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ʈʋɹɸʅʀʂ ɺɸʉʀʃʀʁ ɺɸʉʀʃʔɽɺʀʏ 
(ʢ 75-ʣʝʪʠʶ ʩʦ ʜʥʷ ʨʦʞʜʝʥʠʷ) 

 

9 ʤʘʷ 2024 ʛʦʜʘ ʠʩʧʦʣʥʠʣʦʩʴ 75 
ʣʝʪ ʠʟʚʝʩʪʥʦʤʫ ʫʯʝʥʦʤʫ ʚ ʦʙʣʘʩʪʠ 
ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʦʙʨʘʙʦʪʢʠ ʤʘʪʝʨʠʘʣʦʚ, 
ʯʣʝʥʫ-ʢʦʨʨʝʩʧʦʥʜʝʥʪʫ ʅɸʅ ɹʝʣʘʨʫʩʠ, 
ʜʦʢʪʦʨʫ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨʫ 
ɺʘʩʠʣʠʶ ɺʘʩʠʣʴʝʚʠʯʫ ʈʫʙʘʥʠʢʫ. 
 

 
 
ɺʘʩʠʣʠʡ ɺʘʩʠʣʴʝʚʠʯ ʨʦʜʠʣʩʷ ʚ 1949 ʛ. ʚ ʜ. ɹʫʪʦʚʦ, ɺʠʪʝʙʩʢʦʡ ʦʙʣʘʩʪʠ. ɺ 1971 

ʛʦʜʫ ʦʢʦʥʯʠʣ ʄʠʥʩʢʠʡ ʨʘʜʠʦʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ (ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ɹʝʣʦʨʫʩʩʢʠʡ 
ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ). ʇʦʩʣʝ ʦʢʦʥʯʘʥʠʷ 
ʩʣʫʞʠʣ ʥʘ ʂʨʘʩʥʦʟʥʘʤʝʥʥʦʤ ʊʠʭʦʦʢʝʘʥʩʢʦʤ ʬʣʦʪʝ ʚ ʮʝʥʪʨʝ ʩʧʫʪʥʠʢʦʚʦʡ ʩʚʷʟʠ. ʋʞʝ ʚ 
ʵʪʠ ʛʦʜʳ ʧʨʦʷʚʠʣʦʩʴ ʝʛʦ ʩʪʨʝʤʣʝʥʠʝ ʢ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʨʘʙʦʪʝ. ʀ ʚʦʪ ʫʞʝ ʙʦʣʝʝ 40 
ʣʝʪ ʦʥ ʨʘʙʦʪʘʝʪ ʚ ʅɸʅ ɹʝʣʘʨʫʩʠ, ʛʜʝ  ʧʨʦʰʝʣ ʧʫʪʴ ʦʪ ʩʪʘʨʰʝʛʦ ʠʥʞʝʥʝʨʘ ʜʦ 
ʜʠʨʝʢʪʦʨʘ ʠʥʩʪʠʪʫʪʘ. ɺ 1978 ʛʦʜʫ ʙʳʣ ʧʨʠʛʣʘʰʝʥ ʥʘ ʨʘʙʦʪʫ ʚ ʬʠʣʠʘʣ ʀʥʩʪʠʪʫʪʘ 
ʬʠʟʠʢʠ ʪʚʝʨʜʦʛʦ ʪʝʣʘ ʠ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ, ʩʦʟʜʘʥʥʳʡ ʚ ʢʦʥʮʝ 1975 ʛ. (ʩ 1994 ʛ. 
ʀʥʩʪʠʪʫʪ ʪʝʭʥʠʯʝʩʢʦʡ ʘʢʫʩʪʠʢʠ ʅɸʅ ɹʝʣʘʨʫʩʠ), ʚ ʢʦʪʦʨʦʤ ʨʘʙʦʪʘʣ ʚ ʢʘʯʝʩʪʚʝ 
ʨʫʢʦʚʦʜʠʪʝʣʷ ʛʨʫʧʧʳ, ʤʣʘʜʰʝʛʦ ʥʘʫʯʥʦʛʦ ʩʦʪʨʫʜʥʠʢʘ, ʩʪʘʨʰʝʛʦ ʥʘʫʯʥʦʛʦ ʩʦʪʨʫʜʥʠʢʘ, 
ʚʝʜʫʱʝʛʦ ʥʘʫʯʥʦʛʦ ʩʦʪʨʫʜʥʠʢʘ, ʟʘʚʝʜʫʶʱʝʛʦ ʣʘʙʦʨʘʪʦʨʠʝʡ, ʟʘʤʝʩʪʠʪʝʣʷ ʜʠʨʝʢʪʦʨʘ ʧʦ 
ʥʘʫʯʥʦʡ ʨʘʙʦʪʝ, ʜʠʨʝʢʪʦʨʘ ʠʥʩʪʠʪʫʪʘ. 

ɺ 1984 ʛʦʜʫ ʫʩʧʝʰʥʦ ʟʘʱʠʪʠʣ ʢʘʥʜʠʜʘʪʩʢʫʶ, ʚ 2005 ʛʦʜʫ ï ʜʠʩʩʝʨʪʘʮʠʶ ʥʘ 
ʩʦʠʩʢʘʥʠʝ ʫʯʝʥʦʡ ʩʪʝʧʝʥʠ ʜʦʢʪʦʨʘ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ. ɺ 2014 ʛʦʜʫ ʙʳʣ ʠʟʙʨʘʥ ʯʣʝʥʦʤ-
ʢʦʨʨʝʩʧʦʥʜʝʥʪʦʤ ʅɸʅ ɹʝʣʘʨʫʩʠ. 

ʈʫʙʘʥʠʢ ɺ.ɺ. ʷʚʣʷʝʪʩʷ ʠʟʚʝʩʪʥʳʤ ʫʯʝʥʳʤ ʚ ʦʙʣʘʩʪʠ ʬʠʟʠʯʝʩʢʦʛʦ 
ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ, ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʦʙʨʘʙʦʪʢʠ ʤʘʪʝʨʠʘʣʦʚ. ʀʤ ʩʦʟʜʘʥʘ ʥʘʫʯʥʘʷ ʰʢʦʣʘ 
ʧʦ ʪʝʨʤʦʫʧʨʫʛʠʤ ʬʘʟʦʚʳʤ ʧʨʝʚʨʘʱʝʥʠʷʤ ʧʨʠ ʚʥʝʰʥʠʭ ʚʳʩʦʢʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ 
ʚʦʟʜʝʡʩʪʚʠʷʭ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʪʝʨʤʦʤʝʭʘʥʠʯʝʩʢʦʛʦ ʧʦʚʝʜʝʥʠʷ ʩʧʣʘʚʦʚ ʩ ʵʬʬʝʢʪʦʤ 
ʧʘʤʷʪʠ ʬʦʨʤʳ ʧʨʠ ʫʣʴʪʨʘʟʚʫʢʦʚʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʧʦʟʚʦʣʠʣʠ ʦʙʥʘʨʫʞʠʪʴ çʘʥʦʤʘʣʴʥʳʡè 
ʵʬʬʝʢʪ ɹʣʘʛʘ-ʃʘʥʛʝʥʝʢʝʨʘ ʠ ʚʧʝʨʚʳʝ ʦʩʫʱʝʩʪʚʠʪʴ ʠʥʠʮʠʠʨʦʚʘʥʠʝ ʵʬʬʝʢʪʦʚ ʧʘʤʷʪʠ 
ʬʦʨʤʳ ʩ ʧʦʤʦʱʴʶ ʫʣʴʪʨʘʟʚʫʢʦʚʳʭ ʢʦʣʝʙʘʥʠʡ. ʇʦʜ ʝʛʦ ʨʫʢʦʚʦʜʩʪʚʦʤ ʠʩʩʣʝʜʦʚʘʥʳ ʠ 
ʨʘʟʨʘʙʦʪʘʥʳ ʥʦʚʳʝ ʩʧʦʩʦʙʳ ʛʝʥʝʨʘʮʠʠ ʨʝʘʢʪʠʚʥʳʭ ʤʝʭʘʥʠʯʝʩʢʠʭ ʥʘʧʨʷʞʝʥʠʡ ʠ 
ʟʘʜʘʥʠʷ ʧʘʤʷʪʠ ʬʦʨʤʳ ʩ ʧʦʤʦʱʴʶ ʫʣʴʪʨʘʟʚʫʢʦʚʳʭ ʢʦʣʝʙʘʥʠʡ. ʌʫʥʜʘʤʝʥʪʘʣʴʥʳʝ 
ʠʩʩʣʝʜʦʚʘʥʠʷ ʣʝʛʣʠ ʚ ʦʩʥʦʚʫ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʧʝʨʝʜʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʦʙʨʘʙʦʪʢʠ 
ʩʧʣʘʚʦʚ ʥʠʢʝʣʠʜʘ ʪʠʪʘʥʘ, ʧʦʟʚʦʣʷʶʱʠʭ ʧʦʣʫʯʘʪʴ ʧʦʣʫʬʘʙʨʠʢʘʪʳ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ 
ʠʟʜʝʣʠʡ ʪʝʭʥʠʯʝʩʢʦʛʦ ʠ ʤʝʜʠʮʠʥʩʢʦʛʦ ʥʘʟʥʘʯʝʥʠʷ. ʉʦʟʜʘʥʳ ʥʘʫʯʥʳʝ ʦʩʥʦʚʳ ʠ ʤʝʪʦʜʳ 
ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʦʱʥʦʛʦ ʫʣʴʪʨʘʟʚʫʢʘ ʚ ʨʘʟʣʠʯʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ: 
ʧʣʘʩʪʠʯʝʩʢʦʛʦ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ, ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ, ʧʨʝʩʩʦʚʘʥʠʷ ʧʦʨʦʰʢʦʚʳʭ 
ʤʘʪʝʨʠʘʣʦʚ, ʩʚʘʨʢʠ ʨʘʟʣʠʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʜʨ. 

ɿʘ ʚʨʝʤʷ ʥʘʫʯʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʈʫʙʘʥʠʢʦʤ ɺ.ɺ. ʦʧʫʙʣʠʢʦʚʘʥʦ ʙʦʣʝʝ 800 
ʥʘʫʯʥʳʭ ʨʘʙʦʪ, ʚ ʪʦʤ ʯʠʩʣʝ 20 ʤʦʥʦʛʨʘʬʠʡ, 9 ʫʯʝʙʥʳʭ ʧʦʩʦʙʠʡ, 80 ʘʚʪʦʨʩʢʠʭ 
ʩʚʠʜʝʪʝʣʴʩʪʚ ʠ ʧʘʪʝʥʪʦʚ. ʇʦʜ ʝʛʦ ʥʘʫʯʥʳʤ ʨʫʢʦʚʦʜʩʪʚʦʤ ʟʘʱʠʱʝʥʳ 1 ʜʦʢʪʦʨʩʢʘʷ, 5 
ʢʘʥʜʠʜʘʪʩʢʠʭ ʠ 15 ʤʘʛʠʩʪʝʨʩʢʠʭ ʜʠʩʩʝʨʪʘʮʠʡ. ʗʚʣʷʝʪʩʷ ʯʣʝʥʦʤ ʆʙʱʝʛʦ ʩʦʙʨʘʥʠʷ ʅɸʅ 
ɹʝʣʘʨʫʩʠ, ʯʣʝʥʦʤ ʥʘʫʯʥʦʛʦ ʩʦʚʝʪʘ ɹʈʌʌʀ, ʯʣʝʥʦʤ ʵʢʩʧʝʨʪʥʦʛʦ ʩʦʚʝʪʘ ɺɸʂ, ʯʣʝʥʦʤ 
ʨʝʜʘʢʮʠʦʥʥʦʡ ʢʦʣʣʝʛʠʠ ʨʷʜʘ ʤʘʪʝʨʠʘʣʦʚʝʜʯʝʩʢʠʭ ʞʫʨʥʘʣʦʚ ɹʝʣʘʨʫʩʠ ʠ ʈʦʩʩʠʠ. 
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ʈʫʙʘʥʠʢ ɺ.ɺ. ʷʚʣʷʝʪʩʷ ʟʘʤʝʩʪʠʪʝʣʝʤ ʧʨʝʜʩʝʜʘʪʝʣʷ ʠ ʨʫʢʦʚʦʜʠʪʝʣʝʤ ʧʦ 
ɹʝʣʘʨʫʩʠ ʄʝʞʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʛʦ ʉʦʚʝʪʘ (ʄʂʉ) ʧʦ ʬʠʟʠʢʝ ʧʨʦʯʥʦʩʪʠ 
ʠ ʧʣʘʩʪʠʯʥʦʩʪʠ ʤʘʪʝʨʠʘʣʦʚ, ʧʦʜ ʵʛʠʜʦʡ ʢʦʪʦʨʦʛʦ ʝʞʝʛʦʜʥʦ ʚʳʩʪʫʧʘʝʪ ʧʨʝʜʩʝʜʘʪʝʣʝʤ 
ʦʨʛʘʥʠʟʘʮʠʦʥʥʦʛʦ ʢʦʤʠʪʝʪʘ ʧʨʦʚʦʜʠʤʳʭ ʥʘ ʙʘʟʝ ʀʊɸ ʅɸʅ ɹʝʣʘʨʫʩʠ ʥʘʫʯʥʦ-
ʪʝʭʥʠʯʝʩʢʠʭ ʤʝʨʦʧʨʠʷʪʠʡ: ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çɸʢʪʫʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ 
ʧʨʦʯʥʦʩʪʠè; ʄʝʞʜʫʥʘʨʦʜʥʦʛʦ ʩʠʤʧʦʟʠʫʤʘ çʇʝʨʩʧʝʢʪʠʚʥʳʝ ʤʘʪʝʨʠʘʣʳ ʠ ʪʝʭʥʦʣʦʛʠʠè; 
ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çʉʧʣʘʚʳ ʩ ʵʬʬʝʢʪʦʤ ʧʘʤʷʪʠ ʬʦʨʤʳè; 
ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çʊʝʭʥʠʯʝʩʢʘʷ ʘʢʫʩʪʠʢʘ: ʨʘʟʨʘʙʦʪʢʠ, ʧʨʦʙʣʝʤʳ, 
ʧʝʨʩʧʝʢʪʠʚʳè. 

ʈʫʙʘʥʠʢ ɺ.ɺ. ʷʚʣʷʝʪʩʷ ʨʫʢʦʚʦʜʠʪʝʣʝʤ ʨʷʜʘ ʥʘʫʯʥʳʭ ʪʝʤ, ʚʳʧʦʣʥʷʝʤʳʭ ʚ 
ʨʘʤʢʘʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʧʨʦʛʨʘʤʤ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ɹʈʌʌʀ ʠ ʭʦʟʷʡʩʪʚʝʥʥʳʭ 
ʜʦʛʦʚʦʨʦʚ. ʀʭ ʚʳʧʦʣʥʝʥʠʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʦʟʜʘʥʠʝ ʥʦʚʳʭ ʧʨʦʠʟʚʦʜʩʪʚ ʥʘ ʜʝʡʩʪʚʫʶʱʠʭ 
ʧʨʝʜʧʨʠʷʪʠʷʭ, ʩʧʦʩʦʙʩʪʚʫʝʪ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤʫ ʦʙʥʦʚʣʝʥʠʶ ʧʨʝʜʧʨʠʷʪʠʡ, ʘʢʪʠʚʠʟʘʮʠʠ 
ʠʭ ʠʥʥʦʚʘʮʠʦʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʨʘʩʰʠʨʝʥʠʶ ʫʯʘʩʪʠʷ ʘʢʘʜʝʤʠʯʝʩʢʦʡ, 
ʚʫʟʦʚʩʢʦʡ ʠ ʦʪʨʘʩʣʝʚʦʡ ʥʘʫʢʠ. 

ɺ 2014 ʛʦʜʫ ʟʘ ʤʥʦʛʦʣʝʪʥʠʡ ʧʣʦʜʦʪʚʦʨʥʳʡ ʪʨʫʜ, ʜʦʩʪʠʞʝʥʠʝ ʚʳʩʦʢʠʭ 
ʪʚʦʨʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ, ʟʥʘʯʠʪʝʣʴʥʳʡ ʣʠʯʥʳʡ ʚʢʣʘʜ ʚ ʨʘʟʚʠʪʠʝ ʥʘʫʯʥʦʡ 
ʜʝʷʪʝʣʴʥʦʩʪʠ ɺ.ɺ. ʈʫʙʘʥʠʢ ʙʳʣ ʥʘʛʨʘʞʜʝʥ ʤʝʜʘʣʴʶ ʌʨʘʥʮʠʩʢʘ ʉʢʦʨʠʥʳ. ɺ 2019 ʛʦʜʫ 
ʥʘʛʨʘʞʜʝʥ ʅʘʛʨʫʜʥʳʤ ʟʥʘʢʦʤ ʦʪʣʠʯʠʷ ʠʤʝʥʠ ɺ.ʄ. ʀʛʥʘʪʦʚʩʢʦʛʦ ʅʘʮʠʦʥʘʣʴʥʦʡ 
ʘʢʘʜʝʤʠʠ ʥʘʫʢ ɹʝʣʘʨʫʩʠ. ʗʚʣʷʝʪʩʷ ʣʘʫʨʝʘʪʦʤ ʧʨʝʤʠʠ ʅɸʅ ɹʝʣʘʨʫʩʠ (2008 ʠ 2017 
ʛʦʜʳ), ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʧʨʝʤʠʠ ʈɸʅ ʠ ʅɸʅ ɹʝʣʘʨʫʩʠ (2021 ʛʦʜ), ʥʘʛʨʘʞʜʘʣʩʷ ʇʦʯʝʪʥʦʡ 
ʛʨʘʤʦʪʦʡ ʉʦʚʝʪʘ ʄʠʥʠʩʪʨʦʚ ʈʝʩʧʫʙʣʠʢʠ ɹʝʣʘʨʫʩʴ, ʧʘʤʷʪʥʳʤ ʟʥʘʢʦʤ çɺ ʯʝʩʪʴ 
ʦʩʥʦʚʘʥʠʷ ʅʘʮʠʦʥʘʣʴʥʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ ɹʝʣʘʨʫʩʠè, ʇʦʯʝʪʥʦʡ ʛʨʘʤʦʪʦʡ ʅɸʅ 
ɹʝʣʘʨʫʩʠ, ʇʦʯʝʪʥʳʤʠ ʛʨʘʤʦʪʘʤʠ ʨʘʟʣʠʯʥʳʭ ʤʠʥʠʩʪʝʨʩʪʚ ʠ ʚʝʜʦʤʩʪʚ, ɼʠʧʣʦʤʦʤ 
ʄʝʞʜʫʥʘʨʦʜʥʦʛʦ ɸʣʬʸʨʦʚʩʢʦʛʦ ʬʦʥʜʘ ʧʦʜʜʝʨʞʢʠ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʥʘʫʢʠ. ɺ 2018 ʛʦʜʫ 
ʩʪʘʣ ʧʝʨʚʳʤ ʙʝʣʦʨʫʩʦʤ, ʥʘʛʨʘʞʜʝʥʥʳʤ ʇʦʯʝʪʥʦʡ ʤʝʜʘʣʴʶ ʠʤ. ʘʢʘʜʝʤʠʢʘ ɻ.ɺ. 
ʂʫʨʜʶʤʦʚʘ. 

ʈʫʙʘʥʠʢʘ ɺ.ɺ. ʦʪʣʠʯʘʶʪ ʚʳʩʦʢʠʡ ʧʨʦʬʝʩʩʠʦʥʘʣʠʟʤ, ʵʨʫʜʠʮʠʷ, ʪʨʫʜʦʣʶʙʠʝ, 
ʵʥʝʨʛʠʯʥʦʩʪʴ, ʮʝʣʝʫʩʪʨʝʤʣʝʥʥʦʩʪʴ, ʦʪʟʳʚʯʠʚʦʩʪʴ ʠ ʜʦʙʨʦʞʝʣʘʪʝʣʴʥʦʝ ʦʪʥʦʰʝʥʠʝ ʢ 
ʣʶʜʷʤ!  
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ʉʊʈʋʂʊʋʈɸ ʀ ʉɺʆʁʉʊɺɸ ʅɸʇʃɸɺʂʀ 
ʅʆɺʆʁ ɹʓʉʊʈʆʈɽɾʋʑɽʁ ʉʊɸʃʀ ʈ2ʄ9 

 
ɻʫʩʝʚʘ ʊ.ʇ., ɻʨʦʤʦʚ ɺ.ɽ., ɻʦʩʪʝʚʩʢʘʷ ɸ.ʅ., ʂʦʥʜʨʘʪʦʚʘ ʆ.ɸ., ʄʘʣʫʰʠʥ ʅ.ʅ. 

ʉʠʙʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʠʥʜʫʩʪʨʠʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʅʦʚʦʢʫʟʥʝʮʢ, ʈʦʩʩʠʷ, 
e-mail:  gromov@physics.sibsiu.ru  

 
ɼʣʷ ʫʧʨʦʯʥʝʥʠʷ ʜʝʪʘʣʝʡ ʤʘʰʠʥ ʠ ʤʝʭʘʥʠʟʤʦʚ ʚ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʡ, 

ʤʘʰʠʥʦʩʪʨʦʠʪʝʣʴʥʦʡ ʠ ʛʦʥʥʦ-ʜʦʙʳʚʘʶʱʝʡ ʦʪʨʘʩʣʷʭ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ 
ʵʢʩʧʣʫʘʪʠʨʫʶʱʠʭʩʷ ʚ ʫʩʣʦʚʠʷʭ ʫʜʘʨʥʦʛʦ ʠ ʘʙʨʘʟʠʚʥʦʛʦ ʠʟʥʦʩʘ ʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ, 
ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʥʘʧʣʘʚʢʠ ʠʟ ʙʳʩʪʨʦʨʝʞʫʱʠʭ ʩʪʘʣʝʡ. ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ 
ʙʳʩʪʨʦʨʝʞʫʱʠʝ ʚʦʣʴʬʨʘʤʦʚʳʝ ʩʪʘʣʠ ʪʠʧʘ ʈ18, ʈ12, ʈ9 ʟʘʤʝʥʷʶʪʩʷ 
ʵʢʦʥʦʤʥʦʣʠʛʠʨʦʚʘʥʥʳʤʠ ʪʠʧʘ ʈ2ʄ9. ʀʩʩʣʝʜʦʚʘʥʘ ʩʪʨʫʢʪʫʨʘ ʠ ʩʚʦʡʩʪʚʘ 
ʙʳʩʪʨʦʨʝʞʫʱʝʡ ʩʪʘʣʠ ʈ2ʄ9ʖɸʊ, ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʣʝʛʠʨʦʚʘʥʥʦʡ Al ʠ N ʩʣʝʜʫʶʱʝʛʦ 
ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ (ʤʘʩʩ %): ʉ 0,89; Cr 3,47; W 1,86; Mo 7,98; v 0,87; ʊi 0,64; Al 1,54; 
N 0,10. 

ʆʙʨʘʟʮʳ ʥʘʧʣʘʚʣʷʣʠ ʧʣʘʟʤʝʥʥʦʡ ʜʫʛʦʡ ʥʘ ʦʙʨʘʪʥʦʡ ʧʦʣʷʨʥʦʩʪʠ ʩ ʧʦʜʘʯʝʡ ʚ 
ʩʚʘʨʦʯʥʫʶ ʚʘʥʥʫ ʥʝʪʦʢʦʚʝʜʫʱʝʡ ʧʨʠʩʘʜʦʯʥʦʡ ʧʦʨʦʰʢʦʚʦʡ ʧʨʦʚʦʣʦʢʠ ʇʇ-ʈ2ʄ9ʖɸʊ. 
ʐʠʭʪʘ ʧʨʦʚʦʣʦʢʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʩʦʜʝʨʞʠʪ ʘʟʦʪʠʨʦʚʘʥʥʳʡ ʬʝʨʨʦʭʨʦʤ ʠ ʪʠʪʘʥ, ʯʪʦ 
ʧʦʟʚʦʣʷʝʪ ʫʚʝʣʠʯʠʪʴ ʩʦʜʝʨʞʘʥʠʝ ʘʟʦʪʘ ʚ ʥʘʧʣʘʚʣʝʥʥʦʤ ʤʝʪʘʣʣʝ ʜʦ 0,10 ï 0,12 %. ɺ 
ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʛʦ ʤʝʪʘʣʣʘ ʟʘʛʦʪʦʚʢʠ ʠʩʧʦʣʴʟʦʚʘʥʘ ʩʪʘʣʴ 30ʍɻʉɸ, ʦʙʣʘʜʘʶʱʘʷ 
ʢʦʤʧʣʝʢʩʦʤ ʚʳʩʦʢʠʭ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʠ ʭʦʨʦʰʝʡ ʩʚʘʨʠʚʘʝʤʦʩʪʴʶ. ʅʘʧʣʘʚʢʫ 
ʦʙʨʘʟʮʦʚ ʦʩʫʱʝʩʪʚʣʷʣʠ ʥʘ ʫʩʪʘʥʦʚʢʝ ʜʣʷ ʧʣʘʟʤʝʥʥʦʡ ʥʘʧʣʘʚʢʠ ʧʦʨʦʰʢʦʚʳʤʠ 
ʧʨʦʚʦʣʦʢʘʤʠ ʋɼ-417ɼ. ɺ ʢʘʯʝʩʪʚʝ ʧʣʘʟʤʦʦʙʨʘʟʫʶʱʝʛʦ ʛʘʟʘ ʠʩʧʦʣʴʟʦʚʘʣʠ ʘʨʛʦʥ, 
ʟʘʱʠʪʥʦʛʦ ï ʘʟʦʪ. ʈʝʞʠʤ ʥʘʧʣʘʚʢʠ: Iʩʚ = 145 õ 150 ɸ, Uʜ = 45 õ 50 ɺ, ʩʢʦʨʦʩʪʴ ʥʘʧʣʘʚʢʠ 
ɡʥ =18 ʤ/ʯ, ʩʢʦʨʦʩʪʴ ʧʦʜʘʯʠ ʧʦʨʦʰʢʦʚʦʡ ʧʨʦʚʦʣʦʢʠ ɡʧ.ʧʨ. = 60 ʤ/ʯ, ʜʣʠʥʘ ʜʫʛʠ lʜ = 20 ʤʤ, 
ʨʘʩʭʦʜ ʟʘʱʠʪʥʦʛʦ ʛʘʟʘ (ʘʟʦʪʘ) Qʟʘ ɦ= 20 õ 22 ʣ/ʤʠʥ, ʨʘʩʭʦʜ ʧʣʘʟʤʦʦʙʨʘʟʫʶʱʝʛʦ ʛʘʟʘ 
(ʘʨʛʦʥʘ) Qʧʣʘʟʤ = 6 õ 8 ʣ/ʤʠʥ, ʜʠʘʤʝʪʨ ʧʨʦʚʦʣʦʢʠ 3,7 ʤʤ. ʇʦʩʣʝ ʦʢʦʥʯʘʥʠʷ ʥʘʧʣʘʚʢʠ 
ʟʘʛʦʪʦʚʢʫ ʦʭʣʘʞʜʘʣʠ ʥʘ ʚʦʟʜʫʭʝ ʠ ʧʦʜʚʝʨʛʘʣʠ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʤʫ ʦʪʧʫʩʢʫ, ʨʝʞʠʤ 
ʢʦʪʦʨʦʛʦ ʦʧʪʠʤʠʟʠʨʦʚʘʥ ʚ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ. ʈʝʞʠʤ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʦʪʧʫʩʢʘ: 
ʪʝʤʧʝʨʘʪʫʨʘ ʥʘʛʨʝʚʘ 560 ï 580 Áʉ, ʚʨʝʤʷ ʚʳʜʝʨʞʢʠ 1 ʯ, ʢʦʣʠʯʝʩʪʚʦ ʦʪʧʫʩʢʦʚ 4.  

ʀʩʩʣʝʜʦʚʘʥʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ 
ʥʘʧʣʘʚʣʝʥʥʦʛʦ ʩʧʣʘʚʘ ʈ2ʄ9ʖɸʊ ʚ ʩʦʩʪʦʷʥʠʠ ʧʦʩʣʝ ʧʣʘʟʤʝʥʥʦʡ ʥʘʧʣʘʚʢʠ ʠ ʧʦʩʣʝ 
ʥʘʧʣʘʚʢʠ ʠ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʦʪʧʫʩʢʘ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʤʠʢʨʦʪʚʝʨʜʦʩʪʴ 
ʠʟʤʝʥʷʝʪʩʷ ʦʪ ʤʠʥʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ 4,68 ɻʇʘ ʜʦ 5,93 ɻʇʘ, ʘ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 
ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʥʘʧʣʘʚʣʝʥʥʦʛʦ ʩʣʦʷ ʚ ʩʦʩʪʦʷʥʠʠ ʧʦʩʣʝ ʧʣʘʟʤʝʥʥʦʡ ʥʘʧʣʘʚʢʠ 
ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦʡ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴʶ. ɺ ʫʩʣʦʚʠʷʭ ʤʥʦʛʦʩʣʦʡʥʦʡ 
ʧʣʘʟʤʝʥʥʦʡ ʥʘʧʣʘʚʢʠ ʩ ʧʝʨʝʢʨʳʪʠʝʤ ʚʘʣʠʢʦʚ ʤʝʪʘʣʣ ʧʦʜʚʝʨʛʘʝʪʩʷ ʩʣʦʞʥʦʤʫ 
ʪʝʨʤʠʯʝʩʢʦʤʫ ʚʦʟʜʝʡʩʪʚʠʶ, ʯʪʦ ʦʙʲʷʩʥʷʝʪ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 
ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ. ʏʝʪʳʨʝʭʢʨʘʪʥʳʡ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʡ ʦʪʧʫʩʢ ʧʨʠʚʦʜʠʪ ʢ 
ʧʨʝʚʨʘʱʝʥʠʶ ʦʩʪʘʪʦʯʥʦʛʦ ʘʫʩʪʝʥʠʪʘ, ʚʳʜʝʣʝʥʠʶ ʢʘʨʙʠʜʦʚ ʠ ʢʘʨʙʦʥʠʪʨʠʜʦʚ. 
ʄʠʢʨʦʪʚʝʨʜʦʩʪʴ ʥʘʧʣʘʚʣʝʥʥʦʛʦ ʤʝʪʘʣʣʘ ʧʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ ʦʪʧʫʩʢʘ ʚʦʟʨʘʩʪʘʝʪ ʦʪ 
6,89 ɻʇʘ ʜʦ 7,48 ɻʇʘ, ʘ ʝʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩʪʘʥʦʚʠʪʩʷ ʙʦʣʝʝ ʨʘʚʥʦʤʝʨʥʳʤ.  

ʉʪʨʫʢʪʫʨʘ ʥʘʧʣʘʚʣʝʥʥʦʛʦ ʩʧʣʘʚʘ ʚ ʩʦʩʪʦʷʥʠʠ ʧʦʩʣʝ ʥʘʧʣʘʚʢʠ ʭʘʨʘʢʪʝʨʥʘ ʜʣʷ 
ʣʠʪʳʭ ʠ ʥʘʧʣʘʚʣʝʥʥʳʭ ʩʧʣʘʚʦʚ: ʤʘʨʪʝʥʩʠʪ, ʦʩʪʘʪʦʯʥʳʡ ʘʫʩʪʝʥʠʪ ʠ ʢʘʨʙʠʜʳ. 
ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʥʘʧʣʘʚʣʝʥʥʦʤ ʤʝʪʘʣʣʝ ʦʩʥʦʚʥʳʤʠ ʬʘʟʘʤʠ ʧʦʩʣʝ 
ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʦʪʧʫʩʢʘ ʷʚʣʷʶʪʩʷ ʪʚʝʨʜʳʡ ʨʘʩʪʚʦʨ Ŭ-ʞʝʣʝʟʘ, ʢʘʨʙʠʜʳ ʠ 
ʢʘʨʙʦʥʠʪʨʠʜʳ ʥʘ ʦʩʥʦʚʝ ʞʝʣʝʟʘ, ʚʦʣʴʬʨʘʤʘ, ʤʦʣʠʙʜʝʥʘ, ʭʨʦʤʘ, ʘʣʶʤʠʥʠʷ ʠ ʪʠʪʘʥʘ.  

 
ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʟʘ ʩʯʝʪ ʛʨʘʥʪʘ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ 

ˉ 23-19-00186, https://rscf.ru/project/23-19-00186.  
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ʈʆʃʔ ʕʃɽʂʊʈʆʅʅʆ-ʇʋʏʂʆɺʆʁ ʆɹʈɸɹʆʊʂʀ ɺ ʌʆʈʄʀʈʆɺɸʅʀʀ ʉʊʈʋʂʊʋʈʓ ʀ 
ʉɺʆʁʉʊɺ ɺʓʉʆʂʆʕʅʊʈʆʇʀʁʅʆɻʆ ʉʇʃɸɺɸ CoCrFeNiMn 

 
ɽʬʠʤʦʚ ʄ.ʆ., ɻʨʦʤʦʚ ɺ.ɽ., ʂʦʥʦʚʘʣʦʚ ʉ.ɺ., ʇʘʥʯʝʥʢʦ ʀ.ɸ. 

ʉʠʙʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʠʥʜʫʩʪʨʠʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʅʦʚʦʢʫʟʥʝʮʢ, ʈʦʩʩʠʷ, 
e-mail: gromov@physics.sibsiu.ru 

 
ʄʝʪʦʜʘʤʠ ʩʦʚʨʝʤʝʥʥʦʛʦ ʬʠʟʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ ʚʳʧʦʣʥʝʥʳ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʥʦ-ʬʘʟʦʚʳʭ ʩʦʩʪʦʷʥʠʡ ʠ ʩʚʦʡʩʪʚ ʚʳʩʦʢʦʵʥʪʨʦʧʠʡʥʦʛʦ ʩʧʣʘʚʘ 
(ɺʕʉ) Co-Cr-Fe-Ni-Mn ʥʝʵʢʚʠʘʪʦʤʥʦʛʦ ʩʦʩʪʘʚʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʩ ʧʦʤʦʱʴʶ ʪʝʭʥʦʣʦʛʠʠ 
ʧʨʦʚʦʣʦʯʥʦ-ʜʫʛʦʚʦʛʦ ʘʜʜʠʪʠʚʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʥʘ ʧʦʜʣʦʞʢʝ ʠʟ ʥʝʨʞʘʚʝʶʱʝʡ ʩʪʘʣʠ ʠ 
ʩʧʣʘʚʘ 5083 ʠ ʧʦʜʚʝʨʛʥʫʪʦʛʦ ʵʣʝʢʪʨʦʥʥʦ-ʧʫʯʢʦʚʦʡ ʦʙʨʘʙʦʪʢʝ. 

ʆʧʨʝʜʝʣʝʥʳ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʨʠ ʩʞʘʪʠʠ ʠ ʨʘʩʪʷʞʝʥʠʠ ɺʕʉ 
Co-Cr-Fe-Ni-Mn, ʧʦʣʫʯʝʥʥʦʛʦ ʧʨʠ ʨʘʟʥʳʭ ʨʝʞʠʤʘʭ ʥʘʧʣʘʚʦʯʥʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʯʪʦ 
ʧʦʟʚʦʣʠʣʦ ʚʳʷʚʠʪʴ ʨʝʞʠʤ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʥʘʠʣʫʯʰʝʝ ʩʦʯʝʪʘʥʠʝ ʧʨʦʯʥʦʩʪʠ ʠ 
ʧʣʘʩʪʠʯʥʦʩʪʠ. ʇʨʠ ʠʩʧʳʪʘʥʠʷʭ ʥʘ ʩʞʘʪʠʝ ʫʩʣʦʚʥʳʡ ʧʨʝʜʝʣ ʪʝʢʫʯʝʩʪʠ ʩʦʩʪʘʚʠʣ 
279 ʄʇʘ, ʚʨʝʤʝʥʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʨʘʟʨʫʰʝʥʠʶ 1689 ʄʇʘ, ʦʪʥʦʩʠʪʝʣʴʥʘʷ 

ʜʝʬʦʨʤʘʮʠʷ ï 54%, ʘ ʧʨʠ ʨʘʩʪʷʞʝʥʠʠ ï 279 ʄʇɸ, >500 ʄʇʘ ʠ >75%, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʇʘʨʘʤʝʪʨ ʠʟʥʦʩʘ 2,9Ö10-4 ʤʤ3/ʅÖʤ, ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ 0,62. ʇʦʚʝʨʭʥʦʩʪʴ ʨʘʟʨʫʰʝʥʠʷ 
ʥʦʩʠʪ ʚʷʟʢʠʡ ʷʤʦʯʥʳʡ ʭʘʨʘʢʪʝʨ ʠʟʣʦʤʘ. 

ʕʣʝʢʪʨʦʥʥʦ-ʧʫʯʢʦʚʘʷ ʦʙʨʘʙʦʪʢʘ (ʕʇʆ) ɺʕʉ Co-Cr-Fe-Ni-Mn ʩ ʧʣʦʪʥʦʩʪʴʶ 
ʵʥʝʨʛʠʠ ɽS= 10 ɼʞ/ʩʤ

2 ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʧʝʨʚʠʯʥʦʡ ʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʝʡ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 
ʟʝʨʝʥ ʨʘʟʤʝʨʦʤ 1,5-3 ʤʢʤ. ʇʨʠ ɽS= (15-30) ɼʞ/ʩʤ2 ʨʘʟʚʠʚʘʝʪʩʷ ʧʨʦʮʝʩʩ ʩʦʙʠʨʘʪʝʣʴʥʦʡ 
ʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ, ʩʦʧʨʦʚʦʞʜʘʶʱʠʡʩʷ ʨʦʩʪʦʤ ʩʨʝʜʥʝʛʦ ʨʘʟʤʝʨʘ ʟʝʨʝʥ ʦʪ 35 ʜʦ 
120 ʤʢʤ. ʆʙʨʘʟʫʶʱʠʝʩʷ ʚ ʦʙʲʝʤʝ ʟʝʨʝʥ ʷʯʝʡʢʠ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ 
ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʦʪ 310 ʥʤ ʧʨʠ ɽS= 15 ɼʞ/ʩʤ

2 ʜʦ 800 ʥʤ ʧʨʠ ɽS= 30 ɼʞ/ʩʤ
2. ʉʢʘʣʷʨʥʘʷ 

ʧʣʦʪʥʦʩʪʴ ʜʠʩʣʦʢʘʮʠʡ ʥʝʤʦʥʦʪʦʥʥʦ ʫʤʝʥʴʰʘʝʪʩʷ ʧʦ ʤʝʨʝ ʫʜʘʣʝʥʠʷ ʜʦ 130 ʤʢʤ ʦʪ 
ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʣʫʯʝʥʠʷ, ʪʠʧ ʜʠʩʣʦʢʘʮʠʦʥʥʦʡ ʩʫʙʩʪʨʫʢʪʫʨʳ ʤʝʥʷʝʪʩʷ ʦʪ 
ʥʝʨʘʟʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʷʯʝʠʩʪʦʡ ʜʦ ʭʘʦʪʠʯʝʩʢʦʡ ʯʝʨʝʟ ʥʝʨʘʟʦʨʠʝʥʪʠʨʦʚʘʥʥʫʶ 
ʷʯʝʠʩʪʦ-ʩʝʪʯʘʪʫʶ. ʀʟʛʠʙʥʳʝ ʢʦʥʪʫʨʳ ʵʢʩʪʠʥʢʮʠʠ ʦʪʩʫʪʩʪʚʫʶʪ. 

ʕʇʆ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʚʳʜʝʣʝʥʠʝʤ ʥʘʥʦʨʘʟʤʝʨʥʳʭ (1-3 ʥʤ) ʯʘʩʪʠʮ FeCr 
ʦʢʨʫʛʣʦʡ ʬʦʨʤʳ ʥʘ ʜʠʩʣʦʢʘʮʠʷʭ. ʋʚʝʣʠʯʝʥʠʝ ɽS ʧʨʠʚʦʜʠʪ ʧʨʠ ʠʩʧʳʪʘʥʠʷʭ ʥʘ 
ʨʘʩʪʷʞʝʥʠʝ ʢ ʩʥʠʞʝʥʠʶ ʧʣʘʩʪʠʯʥʦʩʪʠ ʙʦʣʝʝ, ʯʝʤ ʚ 2 ʨʘʟʘ, ʧʨʦʯʥʦʩʪʠ ʚ 1,3 ʨʘʟʘ, 
ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʚ 1,6 ʨʘʟʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʠʩʭʦʜʥʦʛʦ ʩʦʩʪʦʷʥʠʷ. ɺʳʷʚʣʝʥʳ ʦʙʣʘʩʪʠ 
ʤʘʪʝʨʠʘʣʘ, ʨʘʟʨʫʰʝʥʠʝ ʢʦʪʦʨʦʛʦ ʧʨʦʠʟʦʰʣʦ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʦʣʦʩʦʚʦʡ 
(ʧʣʘʩʪʠʥʯʘʪʦʡ) ʩʪʨʫʢʪʫʨʳ. ʇʣʦʱʘʜʴ ʠʟʣʦʤʘ ʧʣʘʩʪʠʥʯʘʪʦʡ ʩʪʨʫʢʪʫʨʳ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʦʪ 
25% ʧʨʠ ɽS= 10 ɼʞ/ʩʤ

2 ʜʦ 65% ʧʨʠ ɽS= 30 ɼʞ/ʩʤ
2, ʯʪʦ ʤʦʞʝʪ ʷʚʣʷʪʴʩʷ ʦʜʥʦʡ ʠʟ ʧʨʠʯʠʥ 

ʩʥʠʞʝʥʠʷ ʧʨʦʯʥʦʩʪʠ ʠ ʧʣʘʩʪʠʯʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ ʚ ʦʙʣʫʯʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ. 
ʅʘʥʝʩʝʥʠʝ ɺʕʉ Co-Cr-Fe-Ni-Mn ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʩʧʣʘʚʘ 5083 ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ 

ʚʟʘʠʤʥʳʤ ʣʝʛʠʨʦʚʘʥʠʝʤ ʟʦʥʳ ʢʦʥʪʘʢʪʘ ʧʦʢʨʳʪʠʡ ʠ ʧʦʜʣʦʞʢʠ. ɺ ʟʦʥʝ ʢʦʥʪʘʢʪʘ 
ʧʦʢʨʳʪʠʷ ʠʟ ɺʕʉ Co-Cr-Fe-Ni-Mn ʠ ʧʦʜʣʦʞʢʠ ʧʦʚʳʰʘʝʪʩʷ ʤʠʢʨʦʪʚʝʨʜʦʩʪʴ. ʋʧʨʦʯʥʝʥʠʝ 
ʧʦʜʣʦʞʢʠ ʦʙʫʩʣʦʚʣʝʥʦ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʘʣʶʤʠʥʠʜʦʚ ʞʝʣʝʟʘ (Al13Fe4) ʧʣʘʩʪʠʥʯʘʪʦʡ 
ʤʦʨʬʦʣʦʛʠʠ. ʋʧʨʦʯʥʝʥʠʝ ɺʕʉ ʦʙʫʩʣʦʚʣʝʥʦ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʟʝʨʝʥʥʦ-ʩʫʙʟʝʨʝʥʥʦʡ 
ʩʪʨʫʢʪʫʨʳ ʩʫʙʤʠʢʨʦʥʥʳʭ ʨʘʟʤʝʨʦʚ, ʥʘ ʛʨʘʥʠʮʘʭ ʠ ʚ ʦʙʲʝʤʝ ʢʦʪʦʨʳʭ ʥʘʙʣʶʜʘʶʪʩʷ 
ʥʘʥʦʨʘʟʤʝʨʥʳʝ ʯʘʩʪʠʮʳ ʚʪʦʨʦʡ ʬʘʟʳ (Al3Ni). 

ʇʦʩʣʝ ʕʇʆ ʟʦʥʳ ʢʦʥʪʘʢʪʘ ʩʧʣʘʚʘ 5083 ʠ ɺʕʉ Co-Cr-Fe-Ni-Mn ʩʣʦʡ, 
ʧʨʠʤʳʢʘʶʱʠʡ ʢ ʧʦʜʣʦʞʢʝ, ʠʤʝʝʪ ʩʪʨʫʢʪʫʨʫ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʡ ʷʯʝʠʩʪʦʡ 
ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ, ʩʬʦʨʤʠʨʦʚʘʥʥʫʶ ʪʚʝʨʜʳʤ ʨʘʩʪʚʦʨʦʤ Mg ʠ Al. ʇʦ ʛʨʘʥʠʮʘʤ ʷʯʝʝʢ 
ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʧʨʦʩʣʦʡʢʠ 2 ʬʘʟʳ, ʦʙʦʛʘʱʝʥʥʳʝ ʘʪʦʤʘʤʠ, ʬʦʨʤʠʨʫʶʱʠʤʠ ʧʦʢʨʳʪʠʝ ʠ 
ʧʦʜʣʦʞʢʫ. 
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ɸʅɸʃʀɿ ʊʆʅʂʆʁ ʉʊʈʋʂʊʋʈʓ ɿʆʅʓ ʂʆʅʊɸʂʊɸ ɹʓʉʊʈʆʈɽɾʋʑɸʗ ʉʊɸʃʔ ʈ18 
(ʅɸʇʃɸɺʂɸ) ï ʉʊɸʃʔ 30ʍɻʉɸ (ʇʆɼʃʆɾʂɸ) 

 
ʏʘʧʘʡʢʠʥ ɸ.ʉ.1, ɻʨʦʤʦʚ ɺ.ɽ.1, ʀʚʘʥʦʚ ʖ.ʌ.2, ʂʦʥʜʨʘʪʦʚʘ ʆ.ɸ.1 

1ʉʠʙʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʠʥʜʫʩʪʨʠʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʅʦʚʦʢʫʟʥʝʮʢ, ʈʦʩʩʠʷ, 
e-mail: gromov@physics.sibsiu.ru 

2ʀʥʩʪʠʪʫʪ ʩʠʣʴʥʦʪʦʯʥʦʡ ʵʣʝʢʪʨʦʥʠʢʠ ʉʆ ʈɸʅ, ʊʦʤʩʢ, ʈʦʩʩʠʷ, 
e-mail: yufi55@mail.ru 

 
ʇʣʘʟʤʝʥʥʘʷ ʥʘʧʣʘʚʢʘ ʷʚʣʷʝʪʩʷ ʵʬʬʝʢʪʠʚʥʦʡ ʟʘʱʠʪʦʡ ʧʦʚʝʨʭʥʦʩʪʝʡ ʤʘʰʠʥ ʠ 

ʤʝʭʘʥʠʟʤʦʚ ʛʦʨʥʦʜʦʙʳʚʘʶʱʝʡ, ʩʪʨʦʠʪʝʣʴʥʦʡ ʠ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʡ ʦʪʨʘʩʣʝʡ 
ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʦʪ ʘʙʨʘʟʠʚʥʦʛʦ ʠ ʫʜʘʨʥʦʛʦ ʠʟʥʦʩʘ. ɼʣʷ ʵʪʠʭ ʮʝʣʝʡ ʠʩʧʦʣʴʟʫʶʪʩʷ 
ʨʘʟʣʠʯʥʳʝ ʙʳʩʪʨʦʨʝʞʫʱʠʝ ʩʪʘʣʠ (ʈ18, ʈ2ʄ9, ʈ6ʄ5 ʠ ʜʨ.), ʣʝʛʠʨʦʚʘʥʠʝʤ ʘʟʦʪʘ 
ʢʦʪʦʨʳʭ ʤʦʞʥʦ ʜʦʩʪʠʯʴ ʧʦʚʳʰʝʥʥʳʭ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ. 

ʄʝʪʦʜʘʤʠ ʧʨʦʩʚʝʯʠʚʘʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ ʜʠʬʨʘʢʮʠʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ 
ʚʳʧʦʣʥʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʵʣʝʤʝʥʪʥʦʛʦ ʠ ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ, ʩʦʩʪʦʷʥʠʷ ʜʝʬʝʢʪʥʦʡ 
ʩʫʙʩʪʨʫʢʪʫʨʳ ʟʦʥʳ ʢʦʥʪʘʢʪʘ ʧʣʘʟʤʝʥʥʦʛʦ ʧʦʢʨʳʪʠʷ ʠʟ ʙʳʩʪʨʦʨʝʞʫʱʝʡ ʩʪʘʣʠ ʈ18ʖ, 
ʩʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʚ ʩʨʝʜʝ ʘʟʦʪʘ, ʥʘ ʧʦʜʣʦʞʢʝ ʠʟ ʩʨʝʜʥʝʣʝʛʠʨʦʚʘʥʥʦʡ ʩʪʘʣʠ 30ɻʍʉɸ 
ʧʦʩʣʝ ʯʝʪʳʨʝʭʢʨʘʪʥʦʛʦ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʦʪʧʫʩʢʘ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʟʦʥʘ ʢʦʥʪʘʢʪʘ ʠʤʝʝʪ ʧʣʘʩʪʠʥʯʘʪʫʶ ʩʪʨʫʢʪʫʨʫ ʦʪʧʫʱʝʥʥʦʛʦ 
ʤʘʨʪʝʥʩʠʪʘ. ɺ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝʤ ʢʦʣʠʯʝʩʪʚʝ ʚ ʩʪʨʫʢʪʫʨʝ ʟʦʥʳ ʢʦʥʪʘʢʪʘ 
ʧʨʠʩʫʪʩʪʚʫʝʪ ʩʫʙʟʝʨʝʥʥʘʷ ʩʪʨʫʢʪʫʨʘ. ʇʣʘʩʪʠʥʳ ʤʘʨʪʝʥʩʠʪʘ ʬʨʘʛʤʝʥʪʠʨʦʚʘʥʳ, 
ʨʘʟʤʝʨʳ ʬʨʘʛʤʝʥʪʦʚ  ʠʟʤʝʥʷʶʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 250-300 ʥʤ. ɿʦʥʘ ʢʦʥʪʘʢʪʘ 
ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʘʣʠʯʠʝʤ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʯʘʩʪʠʮ ʚʪʦʨʦʡ ʬʘʟʳ (ʢʘʨʙʠʜʳ), 
ʨʘʟʣʠʯʘʶʱʠʭʩʷ ʨʘʟʤʝʨʘʤʠ, ʬʦʨʤʦʡ ʠ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʚ ʦʙʲʝʤʝ ʟʦʥʳ ʢʦʥʪʘʢʪʘ. ɺʦ-
ʧʝʨʚʳʭ, ʥʘʙʣʶʜʘʶʪʩʷ ʯʘʩʪʠʮʳ ʛʣʦʙʫʣʷʨʥʦʡ ʬʦʨʤʳ ʩʫʙʤʠʢʨʦʥʥʳʭ ʨʘʟʤʝʨʦʚ, 
ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʚ ʠʩʩʣʝʜʫʝʤʦʤ ʤʘʪʝʨʠʘʣʝ ʭʘʦʪʠʯʝʩʢʠ.  ʕʪʦ ʯʘʩʪʠʮʳ, 
ʩʬʦʨʤʠʨʦʚʘʚʰʠʝ ʚ ʥʘʧʣʘʚʣʝʥʥʦʤ ʩʣʦʝ ʢʘʨʙʠʜʥʳʡ ʢʘʨʢʘʩ. ɺʦ-ʚʪʦʨʳʭ, ʯʘʩʪʠʮʳ 
ʧʣʘʩʪʠʥʯʘʪʦʡ (ʠʛʦʣʴʯʘʪʦʡ) ʠ ʦʛʨʘʥʝʥʥʦʡ ʬʦʨʤʳ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʚ ʩʪʨʫʢʪʫʨʝ ʧʣʘʩʪʠʥ 
ʤʘʨʪʝʥʩʠʪʘ. ɺ-ʪʨʝʪʴʠʭ, ʯʘʩʪʠʮʳ ʦʢʨʫʛʣʦʡ ʬʦʨʤʳ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʥʘ ʛʨʘʥʠʮʘʭ 
ʬʨʘʛʤʝʥʪʦʚ, ʩʫʙʟʝʨʝʥ ʠ ʧʣʘʩʪʠʥ ʤʘʨʪʝʥʩʠʪʘ. 

ɸʥʘʣʠʟ ʩʪʨʫʢʪʫʨʳ ʟʦʥʳ ʢʦʥʪʘʢʪʘ ʤʝʪʦʜʘʤʠ ʪʦʥʢʠʭ (150-200 ʥʤ) ʬʦʣʴʛ ʚʳʷʚʠʣ 
ʥʘʣʠʯʠʝ ʚʥʫʪʨʝʥʥʠʭ ʥʘʧʨʷʞʝʥʠʡ, ʦ ʯʝʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʠʟʛʠʙʥʳʝ ʢʦʥʪʫʨʳ 
ʵʢʩʪʠʥʢʮʠʠ, ʧʨʠʩʫʪʩʪʚʫʶʱʠʝ ʥʘ ʵʣʝʢʪʨʦʥʥʦ-ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʭ ʠʟʦʙʨʘʞʝʥʠʷʭ 
ʤʘʪʝʨʠʘʣʘ. ɺ ʦʙʲʝʤʝ ʧʣʘʩʪʠʥ ʤʘʨʪʝʥʩʠʪʘ ʧʨʠʩʫʪʩʪʚʫʝʪ ʜʠʩʣʦʢʘʮʠʦʥʥʘʷ ʩʫʙʩʪʨʫʢʪʫʨʘ 
ʩʝʪʯʘʪʦʛʦ ʪʠʧ. ʉʢʘʣʷʨʥʘʷ ʧʣʦʪʥʦʩʪʴ ʜʠʩʣʦʢʘʮʠʡ, ʦʧʨʝʜʝʣʝʥʥʘʷ ʤʝʪʦʜʘʤʠ ʩʣʫʯʘʡʥʦ 
ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʩʝʢʫʱʠʭ, ʩʦʩʪʘʚʣʷʝʪ 10,5*1010 ʩʤ-2. 

ʄʝʪʦʜʘʤʠ ʪʝʤʥʦʧʦʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʠʥʜʠʮʠʨʦʚʘʥʠʝʤ 
ʤʠʢʨʦʵʣʝʢʪʨʦʥʦʛʨʘʤʤ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʛʣʦʙʫʣʷʨʥʳʝ ʯʘʩʪʠʮʳ ʩʫʙʤʠʢʨʦʥʥʳʭ ʨʘʟʤʝʨʦʚ 
ʷʚʣʷʶʪʩʷ ʢʘʨʙʠʜʦʤ ʩʦʩʪʘʚʘ Fe3W3C. ʅʘʨʷʜʫ ʩ ʯʘʩʪʠʮʘʤʠ ʥʘ ʦʩʥʦʚʝ ʚʦʣʴʬʨʘʤʘ 
ʠʩʩʣʝʜʫʝʤʳʡ ʫʯʘʩʪʦʢ ʬʦʣʴʛʠ ʩʦʜʝʨʞʠʪ ʥʘʥʦʨʘʟʤʝʨʥʳʝ ʯʘʩʪʠʮʳ ʢʘʨʙʠʜʘ ʭʨʦʤʘ 
ʩʦʩʪʘʚʘ Cr3C2. ɼʘʥʥʳʝ ʯʘʩʪʠʮʳ ʠʤʝʶʪ ʦʢʨʫʛʣʫʶ ʬʦʨʤʫ, ʨʘʟʤʝʨʳ ʯʘʩʪʠʮ ʠʟʤʝʥʷʶʪʩʷ ʚ 
ʧʨʝʜʝʣʘʭ ʦʪ 11 ʥʤ ʜʦ 43 ʥʤ. 

ʄʝʪʦʜʘʤʠ ʪʝʤʥʦʧʦʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʠʥʜʠʮʠʨʦʚʘʥʠʝʤ 
ʤʠʢʨʦʵʣʝʢʪʨʦʥʦʛʨʘʤʤ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʯʘʩʪʠʮʳ ʧʣʘʩʪʠʥʯʘʪʦʡ ʬʦʨʤʳ ʷʚʣʷʶʪʩʷ 
ʢʘʨʙʠʜʘʤʠ ʩʦʩʪʘʚʘ Fe3C, Cr23C6 ʠ V2C. ʇʦʧʝʨʝʯʥʳʝ ʨʘʟʤʝʨʳ ʯʘʩʪʠʮ ʠʟʤʝʥʷʶʪʩʷ ʚ 
ʧʨʝʜʝʣʘʭ ʦʪ 10 ʥʤ ʜʦ 35 ʥʤ; ʧʨʦʜʦʣʴʥʳʝ ʨʘʟʤʝʨʳ ʯʘʩʪʠʮ ʠʟʤʝʥʷʶʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 50 
ʥʤ ʜʦ 170 ʥʤ. 
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ʇʦʧʦʚʘ ʅ.ɸ.1, ɻʨʦʤʦʚ ɺ.ɽ.2, ʇʦʨʬʠʨʴʝʚ ʄ.ɸ.2, ʂʦʥʜʨʘʪʦʚʘ ʆ.ɸ.2,  

ʅʠʢʦʥʝʥʢʦ ɽ.ʃ.1 
1ʊʦʤʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʘʨʭʠʪʝʢʪʫʨʥʦ-ʩʪʨʦʠʪʝʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʊʦʤʩʢ, 

ʈʦʩʩʠʷ, e-mail: natalya-popova-44@mail.ru 
2ʉʠʙʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʠʥʜʫʩʪʨʠʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʅʦʚʦʢʫʟʥʝʮʢ, ʈʦʩʩʠʷ, 

e-mail: gromov@physics.sibsiu.ru 
 

ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʢʦʣʠʯʝʩʪʚʝʥʥʘʷ ʦʮʝʥʢʘ ʤʝʭʘʥʠʟʤʦʚ 
ʜʝʬʦʨʤʘʮʠʦʥʥʦʛʦ ʫʧʨʦʯʥʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʣʦʝʚ ʚʳʢʨʫʞʢʠ ʨʝʣʴʩʦʚ ʢʘʪʝʛʦʨʠʠ 
ɼʊ400 ʠʟ ʟʘʵʚʪʝʢʪʦʠʜʥʦʡ ʩʪʘʣʠ ʧʦʩʣʝ ʵʢʩʧʣʫʘʪʘʮʠʠ. 

ʀʟʫʯʝʥʠʝ ʚʥʫʪʨʝʥʥʝʡ ʩʪʨʫʢʪʫʨʳ ʠ ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ ʧʨʦʚʝʜʝʥʦ ʥʘ ʦʙʨʘʟʮʘʭ 
ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʦ ʟʘʢʘʣʝʥʥʳʭ ʨʝʣʴʩʦʚ ʢʘʪʝʛʦʨʠʠ ɼʊ400ʀʂ ʠʟ ʩʪʘʣʠ ʤʘʨʢʠ ʕ90ʍɸʌ 
ʧʨʦʠʟʚʦʜʩʪʚʘ ɸʆ çɽʚʨʘʟ-ɿʉʄʂè ʧʦʩʣʝ ʧʨʦʧʫʱʝʥʥʦʛʦ ʪʦʥʥʘʞʘ 187 ʤʣʥ. ʪʦʥʥ ʙʨʫʪʪʦ ʥʘ 
ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤ ʢʦʣʴʮʝ ʈɾɼ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʚʳʧʦʣʥʝʥʳ ʚʜʦʣʴ ʨʘʜʠʫʩʘ ʩʢʨʫʛʣʝʥʠʷ 
ʛʦʣʦʚʢʠ ʨʝʣʴʩʘ (ʚʳʢʨʫʞʢʠ) ʥʘ ʦʙʨʘʟʮʘʭ, ʥʘʭʦʜʷʱʠʭʩʷ ʥʘ ʨʘʩʩʪʦʷʥʠʷʭ 0, 2 ʠ 10 ʤʤ ʦʪ 
ʧʦʚʝʨʭʥʦʩʪʠ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʤʝʪʦʜʦʤ ʧʨʦʩʚʝʯʠʚʘʶʱʝʡ ʜʠʬʨʘʢʮʠʦʥʥʦʡ 
ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ (ʇʕʄ) ʥʘ ʪʦʥʢʠʭ ʬʦʣʴʛʘʭ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʵʣʝʢʪʨʦʥʥʦʛʦ 
ʤʠʢʨʦʩʢʦʧʘ JEM-2100 (Jeol, ʗʧʦʥʠʷ) ʧʨʠ ʫʩʢʦʨʷʶʱʝʤ ʥʘʧʨʷʞʝʥʠʠ 200 ʢɺ ʧʨʠ ʨʘʙʦʯʠʭ 
ʫʚʝʣʠʯʝʥʠʷʭ ʚ ʢʦʣʦʥʥʝ ʤʠʢʨʦʩʢʦʧʘ ʦʪ 15000 ʜʦ 500000 ʢʨʘʪ. 

ɼʣʷ ʦʮʝʥʢʠ ʤʝʭʘʥʠʟʤʦʚ ʫʧʨʦʯʥʝʥʠʷ, ʬʦʨʤʠʨʫʶʱʠʭ ʧʨʝʜʝʣ ʪʝʢʫʯʝʩʪʠ ʚ 
ʠʩʩʣʝʜʫʝʤʦʡ ʩʪʘʣʠ, ʜʣʷ ʢʘʞʜʦʛʦ ʦʙʨʘʟʮʘ ʧʨʦʚʝʜʝʥʘ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ 
ʧʨʠʟʥʘʢʦʚ ʩʪʨʫʢʪʫʨʳ, ʦʧʨʝʜʝʣʝʥ ʬʘʟʦʚʳʡ ʩʦʩʪʘʚ ʠ ʨʘʩʩʯʠʪʘʥʳ ʧʘʨʘʤʝʪʨʳ ʪʦʥʢʦʡ 
ʩʪʨʫʢʪʫʨʳ. ɸ ʠʤʝʥʥʦ: 1) ʦʙʲʝʤʥʳʝ ʜʦʣʠ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʩʦʩʪʘʚʣʷʶʱʠʭ Pv; 2) 
ʫʩʪʘʥʦʚʣʝʥʳ ʤʝʩʪʘ ʣʦʢʘʣʠʟʘʮʠʠ ʢʘʨʙʠʜʥʦʡ ʬʘʟʳ (ʮʝʤʝʥʪʠʪʘ) ʠ ʚ ʢʘʞʜʦʤ ʢʦʥʢʨʝʪʥʦʤ 
ʤʝʩʪʝ ʦʧʨʝʜʝʣʝʥʘ ʬʦʨʤʘ ʯʘʩʪʠʮ ʠ ʨʘʩʩʯʠʪʘʥʳ ʠʭ ʨʘʟʤʝʨʳ d, ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ 
ʯʘʩʪʠʮʘʤʠ r ʠ ʦʙʲʝʤʥʘʷ ʜʦʣʷ ŭ; 3) ʚ ʢʘʞʜʦʡ ʤʦʨʬʦʣʦʛʠʯʝʩʢʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʠ ʚ 

ʮʝʣʦʤ ʧʦ ʤʘʪʝʨʠʘʣʫ ʨʘʩʩʯʠʪʘʥʳ ʩʢʘʣʷʨʥʘʷ ɟ ʠ ʠʟʙʳʪʦʯʥʘʷ r° ʧʣʦʪʥʦʩʪʴ ʜʠʩʣʦʢʘʮʠʡ ʠ 

ʩʦʟʜʘʚʘʝʤʳʝ ʠʤʠ ʘʤʧʣʠʪʫʜʳ ʚʥʫʪʨʝʥʥʠʭ ʥʘʧʨʷʞʝʥʠʡ: sʃ ï ʥʘʧʨʷʞʝʥʠʷ ʩʜʚʠʛʘ, ʠʣʠ 

çʣʝʩʘè ʜʠʩʣʦʢʘʮʠʡ (ʩʦʟʜʘʶʪʩʷ ʜʠʩʣʦʢʘʮʠʦʥʥʦʡ ʩʪʨʫʢʪʫʨʦʡ) ʠ sʜ ï 
ʜʘʣʴʥʦʜʝʡʩʪʚʫʶʱʠʝ, ʠʣʠ ʣʦʢʘʣʴʥʳʝ, ʥʘʧʨʷʞʝʥʠʷ (ʚʦʟʥʠʢʘʶʪ ʚ ʪʝʭ ʤʝʩʪʘʭ ʤʘʪʝʨʠʘʣʘ, 
ʛʜʝ ʧʨʠʩʫʪʩʪʚʫʝʪ ʠʟʙʳʪʦʯʥʘʷ ʧʣʦʪʥʦʩʪʴ ʜʠʩʣʦʢʘʮʠʡ). ɺʩʝ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʧʘʨʘʤʝʪʨʳ 
ʪʦʥʢʦʡ ʩʪʨʫʢʪʫʨʳ ʦʧʨʝʜʝʣʝʥʳ ʚ ʢʘʞʜʦʡ ʤʦʨʬʦʣʦʛʠʯʝʩʢʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ, 
ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʦʙʨʘʙʦʪʘʥʳ. 

ʇʝʨʚʘʷ ʤʦʨʬʦʣʦʛʠʯʝʩʢʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ï ʪʦʥʢʦʧʣʘʩʪʠʥʯʘʪʳʡ ʧʝʨʣʠʪ. ɺʪʦʨʦʡ 
ʤʦʨʬʦʣʦʛʠʯʝʩʢʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʤʘʪʝʨʠʘʣʘ ʷʚʣʷʝʪʩʷ ʬʨʘʛʤʝʥʪʠʨʦʚʘʥʥʳʡ 
ʧʣʘʩʪʠʥʯʘʪʳʡ ʧʝʨʣʠʪ. ʊʨʝʪʴʝʡ ʤʦʨʬʦʣʦʛʠʯʝʩʢʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʷʚʣʷʝʪʩʷ 
ʨʘʟʨʫʰʝʥʥʳʡ ʧʣʘʩʪʠʥʯʘʪʳʡ ʧʝʨʣʠʪ ï ʵʪʦ ʫʯʘʩʪʢʠ ʠʣʠ ʢʦʣʦʥʠʠ ʧʣʘʩʪʠʥʯʘʪʦʛʦ ʧʝʨʣʠʪʘ ʩ 
ʠʟʦʛʥʫʪʳʤʠ, ʨʘʟʨʝʟʘʥʥʳʤʠ ʠ ʠʟʤʝʣʴʯʝʥʥʳʤʠ ʧʣʘʩʪʠʥʘʤʠ ʮʝʤʝʥʪʠʪʘ ʩʦ ʟʥʘʯʠʪʝʣʴʥʳʤ 
ʥʘʨʫʰʝʥʠʝʤ ʩʪʨʦʯʥʦʩʪʠ. ʏʝʪʚʝʨʪʘʷ ʤʦʨʬʦʣʦʛʠʯʝʩʢʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ï ʟʝʨʥʘ 
ʛʣʦʙʫʣʷʨʥʦʛʦ ʧʝʨʣʠʪʘ. ʆʙʲʝʤʥʘʷ ʜʦʣʷ ʝʛʦ ʥʝ ʚʝʣʠʢʘ ʠ ʩʦʩʪʘʚʣʷʝʪ ʚ ʦʙʲʝʤʝ 
ʤʘʪʝʨʠʘʣʘ ʣʠʰʴ 3%.  ʇʷʪʘʷ ʤʦʨʬʦʣʦʛʠʯʝʩʢʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ï ʫʯʘʩʪʢʠ ʩʪʨʫʢʪʫʨʳ ʩ 
ʧʦʣʥʦʩʪʴʶ ʨʘʟʨʫʰʝʥʥʳʤʠ ʢʦʣʦʥʠʷʤʠ ʧʝʨʣʠʪʘ. ɺʥʫʪʨʠ ʚʩʝʭ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ 
ʩʦʩʪʘʚʣʷʶʱʠʭ ʧʨʠʩʫʪʩʪʚʫʶʪ ʯʘʩʪʠʮʳ ʮʝʤʝʥʪʠʪʘ. ɼʠʩʣʦʢʘʮʠʦʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʚʦ ʚʩʝʭ 
ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʧʨʝʜʩʪʘʚʣʝʥʘ ʣʠʙʦ ʭʘʦʪʠʯʝʩʢʠ ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ 
ʜʠʩʣʦʢʘʮʠʷʤʠ, ʣʠʙʦ ʜʠʩʣʦʢʘʮʠʦʥʥʳʤʠ ʩʝʪʢʘʤʠ. ɸʥʘʣʠʟʠʨʫʷ ʧʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ, 
ʤʦʞʥʦ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ, ʧʨʦʯʥʦʩʪʴ ʩʪʘʣʠ ʷʚʣʷʝʪʩʷ ʚʝʣʠʯʠʥʦʡ ʤʥʦʛʦʬʘʢʪʦʨʥʦʡ ʠ 
ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʦʚʦʢʫʧʥʳʤ ʜʝʡʩʪʚʠʝʤ ʨʷʜʘ ʬʠʟʠʯʝʩʢʠʭ ʤʝʭʘʥʠʟʤʦʚ. 
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ɺʆɿʄʆɾʅʆʉʊʔ ʉʆɿɼɸʅʀʗ ʀ ʀʉʇʆʃʔɿʆɺɸʅʀʗ ɺʓʉʆʂʆʕʅʊʈʆʇʀʁʅʓʍ 
ʉʇʃɸɺʆɺ 

 
ʉʝʤʠʥ ɸ.ʇ., ɹʦʨʦʚʩʢʠʡ ʉ.ɺ., ɻʨʦʤʦʚ ɺ.ɽ. 

ʉʠʙʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʠʥʜʫʩʪʨʠʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʅʦʚʦʢʫʟʥʝʮʢ, ʈʦʩʩʠʷ 
e-mail: gromov@physics.sibsiu.ru 

 
ʆʜʥʦʡ ʠʟ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠ ʧʨʘʢʪʠʯʝʩʢʠ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʟʘʜʘʯ 

ʩʦʚʨʝʤʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʬʠʟʠʯʝʩʢʠʭ ʦʩʥʦʚ ʩʦʟʜʘʥʠʷ 
ʥʦʚʳʭ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʪʝʭʥʦʣʦʛʠʡ ʠʭ ʧʦʣʫʯʝʥʠʷ ʩ ʢʦʤʧʣʝʢʩʦʤ 
ʥʝʦʙʭʦʜʠʤʳʭ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ɺ ʥʘʯʘʣʝ XXI 
ʚʝʢʘ ʧʦʷʚʠʣʠʩʴ ʧʝʨʚʳʝ ʨʘʙʦʪʳ ʧʦ ʩʦʟʜʘʥʠʶ ʠ ʢʦʤʧʣʝʢʩʥʦʤʫ ʠʩʩʣʝʜʦʚʘʥʠʶ ʥʦʚʳʭ, ʪʘʢ 
ʥʘʟʳʚʘʝʤʳʭ ʚʳʩʦʢʦʵʥʪʨʦʧʠʡʥʳʭ ʩʧʣʘʚʦʚ (ɺʕʉ) 

ʄʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʝ ʩʧʣʘʚʳ ʠʥʪʝʨʝʩʥʳ ʪʝʤ, ʯʪʦ ʦʥʠ ʤʦʛʫʪ ʙʳʪʴ ʦʩʥʦʚʦʡ ʜʣʷ 
ʜʨʫʛʠʭ ʢʦʤʧʦʟʠʮʠʡ, ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʦʙʣʘʜʘʪʴ ʣʫʯʰʠʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʯʝʤ ʢʘʢʠʝ-ʪʦ ʜʨʫʛʠʝ 
ʩʧʣʘʚʘ, ʦʩʦʙʝʥʥʦ ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʦʜʥʦʤ ʵʣʝʤʝʥʪʝ. ɺ ʦʪʜʝʣʴʥʫʶ ʛʨʫʧʧʫ ʤʦʞʥʦ 
ʚʳʜʝʣʠʪʴ ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʩʪʝʢʣʘ (ʄʉ) ʥʘ ʦʩʥʦʚʝ ʚʳʩʦʢʦʵʥʪʨʦʧʠʡʥʳʭ ʩʧʣʘʚʦʚ (ɺʕʉ) ʠʟ-
ʟʘ ʪʦʛʦ, ʯʪʦ ʵʪʠʤ ʤʘʪʝʨʠʘʣʘʤ (ʄʉ ɺʕʉ) ʧʨʠʩʫʱʠ ʟʘʤʝʯʘʪʝʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʦʙʝʠʭ 
ʩʦʩʪʘʚʣʷʶʱʠʭ ï ʚʳʩʦʢʘʷ ʪʚʝʨʜʦʩʪʴ ʠ ʵʣʘʩʪʠʯʥʦʩʪʴ ʄʉ ʠ ʚʳʩʦʢʘʷ ʧʣʘʩʪʠʯʥʦʩʪʴ ʧʨʠ 
ʨʘʩʪʷʞʝʥʠʠ ɺʕʉ. ʇʦʵʪʦʤʫ ʬʦʨʤʠʨʦʚʘʥʠʝ, ʢʨʠʩʪʘʣʣʠʟʘʮʠʷ ʠ ʢʠʥʝʪʠʢʘ ʪʘʢʠʭ 
ʤʘʪʝʨʠʘʣʦʚ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʷʚʣʷʝʪʩʷ ʧʨʝʜʤʝʪʦʤ ʧʨʠʩʪʘʣʴʥʦʛʦ ʠʟʫʯʝʥʠʷ. 

ʆʜʥʦʡ ʠʟ ʩʘʤʳʭ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ɺʕʉ ʷʚʣʷʝʪʩʷ ʚʳʩʦʢʘʷ 
ʧʨʦʯʥʦʩʪʴ ʠ ʧʣʘʩʪʠʯʥʦʩʪʴ ʧʨʠ ʧʦʥʠʞʝʥʥʳʭ ʠ ʜʘʞʝ ʢʨʠʦʛʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. 
ʉʦʦʙʱʘʝʪʩʷ ʪʘʢʞʝ ʦ ʚʳʩʦʢʦʡ ʚʷʟʢʦʩʪʠ ʨʘʟʨʫʰʝʥʠʷ ɺʕʉ ʧʨʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, 
ʥʘʧʨʠʤʝʨ, 232 ʄʇʘ ʤ1/2 ʧʨʠ 77 K. ʉʦʚʦʢʫʧʥʦʩʪʴ ʵʪʠʭ ʩʚʦʡʩʪʚ ʜʝʣʘʝʪ ɺʕʉ ʚʝʩʴʤʘ 
ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʫʩʣʦʚʠʷʭ ʉʠʙʠʨʠ ʠ ʂʨʘʡʥʝʛʦ 
ʉʝʚʝʨʘ. 

ʆʪʤʝʯʝʥʥʳʝ ʚʳʰʝ ʜʦʩʪʠʞʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ɺʕʉ ʥʝ ʜʘʶʪ ʦʩʥʦʚʘʥʠʡ 
ʫʪʚʝʨʞʜʘʪʴ ʦ ʙʣʠʞʘʡʰʠʭ ʧʝʨʩʧʝʢʪʠʚʘʭ ʟʘʤʝʥʳ ʪʨʘʜʠʮʠʦʥʥʳʭ ʩʧʣʘʚʦʚ ʚ ʢʘʢʠʭ-ʣʠʙʦ 
ʦʪʨʘʩʣʷʭ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ɼʣʷ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʘ ʨʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ ʩʦʩʪʘʚʦʚ ɺʕʉ, 
ʠʩʩʣʝʜʦʚʘʥʠʝ ʠʭ ʩʚʦʡʩʪʚ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʢʦʥʢʨʝʪʥʳʤ ʫʩʣʦʚʠʷʤ ʧʨʘʢʪʠʯʝʩʢʦʛʦ 
ʧʨʠʤʝʥʝʥʠʷ. ɺʳʷʚʣʝʥʥʳʝ ʟʘ ʧʦʩʣʝʜʥʠʝ 20 ʣʝʪ ʪʝʥʜʝʥʮʠʠ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʛʦʚʦʨʷʪ ʦ 
ʪʦʤ, ʯʪʦ ʦʧʝʨʝʞʘʶʱʝʝ ʨʘʟʚʠʪʠʝ ʵʪʦʛʦ ʢʣʘʩʩʘ ʤʘʪʝʨʠʘʣʦʚ ʙʫʜʝʪ ʪʦʣʴʢʦ ʫʩʠʣʠʚʘʪʴʩʷ. 
ʈʘʟʨʘʙʦʪʢʘ ʩʦʩʪʘʚʦʚ ɺʕʉ ʠ ʠʭ ʠʟʫʯʝʥʠʝ ʜʦʣʞʥʳ ʩʦʧʨʦʚʦʞʜʘʪʴʩʷ ʩʦʟʜʘʥʠʝʤ ʥʦʚʳʭ 
ʪʝʭʥʦʣʦʛʠʡ ʠ ʧʨʦʮʝʩʩʦʚ ʧʦʣʫʯʝʥʠʷ ʫʥʠʢʘʣʴʥʳʭ ʩʧʣʘʚʦʚ. 

ɼʣʷ ɺʕʉ ʂʘʥʪʦʨʘ CoCrFeNiAl ʥʝʵʢʚʠʪʘʤʥʦʛʦ ʩʦʩʪʘʚʘ, ʤʝʪʦʜʦʤ ʩʧʠʥʥʥʛʦʚʘʥʠʷ 
ʧʦʣʫʯʝʥʳ ʣʝʥʪʳ ʪʦʣʱʠʥʦʡ ʦʢʦʣʦ 80 ʤʢʤ. ʄʝʪʦʜʘʤʠ ʩʦʚʨʝʤʝʥʥʦʛʦ ʬʠʟʠʯʝʩʢʦʛʦ 
ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʳ ʧʘʨʘʤʝʪʨʳ ʵʪʦʡ ʣʝʥʪʳ ɺʕʉ.  

ʄʝʪʦʜʘʤʠ ʤʠʢʨʦʨʝʥʪʛʝʥʦʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʠʩʩʣʝʜʫʝʤʳʡ 
ʩʧʣʘʚ ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʡ ʩʦʩʪʘʚ (ʘʪ. %): 9.6Al-12.2Cr-39,4Fe-12.5Co-24,3Ni-2.0Mn, ʪ.ʝ. 
ʤʦʞʝʪ ʙʳʪʴ ʦʪʥʝʩʝʥ ʢ ɺʕʉ ʥʝʵʢʚʠʘʪʦʤʥʦʛʦ ʩʦʩʪʘʚʘ. 

ʀʩʩʣʝʜʫʝʤʘʷ ʣʝʥʪʘ ʷʚʣʷʝʪʩʷ ʜʚʫʭʬʘʟʥʳʤ ʤʘʪʝʨʠʘʣʦʤ. ʄʝʪʦʜʘʤʠ 
ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ (ʜʠʬʨʘʢʪʦʤʝʪʨ XRD-6000, CuKŬ-ʠʟʣʫʯʝʥʠʝ) ʚʳʷʚʣʝʥʳ 
ʪʚʝʨʜʳʡ ʨʘʩʪʚʦʨ ʥʘ ʦʩʥʦʚʝ ʞʝʣʝʟʘ (ʆʎʂ ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʨʝʰʝʪʢʘ) ʩ ʧʘʨʘʤʝʪʨʦʤ  
ʘ = 0,28681 ʥʤ ʠ ʩʦʝʜʠʥʝʥʠʝ Co0.8Cr0.8Fe0.8Mn0.8Ni0.8 (ɻʎʂ ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ 
ʨʝʰʝʪʢʘ) ʩ ʧʘʨʘʤʝʪʨʦʤ ʘ = 0,35859 ʥʤ. ʆʪʥʦʩʠʪʝʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʬʘʟ 82 ʤʘʩ.% ʠ  
18 ʤʘʩ.%, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʄʠʢʨʦʪʚʝʨʜʦʩʪʴ ʣʝʥʪʳ ɺʕʉ, ʦʧʨʝʜʝʣʝʥʥʘʷ ʥʘ ʧʨʠʙʦʨʝ 
ʇʄʊ3 ʧʨʠ ʥʘʛʨʫʟʢʝ ʥʘ ʠʥʜʝʥʪʦʨ 0,5 ʅ, ʩʦʩʪʘʚʣʷʝʪ 367 HV. 

ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥ ʚʦʩʪʨʝʙʦʚʘʥʥʳʡ ʧʨʦʠʟʚʦʜʩʪʚʦʤ ʢʦʤʧʣʝʢʩ ʚʳʩʦʢʠʭ 
ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ ʄʉ ɺʕʉ, ʧʨʝʜʧʦʣʘʛʘʝʤʳʭ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʨʘʟʣʠʯʥʳʭ 
ʦʪʨʘʩʣʷʭ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. 
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ʄʆɼʀʌʀʎʀʈʆɺɸʅʅʓɽ ʇʆʊʆʂɸʄʀ ʂʆʄʇʈɽʉʉʀʆʅʅʆʁ ʇʃɸɿʄʓ 
ʄʅʆɻʆʉʃʆʁʅʓɽ ʇʆʂʈʓʊʀʗ 

 
ʇʘʥʪʝʣʝʝʥʢʦ ʌ.ʀ., ʆʢʦʚʠʪʳʡ ɺ.ɸ., ɼʝʚʦʡʥʦ ʆ.ɻ., ɹʝʥʜʠʢ ʊ.ʀ., ʆʢʦʚʠʪʳʡ ɺ.ɺ. 

ɹʝʣʦʨʫʩʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʄʠʥʩʢ, ɹʝʣʘʨʫʩʴ, 
niil_svarka@bntu.by 

 
ʀʟʚʝʩʪʥʦ, ʯʪʦ ʦʙʨʘʙʦʪʢʘ ʛʘʟʦʪʝʨʤʠʯʝʩʢʠʭ ʧʦʢʨʳʪʠʡ ʠʥʪʝʥʩʠʚʥʳʤʠ 

ʚʳʩʦʢʦʵʥʝʨʛʝʪʠʯʝʩʢʠʤʠ ʧʦʪʦʢʘʤʠ: ʵʣʝʢʪʨʦʥʥʳʤʠ, ʠʦʥʥʳʤʠ, ʣʘʟʝʨʥʳʤʠ ʠ 
ʧʣʘʟʤʝʥʥʳʤʠ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʥʘʛʨʝʚʦʤ ʦʙʨʘʙʘʪʳʚʘʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʠ (ʠʥʦʛʜʘ ʚʳʰʝ 
ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʘʚʣʝʥʠʷ ʠʩʭʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ) ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʙʳʩʪʨʳʤ 
ʧʝʨʝʦʭʣʘʞʜʝʥʠʝʤ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʧʦʢʨʳʪʠʷ ʩʦ ʩʢʦʨʦʩʪʴʶ, ʜʦʩʪʠʛʘʶʱʝʡ ʟʥʘʯʝʥʠʡ 
1010 ʂ/ʩ. ɺʦʟʥʠʢʘʶʱʠʝ ʧʨʠ ʵʪʦʤ ʛʨʘʜʠʝʥʪʳ ʪʝʤʧʝʨʘʪʫʨ ʠ ʣʝʛʠʨʦʚʘʥʠʝ ʠʩʭʦʜʥʦʛʦ 
ʤʘʪʝʨʠʘʣʘ ʚ ʧʨʦʮʝʩʩʝ ʧʨʦʚʦʜʠʤʦʡ ʦʙʨʘʙʦʪʢʠ ʯʘʩʪʦ ʧʨʠʚʦʜʷʪ ʢ ʩʪʨʫʢʪʫʨʥʳʤ ʠ 
ʬʘʟʦʚʳʤ ʧʨʝʚʨʘʱʝʥʠʷʤ ʚ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʣʦʷʭ ʥʘʥʦʩʠʤʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ 
ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʢ ʠʟʤʝʥʝʥʠʶ ʠʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ: ʪʚʝʨʜʦʩʪʠ, ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ, 
ʪʝʧʣʦʩʪʦʡʢʦʩʪʠ, ʧʨʦʯʥʦʩʪʠ ʩʮʝʧʣʝʥʠʷ [1-6] ʠ ʜʨ. ʉʦʚʝʨʰʝʥʥʦ ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ 
ʧʨʦʚʦʜʠʤʦʡ ʤʦʜʠʬʠʢʘʮʠʠ ʩʚʦʡʩʪʚ ʧʦʢʨʳʪʠʡ ʠ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʫʣʫʯʰʝʥʠʷ ʧʦʣʫʯʘʝʤʳʭ 
ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʘʝʪ ʧʨʠʤʝʥʝʥʠʝ ʢʦʤʧʨʝʩʩʠʦʥʥʳʭ ʧʣʘʟʤʝʥʥʳʭ 
ʧʦʪʦʢʦʚ, ʢʦʪʦʨʳʝ ʛʝʥʝʨʠʨʫʶʪʩʷ ʢʚʘʟʠʩʪʘʮʠʦʥʘʨʥʳʤʠ ʧʣʘʟʤʝʥʥʳʤʠ ʫʩʢʦʨʠʪʝʣʷʤʠ [1,2]. 
ʕʪʦʪ ʩʧʦʩʦʙ ʠʤʝʝʪ ʨʷʜ ʧʨʝʠʤʫʱʝʩʪʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʩʧʦʩʦʙʘʤʠ 
ʚʳʩʦʢʦʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ: ʤʘʣʳʡ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ ʚʦʟʜʝʡʩʪʚʠʷ (ʧʦʨʷʜʢʘ ~ 
100 ʤʢʩ), ʚʦʟʤʦʞʥʦʩʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʣʝʛʠʨʦʚʘʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ʩʣʦʝʚ ʧʦʢʨʳʪʠʷ 
ʵʣʝʤʝʥʪʘʤʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʥʘʥʝʩʝʥʥʦʛʦ ʧʦʢʨʳʪʠʷ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʠʤʝʥʷʝʤʦʛʦ ʛʘʟʘ 
ʥʝ ʪʦʣʴʢʦ ʜʣʷ ʥʘʛʨʝʚʘʥʠʷ ʧʦʢʨʳʪʠʷ, ʥʦ ʠ ʜʣʷ ʝʛʦ ʣʝʛʠʨʦʚʘʥʠʷ. ʉʦʚʤʝʩʪʥʦʝ 
ʧʝʨʝʤʝʰʠʚʘʥʠʝ ʢʦʤʧʨʝʩʩʠʦʥʥʳʤʠ ʧʣʘʟʤʝʥʥʳʤʠ ʧʦʪʦʢʘʤʠ ʩʠʩʪʝʤʳ ʦʩʥʦʚʘ-
ʥʘʥʝʩʝʥʥʦʝ ʧʦʢʨʳʪʠʝ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʳʡ ʩʣʦʡ, ʩʦʜʝʨʞʘʱʠʡ 
ʵʣʝʤʝʥʪʳ ʢʘʢ ʧʦʢʨʳʪʠʷ, ʪʘʢ ʠ ʦʩʥʦʚʳ.  

ʉʚʦʡʩʪʚʘ ʤʥʦʛʦʩʣʦʡʥʳʭ ʧʦʢʨʳʪʠʡ, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʧʦʪʦʢʘʤʠ 
ʢʦʤʧʨʝʩʩʠʦʥʥʦʡ ʧʣʘʟʤʳ  

ʈʘʩʩʤʦʪʨʝʥʦ ʩʦʚʨʝʤʝʥʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʠ ʩʧʦʩʦʙʳ ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʷ 
ʚʳʩʦʢʦʵʥʝʨʛʝʪʠʯʝʩʢʠʤʠ ʚʦʟʜʝʡʩʪʚʠʷʤʠ ʧʣʘʟʤʝʥʥʳʭ ʧʦʢʨʳʪʠʡ ʥʘ ʦʩʥʦʚʝ ʦʢʩʠʜʥʦʡ 
ʢʝʨʘʤʠʢʠ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʨʦʚʝʜʝʥʥʦʛʦ ʦʙʟʦʨʘ ʩʧʦʩʦʙʦʚ ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʷ 
ʚʳʩʦʢʦʵʥʝʨʛʝʪʠʯʝʩʢʠʤʠ ʚʦʟʜʝʡʩʪʚʠʷʤʠ ʧʣʘʟʤʝʥʥʳʭ ʧʦʢʨʳʪʠʡ ʥʘ ʦʩʥʦʚʝ ʢʝʨʘʤʠʢʠ 
ʤʦʞʥʦ ʢʦʥʩʪʘʪʠʨʦʚʘʪʴ, ʯʪʦ ʜʘʥʥʳʝ ʧʦʢʨʳʪʠʷ ʠʤʝʶʪ ʨʷʜ ʩʫʱʝʩʪʚʝʥʥʳʭ ʜʝʬʝʢʪʦʚ, ʪʘʢʠʭ 
ʢʘʢ ʚʳʩʦʢʘʷ ʦʩʪʘʪʦʯʥʘʷ ʧʦʨʠʩʪʦʩʪʴ, ʧʣʘʩʪʠʥʯʘʪʘʷ ʩʪʨʫʢʪʫʨʘ ʠ ʥʝ ʚʩʝʛʜʘ ʜʦʩʪʘʪʦʯʥʘʷ 
ʘʜʛʝʟʠʷ. ʇʦʩʣʝʜʫʶʱʘʷ ʚʳʩʦʢʦʵʥʝʨʛʝʪʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʢʘʢ ʪʝʭʥʦʣʦʛʠʷ 
ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʫʧʨʦʯʥʝʥʠʷ, ʷʚʣʷʝʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤ ʩʧʦʩʦʙʦʤ ʫʩʪʨʘʥʝʥʠʷ ʵʪʠʭ 
ʜʝʬʝʢʪʦʚ ʠ ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʧʣʘʟʤʝʥʥʦ-ʥʘʧʣʘʚʣʷʝʤʦʛʦ ʧʦʢʨʳʪʠʷ. 

ʇʨʦʚʝʜʝʥʥʳʝ ʥʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʟʚʦʣʠʣʠ ʢʦʥʩʪʘʪʠʨʦʚʘʪʴ, ʯʪʦ ʧʨʠ 
ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʧʦʣʫʯʝʥʥʳʝ ʠʟʥʦʩʦʩʪʦʡʢʠʝ ʧʣʘʟʤʝʥʥʳʝ ʧʦʢʨʳʪʠʷ ʢʦʤʧʨʝʩʩʠʦʥʥʳʭ 
ʧʣʘʟʤʝʥʥʳʭ ʧʦʪʦʢʦʚ ʠʤʝʶʪ ʤʝʩʪʦ ʩʣʝʜʫʶʱʠʝ ʧʨʦʮʝʩʩʳ. ʇʝʨʝʜʘʚʘʝʤʘʷ ʧʣʘʟʤʝʥʥʳʤ 
ʧʦʪʦʢʦʤ ʧʦʢʨʳʪʠʶ ʚʳʩʦʢʘʷ ʚʝʣʠʯʠʥʘ ʵʥʝʨʛʠʠ, ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʣʘʚʣʝʥʠʶ 
ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʪʦʣʱʠʥʦʡ 10 ï 70 ʤʢʤ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʦʙʨʘʙʘʪʳʚʘʝʤʦʛʦ 
ʤʘʪʝʨʠʘʣʘ ʧʦʢʨʳʪʠʷ. ʇʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʧʣʘʟʤʝʥʥʳʤ ʧʦʪʦʢʦʤ ʦʧʨʝʜʝʣʝʥʥʘʷ ʯʘʩʪʴ 
ʤʘʪʝʨʠʘʣʘ ʧʦʢʨʳʪʠʷ ʤʦʞʝʪ ʫʜʘʣʷʪʴʩʷ ʠʟ-ʟʘ ʵʬʬʝʢʪʘ ʘʙʣʷʮʠʠ. ʇʨʠʯʝʤ ʢʦʣʠʯʝʩʪʚʦ 
ʫʜʘʣʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʙʫʜʝʪ ʚʦʟʨʘʩʪʘʪʴ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʵʥʝʨʛʠʠ, ʧʝʨʝʜʘʚʘʝʤʦʡ 
ʧʦʢʨʳʪʠʶ ʧʣʘʟʤʝʥʥʳʤ ʧʦʪʦʢʦʤ. ʇʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʜʘʚʣʝʥʠʷ ʧʣʘʟʤʝʥʥʦʛʦ ʧʦʪʦʢʘ ʚ 
ʨʘʩʧʣʘʚʣʝʥʥʦʤ ʩʣʦʝ ʧʦʢʨʳʪʠʷ ʙʫʜʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʞʠʜʢʦʬʘʟʥʦʝ ʧʝʨʝʤʝʰʠʚʘʥʠʝ. ʅʘ 
ʧʦʩʣʝʜʥʝʤ ʵʪʘʧʝ, ʧʨʦʠʩʭʦʜʠʪ ʟʘʪʚʝʨʜʝʚʘʥʠʝ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʧʦʢʨʳʪʠʷ ʚ 
ʫʩʣʦʚʠʷʭ ʩʚʝʨʭʙʳʩʪʨʦʛʦ ʦʭʣʘʞʜʝʥʠʷ. ʇʦʣʫʯʘʝʪʩʷ, ʯʪʦ ʬʘʟʦʚʳʡ ʠ ʵʣʝʤʝʥʪʥʳʡ ʩʦʩʪʘʚ 
ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʧʦʢʨʳʪʠʷ ʟʥʘʯʠʪʝʣʴʥʦ ʠʟʤʝʥʷʝʪʩʷ. ɺ ʧʦʢʨʳʪʠʠ ʬʦʨʤʠʨʫʝʪʩʷ 
ʩʣʦʡ, ʢʦʪʦʨʳʡ ʩʦʜʝʨʞʠʪ ʵʣʝʤʝʥʪʳ ʧʦʢʨʳʪʠʷ ʠ ʧʣʘʟʤʦʦʙʨʘʟʫʶʱʝʛʦ ʛʘʟʘ. ɸ ʚ ʩʣʫʯʘʝ 
ʤʥʦʛʦʩʪʫʧʝʥʯʘʪʦʡ ʦʙʨʘʙʦʪʢʠ ʩʠʩʪʝʤʳ çʧʦʢʨʳʪʠʝ-ʦʩʥʦʚʘè - ʬʦʨʤʠʨʫʝʪʩʷ ʩʣʦʡ, 
ʢʦʪʦʨʳʡ ʩʦʜʝʨʞʠʪ ʵʣʝʤʝʥʪʳ ʠ ʧʦʢʨʳʪʠʷ ʠ ʦʩʥʦʚʳ ʠ ʧʣʘʟʤʦʦʙʨʘʟʫʶʱʝʛʦ ʛʘʟʘ. 
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ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʵʥʝʨʛʠʠ, ʧʦʛʣʦʱʘʝʤʦʡ ʧʦʢʨʳʪʠʝʤ ʟʘ ʩʯʝʪ ʫʤʝʥʴʰʝʥʠʷ 
ʨʘʩʩʪʦʷʥʠʷ ʦʪ ʵʣʝʢʪʨʦʜʦʚ ʜʦ ʜʝʪʘʣʠ ʠʣʠ ʫʚʝʣʠʯʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʧʦʜʚʦʜʠʤʳʭ 
ʠʤʧʫʣʴʩʦʚ ʦʙʨʘʙʦʪʢʠ, ʧʨʦʠʩʭʦʜʠʪ ʫʤʝʥʴʰʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʣʝʛʠʨʫʶʱʠʭ ʧʦʢʨʳʪʠʝ 
ʵʣʝʤʝʥʪʦʚ ʚ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʢ ʫʤʝʥʴʰʝʥʠʶ ʚ ʥʝʤ 
ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʚ. ʕʪʦ ʩʚʷʟʘʥʦ ʢʘʢ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 
ʧʨʦʮʝʩʩʘ ʘʙʣʷʮʠʠ, ʪʘʢ ʠ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʪʦʣʱʠʥʳ ʧʝʨʝʤʝʰʠʚʘʝʤʦʛʦ ʩʣʦʷ ʧʦʢʨʳʪʠʷ 
(ʙʦʣʝʝ ʛʣʫʙʦʢʠʤ ʧʨʦʥʠʢʥʦʚʝʥʠʝʤ ʵʣʝʤʝʥʪʦʚ ʧʦʢʨʳʪʠʷ ʚ ʦʩʥʦʚʫ). ʇʦʣʫʯʘʝʤʘʷ ʪʦʣʱʠʥʘ 
ʧʝʨʝʤʝʰʠʚʘʝʤʦʛʦ ʩʣʦʷ ʟʘʚʠʩʠʪ ʢʘʢ ʦʪ ʨʝʞʠʤʦʚ ʦʙʨʘʙʦʪʢʠ, ʪʘʢ ʠ ʦʪ ʤʘʪʝʨʠʘʣʘ 
ʧʦʢʨʳʪʠʷ ʠ ʦʩʥʦʚʳ. 

ʉʦʛʣʘʩʥʦ ʧʦʣʫʯʝʥʥʳʤ ʜʘʥʥʳʭ (ʪʘʙʣʠʮʘ 1), ʦʧʪʠʤʘʣʴʥʳʝ ʜʠʩʪʘʥʮʠʠ ʜʣʷ 
ʧʦʣʫʯʝʥʠʷ ʫʧʨʦʯʥʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʧʣʘʟʤʝʥʥʦʡ ʦʙʨʘʙʦʪʢʠ ʧʦʢʨʳʪʠʡ ʜʣʷ 
Al2O3-TiO2-NiCrAlYʊʘ - 0,13ʤ; ʜʣʷ Al2O3-TiO2-ʄʦ - 0,14ʤ.ʕʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ 
ʩʪʘʙʠʣʠʟʘʮʠʷ ʧʦʨʠʩʪʦʩʪʠ, ʫʤʝʥʴʰʝʥʠʝ ʢʦʪʦʨʦʡ ʧʦ  ʪʨʝʙʫʝʤʦʤʫ ʢʨʠʪʝʨʠʶ ʦʧʪʠʤʠʟʘʮʠʠ 
ʧʨʠ ʜʠʩʪʘʥʮʠʷʭ ʥʠʞʝ 0,13 ʠ 0,14ʤ ʬʘʢʪʠʯʝʩʢʠ ʥʝ ʧʨʦʠʩʭʦʜʠʪ, ʠʟ-ʟʘ ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʩʪʠ 
ʪʝʧʣʦʚʳʭ ʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʠʤʧʫʣʴʩʥʳʭ ʚʦʟʜʝʡʩʪʚʠʡ (~ 200 ʤʢʩ), ʘ ʪʘʢʞʝ ʟʥʘʯʠʪʝʣʴʥʦʝ 
ʩʦʜʝʨʞʘʥʠʝ ʚ ʧʦʢʨʳʪʠʷʭ ʪʫʛʦʧʣʘʚʢʦʡ ʬʘʟʳ, ʥʝ ʩʧʦʩʦʙʩʪʚʫʶʱʝʡ ʚʦʟʨʘʩʪʘʥʠʶ ʩʪʝʧʝʥʠ 
ʦʧʣʘʚʣʝʥʠʷ ʠ ʫʧʣʦʪʥʝʥʠʷ ʧʦʢʨʳʪʠʡ. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʠ ʜʠʩʪʘʥʮʠʷʭ Ò 0,11 ʤ ʜʣʷ 
Al2O3-TiO2-NiCrAlYʊʘ ʠ 0,12 ʤ ʜʣʷ Al2O3-TiO2-ʄʦ ʚʠʜʥʳ ʨʘʟʨʫʰʝʥʠʷ ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ 
ʧʦʢʨʳʪʠʡ ʩ ʨʘʟʚʠʪʠʝʤ ʤʘʢʨʦʪʨʝʱʠʥ. ʉʦʚʤʝʩʪʥʦ ʩ ʜʠʩʪʘʥʮʠʝʡ ʦʙʨʘʙʦʪʢʠ ʜʣʷ 
ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʦʣʥʦʩʪʴʶ ʦʧʣʘʚʣʝʥʥʳʭ ʠ ʫʧʨʦʯʥʝʥʥʳʭ ʧʦ ʚʩʝʡ ʪʦʣʱʠʥʝ ʧʦʢʨʳʪʠʡ 
ʦʧʪʠʤʠʟʠʨʦʚʘʣʠ ʩʫʤʤʘʨʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʠʤʧʫʣʴʩʦʚ ʢʦʤʧʨʝʩʩʠʦʥʥʦʡ ʧʣʘʟʤʳ.  

