪʩʷ ʦʙʣʘʩʪʠ ʜʠʬʬʫʟʥʦʛʦ ʨʘʩʩʝʷʥʠʷ ʧʝʨʚʦʛʦ (ʆɼʈ1) 

ʠ ʚʪʦʨʦʛʦ (ʆɼʈ2) ʧʦʨʷʜʢʦʚ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʘʤʦʨʬʥʦʡ ʬʘʟʝ. ʉʦʛʣʘʩʥʦ ʧʦʣʫʯʝʥʥʳʤ 

ʜʘʥʥʳʤ, ʧʦʩʣʝ ʅʉʕʇ ʦʙʨʘʙʦʪʢʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʆɼʈ ʚʦʟʨʘʩʪʘʝʪ ʚ 1.5 ʨʘʟʘ. ʉʨʘʚʥʝʥʠʝ 

ʧʦʟʠʮʠʡ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʣʫʯʝʥʥʳʭ ʠ ʘʧʧʨʦʢʩʠʤʠʨʦʚʘʥʥʳʭ ʨʝʬʣʝʢʩʦʚ ʩʦ 

ʩʪʘʥʜʘʨʪʥʳʤʠ ʨʝʥʪʛʝʥʦʛʨʘʤʤʘʤʠ ʬʘʟ ʧʦʢʘʟʳʚʘʝʪ ʪʘʢʞʝ ʥʘʣʠʯʠʝ ʬʘʟʳ ɓ-TiNb (ʆʎʂ) [5] 

ʥʘ ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʢʘʨʪʠʥʘʭ ʦʙʨʘʟʮʦʚ ʩ ʇʉ Ti-Ni-Ta-Si ʜʦ ʠ ʧʦʩʣʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ 

ʅʉʕʇ ʦʙʨʘʙʦʪʦʢ. ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩ.1 (ʚ), ʧʦʩʪ-ʅʉʕʇ ʦʙʨʘʙʦʪʢʘ ʇʉ Ti-Nb-Si ʧʨʠʚʦʜʠʪ ʢ 

ʥʝʟʥʘʯʠʪʝʣʴʥʦʤʫ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʶ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ɓ-TiNb ʠ B2 ʬʘʟ. 

 
ʈʠʩʫʥʦʢ 1. ɼʠʬʨʘʢʪʦʛʨʘʤʤʳ ʦʙʨʘʟʮʦʚ: (ʘ) ʠʩʭʦʜʥʘʷ TiNi-ʧʦʜʣʦʞʢʘ, 

(ʙ) Ti-Nb-Si ʇʉ/TiNi ʠ (ʚ) Ti-Nb-Si ʇʉ+ʕʇ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠʚʝʜʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʘʜʜʠʪʠʚʥʦʛʦ ʪʦʥʢʦʧʣʝʥʦʯʥʦʛʦ ʵʣʝʢʪʨʦʥʥʦ-ʧʫʯʢʦʚʦʛʦ ʩʠʥʪʝʟʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʦʙʨʘʟʮʦʚ TiNi  ʙʳʣ ʩʬʦʨʤʠʨʦʚʘʥ ʘʤʦʨʬʥʳʡ Ti-Nb-Si ʧʦʚʝʨʭʥʦʩʪʥʳʡ ʩʧʣʘʚ. 

ɼʦʧʦʣʥʠʪʝʣʴʥʘʷ ʵʣʝʢʪʨʦʥʥʦ-ʧʫʯʢʦʚʘʷ ʦʙʨʘʙʦʪʢʘ Ti-Nb-Si ʇʉ ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ 

ʦʙʲʝʤʥʦʡ ʜʦʣʠ ʘʤʦʨʬʥʦʡ ʬʘʟʳ ʚ ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʤ ʩʣʦʝ.  

ʀʩʩʣʝʜʦʚʘʥʠʷ ʚʳʧʦʣʥʝʥʳ ʚ ʨʘʤʢʘʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ ʀʌʇʄ ʉʆ ʈɸʅ, 

ʪʝʤʘ ʥʦʤʝʨ FWRW-2021-0003. 
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ʕʣʝʢʪʨʦʥʥʦ-ʧʫʯʢʦʚʘʷ ʦʙʨʘʙʦʪʢʘ ʧʦʚʝʨʭʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʩʧʦʩʦʙʦʤ ʤʦʜʠʬʠʢʘʮʠʠ 

ʤʘʪʝʨʠʘʣʦʚ, ʢʦʪʦʨʳʡ ʦʙʝʩʧʝʯʠʚʘʝʪ ʫʚʝʣʠʯʝʥʠʝ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʟʘ ʩʯʝʪ 

ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʛʦ ʥʘʛʨʝʚʘ, ʠʩʧʘʨʝʥʠʷ, ʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ, ʘ ʪʘʢʞʝ ʧʣʘʩʪʠʯʝʩʢʦʡ 

ʜʝʬʦʨʤʘʮʠʠ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʜʠʩʣʦʢʘʮʠʡ ʩ ʚʳʩʦʢʦʡ 

ʧʣʦʪʥʦʩʪʴʶ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʫʚʝʣʠʯʝʥʠʶ ʨʘʟʣʠʯʥʳʭ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. ɺ 

ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʦʙʨʘʙʦʪʢʝ ʩ ʧʦʤʦʱʴʶ ʚʳʩʦʢʦʠʥʪʝʥʩʠʚʥʦʛʦ 

ʠʤʧʫʣʴʩʥʦʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ ʧʫʯʢʘ ʩ ʧʣʦʪʥʦʩʪʴʶ ʵʥʝʨʛʠʠ 30 ɼʞ/ʩʤ2 ʙʳʣ ʧʦʜʚʝʨʛʥʫʪ 

ʥʝʵʢʚʠʘʪʦʤʥʳʡ ʚʳʩʦʢʦʵʥʪʨʦʧʠʡʥʳʭ ʩʧʣʘʚ ʩʠʩʪʝʤʳ Co-Cr-Fe-Mn-Ni, ʠʟʛʦʪʦʚʣʝʥʥʳʡ ʩ 

ʧʦʤʦʱʴʶ ʧʨʦʚʦʣʦʯʥʦ-ʜʫʛʦʚʦʛʦ ʘʜʜʠʪʠʚʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. ʄʝʪʦʜʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʪʦʥʢʠʭ ʬʦʣʴʛ ʩ ʧʦʤʦʱʴʶ ʧʨʦʩʚʝʯʠʚʘʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, 

ʯʪʦ ʦʙʨʘʙʦʪʢʘ ʥʝ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʷ ʥʘ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʩʧʣʘʚʘ, ʦʜʥʘʢʦ ʧʨʠʚʦʜʠʪ ʢ 

ʩʝʨʴʝʟʥʳʤ ʠʟʤʝʥʝʥʠʷʤ ʜʠʩʣʦʢʘʮʠʦʥʥʦʡ ʩʫʙʩʪʨʫʢʪʫʨʳ. ɺʳʷʚʣʝʥʦ ʥʝʤʦʥʦʪʦʥʥʦʝ 

ʠʟʤʝʥʝʥʠʝ ʩʢʘʣʷʨʥʦʡ ʧʣʦʪʥʦʩʪʠ ʜʠʩʣʦʢʘʮʠʡ, ʜʦʩʪʠʛʘʶʱʝʝ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ 

~5,5Ā1010 ʩʤ2 ʥʘ ʨʘʩʩʪʦʷʥʠʠ 25 ʤʢʤ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʣʫʯʝʥʠʷ.  

ʆʜʥʦʡ ʠʟ ʧʨʠʯʠʥ ʪʘʢʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʤʦʞʝʪ ʙʳʪʴ ʩʫʱʝʩʪʚʝʥʥʦ ʥʝʦʜʥʦʨʦʜʥʦʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʜʠʩʣʦʢʘʮʠʡ ʚ ʩʣʦʝ, ʧʨʠʤʳʢʘʶʱʝʤ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʣʫʯʝʥʠʷ, ʯʪʦ ʩʚʷʟʘʥʦ 

ʩ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʷʯʝʠʩʪʦʡ ʩʫʙʩʪʨʫʢʪʫʨʳ, ʚ ʢʦʪʦʨʦʡ ʯʘʩʪʴ ʜʠʩʣʦʢʘʮʠʡ ʨʘʩʧʦʣʦʞʝʥʘ ʚ 

ʛʨʘʥʠʮʘʭ ʷʯʝʝʢ ʠ ʥʝ ʫʯʠʪʳʚʘʝʪʩʷ ʧʨʠ ʦʮʝʥʢʝ ʩʢʘʣʷʨʥʦʡ ʧʣʦʪʥʦʩʪʠ ʜʠʩʣʦʢʘʮʠʡ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ ʬʦʨʤʠʨʫʝʪʩʷ ʥʝʨʘʟʦʨʠʝʥʪʠʨʦʚʘʥʥʘʷ ʷʯʝʠʩʪʘʷ 

ʜʠʩʣʦʢʘʮʠʦʥʥʘʷ ʩʫʙʩʪʨʫʢʪʫʨʘ ʩ ʨʘʟʤʝʨʘʤʠ ʷʯʝʝʢ ʦʪ 400 ʥʤ ʜʦ 600 ʥʤ. ʇʨʠ ʫʜʘʣʝʥʠʠ ʦʪ 

ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʦʠʩʭʦʜʠʪ ʠʟʤʝʥʝʥʠʝ ʜʠʩʣʦʢʘʮʠʦʥʥʦʡ ʩʫʙʩʪʨʫʢʪʫʨʳ ʦʪ ̫ʯʝʠʩʪʦʡ ʢ 

ʷʯʝʠʩʪʦ-ʩʝʪʯʘʪʦʡ ʠ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 120-130 ʤʢʤ ʢ ʩʫʙʩʪʨʫʢʪʫʨʝ ʠʩʭʦʜʥʦʛʦ ʩʧʣʘʚʘ ʩ 

ʭʘʦʪʠʯʝʩʢʠʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʜʠʩʣʦʢʘʮʠʡ. 

ʇʦʣʫʯʝʥʥʳʝ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʧʦʣʦʞʠʪʴ ʦ ʚʦʟʤʦʞʥʦʤ 

ʫʚʝʣʠʯʝʥʠʠ ʪʚʝʨʜʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʟʘ ʩʯʝʪ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚ ʦʙʨʘʙʦʪʘʥʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ ʥʘ ʨʘʩʩʪʦʷʥʠʷʭ ʜʦ 45 ʤʢʤ ʩʫʙʩʪʨʫʢʪʫʨʳ ʩ ʙʦʣʝʝ 

ʚʳʩʦʢʦʡ ʧʣʦʪʥʦʩʪʴʶ ʜʠʩʣʦʢʘʮʠʡ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ 

(ʧʨʦʝʢʪ ˉ 20-19-00452).  
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ʂʆʄʇʃɽʂʉʅɸʗ ɼʀɸɻʅʆʉʊʀʂɸ ʉʊʈʋʂʊʋʈʅʓʍ, ʊɽʇʃʆɺʓʍ ʀ 

ɸʂʋʉʊʀʂʆ-ʕʄʀʉʉʀʆʅʅʓʍ ʍɸʈɸʂʊɽʈʀʉʊʀʂ ʄɽʊɸʃʃɸ ɺ 

ʇʈʆʎɽʉʉ ʈʆʉʊɸ ʋʉʊɸʃʆʉʊʅʆʁ ʊʈɽʑʀʅʓ 

ɸ.ʖ. ʀʟʶʤʦʚʘ1, ɸ.ʅ. ɺʰʠʚʢʦʚ1, ʀ.ɸ. ʇʘʥʪʝʣʝʝʚ1, ɺ.ɸ. ʄʫʙʘʩʩʘʨʦʚʘ1, ʆ.ɸ. 

ʇʣʝʭʦʚ1, ɼ.ʀ. ɼʘʚʳʜʦʚ2 

1ʀʥʩʪʠʪʫʪ ʤʝʭʘʥʠʢʠ ʩʧʣʦʰʥʳʭ ʩʨʝʜ ʋʨʆ ʈɸʅ 
2ʀʥʩʪʠʪʫʪ ʬʠʟʠʢʠ ʤʝʪʘʣʣʦʚ ʠʤʝʥʠ ʄ.ʅ. ʄʠʭʝʝʚʘ ʋʨʆ ʈɸʅ 

E-mail: fedorova@icmm.ru 

ɺ ʥʘʩʪʦʷʱʠʝ ʚʨʝʤʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʫʩʪʘʣʦʩʪʥʳʭ 

ʪʨʝʱʠʥ ʯʘʩʪʦ ʚʳʧʦʣʥʷʝʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʤʧʠʨʠʯʝʩʢʠʭ ʢʨʠʪʝʨʠʝʚ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ 

ʨʝʟʫʣʴʪʘʪʘʭ ʣʠʥʝʡʥʦʡ ʪʝʦʨʠʠ ʫʧʨʫʛʦʩʪʠ. ʋʯʝʪ ʚʣʠʷʥʠʷ ʟʦʥʳ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʫʣʫʯʰʝʥʠʝ ʪʦʯʥʦʩʪʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ, ʧʦʩʢʦʣʴʢʫ ʥʝ 

ʦʧʠʩʳʚʘʝʪ ʵʚʦʣʶʮʠʶ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʤʘʪʝʨʠʘʣʘ ʠ ʥʝ ʜʘʝʪ ʥʠʢʘʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ 

ʨʘʩʩʝʷʥʠʠ ʵʥʝʨʛʠʠ ʚ ʦʙʣʘʩʪʠ ʚʝʨʰʠʥʳ ʪʨʝʱʠʥʳ. ʆʧʪʠʤʘʣʴʥʳʡ ʢʨʠʪʝʨʠʡ ʨʘʟʨʫʰʝʥʠʷ 

ʤʘʪʝʨʠʘʣʘ ʜʦʣʞʝʥ ʦʪʚʝʯʘʪʴ ʨʷʜʫ ʪʨʝʙʦʚʘʥʠʡ, ʥʘʧʨʠʤʝʨ, ʚʦʟʤʦʞʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ 

ʧʨʷʤʳʤʠ ʠʣʠ ʢʦʩʚʝʥʥʳʤʠ ʤʝʪʦʜʘʤʠ ʠʟʤʝʨʝʥʠʷ, ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʴ ʧʨʠ ʨʘʟʣʠʯʥʳʭ 

ʫʩʣʦʚʠʷʭ ʥʘʛʨʫʞʝʥʠʷ, ʧʨʠʤʝʥʠʤʦʩʪʴ ʚ ʠʥʞʝʥʝʨʥʳʭ ʨʘʩʯʝʪʘʭ. ɺ ʵʪʦʤ ʩʤʳʩʣʝ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʡ ʧʦʜʭʦʜ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʫʥʠʚʝʨʩʘʣʴʥʳʭ ʜʣʷ ʠʟʫʯʝʥʠʷ 

ʩʣʦʞʥʳʭ ʩʠʩʪʝʤ. ɺ 1979 ʛʦʜʫ ɺ.ɺ. ʌʝʜʦʨʦʚ ʧʨʝʜʩʪʘʚʠʣ  ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʫʶ ʪʝʦʨʠʶ 

ʧʨʦʯʥʦʩʪʠ ʠ ʨʘʟʨʫʰʝʥʠʷ ʪʚʝʨʜʳʭ ʪʝʣ [1]. ʄʝʨʦʡ ʧʦʚʨʝʞʜʝʥʠʷ, ʩʦʛʣʘʩʥʦ ʵʪʦʡ ʪʝʦʨʠʠ, 

ʷʚʣʷʝʪʩʷ ʚʥʫʪʨʝʥʥʷʷ ʵʥʝʨʛʠʷ, ʟʘʧʘʩʝʥʥʘʷ (ʥʘʢʦʧʣʝʥʥʘʷ) ʚ ʤʘʪʝʨʠʘʣʝ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʜʝʬʦʨʤʘʮʠʠ. ɸ.ʄ. ʑʠʧʘʯʝʚ [2] ʦʪʤʝʯʘʝʪ, ʯʪʦ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʡ ʧʦʜʭʦʜ ʤʦʞʝʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʢʦʤʧʣʝʢʩʥʦʡ ʦʮʝʥʢʠ ʩʦʩʪʦʷʥʠʷ ʜʝʬʦʨʤʠʨʫʝʤʦʛʦ ʪʚʝʨʜʦʛʦ ʪʝʣʘ, ʝʛʦ 

ʧʦʚʨʝʞʜʘʝʤʦʩʪʠ ʠ ʫʩʪʘʣʦʩʪʥʦʡ ʧʨʦʯʥʦʩʪʠ. ʄʝʪʦʜ ʘʢʫʩʪʠʯʝʩʢʦʡ ʵʤʠʩʩʠʠ (ɸʕ) 

ʵʬʬʝʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʦʮʝʥʢʠ ʩʦʩʪʦʷʥʠʷ ʤʘʪʝʨʠʘʣʘ ʠ ʣʦʢʘʮʠʠ ʜʝʬʝʢʪʦʚ. ɺ ʨʘʙʦʪʝ 

[3] ʧʦʢʘʟʘʥʘ ʩʚʷʟʴ ʤʝʞʜʫ ʠʟʤʝʥʝʥʠʷʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʠʛʥʘʣʘ ɸʕ ʠ ʩʪʝʧʝʥʴʶ 

ʧʦʚʨʝʞʜʝʥʥʦʩʪʠ ʤʝʪʘʣʣʘ. ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣʦ ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʪʝʧʣʦʚʳʭ, 

ʘʢʫʩʪʠʢʦ-ʵʤʠʩʩʠʦʥʥʳʭ ʠ ʩʪʨʫʢʪʫʨʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʠʪʘʥʦʚʦʛʦ ʩʧʣʘʚʘ ɺʪ1-0 ʚ 

ʧʨʦʮʝʩʩʝ ʨʦʩʪʘ ʫʩʪʘʣʦʩʪʥʦʡ ʪʨʝʱʠʥʳ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʝʝ ʨʘʟʚʠʪʠʷ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʮʠʢʣʠʯʝʩʢʦʤʫ ʥʘʛʨʫʞʝʥʠʶ ʧʣʦʩʢʠʭ 

ʦʙʨʘʟʮʦʚ ʩ ʢʦʥʮʝʥʪʨʘʪʦʨʦʤ ʥʘʧʨʷʞʝʥʠʡ ʠʟ ʪʠʪʘʥʦʚʦʛʦ ʩʧʣʘʚʘ ɺʪ1-0 ʧʨʦʚʦʜʠʣʦʩʴ ʥʘ 

ʩʝʨʚʦʛʠʜʨʘʚʣʠʯʝʩʢʦʡ ʠʩʧʳʪʘʪʝʣʴʥʦʡ ʤʘʰʠʥʝ Instron 8802. ʆʙʨʘʟʮʳ ʠʩʧʳʪʳʚʘʣʠʩʴ ʧʨʠ 

ʧʦʩʪʦʷʥʥʦʤ ʢʦʵʬʬʠʮʠʝʥʪʝ ʘʩʠʤʤʝʪʨʠʠ ʮʠʢʣʘ R=0,1. ɺ ʧʨʦʮʝʩʩʝ ʨʘʟʚʠʪʠʷ ʪʨʝʱʠʥʳ 

ʥʝʧʨʝʨʳʚʥʦ ʨʝʛʠʩʪʨʠʨʦʚʘʣʘʩʴ ʝʝ ʜʣʠʥʘ, ʩʠʛʥʘʣʳ ɸʕ ʠ ʪʝʧʣʦʚʦʡ ʧʦʪʦʢ ʚ ʟʦʥʝ ʧʨʦʮʝʩʩʘ. 

ʇʦʩʣʝ ʫʩʪʘʣʦʩʪʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʦʙʨʘʟʮʳ ʥʘʧʨʘʚʣʷʣʠʩʴ ʥʘ ʩʪʨʫʢʪʫʨʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʤʝʪʦʜʦʤ ʦʧʪʠʯʝʩʢʦʡ ʤʠʢʨʦʩʢʦʧʠʠ.  

ɺʝʣʠʯʠʥʘ ʥʘʢʦʧʣʝʥʥʦʡ ʵʥʝʨʛʠʠ (Es) ʨʘʩʩʯʠʪʳʚʘʣʘʩʴ ʢʘʢ ʨʘʟʥʠʮʘ ʤʝʞʜʫ ʨʘʙʦʪʦʡ 

ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ (A) ʠ ʢʦʣʠʯʝʩʪʚʦʤ ʪʝʧʣʦʪʳ (Q), ʨʘʩʩʝʷʚʰʠʤʩʷ ʚ ʦʢʨʫʞʘʶʱʫʶ 

ʩʨʝʜʫ: 

sE A Q= -       (1) 

ʈʘʙʦʪʘ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ ʦʧʨʝʜʝʣʷʣʘʩʴ ʥʘ ʦʩʥʦʚʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʜʘʥʥʳʭ ʥʘʛʨʫʟʢʠ ʠ ʧʝʨʝʤʝʱʝʥʠʡ ʚ ʦʙʣʘʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʪʨʝʱʠʥʳ. ɼʠʩʩʠʧʘʮʠʷ ʪʝʧʣʘ 

ʨʘʩʩʯʠʪʳʚʘʣʘʩʴ ʢʘʢ ʠʥʪʝʛʨʘʣ ʩ ʧʝʨʝʤʝʥʥʳʤ ʚʝʨʭʥʠʤ ʧʨʝʜʝʣʦʤ ʦʪ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ 

ʨʝʛʠʩʪʨʠʨʫʝʤʦʛʦ ʧʦʪʦʢʘ ʪʝʧʣʘ. ʂʣʘʩʪʝʨʥʳʡ ʘʥʘʣʠʟ ʩʠʛʥʘʣʘ ɸʕ ʚʳʷʚʠʣ ʜʚʘ 

ʜʦʤʠʥʠʨʫʶʱʠʭ ʪʠʧʘ ʩʠʛʥʘʣʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʘʩʩʦʮʠʠʨʦʚʘʥʳ ʩ ʜʚʦʡʥʠʢʦʚʘʥʠʝʤ ʠ 

ʧʨʦʩʢʦʢʘʤʠ ʪʨʝʱʠʥʳ. ʇʣʦʪʥʦʩʪʴ ʜʚʦʡʥʠʢʦʚʘʥʥʳʭ ʟʝʨʝʥ ʧʦʜʩʯʠʪʳʚʘʣʘʩʴ ʚʨʫʯʥʫʶ ʧʦ 
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ʢʘʨʪʠʥʘʤ ʩʪʨʫʢʪʫʨʳ ʚ ʦʙʣʘʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʪʨʝʱʠʥʳ. ʅʘ ʈʠʩ. 1 ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʨʝʟʫʣʴʪʘʪʳ ʢʦʤʧʣʝʢʩʥʦʡ ʦʮʝʥʢʠ ʩʠʛʥʘʣʦʚ ʨʘʟʣʠʯʥʦʡ ʧʨʠʨʦʜʳ.  

   

ʘ) ʙ) ʚ) 

ʈʠʩʫʥʦʢ 1. ɿʘʚʠʩʠʤʦʩʪʠ ʢʫʤʫʣʷʪʠʚʥʦʡ ʵʥʝʨʛʠʠ ʩʠʛʥʘʣʘ ɸʕ, ʥʦʨʤʠʨʦʚʘʥʥʦʡ ʧʣʦʪʥʦʩʪʠ 

ʜʚʦʡʥʠʢʦʚʘʥʥrʭ ʟʝʨʝʥ ʠ ʥʦʨʤʠʨʦʚʘʥʥʦʡ ʜʣʠʥ rʪʨʝʱʠʥʳ ʦʪ ʚʨʝʤʝʥʠ (ʘ); ʟʘʚʠʩʠʤʦʩʪʠ 

ʢʫʤʫʣʷʪʠʚʥʦʡ ʵʥʝʨʛʠʠ ʩʠʛʥʘʣʦʚ ɸʕ ʧʦ ʢʣʘʩʪʝʨʘʤ ʠ ʧʦʪʦʢʘ ʪʝʧʣʘ ʦʪ ʜʣʠʥʳ ʪʨʝʱʠʥʳ 

(ʙ); ʟʘʚʠʩʠʤʦʩʪʠ ʢʫʤʫʣʷʪʠʚʥʦʡ ʵʥʝʨʛʠʠ ʩʠʛʥʘʣʦʚ ɸʕ ʧʦ ʢʣʘʩʪʝʨʘʤ ʠ ʥʘʢʦʧʣʝʥʥʦʡ 

ʵʥʝʨʛʠʠ ʦʪ ʜʣʠʥʳ ʪʨʝʱʠʥʳ (ʚ). 

ʂʦʨʨʝʣʷʮʠʷ ʘʢʪʠʚʥʦʩʪʠ ʢʣʘʩʪʝʨʦʚ ʩʠʛʥʘʣʦʚ ɸʕ ʩ ʜʣʠʥʦʡ ʪʨʝʱʠʥʳ ʠ ʧʣʦʪʥʦʩʪʴʶ 

ʜʚʦʡʥʠʢʦʚʘʥʥʳʭ ʟʝʨʝʥ, ʦʧʨʝʜʝʣʝʥʥʦʡ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʦʧʪʠʯʝʩʢʦʡ ʤʠʢʨʦʩʢʦʧʠʠ, 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʈʠʩ. 1ʘ. ʉʦʛʣʘʩʥʦ ʧʦʣʫʯʝʥʥʳʤ ʜʘʥʥʳʤ ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ 

ʢʣʘʩʪʝʨ, ʘʢʪʠʚʥʦʩʪʴ ʢʦʪʦʨʦʛʦ ʥʘʙʣʶʜʘʝʪʩʷ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ, 

ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʧʨʦʩʢʦʢʘʤʠ ʪʨʝʱʠʥʳ, ʘ ʢʣʘʩʪʝʨ ʩʠʛʥʘʣʦʚ, ʧʦʷʚʣʷʶʱʠʭʩʷ ʥʘ 

ʟʘʚʝʨʰʘʶʱʝʡ ʩʪʘʜʠʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ, ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʜʦʩʪʠʞʝʥʠʶ ʢʨʠʪʠʯʝʩʢʦʡ 

ʧʣʦʪʥʦʩʪʠ ʜʚʦʡʥʠʢʦʚʘʥʥʳʭ ʟʝʨʝʥ. ʀʟʤʝʥʝʥʠʝ ʧʦʪʦʢʘ ʪʝʧʣʘ ʩ ʨʘʟʚʠʪʠʝʤ ʪʨʝʱʠʥʳ (ʈʠʩ. 

1ʙ) ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʵʚʦʣʶʮʠʝʡ ʢʣʘʩʪʝʨʘ, ʢʦʪʦʨʳʡ, ʢʘʢ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, 

ʘʩʩʦʮʠʠʨʦʚʘʥ ʩ ʧʨʦʩʢʦʢʘʤʠ ʪʨʝʱʠʥʳ. ʕʚʦʣʶʮʠʷ ʥʘʢʦʧʣʝʥʥʦʡ ʵʥʝʨʛʠʠ (ʈʠʩ.1ʚ) 

ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʣʠʥʝʡʥʳʝ ʨʦʩʪ ʧʨʠ ʨʘʟʚʠʪʠʠ ʪʨʝʱʠʥʳ ʧʨʠʤʝʨʥʦ ʜʦ15 ʤʤ. ɼʘʣʝʝ, ʢʦʛʜʘ 

ʚʦʟʥʠʢʘʝʪ ʘʢʪʠʚʥʦʩʪʴ ʚʪʦʨʦʛʦ ʢʣʘʩʪʝʨʘ, ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʦʪʚʝʯʘʶʱʝʛʦ ʟʘ ʘʢʪʠʚʥʦʝ 

ʧʦʷʚʣʝʥʠʝ ʜʚʦʡʥʠʢʦʚʘʥʥʳʭ ʟʝʨʝʥ ʚ ʩʪʨʫʢʪʫʨʝ ʤʘʪʝʨʠʘʣʘ, ʢʨʠʚʘʷ ʥʘʢʦʧʣʝʥʥʦʡ ʵʥʝʨʛʠʠ 

ʠʟʤʝʥʷʝʪ ʥʘʢʣʦʥ ʠ ʥʘʯʠʥʘʝʪ ʩʪʨʝʤʠʪʴʩʷ ʢ ʥʝʢʦʪʦʨʦʤʫ ʘʩʠʤʧʪʦʪʠʯʝʩʢʦʤʫ ʟʥʘʯʝʥʠʶ.  

ʉʦʚʤʝʩʪʥʳʡ ʘʥʘʣʠʟ ʵʚʦʣʶʮʠʠ ʚʝʣʠʯʠʥʳ ʥʘʢʦʧʣʝʥʥʦʡ ʵʥʝʨʛʠʠ, ʵʥʝʨʛʠʠ ʩʠʛʥʘʣʘ 

ʘʢʫʩʪʠʯʝʩʢʦʡ ʵʤʠʩʩʠʠ (ɸʕ) ʠ ʩʪʨʫʢʪʫʨʥʳʭ ʤʠʢʨʦʧʘʨʘʤʝʪʨʦʚ ʤʘʪʝʨʠʘʣʘ ʚ ʦʙʣʘʩʪʠ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʪʨʝʱʠʥʳ ʧʦʟʚʦʣʠʣʠ ʚʳʷʚʠʪʴ ʦʙʱʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʧʨʦʮʝʩʩʘ 

ʨʘʟʨʫʰʝʥʠʷ, ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʩʠʛʥʘʣʦʚ ʨʘʟʥʦʡ ʧʨʠʨʦʜʳ (ʪʝʧʣʦʚʳʭ, ʘʢʫʩʪʠʢʦ-

ʵʤʠʩʩʠʦʥʥʳʭ), ʘ ʪʘʢʞʝ ʩʦʧʦʩʪʘʚʠʪʴ ʠʭ ʩʦ ʩʪʨʫʢʪʫʨʥʳʤʠ ʧʨʦʷʚʣʝʥʠʷʤʠ ʧʨʦʮʝʩʩʘ 

ʨʘʟʨʫʰʝʥʠʷ, ʚ ʯʘʩʪʥʦʩʪʠ, ʧʣʦʪʥʦʩʪʴʶ ʜʚʦʡʥʠʢʦʚʘʥʥʳʭ ʟʝʨʝʥ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʜʣʠʥʳ 

ʪʨʝʱʠʥʳ. 

ʕʢʩʧʝʜʠʮʠʦʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʧʦʣʥʷʣʠʩʴ ʚ ʨʘʤʢʘʭ ʛʦʩʟʘʜʘʥʠʷ ʀʄʉʉ ʋʨʆ ʈɸʅ 

ï ʬʠʣʠʘʣ ʇʌʀʎ ʋʨʆ ʈɸʅ (ʪʝʤʘ ˉ 122012400263-7), ʘʥʘʣʠʟ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʜʘʥʥʳʭ 

ʚʳʧʦʣʥʷʣʠʩʴ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʈʌʌʀ ˉ20-48-596005. 
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ɺʃʀʗʅʀɽ ʊɽʄʇɽʈɸʊʋʈʓ ʅɸ ʄɽʍɸʅʀʏɽʉʂʀɽ ʉɺʆʁʉʊɺɸ ʀ 

ʇɸʈɸʄɽʊʈʓ ʃʆʂɸʃʀɿɸʎʀʀ ʇʃɸʉʊʀʏɽʉʂʆʁ ɼɽʌʆʈʄɸʎʀʀ 

ɸʃʖʄʀʅʀɽɺʆɻʆ ʉʇʃɸɺɸ  
ʉ.ɺ. ʂʦʣʦʩʦʚ,  ʇ.ɺ. ʀʩʭʘʢʦʚʘ, ʉ.ɸ. ɹʘʨʘʥʥʠʢʦʚʘ  

ʀʥʩʪʠʪʫʪ ʬʠʟʠʢʠ ʧʨʦʯʥʦʩʪʠ ʠ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ ʉʆ ʈɸʅ, ʛ. ʊʦʤʩʢ 

Email: svk@ispms.ru 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʦʙʣʝʤʘ ʚʳʷʩʥʝʥʠʷ ʧʨʠʯʠʥ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʦʡ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ ʩʪʘʥʦʚʠʪʩʷ ʚʩʝ ʙʦʣʝʝ ʘʢʪʫʘʣʴʥʦʡ. 

ɺʳʧʦʣʥʝʥʳ ʢʘʢ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ, ʪʘʢ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʚ ʢʦʪʦʨʳʭ 

ʠʟʫʯʘʝʪʩʷ ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʥʝʦʜʥʦʨʦʜʥʳʭ ʩʪʨʫʢʪʫʨ ʟʘ ʩʯʝʪ 

ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ ʩʪʨʫʢʪʫʨʥʳʭ ʜʝʬʝʢʪʦʚ [1]. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʦʟʥʠʢʘʶʱʠʝ ʧʨʠ 

ʧʣʘʩʪʠʯʝʩʢʦʤ ʜʝʬʦʨʤʠʨʦʚʘʥʠʠ ʧʘʪʪʝʨʥʳ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʦʡ ʣʦʢʘʣʠʟʘʮʠʠ 

ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʟʘʚʠʩʷʪ ʦʪ ʩʪʨʫʢʪʫʨʳ ʠ ʪʠʧʘ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ ʠʩʩʣʝʜʫʝʤʦʛʦ 

ʤʘʪʝʨʠʘʣʘ, ʘ ʠʭ ʚʠʜ ʧʦʣʥʦʩʪʴʶ ʦʧʨʝʜʝʣʷʝʪʩʷ ʜʝʡʩʪʚʫʶʱʠʤʠ ʥʘ ʜʘʥʥʦʡ ʩʪʘʜʠʠ ʟʘʢʦʥʘʤʠ 

ʜʝʬʦʨʤʘʮʠʦʥʥʦʛʦ ʫʧʨʦʯʥʝʥʠʷ [2]. ʀʩʩʣʝʜʦʚʘʥʠʷ, ʧʨʦʚʝʜʝʥʥʳʝ ʨʘʥʝʝ ʥʘ ʦʙʨʘʟʮʘʭ 

ʘʫʩʪʝʥʠʪʥʦʡ ʩʪʘʣʠ 12ʍ18ʅ10ʊ [3] ʧʦʢʘʟʘʣʠ ʩʫʱʝʩʪʚʝʥʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ ʠ ʧʘʨʘʤʝʪʨʦʚ ʘʚʪʦʚʦʣʥ ʣʦʢʘʣʠʟʘʮʠʠ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ 

ʥʘ ʣʠʥʝʡʥʦʡ ʩʪʘʜʠʠ ʜʝʬʦʨʤʘʮʠʦʥʥʦʛʦ ʫʧʨʦʯʥʝʥʠʷ „ͯ ‐. ʅʘʩʪʦʷʱʘʷ ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ 
ʠʩʩʣʝʜʦʚʘʥʠʶ ʧʘʨʘʤʝʪʨʦʚ ʘʚʪʦʚʦʣʥ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʦʡ ʣʦʢʘʣʠʟʘʮʠʠ ʧʣʘʩʪʠʯʝʩʢʦʡ 

ʜʝʬʦʨʤʘʮʠʠ, ʚʦʟʥʠʢʘʶʱʝʡ ʥʘ ʧʘʨʘʙʦʣʠʯʝʩʢʦʡ ʩʪʘʜʠʠ ʜʝʬʦʨʤʘʮʠʦʥʥʦʛʦ ʫʧʨʦʯʝʥʠʷ 

„ͯ Ѝ‐ ʘʣʶʤʠʥʠʝʚʦʛʦ ʩʧʣʘʚʘ ɸ5ʄ ʚ hʠʨʦʢʦʤ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ ʥʠʞʝ ʠ ʚʳʰʝ 

ʢʦʤʥʘʪʥʦʡ. 

ʄʝʭʘʥʠʯʝʩʢʠʝ ʠʩʧʳʪʘʥʠʷ ʥʘ ʦʜʥʦʦʩʥʦʝ ʨʘʩʪʷʞʝʥʠʝ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʧʣʦʩʢʠʭ 

ʦʙʨʘʟʮʘʭ ʩʧʣʘʚʘ ɸ5ʄ ʚ ʬʦʨʤʝ ʜʚʦʡʥʦʡ ʣʦʧʘʪʢʠ ʩ ʨʘʟʤʝʨʘʤʠ 40ʭ5ʭ2 ʤʤ ʧʨʠ ʧʦʩʪʦʷʥʥʦʡ 

ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʧʦʜʚʠʞʥʦʛʦ ʟʘʭʚʘʪʘ 0,2 ʤʤ/ʤʠʥ (‐ σȟσz ρπ̒ ). ɺʠʟʫʘʣʠʟʘʮʠʶ 

ʢʘʨʪʠʥ ʣʦʢʘʣʠʟʦʚʘʥʥʦʡ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ ʥʘ ʨʘʙʦʯʝʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʦʩʫʱʝʩʪʚʣʷʣʠ ʩ ʠʥʪʝʨʚʘʣʦʤ 30 ʩʝʢ. ʤʝʪʦʜʦʤ ʬʦʪʦʛʨʘʬʠʯʝʩʢʦʡ ʩʲʸʤʢʠ ʩʧʝʢʣ-

ʠʟʦʙʨʘʞʝʥʠʡ [2] ʧʨʠ ʥʘʭʦʞʜʝʥʠʠ ʦʙʨʘʟʮʦʚ ʚ ʧʨʦʟʨʘʯʥʦʡ ʢʦʣʙʝ (ʩʪʝʢʣʷʥʥʳʡ ʩʦʩʫʜ 

ɼʴʶʘʨʘ) ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ ʥʠʞʝ ʢʦʤʥʘʪʥʳʭ. ʊʝʤʧʝʨʘʪʫʨʫ ʧʦʜʜʝʨʞʠʚʘʣʠ 

ʧʦʩʪʦʷʥʥʦʡ ʩ ʧʦʤʦʱʴʶ ʥʝʧʨʝʨʳʚʥʦʡ ʧʦʜʘʯʠ ʧʘʨʦʚ ʘʟʦʪʘ ʠʟ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʩʦʩʫʜʘ 

ɼʴʶʘʨʘ ʠ ʠʟʤʝʨʷʣʠ ʩ ʧʦʤʦʱʴʶ ʪʝʨʤʦʧʘʨʳ ʭʨʦʤʝʣʶ-ʘʣʶʤʝʣʴ, ʥʘʭʦʜʷʱʝʡʩʷ ʚʥʫʪʨʠ 

ʧʨʦʟʨʘʯʥʦʡ ʢʦʣʙʳ ʥʘ ʦʙʨʘʟʮʝ. ʉʢʦʨʦʩʪʴ ʧʦʜʘʯʠ ʧʘʨʦʚ ʘʟʦʪʘ ʟʘʜʘʚʘʣʠ ʧʨʠ ʧʦʤʦʱʠ 

ʥʘʛʨʝʚʘʪʝʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ, ʥʘʭʦʜʷʱʝʛʦʩʷ ʚʥʫʪʨʠ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʩʦʩʫʜʘ ɼʴʶʘʨʘ. 

ʊʝʤʧʝʨʘʪʫʨʫ ʚ ʚʳʰʝ ʢʦʤʥʘʪʥʦʡ ʠʟʤʝʨʷʣʠ ʪʝʨʤʦʧʘʨʦʡ ʭʨʦʤʝʣʴ-ʘʣʶʤʝʣʴ, ʥʘʭʦʜʷʱʝʡʩʷ 

ʥʘ ʥʝʜʝʬʦʨʤʠʨʫʝʤʦʡ ʯʘʩʪʠ ʦʙʨʘʟʮʘ. ʊʝʤʧʝʨʘʪʫʨʫ ʧʦʜʜʝʨʞʠʚʘʣʠ ʧʦʩʪʦʷʥʥʦʡ ʚ ʪʝʯʝʥʠʝ 

ʚʩʝʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʦʙʜʫʚʘʷ ʛʦʨʷʯʠʤ ʚʦʟʜʫʭʦʤ ʦʙʨʘʟʝʮ, ʥʘʭʦʜʷʱʠʡʩʷ ʚʥʫʪʨʠ 

ʪʝʨʤʦʠʟʦʣʠʨʫʶʱʝʛʦ ʢʦʨʦʙʘ ʩ ʧʨʦʟʨʘʯʥʳʤ ʦʢʥʦʤ ʜʣʷ ʨʝʛʠʩʪʨʘʮʠʠ ʧʦʣʝʡ ʜʝʬʦʨʤʘʮʠʡ. 

ʋʩʪʘʥʦʚʣʝʥ ʭʘʨʘʢʪʝʨ ʚʣʠʷʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʠʩʧʳʪʘʥʠʡ ʥʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʡ 

ʧʝʨʠʦʜ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʣʦʢʘʣʴʥʳʭ ʫʜʣʠʥʝʥʠʡ ʚ ʧʨʦʮʝʩʩʝ ʨʘʩʪʷʞʝʥʠʷ ʦʙʨʘʟʮʦʚ 

ʘʣʶʤʠʥʠʝʚʦʛʦ ʩʧʣʘʚʘ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ ʀʌʇʄ ʉʆ ʈɸʅ, ʧʨʦʝʢʪ 
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ʇʈʀɿʄɸʊʀʏɽʉʂɸʗ ɼʀʉʃʆʂɸʎʀʆʅʅɸʗ ʇɽʊʃʗ ɺ ɻʀɹʈʀɼʅʆʁ 

ʅɸʅʆʇʈʆɺʆʃʆʂɽ ʉ ʇʆʇɽʈɽʏʅʆʁ ɻɽʊɽʈʆɻʈɸʅʀʎɽʁ 

ɸ.ʃ. ʂʦʣʝʩʥʠʢʦʚʘ 1,2*, ʄ.ʖ. ɻʫʪʢʠʥ  1-3, ɸ.ʇ. ʏʝʨʥʘʢʦʚ  1, ɸ.ɽ. ʈʦʤʘʥʦʚ  1,4 

1ʋʥʠʚʝʨʩʠʪʝʪ ʀʊʄʆ, 197101 ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ 
2ʀʥʩʪʠʪʫʪ ʧʨʦʙʣʝʤ ʤʘʰʠʥʦʚʝʜʝʥʠʷ ʈɸʅ, 199178, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ 
3ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʇʝʪʨʘ ɺʝʣʠʢʦʛʦ, 195251, ʉʘʥʢʪ-

ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ 
4ʌʊʀ ʠʤ. ɸ.ʌ. ʀʦʬʬʝ ʈɸʅ, 194021, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ 

*E-mail: anna.kolesnikova.physics@gmail.com 

ɻʠʙʨʠʜʥʳʝ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʝ ʩʪʨʫʢʪʫʨʳ (ɻʇʉ), ʠʤʝʶʱʠʝ ʚ ʩʚʦʸʤ ʩʦʩʪʘʚʝ ʢʘʢ 

ʥʘʥʦʧʨʦʚʦʣʦʢʠ (ʅʇ), ʪʘʢ ʠ ʣʦʢʘʣʠʟʦʚʘʥʥʳʝ ʢʚʘʥʪʦʚʳʝ ʪʦʯʢʠ ʠʣʠ ʢʚʘʥʪʦʚʳʝ ʜʠʩʢʠ (ʂɼ), 

ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʠʚʣʝʢʘʶʪ ʚʥʠʤʘʥʠʝ ʰʠʨʦʢʦʛʦ ʢʨʫʛʘ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ, ʩʤ. ʦʙʟʦʨʳ [1-

3]. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʪʘʢʠʝ ʦʙʲʝʢʪʳ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʠʤ ʩʪʨʫʢʪʫʨʥʳʤ 

ʩʦʚʝʨʰʝʥʩʪʚʦʤ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʧʨʦʷʚʣʷʪʴʩʷ ʢʚʘʥʪʦʚʳʤ ʵʬʬʝʢʪʘʤ ʙʝʟ 

ʥʝʞʝʣʘʪʝʣʴʥʦʛʦ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʚʣʠʷʥʠʷ ʜʝʬʝʢʪʦʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ, 

ʚʦʟʥʠʢʘʶʱʠʭ ʚ ʧʣʘʥʘʨʥʳʭ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʘʭ. 

ʅʇ ʩ ʂɼ ʠʣʠ ʩ ʦʪʜʝʣʴʥʳʤʠ ʘʢʩʠʘʣʴʥʳʤʠ ʛʝʪʝʨʦʛʨʘʥʠʮʘʤʠ ʩʦʜʝʨʞʘʪ ʦʙʣʘʩʪʠ ʩ 

ʦʪʣʠʯʘʶʱʠʤʠʩʷ ʭʠʤʠʯʝʩʢʠʤ ʩʦʩʪʘʚʦʚ ʠ ʩʪʨʫʢʪʫʨʦʡ ʚʜʦʣʴ ʦʩʠ ʅʇ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʩ 

ʠʟʤʝʥʝʥʥʳʤʠ ʬʠʟʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ. ɼʣʷ ʥʘʰʝʛʦ ʘʥʘʣʠʟʘ ʩʫʱʝʩʪʚʝʥʥʦ ʥʘʣʠʯʠʝ 

ʨʝʰʝʪʦʯʥʦʛʦ ʥʝʩʦʦʪʚʝʪʩʪʚʠʷ: 

QD NW

m

NW

a a

a
e

-
= ,          (1) 

ʛʜʝ QDa  ʠ NWa  ï ʧʘʨʘʤʝʪʨʳ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʨʝʰʝʪʦʢ ʦʪʣʠʯʘʶʱʠʭʩʷ ʬʘʟ, ʥʘʧʨʠʤʝʨ, ʚ 

ʦʙʲʸʤʝ ʂɼ ʠ ʚ ʦʙʲʸʤʝ ʅʇ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  

ɺ ʧʨʝʜʳʜʫʱʠʭ ʨʘʙʦʪʘʭ [4,5] ʥʘʤʠ ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ ʫʧʨʫʛʠʝ ʧʦʣʷ, ʚʳʟʚʘʥʥʳʝ 

ʥʝʩʦʦʪʚʝʪʩʪʚʠʝʤ me, ʠ ʵʥʝʨʛʠʠ ʘʢʩʠʘʣʴʥʳʭ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨ ʩ ʨʝʟʢʠʤʠ ʠʣʠ ʨʘʟʤʳʪʳʤʠ 

ʦʪʜʝʣʴʥʳʤʠ ʠʣʠ ʧʘʨʥʳʤʠ ʛʝʪʝʨʦʛʨʘʥʠʮʘʤʠ. ɸʥʘʣʠʟ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʫʧʨʫʛʠʭ ʧʦʣʝʡ ʪʘʢʠʭ 

ʛʠʙʨʠʜʥʳʭ ʩʪʨʫʢʪʫʨ ʧʦʟʚʦʣʠʣ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚ ʥʠʭ 

ʧʨʠʟʤʘʪʠʯʝʩʢʠʭ ʜʠʩʣʦʢʘʮʠʦʥʥʳʭ ʧʝʪʝʣʴ (ʇɼʇ), ʩʦʦʩʥʳʭ ʅʇ ʠ ʨʘʩʧʦʣʘʛʘʶʱʠʭʩʷ ʚʙʣʠʟʠ 

ʛʝʪʝʨʦʛʨʘʥʠʮ.  

  

 

ʈʠʩʫʥʦʢ 1. ʇʨʠʟʤʘʪʠʯʝʩʢʘʷ ʜʠʩʣʦʢʘʮʠʦʥʥʘʷ ʧʝʪʣʷ PDL ʚʙʣʠʟʠ ʛʝʪʝʨʦʛʨʘʥʠʮʳ ʚ 

ʛʠʙʨʠʜʥʦʡ ʥʘʥʦʧʨʦʚʦʣʦʢʝ. ʇʦʢʘʟʘʥʳ ʜʚʘ ʚʦʟʤʦʞʥʳʭ ʧʦʣʦʞʝʥʠʷ ʠ ʜʚʘ ʚʠʜʘ ʧʝʪʝʣʴ 

(ʩʧʨʘʚʘ ï ʧʝʪʣʷ ʚʳʯʠʪʘʥʠʷ, ʩʣʝʚʘ ï ʧʝʪʣʷ ʚʥʝʜʨʝʥʠʷ) ʚ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʧʘʨʘʤʝʪʨ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ ʚ ʪʝʤʥʦʡ ʦʙʣʘʩʪʠ ʙʦʣʴʰʝ, ʯʝʤ ʚ ʩʚʝʪʣʦʡ. 

ɺ ʥʘʩʪʦʷʱʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʤʳ ʨʘʩʩʯʠʪʘʣʠ ʚʳʠʛʨʳʰ ʚ ʵʥʝʨʛʠʠ ED  ʛʠʙʨʠʜʥʦʡ 

ʅʇ ʩ ʦʜʠʥʦʯʥʦʡ ʧʦʧʝʨʝʯʥʦʡ ʛʝʪʝʨʦʛʨʘʥʠʮʝʡ ʧʨʠ ʦʙʨʘʟʦʚʘʥʠʠ ʚʙʣʠʟʠ ʥʝʝ ʇɼʇ (ʨʠʩ. 1). 



75 

 

ʅʇ ʤʦʜʝʣʠʨʦʚʘʣʩʷ ʢʨʫʛʦʚʳʤ ʙʝʩʢʦʥʝʯʥʳʤ ʮʠʣʠʥʜʨʦʤ ʠʟ ʫʧʨʫʛʦʠʟʦʪʨʦʧʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, 

ʠʤʝʶʱʝʛʦ ʤʦʜʫʣʴ ʩʜʚʠʛʘ G  ʠ ʢʦʵʬʬʠʮʠʝʥʪ ʇʫʘʩʩʦʥʘ n. 

ɺʳʠʛʨʳʰ ʚ ʵʥʝʨʛʠʠ ED  ʠʤʝʝʪ ʚʠʜ:  

2

1 2

0 0

8(1 )1.08
log 2 ( , ) ( , )sin

2(1 )

maGb at at L
E t t d t d

b b a

n eg b
b b b b

n

¤ ¤å õ+
D = - Q + Qæ ö

- ç ÷
ñ ñ ,  

 (2) 

ʛʜʝ 1Q  ʠ 
2Q  ï ʚʳʨʘʞʝʥʠʷ, ʩʦʜʝʨʞʘʱʠʝ ʬʫʥʢʮʠʠ ɹʝʩʩʝʣʷ, t c / a= , c  ï ʨʘʜʠʫʩ ʇɼʇ, a  

ï ʨʘʜʠʫʩ ʅʇ, Lï ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʇɼʇ ʜʦ ʛʝʪʝʨʦʛʨʘʥʠʮʳ, G  ï ʤʦʜʫʣʴ ʩʜʚʠʛʘ, n ï 

ʢʦʵʬʬʠʮʠʝʥʪ ʇʫʘʩʩʦʥʘ, bï ʚʝʣʠʯʠʥʘ ʚʝʢʪʦʨʘ ɹʶʨʛʝʨʩʘ; g ï ʧʘʨʘʤʝʪʨ ʵʥʝʨʛʠʠ ʷʜʨʘ 

ʇɼʇ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʩʝʨʠʠ ʛʨʘʬʠʢʦʚ ( , )mE t,LD e  ʙʳʣʦ ʦʧʨʝʜʝʣʝʥʦ ʥʘʠʤʝʥʴʰʝʝ ʜʣʷ 

ʟʘʜʘʥʥʦʛʦ ʨʘʜʠʫʩʘ ʅʇ a  ʥʝʩʦʦʪʚʝʪʩʪʚʠʝ 0e, ʥʘʯʠʥʘʷ ʩ ʢʦʪʦʨʦʛʦ (ʧʨʠ Ům Ó Ů0) 

ʦʙʨʘʟʦʚʘʥʠʝ ʇɼɼ ʩʪʘʥʦʚʠʪʩʷ ʵʥʝʨʛʝʪʠʯʝʩʢʠ ʚʳʛʦʜʥʦ. ʂʨʠʚʘʷ 0 ( )ae  ʧʦʟʚʦʣʠʣʘ ʥʘʡʪʠ 

ʧʨʦʩʪʫʶ ʘʧʧʨʦʢʩʠʤʘʮʠʶ, ʦʧʠʩʳʚʘʶʱʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʢʨʠʪʠʯʝʩʢʦʛʦ ʨʘʜʠʫʩʘ ʛʠʙʨʠʜʥʦʡ 

ʅʇ ʩa  ʦʪ ʧʘʨʘʤʝʪʨʘ me : 

1.299c

m

b
a
e
º .           (3) 

ʇʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʷʚʥʦʛʦ ʚʠʜʘ ʘʧʧʨʦʢʩʠʤʠʨʫʶʱʝʡ ʬʫʥʢʮʠʠ ʧʦʣʘʛʘʣʦʩʴ, ʯʪʦ n=0.3. ʅʘ 

ʨʠʩ. 2 ʧʨʠʚʝʜʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ( )ʩ ma e  ʠ ʧʦʢʘʟʘʥʦ, ʢʘʢ ʧʦ ʠʟʚʝʩʪʥʳʤ ʧʘʨʘʤʝʪʨʘʤ 

ʥʝʩʦʦʪʚʝʪʩʪʚʠʷ ʦʧʨʝʜʝʣʠʪʴ ʢʨʠʪʠʯʝʩʢʠʝ ʨʘʜʠʫʩʳ ʛʠʙʨʠʜʥʳʭ ʥʘʥʦʧʨʦʚʦʣʦʢ. 

 

ʈʠʩʫʥʦʢ 2. ɿʘʚʠʩʠʤʦʩʪʴ ʢʨʠʪʠʯʝʩʢʦʛʦ ʨʘʜʠʫʩʘ ʥʘʥʦʧʨʦʚʦʣʦʢʠ ʦʪ ʧʘʨʘʤʝʪʨʘ 

ʥʝʩʦʦʪʚʝʪʩʪʚʠʷ ʝʝ ʯʘʩʪʝʡ. 

 

ɺ ʦʙʣʘʩʪʠ ʧʘʨʘʤʝʪʨʦʚ ʘʢʩʠʘʣʴʥʦʡ ʛʠʙʨʠʜʥʦʡ ʅʇ ʚʳʰʝ ʢʨʠʚʦʡ ʥʘ ʨʠʩ. 2 ʚʦʟʤʦʞʥʦ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʇɼʇ, ʥʠʞʝ ï ʥʝʚʦʟʤʦʞʥʦ. ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʧʨʠʚʝʜʝʤ ʯʠʩʣʝʥʥʳʝ ʟʥʘʯʝʥʠʷ 

ʢʨʠʪʠʯʝʩʢʠʭ ʨʘʜʠʫʩʦʚ ʛʠʙʨʠʜʥʦʡ ʘʢʩʠʘʣʴʥʦʡ ʅʇ ʠ ʜʨʫʛʠʭ ʚʠʜʦʚ ʥʘʥʦʧʨʦʚʦʣʦʢ. ɽʩʣʠ 

ʧʘʨʘʤʝʪʨ ʥʝʩʦʦʪʚʝʪʩʪʚʠʷ 0.0065me= , ʪʦ ca º207.7 nm ( 692bº ) ʜʣʷ ʛʠʙʨʠʜʥʦʡ 

ʘʢʩʠʘʣʴʥʦʡ ʅʇ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ca º10.2 nm ( 34bº ) ʜʣʷ ʥʘʥʦʧʨʦʚʦʣʦʢʠ, ʚʥʝʜʨʝʥʥʦʡ ʚ 
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ʦʙʲʝʤʥʳʡ ʢʨʠʩʪʘʣʣ, ʠ 
ca º 50 nm ( 167 )bº  ʜʣʷ ʅʇ ʪʠʧʘ çʷʜʨʦ-ʦʙʦʣʦʯʢʘè (ʦʮʝʥʢʠ 

ʩʜʝʣʘʥʳ ʜʣʷ ʚʝʣʠʯʠʥʳ ʚʝʢʪʦʨʘ ɹʶʨʛʝʨʩʘ b= 0.3 ʥʤ).  

[1] M. de la Mata et al., J. Mater. Chem. C, 1, pp. 4300-4312 (2013). 

[2] Ch. Jia, et al., Chem. Rev., 119, 15, pp. 9074 9135 (2019).  

[3] L. N. Quan et al., Chem. Rev., 119, 15, pp. 9153-9169 (2019). 

[4] A. E. Romanov et al., Scripta Mater., 176, pp. 42-46 (2020).  

[5] A. E. Romanov et al., Int. J. Sol Struct, 213, pp.121-134 (2021). 

 

ʉʃʆʀʉʊʓɽ ʂʆʄʇʆɿʀʊʓ ʅɸ ʆʉʅʆɺɽ ʅʀʆɹʀʗ ʀ 

ʄʆʃʀɹɼɽʅɸ 

ɺ.ʇ. ʂʦʨʞʦʚ, ɺ.ʄ. ʂʠʡʢʦ, ɼ.ɺ. ʇʨʦʭʦʨʦʚ, ʊ.ʉ. ʉʪʨʦʛʘʥʦʚʘ, ʀ.ʉ. ɾʝʣʪʷʢʦʚʘ  

ʀʥʩʪʠʪʫʪ ʬʠʟʠʢʠ ʪʚʝʨʜʦʛʦ ʪʝʣʘ ʈɸʅ, ʏʝʨʥʦʛʦʣʦʚʢʘ ʄʦʩʢʦʚʩʢʦʡ ʦʙʣ. 

E-mail: terekhova83@mail.ru 

ʇʨʦʜʚʠʞʝʥʠʝ ʚ ʦʙʣʘʩʪʴ ʚʩʝ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʨʘʙʦʯʠʭ ʪʝʤʧʝʨʘʪʫʨ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ʥʠʦʙʠʷ ʠ ʤʦʣʠʙʜʝʥʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʦʡ ʢʦʤʧʦʟʠʪʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʠʭ ʦʩʥʦʚʝ. ɺ ʨʘʙʦʪʝ ʧʨʝʜʣʘʛʘʶʪʩʷ ʢʦʤʧʦʟʠʪʳ ʩʦ ʩʣʦʠʩʪʳʤʠ ʩʪʨʫʢʪʫʨʘʤʠ, 

ʚ ʢʦʪʦʨʳʭ ʜʦʩʪʘʪʦʯʥʦ ʧʣʘʩʪʠʯʥʳʝ ʪʚʝʨʜʳʝ ʨʘʩʪʚʦʨʳ ʯʝʨʝʜʫʶʪʩʷ ʩ ʞʝʩʪʢʠʤʠ ʩʣʦʷʤʠ 

ʠʥʪʝʨʤʝʪʘʣʣʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ. ʀʥʪʝʨʤʝʪʘʣʣʠʜʳ ʬʦʨʤʠʨʦʚʘʣʠʩʴ ʧʨʠ ʜʠʬʬʫʟʠʦʥʥʦʡ 

ʩʚʘʨʢʝ ʧʦʜ ʜʘʚʣʝʥʠʝʤ ʩʣʦʠʩʪʦʡ ʟʘʛʦʪʦʚʢʠ, ʩʦʩʪʘʚʣʝʥʥʦʡ ʠʟ ʤʝʪʘʣʣʠʯʝʩʢʠʭ Nb- ʠʣʠ Mo- 

ʬʦʣʴʛ, ʠʣʠ ʩʧʣʘʚʦʚ ʥʘ ʠʭ ʦʩʥʦʚʝ. ʅʘʨʫʞʥʳʝ ʧʦʚʝʨʭʥʦʩʪʠ ʟʘʛʦʪʦʚʢʠ ʧʦʢʨʳʚʘʣʠʩʴ 

ʩʫʩʧʝʥʟʠʝʡ ʠʟ ʩʤʝʩʠ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʧʦʨʦʰʢʦʚ ʞʘʨʦʩʪʦʡʢʦʛʦ ʩʦʩʪʘʚʘ ʩ Si, Al , C ʠ B. 

ɼʦʧʣʘʚʠʣʴʥʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʟʚʦʣʷʣʠ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ 

ʩʦʭʨʘʥʷʪʴ ʢʘʯʝʩʪʚʦ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʬʦʣʴʛ. ʉʣʦʠ ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʚ ʧʦʚʳʰʘʣʠ ʚʝʣʠʯʠʥʳ 

ʧʨʦʯʥʦʩʪʠ ʠ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʦʣʟʫʯʝʩʪʠ ʤʘʪʝʨʠʘʣʘ ʚ ʮʝʣʦʤ, ʘ ʥʝʦʙʭʦʜʠʤʳʡ ʙʘʣʘʥʩ 

ʧʨʦʯʥʦʩʪʠ, ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʠ ʠ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʦʣʟʫʯʝʩʪʠ ʢʦʤʧʦʟʠʪʥʳʭ ʩʪʨʫʢʪʫʨ 

ʜʦʩʪʠʛʘʣʩʷ ʚʳʙʦʨʦʤ ʜʦʣʷʤʠ ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʨʝʞʠʤʘʤʠ ʜʠʬʬʫʟʠʦʥʥʦʡ ʩʚʘʨʢʠ. 

ʀʩʩʣʝʜʦʚʘʥʘ ʩʪʨʫʢʪʫʨʘ ʢʦʤʧʦʟʠʪʦʚ ʠ ʧʦʣʫʯʝʥʳ ʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʦʯʥʦʩʪʠ ʚ 

ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ ʦʪ 20 ʜʦ 1450Áʉ, ʧʦʣʟʫʯʝʩʪʠ ï 1150ï1300Áʉ ʠ ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʠ 

ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ʇʨʦʯʥʦʩʪʴ ʢʦʤʧʦʟʠʪʦʚ 3-ʢʦʤʧʦʥʝʥʪʥʦʡ ʩʠʩʪʝʤʳ MoïSiïC 

ʧʨʠ 1450Áʉ ʫʞʝ ʩʦʩʪʘʚʣʷʣʘ 300 ʄʇʘ ʧʨʠ ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʠ 21 ʄʇʘĿʤ1/2. ɼʣʷ ʢʦʤʧʦʟʠʪʘ  

   

ʘ                                                             ʙ 

ʈʠʩʫʥʦʢ 1. ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʧʦʧʝʨʝʯʥʳʭ ʩʝʯʝʥʠʡ ʢʦʤʧʦʟʠʪʦʚ Mo/(Siïʉ)1 ʠ 2 ʩ ʜʚʫʭ- 

(ʘ) ʠ ʦʜʥʦʩʪʦʨʦʥʥʠʤ (ʙ) Si/C-ʧʦʢʨʳʪʠʷʤʠ ʧʦʩʣʝ ɼʉ ʧʦʜ ʜʘʚʣʝʥʠʝʤ  

mailto:terekhova83@mail.ru
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ʠʟ Nb-ʩʧʣʘʚʘ ʩ Ti, Mo, Si, Zr, Cr ʠ Al ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʦʣʟʫʯʝʩʪʠ ʧʨʠ 1150Áʉ ʨʘʚʥʷʣʦʩʴ 90 

ʄʇʘ ʧʨʠ ʜʝʬʦʨʤʘʮʠʠ 1% ʥʘ ʙʘʟʝ 100 ʯʘʩʦʚ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʷʝʪʩʷ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʦʛʦ ʌʦʥʜʘ ʌʫʥʜʘʤʝʥʪʘʣʴʥʳʭ 

ʀʩʩʣʝʜʦʚʘʥʠʡ, ʧʨʦʝʢʪ 20-53-18002, ʠ Bulgarian National Science Fund at the Ministry of 

Education and Science, Contract  ̄ʂP-06-Russian/18 15.12.2020. 

 

ʊɺɪʈɼʆʌɸɿʅʓɽ ʂɸʈɹʀɼʅʓɽ ʇʆʂʈʓʊʀʗ ʅɸ 

ʄɽʊɸʃʃʀʏɽʉʂʀʍ ʃɽʅʊɸʍ 

ɺ.ʇ. ʂʦʨʞʦʚ, ɺ.ʄ. ʂʠʡʢʦ, ɼ.ɺ. ʇʨʦʭʦʨʦʚ, ʊ.ʉ. ʉʪʨʦʛʘʥʦʚʘ, ʀ.ʉ. ɾʝʣʪʷʢʦʚʘ 

ʀʥʩʪʠʪʫʪ ʬʠʟʠʢʠ ʪʚʝʨʜʦʛʦ ʪʝʣʘ ʈɸʅ, ʛ. ʏʝʨʥʦʛʦʣʦʚʢʘ, ʄʦʩʢʦʚʩʢʦʡ ʦʙʣ. 

E-mail:terekhova83@mail.ru 

ʊʚʸʨʜʦʬʘʟʥʳʝ ʧʦʢʨʳʪʠʷ ʦʪʥʦʩʷʪʩʷ ʢ ʨʘʟʨʷʜʫ ʜʠʬʬʫʟʠʦʥʥʳʭ, ʦʪʣʠʯʘʷʩʴ ʩʧʦʩʦʙʦʤ 

ʠʭ ʥʘʥʝʩʝʥʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʤʝʪʘʣʣʘ, ʘ ʠʤʝʥʥʦ ʥʘʩʳʱʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʪʘʣʣʘ 

ʫʛʣʝʨʦʜʦʤ ʧʨʦʠʩʭʦʜʠʪ ʠʟ ʣʝʥʪʳ ʪʝʨʤʦʨʘʩʰʠʨʝʥʥʦʛʦ ʛʨʘʬʠʪʘ (ʊʈɻ). ʇʦʣʫʯʝʥʠʝ 

ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʣʝʥʪ ʩ 2-ʩʪʦʨʦʥʥʠʤ ʢʘʨʙʠʜʥʳʤ ʧʦʢʨʳʪʠʝʤ ʚʢʣʶʯʘʣʦ: ʩʙʦʨʢʫ ʧʘʢʝʪʘ ʠʟ 

20 ʠ ʙʦʣʝʝ ʣʝʥʪ, ʥʘʧʨʠʤʝʨ, ʠʟ Nb, ʧʨʦʣʦʞʝʥʥʳʭ ʜʚʫʤʷ ʣʝʥʪʘʤʠ ʊʈɻ, ʝʛʦ 

ʪʝʨʤʦʦʙʨʘʙʦʪʢʫ ʧʦʜ ʜʘʚʣʝʥʠʝʤ ʜʦ 15 ʄʇʘ ʧʨʠ 1500Áʉ ʚ ʪʝʯʝʥʠʝ 15ï60 ʤʠʥ ʠ ʨʘʟʙʦʨʢʫ 

ʧʘʢʝʪʘ ʧʦ ʛʨʘʥʠʮʘʤ ʤʝʞʜʫ 2-ʭ ʩʣʦʝʚ ʊʈɻ. ɺ ʜʘʣʴʥʝʡʰʝʤ ʠʟ ʣʝʥʪ Nb ʩ ʢʘʨʙʠʜʥʳʤʠ 

ʧʦʢʨʳʪʠʷʤʠ ʠ ʣʝʥʪ Ti-ʩʧʣʘʚʘ ʩʦʙʠʨʘʣʠ ʧʘʢʝʪʳ Ti/CTiC/CTiCé ʠ Nb/CNbC/CNbCé, 

ʢʦʪʦʨʳʝ ʧʦʜʚʝʨʛʘʣʠ ʜʠʬʬʫʟʠʦʥʥʦʡ ʩʚʘʨʢʝ ʧʦʜ ʜʘʚʣʝʥʠʝʤ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʩʣʦʠʩʪʳʭ 

ʢʦʤʧʦʟʠʪʦʚ ʩ ʢʘʨʙʠʜʥʳʤ ʫʧʨʦʯʥʝʥʠʝʤ (ʨʠʩ.1). ʇʨʠ 20Áʉ ʢʦʤʧʦʟʠʪʳ ʠʤʝʣʠ ůɺ = 1000ï

1400 ʄʇʘ, ʚ ʠʥʪʝʨʚʘʣʝ 650-900Üʉ - ʦʪ 600 ʜʦ 1100 ʄʇʘ. 

 
ʈʠʩ.1. ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ (ʘ, ʙ) ʠ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʳʝ ʧʨʦʬʠʣʠ (ʚ) ʧʦʧʝʨʝʯʥʦʛʦ 

ʩʝʯʝʥʠʷ Nb-ʣʝʥʪ ʪʦʣʱʠʥʦʡ 60 ʤʢʤ ʧʦʩʣʝ ʪʚʝʨʜʦʬʘʟʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʣʝʥʪʘʤʠ ʊʈɻ 

ʧʨʠ 1500Üʉ ʚ ʪʝʯʝʥʠʝ 1 ʯ. ʉʭʝʤʘʪʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʧʘʢʝʪʘ ʠ ʜʠʬʬʫʟʠʦʥʥʦʛʦ 

ʧʦʣʫʯʝʥʠʷ ʢʘʨʙʠʜʥʳʭ ʧʦʢʨʳʪʠʡ ʥʘ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʣʝʥʪʘʭ (ʛ). 

 

ʆʩʦʙʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʣʠ ʧʦʢʨʳʪʠʷ ʥʘ ʣʝʥʪʘʭ ʠʟ Nbï2%Zr. ʀʭ ʩʪʨʫʢʪʫʨʘ ʧʦʩʣʝ 

1500Üʉ ʧʦʜ ʜʘʚʣʝʥʠʝʤ ʦʪʣʠʯʘʣʘʩʴ ʦʪ Nb- ʠ Ti-ʬʦʣʴʛ ʩ ʧʦʢʨʳʪʠʷʤʠ ʪʝʤ, ʯʪʦ ʥʝ ʠʤʝʣʘ 

ʥʘʨʫʞʥʳʭ ʢʘʨʙʠʜʥʳʭ ʩʣʦʸʚ, ʢʦʪʦʨʳʝ ʧʦʣʫʯʘʣʠʩʴ ʥʘ NbTi-ʩʧʣʘʚʝ. ɺʙʣʠʟʠ ʧʦʚʝʨʭʥʦʩʪʠ ʠ 

ʥʘ ʛʣʫʙʠʥʝ ʜʦ 5ï7 ʤʢʤ ʥʘʙʣʶʜʘʣʠʩʴ ʤʝʣʢʦʜʠʩʧʝʨʩʥʳʝ ʚʳʜʝʣʝʥʠʷ ʢʘʨʙʠʜʘ (Zr,Nb)C ʚ 

(Nb)-ʤʘʪʨʠʮʝ. ʇʦ ʤʝʨʝ ʫʜʘʣʝʥʠʷ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʚʳʜʝʣʝʥʠʷ ʚʳʨʘʩʪʘʣʠ ʚ ʣʠʥʝʡʥʦʤ 

ʨʘʟʤʝʨʝ, ʚʳʪʷʛʠʚʘʷʩʴ ʚ ʠʛʣʳ. ʄʘʪʨʠʯʥʘʷ ʬʘʟʘ ʙʳʣʘ Nb-ʢʘʨʙʠʜʦʤ (Nb,Zr)C1-ʭ. ʊʘʢʠʤ 

mailto:terekhova83@mail.ru


78 

 

ʦʙʨʘʟʦʤ, ʤʳ ʠʤʝʣʠ ʢʦʤʧʦʟʠʪ ʠʟ 2-ʭ ʥʝʪʨʝʱʠʥʦʩʪʦʡʢʠʭ, ʥʦ ʧʨʦʯʥʳʭ ʩʪʨʫʢʪʫʨ ï ʤʘʪʨʠʮʳ 

ʠʟ Nb-ʢʘʨʙʠʜʘ ʠ ʚʳʜʝʣʝʥʠʡ Zr-ʢʘʨʙʠʜʘ. ʌʦʣʴʛʠ ʚʳʜʝʨʞʠʚʘʣʠ ʠʟʛʠʙ ʚʦʢʨʫʛ ʩʪʝʨʞʥʷ 

ʜʠʘʤʝʪʨʦʤ ~6 ʤʤ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʷʝʪʩʷ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʦʛʦ ʌʦʥʜʘ ʌʫʥʜʘʤʝʥʪʘʣʴʥʳʭ 

ʀʩʩʣʝʜʦʚʘʥʠʡ, ʧʨʦʝʢʪ 20-53-18002, ʠ Bulgarian National Science Fundatthe Ministry of 

 

ʄʅʆɻʆʄɸʉʐʊɸɹʅʆɽ ʄʆɼɽʃʀʈʆɺɸʅʀɽ 

ɺʓʉʆʂʆʉʂʆʈʆʉʊʅʆʁ ʇʃɸʉʊʀʏʅʆʉʊʀ ʉʇʃɸɺʆɺ 

ɸʃʖʄʀʅʀʗ ʉ ʄɽɼʔʖ ʀ ʄɸɻʅʀɽʄ 

ɺ.ʉ. ʂʨʘʩʥʠʢʦʚ, ɸ.ɽ. ʄʘʡʝʨ, ɽ.ɺ. ʌʦʤʠʥ, ɺ.ɺ. ʇʦʛʦʨʝʣʢʦ, ʇ.ɸ. ɹʝʟʙʦʨʦʜʦʚʘ,                     

ʌ.ʊ. ʃʘʪʳʧʦʚ, ɸ.ɸ. ʕʙʝʣʴ 

ʏʝʣʷʙʠʥʩʢʠʡ ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʋʥʠʚʝʨʩʠʪʝʪ 

Email: vas.krasnikov@gmail.com 

ɺ ʨʘʙʦʪʝ ʨʘʟʚʠʚʘʝʪʩʷ ʤʥʦʛʦʤʘʩʰʪʘʙʥʳʡ ʧʦʜʭʦʜ ʢ ʦʧʠʩʘʥʠʶ ʧʣʘʩʪʠʯʝʩʢʦʡ 

ʜʝʬʦʨʤʘʮʠʠ ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʦʚ, ʚʢʣʶʯʘʶʱʠʡ ʤʦʣʝʢʫʣʷʨʥʦ-ʜʠʥʘʤʠʯʝʩʢʠʡ (ʄɼ), 

ʢʦʥʪʠʥʫʘʣʴʥʳʡ ʠ ʧʦʜʭʦʜ ʜʠʩʢʨʝʪʥʦʡ ʜʠʩʣʦʢʘʮʠʦʥʥʦʡ ʜʠʥʘʤʠʢʠ (ɼɼɼ). ʅʘ ʄɼ ʫʨʦʚʥʝ 

ʠʩʩʣʝʜʫʝʪʩʷ ʜʚʠʞʝʥʠʝ ʠ ʛʝʥʝʨʘʮʠʷ ʜʠʩʣʦʢʘʮʠʡ ʚ ʘʣʶʤʠʥʠʠ, ʩʦʜʝʨʞʘʱʝʤ ʫʧʨʦʯʥʷʶʱʠʝ 

ʚʢʣʶʯʝʥʠʷ, ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ Al-Cu ʠ Al-Cu-Mg ʩʠʩʪʝʤ. ʀʩʩʣʝʜʫʶʪʩʷ ʢʘʢ ʢʣʘʩʩʠʯʝʩʢʠʝ 

ʪʠʧʳ ʫʧʨʦʯʥʷʶʱʠʭ ʚʢʣʶʯʝʥʠʡ, ʪʘʢ ʠ ʛʠʙʨʠʜʥʳʝ, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʝ ʧʨʠ ʜʝʪʘʣʴʥʦʤ 

ʘʥʘʣʠʟʝ ʵʣʝʢʪʨʦʥʥʦ-ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʭ ʠʟʦʙʨʘʞʝʥʠʡ ʚ ʧʦʩʣʝʜʥʝʝ ʜʝʩʷʪʠʣʝʪʠʝ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʡ ʜʝʬʦʨʤʘʮʠʠ (Ó 106 ʩ-1) ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ 

ʨʝʘʣʠʟʫʝʤʳʤʠ ʤʝʭʘʥʠʟʤʘʤʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʜʠʩʣʦʢʘʮʠʡ ʩ ʚʢʣʶʯʝʥʠʷʤʠ ʷʚʣʷʝʪʩʷ 

ʧʝʨʝʨʝʟʘʥʠʝ ʠ ʦʙʨʘʟʦʚʘʥʠʝ ʧʝʪʣʠ ʆʨʦʚʘʥʘ. ʆʧʨʝʜʝʣʝʥʳ ʨʘʟʤʝʨʳ ʨʘʟʥʳʭ ʪʠʧʦʚ 

ʚʢʣʶʯʝʥʠʡ, ʜʣʷ ʢʦʪʦʨʳʭ ʥʘʙʣʶʜʘʝʪʩʷ ʧʝʨʝʭʦʜ ʦʪ ʧʝʨʝʨʝʟʘʥʠʷ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʧʝʪʣʠ 

ʆʨʦʚʘʥʘ. ʇʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ, ʯʪʦ ʧʨʠ ʥʘʢʦʧʣʝʥʠʠ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ ʚ 

ʩʠʩʪʝʤʝ ʧʨʠ ʤʥʦʛʦʢʨʘʪʥʦʤ ʧʨʦʭʦʞʜʝʥʠʠ ʜʠʩʣʦʢʘʮʠʠ ʜʘʞʝ ʜʣʷ ʧʨʦʯʥʳʭ ʚʢʣʶʯʝʥʠʡ, 

ʥʘʧʨʠʤʝʨ ɗô ʬʘʟʳ, ʥʘʙʣʶʜʘʝʪʩʷ ʧʝʨʝʭʦʜ ʦʪ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʝʪʣʠ ʆʨʦʚʘʥʘ ʢ ʧʝʨʝʨʝʟʘʥʠʶ.  

ʇʦʣʫʯʝʥʥʳʝ ʄɼ ʜʘʥʥʳʝ ʦʙʦʙʱʘʶʪʩʷ ʩ ʧʦʤʦʱʴʶ ʢʦʥʪʠʥʫʘʣʴʥʳʭ ʤʦʜʝʣʝʡ, 

ʦʧʠʩʳʚʘʶʱʠʭ ʦʩʥʦʚʥʳʝ ʧʨʦʮʝʩʩʳ, ʥʘʙʣʶʜʘʝʤʳʝ ʥʘ ʘʪʦʤʘʨʥʦʤ ʫʨʦʚʥʝ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʜʘʣʝʝ ʠʭ ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʘ ʙʦʣʝʝ ʚʳʩʦʢʦʤ ʩʪʨʫʢʪʫʨʥʦʤ ʫʨʦʚʥʝ. ɼʣʷ ʦʧʠʩʘʥʠʷ 

ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʦʪʢʣʠʢʘ ʧʨʝʜʩʪʘʚʠʪʝʣʴʥʦʛʦ ʦʙʲʝʤʘ ʩʧʣʦʰʥʦʡ ʩʨʝʜʳ ʧʨʝʜʣʦʞʝʥʘ 

ʜʚʫʤʝʨʥʘʷ ʩʭʝʤʘ ɼɼɼ. ʈʘʩʯʝʪʥʘʷ ʦʙʣʘʩʪʴ ʩʦʜʝʨʞʠʪ ʙʦʣʴʰʦʝ ʯʠʩʣʦ ʜʠʩʣʦʢʘʮʠʡ ʠ 

ʫʧʨʦʯʥʷʶʱʠʭ ʚʢʣʶʯʝʥʠʡ. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʜʠʩʣʦʢʘʮʠʷʤʠ ʠ ʚʢʣʶʯʝʥʠʷʤʠ 

ʦʧʠʩʳʚʘʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʨʘʥʝʝ ʧʨʝʜʣʦʞʝʥʥʳʭ ʤʦʜʝʣʝʡ, ʦʪʢʘʣʠʙʨʦʚʘʥʥʳʭ ʥʘ ʄɼ ʜʘʥʥʳʭ. 

ʈʘʟʤʝʨʳ ʚʢʣʶʯʝʥʠʡ ʟʘʜʘʶʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʣʦʛʥʦʨʤʘʣʴʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ, 

ʥʘʙʣʶʜʘʝʤʳʤ ʚ ʨʝʘʣʴʥʳʭ ʩʧʣʘʚʘʭ. 

ʇʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʚʠʩʠʤʦʩʪʠ ʥʘʧʨʷʞʝʥʠʷ ʪʝʯʝʥʠʷ ʩʧʣʘʚʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʪʠʧʘ ʫʧʨʦʯʥʷʶʱʠʭ ʚʢʣʶʯʝʥʠʡ, ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʯʘʩʪʠʮ ʧʦ ʨʘʟʤʝʨʘʤ ʠ ʪʝʤʧʝʨʘʪʫʨʳ. 

ʇʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ʪʝʯʝʥʠʷ, ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ 

ʨʘʟʫʧʨʦʯʥʝʥʠʷ ʜʦʩʪʘʪʦʯʥʦ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ ʧʦ 

ʜʠʥʘʤʠʯʝʩʢʦʡ ʩʜʚʠʛʦʚʦʡ ʧʨʦʯʥʦʩʪʠ ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʦʚ. ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʟʘʚʠʩʠʤʦʩʪʠ ʥʘʧʨʷʞʝʥʠʷ ʪʝʯʝʥʠʷ ʦʪ ʭʘʨʘʢʪʝʨʥʦʛʦ ʨʘʟʤʝʨʘ ʫʧʨʦʯʥʷʶʱʠʭ ʯʘʩʪʠʮ 

ʘʜʝʢʚʘʪʥʦ ʦʪʨʘʞʘʶʪ ʥʘʙʣʶʜʘʝʤʳʝ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ ʚʝʣʠʯʠʥʳ ʠ ʪʝʥʜʝʥʮʠʠ ʩ ʫʯʝʪʦʤ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʧʦʛʨʝʰʥʦʩʪʠ. ʇʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ, ʯʪʦ ʧʨʠ ʬʠʢʩʠʨʦʚʘʥʥʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʣʝʛʠʨʫʶʱʠʭ ʘʪʦʤʦʚ, ʙʦʣʴʰʫʶ ʩʜʚʠʛʦʚʫʶ ʧʨʦʯʥʦʩʪʴ ʠ ʤʝʥʴʰʫʶ 

ʩʢʣʦʥʥʦʩʪʴ ʢ ʧʣʘʩʪʠʯʝʩʢʦʡ ʣʦʢʘʣʠʟʘʮʠʠ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʩʧʣʘʚʳ ʩ ʤʝʣʢʠʤʠ 
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ʫʧʨʦʯʥʷʶʱʠʤʠ ʚʢʣʶʯʝʥʠʷʤʠ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʩ ʨʦʩʪʦʤ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ 

ʚʦʟʤʦʞʥʦ ʨʘʟʨʫʰʝʥʠʝ ʫʧʨʦʯʥʷʶʱʠʭ ʚʢʣʶʯʝʥʠʡ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʩʥʠʞʝʥʠʝʤ ʚʢʣʘʜʘ 

ʚʢʣʶʯʝʥʠʡ ʚ ʦʙʱʝʝ ʥʘʧʨʷʞʝʥʠʝ ʪʝʯʝʥʠʷ ʩʧʣʘʚʘ.  ʋʩʪʘʥʦʚʣʝʥ ʵʬʬʝʢʪ ʛʠʙʨʠʜʠʟʘʮʠʠ ɗô 

ʬʘʟʳ, ʚʳʨʘʞʘʶʱʠʡ ʚ ʨʦʩʪʝ ʩʜʚʠʛʦʚʦʡ ʧʨʦʯʥʦʩʪʠ ʥʘ 35% ʧʨʠ ʧʦʩʪʦʷʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʘʪʦʤʦʚ ʤʝʜʠ. 

ʈʘʙʦʪʘ ʧʦʜʜʝʨʞʘʥʘ ʈʅʌ ʚ ʨʘʤʢʘʭ ʧʨʦʝʢʪʘ ˉ 18-71-10038-ʇ. 