ʇʨʠ ʦʙʨʘʙʦʪʢʝ ʩʠʩʪʝʤʳ ʤʘʣʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʠʤʧʫʣʴʩʦʤ ʥʘʙʣʶʜʘʝʪʩʷ ʥʝʧʦʣʥʦʝ 
ʨʘʩʧʣʘʚʣʝʥʠʝ ʠ ʯʘʩʪʠʯʥʦʝ ʧʝʨʝʤʝʰʠʚʘʥʠʝ ʢʦʤʧʦʥʝʥʪʦʚ ʩʠʩʪʝʤʳ. ʆʙʨʘʙʦʪʢʘ ʙʦʣʴʰʠʤ 
ʢʦʣʠʯʝʩʪʚʦʤ ʠʤʧʫʣʴʩʦʚ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʙʦʣʝʝ ʦʜʥʦʨʦʜʥʳʤ ʧʝʨʝʤʝʰʠʚʘʥʠʝʤ. 
ʋʚʝʣʠʯʝʥʠʝ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʪʘʢʞʝ ʤʦʞʝʪ ʙʳʪʴ ʦʙʫʩʣʦʚʣʝʥʦ ʵʬʬʝʢʪʘʤʠ ʙʳʩʪʨʦʡ 
ʟʘʢʘʣʢʠ: ʦʙʨʘʟʝʮ ʠʩʧʳʪʳʚʘʝʪ ʨʝʟʢʠʡ ʥʘʛʨʝʚ ʚʧʣʦʪʴ ʜʦ ʨʘʩʧʣʘʚʣʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ 
ʩʣʦʷ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʦʪʚʦʜʦʤ ʪʝʧʣʘ ʚ ʛʣʫʙʴ ʦʙʨʘʟʮʘ ʠ ʙʳʩʪʨʦʡ ʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʝʡ. 
ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʪʨʝʙʫʝʤʦʝ ʢʦʣʠʯʝʩʪʚʦ ʠʤʧʫʣʴʩʦʚ ʢʦʤʧʨʝʩʩʠʦʥʥʦʡ ʧʣʘʟʤʳ ʜʣʷ 
ʧʦʣʥʦʡ ʦʙʨʘʙʦʪʢʠ ʧʦʢʨʳʪʠʡ ʜʣʷ Al2O3-TiO2-NiCrAlYʊʘ ʩʦʩʪʘʚʣʷʝʪ 14 ï 15 ʚʦʟʜʝʡʩʪʚʠʡ, 
ʜʣʷ, Al2O3-TiO2-ʄʦ 12 - 13 ʚʦʟʜʝʡʩʪʚʠʡ. ɹʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʠʤʧʫʣʴʩʦʚ 
ʥʝʮʝʣʝʩʦʦʙʨʘʟʥʦ, ʪʘʢ ʢʘʢ ʠʭ ʤʥʦʛʦʢʨʘʪʥʦʝ ʧʦʚʪʦʨʝʥʠʝ ʫʭʫʜʰʘʝʪ ʛʝʦʤʝʪʨʠʶ 
ʩʬʦʨʤʠʨʦʚʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʢʨʳʪʠʷ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʢʨʳʪʠʷ 
ʠʟ-ʟʘ ʧʝʨʝʧʣʘʚʘ. 

 
ʊʘʙʣʠʮʘ 1 ï ʇʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʧʦ ʦʧʪʠʤʠʟʘʮʠʠ ʜʠʩʪʘʥʮʠʠ ʦʙʨʘʙʦʪʢʠ ʠʤʧʫʣʴʩʘʤʠ 
ʢʦʤʧʨʝʩʩʠʦʥʥʦʡ ʧʣʘʟʤʳ 

ʉʬʦʨʤʠʨʦʚʘʥʥʦʝ 
ʧʦʢʨʳʪʠʝ 

ɼʠʩʪʘʥʮʠʷ ʦʙʨʘʙʦʪʢʠ 
ʠʤʧʫʣʴʩʘʤʠ 
ʢʦʤʧʨʝʩʩʠʦʥʥʦʡ 
ʧʣʘʟʤʳ, ʤ 

ʇʦʢʘʟʘʪʝʣʴ 
ʧʦʣʫʯʝʥʥʦʡ 
ʧʦʨʠʩʪʦʩʪʠ, % 

ʇʦʢʘʟʘʪʝʣʴ 
ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ, 

ʄʧ 

Al2O3-TiO2-ʄʦ 

0,17 4,9-6,1 
5433-7989 

 

0,16 4,5 ï 5,9 
5948-8074 

(4960-6731) 

0,15 3,8 ï 5,1 
6349-8565 

(5292-7131) 

0,14 3,1 ï 4,6 
7240-9380 

(6035-7821) 

0,13 3,4-4,9 
6813-8522 

(5681-7100) 

0,12 
ʈʘʟʨʫʰʝʥʠʝ 
ʧʦʢʨʳʪʠʷ 

- 
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Al2O3-TiO2- 
NiCrAlYʊʘ 

0,17 4,5-5,8 
5775-8644 

(4621-6910) 

0,16 4,0-5,3 
6286-9033 

(5025-7227) 

0,15 3,7 ï 4,9 
7312-9350 

(5850-7482) 

0,14 2,8 ï 4,5 
7414-9695 

(5931-7761) 

0,13 2,6 ï 3,9 
7775-9914 

(6221-7934) 

0,12 3,4-4,3 
6286-8033 

(5032-6429) 

0,11 
ʈʘʟʨʫʰʝʥʠʝ 
ʧʦʢʨʳʪʠʷ 

- 

 
ʉʪʨʫʢʪʫʨʘ ʩʣʦʝʚ ʧʦʢʨʳʪʠʡ, ʦʙʨʘʙʦʪʘʥʥʳʭ ʠʤʧʫʣʴʩʘʤʠ ʢʦʤʧʨʝʩʩʠʦʥʥʦʡ ʧʣʘʟʤʳ, 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʧʣʘʚʣʝʥʥʳʡ ʤʝʪʘʣʣʦ-ʢʝʨʘʤʠʯʝʩʢʠʡ ʤʘʪʝʨʠʘʣ. ɺ ʥʝʤ ʠʤʝʝʪ 
ʤʝʩʪʦ ʜʦʩʪʘʪʦʯʥʦ ʨʘʚʥʦʤʝʨʥʦʝ, ʛʦʤʦʛʝʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩʪʨʫʢʪʫʨʥʳʭ ʵʣʝʤʝʥʪʦʚ. 
ɹʣʘʛʦʜʘʨʷ ʵʪʦʤʫ ʧʨʦʠʩʭʦʜʠʪ ʫʚʝʣʠʯʝʥʠʝ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ ʥʘʥʝʩʝʥʥʳʭ ʧʦʨʦʰʢʦʚʳʭ 
ʢʦʤʧʦʟʠʮʠʡ. ʅʘ ʬʦʪʦʛʨʘʬʠʷʭ ʩʪʨʫʢʪʫʨ ʟʘʤʝʪʥʳ ʩʣʝʜʳ ʯʘʩʪʠʮ ʄʦ ʠ ʩʧʣʘʚʦʚ ʥʠʢʝʣʷ. 
ʋʢʘʟʘʥʥʳʡ ʵʣʝʤʝʥʪ ʩʪʨʫʢʪʫʨʳ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʚʠʜʝ ʭʘʨʘʢʪʝʨʥʳʭ ʩʚʝʪʣʳʭ ʦʙʦʣʦʯʝʢ. 
ɺʦʟʜʝʡʩʪʚʠʝ ʧʣʘʟʤʝʥʥʳʭ ʧʦʪʦʢʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʤʘʪʝʨʠʘʣʘ ʧʨʠʚʦʜʠʪ ʢ ʩʫʱʝʩʪʚʝʥʥʳʤ 
ʠʟʤʝʥʝʥʠʷʤ ʚ ʤʦʨʬʦʣʦʛʠʠ ʧʦʚʝʨʭʥʦʩʪʠ. ʉʦʭʨʘʥʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʨʘʩʧʳʣʷʝʤʳʭ 
ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʯʘʩʪʠʮ ʚ ʧʣʘʟʤʝʥʥʦʡ ʩʪʨʫʝ, ʧʦʩʣʝ ʩʦʫʜʘʨʝʥʠʷ ʠʭ ʩ ʧʦʜʣʦʞʢʦʡ ʠ 
ʚʦʟʜʝʡʩʪʚʠʡ ʠʤʧʫʣʴʩʘʤʠ ʧʣʘʟʤʳ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʩʦʩʪʘʚ ʠʩʭʦʜʥʳʭ 
ʧʦʨʦʰʢʦʚ ʥʝ ʧʨʝʪʝʨʧʝʣ ʟʥʘʯʠʪʝʣʴʥʳʭ ʠʟʤʝʥʝʥʠʡ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʧʦʢʨʳʪʠʡ. 

ʄʠʢʨʦʪʚʝʨʜʦʩʪʴ ʥʘʧʳʣʝʥʥʳʭ ʧʦʨʦʰʢʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʦʩʣʝ ʧʨʠʤʝʥʝʥʠʷ 
ʦʙʨʘʙʦʪʢʠ ʠʤʧʫʣʴʩʘʤʠ ʢʦʤʧʨʝʩʩʠʦʥʥʦʡ ʧʣʘʟʤʳ ʚʳʨʦʩʣʘ ʚ 1,15-1,25 ʨʘʟʘ, ʯʪʦ 
ʦʙʲʷʩʥʷʝʪʩʷ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʧʨʦʮʝʩʩʦʤ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʬʘʟ ʩ ʧʦʚʳʰʝʥʥʦʡ 
ʧʨʦʯʥʦʩʪʴʶ, ʙʣʘʛʦʜʘʨʷ ʘʤʦʨʬʥʦʡ ʠʣʠ ʥʘʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʝ. ʊʘʢʦʡ ʵʬʬʝʢʪ 
ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʦʯʝʥʴ ʣʦʢʘʣʴʥʳʤ ʦʧʣʘʚʣʝʥʠʝʤ ʠ ʫʧʣʦʪʥʝʥʠʝʤ ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʩʣʦʝʚ 
ʧʦʢʨʳʪʠʡ ʪʦʣʱʠʥʦʡ 35 ï 45 ʤʢʤ ʧʨʠ ʠʭ ʦʯʝʥʴ ʙʳʩʪʨʦʤ ʦʭʣʘʞʜʝʥʠʠ, ʘ ʪʘʢʞʝ ʧʦʣʥʳʤ 
ʦʪʩʫʪʩʪʚʠʝʤ ʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ, ʦʙʫʩʣʦʚʣʝʥʥʦʡ ʨʘʟʚʠʪʠʝʤ ʧʨʦʮʝʩʩʦʚ ʦʙʨʘʙʦʪʢʠ 
ʠʤʧʫʣʴʩʘʤʠ ʢʦʤʧʨʝʩʩʠʦʥʥʦʡ ʧʣʘʟʤʳ ʚʛʣʫʙʴ ʩʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʧʦʢʨʳʪʠʷ. 

 
ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 
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ʇʈʀʅʎʀʇʓ ɸɺʊʆɺʆʃʅʆɺʆʁ ʌʀɿʀʂʀ ʇʃɸʉʊʀʏʅʆʉʊʀ  
 

ɿʫʝʚ ʃ.ɹ. 
ʀʥʩʪʠʪʫʪ ʬʠʟʠʢʠ ʧʨʦʯʥʦʩʪʠ ʠ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ ʉʆ ʈɸʅ. ʊʦʤʩʢ, ʈʦʩʩʠʷ 

lbz@ispms.ru 
 
ɺ ʤʦʥʦʛʨʘʬʠʷʭ [1, 2] ʨʘʟʚʠʪʘ ʘʚʪʦʚʦʣʥʦʚʘʷ ʤʦʜʝʣʴ ʨʘʟʚʠʪʠʷ ʣʦʢʘʣʠʟʦʚʘʥʥʦʡ 

ʧʣʘʩʪʠʯʥʦʩʪʠ ʪʚʝʨʜʳʭ ʪʝʣ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʙʦʣʴʰʦʤ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤ ʤʘʪʝʨʠʘʣʝ. ɺ 
ʝʝ ʦʩʥʦʚʝ ʣʝʞʘʪ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʦ ʩʘʤʦʧʨʦʠʟʚʦʣʴʥʦʤ ʨʘʩʩʣʦʝʥʠʠ 
ʜʝʬʦʨʤʠʨʫʝʤʦʡ ʩʨʝʜʳ ʧʨʠ ʧʣʘʩʪʠʯʝʩʢʦʤ ʪʝʯʝʥʠʠ ʥʘ ʘʢʪʠʚʥʳʝ ʠ ʧʘʩʩʠʚʥʳʝ ʩʣʦʠ, 
ʧʨʘʚʠʣʴʥʳʤ ʦʙʨʘʟʦʤ ʯʝʨʝʜʫʶʱʠʝʩʷ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʵʚʦʣʶʮʠʦʥʠʨʫʶʱʠʝ ʚʦ ʚʨʝʤʝʥʠ ʠ 
ʦʙʨʘʟʫʶʱʠʝ ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʢʘʨʪʠʥʳ, ʥʘʟʳʚʘʝʤʳʝ ʧʘʪʪʝʨʥʦʤ ʣʦʢʘʣʠʟʦʚʘʥʥʦʡ 
ʧʣʘʩʪʠʯʥʦʩʪʠ, ʧʦʜʦʙʥʳʝ ʧʦʢʘʟʘʥʥʳʤ ʥʘ ʨʠʩʫʥʢʝ.  

 

  
ʘ ʙ 

ʈʠʩʫʥʦʢ 1 ï ʇʘʪʪʝʨʥ ʣʦʢʘʣʠʟʦʚʘʥʥʦʛʦ ʧʣʘʩʪʠʯʝʩʢʦʛʦ ʪʝʯʝʥʠʷ ʚ ʘʣʶʤʠʥʠʠ. ʆʙʱʘʷ ʜʝʬʦʨʤʘʮʠʷ 
0,03 (ʘ) ʠ 0,06 (ʙ). ʉʚʝʪʣʳʝ ʧʦʣʦʩʳ ï ʘʢʪʠʚʥʦ ʜʝʬʦʨʤʠʨʫʶʱʠʝʩʷ ʩʣʦʠ  

 
ɸʥʘʣʠʟ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʵʚʦʣʶʮʠʠ ʧʘʪʪʝʨʥʘ, ʧʨʦʚʝʜʝʥʥʳʡ ʜʣʷ ʤʥʦʞʝʩʪʚʘ 

ʜʝʬʦʨʤʠʨʫʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʧʦʢʘʟʘʣ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʚʘʞʥʦʡ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴʶ ʧʨʦ-
ʮʝʩʩʘ ʪʝʯʝʥʠʷ ʷʚʣʷʝʪʩʷ ʩʘʤʦʧʨʦʠʟʚʦʣʴʥʦʩʪʴ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʧʘʪʪʝʨʥʘ ʧʨʠ ʘʢʪʠʚʥʦʡ 
ʜʝʬʦʨʤʘʮʠʠ ʠʣʠ ʧʨʠ ʧʦʣʟʫʯʝʩʪʠ ʙʝʟ ʩʧʝʮʠʘʣʴʥʦʛʦ ʚʥʝʰʥʝʛʦ ʚʦʟʜʝʡʩʪʚʠʷ. 
ʅʘʙʣʶʜʘʝʤʳʡ ʧʨʠ ʜʝʬʦʨʤʘʮʠʠ ʧʘʪʪʝʨʥ ʣʦʢʘʣʠʟʦʚʘʥʥʦʡ ʧʣʘʩʪʠʯʥʦʩʪʠ 
ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʧʨʦʝʢʮʠʷ ʘʚʪʦʚʦʣʥʦʚʳʭ ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ, 
ʧʨʦʪʝʢʘʶʱʠʭ ʚʥʫʪʨʠ ʦʙʨʘʟʮʘ, ʥʘ ʝʛʦ ʧʦʚʝʨʭʥʦʩʪʴ. ʆʜʥʦʟʥʘʯʥʦʡ ʩʚʷʟʠ ʥʘʙʣʶʜʘʝʤʳʭ 
ʘʚʪʦʚʦʣʥʦʚʳʭ ʤʦʜ ʩʦ ʩʪʘʜʠʷʤʠ ʜʝʬʦʨʤʘʮʠʦʥʥʦʛʦ ʫʧʨʦʯʥʝʥʠʷ ʙʳʣ ʧʨʠʜʘʥ ʩʪʘʪʫʩ 
ʇʨʘʚʠʣʘ ʩʦʦʪʚʝʪʩʪʚʠʷ, ʟʘʧʠʩʳʚʘʝʤʦʛʦ ʚ ʬʦʨʤʝ: çʂʘʞʜʦʡ ʩʪʘʜʠʠ 
ʜʝʬʦʨʤʘʮʠʦʥʦʛʦ ʫʧʨʦʯʥʝʥʠʷ ʦʪʚʝʯʘʝʪ ʦʧʨʝʜʝʣʝʥʥʳʡ ʪʠʧ ʘʚʪʦʚʦʣʥʦʚʦʛʦ ʧʨʦʮʝʩʩʘ 
(ʘʚʪʦʚʦʣʥʦʚʘʷ ʤʦʜʘ), ʦʧʠʩʳʚʘʶʱʠʡ ʨʘʟʚʠʪʠʝ ʧʣʘʩʪʠʯʝʩʢʦʛʦ ʪʝʯʝʥʠʷ ʥʘ ʵʪʦʡ 
ʩʪʘʜʠʠè (ʪʘʙʣʠʮʘ 1).  

 
ʊʘʙʣʠʮʘ 1 ï ʇʘʪʪʝʨʥ ʣʦʢʘʣʠʟʦʚʘʥʥʦʡ ʧʣʘʩʪʠʯʥʦʩʪʠ, ʘʚʪʦʚʦʣʥʦʚʳʝ ʤʦʜʳ ʠ ʪʠʧʳ 
ʘʢʪʠʚʥʦʡ ʩʨʝʜʳ 

ʉʪʘʜʠʷ 
ʜʝʬʦʨʤʘʮʠʦʥʥʦʛʦ 
ʫʧʨʦʯʥʝʥʠʷ 

ʍʘʨʘʢʪʝʨ ʧʘʪʪʝʨʥʘ 
ʣʦʢʘʣʠʟʦʚʘʥʥʦʡ ʧʣʘʩʪʠʯʥʦʩʪʠ 

ɸʢʪʠʚʥʘʷ ʘʚʪʦʚʦʣʥʦʚʘʷ 
ʤʦʜʘ. ɸʢʪʠʚʥʘʷ ʩʨʝʜʘ 

ɼʝʬʦʨʤʘʮʠʷ ʃʶʜʝʨʩʘ 
(ʧʣʦʱʘʜʢʘ ʪʝʢʫʯʝʩʪʠ) 

ɼʚʠʞʝʥʠʝ ʬʨʦʥʪʦʚ ʃʶʜʝʨʩʘ ɸʚʪʦʚʦʣʥʘ ʧʝʨʝʢʣʶʯʝʥʠʷ 
ʚ ʙʠʩʪʘʙʠʣʴʥʦʡ ʩʨʝʜʝ 

ɼʝʬʦʨʤʘʮʠʷ ʇʦʨʪʝʚʝ-
ʥʘ-ʃʝ ʐʘʪʝʣʴʝ 

ʉʢʘʯʢʦʦʙʨʘʟʥʘʷ ʜʝʬʦʨʤʘʮʠʷ ɸʚʪʦʚʦʣʥʘ ʚʦʟʙʫʞʜʝʥʠʷ 
ʚ ʚʦʟʙʫʞʜʘʝʤʦʡ ʩʨʝʜʝ 

ʃʝʛʢʦʝ ʩʢʦʣʴʞʝʥʠʝ 
(ʤʦʥʦʢʨʠʩʪʘʣʣʳ) 

ʎʫʛ ʠʟ 2-3-ʭ ʤʦʙʠʣʴʥʳʭ ʦʯʘʛʦʚ 
ʌʘʟʦʚʘʷ ʘʚʪʦʚʦʣʥʘ ʚ 

ʘʚʪʦʢʦʣʝʙʘʪʝʣʴʥʦʡ ʩʨʝʜʝ 
 

ʃʠʥʝʡʥʦʝ 
ʜʝʬʦʨʤʘʮʠʦʥ- 
ʥʦʝ ʫʧʨʦʯʥʝʥʠʝ 

ʎʫʛ ʠʟ 5-10-ʪʠ ʤʦʙʠʣʴʥʳʭ 
ʦʯʘʛʦʚ 

ʇʘʨʘʙʦʣʠʯʝʩʢʦʝ 
ʜʝʬʦʨʤʘʮʠʦʥʥʦʝ 
ʫʧʨʦʯʥʝʥʠʝ 

ʉʦʚʦʢʫʧʥʦʩʪʴ ʩʪʘʮʠʦʥʘʨʥʳʭ 
ʦʯʘʛʦʚ 

ʉʪʘʮʠʦʥʘʨʥʘʷ 
ʜʠʩʩʠʧʘʪʠʚʥʘʷ ʩʪʨʫʢʪʫʨʘ 

ʇʨʝʜʨʘʟʨʫʰʝʥʠʝ ʉʣʠʷʥʠʝ ʦʯʘʛʦʚ ʂʦʣʣʘʧʩ ʘʚʪʦʚʦʣʥʳ 

 
ʇʨʠ ʧʝʨʝʭʦʜʝ ʦʪ ʦʜʥʦʡ ʩʪʘʜʠʠ ʜʝʬʦʨʤʘʮʠʦʥʥʦʛʦ ʫʧʨʦʯʥʝʥʠʷ ʢ ʜʨʫʛʦʡ, ʪʠʧ 
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ʘʢʪʠʚʥʦʡ ʩʨʝʜʳ, ʦʧʨʝʜʝʣʷʝʤʳʡ ʩʦʩʪʦʷʥʠʝʤ ʝʝ ʜʝʬʝʢʪʥʦʡ ʩʪʨʫʢʪʫʨʳ, ʤʝʥʷʝʪʩʷ. 
ʇʝʨʝʩʪʨʦʡʢʘ ʘʚʪʦʚʦʣʥʦʚʳʭ ʢʘʨʪʠʥ ʧʨʠ ʩʤʝʥʝ ʟʘʢʦʥʘ ʜʝʬʦʨʤʘʮʠʦʥʥʦʛʦ ʫʧʨʦʯʥʝʥʠʷ 
ʨʝʘʣʠʟʫʝʪʩʷ ʦʙʳʯʥʳʤ ʜʣʷ ʘʢʪʠʚʥʳʭ ʩʨʝʜ ʤʝʭʘʥʠʟʤʦʤ ʭʘʦʪʠʟʘʮʠʠ ʫʧʦʨʷʜʦʯʝʥʥʦʡ 
ʩʪʨʫʢʪʫʨʳ ʧʘʪʪʝʨʥʘ, ʩʫʱʝʩʪʚʫʶʱʝʛʦ ʚ ʢʦʥʮʝ ʩʪʘʜʠʠ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ ʠʟ ʵʪʦʛʦ ʭʘʦʩʘ ʚ 
ʥʘʯʘʣʝ ʥʦʚʦʡ ʩʪʘʜʠʠ ʜʝʬʦʨʤʘʮʠʦʥʥʦʛʦ ʫʧʨʦʯʥʝʥʠʷ ʨʦʞʜʘʝʪʩʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʝʡ 
ʧʘʪʪʝʨʥ ʣʦʢʘʣʠʟʦʚʘʥʥʦʡ ʜʝʬʦʨʤʘʮʠʠ ʠ ʥʦʚʘʷ ʘʚʪʦʚʦʣʥʦʚʘʷ ʤʦʜʘ. 

ɺ ʧʨʦʮʝʩʩʝ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ ʘʚʪʦʚʦʣʥʦʚʳʝ ʤʦʜʳ ʣʦʢʘʣʠʟʦʚʘʥʥʦʡ 
ʧʣʘʩʪʠʯʥʦʩʪʠ ʟʘʢʦʥʦʤʝʨʥʦ ʤʝʥʷʶʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ ʧʦʨʷʜʢʝ: ʘʚʪʦʚʦʣʥʘ ʧʝʨʝʢʣʶʯʝʥʠʷ 
Ÿ ʬʘʟʦʚʘʷ ʘʚʪʦʚʦʣʥʘ Ÿ ʩʪʘʮʠʦʥʘʨʥʘʷ ʜʠʩʩʠʧʘʪʠʚʥʘʷ ʩʪʨʫʢʪʫʨʘ Ÿ ʢʦʣʣʘʧʩ 
ʘʚʪʦʚʦʣʥʳ. ɺ ʪʦ ʚʨʝʤʷ ʢʘʢ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʢʘʞʜʦʡ ʘʚʪʦʚʦʣʥʦʚʦʡ ʤʦʜʳ ʚ ʭʠʤʠʠ 
ʥʝʦʙʭʦʜʠʤ ʨʝʘʢʪʦʨ ʩ ʦʧʨʝʜʝʣʝʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʨʝʘʛʝʥʪʦʚ, ʪʝʤʧʝʨʘʪʫʨʦʡ ʠ 
ʛʝʦʤʝʪʨʠʝʡ [3], ʧʨʠ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ ʛʝʥʝʨʘʮʠʷ ʚʩʝʭ ʪʠʧʦʚ ʘʚʪʦʚʦʣʥ 
ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʨʘʩʪʷʞʝʥʠʠ ʦʜʥʦʛʦ ʦʙʨʘʟʮʘ ʩ ʧʦʩʪʦʷʥʥʦʡ ʩʢʦʨʦʩʪʴʶ, ʠ ʘʚʪʦʚʦʣʥʦʚʳʝ 
ʤʦʜʳ ʤʦʛʫʪ ʠʟʫʯʘʪʴʩʷ ʧʨʠ ʤʝʥʴʰʠʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʫʩʠʣʠʷʭ. ʄʦʞʥʦ ʦʪʤʝʪʠʪʴ 
ʚʘʞʥʫʶ ʨʦʣʴ ʜʝʬʦʨʤʠʨʫʝʤʦʛʦ ʦʙʨʘʟʮʘ ʚ ʠʟʫʯʝʥʠʠ ʘʚʪʦʚʦʣʥʦʚʳʭ ʧʨʦʮʝʩʩʦʚ. ʕʪʘ ʨʦʣʴ 
ʘʥʘʣʦʛʠʯʥʘ ʪʦʡ, ʢʦʪʦʨʫʶ ʠʛʨʘʶʪ ʚ ʩʠʥʝʨʛʝʪʠʢʝ, ʥʘʧʨʠʤʝʨ, ʙʨʶʩʩʝʣʷʪʦʨ ʠ ʨʝʘʢʮʠʷ 
ɹʝʣʦʫʩʦʚʘ-ɾʘʙʦʪʠʥʩʢʦʛʦ, ʠ ʩʦʩʪʦʠʪ ʚ ʚʦʟʤʦʞʥʦʩʪʠ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʜʝʬʦʨʤʠʨʫʝʤʳʡ 
ʦʙʨʘʟʝʮ ʢʘʢ ʫʥʠʚʝʨʩʘʣʴʥʳʡ ʛʝʥʝʨʘʪʦʨ ʨʘʟʣʠʯʥʳʭ ʘʚʪʦʚʦʣʥʦʚʳʭ ʤʦʜ. 

ʇʨʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʙʨʘʙʦʪʢʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ ʧʘʪʪʝʨʥʦʚ, 
ʬʦʨʤʠʨʫʶʱʠʭʩʷ ʚʦ ʚʩʝʭ ʤʘʪʝʨʠʘʣʘʭ, ʚʳʷʩʥʠʣʦʩʴ, ʯʪʦ ʜʣʷ ʢʘʞʜʦʛʦ ʠʟ ʥʠʭ ʜʣʠʥʘ 

ʘʚʪʦʚʦʣʥʳ l ʠ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʧʣʦʪʥʦʫʧʘʢʦʚʘʥʥʳʤʠ ʧʣʦʩʢʦʩʪʷʤʠ ʚ ʢʨʠʩʪʘʣʣʝ c, ʘ 

ʪʘʢʞʝ ʩʢʦʨʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʘʚʪʦʚʦʣʥʳ 
awV  ʠ ʩʢʦʨʦʩʪʴ ʫʧʨʫʛʠʭ ʧʦʧʝʨʝʯʥʳʭ ʚʦʣʥ tV  

ʦʙʨʘʟʫʶʪ ʙʝʟʨʘʟʤʝʨʥʦʝ ʦʪʥʦʰʝʥʠʝ, ʧʦʩʪʦʷʥʥʦʝ ʜʣʷ ʚʩʝʭ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 
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¹ Ö = =. (1) 

ʉʧʨʘʚʝʜʣʠʚʦʩʪʴ ʩʦʦʪʥʦʰʝʥʠʷ (1) ʙʳʣʘ ʫʩʪʘʥʦʚʣʝʥʘ ʜʣʷ ʤʝʪʘʣʣʦʚ ʠ ʩʧʣʘʚʦʚ ʠ 
ʧʦʜʪʚʝʨʞʜʝʥʘ ʥʘ ʱʝʣʦʯʥʦ-ʛʘʣʦʠʜʥʳʭ ʢʨʠʩʪʘʣʣʘʭ NaCl, KCl ʠ LiF ʠ ʛʦʨʥʳʭ ʧʦʨʦʜʘʭ 
(ʤʨʘʤʦʨ ʠ ʧʝʩʯʘʥʠʢ). ʋʩʨʝʜʥʝʥʥʘʷ ʧʦ ʚʩʝʤ ʠʩʩʣʝʜʦʚʘʥʥʳʤ ʜʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ 

ʚʝʱʝʩʪʚʘʤ ʚʝʣʠʯʠʥʘ Ĕ 0,49 0,04 1 2Z = ° º . 

ʅʘʟʚʘʥʥʦʝ ʋʧʨʫʛʦʧʣʘʩʪʠʯʝʩʢʠʤ ʠʥʚʘʨʠʘʥʪʦʤ ʜʝʬʦʨʤʘʮʠʠ ʫʨʘʚʥʝʥʠʝ (1) 

ʩʚʷʟʳʚʘʝʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʫʧʨʫʛʠʭ ʚʦʣʥ (c  ʠ 
tV ) ʠ ʘʚʪʦʚʦʣʥ ʣʦʢʘʣʠʟʦʚʘʥʥʦʛʦ 

ʧʣʘʩʪʠʯʝʩʢʦʛʦ ʪʝʯʝʥʠʷ (l ʠ awV ), ʪʦ ʝʩʪʴ, ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʢʦʥʪʨʦʣʠʨʫʶʱʠʭ 

ʵʚʦʣʶʮʠʶ ʫʧʨʫʛʦʡ ʠ ʧʣʘʩʪʠʯʝʩʢʦʡ ʯʘʩʪʝʡ ʦʙʱʝʡ ʜʝʬʦʨʤʘʮʠʠ ʩʨʝʜʳ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 
ʉʚʷʟʴ ʫʧʨʫʛʠʭ ʚʦʣʥ ʠ ʧʣʘʩʪʠʯʝʩʢʠʭ ʘʚʪʦʚʦʣʥ ʚ ʪʚʝʨʜʳʭ ʪʝʣʘʭ, ʟʘʜʘʥʥʘʷ ʠʥʚʘʨʠʘʥʪʦʤ 
(1), ʠʛʨʘʝʪ ʬʫʥʜʘʤʝʥʪʘʣʴʥʫʶ ʨʦʣʴ ʚ ʨʘʟʚʠʪʠʠ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʦ ʧʨʠʨʦʜʝ ʧʣʘʩʪʠʯʝʩʢʦʡ 
ʜʝʬʦʨʤʘʮʠʠ, ʟʘʩʪʘʚʣʷʷ ʛʦʚʦʨʠʪʴ ʦ ʥʝʡ ʢʘʢ ʦ ʧʨʦʮʝʩʩʝ ʚʟʘʠʤʦʦʙʫʩʣʦʚʣʝʥʥʦʛʦ ʠ 
ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʙʣʘʩʪʝʡ ʫʧʨʫʛʠʭ ʥʘʧʨʷʞʝʥʠʡ ʠ ʦʯʘʛʦʚ 
ʣʦʢʘʣʠʟʦʚʘʥʥʦʡ ʧʣʘʩʪʠʯʥʦʩʪʠ.  

ʀʥʚʘʨʠʘʥʪ (1) ʩʣʫʞʠʪ ʦʩʥʦʚʥʳʤ ʫʨʘʚʥʝʥʠʝʤ ʨʘʟʚʠʚʘʝʤʦʡ ʘʚʪʦʚʦʣʥʦʚʦʡ ʤʦʜʝʣʠ 
ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ. ʅʘ ʵʪʦ ʫʢʘʟʳʚʘʝʪ ʪʦ, ʯʪʦ ʠʟ ʥʝʛʦ ʧʫʪʝʤ ʥʝʩʣʦʞʥʳʭ 
ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʚʳʚʦʜʷʪʩʷ ʛʣʘʚʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʧʦʚʝʜʝʥʠʷ ʘʚʪʦʚʦʣʥ 
ʣʦʢʘʣʠʟʦʚʘʥʥʦʛʦ ʧʣʘʩʪʠʯʝʩʢʦʛʦ ʪʝʯʝʥʠʷ [2] (ʩʣʝʜʩʪʚʠʷ), ʩʧʨʘʚʝʜʣʠʚʳʝ, ʧʦ ʢʨʘʡʥʝʡ 
ʤʝʨʝ, ʜʣʷ ʩʪʘʜʠʠ ʣʠʥʝʡʥʦʛʦ ʜʝʬʦʨʤʘʮʠʦʥʥʦʛʦ ʫʧʨʦʯʥʝʥʠʷ, ʢʦʛʜʘ es~ . ʊʘʢ, ʧʨʝʦʙʨʘʟʫʷ 
ʫʨʘʚʥʝʥʠʝ (1), ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʩʦʦʪʥʦʰʝʥʠʝ  

 
1

0 ~ -X+= qqVVaw
, (2) 

ʦʧʨʝʜʝʣʷʶʱʝʝ ʩʢʦʨʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʘʚʪʦʚʦʣʥ (
0V ʠ X- ʢʦʥʩʪʘʥʪʳ). ʅʘ ʵʪʦʡ 

ʩʪʘʜʠʠ =awV 10-5é10-4 ʤ/ʩ. ʀʟ ʠʥʚʘʨʠʘʥʪʘ (1) ʪʘʢʞʝ ʚʳʪʝʢʘʝʪ ʢʚʘʜʨʘʪʠʯʥʦʝ 

ʜʠʩʧʝʨʩʠʦʥʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʜʣʷ ʘʚʪʦʚʦʣʥ ʣʦʢʘʣʠʟʦʚʘʥʥʦʡ ʧʣʘʩʪʠʯʥʦʩʪʠ, ʭʘʨʘʢʪʝʨʥʦʝ 
ʜʣʷ ʧʨʦʮʝʩʩʦʚ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ ʩʨʝʜ [3] 

 
() ( )200 kkk -+= aww , (3) 



ɸʢʪʫʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ ʧʨʦʯʥʦʩʪʠ 
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ʛʜʝ 
0w , 

0k  ʠ a - ʢʦʥʩʪʘʥʪʳ. ʅʘʢʦʥʝʮ, ʟʘʚʠʩʠʤʦʩʪʴ ʜʣʠʥʳ ʘʚʪʦʚʦʣʥʳ ºl 10-2 ʤ ʦʪ 

ʨʘʟʤʝʨʘ ʟʝʨʥʘ ʜʝʬʦʨʤʠʨʫʝʤʦʛʦ ʤʝʪʘʣʣʘ ʦʧʠʩʳʚʘʝʪʩʷ ʣʦʛʠʩʪʠʯʝʩʢʦʡ ʬʫʥʢʮʠʝʡ, ʪʘʢʞʝ 
ʩʣʝʜʫʶʱʝʡ ʠʟ ʠʥʚʘʨʠʘʥʪʘ (1)  
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)exp(1 1
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d
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+= , (4) 

ʛʜʝ 
0l, a1 ʠ a2 ïʢʦʥʩʪʘʥʪʳ, ʘ C ï ʧʦʩʪʦʷʥʥʘʷ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ. ʉʦʦʪʥʦʰʝʥʠʷ (2) - 

(4) ʙʳʣʠ ʧʨʦʚʝʨʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʦʙʨʘʟʦʤ. ʆʜʥʘʢʦ ʜʣʷ ʨʘʟʚʠʪʠʷ ʘʚʪʦʚʦʣʥʦʚʦʡ 
ʤʦʜʝʣʠ ʜʝʬʦʨʤʘʮʠʠ ʦʯʝʥʴ ʩʫʱʝʩʪʚʝʥʥʘ ʠʭ ʩʚʷʟʴ, ʩʣʝʜʫʶʱʘʷ ʠʟ ʠʥʚʘʨʠʘʥʪʘ (1). 
ɿʘʤʝʪʠʤ, ʯʪʦ ʧʨʠ ʚʳʚʦʜʝ ʫʨʘʚʥʝʥʠʡ (2) ï (4) ʫʜʘʝʪʩʷ ʚʳʨʘʟʠʪʴ ʵʤʧʠʨʠʯʝʩʢʠʝ 
ʢʦʥʩʪʘʥʪʳ, ʚʭʦʜʷʱʠʝ ʚ ʥʠʭ, ʯʝʨʝʟ ʤʘʪʝʨʠʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʝʬʦʨʤʠʨʫʝʤʦʡ 
ʩʨʝʜʳ.  

ʆʧʠʩʘʥʠʝ ʧʣʘʩʪʠʯʝʩʢʦʛʦ ʪʝʯʝʥʠʷ ʢʘʢ ʘʚʪʦʚʦʣʥʦʚʦʛʦ ʧʨʦʮʝʩʩʘ ʜʦʧʫʩʢʘʝʪ ʝʱʝ 
ʦʜʥʫ ʠʥʪʝʨʧʨʝʪʘʮʠʶ. ɽʩʣʠ ʩ ʧʦʤʦʱʴʶ ʫʨʘʚʥʝʥʠʷ ʜʝ ɹʨʦʡʣʷ ʚʚʝʩʪʠ ʵʬʬʝʢʪʠʚʥʫʶ 

ʤʘʩʩʫ awef Vhm l= , ʪʦ ʨʘʩʯʝʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ 0,3 4,2efm x¢ ¢
 
(ʟʜʝʩʴx=1,66Ț10-27 ʢʛ - 

ʘʪʦʤʥʘʷ ʝʜʠʥʠʮʘ ʤʘʩʩʳ). ʄʦʞʥʦ ʧʦʣʘʛʘʪʴ, ʯʪʦ ʚʝʣʠʯʠʥʘ 27(3,0 0,5) 10efm -= ° Ö ʢʛ, 

ʦʙʣʘʜʘʶʱʘʷ ʫʤʝʨʝʥʥʳʤ ʨʘʟʙʨʦʩʦʤ, ʥʝʩʣʫʯʘʡʥʘ, ʠ ʚʝʣʠʯʠʥʘ 
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= = ° = º, (5) 

ʤʦʞʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ ʄʘʩʩʦʚʳʡ ʠʥʚʘʨʠʘʥʪ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ. 
ʆʥ ʪʘʢʞʝ ʠʤʝʝʪ ʨʷʜ ʩʣʝʜʩʪʚʠʡ, ʠʟ ʢʦʪʦʨʳʭ, ʚ ʯʘʩʪʥʦʩʪʠ, ʩʣʝʜʫʝʪ ʚʦʟʤʦʞʥʦʩʪʴ 
ʢʚʘʥʪʦʚʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʧʣʘʩʪʠʯʝʩʢʦʛʦ ʪʝʯʝʥʠʷ ʠ ʚʚʝʜʝʥʠʷ ʢʚʘʟʠʯʘʩʪʠʮʳ ʧʣʘʩʪʠʯʝʩʢʦʛʦ 
ʪʝʯʝʥʠʷ ï ʘʚʪʦʣʦʢʘʣʠʟʦʥʘ [2]. 

ʇʨʠʥʮʠʧʠʘʣʴʥʦ ʚʘʞʥʳʡ ʚʦʧʨʦʩ ʦ ʧʨʠʨʦʜʝ ʚʝʣʠʯʠʥʳ efm  ʨʝʰʘʝʪʩʷ, ʝʩʣʠ ʩʯʠʪʘʪʴ 

ʝʝ ʧʨʠʩʦʝʜʠʥʝʥʥʦʡ ʤʘʩʩʦʡ [4], ʚʦʟʥʠʢʘʶʱʝʡ ʧʨʠ ʫʩʢʦʨʝʥʥʦʤ ʜʚʠʞʝʥʠʠ ʜʠʩʣʦʢʘʮʠʡ ʚ 
ʚʷʟʢʠʭ ʬʦʥʦʥʥʦʤ ʠ ʵʣʝʢʪʨʦʥʥʦʤ ʛʘʟʘʭ. ʇʨʠ ʨʘʚʥʦʤʝʨʥʦʤ ʜʚʠʞʝʥʠʠ, ʢʦʛʜʘ ,0=dislV#  

ʜʚʠʞʝʥʠʝ ʜʠʩʣʦʢʘʮʠʡ ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ ʩʠʣʦʡ ʚʷʟʢʦʛʦ ʪʦʨʤʦʞʝʥʠʷ 
vis dislF b BVsº º , ʥʦ ʧʨʠ 

ʫʩʢʦʨʝʥʥʦʤ ʜʚʠʞʝʥʠʠ ,0̧dislV#  ʠ ʢ ʩʠʣʝ 
visF  ʜʦʣʞʝʥ ʙʳʪʴ ʜʦʙʘʚʣʝʥ ʠʥʝʨʮʠʦʥʥʳʡ ʯʣʝʥ 

~in dislF V . ʉʠʣʘ ʪʦʨʤʦʞʝʥʠʷ, ʫʯʠʪʳʚʘʶʱʘʷ ʦʙʘ ʚʢʣʘʜʘ, ʝʩʪʴ 
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ʛʜʝ n - ʯʘʩʪʦʪʘ ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ ʘʢʪʦʚ. ɹʫʜʝʤ ʩʯʠʪʘʪʴ ʚʢʣʘʜʳ ʬʦʥʦʥʥʦʛʦ ʠ 
ʵʣʝʢʪʨʦʥʥʦʛʦ ʛʘʟʦʚ ʚ ʢʦʵʬʬʠʮʠʝʥʪ ʪʦʨʤʦʞʝʥʠʷ ʜʠʩʣʦʢʘʮʠʡ ʘʜʜʠʪʠʚʥʳʤʠ, ʪʦ ʝʩʪʴ, 

eph BBB += , ʧʨʠʯʝʤ nBe ~  (n - ʯʠʩʣʦ ʵʣʝʢʪʨʦʥʦʚ ʚ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʝ ʤʝʪʘʣʣʘ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʇʨʘʚʠʣʦ ʩʦʦʪʚʝʪʩʪʚʠʷ, ʫʧʨʫʛʦʧʣʘʩʪʠʯʝʩʢʠʡ ʠ ʤʘʩʩʦʚʳʡ ʠʥʚʘʨʠʘʥʪʳ 
ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʦʩʥʦʚʥʳʝ ʧʨʠʥʮʠʧʳ ʩʦʟʜʘʚʘʝʤʦʡ ʘʚʪʦʚʦʣʥʦʚʦʡ ʬʠʟʠʢʠ ʧʣʘʩʪʠʯʥʦʩʪʠ. 
 

ʌʠʥʘʥʩʠʨʦʚʘʥʠʝ ʨʘʙʦʪʳ. ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ 
ʟʘʜʘʥʠʷ ʀʌʇʄ ʉʆ ʈɸʅ, ʪʝʤʘ ʥʦʤʝʨ FWRW-2021-0011. 
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ɺʃʀʗʅʀɽ ʈʆʊɸʎʀʆʅʅʆʁ ʂʆɺʂʀ ʅɸ ʉʊʈʋʂʊʋʈʋ ʀ ʉɺʆʁʉʊɺɸ ʏʀʉʊʆɻʆ Zn ʀ 
ʉʇʃɸɺɸ Zn-1%Mg-0,1%Dy 
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ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʮʠʥʢʦʚʳʝ ʩʧʣʘʚʳ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʘʢ ʧʝʨʩʧʝʢʪʠʚʥʳʝ 

ʤʘʪʝʨʠʘʣʳ ʜʣʷ ʩʦʟʜʘʥʠʷ ʙʠʦʨʝʟʦʨʙʠʨʫʝʤʳʭ ʠʤʧʣʘʥʪʘʪʦʚ ʠʟ-ʟʘ ʠʭ ʭʦʨʦʰʝʡ 
ʙʠʦʩʦʚʤʝʩʪʠʤʦʩʪʠ ʠ ʧʨʠʝʤʣʝʤʦʡ ʩʢʦʨʦʩʪʠ ʜʝʛʨʘʜʘʮʠʠ [1]. ʆʜʥʘʢʦ ʚʝʩʦʤʳʤ 
ʥʝʜʦʩʪʘʪʢʦʤ ʮʠʥʢʘ ʢʘʢ ʤʘʪʝʨʠʘʣʘ ʜʣʷ ʦʩʪʝʦʩʠʥʪʝʟʘ,ʷʚʣʷʝʪʩʷ ʥʝʩʦʦʪʚʝʪʩʪʚʠʝ 
ʤʝʭʘʥʠʯʝʩʢʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ, ʧʨʝʜʲʷʚʣʷʝʤʳʤ ʢ ʠʟʜʝʣʠʷʤ ʪʘʢʦʛʦ ʪʠʧʘ. ʅʘʧʨʠʤʝʨ, 
ʊʦʥʛ ʩ ʩʦʘʚʪʦʨʘʤʠ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʯʠʩʪʦʛʦ Zn ʚ ʣʠʪʦʤ ʩʦʩʪʦʷʥʠʠ 
ʩʦʩʪʘʚʣʷʝʪ ʚʩʝʛʦ 33,6 ʄʇa ʧʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦʤ ʫʜʣʠʥʝʥʠʠ, ʨʘʚʥʦʤ 1,2% [2]. ʇʦʵʪʦʤʫ 
ʩʫʱʝʩʪʚʫʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʫʣʫʯʰʝʥʠʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʯʠʩʪʦʛʦ ʮʠʥʢʘ 
ʧʫʪʝʤ ʝʛʦ ʣʝʛʠʨʦʚʘʥʠʷ ʠ ʧʦʩʣʝʜʫʶʱʝʡ ʜʝʬʦʨʤʘʮʠʠ. ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʙʳʣʦ 
ʠʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ ʜʦʙʘʚʢʠ Mg ʠ Dy, ʘ ʪʘʢʞʝ ʨʦʪʘʮʠʦʥʥʦʡ ʢʦʚʢʠ (ʈʂ) ʥʘ ʩʪʨʫʢʪʫʨʫ ʠ 
ʩʚʦʡʩʪʚʘ ʯʠʩʪʦʛʦ Zn. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʈʂ ʧʦʟʚʦʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʠʟʤʝʣʴʯʘʪʴ 
ʤʠʢʨʦʩʪʨʫʢʪʫʨʫ ʤʝʪʘʣʣʦʚ ʠ ʩʧʣʘʚʦʚ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʜʦʙʘʚʢʠ Mg ʠ Dy ʧʦʚʳʰʘʶʪ 
ʧʨʦʯʥʦʩʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʘ ʩʯʝʪ ʬʦʨʤʠʨʦʚʘʥʠʷ ʬʘʟ Mg2Zn11, MgZn2 ʠ Dy2Zn17 [3]. 

ʄʘʪʝʨʠʘʣʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʦʩʣʫʞʠʣʠ ʯʠʩʪʳʡ Zn ʤʘʨʢʠ ʎɺ00 
ʠ ʩʧʣʘʚ Zn-1%Mg-0,1%Dy. ɼʝʬʦʨʤʘʮʠʶ ʯʠʩʪʦʛʦ Zn ʧʨʦʚʦʜʠʣʠ ʚ ʣʠʪʦʤ ʩʦʩʪʦʷʥʠʠ, 
ʪʦʛʜʘ ʢʘʢ ʩʧʣʘʚ Zn-1%Mg-0,1%Dy ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʦʪʞʠʛʘʣʠ ʧʨʠ 340 ÁC ʚ ʪʝʯʝʥʠʝ 20 
ʯʘʩʦʚ ʩ ʦʭʣʘʞʜʝʥʠʝʤ ʚ ʚʦʜʝ. ʈʂ ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʧʦʩʪʝʧʝʥʥʦʤ ʧʦʥʠʞʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ 
ʜʦ 200 Áʉ ʠ ʫʤʝʥʴʰʝʥʠʠ ʜʠʘʤʝʪʨʘ ʧʨʫʪʢʘ ʩ 19 ʜʦ 6 ʤʤ ʥʘ ʨʦʪʘʮʠʦʥʥʦ-ʢʦʚʦʯʥʦʡ 
ʤʘʰʠʥʝ ʈʂʄ 2129.02. ʉʫʤʤʘʨʥʘʷ ʣʦʛʘʨʠʬʤʠʯʝʩʢʘʷ ʩʪʝʧʝʥʴ ʜʝʬʦʨʤʘʮʠʠ ʧʦʩʣʝ ʈʂ 
ʩʦʩʪʘʚʠʣʘ 2,31. 

ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʤʠʢʨʦʩʪʨʫʢʪʫʨʘ ʯʠʩʪʦʛʦ Zn ʠ ʩʧʣʘʚʘ Zn-1%Mg-
0,1%Dy ʚ ʠʩʭʦʜʥʦʤ ʩʦʩʪʦʷʥʠʠ ʠ ʧʦʩʣʝ ʈʂ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʩʧʣʘʚʦʚ 
ʧʦʩʣʝ ʜʝʬʦʨʤʘʮʠʠ ʧʨʦʚʦʜʠʣʠ ʚ ʥʘʧʨʘʚʣʝʥʠʠ, ʩʦʚʧʘʜʘʶʱʝʤ ʩ ʥʘʧʨʘʚʣʝʥʠʝʤ ʈʂ. ʈʂ 
ʯʠʩʪʦʛʦ Zn ʥʝ ʧʨʠʚʦʜʠʪ ʢ ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʠʟʤʝʣʴʯʝʥʠʶ ʝʛʦ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ. ʆʜʥʘʢʦ 
ʜʝʬʦʨʤʘʮʠʷ ʧʨʠ ʧʦʚʳʰʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʧʨʠʚʦʜʠʪ ʢ ʧʨʦʪʝʢʘʥʠʶ ʯʘʩʪʠʯʥʦʡ 
ʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ. ʇʦʩʣʝ ʈʂ ʩʪʨʫʢʪʫʨʘ ʯʠʩʪʦʛʦ Zn ʩʦʩʪʦʠʪ ʢʘʢ ʠʟ ʤʝʣʢʠʭ 
ʨʝʢʨʠʩʪʘʣʣʠʟʦʚʘʥʥʳʭ ʟʝʨʝʥ ʨʘʟʤʝʨʦʤ 10 ï 20 ʤʢʤ, ʪʘʢ ʠ ʠʟ ʦʩʪʘʪʢʦʚ 
ʥʝʨʝʢʨʠʩʪʘʣʣʠʟʦʚʘʥʥʳʭ ʟʝʨʝʥ ʨʘʟʤʝʨʦʤ ʧʦʨʷʜʢʘ 80 ï 100 ʤʢʤ. ʉʪʨʫʢʪʫʨʘ ʩʧʣʘʚʘ Zn-
1%Mg-0,1%Dy ʚ ʦʪʦʞʞʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʩʦʩʪʦʠʪ ʠʟ ʟʝʨʝʥ Ŭ-Zn, ʦʢʨʫʞʝʥʥʳʭ ʧʨʦʩʣʦʡʢʦʡ 
ʬʘʟʳ ʪʦʣʱʠʥʦʡ ~5 ʤʢʤ. ʉʨʝʜʥʠʡ ʨʘʟʤʝʨ ʟʝʨʥʘ Ŭ-Zn ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʩʦʩʪʘʚʣʷʝʪ 30,7 Ñ 
1,2 ʤʢʤ. ʇʨʠ ʵʪʦʤ, ʢʘʢ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʨʘʥʝʝ, ʟʝʨʥʦʛʨʘʥʠʯʥʘʷ ʧʨʦʩʣʦʡʢʘ ʷʚʣʷʝʪʩʷ 
ʩʤʝʩʴʶ ʬʘʟ Mg2Zn11 ʠ MgZn2 [3]. ʈʂ ʩʧʣʘʚʘ Zn-1%Mg-0,1%Dy ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʢʘʢ 
ʠʟʤʝʣʴʯʝʥʠʝʤ ʟʝʨʥʘ, ʪʘʢ ʠ ʜʨʦʙʣʝʥʠʝʤ ʟʝʨʥʦʛʨʘʥʠʯʥʦʡ ʬʘʟʳ. ʉʪʨʫʢʪʫʨʘ ʩʧʣʘʚʘ ʧʦʩʣʝ 
ʈʂ ʩʦʩʪʦʠʪ ʠʟ ʚʳʪʷʥʫʪʳʭ ʟʝʨʝʥ ʰʠʨʠʥʦʡ ~ 5 ï 10 ʤʢʤ ʠ ʦʢʨʫʛʣʳʭ ʚʢʣʶʯʝʥʠʡ ʤʘʛʥʠʝʚʦʡ 
ʬʘʟʳ ʨʘʟʤʝʨʦʤ 3 ï 5 ʤʢʤ. 

ɺ ʪʘʙʣʠʮʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʝʭʘʥʠʯʝʩʢʠʭ 
ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʘʪʝʨʠʘʣʦʚ ʚ ʠʩʭʦʜʥʦʤ ʩʦʩʪʦʷʥʠʠ. ʈʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʠʟʤʝʥʝʥʠʷ 
ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ, ʧʨʦʠʩʭʦʜʷʱʠʝ ʚ ʧʨʦʮʝʩʩʝ ʈʂ, ʧʨʠʚʦʜʷʪ ʢ ʨʦʩʪʫ ʧʨʦʯʥʦʩʪʠ ʙʝʟ ʧʦʪʝʨʠ 
ʧʣʘʩʪʠʯʥʦʩʪʠ. ʊʘʢ ʫʩʣʦʚʥʳʡ ʧʨʝʜʝʣ ʪʝʢʫʯʝʩʪʠ (ů0,2) ʯʠʩʪʦʛʦ Zn ʧʦʩʣʝ ʈʂ ʚʳʨʦʩ ʩ 41 Ñ 8 
ʜʦ 60 Ñ 8 ʄʇʘ, ʪʦʛʜʘ ʢʘʢ ʧʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ (ůɺ) ï ʩ 44 Ñ 7 ʜʦ 96 Ñ 1 ʄʇʘ. ɺ ʩʣʫʯʘʝ 
ʩʧʣʘʚʘ Zn-1%Mg-0,1%Dy ʧʦʩʣʝ ʈʂ ʪʘʢʞʝ ʥʘʙʣʶʜʘʣʩʷ ʨʦʩʪ ů0,2 (ʩʦ 124 Ñ 18 ʜʦ 175 Ñ 21 
ʄʇʘ) ʠ ůɺ (ʩʦ 132 Ñ 18 ʜʦ 223 Ñ 16 ʄʇʘ). ʀʥʪʝʨʝʩʥʦ, ʯʪʦ ʜʝʬʦʨʤʘʮʠʷ ʪʘʢʞʝ ʧʨʠʚʦʜʠʪ ʢ 
ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʨʦʩʪʫ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʫʜʣʠʥʝʥʠʷ (ŭ) ʯʠʩʪʦʛʦ Zn ʠ ʩʧʣʘʚʘ Zn-1%Mg-
0,1%Dy ʜʦ 20,2 Ñ 2,8% ʠ 3,8 Ñ 1,1% ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 
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ʈʠʩʫʥʦʢ 1 ï ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʯʠʩʪʦʛʦ Zn (ʘ, ʙ) ʠ ʩʧʣʘʚʘ Zn-1%Mg-0,1%Dy (ʚ, ʛ) ʜʦ (ʘ, ʚ) ʠ ʧʦʩʣʝ 
ʈʂ (ʙ, ʛ) 

 
ʊʘʙʣʠʮʘ 1 ï ʄʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʯʠʩʪʦʛʦ Zn ʠ ʩʧʣʘʚʘ Zn-1%Mg-0,1%Dy ʜʦ ʠ ʧʦʩʣʝ 
ʈʂ 

ʄʘʪʝʨʠʘʣ ʉʦʩʪʦʷʥʠʝ ů0,2, ʄʇʘ ůɺ, ʄʇʘ ŭ, % 

ʏʠʩʪʳʡ Zn 
ʃʠʪʦʝ 41 Ñ 8 44 Ñ 7 6,2 Ñ 1,3 

ʈʂ 60 Ñ 8 96 Ñ 1 20,2 Ñ 2,8 

Zn-1%Mg-
0,1%Dy 

ʆʪʦʞʞʝʥʥʦʝ 124 Ñ 18 132 Ñ 18 0,8 Ñ 0,5 

ʈʂ 175 Ñ 21 223 Ñ 16 3,8 Ñ 1,1 

 
ʀʩʩʣʝʜʦʚʘʥʠʷ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʡ ʢʦʨʨʦʟʠʠ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʥʠ ʣʝʛʠʨʦʚʘʥʠʝ, ʥʠ 

ʈʂ ʥʝ ʚʣʠʷʶʪ ʥʘ ʢʦʨʨʦʟʠʦʥʥʫʶ ʩʪʦʡʢʦʩʪʴ ʠʩʩʣʝʜʫʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʇʦʪʝʥʮʠʘʣʳ 
ʢʦʨʨʦʟʠʠ ʯʠʩʪʦʛʦ Zn ʠ ʩʧʣʘʚʘ Zn-1%Mg-0,1%Dy ʚ ʠʩʭʦʜʥʦʤ ʩʦʩʪʦʷʥʠʠ ʟʥʘʯʠʤʦ ʥʝ 
ʨʘʟʣʠʯʘʶʪʩʷ ʠ ʩʦʩʪʘʚʣʷʶʪ -1015 Ñ 14 ʠ -1001 Ñ 34 ʤɺ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʦʩʣʝ ʈʂ ʵʪʦʪ 
ʧʦʢʘʟʘʪʝʣʴ ʩʦʩʪʘʚʠʣ -1012 Ñ 10 ʠ -1048 Ñ 24 ʤɺ ʚ ʯʠʩʪʦʤ Zn ʠ ʩʧʣʘʚʝ Zn-1%Mg-0,1%Dy 
ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʣʝʛʠʨʦʚʘʥʠʝ ʠ ʈʂ ʥʝ ʚʣʠʷʶʪ ʥʘ 
ʩʢʦʨʦʩʪʴ ʢʦʨʨʦʟʠʠ Zn. ʉʢʦʨʦʩʪʴ ʢʦʨʨʦʟʠʠ ʯʠʩʪʦʛʦ Zn ʜʦ ʠ ʧʦʩʣʝ ʈʂ ʩʦʩʪʘʚʠʣʘ 0,27 Ñ 
0,09 ʠ 0,32 Ñ 0,11 ʤʤ/ʛʦʜ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺ ʩʧʣʘʚʝ Zn-1%Mg-0,1%Dy ʟʥʘʯʝʥʠʷ 
ʩʢʦʨʦʩʪʠ ʢʦʨʨʦʟʠʠ ʩʦʩʪʘʚʠʣʠ 0,26 Ñ 0,06 ʤʤ/ʛʦʜ ʜʦ ʈʂ ʠ 0,27 Ñ 0,10 ʤʤ/ʛʦʜ ʧʦʩʣʝ ʥʝʸ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ 
ʬʦʥʜʘ (ɻʨʘʥʪ ˉ 22-13-00024). 

 
ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 
[1] W. Yuan, D. Xia, S. Wu et al. A review on current research status of the surface 

modification of Zn-based biodegradable metals. Bioactive Materials. 2022. V. 7. Pp. 192-216.  
[2] X. Tong, D. Zhang, X. Zhang et al. Microstructure, mechanical properties, 

biocompatibility, and in vitro corrosion and degradation behavior of a new Znï5Ge alloy for 
biodegradable implant materials. Acta Biomaterialia. 2018. V. 82. Pp. 197-204.  

[3] N. Martynenko, N. Anisimova, M. Shinkareva et al. Bioactivity features of a Zn-
1%Mg-0.1%Dy alloy strengthened by equal-channel angular pressing. Biomimetics. 2023. V. 
8. #408.  
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ʅʘʩʪʦʷʱʘʷ ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʠʩʩʣʝʜʦʚʘʥʠʶ ʵʚʦʣʶʮʠʠ ʣʦʢʘʣʴʥʳʭ ʜʝʬʦʨʤʘʮʠʡ 

ʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʦʧʝʨʝʯʥʦʡ ʜʝʬʦʨʤʘʮʠʠ ʧʨʠ ʦʜʥʦʦʩʥʦʤ ʨʘʩʪʷʞʝʥʠʠ ʦʙʨʘʟʮʦʚ 

ʧʦʣʠʢʨʠʩʪʘʣʣʦʚ Al ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʠʢʠ ʩʧʝʢʣ-ʬʦʪʦʛʨʘʬʠʠ. ʆʩʥʦʚʥʳʤʠ 

ʢʨʠʪʝʨʠʷʤʠ ʧʨʠ ʚʳʙʦʨʝ ʤʘʪʝʨʠʘʣʘ, ʠʩʧʦʣʴʟʫʶʱʝʛʦʩʷ ʚ ʪʝʭʥʠʢʝ, ʷʚʣʷʶʪʩʷ ʤʘʣʳʡ 

ʫʜʝʣʴʥʳʡ ʚʝʩ, ʚʳʩʦʢʠʝ ʧʨʦʯʥʦʩʪʴ ʠ ʧʣʘʩʪʠʯʥʦʩʪʴ. ʉʦʯʝʪʘʥʠʝ ʵʪʠʭ ʩʚʦʡʩʪʚ ʚ Al ʠ ʝʛʦ 

ʩʧʣʘʚʘʭ ʜʝʣʘʶʪ ʵʪʠ ʤʘʪʝʨʠʘʣʳ ʚʦʩʪʨʝʙʦʚʘʥʥʳʤʠ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ ʘʚʠʘʢʦʩʤʠʯʝʩʢʦʡ 

ʠ ʜʨʫʛʠʭ ʦʪʨʘʩʣʷʭ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. 
ʇʣʦʩʢʠʝ ʦʙʨʘʟʮʳ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʘʣʶʤʠʥʠʷ (ʩʦʜʝʨʞʘʥʠʝ Al ï ʥʝ ʤʝʥʝʝ 

99.5 ʤʘʩ.%, ʨʘʟʤʝʨ ʟʝʨʥʘ ~ 10 ʤʢʤ) ʩ ʨʘʟʤʝʨʘʤʠ ʨʘʙʦʯʝʡ ʯʘʩʪʠ 50³5³2 ʤʤ 

ʨʘʩʪʷʛʠʚʘʣʠʩʴ ʥʘ ʠʩʧʳʪʘʪʝʣʴʥʦʡ ʤʘʰʠʥʝ çInstron-1185è ʩʦ ʩʢʦʨʦʩʪʴʶ 3.3Ö10ï4 ʩ-1 ʧʨʠ 
ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. 

ɼʠʘʛʨʘʤʤʘ ʨʘʩʪʷʞʝʥʠʷ ʦʙʨʘʟʮʦʚ Al (ʨʠʩ. 1, ʢʨʠʚʘʷ 1) ʦʪʥʦʩʠʪʩʷ ʢ 
ʧʘʨʘʙʦʣʠʯʝʩʢʦʤʫ ʪʠʧʫ. ɼʣʷ ʘʥʘʣʠʟʘ ʩʪʘʜʠʡ ʜʝʬʦʨʤʘʮʠʦʥʥʦʛʦ ʫʧʨʦʯʥʝʥʠʷ, ʠʩʭʦʜʥʳʝ 
ʠʥʜʠʢʘʪʦʨʥʳʝ ʢʨʠʚʳʝ ʪʝʯʝʥʠʷ, ʟʘʧʠʩʘʥʥʳʝ ʚ ʢʦʦʨʜʠʥʘʪʘʭ çʥʘʧʨʷʞʝʥʠʝ - ʜʝʬʦʨʤʘʮʠʷ 
ů(Ů)è, ʧʝʨʝʩʪʨʘʠʚʘʣʠʩʴ ʚ ʟʘʚʠʩʠʤʦʩʪʠ çʠʩʪʠʥʥʳʝ ʥʘʧʨʷʞʝʥʠʷ - ʠʩʪʠʥʥʳʝ ʜʝʬʦʨʤʘʮʠʠ 
s (e)è ʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʫʨʘʚʥʝʥʠʷ ʃʶʜʚʠʢʘ [1] ʧʦ ʥʘʢʣʦʥʫ ʧʨʷʤʳʭ ʫʯʘʩʪʢʦʚ 
ʛʨʘʬʠʢʦʚ ʚ ʢʦʦʨʜʠʥʘʪʘʭ ln (s-s0) ï ln e (ʛʜʝ s0  - ʵʤʧʠʨʠʯʝʩʢʘʷ ʢʦʥʩʪʘʥʪʘ, n ï ʧʦʢʘʟʘʪʝʣʴ 
ʧʘʨʘʙʦʣʠʯʥʦʩʪʠ) ʚʳʷʚʣʷʣʠ ʧʘʨʘʙʦʣʠʯʝʩʢʫʶ (n=0,5) ʩʪʘʜʠʶ ʠ ʧʨʝʜʨʨʘʟʨʫʰʝʥʠʷ 
(n=0,4). 

ʇʨʠ ʧʘʨʘʙʦʣʠʯʝʩʢʦʤ ʜʝʬʦʨʤʘʮʠʦʥʥʦʤ ʫʧʨʦʯʝʥʠʠ ʛʨʘʥʠʮʳ ʜʝʬʦʨʤʠʨʫʝʤʦʡ 
ʟʦʥʳ ʥʝ ʩʤʝʱʘʶʪʩʷ, ʘ ʧʨʠʨʦʩʪ ʣʦʢʘʣʴʥʦʡ ʜʝʬʦʨʤʘʮʠʠ ʚʥʫʪʨʠ ʦʯʘʛʘ ʘʢʪʠʚʥʦʛʦ 
ʧʣʘʩʪʠʯʝʩʢʦʛʦ ʪʝʯʝʥʠʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʟʘ ʩʯʝʪ ʧʦʚʳʰʝʥʠʷ ʧʣʦʪʥʦʩʪʠ 
ʜʝʬʝʢʪʦʚ ʚ ʥʝʤ ʙʝʟ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʦʛʦ ʩʤʝʱʝʥʠʷ ʛʨʘʥʠʮ ʦʯʘʛʦʚ ʣʦʢʘʣʠʟʘʮʠʠ 
ʜʝʬʦʨʤʘʮʠʠ. ʌʝʥʦʤʝʥʦʣʦʛʠʯʝʩʢʠʡ ʧʦʜʭʦʜ ʢ ʧʨʦʙʣʝʤʝ ʣʦʢʘʣʠʟʘʮʠʠ ʦʩʥʦʚʘʥ ʥʘ ʪʦʤ, 
ʯʪʦ ʠʟ ʚʩʝʭ ʚʦʟʤʦʞʥʳʭ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʥʦʩʠʪʝʣʝʡ ʜʝʬʦʨʤʘʮʠʠ ʠ ʠʭ ʘʥʩʘʤʙʣʝʡ ʚ 
ʢʘʞʜʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʧʨʦʷʚʣʷʶʪʩʷ ʪʝ ʠʟ ʥʠʭ, ʜʝʡʩʪʚʠʝ ʢʦʪʦʨʳʭ ʩʦʧʨʦʚʦʞʜʘʶʪʩʷ 
ʧʦʥʠʞʝʥʠʝʤ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʵʥʝʨʛʠʠ ʜʝʬʦʨʤʠʨʫʝʤʦʡ ʩʨʝʜʳ ʧʨʠ ʟʘʜʘʥʥʦʡ ʩʢʦʨʦʩʪʠ 
ʜʝʬʦʨʤʘʮʠʠ ʦʙʨʘʟʮʘ. ʅʘ ʩʪʘʜʠʠ ʧʨʝʜʨʘʟʨʫʰʝʥʠʷ, ʥʘʩʪʫʧʘʶʱʝʡ ʧʦʩʣʝ ʩʪʘʜʠʠ 
ʧʘʨʘʙʦʣʠʯʝʩʢʦʛʦ ʜʝʬʦʨʤʘʮʠʦʥʥʦʛʦ ʫʧʨʦʯʥʝʥʠʷ, ʦʯʘʛʠ ʜʝʬʦʨʤʘʮʠʠ ʩʪʘʥʦʚʷʪʩʷ 
ʧʦʜʚʠʞʥʳʤʠ, ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʥʘʙʣʶʜʘʝʪʩʷ ʢʦʣʣʘʧʩ (ʩʭʣʦʧʳʚʘʥʠʝ) ʘʚʪʦʚʦʣʥʳ 
ʣʦʢʘʣʠʟʦʚʘʥʥʦʡ ʧʣʘʩʪʠʯʥʦʩʪʠ [2]. ʄʘʢʨʦʩʢʦʧʠʯʝʩʢʘʷ ʧʣʘʩʪʠʯʝʩʢʘʷ ʜʝʬʦʨʤʘʮʠʷ ʤʦʞʝʪ 
ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ ʧʨʦʮʝʩʩ ʩʪʨʫʢʪʫʨʥʦʡ ʨʝʣʘʢʩʘʮʠʠ, ʦʧʨʝʜʝʣʷʝʤʳʡ ʥʝʙʦʣʴʰʠʤ 
ʯʠʩʣʦʤ ʢʠʥʝʪʠʯʝʩʢʠʭ ʧʝʨʝʤʝʥʥʳʭ, ʥʘʟʚʘʥʥʳʭ ʜʠʥʘʤʠʯʝʩʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʧʦʨʷʜʢʘ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʨʦʜʦʣʴʥʦʡ exx ʠ ʧʦʧʝʨʝʯʥʦʡ eyy ʢʦʤʧʦʥʝʥʪ 
ʪʝʥʟʦʨʘ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʠʩʪʦʨʩʠʠ ʥʘ ʩʪʘʜʠʠ ʧʘʨʘʙʦʣʠʯʝʩʢʦʛʦ ʜʝʬʦʨʤʘʮʠʦʥʥʦʛʦ 
ʫʧʨʦʯʥʝʥʠʷ ʠ ʧʨʝʜʨʘʟʨʫʰʝʥʠʷ ʨʘʟʣʠʯʥʳ, ʥʦ ʩʠʥʭʨʦʥʥʳ ʩ ʤʘʢʩʠʤʫʤʘʤʠ ʨʘʩʧʨʝʜʝʣʝʥʠʡ 

ʩʜʚʠʛʦʚʦʡ eyy ʠ ʨʦʪʘʮʠʦʥʥʦʡ wz ʢʦʤʧʦʥʝʥʪ. ʅʘ ʩʪʘʜʠʠ ʧʘʨʘʙʦʣʠʯʝʩʢʦʛʦ 

ʜʝʬʦʨʤʘʮʠʦʥʥʦʛʦ ʫʧʨʦʯʥʝʥʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʦʤʧʦʥʝʥʪ ʣʦʢʘʣʴʥʳʭ ʫʜʣʠʥʝʥʠʡ exx ʠ 

ʣʦʢʘʣʴʥʳʭ ʩʫʞʝʥʠʡ eyy ʧʨʠʦʙʨʝʪʘʶʪ ʯʝʪʢʦ ʚʳʨʘʞʝʥʥʫʶ ʧʝʨʠʦʜʠʯʥʦʩʪʴ.  ʆʪʥʦʰʝʥʠʝ 

ʯʠʩʣʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʢʦʤʧʦʥʝʥʪ ʧʦʧʝʨʝʯʥʦʡ ʜʝʬʦʨʤʘʮʠʠ eyy ʢ ʧʨʦʜʦʣʴʥʦʤʫ ʫʜʣʠʥʝʥʠʶ 

exx ʥʘ ʨʘʟʥʳʭ ʩʪʘʜʠʷʭ ʧʣʘʩʪʠʯʝʩʢʦʛʦ ʪʝʯʝʥʠʷ ʧʦʟʚʦʣʠʣʦ ʨʘʩʩʯʠʪʘʪʴ ʚʝʣʠʯʠʥʫ 
ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʦʧʝʨʝʯʥʦʡ ʜʝʬʦʨʤʘʮʠʠ ɜ.  

ɸʥʘʣʠʟ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʣʦʢʘʣʴʥʳʭ ʜʝʬʦʨʤʘʮʠʡ ʧʦʢʘʟʘʣ, ʯʪʦ ʧʨʠ ʨʘʩʪʷʞʝʥʠʠ 

ʦʙʨʘʟʮʦʚ Al ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʟʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʦʧʝʨʝʯʥʦʡ 

ʜʝʬʦʨʤʘʮʠʠ ɜ ʟʘ ʧʨʝʜʝʣʦʤ ʫʧʨʫʛʦʡ ʜʝʬʦʨʤʘʮʠʠ ʫʚʝʣʠʯʠʚʘʣʦʩʴ ʦʪ ʥʘʯʘʣʴʥʦʛʦ 

ʟʥʘʯʝʥʠʷ ɜ å 0.3 ʜʦ ɜ å 0.36 ʥʘ ʧʨʝʜʝʣʝ ʧʨʦʯʥʦʩʪʠ. ɺ ʫʩʣʦʚʠʷʭ ʨʘʟʚʠʪʠʷ ʰʝʡʢʠ 

ʢʦʵʬʬʠʮʠʝʥʪ ɜ ʫʤʝʥʴʰʘʣʩʷ ʜʦ ʟʥʘʯʝʥʠʷ ɜ å 0.28. ʅʘ ʟʘʚʠʩʠʤʦʩʪʠ ɜ(e) (ʨʠʩ. 1, ʢʨʠʚʘʷ 

2) ʧʝʨʚʘʷ ʩʪʘʜʠʷ (n=0,55), ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʥʘʯʘʣʴʥʳʤ ʫʯʘʩʪʢʘʤ ʧʣʘʩʪʠʯʝʩʢʦʛʦ 



ɸʢʪʫʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ ʧʨʦʯʥʦʩʪʠ 

 

20 

 

ʪʝʯʝʥʠʷ, ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʩʪʦʷʥʥʳʤ ʟʥʘʯʝʥʠʝʤ ʢʦʵʬʬʠʮʠʝʥʪʘ ɜ. ʅʘ 

ʚʪʦʨʦʡ ʩʪʘʜʠʠ (n=0,5) ʥʘʙʣʶʜʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʡ ʨʦʩʪ ʢʦʵʬʬʠʮʠʝʥʪʘ ɜ ʩ ʨʦʩʪʦʤ 

ʦʙʱʝʡ ʜʝʬʦʨʤʘʮʠʠ. ʅʘ ʪʨʝʪʴʝʡ ʩʪʘʜʠʠ (n=0,4) ʟʘʚʠʩʠʤʦʩʪʠ ɜ(e) ʢʦʵʬʬʠʮʠʝʥʪ 

ʧʦʧʝʨʝʯʥʦʡ ʜʝʬʦʨʤʘʮʠʠ ʧʦʩʣʝ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʥʘ ʧʨʝʜʝʣʝ ʧʨʦʯʥʦʩʪʠ ʨʝʟʢʦ 

ʩʥʠʞʘʝʪʩʷ ʠ ʚʳʭʦʜʠʪ ʥʘ ʥʘʩʳʱʝʥʠʝ ʧʨʠ ʨʘʟʚʠʪʠʠ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʦʡ ʰʝʡʢʠ. 

ʍʘʨʘʢʪʝʨ ʠʟʤʝʥʝʥʠʷ ʟʘʚʠʩʠʤʦʩʪʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʦʧʝʨʝʯʥʦʡ ʜʝʬʦʨʤʘʮʠʠ ʚ 

ʧʨʦʮʝʩʩʝ ʨʘʩʪʷʞʝʥʠʷ ʤʦʞʝʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦ ʪʦʤ, ʯʪʦ ʚ ʜʝʬʦʨʤʠʨʫʝʤʦʤ ʦʙʨʘʟʮʝ 

ʦʪ ʧʨʝʜʝʣʘ ʪʝʢʫʯʝʩʪʠ ʚʧʣʦʪʴ ʜʦ ʩʪʘʜʠʠ ʦʙʨʘʟʦʚʘʥʠʷ ʰʝʡʢʠ, ʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦ 

ʠʟʤʝʥʷʶʪʩʷ ʧʦʧʝʨʝʯʥʳʝ ʨʘʟʤʝʨʳ ʣʦʢʘʣʴʥʦʡ ʦʙʣʘʩʪʠ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ, 

ʩʚʷʟʘʥʥʳʝ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʩ ʚʣʠʷʥʠʝʤ ʢʘʩʘʪʝʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪ ʥʘʧʨʷʞʝʥʠʡ. 

 

 

ʈʠʩʫʥʦʢ 1 ï ɼʝʬʦʨʤʘʮʠʦʥʥʘʷ ʢʨʠʚʘʷ (1) ʠ ʠʟʤʝʥʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʦʧʝʨʝʯʥʦʡ 

ʜʝʬʦʨʤʘʮʠʠ n ʩ ʨʦʩʪʦʤ ʦʙʱʝʡ ʜʝʬʦʨʤʘʮʠʠ Ů (2) ʚ Al 

 

ɿʘ ʧʨʝʜʝʣʦʤ ʧʨʦʯʥʦʩʪʠ ʟʘʤʝʜʣʷʶʪʩʷ ʠʟʤʝʥʝʥʠʷ ʧʦʧʝʨʝʯʥʳʭ ʨʘʟʤʝʨʦʚ ʦʙʨʘʟʮʘ 

ʠ ʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦ ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʧʨʦʜʦʣʴʥʳʝ ʨʘʟʤʝʨʳ ʣʦʢʘʣʴʥʦʡ ʦʙʣʘʩʪʠ, 

ʩʚʷʟʘʥʥʳʝ ʩ ʥʦʨʤʘʣʴʥʳʤʠ ʥʘʧʨʷʞʝʥʠʷʤʠ. 
ʂʦʥʪʨʦʣʴ ʠʟʤʝʥʝʥʠʷ ʢʦʤʧʦʥʝʥʪ ʪʝʥʟʦʨʘ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʠʩʪʦʨʩʠʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ ʩʧʝʢʣ-ʬʦʪʦʛʨʘʬʠʠ [2] ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʚʘʪʴ ʢʦʵʬʬʠʮʠʝʥʪ 
ʧʦʧʝʨʝʯʥʦʡ ʜʝʬʦʨʤʘʮʠʠ ʚ ʧʨʦʮʝʩʩʝ ʨʘʩʪʷʞʝʥʠʠ. ʋʯʠʪʳʚʘʷ ʪʦ, ʯʪʦ ʣʦʢʘʣʠʟʘʮʠʷ 
ʜʝʬʦʨʤʘʮʠʠ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʢʨʠʪʝʨʠʝʤ ʨʘʟʨʫʰʝʥʠʷ ʤʘʪʝʨʠʘʣʘ, ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ 
ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʦʧʝʨʝʯʥʦʡ ʜʝʬʦʨʤʘʮʠʠ ɜ, 
ʦʧʨʝʜʝʣʷʝʤʦʛʦ ʩ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ ʦʧʪʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ, ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʪʝʧʝʥʠ 
ʜʝʛʨʘʜʘʮʠʠ ʤʘʪʝʨʠʘʣʘ. 

 
ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ ʀʌʇʄ ʉʆ ʈɸʅ, 

ʧʨʦʝʢʪ FWRW-2021-0011. 
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ʄɽʍɸʅʀʏɽʉʂʀɽ ʀ ʂʆʈʈʆɿʀʆʅʅʓɽ ʉɺʆʁʉʊɺɸ ʉʇʃɸɺɸ Zn-1%Mg-0,1%Mn, 
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ʉʧʣʘʚʳ ʥʘ ʦʩʥʦʚʝ ʮʠʥʢʘ ʧʨʠʥʷʪʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʤʘʪʝʨʠʘʣʳ 

ʜʣʷ ʩʦʟʜʘʥʠʷ ʤʝʜʠʮʠʥʩʢʠʭ ʠʟʜʝʣʠʡ ʨʘʟʣʠʯʥʦʡ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ ʙʣʘʛʦʜʘʨʷ ʠʭ 
ʙʠʦʩʦʚʤʝʩʪʠʤʦʩʪʠ ʠ ʩʧʦʩʦʙʥʦʩʪʠ ʢ ʙʠʦʜʝʛʨʘʜʘʮʠʠ [1]. ɺ ʯʘʩʪʥʦʩʪʠ,  ʠʟ ʮʠʥʢʦʚʳʭ 
ʩʧʣʘʚʦʚ ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʙʠʦʜʝʛʨʘʜʠʨʫʝʤʳʝ ʢʘʨʜʠʦ- ʠ ʵʥʜʦʚʘʩʢʫʣʷʨʥʳʝ ʩʪʝʥʪʳ [2] ʠ 
ʩʢʘʬʬʦʣʜʳ ʜʣʷ ʦʩʪʝʦʩʠʥʪʝʟʘ [3]. ʆʜʥʘʢʦ ʥʝʜʦʩʪʘʪʦʯʥʘʷ ʧʨʦʯʥʦʩʪʴ ʦʛʨʘʥʠʯʠʚʘʝʪ 
ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʮʠʥʢʦʚʳʭ ʩʧʣʘʚʦʚ, ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʭ ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʳ ʜʣʷ 
ʠʤʧʣʘʥʪʘʪʦʚ, ʤʝʪʘʣʣʦʢʦʥʩʪʨʫʢʮʠʡ ʠ ʢʨʝʧʝʞʝʡ ʜʣʷ ʬʠʢʩʘʮʠʠ ʢʦʩʪʥʳʭ ʪʢʘʥʝʡ. ɺ ʜʘʥʥʦʡ 
ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ ʨʦʪʘʮʠʦʥʥʦʡ ʢʦʚʢʠ (ʈʂ) ʥʘ ʩʪʨʫʢʪʫʨʫ ʠ ʤʝʭʘʥʠʯʝʩʢʠʝ 
ʩʚʦʡʩʪʚʘ ʩʧʣʘʚʘ Zn-1%Mg-0,1%Mn. ʆʪʣʠʚʢʫ ʩʧʣʘʚʘ Zn-1%Mg-0,1% Mn ʦʪʞʠʛʘʣʠ ʧʨʠ 
340 ÁC ʚ ʪʝʯʝʥʠʝ 20 ʯʘʩʦʚ ʠ ʦʭʣʘʞʜʘʣʠ ʚ ʚʦʜʝ. ʈʂ ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʧʦʥʠʞʝʥʠʠ 
ʪʝʤʧʝʨʘʪʫʨʳ ʦʪ 300 ʜʦ 200 Áʉ ʠ ʫʤʝʥʴʰʝʥʠʠ ʜʠʘʤʝʪʨʘ ʧʨʫʪʢʘ ʩ 19 ʜʦ 6 ʤʤ (ʩ 
ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʦʩʪʘʥʦʚʢʦʡ ʧʨʠ 12 ʤʤ). ɼʝʬʦʨʤʘʮʠʶ ʧʨʦʚʦʜʠʣʠ ʥʘ ʨʦʪʘʮʠʦʥʥʦ-
ʢʦʚʦʯʥʦʡ ʤʘʰʠʥʝ ʈʂʄ 2129.02. ʉʫʤʤʘʨʥʘʷ ʣʦʛʘʨʠʬʤʠʯʝʩʢʘʷ ʩʪʝʧʝʥʴ ʜʝʬʦʨʤʘʮʠʠ (Ů) 
ʧʦʩʣʝ ʈʂ ʩʦʩʪʘʚʠʣʘ 0,92 ʜʣʷ ʜʠʘʤʝʪʨʘ ʧʨʫʪʢʘ 12 ʤʤ ʠ 2,31 ʜʣʷ ʜʠʘʤʝʪʨʘ ʧʨʫʪʢʘ 6 ʤʤ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʩʧʣʘʚʘ Zn-1%Mg-0,1%Mn ʜʦ ʠ ʧʦʩʣʝ 
ʈʂ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 1. ɺ ʦʪʦʞʞʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʩʪʨʫʢʪʫʨʘ ʩʧʣʘʚʘ 
ʥʝʦʜʥʦʨʦʜʥʘ ʠ ʩʦʩʪʦʠʪ ʠʟ ʜʝʥʜʨʠʪʦʚ ʥʝʧʨʘʚʠʣʴʥʦʡ ʬʦʨʤʳ. ɺ ʩʪʨʫʢʪʫʨʝ ʩʧʣʘʚʘ 
ʧʨʠʩʫʪʩʪʚʫʶʪ ʢʘʢ ʢʨʫʧʥʳʝ ʜʝʥʜʨʠʪʳ ʨʘʟʤʝʨʦʤ ʦʢʦʣʦ 100 ʤʢʤ, ʪʘʢ ʠ ʤʝʣʢʠʝ ʜʝʥʜʨʠʪʳ 
ʨʘʟʤʝʨʦʤ 10 ï 20 ʤʢʤ. ʇʨʠ ʵʪʦʤ ʜʝʥʜʨʠʪʳ Ŭ-Zn ʦʢʨʫʞʝʥʳ ʥʝʧʨʝʨʳʚʥʦʡ ʬʘʟʦʚʦʡ 
ʩʝʪʢʦʡ ʪʦʣʱʠʥʦʡ ~5 ʤʢʤ, ʩʦʩʪʦʷʱʝʡ ʠʟ ʬʘʟ Mg2Zn11 ʠ MgZn2. ɺ ʧʨʦʮʝʩʩʝ ʈʂ ʧʨʠ 
Ů = 0,92 ʧʨʦʠʩʭʦʜʠʪ ʬʦʨʤʠʨʦʚʘʥʠʝ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ, ʩʦʩʪʦʷʱʝʡ ʠʟ ʚʳʪʷʥʫʪʳʭ ʚʜʦʣʴ 
ʥʘʧʨʘʚʣʝʥʠʷ ʜʝʬʦʨʤʘʮʠʠ ʟʝʨʝʥ ʰʠʨʠʥʦʡ 20 ï 50 ʤʢʤ ʠ ʤʝʣʢʠʭ ʦʢʨʫʛʣʳʭ ʯʘʩʪʠʮ ʬʘʟʳ 
ʨʘʟʤʝʨʦʤ ~5 ʤʢʤ. ʋʚʝʣʠʯʝʥʠʝ ʩʪʝʧʝʥʠ ʜʝʬʦʨʤʘʮʠʠ ʜʦ Ů = 2,31 ʧʨʠʚʦʜʠʪ ʢ 
ʜʘʣʴʥʝʡʰʝʤʫ ʚʳʪʷʛʠʚʘʥʠʶ ʟʝʨʥʘ ʚʜʦʣʴ ʦʩʠ ʈʂ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʤʠʢʨʦʩʪʨʫʢʪʫʨʘ 
ʩʧʣʘʚʘ ʩʦʩʪʦʠʪ ʠʟ ʚʳʪʷʥʫʪʳʭ ʟʝʨʝʥ ʰʠʨʠʥʦʡ ~ 5 ï 10 ʤʢʤ ʠ ʜʣʠʥʦʡ ʥʝʩʢʦʣʴʢʦ ʩʦʪʝʥ 
ʤʠʢʨʦʥ. ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʧʨʦʠʩʭʦʜʠʪ ʜʘʣʴʥʝʡʰʘʷ ʧʝʨʝʩʪʨʦʡʢʘ ʟʝʨʥʦʛʨʘʥʠʯʥʦʡ ʬʘʟʳ ʦʪ 
ʥʝʧʨʝʨʳʚʥʦʡ ʩʝʪʢʠ ʧʦ ʛʨʘʥʠʮʘʤ ʜʝʥʜʨʠʪʦʚ ʜʦ ʦʢʨʫʛʣʳʭ ʚʢʣʶʯʝʥʠʡ ʨʘʟʤʝʨʦʤ  
3 ï 5 ʤʢʤ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚʜʦʣʴ ʛʨʘʥʠʮ ʚʳʪʷʥʫʪʦʛʦ ʟʝʨʥʘ. 

 

 
 

ʈʠʩʫʥʦʢ 1 ï ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʩʧʣʘʚʘ Zn-1%Mg-0,1%Mn ʚ ʦʪʦʞʞʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ (ʘ) ʠ ʧʦʩʣʝ ʈʂ 
ʧʨʠ Ů = 0,92 (ʙ) ʠ Ů = 2,31 (ʚ) 

 

ɺ ʪʘʙʣʠʮʝ 1 ʠ ʥʘ ʨʠʩʫʥʢʝ 2 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 
ʤʝʭʘʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʧʣʘʚʘ ʜʦ ʠ ʧʦʩʣʝ ʈʂ. ɺ ʦʪʦʞʞʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʩʧʣʘʚ 
ʦʙʣʘʜʘʣ ʢʨʘʡʥʝ ʥʠʟʢʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʧʨʦʯʥʦʩʪʠ ʠ ʧʣʘʩʪʠʯʥʦʩʪʠ. ʅʘʧʨʠʤʝʨ, ʫʩʣʦʚʥʳʡ 
ʧʨʝʜʝʣ ʪʝʢʫʯʝʩʪʠ (ů0,2) ʩʦʩʪʘʚʣʷʣ ʚʩʝʛʦ 95 Ñ 3 ʄʇʘ, ʘ ʧʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ (ůɺ) ï 
100 Ñ 7 ʄʇʘ ʧʨʠ ʟʥʘʯʝʥʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʫʜʣʠʥʝʥʠʷ (ŭ) 1,6 Ñ 0,4%. ʈʂ ʧʨʠ ʩʪʝʧʝʥʠ 
ʜʝʬʦʨʤʘʮʠʠ Ů = 0,92 ʧʨʠʚʝʣʘ ʢ ʜʚʫʢʨʘʪʥʦʤʫ ʨʦʩʪʫ ů0,2 (ʜʦ 210 Ñ 2 ʄʇʘ) ʠ 
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ůɺ (ʜʦ 212 Ñ 3 ʄʇʘ) ʧʨʠ ʩʥʠʞʝʥʠʠ ʧʣʘʩʪʠʯʥʦʩʪʠ ʜʦ 0,2 Ñ 0,01%. ɼʘʣʴʥʝʡʰʝʝ 
ʫʚʝʣʠʯʝʥʠʝ ʩʪʝʧʝʥʠ ʜʝʬʦʨʤʘʮʠʠ ʧʦʚʳʰʘʝʪ ʢʘʢ ʧʨʦʯʥʦʩʪʴ, ʪʘʢ ʠ ʧʣʘʩʪʠʯʥʦʩʪʴ 
(ů0,2 = 274 Ñ 8 ʄʇʘ, ůɺ = 295 Ñ 4 ʄʇʘ, ŭ = 4,5 Ñ 0,8%). 

 

 
ʈʠʩʫʥʦʢ 2 ï ʂʨʠʚʳʝ ʨʘʩʪʷʞʝʥʠʷ (ʘ) ʠ ʫʩʪʘʣʦʩʪʥʘʷ ʧʨʦʯʥʦʩʪʴ (ʙ) ʩʧʣʘʚʘ Zn-1%Mg-0,1%Mn ʜʦ 

ʠ ʧʦʩʣʝ ʈʂ 
 

ʊʘʙʣʠʮʘ 1 ï ʄʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʩʧʣʘʚʘ Zn-1%Mg-0,1%Mn ʜʦ ʠ ʧʦʩʣʝ ʈʂ 

ʉʦʩʪʦʷʥʠʝ ů0,2, ʄʇʘ ůɺ, ʄʇʘ ŭ, % ůR, ʄʇʘ 

ʆʪʦʞʞʝʥʥʦʝ 95 Ñ 3 100 Ñ 7 1,6 Ñ 0,4 55 

ʈʂ (Ů = 0,92) 210 Ñ 2 212 Ñ 3 0,2 Ñ 0,01 - 

ʈʂ (Ů = 2,31) 274 Ñ 8 295 Ñ 4 4,5 Ñ 0,8 130 

 
ʀʩʩʣʝʜʦʚʘʥʠʝ ʫʩʪʘʣʦʩʪʥʦʡ ʧʨʦʯʥʦʩʪʠ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʈʂ ʧʨʠ Ů = 2,31 ʧʨʠʚʦʜʠʪ ʢ 

ʟʘʤʝʪʥʦʤʫ ʧʦʚʳʰʝʥʠʶ ʧʨʝʜʝʣʘ ʫʩʪʘʣʦʩʪʠ ʩʧʣʘʚʘ Zn-1%Mg-0,1%Mn. ʊʘʢ ʚ 
ʦʪʦʞʞʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʧʨʝʜʝʣ ʫʩʪʘʣʦʩʪʠ ʩʧʣʘʚʘ ʩʦʩʪʘʚʣʷʣ 55 ʄʇʘ. ʇʦʩʣʝ ʈʂ ʦʥ 
ʚʳʨʦʩ ʙʦʣʝʝ ʯʝʤ ʚ ʜʚʘ ʨʘʟʘ ï ʜʦ 130 ʄʇʘ. ʇʨʠ ʵʪʦʤ ʠʥʪʝʨʝʩʥʦ ʪʘʢʞʝ ʦʪʤʝʪʠʪʴ, ʯʪʦ 
ʧʨʝʜʝʣ ʫʩʪʘʣʦʩʪʠ ʩʧʣʘʚʘ ʧʦʩʣʝ ʈʂ ʥʘ 30% ʧʨʝʚʳʰʘʝʪ ʧʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʩʧʣʘʚʘ ʚ 
ʠʩʭʦʜʥʦʤ ʩʦʩʪʦʷʥʠʠ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʈʂ ʥʝ ʚʳʟʚʘʣʘ ʠʟʤʝʥʝʥʠʷ ʢʦʨʨʦʟʠʦʥʥʦʡ ʩʪʦʡʢʦʩʪʠ 
ʩʧʣʘʚʘ. ʇʦʪʝʥʮʠʘʣ ʢʦʨʨʦʟʠʠ ʩʧʣʘʚʘ ʚ ʦʪʦʞʞʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʠ ʧʦʩʣʝ ʈʂ ʧʨʠ Ů = 0,92 ʠ 
Ů = 2,31 ʩʦʩʪʘʚʠʣ -999 Ñ 41 ʤɺ, -1044 Ñ 128 ʤɺ ʠ -1042 Ñ 9 ʤɺ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʨʠ ʵʪʦʤ 
ʩʢʦʨʦʩʪʴ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʡ ʢʦʨʨʦʟʠʠ ʩʦʩʪʘʚʠʣʘ 0,14 Ñ 0,11 ʤʤ/ʛ, 0,12 Ñ 0,07 ʤʤ/ʛ ʠ 
0,13 Ñ 0,08 ʤʤ/ʛ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

 
ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ 

ʬʦʥʜʘ (ɻʨʘʥʪ ˉ 22-13-00024). 
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ɻɸʌʅʀʗ ʀ ʀʍ ʉʇɽʂɸʅʀʗ  

 
ʂʦʚʘʣʝʚʘ ʉ.ɸ.1, ɾʦʨʥʠʢ ɺ.ʀ.1, ɻʨʠʛʦʨʴʝʚʘ ʊ.ʌ.2, ɼʝʚʷʪʢʠʥʘ ɽ.ʊ.2,  

ɺʦʩʤʝʨʠʢʦʚ ʉ.ɺ.2 

1ʆʙʲʝʜʠʥʝʥʥʳʡ ʠʥʩʪʠʪʫʪ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ ʅɸʅ ɹʝʣʘʨʫʩʠ, 
ʛ. ʄʠʥʩʢ, ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ, svetakov2021@gmail.com 

2ʀʥʩʪʠʪʫʪ ʭʠʤʠʠ ʪʚʝʨʜʦʛʦ ʪʝʣʘ ʠ ʤʝʭʘʥʦʭʠʤʠʠ ʉʆ ʈɸʅ, ʛ. ʅʦʚʦʩʠʙʠʨʩʢ, ʈʦʩʩʠʷ 
 

ɺʳʩʦʢʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʠʷ (3890 ÁC), ʘ ʪʘʢʞʝ ʭʦʨʦʰʘʷ ʤʝʭʘʥʠʯʝʩʢʘʷ 

ʧʨʦʯʥʦʩʪʴ ʠ ʢʦʨʨʦʟʠʦʥʥʘʷ ʩʪʦʡʢʦʩʪʴ ʜʝʣʘʶʪ ʢʘʨʙʠʜ ʛʘʬʥʠʷ (HfC) ʚ ʩʦʯʝʪʘʥʠʠ ʩ 

ʞʘʨʦʩʪʦʡʢʠʤʠ ʤʝʪʘʣʣʘʤʠ ʢʣʶʯʝʚʳʤ ʢʦʤʧʦʥʝʥʪʦʤ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʧʦʢʨʳʪʠʡ [1, 2]. ʇʦʨʦʰʢʠ HfCx ʧʦʣʫʯʘʶʪ 

ʨʘʟʣʠʯʥʳʤʠ ʭʠʤʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ (ʢʘʨʙʦʪʝʨʤʠʯʝʩʢʠʤ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ, ʧʨʷʤʦʡ 

ʨʝʘʢʮʠʝʡ ʫʛʣʝʨʦʜʘ ʠ ʛʘʬʥʠʷ; ʟʦʣʴ-ʛʝʣʴ ʤʝʪʦʜʦʤ, ʣʘʟʝʨʥʦ-ʠʥʜʫʮʠʨʦʚʘʥʥʳʤʠ 

ʨʝʘʢʮʠʷʤʠ, ʧʠʨʦʣʠʟʦʤ ʤʝʪʘʣʣʦʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ), ʛʣʘʚʥʦʡ ʧʨʦʙʣʝʤʦʡ ʢʦʪʦʨʳʭ 

ʷʚʣʷʝʪʩʷ ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʧʨʠʤʝʩʝʡ ʦʩʪʘʪʦʯʥʳʭ ʦʢʩʠʜʦʚ, ʘʤʦʨʬʥʦʛʦ ʫʛʣʝʨʦʜʘ ʠʣʠ 

ʛʨʘʬʠʪʘ, ʘ ʪʘʢʞʝ ʦʢʠʩʣʝʥʠʝ ʧʨʦʜʫʢʪʘ, ʯʪʦ ʫʭʫʜʰʘʝʪ ʫʧʣʦʪʥʷʝʤʦʩʪʴ, ʧʨʝʩʩʫʝʤʦʩʪʴ 

ʧʦʨʦʰʢʦʚ ʠ ʧʨʠʚʦʜʠʪ ʢ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʠ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʠ ʩʪʨʫʢʪʫʨʳ. ʄʝʪʦʜ 

ʧʦʣʫʯʝʥʠʷ ʢʘʨʙʠʜʦʚ ʦʧʨʝʜʝʣʷʝʪ ʢʘʢ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʩʠʥʪʝʟʠʨʫʝʤʳʭ 

ʭʠʤʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʪʘʢ ʠ ʠʭ ʢʘʯʝʩʪʚʦ ʠ ʩʪʦʠʤʦʩʪʴ.  