 

ʆɹʈɸɿʆɺɸʅʀɽ ʇʆʃʆʉʊʀ ɺ ʄɸʃʓʍ ɼɽʂɸʕɼʈʀʏɽʉʂʀʍ 

ʏɸʉʊʀʎɸʍ ʂɸʂ ʄɽʍɸʅʀɿʄ ʈɽʃɸʂʉɸʎʀʀ           

ʆʉʊɸʊʆʏʅʓʍ ʅɸʇʈʗɾɽʅʀʁ 

ʉ.ɸ. ʂʨʘʩʥʠʮʢʠʡ1-3, ɸ.ʃ. ʂʦʣʝʩʥʠʢʦʚʘ2,3, ʄ.ʖ. ɻʫʪʢʠʥ1-3, ɸ.ɽ. ʈʦʤʘʥʦʚ3 

1 ʉʇʙʇʋ ʇʝʪʨʘ ɺʝʣʠʢʦʛʦ, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ (ʈʦʩʩʠʷ) 

2 ʀʇʄʘʰ ʈɸʅ, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ (ʈʦʩʩʠʷ) 

3 ʋʥʠʚʝʨʩʠʪʝʪ ʀʊʄʆ, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ (ʈʦʩʩʠʷ) 

Email: Krasnitsky@inbox.ru 

ʇʝʥʪʘʛʦʥʘʣʴʥʳʝ ʯʘʩʪʠʮʳ ʤʝʪʘʣʣʦʚ ʩ ʛʨʘʥʝʮʝʥʪʨʠʨʦʚʘʥʥʦʡ ʢʫʙʠʯʝʩʢʦʡ (ɻʎʂ) 

ʨʝʰʝʪʢʦʡ ʧʨʠʚʣʝʢʘʶʪ ʙʦʣʴʰʦʝ ʚʥʠʤʘʥʠʝ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʚʦ ʚʩʝʤ ʤʠʨʝ. ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ 

ʪʝʤ, ʯʪʦ ʠʭ ʧʨʠʤʝʥʝʥʠʝ ʚ ʬʦʪʦʥʠʢʝ, ʧʣʘʟʤʦʥʠʢʝ, ʢʘʪʘʣʠʟʝ ʠ ʩʝʥʩʦʨʠʢʝ ʦʢʘʟʳʚʘʝʪʩʷ 

ʛʦʨʘʟʜʦ ʵʬʬʝʢʪʠʚʥʝʝ, ʯʝʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ 

ʘʥʘʣʦʛʦʚ [1,2]. ʊʠʧʠʯʥʳʝ ʧʝʥʪʘʛʦʥʘʣʴʥʳʝ ʯʘʩʪʠʮʳ ï ʵʪʦ ʜʝʢʘʵʜʨʠʯʝʩʢʠʝ ʯʘʩʪʠʮʳ (ɼʏ), 

ʧʝʥʪʘʛʦʥʘʣʴʥʳʝ ʩʪʝʨʞʥʠ (ʇʉ) ʠ ʠʢʦʩʘʵʜʨʠʯʝʩʢʠʝ ʯʘʩʪʠʮʳ (ʀʏ), ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ 

ʩʪʨʫʢʪʫʨʘ ʢʦʪʦʨʳʭ ʠʤʝʝʪ ʦʩʠ ʩʠʤʤʝʪʨʠʠ ʧʷʪʦʛʦ ʧʦʨʷʜʢʘ. ʊʘʢʠʝ ʯʘʩʪʠʮʳ ʩʦʩʪʦʷʪ ʠʟ ʧʷʪʠ 

(ɼʏ, ʇʉ) ʠʣʠ ʜʚʘʜʮʘʪʠ (ʀʏ) ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʜʦʤʝʥʦʚ, ʢʦʪʦʨʳʝ ʥʘʭʦʜʷʪʩʷ ʚ 

ʜʚʦʡʥʠʢʦʚʳʭ ʦʨʠʝʥʪʘʮʠʷʭ ʧʦ ʦʪʥʦʰʝʥʠʶ ʜʨʫʛ ʢ ʜʨʫʛʫ ʠ ʩʦʝʜʠʥʝʥʳ ʤʝʞʜʫ ʩʦʙʦʡ 

ʢʦʛʝʨʝʥʪʥʳʤʠ ʜʚʦʡʥʠʢʦʚʳʤʠ ʛʨʘʥʠʮʘʤʠ. ʊʘʢʦʝ ʤʥʦʛʦʢʨʘʪʥʦʝ ʮʠʢʣʠʯʝʩʢʦʝ 

ʜʚʦʡʥʠʢʦʚʘʥʠʝ ʚʳʟʳʚʘʝʪ ʚ ʯʘʩʪʠʮʘʭ ʥʝʦʜʥʦʨʦʜʥʫʶ ʫʧʨʫʛʫʶ ʜʝʬʦʨʤʘʮʠʶ, ʢʦʪʦʨʘʷ 

ʤʦʞʝʪ ʙʳʪʴ ʦʧʠʩʘʥʘ ʚ ʨʘʤʢʘʭ ʜʠʩʢʣʠʥʘʮʠʦʥʥʦʛʦ ʧʦʜʭʦʜʘ [3,4]. ʇʦ ʤʝʨʝ ʨʦʩʪʘ ʪʘʢʠʭ 

ʯʘʩʪʠʮ ʠʭ ʫʧʨʫʛʘʷ ʜʝʬʦʨʤʘʮʠʷ ʤʦʞʝʪ ʨʝʣʘʢʩʠʨʦʚʘʪʴ ʧʫʪʝʤ ʦʙʨʘʟʦʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ 

ʜʝʬʝʢʪʦʚ, ʚ ʯʘʩʪʥʦʩʪʠ, ʚʥʫʪʨʝʥʥʠʭ ʧʦʨ [5,6]. ʂ ʥʘʩʪʦʷʱʝʤʫ ʤʦʤʝʥʪʫ ʟʘʨʦʞʜʝʥʠʝ ʠ ʨʦʩʪ 

ʚʥʫʪʨʝʥʥʝʡ ʧʦʨʳ ʚ ʀʏ ʠ ʇʉ ʧʦʣʫʯʠʣʠ ʪʝʦʨʝʪʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ ʩ ʧʦʟʠʮʠʡ 

ʢʚʘʟʠʨʘʚʥʦʚʝʩʥʦʛʦ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ [7,8] ʠ ʢʠʥʝʪʠʯʝʩʢʦʛʦ [9,10] ʧʦʜʭʦʜʦʚ. ɺ ʜʘʥʥʦʡ 

ʨʘʙʦʪʝ ʧʨʝʜʣʦʞʝʥʘ ʪʝʦʨʝʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ, ʦʧʠʩʳʚʘʶʱʘʷ ʨʝʣʘʢʩʘʮʠʶ ʥʝʦʜʥʦʨʦʜʥʳʭ 

ʫʧʨʫʛʠʭ ʥʘʧʨʷʞʝʥʠʡ ʠ ʜʝʬʦʨʤʘʮʠʡ ʚ ʜʝʢʘʵʜʨʠʯʝʩʢʠʭ ʯʘʩʪʠʮʘʭ ʟʘ ʩʯʝʪ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʮʝʥʪʨʘʣʴʥʦʡ ʩʬʝʨʠʯʝʩʢʦʡ ʧʦʣʦʩʪʠ ʚ ʨʘʤʢʘʭ ʢʚʘʟʠʨʘʚʥʦʚʝʩʥʦʛʦ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʧʦʜʭʦʜʘ 

(ʨʠʩ.1). ʇʨʠ ʵʪʦʤ ʠʟʤʝʥʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʵʥʝʨʛʠʠ ɼʏ ʧʨʠ ʦʙʨʘʟʦʚʘʥʠʠ ʧʦʨʳ ʥʘʡʜʝʥʦ 

ʩ ʫʯʝʪʦʤ ʨʝʘʣʴʥʦʡ ʦʛʨʘʥʢʠ ʯʘʩʪʠʮʳ, ʘ ʫʧʨʫʛʘʷ ʵʥʝʨʛʠʷ ʧʦʣʦʡ ʜʝʢʘʵʜʨʠʯʝʩʢʦʡ ʯʘʩʪʠʮʳ 

ʨʘʩʩʯʠʪʘʥʘ ʢʘʢ ʨʘʙʦʪʘ ʧʦ ʟʘʨʦʞʜʝʥʠʶ ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʢʣʠʥʦʚʦʡ ʜʠʩʢʣʠʥʘʮʠʠ 

ʤʦʱʥʦʩʪʴʶ ɤ å 0.128 ʨʘʜ (å 7Ü20' )  ʚ ʧʦʣʝ ʝʝ ʩʦʙʩʪʚʝʥʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʚ ʫʧʨʫʛʦʡ 

ʩʬʝʨʠʯʝʩʢʦʡ ʦʙʦʣʦʯʢʝ [11]: 
2 3 3
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5 dgba ,            (1) 

ʛʜʝ aat p /= , )32/()452(5 +-+= mmm na , )12/(15 += mmb , )1/()22(5 -+-= mmm ng , 

5 1/(2 )m md =- , ap ʠ ʘ ï ʨʘʜʠʫʩʳ ʧʦʨʳ ʠ ʯʘʩʪʠʮʳ, G ï ʤʦʜʫʣʴ ʩʜʚʠʛʘ, ɜ ï ʢʦʵʬʬʠʮʠʝʥʪ 

ʇʫʘʩʩʦʥʘ; ʢʦʵʬʬʠʮʠʝʥʪʳ ʨʘʟʣʦʞʝʥʠʷ Am, Bm, Cm ʠ Dm ʦʧʨʝʜʝʣʷʶʪʩʷ ʠʟ ʛʨʘʥʠʯʥʳʭ 

ʫʩʣʦʚʠʡ ʥʘ ʚʥʫʪʨʝʥʥʝʡ (R = ap) ʠ ʚʥʝʰʥʝʡ (R = a) ʩʬʝʨʠʯʝʩʢʠʭ ʧʦʚʝʨʭʥʦʩʪʷʭ [11]. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʘʥʘʣʠʟʘ ʠʟʤʝʥʝʥʠʷ ʧʦʣʥʦʡ ʵʥʝʨʛʠʠ ɼʏ ʧʨʠ ʦʙʨʘʟʦʚʘʥʠʠ ʧʦʨʳ 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʩʫʱʝʩʪʚʫʝʪ ʥʝʢʦʪʦʨʳʡ ʢʨʠʪʠʯʝʩʢʠʡ ʨʘʜʠʫʩ ʯʘʩʪʠʮʳ, ʧʨʠ ʜʦʩʪʠʞʝʥʠʠ 

ʢʦʪʦʨʦʛʦ ʧʦʨʘ ʩʪʘʥʦʚʠʪʩʷ ʵʥʝʨʛʝʪʠʯʝʩʢʠ ʚʳʛʦʜʥʦʡ. ʇʨʠ ʵʪʦʤ ʟʘʨʦʜʳʰ ʧʦʨʳ ʙʫʜʝʪ ʨʘʩʪʠ, 

ʧʦʢʘ ʥʝ ʜʦʩʪʠʛʥʝʪ ʥʝʢʦʪʦʨʦʛʦ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʘʟʤʝʨʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʥʘʠʙʦʣʴʰʝʤʫ 

ʠʟʤʝʥʝʥʠʶ ʵʥʝʨʛʠʠ ʩʠʩʪʝʤʳ. ʈʝʟʫʣʴʪʘʪʳ ʯʠʩʣʝʥʥʳʭ ʨʘʩʯʝʪʦʚ ʩʦʛʣʘʩʫʶʪʩʷ ʩ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʥʘʙʣʶʜʝʥʠʷʤʠ ʥʝʩʪʘʙʠʣʴʥʳʭ ʧʦʨ ʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʘʣʳʭ 

ʩʝʨʝʙʨʷʥʳʭ ʠ ʟʦʣʦʪʳʭ ɼʏ ʜʠʘʤʝʪʨʦʤ 30ï40 ʥʤ [12] ʠ ʩʪʘʙʠʣʴʥʳʭ ʧʦʨ ʚ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʙʦʣʴʰʠʭ ʤʝʜʥʳʭ ɼʏ ʜʠʘʤʝʪʨʦʤ ~1 ʤʢʤ [5,6] (ʨʠʩ. 2). 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ (ʛʨʘʥʪ ˉ 19-

19-00617).

 

ʈʠʩ. 2. ɿʘʚʠʩʠʤʦʩʪʠ ʧʨʠʚʝʜʝʥʥʦʛʦ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʘʜʠʫʩʘ ʧʦʨʳ ap,opt / a ʦʪ 

ʨʝʣʘʢʩʠʨʦʚʘʥʥʦʛʦ ʨʘʜʠʫʩʘ a  ʧʝʥʪʘʛʦʥʘʣʴʥʳʭ ʯʘʩʪʠʮ ʤʝʜʠ ʜʣʷ ɼʏ (ʦʧʨʝʜʝʣʝʥʘ ʚ 

ʜʘʥʥʦʡ ʨʘʙʦʪʝ), ʀʏ ʠ ʇʉ (ʦʧʨʝʜʝʣʝʥʳ ʚ [7]). ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʪʦʯʢʠ (~0.8 ʤʢʤ, 

0.63) and (~0.6 ʤʢʤ, 0.75) ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʧʦʣʳʤ ɼʏ ʠ ʀʏ [5], ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ 

ʪʦʯʢʘ (~7 ɛm, 0.66) ï ʧʦʣʦʤʫ ʇʉ [6].  

ʈʠʩ. 1. ʆʛʨʘʥʝʥʥʘʷ ɼʏ (ʘ), ʝʝ ʫʧʨʫʛʘʷ ʤʦʜʝʣʴ ʚ ʠʩʭʦʜʥʦʤ ʩʦʩʪʦʷʥʠʠ ʙʝʟ ʧʦʨʳ (ʙ) ʠ 

ʚ ʯʘʩʪʠʯʥʦ ʨʝʣʘʢʩʠʨʦʚʘʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʩ ʮʝʥʪʨʘʣʴʥʦʡ ʩʬʝʨʠʯʝʩʢʦʡ ʧʦʨʦʡ (ʚ). 
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ʄʝʪʘʣʣʠʯʝʩʢʠʝ ʩʪʝʢʣʘ (ʄʉ) ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʢʦʤʧʣʝʢʩʦʤ ʫʥʠʢʘʣʴʥʳʭ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ, ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʶ ʠʭ ʟʥʘʯʠʪʝʣʴʥʳʡ ʧʦʪʝʥʮʠʘʣ ʜʣʷ ʧʨʠʢʣʘʜʥʦʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ. ɺ ʯʘʩʪʥʦʩʪʠ, ʄʉ ʦʙʣʘʜʘʶʪ ʧʨʝʚʦʩʭʦʜʥʳʤʠ ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ, 

ʪʘʢʠʤʠ ʢʘʢ ʙʦʣʴʰʠʝ ʧʨʝʜʝʣʳ ʫʧʨʫʛʦʩʪʠ ʠ ʧʨʦʯʥʦʩʪʠ, ʚʳʩʦʢʠʝ ʧʨʝʜʝʣʳ ʪʝʢʫʯʝʩʪʠ, 

ʚʳʩʦʢʘʷ ʪʚʝʨʜʦʩʪʴ ʠ ʜʨ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʄʉ ʠʤʝʶʪ ʥʝʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ ʠ, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʦʙʣʘʜʘʶʪ ʠʟʙʳʪʦʯʥʦʡ ʵʥʝʨʛʠʝʡ ɻʠʙʙʩʘ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʤ 

ʩʦʩʪʦʷʥʠʝʤ ʪʦʛʦ ʞʝ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ. ʕʪʘ ʠʟʙʳʪʦʯʥʘʷ ʵʥʝʨʛʠʷ ʷʚʣʷʝʪʩʷ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʤ ʩʪʠʤʫʣʦʤ, ʦʧʨʝʜʝʣʷʶʱʠʤ ʩʘʤʦʧʨʦʠʟʚʦʣʴʥʫʶ ʥʝʧʨʝʨʳʚʥʫʶ 

ʵʚʦʣʶʮʠʶ ʩʪʨʫʢʪʫʨʳ ʄʉ ʚ ʙʦʣʝʝ ʫʧʦʨʷʜʦʯʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ. ʉʘʤʦʧʨʦʠʟʚʦʣʴʥʘʷ 

ʵʚʦʣʶʮʠʷ ʩʪʨʫʢʪʫʨʳ ʧʦʣʫʯʠʣʘ ʦʙʦʙʱʝʥʥʦʝ ʥʘʟʚʘʥʠʝ ʩʪʨʫʢʪʫʨʥʘʷ ʨʝʣʘʢʩʘʮʠʷ (ʉʈ). 

ʇʦʩʢʦʣʴʢʫ ʠʟʤʝʥʝʥʠʷ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʄʉ ʧʨʠ ʪʝʨʤʦʦʙʨʘʙʦʪʢʝ ʥʠʞʝ ʪʝʤʧʝʨʘʪʫʨʳ 

ʩʪʝʢʣʦʚʘʥʠʷ 
gT  ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʨʦʮʝʩʩʘʤʠ ʉʈ, ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʝʭʘʥʠʟʤʦʚ ʨʝʣʘʢʩʘʮʠʠ 

ʩʜʚʠʛʦʚʦʡ ʫʧʨʫʛʦʩʪʠ ʚ ʠʩʭʦʜʥʳʭ ʠ ʜʝʬʦʨʤʠʨʦʚʘʥʥʳʭ ʄʉ ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʢʨʘʡʥʝ 

ʘʢʪʫʘʣʴʥʳʤʠ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʠʥʷʪʦ ʚʳʜʝʣʷʪʴ ʜʚʘ ʦʩʥʦʚʥʳʭ ʪʠʧʘ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ 

ʄʉ: ʦʜʥʦʨʦʜʥʫʶ ʠ ʥʝʦʜʥʦʨʦʜʥʫʶ (ʣʦʢʘʣʠʟʦʚʘʥʥʫʶ) ʧʣʘʩʪʠʯʝʩʢʫʶ ʜʝʬʦʨʤʘʮʠʶ. ɺʦ 

ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ ʧʣʘʩʪʠʯʝʩʢʘʷ ʜʝʬʦʨʤʘʮʠʷ ʄʉ ʩʠʣʴʥʦ ʣʦʢʘʣʠʟʦʚʘʥʘ ʚ ʦʯʝʥʴ ʫʟʢʠʭ ʟʦʥʘʭ, 

ʪʘʢ ʥʘʟʳʚʘʝʤʳʭ ʧʦʣʦʩʘʭ ʩʜʚʠʛʘ. ʇʨʠ ʵʪʦʤ ʚʦʧʨʦʩ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʭ ʤʝʭʘʥʠʟʤʦʚ   

ʥʝʦʜʥʦʨʦʜʥʦʛʦ ʧʣʘʩʪʠʯʝʩʢʦʛʦ ʪʝʯʝʥʠʷ ʄʉ ʦʩʪʘʝʪʩʷ ʧʨʝʜʤʝʪʦʤ ʘʢʪʠʚʥʳʭ ʜʠʩʢʫʩʩʠʡ.  

ɺ ʨʘʤʢʘʭ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʝʣʘʢʩʘʮʠʠ ʩʜʚʠʛʦʚʦʡ 

ʫʧʨʫʛʦʩʪʠ ʄʉ Zr46Cu45Al 7Ti2 ʚ ʥʝʜʝʬʦʨʤʠʨʦʚʘʥʥʦʤ (Ů = 0) ʠ ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʤ (Ů = 0.1, 

0.2, 0.3 ʠ 0.4) ʩʦʩʪʦʷʥʠʷʭ. ɼʝʬʦʨʤʠʨʦʚʘʥʥʳʝ ʦʙʨʘʟʮʳ ʄʉ Zr46Cu45Al 7Ti2 ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

ʤʝʪʦʜʦʤ ʩʞʘʪʠʷ ʚ ʩʪʝʩʥʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ʆʩʪʘʪʦʯʥʘʷ 

ʜʝʬʦʨʤʘʮʠʷ ʦʙʨʘʟʮʘ ʦʧʨʝʜʝʣʷʣʘʩʴ ʢʘʢ 

 0
ln( / ),dh h=e  (1) 

ʛʜʝ 
0h  ï ʥʘʯʘʣʴʥʘʷ ʪʦʣʱʠʥʳ ʦʙʨʘʟʮʘ, dh  ï ʪʦʣʱʠʥʘ ʦʙʨʘʟʮʘ ʧʦʩʣʝ ʝʛʦ ʧʦʣʥʦʡ ʨʘʟʛʨʫʟʢʠ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʨʝʣʘʢʩʘʮʠʠ ʩʜʚʠʛʦʚʦʡ ʫʧʨʫʛʦʩʪʠ ʙʳʣʠ ʨʝʘʣʠʟʦʚʘʥʳ ʧʦʩʨʝʜʩʪʚʦʤ 
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ʠʟʤʝʨʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʨʝʟʦʥʘʥʩʥʦʡ ʯʘʩʪʦʪʳ ʩʜʚʠʛʦʚʳʭ ʢʦʣʝʙʘʥʠʡ 

( )f T  (500ï600 ʢɻʮ) ʙʝʩʢʦʥʪʘʢʪʥʳʤ ʤʝʪʦʜ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦ-ʘʢʫʩʪʠʯʝʩʢʦʛʦ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ (ʕʄɸʇ). ʂʠʥʝʪʠʢʘ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʛʦ ʤʦʜʫʣʷ ʩʜʚʠʛʘ ( )G T

ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʘʩʴ ʚʝʣʠʯʠʥʦʡ 

 

2

2

( ) ( )
g( ) 1 1,

rt rt

G T f T
T

fG
= - = - (2) 

ʛʜʝ f  ï ʪʝʢʫʱʘʷ ʨʝʟʦʥʘʥʩʥʘʷ ʯʘʩʪʦʪʘ ʧʦʧʝʨʝʯʥʳʭ ʢʦʣʝʙʘʥʠʡ ʠ frt  ï ʟʥʘʯʝʥʠʝ ʯʘʩʪʦʪʳ 

ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, rtG ï ʟʥʘʯʝʥʠʝ ʤʦʜʫʣʷ ʩʜʚʠʛʘ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. 

ɺ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʨʠʩʪʘʣʣʘʭ ʤʦʜʫʣʴ ʩʜʚʠʛʘ ( )crG T  ʚʢʣʶʯʘʝʪ ʛʘʨʤʦʥʠʯʝʩʢʫʶ, 

ʘʥʛʘʨʤʦʥʠʯʝʩʢʫʶ ʠ ʵʣʝʢʪʨʦʥʥʫʶ ʢʦʤʧʦʥʝʥʪʳ [1]: 

 
2

1 2( ) ,(1 )gcrG T G T T= - -a a  (3) 

ʛʜʝ gG  ï ʢʦʥʩʪʘʥʪʘ, 1a ʠ 2a  ï ʚʝʣʠʯʠʥʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʘʥʛʘʨʤʦʥʠʟʤʦʤ ʢʦʣʝʙʘʥʠʡ ʘʪʦʤʦʚ 

ʠ ʵʣʝʢʪʨʦʥʥʳʤ ʛʘʟʦʤ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʄʦʜʫʣʴ ʩʜʚʠʛʘ ʄʉ ( )G T  ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʩʦʜʝʨʞʠʪ 

ʨʝʣʘʢʩʘʮʠʦʥʥʫʶ ʩʦʩʪʘʚʣʷʶʱʫʶ ( , )relG Te, ʢʦʪʦʨʘʷ ʩʚʷʟʘʥʘ ʩ ʧʨʦʮʝʩʩʘʤʠ ʉʈ ʠ ʩʣʦʞʥʳʤ 

ʦʙʨʘʟʦʤ ʟʘʚʠʩʠʪ ʦʪ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʪʝʨʤʠʯʝʩʢʦʡ/ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʜʣʷ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʤʦʜʫʣʷ ʩʜʚʠʛʘ ʄʉ ( )G T  ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ: 

 
2

1 2( ) (1 ) ( , ).g relG T G T T G T= - - +a a e (4)  

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʨʝʣʘʢʩʘʮʠʦʥʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʚ ʠʩʭʦʜʥʦʤ (ʥʝʜʝʬʦʨʤʠʨʦʚʘʥʥʦʤ 

Ů = 0, ʩʚʝʞʝʟʘʢʘʣʝʥʥʦʤ) ʩʦʩʪʦʷʥʠʠ ʄʉ Zr46Cu45Al 7Ti2 ʚʦʟʨʘʩʪʘʝʪ ʥʠʞʝ ʪʝʤʧʝʨʘʪʫʨʳ 

ʩʪʝʢʣʦʚʘʥʠʷ 
gT . ɺʳʰʝ 

gT  ʨʝʣʘʢʩʘʮʠʦʥʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʥʘʯʠʥʘʝʪ ʠʥʪʝʥʩʠʚʥʦ 

ʩʥʠʞʘʪʴʩʷ ʧʦ ʤʝʨʝ ʜʘʣʴʥʝʡʰʝʛʦ ʥʘʛʨʝʚʘ. ʈʝʣʘʢʩʠʨʦʚʘʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʄʉ ʙʳʣʦ ʧʦʣʫʯʝʥʦ 

ʧʫʪʝʤ ʥʘʛʨʝʚʘ ʠʩʭʦʜʥʦʛʦ (ʩʚʝʞʝʟʘʢʘʣʝʥʥʦʛʦ) ʦʙʨʘʟʮʘ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ T  = 715 K > 
gT  ʩ 

ʧʦʩʣʝʜʫʶʱʠʤ ʨʝʛʫʣʠʨʫʝʤʳʤ ʦʭʣʘʞʜʝʥʠʝʤ ʜʦ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ. ɺ 

ʨʝʣʘʢʩʠʨʦʚʘʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʄʉ (ʥʝʜʝʬʦʨʤʠʨʦʚʘʥʥʦʤ Ů = 0, ʪʝʨʤʠʯʝʩʢʠ ʩʦʩʪʘʨʝʥʥʦʤ) 

ʨʝʣʘʢʩʘʮʠʦʥʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʠʤʝʝʪ ʥʫʣʝʚʦʝ ʟʥʘʯʝʥʠʝ ʚʧʣʦʪʴ T  = 550 K, ʘ ʧʨʠ ʙʦʣʝʝ 

ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʧʨʠʥʠʤʘʝʪ ʥʝʥʫʣʝʚʳʝ ʟʥʘʯʝʥʠʷ, ʜʝʤʦʥʩʪʨʠʨʫʷ ʩʥʠʞʝʥʠʝ ʩ ʨʦʩʪʦʤ 

ʪʝʤʧʝʨʘʪʫʨʳ. ʇʨʝʜʚʘʨʠʪʝʣʴʥʘʷ ʜʝʬʦʨʤʘʮʠʷ ʠʩʭʦʜʥʳʭ (ʩʚʝʞʝʟʘʢʘʣʝʥʥʳʭ) ʦʙʨʘʟʮʦʚ 

ʚʳʟʳʚʘʝʪ ʠʟʤʝʥʝʥʠʝ ʨʝʣʘʢʩʘʮʠʦʥʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʥʝʜʝʬʦʨʤʠʨʦʚʘʥʥʳʤ 

ʩʦʩʪʦʷʥʠʝʤ. ʈʝʣʘʢʩʘʮʠʦʥʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʜʝʬʦʨʤʠʨʦʚʘʥʥʳʭ ʦʙʨʘʟʮʦʚ ʥʠʞʝ 

ʩʦʩʪʘʚʣʷʶʱʝʡ ʥʝʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʧʨʠ T  < 450 K, ʪʦʛʜʘ ʢʘʢ ʧʨʠ ʙʦʣʝʝ 

ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʠʤʝʝʪ ʤʝʩʪʦ ʦʙʨʘʪʥʦʝ, ʪ.ʝ. ʨʝʣʘʢʩʘʮʠʦʥʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ 

ʜʝʬʦʨʤʠʨʦʚʘʥʥʳʭ ʦʙʨʘʟʮʦʚ ʧʨʝʚʳʰʘʝʪ ʩʦʩʪʘʚʣʷʶʱʫʶ ʥʝʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ. 

ʇʨʠʯʝʤ ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 450 K < T  < 
gT  ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʷʤʘʷ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʩʪʴ ʤʝʞʜʫ ʚʝʣʠʯʠʥʦʡ ʦʩʪʘʪʦʯʥʦʡ ʜʝʬʦʨʤʘʮʠʠ ʦʙʨʘʟʮʘ ʠ ʨʘʟʥʠʮʝʡ 

ʨʝʣʘʢʩʘʮʠʦʥʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʠ ʥʝʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ: 

ʯʝʤ ʚʳʰʝ ʦʩʪʘʪʦʯʥʘʷ ʜʝʬʦʨʤʘʮʠʷ ʄʉ, ʪʝʤ ʙʦʣʴʰʝ ʨʘʟʥʠʮʘ ʨʝʣʘʢʩʘʮʠʦʥʥʳʭ 

ʩʦʩʪʘʚʣʷʶʱʠʭ. ʈʝʣʘʢʩʠʨʦʚʘʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʄʉ (ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʝ Ů = 0.1, 0.2, 0.3 ʠ 0.4, 

ʪʝʨʤʠʯʝʩʢʠ ʩʦʩʪʘʨʝʥʥʦʝ) ʪʘʢʞʝ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʦʪʣʠʯʠʝ ʚ ʧʦʚʝʜʝʥʠʠ ʨʝʣʘʢʩʘʮʠʦʥʥʦʡ 

ʩʦʩʪʘʚʣʷʶʱʝʡ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʥʝʜʝʬʦʨʤʠʨʦʚʘʥʥʳʤ ʪʝʨʤʠʯʝʩʢʠ ʩʦʩʪʘʨʝʥʥʳʤ ʩʦʩʪʦʷʥʠʝʤ. 

ʇʨʠ T  > 550 K ʚʝʣʠʯʠʥʘ ʨʝʣʘʢʩʘʮʠʦʥʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʜʝʬʦʨʤʠʨʦʚʘʥʥʳʭ ʦʙʨʘʟʮʦʚ 

ʧʨʝʚʳʰʘʝʪ ʚʝʣʠʯʠʥʫ ʜʣʷ ʥʝʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʄʉ ʚʧʣʦʪʴ ʜʦ 
gT . ʇʨʠʯʝʤ 

ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʚʝʣʠʯʠʥʳ ʦʩʪʘʪʦʯʥʦʡ ʜʝʬʦʨʤʘʮʠʠ ʘʥʘʣʦʛʠʯʥʘ ʜʣʷ ʠʩʭʦʜʥʳʭ 
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(ʩʚʝʞʝʟʘʢʘʣʝʥʥʳʭ) ʦʙʨʘʟʮʦʚ: ʯʝʤ ʚʳʰʝ ʦʩʪʘʪʦʯʥʘʷ ʜʝʬʦʨʤʘʮʠʷ ʄʉ, ʪʝʤ ʙʦʣʴʰʝ ʨʘʟʥʠʮʘ 

ʨʝʣʘʢʩʘʮʠʦʥʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʠ ʥʝʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ. 

ʇʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʝʣʘʢʩʘʮʠʠ ʩʜʚʠʛʦʚʦʡ ʫʧʨʫʛʦʩʪʠ ʄʉ Zr46Cu45Al 7Ti2 ʚ 

ʠʩʭʦʜʥʦʤ ʠ ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʤ ʩʦʩʪʦʷʥʠʠ (ʦʩʪʘʪʦʯʥʳʝ ʜʝʬʦʨʤʘʮʠʠ Ů = 0.1, 0.2, 0.3 ʠ 0.4). 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʭʘʨʘʢʪʝʨ ʧʦʚʝʜʝʥʠʷ ʠ ʚʝʣʠʯʠʥʘ ʨʝʣʘʢʩʘʮʠʦʥʥʦʡ 

ʩʦʩʪʘʚʣʷʶʱʝʡ ʤʦʜʫʣʷ ʩʜʚʠʛʘ ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʷʪ ʦʪ ʩʪʝʧʝʥʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʩʪʘʪʦʯʥʦʡ 

ʜʝʬʦʨʤʘʮʠʠ ʄʉ. 

ʈʘʙʦʪʘ ʧʦʜʜʝʨʞʘʥʘ ʛʨʘʥʪʦʤ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ ˉ20-62-46003. 
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ʇʝʨʩʧʝʢʪʠʚʥʳʤ ʤʘʪʝʨʠʘʣʦʤ ʜʣʷ ʘʢʪʫʘʪʦʨʦʚ ʩ ʧʘʤʷʪʴʶ ʬʦʨʤʳ ʷʚʣʷʝʪʩʷ 

ʬʝʨʨʦʤʘʛʥʠʪʥʳʡ ʩʧʣʘʚ CoNiAl. ʆʥ ʠʩʧʳʪʳʚʘʝʪ ʪʝʨʤʦʫʧʨʫʛʠʝ B2-L10 ʤʘʨʪʝʥʩʠʪʥʳʝ 

ʧʨʝʚʨʘʱʝʥʠʷ (ʄʇ) ʧʦʜ ʥʘʛʨʫʟʢʦʡ ʚ ʰʠʨʦʢʦʤ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 350 ʂ. ʆʜʥʘʢʦ ʧʨʠ 

ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʠʩʧʳʪʘʥʠʷ ʥʘʙʣʶʜʘʝʪʩʷ ʜʝʛʨʘʜʘʮʠʷ ʩʚʝʨʭʵʣʘʩʪʠʯʥʳʭ ʩʚʦʡʩʪʚ, 

ʩʚʷʟʘʥʥʘʷ ʩ ʜʠʩʧʝʨʩʠʦʥʥʳʤ ʪʚʝʨʜʝʥʠʝʤ ʠ ʩʪʘʙʠʣʠʟʘʮʠʝʡ L10-ʤʘʨʪʝʥʩʠʪʘ [1]. ɼʣʷ 

ʨʝʰʝʥʠʷ ʵʪʦʡ ʧʨʦʙʣʝʤʳ ʠʩʧʦʣʴʟʫʶʪ ʩʪʘʨʝʥʠʝ ʧʨʠ ʊ>473 ʂ, ʢʦʪʦʨʦʝ ʧʨʠʚʦʜʠʪ ʢ 

ʨʘʩʰʠʨʝʥʠʶ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʠʥʪʝʨʚʘʣʘ ʩʚʝʨʭʵʣʘʩʪʠʯʥʦʩʪʠ (ʉʕ) ʠ ʫʧʨʦʯʥʝʥʠʶ 

ʘʫʩʪʝʥʠʪʥʦʡ B2-ʤʘʪʨʠʮʳ ʟʘ ʩʯʝʪ ʚʳʜʝʣʝʥʠʷ ʜʠʩʧʝʨʩʥʳʭ ʯʘʩʪʠʮ. ʆʜʥʘʢʦ ʚʣʠʷʥʠʝ 

ʩʪʘʨʝʥʠ ̫ ʥʘ ʮʠʢʣʠʯʝʩʢʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ ʉʕ ʠ ʤʝʭʘʥʠʟʤʳ ʜʝʛʨʘʜʘʮʠʠ, ʢʦʪʦʨʳʝ 

ʭʘʨʘʢʪʝʨʠʟʫʪʁ ʬʫʥʢʮʠʦʥʘʣʴʥʫʶ ʫʩʪʘʣʦʩʪʴ, ʚ ʩʧʣʘʚʝ CoNiAl ʥʝʜʦʩʪʘʪʦʯʥʦ ʠʟʫʯʝʥʳ. 

ʎʝʣʴ ʨʘʙʦʪʳ ï ʠʩʩʣʝʜʦʚʘʪʴ ʮʠʢʣʠʯʝʩʢʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ ʧʨʠ ʧʨʦʷʚʣʝʥʠʠ ʉʕ ʚ ʟʘʢʘʣʝʥʥʳʭ 

ʠ ʩʦʩʪʘʨʝʥʥʳʭ ʤʦʥʦʢʨʠʩʪʘʣʣʘʭ ʩʧʣʘʚʘ Co35Ni35Al 30. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʩʧʣʘʚʘ Co35Ni35Al 30 (ʘʪ. %), 

ʚʳʨʘʱʝʥʥʳʭ ʤʝʪʦʜʦʤ ɹʨʠʜʞʤʝʥʘ. ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʠ ʜʝʬʦʨʤʘʮʠʠ ʩʞʘʪʠʝʤ ʙʳʣʘ 

ʚʳʙʨʘʥʘ ʚʳʩʦʢʦʧʨʦʯʥʘʷ ʦʨʠʝʥʪʘʮʠʷ ʢʨʠʩʪʘʣʣʦʚ <001>B2, ʢʦʪʦʨʫʶ ʦʪʣʠʯʘʝʪ ʦʪ ʜʨʫʛʠʭ 

ʦʨʠʝʥʪʘʮʠʡ ʨʘʚʝʥʩʪʚʦ ʥʫʣʶ ʬʘʢʪʦʨʘ ʐʤʠʜʘ ʜʣʷ ʩʠʩʪʝʤʳ ʩʢʦʣʴʞʝʥʠʷ a<100>B2{110} B2 ʚ 

ɺ2-ʬʘʟʝ. ʄʦʥʦʢʨʠʩʪʘʣʣʳ ʠʩʩʣʝʜʦʚʘʣʠ ʚ ʜʚʫʭ ʩʪʨʫʢʪʫʨʥʳʭ ʩʦʩʪʦʷʥʠʷʭ: ʧʦʩʣʝ 

ʛʦʤʦʛʝʥʠʟʘʮʠʠ ʚ ʪʝʯʝʥʠʝ 8,5 ʯ ʧʨʠ 1623 ʂ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʟʘʢʘʣʢʦʡ ʚ ʚʦʜʫ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʳ; ʧʦʩʣʝ ʩʪʘʨʝʥʠʷ ʚ ʪʝʯʝʥʠʝ 0,5 ʯ ʧʨʠ 573 ʂ ʚ ʘʪʤʦʩʬʝʨʝ ʠʥʝʨʪʥʦʛʦ ʛʘʟʘ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʟʘʢʘʣʝʥʥʳʭ ʦʙʨʘʟʮʦʚ.  

ʎʠʢʣʠʯʝʩʢʠʝ ʠʩʧʳʪʘʥʠʷ ʧʨʦʚʦʜʠʣʠ ʚ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʠʥʪʝʨʚʘʣʝ ʉʕ, ʢʦʪʦʨʳʡ ʙʳʣ 

ʦʧʨʝʜʝʣʝʥ ʜʣʷ ʢʘʞʜʦʛʦ ʩʦʩʪʦʷʥʠʷ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʮʠʢʣʠʯʝʩʢʦʡ 

ʩʪʘʙʠʣʴʥʦʩʪʠ ʧʨʦʚʦʜʠʣʠ ʥʘ ʣɻʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʠʩʧʳʪʘʪʝʣʴʥʦʡ ʩʠʩʪʝʤʝ ElectroPuls 

E3000 ʠ ʣɻʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʦʡ ʥʘʩʪʦʣʴʥʦʡ ʨʘʟʨʳʚʥʦʡ ʤʘʰʠʥʘ Instron 5969.  

ʇʨʝʜʚʘʨʠʪʝʣʴʥʘʷ ʦʮʝʥʢʘ ʮʠʢʣʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ ʉʕ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ 

ʧʨʦʚʦʜʠʣʘʩʴ ʧʦ ʢʨʠʚʳʤ ʥʘʧʨʷʞʝʥʠʷ ʦʪ ʜʝʬʦʨʤʘʮʠʠ ů(Ů) ʩ ʧʦʤʦʱʴʶ ʘʥʘʣʠʟʘ 

ʩʦʦʪʥʦʰʝʥʠʷ ʦʙʨʘʪʠʤʦʡ æGʦʙʨ ʠ ʨʘʩʩʝʷʥʥʦʡ æGʨʘʩ ʵʥʝʨʛʠʡ, ʢʦʪʦʨʦʝ ʫʯʠʪʳʚʘʝʪ 

ʚʟʘʠʤʦʩʚʷʟʴ ʢʨʠʪʠʯʝʩʢʠʝ ʥʘʧʨʷʞʝʥʠʷ ʦʙʨʘʟʦʚʘʥʠʷ ʤʘʨʪʝʥʩʠʪʘ ůʢʨ, ʤʝʭʘʥʠʯʝʩʢʦʛʦ 

ʛʠʩʪʝʨʝʟʠʩʘ ȹů, ʦʙʨʘʪʠʤʦʡ Ůʉʕ ʠ ʥʝʦʙʨʘʪʠʤʦʡ Ůʥʝʦʙ ʜʝʬʦʨʤʘʮʠʡ ʚ ʮʠʢʣʝ 

ʥʘʛʨʫʟʢʘ/ʨʘʟʛʨʫʟʢʘ. ɺʳʩʦʢʦʡ ʮʠʢʣʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ ʉʕ ʩʧʦʩʦʙʩʪʚʫʝʪ ʤʘʣʘʷ 
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ʚʝʣʠʯʠʥʘ ʨʘʩʩʝʷʥʠʷ ʵʥʝʨʛʠʠ ȹGʨʘʩ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʙʨʘʪʠʤʦʡ æGʦʙʨ ʧʨʠ ʨʘʟʚʠʪʠʠ ʄʇ 

ʧʦʜ ʥʘʛʨʫʟʢʦʡ, ʪ. ʝ. ʩʦʦʪʥʦʰʝʥʠʝ ʵʥʝʨʛʠʡ ʜʦʣʞʥʦ ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʫʩʣʦʚʠʶ ȹGʦʙʨ/ȹGʨʘʩ>1. 

ɺ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ȹGʦʙʨ/ȹGʨʘʩ<1 ʤʘʪʝʨʠʘʣ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʥʠʟʢʫʶ ʮʠʢʣʠʯʝʩʢʫʶ 

ʩʪʘʙʠʣʴʥʦʩʪʴ ʉʕ ʩʚʦʡʩʪʚ.  

ɿʘʢʘʣʝʥʥʳʝ ʤʦʥʦʢʨʠʩʪʘʣʣʳ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʉʕ ʚ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʠʥʪʝʨʚʘʣʝ 100 ʂ 

(ʦʪ 373 ʂ ʜʦ 473 ʂ). ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʠʩʧʳʪʘʥʠʷ T=423 K ʜʣʷ ʟʘʢʘʣʝʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ 

ʩʦʦʪʥʦʰʝʥʠʝ ȹGʦʙʨ/ȹGʨʘʩ ʠʤʝʝʪ ʟʥʘʯʝʥʠʝ 5,4 ʠ ʥʘʙʣʶʜʘʝʪʩʷ ʜʦʩʪʘʪʦʯʥʘʷ ʭʦʨʦʰʘʷ 

ʮʠʢʣʠʯʝʩʢʘʷ ʩʪʘʙʠʣʴʥʦʩʪʴ ʉʕ ʚ 100 ʮʠʢʣʘʭ ʥʘʛʨʫʟʢʘ/ʨʘʟʛʨʫʟʢʘ. ɿʥʘʯʠʪʝʣʴʥʘʷ ʜʝʛʨʘʜʘʮʠʷ 

(ʩʥʠʞʝʥʠʝ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʛʠʩʪʝʨʝʟʠʩʘ, ʢʨʠʪʠʯʝʩʢʠʭ ʥʘʧʨʷʞʝʥʠʡ ʠ ʦʙʨʘʪʠʤʦʡ 

ʜʝʬʦʨʤʘʮʠʠ ʥʘ 10-50 %) ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʧʝʨʚʳʭ 10 ʮʠʢʣʘʭ ʥʘʛʨʫʟʢʘ/ʨʘʟʛʨʫʟʢʘ, ʢʦʪʦʨʘʷ 

ʩʚʷʟʘʥʘ ʩ ʥʘʢʦʧʣʝʥʠʝʤ ʦʜʠʥʦʯʥʳʭ ʜʠʩʣʦʢʘʮʠʡ ʠ ʥʝʦʙʨʘʪʠʤʦʡ ʜʝʬʦʨʤʘʮʠʝʡ ~0,6 %. 

ɼʘʣʝʝ ʚ ʮʠʢʣʘʭ n=11-100 ʧʘʨʘʤʝʪʨʳ ʉʕ ʠʟʤʝʥʷʶʪʩʷ ʥʝ ʟʥʘʯʠʪʝʣʴʥʦ ʚ ʧʨʝʜʝʣʘʭ 

ʧʦʛʨʝʰʥʦʩʪʠ ʠʟʤʝʨʝʥʠʡ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʚʝʣʠʯʠʥ ʠ ʩʫʱʝʩʪʚʝʥʥʦʡ ʜʝʛʨʘʜʘʮʠʠ ʉʕ ʥʝ 

ʥʘʙʣʶʜʘʝʪʩʷ. 

ʉʪʘʨʝʥʠʝ 573 ʂ, 0,5 ʯ ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ, ʘ ʠʤʝʥʥʦ 

ʚʳʜʝʣʷʶʪʩʷ ʥʘʥʦʨʘʟʤʝʨʥʳʝ Ů-Co ʯʘʩʪʠʮ,r ʥʝ ʠʩʧʳʪʳʚʘʶʱʠʝ B2-L10 ʄʇ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʚ ʩʦʩʪʘʨʝʥʥʳʭ ʢʨʠʩʪʘʣʣʘʭ ʧʨʦʠʩʭʦʜʠʪ ʫʧʨʦʯʥʝʥʠʝ B2-ʬʘʟʳ ʠ ʩʥʠʞʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨ ʄʇ, 

ʯʪʦ ʩʦʟʜʘʝʪ ʫʩʣʦʚʠʷ ʜʣʷ ʧʨʦʷʚʣʝʥʠʷ ʉʕ ʚ ʫʩʣʦʚʠʷʭ ʧʦʥʠʞʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨ ʠ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʉʕ ʨʘʟʚʠʚʘʝʪʩʷ ʚ ʙʦʣʝʝ ʰʠʨʦʢʦʤ ʠʥʪʝʨʚʘʣʝ 325 ʂ (ʦʪ 223 ʂ ʜʦ 548 ʂ), ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʟʘʢʘʣʝʥʥʳʤʠ ʤʦʥʦʢʨʠʩʪʘʣʣʘʤʠ. ɺ ʩʦʩʪʘʨʝʥʥʳʭ ʤʦʥʦʢʨʠʩʪʘʣʣʘʭ ʦʙʨʘʪʠʤʘʷ 

ʵʥʝʨʛʠʷ æGʦʙʨ ʚ 3,5-3,6 ʨʘʟʘ ʧʨʝʚʳʰʘʝʪ ʨʘʩʩʝʷʥʠʝ ʵʥʝʨʛʠʠ æGʨʘʩ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʥʠʞʝ 

ʢʦʤʥʘʪʥʦʡ. ʇʨʠ ʧʦʚʳʰʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ T>298 ʂ ʩʦʦʪʥʦʰʝʥʠʝ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʜʦ 

ȹGʦʙʨ/ȹGʨʘʩ=11,7 ʟʘ ʩʯʝʪ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʨʦʩʪʘ ʦʙʨʘʪʠʤʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʠ ʧʨʘʢʪʠʯʝʩʢʠ 

ʧʦʩʪʦʷʥʥʦʡ ʨʘʩʩʝʷʥʥʦʡ ʵʥʝʨʛʠʠ 1,1-1,3 ʄɼʞ/ʤ3 ʚʦ ʚʩʝʤ ʠʥʪʝʨʚʘʣʝ ʉʕ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʦʮʝʥʢʘ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʚ ʩʦʩʪʘʨʝʥʥʳʭ ʤʦʥʦʢʨʠʩʪʘʣʣʘʭ ʚʦ ʚʩʝʤ ʠʥʪʝʨʚʘʣʝ 

ʉʕ ʜʦʣʞʥʘ ʥʘʙʣʶʜʘʪʴʩʷ ʚʳʩʦʢʘʷ ʮʠʢʣʠʯʝʩʢʘʷ ʩʪʘʙʠʣʴʥʦʩʪʴ.  

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʢʘʟʘʥʦ, ʫʧʨʦʯʥʝʥʥʘʷ ʜʠʩʧʝʨʩʥʳʤʠ ʯʘʩʪʠʮʘʤʠ ʤʘʪʨʠʮʘ ʚ 

ʩʦʩʪʘʨʝʥʥʳʭ ʢʨʠʩʪʘʣʣʘʭ ʦʢʘʟʳʚʘʝʪ ʚʳʩʦʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ ʜʠʩʣʦʢʘʮʠʡ 

ʧʨʠ ʨʘʟʚʠʪʠʠ ʄʇ ʧʦʜ ʥʘʛʨʫʟʢʦʡ ʠ ʥʝʦʙʨʘʪʠʤʘʷ ʜʝʬʦʨʤʘʮʠʷ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ 

ʥʘʢʘʧʣʠʚʘʝʪʩʷ ʚ ʮʠʢʣʘʭ ʥʘʛʨʫʟʢʘ/ʨʘʟʛʨʫʟʢʘ. ɺ ʫʩʣʦʚʠʷʭ ʉʕ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʦʪʣʠʯʥʳʭ 

ʦʪ ʢʦʤʥʘʪʥʳʭ ʢʨʠʪʠʯʝʩʢʠʝ ʥʘʧʨʷʞʝʥʠʷ ʦʙʨʘʟʦʚʘʥʠʷ ʤʘʨʪʝʥʩʠʪʘ ůʢʨ ʠ ʤʝʭʘʥʠʯʝʩʢʠʡ 

ʛʠʩʪʝʨʝʟʠʩ ȹů ʩʣʘʙʦ ʫʤʝʥʴʰʘʶʪʩʷ ʚ ʧʝʨʚʳʭ 5-10 ʮʠʢʣʘʭ ʥʘʛʨʫʟʢʘ/ʨʘʟʛʨʫʟʢʘ (ʥʝ ʙʦʣʝʝ, 

ʯʝʤ ʥʘ 5-10 %) ʜʘʣʝʝ ʧʘʨʘʤʝʪʨʳ ʠʟʤʝʥʷʶʪʩʷ ʪʦʣʴʢʦ ʚ ʧʨʝʜʝʣʘʭ ʧʦʛʨʝʰʥʦʩʪʠ ʠʟʤʝʨʝʥʠʡ 

ʠ ʩʫʱʝʩʪʚʝʥʥʦʡ ʜʝʛʨʘʜʘʮʠʠ ʉʕ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ. ʇʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʊ=298 ʂ 

ʜʣʷ ʘʥʘʣʠʟʘ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʫʩʪʘʣʦʩʪʠ ʤʘʪʝʨʠʘʣʘ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ 104 ʮʠʢʣʦʚ 

ʥʘʛʨʫʟʢʘ/ʨʘʟʛʨʫʟʢʘ ʚ ʫʩʣʦʚʠʷʭ ʤʘʢʩʠʤʘʣʴʥʦʡ ʟʘʜʘʥʥʦʡ ʥʘʛʨʫʟʢʠ 240 ʄʇʘ ʠ ʯʘʩʪʦʪʝ 0,7 

ɻʮ (ʨʠʩ. 1). ʉʦʩʪʘʨʝʥʥʳʝ ʢʨʠʩʪʘʣʣʳ ʚʳʜʝʨʞʠʚʘʶʪ 104 ʮʠʢʣʦʚ ʥʘʛʨʫʟʢʘ/ʨʘʟʛʨʫʟʢʘ ʙʝʟ 

ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʦʙʨʘʪʠʤʦʡ ʜʝʬʦʨʤʘʮʠʠ Ůʉʕ = 2,0 %, ʢʦʪʦʨʘʷ ʤʝʥʷʝʪʩʷ ʪʦʣʴʢʦ 

ʚ ʧʨʝʜʝʣʘʭ ʧʦʛʨʝʰʥʦʩʪʠ ʠʟʤʝʨʝʥʠʷ ʥʘ Ñ0,3 %. ʇʘʨʘʤʝʪʨʳ ůʢʨ ʠ ȹů ʚ ʧʝʨʚʳʭ 10 ʮʠʢʣʘʭ 

ʥʘʛʨʫʟʢʘ/ʨʘʟʛʨʫʟʢʘ ʫʤʝʥʴʰʘʶʪʩʷ ʥʘ 8-15 %. ʇʨʠ ʜʘʣʴʥʝʡʰʝʤ ʮʠʢʣʠʨʦʚʘʥʠʠ n=101-104 

ʤʝʭʘʥʠʯʝʩʢʠʡ ʛʠʩʪʝʨʝʟʠʩ ʠ ʢʨʠʪʠʯʝʩʢʠʝ ʥʘʧʨʷʞʝʥʠʷ ʦʩʪʘʶʪʩʷ ʧʦʩʪʦʷʥʥʳʤʠ (ʨʠʩ. 1). 

ʀʪʘʢ, ʩʦʩʪʘʨʝʥʥʳʝ ʤʦʥʦʢʨʠʩʪʘʣʣʳ Co35Ni35Al 30 ʧʨʦʷʚʣʷʶʪ ʉʕ ʚ ʰʠʨʦʢʦʤ 

ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 325 ʂ ʠ ʚʳʩʦʢʫʶ ʮʠʢʣʠʯʝʩʢʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ ʉʕ (ʜʦ 104 ʮʠʢʣʦʚ 

ʥʘʛʨʫʟʢʘ/ʨʘʟʛʨʫʟʢʘ) ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʙʝʟ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʫʩʪʘʣʦʩʪʠ ʟʘ ʩʯʝʪ 

ʫʧʨʦʯʥʝʥʠʷ B2-ʬʘʟʳ ʥʘʥʦʨʘʟʤʝʨʥʳʤʠ Ů-Co ʯʘʩʪʠʮʘʤʠ.  

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʇʨʦʛʨʘʤʤʳ ʨʘʟʚʠʪʠʷ ʊʦʤʩʢʦʛʦ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ (ʇʨʠʦʨʠʪʝʪ-2030). 
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ʈʠʩʫʥʦʢ 1. ʀʟʤʝʥʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʉʕ ʚʦ ʚʨʝʤʷ ʮʠʢʣʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ ʧʨʠ ʊ=298 ʂ 

ʜʣʷ ʩʦʩʪʘʨʝʥʥʳʭ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ 

1. J. Dadda, H. J. Maier, I. Karaman, Y. I. Chumlyakov, Acta Materialia 57, p. 6123ï6134 (2009). 
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ʅʀʊʋ çʄʀʉʠʉè 
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ʇʨʦʛʥʦʟ ʨʘʟʨʫʰʝʥʠʷ ʢʦʥʩʪʨʫʢʮʠʠ ʚʦ-ʤʥʦʛʦʤ ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʩʭʦʜʥʳʤ ʢʘʯʝʩʪʚʦʤ 

ʤʘʪʝʨʠʘʣʦʚ, ʵʪʠʤ ʪʘʢʞʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʦʙʲʝʢʪʠʚʥʦʩʪʴ ʦʮʝʥʢʠ ʦʩʪʘʪʦʯʥʦʛʦ ʨʝʩʫʨʩʘ. ɺ 

ʩʚʦʝʡ ʦʩʥʦʚʝ ʤʘʪʝʨʠʘʣʳ (ʩʪʘʣʠ ʠ ʩʧʣʘʚʳ) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʨʝʜʫ ʩʦ ʩʪʨʫʢʪʫʨʦʡ, 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʤʦʨʬʦʣʦʛʠʠ ʢʦʪʦʨʦʡ ʤʦʞʝʪ ʙʳʪʴ ʚʝʩʴʤʘ ʚʝʣʠʢʘ, ʦʩʦʙʝʥʥʦ ʧʨʠ 

ʧʨʦʤʳʰʣʝʥʥʦʤ ʩʧʦʩʦʙʝ ʧʨʦʠʟʚʦʜʩʪʚʘ. ʈʘʟʥʦʦʙʨʘʟʠʝ ʩʪʨʫʢʪʫʨ ʠ ʠʭ ʛʝʦʤʝʪʨʠʠ 

ʟʘʪʨʫʜʥʷʝʪ ʚʳʜʝʣʝʥʠʝ ʢʨʠʪʠʯʝʩʢʠʭ ʝʸ ʧʘʨʘʤʝʪʨʦʚ, ʣʠʤʠʪʠʨʫʶʱʠʭ ʩʚʦʡʩʪʚʘ ʤʘʪʝʨʠʘʣʦʚ 

[1,2]. ʅʝʦʜʥʦʨʦʜʥʦʩʪʴ ʤʦʨʬʦʣʦʛʠʠ ʩʪʨʫʢʪʫʨ ʚ ʙʦʣʴʰʝʡ ʤʝʨʝ ʦʧʨʝʜʝʣʷʝʪ ʨʘʟʙʨʦʩ 

ʚʷʟʢʦʩʪʠ ʥʝ ʪʦʣʴʢʦ ʤʝʞʜʫ ʠʟʜʝʣʠʷʤʠ, ʥʦ ʠ ʨʘʟʣʠʯʠʝ ʚ ʤʝʭʘʥʠʟʤʘʭ ʨʘʟʨʫʰʝʥʠʷ ʚ 

ʧʨʝʜʝʣʘʭ ʦʜʥʦʛʦ ʠʟʜʝʣʠʷ (ʦʙʨʘʟʮʘ).  ɼʣʷ ʨʝʰʝʥʠ ̫ ʟʘʜʘʯ, ʩʚʷʟʘʥʥʳʭ ʩ ʧʦʣʫʯʝʥʠʝʤ 

ʦʙʲʝʢʪʠʚʥʦʛʦ ʧʨʦʛʥʦʟʘ ʧʦʚʝʜʝʥʠʷ ʤʘʪʝʨʠʘʣʘ ʚ ʢʦʥʩʪʨʫʢʮʠʠ, ʪʨʝʙʫʝʪʩʷ ʛʣʫʙʦʢʦʝ 

ʧʦʥʠʤʘʥʠʝ ʤʝʭʘʥʠʟʤʦʚ ʨʘʟʨʫʰʝʥʠʷ ʩʨʝʜʳ ʩ ʥʝʦʜʥʦʨʦʜʥʦʡ ʩʪʨʫʢʪʫʨʦʡ. ʉʪʘʥʜʘʨʪʥʦʡ 

ʪʝʭʥʠʢʠ ʠʟʤʝʨʝʥʠʡ ʥʝʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʦʙʲʝʢʪʠʚʥʦʡ ʦʮʝʥʢʠ ʨʘʟʨʫʰʝʥʠʷ ʪʘʢʠʭ ʩʪʨʫʢʪʫʨ. 

ɼʣʷ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʳ ʮʠʬʨʦʚʳʝ ʧʨʦʮʝʜʫʨʳ ʠʟʤʝʨʝʥʠʷ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʤʦʨʬʦʣʦʛʠʠ 

ʩʪʨʫʢʪʫʨ ʠ ʨʘʟʨʫʰʝʥʠʷ.  ʆʜʥʘʢʦ ʫʩʣʦʚʠʝʤ ʠʭ ʫʩʧʝʰʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʷʚʣʷʝʪʩʷ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʤʝʪʨʦʣʦʛʠʯʝʩʢʦʝ ʦʙʝʩʧʝʯʝʥʠʝ.  

ʅʘ ʦʩʥʦʚʝ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʛʝʦʤʝʪʨʠʠ ʩʪʨʦʝʥʠʷ ʩʦʩʪʘʚʣʷʶʱʠʭ ʩʪʨʫʢʪʫʨ ʠ 

ʤʦʨʬʦʣʦʛʠʠ ʠʟʣʦʤʦʚ (ʚʢʣʶʯʘʷ ʦʩʦʙʝʥʥʦʩʪʠ ʠʭ ʨʘʟʤʝʱʝʥʠʷ), ʤʦʥʠʪʦʨʠʥʛʘ ʨʘʟʨʫʰʝʥʠʷ, 

ʥʘʧʨʠʤʝʨ, ʧʦ ʠʟʤʝʨʝʥʠʷʤ ʘʢʫʩʪʠʯʝʩʢʦʡ ʵʤʠʩʩʠʠ, ʚʦʟʤʦʞʥʘ ʨʝʢʦʥʩʪʨʫʢʮʠʷ ʩʮʝʥʘʨʠʷ 

ʨʘʟʨʫʰʝʥʠʷ ʩʨʝʜʳ ʩ ʥʝʦʜʥʦʨʦʜʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʠ ʚʳʷʚʣʝʥʠʝ ʪʝʭ ʵʣʝʤʝʥʪʦʚ ʩʪʨʫʢʪʫʨʳ, 

ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʨʘʟʨʫʰʝʥʠʝ ʥʘ ʥʠʞʥʝʡ ʛʨʘʥʠʮʝ ʟʥʘʯʝʥʠʡ ʚʷʟʢʦʩʪʠ. ʕʪʦ ʜʘʝʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʥʝ ʪʦʣʴʢʦ ʜʘʪʴ ʧʨʦʛʥʦʟ ʩʚʦʡʩʪʚ ʪʦʡ ʠʣʠ ʠʥʦʡ ʥʝʦʜʥʦʨʦʜʥʦʡ ʩʪʨʫʢʪʫʨʳ, ʥʦ 

ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʦʮʝʥʠʪʴ ʥʘ ʵʪʦʡ ʦʩʥʦʚʝ ʦʩʪʘʪʦʯʥʳʡ ʨʝʩʫʨʩ. ʆʪʩʶʜʘ ʪʘʢʞʝ ʚʦʟʤʦʞʥʦʩʪʴ 

ʧʦʣʫʯʝʥʠʷ ʦʙʦʩʥʦʚʘʥʥʳʭ ʨʝʢʦʤʝʥʜʘʮʠʡ ʧʦ ʫʧʨʘʚʣʝʥʠʶ ʢʘʯʝʩʪʚʦʤ ʪʘʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʧʨʠ 

ʠʭ ʧʨʦʤʳʰʣʝʥʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ, ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʦʧʪʠʤʘʣʴʥʳʭ ʩʪʨʫʢʪʫʨ ʧʦʜ ʟʘʜʘʥʥʳʝ 

ʩʚʦʡʩʪʚʘ. ʇʦʣʝʟʥʘʷ ʠʥʬʦʨʤʘʮʠʷ, ʥʝʦʙʭʦʜʠʤʘʷ ʜʣʷ ʦʙʲʝʢʪʠʚʥʦʛʦ ʧʨʦʛʥʦʟʘ ʩʚʦʡʩʪʚ 

ʤʝʪʘʣʣʦʧʨʦʜʫʢʮʠʠ, ʤʦʞʝʪ ʙʳʪʴ ʪʘʢʞʝ ʧʦʣʫʯʝʥʘ ʥʘ ʦʩʥʦʚʝ çʨʘʩʢʦʧʦʢ ʜʘʥʥʳʭè 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʢʦʥʪʨʦʣʷ ʧʨʦʮʝʩʩʘ ʠ ʧʨʦʜʫʢʪʘ. ʇʨʠʤʝʥʝʥʠʝ ʧʨʦʮʝʜʫʨ çBig Dataè 
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ʚʘʞʥʦ ʜʣʷ ʧʦʥʠʤʘʥʠʷ ʤʝʭʘʥʠʟʤʦʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʥʘʩʣʝʜʩʪʚʝʥʥʦʩʪʠ, ʤʥʦʛʦʦʙʨʘʟʠʝ 

ʩʮʝʥʘʨʠʝʚ ʢʦʪʦʨʦʡ ʭʘʨʘʢʪʝʨʥʦ ʜʘʞʝ ʜʣʷ ʜʦʩʪʘʪʦʯʥʦ ʭʦʨʦʰʦ ʦʪʣʘʞʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ.  

ɺʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʧʨʠ ʘʥʘʣʠʟʝ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʩʪʨʫʢʪʫʨ, ʨʘʟʨʫʰʝʥʠʷ, ʧʨʦʮʝʩʩʦʚ ʠ 

ʧʨʦʜʫʢʪʦʚ ʠʤʝʝʪ ʫʯʝʪ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʧʨʠʨʦʜʳ ʠʟʫʯʘʝʤʳʭ ʦʙʲʝʢʪʦʚ. ʈʘʟʥʦʦʙʨʘʟʠʝ ʠʭ 

ʩʪʘʪʠʩʪʠʢʠ ʧʨʝʜʧʦʣʘʛʘʝʪ ʚʳʙʦʨ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʜʣʷ 

ʧʦʣʥʦʮʝʥʥʦʡ ʦʮʝʥʢʠ ʠʭ ʧʨʠʨʦʜʳ, ʦʙʲʝʢʪʠʚʥʦʛʦ ʚʳʷʚʣʝʥʠʷ ʨʘʟʣʠʯʠʡ ʤʝʞʜʫ ʥʠʤʠ.   

ɺʳʷʚʣʝʥʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʨʘʟʨʫʰʝʥʠʷ ʩʨʝʜʳ ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʦʙʝʩʧʝʯʠʪ ʦʙʲʝʢʪʠʚʥʳʡ ʧʨʦʛʥʦʟ ʨʘʟʨʫʰʝʥʠʷ ʤʘʪʝʨʠʘʣʦʚ, ʦʮʝʥʢʫ 

ʠʭ ʦʩʪʘʪʦʯʥʦʛʦ ʨʝʩʫʨʩʘ, ʘ ʪʘʢʞʝ ʧʦʟʚʦʣʠʪ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʦʙʦʩʥʦʚʘʥʥʳʝ ʨʝʢʦʤʝʥʜʘʮʠʠ 

ʧʦ ʫʧʨʘʚʣʝʥʠʶ ʪʝʭʥʦʣʦʛʠʝʡ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʦʜʥʦʨʦʜʥʦʩʪʠ ʢʘʯʝʩʪʚʘ ʧʨʦʜʫʢʪʘ. 
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ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʤʥʦʞʝʩʪʚʦ ʨʘʙʦʪ ʧʦʩʚʷʱʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʷʤ ʩʧʣʘʚʦʚ ɻʝʡʩʣʝʨʘ 

ʩ ʧʘʤʷʪʴʶ ʬʦʨʤʳ, ʦʙʣʘʜʘʶʱʠʭ ʦʛʨʦʤʥʳʤ ʧʦʪʝʥʮʠʘʣʦʤ ʜʣʷ ʰʠʨʦʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʚ 

ʢʘʯʝʩʪʚʝ ʘʢʪʫʘʪʦʨʦʚ ʠ ʠʩʧʦʣʥʠʪʝʣʴʥʳʭ ʤʝʭʘʥʠʟʤʦʚ. ʆʜʥʠʤʠ ʠʟ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ 

ʷʚʣʷʶʪʩʷ ʤʦʥʦʢʨʠʩʪʘʣʣʳ ʩʧʣʘʚʦʚ NiFeGaCo ʩ ʪʝʨʤʦʫʧʨʫʛʠʤʠ L21(B2)-10ʄ/14ʄ-L10 

ʤʘʨʪʝʥʩʠʪʥʳʤʠ ʧʨʝʚʨʘʱʝʥʠʷʤʠ (ʄʇ). ʇʨʠ ʧʨʦʷʚʣʝʥʠʠ ʦʜʥʦʩʪʦʨʦʥʥʝʛʦ ʵʬʬʝʢʪʘ ʧʘʤʷʪʠ 

ʬʦʨʤʳ (ʕʇʌ) ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʟʚʠʪʠʷ ʄʇ ʚ ʮʠʢʣʘʭ ʦʭʣʘʞʜʝʥʠʝ/ʥʘʛʨʝʚ ʧʨʠ ʧʦʩʪʦʷʥʥʦʡ 

ʥʘʛʨʫʟʢʝ, ʘ ʪʘʢʞʝ ʧʨʠ ʧʨʦʷʚʣʝʥʠʠ ʩʚʝʨʭʵʣʘʩʪʠʯʥʦʩʪʠ (ʉʕ) ʟʘ ʩʯʝʪ ʨʘʟʚʠʪʠʷ ʄʇ ʚ ʮʠʢʣʘʭ 

ʥʘʛʨʫʟʢʘ/ʨʘʟʛʨʫʟʢʘ ʚʦʟʤʦʞʥʦ ʧʦʣʫʯʝʥʠʝ ʙʦʣʴʰʠʭ ʦʙʨʘʪʠʤʳʭ ʜʝʬʦʨʤʘʮʠʡ ʜʦ -6,2 % ʧʨʠ 

ʩʞʘʪʠʠ ʠ +13,5 % ʧʨʠ ʨʘʩʪʷʞʝʥʠʠ [1]. ʅʘʚʝʜʝʥʠʝ ʚ ʤʦʥʦʢʨʠʩʪʘʣʣʘʭ ʜʚʫʩʪʦʨʦʥʥʝʛʦ 

ʵʬʬʝʢʪʘ ʧʘʤʷʪʠ ʬʦʨʤʳ (ɼʕʇʌ), ʧʨʦʷʚʣʷʶʱʝʛʦʩʷ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʙʝʟ 

ʚʥʝʰʥʝʡ ʥʘʛʨʫʟʢʠ ʟʘ ʩʯʝʪ ʨʦʩʪʘ ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʚʘʨʠʘʥʪʘ ʤʘʨʪʝʥʩʠʪʘ, ʜʝʣʘʝʪ 

ʚʦʟʤʦʞʥʳʤ ʫʧʨʦʱʝʥʠʝ ʢʦʥʩʪʨʫʢʮʠʡ ʠ ʧʨʠʥʮʠʧʦʚ ʨʘʙʦʪʳ ʤʝʭʘʥʠʟʤʦʚ, ʜʝʡʩʪʚʠʝ 

ʢʦʪʦʨʳʭ ʦʩʥʦʚʘʥʦ ʥʘ ʦʜʥʦʩʪʦʨʦʥʥʝʤ ʕʇʌ. ʀʟʚʝʩʪʥʦ [2ï4], ʯʪʦ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ 

ʩʧʦʩʦʙʦʤ ʧʦʣʫʯʝʥʠʷ ɼʕʇʌ ʷʚʣʷʝʪʩʷ ʩʪʘʨʝʥʠʝ ʚ ʤʘʨʪʝʥʩʠʪʥʦʤ ʩʦʩʪʦʷʥʠʠ ʧʦʜ 

ʩʞʠʤʘʶʱʝʡ ʥʘʛʨʫʟʢʦʡ (ʉʄʅ). ɺ ʧʨʦʚʦʜʠʤʳʭ ʨʘʥʝʝ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʥʘ ʦʜʥʦʬʘʟʥʳʭ 

ʤʘʪʝʨʠʘʣʘʭ [3, 4] ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʟʘ ʩʯʝʪ ʨʦʩʪʘ ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʠ ʉʄʅ 

ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʚʘʨʠʘʥʪʘ ʤʘʨʪʝʥʩʠʪʘ ʚ ʮʠʢʣʘʭ ʦʭʣʘʞʜʝʥʠʝ/ʥʘʛʨʝʚ ʚ ʩʚʦʙʦʜʥʦʤ 

ʩʦʩʪʦʷʥʠʠ ʥʘʙʣʶʜʘʝʪʩʷ ɼʕʇʌ. ɼʣʷ ʨʘʩʰʠʨʝʥʠʷ ʦʙʣʘʩʪʝʡ ʧʨʠʤʝʥʝʥʠʷ ʩʧʣʘʚʦʚ 

NiFeGaCo ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʉʄʅ ʥʘ ʥʘʚʝʜʝʥʠʝ ɼʕʇʌ ʚ 

ʛʝʪʝʨʦʬʘʟʥʳʭ ʤʘʪʝʨʠʘʣʘʭ, ʦʙʣʘʜʘʶʱʠʭ ʣʫʯʰʝʡ ʧʣʘʩʪʠʯʥʦʩʪʴʶ, ʧʨʦʯʥʦʩʪʴʶ ʠ 

ʮʠʢʣʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʴʶ ʟʘ ʩʯʸʪ ʥʘʣʠʯʠʷ ʯʘʩʪʠʮ. ʇʦʵʪʦʤʫ ʮʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ 

ʷʚʣʷʝʪʩʷ ʚʳʙʦʨ ʨʝʞʠʤʘ ʉʄʅ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʉʄʅ ʥʘ ʧʨʦʷʚʣʝʥʠʝ ɼʕʇʌ ʚ 

ʛʝʪʝʨʦʬʘʟʥʳʭ ʤʦʥʦʢʨʠʩʪʘʣʣʘʭ ʩʧʣʘʚʘ Ni48Fe19Ga27Co6. 
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ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʚʳʙʨʘʥʳ ʤʦʥʦʢʨʠʩʪʘʣʣʳ ʩʧʣʘʚʘ Ni48Fe19Ga27Co6, 

ʚʳʨʘʱʝʥʥʳʝ ʤʝʪʦʜʦʤ ɹʨʠʜʞʤʝʥʘ. ʉ ʧʦʤʦʱʴʶ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʦʪʞʠʛʘ ʧʨʠ 

T = 1373 K c ʚʳʜʝʨʞʢʦʡ 0,5 ʯ. ʠ ʧʦʩʣʝʜʫʶʱʝʡ ʟʘʢʘʣʢʦʡ ʚ ʚʦʜʫ ʙʳʣʦ ʧʦʣʫʯʝʥʦ 

ʛʝʪʝʨʦʬʘʟʥʦʝ ʩʦʩʪʦʷʥʠʝ ʩ ʦʙʲʸʤʥʦʡ ʜʦʣʝʡ ʯʘʩʪʠʮ ɔ-ʬʘʟʳ (ɻʎʂ-ʨʝʰʸʪʢʘ) f å 23 (Ñ 0,3) % 

ʨʘʟʤʝʨʘʤʠ ʜʦ å 73 ʤʢʤ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʠʩʭʦʜʥʳʭ ʤʦʥʦʢʨʠʩʪʘʣʣʘʭ 

ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ/ʥʘʛʨʝʚʝ ʚ ʩʚʦʙʦʜʥʦʤ ʩʦʩʪʦʷʥʠʠ ɼʕʇʌ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ. ʆʩʥʦʚʳʚʘʷʩʴ ʥʘ 

ʧʨʝʜʳʜʫʱʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ [4], ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʉʄʅ ʙʳʣʘ ʚʳʙʨʘʥʘ [110]B2-ʦʨʠʝʥʪʘʮʠʷ 

(Ůtr = -6,2 %), ʩʪʘʨʝʥʠʝ ʚʜʦʣʴ ʢʦʪʦʨʦʡ ʩʧʦʩʦʙʩʪʚʫʝʪ ʥʘʙʣʶʜʝʥʠʶ ʨʘʩʪʷʛʠʚʘʶʱʠʭ 

ʜʝʬʦʨʤʘʮʠʡ ʧʨʠ ɼʕʇʌ ʚʜʦʣʴ [001]B2-ʥʘʧʨʘʚʣʝʥʠ.̫ 

ʕʬʬʝʢʪʠʚʥʳʤ ʩʧʦʩʦʙʦʤ ʥʘʚʝʜʝʥʠʷ ɼʕʇʌ ʷʚʣʷʝʪʩʷ ʉʄʅ, ʟʘʢʣʶʯʘʶʱʝʝʩʷ ʚ 

ʩʪʘʙʠʣʠʟʘʮʠʠ ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʚʘʨʠʘʥʪʘ L10-ʤʘʨʪʝʥʩʠʪʘ, ʦʩʥʦʚʥʳʤ ʤʝʭʘʥʠʟʤʦʤ 

ʢʦʪʦʨʦʡ ʷʚʣʷʝʪʩʷ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ ʘʪʦʤʦʚ ʨʘʟʥʦʛʦ ʩʦʨʪʘ ʠ ʜʝʬʝʢʪʦʚ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʩʠʤʤʝʪʨʠʝʡ ʤʘʨʪʝʥʩʠʪʘ, ʪʘʢ ʥʘʟʳʚʘʝʤʘʷ ʭʠʤʠʯʝʩʢʘʷ ʩʪʘʙʠʣʠʟʘʮʠʷ [5]. ʈʝʞʠʤ ʉʄʅ ʙʳʣ 

ʚʳʙʨʘʥ ʠʩʭʦʜʷ ʠʟ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʠʥʪʝʨʚʘʣʘ ʧʨʦʷʚʣʝʥʠʷ ʉʕ, ʠʩʢʣʶʯʘʷ ʥʘʢʦʧʣʝʥʠʝ 

ʥʝʦʙʨʘʪʠʤʦʡ ʜʝʬʦʨʤʘʮʠʠ ʩ ʮʝʣʴʶ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʚʢʣʘʜ ʤʝʭʘʥʠʯʝʩʢʦʡ ʩʪʘʙʠʣʠʟʘʮʠʠ 

ʤʘʨʪʝʥʩʠʪʘ ʚ ʭʦʜʝ ʉʄʅ. ʇʨʦʮʝʩʩ ʩʪʘʨʝʥʠʷ ʚʜʦʣʴ [110]B2-ʥʘʧʨʘʚʣʝʥʠʷ ʟʘʢʣʶʯʘʣʩ ̫ʚ 

ʚʳʜʝʨʞʢʝ ʚ ʤʘʨʪʝʥʩʠʪʥʦʤ ʩʦʩʪʦʷʥʠʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 398 K ʚ ʪʝʯʝʥʠʝ 2 ʯʘʩʦʚ ʧʦʜ 

ʩʞʠʤʘʶʱʝʡ ʥʘʛʨʫʟʢʦʡ 425 ʄʇʘ ʧʨʠ ʦʙʱʝʡ ʟʘʜʘʥʥʦʡ ʜʝʬʦʨʤʘʮʠʠ Ů = 8 % (ʈʠʩ. 1 ʘ). ʇʨʠ 

ʉʄʅ ʚʜʦʣʴ [110]B2-ʥʘʧʨʘʚʣʝʥʠʷ ʬʦʨʤʠʨʫʝʪʩʷ ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʳʡ ʚʘʨʠʘʥʪ ʧʦʣʥʦʩʪʴʶ 

ʠʣʠ ʯʘʩʪʠʯʥʦ ʨʘʟʜʚʦʡʥʠʢʦʚʘʥʥʦʛʦ L10-ʤʘʨʪʝʥʩʠʪʘ, ʧʦʟʚʦʣʷʶʱʝʛʦ ʧʦʣʫʯʠʪʴ 

ʨʘʩʪʷʛʠʚʘʶʱʠʝ ʦʙʨʘʪʠʤʳʝ ʜʝʬʦʨʤʘʮʠʠ ʚʜʦʣʴ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʛʦ ʩʪʘʨʝʥʠ ʁ [001]B2-

ʥʘʧʨʘʚʣʝʥʠʷ. 

ʇʦʩʣʝ ʉʄʅ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ɼʕʇʌ ʚʜʦʣʴ [110]B2-, [110]B2-, [001]B2-

ʥʘʧʨʘʚʣʝʥʠʡ (ʈʠʩ. 1 ʙ). ʉʞʠʤʘʶʱʘʷ ʦʙʨʘʪʠʤʘʷ ʜʝʬʦʨʤʘʮʠʷ, ʧʦʣʫʯʝʥʥʘʷ ʧʨʠ ɼʕʇʌ 

ʚʜʦʣʴ ʥʘʧʨʘʚʣʝʥʠʷ ʩʪʘʨʝʥʠʷ, ʩʦʩʪʘʚʣʷʝʪ Ů = -3,3 % ʠ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʫʟʢʠʤʠ 

ʠʥʪʝʨʚʘʣʘʤʠ ʪʝʤʧʝʨʘʪʫʨ ʧʨʷʤʦʛʦ æ1 = 8 K ʠ ʦʙʨʘʪʥʦʛʦ æ2 Ғ 0 K ʄʇ (ȹ1 = Ms - M f, 

ȹ2 = Af - As). ɼʕʇʌ ʚʜʦʣʴ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʛʦ ʩʪʘʨʝʥʠʶ [110]B2-ʥʘʧʨʘʚʣʝʥʠʷ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʞʠʤʘʶʱʝʡ ʦʙʨʘʪʠʤʦʡ ʜʝʬʦʨʤʘʮʠʝʡ Ů = -2,2 % ʠ æ1 = 16 K, æ2 = 2 K. 

ʈʘʩʪʷʛʠʚʘʶʱʘʷ ʦʙʨʘʪʠʤʘʷ ʜʝʬʦʨʤʘʮʠʷ ʚʝʣʠʯʠʥʦʡ Ů = +5,4 % ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʧʨʠ ɼʕʇʌ 

ʚʜʦʣʴ [001]B2-ʥʘʧʨʘʚʣʝʥʠʷ. ʇʨʠ ʵʪʦʤ ʜʝʬʦʨʤʘʮʠʷ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʫʟʢʠʤʠ ʠʥʪʝʨʚʘʣʘʤʠ 

ʪʝʤʧʝʨʘʪʫʨ ʄʇ æ1 = 6 K, æ2 Ғ 0 K, ʙʣʠʟʢʠʤʠ ʢ ʚʟʨʳʚʥʦʤʫ ʧʨʝʚʨʘʱʝʥʠʶ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʧʦʚʳʩʠʪʴ ʩʢʦʨʦʩʪʴ ʩʨʘʙʘʪʳʚʘʥʠʷ ʠʩʧʦʣʥʠʪʝʣʴʥʳʭ ʤʝʭʘʥʠʟʤʦʚ. ʊʝʨʤʠʯʝʩʢʠʝ 

ʛʠʩʪʝʨʝʟʠʩʳ æT ʧʨʠ ʧʨʦʷʚʣʝʥʠʠ ɼʕʇʌ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʨʘʩʩʝʷʥʠʝ ʵʥʝʨʛʠʠ, ʚʦ ʚʩʝʭ 

ʩʣʫʯʘʷʭ ʩʦʩʪʘʚʣʷʶʪ 52ï55 K. 

 

ʈʠʩʫʥʦʢ 1. ʉʄʅ ʚʜʦʣʴ [110]B2-ʥʘʧʨʘʚʣʝʥʠʷ (a) ʩ ʧʦʩʣʝʜʫʶʱʠʤʠ ɼʕʇʌ ʚʜʦʣʴ [110]B2-, 

[110] B2- ʠ [001]B2-ʥʘʧʨʘʚʣʝʥʠʡ (ʙ) ʚ ʛʝʪʝʨʦʬʘʟʥʳʭ ʤʦʥʦʢʨʠʩʪʘʣʣʘʭ Ni48Fe19Ga27Co6. 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʉʄʅ ʚʜʦʣʴ [110]B2-ʥʘʧʨʘʚʣʝʥʠʷ 

ʷʚʣʷʝʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤ ʩʧʦʩʦʙʦʤ ʜʣʷ ʥʘʚʝʜʝʥʠʷ ɼʕʇʌ ʩ ʤʘʢʩʠʤʘʣʴʥʦʡ ʚʝʣʠʯʠʥʦʡ 

ʦʙʨʘʪʠʤʦʡ ʜʝʬʦʨʤʘʮʠʠ +5,4 % ʚʜʦʣʴ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʛʦ [001]B2-ʥʘʧʨʘʚʣʝʥʠʷ ʚ 

ʛʝʪʝʨʦʬʘʟʥʳʭ ʤʦʥʦʢʨʠʩʪʘʣʣʘʭ ʩʧʣʘʚʘ Ni48Fe19Ga27Co6. ɺ ʠʩʩʣʝʜʦʚʘʥʥʳʭ 

ʤʦʥʦʢʨʠʩʪʘʣʣʘʭ ɼʕʇʌ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʫʟʢʠʤʠ ʪʝʤʧʝʨʘʪʫʨʥʳʤʠ ʠʥʪʝʨʚʘʣʘʤʠ ʄʇ, ʯʪʦ 

ʚʘʞʥʦ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʩʠʣʦʚʳʭ ʧʨʠʚʦʜʦʚ ʠ ʜʘʪʯʠʢʦʚ ʟʘ ʩʯʝʪ 

ʫʚʝʣʠʯʝʥʠʷ ʩʢʦʨʦʩʪʠ ʩʨʘʙʘʪʳʚʘʥʠʷ ʤʝʭʘʥʠʟʤʘ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʙʝʟ ʚʥʝʰʥʠʭ 

ʥʘʛʨʫʟʦʢ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʛʨʘʥʪʘ ʈʅʌ ˉ 20-19-00153. 
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ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʦʠʟʚʦʜʩʪʚʦ ʙʦʣʴʰʠʥʩʪʚʘ ʠʟʜʝʣʠʡ ʠʟ ʤʝʪʘʣʣʦʚ ʠ ʩʧʣʘʚʦʚ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʤʝʪʦʜʘʤʠ ʠʥʪʝʥʩʠʚʥʳʭ ʥʝʫʧʨʫʛʠʭ ʜʝʬʦʨʤʘʮʠʡ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ 

ʩʫʱʝʩʪʚʝʥʥʦʝ ʫʣʫʯʰʝʥʠʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʟʘ ʩʯʝʪ ʢʘʨʜʠʥʘʣʴʥʦʛʦ 

ʠʟʤʝʥʝʥʠʷ ʤʠʢʨʦ- ʠ ʤʝʟʦʩʪʨʫʢʪʫʨʳ ʦʙʨʘʙʘʪʳʚʘʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʉʦʟʜʘʥʠʝ ʥʦʚʳʭ ʠ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʩʫʱʝʩʪʚʫʶʱʠʭ ʪʝʭʥʦʣʦʛʠʡ ʦʙʨʘʙʦʪʢʠ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʠʟʜʝʣʠʡ ʚ 

ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʥʝʚʦʟʤʦʞʥʦ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ, 

ʧʦʟʚʦʣʷʶʱʠʭ ʦʧʠʩʳʚʘʪʴ ʵʚʦʣʶʮʠʶ ʩʪʨʫʢʪʫʨʳ ʧʨʠ ʥʝʫʧʨʫʛʦʤ ʜʝʬʦʨʤʠʨʦʚʘʥʠʠ 

ʤʝʪʘʣʣʦʚ ʠ ʩʧʣʘʚʦʚ ʚ ʰʠʨʦʢʠʭ ʜʠʘʧʘʟʦʥʘʭ ʚʦʟʜʝʡʩʪʚʠʡ, ʚʢʣʶʯʘʷ ʩʣʦʞʥʦʝ ʥʘʛʨʫʞʝʥʠʝ ʠ 

ʜʝʬʦʨʤʠʨʦʚʘʥʠʝ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ [1]. ɺ ʧʨʦʮʝʩʩʘʭ ʪʝʨʤʦʤʝʭʘʥʠʯʝʩʢʦʡ 

ʦʙʨʘʙʦʪʢʠ ʚ ʠʟʜʝʣʠʷʭ ʤʦʛʫʪ ʥʘʢʘʧʣʠʚʘʪʴʩʷ ʧʦʚʨʝʞʜʝʥʠʷ ʥʘ ʨʘʟʥʳʭ ʩʪʨʫʢʪʫʨʥʳʭ ʠ 

ʤʘʩʰʪʘʙʥʳʭ ʫʨʦʚʥʷʭ. ɼʝʬʦʨʤʠʨʦʚʘʥʠʝ ʠ ʥʘʢʦʧʣʝʥʠʝ ʧʦʚʨʝʞʜʝʥʥʦʩʪʠ ʷʚʣʷʶʪʩʷ 

ʤʥʦʛʦʩʪʘʜʠʡʥʳʤʠ ʠ ʤʥʦʛʦʫʨʦʚʥʝʚʳʤʠ ʧʨʦʮʝʩʩʘʤʠ, ʩʚʷʟʘʥʥʳʤʠ ʩ ʵʚʦʣʶʮʠʝʡ ʜʝʬʝʢʪʦʚ 

ʨʘʟʣʠʯʥʦʡ ʧʨʠʨʦʜʳ. ʇʨʠ ʧʦʤʦʱʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʤʦʞʥʦ ʧʦʣʫʯʘʪʴ ʜʝʪʘʣʴʥʦʝ 

ʦʧʠʩʘʥʠʝ ʧʨʦʠʩʭʦʜʷʱʠʭ ʥʘ ʨʘʟʣʠʯʥʳʭ ʤʘʩʰʪʘʙʥʳʭ ʫʨʦʚʥʷʭ ʬʠʟʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʠ ʠʭ 

ʩʣʝʜʩʪʚʠʡ, ʚ ʪʦʤ ʯʠʩʣʝ ï ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚ ʤʘʪʝʨʠʘʣʝ ʤʠʢʨʦʪʨʝʱʠʥ 

[2]. ɼʣʷ ʢʦʨʨʝʢʪʥʦʛʦ ʦʧʠʩʘʥʠʷ ʬʠʟʠʯʝʩʢʠʭ ʤʝʭʘʥʠʟʤʦʚ ʠ ʘʥʘʣʠʟʘ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ 

ʧʦʚʝʜʝʥʠʷ ʤʝʪʘʣʣʦʚ ʠ ʩʧʣʘʚʦʚ ʥʝʦʙʭʦʜʠʤ ʫʯʸʪ ʵʚʦʣʶʮʠʠ ʜʝʬʝʢʪʥʦʡ ʩʪʨʫʢʪʫʨʳ 

ʤʘʪʝʨʠʘʣʘ ʠ ʨʘʩʩʤʦʪʨʝʥʠʝ ʚ ʷʚʥʦʡ ʬʦʨʤʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʥʦʩʠʪʝʣʝʡ ʚʘʞʥʝʡʰʠʭ 

ʤʝʭʘʥʠʟʤʦʚ ʥʘ ʨʘʟʣʠʯʥʳʭ ʤʘʩʰʪʘʙʥʳʭ ʠ ʩʪʨʫʢʪʫʨʥʳʭ ʫʨʦʚʥʷʭ [1]. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʮʝʣʴʶ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʧʨʷʤʦʡ ʤʥʦʛʦʫʨʦʚʥʝʚʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʜʣʷ 

ʦʧʠʩʘʥʠʷ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʥʘʢʦʧʣʝʥʠʷ ʧʦʚʨʝʞʜʝʥʥʦʩʪʠ, ʦʩʥʦʚʘʥʥʦʡ ʥʘ ʬʠʟʠʯʝʩʢʦʡ 

ʪʝʦʨʠʠ ʫʧʨʫʛʦʚʷʟʢʦʧʣʘʩʪʠʯʥʦʩʪʠ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʤʦʜʝʣʠ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʷʚʥʦʤ 

ʦʧʠʩʘʥʠʠ ʬʠʟʠʯʝʩʢʠʭ ʤʝʭʘʥʠʟʤʦʚ ʥʝʫʧʨʫʛʦʛʦ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʨʘʟʨʫʰʝʥʠʷ ʤʝʪʘʣʣʦʚ, 

ʷʚʣʷʶʪʩʷ ʙʦʣʝʝ ʫʥʠʚʝʨʩʘʣʴʥʳʤʠ, ʪʘʢ ʢʘʢ ʩ ʚ ʨʘʤʢʘʭ ʝʜʠʥʦʡ ʤʦʜʝʣʠ ʤʦʞʥʦ 
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ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʦʧʠʩʘʪʴ ʚʩʝ ʩʪʘʜʠʠ ʨʘʟʨʫʰʝʥʠʷ (ʦʪ ʟʘʨʦʞʜʝʥʠʷ ʤʠʢʨʦʪʨʝʱʠʥʳ ʜʦ 

ʨʘʟʨʫʰʝʥʠʷ) ʜʣʷ ʰʠʨʦʢʦʛʦ ʢʣʘʩʩʘ ʤʘʪʝʨʠʘʣʦʚ  ʠ ʪʝʨʤʦʤʝʭʘʥʠʯʝʩʢʠʭ ʚʦʟʜʝʡʩʪʚʠʡ.  

ɺ ʨʘʤʢʘʭ ʚʳʙʨʘʥʥʦʛʦ ʧʦʜʭʦʜʘ ʚ ʤʘʪʝʨʠʘʣʝ ʚʳʜʝʣʷʶʪʩʷ ʥʝʩʢʦʣʴʢʦ ʩʪʨʫʢʪʫʨʥʦ-

ʤʘʩʰʪʘʙʥʳʭ ʫʨʦʚʥʝʡ, ʜʣʷ ʢʘʞʜʦʛʦ ʠʟ ʢʦʪʦʨʳʭ ʦʧʨʝʜʝʣʷʶʪʩʷ ʚʝʜʫʱʠʝ ʤʝʭʘʥʠʟʤʳ 

ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʥʘʢʦʧʣʝʥʠʷ ʧʦʚʨʝʞʜʝʥʥʦʩʪʠ. ɼʣʷ ʦʧʠʩʘʥʠʷ ʧʦʚʝʜʝʥʠʷ ʤʘʪʝʨʠʘʣʘ 

ʚʚʦʜʷʪʩʷ ʫʨʦʚʝʥʴ ʧʨʝʜʩʪʘʚʠʪʝʣʴʥʦʛʦ ʤʘʢʨʦʦʙʲʝʤʘ, ʤʝʟʦʫʨʦʚʝʥʴ-I ʠ ʤʝʟʦʫʨʦʚʝʥʴ-II. 

ʈʘʟʜʝʣʝʥʠʝ ʦʩʥʦʚʘʥʦ ʥʘ ʚʳʜʝʣʝʥʠʠ ʬʠʟʠʯʝʩʢʠʭ ʤʝʭʘʥʠʟʤʦʚ ʠ ʠʭ ʥʦʩʠʪʝʣʝʡ, 

ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʢʘʞʜʦʛʦ ʠʟ ʫʨʦʚʥʝʡ. ɼʣʷ ʫʨʦʚʥʷ ʧʨʝʜʩʪʘʚʠʪʝʣʴʥʦʛʦ ʤʘʢʨʦʦʙʲʝʤʘ 

ʩʪʘʚʠʪʩʷ ʢʨʘʝʚʘʷ ʟʘʜʘʯʘ ʜʣʷ ʙʦʣʴʰʦʡ ʩʦʚʦʢʫʧʥʦʩʪʠ (ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʩʦʪʝʥ) ʟʝʨʝʥ. 

ɼʝʬʦʨʤʠʨʦʚʘʥʠʝ ʦʪʜʝʣʴʥʳʭ ʢʨʠʩʪʘʣʣʠʪʦʚ (ʟʝʨʝʥ, ʩʫʙʟʝʨʝʥ) ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʥʘ 

ʤʝʟʦʫʨʦʚʥʝ-I; ʧʨʠ ʵʪʦʤ ʦʧʠʩʘʥʠʝ ʧʨʦʮʝʩʩʘ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʚʝʜʝʪʩʷ ʚ ʪʝʨʤʠʥʘʭ 

ʩʢʦʨʦʩʪʝʡ ʩʜʚʠʛʦʚ ʧʦ ʩʠʩʪʝʤʘʤ ʩʢʦʣʴʞʝʥʠʷ. ʅʘ ʤʝʟʦʫʨʦʚʥʝ-II ʚʥʠʤʘʥʠʝ ʩʦʩʨʝʜʦʪʦʯʝʥʦ 

ʥʘ ʵʚʦʣʶʮʠʠ ʜʠʩʣʦʢʘʮʠʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ (ʚ ʯʘʩʪʥʦʩʪʠ, ʧʣʦʪʥʦʩʪʝʡ ʜʠʩʣʦʢʘʮʠʡ ʥʘ 

ʩʠʩʪʝʤʘʭ ʩʢʦʣʴʞʝʥʠʷ) ʠ ʦʧʨʝʜʝʣʝʥʠʷ ʦʙʣʘʩʪʝʡ ʩ ʚʳʩʦʢʠʤʠ ʣʦʢʘʣʴʥʳʤʠ ʥʘʧʨʷʞʝʥʠʷʤʠ, 

ʯʪʦ ʤʦʞʝʪ ʚʝʩʪʠ ʢ ʠʥʠʮʠʠʨʦʚʘʥʠʶ ʟʘʨʦʞʜʝʥʠʷ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʤʠʢʨʦʪʨʝʱʠʥ. ʇʨʠ 

ʵʪʦʤ ʫʯʠʪʳʚʘʶʪʩʷ ʟʘʨʦʞʜʝʥʠʝ ʥʦʚʳʭ ʜʠʩʣʦʢʘʮʠʡ, ʘʥʥʠʛʠʣʷʮʠʷ ʨʘʟʥʦʠʤʝʥʥʳʭ 

ʜʠʩʣʦʢʘʮʠʡ ʥʘ ʢʘʞʜʦʡ ʠʟ ʩʠʩʪʝʤ ʩʢʦʣʴʞʝʥʠʷ ʠ ʤʝʞʢʨʠʩʪʘʣʣʠʪʥʳʝ ʧʦʪʦʢʠ ʜʠʩʣʦʢʘʮʠʡ 

ʠʟ ʩʦʩʝʜʥʠʭ ʵʣʝʤʝʥʪʦʚ ʤʝʟʦʫʨʦʚʥʷïII.  

ʉʚʷʟʴ ʧʝʨʝʤʝʥʥʳʭ ʨʘʟʣʠʯʥʳʭ ʫʨʦʚʥʝʡ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʬʠʟʠʯʝʩʢʠ 

ʦʙʦʩʥʦʚʘʥʥʳʭ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ. ʅʘʧʨʠʤʝʨ, ʥʘ ʤʝʟʦʫʨʦʚʥʝ-I ʚʳʯʠʩʣʷʶʪʩʷ 

ʢʘʩʘʪʝʣʴʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʢʘʞʜʦʡ ʩʠʩʪʝʤʝ ʩʢʦʣʴʞʝʥʠʷ, ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʳ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʜʠʩʣʦʢʘʮʠʡ ʥʘ ʤʝʟʦʫʨʦʚʥʝ-II. ɺ ʪʦ ʞʝ ʚʨʝʤʷ 

ʚʳʯʠʩʣʝʥʥʳʝ ʥʘ ʤʝʟʦʫʨʦʚʥʝ-II ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʜʠʩʣʦʢʘʮʠʡ (ʘ ʧʦ ʥʠʤ ï ʩʢʦʨʦʩʪʠ 

ʩʜʚʠʛʦʚ ʧʦ ʩʠʩʪʝʤʘʤ ʩʢʦʣʴʞʝʥʠʷ) ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʢʦʨʦʩʪʠ ʥʝʫʧʨʫʛʦʛʦ 

ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʢʨʠʩʪʘʣʣʠʪʦʚ ʥʘ ʤʝʟʦʫʨʦʚʥʝ-I. ʇʦʜʨʦʙʥʦʝ ʦʧʠʩʘʥʠʝ ʤʦʜʝʣʠ, ʘ ʪʘʢʞʝ 

ʥʝʢʦʪʦʨʳʝ ʨʝʟʫʣʴʪʘʪʳ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʨʠʚʝʜʝʥʳ ʚ [3]. 

ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʦʧʠʩʳʚʘʝʤʳʡ ʥʘ ʤʝʟʦʫʨʦʚʥʝ-II ʧʨʦʮʝʩʩ ʦʙʨʘʟʦʚʘʥʠʷ 

ʤʠʢʨʦʪʨʝʱʠʥ ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʩʯʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʜʠʩʣʦʢʘʮʠʡ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʠ ʩ 

ʙʘʨʴʝʨʘʤʠ ʨʘʟʣʠʯʥʦʡ ʧʨʠʨʦʜʳ (ʤʝʞʟʝʨʝʥʥʳʝ ʛʨʘʥʠʮʳ, ʞʝʩʪʢʠʝ ʚʢʣʶʯʝʥʠʷ, 

ʜʠʩʣʦʢʘʮʠʦʥʥʳʝ ʙʘʨʴʝʨʳ) [4]. ɼʣʷ ʦʧʠʩʘʥʠʷ ʟʘʨʦʞʜʝʥʠʷ ʪʨʝʱʠʥʳ ʧʨʝʜʣʘʛʘʝʪʩʷ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʦʜʝʣʴ ʉʪʨʦ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʢʦʪʦʨʦʡ ʦʙʨʘʟʦʚʘʥʠʝ ʜʠʩʣʦʢʘʮʠʦʥʥʦʛʦ 

ʩʢʦʧʣʝʥʠʷ ʢʨʠʪʠʯʝʩʢʦʡ ʜʣʠʥʳ ʚʙʣʠʟʠ ʥʝʢʦʪʦʨʦʛʦ ʥʝʧʨʝʦʜʦʣʠʤʦʛʦ ʜʣʷ ʜʠʩʣʦʢʘʮʠʡ 

ʧʨʝʧʷʪʩʪʚʠʷ ʤʦʞʝʪ ʠʥʠʮʠʠʨʦʚʘʪʴ ʟʘʨʦʞʜʝʥʠʝ ʤʠʢʨʦʪʨʝʱʠʥʳ [5]. ɼʣʷ ʦʧʠʩʘʥʠʷ ʵʪʦʛʦ 

ʧʨʦʮʝʩʩʘ ʚ ʢʘʞʜʦʤ ʵʣʝʤʝʥʪʝ ʧʨʦʚʝʨʷʝʪʩʷ ʫʩʣʦʚʠʝ ʜʦʩʪʠʞʝʥʠʷ ʦʙʱʝʡ ʧʣʦʪʥʦʩʪʠ 

ʜʠʩʣʦʢʘʮʠʡ ʥʝʢʦʪʦʨʦʛʦ ʢʨʠʪʠʯʝʩʢʦʛʦ ʟʥʘʯʝʥʠʷ. ɼʘʥʥʦʝ ʫʩʣʦʚʠʝ ʤʦʞʥʦ ʨʘʩʰʠʨʷʪʴ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʤʠ ʦʛʨʘʥʠʯʝʥʠʷʤʠ ʩ ʮʝʣʴʶ ʦʧʠʩʘʥʠʷ ʟʘʨʦʞʜʝʥʠʷ ʪʨʝʱʠʥʳ 

ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʪʠʧʘ (ʥʘʧʨʠʤʝʨ, ʜʣʷ ʦʧʠʩʘʥʠʷ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʤʝʞʟʝʨʝʥʥʳʭ ʪʨʝʱʠʥ ʚ 

ʩʧʣʘʚʘʭ ʤʦʞʥʦ ʚʝʩʪʠ ʫʯʝʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʨʠʤʝʩʝʡ ʚ ʛʨʘʥʠʮʝ). ɽʩʣʠ ʫʩʣʦʚʠʝ ʟʘʨʦʞʜʝʥʠʷ 

ʤʠʢʨʦʪʨʝʱʠʥʳ ʚʳʧʦʣʥʷʝʪʩʷ, ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʡ ʵʣʝʤʝʥʪ ʤʝʟʦʫʨʦʚʥʷ-II ʩʯʠʪʘʝʪʩʷ 

ʧʦʚʨʝʞʜʝʥʥʳʤ. ʕʣʝʤʝʥʪʳ, ʚ ʢʦʪʦʨʳʭ ʦʙʨʘʟʫʶʪʩʷ ʤʠʢʨʦʪʨʝʱʠʥʳ, ʧʦʣʘʛʘʶʪʩʷ 

ʪʝʨʷʶʱʠʤʠ ʩʧʦʩʦʙʥʦʩʪʴ ʥʝʩʪʠ ʥʘʛʨʫʟʢʫ, ʜʣʷ ʦʧʠʩʘʥʠʷ ʯʝʛʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚʚʝʜʝʥʠʝ 

ʬʠʢʪʠʚʥʳʭ ʫʟʣʦʚʳʭ ʩʠʣ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʥʫʣʝʚʳʝ ʥʘʧʨʷʞʝʥʠʷ ʚ ʫʢʘʟʘʥʥʳʭ ʵʣʝʤʝʥʪʘʭ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʨʘʙʦʪʝ ʧʨʝʜʣʦʞʝʥ ʧʦʜʭʦʜ ʢ ʧʦʩʪʨʦʝʥʠʶ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ 

ʥʝʫʧʨʫʛʦʛʦ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʨʘʟʨʫʰʝʥʠʷ ʤʝʪʘʣʣʦʚ, ʘ ʪʘʢʞʝ ʦʧʠʩʘʥʘ ʩʪʨʫʢʪʫʨʘ ʠ 

ʦʩʥʦʚʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʤʥʦʛʦʫʨʦʚʥʝʚʦʡ ʤʦʜʝʣʠ ʜʣʷ ʦʧʠʩʘʥʠʷ ʧʦʚʝʜʝʥʠʷ 

ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʫʯʝʪʦʤ ʵʚʦʣʶʮʠʠ ʜʠʩʣʦʢʘʮʠʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʠ 

ʟʘʨʦʞʜʝʥʠʷ ʤʠʢʨʦʪʨʝʱʠʥ. 
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ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʶʪ ʤʝʪʦʜʳ ʠ ʪʝʭʥʦʣʦʛʠʠ 

ʩʦʟʜʘʶʱʠʝ ʦʧʨʝʜʝʣʝʥʥʳʝ ʩʚʦʡʩʪʚʘ ʤʘʪʝʨʠʘʣʴʥʳʭ ʦʙʲʝʢʪʦʚ ʠ ʦʙʣʘʜʘʶʱʠʝ 

ʚʦʟʤʦʞʥʦʩʪʴʶ ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʠʟʤʝʥʝʥʠʷ ʵʪʠʭ ʩʚʦʡʩʪʚ. ʂ ʪʘʢʠʤ ʤʝʪʦʜʘʤ ʩʣʝʜʫʝʪ ʦʪʥʝʩʪʠ 

ɸʄɼ-ʤʝʪʦʜʳ [1], ʠʩʧʦʣʴʟʫʶʱʠʝ ʘʢʫʩʪʠʯʝʩʢʠʝ ʚʦʣʥʳ (ɸɺ) ʜʣʷ ʚʠʟʫʘʣʠʟʘʮʠʠ ʩʪʨʫʢʪʫʨʳ 

ʤʘʪʝʨʠʘʣʦʚ [2], ʠ ʨʘʩʯʝʪʘ ʠʭ ʬʠʟʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩ ʧʦʤʦʱʴʶ ʘʥʘʣʠʟʘ ʬʦʨʤʳ 

ʭʘʨʘʢʪʝʨʥʳʭ V(Z)-ʢʨʠʚʳʭ [3].  

ʎʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʦ ʠʟʫʯʝʥʠʝ ʠʟʤʝʥʝʥʠʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʘʢʫʩʪʠʯʝʩʢʠʭ ʚʦʣʥ, 

ʪʘʢʠʭ ʢʘʢ DV/V%  ʠ uR, ʛʜʝ ʧʝʨʚʘʷ ʩʚʷʟʘʥʘ ʩ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʟʘʪʫʭʘʥʠʷ, ʘ ʚʪʦʨʘʷ ï 

ʩʢʦʨʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ɸɺ.  ʀʟʚʝʩʪʥʦ, ʯʪʦ ʯʝʪʢʦʩʪʴ ʘʢʫʩʪʠʯʝʩʢʠʭ ʠʟʦʙʨʘʞʝʥʠʡ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʦʦʪʥʦʰʝʥʠʷʤʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʦʪʨʘʞʝʥʠʷ ʠ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ɸɺ. 

ʇʦʵʪʦʤʫ, ʟʘ ʩʯʝʪ ʘʢʫʩʪʠʯʝʩʢʦʛʦ ʢʦʥʪʨʘʩʪʘ ʨʘʟʣʠʯʥʳʝ ʧʦ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʡ 

ʦʨʠʝʥʪʘʮʠʠ ʠ ʩʪʝʧʝʥʠ ʜʝʬʦʨʤʘʮʠʠ ʟʝʨʥʘ ʧʨʦʷʚʣʷʶʪʩʷ ʥʘ ʩʥʠʤʢʘʭ ʢʘʢ ʯʝʪʢʦ 

ʨʘʟʜʝʣʷʶʱʠʝʩʷ ʦʙʲʝʢʪʳ (ʨʠʩ.1a,b).  
 

 

 

 

 

 

                                   

            a)                                                b)                              ʩ) 

ʈʠʩʫʥʦʢ 1. ɸʢʫʩʪʠʯʝʩʢʠʝ ʠʟʦʙʨʘʞʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʩ 

ʨʘʟʣʠʯʥʦʡ ʩʪʝʧʝʥʴʶ ʜʝʬʦʨʤʘʮʠʠ (a - AMD-ʠʟʦʙʨʘʞʝʥʠʝ ʩʪʨʫʢʪʫʨʳ, ʧʦʜʚʝʨʛʥʫʪʦʡ 47% 

ʜʝʬʦʨʤʘʮʠʠ ʤʘʩʰʪʘʙ 40 microns/div., Z = -14 microns); b ï ʤʠʢʨʦʩʪʨʫʢʪʫʨʘ ʧʘʪʝʥʪʠʨʦ-

ʚʘʥʥʦʡ ʩʪʘʣʠ (ʤʘʩʰʪʘʙ 28 Õm/div., f = 407 MHz, Z = -12 Õm); ʩ ï ʦʙʣʘʩʪʠ ʥʝʨʘʚʥʦʤʝʨʥʦʡ 

ʜʝʬʦʨʤʘʮʠʠ ʢʨʫʯʝʥʠʷ ʚʳʷʚʣʝʥʥʳʝ ʤʝʪʦʜʦʤ V(Z)-ʢʨʠʚʳʭ (ʩʪʘʣʴ 27HGSNL; ʧʦʚʝʨʭʥʦʩʪʴ 

ʦʙʨʘʟʮʘ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʘ ʦʩʠ ʜʝʬʦʨʤʘʮʠʠ)  
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                   a)                                                                           b)                                                                                    

  ʈʠʩʫʥʦʢ 2. ɺʳʷʚʣʝʥʠʝ ʪʦʣʱʠʥʳ ʠʟʤʝʥʝʥʥʦʛʦ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ (ʩʪʘʣʴ 

15H2NMFA) ʧʨʠ ʜʝʬʦʨʤʘʮʠʠ ʧʦʚʝʨʭʥʦʩʪʠ ʧʝʩʢʦʤ ʠ ʜʨʦʙʴʶ ʧʦ ʚʝʣʠʯʠʥʝ ʫʨʦʚʥʷ ʟʘʪʫʭʘʥʠʷ 

ɸɺ (DV/V%) (a-ʧʝʩʦʢ 0.05 mm, b-ʜʨʦʙʴ 0.4 mm)    

ʇʦ ʘʢʫʩʪʠʯʝʩʢʠʤ ʠʟʦʙʨʘʞʝʥʠʷʤ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʨʘʟʤʝʨ ʟʝʨʥʘ ʩʪʨʫʢʪʫʨʳ, ʪʘʢ ʠ 

ʩʪʝʧʝʥʴ ʝʸ ʜʠʩʧʝʨʩʥʦʩʪʠ. ʏʠʩʣʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʝʬʦʨʤʘʮʠʠ ʦʧʨʝʜʝʣʷʣʠʩʴ 

ʧʦ ʬʦʨʤʝ V(Z)-ʢʨʠʚʳʭ. ʕʪʘ ʤʝʪʦʜʠʢʘ ʧʦʟʚʦʣʠʣʘ ʨʘʩʩʯʠʪʘʪʴ ʟʥʘʯʝʥʠʷ ʫʩʣʦʚʥʦʛʦ ʧʨʝʜʝʣʘ 

ʪʝʢʫʯʝʩʪʠ s0,2  ʜʣʷ ʨʷʜʘ ʩʪʘʣʝʡ. ʇʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʩʦʚʧʘʣʠ ʩ ʜʘʥʥʳʤʠ, ʧʨʝʜ-

ʩʪʘʚʣʝʥʥʳʤʠ ʘʚʪʦʨʘʤʠ ʨʷʜʘ ʧʫʙʣʠʢʘʮʠʡ [4]. ʀʟʤʝʥʝʥʠʝ  ʚʳʩʦʪʳ ʛʣʘʚʥʦʛʦ ʤʘʢʩʠʤʫʤʘ 

V(Z)-ʢʨʠʚʳʭ ʧʦʟʚʦʣʠʣʘ  ʨʘʩʩʯʠʪʘʪʴ ʠ  ʟʥʘʯʝʥʠʷ ʫʧʨʫʛʠʭ ʤʦʜʫʣʝʡ E ʠ G ʨʷʜʘ ʩʪʘʣʝʡ, ʠ ʠʭ 

ʧʣʦʪʥʦʩʪʠ (ʨʠʩ.1ʩ ʠ ).  ʆʥʘ ʞʝ ʧʦʟʚʦʣʠʣʘ ʦʧʨʝʜʝʣʠʪʴ ʩʪʝʧʝʥʴ ʚʣʠʷʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʦʡ 

ʜʝʬʦʨʤʘʮʠʠ ʠ ʪʦʣʱʠʥʫ ʥʘʛʘʨʪʦʚʘʥʥʦʛʦ ʩʣʦʷ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʨʘʟʤʝʨʘʭ  ʜʝʬʦʨʤʠʨʫʶʱʠʭ 

ʩʬʝʨ (ʨʠʩ.2). 

 

       
ʈʠʩʫʥʦʢ 3. ʀʟʤʝʥʝʥʠʝ ʬʦʨʤʳ V(Z)- ʢʨʠʚʦʡ ʚ ʩʪʘʣʠ  30ʍɻʉʄʃ (ʘ,b) ʧʨʠ ʮʝʤʝʥʪʘʮʠʠ 

(9400ʉ, 2 ʯʘʩʘ; uR = 3,18 .103 m/s, DZN = 14,68 ҡm, (DV/V%)max= 37%, ʤʘʩʰʪʘʙ ʧʦ 

ʚʝʨʪʠʢʘʣʠ 1 div.= 0.25 V, ʧʦ ʛʦʨʠʟʦʥʪʘʣʠ ï 1 div.=12,2 Õm.) ʠ ʟʘʚʠʩʠʤʦʩʪʴ ʩʢʦʨʦʩʪʠ ʇɸɺ 

(ʩ) ʦʪ ʚʨʝʤʝʥʠ ʮʝʤʝʥʪʘʮʠʠ ʩʪʘʣʠ 30ʍɻʊ (16 ʯʘʩ. ʚʳʜʝʨʞʢʠ ʧʨʠʚʝʣʦ ʢ ʩʥʠʞʝʥʠʶ ʩʢʦʨʦʩʪʠ 

ʥʘ ~ 7%, ʪ.ʝ. ʩ  3050 ʜʦ 2840 m/s) 

ʈʠʩʫʥʦʢ 3 ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʚʳʩʦʢʫʶ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ɸʄɼ-ʤʝʪʦʜʦʚ ʢ 

ʦʧʨʝʜʝʣʝʥʠʶ ʩʪʝʧʝʥʝʡ ʜʠʬʬʫʟʠʦʥʥʳʭ ʚʦʟʜʝʡʩʪʚʠʡ ʥʘ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʳʝ ʩʣʦʠ 

ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ, ʚ ʯʘʩʪʥʦʩʪʠ, ʧʨʠ ʘʟʦʪʠʨʦʚʘʥʠʠ, ʮʝʤʝʥʪʘʮʠʠ. ʉʫʱʝʩʪʚʝʥʥʘʷ 

ʪʨʘʥʩʬʦʨʤʘʮʠʷ V(Z)- ʢʨʠʚrʭ ʧʦʟʚʦʣʷʝʪ ʚʳʷʚʣʷʪʴ ʦʧʪʠʤʘʣʴʥʳʝ ʨʝʞʠʤʳ ʦʙʨʘʙʦʪʢʠ 

ʠʟʫʯʘʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ (ʩʤ. ʨʠʩ.3). 

 

                                                                                                                              
              ʘ)                                          b)                                                             ʩ)                                                                                                                         
     ʈʠʩʫʥʦʢ 4. ʆʙʥʘʨʫʞʝʥʠʝ ʠ ʭʘʨʘʢʪʝʨʠʟʘʮʠʷ ʫʩʪʘʣʦʩʪʥʳʭ ʪʨʝʱʠʥ ʧʨʠ ʮʠʢʣʠʯʝʩʢʠʭ 

ʚʦʟʜʝʡʩʪʚʠʷʭ ʥʘ ʩʪʘʣʠ. Aʢʫʩʪʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ (a) ʫʯʘʩʪʢʘ ʩ ʫʩʪʘʣʦʩʪʥʦʡ ʪʨʝʱʠʥʦʡ 

(ʤʘʩʰʪʘʙ 20 mm / div., f = 410 MHz, Z = -24 mm), ʠ ʝʛʦ ʦʧʪʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ (b) (350x).   

ʆʮʝʥʢʘ ʠʟʤʝʥʝʥʠʷ ʨʘʟʤʝʨʘ ʟʝʨʥʘ ʚ ʩʪʘʣʠ ʩʪ.16ɻʉ ʧʨʠ ʤʥʦʛʦʮʠʢʣʦʚʦʡ ʥʘʛʨʫʟʢʝ ʧʦ 

ʘʢʫʩʪʠʯʝʩʢʠʤ ʠʟʦʙʨʘʞʝʥʠʷʤ (ʩ). Nʮ - ʯʠʩʣʦ ʮʠʢʣʦʚ.  

0 11

21

29 41 52

y = 14,854e-0,022x

wч Ґ лΣфслт

4

9

14

19

0 20 40 60

DV/V%

Dh .10-6 m

y = -12,13x + 3061,5
RĮ = 0,9255

2800

2900

3000

3100

0 5 10 15 20

vR
.103

m/s

t, hour

0 20
46

62
81 102118

y = 34,131e-0,017x

wч Ґ лΣфулм

0

20

40

0 50 100 150

DV/V
%

Dh, .10-6 m

y = -0,6338x2 + 5,8646x + 16,051

R2 = 0,9675
10

15

20

25

30

35

0 2 4 6 8

Nʮ,103

dɿ, 10-6 ʤ



92 

 

ʅʘ ʨʠʩ.4. ʧʨʠʚʝʜʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʨʘʟʤʝʨʘ ʟʝʨʥʘ ʤʘʪʝʨʠʘʣʘ ʦʪ ʯʠʩʣʘ ʮʠʢʣʦʚ ʥʘʛʨʫʟʢʠ 

(Nʮ) ʧʨʠ ʮʠʢʣʠʯʝʩʢʠʭ ʚʦʟʜʝʡʩʪʚʠʷʭ. ʄʝʪʦʜʠʢʘ ʧʦʟʚʦʣʷʝʪ ʥʘʜʝʞʥʦ ʚʳʷʚʣʷʪʴ 

ʦʙʨʘʟʫʶʱʠʝʩʷ ʤʠʢʨʦʪʨʝʱʠʥʳ. ɺʝʨʦʷʪʥʦʩʪʴ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ ʜʣʷ ʠʩʧʳʪʘʥʥʳʭ ʦʙʨʘʟʮʦʚ 

ʤʘʢʩʠʤʘʣʴʥʦ ʚʳʩʦʢʘ ʧʨʠ dɿ ~30 ʤʢʤ.   

 ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʚʝʜʝʥʥʳʤʠ ʵʢʩʧʝʨʠʤʝʥʪʘʤʠ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ɸʄɼ-ʤʝʪʦʜʳ 

ʵʬʬʝʢʪʠʚʥʳ ʧʨʠ ʨʘʩʯʝʪʝ ʬʠʟʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʪʚʝʨʜʦʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʯʪʦ 

ʙʝʟʫʩʣʦʚʥʦ ʩʪʠʤʫʣʠʨʫʝʪ ʠʭ ʜʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ ʠ ʧʨʠʤʝʥʝʥʠʝ. 
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ʀʉʉʃɽɼʆɺɸʅʀʗ ʉʊʈʋʂʊʋʈʓ ʄʆʅʆʂʈʀʉʊɸʃʃʆɺ ʉʇʃɸɺʆɺ 

Ni3Al ʀ Ni3Fe ʇʆʉʃɽ ʀʅʊɽʅʉʀɺʅʆʁ ʇʃɸʉʊʀʏɽʉʂʆʁ 

ɼɽʌʆʈʄɸʎʀʀ 

ʆ.ɸ. ʂʫʮ 1, ʖ.ɺ. ʉʦʣʦʚʴʝʚʘ 1, ɺ.ɸ. ʉʪʘʨʝʥʯʝʥʢʦ 1, ɺ.ʇ. ʇʠʣʶʛʠʥ 2, ʊ.ʇ. ʊʦʣʤʘʯʝʚ2, 

ɸ.ʀ. ɸʥʯʘʨʦʚ 3 

1ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ʚʳʩʰʝʛʦ 

ʦʙʨʘʟʦʚʘʥʠʷ ʊʦʤʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʘʨʭʠʪʝʢʪʫʨʥʦ-ʩʪʨʦʠʪʝʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ,  

ʛ. ʊʦʤʩʢ 
2ʀʥʩʪʠʪʫʪ ʬʠʟʠʢʠ ʤʝʪʘʣʣʦʚ ʠʤʝʥʠ ʄ.ʅ. ʄʠʭʝʝʚʘ ʋʨʘʣʴʩʢʦʛʦ ʦʪʜʝʣʝʥʠʷ ʈɸʅ, 

ʛ. ɽʢʘʪʝʨʠʥʙʫʨʛ 
3ʀʥʩʪʠʪʫʪ ʭʠʤʠʠ ʪʚʝʨʜʦʛʦ ʪʝʣʘ ʠ ʤʝʭʘʥʦʭʠʤʠʠ ʉʆ ʈɸʅ, ʛ. ʅʦʚʦʩʠʙʠʨʩʢ 

ʈʦʩʩʠʡʩʢʘʷ ʌʝʜʝʨʘʮʠʷ 

E-mail: bolga@sibmail.com 

ʄʝʪʦʜʘʤʠ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʜʠʬʨʘʢʮʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʠʥʭʨʦʪʨʦʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ 

ʠʩʩʣʝʜʦʚʘʥʘ ʵʚʦʣʶʮʠʷ ʩʪʨʫʢʪʫʨʳ ʘʪʦʤʥʦ ʫʧʦʨʷʜʦʯʝʥʥʳʭ ʧʦ ʪʠʧʫ L12 ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ 

ʩʧʣʘʚʦʚ Ni3Fe ʠ Ni3Al  ʚ ʧʨʦʮʝʩʩʝ ʠʥʪʝʥʩʠʚʥʦʡ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ (ʀʇɼ) 

ʢʨʫʯʝʥʠʝʤ ʧʦʜ ʚʳʩʦʢʠʤ ʜʘʚʣʝʥʠʝʤ ʚ ʥʘʢʦʚʘʣʴʥʷʭ ɹʨʠʜʞʤʝʥʘ. ʄʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ 

ʦʙʨʘʟʮ rʨʘʟʤʝʨʘʤʠ 2.5Ĭ2.5Ĭ0.3 ʤʤ3 ʧʦʜʚʝʨʛʘʣʠʩʴ ʢʨʫʯʝʥʠʶ ʧʦʜ ʜʘʚʣʝʥʠʝʤ 8 ɻʇʘ ʧʨʠ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʥʘ ʫʛʦʣ ʧʦʚʦʨʦʪʘ 0Á, 15Á, 90Á, 180Á, 360Á, 3 ʠ 5 ʦʙʦʨʦʪʦʚ, ʩʦ 

ʩʢʦʨʦʩʪʴʶ ʚʨʘʱʝʥʠʷ ʥʘʢʦʚʘʣʝʥ 0,3 ʦʙ/ʤʠʥ. ʀʟʫʯʝʥʠʝ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

ʧʨʦʚʦʜʠʣʦʩʴ ʤʝʪʦʜʦʤ ʠʟʤʝʨʝʥʠʷ ʤʠʢʨʦʪʚʸʨʜʦʩʪʠ ʜʝʬʦʨʤʠʨʦʚʘʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ. ɺʳʙʦʨ 

ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣ ʦʙʫʩʣʦʚʣʝʥ 

ʩʫʱʝʩʪʚʝʥʥʳʤʠ ʨʘʟʣʠʯʠʷʤʠ ʚʝʣʠʯʠʥ ʵʥʝʨʛʠʠ ʘʥʪʠʬʘʟʥʦʡ ʛʨʘʥʠʮʳ (ɸʌɻ) ʜʘʥʥʳʭ 

ʫʧʦʨʷʜʦʯʝʥʥʳʭ ʩʧʣʘʚʦʚ, ʢʦʪʦʨʘʷ ʚ ʩʣʫʯʘʝ ʠʥʪʝʨʤʝʪʘʣʣʠʜʘ Ni3Al  ʚ 3-4 ʨʘʟʘ ʧʨʝʚʳʰʘʝʪ 

ʵʥʝʨʛʠʶ ɸʌɻ ʫʧʦʨʷʜʦʯʠʚʘʶʱʝʛʦʩʷ ʩʧʣʘʚʘ Ni3Fe. ɺ ʭʦʜʝ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʙʳʣʠ ʚʳʷʚʣʝʥʳ ʦʙʱʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʠ ʨʘʟʣʠʯʠʷ ʩʪʨʫʢʪʫʨʥʦʡ ʵʚʦʣʶʮʠʠ 

ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ Ni3Fe ʠ Ni3Al . ɸʥʘʣʠʟ ʜʚʫʤʝʨʥʳʭ ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʢʘʨʪʠʥ, ʧʦʣʫʯʝʥʥʳʭ 

ʚ ʩʠʥʭʨʦʪʨʦʥʥʦʤ ʠʟʣʫʯʝʥʠʠ ʦʪ ʠʩʭʦʜʥʦʛʦ (ʥʝʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ) ʦʙʨʘʟʮʘ ʧʦʢʘʟʘʣ, ʯʪʦ 

ʠʩʩʣʝʜʦʚʘʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʠʤʝʶʪ ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ, ʘʪʦʤʥʦ-ʫʧʦʨʷʜʦʯʝʥʥʫʶ ʧʦ 

ʪʠʧʫ L12 ʩʚʝʨʭʩʪʨʫʢʪʫʨʫ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʤʝʪʦʜʦʤ ʀʇɼ 

ʧʨʦʠʩʭʦʜʠʪ ʥʘʨʫʰʝʥʠʝ ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ, ʤʘʪʝʨʠʘʣ ʬʨʘʛʤʝʥʪʠʨʫʝʪʩʷ. ʇʨʦʚʝʜʝʥʳ 

ʠʟʤʝʨʝʥʠʷ, ʢʦʪʦʨʳʝ ʧʦʢʘʟʘʣʠ ʫʚʝʣʠʯʝʥʠʝ ʧʦʣʫʰʠʨʠʥʳ ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʜʠʬʨʘʢʮʠʦʥʥʳʭ 
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ʨʝʬʣʝʢʩʦʚ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʱʝʝ ʦʙ ʫʤʝʥʴʰʝʥʠʠ ʨʘʟʤʝʨʦʚ ʦʙʣʘʩʪʝʡ ʢʦʛʝʨʝʥʪʥʦʛʦ 

ʨʘʩʩʝʷʥʠʷ ʠ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʤʠʢʨʦʥʘʧʨʷʞʝʥʠʡ ʚ ʜʝʬʦʨʤʠʨʫʝʤʦʤ ʤʘʪʝʨʠʘʣʝ. ʇʦʤʠʤʦ 

ʥʘʨʫʰʝʥʠʷ ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ, ʚ ʜʝʬʦʨʤʠʨʫʝʤʳʭ ʩʧʣʘʚʘʭ ʧʨʦʠʩʭʦʜʷʪ ʧʨʦʮʝʩʩʳ 

ʨʘʟʨʫʰʝʥʠʷ ʜʘʣʴʥʝʛʦ ʘʪʦʤʥʦʛʦ ʧʦʨʷʜʢʘ. ʆʪʣʠʯʠʪʝʣʴʥʦʡ ʯʝʨʪʦʡ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʩʧʣʘʚʘ 

Ni3Fe ʦʪ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʩʧʣʘʚʘ Ni3Al  ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʢʠʥʝʪʠʢʘ ʧʨʦʮʝʩʩʦʚ ʥʘʨʫʰʝʥʠ ̫

ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ ʠ ʨʘʟʨʫʰʝʥʠʷ ʜʘʣʴʥʝʛʦ ʘʪʦʤʥʦʛʦ ʧʦʨʷʜʢʘ ʚ ʩʧʣʘʚʝ Ni3Fe ʚʳʰʝ, 

ʯʝʤ ʚ Ni3Al. ɺ ʩʪʨʫʢʪʫʨʝ Ni3Fe ʥʘ ʙʦʣʝʝ ʨʘʥʥʠʭ ʩʪʘʜʠʷʭ ʜʝʬʦʨʤʘʮʠʠ ʥʘʙʣʶʜʘʝʪʩʷ 

ʧʦʷʚʣʝʥʠʝ ʘʤʦʨʬʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ, ʜʦʣʷ ʢʦʪʦʨʦʡ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ ʧʨʦʮʝʩʩʝ 

ʜʝʬʦʨʤʘʮʠʠ. ɺʳʷʩʥʝʥʦ, ʯʪʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʀʇɼ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʩʧʣʘʚʦʚ Ni3Fe ʠ Ni3Al 

ʤʝʪʦʜʦʤ ʢʨʫʯʝʥʠʷ ʧʦʜ ʚʳʩʦʢʠʤ ʜʘʚʣʝʥʠʝʤ, ʧʨʦʠʩʭʦʜʷʪ ʩʪʨʫʢʪʫʨʥʳʝ ʠʟʤʝʥʝʥʠʷ ʥʘ 

ʨʘʟʥʳʭ ʤʘʩʰʪʘʙʥʳʭ ʫʨʦʚʥʷʭ. ʉʧʣʘʚ Ni3Al ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ Ni3Fe ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ 

ʫʩʪʦʡʯʠʚʳʤ ʢ ʜʝʬʦʨʤʘʮʠʦʥʥʦʤʫ ʚʦʟʜʝʡʩʪʚʠʶ, ʯʪʦ ʦʧʨʝʜʝʣʷʝʪʩʷ ʟʥʘʯʝʥʠʷʤʠ ʵʥʝʨʛʠʠ 

ɸʌɻ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ ʄʠʥʠʩʪʝʨʩʪʚʘ ʥʘʫʢʠ ʠ 

ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ (ʪʝʤʘ ˉ FEMN-2020-0004). 
 

ʄɽʍɸʅʀʏɽʉʂʆɽ ʉʇʃɸɺʃɽʅʀɽ Al ʠ Pt ʆʇʀʃʆʂ ʄɽʊʆɼʆʄ 

ʂʈʋʏɽʅʀʗ ʇʆɼ ɺʓʉʆʂʀʄ ɼɸɺʃɽʅʀɽʄ 

ɸ.ɸ. ʃʠʚʠʥʝʮ*, ʊ.ʇ. ʊʦʣʤʘʯʝʚ, ɸ.ʖ. ɺʦʣʢʦʚ 

ʀʥʩʪʠʪʫʪ ʬʠʟʠʢʠ ʤʝʪʘʣʣʦʚ ʠʤʝʥʠ ʄ.ʅ. ʄʠʭʝʝʚʘ ʋʨʆ ʈɸʅ, ɽʢʘʪʝʨʠʥʙʫʨʛ, ʈʦʩʩʠʷ 

E-mail: belkich513@gmail.com 

ʅʘʜʝʞʥʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʠʥʪʝʨʤʝʪʘʣʣʠʯʝʩʢʦʝ ʩʦʝʜʠʥʝʥʠʝ PtAl2 

ʠʤʝʝʪ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ ʧʨʠ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ 

ʠʩʧʳʪʘʥʠʷʭ (ʜʦ 1300 Áʉ) ʠ ʭʦʨʦʰʠʝ 

ʢʦʨʨʦʟʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ. ɹʣʘʛʦʜʘʨʷ ʵʪʦʤʫ, 

ʠʥʪʝʨʤʝʪʘʣʣʠʜ PtAl2 ʷʚʣʷʝʪʩʷ 

ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʧʦʢʨʳʪʠʝʤ, ʢʦʪʦʨʦʝ ʤʦʞʝʪ 

ʙʳʪʴ ʥʘʥʝʩʝʥʦ ʥʘ ʣʦʧʘʪʢʠ ʪʫʨʙʠʥʳ ʜʣʷ 

ʧʦʚʳʰʝʥʠʷ ʢʧʜ ʛʘʟʦʪʫʨʙʠʥʥʦʛʦ ʜʚʠʛʘʪʝʣ ̫

[1]. ʆʜʥʘʢʦ, ʧʦʣʫʯʝʥʠʝ ʠʥʪʝʨʤʝʪʘʣʣʠʜʘ 

ʧʫʪʝʤ ʩʧʣʘʚʣʝʥʠʷ ʘʣʶʤʠʥʠʷ ʠ ʧʣʘʪʠʥʳ 

ʟʘʪʨʫʜʥʝʥʦ. ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ 

ʠʟʫʯʝʥʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʣʫʯʝʥʠʷ 

ʠʥʪʝʨʤʝʪʘʣʣʠʜʘ PtAl2 ʤʝʪʦʜʦʤ ʢʨʫʯʝʥʠʷ 

ʧʦʜ ʚʳʩʦʢʠʤ ʜʘʚʣʝʥʠʝʤ (ʂɺɼ) 

ʵʣʝʤʝʥʪʘʨʥʳʭ ʧʦʨʦʰʢʦʚ. 

ʀʩʭʦʜʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ ʷʚʣʷʣʠʩʴ 

ʧʦʨʦʰʢʠ Pt ʠ Al ʚ ʚʠʜʝ ʢʨʫʧʥʳʭ ʦʧʠʣʦʢ 

(ʨʘʟʤʝʨʦʤ ʦʢʦʣʦ 250 ʤʢʤ). ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ 

ʤʝʭʘʥʦʩʠʥʪʝʟʘ ʙʳʣʠ ʧʦʜʛʦʪʦʚʣʝʥʳ ʥʘʚʝʩʢʠ ʧʦʨʦʰʢʦʚ ʩʦ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʤ 

ʩʦʦʪʥʦʰʝʥʠʝʤ (Al :Pt = 2:1). ɼʝʬʦʨʤʘʮʠʦʥʥʫʶ ʦʙʨʘʙʦʪʢʫ ʤʝʪʦʜʦʤ ʂɺɼ ʧʨʦʚʦʜʠʣʠ ʧʨʠ 

ʢʦʤʥʘʪʥʦʡ ʠ ʢʨʠʦʛʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʘʭ ʧʦʜ ʜʘʚʣʝʥʠʝʤ 4 ɻʇʘ, ʢʦʣʠʯʝʩʪʚʦ ʦʙʦʨʦʪʦʚ n = 5, 

ʩʢʦʨʦʩʪʴ ʢʨʫʯʝʥʠʷ ɤ = 0,3 ʦʙ/ʤʠʥ. ʀʟʫʯʝʥʠʝ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʧʨʦʚʦʜʠʣʦʩʴ ʥʘ 

ʩʢʘʥʠʨʫʶʱʝʤ ʤʠʢʨʦʩʢʦʧʝ QUANTA 200. ʄʠʢʨʦʪʚʝʨʜʦʩʪʴ ʠʟʤʝʨʷʣʘʩʴ ʥʘ 

ʤʠʢʨʦʪʚʝʨʜʦʤʝʨʝ ʇʄʊ-3 ʚ ʥʝʩʢʦʣʴʢʠʭ ʪʦʯʢʘʭ ʥʘ ʨʘʟʥʳʭ ʨʘʩʩʪʦʷʥʠʷʭ ʦʪ ʮʝʥʪʨʘ 

ʈʠʩ. 1. ʉʕʄ ʦʙʨʘʟʮʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ (a, c) ʠ 293 ʂ (b, 

d); ʘ, b - ʮʝʥʪʨ, c, d ï ʢʨʘʡ ʦʙʨʘʟʮʘ 
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ʧʦʣʫʯʝʥʥʳʭ ʜʠʩʢʦʚ; ʚ ʵʪʠʭ ʞʝ ʪʦʯʢʘʭ ʧʨʦʚʦʜʠʣʩʷ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ ʥʘ 

ʜʠʬʨʘʢʪʦʤʝʪʨʝ DMAX Rugaku 2200. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʪʦʜʘ ʂɺɼ ʵʣʝʤʝʥʪʘʨʥʳʭ ʧʦʨʦʰʢʦʚ ʧʨʠʚʦʜʠʪ ʢ 

ʧʦʣʫʯʝʥʠʶ Al/Pt-ʢʦʤʧʦʟʠʪʦʚ. ʄʠʢʨʦʪʚʝʨʜʦʩʪʴ ʥʘ ʩʝʨʝʜʠʥʝ ʨʘʜʠʫʩʘ ʧʦʣʫʯʝʥʥʳʭ Al/Pt-

ʜʠʩʢʦʚ ʧʦʯʪʠ ʚ 4 ʨʘʟʘ ʧʨʝʚʳʰʘʝʪ ʟʥʘʯʝʥʠʝ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʯʠʩʪʦʡ ʧʣʘʪʠʥʳ, ʯʪʦ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʘʢʪʠʚʥʳʭ ʧʨʦʮʝʩʩʘʭ ʤʝʭʘʥʦʩʧʣʘʚʣʝʥʠʷ. ʅʘʙʣʶʜʘʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝ 

ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ ʢʘʢ ʥʘ ʦʩʥʦʚʝ Al, ʪʘʢ ʠ ʥʘ ʦʩʥʦʚʝ Pt. ʆʙʨʘʟʝʮ, ʧʦʣʫʯʝʥʥʳʡ ʧʨʠ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʠʤʝʝʪ ʩʣʦʠʩʪʫʶ ʩʪʨʫʢʪʫʨʫ, ʪʦʣʱʠʥʘ ʩʣʦʝʚ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 10 

ʤʢʤ (ʈʠʩ.1). ʂɺɼ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʞʠʜʢʦʛʦ ʘʟʦʪʘ ʧʨʠʚʦʜʠʪ ʢ ʣʫʯʰʝʡ ʢʦʥʩʦʣʠʜʘʮʠʠ 

ʧʦʨʦʰʢʦʚ ʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʬʦʨʤʠʨʦʚʘʥʠʶ ʙʦʣʝʝ ʦʜʥʦʨʦʜʥʦʡ ʩʪʨʫʢʪʫʨʳ. ɼʘʥʥʳʝ 

ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʫʢʘʟʳʚʘʶʪ ʥʘ ʥʘʯʘʣʴʥʫʶ ʩʪʘʜʠʶ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʠʥʪʝʨʤʝʪʘʣʣʠʜʥʦʡ PtAl2-ʬʘʟʳ, ʢʘʢ ʧʨʠ ʢʦʤʥʘʪʥʦʡ, ʪʘʢ ʠ ʧʨʠ ʢʨʠʦʛʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. 

ʂʨʦʤʝ ʪʦʛʦ, ʥʘ ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʜʠʬʨʘʢʪʦʛʨʘʤʤʘʭ Al/Pt-ʜʠʩʢʦʚ ʥʘʙʣʶʜʘʝʪʩʷ ʛʘʣʦ ʦʪ 

ʘʤʦʨʬʥʦʡ ʬʘʟʳ.  

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ ʧʦ ʪʝʤʝ çɼʘʚʣʝʥʠʝè 

ˉɸɸɸɸ-ɸ18-118020190104ï3. 
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ʊʝʨʤʦʫʧʨʫʛʠʝ ʤʘʨʪʝʥʩʠʪʥʳʝ ʤʘʨʪʝʥʩʠʪʥʳʝ ʧʨʝʚʨʘʱʝʥʠʷ ʚ ʩʧʣʘʚʘʭ ʥʘ ʦʩʥʦʚʝ 

ʥʠʢʝʣʠʜʘ ʪʠʪʘʥʘ ʦʙʝʩʧʝʯʠʚʘʶʪ ʧʨʦʷʚʣʝʥʠʝ ʠʤʠ ʵʬʬʝʢʪʦʚ ʧʘʤʷʪʠ ʬʦʨʤʳ ʠ 

ʩʚʝʨʭʵʣʘʩʪʠʯʥʦʩʪʴ. ʆʩʥʦʚʥʳʤʠ ʩʧʦʩʦʙʘʤʠ ʫʧʨʘʚʣʝʥʠʷ ʵʪʠʤʠ ʵʬʬʝʢʪʘʤʠ ʷʚʣʷʶʪʩʷ 

ʣʝʛʠʨʦʚʘʥʠʝ ʠ ʪʝʨʤʦʦʙʨʘʙʦʪʢʘ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʘʢʪʠʚʥʦ ʠʟʫʯʘʶʪʩʷ ʤʝʭʘʥʠʟʤʳ 

ʬʦʨʤʠʨʦʚʘʥʠ ̫ ʚ ʩʧʣʘʚʘʭ ʥʘ ʦʩʥʦʚʝ TiNi  ʩʫʙʤʠʢʨʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʠʣʠ 

ʥʘʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ʤʝʪʦʜʘʤʠ ʠʥʪʝʥʩʠʚʥʦʡ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ 

(ʀʇɼ), ʦʜʥʠʤ ʠʟ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʢʦʚʢʘ ʩ ʧʝʨʝʤʝʥʦʡ ʦʩʠ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʠʣʠ abc-

ʧʨʝʩʩʦʚʘʥʠʝ [1]. ʇʨʦʠʩʭʦʜʷʱʝʝ ʧʨʠ ʵʪʦʤ ʠʟʤʝʣʴʯʝʥʠʝ ʟʸʨʝʥʥʦ-ʩʫʙʟʸʨʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ 

ʩʧʣʘʚʘ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʧʦʚʳʰʝʥʠʶ ʝʛʦ ʧʨʦʯʥʦʩʪʥʳʭ ʩʚʦʡʩʪʚ ʠ ʩʤʝʱʝʥʠʶ 

ʪʝʤʧʝʨʘʪʫʨ ʤʘʨʪʝʥʩʠʪʥʳʭ ʧʨʝʚʨʘʱʝʥʠʡ [2, 3], ʯʪʦ ʩʦʟʜʘʸʪ ʚʘʞʥʳʡ ʢʘʥʘʣ ʫʧʨʘʚʣʝʥʠʷ 

ʫʢʘʟʘʥʥʳʤʠ ʚʳʰʝ ʵʬʬʝʢʪʘʤʠ. ɺ [3] ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʩʧʣʘʚʝ Ti49.8Ni50.2 ʤʝʪʦʜʦʤ ʪʝʧʣʦʛʦ 

abc-ʧʨʝʩʩʦʚʘʥʠʷ ʜʦʩʪʠʛʘʝʪʩʷ ʫʣʴʪʨʘʤʝʣʢʦʟʝʨʥʠʩʪʘʷ ʩʪʨʫʢʪʫʨʘ ʥʘ ʦʩʥʦʚʝ 

ʩʫʙʤʠʢʨʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʠ ʥʘʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʦʩʪʘʚʣʷʶʱʠʭ, ʦʙʲʝʤʥʘʷ ʜʦʣʷ 

ʢʦʪʦʨʳʭ ʧʦʚʳʰʘʝʪʩʷ ʧʨʠ ʧʦʥʠʞʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʝʩʩʦʚʘʥʠʷ ʜʦ 300Áʉ.  

ʎʝʣʴ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʧʨʝʜʩʪʘʚʠʪʴ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʝʪʦʜʦʤ 

ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ (ʈʉɸ) ʠʟʤʝʥʝʥʠʷ ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ, ʧʘʨʘʤʝʪʨʦʚ 

ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ, ʚʝʣʠʯʠʥʳ ʦʙʣʘʩʪʝʡ ʢʦʛʝʨʝʥʪʥʦʛʦ ʨʘʩʩʝʷʥʠʷ (ʆʂʈ), 

ʤʠʢʨʦʠʩʢʘʞʝʥʠʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʸʪʢʠ ʠ ʚʝʣʠʯʠʥʳ ʧʣʦʪʥʦʩʪʠ ʜʠʩʣʦʢʘʮʠʡ ʚ B2 ʬʘʟʝ 

ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʝʣʠʯʠʥʳ abc-ʜʝʬʦʨʤʘʮʠʠ ʧʨʠ 300Áʉ. 
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ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʝʜʝʥʳ ʥʘ ʦʙʨʘʟʮʘʭ ʩʧʣʘʚʘ Ti49.8Ni50.2 (ʘʪ.%) ʧʨʦʠʟʚʦʜʩʪʚʘ ʆʆʆ 

çʇʨʦʤʳʰʣʝʥʥʳʡ ʮʝʥʪʨ ʄɸʊʕʂ-ʉʇʌè, ʢʦʪʦʨʳʡ ʚ ʩʦʩʪʦʷʥʠʠ ʧʦʩʪʘʚʢʠ ʠʤʝʣ ʩʪʨʫʢʪʫʨʫ 

ʤʦʥʦʢʣʠʥʥʦʡ ʤʘʨʪʝʥʩʠʪʥʦʡ ʬʘʟʳ B19ô. ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʠʟʛʦʪʦʚʣʝʥʠʷ ʦʙʨʘʟʮʦʚ ʜʣʷ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʧʠʩʘʥʘ ʚ ʨʘʙʦʪʝ [4]. ʆʙʨʘʟʮʳ ʩ ʨʘʟʣʠʯʥʦʡ ʚʝʣʠʯʠʥʦʡ ʟʘʜʘʥʥʦʡ ʠʩʪʠʥʥʦʡ 

ʜʝʬʦʨʤʘʮʠʠ ʝ (1.84; 3.60; 5.40; 7.43; 9.55) ʧʦʣʫʯʘʣʠ ʠʟʦʪʝʨʤʠʯʝʩʢʠʤ abc-ʧʨʝʩʩʦʚʘʥʠʝʤ 

ʧʨʠ 300Áʉ. ɺ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʦʛʦ ʚʳʙʨʘʥʦ ʩʦʩʪʦʷʥʠʝ ʦʙʨʘʟʮʦʚ ʩʧʣʘʚʘ ʧʦʩʣʝ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʟʘʛʦʪʦʚʢʠ ʚ ʚʠʜʝ ʢʫʙʘ ʩʦ ʩʪʦʨʦʥʦʡ 20 ʤʤ, ʧʦʣʫʯʝʥʥʦʝ ʧʫʪʸʤ ʦʜʥʦʛʦ ʮʠʢʣʘ 

ʘbʩ-ʧʨʝʩʩʦʚʘʥʠʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 800Áʉ. 

ʈʉɸ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʧʨʦʚʦʜʠʣʠ ʥʘ ʜʠʬʨʘʢʪʦʤʝʪʨʝ ɼʈʆʅ-7 

(ɹʫʨʝʚʝʩʪʥʠʢ, ʈʦʩʩʠʷ), ʩ ʬʠʣʴʪʨʦʚʘʥʥʳʤ Co-Ka ʠʟʣʫʯʝʥʠʝʤ (ʎʂʇ çʅɸʅʆʊɽʍè ʀʌʇʄ 

ʉʆ ʈɸʅ). ʈʉɸ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʬʘʟʳ ɺ2 ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 120Áʉ ʚ 

ʢʘʤʝʨʝ HTK 2000N (Anton Paar, ɻʨʘʮ, ɸʚʩʪʨʠʷ) ʥʘ ʜʠʬʨʘʢʪʦʤʝʪʨʝ XRD-7000S (Shimadzu, 

ʗʧʦʥʠʷ) ʩ ʬʠʣʴʪʨʦʚʘʥʥʳʤ Cu-Ka ʠʟʣʫʯʝʥʠʝʤ [5]. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʩʝ ʜʠʬʨʘʢʮʠʦʥʥʳʝ ʧʨʦʬʠʣʠ ʨʝʬʣʝʢʩʦʚ ʧʨʝʪʝʨʧʝʚʘʶʪ ʫʰʠʨʝʥʠʝ 

ʧʦ ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ ʜʝʬʦʨʤʘʮʠʠ ʧʨʠ abc-ʧʨʝʩʩʦʚʘʥʠʠ. ʀʟ ʈʠʩ. 1 ʤʦʞʥʦ ʚʠʜʝʪʴ, ʯʪʦ 

ʦʩʥʦʚʥʦʡ ʧʨʠʨʦʩʪ ʰʠʨʠʥʳ ʧʨʦʬʠʣʷ (110)ɺ2 ʧʨʦʠʩʭʦʜʠʪ ʚ ʜʠʘʧʘʟʦʥʝ ʠʩʪʠʥʥʳʭ 

ʜʝʬʦʨʤʘʮʠʡ ʝ ʜʦ 1.84, ʛʜʝ ʪʘʢʞʝ ʥʘʙʣʶʜʘʝʪʩʷ ʩʤʝʱʝʥʠʝ ʮʝʥʪʨʘ ʪʷʞʝʩʪʠ ʧʨʦʬʠʣʷ ʚʣʝʚʦ. 

ʈʘʩʯʸʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʘʨʘʤʝʪʨ ɻ ʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʬʘʟʳ ɺ2 (ʘɺ2) ʠʟʤʝʥʷʝʪʩʷ ʦʪ 3.0182 

Ñ 0.0003 Ȕ ʚ ʠʩʭʦʜʥʦʤ ʦʙʨʘʟʮʝ ʜʦ 3.021 Ñ 0.001 Ȕ ʚʦ ʚʩʝʭ ʜʝʬʦʨʤʠʨʦʚʘʥʥʳʭ. ʀʟ ʘʥʘʣʠʟʘ 

ʬʦʨʤʳ ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʦʪʨʘʞʝʥʠʡ ʪʠʧʘ (00l)B19ô ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʠ 

ʦʪʨʘʞʝʥʠʡ ʪʠʧʘ (hh0)B2 ʧʨʠ 120Áʉ, ʦʧʨʝʜʝʣʝʥʳ ʚʢʣʘʜʳ ʚ ʬʠʟʠʯʝʩʢʦʝ ʫʰʠʨʝʥʠʝ ʵʪʠʭ 

ʦʪʨʘʞʝʥʠʡ ʚʩʣʝʜʩʪʚʠʝ ʠʟʤʝʥʝʥʠʷ ʚʝʣʠʯʠʥʳ ʦʙʣʘʩʪʝʡ ʢʦʛʝʨʝʥʪʥʦʛʦ ʨʘʩʩʝʷʥʠʷ (ʆʂʈ) ʠ 

ʚʝʣʠʯʠʥʳ ʤʠʢʨʦʠʩʢʘʞʝʥʠʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʨʝʰʸʪʦʢ ʬʘʟ B19ô ʠ ɺ2. ʇʦʣʫʯʝʥʦ, ʯʪʦ ʚ 

ʧʨʦʮʝʩʩʝ ʧʦʚʳʰʝʥʠʷ abc-ʜʝʬʦʨʤʘʮʠʠ ʧʨʦʠʩʭʦʜʠʪ ʫʚʝʣʠʯʝʥʠʝ ʩʨʝʜʥʝʡ ʚʝʣʠʯʠʥʳ 

ʤʠʢʨʦʠʩʢʘʞʝʥʠʡ <Ů2>1/2 ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʸʪʢʠ ɺ2 ʦʪ 0.2% ʜʦ 0.7% ʠ ʫʤʝʥʴʰʝʥʠʝ ʝʸ 

ʩʨʝʜʥʠʭ ʨʘʟʤʝʨʦʚ ʆʂʈ ʦʪ ²150 ʥʤ ʚ ʦʙʨʘʟʮʝ ʠʩʭʦʜʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʜʦ 35 ʥʤ ʚ ʦʙʨʘʟʮʘʭ ʩ 

ʤʘʢʩʠʤʘʣʴʥʦʡ ʜʝʬʦʨʤʘʮʠʝʡ. ʇʨʠ ʵʪʦʤ, ʝʩʣʠ ʚʝʣʠʯʠʥʳ ʘɺ2 ʠ <Ů
2>1/2 ʧʨʝʪʝʨʧʝʚʘʶʪ ʩʢʘʯʦʢ 

ʫʞʝ ʧʦʩʣʝ ʧʝʨʚʦʡ ʞʝ ʟʘʜʘʥʥʦʡ ʦʙʨʘʟʮʘʤ ʜʝʬʦʨʤʘʮʠʠ (ʝ = 1.84), ʘ ʟʘʪʝʤ ʤʝʥʷʶʪʩʷ ʩʣʘʙʦ, 

ʪʦ ʩʨʝʜʥʠʡ ʨʘʟʤʝʨ ʆʂʈ ʠʤʝʝʪ ʙʦʣʝʝ ʤʦʥʦʪʦʥʥʦʝ ʩʥʠʞʝʥʠʝ ʧʨʠ ʟʘʜʘʥʠʠ ʠʩʪʠʥʥʦʡ 

ʜʝʬʦʨʤʘʮʠʠ ʝ. ʇʦʢʘʟʘʥʘ ʢʦʨʨʝʣʷʮʠʷ ʧʦʣʫʯʝʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʜʝʬʝʢʪʥʦʡ ʩʪʨʫʢʪʫʨʳ 

ʤʘʨʪʝʥʩʠʪʥʦʡ ʬʘʟʳ B19ô ʠ ʘʫʩʪʝʥʠʪʥʦʡ ɺ2. ʆʧʨʝʜʝʣʝʥʦ ʠʟʤʝʥʝʥʠʝ ʩʢʘʣʷʨʥʦʡ ʧʣʦʪʥʦʩʪʠ 

ʜʠʩʣʦʢʘʮʠʡ ʚ ɺ2 ʬʘʟʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 120Áʉ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʝʣʠʯʠʥʳ ʠʩʪʠʥʥʦʡ ʘbʩ-

ʜʝʬʦʨʤʘʮʠʠ e (ʈʠʩ. 2). 

 

  

ʈʠʩʫʥʦʢ 1. ʇʨʦʬʠʣʠ ʜʠʬʨʘʢʮʠʦʥʥʦʛʦ 

ʨʝʬʣʝʢʩʘ (110)B2 ʜʣʷ ʦʙʨʘʟʮʦʚ ʩʧʣʘʚʘ 

Ti49,8Ni50,2 ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 120Áʉ, ʚ 

ʠʩʭʦʜʥʦʤ ʩʦʩʪʦʷʥʠʠ ʠ ʧʦʩʣʝ abc-

ʧʨʝʩʩʦʚʘʥʠʷ ʜʦ  e = 1.84 ʠ 9.55. 

 

ʈʠʩʫʥʦʢ 2. ɿʘʚʠʩʠʤʦʩʪʴ ʩʢʘʣʷʨʥʦʡ 

ʧʣʦʪʥʦʩʪʠ ʜʠʩʣʦʢʘʮʠʡ ʚ ɺ2 ʬʘʟʝ ʦʪ 

ʚʝʣʠʯʠʥʳ ʠʩʪʠʥʥʦʡ ʘbʩ-ʜʝʬʦʨʤʘʮʠʠ e.  
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ɺ ʜʦʢʣʘʜʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʣʠʷʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʳʭ 

ʵʣʝʢʪʨʦʥʥʦ-ʧʫʯʢʦʚʳʭ ʦʙʨʘʙʦʪʦʢ ʥʘ ʫʩʪʘʣʦʩʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʠʢʝʣʠʜʘ ʪʠʪʘʥʘ (TiNi ). 

ɼʣʷ ʦʙʨʘʙʦʪʦʢ ʠʩʧʦʣʴʟʦʚʘʣʠ ʨʝʞʠʤʳ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʧʣʘʚʣʝʥʠʷ ʠʤʧʫʣʴʩʥʳʤ 

ʥʠʟʢʦʵʥʝʨʛʝʪʠʯʝʩʢʠʤ ʩʠʣʴʥʦʪʦʯʥʳʤ ɻʣʝʢʪʨʦʥʥʳʤ ʧʫʯʢʦʤ (ʅʉʕʇ) ʩ ʧʣʦʪʥʦʩʪʷʤʠ 

ʵʥʝʨʛʠʠ ES = 1.5, 2.7 ʠ 3.7 ɼʞ/ʩʤ2 ʧʨʠ ʨʘʟʥʦʤ ʯʠʩʣʝ ʠʤʧʫʣʴʩʦʚ n =5 ʠ 15. ʀʩʧʳʪʘʥʠʷ ʥʘ 

ʮʠʢʣʠʯʝʩʢʦʝ ʨʘʩʪʷʞʝʥʠʝ ʧʨʦʚʦʜʠʣʠ ʚ ʨʝʞʠʤʝ ʤʘʣʦʮʠʢʣʦʚʦʡ ʫʩʪʘʣʦʩʪʠ ʥʘ 

ʩʝʨʚʦʛʠʜʨʘʚʣʠʯʝʩʢʦʡ ʠʩʧʳʪʘʪʝʣʴʥʦʡ ʤʘʰʠʥʝ Biss UTM 150 (Biss, ʀʥʜʠʷ) c ʘʩʠʤʤʝʪʨʠʝʡ 

ʮʠʢʣʘ R=0.1 ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦʡ ʥʘʛʨʫʟʢʝ 160 ʄʇʘ ʠ ʯʘʩʪʦʪʝ 20 ɻʮ. ʀʟʫʯʝʥʠʝ ʩʪʨʫʢʪʫʨʳ 

ʧʦʚʝʨʭʥʦʩʪʝʡ ʠʟʣʦʤʦʚ ʚʳʧʦʣʥʝʥʦ ʥʘ ʨʘʩʪʨʦʚʦʤ ʵʣʝʢʪʨʦʥʥʦʤ ʤʠʢʨʦʩʢʦʧʝ (ʈʕʄ) EVO 50 

(Zeiss, ɻʝʨʤʘʥʠʷ). ʕʣʝʢʪʨʦʥʥʦ-ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʳ 

ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʜʦ ʠ ʧʦʩʣʝ ʅʉʕʇ ʦʙʨʘʙʦʪʦʢ ʧʨʦʚʦʜʠʣʠ ʥʘ ʧʨʦʩʚʝʯʠʚʘʶʱʝʤ 

ʵʣʝʢʪʨʦʥʥʦʤ ʤʠʢʨʦʩʢʦʧʝ (ʇʕʄ) JEM-2100 (JEOL, ʗʧʦʥʠʷ) ʥʘ ʪʦʥʢʠʭ ʬʦʣʴʛʘʭ, 

ʧʨʠʛʦʪʦʚʣʝʥʥrʭ ʚ ʛʝʦʤʝʪʨʠʠ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʩ ʧʦʤʦʱʴʶ ʠʦʥʥʦʛʦ ʩʣʘʡʩʝʨʘ EM 

09100IS (JEOL, ʗʧʦʥʠʷ). ʈʝʥʪʛʝʥʦʚʩʢʠʡ ʜʠʬʨʘʢʮʠʦʥʥʳʡ (ʈɼ) ʘʥʘʣʠʟ ʩʪʨʫʢʪʫʨʳ 

ʧʨʦʚʦʜʠʣʠ ʥʘ ʜʠʬʨʘʢʪʦʤʝʪʨʝ ɼʈʆʅ-7 (ɹʫʨʝʚʝʩʪʥʠʢ, ʈʦʩʩʠʷ). ɿʥʘʯʝʥʠʷ ʤʦʜʫʣʷ ʖʥʛʘ E 

ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ ʧʦ ʬʦʨʤʫʣʝ ʆʣʠʚʝʨʘ-ʌʘʨʨʘ ʥʘ ʦʩʥʦʚʝ ʟʥʘʯʝʥʠʡ ʥʘʥʦʪʚʝʨʜʦʩʪʠ H, 

ʠʟʤʝʨʝʥʥʳʭ ʥʘ ʵʪʠʭ ʞʝ ʦʙʨʘʟʮʘʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʘʥʦʪʚʝʨʜʦʤʝʨʘ NanoTest 600 (Micro 

Materials Ltd., UK) ʩ ʪʨʝʭʛʨʘʥʥʦʡ ʘʣʤʘʟʥʦʡ ʧʠʨʘʤʠʜʦʡ ɹʝʨʢʦʚʠʯʘ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʵʣʝʢʪʨʦʥʥʦ-ʧʫʯʢʦʚʘʷ ʦʙʨʘʙʦʪʢʘ ʦʙʨʘʟʮʦʚ TiNi  ʚ ʨʝʞʠʤʝ ʧʣʘʚʣʝʥʠʷ 

ʧʨʠʚʝʣʘ ʢ ʠʟʤʝʥʝʥʠʶ ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ ʠ ʩʪʨʫʢʪʫʨʳ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʪʦʣʱʠʥʦʡ ʦʪ 

~1 ʜʦ ~ 2 ʤʢʤ: (ʘ) ïʫʜʘʣʝʥʠʶ ʯʘʩʪʠʮ/ʚʢʣʶʯʝʥʠʡ Ti2Ni, TiC(O), ʚʢʣʶʯʘʷ ʧʦʚʝʨʭʥʦʩʪʴ; (ʙ) 

ʬʦʨʤʠʨʦʚʘʥʠʶ ʦʜʥʦʬʘʟʥʦʡ ɺ2-ʩʪʨʫʢʪʫʨʳ ʩ ʜʚʫʤʷ ʨʘʟʣʠʯʥʳʤʠ ʪʠʧʘʤʠ ʟʝʨʝʥʥʦʡ 

ʩʪʨʫʢʪʫʨʳ: (1) ʩʪʦʣʙʯʘʪʦʡ ʩ ʧʦʧʝʨʝʯʥʳʤʠ ʨʘʟʤʝʨʘʤʠ ʩʪʦʣʙʯʘʪʳʭ ʟʝʨʝʥ ʤʝʥʝʝ 100 ʥʤ ʠ 

ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʡ ʦʨʠʝʥʪʘʮʠʝʡ ʪʠʧʘ <100>ɺ2 ʚ ʢʘʞʜʦʤ ʟʝʨʥʝ ʠʣʠ (2) ʛʣʦʙʫʣʷʨʥʦʡ 

ʩ ʨʘʟʤʝʨʘʤʠ ʛʣʦʙʫʣ (ɺ2-ʟʝʨʝʥ) ² 150 ʥʤ. 

ʅʉʕʇ ʦʙʨʘʙʦʪʢʘ ʧʦʚʝʨʭʥʦʩʪʠ TiNi  ʧʨʠʚʝʣʘ ʢ ʧʦʚʳʰʝʥʠʶ ʫʩʪʘʣʦʩʪʥʦʡ 

ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʦʙʨʘʟʮʦʚ TiNi  ʧʦʯʪʠ ʚ 1.5-2 ʨʘʟʘ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʥʝʦʙʣʫʯʝʥʥʳʤʠ 

ʦʙʨʘʟʮʘʤʠ, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʵʬʬʝʢʪʠʚʥʦʡ ʦʯʠʩʪʢʦʡ ʧʦʚʝʨʭʥʦʩʪʝʡ ʦʙʨʘʟʮʦʚ ʩ ʧʦʤʦʱʴʶ 

ʅʉʕʇ ʦʪ ʯʘʩʪʠʮ/ʚʢʣʶʯʝʥʠʡ, ʢʘʢ ʦʩʥʦʚʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʫʩʪʘʣʦʩʪʥʳʭ ʤʠʢʨʦʪʨʝʱʠʥ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ. ʅʘʠʙʦʣʝʝ ʚʳʩʦʢʠʡ ʨʝʟʫʣʴʪʘʪ ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʩʣʝ ʅʉʕʇ ʦʙʨʘʙʦʪʦʢ ʧʨʠ 
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ES=1.5 ʠ 3.7 ɼʞ/ʩʤ2 ʩ ʯʠʩʣʦʤ ʠʤʧʫʣʴʩʦʚ n =5, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʚ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʤ ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ ʦʩʪʘʪʦʯʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʩʞʠʤʘʶʱʝʛʦ ʪʠʧʘ, 

ʧʨʝʧʷʪʩʪʚʫʶʱʠʭ ʟʘʨʦʞʜʝʥʠʶ ʜʝʬʝʢʪʦʚ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʘ ʠ ʠʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʶ ʚʦ 

ʚʥʫʪʨʝʥʥʠʠ ʦʙʲʝʤ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ 

(ʛʨʘʥʪ ʈʅʌ ˉ22-29-00047). 
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ʆʩʦʙʘʷ ʦʧʘʩʥʦʩʪʴ ʟʘʤʝʜʣʝʥʥʦʛʦ ʭʨʫʧʢʦʛʦ ʨʘʟʨʫʰʝʥʠʷ (ɿʍʈ) ʤʘʨʪʝʥʩʠʪʥʳʭ ʩʪʘʣʝʡ 

ʚ ʚʦʜʦʨʦʜʩʦʜʝʨʞʘʱʠʭ ʩʨʝʜʘʭ ʩʚʷʟʘʥʘ ʩ ʪʝʤ, ʯʪʦ ʨʘʟʨʫʰʝʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ 

ʥʦʤʠʥʘʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʷʭ ʥʠʞʝ ʧʨʝʜʝʣʘ ʪʝʢʫʯʝʩʪʠ ʠ ʠʟʣʦʤ ʠʤʝʝʪ ʠʥʪʝʨʢʨʠʩʪʘʣʣʠʪʥʳʡ 

ʭʘʨʘʢʪʝʨ [1ï3]. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʨʘʟʤʝʨ ʟʝʨʥʘ ʚʣʠʷʝʪ ʥʘ ʧʨʦʯʥʦʩʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʪʘʣʠ. 

ʆʜʥʘʢʦ ʚʣʠʷʥʠʝ ʨʘʟʤʝʨʦʚ ʠʩʭʦʜʥʳʭ ʘʫʩʪʝʥʠʪʥʳʭ ʟʝʨʝʥ ʥʘ ʧʦʨʦʛʦʚʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ɿʍʈ ʚʳʩʦʢʦʧʨʦʯʥʳʭ ʩʪʘʣʝʡ ʚ ʫʩʣʦʚʠʷʭ ʥʘʚʦʜʦʨʦʞʠʚʘʥʠʷ ʥʝʜʦʩʪʘʪʦʯʥʦ ʠʟʫʯʝʥʦ. 

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʢʣʶʯʘʣʘʩʴ ʚ ʫʩʪʘʥʦʚʣʝʥʠʠ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʚʣʠʷʥʠʷ 

ʨʘʟʤʝʨʦʚ ʠʩʭʦʜʥʳʭ ʘʫʩʪʝʥʠʪʥʳʭ ʟʝʨʝʥ ʥʘ ʧʦʨʦʛʦʚʦʝ ʣʦʢʘʣʴʥʦʝ ʥʘʧʨʷʞʝʥʠʝ 

ʤʘʨʪʝʥʩʠʪʥʦʡ ʩʪʘʣʠ ʩ ʨʘʟʣʠʯʥʳʤ ʫʨʦʚʥʝʤ ʦʩʪʘʪʦʯʥʳʭ ʚʥʫʪʨʝʥʥʠʭ ʤʠʢʨʦʥʘʧʨʷʞʝʥʠʡ 

ʧʨʠ ʥʘʚʦʜʦʨʦʞʠʚʘʥʠʠ ʚ ʠʥʢʫʙʘʮʠʦʥʥʦʤ ʧʝʨʠʦʜʝ. 

ɺ ʢʘʯʝʩʪʚʝ ʤʘʪʝʨʠʘʣʘ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʘ ʚʳʙʨʘʥʘ ʤʦʜʝʣʴʥʘʷ ʤʘʨʪʝʥʩʠʪʥʘʷ 

ʩʪʘʣʴ 20ɻ3ʅ2ʍʌ (0,20 C; 1,95 Si; 2,92 Mn; 1,95 Ni; 0,96 Cr; 0,40 V; 0,010 S; 0,012 P, ʤʘʩ. 

%) [4]. ʈʘʟʣʠʯʥʳʝ ʨʘʟʤʝʨʳ ʠʩʭʦʜʥʳʭ ʘʫʩʪʝʥʠʪʥʳʭ ʟʝʨʝʥ, ʢʘʢ ʠ ʫʨʦʚʥʠ ʦʩʪʘʪʦʯʥʳʭ 

ʚʥʫʪʨʝʥʥʠʭ ʤʠʢʨʦʥʘʧʨʷʞʝʥʠʡ, ʧʦʣʫʯʘʣʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʦʜʦʙʨʘʥʥʳʭ ʨʝʞʠʤʦʚ 

ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ [4]. ɼʣʷ ʠʩʧʳʪʘʥʠʡ ʥʘ ʟʘʤʝʜʣʝʥʥʦʝ ʨʘʟʨʫʰʝʥʠʝ ʠʩʧʦʣʴʟʦʚʘʣʠ ʦʙʨʘʟʮʳ 

ʐʘʨʧʠ ʨʘʟʤʝʨʦʤ 10³10³55 ʤʤ ʩ V-ʦʙʨʘʟʥʳʤ ʥʘʜʨʝʟʦʤ. ɿʘʢʘʣʢʫ ʦʙʨʘʟʮʦʚ ʚʳʧʦʣʥʷʣʠ ʚ 

ʤʘʩʣʝ, ʘ ʦʪʧʫʩʢ ï ʚ ʪʝʯʝʥʠʝ 1 ʯ, ʚ ʦʜʥʦʤ ʩʣʫʯʘʝ ʧʨʠ 100 (ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʚʥʫʪʨʝʥʥʠʭ 

ʦʩʪʘʪʦʯʥʳʭ ʤʠʢʨʦʥʘʧʨʷʞʝʥʠʡ) ʠ ʚʪʦʨʦʤ ʧʨʠ 300 Áʉ (ʥʠʟʢʠʡ ʫʨʦʚʝʥʴ ʚʥʫʪʨʝʥʥʠʭ 

ʦʩʪʘʪʦʯʥʳʭ ʤʠʢʨʦʥʘʧʨʷʞʝʥʠʡ). ʆʙʨʘʟʮʳ ʥʘʛʨʫʞʘʣʠ ʜʦ ʟʘʜʘʥʥʦʛʦ ʫʨʦʚʥʷ ʧʨʠʣʦʞʝʥʥʦʛʦ 

ʤʦʤʝʥʪʘ ʧʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʥʘʩʳʱʝʥʠʠ ʚʦʜʦʨʦʜʦʤ ʚ ʪʝʯʝʥʠʝ ʠʥʢʫʙʘʮʠʦʥʥʦʛʦ ʧʝʨʠʦʜʘ 

ʠ ʚʳʜʝʨʞʠʚʘʣʠ ʜʦ ʨʘʟʨʫʰʝʥʠʷ ʥʘ ʩʧʝʮʠʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʝ ʧʦ ʤʝʪʦʜʠʢʝ [4].  

ʇʨʠʣʦʞʝʥʥʳʝ ʢ ʦʙʨʘʟʮʘʤ ʩʦʩʨʝʜʦʪʦʯʝʥʥʳʝ ʤʦʤʝʥʪʳ ʄ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ 

ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ (ʄʂʕ) ʧʝʨʝʩʯʠʪʳʚʘʣʠ ʚ ʤʘʢʩʠʤʘʣʴʥʳʝ ʣʦʢʘʣʴʥʳʝ ʥʘʧʨʷʞʝʥʠʷ 

ʧʝʨʝʜ ʚʝʨʰʠʥʦʡ ʥʘʜʨʝʟʘ ʧʦ ʤʝʪʦʜʠʢʝ [3ï4]. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʦʙʦʙʱʝʥʳ ʥʘ ʨʠʩ. 1 

ʚ ʚʠʜʝ ʪʨʝʭʤʝʨʥʳʭ ʜʠʘʛʨʘʤʤ ʚ ʢʦʦʨʜʠʥʘʪʘʭ ʣʦʢʘʣʴʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʚ ʟʦʥʝ ʟʘʨʦʞʜʝʥʠʷ 

ʤʠʢʨʦʪʨʝʱʠʥʳ ʎ  ï ʚʨʝʤʷ ʜʦ ʟʘʨʦʞʜʝʥʠʷ ʤʠʢʨʦʪʨʝʱʠʥʳ ÌÎʐ ï ʨʘʟʤʝʨ ʠʩʭʦʜʥʦʛʦ 
ʘʫʩʪʝʥʠʪʥʦʛʦ ʟʝʨʥʘ d.   
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ʈʠʩʫʥʦʢ 1. ɺʨʝʤʝʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʣʦʢʘʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ „  ʚ 

ʟʦʥʝ ʟʘʨʦʞʜʝʥʠʷ ʪʨʝʱʠʥʳ ʚ ʩʪʘʣʠ 20ɻ3ʅ2ʍʌ ʩ 

ʨʘʟʤʝʨʦʤ ʟʝʨʥʘ 15 (1), 28 (2), 45 (3) ʠ 60 ʤʢʤ (4) 

ʧʨʠ ʟʘʤʝʜʣʝʥʥʦʤ ʨʘʟʨʫʰʝʥʠʠ ʚ ʫʩʣʦʚʠʷʭ 

ʥʘʚʦʜʦʨʦʞʠʚʘʥʠʷ.  

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʧʳʪʘʥʠʡ ʥʘ ʟʘʤʝʜʣʝʥʥʦʝ 

ʨʘʟʨʫʰʝʥʠʝ ʙʳʣʠ ʫʩʪʘʥʦʚʣʝʥʳ ʧʦʨʦʛʦʚʳʝ 

ʣʦʢʘʣʴʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʎ  ʜʣʷ ʩʪʘʣʠ ʩ 

ʨʘʟʣʠʯʥʳʤʠ ʨʘʟʤʝʨʘʤʠ ʠʩʭʦʜʥʳʭ ʘʫʩʪʝʥʠʪʥʳʭ 

ʟʝʨʝʥ. ɿʘʚʠʩʠʤʦʩʪʠ ʧʦʨʦʛʦʚʳʭ ʣʦʢʘʣʴʥʳʭ 

ʥʘʧʨʷʞʝʥʠʡ ʎ Ὠ ʦʪ ʨʘʟʤʝʨʘ ʠʩʭʦʜʥʳʭ 

ʘʫʩʪʝʥʠʪʥʳʭ ʟʝʨʝʥ ʜʣʷ ʩʪʘʣʠ ʚ ʜʚʫʭ ʩʦʩʪʦʷʥʠʷʭ 

ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ. 2.  

 

ʈʠʩʫʥʦʢ 2. ɿʘʚʠʩʠʤʦʩʪʴ ʧʦʨʦʛʦʚʳʭ ʣʦʢʘʣʴʥʳʭ 

ʥʘʧʨʷʞʝʥʠʡ „  ʦʪ ʨʘʟʤʝʨʘ ʠʩʭʦʜʥʦʛʦ 

ʘʫʩʪʝʥʠʪʥʦʛʦ ʟʝʨʥʘ d ʜʣʷ ʩʪʘʣʠ 20ɻ3ʅ2ʍʌ ʩ 

ʚʳʩʦʢʠʤ (1) ʠ ʥʠʟʢʠʤ (2) ʫʨʦʚʥʝʤ ʦʩʪʘʪʦʯʥʳʭ 

ʤʠʢʨʦʥʘʧʨʷʞʝʥʠʡ ʧʨʠ ʥʘʚʦʜʦʨʦʞʠʚʘʥʠʠ ʚ 

ʠʥʢʫʙʘʮʠʦʥʥʦʤ ʧʝʨʠʦʜʝ. 

 

ʂʘʢ ʚ ʩʣʫʯʘʝ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ ʦʩʪʘʪʦʯʥʳʭ 

ʚʥʫʪʨʝʥʥʠʭ ʤʠʢʨʦʥʘʧʨʷʞʝʥʠʡ ʚ ʜʠʘʧʘʟʦʥʝ 

ʨʘʟʤʝʨʘ ʠʩʭʦʜʥʦʛʦ ʘʫʩʪʝʥʠʪʥʦʛʦ ʟʝʨʥʘ d = 15ï

50 ʤʢʤ (ʩʤ. ʨʠʩ. 2, ʢʨʠʚʘʷ 1), ʪʘʢ ʠ ʚ ʩʣʫʯʘʝ 

ʧʨʝʥʝʙʨʝʞʠʤʦ ʥʠʟʢʠʭ ʦʩʪʘʪʦʯʥʳʭ ʚʥʫʪʨʝʥʥʠʭ 

ʤʠʢʨʦʥʘʧʨʷʞʝʥʠʡ ʧʨʠ d = 15ï60 ʤʢʤ (ʩʤ. ʨʠʩ. 

2, ʢʨʠʚʘʷ 2) ʤʝʞʜʫ ʚʝʣʠʯʠʥʘʤʠ ʎ  ʠ d 

ʩʫʱʝʩʪʚʫʝʪ ʟʘʚʠʩʠʤʦʩʪʴ ʚʠʜʘ: 

ʎ Ὠ = ʎ ὯὨ Ⱦ,                                                                   

(1) 

ʛʜʝ ʎ ï ʫʩʣʦʚʥʦʝ ʧʦʨʦʛʦʚʦʝ ʣʦʢʘʣʴʥʦʝ ʥʘʧʨʷʞʝʥʠʝ (ʄʇʘ) ʜʣʷ ʨʘʟʤʝʨʘ ʟʝʨʥʘ dŸÐ, ʯʪʦ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʝʨʝʩʝʯʝʥʠʶ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʧʨʷʤʦʡ ʎ Ὠ ʩ ʦʩʴʶ ʦʨʜʠʥʘʪ ʎ  ʠ k 

ï ʢʦʵʬʬʠʮʠʝʥʪ, ʚʢʣʶʯʘʶʱʠʡ ʚʢʣʘʜ ʚ ʫʧʨʦʯʥʝʥʠʝ ʩʦ ʩʪʦʨʦʥʳ ʛʨʘʥʠʮ ʟʝʨʝʥ. ʋʚʝʣʠʯʝʥʠʝ 

ʨʘʟʤʝʨʦʚ ʠʩʭʦʜʥʳʭ ʘʫʩʪʝʥʠʪʥʳʭ ʟʝʨʝʥ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʚʝʣʠʯʠʥʳ ʎ Ὠ ʢʘʢ ʜʣʷ 

ʩʣʫʯʘʷ ʩ ʧʨʝʥʝʙʨʝʞʠʤʦ ʥʠʟʢʠʤ, ʪʘʢ ʠ ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ ʦʩʪʘʪʦʯʥʳʭ ʚʥʫʪʨʝʥʥʠʭ 

ʤʠʢʨʦʥʘʧʨʷʞʝʥʠʡ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʟʘʤʝʜʣʝʥʥʦʤ ʨʘʟʨʫʰʝʥʠʠ ʦʭʨʫʧʯʠʚʘʶʱʘʷ ʨʦʣʴ ʚʦʜʦʨʦʜʘ ʠ 

ʦʩʪʘʪʦʯʥʳʭ ʚʥʫʪʨʝʥʥʠʭ ʤʠʢʨʦʥʘʧʨʷʞʝʥʠʡ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʥʠʞʝʥʠʠ ʣʦʢʘʣʴʥʦʡ 

ʧʨʦʯʥʦʩʪʠ ʛʨʘʥʠʮ ʟʝʨʝʥ [4]. ʅʘʩʳʱʝʥʠʝ ʩʪʘʣʠ ʚʦʜʦʨʦʜʦʤ ʩʥʠʞʘʝʪ ʣʦʢʘʣʴʥʦʝ 

ʨʘʟʨʫʰʘʶʱʝʝ ʥʘʧʨʷʞʝʥʠʝ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʦʜʦʨʦʜʘ ɝʎὨ ~ CH. ɺ 

ʩʚʦʶ ʦʯʝʨʝʜʴ ʨʦʩʪ ʠʩʭʦʜʥʳʭ ʘʫʩʪʝʥʠʪʥʳʭ ʟʝʨʝʥ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʜʣʠʥʳ 

ʤʘʨʪʝʥʩʠʪʥʳʭ ʢʨʠʩʪʘʣʣʦʚ, ʦʙʨʘʟʫʶʱʠʭʩʷ ʧʨʠ ʟʘʢʘʣʢʝ [4]. ʏʝʤ ʙʦʣʴʰʝ ʜʣʠʥʘ 

ʤʘʨʪʝʥʩʠʪʥʳʭ ʢʨʠʩʪʘʣʣʦʚ, ʪʝʤ ʚʳʰʝ ʤʦʱʥʦʩʪʴ ʚʦʜʦʨʦʜʥʳʭ ʣʦʚʫʰʝʢ (ʩʪʨʫʢʪʫʨʥʳʭ 

ʠʩʢʘʞʝʥʠʡ) ʚ ʚʝʨʰʠʥʘʭ ʤʘʨʪʝʥʩʠʪʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʥʘ ʛʨʘʥʠʮʘʭ ʠʩʭʦʜʥʳʭ ʘʫʩʪʝʥʠʪʥʳʭ 

ʟʝʨʝʥ. ʉ ʨʦʩʪʦʤ ʯʠʩʣʘ ʤʝʩʪ ʚʳʭʦʜʘ ʤʘʨʪʝʥʩʠʪʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʥʘ ʛʨʘʥʠʮʫ ʘʫʩʪʝʥʠʪʥʦʛʦ 

ʟʝʨʥʘ ʚʦʟʨʘʩʪʘʝʪ ʠ ʢʦʣʠʯʝʩʪʚʦ ʚʦʜʦʨʦʜʥʳʭ ʣʦʚʫʰʝʢ. ɺ ʨʝʟʫʣɹ ʪʘʪʝ, ʫʚʝʣʠʯʝʥʠʝ ʨʘʟʤʝʨʘ 

ʠʩʭʦʜʥʳʭ ʘʫʩʪʝʥʠʪʥʳʭ ʟʝʨʝʥ ʧʨʠʚʦʜʠʪ ʢ ʧʦʚʳʰʝʥʠʶ ʥʘ ʠʭ ʛʨʘʥʠʮʘʭ ʣʦʢʘʣʴʥʦʡ 
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ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʦʜʦʨʦʜʘ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʠʟʤʝʣʴʯʝʥʠʝ ʠʩʭʦʜʥʳʭ ʘʫʩʪʝʥʠʪʥʳʭ 

ʟʝʨʝʥ ʜʦ Ὠ 15 ʤʢʤ ʧʨʘʢʪʠʯʝʩʢʠ ʫʩʪʨʘʥʷʝʪ ʚʣʠʷʥʠʝ ʦʩʪʘʪʦʯʥʳʭ ʚʥʫʪʨʝʥʥʠʭ 

ʤʠʢʨʦʥʘʧʨʷʞʝʥʠʡ ʥʘ ʎ Ὠ ï ʥʘ ʨʠʩ. 2 ʢʨʠʚʳʝ 1 ʠ 2 ʩʪʨʝʤʷʪʩʷ ʢ ʩʭʦʞʜʝʥʠʶ. 