ʆʜʥʠʤ ʠʟ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʦʩʪʳʭ ʠ ʙʳʩʪʨʳʭ ʩʧʦʩʦʙʦʚ ʧʦʣʫʯʝʥʠʷ ʢʘʨʙʠʜʦʚ ʤʦʞʝʪ 

ʷʚʣʷʪʴʩʷ ʤʝʭʘʥʦʭʠʤʠʯʝʩʢʠʡ ʩʠʥʪʝʟ. ʇʨʠ ʦʙʨʘʙʦʪʢʝ ʧʦʨʦʰʢʦʚʳʭ ʩʤʝʩʝʡ ʚ 

ʚʳʩʦʢʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʤʝʣʴʥʠʮʘʭ ʠʤʝʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʮʝʩʩʦʤ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʧʨʦʜʫʢʪʘ. ʆʜʥʘʢʦ ʚʳʩʦʢʘʷ ʪʚʝʨʜʦʩʪʴ ʢʘʨʙʠʜʦʚ 

ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʧʦʷʚʣʝʥʠʶ ʥʘʤʦʣʘ ʚ ʧʨʦʜʫʢʪʝ, ʯʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʪʘʢʞʝ 

ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ʥʘ ʧʨʦʮʝʩʩ ʩʧʝʢʘʥʠʷ ʠ ʩʚʦʡʩʪʚʘ ʩʧʝʯʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ.  

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʝʭʘʥʦʩʪʠʤʫʣʠʨʦʚʘʥʥʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʛʘʬʥʠʷ ʩ ʫʛʣʝʨʦʜʦʤ ʚ ʚʳʩʦʢʦʵʥʝʨʛʠʯʥʦʡ ʧʣʘʥʝʪʘʨʥʦʡ ʰʘʨʦʚʦʡ 

ʤʝʣʴʥʠʮʝ ʠ ʚʦʟʤʦʞʥʦʩʪʠ ʙʳʩʪʨʦʛʦ ʩʧʝʢʘʥʠʷ ʧʦʨʦʰʢʦʚ ʤʝʭʘʥʦʩʠʥʪʝʟʠʨʦʚʘʥʥʦʛʦ 

ʢʘʨʙʠʜʘ. 

ɺ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʧʦʨʦʰʢʠ ʛʘʬʥʠʷ ɻʌʄ-1 ʩ 

ʨʘʟʤʝʨʦʤ ʯʘʩʪʠʮ d = 60ï80 ʤʢʤ ʠ ʫʛʣʝʨʦʜʘ ï ʩʘʞʘ ʇʄ-15 d ¢ 0,2 ʤʢʤ ʚ ʵʢʚʠʤʦʣʷʨʥʦʤ 

ʩʦʦʪʥʦʰʝʥʠʠ. ʄʝʭʘʥʦʭʠʤʠʯʝʩʢʠʡ ʩʠʥʪʝʟ (ʄʍʉ) ʧʨʦʚʝʜʝʥ ʚ ʚʳʩʦʢʦʵʥʝʨʛʝʪʠʯʝʩʢʦʡ 

ʰʘʨʦʚʦʡ ʧʣʘʥʝʪʘʨʥʦʡ ʤʝʣʴʥʠʮʝ ɸɻʆ-2 ʚ ʘʪʤʦʩʬʝʨʝ ʘʨʛʦʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʰʘʨʦʚ 

ʠʟ ʩʪʘʣʠ ʐʍ15 ʧʨʠ ʵʥʝʨʛʦʥʘʧʨʷʞʝʥʥʦʩʪʠ 7 ɺʪ/ʛ.  

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʫʛʣʝʨʦʜʘ ʠ ʛʘʬʥʠʷ ʧʨʠ ʜʣʠʪʝʣʴʥʦʩʪʠ ʦʙʨʘʙʦʪʢʠ 2 ʤʠʥ 

ʧʨʦʠʩʭʦʜʠʪ ʙʝʟ ʠʟʤʝʥʝʥʠʡ ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʢʦʤʧʦʟʠʪʘ ʚ ʚʠʜʝ 

ʤʝʭʘʥʠʯʝʩʢʦʡ ʩʤʝʩʠ Hf/C, ʘ ʧʨʠ 4 ʤʠʥ ʫʞʝ ʬʦʨʤʠʨʫʝʪʩʷ 65 % ʢʘʨʙʠʜʘ HfC ʠ 

ʩʦʭʨʘʥʷʝʪʩʷ ʥʝʧʨʦʨʝʘʛʠʨʦʚʘʚʰʠʡ Hf (ʨʠʩ. 1) ʠ ʫʛʣʝʨʦʜ. ʈʘʟʤʝʨʳ ʯʘʩʪʠʮ ʛʘʬʥʠʷ 

ʫʤʝʥʴʰʘʶʪʩʷ ʜʦ 0,5ï8 ʤʢʤ. ʈʘʟʤʝʨ ʯʘʩʪʠʮ ʦʙʨʘʟʦʚʘʚʰʝʛʦʩʷ ʥʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʛʦ 

ʢʘʨʙʠʜʘ ʛʘʬʥʠʷ ʜʦʩʪʠʛʘʝʪ 70ï150 ʥʤ ʩ ʨʘʟʤʝʨʦʤ ʢʨʠʩʪʘʣʣʠʪʦʚ L = 9ï14 ʥʤ. 

ʂʨʠʩʪʘʣʣʠʪʳ ʠʤʝʶʪ ʩʬʝʨʠʯʝʩʢʫʶ ʬʦʨʤʫ ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʪʠʧʘ ʷʜʨʦ-ʦʙʦʣʦʯʢʘ, ʚ ʢʦʪʦʨʦʡ 

ʦʙʦʣʦʯʢʘ ʪʦʣʱʠʥʦʡ ʜʦ 5 ʥʤ ʠʤʝʝʪ ʘʤʦʨʬʥʦʝ ʩʪʨʦʝʥʠʝ. 

ɿʘʚʝʨʰʝʥʠʝ ʦʙʨʘʟʦʚʘʥʠʷ ʢʘʨʙʠʜʘ ʛʘʬʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ 8 ʤʠʥ ʄʍʉ. ɺ 

ʠʥʪʝʨʚʘʣʝ 8ï12 ʤʠʥ ʄʍʉ ʨʝʘʣʠʟʫʶʪʩʷ ʧʨʦʮʝʩʩʳ ʚʪʦʨʠʯʥʦʛʦ ʩʪʨʫʢʪʨʦʦʙʨʘʟʦʚʘʥʠʷ, ʧʨʠ 

ʢʦʪʦʨʦʤ ʨʘʟʤʝʨ ʯʘʩʪʠʮ ʢʘʨʙʠʜʘ ʛʘʬʥʠʷ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʜʦ 120ï500 ʥʤ (ʨʠʩ. 2, ʘ), ʭʦʪʷ 

ʨʘʟʤʝʨ ʢʨʠʩʪʘʣʣʠʪʦʚ ʧʨʠ ʵʪʦʤ ʥʝ ʠʟʤʝʥʷʝʪʩʷ. ʇʘʨʘʤʝʪʨ ʨʝʰʝʪʢʠ ʢʘʨʙʠʜʘ ʛʘʬʥʠʷ 

ʧʦʩʣʝ 12 ʤʠʥ ʄʍʉ ʩʦʩʪʘʚʣʷʝʪ a = 4,6269 ¡, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʝʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʦʛʦ 

ʩʦʩʪʘʚʫ Hfʉ0.71.  
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ʘ ʙ 
ʈʠʩʫʥʦʢ 1 ï ɼʠʬʨʘʢʪʦʛʨʘʤʤʳ ʧʦʨʦʰʢʦʚ ʩʤʝʩʠ ʛʘʬʥʠʡ + ʫʛʣʝʨʦʜ (50:50) ʧʦʩʣʝ 2, 4 ʠ 8 ʤʠʥ 
ʤʝʭʘʥʦʭʠʤʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ (ʘ) ʠ ʠʟʦʙʨʘʞʝʥʠʝ ʧʨʦʩʚʝʯʠʚʘʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ 

ʧʦʨʦʰʢʘ ʧʦʩʣʝ 4 ʤʠʥ ʄʍʉ (ʙ) 
 

ʉʧʝʢʘʥʠʝ ʪʫʛʦʧʣʘʚʢʠʭ ʧʦʨʦʰʢʦʚ ʢʘʨʙʠʜʘ ʛʘʬʥʠʷ ʪʨʝʙʫʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 
ʨʘʟʣʠʯʥʳʭ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʩʧʝʢʘʥʠʷ ʩ ʥʘʛʨʝʚʦʤ ʜʦ ʪʝʤʧʝʨʘʪʫʨ 2300ï3000 ÁC. 
ʆʜʥʘʢʦ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʩʧʝʢʘʥʠʷ 2500 ÁC ʩʨʝʜʥʠʡ ʨʘʟʤʝʨ ʟʝʨʝʥ ʫʞʝ ʚʳʨʘʩʪʘʝʪ ʜʦ 
40ï60 ʤʢʤ [20]. ʆʩʦʙʦʝ ʤʝʩʪʦ ʟʘʥʠʤʘʶʪ ʪʝʭʥʦʣʦʛʠʠ ʙʳʩʪʨʦʛʦ ʩʧʝʢʘʥʠʷ ʧʨʠ 
ʧʨʦʧʫʩʢʘʥʠʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʩʧʝʢʘʪʴ ʤʘʪʝʨʠʘʣ ʧʨʠ ʙʦʣʝʝ 
ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ (1900ï2200 ÁC) ʠ ʟʘ ʢʦʨʦʪʢʦʝ ʚʨʝʤʷ [23], ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʦʣʝʝ 
ʤʝʣʢʠʡ ʨʘʟʤʝʨ ʟʝʨʥʘ. 

 

  
ʘ ʙ 

ʈʠʩʫʥʦʢ 2 ï ʀʟʦʙʨʘʞʝʥʠʝ ʩʢʘʥʠʨʫʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ (MIRA\TESCAN) 
ʤʝʭʘʥʦʩʠʥʪʝʟʠʨʦʚʘʥʥʦʛʦ ʢʘʨʙʠʜʘ ʛʘʬʥʠʷ ʩ ʜʣʠʪʝʣʴʥʦʩʪʴʶ ʄʍʉ 12 ʤʠʥ:  
ʘ ï ʤʦʨʬʦʣʦʛʠʷ ʧʦʨʦʰʢʘ; ʙ ï ʩʧʝʯʝʥʥʳʡ ʤʘʪʝʨʠʘʣ ʩ ʜʘʥʥʳʤʠ ʄʈʉɸ  

 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʦʨʦʰʢʠ ʤʝʭʘʥʦʩʠʥʪʝʟʠʨʦʚʘʥʥʦʛʦ ʢʘʨʙʠʜʘ ʛʘʬʥʠʷ 
ʢʦʥʩʦʣʠʜʠʨʦʚʘʣʠ ʙʳʩʪʨʳʤ ʩʧʝʢʘʥʠʝʤ ʥʘ ʧʨʝʩʩʦʚʦʡ ʫʩʪʘʥʦʚʢʝ ɼʆ 138ɹ ʚ ʘʧʧʘʨʘʪʘʭ 
ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ ʪʠʧʘ çʣʫʥʢʘ ʩ ʥʘʢʦʚʘʣʴʥʝʡè ʚ ʛʨʘʬʠʪʦʚʳʭ ʥʘʛʨʝʚʘʪʝʣʷʭ ʨʘʟʤʝʨʦʤ 
Ï 5Ĭ8 ʤʤ. ɼʘʚʣʝʥʠʝ ï 2ɻʇʘ, ʤʦʱʥʦʩʪʴ ʥʘʛʨʝʚʘ ï 1,1 ʢɺʪ, ʩʢʦʨʦʩʪʴ ʥʘʛʨʝʚʘ ï12 ʛʨʘʜ/ʩ, 
ʪʝʤʧʝʨʘʪʫʨʘ ʩʧʝʢʘʥʠʷ ï 1500 Áʉ, ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʠʟʦʪʝʨʤʠʯʝʩʢʦʡ ʚʳʜʝʨʞʢʠ ï 60 ʩ 
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ʇʨʠ ʩʧʝʢʘʥʠʠ ʬʦʨʤʠʨʫʝʪʩʷ ʪʚʝʨʜʳʡ ʩʧʣʘʚ ʩ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʧʣʦʪʥʦʩʪʴʶ 96 %, 
ʩʦʩʪʦʷʱʠʡ ʠʟ ʢʘʨʙʠʜʘ ʛʘʬʥʠʷ ʩʦ ʩʚʷʟʢʦʡ ʥʘ ʦʩʥʦʚʝ ʞʝʣʝʟʘ, ʦʙʨʘʟʦʚʘʚʰʝʡʩʷ ʠʟ 
ʧʨʦʜʫʢʪʦʚ ʥʘʤʦʣʘ (ʨʠʩ. 2, ʙ). ʇʦ ʜʘʥʥʳʤ ʤʠʢʨʦʨʝʥʪʛʝʥʦʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ (ʄʈʉɸ), 
ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʞʝʣʝʟʘ ʩʦʩʪʘʚʣʷʝʪ 7ï8 ʤʘʩʩ.%. ʉ ʫʯʝʪʦʤ ʪʦʛʦ, ʯʪʦ ʞʝʣʝʟʦ 
ʨʝʥʪʛʝʥʦʛʨʘʬʠʯʝʩʢʠ ʥʝ ʨʝʛʠʩʪʨʠʨʫʝʪʩʷ, ʤʦʞʥʦ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʦʥʦ ʧʦʣʥʦʩʪʴʶ 
ʨʘʩʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʛʨʘʥʠʮʘʤ ʟʝʨʝʥ. ʇʨʠʥʠʤʘʷ ʚʦ ʚʥʠʤʘʥʠʝ ʦʪʩʫʪʩʪʚʠʝ ʢʘʨʙʠʜʦʚ 
ʞʝʣʝʟʘ ʪʘʢʞʝ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʨʝʘʢʮʠʷ ʩʠʥʪʝʟʘ HfC ʧʨʦʪʝʢʘʝʪ 
ʠʥʪʝʥʩʠʚʥʦ ʧʨʠ ʧʦʣʥʦʤ ʨʘʩʭʦʜʦʚʘʥʠʠ ʫʛʣʝʨʦʜʘ ʠ ʟʘʚʝʨʰʘʝʪʩʷ ʜʦ ʧʦʷʚʣʝʥʠʷ ʥʘʤʦʣʘ, 
ʦʙʨʘʟʦʚʘʥʠʝ ʢʦʪʦʨʦʛʦ ʩʚʷʟʘʥʦ ʩ ʚʳʩʦʢʦʡ ʘʙʨʘʟʠʚʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʛʦ 
ʢʘʨʙʠʜʘ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʣʦʛʠʯʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʧʨʠ ʄʍʉ ʢʘʨʙʠʜʘ ʛʘʬʥʠʷ, ʧʦ ʩʫʪʠ, 
ʬʦʨʤʠʨʫʝʪʩʷ ʤʝʭʘʥʦʢʦʤʧʦʟʠʪ, ʩʦʩʪʦʷʱʠʡ ʠʟ ʯʘʩʪʠʮ ʢʘʨʙʠʜʘ ʛʘʬʥʠʷ, ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 
ʢʦʪʦʨʳʭ ʨʘʩʧʨʝʜʝʣʝʥʦ ʞʝʣʝʟʦ. ʇʦʩʣʝ ʩʧʝʢʘʥʠʷ ʪʘʢʦʛʦ ʤʝʭʘʥʦʢʦʤʧʦʟʠʪʘ ʧʘʨʘʤʝʪʨ 
ʨʝʰʝʪʢʠ ʢʘʨʙʠʜʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʜʦ ʘ = 4,6354 ¡, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʧʦʚʳʰʝʥʠʝ 
ʩʦʜʝʨʞʘʥʠʷ ʚ ʥʝʤ ʫʛʣʝʨʦʜʘ ʜʦ ʫʨʦʚʥʷ ʭ = 0,88; ʟʥʘʯʠʪʝʣʴʥʦ ʚʦʟʨʘʩʪʘʝʪ ʠ ʨʘʟʤʝʨ 
ʢʨʠʩʪʘʣʣʠʪʦʚ (L ~317 ʥʤ). ʋʚʝʣʠʯʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʫʛʣʝʨʦʜʘ ʚ ʢʘʨʙʠʜʝ ʧʨʠ ʩʧʝʢʘʥʠʠ 
ʜʘʝʪ ʦʩʥʦʚʘʥʠʝ ʧʨʝʜʧʦʣʦʞʠʪʴ ʧʝʨʝʭʦʜ ʛʘʬʥʠʷ ʠʟ ʢʘʨʙʠʜʘ ʚ ʪʚʝʨʜʳʡ ʨʘʩʪʚʦʨ ʥʘ 
ʦʩʥʦʚʝ ʞʝʣʝʟʘ ʚ ʧʨʦʮʝʩʩʝ ʩʧʝʢʘʥʠʷ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʜʘʥʥʳʤʠ ʄʈʉɸ (ʨʠʩ. 2ʙ). 
ʌʦʨʤʠʨʫʝʤʳʝ ʟʝʨʥʘ ʢʘʨʙʠʜʘ ʛʘʬʥʠʷ ʠʤʝʶʪ ʦʢʨʫʛʣʫʶ ʬʦʨʤʫ ʩ ʨʘʟʤʝʨʦʤ 3ï19 ʤʢʤ, ʚ 
ʢʦʪʦʨʳʭ ʧʨʠʩʫʪʩʪʚʫʶʪ ʩʬʝʨʠʯʝʩʢʠʝ ʚʢʣʶʯʝʥʠʷ ʦʢʩʠʜʘ ʛʘʬʥʠʷ HfO2 (~3%) c ʨʘʟʤʝʨʦʤ 
0,7ï1,9 ʤʢʤ. ʇʦʨʠʩʪʦʩʪʴ ʤʘʪʝʨʠʘʣʘ ʦʙʨʘʟʦʚʘʥʘ ʧʦ ʪʠʧʫ ʥʝʩʧʣʦʰʥʦʩʪʝʡ, 
ʦʙʫʩʣʦʚʣʝʥʥʳʭ ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʩʤʘʯʠʚʘʝʤʦʩʪʴʶ ʢʘʨʙʠʜʘ ʛʘʬʥʠʷ ʞʝʣʝʟʦʤ ʧʨʠ 
ʩʧʝʢʘʥʠʠ. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʦʜʝʨʞʘʥʠʝ ʞʝʣʝʟʘ ʚ ʢʦʤʧʦʟʠʪʝ ʦʧʨʝʜʝʣʷʝʪʩʷ 
ʜʣʠʪʝʣʴʥʦʩʪʴʶ ʩʠʥʪʝʟʘ ʢʘʨʙʠʜʘ, ʯʪʦ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʠʪʴ ʢʦʤʧʦʟʠʪʳ ʩ 
ʢʦʥʪʨʦʣʠʨʫʝʤʳʤ ʩʦʩʪʘʚʦʤ. ʄʠʢʨʦʪʚʝʨʜʦʩʪʴ ʢʦʤʧʦʟʠʪʘ, ʠʟʤʝʨʝʥʥʘʷ ʥʘ ʪʚʝʨʜʦʤʝʨʝ 
ʇʄʊ-2 ʧʨʠ ʥʘʛʨʫʟʢʝ 1,96 ʅ, ʚʘʨʴʠʨʫʝʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ ʟʥʘʯʝʥʠʡ 1241ï1465 HV. 

 
ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ɹʈʌʌʀ (ʛʨʘʥʪ 

ˉ ʊ23ʂʀʊɻ-001) ʠ ʄʠʥʦʙʨʥʘʫʢʠ ʈʦʩʩʠʠ (ʈʝʛ. ˉ 121032500062-4). 
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ɹʝʩʰʦʚʥʳʝ ʪʨʫʙʥʳʝ ʟʘʛʦʪʦʚʢʠ ʠʟ ʩʧʣʘʚʦʚ ʩ ʧʘʤʷʪʴʶ ʬʦʨʤʳ (ʉʇʌ) ʥʘ ʦʩʥʦʚʝ 

ʥʠʢʝʣʠʜʘ ʪʠʪʘʥʘ ʧʦʣʫʯʠʣʠ ʰʠʨʦʢʦʝ ʧʨʘʢʪʠʯʝʩʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʷʭ 
ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ʆʥʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʦʝʜʠʥʠʪʝʣʴʥʳʭ ʚʪʫʣʦʢ, ʤʫʬʪ, 
ʘ ʪʘʢʞʝ ʩʧʝʮʠʘʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʨʘʟʣʠʯʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ. ʇʦʣʫʯʝʥʠʝ ʙʝʩʰʦʚʥʳʭ ʪʨʫʙ 
ʠʟ ʥʠʢʝʣʠʜʘ ʪʠʪʘʥʘ, ʧʨʦʷʚʣʷʶʱʝʛʦ ʵʬʬʝʢʪ ʧʘʤʷʪʠ ʬʦʨʤʳ, ʷʚʣʷʝʪʩʷ ʩʣʦʞʥʦʡ ʥʘʫʯʥʦ-
ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʟʘʜʘʯʝʡ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʪʨʫʙʳ ʠ ʪʨʫʙʥʳʝ ʟʘʛʦʪʦʚʢʠ ʠʟ ʥʠʢʝʣʠʜʘ 
ʪʠʪʘʥʘ ʚ ʈʦʩʩʠʠ ʥʝ ʧʨʦʠʟʚʦʜʷʪʩʷ. ʇʦʣʫʯʝʥʠʷ ʙʝʩʰʦʚʥʳʭ ʪʨʫʙ ʠʟ ʥʠʢʝʣʠʜʘ ʪʠʪʘʥʘ 
ʷʚʣʷʝʪʩʷ ʚʘʞʥʦʡ ʟʘʜʘʯʝʡ ʚ ʨʘʤʢʘʭ ʠʤʧʦʨʪʦʟʘʤʝʱʝʥʠʷ.  

ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʨʘʟʨʘʙʦʪʘʥʘ ʠ ʦʧʨʦʙʦʚʘʥʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʩʭʝʤʘ 
ʧʦʣʫʯʝʥʠʷ ʪʨʫʙʥʦʡ ʟʘʛʦʪʦʚʢʠ ʉʇʌ TiNi ʤʝʪʦʜʦʤ ʚʠʥʪʦʚʦʡ ʧʨʦʢʘʪʢʠ. ɻʠʣʴʟʫ (ʧʦʣʫʶ 
ʪʨʫʙʥʫʶ ʟʘʛʦʪʦʚʢʫ) ʠʟ ʠʩʩʣʝʜʫʝʤʳʭ ʉʇʌ TiNi ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʧʦʩʣʝʜʫʶʱʝʡ ʨʘʩʢʘʪʢʠ 
ʧʦʣʫʯʘʣʠ ʤʝʪʦʜʦʤ ʵʣʝʢʪʨʦʵʨʦʟʠʦʥʥʦʡ ʨʝʟʢʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʚʫʭ ʩʪʘʥʢʦʚ. ʅʘ 
ʧʝʨʚʦʤ ʵʪʘʧʝ ʩʦʩʪʘʚʣʝʥ ʨʘʙʦʯʠʡ ʵʩʢʠʟ ʚʳʨʝʟʢʠ ʛʠʣʴʟʳ ʩ ʮʝʣʴʶ ʤʠʥʠʤʠʟʘʮʠʠ ʧʦʪʝʨʴ 
ʤʝʪʘʣʣʘ. ɼʘʣʝʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʣʝʢʪʨʦʵʨʦʟʠʦʥʥʦʡ ʩʫʧʝʨʜʨʝʣʠ ʩ ʤʝʜʥʳʤ 
ʵʣʝʢʪʨʦʜʦʤ ʜʠʘʤʝʪʨʦʤ 2,4 ʤʤ ʠ ʜʣʠʥʦʡ 400 ʤʤ ʚ ʟʘʛʦʪʦʚʢʝ ʥʠʢʝʣʠʜʘ ʪʠʪʘʥʘ 
ʜʠʘʤʝʪʨʦʤ 40 ʤʤ ʠ ʜʣʠʥʦʡ 250 ʤʤ ʚʳʨʝʟʘʥʦ ʩʢʚʦʟʥʦʝ ʦʪʚʝʨʩʪʠʝ ʜʠʘʤʝʪʨʦʤ 3 ʤʤ. 
ʇʦʩʣʝ ʵʪʦʛʦ ʧʦʣʫʯʝʥʥʫʶ ʟʘʛʦʪʦʚʢʫ ʫʩʪʘʥʘʚʣʠʚʘʣʠ ʥʘ ʚʳʩʦʢʦʪʦʯʥʳʡ 
ʵʣʝʢʪʨʦʵʨʦʟʠʦʥʥʳʡ ʩʪʘʥʦʢ, ʨʘʙʦʪʘʶʱʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʦʣʠʙʜʝʥʦʚʦʡ ʧʨʦʚʦʣʦʢʠ 
ʜʠʤʝʪʨʦʤ 0,16 ʤʤ, ʛʜʝ ʧʨʦʠʩʭʦʜʠʣʘ ʚʳʨʝʟʢʘ ʛʠʣʴʟʳ ʧʦ ʜʚʫʤ ʢʦʥʪʫʨʘʤ ʜʣʷ ʫʤʝʥʴʰʝʥʠʷ 
ʙʨʘʢʘ ʠ ʩʦʙʣʶʜʝʥʠʷ ʩʦʦʩʥʦʩʪʠ ʧʦʣʫʯʘʝʤʦʡ ʛʠʣʴʟʳ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʘ ʧʦʣʫʯʝʥʘ 
ʛʠʣʴʟʘ ʠʟ ʥʠʢʝʣʠʜʘ ʪʠʪʘʥʘ ʩ ʚʥʝʰʥʠʤ ʜʠʘʤʝʪʨʦʤ 40,0 ʤʤ ʠ ʪʦʣʱʠʥʦʡ ʩʪʝʥʢʠ 10,0 ʤʤ 
ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʜʘʣʴʥʝʡʰʝʡ ʨʘʩʢʘʪʢʠ ʥʘ ʩʪʘʥʝ ʚʠʥʪʦʚʦʡ ʧʨʦʢʘʪʢʠ ʠ ʧʨʫʪʦʢ ʜʠʘʤʝʪʨʦʤ 
14,5 ʤʤ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʡ ʨʦʪʘʮʠʦʥʥʦʡ ʢʦʚʢʠ. 

ʆʧʳʪʥʫʶ ʚʠʥʪʦʚʫʶ ʨʘʩʢʘʪʢʫ ʛʠʣʴʟʳ ʠʟ ʥʠʢʝʣʠʜʘ ʪʠʪʘʥʘ ʵʢʚʠʘʪʦʤʥʦʛʦ ʩʦʩʪʘʚʘ 
ʧʨʦʚʦʜʠʣʠ ʥʘ ʪʨʝʭʚʘʣʢʦʚʦʤ ʩʪʘʥʝ ʧʦʧʝʨʝʯʥʦ-ʚʠʥʪʦʚʦʡ ʧʨʦʢʘʪʢʠ ʉɺʇ 70 ʧʨʠ 
ʪʝʤʧʝʨʘʪʫʨʝ 900 Áʉ. ɺ ʢʘʯʝʩʪʚʝ ʦʧʨʘʚʢʠ ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʨʫʪʦʢ ʠʟ ʥʝʨʞʘʚʝʶʱʝʡ ʩʪʘʣʠ 
ʤʘʨʢʠ 4ʍ5ʄʌʉ ʜʠʘʤʝʪʨʦʤ 18,5 ʤʤ. ɺ ʢʘʯʝʩʪʚʝ ʩʤʘʟʢʠ ʜʣʷ ʦʧʨʘʚʢʠ ʠʩʧʦʣʴʟʦʚʘʣʠ 
ʭʦʟʷʡʩʪʚʝʥʥʦʝ ʤʳʣʦ. ʉ ʮʝʣʴʶ ʠʟʫʯʝʥʠʷ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʦʚʝʜʝʥʠʷ ʦʧʝʨʘʮʠʠ 
ʨʝʜʫʮʠʨʦʚʘʥʠʷ (ʫʤʝʥʴʰʝʥʠʷ ʜʠʘʤʝʪʨʘ ʦʪʚʝʨʩʪʠʷ) ʪʨʫʙʥʦʡ ʟʘʛʦʪʦʚʢʠ ʠʟ ʉʇʌ TiNi 
ʧʦʩʣʝʜʥʠʡ ʧʨʦʭʦʜ ʧʨʦʚʦʜʠʣʠ ʥʘ ʦʧʨʘʚʢʝ ʪʦʣʴʢʦ ʯʘʩʪʠʯʥʦ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʠʣʠ 
ʪʨʫʙʥʫʶ ʟʘʛʦʪʦʚʢʫ ʩ ʨʘʟʣʠʯʥʳʤ ʜʠʘʤʝʪʨʦʤ ʠ ʪʦʣʱʠʥʦʡ ʩʪʝʥʢʠ: ʧʨʠ ʧʨʦʢʘʪʢʝ ʥʘ 
ʦʧʨʘʚʢʝ ï 25,5/3,3, ʧʨʠ  ʨʝʜʫʮʠʨʦʚʘʥʠʠ ï 24,0/5,0, ʛʜʝ ʨʘʟʤʝʨʳ ʫʢʘʟʘʥʳ ʢʘʢ ï ʚʥʝʰʥʠʡ 
ʜʠʘʤʝʪʨ/ʪʦʣʱʠʥʘ ʩʪʝʥʢʠ. ʉʣʝʜʫʝʪ ʪʘʢʞʝ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʦʩʣʝ ʧʦʩʣʝʜʥʝʛʦ ʧʨʦʭʦʜʘ ʥʘ 
ʟʘʜʥʝʤ ʢʦʥʮʝ ʪʨʫʙʥʦʡ ʟʘʛʦʪʦʚʢʠ, ʢʦʪʦʨʘʷ ʙʳʣʘ ʧʨʦʢʘʪʘʥʘ ʥʘ ʦʧʨʘʚʢʝ, ʧʦʷʚʠʣʩʷ ʜʝʬʝʢʪ 
ʚ ʚʠʜʝ çʪʨʝʫʛʦʣʴʥʠʢʘè, ʟʘʢʣʶʯʘʶʱʠʝʩʷ ʚ ʫʞʠʤʝ ʧʦ ʪʨʝʤ ʩʪʦʨʦʥʘʤ ʪʨʫʙʥʦʡ ʟʘʛʦʪʦʚʢʠ 
ʙʝʟ ʦʙʨʘʟʦʚʘʥʠʷ ʩʢʚʦʟʥʳʭ ʪʨʝʱʠʥ. ɼʘʥʥʳʡ ʜʝʬʝʢʪ ʛʦʚʦʨʠʪ ʦ ʧʨʝʜʝʣʴʥʦʡ ʪʦʣʱʠʥʝ 
ʩʪʝʥʢʠ ʜʣʷ ʧʨʦʢʘʪʢʠ ʥʘ ʩʪʘʥʝ ʉɺʇ 70 ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʧʣʘʩʪʠʯʥʦʩʪʠ 
ʥʠʢʝʣʠʜʘ ʪʠʪʘʥʘ.  

ʇʦʩʣʝ ʨʘʩʢʘʪʢʠ ʠʟ ʧʦʣʫʯʝʥʥʳʭ ʟʘʛʦʪʦʚʦʢ ʙʳʣʠ ʚʳʨʝʟʘʥʳ ʦʙʨʘʟʮʳ ʜʣʷ 
ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʵʚʦʣʶʮʠʠ ʩʪʨʫʢʪʫʨʳ ʠ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʘ ʥʘ ʨʘʟʣʠʯʥʳʭ 
ʩʪʘʜʠʷʭ ʨʘʩʢʘʪʢʠ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʛʦʚʦʨʷʪ ʦ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʠ ʧʨʝʜʣʦʞʝʥʥʦʡ 
ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʭʝʤʳ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʙʝʩʰʦʚʥʳʭ ʪʨʫʙ ʠʟ ʥʠʢʝʣʠʜʘ ʪʠʪʘʥʘ. 

 
ʈʘʙʦʪʳ ʚʳʧʦʣʥʝʥʳ ʚ ʨʘʤʢʘʭ ʧʨʦʝʢʪʘ ʈʅʌ ˉ 23-19-00729. 
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ɺʃʀʗʅʀɽ ʊɽʄʇɽʈɸʊʋʈʓ ʆʊɾʀɻɸ ʅɸ ʉʊʈʋʂʊʋʈʋ ʀ ʄɽʍɸʅʀʏɽʉʂʀɽ ʉɺʆʁʉʊɺɸ 
ʃʀʉʊʆɺʆɻʆ ʇʈʆʂɸʊɸ ɺʊʆʈʀʏʅʆɻʆ ʉʇʃɸɺɸ  

Alï2%Cuï1,5%Mn (Fe, Si, Mg, Zn, Zr) 
 

ɹʝʣʦʚ ʅ.ɸ., ʎʳʜʝʥʦʚ ʂ.ɸ. 
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ʇʦʣʫʯʝʥʠʝ ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʪʦʨʠʯʥʦʛʦ ʩʳʨʴʷ ʚ 

ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʡ ʰʠʭʪʳ ʛʦʨʘʟʜʦ ʧʨʠʚʣʝʢʘʪʝʣʴʥʝʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʧʝʨʚʠʯʥʦʛʦ ʘʣʶʤʠʥʠʷ [1,2]. ʕʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʥʝ ʪʦʣʴʢʦ ʤʝʥʴʰʝʡ ʩʪʦʠʤʦʩʪʴʶ ʣʦʤʘ ʠ 

ʦʪʭʦʜʦʚ, ʥʦ ʠ ʪʝʤ, ʯʪʦ ʧʦʩʣʝʜʥʠʝ ʩʦʜʝʨʞʘʪ ʚʩʝ ʦʩʥʦʚʥʳʝ ʵʣʝʤʝʥʪʳ, ʢʦʪʦʨʳʤʠ 

ʣʝʛʠʨʫʶʪ ʤʘʨʦʯʥʳʝ ʩʧʣʘʚʳ (Cu, Si, Mg, Zn, Mn). ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʫʤʝʥʴʰʘʪʴ ʢʦʣʠʯʝʩʪʚʦ 

ʧʝʨʚʠʯʥʳʭ ʜʦʙʘʚʦʢ ʠ ʩʥʠʟʠʪʴ ʩʪʦʠʤʦʩʪʴ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʩʧʣʘʚʦʚ (ʚ ʪʦʤ ʯʠʩʣʝ ʟʘ ʩʯʝʪ 

ʩʦʢʨʘʱʝʥʠʷ ʚʨʝʤʝʥʠ ʧʣʘʚʢʠ). 

 ʈʘʥʝʝ ʥʘ ʧʨʠʤʝʨʝ ʤʦʜʝʣʴʥʳʭ ʩʧʣʘʚʦʚ ʥʘ ʙʘʟʝ ʢʦʤʧʦʟʠʮʠʠ Alï2%Cuï1,5%Mn 

(ʟʜʝʩʴ ʠ ʜʘʣʝʝ ʤʘʩʩ.%), ʩʧʨʦʝʢʪʠʨʦʚʘʥʥʦʡ ʥʘ ʧʦʣʫʯʝʥʠʝ ʚ ʢʦʥʝʯʥʦʡ ʩʪʨʫʢʪʫʨʝ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʜʠʩʧʝʨʩʦʠʜʦʚ Al20Cu2Mn3, ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʩʦʚʤʝʩʪʥʦʝ 

ʜʦʙʘʚʣʝʥʠʝ Fe, Si, Mg ʠ Zn ʚ ʢʦʣʠʯʝʩʪʚʝ ʙʦʣʝʝ 3% ʥʝ ʩʥʠʞʘʝʪ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

ʦʪʦʞʞʝʥʥʳʭ ʭʦʣʦʜʥʦʢʘʪʘʥʳʭ ʣʠʩʪʦʚ [3,4]. ʀʟ ʵʪʦʛʦ ʚʳʪʝʢʘʝʪ ʧʨʠʥʮʠʧʠʘʣʴʥʘʷ 

ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʣʷ ʝʛʦ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʨʘʟʥʦʦʙʨʘʟʥʦʛʦ ʚʪʦʨʠʯʥʦʛʦ ʩʳʨʴʷ, 

ʩʦʜʝʨʞʘʱʝʛʦ ʜʘʥʥʳʝ ʵʣʝʤʝʥʪʳ. ɼʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʜʘʥʥʦʛʦ ʧʨʝʜʧʦʣʦʞʝʥʠʷ ʚ ʜʘʥʥʦʤ 

ʠʩʩʣʝʜʦʚʘʥʠʠ ʙʳʣʠ ʧʨʠʛʦʪʦʚʣʝʥʳ ʩʣʠʪʢʠ ʨʘʟʤʝʨʦʤ 20ʭ140ʭ200 ʤʤ ʩʧʣʘʚʘ, 

ʧʨʠʛʦʪʦʚʣʝʥʥʦʛʦ ʦʩʥʦʚʝ ʧʝʨʝʧʣʘʚʘ ʙʘʥʦʯʥʦʛʦ ʣʦʤʘ, ʚ ʢʦʪʦʨʳʡ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʚʚʦʜʠʣʠ 

ʤʝʜʴ, ʤʘʨʛʘʥʝʮ, ʤʘʛʥʠʡ, ʮʠʥʢ ʠ ʮʠʨʢʦʥʠʡ ʜʦ ʢʦʥʮʝʥʪʨʘʮʠʡ 2, 1,5, 1, 1 ʠ 0,25% 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʉʦʛʣʘʩʥʦ ʧʨʝʜʳʜʫʱʠʤ ʨʘʙʦʪʘʤ, ʩʢʦʨʦʩʪʴ ʦʭʣʘʞʜʝʥʠʷ ʚ ʩʣʠʪʢʝ ʪʘʢʦʛʦ 

ʨʘʟʤʝʨʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʢʦʨʦʩʪʷʤ, ʪʠʧʠʯʥʳʭ ʜʣʷ ʩʨʝʜʥʝ ʨʘʟʤʝʨʥʳʭ ʩʣʠʪʢʦʚ, 

ʧʦʣʫʯʘʝʤʳʭ ʤʝʪʦʜʦʤ ʥʝʧʨʝʨʳʚʥʦʛʦ ʣʠʪʴʷ ʚ ʧʨʦʤʳʰʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ. ʇʦ ʜʘʥʥʳʤ 

ʭʠʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʩʧʣʘʚ (ʜʘʣʝʝ ɸʃʊʕʂ-ɺ) ʠʤʝʣ ʩʣʝʜʫʶʱʠʡ 

ʬʘʢʪʠʯʝʩʢʠʡ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ: 2,06%Cu, 1,63%Mn, 1,09%Mg, 1,14%Zn, 0,49%Fe, 

0,35%Si, 0,27%Zr. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʫʤʤʘ (Fe+Si+Mg+Zn) ʩʦʩʪʘʚʠʣʘ 3,07%, ʯʪʦ ʜʝʣʘʝʪ 

ʚʦʟʤʦʞʥʳʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʣʷ ʝʛʦ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʣʦʤʘ ʨʘʟʣʠʯʥʳʭ ʛʨʫʧʧ ʩʧʣʘʚʦʚ, ʚ 

ʯʘʩʪʥʦʩʪʠ, 6ʭʭʭ, 2ʭʭʭ ʠ 7ʭʭʭ ʩʝʨʠʡ.  

ʉʪʨʫʢʪʫʨʘ ʩʣʠʪʢʘ ʩʧʣʘʚʘ ɸʃʊʕʂ-ɺ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʘʣʠʯʠʝ ʵʚʪʝʢʪʠʯʝʩʢʠʭ 

ʚʢʣʶʯʝʥʠʡ ʬʘʟʳ Al15(Mn,Fe)3Si2 ʩʢʝʣʝʪʦʦʙʨʘʟʥʦʡ ʬʦʨʤʳ ʠ ʬʘʟʳ Al2CuMg ʚ ʚʠʜʝ 

ʧʨʦʞʠʣʦʢ (ʨʠʩ.1ʘ). ʎʠʥʢ ʠ ʮʠʨʢʦʥʠʡ ʧʨʠ ʵʪʦʤ ʧʦʣʥʦʩʪʴʶ ʥʘʭʦʜʷʪʩʷ ʚ ʩʦʩʪʘʚʝ 

ʘʣʶʤʠʥʠʝʚʦʛʦ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ (ʜʘʣʝʝ (Al)). ɺ ʧʦʩʣʝʜʥʝʤ ʜʘʞʝ ʥʘʭʦʜʠʪʩʷ ʙʦʣʴʰʘʷ 

ʯʘʩʪʴ ʤʘʨʛʘʥʮʘ ʠ ʟʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʤʝʜʠ ʠ ʤʘʛʥʠʷ. ʂʦʥʮʝʥʪʨʘʮʠʠ ʞʝʣʝʟʘ ʠ ʢʨʝʤʥʠʷ 

ʚ (Al) ʧʨʝʥʝʙʨʝʞʠʤʦ ʤʘʣʳ. ʉʣʠʪʢʠ (ʙʝʟ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʛʦʤʦʛʝʥʠʟʘʮʠʠ) ʙʳʣʠ 

ʫʩʧʝʰʥʦ ʧʨʦʢʘʪʘʥʳ ʧʨʠ 450 0ʉ ʜʦ ʪʦʣʱʠʥʳ 2 ʤʤ (ʦʙʞʘʪʠʝ 90%), ʥʝʩʤʦʪʨʷ ʥʘ 

ʧʨʠʩʫʪʩʪʚʠʝ ʚ ʣʠʪʦʡ ʩʪʨʫʢʪʫʨʝ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʯʘʩʪʠʮ ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʦʛʦ 

ʧʨʦʠʩʭʦʞʜʝʥʠʷ (ʨʠʩ.1ʘ). ɻʦʨʷʯʘʷ ʧʨʦʢʘʪʢʘ ʧʨʠʚʝʣʘ ʢ ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʫʣʫʯʰʝʥʠʶ 

ʤʦʨʬʦʣʦʛʠʠ ʵʚʪʝʢʪʠʯʝʩʢʠʭ ʯʘʩʪʠʮ ʬʘʟʳ Al15(Mn,Fe)3Si2 ʠ ʯʘʩʪʠʯʥʦʤʫ ʨʘʩʪʚʦʨʝʥʠʶ 

ʬʘʟʳ Al2CuMg (ʨʠʩ.1ʙ). ʊʘʢʞʝ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʯʘʩʪʠʯʥʳʡ ʨʘʩʧʘʜ ʧʦ ʤʘʨʛʘʥʮʫ ʠ 

ʦʙʨʘʟʦʚʘʥʠʝ ʜʠʩʧʝʨʩʦʠʜʦʚ Al20Cu2Mn3. ʆʪʞʠʛ ʧʨʠ 400-500 0ʉ ʧʦʯʪʠ ʥʝ ʧʦʚʣʠʷʣ ʥʘ 

ʤʦʨʬʦʣʦʛʠʶ Fe-ʩʦʜʝʨʞʘʱʝʡ ʬʘʟʳ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʬʘʟʘ Al2CuMg ʧʦʣʥʦʩʪʴʶ ʠʩʯʝʟʣʘ, 

ʪ.ʝ. ʤʘʛʥʠʡ ʧʦʣʥʦʩʪʴʶ ʚʦʰʝʣ ʚ ʩʦʩʪʘʚ ʚ (Al). ʉ ʫʯʝʪʦʤ ʪʦʛʦ, ʯʪʦ ʧʨʠ ʪʘʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘ 

ʦʪʞʠʛʘ ʢʦʥʮʝʥʪʨʘʮʠʷ Mn ʚ (Al) ʜʦʩʪʠʛʘʝʪ ʨʘʚʥʦʚʝʩʥʳʭ ʟʥʘʯʝʥʠʡ [3], ʢʦʣʠʯʝʩʪʚʦ 

ʜʠʩʧʝʨʩʦʠʜʦʚ Al20Cu2Mn3 ʩʦʛʣʘʩʥʦ ʨʘʩʯʝʪʫ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 6 ʤʘʩʩ.%. ʉ ʨʦʩʪʦʤ 

ʪʝʤʧʝʨʘʪʫʨʳ ʦʪʞʠʛʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʠʭ ʨʘʟʤʝʨ: ʝʩʣʠ ʧʨʠ 400 0ʉ ʦʥ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 

100 ʥʤ (ʨʠʩ.2ʘ), ʪʦ ʧʨʠ 500 0ʉ ʙʦʣʝʝ 200 ʥʤ (ʨʠʩ.2ʙ). 



ɸʢʪʫʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ ʧʨʦʯʥʦʩʪʠ 

 

28 

 

  
ʘ ʙ 

ʈʠʩʫʥʦʢ 1 ï ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʩʧʣʘʚʘ ɸʃʊʕʂ-ɺ ʚ ʩʣʠʪʢʝ (ʘ) ʠ ʛʦʨʷʯʝʢʘʪʘʥʦʤ ʣʠʩʪʝ (ʙ), ʉʕʄ 

 

  
ʘ ʙ 

ʈʠʩʫʥʦʢ 2 ï ʊʦʥʢʘʷ ʩʪʨʫʢʪʫʨʘ ʛʦʨʷʯʝʢʘʪʘʥʳʭ ʣʠʩʪʦʚ ʩʧʣʘʚʘ ɸʃʊʕʂ-ɺ ʧʦʩʣʝ 3-ʯʘʩʦʚʦʛʦ ʦʪʞʠʛʘ 
ʧʨʠ 400 

0
C (ʘ) ʠ 500 

0
C (ʘ), ʇʕʄ 

 
ʊʘʙʣʠʮʘ 1 ï ʄʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʣʠʩʪʦʚʦʛʦ ʧʨʦʢʘʪʘ ʩʧʣʘʚʘ ɸʃʊʕʂ-ɺ 

T, 0C1 ɻʦʨʷʯʝʢʘʪʘʥʳʝ ʣʠʩʪʳ (2 ʤʤ) ʍʦʣʦʜʥʦʢʘʪʘʥʳʝ ʣʠʩʪʳ (0,5 ʤʤ) 

 ůʚ, ʄʇʘ ů0,2, ʄʇʘ ŭ, %  ůʚ, ʄʇʘ ů0,2, ʄʇʘ ŭ, % 

400 350 264 7,6 320 220 6 

450 346 218 11,1 340 220 6 

500 349 190 13,5 380 220 10 
1ʪʝʤʧʝʨʘʪʫʨʘ ʦʪʞʠʛʘ (3 ʯʘʩʘ) 

 
ɻʦʨʷʯʝʢʘʪʘʥʳʝ ʣʠʩʪʳ ʩʧʣʘʚʘ ɸʃʊʕʂ-ɺ ʙʳʣʠ ʠʩʧʳʪʘʥʳ ʥʘ ʨʘʩʪʷʞʝʥʠʝ ʧʦʩʣʝ 3-ʭ 

ʯʘʩʦʚʳʭ ʦʪʞʠʛʦʚ ʧʨʠ 400, 450 ʠ 500 0ʉ. ɺʨʝʤʝʥʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ (ůʚ) ʧʦʩʣʝ ʚʩʝʭ 
ʚʘʨʠʘʥʪʦʚ ʦʪʞʠʛʘ ʙʳʣʘ ʧʨʘʢʪʠʯʝʩʢʠ ʥʘ ʦʜʥʦʤ ʫʨʦʚʥʝ (ʦʢʦʣʦ 350 ʄʇʘ). ʇʨʝʜʝʣ 
ʪʝʢʫʯʝʩʪʠ (ů0,2) ʩ ʨʦʩʪʦʤ ʪʝʤʧʝʨʘʪʫʨʳ ʦʪʞʠʛʘ ʩʥʠʟʠʣʩʷ, ʘ ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʫʜʣʠʥʝʥʠʝ (ŭ), 
ʥʘʦʙʦʨʦʪ ʧʦʚʳʩʠʣʦʩʴ (ʪʘʙʣ.1). ʉʥʠʞʝʥʠʝ ů0,2 ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʫʢʨʫʧʥʝʥʠʝʤ 
ʜʠʩʧʝʨʩʦʠʜʦʚ Al20Cu2Mn3 (ʨʠʩ.2), ʯʪʦ ʫʤʝʥʴʰʘʝʪ ʠʭ ʘʥʪʠʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʳʡ 
ʵʬʬʝʢʪ [3]. ʉʧʣʘʚ ɸʃʊʕʂ-ɺ ʧʨʦʷʚʠʣ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʫʶ ʪʝʭʥʦʣʦʛʠʯʥʦʩʪʴ ʠ ʧʨʠ 
ʭʦʣʦʜʥʦʡ ʧʨʦʢʘʪʢʝ. ʀʟ ʠʩʭʦʜʥʳʭ ʛʦʨʷʯʝʢʘʪʘʥʳʭ ʣʠʩʪʦʚ ʙʳʣʠ ʫʩʧʝʰʥʦ ʧʦʣʫʯʝʥʳ 
ʭʦʣʦʜʥʦʢʘʪʘʥʳʝ ʣʠʩʪʳ ʪʦʣʱʠʥʦʡ ʜʦ 0,5 ʤʤ ʚʢʣʶʯʠʪʝʣʴʥʦ. ʅʘʠʣʫʯʰʠʡ ʢʦʤʧʣʝʢʩ 
ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʚ ʧʦʩʣʝʜʥʠʭ ʙʳʣ ʧʦʣʫʯʝʥ ʧʦʩʣʝ ʦʪʞʠʛʘ ʧʨʠ 500 0ʉ (ʪʘʙʣ.1). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʦʚʦʢʫʧʥʦʩʪʴ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʧʦʣʫʯʝʥʥʳʝ ʥʘ 
ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤ ʩʧʣʘʚʝ ɸʃʊʕʂ-ɺ, ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʝʛʦ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʚ 
ʣʠʩʪʦʚʦʤ ʧʨʦʢʘʪʝ ʩʫʱʝʩʪʚʝʥʥʦ ʚʳʰʝ, ʯʝʤ ʫ ʤʘʨʦʯʥʳʭ ʪʝʨʤʠʯʝʩʢʠ ʫʧʨʦʯʥʷʝʤʳʭ 
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ʜʝʬʦʨʤʠʨʫʝʤʳʭ ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʦʚ (ʚ ʯʘʩʪʥʦʩʪʠ, ɸɼ31, ɸɼ35, ɼ16, 1201) ʧʦʩʣʝ 
ʘʥʘʣʦʛʠʯʥʦʛʦ ʥʘʛʨʝʚʘ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʩʧʣʘʚ ɸʃʊʕʂ-ɺ, ʩʦʩʪʘʚ ʢʦʪʦʨʦʛʦ 
ʩʧʨʦʝʢʪʠʨʦʚʘʥ ʥʘ ʚʪʦʨʠʯʥʦʝ ʩʳʨʴʝ, ʘ ʪʝʭʥʦʣʦʛʠʷ ʧʦʣʫʯʝʥʠʷ ʣʠʩʪʦʚ ʥʝ ʪʨʝʙʫʝʪ 
ʛʦʤʦʛʝʥʠʟʘʮʠʠ ʠ ʟʘʢʘʣʢʠ, ʥʘʡʜʝʪ ʧʨʠʤʝʥʝʥʠʷ ʚ ʩʪʨʦʠʪʝʣʴʥʳʭ ʢʦʥʩʪʨʫʢʮʠʷʭ ʠ 
ʪʨʘʥʩʧʦʨʪʥʳʭ ʠʟʜʝʣʠʷʭ ʙʣʘʛʦʜʘʨʷ ʩʦʯʝʪʘʥʠʶ ʥʠʟʢʦʡ ʩʪʦʠʤʦʩʪʠ ʠ ʚʳʩʦʢʠʭ 
ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʜʝʬʦʨʤʠʨʦʚʘʥʥʳʭ ʧʦʣʫʬʘʙʨʠʢʘʪʦʚ. 
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ʆʜʠʥ ʠʟ ʧʨʠʤʝʥʷʝʤʳʭ ʩʧʦʩʦʙʦʚ ʟʘʱʠʪʳ ʧʦʚʝʨʭʥʦʩʪʠ ʠʟʜʝʣʠʡ ʦʪ ʠʟʥʦʩʘ ï 

ʥʘʥʝʩʝʥʠʝ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʧʦʢʨʳʪʠʡ ʚʳʩʦʢʦʡ ʪʚʝʨʜʦʩʪʠ ʠ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ. ʇʨʠ 
ʥʘʥʝʩʝʥʠʠ ʧʦʢʨʳʪʠʡ ʩ ʧʦʤʦʱʴʶ ʛʝʪʝʨʦʛʝʥʥʳʭ ʧʣʘʟʤʝʥʥʳʭ ʧʦʪʦʢʦʚ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ 
ʧʫʪʝʤ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʚʟʨʳʚʘ ʧʨʦʚʦʜʥʠʢʦʚ, ʚʦʟʤʦʞʥʦ ʧʦʣʫʯʝʥʠʝ ʧʦʢʨʳʪʠʡ ʟʘ ʢʦʨʦʪʢʦʝ 
(~100 ʤʢʩ) ʚʨʝʤʷ, ʧʨʠʯʝʤ ʧʦʢʨʳʪʠʷ ʦʙʣʘʜʘʶʪ ʙʦʣʴʰʠʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʠʟʥʘʰʠʚʘʥʠʶ.  

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʠʟʫʯʘʶʪʩʷ ʤʝʭʘʥʠʟʤʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʠʢʨʦ- ʠ 
ʥʘʥʦʩʪʨʫʢʪʫʨ ʚ ʪʠʪʘʥʦʚʳʭ ʩʧʣʘʚʘʭ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʛʝʪʝʨʦʛʝʥʥʳʭ ʧʣʘʟʤʝʥʥʳʭ ʧʦʪʦʢʦʚ 
ʥʘ ʦʩʥʦʚʝ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʦ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʠ ʨʘʟʚʠʪʠʠ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʡ 
ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʈʵʣʝʷ-ʊʝʡʣʦʨʘ ʠ ʂʝʣʴʚʠʥʘ-ɻʝʣʴʤʛʦʣʴʮʘ. 

ʇʨʠ ʦʙʨʘʙʦʪʢʝ ʦʙʨʘʟʮʦʚ ʪʠʪʘʥʘ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʚʟʨʳʚʦʤ ʩ ʧʦʨʦʰʢʦʤ ʠʪʪʨʠʷ 
ʬʦʨʤʠʨʫʶʪʩʷ ʩʣʦʠʷ, ʨʘʟʣʠʯʘʶʱʠʝʩʷ ʤʦʨʬʦʣʦʛʠʝʡ ʠ ʨʘʟʤʝʨʘʤʠ ʩʪʨʫʢʪʫʨʥʳʭ 
ʵʣʝʤʝʥʪʦʚ (ʨʠʩʫʥʦʢ) [1]. ʅʘʙʣʶʣʘʝʪʩʷ ʪʨʠ ʩʣʦʷ: ʧʦʚʝʨʭʥʦʩʪʥʳʡ ʩʣʦʡ (I) ʩ ʥʘʠʙʦʣʝʝ 
ʛʨʫʙʦʡ ʩʪʨʫʢʪʫʨʦʡ; ʩʣʦʡ ʪʝʨʤʠʯʝʩʢʦʛʦ ʚʣʠʷʥʠʷ (2); ʥʘʠʙʦʣʝʝ ʜʠʩʧʝʨʩʥʳʡ ʩʣʦʡ (III), 
ʢʦʪʦʨʳʡ ʥʘʭʦʜʠʪʩʷ ʤʝʞʜʫ ʩʣʦʝʤ ʪʝʨʤʠʯʝʩʢʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʠ ʧʦʜʣʦʞʢʦʡ. ɺ ʩʣʫʯʘʝ 
ʥʘʪʝʢʘʥʠʷ ʠʪʪʨʠʷ ʥʘ ʪʠʪʘʥʦʚʫʶ ʧʦʜʣʦʞʢʫ ʬʦʨʤʠʨʫʝʪʩʷ ʨʝʣʴʝʬ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʟʜʝʣʘ 
ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ ʩʣʦʡ ï ʧʦʜʣʦʞʢʘ, ʧʨʠʩʝʤ ʬʦʨʤʘ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʟʜʝʣʘ ʵʪʠʭ ʩʣʦʝʚ 
ʠʤʝʝʪ ʨʘʟʚʠʪʳʡ ʚʦʣʥʦʦʙʨʘʟʥʳʡ ʭʘʨʘʢʪʝʨ, ʯʪʦ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ 
ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʡ ʥʝʫʩʪʦʡʯʠʚʦʩʪʴʶ ʈʵʣʝʷ-ʊʝʡʣʦʨʘ ʠ ʂʝʣʴʚʠʥʘ-ɻʝʣʴʤʛʦʣʴʮʘ. ʕʪʘ 
ʥʝʫʩʪʦʡʯʠʚʦʩʪʴ ʧʨʠʚʦʜʠʪ ʢ ʥʝʦʜʥʦʨʦʜʥʦʤʫ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʣʝʛʠʨʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ [1]: 
ʢʦʥʮʝʥʪʨʘʮʠʷ ʠʪʪʨʠʷ ʠʟʤʝʥʷʝʪʩʷ ʦʪ 36 ʜʦ 2,4 % (ʧʦ ʤʘʩʩʝ).  

 

 
 

ʈʠʩʫʥʦʢ 1 ï ʕʣʝʢʪʨʦʥʥʦ-ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʦʙʨʘʙʦʪʘʥʥʦʛʦ  
ʛʝʪʝʨʦʛʝʥʥʳʤ ʧʣʘʟʤʝʥʥʳʤ ʧʦʪʦʢʦʤ ʦʙʨʘʟʮʘ Ti-Y 

 
ɺ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʥʳ ʤʝʭʘʥʠʟʤʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʠʢʨʦ- ʠ ʥʘʥʦʩʪʨʫʢʪʫʨ ʚ 

ʪʠʪʘʥʦʚʳʭ ʩʧʣʘʚʘʭ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʛʝʪʝʨʦʛʝʥʥʳʭ ʧʣʘʟʤʝʥʥʳʭ ʧʦʪʦʢʦʚ ʥʘ ʦʩʥʦʚʝ 
ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʦ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʠ ʨʘʟʚʠʪʠʠ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʡ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʈʵʣʝʷ-
ʊʝʡʣʦʨʘ ʠ ʂʝʣʴʚʠʥʘ-ɻʝʣʴʤʛʦʣʴʮʘ. 

ʂʦʤʙʠʥʠʨʦʚʘʥʥʫʶ ʥʝʫʩʪʦʡʯʠʚʦʩʪʴ ʧʣʦʩʢʦʛʦ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʪʝʯʝʥʠʷ 
ʜʚʫʭʩʣʦʡʥʦʡ ʥʝʩʞʠʤʘʝʤʦʡ ʞʠʜʢʦʩʪʠ ʚ ʧʦʣʝ ʤʘʩʩʦʚʳʭ ʩʠʣ ʠʟʫʯʘʣʠ ʤʝʪʦʜʦʤ ʢʦʥʝʯʥʳʭ 
ʵʣʝʤʝʥʪʦʚ, ʵʚʦʣʶʮʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʟʜʝʣʘ ï ʤʝʪʦʜʦʤ ʬʘʟʦʚʦʛʦ ʧʦʣʷ [2]. ɼʠʥʘʤʠʢʘ 
ʜʚʫʭʬʘʟʥʦʛʦ ʪʝʯʝʥʠʷ ʦʧʠʩʳʚʘʝʪʩʷ ʫʨʘʚʥʝʥʠʷʤʠ ʂʘʥʘ-ʍʠʣʣʘʨʜʘ. ʄʝʪʦʜ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 
ʨʘʩʯʝʪʝ ʩʢʘʣʷʨʥʦʡ ʬʫʥʢʮʠʠ ʥʘ ʚʩʝʡ ʨʘʩʯʝʪʥʦʡ ʦʙʣʘʩʪʠ: 
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ɺ ʤʦʜʝʣʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʥʘʥʦʩʪʨʫʢʪʫʨ ʥʘ ʦʩʥʦʚʝ ʨʘʟʚʠʪʠʷ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ 
ʂʝʣʴʚʠʥʘ-ɻʝʣʴʤʛʦʣʴʮʘ ʚʘʞʥʳʤ ʧʘʨʘʤʝʪʨʦʤ ʷʚʣʷʝʪʩʷ ʩʜʚʠʛʦʚʘʷ ʩʢʦʨʦʩʪʴ, ʜʣʷ ʦʮʝʥʢʠ 
ʢʦʪʦʨʦʡ ʥʘ ʢʦʥʪʘʢʪʥʦʡ ʛʨʘʥʠʮʝ ʨʘʩʯʠʪʳʚʘʣʠ ʜʠʥʘʤʠʯʝʩʢʦʝ ʜʘʚʣʝʥʠʝ, ʩʦʟʜʘʚʘʝʤʦʝ 
ʧʣʘʟʤʝʥʥʦʡ ʩʪʨʫʝʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʧʦʜʣʦʞʢʠ. ʉʜʚʠʛʦʚʘʷ ʩʢʦʨʦʩʪʴ ʥʘ ʛʨʘʥʠʮʝ 
ʚʥʫʪʨʝʥʥʝʛʦ ʩʣʦʷ ʜʦʩʪʠʛʘʝʪ 53 ʤ/ʩ. 

ɺ ʨʘʟʣʠʯʥʳʝ ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ ʥʘʙʣʶʜʘʝʪʩʷ ʠʥʪʝʥʩʠʚʥʦʝ ʧʝʨʝʤʝʰʠʚʘʥʠʝ 
ʠʪʪʨʠʷ ʠ ʪʠʪʘʥʘ, ʚʠʭʨʠ ʜʦʩʪʠʛʘʶʪ ʛʣʫʙʠʥʳ ʧʨʠʤʝʨʥʦ 80 ʤʢʤ. ʀʪʪʨʠʡ ʥʘʙʣʶʜʘʝʪʩʷ ʥʘ 
ʛʣʫʙʠʥʝ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʙʦʪʢʠ, ʢʦʪʦʨʘʷ ʙʦʣʴʰʝ ʛʣʫʙʠʥʳ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʠʪʪʨʠʷ ʧʦ 
ʤʝʭʘʥʠʟʤʫ ʜʠʬʬʫʟʠʠ.  

ʇʨʠ ʫʯʝʪʝ ʚʣʠʷʥʠʷ ʧʦʧʝʨʝʯʥʦʡ ʩʢʦʨʦʩʪʠ ʢʘʨʪʠʥʘ ʪʝʯʝʥʠʷ ʨʘʩʧʣʘʚʣʝʥʥʳʭ 
ʤʘʪʝʨʠʘʣʦʚ ʢʘʯʝʩʪʚʝʥʥʦ ʤʝʥʷʝʪʩʷ [3]. ʅʘʙʣʶʜʘʝʪʩʷ ʚʦʣʥʦʦʙʨʘʟʥʘʷ ʬʦʨʤʘ, 
ʦʙʨʘʟʫʶʪʩʷ çʢʘʧʣʠè, ʢʦʪʦʨʳʝ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʦʜʚʝʨʛʘʶʪʩʷ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʈʵʣʝʷ-
ʊʝʡʣʦʨʘ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʠʭ ʜʘʣʴʥʝʡʰʝʤʫ ʠʟʤʝʣʴʯʝʥʠʶ. ʀʤʝʥʥʦ ʧʦʵʪʦʤʫ ʚʥʫʪʨʝʥʥʠʡ 
ʩʣʦʡ III ʥʘ ʛʨʘʥʠʮʝ ʩ ʧʦʜʣʦʞʢʦʡ ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʜʠʩʧʝʨʩʥʳʤ.  

ʇʨʠ ʟʥʘʯʝʥʠʷʭ ʧʦʧʝʨʝʯʥʦʡ ʢʦʤʧʦʥʝʥʪʳ ʩʢʦʨʦʩʪʠ 10 ʠ 50 ʤ/ʩ ʧʨʝʦʙʣʘʜʘʶʱʝʡ 
ʥʝʫʩʪʦʡʯʠʚʦʩʪʴʶ ʩʪʘʥʦʚʠʪʩʷ ʥʝʫʩʪʦʡʯʠʚʦʩʪʴ ʂʝʣʴʚʠʥʘ-ɻʝʣʴʤʛʦʣʴʮʘ, ʦ ʯʝʤ ʛʦʚʦʨʠʪ 
ʬʦʨʤʘ ʚʠʭʨʝʡ ʚ ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ ʜʦ 1 ʤʢʩ. ʇʨʠ t > 1 ʤʢʩ ʧʨʦʠʩʭʦʜʠʪ ʨʘʩʧʘʜ ʚʠʭʨʝʡ ʩ 
ʦʙʨʘʟʦʚʘʥʠʝʤ çʢʘʧʝʣʴè, ʧʨʠʯʝʤ ʧʨʠ ʩʢʦʨʦʩʪʠ 50 ʤ/ʩ ʵʪʦʪ ʧʨʦʮʝʩʩ ʧʨʦʪʝʢʘʝʪ ʛʦʨʘʟʜʦ 
ʠʥʪʝʥʩʠʚʥʝʝ, ʯʝʤ ʧʨʠ 5 ʠ 10 ʤ/ʩ. ʈʘʟʤʝʨʳ ʢʘʧʝʣʴ ʠʟʤʝʥʷʶʪʩʷ ʦʪ 1,25 ʜʦ 7 ʤʢʤ ʧʨʠ 
10 ʤ/ʩ ʠ ʦʪ 1,28 ʜʦ 5,3 ʤʢʤ ʧʨʠ 50 ʤ/ʩ. ʇʦʤʠʤʦ ʨʘʩʧʘʜʘ ʚʠʭʨʷ ʥʘ ʢʘʧʣʠ ʥʘʙʣʶʜʘʝʪʩʷ 
ʧʨʦʮʝʩʩ ʦʙʲʝʜʠʥʝʥʠʷ ʤʘʣʳʭ ʢʘʧʝʣʴ ʚ ʙʦʣʴʰʠʝ. ʈʘʩʩʤʦʪʨʝʥʠʝ ʬʦʨʤʳ ʛʨʘʥʠʮʳ 
ʨʘʟʜʝʣʘ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʫʯʝʪ ʧʦʧʝʨʝʯʥʦʡ ʩʢʦʨʦʩʪʠ ʤʦʞʝʪ 
ʘʜʝʢʚʘʪʥʦ ʦʙʲʷʩʥʠʪʴ ʬʦʨʤʠʨʦʚʘʥʠʝ ʚʦʣʥʦʦʙʨʘʟʥʦʛʦ ʨʝʣʴʝʬʘ ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ 
ʧʦʢʨʳʪʠʷ ʠ ʧʦʜʣʦʞʢʠ ʩʠʩʪʝʤʳ Ti-Y [3]. 

ʇʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʥʘʥʦʨʘʟʤʝʨʥʳʭ ʩʪʨʫʢʪʫʨ ʠ ʚʦʣʥʦʦʙʨʘʟʥʦʛʦ ʨʝʣʴʝʬʘ 
ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ ʧʦʢʨʳʪʠʝ ï ʧʦʜʣʦʞʢʘ ʦʩʥʦʚʥʳʤ ʤʝʭʘʥʠʟʤʦʤ ʷʚʣʷʝʪʩʷ 
ʢʦʤʙʠʥʠʨʦʚʘʥʥʘʷ ʥʝʫʩʪʦʡʯʠʦʚʩʪʴ ʈʵʣʝʷ-ʊʝʡʣʦʨʘ ʠ ʂʝʣʴʚʠʥʘ-ɻʝʣʴʤʛʦʣʴʮʘ. ʊʠʧʳ 
ʥʝʫʩʪʦʡʯʠʚʦʩʪʝʡ ʚ ʩʣʫʯʘʝ ʩʠʩʪʝʤʳ Ti-Y ʤʝʥʷʶʪʩʷ ʧʨʠ 10 ʤ/ʩ. ʇʨʠ ʵʪʦʤ ʦʙʨʘʟʫʶʪʩʷ 
ʚʠʭʨʠ, ʢʦʪʦʨʳʝ ʧʨʦʥʠʢʘʶʪ ʥʘ ʛʣʫʙʠʥʫ 30 ï 50 ʤʢʤ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʙʦʪʢʠ. ʊʘʢʘʷ 
ʛʣʫʙʠʥʘ ʥʘ ʥʝʩʢʦʣʴʢʦ ʧʦʨʷʜʢʦʚ ʧʨʝʚʳʰʘʝʪ ʛʣʫʙʠʥʫ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʠʪʪʨʠʷ ʠ ʜʨʫʛʠʭ 
ʣʝʛʠʨʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ ʧʦ ʤʝʭʘʥʠʟʤʫ ʜʠʬʬʫʟʠʠ.  

 
ɹʣʘʛʦʜʘʨʥʦʩʪʠ. ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ 

ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ (ʧʨʦʝʢʪ ˉ 22-79-10229). 
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ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʩʝ ʙʦʣʴʰʝʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʤʘʪʝʨʠʘʣʘ ʜʣʷ 

ʠʟʥʦʩʦʩʪʦʡʢʠʭ ʧʦʢʨʳʪʠʡ, ʥʘʥʦʩʠʤʳʭ ʧʣʘʟʤʝʥʥʦʡ ʥʘʧʣʘʚʢʦʡ ʥʘ ʨʘʙʦʯʠʝ ʧʦʚʝʨʭʥʦʩʪʠ 

ʨʘʙʦʪʘʶʱʠʭ ʚ ʫʩʣʦʚʠʷʭ ʘʙʨʘʟʠʚʥʦʛʦ ʠʟʥʘʰʠʚʘʥʠʷ ʜʝʪʘʣʝʡ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʥʘʭʦʜʷʪ 

ʙʳʩʪʨʦʨʝʞʫʱʠʝ ʩʪʘʣʠ. ʕʪʠ ʩʪʘʣʠ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʠʤʠ ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ 

(ʪʚʝʨʜʦʩʪʴʶ, ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴʶ). ʆʜʥʘʢʦ ʚ ʧʨʦʮʝʩʩʝ ʥʘʧʣʘʚʢʠ ʬʦʨʤʠʨʫʶʪʩʷ ʩʪʨʫʢʪʫʨʳ, 

ʢʦʪʦʨʳʝ ʧʨʠʚʦʜʷʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʪʨʝʱʠʥ ʠ ʩʥʠʞʝʥʠʶ ʪʚʝʨʜʦʩʪʠ. ɼʣʷ ʩʦʭʨʘʥʝʥʠʷ 

ʚʳʩʦʢʠʭ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʦʢʨʳʪʠʡ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʦʜʠʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ 

ʪʝʨʤʠʯʝʩʢʠʝ ʦʙʨʘʙʦʪʢʠ [1] ʠʣʠ ʢʦʨʨʝʢʪʠʨʦʚʘʪʴ ʨʝʞʠʤʳ ʥʘʧʣʘʚʢʠ [2]. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʦʧʪʠʤʘʣʴʥʳʭ ʨʝʞʠʤʦʚ ʥʘʧʣʘʚʢʠ ʥʝʦʙʭʦʜʠʤʦ ʟʥʘʥʠʝ ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʨʦʮʝʩʩʘ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʤʘʪʝʨʠʘʣʘ ʠ ʩʚʷʟʘʥʥʳʭ ʩ ʵʪʠʤ ʩʪʨʫʢʪʫʨʥʦ-ʬʘʟʦʚʳʭ ʧʨʝʚʨʘʱʝʥʠʡ. 

ʆʙʨʘʟʦʚʘʥʠʝ ʷʯʝʠʩʪʦʛʦ ʠʣʠ ʜʝʥʜʨʠʪʥʦʛʦ ʪʠʧʘ ʩʪʨʫʢʪʫʨʳ ʚ ʧʨʦʮʝʩʩʘʭ ʚʦʟʜʝʡʩʪʚʠʷ 

ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʤʠ ʧʦʪʦʢʘʤʠ ʵʥʝʨʛʠʠ ʦʙʲʷʩʥʷʝʪʩʷ ʚʦʟʥʠʢʥʦʚʝʥʠʝʤ 

ʤʦʨʬʦʣʦʛʠʯʝʩʢʦʡ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʬʨʦʥʪʘ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ (ʥʝʫʩʪʦʡʯʠʚʦʩʪʴ ʄʘʣʣʠʥʟʘï

ʉʝʢʝʨʢʠ) [3, 4]. ʅʝʫʩʪʦʡʯʠʚʦʩʪʴ ʄʘʣʣʠʥʟʘïʉʝʢʝʨʢʠ [5], ʥʝʦʙʭʦʜʠʤʦ ʠʟʫʯʘʪʴ ʚ 

ʥʝʩʢʦʣʴʢʦ ʵʪʘʧʦʚ: 1 ï ʦʧʨʝʜʝʣʠʪʴ ʭʘʨʘʢʪʝʨ ʚʦʟʤʫʱʝʥʠʡ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʟʜʝʣʘ ʠ 

ʦʮʝʥʠʪʴ ʚʣʠʷʥʠʝ ʝʝ ʢʨʠʚʠʟʥʳ ʥʘ ʪʝʤʧʝʨʘʪʫʨʫ ʣʠʢʚʠʜʫʩʘ; 2 ï ʧʨʦʚʝʩʪʠ ʨʘʩʯʝʪ ʧʦʣʝʡ 

ʪʝʤʧʝʨʘʪʫʨ ʠ ʢʦʥʮʝʥʪʨʘʮʠʡ ʚ ʪʚʝʨʜʦʡ ʠ ʞʠʜʢʦʡ ʬʘʟʝ; 3 ï ʥʘʡʪʠ ʟʘʚʠʩʠʤʦʩʪʠ ʩʢʦʨʦʩʪʠ 

ʨʦʩʪʘ ʚʦʟʤʫʱʝʥʠʡ ʠʟ ʫʩʣʦʚʠʡ ʥʘ ʛʨʘʥʠʮʝ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʠʟʫʯʝʥ ʧʨʦʮʝʩʩ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʩʠʩʪʝʤʳ Fe ï W. ʀʤʝʥʥʦ 

ʵʪʘ ʩʠʩʪʝʤʘ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʦʡ ʪʝʧʣʦʩʪʦʡʢʦʡ ʙʳʩʪʨʦʨʝʞʫʱʝʡ ʩʪʘʣʠ, ʧʨʠʤʝʥʷʝʤʦʡ ʚ 

ʧʨʦʮʝʩʩʝ ʧʣʘʟʤʝʥʥʦ-ʜʫʛʦʚʦʡ ʥʘʧʣʘʚʢʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʚʘʣʢʦʚ ʠ ʨʘʟʣʠʯʥʳʭ ʨʝʞʫʱʠʭ 

ʠʥʩʪʨʫʤʝʥʪʦʚ. ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʧʝʨʚʳʡ ʠ ʪʨʝʪʠʡ ʵʪʘʧʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ 

ʧʨʝʜʧʦʣʦʞʝʥʠʠ ʦ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʬʦʨʤʝ ʬʨʦʥʪʘ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ. ʇʣʘʟʤʝʥʥʫʶ 

ʥʘʧʣʘʚʢʫ ʧʦʢʨʳʪʠʡ ʠʟ ʙʳʩʪʨʦʨʝʞʫʱʝʡ ʩʪʘʣʠ ʈ18ʖ ʧʨʦʚʦʜʠʣʠ ʧʨʠʩʘʜʦʯʥʦʡ 

ʧʦʨʦʰʢʦʚʦʡ ʧʨʦʚʦʣʦʢʦʡ [6]. 

ʇʨʠ ʧʦʩʪʨʦʝʥʠʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʤʘʪʝʨʠʘʣʦʚ ʧʨʠ 

ʧʣʘʟʤʝʥʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʠ ʬʦʨʤʫʣʠʨʦʚʘʥʠʠ ʢʨʠʪʝʨʠʝʚ ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ 

ʨʘʟʜʝʣʘ ʨʘʩʧʣʘʚ ï ʢʨʠʩʪʘʣʣ ʧʦʤʠʤʦ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʦʛʦ ʧʝʨʝʦʭʣʘʞʜʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ 

ʫʯʠʪʳʚʘʪʴ ʨʦʣʴ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʥʘʪʷʞʝʥʠʷ ʠ ʤʝʭʘʥʠʟʤʦʚ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʦʚ.  

ʅʘ ʨʠʩʫʥʢʝ ʧʦʢʘʟʘʥʘ ʤʠʢʨʦʩʪʨʫʢʪʫʨʘ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʧʦʢʨʳʪʠʷ ʠʟ 

ʙʳʩʪʨʦʨʝʞʫʱʝʡ ʩʪʘʣʠ, ʧʦʣʫʯʝʥʥʦʛʦ ʧʣʘʟʤʝʥʥʦʡ ʥʘʧʣʘʚʢʦʡ, ʢʦʪʦʨʘʷ ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʜʚʫʤʷ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʤʠ ʩʦʩʪʘʚʣʷʶʱʠʤʠ: ʷʯʝʠʩʪʦʡ ʠ ʜʝʥʜʨʠʪʥʦʡ. ʈʘʟʤʝʨʳ ʟʝʨʝʥ 

ʚʘʨʴʠʨʫʶʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 3 ï 45 ʤʢʤ. ʅʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʳʝ ʨʘʟʤʝʨʳ ʟʝʨʝʥ 10 ï 15 ʤʢʤ.  

ʅʝʫʩʪʦʡʯʠʚʦʩʪʴ ʬʨʦʥʪʘ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʠʤʝʝʪ ʦʜʠʥ ʤʘʢʩʠʤʫʤ, ʧʨʠʭʦʜʷʱʠʡʩʷ 

ʥʘ ʜʣʠʥʫ ʚʦʣʥʳ, ʢʦʪʦʨʘʷ ʩʦʦʪʚʝʪʚʫʝʪ ʥʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʦʤʫ ʨʘʟʤʝʨʫ ʟʝʨʝʥ. ʅʘʣʠʯʠʝ 

ʜʚʫʭ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦ ʥʘʣʠʯʠʠ 

ʜʚʫʭ ʪʠʧʦʚ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ: çʤʷʛʢʦʛʦè, ʩʦʦʪʚʝʪʚʫʶʱʝʛʦ ʷʯʝʠʩʪʦʡ ʩʪʨʫʢʫʪʫʨʝ, ʠ 

çʞʝʩʪʢʦʛʦè, ʩʦʦʪʚʝʪʚʫʶʱʝʛʦ ʜʝʥʜʨʠʪʥʦʡ ʩʪʨʫʢʪʫʨʝ. 



ɸʢʪʫʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ ʧʨʦʯʥʦʩʪʠ 

 

33 

 

  
ʘ ʙ 

ʈʠʩʫʥʦʢ 1 ï ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʧʦʢʨʳʪʠʷ ʠʟ ʙʳʩʪʨʦʨʝʞʫʱʝʡ ʩʪʘʣʠ ʧʦʩʣʝ ʥʘʧʣʘʚʢʠ:  
ʘ ï ʵʣʝʢʪʨʦʥʥʦ-ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ; ʙ ï ʛʠʩʪʦʛʨʘʤʤʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʟʝʨʝʥ ʧʦ 

ʨʘʟʤʝʨʫ 
 
ʉʨʘʚʥʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʨʘʩʯʝʪʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʩ ʨʘʟʤʝʨʘʤʠ ʟʝʨʝʥ (ʨʠʩʫʥʦʢ) 

ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʢʦʥʚʝʢʪʠʚʥʦʝ ʠ ʜʠʬʬʫʟʠʦʥʥʦʝ ʧʨʠʙʣʠʞʝʥʠʷ ʜʘʶʪ ʦʙʲʷʩʥʝʥʠʝ 
ʦʙʨʘʟʦʚʘʥʠʶ ʟʝʨʝʥ ʧʦ ʤʝʭʘʥʠʟʤʫ ʥʦʨʤʘʣʴʥʦʛʦ ʨʦʩʪʘ ʜʦ ʨʘʟʤʝʨʘ ʟʝʨʝʥ 5 ʤʢʤ, ʭʦʪʷ 
ʤʘʢʩʠʤʫʤ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʨʘʟʤʝʨʳ 10 ï 15 ʤʢʤ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ 
ʚ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʤʦʜʝʣʴ ʥʦʨʤʘʣʴʥʦʛʦ ʨʦʩʪʘ ʥʝ ʷʚʣʷʝʪʩʷ ʘʜʝʢʚʘʪʥʦʡ.  

ɺ ʢʦʥʚʝʢʪʠʚʥʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʨʘʩʯʝʪ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʜʣʠʥʘ ʚʦʣʥʳ ʧʨʠʥʠʤʘʝʪ 
ʟʥʘʯʝʥʠʷ ʧʦʨʷʜʢʘ 104 ʤʢʤ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʧʨʝʦʙʣʘʜʘʥʠʠ 
ʜʠʬʬʫʟʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʧʨʠ ʜʘʥʥʳʭ ʩʢʦʨʦʩʪʷʭ ʬʨʦʥʪʘ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ. ʇʨʠ 
ʫʚʝʣʠʯʝʥʠʠ ʩʢʦʨʦʩʪʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʥʘ ʪʨʠ ʧʦʨʷʜʢʘ ɚ = 14,9 ʤʢʤ, ʯʪʦ ʩʦʚʧʘʜʘʝʪ ʩ 
ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʦʥʚʝʢʪʠʚʥʦʝ ʧʨʠʙʣʠʞʝʥʠʝ ʷʚʣʷʝʪʩʷ 
ʟʥʘʯʠʤʳʤ ʧʨʠ ʩʢʦʨʦʩʪʷʭ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʙʦʣʴʰʝ 10ï4 ʤ/ʩ.  

ʀʩʭʦʜʷ ʠʟ ʚʳʰʝʠʟʣʦʞʝʥʥʦʛʦ ʩʣʝʜʫʝʪ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʥʝʫʩʪʦʡʯʠʚʦʩʪʴ ʄʘʣʣʠʥʟʘ-
ʉʝʢʝʨʢʠ ʜʘʝʪ ʘʜʝʢʚʘʪʥʦʝ ʦʙʲʷʩʥʝʥʠʝ ʦʙʨʘʟʦʚʘʥʠʶ ʷʯʝʠʩʪʳʭ ʩʪʨʫʢʪʫʨ ʨʘʟʤʝʨʘʤʠ 
ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 10 ʤʢʤ ʧʨʠ Vs < 1 ʤ/ʩ ʠ ʩʪʝʧʝʥʠ ʧʝʨʝʦʭʣʘʞʜʝʥʠʷ ~10ï5 ʂ. ʇʨʠ 
ʚʦʟʜʝʡʩʪʚʠʠ ʦʙʲʝʤʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʠʩʪʦʯʥʠʢʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʦʙʣʫʯʘʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ, 
ʩʢʦʨʦʩʪʴ ʬʨʦʥʪʘ ʧʨʝʚʨʘʱʝʥʠʷ ʤʦʞʝʪ ʧʨʠʥʠʤʘʪʴ ʟʥʘʯʝʥʠʷ ʚ ʧʨʝʜʝʣʘʭ 10ï7 ï 103 ʤ/ʩ ʚ 
ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʣʦʪʥʦʩʪʠ ʤʦʱʥʦʩʪʠ ʠʩʪʦʯʥʠʢʘ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʨʝʜʳ. ɺʦʟʜʝʡʩʪʚʠʝ 
ʜʘʥʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʧʨʠʚʦʜʠʪ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʙʦʣʴʰʠʭ ʛʨʘʜʠʝʥʪʦʚ ʪʝʤʧʝʨʘʪʫʨ ʚ 
ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʣʦʷʭ ʤʘʪʝʨʠʘʣʘ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʪʝʨʤʦʢʘʧʠʣʣʷʨʥʳʭ 
ʵʬʬʝʢʪʦʚ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʤʦʜʝʣʠ 
ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʧʦʤʠʤʦ ʤʦʨʬʦʣʦʛʠʯʝʩʢʦʡ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʄʘʣʣʠʥʟʘ-ʉʝʢʝʨʢʠ 
ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʜʨʫʛʠʝ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ (ʪʝʨʤʦʢʘʧʠʣʣʷʨʥʫʶ ʠ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʦ-
ʢʘʧʠʣʣʷʨʥʫʶ), ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʤʝʩʪʦ ʚ ʨʘʩʧʣʘʚʣʝʥʥʦʤ ʤʘʪʝʨʠʘʣʝ.  

ʀʩʩʣʝʜʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʳ ʜʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʩʪʨʫʢʪʫʨʘ ʩʦʩʪʦʠʪ ʠʟ 
ʜʚʫʭ ʩʦʩʪʘʚʣʷʶʱʠʭ: ʷʯʝʠʩʪʦʡ ʠ ʜʝʥʜʨʠʪʥʦʡ. ɻʠʩʪʦʛʨʘʤʤʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʪʨʫʢʪʫʨʥʳʭ 
ʵʣʝʤʝʥʪʦʚ ʧʦʢʘʟʳʚʘʝʪ ʥʘʣʠʯʠʝ ʦʜʥʦʛʦ ʤʘʢʩʠʤʫʤʘ. ʅʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʳʡ ʨʘʟʤʝʨ 
ʥʘʭʦʜʠʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ 10 ï 15 ʤʢʤ. ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʤʦʨʬʦʣʦʛʠʯʝʩʢʘʷ 
ʥʝʫʩʪʦʡʯʠʚʦʩʪʴ ʬʨʦʥʪʘ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ (ʥʝʫʩʪʦʡʯʠʚʦʩʪʴ ʄʘʣʣʠʥʟʘ-ʉʝʢʝʨʢʠ). ʄʦʜʝʣʴ 
ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʫʨʘʚʥʝʥʠʷ ʢʦʥʚʝʢʪʠʚʥʦʡ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʠ ʜʠʬʬʫʟʠʠ. ʅʘ ʛʨʘʥʠʮʝ 
ʨʘʟʜʝʣʘ ʬʘʟ ʟʘʜʘʚʘʣʠʩʴ ʫʩʣʦʚʠʷ ʉʪʝʬʘʥʘ ʜʣʷ ʪʝʤʧʝʨʘʪʫʨʳ. ʃʠʥʝʡʥʳʡ ʘʥʘʣʠʟ ʜʘʥʥʦʡ 
ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʧʨʦʚʦʜʠʪʩʷ ʜʣʷ ʜʚʫʭ ʩʣʫʯʘʝʚ: ʢʦʛʜʘ ʢʦʥʚʝʢʪʠʚʥʳʤ ʯʣʝʥʦʤ ʚ 
ʫʨʘʚʥʝʥʠʷʭ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʠ ʜʠʬʬʫʟʠʠ ʤʦʞʥʦ ʧʨʝʥʝʙʨʝʯʴ; ʢʦʛʜʘ ʢʦʥʚʝʢʮʠʷ 
ʧʨʝʦʙʣʘʜʘʝʪ ʥʘʜ ʜʠʬʬʫʟʠʦʥʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ. ɺʦ ʚʩʝʭ ʩʣʫʯʘʷʭ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ 
ʚʝʣʠʯʠʥʘ (1 ï ks) ʙʣʠʟʢʘ ʢ ʥʫʣʶ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʣʝʛʠʨʫʶʱʝʛʦ 
ʵʣʝʤʝʥʪʘ, ʧʨʠʤʝʨʥʦ ʨʘʚʥʦʡ ʵʚʪʝʢʪʠʯʝʩʢʦʡ ʠʣʠ ʧʨʝʚʳʰʘʶʱʝʡ ʝʝ, ʘ ʪʘʢʞʝ 
ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʦʨʦʪʢʦʚʦʣʥʦʚʦʝ ʧʨʠʙʣʠʞʝʥʠʝ. ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʘʥʘʣʠʪʠʯʝʩʢʠʡ ʚʠʜ 
ʟʘʚʠʩʠʤʦʩʪʠ ʜʣʠʥʳ ʚʦʣʥʳ, ʥʘ ʢʦʪʦʨʫʶ ʧʨʠʭʦʜʠʪʩʷ ʤʘʢʩʠʤʫʤ ʩʢʦʨʦʩʪʠ ʨʦʩʪʘ 
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ʚʦʟʤʫʱʝʥʠʡ ʤʝʞʬʘʟʥʦʡ ʛʨʘʥʠʮʳ, ʩʦʚʧʘʜʘʝʪ ʩ ʦʙʱʝʧʨʠʥʷʪʳʤʠ ʧʨʝʜʩʪʘʚʣʝʥʠʷʤʠ. ɺʦ 
ʚʪʦʨʦʤ ʩʣʫʯʘʝ ʟʥʘʯʝʥʠʝ ʜʘʥʥʦʡ ʜʣʠʥʳ ʚʦʣʥʳ ʧʨʷʤʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʢʚʘʜʨʘʪʥʦʤʫ 
ʢʦʨʥʶ ʠʟ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʤʝʞʬʘʟʥʦʡ ʛʨʘʥʠʮʳ. ʆʧʨʝʜʝʣʝʥʳ ʛʨʘʥʠʮʳ ʧʨʠʤʝʥʠʤʦʩʪʠ 
ʜʘʥʥʳʭ ʧʨʠʙʣʠʞʝʥʠʡ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʦʚ. ɺ ʩʣʫʯʘʝ 
ʥʦʨʤʘʣʴʥʦʛʦ ʨʦʩʪʘ ʦʙʘ ʧʨʠʙʣʠʞʝʥʠʷ ʜʘʶʪ ʘʜʝʢʚʘʪʥʦʝ ʦʙʲʷʩʥʝʥʠʝ ʦʙʨʘʟʦʚʘʥʠʶ 
ʩʪʨʫʢʪʫʨʥʳʭ ʵʣʝʤʝʥʪʦʚ ʨʘʟʤʝʨʘʤʠ ʜʦ 5 ʤʢʤ ʧʨʠ ʩʢʦʨʦʩʪʠ ʬʨʦʥʪʘ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ 
ʧʦʨʷʜʢʘ 2 ʤ/ʩ. ɼʣʷ ʩʣʫʯʘʷ ʨʦʩʪʘ ʟʘ ʩʯʝʪ ʚʠʥʪʦʚʳʭ ʜʠʩʣʦʢʘʮʠʡ ʟʥʘʯʝʥʠʝ ʜʣʠʥʳ ʚʦʣʥʳ, 
ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʥʘʠʙʦʣʝʝ ʙʳʩʪʨʦʨʘʩʪʫʱʝʡ ʤʦʜʳ ʚʦʟʤʫʱʝʥʠʡ ʚ ʧʝʨʚʦʤ ʩʣʫʯʘʝ, 
ʩʦʚʧʘʜʘʝʪ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ ʧʨʠ ʩʢʦʨʦʩʪʠ ʬʨʦʥʪʘ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ 
ʧʦʨʷʜʢʘ 10ï7 ʤ/ʩ, ʪʦʛʜʘ ʢʘʢ ʚ ʢʦʥʚʝʢʪʠʚʥʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʪʘʢʦʝ ʩʦʚʧʘʜʝʥʠʝ 
ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ 10ï4 ʤ/ʩ. 
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ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ (ʛʨʘʥʪ ˉ 23-19-00186), https://rscf.ni/ project/23-19-
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ɺʦʧʨʦʩ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʜʣʠʪʝʣʴʥʦʩʪʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʨʦʚʦʜʦʚ ʚʦʟʜʫʰʥʳʭ 

ʣʠʥʠʡ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʚʘʞʥʝʡʰʠʭ ʩ ʧʨʘʢʪʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ. 
ʅʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʦʡ ʧʨʠʯʠʥʦʡ ʨʘʟʨʫʰʝʥʠʷ ʦʪʜʝʣʴʥʳʭ ʧʨʦʚʦʣʦʢ ʷʚʣʷʝʪʩʷ ʬʨʝʪʪʠʥʛ-
ʠʟʥʦʩ (ʬʨʝʪʪʠʥʛ-ʫʩʪʘʣʦʩʪʴ) [1]. ʇʨʦʚʦʜʘ ʚʦʟʜʫʰʥʳʭ ʃʕʇ ʠʩʧʳʪʳʚʘʶʪ ʥʘ ʩʝʙʝ 
ʢʦʣʝʙʘʥʠʷ, ʚʳʟʳʚʘʝʤʳʝ ʚʝʪʨʦʤ. ʀʟʤʝʨʝʥʠʷ ʠ ʨʘʩʯʝʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʜʣʷ ʚʠʙʨʘʮʠʠ 
ʧʨʦʚʦʜʦʚ ʭʘʨʘʢʪʝʨʥʳʤʠ ʷʚʣʷʶʪʩʷ ʜʠʘʧʘʟʦʥ ʯʘʩʪʦʪ ʢʦʣʝʙʘʥʠʡ ʦʪ 3 ʜʦ 150 Hz. ɸʥʘʣʠʟ 
ʨʘʥʝʝ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʧʦʢʘʟʘʣ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʦʧʘʩʥʳʤʠ ʷʚʣʷʶʪʩʷ ʚʠʙʨʘʮʠʠ ʥʘ 
ʥʠʟʢʠʭ ʯʘʩʪʦʪʘʭ [2]. ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʦʪʜʝʣʴʥʳʝ ʧʨʦʚʦʣʦʢʠ ʠʟ 
ʧʨʦʚʦʜʘ ʪʠʧʘ A50 ʜʦ ʠ ʧʦʩʣʝ ʣʘʙʦʨʘʪʦʨʥʳʭ ʠʩʧʳʪʘʥʠʡ ʚ ʨʝʞʠʤʝ ʫʩʪʘʣʦʩʪʠ. ʎʝʣʴʶ 
ʥʘʩʪʦʷʱʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʣʘʩʴ ʪʘʢʞʝ ʧʦʧʳʪʢʘ ʧʨʝʜʩʢʘʟʘʪʴ ʦʙʣʘʩʪʴ ʨʘʟʨʫʰʝʥʠʷ 
ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʠʟʤʝʥʝʥʠʷ ʩʪʨʫʢʪʫʨʥʳʭ, ʤʠʢʨʦʩʪʨʫʢʪʫʨʥʳʭ, ʫʧʨʫʛʠʭ ʠ 
ʤʠʢʨʦʧʣʘʩʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʙʨʘʟʮʦʚ. 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʩʧʳʪʘʥʠʡ ʥʘ ʫʩʪʘʣʦʩʪʴ ʠʟ ʚʥʝʰʥʝʛʦ ʧʦʚʠʚʘ ʥʦʚʦʛʦ ʢʘʙʝʣʷ ɸ50 
ʠʟʛʦʪʘʚʣʠʚʘʣʠʩʴ ʦʙʨʘʟʮʳ ʚ ʚʠʜʝ ʦʪʜʝʣʴʥʳʭ ʧʨʦʚʦʣʦʢ ʦʙʱʝʡ ʜʣʠʥʦʡ 200 mm. 
ʀʩʧʳʪʘʥʠʷ ʥʘ ʫʩʪʘʣʦʩʪʴ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʠʩʧʳʪʘʪʝʣʴʥʦʡ ʤʘʰʠʥʝ Instron 8850 ʧʨʠ 
ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʩ ʯʘʩʪʦʪʦʡ 3 Hz ʧʦ ʩʭʝʤʝ ʨʘʩʪʷʞʝʥʠʷ-ʨʝʣʘʢʩʘʮʠʷ. ʀʟʫʯʝʥʠʝ 
ʩʪʨʫʢʪʫʨʥʳʭ, ʤʠʢʨʦʩʪʨʫʢʪʫʨʥʳʭ, ʫʧʨʫʛʠʭ ʠ ʤʠʢʨʦʧʣʘʩʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʨʦʚʦʜʠʣʠʩʴ ʢʘʢ 
ʜʦʚʝʜʝʥʥʳʭ ʜʦ ʨʘʟʨʫʰʝʥʠʷ ʚ ʧʨʦʮʝʩʩʝ ʫʩʪʘʣʦʩʪʥʳʭ ʠʩʧʳʪʘʥʠʡ ʧʨʦʚʦʣʦʢ, ʪʘʢ ʠ ʚ 
ʥʝʢʦʪʦʨʦʤ ʧʨʦʤʝʞʫʪʦʯʥʦʤ ʩʦʩʪʦʷʥʠʠ. ʆʙʨʘʟʮʳ ˉ1 ʠ ˉ2 ʙʳʣʠ ʠʩʧʳʪʘʥʳ ʧʨʠ 
ʨʘʟʣʠʯʥʦʤ ʥʘʧʨʷʞʝʥʠʠ 149.7 ʠ 150.7 MPa ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʠ ʜʦʚʝʜʝʥʳ ʜʦ ʨʘʟʨʫʰʝʥʠʷ. 
ʆʙʨʘʟʝʮ ˉ3, ʠʩʧʳʪʘʥʥʳʡ ʧʨʠ ů = 155.9 MPa, ʥʝ ʙʳʣ ʜʦʚʝʜʝʥ ʜʦ ʨʘʟʨʫʰʝʥʠʷ ʠ ʚʳʙʨʘʥ 
ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʤʝʞʜʫ ʠʩʭʦʜʥʳʤ ʦʙʨʘʟʮʦʤ ʠ 
ʨʘʟʨʫʰʠʚʰʠʤʠʩʷ ʚ ʧʨʦʮʝʩʩʝ ʫʩʪʘʣʦʩʪʥʳʭ ʠʩʧʳʪʘʥʠʡ. ɼʣʷ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 
ʧʨʦʚʦʣʦʢʠ, ʨʘʟʨʫʰʠʚʰʠʝʩʷ ʧʦʩʣʝ ʠʩʧʳʪʘʥʠʡ ʥʘ ʮʠʢʣʠʯʝʩʢʫʶ ʫʩʪʘʣʦʩʪʴ, ʙʳʣʠ 
ʨʘʟʜʝʣʝʥʳ ʥʘ ʜʚʝ ʯʘʩʪʠ (ʦʙʣʘʩʪʠ ʚʙʣʠʟʠ ʨʘʟʨʫʰʝʥʠʷ 1-2 ʠ 2-2 ʠ ʟʘʭʚʘʪʦʚ 1-1 ʠ 2-1). 
ʆʙʨʘʟʝʮ, ʥʝ ʜʦʚʝʜʝʥʥʳʡ ʜʦ ʨʘʟʨʫʰʝʥʠʷ, ʙʳʣ ʨʘʟʜʝʣʝʥ ʥʘ ʪʨʠ ʯʘʩʪʠ (ʨʠʩ. 1). 

ʄʝʪʦʜʦʤ ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʦʛʦ 
ʚʟʚʝʰʠʚʘʥʠʷ ʙʳʣʘ ʦʧʨʝʜʝʣʝʥʘ ʧʣʦʪʥʦʩʪʴ 
(ʦʙʦʟʥʘʯʠʤ ʝʝ ʠʥʪʝʛʨʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʴʶ ɟD) 
ʯʘʩʪʝʡ ʢʘʞʜʦʡ ʧʨʦʚʦʣʦʢʠ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 
ʧʣʦʪʥʦʩʪʠ ʯʘʩʪʝʡ ʨʘʟʨʫʰʝʥʥʳʭ ʦʙʨʘʟʮʦʚ, 
ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚʙʣʠʟʠ ʦʙʣʘʩʪʠ ʨʘʟʨʫʰʝʥʠʷ, 
ʟʘʤʝʪʥʦ ʥʠʞʝ ʧʣʦʪʥʦʩʪʠ ʯʘʩʪʝʡ ʚʙʣʠʟʠ 
ʟʘʭʚʘʪʘ. ʆʪʥʦʩʠʪʝʣʴʥʦ ʠʩʭʦʜʥʦʛʦ ʩʦʩʪʦʷʥʠʷ 
(ʜʦ ʠʩʧʳʪʘʥʠʷ ʥʘ ʫʩʪʘʣʦʩʪʴ) ʚʝʣʠʯʠʥʘ 
ʨʘʟʫʧʣʦʪʥʝʥʠʷ ʜʣʷ ʯʘʩʪʝʡ ʧʨʦʚʦʣʦʢ ʚʙʣʠʟʠ 

ʨʘʟʨʫʰʝʥʠʷ  ʩʦʩʪʘʚʠʣʘ 0.32% (ʦʙʨʘʟʝʮ 1-2), ʠ 0.19% (ʦʙʨʘʟʝʮ 2-2), ʠ 0.19 ʠ 0.11% ï 
ʜʣʷ ʦʙʨʘʟʮʦʚ 1-1 ʠ 2-1 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɼʣʷ ʦʙʨʘʟʮʘ 3 ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʦʙʣʘʩʪʷʭ 
ʙʣʠʞʝ ʢ ʟʘʭʚʘʪʘʤ (3-1 ʠ 3-3) ʦʙʥʘʨʫʞʝʥʦ ʥʝʙʦʣʴʰʦʝ ʫʤʝʥʴʰʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ï 0.19 ʠ 
0.17% ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʠ 0.16% - ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ. 

ʄʝʪʦʜʘʤʠ XRD ʜʠʬʨʘʢʪʦʤʝʪʨʠʠ ʪʘʢʞʝ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʨʘʟʣʠʯʥʳʝ ʯʘʩʪʠ 
ʦʙʨʘʟʮʦʚ 1, 2 ʠ 3.  ʇʘʨʘʤʝʪʨʳ a ʢʫʙʠʯʝʩʢʦʡ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ Al ʤʘʪʝʨʠʘʣʘ 
ʧʨʦʚʦʣʦʢ ʧʦʩʣʝ ʨʘʟʥʳʭ ʵʪʘʧʦʚ ʮʠʢʣʠʯʝʩʢʦʛʦ ʥʘʛʨʫʞʝʥʠʷ ʜʣʷ ʚʩʝʭ ʦʙʨʘʟʮʦʚ 
ʨʘʩʩʯʠʪʘʥʳ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ Celsiz ʤʝʪʦʜʦʤ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ ʧʦ 
ʥʘʙʣʶʜʘʝʤʳʤ ʫʛʣʘʤ ɹʨʵʛʛʘ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʘʨʘʤʝʪʨʘ a ʙʳʣʘ ʦʧʨʝʜʝʣʝʥʘ XRD 
ʧʣʦʪʥʦʩʪʴ (ʜʘʣʝʝ ʦʙʦʟʥʘʯʝʥʘ ʢʘʢ ɟX), ʧʝʨʝʩʯʠʪʘʥʥʘʷ ʠʟ ʦʙʲʝʤʘ V= a3 ʠ ʩʦʜʝʨʞʘʥʠʷ 
ʢʫʙʠʯʝʩʢʦʡ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ Al ʤʘʪʝʨʠʘʣʘ.  

 

 
 

ʈʠʩʫʥʦʢ 1 ï ʉʭʝʤʘ ʨʘʩʧʦʣʦʞʝʥʠʷ 
ʦʙʨʘʟʮʦʚ ʧʦʩʣʝ ʠʩʧʳʪʘʥʠʷ ʚ ʨʝʞʠʤʝ 

ʫʩʪʘʣʦʩʪʠ. 
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ʎʠʢʣʠʯʝʩʢʘʷ ʥʘʛʨʫʟʢʘ ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ XRD ʤʘʩʩʦʚʦʡ ʧʣʦʪʥʦʩʪʠ ɟX 
ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ Al ʧʨʦʚʦʣʦʢ (ʪʦʣʱʠʥ ʩʣʦʷ å36 ɛm). ʇʨʠʯʸʤ, ʧʘʜʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ɟX 

ʙʦʣʴʰʝ ʫ ʦʙʨʘʟʮʦʚ ʧʨʦʚʦʣʦʢ 1-2 (0.20%) ʠ 2-2 (0.15%), ʛʜʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʮʠʢʣʠʯʝʩʢʦʡ 
ʥʘʛʨʫʟʢʠ ʧʨʦʠʟʦʰʣʦ ʨʘʟʨʫʰʝʥʠʝ ʠʩʭʦʜʥʦʡ ʜʣʠʥʥʦʡ ʧʨʦʚʦʣʦʢʠ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʯʘʩʪʠ 
ʦʙʨʘʟʮʦʚ 1-1 ʠ 2-1 ʧʦʢʘʟʳʚʘʶʪ ʤʝʥʴʰʝʝ ʫʤʝʥʴʰʝʥʠʝ ʧʣʦʪʥʦʩʪʠ (0.05% ʠ 0.08% 
ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʤʘʢʩʠʤʘʣʴʥʦʡ ʮʠʢʣʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʠ 
ʩ 149.7 MPa (ʦʙʨʘʟʝʮ 1) ʜʦ 150.7 MPa (2) ʧʨʦʠʩʭʦʜʠʪ ʫʤʝʥʴʰʝʥʠʝ ʨʘʟʥʠʮʳ ʚ 
ʧʣʦʪʥʦʩʪʷʭ ʤʝʞʜʫ ʦʙʨʘʟʮʘʤʠ, ʚʳʨʝʟʘʥʥʳʤʠ ʚʙʣʠʟʠ ʦʙʣʘʩʪʠ ʨʘʟʨʫʰʝʥʠʷ ʠ ʜʘʣʝʢʦ ʦʪ 
ʥʠʭ. ʕʪʠ ʥʘʙʣʶʜʝʥʠʝ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʜʣʷ ʯʘʩʪʝʡ 
ʦʙʨʘʟʮʘ 3 ʧʦʩʣʝ ʮʠʢʣʠʯʝʩʢʦʛʦ ʥʘʛʨʫʞʝʥʠʷ ʩ ʝʱʸ ʙʦʣʴʰʝʡ ʥʘʛʨʫʟʢʦʡ 155.9 MPa. ʂʘʢ ʠ 
ʜʣʷ ʦʙʨʘʟʮʦʚ ʧʦʩʣʝ ʮʠʢʣʠʯʝʩʢʦʛʦ ʥʘʛʨʫʞʝʥʠʷ ʩ ʤʝʥʴʰʠʤʠ ʥʘʛʨʫʟʢʘʤʠ, ʥʘʙʣʶʜʘʝʪʩʷ 
ʫʤʝʥʴʰʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ɟX. ʆʜʥʘʢʦ, ʨʘʟʥʠʮʘ ʚ XRD ʧʣʦʪʥʦʩʪʷʭ ʦʙʨʘʟʮʦʚ ʠʟ ʦʙʣʘʩʪʝʡ 
ʦʢʦʣʦ ʟʘʭʚʘʪʦʚ 3-1 ʠ 3-3 (0.064% ʠ 0.057%) ʠ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ 3-2 (0.053%) ʟʘʤʝʪʥʦ 
ʤʝʥʴʰʝ, ʯʝʤ ʜʣʷ ʦʙʨʘʟʮʦʚ 1 ʠ 2, ʨʘʟʨʫʰʠʚʰʠʭʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʮʠʢʣʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʠ 
ʧʨʠ ʤʝʥʴʰʠʭ ʥʘʛʨʫʟʢʘʭ. 

ʉʨʘʚʥʝʥʠʝ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʦ ʠʟʤʝʨʝʥʠʶ ʠʥʪʝʛʨʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ ɟD 
ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʚʝʣʠʯʠʥʳ XRD ʧʣʦʪʥʦʩʪʝʡ ɟX ʚʩʝʭ ʧʨʦʚʦʣʦʢ ʙʣʠʟʢʠ ʢ ʠʥʪʝʛʨʘʣʴʥʳʤ 
ʧʣʦʪʥʦʩʪʷʤ ɟD, ʠʟʤʝʨʝʥʥʳʤ ʜʝʥʩʠʪʦʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ, ʥʦ, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʝʩʢʦʣʴʢʦ 
ʤʝʥʴʰʝ. ʕʪʦ ʥʘʙʣʶʜʝʥʠʝ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ, XRD ʧʣʦʪʥʦʩʪʴ ɟX - ʵʪʦ ʩʨʝʜʥʷʷ 
ʧʣʦʪʥʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʪʦʣʱʠʥʦʡ å36 ɛm, ʘ ʠʥʪʝʛʨʘʣʴʥʘʷ ʤʘʩʩʦʚʘʷ ʧʣʦʪʥʦʩʪʴ 
ɟD - ʵʪʦ ʚʝʣʠʯʠʥʘ, ʩʨʝʜʥʷʷ ʧʦ ʚʩʝʤʫ ʦʙʲʸʤʫ ʦʙʨʘʟʮʘ. ʀʤʝʥʥʦ ʚ ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ ʚʦ 
ʚʨʝʤʷ ʮʠʢʣʠʯʝʩʢʦʛʦ ʥʘʛʨʫʞʝʥʠʷ ʤʦʞʝʪ ʬʦʨʤʠʨʦʚʘʪʴʩʷ ʙʦʣʴʰʝʝ ʯʠʩʣʦ ʜʝʬʝʢʪʦʚ 
ʧʫʩʪʦʪʥʦʡ ʧʨʠʨʦʜʳ ʠ ʧʨʦʠʩʭʦʜʠʪʴ ʙʦʣʴʰʝʝ ʨʘʩʪʷʞʝʥʠʝ ʨʝʰʝʪʢʠ ʟʘ ʩʯʝʪ ʜʝʬʝʢʪʦʚ ʧʦ 
ʩʨʘʚʥʝʥʠʶ ʩ ʚʥʫʪʨʝʥʥʠʤ ʦʙʲʸʤʦʤ ʧʨʦʚʦʣʦʢʠ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʤʝʥʴʰʝʡ ʧʣʦʪʥʦʩʪʠ ɟX ʧʦ 
ʩʨʘʚʥʝʥʠʶ ʩ ʠʥʪʝʛʨʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʴʶ ɟD.  

ʈʝʟʦʥʘʥʩʥʳʤ ʤʝʪʦʜʦʤ ʩʦʩʪʘʚʥʦʛʦ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʚʠʙʨʘʪʦʨʘ 
(ʧʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʤʝʪʦʜʘ ʧʨʠʚʝʜʝʥʘ ʚ [3]) ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʫʧʨʫʛʠʝ ʠ 
ʤʠʢʨʦʧʣʘʩʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ Al ʧʨʦʚʦʣʦʢ ʜʦ ʠ ʧʦʩʣʝ ʮʠʢʣʠʯʝʩʢʠʭ ʫʩʪʘʣʦʩʪʥʳʭ 
ʠʩʧʳʪʘʥʠʡ (ʊʘʙʣʠʮʘ 1). ɺ ʠʩʭʦʜʥʦʤ ʩʦʩʪʦʷʥʠʠ (ʜʦ ʠʩʧʳʪʘʥʠʷ) ʟʥʘʯʝʥʠʝ ʤʦʜʫʣʷ ʖʥʛʘ E 
ʩʦʩʪʘʚʣʷʣʦ 72.78 GPa. ʇʦʩʣʝ ʠʩʧʳʪʘʥʠʡ ʥʘ ʫʩʪʘʣʦʩʪʴ ʜʣʷ ʚʩʝʭ ʯʘʩʪʝʡ ʦʙʨʘʟʮʦʚ 
ʘʣʶʤʠʥʠʝʚʦʡ ʧʨʦʚʦʣʦʢʠ 1 ʠ 2 ʥʘʙʣʶʜʘʝʪʩʷ ʫʤʝʥʴʰʝʥʠʝ ʤʦʜʫʣʷ ɽ ʠ ʫʚʝʣʠʯʝʥʠʝ 
ʜʝʢʨʝʤʝʥʪʘ ŭi, ʯʪʦ, ʚ ʮʝʣʦʤ, ʟʘʢʦʥʦʤʝʨʥʦ.  ʆʯʝʚʠʜʥʦ, ʯʪʦ ʚ ʧʨʦʮʝʩʩʝ ʮʠʢʣʠʯʝʩʢʦʛʦ 
ʥʘʛʨʫʞʝʥʠʷ ʧʣʦʪʥʦʩʪʴ ʜʠʩʣʦʢʘʮʠʡ ʚ ʧʨʦʚʦʣʦʢʘʭ ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʯʪʦ, ʩʦʛʣʘʩʥʦ ʪʝʦʨʠʠ 
ʚʥʫʪʨʝʥʥʝʛʦ ʪʨʝʥʠʷ, ʚʝʜʝʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʤʦʜʫʣʷ ʖʥʛʘ E ʠ ʨʦʩʪʫ ʜʝʢʨʝʤʝʥʪʘ ŭi. ʂʨʦʤʝ 
ʪʦʛʦ, ʦʧʨʝʜʝʣʝʥʠʝ ʠʥʪʝʛʨʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ ɟD ʦʙʨʘʟʮʦʚ ʧʨʦʚʦʣʦʢ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʚ 
ʦʙʨʘʟʮʘʭ ʧʦʩʣʝ ʠʩʧʳʪʘʥʠʡ ʥʘ ʫʩʪʘʣʦʩʪʴ ʥʘʙʣʶʜʘʝʪʩʷ ʫʤʝʥʴʰʝʥʠʝ ʧʣʦʪʥʦʩʪʠ 
ʦʪʥʦʩʠʪʝʣʴʥʦ ʠʩʭʦʜʥʦʛʦ ʦʙʨʘʟʮʘ, ʯʪʦ ʪʘʢʞʝ ʚʝʜʝʪ ʢ ʧʦʥʠʞʝʥʠʶ ʤʦʜʫʣʷ. ɼʣʷ ʦʙʨʘʟʮʘ 3, 
ʥʝ ʜʦʚʝʜʸʥʥʦʛʦ ʜʦ ʨʘʟʨʫʰʝʥʠʷ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʩʩʣʝʜʫʝʤʦʡ ʯʘʩʪʠ, ʤʦʜʫʣʴ 
ʫʧʨʫʛʦʩʪʠ E ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʠʣʠ ʫʤʝʥʴʰʘʝʪʩʷ (ʵʪʦ ʟʘʚʠʩʠʪ ʦʪ ʢʦʥʢʨʝʪʥʦʡ ʯʘʩʪʠ 
ʦʙʨʘʟʮʘ) ʦʪʥʦʩʠʪʝʣʴʥʦ ʠʩʭʦʜʥʦʛʦ ʩʦʩʪʦʷʥʠʷ. ʅʘʠʤʝʥʴʰʝʝ ʝʛʦ ʟʥʘʯʝʥʠʝ 71.83 GPa 
ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʧʨʦʚʦʣʦʢʠ 3-2. ɼʣʷ ʯʘʩʪʝʡ ʦʙʨʘʟʮʦʚ 1-2 ʠ 2-2 
ʟʥʘʯʝʥʠʷ ʤʦʜʫʣʷ ʖʥʛʘ E ʚʳʰʝ, ʘ ʜʝʢʨʝʤʝʥʪ ŭ ʥʠʞʝ, ʯʝʤ ʜʣʷ 1-1 ʠ 2-1. ʇʨʠ ʘʥʘʣʠʟʝ 
ʜʘʥʥʳʭ ʥʝʦʙʭʦʜʠʤʦ ʫʯʝʩʪʴ, ʯʪʦ ʥʘ ʟʥʘʯʝʥʠʝ ʤʦʜʫʣʷ ʫʧʨʫʛʦʩʪʠ E ʚʣʠʷʶʪ ʠ 
ʜʘʣʴʥʦʜʝʡʩʪʚʫʶʱʠʝ ʧʦʣʷ ʚʳʩʦʢʠʭ ʚʥʫʪʨʝʥʥʠʭ ʥʘʧʨʷʞʝʥʠʡ. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʚ ʧʨʦʮʝʩʩʝ 
ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ ʧʨʠ ʮʠʢʣʠʯʝʩʢʦʤ ʥʘʛʨʫʞʝʥʠʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʣʦʪʥʦʩʪʴ 
ʜʠʩʣʦʢʘʮʠʡ. ɺʦʟʤʦʞʥʦ ʠʭ ʣʦʢʘʣʴʥʦʝ ʩʢʦʧʣʝʥʠʷ, ʯʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ 
ʦʙʨʘʟʦʚʘʥʠʶ ʜʘʣʴʥʦʜʝʡʩʪʚʫʶʱʠʭ ʧʦʣʝʡ ʚʥʫʪʨʝʥʥʠʭ ʥʘʧʨʷʞʝʥʠʡ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, 
ʙʦʣʝʝ ʚʳʩʦʢʦʤʫ ʟʥʘʯʝʥʠʶ ʤʦʜʫʣʷ ʖʥʛʘ E. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʪʘʢʠʝ ʣʦʢʘʣʴʥʳʝ 
ʦʙʨʘʟʦʚʘʥʠʷ (ʠʭ ʙʦʣʝʝ ʚʳʩʦʢʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʢʘʢ ʠʩʪʦʯʥʠʢʦʚ ʚʥʫʪʨʝʥʥʝʛʦ ʥʘʧʨʷʞʝʥʠʷ) 
ʥʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʳ ʠʤʝʥʥʦ ʚ ʦʙʣʘʩʪʠ ʚʙʣʠʟʠ ʨʘʟʨʫʰʝʥʠʷ, ʧʦʵʪʦʤʫ ʤʦʜʫʣʴ ʖʥʛʘ E 
ʦʙʨʘʟʮʘ 1-2 ʥʝʩʢʦʣʴʢʦ ʚʳʰʝ, ʯʝʤ ʚ ʩʣʫʯʘʝ ʯʘʩʪʠ ʵʪʦʛʦ ʞʝ ʦʙʨʘʟʮʘ 1-1, ʫʜʘʣʸʥʥʦʡ ʦʪ 
ʦʙʣʘʩʪʠ ʨʘʟʨʫʰʝʥʠʷ. ɸʥʘʣʦʛʠʯʥʦʝ ʧʦʚʝʜʝʥʠʝ ʥʘʙʣʶʜʘʝʪʩʷ ʠ ʜʣʷ ʯʘʩʪʝʡ ʦʙʨʘʟʮʘ 2. 
ʕʪʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦ ʧʦʣʷʭ ʚʥʫʪʨʝʥʥʠʭ ʥʘʧʨʷʞʝʥʠʡ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʜʦʚʦʣʴʥʦ ʚʳʩʦʢʠʤ 
ʟʥʘʯʝʥʠʝʤ ʤʠʢʨʦʜʝʬʦʨʤʘʮʠʡ Ůs, ʦʙʥʘʨʫʞʝʥʥʳʭ ʤʝʪʦʜʘʤʠ XRD ʜʠʬʨʘʢʮʠʠ ʚ ʦʙʨʘʟʮʘʭ 
ʠʟ ʧʨʦʚʦʣʦʢ 1 ʠ 2. 
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ʊʘʙʣʠʮʘ 1 ï ʄʦʜʫʣʴ ʖʥʛʘ ɽ, ʘʤʧʣʠʪʫʜʥʦ-ʥʝʟʘʚʠʩʠʤʳʡ ʜʝʢʨʝʤʝʥʪ ŭi ʠ ʫʩʣʦʚʥʳʡ 
ʧʨʝʜʝʣ ʤʠʢʨʦʪʝʢʫʯʝʩʪʠ ůs ʧʨʠ ʥʝʫʧʨʫʛʦʡ ʜʝʬʦʨʤʘʮʠʠ Ůd = 1.0Ā10

-7 

Sample E, GPʘ ŭi, 10-5 ůs, ʄPʘ 

ɼʦ ʠʩʧʳʪʘʥʠʡ 72.78 23 18 

1-1 72.00 48 10 

1-2 72.17 23 19 

2-1 72.38 32 19 

2-2 72.41 22 18 

3-1 73.00 23 22 

3-2 71.83 26 20 

3-3 72.59 26 21 

 
ʉʨʘʚʥʝʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʯʘʩʪʝʡ ʨʘʟʨʫʰʝʥʥʳʭ ʧʨʦʚʦʣʦʢ (ʦʙʣʘʩʪʠ ʨʘʟʨʫʰʝʥʠʷ ʠ 

ʦʙʣʘʩʪʠ ʚʙʣʠʟʠ ʟʘʭʚʘʪʦʚ) ʩ ʯʘʩʪʷʤʠ ʧʨʦʚʦʣʦʢʠ, ʥʝ ʨʘʟʨʫʰʠʚʰʝʡʩʷ ʚ ʧʨʦʮʝʩʩʝ 
ʠʩʧʳʪʘʥʠʡ, ʧʨʠʚʝʣʘ ʢ ʧʨʝʜʧʦʣʦʞʝʥʠʶ ʦ ʪʦʤ, ʯʪʦ ʢʨʠʪʠʯʥʦʡ ʜʣʷ ʚʦʟʤʦʞʥʦʛʦ ʨʘʟʨʳʚʘ 
ʷʚʣʷʝʪʩʷ ʯʘʩʪʴ ʧʨʦʚʦʣʦʢʠ 3-1, ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʚʙʣʠʟʠ ʦʜʥʦʛʦ ʠʟ ʟʘʭʚʘʪʦʚ (ʪʘʙʣ. 1). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʨʘʚʥʝʥʠʝ ʩʪʨʫʢʪʫʨʥʳʭ, ʤʠʢʨʦʩʪʨʫʢʪʫʨʥʳʭ, ʫʧʨʫʛʠʭ ʠ 
ʤʠʢʨʦʧʣʘʩʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ Al ʧʨʦʚʦʣʦʢ ʠʟ ʧʨʦʚʦʜʘ A50 ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ 
ʣʘʙʦʨʘʪʦʨʥʳʝ ʮʠʢʣʠʯʝʩʢʠʝ ʫʩʪʘʣʦʩʪʥʳʝ ʠʩʧʳʪʘʥʠʷ ʦʪʜʝʣʴʥʳʭ Al ʧʨʦʚʦʣʦʢ ʧʨʠʚʦʜʷʪ ʢ 
ʢʘʯʝʩʪʚʝʥʥʦ ʪʝʤ ʞʝ ʪʝʥʜʝʥʮʠʷʤ ʠʟʤʝʥʝʥʠʷ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʧʦ 
ʩʨʘʚʥʝʥʠʶ ʩ ʵʢʩʧʣʫʘʪʘʮʠʝʡ ʚ ʝʩʪʝʩʪʚʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʚ ʢʘʙʝʣʷʭ ʃʕʇ, ʨʘʩʩʤʦʪʨʝʥʥʳʭ 
ʨʘʥʝʝ ʚ [3-5]. 

ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʠʤʝʶʪ ʚʘʞʥʦʝ ʧʨʘʢʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ 
ʤʝʪʦʜʦʚ ʠ ʧʨʠʙʦʨʦʚ ʥʝʨʘʟʨʫʰʘʶʱʝʛʦ ʢʦʥʪʨʦʣʷ ʧʨʦʚʦʜʦʚ ʃʕʇ. 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʧʨʦʛʨʘʤʤʥʦʛʦ 
ʦʙʝʩʧʝʯʝʥʠʷ ʬʝʜʝʨʘʣʴʥʦʛʦ ʎʂʇ çʄʘʪʝʨʠʘʣʦʚʝʜʝʥʠʝ ʠ ʜʠʘʛʥʦʩʪʠʢʘ ʚ 
ʧʝʨʝʜʦʚʳʭ ʪʝʭʥʦʣʦʛʠʷʭè (ʌʊʀ ʠʤ. ɸ.ʌ. ʀʦʬʬʝ, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ). 
 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ  
1.  Zhou Z.R., Cardou A., Goudreau S., Fiset M. Fundamental investigations of 

electrical conductor fretting fatigue, Tribol. Int. 1996, 29,  221ï232. 
2. Fadel A.A., Rosa D., Mur­a L.B. et.al. Effect of high mean tensile stress on the 

fretting fatigue life of an Ibis steel reinforced aluminium conductor. Int. J. Fatigue 2012, 42, 
24 ╖ 34.  

3. Narykova M.V., Levin A.A., Prasolov et.al. The structure of the near-surface layer 
of the AAAC overhead power line wires after operation and its effect on their elastic, 
microplastic, and electroresistance properties. Crystals 2022, 12, 166. 

4. Levin A.A., Narykova M.V., Lihachev A.I. et.al. Modification of the structural, 
microstructural, and elastoplastic properties of aluminum wires after operation. Metals 2021, 
11, 1955.  

5. Levin A.A., Narykova M.V., Lihachev et al. Comparison of structural, 
microstructural, elastic, and microplastic properties of the AAAC (A50) and ACSR (AC50/8) 
cables after various operation periods in power transmission lines. Crystals 2022, 12, 1267.  
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ʈʦʤʘʥʦʚ ɸ.ɽ.1, ʂʦʣʝʩʥʠʢʦʚʘ ɸ.ʃ.2 
1ʋʥʠʚʝʨʩʠʪʝʪ ʀʊʄʆ, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ 

2ʀʥʩʪʠʪʫʪ ʧʨʦʙʣʝʤ ʤʘʰʠʥʦʚʝʜʝʥʠʷ ʈɸʅ, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ 
email: alexey.romanov@niuitmo.ru 

 
ʇʨʠʚʦʜʷʪʩʷ ʩʚʝʜʝʥʠʷ ʦ ʩʚʦʡʩʪʚʘʭ ʜʠʩʢʣʠʥʘʮʠʡ ï ʜʝʬʝʢʪʦʚ ʨʦʪʘʮʠʦʥʥʦʛʦ ʪʠʧʘ ʚ 

ʪʚʝʨʜʳʭ ʪʝʣʘʭ. ɼʘʝʪʩʷ ʠʩʪʦʨʠʯʝʩʢʘʷ ʩʧʨʘʚʢʘ ʦ ʨʘʟʚʠʪʠʷ ʧʦʥʷʪʠʷ ʦ ʜʠʩʢʣʠʥʘʮʠʷʭ ʚ 
ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʭ ʩʨʝʜʘʭ, ʚʢʣʶʯʘʷ ʪʚʝʨʜʳʝ ʜʝʬʦʨʤʠʨʫʝʤʳʝ ʪʝʣʘ, ʞʠʜʢʠʝ ʢʨʠʩʪʘʣʣʳ 
ʠ ʤʘʛʥʝʪʠʢʠ. ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʥʦʤʝʥʢʣʘʪʫʨʘ, ʛʝʦʤʝʪʨʠʷ ʠ ʩʠʣʦʚʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 
ʧʨʷʤʦʣʠʥʝʡʥʳʭ ʠ ʢʨʫʛʦʚʳʭ ʜʠʩʢʣʠʥʘʮʠʡ. ɺ ʜʝʪʘʣʷʭ ʦʙʩʫʞʜʘʶʪʩʷ ʘʥʘʣʠʪʠʯʝʩʢʠʝ 
ʨʝʰʝʥʠʷ ʢʨʘʝʚʳʭ ʟʘʜʘʯ ʠʟʦʪʨʦʧʥʦʡ ʫʧʨʫʛʦʩʪʠ ʜʣʷ ʧʨʷʤʦʣʠʥʝʡʥʳʭ ʢʣʠʥʦʚʳʭ 
ʜʠʩʢʣʠʥʘʮʠʡ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʰʝʥʠʷ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʧʨʝʜʩʢʘʟʘʥʠʷ ʧʦʚʝʜʝʥʠʷ ʜʠʩʢʣʠʥʘʮʠʡ ʚ 
ʤʠʢʨʦ- ʠ ʥʘʥʦʙʲʝʢʪʘʭ ʠ ʜʣʷ ʦʙʲʷʩʥʝʥʠʷ ʨʷʜʘ ʜʨʫʛʠʭ ʵʬʬʝʢʪʦʚ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʦʛʦ 
ʧʦʚʝʜʝʥʠʷ ʪʚʝʨʜʳʭ ʪʝʣ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʩʚʦʡʩʪʚʘ ʜʠʩʢʣʠʥʘʮʠʦʥʥʳʭ ʩʪʨʫʢʪʫʨ ʩʪʘʥʦʚʷʪʩʷ 
ʦʧʨʝʜʝʣʷʶʱʠʤ ʬʘʢʪʦʨʦʤ ʧʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʨʦʪʘʮʠʦʥʥʦʡ ʧʣʘʩʪʠʯʥʦʩʪʠ ʚ ʪʚʝʨʜʳʭ 
ʪʝʣʘʭ, ʛʨʘʥʠʮ ʟʝʨʝʥ ʠ ʠʭ ʩʪʳʢʦʚ ʚ ʦʙʳʯʥʳʭ ʧʦʣʠ- ʠ ʥʘʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʘʭ, 
ʧʝʥʪʘʛʦʥʘʣʴʥʳʭ ʩʪʝʨʞʥʝʡ ʠ ʠʢʦʩʘʵʜʨʠʯʝʩʢʠʭ ʤʠʢʨʦ- ʠ ʥʘʥʦʯʘʩʪʠʮ, ʜʦʤʝʥʦʚ ʠ 
ʜʚʦʡʥʠʢʦʚ ʚ ʧʣʝʥʢʘʭ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʢʦʚ, ʜʝʬʝʢʪʦʚ ʚ ʛʨʘʬʝʥʝ ʠ ʧʩʝʚʜʦʛʨʘʬʝʥʘʭ. ʅʘ 
ʨʠʩʫʥʢʝ ʧʨʠʚʝʜʝʥ ʧʨʠʤʝʨ ʦʜʥʦʛʦ ʠʟ ʥʘʠʙʦʣʝʝ ʪʠʧʠʯʥʳʭ ʧʩʝʚʜʦʛʨʘʬʝʥʦʚ. 

 

 
ʈʠʩʫʥʦʢ 1 ï ʇʨʠʤʝʨ ʧʩʝʜʦʛʨʬʝʥʦʚʦʡ ʫʛʣʝʨʦʜʥʦʡ ʩʪʨʫʢʪʫʨʳ (ʩʣʝʚʘ) ʠ ʝʸ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʚ ʚʠʜʝ 
ʩʝʪʢʠ ʜʠʩʢʣʠʥʘʮʠʡ ʯʝʨʝʜʫʶʱʝʛʦ ʟʥʘʢʘ (ʩʧʨʘʚʘ). ʄʘʣʳʝ ʟʘʢʨʘʰʝʥʥʳʝ ʦʢʨʫʞʥʦʩʪʠ ʧʦʢʘʟʳʚʘʶʪ 
ʫʛʣʝʨʦʜʥʳʝ ʘʪʦʤʳ, ʢʦʪʦʨʳʝ ʚ ʙʝʟʜʝʬʝʢʪʥʦʤ ʛʨʘʬʝʥʝ ʦʙʨʘʟʫʶʪ ʰʝʩʪʠʟʚʝʥʥʳʝ ʢʦʣʴʮʘ; 

ʟʘʢʨʘʰʝʥʥʳʝ ʤʥʦʛʦʫʛʦʣʴʥʠʢʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʧʷʪʠʟʚʝʥʥʳʤ ʠ ʩʝʤʠʟʚʝʥʥʳʤ ʫʛʣʝʨʦʜʥʳʤ ʢʦʣʴʮʘʤ, 
ʢʦʪʦʨʳʝ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʩʚʷʟʘʥʳ ʩ ʷʜʨʘʤʠ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʠ ʦʪʨʠʮʘʪʝʣʴʥʳʭ (ʟʘʢʨʘʰʝʥʥʳʝ ʠ 

ʥʝʟʘʢʨʘʰʝʥʥʳʝ ʪʨʝʫʛʦʣʴʥʠʢʠ) ʢʣʠʥʦʚʳʭ ʜʠʩʢʣʠʥʘʮʠʡ. 

 
ɼʦʢʣʘʜ, ʦʩʥʦʚʘʥ ʥʘ ʤʘʪʝʨʠʘʣʘʭ ʦʨʠʛʠʥʘʣʴʥʳʭ ʠ ʦʙʟʦʨʥʳʭ [1-4] ʩʪʘʪʝʡ, 

ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ ʘʚʪʦʨʘʤʠ ʟʘ ʜʚʘ ʧʦʩʣʝʜʥʠʭ ʜʝʩʷʪʠʣʝʪʠʷ. 

[1] A.E. Romanov. Mechanics and physics of disclinations in solids // European 
Journal of Mechanics /A 22 (2003) 727-741. 

[2] A.E. Romanov, A.L. Kolesnikova. Application of disclination concept to solid 
structures // Progress in Materials Science 54 (2009) 740-769.  

[3] A.E. Romanov, M.A. Rozhkov, A.L. Kolesnikova. Disclinations in polycrystalline 
graphene and pseudo-graphenes. Review // Letters on Materials 8 (2018) 384-400. 

[4] A.E. Romanov, A.L. Kolesnikova. Elasticity boundary-value problems for straight 
wedge disclinations. A review on methods and results // Reviews on Advanced Materials and 
Technologies 3 (2021) 55-95. 
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ɺʃʀʗʅʀɽ ʉʆʉʊɸɺɸ ʄɸɻʅʀʊʅʆ-ɸɹʈɸɿʀɺʅʓʍ ʇʆʈʆʐʂʆɺ ʅɸ ʄʆʈʌʆʃʆɻʀʖ 
ʇʆɺɽʈʍʅʆʉʊɽʁ ʀɿʅɸʐʀɺɸʅʀʗ ɸʃʄɸɿʆɸɹʈɸɿʀɺʅʓʍ ʂʆʄʇʆɿʀʎʀʆʅʅʓʍ 

ʄɸʊɽʈʀɸʃʆɺ 
 

ʗʢʫʙʦʚʩʢʘʷ ʉ.ɺ., ʂʦʨʙʠʪ ɸ.ɸ., ɹʝʞʠʢ ɸ.ɸ. 
ɹʝʣʦʨʫʩʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ,  
ʛ. ʄʠʥʩʢ, ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ, ɽ-mail: almain@mail.ru 

 
ʄʘʛʥʠʪʥʦ-ʘʙʨʘʟʠʚʥʳʝ ʧʦʨʦʰʢʠ, ʧʨʠʤʝʥʷʝʤʳʝ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʤʦʞʥʦ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʠʝʨʠʘʣʳ ʩ ʦʙʲʝʤʥʳʤ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʟʝʨʝʥ 
ʘʙʨʘʟʠʚʘ ʚ ʤʘʛʥʠʪʥʦʡ ʤʘʪʨʠʮʝ. ɺ ʧʨʦʮʝʩʩʝ ʤʠʢʨʦʨʝʟʘʥʠʷ ʠ ʫʜʘʣʝʥʠʷ ʧʨʠʧʫʩʢʘ 
ʫʯʘʩʪʚʫʝʪ ʪʦʣʴʢʦ ʯʘʩʪʴ ʟʝʨʝʥ ʘʙʨʘʟʠʚʘ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʘʛʥʠʪʥʦ-
ʘʙʨʘʟʠʚʥʦʡ ʢʦʤʧʦʟʠʮʠʦʥʥʦʡ ʯʘʩʪʠʮʳ. ʆʜʥʠʤ ʠʟ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʠʝʤʦʚ ʧʦʚʳʰʝʥʠʷ 
ʨʝʞʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʤʘʛʥʠʪʥʦ-ʘʙʨʘʟʠʚʥʳʭ ʧʦʨʦʰʢʦʚ ʷʚʣʷʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ ʯʠʩʣʘ 
ʯʘʩʪʠʮ ʘʙʨʘʟʠʚʘ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʧʨʦʮʝʩʩʝ ʨʝʟʘʥʠʷ, ʟʘ ʩʯʝʪ ʨʘʩʧʦʣʦʞʝʥʠʷ ʯʘʩʪʠʮ 
ʘʙʨʘʟʠʚʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʘʛʥʠʪʥʳʭ ʯʘʩʪʠʮ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʤʘʛʥʠʪʥʦ-ʘʙʨʘʟʠʚʥʳʭ 
ʧʦʨʦʰʢʦʚ ʩ ʧʦʚʝʨʭʥʦʩʪʥʳʤ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʟʝʨʝʥ ʘʙʨʘʟʠʚʘ ʧʦʟʚʦʣʷʝʪ ʚʚʦʜʠʪʴ ʚ ʩʣʦʡ 
ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʘʛʥʠʪʥʦʛʦ ʷʜʨʘ ʘʙʨʘʟʠʚʳ ʨʘʟʣʠʯʥʦʛʦ ʩʦʩʪʘʚʘ ʠ ʨʘʟʤʝʨʦʚ ʠ ʚʣʠʷʪʴ ʥʘ 
ʤʦʨʬʦʣʦʛʠʶ ʧʦʚʝʨʭʥʦʩʪʠ ʠʟʥʘʰʠʚʘʥʠʷ ʘʣʤʘʟʦʩʦʜʝʨʞʘʱʝʛʦ ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ 
ʤʘʪʝʨʠʘʣʘ ʠ ʨʝʞʫʱʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʤʘʛʥʠʪʥʦ-ʘʙʨʘʟʠʚʥʳʭ ʧʦʨʦʰʢʦʚ. 

ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʩʦʩʪʘʚʘ ʤʘʛʥʠʪʥʦ-
ʘʙʨʘʟʠʚʥʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʧʦʨʦʰʢʦʚ ʥʘ ʤʦʨʬʦʣʦʛʠʶ ʧʦʚʝʨʭʥʦʩʪʝʡ ʠʟʥʘʰʠʚʘʥʠʷ 
ʘʣʤʘʟʦʘʙʨʘʟʠʚʥʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

ɺ ʢʘʯʝʩʪʚʝ ʤʘʛʥʠʪʥʦ-ʘʙʨʘʟʠʚʥʳʭ ʧʦʨʦʰʢʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠ ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ 
ʧʦʨʦʰʢʠ ʩ ʧʦʚʝʨʭʥʦʩʪʥʳʤ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʟʝʨʝʥ ʘʙʨʘʟʠʚʘ: ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ ʬʨʘʢʮʠʠ 
80/63 ʤʢʤ ʠ ʢʘʨʙʠʜʘ ʙʦʨʘ ʬʨʘʢʮʠʠ 80/63 ʤʢʤ. ʂʦʥʮʝʥʪʨʘʮʠʷ ʟʝʨʝʥ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ, 
ʢʘʨʙʠʜʘ ʙʦʨʘ ʚ ʤʘʛʥʠʪʥʦ-ʘʙʨʘʟʠʚʥʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʧʦʨʦʰʢʘʭ ʩʦʩʪʘʚʣʷʣʘ 8 ʦʙ. % (ʚ 
ʧʝʨʝʩʯʝʪʝ ʥʘ ʦʙʲʝʤ ʧʦʨʦʰʢʘ). ʄʘʛʥʠʪʥʦ-ʘʙʨʘʟʠʚʥʳʝ ʧʦʨʦʰʢʠ ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʣʷ 
ʤʘʛʥʠʪʥʦ-ʘʙʨʘʟʠʚʥʦʡ ʦʙʨʘʙʦʪʢʠ ʩʝʛʤʝʥʪʦʚ (60ʭ10ʭ3 ʤʤ) ʘʣʤʘʟʥʳʭ ʦʪʨʝʟʥʳʭ ʢʨʫʛʦʚ. 
ɼʣʠʪʝʣʴʥʦʩʪʴ ʦʙʨʘʙʦʪʢʠ ʩʦʩʪʘʚʣʷʣʘ 3, 5, 10, 15, 20 ʤʠʥ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʤʦʨʬʦʣʦʛʠʠ 
ʧʦʚʝʨʭʥʦʩʪʝʡ ʠʟʥʘʰʠʚʘʥʠʷ ʘʣʤʘʟʦʘʙʨʘʟʠʚʥʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 
ʧʨʦʚʦʜʠʣʠ ʥʘ ʨʘʩʪʨʦʚʦʤ ʵʣʝʢʪʨʦʥʥʦʤ ʤʠʢʨʦʩʢʦʧʝ VEGA/TESCAN. 

ʄʘʛʥʠʪʥʦ-ʘʙʨʘʟʠʚʥʘʷ ʦʙʨʘʙʦʪʢʘ ʘʣʤʘʟʦʩʦʜʝʨʞʘʱʝʛʦ ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ 
ʤʘʪʝʨʠʘʣʘ ʤʘʛʥʠʪʥʦ-ʘʙʨʘʟʠʚʥʳʤ ʧʦʨʦʰʢʦʤ ʩ ʟʝʨʥʘʤʠ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ ʚ ʪʝʯʝʥʠʝ 3 
ʤʠʥ ʧʨʠʚʦʜʠʪ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʚʷʟʢʠ ʤʠʢʨʦʨʝʣʴʝʬʦʚ, 
ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʩʦʙʦʡ ʩʦʚʦʢʫʧʥʦʩʪʴ ʙʦʨʦʟʜ ʨʘʟʣʠʯʥʦʡ ʜʣʠʥʳ ʠ ʛʣʫʙʠʥʳ (ʨʠʩʫʥʦʢ 1 ʘ). 
ʋʚʝʣʠʯʝʥʠʝ ʜʣʠʪʝʣʴʥʦʩʪʠ ʤʘʛʥʠʪʥʦ-ʘʙʨʘʟʠʚʥʦʡ ʦʙʨʘʙʦʪʢʠ ʜʦ 5 ʤʠʥ ʧʨʠʚʦʜʠʪ ʢ 
ʠʟʥʘʰʠʚʘʥʠʶ ʩʚʷʟʢʠ ʘʣʤʘʟʦʩʦʜʝʨʞʘʱʝʛʦ ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, 
ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʩʛʣʘʞʠʚʘʥʠʝʤ ʤʠʢʨʦʨʝʣʴʝʬʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʚʷʟʢʠ ʠ ʚʳʩʪʫʧʘʥʠʝʤ 
ʚʝʨʰʠʥ ʘʣʤʘʟʥʳʭ ʟʝʨʝʥ ʥʘʜ ʩʚʷʟʢʦʡ (ʨʠʩʫʥʦʢ 1 ʙ). ʄʘʛʥʠʪʥʦ-ʘʙʨʘʟʠʚʥʘʷ ʦʙʨʘʙʦʪʢʘ 
ʘʣʤʘʟʦʩʦʜʝʨʞʘʱʝʛʦ ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ ʪʝʯʝʥʠʝ 10 ʤʠʥ ʧʨʠʚʦʜʠʪ ʢ 
ʬʦʨʤʠʨʦʚʘʥʠʶ ʤʠʢʨʦʨʝʣʴʝʬʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʚʷʟʢʠ ʠ ʘʣʤʘʟʥʳʭ ʟʝʨʝʥ (ʨʠʩʫʥʦʢ 1 ʚ, 
ʛ). ʄʦʨʬʦʣʦʛʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʩʚʷʟʢʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʦʚʦʢʫʧʥʦʩʪʴ ʙʦʨʦʟʜ, 
ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʦʙʨʘʙʦʪʢʠ. ʇʦʩʣʝ ʠʟʥʘʰʠʚʘʥʠʷ ʩʚʷʟʢʠ ʠ ʚʳʩʪʫʧʘʥʠʷ 
ʘʣʤʘʟʥʳʭ ʟʝʨʝʥ ʠʟ ʩʚʷʟʢʠ ʢʦʥʪʘʢʪʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʟʝʨʝʥ ʘʙʨʘʟʠʚʘ ʧʨʦʠʩʭʦʜʠʪ ʢʘʢ 
ʩʦ ʩʚʷʟʢʦʡ, ʪʘʢ ʠ ʩ ʘʣʤʘʟʥʳʤʠ ʟʝʨʥʘʤʠ. ʅʘ ʧʦʚʝʨʭʥʦʩʪʠ ʘʣʤʘʟʥʳʭ ʟʝʨʝʥ, ʚʳʩʪʫʧʘʶʱʠʭ 
ʠʟ ʩʚʷʟʢʠ ʧʨʠʩʫʪʩʪʚʫʶʪ ʤʠʢʨʦʨʝʣʴʝʬʳ ʩ ʨʘʟʣʠʯʥʦʡ ʤʦʨʬʦʣʦʛʠʝʡ (ʨʠʩʫʥʦʢ 1 ʛ). 

ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʜʣʠʪʝʣʴʥʦʩʪʠ ʤʘʛʥʠʪʥʦ-ʘʙʨʘʟʠʚʥʦʡ ʦʙʨʘʙʦʪʢʠ ʜʦ 15 ʤʠʥ 
ʥʘʙʣʶʜʘʝʪʩʷ ʚʳʩʪʫʧʘʥʠʝ ʥʘʜ ʩʚʷʟʢʦʡ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʘʣʤʘʟʥʳʭ ʟʝʨʝʥ (ʨʠʩʫʥʦʢ 2). 

ʅʘ ʧʦʚʝʨʭʥʦʩʪʠ ʘʣʤʘʟʥʳʭ ʟʝʨʝʥ ʧʨʠʩʫʪʩʪʚʫʶʪ ʫʯʘʩʪʢʠ ʨʘʟʨʫʰʝʥʠʷ (ʩʢʦʣʳ) 
(ʨʠʩʫʥʦʢ 2 ʘ). 

mailto:almain@mail.ru
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ʘ 

 
ʙ 

 
ʚ 

 
ʛ 

ɼʣʠʪʝʣʴʥʦʩʪʴ ʤʘʛʥʠʪʥʦ-ʘʙʨʘʟʠʚʥʦʡ ʦʙʨʘʙʦʪʢʠ, ʤʠʥ: ʘ ï 3; ʙ ï 5; ʚ ï 10; ʛ ï 10. 
 

ʈʠʩʫʥʦʢ 1 ï ʄʦʨʬʦʣʦʛʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʠʟʥʘʰʠʚʘʥʠʷ ʩʚʷʟʢʠ ʘʣʤʘʟʦʩʦʜʝʨʞʘʱʝʛʦ 
ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ (ʘ, ʙ, ʚ) ʠ ʧʦʚʝʨʭʥʦʩʪʠ ʘʣʤʘʟʥʦʛʦ ʟʝʨʥʘ ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ  

ʤʘʛʥʠʪʥʦ-ʘʙʨʘʟʠʚʥʳʤ ʢʦʤʧʦʟʠʮʠʦʥʥʳʤ ʧʦʨʦʰʢʦʤ ʩ ʟʝʨʥʘʤʠ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ (80/63 ʤʢʤ) 

 

  
ʘ ʙ 

ʘ ï ʤʦʨʬʦʣʦʛʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʘʣʤʘʟʥʳʭ ʟʝʨʝʥ; 
ʙ ï ʤʦʨʬʦʣʦʛʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʩʚʷʟʢʠ. 

 

ʈʠʩʫʥʦʢ 2 ï ʄʦʨʬʦʣʦʛʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʘʣʤʘʟʦʩʦʜʝʨʞʘʱʝʛʦ ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ 
ʤʘʪʝʨʠʘʣʘ ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ ʤʘʛʥʠʪʥʦ-ʘʙʨʘʟʠʚʥʳʤ ʢʦʤʧʦʟʠʮʠʦʥʥʳʤ ʧʦʨʦʰʢʦʤ ʩ ʟʝʨʥʘʤʠ 
ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ (80/63 ʤʢʤ). ɼʣʠʪʝʣʴʥʦʩʪʴ ʤʘʛʥʠʪʥʦ-ʘʙʨʘʟʠʚʥʦʡ ʦʙʨʘʙʦʪʢʠ 15 ʤʠʥ 

 
ʄʦʨʬʦʣʦʛʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʩʚʷʟʢʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʥʦʞʝʩʪʚʦ ʢʦʨʦʪʢʠʭ 

ʙʦʨʦʟʜ ʩʦ ʩʛʣʘʞʝʥʥʳʤʠ ʢʨʘʷʤʠ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʤʠ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʦʙʨʘʙʦʪʢʠ (ʨʠʩʫʥʦʢ 
2 ʙ). 

ʆʙʨʘʙʦʪʢʘ ʘʣʤʘʟʦʩʦʜʝʨʞʘʱʝʛʦ ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʤʘʛʥʠʪʥʦ-ʘʙʨʘʟʠʚ 
ʥʳʤ ʧʦʨʦʰʢʦʤ ʩ ʟʝʨʥʘʤʠ ʢʘʨʙʠʜʘ ʙʦʨʘ ʚ ʪʝʯʝʥʠʝ 5, 10, 20 ʤʠʥ ʧʨʠʚʦʜʠʪ ʢ 
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41 

 

ʬʦʨʤʠʨʦʚʘʥʠʶ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʚʷʟʢʠ ʩʛʣʘʞʝʥʥʳʭ ʤʠʢʨʦʨʝʣʴʝʬʦʚ, ʩʦʩʪʦʷʱʠʭ ʠʟ 
ʙʦʨʦʟʜ ʠ ʚʳʩʪʫʧʦʚ ʤʝʞʜʫ ʥʠʤʠ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʦʙʨʘʙʦʪʢʠ. ʅʘ 
ʧʦʚʝʨʭʥʦʩʪʠ ʘʣʤʘʟʥʳʭ ʟʝʨʝʥ ʦʪʩʫʪʩʪʚʫʶʪ ʩʣʝʜʳ ʩʢʦʣʦʚ ʠ ʨʘʟʨʫʰʝʥʠʡ (ʨʠʩʫʥʦʢ 3). 

 

  
ʘ ʙ 
ʘ ï ʤʦʨʬʦʣʦʛʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʩʚʷʟʢʠ; 

ʙ ï ʤʦʨʬʦʣʦʛʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʘʣʤʘʟʥʳʭ ʟʝʨʝʥ. 
 

ʈʠʩʫʥʦʢ 3 ï ʄʦʨʬʦʣʦʛʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʘʣʤʘʟʦʩʦʜʝʨʞʘʱʝʛʦ ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ 
ʤʘʪʝʨʠʘʣʘ ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ ʤʘʛʥʠʪʥʦ-ʘʙʨʘʟʠʚʥʳʤ ʢʦʤʧʦʟʠʮʠʦʥʥʳʤ ʧʦʨʦʰʢʦʤ ʩ ʟʝʨʥʘʤʠ 

ʢʘʨʙʠʜʘ ʙʦʨʘ (80/63 ʤʢʤ). ɼʣʠʪʝʣʴʥʦʩʪʴ ʤʘʛʥʠʪʥʦ-ʘʙʨʘʟʠʚʥʦʡ ʦʙʨʘʙʦʪʢʠ 15 ʤʠʥ 

 
ɺ ʦʪʣʠʯʠʝ ʦʪ ʯʘʩʪʠʮ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ ʯʘʩʪʠʮʳ ʢʘʨʙʠʜʘ ʙʦʨʘ ʤʝʥʝʝ ʧʨʦʯʥʳʝ ʠ 

ʧʨʠ ʢʦʥʪʘʢʪʝ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʩʚʷʟʢʠ ʠ ʘʣʤʘʟʥʳʤʠ ʟʝʨʥʘʤʠ ʨʘʟʨʫʰʘʶʪʩʷ. ʈʘʟʨʫʰʝʥʠʝ 
ʯʘʩʪʠʮ ʢʘʨʙʠʜʘ ʙʦʨʘ ʠ ʫʯʘʩʪʠʝ ʚ ʧʨʦʮʝʩʩʝ ʠʟʥʘʰʠʚʘʥʠʷ ʦʩʢʦʣʢʦʚ ʢʘʨʙʠʜʘ ʙʦʨʘ 
ʧʨʠʚʦʜʠʪ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʩʛʣʘʞʝʥʥʳʭ ʤʠʢʨʦʨʝʣʴʝʬʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʚʷʟʢʠ ʠ 
ʦʪʩʫʪʩʪʚʠʶ ʩʣʝʜʦʚ ʚʳʢʨʘʰʠʚʘʥʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʘʣʤʘʟʥʳʭ ʟʝʨʝʥ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʨʬʦʣʦʛʠʷ ʧʦʚʝʨʭʥʦʩʪʝʡ ʠʟʥʘʰʠʚʘʥʠʷ ʘʣʤʘʟʦʩʦʜʝʨʞʘʱʠʭ 
ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʟʘʚʠʩʠʪ ʦʪ ʩʦʩʪʘʚʘ ʤʘʛʥʠʪʥʦ-ʘʙʨʘʟʠʚʥʦʛʦ ʧʦʨʦʰʢʘ. 
ʋʚʝʣʠʯʝʥʠʝ ʜʣʠʪʝʣʴʥʦʩʪʠ ʤʘʛʥʠʪʥʦ-ʘʙʨʘʟʠʚʥʦʡ ʦʙʨʘʙʦʪʢʠ (ʜʦ 15 ʤʠʥ) ʤʘʛʥʠʪʥʦ-
ʘʙʨʘʟʠʚʥʳʤ ʧʦʨʦʰʢʦʤ ʩ ʢʘʨʙʠʜʦʤ ʢʨʝʤʥʠʷ ʧʨʠʚʦʜʠʪ ʢ ʠʟʥʘʰʠʚʘʥʠʶ ʩʚʷʟʢʠ 
ʘʣʤʘʟʦʩʦʜʝʨʞʘʱʝʛʦ ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʘ ʟʘʪʝʤ ʧʦ ʤʝʨʝ ʚʳʩʪʫʧʘʥʠʷ 
ʘʣʤʘʟʥʳʭ ʟʝʨʝʥ ʥʘʜ ʩʚʷʟʢʦʡ ʠ ʢ ʠʟʥʘʰʠʚʘʥʠʶ ʘʣʤʘʟʥʳʭ ʟʝʨʝʥ. ʄʦʨʬʦʣʦʛʠʷ 
ʧʦʚʝʨʭʥʦʩʪʠ ʠʟʥʘʰʠʚʘʥʠʷ ʩʚʷʟʢʠ ʩʫʱʝʩʪʚʝʥʥʦ ʥʝ ʠʟʤʝʥʷʝʪʩʷ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 
ʤʥʦʞʝʩʪʚʦ ʙʦʨʦʟʜ ʨʘʟʣʠʯʥʳʭ ʨʘʟʤʝʨʦʚ ʩʦ ʩʛʣʘʞʝʥʥʳʤʠ ʢʨʘʷʤʠ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʤʠ ʚ 
ʥʘʧʨʘʚʣʝʥʠʠ ʦʙʨʘʙʦʪʢʠ. ʅʘ ʧʦʚʝʨʭʥʦʩʪʠ ʘʣʤʘʟʥʳʭ ʟʝʨʝʥ ʧʨʠʩʫʪʩʪʚʫʶʪ ʫʯʘʩʪʢʠ 
ʨʘʟʨʫʰʝʥʠʷ (ʩʢʦʣʳ), ʯʪʦ ʤʦʞʥʦ ʩʚʷʟʘʪʴ ʩ ʭʨʫʧʢʠʤ ʨʘʟʨʫʰʝʥʠʝʤ ʫʯʘʩʪʢʦʚ ʘʣʤʘʟʥʳʭ 
ʟʝʨʝʥ ʚ ʨʝʟʫʣʴʪʘʪʝ ʤʥʦʞʝʩʪʚʝʥʥʳʭ ʩʦʫʜʘʨʝʥʠʡ ʩ ʯʘʩʪʠʮʘʤʠ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ. 

ʆʙʨʘʙʦʪʢʘ ʘʣʤʘʟʦʩʦʜʝʨʞʘʱʠʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʤʘʛʥʠʪʥʦ-
ʘʙʨʘʟʠʚʥʳʤ ʧʦʨʦʰʢʦʤ ʩ ʢʘʨʙʠʜʦʤ ʙʦʨʘ ʥʝ ʧʨʠʚʦʜʠʪ ʢ ʠʟʥʘʰʠʚʘʥʠʶ ʘʣʤʘʟʥʳʭ ʟʝʨʝʥ, 
ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʤʝʥʴʰʝʡ ʧʨʦʯʥʦʩʪʴʶ ʯʘʩʪʠʮ ʢʘʨʙʠʜʘ ʙʦʨʘ. ʈʘʟʨʫʰʝʥʠʝ ʯʘʩʪʠʮ ʢʘʨʙʠʜʘ 
ʙʦʨʘ ʠ ʫʯʘʩʪʠʝ ʚ ʧʨʦʮʝʩʩʝ ʠʟʥʘʰʠʚʘʥʠʷ ʩʚʷʟʢʠ ʘʣʤʘʟʦʩʦʜʝʨʞʘʱʝʛʦ ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ 
ʤʘʪʝʨʠʘʣʘ ʤʝʥʴʰʠʭ ʧʦ ʨʘʟʤʝʨʘʤ ʦʩʢʦʣʢʦʚ ʧʨʠʚʦʜʠʪ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 
ʩʚʷʟʢʠ ʩʛʣʘʞʝʥʥʳʭ ʤʠʢʨʦʨʝʣʴʝʬʦʚ ʠʟ ʤʥʦʞʝʩʪʚʘ ʢʦʨʦʪʢʠʭ ʙʦʨʦʟʜ ʠ ʦʪʩʫʪʩʪʚʠʶ ʩʣʝʜʦʚ 
ʚʳʢʨʘʰʠʚʘʥʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʘʣʤʘʟʥʳʭ ʟʝʨʝʥ. 

ʄʘʛʥʠʪʥʦ-ʘʙʨʘʟʠʚʥʳʡ ʧʦʨʦʰʦʢ ʩ ʟʝʨʥʘʤʠ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ ʠʤʝʝʪ ʙʦʣʝʝ 
ʚʳʩʦʢʫʶ ʨʝʞʫʱʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʘʣʤʘʟʦʩʦʩʦʜʝʨʞʘʱʝʛʦ ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ 
ʤʘʪʝʨʠʘʣʘ, ʯʝʤ ʧʦʨʦʰʦʢ ʩ ʟʝʨʥʘʤʠ ʢʘʨʙʠʜʘ ʙʦʨʘ (0,8 ʠ 0,6 ʤʛ/ʤʠʥ.ʩʤ2 ʧʦʩʣʝ 15 ʤʠʥ 
ʦʙʨʘʙʦʪʢʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ), ʯʪʦ ʤʦʞʥʦ ʩʚʷʟʘʪʴ ʩ ʙʦʣʴʰʝʡ ʧʨʦʯʥʦʩʪʴʶ ʯʘʩʪʠʮ ʢʘʨʙʠʜʘ 
ʢʨʝʤʥʠʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʨʦʯʥʦʩʪʴʶ ʯʘʩʪʠʮ ʢʘʨʙʠʜʘ ʙʦʨʘ. 
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ʄʆʅʆʂʈʀʉʊɸʃʃʆɺ ʉʀʅʊɽʊʀʏɽʉʂʆɻʆ ɸʃʄɸɿɸ 

 
ɻʫʩʘʢʦʚ ɻ.ɸ.

1
, ʐʘʨʦʥʦʚ ɻ.ɺ.1, ɹʘʨʘʥ ʃ.ɺ.2 

1ʀʥʩʪʠʪʫʪ ʧʨʠʢʣʘʜʥʳʭ ʬʠʟʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ ʠʤ. ɸ.ʅ. ʉʝʚʯʝʥʢʦ, ʄʠʥʩʢ, ɹʝʣʘʨʫʩʴ, 
gga68@rambler.ru 

2ɹʝʣʦʨʫʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʄʠʥʩʢ, ɹʝʣʘʨʫʩʴ 
 
ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʥʘʤʝʪʠʣʩʷ ʩʫʱʝʩʪʚʝʥʥʳʡ ʧʨʦʛʨʝʩʩ ʚ ʪʝʭʥʦʣʦʛʠʠ 

ʵʧʠʪʘʢʩʠʘʣʴʥʦʛʦ ʥʘʨʘʱʠʚʘʥʠʷ ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʘʣʤʘʟʥʳʭ ʩʣʦʝʚ ʥʘ ʘʣʤʘʟʥʳʭ 

ʧʦʜʣʦʞʢʘʭ ʤʝʪʦʜʦʤ ʦʩʘʞʜʝʥʠʷ ʠʟ ʛʘʟʦʚʦʡ ʬʘʟʳ (CVD-ʤʝʪʦʜ) [1]. ʕʪʦʪ ʤʘʪʝʨʠʘʣ 

ʦʪʢʨʳʚʘʝʪ ʥʦʚʳʝ ʧʝʨʩʧʝʢʪʠʚʳ ʜʣʷ ʨʘʟʚʠʪʠʷ ʵʣʝʢʪʨʦʥʠʢʠ ʥʘ ʘʣʤʘʟʝ [2]. ɼʘʣʴʥʝʡʰʝʝ 

ʨʘʟʚʠʪʠʝ CVD-ʪʝʭʥʦʣʦʛʠʠ ʚʳʨʘʱʠʚʘʥʠʷ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʭ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʘʣʤʘʟʘ 

ʦʧʪʦʵʣʝʢʪʨʦʥʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʪʨʝʙʫʝʪ ʩʦʟʜʘʥʠʷ ʘʣʤʘʟʥʳʭ ʧʦʜʣʦʞʝʢ ʩ ʚʳʩʦʢʦʡ 

ʯʠʩʪʦʪʦʡ ʦʙʨʘʙʦʪʢʠ ʠ ʦʜʥʦʨʦʜʥʦʩʪʴʶ ʧʦʚʝʨʭʥʦʩʪʠ [3]. ʆʜʥʘʢʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʦʯʝʚʠʜʥʫʶ 

ʚʘʞʥʦʩʪʴ ʚʦʧʨʦʩʘ, ʜʘʥʥʳʝ ʦ ʚʣʠʷʥʠʠ ʧʨʠʤʝʩʝʡ ʥʘ ʦʙʨʘʙʘʪʳʚʘʝʤʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʠ 

ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʘʣʤʘʟʘ ʧʨʘʢʪʠʯʝʩʢʠ ʦʪʩʫʪʩʪʚʫʶʪ. ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ, ʮʝʣʴʶ ʥʘʩʪʦʷʱʝʡ 

ʨʘʙʦʪʳ ʷʚʣʷʣʦʩʴ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʠʤʝʩʥʦʛʦ ʩʦʩʪʘʚʘ ʠ ʦʜʥʦʨʦʜʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʧʨʠʤʝʩʝʡ ʧʦ ʦʙʲʝʤʫ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʩʠʥʪʝʪʠʯʝʩʢʦʛʦ ʘʣʤʘʟʘ ʥʘ ʢʘʯʝʩʪʚʦ 

ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʠʭ ʧʦʚʝʨʭʥʦʩʪʠ.  

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʢʨʠʩʪʘʣʣʳ ʩʠʥʪʝʪʠʯʝʩʢʦʛʦ ʘʣʤʘʟʘ, 

ʚʳʨʘʱʝʥʥʳʝ ʤʝʪʦʜʦʤ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʛʨʘʜʠʝʥʪʘ (ʅʈʅʊ-ʤʝʪʦʜ) ʚ ʩʠʩʪʝʤʝ Ni-Fe-C. ɺ 

ʢʘʯʝʩʪʚʝ ʦʙʨʘʟʮʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʧʣʘʩʪʠʥʳ ʩ ʦʨʠʝʥʪʘʮʠʝʡ (001), ʚʳʨʝʟʘʥʥʳʝ ʠʟ 

ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʝʡ ʢʨʠʩʪʘʣʣʦʚ. ʇʨʠʤʝʩʥʳʡ ʩʦʩʪʘʚ ʦʙʨʘʟʮʦʚ ʠʩʩʣʝʜʦʚʘʣʩʷ ʤʝʪʦʜʦʤ 

ʧʦʛʣʦʱʝʥʠʷ ʩʚʝʪʘ ʚ ʋʌ ʠ ʚʠʜʠʤʦʤ ʜʠʘʧʘʟʦʥʘʭ ʩʧʝʢʪʨʘ. ʐʣʠʬʦʚʢʘ ʙʘʟʦʚʦʡ ʧʣʦʩʢʦʩʪʠ 

ʧʫʪʝʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ ʥʘ ʯʫʛʫʥʥʳʭ ʜʠʩʢʘʭ, ʰʘʨʞʠʨʦʚʘʥʥʳʭ ʘʣʤʘʟʥʳʤ 

ʧʦʨʦʰʢʦʤ ɸʉʅ ʩ ʟʝʨʥʠʩʪʦʩʪʴʶ 20/14, 10/7, 5/3 ʠ 2/1 ʤʢʤ. ʅʘʛʨʫʟʢʘ ʥʘ ʦʙʨʘʟʝʮ 

ʩʦʩʪʘʚʣʷʣʘ 10 ʅ. ʐʣʠʬʦʚʢʘ ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʚ ʥʘʧʨʘʚʣʝʥʠʠ <110>. ɺ ʧʨʦʮʝʩʩʝ 

ʦʙʨʘʙʦʪʢʠ ʜʝʨʞʘʪʝʣʴ ʩ ʦʙʨʘʟʮʦʤ ʩʦʚʝʨʰʘʣ ʚʦʟʚʨʘʪʥʦ-ʧʦʩʪʫʧʘʪʝʣʴʥʳʝ ʜʚʠʞʝʥʠʷ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʥʘʧʨʘʚʣʝʥʠʶ ʚʨʘʱʝʥʠʷ ʜʠʩʢʘ. ʄʦʨʬʦʣʦʛʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʦʚ 

ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ ʠʩʩʣʝʜʦʚʘʣʘʩʴ ʤʝʪʦʜʦʤ ʘʪʦʤʥʦ-ʩʠʣʦʚʦʡ ʤʠʢʨʦʩʢʦʧʠʠ (ɸʉʄ).  

ʅʘ ʨʠʩʫʥʢʝ 1ʘ ʠ ʙ ʧʨʠʚʝʜʝʥʳ ʬʦʪʦʛʨʘʬʠʠ ʪʠʧʠʯʥʳʭ ʧʣʘʩʪʠʥ, ʚʳʨʝʟʘʥʥʳʭ ʠʟ 

ʅʈʅʊ-ʘʣʤʘʟʦʚ. ɺʠʜʥʦ, ʯʪʦ ʠʩʩʣʝʜʦʚʘʥʥʳʝ ʦʙʨʘʟʮʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʚʳʨʘʞʝʥʥʦʡ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʴʶ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʨʠʤʝʩʝʡ. ɺ ʚʠʜʠʤʦʤ ʜʠʘʧʘʟʦʥʝ ʩʧʝʢʪʨʘ (ʨʠʩ. 1ʚ ʠ ʛ) 

ʚ ʩʧʝʢʪʨʘʭ ʥʘʙʣʶʜʘʝʪʩʷ ʭʘʨʘʢʪʝʨʥʳʡ ʢʨʘʡ ʧʨʠʤʝʩʥʦʛʦ ʧʦʛʣʦʱʝʥʠʷ ʚ ʜʠʘʧʘʟʦʥʝ 

450é500 ʥʤ, ʩʚʷʟʘʥʥʳʡ ʩ ʥʘʣʠʯʠʝʤ ʉ-ʜʝʬʝʢʪʦʚ ʚ ʨʝʰʝʪʢʝ ʘʣʤʘʟʘ (ʦʜʠʥʦʯʥʳʡ ʘʪʦʤ 

ʘʟʦʪʘ ʚ ʧʦʣʦʞʝʥʠʠ ʟʘʤʝʱʝʥʠʷ). ʇʦʣʦʞʝʥʠʝ ʢʨʘʷ ʧʦʛʣʦʱʝʥʠʷ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʉ-ʜʝʬʝʢʪʦʚ ʚ ʠʩʩʣʝʜʦʚʘʥʥʦʡ ʦʙʣʘʩʪʠ ʦʙʨʘʟʮʘ. ɼʣʷ ʦʙʣʘʩʪʝʡ ʩ ʥʠʟʢʠʤ 

ʩʦʜʝʨʞʘʥʠʝʤ ʧʨʠʤʝʩʠ ʘʟʦʪʘ ʚ ʋʌ-ʜʠʘʧʘʟʦʥʝ ʧʨʦʷʚʣʷʝʪʩʷ ʧʦʣʦʩʘ ʧʦʛʣʦʱʝʥʠʷ ʩ 

ʤʘʢʩʠʤʫʤʦʤ 270 ʥʤ, ʪʘʢʞʝ ʩʚʷʟʘʥʥʘʷ ʩ ʉ-ʜʝʬʝʢʪʦʤ. ɺ ʜʠʘʧʘʟʦʥʝ 500é800 ʥʤ 

ʥʘʙʣʶʜʘʶʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʣʘʙʘʷ ʩʠʩʪʝʤʘ ʧʦʣʦʩ ʩ ʤʘʢʩʠʤʫʤʘʤʠ 

658 ʥʤ, ʩʚʷʟʘʥʥʘʷ ʩ ʧʨʠʤʝʩʴʶ ʥʠʢʝʣʷ ʚ ʨʝʰʝʪʢʝ ʘʣʤʘʟʘ. ɼʣʷ ʥʝʢʦʪʦʨʳʭ ʦʙʨʘʟʮʦʚ 

ʥʘʙʣʁʜʘʶʪʩʷ ʪʘʢʞʝ ʩʠʩʪʝʤʳ ʧʦʣʦʩ ʧʦʛʣʦʱʝʥʠʷ 527, 540 ʠ 732 ʥʤ, ʢʦʪʦʨʳʝ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʩʣʦʞʥʳʤ ʢʦʤʧʣʝʢʩʘʤ, ʩʦʜʝʨʞʘʱʠʤ ʘʪʦʤʳ ʥʠʢʝʣʷ, ʘʟʦʪʘ ʠ ʚʘʢʘʥʩʠʠ. 

ɼʦʧʦʣʥʠʪʝʣʴʥʦʝ ʧʦʛʣʦʱʝʥʠʷ ʚ ʩʠʥʝ-ʟʝʣʝʥʦʡ ʦʙʣʘʩʪʠ ʩʧʝʢʪʨʘ, ʩʚʷʟʘʥʥʦʛʦ ʩ  ʩʠʩʪʝʤʘʤʠ 

527 ʠ 540 ʥʤ, ʧʨʠʚʦʜʠʪ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʢʦʨʠʯʥʝʚʦʡ ʦʢʨʘʩʢʠ ʢʨʠʩʪʘʣʣʦʚ ʅʈʅʊ-

ʘʣʤʘʟʦʚ, ʢʦʪʦʨʘʷ ʠʤʝʝʪ ʬʦʨʤʫ çʢʨʝʩʪʘè (ʨʠʩ. 1ʘ). ʅʘʣʠʯʠʝ ʵʪʠʭ ʧʦʣʦʩ ʧʦʛʣʦʱʝʥʠʷ 

ʛʦʚʦʨʠʪ ʦ ʚʳʩʦʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʨʠʤʝʩʠ ʥʠʢʝʣʷ ʚ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ ʦʙʨʘʟʮʘ. ʂʨʦʤʝ 

ʪʦʛʦ, ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʦʙʣʘʩʪʠ ʧʣʘʩʪʠʥʳ ʠʥʦʛʜʘ ʧʦʷʚʣʷʝʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʰʠʨʦʢʘʷ 

ʧʦʣʦʩʘ ʩ ʤʘʢʩʠʤʫʤʦʤ ~ 420 ʥʤ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʜʝʬʝʢʪʫ S3. ʕʪʠ ʜʝʬʝʢʪʳ ʪʘʢʞʝ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʣʦʞʥʳʝ ʢʦʤʧʣʝʢʩʳ, ʩʦʜʝʨʞʘʱʠʡ ʘʪʦʤʳ ʘʟʦʪʘ, ʥʠʢʝʣʷ ʠ ʚʘʢʘʥʩʠʠ.  

mailto:gga68@rambler.ru
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ʘ) 

 

 ʙ) 

 ʚ) ʛ) 
1 ï ʮʝʥʪʨʘʣʴʥʘʷ ʦʙʣʘʩʪʴ; 2 ï ʧʨʦʤʝʞʫʪʦʯʥʘʷ ʦʙʣʘʩʪʴ;  

3 ï ʧʝʨʠʬʝʨʠʡʥʘʷ ʦʙʣʘʩʪʴ, ʩʝʢʪʦʨ ʨʦʩʪʘ {111}; 4 ï ʧʝʨʠʬʝʨʠʡʥʘʷ ʦʙʣʘʩʪʴ, ʩʝʢʪʦʨ ʨʦʩʪʘ {100} 
 

ʈʠʩʫʥʦʢ 1 ï ʉʭʝʤʘ ʨʘʩʧʦʣʦʞʝʥʠʷ ʦʙʣʘʩʪʝʡ ʠʟʤʝʨʝʥʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʘʣʤʘʟʥʳʭ 
ʧʣʘʩʪʠʥ 

 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʩʣʝʜʦʚʘʥʥʳʝ ʢʨʠʩʪʘʣʣʳ ʅʈʅʊ-ʘʣʤʘʟʘ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 

ʚʳʨʘʞʝʥʥʦʡ ʟʦʥʘʣʴʥʦ-ʩʝʢʪʦʨʠʘʣʴʥʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴʶ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʨʠʤʝʩʝʡ 
ʘʟʦʪʘ ʠ ʥʠʢʝʣʷ. ʅʘʠʙʦʣʴʰʝʝ ʩʦʜʝʨʞʘʥʠʝ ʧʨʠʤʝʩʝʡ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʮʝʥʪʨʘʣʴʥʦʡ 
ʦʙʣʘʩʪʠ ʢʨʠʩʪʘʣʣʘ. ʇʝʨʠʬʝʨʠʡʥʘʷ ʦʙʣʘʩʪʴ ʩʝʢʪʦʨʘ ʨʦʩʪʘ {111} ʩʦʜʝʨʞʠʪ ʚ ʥʝʩʢʦʣʴʢʦ 
ʨʘʟ ʤʝʥʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʥʠʢʝʣʷ, ʯʝʤ ʮʝʥʪʨʘʣʴʥʘʷ ʦʙʣʘʩʪʴ. ʆʜʥʘʢʦ ʩʦʜʝʨʞʘʥʠʝ 
ʧʨʠʤʝʩʠ ʘʟʦʪʘ ʚ ʵʪʠʭ ʦʙʣʘʩʪʷʭ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʦʜʠʥʘʢʦʚʦ. ʅʘʢʦʥʝʮ, ʩʝʢʪʦʨʘ ʨʦʩʪʘ 
{100} ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʩʦʜʝʨʞʘʪ ʧʨʠʤʝʩʠ ʥʠʢʝʣʷ, ʘ ʩʦʜʝʨʞʘʥʠʝ ʘʟʦʪʘ ʚ ʥʠʭ ʚ 3-5 ʨʘʟ 
ʤʝʥʴʰʝ, ʯʝʤ ʚ ʦʩʪʘʣʴʥʦʤ ʦʙʲʝʤʝ ʢʨʠʩʪʘʣʣʘ. 
ʅʘʤʠ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʩʨʘʚʥʠʪʝʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʦʨʬʦʣʦʛʠʠ ʧʦʚʝʨʭʥʦʩʪʠ ʚ 
ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ ʘʣʤʘʟʥʳʭ ʧʣʘʩʪʠʥ ʧʦʩʣʝ ʤʝʭʘʥʠʯʝʩʢʦʡ ʰʣʠʬʦʚʢʠ. ʉʭʝʤʘ 
ʨʘʩʧʦʣʦʞʝʥʠʷ ʦʙʣʘʩʪʝʡ ʠʟʤʝʨʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʠʩ. 1ʘ ʠ ʙ. ɼʣʷ ʢʘʞʜʦʡ ʦʙʣʘʩʪʠ 
ʚʳʧʦʣʥʷʣʦʩʴ ʥʝ ʤʝʥʝʝ 3-ʭ ʠʟʤʝʨʝʥʠʡ ʥʘ ʧʣʦʱʘʜʢʝ 50ʭ50 ʤʢʤ ʩ ʰʘʛʦʤ ʩʢʘʥʠʨʦʚʘʥʠʷ 
100 ʥʤ. ʊʠʧʠʯʥʦʝ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʦʙʨʘʟʮʦʚ ɸʉʄ-ʠʟʦʙʨʘʞʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ 
ʧʨʠʚʝʜʝʥʦ ʥʘ ʨʠʩʫʥʢʝ 2. ʅʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʦʚ ʥʘʙʣʶʜʘʶʪʩʷ ʨʝʛʫʣʷʨʥʦ 
ʨʘʩʧʦʣʦʞʝʥʥʳʝ çʙʦʨʦʟʜʳè, ʩʬʦʨʤʠʨʦʚʘʚʰʠʝʩʷ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʥʘ ʯʫʛʫʥʥʦʤ ʜʠʩʢʝ. 
ʇʦʜʦʙʥʘʷ ʤʦʨʬʦʣʦʛʠʷ ʭʘʨʘʢʪʝʨʥʘ ʜʣʷ ʘʙʨʘʟʠʚʥʦʛʦ ʠʟʥʦʩʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʘ [4]. 
ʇʝʨʠʦʜʠʯʥʦʩʪʴ çʙʦʨʦʟʜè ʩʦʩʪʘʚʣʷʝʪ 15-20 ʤʢʤ (ʨʠʩ.2ʙ), ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 
ʟʝʨʥʠʩʪʦʩʪʠ ʰʣʠʬʦʚʘʣʴʥʦʛʦ ʧʦʨʦʰʢʘ 14/20, ʠʩʧʦʣʴʟʦʚʘʥʥʦʛʦ ʧʨʠ ʧʝʨʚʠʯʥʦʡ 
ʦʙʨʘʙʦʪʢʠ ʧʦʚʝʨʭʥʦʩʪʠ ʘʣʤʘʟʥʳʭ ʧʣʘʩʪʠʥ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ 
ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʨʝʞʠʤʘʭ ʦʙʨʘʙʦʪʢʠ ʨʝʣʴʝʬ ʧʦʚʝʨʭʥʦʩʪʠ ʘʣʤʘʟʥʦʡ ʧʣʘʩʪʠʥʳ 
ʬʦʨʤʠʨʫʝʪʩʷ ʥʘ ʧʝʨʚʦʡ ʩʪʘʜʠʠ. ʇʦʩʣʝʜʫʶʱʠʝ ʦʙʨʘʙʦʪʢʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 
ʰʣʠʬʧʦʨʦʰʢʦʚ ʩ ʤʝʥʴʰʝʡ ʟʝʨʥʠʩʪʦʩʪʴʶ ʥʝ ʧʨʠʚʦʜʷʪ ʢ ʧʦʣʥʦʤʫ ʩʛʣʘʞʠʚʘʥʠʶ 
ʧʦʚʝʨʭʥʦʩʪʠ ʘʣʤʘʟʥʦʡ ʧʣʘʩʪʠʥʳ. ɼʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʘʣʤʘʟʥʳʭ ʧʣʘʩʪʠʥ 
ʥʝ ʦʙʥʘʨʫʞʝʥʦ ʟʘʤʝʪʥʦʛʦ ʦʪʣʠʯʠʷ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ ʚ 
ʧʨʝʜʝʣʘʭ ʦʜʥʦʛʦ ʦʙʨʘʟʮʘ. ʀʩʢʣʶʯʝʥʠʝ ʩʦʩʪʘʚʣʷʶʪ ʧʣʘʩʪʠʥʳ ʩ ʷʨʢʦ ʚʳʨʘʞʝʥʥʳʤ 
ʢʦʨʠʯʥʝʚʳʤ çʢʨʝʩʪʦʤè ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʦʙʣʘʩʪʠ (ʘʥʘʣʦʛ ʧʣʘʩʪʠʥʳ ʥʘ ʨʠʩʫʥʢʝ 1ʘ). ɼʣʷ 
ʵʪʠʭ ʦʙʨʘʟʮʦʚ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʦʙʣʘʩʪʠ ʨʝʛʠʩʪʨʠʨʫʝʪʩʷ ʥʘʣʠʯʠʝ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ 
ʚʧʘʜʠʥ ʜʠʘʤʝʪʨʦʤ ʦʪ 0,3 ʜʦ 2 ʤʢʤ ʠ ʛʣʫʙʠʥʦʡ ʜʦ 30 ʥʤ (ʨʠʩ. 3). ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʨʝʜʥʝʝ 
ʟʥʘʯʝʥʠʝ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ Ra ʜʣʷ ʵʪʠʭ ʦʙʨʘʟʮʦʚ ʩʦʩʪʘʚʣʷʝʪ 5é6 ʥʤ, ʚ ʪʦ 
ʚʨʝʤʷ ʢʘʢ ʜʣʷ ʦʩʪʘʣʴʥʳʭ ʦʙʨʘʟʮʦʚ ʵʪʠ ʟʥʘʯʝʥʠʷ ʥʘʭʦʜʷʪʩʷ ʚ ʠʥʪʝʨʚʘʣʝ ʦʪ 1 ʜʦ 3 ʥʤ. 
ʅʘʙʣʶʜʘʝʤʘʷ ʥʘ ʨʠʩ.3 ʤʦʨʬʦʣʦʛʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʙʦʪʘʥʥʦʡ ʘʣʤʘʟʥʦʡ ʧʣʘʩʪʠʥʳ 
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ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʘ ʩ ʠʟʤʝʥʝʥʠʝʤ ʤʝʭʘʥʠʟʤʘ ʠʟʥʦʩʘ ʩ ʘʙʨʘʟʠʚʥʦʛʦ ʥʘ ʘʜʛʝʟʠʦʥʥʳʡ 
[4].  

 

ʘ) ʙ) 

 
ʈʠʩʫʥʦʢ 2 ï ʊʠʧʠʯʥʳʝ ʜʚʫʭʤʝʨʥʦʝ ɸʉʄ-ʠʟʦʙʨʘʞʝʥʠʷ (ʘ) ʠ ʧʨʦʬʠʣʦʛʨʘʤʤʘ (ʙ) ʧʦʚʝʨʭʥʦʩʪʠ 

ʘʣʤʘʟʥʳʭ ʧʣʘʩʪʠʥ ʧʦʩʣʝ ʰʣʠʬʦʚʢʠ ʥʘ ʯʫʛʫʥʥʦʤ ʜʠʩʢʝ 

 

ʘ)       ʙ) 

 
ʈʠʩʫʥʦʢ 3 ï ɼʚʫʭʤʝʨʥʦʝ ɸʉʄ-ʠʟʦʙʨʘʞʝʥʠʷ (ʘ) ʠ ʧʨʦʬʠʣʦʛʨʘʤʤʘ (ʙ) ʧʦʚʝʨʭʥʦʩʪʠ ʮʝʥʪʨʘʣʴʥʦʡ 
ʦʙʣʘʩʪʠ ʘʣʤʘʟʥʦʡ ʧʣʘʩʪʠʥʳ ʩ ʷʨʢʦ ʚʳʨʘʞʝʥʥʳʤ ʢʦʨʠʯʥʝʚʳʤ çʢʨʝʩʪʦʤè ʧʦʩʣʝ ʰʣʠʬʦʚʢʠ ʥʘ 

ʯʫʛʫʥʥʦʤ ʜʠʩʢʝ 
 
ʆʙʦʙʱʘʷ ʦʧʠʩʘʥʥʳʝ ʚʳʰʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʤʦʞʥʦ ʩʜʝʣʘʪʴ 

ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʧʨʠʤʝʩʴ ʘʟʦʪʘ ʥʝ ʦʢʘʟʳʚʘʝʪ ʟʘʤʝʪʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʢʘʯʝʩʪʚʦ 
ʦʙʨʘʙʦʪʢʠ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʜʣʦʞʝʢ ʠʭ ʅʈʅʊ-ʘʣʤʘʟʦʚ. ɼʣʷ ʦʙʨʘʟʮʦʚ ʩ ʚʳʩʦʢʠʤ 
ʩʦʜʝʨʞʘʥʠʝʤ ʧʨʠʤʝʩʠ ʥʠʢʝʣʷ ʦʙʥʘʨʫʞʝʥʦ ʦʙʨʘʟʦʚʘʥʠʝ ʟʦʥʳ ʩʦ ʟʥʘʯʠʪʝʣʴʥʦʡ 
ʥʝʦʜʥʦʨʦʜʥʦʩʪʴʶ ʨʝʣʴʝʬʘ ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʦʙʣʘʩʪʠ ʢʨʠʩʪʘʣʣʘ. 
ʆʙʨʘʟʦʚʘʥʠʝ ʵʪʦʡ ʟʦʥʳ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʠʟʤʝʥʝʥʠʝʤ ʤʝʭʘʥʠʟʤʘ ʠʟʥʦʩʘ ʦʙʣʘʩʪʠ 
ʢʨʠʩʪʘʣʣʘ ʩ ʧʦʚʳʰʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʥʠʢʝʣʷ. ɼʣʷ ʪʘʢʠʭ ʧʦʜʣʦʞʝʢ ʥʝʚʦʟʤʦʞʥʦ 
ʜʦʩʪʠʞʝʥʠʝ ʪʨʝʙʫʝʤʦʡ ʯʠʩʪʦʪʳ ʦʙʨʘʙʦʪʢʠ ʧʦʚʝʨʭʥʦʩʪʠ, ʠʭ ʩʣʝʜʫʝʪ ʦʪʙʨʘʢʦʚʳʚʘʪʴ. 
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ʀɿʄɽʅɽʅʀɽ ʄʀʂʈʆʊɺɽʈɼʆʉʊʀ ɽɼʀʅʀʏʅʓʍ ɺɸʃʀʂʆɺ ʇʈʀ ʃɸɿɽʈʅʆʁ 
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ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʣʘʟʝʨʥʘʷ ʥʘʧʣʘʚʢʘ ʧʦʢʘʟʳʚʘʝʪ ʥʝʦʩʧʦʨʠʤʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ 

ʧʝʨʝʜ ʜʨʫʛʠʤʠ ʤʝʪʦʜʘʤʠ ʥʘʧʣʘʚʢʠ. ʕʪʦʤʫ ʩʧʦʩʦʙʩʪʚʫʝʪ ʥʝʙʦʣʴʰʦʡ ʨʘʟʤʝʨ ʟʝʨʥʘ 
ʩʪʨʫʢʪʫʨʳ, ʤʘʣʘʷ ʩʪʝʧʝʥʴ ʜʠʬʬʫʟʠʠ ʤʘʪʝʨʠʘʣʘ ʧʦʢʨʳʪʠʷ ʚ ʦʩʥʦʚʫ, ʥʝʙʦʣʴʰʦʝ 
ʢʦʣʠʯʝʩʪʚʦ ʜʝʬʝʢʪʦʚ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʚʳʩʦʢʦʡ ʧʨʦʯʥʦʩʪʴʶ ʩʮʝʧʣʝʥʠʷ, ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴʶ 
ʠ ʢʦʨʨʦʟʠʦʥʥʦʡ ʩʪʦʡʢʦʩʪʴʶ [1]. 

ɼʦ ʥʝʜʘʚʥʝʛʦ ʚʨʝʤʝʥʠ ʨʘʟʚʠʪʠʝ ʣʘʟʝʨʥʦʡ ʥʘʧʣʘʚʢʠ ʩʜʝʨʞʠʚʘʣʦʩʴ ʥʠʟʢʦʡ 
ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ ʧʨʦʮʝʩʩʘ ʠ ʜʦʨʦʛʦʚʠʟʥʦʡ ʣʘʟʝʨʥʳʭ ʠʩʪʦʯʥʠʢʦʚ. ʆʜʥʘʢʦ, ʩ 
ʧʦʷʚʣʝʥʠʝʤ ʚʦʣʦʢʦʥʥʳʭ ʣʘʟʝʨʦʚ ʠ ʩʠʩʪʝʤ ʧʨʦʛʨʘʤʤʥʦ ʫʧʨʘʚʣʷʝʤʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ 
ʣʘʟʝʨʥʦʛʦ ʧʷʪʥʘ ʵʪʘ ʧʨʦʙʣʝʤʘ ʫʰʣʘ ʚ ʧʨʦʰʣʦʝ [2]. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʟʫʯʘʣʘʩʴ ʤʠʢʨʦʪʚʝʨʜʦʩʪʴ ʝʜʠʥʠʯʥʳʭ ʚʘʣʠʢʦʚ ʠʟ ʩʧʣʘʚʘ ʥʘ 
ʦʩʥʦʚʝ ʥʠʢʝʣʷ ʇɻ-12ʅ-01, ʥʘʥʝʩʝʥʥʳʭ ʧʨʠ ʤʦʱʥʦʩʪʷʭ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ 1000 ɺʪ ʠ 
800 ɺʪ, ʘ ʪʘʢʞʝ ʧʨʠ ʤʦʱʥʦʩʪʠ 1000 ɺʪ ʩ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʤ ʧʦʜʦʛʨʝʚʦʤ ʦʩʥʦʚʳ ʜʦ 
300 ÁC. ʇʦʨʦʰʦʢ ʩʧʣʘʚʘ ʇɻ-12ʅ-01 ʠʤʝʣ ʩʣʝʜʫʶʱʠʡ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ, %ʚʝʩ.: Ni ï 
82%; Cr ï 11%; B ï 2,1%; Si ï 2,2%; C ï 0,5%; Fe ï 2,2%. ʇʝʨʝʜ ʣʘʟʝʨʥʦʡ ʥʘʧʣʘʚʢʦʡ 
ʧʦʨʦʰʦʢ ʧʨʦʩʝʠʚʘʣʩʷ ʜʦ ʛʨʘʥʫʣʷʮʠʠ 20-80 ʤʢʤ ʠ ʧʨʦʭʦʜʠʣ ʩʫʰʢʫ ʚ ʵʣʝʢʪʨʦʧʝʯʠ ʧʨʠ 
ʪʝʤʧʝʨʘʪʫʨʝ 200 ÁC ʚ ʪʝʯʝʥʠʝ ʜʚʫʭ ʯʘʩʦʚ. 

ʀʩʧʦʣʴʟʦʚʘʣʩʷ ʩʧʦʩʦʙ ʙʦʢʦʚʦʡ ʧʦʜʘʯʠ ʥʘʧʣʘʚʣʷʝʤʦʛʦ ʧʦʨʦʰʢʘ. ʇʦʜʘʯʘ 
ʧʦʨʦʰʢʘ ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʩ ʧʦʤʦʱʴʶ ʜʠʩʢʦʚʦʛʦ ʧʠʪʘʪʝʣʷ ʚʧʝʨʝʜʠ ʣʘʟʝʨʥʦʛʦ ʧʷʪʥʘ ʚ 
ʥʘʧʨʘʚʣʝʥʠʠ ʥʘʧʣʘʚʢʠ. ɺʟʘʠʤʥʳʝ ʧʝʨʝʤʝʱʝʥʠʷ ʣʘʟʝʨʥʦʛʦ ʧʷʪʥʘ ʠ ʥʘʧʣʘʚʣʷʝʤʦʛʦ 
ʦʙʨʘʟʮʘ ʦʙʝʩʧʝʯʠʚʘʣʠʩʴ ʢʦʦʨʜʠʥʘʪʥʳʤ ʩʪʦʣʦʤ, ʦʩʥʘʱʝʥʥʳʤ ʩʠʩʪʝʤʦʡ ʯʠʩʣʦʚʦʛʦ 
ʧʨʦʛʨʘʤʤʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ. ʃʘʟʝʨʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʷʚʣʷʣʩʷ ʚʦʣʦʢʦʥʥʳʡ ʠʪʪʝʨʙʠʝʚʳʡ 
ʣʘʟʝʨ YLR -1 ʩ ʤʘʢʩʠʤʘʣʴʥʦʡ ʤʦʱʥʦʩʪʴʶ ʠʟʣʫʯʝʥʠʷ 1000 ɺʪ. ʉʢʘʥʠʨʦʚʘʥʠʝ ʣʘʟʝʨʥʦʛʦ 
ʧʷʪʥʘ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʘ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʤ ʥʘʧʨʘʚʣʝʥʠʶ 
ʥʘʧʣʘʚʢʠ ʦʙʝʩʧʝʯʠʚʘʣʦʩʴ ʧʨʦʛʨʘʤʤʠʨʫʝʤʳʤ 2D ʩʢʘʥʝʨʦʤ ʬʠʨʤʳ çʉʠʪʝʣʘè. ʅʘʧʣʘʚʢʘ 
ʝʜʠʥʠʯʥʳʭ ʚʘʣʠʢʦʚ ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʥʘ ʦʙʨʘʟʮʳ ʠʟ ʩʪʘʣʠ 45. ʀʩʧʦʣʴʟʦʚʘʣʠʩʴ ʩʢʦʨʦʩʪʠ 
ʥʘʧʣʘʚʢʠ 80, 100, 120 ʠ 140 ʤʤ/ʤʠʥ. ʉʠʩʪʝʤʘ ʩʢʘʥʠʨʦʚʘʥʠʷ ʦʙʝʩʧʝʯʠʚʘʣʘ 
ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʥʘ ʧʣʦʱʘʜʠ ʧʷʪʥʘ ʩʢʘʥʠʨʦʚʘʥʠʷ 4ʭ0,1 ʤʤ. 

ʇʦʩʣʝ ʧʨʦʮʝʩʩʘ ʥʘʧʣʘʚʢʠ ʠʟʛʦʪʘʚʣʠʚʘʣʠʩʴ ʧʦʧʝʨʝʯʥʳʝ ʤʠʢʨʦʰʣʠʬʳ 
ʥʘʧʣʘʚʣʝʥʥʳʭ ʚʘʣʠʢʦʚ, ʥʘ ʢʦʪʦʨʳʭ ʠʩʩʣʝʜʦʚʘʣʦʩʴ ʠʟʤʝʥʝʥʠʝ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʧʦ 
ʛʣʫʙʠʥʝ ʚʘʣʠʢʦʚ ʥʘʧʣʘʚʢʠ. ʀʟʤʝʨʝʥʠʷ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʚʳʧʦʣʥʷʣʠʩʴ ʩ ʧʦʤʦʱʴʶ 
ʤʠʢʨʦʪʚʝʨʜʦʤʝʨʘ ʇʄʊ-3 ʧʨʠ ʥʘʛʨʫʟʢʝ 100 ʛ ʧʦ ʣʠʥʠʠ ʩʠʤʤʝʪʨʠʠ ʚʘʣʠʢʦʚ ʩ ʰʘʛʦʤ 
0,05 ʤʤ. ʂʦʦʨʜʠʥʘʪʘ ç0è ʥʘ ʛʨʘʬʠʢʘʭ ʠʟʤʝʥʝʥʠʷ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʘ 
ʛʨʘʥʠʮʝ ʚʘʣʠʢʦʚ ʠ ʦʩʥʦʚʳ, ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʢʦʦʨʜʠʥʘʪ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʠ 
ʤʘʪʝʨʠʘʣʫ ʥʘʧʣʘʚʣʝʥʥʳʭ ʚʘʣʠʢʦʚ. 

ɻʨʘʬʠʢʠ ʠʟʤʝʥʝʥʠʷ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʧʦ ʛʣʫʙʠʥʝ ʝʜʠʥʠʯʥʳʭ ʚʘʣʠʢʦʚ, 
ʥʘʧʣʘʚʣʝʥʥʳʭ ʧʨʠ ʤʦʱʥʦʩʪʷʭ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ 1000 ɺʪ ʠ 800 ɺʪ, ʘ ʪʘʢʞʝ ʧʨʠ 
ʤʦʱʥʦʩʪʠ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ 1000 ɺʪ ʩ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʤ ʧʦʜʦʛʨʝʚʦʤ ʦʩʥʦʚʳ ʜʦ 
300 ÁC, ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 1, ʧʣʦʱʘʜʴ ʧʷʪʥʘ ʩʢʘʥʠʨʦʚʘʥʠʷ ʚʦ ʚʩʝʭ ʩʣʫʯʘʷʭ 
ʩʦʩʪʘʚʣʷʣʘ 4ʭ0,1 ʤʤ. 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʛʨʘʬʠʢʦʚ, ʨʠʩʫʥʦʢ 1, ʤʠʢʨʦʪʚʝʨʜʦʩʪʴ ʧʦ ʛʣʫʙʠʥʝ ʚʘʣʠʢʦʚ ʚʦ ʚʩʝʭ 
ʩʣʫʯʘʷʭ ʨʘʩʧʨʝʜʝʣʝʥʘ ʨʘʚʥʦʤʝʨʥʦ ʜʣʷ ʢʘʞʜʦʛʦ ʨʝʞʠʤʘ ʥʘʧʣʘʚʢʠ. ʂʘʢʠʭ-ʣʠʙʦ 
ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʠʟʤʝʥʝʥʠʡ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ. ʊʘʢʦʡ ʭʘʨʘʢʪʝʨ 
ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʛʦʚʦʨʠʪ ʦʙ ʠʥʪʝʥʩʠʚʥʦʤ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʤʘʪʝʨʠʘʣʘ  
ʚʘʣʠʢʦʚ ʚ ʚʘʥʥʝ ʨʘʩʧʣʘʚʘ ʠ ʨʘʚʥʦʤʝʨʥʦʤ ʥʘʛʨʝʚʝ ʤʘʪʝʨʠʘʣʘ ʧʦ ʚʩʝʤʫ ʦʙʲʝʤʫ 
ʚʘʣʠʢʦʚ. ʀʟ ʧʨʠʚʝʜʝʥʥʳʭ ʛʨʘʬʠʢʦʚ ʪʘʢʞʝ ʟʘʤʝʪʥʳ ʥʝʢʦʪʦʨʳʝ ʦʪʣʠʯʠʷ ʚʝʣʠʯʠʥʳ 
ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʜʣʷ ʢʘʞʜʦʛʦ ʩʣʫʯʘʷ. 
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ʈʠʩʫʥʦʢ 1 ï ʀʟʤʝʥʝʥʠʝ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʧʦ ʛʣʫʙʠʥʝ ʚʘʣʠʢʦʚ, ʥʘʥʝʩʝʥʥʳʭ ʧʨʠ ʧʣʦʱʘʜʠ ʧʷʪʥʘ 
ʩʢʘʥʠʨʦʚʘʥʠʷ 4ʭ0,1 ʤʤ: ʘ ï ʤʦʱʥʦʩʪʴ ʠʟʣʫʯʝʥʠʷ 1000 ɺʪ; ʙ ï ʤʦʱʥʦʩʪʴ ʠʟʣʫʯʝʥʠʷ 800 ɺʪ; ʚ ï 

ʤʦʱʥʦʩʪʴ ʠʟʣʫʯʝʥʠʷ 1000 ɺʪ ʩ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʤ ʦʩʥʦʚʳ ʜʦ 300ÁC 
 

ʏʪʦʙʳ ʚʳʷʚʠʪʴ ʚʣʠʷʥʠʝ ʤʦʱʥʦʩʪʠ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ 
ʧʦʜʦʛʨʝʚʘ ʦʩʥʦʚʳ ʥʘ ʤʠʢʨʦʪʚʝʨʜʦʩʪʴ ʝʜʠʥʠʯʥʳʭ ʚʘʣʠʢʦʚ, ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʩʨʝʜʥʠʝ 
ʚʝʣʠʯʠʥʳ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʜʣʷ ʢʘʞʜʦʡ ʩʢʦʨʦʩʪʠ ʥʘʧʣʘʚʢʠ ʠ ʧʦʩʪʨʦʝʥʳ ʛʨʘʬʠʢʠ 
ʚʣʠʷʥʠʷ ʩʢʦʨʦʩʪʠ ʥʘʧʣʘʚʢʠ ʥʘ ʚʝʣʠʯʠʥʫ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʧʨʠ ʤʦʱʥʦʩʪʷʭ ʠʟʣʫʯʝʥʠʷ 
1000 ɺʪ ʠ 800 ɺʪ ʠ ʜʣʷ ʩʣʫʯʘʷ ʤʦʱʥʦʩʪʠ ʠʟʣʫʯʝʥʠʷ 1000 ɺʪ ʩ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʤ 
ʧʦʜʦʛʨʝʚʦʤ ʦʩʥʦʚʳ ʜʦ  300ÁC, ʨʠʩʫʥʦʢ 2.  

ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʩʢʦʨʦʩʪʠ ʥʘʧʣʘʚʢʠ ʚʦ ʚʩʝʭ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʩʣʫʯʘʷʭ ʩʨʝʜʥʷʷ 
ʤʠʢʨʦʪʚʝʨʜʦʩʪʴ ʚ ʝʜʠʥʠʯʥʳʭ ʚʘʣʠʢʘʭ ʠʟ ʩʧʣʘʚʘ ʇɻ-12ʅ-01 ʫʤʝʥʴʰʘʝʪʩʷ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ 
ʫʤʝʥʴʰʝʥʠʝʤ ʧʦʩʪʫʧʣʝʥʠʷ ʵʥʝʨʛʠʠ ʠ ʩ ʫʭʫʜʰʝʥʠʝʤ ʩʮʝʧʣʝʥʠʷ ʤʘʪʝʨʠʘʣʘ ʚʘʣʠʢʦʚ ʧʦ 
ʛʨʘʥʠʮʘʤ ʟʝʨʝʥ. ʅʘʠʙʦʣʴʰʘʷ ʤʠʢʨʦʪʚʝʨʜʦʩʴ ʧʨʠ ʩʢʦʨʦʩʪʷʭ ʥʘʧʣʘʚʢʠ ʜʦ 120 ʤʤ/ʤʠʥ 
ʥʘʙʣʶʜʘʝʪʩʷ ʜʣʷ ʤʦʱʥʦʩʪʠ ʠʟʣʫʯʝʥʠʷ 1000 ɺʪ, ʥʦ ʫʤʝʥʴʰʝʥʠʝ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʩ 
ʨʦʩʪʦʤ ʩʢʦʨʦʩʪʠ ʥʘʧʣʘʚʢʠ ʧʨʦʠʩʭʦʜʠʪ ʜʦʩʪʘʪʦʯʥʦ ʠʥʪʝʥʩʠʚʥʦ. ʅʝʩʢʦʣʴʢʦ ʤʝʥʴʰʘʷ 
ʩʨʝʜʥʷʷ ʤʠʢʨʦʪʚʝʨʜʦʩʪʴ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ ʤʦʱʥʦʩʪʠ ʠʟʣʫʯʝʥʠʷ 800 ɺʪ, ʦʜʥʘʢʦ, ʠʟ-ʟʘ 
ʪʦʛʦ, ʯʪʦ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʤʠʢʨʦʪʚʝʨʜʦʩʪʴ ʫʤʝʥʴʰʘʝʪʩʷ ʤʝʥʝʝ ʠʥʪʝʥʩʠʚʥʦ, ʧʦʩʣʝ 
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ʩʢʦʨʦʩʪʠ 120 ʤʤ/ʤʠʥ ʤʠʢʨʦʪʚʝʨʜʦʩʪʴ ʚʘʣʠʢʦʚ ʥʘʧʣʘʚʣʝʥʥʳʭ ʧʨʠ ʤʦʱʥʦʩʪʠ 800 ɺʪ 
ʥʘʯʠʥʘʝʪ ʧʨʝʚʳʰʘʪʴ ʤʠʢʨʦʪʚʝʨʜʦʩʪʴ ʚʘʣʠʢʦʚ, ʥʘʧʣʘʚʣʝʥʥʳʭ ʧʨʠ ʤʦʱʥʦʩʪʠ 1000 ɺʪ. 

 

 
 

ʈʠʩʫʥʦʢ 2 ï ɺʣʠʷʥʠʝ ʩʢʦʨʦʩʪʠ ʣʘʟʝʨʥʦʡ ʥʘʧʣʘʚʢʠ ʥʘ ʤʠʢʨʦʪʚʝʨʜʦʩʪʴ ʧʦʢʨʳʪʠʷ ʠʟ ʩʧʣʘʚʘ 
ʇɻ-12ʅ-01 

 

ʉʨʝʜʥʷʷ ʤʠʢʨʦʪʚʝʨʜʦʩʪʴ ʚ ʚʘʣʠʢʘʭ ʠʟ ʩʧʣʘʚʘ ʇɻ-12ʅ-01, ʥʘʧʣʘʚʣʝʥʥʳʭ ʧʨʠ 
ʤʦʱʥʦʩʪʠ 1000 ɺʪ ʩ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʤ ʧʦʜʦʛʨʝʚʦʤ ʦʩʥʦʚʳ ʜʦ 300ÁC, ʠʤʝʝʪ ʤʝʥʴʰʫʶ 
ʚʝʣʠʯʠʥʫ, ʯʝʤ ʚ ʜʚʫʭ ʜʨʫʛʠʭ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʩʣʫʯʘʷʭ. ʂʨʦʤʝ ʪʦʛʦ ʫʤʝʥʴʰʝʥʠʝ 
ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʩʢʦʨʦʩʪʠ ʥʘʧʣʘʚʢʠ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 
ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʧʦʜʦʛʨʝʚʘ ʧʨʦʠʩʭʦʜʠʪ ʤʝʥʝʝ ʠʥʪʝʥʩʠʚʥʦ. ɹʦʣʴʰʝʝ ʧʦʩʪʫʧʣʝʥʠʝ 
ʵʥʝʨʛʠʠ ʚ ʚʘʣʠʢ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʧʦʜʦʛʨʝʚʘ ʫʤʝʥʴʰʘʝʪ ʩʢʦʨʦʩʪʴ 
ʦʭʣʘʞʜʝʥʠʷ ʤʘʪʝʨʠʘʣʘ ʚʘʣʠʢʦʚ ʧʦʩʣʝ ʧʨʦʮʝʩʩʘ ʥʘʧʣʘʚʢʠ ʠ ʫʚʝʣʠʯʠʚʘʝʪ ʜʠʬʬʫʟʠʶ 
ʞʝʣʝʟʘ ʠʟ ʦʩʥʦʚʳ, ʯʪʦ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʚʳʟʳʚʘʝʪ ʠʟʤʝʥʝʥʠʝ ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ 
ʤʘʪʝʨʠʘʣʘ ʚʘʣʠʢʦʚ ʠ ʫʤʝʥʴʰʝʥʠʝ ʚʝʣʠʯʠʥʳ ʩʨʝʜʥʝʡ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ. 

ʀʟ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʤʦʱʥʦʩʪʴ ʣʘʟʝʨʥʦʛʦ 
ʠʟʣʫʯʝʥʠʷ ʧʨʠ ʣʘʟʝʨʥʦʡ ʥʘʧʣʘʚʢʝ ʩ ʧʦʧʝʨʝʯʥʳʤ ʩʢʘʥʠʨʦʚʘʥʠʝʤ, ʘ ʪʘʢʞʝ 
ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʡ ʧʦʜʦʛʨʝʚ ʦʩʥʦʚʳ ʦʢʘʟʳʚʘʶʪ ʙʦʣʴʰʦʝ ʚʣʠʷʥʠʝ ʥʘ ʚʝʣʠʯʠʥʫ 
ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʝʜʠʥʠʯʥʳʭ ʚʘʣʠʢʦʚ ʠʟ ʩʧʣʘʚʘ ʇɻ-12ʅ-01. ʕʪʦ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʩʣʝʜʫʝʪ 
ʠʤʝʪʴ ʚ ʚʠʜʫ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʪʝʭʥʦʣʦʛʠʠ ʣʘʟʝʨʥʦʡ ʥʘʧʣʘʚʢʠ. 

 
ʉʇʀʉʆʂ ʀʉʇʆʃʔɿʆɺɸʅʅʆʁ ʃʀʊɽʈɸʊʋʈʓ 
1. Naghiyan Fesharki, M. Microstructure investigation of Inconel 625 coating, 

obtained by laser cladding and TIG cladding methods [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]/ M. Naghiyan 
Fesharki, R. Shoja-Razavi, H.A. Mansouri, H. Jamali// Surface & Coating Technology. ï 
2018. ï V. 353. ï P. 25-31. ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: https://doi.org/10.1016/j.surfcoat.2018.08.061. 

2. Laser Institute of America, LIA Handbook of Laser Material Processing/ Edited by 
J.F. Ready. ï Orlando: Magnolia Publishing Inc., 2001. ï 715 p. 
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ʋʉʊʆʁʏʀɺʆʉʊʔ ʇʃʆʉʂʆʁ ʌʆʈʄʓ ʃʀʉʊɸ ɻʈɸʌɽʅɸ  
ʇʆ ʄʆʄɽʅʊʆ-ʄɽʄɹʈɸʅʅʆʁ ʊɽʆʈʀʀ ʋʇʈʋɻʀʍ ʇʃɸʉʊʀʅ 

 
ʉʘʨʢʠʩʷʥ ɸ.ɸ., ʉʘʨʢʠʩʷʥ ʉ.ʆ. 

ʐʠʨʘʢʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʄ. ʅʘʣʙʘʥʜʷʥʘ, ɻʶʤʨʠ,ɸʨʤʝʥʠʷ, 
armenuhis@mail.ru, armenuhis@gmail.com, s_sargsyan@yahoo.com 

 
ɸʙʩʪʨʘʢʪ. ɺ ʨʘʙʦʪʝ ʤʦʤʝʥʪʥʦ-ʤʝʤʙʨʘʥʥʘʷ ʪʝʦʨʠʷ ʫʧʨʫʛʠʭ ʪʦʥʢʠʭ ʧʣʘʩʪʠʥ 

ʪʨʘʢʪʫʝʪʩʷ ʢʘʢ ʢʦʥʪʠʥʫʘʣʴʥʘʷ ʪʝʦʨʠʷ ʜʝʬʦʨʤʘʮʠʦʥʥʦʛʦ ʧʦʚʝʜʝʥʠʷ ʛʨʘʬʝʥʘ ʠ ʥʘ 
ʦʩʥʦʚʝ ʵʪʦʡ ʪʝʦʨʠʠ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʟʘʜʘʯʘ ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʩʞʘʪʦʡ 
ʬʦʨʤʳ ʣʠʩʪʘ ʛʨʘʬʝʥʘ, ʢʦʛʜʘ ʢʦʥʪʫʨ ʝʛʦ ʩʚʦʙʦʜʥʦ-ʦʧʝʨʪ. 

ʉʦʩʪʘʚʣʷʷ ʦʜʥʦʨʦʜʥʳʝ ʫʨʘʚʥʝʥʠʷ ʟʘʜʘʯʠ ʚʳʧʫʯʠʚʘʥʠʷ ʧʣʘʩʪʠʥʢʠ (ʣʠʩʪʘ 
ʛʨʘʬʝʥʘ) ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʦʜʥʦʨʦʜʥʳʝ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ, ʜʘʣʝʝ ʨʘʟʨʘʙʦʪʘʥ ʤʝʪʦʜ 
ʨʝʰʝʥʠʷ ʧʦʣʫʯʝʥʥʦʡ ʛʨʘʥʠʯʥʦʡ ʟʘʜʘʯʠ, ʚ ʠʪʦʛʝ, ʦʧʨʝʜʝʣʝʥʦ ʢʨʠʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ 
ʜʝʡʩʪʚʫʶʱʝʛʦ ʩʞʠʤʘʶʱʝʛʦ ʫʩʠʣʠʷ. ʏʠʩʣʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʜʝʤʦʥʩʪʨʠʨʫʝʪʩʷ ʚ ʚʠʜʝ 
ʛʨʘʬʠʢʦʚ ʠ ʪʘʙʣʠʮ. 

 
ɺ ʨʘʙʦʪʘʭ [1,2] ʧʦʩʪʨʦʝʥʘ ʤʦʤʝʥʪʥʦ-ʤʝʤʙʨʘʥʥʘʷ ʣʠʥʝʡʥʘʷ ʪʝʦʨʠʷ ʫʧʨʫʛʠʭ 

ʪʦʥʢʠʭ ʦʙʦʣʦʯʝʢ. ʀʟ ʫʨʘʚʥʝʥʠʡ ʠ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ ʤʦʤʝʥʪʥʦ-ʤʝʤʙʨʘʥʥʦʡ ʣʠʥʝʡʥʦʡ 
ʪʝʦʨʠʠ ʫʧʨʫʛʠʭ ʦʙʦʣʦʯʝʢ [1,2], ʧʨʠ ʧʝʨʝʭʦʜʝ ʢ ʧʣʘʩʪʠʥʢʝ, ʧʦʣʫʯʠʤ ʜʚʝ ʦʪʜʝʣʴʥʳʝ 
ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ ʠ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ: 1) ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ ʠ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ 
ʧʣʦʩʢʦʛʦ ʥʘʧʨʷʞʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʫʧʨʫʛʠʭ ʧʣʘʩʪʠʥ, 2) ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ ʠ ʛʨʘʥʠʯʥʳʝ 
ʫʩʣʦʚʠʷ ʧʦʧʝʨʝʯʥʦʡ ʠʟʛʠʙʥʦʡ ʜʝʬʦʨʤʘʮʠʠ ʫʧʨʫʛʠʭ ʧʣʘʩʪʠʥ. ɺ ʨʘʙʦʪʝ [3] 
ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʤʦʤʝʥʪʥʦ-ʤʝʤʙʨʘʥʥʘʷ ʪʝʦʨʠʷ ʫʧʨʫʛʠʭ ʪʦʥʢʠʭ ʧʣʘʩʪʠʥ ʢʘʢ 
ʢʦʥʪʠʥʫʘʣʴʥʘʷ ʪʝʦʨʠʷ ʜʝʬʦʨʤʘʮʠʦʥʥʦʛʦ ʧʦʚʝʜʝʥʠʷ ʛʨʘʬʝʥʘ, ʦʜʥʦʚʨʝʤʝʥʥʦ, ʯʠʩʣʝʥʥʦ 
ʦʧʨʝʜʝʣʷʶʪʩʷ ʞʝʩʪʢʦʩʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʵʪʦʡ ʪʝʦʨʠʠ ʫʧʨʫʛʠʭ ʪʦʥʢʠʭ ʧʣʘʩʪʠʥ, ʯʝʨʝʟ 
ʬʠʟʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʛʘʨʤʦʥʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʤʝʞʘʪʦʤʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʜʣʷ 
ʫʛʣʝʨʦʜʘ. 

ʅʘ ʦʩʥʦʚʝ ʤʦʤʝʥʪʥʦ-ʤʝʤʙʨʘʥʥʦʡ ʪʝʦʨʠʠ ʫʧʨʫʛʠʭ ʪʦʥʢʠʭ ʧʣʘʩʪʠʥ ʤʦʞʥʦ ʠʟʫʯʘʪʴ 
ʨʘʟʣʠʯʥʳʝ ʧʨʠʢʣʘʜʥʳʝ ʩʪʘʪʠʯʝʩʢʠʝ ʠ ʜʠʥʘʤʠʯʝʩʢʠʝ ʟʘʜʘʯʠ, ʘ ʪʘʢʞʝ, ʟʘʜʘʯʠ 
ʫʩʪʦʡʯʠʚʦʩʪʠ ʣʠʩʪʘ ʛʨʘʬʝʥʘ. 

ʈʘʩʩʤʦʪʨʠʤ ʣʠʩʪ ʛʨʘʬʝʥʘ, ʪ.ʝ. ʧʨʷʤʦʫʛʦʣʴʥʫʶ ʧʣʘʩʪʠʥʢʫ, ʩʞʘʪʫʶ ʚ ʩʚʦʝʡ 

ʧʣʦʩʢʦʩʪʠ ʩʠʣʘʤʠ, ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʸʥʥʳʤʠ ʧʦ ʩʪʦʨʦʥʘʤ ὼ π ʠ ὼ ὥ. 
ɺʝʣʠʯʠʥʘ ʩʞʠʤʘʶʱʝʡ ʩʠʣʳ ʥʘ ʝʜʠʥʠʮʫ ʜʣʠʥʳ ʢʨʘʷ ʦʙʦʟʥʘʯʠʤ ʯʝʨʝʟ ὖ ὖ ὧέὲίὸ. 

ʇʦʩʪʝʧʝʥʥʳʤ ʫʚʝʣʠʯʝʥʠʝʤ ὖ ʜʦʩʪʠʛʘʝʤ ʫʩʣʦʚʠʡ, ʧʨʠ ʢʦʪʦʨʳʭ ʧʣʦʩʢʘʷ ʬʦʨʤʘ 
ʨʘʚʥʦʚʝʩʠʷ ʩʞʘʪʦʡ ʧʣʘʩʪʠʥʢʠ ʩʪʘʥʦʚʠʪʩʷ ʥʝʫʩʪʦʡʯʠʚʦʡ ʠ ʧʨʦʠʩʭʦʜʠʪ ʠʟʛʠʙ ʧʣʘʩʪʠʥʢʠ. 
ʉʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʢʨʠʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʩʞʠʤʘʶʱʝʡ ʩʠʣʳ ʦʙʦʟʥʘʯʠʤ ὖ̋ Ȣ̑ , ʢʦʪʦʨʦʝ ʠ 

ʪʨʝʙʫʝʪʩʷ ʦʧʨʝʜʝʣʠʪʴ. ʇʨʠ ὖ ὖ̋ ,̑ ʧʣʘʩʪʠʥʢʘ ʤʦʛʣʘ ʥʘʭʦʜʠʪʩʷ ʚ ʜʚʫʭ ʩʤʝʞʥʳʭ 

ʨʘʚʥʦʚʝʩʥʳʭ ʩʦʩʪʦʷʥʠʷʭ: 1) ʥʘʯʘʣʴʥʦʝ ʧʣʦʩʢʦʝ ʩʞʘʪʦʝ ʩʦʩʪʦʷʥʠʝ, 2) ʩʦʩʪʦʷʥʠʝ 
ʧʦʧʝʨʝʯʥʦʛʦ ʠʟʛʠʙʘ. ʈʝʰʝʥʠʝ ʛʨʘʥʠʯʥʦʡ ʟʘʜʘʯʠ ʥʘʯʘʣʴʥʦʛʦ ʧʣʦʩʢʦʛʦ ʩʞʘʪʦʛʦ 
ʩʦʩʪʦʷʥʠʷ ʠʤʝʝʪ ʚʠʜ: 

Ὕ ὖȟ Ὓ Ὓ πȟ ὒ ὒ π (1) 

ʀʤʝʷ ʚʚʠʜʫ (1) ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʩʣʝʜʫʶʱʫʶ ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ ʚʳʧʫʯʝʥʥʦʛʦ 
ʩʦʩʪʦʷʥʠʷ ʧʣʘʩʪʠʥʢʠ: 

ᶯύ
‬ɱ

‬ὼ

‬ɱ

‬ώ

ὖ

Ὀz

‬ύ

‬ὼ
 

ρ ’
‬ɱ

‬ὼ
’
‬ɱ

‬ὼ‬ώ

‬ɱ

‬ώ

Ὀz

Ὀᴂ

‬ύ

‬ώ
ɱ π 

‬ɱ

‬ὼ
’
‬ɱ

‬ὼ‬ώ
ρ ’

‬ɱ

‬ώ

Ὀz

Ὀ

‬ύ

‬ὼ
ɱ π 

(2) 

 

ʛʜʝ ύ ï ʬʫʥʢʮʠʷ ʧʨʦʛʠʙʘ ʧʣʘʩʪʠʥʢʠ, ɱ  ʠ ɱ  ï ʩʚʦʙʦʜʥʳʝ ʧʦʚʦʨʦʪʳ ʪʦʯʝʢ ʧʣʘʩʪʠʥʢʠ 

ʚʦʢʨʫʛ ʦʩʝʡ ὼ ʠ ώ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

mailto:armenuhis@mail.ru
mailto:armenuhis@gmail.com
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ʂ ʧʦʣʫʯʝʥʥʦʡ ʩʠʩʪʝʤʝ ʫʨʘʚʥʝʥʠʡ (2) ʩʣʝʜʫʝʪ ʧʨʠʩʦʝʜʠʥʠʪʴ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ 
ʩʚʦʙʦʜʥʦʛʦ ʦʧʠʨʘʥʠʷ: 

ʧʨʠ ὼ πȟὼ ὥȡ  ύ πȟɱ πȟὒ π 
ʧʨʠ ώ πȟώ ὦȡ  ύ πȟɱ πȟὒ π 

(3) 

ʈʝʰʝʥʠʝ ʛʨʘʥʠʯʥʦʡ ʟʘʜʘʯʠ (2), (3) ʧʨʝʜʩʪʘʚʠʤ ʪʘʢ 

ύ ὃίὭὲ
ά“ὼ

ὥ
ίὭὲ
ὲ“ώ

ὦ
ȟ ɱ ὄίὭὲ

ά“ὼ

ὥ
ὧέί
ὲ“ώ

ὦ
ȟ ɱ ὅὧέί

ά“ὼ

ὥ
ίὭὲ
ὲ“ώ

ὦ
 (4) 

ʢʦʪʦʨʦʝ ʪʦʞʜʝʩʪʚʝʥʥʦ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʛʨʘʥʠʯʥʳʤ ʫʩʣʦʚʠʷʤ (3). 

ʇʦʜʩʪʘʚʣʷʷ (4) ʚ ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ (2), ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʩʪʦʷʥʥʳʭ ὃȟὄȟὅ 

ʧʨʠʭʦʜʠʤ ʢ ʘʣʛʝʙʨʘʠʯʝʩʢʦʡ ʣʠʥʝʡʥʦʡ ʦʜʥʦʨʦʜʥʦʡ ʩʠʩʪʝʤʝ ʫʨʘʚʥʝʥʠʡ. ʆʙʨʘʱʘʷ 
ʦʧʨʝʜʝʣʠʪʝʣʴ ʵʪʦʡ ʩʠʩʪʝʤʳ ʚ ʥʫʣʴ, ʜʣʷ  ὖ ʧʦʣʫʯʠʤ ʩʣʝʜʫʶʱʝʝ ʚʳʨʘʞʝʥʠʝ: 

ὖ
Ὀ“

ὦ

ά ίὲ

ά
Ὀ
Ὀzὦ

“ ά ίὲ ί
ȟ ί

ὥ

ὦ
 

(5) 

ʀʟʫʯʝʥʠʝ ʵʪʦʛʦ ʚʳʨʘʞʝʥʠʷ ʥʘ ʤʠʥʠʤʫʤ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʤʠʥʠʤʫʤ ʧʦʣʫʯʠʪʩʷ ʧʨʠ 

ὲ ρ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʬʦʨʤʫʣʘ (5) ʜʘʝʪ ʚʩʝ ʟʥʘʯʝʥʠʷ ὖ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʟʥʘʯʝʥʠʷʤ 
ά ρȟςȟσȟȣȟὲ ρȟςȟσȟȣ, ʧʨʠ ʢʦʪʦʨʳʭ ʩʪʘʥʦʚʠʪʩʷ ʚʦʟʤʦʞʥʳʤ ʠʩʢʨʠʚʣʝʥʠʝ ʚʠʜʘ (4). 
ʀʟ ʚʩʝʡ ʩʦʚʦʢʫʧʥʦʩʪʠ ʟʥʘʯʝʥʠʡ ὖ ʥʘʜʦ ʚʳʙʨʘʪʴ ʥʘʠʤʝʥʴʰʝʝ; ʦʥʦ ʠ ʙʫʜʝʪ ʢʨʠʪʠʯʝʩʢʠʤ. 

ʈʘʩʩʤʘʪʨʠʚʘʷ ʧʨʦʠʟʚʦʜʥʫʶ ὖ ʦʪ ὲ, ʧʦʣʫʯʠʤ π, ʩʣʝʜʦʚʘʪʝʣʴʥʦ ʟʘʚʠʩʠʤʦʩʪʴ 

ὖ ʦʪ ὲ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʪʨʦʛʦ ʚʦʟʨʘʩʪʘʶʱʘʷ ʬʫʥʢʮʠʷ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʘʠʤʝʥʴʰʝʝ 

ʟʥʘʯʝʥʠʝ ὖ ʧʦʣʫʯʘʝʪʩʷ ʧʨʠ    ὲ ρ, ʯʝʤʫ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʠʩʢʨʠʚʣʝʥʠʝ ʚ ʥʘʧʨʘʚʣʝʥʠʠ 
ʩʪʦʨʦʥʳ ὦ ʧʦ ʦʜʥʦʡ ʧʦʣʫʚʦʣʥʝ ʩʠʥʫʩʦʠʜʳ. 

ɼʘʣʝʝ ʥʫʞʥʦ ʦʧʨʝʜʝʣʠʪʴ, ʧʨʠ ʢʘʢʦʤ ʟʥʘʯʝʥʠʠ ά ʚʳʨʘʞʝʥʠʝ ʜʣʷ ὖ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʜʘʥʥʦʤʫ ʦʪʥʦʰʝʥʠʶ ʩʪʦʨʦʥ ί, ʙʫʜʫʪ ʥʘʠʤʝʥʴʰʠʤ, ʠ ʥʘʡʪʠ ʵʪʦ 
ʥʘʠʤʝʥʴʰʝʝ ʟʥʘʯʝʥʠʝ.  

ʇʨʠ ὲ ρ ʬʦʨʤʫʣʘ ʜʣʷ ὖ ʧʨʠʥʠʤʘʝʪ ʚʠʜ 

ὖ
Ὀ“

ὦ

ά ί

ά
Ὀ
Ὀzὦ

“ ά ί ί
  (6) 

ʈʘʩʩʤʦʪʨʠʤ ʧʨʦʠʟʚʦʜʥʫʶ , ʧʨʠʨʘʚʥʠʚʘʷ ʥʫʣʶ ʚ ʨʝʟʫʣʴʪʘʪʝ, ʜʣʷ ά ʧʦʣʫʯʠʤ 

ʚʳʨʘʞʝʥʠʝ 

ά
ὦ$z $ᴂ“

ὦ$z $ᴂ“
ί  (7) 

ʊʘʢ ʢʘʢ ά ʧʨʠʥʠʤʘʝʪ ʟʥʘʯʝʥʠʷ 1,2,3,ΛΛΛ, ʘ ʧʨʘʚʘʷ ʯʘʩʪʴ (7) ʤʦʛ ʙʳʪʴ ʚ ʦʙʱʝʤ 

ʩʣʫʯʘʝ ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʜʝʡʩʪʚʠʪʝʣʴʥʦʝ ʯʠʩʣʦ, ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ὖ̋  ̑ ʧʦʩʪʫʧʠʤ 

ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ʌʦʨʤʫʣʫ (7) ʧʝʨʝʧʠʰʝʤ ʪʘʢ: 

ὖ Ὧ 
Ὀ“

ὦ
ȟὯ

ά ί

ά
Ὀ
Ὀzὦ

“ ά ί ί
ȟ ά ρȟςȟσȟȣ  (8) 

ɿʜʝʩʴ Ὧ ï ʯʠʩʣʦʚʦʡ ʢʦʵʬʬʠʮʠʝʥʪ, ʚʝʣʠʯʠʥʘ ʢʦʪʦʨʦʛʦ ʟʘʚʠʩʠʪ ʦʪ ʦʪʥʦʰʝʥʠʷ ί   ʠ ά.  

ʅʘ ʨʠʩ. 1 ʧʦʩʪʨʦʝʥʳ ʛʨʘʬʠʢʠ ʟʘʚʠʩʠʤʦʩʪʠ ʢʦʵʬʬʠʮʠʝʥʪʘ Ὧ ʦʪ ʦʪʥʦʰʝʥʠʷ 

ʩʪʦʨʦʥ ʧʣʘʩʪʠʥʢʠ ί ʜʣʷ ʨʘʟʥʳʭ ʟʥʘʯʝʥʠʡ ά. ʏʠʩʣʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʞʝʩʪʢʦʩʪʥʳʭ 
ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠʟʛʠʙʥʦʡ ʜʝʬʦʨʤʘʮʠʠ ʧʣʘʩʪʠʥʢʠ ʧʨʠʚʝʜʝʥʳ ʚ ʨʘʙʦʪʝ [3]. 

ɾʠʨʥʦʡ ʣʠʥʠʝʡ ʧʨʦʚʝʜʝʥʘ ʦʛʠʙʘʶʱʘʷ ʵʪʠʭ ʢʨʠʚʳʭ, ʢʦʪʦʨʘʷ ʦʧʨʝʜʝʣʷʝʪ 

ʤʠʥʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ Ὧ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʦʪʥʦʰʝʥʠʷ ʩʪʦʨʦʥ ί ʠ 
ʟʥʘʯʝʥʠʷ ά. 

ʅʘ ʦʛʠʙʘʶʱʝʡ ʦʪʤʝʯʝʥʳ ʪʦʯʢʠ, ʚ ʢʦʪʦʨʳʭ ʧʨʦʠʩʭʦʜʠʪ ʩʤʝʥʘ ʯʠʩʣʘ ʧʦʣʫʚʦʣʥ 

ʩʠʥʫʩʦʠʜʳ, ʦʙʨʘʟʫʶʱʠʭʩʷ ʚʜʦʣʴ ʦʩʠ ὼ ʧʨʠ ʚʳʧʫʯʠʚʘʥʠʠ ʧʣʘʩʪʠʥʢʠ. ʆʥʠ ʦʧʨʝʜʝʣʷʶʪʩʷ 
ʢʘʢ ʪʦʯʢʠ ʧʝʨʝʩʝʯʝʥʠʷ ʜʚʫʭ ʢʨʠʚʳʭ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʜʚʫʤ ʩʤʝʞʥʳʤ ʟʥʘʯʝʥʠʷʤ 
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ʢʦʵʬʬʠʮʠʝʥʪʘ ά. ʀʭ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʚ ʦʙʱʝʤ ʚʠʜʝ ʠʟ ʩʨʘʚʥʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ  Ὧ 

ʩʦʛʣʘʩʥʦ ʬʦʨʤʫʣʝ (8) ʧʨʠ ʯʠʩʣʘʭ ʧʦʣʫʚʦʣʥ ά ʠ ά ρ: 
ά ί

ά ά ί Ὧ ί

ά ρ ί

ά ρ ά ρ ί Ὧ ί
      (9) 

ʀʟ ʵʪʦʛʦ ʫʨʘʚʥʝʥʠʷ ʤʦʞʥʦ 

ʧʦʣʫʯʠʪʴ ί. ɺ ʯʘʩʪʥʦʩʪʠ, ʧʨʠ    ά ρ, 
ʧʦʣʫʯʠʤ ί ρȟτρ; ʧʨʠ   ά ς, 
ʧʦʣʫʯʠʤ ί ςȢτυ; ʧʨʠ   ά σ, 
ʧʦʣʫʯʠʤ ί σȢτφ; ά τ, ʧʦʣʫʯʠʤ 

ί τȢτχ; ʧʨʠ ά υ, ʧʦʣʫʯʠʤ 

ί υȢτψ ʠ ʪ.ʜ. 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʣʘʩʪʠʥʢʠ 

(ʣʠʩʪ ʛʨʘʬʝʥʘ), ʠʤʝʶʱʠʝ ʦʪʥʦʰʝʥʠʝ 

ʩʪʦʨʦʥ ί ρȢτρ, ʧʨʠ ʧʦʪʝʨʝ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʠʟʛʠʙʘʶʪʩʷ ʚʜʦʣʴ ʦʩʠ ὼ 
ʧʦ ʦʜʥʦʡ ʧʦʣʫʚʦʣʥʝ ʩʠʥʫʩʦʠʜʳ. ɽʩʣʠ 

ʦʪʥʦʰʝʥʠʝ ʩʪʦʨʦʥ ʧʣʘʩʪʠʥʢʠ ρȢτρ
ί ςȢτυ, ʪʦ ʧʣʘʩʪʠʥʢʘ ʧʨʠ 

ʚʳʧʫʯʠʚʘʥʠʠ ʦʙʨʘʟʫʶʪ ʚʜʦʣʴ ʦʩʠ ὼ 
ʜʚʝ ʧʦʣʫʚʦʣʥʳ ʩʠʥʫʩʦʠʜʳ, ʝʩʣʠ 

ςȢτυ ί σȢτφ, ï ʪʨʠ ʧʦʣʫʚʦʣʥʳ ʠ 
ʪ.ʜ. 

ɺ ʠʪʦʛʝ, ʜʣʷ ʢʘʞʜʦʛʦ ί , 

ʠʤʝʝʤ ʟʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ Ὧ, ʘ ʧʦ ʬʦʨʤʫʣʝ (8) ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ 
ʟʥʘʯʝʥʠʝ ʜʣʷ ὖ̋ Ȣ̑  ʅʘʧʨʠʤʝʨ, ʢʦʛʜʘ ʨʘʟʤʝʨʳ ʣʠʩʪʘ ʛʨʘʬʝʥʘ ʠʤʝʶʪ ʟʥʘʯʝʥʠʷ: 

ὦ ρπ ̎ ȟ̍ὥ ςπ ̎̍ , ʧʦʣʫʯʘʝʤ ὖ̋̑ ςτȢυψ ̊Ⱦ̍Λ ɺ ʪʘʙʣʠʮʝ 1 ʜʘʥ r ʟʥʘʯʝʥʠʷ 

ʢʦʵʬʬʠʮʠʝʥʪʘ Ὧ ʜʣʷ ʥʝʢʦʪʦʨʳʭ ʦʪʥʦʰʝʥʠʡ ί ʠ ʫʢʘʟʘʥʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʯʠʩʣʦ 
ʧʦʣʫʚʦʣʥ ά. 
 

ʊʘʙʣʠʮʘ 1 ï ɿʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ▓ ʧʨʠ ʨʘʟʥʳʭ ▼. 
▼ 0.5 1 1.41 2 2.5 3 3.46 4 4.47 5 

▓ 6.25 4 4.49 4 4.13 4 4.08 4 4.05 4 

□ 1 1 1-2 2 3 3 3-4 4 4-5 5 

 
ʆʪʤʝʪʠʤ, ʯʪʦ ʧʦʜʦʙʥʳʤ ʦʙʨʘʟʦʤ ʥʘ ʦʩʥʦʚʝ ʤʦʤʝʥʪʥʦ-ʤʝʤʙʨʘʥʥʦʡ ʪʝʦʨʠʠ 

ʫʧʨʫʛʠʭ ʧʣʘʩʪʠʥ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʠ ʜʨʫʛʠʝ ʧʨʠʢʣʘʜʥʳʝ ʟʘʜʘʯʠ ʫʩʪʦʡʯʠʚʦʩʪʠ 
ʣʠʩʪʘ ʛʨʘʬʝʥʘ. 

 
ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ɻʂʅ ʄʆʅ ʈɸ ʚ ʨʘʤʢʘʭ 

ʥʘʫʯʥʦʛʦ ʧʨʦʝʢʪʘ ˉ SCS 21T-2C093. 
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1 1.41 2 2.45 3 3.46 4 4.47 5 5.48
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ʈʠʩʫʥʦʢ 1 ï ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ Ὧ ʦʪ 
ʦʪʥʦʰʝʥʠʷ 

▼ ╪Ⱦ╫ ʧʨʠ ʨʘʟʥʳʭ ʟʥʘʯʝʥʠʷʭ □ 
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ʟʘʱʠʪʥʳʝ ʙʘʨʴʝʨʳ-ʧʦʢʨʳʪʠʷ. ʕʬʬʝʢʪʠʚʥʳʤʠ ʧʨʠʥʷʪʦ ʩʯʠʪʘʪʴ ʧʦʢʨʳʪʠʷ ʠʟ ʩʠʣʠʮʠʜʦʚ 
ʩʧʣʘʚ-ʦʙʨʘʟʫʶʱʠʭ ʪʫʛʦʧʣʘʚʢʠʭ ʤʝʪʘʣʣʦʚ Nb ʠ Mo, ʧʨʠʤʝʥʷʝʤʳʭ ʜʣʷ ʟʘʱʠʪʳ ʦʪ 
ʦʢʠʩʣʝʥʠʷ ʪʝʭ ʞʝ Nb- ʠ Mo-ʩʧʣʘʚʦʚ. ʅʘʰʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʦʣʝʝ ʨʘʥʥʝʛʦ ʧʝʨʠʦʜʘ 
ʦʪʥʦʩʠʣʠʩʴ ʢ ʧʦʣʫʯʝʥʠʶ ʞʘʨʦʧʨʦʯʥʳʭ ʢʦʤʧʦʟʠʪʦʚ ʩ ʤʥʦʛʦʩʣʦʡʥʳʤʠ ʩʪʨʫʢʪʫʨʘʤʠ, ʚ 
ʪʦʤ ʯʠʩʣʝ, ʢʦʤʧʦʟʠʪʦʚ ʠʟ ʵʪʠʭ ʩʧʣʘʚʦʚ. ɺ ʵʪʦʡ ʨʘʙʦʪʝ ʤʳ ʧʨʦʜʦʣʞʠʣʠ ʠʩʩʣʝʜʦʚʘʥʠʷ 
ʧʦʣʫʯʝʥʠʷ ʞʘʨʦʩʪʦʡʢʠʭ ʧʦʢʨʳʪʠʡ ʥʘ ʤʥʦʛʦʩʣʦʡʥʳʭ Nb/Al- ʠ Mo/Al-ʢʦʤʧʦʟʠʪʘʭ ʠ 
ʧʝʨʚʳʤʠ ʙʳʣʠ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ Cr-ʧʦʢʨʳʪʠʷ ʩ ʢʘʨʙʠʜʥʳʤʠ ʯʘʩʪʠʮʘʤʠ ʢʦʤʧʦʟʠʪ-
ʦʙʨʘʟʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ. ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʦʙʲʝʢʪʘʤʠ ʞʘʨʦʩʪʦʡʢʠʭ ʧʦʢʨʳʪʠʡ ʙʫʜʫʪ 
ʞʘʨʦʧʨʦʯʥʳʝ ʤʥʦʛʦʩʣʦʡʥʳʝ ʢʦʤʧʦʟʠʪʳ ʩʦ ʩʪʨʫʢʪʫʨʘʤʠ ʪʦʥʢʠʭ Nb- ʠʣʠ ʄʦ-ʩʣʦʸʚ, 
ʯʝʨʝʜʫʶʱʠʭʩʷ ʩ ʝʱʸ ʙʦʣʝʝ ʪʦʥʢʠʤʠ, ʫʧʨʦʯʥʷʶʱʠʤʠ ʢʦʤʧʦʟʠʪʳ, ʩʣʦʷʤʠ 
ʠʥʪʝʨʤʝʪʘʣʣʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ Nb3Al ʠ Mo3Al ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʂʦʤʧʦʟʠʪʳ ʧʦʣʫʯʘʣʠ ʧʦ ʪʚʝʨʜʦʬʘʟʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 
ʜʠʬʬʫʟʠʦʥʥʦʡ ʩʚʘʨʢʠ ʤʥʦʛʦʩʣʦʡʥʳʭ ʧʘʢʝʪʦʚ ʧʦʜ ʜʘʚʣʝʥʠʝʤ 8,5 ʄʇʘ ʧʨʠ 1300Áʉ ʚ 

ʪʝʯʝʥʠʝ 15 ʤʠʥ. ʇʘʢʝʪʳ ʨʘʟʤʝʨʘʤʠ ~40 ³ 55 ʤʤ2 ʠ  ʪʦʣʱʠʥʦʡ t ~ 5 ʤʤ (ʨʠʩ. 1) 
ʩʦʙʠʨʘʣʠ ʠʟ ʄʦ- ʠʣʠ Nb-ʬʦʣʴʛ ʪʦʣʱʠʥʦʡ 40ï50 ʤʢʤ ʠ Al-ʬʦʣʴʛ ʪʦʣʱʠʥʦʡ 9 ʤʢʤ. 
ʈʝʞʠʤ ʩʚʘʨʢʠ ʧʘʢʝʪʦʚ: ʜʘʚʣʝʥʠʝ ï 8,5 ʄʇʘ, ʪʝʤʧʝʨʘʪʫʨʘ ï 1300Áʉ, ʚʨʝʤʷ ï 15 ʤʠʥ.  

 

 
 

ʈʠʩʫʥʦʢ 1 ï ʄʥʦʛʦʩʣʦʡʥʳʡ ʧʘʢʝʪ ʠʟ Nb- ʠʣʠ ʄʦ-ʬʦʣʴʛ ʠ ʚʳʨʝʟʘʥʥʳʡ ʩʪʝʨʞʝʥʴ ʢʚʘʜʨʘʪʥʦʛʦ 
ʩʝʯʝʥʠʷ (t ï ʪʦʣʱʠʥʘ ʧʘʢʝʪʘ, 1 ʠ 2 ï ʚʝʨʭʥʷʷ ʠ ʙʦʢʦʚʘʷ ʧʦʚʝʨʭʥʦʩʪʠ ʩʪʝʨʞʥʷ) 

 

 
 

ʈʠʩʫʥʦʢ 2 ï ʄʥʦʛʦʩʣʦʡʥʘʷ ʩʪʨʫʢʪʫʨʘ ʧʣʦʩʢʠʭ ʢʦʤʧʦʟʠʪʦʚ ʧʨʠ ʤʘʣʦʤ ʠ ʙʦʣʴʰʦʤ ʫʚʝʣʠʯʝʥʠʷʭ 
ʧʦʩʣʝ ʩʚʘʨʢʠ ʧʨʠ 1300Áʉ ʧʦʜ ʜʘʚʣʝʥʠʝʤ: ʄʝ ï Mo ʠʣʠ Nb 

 

ʇʦʩʣʝ ʩʚʘʨʢʠ ʤʥʦʛʦʩʣʦʡʥʳʝ ʩʪʨʫʢʪʫʨʳ ʧʘʢʝʪʦʚ ʩʦʩʪʦʷʣʠ ʠʟ ʤʝʪʘʣʣʠʯʝʩʢʠʭ 
ʩʣʦʸʚ ʠ 3-ʩʣʦʡʥʳʭ ʜʠʬʬʫʟʠʦʥʥʳʭ ʟʦʥ Me3Al/Me2Al/Me3Al, ʛʜʝ: Me ï Mo ʠʣʠ Nb (ʨʠʩ. 2). 
ʉʚʘʨʢʘ ʚ ʪʝʯʝʥʠʝ 15-ʪʠ ʤʠʥʫʪ ʬʦʨʤʠʨʦʚʘʣʘ ʚ ʢʦʤʧʦʟʠʪʝ 3-ʩʣʦʡʥʳʝ ʜʠʬʬʫʟʠʦʥʥʳʝ 
ʟʦʥʳ ʠʟ ʜʚʫʭ ʩʣʦʸʚ ʠʥʪʝʨʤʝʪʘʣʣʠʜʘ Me3Al ʠ ʦʜʥʦʛʦ ʩʣʦʷ ʄe2Al. ʇʦʩʣʝ ʙʦʣʝʝ 
ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʡ ʩʚʘʨʢʠ ʠʣʠ ʚʩʣʝʜʩʪʚʠʝ ʥʘʛʨʝʚʘ ʢʦʤʧʦʟʠʪʘ ʜʦ ʙʦʣʝʝ ʚʳʩʦʢʠʭ 
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ʪʝʤʧʝʨʘʪʫʨ 3-ʩʣʦʡʥʳʝ ʟʦʥʳ ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʣʠʩʴ ʚ ʩʣʦʠ ʠʟ ʩʦʝʜʠʥʝʥʠʷ Me3Al (ʄʝ ï 
Nb ʠʣʠ ʄʦ) ʩ ʪʝʤʧʝʨʘʪʫʨʘʤʠ ʧʣʘʚʣʝʥʠʷ ʙʦʣʝʝ 2000Áʉ.  

ʊʘʢ ʢʘʢ ʧʨʠ ʩʚʘʨʢʝ ʧʘʢʝʪʳ ʦʪʜʝʣʷʣʠʩʴ ʦʪ ʧʫʘʥʩʦʥʦʚ ʧʨʦʢʣʘʜʢʘʤʠ ʠʟ ʪʝʨʤʦ 
ʨʘʩʰʠʨʝʥʥʦʛʦ ʛʨʘʬʠʪʘ (ʊʈɻ), ʪʦ ʧʦʚʝʨʭʥʦʩʪʠ ʧʘʢʝʪʦʚ ʧʦʢʨʳʚʘʣʠʩʴ ʪʦʥʢʠʤʠ 
ʢʘʨʙʠʜʥʳʤʠ ʩʣʦʷʤʠ NbC ʠʣʠ MoC (ʨʠʩ. 3), ʠʤʝʚʰʠʭ ʭʘʨʘʢʪʝʨʥʳʡ ʨʝʣʴʝʬ.  

ʉʪʝʨʞʥʠ ʢʚʘʜʨʘʪʥʦʛʦ ʩʝʯʝʥʠʷ ʥʘʨʝʟʘʣʠ ʠʟ ʧʣʦʩʢʠʭ ʤʥʦʛʦʩʣʦʡʥʳʭ ʢʦʤʧʦʟʠʪʦʚ 
ʪʦʣʱʠʥʦʡ 5 ʤʤ (ʩʤ. ʨʠʩ. 1). ʇʦʜʛʦʪʦʚʣʝʥʥʳʝ ʜʣʷ ʥʘʥʝʩʝʥʠʷ ʞʘʨʦʩʪʦʡʢʠʭ ʧʦʢʨʳʪʠʡ 
ʙʦʣʴʰʠʝ ʧʦʚʝʨʭʥʦʩʪʠ Mo/Al- ʠ Nb/Al-ʩʪʝʨʞʥʝʡ ʢʚʘʜʨʘʪʥʦʛʦ ʩʝʯʝʥʠʷ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩ. 4. 

 

 
ʘ                                                                           ʙ 

 

ʈʠʩʫʥʦʢ 3 ï ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʤʧʦʟʠʪʦʚ Nb/Al (ʘ) ʠ Mo/Al (ʙ) ʩ ʧʦʢʨʳʪʠʷʤʠ NbC ʠ 
MoC ʧʦʩʣʝ ʩʚʘʨʢʠ ʧʨʠ 1300Áʉ ʚ ʪʝʯʝʥʠʝ 30 ʤʠʥ ʧʦʜ ʜʘʚʣʝʥʠʝʤ ~1 ʄʇʘ 

 

 
ʘ                                                                 ʙ 

 

ʈʠʩʫʥʦʢ 4 ï Mo/Al-(ʘ) ʠ Nb/Al-ʩʪʝʨʞʥʠ (ʙ), ʧʦʜʛʦʪʦʚʣʝʥʥʳʝ ʢ ʥʘʥʝʩʝʥʠʶ ʧʦʢʨʳʪʠʡ 
 

 
ʘ                                                         ʙ 

 

ʈʠʩʫʥʦʢ 5 ï ʄʘʢʨʦ- ʠ ʤʠʢʨʦʩʪʨʫʢʪʫʨʘ ʉrïʥʘʥʦ ʘʣʤʘʟʥʦʛʦ ʧʦʢʨʳʪʠʷ ʥʘ ʄʦ-ʛʨʘʥʠ 
Mo/Al-ʢʦʤʧʦʟʠʪʥʦʛʦ ʩʪʝʨʞʥʷ ʧʨʠ ʤʘʣʦʤ (ʘ) ʠ ʙʦʣʴʰʦʤ (ʙ) ʫʚʝʣʠʯʝʥʠʷʭ: 1 ʠ 4 ï ʚʢʣʶʯʝʥʠʷ ʩ Cr, 

2 ʠ 3 ï ʧʣʦʱʘʜʢʠ ʈʉ-ʘʥʘʣʠʟʘ 

 
ʇʨʠ ʧʦʜʛʦʪʦʚʢʝ ʩʪʝʨʞʥʝʡ ʢ ʥʘʥʝʩʝʥʠʶ ʧʦʢʨʳʪʠʡ ʚʳʙʠʨʘʣʩʷ ʩʧʦʩʦʙ 

ʧʦʜʢʣʶʯʝʥʠʷ ʠʭ ʚ ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʮʝʧʴ, ʜʣʷ ʯʝʛʦ ʚ ʪʦʨʮʘʭ ʩʪʝʨʞʥʝʡ ʧʨʦʜʝʣʳʚʘʣʠ 
ʩʢʚʦʟʥʦʝ ʦʪʚʝʨʩʪʠʝ ʠʣʠ ʧʘʟ (ʨʠʩ. 4, ʘ ʠ ʙ). 

ɸʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʧʦʢʨʳʪʠʝ ʩʦʩʪʦʷʣʦ ʥʘ 97 ʘʪ. % ʠʟ ʭʨʦʤʘ, ʦʩʪʘʣʴʥʦʝ ï 
ʢʠʩʣʦʨʦʜ (ʨʠʩ. 5, ʙ; 2 ʠ 3). ʊʸʤʥʳʝ ʚʢʣʶʯʝʥʠʷ ʠʤʝʣʠ ʩʦʩʪʘʚ ʪʦʞʝ ʩ ʧʨʝʦʙʣʘʜʘʝʤ 
ʭʨʦʤʘ: 25,8ï68,3 Cr, 3,6ï4,5 Al; 2,6ï7,4 Si ʠ 14,4ï45,1 ʘʪ. % ʆ2. ʄʦʣʠʙʜʝʥ, ʢʘʢ ʤʝʪʘʣʣ 
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ʧʦʜʣʦʞʢʠ, ʥʝ ʦʙʥʘʨʫʞʠʚʘʣʩʷ ʥʠ ʚ ʦʜʥʦʤ ʠʟ ʩʧʝʢʪʨʦʚ ʜʘʞʝ ʥʘ ʫʨʦʚʥʝ ʩʦʪʳʭ ʜʦʣʝʡ 
ʧʨʦʮʝʥʪʘ. ʕʪʦ ʧʦʣʦʞʠʪʝʣʴʥʦ ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʦ ʧʦʢʨʳʪʠʝ. 

ʆʙʨʘʪʠʤʩʷ ʢ ʧʦʢʨʳʪʠʷʤ ʥʘ ʦʜʥʦʡ ʠʟ ʜʚʫʭ ʛʨʘʥʝʡ ʄʦ-ʩʪʝʨʞʥʷ ʩ ʤʥʦʛʦʩʣʦʡʥʳʤʠ 
ʩʪʨʫʢʪʫʨʘʤʠ Mo/Mo3Al/ʄʦ/é/ʄʦ, ʦʨʪʦʛʦʥʘʣʴʥʳʭ ʨʘʩʩʤʦʪʨʝʥʥʳʤ ʧʦʚʝʨʭʥʦʩʪʷʤ.  

ʅʘ ʨʠʩ. 6, ʘ, ʢʨʦʤʝ ʧʦʚʝʨʭʥʦʩʪʠ ʩ Cr-ʧʦʢʨʳʪʠʝʤ, ʧʨʠʩʫʪʩʪʚʦʚʘʣʠ ʢʘʞʫʱʠʝʩʷ 
ʥʝʧʦʢʨʳʪʳʤʠ ʫʯʘʩʪʢʠ Mo-ʬʦʣʴʛ, ʭʦʪʷ ʩʦʩʝʜʥʠʝ ʩ ʥʠʤʠ ʪʦʨʮʳ ʠʟ ʭʠʤʠʯʝʩʢʦʛʦ 
ʩʦʝʜʠʥʝʥʠʷ ʄʦ3Al ʷʚʥʦ ʩʤʦʪʨʷʪʩʷ ʥʝʩʫʱʠʤʠ ʥʘ ʩʝʙʝ ʟʘʱʠʪʥʳʝ ʧʦʢʨʳʪʠʷ. ɼʦ ʠʭ 
ʥʘʥʝʩʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʴ ʩʦʩʪʦʷʣʘ ʠʟ ʯʝʨʝʜʦʚʘʚʰʠʭʩʷ ʪʦʥʢʠʭ Mo- ʠ ʝʱʸ ʙʦʣʝʝ ʪʦʥʢʠʭ 
Mo3Al-ʩʣʦʸʚ. ʅʘ ʨʠʩʫʥʢʝ ʦʥʠ, ʭʦʪʴ ʠ ʦʙʦʟʥʘʯʝʥʳ, ʢʘʢ ʄʦ3Al, ʥʦ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʄʦ-ʩʣʦʷ, 
ʷʚʥʦ ʩʦʜʝʨʞʘʣʠ ʥʘ ʩʝʙʝ ʭʨʦʤʦʚʦʝ ʧʦʢʨʳʪʠʝ. ʂʘʢ ʠ ʜʦʣʞʥʦ ʙʳʪʴ, ʦʥʠ ʙʳʣʠ ʟʘʤʝʪʥʦ 
ʪʦʥʴʰʝ ʄʦ-ʩʣʦʸʚ ʧʦʪʦʤʫ, ʯʪʦ ʪʦʣʱʠʥʘ Al-ʩʣʦʷ, ʠʟ ʢʦʪʦʨʳʭ ʦʥʠ ʦʙʨʘʟʦʚʘʣʠʩʴ, ʙʳʣʘ 
ʙʦʣʴʰʝ 9 ʤʢʤ ï ʠʩʭʦʜʥʦʡ ʪʦʣʱʠʥʳ Al-ʬʦʣʴʛ. 

ʇʨʠ ʙʦʣʴʰʦʤ ʫʚʝʣʠʯʝʥʠʠ ʤʠʢʨʦʩʪʨʫʢʪʫʨʘ ʧʦʢʨʳʪʠʷ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 6, ʙ. ʂʘʢ 
ʙʳʣʦ ʫʞʝ ʟʘʤʝʯʝʥʦ, ʧʦʢʨʳʪʠʝ ʥʘ ʩʣʦʠʩʪʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩʪʝʨʞʥʷ ʤʦʛʣʦ ʙʳʪʴ ʦʩʪʘʪʴʩʷ 
ʝʰʸ ʥʝ ʧʦʣʥʦʩʪʴʶ ʟʘʚʝʨʰʝʥʥʳʤ, ʪʘʢ ʢʘʢ ʥʝʨʝʜʢʦ ʦʙʥʘʨʫʞʠʚʘʣʠʩʴ ʩʚʝʪʣʳʝ ʪʦʯʝʯʥʳʝ 
ʚʢʨʘʧʣʝʥʠʷ, ʢʦʪʦʨʳʝ ʤʦʛʣʠ çʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴè ʦ ʧʨʠʩʫʪʩʪʚʠʝ ʤʦʣʠʙʜʝʥʘ (ʩʤ. 
ʘʥʘʣʠʟʳ 1 ʠ 3). ʍʦʨʦʰʦ ʚʠʜʥʳ ʧʦʢʨʳʪʠʷ ʥʘ ʪʦʨʮʘʭ ʩʣʦʸʚ ʠʥʪʝʨʤʝʪʘʣʣʠʯʝʩʢʦʛʦ 
ʩʦʝʜʠʥʝʥʠʷ ʄʦ3Al. ʕʪʦ ï ʘʥʘʣʠʟ 2. 

 

 
ʘ                                                           ʙ                                          ʚ 

 

ʈʠʩʫʥʦʢ 6 ï ʄʘʢʨʦ- ʠ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʉrïʥʘʥʦ ʘʣʤʘʟʥʦʛʦ ʧʦʢʨʳʪʠʷ ʥʘ ʤʥʦʛʦʩʣʦʡʥʦʡ ʛʨʘʥʠ 
Mo/Al-ʩʪʝʨʞʥʷ ʧʨʠ ʤʘʣʦʤ (ʘ) ʠ ʙʦʣʴʰʦʤ (ʙ, ʚ) ʫʚʝʣʠʯʝʥʠʷʭ:1, 2, 3 ʠ 4 ï çʪʦʯʢʠè ʣʦʢʘʣʴʥʦʛʦ 

ʈʉ-ʘʥʘʣʠʟʘ 
 

ʏʠʩʣʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ (ʩʤ. ʨʠʩ. 6, ʚ) ʧʦʢʘʟʘʣʠ, ʯʪʦ ʤʦʣʠʙʜʝʥ ʣʠʰʴ 
ʣʦʢʘʣʴʥʦ ʧʨʠʩʫʪʩʪʚʦʚʘʣ ʚ ʩʚʝʪʣʳʭ ʪʦʯʝʯʥʳʭ ʦʙʨʘʟʦʚʘʥʠʷʭ 1 ʠ 3: ʜʦ 61 ʘʪ. %, 
ʦʩʪʘʣʴʥʦʝ ï Cr, Al ʠ O2. ʉʨʝʜʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʵʣʝʤʝʥʪʦʚ ʧʦ ʩʧʝʢʪʨʘʤ 2 (ʥʘ ʩʣʦʝ 
ʄʦ3Al) ʠ 4 (ʥʘ ʄʦ-ʩʣʦʝ) ʙʳʣʠ ʥʘ 100% ʠʟ ʭʨʦʤʘ ʠ ʢʠʩʣʦʨʦʜʘ ï 98,3 Cr; 1,6 O2; 0,07 ʄʦ ʠ 
0,03 ʘʪ. % Al.  
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ʈɽɿʋʃʔʊɸʊʓ ʀʉʇʓʊɸʅʀʗ ʅɸ ɾɸʈʆʉʊʆʁʂʆʉʊʔ ʄʅʆɻʆʉʃʆʁʅʓʍ 
Nb- ʀ Mo-ʂʆʄʇʆɿʀʊʆɺ ʉ ʀʅʊɽʈʄɽʊɸʃʃʀʏɽʉʂʀʄ ʋʇʈʆʏʅɽʅʀɽʄ 

ʀ (CrïC)-ʇʆʂʈʓʊʀʗʄʀ 
 

ʇʝʪʢʦʚ ɺ.ʇ.1, ʂʦʨʞʦʚ ɺ.ʇ.2, ʂʠʡʢʦ ɺ.ʄ.2, ɾʝʣʪʷʢʦʚʘ ʀ.ʉ.2 
1ʀʥʩʪʠʪʫʪ ʤʝʪʘʣʣʦʚʝʜʝʥʠʷ, ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʪʝʭʥʦʣʦʛʠʡ ʩ ʛʠʜʨʦ- ʠ 
ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʤ ʮʝʥʪʨʦʤ ɹʦʣʛʘʨʩʢʦʡ ɸʅ, 1574 ʉʦʬʠʷ, ɹʦʣʛʘʨʠʷ 

2ʀʥʩʪʠʪʫʪ ʬʠʟʠʢʠ ʪʚʸʨʜʦʛʦ ʪʝʣʘ, ʛ. ʏʝʨʥʦʛʦʣʦʚʢʘ, ʈʌ, 
korzhov@issp.ac.ru 

 
ʍʨʦʤʦʚʳʝ ʵʣʝʢʪʨʦʣʠʪʠʯʝʩʢʠʝ ʧʦʢʨʳʪʠʷ ʥʘ ʤʝʪʘʣʣʘʭ ʠʟʚʝʩʪʥʳ ʩʚʦʝʡ 

ʥʘʜʸʞʥʦʩʪʴʶ, ʥʦ ʚʚʝʜʝʥʠʝ ʚ ʥʠʭ ʘʣʤʘʟʦʧʦʜʦʙʥʳʭ ʥʘʥʦʨʘʟʤʝʨʥʳʭ ʯʘʩʪʠʮ ʜʦʣʞʥʦ ʝʱʸ 
ʙʦʣʴʰʝ ʧʦʚʳʩʠʪʴ ʠʭ ʞʘʨʦʩʪʦʡʢʦʩʪʴ ʠ ʫʚʝʣʠʯʠʪʴ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʧʦʨʦʛ ʨʘʙʦʪʳ. 
ʕʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʡ ʤʝʪʦʜ ʥʘʥʝʩʝʥʠʷ ʧʦʢʨʳʪʠʷ ʠʟ ʭʨʦʤʘ ʩ ʥʘʥʦ-ʘʣʤʘʟʥʳʤʠ ʯʘʩʪʠʮʘʤʠ 
ʩʥʘʯʘʣʘ ʦʪʨʘʙʘʪʳʚʘʣʠ, ʠʩʧʦʣʴʟʫʷ ʥʝʤʥʦʛʦʩʣʦʡʥʳʝ Nb- ʠ Mo-ʩʪʝʨʞʥʠ ʢʚʘʜʨʘʪʥʦʛʦ 
ʩʝʯʝʥʠʷ. ʂʘʪʦʜʦʤ ʙʳʣ ʩʘʤ ʢʦʤʧʦʟʠʪ, ʘʥʦʜʦʤ ï ʩʚʠʥʮʦʚʳʡ ʩʧʣʘʚ ʩʧʝʮʠʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ. 

ʉʪʝʨʞʥʠ ʧʝʨʝʜ ʧʦʢʨʳʪʠʝʤ ʩʣʝʛʢʘ ʰʣʠʬʦʚʘʣʠ, ʦʙʨʘʙʘʪʳʚʘʣʠ ʚ ʦʨʛʘʥʠʯʝʩʢʦʤ 
ʨʘʩʪʚʦʨʠʪʝʣʝ ʠ ʟʘʪʝʤ ʚ ʢʠʩʣʦʪʥʦ-ʱʝʣʦʯʥʦʤ ʨʘʩʪʚʦʨʝ, ʧʦʜʚʝʰʠʚʘʣʠ ʢ ʢʘʪʦʜʫ ʠ 
ʧʦʛʨʫʞʘʣʠ ʚ ʵʣʝʢʪʨʦʣʠʪ. ʇʨʝʜʚʘʨʠʪʝʣʴʥʘʷ ʭʠʤʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʧʦʚʝʨʭʥʦʩʪʠ 
ʩʪʝʨʞʥʝʡ ʩʧʦʩʦʙʩʪʚʦʚʘʣʘ ʬʦʨʤʠʨʦʚʘʥʠʶ ʧʨʦʯʥʳʭ ʠ ʧʣʦʪʥʳʭ ʧʦʢʨʳʪʠʡ. 

ʇʝʨʝʜ ʪʨʘʚʣʝʥʠʝʤ ʧʦʢʨʳʚʘʝʤʳʝ ʧʦʚʝʨʭʥʦʩʪʠ Nb- ʠ Mo-ʩʪʝʨʞʥʝʡ ʦʙʨʘʙʘʪʳʚʘʣʠ 
30%-ʨʘʩʪʚʦʨʦʤ ʧʝʨʝʢʠʩʠ ʚʦʜʦʨʦʜʘ ʩʦ ʩʧʝʮʠʘʣʴʥʦʡ ʢʠʩʣʦʪʥʦ-ʱʝʣʦʯʥʦʡ ʜʦʙʘʚʢʦʡ. ɼʣʷ 
ʪʨʘʚʣʝʥʠʷ ʩʪʝʨʞʥʝʡ ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʤʝʩʴ ʪʨʸʭ ʢʠʩʣʦʪ HNO3, HF ʠ H3PO4. ɻʦʪʦʚʠʣʠ ʜʚʘ 
ʵʣʝʢʪʨʦʣʠʪʘ. ʇʝʨʚʳʡ ʠʟ ʥʠʭ ʙʳʣ ʩʪʘʥʜʘʨʪʥʳʤ ʜʣʷ ʭʨʦʤʘ ʩ ʦʪʥʦʰʝʥʠʝʤ ʭʨʦʤʦʚʦʛʦ 
ʘʥʛʠʜʨʠʜʘ ʠ ʩʝʨʥʦʡ ʢʠʩʣʦʪʳ 100:1. ɽʛʦ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ: CrO3 ï 250 ʛ/ʣ ʠ H2SO4 ï 
2,5 ʛ/ʣ. ʇʘʨʘʤʝʪʨʳ ʥʘʥʝʩʝʥʠʷ ʧʦʢʨʳʪʠʷ: ʧʣʦʪʥʦʩʪʴ ʪʦʢʘ ï ʦʪ 45 ʜʦ 55 ɸ/ʜʤ2, ʚʨʝʤʷ ï ʦʪ 
45 ʜʦ 55 ʤʠʥ, ʪʝʤʧʝʨʘʪʫʨʘ ï ʚ ʠʥʪʝʨʚʘʣʝ ʦʪ 50ï55ÁC. ɺʪʦʨʦʡ ʵʣʝʢʪʨʦʣʠʪ ʩʦʜʝʨʞʘʣ 
ʥʘʥʦ ʘʣʤʘʟʥʳʝ ʯʘʩʪʠʮʳ, ʧʦʣʫʯʝʥʥʳʝ ʜʝʪʦʥʘʮʠʦʥʥʳʤ ʩʠʥʪʝʟʦʤ. ʕʣʝʢʪʨʦʣʠʪ ʛʦʪʦʚʠʣʠ ʚ 
ʚʠʜʝ ʚʦʜʥʦʡ ʩʫʩʧʝʥʟʠʠ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʥʘʥʦ-ʯʘʩʪʠʮ ~10%. ʇʦʩʣʝ ʘʢʪʠʚʘʮʠʠ ʚ 
ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʚʘʥʥʝ ʩʫʩʧʝʥʟʠʶ ʧʝʨʝʣʠʚʘʣʠ ʚ ʩʪʘʥʜʘʨʪʥʳʡ ʵʣʝʢʪʨʦʣʠʪ ʜʣʷ 
ʭʨʦʤʠʨʦʚʘʥʠʷ. ʉʪʝʨʞʥʠ ʧʦʜʚʝʰʠʚʘʣʠ ʥʘ ʢʘʪʦʜ ʠ ʟʘʤʳʢʘʣʠ ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʮʝʧʴ 
ʦʩʘʞʜʝʥʠʷ ʭʨʦʤʘ. 

ʀʩʧʳʪʘʥʠʷ ʥʘ ʞʘʨʦʩʪʦʡʢʦʩʪʴ ʢʦʤʧʦʟʠʪʦʚ ʩ ʠʥʪʝʨʤʝʪʘʣʣʠʯʝʩʢʠʤ ʫʧʨʦʯʥʝʥʠʝʤ ʠ 
ʵʣʝʢʪʨʦʣʠʪʠʯʝʩʢʠʤʠ ʧʦʢʨʳʪʠʷʤʠ ʧʨʦʚʦʜʠʣʠ ʚ ʚʦʟʜʫʰʥʦʡ ʘʪʤʦʩʬʝʨʝ ʧʝʯʠ ʩ ʥʘʛʨʝʚʘʪʝʣʷʤʠ ʠʟ 
ʩʧʣʘʚʘ FeïCrïAl. ʋʜʝʣʴʥʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʞʘʨʦʩʪʦʡʢʦʩʪʠ q ʨʘʩʩʯʠʪʳʚʘʣʠ ʧʦʩʣʝ ʢʘʞʜʦʛʦ 
ʦʧʳʪʘ ʧʦ ʬʦʨʤʫʣʝ: q = (m1 ï m2)/S, ʛʜʝ: m1 ʠ m2 ï ʤʘʩʩʳ ʢʦʤʧʦʟʠʪʦʚ ʩ ʧʦʢʨʳʪʠʝʤ, 
ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʦʩʣʝ ʠ ʜʦ ʦʧʳʪʦʚ, S ï ʧʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʘ ʜʦ ʠʩʧʳʪʘʥʠʡ. ʄʘʩʩʫ 
ʦʧʨʝʜʝʣʷʣʠ ʚʟʚʝʰʠʚʘʥʠʝʤ. ɾʘʨʦʩʪʦʡʢʦʩʪʴ ʦʧʨʝʜʝʣʷʣʠ ʧʦ ʨʘʥʝʝ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʤʝʪʦʜʠʢʝ, 
ʠʩʧʦʣʴʟʫʷ ʦʜʠʥ ʦʙʨʘʟʝʮ ʧʨʠ ʥʘʨʘʩʪʘʚʰʝʤ ʚʨʝʤʝʥʠ ʝʛʦ ʚʳʜʝʨʞʢʠ ʚ ʚʦʟʜʫʰʥʦʡ ʘʪʤʦʩʬʝʨʝ ʧʝʯʠ. 
ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʪʦʯʢʘ ʥʘ ʛʨʘʬʠʢʘʭ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʘ ʦʜʥʦʤʫ ʮʠʢʣʫ ʥʘʛʨʝʚʘ ʠ ʩʣʝʜʦʚʘʚʰʝʤʫ 
ʟʘ ʥʠʤ ʦʭʣʘʞʜʝʥʠʶ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʡ ʥʘ ʞʘʨʦʩʪʦʡʢʦʩʪʴ Mo/Al- ʠ Nb/Al-ʢʦʤʧʦʟʠʪʦʚ ʩʪʝʨʞʥʝʚʦʡ 
ʢʦʥʬʠʛʫʨʘʮʠʠ ʩ ʧʦʢʨʳʪʠʷʤʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 1. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʦʣʠʙʜʝʥʘ ʩ 
ʘʪʤʦʩʬʝʨʦʡ ʚ ʧʝʯʠ ʧʨʦʠʩʭʦʜʠʣʦ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʣʝʪʫʯʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʘ ʚʦʟʥʠʢʘʚʰʘʷ 
ʧʨʠ ʠʩʧʳʪʘʥʠʷʭ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʪʝʨʞʥʷ ʦʢʘʣʠʥʘ ʫʜʘʣʷʣʘʩʴ ʩʘʤʦʧʨʦʠʟʚʦʣʴʥʦ. ʇʨʠ 
800Áʉ Mo/Al-ʢʦʤʧʦʟʠʪ ʩ ʧʦʢʨʳʪʠʝʤ çʧʨʦʩʪʦʷʣè ʚʝʩʴ ʦʪʚʝʜʝʥʥʳʡ ʝʤʫ ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ, 
ʥʝ ʠʟʤʝʥʷʷ ʚʝʩʘ. ʅʦ, ʧʨʠ 1000Áʉ ʦʥ ʩʪʘʣ ʪʝʨʷʪʴ ʚʝʩ ʫʞʝ ʩ ʧʝʨʚʳʭ ʤʠʥʫʪ ʥʘʛʨʝʚʘ (ʩʤ. 
ʨʠʩ. 1, ʢʨʠʚʘʷ 2), ʯʪʦ ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʧʨʠʚʝʣʦ ʢ çʚʳʛʦʨʘʥʠʶè ʩʘʤʦʛʦ ʩʪʝʨʞʥʷ, ʥʦ ʥʝ 
ʝʛʦ ʧʦʢʨʳʪʠʷ, ʢʘʢ ʙʫʜʝʪ ʧʦʢʘʟʘʥʦ ʜʘʣʝʝ. 

ɿʥʘʯʠʪʝʣʴʥʦ ʣʫʯʰʝ ʧʨʦʰʸʣ ʠʩʧʳʪʘʥʠʷ Nb/Al-ʩʪʝʨʞʝʥʴ ʩ ʧʦʢʨʳʪʠʝʤ. ʈʝʟʫʣʴʪʘʪʳ 
ʝʛʦ ʠʩʧʳʪʘʥʠʡ ʥʘ ʞʘʨʦʩʪʦʡʢʦʩʪʴ ʧʦʢʘʟʘʥʳ ʥʘ ʪʦʤ ʞʝ ʨʠʩʫʥʢʝ ʠ ʧʨʝʜʩʪʘʚʣʷʣʠ ʩʦʙʦʡ 
ʧʨʷʤʫʶ ʣʠʥʠʶ 1 (ʩʤ. ʨʠʩ. 1). ɿʘʤʝʪʠʤ, ʯʪʦ ʚʟʚʝʰʠʚʘʥʠʝ ʩʪʝʨʞʥʝʡ ʧʨʦʚʦʜʠʣʠ ʙʝʟ 
ʦʢʘʣʠʥʳ, ʫʜʘʣʷʚʰʝʡʩʷ ʧʦʩʣʝ ʢʘʞʜʦʛʦ ʠʩʧʳʪʘʥʠʷ. ɽʩʣʠ ʞʝ ʟʘʚʠʩʠʤʦʩʪʴ q(t) ï 
ʛʦʨʠʟʦʥʪʘʣʴʥʘʷ, ʪʦ ʥʝʪ ʠ ʦʢʘʣʠʥʳ, ʪʘʢ ʢʘʢ ʥʝ ʙʳʣʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠʩʧʳʪʫʝʤʦʛʦ 
ʦʙʨʘʟʮʘ ʩ ʘʪʤʦʩʬʝʨʦʡ (1). 
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ʈʠʩʫʥʦʢ 1  ʋʜʝʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʤʘʩʩʳ ʤʥʦʛʦʩʣʦʡʥʳʭ Nb/Al- (1) ʠ Mo/Al-ʩʪʝʨʞʥʝʡ (2) ʩ 

ʭʨʦʤ-ʥʘʥʦ ʘʣʤʘʟʥʳʤʠ ʧʦʢʨʳʪʠʷʤʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʨʝʤʝʥʠ ʠʭ ʚʳʜʝʨʞʢʠ ʥʘ ʚʦʟʜʫʭʝ ʧʨʠ 
800Áʉ, 4 ʯ ʠ ʧʨʠ 1000Áʉ, 6 ʯ 

ʈʠʩʫʥʦʢ 2  ʂʦʤʧʦʟʠʪ Nb/Al: ʜʦ ʠʩʧʳʪʘʥʠʡ (ʚʝʨʭʥʠʡ ʨʠʩʫʥʦʢ), ʧʦʩʣʝ ʥʘʛʨʝʚʘ ʚ ʪʝʯʝʥʠʝ 
90 ʤʠʥ ʥʘ ʚʦʟʜʫʭʝ ʧʨʠ 800Áʉ (ʩʨʝʜʥʠʡ ʨʠʩʫʥʦʢ) ʠ ʧʨʠ 800Áʉ, 280 ʤʠʥ + 1000Áʉ, 300 ʤʠʥ (ʥʠʞʥʠʡ 
ʨʠʩʫʥʦʢ) 

 
ʀʩʧʳʪʘʥʠʷ ʢʦʤʧʦʟʠʪʦʚ ʥʘ ʞʘʨʦʩʪʦʡʢʦʩʪʴ ʧʨʦʚʦʜʠʣʠ ʚ ʚʦʟʜʫʰʥʦʡ ʘʪʤʦʩʬʝʨʝ ʧʝʯʠ ʩ 

ʥʘʛʨʝʚʘʪʝʣʷʤʠ ʠʟ ʩʧʣʘʚʘ FeïCrïAl. ʋʜʝʣʴʥʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʞʘʨʦʩʪʦʡʢʦʩʪʠ q ʨʘʩʩʯʠʪʳʚʘʣʠ, 
ʢʘʢ q = (m2 ï m1)/S, ʛʜʝ: m1 ʠ m2 ï ʤʘʩʩʳ ʢʦʤʧʦʟʠʪʦʚ ʩ ʧʦʢʨʳʪʠʝʤ ʜʦ ʠ ʧʦʩʣʝ ʦʧʳʪʦʚ, S ï 
ʧʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʘ ʜʦ ʠʩʧʳʪʘʥʠʡ. ʄʘʩʩʫ ʦʧʨʝʜʝʣʷʣʠ ʚʟʚʝʰʠʚʘʥʠʝʤ, ʞʘʨʦʩʪʦʡʢʦʩʪʴ 
ï ʠʩʧʦʣʴʟʫʷ ʦʜʠʥ ʦʙʨʘʟʝʮ ʧʨʠ ʥʘʨʘʩʪʘʚʰʝʤ ʚʨʝʤʝʥʠ ʝʛʦ ʚʳʜʝʨʞʢʠ ʚ ʚʦʟʜʫʰʥʦʡ ʘʪʤʦʩʬʝʨʝ 
ʧʝʯʠ. ʅʘ ʛʨʘʬʠʢʘʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʪʦʯʢʘ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʘ ʦʜʥʦʤʫ ʮʠʢʣʫ ʠʟ ʥʘʛʨʝʚʘ ʠ, 
ʩʣʝʜʦʚʘʚʰʝʤʫ ʟʘ ʥʠʤ, ʦʭʣʘʞʜʝʥʠʷ.  

ʈʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʡ ʥʘ ʞʘʨʦʩʪʦʡʢʦʩʪʴ Nb/Al- ʠ Mo/Al -ʢʦʤʧʦʟʠʪʦʚ ʩʪʝʨʞʥʝʚʦʡ 
ʢʦʥʬʠʛʫʨʘʮʠʠ ʩ ʧʦʢʨʳʪʠʷʤʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 2. ʊʘʢ ʢʘʢ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 
ʤʦʣʠʙʜʝʥʘ ʩ ʘʪʤʦʩʬʝʨʦʡ ʚ ʧʝʯʠ ʧʨʦʠʩʭʦʜʠʣʦ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʣʝʪʫʯʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʪʦ 
ʚʦʟʥʠʢʘʚʰʘʷ ʧʨʠ ʠʩʧʳʪʘʥʠʷʭ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʪʝʨʞʥʷ ʦʢʘʣʠʥʘ ʫʜʘʣʷʣʘʩʴ 
ʩʘʤʦʧʨʦʠʟʚʦʣʴʥʦ. ʇʨʠ 800Áʉ Mo/Al-ʢʦʤʧʦʟʠʪ ʩ ʧʦʢʨʳʪʠʝʤ ʧʨʦʩʪʦʷʣ ʚʝʩʴ ʦʪʚʝʜʝʥʥʳʡ 
ʝʤʫ ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ, ʥʝ ʠʟʤʝʥʷʷ ʚʝʩʘ. ʅʦ, ʧʨʠ 1000Áʉ ʦʥ ʩʪʘʣ ʪʝʨʷʪʴ ʚʝʩ ʩ ʧʝʨʚʳʭ 
ʤʠʥʫʪ ʥʘʛʨʝʚʘ (ʩʤ. ʨʠʩ. 2, ʢʨʠʚʘʷ 2), ʯʪʦ ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʧʨʠʚʝʣʦ ʢ çʚʳʛʦʨʘʥʠʶè 
ʩʘʤʦʛʦ ʢʦʤʧʦʟʠʪʥʦʛʦ ʩʪʝʨʞʥʷ, ʥʦ, ʢʘʢ ʙʫʜʝʪ ʧʦʢʘʟʘʥʦ ʜʘʣʝʝ, ʥʝ ʧʦʢʨʳʪʠʷ. 

ɿʥʘʯʠʪʝʣʴʥʦ ʣʫʯʰʝ ʧʨʦʰʸʣ ʠʩʧʳʪʘʥʠʷ Nb/Al-ʩʪʝʨʞʝʥʴ ʩ ʧʦʢʨʳʪʠʝʤ. ʈʝʟʫʣʴʪʘʪʳ 
ʝʛʦ ʠʩʧʳʪʘʥʠʡ ʥʘ ʞʘʨʦʩʪʦʡʢʦʩʪʴ ʧʦʢʘʟʘʥʳ ʥʘ ʪʦʤ ʞʝ ʨʠʩʫʥʢʝ ʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 
ʧʨʷʤʫʶ ʣʠʥʠʶ 1 (ʩʤ. ʨʠʩ. 1). ɿʘʤʝʪʠʤ, ʯʪʦ ʚʟʚʝʰʠʚʘʥʠʝ ʩʪʝʨʞʥʝʡ ʧʨʦʚʦʜʠʣʠ ʙʝʟ 
ʦʢʘʣʠʥʳ, ʫʜʘʣʷʚʰʝʡʩʷ ʧʦʩʣʝ ʢʘʞʜʦʛʦ ʠʩʧʳʪʘʥʠʷ. ɽʩʣʠ ʞʝ ʟʘʚʠʩʠʤʦʩʪʴ q(t) ʙʳʣʘ 
ʛʦʨʠʟʦʥʪʘʣʴʥʘʷ, ʪʦ ʥʝ ʙʳʣʦ ʠ ʦʢʘʣʠʥʳ, ʢʘʢ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠʩʧʳʪʫʝʤʦʛʦ ʦʙʨʘʟʮʘ ʩ 
ʘʪʤʦʩʬʝʨʦʡ (ʧʨʷʤʘʷ 1). 

ʀʟʤʝʥʝʥʠʝ ʚʥʝʰʥʝʛʦ ʚʠʜʘ Nb/Al- ʠ Mo/Al-ʢʦʤʧʦʟʠʪʦʚ ʚ ʧʨʦʮʝʩʩʝ ʠʩʧʳʪʘʥʠʡ 
ʧʦʢʘʟʘʥʳ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʥʘ ʨʠʩ. 2 ʠ 3. ɺʠʜʥʦ, ʯʪʦ Nb/Nb3Al- ʩʪʝʨʞʝʥʴ ʩʦ ʩʣʦʠʩʪʦʡ 
ʩʪʨʫʢʪʫʨʦʡ ʠʟ Nb- ʠ Nb3Al-ʩʣʦʸʚ, ʧʦʢʨʳʪʳʡ ʞʘʨʦʩʪʦʡʢʠʤ Cr-ʥʘʥʦ ʘʣʤʘʟʥʳʤ ʧʦʢʨʳʪʠʝʤ, 
ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦ ʧʨʦʰʸʣ ʠʩʧʳʪʘʥʠʷ ʥʘ ʞʘʨʦʩʪʦʡʢʦʩʪʴ. ʉʫʤʤʘʨʥʦʝ ʚʨʝʤʷ 
ʠʩʧʳʪʘʥʠʡ ʩʦʩʪʘʚʠʣʦ 10 ʯ, ʠʟ ʢʦʪʦʨʳʭ 6 ʯ ʧʨʠʰʣʠʩʴ ʥʘ ʪʝʤʧʝʨʘʪʫʨʫ 1000Áʉ. 

ʇʦʢʘʟʘʥʦ (ʨʠʩ. 2), ʯʪʦ Nb/Al-ʩʪʝʨʞʝʥʴ ʧʦʩʣʝ ʠʩʧʳʪʘʥʠʡ ʧʨʝʙʳʚʘʥʠʝʤ ʧʨʠ 
1000Áʉ ʧʦʣʥʦʩʪʴʶ ʩʦʭʨʘʥʠʣ ʩʚʦʶ ʛʝʦʤʝʪʨʠʯʝʩʢʫʶ ʬʦʨʤʫ. ɺ ʪʦʤ ʯʠʩʣʝ, ʥʠʢʘʢ ʥʝ 
ʥʘʨʫʰʠʣʘʩʴ ʠ ʝʛʦ ʢʦʥʮʝʚʘʷ ʚʳʝʤʢʘ, ʧʨʦʜʝʣʘʥʥʘʷ ʧʦʜ ʧʨʦʚʦʜ ʜʣʷ ʧʦʜʢʣʶʯʝʥʠʷ 
ʩʪʝʨʞʥʷ ʚ ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʮʝʧʴ ʥʘʥʝʩʝʥʠʷ ʧʦʢʨʳʪʠʷ. ʀʟʤʝʥʠʣʩʷ, ʩʪʘʚ ʪʸʤʥʳʤ, ʪʦʣʴʢʦ 
ʝʛʦ ʮʚʝʪ. ʇʦʩʣʝ 800Áʉ ʦʥʦ ʩʪʘʣʦ ʧʦʣʥʦʩʪʴʶ ʯʸʨʥʦʛʦ ʮʚʝʪʘ, ʘ ʧʦʩʣʝ 1000Áʉ ʥʘ ʥʸʤ 
ʧʨʦʷʚʠʣʠʩʴ ʩʚʝʪʣʳʝ ʧʷʪʥʘ (ʥʠʞʥʠʡ ʨʠʩ. 2). 

ʆʙʲʷʩʥʝʥʠʝ ʪʨʝʙʫʝʪʩʷ ʚ ʦʪʥʦʰʝʥʠʝ ʧʦʢʨʳʪʠʷ ʥʘ ʢʦʤʧʦʟʠʪʝ ʄʦ/Al (ʩʤ. ʨʠʩ. 3). 
ɺʥʘʯʘʣʝ ʤʦʞʥʦ ʙʳʣʦ ʩʦʛʣʘʩʠʪʴʩʷ, ʯʪʦ ʵʨʦʟʠʷ ʧʦʢʨʳʪʠʷ, ʘ ʚʤʝʩʪʝ ʩ ʥʠʤ ʠ ʩʘʤʦʛʦ 
ʩʪʝʨʞʥʷ, ʧʨʠ 1000Áʉ ʙʳʣʘ ʩʣʝʜʩʪʚʠʝʤ ʩʘʤʦʛʦ ʧʦʢʨʳʪʠʷ. ʅʦ ʧʦʵʪʘʧʥʳʡ ʢʨʠʪʠʯʝʩʢʠʡ 
ʦʩʤʦʪʨ ʄʦ/Al-ʢʦʤʧʦʟʠʪʘ ʧʦʢʘʟʘʣ, ʯʪʦ ʝʛʦ ʵʨʦʟʠʷ ʥʘʯʘʣʘʩʴ ʠ ʧʨʦʜʦʣʞʠʣʘʩʴ ʦʪ ʣʝʚʦʛʦ 
ʪʦʨʮʘ, ʠʤʝʚʰʝʛʦ çʧʦʜ ʵʣʝʢʪʨʦʧʨʦʚʦʜè, ʚ ʦʪʣʠʯʠʝ ʦʪ Nb/Al-ʢʦʤʧʦʟʠʪʘ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʝ 
ʦʪʚʝʨʩʪʠʝ ʚʤʝʩʪʦ ʪʦʨʮʝʚʦʡ ʚʳʝʤʢʠ (ʨʠʩ. 3, ʘ, ʙ ʠ ʚ). ɽʩʪʴ ʫʩʪʘʥʦʚʣʝʥʥʳʡ ʠ 
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ʜʦʢʘʟʘʪʝʣʴʥʳʡ ʬʘʢʪ, ʯʪʦ ʠʤʝʥʥʦ ʠʟ-ʟʘ ʦʪʚʝʨʩʪʠʷ ʣʝʚʳʡ ʪʦʨʝʮ ʩʪʝʨʞʥʷ ʠʤʝʣ ʧʣʦʭʦʝ 
ʧʦʢʨʳʪʠʝ. ʂʨʦʤʝ ʪʦʛʦ, ʥʝ ʠʩʢʣʶʯʘʝʪʩʷ, ʯʪʦ ʩʪʝʥʢʠ ʦʪʚʝʨʩʪʠʷ ʩʦʚʩʝʤ ʥʝ ʠʤʝʣʠ 
ʟʘʱʠʪʥʦʛʦ ʧʦʢʨʳʪʠʷ. ʆʙʨʘʱʘʝʪ ʥʘ ʩʝʙʷ ʚʥʠʤʘʥʠʝ ʪʦ, ʯʪʦ ʧʨʘʚʳʡ ʪʦʨʝʮ ʄʦ/Al-ʩʪʝʨʞʥʷ 
ʦʩʪʘʚʘʣʩʷ ʮʝʣʳʤ ʚ ʧʨʦʮʝʩʩʝ ʚʩʝʛʦ ʚʨʝʤʝʥʠ ʠʩʧʳʪʘʥʠʷ (ʩʤ. ʨʠʩ. 3, ʛ). ʆʪʩʶʜʘ, ʩʜʝʣʘʣʠ 
ʥʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʳʡ ʚʳʚʦʜ, ʯʪʦ, ʥʝ ʙʫʜʴ ʦʪʚʝʨʩʪʠʷ, ʤʥʦʛʦʩʣʦʡʥʳʡ ʄʦ/Al-ʩʪʝʨʞʝʥʴ 
ʧʨʦʰʸʣ ʙʳ ʠʩʧʳʪʘʥʠʷ ʥʘʛʨʝʚʦʤ ʥʘ ʚʦʟʜʫʭʝ ʥʝ ʭʫʞʝ, ʯʝʤ ʤʥʦʛʦʩʣʦʡʥʳʡ Nb-ʩʪʝʨʞʝʥʴ. 

 

   
ʘ                                                                       ʙ 

   
ʚ                                                                     ʛ 

ʈʠʩʫʥʦʢ 3  ʂʦʤʧʦʟʠʪ Mo/Al ʜʦ ʠʩʧʳʪʘʥʠʡ (ʘ), ʧʦʩʣʝ ʥʘʛʨʝʚʘ ʥʘ ʚʦʟʜʫʭʝ 800Áʉ ʚ ʪʝʯʝʥʠʝ 
60 ʤʠʥ (ʙ),  800Áʉ, 242 ʤʠʥ + 1000Áʉ, 30 ʤʠʥ (ʚ) ʠ 800Áʉ, 242 ʤʠʥ + 1000Áʉ, 60 ʤʠʥ (ʛ). 

ʉʪʨʝʣʢʘʤʠ ʧʦʢʘʟʘʥʦ ʟʘʱʠʪʥʦʝ ʧʦʢʨʳʪʠʝ, ʥʝʪʨʦʥʫʪʦʝ ʢʦʨʨʦʟʠʝʡ 
 

ʇʨʦʩʣʝʞʠʚʘʝʪʩʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʩʦʙʳʪʠʡ, ʧʦʢʘʟʳʚʘʶʱʘʷ, ʯʪʦ ʢʦʨʨʦʟʠʷ 
Mo-ʢʦʤʧʦʟʠʪʘ ʥʘʯʘʣʘʩʴ ʦʪ ʝʛʦ ʣʝʚʦʛʦ ʪʦʨʮʘ ʩ ʦʪʚʝʨʩʪʠʝʤ. ʅʦ, ʝʩʣʠ ʥʘʯʘʣʦʩʴ 
ʨʘʟʨʫʰʝʥʠʝ ʩʘʤʦʛʦ ʢʦʤʧʦʟʠʪʘ, ʪʦ ʦʥʦ ʫʞʝ ʥʝ ʦʩʪʘʥʦʚʠʪʩʷ ʜʘʞʝ, ʝʩʣʠ ʢʦʤʧʦʟʠʪ ʠʤʝʝʪ 
ʥʘ ʚʩʝʭ ʩʚʦʠʭ ʰʝʩʪʠ ʧʦʚʝʨʭʥʦʩʪʷʭ ʥʘʜʸʞʥʳʝ ʟʘʱʠʪʥʳʝ ʧʦʢʨʳʪʠʷ. ɺ ʢʦʥʢʨʝʪʥʦʤ ʠʪʦʛʝ 
ʧʦʢʨʳʪʠʝ, ʧʦʪʝʨʷʚ ʦʧʦʨʫ, ʥʘʯʘʣʦ ʩʘʤʦʨʘʟʨʫʰʘʪʴʩʷ. 

ʊʘʢʦʝ ʧʦʚʝʜʝʥʠʝ ʤʳ ʥʘʙʣʶʜʘʣʠ ʧʨʠ ʠʩʧʳʪʘʥʠʠ ʄʦ/Al-ʢʦʤʧʦʟʠʪʘ. ʅʘ ʨʠʩ. 3, ʙ ʚʠʜʥʦ, 
ʯʪʦ ʝʛʦ ʢʦʨʨʦʟʠʷ ʥʘʯʘʣʘʩʴ ʦʪ ʣʝʚʦʛʦ ʪʦʨʮʘ ʩ ʦʪʚʝʨʩʪʠʝʤ, ʚʥʫʪʨʠ ʢʦʪʦʨʦʛʦ , ʧʦ ʚʩʝʡ ʚʝʨʦʷʪʥʦʩʪʠ, 
ʧʦʢʨʳʪʠʝ ʙʳʣʦ ʥʝʢʘʯʝʩʪʚʝʥʥʳʤ ʠʣʠ ʩʦʚʩʝʤ ʦʪʩʫʪʩʪʚʦʚʘʣʦ. ʇʦʵʪʦʤʫ ʢʦʨʨʦʟʠʷ ʧʦʣʫʯʠʣʘ 
ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʠʪʴʩʷ ʧʦ ʚʩʝʤʫ ʢʦʤʧʦʟʠʪʫ ʚʥʫʪʨʠ ʧʦʢʨʳʪʠʷ. ʇʦ ʤʝʨʝ ʚʳʛʦʨʘʥʠʷ 
ʚʥʫʪʨʝʥʥʠʭ ʩʣʦʸʚ ʥʘʨʫʞʥʳʝ ʙʦʢʦʚʳʝ ʧʦʢʨʳʪʠʷ ʢʦʤʧʦʟʠʪʘ ʣʦʤʘʣʠʩʴ, ʪʝʨʷʷ ʩʚʦʶ ʦʧʦʨʫ-
ʧʦʜʣʦʞʢʫ.  

ʇʦʚʝʨʭʥʦʩʪʴ ʯʝʨʥʦʛʦ ʮʚʝʪʘ ʥʘ ʨʠʩ. 3, ʛ ï ʵʪʦ ʦʩʪʘʚʰʝʝʩʷ ʧʦʩʣʝ ʠʩʧʳʪʘʥʠʡ ʟʘʱʠʪʥʦʝ 
ʧʦʢʨʳʪʠʝ ʥʘ ʝʱʸ ʫʮʝʣʝʚʰʝʤ ʚʝʨʭʥʝʤ ʄʦ-ʩʣʦʝ. ɹʦʢʦʚʳʝ ʩʣʦʠ ʟʘʱʠʪʥʦʛʦ ʧʦʢʨʳʪʠʷ, ʚ ʪʝʯʝʥʠʝ 
ʥʝʢʦʪʦʨʦʛʦ ʚʨʝʤʝʥʠ ʙʳʚʰʠʝ ʥʘ ʤʥʦʛʦʩʣʦʡʥʳʭ ʧʦʚʝʨʭʥʦʩʪʷʭ Mo/Mo3Al, ʥʦ ʧʦʪʝʨʷʚʰʠʝ ʚ 
ʪʝʯʝʥʠʝ ʠʩʧʳʪʘʥʠʡ ʦʧʦʨʫ, ʧʦʣʦʤʘʣʠʩʴ ʠ ʨʘʩʩʳʧʘʣʠʩʴ. 
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ʄɸʊɽʄɸʊʀʏɽʉʂɸʗ ʄʆɼɽʃʔ ɺʓɹʆʈɸ ʊɽʍʅʆʃʆɻʀʏɽʉʂʀʍ ʈɽɾʀʄʆɺ 
ʅɸʅɽʉɽʅʀʗ ʇʆʂʈʓʊʀʁ ʀɿ ɸʃʖʄʀʅʀɽɺʓʍ ʉʇʃɸɺʆɺ 

 
ɹʝʣʦʮʝʨʢʦʚʩʢʠʡ ʄ.ɸ., ʂʫʨʠʣʸʥʦʢ ɸ.ɸ., ʉʦʩʥʦʚʩʢʠʡ ʀ.ɸ., ʂʦʤʘʨʦʚ ɸ.ʀ., ʆʨʜʘ ɼ.ɺ. 

ɻʅʋ çʆʙʲʝʜʠʥʝʥʥʳʡ ʠʥʩʪʠʪʫʪ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ ʅɸʅ ɹʝʣʘʨʫʩʠè, 
ʛ. ʄʠʥʩʢ, ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ, sos3@tut.by 

 
ɺ ʢʘʯʝʩʪʚʝ ʘʣʴʪʝʨʥʘʪʠʚʳ ʪʝʭʥʦʣʦʛʠʷʤ ʥʘʥʝʩʝʥʠʷ ʧʦʢʨʳʪʠʡ ʠʟ ʩʧʣʘʚʦʚ ʥʘ 

ʤʝʜʥʦʡ ʦʩʥʦʚʝ ʚ ʫʟʣʘʭ ʪʨʠʙʦʪʝʭʥʠʯʝʩʢʦʛʦ ʥʘʟʥʘʯʝʥʠʷ, ʨʘʙʦʪʘʶʱʠʭ ʧʨʠ ʜʘʚʣʝʥʠʷʭ ʜʦ 
30 ʄʇʘ, ʚ ʆʀʄ ʅɸʅ ɹʝʣʘʨʫʩʠ ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ʪʝʭʥʦʣʦʛʠʷ ʥʘʥʝʩʝʥʠʷ ʢʦʤʧʦʟʠʮʠʡ ʥʘ 
ʦʩʥʦʚʝ ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʦʚ ʥʘ ʩʪʘʣʴʥʳʝ ʠʟʜʝʣʠʷ ʤʝʪʦʜʦʤ ʤʥʦʛʦʩʣʦʡʥʦʡ 
ʠʥʜʫʢʮʠʦʥʥʦʡ ʥʘʧʣʘʚʢʠ ʚ ʧʦʣʝ ʮʝʥʪʨʦʙʝʞʥʳʭ ʩʠʣ [1ï3], ʢʦʪʦʨʘʷ ʜʦʣʞʥʘ ʦʙʝʩʧʝʯʠʚʘʪʴ 
ʧʦʚʳʰʝʥʠʝ ʩʪʨʫʢʪʫʨʥʳʭ ʠ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʥʘʥʦʩʠʤʳʭ ʧʦʢʨʳʪʠʡ ʠʟ 
ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʦʚ ʥʘ ʨʘʙʦʯʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʜʝʪʘʣʝʡ ʫʟʣʦʚ ʪʨʝʥʠʷ ʨʘʟʣʠʯʥʳʭ 
ʤʘʰʠʥ ʠ ʤʝʭʘʥʠʟʤʦʚ, ʘ ʪʘʢʞʝ ʧʦʚʳʰʝʥʠʝ ʢʦʥʩʪʨʫʢʮʠʦʥʥʦʡ ʧʨʦʯʥʦʩʪʠ, ʥʘʜʝʞʥʦʩʪʠ, 
ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʠ ʨʝʩʫʨʩʘ ʨʘʙʦʪʳ ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʜʝʪʘʣʝʡ. 

ɼʣʷ ʦʙʦʩʥʦʚʘʥʥʦʛʦ ʚʳʙʦʨʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʝʞʠʤʦʚ ʤʥʦʛʦʩʣʦʡʥʦʡ 
ʮʝʥʪʨʦʙʝʞʥʦʡ ʠʥʜʫʢʮʠʦʥʥʦʡ ʥʘʧʣʘʚʢʠ ʥʘ ʦʩʥʦʚʝ ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʦʚ, 
ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʤʠʥʠʤʘʣʴʥʫʶ ʚʝʣʠʯʠʥʫ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠʟʥʘʰʠʚʘʥʠʷ ʨʘʙʦʯʠʭ 
ʧʦʚʝʨʭʥʦʩʪʝʡ ʥʘʧʣʘʚʣʝʥʥʦʛʦ ʧʦʢʨʳʪʠʷ, ʘ ʪʘʢʞʝ ʩʦʢʨʘʱʝʥʠʷ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʠ 
ʦʙʲʝʤʘ ʠʩʧʳʪʘʥʠʡ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʤʝʪʦʜʳ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ 
ʵʢʩʧʝʨʠʤʝʥʪʘ [4ï5]. ʕʪʦ ʧʦʟʚʦʣʠʪ ʦʙʝʩʧʝʯʠʪʴ ʟʘʜʘʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʢʘʯʝʩʪʚʘ 
ʜʝʪʘʣʝʡ ʥʘʠʙʦʣʝʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʤ ʧʫʪʝʤ ʧʨʠ ʤʠʥʠʤʘʣʴʥʳʭ ʟʘʪʨʘʪʘʭ. 

ɺ ʢʘʯʝʩʪʚʝ ʤʘʪʝʨʠʘʣʘ ʜʣʷ ʥʘʥʝʩʝʥʠʷ ʧʦʢʨʳʪʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠ ʘʣʶʤʠʥʠʝʚʦ-
ʢʨʝʤʥʠʝʚʳʡ ʩʧʣʘʚ ɸʂ12 (ɻʆʉʊ 1583-93). ʕʪʦ ʩʧʣʘʚ ʠʤʝʝʪ ʧʦʚʳʰʝʥʥʳʡ ʫʨʦʚʝʥʴ 
ʣʠʪʝʡʥʳʭ ʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ, ʘ ʪʘʢʞʝ ʦʙʣʘʜʘʝʪ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʡ 
ʢʦʨʨʦʟʠʦʥʥʦʡ ʩʪʦʡʢʦʩʪʴʶ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʜʦ 200 Áʉ. 

ʄʥʦʛʦʩʣʦʡʥʘʷ ʠʥʜʫʢʮʠʦʥʥʘʷ ʮʝʥʪʨʦʙʝʞʥʘʷ ʥʘʧʣʘʚʢʘ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʥʘ 
ʦʙʦʨʫʜʦʚʘʥʠʠ, ʚʢʣʶʯʘʶʱʝʤ ʛʝʥʝʨʘʪʦʨ ʪʦʢʦʚ ʚʳʩʦʢʦʡ ʯʘʩʪʦʪʳ (ʊɺʏ) ʪʠʧʘ ʃʇɿ-2-67ʄ, 
ʤʦʱʥʦʩʪʴʶ 60 ʢɺʪ, ʯʘʩʪʦʪʦʡ 66 ʢɻʮ, ʨʘʤʦʯʥʳʡ ʠʥʜʫʢʪʦʨ, ʧʨʦʛʨʘʤʤʥʳʡ ʨʝʛʫʣʷʪʦʨ ʊʈʄ 
151 (ʆʆʆ çʆʚʝʥè), ʠʥʬʨʘʢʨʘʩʥʳʡ ʧʠʨʦʤʝʪʨ TemPro-2200 ʠ ʫʩʪʘʥʦʚʢʫ ʮʝʥʪʨʦʙʝʞʥʦʡ 
ʠʥʜʫʢʮʠʦʥʥʦʡ ʥʘʧʣʘʚʢʠ (ʢʦʥʩʪʨʫʢʮʠʠ ʆʀʄ ʅɸʅ ɹʝʣʘʨʫʩʠ) ʩ ʨʝʛʫʣʠʨʫʝʤʦʡ ʯʘʩʪʦʪʦʡ 
ʚʨʘʱʝʥʠʷ ʜʦ 3000 ʤʠʥ-1. 