ʋʩʪʨʘʥʝʥʠʝ ʚʣʠʷʥʠʷ ʦʩʪʘʪʦʯʥʳʭ ʚʥʫʪʨʝʥʥʠʭ ʤʠʢʨʦʥʘʧʨʷʞʝʥʠʡ ʥʘ ʧʦʨʦʛʦʚʦʝ 

ʣʦʢʘʣʴʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʧʨʠ ʥʘʚʦʜʦʨʦʞʠʚʘʥʠʠ ʤʘʨʪʝʥʩʠʪʥʦʡ ʩʪʘʣʠ ʤʦʞʝʪ ʙʳʪʴ 

ʜʦʩʪʠʛʥʫʪʦ ʫʤʝʥʴʰʝʥʠʝʤ ʨʘʟʤʝʨʦʚ ʠʩʭʦʜʥʳʭ ʘʫʩʪʝʥʠʪʥʳʭ ʟʝʨʝʥ ʜʦ Ὠ 15 ʤʢʤ. 
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*E-mail: amyasoedov88@gmail.com 

ɺʳʨʘʱʠʚʘʥʠʝ ʦʙʲʝʤʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʥʠʪʨʠʜʘ ʘʣʶʤʠʥʠʷ (AlN) ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ 

ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʜʠʩʣʦʢʘʮʠʦʥʥʳʭ ʩʪʨʫʢʪʫʨ, ʩʧʦʩʦʙʥʳʭ ʦʢʘʟʳʚʘʪʴ 

ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʧʨʦʯʥʦʩʪʴ ʚʳʨʘʱʝʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʠ, ʚ ʜʘʣʴʥʝʡʰʝʤ, ʥʘ 

ʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʧʪʦʵʣʝʢʪʨʦʥʥʳʭ ʧʨʠʙʦʨʦʚ ʥʘ 

ʦʩʥʦʚʝ ʧʦʜʣʦʞʝʢ AlN. ɺʘʞʥʳʤ ʵʣʝʤʝʥʪʦʤ ʵʪʠʭ ʜʠʩʣʦʢʘʮʠʦʥʥʳʭ ʩʪʨʫʢʪʫʨ ʷʚʣʷʶʪʩʷ 

ʤʘʣʦʫʛʣʦʚʳʝ ʛʨʘʥʠʮʳ ʥʘʢʣʦʥʘ, ʢʦʪʦʨʳʝ ʬʦʨʤʠʨʫʶʪʩʷ ʧʨʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ 

ʚʳʨʘʱʠʚʘʥʠʷ ʠ ʩʪʘʥʦʚʷʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤʠ ʙʘʨʴʝʨʘʤʠ ʜʣʷ ʩʢʦʣʴʟʷʱʠʭ ʜʠʩʣʦʢʘʮʠʡ. 

ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʜʠʩʣʦʢʘʮʠʠ a-ʪʠʧʘ ʩ ʚʝʢʪʦʨʦʤ ɹʶʨʛʝʨʩʘ 

1/ 3 1120a = < >b , ʩʢʦʣʴʟʷʱʝʡ ʚ ʙʘʟʠʩʥʦʡ ʧʣʦʩʢʦʩʪʠ (0001) ʠʣʠ ʙʣʠʟʢʦʡ ʢ ʥʝʡ, ʩ 

ʘʥʩʘʤʙʣʝʤ ʧʨʦʨʘʩʪʘʶʱʠʭ ʜʠʩʣʦʢʘʮʠʡ, ʬʦʨʤʠʨʫʶʱʠʭ ʤʘʣʦʫʛʣʦʚʫʶ ʛʨʘʥʠʮʫ ʚ ʩʣʦʝ 

ʦʙʲʸʤʥʦʛʦ AlN. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʜʠʩʣʦʢʘʮʠʦʥʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ʙʳʣ ʧʨʠʤʝʥʸʥ 

g bÖ-ʘʥʘʣʠʟ ʜʠʬʨʘʢʮʠʦʥʥʦʛʦ ʢʦʥʪʨʘʩʪʘ [1], ʚʦʟʥʠʢʘʶʱʝʛʦ ʥʘ ʇʕʄ-ʠʟʦʙʨʘʞʝʥʠʷʭ 

ʜʠʩʣʦʢʘʮʠʡ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʫʩʣʦʚʠʷʭ. 

ʈʦʩʪ ʦʙʲʸʤʥʳʭ ʢʨʠʩʪʘʣʣʦʚ AlN ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʩʫʙʣʠʤʘʮʠʦʥʥʳʤ ʩʵʥʜʚʠʯ-ʤʝʪʦʜʦʤ 

ʚ ʪʘʥʪʘʣʦʚʦʤ ʪʠʛʣʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʘʨʙʠʜʦʢʨʝʤʥʠʝʚʦʡ ʧʦʜʣʦʞʢʠ ʚ ʢʘʯʝʩʪʚʝ 

ʟʘʪʨʘʚʦʯʥʦʛʦ ʢʨʠʩʪʘʣʣʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1900ï2100 ÁC ʚ ʪʝʯʝʥʠʝ 12ï20 ʯ. ɿʘ ɻʪʦ ʚʨʝʤʷ 

ʪʦʣʱʠʥʘ ʩʣʦʷ AlN ʜʦʩʪʠʛʘʣʘ ʟʥʘʯʝʥʠʷ 0.3ï1.5 ʤʤ, ʘ ʧʦʜʣʦʞʢʘ ʧʦʣʥʦʩʪʴʶ 

ʩʫʙʣʠʤʠʨʦʚʘʣʘʩʴ [2] 

ʇʨʠ ʚr ʨʘʱʠʚʘʥʠʠ ʥʠʪʨʠʜʦʚ ʤʝʪʘʣʣʦʚ III-ʛʨʫʧʧʳ ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʚʶʨʮʠʪʘ ʧʦʣʷʨʥʦʡ 

ʦʨʠʝʥʪʘʮʠʠ ʚ ʥʠʭ ʚʦʟʥʠʢʘʶʪ ʧʨʦʥʠʢʘʶʱʠʝ ʜʠʩʣʦʢʘʮʠʠ, ʧʨʦʥʠʟʳʚʘʶʱʠʝ ʩʣʦʡ ʦʪ 
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ʠʥʪʝʨʬʝʡʩʘ ʜʦ ʧʦʚʝʨʭʥʦʩʪʠ. ɺʦʧʨʦʩ ʦ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ 

ʜʠʩʣʦʢʘʮʠʡ ʚ ʪʘʢʠʭ ʩʣʦʷʭ ʦʩʪʘʸʪʩʷ ʦʪʢʨʳʪʳʤ ʠ ʜʠʩʢʫʩʩʠʦʥʥʳʤ [2]ï[4]. 

ʈʝʟʫʣʴʪʘʪʳ ʇʕʄ-ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʙʲʸʤʥʦʛʦ ʩʣʦʷ AlN, ʚʳʧʦʣʥʝʥʥʦʛʦ ʚ ʧʣʘʥʘʨʥʦʡ 

ʛʝʦʤʝʪʨʠʠ, ʧʦʢʘʟʘʣʠ, ʯʪʦ ʥʘʙʣʶʜʘʝʤʳʝ ʧʨʦʥʠʢʘʶʱʠʝ ʜʠʩʣʦʢʘʮʠʠ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʚʦʸʤ 

ʬʦʨʤʠʨʫʶʪ ʤʘʣʦʫʛʣʦʚʳʝ ʛʨʘʥʠʮʳ ʥʘʢʣʦʥʘ ʩ ʫʛʣʦʤ ʨʘʟʦʨʠʝʥʪʠʨʦʚʢʠ ɗ ~ 0.03Á. ʇʦʤʠʤʦ 

ʪʘʢʠʭ ʜʠʩʣʦʢʘʮʠʡ ʙʳʣʠ ʚʳʷʚʣʝʥʳ çʙʣʫʞʜʘʶʱʠʝè ʜʠʩʣʦʢʘʮʠʠ, ʩʢʦʣʴʟʷʱʠʝ ʚ ʙʘʟʠʩʥʦʡ 

ʧʣʦʩʢʦʩʪʠ (0001) ʠʣʠ ʙʣʠʟʢʦʡ ʢ ʥʝʡ. ʅʘ ʈʠʩʫʥʦʢ 1ʆʰʠʙʢʘ! ʀʩʪʦʯʥʠʢ ʩʩʳʣʢʠ ʥʝ 

ʥʘʡʜʝʥ. ʧʨʠʚʝʜʝʥʳ ʇʕʄ-ʠʟʦʙʨʘʞʝʥʠʷ ʜʠʩʣʦʢʘʮʠʦʥʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ, ʚʦʟʥʠʢʰʝʡ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʪʘʢʦʡ çʙʣʫʞʜʘʶʱʝʡè ʜʠʩʣʦʢʘʮʠʠ ʩ ʚʝʢʪʦʨʦʤ ɹʶʨʛʝʨʩʘ b1 ʩ 

ʘʥʩʘʤʙʣʝʤ ʧʨʦʥʠʢʘʶʱʠʭ ʜʠʩʣʦʢʘʮʠʡ ʩ ʚʝʢʪʦʨʦʤ ɹʶʨʛʝʨʩʘ b2, ʧʨʠ ʨʘʟʣʠʯʥʳʭ 

ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʫʩʣʦʚʠʷʭ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʦʙʨʘʟʦʚʘʣʩʷ ʥʘʙʦʨ 

ʜʠʩʣʦʢʘʮʠʦʥʥʳʭ ʩʝʛʤʝʥʪʦʚ ʜʣʠʥʦʡ 100-150 ʥʤ ʩ ʚʝʢʪʦʨʦʤ ɹʶʨʛʝʨʩʘ b3 = b1 + b2. ʅʘ  

ʈʠʩʫʥʦʢ  ʧʨʠʚʦʜʠʪʩʷ ʧʨʝʜʧʦʣʘʛʘʝʤʘʷ ʩʭʝʤʘ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʜʘʥʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ. 

  
ʈʠʩʫʥʦʢ 1. ʇʕʄ-ʠʟʦʙʨʘʞʝʥʠʷ ʩʣʦʷ AlN, 

ʚʳʧʦʣʥʝʥʥʳʝ ʚ ʧʣʘʥʘʨʥʦʡ ʛʝʦʤʝʪʨʠʠ ï 

ʧʨʠ ʦʨʠʝʥʪʘʮʠʠ ʵʣʝʢʪʨʦʥʥʦʛʦ ʧʫʯʢʘ 

ʙʣʠʟʢʦ ʢ ʥʘʧʨʘʚʣʝʥʠʶ πππρ ï ʧʨʠ 
ʨʘʟʣʠʯʥʳʭ ʜʝʡʩʪʚʫʶʱʠʭ ʦʪʨʘʞʝʥʠʷʭ:  

a ï g = ρπρπ; b ï g = ρρππ; c ï g = πρρπȢ 

ʈʠʩʫʥʦʢ 2. a ï ʩʭʝʤʘ ʢʦʥʬʠʛʫʨʘʮʠʠ 

ʜʠʩʣʦʢʘʮʠʡ, ʚʩʪʫʧʘʶʱʠʭ ʚ ʨʝʘʢʮʠʶ; b ï

ʢʦʥʬʠʛʫʨʘʮʠʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʥʪʘʢʪʥʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʜʠʩʣʦʢʘʮʠʡ; ʥʦʚʳʝ 

ʩʝʛʤʝʥʪʳ ʩ ʚʝʢʪʦʨʦʤ ɹʶʨʛʝʨʩʘ b3 

ʦʪʤʝʯʝʥʳ ʢʨʘʩʥʳʤ ʮʚʝʪʦʤ. 

ʉ ʧʦʤʦʱʴʶ g bÖ-ʘʥʘʣʠʟʘ ʜʠʬʨʘʢʮʠʦʥʥʦʛʦ ʢʦʥʪʨʘʩʪʘ ʥʘ ʜʠʩʣʦʢʘʮʠʷʭ ʥʘ ʈʠʩʫʥʦʢ 1 

ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʩʪʫʧʠʚʰʠʝ ʚ ʢʦʥʪʘʢʪ ʜʠʩʣʦʢʘʮʠʠ ʠ ʚʦʟʥʠʢʰʠʝ ʥʦʚʳʝ ʩʝʛʤʝʥʪʳ 

ʠʤʝʶʪ ʥʝʥʫʣʝʚʫʶ a-ʢʦʤʧʦʥʝʥʪʫ ʚʝʢʪʦʨʘ ɹʶʨʛʝʨʩʘ ʠ ʤʦʛʫʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ 

ʜʠʩʣʦʢʘʮʠʠ a-ʪʠʧʘ c 1/ 3 1120a = < >b . 

ɺ ʦʙʣʘʩʪʠ ʢʦʥʪʘʢʪʘ ʥʘʙʣʶʜʘʝʪʩʷ ʠʟʛʠʙ ʣʠʥʠʡ ʜʠʩʣʦʢʘʮʠʡ, ʬʦʨʤʠʨʫʶʱʠʭ 

ʤʘʣʦʫʛʣʦʚʫʶ ʩʪʝʥʢʫ, ʚʳʟʚʘʥʥʳʡ, ʧʦ ʚʩʝʡ ʚʠʜʠʤʦʩʪʠ, ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʩ ʜʨʫʛʦʡ 

çʙʣʫʞʜʘʶʱʝʡè ʜʠʩʣʦʢʘʮʠʝʡ, ʩʢʦʣʴʟʷʱʝʡ ʚ ʙʘʟʠʩʥʦʡ ʧʣʦʩʢʦʩʪʠ (0001) ʠʣʠ ʙʣʠʟʢʦʡ ʢ 

ʥʝʡ. ʊʘʢ, ʥʘ ʈʠʩʫʥʦʢ 1 ʚ ʣʝʚʦʤ ʚʝʨʭʥʝʤ ʫʛʣʫ ʠʟʦʙʨʘʞʝʥʠʡ ʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ 

ʧʝʨʝʦʨʠʝʥʪʘʮʠʶ ʦʜʥʦʡ ʠʟ ʧʨʦʥʠʢʘʶʱʠʭ ʜʠʩʣʦʢʘʮʠʡ ʚ ʙʣʠʟʢʫʶ ʢ ʙʘʟʠʩʥʦʡ ʩʠʩʪʝʤʫ 

ʩʢʦʣʴʞʝʥʠʷ ʠ ʚʳʭʦʜ ʝʸ ʣʠʥʠʠ ʟʘ ʧʨʝʜʝʣʳ ʠʟʦʙʨʘʞʝʥʠʷ, ʛʜʝ ʦʥʘ ʟʘʤʳʢʘʝʪʩʷ ʥʘ ʦʪʨʝʟʢʝ 

çʙʣʫʞʜʘʶʱʝʡè ʜʠʩʣʦʢʘʮʠʠ ʩ ʚʝʢʪʦʨʦʤ ɹʶʨʛʝʨʩʘ b1, ʬʦʨʤʠʨʫʷ ʜʠʩʣʦʢʘʮʠʦʥʥʳʡ ʩʝʛʤʝʥʪ 

ʩ ʚʝʢʪʦʨʦʤ ɹʶʨʛʝʨʩʘ b3. 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʢʘʟʘʥʦ, ʯʪʦ ʜʠʩʣʦʢʘʮʠʷ a-ʪʠʧʘ ʩ ʚʝʢʪʦʨʦʤ ɹʶʨʛʝʨʩʘ b1, 

ʩʢʦʣʴʟʷʱʘʷ ʚ ʙʘʟʠʩʥʦʡ ʧʣʦʩʢʦʩʪʠ ʠʣʠ ʙʣʠʟʢʦʡ ʢ ʥʝʡ, ʤʦʞʝʪ ʟʘʢʨʝʧʠʪʴʩʷ ʥʘ ʘʥʩʘʤʙʣʝ 

ʜʠʩʣʦʢʘʮʠʡ, ʬʦʨʤʠʨʫʶʱʠʭ ʤʘʣʦʫʛʣʦʚʫʶ ʛʨʘʥʠʮʫ ʩ ʚʝʢʪʦʨʦʤ ɹʶʨʛʝʨʩʘ b2 ʚ ʢʨʠʩʪʘʣʣʝ 

AlN. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʢʨʠʩʪʘʣʣʦʚ AlN ʧʨʦʚʝʜʝʥʦ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʦʛʦ 

ʬʦʥʜʘ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ (ʧʨʦʝʢʪ ˉ 19-29-12041 ʤʢ) 
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ʈʘʟʨʫʰʝʥʠʝ ʢʘʢ ʢʠʥʝʪʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʩʦʩʪʦʠʪ ʠʟ ʨʷʜʘ ʩʪʘʜʠʡ: ʦʙʨʘʟʦʚʘʥʠʷ 

ʤʠʢʨʦʥʝʩʧʣʦʰʥʦʩʪʝʡ, ʨʘʟʚʠʪʠʷ ʧʦʚʨʝʞʜʝʥʠʡ ʠ ʨʘʟʜʝʣʝʥʠʝ ʦʙʨʘʟʮʳ ʥʘ ʯʘʩʪʠ. ɼʣʷ 

ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʚ ʫʣʴʪʨʘʤʝʣʢʦʟʝʨʥʠʩʪʦʤ ʩʦʩʪʦʷʥʠʠ (ʋʄɿ), ʧʦʣʫʯʝʥʥʳʭ 

ʨʘʟʣʠʯʥʳʤʠ ʤʝʪʦʜʘʤʠ ʠʥʪʝʥʩʠʚʥʦʡ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ, ʵʪʦʪ ʧʨʦʮʝʩʩ ʠʤʝʝʪ ʩʚʦʠ 

ʦʩʦʙʝʥʥʦʩʪʠ. ʆʜʥʘ ʠʟ ʥʠʭ ʩʚʷʟʘʥʘ ʩ ʪʝʤ, ʯʪʦ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʋʄɿ ʩʪʨʫʢʪʫʨʳ 

ʦʙʨʘʟʫʝʪʩʷ ʜʝʬʝʢʪʳ ʧʫʩʪʦʪʥʦʡ ʧʨʠʨʦʜʳ (ʥʘʥʦʧʦʨʳ). ʆʙʨʘʟʦʚʘʥʠʝ ʪʘʢʠʭ ʥʘʥʦʧʦʨ 

ʤʝʪʦʜʘʤʠ ʤʘʣʦʫʛʣʦʚʦʛʦ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠ ʥʝʡʪʨʦʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ, ʘ ʪʘʢʞʝ ʵʣʝʢʪʨʦʥʥʦʡ 

ʤʠʢʨʦʩʢʦʧʠʠ ʦʙʥʘʨʫʞʝʥʦ ʚ ʨʷʜʝ ʨʘʙʦʪ (ʥʘʧʨʠʤʝʨ, [1, 2]). ʇʦʢʘʟʘʥʦ, ʯʪʦ ʵʪʠ ʥʘʥʦʧʦʨʳ ʥʝ 

ʩʥʠʞʘʶʪ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʧʨʝʜʝʣʦʚ ʧʨʦʯʥʦʩʪʠ, ʪʝʢʫʯʝʩʪʠ, ʤʠʢʨʦʪʚʝʨʜʦʩʪʴ, ʦʜʥʘʢʦ ʧʨʠ 

ʜʣʠʪʝʣʴʥʦʤ ʥʘʛʨʫʞʝʥʠʠ ʚ ʫʩʣʦʚʠʷʭ ʧʦʣʟʫʯʝʩʪʠ ʠ ʫʩʪʘʣʦʩʪʠ ʤʦʛʫʪ ʧʨʠʚʝʩʪʠ ʢ ʟʘʤʝʪʥʦʡ 

ʜʝʛʨʘʜʘʮʠʠ ʚʳʩʦʢʠʭ ʧʨʦʯʥʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʋʄɿ ʤʝʪʘʣʣʦʚ ʠ ʩʧʣʘʚʦʚ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥʳ ʜʘʥʥʳʝ ʜʣʷ ʪʠʪʘʥʘ ɺʊ1-0 (ʘʥʘʣʦʛ Grade-4) ʚ 

ʨʘʟʣʠʯʥʳʭ ʩʪʨʫʢʪʫʨʥʳʭ ʩʦʩʪʦʷʥʠʷʭ (ʩ ʨʘʟʣʠʯʥʳʤ ʨʘʟʤʝʨʦʤ ʟʝʨʥʘ), ʧʦʣʫʯʝʥʥʳʭ 

ʤʝʪʦʜʘʤʠ ʠʥʪʝʥʩʠʚʥʦʡ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ: ʨʘʚʥʦʢʘʥʘʣʴʥʦʝ ʫʛʣʦʚʦʝ 

ʧʨʝʩʩʦʚʘʥʠʝ, ʢʨʠʦʧʨʦʢʘʪʢʘ, ʩʦʯʝʪʘʥʠʷ ʚʠʥʪʦʚʦʡ ʠ ʧʨʦʜʦʣʴʥʦʡ ʧʨʦʢʘʪʦʢ. ɼʣʷ ʠʟʫʯʝʥʠʷ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʤʝʭʘʥʠʟʤʘ ʜʝʬʦʨʤʘʮʠʠ ʪʘʢʞʝ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʦʙʨʘʟʮʳ ʚ ʠʩʭʦʜʥʦʤ  

ʩʦʩʪʦʷʥʠʠ (ʩʦʩʪʦʷʥʠʝ ʧʦʩʪʘʚʢʠ ʧʝʨʝʜ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʋʄɿ ʩʪʨʫʢʪʫʨʳ) ʠ ʚ 

ʢʨʫʧʥʦʟʝʨʥʠʩʪʦʤ ʨʝʢʨʠʩʪʘʣʣʠʟʦʚʘʥʥʦʤ ʩʦʩʪʦʷʥʠʠ, ʧʦʣʫʯʝʥʥʦʤ ʦʪʞʠʛʦʤ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 550Áʉ ʚ ʪʝʯʝʥʠʠ 1 ʯʘʩʘ ʠʟ ʋʄɿ ʩʦʩʪʦʷʥʠʷ. ʕʪʠ ʤʘʪʝʨʠʘʣʳ ʠʩʧʳʪʳʚʘʣʠʩʴ 

ʧʨʠ ʨʘʩʪʷʞʝʥʠʠ ʚ ʨʝʞʠʤʝ ʧʦʣʟʫʯʝʩʪʠ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʥʘʧʨʷʞʝʥʠʡ. ʉʪʨʫʢʪʫʨʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʤʝʪʦʜʘʤʠ ʤʘʣʦʫʛʣʦʚʦʛʦ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʨʘʩʩʝʷʥʠʷ, 

ʧʨʝʮʠʟʠʦʥʥʦʛʦ ʠʟʤʝʨʝʥʠʷ ʧʣʦʪʥʦʩʪʠ, ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ (ʩ ʧʨʠʤʝʥʝʥʠʝʤ ɼʆʈʕ 

ʘʥʘʣʠʟʘ). ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʘʣʠʯʠʝ ʚ ʋʄɿ ʩʦʩʪʦʷʥʠʠ ʥʘʥʦʧʦʨ ʠ ʠʭ ʨʘʟʚʠʪʠʝ ʚ ʨʝʞʠʤʝ 

ʜʣʠʪʝʣʴʥʦʛʦ ʥʘʛʨʫʞʝʥʠʷ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʬʘʢʪʦʨʦʚ, ʩʥʠʞʘʶʱʠʭ ʜʦʣʛʦʚʝʯʥʦʩʪʴ 

ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʤʝʪʘʣʣʦʚ ʠ ʩʧʣʘʚʦʚ. ɺʦʟʜʝʡʩʪʚʠʝ ʚʳʩʦʢʦʛʦ ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʜʘʚʣʝʥʠʷ 

(~1,5 GPa), ʚʝʜʫʱʝʝ ʢ ʯʘʩʪʠʯʥʦʤʫ ʟʘʣʝʯʠʚʘʥʠʶ ʥʘʥʦʧʦʨ, ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ 

ʜʦʣʛʦʚʝʯʥʦʩʪʴ (ʨʝʩʫʨʩ ʵʢʩʧʣʫʘʪʘʮʠʠ) ʚʳʩʦʢʦʧʨʦʯʥʳʭ ʋʄɿ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ.  

ɸʥʘʣʠʟʠʨʫʶʪʩʷ ʜʘʥʥʳʝ ʧʦ ʨʘʟʣʠʯʥʦʡ ʚʝʣʠʯʠʥʝ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʜʣʷ ʪʠʪʘʥʘ ɺʊ1-0 ʩ 

ʨʘʟʣʠʯʥʳʤ ʩʨʝʜʥʠʤ ʨʘʟʤʝʨʦʤ ʟʝʨʝʥ ʩ ʫʯʝʪʦʤ ʪʝʨʤʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ ʩʪʨʫʢʪʫʨʳ ʚ 
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ʠʩʩʣʝʜʫʝʤʦʤ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʥʘʙʣʶʜʘʝʤʦʝ ʥʝʢʦʪʦʨʦʝ 

ʩʥʠʞʝʥʠʝ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʜʣʷ ʥʝʢʦʪʦʨʳʭ ʩʪʨʫʢʪʫʨʥʳʭ ʩʦʩʪʦʷʥʠʡ ɺʊ1-0 ʦʙʫʩʣʦʚʣʝʥʦ 

ʜʠʥʘʤʠʯʝʩʢʦʡ ʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʝʡ ʠ ʨʘʟʚʠʪʠʝʤ ʥʘʥʦʧʦʨ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʧʨʠ 

ʧʦʣʫʯʝʥʠʠ ʋʄɿ ʩʪʨʫʢʪʫʨʳ.  

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ ʠ ʏʅʌ ʚ ʨʘʤʢʘʭ 

ʥʘʫʯʥʦʛʦ ʧʨʦʝʢʪʘ ˉ 19-58-26005. 
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ʇʈʀʄɽʅɽʅʀɽ ʉʂɸʅʀʈʋʖʑɽʁ ʊʋʅʅɽʃʔʅʆʁ 

ʄʀʂʈʆʉʂʆʇʀʀ ɼʃʗ ʆʎɽʅʂʀ ʉʊɽʇɽʅʀ ʅɽʈɸɺʅʆɺɽʉʅʆʉʊʀ 

ɻʈɸʅʀʎ ɿɽʈɽʅ ɺ ʅʀʂɽʃɽ, ʇʆʃʋʏɽʅʅʆʄ ʂʈʋʏɽʅʀɽʄ ʇʆɼ 
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ɺ ʨʘʙʦʪʝ [1] ʠʩʩʣʝʜʦʚʘʥʘ ʩʪʨʫʢʪʫʨʘ Ni, ʧʦʜʚʝʨʛʥʫʪʦʛʦ ʠʥʪʝʥʩʠʚʥʦʡ ʧʣʘʩʪʠʯʝʩʢʦʡ 

ʜʝʬʦʨʤʘʮʠʝʡ (ʀʇɼ) ʤʝʪʦʜʦʤ ʢʨʫʯʝʥʠʷ ʧʦʜ ʚʳʩʦʢʠʤ ʜʘʚʣʝʥʠʝʤ (ʂɺɼ) ʥʘ 5 ʦʙʦʨʦʪʦʚ ʧʦʜ 

ʜʘʚʣʝʥʠʝʤ 6 ɻʇʘ, ʠ ʦʧʨʝʜʝʣʝʥʳ ʧʘʨʘʤʝʪʨʳ ʟʝʨʥʦʛʨʘʥʠʯʥʦʡ ʜʠʬʬʫʟʠʠ ʉʦ ʚ ʥʝʤ. ɹʳʣʦ 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʦʩʣʝ ʪʘʢʦʡ ʦʙʨʘʙʦʪʢʠ ʬʦʨʤʠʨʫʝʪʩʷ ʫʣʴʪʨʘʤʝʣʢʦʟʝʨʥʠʩʪʘʷ ʩʪʨʫʢʪʫʨʘ ʩʦ 

ʩʨʝʜʥʠʤ ʨʘʟʤʝʨʦʤ ʢʨʠʩʪʘʣʣʠʪʦʚ ~110 ʥʤ, ʘ ʢʦʵʬʬʠʮʠʝʥʪ ʟʝʨʥʦʛʨʘʥʠʯʥʦʡ ʜʠʬʬʫʟʠʠ ʉʦ 

ʚ ʫʣʴʪʨʘʤʝʣʢʦʟʝʨʥʠʩʪʦʤ Ni ʥʘ ʥʝʩʢʦʣʴʢʦ ʧʦʨʷʜʢʦʚ ʧʨʝʚʳʰʘʝʪ ʟʥʘʯʝʥʠʷ ʧʦʣʫʯʝʥʥʳʝ ʜʣʷ 

ʢʨʫʧʥʦʟʝʨʥʠʩʪʦʛʦ Ni ʩ ʛʨʘʥʠʮʘʤʠ ʟʝʨʝʥ ʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ. ʊʘʢʠʝ 

ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʟʝʨʥʦʛʨʘʥʠʯʥʦʡ ʜʠʬʬʫʟʠʠ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ, ʯʪʦ ʧʦʩʣʝ ʀʇɼ 

ʛʨʘʥʠʮʳ ʟʝʨʝʥ ʥʘʭʦʜʷʪʩʷ ʚ ʜʝʬʦʨʤʘʮʠʦʥʥʦ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʤ (çʥʝʨʘʚʥʦʚʝʩʥʦʤè) 

ʩʦʩʪʦʷʥʠʠ. 

ʉʦʛʣʘʩʥʦ [2] ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʧʨʠʟʥʘʢʦʚ ʥʝʨʘʚʥʦʚʝʩʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʛʨʘʥʠʮ ʟʝʨʝʥ 

(ɻɿ) ʷʚʣʷʝʪʩʷ ʠʭ ʧʦʚʳʰʝʥʥʘʷ ʵʥʝʨʛʠʷ. ʅʘʠʙʦʣʝʝ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʤʳʤ ʤʝʪʦʜʦʤ 

ʦʧʨʝʜʝʣʝʥʠʷ ʵʥʝʨʛʠʠ ɻɿ ʟʝʨʝʥ ʷʚʣʷʝʪʩʷ ʤʝʪʦʜ ʠʟʤʝʨʝʥʠʷ ʜʚʫʛʨʘʥʥʦʛʦ ʫʛʣʘ ʢʘʥʘʚʢʠ 

ʪʝʨʤʠʯʝʩʢʦʛʦ ʪʨʘʚʣʝʥʠʷ. ʆʜʥʘʢʦ, ʥʫʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʥʝʦʙʭʦʜʠʤʳʭ 

ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ ʢʘʥʘʚʦʢ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʝʨʤʠʯʝʩʢʦʛʦ ʪʨʘʚʣʝʥʠʷ, ʚʦʟʤʦʞʥʦ 

ʧʨʦʪʝʢʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʚʦʟʚʨʘʪʘ ʚ ɻɿ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʠʭ ʩʦʩʪʦʷʥʠʝ ʤʦʞʝʪ ʟʥʘʯʠʪʝʣʴʥʦ 

ʠʟʤʝʥʠʪʴʩʷ. ʇʦʵʪʦʤʫ ʧʦʣʫʯʠʣʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʤʝʪʦʜʠʢʘ ʠʟʤʝʨʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦʡ 

ʵʥʝʨʛʠʠ ɻɿ ʧʫʪʝʤ ʠʟʤʝʨʝʥʠʷ ʜʚʫʛʨʘʥʥʦʛʦ ʫʛʣʘ ʚ ʢʘʥʘʚʢʘʭ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʭʠʤʠʯʝʩʢʦʛʦ ʪʨʘʚʣʝʥʠʷ [3, 4]. ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʟʥʘʯʝʥʠʡ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʵʥʝʨʛʠʡ 

ʨʘʚʥʦʚʝʩʥʳʭ ɻɿ, ʧʦʣʫʯʝʥʥʳʭ ʠʟʤʝʨʝʥʠʝʤ ʫʛʣʦʚ ʚ ʢʘʥʘʚʢʘʭ ʪʝʨʤʠʯʝʩʢʦʛʦ ʠ ʭʠʤʠʯʝʩʢʦʛʦ 

ʪʨʘʚʣʝʥʠʷ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʦʥʠ ʜʦʩʪʘʪʦʯʥʦ ʙʣʠʟʢʠ. 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʩʪʘʚʠʣʘʩʴ ʟʘʜʘʯʘ ʦʮʝʥʠʪʴ ʦʪʥʦʩʠʪʝʣʴʥʫʶ ʵʥʝʨʛʠʶ ɻɿ ʚ Ni, 

ʧʦʜʚʝʨʛʥʫʪʦʤ ʀʇɼ ʤʝʪʦʜʦʤ ʂɺɼ ʠ ʩʨʘʚʥʠʪʴ ʧʦʣʫʯʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʩ ʦʪʥʦʩʠʪʝʣʴʥʦʡ 

ʵʥʝʨʛʠʝʡ ɻɿ ʚ ʢʨʫʧʥʦʟʝʨʥʠʩʪʦʤ Ni ʠ Ni, ʧʨʦʜʝʬʦʨʤʠʨʦʚʘʥʥʦʤ ʤʝʪʦʜʦʤ ʨʘʚʥʦʢʘʥʘʣʴʥʦʛʦ 

ʫʛʣʦʚʦʛʦ ʧʨʝʩʩʦʚʘʥʠʷ (ʈʂʋʇ), ʢʦʪʦʨʳʝ ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʚ ʨʘʙʦʪʝ [3].  

ʉʦʩʪʦʷʥʠʝ ʛʨʘʥʠʮ ʟʝʨʝʥ ʠʩʩʣʝʜʦʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ʩʢʘʥʠʨʫʶʱʝʛʦ ʟʦʥʜʦʚʦʛʦ ʤʫʣʴʪʠ-

ʤʠʢʨʦʩʢʦʧʘ ʉʄʄ-2000, ʨʘʙʦʪʘʶʱʝʛʦ ʚ ʨʝʞʠʤʝ ʩʢʘʥʠʨʫʶʱʝʛʦ ʪʫʥʥʝʣʴʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ 

(ʉʊʄ). ʆʙʨʘʙʦʪʢʘ ʠʟʦʙʨʘʞʝʥʠʡ, ʧʦʣʫʯʝʥʥʳʭ ʩ ʧʦʤʦʱʴʶ ʉʊʄ ʧʨʦʚʦʜʠʣʘʩʴ ʩ ʧʦʤʦʱʴʶ 

ʧʨʦʛʨʘʤʤʳ-ʧʨʠʣʦʞʝʥʠʷ Gwyddion ʧʫʪʝʤ ʧʦʩʪʨʦʝʥʠʷ ʣʠʥʠʡ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʛʨʘʥʠʮʘʤ 

ʟʝʨʝʥ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʧʦʣʫʯʘʣʩʷ ʧʨʦʬʠʣʴ ʛʨʘʥʠʮʳ ʟʝʨʥʘ, ʩʦʚʤʝʩʪʠʤʳʡ ʩ ʧʨʦʛʨʘʤʤʦʡ 
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Origin, ʥʘ ʦʩʥʦʚʘʥʠʠ ʢʦʪʦʨʦʛʦ ʚʳʯʠʩʣʷʣʦʩʴ ʟʥʘʯʝʥʠʝ ʜʚʫʛʨʘʥʥʦʛʦ ʫʛʣʘ ʢʘʥʘʚʢʠ (ʈʠʩ. 1), 

ʥʘ ʦʩʥʦʚʘʥʠʠ ʢʦʪʦʨʦʛʦ ʠ ʨʘʩʩʯʠʪʳʚʘʣʘʩʴ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʵʥʝʨʛʠʷ ʛʨʘʥʠʮ ʟʝʨʝʥ ʧʦ 

ʚʳʨʘʞʝʥʠʶ:  

 2cos
2

gb
rel

s

g y
g

g
= =  (1) 

ʛʜʝ relg , gbg  ʠ sg - ʙʝʟʨʘʟʤʝʨʥʘʷ ʵʥʝʨʛʠʷ ʛʨʘʥʠʮʳ ʟʝʨʥʘ, ʵʥʝʨʛʠʷ ʛʨʘʥʠʮʳ ʟʝʨʥʘ ʠ 

ʵʥʝʨʛʠʷ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. 

 

 

ʈʠʩʫʥʦʢ 1. ʇʨʠʤʝʨ ʧʨʦʬʠʣʷ ʜʣʷ ʨʘʩʯʝʪʘ ʜʚʫʛʨʘʥʥʦʛʦ ʫʛʣʘ 

 ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʦʧʨʝʜʝʣʝʥʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʵʥʝʨʛʠʠ ɻɿ ʚ 

ʥʠʢʝʣʝ, ʧʦʜʚʝʨʛʥʫʪʦʤ ʂɺɼ (ʈʠʩ.2) ʠ ʦʮʝʥʝʥʘ ʩʨʝʜʥʷʷ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʵʥʝʨʛʠʷ ɻɿ ʚ ʥʝʤ.  

 

ʈʠʩʫʥʦʢ 2. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʵʥʝʨʛʠʠ ʚ ʥʠʢʝʣʝ, ʧʦʜʚʝʨʛʥʫʪʦʤ ʂɺɼ 

ʉʨʝʜʥʷʷ ʵʥʝʨʛʠʷ ʛʨʘʥʠʮ ʟʝʨʝʥ ʚ ʥʠʢʝʣʝ, ʧʦʜʚʝʨʛʥʫʪʦʤ ʀʇɼ ʩʦʩʪʘʚʣʷʝʪ 0.88, ʯʪʦ 

ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʳʰʘʝʪ ʟʥʘʯʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʵʥʝʨʛʠʠ ʛʨʘʥʠʮ ʟʝʨʝʥ ʚ 

ʢʨʫʧʥʦʟʝʨʥʠʩʪʦʤ Ni (0.3 [3]). ʕʪʦ ʦʜʥʦʟʥʘʯʥʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʟʘʢʣʶʯʝʥʠʝ, ʩʜʝʣʘʥʥʦʝ ʥʘ 

ʦʩʥʦʚʘʥʠʠ ʜʠʬʬʫʟʠʦʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦ ʥʝʨʘʚʥʦʚʝʩʥʦʤ ʭʘʨʘʢʪʝʨʝ ɻɿ ʧʦʩʣʝ ʂɺɼ. 

ɹʦʣʝʝ ʪʦʛʦ, ʧʦʣʫʯʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʵʥʝʨʛʠʠ ɻɿ ʧʨʝʚʳʰʘʝʪ ʟʥʘʯʝʥʠʝ, 

ʧʦʣʫʯʝʥʥʦʝ ʜʣʷ Ni, ʧʨʦʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʈʂʋʇ (0.66 [4]). 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ ʄʀʅʆɹʈʅɸʋʂʀ ʈʦʩʩʠʠ 
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ɺʳʩʦʢʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʧʨʦʯʥʦʩʪʠ ʢ ʚʝʩʫ, ʚʳʩʦʢʘʷ ʚʷʟʢʦʩʪʴ ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 

ʦʪ ʢʨʠʦʛʝʥʥʳʭ (-250 Áʉ) ʜʦ ʫʤʝʨʝʥʥʦ ʚʳʩʦʢʠʭ (300ð600 Áʉ), ʘ ʪʘʢʞʝ ʦʪʣʠʯʥʘʷ 

ʢʦʨʨʦʟʠʦʥʥʘʷ ʩʪʦʡʢʦʩʪʴ ʦʙʫʩʣʦʚʣʠʚʘʶʪ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʪʠʪʘʥʦʚʳʭ ʩʧʣʘʚʦʚ ʚ 

ʘʚʠʘʮʠʠ, ʨʘʢʝʪʦʩʪʨʦʝʥʠʠ ʠ ʢʦʩʤʠʯʝʩʢʦʡ ʪʝʭʥʠʢʝ, ʭʠʤʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, 

ʘʪʦʤʥʦʡ ʵʥʝʨʛʝʪʠʢʝ ʠ ʧʨ. ʉʧʣʘʚ ɺʊ6 (Ti-6%Al-4%V) ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ 

ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʤ ʪʠʪʘʥʦʚʳʤ ʩʧʣʘʚʦʤ, ʥʘ ʝʛʦ ʜʦʣʶ ʧʨʠʭʦʜʠʪʩʷ ʙʦʣʝʝ 50% ʦʪ ʦʙʱʝʛʦ 

ʦʙʲʝʤʘ ʧʨʦʜʫʢʮʠʠ ʠʟ ʚʩʝʭ ʪʠʪʘʥʦʚʳʭ ʩʧʣʘʚʦʚ. ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʬʘʟʦʚʳʭ ʧʨʝʚʨʘʱʝʥʠʡ, ʨʘʟʚʠʚʘʶʱʠʭʩʷ ʚ ʦʙʨʘʟʮʘʭ Ti-6Al-4V ʚ 

ʧʨʦʮʝʩʩʝ ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʫʜʘʨʥʦʡ ʦʙʨʘʙʦʪʢʠ ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ ʦʜʥʦʦʩʥʦʛʦ ʨʘʩʪʷʞʝʥʠʷ. 

ʄʝʪʦʜʘʤʠ ʧʨʦʩʚʝʯʠʚʘʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʠʟʤʝʣʴʯʝʥʠʝ 

ʟʝʨʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʦʙʨʘʟʮʦʚ Ti-6Al-4V ʚ ʧʨʦʮʝʩʩʝ ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ 

ʫʜʘʨʥʦʡ ʦʙʨʘʙʦʪʢʠ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʦʨʪʦʨʦʤʙʠʯʝʩʢʦʡ (Ŭǌ) 

ʤʘʨʪʝʥʩʠʪʥʦʡ ʬʘʟʳ ʚ ʧʨʦʩʣʦʡʢʘʭ ʦʩʪʘʪʦʯʥʦʡ ʬʘʟʳ b-Ti. ʄʦʣʝʢʫʣʷʨʥʦ-ʜʠʥʘʤʠʯʝʩʢʦʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʦʙʨʘʙʦʪʢʠ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʧʫʪʝʤ 

ʤʥʦʛʦʢʨʘʪʥʦʛʦ ʚʜʘʚʣʠʚʘʥʠ ̫ʩʬʝʨʠʯʝʩʢʦʛʦ ʠʥʜʝʥʪʦʨʘ ʚ ɻʇʋ ʪʠʪʘʥʦʚʳʡ ʢʨʠʩʪʘʣʣʠʪ (a 

ʬʘʟʘ), ʣʠʙʦ ʚ ʆʎʂ ʪʠʪʘʥʦʚʳʡ ʢʨʠʩʪʘʣʣʠʪ, ʩʦʜʝʨʞʘʱʠʡ 20 ʘʪ.% ʚʘʥʘʜʠʷ (b ʬʘʟʘ). 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʙʝʟʜʝʬʝʢʪʥʦʤ ʆʎʂ ʪʠʪʘʥʦʚʦʤ ʢʨʠʩʪʘʣʣʠʪʝ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʫʧʨʫʛʠʭ 

ʩʞʠʤʘʶʱʠʭ ʥʘʧʨʷʞʝʥʠʡ ʦʙʨʘʟʫʶʪʩʷ ʢʣʘʩʪʝʨʳ ɻʇʋ ʬʘʟʳ. ɺʳʟʚʘʥʥʳʝ ʜʝʬʦʨʤʘʮʠʝʡ 

ʆʎʂ­ɻʇʋ ʬʘʟʦʚʳʝ ʧʨʝʚʨʘʱʝʥʠʷ ʥʦʩʷʪ ʦʙʨʘʪʠʤʳʡ ʭʘʨʘʢʪʝʨ. ʌʨʘʛʤʝʥʪʘʮʠʠ ̫ ʠ 

ʨʘʟʦʨʠʝʥʪʘʮʠ ̫ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ ʪʠʪʘʥʦʚʦʛʦ ʢʨʠʩʪʘʣʣʠʪʘ, ʦʙʫʩʣʦʚʣʝʥʥʳʝ 

ʩʢʦʧʣʝʥʠʝʤ ʜʠʩʣʦʢʘʮʠʡ, ʧʨʝʧʷʪʩʪʚʫʝʪ ʨʘʟʚʠʪʠʶ ʆʎʂ­ɻʇʋ­ʆʎʂ ʧʨʝʚʨʘʱʝʥʠʡ. Ab 

initio ʨʘʩʯʝʪʳ ʧʦʣʥʦʡ ʵʥʝʨʛʠʷ ʥʘ ʘʪʦʤ Ŭ, ɓ ʠ Ŭ'' ʬʘʟ ʪʠʪʘʥʘ, ʩʦʜʝʨʞʘʱʠʭ ʨʘʟʣʠʯʥʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʘʪʦʤʦʚ ʚʘʥʘʜʠʷ, ʧʦʟʚʦʣʠʣʠ ʥʘʛʣʷʜʥʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ ʚʣʠʷʥʠʝ 

ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʥʘ ʨʘʟʚʠʪʠʝ  ʬʘʟʦʚʳʭ ʧʨʝʚʨʘʱʝʥʠʡ ʚ ʦʙʨʘʟʮʘʭ Ti-

6Al-4V ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʞʠʤʘʶʱʠʭ ʥʘʧʨʷʞʝʥʠʡ. 

ʀʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʦʙʨʘʙʦʪʢʠ ʥʘ ʜʝʬʦʨʤʘʮʠʶ ʠ ʨʘʟʨʫʰʝʥʠʝ  

ʦʙʨʘʟʮʦʚ Ti-6Al-4V ʧʨʠ ʦʜʥʦʦʩʥʦʤ ʨʘʩʪʷʞʝʥʠʠ. ʄʝʪʦʜʦʤ ʤʦʣʝʢʫʣʷʨʥʦ-ʜʠʥʘʤʠʯʝʩʢʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʦʩʥʦʚʥʳʤʠ ʤʝʭʘʥʠʟʤʘʤʠ ʜʝʬʦʨʤʘʮʠʠ ʚ ʧʣʘʩʪʠʥʘʭ Ŭ ʬʘʟʳ 
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ʷʚʣʷʶʪʩʷ ʟʝʨʥʦʛʨʘʥʠʯʥʦʝ ʩʢʦʣʴʞʝʥʠʝ ʠ ʜʚʦʡʥʠʢʦʚʘʥʠʝ. ʄʠʛʨʘʮʠʷ ʜʚʦʡʥʠʢʦʚʳʭ ʛʨʘʥʠʮ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦ ʤʝʭʘʥʠʟʤʫ ʦʙʨʘʪʠʤʳʭ ɻʇʋ­ʆʎʂ­ɻʇʋ ʧʨʝʚʨʘʱʝʥʠʡ. ʅʘ ʩʪʘʜʠʠ 

ʧʨʝʜʨʘʟʨʫʰʝʥʠʷ ʚ ʦʙʨʘʙʦʪʘʥʥʦʤ ʫʣʴʪʨʘʟʚʫʢʦʤ ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ ʨʘʟʚʠʚʘʶʪʩʷ 

ʥʝʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ ʧʦʣʦʩʳ ʩʜʚʠʛʘ, ʟʘʨʦʞʜʘʶʱʠʝʩʷ ʚ ʥʠʞʝʣʝʞʘʱʠʭ ʩʣʦʷʭ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ (ʛʨʘʥʪ 

ˉ21-19-00795).  

 

ɺʃʀʗʅʀɽ ɸɿʆʊɸ ʅɸ ɿɸʂʆʅʆʄɽʈʅʆʉʊʀ ɺʆɼʆʈʆɼʅʆɻʆ 

ʆʍʈʋʇʏʀɺɸʅʀʗ ɺʓʉʆʂʆʕʅʊʈʆʇʀʁʅʆɻʆ ʉʇʃɸɺɸ 

FeMnCrNiCo(N)  

ʄ.ʖ. ʇʘʥʯʝʥʢʦ1, ɽ.ɻ. ɸʩʪʘʬʫʨʦʚʘ1, ɽ.ɺ. ʄʝʣʴʥʠʢʦʚ1,  

ʂ.ɸ. ʈʝʫʥʦʚʘ1, ʉ.ɺ. ɸʩʪʘʬʫʨʦʚ1, ɺ.ɸ. ʄʦʩʢʚʠʥʘ1, ɸ.ʉ. ʅʠʬʦʥʪʦʚ1,2, ɼ.ʖ. ɻʫʨʪʦʚʘ3  

1ʀʥʩʪʠʪʫʪ ʬʠʟʠʢʠ ʧʨʦʯʥʦʩʪʠ ʠ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ ʉʆ ʈɸʅ, ʊʦʤʩʢ, ʈʦʩʩʠʷ 
2ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʊʦʤʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʊʦʤʩʢ, 

ʈʦʩʩʠʷ 
3ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʊʦʤʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʊʦʤʩʢ, 

ʈʦʩʩʠʷ 

Email: panchenko.marina4@gmail.com 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʥʳ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʚʦʜʦʨʦʜʥʦʛʦ ʦʭʨʫʧʯʠʚʘʥʠʷ 

ʚʳʩʦʢʦʵʥʪʨʦʧʠʡʥʳʭ ʩʧʣʘʚʦʚ, ʣʝʛʠʨʦʚʘʥʥʳʭ ʘʪʦʤʘʤʠ ʘʟʦʪʘ. ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ 

ʚʳʙʨʘʥʳ ʚʳʩʦʢʦʵʥʪʨʦʧʠʡʥʳʝ ʩʧʣʘʚʳ ʩ ɻʎʂ ʨʝʰʝʪʢʦʡ ʠ ʨʘʟʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʘʟʦʪʘ: 

20,0Fe-20,0Mn-20,0Cr-20,0Ni-20,0Co (ɺʕʉ), 20,0Fe-20,0Mn-20,0Cr-20,0Ni-19,2Co-0,8N 

(ɺʕʉ-0,8N) ʠ 20,0Fe-20,0Mn-20,0Cr-20,0Ni-18,6Co-1,4N (ɺʕʉ-1,4N) (ʘʪ.%). ɼʣʷ 

ʛʦʤʦʛʝʥʠʟʘʮʠʠ, ʠʟʤʝʣʴʯʝʥʠʷ ʟʝʨʥʘ ʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʜʥʦʬʘʟʥʦʛʦ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ 

ʩʧʣʘʚʳ ʙʳʣʠ ʧʦʜʚʝʨʛʥʫʪʳ ʪʝʨʤʦʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ. ʇʦʩʣʝ ʦʙʨʘʙʦʪʢʠ ʦʙʨʘʟʮʳ 

ɺʕʉ, ɺʕʉ-0,8N ʠ ɺʕʉ-1,4N ʠʤʝʣʠ ʦʜʥʦʬʘʟʥʫʶ ʢʨʫʧʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʘʫʩʪʝʥʠʪʥʫʶ 

ʩʪʨʫʢʪʫʨʫ ʩʦ ʩʨʝʜʥʠʤ ʨʘʟʤʝʨʦʤ ʟʝʨʥʘ ʦʢʦʣʦ 200 ʤʢʤ. ʕʣʝʢʪʨʦʣʠʪʠʯʝʩʢʦʝ ʥʘʩʳʱʝʥʠʝ 

ʦʙʨʘʟʮʦʚ ʚʦʜʦʨʦʜʦʤ ʧʨʦʚʦʜʠʣʦʩʴ ʚ 3% ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ NaCl, ʩʦʜʝʨʞʘʱʝʤ 3 ʛ/ʣ 

NH4SCN, ʧʨʠ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ 10 ʤɸ/ʩʤ
2 ʚ ʪʝʯʝʥʠʝ 50 ʯ.  

ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʧʳʪʘʥʠʡ ʥʘ ʦʜʥʦʦʩʥʦʝ ʨʘʩʪʷʞʝʥʠʝ ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʨʝʜʝʣ ʪʝʢʫʯʝʩʪʠ ʠ ʧʣʘʩʪʠʯʥʦʩʪʴ ʩʧʣʘʚʘ FeMnCrNiCo 

ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʧʨʠ ʣʝʛʠʨʦʚʘʥʠʠ ʘʟʦʪʦʤ: ů0,2
ɺʕʉ = 184 ʄʇʘ, ů0,2

0,8N = 255 ʄʇʘ ʠ ů0,2
1,4N= 

290 ʄʇʘ; ŭɺʕʉ = 63%, ŭ0,8N = 66%, ŭ1,4N = 71%. ʅʘʚʦʜʦʨʦʞʠʚʘʥʠʝ ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ 

ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʠ ʤʝʭʘʥʠʟʤʦʚ ʨʘʟʨʫʰʝʥʠʷ ʚʩʝʭ ʩʧʣʘʚʦʚ. ʅʘʙʣʶʜʘʝʪʩʷ ʥʝʙʦʣʴʰʦʝ 

ʧʦʚʳʰʝʥʠʝ ʧʨʝʜʝʣʘ ʪʝʢʫʯʝʩʪʠ ʚ ʥʘʚʦʜʦʨʦʞʝʥʥʳʭ ʦʙʨʘʟʮʘʭ, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ 

ʪʚʝʨʜʦʨʘʩʪʚʦʨʥʳʤ ʫʧʨʦʯʥʝʥʠʝʤ ʘʪʦʤʘʤʠ ʚʦʜʦʨʦʜʘ. ʂʦʵʬʬʠʮʠʝʥʪ ʚʦʜʦʨʦʜʥʦʡ 

ʭʨʫʧʢʦʩʪʠ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ ʫʤʝʥʴʰʝʥʠʝ ʫʜʣʠʥʝʥʠʷ ʜʦ ʨʘʟʨʫʰʝʥʠʷ, ʚʳʟʚʘʥʥʦʝ 

ʚʦʜʦʨʦʜʦʤ, ʩʦʩʪʘʚʣʷʝʪ KH=25% ʚ ɺʕʉ ʦʙʨʘʟʮʘʭ, ʘ ʜʣʷ ʦʙʨʘʟʮʦʚ ʩ ʘʟʦʪʦʤ KH=14%. 

ʕʣʝʢʪʨʦʥʥʦ-ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʝʬʦʨʤʠʨʦʚʘʥʥʳʭ ʦʙʨʘʟʮʦʚ ʙʝʟ ʚʦʜʦʨʦʜʘ 

ʠ ʥʘʩʳʱʝʥʥʳʭ ʚʦʜʦʨʦʜʦʤ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʥʘʙʣʶʜʘʶʪʩʷ ʝʜʠʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʚʣʠʷʥʠʷ 

ʚʦʜʦʨʦʜʘ ʥʘ ʜʠʩʣʦʢʘʮʠʦʥʥʫʶ ʩʪʨʫʢʪʫʨʫ ʚʩʝʭ ʠʩʩʣʝʜʫʝʤʳʭ ʩʧʣʘʚʦʚ ï ʧʨʦʠʩʭʦʜʠʪ 

ʫʩʠʣʝʥʠʝ ʧʣʘʥʘʨʥʦʩʪʠ ʩʢʦʣʴʞʝʥʠʷ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʚʳʟʚʘʥʦ ʫʤʝʥʴʰʝʥʠʝʤ ʵʥʝʨʛʠʠ 

ʜʝʬʝʢʪʘ ʫʧʘʢʦʚʢʠ ʧʨʠ ʥʘʚʦʜʦʨʦʞʠʚʘʥʠʠ. ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʦ ʚʩʝʭ ʠʩʩʣʝʜʫʝʤʳʭ 

ʦʙʨʘʟʮʘʭ ʧʦʩʣʝ ʥʘʩʳʱʝʥʠʷ ʚʦʜʦʨʦʜʦʤ ʬʦʨʤʠʨʫʝʪʩʷ ʭʨʫʧʢʠʡ ʧʦʚʝʨʭʥʦʩʪʥʳʡ ʩʣʦʡ. 

ʊʦʣʱʠʥʘ ʪʘʢʦʛʦ ʩʣʦʷ ʚ ɺʕʉ ʦʙʨʘʟʮʘʭ ʥʘʤʥʦʛʦ ʰʠʨʝ WH=70Ñ21ʤʢʤ, ʯʝʤ ʚ ɺʕʉ-0,8N 

(WH=38Ñ12ʤʢʤ) ʠ ɺʕʉ-1,4N ʦʙʨʘʟʮʘʭ (WH=45Ñ14 ʤʢʤ). ʍʨʫʧʢʠʡ ʥʘʚʦʜʦʨʦʞʝʥʥʳʡ ʩʣʦʡ 
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ʨʘʩʪʨʝʩʢʠʚʘʝʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʠʥʪʝʨʢʨʠʩʪʘʣʣʠʪʥʦ, ʥʦ ʪʘʢʞʝ ʥʘʙʣʶʜʘʶʪʩʷ ʠ 

ʪʨʝʱʠʥʳ ʧʦ ʪʝʣʫ ʟʝʨʝʥ. ʇʨʠʯʝʤ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʟʦʪʘ ʚ ʩʧʣʘʚʝ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚʢʣʘʜ ʦʪ ʪʨʘʥʩʢʨʠʩʪʘʣʣʠʪʥʳʭ ʪʨʝʱʠʥ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʣʝʛʠʨʦʚʘʥʠʝ 

ʘʟʦʪʦʤ ʧʨʠ ʜʘʥʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ (0,8 ʠ 1,4 ʘʪ.%) ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʤʝʥʴʰʝʥʠʶ ʪʦʣʱʠʥʳ 

ʭʨʫʧʢʦʛʦ ʥʘʚʦʜʦʨʦʞʝʥʥʦʛʦ ʩʣʦʷ ʠ ʧʦʚʳʰʝʥʠʶ ʫʩʪʦʡʯʠʚʦʩʪʠ ʦʙʨʘʟʮʦʚ 

ʚʳʩʦʢʦʵʥʪʨʦʧʠʡʥʳʭ ʩʧʣʘʚʦʚ ʢ ʚʦʜʦʨʦʜʥʦʤʫ ʦʭʨʫʧʯʠʚʘʥʠʶ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ (ʧʨʦʝʢʪ ˉ 20-19-

00261). 
 

ʌʀɿʀʂʆ-ʄɽʍɸʅʀʏɽʉʂʀɽ ʉɺʆʁʉʊɺɸ 

ʅʀɿʂʆʃɽɻʀʈʆɺɸʅʅʆɻʆ ʄɽɼʅʆɻʆ ʉʇʃɸɺɸ ʇʆʉʃɽ 

ʀʅʊɽʅʉʀɺʅʆʁ ʇʃɸʉʊʀʏɽʉʂʆʁ ɼɽʌʆʈʄɸʎʀʀ 

ɸ.ɻ. ʇʠʣʠʧʝʥʢʦ, ʄ.ʉ. ʊʢʘʯʝʚ, ɸ.ʀ. ɹʦʜʷʢʦʚʘ 

ʌɻɸʆʋ ɺʆ ʅʀʋ çɹʝʣɻʋè, ʛ. ɹʝʣʛʦʨʦʜ, ʈʦʩʩʠʷ, 

E-mail: bodyakova-ai@yandex.ru 

ʈʘʟʚʠʪʠʝ ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʧʨʝʜʧʦʣʘʛʘʝʪ ʧʝʨʝʭʦʜ ʢ 

ʧʨʦʚʦʜʷʱʠʤ ʤʘʪʝʨʠʘʣʘʤ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ, ʩʦʯʝʪʘʶʱʠʤ ʦʜʥʦʚʨʝʤʝʥʥʦ ʚʳʩʦʢʫʶ 

ʧʨʦʯʥʦʩʪʴ ʠ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ. ɼʦʙʠʪʴʩʷ ʢʦʤʙʠʥʘʮʠʠ ʵʪʠʭ ʩʚʦʡʩʪʚ ʧʦʟʚʦʣʷʶʪ ʤʝʪʦʜʳ 

ʠʥʪʝʥʩʠʚʥʦʡ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ (ʀʇɼ), ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʫʣʴʪʨʘʤʝʣʢʦʟʝʨʥʠʩʪʦʡ ʩʪʨʫʢʪʫʨʳ ʚ ʤʝʜʥʳʭ ʩʧʣʘʚʘʭ. ʊʘʢʘʷ ʩʪʨʫʢʪʫʨʘ ʧʨʠʚʦʜʠʪ ʢ ʨʦʩʪʫ 

ʧʨʦʯʥʦʩʪʠ ʙʝʟ ʟʥʘʯʠʪʝʣʴʥʦʡ ʧʦʪʝʨʠ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʜʨʫʛʦʛʦ 

ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʦʛʦ ʤʝʪʦʜʘ ʫʧʨʦʯʥʝʥʠʷ ï ʣʝʛʠʨʦʚʘʥʠʷ. ʇʦʵʪʦʤʫ ʚʦʟʜʝʡʩʪʚʠʝ ʀʇɼ ʥʘ 

ʥʠʟʢʦʣʝʛʠʨʦʚʘʥʥʳʝ ʤʝʜʥʳʝ ʩʧʣʘʚʳ ʷʚʣʷʝʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʤʝʪʦʜʦʤ ʦʙʨʘʙʦʪʢʠ 

ʤʝʪʘʣʣʦʚ ʜʘʚʣʝʥʠʝʤ. ʈʘʚʥʦʢʘʥʘʣʴʥʦʝ ʫʛʣʦʚʦʝ ʧʨʝʩʩʦʚʘʥʠʝ ʧʦ ʩʭʝʤʝ ʂʦʥʬʦʨʤ (ʈʂʋʇ-

ʂ), ʷʚʣʷʶʱʝʝʩʷ ʦʜʥʠʤ ʠʟ ʤʝʪʦʜʦʚ ʀʇɼ, ʧʦʟʚʦʣʷʝʪ ʧʨʦʠʟʚʦʜʠʪʴ ʜʣʠʥʥʦʤʝʨʥʳʝ ʟʘʛʦʪʦʚʢʠ 

ʚ ʚʠʜʝ ʧʨʦʚʦʣʦʢʠ ʨʘʟʣʠʯʥʦʛʦ ʩʝʯʝʥʠʷ, ʧʦʵʪʦʤʫ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʈʂʋʇ-ʂ ʥʘ 

ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʥʠʟʢʦʣʝʛʠʨʦʚʘʥʥʳʭ ʤʝʜʥʳʭ ʩʧʣʘʚʦʚ ʷʚʣʷʝʪʩʷ 

ʘʢʪʫʘʣʴʥʳʤ ʥʘʫʯʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ɺ ʢʘʯʝʩʪʚʝ ʤʘʪʝʨʠʘʣʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣ ʚʳʙʨʘʥ ʥʠʟʢʦʣʝʛʠʨʦʚʘʥʥʳʡ ʤʝʜʥʳʡ ʩʧʣʘʚ 

Cu-0,1%Cr-0,1%Zr. ʉʧʣʘʚ ʙʳʣ ʦʙʨʘʙʦʪʘʥ ʥʘ ʧʦʣʫʯʝʥʠʝ ʧʝʨʝʩʳʱʝʥʥʦʛʦ ʪʚʝʨʜʦʛʦ 

ʨʘʩʪʚʦʨʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 920 Áʉ ʚ ʪʝʯʝʥʠʝ 1 ʯ ʩ ʦʭʣʘʞʜʝʥʠʝʤ ʚ ʚʦʜʫ. ɼʘʣʝʝ ʩʧʣʘʚ ʙʳʣ 

ʧʦʜʚʝʨʛʥʫʪ ʩʪʘʨʝʥʠʶ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 500 Áʉ 4 ʯ ʩ ʦʭʣʘʞʜʝʥʠʝʤ ʚ ʚʦʜʫ. ʇʦʩʣʝ 

ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʈʂʋʇ-ʂ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʧʦ 

ʤʘʨʰʨʫʪʫ ɺʉ ʚ ʤʘʪʨʠʮʝ ʩ ʫʛʣʦʤ ʧʝʨʝʩʝʯʝʥʠʷ ʢʘʥʘʣʦʚ 120Á. ʄʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʙʳʣʠ 

ʠʟʤʝʨʝʥʳ ʧʦʩʣʝ ʠʩʧʳʪʘʥʠʷ ʥʘ ʦʜʥʦʦʩʥʦʝ ʨʘʩʪʷʞʝʥʠʝ ʥʘ ʤʘʰʠʥʝ Instron 5882 ʧʨʠ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ʕʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʚʦʜʠʤʦʩʪʴ ʙʳʣʘ ʠʟʤʝʨʝʥʘ ʚʠʭʨʝʪʦʢʦʚʳʤ 

ʤʝʪʦʜʦʤ ʥʘ ʫʩʪʘʥʦʚʢʝ ʂʦʥʩʪʘʥʪʘ-ʂ6 ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ʕʣʝʢʪʨʠʯʝʩʢʘʷ 

ʧʨʦʚʦʜʠʤʦʩʪʴ ʧʨʠʚʦʜʠʪʩʷ ʚ ʧʨʦʮʝʥʪʘʭ ʦʪ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ ʦʪʦʞʞʝʥʥʦʡ 

ʯʠʩʪʦʡ ʤʝʜʠ (58 ʄʉʤ/ʤ). 

ʀʟʤʝʥʝʥʠʝ ʧʨʝʜʝʣʘ ʪʝʢʫʯʝʩʪʠ, ʧʨʝʜʝʣʘ ʧʨʦʯʥʦʩʪʠ, ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʫʜʣʠʥʝʥʠʷ ʠ 

ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ ʥʠʟʢʦʣʝʛʠʨʦʚʘʥʥʦʛʦ ʤʝʜʥʦʛʦ ʩʧʣʘʚʘ ʧʦʩʣʝ 1, 2, 4 ʠ 8 

ʧʨʦʭʦʜʦʚ ʈʂʋʇ-ʂ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʪʘʙʣ. 1. 
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ʊʘʙʣʠʮʘ 1. ʇʨʝʜʝʣ ʪʝʢʫʯʝʩʪʠ (ů0,2), ʧʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ (ůɺ), ʦʪʥʦʩʠʪʝʣʴʥʦʝ 

ʫʜʣʠʥʝʥʠʝ (ŭ) ʠ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʚʦʜʠʤʦʩʪʴ (IACS %) ʥʠʟʢʦʣʝʛʠʨʦʚʘʥʥʦʛʦ ʤʝʜʥʦʛʦ 

ʩʧʣʘʚʘ ʧʦʩʣʝ ʈʂʋʇ-ʂ 

ʇʨʦʭʦʜʳ 

ʈʂʋʇ-ʂ 

ů0,2, ʄʇʘ ůɺ, ʄʇʘ ŭ, % IACS % 

0 125 215 23.3 74.4 

1 330 355 25.1 65.0 

2 350 370 21.3 74.4 

4 410 425 22 65.4 

8 430 455 23.7 66.9 

 

ʇʝʨʚʳʡ ʧʨʦʭʦʜ ʈʂʋʇ-ʂ ʧʨʠʚʦʜʠʪ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ʧʨʝʜʝʣʘ ʪʝʢʫʯʝʩʪʠ 

ʩ 125 ʄʇʘ ʚ ʠʩʭʦʜʥʦʤ ʩʦʩʪʦʷʥʠʠ ʜʦ 330 ʄʇʘ, ʧʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʥʘ 140 

ʄʇʘ. ɼʘʣʴʥʝʡʰʝʝ ʫʚʝʣʠʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʧʨʦʭʦʜʦʚ ʧʨʠʚʦʜʠʪ ʢ ʨʦʩʪʫ ʧʨʝʜʝʣʘ ʪʝʢʫʯʝʩʪʠ 

ʠ ʧʨʝʜʝʣʘ ʧʨʦʯʥʦʩʪʠ ʥʘ 10-30 ʄʇʘ ʟʘ ʦʜʠʥ ʧʨʦʭʦʜ, ʧʨʠʯʝʤ ʩ ʨʦʩʪʦʤ ʩʪʝʧʝʥʠ ʜʝʬʦʨʤʘʮʠʠ 

ʩʢʦʨʦʩʪʴ ʫʚʝʣʠʯʝʥʠʷ ʧʨʦʯʥʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʘʜʘʝʪ. ʆʪʥʦʩʠʪʝʣʴʥʦʝ ʫʜʣʠʥʝʥʠʝ ʥʝ 

ʟʘʚʠʩʠʪ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʧʨʦʭʦʜʦʚ ʈʂʋʇ-ʂ ʠ ʦʩʪʘʝʪʩʷ ʧʦʩʪʦʷʥʥʳʤ ʚʦ ʚʩʝʤ ʠʥʪʝʨʚʘʣʝ 

ʩʪʝʧʝʥʝʡ ʜʝʬʦʨʤʘʮʠʠ, ʜʦʩʪʠʛʘʷ 22-25%. ʕʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʚʦʜʠʤʦʩʪʴ ʧʘʜʘʝʪ ʧʨʠʤʝʨʥʦ 

ʥʘ 10% ʧʦʩʣʝ ʧʝʨʚʦʛʦ ʧʨʦʭʦʜʘ ʈʂʋʇ-ʂ ʩ 74,4% IACS ʜʦ 65% IACS. ɼʘʣʴʥʝʡʰʘʷ 

ʜʝʬʦʨʤʘʮʠʷ ʧʨʠʚʦʜʠʪ ʢ ʥʝʟʥʘʯʠʪʝʣʴʥʦʤʫ ʨʦʩʪʫ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ, ʧʦʩʣʝ 8 

ʧʨʦʭʦʜʦʚ ʈʂʋʇ-ʂ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʚʦʜʠʤʦʩʪʴ ʩʦʩʪʘʚʣʷʝʪ 66,9% IACS. 

ɹʣʘʛʦʜʘʨʥʦʩʪʴ. ʂʦʣʣʝʢʪʠʚ ʘʚʪʦʨʦʚ ʚʳʨʘʞʘʝʪ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʧʨʦʬʝʩʩʦʨʫ ɻ.ʀ. ʈʘʘʙʫ 

ʟʘ ʧʦʤʦʱʴ ʚ ʧʨʦʚʝʜʝʥʠʠ ʈʂʋʇ-ʂ, ʧʨʦʬʝʩʩʦʨʫ ɸ.ʅ. ɹʝʣʷʢʦʚʫ ʠ ʧʨʦʬʝʩʩʦʨʫ ʈ.ʆ. 

ʂʘʡʙʳʰʝʚʫ ʟʘ ʧʣʦʜʦʪʚʦʨʥʫʶ ʜʠʩʢʫʩʩʠʶ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʟʘ ʩʯʝʪ ʛʨʘʥʪʘ 

ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ ˉ 21-79-00062, https://rscf.ru/project/21-79-00062/ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʙʦʨʫʜʦʚʘʥʠʷ ʎʝʥʪʨʘ ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʧʦʣʴʟʦʚʘʥʠʷ "ʊʝʭʥʦʣʦʛʠʠ ʠ 

ʄʘʪʝʨʠʘʣʳ ʅʀʋ "ɹʝʣɻʋ". 
 

ʂʆʄʇʃɽʂʉ ʄɽʊʆɼʀʂ ɼɽʌʆʈʄɸʎʀʀ ʄɸʊɽʈʀɸʃʆɺ 

ʉɼɺʀɻʆʄ (ʂʈʋʏɽʅʀʗ) ʇʆɼ ɼɸɺʃɽʅʀɽʄ ɺ ɼʀɸʇɸɿʆʅɽ 

ʊɽʄʇɽʈɸʊʋʈ 20- 800 ʂ 

ɺ.ʇ. ʇʠʣʶʛʠʥ1,2, ʂ.ɸ. ʇʦʩʪʦʚʘʣʦʚʘ1,2, ɸ.ɺ. ʇʘʰʝʝʚ1, 

ʊ.ʇ. ʊʦʣʤʘʯʸʚ1,3, ɸ.ʄ. ʇʘʮʝʣʦʚ1, ɸ.ɺ. ʇʣʦʪʥʠʢʦʚ1 

1ʀʥʩʪʠʪʫʪ ʬʠʟʠʢʠ ʤʝʪʘʣʣʦʚ ʋʨʆ ʈɸʅ, ɽʢʘʪʝʨʠʥʙʫʨʛ, ʈʦʩʩʠʷ 
2ʀʥʩʪʠʪʫʪ ʝʩʪʝʩʪʚʝʥʥʳʭ ʥʘʫʢ ʠ ʤʘʪʝʤʘʪʠʢʠ ʋʨʘʣʴʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, 

ɽʢʘʪʝʨʠʥʙʫʨʛ, ʈʦʩʩʠʷ 
3ʀʥʩʪʠʪʫʪ ʤʘʰʠʥʦʚʝʜʝʥʠʷ ʋʨʆ ʈɸʅ, ɽʢʘʪʝʨʠʥʙʫʨʛ, ʈʦʩʩʠʷ 

E-mail: pilyugin@imp.uran.ru 

ʇʨʝʜʩʪʘʚʣʝʥ ʨʷʜ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʤʝʪʦʜʠʢ ʜʣʷ ʜʝʬʦʨʤʘʮʠʠ ʤʘʪʝʨʠʘʣʦʚ ʚ 

ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʜʘʚʣʝʥʠʡ, ʪʝʤʧʝʨʘʪʫʨ, ʜʝʬʦʨʤʘʮʠʠ, ʨʘʟʤʝʨʦʚ ʦʙʨʘʟʮʦʚ. ɺ ʤʝʪʦʜʠʢʘʭ 

ʨʝʘʣʠʟʦʚʘʥ ʧʨʠʥʮʠʧ ʚʨʘʱʘʝʤʳʭ ʥʘʢʦʚʘʣʝʥ ɹʨʠʜʞʤʝʥʘ ʚ ʢʦʣʠʯʝʩʪʚʝ 4-ʭ  ʥʘʢʦʚʘʣʝʥ, 

ʚʥʫʪʨʝʥʥʠʝ ʠʟ ʢʦʪʦʨʳʭ ʚʨʘʱʘʝʤʳʝ, ʠʣʠ 2-ʭ ʥʘʢʦʚʘʣʝʥ ʩ ʫʩʪʘʥʦʚʢʦʡ ʚʨʘʱʘʝʤʦʡ 

ʥʘʢʦʚʘʣʴʥʠ ʥʘ ʫʧʦʨʥʳʡ ʧʦʜʰʠʧʥʠʢ. ʅʘʢʦʚʘʣʴʥʠ ʢʘʤʝʨʳ ɹʨʠʜʞʤʝʥʘ ʠʤʝʶʪ ʬʦʨʤʫ 

ʫʩʝʯʸʥʥʦʛʦ ʢʦʥʫʩʘ ʠʟ ʨʘʟʣʠʯʥʳʭ ʩʚʝʨʭʪʚʸʨʜʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʦ ʫʩʣʦʚʠʷʤ ʨʝʰʘʝʤʳʭ ʟʘʜʘʯ. 

1. ʄʝʪʦʜʠʢʘ ʥʘ ʙʘʟʝ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʧʨʝʩʩʘ ʥʦʤʠʥʘʣʴʥʳʤ ʫʩʠʣʠʝʤ 500 ʪʦʥʥ, 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʛʦ ʜʣʷ ʩʠʥʪʝʟʘ ʘʣʤʘʟʦʚ. ɺʨʘʱʝʥʠʝ ʥʘʢʦʚʘʣʝʥ ʦʪ ʨʝʜʫʢʪʦʨʘ ʩ 
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ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʴʶ 6 ʛʨʘʜ/ʤʠʥ. ʈʘʟʤʝʨ ʦʙʨʘʙʘʪʳʚʘʝʤʳʭ ʦʙʨʘʟʮʦʚ ʠʟ ʧʣʘʩʪʠʯʥʳʭ 

ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʜʠʘʤʝʪʨʦʤ ʜʦ 40 ʤʤ, ʚʳʩʦʢʦʤʦʜʫʣʴʥʳʭ ʪʫʛʦʧʣʘʚʢʠʭ 

ʤʝʪʘʣʣʦʚ ʜʠʘʤʝʪʨʦʤ ʜʦ 15 ʤʤ. 

2. ʄʝʪʦʜʠʢʘ ʥʘ ʦʩʥʦʚʝ ʛʠʜʨʦʧʨʝʩʩʘ ʫʩʠʣʠʝʤ ʜʦ 100 ʪʦʥʥ. ɼʠʘʧʘʟʦʥ ʪʝʤʧʝʨʘʪʫʨ ʦʪ 78 

ʂ ʜʦ 800 ʂ. ʉʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ʤʦʞʝʪ ʤʝʥʷʪʴʩʷ ʦʪ ʥʠʟʢʠʭ ʚ ʨʝʞʠʤʝ ʜʝʬʦʨʤʘʮʠʠ 

ʧʦʣʟʫʯʝʩʪʠ ʤʘʪʝʨʠʘʣʦʚ ʜʦ 1 ʦʙʦʨʦʪʘ ʚ ʤʠʥʫʪʫ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʢʦʨʦʩʪʠ 

ʜʝʬʦʨʤʘʮʠʠ ʚ ʨʝʞʠʤʝ ʢʦʚʢʠ. ʀʟʤʝʨʝʥʠʝ ʥʘʧʨʷʞʝʥʠʷ ʩʜʚʠʛʘ. ʆʭʣʘʞʜʝʥʠʝ ʞʠʜʢʠʤ 

ʘʟʦʪʦʤ,  ʚʥʝʰʥʠʡ ʥʘʛʨʝʚ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʧʝʯʴʶ ʩ ʨʝʛʫʣʠʨʦʚʢʦʡ ʥʘʛʨʝʚʘ 

ʣʘʙʦʨʘʪʦʨʥʳʤ ʘʚʪʦʪʨʘʥʩʬʦʨʤʘʪʦʨʦʤ. ʈʘʟʤʝʨʳ ʦʙʨʘʟʮʦʚ ʚ ʜʠʘʤʝʪʨʝ ʦʪ 5 ʤʤ ʜʦ 10 

ʤʤ, ʯʪʦ ʧʦʜʭʦʜʠʪ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʩʪʘʥʜʘʨʪʥʳʭ ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ: ʈʉɸ, 

ʇʕʄ, ʊʕʄ, ʗɻʈʉ, ʗʄʈ. ʄʝʪʦʜʠʢʘ ʧʨʠʤʝʥʷʝʪʩʷ  ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʮʝʩʩʦʚ 

ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʩʧʣʘʚʣʝʥʠʷ ʧʦʨʦʰʢʦʚʳʭ ʩʤʝʩʝʡ ʵʣʝʤʝʥʪʦʚ ʚ ʩʠʩʪʝʤ ʦʛʨʘʥʠʯʝʥʥʦʡ 

ʨʘʩʪʚʦʨʠʤʦʩʪʠ: Au-Co, Cu-Co, Cu-Fe, Fe-Bi ʠ ʪ.ʜ. ʄʦʜʠʬʠʢʘʮʠʠ ʜʘʥʥʦʡ ʤʝʪʦʜʠʢʠ 

ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʠʟʤʝʨʝʥʠʝ ʥʘʧʨʷʞʝʥʠʷ ʩʜʚʠʛʘ ʤʘʪʝʨʠʘʣʦʚ ʦʪ ʚʝʣʠʯʠʥʳ 

ʜʝʬʦʨʤʘʮʠʠ ʠ ʜʘʚʣʝʥʠʷ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ.  

3. ʂʘʤʝʨʘ ʜʣʷ ʩʜʚʠʛʘ ʧʦʜ ʜʘʚʣʝʥʠʝʤ ʩ ʦʭʣʘʞʜʝʥʠʝʤ ʜʦ 20 ʂ ʚ ʩʨʝʜʝ ʞʠʜʢʦʛʦ ʚʦʜʦʨʦʜʘ. 

ɺʳʧʦʣʥʝʥʘ ʥʘ ʥʘʢʦʚʘʣʴʥʷʭ ʠʟ ʢʫʙʠʯʝʩʢʦʛʦ ʥʠʪʨʠʜʘ ʙʦʨʘ (c-BN). ʂʘʤʝʨʘ ʩ ʦʙʨʘʟʮʦʤ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʥʘʛʨʫʞʘʝʪʩʷ ʥʘ ʛʠʜʨʦʧʨʝʩʩʝ, ʫʩʠʣʠʝ ʬʠʢʩʠʨʫʝʪʩʷ ʛʘʡʢʦʡ, 

ʧʦʜʞʘʪʦʡ ʪʘʨʝʣʴʯʘʪʳʤʠ ʧʨʫʞʠʥʘʤʠ. ɼʣʷ ʦʭʣʘʞʜʝʥʠʷ ʚ ʢʨʠʦʩʪʘʪʝ ʢʘʤʝʨʘ 

ʧʦʤʝʱʘʝʪʩʷ ʥʘ ʩʦʦʩʥʳʭ ʪʨʫʙʢʘʭ, ʧʝʨʝʜʘʶʱʠʭ ʦʪ ʨʝʜʫʢʪʦʨʘ ʤʦʤʝʥʪ ʚʨʘʱʝʥʠʷ ʥʘ 

ʥʘʢʦʚʘʣʴʥʠ.   

4. ɺʘʢʫʫʤʥʘʷ ʢʘʤʝʨʘ ʩʜʚʠʛʘ ʧʦʜ ʜʘʚʣʝʥʠʝʤ ʥʘ ʥʘʢʦʚʘʣʴʥʷʭ ʥʘ ʥʝʤʘʛʥʠʪʥʦʤ ʪʚʸʨʜʦʤ 

ʤʘʪʝʨʠʘʣʝ ï ʩʢʝʣʝʪʦʥʝ (ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʤʝʣʢʦʜʠʩʧʝʨʩʥʳʡ ʘʣʤʘʟ ʩʦ ʩʚʷʟʢʦʡ ʠʟ 

ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ - SiC). ʄʦʤʝʥʪ ʚʨʘʱʝʥʠʷ ʥʘ ʥʘʢʦʚʘʣʴʥʠ ʧʝʨʝʜʘʸʪʩʷ ʯʝʨʝʟ 

ʚʘʢʫʫʤʥʳʡ ʟʘʪʚʦʨ ʩ ʫʧʣʦʪʥʝʥʠʷʤʠ ʥʘ ʚʘʣʫ ʠʟ ʚʘʢʫʫʤʥʦʩʪʦʡʢʠʭ ʨʝʟʠʥʦʚʳʭ ʢʦʣʝʮ. 

ʂʘʤʝʨʘ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʨʘʙʦʪʳ ʩ ʚʳʩʦʢʦʯʠʩʪʳʤʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʩ ʥʝʤʘʛʥʠʪʥʳʤʠ 

ʤʘʪʝʨʠʘʣʘʤʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʩ ʩʠʩʪʝʤʘʤʠ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʤʠ ʜʣʷ ʤʝʭʘʥʠʯʝʩʢʦʛʦ 

ʩʧʣʘʚʣʝʥʠʷ. 

5. ʇʦʨʪʘʪʠʚʥʘʷ ʢʘʤʝʨʘ ʩʞʘʪʠʷ ʠ ʜʝʬʦʨʤʘʮʠʠ ʩʜʚʠʛʦʤ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ  in situ 

ʩʪʨʫʢʪʫʨʥʳʭ ʠʟʤʝʨʝʥʠʡ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʗɻʈ ʩʧʝʢʪʨʦʩʢʦʧʠʠ (ʜʣʷ Fe ʠ ʝʛʦ ʩʧʣʘʚʦʚ 

Fe-Ni, Fe-Mn, Fe-Ni-Cr) ʠ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʚ ʩʠʥʭʨʦʪʨʦʥʥʦʤ 

ʠʟʣʫʯʝʥʠʠ (Ti, Zr ʠ ʨʷʜʘ ʩʧʣʘʚʦʚ ʥʘ ʠʭ ʦʩʥʦʚʝ). ʄʘʪʝʨʠʘʣ ʥʘʢʦʚʘʣʝʥ ʠʟ ʢʫʙʠʯʝʩʢʦʛʦ 

ʥʠʪʨʠʜʘ ʙʦʨʘ c-NB. ʂʘʤʝʨʘ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʘʨʠʯʝʩʢʠʭ ʬʘʟʦʚʳʭ 

ʧʨʝʚʨʘʱʝʥʠʡ ʧʨʠ ʩʞʘʪʠʠ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʜʝʬʦʨʤʘʮʠʝʡ.  

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ ʄʀʅʆɹʈʅɸʋʂʀ ʈʦʩʩʠʠ 

(ʪʝʤʘ çɼʘʚʣʝʥʠʝè, ˉ ɸɸɸɸ-ɸ18-118020190104-3) ʧʨʠ ʯʘʩʪʠʯʥʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ 

(ʧʨʦʝʢʪ ˉ 19-32-60039). 
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ʖ.ɻ. ʇʨʦʥʠʥʘ1 

1ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 
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ɺ ʨʘʙʦʪʝ [1] ʦʧʠʩʘʥʳ ʜʚʘ ʚʠʜʘ ʪʘʢ ʥʘʟʳʚʘʝʤʦʛʦ çʪʝʨʤʠʯʝʩʢʦʛʦ ʘʨʤʠʨʦʚʘʥʠʷè 

ʣʠʩʪʦʚʦʛʦ ʧʨʦʢʘʪʘ ʠʟ ʫʛʣʝʨʦʜʠʩʪʳʭ ʠ ʥʠʟʢʦʣʝʛʠʨʦʚʘʥʥʳʭ ʩʪʘʣʝʡ. ʆʜʠʥ ʠʟ ʥʠʭ,  

ʦʩʫʱʝʩʪʚʣʷʝʤʳʡ ʩʠʤʤʝʪʨʠʯʥʳʤ ʜʚʫʩʪʦʨʦʥʥʠʤ ʥʘʛʨʝʚʘʥʠʝʤ ʜʦ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʚ 

ʘʫʩʪʝʥʠʪʥʦʡ ʦʙʣʘʩʪʠ ʠ ʧʦʩʣʝʜʫʶʱʠʤ ʫʩʢʦʨʝʥʥʳʤ ʦʭʣʘʞʜʝʥʠʝʤ, ʧʨʠʚʦʜʠʪ ʢ 

ʨʘʚʥʦʤʝʨʥʦʤʫ ʧʦ ʪʦʣʱʠʥʝ ʣʠʩʪʘ ʠʟʤʝʥʝʥʠʶ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ. ʕʪʘ ʪʝʭʥʦʣʦʛʠʷ ʤʦʞʝʪ 

ʧʨʠʤʝʥʷʪʴʩʷ ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʧʨʷʤʦʣʠʥʝʡʥʦʛʦ ʨʦʩʪʘ ʪʨʝʱʠʥ [1ï3]. ɺʪʦʨʦʡ ʚʠʜ, 

ʦʩʫʱʝʩʪʚʣʷʝʤʳʡ ʦʜʥʦʩʪʦʨʦʥʥʠʤ ʫʩʢʦʨʝʥʥʳʤ ʦʭʣʘʞʜʝʥʠʝʤ ʣʠʩʪʦʚ ʧʦʩʣʝ ʠʭ ʥʘʛʨʝʚʘ, 

ʚʳʟʳʚʘʝʪ ʥʝʨʘʚʥʦʤʝʨʥʦʝ ʧʦ ʪʦʣʱʠʥʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʤʠʢʨʦʩʪʨʫʢʪʫʨ, ʩʦʧʨʦʚʦʞʜʘʶʱʝʝʩʷ 

ʠʟʤʝʥʝʥʠʝʤ ʧʨʦʯʥʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʣʠʩʪʘ ʧʦ ʝʛʦ ʪʦʣʱʠʥʝ [4, 5]. ʇʦ ʧʦʣʫʯʝʥʥʳʤ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʜʘʥʥʳʤ ʦʙ ʠʟʤʝʥʝʥʠʠ ʪʚʝʨʜʦʩʪʠ ʧʦ ɺʠʢʢʝʨʩʫ (HV) ʧʦ ʪʦʣʱʠʥʝ 

ʦʙʨʘʟʮʦʚ ʠʟ ʣʠʩʪʦʚʦʡ ʩʫʜʦʩʪʨʦʠʪʝʣʴʥʦʡ ʩʪʘʣʠ ɸ32, ʫʯʠʪʳʚʘʷ ʥʘʣʠʯʠʝ ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ 

ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʞʜʫ ʪʚʝʨʜʦʩʪʴʶ HV ʠ ʧʨʝʜʝʣʦʤ ʪʝʢʫʯʝʩʪʠ, ʘʚʪʦʨʳ [4, 5] ʦʧʨʝʜʝʣʠʣʠ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʨʝʜʝʣʘ ʪʝʢʫʯʝʩʪʠ ʚ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʘʭ. ɺ ʨʘʙʦʪʝ [5] ʧʦʤʠʤʦ 

ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʜʣʷ ʥʦʨʤʘʣʠʟʦʚʘʥʥʳʭ, ʪʝʨʤʦʫʧʨʦʯʥʝʥʥʳʭ ʠ 

çʪʝʨʤʠʯʝʩʢʠ ʘʨʤʠʨʦʚʘʥʥʳʭè  ʦʙʨʘʟʮʦʚ, ʙʳʣʦ ʦʪʤʝʯʝʥʦ, ʯʪʦ ʧʨʠ ʫʧʨʫʛʦʧʣʘʩʪʠʯʝʩʢʦʤ 

ʠʟʛʠʙʝ ʣʠʩʪʦʚ ʩ ʛʨʘʜʠʝʥʪʦʤ ʪʚʝʨʜʦʩʪʠ, ʩʤʝʱʝʥʠʝ ʥʝʡʪʨʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʜʝʬʦʨʤʘʮʠʠ 

ʦʙʫʩʣʦʚʣʝʥʦ ʢʘʢ ʛʨʘʜʠʝʥʪʦʤ ʩʚʦʡʩʪʚ, ʪʘʢ ʠ ʨʘʟʥʠʮʝʡ ʚ ʧʨʝʜʝʣʘʭ ʪʝʢʫʯʝʩʪʠ ʥʘ ʨʘʩʪʷʞʝʥʠʝ 

ʠ ʩʞʘʪʠʝ (SD ɻ ʬʬʝʢʪʦʤ). ɸʚʪʦʨʳ ʧʨʝʜʣʦʞʠʣʠ ʧʨʝʜʩʪʘʚʣʷʪʴ ʝʛʦ ʚ ʚʠʜʝ ʩʫʤʤʳ ʩʤʝʱʝʥʠʡ, 

ʚʳʟʚʘʥʥʳʭ ʫʢʘʟʘʥʥʳʤʠ ʬʘʢʪʦʨʘʤʠ ʧʦ-ʦʪʜʝʣʴʥʦʩʪʠ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʦʩʪʨʦʝʥʦ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʦ ʯʠʩʪʦʤ ʫʧʨʫʛʦʧʣʘʩʪʠʯʝʩʢʦʤ ʠʟʛʠʙʝ 

ʧʣʘʩʪʠʥʳ ʩ ʛʨʘʜʠʝʥʪʦʤ ʧʨʝʜʝʣʘ ʪʝʢʫʯʝʩʪʠ ʧʦ ʪʦʣʱʠʥʝ ʠ SD ʵʬʬʝʢʪʦʤ ʧʨʠ ʤʘʣʳʭ 

ʜʝʬʦʨʤʘʮʠʷʭ, ʩ ʧʨʠʥʷʪʠʝʤ ʛʠʧʦʪʝʟ ʪʝʭʥʠʯʝʩʢʦʡ ʪʝʦʨʠʠ ʠʟʛʠʙʘ. ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʧʨʠ 

ʧʨʦʠʟʚʦʣʴʥʦʤ ʠʟʛʠʙʘʶʱʝʤ ʤʦʤʝʥʪʝ ʚʦʟʤʦʞʥʳ ʥʝʩʢʦʣʴʢʦ ʚʘʨʠʘʥʪʦʚ ʥʘʧʨʷʞʝʥʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ: (I) ʯʠʩʪʦ ʫʧʨʫʛʠʡ ʠʟʛʠʙ, (II) ʧʦ̫ʚʣʝʥʠʝ ʟʦʥʳ ʧʣʘʩʪʠʯʝʩʢʦʛʦ ʪʝʯʝʥʠʷ ʥʘ ʦʜʥʦʡ 

ʩʪʦʨʦʥʝ ʧʣʘʩʪʠʥʳ, (III ) ʧʦʷʚʣʝʥʠʝ ʟʦʥ ʧʣʘʩʪʠʯʝʩʢʦʛʦ ʪʝʯʝʥʠʷ ʥʘ ʦʙʝʠʭ ʧʦʚʝʨʭʥʦʩʪʷʭ 

ʧʣʘʩʪʠʥʳ ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʫʧʨʫʛʦʡ ʩʨʝʜʠʥʥʦʡ ʟʦʥʳ, (IV) ʧʣʘʩʪʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʧʦ ʚʩʝʡ 

ʪʦʣʱʠʥʝ. ɺ ʩʣʫʯʘʷʭ II, III  ʠ IV ʧʨʦʠʩʭʦʜʠʪ ʩʤʝʱʝʥʠʝ ʥʝʡʪʨʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ 

ʜʝʬʦʨʤʘʮʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʨʝʜʠʥʥʦʡ ʧʣʦʩʢʦʩʪʠ. ʆʧʨʝʜʝʣʝʥʳ ʚʝʣʠʯʠʥʳ ʢʨʠʪʠʯʝʩʢʦʛʦ 

ʠʟʛʠʙʘʶʱʝʛʦ ʤʦʤʝʥʪʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʧʝʨʝʭʦʜʫ ʧʣʘʩʪʠʥʳ ʚ ʩʦʩʪʦʷʥʠʝ ʧʣʘʩʪʠʯʥʦʩʪʠ 

ʧʦ ʚʩʝʡ ʪʦʣʱʠʥʝ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʘʨʘʤʝʪʨʦʚ ʟʘʜʘʯʠ. ʀʩʩʣʝʜʦʚʘʥʳ ʚʦʟʤʦʞʥʦʩʪʴ ʠ 

ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʩʤʝʱʝʥʠʷ ʥʝʡʪʨʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʜʝʬʦʨʤʘʮʠʠ ʧʨʠ 

ʠʟʛʠʙʝ ʚ ʚʠʜʝ ʩʫʤʤʳ ʩʤʝʱʝʥʠʡ, ʦʙʫʩʣʦʚʣʝʥʥʳʭ ʛʨʘʜʠʝʥʪʦʤ ʧʨʦʯʥʦʩʪʥʳʭ ʩʚʦʡʩʪʚ ʠ SD 

ʵʬʬʝʢʪʦʤ ʧʦ-ʦʪʜʝʣʴʥʦʩʪʠ (ʢʘʢ ʧʨʝʜʣʦʞʝʥʦ ʚ [5]). ʈʘʩʩʤʦʪʨʝʥʳ ʣʠʥʝʡʥʳʝ ʠ 

ʧʦʣʠʥʦʤʠʘʣʴʥʳʝ (ʚʪʦʨʦʛʦ ʠ ʪʨʝʪʴʝʛʦ ʧʦʨʷʜʢʘ) ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʟʘʚʠʩʠʤʦʩʪʠ ʧʨʝʜʝʣʘ 

ʪʝʢʫʯʝʩʪʠ ʦʪ ʢʦʦʨʜʠʥʘʪʳ ʧʦ ʪʦʣʱʠʥʝ ʣʠʩʪʘ; ʚʳʧʦʣʥʝʥʘ ʦʮʝʥʢʘ ʧʦʛʨʝʰʥʦʩʪʠ ʨʘʟʣʠʯʥʳʭ 

ʘʧʧʨʦʢʩʠʤʘʮʠʡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʥʘʠʙʦʣʝʝ ʪʦʯʥʳʤ ʨʝʰʝʥʠʝʤ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ 

ʢʨʠʪʠʯʝʩʢʦʛʦ ʠʟʛʠʙʘʶʱʝʛʦ ʤʦʤʝʥʪʘ. ɼʣʷ ʣʠʥʝʡʥʦʡ ʠ ʢʚʘʜʨʘʪʠʯʥʦʡ ʟʘʚʠʩʠʤʦʩʪʝʡ 

ʧʨʝʜʝʣʘ ʪʝʢʫʯʝʩʪʠ ʦʪ ʢʦʦʨʜʠʥʘʪʳ ʧʦ ʪʦʣʱʠʥʝ ʣʠʩʪʘ ʧʦʣʫʯʝʥʳ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʚʳʨʘʞʝʥʠʷ 

ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʢʨʠʪʠʯʝʩʢʦʛʦ ʠʟʛʠʙʘʶʱʝʛʦ ʤʦʤʝʥʪʘ. ʇʨʦʚʝʜʝʥʦ ʩʦʧʦʩʪʘʚʣʝʥʠʝ 

ʨʘʩʯʝʪʥʳʭ ʢʨʠʪʠʯʝʩʢʠʭ ʠʟʛʠʙʘʶʱʠʭ ʤʦʤʝʥʪʦʚ ʜʣʷ ʥʦʨʤʘʣʠʟʦʚʘʥʥʳʭ, 

ʪʝʨʤʦʫʧʨʦʯʥʝʥʥʳʭ ʠ çʪʝʨʤʠʯʝʩʢʠ ʘʨʤʠʨʦʚʘʥʥʳʭè  ʦʙʨʘʟʮʦʚ ʣʠʩʪʦʚʦʡ 

ʩʫʜʦʩʪʨʦʠʪʝʣʴʥʦʡ ʩʪʘʣʠ ɸ32.  
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ʇʨʠ ʧʨʦʜʦʣʴʥʦʤ ʦʜʥʦʦʩʥʦʤ ʥʘʛʨʫʞʝʥʠʠ ʣʠʩʪʘ ʩ ʛʨʘʜʠʝʥʪʦʤ ʧʨʦʯʥʦʩʪʥʳʭ ʩʚʦʡʩʪʚ 

ʧʦʷʚʣʝʥʠʝ ʟʦʥʳ ʧʣʘʩʪʠʯʝʩʢʠʭ ʜʝʬʦʨʤʘʮʠʡ ʧʨʠʚʦʜʠʪ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʠʟʛʠʙʘʶʱʝʛʦ 

ʤʦʤʝʥʪʘ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ 

(ʛʨʘʥʪ ˉ 21-19-00100). 
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So-called running ductile fracture, in which a longitudinal crack can spread over tens, 

hundreds and even thousands of meters [1], is the most dangerous one during the exploitation 

of gas pipelines. During such fracture the crack moves at a speed of more than 100 m/s. 

Therefore, it is impossible to affect such fracture after its beginning; it should be prevented at 

the pre-design stage. To reasonable determine the criteria for the quality of metal for pipes, it 

is necessary to investigate the reasons why the development of a longitudinal crack arrests and 

the running fracture stops. 

Special full-scale pneumatic tests of pipelines are carried out to define criteria for the 

satisfactory quality of the steel used. GAZPROM proceeds such tests of pipes for main gas 

pipelines at a specially equipped test site in Chelyabinsk Region, Russia. The order of these 

testes is described in [2]. The gas pressure provides the tensile circumferential stresses in the 

pipe wall not more than 70 % of yield stress, and plastic deformation doesnôt occur before 

testing even in the initiator pipe near the notch.  

The stress state of the metal without the crack is biaxial tension. The maximal main 

normal stress ů1 is circumferential (ůc). It is twice larger than longitudinal (meridional) main 

normal stress ůl = ů2. Third main normal stress is radial (ůr), and ů3 = ůr = 0.  

The pattern changes significantly after detonating of the charge and starting of the crack 

propagation. The crack movement results to the stress state near the crack tip transits from 

biaxial tension to more rigid triaxle one because additional radial component of stress occurs. 

It results to radial flattening of upper zone of the pipe ahead the crack front (Fig.1) (firstly noted 

in [3,4]). The magnitude of this flattening is 2 õ 5% of the pipe diameter. 

The flattening leads to longitudinal tension of the metal, which results to formation of 

flaps during the crack opening (Fig.2). The flattening results in a local increase in the radius of 

curvature of the pipe and leads to an increase in tensile stresses in accordance with Barlow's 
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formula. When these stresses exceed the yield strength of pipe steel, plastic deformation occurs, 

and when ones exceed the ultimate strength, fracture and crack propagation occur. Thus, the 

crack propagation requires deformation; and the greater is the required deformation, the slower 

the crack will move. 

The crack propagation process is accompanied by the release of gas (air) from the pipe 

and, accordingly, a decrease in pressure. The pressure reduction is controlled by the gas flow 

rate. This means that the factor determining whether the fracture will continue or the crack will 

stop (Fig. 2b) is the ratio of the rates of crack propagation and the decrease in gas pressure. 

Crack stopping is not the only case where a pipe is considered to have passed the 

pneumatic test. Another variant of the behavior of a crack is its looping, when the crack changes 

its direction of propagation from longitudinal to circumferential and closes in a ring or semi-

ring (see Fig.2a). With proper welding of the butt-joints of pipes and the homogeneous 

properties along the pipeline, the reason for the loopback forming is a change of the plane of 

maximal tangential stresses affected by the flattening [5].  

Thus, the stopping of crack propagation occurs when one of the two conditions is met. 

Firstly, the rate of crack propagation must be low enough to provide the necessary reduction in 

gas pressure. Secondly, the metal must be sufficiently ductile so that tangential stresses rather 

than normal ones cause fracture. That is, both of these conditions are reduced to the fact that 

the metal at loading rates corresponding to those that occur during crack propagation during 

full -scale pneumatic tests must have sufficient ductility (toughness). 

 

Figure 1. Scheme of the pipe during the crack 

propagation 

 

a 

b 

Figure 2. Photo of the pipe passed 

pneumatic test, in which the crack 

propagation was stopped by the loopback 

(a) and by the longitudinal stopping (b). 
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The existing methods of computer modeling suggest the stopping of the crack propagation 

according to only the one of the described mechanisms ï longitudinal stopping [6]. In this case, 

the stopping criterion is the achievement of the critical value of crack tip opening displacement 

(CTOD) [4,7] or an excess of the energy required for crack propagation over the amount of 

energy transferred to the deforming and fracturing metal by the expanding gas [8]. The second 

way to arrest the crack propagation, so named loopback, is not considered in the existing 

theoretical and computer models. 
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ʄʝʪʦʜ ʵʣʝʢʪʨʦʠʤʧʫʣʴʩʥʦʛʦ ʧʣʘʟʤʝʥʥʦʛʦ ʩʧʝʢʘʥʠʷ (ʕʀʇʉ, ʚ ʠʥʦʩʪʨʘʥʥʦʡ 

ʣʠʪʝʨʘʪʫʨʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʝʨʤʠʥ Spark Plasma Sintering (SPS)) ʦʪʥʦʩʠʪʩʷ ʢ ʢʣʘʩʩʫ 

ʤʝʪʦʜʦʚ, ʚ ʦʩʥʦʚʝ ʢʦʪʦʨʳʭ ʣʝʞʠʪ ʧʨʦʧʫʩʢʘʥʠʝ ʯʝʨʝʟ ʨʘʟʦʛʨʝʚʘʝʤʳʡ ʦʙʲʝʤ 

ʥʠʟʢʦʚʦʣʴʪʥʳʭ ʠʤʧʫʣʴʩʦʚ ʧʦʩʪʦʷʥʥʦʡ ʪʦʢʘ ʚʳʩʦʢʦʡ ʧʣʦʪʥʦʩʪʠ (ʩʠʣʘ ʪʦʢʘ 1õ10 ʢɸ, 

ʥʘʧʨʷʞʝʥʠʝ ʥʠʞʝ 0õ15 ɺ). ʈʘʟʦʛʨʝʚ ʧʦʨʦʰʢʦʚʦʛʦ ʤʘʪʝʨʠʘʣʘ/ʦʙʨʘʟʮʘ ʧʦʤʝʱʝʥʥʦʛʦ 

ʚʥʫʪʨʴ ʛʨʘʬʠʪʦʚʦʡ ʧʨʝʩʩ-ʬʦʨʤʳ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʟʘ ʩʯʝʪ ʚʳʜʝʣʝʥʠʷ ʜʞʦʫʣʝʚʦʛʦ ʪʝʧʣʘ 

ʧʨʠ ʧʨʦʧʫʩʢʘʥʠʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ ʯʝʨʝʟ ʦʙʨʘʟʝʮ ʠ/ʠʣʠ ʦʩʥʘʩʪʢʫ ʩ ʦʜʥʦʚʨʝʤʝʥʥʳʤ 

ʧʨʠʣʦʞʝʥʠʝʤ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʜʘʚʣʝʥʠʷ.  

ʄʝʪʦʜ ʵʣʝʢʪʨʦʠʤʧʫʣʴʩʥʦʛʦ ʧʣʘʟʤʝʥʥʦʛʦ ʩʧʝʢʘʥʠʷ ʧʦʟʚʦʣʷʝʪ ʫʧʨʘʚʣʷʪʴ 

ʧʘʨʘʤʝʪʨʘʤʠ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʠ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ.  ɹʦʣʴʰʠʝ (ʜʦ 2500 

ʉ/ʤʠʥ) ʩʢʦʨʦʩʪʠ ʨʘʟʦʛʨʝʚʘ ʧʦʟʚʦʣʷʶʪ ʬʦʨʤʠʨʦʚʘʪʴ ʚ ʢʝʨʘʤʠʢʘʭ ʦʜʥʦʨʦʜʥʫʶ 

ʚʳʩʦʢʦʧʣʦʪʥʫʶ ʩʪʨʫʢʪʫʨʫ ʩ ʧʨʝʜʝʣʴʥʦ ʤʘʣʳʤ ʨʘʟʤʝʨʦʤ ʟʝʨʝʥ. ɼʣʷ ʧʨʘʢʪʠʯʝʩʢʦʛʦ 

ʧʨʠʤʝʥʝʥʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʥʘʥʦ- ʠ ʫʣʴʪʨʘʤʝʣʢʦʟʝʨʥʠʩʪʳʭ ʢʝʨʘʤʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ 

ʥʝʦʙʭʦʜʠʤʘ ʠʥʬʦʨʤʘʮʠʷ ʦ ʧʨʦʯʥʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʢʝʨʘʤʠʢ ʚ ʫʩʣʦʚʠʷʭ ʩʣʦʞʥʦʛʦ 

ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʫʝʤʦʛʦ ʩʦʩʪʦʷʥʠʷ ʧʨʦʯʥʦʩʪʠ ʥʘ ʠʟʛʠʙ „  [1, 2].  ʀʩʩʣʝʜʦʚʘʥʠʝ 

ʧʨʦʯʥʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʝʨʘʤʠʢ, ʧʦʣʫʯʝʥʥʳʭ ʤʝʪʦʜʦʤ ʕʀʇʉ, ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ 
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ʟʘʜʘʯʝʡ ʦʮʝʥʢʠ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʧʦʚʝʜʝʥʠʷ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ 

ʠʟʜʝʣʠʡ, ʢʦʥʩʪʨʫʢʮʠʡ ʠ ʫʟʣʦʚ ʤʘʰʠʥ. 

ɺ ʨʘʙʦʪʝ ʚʳʧʦʣʥʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʨʝʞʠʤʦʚ ʩʧʝʢʘʥʠʷ ʢʝʨʘʤʠʢ ʥʘ ʦʩʥʦʚʝ 

ʦʢʩʠʜʘ ʘʣʶʤʠʥʠʷ (ʩʢʦʨʦʩʪʠ ʨʘʟʦʛʨʝʚʘ ʠ ʚʨʝʤʝʥʠ ʠʟʦʪʝʨʤʠʯʝʩʢʦʡ ʚʳʜʝʨʞʢʠ), ʬʠʟʠʢʦ-

ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʠ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʥʘ ʠʟʛʠʙʥʫʶ ʧʨʦʯʥʦʩʪʴ ʢʝʨʘʤʠʢ ʚ ʫʩʣʦʚʠʷʭ 

ʩʣʦʞʥʦʛʦ ʥʘʧʨʷʞʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ. 

ʀʟʛʠʙʥʘʷ ʧʨʦʯʥʦʩʪʴ ʢʝʨʘʤʠʢ ʚ ʫʩʣʦʚʠʷʭ ʩʣʦʞʥʦʛʦ ʥʘʧʨʷʞʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʩ 

ʫʚʝʣʠʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʚʳʜʝʨʞʢʠ ʩʪʘʥʦʚʠʪʩʷ ʧʦʩʪʦʷʥʥʦʡ ʚʝʣʠʯʠʥʦʡ „   ḗ 480 ʄʧʘ 

(ʨʠʩ. 1). ɺʝʣʠʯʠʥʘ „   ḗ 480 ʄʧʘ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʟʛʠʙʥʦʡ 

ʧʨʦʯʥʦʩʪʠ ʜʣʷ ʧʨʦʤʳʰʣʝʥʥʳʭ ʢʝʨʘʤʠʢ ʥʘ ʦʩʥʦʚʝ ʦʢʩʠʜʘ ʘʣʶʤʠʥʠʷ.  

ʀʟʛʠʙʥʘʷ ʧʨʦʯʥʦʩʪʴ ʢʝʨʘʤʠʢ, ʧʦʣʫʯʝʥʥʳʭ ʨʘʟʥʳʤʠ ʨʝʞʠʤʘʤʠ ʩʧʝʢʘʥʠʷ (ʨʠʩ. 1), 

ʧʦ-ʨʘʟʥʦʤʫ ʟʘʚʠʩʠʪ ʦʪ ʨʘʟʤʝʨʘ ʟʝʨʥʘ. ɼʣʷ ʦʙʨʘʟʮʦʚ ʢʝʨʘʤʠʢ, ʧʦʣʫʯʝʥʥʳʭ ʩʦ ʩʢʦʨʦʩʪʴʶ 

ʨʘʟʦʛʨʝʚʘ 50ʉ/ʤʠʥ ʯʝʤ ʤʝʥʴʰʝ ʨʘʟʤʝʨ ʟʝʨʥʘ, ʪʝʤ ʚʳʰʝ ʧʨʦʯʥʦʩʪʴ ʥʘ ʠʟʛʠʙ. ɼʣʷ ʢʝʨʘʤʠʢ, 

ʩʧʝʯʝʥʥʳʭ ʩʦ ʩʢʦʨʦʩʪʴʶ 250 ʉ/ʤʠʥ, ʯʝʤ ʤʝʥʴʰʝ ʨʘʟʤʝʨ ʟʝʨʥʘ, ʪʝʤ ʥʠʞʝ ʠʟʛʠʙʥʘʷ 

ʧʨʦʯʥʦʩʪʴ. ɺʘʞʥʦ ʫʪʦʯʥʠʪʴ, ʯʪʦ ʨʘʟʤʝʨ ʟʝʨʥʘ ʚ ʩʧʝʯʝʥʥʳʭ ʢʝʨʘʤʠʢʘʭ ʟʘʜʘʚʘʣʩʷ 

ʠʟʦʪʝʨʤʠʯʝʩʢʦʡ ʚʳʜʝʨʞʢʦʡ. ʅʘ ʥʘʰ ʚʟʛʣʷʜ, ʦʙʨʘʟʮʳ ʢʝʨʘʤʠʢ, ʩʧʝʯʝʥʥʳʝ ʧʨʠ ʩʢʦʨʦʩʪʠ 

ʥʘʛʨʝʚʘ 250ʉ/ʤʠʥ ʠʤʝʣʠ ʦʩʪʘʪʦʯʥʫʶ ʧʦʨʠʩʪʦʩʪʴ ʠʟ ʤʠʢʨʦ ʠ ʥʘʥʦ ʧʦʨ, ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʚ 

ʦʙʲʝʤʝ ʦʙʨʘʟʮʘ ʥʝʨʘʚʥʦʤʝʨʥʦ. ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʚʨʝʤʝʥʠ ʠʟʦʪʝʨʤʠʯʝʩʢʦʡ ʚʳʜʝʨʞʢʠ 

ʧʨʦʠʩʭʦʜʠʣʦ ʜʠʬʬʫʟʠʦʥʥʦʝ ʨʘʩʩʘʩʳʚʘʥʠʝ ʧʦʨ ʩ ʦʜʥʦʚʨʝʤʝʥʥʳʤ ʨʦʩʪʦʤ ʟʝʨʝʥ ʠʟ-ʟʘ ʯʝʛʦ 

ʠʟʛʠʙʥʘʷ ʧʨʦʯʥʦʩʪʴ ʢʝʨʘʤʠʢ ʚʳʰʣʘ ʥʘ ʫʩʪʦʡʯʠʚʦʝ ʟʥʘʯʝʥʠʝ. 

ʀʟ ʘʥʘʣʠʟʘ ʚʣʠʷʥʠʷ ʪʚʸʨʜʦʩʪʠ ʢʝʨʘʤʠʢ ʥʘ „  ʩʣʝʜʫʝʪ, ʯʪʦ ʯʝʤ ʚʳʰʝ ʪʚʝʨʜʦʩʪʴ 

ʢʝʨʘʤʠʢʠ ʥʘ ʦʩʥʦʚʝ ʦʢʩʠʜʘ ʘʣʶʤʠʥʠʷ, ʪʝʤ ʚʳʰʝ ʠʟʛʠʙʥʘʷ ʧʨʦʯʥʦʩʪʴ ʢʝʨʘʤʠʢ. 

ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʪʚʝʨʜʦʩʪʴ ʢʝʨʘʤʠʢ ï ʵʪʦ ʩʧʦʩʦʙʥʦʩʪʴ ʤʘʪʝʨʠʘʣʘ ʩʦʧʨʦʪʠʚʣʷʪʴʩʷ 

ʚʥʝʜʨʝʥʠʶ ʘʣʤʘʟʥʦʛʦ ʠʥʜʝʥʪʦʨʘ (ʚ ʨʘʙʦʪʝ ʠʥʜʝʥʪʦʨ ɺʠʢʢʝʨʩʘ). ʇʨʠ ʚʥʝʜʨʝʥʠʠ 

ʠʥʜʝʥʪʦʨʘ ʚ ʦʙʨʘʟʝʮ ʚʝʨʭʥʠʝ ʩʣʦʠ ʤʘʪʝʨʠʘʣʘ ʚʳʥʫʞʜʝʥʳ ʩʤʝʱʘʪʴʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʦʣʝʝ 

ʛʣʫʙʦʢʠʭ ʩʣʦʝʚ ʤʘʪʝʨʠʘʣʘ. ɺ ʤʝʪʦʜʝ ɺ3ɺ ï ʠʟʤʝʨʝʥʠʷ ʠʟʛʠʙʥʦʡ ʧʨʦʯʥʦʩʪʠ ʢʝʨʘʤʠʢ ʚ 

ʫʩʣʦʚʠʷʭ ʩʣʦʞʥʦʛʦ ʥʘʧʨʷʜʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ, ʧʦʚʝʨʭʥʦʩʪʥʳʡ ʩʣʦʡ ʤʘʪʝʨʠʘʣʘ (ʧʨʦʪʠʚ 

ʥʘʛʨʫʞʘʶʱʝʛʦ ʰʘʨʠʢʘ) ʚʳʥʫʞʜʝʥ ʨʘʩʪʷʛʠʚʘʪʴʩʷ ʙʦʣʴʰʝ, ʯʝʤ ʙʦʣʝʝ ʛʣʫʙʦʢʠʝ ʩʣʦʠ. ɺ 

ʪʘʢʦʤ ʩʣʫʯʘʝ ʠʟʛʠʙʥʘʷ ʧʨʦʯʥʦʩʪʴ ʤʘʪʝʨʠʘʣʘ ʙʫʜʝʪ ʢʦʨʨʝʣʠʨʦʚʘʪʴ ʩ ʪʚʝʨʜʦʩʪʴʶ 

ʤʘʪʝʨʠʣʘ.  

 

  
ʘ) ʙ) 

ʈʠʩʫʥʦʢ 1 ï ɿʘʚʠʩʠʤʦʩʪʴ „  ʦʪ ʨʘʟʤʝʨʘ ʟʝʨʥʘ d  

ʜʣʷ ʦʙʨʘʟʮʦʚ ʜʠʘʤʝʪʨʦʤ 12 ʤʤ (ʘ) ʠ 20 ʤʤ (ʙ) 

 

ɺʳʷʚʣʝʥʦ, ʯʪʦ ʟʘʚʠʩʠʤʦʩʪʴ ʠʟʛʠʙʥʦʡ ʧʨʦʯʥʦʩʪʠ ʦʪ ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʠ ʜʣʷ 

ʦʙʨʘʟʮʦʚ ʜʠʘʤʝʪʨʦʤ 12 ʠ 20 ʤʤ ʦʪʣʠʯʘʝʪʩʷ ʜʨʫʛ ʦʪ ʜʨʫʛʘ. ɼʣʷ ʦʙʨʘʟʮʦʚ ʜʠʘʤʝʪʨʦʤ 12 
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ʤʤ ʯʝʤ ʥʠʞʝ ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʴ, ʪʝʤ ʚʳʰʝ ʧʨʦʯʥʦʩʪʴ ʥʘ ʠʟʛʠʙ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʜʣʷ 

ʦʙʨʘʟʮʦʚ 20 ʤʤ ʧʨʦʯʥʦʩʪʴ ʥʘ ʠʟʛʠʙ ʚʳʰʝ ʫ ʦʙʨʘʟʮʦʚ ʩ ʥʘʠʙʦʣʴʰʠʤ ʟʥʘʯʝʥʠʝʤ 

ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʠ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʧʨʦʯʥʦʩʪʴ ʥʘ ʠʟʛʠʙ ʚʳʰʝ ʫ ʦʙʨʘʟʮʦʚ, ʧʦʣʝʯʝʥʥʳʭ ʩʦ 

ʩʢʦʨʦʩʪʴʶ ʩʧʝʢʘʥʠʷ 50ʉ/ʤʠʥ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʯʥʦʩʪʴ ʥʘ ʠʟʛʠʙ ʚ ʫʩʣʦʚʠʷʭ ʩʣʦʞʥʦʛʦ ʥʘʧʨʷʞʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʢʝʨʘʤʠʢ, ʧʦʣʫʯʝʥʥʳʭ ʤʝʪʦʜʦʤ ʕʀʇʉ, ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʩʠʣʴʥʫʶ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ 

ʨʝʞʠʤʘʤ ʩʧʝʢʘʥʠʷ ʠ ʪʚʝʨʜʦʩʪʠ ʦʙʨʘʟʮʦʚ. ʇʨʦʯʥʦʩʪʴ ʥʘ ʠʟʛʠʙ ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʪʚʝʨʜʦʩʪʴʶ 

ʦʙʨʘʟʮʦʚ, ʯʝʤ ʚʳʰʝ ʪʚʝʨʜʦʩʪʴ, ʪʝʤ ʚʳʰʝ „ . ʇʦʣʫʯʝʥʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ 

ʨʝʟʫʣʴʪʘʪ ʧʦʟʚʦʣʠʪ ʚ ʜʘʣʴʥʝʡʰʝʤ ʧʨʦʚʝʩʪʠ ʪʝʦʨʝʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʨʦʯʥʦʩʪʠ ʥʘ ʠʟʛʠʙ ʚ 

ʫʩʣʦʚʠʷʭ ʩʣʦʞʥʦʛʦ ʥʘʧʨʷʞʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʢʝʨʘʤʠʢ ʠ ʧʦʩʪʨʦʠʪʴ ʤʦʜʝʣʠ ʦʮʝʥʢʠ 

ʠʟʛʠʙʥʦʡ ʧʨʦʯʥʦʩʪʠ. 
 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ. (ʛʨʘʥʪ ˉ20-73-
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ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʫʚʝʣʠʯʝʥʠʝ ʫʩʪʘʣʦʩʪʥʦʡ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʜʝʪʘʣʝʡ ʠʟ 

ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʚʦʟʤʦʞʥʦ ʜʚʫʤʷ ʩʧʦʩʦʙʘʤʠ: ʧʦʠʩʢʦʤ ʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠʣʠ 

ʠʟʤʝʥʝʥʠʝʤ ʩʪʨʫʢʪʫʨʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʩʫʱʝʩʪʚʫʶʱʠʭ. ʆʩʦʙʝʥʥʦ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʩ ʪʦʯʢʠ 

ʟʨʝʥʠʷ ʫʚʝʣʠʯʝʥʠʷ ʫʩʪʘʣʦʩʪʥʦʡ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʠʟʤʝʥʝʥʠʝ ʩʦʩʪʦʷʥʠʷ 

ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʩʦʟʜʘʥʠʝ ʩʞʠʤʘʶʱʠʭ ʦʩʪʘʪʦʯʥʳʭ ʥʘʧʨʷʞʝʥʠʡ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ 

ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʤʝʪʦʜʳ, ʩʦʟʜʘʶʱʠʝ ʩʞʠʤʘʶʱʠʝ 

ʦʩʪʘʪʦʯʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʛʣʫʙʠʥʫ ʜʦ 0,2 ʤʤ (ʜʨʦʙʝʩʪʨʫʡʥʘʷ ʦʙʨʘʙʦʪʢʘ), ʯʪʦ 

ʟʥʘʯʠʪʝʣʴʥʦ ʫʩʪʫʧʘʝʪ ʟʘʨʫʙʝʞʥʳʤ ʤʝʪʦʜʘʤ ʠ ʩʦʟʜʘʝʪ ʟʥʘʯʠʪʝʣʴʥʳʝ ʧʨʦʙʣʝʤʳ, 

ʩʚʷʟʘʥʥʳʝ ʩ ʚʳʩʦʢʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʜʝʪʘʣʝʡ ʢ ʤʝʭʘʥʠʯʝʩʢʠʤ 

ʧʦʚʨʝʞʜʝʥʠʷʤ ʠ, ʢʘʢ ʨʝʟʫʣʴʪʘʪ, ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʙʦʣʝʝ ʯʘʩʪʦʡ ʟʘʤʝʥʳ. ʉ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ 

ʣʘʟʝʨʥʦʛʦ ʫʜʘʨʥʦʛʦ ʫʧʨʦʯʥʝʥʠʷ ʫʜʘʝʪʩʷ ʩʦʟʜʘʪʴ ʚ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ ʤʘʪʝʨʠʘʣʘ 

ʦʩʪʘʪʦʯʥʳʝ ʩʞʠʤʘʶʱʠʝ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʛʣʫʙʠʥʫ ʜʦ 1 ʤʤ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʦʩʭʦʜʠʪ 

ʨʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʢʣʘʩʩʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ. 

ʃʘʟʝʨʥʦʝ ʫʜʘʨʥʦʝ ʫʧʨʦʯʥʝʥʠʝ ʩʦʚʨʝʤʝʥʥʳʡ ʤʝʪʦʜ, ʦʩʥʦʚʦʡ ʢʦʪʦʨʦʤʫ ʧʦʩʣʫʞʠʣʠ 

ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʨʦʚʝʜʝʥʥʳʝ ʚ ʌʠʟʠʯʝʩʢʦʤ ʀʥʩʪʠʪʫʪʝ ʠʤ. ʇ. ʅ. ʃʝʙʝʜʝʚʘ (ʌʀɸʅ) 

ɸʩʢʘʨʷʥʦʤ ɻ.ɸ. ʠ ʄʦʨʦʟʦʤ ɽ.ʄ. ʚ 1962 ʛʦʜʫ. ɸʚʪʦʨʘʤʠ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʯʪʦ ʠʤʧʫʣʴʩ 

ʜʘʚʣʝʥʠʷ ʦʙʨʘʟʦʚʘʥʥʳʡ ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʩʧʘʨʝʥʠʷ ʤʝʪʘʣʘ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ ʧʦʜ 

ʜʝʡʩʪʚʠʝʤ ʚʳʩʦʢʦʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʣʘʟʝʨʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʚʦ ʤʥʦʛʦ ʨʘʟ ʙʦʣʴʰʝ ʯʝʤ 

ʜʘʚʣʝʥʠʝ ʬʦʪʦʥʦʚ ʩʘʤʦʛʦ ʣʘʟʝʨʥʦʛʦ ʠʤʧʫʣʴʩʘ. ɼʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ ʪʚʝʨʜʦʪʝʣʴʥʳʭ 

ʚʳʩʦʢʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʣʘʟʝʨʦʚ ʧʦʟʚʦʣʠʣʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʘʥʥʳʡ ʵʬʬʝʢʪ ʚ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʝʜʫʱʠʝ ʤʠʨʦʚʳʝ ʧʨʦʠʟʚʦʜʠʪʝʣʠ ʛʘʟʦʪʫʨʙʠʥʥʳʭ 
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ʜʚʠʛʘʪʝʣʝʡ ʠʩʧʦʣʴʟʫʶʪ ʜʘʥʥʫʶ ʪʝʭʥʦʣʦʛʠʶ ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ ʨʝʩʫʨʩʘ ʜʝʪʘʣʝʡ ʧʨʦʜʫʢʪʦʚ 

ʩʚʦʝʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ.  

ʅʘ ʙʘʟʝ ʇʝʨʤʩʢʦʛʦ ʬʝʜʝʨʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʮʝʥʪʨʘ ʙʳʣʘ 

ʩʢʦʥʩʪʨʫʠʨʦʚʘʥʘ ʫʩʪʘʥʦʚʢʘ ʜʣʷ ʣʘʟʝʨʥʦʛʦ ʫʜʘʨʥʦʛʦ ʫʧʨʦʯʥʝʥʠʷ ʜʝʪʘʣʝʡ ʨʘʟʣʠʯʥʳʭ 

ʛʘʙʘʨʠʪʦʚ ʠ ʛʝʦʤʝʪʨʠʡ ʥʘ ʦʩʥʦʚʝ ʠʤʧʫʣʴʩʥʦʛʦ ʣʘʟʝʨʘ ʧʨʦʠʟʚʦʜʩʪʚʘ Beamtech SGR-Extra-

10 (ʈʠʩ.1ʘ) ʩ ʤʘʢʩʠʤʘʣʴʥʦʡ ʵʥʝʨʛʠʝʡ ʚ ʠʤʧʫʣʴʩʝ 9ɼʞ. ʋʩʪʘʥʦʚʢʘ ʧʦʟʚʦʣʷʝʪ 

ʨʝʘʣʠʟʦʚʳʚʘʪʴ ʦʩʪʘʪʦʯʥʳʝ ʩʞʠʤʘʶʱʠʝ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʜʝʪʘʣʠ ʛʣʫʙʠʥʦʡ ʜʦ 

1ʤʤ ʠ ʘʤʧʣʠʪʫʜʦʡ ʚʧʣʦʪʴ ʜʦ 1ɻʇʘ. ʋʩʪʘʥʦʚʢʘ ʦʩʥʘʱʝʥʘ 6-ʪʠ ʦʩʝʚʳʤ ʨʦʙʦʪʦʤ-

ʤʘʥʠʧʫʣʷʪʦʨʦʤ (ʈʠʩ. 2ʘ), ʧʦʟʚʦʣʷʶʱʠʤ ʦʙʨʘʙʘʪʳʚʘʪʴ ʜʝʪʘʣʠ ʧʨʦʠʟʚʦʣʴʥʦʡ ʛʝʦʤʝʪʨʠʠ ʩ 

ʪʦʯʥʦʩʪʴʶ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʜʝʪʘʣʠ 0,1ʤʤ. 

ʅʘʩʪʦʷʱʘʷ ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʠʟʫʯʝʥʠʶ ʚʣʠʷʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʦʩʪʘʪʦʯʥʳʭ 

ʩʞʠʤʘʶʱʠʭ ʥʘʧʨʷʞʝʥʠʡ, ʧʦʣʫʯʝʥʥʳʭ ʤʝʪʦʜʦʤ ʣʘʟʝʨʥʦʡ ʫʜʘʨʥʦʡ ʦʙʨʘʙʦʪʢʠ, ʥʘ ʬʠʟʠʢʦ-

ʤʝʭʘʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʝʪʘʣʣʦʚ. ɺ ʢʘʯʝʩʪʚʝ ʤʘʪʝʨʠʘʣʘ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ 

ʚʳʙʨʘʥ rʘʨʤʢʦ-ʞʝʣʝʟʦ ʠ ʪʠʪʘʥʦʚʳʡ ʩʧʣʘʚ ʆʊ4-0. ʆʙʨʘʟʮʳ ʤʘʪʝʨʠʘʣʘ ʙʳʣʠ ʧʦʜʚʝʨʛʥʫʪʳ 

ʣʘʟʝʨʥʦʡ ʫʜʘʨʥʦʡ ʦʙʨʘʙʦʪʢʝ ʠ ʠʩʧʳʪʘʥʳ ʚ ʨʝʞʠʤʝ ʤʥʦʛʦʮʠʢʣʦʚʦʡ ʠ ʛʠʛʘʮʠʢʣʦʚʦʡ 

ʫʩʪʘʣʦʩʪʠ. ʆʙʨʘʟʮʳ ʧʦʜʚʝʨʛʘʣʠʩʴ ʵʢʩʧʨʝʩʩ-ʪʝʩʪʘʤ ʥʘ ʫʩʪʘʣʦʩʪʥʫʶ ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʠ 

ʧʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ. ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ 

ʠʩʧʳʪʘʥʠʷ ʦʙʨʘʟʮʦʚ ʠʩʭʦʜʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʠ ʦʙʨʘʟʮʦʚ, ʦʙʨʘʙʦʪʘʥʥʳʭ ʤʝʪʦʜʦʤ ʣʘʟʝʨʥʦʛʦ 

ʫʜʘʨʥʦʛʦ ʫʧʨʦʯʥʝʥʠʷ. ʇʦʩʣʝ ʤʝʭʘʥʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʩʪʨʫʢʪʫʨʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ. 

    
ʘ        ʙ 

ʈʠʩʫʥʦʢ 1. ʌʦʪʦʛʨʘʬʠʷ ʣʘʟʝʨʘ Beamtech SGR-Extra 10 (ʘ), 6-ʪʠ ʦʩʝʚʦʛʦ ʨʦʙʦʪʘ 

ʤʘʥʠʧʫʣʷʪʦʨʘ (ʙ). 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʥʘ ʤʘʪʝʨʠʘʣʝ, ʧʦʜʚʝʨʛʥʫʪʦʤ ʣʘʟʝʨʥʦʤʫ 

ʫʜʘʨʥʦʤʫ ʫʧʨʦʯʥʝʥʠʶ, ʟʥʘʯʠʪʝʣʴʥʦ ʠʟʤʝʥʷʝʪʩʷ ʜʠʩʩʠʧʘʮʠʷ ʵʥʝʨʛʠʠ ʧʨʠ ʧʨʠʣʦʞʝʥʠʠ 

ʮʠʢʣʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʤʘʪʝʨʠʘʣʦʤ ʚ ʠʩʭʦʜʥʦʤ ʩʦʩʪʦʷʥʠʠ. ʂʦʣʠʯʝʩʪʚʦ 

ʮʠʢʣʦʚ ʜʦ ʨʘʟʨʫʰʝʥʠʷ ʦʙʨʘʟʮʘ ʪʘʢʞʝ ʟʥʘʯʠʪʝʣʴʥʦ ʠʟʤʝʥʠʣʦʩʴ. ʉʪʨʫʢʪʫʨʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʘʢʞʝ ʧʦʢʘʟʳʚʘʶʪ ʩʫʱʝʩʪʚʝʥʥʳʝ ʨʘʟʣʠʯʠʷ ʚ ʧʦʢʘʟʘʪʝʣʷʭ ʧʣʦʪʥʦʩʪʠ 

ʜʠʩʣʦʢʘʮʠʡ ʚ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʦʡ ʟʦʥʝ, ʯʪʦ ʤʦʞʝʪ ʦʙʲʷʩʥʠʪʴ ʘʥʦʤʘʣʴʥʫʶ ʜʠʩʩʠʧʘʮʠʶ 

ʵʥʝʨʛʠʠ. 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʛʦʩʟʘʜʘʥʠʷ ʀʄʉʉ ʋʨʆ ʈɸʅ ï ʬʠʣʠʘʣ ʇʌʀʎ ʋʨʆ 

ʈɸʅ (ʪʝʤʘ ˉ 122012400263-7). 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʈʌʌʀ .ˉ 17-11-01204 
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ɺʃʀʗʅʀɽ ɸɿʆʊɸ ʅɸ ʊɽʄʇɽʈɸʊʋʈʅʋʖ ɿɸɺʀʉʀʄʆʉʊʔ 

ɼɽʌʆʈʄɸʎʀʆʅʅʆɻʆ ʋʇʈʆʏʅɽʅʀʗ ʀ ʄɽʍɸʅʀɿʄʆɺ 

ɼɽʌʆʈʄɸʎʀʀ ɺʓʉʆʂʆʕʅʊʈʆʇʀʁʅʆɻʆ ʉʇʃɸɺɸ FeMnCrNiCo 

ʂ.ɸ. ʈʝʫʥʦʚʘ1, ɽ.ɻ. ɸʩʪʘʬʫʨʦʚʘ1, ʉ.ɺ. ɸʩʪʘʬʫʨʦʚ1, ɽ.ɺ. ʄʝʣʴʥʠʢʦʚ1,  

ʄ.ʖ. ʇʘʥʯʝʥʢʦ1, ɺ.ɸ. ʄʦʩʢʚʠʥʘ1, ɼ.ʆ. ɸʩʪʘʧʦʚ2, ɸ.ʉ. ʅʠʬʦʥʪʦʚ1, 3 

1ʀʥʩʪʠʪʫʪ ʬʠʟʠʢʠ ʧʨʦʯʥʦʩʪʠ ʠ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ ʉʆ ʈɸʅ, ʊʦʤʩʢ, ʈʦʩʩʠʷ 
2ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʊʦʤʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʊʦʤʩʢ, 

ʈʦʩʩʠʷ 
3ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʊʦʤʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʊʦʤʩʢ, 

ʈʦʩʩʠʷ 

Email: reunova.ksenya@mail.ru 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʤʝʪʦʜʘʤʠ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ, ʤʝʪʘʣʣʦʛʨʘʬʠʠ, 

ʨʘʩʪʨʦʚʦʡ ʠ ʧʨʦʩʚʝʯʠʚʘʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʠʩʩʣʝʜʦʚʘʣʠ ʤʠʢʨʦʩʪʨʫʢʪʫʨʫ, 

ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ, ʤʝʭʘʥʠʟʤʳ ʜʝʬʦʨʤʘʮʠʠ ʠ ʨʘʟʨʫʰʝʥʠʷ ʚʳʩʦʢʦʵʥʪʨʦʧʠʡʥʦʛʦ 

ʩʧʣʘʚʘ ʂʘʥʪʦʨʘ (FeMnCrNiCo), ʣʝʛʠʨʦʚʘʥʥʦʛʦ ʘʪʦʤʘʤʠ ʘʟʦʪʘ. ʉʣʠʪʢʠ ʭʠʤʠʯʝʩʢʦʛʦ 

ʩʦʩʪʘʚʘ Fe20,0Mn20,0Cr20,0Ni20,0Co20,0 (ʘʪ. %, 0N-ɺʕʉ), Fe20,2Mn19,4Cr20,1Ni20,4Co19,1N0,8 

(0,8N-ɺʕʉ), Fe20,3Mn20,0Cr20,1Ni19,9Co18,3N1,4 (1,4N-ɺʕʉ) ʠ Fe20,4Mn20,4Cr20,3Ni20,3Co17,0N1,6 

(1,6N-ɺʕʉ) ʙʳʣʠ ʚʳʧʣʘʚʣʝʥʳ ʚ ʚʘʢʫʫʤʥʦʡ ʠʥʜʫʢʮʠʦʥʥʦʡ ʧʝʯʠ ʚ ʘʪʤʦʩʬʝʨʝ ʘʨʛʦʥʘ. ɺʩʝ 

ʠʩʩʣʝʜʫʝʤʳʝ ʩʧʣʘʚʳ ʙʳʣʠ ʧʦʜʚʝʨʛʥʫʪʳ ʪʝʨʤʦʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ, ʟʘʢʣʶʯʘʚ ʝhʡʩʷ 

ʚ ʦʪʞʠʛʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1200Áʉ ʚ ʪʝʯʝʥʠʝ 2 ʯ, ʟʘʪʝʤ ʭʦʣʦʜʥʦʡ ʧʨʦʢʘʪʢʝ ʜʦ 80 %, ʠ 

ʧʦʚʪʦʨʥʦʤ ʦʪʞʠʛʝ ʧʨʠ 1200Áʉ ʚ ʪʝʯʝʥʠʝ 2 ʯ. ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ, 

ʦʧʨʝʜʝʣʝʥʠʷ ʤʝʭʘʥʠʟʤʦʚ ʜʝʬʦʨʤʘʮʠʠ ʠ ʨʘʟʨʫʰʝʥʠʷ ʠʟ ʟʘʛʦʪʦʚʦʢ ʙʳʣʠ ʚʳʨʝʟʘʥʳ 

ʦʙʨʘʟʮʳ ʚ ʬʦʨʤʝ ʜʚʦʡʥʳʭ ʣʦʧʘʪʦʢ ʩ ʨʘʟʤʝʨʦʤ ʨʘʙʦʯʝʡ ʯʘʩʪʠ: 12Ĭ2,6Ĭ1,4 ʤʤ3. 

ʄʝʭʘʥʠʯʝʩʢʠʝ ʠʩʧʳʪʘʥʠʷ ʥʘ ʦʜʥʦʦʩʥʦʝ ʩʪʘʪʠʯʝʩʢʦʝ ʨʘʩʪʷʞʝʥʠʝ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʰʠʨʦʢʦʤ 

ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʜʠʘʧʘʟʦʥʝ ʦʪ 77 ʂ ʜʦ 473 ʂ. 

ʄʠʢʨʦʩʪʨʫʢʪʫʨʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚʩʝ ʠʩʩʣʝʜʫʝʤʳʝ ʩʧʣʘʚʳ ʦʙʣʘʜʘʶʪ 

ʢʨʫʧʥʦʟʝʨʥʠʩʪʦʡ ʨʘʟʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʤʠʢʨʦʩʪʨʫʢʪʫʨʦʡ. ʉʨʝʜʥʠʡ ʨʘʟʤʝʨ ʟʝʨʥʘ ʥʝ 

ʟʘʚʠʩʠʪ ʦʪ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ, ʠ ʜʣʷ ʚʩʝʭ ʠʟʫʯʘʝʤʳʭ ʩʧʣʘʚʦʚ ʩʦʩʪʘʚʣʷʝʪ då200 ʤʢʤ. 

ʄʝʪʦʜʦʤ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʣʝʛʠʨʦʚʘʥʠʝ ʘʪʦʤʘʤʠ 

ʚʥʝʜʨʝʥʠʷ (ʘʟʦʪ) ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ʥʘ ʚʝʣʠʯʠʥʫ ʧʘʨʘʤʝʪʨʘ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ ʘ: 

ʪʘʢ ʚ ʩʣʫʯʘʝ ʩʧʣʘʚʘ, ʥʝ ʩʦʜʝʨʞʘʱʝʛʦ ʘʪʦʤʦʚ ʚʥʝʜʨʝʥʠʷ, ʦʥ ʩʦʩʪʘʚʣʷʝʪ ʘ=3,598 ¡ ʠ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʜʦ ʘ=3,604 ¡ ʚ ʩʧʣʘʚʝ 0,8N-ɺʕʉ. ʋʚʝʣʠʯʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʟʦʪʘ ʜʦ 1,4 

ʠ 1,6 ʘʪ. % ʧʨʠʚʦʜʠʪ ʢ ʨʦʩʪʫ ʚʝʣʠʯʠʥʳ ʘ ʜʦ 3,607 ʠ 3,608 ¡, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʚʩʝ ʠʟʫʯʘʝʤʳʝ ʩʧʣʘʚʳ ʦʙʣʘʜʘʶʪ 

ʦʜʥʦʬʘʟʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʩ ɻʎʂ-ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʦʡ. 

ʀʟʫʯʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʚ ʜʠʘʧʘʟʦʥʝ 

ʪʝʤʧʝʨʘʪʫʨ ʦʪ 77 ʂ ʜʦ 473 ʂ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ, ʚʩʝ 

ʩʧʣʘʚʳ ʦʙʣʘʜʘʶʪ ʩʠʣʴʥʦʡ ʟʘʚʠʩʠʤʦʩʪʴʶ ʤʝʭʘʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ. 

ʃʝʛʠʨʦʚʘʥʠʝ ʘʪʦʤʘʤʠ ʘʟʦʪʘ ʩ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ 0,8, 1,4 ʠ 1,6 ʘʪ. % ʩʧʦʩʦʙʩʪʚʫʝʪ ʨʦʩʪʫ 

ʧʨʦʯʥʦʩʪʠ ʠ ʧʣʘʩʪʠʯʥʦʩʪʠ ʠʩʭʦʜʥʦʛʦ ʩʧʣʘʚʘ 0N-ɺʕʉ ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ ʦʪ 183 ʜʦ 

473 ʂ. ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 77 ʂ ʘʟʦʪʦʩʦʜʝʨʞʘʱʠʝ ʩʧʣʘʚʳ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʚʳʩʦʢʦʝ, ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʠʩʭʦʜʥʳʤ ʩʧʣʘʚʦʤ, ʟʥʘʯʝʥʠʝ ʧʨʝʜʝʣʘ ʪʝʢʫʯʝʩʪʠ ů0,2, ʥʦ ʦʙʣʘʜʘʶʪ ʤʝʥʴʰʝʡ 

ʧʣʘʩʪʠʯʥʦʩʪʴʶ, ʯʝʤ ʩʧʣʘʚ 0N-ɺʕʉ. ʉʧʣʘʚ ʩ ʤʘʢʩʠʤʘʣʴʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʘʟʦʪʘ 1,6N-

ɺʕʉ ʦʙʣʘʜʘʝʪ ʥʘʠʤʝʥʴʰʝʡ ʧʣʘʩʪʠʯʥʦʩʪʴʶ ʧʨʠ ʊ=77 ʂ ʠ ʨʘʟʨʫʰʘʝʪʩʷ ʥʘ ʨʘʥʥʠʭ 

ʩʪʝʧʝʥʷʭ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ. 

ʉʪʘʜʠʡʥʦʩʪʴ ʢʨʠʚʳʭ ʨʘʩʪʷʞʝʥʠʷ ʥʝ ʠʟʤʝʥʷʝʪʩʷ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ ʠʩʧʳʪʘʥʠʷ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʢʦʵʬʬʠʮʠʝʥʪ ʜʝʬʦʨʤʘʮʠʦʥʥʦʛʦ ʫʧʨʦʯʥʝʥʠʷ ʧʨʠ ʦʜʥʦʦʩʥʦʤ 
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ʨʘʩʪʷʞʝʥʠʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ ʧʦʥʠʞʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʠʩʧʳʪʘʥʠʷ ʠ ʨʦʩʪʦʤ ʘʪʦʤʥʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʘʟʦʪʘ ʚ ʩʧʣʘʚʝ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʦʜʦʙʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʜʝʬʦʨʤʘʮʠʦʥʥʦʛʦ ʫʧʨʦʯʥʝʥʠʷ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʠʩʧʳʪʘʥʠʷ ʠ ʦʪ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʚ 

ʠʩʩʣʝʜʫʝʤʳʭ ʩʧʣʘʚʘʭ ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʭ ʤʠʢʨʦʩʪʨʫʢʪʫʨʦʡ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʜʠʩʣʦʢʘʮʠʦʥʥʦʡ 

ʩʪʨʫʢʪʫʨʳ ʩʧʣʘʚʘ ʂʘʥʪʦʨʘ ʧʦʩʣʝ ʠʩʧʳʪʘʥʠʷ ʥʘ ʨʘʩʪʷʞʝʥʠʝ ʜʦ ʨʘʟʨʫʰʝʥʠʷ ʧʨʠ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʦʩʥʦʚʥʳʤ ʤʝʭʘʥʠʟʤʦʤ ʜʝʬʦʨʤʘʮʠʠ ʷʚʣʷʝʪʩʷ 

ʜʠʩʣʦʢʘʮʠʦʥʥʦʝ ʩʢʦʣʴʞʝʥʠʝ, ʥʘ ʧʦʟʜʥʠʭ ʩʪʝʧʝʥʷʭ ʜʝʬʦʨʤʘʮʠʠ ʧʨʦʠʩʭʦʜʠʪ ʘʢʪʠʚʘʮʠʷ 

ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʜʚʦʡʥʠʢʦʚʘʥʠʷ. ʇʨʠ ʣʝʛʠʨʦʚʘʥʠʠ ʘʟʦʪʦʤ ʧʨʦʠʩʭʦʜʠʪ ʫʩʠʣʝʥʠʝ 

ʧʣʘʥʘʨʥʦʩʪʠ ʜʠʩʣʦʢʘʮʠʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ, ʥʦ ʤʝʭʘʥʠʯʝʩʢʦʝ ʜʚʦʡʥʠʢʦʚʘʥʠʝ ʚ ʘʟʦʪʠʩʪʳʭ 

ʩʧʣʘʚʘʭ ʦʢʘʟʳʚʘʝʪʩʷ ʧʦʜʘʚʣʝʥʥʳʤ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʜʝʬʦʨʤʘʮʠʠ. ʀʟʫʯʝʥʠʝ 

ʤʝʭʘʥʠʟʤʦʚ ʜʝʬʦʨʤʘʮʠʠ ʠʩʩʣʝʜʫʝʤʳʭ ʩʧʣʘʚʦʚ ʧʦʩʣʝ ʠʩʧʳʪʘʥʠʷ ʥʘ ʨʘʩʪʷʞʝʥʠʝ ʜʦ 

ʨʘʟʨʫʰʝʥʠʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 77 ʂ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʧʦʤʠʤʦ ʜʠʩʣʦʢʘʮʠʦʥʥʦʛʦ ʩʢʦʣʴʞʝʥʠʷ 

ʧʨʦʠʩʭʦʜʠʪ ʘʢʪʠʚʘʮʠʷ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʜʚʦʡʥʠʢʦʚʘʥʠʷ, ʢʦʪʦʨʦʝ ʚ ʙʦʣʴʰʦʡ ʩʪʝʧʝʥʠ 

ʦʧʨʝʜʝʣʷʝʪ ʜʝʬʦʨʤʘʮʠʦʥʥʦʝ ʫʧʨʦʯʥʝʥʠʝ ʩʧʣʘʚʦʚ. ʀʩʭʦʜʥʳʡ ʩʧʣʘʚ 0N-ɺʕʉ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʘʠʙʦʣʴʰʝʡ ʧʣʦʪʥʦʩʪʴʶ ʜʚʦʡʥʠʢʦʚʳʭ ʣʘʤʝʣʝʡ, ʠʭ ʪʦʣʱʠʥʘ ʩʦʩʪʘʚʣʷʝʪ 

ʜʝʩʷʪʢʠ ʥʘʥʦʤʝʪʨʦʚ. ɺ ʘʟʦʪʦʩʦʜʝʨʞʘʱʠʭ ʩʧʣʘʚʘʭ ʥʘʙʣʶʜʘʝʪʩʷ ʤʝʭʘʥʠʯʝʩʢʦʝ 

ʜʚʦʡʥʠʢʦʚʘʥʠʝ, ʦʜʥʘʢʦ ʜʘʥʥʳʡ ʤʝʭʘʥʠʟʤ ʜʝʬʦʨʤʘʮʠʠ ʥʝ ʷʚʣʷʝʪʩʷ ʜʦʤʠʥʠʨʫʶʱʠʤ ʧʨʠ 

ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʠʩʧʳʪʘʥʠʷʭ, ʘ ʚʳʩʦʢʦʝ ʫʧʨʦʯʥʝʥʠʝ ʚʳʟʚʘʥʦ ʬʦʨʤʠʨʦʚʘʥʠʝʤ 

ʤʫʣʴʪʠʧʦʣʝʡ ʠ ʧʣʦʪʥʳʭ ʜʠʩʣʦʢʘʮʠʦʥʥʳʭ ʩʪʝʥʦʢ. ɺʦʟʤʦʞʥʳʤ ʦʙʦʩʥʦʚʘʥʠʝʤ ʧʦʜʦʙʥʳʭ 

ʤʝʭʘʥʠʟʤʦʚ ʜʝʬʦʨʤʘʮʠʠ ʤʦʞʝʪ ʷʚʣʷʪʴʩʷ ʪʦ, ʯʪʦ ʠʩʩʣʝʜʫʝʤʳʝ ʩʧʣʘʚʳ ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʩʦʙʦʡ ʥʝʫʧʦʨʷʜʦʯʝʥʥʳʝ ʪʚʝʨʜʳʝ ʨʘʩʪʚʦʨʳ ʟʘʤʝʱʝʥʠʷ, ʚ ʢʦʪʦʨʳʭ ʠʟ-ʟʘ ʣʝʛʠʨʦʚʘʥʠʷ 

ʘʟʦʪʦʤ ʧʨʦʠʩʭʦʜʷʪ ʩʠʣʴʥʳʝ ʠʩʢʘʞʝʥʠʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ ʠ ʚʦʟʤʦʞʥʦ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʙʣʠʞʥʝʛʦ ʧʦʨʷʜʢʘ ʚ ʨʘʩʧʦʣʦʞʝʥʠʠ ʘʪʦʤʦʚ ʚʥʝʜʨʝʥʠʷ. ʕʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʠʟʤʝʥʝʥʠʶ ʪʠʧʘ ʩʢʦʣʴʞʝʥʠʷ ʦʪ ʚʦʣʥʠʩʪʦʛʦ ʢ ʧʣʘʥʘʨʥʦʤʫ. ʊʘʢʞʝ, ʚ ʪʘʢʠʭ ʫʩʣʦʚʠʷʭ ʨʦʩʪ 

ʜʚʦʡʥʠʢʦʚʳʭ ʧʣʘʩʪʠʥ ʦʢʘʟʳʚʘʝʪʩʷ ʟʘʪʨʫʜʥʝʥ, ʥʝʩʤʦʪʨʷ ʥʘ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʨʦʩʪ 

ʜʝʬʦʨʤʠʨʫʶʱʠʭ ʥʘʧʨʷʞʝʥʠʡ ʠ ʫʚʝʣʠʯʝʥʠʝ ʵʥʝʨʛʠʠ ʜʝʬʝʢʪʦʚ ʫʧʘʢʦʚʢʠ ʜʦʣʞʥʳ 

ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʘʢʪʠʚʘʮʠʠ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʜʚʦʡʥʠʢʦʚʘʥʠʷ. 

ɸʥʘʣʠʟ ʧʦʚʝʨʭʥʦʩʪʝʡ ʨʘʟʨʫʰʝʥʠʷ ʠʩʩʣʝʜʫʝʤʳʭ ʩʧʣʘʚʦʚ ʧʦʢʘʟʘʣ, ʯʪʦ ʧʦʩʣʝ 

ʠʩʧʳʪʘʥʠʷ ʥʘ ʦʜʥʦʦʩʥʦʝ ʨʘʩʪʷʞʝʥʠʝ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚʩʝ ʩʧʣʘʚʳ 

ʨʘʟʨʫʰʘʶʪʩʷ ʚʷʟʢʦ ʪʨʘʥʩʢʨʠʩʪʘʣʣʠʪʥʦ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʷʤʦʢ ʠʟʣʦʤʘ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʷʭ ʨʘʟʨʫʰʝʥʠʷ. ʇʦʩʣʝ ʠʩʧʳʪʘʥʠʡ ʥʘ ʨʘʩʪʷʞʝʥʠʝ ʜʦ ʨʘʟʨʫʰʝʥʠʷ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ ʞʠʜʢʦʛʦ ʘʟʦʪʘ ʩʧʣʘʚʳ 0N-ɺʕʉ, 0,8N-ɺʕʉ ʠ 1,4N-ɺʕʉ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʧʦ-

ʧʨʝʞʥʝʤʫ ʚʷʟʢʠʤ ʠʟʣʦʤʦʤ. ɺ ʩʧʣʘʚʝ ʩ ʤʘʢʩʠʤʘʣʴʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʘʟʦʪʘ ʭʘʨʘʢʪʝʨ 

ʨʘʟʨʫʰʝʥʠʷ ʤʝʥʷʝʪʩʷ ʥʘ ʭʨʫʧʢʠʡ ʠʥʪʝʨʢʨʠʩʪʘʣʣʠʪʥʳʡ ʩ ʥʘʣʠʯʠʝʤ ʣʦʢʘʣʴʥʳʭ ʦʙʣʘʩʪʝʡ 

ʚʷʟʢʦʛʦ ʠʟʣʦʤʘ ʚ ʪʝʣʝ ʟʝʨʝʥ. ʊʘʢʦʝ ʧʦʚʝʜʝʥʠʝ ʩʧʣʘʚʘ 1,6N-ɺʕʉ ʧʨʠ ʨʘʟʨʫʰʝʥʠʠ ʧʦʩʣʝ 

ʨʘʩʪʷʞʝʥʠʷ ʧʨʠ ʊ=77 ʂ ʦʙʫʩʣʘʚʣʠʚʘʝʪʩʷ ʚʳʩʦʢʠʤ ʟʥʘʯʝʥʠʝʤ ʜʝʬʦʨʤʠʨʫʶʱʠʭ 

ʥʘʧʨʷʞʝʥʠʡ ʠ ʥʝʚʦʟʤʦʞʥʦʩʪʴʶ ʠʭ ʘʢʢʦʤʦʜʘʮʠʠ ʫ ʛʨʘʥʠʮ ʟʝʨʝʥ, ʜʣʷ ʢʦʪʦʨʳʭ ʧʨʠ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʟʦʪʘ 1,6 ʘʪ. % ʭʘʨʘʢʪʝʨʥʦ ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʝʛʨʝʛʘʮʠʡ ʵʣʝʤʝʥʪʦʚ 

ʟʘʤʝʱʝʥʠʷ, ʚʭʦʜʷʱʠʭ ʚ ʩʦʩʪʘʚ ʩʧʣʘʚʘ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ (ʧʨʦʝʢʪ ˉ 20-19-

00261). 
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ʉʊʈʋʂʊʋʈɸ ʀ ʄɽʍɸʅʀʏɽʉʂʀɽ ʉɺʆʁʉʊɺɸ ʉʊɸʃʀ 20ɻʃ 

ʇʆʉʃɽ ʈɸɿʃʀʏʅʓʍ ɺʀɼʆɺ ʊɽʈʄʀʏɽʉʂʆɻʆ ʋʇʈʆʏʅɽʅʀʗ 

ʉ.ʆ. ʈʦʛʘʯʝʚ, ɼ.ɺ. ʇʨʠʫʧʦʣʠʥ 

ʅʀʊʋ çʄʀʉʠʉè, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

E-mail. csaap@mail.ru 

ʊʝʨʤʠʯʝʩʢʦʝ ʫʧʨʦʯʥʝʥʠʝ ʩʪʘʣʝʡ ï ʵʬʬʝʢʪʠʚʥʳʡ ʩʧʦʩʦʙ ʧʦʚʳʰʝʥʠʷ ʢʦʤʧʣʝʢʩʘ 

ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʠ ʫʣʫʯʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʛʦʪʦʚʦʛʦ ʠʟʜʝʣʠʷ [1]. ʆʜʥʠʤ ʠʟ ʪʘʢʠʭ 

ʩʧʦʩʦʙʦʚ ʷʚʣʷʝʪʩʷ ʟʘʢʘʣʢʘ, ʟʘʢʣʶʯʘʶʱʘʷʩʷ ʚ ʥʘʛʨʝʚʝ ʩʪʘʣʴʥʦʛʦ ʠʟʜʝʣʠʷ ʚʳʰʝ ʥʝʢʦʪʦʨʦʡ 

ʢʨʠʪʠʯʝʩʢʦʡ ʪʦʯʢʠ (ʧʦʣʠʤʦʨʬʥʦʛʦ ʧʨʝʚʨʘʱʝʥʠʷ), ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʙʳʩʪʨʳʤ 

ʦʭʣʘʞʜʝʥʠʝʤ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʚ ʣʠʪʝʨʘʪʫʨʝ ʯʘʩʪʦ ʚʩʪʨʝʯʘʝʪʩʷ ʤʥʝʥʠʝ, ʯʪʦ 

ʥʠʟʢʦʫʛʣʝʨʦʜʠʩʪʳʝ ʩʪʘʣʠ ʩʣʘʙʦ ʠʟʤʝʥʷʶʪ ʩʚʦʠ ʩʚʦʡʩʪʚʘ ʧʦʩʣʝ ʟʘʢʘʣʢʠ, ʚ ʩʚʷʟʠ ʩ ʯʝʤ 

ʧʨʠʤʝʥʝʥʠʝ ʧʦʜʦʙʥʳʭ ʤʝʪʦʜʦʚ ʪʝʨʤʠʯʝʩʢʦʛʦ ʫʧʨʦʯʥʝʥʠʷ ʢ ʥʠʤ ʥʝʧʨʠʤʝʥʠʤʦ [2]. 

ʆʜʥʘʢʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʟʘ ʩʯʝʪ ʚʳʙʦʨʘ ʨʝʞʠʤʘ ʟʘʢʘʣʢʠ ʤʦʞʥʦ ʚ ʰʠʨʦʢʠʭ 

ʧʨʝʜʝʣʘʭ ʫʧʨʘʚʣʷʪʴ ʢʦʤʧʣʝʢʩʦʤ ʩʚʦʡʩʪʚ ʥʠʟʢʦʫʛʣʝʨʦʜʠʩʪʳʭ ʩʪʘʣʝʡ [3-5]. ʎʝʣʴʶ ʜʘʥʥʦʡ 

ʨʘʙʦʪʳ ʙʳʣʦ ʩʨʘʚʥʠʪʝʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʩʧʦʩʦʙʘ ʪʝʨʤʠʯʝʩʢʦʛʦ ʫʧʨʦʯʥʝʥʠʷ ʥʘ 

ʠʟʤʝʥʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʩʪʘʣʠ ʤʘʨʢʠ 20ɻʃ. 

ʀʩʩʣʝʜʦʚʘʣʠ ʦʙʨʘʟʮʳ ʠʟ ʩʪʘʣʠ 20ɻʃ ʩ ʩʝʯʝʥʠʝʤ ʪʦʣʱʠʥʦʡ 20 ʤʤ, ʧʦʜʚʝʨʛʥʫʪʳʝ 

ʨʘʟʣʠʯʥʳʤ ʤʝʪʦʜʘʤ ʪʝʨʤʠʯʝʩʢʦʛʦ ʫʧʨʦʯʥʝʥʠʷ: ʥʦʨʤʘʣʠʟʘʮʠʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 900 Áʉ ʩ 

ʦʭʣʘʞʜʝʥʠʝʤ ʥʘ ʚʦʟʜʫʭʝ (ʠʩʭʦʜʥʦʝ ʩʦʩʪʦʷʥʠʝ), ʟʘʢʘʣʢʝ ʩ ʪʝʤʧʝʨʘʪʫʨʳ 950 Áʉ ʩ 

ʦʭʣʘʞʜʝʥʠʝʤ ʚ ʚʦʜʫ ʚ ʪʝʯʝʥʠʝ 5 ʤʠʥʫʪ ʠ ʟʘʢʘʣʢʝ ʩ ʪʝʤʧʝʨʘʪʫʨʳ 1000 Áʉ ʩ ʦʭʣʘʞʜʝʥʠʝʤ 

ʙʳʩʪʨʦʜʚʠʞʫʱʠʤʩʷ ʧʦʪʦʢʦʤ ʚʦʜʳ ʚ ʪʝʯʝʥʠʝ 2 ʤʠʥʫʪ. 

ʇʨʦʚʝʜʝʥ ʜʝʪʘʣʴʥʳʡ ʧʦʩʣʦʡʥʳʡ ʤʝʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʦʙʨʘʟʮʦʚ ʧʦʩʣʝ 

ʪʝʨʤʠʯʝʩʢʦʛʦ ʫʧʨʦʯʥʝʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʧʪʠʯʝʩʢʦʛʦ ʠ ʵʣʝʢʪʨʦʥʥʦʛʦ ʩʢʘʥʠʨʫʶʱʝʛʦ 

ʤʠʢʨʦʩʢʦʧʘ, ʠʟʤʝʨʝʥʘ ʤʠʢʨʦʪʚʝʨʜʦʩʪʴ ʤʝʪʦʜʦʤ ɺʠʢʢʝʨʩʘ ʧʦ ʩʝʯʝʥʠʶ ʦʙʨʘʟʮʦʚ, 

ʧʨʦʚʝʜʝʥʦ ʠʩʧʳʪʘʥʠʝ ʥʘ ʦʜʥʦʦʩʥʦʝ ʨʘʩʪʷʞʝʥʠʝ ʧʣʦʩʢʠʭ ʦʙʨʘʟʮʦʚ, ʚʳʨʝʟʘʥʥʳʭ ʠʟ 

ʨʘʟʥʳʭ (ʧʦ ʩʪʨʫʢʪʫʨʝ) ʩʣʦʝʚ, ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʤʝʭʘʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ 

ʫʩʪʘʥʦʚʣʝʥʠʷ ʠʭ ʩʚʷʟʠ ʩʦ ʩʪʨʫʢʪʫʨʦʡ. 

ʉʪʘʣʴ 20ɻʃ ʧʦ ʚʩʝʤʫ ʩʝʯʝʥʠʶ ʦʙʨʘʟʮʘ ʧʦʩʣʝ ʥʦʨʤʘʣʠʟʘʮʠʠ ʠʤʝʣʘ ʬʝʨʨʠʪʦ-

ʧʝʨʣʠʪʥʫʶ ʤʠʢʨʦʩʪʨʫʢʪʫʨʫ, ʘ ʧʦʩʣʝ ʟʘʢʘʣʢʠ ʚ ʚʦʜʫ ï ʤʘʨʪʝʥʩʠʪʥʫʶ ʤʠʢʨʦʩʪʨʫʢʪʫʨʫ. 

ʇʦʣʫʯʝʥʥʘʷ ʧʦʩʣʝ ʟʘʢʘʣʢʠ ʙʳʩʪʨʦʜʚʠʞʫʱʠʤʩʷ ʧʦʪʦʢʦʤ ʚʦʜʳ ʤʠʢʨʦʩʪʨʫʢʪʫʨʘ ʩʪʘʣʠ 

ʠʤʝʣʘ ʛʨʘʜʠʝʥʪʥʦʝ ʩʪʨʦʝʥʠʝ ʧʦ ʩʝʯʝʥʠʶ ʦʙʨʘʟʮʘ ʠ ʩʦʩʪʦʷʣʘ ʠʟ ʩʣʦʝʚ ʩ ʨʘʟʣʠʯʥʦʡ 

ʩʪʨʫʢʪʫʨʦʡ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʚʛʣʫʙʴ ʦʙʨʘʟʮʘ: ʦʙʝʟʫʛʣʝʨʦʞʝʥʥʳʡ ʩʣʦʡ, ʬʝʨʨʠʪ + ʧʝʨʣʠʪ, 

ʧʝʨʣʠʪ ʩ ʧʨʦʩʣʦʡʢʘʤʠ ʬʝʨʨʠʪʘ, ʬʝʨʨʠʪʦ-ʧʝʨʣʠʪʥʘʷ ʩʤʝʩʴ ʩ ʫʯʘʩʪʢʘʤʠ ʪʨʦʦʩʪʠʪʘ, 

ʬʝʨʨʠʪʦ-ʧʝʨʣʠʪʥʘʷ ʩʤʝʩʴ ʩ ʫʯʘʩʪʢʘʤʠ ʪʨʦʦʩʪʠʪʘ ʠ ʩʦʨʙʠʪʘ.  

ʇʦʩʣʝ ʥʦʨʤʘʣʠʟʘʮʠʠ ʠ ʧʦʩʣʝ ʟʘʢʘʣʢʠ ʚ ʚʦʜʫ ʤʠʢʨʦʪʚʝʨʜʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʘ 

ʨʘʚʥʦʤʝʨʥʦ ʧʦ ʩʝʯʝʥʠʶ ʦʙʨʘʟʮʘ. ʉʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʧʦʩʣʝ ʥʦʨʤʘʣʠʟʘʮʠʠ 

ʠ ʧʦʩʣʝ ʟʘʢʘʣʢʠ ʚ ʚʦʜʫ ʩʦʩʪʘʚʠʣʠ 197 HV ʠ 504 HV ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʦʩʣʝ ʟʘʢʘʣʢʠ 

ʙʳʩʪʨʦʜʚʠʞʫʱʠʤʩʷ ʧʦʪʦʢʦʤ ʚʦʜʳ ʤʠʢʨʦʪʚʝʨʜʦʩʪʴ ʧʦ ʩʝʯʝʥʠʶ ʦʙʨʘʟʮʘ ʠʟʤʝʥʷʝʪʩʷ ʚ 

ʜʠʘʧʘʟʦʥʝ ʦʪ 200 ʜʦ 300 HV. ʅʘʠʙʦʣʝʝ ʚʳʩʦʢʦʡ ʪʚʝʨʜʦʩʪʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʫʯʘʩʪʦʢ ʥʘ 

ʛʣʫʙʠʥʝ ʦʪ 2,5 ʜʦ 5 ʤʤ, ʢʦʪʦʨʳʡ ʠʤʝʝʪ ʩʪʨʫʢʪʫʨʫ ʬʝʨʨʠʪʦ-ʧʝʨʣʠʪʥʦʡ ʩʤʝʩʠ ʩ ʫʯʘʩʪʢʘʤʠ 

ʪʨʦʦʩʪʠʪʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʟʘʢʘʣʢʘ ʚ ʚʦʜʫ ʠ ʟʘʢʘʣʢʘ ʙʳʩʪʨʦʜʚʠʞʫʱʠʤʩʷ ʧʦʪʦʢʦʤ ʚʦʜʳ 

ʧʨʠʚʦʜʪ̫ ʢ ʧʦʚʳʰʝʥʠʶ ʤʠʢʨʦʚʝʨʜʦʩʪʠ ʚ 2,5 ʨʘʟʘ ʠ ʜʦ 1,5 ʨʘʟʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʥʦʨʤʘʣʠʟʦʚʘʥʥʳʤ ʩʦʩʪʦʷʥʠʝʤ. 

ʉʦʛʣʘʩʥʦ ʨʝʟʫʣʴʪʘʪʘʤ, ʧʦʣʫʯʝʥʥʳʤ ʧʨʠ ʠʩʧʳʪʘʥʠʠ ʥʘ ʨʘʩʪʷʞʝʥʠʝ, ʩʪʘʣʴ 20ɻʃ 

ʧʦʩʣʝ ʥʦʨʤʘʣʠʟʘʮʠʠ ʠʤʝʝʪ ʧʨʝʜʝʣ ʪʝʢʫʯʝʩʪʠ 358 ʄʇʘ, ʧʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ 584 ʄʇʘ ʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʫʜʣʠʥʝʥʠʝ 29 %. ʇʦʩʣʝ ʟʘʢʘʣʢʠ ʚ ʚʦʜʫ ʩʪʘʣʴ 20ɻʃ ʠʤʝʝʪ ʥʘʠʙʦʣʝʝ 
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ʚʳʩʦʢʫʶ ʧʨʦʯʥʦʩʪʴ (ʧʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʚʳʰʝ 1500 ʄʇʘ), ʦʜʥʘʢʦ ʝʸ ʦʪʥʦʩʠʪʝʣʴʥʦʝ 

ʫʜʣʠʥʝʥʠʝ ʫʤʝʥʴʰʘʝʪʩʷ ʜʦ 4ï9 %. ʅʝʩʤʦʪʨʷ ʥʘ ʚʳʩʦʢʫʶ ʧʨʦʯʥʦʩʪʴ ʧʦʩʣʝ ʟʘʢʘʣʢʠ ʚ ʚʦʜʫ, 

ʠʟ-ʟʘ ʥʘʣʠʯʠʷ ʤʘʨʪʝʥʩʠʪʥʦʡ ʩʪʨʫʢʪʫʨʳ ʩʪʘʣʴ ʤʦʞʝʪ ʙʳʪʴ ʯʫʚʩʪʚʠʪʝʣʴʥʘ ʢ ʨʘʟʣʠʯʥʳʤ 

ʢʦʥʮʝʥʪʨʘʪʦʨʘʤ ʥʘʧʨʷʞʝʥʠʡ. 

ʇʨʦʯʥʦʩʪʴ ʩʪʘʣʠ ʧʦʩʣʝ ʟʘʢʘʣʢʠ ʙʳʩʪʨʦʜʚʠʞʫʱʠʤʩʷ ʧʦʪʦʢʦʤ ʚʦʜʳ ʧʦʚʳʰʘʝʪʩʷ ʦʪ 

ʧʦʚʝʨʭʥʦʩʪʠ ʚʛʣʫʙʴ ʦʙʨʘʟʮʘ, ʯʪʦ ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʠʟʤʝʥʝʥʠʝʤ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ. 

ʅʘʠʙʦʣʴʰʠʡ ʧʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʠ ʧʨʝʜʝʣ ʪʝʢʫʯʝʩʪʠ ʩʪʘʣʠ ʧʦʩʣʝ ʟʘʢʘʣʢʠ ʩ ʦʭʣʘʞʜʝʥʠʝʤ 

ʙʳʩʪʨʦʜʚʠʞʫʱʠʤʩʷ ʧʦʪʦʢʦʤ ʚʦʜʳ ʚ 1,6 ʨʘʟ ʚʳʰʝ, ʯʝʤ ʧʦʩʣʝ ʥʦʨʤʘʣʠʟʘʮʠʠ, ʧʨʠ 

ʥʝʙʦʣʴʰʦʤ ʩʥʠʞʝʥʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʫʜʣʠʥʝʥʠʷ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʟʘʢʘʣʢʘ ʙʳʩʪʨʦʜʚʠʞʫʱʠʤʩʷ ʧʦʪʦʢʦʤ ʚʦʜʳ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʙʣʘʛʦʧʨʠʷʪʥʦʡ ʛʨʘʜʠʝʥʪʥʦʡ ʩʪʨʫʢʪʫʨʳ ʠ ʩʦʯʝʪʘʥʠʝ ʚʳʩʦʢʦʡ ʧʨʦʯʥʦʩʪʠ 

(ʜʦ 750 ʄʇʘ) ʠ ʧʣʘʩʪʠʯʥʦʩʪʠ (18ï25 %) ʩʪʘʣʠ 20ɻʃ. 
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2007). 
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ɸʜʜʠʪʠʚʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʙʳʩʪʨʦ ʨʘʟʚʠʚʘʶʪʩʷ ʩ ʥʘʯʘʣʘ 2000-ʭ ʛʦʜʦʚ [1]. ʉʨʝʜʠ ʥʠʭ 

ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʧʦʣʫʯʠʣʦ ʥʘʧʨʘʚʣʝʥʠʝ 3D-ʧʝʯʘʪʠ, ʚʢʣʶʯʘʶʱʝʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ 

ʤʝʪʦʜʳ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠʟʜʝʣʠʡ ʠ ʧʨʦʪʦʪʠʧʦʚ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʧʦʵʪʘʧʥʦʤ ʬʦʨʤʠʨʦʚʘʥʠʠ 

ʠʟʜʝʣʠʷ ʧʫʪʸʤ ʜʦʙʘʚʣʝʥʠʷ ʤʘʪʝʨʠʘʣʘ ʥʘ ʦʩʥʦʚʫ. ʕʪʠ ʤʝʪʦʜʳ ʨʝʘʣʠʟʫʶʪʩʷ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʜʣʷ ʧʣʘʚʣʝʥʠʷ ʠ ʩʧʣʘʚʣʝʥʠʷ ʯʘʩʪʠʮ 

ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʧʦʨʦʰʢʘ. ɸʜʜʠʪʠʚʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʠʤʝʝʪ ʧʨʝʜʧʦʩʳʣʢʠ ʩʪʘʪʴ ʚʘʞʥʦʡ 

ʪʝʭʥʦʣʦʛʠʝʡ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠʟʜʝʣʠʡ ʩʣʦʞʥʦʡ ʬʦʨʤʳ ʩ ʪʨʝʙʫʝʤʳʤ ʢʦʤʧʣʝʢʩʦʤ ʩʚʦʡʩʪʚ, 

ʨʘʜʠʢʘʣʴʥʦ ʠʟʤʝʥʠʚ ʪʨʘʜʠʮʠʦʥʥʳʝ ʤʝʪʦʜʳ ʦʨʛʘʥʠʟʘʮʠʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʧʨʦʮʝʩʩʘ 

[2].  

ɹʣʘʛʦʜʘʨʷ ʧʨʝʚʦʩʭʦʜʥʳʤ ʣʠʪʝʡʥʳʤ ʩʚʦʡʩʪʚʘʤ ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ 

ʵʚʪʝʢʪʠʯʝʩʢʠʝ ʘʣʶʤʠʥʠʡ-ʢʘʣʴʮʠʝʚʳʝ ʩʧʣʘʚʳ ʧʦʪʝʥʮʠʘʣʴʥʦ ʧʨʠʤʝʥʠʤʳ ʚ ʘʜʜʠʪʠʚʥʳʭ 

ʪʝʭʥʦʣʦʛʠʷʭ [3]. ʆʜʥʘʢʦ ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʠʭ ʧʦʚʝʜʝʥʠʠ ʚ ʫʩʣʦʚʠʷʭ ʙʳʩʪʨʦʡ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʧʨʠ ʣʘʟʝʨʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʚ ʣʠʪʝʨʘʪʫʨʝ ʝʱʝ ʥʝʪ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ 

ʠʩʩʣʝʜʦʚʘʣʠ ʚʣʠʷʥʠʝ ʣʘʟʝʨʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʫʧʨʦʯʥʝʥʠʝ ʘʣʶʤʠʥʠʝʚʦʛʦ ʩʧʣʘʚʘ 

ʵʚʪʝʢʪʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ Al-8%Ca. ʀʟʥʘʯʘʣʴʥʦ ʩʧʣʘʚ ʙʳʣ ʧʦʣʫʯʝʥ ʚ ʚʠʜʝ ʦʪʣʠʚʢʠ ʜʣʠʥʦʡ 

200 ʤʤ ʠ ʜʠʘʤʝʪʨʦʤ 20 ʤʤ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠ ʥʘ ʧʣʘʩʪʠʥʘʭ ʪʦʣʱʠʥʦʡ ~1 ʤʤ, 

ʢʦʪʦʨʳʝ ʚʳʨʝʟʘʣʠ ʠʟ ʦʪʣʠʚʢʠ ʵʣʝʢʪʨʦʵʨʦʟʠʦʥʥʳʤ ʤʝʪʦʜʦʤ. 
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ʇʨʠ ʧʦʤʦʱʠ ʫʩʪʘʥʦʚʢʠ ʩʝʣʝʢʪʠʚʥʦʛʦ ʣʘʟʝʨʥʦʛʦ ʩʧʣʘʚʣʝʥʠʷ SLM Solutions 280HL 

ʜʝʣʘʣʠ ʧʘʨʘʣʣʝʣʴʥʳʝ ʣʘʟʝʨʥʳʝ ʧʨʦʧʣʘʚʳ (ʪʨʝʢʠ) ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʘʩʪʠʥ. ʎʝʣʴ ï 

ʠʟʫʯʝʥʠʝ ʵʬʬʝʢʪʘ ʫʧʨʦʯʥʝʥʠʷ ʩʧʣʘʚʘ ʚ ʫʩʣʦʚʠʷʭ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʙʣʠʟʢʠʭ ʢ 

ʨʝʘʣʠʟʫʝʤʳʤ ʧʨʠ ʩʝʣʝʢʪʠʚʥʦʤ ʣʘʟʝʨʥʦʤ ʩʧʣʘʚʣʝʥʠʠ. ɺʩʝʛʦ ʙʳʣʦ ʩʜʝʣʘʥʦ ʯʝʪʳʨʝ 

ʧʨʦʧʣʘʚʘ ʧʨʠ ʤʦʱʥʦʩʪʠ ʣʘʟʝʨʘ 370 ɺʪ ʠ ʩʢʦʨʦʩʪʠ ʣʘʟʝʨʥʦʛʦ ʧʫʯʢʘ 450; 750; 1050 ʠ 1350 

ʤʤ/ʩ. ʏʘʩʪʴ ʦʙʨʘʙʦʪʘʥʥʳʭ ʣʘʟʝʨʦʤ ʧʣʘʩʪʠʥ ʧʦʜʚʝʨʛʘʣʠ ʥʘʛʨʝʚʫ ʚ ʵʣʝʢʪʨʦʧʝʯʠ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʘʭ 300 ʠ 400 ÁC ʠ ʚʨʝʤʝʥʠ ʚʳʜʝʨʞʢʠ 1 ʯʘʩ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʦʭʣʘʞʜʝʥʠʝʤ ʥʘ 

ʚʦʟʜʫʭʝ.  