ʊʨʠʙʦʪʝʭʥʠʯʝʩʢʠʝ ʠʩʧʳʪʘʥʠʷ ʦʙʨʘʟʮʦʚ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʦʤ 
ʪʨʠʙʦʤʝʪʨʝ MFT-5000 (Rtec Instruments, ʉʐɸ) ʧʦ ʩʭʝʤʝ ʚʦʟʚʨʘʪʥʦ-ʧʦʩʪʫʧʘʪʝʣʴʥʦʛʦ 
ʧʝʨʝʤʝʱʝʥʠʷ ʦʙʨʘʟʮʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʧʦʜʚʠʞʥʦʛʦ ʩʪʘʣʴʥʦʛʦ ʢʦʥʪʨʪʝʣʘ, ʚ ʢʘʯʝʩʪʚʝ 
ʢʦʪʦʨʦʛʦ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʪʦʨʝʮ ʩʪʘʣʴʥʦʛʦ ʨʦʣʠʢʘ ʠʟ ʩʧʣʘʚʘ ʐʍ15 (ʪʚʝʨʜʦʩʪʴ 60-62 
HRC) ʜʠʘʤʝʪʨʦʤ 3 ʤʤ. ʀʩʧʳʪʘʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʧʨʠ ʜʘʚʣʝʥʠʷʭ (p) 10, 20 ʠ 30 ʄʇʘ. 
ɸʤʧʣʠʪʫʜʘ ʧʝʨʝʤʝʱʝʥʠʷ ʩʦʩʪʘʚʣʷʣʘ 5 ʤʤ ʩ ʯʘʩʪʦʪʦʡ 10 ɻʮ. ɼʣʠʪʝʣʴʥʦʩʪʴ ʠʩʧʳʪʘʥʠʷ ʚ 
ʥʘʛʨʫʞʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʩʦʩʪʘʚʣʷʣʘ 2 ʯʘʩʘ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʧʳʪʘʥʠʡ ʦʧʨʝʜʝʣʷʣʩʷ 
ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ (f), ʤʘʩʩʦʚʳʡ ʠʟʥʦʩ ȹm, ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠʟʥʘʰʠʚʘʥʠʷ Iq (Iq = ȹm/L, 
ʛʜʝ L ï ʩʫʤʤʘʨʥʳʡ ʧʫʪʴ ʪʨʝʥʠʷ), ʘ ʪʘʢʞʝ ʩʫʤʤʘʨʥʳʡ ʣʠʥʝʡʥʳʡ ʠʟʥʦʩ ʧʘʨʳ ʪʨʝʥʠʷ. 
ʇʦʪʝʨʷ ʤʘʩʩʳ ȹm ʦʙʨʘʟʮʦʚ ʦʧʨʝʜʝʣʷʣʘʩʴ ʧʫʪʝʤ ʚʟʚʝʰʠʚʘʥʠʷ ʥʘ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʚʝʩʘʭ 
ɺʃʈ-200.  

ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʫʨʘʚʥʝʥʠʷ ʦʪʢʣʠʢʘ ʦʪ ʥʝʟʘʚʠʩʠʤʳʭ ʧʝʨʝʤʝʥʥʳʭ ʩ 
ʫʯʝʪʦʤ ʵʬʬʝʢʪʦʚ ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʠ ʦʰʠʙʢʠ ʵʢʩʧʝʨʠʤʝʥʪʘ ʙʳʣʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ 
ʚʠʜʝ ʧʦʣʠʥʦʤʘ ʚʪʦʨʦʡ ʩʪʝʧʝʥʠ: 
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ʛʜʝ y ï ʧʘʨʘʤʝʪʨ ʦʧʪʠʤʠʟʘʮʠʠ; k ï ʯʠʩʣʦ ʬʘʢʪʦʨʦʚ; i, l ï ʥʦʤʝʨʘ ʬʘʢʪʦʨʦʚ, i Í l; xi, xl ï 
ʚʘʨʴʠʨʫʝʤʳʝ ʬʘʢʪʦʨʳ; b0, bi, bil, bii ï ʢʦʵʬʬʠʮʠʝʥʪʳ ʨʝʛʨʝʩʩʠʠ, ʦʧʠʩʳʚʘʶʱʠʝ 
ʥʘʧʨʘʚʣʝʥʠʝ ʠ ʩʪʝʧʝʥʴ ʚʣʠʷʥʠʷ ʢʘʞʜʦʛʦ ʠʟ ʬʘʢʪʦʨʦʚ ʥʘ ʧʘʨʘʤʝʪʨ ʦʧʪʠʤʠʟʘʮʠʠ. 

ʆʩʥʦʚʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠʟʥʘʰʠʚʘʥʠʷ ʥʘʧʣʘʚʣʝʥʥʦʛʦ ʧʦʢʨʳʪʠʷ 
ʦʢʘʟʳʚʘʶʪ ʪʝʤʧʝʨʘʪʫʨʘ ʧʨʠ ʠʟʦʪʝʨʤʠʯʝʩʢʦʡ ʚʳʜʝʨʞʢʝ, ʚʨʝʤʷ ʠʟʦʪʝʨʤʠʯʝʩʢʦʡ 
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ʚʳʜʝʨʞʢʠ ʠ ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʜʝʪʘʣʠ. ʇʦʵʪʦʤʫ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʢʘʯʝʩʪʚʝ 
ʚʘʨʴʠʨʫʝʤʳʭ ʬʘʢʪʦʨʦʚ ʙʳʣʠ ʚʟʷʪʳ: n ï ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʜʝʪʘʣʠ, ʦʙ/ʤʠʥ, 
T ï ʪʝʤʧʝʨʘʪʫʨʘ ʥʘʛʨʝʚʘ ʜʝʪʘʣʠ Áʉ; t ï ʚʨʝʤʷ ʠʟʦʪʝʨʤʠʯʝʩʢʦʡ ʚʳʜʝʨʞʢʠ, ʩ. ɺ ʢʘʯʝʩʪʚʝ 
ʧʘʨʘʤʝʪʨʘ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʠʥʷʣʠ ʚʝʣʠʯʠʥʫ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠʟʥʘʰʠʚʘʥʠʷ ʜʝʪʘʣʠ Iq, ʤʛ/ʤ. 
ʅʘ ʦʩʥʦʚʝ ʘʧʨʠʦʨʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʙʳʣʠ ʚʳʙʨʘʥʳ ʫʨʦʚʥʠ ʠ ʠʥʪʝʨʚʘʣʳ ʚʘʨʴʠʨʦʚʘʥʠʷ 
ʬʘʢʪʦʨʦʚ (ʪʘʙʣʠʮʘ 1). 

 

ʊʘʙʣʠʮʘ 1 ï ʋʨʦʚʥʠ ʠ ʠʥʪʝʨʚʘʣʳ ʚʘʨʴʠʨʦʚʘʥʠʷ ʬʘʢʪʦʨʦʚ 

ʌʘʢʪʦʨʳ 
(ʧʘʨʘʤʝʪʨʳ) 

ʆʙʦʟʥʘʯʝʥʠʝ 
ʀʥʪʝʨʚʘʣʳ 
ʚʘʨʴʠʨʦʚʘʥʠʷ 

ʋʨʦʚʥʠ ʬʘʢʪʦʨʦʚ 

ʦʩʥʦʚʥʦʡ 
0 

ʚʝʨʭʥʠʡ 
+1 

ʥʠʞʥʠʡ 
ï1 

ʏʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ 
ʜʝʪʘʣʠ n, ʦʙ/ʤʠʥ 

ʭ1 150 1700 1850 1550 

ʊʝʤʧʝʨʘʪʫʨʘ 
ʥʘʛʨʝʚʘ ʜʝʪʘʣʠ T, 
Áʉ 

ʭ2 25 760 785 735 

ɺʨʝʤʷ 
ʠʟʦʪʝʨʤʠʯʝʩʢʦʡ 
ʚʳʜʝʨʞʢʠ t, ʩ 

ʭ3 60 300 360 240 

 

ɿʘʪʝʤ ʩʦʩʪʘʚʠʣʠ ʤʘʪʨʠʮʫ ʥʝʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ ʧʣʘʥʘ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ ʜʣʷ ʪʨʝʭ 
ʬʘʢʪʦʨʦʚ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʫʩʣʦʚʠʷʤʠ ʦʧʳʪʦʚ ʧʨʦʚʦʜʠʣʠ ʥʘʥʝʩʝʥʠʝ ʧʦʢʨʳʪʠʡ ʠʟ 
ʢʦʤʧʦʟʠʮʠʡ ʥʘ ʦʩʥʦʚʝ ʘʣʶʤʠʥʠʝʚʦʛʦ ʩʧʣʘʚʘ ʥʘ ʦʙʨʘʟʮʳ, ʢʦʪʦʨʳʝ ʟʘʪʝʤ ʧʦʜʚʝʨʛʘʣʠʩʴ 
ʪʨʠʙʦʪʝʭʥʠʯʝʩʢʠʤ ʠʩʧʳʪʘʥʠʷʤ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠʟʥʘʰʠʚʘʥʠʷ 
ʧʦʢʨʳʪʠʷ. 

ʇʦ ʜʘʥʥʳʤ ʦʧʳʪʦʚ, ʧʨʦʚʝʜʝʥʥʳʭ ʩʦʛʣʘʩʥʦ ʤʘʪʨʠʮʝ ʧʣʘʥʠʨʦʚʘʥʠʷ, ʧʦʣʫʯʝʥʘ 
ʤʦʜʝʣʴ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʚʝʣʠʯʠʥʳ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠʟʥʘʰʠʚʘʥʠʷ ʜʝʪʘʣʠ 
Iq, ʦʪ ʠʩʩʣʝʜʫʝʤʳʭ ʬʘʢʪʦʨʦʚ ʧʨʦʮʝʩʩʘ ʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʦʣʠʥʦʤ ʚʪʦʨʦʡ ʩʪʝʧʝʥʠ:  

 
IqĿ10

-4 = 0,15 ï 0,1444Ā ʭ1 ï 0,1579Ā ʭ2 + 0,1805Ā ʭ1
2 + 0,3645Ā ʭ2

2 + 0,1448Ā ʭ3
2. (1) 

 
ɼʣʷ ʫʜʦʙʩʪʚʘ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʫʨʘʚʥʝʥʠʷ (1) ʜʣʷ ʧʨʘʢʪʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ ʥʝʦʙʭʦʜʠʤʦ ʧʝʨʝʡʪʠ ʦʪ ʢʦʜʠʨʦʚʘʥʥʳʭ 
ʟʥʘʯʝʥʠʡ (ʭ1, ʭ2, ʭ3) ʬʘʢʪʦʨʦʚ ʢ ʥʘʪʫʨʘʣʴʥʳʤ ʟʥʘʯʝʥʠʷʤ (n, T, t). ɼʣʷ ʵʪʦʛʦ 
ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʣʝʜʫʶʱʠʝ ʬʦʨʤʫʣʳ: 

 

0 0 0
1 2 3; ; ,

n n T T t t
x x x

n T t

- - -
= = =
D D D  

 
ʛʜʝ n0, T0, Ű0 ï ʥʘʪʫʨʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʬʘʢʪʦʨʦʚ ʥʘ ʦʩʥʦʚʥʳʭ ʫʨʦʚʥʷʭ; ȹn, ȹT, ȹŰ ï 
ʟʥʘʯʝʥʠʷ ʠʥʪʝʨʚʘʣʦʚ ʚʘʨʴʠʨʦʚʘʥʠʷ.  
 

1 2 3

1700 760 300
; ; .

150 25 60

n T t
x x x

- - -
= = =  

 
ʉ ʫʯʝʪʦʤ ʧʝʨʝʭʦʜʘ ʢ ʥʘʪʫʨʘʣʴʥʳʤ ʟʥʘʯʝʥʠʷʤ ʬʘʢʪʦʨʦʚ ʫʨʘʚʥʝʥʠʝ ʨʝʛʨʝʩʩʠʠ (1) 

ʧʨʠʤʝʪ ʚʠʜ: 
 

 IqĿ10
-4 = 370,2349 ï 0,0282Ān ï 0,8927ĀT ï 0,0241Āt + (2) 
+ 0,08Ā10-4Ān2 + 5,832Ā10-4ĀT2 + 0,402Ā10-4Āt2. 

 
ʋʨʘʚʥʝʥʠʝ ʨʝʛʨʝʩʩʠʠ (2) ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʚʳʙʦʨʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʨʝʞʠʤʦʚ ʮʝʥʪʨʦʙʝʞʥʦʡ ʠʥʜʫʢʮʠʦʥʥʦʡ ʥʘʧʣʘʚʢʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʤʠʥʠʤʘʣʴʥʫʶ 
ʚʝʣʠʯʠʥʫ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠʟʥʘʰʠʚʘʥʠʷ ʜʝʪʘʣʠ Iq, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʩʩʣʝʜʫʝʤʳʭ 
ʬʘʢʪʦʨʦʚ (n, ʊ, t). 
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ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʦʣʫʯʝʥʥʳʝ ʩ ʧʦʤʦʱʴʶ ʫʨʘʚʥʝʥʠʷ ʨʝʛʨʝʩʩʠʠ 
ʛʨʘʬʠʯʝʩʢʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ ʦʪ ʠʩʩʣʝʜʫʝʤʳʭ ʬʘʢʪʦʨʦʚ. ʇʨʠ 
ʧʦʩʪʨʦʝʥʠʠ ʧʦʚʝʨʭʥʦʩʪʠ ʦʪʢʣʠʢʦʚ (ʧʨʦʛʨʘʤʤʘ SigmaPlot 12.5) ʚʘʨʴʠʨʦʚʘʣʠʩʴ ʪʦʣʴʢʦ 
ʜʚʘ ʬʘʢʪʦʨʘ. 

   
ʘ) ʙ) ʚ) 

 

ʈʠʩʫʥʦʢ 1 ï  ɿʘʚʠʩʠʤʦʩʪʴ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠʟʥʘʰʠʚʘʥʠʷ Iq : ʘ) ʦʪ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʜʝʪʘʣʠ n ʠ 
ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʛʨʝʚʘ ʜʝʪʘʣʠT (t = 300 c); ʙ) ʦʪ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʜʝʪʘʣʠ n ʠ ʚʨʝʤʝʥʠ 
ʠʟʦʪʝʨʤʠʯʝʩʢʦʡ ʚʳʜʝʨʞʢʠ t (T = 760 Áʉ); ʚ) ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʛʨʝʚʘ ʜʝʪʘʣʠ T ʠ ʚʨʝʤʝʥʠ 

ʠʟʦʪʝʨʤʠʯʝʩʢʦʡ ʚʳʜʝʨʞʢʠ t (n= 1700 ʦʙ/ʤʠʥ) 

 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ 1, ʠʟʤʝʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʛʨʝʚʘ ʜʝʪʘʣʠ T ʚʣʝʯʝʪ ʟʘ 
ʩʦʙʦʡ ʠʟʤʝʥʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠʟʥʘʰʠʚʘʥʠʷ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ, ʯʝʤ ʠʟʤʝʥʝʥʠʝ 
ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʜʝʪʘʣʠ n, ʠʣʠ ʚʨʝʤʝʥʠ ʠʟʦʪʝʨʤʠʯʝʩʢʦʡ ʚʳʜʝʨʞʢʠ t. ʀʟ ʨʠʩʫʥʢʘ 1 ʘ,ʙ 
ʚʠʜʥʦ, ʯʪʦ ʤʠʥʠʤʘʣʴʥʘʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠʟʥʘʰʠʚʘʥʠʷ Iq = 0,117ï0,133Ŀ10-4 ʤʛ/ʤ, 
ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʧʨʠ ʯʘʩʪʦʪʝ ʚʨʘʱʝʥʠʷ ʜʝʪʘʣʠ n = 1750ï1800 ʦʙ/ʤʠʥ, ʪʝʤʧʝʨʘʪʫʨʝ 
ʥʘʛʨʝʚʘ ʜʝʪʘʣʠ T = 760ï770 Áʉ, ʠ ʚʨʝʤʝʥʠ ʠʟʦʪʝʨʤʠʯʝʩʢʦʡ ʚʳʜʝʨʞʢʠ t = 300 c. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʝʪʥʦ-ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 
ʘʚʪʦʨʘʤʠ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʦʧʪʠʤʘʣʴʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠʟʥʘʰʠʚʘʥʠʷ 
ʤʘʪʝʨʠʘʣʘ ʧʦʢʨʳʪʠʷ ʥʘ ʦʩʥʦʚʝ ʘʣʶʤʠʥʠʝʚʦʛʦ ʩʧʣʘʚʘ, ʧʘʨʘʤʝʪʨʳ ʧʨʦʮʝʩʩʘ 
ʮʝʥʪʨʦʙʝʞʥʦʡ ʠʥʜʫʢʮʠʦʥʥʦʡ ʥʘʧʣʘʚʢʠ ʜʦʣʞʥʳ ʙʳʪʴ ʩʣʝʜʫʶʱʠʝ: ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ 
ʜʝʪʘʣʠ n = 1700ï1800 ʦʙ/ʤʠʥ, ʪʝʤʧʝʨʘʪʫʨʘ ʜʝʪʘʣʠ ʧʨʠ ʠʟʦʪʝʨʤʠʯʝʩʢʦʡ ʚʳʜʝʨʞʢʝ T = 
760ï780 Áʉ, ʚʨʝʤʷ ʠʟʦʪʝʨʤʠʯʝʩʢʦʡ ʚʳʜʝʨʞʢʠ t = 300ï340 ʩ. 
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ʇʦʣʠʤʝʨʥʳʝ ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ (ʇʂʄ) ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʚ 

ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʷʭ ʩʦʚʨʝʤʝʥʥʦʡ ʪʝʭʥʠʢʠ. ʀʟ ʇʂʄ, ʚ ʯʘʩʪʥʦʩʪʠ, ʤʦʛʫʪ ʠʟʛʦʪʘʚʣʠʚʘʪʴʩʷ 
ʩʠʣʦʚʳʝ ʵʣʝʤʝʥʪʳ ʘʚʠʘʢʦʥʩʪʨʫʢʮʠʡ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʥʘʰʝʡ ʩʪʨʘʥʝ ʠ ʟʘ ʨʫʙʝʞʦʤ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʠ 
ʪʝʦʨʝʪʠʯʝʩʢʠ ʥʘʨʷʜʫ ʩ ʜʦʩʪʦʠʥʩʪʚʘʤʠ ʇʂʄ (ʤʘʣʘʷ ʧʣʦʪʥʦʩʪʴ, ʚʳʩʦʢʘʷ ʫʜʝʣʴʥʘʷ 
ʧʨʦʯʥʦʩʪʴ ʠ ʞʝʩʪʢʦʩʪʴ, ʚʳʩʦʢʘʷ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ, ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʫʩʪʘʣʦʩʪʠ, ʤʘʣʳʡ 
ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʘʩʰʠʨʝʥʠʷ, ʩʪʦʡʢʦʩʪʴ ʢ ʭʠʤʠʯʝʩʢʠʤ ʘʛʨʝʩʩʠʚʥʳʤ 
ʩʨʝʜʘʤ, ʜʝʤʧʬʠʨʫʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ, ʚʳʩʦʢʘʷ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʩʪʴ ʠ ʪ.ʜ.) 
ʧʦʜʪʚʝʨʞʜʝʥʳ ʠ ʥʝʢʦʪʦʨʳʝ ʠʭ ʦʩʦʙʝʥʥʦʩʪʠ ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʭʘʨʘʢʪʝʨʘ: 

¶ ʧʦʚʳʰʝʥʥʦʝ (ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʤʝʪʘʣʣʠʯʝʩʢʠʤʠ 
ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ) ʨʘʩʩʝʠʚʘʥʠʝ ʤʝʭʘʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ; 

¶ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʧʨʦʯʥʦʩʪʥʳʝ ʠ ʫʧʨʫʛʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʬʘʢʪʦʨʦʚ 
ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ (ʧʨʝʞʜʝ ʚʩʝʛʦ ʚʣʘʞʥʦʩʪʠ ʠ ʪʝʤʧʝʨʘʪʫʨʳ); 

¶ ʧʦʚʳʰʝʥʥʘʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʤ 
ʦʪʢʣʦʥʝʥʠʷʤ ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʠ ʩʙʦʨʦʯʥʦ-ʤʦʥʪʘʞʥʳʭ ʨʘʙʦʪʘʭ; 

¶ ʧʦʷʚʣʝʥʠʝ ʧʦʚʨʝʞʜʝʥʠʡ (ʜʝʬʝʢʪʦʚ) ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ (ʥʘʧʨʠʤʝʨ, ʧʦʜ 
ʜʝʡʩʪʚʠʝʤ ʥʘʛʨʫʟʦʢ ʫʜʘʨʥʦʛʦ ʠʣʠ ʠʤʧʫʣʴʩʥʦʛʦ ʭʘʨʘʢʪʝʨʘ); 

¶ ʚʳʩʦʢʘʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʢʦʥʮʝʥʪʨʘʪʦʨʘʤ ʥʘʧʨʷʞʝʥʠʡ; 

¶ ʤʥʦʛʦʦʙʨʘʟʠʝ ʬʦʨʤ ʨʘʟʨʫʰʝʥʠʷ; 

¶ ʜʝʛʨʘʜʘʮʠʷ ʤʝʭʘʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʦ ʚʨʝʤʝʥʝʤ (ʩʪʘʨʝʥʠʝ); 

¶ ʪʨʫʜʥʦʩʪʠ ʩʦʝʜʠʥʝʥʠʷ ʜʝʪʘʣʝʡ ʠʟ ʇʂʄ ʤʝʞʜʫ ʩʦʙʦʡ, ʘ ʪʘʢʞʝ ʩ 
ʤʝʪʘʣʣʠʯʝʩʢʠʤʠ ʵʣʝʤʝʥʪʘʤʠ, ʥʘʧʨʠʤʝʨ, ʘʚʠʘʢʦʥʩʪʨʫʢʮʠʡ. 

ɺ ʘʚʠʘʮʠʦʥʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʛʜʝ ʇʂʄ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʟʥʘʯʠʪʝʣʴʥʳʭ 
ʦʙʲʝʤʘʭ (ʥʝʩʤʦʪʨʷ ʥʘ ʠʤʝʶʱʠʝʩʷ ʥʝʜʦʩʪʘʪʢʠ), ʧʨʦʯʥʦʩʪʴ ʵʣʝʤʝʥʪʦʚ ʢʦʥʩʪʨʫʢʮʠʡ 
ʜʦʣʞʥʘ ʙʳʪʴ ʦʙʝʩʧʝʯʝʥʘ, ʚ ʪʦʤ ʯʠʩʣʝ, ʠ ʚ ʩʣʫʯʘʝ ʚʦʟʜʝʡʩʪʚʠʷ ʜʠʩʢʨʝʪʥʳʭ ʠʩʪʦʯʥʠʢʦʚ. 
ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʦʟʜʝʡʩʪʚʠʷ ʜʠʩʢʨʝʪʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʥʘ ʵʣʝʤʝʥʪ ʢʦʥʩʪʨʫʢʮʠʠ ʠʟ ʇʂʄ ʚ 
ʥʸʤ ʤʦʛʫʪ ʚʦʟʥʠʢʘʪʴ ʧʦʚʨʝʞʜʝʥʠʷ, ʢʦʪʦʨʳʝ ʩʥʠʞʘʶʪ ʝʛʦ ʧʨʦʯʥʦʩʪʥʳʝ ʠ ʞʸʩʪʢʦʩʪʥʳʝ 
ʩʚʦʡʩʪʚʘ. 

ʇʦʜ ʧʦʚʨʝʞʜʝʥʠʝʤ ʧʦʥʠʤʘʝʪʩʷ ʦʪʢʣʦʥʝʥʠʝ ʠʟʜʝʣʠʷ ʦʪ ʥʦʨʤʳ, ʚʳʟʚʘʥʥʦʝ 
ʧʨʦʠʟʚʦʜʩʪʚʦʤ ʠʣʠ ʵʢʩʧʣʫʘʪʘʮʠʝʡ. ɼʣʷ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ ʧʨʦʯʥʦʩʪʠ ʢʦʥʩʪʨʫʢʮʠʡ ʠʟ ʇʂʄ 
ʧʨʠʥʷʪʦ ʨʘʟʜʝʣʷʪʴ ʧʦʚʨʝʞʜʝʥʠʷ ʥʘ ʧʷʪʴ ʢʘʪʝʛʦʨʠʡ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʨʝʙʫʝʤʦʛʦ 
ʫʨʦʚʥʷ ʩʦʭʨʘʥʝʥʠʷ ʦʩʪʘʪʦʯʥʦʡ ʧʨʦʯʥʦʩʪʠ, ʢʦʥʪʨʦʣʝʧʨʠʛʦʜʥʦʩʪʠ, ʠʥʪʝʨʚʘʣʘ ʤʝʞʜʫ 
ʦʩʤʦʪʨʘʤʠ, ʫʩʣʦʚʠʡ ʧʦʷʚʣʝʥʠʷ ʧʦʚʨʝʞʜʝʥʠʷ ʠ ʜʨ. 

ʂʘʪʝʛʦʨʠʷ 1. ʇʦʚʨʝʞʜʝʥʠʷ ʩ ʚʝʨʦʷʪʥʦʩʪʴʶ ʦʙʥʘʨʫʞʝʥʠʷ ʥʝ ʤʝʥʝʝ 90% ʩ 
ʫʨʦʚʥʝʤ ʜʦʚʝʨʠʷ 95%. ʂ ʜʘʥʥʦʡ ʢʘʪʝʛʦʨʠʠ ʦʪʥʦʩʷʪʩʷ ʜʦʧʫʩʪʠʤʳʝ ʧʦʚʨʝʞʜʝʥʠʷ, 
ʚʳʟʚʘʥʥʳʝ ʧʨʦʠʟʚʦʜʩʪʚʦʤ ʠ ʵʢʩʧʣʫʘʪʘʮʠʝʡ ʢʦʥʩʪʨʫʢʮʠʡ ʠʟ ʇʂʄ. 

ʂʘʪʝʛʦʨʠʷ 2. ʇʦʚʨʝʞʜʝʥʠʷ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʦʙʥʘʨʫʞʠʪʴ ʩ ʚʝʨʦʷʪʥʦʩʪʴʶ ʥʝ 
ʤʝʥʝʝ 95% ʧʨʠ ʧʣʘʥʦʚʳʭ ʠʣʠ ʮʝʣʝʚʳʭ ʦʩʤʦʪʨʘʭ, ʧʨʦʚʦʜʠʤʳʭ ʯʝʨʝʟ ʫʩʪʘʥʦʚʣʝʥʥʳʝ 
ʠʥʪʝʨʚʘʣʳ ʚʨʝʤʝʥʠ. 

ʂʘʪʝʛʦʨʠʷ 3. ʇʦʚʨʝʞʜʝʥʠʷ, ʢʦʪʦʨʳʝ ʤʦʞʝʪ ʥʘʜʝʞʥʦ ʦʙʥʘʨʫʞʠʪʴ ʚ ʧʨʝʜʝʣʘʭ 
ʥʝʩʢʦʣʴʢʠʭ ʧʦʣʸʪʦʚ ʪʝʭʥʠʯʝʩʢʠʡ ʧʝʨʩʦʥʘʣ, ʥʝ ʦʙʣʘʜʘʶʱʠʡ ʩʧʝʮʠʘʣʴʥʳʤʠ ʥʘʚʳʢʘʤʠ 
ʢʦʥʪʨʦʣʷ ʠʟʜʝʣʠʡ ʠʟ ʇʂʄ. 

ʂʘʪʝʛʦʨʠʷ 4. ʇʦʚʨʝʞʜʝʥʠʷ ʦʪ ʜʠʩʢʨʝʪʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʧʨʠ ʠʟʚʝʩʪʥʦʤ ʧʦʣʸʪʥʦʤ 
ʩʦʙʳʪʠʠ, ʢʦʪʦʨʳʝ ʧʨʠʚʦʜʷʪ ʢ ʦʛʨʘʥʠʯʝʥʠʶ ʚ ʧʠʣʦʪʠʨʦʚʘʥʠʠ ʜʣʷ ʟʘʚʝʨʰʝʥʠʷ ʧʦʣʸʪʘ. 

ʂʘʪʝʛʦʨʠʷ 5. ʉʝʨʴʸʟʥʳʝ ʧʦʚʨʝʞʜʝʥʠʷ, ʚʳʟʚʘʥʥʳʝ ʘʥʦʤʘʣʴʥʳʤʠ ʥʘʟʝʤʥʳʤʠ ʠʣʠ 
ʧʦʣʸʪʥʳʤʠ ʷʚʣʝʥʠʷʤʠ, ʢʦʪʦʨʳʝ ʥʝ ʚʭʦʜʷʪ ʚ ʨʘʩʯʸʪʥʳʝ ʢʨʠʪʝʨʠʠ ʠʣʠ ʧʨʦʮʝʜʫʨʳ 
ʦʙʦʩʥʦʚʘʥʠʷ ʧʨʦʯʥʦʩʪʠ ʢʦʥʩʪʨʫʢʮʠʠ. 
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ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʣʘʩʪʠʥʘ ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʬʦʨʤʳ ʢʦʥʝʯʥʳʭ ʨʘʟʤʝʨʦʚ 
ʠʟ ʇʂʄ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʥʘʛʨʫʟʢʠ ʫʜʘʨʥʦʛʦ ʭʘʨʘʢʪʝʨʘ [1-2]. ʂʦʣʠʯʝʩʪʚʦ ʤʦʥʦʩʣʦʸʚ 
ʧʣʘʩʪʠʥʳ ʠ ʬʦʨʤʘʪ ʫʢʣʘʜʢʠ ʚʘʨʴʠʨʫʶʪʩʷ. ɺʩʝ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʝ ʫʢʣʘʜʢʠ 
ʩʠʤʤʝʪʨʠʯʥʳʝ, ʩʤʝʰʘʥʥʳʝ ʠ ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʳʝ ʩ ʪʠʧʦʚʳʤʠ ʫʛʣʘʤʠ Ñ45Ü, 0Ü, 90Ü. 
ʄʘʪʝʨʠʘʣʳ ʤʦʥʦʩʣʦʷ ï ʧʨʝʧʨʝʛʠ ʥʘ ʦʩʥʦʚʝ ʫʛʣʝʣʝʥʪ ʠ ʫʛʣʝʪʢʘʥʝʡ (Hex Ply 
M21/34%/UD194/IMA-12K, Hex Ply M21/40%/285T2/AS4C, Cycom 970-38%-3KT650-P-
193-1520W-T6, ACM 102-C200T). ʊʘʢʠʝ ʤʘʪʝʨʠʘʣʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ 
ʜʝʪʘʣʝʡ ʘʚʠʘʮʠʦʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʧʦ ʘʚʪʦʢʣʘʚʥʦʡ ʪʝʭʥʦʣʦʛʠʠ. ʌʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ 
ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʦʥʦʩʣʦʝʚ ʩʯʠʪʘʶʪʩʷ ʟʘʜʘʥʥʳʤʠ, ʧʦʣʫʯʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ 
ʧʨʦʠʟʚʦʜʠʪʝʣʝʤ ʤʘʪʝʨʠʘʣʦʚ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʨʝʞʠʤʫ ʠʩʧʳʪʘʥʠʡ RTD (Root 
Temperature Dry) ï ʠʩʧʳʪʘʥʠʷ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʚʣʘʞʥʦʩʪʠ ʚ ʩʦʩʪʦʷʥʠʠ 
ʧʦʩʪʘʚʢʠ (ʩʦʩʪʦʷʥʠʝ, ʚ ʢʦʪʦʨʦʤ ʥʘʭʦʜʷʪʩʷ ʦʙʨʘʟʮʳ ʩʨʘʟʫ ʧʦʩʣʝ ʠʟʛʦʪʦʚʣʝʥʠʷ, 
ʩʦʜʝʨʞʘʥʠʝ ʚʣʘʛʠ ʚ ʥʠʭ ʥʝ ʧʨʝʚʳʰʘʝʪ 10% ʦʪ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʚʣʘʛʦʥʘʩʳʱʝʥʠʷ ʧʨʠ 
ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʚʣʘʞʥʦʩʪʠ 85%). 

ʂʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʘʷ ʤʦʜʝʣʴ (ʂʕʄ) ʧʣʘʩʪʠʥʳ ʠʟ ʇʂʄ ʚʳʧʦʣʥʝʥʘ ʧʦʩʣʦʡʥʦ ʠʟ 
ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ (ʂʕ) ʪʠʧʘ çTSHELLè, ʟʘʜʘʯʘ ʨʝʰʘʝʪʩʷ ʚ ʷʚʥʦʡ ʧʦʩʪʘʥʦʚʢʝ ʧʫʪʸʤ 
ʧʨʷʤʦʛʦ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʫʨʘʚʥʝʥʠʡ ʜʚʠʞʝʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʮʝʥʪʨʘʣʴʥʦ-
ʨʘʟʥʦʩʪʥʦʡ ʩʭʝʤʳ ʚ ʧʨʦʛʨʘʤʤʥʦʤ ʢʦʤʧʣʝʢʩʝ LS-DYNA (Lawrence Livermore National 
Laboratory). 

ɺ ʢʘʯʝʩʪʚʝ ʥʘʛʨʫʟʢʠ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʫʜʘʨʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʛʨʘʜʘ ʰʘʨʦʦʙʨʘʟʥʦʡ 
ʬʦʨʤʳ [3-10]. ɻʨʘʜ ʩʦʩʪʦʠʪ ʠʟ ʩʬʝʨʠʯʝʩʢʠʭ ʩʣʦʝʚ ʠ ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʦʯʥʝʝ ʦʜʥʦʨʦʜʥʦʡ 
ʣʝʜʷʥʦʡ ʩʬʝʨʳ. ʆʜʥʘʢʦ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʚ ʢʘʯʝʩʪʚʝ ʤʦʜʝʣʠ ʤʘʪʝʨʠʘʣʘ ʛʨʘʜʘ 
ʠʩʧʦʣʴʟʫʝʪʩʷ ʦʜʥʦʨʦʜʥʳʡ ʫʧʨʫʛʦʧʣʘʩʪʠʯʝʩʢʠʡ ʤʘʪʝʨʠʘʣ ʩ ʣʠʥʝʡʥʳʤ ʫʧʨʦʯʥʝʥʠʝʤ ʠ 
ʧʨʝʜʝʣʦʤ ʪʝʢʫʯʝʩʪʠ, ʟʘʚʠʩʷʱʠʤ ʦʪ ʩʢʦʨʦʩʪʠ ʜʝʬʦʨʤʘʮʠʠ. ʇʣʦʪʥʦʩʪʴ ɟ = 900 ʢʛ/ʩʤ3, 
ʢʦʵʬʬʠʮʠʝʥʪ ʇʫʘʩʩʦʥʘ ɛ = 0,33, ʤʦʜʫʣʴ ʖʥʛʘ ɽ = 9380 ʄʇʘ. ʂʨʠʪʝʨʠʡ ʨʘʟʨʫʰʝʥʠʷ ʚ 
ʤʦʜʝʣʠ ʤʘʪʝʨʠʘʣʘ ʛʨʘʜʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʜʦʩʪʠʞʝʥʠʶ ʢʨʠʪʠʯʝʩʢʦʛʦ ʟʥʘʯʝʥʠʷ 
ʵʢʚʠʚʘʣʝʥʪʥʳʭ ʧʣʘʩʪʠʯʝʩʢʠʭ ʜʝʬʦʨʤʘʮʠʡ. 

ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʛʨʘʜʠʥʳ ʜʠʘʤʝʪʨʘ D = 40é60 ʤʤ. ʉʢʦʨʦʩʪʴ ʩʦʫʜʘʨʝʥʠʷ 
ʚʘʨʴʠʨʫʝʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ V = 40é200 ʤ/ʩ. ʋʛʦʣ ʩʦʫʜʘʨʝʥʠʷ Ŭ = 30é90Ü (Ŭ ï ʫʛʦʣ ʤʝʞʜʫ 
ʚʝʢʪʦʨʦʤ ʩʢʦʨʦʩʪʠ ʠ ʧʦʚʝʨʭʥʦʩʪʴʶ ʧʣʘʩʪʠʥʳ). ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʦʧʘʜʘʥʠʝ, 
ʢʘʢ ʦʜʠʥʦʯʥʦʛʦ ʛʨʘʜʘ, ʪʘʢ ʠ ʤʥʦʞʝʩʪʚʝʥʥʦʛʦ ʚ ʨʘʟʣʠʯʥʳʝ ʪʦʯʢʠ ʧʣʘʩʪʠʥʳ, ʚ ʪʦʤ ʯʠʩʣʝ 
ʧʦʚʪʦʨʥʦʝ ʧʦʧʘʜʘʥʠʝ ʚ ʦʜʥʫ ʪʦʯʢʫ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʘʷ 
ʤʦʜʝʣʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ: ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʤʝʪʦʜ ʩʛʣʘʞʝʥʥʳʭ ʯʘʩʪʠʮ SPH (smoothed 
particle hydrodynamics), ʦʪʥʦʩʷʱʠʡʩʷ ʢ ʙʝʩʩʝʪʦʯʥʳʤ ʤʝʪʦʜʘʤ. ɼʘʥʥʳʡ ʤʝʪʦʜ ʥʝ 
ʠʩʧʦʣʴʟʫʝʪ ʩʝʪʢʫ ʂʕ, ʘ ʜʝʣʠʪ ʤʘʪʝʨʠʘʣ ʥʘ ʜʠʩʢʨʝʪʥʳʝ ʯʘʩʪʠʮʳ ʠ ʨʘʚʥʦʤʝʨʥʦ 
ʨʘʩʧʨʝʜʝʣʷʝʪ ʤʘʩʩʫ ʤʘʪʝʨʠʘʣʘ ʤʝʞʜʫ ʥʠʤʠ. ʂʘʢ ʠ ʚ ʤʝʪʦʜʝ ʃʘʛʨʘʥʞʘ, ʢʦʦʨʜʠʥʘʪʳ 
ʯʘʩʪʠʮʳ ʜʚʠʞʫʪʩʷ ʚʤʝʩʪʝ ʩ ʤʘʪʝʨʠʘʣʦʤ. ʆʩʥʦʚʥʳʤ ʧʘʨʘʤʝʪʨʦʤ ʯʘʩʪʠʮʳ ʷʚʣʷʝʪʩʷ ʪʘʢ 
ʥʘʟʳʚʘʝʤʘʷ ʜʣʠʥʘ ʩʛʣʘʞʠʚʘʥʠʷ ï ʨʘʩʩʪʦʷʥʠʝ, ʥʘ ʢʦʪʦʨʦʤ ʝʝ ʩʚʦʡʩʪʚʘ ʩʛʣʘʞʠʚʘʶʪʩʷ 
ʬʫʥʢʮʠʝʡ ʷʜʨʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʟʥʘʯʝʥʠʝ ʣʶʙʦʡ ʬʠʟʠʯʝʩʢʦʡ ʚʝʣʠʯʠʥʳ ʣʶʙʦʡ ʯʘʩʪʠʮʳ 
ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥʦ ʧʫʪʝʤ ʩʫʤʤʠʨʦʚʘʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʚʝʣʠʯʠʥ ʚʩʝʭ ʯʘʩʪʠʮ, 
ʢʦʪʦʨʳʝ ʥʘʭʦʜʷʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʜʚʫʭ ʩʛʣʘʞʝʥʥʳʭ ʜʣʠʥ. ʂʘʢ ʠ ʤʝʪʦʜ ʕʡʣʝʨʘ, SPH 
ʜʦʩʪʘʪʦʯʥʦ ʪʦʯʥʦ ʦʧʠʩʳʚʘʝʪ ʧʦʚʝʜʝʥʠʝ ʤʘʪʝʨʠʘʣʘ ʚ ʩʣʫʯʘʝ ʙʦʣʴʰʠʭ ʜʝʬʦʨʤʘʮʠʡ.  

ʂʨʦʤʝ ʪʦʛʦ, ʧʨʠ ʯʠʩʣʝʥʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʢʦʤʧʦʟʠʪʥʦʡ ʧʣʘʩʪʠʥʳ 
ʠ ʛʨʘʜʘ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ LS-DYNA ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ 
ʢʦʥʪʘʢʪʘ çNODES_TO_ SURFACEè ʠ ʨʝʰʘʝʪʩʷ ʤʝʪʦʜʦʤ ʰʪʨʘʬʘ. ɺ ʢʘʯʝʩʪʚʝ ʤʦʜʝʣʠ 
ʤʘʪʝʨʠʘʣʘ ʛʨʘʜʘ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʫʧʨʫʛʦʧʣʘʩʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ 
çMAT_PLASTICITY_COMPRESSION_TENSION_EOSè. ɼʣʷ ʦʧʠʩʘʥʠʷ ʧʦʚʝʜʝʥʠʷ 
ʤʘʪʝʨʠʘʣʘ ʤʦʥʦʩʣʦʸʚ ʧʣʘʩʪʠʥʳ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʦʜʝʣʴ ʤʘʪʝʨʠʘʣʘ 
çLAMINATED_COMPOSITE_FABRICè. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʝʰʝʥʠʷ ʧʦʣʫʯʝʥʳ: ʧʦʣʷ ʧʝʨʝʤʝʱʝʥʠʡ, ʥʘʧʨʷʞʝʥʠʡ ʠ 
ʜʝʬʦʨʤʘʮʠʡ ʚ ʩʣʦʷʭ ʵʣʝʤʝʥʪʦʚ ʧʣʘʩʪʠʥʳ, ʠʟʤʝʥʝʥʠʝ ʢʦʥʪʘʢʪʥʦʡ ʩʠʣʳ ʚ ʪʦʯʢʘʭ 
ʩʦʫʜʘʨʝʥʠʷ, ʠʟʤʝʥʝʥʠʝ ʩʢʦʨʦʩʪʠ ʠ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʛʨʘʜʘ ʜʣʷ ʨʘʟʣʠʯʥʳʭ 
ʤʦʤʝʥʪʦʚ ʚʨʝʤʝʥʠ. ʆʧʨʝʜʝʣʷʶʪʩʷ ʤʘʢʩʠʤʘʣʴʥʳʝ ʠʥʜʝʢʩʳ ʨʘʟʨʫʰʝʥʠʷ ʠ 
ʤʠʥʠʤʘʣʴʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʟʘʧʘʩʘ ʧʨʦʯʥʦʩʪʠ ʧʣʘʩʪʠʥʳ ʧʦ ʩʣʝʜʫʶʱʠʤ ʢʨʠʪʝʨʠʷʤ 
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ʨʘʟʨʫʰʝʥʠʷ ʜʣʷ ʇʂʄ: Tsai-Wu, Tsai-Hill, Hoffman, Norris, Norris-Mckinnon, Fischer, 
Puppo-Evensen, Hashin, Chang-Chang, Puck, LaRC (Langley Research Center) [11-12].  

 
ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 
1. ʉʦʢʦʣʦʚʘ, ʊ.ɸ. ʏʠʩʣʝʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʵʣʝʤʝʥʪʦʚ 

ʘʚʠʘʮʠʦʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʠʟ ʧʦʣʠʤʝʨʥʳʭ ʢʦʤʧʦʟʠʪʦʚ ʧʨʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʚʦʟʜʝʡʩʪʚʠʷʭ / 
ʊ. ɸ. ʉʦʢʦʣʦʚʘ, ʄ. ʀ. ʄʘʨʪʠʨʦʩʦʚ, ɸ. ɺ. ʍʦʤʯʝʥʢʦ // ɼʠʥʘʤʠʯʝʩʢʠʝ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ 
ʧʨʦʙʣʝʤʳ ʤʝʭʘʥʠʢʠ ʢʦʥʩʪʨʫʢʮʠʡ ʠ ʩʧʣʦʰʥʳʭ ʩʨʝʜ: ʤʘʪʝʨʠʘʣʳ XXIX ʄʝʞʜʫʥʘʨʦʜʥʦʛʦ 
ʩʠʤʧʦʟʠʫʤʘ ʠʤ. ɸ. ɻ. ɻʦʨʰʢʦʚʘ. ʄ., ʄɸʀ, 2023. ʊ. 1. ʉ. 188ï190. 

2. ʉʦʢʦʣʦʚʘ, ʊ. ɸ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʦʟʜʝʡʩʪʚʠʷ ʛʨʘʜʘ ʥʘ ʧʣʘʩʪʠʥʫ ʠʟ ʧʦʣʠʤʝʨʥʦʛʦ 
ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ/ ʊ.ɸ. ʉʦʢʦʣʦʚʘ, ʄ.ʀ. ʄʘʨʪʠʨʦʩʦʚ, ɸ.ɺ. ʍʦʤʯʝʥʢʦ // 
ʀʥʥʦʚʘʮʠʦʥʥʦʝ ʨʘʟʚʠʪʠʝ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʠ ʩʪʨʦʠʪʝʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʦʚ: ʤʘʪʝʨʠʘʣʳ 
ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ. ɻʦʤʝʣʴ, ɹʝʣɻʋʊ, 2023. ʏ.2. ʉ. 150-
152. 

3. Liu, P. F. Failure analysis of carbon fiber/epoxy composite cylindrical laminates 
using explicit finite element method/ P. F. Liu, L. J. Xing, J. Y. Zheng // Composites. Part B, 
V. 56. 2014.  P. 54-61. 

4. Fasnella, E. L. Test and Analysis Correlation of High Speed Impacts of Ice 
Cylinfers/ E. L. Fasnella, R. L Boinot // 9th International LD-DYNA Users Conference. 

5. Schulson, E. M. Brittle Failure of Ice/ E. M. Schulson // Engineering Fracture 
Mechanics. 68. 2001. P. 1839-1887. 

6. Gurther, A. Experimental and Numerical Investigation of Ice-Structure Interaction/ 
A. Gurther //Doctoral Thesis, Norwegian University of Science and Technology, No. 2009:26. 

7. Petrovic, J. J. Review Mechanical properties of ice and snow/ Journal of materials 
science/ N38. 2003. P. 1-6. 

8. Hyonny Kimand Modeling Hail Ice Impacts and Predicting Impact Damage Initiation 
in Composite Structures/ Hyonny Kimand, Keith T. Kedward // American Institute of 
Aeronautics and Astronautics Journal. ˉ38 (7). 2000. P. 1278-1288. 

9. Monaghan, J. J. Shock Simulation by the Particle Method of SPH/ J. J. Monaghan, 
R. A Gingold // Journal of Computational Physics. N.52, 1983. P. 74-381. 

10. ʃʝ, ɺ.ʊ. ʏʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʫʜʘʨʥʳʭ ʧʦʚʨʝʞʜʝʥʠʡ ʣʴʜʦʤ 
ʢʦʤʧʦʟʠʪʥʳʭ ʧʘʥʝʣʝʡ ʩʘʤʦʣʝʪʘ/ ɺʴʝʪ ʊʫʘʥ ʃʝ // ɺʝʩʪʥʠʢ ʄʦʩʢʦʚʩʢʦʛʦ ʘʚʠʘʮʠʦʥʥʦʛʦ 
ʠʥʩʪʠʪʫʪʘ. ʊ. 30, ˉ 4. 2023. ʉ. 120ï129.  

11. ɻʨʠʥʝʚʠʯ, ɼ. ɺ. ʂʨʠʪʝʨʠʠ ʨʘʟʨʫʰʝʥʠʷ ʧʦʣʠʤʝʨʥʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ 
ʤʘʪʝʨʠʘʣʦʚ (ʦʙʟʦʨ)/ ɼ. ɺ. ɻʨʠʥʝʚʠʯ, ʅ. ʆ. ʗʢʦʚʣʝʚ, ɸ. ɺ. ʉʣʘʚʠʥ //ʊʨʫʜʳ ɺʀɸʄ, 2019. 
ˉ 7. C. 92-111. 

12. Medvedskiy, A. L. Assessment of the strength of a composite package with 
internal defects according to various failures criteria under the influence of unsteady load/ A. 
L. Medvedskiy, M. I. Martirosov, A. V. Khomchenko, D. V. Dedova // Periodico Tche Quimica. 
Vol. 17, No. 35. Brasil, 2020. P. 1218-1230. 
  



ɸʢʪʫʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ ʧʨʦʯʥʦʩʪʠ 

 

63 

 

ʉʊʈʋʂʊʋʈɸ ʇʆɺɽʈʍʅʆʉʊʀ ɺʓʉʆʂʆʕʅʊʈʆʇʀʁʅʓʍ 
ʇʆʂʈʓʊʀʁ WïMoïCuïNiïAg, ʇʆʃʋʏɽʅʅʓʍ ʄɽʊʆɼʆʄ 

ʕʃɽʂʊʈʆɺɿʈʓɺʅʆɻʆ ʅɸʇʓʃɽʅʀʗ 
 

ʈʦʤʘʥʦʚ ɼ.ɸ., ʉʝʤʠʥ ɸ.ʇ., ʌʠʣʷʢʦʚ ɸ.ɼ. 
ʉʠʙʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʠʥʜʫʩʪʨʠʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʅʦʚʦʢʫʟʥʝʮʢ, ʈʦʩʩʠʷ 

romanov_da@physics.sibsiu.ru 
 

ʅʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʜʥʦʛʦ ʩʧʣʘʚʘ ʧʦʣʫʯʝʥʳ ʧʦʢʨʳʪʠʷ ʚ ʨʘʟʣʠʯʥʳʭ ʨʝʞʠʤʘʭ 
ʵʣʝʢʪʨʦʚʟʨʳʚʥʦʡ ʦʙʨʘʙʦʪʢʠ ʩ ʤʘʨʢʠʨʦʚʢʦʡ X1, X2, Y1 ʠ Y2. ɼʝʪʘʣʠ ʠ ʨʝʞʠʤʳ 
ʦʙʨʘʙʦʪʢʠ ʥʘ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʥʝ ʧʨʝʜʘʶʪʩʷ ʦʛʣʘʩʢʝ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʪʨʝʙʦʚʘʥʠʡ 
ʩʦʭʨʘʥʥʦʩʪʠ ʥʘʫʯʥʦʡ ʠʥʬʦʨʤʘʮʠʠ. ʅʘ ʢʘʞʜʫʶ ʤʘʨʢʠʨʦʚʢʫ X1, X2, Y1 ʠ Y2 ʙʳʣʦ 
ʧʦʣʫʯʝʥʦ ʧʦ 10 ʦʙʨʘʟʮʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʩʫʱʝʩʪʚʣʝʥʘ ʵʣʝʢʪʨʦʚʟʨʳʚʥʘʷ ʦʙʨʘʙʦʪʢʘ ʚ 
ʯʝʪʳʨʝʭ ʨʝʞʠʤʘʭ. 

ʅʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʜʥʳʭ ʦʙʨʘʟʮʦʚ ʧʦ ʩʨʝʜʩʪʚʘʤ ʵʣʝʢʪʨʦʚʟʨʳʚʥʦʛʦ ʥʘʧʳʣʝʥʠʷ 
ʙʳʣʦ ʥʘʥʝʩʝʥʦ ʧʦʢʨʳʪʠʝ ʠʟ ʚʳʩʦʢʦʵʥʪʨʦʧʠʡʥʦʛʦ ʩʧʣʘʚʘ ʩʠʩʪʝʤʳ WïMoïCuïNiïAg. 
ʇʦʢʨʳʪʠʷ ʠʤʝʶʪ ʩʝʨʦ-ʯʝʨʥʳʡ ʦʪʪʝʥʦʢ ʩ ʩʝʨʝʙʨʠʩʪʳʤ ʦʪʣʠʚʦʤ, ʧʦʷʚʣʷʶʱʠʤʩʷ ʧʨʠ 
ʚʦʟʜʝʡʩʪʚʠʠ ʩʚʝʪʘ ʥʘ ʤʝʣʢʠʝ ʙʣʝʩʪʷʱʠʝ ʚʢʣʶʯʝʥʠʷ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 
ʧʦʢʨʳʪʠʡ. ʄʘʢʨʦʘʥʘʣʠʟ ʦʙʨʘʟʮʦʚ ʧʦʢʘʟʘʣ, ʯʪʦ ʧʦʚʝʨʭʥʦʩʪʴ ʦʙʨʘʙʦʪʘʥʥʳʭ ʦʙʨʘʟʮʦʚ 
ʠʤʝʝʪ ʨʘʟʚʠʪʫʶ ʤʦʨʬʦʣʦʛʠʶ, ʢʦʪʦʨʫʶ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʜʚʘ ʪʠʧʘ. ʂ ʧʝʨʚʦʤʫ 
ʦʪʥʦʩʷʪʩʷ ʫʯʘʩʪʢʠ ʧʦʢʨʳʪʠʷ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝʩʷ ʢʘʧʝʣʴʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʠ ʠʤʝʶʱʠʝ 
ʯʝʪʢʠʝ ʛʨʘʥʠʮʳ ʩ ʚʳʪʷʥʫʪʳʤʠ ʣʠʥʠʷʤʠ ʪʝʯʝʥʠʷ ʨʘʩʧʣʘʚʘ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ. ʆʧʠʩʘʥʥʳʝ 
ʨʝʛʠʦʥʳ ʩʬʦʨʤʠʨʦʚʘʥʳ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʦʟʜʝʡʩʪʚʠʷ ʠʥʝʨʮʠʦʥʥʦʡ ʢʨʫʧʥʦʜʠʩʧʝʨʩʥʦʡ 
ʩʦʩʪʘʚʣʷʶʱʝʡ ʧʘʨʦʧʣʘʟʤʝʥʥʦʛʦ ʧʫʯʢʘ. ɺʪʦʨʦʡ ʪʠʧ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʝʜʩʪʘʚʣʝʥ 
ʦʙʣʘʩʪʷʤʠ ʧʦʢʨʳʪʠʷ ʩ ʤʝʣʢʦʜʠʩʧʝʨʩʥʦʡ ʦʜʥʦʨʦʜʥʦʡ ʩʪʨʫʢʪʫʨʦʡ, ʩʬʦʨʤʠʨʦʚʘʥʥʦʡ 
ʚʦʟʜʝʡʩʪʚʠʝʤ ʧʘʨʦʧʣʘʟʤʝʥʥʦʡ ʠ ʤʝʣʢʦʜʠʩʧʝʨʩʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ (ʨʘʟʤʝʨʳ ʢʘʧʝʣʴ 
ʤʝʥʝʝ 10-6 ʤʢʤ). ʇʦʤʠʤʦ ʥʠʭ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʪʘʢʞʝ ʚʠʜʥʳ ʩʣʝʜʳ ʧʦʧʘʜʘʥʠʷ ʢʨʫʧʥʳʭ 
ʢʫʩʢʦʚ ʵʣʝʢʪʨʦʚʟʨʳʚʥʦʛʦ ʧʨʦʚʦʜʥʠʢʘ. ʕʣʝʢʪʨʦʚʟʨʳʚʥʦʡ ʧʨʦʚʦʜʥʠʢ ʜʦʣʞʝʥ ʙʳʪʴ 
ʠʟʛʦʪʦʚʣʝʥ ʠʟ ʪʦʥʢʦʡ ʬʦʣʴʛʠ ʠʣʠ ʧʨʦʚʦʣʦʢʠ ʜʣʷ ʙʳʩʪʨʦʛʦ ʥʘʛʨʝʚʘ ʠ ʚʟʨʳʚʘ. 

ʅʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʘ X1 ʩʣʝʜ ʦʪ ʧʦʧʘʜʘʥʠʷ ʢʨʫʧʥʦʛʦ ʦʙʣʦʤʢʘ 
ʵʣʝʢʪʨʦʚʟʨʳʚʥʦʛʦ ʧʨʦʚʦʜʥʠʢʘ ʟʘʥʠʤʘʝʪ 7,51 %. ɺʦʢʨʫʛ ʥʝʛʦ ʨʘʩʪʷʥʫʣʩʷ ʢʨʫʧʥʳʡ 
ʫʯʘʩʪʦʢ ʧʦʢʨʳʪʠʷ ʩ ʢʘʧʝʣʴʥʦʡ ʩʪʨʫʢʪʫʨʦʡ. ʅʘ ʥʝʛʦ ʧʨʠʭʦʜʠʪʩʷ 52,21 % ʧʦʚʝʨʭʥʦʩʪʠ 
ʦʙʨʘʟʮʘ. ʆʩʪʘʚʰʠʝʩʷ 40,28 % ʧʦʢʨʳʪʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʙʣʘʩʪʴʶ ʩ ʤʝʣʢʦʜʠʩʧʝʨʩʥʦʡ 
ʩʪʨʫʢʪʫʨʦʡ.  

ɼʚʘ ʩʣʝʜʘ ʦʪ ʧʦʧʘʜʘʥʠʷ ʦʙʣʦʤʢʦʚ ʵʣʝʢʪʨʦʚʟʨʳʚʥʦʛʦ ʧʨʦʚʦʜʥʠʢʘ ʟʘʥʠʤʘʶʪ 
10,09 % ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʘ X2. 34,00 % ʧʦʢʨʳʪʠʷ ʟʘʥʷʪʳ ʫʯʘʩʪʢʘʤʠ ʩ ʢʘʧʝʣʴʥʦʡ 
ʩʪʨʫʢʪʫʨʦʡ ʩʣʦʞʥʦʡ ʬʦʨʤʳ. ʇʦ ʠʭ ʛʨʘʥʠʮʘʤ ʥʘʙʣʶʜʘʶʪʩʷ ʩʣʝʜʳ ʪʝʯʝʥʠʡ. ʆʩʪʘʚʰʘʷʩʷ 
ʯʘʩʪʴ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʚʥʘʷ 55,92 % ʧʨʝʜʩʪʘʚʣʝʥʘ ʦʙʣʘʩʪʷʤʠ ʩ ʤʝʣʢʦʜʠʩʧʝʨʩʥʦʡ 
ʩʪʨʫʢʪʫʨʦʡ.  

ʅʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʘ Y1 ʩʣʝʜʦʚ ʦʪ ʧʦʧʘʜʘʥʠʷ ʦʙʣʦʤʢʦʚ ʵʣʝʢʪʨʦʚʟʨʳʚʥʦʛʦ 
ʧʨʦʚʦʜʥʠʢʘ ʦʙʥʘʨʫʞʝʥʦ ʥʝ ʙʳʣʦ. 53,32 % ʧʦʢʨʳʪʠʷ ʧʨʝʜʩʪʘʚʣʝʥʦ ʫʯʘʩʪʢʦʤ ʩ 
ʢʘʧʝʣʴʥʦʡ ʩʪʨʫʢʪʫʨʦʡ. ʆʩʪʘʚʰʠʝʩʷ 46,68 % ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʠʭʦʜʷʪʩʷ ʥʘ ʦʙʣʘʩʪʠ ʩ 
ʤʝʣʢʦʜʠʩʧʝʨʩʥʦʡ ʩʪʨʫʢʪʫʨʦʡ. 

ʅʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʘ Y2 ʩʣʝʜʦʚ ʦʪ ʧʦʧʘʜʘʥʠʷ ʦʙʣʦʤʢʦʚ ʵʣʝʢʪʨʦʚʟʨʳʚʥʦʛʦ 
ʧʨʦʚʦʜʥʠʢʘ ʪʘʢʞʝ ʦʙʥʘʨʫʞʝʥʦ ʥʝ ʙʳʣʦ. 76,64 % ʧʦʢʨʳʪʠʷ ʧʨʝʜʩʪʘʚʣʝʥʦ ʫʯʘʩʪʢʦʤ ʩ 
ʢʘʧʝʣʴʥʦʡ ʩʪʨʫʢʪʫʨʦʡ. ʆʩʪʘʚʰʠʝʩʷ 22,01 % ʧʦʢʨʳʪʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʙʣʘʩʪʴʶ ʩ 
ʤʝʣʢʦʜʠʩʧʝʨʩʥʦʡ ʩʪʨʫʢʪʫʨʦʡ. ʅʘ ʦʜʥʦʡ ʠʟ ʛʨʘʥʝʡ ʧʨʠʩʫʪʩʪʚʫʝʪ ʩʢʦʣ, ʦʙʥʘʞʘʶʱʠʡ 
ʤʝʜʥʫʶ ʧʦʜʣʦʞʢʫ ʠ ʟʘʥʠʤʘʶʱʠʡ 1,35 % ʧʦʚʝʨʭʥʦʩʪʠ. 

 
ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʟʘ ʩʯʝʪ ʛʨʘʥʪʘ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ 

ˉ 23-29-00145, https://rscf.ru/project/23-29-00145/. 
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ʀʉʉʃɽɼʆɺɸʅʀɽ ɼʖʈʆʄɽʊʈʀʏɽʉʂʀʍ ʉɺʆʁʉʊɺ ʀ ʉʊʈʋʂʊʋʈʓ ʉʇʃɸɺɸ, 
ʇʆʃʋʏɽʅʅʆɻʆ ʄɽʊʆɼʆʄ ɼʋɻʆɺʆʁ ʅɸʇʃɸɺʂʀ ɺʓʉʆʂʆʕʅʊʈʆʇʀʁʅʆʁ 

ʇʆʈʆʐʂʆɺʆʁ ʇʈʆɺʆʃʆʂʆʁ ʉʀʉʊɽʄʓ Al-Co-Cr-Fe-Mn 
 

ʂʨʶʢʦʚ ʈ.ɽ., ʄʠʭʥʦ ɸ.ʈ., ʇʘʥʯʝʥʢʦ ʀ.ɸ., ʂʦʥʦʚʘʣʦʚ ʉ.ɺ., ʄʘʭʥʝʚ ʀ.ɸ. 
ʉʠʙʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʠʥʜʫʩʪʨʠʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʅʦʚʦʢʫʟʥʝʮʢ, ʈʦʩʩʠʷ  

e-mail: mikno-mm131@mail.ru 
 
ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʣʦʩʴ ʧʦʣʫʯʝʥʠʝ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʦʡ ʧʦʨʦʰʢʦʚʦʡ ʧʨʦʚʦʣʦʢʠ 

ʩʠʩʪʝʤʳ Al-Co-Cr-Fe-Mn ʠ ʬʦʨʤʠʨʦʚʘʥʠʝ ʥʘʧʣʘʚʦʯʥʳʭ ʵʣʝʢʪʨʦʜʫʛʦʚʳʭ ʧʦʢʨʳʪʠʡ, 
ʧʨʦʚʝʜʝʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʚʳʩʦʢʦʵʥʪʨʦʧʠʡʥʦʛʦ ʥʘʧʦʣʥʠʪʝʣʷ ʧʦʨʦʰʢʦʚʦʡ 
ʧʨʦʚʦʣʦʢʠ ʥʘ ʧʘʨʘʤʝʪʨʳ ʩʪʨʫʢʪʫʨʳ, ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚ, ʜʠʩʣʦʢʘʮʠʦʥʥʦʡ ʩʫʙʩʪʨʫʢʪʫʨʳ, 
ʬʠʟʠʯʝʩʢʠʭ ʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʥʘʧʣʘʚʣʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. 

ʀʟʛʦʪʦʚʣʝʥʠʝ ʧʦʨʦʰʢʦʚʦʡ ʧʨʦʚʦʣʦʢʠ ʦʩʫʱʝʩʪʚʣʷʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 
ʧʦʨʦʰʢʦʦʙʨʘʟʥʳʭ ʤʘʪʝʨʠʘʣʦʚ: ʭʨʦʤʘ ʇʍ-1ʉ, ʤʘʨʛʘʥʮʘ ʄʈ-0, ʘʣʶʤʠʥʠʷ ɸʉɼ-4, 
ʢʦʙʘʣʴʪʘ ʇʂ-1ʫ. ʉʦʩʪʘʚ ʰʠʭʪʳ ʙʨʘʣʩʷ ʠʟ ʨʘʩʯʝʪʘ 25% ʚʩʝʭ ʠʩʧʦʣʴʟʫʝʤʳʭ ʵʣʝʤʝʥʪʦʚ. 
ʅʘʧʣʘʚʢʘ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʧʨʦʚʦʣʦʢʠ ʧʨʦʚʦʜʠʣʘʩʴ ʧʦʜ ʚʳʩʦʢʦʢʨʝʤʥʠʩʪʳʤ ʤʘʨʛʘʥʮʝʚʳʤ 
ʬʣʶʩʦʤ ɸʅ-348ʘ. ɺ ʢʘʯʝʩʪʚʝ ʧʦʜʣʦʞʢʠ ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʧʣʘʩʪʠʥʘ ʠʟ ʩʪʘʣʠ 09ɻ2ʉ. 
ɺʳʧʦʣʥʝʥʘ ʧʨʦʙʦʧʦʜʛʦʪʦʚʢʘ ʠ ʧʨʦʚʝʜʝʥ ʨʷʜ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ʈʝʟʫʣʴʪʘʪʳ ʭʠʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʫʢʘʟʳʚʘʶʪ ʥʘ ʪʦ, ʯʪʦ ʧʦʣʫʯʝʥʥʳʡ ʩ 
ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʧʦʨʦʰʢʦʚʦʡ ʧʨʦʚʦʣʦʢʦʡ ʥʘʧʣʘʚʣʝʥʥʳʡ ʤʝʪʘʣʣ 
ʩʦʩʪʦʠʪ ʚ ʦʩʥʦʚʥʦʤ ʠʟ 70% Fe ʠ 30% ʣʝʛʠʨʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ (Al, Co, Cr, Mn). 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʤʠʢʨʦʪʚʝʨʜʦʩʪʴ ʥʘʧʣʘʚʣʝʥʥʦʛʦ ʩʣʦʷ ʚ 2 ʨʘʟʘ ʚʳʰʝ, ʯʝʤ ʫ 
ʦʩʥʦʚʥʦʛʦ ʤʝʪʘʣʣʘ, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʙʫʜʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʫʚʝʣʠʯʝʥʠʶ 
ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʜʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ ʢʦʤʧʦʥʝʥʪʘʭ, ʧʦʜʚʝʨʞʝʥʥʳʭ 
ʧʦʚʳʰʝʥʥʦʡ ʩʪʝʧʝʥʠ ʠʟʥʦʩʘ. ʉʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʩʧʣʘʚʘ ï 289 HV; 
ʧʦʜʣʦʞʢʘ 145,4 HV. 

ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘʥʦʪʚʝʨʜʦʩʪʠ, ʧʦʢʘʟʘʣʠ ʥʝʨʘʚʥʦʤʝʨʥʦʝ ʝʝ 
ʨʘʩʧʨʝʜʝʣʝʥʠʝ. ʉʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʥʘʥʦʪʚʝʨʜʦʩʪʠ ʩʦʩʪʘʚʣʷʝʪ 1,54Ñ0,45 ɻʇʘ. ɸʥʘʣʠʟ 
ʠʟʤʝʥʝʥʠʷ ʤʦʜʫʣʷ ʖʥʛʘ ʧʦʢʘʟʘʣ ʧʦʜʦʙʥʳʝ ʠʟʤʝʥʝʥʠʶ ʥʘʥʦʪʚʝʨʜʦʩʪʠ ʵʬʬʝʢʪʳ, 
ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʤʦʜʫʣʷ ʖʥʛʘ ʩʦʩʪʘʚʣʷʝʪ: 144,11Ñ24,35 ɻʇʘ. 

ʕʣʝʢʪʨʦʥʥʦ-ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʠʩʩʣʝʜʦʚʘʥʥʳʝ ʦʙʨʘʟʮʳ 
ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʜʚʫʭʬʘʟʥʦʡ ʩʪʨʫʢʪʫʨʦʡ, ʩʦʩʪʦʷʱʝʡ ʠʟ ʤʘʨʪʝʥʩʠʪʘ ʠ ʦʪʜʝʣʴʥʳʭ ʟʝʨʝʥ 
ʬʝʨʨʠʪʘ. ɺ ʩʪʨʫʢʪʫʨʝ ʩʧʣʘʚʘ ʦʪʯʝʪʣʠʚʦ ʚʳʷʚʣʷʝʪʩʷ ʤʘʨʪʝʥʩʠʪ ʜʚʫʭ ʤʦʨʬʦʣʦʛʠʡ: 
ʨʝʝʯʥʳʡ, ʩʦʩʪʦʷʱʠʡ ʠʟ ʧʨʦʪʷʞʝʥʥʳʭ ʨʝʝʢ ʜʣʠʥʦʡ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʤʠʢʨʦʥ ʠ ʰʠʨʠʥʦʡ ʜʦ 
300 ʥʤ, ʠ ʜʚʦʡʥʠʢʦʚʘʥʥʳʡ ʧʣʘʩʪʠʥʯʘʪʳʡ, ʜʣʠʥʘ ʜʚʦʡʥʠʢʦʚ ʚ ʢʦʪʦʨʦʤ ʜʦʩʪʠʛʘʝʪ 400-
700 ʥʤ, ʘ ʰʠʨʠʥʘ ï ʜʦ 40 ʥʤ. ɺ ʟʝʨʥʘʭ ʬʝʨʨʠʪʘ, ʥʘʦʙʦʨʦʪ, ʥʘʙʣʶʜʘʝʪʩʷ ʙʦʣʝʝ 
ʦʜʥʦʨʦʜʥʳʡ ʢʦʥʪʨʘʩʪ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʱʠʡ ʦʙ ʠʭ ʤʝʥʴʰʝʡ ʜʝʬʝʢʪʥʦʩʪʠ. ʂʨʠʩʪʘʣʣʳ Ŭ-
ʬʘʟʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʚʳʪʷʥʫʪʦʡ ʠʣʠ ʙʣʠʟʢʦʡ ʢ ʨʘʚʥʦʦʩʥʦʡ ʬʦʨʤʦʡ ʠ ʨʘʟʤʝʨʘʤʠ ʦʪ 
200 ʜʦ 2000 ʥʤ. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʣʘʙʦʨʘʪʦʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʦʣʫʯʝʥʥʳʡ ʚ 
ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʧʣʘʚ ʦʙʣʘʜʘʝʪ ʧʦʚʳʰʝʥʥʦʡ ʪʚʝʨʜʦʩʪʴʶ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 
ʧʦʜʣʦʞʢʦʡ, ʦʜʥʘʢʦ ʚʳʩʦʢʘʷ ʪʚʸʨʜʦʩʪʴ ʧʦʣʫʯʝʥʥʦʛʦ ʩʧʣʘʚʘ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʭʨʫʧʢʦʩʪʴʶ 
ʤʘʪʝʨʠʘʣʘ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʝʥʦ ʨʝʟʫʣʴʪʘʪʘʤʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ. ɼʘʥʥʳʝ 
ʨʝʟʫʣʴʪʘʪʳ ʭʘʨʘʢʪʝʨʥʳ ʥʝ ʪʦʣʴʢʦ ʢ ʧʦʣʫʯʝʥʥʦʤʫ ʩʧʣʘʚʫ, ʥʦ ʠ ʢ ʩʧʣʘʚʘʤ ʠ ʧʦʢʨʳʪʠʷʤ, 
ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʠ ʨʝʤʦʥʪʘ ʠʟʜʝʣʠʡ ʦʙʣʘʜʘʶʱʠʭ ʧʦʚʳʰʝʥʥʦʡ 
ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴʶ. 

 
ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʟʘ ʩʯʝʪ ʛʨʘʥʪʘ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ 

ˉ 23-29-00350, https://rscf.ru/project/23-29-00350/ 
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ʀʉʉʃɽɼʆɺɸʅʀɽ ɺʃʀʗʅʀʗ ɺʓʉʆʂʀʍ ɼɸɺʃɽʅʀʗ ʀ ʊɽʄʇɽʈɸʊʋʈʓ ʅɸ 
ʉʊʈʋʂʊʋʈʆʆɹʈɸɿʆɺɸʅʀɽ ɺ ʉʇʃɸɺɸʍ Al-ʇʄ-ʈɿʄ ʇʈʀ ɹʓʉʊʈʆʄ ʆʍʃɸɾɼɽʅʀʀ 

ʀʍ ʈɸʉʇʃɸɺʆɺ 
 

ʄʝʥʴʰʠʢʦʚʘ ʉ.ɻ.1,2, ɹʨʘʞʢʠʥ ɺ.ɺ.3 

1ʋʜʤʫʨʪʩʢʠʡ ʥʘʫʯʥʳʡ ʮʝʥʪʨ ʋʨʆ ʈɸʅ, ʛ. ʀʞʝʚʩʢ, ʈʦʩʩʠʷ  
2ʋʜʤʫʨʪʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʀʞʝʚʩʢ, ʈʦʩʩʠʷ 

3ʀʥʩʪʠʪʫʪ ʬʠʟʠʢʠ ʚʳʩʦʢʠʭ ʜʘʚʣʝʥʠʡ ʈɸʅ, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

svetlmensh@udman.ru, brazhkin@hppi.troitsk.ru 

 
ʇʨʦʛʨʝʩʩ ʚ ʧʦʥʠʤʘʥʠʠ ʧʨʦʮʝʩʩʦʚ ʩʪʨʫʢʪʫʨʦʦʙʨʘʟʦʚʘʥʠʷ, ʧʨʦʪʝʢʘʶʱʠʭ ʚ 

ʩʪʝʢʣʦʦʙʨʘʟʫʶʱʠʭ ʨʘʩʧʣʘʚʘʭ ʥʘ ʦʩʥʦʚʝ ʘʣʶʤʠʥʠʷ ʪʠʧʘ Al-ʇʄ-ʈɿʄ (ʇʄ-ʧʝʨʝʭʦʜʥʳʡ 
ʤʝʪʘʣʣ, ʈɿʄ-ʨʝʜʢʦʟʝʤʝʣʴʥʳʡ ʤʝʪʘʣʣ) ʚ ʦʙʣʘʩʪʠ ʵʚʪʝʢʪʠʢʠ, ʘ ʪʘʢ ʞʝ ʚ ʠʟʫʯʝʥʠʠ 
ʚʣʠʷʥʠʷ ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʚʦʟʜʝʡʩʪʚʠʡ (ʚʳʩʦʢʠʭ ʜʘʚʣʝʥʠʷ, ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʩʢʦʨʦʩʪʠ 
ʦʭʣʘʞʜʝʥʠʷ) ʥʘ ʧʨʦʮʝʩʩʳ ʠʭ ʟʘʪʚʝʨʜʝʚʘʥʠʷ ʠʤʝʝʪ ʚʳʩʦʢʫʶ ʥʘʫʯʥʫʶ ʟʥʘʯʠʤʦʩʪʴ ʠ 
ʘʢʪʫʘʣʴʥʦʩʪʴ.  

ʎʝʣʴ ʨʘʙʦʪʳ-ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨ, ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ, 
ʬʦʨʤʠʨʦʚʘʥʠʷ ʥʦʚʳʭ ʬʘʟ ʠ ʧʦʚʳʰʝʥʠʷ ʩʪʝʢʣʦʦʙʨʘʟʫʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʙʠʥʘʨʥʳʭ 
Al-ʈɿʄ, Al-ʇʄ ʠ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ Al-ʇʄ-ʈɿʄ ʩʧʣʘʚʦʚ ʥʘ ʦʩʥʦʚʝ ʘʣʶʤʠʥʠʷ ʧʨʠ 
ʙʳʩʪʨʦʤ ʟʘʪʚʝʨʜʝʚʘʥʠʠ ʠʭ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʨʘʩʧʣʘʚʦʚ ʧʦʜ ʚʳʩʦʢʠʤ ʜʘʚʣʝʥʠʝʤ. 

ʆʙʨʘʟʮʳ ʧʦʜʛʦʪʘʚʣʠʚʘʶʪʩʷ ʚ ʢʘʤʝʨʝ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ ʪʠʧʘ çʪʦʨʦʠʜè. 
ʊʝʤʧʝʨʘʪʫʨʥʳʡ ʜʠʘʧʘʟʦʥ ʦʪ ʣʠʢʚʠʜʫʩʘ ʜʦ 2000 ʂ, ʜʠʘʧʘʟʦʥ ʜʘʚʣʝʥʠʡ ʦʪ ʘʪʤʦʩʬʝʨʥʦʛʦ 
ʜʦ 11 ɻʇʘ. ʉʭʝʤʘ ʵʢʩʧʝʨʠʤʝʥʪʘ: ʫʩʪʘʥʦʚʣʝʥʠʝ ʜʘʚʣʝʥʠʷ Ÿ ʠʤʧʫʣʴʩʥʳʡ ʥʘʛʨʝʚ Ÿ 
ʚʳʜʝʨʞʢʘ ʧʨʠ ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʜʘʚʣʝʥʠʠ ʠ ʪʝʤʧʝʨʘʪʫʨʝ Ÿ ʙʳʩʪʨʦʝ ʦʭʣʘʞʜʝʥʠʝ ʙʝʟ 
ʩʙʨʦʩʘ ʜʘʚʣʝʥʠʷ ʜʦ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ Ÿ ʫʤʝʥʴʰʝʥʠʝ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ ʜʦ 
ʘʪʤʦʩʬʝʨʥʦʛʦ. ʉʢʦʨʦʩʪʴ ʦʭʣʘʞʜʝʥʠʷ ~ 1000 ʛʨʘʜ/ʩ. ʅʘʛʨʝʚ ʠ ʧʣʘʚʣʝʥʠʝ 
ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʦʧʫʩʢʘʥʠʝʤ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ ʯʝʨʝʟ ʦʙʨʘʟʝʮ. ʌʘʟʦʚʳʡ ʩʦʩʪʘʚ 
ʦʙʨʘʟʮʦʚ ʦʧʨʝʜʝʣʷʝʪʩʷ ʤʝʪʦʜʦʤ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʥʘ ʫʩʪʘʥʦʚʢʘʭ ɼʨʦʥ - 6 
ʚ ʉu - KŬ ʠ ɼʨʦʥ - 3 ʚ ʉʦ-KŬ ʤʦʥʦʭʨʦʤʘʪʠʯʝʩʢʦʤ ʠʟʣʫʯʝʥʠʠ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 
ʭʠʤʠʯʝʩʢʦʛʦ, ʵʣʝʤʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ, ʤʦʨʬʦʣʦʛʠʠ ʠ ʨʘʟʤʝʨʘ ʩʪʨʫʢʪʫʨʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ 
ʩʧʣʘʚʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʉʢʘʥʠʨʫʶʱʠʡ ʕʣʝʢʪʨʦʥʥʳʡ ʄʠʢʨʦʩʢʦʧ (ʉʕʄ) ʩʦ ʩʪʘʥʜʘʨʪʥʳʤ 
ʜʝʪʝʢʪʦʨʦʤ DBS (ʜʝʪʝʢʪʦʨ ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʦʙʨʘʪʥʦʛʦ ʨʘʩʩʝʷʥʠʷ) ABS/CBS. ʀʟʤʝʨʝʥʠʷ 
ʠ ʨʘʩʯʝʪ ʬʠʟʠʢʦ - ʤʝʭʘʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʦʚ ʧʨʦʚʦʜʠʪʩʷ ʥʘ 
ʢʦʤʧʣʝʢʩʥʦʡ ʩʠʩʪʝʤʝ ʠʟʤʝʨʝʥʠʡ Nanotest 600. 

ʇʨʠ ʜʘʚʣʝʥʠʷʭ ʚʳʰʝ 7 ɻʇʘ ʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʧʦʨʷʜʢʘ 2000 ʂ ʚ ʩʧʣʘʚʘʭ, 
ʩʦʜʝʨʞʘʱʠʭ ʈɿʄ, ʬʦʨʤʠʨʫʶʪʩʷ ʥʦʚʳʝ ʤʝʪʘʩʪʘʙʠʣʴʥʳʝ ʩʦʝʜʠʥʝʥʠʷ, ʩʦʭʨʘʥʷʶʱʠʝʩʷ 
ʚ ʪʝʯʝʥʠʝ ʜʣʠʪʝʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʚ ʥʦʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʩʪʘʚʘ 
ʩʧʣʘʚʘ ʠ ʨʝʞʠʤʘ ʧʦʣʫʯʝʥʠʷ ʤʝʥʷʝʪʩʷ ʤʝʭʘʥʠʟʤ ʟʘʪʚʝʨʜʝʚʘʥʠʷ ʨʘʩʧʣʘʚʘ, ʣʠʙʦ 
ʬʦʨʤʠʨʫʝʪʩʷ ʘʥʦʤʘʣʴʥʦ ʧʝʨʝʩʳʱʝʥʥʳʡ ʪʚʝʨʜʳʡ ʨʘʩʪʚʦʨ, ʣʠʙʦ ʠʟʤʝʥʷʝʪʩʷ 
ʩʪʝʢʣʦʦʙʨʘʟʫʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʩʧʣʘʚʘ. ɺʩʝ ʦʙʨʘʟʮʳ ʦʜʥʦʨʦʜʥʳʝ, ʧʣʦʪʥʳʝ, ʥʝ 
ʦʙʥʘʨʫʞʝʥʦ ʧʦʨ ʠ ʫʩʘʜʦʯʥʳʭ ʨʘʢʦʚʠʥ. Cʪʨʫʢʪʫʨʘ ʤʝʣʢʦʜʠʩʧʝʨʩʥʘʷ ʩ ʚʳʩʦʢʠʤʠ 
ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʳʚʘʶʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚʣʠʷʥʠʷ ʵʢʩʪʨʝʤʘʣʴʥʳʭ 
ʚʦʟʜʝʡʩʪʚʠʡ, ʘ ʠʤʝʥʥʦ, ʩʦʯʝʪʘʥʠʷ ʚʳʩʦʢʠʭ ʜʘʚʣʝʥʠʡ, ʪʝʤʧʝʨʘʪʫʨ ʠ ʙʳʩʪʨʦʡ ʟʘʢʘʣʢʠ ʥʘ 
ʩʪʨʫʢʪʫʨʫ ʠ ʩʚʦʡʩʪʚʘ ʧʦʣʫʯʘʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

 
ʆʙʨʘʟʮʳ ʧʦʜ ʚʳʩʦʢʠʤ ʜʘʚʣʝʥʠʝʤ ʧʦʣʫʯʝʥʳ ʚ ʀʌɺɼ ʈɸʅ (ʛ. ʄʦʩʢʚʘ, ʛ. 

ʊʨʦʠʮʢ). ʀʩʩʣʝʜʦʚʘʥʠʷ ʚʳʧʦʣʥʝʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʙʦʨʫʜʦʚʘʥʠʷ ʎʂʇ 
"ʎʝʥʪʨ ʬʠʟʠʯʝʩʢʠʭ ʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ, ʠʩʩʣʝʜʦʚʘʥʠʷ 
ʩʚʦʡʩʪʚ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʚʝʨʭʥʦʩʪʠ, ʥʘʥʦʩʪʨʫʢʪʫʨ, ʤʘʪʝʨʠʘʣʦʚ ʠ 
ʠʟʜʝʣʠʡ" ʋʜʤʌʀʎ ʋʨʆ ʈɸʅ (ʛ. ʀʞʝʚʩʢ). 
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ɿɸʕɺʊɽʂʊʀʏɽʉʂʀɽ ʉʇʃɸɺʓ ʉʀʉʊɽʄ Al-Ca-Mn-Ni (Ce) ʉ ʇʆɺʓʐɽʅʅʓʄ 
ʉʆɼɽʈɾɸʅʀɽʄ ɾɽʃɽɿɸ ʀ ʂʈɽʄʅʀʗ 

 
ʅʘʫʤʦʚʘ ɽ.ɸ., ɹʘʨʳʢʠʥ ʄ.ɸ., ɹʦʙʨʳʰʝʚʘ ɸ.ʆ. 

ʅʀʊʋ çʄʀʉʠʉè, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ  
jan73@mail.ru 

 
ɿʘʵʚʪʝʢʪʠʯʝʩʢʠʝ ʘʣʶʤʠʥʠʝʚʦ-ʢʘʣʴʮʠʝʚʳʝ ʩʧʣʘʚʳ ʜʣʷ ʟʘʤʝʥʳ ʧʨʦʤʳʰʣʝʥʥʳʭ 

ʟʘʵʚʪʝʢʪʠʯʝʩʢʠʭ ʩʠʣʫʤʠʥʦʚ ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʚ ʪʝʯʝʥʠʝ ʧʦʩʣʝʜʥʠʭ ʰʝʩʪʠ ʣʝʪ [1,2]. 
ɻʣʘʚʥʳʡ ʥʝʜʦʩʪʘʪʦʢ ʩʠʣʫʤʠʥʦʚ ï ʥʠʟʢʠʝ ʧʣʘʩʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʟ-ʟʘ ʥʘʣʠʯʠʷ ʚ 
ʩʪʨʫʢʪʫʨʝ ʛʨʫʙʳʭ ʯʘʩʪʠʮ ʢʨʝʤʥʠʷ ʧʝʨʚʠʯʥʦʛʦ ʠ ʵʚʪʝʢʪʠʯʝʩʢʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ [3]. ɺ 
ʧʨʝʜʣʘʛʘʝʤʳʭ ʘʣʶʤʠʥʠʝʚʦ-ʢʘʣʴʮʠʝʚʳʭ ʩʧʣʘʚʘʭ ʨʝʘʣʠʟʫʝʪʩʷ ʩʪʨʫʢʪʫʨʘ ʩ 
ʢʦʤʧʘʢʪʥʳʤʠ, ʤʝʣʢʠʤʠ ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʥʳʤʠ ʧʝʨʚʠʯʥʳʤʠ ʢʨʠʩʪʘʣʣʘʤʠ 
ʢʘʣʴʮʠʡʩʦʜʝʨʞʘʱʠʭ ʬʘʟ ʥʘ ʬʦʥʝ ʚʳʩʦʢʦʜʠʩʧʝʨʩʥʦʡ ʵʚʪʝʢʪʠʯʝʩʢʦʡ ʤʘʪʨʠʮʳ. ʇʨʠ ʵʪʦʤ 
ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʷ ʧʨʠ ʣʠʪʴʝ ʵʪʠʭ ʩʧʣʘʚʦʚ ʥʝ ʪʨʝʙʫʝʪʩʷ.  

ɺʘʞʥʳʤ ʪʨʝʙʦʚʘʥʠʝʤ ʢ ʥʦʚʳʤ ʩʧʣʘʚʘʤ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʵʢʦʥʦʤʠʢʠ ʠ ʵʢʦʣʦʛʠʠ 
ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʠʭ ʚʪʦʨʠʯʥʦʡ ʧʝʨʝʨʘʙʦʪʢʠ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʝʦʙʭʦʜʠʤʦ 
ʫʯʠʪʳʚʘʪʴ, ʢʘʢ ʪʨʘʜʠʮʠʦʥʥʦ ʚʨʝʜʥʳʝ ʧʨʠʤʝʩʠ ʞʝʣʝʟʘ ʠ ʢʨʝʤʥʠʷ ʤʦʛʫʪ ʧʦʚʣʠʷʪʴ ʥʘ 
ʬʘʟʦʚʳʡ ʩʦʩʪʘʚ, ʩʪʨʫʢʪʫʨʫ ʠ, ʚ ʢʦʥʝʯʥʦʤ ʩʯʝʪʝ, ʥʘ ʩʚʦʡʩʪʚʘ ʥʦʚʳʭ ʢʦʤʧʦʟʠʮʠʡ. 
ʀʤʝʥʥʦ ʵʪʦʤʫ ʚʦʧʨʦʩʫ ʧʦʩʚʷʱʝʥʦ ʜʘʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ. 

ʈʘʥʝʝ ʥʘ ʦʩʥʦʚʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʧʣʘʚʦʚ ʪʨʦʡʥʳʭ ʠ ʯʝʪʚʝʨʥʳʭ ʩʠʩʪʝʤ ʙʳʣʠ 
ʚʳʙʨʘʥʳ ʦʧʪʠʤʘʣʴʥʳʝ ʟʘʵʚʪʝʢʪʠʯʝʩʢʠʝ ʩʦʩʪʘʚʳ ʩʧʣʘʚʦʚ, ʢʦʪʦʨʳʝ ʧʦ ʩʪʨʫʢʪʫʨʝ ʠ 
ʩʚʦʡʩʪʚʘʤ ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʧʦʜʭʦʜʷʪ ʧʦʜ ʦʧʨʝʜʝʣʝʥʠʝ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʟʘʵʚʪʝʢʪʠʯʝʩʢʠʝ 
çʝʩʪʝʩʪʚʝʥʥʳʝ ʢʦʤʧʦʟʠʪʳè [1,2]. ɼʘʣʝʝ ʥʝʦʙʭʦʜʠʤʦ ʠʟʫʯʠʪʴ ʙʦʣʝʝ ʩʣʦʞʥʳʝ ʩʠʩʪʝʤʳ 
ʣʝʛʠʨʦʚʘʥʠʷ ʩ ʫʯʘʩʪʠʝʤ ʞʝʣʝʟʘ ʠ ʢʨʝʤʥʠʷ. 

ʉʠʩʪʝʤʥʦ ʠʩʩʣʝʜʦʚʘʣʠ ʚʣʠʷʥʠʝ ʜʦʙʘʚʦʢ ʞʝʣʝʟʘ ʠ ʢʨʝʤʥʠʷ ʥʘ ʩʪʨʫʢʪʫʨʫ ʠ 
ʩʚʦʡʩʪʚʘ ʟʘʵʚʪʝʢʪʠʯʝʩʢʠʭ ʩʧʣʘʚʦʚ ʦʧʪʠʤʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ, ʚʳʙʨʘʥʥʳʝ ʚ ʧʨʦʮʝʩʩʝ 
ʧʨʝʜʳʜʫʱʠʭ ʵʪʘʧʦʚ ʨʘʙʦʪʳ. ɹʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʩʧʣʘʚʳ, ʩʦʩʪʘʚʳ ʢʦʪʦʨʳʭ 
ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 

 
ʊʘʙʣʠʮʘ 1  ʉʦʩʪʘʚʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʩʧʣʘʚʦʚ ʩʠʩʪʝʤ Al-Ca-Mn-Ni(Ce)-(Fe-Si) 
(ʧʦ ʰʠʭʪʝ) 

ˉ Ca, 
ʤʘʩʩ.% 

Mn, 
ʤʘʩʩ.% 

Ce 
ʤʘʩʩ.% 

Fe, 
ʤʘʩʩ.% 

Si, 
ʤʘʩʩ.% 

 ˉ Ca, 
ʤʘʩʩ.% 

Mn, 
ʤʘʩʩ.% 

Ni 
ʤʘʩʩ.% 

Fe, 
ʤʘʩʩ.% 

Si, 
ʤʘʩʩ.% 

1 6 3 2 - 0,5 5 8 2 1 - 0,5 

2 6 3 2 0,5 - 6 8 2 1 0,5 - 

3 6 3 2 0,5 0,5 7 8 2 1 0,5 0,5 

4 6 3 2 1,0 0,5 8 8 2 1 1,0 0,5 

 
ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʩʧʣʘʚʳ (ʪʘʙʣʠʮʘ 1) ʧʣʘʚʠʣʠ ʚ ʵʣʝʢʪʨʦʧʝʯʠ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ʬʠʨʤʳ GRAFICARBO ʚ ʛʨʘʬʠʪʦʰʘʤʦʪʥʳʭ ʪʠʛʣʷʭ. ʊʝʨʤʦʦʙʨʘʙʦʪʢʫ ʦʪʣʠʚʦʢ ʧʨʦʚʦʜʠʣʠ 
ʚ ʤʫʬʝʣʴʥʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʝʯʘʭ SNOL 8,2/1100 ʩ ʪʦʯʥʦʩʪʴʶ ʧʦʜʜʝʨʞʘʥʠʷ 
ʪʝʤʧʝʨʘʪʫʨʳ 5Áʉ. ʄʠʢʨʦʩʪʨʫʢʪʫʨʫ ʦʙʨʘʟʮʦʚ ʠʟʫʯʘʣʠ ʥʘ ʦʧʪʠʯʝʩʢʦʤ ʤʠʢʨʦʩʢʦʧʝ 
Olympus GX51 (ʆʄ) ʠ ʩʢʘʥʠʨʫʶʱʝʤ ʵʣʝʢʪʨʦʥʥʦʤ ʤʠʢʨʦʩʢʦʧʝ TESCAN VEGA 3 (ʉʕʄ). 
ʊʚʝʨʜʦʩʪʴ ʠʟʤʝʨʷʣʠ ʧʦ ʤʝʪʦʜʫ ɺʠʢʢʝʨʩʘ (HV) ʥʘ ʪʚʝʨʜʦʤʝʨʝ  Wilson Wolpert 930 N, ʧʨʠ 
ʥʘʛʨʫʟʢʝ 50ʅ.  

ɺʦ ʚʩʝʭ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʩʧʣʘʚʘʭ ʥʘ ʬʦʥʝ ʧʷʪʠ-ʠ ʰʝʩʪʠʢʦʤʧʦʥʝʥʪʥʳʭ 
ʜʠʩʧʝʨʩʥʳʭ ʵʚʪʝʢʪʠʢ ʤʦʛʫʪ ʧʨʠʩʫʪʩʪʚʦʚʘʪʴ ʜʚʘ ʚʠʜʘ ʧʝʨʚʠʯʥʳʭ ʢʨʠʩʪʘʣʣʦʚ: ʪʠʧʘ 
ʧʣʘʩʪʠʥ-ʠʛʦʣʦʢ Al6Mn, ʚ ʢʦʪʦʨʳʭ ʨʘʩʪʚʦʨʷʝʪʩʷ Fe (ʦʙʨʘʟʫʷ ʬʘʟʫ Al6(Mn, Fe), ʠ 
ʨʘʚʥʦʦʩʥʳʝ ʢʨʠʩʪʘʣʣʳ-ʭʣʦʧʴʷ Al10CaMn2, ʚ ʢʦʪʦʨʳʭ ʤʦʞʝʪ ʨʘʩʪʚʦʨʷʪʴʩʷ Ce, 
ʟʘʤʝʱʘʶʱʠʡ Ca, ʘ ʪʘʢʞʝ Fe, Ni, Si, ʟʘʤʝʱʘʷ Mn (ʦʙʨʘʟʫʷ ʬʘʟʳ Al10(Ca, Ce)(Mn, Fe, Si)2  

ʠ Al10Ca(Mn,Fe,Ni,Si)2). ɺ ʥʝʢʦʪʦʨʳʭ ʩʧʣʘʚʘʭ ʧʨʠʩʫʪʩʪʚʫʶʪ ʠʛʦʣʴʯʘʪʦ-ʧʣʘʩʪʠʥʯʘʪʘʷ 
ʬʘʟʘ AlʭMn1,5Ca, ʢʦʪʦʨʫʶ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ, ʢʘʢ ʧʨʦʤʝʞʫʪʦʯʥʫʶ ʤʝʞʜʫ Al6Mn ʠ 
Al10CaMn2 (ʈʠʩʫʥʦʢ 1 ʠ 2). 

mailto:jan73@mail.ru


ɸʢʪʫʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ ʧʨʦʯʥʦʩʪʠ 

 

67 

 

   
ʘ ʙ ʚ 

ʈʠʩʫʥʦʢ 1  ʉʪʨʫʢʪʫʨʘ ʩʧʣʘʚʦʚ Al-8Ca-2Mn-1Ni+ ʚ ʣʠʪʦʤ ʩʦʩʪʦʷʥʠʠ, ʉʕʄ: 
ʘ) Al-8Ca-2Mn-1Ni-0,5Fe;ʙ) Al-8Ca-2Mn-1Ni-0,5Si; ʚ) Al-8Ca-2Mn-1Ni-0,5Fe-0.5Si 

 

   
ʘ ʙ ʚ 

ʈʠʩʫʥʦʢ 2  ʉʪʨʫʢʪʫʨʘ ʩʧʣʘʚʦʚ Al-6Ca-3Mn-2Ce+ ʚ ʣʠʪʦʤ ʩʦʩʪʦʷʥʠʠ, ʉʕʄ: 
ʘ) Al-6Ca-3Mn-2Ce-0,5Fe; ʙ) Al-6Ca-3Mn-2Ce-0,5Si; ʚ) Al-6Ca-3Mn-2Ce-0,5Fe-0.5Si 

 
ʉʧʣʘʚʳ, ʩʦʜʝʨʞʘʱʠʝ 1%Fe ʠ 0.5%Si, ʧʨʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʚ ʛʨʘʬʠʪʦʚʦʡ ʬʦʨʤʝ 

ʠʤʝʶʪ ʚʝʩʴʤʘ ʥʝʙʣʘʛʦʧʨʠʷʪʥʫʶ ʩʪʨʫʢʪʫʨʫ ʩ ʚʳʩʦʢʦʡ ʜʦʣʝʡ ʠʛʦʣʴʯʘʪʳʭ ʬʘʟ (ʈʠʩ.3ʘ,ʚ), 
ʥʦ ʵʪʠ ʞʝ ʩʧʣʘʚʳ, ʦʪʦʞʞʝʥʥʳʝ ʧʨʠ 520Áʉ ʚ ʪʝʯʝʥʠʝ  3 ʯʘʩʦʚ ʠʣʠ ʦʪʣʠʚʘʝʤʳʝ ʚ 
ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʥʘʛʨʝʪʫʶ ʜʦ 200Áʉ ʠʟʣʦʞʥʠʮʫ ʧʨʠʦʙʨʝʪʘʶʪ ʩʪʨʫʢʪʫʨʫ, 
ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʪʨʝʙʦʚʘʥʠʷʤ ʢ ʟʘʵʚʪʝʢʪʠʯʝʩʢʠʤ çʝʩʪʝʩʪʚʝʥʥʳʤ ʢʦʤʧʦʟʠʪʘʤè 
(ʈʠʩʫʥʦʢ 3ʙ,ʛ). 

 

    
ʘ ʙ ʚ ʛ 

ʈʠʩʫʥʦʢ 3  ʉʪʨʫʢʪʫʨʘ ʩʧʣʘʚʦʚ ʚ ʣʠʪʦʤ ʩʦʩʪʦʷʥʠʠ, ʉʕʄ:ʘ) Al-6Ca-3Mn-2Ce-1Fe-0.5Si (ʣʠʪʴʸ ʚ 
ʛʨʘʬʠʪʦʚʫʶ ʬʦʨʤʫ); ʙ) Al-6Ca-3Mn-2Ce-1Fe-0.5Si (ʣʠʪʴʸ ʚ ʥʘʛʨʝʪʫʶ ʜʦ 200Áʉ ʛʨʘʬʠʪʦʚʫʶ 

ʬʦʨʤʫ); ʚ) Al-8Ca-2Mn-1Ni-1Fe-0.5Si (ʣʠʪʴʸ ʚ ʛʨʘʬʠʪʦʚʫʶ ʬʦʨʤʫ); 
ʛ) Al-8Ca-2Mn-1Ni-1Fe-0.5Si (ʣʠʪʴʸ ʚ ʥʘʛʨʝʪʫʶ ʜʦ 200Áʉ ʛʨʘʬʠʪʦʚʫʶ ʬʦʨʤʫ) 

 
ʊʚʝʨʜʦʩʪʴ ʩʧʣʘʚʦʚ ʚ ʣʠʪʦʤ ʩʦʩʪʦʷʥʠʠ ʟʘʚʠʩʠʪ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʚ. 

ʏʝʤ ʙʦʣʴʰʝ ʠʭ ʜʦʣʷ, ʪʝʤ ʚʳʰʝ ʪʚʝʨʜʦʩʪʴ. ʇʦʩʣʝ ʛʦʤʦʛʝʥʠʟʠʨʫʶʱʝʛʦ ʦʪʞʠʛʘ ʚ 
ʟʘʵʚʪʝʢʪʠʯʝʩʢʠʭ ʩʧʣʘʚʘʭ ʵʚʪʝʢʪʠʯʝʩʢʠʝ ʠʥʪʝʨʤʝʪʘʣʣʠʜʳ ʬʨʘʛʤʝʥʪʠʨʢʶʪ ʠ 
ʦʢʨʫʛʣʷʶʪʩʷ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʪʚʝʨʜʦʩʪʠ ʠ ʧʦʚʳʰʝʥʠʶ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʩʝ ʩʧʣʘʚʳ ʩ ʙʣʘʛʦʧʨʠʷʪʥʦʡ ʩʪʨʫʢʪʫʨʦʡ, ʚ ʦʩʥʦʚʥʦʤ, ʩ 
ʧʦʚʳʰʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʞʝʣʝʟʘ, ʠʤʝʶʪ ʚʳʩʦʢʫʶ ʜʝʬʦʨʤʘʮʠʦʥʥʫʶ ʧʣʘʩʪʠʯʥʦʩʪʴ 
ʧʨʠ ʛʦʨʷʯʝʡ ʧʨʦʢʘʪʢʝ (520Áʉ). ʆʙʱʘʷ ʩʪʝʧʝʥʴ ʜʝʬʦʨʤʘʮʠʠ ʩʦʩʪʘʚʣʷʝʪ ʙʦʣʝʝ 80%. 
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ʉʪʨʫʢʪʫʨʘ ʧʨʦʢʘʪʘ ʨʘʟʣʠʯʘʝʪʩʷ ʨʘʚʥʦʤʝʨʥʦʩʪʴʶ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʝʨʚʠʯʥʳʭ 
ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʚ. ʅʘʠʙʦʣʝʝ ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʷʶʪʩʷ ʧʦʩʣʝ ʧʨʦʢʘʪʢʠ ʧʝʨʚʠʯʥʳʝ 
ʢʨʠʩʪʘʣʣʳ ʚ ʩʧʣʘʚʝ Al-6Ca-3Mn-2Ce-1Fe-0.5Si. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʙʣʘʛʦʧʨʠʷʪʥʦʡ 
ʩʪʨʫʢʪʫʨʦʡ çʝʩʪʝʩʪʚʝʥʥʦʛʦ ʢʦʤʧʦʟʠʪʘè ʦʙʣʘʜʘʶʪ ʩʧʣʘʚʳ ʩ ʧʨʝʦʙʣʘʜʘʶʱʝʡ ʜʦʣʝʡ 
ʞʝʣʝʟʘ. ʂʨʝʤʥʠʡ ʩʧʦʩʦʙʩʪʚʫʝʪ ʦʛʨʫʙʣʝʥʠʶ ʩʪʨʫʢʪʫʨʳ. ʆʧʪʠʤʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʚ 
ʣʠʪʦʤ ʩʦʩʪʦʷʥʠʠ ʦʪʣʠʯʘʶʪʩʷ ʢʦʤʧʦʟʠʮʠʠ Al-6Ca-3Mn-2Ce-0,5Fe, ʘ ʪʘʢʞʝ ʩʧʣʘʚʳ Al-
6Ca-3Mn-2Ce-1Fe-0.5Si ʠ Al-8Ca-2Mn-1Ni-1Fe-0.5Si, ʦʪʣʠʪʳʝ ʚ ʥʘʛʨʝʪʫʶ ʜʦ 200Áʉ 
ʛʨʘʬʠʪʦʚʫʶ ʬʦʨʤʫ. ʇʦʩʣʝʜʥʠʝ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʤʦʞʥʦ ʨʝʢʦʤʝʥʜʦʚʘʪʴ ʢʘʢ ʩʧʣʘʚʳ ʜʣʷ 
ʣʠʪʴʷ ʧʦʜ ʜʘʚʣʝʥʠʝʤ.  

 
ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʝʜʝʥʳ ʟʘ ʩʯʝʪ ʛʨʘʥʪʘ ʈʅʌ ̄ 20-19-00746-ʇ 
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ʄɽʍɸʅʀʏɽʉʂʀɽ ʀ ʂʆʈʈʆɿʀʆʅʅʓɽ ʉɺʆʁʉʊɺɸ ʋʃʔʊʈɸʄɽʃʂʆɿɽʈʅʀʉʊʓʍ 
Fe-Mn-Si ʉʇʃɸɺʆɺ ɼʃʗ ʄɽɼʀʎʀʅʉʂʆɻʆ ʇʈʀʄɽʅɽʅʀʗ 

 
ʈʳʙʘʣʴʯʝʥʢʦ ʆ.ɺ.1, ʊʝʤʨʘʣʠʝʚʘ ɼ.ʈ.1*, ʄʘʨʪʳʥʝʥʢʦ ʅ.ʉ.1, ʃʫʢʴʷʥʦʚʘ ɽ.ɸ.1,  

ɼʦʣʞʝʥʢʦ ʇ.ɼ.2, ʈʘʘʙ ɸ.ɻ.3, ɼʦʙʘʪʢʠʥ ʉ.ɺ.1 
1ʀʥʩʪʠʪʫʪ ʤʝʪʘʣʣʫʨʛʠʠ ʠ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ ʠʤ. ɸ.ɸ. ɹʘʡʢʦʚʘ ʈʦʩʩʠʡʩʢʦʡ 

ʘʢʘʜʝʤʠʠ ʥʘʫʢ (ʀʄɽʊ ʈɸʅ), ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 
2ɹʝʣʛʦʨʦʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, 
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3ʀʥʩʪʠʪʫʪ ʬʠʟʠʢʠ ʤʦʣʝʢʫʣ ʠ ʢʨʠʩʪʘʣʣʦʚ ʋʬʠʤʩʢʦʛʦ ʬʝʜʝʨʘʣʴʥʦʛʦ 
ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʮʝʥʪʨʘ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ, ʋʬʘ, ʈʦʩʩʠʷ 

* diana4-64@mail.ru 
 

ɺ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʙʠʦʜʝʛʨʘʜʠʨʫʝʤʳʭ 
ʩʧʣʘʚʦʚ ʚ ʢʘʯʝʩʪʚʝ ʤʘʪʝʨʠʘʣʘ ʜʣʷ ʚʨʝʤʝʥʥʳʭ ʤʝʜʠʮʠʥʩʢʠʭ ʠʤʧʣʘʥʪʘʪʦʚ ʧʨʠʚʣʝʢʘʝʪ 
ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʪʘʢʠʭ ʠʤʧʣʘʥʪʘʪʦʚ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʟʘʤʝʱʝʥʠʝʤ 
ʜʝʛʨʘʜʠʨʫʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ ʥʦʚʦʦʙʨʘʟʦʚʘʥʥʦʡ ʪʢʘʥʴʶ ʠ ʥʝ ʪʨʝʙʫʝʪ ʧʨʦʚʝʜʝʥʠʷ 
ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʦʧʝʨʘʮʠʡ ʧʦ ʫʜʘʣʝʥʠʶ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʤʝʜʠʮʠʥʩʢʠʭ ʫʩʪʨʦʡʩʪʚ. 
ʉʧʣʘʚʳ ʥʘ ʦʩʥʦʚʝ FeïMn ʷʚʣʷʶʪʩʷ ʚʦʟʤʦʞʥʳʤʠ ʢʘʥʜʠʜʘʪʘʤʠ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ 
ʢʘʯʝʩʪʚʝ ʤʘʪʝʨʠʘʣʦʚ ʠʤʧʣʘʥʪʠʨʫʝʤʳʭ ʫʩʪʨʦʡʩʪʚ ʧʨʠ ʦʩʪʝʦʩʠʥʪʝʟʝ ʠ ʚ ʩʝʨʜʝʯʥʦ-
ʩʦʩʫʜʠʩʪʦʡ ʭʠʨʫʨʛʠʠ. ʄʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʪʘʢʠʭ ʩʧʣʘʚʦʚ ʧʨʠʙʣʠʞʘʶʪʩʷ ʢ 
ʩʚʦʡʩʪʚʘʤ ʤʝʜʠʮʠʥʩʢʦʡ ʥʝʨʞʘʚʝʶʱʝʡ ʩʪʘʣʠ, ʠʩʧʦʣʴʟʫʝʤʦʡ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʣʷ 
ʧʦʩʪʦʷʥʥʳʭ ʠʤʧʣʘʥʪʘʪʦʚ. ʇʨʠ ʵʪʦʤ FeïMn ʩʧʣʘʚʳ ʦʙʣʘʜʘʶʪ ʜʦʚʦʣʴʥʦ ʥʠʟʢʦʡ 
ʩʢʦʨʦʩʪʴʶ ʙʠʦʜʝʛʨʘʜʘʮʠʠ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʦʢʘʟʘʪʴʩʷ ʥʝʜʦʩʪʘʪʦʯʥʦʡ. ʆʜʥʠʤ ʠʟ 
ʦʩʥʦʚʥʳʭ ʧʫʪʝʡ ʨʝʰʝʥʠʷ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ ʷʚʣʷʝʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʣʝʛʠʨʦʚʘʥʠʝ, 
ʩʧʦʩʦʙʩʪʚʫʶʱʝʝ ʫʩʢʦʨʝʥʠʶ ʢʦʨʨʦʟʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ. ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʙʳʣʦ 
ʠʩʩʣʝʜʦʚʘʥʦ ʩʦʚʤʝʩʪʥʦʝ ʚʣʠʷʥʠʝ ʣʝʛʠʨʦʚʘʥʠʷ Si ʠ ʦʙʨʘʙʦʪʢʠ ʤʝʪʦʜʦʤ 
ʨʘʚʥʦʢʘʥʘʣʴʥʦʛʦ ʫʛʣʦʚʦʛʦ ʧʨʝʩʩʦʚʘʥʠʷ (ʈʂʋʇ) ʩʧʣʘʚʦʚ Fe-29Mn-5Si ʠ Fe-29Mn-3,7Si 
(ʤʘʩʩ. %) ʥʘ ʠʭ ʤʝʭʘʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʩʢʦʨʦʩʪʴ ʢʦʨʨʦʟʠʠ. 

ʈʂʋʇ ʧʨʦʚʦʜʠʣʠ ʧʦ ʠʟʦʪʝʨʤʠʯʝʩʢʠʤ ʨʝʞʠʤʘʤ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 300 Áʉ ʠ 400 Áʉ 
ʚ 4 ʧʨʦʭʦʜʘ ʠ ʧʦ ʩʪʫʧʝʥʯʘʪʦʤʫ ʨʝʞʠʤʫ ʧʨʠ 300 Áʉ ʚ 4 ʧʨʦʭʦʜʘ ʩ ʧʦʩʣʝʜʫʶʱʠʤ 
ʧʨʦʭʦʜʦʤ ʈʂʋʇ ʧʨʠ 450 Áʉ. ɼʘʥʥʘʷ ʦʙʨʘʙʦʪʢʘ ʧʨʠʚʝʣʘ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʚ ʠʩʩʣʝʜʫʝʤʳʭ 
Fe-Mn-Si ʩʧʣʘʚʘʭ ʘʫʩʪʝʥʠʪʥʦʡ ʫʣʴʪʨʘʤʝʣʢʦʟʝʨʥʠʩʪʦʡ ʩʪʨʫʢʪʫʨʳ.  

ʇʦʣʫʯʝʥʥʘʷ ʋʄɿ ʩʪʨʫʢʪʫʨʘ ʧʦ ʨʘʟʣʠʯʥʳʤ ʨʝʞʠʤʘʤ ʈʂʋʇ ʧʨʠʚʝʣʘ ʢ 

ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʧʦʚʳʰʝʥʠʶ ʧʨʝʜʝʣʘ ʧʨʦʯʥʦʩʪʠ ʚ ʠʩʭʦʜʥʦʤ ʩʦʩʪʦʷʥʠʠ ůʚ S 700 ʄʇʘ 
ʜʣʷ ʦʙʦʠʭ ʩʧʣʘʚʦʚ ʜʦ ʟʥʘʯʝʥʠʡ ʚ ʜʠʘʧʘʟʦʥʝ 1257 Ò ůʚ Ò 1626 ʄʇʘ, ʠ ʫʩʣʦʚʥʦʛʦ 

ʧʨʝʜʝʣʘ ʪʝʢʫʯʝʩʪʠ ů0.2 S 300 ʄʇʘ ʜʦ ʟʥʘʯʝʥʠʡ 1084 Ò ů0.2 Ò 1402 ʄʇʘ. ʇʨʠ ʵʪʦʤ 
ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʫʜʣʠʥʝʥʠʝ ʧʦʥʠʟʠʣʦʩʴ ʜʣʷ ʩʧʣʘʚʘ Fe-29Mn-3,7Si c 56% ʜʦ 14%, ʘ ʜʣʷ 
ʩʧʣʘʚʘ Fe-29Mn-5Si ʩ 32% ʜʦ ʟʥʘʯʝʥʠʡ ʚ ʜʠʘʧʘʟʦʥʝ 8,4 Ò ŭ Ò 10,8 %.  

ʄʝʪʦʜʦʤ ʧʦʪʝʥʮʠʦʜʠʥʘʤʠʯʝʩʢʦʡ ʧʦʣʷʨʠʟʘʮʠʠ ʧʦʢʘʟʘʥʦ ʟʥʘʯʠʪʝʣʴʥʦʝ 
ʧʦʥʠʞʝʥʠʝ ʧʦʪʝʥʮʠʘʣʘ ʢʦʨʨʦʟʠʠ ʟʘ ʩʯʝʪ ʣʝʛʠʨʦʚʘʥʠʷ ʞʝʣʝʟʘ ʤʘʨʛʘʥʮʝʤ ʠ ʢʨʝʤʥʠʝʤ, 
ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʧʦʚʳʰʝʥʠʠ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʠʩʩʣʝʜʫʝʤʳʭ ʩʧʣʘʚʦʚ ʢ ʢʦʨʨʦʟʠʠ. 
ɺʳʷʚʣʝʥʦ ʧʦʚʳʰʝʥʠʝ ʩʢʦʨʦʩʪʠ ʢʦʨʨʦʟʠʠ ʚ ʩʣʘʚʘʭ ʧʦʩʣʝ ʈʂʋʇ ʚ ʩʚʷʟʠ ʩ 
ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʟʝʨʝʥʥʦ-ʩʫʙʟʝʨʝʥʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʩ ʥʝʙʦʣʴʰʠʤ 
ʢʦʣʠʯʝʩʪʚʦʤ ʜʚʦʡʥʠʢʦʚ ʜʦ 0,38 Ñ 0,04 ʤʤ/ʛʦʜ ʜʣʷ ʩʧʣʘʚʘ Fe-Mn-3,7Si ʧʦʩʣʝ ʈʂʋʇ ʧʨʠ 
300 Áʉ ʠ ʜʦ 0,4 Ñ 0,06 ʤʤ/ʛʦʜ ʜʣʷ Fe-Mn-5Si ʧʦʩʣʝ ʈʂʋʇ ʧʦ ʩʪʫʧʝʥʯʘʪʦʤʫ ʨʝʞʠʤʫ. 
ʅʘʣʠʯʠʝ ʩʧʝʮʠʘʣʴʥʳʭ ʜʚʦʡʥʠʢʦʚʳʭ ʛʨʘʥʠʮ ʚ ʩʪʨʫʢʪʫʨʝ Fe-Mn-Si ʩʧʣʘʚʦʚ ʧʦʩʣʝ ʈʂʋʇ 
ʧʦʚʳʰʘʝʪ ʢʦʨʨʦʟʠʦʥʥʫʶ ʩʪʦʡʢʦʩʪʴ ʩʧʣʘʚʦʚ ʠ ʩʥʠʞʘʝʪ ʩʢʦʨʦʩʪʴ ʢʦʨʨʦʟʠʠ ʜʦ ʟʥʘʯʝʥʠʡ 
ʙʣʠʟʢʠʭ ʢ ʩʢʦʨʦʩʪʠ ʢʦʨʨʦʟʠʠ ʯʠʩʪʦʛʦ ʞʝʣʝʟʘ. 

 
ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ 

ʬʦʥʜʘ (ɻʨʘʥʪ ˉ 23-23-00096).  
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ʉʊʈʋʂʊʋʈɸ ʀ ʉɺʆʁʉʊɺɸ ʉʆɽɼʀʅɽʅʀʁ ʄɽɼʀ, ʇʆʃʋʏɽʅʅʓʍ ʋʃʔʊʈɸɿɺʋʂʆɺʆʁ 
ʉɺɸʈʂʆʁ ʃʀʉʊʆɺ ʈɸɿʅʆʁ ʊʆʃʑʀʅʓ 

 
ʐʘʷʭʤʝʪʦʚʘ ʕ.ʈ., ʄʫʨʟʠʥʦʚʘ ʄ.ɸ., ʄʫʭʘʤʝʪʛʘʣʠʥʘ ɸ.ɸ., ʅʘʟʘʨʦʚ ɸ.ɸ. 
ʀʥʩʪʠʪʫʪ ʧʨʦʙʣʝʤ ʩʚʝʨʭʧʣʘʩʪʠʯʥʦʩʪʠ ʤʝʪʘʣʣʦʚ ʈɸʅ, ʋʬʘ, ʈʦʩʩʠʷ 
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ʆʜʥʠʤ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʧʦʣʫʯʝʥʠʷ ʪʚʝʨʜʦʬʘʟʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʤʝʞʜʫ 

ʪʦʥʢʠʤʠ ʤʝʪʘʣʣʠʯʝʩʢʠʤʠ ʧʦʣʫʬʘʙʨʠʢʘʪʘʤʠ ʷʚʣʷʝʪʩʷ ʫʣʴʪʨʘʟʚʫʢʦʚʘʷ ʩʚʘʨʢʘ (ʋɿʉ). ɺ 
ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʠʥʪʝʨʝʩ ʢ ʋɿʉ ʩʫʱʝʩʪʚʝʥʥʦ ʚʦʟʨʦʩ, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʧʦʷʚʣʝʥʠʝʤ 
ʤʦʱʥʳʭ ʠ ʩʪʘʙʠʣʴʥʳʭ ʫʣʴʪʨʘʟʚʫʢʦʚʳʭ ʛʝʥʝʨʘʪʦʨʦʚ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʘʪʴ 
ʩʦʝʜʠʥʝʥʠʷ ʤʝʪʘʣʣʦʚ ʠ ʩʧʣʘʚʘʚ, ʦʪʣʠʯʘʶʱʠʭʩʷ ʩʦʩʪʘʚʦʤ ʠ ʧʨʦʯʥʦʩʪʴʶ, ʘ ʪʘʢʞʝ 
ʠʟʦʙʨʝʪʝʥʠʝʤ ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʘʜʜʠʪʠʚʥʦʡ ʪʝʭʥʦʣʦʛʠʠ, ʦʩʥʦʚʘʥʥʦʡ ʥʘ ʰʦʚʥʦʡ ʋɿʉ. ɺ 
ʭʦʜʝ ʩʚʘʨʢʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʥʪʝʥʩʠʚʥʦʛʦ ʪʨʝʥʠʷ, ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʡ ʟʥʘʢʦʧʝʨʝʤʝʥʥʦʡ 
ʩʜʚʠʛʦʚʦʡ ʜʝʬʦʨʤʘʮʠʠ ʚ ʟʦʥʝ ʢʦʥʪʘʢʪʘ ʟʘʛʦʪʦʚʦʢ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʰʘʝʪʩʷ 
ʪʝʤʧʝʨʘʪʫʨʘ, ʦʙʨʘʟʫʶʪʩʷ ʠ ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʚ ʨʘʟʤʝʨʘʭ ʦʯʘʛʠ ʩʭʚʘʪʳʚʘʥʠʷ. ʂʘʯʝʩʪʚʦ 
ʩʦʝʜʠʥʝʥʠʡ ʟʘʚʠʩʠʪ ʢʘʢ ʦʪ ʫʩʣʦʚʠʡ ʩʚʘʨʢʠ (ʘʤʧʣʠʪʫʜʳ (ʤʦʱʥʦʩʪʠ) ʫʣʴʪʨʘʟʚʫʢʘ, 
ʚʨʝʤʝʥʠ ʩʚʘʨʢʠ, ʩʪʘʪʠʯʝʩʢʦʛʦ ʫʩʠʣʠʷ ʧʨʠʞʠʤʘ, ʛʨʘʚʶʨʳ/ʨʝʣʴʝʬʘ ʥʘʢʦʥʝʯʥʠʢʘ ʠ 
ʥʘʢʦʚʘʣʴʥʠ), ʪʘʢ ʠ ʦʪ ʩʦʩʪʦʷʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʣʠʩʪʦʚ, ʠʭ ʪʦʣʱʠʥʳ, ʬʠʟʠʯʝʩʢʠʭ ʠ 
ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʚʳʧʦʣʥʝʥ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʩʪʨʫʢʪʫʨʳ ʠ 
ʩʚʦʡʩʪʚ ʩʦʝʜʠʥʝʥʠʡ ʤʝʜʥʳʭ ʣʠʩʪʦʚ ʨʘʟʥʦʡ ʪʦʣʱʠʥʳ, ʧʦʣʫʯʝʥʥʳʭ ʋɿʉ. 

ɼʣʷ ʚʳʧʦʣʥʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠ ʣʠʩʪʳ ʪʝʭʥʠʯʝʩʢʠ ʯʠʩʪʦʡ ʤʝʜʠ 
ʪʦʣʱʠʥʦʡ (h0) 0,4 ʠ 0,8 ʤʤ. ɺ ʠʩʭʦʜʥʦʤ ʩʦʩʪʦʷʥʠʠ ʣʠʩʪʳ ʠʤʝʣʠ ʙʣʠʟʢʠʡ ʭʠʤʠʯʝʩʢʠʡ 
ʩʦʩʪʘʚ, ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ, ʤʠʢʨʦʩʪʨʫʢʪʫʨʫ ʠ ʤʠʢʨʦʪʝʢʩʪʫʨʫ. ʋɿʉ ʚʳʧʦʣʥʷʣʠ ʩ 
ʯʘʩʪʦʪʦʡ 20 ʢɻʮ ʠ ʘʤʧʣʠʪʫʜʦʡ ʢʦʣʝʙʘʥʠʡ 14-17 ʤʢʤ. ʅʘʢʦʥʝʯʥʠʢ ʠ ʥʘʢʦʚʘʣʴʥʷ ʠʤʝʣʠ 
ʟʫʙʯʘʪʳʡ ʨʝʣʴʝʬ ʩ ʛʣʫʙʠʥʦʡ ʥʘʩʝʯʝʢ 0,1 ʤʤ. ɺʝʣʠʯʠʥʘ ʩʞʠʤʘʶʱʝʛʦ ʫʩʠʣʠʷ 
ʩʦʩʪʘʚʣʷʣʘ 2 ʢʅ, ʜʣʠʪʝʣʴʥʦʩʪʴ ʋɿʉ 1,5 ʠ 2 ʩ. ɼʣʷ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʩʦʝʜʠʥʝʥʠʡ 
ʦʧʨʝʜʝʣʷʣʠ: ʫʩʠʣʠʷ ʠ ʨʘʙʦʪʫ ʨʘʟʨʫʰʝʥʠʷ ʩʚʘʨʥʳʭ ʦʙʨʘʟʮʦʚ; ʣʠʥʝʡʥʫʶ ʧʣʦʪʥʦʩʪʴ ʰʚʘ 
ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʤʠʢʨʦʩʢʦʧʘ ʭ1000; ʚʝʣʠʯʠʥʳ ʜʝʬʦʨʤʘʮʠʡ ʨʘʩʪʷʞʝʥʠʷ ï ʩʞʘʪʠʷ ʚ 
ʧʦʧʝʨʝʯʥʦʤ ʩʝʯʝʥʠʠ ʩʚʘʨʥʳʭ ʦʙʨʘʟʮʦʚ. ʉʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ, ʘ ʪʘʢʞʝ 
ʬʨʘʢʪʦʛʨʘʬʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʧʦʣʥʷʣʠ ʤʝʪʦʜʘʤʠ ʨʘʩʪʨʦʚʦʡ ʵʣʝʢʪʨʦʥʥʦʡ 
ʤʠʢʨʦʩʢʦʧʠʠ ʚ ʨʝʞʠʤʘʭ ʚʪʦʨʠʯʥʳʭ ʠ ʦʪʨʘʞʝʥʥʳʭ ʵʣʝʢʪʨʦʥʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʩ 
ʧʨʠʤʝʥʝʥʠʝʤ ʤʝʪʦʜʦʚ ʦʨʠʝʥʪʘʮʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ. ʄʠʢʨʦʪʚʝʨʜʦʩʪʴ ʠʟʤʝʨʷʣʠ ʚ 
ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ ɻʆʉʊ ʈ ʀʉʆ 6507-1-2007 ʥʘ ʤʠʢʨʦʪʚʝʨʜʦʤʝʨʝ 
ʀʊɺ-1ɸʄ. ʂ ʥʘʢʦʥʝʯʥʠʢʫ ʧʨʠʢʣʘʜʳʚʘʣʠ ʥʘʛʨʫʟʢʫ 0,098 ʅ (10 ʛʩ) ʚ ʪʝʯʝʥʠʝ 10 ʩ. 

ʈʝʟʫʣʴʪʘʪʳ ʤʝʭʘʥʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ ʪʦʣʱʠʥʳ ʣʠʩʪʦʚ 
ʦʪ 0,4 ʜʦ 0,8 ʤʤ ʧʨʠʚʦʜʠʪ ʢ ʧʦʚʳʰʝʥʠʶ ʫʩʠʣʠʷ ʨʘʟʨʫʰʝʥʠʷ ʚ 1,5 ʨʘʟʘ ʠ ʩʥʠʞʝʥʠʶ 
ʨʘʙʦʪʳ ʨʘʟʨʫʰʝʥʠʷ ʚ 4 ʨʘʟʘ (ʪʘʙʣ. 1). 

 
ʊʘʙʣʠʮʘ 1  ʋʩʣʦʚʠʷ ʋɿʉ ʠ ʩʚʦʡʩʪʚʘ ʩʦʝʜʠʥʝʥʠʡ ʣʠʩʪʦʚ ʤʝʜʠ ʪʦʣʱʠʥʦʡ 0,4 ʠ 0,8 ʤʤ 

ʋʩʠʣʠʝ ʧʨʠʞʠʤʘ, ʢʅ 2,0 

ʊʦʣʱʠʥʘ ʣʠʩʪʘ h0, ʤʤ 0,4 0,8 

ɺʨʝʤʷ ʩʚʘʨʢʠ, ʩ 1,5 2 1,5 2 

ʋʩʠʣʠʝ ʨʘʟʨʫʰʝʥʠʷ F, ʅ 864Ñ28 918Ñ36 1341Ñ165 1394Ñ59 

ʈʘʙʦʪʘ ʨʘʟʨʫʰʝʥʠʷ, ɼʞ 0,8Ñ0,1 0,9Ñ0,2 0,2Ñ0,1 0,2Ñ0,1 

 
ʋʚʝʣʠʯʝʥʠʝ ʚʨʝʤʝʥʠ ʩʚʘʨʢʠ ʦʪ 1,5 ʜʦ 2 ʩ ʥʝ ʦʢʘʟʘʣʦ ʟʥʘʯʠʤʦʛʦ ʚʣʠʷʥʠʷ ʥʘ 

ʩʨʝʜʥʠʝ ʫʩʠʣʠʷ ʠ ʨʘʙʦʪʫ ʨʘʟʨʫʰʝʥʠʷ ʩʚʘʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʣʠʩʪʦʚ ʦʜʠʥʘʢʦʚʦʡ 
ʪʦʣʱʠʥʳ. ʇʨʠʨʦʩʪ ʫʩʠʣʠʡ ʨʘʟʨʫʰʝʥʠʷ ʩʚʘʨʥʦʡ ʪʦʯʢʠ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʪʦʣʱʠʥʳ 
ʩʦʝʜʠʥʷʝʤʳʭ ʣʠʩʪʦʚ ʦʙʫʩʣʦʚʣʝʥ ʚʳʙʨʘʥʥʦʡ ʩʭʝʤʦʡ ʠʩʧʳʪʘʥʠʡ ʠ ʥʝ ʷʚʣʷʝʪʩʷ 
ʦʜʥʦʟʥʘʯʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʧʦʚʳʰʝʥʠʷ ʧʨʦʯʥʦʩʪʠ ʩʦʝʜʠʥʝʥʠʷ. ʉʜʚʠʛ ʧʦ 
ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʥʪʘʢʪʘ ʣʠʩʪʦʚ ʧʨʠ ʨʘʩʪʷʞʝʥʠʠ ʥʘʭʣʝʩʪʦʯʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ 
ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʚʦʟʥʠʢʥʦʚʝʥʠʝʤ ʠʟʛʠʙʥʳʭ ʜʝʬʦʨʤʘʮʠʡ ʧʦ ʧʝʨʠʤʝʪʨʫ ʩʚʘʨʥʦʡ ʪʦʯʢʠ ʠ 
ʥʘʧʨʷʞʝʥʠʡ, ʢʦʪʦʨʳʝ ʚʦʟʨʘʩʪʘʶʪ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʪʦʣʱʠʥʳ ʣʠʩʪʘ. ʆ ʧʦʚʳʰʝʥʠʠ 
ʢʘʯʝʩʪʚʘ ʩʦʝʜʠʥʝʥʠʡ ʪʦʥʢʠʭ ʣʠʩʪʦʚ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʫʚʝʣʠʯʝʥʠʝ ʨʘʙʦʪʳ ʨʘʟʨʫʰʝʥʠʷ. 
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ʌʨʘʢʪʦʛʨʘʬʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʟʨʫʰʝʥʠʷ ʠʤʝʶʪ 

ʰʠʬʝʨʥʳʡ ʤʘʢʨʦʨʝʣʴʝʬ, ʩʦʩʪʦʷʱʠʡ ʠʟ ʛʨʝʙʥʝʡ ʠ ʚʧʘʜʠʥ, ʢʦʪʦʨʳʝ ʩʬʦʨʤʠʨʦʚʘʣʠʩʴ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʚʜʘʚʣʠʚʘʥʠʷ ʟʫʙʮʦʚ ʥʘʢʦʥʝʯʥʠʢʘ ʚ ʧʨʠʚʘʨʠʚʘʝʤʳʡ ʣʠʩʪ ʠ ʵʢʩʪʨʫʟʠʠ 

ʤʝʪʘʣʣʘ ʚ ʧʨʦʩʪʨʘʥʩʪʚʘ ʤʝʞʜʫ ʟʫʙʮʘʤʠ. ʉʣʝʜʳ ʚʜʘʚʣʠʚʘʥʠʷ ʷʨʢʦ ʚʳʨʘʞʝʥʳ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʷʭ ʨʘʟʨʫʰʝʥʠʷ ʦʙʨʘʟʮʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʋɿʉ ʪʦʥʢʠʭ ʣʠʩʪʦʚ, ʠ ʝʜʚʘ ʟʘʤʝʪʥʳ 

ʥʘ ʪʦʣʩʪʳʭ ʣʠʩʪʘʭ. ɺʜʦʣʴ ʛʨʝʙʥʝʡ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʦʯʘʛʠ ʩʭʚʘʪʳʚʘʥʠʷ - ʫʯʘʩʪʢʠ ʩ 

ʨʘʟʚʠʪʳʤ ʷʤʦʯʥʳʤ ʤʠʢʨʦʨʝʣʴʝʬʦʤ. ɻʣʫʙʠʥʘ ʷʤʦʢ ʠ ʠʭ ʨʘʟʤʝʨʳ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʩʜʚʠʛʘ 

ʧʨʠ ʨʘʩʪʷʞʝʥʠʠ ʟʘʤʝʪʥʦ ʙʦʣʴʰʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʷʭ ʨʘʟʨʫʰʝʥʠʷ ʩʦʝʜʠʥʝʥʠʡ ʪʦʥʢʠʭ 

ʣʠʩʪʦʚ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʙʦʣʴʰʝʡ ʚʝʣʠʯʠʥʝ ʩʜʚʠʛʦʚʦʡ ʜʝʬʦʨʤʘʮʠʠ ʧʨʠ ʠʭ 

ʠʩʧʳʪʘʥʠʷʭ. ɺʦ ʚʧʘʜʠʥʘʭ ʦʪʯʝʪʣʠʚʦ ʚʠʜʥʳ ʩʣʝʜʳ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʰʣʠʬʦʚʢʠ. 

ʉʦʝʜʠʥʝʥʠʝ ʚ ʪʘʢʠʭ ʫʯʘʩʪʢʘʭ ʥʝ ʬʦʨʤʠʨʦʚʘʣʦʩʴ, ʥʦ ʧʦʚʝʨʭʥʦʩʪʠ ʣʠʩʪʦʚ 

ʢʦʥʪʘʢʪʠʨʦʚʘʣʠ, ʦ ʯʝʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʩʣʝʜʳ ʩʜʚʠʛʘ, ʧʘʨʘʣʣʝʣʴʥʳʝ ʥʘʧʨʘʚʣʝʥʠʶ 

ʚʠʙʨʘʮʠʠ ʥʘʢʦʥʝʯʥʠʢʘ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʩʝʯʝʥʠʷʭ ʩʚʘʨʥʳʭ ʦʙʨʘʟʮʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʠʟ ʣʠʩʪʦʚ h0=0,4 ʤʤ, 

ʥʦʨʤʘʣʴʥʳʝ ʜʝʬʦʨʤʘʮʠʠ ʠʟʤʝʥʷʶʪʩʷ ʧʝʨʠʦʜʠʯʝʩʢʠ ʢʘʢ ʧʦ ʚʝʣʠʯʠʥʝ, ʪʘʢ ʠ ʧʦ ʟʥʘʢʫ, 

ʜʦʩʪʠʛʘʷ ʧʦ ʘʙʩʦʣʶʪʥʦʡ ʚʝʣʠʯʠʥʝ 12% ʚ ʦʙʣʘʩʪʷʭ ʩʞʘʪʠʷ ʠ 7% - ʚ ʦʙʣʘʩʪʷʭ 

ʨʘʩʪʷʞʝʥʠʷ. ʇʨʠ ʪʘʢʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʥʦʨʤʘʣʴʥʳʭ ʜʝʬʦʨʤʘʮʠʡ ʩʦʝʜʠʥʝʥʠʝ 

ʬʦʨʤʠʨʫʝʪʩʷ ʚ ʦʙʣʘʩʪʷʭ ʩʞʘʪʠʷ ʠ ʩʦʜʝʨʞʠʪ ʥʝʩʧʣʦʰʥʦʩʪʠ ʚ ʦʙʣʘʩʪʷʭ ʨʘʩʪʷʞʝʥʠʷ, 

ʧʦʵʪʦʤʫ ʩʨʝʜʥʷʷ ʧʣʦʪʥʦʩʪʴ ʩʦʝʜʠʥʝʥʠʷ ʦʢʘʟʳʚʘʝʪʩʷ ʥʝʚʳʩʦʢʦʡ - ʩʨʝʜʥʷʷ ʫʜʝʣʴʥʘʷ 

ʧʨʦʪʷʞʝʥʥʦʩʪʴ ʙʝʟʜʝʬʝʢʪʥʳʭ ʫʯʘʩʪʢʦʚ ʩʦʩʪʘʚʠʣʘ ʦʢʦʣʦ 38%. ɺ ʩʝʯʝʥʠʷʭ ʩʚʘʨʥʳʭ 

ʦʙʨʘʟʮʦʚ ʠʟ ʣʠʩʪʦʚ h0=0,8 ʤʤ ʧʨʝʦʙʣʘʜʘʣʠ ʩʞʠʤʘʶʱʠʝ ʜʝʬʦʨʤʘʮʠʠ, ʢʦʪʦʨʳʝ 

ʧʝʨʠʦʜʠʯʝʩʢʠ ʠʟʤʝʥʷʣʠʩʴ ʧʦ ʚʝʣʠʯʠʥʝ ʦʪ 1 ʜʦ 8%. ʄʘʣʳʝ ʜʝʬʦʨʤʘʮʠʠ ʩʞʘʪʠʷ 

ʦʢʘʟʘʣʠʩʴ ʥʝʜʦʩʪʘʪʦʯʥʳʤʠ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʦʝʜʠʥʝʥʠʷ ʚʳʩʦʢʦʛʦ ʢʘʯʝʩʪʚʘ: 

ʫʜʝʣʴʥʘʷ ʧʨʦʪʷʞʝʥʥʦʩʪʴ ʙʝʟʜʝʬʝʢʪʥʳʭ ʫʯʘʩʪʢʦʚ ʩʦʩʪʘʚʠʣʘ 32%. 

ʄʠʢʨʦʩʪʨʫʢʪʫʨʫ ʩʚʘʨʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʠʩʩʣʝʜʦʚʘʣʠ ʚ ʪʨʝʭ ʟʦʥʘʭ: ʚ ʟʦʥʘʭ 

ʩʦʝʜʠʥʝʥʠʷ ʣʠʩʪʦʚ, ʚ ʧʨʠʣʝʛʘʶʱʠʭ ʢ ʥʠʤ ʦʙʣʘʩʪʷʭ ï ʟʦʥʘʭ ʪʝʨʤʦʤʝʭʘʥʠʯʝʩʢʦʛʦ 

ʚʣʠʷʥʠʷ (ʊʄɺ) ʠ ʚ ʦʙʲʝʤʘʭ ʩʚʘʨʝʥʥʳʭ ʣʠʩʪʦʚ (ʨʠʩ. 1). 

ʇʦʩʣʝ ʋɿʉ ʚ ʟʦʥʝ ʩʦʝʜʠʥʝʥʠʷ ʣʠʩʪʦʚ, ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʠʭ ʪʦʣʱʠʥʳ, ʬʦʨʤʠʨʫʝʪʩʷ 

ʩʣʦʡ ʩ ʠʟʤʝʣʴʯʝʥʥʦʡ ʟʝʨʝʥʥʦ-ʩʫʙʟʝʨʝʥʥʦʡ ʩʪʨʫʢʪʫʨʦʡ. ʊʦʣʱʠʥʘ ʵʪʦʛʦ ʩʣʦʷ 

ʠʟʤʝʥʷʝʪʩʷ ʦʪ 1-3 ʤʢʤ ʚ ʜʝʬʝʢʪʥʳʭ ʫʯʘʩʪʢʘʭ ʜʦ 10-20 ʤʢʤ ʚ ʫʯʘʩʪʢʘʭ ʩ ʚʳʩʦʢʦʡ 

ʧʣʦʪʥʦʩʪʴʶ ʩʦʝʜʠʥʝʥʠʷ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʟʦʥʝ ʩʦʝʜʠʥʝʥʠʷ ʩʨʝʜʥʠʝ ʨʘʟʤʝʨʳ ʟʝʨʝʥ 

ʙʣʠʟʢʠ ʠ ʩʦʩʪʘʚʣʷʶʪ dʩʨ=2,5Ñ0,1 ʤʢʤ ʠ dʩʨ=2,1Ñ0,1 ʤʢʤ ʚ ʦʙʨʘʟʮʘʭ, ʧʦʣʫʯʝʥʥʳʭ ʋɿʉ 

ʣʠʩʪʦʚ ʩ h0=0,4 ʠ 0,8 ʤʤ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺ ʩʧʝʢʪʨʘʭ ʨʘʟʦʨʠʝʥʪʠʨʦʚʦʢ ʜʦʣʷ 

ʤʘʣʦʫʛʣʦʚʳʭ ʛʨʘʥʠʮ ʩʦʩʪʘʚʣʷʝʪ 35-45%, ʘ ʙʦʣʴʰʝʫʛʣʦʚʳʭ ʛʨʘʥʠʮ - 55-65%, ʧʨʠ ʵʪʦʤ 

ʜʦʣʷ ʜʚʦʡʥʠʢʦʚʳʭ ʛʨʘʥʠʮ (60Á) ʥʝ ʧʨʝʚʳʰʘʝʪ 3%. ʆʧʠʩʘʥʥʳʝ ʩʪʨʫʢʪʫʨʥʳʝ ʠʟʤʝʥʝʥʠʷ 

ʚʳʟʚʘʥʳ ʨʘʟʚʠʪʠʝʤ ʜʠʥʘʤʠʯʝʩʢʦʡ ʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ.  

ʊʦʣʱʠʥʘ ʩʦʝʜʠʥʷʝʤʳʭ ʣʠʩʪʦʚ ʦʢʘʟʘʣʘ ʥʘʠʙʦʣʝʝ ʩʠʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ 

ʤʠʢʨʦʩʪʨʫʢʪʫʨʫ ʠ ʰʠʨʠʥʫ ʟʦʥ ʪʝʨʤʦʤʝʭʘʥʠʯʝʩʢʦʛʦ ʚʣʠʷʥʠʷ. ʇʦʩʣʝ ʋɿʉ ʣʠʩʪʦʚ 

h0=0,4 ʤʤ ʰʠʨʠʥʘ ʟʦʥʳ ʊʄɺ ʩʦʩʪʘʚʣʷʣʘ 50-100 ʤʢʤ. ɺ ʵʪʦʡ ʟʦʥʝ ʥʘʙʣʶʜʘʣʠʩʴ 

ʚʳʪʷʥʫʪʳʝ ʠʩʢʨʠʚʣʝʥʥʳʝ ʟʝʨʥʘ, ʦʙʨʘʟʫʶʱʠʝ çʚʠʭʨʝʚʳʝè ʫʟʦʨʳ. ɺ ʪʝʣʝ ʟʝʨʝʥ 

ʬʦʨʤʠʨʦʚʘʣʘʩʴ ʨʘʟʚʠʪʘʷ ʩʫʙʩʪʨʫʢʪʫʨʘ, ʜʦʣʷ ʤʘʣʦʫʛʣʦʚʳʭ ʛʨʘʥʠʮ ʚ ʩʧʝʢʪʨʝ 

ʨʘʟʦʨʠʝʥʪʠʨʦʚʦʢ ʚʦʟʨʘʩʪʘʣʘ ʜʦ 55-65% (ʦʪ 9% ʚ ʠʩʭʦʜʥʦʤ ʣʠʩʪʝ), ʜʦʣʷ ʜʚʦʡʥʠʢʦʚ 

ʛʨʘʥʠʮ ʧʘʜʘʣʘ ʜʦ 3-4% (ʦʪ 55% ʚ ʠʩʭʦʜʥʦʤ ʣʠʩʪʝ). ʇʦʩʣʝ ʋɿʉ ʣʠʩʪʦʚ h0=0,8 ʤʤ 

ʰʠʨʠʥʘ ʟʦʥʳ ʊʄɺ ʥʝ ʧʨʝʚʳʰʘʣʘ 40 ʤʢʤ. ʅʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʢ ʩʣʦʶ ʩ ʠʟʤʝʣʴʯʝʥʥʦʡ 

ʩʪʨʫʢʪʫʨʦʡ ʧʨʠʤʳʢʘʣʠ ʟʝʨʥʘ, ʙʣʠʟʢʠʝ ʧʦ ʨʘʟʤʝʨʫ ʢ ʠʩʭʦʜʥʳʤ, ʚ ʢʦʪʦʨʳʭ 

ʩʬʦʨʤʠʨʦʚʘʣʘʩʴ ʨʘʟʚʠʪʘʷ ʩʝʪʢʘ ʤʘʣʦʫʛʣʦʚʳʭ ʛʨʘʥʠʮ (ʠʭ ʜʦʣʷ ʩʦʩʪʘʚʣʷʣʘ 50-55%), ʘ 

ʜʦʣʷ ʜʚʦʡʥʠʢʦʚ ʩʥʠʟʠʣʘʩʴ ʜʦ 10-15%.  
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ʈʠʩʫʥʦʢ 1  ʄʘʢʨʦ- ʠ ʤʠʢʨʦʠʟʦʙʨʘʞʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʦʙʨʘʟʮʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʋɿʉ ʣʠʩʪʦʚ 

h0=0,4 ʤʤ (ʘ) ʠ h0=0,8 ʤʤ (ʙ), ʠ ʨʘʩʧʦʣʦʞʝʥʠʝ ʦʙʣʘʩʪʝʡ, ʩʪʨʫʢʪʫʨʫ ʢʦʪʦʨʳʭ ʘʥʘʣʠʟʠʨʦʚʘʣ 
 

ɿʘ ʧʨʝʜʝʣʘʤʠ ʟʦʥ ʊʄɺ, ʚ ʦʙʲʝʤʝ ʣʠʩʪʦʚ, ʥʘ ʨʘʩʩʪʦʷʥʠʷʭ ʙʦʣʝʝ 100 ʤʢʤ ʦʪ 
ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʥʪʘʢʪʘ, ʤʠʢʨʦʩʪʨʫʢʪʫʨʘ ʩʚʘʨʥʳʭ ʦʙʨʘʟʮʦʚ ʦʩʪʘʚʘʣʘʩʴ ʙʣʠʟʢʦʡ ʢ 
ʩʪʨʫʢʪʫʨʝ ʠʩʭʦʜʥʳʭ ʣʠʩʪʦʚ ʠ ʥʝ ʟʘʚʠʩʝʣʘ ʦʪ ʠʭ ʪʦʣʱʠʥʳ. 

ʆʧʠʩʘʥʥʳʝ ʤʠʢʨʦʩʪʨʫʢʪʫʨʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚ ʩʚʘʨʥʳʭ ʦʙʨʘʟʮʘʭ 
ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʠʟʤʝʨʝʥʠʷ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ. 
ʄʠʢʨʦʪʚʝʨʜʦʩʪʴ ʠʩʭʦʜʥʳʭ ʣʠʩʪʦʚ ʪʦʣʱʠʥʦʡ 0,4 ʠ 0,8 ʤʤ ʩʦʩʪʘʚʣʷʣʘ 860Ñ30 ʠ 
815Ñ50 ʄʇʘ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺ ʩʚʘʨʥʳʭ ʦʙʨʘʟʮʘʭ, ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʪʦʣʱʠʥʳ ʠʩʭʦʜʥʳʭ 
ʣʠʩʪʦʚ, ʚ ʟʦʥʘʭ ʢʦʥʪʘʢʪʘ ʩ ʤʝʣʢʦʟʝʨʥʠʩʪʦʡ ʩʪʨʫʢʪʫʨʦʡ ʤʠʢʨʦʪʚʝʨʜʦʩʪʴ ʚʦʟʨʘʩʪʘʣʘ ʜʦ 
1300-1400 ʄʇʘ. ʌʦʨʤʠʨʦʚʘʥʠʝ ʨʘʟʚʠʪʦʡ ʩʝʪʢʠ ʄʋɻ ʚ ʦʙʣʘʩʪʷʭ, ʧʨʠʣʝʛʘʶʱʠʭ ʢ ʟʦʥʝ 
ʢʦʥʪʘʢʪʘ, ʧʨʠʚʝʣʦ ʢ ʨʦʩʪʫ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʜʦ 1000-1300 ʄʇʘ. ʉʫʙʩʪʨʫʢʪʫʨʥʦʝ 
ʫʧʨʦʯʥʝʥʠʝ ʠʤʝʣʦ ʤʝʩʪʦ ʠ ʚ ʦʙʲʝʤʝ ʦʙʨʘʟʮʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʋɿʉ ʣʠʩʪʦʚ ʪʦʣʱʠʥʦʡ 
0,4 ʤʤ. 

ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʫʩʣʦʚʠʷʭ 
ʋɿʉ ʠʟʤʝʥʝʥʠʝ ʪʦʣʱʠʥʳ ʩʚʘʨʠʚʘʝʤʳʭ ʣʠʩʪʦʚ ʦʪ 0,4 ʜʦ 0,8 ʤʤ ʦʢʘʟʳʚʘʝʪ 
ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʥʦʨʤʘʣʴʥʳʭ ʜʝʬʦʨʤʘʮʠʡ ʚ ʩʝʯʝʥʠʠ 
ʦʙʨʘʟʮʘ. ʅʝʟʘʚʠʩʠʤʦ ʦʪ ʪʦʣʱʠʥʳ ʣʠʩʪʦʚ, ʚ ʟʦʥʘʭ ʩʦʝʜʠʥʝʥʠʷ ʬʦʨʤʠʨʦʚʘʣʩʷ ʩʣʦʡ ʠʟ 
ʨʘʚʥʦʦʩʥʳʭ ʟʝʨʝʥ/ʩʫʙʟʝʨʝʥ ʨʘʟʤʝʨʘʤʠ ʜʦ 5 ʤʢʤ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʨʘʟʚʠʪʠʠ 
ʧʨʦʮʝʩʩʦʚ ʜʠʥʘʤʠʯʝʩʢʦʡ ʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʚ ʵʪʦʡ ʟʦʥʝ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʩʪʨʫʢʪʫʨʥʳʝ 
ʠʟʤʝʥʝʥʠʷ ʚ ʦʙʲʝʤʝ ʣʠʩʪʦʚ ʦʧʨʝʜʝʣʷʣʠʩʴ ʠʭ ʪʦʣʱʠʥʦʡ ʠ ʠʟʤʝʥʷʣʠʩʴ ʚ ʟʘʚʠʩʠʤʦʩʪʠ 
ʦʪ ʚʝʣʠʯʠʥʳ ʥʦʨʤʘʣʴʥʳʭ ʜʝʬʦʨʤʘʮʠʡ ʦʙʨʘʟʮʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʧʦʚʳʰʝʥʠʷ 
ʢʘʯʝʩʪʚʘ ʩʦʝʜʠʥʝʥʠʡ ʤʝʜʠ ʣʠʩʪʦʚ ʨʘʟʥʦʡ ʪʦʣʱʠʥʳ ʥʝʦʙʭʦʜʠʤ ʠʥʜʠʚʠʜʫʘʣʴʥʳʡ ʚʳʙʦʨ 
ʧʨʦʬʠʣʷ ʠʥʩʪʨʫʤʝʥʪʘ ʠ ʫʩʣʦʚʠʡ ʋɿʉ ʩ ʮʝʣʴʶ ʦʙʝʩʧʝʯʠʪʴ ʨʘʚʥʦʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 
ʠ ʜʦʩʪʘʪʦʯʥʫʶ ʚʝʣʠʯʠʥʫ ʩʞʠʤʘʶʱʠʭ ʜʝʬʦʨʤʘʮʠʡ ʦʙʨʘʟʮʦʚ. 

 
ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʟʘ ʩʯʝʪ ʛʨʘʥʪʘ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ 

ˉ  22-19-00617 (https://rscf.ru/project/22-19-00617/). ʄʠʢʨʦʩʪʨʫʢʪʫʨʥʳʝ ʠʩʩʣʝ-

ʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʙʘʟʝ ʎʂʇ ʀʇʉʄ ʈɸʅ "ʉʪʨʫʢʪʫʨʥʳʝ ʠ ʬʠʟʠʢʦ-
ʤʝʭʘʥʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʘʪʝʨʠʘʣʦʚ". 
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ʆɹ ʆʊʉʋʊʉʊɺʀʀ ʀɿʄɽʅɽʅʀʁ ʇʃʆʊʅʆʉʊʀ ɼʀʉʃʆʂɸʎʀʁ ʀ ʇɸʈɸʄɽʊʈʆɺ 
ʂʈʀʉʊɸʃʃʀʏɽʉʂʀʍ ʈɽʐɽʊʆʂ ʊɺɽʈɼʓʍ ʉʇʃɸɺʆɺ ʇʈʀ ɸʕʈʆɼʀʅɸʄʀʏɽʉʂʆʄ 

ɿɺʋʂʆɺʆʄ ɺʆɿɼɽʁʉʊɺʀʀ 
 

ʋʣʠʪʸʥʦʢ ɸ.ʆ. 
ʛ. ʄʦʛʠʣʝʚ, ɹʝʣʘʨʫʩʴ, e-mail: alexulinok@yandex.ru. 

 
ɺ ʨʘʙʦʪʝ [1] ʫʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʤ ʟʚʫʢʦʚʦʤ ʫʧʨʦʯʥʝʥʠʠ (ʜʘʣʝʝ ï 

ɸɼʋ) ʧʨʦʠʩʭʦʜʠʪ ʩʥʠʞʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʜʠʩʣʦʢʘʮʠʡ ʠ çéʯʪʦ ʧʘʨʘʤʝʪʨʳ 
ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʨʝʰʝʪʦʢ ʧʦʩʣʝ ɸɼʋ ʙʦʣʝʝ ʙʣʠʟʢʠ ʩ ʵʪʘʣʦʥʥʳʤ, ʯʝʤ ʜʦ ʫʧʨʦʯʥʝʥʠʷè. 
ɺ ʢʘʯʝʩʪʚʝ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ ʵʪʦʛʦ ʧʨʠʚʦʜʷʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ 
ʘʥʘʣʠʟʘ. ʆʜʥʘʢʦ ʚ ʨʘʙʦʪʝ [1] ʦʪʩʫʪʩʪʚʫʝʪ ʩʪʘʪʠʩʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʵʪʠʭ ʨʝʟʫʣʴʪʘʪʦʚ. ʕʪʦ, 
ʘ ʪʘʢʞʝ ʦʪʩʫʪʩʪʚʠʝ ʚ [1] ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʫʢʘʟʘʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ [2] ʦʙʫʩʣʦʚʠʣʦ 
ʧʨʦʚʝʜʝʥʠʝ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ, ʧʨʠʚʝʜʝʥʥʳʭ ʥʘ ʨʠʩʫʥʢʝ 4.27 ʠ ʚ 
ʪʘʙʣʠʮʝ 4.19 [1]. ʇʨʠ ʵʪʦʤ ʠʩʧʦʣʴʟʦʚʘʣʠ ʤʝʪʦʜʠʢʫ [3], ʧʨʦʠʟʚʝʜʷ ʧʨʦʚʝʨʢʫ ʥʫʣʝʚʦʡ 
ʛʠʧʦʪʝʟʳ ʦ ʨʘʚʝʥʩʪʚʝ ʩʨʝʜʥʠʭ ʟʥʘʯʝʥʠʡ ʧʣʦʪʥʦʩʪʠ ʜʠʩʣʦʢʘʮʠʡ ʩ ʠ ʙʝʟ ɸɼʋ ʜʣʷ ʊ5ʂ10 
ʠ ɺʂ8 .  

ʇʨʠ ʜʦʚʝʨʠʪʝʣʴʥʦʡ ʚʝʨʦʷʪʥʦʩʪʠ ï ʈ = 0,95 ʠ ʩʪʝʧʝʥʠ ʩʚʦʙʦʜʳ (3 ʟʘʤʝʨʘ ʜʦ ʠ 
ʧʦʩʣʝ ɸɼʋ) f=3+3-2=4 ʢʨʠʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʢʨʠʪʝʨʠʷ ʉʪʴʶʜʝʥʪʘ ʩʦʩʪʘʚʣʷʝʪ ʚʝʣʠʯʠʥʫ 
tʂʈ = 2,776, ʙ·ʣʴʰʝʝ, ʯʝʤ ʬʘʢʪʠʯʝʩʢʠʝ: ʜʣʷ  ʊ5ʂ10 ï tʌ= 0,610 ʠ ʜʣʷ ɺʂ8 ï tʌ = 1,381, 
ʧʦʵʪʦʤʫ ʥʫʣʝʚʘʷ ʛʠʧʦʪʝʟʘ ʧʨʠʥʠʤʘʝʪʩʷ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʟʥʘʯʠʤʦʛʦ 
ʩʥʠʞʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʜʠʩʣʦʢʘʮʠʡ ʚ ʪʚʝʨʜʳʭ ʩʣʘʚʘʭ ʦʪ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʥʠʭ ɸɼʋ ʥʝʪ. 

ɹʳʣʠ ʪʘʢʞʝ ʨʘʩʩʯʠʪʘʥʳ ʜʦʚʝʨʠʪʝʣʴʥʳʝ ʠʥʪʝʨʚʘʣʳ ʧʦ [3]. ʇʨʠ ʜʦʚʝʨʠʪʝʣʴʥʦʡ 
ʚʝʨʦʷʪʥʦʩʪʠ ï ʈ = 0,95 ʠ ʩʪʝʧʝʥʠ ʩʚʦʙʦʜʳ ʜʣʷ ʪʨʝʭ ʟʘʤʝʨʦʚ ï f=3-1=2, ʢʨʠʪʠʯʝʩʢʦʤ 
ʢʨʠʪʝʨʠʠ ʉʪʴʶʜʝʥʪʘ ï tʂʈ = 4,303, ʵʪʠ ʠʥʪʝʨʚʘʣʳ ʠʟʦʙʨʘʞʝʥʳ ʥʘ ʨʠʩʫʥʢʝ. ʀʟ ʥʝʛʦ 
ʚʠʜʥʦ, ʯʪʦ ʜʦʚʝʨʠʪʝʣʴʥʳʡ ʠʥʪʝʨʚʘʣʳ ʜʦ ʠ ʧʦʩʣʝ ɸɼʋ ʧʝʨʝʢʨʳʚʘʶʪʩʷ. ʇʨʠʯʝʤ ʙʦʣʝʝ 
ʯʝʤ ʥʘ 80 % ʜʣʷ ʊ5ʂ10, ʘ ʜʣʷ ɺʂ8 ʧʦʩʣʝ ʝʛʦ ʦʙʨʘʙʦʪʢʠ ɸɼʋ ʜʦʚʝʨʠʪʝʣʴʥʳʡ ʠʥʪʝʨʚʘʣ 
ʷʚʣʷʝʪʩʷ ʯʘʩʪʴʶ ʜʦʚʝʨʠʪʝʣʴʥʦʛʦ ʠʥʪʝʨʚʘʣʘ ʥʝʦʙʨʘʙʦʪʘʥʥʦʛʦ ɺʂ8. ɿʥʘʯʠʪʝʣʴʥʳʝ 
ʚʝʣʠʯʠʥʳ ʵʪʠʭ ʠʥʪʝʨʚʘʣʦʚ ʠ ʠʭ ʧʝʨʝʢʨʳʪʠʝ ʫʢʘʟʳʚʘʶʪ ʥʘ ʦʪʩʫʪʩʪʚʠʝ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ 
ʟʥʘʯʠʤʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʜʠʩʣʦʢʘʮʠʡ ʦʪ ɸɼʋ. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

ʈʠʩʫʥʦʢ ï ɼʦʚʝʨʠʪʝʣʴʥʳʝ ʠʥʪʝʨʚʘʣʳ ʧʣʦʪʥʦʩʪʠ ʜʠʩʣʦʢʘʮʠʡ. 
 

ɼʚʫʭʬʘʢʪʦʨʥʳʡ ʜʠʩʧʝʨʩʠʦʥʥʳʡ ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ ʩʪʘʪʠʩʪʠʯʝʩʢʫʶ ʟʥʘʯʠʤʦʩʪʴ  
ʤʘʨʢʠ ʪʚʝʨʜʦʛʦ ʩʧʣʘʚʘ (ʊʉ) ʥʘ ʧʣʦʪʥʦʩʪʴ ʜʠʩʣʦʢʘʮʠʡ, ʠ ʦʪʩʫʪʩʪʚʠʝ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ 
ʟʥʘʯʠʤʦʩʪʠ ʚʣʠʷʥʠʷ ɸɼʋ ʥʘ ʧʣʦʪʥʦʩʪʴ ʜʠʩʣʦʢʘʮʠʡ ʚ ʊʉ, ʪʘʢ ʢʘʢ ʬʘʢʪʠʯʝʩʢʠʝ ʟʥʘʯʝʥʠʷ 
ʦʪʥʦʰʝʥʠʡ ʌʠʰʝʨʘ (ʆʌ), ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʜʣʷ ʬʘʢʪʦʨʦʚ ʊʉ ʠ ɸɼʋ: Fʌ.ʊʉ = 32,858 > Fʂʈ 
ʠ Fʌ.ɸɼʋ = 1,714 < Fʂʈ, ʛʜʝ Fʂʈ = 5,318 ï ʢʨʠʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʦʪʥʦʰʝʥʠʷ ʌʠʰʝʨʘ. 
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ʆʜʥʦʬʘʢʪʦʨʥʳʡ ʜʠʩʧʝʨʩʠʦʥʥʳʡ ʘʥʘʣʠʟ ʪʘʢ ʞʝ ʧʦʜʪʚʝʨʜʠʣ ʦʪʩʫʪʩʪʚʠʝ 
ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʟʥʘʯʠʤʦʩʪʠ ʚʣʠʷʥʠʷ ɸɼʋ ʥʘ ʠʟʤʝʥʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʜʠʩʣʦʢʘʮʠʡ ʚ ʊʉ: 
ʆʌ  ʜʣʷ ʊ5ʂ10 ï Fʌ.ʊ5ʂ10= 0,372  ʠ  ʆʌ ʜʣʷ ɺʂ8 ï Fʌ.ɺʂ8 = 1,906, ʯʪʦ ʤʝʥʴʰʝ Fʂʈ= 7,709. 

ʅʘʨʷʜʫ ʩ ʦʪʩʫʪʩʪʚʠʝʤ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʟʥʘʯʠʤʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʧʣʦʪʥʦʩʪʠ 
ʜʠʩʣʦʢʘʮʠʠ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʪʚʝʨʜʳʭ ʩʧʣʘʚʦʚ ʧʦʩʣʝ ɸɼʋ, ʨʘʩʯʝʪʳ ʧʘʨʘʤʝʪʨʦʚ 
ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʨʝʰʝʪʦʢ ʚ ʨʘʙʦʪʝ [1] ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ. 

ʊʘʢ, ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʨʦʠʟʚʝʣʠ ʨʘʩʯʝʪ ʧʦ [4] ʧʘʨʘʤʝʪʨʘ ʨʝʰʝʪʢʠ TiC ʧʦ 
ʜʘʥʥʳʤ ʪʘʙʣʠʮ 4.15 ʠ 4.16 [1].  ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʧʘʨʘʤʝʪʨʘ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ 
TiC ʩʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʫ.  

 
ʊʘʙʣʠʮʘ ï ʈʘʩʯʝʪ ʧʘʨʘʤʝʪʨʘ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ TiC, ¡  

 ʆʙʨʘʟʝʮ ʩʪʘʥʜʘʨʪʥʳʡ  

d, ¡ hkl h2+k2+l2 ʈʘʩʯʝʪ ʉʨʝʜʥʝʝ, ¡ ʇʦ ʜʘʥʥʳʤ  ʪʘʙʣʠʮʳ 4.20 [1], ¡ 

2,4889 TiC111 3 4,3109 

4,3118 4,3181 
2,1517 TiC200 4 4,3034 

1,5263 TiC220 8 4,3170 

1,3013 TiC311 11 4,3159 

ʆʙʨʘʟʝʮ ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ ɸɼʋ 

2,484 TiC111 3 4,3024 

4,3092 4,3181 
2,1539 TiC200 4 4,3078 

1,5249 TiC220 8 4,3131 

1,3006 TiC311 11 4,3136 

ʕʪʘʣʦʥ ʘ = 4,3273 ¡ ʈʘʟʥʠʮʘ 0,0026 0,0000 

 
ʀʟ ʪʘʙʣʠʮʳ ʚʠʜʥʦ, ʯʪʦ ʧʨʠʚʝʜʝʥʥʦʝ ʚ ʪʘʙʣʠʮʝ 4.20 [1] ʟʥʘʯʝʥʠʝ ʧʘʨʘʤʝʪʨʘ ʥʝ 

ʩʦʚʧʘʜʘʝʪ ʥʠ ʩ ʦʜʥʠʤ ʠʟ ʨʘʩʯʝʪʥʳʭ ʝʛʦ ʟʥʘʯʝʥʠʝʤ ʠ, ʪʝʤ ʩʘʤʳʤ ʷʚʣʷʝʪʩʷ ʥʝ 
ʜʦʩʪʦʚʝʨʥʳʤ. ʂ ʪʦʤʫ ʞʝ,  ʩʦʛʣʘʩʥʦ ʨʘʩʯʝʪʦʚ ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ, ʧʦʩʣʝ ɸɼʋ 
ʧʨʦʠʩʭʦʜʠʪ ʫʤʝʥʴʰʝʥʠʝ ʫʢʘʟʘʥʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʵʪʘʣʦʥʥʦʛʦ ʦʙʨʘʟʮʘ. ʊʦ 
ʝʩʪʴ ʨʝʰʝʪʢʘ ʧʦʩʣʝ ɸɼʋ ʩʪʘʥʦʚʠʪʩʷ ʙʦʣʝʝ ʠʩʢʘʞʝʥʥʦʡ, ʚ ʧʨʦʪʠʚʦʨʝʯʠʝ ʩ  [1]. 

ɺ ʪʘʙʣʠʮʝ 4.20 [1] ʫʢʘʟʘʥʦ, ʯʪʦ ʠʟʤʝʥʝʥʠʷ ʧʦʩʣʝ ɸɼʋ ʚ ʊ15ʂ6 ʧʘʨʘʤʝʪʨʦʚ 
ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ Ŭ-WC ʥʝ ʧʨʝʚʳʰʘʝʪ  ʚʝʣʠʯʠʥ: ȹʘ =0,0018 ¡, ȹʩ =0,0007 ¡, ʘ ʚ 
ɺʂ8 ï ȹʩ =0,0023 ¡, ʪʦ ʝʩʪʴ ʥʝʩʢʦʣʴʢʦ ʤʝʥʴʰʝ ʜʦʧʫʩʢʘʝʤʦʡ ʘʙʩʦʣʶʪʥʦʡ ʧʦʛʨʝʰʥʦʩʪʠ 
ʠʟʤʝʨʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ: ŭʘ = Ñ 0,001 ¡ ʠ ŭʩ = Ñ 0,010 ¡ [5]. 

ɼʦ ʠ ʧʦʩʣʝ ɸɼʋ ʚ ʊ15ʂ6 ʧʘʨʘʤʝʪʨ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ ɓ-Co ʩʦʩʪʘʚʠʣ 
ʚʝʣʠʯʠʥʫ ʘ = 3,547 ¡ (ʪʘʙʣʠʮʘ 4.20 [1]), ʯʪʦ ʧʦʜʪʚʝʨʜʠʣʠ ʨʘʩʯʝʪʳ ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ 
ʧʦ [4], ʠʩʧʦʣʴʟʫʷ ʜʘʥʥʳʝ ʪʘʙʣʠʮ 4.15 ʠ 4.16 [1]. ʇʨʠʚʝʜʝʥʥʳʝ ʚ ʨʘʙʦʪʝ  [1] ʩʚʝʜʝʥʠʷ ʦ 
ʧʘʨʘʤʝʪʨʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ ɓ-Co ʚ ɺʂ8 ʜʦ ɸɼʋ ʥʝ ʧʨʠʥʠʤʘʣʠʩʴ ʚʦ ʚʥʠʤʘʥʠʝ 
ʪʘʢ ʢʘʢ: 1) ʚ ʨʘʙʦʪʝ [1] ʜʣʷ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ ʩʥʠʞʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʜʠʩʣʦʢʘʮʠʡ ʚ ʢʦʙʘʣʴʪʝ 
ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʜʠʬʨʘʢʮʠʦʥʥʳʡ ʤʘʢʩʠʤʫʤ WC (101) [2], 2) ʚ [1] ʦʪʩʫʪʩʪʚʫʶʪ ʜʘʥʥʳʝ ʦ 
ʤʝʞʧʣʦʩʢʦʩʪʥʦʤ ʨʘʩʩʪʦʷʥʠʠ ʜʣʷ ɓ-ʉʦ (111) ʚ ɺʂ8 ʜʦ ʝʛʦ ʦʙʨʘʙʦʪʢʠ ɸɼʋ. 

ɺ ʩʚʷʟʠ ʩ ʧʨʦʪʠʚʦʨʝʯʠʚʳʤʠ ʜʘʥʥʳʤʠ ʦʙ ʠʟʤʝʥʝʥʠʠ ʧʘʨʘʤʝʪʨʦʚ 
ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ ʠ ʦʪʩʫʪʩʪʚʠʷ ʵʪʠʭ ʠʟʤʝʥʝʥʠʡ ʚ ʢʦʙʘʣʴʪʝ, ʥʝ ʜʦʩʪʦʚʝʨʥʳʤʠ 
ʚʳʯʠʩʣʝʥʠʷʤʠ ʵʪʠʭ ʧʘʨʘʤʝʪʨʦʚ ʠ ʧʦʛʨʝʰʥʦʩʪʠ ʠʟʤʝʨʝʥʠʡ, ʚʳʚʦʜ ʦ ʧʨʠʙʣʠʞʝʥʠʠ 
ʧʘʨʘʤʝʪʨʦʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʨʝʰʝʪʦʢ ʪʚʝʨʜʳʭ ʩʧʣʘʚʦʚ ʧʦʩʣʝ ʠʭ ʦʙʨʘʙʦʪʢʠ ɸɼʋ ʢ 
ʚʝʣʠʯʠʥʘʤ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʟʥʘʯʝʥʠʡ ʵʪʠʭ ʧʘʨʘʤʝʪʨʦʚ ʚ ʨʘʙʦʪʝ [1] ʷʚʣʷʝʪʩʷ ʥʝ 
ʜʦʩʪʦʚʝʨʥʳʤ.   

ɺ ʠʪʦʛʝ, ʦʪʩʫʪʩʪʚʠʝ ʪʝʦʨʠʠ ɸɼʋ ʠ ʥʝʘʜʝʢʚʘʪʥʦʩʪʴ ʝʛʦ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ 
ʤʦʜʝʣʠ [2, 6-11], ʥʝʚʦʟʤʦʞʥʦʩʪʴ ʚʦʟʜʝʡʩʪʚʠʷ ʟʚʫʢʘ ʥʘ ʤʝʪʘʣʣʳ ʠ ʩʧʣʘʚʳ ʧʨʠ ɸɼʋ [12-
14], ʦʪʩʫʪʩʪʚʠʝ ʧʨʠ ɸɼʋ ʨʝʟʦʥʘʥʩʘ ʢʦʣʝʙʘʥʠʡ ʘʪʦʤʦʚ ʢʦʤʧʦʥʝʥʪʦʚ ʪʚʝʨʜʳʭ ʩʧʣʘʚʦʚ 
[15]   ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʨʝʟʫʣʴʪʘʪʘʤʠ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ 
ʜʘʥʥʳʭ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ [1], ʘ ʠʤʝʥʥʦ, ʦʪʩʫʪʩʪʚʠʝʤ ʩʪʘʪʠʩʪʠʯʝʩʢʠ 
ʟʥʘʯʠʤʦʛʦ ʚʣʠʷʥʠʷ ʤʝʪʦʜʘ ɸɼʋ ʥʘ ʧʣʦʪʥʦʩʪʴ ʜʠʩʣʦʢʘʮʠʡ ʚ ʪʚʝʨʜʳʭ ʩʧʣʘʚʘʭ 
ʦʙʨʘʙʦʪʘʥʥʳʭ ʵʪʠʤ ʤʝʪʦʜʦʤ ʠ ʥʘ ʚʝʣʠʯʠʥʳ ʧʘʨʘʤʝʪʨʦʚ ʠʭ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʨʝʰʝʪʦʢ.  
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ʛ. ʄʦʛʠʣʝʚ, ɹʝʣʘʨʫʩʴ, e-mail: alexulinok@yandex.ru. 
 
ɺ ʨʘʙʦʪʘʭ [1, 2] ʧʦʢʘʟʘʥʦ ʫʚʝʣʠʯʝʥʠʝ ʫʜʘʨʥʦʡ ʚʷʟʢʦʩʪʠ ʠ ʧʨʦʯʥʦʩʪʠ ʥʘ ʠʟʛʠʙ ʚ 

ʪʚʝʨʜʳʭ ʩʧʣʘʚʘʭ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʠʭ ʤʝʪʦʜʦʤ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʟʚʫʢʦʚʦʛʦ ʫʧʨʦʯʥʝʥʠʷ 
(ɸɼʋ). ʉʫʱʥʦʩʪʴ ʵʪʦʛʦ ʤʝʪʦʜʘ ʩʦʩʪʦʠʪ ʚ ʚʦʟʙʫʞʜʝʥʠʠ ʢʦʣʝʙʘʥʠʡ ʚ ʝʛʦ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ 
ʨʝʰʝʪʢʝ ʧʦʩʣʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʥʘʛʨʝʚʘ ʩʧʣʘʚʘ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ, ʨʘʚʥʦʡ 10 ï 30 % 
ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʘʚʣʝʥʠʷ ʝʛʦ ʣʝʛʢʦʧʣʘʚʢʦʛʦ ʢʦʤʧʦʥʝʥʪʘ [1 ï 3].  

ɺ ɻʅʋ çʀʥʩʪʠʪʫʪ ʪʝʭʥʦʣʦʛʠʠ ʤʝʪʘʣʣʦʚ ʅʘʮʠʦʥʘʣʴʥʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ ɹʝʣʘʨʫʩʠè ʚ 
ʩʚʷʟʠ ʩ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʅʀʈ ʢ ʟʘʜʘʥʠʶ 2.16: çʆʧʨʝʜʝʣʝʥʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʚʳʰʝʥʠʷ 
ʩʚʦʡʩʪʚ ʯʫʛʫʥʘ ʤʝʪʦʜʦʤ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʫʧʨʦʯʥʝʥʠʷè ʧʦʜʧʨʦʛʨʘʤʤʳ çʄʝʪʘʣʣʫʨʛʠʷè, 
ɻʇʅʀ çʄʝʭʘʥʠʢʘ, ʤʝʪʘʣʣʫʨʛʠʷ, ʜʠʘʛʥʦʩʪʠʢʘ ʚ ʤʘʰʠʥʦʩʪʨʦʝʥʠʠè, ʙʳʣʘ ʧʦʩʪʘʚʣʝʥʘ ʮʝʣʴ 
ʥʘʩʪʦʷʱʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ: ʦʧʨʝʜʝʣʝʥʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʚʳʰʝʥʠʷ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 
ʩʝʨʦʛʦ ʯʫʛʫʥʘ (ʉʏ) ʤʝʪʦʜʦʤ ɸɼʋ. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʧʦ ɻʆʉʊ 27208-87 ʠ 9454-78 ʦʧʨʝʜʝʣʷʣʠ 
ʚʣʠʷʥʠʝ ʪʝʭʥʦʣʦʛʠʠ ɸɼʋ ʥʘ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʉʏ, ʘ ʠʤʝʥʥʦ: ʪʚʝʨʜʦʩʪʠ, ʫʜʘʨʥʦʡ 
ʚʷʟʢʦʩʪʠ ʠ ʧʨʝʜʝʣʘ ʚʨʝʤʝʥʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʥʘ ʨʘʩʪʷʞʝʥʠʝ. 

ɿʘʛʦʪʦʚʢʫ ʦʪʣʠʚʘʣʠ ʤʝʪʦʜʦʤ ʥʝʧʨʝʨʳʚʥʦ-ʮʠʢʣʠʯʝʩʢʦʛʦ ʣʠʪʴʷ ʥʘʤʦʨʘʞʠʚʘʥʠʝʤ. 
ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʙʨʘʟʮʳ ʦʙʨʘʙʘʪʳʚʘʣʠʩʴ ʧʦ ʪʝʭʥʦʣʦʛʠʷʤ: ɸɼʋ-1 

ʠ ɸɼʋ-2.  ʇʦ ʧʦʣʫʯʝʥʥʳʤ ʜʘʥʥʳʤ ʠ [4] ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ ʜʦʚʝʨʠʪʝʣʴʥʳʝ ʠʥʪʝʨʚʘʣʳ 
ʟʥʘʯʝʥʠʡ ʫʢʘʟʘʥʥʳʭ ʩʚʦʡʩʪʚ ʧʨʠ ʜʦʚʝʨʠʪʝʣʴʥʦʡ ʚʝʨʦʷʪʥʦʩʪʠ ï ʈ = 0,95 ʠ ʩʪʝʧʝʥʠ 
ʩʚʦʙʦʜʳ ʜʣʷ 18-ʪʠ ʟʘʤʝʨʦʚ ʪʚʝʨʜʦʩʪʠ ï f=18-1=17 ʠ ʢʨʠʪʠʯʝʩʢʦʤ ʢʨʠʪʝʨʠʠ ʉʪʴʶʜʝʥʪʘ 
ï tʂʈ = 2,110, ʠ ʩʪʝʧʝʥʠ ʩʚʦʙʦʜʳ ʜʣʷ ʪʨʝʭ ʟʘʤʝʨʦʚ ʦʩʪʘʣʴʥʳʭ ʩʚʦʡʩʪʚ ï f=3-1=2 ʠ 
ʢʨʠʪʠʯʝʩʢʦʤ ʢʨʠʪʝʨʠʠ ʉʪʴʶʜʝʥʪʘ ï tʂʈ = 4,303. ʇʨʦʚʝʨʢʘ ʧʦ ʢʨʠʪʝʨʠʷʤ ʌʠʰʝʨʘ ʠ 
ʂʦʭʨʝʥʘ ʧʦ [4] ʧʦʢʘʟʘʣʘ ʦʜʥʦʨʦʜʥʦʩʪʴ ʜʠʩʧʝʨʩʠʡ ʚ ʩʨʘʚʥʠʪʝʣʴʥʳʭ ʠʩʧʳʪʘʥʠʷʭ ʚʩʝʭ 
ʩʚʦʡʩʪʚ.  ʊʝʭʥʦʣʦʛʠʠ ɸɼʋ, ʠ ʚʝʣʠʯʠʥʳ ʜʦʚʝʨʠʪʝʣʴʥʳʭ ʠʥʪʝʨʚʘʣʦʚ ʤʝʭʘʥʠʯʝʩʢʠʭ 
ʩʚʦʡʩʪʚ ʉʏ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ. 

 
ʊʘʙʣʠʮʘ  ï ʊʝʭʥʦʣʦʛʠʠ ʦʙʨʘʙʦʪʢʠ ʦʙʨʘʟʮʦʚ ʠ ʠʭ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

ɺʠʜ ʦʙʨʘʙʦʪʢʠ ɹʝʟ ɸɼʋ ɸɼʋ-1 ɸɼʋ-2 

ʅʘʛʨʝʚ ʜʦ 300 Áʉ, ʚʳʜʝʨʞʢʘ 30 ʤʠʥʫʪ + + + 

ʆʙʨʘʙʦʪʢʘ ʚ ʫʩʪʘʥʦʚʢʝ ɸɼʋ ʩ ʯʘʩʪʦʪʦʡ ʝʸ 
ʨʝʟʦʥʘʥʩʘ  ï 159 ɻʮ, 4 ʤʠʥ 

- + + 

ʆʭʣʘʞʜʝʥʠʝ ʥʘ ʚʦʟʜʫʭʝ + + + 

ʅʘʛʨʝʚ ʜʦ 300 Áʉ, ʚʳʜʝʨʞʢʘ 30 ʤʠʥʫʪ - - + 

ʆʙʨʘʙʦʪʢʘ ʚ ʫʩʪʘʥʦʚʢʝ ɸɼʋ ʩ ʯʘʩʪʦʪʦʡ ʝʸ 
ʨʝʟʦʥʘʥʩʘ  ï 148 ɻʮ, 4 ʤʠʥ 

- - + 

ʆʭʣʘʞʜʝʥʠʝ ʥʘ ʚʦʟʜʫʭʝ - - + 

ɼʦʚʝʨʠʪʝʣʴʥʳʝ ʠʥʪʝʨʚʘʣʳ ʟʥʘʯʝʥʠʡ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

ʊʚʝʨʜʦʩʪʴ, HRB 
93,3é 
94,3 

93,6é 
95,0 

94,3é 
95,,1 

ʋʜʘʨʥʘʷ ʚʷʟʢʦʩʪʴ, ʢɼʞ/ʤ2 
172,3é 
183,9 

178,2é 
186,4 

180,4é 
182,9 

ɺʨʝʤʝʥʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʥʘ ʨʘʩʪʷʞʝʥʠʝ, 
ʄʇʘ 

264,3... 
277,6 

248,1é 
293,0 

258,2é 
297,4 

 
ʀʟ ʨʝʟʫʣʴʪʘʪʦʚ ʵʢʩʧʝʨʝʤʝʥʪʘ ʚʠʜʥʦ, ʯʪʦ ʨʘʟʥʠʮʘ ʤʝʞʜʫ ʥʘʠʙʦʣʴʰʠʤ ʚʝʨʭʥʠʤ ʠ 

ʥʘʠʤʝʥʴʰʠʤ ʥʠʞʥʠʤ ʟʥʘʯʝʥʠʷʤʠ ʪʚʝʨʜʦʩʪʠ ʩʦʩʪʘʚʣʷʝʪ 1,8 HRB, ʯʪʦ ʤʝʥʴʰʝ ʧʨʝʜʝʣʘ 
ʜʦʧʫʩʢʘʝʤʦʡ ʧʦʛʨʝʰʥʦʩʪʠ ʪʚʝʨʜʦʤʝʨʘ ʊʈ-5014 ʄʉ (ʧʦ ʧʘʩʧʦʨʪʫ ʧʨʠʙʦʨʘ ŭ = Ñ 2 HRB) 
ʙʦʣʝʝ, ʯʝʤ ʚ ʜʚʘ ʨʘʟʘ, ʘ ʜʦʚʝʨʠʪʝʣʴʥʳʝ ʠʥʪʝʨʚʘʣʳ ʟʥʘʯʝʥʠʡ ʫʜʘʨʥʦʡ ʚʷʟʢʦʩʪʠ ʠ 
ʚʨʝʤʝʥʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʥʘ ʨʘʩʪʷʞʝʥʠʝ ʚʩʝʭ ʛʨʫʧʧ ʦʙʨʘʟʮʦʚ ʟʥʘʯʠʪʝʣʴʥʦ 
ʧʝʨʝʢʨʳʚʘʶʪʩʷ, ʠ ʚ ʮʝʣʦʤ ʧʨʘʢʪʠʯʝʩʢʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʦʜʥʦʡ ʤʘʨʢʝ ï ʉʏ25. 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʩʪʘʥʦʚʣʝʥʦ ʦʪʩʫʪʩʪʚʠʝ ʵʬʬʝʢʪʘ ʫʧʨʦʯʥʝʥʠʷ ʉʏ ʧʨʠ ʥʘʣʠʯʠʠ 
ʤʘʣʳʭ ʠʟʤʝʥʝʥʠʡ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ, ʧʦʵʪʦʤʫ ʧʨʦʚʝʣʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ 
ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʩʨʝʜʩʪʚʦʤ ʦʜʥʦʬʘʢʪʦʨʥʦʛʦ ʜʠʩʧʝʨʩʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ 
ʧʦ [4]. ʆʥ ʧʦʢʘʟʘʣ, ʯʪʦ ʦʧʨʝʜʝʣʝʥʥʳʝ ʠʟ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʢʨʠʪʝʨʠʠ ʌʠʰʝʨʘ 
ʧʨʠ ʠʩʧʳʪʘʥʠʷʭ ʥʘ ʫʜʘʨʥʫʶ ʚʷʟʢʦʩʪʴ ʚ ʪʨʠ ʨʘʟʘ, ʘ ʧʨʠ ʦʩʪʘʣʴʥʳʭ ʠʩʧʳʪʘʥʠʷʭ ʥʘ 1é2 
ʧʦʨʷʜʢʘ ʥʠʞʝ ʢʨʠʪʠʯʝʩʢʦʛʦ. ʇʦʵʪʦʤʫ ʥʝʪ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʟʥʘʯʠʤʦʩʪʠ ʫʚʝʣʠʯʝʥʠʷ ʣʠʙʦ 
ʠʟʤʝʥʝʥʠʷ ʚʩʝʭ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʉʏ, ʧʦʜʚʝʨʛʥʫʪʦʛʦ ɸɼʋ. ɸ ʠʟ 
ʵʪʦʛʦ ʩʣʝʜʫʝʪ, ʯʪʦ ʵʬʬʝʢʪ ʫʧʨʦʯʥʝʥʠʷ ʉʏ ʦʪ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʝʛʦ ɸɼʋ ʦʪʩʫʪʩʪʚʫʝʪ. ʌʘʢʪ 
ʦʪʩʫʪʩʪʚʠʷ ʵʬʬʝʢʪʘ ʫʧʨʦʯʥʝʥʠʷ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʪʝʤ, ʯʪʦ ʵʥʝʨʛʠʠ ʟʚʫʢʘ 
ʥʝʜʦʩʪʘʪʦʯʥʦ, ʯʪʦʙʳ ʩʦʚʝʨʰʠʪʴ ʢʘʢʦʝ-ʣʠʙʦ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʨʝʰʝʪʢʫ 
ʦʙʨʘʙʘʪʳʚʘʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ [5 ï 8] ʠ ʪʝʤ ʩʘʤʳʤ ʫʧʨʦʯʥʠʪʴ ʉʏ. 

ʄʝʪʦʜ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʟʚʫʢʦʚʦʛʦ ʫʧʨʦʯʥʝʥʠʷ [1 ï 3] ʥʝ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʷ ʥʘ 
ʧʨʦʯʥʦʩʪʥʳʝ ʩʚʦʡʩʪʚʘ ʩʝʨʦʛʦ ʯʫʛʫʥʘ.  
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ʉʊʈʋʂʊʋʈɸ ʀ ʊʈʀɹʆʊɽʍʅʀʏɽʉʂʀɽ ʉɺʆʁʉʊɺɸ ʇʆʂʈʓʊʀʁ ZnAl30, 
ʃɽɻʀʈʆɺɸʅʅʓʍ Sn ʠ Cu 
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ɺ ʆʙʲʝʜʠʥʝʥʥʦʤ ʠʥʩʪʠʪʫʪʝ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ ʅʘʮʠʦʥʘʣʴʥʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ 

ɹʝʣʘʨʫʩʠ ʧʨʦʚʦʜʷʪʩʷ ʨʘʙʦʪʳ ʧʦ ʨʘʟʨʘʙʦʪʢʝ ʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʩʧʦʩʦʙʦʚ ʠ ʫʩʪʨʦʡʩʪʚ 

ʜʣʷ ʥʘʥʝʩʝʥʠʷ ʧʦʢʨʳʪʠʡ ʥʘ ʦʩʥʦʚʝ ʮʠʥʢ-ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʦʚ ʤʝʪʦʜʦʤ ʮʝʥʪʨʦʙʝʞʥʦ-

ʠʥʜʫʢʮʠʦʥʥʦʡ ʥʘʧʣʘʚʢʠ. ʀʟʚʝʩʪʥʘ ʛʨʫʧʧʘ ʩʧʣʘʚʦʚ ʩʠʩʪʝʤʳ Zn-Al-Cu, ʦʙʣʘʜʘʶʱʠʭ 

ʘʥʪʠʬʨʠʢʮʠʦʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʧʨʠ ʥʘʛʨʫʟʢʘʭ ʜʦ 25 ʄʇʘ ʠ ʩʢʦʨʦʩʪʷʭ ʩʢʦʣʴʞʝʥʠʷ ʜʦ 

15 ʤ/ʩ. ɺʥʝʜʨʝʥʠʝ ʪʘʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʠʝʤʦʚ ʧʦʟʚʦʣʷʝʪ 

ʟʥʘʯʠʪʝʣʴʥʦ ʩʦʢʨʘʪʠʪʴ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʟʘʪʨʘʪʳ, ʧʦʚʳʩʠʪʴ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʠ 

ʢʘʯʝʩʪʚʦ ʜʝʪʘʣʝʡ. ʂ ʢʦʪʦʨʳʤ ʦʪʥʦʩʷʪʩʷ ʧʦʜʰʠʧʥʠʢʠ ʩʢʦʣʴʞʝʥʠʷ ʨʘʟʣʠʯʥʦʛʦ 

ʪʠʧʦʨʘʟʤʝʨʘ, ʛʠʣʴʟʦʚʳʝ ʚʪʫʣʢʠ, ʚʢʣʘʜʳʰʠ, ʯʝʨʚʷʯʥʳʝ ʢʦʣʝʩʘ, ʛʨʫʟʦʚʳʝ ʠ ʭʦʜʦʚʳʝ 

ʛʘʡʢʠ ʩʪʘʥʦʯʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʩʪʫʧʠʮʳ, ʟʫʙʯʘʪʳʝ ʢʦʣʝʩʘ ʠ ʜʨ. [1-5]. 

ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʳ ʠ ʩʚʦʡʩʪʚ 

ʧʦʢʨʳʪʠʡ ʥʘ ʦʩʥʦʚʝ ʩʧʣʘʚʘ ZnAl30 ʣʝʛʠʨʦʚʘʥʥʦʛʦ ʦʣʦʚʦʤ ʠ ʤʝʜʴʶ, ʥʘʥʝʩʝʥʥʳʭ ʥʘ 

ʚʥʫʪʨʝʥʥʶʶ ʧʦʚʝʨʭʥʦʩʪʴ ʩʪʘʣʴʥʦʡ ʚʪʫʣʢʠ ʤʝʪʦʜʦʤ ʮʝʥʪʨʦʙʝʞʥʦʛʦ ʬʦʨʤʦʚʘʥʠʷ ʚ 

ʫʩʣʦʚʠʷʭ ʠʥʜʫʢʮʠʦʥʥʦʛʦ ʥʘʛʨʝʚʘ. 

ʉʪʨʫʢʪʫʨʘ ʧʦʢʨʳʪʠʡ, ʧʦʣʫʯʝʥʥʳʭ ʤʝʪʦʜʦʤ ʮʝʥʪʨʦʙʝʞʥʦʡ ʠʥʜʫʢʮʠʦʥʥʦʡ 

ʥʘʧʣʘʚʢʠ ʩʧʣʘʚʘ ZnAl30, ʠʤʝʝʪ ʛʨʘʜʠʝʥʪʥʦʝ ʩʪʨʦʝʥʠʝ ʩ ʦʪʪʝʩʥʝʥʠʝʤ ʮʠʥʢʦʚʦʛʦ ʩʧʣʘʚʘ 

ʢ ʩʪʘʣʴʥʦʡ ʦʩʥʦʚʝ, ʘ ʤʝʥʝʝ ʧʣʦʪʥʦʛʦ ʩʧʣʘʚʘ ʘʣʶʤʠʥʠʷ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʢʨʳʪʠʷ, ʧʨʠ 

ʵʪʦʤ ʞʝʣʝʟʦʩʦʜʝʨʞʘʱʠʝ ʚʢʣʶʯʝʥʠʷ ʠʤʝʶʪ ʩʣʦʠʩʪʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ [1, 2]. ʇʨʠ ʵʪʦʤ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʩʪʘʣʴʥʦʡ ʚʪʫʣʢʠ ʬʦʨʤʠʨʫʝʪʩʷ ʜʠʬʬʫʟʠʦʥʥʳʡ ʮʠʥʢʩʦʜʝʨʞʘʱʠʡ ʩʣʦʡ 

ʪʦʣʱʠʥʦʡ 200ï300 ʤʢʤ ʩ ʛʝʪʝʨʦʛʝʥʥʳʤ ʩʪʨʦʝʥʠʝʤ [1, 3].  

ʉ ʜʠʬʬʫʟʠʦʥʥʳʤ ʩʣʦʝʤ ʛʨʘʥʠʯʠʪ ʮʠʥʢʦʚʳʡ ʩʧʣʘʚ, ʥʘʩʳʱʝʥʥʳʡ ʚʢʣʶʯʝʥʠʷʤʠ 

Al13Fe4 (Al3Fe) ʠ ʧʝʨʝʭʦʜʷʱʠʡ ʚ ʤʘʪʨʠʯʥʳʡ ʩʧʣʘʚ, ʢʦʥʮʝʥʪʨʘʮʠʷ Al ʚ ʢʦʪʦʨʦʤ 

ʚʦʟʨʘʩʪʘʝʪ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʢʨʳʪʠʷ ʠ ʜʦʩʪʠʛʘʝʪ 60 ʤʘʩʩ.%. ɺʢʣʶʯʝʥʠʷ Al13Fe4 ʠʤʝʶʪ 

ʥʝʨʘʚʥʦʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ: ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʢʨʳʪʠʷ ʧʨʝʦʙʣʘʜʘʶʪ ʢʨʫʧʥʳʝ 

ʚʢʣʶʯʝʥʠʷ ʩ ʨʘʟʤʝʨʦʤ ʯʘʩʪʠʮ ʜʦ 100 ʤʢʤ, ʘ ʧʦ ʤʝʨʝ ʫʛʣʫʙʣʝʥʠʷ ʠʭ ʨʘʟʤʝʨ 

ʫʤʝʥʴʰʘʝʪʩʷ ʜʦ 20ï30 ʤʢʤ (ʨʠʩʫʥʦʢ 1 ʘ). 

ʃʝʛʠʨʦʚʘʥʠʝ ʩʧʣʘʚʘ ʧʦʢʨʳʪʠʷ ʤʝʜʴʶ (4 ʤʘʩʩ.%) ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʚ 

ʩʪʨʫʢʪʫʨʝ ʚʢʣʶʯʝʥʠʡ CuZn5 (ʨʠʩʫʥʦʢ 1 ʙ). ʊʦʛʜʘ ʢʘʢ ʦʣʦʚʦ (9 ʤʘʩʩ.%) ʧʨʠ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʚʳʜʝʣʷʝʪʩʷ ʚ ʚʠʜʝ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʭ ʚʢʣʶʯʝʥʠʡ (ʨʠʩʫʥʦʢ 1 ʚ), ʯʪʦ 

ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʨʝʥʪʛʝʥʦʬʘʟʦʚʳʤ ʘʥʘʣʠʟʦʤ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʢʨʳʪʠʷ. ʂʦʤʧʣʝʢʩʥʦʝ 

ʚʚʝʜʝʥʠʝ ʤʝʜʠ ʠ ʦʣʦʚʘ ʥʝ ʧʨʠʚʦʜʠʪ ʢ ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʠʟʤʝʥʝʥʠʶ ʩʪʨʫʢʪʫʨʳ ʩʧʣʘʚʘ 

ʧʦʢʨʳʪʠʷ. 

ʊʚʝʨʜʦʩʪʴ ʠʤʝʝʪ ʥʝʨʘʚʥʦʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦ ʪʦʣʱʠʥʝ ʧʦʢʨʳʪʠʷ, ʚ ʩʚʷʟʠ 

ʩ ʝʛʦ ʛʨʘʜʠʝʥʪʥʦʡ ʩʪʨʫʢʪʫʨʦʡ. ɼʠʬʬʫʟʠʦʥʥʳʡ ʮʠʥʢʦʚʳʡ ʩʣʦʡ ʠʤʝʝʪ ʪʚʝʨʜʦʩʪʴ 2,4-

3,5 ɻʇʘ, ʧʦʜʩʣʦʡ ʠʟ ʮʠʥʢʦʚʦʛʦ ʩʧʣʘʚʘ ï 500-600 ʄʇʘ, ʚʢʣʶʯʝʥʠʷ Al13Fe4 ï 4,6-7,0 ɻʇʘ ʠ 

ʤʘʪʨʠʯʥʳʡ ʩʧʣʘʚ ï 820-1000 ʄʇʘ. ɺʚʝʜʝʥʠʝ ʦʣʦʚʘ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʪʚʝʨʜʦʩʪʠ 

ʮʠʥʢʦʚʦʛʦ ʧʦʜʩʣʦʷ ʠ ʤʘʪʨʠʯʥʦʛʦ ʩʧʣʘʚʘ ʜʦ 2 ʨʘʟ, ʪʦʛʜʘ ʢʘʢ ʜʦʙʘʚʣʝʥʠʝ Cu ʥʝ 

ʦʢʘʟʳʚʘʶʪ ʢʘʢʦʛʦ-ʣʠʙʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʤʠʢʨʦʪʚʝʨʜʦʩʪʴ. 

ʇʨʠ ʥʘʧʣʘʚʢʝ ʩʧʣʘʚʘ ZnAl30 ʬʦʨʤʠʨʫʶʪʩʷ ʪʨʝʱʠʥʳ ʥʘ ʛʨʘʥʠʮʝ ʩʪʘʣʴ- 

ʧʦʢʨʳʪʠʝ, ʧʨʠʚʦʜʷʱʠʝ ʢ ʝʛʦ ʦʪʩʣʘʠʚʘʥʠʶ. ʃʝʛʠʨʦʚʘʥʠʝ ʩʧʣʘʚʘ ʥʝ ʦʢʘʟʳʚʘʝʪ 

ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʧʨʦʮʝʩʩʳ ʦʙʨʘʟʦʚʘʥʠʷ ʪʨʝʱʠʥ. ʊʦʛʜʘ ʢʘʢ ʣʦʢʘʣʠʟʘʮʠʷ ʚʢʣʶʯʝʥʠʡ 

Al13Fe4 ʚ ʮʠʥʢʦʚʦʤ ʧʦʜʩʣʦʝ ʟʘ ʜʠʬʬʫʟʠʦʥʥʳʤ ʩʣʦʝʤ (ʨʠʩʫʥʦʢ 1 ʛ) ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʘʜʛʝʟʠʠ ʧʦʢʨʳʪʠʷ ʩ ʦʩʥʦʚʦʡ. ɺ ʩʣʫʯʘʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʮʠʥʢʦʚʦʛʦ 

ʧʦʜʩʣʦʷ, ʦʙʝʜʥʝʥʥʦʛʦ ʚʢʣʶʯʝʥʠʷʤʠ Al13Fe4, ʚ ʜʠʬʬʫʟʠʦʥʥʦʤ ʩʣʦʝ ʦʙʨʘʟʫʶʪʩʷ 

ʪʨʝʱʠʥʳ (ʨʠʩʫʥʦʢ 1 ʚ). 
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 ʘ 

 ʙ 

 ʚ 

 ʛ 
ʘ ï ʦʙʨʘʟʝʮ ZnAl30; ʙ ï ʦʙʨʘʟʝʮ ZnAl30Cu4; ʚ ï ʦʙʨʘʟʝʮ ZnAl30Sn9 ʛ ï ʦʙʨʘʟʝʮ 

ZnAl30Sn8Cu4 
 

ʈʠʩʫʥʦʢ 1 ï ʉʪʨʫʢʪʫʨʘ ʦʙʨʘʟʮʦʚ ʧʦʢʨʳʪʠʡ 
 

 
1 ï ZnAl30; 2 ï ZnAl30Cu4; 3 ï ZnAl30Sn9; 4 ï ZnAl30Sn8Cu4 

 

ʈʠʩʫʥʦʢ 2 ï ʌʨʘʛʤʝʥʪʳ ʜʠʬʨʘʢʪʦʛʨʘʤʤ ʧʦʚʝʨʭʥʦʩʪʝʡ ʦʙʨʘʟʮʦʚ ʧʦʢʨʳʪʠʡ 

 
ʊʨʠʙʦʪʝʭʥʠʯʝʩʢʠʝ ʠʩʧʳʪʘʥʠʷ ʧʦʢʨʳʪʠʡ ʧʨʦʚʦʜʠʣʠʩʴ ʧʦʩʣʝ ʤʝʭʘʥʠʯʝʩʢʦʡ 

ʦʙʨʘʙʦʪʢʠ ʧʦʚʝʨʭʥʦʩʪʠ, ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʢʦʪʦʨʳʭ ʙʣʠʟʦʢ ʢ ʟʘʜʘʥʥʦʡ ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ 
ʜʦʣʠ Al (ʜʦ 45 ʤʘʩʩ.%) ʠ Fe (ʜʦ 15 ʤʘʩʩ.%). 

ɺ ʪʘʙʣʠʮʝ 2 ʧʨʝʜʩʪʘʚʣʝʥʳ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʪʨʝʥʠʷ ʦʙʨʘʟʮʦʚ ʧʦʢʨʳʪʠʡ 
ʥʘ ʦʩʥʦʚʝ ʩʧʣʘʚʘ ZnAl30 ʣʝʛʠʨʦʚʘʥʥʦʛʦ ʦʣʦʚʦʤ ʠ ʤʝʜʴʶ. ʈʝʟʫʣʴʪʘʪʳ ʪʨʠʙʦʠʩʧʳʪʘʥʠʡ 
(ʪʘʙʣʠʮʘ 1) ʧʦʢʘʟʘʣʠ, ʯʪʦ ʤʝʜʴ ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʥʠʞʝʥʠʶ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ ʠ 
ʧʦʚʳʰʘʝʪ ʥʝʩʫʱʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʤʘʪʝʨʠʘʣʘ, ʧʦʟʚʦʣʷʷ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʜʘʥʥʳʝ ʧʦʢʨʳʪʠʷ 
ʢʘʢ ʘʣʴʪʝʨʥʘʪʠʚʥʳʝ ʙʨʦʥʟʦʚʳʤ. ɸʥʘʣʦʛʠʯʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʦʢʘʟʳʚʘʝʪ ʠ ʦʣʦʚʦ, ʪʦʛʜʘ 
ʢʘʢ ʩʦʚʤʝʩʪʥʦʝ ʚʚʝʜʝʥʠʝ ʤʝʜʠ ʠ ʦʣʦʚʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʥʠʞʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ 
ʠ ʧʨʠ ʚʳʩʦʢʠʭ ʥʘʛʨʫʟʢʘʭ ʜʦ 24 ʄʇʘ. 