ʆʙʨʘʙʦʪʘʥʥʳʝ ʣʘʟʝʨʦʤ ʧʣʘʩʪʠʥʳ ʙʳʣʠ ʨʘʟʨʝʟʘʥʳ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʧʦʧʝʨʝʯʥʦʤ 

ʥʘʧʨʘʚʣʝʥʠʶ ʧʨʦʧʣʘʚʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʣʝʢʪʨʦʵʨʦʟʠʦʥʥʦʛʦ ʩʪʘʥʢʘ. ʆʪʨʝʟʘʥʥʳʝ 

ʬʨʘʛʤʝʥʪʳ ʙʳʣʠ ʧʦʤʝʱʝʥʳ ʚ ʪʚʝʨʜʫʶ ʦʩʥʘʩʪʢʫ ʤʝʪʦʜʦʤ ʭʦʣʦʜʥʦʡ ʟʘʣʠʚʢʠ, ʧʦʩʣʝ ʯʝʛʦ 

ʧʦʜʚʝʨʛʥʫʪʳ ʰʣʠʬʦʚʢʝ ʠ ʧʦʣʠʨʦʚʢʝ ʜʦ ʟʝʨʢʘʣʴʥʦʛʦ ʙʣʝʩʢʘ. ʄʠʢʨʦʪʚʝʨʜʦʩʪʴ ʧʦ 

ɺʠʢʢʝʨʩʫ (ʥʘʛʨʫʟʢʘ 0.5 ʅ, ʚʨʝʤʷ ʚʳʜʝʨʞʢʠ 10 ʩ) ʚ ʟʦʥʝ ʧʣʘʚʣʝʥʠʷ ʠ ʚ ʦʩʥʦʚʥʦʤ ʤʝʪʘʣʣʝ 

ʠʟʤʝʨʷʣʠ ʥʘ ʧʨʠʙʦʨʝ Micromet 5101 Buehler. ʉʪʨʫʢʪʫʨʫ ʚ ʧʦʧʝʨʝʯʥʦʤ ʩʝʯʝʥʠʠ ʠʟʫʯʘʣʠ 

ʥʘ ʦʧʪʠʯʝʩʢʦʤ ʤʠʢʨʦʩʢʦʧʝ ʧʦʩʣʝ ʪʨʘʚʣʝʥʠʷ ʰʣʠʬʦʚ ʚ 5% ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ HF. 

ɸʥʘʣʠʟ ʩʪʨʫʢʪʫʨʳ ʪʨʝʢʦʚ ʚ ʧʦʧʝʨʝʯʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʧʦʢʘʟʘʣ, ʯʪʦ ʩʢʦʨʦʩʪʴ 

ʣʘʟʝʨʥʦʛʦ ʧʫʯʢʘ ʚʣʠʷʝʪ ʥʘ ʦʙʲʝʤ ʨʘʩʧʣʘʚʣʝʥʥʦʛʦ ʤʝʪʘʣʣʘ, ʯʪʦ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʨʘʟʥʦʡ 

ʛʣʫʙʠʥʝ, ʰʠʨʠʥʝ ʠ ʬʦʨʤʝ ʟʦʥʳ ʧʣʘʚʣʝʥʠʷ. ʅʘʠʙʦʣʴʰʠʡ ʨʘʟʤʝʨ ʦʙʣʘʩʪʠ ʧʣʘʚʣʝʥʠʷ 

ʥʘʙʣʶʜʘʝʪʩʷ ʜʣʷ ʤʠʥʠʤʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʣʘʟʝʨʥʦʛʦ ʧʫʯʢʘ 450 ʤʤ/ʩ: ʰʠʨʠʥʘ ʠ ʛʣʫʙʠʥʘ 

ʟʦʥʳ ʧʣʘʚʣʝʥʠʷ ʩʦʩʪʘʚʠʣʠ 270 ʠ 177 ʤʢʤ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʋʚʝʣʠʯʝʥʠʝ ʩʢʦʨʦʩʪʠ 

ʣʘʟʝʨʥʦʛʦ ʧʫʯʢʘ ʜʦ 750; 1050 ʠ 1350 ʤʤ/ʩ ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʰʠʨʠʥʳ ʟʦʥʳ 

ʧʣʘʚʣʝʥʠʷ ʜʦ 232; 228 ʠ 185 ʤʢʤ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʨʠ ʵʪʦʤ ʥʝʪ ʯʝʪʢʦʡ ʟʘʚʠʩʠʤʦʩʪʠ 

ʠʟʤʝʥʝʥʠʷ ʛʣʫʙʠʥʘ ʟʦʥʳ ʧʣʘʚʣʝʥʠʷ ʦʪ ʩʢʦʨʦʩʪʠ ʣʘʟʝʨʥʦʛʦ ʧʫʯʢʘ; ʪʘʢ, ʛʣʫʙʠʥʘ ʟʦʥʳ 

ʧʣʘʚʣʝʥʠʷ ʩʦʩʪʘʚʠʣʘ 55 ʤʢʤ; 153 ʤʢʤ ʠ 95 ʤʤ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʜʣʷ ʩʢʦʨʦʩʪʠ ʣʘʟʝʨʥʦʛʦ 

ʧʫʯʢʘ 750; 1050 ʠ 1350 ʤʤ/ʩ. 

ʄʠʢʨʦʚʝʨʜʦʩʪʴ ʟʦʥʳ ʧʣʘʚʣʝʥʠʷ ʚ ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʚʳʰʝ (204ï357 HV), ʯʝʤ ʪʚʝʨʜʦʩʪʴ 

ʦʩʥʦʚʥʦʛʦ ʤʝʪʘʣʣʘ (80ï100 HV). ɺʥʫʪʨʝʥʥʷʷ ʩʪʨʫʢʪʫʨʘ ʟʦʥʳ ʧʣʘʚʣʝʥʠʷ ʥʝʦʜʥʦʨʦʜʥʘ ʠ 

ʦʪʣʠʯʘʝʪʩʷ ʧʦ ʢʦʥʪʨʘʩʪʫ ʥʘ ʦʧʪʠʯʝʩʢʦʤ ʠʟʦʙʨʘʞʝʥʠʠ; ʧʨʠʩʫʪʩʪʚʫʶʪ ʩʚʝʪʣʳʝ ʠ ʪʝʤʥʳʝ 

ʦʙʣʘʩʪʠ. ʇʨʠ ʵʪʦʤ ʩʚʝʪʣʳʝ ʦʙʣʘʩʪʠ ʠʤʝʶʪ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʤʠʢʨʦʪʚʝʨʜʦʩʪʴ ï 329ï357 HV, 

ʘ ʪʝʤʥʳʝ ʦʙʣʘʩʪʠ ï ʙʦʣʝʝ ʥʠʟʢʫʶ ʤʠʢʨʦʪʚʝʨʜʦʩʪʴ ï 204ï282 HV. ʅʘʠʙʦʣʴʰʘʷ ʜʦʣʷ 

ʩʚʝʪʣʳʭ ʦʙʣʘʩʪʝʡ ʚ ʟʦʥʝ ʧʣʘʚʣʝʥʠʷ ʥʘʙʣʶʜʘʣʘʩʴ ʚ ʩʪʨʫʢʪʫʨʝ ʪʨʝʢʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʜʣʷ 

ʩʢʦʨʦʩʪʝʡ ʣʘʟʝʨʥʦʛʦ ʧʫʯʢʘ 1350 ʠ 750 ʤʤ/ʩ. ɺ ʟʦʥʝ ʧʣʘʚʣʝʥʠʷ, ʧʦʣʫʯʝʥʥʦʡ ʜʣʷ 

ʤʠʥʠʤʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʣʘʟʝʨʥʦʛʦ ʧʫʯʢʘ 450 ʤʤ/ʩ, ʩʚʝʪʣʳʭ ʦʙʣʘʩʪʝʡ ʥʝ ʥʘʙʣʶʜʘʣʦʩʴ, ʚ 

ʩʚʷʟʠ ʩ ʯʝʤ ʦʥʘ ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʘʩʴ ʥʘʠʤʝʥʴʰʝʡ ʪʚʝʨʜʦʩʪʴʶ. 

ʆʪʞʠʛ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 300 Üʉ ʥʝ ʠʟʤʝʥʠʣ ʤʠʢʨʦʪʚʝʨʜʦʩʪʴ ʩʚʝʪʣʳʭ ʦʙʣʘʩʪʝʡ ʟʦʥʳ 

ʧʣʘʚʣʝʥʠʷ, ʥʦ ʧʨʠʚʝʣ ʢ ʩʥʠʞʝʥʠʶ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʪʝʤʥʳʭ ʦʙʣʘʩʪʝʡ ʜʦ 140ï190 HV. 

ʇʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʦʪʞʠʛʘ ʜʦ 400 Üʉ ʧʨʠʚʝʣʦ ʢ ʩʥʠʞʝʥʠʶ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʪʝʤʥʳʭ 

ʦʙʣʘʩʪʝʡ ʜʦ 90ï100 HV, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʦʩʥʦʚʥʦʛʦ ʤʝʪʘʣʣʘ, ʠ ʩʚʝʪʣʳʭ 

ʦʙʣʘʩʪʝʡ ʜʦ 120ï160 HV. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʠʙʦʣʝʝ ʫʧʨʦʯʥʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ 

ʦʙʨʘʙʦʪʘʥʥʦʛʦ ʣʘʟʝʨʦʤ ʩʧʣʘʚʘ Al-8%Ca ʦʙʣʘʜʘʝʪ ʧʦʚʳʰʝʥʥʦʡ ʪʝʨʤʠʯʝʩʢʦʡ 

ʩʪʘʙʠʣʴʥʦʩʪʴʶ. 

ɺ ʜʦʢʣʘʜʝ ʦʙʩʫʞʜʘʶʪʩʷ ʤʝʭʘʥʠʟʤʳ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʘʥʦʤʘʣʴʥʦ ʚʳʩʦʢʫ  ʁ

ʤʠʢʨʦʪʚʝʨʜʦʩʪ ɹAl-Ca-ʩʧʣʘʚʘ, ʪʘʢʠʝ ʢʘʢ ʥʘʣʠʯʠʝ ʧʝʨʝʩʳʱʝʥʥʦʛʦ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ ʠ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʜʠʩʣʦʢʘʮʠʦʥʥʦʡ ʩʫʙʩʪʨʫʢʪʫʨʳ. 

1. M.Q. Zafar, H. Zhao, Metals and Materials International 26, 564-585 (2019). 

2. I.A. Pelevin, A.Yu. Nalivaiko, D.Yu. Ozherelkov, A.S. Shinkaryov, S.V. Chernyshikhin, A.N. Arnautov, 

S.V. Zmanovsky, A.A Gromov, Materials 14, 2648 (2021).  
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3. ɹʝʣʦʚ ʅ.ɸ., ʅʘʫʤʦʚʘ ɽ.ɸ., ɸʢʦʧʷʥ ʊ.ʂ., ʕʚʪʝʢʪʠʯʝʩʢʠʝ ʩʧʣʘʚʳ ʥʘ ʦʩʥʦʚʝ ʘʣʶʤʠʥʠʷ: ʥʦʚʳʝ 

ʩʠʩʪʝʤʳ ʣʝʛʠʨʦʚʘʥʠʷ (ʈʫʜʘ ʠ ʤʝʪʘʣʣʳ, ʄʦʩʢʚʘ, 2016) 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ (ʛʨʘʥʪ ˉ 20-19-00746). 

 

ʄɽʍɸʅʀʏɽʉʂʆɽ ʇʆɺɽɼɽʅʀɽ ʄʆʅʆʂʈʀʉʊɸʃʃʆɺ ɻʎʂ 

(CoCrFeNi)96Mo4 ɺʓʉʆʂʆʕʅʊʈʆʇʀʁʅʆɻʆ ʉʇʃɸɺɸ ɺ 

ɺʓʉʆʂʆʇʈʆʏʅʆʄ ʉʆʉʊʆʗʅʀʀ 

ɸ.ɸ. ʉʘʨʘʝʚʘ, ʀ.ɺ. ʂʠʨʝʝʚʘ, ʖ.ʀ. ʏʫʤʣʷʢʦʚ 

ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʊʦʤʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʊʦʤʩʢ, 

ʈʦʩʩʠʷ 

Email: Anastasia16-05@yandex.ru 

ʅʘ ρττ ʤʦʥʦʢʨʠʩʪʘʣʣʘʭ ɻʎʂ (CoCrFeNi)96Mo4 (ʘʪ. %) ʚʳʩʦʢʦʵʥʪʨʦʧʠʡʥʦʛʦ 

ʩʧʣʘʚʘ (ɺʕʉ) ʙʳʣʦ ʠʩʩʣʝʜʦʚʘʥʦ ʤʝʭʘʥʠʯʝʩʢʦʝ ʧʦʚʝʜʝʥʠʝ ʚ ʚʳʩʦʢʦʧʨʦʯʥʦʤ ʩʦʩʪʦʷʥʠʠ 

ʧʨʠ ʜʝʬʦʨʤʘʮʠʠ ʨʘʩʪʷʞʝʥʠʝʤ. ʂ ʚʳʩʦʢʦʧʨʦʯʥʳʤ ʤʘʪʝʨʠʘʣʘʤ ʦʪʥʦʩʷʪ ʤʘʪʝʨʠʘʣʳ ʩ 

ʧʨʝʜʝʣʦʤ ʪʝʢʫʯʝʩʪʠ ů0.1 ~ G/100, ʛʜʝ G ï ʤʦʜʫʣʴ ʩʜʚʠʛʘ. ɺ ʤʦʥʦʢʨʠʩʪʘʣʣʘʭ ɻʎʂ 

(CoCrFeNi)96Mo4 ɺʕʉ ʚʳʩʦʢʦʧʨʦʯʥʦʝ ʩʦʩʪʦʷʥʠʝ ʜʦʩʪʠʛʘʣʦʩʴ ʟʘ ʩʯʝʪ ʢʦʤʧʣʝʢʩʥʦʛʦ 

ʚʣʠʷʥʠʷ: ʚʚʝʜʝʥʠʷ ʚʳʩʦʢʦʡ ʧʣʦʪʥʦʩʪʠ ʥʘʥʦʜʚʦʡʥʠʢʦʚ ʚ ʥʝʩʢʦʣʴʢʠʭ ʩʠʩʪʝʤʘʭ ʠ 

ʥʘʥʦʨʘʟʤʝʨʥʳʭ ʯʘʩʪʠʮ ɛ-ʬʘʟʳ. ʅʘʥʦʜʚʦʡʥʠʢʠ ʚʚʦʜʠʣʠ ʧʨʠ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ 

ʜʝʬʦʨʤʘʮʠʠ 60 % ʧʨʠ 77 ʂ, ʘ ʥʝʢʦʛʝʨʝʥʪʥʳʝ ʥʘʥʦʨʘʟʤʝʨʥʳʝ ʯʘʩʪʠʮʳ ɛ-ʬʘʟʳ ʧʨʠ 

ʩʪʘʨʝʥʠʠ ʧʨʠ 1173 ʂ ʚ ʪʝʯʝʥʠʝ 24 ʯʘʩʦʚ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʦʚʤʝʩʪʥʦʝ ʚʣʠʷʥʠʝ ʥʘʥʦʜʚʦʡʥʠʢʦʚ ʠ ʥʘʥʦʯʘʩʪʠʮ ɛ-ʬʘʟʳ 

ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʥʘʧʨʷʞʝʥʠʡ ʥʘ ʧʨʝʜʝʣʝ ʪʝʢʫʯʝʩʪʠ ů0.1(ʊ): ʥʘ 360 ʄʇʘ ʧʨʠ 77 ʂ, 

ʥʘ 180 ʄʇʘ ʧʨʠ 296 ʂ ʠ ʥʘ 220 ʄʇʘ ʧʨʠ 873 ʂ ʦʪʥʦʩʠʪʝʣʴʥʦ ʟʘʢʘʣʝʥʥʳʭ 

ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ. ɺ ʨʝʟʫʣʴʪʘʪʝ, ů0.1 å G/100 ʧʨʠ 77 ʂ, ů0.1 å G/220 ï G/210 ʚ 

ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʠʥʪʝʨʚʘʣʝ ʦʪ 296 ʠ ʜʦ 873 ʂ ʠ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʨʠʩʪʘʣʣʳ ʩʪʘʥʦʚʷʪʩʷ 

ʚʳʩʦʢʦʧʨʦʯʥʳʤʠ ʧʨʠ 77 ʂ ʠ ʙʣʠʟʢʠʤʠ ʢ ʚʳʩʦʢʦʧʨʦʯʥʳʤ ʚ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʠʥʪʝʨʚʘʣʝ ʦʪ 

296 ʜʦ 873 ʂ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ů0.1(ʊ) ʧʨʠ T > 296 ʂ 

ʦʙʥʘʨʫʞʠʣʦ ʨʷʜ ʦʩʦʙʝʥʥʦʩʪʝʡ, ʢʦʪʦʨʳʝ ʥʝ ʥʘʙʣʶʜʘʶʪʩʷ ʚ ʟʘʢʘʣʝʥʥʳʭ ʤʦʥʦ- ʠ ʧʦʣʠ-

ʢʨʠʩʪʘʣʣʘʭ ʩ ʤʝʣʢʠʤ ʨʘʟʤʝʨʦʤ ʟʝʨʥʘ: 1) ʦʩʣʘʙʣʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ 

ů0.1(77 ʂ) / ů0.1(296 ʂ) = 2.19 ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʩʭʦʜʥʳʤ ʟʘʢʘʣʝʥʥʳʤ ʩʦʩʪʦʷʥʠʝʤ 

ů0.1(77 ʂ) / ů0.1(296 ʂ) = 2.38, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʥʘʣʠʯʠʝʤ ʜʚʦʡʥʠʢʦʚ, ʛʨʘʥʠʮʳ ʢʦʪʦʨʳʭ 

ʷʚʣʷʶʪʩʷ ʘʪʝʨʤʠʯʝʩʢʠʤʠ ʧʨʝʧʷʪʩʪʚʠʷʤʠ ʜʣʷ ʩʢʦʣʴʟʷʱʠʭ ʜʠʩʣʦʢʘʮʠʡ; 2) ʥʘʧʨʷʞʝʥʠʷ 

ů0.1(ʊ) ʚ ʠʥʪʝʨʚʘʣʝ ʦʪ 296 ʜʦ 873 ʂ ʩʣʘʙʦ ʤʝʥʷʶʪʩʷ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʠʩʧʳʪʘʥʠʷ, ʯʪʦ 

ʦʙʫʩʣʦʚʣʝʥʦ ʤʝʜʣʝʥʥʳʤ ʨʦʩʪʦʤ ʯʘʩʪʠʮ ʠʟ-ʟʘ ʟʘʤʝʜʣʝʥʥʦʡ ʜʠʬʬʫʟʠʠ; 3) ʥʘʧʨʷʞʝʥʠʷ 

ů0.1(ʊ) ʩʣʘʙʦ ʧʘʜʘʶʪ ʧʨʠ T > 800 ʂ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʦʣʠʢʨʠʩʪʘʣʣʘʤʠ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ 

ʦʪʩʫʪʩʪʚʠʝʤ ʧʨʦʩʢʘʣʴʟʳʚʘʥʠʷ ʧʦ ʛʨʘʥʠʮʘʤ ʜʚʦʡʥʠʢʦʚ. 

ɺ ʚʳʩʦʢʦʧʨʦʯʥʦʤ ʠ ʙʣʠʟʢʦʤ ʢ ʚʳʩʦʢʦʧʨʦʯʥʦʤʫ ʩʦʩʪʦʷʥʠʶ ʤʦʥʦʢʨʠʩʪʘʣʣʳ 

ʩʦʭʨʘʥʷʶʪ ʚʳʩʦʢʫʶ ʧʣʘʩʪʠʯʥʦʩʪʴ ʜʦ 20ï30 % ʚ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʠʥʪʝʨʚʘʣʝ ʦʪ 77 ʜʦ 873 ʂ. 

ʇʣʘʩʪʠʯʝʩʢʦʝ ʪʝʯʝʥʠʝ ʨʘʟʚʠʚʘʝʪʩʷ ʩ ʚʳʩʦʢʠʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʜʝʬʦʨʤʘʮʠʦʥʥʦʛʦ 

ʫʧʨʦʯʥʝʥʠʷ ɗ=dů/dŮ (3200 ʄʇʘ ʧʨʠ 77 ʂ, 2300 ʄʇʘ ʧʨʠ 296 ʂ, 1700 ʄʇʘ ʧʨʠ 773 ʂ), 

ʧʨʠ ʢʦʪʦʨʦʤ ʜʦʩʪʠʛʘʝʪʩʷ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʥʘʧʨʷʞʝʥʠʡ ʧʝʨʝʜ ʨʘʟʨʫʰʝʥʠʝʤ 

(ůmax=1790 ʄʇʘ ʧʨʠ 77 ʂ, ůmax=1110 ʄʇʘ ʧʨʠ 296 ʂ, ůmax=730 ʄʇʘ ʧʨʠ 773 ʂ), ʥʦ ʧʨʠ 

ʵʪʦʤ ʨʘʟʨʫʰʝʥʠʝ ʩʦʭʨʘʥʷʝʪʩʷ ʚʷʟʢʠʤ ʚʦ ʚʩʝʤ ʠʩʩʣʝʜʦʚʘʥʥʦʤ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʨʘʟʚʠʪʠʝ ʧʣʘʩʪʠʯʝʩʢʦʛʦ ʪʝʯʝʥʠʷ ʩ ʚʳʩʦʢʠʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ 

ʜʝʬʦʨʤʘʮʠʦʥʥʦʛʦ ʫʧʨʦʯʥʝʥʠʷ ʜʦʩʪʠʛʘʝʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ ʨʘʟʚʠʪʠʷ 

ʜʝʬʦʨʤʘʮʠʠ ʩʢʦʣʴʞʝʥʠʝʤ ʠ ʜʚʦʡʥʠʢʦʚʘʥʠʝʤ. 
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ɺʢʣʶʯʝʥʠʷ 

ʛʨʘʬʝʥʘ 

ʅʂ/ʋʄɿ 

ʤʘʪʨʠʮʘ 

ʂʨʫʧʥʳʝ 

ʟʝʨʥʘ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʡ ʤʝʪʦʜ ʫʧʨʦʯʥʝʥʠʷ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ɻʎʂ 

(CoCrFeNi)96Mo4 (ʘʪ. %) ɺʕʉ ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʠʯʴ ʚʳʩʦʢʦʧʨʦʯʥʦʛʦ ʩʦʩʪʦʷʥʠʷ, ʧʨʠ 

ʢʦʪʦʨʦʤ ʩʦʭʨʘʥʷʝʪʩʷ ʧʣʘʩʪʠʯʥʦʩʪʴ ʜʦ 20ï30% ʠ ʚʷʟʢʦʝ ʨʘʟʨʫʰʝʥʠʝ ʚ ʰʠʨʦʢʦʤ 

ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʠʥʪʝʨʚʘʣʝ ʦʪ 77 ʜʦ 873 ʂ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʇʨʦʛʨʘʤʤʳ ʨʘʟʚʠʪʠʷ ʊʦʤʩʢʦʛʦ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ (ʇʨʠʦʨʠʪʝʪ-2030). 

 

ʇʈɽɼɽʃ ʊɽʂʋʏɽʉʊʀ ɹʀʄʆɼɸʃʔʅʓʍ ʂʆʄʇʆɿʀʊʆɺ ʄɽʊɸʃʃ-

ɻʈɸʌɽʅ ʉ ʅɸʅʆɼɺʆʁʅʀʂʆɺʆʁ ʉʊʈʋʂʊʋʈʆʁ 

ʅ.ɺ. ʉʢʠʙʘ 

ʀʥʩʪʠʪʫʪ ʧʨʦʙʣʝʤ ʤʘʰʠʥʦʚʝʜʝʥʠʷ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ 

199178, ʈʦʩʩʠʷ 

ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʝʪʩʷ ʥʦʚʳʡ ʢʣʘʩʩ ʤʘʪʝʨʠʘʣʦʚ ʩ ʙʠʤʦʜʘʣʴʥʦʡ 

ʩʪʨʫʢʪʫʨʦʡ, ʢʦʪʦʨʳʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʤʘʪʝʨʠʘʣʳ, ʩʦʩʪʦʷʱʠʝ ʠʟ ʢʨʫʧʥʳʭ (ʤʠʢʨʦʥʥʦʛʦ 

ʨʘʟʤʝʨʘ) ʟʝʨʝʥ, ʚʥʝʜʨʝʥʥʳʭ ʚ ʤʘʪʨʠʮʫ ʥʘʥʦʢʨʠʩʪʘʣʠʯʝʩʢʫʶ/ʫʣʴʪʨʘʤʝʣʢʦʟʝʨʥʠʩʪʫʶ 

ʅʂ/ʋʄɿ ʤʘʪʨʠʮʫ. ʉʦʛʣʘʩʥʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʨʘʙʦʪʘʤ ʠ ʢʦʤʧʴʶʪʝʨʥʦʤʫ 

ʤʦʜʝʣʠʨʦʚʘʥʠʶ, ʥʘʣʠʯʠʝ ʢʨʫʧʥʳʭ ʟʝʨʝʥ ʚ ʅʂ/ʋʄɿ ʤʘʪʨʠʮʝ ʩ ʛʨʘʬʝʥʦʚʳʤʠ 

ʚʢʣʶʯʝʥʠʷʤʠ, ʤʦʞʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʩʠʪʴ ʧʣʘʩʪʠʯʥʦʩʪʴ ʢʦʤʧʦʟʠʪʘ ʤʝʪʘʣʣ-ʛʨʘʬʝʥ. 

ʆʩʥʦʚʳʚʘʷʩʴ ʥʘ ʵʪʠʭ ʜʘʥʥʳʭ, ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʪʝʦʨʝʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ, ʢʦʪʦʨʘʷ 

ʦʧʠʩʳʚʘʝʪ ʦʩʦʙʝʥʥʦʩʪʠ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ ʠ ʧʨʝʜʝʣʘ ʪʝʢʫʯʝʩʪʠ ʙʠʤʦʜʘʣʴʥʳʭ 

ʢʦʤʧʦʟʠʪʦʚ ʤʝʪʘʣʣ-ʛʨʘʬʝʥ ʩ ʥʘʥʦʜʚʦʡʥʠʢʦʚʦʡ ʩʪʨʫʢʪʫʨʦʡ. 

ʅʘ ʈʠʩ. 1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʜʚʫʤʝʨʥʘʷ ʤʦʜʝʣʴ ʙʠʤʦʜʘʣʴʥʦʛʦ ʢʦʤʧʦʟʠʪʘ, ʩʦʩʪʦʷʱʝʛʦ ʠʟ 

ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʤʘʪʨʠʮʳ ʅʂ/ʋʄɿ ʩ ʚʢʣʶʯʝʥʠʷʤʠ ʚ ʚʠʜʝ ʛʨʘʬʝʥʦʚʳʭ ʧʣʘʩʪʠʥ ʠ ʢʨʫʧʥʳʭ 

ʟʝʨʝʥ ʩ ʥʘʥʦʜʚʦʡʥʠʢʦʚʦʡ ʩʪʨʫʢʪʫʨʦʡ. 
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ʢʨʫʧʥʳʤʠ ʟʝʨʥʘʤʠ, ʚʥʝʜʨʝʥʥʳʤʠ ʚ ʅʂ/ʋʄɿ ʤʘʪʨʠʮʫ ʩ ʛʨʘʬʝʥʦʚʳʤʠ ʚʢʣʶʯʝʥʠʷʤʠ. 
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ɺ ʨʘʤʢʘʭ ʤʦʜʝʣʠ ʦʩʥʦʚʥʳʝ ʤʝʭʘʥʠʟʤʳ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʩʦʙʦʡ ʤʠʛʨʘʮʠʶ ʜʚʦʡʥʠʢʦʚʳʭ ʛʨʘʥʠʮ ʠ ʜʚʠʞʝʥʠʝ ʜʠʩʣʦʢʘʮʠʡ ʧʦʧʝʨʝʢ ʜʚʦʡʥʠʢʦʚ ʚ 

ʥʘʥʦʜʚʦʡʥʠʢʦʚʳʭ ʟʝʨʥʘʭ, ʘ ʪʘʢʞʝ ʩʢʦʣʴʞʝʥʠʝ ʨʝʰʝʪʦʯʥʳʭ ʜʠʩʣʦʢʘʮʠʡ ʠ ʩʢʦʣʴʞʝʥʠʝ 

ʛʨʘʥʠʮ ʟʝʨʝʥ ʚ ʅʂ/ʋʄɿ ʤʘʪʨʠʮʝ. ʅʘ ʧʨʠʤʝʨʝ ʙʠʤʦʜʘʣʴʥʦʛʦ ʢʦʤʧʦʟʠʪʘ Cu-ʛʨʘʬʝʥ ʩ 

ʥʘʥʦʜʚʦʡʥʠʢʦʚʦʡ ʩʪʨʫʢʪʫʨʦʡ ʨʘʩʩʯʠʪʘʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʧʨʝʜʝʣʘ ʪʝʢʫʯʝʩʪʠ ʦʪ ʪʦʣʱʠʥʳ 

ʜʚʦʡʥʠʢʦʚ. ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʧʝʨʝʭʦʜ ʦʪ ʫʧʨʦʯʥʝʥʠʷ ʢ 

ʨʘʟʫʧʨʦʯʥʝʥʠʶ ʢʦʤʧʦʟʠʪʘ ʧʨʠ ʢʨʠʪʠʯʝʩʢʦʡ ʪʦʣʱʠʥʝ ʜʚʦʡʥʠʢʦʚ ʠ ʩʠʣʴʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ 

ʧʨʝʜʝʣʘ ʪʝʢʫʯʝʩʪʠ ʦʪ ʦʙʲʝʤʥʦʡ ʜʦʣʠ ʢʨʫʧʥʳʭ ʟʝʨʝʥ ʩ ʥʘʥʦʜʚʦʡʥʠʢʦʚʦʡ ʩʪʨʫʢʪʫʨʦʡ. 

ʊʘʢʞʝ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʧʨʝʜʝʣ ʪʝʢʫʯʝʩʪʠ ʙʠʤʦʜʘʣʴʥʦʛʦ ʢʦʤʧʦʟʠʪʘ ʤʝʪʘʣʣ-ʛʨʘʬʝʥ ʩ 

ʢʨʫʧʥʳʤʠ ʥʘʥʦʜʚʦʡʥʠʢʦʚʳʤʠ ʟʝʨʥʘʤʠ ʧʨʝʚʳʰʘʝʪ ʧʨʝʜʝʣ ʪʝʢʫʯʝʩʪʠ ʅʂ/ʋʄɿ ʢʦʤʧʦʟʠʪʘ 

ʤʝʪʘʣʣ-ʛʨʘʬʝʥ ʙʝʟ ʥʘʥʦʜʚʦʡʥʠʢʦʚʘʥʥʳʭ ʟʝʨʝʥ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʪʦʣʱʠʥ ʜʚʦʡʥʠʢʦʚ. 

ʂʨʦʤʝ ʪʦʛʦ, ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʥʘʣʠʯʠʝ ʢʨʫʧʥʳʭ ʟʝʨʝʥ ʩ ʥʘʥʦʜʚʦʡʥʠʢʦʚʦʡ 

ʩʪʨʫʢʪʫʨʦʡ, ʚʥʝʜʨʝʥʥʳʭ ʚ ʅʂ/ʋʄɿ ʤʘʪʨʠʮʫ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʰʘʝʪ ʧʣʘʩʪʠʯʥʦʩʪʴ 

ʢʦʤʧʦʟʠʪʦʚ ʤʝʪʘʣʣ-ʛʨʘʬʝʥ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʠʤʦʜʘʣʴʥʳʡ ʢʦʤʧʦʟʠʪ ʤʝʪʘʣʣ-ʛʨʘʬʝʥ ʩ 

ʢʨʫʧʥʳʤʠ ʥʘʥʦʜʚʦʡʥʠʢʦʚʳʤʠ ʟʝʨʥʘʤʠ ʦʙʣʘʜʘʝʪ ʦʜʥʦʚʨʝʤʝʥʥʦ ʚʳʩʦʢʦʡ ʧʨʦʯʥʦʩʪʴʶ ʠ 

ʧʣʘʩʪʠʯʥʦʩʪʴʶ, ʧʨʝʚʳʰʘʶʱʠʤʠ ʘʥʘʣʦʛʠʯʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʨʘʜʠʮʠʦʥʥʳʭ 

ʢʦʤʧʦʟʠʪʦʚ ʤʝʪʘʣʣ-ʛʨʘʬʝʥ. 
 

ʕʌʌɽʂʊ ʇʃɸʉʊʀʌʀʂɸʎʀʀ ɺ ʋʄɿ ʉʇʃɸɺɽ Al-Cu-Zr  

ɼ.ʀ. ʉʘʜʳʢʦʚ1, ʊ.ʉ. ʆʨʣʦʚʘ1,2 

1 ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʤʝʭʘʥʠʢʠ ʠ ʦʧʪʠʢʠ, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ 
2 ʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ʠʤ. ɸ.ʌ. ʀʦʬʬʝ ʈɸʅ, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ 
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ʇʨʦʚʦʜʥʠʢʦʚʳʝ ʘʣʶʤʠʥʠʝʚʳʝ ʩʧʣʘʚʳ ʘʢʪʠʚʥʦ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʷʭ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʚ ʚʠʜʫ ʠʭ ʚʳʩʦʢʦʡ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ, ʣʝʛʢʦʩʪʠ ʠ ʢʦʨʨʦʟʠʦʥʥʦʡ 

ʩʪʦʡʢʦʩʪʠ. ʂʣʶʯʝʚʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʜʘʥʥʦʛʦ ʪʠʧʘ ʩʧʣʘʚʦʚ ʷʚʣʷʝʪʩʷ ʠʭ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʥʠʟʢʘʷ ʧʨʦʯʥʦʩʪʴ. ɺ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʩ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʚʳʩʦʢʠʭ ʧʨʦʯʥʦʩʪʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʘʢʪʠʚʥʦ ʧʨʠʤʝʥʷʝʪʩʷ ʧʦʜʭʦʜ ʧʦ ʬʦʨʤʠʨʦʚʘʥʠʶ ʫʣʴʪʨʘʤʝʣʢʦʟʝʨʥʠʩʪʳʭ 

(ʋʄɿ) ʠ ʥʘʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ (ʅʂ) ʩʪʨʫʢʪʫʨ ʤʝʪʦʜʘʤʠ ʠʥʪʝʥʩʠʚʥʦʡ ʧʣʘʩʪʠʯʝʩʢʦʡ 

ʜʝʬʦʨʤʘʮʠʠ (ʀʇɼ). ʄʘʪʝʨʠʘʣʳ, ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʝ ʤʝʪʦʜʘʤʠ ʀʇɼ, ʧʨʦʷʚʣʷʶʪ ʥʝ 

ʧʨʦʩʪʦ ʚʳʩʦʢʠʝ ʧʨʦʯʥʦʩʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʥʦ ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ ʜʝʤʦʥʩʪʨʠʨʫʶʪ 

çʩʚʝʨʭʧʨʦʯʥʦʩʪʴè. ʂ ʩʦʞʘʣʝʥʠʶ, ʮʝʥʦʡ ʚʳʩʦʢʦʡ ʧʨʦʯʥʦʩʪʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʷʚʣʷʝʪʩʷ 

ʨʝʟʢʦʝ ʩʥʠʞʝʥʠʝ ʧʣʘʩʪʠʯʥʦʩʪʠ, ʯʪʦ ʩʠʣʴʥʦ ʦʛʨʘʥʠʯʠʚʘʝʪ ʦʙʣʘʩʪʴ ʠʭ ʧʨʠʤʝʥʝʥʠʷ. ʈʘʥʝʝ 

ʚ ʨʘʙʦʪʝ [1] ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʡ ʤʝʪʦʜʦʤ ʠʥʪʝʥʩʠʚʥʦʡ ʧʣʘʩʪʠʯʝʩʢʦʡ 

ʜʝʬʦʨʤʘʮʠʠ ʢʨʫʯʝʥʠʷ (ʀʇɼʂ) ʪʨʦʡʥʦʡ ʩʧʣʘʚ Al-1.47Cu-0.34Zr (wt.%) (ʜʘʣʝʝ Al-Cu-Zr) 

ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʚʳʩʦʢʫʶ ʧʨʦʯʥʦʩʪʴ (ůUTS ~ 575 MPa) ʠ ʧʨʠʝʤʣʝʤʫʶ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ 

(ɤ ~ 46.1 % IACS), ʦʜʥʘʢʦ ʧʣʘʩʪʠʯʥʦʩʪʴ ʦʩʪʘʝʪʩʷ ʥʘ ʜʦʚʦʣʴʥʦ ʥʠʟʢʦʤ ʫʨʦʚʥʝ (ŭ ¢5 %). ɺ 

ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥ ʧʦʜʭʦʜ ʧʦ ʫʚʝʣʠʯʝʥʠʶ ʧʣʘʩʪʠʯʥʦʩʪʠ ʋʄɿ ʩʧʣʘʚʘ 

Al-Cu-Zr ʩ ʩʦʭʨʘʥʝʥʠʝʤ ʚʳʩʦʢʦʡ ʧʨʦʯʥʦʩʪʠ ʠ ʧʨʠʝʤʣʝʤʦʡ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ, 

ʟʘʢʣʶʯʘʶʱʠʡʩʷ ʚ ʧʨʦʚʝʜʝʥʠʠ ʩʧʝʮʠʘʣʴʥʦʡ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʜʝʬʦʨʤʘʮʠʦʥʥʦ-

ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ (ɼʊʆ).  

ʀʟʥʘʯʘʣʴʥʦʝ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʠʝ ʦʙʨʘʟʮʦʚ ʩʧʣʘʚʘ Al-Cu-Zr ʧʨʦʚʦʜʠʣʦʩʴ ʤʝʪʦʜʦʤ 

ʀʇɼʂ ʧʨʠ ʜʘʚʣʝʥʠʠ P=6 GPa ʠ ʢʦʣʠʯʝʩʪʚʝ ʦʙʦʨʦʪʦʚ n=10, ʜʘʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʦʙʦʟʥʘʯʝʥʦ 

ʢʘʢ HPT. ɺʧʦʩʣʝʜʩʪʚʠʠ ʯʘʩʪʴ ʦʙʨʘʟʮʦʚ ʙʳʣʘ ʧʦʜʚʝʨʛʥʫʪʘ ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʤʫ 

ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʤʫ ʦʪʞʠʛʫ ʧʨʠ 125 0C ʚ ʪʝʯʝʥʠʝ 240 min (ʩʦʩʪʦʷʥʠʝ HPT+AN). ʏʘʩʪʴ 

ʦʙʨʘʟʮʦʚ ʧʦʩʣʝ ʦʪʞʠʛʘ ʧʦʜʚʝʨʛʘʣʠʩʴ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʀʇɼʂ ʥʘ n=0.25 ʦʙʦʨʦʪʘ 
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(ʩʦʩʪʦʷʥʠʝ HPT+AN+0.25HPT). ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʦʙʨʘʟʮʦʚ ʠʟʫʯʘʣʘʩʴ ʤʝʪʦʜʘʤʠ 

ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ (ʈʉɸ), ʧʨʦʩʚʝʯʠʚʘʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ 

(ʇʕʄ), ʧʨʦʩʚʝʯʠʚʘʶʱʝʡ ʨʘʩʪʨʦʚʦʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ (ʇʈʕʄ) ʩ ʧʨʦʚʝʜʝʥʠʝʤ 

ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʦʡ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ (ʕɼʈʉ). ʆʙʨʘʟʮʳ ʠʩʧʳʪʳʚʘʣʠʩʴ ʥʘ 

ʦʜʥʦʦʩʥʦʝ ʨʘʩʪʷʞʝʥʠʝ ʩʦ ʩʢʦʨʦʩʪʴʶ 5Ā10-4 s-1. ʋʜʝʣʴʥʘʷ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ ʠʟʤʝʨʷʣʘʩʴ 

ʚʠʭʨʝʪʦʢʦʚʳʤ ʤʝʪʦʜʦʤ.  

ɺ ʪʘʙʣʠʮʝ 1 ʠ ʥʘ ʨʠʩ. 1 ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʤʠʢʨʦʩʪʨʫʢʪʫʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ʀʇɼʂ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʠʝ ʧʨʠʚʝʣʦ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʋʄɿ ʩʪʨʫʢʪʫʨʳ ʩʦ ʩʨʝʜʥʠʤ 

ʨʘʟʤʝʨʦʤ ʟʝʨʥʘ dg ~ 285 nm, ʦʙʥʘʨʫʞʝʥʳ ʯʘʩʪʠʮʳ ʬʘʟʳ Al3Zr ʩʦ ʩʨʝʜʥʠʤ ʨʘʟʤʝʨʦʤ ~ 17 

nm ʚ ʦʙʲʝʤʝ ʟʝʨʝʥ, ʥʘ ɻɿ ʥʘʙʣʶʜʘʶʪʩʷ ʦʪʜʝʣʴʥʳʝ ʯʘʩʪʠʮʳ ʬʘʟʳ Al 2Cu ʩ ʨʘʟʤʝʨʘʤʠ ~ 20-

40 nm [1]. ʇʨʦʚʝʜʝʥʠʝ ʦʪʞʠʛʘ (ʩʦʩʪʦʷʥʠʝ HPT+AN), ʧʨʠʚʝʣʦ ʢ ʥʝʟʥʘʯʠʪʝʣʴʥʦʤʫ ʨʦʩʪʫ 

ʩʨʝʜʥʝʛʦ ʨʘʟʤʝʨʘ ʟʝʨʥʘ (dg ~ 360 nm), ʨʘʟʤʝʨ ʯʘʩʪʠʮ Cu-ʩʦʜʝʨʞʘʱʝʡ ʬʘʟʳ ʥʘ ɻɿ 

ʫʚʝʣʠʯʠʣʩʷ ʜʦ ~ 60 nm (ʨʠʩ. 1). ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʩʣʝʜʫʶʱʝʡ ʀʇɼʂ (ʩʦʩʪʦʷʥʠʝ 

HPT+AN+0.25HPT) ʨʘʟʤʝʨ ʟʝʨʥʘ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʟʤʝʥʠʣʩʷ (dg ~ 315 nm), ʨʘʟʤʝʨ ʯʘʩʪʠʮ 

Al 2Cu ʥʘ ɻɿ, ʨʘʟʤʝʨ ʠ ʦʙʲʝʤʥʘʷ ʜʦʣʷ ʯʘʩʪʠʮ Al3Zr ʚ ʦʙʲʝʤʝ ʟʝʨʝʥ ʪʘʢʞʝ ʥʝ ʧʨʝʪʝʨʧʝʣʠ 

ʠʟʤʝʥʝʥʠʡ. ʅʘ ʨʠʩ. 2 ʧʨʠʚʝʜʝʥʳ ʜʝʬʦʨʤʘʮʠʦʥʥʳʝ ʢʨʠʚʳʝ ʜʣʷ ʦʙʨʘʟʮʦʚ ʩʧʣʘʚʘ Al-Cu-Zr. 

ʆʪʞʠʛ (ʩʦʩʪʦʷʥʠʝ HPT+AN) ʧʨʠʚʝʣ ʢ ʩʥʠʞʝʥʠʶ ʧʨʦʯʥʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ (ůUTS ~ 484 

MPa, ů0,2 ~ 375 MPa) ʠ ʨʝʟʢʦʤʫ ʧʘʜʝʥʠʶ ʧʣʘʩʪʠʯʥʦʩʪʠ (ŭ¢2%). ʇʦʩʣʝʜʫʶʱʘʷ ʀʇɼʂ ʥʘ 

0.25 ʦʙʦʨʦʪʘ (ʩʦʩʪʦʷʥʠʝ HPT+AN+0.25HPT) ʧʨʠʚʝʣʘ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʫʚʝʣʠʯʝʥʠʶ 

ʧʣʘʩʪʠʯʥʦʩʪʠ (ŭ ~ 11-13 %) ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ ʧʨʦʯʥʦʩʪʠ (ůUTS ~ 466 MPa, 

ů0,2 ~ 328 MPa), ʟʥʘʯʝʥʠʝ ʫʜʝʣʴʥʦʡ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʩʦʩʪʘʚʠʣʦ (ɤ ~ 47.2 % IACS). 

ʊʘʙʣʠʮʘ 1. ʈʝʟʫʣʴʪʘʪʳ ʤʠʢʨʦʩʪʨʫʢʪʫʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʜʘʥʥʳʤ ʈʉɸ ʠ ʇʕʄ. dg ï 

ʩʨʝʜʥʠʡ ʨʘʟʤʝʨ ʟʝʨʥʘ, a ï ʧʘʨʘʤʝʪʨ ʨʝʰʝʪʢʠ, DXRD ï ʩʨʝʜʥʠʡ ʨʘʟʤʝʨ ʦʙʣʘʩʪʝʡ 

ʢʦʛʝʨʝʥʪʥʦʛʦ ʨʘʩʩʝʷʥʠʷ, <Ů2>1/2 - ʫʨʦʚʝʥʴ ʤʠʢʨʦʠʩʢʘʞʝʥʠʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ, 

Ldis - ʧʣʦʪʥʦʩʪʴ ʜʠʩʣʦʢʘʮʠʡ. 

ʉʦʩʪʦʷʥʠʝ dg, nm a, ¡ 
DXRD, 

nm 
<Ů2>1/2, % 

LdisĬ10
13, 

m-2 

HPT 285Ñ23 4

.

0

°0.0001 

°1 4

°0.002 
2.6 

HPT+AN 360Ñ25 4.0500°0.00003 295°4 
°0.0003  

HPT+AN+0.25HP

T 
315Ñ24 4.0502°0.00006 °4 

°0.001  

 

ʈʠʩʫʥʦʢ 1. ʇʕʄ (a) ʠ ʇʈʕʄ (b) ʠʟʦʙʨʘʞʝʥʠʷ ʩʧʣʘʚʘ Al-Cu-Zr ʚ ʩʦʩʪʦʷʥʠʠ HPT+AN, (c) 

ï ʣʠʥʝʡʥʳʡ ʧʨʦʬʠʣʴ ʢʦʥʮʝʥʪʨʘʮʠʠ ʵʣʝʤʝʥʪʦʚ ʚʜʦʣʴ ʣʠʥʠʠ ɸɺ. 

a) b) c) 
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ɿʥʘʯʠʪʝʣʴʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʧʣʘʩʪʠʯʥʦʩʪʠ ʧʦʩʣʝ ɼʊʆ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʚʚʦʜʦʤ 

ʥʦʚʳʭ ʜʠʩʣʦʢʘʮʠʡ ʚ ʨʝʣʘʢʩʠʨʦʚʘʥʥʫʶ ʦʪʞʠʛʦʤ ʩʪʨʫʢʪʫʨʫ ʚʳʩʦʢʦʫʛʣʦʚʳʭ ɻɿ ʚ ʨʘʤʢʘʭ 

ʤʦʜʝʣʠ, ʧʨʝʜʣʦʞʝʥʥʦʡ ʜʣʷ ʋʄɿ Al [2], ʯʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʜʘʥʥʳʤʠ ʤʠʢʨʦʩʪʨʫʢʪʫʨʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ (ʪʘʙʣʠʮʘ 1). 

 

 

 

 

ʈʠʩʫʥʦʢ 2. ɼʠʘʛʨʘʤʤʳ ʥʘʧʨʷʞʝʥʠʝ - ʜʝʬʦʨʤʘʮʠʷ ʜʣʷ 

ʩʧʣʘʚʘ Al-Cu-Zr ʚ ʩʦʩʪʦʷʥʠʷʭ: 1 ï HPT, 2 ï HPT+AN, 3 ï 

HPT+AN+0.25HPT. 
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ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʟʫʯʝʥʠʝ ʦʜʥʦʛʦ ʠʟ ʤʝʭʘʥʠʟʤʦʚ ʣʦʢʘʣʠʟʘʮʠʠ 

ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ ʦʙʫʩʣʦʚʣʝʥʥʦʛʦ ʩʪʨʫʢʪʫʨʥʳʤʠ ʧʝʨʝʭʦʜʘʤʠ ʚ ʘʥʩʘʤʙʣʷʭ 

ʜʝʬʝʢʪʦʚ ʤʝʟʦʫʨʦʚʥʷ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʚʠʜʘʭ ʥʘʛʨʫʞʝʥʠʷ [1]. 

ʇʨʦʚʦʜʠʣʦʩʴ ʠʩʩʣʝʜʦʚʘʥʠʝ ʤʝʭʘʥʠʟʤʘ ʣʦʢʘʣʠʟʘʮʠʠ ʧʣʘʩʪʠʯʝʩʢʦʛʦ ʩʜʚʠʛʘ ʧʨʠ 

ʜʠʥʘʤʠʯʝʩʢʦʤ ʥʘʛʨʫʞʝʥʠʠ ʥʘ ʫʩʪʘʥʦʚʢʝ ɻʦʧʢʠʥʩʦʥʘ ï ʂʦʣʴʩʢʦʛʦ ʦʙʨʘʟʮʦʚ ʩʧʝʮʠʘʣʴʥʦʡ 

ʬʦʨʤʳ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʨʝʘʣʠʟʘʮʠʶ ʧʣʦʩʢʦʛʦ ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ; ʦʙʨʘʟʮʦʚ, 

ʚ ʢʦʪʦʨʳʭ ʨʝʘʣʠʟʫʝʪʩʷ ʜʠʥʘʤʠʯʝʩʢʦʝ ʢʨʫʯʝʥʠʝ, ʘ ʪʘʢʞʝ ʩʢʦʰʝʥʥʳʭ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ 

ʦʙʨʘʟʮʦʚ (ʫʛʦʣ ʩʢʦʩʘ 20) [2] ʠʟ ʩʧʣʘʚʘ ɸʄʛ6, ʨʠʩ 1ʘ.  

ʅʘ ʦʨʠʛʠʥʘʣʴʥʦʡ ʙʘʣʣʠʩʪʠʯʝʩʢʦʡ ʫʩʪʘʥʦʚʢʝ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ʧʨʦʙʠʚʘʥʠʷ ʙʳʣʠ 

ʥʘʛʨʫʞʝʥʳ ʦʙʨʘʟʮʳ ʠʟ ʩʧʣʘʚʘ ʘʣʶʤʠʥʠʷ ɸʄʛ6. ʇʨʠ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ 

ʫʜʘʨʥʠʢʘ ʩ ʤʠʰʝʥʴʶ ʨʝʘʣʠʟʫʝʪʩʷ ʨʘʟʨʫʰʝʥʠʝ ʚ ʚʠʜʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʚʳʥʦʩʘ ʧʨʦʙʢʠ. 

ʊʝʤʧʝʨʘʪʫʨʥʳʝ ʧʦʣʷ ʚ ʨʝʘʣʠʟʦʚʘʥʥʳʭ ʧʨʦʮʝʩʩʘʭ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʛʦ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ 

ʠʩʩʣʝʜʦʚʘʣʠʩʴ çin-situè ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʡ ʠʥʬʨʘʢʨʘʩʥʦʡ ʢʘʤʝʨʳ 

CEDIP Silver 450M [3-12]. ʀʟʤʝʨʝʥʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʟʦʥʝ ʣʦʢʘʣʠʟʘʮʠʠ ʥʝ ʧʦʜʪʚʝʨʞʜʘʝʪ 

ʪʨʘʜʠʮʠʦʥʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʤʝʭʘʥʠʟʤʝ ʣʦʢʘʣʠʟʘʮʠʠ ʜʝʬʦʨʤʘʮʠʠ, ʦʙʫʩʣʦʚʣʝʥʥʦʤ 

ʪʝʨʤʦʧʣʘʩʪʠʯʝʩʢʦʡ ʥʝʫʩʪʦʡʯʠʚʦʩʪʴ ʜʣʷ ʠʩʩʣʝʜʫʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʨʝʘʣʠʟʦʚʘʥʥʳʭ 

ʨʝʞʠʤʘʭ ʥʘʛʨʫʞʝʥʠʷ, ʨʠʩ 1ʙ.  
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ʇʨʦʚʝʜʝʥʳ ʜʠʥʘʤʠʯʝʩʢʠʝ ʠʩʧʳʪʘʥʠʷ ʦʙʨʘʟʮʦʚ, ʩʧʝʮʠʘʣʴʥʦʡ ʬʦʨʤʳ ʠʟ ʩʧʣʘʚʦʚ 

ɸʄʛ6, ɼ16 ʠ ʉʪʘʣʴ 3, ʥʘ ʨʘʟʨʝʟʥʦʤ ʩʪʝʨʞʥʝ ɻʦʧʢʠʥʩʦʥʘ-ʂʦʣʴʩʢʦʛʦ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʩʠʩʪʝʤʳ ʥʝʠʥʚʘʟʠʚʥʦʛʦ ʠʟʤʝʨʝʥʠʷ ʜʝʬʦʨʤʘʮʠʡ StrainMaster. ʇʦʩʪʨʦʝʥʳ ʧʦʣʷ 

ʧʝʨʝʤʝʱʝʥʠʡ ʠ ʜʝʬʦʨʤʘʮʠʡ ʚ ʦʙʨʘʟʮʘʭ ʩʧʝʮʠʘʣʴʥʦʡ ʬʦʨʤʳ ʠʟ ʩʧʣʘʚʦʚ ɸʄʛ6, ɼ16 ʠ 

ʉʪʘʣʴ 3, ʠʩʧʳʪʘʥʥʳʭ ʧʨʠ ʜʠʥʘʤʠʯʝʩʢʦʤ ʥʘʛʨʫʞʝʥʠʠ ʥʘ ʩʪʝʨʞʥʝ ɻʦʧʢʠʥʩʦʥʘ-ʂʦʣʴʩʢʦʛʦ. 

ʉʨʘʚʥʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʣʫʯʝʥʥʳʭ ʧʦʣʝʡ ʪʝʤʧʝʨʘʪʫʨ ʠ ʧʦʣʝʡ ʜʝʬʦʨʤʘʮʠʡ 

ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʨʦʚʝʜʝʥʥʦʛʦ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʧʨʦʚʝʜʝʥʥʦʛʦ ʩ ʫʯʝʪʦʤ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʢʠʥʝʪʠʢʠ ʥʘʢʦʧʣʝʥʠʷ ʤʝʟʦʜʝʬʝʢʪʦʚ ʚ ʤʘʪʝʨʠʘʣʝ, ʜʘʝʪ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʝ 

ʩʦʦʪʚʝʪʩʪʚʠʝ ʩ ʪʦʯʥʦʩʪʴʶ ~20%. 

ʉʦʭʨʘʥʝʥʥʳʝ ʧʦʩʣʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʦʙʨʘʟʮʳ ʧʦʜʚʝʨʛʘʣʠʩʴ ʤʠʢʨʦʩʪʨʫʢʪʫʨʥʦʤʫ 

ʘʥʘʣʠʟʫ ʩ ʧʦʤʦʱʴʶ ʦʧʪʠʯʝʩʢʦʛʦ ʠʥʪʝʨʬʝʨʦʤʝʪʨʘ-ʧʨʦʬʠʣʦʤʝʪʨʘ ʠ ʩʢʘʥʠʨʫʶʱʝʛʦ 

ʵʣʝʢʪʨʦʥʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ. ʉʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ ʢʦʨʨʝʣʠʨʦʚʘʥʥʦʝ ʧʦʚʝʜʝʥʠʝ 

ʘʥʩʘʤʙʣʷ ʜʝʬʝʢʪʦʚ, ʢʦʪʦʨʦʝ ʤʦʞʝʪ ʙʳʪʴ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʥʦ, ʢʘʢ ʩʪʨʫʢʪʫʨʥʳʡ ʧʝʨʝʭʦʜ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʣʦʢʘʣʠʟʘʮʠʶ ʜʝʬʦʨʤʘʮʠʠ. 

ɼʘʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʠʟʫʯʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʜʝʬʦʨʤʠʨʦʚʘʥʥʳʭ 

ʦʙʨʘʟʮʦʚ, ʘ ʪʘʢʞʝ ʜʘʥʥʳʝ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ [3-12], ʧʨʦʚʝʜʝʥʥʦʛʦ ʩ ʫʯʝʪʦʤ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʢʠʥʝʪʠʢʠ ʥʘʢʦʧʣʝʥʠʷ ʜʝʬʝʢʪʦʚ ʚ ʤʘʪʝʨʠʘʣʝ ʧʦʟʚʦʣʷʶʪ ʧʨʝʜʧʦʣʘʛʘʪʴ, ʯʪʦ 

ʦʜʠʥ ʠʟ ʤʝʭʘʥʠʟʤʦʚ ʣʦʢʘʣʠʟʘʮʠʠ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʠ ʨʝʘʣʠʟʦʚʘʥʥʳʭ ʫʩʣʦʚʠʡ ʥʘʛʨʫʞʝʥʠʷ ʦʙʫʩʣʦʚʣʝʥ ʩʢʘʯʢʦʦʙʨʘʟʥʳʤʠ 

ʧʨʦʮʝʩʩʘʤʠ ʚ ʜʝʬʝʢʪʥʦʡ ʩʪʨʫʢʪʫʨʝ ʤʘʪʝʨʠʘʣʦʚ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʟʘ ʩʯʝʪ ʛʨʘʥʪʘ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ (ʧʨʦʝʢʪ ˉ21-

79-30041). 

ʘ   ʙ 

ʈʠʩʫʥʦʢ 1. ʉʢʦʰʝʥʥʳʡ ʦʙʨʘʟʝʮ ʠʟ ʩʧʣʘʚʘ ɸʄʛ6 ʜʣʷ ʠʟʫʯʝʥʠʷ ʣʦʢʘʣʠʟʘʮʠʠ 
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ʊʨʘʜʠʮʠʦʥʥʦ ʥʘ ʢʨʠʚʳʭ ʫʧʨʦʯʥʝʥʠʷ ɻʎʂ-ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʧʨʠ ʫʤʝʨʝʥʥʳʭ 

ʜʝʬʦʨʤʘʮʠʷʭ ʚʳʜʝʣʷʶʪ ʥʝʩʢʦʣʴʢʦ ʩʪʘʜʠʡ: ʧʝʨʚʫʶ ʩʪʘʜʠʶ ï ʩʪʘʜʠʶ ʣʸʛʢʦʛʦ ʩʢʦʣʴʞʝʥʠʷ, 

ʥʘ ʢʦʪʦʨʦʡ ʜʝʬʦʨʤʘʮʠʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʜʝʡʩʪʚʠʝʤ ʝʜʠʥʩʪʚʝʥʥʦʡ ʩʠʩʪʝʤʦʡ ʩʢʦʣʴʞʝʥʠʷ 

(ʦʜʠʥʦʯʥʳʤ ʩʢʦʣʴʞʝʥʠʝʤ); ʚʪʦʨʫʶ ʩʪʘʜʠʶ ʣʠʥʝʡʥʦʛʦ ʫʧʨʦʯʥʝʥʠʷ ʥʘ ʢʦʪʦʨʦʡ 

ʥʘʙʣʶʜʘʝʪʩʷ ʜʝʡʩʪʚʠʝ ʤʥʦʛʠʭ ʩʠʩʪʝʤ ʩʢʦʣʴʞʝʥʠʷ, ʧʨʠ ʵʪʦʤ ʜʝʬʦʨʤʠʨʫʶʱʝʝ 

ʥʘʧʨʷʞʝʥʠʝ ʧʨʷʤʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʜʝʬʦʨʤʘʮʠʠ; ʪʨʝʪʴʶ ʩʪʘʜʠʶ, ʥʘ ʢʦʪʦʨʦʡ 

ʥʘʙʣʶʜʘʝʪʩʷ ʫʤʝʥʴʰʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʫʧʨʦʯʥʝʥʠʷ, ʘ ʥʘʧʨʷʞʝʥʠʝ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ 

ʩʚʷʟʘʥʦ ʩ ʜʝʬʦʨʤʘʮʠʝʡ ʧʘʨʘʙʦʣʠʯʝʩʢʦʡ ʟʘʚʠʩʠʤʦʩʪʴʶ. ɺ ʨʘʙʦʪʝ ɹʝʣʣʘ [1] ʙʳʣʦ 

ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʦʥʘ ʨʘʟʙʠʚʘʝʪʩʷ, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʘ ʜʚʝ ʧʘʨʘʙʦʣʠʯʝʩʢʠʝ ʧʦʜʩʪʘʜʠʠ. ʉʪʘʜʠʷ 

IV, ʦʙʥʘʨʫʞʠʚʘʝʪʩʷ ʧʨʠ ʨʘʟʚʠʪʦʡ ʜʝʬʦʨʤʘʮʠʠ, ʢʦʪʦʨʘʷ ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ ʠʩʧʳʪʘʥʠʷʭ ʥʘ 

ʩʞʘʪʠʝ, ʛʜʝ ʥʘʙʣʶʜʘʝʪʩʷ ʙʣʠʟʢʦʝ ʢ ʣʠʥʝʡʥʦʤʫ, ʣʠʙʦ ʧʘʨʘʙʦʣʠʯʝʩʢʦʤʫ ʚʦʟʨʘʩʪʘʥʠʝ 

ʥʘʧʨʷʞʝʥʠʡ ʩ ʜʝʬʦʨʤʘʮʠʝʡ [2]. ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʷʚʣʷʣʦʩʴ ʠʟʫʯʝʥʠʝ 

ʩʪʘʜʠʡʥʦʩʪʠ ʜʝʬʦʨʤʘʮʠʦʥʥʦʛʦ ʫʧʨʦʯʥʝʥʠʷ ɻʎʂ-ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ, ʜʝʬʦʨʤʠʨʦʚʘʥʥʳʭ ʜʦ 

ʛʣʫʙʦʢʠʭ (ʤʝʛʘʧʣʘʩʪʠʯʝʩʢʠʭ) ʩʪʝʧʝʥʝʡ ʜʝʬʦʨʤʘʮʠʠ ʤʝʪʦʜʦʤ ʦʜʥʦʦʩʥʦʛʦ 

ʢʚʘʟʠʩʪʘʪʠʯʝʩʢʦʛʦ ʩʞʘʪʠʷ. ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʚʳʙʨʘʥʳ 

ʚʳʩʦʢʦʧʣʘʩʪʠʯʥʳʝ ʤʦʥʦʢʨʠʩʪʘʣʣ r ʩʧʣʘʚʘ Cu-8 ʘʪ. % Al, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʝ ʚ 

ʥʘʧʨʘʚʣʝʥʠʠ [0 0 1], ʢʦʪʦʨʳʝ ʜʝʬʦʨʤʠʨʦʚʘʣʠʩʴ ʦʜʥʦʦʩʥʳʤ ʩʞʘʪʠʝʤ ʜʦ ʩʪʝʧʝʥʝʡ 

ʜʝʬʦʨʤʘʮʠʠ eʠʩʪ>2. 

ʉʧʣʘʚ Cu-8ʘʪ. %Al  ʙʳʣ ʚʳʧʣʘʚʣʝʥ ʚ ʧʝʯʠ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠʟ Cu ʠ Al ʚʳʩʦʢʦʡ 

ʯʠʩʪʦʪʳ (99,999) ʚ ʘʪʤʦʩʬʝʨʝ ʯʠʩʪʦʛʦ ʘʨʛʦʥʘ. ʀʟ ʧʨʠʛʦʪʦʚʣʝʥʥʦʛʦ ʨʘʩʧʣʘʚʘ ʤʝʪʦʜʦʤ 
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ɹʨʠʜʞʤʝʥʘ ʚʳʨʘʱʠʚʘʣʠʩʴ ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʩʣʠʪʢʠ ʥʘ ʫʩʪʘʥʦʚʢʝ ʆʂɹ-809ɿ. ʇʦʩʣʝ 

ʛʦʤʦʛʝʥʠʟʠʨʫʶʱʝʛʦ ʦʪʞʠʛʘ ʧʨʠ 973 ʉ̄ ʚ ʪʝʯʝʥʠʝ 50 ʯʘʩʦʚ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʦʭʣʘʞʜʝʥʠʝʤ 

ʩ ʧʝʯʴʶ, ʠʟ ʤʘʩʩʠʚʥʦʛʦ ʩʣʠʪʢʘ ʥʘ ʵʣʝʢʪʨʦʠʩʢʨʦʚʦʤ ʩʪʘʥʢʝ ʚʳʨʝʟʘʣʠʩʴ ʦʙʨʘʟʮʳ ʨʘʟʤʝʨʦʤ 

2,5Ĭ2,5Ĭ5 ʤʤ3, ʩ ʦʨʠʝʥʪʠʨʦʚʢʦʡ ʪʦʨʮʝʚʦʡ ʛʨʘʥʠ [001]. ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ 

ʤʝʛʘʧʣʘʩʪʠʯʝʩʢʠʭ ʜʝʬʦʨʤʘʮʠʡ, ʦʜʥʦʦʩʥʦʝ ʢʚʘʟʠʩʪʘʪʠʯʝʩʢʦʝ ʩʞʘʪʠʝ ʦʙʨʘʟʮʦʚ 

ʧʨʦʚʦʜʠʣʦʩʴ ʥʘ ʫʩʪʘʥʦʚʢʝ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ UTM-4500 (GCTS Testing Systems), 

ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʤʘʢʩʠʤʘʣʴʥʦʝ ʜʝʬʦʨʤʠʨʫʶʱʝʝ ʫʩʠʣʠʝ 4500 ʢʅ (450 ʪʦʥʥ). 

ʄʦʥʦʢʨʠʩʪʘʣʣʳ ʠʩʧʳʪʳʚʘʣʠʩʴ ʜʦ ʤʘʢʩʠʤʘʣʴʥʦʡ ʥʘʛʨʫʟʢʠ 50 ʪʦʥʥ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʧʳʪʘʥʠʡ 

ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʢʨʠʚʘʷ ʜʝʬʦʨʤʘʮʠʦʥʥʦʛʦ 

ʫʧʨʦʯʥʝʥʠʷ s-eʠʩʪ ʧʨʦʪʷʞʝʥʥʦʩʪʴʶ ʜʦ 

eʠʩʪ=2,3 (ʩʤ. ʨʠʩ.1, ʘ). ʇʦʢʘʟʘʥʦ, ʯʪʦ ʥʘʨʷʜʫ ʩ 

ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʩʪʘʜʠʷʤʠ ʧʨʠ ʫʤʝʨʝʥʥʳʭ 

ʜʝʬʦʨʤʘʮʠʷʭ ɻʎʂ-ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ, ʧʨʠ 

ʚʳʩʦʢʠʭ ʥʘʛʨʫʟʢʘʭ ʠ ʜʝʬʦʨʤʘʮʠʷʭ 

ʥʘʙʣʶʜʘʝʪʩʷ ʥʦʚʘʷ ʩʪʘʜʠʷ ʜʝʬʦʨʤʘʮʠʦʥʥʦʛʦ 

ʫʧʨʦʯʥʝʥʠʷ ï ʩʪʘʜʠʷ V, ʢʦʪʦʨʘʷ ʚʧʝʨʚʳʝ 

ʦʙʥʘʨʫʞʝʥʘ ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʠ ʨʘʥʝʝ ʚ 

ʥʘʫʯʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʥʝ ʫʧʦʤʠʥʘʣʘʩʴ. ʇʦʩʣʝ 

ʜʦʩʪʠʞʝʥʠ ̫ ʠʩʪʠʥʥʦʡ ʜʝʬʦʨʤʘʮʠʠ ‐̉̒̓

ρȟω ςȟπ ʧʦʩʣʝʜʫʶʱʘʷ ʜʝʬʦʨʤʘʮʠʷ 

ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʩʚʝʨʭʙʳʩʪʨʳʤ 

ʜʝʬʦʨʤʘʮʠʦʥʥʳʤ ʫʧʨʦʯʥʝʥʠʝʤ. 

ʉʫʱʝʩʪʚʦʚʘʥʠʝ ʦʩʦʙʦʡ ʩʪʘʜʠʠ 

ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʪʘʢʞʝ ʧʦʣʫʯʝʥʥʦʡ ʥʘʤʠ 

ʟʘʚʠʩʠʤʦʩʪʴʶ ʚʝʣʠʯʠʥʳ ʤʠʢʨʦʪʚʸʨʜʦʩʪʠ ʦʪ 

ʩʪʝʧʝʥʠ ʜʝʬʦʨʤʘʮʠʠ (ʩʤ. ʨʠʩ.1 ʙ), ʢʦʪʦʨʘʷ, ʚ 

ʮʝʣʦʤ, ʦʢʘʟʘʣʘʩʴ ʧʦʜʦʙʥʦʡ ʢʨʠʚʦʡ 

ʫʧʨʦʯʥʝʥʠʷ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʦʙʥʘʨʫʞʝʥʥʘʷ 

ʥʘʤʠ ʩʪʘʜʠʷ ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʦʛʦ ʫʧʨʦʯʥʝʥʠʷ 

(ʩʪʘʜʠ ̫V) ʩʚʷʟʘʥʘ ʩ ʠʟʤʝʥʝʥʠʝʤ ʚʥʫʪʨʝʥʥʝʡ 

ʩʫʙʩʪʨʫʢʪʫʨʳ ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ 

ʤʦʥʦʢʨʠʩʪʘʣʣʘ. ʇʨʦʚʝʜʝʥʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ 

ʦʧʠʩʘʥʠʝ ʩʪʘʜʠʡ ʜʝʬʦʨʤʘʮʠʦʥʥʦʛʦ 

ʫʧʨʦʯʥʝʥʠʷ ʤʝʪʦʜʦʤ ʧʦʜʙʦʨʘ 

ʘʧʧʨʦʢʩʠʤʠʨʫʶʱʠʭ ʬʫʥʢʮʠʡ.  ʇʦʢʘʟʘʥʦ, ʯʪʦ ʢʘʞʜʘʷ ʠʟ ʥʘʙʣʶʜʘʝʤʳʭ ʩʪʘʜʠʡ ʜʦʧʫʩʢʘʝʪ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ ʣʠʥʝʡʥʳʤʠ, ʣʠʙʦ ʧʘʨʘʙʦʣʠʯʝʩʢʠʤʠ ʬʫʥʢʮʠʷʤʠ. ʉʪʘʜʠʷ V 

ʤʦʞʝʪ ʙʳʪʴ ʦʧʠʩʘʥʘ ʧʘʨʘʙʦʣʦʡ ʩ ʦʯʝʥʴ ʚʳʩʦʢʠʤ ʟʥʘʯʝʥʠʝʤ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʧʘʨʘʙʦʣʠʯʥʦʩʪʠ —  χρττςςχ ̋ ̄Ⱦ̒̍ ,̍ ʢʦʪʦʨʳʡ ʧʦʯʪʠ ʥʘ ʪʨʠ ʧʦʨʷʜʢʘ ʚʳʰʝ 

ʘʥʘʣʦʛʠʯʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ʩʪʘʜʠʠ IV (— ρπȟτ πȟσ̋̄Ⱦ̒̍ )̍. ʂʘʞʜʦʡ ʩʪʘʜʠʠ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʭʘʨʘʢʪʝʨʥʳʡ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʠʡ ʜʝʬʦʨʤʘʮʠʦʥʥʳʡ ʨʝʣʴʝʬ, ʠ ʭʘʨʘʢʪʝʨʥʳʝ 

ʠʟʤʝʥʝʥʠʷ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʦʡ ʬʦʨʤʳ ʠʩʧʳʪʫʝʤʳʭ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ. ʄʝʪʦʜʦʤ EBSD 

(ɼʆʈʕ ï ʜʠʬʨʘʢʮʠʠ ʦʙʨʘʪʥʦ ʨʘʩʩʝʷʥʥʳʭ ʵʣʝʢʪʨʦʥʦʚ) ʧʦʣʫʯʝʥʳ ʜʘʥʥʳʝ ʦ ʩʪʨʫʢʪʫʨʥʦʤ 

ʩʦʩʪʦʷʥʠʠ ʤʘʪʝʨʠʘʣʘ ʚ ʥʘʯʘʣʝ ʩʪʘʜʠʠ ʤʝʛʘʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ (ʩʪʘʜʠʠ V): 

ʬʦʨʤʠʨʫʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʦ ʥʝʦʜʥʦʨʦʜʥʘʷ ʬʨʘʛʤʝʥʪʠʨʦʚʘʥʥʘʷ (ʟʸʨʝʥʥʘʷ) ʩʫʙʩʪʨʫʢʪʫʨʘ, 

ʩʦʯʝʪʘʶʱʘʷ ʧʨʦʪʷʞʝʥʥʳʝ ʫʯʘʩʪʢʠ ʩʫʙʤʠʢʨʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʠ 

ʢʨʫʧʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʬʨʘʛʤʝʥʪʳ ʩ ʤʘʣʦʫʛʣʦʚʦʡ ʨʘʟʦʨʠʝʥʪʘʮʠʝʡ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ ʄʠʥʠʩʪʝʨʩʪʚʘ ʥʘʫʢʠ ʠ 

ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ (ʪʝʤʘ ˉ FEMN-2020-0004). 

 
 

ʈʠʩ. 1. ʂʨʠʚʳʝ  s-eʠʩʪ (ʘ) ʠ Hv-eʠʩʪ  (ʙ) 
ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ Cu-8ʘʪ.% Al. 

ʆʨʠʝʥʪʘʮʠʷ ʦʩʠ ʩʞʘʪʠʷ [0 0 1] 

ʘ)

ʙ)
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ɺʅʋʊʈɽʅʅʀɽ ʅɸʇʈʗɾɽʅʀʗ ɺ ʊɽʍʅʀʏɽʉʂʀ ʏʀʉʊʆʄ ʅʀʂɽʃɽ ʇʆʉʃɽ 

ʈɸɺʅʆʂɸʅɸʃʔʅʆɻʆ ʋɻʃʆɺʆɻʆ ʇʈɽʉʉʆɺɸʅʀʗ 

ʖ.ɺ. ʉʦʣʦʚʴʝʚʘ, ʅ.ɸ. ʇʦʧʦʚʘ, ɽ.ʃ. ʅʠʢʦʥʝʥʢʦ 

ʊʦʤʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʘʨʭʠʪʝʢʪʫʨʥʦ-ʩʪʨʦʠʪʝʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 
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ʅʘʩʪʦʷʱʘʷ ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʦʧʠʩʘʥʠʶ ʦʩʥʦʚʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʬʦʨʤʠʨʫʶʱʠʭ 

ʩʪʨʫʢʪʫʨʫ ʫʣʴʪʨʘʤʝʣʢʦʟʝʨʥʠʩʪʦʛʦ (ʋʄɿ) ʪʝʭʥʠʯʝʩʢʠ ʯʠʩʪʦʛʦ ʥʠʢʝʣʷ, ʧʦʣʫʯʝʥʥʦʛʦ 

ʧʫʪʝʤ ʜʝʬʦʨʤʘʮʠʠ ʨʘʚʥʦʢʘʥʘʣʴʥʳʤ ʫʛʣʦʚʳʤ ʧʨʝʩʩʦʚʘʥʠʝʤ (ʈʂʋʇ). ʇʨʠ ʈʂʋʇ ʦʙʨʘʟʮʳ 

ʧʦʜʚʝʨʛʘʣʠʩʴ ʩʜʚʠʛʦʚʦʡ ʜʝʬʦʨʤʘʮʠʠ ʧʫʪʸʤ ʩʞʘʪʠʷ ʧʦ ʜʚʫʤ ʧʝʨʝʩʝʢʘʶʱʠʤʩʷ ʧʦʜ ʫʛʣʦʤ 

120̄  ʢʘʥʘʣʘʤ ʨʘʚʥʦʛʦ ʜʠʘʤʝʪʨʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʊ = 400 ʉ̄ ʙʝʟ ʧʨʦʤʝʞʫʪʦʯʥʳʭ 

ʦʪʞʠʛʦʚ. ʏʠʩʣʦ ʧʨʦʭʦʜʦʚ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʦ N = 4. 

ʉʪʨʫʢʪʫʨʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʤʝʪʦʜʦʤ ʧʨʦʩʚʝʯʠʚʘʶʱʝʡ 

ʜʠʬʨʘʢʮʠʦʥʥʦʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʥʘ ʪʦʥʢʠʭ ʬʦʣʴʛʘʭ ʩ ʧʦʤʦʱʴʶ ʵʣʝʢʪʨʦʥʥʦʛʦ 

ʤʠʢʨʦʩʢʦʧʘ ʕʄ-125ʂ, ʥʘʩʪʨʦʝʥʥʦʛʦ ʥʘ ʚʳʩʦʢʦʝ ʨʘʟʨʝʰʝʥʠʝ, ʧʨʠ ʫʩʢʦʨʷʶʱʝʤ 

ʥʘʧʨʷʞʝʥʠʠ 125 ʢɺ. ʉʨʝʜʥʝʝ ʫʚʝʣʠʯʝʥʠʝ ʚ ʢʦʣʦʥʥʝ ʤʠʢʨʦʩʢʦʧʘ ʙʳʣʦ 40 000-60 000 ʢʨʘʪ. 

ʉʪʘʪʠʩʪʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʦʚʦʜʠʣʘʩʴ ʧʦ ʥʝʧʨʝʨʳʚʥʳʤ ʫʯʘʩʪʢʘʤ ʦʙʨʘʟʮʘ 

ʧʣʦʱʘʜʴʶ ~80 ʤʢʤ2, ʩʦʜʝʨʞʘʱʠʭ 500-1000 ʟʝʨʝʥ. 

ɺ ʨʘʙʦʪʝ ʧʨʦʚʝʜʝʥʦ ʠʟʫʯʝʥʠʝ ʟʝʨʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʦʩʣʝ ʈʂʋʇ 

ʚ ʥʠʢʝʣʝ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʭʘʨʘʢʪʝʨʦʤ ʜʠʩʣʦʢʘʮʠʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ, ʢʦʪʦʨʘʷ ʚ ʥʠʭ 

ʥʘʙʣʶʜʘʝʪʩʷ, ʟʝʨʥʘ ʤʦʞʥʦ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ ʥʘ ʪʨʠ ʪʠʧʘ: 1) ʙʝʟʜʠʩʣʦʢʘʮʠʦʥʥʳʝ ʟʝʨʥʘ 

ï ʩʘʤʳʝ ʤʝʣʢʠʝ ʟʝʨʥʘ, ʥʝ ʦʙʣʘʜʘʶʱʠʝ ʩʫʙʩʪʨʫʢʪʫʨʦʡ (ʚ ʥʠʭ ʧʨʘʢʪʠʯʝʩʢʠ ʦʪʩʫʪʩʪʚʫʶʪ 

ʜʠʩʣʦʢʘʮʠʠ), 2) ʙʦʣʝʝ ʢʨʫʧʥʳʝ ʟʝʨʥʘ, ʩʦʜʝʨʞʘʱʠʝ ʭʘʦʪʠʯʝʩʢʠ ʨʘʩʧʨʝʜʝʣʝʥʥʳʝ 

ʜʠʩʣʦʢʘʮʠʠ ʠʣʠ ʩʝʪʯʘʪʫʶ ʩʫʙʩʪʨʫʢʪʫʨʫ, ʠ 3) ʩʘʤʳʝ ʢʨʫʧʥʳʝ ʟʝʨʥʘ ʩ ʬʨʘʛʤʝʥʪʠʨʦʚʘʥʥʦʡ 

ʩʫʙʩʪʨʫʢʪʫʨʦʡ. ɿʝʨʥʘ ʘʥʠʟʦʪʨʦʧʥʳ. ʆʧʨʝʜʝʣʝʥʘ ʦʙʲʝʤʥʘʷ ʜʦʣʷ ʢʘʞʜʦʛʦ ʪʠʧʘ ʟʝʨʝʥ ʚ 

ʤʘʪʝʨʠʘʣʝ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʘʤʳʤ ʚʳʩʦʢʠʤ ʟʥʘʯʝʥʠʝʤ ʩʢʘʣʷʨʥʦʡ ʧʣʦʪʥʦʩʪʠ 

ʜʠʩʣʦʢʘʮʠʡ ʦʙʣʘʜʘʶʪ ʟʝʨʥʘ ʩ ʬʨʘʛʤʝʥʪʠʨʦʚʘʥʥʦʡ ʩʫʙʩʪʨʫʢʪʫʨʦʡ. 

ʉʪʨʫʢʪʫʨʘ ʋʄɿ-ʥʠʢʝʣʷ ʥʝ ʷʚʣʷʝʪʩʷ ʨʘʚʥʦʚʝʩʥʦʡ ʠ ʧʦʵʪʦʤʫ ʩʦʜʝʨʞʠʪ ʨʘʟʣʠʯʥʳʝ 

ʠʩʪʦʯʥʠʢʠ ʚʥʫʪʨʝʥʥʠʭ ʥʘʧʨʷʞʝʥʠʡ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʜʥʠʤ ʠʟ ʠʩʪʦʯʥʠʢʦʚ ʚʥʫʪʨʝʥʥʠʭ 

ʧʦʣʝʡ ʥʘʧʨʷʞʝʥʠʡ ʚ ʋʄɿ-ʥʠʢʝʣʝ ʷʚʣʷʝʪʩʷ ʜʠʩʣʦʢʘʮʠʦʥʥʘʷ ʩʪʨʫʢʪʫʨʘ. ɺʪʦʨʦʡ, ʠ 

ʦʩʥʦʚʥʦʡ, ʠʩʪʦʯʥʠʢ ï ʛʨʘʥʠʮʳ ʟʝʨʝʥ. ʊʨʝʪʴʠʤ ʠʩʪʦʯʥʠʢʦʤ ʷʚʣʷʶʪʩʷ ʜʠʩʢʣʠʥʘʮʠʠ, 

ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʚ ʩʪʳʢʘʭ ʟʝʨʝʥ. ʉ ʠʟʤʝʣʴʯʝʥʠʝʤ ʟʝʨʥʘ ʤʦʱʥʦʩʪʴ ʜʠʩʢʣʠʥʘʮʠʡ, 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘʷ ʢʨʠʚʠʟʥʝ-ʢʨʫʯʝʥʠʶ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ c, ʚʦʟʨʘʩʪʘʝʪ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠʩʫʪʩʪʚʫʶʪ ʜʚʘ ʪʠʧʘ ʧʦʣʝʡ, ʠʩʪʦʯʥʠʢʘʤʠ ʢʦʪʦʨʳʭ ʷʚʣʷʶʪʩʷ 

ʜʠʩʢʣʠʥʘʮʠʠ: ʯʠʩʪʦ ʫʧʨʫʛʠʝ ʠ ʫʧʨʫʛʦʧʣʘʩʪʠʯʝʩʢʠʝ. ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʘʤʧʣʠʪʫʜʘ ʧʦʣʷ 

ʤʘʢʩʠʤʘʣʴʥʘ, ʚʦ ʚʪʦʨʦʤ ï ʧʦʣʝ ʵʢʨʘʥʠʨʦʚʘʥʦ ʜʠʩʣʦʢʘʮʠʦʥʥʦʡ ʩʪʨʫʢʪʫʨʦʡ, ʠ ʘʤʧʣʠʪʫʜʘ 

ʟʥʘʯʠʪʝʣʴʥʦ ʥʠʞʝ. ʀʟʤʝʨʝʥʳ ʚʝʣʠʯʠʥʳ c ʚ ʨʘʟʣʠʯʥʳʭ ʪʠʧʘʭ ʟʝʨʝʥ ʚ ʦʙʦʠʭ ʩʣʫʯʘʷʭ 

(ʫʧʨʫʛʦʤ ʠ ʫʧʨʫʛʦʧʣʘʩʪʠʯʝʩʢʦʤ). ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʦʣʷ, ʦʙʨʘʟʦʚʘʥʥʳʝ ʜʠʩʢʣʠʥʘʮʠʷʤʠ, ʚ 

ʦʩʥʦʚʥʦʤ ʥʦʩʷʪ ʫʧʨʫʛʠʡ ʭʘʨʘʢʪʝʨ. ʏʝʪʚʝʨʪʳʤ ʠʩʪʦʯʥʠʢʦʤ ʚʥʫʪʨʝʥʥʠʭ ʥʘʧʨʷʞʝʥʠʡ 

ʷʚʣʷʶʪʩʷ ʯʘʩʪʠʮʳ ʚʪʦʨʳʭ ʬʘʟ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʯʘʩʪʠʮʳ ʚʪʦʨʳʭ ʬʘʟ ʠʤʝʶʪ 

ʥʘʥʦʤʝʪʨʠʯʝʩʢʠʡ ʨʘʟʤʝʨ ʠ ʣʦʢʘʣʠʟʦʚʘʥʳ, ʢʘʢ ʧʨʘʚʠʣʦ, ʚ ʩʪʳʢʘʭ ʛʨʘʥʠʮ ʟʝʨʝʥ ʠ ʥʘ ʩʘʤʠʭ 
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ʛʨʘʥʠʮʘʭ. ʇʦʣʷ ʥʘʧʨʷʞʝʥʠʡ ʦʪ ʯʘʩʪʠʮ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʤʝʩʪʘ ʠʭ ʥʘʭʦʞʜʝʥʠʷ ʷʚʣʷʶʪʩʷ, ʚ 

ʦʩʥʦʚʥʦʤ, ʫʧʨʫʛʠʤʠ, ʘ ʠʭ ʘʤʧʣʠʪʫʜʘ ʠʤʝʝʪ ʥʘʠʙʦʣʴʰʝʝ ʟʥʘʯʝʥʠʝ. 

ɺ ʨʘʙʦʪʝ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʦ ʚʣʠʷʥʠʝ ʪʠʧʘ (ʘ ʟʥʘʯʠʪ ʠ ʨʘʟʤʝʨʘ) ʟʝʨʝʥ ʥʘ ʘʤʧʣʠʪʫʜʫ 

ʚʥʫʪʨʝʥʥʠʭ ʥʘʧʨʷʞʝʥʠʡ. ʆʢʘʟʘʣʦʩʴ, ʯʪʦ ʥʘʠʙʦʣʴʰʠʤ ʟʥʘʯʝʥʠʝʤ c ʦʙʣʘʜʘʶʪ 

ʙʝʟʜʠʩʣʦʢʘʮʠʦʥʥʳʝ ʟʝʨʥʘ, ʥʘʠʤʝʥʴʰʠʤ ï ʟʝʨʥʘ ʩ ʬʨʘʛʤʝʥʪʠʨʦʚʘʥʥʦʡ ʩʫʙʩʪʨʫʢʪʫʨʦʡ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ ʄʠʥʠʩʪʝʨʩʪʚʘ ʥʘʫʢʠ ʠ 

ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ (ʪʝʤʘ ˉ FEMN-2020-0004). 

 

ʌɸɿʆɺʓɽ ʇʈɽɺʈɸʑɽʅʀʗ, ɺʓɿɺɸʅʅʓɽ ʂʈʋʏɽʅʀɽʄ ʇʆɼ 
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ʀʥʪʝʥʩʠʚʥʘʷ ʧʣʘʩʪʠʯʝʩʢʘʷ ʜʝʬʦʨʤʘʮʠʷ (ʀʇɼ) ʥʝ ʪʦʣʴʢʦ ʧʨʠʚʦʜʠʪ ʢ ʩʠʣʴʥʦʤʫ 

ʠʟʤʝʣʴʯʝʥʠʶ ʟʝʨʝʥ ʠ ʫʧʨʦʯʥʝʥʠʶ ʤʘʪʝʨʠʘʣʘ, ʥʦ ʪʘʢʞʝ ʤʦʞʝʪ ʚʳʟʚʘʪʴ ʜʠʬʬʫʟʠʦʥʥʳʝ, ʘ 

ʪʘʢʞʝ ʙʝʟʜʠʬʬʫʟʠʦʥʥʳʝ (ʤʘʨʪʝʥʩʠʪʥʳʝ, ʩʜʚʠʛʦʚʳʝ) ʬʘʟʦʚʳʝ ʧʨʝʚʨʘʱʝʥʠʷ. ʅʘʤʠ 

ʠʟʫʯʝʥʦ ʚʣʠʷʥʠʝ ʢʨʫʯʝʥʠʷ ʧʦʜ ʚʳʩʦʢʠʤ ʜʘʚʣʝʥʠʝʤ (ʂɺɼ) ʥʘ ʜʠʬʬʫʟʠʦʥʥʳʝ ʠ 

ʤʘʨʪʝʥʩʠʪʥʳʝ ʬʘʟʦʚʳʝ ʧʨʝʚʨʘʱʝʥʠʷ ʚ ʩʧʣʘʚʘʭ ʥʘ ʦʩʥʦʚʝ ʤʝʜʠ ʠ ʪʠʪʘʥʘ. ɺ ʨʘʟʙʘʚʣʝʥʥʳʭ 

ʙʠʥʘʨʥʳʭ ʩʧʣʘʚʘʭ ʥʘ ʦʩʥʦʚʝ ʤʝʜʠ ʂɺɼ ʚʳʟʳʚʘʝʪ ʢʦʥʢʫʨʝʥʮʠʶ ʤʝʞʜʫ ʬʦʨʤʠʨʦʚʘʥʠʝʤ 

ʯʘʩʪʠʮ ʚʪʦʨʦʡ ʬʘʟʳ, ʚʳʟʚʘʥʥʳʤ ʜʝʬʦʨʤʘʮʠʝʡ, ʠ ʠʭ ʨʘʩʪʚʦʨʝʥʠʝʤ ʚ ʤʝʜʥʦʡ ʤʘʪʨʠʮʝ. 

ʉʦʩʪʘʚ ʤʝʜʥʦʡ ʤʘʪʨʠʮʳ ʧʦʩʣʝ ʂɺɼ ʪʘʢʦʡ, ʢʘʢʦʡ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥ ʧʦʩʣʝ ʜʣʠʪʝʣʴʥʦʛʦ 

ʦʪʞʠʛʘ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʦʡ (ʵʬʬʝʢʪʠʚʥʦʡ) ʪʝʤʧʝʨʘʪʫʨʝ Teff. ɺʝʣʠʯʠʥʘ Teff ʚ ʨʘʟʙʘʚʣʝʥʥʳʭ 

ʙʠʥʘʨʥʳʭ ʩʧʣʘʚʘʭ ʥʘ ʦʩʥʦʚʝ ʤʝʜʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʵʥʪʘʣʴʧʠʠ ʘʢʪʠʚʘʮʠʠ 

ʜʠʬʬʫʟʠʠ ʚʪʦʨʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʠ ʝʛʦ ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʘʚʣʝʥʠʷ Tm. ɺʳʟʚʘʥʥʳʝ ʂɺɼ 

ʧʨʝʚʨʘʱʝʥʠʷ ʤʝʞʜʫ ʠʥʪʝʨʤʝʪʘʣʣʠʜʘʤʠ ʖʤ-ʈʦʟʝʨʠ, ʫʩʢʦʨʝʥʥʳʡ ʤʘʩʩʦʧʝʨʝʥʦʩ, 

ʦʛʨʘʥʝʥʠʝ ʛʨʘʥʠʮ ʟʝʨʝʥ ʠ ʩʝʛʨʝʛʘʮʠʷ ʛʨʘʥʠʮ ʟʝʨʝʥ ʪʘʢʞʝ ʧʨʦʪʝʢʘʶʪ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʘʢ 

ʝʩʣʠ ʙʳ ʦʥʠ ʧʨʦʠʩʭʦʜʠʣʠ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʦʡ (ʧʦʚʳʰʝʥʥʦʡ) Teff. ɺ ʩʧʣʘʚʘʭ CuïAlïNi ʩ 

ʧʘʤʷʪʴʶ ʬʦʨʤʳ ʜʠʬʬʫʟʠʦʥʥʳʝ ʧʨʝʚʨʘʱʝʥʠʷ, ʚʳʟʚʘʥʥʳʝ ʂɺɼ (ʚʳʜʝʣʝʥʠʝ Ŭ1- ʠ ɔ1-ʬʘʟ), 

ʚʣʠʷʶʪ ʥʘ ʧʦʩʣʝʜʫʶʱʝʝ ʤʘʨʪʝʥʩʠʪʥʦʝ ʧʨʝʚʨʘʱʝʥʠʝ. ʉʧʣʘʚʳ TiïFe, TiïCo ʠ TiïNb ʧʝʨʝʜ 

ʂɺɼ ʩʦʜʝʨʞʘʣʠ ʣʠʙʦ ʩʤʝʩʴ Ŭ- ʠ ɓ-ʬʘʟ, ʣʠʙʦ ʩʤʝʩʴ Ŭ-ʬʘʟʳ ʠ ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʚ (Ŭ+TiFe 

ʠʣʠ Ŭ+Ti2Co). ɺʦ ʚʨʝʤʷ ʂɺɼ ʦʙʨʘʟʫʶʪʩʷ Ŭ'- ʠ Ŭ''-ʤʘʨʪʝʥʩʠʪʳ, ʘ ʪʘʢʞʝ ɤ-ʬʘʟʘ ʚʳʩʦʢʦʛʦ 

ʜʘʚʣʝʥʠʷ. ʆʙʩʫʞʜʘʶʪʩʷ ʜʠʬʬʫʟʠʦʥʥʳʝ ʠ ʙʝʟʜʠʬʬʫʟʠʦʥʥʳʝ ʤʝʭʘʥʠʟʤʳ ʵʪʠʭ 

ʧʨʝʚʨʘʱʝʥʠʡ.  

ʈʘʙʦʪʘ ʧʦʜʜʝʨʞʘʥʘ ʈʌʌʀ (ʛʨʘʥʪ 19-58-06002). 
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The wetting behavior of surfaces strongly depends on their roughness. In this work we 

investigated the effect of surface roughness of Ti ï 6 wt.%Al ï 4 wt.% V alloy on the adhesion 

of HEK293 human cells. The array of linear scratches has been produced on the surface of cold-

wrought Ti ï 6 wt.%Al ï 4 wt.% V alloy discs with the aid of various abrasive SiC papers with 

grit sizes of 220, 400, 600, 800, 1000, 1200, 2000 and 4000 (number of grains per cm2) and 

different diamond pastes with grain sizes 6, 3 and 1 ɛm. These SiC papers grades correspond 

to the SiC grain size of 68-7 ɛm. The resulted surface topography of the samples was examined 

by the conventional and confocal light microscopy and high-resolution scanning electron 

microscopy. Afterwards, the adhesion of the HEK293 human cells to the samples of different 

roughness has been measured by fluorescence miscroscopy. The size and morphology of 

adhered cells were measured by the light miscroscopy. The fraction of adhered cells behaves 

non-monotonously with grain size. It is about 0.35 for grain size of 1 ɛm, it increases with 

increasing grain size up to 0.95 for grain size of 7 ɛm and then slowly decreases down to 0.55 

at abrasive grain size of 68 ɛm. The position of maximum is comparable with the dimension of 

HEK293 cells (~14 ɛm). Thus, the variation of surface roughness opens the way to control and 

tailor the fraction of adhered cells, depending on demand of medical techniques. 

This work was partially carried out within the framework of the state assignment of the 

Institute of Solid State Physics and the Chernogolovka Scientific Center of the Russian 

Academy of Sciences, as well as with the financial assistance of the Russian Foundation for 

Basic Research (grant 19-58-06002) and Israel Ministry of Science and Technology (grant 3-

16534). 
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ʕʚʪʝʢʪʠʯʝʩʢʠʝ ʥʠʦʙʠʝʚʳʝ ʩʧʣʘʚʳ ʩ ʩʠʣʠʮʠʜʥʳʤ ʫʧʨʦʯʥʝʥʠʝʤ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ 

ʢʘʢ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʤʘʪʝʨʠʘʣʳ ʜʣʷ ʜʝʪʘʣʝʡ ʛʦʨʷʯʝʛʦ ʪʨʘʢʪʘ ʩʦʚʨʝʤʝʥʥʳʭ ʛʘʟʦʪʫʨʙʠʥʥʳʭ 

ʜʚʠʛʘʪʝʣʝʡ ʚʤʝʩʪʦ ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʞʘʨʦʧʨʦʯʥʳʭ ʥʠʢʝʣʝʚʳʭ ʩʧʣʘʚʦʚ (ɾʅʉ). 

ʊʘʢʠʝ ʩʧʣʘʚʳ ʧʨʠ ʤʝʥʴʰʝʡ ʥʘ 10 % ʧʣʦʪʥʦʩʪʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ɾʅʉ ʠʤʝʶʪ ʚʜʚʦʝ ʙʦʣʴʰʠʡ 

ʧʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʚʳʰʝ 1150 Áʉ. ʂʨʘʪʢʦʚʨʝʤʝʥʥʳʝ ʩʚʦʡʩʪʚʘ ʩʧʣʘʚʦʚ 

ʥʠʦʙʠʷ ʩ ʩʠʣʠʮʠʜʥʳʤ ʫʧʨʦʯʥʝʥʠʝʤ ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ ʦʪ 20 ʜʦ 1400 ÁC ʚ ʫʩʣʦʚʠʷʭ 

ʩʞʘʪʠʷ ʠ ʨʘʩʪʷʞʝʥʠʷ ʧʦʜʨʦʙʥʦ ʠʩʩʣʝʜʦʚʘʥʳ [1]. ʇʨʠ ʵʪʦʤ ʠʤʝʶʪʩʷ ʣʠʰʴ ʦʛʨʘʥʠʯʝʥʥʳʝ 

ʜʘʥʥʳʝ ʦ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʧʦʣʟʫʯʝʩʪʠ ʠ ʤʝʭʘʥʠʟʤʘʭ ʜʝʬʦʨʤʘʮʠʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 

1200 Áʉ ʠ ʚʳʰʝ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʢʨʘʪʢʦʚʨʝʤʝʥʥʳʭ ʠ ʜʣʠʪʝʣʴʥʳʭ ʠʩʧʳʪʘʥʠʡ 

ʚ ʨʝʞʠʤʝ ʧʦʣʟʫʯʝʩʪʠ ʧʨʠ ʠʟʛʠʙʝ ʠ ʨʘʩʪʷʞʝʥʠʠ ʧʨʠ 1300 Áʉ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ ʩʧʣʘʚʦʚ 

ʩʠʩʪʝʤʳ Nb-Si-X (X= Ti, Mo, Hf, Zr, Al , Cr) ʩʦ ʩʪʨʫʢʪʫʨʦʡ, ʧʦʣʫʯʝʥʥʳʭ ʥʘʧʨʘʚʣʝʥʥʦʡ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʝʡ. ʉʧʣʘʚ rʩʦʩʪʦʷʣʠ ʠʟ ʤʘʪʨʠʮʳ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ ʥʘ ʦʩʥʦʚʝ ʥʠʦʙʠʷ 

(Nb,ʍ)ʪʚ.ʨ-ʨ. ʠ ʘʨʤʠʨʫʶʱʝʡ ʬʘʟʳ ï ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ ʥʘ ʦʩʥʦʚʝ ʩʠʣʠʮʠʜʘ (Nb,ʍ)5Si3, 

ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʥʦʛʦ ʧʦ ʚʩʝʤʫ ʦʙʲʝʤʫ. 

 

 
 

ʈʠʩ. 1. ɼʠʩʣʦʢʘʮʠʦʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʥʠʦʙʠʝʚʦʡ ʤʘʪʨʠʮʳ ʠ ʩʠʣʠʮʠʜʘ ʜʦ (ʘ) ʠ ʧʦʩʣʝ 

(ʙ) ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʧʦʣʟʫʯʝʩʪʠ ʨʘʩʪʷʞʝʥʠʝʤ ʧʨʠ 1300 Áʉ. 

 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʠʩʩʣʝʜʫʝʤʳʝ ʩʧʣʘʚʳ ʩʧʦʩʦʙʥʳ ʜʣʠʪʝʣʴʥʦ ʚʳʜʝʨʞʠʚʘʪʴ ʜʦʩʪʘʪʦʯʥʦ 

ʚʳʩʦʢʠʝ ʥʘʛʨʫʟʢʠ ʜʦ 100-200 ʄʇʘ ʧʨʠ 1200-1300 Áʉ. ʊʝʤ ʥʝ ʤʝʥʝʝ ʜʘʥʥʳʝ ʪʝʤʧʝʨʘʪʫʨʳ, 

ʧʦ-ʚʠʜʠʤʦʤʫ, ʷʚʣʷʶʪʩʷ ʧʨʝʜʝʣʴʥʳʤʠ. ɺ ʩʪʨʫʢʪʫʨʝ ʩʧʣʘʚʘ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʜʠʩʣʦʢʘʮʠʠ 

ʚʙʣʠʟʠ ʤʝʞʬʘʟʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʥʠʦʙʠʝʚʦʡ ʤʘʪʨʠʮʳ ʠ ʫʧʨʦʯʥʷʶʱʝʡ ʩʠʣʠʮʠʜʥʦʡ ʬʘʟʳ, 

ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʣʦ ʦ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ ʦʙʝʠʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʥʘ 

ʩʪʘʮʠʦʥʘʨʥʦʡ ʩʪʘʜʠʠ ʧʦʣʟʫʯʝʩʪʠ ʩʧʣʘʚʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1300 Áʉ. 

 
1. ʉʚʝʪʣʦʚ ʀ.ʃ., ʂʘʨʧʦʚ ʄ.ʀ., ʅʝʡʤʘʥ ɸ.ɺ., ʉʪʨʦʛʘʥʦʚʘ ʊ.ʉ. ɼʝʬʦʨʤʘʮʠʷ ʠ ʨʘʟʨʫʰʝʥʠʝ 

ʤʘʪʝʨʠʘʣʦʚ, 10, cc. 17ï22 (2017). 
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ʀʩʩʣʝʜʦʚʘʥʠʡ. ʇʨʦʝʢʪ 20-53-18002, ʠ Bulgarian National Science Fund at the Ministry of 

Education and Science, Contract No ʂP-06-Russian/18 15.12.2020. 
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ʕɺʆʃʖʎʀʗ ʂɸʈʊʀʅʓ ʉɼɺʀɻʆɺ ʀ ʇʆɺʆʈʆʊʆɺ ʉ 

ɼɽʌʆʈʄɸʎʀɽʁ ɺ ʆʎʂ ʉʊɸʃʀ 

ʃ.ɸ. ʊʝʧʣʷʢʦʚʘ, ɸ.ɼ. ʂʘʰʠʥ, ʊ.ʉ. ʂʫʥʠʮʳʥʘ  

ʊʦʤʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʘʨʭʠʪʝʢʪʫʨʥʦ-ʩʪʨʦʠʪʝʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

Email: lat168@mail.ru 

ʇʨʦʮʝʩʩ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ ʆʎʂ ʩʪʘʣʝʡ, ʠʤʝʶʱʠʭ ʫʞʝ ʜʦ ʧʨʠʣʦʞʝʥʠʷ 

ʥʘʛʨʫʟʢʠ ʨʘʟʚʠʪʫʶ ʜʝʬʝʢʪʥʫʶ ʩʪʨʫʢʪʫʨʫ, ʚʢʣʶʯʘʶʱʫʶ ʛʨʘʥʠʮʳ ʨʘʟʦʨʠʝʥʪʘʮʠʠ 

(ʥʘʩʣʝʜʦʚʘʥʥʦʛʦ ʠ ʤʘʨʪʝʥʩʠʪʥʦʛʦ ʟʝʨʥʘ, ʧʘʢʝʪʦʚ, ʧʣʘʩʪʠʥ, ʨʝʝʢ); ʜʠʩʣʦʢʘʮʠʦʥʥʫʶ 

ʩʪʨʫʢʪʫʨʫ ʩ ʚʳʩʦʢʦʡ ʧʣʦʪʥʦʩʪʴʶ ʜʠʩʣʦʢʘʮʠʡ; ʢʘʨʙʠʜʥʳʝ ʯʘʩʪʠʮʳ ʨʘʟʣʠʯʥʦʡ ʧʨʦʯʥʦʩʪʠ, 

ʤʝʩʪʦʧʦʣʦʞʝʥʠʝ ʢʦʪʦʨʳʭ ʪʝʩʥʦ ʩʚʷʟʘʥʦ ʩ ʛʨʘʥʠʮʘʤʠ ʠ ʜʠʩʣʦʢʘʮʠʦʥʥʦʡ ʩʫʙʩʪʨʫʢʪʫʨʦʡ 

ʦʯʝʚʠʜʥʦ ʩʣʦʞʝʥ. ʆʜʥʦʡ ʠʟ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʪʨʫʜʥʦʩʪʝʡ ʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ 

ʪʦʪ ʬʘʢʪ, ʯʪʦ ʧʣʘʩʪʠʯʝʩʢʘʷ ʜʝʬʦʨʤʘʮʠʷ ʨʝʘʣʠʟʫʝʪʩʷ ʚ ʠʥʪʝʨʚʘʣʝ ʤʘʩʰʪʘʙʦʚ ʦʪ ʣʠʥʝʡʥʳʭ 

ʨʘʟʤʝʨʦʚ ʦʙʨʘʟʮʘ (ʤʠʣʣʠʤʝʪʨʳ) ʜʦ ʜʝʩʷʪʢʦʚ ʥʘʥʦʤʝʪʨʦʚ (ʨʘʟʤʝʨʳ ʤʝʣʢʠʭ ʢʘʨʙʠʜʦʚ). 

ʕʪʦ ʧʦʪʨʝʙʦʚʘʣʦ ʧʨʠʤʝʥʝʥʠʝ ʨʘʟʥʳʭ ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʚʢʣʶʯʘʷ ʚʩʝ ʚʠʜʳ 

ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ, ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ.  

ʅʘʩʪʦʷʱʘʷ ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʠʟʫʯʝʥʠʶ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʨʘʟʚʠʪʠʷ ʩʜʚʠʛʦʚ ʠ 

ʧʦʚʦʨʦʪʦʚ ʚ ʩʪʘʣʠ ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʦʪʧʫʱʝʥʥʦʛʦ ʤʘʨʪʝʥʩʠʪʘ, ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʡ 

ʨʘʩʪʷʞʝʥʠʝʤ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʩʦ ʩʢʦʨʦʩʪʷʤʠ ʧʦʨʷʜʢʘ 10-4 ʩ-1 . ɺ ʨʘʙʦʪʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʠʟʫʯʝʥʘ ʵʚʦʣʶʮʠʷ ʢʘʨʪʠʥʳ ʜʝʬʦʨʤʘʮʠʦʥʥʦʛʦ ʨʝʣʴʝʬʘ ʥʘ ʨʘʟʥʳʭ 

ʩʪʘʜʠʷʭ ʜʝʬʦʨʤʘʮʠʠ, ʚʧʣʦʪʴ ʜʦ ʨʘʟʨʫʰʝʥʠʷ. ʅʘ ʦʩʥʦʚʝ ʵʪʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʦʚʝʜʝʥʘ 

ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʵʣʝʤʝʥʪʦʚ ʜʝʬʦʨʤʘʮʠʦʥʥʦʛʦ ʨʝʣʴʝʬʘ ʥʘ ʩʪʨʫʢʪʫʨʥʳʭ ʫʨʦʚʥʷʭ: ʧʘʢʝʪ, 

ʧʣʘʩʪʠʥʘ, ʬʨʘʛʤʝʥʪ ʧʘʢʝʪʘ, ʨʝʡʢʘ. ɺʳʷʚʣʝʥʦ, ʯʪʦ ʦʩʥʦʚʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ 

ʜʝʬʦʨʤʘʮʠʦʥʥʦʛʦ ʨʝʣʴʝʬʘ ʠʩʩʣʝʜʦʚʘʥʥʦʡ ʩʪʘʣʠ ʥʘ ɻʪʠʭ ʤʘʩʰʪʘʙʥʦ-ʩʪʨʫʢʪʫʨʥʳʭ 

ʫʨʦʚʥʷʭ ʷʚʣʷʶʪʩʷ:1) ʧʦʜʩʠʩʪʝʤʳ ʩʣʝʜʦʚ ʩʜʚʠʛʘ ʩ ʨʘʟʣʠʯʥʦʡ ʤʦʱʥʦʩʪʴʶ ʠ 2) 

ʜʝʬʦʨʤʘʮʠʦʥʥʳʝ ʩʢʣʘʜʢʠ. 

ɺ ʯʘʩʪʥʦʩʪʠ, ʫʩʪʘʥʦʚʣʝʥʦ, ʧʨʠ ʚʩʝʤ 

ʨʘʟʥʦʦʙʨʘʟʠʠ ʩʢʣʘʜʦʢ, ʧʦʷʚʣʷʶʱʠʭʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʜʝʬʦʨʤʠʨʫʝʤʳʭ ʩʪʘʣʝʡ ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʦʪʧʫʱʝʥʥʦʛʦ 

ʤʘʨʪʝʥʩʠʪʘ, ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʪʨʠ ʪʠʧʠʯʥʳʭ ʚʠʜʘ. ɺʦ-

ʧʝʨʚʳʭ, ʩʢʣʘʜʢʠ, ʦʙʨʘʟʫʶʱʠʝʩʷ ʚʩʣʝʜʩʪʚʠʝ ʧʣʘʚʥʳʭ 

ʠʟʛʠʙʦʚ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʠʤʝʶʱʠʝ ʬʦʨʤʫ "ʙʫʛʨʦʚ" ʠ 

"ʚʧʘʜʠʥ" (ʈʠʩ.1, ʫ ɸ). ʀʭ ʦʪʣʠʯʠʪʝʣʴʥʳʤ ʧʨʠʟʥʘʢʦʤ 

ʷʚʣʷʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝ ʜʠʩʢʨʝʪʥʳʭ ʛʨʘʥʠʮ, ʢʦʪʦʨʳʝ 

ʦʪʜʝʣʷʣʠ ʙʳ ʠʭ ʦʪ ʥʝʠʟʦʛʥʫʪʦʡ ʯʘʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ. 

ʊʘʢʠʝ ʩʢʣʘʜʢʠ ʧʦʷʚʣʷʶʪʩʷ ʩ ʩʘʤʦʛʦ ʥʘʯʘʣʘ 

ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ ʠ ʩʚʦʠʤ ʧʦʷʚʣʝʥʠʝʤ 

ʦʙʷʟʘʥʳ ʥʘʢʦʧʣʝʥʠʶ ʠʟʙʳʪʦʯʥʦʡ ʧʣʦʪʥʦʩʪʠ 

ʜʠʩʣʦʢʘʮʠʡ ʚ ʣʦʢʘʣʴʥʳʭ ʦʙʲʝʤʘʭ ʦʙʨʘʟʮʘ. ʀʭ 

ʨʘʟʤʝʨʳ ʚʘʨʴʠʨʫʶʪ ʦʪ ʥʝʩʢʦʣʴʢʠʭ ʤʠʢʨʦʤʝʪʨʦʚ ʜʦ 

ʜʝʩʷʪʳʭ ʜʦʣʝʡ ʤʠʢʨʦʤʝʪʨʦʚ, ʪʦ ʝʩʪʴ ʢʦʨʨʝʣʠʨʫʶʪ ʩ 

ʤʘʩʰʪʘʙʦʤ ʩʪʨʫʢʪʫʨʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʤʘʨʪʝʥʩʠʪʘ 

(ʈʠʩ.1). 

 ɺʦ-ʚʪʦʨʳʭ, ʩʢʣʘʜʢʠ ʩ ʜʠʩʢʨʝʪʥʳʤʠ ʛʨʘʥʠʮʘʤʠ, 

ʨʘʩʧʦʣʘʛʘʶʱʠʝʩʷ ʚ ʟʝʨʥʝ, ʢʘʢ ʧʨʘʚʠʣʦ, ʠʥʜʠʚʠʜʫʘʣʴʥʦ. ʉʨʝʜʠ ʜʘʥʥʦʛʦ ʢʣʘʩʩʘ 

ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ ʩʢʣʘʜʦʢ ʯʘʩʪʦ ʚʩʪʨʝʯʘʶʪʩʷ ʣʠʥʟʦʚʠʜʥʳʝ ʩʢʣʘʜʢʠ. ɺ ʨʘʙʦʪʝ 

ʫʩʪʘʥʦʚʣʝʥʦ, ʦʥʠ ʛʝʥʝʪʠʯʝʩʢʠ ʩʚʷʟʘʥʳ ʩ ʥʝʩʦʚʤʝʩʪʥʦʩʪʴʶ ʜʝʬʦʨʤʘʮʠʠ ʧʣʘʩʪʠʥ 

ʤʘʨʪʝʥʩʠʪʘ, ʦ ʯʝʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʠʭ ʬʦʨʤʘ, ʤʝʩʪʦʧʦʣʦʞʝʥʠʝ ʚ ʟʝʨʥʝ ʠ ʣʠʥʝʡʥʳʝ 

 
ʈʠʩʫʥʦʢ 1. ɼʝʬʦʨʤʘʮʠʦʥʥʳʝ 

ʩʢʣʘʜʢʠ ʚ ʩʪʘʣʠ 34ʍʅ3ʄʌɸ 
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ʨʘʟʤʝʨʳ. ʀ, ʥʘʢʦʥʝʮ, ʫʜʣʠʥʝʥʥʳʝ ʩʢʣʘʜʢʠ ʩ ʜʠʩʢʨʝʪʥʳʤʠ ʛʨʘʥʠʮʘʤʠ, ʠʤʝʶʱʠʝ ʬʦʨʤʫ 

"ʜʚʫʭʩʢʘʪʥʦʡ ʢʨʳʰʠ". ɺ ʢʨʫʧʥʳʭ ʧʘʢʝʪʘʭ ʯʘʩʪʦ ʬʦʨʤʠʨʫʶʪʩʷ ʩʠʩʪʝʤʳ ʧʘʨʘʣʣʝʣʴʥʳʭ 

ʩʢʣʘʜʦʢ ʜʘʥʥʦʛʦ ʪʠʧʘ (ʨʠʩ. 2).  ʇʨʠ ʙʦʣʴʰʠʭ ʩʪʝʧʝʥʷʭ ʜʝʬʦʨʤʘʮʠʠ ʬʦʨʤʘ "ʢʨʳʰʠ" 

ʤʦʞʝʪ ʙʳʪʴ ʥʝ ʧʣʦʩʢʦʡ, ʘ ʠʤʝʥʥʦ: ʩʦ ʩʣʝʜʘʤʠ ʚʪʦʨʠʯʥʦʛʦ ʩʜʚʠʛʘ ʠ/ʠʣʠ ʩʣʝʜʘʤʠ 

ʜʝʬʦʨʤʘʮʠʠ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʱʠʤʠ ʦ ʬʨʘʛʤʝʥʪʘʮʠʠ ʤʘʪʝʨʠʘʣʘ ʚ ʠʭ ʚʥʫʪʨʝʥʥʠʭ ʦʙʲʝʤʘʭ. 

ʆʙʱʠʤ ʜʣʷ ʚʩʝʭ ʪʠʧʦʚ ʩʢʣʘʜʦʢ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʦʥʠ ʨʘʟʦʨʠʝʥʪʠʨʦʚʘʥʳ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʦʢʨʫʞʘʶʱʝʛʦ ʤʘʪʝʨʠʘʣʘ, ʪʦ ʝʩʪʴ ʚ ʠʭ ʦʙʨʘʟʦʚʘʥʠʠ ʫʯʘʩʪʚʫʶʪ ʧʦʚʦʨʦʪʥʳʝ ʤʦʜʳ 

ʜʝʬʦʨʤʘʮʠʠ 

ɺ ʨʘʙʦʪʝ ʧʨʦʚʝʜʝʥʦ ʦʙʦʙʱʝʥʠʝ 

ʦʩʥʦʚʥʳʭ (ʪʠʧʠʯʥʳʭ) ʵʣʝʤʝʥʪʦʚ 

ʜʝʬʦʨʤʘʮʠʦʥʥʦʛʦ ʨʝʣʴʝʬʘ, ʭʘʨʘʢʪʝʨʥʳʭ ʢʘʢ 

ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʚ ʨʘʙʦʪʝ ʩʪʘʣʝʡ, ʪʘʢ ʠ 

ʜʨʫʛʠʭ ʤʝʪʘʣʣʦʚ ʠ ʩʧʣʘʚʦʚ, 

ʜʝʬʦʨʤʠʨʦʚʘʥʥʳʭ ʜʦ ʟʥʘʯʠʪʝʣʴʥʳʭ 

ʩʪʝʧʝʥʝʡ ʜʝʬʦʨʤʘʮʠʠ (ʤʦʥʦ ʠ 

ʧʦʣʠʢʨʠʩʪʘʣʣʳ ɻʎʂ ʩʧʣʘʚʦʚ, ʘʫʩʪʝʥʠʪʥʳʭ 

ʩʪʘʣʝʡ). ɺʦ ʚʩʝʭ ʵʪʠʭ ʤʘʪʝʨʠʘʣʘʭ 

ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʟʣʠʯʘʶʱʠʭʩʷ ʠʩʭʦʜʥʦʡ 

ʜʝʬʝʢʪʥʦʡ ʩʪʨʫʢʪʫʨʦʡ, ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʦʙʨʘʟʮʦʚ ʧʨʠ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ 

ʬʦʨʤʠʨʫʶʪʩʷ ʧʦʜʩʠʩʪʝʤʳ ʪʦʥʢʠʭ ʠ ʛʨʫʙʳʭ 

ʩʣʝʜʦʚ ʩʜʚʠʛʘ, "ʢʨʳʰʝʧʦʜʦʙʥʳʝ"  ʫʜʣʠʥʝʥʥʳʝ ʠ "ʣʠʥʟʦʚʠʜʥʳʝ" ʜʝʬʦʨʤʘʮʠʦʥʥʳʝ 

ʩʢʣʘʜʢʠ ʩ ʧʣʘʚʥʳʤʠ ʠ ʜʠʩʢʨʝʪʥʳʤʠ ʛʨʘʥʠʮʘʤʠ. ʕʪʦ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʷʚʥʦ ʫʢʘʟʳʚʘʝʪ ʥʘ 

ʦʜʠʥʘʢʦʚʳʝ ʤʝʭʘʥʠʟʤʳ ʠʭ ʦʙʨʘʟʦʚʘʥʠʷ.  

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ ʄʠʥʠʩʪʝʨʩʪʚʘ ʥʘʫʢʠ ʠ 

ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ (ʪʝʤʘ ˉ FEMN-2020-0004). 
 

ɺʃʀʗʅʀɽ ʊɽʄʇɽʈɸʊʋʈʓ ʀ ɼɸɺʃɽʅʀʗ ʇʈʀ ɼɽʌʆʈʄɸʎʀʀ 

ʂʈʋʏɽʅʀɽʄ ʇʆʈʆʐʂʆɺʆʁ ʉʄɽʉʀ AU ʀ CO ʅɸ IN SITU 

ʅɸʇʈʗɾɽʅʀɽ ʉɼɺʀɻɸ 

ʊ.ʇ. ʊʦʣʤʘʯʝʚ1,2, ɺ.ʇ. ʇʠʣʶʛʠʥ2,3, ɸ.ʄ. ʇʘʮʝʣʦʚ2 

1ʀʥʩʪʠʪʫʪ ʤʘʰʠʥʦʚʝʜʝʥʠʷ ʋʨʆ ʈɸʅ, ɽʢʘʪʝʨʠʥʙʫʨʛ 
2ʀʥʩʪʠʪʫʪ ʬʠʟʠʢʠ ʤʝʪʘʣʣʦʚ ʋʨʆ ʈɸʅ, ɽʢʘʪʝʨʠʥʙʫʨʛ 
3ʋʨʘʣʴʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ɽʢʘʪʝʨʠʥʙʫʨʛ 

Email: tolmachev@imp.uran.ru, timpt@mail.ru 

ʂʦʤʧʦʥʝʥʪʳ ʩʠʩʪʝʤʳ ʦʛʨʘʥʠʯʝʥʥʦʡ ʨʘʩʪʚʦʨʠʤʦʩʪʠ Au-Co ʚ ʚʠʜʝ ʧʦʨʦʰʢʦʚʦʡ 

ʩʤʝʩʠ, ʧʦʜʚʝʨʛʘʣʠʩʴ ʦʙʨʘʙʦʪʢʝ ʜʝʬʦʨʤʘʮʠʝʡ ʢʨʫʯʝʥʠʷ (ʩʜʚʠʛʘ) ʧʦʜ ʚʳʩʦʢʠʤ ʜʘʚʣʝʥʠʝʤ 

ʩ ʮʝʣʴʶ ʠʭ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʩʧʣʘʚʣʝʥʠʷ. ɺʦ ʚʨʝʤʷ ʦʙʨʘʙʦʪʢʠ, in situ, ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʟʘʧʠʩʴ 

ʤʦʤʝʥʪʘ ʢʨʫʯʝʥʠʷ, ʢʦʪʦʨʘʷ ʩʚʷʟʘʥʘ ʩ ʥʘʧʨʷʞʝʥʠʝʤ ʩʜʚʠʛʘ ʦʪ ʚʝʣʠʯʠʥʳ ʜʝʬʦʨʤʘʮʠʠ Ű(e). 

ɼʣʷ ʚʳʷʚʣʝʥʠʷ ʚʣʠʷʥʠʷ ʠʟʤʝʥʝʥʠʷ ʫʩʣʦʚʠʡ ʧʦ ʜʘʚʣʝʥʠʶ ʠ ʪʝʤʧʝʨʘʪʫʨʝ ʜʝʬʦʨʤʘʮʠʠ 

ʦʙʨʘʙʦʪʢʘ ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʧʨʠ ʜʘʚʣʝʥʠʷʭ ʚ ʜʠʘʧʘʟʦʥʝ 5-12 ɻʇʘ, ʚ ʞʠʜʢʦʤ ʘʟʦʪʝ, ʧʨʠ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʘ ʪʘʢʞʝ ʩ ʚʥʝʰʥʠʤ ʥʘʛʨʝʚʦʤ ʜʦ 393 ʂ. ɸʪʪʝʩʪʘʮʠʷ ʩʪʨʫʢʪʫʨʳ ʠ 

ʩʚʦʡʩʪʚ ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʩ ʧʨʠʚʣʝʯʝʥʠʝʤ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ, 

ʩʢʘʥʠʨʫʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʧʦʚʝʨʭʥʦʩʪʠ ʠʟʣʦʤʘ ʦʙʨʘʟʮʘ, ʜʦʧʦʣʥʠʪʝʣʴʥʦ 

ʧʨʦʠʟʚʝʜʝʥʥʦʛʦ ʧʦʩʣʝ ʩʧʣʘʚʣʝʥʠʷ. 

 
ʈʠʩʫʥʦʢ 2. ʉʠʩʪʝʤʘ ʧʘʨʘʣʣʝʣʴʥʳʭ 

ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ ʩʢʣʘʜʦʢ ʚ ʩʪʘʣʠ 

34ʍʅ3ʄʌɸ 
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ʇʨʠ ʩʨʘʚʥʝʥʠʠ ʟʘʚʠʩʠʤʦʩʪʝʡ ʥʘʧʨʷʞʝʥʠʷ ʩʜʚʠʛʘ ʩʤʝʩʠ ʩ ʜʘʥʥʳʤʠ ʧʦ ʦʪʜʝʣʴʥʦ 

ʜʝʬʦʨʤʠʨʫʝʤʳʤ Au ʠ Co, ʥʘʙʣʶʜʘʣʘʩʴ ʩʪʘʜʠʷ, ʩʚʷʟʘʥʥʘʷ ʩ ʜʝʬʦʨʤʘʮʠʦʥʥʦ-

ʦʙʫʩʣʦʚʣʝʥʥʳʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʢʦʤʧʦʥʝʥʪʦʚ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʠʭ ʠʟʤʝʣʴʯʝʥʠʝʤ ʜʦ 

ʤʝʣʢʦʟʝʨʥʠʩʪʦʛʦ ʩʦʩʪʦʷʥʠʷ (ʧʦʩʣʝʜʥʝʝ ʧʨʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʫʩʣʦʚʠʷʭ ʠ ʤʘʪʝʨʠʘʣʘʭ 

ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʜʘʥʥʦʛʦ ʚʠʜʘ ʦʙʨʘʙʦʪʢʠ). ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʟʘʚʠʩʠʤʦʩʪʠ ʥʘʧʨʷʞʝʥʠʷ ʩʜʚʠʛʘ 

ʦʪʜʝʣʴʥʦ ʜʝʬʦʨʤʠʨʫʝʤʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʧʦʩʣʝ ʨʝʟʢʦʛʦ, ʧʦʯʪʠ ʣʠʥʝʡʥʦʛʦ ʨʦʩʪʘ, ʚʳʭʦʜʷʪ 

ʥʘ ʩʪʘʜʠʶ ʥʘʩʳʱʝʥʠʷ ʜʝʬʦʨʤʘʮʠʦʥʥʦ-ʠʥʜʫʮʠʨʦʚʘʥʥʳʭ ʧʨʝʚʨʘʱʝʥʠʡ. ʀʟʤʝʥʝʥʠʝ 

ʫʩʣʦʚʠʡ ʜʝʬʦʨʤʘʮʠʠ ʧʦ ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʜʘʚʣʝʥʠʶ (ʩʥʠʞʝʥʠʷ ʧʝʨʚʳʭ ʜʦ ʢʨʠʦʛʝʥʥʳʭ ʠ 

ʫʚʝʣʠʯʝʥʠʷ ʚʪʦʨʳʭ) ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʝʬʦʨʤʘʮʠʠ 

ʬʦʨʤʠʨʫʶʱʝʛʦʩʷ ʩʧʣʘʚʘ. ɺ ʫʩʣʦʚʠʷʭ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʨʦʩʪ ʜʘʚʣʝʥʠʷ ʧʨʠʚʦʜʠʪ ʢ 

ʫʚʝʣʠʯʝʥʠʶ ʟʥʘʯʝʥʠʡ ʥʘʧʨʷʞʝʥʠʷ ʩʜʚʠʛʘ, ʭʦʪʷ ʩʪʘʜʠʡʥʦʩʪʴ ʩʪʨʫʢʪʫʨʥʳʭ ʧʨʝʚʨʘʱʝʥʠʡ 

ʠʟʤʝʥʷʝʪʩʷ ʤʘʣʦ. ʉʥʠʞʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʜʝʬʦʨʤʘʮʠʠ ʧʨʠʚʦʜʠʪ ʢ ʚʦʟʨʘʩʪʘʥʠʶ ʟʥʘʯʝʥʠʡ 

ʥʘʧʨʷʞʝʥʠʷ ʩʜʚʠʛʘ, ʪ.ʢ. ʩʠʩʪʝʤʘ ʧʨʦʠʟʚʦʜʠʪ ʙʦʣʴʰʝʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʜʝʬʦʨʤʘʮʠʠ ʟʘ ʩʯʝʪ 

ʩʤʝʥʳ ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʫʙʤʠʢʨʦ- ʠ ʥʘʥʦ- ʩʪʨʫʢʪʫʨ ʠ 

ʘʢʪʠʚʘʮʠʠ ʜʠʬʬʫʟʠʠ ʧʦʜ ʥʘʧʨʷʞʝʥʠʝʤ. ʅʘ ʈʠʩ.1 ʧʨʠʚʝʜʝʥ ʧʨʠʤʝʨ ʟʘʚʠʩʠʤʦʩʪʝʡ 

ʥʘʧʨʷʞʝʥʠʷ ʩʜʚʠʛʘ ʦʪ ʯʠʩʣʘ ʦʙʦʨʦʪʦʚ ʥʘʢʦʚʘʣʴʥʠ ʜʣʷ ʩʤʝʩʠ Au-Co, ʜʝʬʦʨʤʠʨʫʝʤʳʭ ʚ 

ʞʠʜʢʦʤ ʘʟʦʪʝ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʜʘʚʣʝʥʠʷʭ [1]. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ ʚ ʨʘʤʢʘʭ ʥʘʫʯʥʦʛʦ 

ʧʨʦʝʢʪʘ ˉ 19-32-60039 ʠ ʚ ʨʘʤʢʘʭ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ ʄʠʥʠʩʪʝʨʩʪʚʘ ʦʙʨʘʟʦʚʘʥʠʷ 

ʠ ʥʘʫʢʠ ʈʌ. ʇʦʣʫʯʝʥʠʝ ʠ ʦʙʨʘʙʦʪʢʘ ʤʘʪʝʨʠʘʣʦʚ ʧʨʦʠʟʚʦʜʠʣʠʩʴ ʥʘ ʙʘʟʝ ʀʌʄ ʋʨʆ ʈɸʅ, 

ʛ. ɽʢʘʪʝʨʠʥʙʫʨʛ. 

 

 

ʈʠʩʫʥʦʢ 1. ɿʘʚʠʩʠʤʦʩʪʠ ʥʘʧʨʷʞʝʥʠʷ ʩʜʚʠʛʘ ʦʪ ʯʠʩʣʘ ʦʙʦʨʦʪʦʚ ʥʘʢʦʚʘʣʴʥʠ ʚʦ ʚʨʝʤʷ 

ʜʝʬʦʨʤʘʮʠʠ ʢʨʫʯʝʥʠʝʤ ʧʦʜ ʚʳʩʦʢʠʤ ʜʘʚʣʝʥʠʝʤ ʚ ʫʩʣʦʚʠʷʭ ʢʠʧʷʱʝʛʦ ʘʟʦʪʘ ʧʨʠ ʜʘʚʣʝʥʠʠ: 

ʘ ï 5 ɻʇʘ, ʙ ï 8 ɻʇʘ, ʚ ï 10 ɻʇʘ, ʛ ï 12 ɻʇʘ. 

1. T.P. Tolmachev, V.P. Pilyugin, A.M. Patselov, N.V. Nikolayeva, A.M. Vlasova, Diagnostics, Resource and 

Mechanics of materials and structures 3, cc. 6-16 (2021). 
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ʀɿʄɽʅɽʅʀɽ ʇɸʈɸʄɽʊʈʆɺ ɼʀʉʃʆʂɸʎʀʆʅʅʆʁ 

ʉʋɹʉʊʈʋʂʊʋʈʓ ʆʊ ʂʆʅʎɽʅʊʈɸʎʀʀ ʀ ʊɽʄʇɽʈɸʊʋʈʓ 

ʀʉʇʓʊɸʅʀʗ ɺ Cu-Al ʀ Cu-Mn ʉʇʃɸɺɸʍ 

ʃ.ʀ. ʊʨʠʰʢʠʥʘ, ʊ.ɺ. ʏʝʨʢʘʩʦʚʘ, ɸ.ʅ. ʉʦʣʦʚʴʝʚ, ʉ.ʉ. ʉʫʭʦʚʝʡʢʦ, ʅ.ɺ. ʏʝʨʢʘʩʦʚ 

ʊʦʤʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʘʨʭʠʪʝʢʪʫʨʥʦ-ʩʪʨʦʠʪʝʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

Email: trishkina.53@mail.ru  

ɿʘʧʨʦʩʳ ʥʦʚʦʡ ʪʝʭʥʠʢʠ ʪʨʝʙʫʶʪ ʩʦʟʜʘʥʠʷ ʤʘʪʝʨʠʘʣʦʚ ʩ ʦʩʦʙʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʠ, ʚ 

ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʩʦʟʜʘʥʠʷ ʪʘʢʠʭ ʤʘʪʝʨʠʘʣʦʚ, ʢʦʪʦʨʳʝ ʥʝ ʪʝʨʷʣʠ ʙʳ ʩʚʦʝʡ ʧʨʦʯʥʦʩʪʠ ʚ 

ʫʩʣʦʚʠʷʭ ʨʘʙʦʪʳ ʧʨʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʟʥʘʯʠʪʝʣʴʥʳʭ 

ʥʘʧʨʷʞʝʥʠʡ. ʊʝʤʧʝʨʘʪʫʨʘ, ʢʘʢ ʦʜʠʥ ʠʟ ʬʘʢʪʦʨʦʚ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʘʚʥʦʚʝʩʠʷ 

ʢʦʨʝʥʥʳʤ ʦʙʨʘʟʦʤ ʠʟʤʝʥʷʝʪ ʩʚʦʡʩʪʚʘ ʚʝʱʝʩʪʚʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ: 

ʧʣʘʩʪʠʯʥʦʩʪʴ ʠ ʧʨʦʯʥʦʩʪʴ. ʇʦʵʪʦʤʫ ʠʩʩʣʝʜʦʚʘʥʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʠ 

ʠʟʫʯʝʥʠʝ ʜʝʬʝʢʪʥʦʡ ʩʪʨʫʢʪʫʨʳ ʤʝʪʘʣʣʦʚ ʠ ʩʧʣʘʚʦʚ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ï ʦʜʥʘ ʠʟ ʦʩʥʦʚʥʳʭ 

ʟʘʜʘʯ ʩʦʚʨʝʤʝʥʥʦʛʦ ʤʝʪʘʣʣʦʚʝʜʝʥʠʷ. ʕʥʝʨʛʠʷ ʜʝʬʝʢʪʘ (ʕɼʋ) ʫʧʘʢʦʚʢʠ ʷʚʣʷʝʪʩʷ ʦʯʝʥʴ 

ʚʘʞʥʳʤ ʧʘʨʘʤʝʪʨʦʤ ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. ʀʩʩʣʝʜʦʚʘʥʥʳʝ ʤʝʜʥʦ-

ʘʣʶʤʠʥʠʝʚʳʝ ʠ ʤʝʜʥʦ-ʤʘʨʛʘʥʮʝʚʳʝ ʩʧʣʘʚʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʪʚʝʨʜʦʛʦ 

ʨʘʩʪʚʦʨʘ ʦʙʥʘʨʫʞʠʚʘʶʪ ʨʘʟʥʫʶ ʚʝʣʠʯʠʥʫ ʕɼʋ. ɺ ʦʙʝʠʭ ʪʠʧʘʭ ʩʧʣʘʚʦʚ ʨʦʩʪ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ ʚʣʝʯʝʪ ʟʘ ʩʦʙʦʡ ʫʤʝʥʴʰʝʥʠʝ ʕɼʋ. ʇʨʠ ʵʪʦʤ ʚ ʩʧʣʘʚʘʭ 

Cu-Al ʵʪʦʪ ʵʬʬʝʢʪ ʟʥʘʯʠʪʝʣʝʥ ʠ ʕɼʋ ʠʟʤʝʥʷʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 60é10ʤɼʞĿʤ-2 ʚ ʠʥʪʝʨʚʘʣʝ 

ʢʦʥʮʝʥʪʨʘʮʠʡ 0.5é14ʘʪ.%Al [1.2,3]. ʇʦʷʚʣʷʶʪʩʷ ʜʘʞʝ ʨʘʩʱʝʧʣʝʥʥʳʝ ʜʠʩʣʦʢʘʮʠʠ. ɺ 

ʩʧʣʘʚʘʭ Cu-Mn ʵʬʬʝʢʪ ʤʝʥʴʰʝ ʠ ʕɼʋ ʠʟʤʝʥʷʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 39é41ʤɼʞĿʤ-2. 

ʄʝʪʦʜʦʤ ʜʠʬʨʘʢʮʠʦʥʥʦʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʧʨʦʚʦʜʠʣʠʩʴ ʢʘʯʝʩʪʚʝʥʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʠʩʣʦʢʘʮʠʦʥʥʦʡ ʩʫʙʩʪʨʫʢʪʫʨʳ (ɼʉʉ), ʘ ʟʘʪʝʤ ʧʦ ʤʠʢʦʩʥʠʤʢʘʤ ʠʟʤʝʨʷʣʠ 

ʧʘʨʘʤʝʪʨʳ ɼʉʉ ʧʨʠ ʨʘʟʥʳʭ ʩʪʝʧʝʥʷʭ ʜʝʬʦʨʤʘʮʠʠ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʠʩʧʳʪʘʥʠʷ. ʉʨʝʜʥʠʡ 

ʨʘʟʤʝʨ ʟʝʨʝʥ 40 ʤʢʤ. ʀʥʪʝʨʚʘʣ ʢʦʥʮʝʥʪʨʘʮʠʠ ʣʝʛʠʨʫʶʱʝʛʦ ʵʣʝʤʝʥʪʘ  Al ʠ Mn; 

0.4é25ʘʪ.%Mn ʠ 0.5é14ʘʪ.%Al. ʉ ʨʦʩʪʦʤ ʣʝʛʠʨʫʶʱʝʛʦ ʵʣʝʤʝʥʪʘ ʧʨʠ ʥʝʙʦʣʴʰʠʭ 

ʩʪʝʧʝʥʷʭ ʜʝʬʦʨʤʘʮʠʠ ʚʦ ʚʩʝʭ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʩʧʣʘʚʘʭ ʬʦʨʤʠʨʫʝʪʩʷ ʩʣʝʜʫʶʱʘʷ ʮʝʧʦʯʢʘ 

ʧʨʝʚʨʘɦ ʝʥʠʡ ʪʠʧʦʚ ɼʉʉ: ʢʣʫʙʢʠ ʠʟ ʜʠʩʣʦʢʘʮʠʡ, ʷʯʝʠʩʪʘʷ, ʷʯʝʠʩʪʦ-ʩʝʪʯʘʪʘʷ. ʉ 

ʫʚʝʣʠʯʝʥʠʝʤ ʩʪʝʧʝʥʠ ʜʝʬʦʨʤʘʮʠʠ ʚ  ʩʧʣʘʚʘʭ Cu-Al ʩ ʧʦʚʳʰʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʚʪʦʨʦʛʦ 

ʵʣʝʤʝʥʪʘ ʥʘʙʣʶʜʘʝʪʩʷ ʩʣʝʜʫʶʱʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʧʨʝʚʨʘʱʝʥʠʡ: ʭʘʦʪʠʯʝʩʢʦʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʜʠʩʣʦʢʘʮʠʡ, ʜʠʩʣʦʢʘʮʠʦʥʥʳʝ ʩʢʦʧʣʝʥʠʷ, ʩʝʪʯʘʪʘʷ, ʷʯʝʠʩʪʦ-ʩʝʪʯʘʪʘʷ, 

ʨʘʟʦʨʠʝʥʪʠʨʦʚʘʥʥʘʷ ʷʯʝʠʩʪʦ-ʩʝʪʯʘʪʘʷ, ʤʠʢʨʦʧʦʣʦʩʦʚʘʷ ʠ ʤʠʢʨʦʜʚʦʡʥʠʢʦʚʘʷ. ʉʣʝʜʫʝʪ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʧʣʘʚʘʭ Cu-Mn ʩ ʨʦʩʪʦʤ ʩʪʝʧʝʥʠ ʜʝʬʦʨʤʘʮʠʠ ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʜʦʙʥʘʷ ɼʉʉ, 

ʯʪʦ ʠ ʚ ʩʧʣʘʚʘʭ Cu-Al. ʆʪʣʠʯʠʝ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ɼʉʉ ʷʚʣʷʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝ 

ʤʠʢʨʦʜʚʦʡʥʠʢʦʚ ʚ ʩʧʣʘʚʝ  Cu-Mn. ʅʘ ʨʠʩ.1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʪʠʧʳ ɼʉʉ , ʢʦʪʦʨʳʝ 

ʥʘʙʣʶʜʘʶʪʩʷ ʚ ʦʙʦʠʭ ʩʧʣʘʚʘʭ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʪʝʧʝʥʠ ʜʝʬʦʨʤʘʮʠʠ. 

ʈʘʩʩʤʦʪʨʠʤ ʚʣʠʷʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʠʩʧʳʪʘʥʠʷ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ɼʉʉ ʠ ʠʟʤʝʥʝʥʠʝ 

ʝʝ ʧʘʨʘʤʝʪʨʦʚ. ʀʟ ʘʥʘʣʠʟʘ ʢʘʯʝʩʪʚʝʥʥʳʭ ʢʘʨʪʠʥ ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ ʩʣʝʜʫʶʱʠʝ ʦʪʣʠʯʠʷ ʚ 

ɼʉʉ ʧʨʠ ʨʘʟʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʠʩʧʳʪʘʥʠʷ: ʧʨʠ ʧʦʚʳʰʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʠʩʧʳʪʘʥʠʷ 

ʜʦʚʦʣʴʥʦ ʭʦʨʦʰʦ ʬʦʨʤʠʨʫʶʪʩʷ ʜʝʬʝʢʪʳ ʫʧʘʢʦʚʢʠ ʠ ʜʠʩʣʦʢʘʮʠʦʥʥʳʝ ʩʛʫʱʝʥʠʷ ʚ  ʩʧʣʘʚʭ 

Cu-Al. ʊʠʧ ʜʠʩʣʦʢʘʮʠʦʥʥʦʡ ʩʫʙʩʪʨʫʢʪʫʨʳ ʜʣʷ ʤʝʜʥʦ-ʤʘʨʛʘʥʮʝʚʳʭ ʩʧʣʘʚʦʚ ʩ 

ʫʚʝʣʠʯʝʥʠʝʤ ʨʘʟʤʝʨʘ ʟʝʨʥʘ ʦʪʣʠʯʘʝʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʦ. ʅʘ ʨʠʩ.2 ʧʨʠʚʝʜʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ 

ʩʨʝʜʥʝʡ ʩʢʘʣʷʨʥʦʡ ʧʣʦʪʥʦʩʪʠ ʜʠʩʣʦʢʘʮʠʡ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʣʝʛʠʨʫʶʱʝʛʦ ʵʣʝʤʝʥʪʘ ʧʨʠ 

ʊ=673ʂ. ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʪʦʨʦʛʦ ʵʣʝʤʝʥʪʘ ʙʦʣʴʰʝ 8 ʘʪ% ʥʘʙʣʶʜʘʝʪʩʷ 

ʧʝʨʝʭʦʜ ʦʪ ʷʯʝʠʩʪʦʡ ʢ ʷʯʝʠʩʪʦ-ʩʝʪʯʘʪʦʡ ɼʉʉ. ʉʨʝʜʥʷʷ ʩʢʘʣʷʨʥʘʷ ʧʣʦʪʥʦʩʪʴ ʜʠʩʣʦʢʘʮʠʡ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ ʨʦʩʪʦʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʪʦʨʦʛʦ ʵʣʝʤʝʥʪʘ. ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ 

ʠʩʧʳʪʘʥʠʷ ʩʨʝʜʥʷʷ ʩʢʘʣʷʨʥʘʷ ʧʣʦʪʥʦʩʪʴ ʜʠʩʣʦʢʘʮʠʡ  ʚ ʤʝʜʥʦ-ʤʘʨʛʘʥʮʝʚʳʭ ʩʧʣʘʚʘʭ 
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ʫʤʝʥʴʰʘʝʪʩʷ, ʘ ʚ ʩʧʣʘʚʘʭ ʩ ʘʣʶʤʠʥʠʝʤ ï ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʨʠ ʚʩʝʭ ʠʩʩʣʝʜʦʚʘʥʳʭ ʩʪʝʧʝʥʷʭ 

ʜʝʬʦʨʤʘʮʠʠ (ʨʠʩ.3).  
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ʜʫʤʢʘ, 1986).  

  

ʈʠʩʫʥʦʢ 1. ʕʣʝʢʪʨʦʥʥʦ-ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʝ ʠʟʦʙʨʘʞʝʥʠʷ ʜʠʩʣʦʢʘʮʠʦʥʥʦʡ ʩʫʙʩʪʨʫʢʪʫʨʳ ʚ 

ʩʧʣʘʚʘʭ ʥʘ ʦʩʥʦʚʝ ʤʝʜʠ: ʘ ï ʭʘʦʪʠʯʝʩʢʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʜʠʩʣʦʢʘʮʠʡ + ʜʠʩʣʦʢʘʮʠʦʥʥʳʝ 

ʩʢʦʧʣʝʥʠʷ, ʙ ï ʜʝʬʝʢʪʳ ʫʧʘʢʦʚʢʠ ʠ ʜʣʠʥʥʳʝ ʜʠʩʣʦʢʘʮʠʠ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʙʘʨʴʝʨʘʤʠ 

ʧʨʠ ʜʚʠʞʝʥʠʠ ʜʨʫʛʠʭ ʜʠʩʣʦʢʘʮʠʡ, ʚ ï ʨʘʟʦʨʠʝʥʪʠʨʦʚʘʥʥʘʷ ʷʯʝʠʩʪʦ-ʩʝʪʯʘʪʘʷ + 

ʜʠʩʣʦʢʘʮʠʦʥʥʳʝ ʩʛʫʱʝʥʠʷ, ʛ ï ʤʠʢʨʦʜʚʦʡʥʠʢʦʚʘʷ. ʂ ʜʝʬʦʨʤʘʮʠʦʥʥʳʡ ʵʢʩʪʠʥʢʮʠʦʥʥʳʡ 

ʢʦʥʪʫʨ, ʢʦʪʦʨʳʡ ʬʦʨʤʠʨʫʝʪʩʷ ʚ ʩʧʣʘʚʘʭ ʧʨʠ ʧʦʚʳʰʝʥʥʳʭ  ʜʝʬʦʨʤʘʮʠʷʭ 

 

 
 

ʈʠʩʫʥʦʢ 2. ɿʘʚʠʩʠʤʦʩʪʠ ʩʢʘʣʷʨʥʦʡ ʧʣʦʪʥʦʩʪʠ ʜʠʩʣʦʢʘʮʠʡ <ɟ> ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʣʝʛʠʨʫʶʱʝʛʦ ʵʣʝʤʝʥʪʘ ʉ ʧʨʠ ʨʘʟʥʳʭ ʩʪʝʧʝʥʷʭ ʜʝʬʦʨʤʘʮʠʠ (Ůʠʩʪ):1 ï 0.05, 2 ï 0.10, 

3 ï 0.20, 4 ï 0.30, 5 ï 0.40, 6 ï 0.50. ʈʘʟʤʝʨ ʟʝʨʥʘ d = 40 ʤʢʤ 

ʈʠʩʫʥʦʢ 3. ɿʘʚʠʩʠʤʦʩʪʠ ʩʨʝʜʥʝʡ ʩʢʘʣʷʨʥʦʡ ʧʣʦʪʥʦʩʪʠ ʜʠʩʣʦʢʘʮʠʡ (<ɟ>) ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ 

ʠʩʧʳʪʘʥʠʷ (ʊ): ʘ ï ʩʧʣʘʚ Cu+14ʘʪ.%Al, ʙ ï  ʩʧʣʘʚ Cu-19ʘʪ.% Mn ʧʨʠ ʨʘʟʥʳʭ ʩʪʝʧʝʥʷʭ 

ʜʝʬʦʨʤʘʮʠʠ (Ů). ʈʘʟʤʝʨ ʟʝʨʥʘ d = 40ʤʢʤ 
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ɺʃʀʗʅʀɽ ʊɽʄʇɽʈɸʊʋʈʓ ʀ ʈɸɿʄɽʈɸ ɿɽʈʅɸ ʅɸ 

ʂʆʄʇʆʅɽʅʊʓ ʉɽʊʏɸʊʆʁ ɼʀʉʃʆʂɸʎʀʆʅʅʆʁ 

ʉʋɹʉʊʈʋʂʊʋʈʓ ɺ CU-AL  ʉʇʃɸɺɸʍ 

ʃ.ʀ. ʊʨʠʰʢʠʥʘ, ʊ.ɺ. ʏʝʨʢʘʩʦʚʘ, ɸ.ʅ. ʉʦʣʦʚʴʝʚ, ʉ.ʉ. ʉʫʭʦʚʝʡʢʦ, ʅ.ɺ. ʏʝʨʢʘʩʦʚ 

ʊʦʤʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʘʨʭʠʪʝʢʪʫʨʥʦ-ʩʪʨʦʠʪʝʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

Email: trishkina.53@mail.ru  

ɺʘʞʥʳʤ ʬʘʢʪʦʨʦʤ, ʦʧʨʝʜʝʣʷʶʱʠʤ ʩʢʦʨʦʩʪʴ ʥʘʢʦʧʣʝʥʠʷ ʜʠʩʣʦʢʘʮʠʡ, ʷʚʣʷʝʪʩʷ 

ʨʘʟʤʝʨ ʟʝʨʥʘ ʧʦʣʠʢʨʠʩʪʘʣʣʘ [1]. ɿʘʚʠʩʠʤʦʩʪʴ ʧʣʦʪʥʦʩʪʠ ʜʠʩʣʦʢʘʮʠʡ ʚ ʪʚʝʨʜʦʤ ʨʘʩʪʚʦʨʝ 

ʦʪ ʨʘʟʤʝʨʘ ʟʝʨʥʘ ʠʩʩʣʝʜʦʚʘʣʘʩʴ ʚ ʨʘʙʦʪʘʭ ʘʚʪʦʨʦʚ [2, 3]. ʉ ʠʟʤʝʣʴʯʝʥʠʝʤ ʨʘʟʤʝʨʘ ʟʝʨʥʘ 

ʩʢʘʣʷʨʥʘʷ ʧʣʦʪʥʦʩʪʴ ʜʠʩʣʦʢʘʮʠʡ ʚʦʟʨʘʩʪʘʝʪ. ʉʣʝʜʫʶʱʠʤ ʬʘʢʪʦʨʦʤ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ 

ʚʣʠʷʪʴ ʥʘ ʩʢʦʨʦʩʪʴ ʥʘʢʦʧʣʝʥʠʷ ʜʠʩʣʦʢʘʮʠʡ ʚ ʩʧʣʘʚʘʭ, ʷʚʣʷʝʪʩʷ ʪʝʤʧʝʨʘʪʫʨʘ ʠʩʧʳʪʘʥʠʷ. 

ʂʘʟʘʣʦʩʴ ʙʳ, ʯʪʦ ʩ ʨʦʩʪʦʤ ʪʝʤʧʝʨʘʪʫʨʳ ʠʩʧʳʪʘʥʠʷ ʚ ʦʙʲʝʤʝ ʤʘʪʝʨʠʘʣʘ ʜʦʣʞʥʦ 

ʦʩʪʘʚʘʪʴʩʷ ʤʝʥʴʰʝ ʜʠʩʣʦʢʘʮʠʡ. ʕʪʦ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʫʩʠʣʝʥʠʝʤ ʧʨʦʮʝʩʩʦʚ 

ʧʝʨʝʧʦʣʟʘʥʠʷ ʠ ʧʦʧʝʨʝʯʥʦʛʦ ʩʢʦʣʴʞʝʥʠʷ ʜʠʩʣʦʢʘʮʠʡ, ʯʪʦ ʚʣʝʯʝʪ ʟʘ ʩʦʙʦʡ ʫʚʝʣʠʯʝʥʠʝ 

ʩʢʦʨʦʩʪʠ ʘʥʥʠʛʠʣʷʮʠʠ ʜʠʩʣʦʢʘʮʠʡ ʠ ʫʜʣʠʥʝʥʠʝ ʟʦʥʳ ʠʭ ʧʨʦʙʝʛʘ. ʀʩʩʣʝʜʦʚʘʥʥʳʝ 

ʧʨʦʚʝʜʝʥʥʳʝ ʚ ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʥʘ ʩʧʣʘʚʘʭ ʩʠʩʪʝʤ Cu ï Al ʧʦʢʘʟʘʣʠ, ʯʪʦ ʜʣʷ ʪʚʝʨʜʳʭ 

ʨʘʩʪʚʦʨʦʚ Cu + 5 ʘʪ.% Al ʠ Cu + 14 ʘʪ.% Al ʩʢʘʣʷʨʥʘʷ ʧʣʦʪʥʦʩʪʴ ʜʠʩʣʦʢʘʮʠʡ ʧʦʩʣʝ 

ʜʝʬʦʨʤʘʮʠʠ ʚʦʟʨʘʩʪʘʝʪ ʩ ʨʦʩʪʦʤ ʪʝʤʧʝʨʘʪʫʨʳ ʜʝʬʦʨʤʘʮʠʠ. ʊʘʢʦʝ ʧʦʚʝʜʝʥʠʝ ʵʪʠʭ 

ʩʧʣʘʚʦʚ ʷʚʣʷʝʪʩʷ ʘʥʦʤʘʣʴʥʳʤ. 

ʎʝʣʶ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʥʘʢʦʧʣʝʥʠʷ 

ʜʠʩʣʦʢʘʮʠʡ ʚ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʧʣʘʚʘʭ Cu+10 ʘʪ.% Al ʠ Cu+14 ʘʪ.% Al ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʪʝʧʝʥʠ ʜʝʬʦʨʤʘʮʠʠ, ʨʘʟʤʝʨʘ ʟʝʨʥʘ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʠʩʧʳʪʘʥʠʷ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʧʘʨʘʤʝʪʨʳ ʜʠʩʣʦʢʘʮʠʦʥʥʦʡ 

ʩʫʙʩʪʨʫʢʪʫʨʳ (ɼʉʉ), ʬʦʨʤʠʨʫʶʱʝʡʩʷ ʚ ʩʧʣʘʚʘʭ ʩ ʧʦʚʳʰʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ 

ʣʝʛʠʨʫʶʱʝʛʦ ʵʣʝʤʝʥʪʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʪʝʧʝʥʠ ʜʝʬʦʨʤʘʮʠʠ ʠ ʩʨʝʜʥʝʛʦ ʨʘʟʤʝʨʘ ʟʝʨʥʘ. 

ʕʣʝʢʪʨʦʥʥʦ-ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʩʧʣʘʚʘʭ Cu+14ʘʪ.%Al ʩ 

ʨʘʟʤʝʨʦʤ ʟʝʨʝʥ ʦʪ 20 ʜʦ 240 ʤʢʤ ʠ ʪʝʤʧʝʨʘʪʫʨʦʡ ʠʩʧʳʪʘʥʠʷ ʦʪ 273 ʜʦ 673ʂ. ʇʨʠ ʚʩʝʭ 

ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʨʘʟʤʝʨʘʭ ʟʝʨʝʥ ʥʘʙʣʶʜʘʝʪʩʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ ʬʦʨʤʠʨʦʚʥʠʷ ʪʠʧʦʚ 

ʜʠʩʣʦʢʘʮʠʦʥʥʳʭ ʩʫʙʩʪʨʫʢʪʫʨ: ʦʪ ʭʘʦʪʠʯʝʩʢʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʜʠʩʣʦʢʘʮʠʡ ʜʦ ʷʯʝʠʩʪʦ-

ʩʝʪʯʘʪʦʡ.  

ʀʟ ʘʥʘʣʠʟʘ ʢʘʯʝʩʪʚʝʥʥʳʭ ʤʠʢʨʦʩʥʠʤʢʦʚ ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ ʩʣʝʜʫʶʱʠʝ ʦʪʣʠʯʠʷ ʚ 

ʜʠʩʣʦʢʘʮʠʦʥʥʦʡ ʩʫʙʩʪʨʫʢʪʫʨʝ ʧʨʠ ʨʘʟʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʠʩʧʳʪʘʥʠʷ ʧʨʠ ʦʜʥʦʤ ʨʘʟʤʝʨʝ 

ʟʝʨʥʘ: ʧʨʠ ʧʦʚʳʰʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʠʩʧʳʪʘʥʠʷ ʜʦʚʦʣʴʥʦ ʭʦʨʦʰʦ ʬʦʨʤʠʨʫʶʪʩʷ 

ʜʝʬʝʢʪʳ ʫʧʘʢʦʚʢʠ ʠ ʜʠʩʣʦʢʘʮʠʦʥʥʳʝ ʩʛʫʱʝʥʠʷ. ɼʠʩʣʦʢʘʮʠʦʥʥʳʝ ʩʛʫʱʝʥʠʷ ʦʙʨʘʟʫʶʪʩʷ 

ʚ ʧʨʦʮʝʩʩʝ ʜʝʬʦʨʤʘʮʠʠ ʧʫʪʝʤ ʥʘʢʨʫʯʠʚʘʥʠʷ ʜʠʩʣʦʢʘʮʠʡ ʜʨʫʛʠʭ ʩʠʩʪʝʤ ʩʢʦʣʴʞʝʥʠʷ ʥʘ 

ʜʣʠʥʥʳʝ ʜʠʩʣʦʢʘʮʮʠʠ. ʇʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʥʘʙʣʶʜʘʝʪʩʷ ʩʣʝʜʫʶʱʘʷ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʧʨʝʚʨʘʱʝʥʠʷ ʩʫʙʩʪʨʫʢʪʫʨ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʩʪʝʧʝʥʠ ʜʝʬʦʨʤʘʮʠʠ: 

ʭʘʦʪʠʯʝʩʢʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʜʠʩʣʦʢʘʮʠʡ, ʜʠʩʣʦʢʘʮʠʦʥʥʳʝ ʩʢʦʧʣʝʥʠʷ, ʦʜʥʦʨʦʜʥʘʷ 

ʩʝʪʯʘʪʘʷ, ʨʘʟʦʨʠʝʥʪʠʨʦʚʘʥʥʘʷ ʷʯʝʠʩʪʦ-ʩʝʪʯʘʪʘʷ, ʤʠʢʨʦʧʦʣʦʩʦʚʘʷ ʠ ʤʠʢʨʦʜʚʦʡʥʠʢʦʚʘʷ. 

ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʜʝʬʦʨʤʘʮʠʠ ʊ = 673ʂ ʚʳʜʝʣʷʝʪʩʷ ʩʣʝʜʫʶʱʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ 

ʧʨʝʚʨʘʱʝʥʠʷ ʩʫʙʩʪʨʫʢʪʫʨ: ʭʘʦʪʠʯʝʩʢʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʜʠʩʣʦʢʘʮʠʡ, ʜʝʬʝʢʪʳ ʫʧʘʢʦʚʢʠ, 

ʩʝʪʯʘʪʘʷ, ʨʘʟʦʨʠʝʥʪʠʨʦʚʘʥʥʘʷ ʷʯʝʠʩʪʦ-ʩʝʪʯʘʪʘʷ, ʜʠʩʣʦʢʘʮʠʦʥʥʳʝ ʩʛʫʱʝʥʠʷ ʠ 

ʤʠʢʨʦʜʚʦʡʥʠʢʦʚʘʷ (ʨʠʩ.1). ʅʘ ʨʠʩ. 2, ʘ ʧʦʢʘʟʘʥʘ ʚʟʘʠʤʦʩʚʷʟʴ ʧʣʦʪʥʦʩʪʠ ʜʠʩʣʦʢʘʮʠʡ ʩ 

ʪʝʤʧʝʨʘʪʫʨʦʡ ʠʩʧʳʪʘʥʠʷ. 

ʇʣʦʪʥʦʩʪʴ ʤʠʢʨʦʜʚʦʡʥʠʢʦʚ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʩʪʝʧʝʥʠ ʜʝʬʦʨʤʘʮʠʠ ʠ ʨʘʟʤʝʨʘ ʟʝʨʥʘ 

ʨʘʩʪʝʪ (ʨʠʩ. 2, ʙ). ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʫʤʝʥʴʰʝʥʠʝ ʨʘʟʤʝʨʘ ʟʝʨʝʥ ʧʦʜʘʚʣʷʝʪ ʤʝʭʘʥʠʟʤ 
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ʤʠʢʨʦʜʚʦʡʥʠʢʦʚʘʥʠʷ. ʇʦʚʝʜʝʥʠʝ ʩʢʘʣʷʨʥʦʡ ʧʣʦʪʥʦʩʪʠ ʜʠʩʣʦʢʘʮʠʡ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦ: 

ʯʝʤ ʙʦʣʴʰʝ ʨʘʟʤʝʨ ʟʝʨʝʥ, ʪʝʤ ʤʝʥʴʰʝ ʧʣʦʪʥʦʩʪʴ ʜʠʩʣʦʢʘʮʠʡ (ʨʠʩ. 2).  

 
 

 

 

 

 

 
 

 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʛʦʩʟʘʜʘʥʠʷ ʄʠʥʠʩʪʝʨʩʪʚʘ ʥʘʫʢʠ ʠ ʚʳʩʰʝʛʦ 

ʦʙʨʘʟʦʚʘʥʠʷ ʈʌ FEMN-2020-0004. 
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ʈʠʩʫʥʦʢ 1. ʕʣʝʢʪʨʦʥʥʦ-ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʝ ʠʟʦʙʨʘʞʝʥʠʷ ʪʠʧʦʚ  ɼʉʉ: ʘ, ʜ ï ʭʘʦʪʠʯʝʩʢʦʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʜʠʩʣʦʢʘʮʠʡ, ʙ, ʝ ï ʩʝʪʯʘʪʘʷ ʠ ʜʝʬʝʢʪʳ ʫʧʘʢʦʚʢʠ, ʚ, ʞ ïʨʘʟʦʨʠʝʥʪʠʨʦʚʘʥʥʘʷ 

ʷʯʝʠʩʪʦ-ʩʝʪʯʘʪʘʷ ʠ ʜʠʩʣʦʢʘʮʠʦʥʥʳʝ ʩʛʫʱʝʥʠʷ, ʛ, ʟ ïʤʠʢʨʦʜʚʦʡʥʠʢʦʚʘʷ: 

ʘ, ʙ, ʚ, ʛ ï ʊʠʩʧ = 293 ʂ; ʜ, ʝ, ʞ, ʟ ï ʊʠʩʧ = 693 ʂ. ʉʨʝʜʥʠʡ ʨʘʟʤʝʨ ʟʝʨʥʘ 60 ʤʢʤ 

ʈʠʩʫʥʦʢ 2. ʘ ï ɿʘʚʠʩʠʤʦʩʪʠ ʩʨʝʜʥʝʡ ʩʢʘʣʷʨʥʦʡ ʧʣʦʪʥʦʩʪʠ ʜʠʩʣʦʢʘʮʠʡ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ 

ʠʩʧʳʪʘʥʠʷ; ʙ ï ʧʣʦʪʥʦʩʪ ɹʤʠʢʨʦʜʚʦʡʥʠʢʦʚ ɟʜʚ ʦʪ ʩʪʝʧʝʥʠ ʜʝʬʦʨʤʘʮʠʠ ʧʨʠ ʨʘʟʥʳʭ 

ʨʘʟʤʝʨʘʭ ʟʝʨʝʥ: 1 ï d = 20ʤʢʤ; 2 ï d = 40ʤʢʤ; 3 ï d = 60ʤʢʤ; 4 ï d = 120ʤʢʤ; 

5 ï d = 240ʤʢʤ. ʉʧʣʘʚ Cu+14ʘʪ.%Al  
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ɺʃʀʗʅʀɽ ʂʆʅʎɽʅʊʈɸʎʀʀ, ʈɸɿʄɽʈɸ ɿɽʈʅɸ 

ʀ ʊɽʄʇɽʈɸʊʋʈʓ ʀʉʇʓʊɸʅʀʗ ʅɸ ʇɸʈɸʄɽʊʈʓ 

ɼʀʉʃʆʂɸʎʀʆʅʅʆʁ ʉʋɹʉʊʈʋʂʊʋʈʓ ɺ CU-MN ʉʇʃɸɺɸʍ 

ʃ.ʀ. ʊʨʠʰʢʠʥʘ, ʊ.ɺ. ʏʝʨʢʘʩʦʚʘ, ɸ.ʅ. ʉʦʣʦʚʴʝʚ, ʉ.ʉ. ʉʫʭʦʚʝʡʢʦ, ʅ.ɺ. ʏʝʨʢʘʩʦʚ 

ʊʦʤʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʘʨʭʠʪʝʢʪʫʨʥʦ-ʩʪʨʦʠʪʝʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

Email: trishkina.53@mail.ru  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʤʝʪʘʣʣʳ ʠ ʩʧʣʘʚʳ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ ʚ 

ʩʦʚʨʝʤʝʥʥʦʡ ʪʝʭʥʠʢʝ. ʀʭ ʩʧʦʩʦʙʥʦʩʪʴ ʜʝʬʦʨʤʠʨʦʚʘʪʴʩʷ ʠ ʬʦʨʤʦʠʟʤʝʥʷʪʴʩʷ ʦʪʥʦʩʠʪʩʷ 

ʢ ʭʘʨʘʢʪʝʨʥʳʤ ʧʨʠʟʥʘʚʘʤ ʠ ʩʚʦʡʩʪʚʘʤ ʤʝʪʘʣʣʦʚ, ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʶʪ ʠʭ ʧʨʠʤʝʥʝʥʠʝ ʠ 

ʩʧʦʩʦʙʳ ʧʨʦʠʟʚʦʜʩʪʚʘ. ʉʚʦʡʩʪʚʘ ʤʝʪʘʣʣʦʚ ʠ ʩʧʣʘʚʦʚ ʩʚʷʟʘʥʳ ʩ ʤʝʭʘʥʠʟʤʘʤʠ 

ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ, ʢʦʪʦʨʳʝ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʦʧʨʝʜʝʣʷʶʪ ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʜʝʬʝʢʪʥʦʡ ʩʪʨʫʢʪʫʨʳ. ʇʨʦʮʝʩʩʳ, ʢʦʪʦʨʳʝ ʧʨʦʠʩʭʦʜʷʪ ʚ ʩʧʣʘʚʘʭ ʢʦʥʪʨʦʣʠʨʫʶʪʩʷ 

ʦʩʥʦʚʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʩʦʩʪʦʷʥʠʷ: ʜʝʬʦʨʤʘʮʠʝʡ ʠ ʝʝ ʩʢʦʨʦʩʪʴʶ, ʢʦʥʮʝʥʪʨʘʮʠʝʡ, 

ʪʝʤʧʝʨʘʪʫʨʦʡ ʠʩʧʳʪʘʥʠʷ [1-3]. 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʠʩʣʦʢʘʮʠʦʥʥʦʡ ʩʫʙʩʪʨʫʢʪʫʨʳ (ɼʉʉ) ʠʩʧʦʣʴʟʦʚʘʣʩʷ 

ʤʝʪʦʜ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ. ʀʥʪʝʨʚʘʣ ʢʦʥʮʝʥʪʨʘʮʠʠ ʣʝʛʠʨʫʶʱʝʛʦ ʵʣʝʤʝʥʪʘ 

10é25ʘʪ.%Mn ʠ ʨʘʟʤʝʨ ʟʝʨʝʥ ʠʟʤʝʥʷʣʩʷ ʦʪ 10 ʜʦ 240 ʤʢʤ. ʇʦ ʤʠʢʨʦʩʥʠʤʢʘʤ ʙʳʣʠ 

ʠʟʤʝʨʝʥʳ ʧʘʨʘʤʝʪʨʳ ʜʠʩʣʦʢʘʮʠʦʥʥʦʡ ʩʫʙʩʪʨʫʢʪʫʨʳ, ʢʦʪʦʨʳʝ ʬʦʨʤʠʨʫʶʪʩʷ ʚ ʩʧʣʘʚʘʭ ʩ 

ʨʘʟʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʣʝʛʠʨʫʶʱʝʛʦ ʵʣʝʤʝʥʪʘ ʠ ʨʘʟʥʦʡ ʩʪʝʧʝʥʴ  ʁʜʝʬʦʨʤʘʮʠʠ. ʇʨʠ ʚʩʝʭ 

ʨʘʟʤʝʨʘʭ ʟʝʨʝʥ ʠ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ ʥʘʙʣʶʜʘʶʪʩʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ 

ʜʠʩʣʦʢʘʮʠʦʥʥʳʭ ʧʨʝʚʨʘʱʝʥʠʡ ʧʦʩʣʝ ʜʝʬʦʨʤʘʮʠʠ. 

ʇʦ ʢʘʯʝʩʪʚʝʥʥʳʤ ʢʘʨʪʠʥʘʤ ʜʣʷ ʚʩʝʭ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʨʘʟʤʝʨʦʚ ʟʝʨʝʥ ʧʨʠ ʜʚʫʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʠʩʧʳʪʘʥʠʷ ʊ= 293 ʠ 573ʂ ʙʳʣʠ ʚʳʷʚʣʝʥʳ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 

ʧʨʝʚʨʘʱʝʥʠʡ ʪʠʧʦʚ ɼʉʉ. ʇʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʥʘʙʣʶʜʘʝʪʩʷ ʩʣʝʜʫʶʱʘʷ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʧʨʝʚʨʘʱʝʥʠʡ ʩʫʙʩʪʨʫʢʪʫʨ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʩʪʝʧʝʥʠ ʜʝʬʦʨʤʘʮʠʠ:  

 

 
ʈʠʩʫʥʦʢ 1. ʕʣʝʢʪʨʦʥʥʦ-ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʝ ʠʟʦʙʨʘʞʝʥʠʷ ʜʠʩʣʦʢʘʮʠʦʥʥʦʡ 

ʩʫʙʩʪʨʫʢʪʫʨʳ, ʬʦʨʤʠʨʫʶʰʝʡʩʷ ʚ ʩʧʣʘʚʘʭ ʧʦʩʣʝ ʨʘʟʣʠʯʥʳʭ ʩʪʝʧʝʥʝʡ ʜʝʬʦʨʤʘʮʠʠ ʩʦ 

ʩʨʝʜʥʠʤ ʨʘʟʤʝʨʦʤ ʟʝʨʥʘ 60 ʤʢʤ: ʘ ï ʭʘʦʪʠʯʝʩʢʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʜʠʩʣʦʢʘʮʠʡ ʠ 

ʜʠʩʣʦʢʘʮʠʦʥʥʳʝ ʩʢʦʧʣʝʥʠʷ, ʙ ï ʦʜʥʦʨʦʜʥʘʷ ʩʝʪʯʘʪʘʘʷ ɼʉʉ, 

ʚ ï ʨʘʟʦʨʠʝʥʪʠʨʦʚʘʥʥʘʷ ʷʯʝʠʩʪʦ-ʩʝʪʯʘʪʘʷ ɼʉʉ 

 

ʭʘʦʪʠʯʝʩʢʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʜʠʩʣʦʢʘʮʠʡ, ʜʠʩʣʦʢʘʮʠʦʥʥʳʝ ʩʢʦʧʣʝʥʠʷ ʠ ʦʜʥʦʨʦʜʥʘʷ 

ʩʝʪʯʘʪʘʷ, ʨʘʟʦʨʠʝʥʪʠʨʦʚʘʥʥʘʷ ʷʯʝʠʩʪʦ-ʩʝʪʯʘʪʘʷ ʠ ʤʠʢʨʦʧʦʣʦʩʦʚʘʷ. ʅʘ ʨʠʩ.1 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʵʣʝʢʪʨʦʥʥʦ-ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʝ ʠʟʦʙʨʘʞʝʥʠʷ ʜʠʩʣʦʢʘʮʠʦʥʥʦʡ 

ʩʫʙʩʪʨʫʢʪʫʨʳ ʬʦʨʤʠʨʫʶʰʝʡʩʷ ʚ ʩʧʣʘʚʘʭ ʧʦʩʣʝ ʨʘʟʣʠʯʥʳʭ ʩʪʝʧʝʥʝʡ ʜʝʬʦʨʤʘʮʠʠ ʩʦ 

ʩʨʝʜʥʠʤ ʨʘʟʤʝʨʦʤ ʟʝʨʥʘ 60 ʤʢʤ. 

mailto:trishkina.53@mail.ru


141 

 

ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʜʝʬʦʨʤʘʮʠʠ ʊ = 573 ʂ ʚʳʜʝʣʷʝʪʩʷ ʩʣʝʜʫʶʱʘʷ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʧʨʝʚʨʘʱʝʥʠʡ ʩʫʙʩʪʨʫʢʪʫʨ: ʭʘʦʪʠʯʝʩʢʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʜʠʩʣʦʢʘʮʠʡ, 

ʜʠʩʣʦʢʘʮʠʦʥʥʳʝ ʩʢʦʧʣʝʥʠʷ, ʦʜʥʦʨʦʜʥʘʷ ʩʝʪʯʘʪʘʷ, ʜʠʩʣʦʢʘʮʠʦʥʥʳʝ ʧʝʪʣʠ ʠ 

ʨʘʟʦʨʠʝʥʪʠʨʦʚʘʥʥʘʷ ʷʯʝʠʩʪʦ-ʩʝʪʯʘʪʘʷ. ɺ ʩʧʣʘʚʘʭ ʩ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ ʜʝʬʦʨʤʘʮʠʠ, 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʣʘʚʘʤʠ, ʜʝʬʦʨʤʠʨʦʚʘʥʥʳʤʠ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʧʨʠʩʫʪʩʪʚʫʶʪ 

ʜʠʩʣʦʢʘʮʠʦʥʥʳʝ ʧʝʪʣʠ ʠ ʦʪʩʫʪʩʪʚʫʝʪ ʤʠʢʨʦʧʦʣʦʩʦʚʘʷ ɼʉʉ. ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ 

ʠʩʧʳʪʘʥʠʷ ʩʨʝʜʥʷʷ ʩʢʘʣʷʨʥʘʷ ʧʣʦʪʥʦʩʪʴ ʜʠʩʣʦʢʘʮʠʡ  ʚ ʩʧʣʘʚʘʭ ʫʤʝʥʴʰʘʝʪʩʷ ʠ ʵʪʦ ʤʦʞʝʪ 

ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʬʦʨʤʠʨʫʶʱʝʡʩʷ ʜʠʩʣʦʢʘʮʠʦʥʥʦʡ ʩʫʙʩʪʨʫʢʪʫʨʦʡ ʠ ʩ ʥʝ ʠʟʤʝʥʷʶʱʝʡʩʷ 

ʵʥʝʨʛʠʝʡ ʜʝʬʝʢʪʘ ʫʧʘʢʦʚʢʠ ʚ ʵʪʠʭ ʩʧʣʘʚʘʭ.  

ʉʨʝʜʥʷʷ ʩʢʘʣʷʨʥʘʷ ʧʣʦʪʥʦʩʪʴ ʜʠʩʣʦʢʘʮʠʡ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ ʨʦʩʪʦʤ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʚʪʦʨʦʛʦ ʵʣʝʤʝʥʪʘ. ʅʘ ʨʠʩ.2 ʧʨʠʚʝʜʝʥʘ ʚʟʘʠʤʦʩʚʷʟʴ ʩʨʝʜʥʝʡ ʩʢʘʣʷʨʥʦʡ ʧʣʦʪʥʦʩʪʠ 

ʜʠʩʣʦʢʘʮʠʡ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʣʝʛʠʨʫʶʱʝʛʦ ʵʣʝʤʝʥʪʘ. ɸʥʘʣʠʟ ʟʘʚʠʩʠʤʦʩʪʝʡ ʧʦʢʘʟʳʚʘʝʪ, 

ʯʪʦ ʧʨʠ ʣʝʛʠʨʦʚʘʥʠʠ 8 ʘʪ.%Mn ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʝʭʦʜ ʦʪ ʷʯʝʠʩʪʦʡ ɼʉʉ ʢ ʩʝʪʯʘʪʦʡ ʠ 

ʷʯʝʠʩʪʦ-ʩʝʪʯʘʪʦʡ. ʇʣʦʪʥʦʩʪʴ ʜʠʩʣʦʢʘʮʠʡ ʧʨʠ ʚʩʝʭ ʨʘʟʤʝʨʘʭ ʟʝʨʝʥ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ 

ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʪʦʨʦʛʦ ʵʣʝʤʝʥʪʘ ʠ ʩ ʨʦʩʪʦʤ ʩʪʝʧʝʥʠ ʜʝʬʦʨʤʘʮʠʠ.  ʉ 

ʫʚʝʣʠʯʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʠʩʧʳʪʘʥʠʷ ʚʝʣʠʯʠʥʘ ʪʚʝʨʜʦʨʘʩʪʚʦʨʥʦʛʦ ʫʧʨʦʯʥʝʥʠʷ 

ʫʤʝʥʴʰʘʝʪʩʷ. ʇʨʠ ʤʘʣʦʤ ʨʘʟʤʝʨʝ ʟʝʨʥʘ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʠʩʧʳʪʘʥʠʷ ʚʝʣʠʯʠʥʘ 

ʪʚʝʨʜʦʨʘʩʪʚʦʨʥʦʛʦ ʫʧʨʦʯʥʝʥʠʷ ʥʘʭʦʜʠʪʩʷ ʚ ʠʥʪʝʨʚʘʣʝ ʦʪ 41 ʜʦ 81 ʄʇʘ, ʘ ʧʨʠ ʙʦʣʴʰʦʤ 

ʨʘʟʤʝʨʝ ʟʝʨʥʘ  ï 19é45 ʄʇʘ. 

 

 
 

 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʛʦʩʟʘʜʘʥʠʷ ʄʠʥʠʩʪʝʨʩʪʚʘ ʥʘʫʢʠ ʠ ʚʳʩʰʝʛʦ 

ʦʙʨʘʟʦʚʘʥʠʷ ʈʌ FEMN-2020-0004. 
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ʈʠʩʫʥʦʢ 2. ɿʘʚʠʩʠʤʦʩʪʠ ʩʨʝʜʥʝʡ ʩʢʘʣʷʨʥʦʡ ʧʣʦʪʥʦʩʪʠ ʜʠʩʣʦʢʘʮʠʡ <ɟ> ʦʪ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʣʝʛʠʨʫʶʱʝʛʦ ʵʣʝʤʝʥʪʘ ʉ ʤʘʨʛʘʥʮʘ ʧʨʠ ʨʘʟʥʳʭ ʨʘʟʤʝʨʘʭ ʟʝʨʝʥ ʠ 

ʩʪʝʧʝʥʠ ʜʝʬʦʨʤʘʮʠʠ Ůʠʩʪ = 0.05: 1 ï d = 20 ʤʢʤ; 2 ï d = 40 ʤʢʤ; 3 ï d = 60 ʤʢʤ; 

4 ï d  = 120 ʤʢʤ; 5 ï d = 240 ʤʢʤ. ʇʫʥʢʪʠʨʥʦʡ ʣʠʥʠʝʡ ʧʦʢʘʟʘʥ ʧʝʨʝʭʦʜ ʦʪ 

ʷʯʝʠʩʪʦʡ ʢ ʷʯʝʠʩʪʦ-ʩʝʪʯʘʪʦʡ ʩʫʙʩʪʨʫʢʪʫʨʝ. ʊʜʝʬ = 293ʂ 
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ʄɽɾɼʋ ʊɺɽʈɼʓʄ ʊɽʃʆʄ ʀ ɻɸɿʆʄ: ʅɸʉʂʆʃʔʂʆ çʊɺɽʈɼʆʁè 

ʄʆɾɽʊ ɹʓʊʔ ɾʀɼʂʆʉʊʔ? 
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 ʄʥʦʛʠʝ ʩʚʦʡʩʪʚʘ ʢʨʠʩʪʘʣʣʦʚ ʤʦʛʫʪ ʙʳʪʴ ʦʙʲʷʩʥʝʥʳ, ʦʩʥʦʚʳʚʘʷʩʴ ʥʘ ʢʦʣʝʙʘʥʠʷʭ 

ʨʝʰʝʪʢʠ ï ʬʦʥʦʥʘʭ. ɻʦʨʘʟʜʦ ʤʝʥʴʰʝ ʠʟʚʝʩʪʥʦ ʦ ʢʦʣʣʝʢʪʠʚʥʳʭ ʢʦʣʝʙʘʥʠʷʭ ʚ ʞʠʜʢʦʩʪʷʭ. 

ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʰʠʨʦʢʦ ʠʟʚʝʩʪʥʘ ʪʝʦʨʠʷ ɼʝʙʘʷ ʪʝʧʣʦʝʤʢʦʩʪʠ ʢʨʠʩʪʘʣʣʦʚ. ɺ ʪʦʞʝ ʚʨʝʤʷ 

ʪʝʦʨʠʷ, ʫʩʧʝʰʥʦ ʧʨʝʜʩʢʘʟʳʚʘʶʱʘʷ ʪʝʧʣʦʝʤʢʦʩʪʴ ʞʠʜʢʦʩʪʝʡ, ʠʩʭʦʜʷ ʠʟ ʠʭ 

ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʩʚʦʡʩʪʚ ʚʦʟʥʠʢʣʘ ʪʦʣʴʢʦ ʥʝʩʢʦʣʴʢʦ ʣʝʪ ʥʘʟʘʜ [1].  

 ʆʜʥʦʡ ʠʟ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʭ ʟʘʜʘʯ ʷʚʣʷʝʪʩʷ ʠʟʫʯʝʥʠʝ ʧʦʧʝʨʝʯʥʳʭ ʢʦʣʝʙʘʥʠʡ ʚ 

ʞʠʜʢʦʩʪʷʭ. ɼʦʣʛʦʝ ʚʨʝʤʷ ʧʦʣʘʛʘʣʠ, ʯʪʦ ʪʘʢʠʝ ʢʦʣʝʙʘʥʠʷ ʥʝʚʦʟʤʦʞʥʳ. ʇʝʨʚʳʤ, ʢʪʦ 

ʫʢʘʟʘʣ ʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʧʝʨʝʯʥʳʭ ʢʦʣʝʙʘʥʠʡ ʚ ʞʠʜʢʦʩʪʷʭ, ʙʳʣ ʗʢʦʚ ʌʨʝʥʢʝʣʴ [2]. 

ʆʜʥʘʢʦ, ʝʛʦ ʠʜʝʠ ʥʝ ʙʳʣʠ ʦʮʝʥʝʥʳ ʥʘʫʯʥʳʤ ʩʦʦʙʱʝʩʪʚʦʤ ʪʦʛʦ ʚʨʝʤʝʥʠ. ɺ ʨʘʙʦʪʝ [3] 

ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʦʧʝʨʝʯʥʳʝ ʚʦʟʤʫʱʝʥʠʷ ʠʤʝʶʪ ʤʝʩʪʦ ʚ ʞʠʜʢʦʩʪʠ ʩ ʧʦʪʝʥʮʠʘʣʦʤ 

ʃʝʥʥʘʨʜʘ-ɼʞʦʥʩʘ. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʤʦʤʝʥʪ ʝʩʪʴ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʨʘʙʦʪʳ, 

ʜʦʢʘʟʳʚʘʶʱʠʝ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʧʦʧʝʨʝʯʥʳʭ ʚʦʟʤʫʱʝʥʠʡ ʚ ʞʠʜʢʦʩʪʷʭ [4-6]. ʅʘʣʠʯʠʝ 

ʧʦʧʝʨʝʯʥʳʭ ʚʦʟʤʫʱʝʥʠʡ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʧʨʠʥʮʠʧʠʘʣʴʥʳʭ ʦʪʣʠʯʠʡ ʞʠʜʢʦʩʪʝʡ ʦʪ 

ʛʘʟʦʚ. ʆʜʥʘʢʦ, ʞʠʜʢʦʩʪʴ ʤʦʞʥʦ ʧʨʝʦʙʨʘʟʦʚʘʪʴ ʚ ʛʘʟ ʙʝʟ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ, ʯʪʦ ʩʪʘʚʠʪ 

ʚʦʧʨʦʩ ʦ ʧʦʚʝʜʝʥʠʝ ʢʦʣʣʝʢʪʠʚʥʳʭ ʚʦʟʙʫʞʜʝʥʠʡ ʚ ʩʚʝʨʭʢʨʠʪʠʯʝʩʢʠʭ ʞʠʜʢʦʩʪʷʭ.  

 ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʟʫʯʘʶʪʩʷ ʧʨʦʜʦʣʴʥʳʝ ʠ ʧʦʧʝʨʝʯʥʳʝ ʢʦʣʣʝʢʪʠʚʥʳʝ 

ʚʦʟʙʫʞʜʝʥʠʷ ʚ ʞʠʜʢʦʩʪʷʭ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚʙʣʠʟʠ ʢʨʠʚʦʡ ʧʣʘʚʣʝʥʠʷ ʥʘʙʣʶʜʘʶʪʩʷ 

ʧʦʧʝʨʝʯʥʳʝ ʚʦʣʥʳ ʠ ʧʦʣʦʞʠʪʝʣʴʥʘʷ ʜʠʩʧʝʨʩʠʷ ʧʨʦʜʦʣʴʥʳʭ ʚʦʣʥ. ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ 

ʪʝʤʧʝʨʘʪʫʨʳ ʦʙʘ ʷʚʣʝʥʠʷ ʧʨʦʧʘʜʘʶʪ. ʀʩʯʝʟʥʦʚʝʥʠʝ ʧʦʧʝʨʝʯʥʳʭ ʚʦʣʥ ʩʚʷʟʘʥʦ ʩ ʪʘʢ 

ʥʘʟʳʚʘʝʤʦʡ ʣʠʥʠʝʡ ʌʨʝʥʢʝʣʷ [7,8].  
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ʉʨʝʜʠ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʩʧʣʘʚʦʚ ʥʘ ʦʩʥʦʚʝ ʥʠʢʝʣʠʜʘ ʪʠʪʘʥʘ ʚʳʜʝʣʷʝʪʩʷ ʩʧʣʘʚ 

Ti50Ni25Cu25, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥ ʥʝ ʪʦʣʴʢʦ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʤ, ʥʦ ʠ ʚ 

ʘʤʦʨʬʥʦʤ ʩʦʩʪʦʷʥʠʠ. ɸʤʦʨʬʥʦʝ ʩʦʩʪʦʷʥʠʝ ʵʪʦʛʦ ʩʧʣʘʚʘ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʢʘʢ ʟʘʢʘʣʢʦʡ 

ʠʟ ʞʠʜʢʦʛʦ ʩʦʩʪʦʷʥʠʷ (ɿɾʉ), ʥʦ ʠ ʚ ʭʦʜʝ ʢʨʫʯʝʥʠʷ ʧʦʜ ʚʳʩʦʢʠʤ ʜʘʚʣʝʥʠʝʤ (ʂɺɼ) 

ʠʩʭʦʜʥʦʛʦ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ. ʇʨʦʩʪʝʡʰʠʤ ʩʧʦʩʦʙʦʤ ʠʟʤʝʥʝʥʠʷ 

ʬʘʟʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ ʘʤʦʨʬʥʦʛʦ ʩʧʣʘʚʘ ʷʚʣʷʝʪʩʷ ʥʘʛʨʝʚ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʦʛʦ ʩʧʣʘʚ 

ʤʦʞʝʪ ʢʨʠʩʪʘʣʣʠʟʦʚʘʪʴʩʷ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʮʝʣʴ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʧʦʜʨʦʙʥʳʡ 

ʘʥʘʣʠʟ ʩʪʨʫʢʪʫʨʥʦ-ʬʠʟʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʮʝʩʩʘ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʘʤʦʨʬʥʳʭ ʩʧʣʘʚʦʚ 

Ti50Ni25Cu25, ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʤʝʪʦʜʘʤʠ ɿɾʉ ʠ ʂɺɼ ʧʦʩʣʝ ʨʘʟʣʠʯʥʳʭ ʨʝʞʠʤʦʚ ʥʘʛʨʝʚʘ. 

ʀʩʩʣʝʜʫʝʤʳʝ ʘʤʦʨʬʥʳʝ ʦʙʨʘʟʮʳ ʩʧʣʘʚʘ Ti50Ni25Cu25 ʧʦʣʫʯʘʣʠ ʜʚʫʤʷ ʨʘʟʣʠʯʥʳʤʠ 

ʩʧʦʩʦʙʘʤʠ: 1) ʤʝʪʦʜʦʤ ʟʘʢʘʣʢʠ ʠʟ ʞʠʜʢʦʛʦ ʩʦʩʪʦʷʥʠʷ (ɿɾʉ-ʦʙʨʘʟʮʳ), ʩʦ ʩʢʦʨʦʩʪʴʶ 

ʦʭʣʘʞʜʝʥʠʷ å 106 ʂ/ʩ; 2) ʚ ʭʦʜʝ ʜʝʬʦʨʤʘʮʠʠ ʂɺɼ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ ʪʦʛʦ ʞʝ 

ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ.  

ɼʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʟʥʘʯʝʥʠʡ ʢʠʥʝʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʧʨʦʚʦʜʠʣʠ 

ʠʟʦʪʝʨʤʠʯʝʩʢʠʝ ʦʪʞʠʛʠ ɿɾʉ ʠ ʂɺɼ4-ʦʙʨʘʟʮʦʚ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚʧʣʦʪʴ ʜʦ 

ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʣʥʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ (773ʂ). ɺ ʨʝʟʫʣʴʪʘʪʝ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʤʝʪʦʜʦʤ 

ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ, ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ: ʧʦʢʘʟʘʪʝʣʴ ʩʪʝʧʝʥʠ ɸʚʨʘʤʠ n, ʧʦ 

ʚʝʣʠʯʠʥʝ ʢʦʪʦʨʦʛʦ ʤʦʞʥʦ ʩʫʜʠʪʴ ʦ ʜʝʡʩʪʚʫʶʱʝʤ ʤʝʭʘʥʠʟʤʝ ʧʨʦʮʝʩʩʘ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʠ 

ʟʥʘʯʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʡ ʵʥʝʨʛʠʠ ʘʢʪʠʚʘʮʠʠ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ Ea. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʤʝʭʘʥʠʟʤʳ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ 

ʜʚʫʭ ʠʩʩʣʝʜʫʝʤʳʭ ʩʦʩʪʦʷʥʠʡ ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʟʣʠʯʘʶʪʩʷ. ɸʤʦʨʬʥʦʝ ʩʦʩʪʦʷʥʠʝ ʧʦʩʣʝ 

ɿɾʉ ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʚ ʭʦʜʝ ʜʚʫʭʩʪʘʜʠʡʥʦʡ ʨʝʘʢʮʠʠ, ʚʢʣʶʯʘʶʱʝʡ ʦʙʨʘʟʦʚʘʥʠʝ 

ʟʘʨʦʜʳʰʝʡ ʠ ʠʭ ʧʦʩʣʝʜʫʶʱʠʡ ʨʦʩʪ. ɸʤʦʨʬʥʦʝ ʩʦʩʪʦʷʥʠʝ, ʧʦʣʫʯʝʥʥʦʝ ʤʝʪʦʜʦʤ ʂɺɼ, 

ʥʘʧʨʦʪʠʚ, ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʚ ʭʦʜʝ ʦʜʥʦʩʪʘʜʠʡʥʦʡ ʨʝʘʢʮʠʠ, ʧʨʠ ʢʦʪʦʨʦʡ ʨʝʘʣʠʟʫʝʪʩʷ 

ʪʦʣʴʢʦ ʨʦʩʪ ʢʨʠʩʪʘʣʣʦʚ. ɺʳʷʚʣʝʥʦ ʨʘʟʣʠʯʠʝ ʚ ʢʠʥʝʪʠʢʝ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ɺ2 ʬʘʟʳ ɿɾʉ- 

ʠ ʂɺɼ4-ʦʙʨʘʟʮʦʚ. ʋʪʚʝʨʞʜʘʝʪʩʷ, ʯʪʦ ʵʪʦʪ ʬʘʢʪ  ʩʚʷʟʘʥ ʩ ʨʘʟʥʳʤ ʠʩʭʦʜʥʳʤ ʩʦʩʪʦʷʥʠʝʤ 

ʘʤʦʨʬʥʦʡ ʬʘʟʳ ʧʝʨʝʜ ʜʝʚʠʪʨʠʬʠʢʘʮʠʝʡ.  ʇʦʢʘʟʘʥʦ ʪʘʢʞʝ, ʯʪʦ ʦʩʫʱʝʩʪʚʣʝʥʠʝ 

ʩʪʨʫʢʪʫʨʥʦʡ ʨʝʣʘʢʩʘʮʠʠ ʚ ɿɾʉ-ʦʙʨʘʟʮʘʭ ʪʨʝʙʫʝʪ ʤʝʥʴʰʠʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʟʘʪʨʘʪ, ʯʝʤ ʚ 

ʩʣʫʯʘʝ ʂɺɼ4-ʦʙʨʘʟʮʦʚ.  ʍʦʪʷ ʪʝʧʣʦʚʳʝ ʟʘʪʨʘʪʳ ʥʘ ʩʦʙʩʪʚʝʥʥʦ ʨʦʩʪ ʢʨʠʩʪʘʣʣʦʚ ɺ2 ʬʘʟʳ 

ʜʣʷ ʜʚʫʭ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʘʤʦʨʬʥʳʭ ʩʦʩʪʦʷʥʠʡ ʨʘʟʣʠʯʘʶʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʦ. ʆʙʥʘʨʫʞʝʥʦ, 

ʯʪʦ ʪʝʤʧʝʨʘʪʫʨʘ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʘʤʦʨʬʥʦʡ ʬʘʟʳ, ʧʦʣʫʯʝʥʥʦʡ ʧʨʠ ʂɺɼ4, ʥʘ 68 ʂ ʥʠʞʝ, 

ʯʝʤ ʪʝʤʧʝʨʘʪʫʨʘ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʘʤʦʨʬʥʦʡ ʬʘʟʳ, ʧʦʣʫʯʝʥʥʦʡ ʧʨʠ ɿɾʉ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ (ʛʨʘʥʪ ̄  20-02-00291) ʠ ʈʅʌ 

(ʧʨʦʝʢʪ ˉ 19-72-20066, in situ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʩʠʥʭʨʦʪʨʦʥʥʦʤ ʠʟʣʫʯʝʥʠʠ). 
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ɺʃʀʗʅʀɽ ɼɽʌʆʈʄɸʎʀʀ ʄɽʊʆɼʆʄ ʆɹʈɸʊʅʆɻʆ 

ɺʓɼɸɺʃʀɺɸʅʀʗ ʇʈʀ ʂʆʄʅɸʊʅʆʁ ʊɽʄʇɽʈɸʊʋʈɽ ʅɸ 

ʉʊʈʋʂʊʋʈʋ ʃʀʊʆɻʆ ʄɸɻʅʀʗ 

ʄ.ɸ. ʊʦʢʘʨʝʚ, ɼ.ɸ. ʂʦʤʢʦʚʘ, ʆ.ɺ. ɸʥʪʦʥʦʚʘ  

ʀʥʩʪʠʪʫʪ ʬʠʟʠʢʠ ʤʝʪʘʣʣʦʚ ʠʤ. ʄ.ʅ. ʄʠʭʝʝʚʘ, ʋʨʆ ʈɸʅ, ɽʢʘʪʝʨʠʥʙʫʨʛ, ʈʦʩʩʠʷ 

Email:tok222@yandex.ru 

ʄʘʛʥʠʡ ʠ ʝʛʦ ʩʧʣʘʚʳ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ ʪʝʭʥʠʢʠ. ʆʜʥʘʢʦ ʩʫʱʝʩʪʚʫʝʪ ʧʨʦʙʣʝʤʘ ʤʘʣʦʡ 

ʧʣʘʩʪʠʯʥʦʩʪʠ ʠ ʧʣʦʭʦʡ ʦʙʨʘʙʘʪʳʚʘʝʤʦʩʪʠ ʤʘʛʥʠʷ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦʝ ʠʟʤʝʣʴʯʝʥʠʝ ʚʝʣʠʯʠʥʳ ʟʝʨʥʘ ʧʨʠʚʦʜʠʪ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ 

ʫʣʫʯʰʝʥʠʶ ʧʣʘʩʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʤʝʪʦʜʦʤ ʚ ʨʝʰʝʥʠʠ 

ʵʪʦʡ ʟʘʜʘʯʠ ʷʚʣʷʝʪʩʷ ʠʥʪʝʥʩʠʚʥʘʷ ʧʣʘʩʪʠʯʝʩʢʘʷ ʜʝʬʦʨʤʘʮʠʷ (ʀʇɼ).  

ʅʘʩʪʦʷʱʘʷ ʨʘʙʦʪʘ ʷʚʣʷʝʪʩʷ ʧʨʦʜʦʣʞʝʥʠʝʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʚʣʠʷʥʠʶ ʀʇɼ ʥʘ 

ʠʟʤʝʣʴʯʝʥʠʝ ʠʩʭʦʜʥʦʡ ʩʪʨʫʢʪʫʨʳ ʣʠʪʦʛʦ ʤʘʛʥʠʷ [1]. ɼʝʬʦʨʤʘʮʠʷ ʧʨʦʚʦʜʠʣʘʩʴ ʟʘ ʦʜʥʫ 

ʦʧʝʨʘʮʠʶ ʥʘ ʛʠʜʨʘʚʣʠʯʝʩʢʦʤ ʧʨʝʩʩʝ ɼɹ-2240 ʤʝʪʦʜʦʤ ʦʙʨʘʪʥʦʛʦ ʚʳʜʘʚʣʠʚʘʥʠʷ ʧʨʠ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʟ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʟʘʛʦʪʦʚʢʠ ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

ʧʦʣʫʯʠʣʠ ʪʦʥʢʦʩʪʝʥʥʳʝ ʩʪʘʢʘʥʯʠʢʠ ʩ ʪʦʣʱʠʥʦʡ ʩʪʝʥʢʠ ʜʦ 1 ʤʤ. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʩʪʝʥʢʘ ʤʦʞʝʪ ʙʳʪʴ ʧʨʦʢʘʪʘʥʘ ʜʦ ʬʦʣʴʛ ʪʦʣʱʠʥʦʡ 150 ʠ 30 ʤʢʤ.  

ɼʣʷ ʠʟʫʯʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʩʪʘʢʘʥʯʠʢʘ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ: 1) ʦʧʪʠʯʝʩʢʘʷ 

ʤʝʪʘʣʣʦʛʨʘʬʠʷ (ʆʄ); 2) ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ ʬʘʟʦʚʳʡ ʘʥʘʣʠʟ (X-ray); 3) 

ʧʨʦʩʚʝʯʠʚʘʶʱʘʷ ʵʣʝʢʪʨʦʥʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ (ʇʕʄ). ʇʨʠ ʠʟʫʯʝʥʠʠ ʩʪʨʫʢʪʫʨʳ ʩ ʧʦʤʦʱʴʶ 

ʆʄ ʚ ʦʙʣʘʩʪʠ ʜʥʘ ʩʪʘʢʘʥʯʠʢʘ, ʧʨʠʣʝʛʘʶʱʝʛʦ ʢ ʩʪʝʥʢʝ, ʠ ʪʘʢʞʝ ʥʘ ʫʯʘʩʪʢʘʭ ʧʦʚʝʨʭʥʦʩʪʠ 

ʩʪʝʥʢʠ, ʚ ʦʩʥʦʚʥʦʤ ʥʘʙʣʶʜʘʣʠ ʜʚʦʡʥʠʢʠ. ʅʘ ʜʥʝ ʩʪʘʢʘʥʯʠʢʘ ʧʣʦʪʥʦʩʪʴ ʜʚʦʡʥʠʢʦʚ ʙʳʣʘ 

ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʘ, ʜʚʦʡʥʠʢʠ ʠʤʝʣʠ ʨʘʟʥʫʶ ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ. ʅʘ ʩʪʝʥʢʘʭ ʠʭ ʧʣʦʪʥʦʩʪʴ 

ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʴʰʝ, ʜʚʦʡʥʠʢʠ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʦʜʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʠ 

ʠʟʫʯʝʥʠʠ ʩʪʨʫʢʪʫʨ rʩʪʘʢʘʥʯʠʢʘ ʚ ʧʦʧʝʨʝʯʥʦʤ ʩʝʯʝʥʠʠ ʚ ʦʙʣʘʩʪʠ ʧʝʨʝʭʦʜʘ ʦʪ ʜʥʘ ʢ 

ʩʪʝʥʢʝ ʦʙʥʘʨʫʞʝʥ ʫʯʘʩʪʦʢ ʩ ʤʝʣʢʦʟʝʨʥʠʩʪʦʡ ʩʪʨʫʢʪʫʨʦʡ ʩ ʨʘʟʤʝʨʦʤ ʟʝʨʥʘ ʚ ʥʝʩʢʦʣʴʢʦ 

ʤʠʢʨʦʥ. ɺ ʧʦʧʝʨʝʯʥʦʤ ʩʝʯʝʥʠʠ ʩʪʝʥʢʠ ʩʪʘʢʘʥʯʠʢʘ ʥʘʙʣʶʜʘʣʠ ʥʝʚʳʩʦʢʫʶ ʧʣʦʪʥʦʩʪʴ 

ʜʚʦʡʥʠʢʦʚ ʦʜʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ.  

ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʥʘ ʇʕʄ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʭʘʨʘʢʪʝʨʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ 

ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʷʚʣʷʶʪʩʷ ʥʦʚʳʝ ʨʝʢʨʠʩʪʘʣʠʟʦʚʘʥʥʳʝ ʟʝʨʥʘ, ʦʢʨʫʞʝʥʥʳʝ ʨʘʟʚʠʪʦʡ 

ʩʫʙʩʪʨʫʢʪʫʨʦʡ. ʕʪʘ ʩʫʙʩʪʨʫʢʪʫʨʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʜʚʫʤʷ ʪʠʧʘʤʠ: ʫʣʴʪʨʘ-ʤʝʣʢʦʟʝʨʥʠʩʪʦʡ ʠ 

ʷʯʝʠʩʪʦʡ.  

ɼʠʬʨʘʢʪʦʛʨʘʤʤʳ, ʧʦʣʫʯʝʥʥʳʝ ʩ ʨʘʟʣʠʯʥʳʭ ʪʦʯʝʢ ʜʥʘ ʠ ʩʪʝʥʢʠ ʩʪʘʢʘʥʯʠʢʘ, 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚ ʢʘʞʜʦʤ ʩʣʫʯʘʝ ʠʤʝʝʪ ʤʝʩʪʦ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʘʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʠʢʘ 

(0002).  ʇʨʠ ʵʪʦʤ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʧʝʨʝʭʦʜʥʦʡ ʟʦʥʝ ʦʪ ʜʥʘ ʢ ʩʪʝʥʢʝ, ʧʨʦʠʩʭʦʜʠʪ 

ʫʤʝʥʴʰʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʵʪʦʛʦ ʧʠʢʘ, ʘ ʧʨʠ ʧʝʨʝʤʝʱʝʥʠʠ ʧʦ ʩʪʝʥʢʝ ʚʚʝʨʭ, 

ʥʘʙʣʶʜʘʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʦʝ ʧʦʚʳʰʝʥʠʝ ʝʛʦ ʠʥʪʝʥʩʠʚʥʦʩʪʠ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʠʥʪʝʨʝʩ ʜʣʷ ʨʘʟʚʠʪʠʷ ʤʝʪʦʜʦʚ ʦʙʨʘʙʦʪʢʠ 

ʤʘʣʦʧʣʘʩʪʠʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʨʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ.  

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ ʧʦ ʪʝʤʝ çɼʘʚʣʝʥʠʝè ˉ 

ɸɸɸɸ-ɸ18-118020190104-3. 

1. ɸ. ʖ. ɺʦʣʢʦʚ, ʆ. ɺ. ɸʥʪʦʥʦʚʘ, ɹ. ʀ. ʂʘʤʝʥʝʮʢʠʡ, ʀ. ɺ. ʂʣʶʢʠʥ, ɼ. ɸ. ʂʦʤʢʦʚʘ, ɹ. ɼ. ɸʥʪʦʥʦʚ, ʌʠʟʠʢʘ 

ʤʝʪʘʣʣʦʚ ʠ ʤʝʪʘʣʣʦʚʝʜʝʥʠʝ 117, ʩʩ. 538ï548 (2016). 
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ʀʉʉʃɽɼʆɺɸʅʀɽ ʎʀʂʃʀʏɽʉʂʆʁ ʉʊɸɹʀʃʔʅʆʉʊʀ 

ʌɽʈʈʆʕʃɸʉʊʀʏʅʆʉʊʀ ɺ ʉʆʉʊɸʈɽʅʅʓʍ ɺ ʄɸʈʊɽʅʉʀʊɽ 

ʇʆɼ ʅɸɻʈʋɿʂʆʁ ʄʆʅʆʂʈʀʉʊɸʃʃɸʍ ʉʇʃɸɺɸ Ni49Fe18Ga27Co6 

ɸ.ɹ. ʊʦʭʤʝʪʦʚʘ, ɽ.ʖ. ʇʘʥʯʝʥʢʦ, ʖ.ʀ. ʏʫʤʣʷʢʦʚ  

634050, ʊʦʤʩʢʘʷ ʦʙʣ., ʛ. ʊʦʤʩʢ, ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʊʦʤʩʢʠʡ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

Email: aida-tx@mail.ru 

ʅʝʜʘʚʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘ ʤʦʥʦʢʨʠʩʪʘʣʣʘʭ ʩʧʣʘʚʘ NiFeGaCo ʧʦʢʘʟʘʣʠ, ʯʪʦ ʟʘ ʩʯʝʪ 

ʩʪʘʨʝʥʠʷ (ʚʳʜʝʨʞʢʠ) ʚ ʤʘʨʪʝʥʩʠʪʝ ʧʦʜ ʥʘʛʨʫʟʢʦʡ (ʉʄʅ) ʚʦʟʤʦʞʥʦ ʚʜʦʣʴ [001]B2-

ʥʘʧʨʘʚʣʝʥʠʷ ʥʘʚʝʩʪʠ ʜʚʫʩʪʦʨʦʥʥʠʡ ʵʬʬʝʢʪ ʧʘʤʷʪʠ ʬʦʨʤʳ (ɼʕʇʌ) ʩ ʦʙʨʘʪʠʤʦʡ 

ʜʝʬʦʨʤʘʮʠʝʡ ʜʦ +9,0 % ʚ ʮʠʢʣʘʭ ʦʭʣʘʞʜʝʥʠʝ/ʥʘʛʨʝʚ ʠ ʬʝʨʨʦʵʣʘʩʪʠʯʥʦʩʪʴ (ʌʕ) ʩ 

ʦʙʨʘʪʠʤʦʡ ʜʝʬʦʨʤʘʮʠʝʡ ʜʦ -13õ-16 % ʚ ʮʠʢʣʘʭ ʥʘʛʨʫʟʢʘ/ʨʘʟʛʨʫʟʢʘ ʥʠʞʝ ʪʝʤʧʝʨʘʪʫʨʳ 

ʤʘʨʪʝʥʩʠʪʥʦʛʦ ʧʨʝʚʨʘʱʝʥʠʷ (ʄʇ) [1]. ʊʘʢʠʝ ʙʦʣʴʰʠʝ ʜʝʬʦʨʤʘʮʠʠ ʧʦʣʫʯʝʥʳ ʙʣʘʛʦʜʘʨʷ 

ʧʨʦʠʩʭʦʜʷʱʠʤ ʚ ʤʘʪʝʨʠʘʣʝ ʜʠʬʬʫʟʠʦʥʥʳʤ ʧʨʦʮʝʩʩʘʤ ʚʦ ʚʨʝʤʷ ʉʄʅ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʩʪʘʙʠʣʠʟʘʮʠʠ ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʚʘʨʠʘʥʪʘ L10-ʤʘʨʪʝʥʩʠʪʘ [2]. ɿʘ ʩʯʝʪ ʨʦʩʪʘ ʠʤʝʥʥʦ 

ʵʪʦʛʦ ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʦʛʦ ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʤʘʨʪʝʥʩʠʪʘ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ/ʥʘʛʨʝʚʝ ʚ 

ʩʚʦʙʦʜʥʦʤ ʩʦʩʪʦʷʥʠʠ ʧʨʦʷʚʣʷʝʪʩʷ ɼʕʇʌ ʩ ʨʘʩʪʷʛʠʚʘʶʱʝʡ ʜʝʬʦʨʤʘʮʠʝʡ ʚʜʦʣʴ [001]-

ʥʘʧʨʘʚʣʝʥʠʷ, ʪʦʛʜʘ ʢʘʢ ʌʕ ʨʝʘʣʠʟʫʝʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʦʙʨʘʪʠʤʦʡ ʧʝʨʝʦʨʠʝʥʪʘʮʠʠ 

ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʦʛʦ ʚʘʨʠʘʥʪʘ ʤʘʨʪʝʥʩʠʪʘ ʚ ʜʨʫʛʦʡ ʚʘʨʠʘʥʪ ʧʨʠ ʧʨʦʪʠʚʦʜʝʡʩʪʚʫʶʱʝʡ 

ʥʘʛʨʫʟʢʝ. ʆʜʥʘʢʦ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʜʘʥʥʳʭ ʵʬʬʝʢʪʦʚ ʥʝʦʙʭʦʜʠʤʦ ʤʥʦʛʦʢʨʘʪʥʦʝ 

ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʝ ʤʘʪʝʨʠʘʣʦʚ NiFeGaCo, ʯʪʦ ʜʦ ʩʠʭ ʧʦʨ ʥʝ ʠʩʩʣʝʜʦʚʘʥʦ. ʇʦʵʪʦʤʫ ʮʝʣʴʶ 

ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʮʠʢʣʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ ʌʕ ʚ ʮʠʢʣʘʭ 

ʥʘʛʨʫʟʢʘ/ʨʘʟʛʨʫʟʢʘ ʠ ɼʕʇʌ ʚ ʮʠʢʣʘʭ ʦʭʣʘʞʜʝʥʠʝ/ʥʘʛʨʝʚ ʚ ʩʦʩʪʘʨʝʥʥʳʭ ʚ ʤʘʨʪʝʥʩʠʪʝ ʧʦʜ 

ʥʘʛʨʫʟʢʦʡ ʤʦʥʦʢʨʠʩʪʘʣʣʘʭ Ni49Fe18Ga27Co6. 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʙʨʘʥʳ ʤʦʥʦʢʨʠʩʪʘʣʣʳ Ni49Fe18Ga27ʉo6, ʧʦʜʚʝʨʞʝʥʥrʝ ʦʪʞʠʛʫ 

ʦʪ T = 1448 K, 1 ʯʘʩ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʟʘʢʘʣʢʦʡ ʚ ʚʦʜʫ. ʉʄʅ ʧʨʦʚʦʜʠʣʦʩʴ ʧʨʠ T = 423 K, 

1 ʯʘʩ ʧʦʜ ʥʘʛʨʫʟʢʦʡ |ů| = 450 ʄʇʘ ʚʜʦʣʴ [110]B2-ʦʨʠʝʥʪʘʮʠʠ, ʘ ɼʕʇʌ ʠ ʌʕ ʠʩʩʣʝʜʦʚʘʣʠ 

ʚʜʦʣʴ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʛʦ [001]B2-ʥʘʧʨʘʚʣʝʥʠʷ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʉʄʅ 

ʥʘ ʤʦʥʦʢʨʠʩʪʘʣʣʘʭ Ni49Fe18Ga27ʉo6 ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʨʦʷʚʣʝʥʠʶ ʌʕ ʧʦʜ ʥʘʛʨʫʟʢʦʡ 

ʧʨʠ 300 K < M f ʩ ʚʝʣʠʯʠʥʦʡ ʥʝʫʧʨʫʛʦʡ ʦʙʨʘʪʠʤʦʡ ʜʝʬʦʨʤʘʮʠʠ -14,5 %. 

ʎʠʢʣʠʯʝʩʢʘʷ ʩʪʘʙʠʣʴʥʦʩʪʴ ʌʕ ʠʩʩʣʝʜʦʚʘʥʘ ʧʨʠ ʮʠʢʣʘʭ ʥʘʛʨʫʟʢʘ/ʨʘʟʛʨʫʟʢʘ ʦʪ 0 ʜʦ 

1000 ʩ ʥʝʫʧʨʫʛʦʡ ʦʙʨʘʪʠʤʦʡ ʜʝʬʦʨʤʘʮʠʠ 14,5 %. ʇʝʨʚʳʝ ʪʨʠ ʮʠʢʣʘ ʩʦʧʨʦʚʦʞʜʘʶʪʩʷ 

ʫʤʝʥʴʰʝʥʠʝʤ ʢʨʠʪʠʯʝʩʢʠʭ ʥʘʧʨʷʞʝʥʠʡ ʦʙʨʘʟʦʚʘʥʠʷ ʤʘʨʪʝʥʩʠʪʘ ůʢʨ ʩ 35 ʜʦ 29 ʄʇʘ. ʇʨʠ 

ʧʦʩʣʝʜʫʶʱʠʭ ʮʠʢʣʘʭ ʜʦ 100 ʦʙʨʘʪʠʤʘʷ ʜʝʬʦʨʤʘʮʠʷ ʦʩʪʘʸʪʩʷ ʧʦʩʪʦʷʥʥʦʡ, ůʢʨ ʩʥʠʞʘʶʪʩʷ 

ʜʦ 19 ʄʇʘ. ʋʚʝʣʠʯʝʥʠʝ ʯʠʩʣʘ ʮʠʢʣʦʚ ʜʦ 1000 ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʤʝʜʣʝʥʥʳʤ ʫʤʝʥʴʰʝʥʠʝʤ 

ůʢʨ ʜʦ 11,8 ʄʇʘ ʠ ʨʦʩʪʦʤ ʥʝʦʙʨʘʪʠʤʦʡ ʜʝʬʦʨʤʘʮʠʠ ʜʦ 1 %. ʇʦʩʣʝ 0, 100, 200, 500 ʠ 1000 

ʮʠʢʣʦʚ ʌʕ ɻʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʣʫʯʝʥʳ ʢʨʠʚʳʝ ɼʕʇʌ ʩ ʧʦʩʪʦʷʥʥʦʡ ʚʝʣʠʯʠʥʦʡ 

Ů å +8,5 % ʠ ʪʝʤʧʝʨʘʪʫʨʘʤʠ ʄʇ, ʪ. ʝ. ʜʝʩʪʘʙʠʣʠʟʘʮʠʠ ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʚʘʨʠʘʥʪʘ 

ʤʘʨʪʝʥʩʠʪʘ ʧʦʩʣʝ ʮʠʢʣʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ ʧʨʠ ʌʕ ʥʝ ʧʨʦʠʩʭʦʜʠʪ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʩʦʩʪʘʨʝʥʥʳʝ ʚ ʤʘʨʪʝʥʩʠʪʝ 

ʤʦʥʦʢʨʠʩʪʘʣʣʳ Ni49Fe18Ga27Co6 ʧʨʦʷʚʣʷʶʪ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʫʶ ʮʠʢʣʠʯʝʩʢʫʶ 

ʩʪʘʙʠʣʴʥʦʩʪʴ ʌʕ ʧʦʜ ʥʘʛʨʫʟʢʦʡ ʚʜʦʣʴ [001]B2-ʥʘʧʨʘʚʣʝʥʠʷ ʩ ʙʦʣʴʰʠʤʠ ʦʙʨʘʪʠʤʳʤʠ 

ʜʝʬʦʨʤʘʮʠʷʤʠ ʜʦ -13õ-14 %. ɺ ʨʘʟʣʠʯʥʳʭ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʷʭ ʪʘʢʠʝ ʤʘʪʝʨʠʘʣʳ 

ʤʦʛʫʪ ʥʘʡʪʠ ʰʠʨʦʢʦʝ ʧʨʘʢʪʠʯʝʩʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʜʝʤʧʬʠʨʫʶʱʠʭ ʫʩʪʨʦʡʩʪʚ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʛʨʘʥʪʘ ʈʅʌ ˉ 20-19-00153. 

1. E. Panchenko [et al.], Scripta Materialia, 194, ʨʨ. 113618 (2021).  

2. T. Niendorf [et al.], Acta Materialia, 89, pp. 298ï304 (2015).  
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E-mail: khon@ispms.ru 

ʉʪʘʜʠʡʥʦʩʪʴ ʠ ʣʦʢʘʣʠʟʘʮʠʷ ʧʣʘʩʪʠʯʝʩʢʦʛʦ ʪʝʯʝʥʠʷ ʷʚʣʷʶʪʩʷ ʭʘʨʘʢʪʝʨʥʦʡ 

ʦʩʦʙʝʥʥʦʩʪʴʶ ʥʝʦʙʨʘʪʠʤʦʛʦ ʠʟʤʝʥʝʥʠʷ ʬʦʨʤʳ ʪʚʝʨʜʳʭ ʪʝʣ. ʂʘʨʪʠʥʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʣʦʢʘʣʠʟʦʚʘʥʥʦʡ ʤʘʢʨʦʜʝʬʦʨʤʘʮʠʠ (ʧʘʪʪʝʨʥʳ ʣʦʢʘʣʠʟʦʚʘʥʥʦʡ ʧʣʘʩʪʠʯʥʦʩʪʠ) ʩ 

ʭʘʨʘʢʪʝʨʥʳʤ ʨʘʟʤʝʨʦʤ Ḑ 1 sm ʜʣʷ ʢʘʞʜʦʡ ʩʪʘʜʠʠ ʢ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʦʧʨʝʜʝʣʝʥʳ ʠ 

ʷʚʣʷʶʪʩʷ ʠʥʬʦʨʤʘʪʠʚʥʳʤʠ ʧʨʠʟʥʘʢʘʤʠ ʤʥʦʛʦʩʪʘʜʠʡʥʦʛʦ ʧʨʦʮʝʩʩʘ ʧʣʘʩʪʠʯʝʩʢʦʛʦ 

ʪʝʯʝʥʠʷ ʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʦʪʜʝʣʴʥʳʝ ʝʛʦ ʩʪʘʜʠʠ. ɼʝʪʘʣʴʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʘʪʪʝʨʥʦʚ ʣʦʢʘʣʠʟʦʚʘʥʥʦʡ ʧʣʘʩʪʠʯʥʦʩʪʠ ʥʘ ʨʘʟʣʠʯʥʳʭ ʩʪʘʜʠʷʭ 

ʜʝʬʦʨʤʘʮʠʦʥʥʦʛʦ ʫʧʨʦʯʥʝʥʠʷ ʧʨʠ ʧʦʩʪʦʷʥʥʦʡ ʩʢʦʨʦʩʪʠ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ 

ʩʣʝʜʫʶʱʝʝ [1, 2]. ʅʘ ʩʪʘʜʠʠ ʣʝʛʢʦʛʦ ʩʢʦʣʴʞʝʥʠʷ  ʧʘʪʪʝʨʥʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʦʜʠʥ ʣʠʙʦ 

ʥʝʩʢʦʣʴʢʦ ʙʝʛʫʱʠʭ ʬʨʦʥʪʦʚ (ʚʦʣʥ ʧʝʨʝʢʣʶʯʝʥʠʷ). ʏʝʨʝʟ ʢʘʞʜʫʶ ʪʦʯʢʫ ʩʨʝʜʳ ʧʨʦʭʦʜʠʪ 

ʪʦʣʴʢʦ ʦʜʠʥ ʬʨʦʥʪ. ʅʘ ʩʪʘʜʠʠ ʣʠʥʝʡʥʦʛʦ ʫʧʨʦʯʥʝʥʠʷ ʥʘʙʣʶʜʘʝʪʩʷ ʩʠʩʪʝʤʘ ʙʝʛʫʱʠʭ ʩ 

ʦʜʠʥʘʢʦʚʦʡ ʩʢʦʨʦʩʪʴʶ ʧʦʣʦʩ. ʏʝʨʝʟ ʢʘʞʜʫʶ ʪʦʯʢʫ ʩʨʝʜʳ ʧʨʦʭʦʜʠʪ ʥʝʩʢʦʣʴʢʦ ʬʨʦʥʪʦʚ. 

ʅʘ ʩʪʘʜʠʠ ʧʘʨʘʙʦʣʠʯʝʩʢʦʛʦ ʫʧʨʦʯʥʝʥʠʷ ʧʦʣʦʩʳ ʥʝʧʦʜʚʠʞʥʳ. ʇʝʨʝʭʦʜ ʦʪ ʦʜʥʦʡ ʩʪʘʜʠʠ 

ʢ ʜʨʫʛʦʡ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʚʦʟʥʠʢʥʦʚʝʥʠʝʤ ʥʝʫʧʦʨʷʜʦʯʝʥʥʳʭ (ʭʘʦʪʠʯʝʩʢʠʭ) ʢʦʨʦʪʢʦ-

ʞʠʚʫʱʠʭ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʥʝʦʙʨʘʪʠʤʳʭ ʩʤʝʱʝʥʠʡ ʩ ʭʘʨʘʢʪʝʨʥʳʤ ʨʘʟʤʝʨʦʤ Ḑ 1 sm. ʅʘ 

ʵʪʦʤ ʬʦʥʝ ʚʦʟʥʠʢʘʝʪ ʧʘʪʪʝʨʥ, ʭʘʨʘʢʪʝʨʥʳʡ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʡ ʩʪʘʜʠʠ. ʂʘʞʜʘʷ ʧʦʣʦʩʘ 

ʤʘʢʨʦʜʝʬʦʨʤʘʮʠʠ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʩʦʩʪʦʠʪ ʠʟ ʯʝʨʝʜʫʶʱʠʭʩʷ ʦʙʣʘʩʪʝʡ ʩ ʚʳʩʦʢʦʡ 

ʧʣʦʪʥʦʩʪʴʶ ʥʦʩʠʪʝʣʝʡ ʜʝʬʦʨʤʘʮʠʠ (ʩʣʝʜʦʚ ʩʢʦʣʴʞʝʥʠʷ) ʠ ʦʙʣʘʩʪʝʡ, ʢʦʪʦʨʳʝ 

ʜʝʬʦʨʤʠʨʫʶʪʩʷ ʫʧʨʫʛʦ.  ɼʝʬʦʨʤʘʮʠʷ ʚ ʩʣʝʜʘʭ ʩʢʦʣʴʞʝʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʜʚʠʞʝʥʠʝʤ 

ʜʠʩʣʦʢʘʮʠʡ ʠ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʜʠʩʣʦʢʘʮʠʦʥʥʳʭ ʘʥʩʘʤʙʣʝʡ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʜʠʩʣʦʢʘʮʠʦʥʥʳʝ ʘʥʩʘʤʙʣʠ, ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʡ ʩʪʘʜʠʠ, ʥʘʯʠʥʘʶʪ 

ʬʦʨʤʠʨʦʚʘʪʴʩʷ ʚ ʢʦʥʮʝ ʧʨʝʜʳʜʫʱʝʡ ʩʪʘʜʠʠ [3]. ʇʨʦʠʩʭʦʞʜʝʥʠʝ ʥʘʙʣʶʜʘʝʤʳʭ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ  ʥʘ ʦʩʥʦʚʝ ʨʝʰʝʥʠʷ ʜʠʥʘʤʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ ʜʣʷ ʜʠʩʣʦʢʘʮʠʦʥʥʳʭ 

ʘʥʩʘʤʙʣʝʡ ʠ/ʠʣʠ ʩʣʝʜʦʚ ʩʢʦʣʴʞʝʥʠʷ ʚʨʷʜ ʣʠ ʚʦʟʤʦʞʥʦ.  

ɺ ʥʘʰʠʭ ʨʘʙʦʪʘʭ [4] ʧʨʝʜʣʦʞʝʥ ʜʨʫʛʦʡ ʧʦʜʭʦʜ ʢ ʦʧʠʩʘʥʠʶ ʤʘʢʨʦʜʝʬʦʨʤʘʮʠʠ, 

ʫʯʠʪʳʚʘʶʱʠʡ ʜʚʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʠ ʚʨʝʤʝʥʥʳʭ ʤʘʩʰʪʘʙʘ ʩʪʨʫʢʪʫʨʥʦʡ ʨʝʣʘʢʩʘʮʠʠ 

ʜʝʬʦʨʤʠʨʫʝʤʦʡ ʩʨʝʜʳ. ʆʩʥʦʚʥʳʝ ʤʦʤʝʥʪʳ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʦʧʠʩʘʥʠʶ 

ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʦʡ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ ʪʘʢʦʚʳ.  ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʜʚʘ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ὰ ὰ ὰ   ʠ ʚʨʝʤʝʥʥʳʭ ὸ  ὸ ὸ ‐Ⱦ‐ ʤʘʩʰʪʘʙʘ.  
ɺʝʣʠʯʠʥʘ ὰ ʦʧʨʝʜʝʣʷʝʪ ʭʘʨʘʢʪʝʨʥʫʶ ʰʠʨʠʥʫ (ʚ ʦʜʥʦʤʝʨʥʦʤ ʩʣʫʯʘʝ) ʩʣʝʜʦʚ ʩʢʦʣʴʞʝʥʠʷ, 

ʦʙʨʘʟʦʚʘʥʥʳʭ ʘʥʩʘʤʙʣʷʤʠ ʥʦʩʠʪʝʣʝʡ ʜʝʬʦʨʤʘʮʠʠ, ʘ ὸ ï ʭʘʨʘʢʪʝʨʥʦʝ ʚʨʝʤʷ 

ʧʨʦʪʝʢʘʶʱʠʭ ʚ ʥʠʭ ʧʨʦʮʝʩʩʦʚ.  ʉʣʝʜʳ ʩʢʦʣʴʞʝʥʠʷ ʠ ʫʧʨʫʛʦ ʜʝʬʦʨʤʠʨʦʚʘʥʥʳʝ ʦʙʣʘʩʪʠ 

ʥʘʭʦʜʷʪʩʷ ʚ ʜʠʥʘʤʠʯʝʩʢʦʤ ʨʘʚʥʦʚʝʩʠʠ. ʉʨʝʜʘ ʥʘ ʵʪʦʤ ʤʘʩʰʪʘʙʥʦʤ ʫʨʦʚʥʝ ʷʚʣʷʝʪʩʷ 

ʙʠʩʪʘʙʠʣʴʥʦʡ. ʇʨʠ ʤʘʣʦʡ ʧʣʦʪʥʦʩʪʠ ʩʣʝʜʦʚ ʩʢʦʣʴʞʝʥʠʷ ʦʧʨʝʜʝʣʷʝʤʳʝ ʠʤʠ ʩʤʝʱʝʥʠʷ 

ʧʨʦʪʝʢʘʶʪ ʩʣʫʯʘʡʥʳʤ ʦʙʨʘʟʦʤ. ʅʘ ʤʘʩʰʪʘʙʘʭ ὰ  ʣʦʢʘʣʠʟʘʮʠʷ ʤʘʢʨʦʜʝʬʦʨʤʘʮʠʠ ʥʝ 

ʧʨʦʷʚʣʷʝʪʩʷ. ʇʦ ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʩʣʝʜʦʚ ʩʢʦʣʴʞʝʥʠʷ ʥʘʩʪʫʧʘʝʪ ʤʦʤʝʥʪ, ʢʦʛʜʘ 

ʩʤʝʱʝʥʠʷ, ʦʧʨʝʜʝʣʷʝʤʳʝ ʩʣʝʜʘʤʠ ʩʢʦʣʴʞʝʥʠʷ, ʩʪʘʥʦʚʷʪʩʷ ʢʦʨʨʝʣʠʨʦʚʘʥʥʳʤʠ ʥʘ 

ʤʘʩʰʪʘʙʘʭ ὰ ʠ ʧʨʦʷʚʣʷʶʪʩʷ ʚ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʧʦʣʦʩ ʤʘʢʨʦʜʝʬʦʨʤʘʮʠʠ. ʇʝʨʝʭʦʜ ʦʪ 

ʩʣʫʯʘʡʥʳʭ ʩʤʝʱʝʥʠʡ ʢ ʢʦʨʨʝʣʠʨʦʚʘʥʥʳʤ ʦʟʥʘʯʘʝʪ, ʯʪʦ  ʩʠʩʪʝʤʘ ʩʪʘʥʦʚʠʪʩʷ 

ʥʝʫʩʪʦʡʯʠʚʦʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʤʝʱʝʥʠʡ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ ‗ ὰͯ ʠ ʯʘʩʪʦʪʦʡ ͯ‫ .  ʂʘʞʜʘʷ 

ʩʪʘʜʠʷ ʧʣʘʩʪʠʯʝʩʢʦʛʦ ʪʝʯʝʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʭʘʨʘʢʪʝʨʥʳʤʠ ʜʣʷ ʥʝʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤʠ 

ʠ ʚʨʝʤʝʥʥʳʤʠ ʤʘʩʰʪʘʙʘʤʠ ʠ ʩʦʦʪʥʦʰʝʥʠʷʤʠ ʤʝʞʜʫ ʥʠʤʠ ὰ ὰȾὰȟ† ὸȾὸ.  
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ʉʪʨʫʢʪʫʨʥʘʷ ʨʝʣʘʢʩʘʮʠʷ ʜʝʬʦʨʤʠʨʫʝʤʦʡ ʩʨʝʜʳ ʦʧʠʩʳʚʘʝʪʩʷ ʜʚʫʤʷ 

ʜʠʥʘʤʠʯʝʩʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʧʦʨʷʜʢʘ •ὼȟὸȟ–ὼȟὸ. ʇʝʨʚʳʡ ʠʟ ʥʠʭ π •ὼȟὸ ρ  
ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʩʪʨʫʢʪʫʨʥʫʶ ʨʝʣʘʢʩʘʮʠʷ ʥʘ ʤʘʩʰʪʘʙʝ ὰ, ʚʪʦʨʦʡ π ʂὼȟὸ ρ ï ʥʘ 
ʤʘʩʰʪʘʙʝ ὰ. ʂʠʥʝʪʠʯʝʩʢʠʝ ʫʨʘʚʥʝʥʠʷ ʜʣʷ •, ʂ ʟʘʧʠʩʳʚʘʶʪʩʷ ʚ ʚʠʜʝ 

ὸ‬ʒ ‌ Ὣʂʒ ήʒ ήʒ ὰ‬ ʒ,    (1) 

ὸ‬ʂ ὶ ὴ•ʂ ὦʂ ὰ‬ ʂ.                        (2) 

ɿʜʝʩʴ ʢʦʵʬʬʠʮʠʝʥʪʳ  ‌ȟὫȟήȟήȟὶȟὦȟὴ  ʷʚʣʷʶʪʩʷ ʧʘʨʘʤʝʪʨʘʤʠ, ʦʧʨʝʜʝʣʷʝʤʳʤʠ 

ʚʝʣʠʯʠʥʦʡ ʫʧʨʫʛʦʡ ʜʝʬʦʨʤʘʮʠʠ ‐  ʠ ʩʚʦʡʩʪʚʘʤʠ ʜʝʬʦʨʤʠʨʫʝʤʦʡ ʩʨʝʜʳ.  

 ʇʨʦʚʝʜʝʥʥʳʡ ʢʘʯʝʩʪʚʝʥʥʳʡ ʠ ʯʠʩʣʝʥʥʳʡ ʘʥʘʣʠʟ ʨʝʰʝʥʠʡ ʫʨʘʚʥʝʥʠʡ (2), (3) 

ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʠʤʝʶʪʩʷ ʨʝʰʝʥʠʷ, ʦʧʠʩʳʚʘʶʱʠʝ ʧʘʪʪʝʨʥʳ, ʬʦʨʤʠʨʫʶʱʠʝʩʷ ʥʘ ʩʪʘʜʠʷʭ  

ʣʝʛʢʦʛʦ ʩʢʦʣʴʞʝʥʠʷ, ʣʠʥʝʡʥʦʛʦ ʠ ʧʘʨʘʙʦʣʠʯʝʩʢʦʛʦ ʫʧʨʦʯʥʝʥʠʷ. ʇʦʣʫʯʝʥʳ ʫʩʣʦʚʠʷ 

ʦʙʨʘʟʦʚʘʥʠʷ ʧʘʪʪʝʨʥʦʚ ʨʘʟʣʠʯʥʦʛʦ ʪʠʧʦʚ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʥʘ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʩʪʘʜʠʷʭ 

ʚʦʟʙʫʞʜʘʶʪʩʷ ʙʝʛʫʱʠʝ ʠ ʩʪʘʪʠʯʝʩʢʠʝ ʟʘʪʫʭʘʶʱʠʝ ʘʚʪʦʩʦʣʠʪʦʥʳ. ɼʠʥʘʤʠʢʘ ʠʭ 

ʚʦʟʙʫʞʜʝʥʠʷ ʠ ʟʘʪʫʭʘʥʠʷ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʚʠʜʝ ʥʝʨʝʛʫʣʷʨʥʦʛʦ ʧʘʪʪʝʨʥʘ. 

 ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ ʀʌʇʄ ʉʆ ʈɸʅ, ʪʝʤʘ 
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ʅʝʢʨʠʩʪʘʣʣʠʯʥʦʩʪʴ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʩʪʝʢʦʣ (ʄʉ) ʦʧʨʝʜʝʣʷʝʪ ʠʭ ʠʟʙʳʪʦʯʥʳʝ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʧʦʪʝʥʮʠʘʣʳ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʤʘʪʝʨʠʥʩʢʦʤʫ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʤʫ 

ʩʦʩʪʦʷʥʠʶ. ʆʩʦʙʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪ ʠʟʙʳʪʦʯʥʘʷ ʚʥʫʪʨʝʥʥʷʷ ʵʥʝʨʛʠʠ ʠ ʠʟʙʳʪʦʯʥʘʷ 

ʵʥʪʨʦʧʠʷ, ʧʦʩʢʦʣʴʢʫ ʠʭ ʟʥʘʥʠʝ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʚʘʞʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʧʨʠʨʦʜʝ 

ʘʪʦʤʥʳʭ ʧʝʨʝʩʪʨʦʝʢ, ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʟʘ ʩʪʨʫʢʪʫʨʥʫʶ ʨʝʣʘʢʩʘʮʠʶ ʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʶ ʄʉ. 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʦʧʨʝʜʝʣʝʥʠʷ ʵʪʠʭ ʚʝʣʠʯʠʥ ʜʣʷ ʜʝʩʷʪʠ 

ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʩʪʝʢʦʣ. 

ʀʟʙʳʪʦʯʥʘʷ ʚʥʫʪʨʝʥʥʷ ̫ʵʥʝʨʛʠʷ ЎὟ  ʠ ʠʟʙʳʪʦʯʥʘʷ ɻʥʪʨʦʧʠ ̫ЎὛ ʦʪʥʦʩʠʪʝʣʴʥʦ 
ʤʘʪʝʨʠʥʩʢʠʭ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʦʩʪʦʷʥʠʡ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʥʘ ʦʩʥʦʚʝ ʩʧʝʮʠʘʣʴʥʦ 

ʧʨʦʚʝʜʝʥʥʳʭ ʢʘʣʦʨʠʤʝʪʨʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ. ʀʟʙʳʪʦʯʥʘʷ ʚʥʫʪʨʝʥʥʷʷ ʵʥʝʨʛʠʷ 

ʨʘʩʩʯʠʪʳʚʘʣʘʩʴ ʧʨʠ ʵʪʦʤ ʢʘʢ [1] 

 ЎὟ Ὕ ᷿ Ўὡ ὝὨὝȟ (1) 

https://yandex.ru/profile/1393568715
mailto:v.a.khonik@vspu.ac.ru
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ʛʜʝ Ўὡ ὡ ὡ ,  ὡ  ʠ ὡ  ï ʪʝʧʣʦʚʳʝ ʧʦʪʦʢʠ ʦʪ ʠʩʭʦʜʥʦʛʦ ʄʉ ʠ ʧʦʩʣʝ ʧʦʣʥʦʡ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ Ὕ, ʠʟʤʝʨʷʝʤʳʝ ʤʝʪʦʜʦʤ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ 

ʩʢʘʥʠʨʫʶʱʝʡ ʢʘʣʦʨʠʤʝʪʨʠʠ, ʠ Ὕ  ï ʩʢʦʨʦʩʪʴ ʥʘʛʨʝʚʘ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʠʟʙʳʪʦʯʥʘʷ 

ʵʥʪʨʦʧʠʷ ʦʧʨʝʜʝʣʷʣʘʩʴ ʢʘʢ  

 ЎὛ Ὕ ᷿
Ў

ὨὝȢ (2) 

ɺ ʨʘʙʦʪʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚʝʣʠʯʠʥʳ ЎὟ  ʠ ЎὛ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ 

ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʟʣʠʯʥʳ ʜʣʷ ʨʘʟʥʳʭ ʄʉ ʪʘʢ, ʯʪʦ ʠʟʙʳʪʦʯʥʘʷ ʵʥʪʨʦʧʠʷ ʣʠʥʝʡʥʦ ʨʘʩʪʝʪ ʩ 

ʠʟʙʳʪʦʯʥʦʡ ʚʥʫʪʨʝʥʥʝʡ ʵʥʝʨʛʠʝʡ. 

ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʚ ʨʘʤʢʘʭ ʤʝʞʫʟʝʣʴʥʦʡ ʪʝʦʨʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʝʟʫʣʴʪʘʪʦʚ 

ʩʧʝʮʠʘʣʴʥʦ ʚʳʧʦʣʥʝʥʥʳʭ ʠʟʤʝʨʝʥʠʡ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʛʦ ʤʦʜʫʣʷ ʩʜʚʠʛʘ ʦʧʨʝʜʝʣʝʥʘ 

ʫʧʨʫʛʘʷ ʵʥʝʨʛʠʷ ЎὟ  ʧʦʜʩʠʩʪʝʤʳ ʜʝʬʝʢʪʦʚ ʤʝʞʫʟʝʣʴʥʦʛʦ ʪʠʧʘ, ʢʦʪʦʨʳʝ 

ʧʨʝʜʧʦʣʘʛʘʶʪʩʷ ʦʪʚʝʪʩʪʚʝʥʥʳʤʠ ʟʘ ʩʪʨʫʢʪʫʨʥʫʶ ʨʝʣʘʢʩʘʮʠʶ ʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʶ ʄʉ [2]. 

ʈʘʩʯʝʪ ʚʳʧʦʣʥʷʣʩʷ ʧʦ ʬʦʨʤʫʣʝ 

 ЎὟ ‘ Ὃȟ (3) 

ʛʜʝ ‘ ʠ Ὃ ï ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʝ ʤʦʜʫʣʠ ʩʜʚʠʛʘ ʤʘʪʝʨʠʥʩʢʦʛʦ ʢʨʠʩʪʘʣʣʘ ʠ ʠʩʭʦʜʥʦʛʦ ʄʉ 

ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ά  ï ʤʦʣʷʨʥʘʷ ʤʘʩʩʘ, ” ï ʧʣʦʪʥʦʩʪʴ ʠ ‍ ï 

ʙʝʟʨʘʟʤʝʨʥʘʷ ʩʜʚʠʛʦʚʘʷ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪ ɹ ρφ ‍ ςρ, ʦʧʨʝʜʝʣʝʥʥʘʷ ʨʘʥʝʝ ʜʣʷ 

ʠʩʩʣʝʜʫʝʤʳʭ ʄʉ ʥʝʟʘʚʠʩʠʤʳʤ ʤʝʪʦʜʦʤ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʥʫʪʨʝʥʥʠʝ ʵʥʝʨʛʠʠ ЎὟ  ʠ ЎὟ  ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 
ʩʦʚʧʘʜʘʶʪ ʩ ʪʦʯʥʦʩʪʴʶ ʥʝ ʭʫʞʝ 10-15%. ʕʪʦʪ ʬʘʢʪ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʢʘʢ 

ʠʟʙʳʪʦʯʥʘʷ ʚʥʫʪʨʝʥʥʷʷ ʵʥʝʨʛʠ,̫ ʪʘʢ ʠ ʠʟʙʳʪʦʯʥʘʷ ʵʥʪʨʦʧʠʷ ʄʉ ʦʧʨʝʜʝʣʷʶʪʩʷ ʫʧʨʫʛʦʡ 

ʵʥʝʨʛʠʝʡ ʜʝʬʝʢʪʦʚ ʤʝʞʫʟʝʣʴʥʦʛʦ ʪʠʧʘ, ʚʤʦʨʦʞʝʥʥʳʭ ʧʨʠ ʟʘʢʘʣʢʝ ʨʘʩʧʣʘʚʘ. ɼʠʩʩʠʧʘʮʠʷ 

ʵʪʦʡ ʵʥʝʨʛʠʠ ʚ ʪʝʧʣʦ ʧʨʠ ʥʘʛʨʝʚʝ ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ЎὟ  ʠ ЎὛ ʜʦ ʥʫʣʷ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ ʧʦʣʥʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ Ὕ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʬʦʨʤʫʣʘʤʠ (1) ʠ (2). 

ʉʬʦʨʤʫʣʠʨʦʚʘʥʘ ʛʠʧʦʪʝʟʘ ʦ ʪʦʤ, ʯʪʦ ʩʢʣʦʥʥʦʩʪʴ ʄʉ ʢ ʨʝʣʘʢʩʘʮʠʠ ʩʪʨʫʢʪʫʨʳ ʚʦʟʨʘʩʪʘʝʪ 

ʩ ʨʦʩʪʦʤ ʠʟʙʳʪʦʯʥʦʡ ʚʥʫʪʨʝʥʥʝʡ ʵʥʝʨʛʠʠ ЎὟ , ʢʦʪʦʨʘʷ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʨʘʩʪʝʪ ʩ 

ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʜʝʬʝʢʪʦʚ ʤʝʞʫʟʝʣʴʥʦʛʦ ʪʠʧʘ ʠ ʤʦʣʷʨʥʦʛʦ ʦʙʲʝʤʘ.  

ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʩʩʯʠʪʘʥʥʳʭ ʟʥʘʯʝʥʠʡ ʠʟʙʳʪʦʯʥʦʡ ʵʥʪʨʦʧʠʠ ЎὛ ʚʳʧʦʣʥʝʥʘ 

ʦʮʝʥʢʘ ʵʥʪʨʦʧʠʠ Ὓ ʚ ʨʘʩʯʝʪʝ ʥʘ ʦʜʠʥ ʜʝʬʝʢʪ, ʯʪʦ ʜʘʣʦ ʚʝʣʠʯʠʥʫ Ὓ ςπ σπ Ὧ (Ὧ  ï 

ʧʦʩʪʦʷʥʥʘʷ ɹʦʣʴʮʤʘʥʘ). ʊʘʢʠʝ ʚʝʣʠʯʠʥʳ Ὓ ʭʘʨʘʢʪʝʨʥ rʢʘʢ ʜʣʷ ʤʝʞʫʟʝʣʴʥʳʭ ʛʘʥʪʝʣʝʡ 

ʚ ʢʨʠʩʪʘʣʣʘʭ, ʪʘʢ ʠ ʜʣʷ ʜʝʬʝʢʪʦʚ ʚ ʄʉ. ʕʪʘ ʦʮʝʥʢʘ ʧʦ ʩʫʱʝʩʪʚʫ ʦʩʥʦʚʘʥʘ ʥʘ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʠ ʧʦʵʪʦʤʫ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʤʦʜʝʣʴʥʳʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ, 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʘʥʘʣʠʟʘ.  

ʈʘʙʦʪʘ ʧʦʜʜʝʨʞʘʥʘ ʛʨʘʥʪʦʤ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ ˉ20-62-46003. 
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ʂʦʤʧʣʝʢʩʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʣʝʛʠʨʦʚʘʥʥʳʭ ʭʨʦʤʦʤ ʘʣʤʘʟʦʧʦʜʦʙʥʳʭ ʫʛʣʝʨʦʜʥʳʭ 

(Cr-DLC) ʧʦʢʨʳʪʠʡ, ʧʦʣʫʯʝʥʥʳʭ ʤʝʪʦʜʦʤ ʨʝʘʢʪʠʚʥʦʛʦ ʤʘʛʥʝʪʨʦʥʥʦʛʦ ʨʘʩʧʳʣʝʥʠʷ, ʠ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʠʭ ʥʘʥʦʢʦʤʧʦʟʠʪʥʦʡ ʩʪʨʫʢʪʫʨʳ ʧʦʢʘʟʘʣʠ [1-3], ʯʪʦ ʧʦʩʣʝʜʥʷʷ ʤʦʞʝʪ 

ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʪʴ ʥʘ ʧʦʚʝʜʝʥʠʝ ʪʨʠʙʦʣʦʛʠʯʝʩʢʠʭ ʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. ʊʝʭʥʦʣʦʛʠʷ 

ʧʦʣʫʯʝʥʠʷ ʧʦʢʨʳʪʠʡ ʠ ʨʝʟʫʣʴʪʘʪʳ ʢʦʤʧʣʝʢʩʥʦʛʦ ʠʟʫʯʝʥʠʷ ʠʭ ʩʪʨʫʢʪʫʨʳ, ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʠ ʪʨʠʙʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʦʧʠʩʘʥʳ ʥʘʤʠ ʨʘʥʝʝ [1, 2]. ʊʨʠʙʦʣʦʛʠʯʝʩʢʠʝ ʠʩʧʳʪʘʥʠʷ 

ʧʦʢʨʳʪʠʡ ʥʘ ʚʦʟʜʫʭʝ ʚ ʫʩʣʦʚʠʷʭ ʩʫʭʦʛʦ ʪʨʝʥʠʷ ʧʨʦʚʦʜʠʣʠ ʧʦ ʩʭʝʤʝ çʧʘʣʝʮïʜʠʩʢè ʚ ʧʘʨʝ 

ʩ ʥʠʪʨʠʜʦʤ ʢʨʝʤʥʠʷ (ʜʠʘʧʘʟʦʥ ʥʘʛʨʫʟʦʢ P = (0,02õ0,2) ʅ, ʙʘʟʘ ʠʩʧʳʪʘʥʠʡ ï 6000 ʮʠʢʣʦʚ). 

ʀʟʤʝʨʠʪʝʣʴʥʦʝ ʮʘʨʘʧʘʥʠʝ ʧʨʦʚʦʜʠʣʠ ʥʘ ʧʨʠʙʦʨʝ REVETEST (CSM Instruments, 

ʐʚʝʡʮʘʨʠʷ) ʧʨʠ ʥʦʨʤʘʣʴʥʦʡ ʥʘʛʨʫʟʢʝ, ʚʦʟʨʘʩʪʘʶʱʝʡ ʩ ʧʦʩʪʦʷʥʥʦʡ ʩʢʦʨʦʩʪʴʶ ʚ 

ʜʠʘʧʘʟʦʥʝ (1õ60) ʅ. ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʧʦʚʝʨʭʥʦʩʪʠ ʮʘʨʘʧʠʥ ʤʝʪʦʜʦʤ ʦʧʪʠʯʝʩʢʦʡ 

ʤʠʢʨʦʩʢʦʧʠʠ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ [3], ʯʪʦ ʨʘʟʨʫʰʝʥʠʷ ʧʦʢʨʳʪʠʡ ʥʦʩʠʪ ʤʥʦʛʦʩʪʘʜʠʡʥʳʡ 

ʭʘʨʘʢʪʝʨ. ɼʦʧʦʣʥʠʪʝʣʴʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʪʨʦʚʦʡ ʵʣʝʢʪʨʦʥʥʦʡ 

ʤʠʢʨʦʩʢʦʧʠʠ (ʈʕʄ) ʧʦʟʚʦʣʠʣʦ ʠʟʫʯʠʪʴ ʭʘʨʘʢʪʝʨʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ 

ʨʘʟʨʫʰʝʥʠʷ, ʥʝʚʠʜʠʤʳʝ ʧʨʠ ʤʘʣʳʭ ʫʚʝʣʠʯʝʥʠʷʭ, ʠ ʧʨʝʜʣʦʞʠʪʴ ʫʪʦʯʥʝʥʥʦʝ ʦʧʠʩʘʥʠʝ 

ʤʥʦʛʦʩʪʘʜʠʡʥʦʛʦ ʧʨʦʮʝʩʩʘ ʨʘʟʨʫʰʝʥʠʷ ʧʦʢʨʳʪʠʡ Cr-DLC ʧʨʠ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʤ 

ʮʘʨʘʧʘʥʠʠ, ʫʯʠʪʳʚʘʶʱʝʝ ʧʨʠʨʦʜʫ ʚʦʟʥʠʢʘʶʱʠʭ ʧʦʚʨʝʞʜʝʥʠʡ. 

ɹr ʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʪʨʠ ʪʠʧʘ Cr-DLC ʧʦʢʨʳʪʠʡ, ʜʚʘ ʠʟ ʢʦʪʦʨʳʭ, ʦʙʦʟʥʘʯʘʝʤʳʝ 

ʥʘʤʠ, ʢʘʢ ˉˉ 1 ʠ 2, ʧʨʠ ʠʩʧʳʪʘʥʠʷʭ ʥʘ ʬʨʠʢʮʠʦʥʥʫʶ ʫʩʪʘʣʦʩʪʴ ʧʦʢʘʟʘʣʠ ʚʳʩʦʢʫʶ 

ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ, ʘ ʝʱʝ ʦʜʥʦ (  ̄3) ï ʚʳʩʦʢʠʝ ʘʥʪʠʬʨʠʢʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ. ʉʦʛʣʘʩʥʦ 

[1], ʠʭ ʥʘʥʦʪʚʝʨʜʦʩʪʴ, ʩʦʩʪʘʚʠʣʘ 10, 13 ʠ 29 ɻʇʘ, ʘ ʨʘʟʤʝʨ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʚʢʣʶʯʝʥʠʡ (ʆʂʈ) 

ʭʨʦʤʘ ʚ ʘʤʦʨʬʥʦʡ ʫʛʣʝʚʦʜʦʨʦʜʥʦʡ ʤʘʪʨʠʮʝ ï 8, 9 ʠ 13 ʥʤ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʀʟʫʯʝʥʠʝ 

ʭʘʨʘʢʪʝʨʘ ʧʦʚʨʝʞʜʝʥʠʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʢʨʳʪʠʡ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʩʢʨʝʪʯ-ʪʝʩʪʘ ʧʦʟʚʦʣʠʣʦ 

ʚʳʷʚʠʪʴ ʭʘʨʘʢʪʝʨʥʳʝ ʨʘʟʨʫʰʝʥʠʷ, ʩʚʷʟʘʥʥʳʝ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʪʨʝʱʠʥ ʠ ʩʢʦʣʦʚ ʚ 

ʤʘʪʝʨʠʘʣʝ ʧʦʢʨʳʪʠʷ, ʦʪʩʣʘʠʚʘʥʠʝʤ ʦʪʜʝʣʴʥʳʭ ʝʛʦ ʬʨʘʛʤʝʥʪʦʚ, ʚʳʟʚʘʥʥʳʤ ʨʘʟʛʨʫʟʢʦʡ 

ʧʦʩʣʝ ʧʨʦʭʦʞʜʝʥʠʷ ʠʥʜʝʥʪʦʨʘ, ʠʟʥʦʩʦʤ ʤʘʪʝʨʠʘʣʘ ʧʦʢʨʳʪʠʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʝʛʦ 

ʬʨʘʛʤʝʥʪʘʮʠʠ ʠ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʠʩʪʠʨʘʥʠʷ, c ʧʨʦʮʝʩʩʘʤʠ ʚʩʢʨʳʪʠʷ ʧʦʜʣʦʞʢʠ. ɹʳʣʠ 

ʚʳʷʚʣʝʥʳ ʨʘʟʣʠʯʠʷ ʚ ʧʦʚʝʜʝʥʠʠ ʦʪʜʝʣʴʥʳʭ ʧʦʢʨʳʪʠʡ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʩʚʷʟʘʪʴ ʩ ʠʭ 

ʩʪʨʫʢʪʫʨʥʦ-ʬʘʟʦʚʳʤ ʩʦʩʪʦʷʥʠʝʤ. ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʣʦʢʘʣʴʥʳʭ ʧʦʚʨʝʞʜʝʥʠʡ ʧʦʚʝʨʭʥʦʩʪʠ, 

ʥʘʙʣʶʜʘʚʰʠʭʩʷ ʥʘʤʠ ʚ ʧʨʦʮʝʩʩʝ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʮʘʨʘʧʘʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʊʘʙʣ. 1. 

ʀʟ ʧʨʠʚʝʜʝʥʥʳʭ ʜʘʥʥʳʭ ʩʣʝʜʫʝʪ, ʯʪʦ ʝʩʣʠ ʧʝʨʚʦʥʘʯʘʣʴʥʦ, ʥʘ ʩʪʘʜʠʷʭ (1)ï(3), 

ʧʨʦʮʝʩʩ ʨʘʟʨʫʰʝʥʠʷ ʦʛʨʘʥʠʯʝʥ ʦʙʲʝʤʦʤ ʧʦʢʨʳʪʠʷ ʠ ʥʦʩʠʪ, ʩʦʛʣʘʩʥʦ ʧʨʝʜʣʦʞʝʥʥʦʡ ʚ [4] 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ, çʢʦʛʝʟʠʦʥʥʳʡè ʭʘʨʘʢʪʝʨ, ʪʦ ʥʘ ʩʪʘʜʠʷʭ (4)ï(5) ʚ ʥʝʛʦ ʚʦʚʣʝʯʝʥʳ, ʢʘʢ 

ʧʦʢʨʳʪʠʝ, ʪʘʢ ʠ ʛʨʘʥʠʮʘ ʨʘʟʜʝʣʘ ʠ ʤʘʪʝʨʠʘʣ ʦʩʥʦʚʳ, ʠ ʦʥ ʥʦʩʠʪ çʘʜʛʝʟʠʦʥʳʡè ʭʘʨʘʢʪʝʨ. 

ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʧʦʨʦʛʦʚʦʝ ʟʥʘʯʝʥʠʝ ʥʘʛʨʫʟʢʠ ʥʘ ʠʥʜʝʥʪʦʨ Li=4, ʩʚʷʟʘʥʥʦʝ ʩ ʥʘʯʘʣʦʤ 

ʣʦʢʘʣʴʥʦʛʦ ʚʩʢʨʳʪʠʷ ʧʦʜʣʦʞʢʠ, ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʢʨʠʪʠʯʝʩʢʦʝ ʜʣʷ ʧʝʨʝʭʦʜʘ ʦʪ 

ʢʦʛʝʟʠʦʥʥʦʛʦ ʢ ʘʜʛʝʟʠʦʥʥʦʤʫ (ʂŸɸ) ʪʠʧʫ ʨʘʟʨʫʰʝʥʠʷ. ʅʘ ʨʠʩ. 1 ʧʨʠʚʝʜʝʥʳ 
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ʪʨʠʙʦʣʦʛʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʢʨʳʪʠʡ Cr-DLC ʠ ʚʝʣʠʯʠʥ rʧʦʨʦʛʦʚʳʭ ʥʘʛʨʫʟʦʢ Li 

ʜʣʷ ʚʩʝʭ ʧʷʪʠ ʩʪʘʜʠʡ ʧʨʦʮʝʩʩʘ ʠʭ ʨʘʟʨʫʰʝʥʠʷ ʧʨʠ ʩʢʨʝʪʯ-ʪʝʩʪʝ. 

ʊʘʙʣʠʮʘ 1. ʉʪʘʜʠʠ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʧʦʚʨʝʞʜʝʥʠʷ ʠ ʭʘʨʘʢʪʝʨ ʨʘʟʨʫʰʝʥʠʷ ʧʦʢʨʳʪʠʡ 

ˉ 

ʧ.ʧ. 
ʉʪʘʜʠʠ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʧʦʚʨʝʞʜʝʥʠʷ 

ʍʘʨʘʢʪʝʨ 

ʨʘʟʨʫʰʝʥʠʷ [4] 

(1) ʦʙʨʘʟʦʚʘʥʠʝ ʪʦʥʢʠʭ ʪʨʝʱʠʥ ʢʦʛʝʟʠʦʥʥʦʝ (ʂ) 

(2) 
ʦʙʨʘʟʦʚʘʥʠʝ ʣʦʢʘʣʴʥʳʭ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʢʦʣʦʚ (ˉˉ 1 ʠ 2) 
ʠʣʠ ʩʠʩʪʝʤʳ ʪʦʥʢʠʭ ʪʨʝʱʠʥ ʨʘʟʣʠʯʥʦʡ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ (ˉ 

3) 
ʢʦʛʝʟʠʦʥʥʦʝ (ʂ) 

(3) ʦʙʨʘʟʦʚʘʥʠʝ ʤʥʦʞʝʩʪʚʝʥʥʳʭ ʪʨʝʱʠʥ ʚ ʦʙʲʝʤʝ ʧʦʢʨʳʪʠʷ ʢʦʛʝʟʠʦʥʥʦʝ (ʂ) 

(4) ʣʦʢʘʣʴʥʦʝ ʚʩʢʨʳʪʠʝ ʧʦʜʣʦʞʢʠ 
(ʂ Ÿ ɸ) 

ʧʝʨʝʭʦʜ 

(5) ʧʦʣʥʦʝ ʚʩʢʨʳʪʠʝ (ʦʙʥʘʞʝʥʠʝ) ʧʦʜʣʦʞʢʠ ʘʜʛʝʟʠʦʥʥʦʝ (ɸ) 
 

 

   

(ʘ) (ʙ) (ʚ) 

ʈʠʩʫʥʦʢ 1. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʨʳʪʠʡ Cr-DLC: (a) ï ʟʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʪʨʝʥʠʷ f ʠ (ʙ) ï ʯʠʩʣʘ ʮʠʢʣʦʚ N, ʧʨʠ ʢʦʪʦʨʦʤ ʚʦʟʥʠʢʘʝʪ ʥʝʩʪʘʙʠʣʴʥʦʩʪʴ ʩʠʣʳ ʪʨʝʥʠʷ ʦʪ ʥʘʛʨʫʟʢʠ 

P; (ʚ) ï ʧʦʨʦʛʦʚʳʝ ʥʘʛʨʫʟʢʠ ʦʙʨʘʟʦʚʘʥʠʷ ʣʦʢʘʣʴʥʳʭ ʧʦʚʨʝʞʜʝʥʠʡ Li ʜʣʷ ʩʪʘʜʠʡ (1)ï(5). 

ʅʘ ʨʠʩ. 1 ʚʠʜʥʘ ʦʙʱʘʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ, ʩʚʷʟʘʥʥʘʷ ʩʦ ʩʥʠʞʝʥʠʝʤ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʪʨʝʥʠʷ, ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʧʦʢʨʳʪʠʡ ʠ ʧʦʨʦʛʦʚʳʭ ʥʘʛʨʫʟʦʢ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʣʦʢʘʣʴʥʳʭ 

ʧʦʚʨʝʞʜʝʥʠʡ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʪʠʧʦʚ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʪʚʝʨʜʦʩʪʠ ʠ ʨʘʟʤʝʨʘ ʩʪʨʫʢʪʫʨʥʳʭ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ ʚ ʚʠʜʝ ʦʙʣʘʩʪʝʡ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʬʘʟʳ ʚ ʫʛʣʝʨʦʜʥʦʡ ʤʘʪʨʠʮʝ ʧʦʢʨʳʪʠʡ, 

ʢʦʪʦʨʳʝ ʢʦʥʪʨʦʣʠʨʫʶʪʩʷ ʧʘʨʘʤʝʪʨʘʤʠ ʪʝʭʥʦʣʦʛʠʠ ʥʘʧʳʣʝʥʠʷ [1, 2]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʦʩʥʦʚʝ ʵʣʝʢʪʨʦʥʥʦ-ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʦʛʦ ʠʟʫʯʝʥʠʷ ʤʦʨʬʦʣʦʛʠʠ 

ʧʦʚʨʝʞʜʝʥʠʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʢʨʳʪʠʡ Cr-DLC ʧʨʠ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʤ ʮʘʨʘʧʘʥʠʠ ʚʧʝʨʚʳʝ 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʩʪʨʫʢʪʫʨʥʦ-ʬʘʟʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ ʧʦʢʨʳʪʠʡ ʤʝʥʷʝʪʩʷ ʢʘʢ 

ʤʦʨʬʦʣʦʛʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʮʘʨʘʧʠʥ, ʪʘʢ ʠ ʤʝʭʘʥʠʟʤ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʨʘʟʨʫʰʝʥʠʷ, 

ʦʧʨʝʜʝʣʷʶʱʠʡ ʵʪʫ ʤʦʨʬʦʣʦʛʠʶ. ʈʘʟʣʠʯʠʷ ʢʘʩʘʶʪʩʷ ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʦʚʨʝʞʜʝʥʠʡ, ʢʘʢ ʥʘ 

ʥʘʯʘʣʴʥʳʭ ʩʪʘʜʠʷʭ ʠʩʧʳʪʘʥʠʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʪʦʥʢʠʭ ʪʨʝʱʠʥ, ʪʘʢ ʠ ʥʘ 

ʧʦʟʜʥʝʡʰʠʭ ʵʪʘʧʘʭ, ʢʦʛʜʘ ʠʜʝʪ ʨʘʟʚʠʪʠʝ ʤʥʦʞʝʩʪʚʝʥʥʳʭ ʪʨʝʱʠʥ, ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʩʣʦʞʥʦʛʦ ʨʝʣʴʝʬʘ ʧʦʚʨʝʞʜʝʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʬʨʘʛʤʝʥʪʘʮʠʷ ʧʦʢʨʳʪʠʡ ʠ ʧʝʨʝʭʦʜ ʦʪ 

ʢʦʛʝʟʠʦʥʥʦʛʦ ʢ ʘʜʛʝʟʠʦʥʥʦʤʫ ʨʘʟʨʫʰʝʥʠʶ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʩʢʨʳʪʠʝ ʧʦʚʝʨʭʥʦʩʪʠ 

ʧʦʜʣʦʞʢʠ ʥʘ ʧʦʩʣʝʜʥʝʤ ʵʪʘʧʝ ʦʙʫʩʣʦʚʣʝʥʦ ʥʝ ʧʦʩʪʝʧʝʥʥʳʤ ʠʩʪʠʨʘʥʠʝʤ ʤʘʪʝʨʠʘʣʘ 

ʧʦʢʨʳʪʠʷ, ʘ ʧʨʦʮʝʩʩʘʤʠ ʢʦʛʝʟʠʦʥʥʦʛʦ ʩʢʘʣʳʚʘʥʠʷ ʠ ʩʠʣʴʥʦʡ ʬʨʘʛʤʝʥʪʘʮʠʝʡ ʧʨʠ 

ʧʝʨʝʩʝʯʝʥʠʠ, ʦʙʲʝʜʠʥʝʥʠʠ ʠ ʨʘʩʢʨʳʪʠʠ ʤʥʦʞʝʩʪʚʝʥʥʳʭ ʪʨʝʱʠʥ, ʦʙʫʩʣʦʚʣʝʥʥʳʭ 

ʥʘʧʨʷʞʝʥʠʷʤʠ ʨʘʩʪʷʞʝʥʠʷ ʠ ʩʞʘʪʠʷ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʢʘʢ 

ʭʘʨʘʢʪʝʨʦʤ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʨʘʟʨʫʰʝʥʠʡ ʧʨʠ ʠʩʧʳʪʘʥʠʷʭ ʤʝʪʦʜʦʤ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʛʦ 

ʮʘʨʘʧʘʥʠʷ, ʪʘʢ ʠ ʪʨʠʙʦʣʦʛʠʯʝʩʢʠʤ ʧʦʚʝʜʝʥʠʝʤ ʣʝʛʠʨʦʚʘʥʥʳʭ ʭʨʦʤʦʤ ʘʣʤʘʟʦʧʦʜʦʙʥʳʭ 

ʫʛʣʝʨʦʜʥʳʭ ʧʦʢʨʳʪʠʡ ʤʦʞʥʦ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦ ʫʧʨʘʚʣʷʪʴ, ʤʝʥʷʷ ʩʪʨʫʢʪʫʨʥʦ-ʬʘʟʦʚʦʝ 