ɿʘʢʣʶʯʝʥʠʝ. ɸʥʘʣʠʟ ʩʪʨʫʢʪʫʨʳ ʧʦʢʨʳʪʠʡ ʧʦʢʘʟʘʣ, ʯʪʦ ʚ ʧʨʦʮʝʩʩʝ ʥʘʧʣʘʚʢʠ Zn-
Al ʩʧʣʘʚʦʚ ʠʜʝʪ ʘʢʪʠʚʥʦʝ ʨʘʩʪʚʦʨʝʥʠʝ ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩʪʘʣʴʥʦʡ ʚʪʫʣʢʠ, ʯʪʦ 
ʧʨʠʚʦʜʠʪ ʢ ʥʘʩʳʱʝʥʠʶ ʨʘʩʧʣʘʚʘ ʞʝʣʝʟʦʤ. ɼʠʬʬʫʟʠʷ ʞʝʣʝʟʘ ʚ ʨʘʩʧʣʘʚ ʧʨʠʚʦʜʠʪ ʢ 
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ʬʦʨʤʠʨʦʚʘʥʠʶ ʚʢʣʶʯʝʥʠʡ Al13Fe4, ʢʦʪʦʨʳʝ ʚʳʩʪʫʧʘʶʪ ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʡ 
ʘʨʤʠʨʫʶʱʝʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʥʠʞʝʥʠʶ ʂʊʃʈ ʜʦ ʟʥʘʯʝʥʠʡ ʩʪʘʣʠ, ʯʪʦ 
ʦʙʝʩʧʝʯʠʚʘʝʪ ʫʣʫʯʰʝʥʠʝ ʘʜʛʝʟʠʠ. ʂʨʠʩʪʘʣʣʠʟʘʮʠʷ ʚ ʫʩʣʦʚʠʷʭ ʮʝʥʪʨʦʙʝʞʥʦʛʦ 
ʚʨʘʱʝʥʠʷ ʧʨʠʚʦʜʠʪ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʜʠʬʬʫʟʠʦʥʥʦʛʦ ʮʠʥʢʦʚʦʛʦ ʩʣʦʷ ʠ ʛʨʘʜʠʝʥʪʥʦʡ 
ʩʪʨʫʢʪʫʨʳ ʥʘʧʣʘʚʣʝʥʥʦʛʦ ʩʣʦʷ: ʚʢʣʶʯʝʥʠʷ ʞʝʣʝʟʘ ʠ ʩʧʣʘʚ ʮʠʥʢʘ ʦʪʪʝʩʥʷʶʪʩʷ ʢ 
ʛʨʘʥʠʮʝ ʩʦ ʩʪʘʣʴʶ, ʪʦʛʜʘ ʢʘʢ ʘʣʶʤʠʥʠʡ ʜʠʬʬʫʥʜʠʨʫʝʪ ʚ ʧʦʚʝʨʭʥʦʩʪʥʳʡ ʩʣʦʡ 
ʧʦʢʨʳʪʠʷ ʠ ʩʦʩʪʘʚʣʷʝʪ ʜʦ 60 ʤʘʩʩ.%. 

 
ʊʘʙʣʠʮʘ 2 ï ʂʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ʦʙʨʘʟʮʦʚ ʧʦʢʨʳʪʠʡ 

ʆʙʨʘʟʝʮ 
ʂʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ 

6 ʄʇʘ 12 ʄʇʘ 20 ʄʇʘ 24 ʄʇʘ 

1 - ZnAl30 0,025-0,028 0,043-0,044 0,044-0,060 0,044-0,060 

2 - ZnAl30Cu4 0,015-0,016 0,030-0,032 - 0,027-0,028 

2 - ZnAl30Sn9 0,015-0,017 0,028-0,035 0,030-0,036 - 

3 - ZnAl30Sn8Cu4 0,013-0,014 0,015-0,016 - 0,019-0,021 

 
ʇʨʠ ʚʚʝʜʝʥʠʠ ʦʣʦʚʘ ʚ ʩʦʩʪʘʚ ʧʦʢʨʳʪʠʷ ʥʘʙʣʶʜʘʝʪʩʷ ʩʥʠʞʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʪʨʝʥʠʷ ʚ 1,3ï1,5 ʨʘʟ, ʘ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʝʜʠ ʜʣʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʣʝʛʠʨʦʚʘʥʠʷ 
ʧʦʢʨʳʪʠʷ ʧʨʦʠʩʭʦʜʠʪ ʩʥʠʞʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ ʚ 2,8 ʨʘʟʘ, ʜʘʥʥʘʷ ʪʝʥʜʝʥʮʠʷ 
ʥʘʙʣʶʜʘʣʘʩʴ ʧʨʠ ʜʘʚʣʝʥʠʠ ʜʦ 20 ʄʇʘ. ʂʨʦʤʝ ʩʥʠʞʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ, 
ʣʝʛʠʨʫʶʱʠʝ ʵʣʝʤʝʥʪʳ ʦʙʝʩʧʝʯʠʚʘʶʪ ʧʦʚʳʰʝʥʠʝ ʥʘʛʨʫʟʦʯʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ, ʧʦʟʚʦʣʷʷ 
ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʘʥʥʳʝ ʧʦʢʨʳʪʠʷ ʢʘʢ ʘʣʴʪʝʨʥʘʪʠʚʥʦʝ ʙʨʦʥʟʦʚʳʤ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ɹʝʣʦʨʫʩʩʢʦʛʦ ʨʝʩʧʫʙʣʠʢʘʥʩʢʦʛʦ 
ʬʦʥʜʘ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ (ʧʦ ʜʦʛʦʚʦʨʫ ˉʊ23ʄ-011). 
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ʕʚʪʝʢʪʠʯʝʩʢʠʝ ʙʠʥʘʨʥʳʝ ʩʧʣʘʚʳ (ʕɹʉ) ʩʦʩʪʘʚʣʷʶʪ ʦʩʥʦʚʫ ʣʠʪʝʡʥʳʭ ʩʧʣʘʚʦʚ. 
ʅʘʩʣʝʜʩʪʚʝʥʥʦʝ ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʝ ʕɹʉ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʧʨʠ ʥʝʚʳʩʦʢʠʭ 
ʧʝʨʝʛʨʝʚʘʭ ʠ (ʠʣʠ) ʤʘʣʦʤ ʚʨʝʤʝʥʠ ʚʳʜʝʨʞʢʠ ʨʘʩʧʣʘʚʦʚ ʩʪʨʫʢʪʫʨʘ ʧʦʣʫʯʘʝʤʳʭ ʣʠʪʳʭ 
ʟʘʛʦʪʦʚʦʢ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ (ʤʝʣʢʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ) ʩʪʨʫʢʪʫʨʝ 
ʧʝʨʝʧʣʘʚʣʷʝʤʳʭ (ʰʠʭʪʦʚʳʭ) ʦʪʣʠʚʦʢ [1]. ɻʣʘʚʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʵʪʦʛʦ ʚʠʜʘ 
ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʳ ʩʧʣʘʚʦʚ ʷʚʣʷʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ 
ʜʦʨʦʛʦʩʪʦʷʱʠʭ, ʵʢʦʣʦʛʠʯʝʩʢʠ ʥʝʙʝʟʦʧʘʩʥʳʭ ʤʦʜʠʬʠʮʠʨʫʶʱʠʭ ʬʣʶʩʦʚ ʠ ʣʠʛʘʪʫʨ. ʆʥʠ, 
ʢʘʢ ʠʟʚʝʩʪʥʦ, ʩʧʦʩʦʙʩʪʚʫʶʪ ʫʚʝʣʠʯʝʥʠʶ ʚ ʦʪʣʠʚʢʘʭ ʥʝʤʝʪʘʣʣʠʯʝʩʢʠʭ ʚʢʣʶʯʝʥʠʡ, 
ʛʘʟʦʚʳʭ ʠ ʛʘʟʦʫʩʘʜʦʯʥʳʭ ʜʝʬʝʢʪʦʚ, ʢʦʪʦʨʳʝ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʞʘʶʪ ʤʝʭʘʥʠʯʝʩʢʠʝ 
ʩʚʦʡʩʪʚʘ ʩʧʣʘʚʦʚ.  

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʥʘʩʣʝʜʩʪʚʝʥʥʦʛʦ ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʷ ʧʨʠ ʣʠʪʴʝ ʕɹʄ 
ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʮʝʥʪʨʦʚ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ, ʢʦʪʦʨʳʝ ʩʦʭʨʘʥʷʶʪ 
ʩʪʘʙʠʣʴʥʦʩʪʴ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚʳʰʝ ʪʝʤʧʝʨʘʪʫʨ ʣʠʢʚʠʜʫʩʘ [1]. 

ɹʠʥʘʨʥʳʝ ʩʧʣʘʚʳ ʩʦʩʪʦʷʪ ʠʟ ʢʦʤʧʦʥʝʥʪʦʚ ɸ ʠ ɺ. ʆʩʥʦʚʥʳʤʠ ʩʪʨʫʢʪʫʨʥʳʤʠ 

ʩʦʩʪʘʚʣʷʶʱʠʤʠ ʕɹʉ ʷʚʣʷʶʪʩʷ ʵʚʪʝʢʪʠʯʝʩʢʠʝ ʤʠʢʨʦʢʨʠʩʪʘʣʣʳ Ŭ-ʬʘʟʳ ‌̍  ̋ʠ ɓ-ʬʘʟʳ 
‍̍ ̋. ʇʨʠ ʧʣʘʚʣʝʥʠʠ, ʙʦʣʴʰʠʭ ʧʝʨʝʛʨʝʚʘʭ ʠ ʚʨʝʤʝʥʠ ʚʳʜʝʨʞʢʠ ʨʘʩʧʣʘʚʦʚ ʕɹʉ ‌̍  ̋

ʨʘʩʧʘʜʘʶʪʩʷ ʥʘ ʵʣʝʤʝʥʪʘʨʥʳʝ ʥʘʥʦʢʨʠʩʪʘʣʣʳ ʢʦʤʧʦʥʝʥʪʘ ɸ ˍ̞ ̎  ʠ ʢʦʤʧʦʥʝʥʪʘ ɺ 

ˏ̞ ̎ , ʩʚʦʙʦʜʥʳʝ ʘʪʦʤʳ ʢʦʤʧʦʥʝʥʪʘ ɸ ˍ́  ʠ ʢʦʤʧʦʥʝʥʪʘ ɺ ˏ́ . 
ʇʨʦʮʝʩʩ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ‌̍  ̋ʷʚʣʷʝʪʩʷ ʥʘʥʦʩʪʨʫʢʪʫʨʥʳʤ ʧʨʦʮʝʩʩʦʤ ʠ ʧʨʦʠʩʭʦʜʠʪ 

ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ʉʥʘʯʘʣʘ ʬʦʨʤʠʨʫʶʪʩʷ ʩʪʨʫʢʪʫʨʦʦʙʨʘʟʫʶʱʠʝ ʥʘʥʦʢʨʠʩʪʘʣʣʳ 

‌̒  ̎ʧʦ ʩʣʝʜʫʶʱʝʡ ʨʝʘʢʮʠʠ: 
 

 ˍ̞ ̎ ˍ́ ˏ̞ ̎ ˏ́ ‌̒ .̎ (1) 

 

ɿʘʪʝʤ ʦʙʨʘʟʫʶʪʩʷ ʮʝʥʪʨʳ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ‌̗  ̋ʧʦ ʩʣʝʜʫʶʱʝʡ ʨʝʘʢʮʠʠ: 

 

 ‌̒ ̎ ˍ́ ˏ́ ‌̗ .̋ (2) 

 

ɿʘʢʘʥʯʠʚʘʝʪʩʷ ʧʨʦʮʝʩʩ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ‌̍  ̋ʧʦ ʩʣʝʜʫʶʱʝʡ ʨʝʘʢʮʠʠ: 
 

 ‌̗ ̋ ‌̒ ̎ ˍ́ ˏ́ ‌̍ .̋ (3) 

 
ʇʨʠ ʥʝʚʳʩʦʢʠʭ ʧʝʨʝʛʨʝʚʘʭ ʠ (ʠʣʠ) ʤʘʣʦʤ ʚʨʝʤʝʥʠ ʚʳʜʝʨʞʢʠ ʨʘʩʧʣʘʚʦʚ ʕɹʉ 

‌̍  ̋ʨʘʩʧʘʜʘʶʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʝʘʢʮʠʝʡ, ʦʙʨʘʪʥʦʡ (3). ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʧʝʨʝʛʨʝʚʦʚ 
ʠ (ʠʣʠ) ʚʨʝʤʝʥʠ ʚʳʜʝʨʞʢʠ ʨʘʩʧʣʘʚʦʚ ʕɹʉ ʚ ʥʠʭ ʧʦʚʳʰʘʶʪʩʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʪʦʤʦʚ 
ʚʦʜʦʨʦʜʘ ʠ (ʠʣʠ) ʢʠʩʣʦʨʦʜʘ. ʈʘʩʪʚʦʨʝʥʥʳʝ ʚ ʨʘʩʧʣʘʚʘʭ ʕɹʉ ʘʪʦʤʳ ʚʦʜʦʨʦʜʘ ʠ (ʠʣʠ) 

ʢʠʩʣʦʨʦʜʘ ʘʜʩʦʨʙʠʨʫʶʪʩʷ ‌̗  ̋ ʜʦ ʦʧʨʝʜʝʣʝʥʥʦʡ, ʢʨʠʪʠʯʝʩʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ. ʇʨʠ ʝʝ 

ʧʨʝʚʳʰʝʥʠʠ ʧʨʦʠʩʭʦʜʠʪ ʨʘʩʧʘʜ ‌̗  ̋ ʧʦ ʵʬʬʝʢʪʫ ʈʝʙʠʥʜʝʨʘ. ʇʨʠ ʵʪʦʤ ʝʩʣʠ 

ʘʜʩʦʨʙʠʨʫʶʪʩʷ ʘʪʦʤʳ ʚʦʜʦʨʦʜʘ, ʪʦ ʨʘʩʧʘʜ ‌̗  ̋ʧʨʦʠʩʭʦʜʠʪ ʧʦ ʩʣʝʜʫʶʱʝʡ ʨʝʘʢʮʠʠ: 

 

 Ὄ‌̗ ̋ Ὄ‌̒ ̎ ‌̒ ̎ ˍ́ ˏ́ , (4) 

 

ʛʜʝ ̊ ï ʘʜʩʦʨʙʠʨʦʚʘʥʥʳʝ ʘʪʦʤʳ ʚʦʜʦʨʦʜʘ. 

ɽʩʣʠ ʘʜʩʦʨʙʠʨʫʶʪʩʷ ʘʪʦʤʳ ʢʠʩʣʦʨʦʜʘ, ʪʦ ʨʘʩʧʘʜ ‌̗  ̋ʧʨʦʠʩʭʦʜʠʪ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ 

ʩʦ ʩʣʝʜʫʶʱʝʡ ʨʝʘʢʮʠʝʡ:  
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 ὕ‌̗ ̋ ὕ‌̒ ̎ ‌̒ ̎ ˍ́ ˏ́ , (5) 

 

ʛʜʝ ὕ  ï ʘʜʩʦʨʙʠʨʦʚʘʥʥʳʝ ʘʪʦʤʳ ʢʠʩʣʦʨʦʜʘ. 

ʇʨʠ ʧʣʘʚʣʝʥʠʠ, ʙʦʣʴʰʠʭ ʧʝʨʝʛʨʝʚʝ ʠ ʚʨʝʤʝʥʠ ʚʳʜʝʨʞʢʠ ʨʘʩʧʣʘʚʦʚ ʕɹʉ ‍̍  ̋
ʨʘʩʧʘʜʘʶʪʩʷ ʥʘ ʵʣʝʤʝʥʪʘʨʥʳʝ ʥʘʥʦʢʨʠʩʪʘʣʣʳ ʢʦʤʧʦʥʝʥʪʘ ɸ ˍ̞ ̎  ʠ ʢʦʤʧʦʥʝʥʪʘ ɺ 

ˏ̞ ̎, ʩʚʦʙʦʜʥʳʝ ʘʪʦʤʳ ʢʦʤʧʦʥʝʥʪʘ ɸ ˍ́ ς ʠ ʢʦʤʧʦʥʝʥʪʘ ɺ ˏ́ .  

ʇʨʦʮʝʩʩ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ‍̍  ̋ ʷʚʣ̫ʝʪʩʷ ʥʘʥʦʩʪʨʫʢʪʫʨʥʳʤ ʠ ʧʨʦʠʩʭʦʜʠʪ 
ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ʉʥʘʯʘʣʘ ʬʦʨʤʠʨʫʶʪʩʷ ʩʪʨʫʢʪʫʨʦʦʙʨʘʟʫʶʱʠʝ ʥʘʥʦʢʨʠʩʪʘʣʣʳ 

‍̒  ̎ʧʦ ʩʣʝʜʫʶʱʝʡ ʨʝʘʢʮʠʠ: 

 

 ˍ̞ ̎ ˍ́ ˏ̞ ̎ ˏ́ ‍̒ .̎ (6) 
 

ɿʘʪʝʤ ʦʙʨʘʟʫʶʪʩʷ ʮʝʥʪʨʳ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ‍̗  ̋ʧʦ ʩʣʝʜʫʶʱʝʡ ʨʝʘʢʮʠʠ: 

 

 ‌̒ ̎ ˍ́ ˏ́ ‍̗ .̋ (7) 

 
ɿʘʢʘʥʯʠʚʘʝʪʩʷ ʧʨʦʮʝʩʩ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ‍̍  ̋ʧʦ ʩʣʝʜʫʶʱʝʡ ʨʝʘʢʮʠʠ: 
 

 ‍̗ ̋ ‍̒ ̎ ˍ́ ˏ́ ‍̍ .̋ (8) 

 

ʇʨʠ ʥʝʚʳʩʦʢʠʭ ʧʝʨʝʛʨʝʚʘʭ ʠ (ʠʣʠ) ʤʘʣʦʤ ʚʨʝʤʝʥʠ ʚʳʜʝʨʞʢʠ ʨʘʩʧʣʘʚʦʚ ʕɹʉ ‍̍  ̋
ʨʘʩʧʘʜʘʶʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʝʘʢʮʠʝʡ, ʦʙʨʘʪʥʦʡ (8). ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʧʝʨʝʛʨʝʚʦʚ ʠ 
(ʠʣʠ) ʚʨʝʤʝʥʠ ʚʳʜʝʨʞʢʠ ʨʘʩʧʣʘʚʦʚ ʕɹʉ ʚ ʥʠʭ ʧʦʚʳʰʘʶʪʩʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʪʦʤʦʚ 
ʚʦʜʦʨʦʜʘ ʠ (ʠʣʠ) ʢʠʩʣʦʨʦʜʘ. ʈʘʩʪʚʦʨʝʥʥʳʝ ʚ ʨʘʩʧʣʘʚʘʭ ʕɹʉ ʘʪʦʤʳ ʚʦʜʦʨʦʜʘ ʠ (ʠʣʠ) 

ʢʠʩʣʦʨʦʜʘ ʘʜʩʦʨʙʠʨʫʶʪʩʷ ‍̗  ̋ ʜʦ ʦʧʨʝʜʝʣʝʥʥʦʡ, ʢʨʠʪʠʯʝʩʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ. ʇʨʠ ʝʝ 

ʧʨʝʚʳʰʝʥʠʠ ʧʨʦʠʩʭʦʜʠʪ ʨʘʩʧʘʜ ‍̗  ̋ ʧʦ ʵʬʬʝʢʪʫ ʈʝʙʠʥʜʝʨʘ. ʇʨʠ ʵʪʦʤ ʝʩʣʠ 

ʘʜʩʦʨʙʠʨʫʶʪʩʷ ʘʪʦʤʳ ʚʦʜʦʨʦʜʘ, ʪʦ ʨʘʩʧʘʜ ‍̗  ̋ʧʨʦʠʩʭʦʜʠʪ ʧʦ ʩʣʝʜʫʶʱʝʡ ʨʝʘʢʮʠʠ: 

 

 Ὄ‍̗ ̋ Ὄ‍̒ ̎ ‍̒ ̎ ˍ́ ˏ́ . (9) 

 
ɽʩʣʠ ʘʜʩʦʨʙʠʨʫʶʪʩʷ ʘʪʦʤʳ ʢʠʩʣʦʨʦʜʘ, ʪʦ ʨʘʩʧʘʜ ‍̗  ̋ʧʨʦʠʩʭʦʜʠʪ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ 

ʩʦ ʩʣʝʜʫʶʱʝʡ ʨʝʘʢʮʠʝʡ:  
 

 ὕ‍̗ ̋ ὕ‍̒ ̎ ‍̒ ̎ ˍ́ ˏ́ . (10) 

 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʩʣʝʜʩʪʚʝʥʥʦʝ ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʝ ʵʚʪʝʢʪʠʯʝʩʢʠʭ ʙʠʥʘʨʥʳʭ 

ʩʧʣʘʚʦʚ ʷʚʣʷʝʪʩʷ ʥʘʥʦʩʪʨʫʢʪʫʨʥʳʤ ʧʨʦʮʝʩʩʦʤ, ʚ ʢʦʪʦʨʦʤ ʦʩʥʦʚʥʫʶ ʨʦʣʴ ʠʛʨʘʶʪ 
ʵʣʝʤʝʥʪʘʨʥʳʝ ʥʘʥʦʢʨʠʩʪʘʣʣʳ ʢʦʤʧʦʥʝʥʪʦʚ ʩʧʣʘʚʦʚ, ʩʪʨʫʢʪʫʨʦʦʙʨʘʟʫʶʱʠʝ 
ʥʘʥʦʢʨʠʩʪʘʣʣʳ ʠ ʮʝʥʪʨʳ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʤʠʢʨʦʢʨʠʩʪʘʣʣʦʚ ʬʘʟ. 

 
ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 
1. ʄʘʨʫʢʦʚʠʯ, ɽ.ʀ. ʄʦʜʠʬʠʮʠʨʦʚʘʥʠʝ ʩʧʣʘʚʦʚ / ɽ.ʀ. ʄʘʨʫʢʦʚʠʯ, ɺ.ʖ. ʉʪʝʮʝʥʢʦ. 

ï ʄʠʥʩʢ: ɹʝʣʘʨʫʩʢʘʷ ʥʘʚʫʢʘ, 2009. ï 192 ʩ. 
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ʆ ʅɽʕʌʌɽʂʊʀɺʅʆʉʊʀ ɸʕʈʆɼʀʅɸʄʀʏɽʉʂʆɻʆ ɿɺʋʂʆɺʆɻʆ ʋʇʈʆʏʅɽʅʀʗ (ɸɼʋ) 
ʊɺɽʈɼʓʍ ʉʇʃɸɺʆɺ  

 
ʄʘʨʫʢʦʚʠʯ ɽ.ʀ., ʉʪʝʮʝʥʢʦ ɺ.ʖ. 

ɸʩʩʦʮʠʘʮʠʷ ʣʠʪʝʡʱʠʢʦʚ ʠ ʤʝʪʘʣʣʫʨʛʦʚ ʈʝʩʧʫʙʣʠʢʠ ɹʝʣʘʨʫʩʴ, 
ʛ. ʄʠʥʩʢ, ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ, stetsenko.52@bk.ru 

 
ʀʟʚʝʩʪʥʦ, ʯʪʦ ʫʣʴʪʨʘʟʚʫʢ ʫʧʨʦʯʥʷʝʪ ʪʚʝʨʜʳʝ ʩʧʣʘʚʳ ʟʘ ʩʯʝʪ ʥʘʢʣʝʧʘ [1]. ʅʘʢʣʝʧ 

ʧʦʚʳʰʘʝʪ ʧʣʦʪʥʦʩʪʴ ʜʠʩʣʦʢʘʮʠʡ ʚ ʩʧʣʘʚʘʭ [2]. ʇʨʠ ʵʪʦʤ ʧʨʦʠʩʭʦʜʠʪ ʠʩʢʘʞʝʥʠʝ ʠʭ 
ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʨʝʰʝʪʦʢ, ʧʨʝʧʷʪʩʪʚʫʶʱʝʝ ʧʝʨʝʤʝʱʝʥʠʶ ʜʠʩʣʦʢʘʮʠʡ. 

ɺ ʤʝʪʦʜʝ ɸɼʋ ʦʙʨʘʟʮʳ ʠʟ ʪʚʝʨʜʦʛʦ ʩʧʣʘʚʘ ʥʘʛʨʝʚʘʶʪ ʠ ʚʳʜʝʨʞʠʚʘʶʪ ʧʨʠ 
ʪʝʤʧʝʨʘʪʫʨʝ, ʨʘʚʥʦʡ 0,3 ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʩʧʝʢʘʥʠʷ ʪʚʝʨʜʦʛʦ ʩʧʣʘʚʘ, ʘ ʟʘʪʝʤ 
ʦʙʨʘʙʘʪʳʚʘʶʪ ʚ ʩʧʝʮʠʘʣʴʥʦʡ ʨʝʟʦʥʘʥʩʥʦʡ ʢʘʤʝʨʝ ʘʵʨʦʟʚʫʢʦʚʦʡ ʚʦʣʥʦʡ ʯʘʩʪʦʪʦʡ 140ï
170 ɻʮ [3, 4]. ʈʘʟʨʘʙʦʪʯʠʢʠ ʤʝʪʦʜʘ ɸɼʋ ʩʯʠʪʘʶʪ, ʯʪʦ ʵʪʦʪ ʤʝʪʦʜ ʧʦʚʳʰʘʝʪ ʨʝʩʫʨʩ 
ʨʘʙʦʪʳ ʪʚʝʨʜʦʩʧʣʘʚʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʧʨʠ ʧʨʝʨʳʚʠʩʪʦʤ ʨʝʟʘʥʠʠ [3, 4]. 

ʋʣʴʪʨʘʟʚʫʢʦʚʳʝ ʚʦʣʥʳ ʠʤʝʶʪ ʯʘʩʪʦʪʫ ʢʘʢ ʤʠʥʠʤʫʤ ʚ 150 ʨʘʟ ʙʦʣʴʰʝ, ʯʝʤ 
ʘʵʨʦʟʚʫʢʦʚʳʝ ʚʦʣʥʳ ʚ ʤʝʪʦʜʝ ɸɼʋ. ʇʦʵʪʦʤʫ ʫʣʴʪʨʘʟʚʫʢ ʦʙʣʘʜʘʝʪ ʟʥʘʯʠʪʝʣʴʥʦʡ 
ʤʦʱʥʦʩʪʴʶ, ʜʦʩʪʘʪʦʯʥʦʡ, ʯʪʦʙʳ ʫʧʨʦʯʥʷʪʴ ʪʚʝʨʜʳʝ ʩʧʣʘʚʳ ʟʘ ʩʯʝʪ ʧʦʚʳʰʝʥʠʷ ʚ ʥʠʭ 
ʧʣʦʪʥʦʩʪʠ ʜʠʩʣʦʢʘʮʠʡ. ɿʚʫʢ ʥʝ ʠʤʝʝʪ ʜʦʩʪʘʪʦʯʥʦʡ ʤʦʱʥʦʩʪʠ, ʯʪʦʙʳ ʦʢʘʟʳʚʘʪʴ 
ʜʠʥʘʤʠʯʝʩʢʦʝ ʫʧʨʦʯʥʷʶʱʝʝ ʚʣʠʷʥʠʝ ʥʘ ʩʚʦʡʩʪʚʘ ʩʧʣʘʚʦʚ.  

ʈʘʟʨʘʙʦʪʯʠʢʠ ʤʝʪʦʜʘ ɸɼʋ ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʳ ʝʛʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ 
ʟʘʷʚʠʣʠ ʠ ʠʩʧʦʣʴʟʫʶʪ ʩʣʝʜʫʶʱʫʶ ʬʦʨʤʫʣʫ [3, 4]: 

 

 Ὁ̃ ̎  
ȟ ̑̆̈̑ ̆̈

  ςτȟωτά Ὕ̅̏̐ςχσȟρυ, (1) 

 

ʛʜʝ Ὁ̃  ̎ ï ʩʫʤʤʘʨʥʘʷ ʚʥʝʰʥʷʷ ʵʥʝʨʛʠʠ, ʚʦʟʜʝʡʩʪʚʫʶʱʘʷ ʥʘ ʘʪʦʤʳ ʢʦʤʧʦʥʝʥʪʦʚ 
ʪʚʝʨʜʦʛʦ ʩʧʣʘʚʘ, ʧʨʠ ɸɼʋ, ɼʞ = ʢʛ Ā ʤ2 Ā ʩ-2; 

” ï ʧʣʦʪʥʦʩʪʴ ʫʧʨʦʯʥʷʝʤʦʛʦ ʪʚʝʨʜʦʛʦ ʩʧʣʘʚʘ, ʢʛ Ā ʤ-3; 

Ὓ ï ʧʣʦʱʘʜʴ ʘʪʦʤʘ, ʤ2; 

̑‫ ̆ï̈ ʨʝʟʦʥʘʥʩʥʘʷ ʯʘʩʪʦʪʘ, ʩ
-1; 

ὃ̑ ̆ï̈ ʨʝʟʦʥʘʥʩʥʘʷ ʘʤʧʣʠʪʫʜʘ, ʤ; 

Ὕ̅̏̐ ï ʜʦʧʫʩʪʠʤʘʷ ʪʝʤʧʝʨʘʪʫʨʘ, Áʉ;  

(ʊʜʦʧ + 273,15) ï ʜʦʧʫʩʪʠʤʘʷ ʪʝʤʧʝʨʘʪʫʨʘ, ʂ;  

ά ï ʤʘʩʩʘ ʘʪʦʤʘ, ʢʛ; 
ʟʥʘʤʝʥʘʪʝʣʴ ʚ ʧʝʨʚʦʤ ʩʣʘʛʘʝʤʦʤ ʬʦʨʤʫʣʳ (1) ʷʚʣʷʝʪʩʷ ʙʝʟʨʘʟʤʝʨʥʦʡ ʚʝʣʠʯʠʥʦʡ. 

ʀʩʭʦʜʷ ʠʟ ʬʦʨʤʫʣʳ (1), ʝʝ ʨʘʟʨʘʙʦʪʯʠʢʠ ʩʯʠʪʘʶʪ, ʯʪʦ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʤʝʪʦʜʦʤ 
ɸɼʋ ʪʚʝʨʜʳʭ ʩʧʣʘʚʦʚ (ɺʂ8, ʊ15ʂ6, ʊ5ʂ10), ʧʨʠ ʟʚʫʢʦʚʳʭ ʯʘʩʪʦʪʘʭ 148, 159 ɻʮ, ʥʘ ʘʪʦʤ 
ʵʣʝʤʝʥʪʦʚ ʚʳʜʝʣʷʝʪʩʷ ʪʝʧʣʦʚʘʷ ʵʥʝʨʛʠʷ (2,5ï11,1) Ā 10-18 ɼʞ [3, 4]. ʋʤʥʦʞʠʚ ʵʪʠ 
ʟʥʘʯʝʥʠʷ ʫʜʝʣʴʥʳʭ ʵʥʝʨʛʠʡ ʥʘ ʯʠʩʣʦ ɸʚʦʛʘʜʨʦ, ʨʘʚʥʦʝ 6,022 Ā 1023 ʤʦʣʴ-1, ʧʦʣʫʯʠʤ, ʯʪʦ 
ʤʝʪʦʜ ɸɼʋ ʛʝʥʝʨʠʨʫʝʪ ʚ ʪʚʝʨʜʳʭ ʩʧʣʘʚʘʭ ʤʦʣʷʨʥʫʶ ʪʝʧʣʦʚʫʶ ʵʥʝʨʛʠʶ (1500ï
6660) ʢɼʞ/ʤʦʣʴ. ʈʘʟʨʘʙʦʪʯʠʢʠ ʤʝʪʦʜʘ ʩʯʠʪʘʶʪ, ʯʪʦ ʧʨʠ ʟʚʫʢʦʚʦʡ ʯʘʩʪʦʪʝ 159 ɻʮ ʜʣʷ 
ʘʪʦʤʘ ʢʦʙʘʣʴʪʘ ʵʥʝʨʛʠʷ ɸɼʋ ʩʦʩʪʘʚʣʷʝʪ 5,3 Ā 10-18 ɼʞ, ʘ ʜʣʷ ʘʪʦʤʘ ʚʦʣʴʬʨʘʤʘ ï 11,1 Ā 
10-18 ɼʞ [3, 4]. ʋʤʥʦʞʠʚ ʵʪʠ ʟʥʘʯʝʥʠʷ ʥʘ ʯʠʩʣʦ ɸʚʦʛʘʜʨʦ, ʧʦʣʫʯʠʤ, ʯʪʦ ʤʝʪʦʜ ɸɼʋ 
ʛʝʥʝʨʠʨʫʝʪ ʚ ʢʦʙʘʣʴʪʝ ʠ ʚʦʣʴʬʨʘʤʝ ʤʦʣʷʨʥʫʶ ʪʝʧʣʦʚʫʶ ʵʥʝʨʛʠʶ 3180 ʢɼʞ/ʤʦʣʴ ʠ 
6660 ʢɼʞ/ʤʦʣʴ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʄʦʣʷʨʥʳʝ ʪʝʧʣʦʪʳ ʠʩʧʘʨʝʥʠʷ ʢʦʙʘʣʴʪʘ ʠ ʚʦʣʴʬʨʘʤʘ ʩʦʩʪʘʚʣʷʶʪ 430 ʢɼʞ/ʤʦʣʴ 
ʠ 850 ʢɼʞ/ʤʦʣʴ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ [5]. ʉʨʘʚʥʠʚʘʷ ʵʪʠ ʟʥʘʯʝʥʠʷ ʩ ʧʦʣʫʯʝʥʥʳʤʠ ʤʝʪʦʜʦʤ 
ɸɼʋ, ʜʝʣʘʝʤ ʚʳʚʦʜ, ʯʪʦ ʵʪʦʪ ʤʝʪʦʜ ʜʦʣʞʝʥ ʥʝ ʫʧʨʦʯʥʷʪʴ, ʘ ʠʩʧʘʨʷʪʴ ʪʚʝʨʜʳʝ ʩʧʣʘʚʳ, 
ʧʨʠʯʝʤ ʩ ʦʯʝʥʴ ʚʳʩʦʢʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ. ʅʦ ʨʝʘʣʴʥʦ ʪʘʢʦʝ ʥʝ ʧʨʦʠʩʭʦʜʠʪ. ʇʦʵʪʦʤʫ 
ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʤʝʪʦʜʘ ɸɼʋ ʥʝʘʜʝʢʚʘʪʥʘ. 

ʀʩʩʣʝʜʫʝʤ ʬʦʨʤʫʣʫ (1) ʤʝʪʦʜʦʤ ʩʨʘʚʥʝʥʠʷ ʨʘʟʤʝʨʥʦʩʪʝʡ ʝʝ ʣʝʚʦʡ ʠ ʧʨʘʚʦʡ 
ʯʘʩʪʝʡ. ɽʩʣʠ ʧʦʣʫʯʝʥʥʦʝ ʫʨʘʚʥʝʥʠʝ ʨʘʟʤʝʨʥʦʩʪʝʡ ʥʝʚʝʨʥʦ, ʪʦ ʠʩʭʦʜʥʘʷ ʬʦʨʤʫʣʘ 
ʦʰʠʙʦʯʥʘ, ʚ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ï ʚʝʨʥʘ. ʇʦʜʩʪʘʚʣʷʷ ʟʥʘʯʝʥʠʷ ʨʘʟʤʝʨʥʦʩʪʝʡ 
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ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʚʝʣʠʯʠʥ ʚ ʬʦʨʤʫʣʫ (1), ʧʦʣʫʯʠʤ ʩʣʝʜʫʶʱʝʝ ʫʨʘʚʥʝʥʠʝ 
ʨʘʟʤʝʨʥʦʩʪʝʡ: 

 
 ʤ2 Ā ʩ-2 = ʤ Ā ʩ-2 + ʂ.  (2) 

 
ʋʨʘʚʥʝʥʠʝ (2) ʥʝʚʝʨʥʦ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʬʦʨʤʫʣʘ (1) ʦʰʠʙʦʯʥʘ. 
ʈʘʟʨʘʙʦʪʯʠʢʠ ʤʝʪʦʜʘ ɸɼʋ ʜʣʷ ʝʛʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʩʣʝʜʫʶʱʫʶ ʬʦʨʤʫʣʫ [3, 4]: 
 

 ὃ̑ ̆̈  , (3) 

  

ʛʜʝ ὃ̑ ̆̈ ï ʨʝʟʦʥʘʥʩʥʘʷ ʘʤʧʣʠʪʫʜʘ;  

‫  ï ʯʘʩʪʦʪʘ ʚʥʝʰʥʠʭ ʢʦʣʝʙʘʥʠʡ;  

Ὂ ï ʚʥʝʰʥʷʷ ʩʠʣʘ; 

ά ï ʤʘʩʩʘ ʘʪʦʤʘ; 

 .ï ʢʦʵʬʬʠʮʠʝʥʪ ʟʘʪʫʭʘʥʠʷ ‏

ʇʘʨʘʤʝʪʨʳ ʚʝʣʠʯʠʥ, ʚʭʦʜʷʱʠʭ ʚ ʬʦʨʤʫʣʫ (3), ʠʤʝʶʪ ʩʣʝʜʫʶʱʠʝ ʨʘʟʤʝʨʥʦʩʪʠ: 

[ˍ̑ ̆]̈ = ʤ; [Ὂ] = ʢʛ Ā ʤ Ā ʩ-2; [m] = ʢʛ; [‫ ] = c-1; [‏] ï ʙʝʟʨʘʟʤʝʨʥʘʷ ʚʝʣʠʯʠʥʘ. 

ʇʦʜʩʪʘʚʣʷʷ ʵʪʠ ʨʘʟʤʝʨʥʦʩʪʠ ʚ ʬʦʨʤʫʣʫ (3), ʧʦʣʫʯʠʤ ʩʣʝʜʫʶʱʝʝ ʫʨʘʚʥʝʥʠʝ: 
 

 ̍ ̍Ͻ̒  (4) 
 

ʋʨʘʚʥʝʥʠʝ (4) ʥʝʚʝʨʥʦ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʬʦʨʤʫʣʘ (3) ʦʰʠʙʦʯʥʘ. 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʤʝʪʦʜʘ ɸɼʋ ʥʝʘʜʝʢʚʘʪʥʘ ʠ ʦʰʠʙʦʯʥʘ 

[6]. 
ʈʘʟʨʘʙʦʪʯʠʢʠ ʤʝʪʦʜʘ ɸɼʋ ʩʯʠʪʘʶʪ, ʯʪʦ ʦʥ ʩʥʠʞʘʝʪ ʧʣʦʪʥʦʩʪʴ ʜʠʩʣʦʢʘʮʠʡ ʚ 

ʟʝʨʥʘʭ ʢʦʙʘʣʴʪʦʚʦʡ ʩʚʷʟʢʠ ʪʚʝʨʜʳʭ ʩʧʣʘʚʦʚ ʥʘ 15,8ï20,7% [3, 4]. ʀʟʚʝʩʪʥʦ, ʯʪʦ 
ʩʥʠʞʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʜʠʩʣʦʢʘʮʠʡ ʩʚʷʟʘʥʦ ʥʝ ʩ ʫʧʨʦʯʥʝʥʠʝʤ ʩʧʣʘʚʘ, ʘ ʩ ʝʛʦ 
ʨʘʟʫʧʨʦʯʥʝʥʠʝʤ [2]. ʇʨʠ ʵʪʦʤ ʧʦʚʳʰʘʝʪʩʷ ʚʷʟʢʦʩʪʴ ʩʧʣʘʚʘ, ʚ ʯʘʩʪʥʦʩʪʠ, ʝʛʦ ʫʜʘʨʥʘʷ 
ʚʷʟʢʦʩʪʴ. ʈʘʟʨʘʙʦʪʯʠʢʠ ʤʝʪʦʜʘ ɸɼʋ ʫʩʪʘʥʦʚʠʣʠ, ʯʪʦ ʫʜʘʨʥʘʷ ʚʷʟʢʦʩʪʴ ʦʙʨʘʟʮʦʚ 
ʪʚʝʨʜʳʭ ʩʧʣʘʚʦʚ, ʧʦʩʣʝ ʠʭ ʦʙʨʘʙʦʪʢʠ ɸɼʋ, ʧʦʚʳʰʘʝʪʩʷ ʥʘ 20ï24 % [3, 4]. ɿʥʘʯʠʪ, 
ʧʨʦʠʩʭʦʜʠʪ ʨʘʟʫʧʨʦʯʥʝʥʠʝ, ʘ ʥʝ ʫʧʨʦʯʥʝʥʠʝ ʩʧʣʘʚʘ. ʇʦʵʪʦʤʫ ʤʝʪʦʜ ɸɼʋ ʥʝ 
ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʚʦʝʤʫ ʥʘʟʚʘʥʠʶ.  

ʅʦ ʧʦʯʝʤʫ ʤʝʪʦʜ ɸɼʋ ʩʥʠʞʘʝʪ ʧʣʦʪʥʦʩʪʴ ʜʠʩʣʦʢʘʮʠʡ ʚ ʦʙʨʘʟʮʘʭ ʪʚʝʨʜʳʭ 
ʩʧʣʘʚʦʚ, ʝʩʣʠ ʧʨʦʠʩʭʦʜʠʪ ʜʠʥʘʤʠʯʝʩʢʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʥʠʭ ʘʵʨʦʟʚʫʢʦʚʦʡ ʚʦʣʥʦʡ? 
ʆʪʚʝʪ ʦʯʝʚʠʜʝʥ ï ʟʚʫʢ ʯʘʩʪʦʪʦʡ 140ï170 ɻʮ ʦʙʣʘʜʘʝʪ ʦʯʝʥʴ ʤʘʣʦʡ ʤʦʱʥʦʩʪʴʶ ʠ ʥʝ 
ʤʦʞʝʪ ʚʦʟʜʝʡʩʪʚʦʚʘʪʴ ʥʘ ʧʣʦʪʥʦʩʪʴ ʜʠʩʣʦʢʘʮʠʡ. ɼʣʷ ʫʧʨʦʯʥʝʥʠʷ ʟʚʫʢʦʤ ʥʝʦʙʭʦʜʠʤʦ, 
ʯʪʦʙʳ ʟʚʫʢʦʚʦʝ ʜʘʚʣʝʥʠʝ ʧʨʝʚʳʰʘʣʦ ʧʨʝʜʝʣ ʪʝʢʫʯʝʩʪʠ ʩʧʣʘʚʘ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 
ʛʨʦʤʢʦʩʪʴ ʟʚʫʢʘ ʚ ʤʝʪʦʜʝ ɸɼʋ ʚ ʩʨʝʜʥʝʤ ʩʦʩʪʘʚʣʷʝʪ 80 ʜɹ, ʯʪʦ ʩʦʟʜʘʝʪ ʟʚʫʢʦʚʦʝ 
ʜʘʚʣʝʥʠʝ ʚʩʝʛʦ 2 ʇʘ [7]. ʕʪʦ ʦʯʝʥʴ ʤʘʣʘʷ ʚʝʣʠʯʠʥʘ, ʥʝʜʦʩʪʘʪʦʯʥʘʷ ʜʣʷ ʫʧʨʦʯʥʝʥʠʷ 
ʜʘʞʝ ʪʘʢʦʛʦ ʤʷʛʢʦʛʦ ʤʝʪʘʣʣʘ, ʢʘʢ ʘʣʶʤʠʥʠʡ [7]. ʄʘʢʩʠʤʘʣʴʥʘʷ ʛʨʦʤʢʦʩʪʴ ʟʚʫʢʘ ʨʘʚʥʘ 
282 ʜɹ. ʆʥʘ ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ ʷʜʝʨʥʦʤ ʚʟʨʳʚʝ, ʢʦʪʦʨʳʡ ʩʦʟʜʘʝʪ ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʚʫʢʦʚʦʝ 
ʜʘʚʣʝʥʠʝ ʚʦʟʜʫʰʥʦʡ ʚʦʣʥʳ 2500 ʄʇʘ. ʇʦʵʪʦʤʫ ʟʚʫʢ ʥʝ ʤʦʞʝʪ ʫʧʨʦʯʥʷʪʴ ʪʚʝʨʜʳʝ 
ʩʧʣʘʚʳ, ʠʤʝʶʱʠʝ ʧʨʝʜʝʣ ʪʝʢʫʯʝʩʪʠ ʧʨʠ ʩʞʘʪʠʠ ʙʦʣʝʝ 2500 ʄʇʘ [7]. 

ʉʥʠʞʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʜʠʩʣʦʢʘʮʠʡ ʚ ʟʝʨʥʘʭ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʩʚʷʟʢʠ ʪʚʝʨʜʦʛʦ 
ʩʧʣʘʚʘ ʠ ʫʚʝʣʠʯʝʥʠʝ ʝʛʦ ʫʜʘʨʥʦʡ ʚʷʟʢʦʩʪʠ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʤʝʪʦʜʦʤ ɸɼʋ ʧʨʦʠʩʭʦʜʠʪ 
ʪʦʣʴʢʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʥʘʛʨʝʚʘ ʠ ʚʳʜʝʨʞʢʠ ʪʚʝʨʜʦʛʦ ʩʧʣʘʚʘ ʧʨʠ 320 Áʉ. ʇʨʠ ʵʪʦʤ 
ʧʨʦʠʩʭʦʜʠʪ ʚʦʟʚʨʘʪ, ʢʦʪʦʨʳʡ ʩʥʠʞʘʝʪ ʧʣʦʪʥʦʩʪʴ ʜʠʩʣʦʢʘʮʠʡ ʩʧʣʘʚʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ 
ʧʨʦʯʥʦʩʪʴ ʩʧʣʘʚʘ ʩʥʠʞʘʝʪʩʷ, ʘ ʧʣʘʩʪʠʯʥʦʩʪʴ ʠ ʫʜʘʨʥʘʷ ʚʷʟʢʦʩʪʴ ʚʦʟʨʘʩʪʘʶʪ [2]. 

ʈʘʟʨʘʙʦʪʯʠʢʠ ʤʝʪʦʜʘ ɸɼʋ ʩʯʠʪʘʶʪ, ʯʪʦ ʧʦʚʳʰʝʥʠʝ ʨʝʩʫʨʩʘ ʨʘʙʦʪʳ 
ʪʚʝʨʜʦʩʧʣʘʚʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ, ʦʙʨʘʙʦʪʘʥʥʦʛʦ ʤʝʪʦʜʦʤ ɸɼʋ, ʚ ʫʩʣʦʚʠʷʭ ʧʦʚʳʰʝʥʥʳʭ 
ʫʜʘʨʥʳʭ ʥʘʛʨʫʟʦʢ ʧʨʠ ʧʨʝʨʳʚʠʩʪʦʤ ʨʝʟʘʥʠʠ, ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʩʯʝʪ ʩʥʠʞʝʥʠʷ ʭʨʫʧʢʦʩʪʠ 
ʪʚʝʨʜʳʭ ʩʧʣʘʚʦʚ. ʅʦ ʵʪʦ ʧʨʦʠʩʭʦʜʠʪ ʥʝ ʟʘ ʩʯʝʪ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʟʚʫʢʦʚʦʛʦ 
ʚʦʟʜʝʡʩʪʚʠʷ, ʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ (ʚʦʟʚʨʘʪʘ) ʪʚʝʨʜʦʛʦ ʩʧʣʘʚʘ [6].  



ɸʢʪʫʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ ʧʨʦʯʥʦʩʪʠ 

 

85 

 

ɺʳʚʦʜʳ.  
1. ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʤʝʪʦʜʘ ɸɼʋ ʦʰʠʙʦʯʥʳ. 
2. ʇʨʠ ʧʨʠʤʝʥʝʥʠʠ ʤʝʪʦʜʘ ɸɼʋ ʢ ʪʚʝʨʜʳʤ ʩʧʣʘʚʘʤ ʥʝ ʧʨʦʠʩʭʦʜʠʪ ʠʭ 

ʫʧʨʦʯʥʝʥʠʝ. 
3. ʋʜʘʨʥʘʷ ʚʷʟʢʦʩʪʴ ʩʧʣʘʚʦʚ, ʦʙʨʘʙʦʪʘʥʥʳʭ ʤʝʪʦʜʦʤ ɸɼʋ, ʧʦʚʳʰʘʝʪʩʷ ʥʝ ʟʘ 

ʩʯʝʪ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʟʚʫʢʦʤ, ʘ ʪʦʣʴʢʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʪʝʨʤʠʯʝʩʢʦʡ 
ʦʙʨʘʙʦʪʢʠ (ʚʦʟʚʨʘʪʘ) ʟʘʛʦʪʦʚʦʢ. 

4. ɸʵʨʦʜʠʥʘʤʠʯʝʩʢʦʝ ʟʚʫʢʦʚʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʤʝʪʦʜʘ ɸɼʋ ʥʝ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʷ 
ʥʘ ʩʚʦʡʩʪʚʘ ʪʚʝʨʜʳʭ ʩʧʣʘʚʦʚ.   
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ʄʝʪʦʜ ʣʘʟʝʨʥʦʡ 3D ʧʝʯʘʪʠ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʠʟʜʝʣʠʷ 

ʩʣʦʞʥʦʡ ʬʦʨʤʳ ʩ ʚʳʩʦʢʦʡ ʟʘʜʘʥʥʦʡ ʪʦʯʥʦʩʪʴʶ ʠʟ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʧʦʨʦʰʢʘ. ʇʨʠ ʵʪʦʤ 
ʧʦʣʫʯʝʥʠʷ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʭ ʠʟʜʝʣʠʡ ʩ ʧʦʤʦʱʴʶ ʣʘʟʝʨʥʦʛʦ 3D ʧʨʠʥʪʝʨʘ ʚʘʞʥʦ 
ʠʤʝʪʴ ʧʦʣʥʦʝ ʧʦʥʠʤʘʥʠʝ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʩʪʨʫʢʪʫʨʦʡ, ʦʧʨʝʜʝʣʷʶʱʝʡ ʤʝʭʘʥʠʯʝʩʢʠʝ 
ʩʚʦʡʩʪʚʘ, ʤʘʪʝʨʠʘʣʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʩ ʧʦʤʦʱʴʶ ʘʜʜʠʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. ʠ ʩʪʨʫʢʪʫʨʦʡ ʠʭ 
ʘʥʘʣʦʛʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʤʝʪʦʜʘʤʠ.   

ʈʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʪʝʦʨʝʪʠʯʝʩʢʦʤʫ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤʫ ʠʩʩʣʝʜʦʚʘʥʠʶ 
ʩʪʨʫʢʪʫʨʳ ʠ ʭʘʨʘʢʪʝʨʘ ʨʘʟʨʫʰʝʥʠʷ ʦʙʨʘʟʮʦʚ ʠʟ ʘʫʩʪʝʥʠʪʥʦʡ ʩʪʘʣʠ 316L, ʧʦʣʫʯʝʥʥʳʭ ʩ 
ʧʦʤʦʱʴʶ ʣʘʟʝʨʥʦʛʦ 3D ʧʨʠʥʪʝʨʘ. ʇʨʦʚʝʜʝʥ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʩʭʦʜʩʪʚʘ ʠ 
ʨʘʟʣʠʯʠʷ ʨʘʟʚʠʪʠʷ ʧʨʦʮʝʩʩʘ ʜʝʬʦʨʤʘʮʠʠ ʚ ʣʠʪʳʭ ʵʪʘʣʦʥʘʭ ʠ ʦʙʨʘʟʮʘʭ, ʧʦʣʫʯʝʥʥʳʭ 
ʤʝʪʦʜʦʤ ʩʝʣʝʢʪʠʚʥʦʛʦ ʣʘʟʝʨʥʦʛʦ ʩʧʣʘʚʣʝʥʠʷ (ʉʃʉ). ʇʨʝʜʩʪʘʚʣʝʥʳ 
ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʧʦ ʚʣʠʷʥʠʶ ʧʣʦʪʥʦʩʪʠ ʉʃʉ ʦʙʨʘʟʮʦʚ ʥʘ ʤʝʭʘʥʠʯʝʩʢʠʝ 
ʩʚʦʡʩʪʚʘ. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʤʠʢʨʦʤʝʭʘʥʠʟʤʳ ʧʨʦʮʝʩʩʘ ʜʝʬʦʨʤʘʮʠʠ ʚ ʩʪʘʣʴʥʳʭ ʉʃʉ 
ʦʙʨʘʟʮʘʭ ʩ ʨʘʟʣʠʯʥʦʡ ʧʣʦʪʥʦʩʪʴʶ. ʉ ʧʦʤʦʱʴʶ ʧʨʦʩʚʝʯʠʚʘʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ 
ʤʠʢʨʦʩʢʦʧʠʠ ʚʳʷʚʣʝʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʬʘʟʦʚʳʭ ʧʨʝʚʨʘʱʝʥʠʡ ʚ ʩʪʘʣʴʥʳʭ ʉʃʉ ʦʙʨʘʟʮʘʭ 
ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʭ ʣʠʪʳʤʠ ʘʥʘʣʦʛʘʤʠ. ʅʘ ʨʠʩʫʥʢʝ 1 ʧʦʢʘʟʘʥ ʨʘʟʣʠʯʥʳʡ ʭʘʨʘʢʪʝʨ 
ʨʘʟʨʫʰʝʥʠʷ ʚ ʉʃʉ ʦʙʨʘʟʮʘʭ ʠ ʠʭ ʣʠʪʳʭ ʘʥʘʣʦʛʘʭ. 
 

   
 

ʈʠʩʫʥʦʢ 1 ï ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʦʙʣʘʩʪʠ ʨʘʟʨʫʰʝʥʠʷ ʦʙʨʘʟʮʦʚ ʠʟ ʘʫʩʪʝʥʠʪʥʦʡ ʩʪʘʣʠ ʧʦʩʣʝ 
ʜʝʬʦʨʤʘʮʠʠ ʨʘʩʪʷʞʝʥʠʝʤ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʉʕʄ ʠʟʦʙʨʘʞʝʥʠʷ:  

(ʘ) ʣʠʪʦʡ; (ʙ) ʉʃʉ 

 
ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʦ ʧʨʦʛʨʘʤʤʝ çɸʜʜʠʪʠʚʥʦʩʪʴè, ˉ 121102900049-1 

ʀʥʩʪʠʪʫʪʘ ʬʠʟʠʢʠ ʤʝʪʘʣʣʦʚ ʋʨʆ ʈɸʅ ʠʤ. ʄ.ʅ.ʄʠʭʝʝʚʘ 
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40ʤʢ

ʤ 

200ʤʢ
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ʉʆɺɽʈʐɽʅʉʊɺʆɺɸʅʀɽ ʊɽʍʅʆʃʆɻʀʏɽʉʂʀʍ ʇʈʆʎɽʉʉʆɺ ʇʈʆʀɿɺʆɼʉʊɺɸ 
ɺʓʉʆʂʆʇʈʆʏʅʓʍ ʂʈɽʇɽɾʅʓʍ ʀɿɼɽʃʀʁ ɼʃʗ ɸɺʊʆʄʆɹʀʃʔʅʆʁ 

ʇʈʆʄʓʐʃɽʅʅʆʉʊʀ 
 

ʇʠʚʦʚʘʨʦʚʘ ʂ.ɻ., ʊʘʛʠʨʦʚʘ ɺ.ʄ. 
ʌɻɹʆʋ ɺʆ çʄɻʊʋ ʠʤ. ɻ.ʀ. ʅʦʩʦʚʘè, ʛ. ʄʘʛʥʠʪʦʛʦʨʩʢ, ʈʦʩʩʠʷ 

 
ʇʨʦʠʟʚʦʜʩʪʚʦ ʢʨʝʧʝʞʥʳʭ ʠʟʜʝʣʠʡ ʷʚʣʷʝʪʩʷ ʥʘʩʫʱʥʦʡ ʧʦʪʨʝʙʥʦʩʪʴʶ ʜʣʷ 

ʨʦʩʩʠʡʩʢʠʭ ʘʚʪʦʤʦʙʠʣʝʩʪʨʦʠʪʝʣʴʥʳʭ ʢʦʤʧʘʥʠʡ, ʪ.ʢ. ʢʦʣʠʯʝʩʪʚʦ ʢʨʝʧʝʞʥʳʭ ʠʟʜʝʣʠʡ  ʚ 
ʩʦʚʨʝʤʝʥʥʦʤ ʘʚʪʦʤʦʙʠʣʝ ʩʦʩʪʘʚʣʷʝʪ ʜʦ 60% ʦʪ ʦʙʱʝʡ ʥʦʤʝʥʢʣʘʪʫʨʳ ʜʝʪʘʣʝʡ ʠ 2-3% 
ʦʪ ʝʛʦ ʚʝʩʘ. ʅʝʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʘʷ ʝʤʢʦʩʪʴ ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ ʨʳʥʢʘ (ʧʨʦʠʟʚʦʜʩʪʚʦ 
ʚʳʩʦʢʦʧʨʦʯʥʳʭ ʢʨʝʧʝʞʥʳʭ ʠʟʜʝʣʠʡ ʚ ʈʌ ʩʦʩʪʘʚʣʷʝʪ ʥʝ ʙʦʣʝ 20 % ʦʪ ʦʙʱʝʛʦ ʦʙʲʝʤʘ) 
ʧʨʠʚʝʣʘ ʢ ʨʘʟʨʘʙʦʪʢʝ ʠ ʚʥʝʜʨʝʥʠʶ  ʚ ʆɸʆ çʄʄʂ-ʄɽʊʀɿè ʢʦʤʧʣʝʢʩʥʦʡ ʧʨʦʛʨʘʤʤʳ 
ʠʟʛʦʪʦʚʣʝʥʠʷ ʚʳʩʦʢʦʧʨʦʯʥʳʭ ʢʨʝʧʝʞʥʳʭ ʠʟʜʝʣʠʡ ʤʝʪʦʜʘʤʠ ʭʦʣʦʜʥʦʡ ʦʙʲʝʤʥʦʡ 
ʰʪʘʤʧʦʚʢʠ [1, 2].  

ʄʝʪʘʣʣʦʧʨʦʢʘʪ, ʠʩʧʦʣʴʟʫʝʤʳʡ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚʳʩʦʢʦʧʨʦʯʥʳʭ ʢʨʝʧʝʞʥʳʭ 
ʠʟʜʝʣʠʡ, ʜʦʣʞʝʥ ʦʙʣʘʜʘʪʴ ʚʳʩʦʢʠʤ ʠ ʩʪʘʙʠʣʴʥʳʤ ʢʦʤʧʣʝʢʩʦʤ ʪʨʫʜʥʦ ʩʦʯʝʪʘʝʤʳʭ 
ʧʦʢʘʟʘʪʝʣʝʡ ʧʨʦʯʥʦʩʪʠ, ʧʣʘʩʪʠʯʥʦʩʪʠ, ʢʦʨʨʦʟʠʦʥʥʦʡ ʩʪʦʡʢʦʩʪʠ, ʢʘʯʝʩʪʚʝʥʥʳʭ 
ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʦʧʪʠʤʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʦʡ. ʆʥ ʜʦʣʞʝʥ ʚʳʜʝʨʞʠʚʘʪʴ ʭʦʣʦʜʥʫʶ ʦʩʘʜʢʫ ʜʦ 
1/3 ʠʩʭʦʜʥʦʡ ʚʳʩʦʪʳ ʦʙʨʘʟʮʘ ʙʝʟ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʪʨʝʱʠʥ ʠ ʜʨʫʛʠʭ ʜʝʬʝʢʪʦʚ. ɼʣʷ ʵʪʦʛʦ 
ʥʝʦʙʭʦʜʠʤʦ ʥʠʟʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʧʨʠʤʝʩʝʡ, ʥʝʤʝʪʘʣʣʠʯʝʩʢʠʭ ʚʢʣʶʯʝʥʠʡ, ʦʩʦʙʝʥʥʦ ʚ 
ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʦʡ ʟʦʥʝ, ʛʜʝ ʦʥʠ ʤʦʛʫʪ ʷʚʣʷʪʴʩʷ ʢʦʥʮʝʥʪʨʘʪʦʨʘʤʠ ʥʘʧʨʷʞʝʥʠʡ ʠ 
ʧʨʠʚʦʜʠʪʴ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʪʨʝʱʠʥ ʠ ʥʝʙʣʘʛʦʧʨʠʷʪʥʦʛʦ ʩʪʨʫʢʪʫʨʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʩʪʘʣʠ [3].  

ɺ ʨʘʤʢʘʭ ʢʦʤʧʣʝʢʩʥʦʡ ʧʨʦʛʨʘʤʤʳ ʧʦ ʦʙʝʩʧʝʯʝʥʠʶ ʚʳʩʦʢʦʧʨʦʯʥʳʤʠ 
ʢʨʝʧʸʞʥʳʤʠ ʠʟʜʝʣʠʷʤʠ ʇɸʆ çʂʘʤʘʟè ʧʨʦʚʦʜʠʣʦʩʴ ʦʩʚʦʝʥʠʝ ʪʝʭʥʦʣʦʛʠʠ ʠʟʛʦʪʦʚʣʝʥʠʷ 
ʢʦʣʝʩʥʳʭ ʙʦʣʪʦʚ ʚ ʫʩʣʦʚʠʷʭ ʆɸʆ çʄʄʂ-ʄɽʊʀɿè [4]. ɹʳʣʘ ʧʦʩʪʘʚʣʝʥʘ ʟʘʜʘʯʘ 
ʨʘʟʨʘʙʦʪʢʠ ʪʝʭʥʦʣʦʛʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʢʨʝʧʝʞʘ ʠʟ ʩʪʘʣʠ ʤʘʨʦʢ 32CrB4, 36MnB4 ʠ 
42CrMo4.  

ɺ ʨʘʤʢʘʭ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʛʨʘʤʤʳ ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʦʙʨʘʟʮʦʚ 
ʚʳʩʦʢʦʧʨʦʯʥʦʛʦ ʘʚʪʦʤʦʙʠʣʴʥʦʛʦ ʢʨʝʧʝʞʘ ʠʟ ʵʢʦʥʦʤʣʝʛʠʨʦʚʘʥʥʳʭ ʤʘʨʦʢ ʩʪʘʣʠ 32CrB4, 
36MnB4, 42CrMo4 ʤʝʪʦʜʘʤʠ ʩʚʝʪʦʚʦʡ, ʩʢʘʥʠʨʫʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ.  

ʆʜʥʠʤ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚʳʩʦʢʦʧʨʦʯʥʦʛʦ ʢʨʝʧʝʞʘ 
ʷʚʣʷʝʪʩʷ ʧʦʣʫʯʝʥʠʝ ʢʘʣʠʙʨʦʚʘʥʥʦʛʦ ʧʨʦʢʘʪʘ ʩ ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʠ ʧʣʘʩʪʠʯʝʩʢʠʤʠ 
ʩʚʦʡʩʪʚʘʤʠ, ʧʦʟʚʦʣʷʶʱʠʤʠ ʧʨʦʠʟʚʦʜʠʪʴ ʭʦʣʦʜʥʫʶ ʚʳʩʘʜʢʫ ʢʨʝʧʝʞʥʳʭ ʠʟʜʝʣʠʡ ʩ 
ʧʨʦʯʥʦʩʪʥʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʢʣʘʩʩʘ ʧʨʦʯʥʦʩʪʠ 10.9, 12.9. ʏʪʦʙʳ ʧʦʣʫʯʠʪʴ 
ʦʧʪʠʤʘʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʢʘʣʠʙʨʦʚʘʥʥʦʛʦ ʧʨʦʢʘʪʘ, ʥʫʞʥʦ ʪʦʯʥʦ ʫʩʪʘʥʦʚʠʪʴ ʨʝʞʠʤ 
ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ. ʊʠʧʠʯʥʘʷ ʤʠʢʨʦʩʪʨʫʢʪʫʨʘ ʩʦʨʪʦʚʦʛʦ ʧʨʦʢʘʪʘ 
ʠʟ ʩʨʝʜʥʝʫʛʣʝʨʦʜʠʩʪʳʭ ʩʧʝʮʠʘʣʴʥʳʭ ʣʝʛʠʨʦʚʘʥʥʳʭ ʩʪʘʣʝʡ ʧʦʩʣʝ ʛʦʨʷʯʝʡ ʧʨʦʢʘʪʢʠ 
ʚʢʣʶʯʘʝʪ ʬʝʨʨʠʪ, ʧʣʘʩʪʠʥʯʘʪʳʡ ʧʝʨʣʠʪ, ʙʝʡʥʠʪ. ʉʪʘʣʴ ʩ ʧʣʘʩʪʠʥʯʘʪʦʡ ʤʦʨʬʦʣʦʛʠʝʡ 
ʧʝʨʣʠʪʘ ʠʤʝʝʪ ʭʫʜʰʫʶ ʜʝʬʦʨʤʠʨʫʝʤʦʩʪʴ ʠ ʧʣʘʩʪʠʯʥʦʩʪʴ, ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʧʨʦʯʥʦʩʪʴ, 
ʯʝʤ ʩ ʛʣʦʙʫʣʷʨʥʦʡ ʤʦʨʬʦʣʦʛʠʝʡ ʮʝʤʝʥʪʠʪʘ. ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʡ 
ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʦʧʝʨʘʮʠʝʡ ʧʦʜʛʦʪʦʚʢʠ ʧʨʦʢʘʪʘ ʠʟ 
ʩʨʝʜʥʝʫʛʣʝʨʦʜʠʩʪʳʭ ʠ ʣʝʛʠʨʦʚʘʥʥʳʭ ʩʪʘʣʝʡ ʧʝʨʝʜ ʍʆʐ ʷʚʣʷʝʪʩʷ ʩʬʝʨʦʠʜʠʟʠʨʫʶʱʠʡ 
ʦʪʞʠʛ ʚ ʢʦʣʧʘʢʦʚʳʭ ʧʝʯʘʭ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴʶ ʜʦ 40 ʯʘʩʦʚ ʠ ʙʦʣʝʝ. ʅʦ ʜʘʞʝ ʧʦʩʣʝ 
ʩʪʦʣʴ ʜʣʠʪʝʣʴʥʳʭ ʚʳʜʝʨʞʝʢ ʚ ʩʪʨʫʢʪʫʨʝ ʚʩʪʨʝʯʘʶʪʩʷ ʫʯʘʩʪʢʠ ʩʦ ʩʣʝʜʘʤʠ 
ʧʣʘʩʪʠʥʯʘʪʦʛʦ ʧʝʨʣʠʪʘ ʠ ʥʝ ʚʩʝʛʜʘ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʨʘʚʥʦʤʝʨʥʦʩʪʴ ʩʚʦʡʩʪʚ ʧʦ ʜʣʠʥʝ 
ʙʫʥʪʘ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʘʢʪʫʘʣʴʥʦʡ ʷʚʣʷʝʪʩʷ ʟʘʜʘʯʘ ʪʝʭʥʦʣʦʛʠʠ ʩʬʝʨʦʠʜʠʟʠʨʫʶʱʝʛʦ 
ʦʪʞʠʛʘ ʤʝʪʘʣʣʦʧʨʦʢʘʪʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʦʜʥʦʨʦʜʥʦʩʪʴ ʩʪʨʫʢʪʫʨʳ ʠ ʩʚʦʡʩʪʚ ʧʦ 
ʩʝʯʝʥʠʶ ʠ ʜʣʠʥʝ ʧʨʦʢʘʪʘ ʠ ʨʘʮʠʦʥʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʚʳʩʘʜʢʠ ʩʣʦʞʥʦʧʨʦʬʠʣʴʥʳʭ 
ʜʝʪʘʣʝʡ. ʉ ʮʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʩʪʨʫʢʪʫʨʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʛʦʨʷʯʝʢʘʪʘʥʦʛʦ 
ʧʨʦʢʘʪʘ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʪʝʢʘʥʠʷ ʩʬʝʨʦʠʜʠʟʠʨʫʶʱʝʛʦ ʦʪʞʠʛʘ ʧʨʦʚʝʜʝʥʳ 
ʣʘʙʦʨʘʪʦʨʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʝʞʠʤʦʚ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ ʩʧʝʮʠʘʣʴʥʳʭ ʣʝʛʠʨʦʚʘʥʥʳʭ 
ʩʪʘʣʝʡ. ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣ ʚʳʙʨʘʥ ʛʦʨʷʯʝʢʘʪʘʥʳʡ ʧʨʦʢʘʪ ʩʪʘʣʝʡ ʤʘʨʦʢ: 

Å 32CrB4 (ʜʠʘʤʝʪʨʦʤ 17,0 ʠ 21,0 ʤʤ);  
Å 42ʉrMo4 (ʜʠʘʤʝʪʨʦʤ 18,0 ʠ 22,0 ʤʤ); 
Å 36MnB4 (ʜʠʘʤʝʪʨʦʤ 17,0 ʤʤ).  
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ʄʝʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘ ʩʢʘʥʠʨʫʶʱʝʤ ʵʣʝʢʪʨʦʥʥʦʤ ʤʠʢʨʦʩʢʦʧʝ 
JEOL JSM-6610LV ʠ ʦʧʪʠʯʝʩʢʦʤ ʤʠʢʨʦʩʢʦʧʝ NEOPHOT-21 ʧʦʢʘʟʘʣʠ, ʯʪʦ ʦʙʨʘʟʮʳ 
ʧʨʦʢʘʪʘ ʩʪʘʣʠ ʤʘʨʢʠ 32CrB4 ʚ ʠʩʭʦʜʥʦʤ ʩʦʩʪʦʷʥʠʠ ʠʤʝʶʪ ʬʝʨʨʠʪʥʦ-ʧʝʨʣʠʪʥʫʶ 
ʤʠʢʨʦʩʪʨʫʢʪʫʨʫ ʩ ʩʦʦʪʥʦʰʝʥʠʝʤ ʧʝʨʣʠʪʘ ʠ ʬʝʨʨʠʪʘ 50/50 (ʨʠʩ. 1, ʘ, ʙ). ʆʙʨʘʟʮʳ 
ʧʨʦʢʘʪʘ ʩʪʘʣʠ ʤʘʨʢʠ 42ʉrMo4 ʜʠʘʤʝʪʨʦʤ 18 ʤʤ ʦʙʣʘʜʘʣʠ ʙʝʡʥʠʪʥʦʡ ʩʪʨʫʢʪʫʨʦʡ (ʨʠʩ. 
2, ʘ), ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʦʙʨʘʟʮʳ ʜʠʘʤʝʪʨʦʤ 22 ʤʤ ʠʤʝʣʠ ʬʝʨʨʠʪʥʦ-ʧʝʨʣʠʪʥʫʶ ʩʪʨʫʢʪʫʨʫ ʩ 
ʩʦʦʪʥʦʰʝʥʠʝʤ ʧʝʨʣʠʪʘ ʠ ʬʝʨʨʠʪʘ 90/10 (ʨʠʩ. 2, ʙ). ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʛʦʨʷʯʝʢʘʪʘʥʦʛʦ 
ʧʨʦʢʘʪʘ ʩʪʘʣʠ ʤʘʨʢʠ 36MnB4 ʩʦʩʪʦʷʣʘ ʠʟ ʧʣʘʩʪʠʥʯʘʪʦʛʦ ʧʝʨʣʠʪʘ 1-4 ʙʘʣʣʘ. ʆʙʨʘʟʮʳ 
ʧʦʜʚʝʨʛʘʣʠʩʴ ʩʬʝʨʦʠʜʠʟʠʨʫʶʱʝʤʫ ʦʪʞʠʛʫ ʧʦ ʨʘʟʥʳʤ ʨʝʞʠʤʘʤ ʚ ʣʘʙʦʨʘʪʦʨʥʦʡ 
ʵʣʝʢʪʨʦʧʝʯʠ. ʆʪʦʞʞʝʥʥʳʝ ʦʙʨʘʟʮʳ ʠʩʩʣʝʜʦʚʘʣʠ ʤʝʪʦʜʦʤ ʚʠʟʫʘʣʴʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ 
ʩʦʦʪʥʦʰʝʥʠʷ ʛʣʦʙʫʣʷʨʥʦʛʦ ʠ ʧʣʘʩʪʠʥʯʘʪʦʛʦ ʧʝʨʣʠʪʘ ʧʦ ɻʆʉʊ 8233. ʊʨʘʚʣʝʥʠʝ 
ʦʙʨʘʟʮʦʚ ʦʩʫʱʝʩʪʚʣʷʣʠ ʩ ʧʦʤʦʱʴʶ ʨʘʩʪʚʦʨʘ çʅʠʪʘʣʴè (4%-ʡ ʨʘʩʪʚʦʨ ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʳ 
ʚ ʵʪʠʣʦʚʦʤ ʩʧʠʨʪʝ). ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʜʝʣʘʥ ʚʳʚʦʜ ʦ ʪʦʤ, 
ʯʪʦ ʧʨʠ ʦʪʞʠʛʝ ʛʦʨʷʯʝʢʘʪʘʥʦʛʦ ʧʨʦʢʘʪʘ ʩ ʠʩʭʦʜʥʦʡ ʤʠʢʨʦʩʪʨʫʢʪʫʨʦʡ ï ʧʣʘʩʪʠʥʯʘʪʳʡ 
ʧʝʨʣʠʪ ʩ ʚʳʩʦʢʦʡ ʜʦʣʝʡ ʬʝʨʨʠʪʘ (25ï50%) ï ʢʠʥʝʪʠʯʝʩʢʠ ʟʘʪʨʫʜʥʝʥ ʧʨʦʮʝʩʩ 
ʩʬʝʨʦʠʜʠʟʘʮʠʠ ʧʝʨʣʠʪʘ. ʇʦʣʫʯʝʥʠʝ ʙʝʡʥʠʪʥʦʡ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʚ ʠʩʭʦʜʥʦʤ ʩʦʨʪʦʚʦʤ 
ʧʨʦʢʘʪʝ ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʪʝʢʘʥʠʷ ʛʣʦʙʫʣʠʟʘʮʠʠ ʧʝʨʣʠʪʘ. ʕʪʦ 
ʧʨʠʚʦʜʠʪ ʢ ʵʬʬʝʢʪʠʚʥʦʡ ʩʬʝʨʦʠʜʠʟʘʮʠʠ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʧʦʣʫʯʝʥʠʶ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ 
ʩʫʞʝʥʠʷ ʦʪʦʞʞʝʥʥʦʛʦ ʧʨʦʢʘʪʘ ʥʝ ʤʝʥʝʝ 70 % ʠ ʭʦʨʦʰʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʢ ʍʆʐ.  

 

  
ʘ ʙ 

 

ʈʠʩʫʥʦʢ 1 ï ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʦʙʨʘʟʮʘ ʧʨʦʢʘʪʘ ʩʪʘʣʠ ʤʘʨʢʠ 32CrB4: ʘ ð ʭ1000; ʙ- -ʭ2000 

 

  
 

ʘ ʙ 
 

ʈʠʩʫʥʦʢ 2 ï ɺʠʜ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʦʙʨʘʟʮʦʚ ʧʨʦʢʘʪʘ ʠʟ ʩʪʘʣʠ ʤʘʨʢʠ 42CrMo4 ʜʠʘʤʝʪʨʦʤ 18 
(ʘ ï Ĭ1000) ʠ 22 ʤʤ (ʙ ï Ĭ1000) 
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ʀʩʩʣʝʜʦʚʘʥʳ ʨʘʟʥʳʝ ʨʝʞʠʤʳ ʦʪʞʠʛʘ ʜʣʷ ʩʪʘʣʝʡ ʤʘʨʦʢ 32CrB4, 42CrMo, 
36MnB4. ʉʬʝʨʦʠʜʠʟʘʮʠʷ ʧʝʨʣʠʪʘ ʢʠʥʝʪʠʯʝʩʢʠ ʟʘʪʨʫʜʥʝʥʘ ʠ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ 
ʪʨʝʙʫʝʤʦʛʦ ʢʦʤʧʣʝʢʩʘ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʠ ʧʦʣʫʯʝʥʠʷ ʧʨʝʦʙʣʘʜʘʶʱʝʡ ʜʦʣʠ 
ʛʣʦʙʫʣʷʨʥʦʛʦ ʧʝʨʣʠʪʘ ʵʬʬʝʢʪʠʚʥʳʤʠ ʷʚʣʷʶʪʩʷ ʥʝʩʢʦʣʴʢʦ ʧʨʠʥʮʠʧʦʚ ʧʦʩʪʨʦʝʥʠʷ 
ʨʝʞʠʤʘ ʩʬʝʨʦʠʜʠʟʠʨʫʶʱʝʛʦ ʦʪʞʠʛʘ. 

ʅʘʠʙʦʣʝʝ ʙʣʘʛʦʧʨʠʷʪʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʩʬʝʨʦʠʜʠʟʘʮʠʠ ʚʳʜʝʣʝʥʠʡ ʮʝʤʝʥʪʠʪʘ 
ʨʝʘʣʠʟʫʶʪʩʷ ʧʨʠ ʝʛʦ ʨʘʩʪʚʦʨʝʥʠʠ ʚ ʘʫʩʪʝʥʠʪʝ ʠ ʧʦʩʣʝʜʫʶʱʝʤ ʚʳʜʝʣʝʥʠʠ ʚ 
ʛʣʦʙʫʣʷʨʥʦʡ ʬʦʨʤʝ ʚ ʧʨʦʮʝʩʩʝ ʤʝʜʣʝʥʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ. ʉʬʝʨʦʠʜʠʟʠʨʫʶʱʠʡ ʦʪʞʠʛ 
ʤʝʪʘʣʣʦʧʨʦʢʘʪʘ ʩ ʠʩʭʦʜʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʧʣʘʩʪʠʥʯʘʪʦʛʦ ʧʝʨʣʠʪʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦ 
ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʤʫ ʨʝʞʠʤʫ, ʢʦʪʦʨʳʡ ʩʦʩʪʦʠʪ ʚ ʥʘʛʨʝʚʝ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ 
ʜʚʫʭʬʘʟʥʦʡ ʦʙʣʘʩʪʠ (ʥʘ 15-200ʉ ʚʳʰʝ ɸʩ1), ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʤʝʜʣʝʥʥʳʤ ʜʦ 
ʪʝʤʧʝʨʘʪʫʨʳ ɸʩ1 ʥʘ 45-500ʉ.   

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʥʝʜʨʝʥʳ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʦʧʳʪʥʳʭ ʧʘʨʪʠʡ 
ʢʦʣʝʩʥʳʭ ʙʦʣʪʦʚ ʄ16ʭ125, ʄ16ʭ135, ʄ22ʭ85. ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʧʳʪʘʥʠʷ ʧʦʜʪʚʝʨʜʠʣʠ 
ʜʦʩʪʠʞʝʥʠʝ ʪʨʝʙʫʝʤʦʛʦ ʫʨʦʚʥʷ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʦ ʢʣʘʩʩʘʤ ʧʨʦʯʥʦʩʪʠ 10.9 ʠ 
12.9. ʇʨʠ ʘʥʘʣʠʟʝ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʙʳʣ ʩʜʝʣʘʥ ʚʳʚʦʜ ʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 
ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʚʦʡʩʪʚ ʙʦʣʪʦʚ ʥʝ ʪʦʣʴʢʦ ʧʨʠ ʧʦʤʦʱʠ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ, ʥʦ ʠ ʩ 
ʧʦʤʦʱʴʶ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ. ʇʨʝʜʣʦʞʝʥʦ ʠʟʛʦʪʘʚʣʠʚʘʪʴ ʙʦʣʪʳ ʩ ʥʘʢʘʪʢʦʡ 
ʨʝʟʴʙʳ ʧʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʤʦʛʫʪ 
ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʘʚʪʦʤʦʙʠʣʴʥʦʛʦ ʢʨʝʧʝʞʘ, 
ʚʦʩʪʨʝʙʦʚʘʥʥʦʛʦ ʥʘ ʨʦʩʩʠʡʩʢʦʤ ʨʳʥʢʝ. 
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ʇʦʠʩʢ ʥʦʚʳʭ ʥʘʫʯʥʳʭ ʧʦʜʭʦʜʦʚ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ, ʧʦʟʚʦʣʷʶʱʠʭ 

ʜʦʙʠʪʴʩʷ ʩʥʠʞʝʥʠʷ ʜʘʚʣʝʥʠʷ ʩʧʝʢʘʥʠʷ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʩʝʙʝʩʪʦʠʤʦʩʪʠ ʘʣʤʘʟʥʳʭ 
ʇʉʊʄ ʠ ʫʣʫʯʰʝʥʠʷ ʠʭ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʷʚʣʷʝʪʩʷ ʩʝʛʦʜʥʷ ʦʜʥʦʡ ʠʟ 
ʘʢʪʫʘʣʴʥʳʭ ʟʘʜʘʯ ʚ ʦʙʣʘʩʪʠ ʩʠʥʪʝʟʘ ʥʦʚʳʭ ʘʣʤʘʟʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʀʩʢʣʶʯʝʥʠʝ 
ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʧʨʠʤʝʩʝʡ, ʢʘʪʘʣʠʟʠʨʫʶʱʠʭ ʦʙʨʘʪʥʦʝ ʧʨʝʚʨʘʱʝʥʠʝ ʘʣʤʘʟ ï ʛʨʘʬʠʪ, ʘ 
ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʩʚʷʟʫʶʱʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʤʠʢʨʦ- ʠ ʥʘʥʦʧʦʨʦʰʢʦʚ 
ʪʫʛʦʧʣʘʚʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʥʘ ʦʩʥʦʚʝ ʢʘʨʙʠʜʦʚ, ʥʠʪʨʠʜʦʚ, ʙʦʨʠʜʦʚ ʠ ʜʨ. ʧʦʟʚʦʣʷʝʪ 
ʘʢʪʠʚʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩ ʩʧʝʢʘʥʠʷ ʠ ʩʫʱʝʩʪʚʝʥʥʦ ʫʣʫʯʰʠʪʴ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ 
ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʠʥʪʝʟʠʨʫʝʤʳʭ ʘʣʤʘʟʥʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʠ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ 
ʤʘʪʝʨʠʘʣʦʚ [1].  

ʉʥʠʞʝʥʠʝ ʜʘʚʣʝʥʠʷ ʩʧʝʢʘʥʠʷ ʤʦʞʝʪ ʙʳʪʴ ʜʦʩʪʠʛʥʫʪʦ ʟʘ ʩʯʝʪ ʪʝʨʤʦʙʘʨʠʯʝʩʢʦʡ 
ʦʙʨʘʙʦʪʢʠ ʩʤʝʩʠ ʘʣʤʘʟʥʦʛʦ ʧʦʨʦʰʢʘ ʩ ʜʦʙʘʚʢʘʤʠ, ʚʳʙʨʘʥʥʳʤʠ ʠʟ ʤʝʪʘʣʣʦʚ VIII-ʡ 
ʛʨʫʧʧʳ, ʘ ʪʘʢʞʝ ʪʠʪʘʥʘ ʠ ʜʨ., ʩʦʜʝʨʞʘʥʠʝ ʢʦʪʦʨʳʭ ʚ ʩʤʝʩʠ ʩʦʩʪʘʚʣʷʝʪ 6ï50 ʤʘʩ.%. [2]. 
ʅʝʜʦʩʪʘʪʢʦʤ ʧʦʣʫʯʘʝʤʳʭ ʧʦ ʵʪʦʡ ʪʝʭʥʦʣʦʛʠʠ ʧʦʣʠʢʨʠʩʪʘʣʣʦʚ ʷʚʣʷʝʪʩʷ ʧʦʚʳʰʝʥʥʦʝ 
ʩʦʜʝʨʞʘʥʠʝ ʚ ʥʠʭ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʧʨʠʤʝʩʝʡ, ʢʦʪʦʨʳʝ ʩʧʦʩʦʙʩʪʚʫʶʪ ʠʥʪʝʥʩʠʚʥʦʡ 
ʛʨʘʬʠʪʠʟʘʮʠʠ ʘʣʤʘʟʘ ʧʨʠ ʜʦʚʦʣʴʥʦ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʧʦʨʷʜʢʘ 700 ʦʉ, ʩʥʠʞʘʷ 
ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʤʘʪʝʨʠʘʣʘ. 

ʋʣʫʯʰʝʥʠʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ ʘʣʤʘʟʥʳʭ ʧʦʣʠʢʨʠʩʪʘʣʣʦʚ ʜʦʩʪʠʛʘʝʪʩʷ 
ʟʘ ʩʯʝʪ ʠʩʢʣʶʯʝʥʠʷ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʧʨʠʤʝʩʝʡ ʠ ʩʥʠʞʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʚ ʠʩʭʦʜʥʦʡ 
ʰʠʭʪʝ ʘʢʪʠʚʘʪʦʨʦʚ ʩʧʝʢʘʥʠʷ, ʘ ʪʘʢʞʝ ʟʘ ʩʯʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʨʝʤʥʠʷ ʚ ʢʘʯʝʩʪʚʝ 
ʩʚʷʟʫʶʱʝʛʦ ʢʦʤʧʦʥʝʥʪʘ. ʅʝʜʦʩʪʘʪʢʘʤʠ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʘʣʤʘʟʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, 
ʧʦʣʫʯʘʝʤʦʛʦ ʧʦ ʜʘʥʥʦʤʫ ʩʧʦʩʦʙʫ, ʷʚʣʷʶʪʩʷ ʝʛʦ ʥʝʦʜʥʦʨʦʜʥʘʷ ʩʪʨʫʢʪʫʨʘ ʠ ʙʦʣʝʝ 
ʥʠʟʢʠʝ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʚʢʣʶʯʝʥʠʷʤʠ 
ʥʝʧʨʦʨʝʘʛʠʨʦʚʘʚʰʝʛʦ ʩ ʫʛʣʝʨʦʜʦʤ ʢʨʝʤʥʠʷ. ʇʦʣʫʯʠʪʴ ʦʜʥʦʨʦʜʥʫʶ ʩʪʨʫʢʪʫʨʫ 
ʤʘʪʝʨʠʘʣʘ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʧʨʦʙʣʝʤʘʪʠʯʥʦ, ʘ ʧʦʚʳʰʝʥʠʝ ʜʘʚʣʝʥʠʷ ʩʧʝʢʘʥʠʷ ʩʚʳʰʝ 9,0 
ɻʇʘ ʪʝʭʥʠʯʝʩʢʠ ʩʣʦʞʥʦ ʨʝʘʣʠʟʦʚʘʪʴ ʚ ʧʨʠʝʤʣʝʤʳʭ ʦʙʲʝʤʘʭ. ʂʨʦʤʝ ʪʦʛʦ, ʚʚʠʜʫ 
ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʩʪʨʫʢʪʫʨʳ, ʥʝ ʠʩʢʣʶʯʝʥʦ ʦʙʨʘʟʦʚʘʥʠʝ ʚ ʤʘʪʝʨʠʘʣʝ ʤʠʢʨʦʪʨʝʱʠʥ [3].  

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʩʧʝʢʘʥʠʷ ʚ ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʠʭ 
ʩʪʘʪʠʯʝʩʢʠʭ ʜʘʚʣʝʥʠʡ ʠ ʪʝʤʧʝʨʘʪʫʨ ʘʣʤʘʟʥʦʛʦ ʤʠʢʨʦʧʦʨʦʰʢʘ ɸʉʄ 14/10 ʧʦʩʣʝ ʝʛʦ 
ʛʘʟʦʬʘʟʥʦʛʦ ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʷ ʪʠʪʘʥʦʤ. ɺ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ 
ʠʩʧʦʣʴʟʦʚʘʣʠ ʤʠʢʨʦʧʦʨʦʰʦʢ ʘʣʤʘʟʘ ɸʉʄ 14/10 ʧʨʦʠʟʚʦʜʩʪʚʘ ɿɸʀ ʇʆ çʂʨʠʩʪʘʣʣè (ʛ. 
ɻʦʤʝʣʴ). ʊʝʨʤʦʙʘʨʠʯʝʩʢʫʶ ʦʙʨʘʙʦʪʢʫ ʘʣʤʘʟʥʦʛʦ ʧʦʨʦʰʢʘ ʚʳʧʦʣʥʷʣʠ ʚ ʘʧʧʘʨʘʪʝ 
ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ (ɸɺɼ) çʥʘʢʦʚʘʣʴʥʷ ʩ ʣʫʥʢʦʡè ʧʨʠ ʜʘʚʣʝʥʠʷʭ 4,5ï6,0 ɻʇʘ ʚ 
ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ 1650ï2000 ʦʉ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʘʣʤʘʟʥʦʛʦ ʤʠʢʨʦʧʦʨʦʰʢʘ ʧʦʩʣʝ 
ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʩʧʝʯʝʥʥʳʭ ʢʦʤʧʦʟʠʪʦʚ ʦʩʫʱʝʩʪʚʣʷʣʠ ʥʘ ʩʢʘʥʠʨʫʶʱʝʤ 
ʵʣʝʢʪʨʦʥʥʦʤ ʤʠʢʨʦʩʢʦʧʝ (ʉʕʄ) ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ çMiraè ʬʠʨʤʳ çTescanè (ʏʝʭʠʷ) 
ʩ ʤʠʢʨʦʨʝʥʪʛʝʥʦʩʧʝʢʪʨʘʣʴʥʳʤ ʘʥʘʣʠʟʘʪʦʨʦʤ çINCA Energy 350è. ʀʟʫʯʝʥʠʝ 
ʵʣʝʤʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ ʧʦʨʦʰʢʦʚ ʠ ʢʦʤʧʦʟʠʪʦʚ ʦʩʫʱʝʩʪʚʣʷʣʠ ʤʝʪʦʜʦʤ ʄʈʉɸ. 

ʄʦʜʠʬʠʮʠʨʫʶʱʠʡ ʦʪʞʠʛ ʘʣʤʘʟʥʦʛʦ ʧʦʨʦʰʢʘ ʧʨʦʚʦʜʠʣʠ ʚ ʛʝʨʤʝʪʠʯʥʦʤ 
ʢʦʥʪʝʡʥʝʨʝ ʚ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ 800ï950 ʦʉ ʠ ʠʟʦʪʝʨʤʠʯʝʩʢʦʡ ʚʳʜʝʨʞʢʝ ʧʨʠ 
ʜʘʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʪʝʯʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʯʘʩʦʚ. ʇʨʠ ʵʪʦʤ ʩʦʜʝʨʞʘʥʠʝ ʢʨʝʤʥʠʷ ʚ 
ʰʠʭʪʝ ʧʦʩʣʝ ʦʪʞʠʛʘ ʥʘʭʦʜʠʣʦʩʴ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʝʞʠʤʦʚ ʦʪʞʠʛʘ ʦʪ 
8 ʜʦ 15 ʤʘʩ. % ʦʪ ʤʘʩʩʳ ʘʣʤʘʟʦʚ. ʅʘ ʨʠʩ. 1 ʧʦʢʘʟʘʥ ʚʥʝʰʥʠʡ ʚʠʜ ʘʣʤʘʟʥʦʛʦ ʧʦʨʦʰʢʘ 
ʧʦʩʣʝ ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʷ ʪʠʪʘʥʦʤ. 

ʀʟ ʘʥʘʣʠʟʘ ʧʦʣʫʯʝʥʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ ʚʠʜʥʦ, ʯʪʦ ʪʠʪʘʥ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʘʣʤʘʟʘ 
ʦʩʘʞʜʘʶʪʩʷ ʚ ʚʠʜʝ ʯʘʩʪʠʮ ʦʢʨʫʛʣʦʡ ʠ ʧʨʦʜʦʣʛʦʚʘʪʦʡ ʬʦʨʤʳ ʩʦ ʩʢʨʫʛʣʝʥʥʳʤʠ ʛʨʘʥʷʤʠ; 
ʠʭ ʨʘʟʤʝʨ ʚ ʦʩʥʦʚʥʦʤ ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 100ï600 ʥʤ. ʅʘ ʥʝʢʦʪʦʨʦʡ ʯʘʩʪʠ 

mailto:europacorp@tut.by
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ʘʣʤʘʟʥʳʭ ʟʝʨʝʥ ʧʦʢʨʳʪʠʝ ʩʬʦʨʤʠʨʦʚʘʥʦ ʚ ʚʠʜʝ çʰʫʙʳè, ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʩʪʴʶ 
ʧʦʢʨʳʚʘʶʱʝʡ ʧʦʚʝʨʭʥʦʩʪʴ ʘʣʤʘʟʘ, ʨʠʩ. 1, ʘ.  

ʇʦʩʣʝ ʦʧʝʨʘʮʠʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʷ ʘʣʤʘʟʥʳʡ ʧʦʨʦʰʦʢ ɸʉʄ 14/10 (Ti) ʩʧʝʢʘʣʠ ʚ 
ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʠʭ ʜʘʚʣʝʥʠʡ ʠ ʪʝʤʧʝʨʘʪʫʨ. ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʩʧʝʢʘʥʠʷ ʙʳʣʘ ʨʘʚʥʘ ï 
15 ʩ. ʅʘ ʨʠʩ. 1, ʙ ʧʨʝʜʩʪʘʚʣʝʥʘ ʤʦʨʬʦʣʦʛʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʠʟʣʦʤʘ ʩʧʝʯʝʥʥʦʛʦ 
ʘʣʤʘʟʥʦʛʦ ʢʦʤʧʦʟʠʪʘ. ɺ ʦʙʨʘʟʮʝ ʥʘʨʷʜʫ ʩ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʤʠ ʯʘʩʪʠʮʘʤʠ ʘʣʤʘʟʘ 
ʥʘʙʣʶʜʘʝʪʩʷ ʩʚʷʟʢʘ ʚ ʚʠʜʝ ʧʨʦʩʣʦʝʢ, ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʤʝʞʜʫ ʘʣʤʘʟʥʳʤʠ 
ʟʝʨʥʘʤʠ. 

 

  

ʘ) ʙ) 
 

ʈʠʩʫʥʦʢ 1 ï ʄʦʨʬʦʣʦʛʠʷ ʦʙʨʘʟʮʘ ʘʣʤʘʟʘ ɸʉʄ(Ti): ʘ ï ʧʦʩʣʝ ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʷ; 
ʙ ï ʧʦʩʣʝ ʩʧʝʢʘʥʠʷ ʧʦʜ ʜʘʚʣʝʥʠʝʤ 5,5 ɻʇʘ (ʭ 5000) 

 
ʉʧʝʯʝʥʥʳʡ ʤʘʪʝʨʠʘʣ ʠʤʝʶʪ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ ʙʝʟ ʚʠʜʠʤʳʭ 

ʦʙʨʘʟʦʚʘʥʠʡ ʧʦʨ ʠ ʥʝʩʧʣʦʰʥʦʩʪʝʡ. ʇʦ ʛʨʘʥʠʮʘʤ ʟʝʨʝʥ ʘʣʤʘʟʘ ʚʳʜʝʣʷʶʪʩʷ ʪʦʥʢʠʝ 
ʧʨʦʩʣʦʡʢʠ, ʧʨʠʥʘʜʣʝʞʘʱʠʝ ʜʨʫʛʠʤ ʬʘʟʘʤ. ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʜʠʘʧʘʟʦʥʝ ʜʘʚʣʝʥʠʡ 
ʠ ʪʝʤʧʝʨʘʪʫʨ, ʚ ʢʦʪʦʨʦʤ ʦʩʫʱʝʩʪʚʣʷʣʠ ʩʧʝʢʘʥʠʝ ʘʣʤʘʟʥʳʭ ʤʠʢʨʦʧʦʨʦʰʢʦʚ ʩ ʪʠʪʘʥʦʤ, 
ʥʝ ʧʨʦʠʩʭʦʜʠʪ ʟʘʤʝʪʥʦʡ ʛʨʘʬʠʪʠʟʘʮʠʠ ʘʣʤʘʟʘ, ʯʪʦ ʧʨʝʜʧʦʣʘʛʘʝʪ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʠʝ 
ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʇʦʤʠʤʦ ʵʪʦʛʦ, 
ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʝ ʤʠʢʨʦʧʦʨʦʰʢʦʚ ʘʣʤʘʟʘ ʪʠʪʘʥʦʤ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʠʭ 
ʪʝʨʤʦʙʘʨʠʯʝʩʢʦʝ ʩʧʝʢʘʥʠʝ ʧʨʠ ʙʦʣʝʝ ʥʠʟʢʦʤ ʜʘʚʣʝʥʠʠ ʙʝʟ ʛʨʘʬʠʪʠʟʘʮʠʠ ʘʣʤʘʟʘ. ʕʪʦ 
ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʥʘʨʷʜʫ ʩ ʚʳʩʦʢʦʜʠʩʧʝʨʩʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʤʘʪʝʨʠʘʣʘ 
ʚʦʟʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ ʣʝʟʚʠʡʥʦʤ ʠʥʩʪʨʫʤʝʥʪʝ ʜʣʷ ʦʙʨʘʙʦʪʢʠ 
ʪʚʝʨʜʳʭ ʩʧʣʘʚʦʚ, ʢʝʨʘʤʠʢʠ, ʜʨʫʛʠʭ ʪʨʫʜʥʦʦʙʨʘʙʘʪʳʚʘʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

 
ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 
1.  ʀʥʩʪʨʫʤʝʥʪʳ ʠʟ ʩʚʝʨʭʪʚʝʨʜʳʭ ʤʘʪʝʨʠʘʣʦʚ / ʇʦʜ ʨʝʜ. ʅ.ɺ. ʅʦʚʠʢʦʚʘ. ï ʂʠʝʚ: 

ʀʉʄ ʅɸʅʋ, 2001. ï 528 ʩ. 
2. ʇʘʪʝʥʪ ʈʌ ˉ 2065834. ʉʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ 

ʘʣʤʘʟʦʩʦʜʝʨʞʘʱʝʛʦ ʤʘʪʝʨʠʘʣʘ.  ʈʘʢʠʮʢʠʡ ɺ.ɹ., ʅʠʯʠʧʦʨ ɺ.ɺ., ʄʘʣʳʰʝʚ ʉ.ʅ. ʆʧʫʙʣ. 
27.08.1996. 

3. ʂʦʚʘʣʝʚʩʢʠʡ ɺ.ʅ., ɻʦʨʜʝʝʚ ʉ.ʂ., ʂʦʨʯʘʛʠʥʘ ʉ.ɹ., ʌʦʤʠʭʠʥʘ ʀ.ɺ., ɾʫʢ ɸ.ɽ. 
ʉʪʨʫʢʪʫʨʦʦʙʨʘʟʦʚʘʥʠʝ ʢʘʨʙʠʜʦʢʨʝʤʥʠʝʚʦʡ ʤʘʪʨʠʮʳ ʚ ʢʦʤʧʦʟʠʮʠʠ ʘʣʤʘʟ ï ʢʘʨʙʠʜ 
ʢʨʝʤʥʠʷ // ʆʛʥʝʫʧʦʨʳ ʠ ʪʝʭʥʠʯʝʩʢʘʷ ʢʝʨʘʤʠʢʘ. ï 2005. ï ˉ5 ï ʉ. 8ï14. 
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ʆʎɽʅʂɸ ʋʉʊɸʃʆʉʊʅʆʁ ʊʈɽʑʀʅʆʉʊʆʁʂʆʉʊʀ ʋʇʈʋɻʆʁ ʇʆʃʆʉʓ  
ʉ ʎɽʅʊʈɸʃʔʅʆʁ ʇʆʇɽʈɽʏʅʆʁ ʊʈɽʑʀʅʆʁ 

 
ʉʤʠʨʥʦʚ ɺ.ʀ.1, ɸʪʨʦʰʝʥʢʦ ʉ.ɸ.2 

1ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʧʫʪʝʡ ʩʦʦʙʱʝʥʠʷ 
ʉ.-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ, 

2ʀʥʩʪʠʪʫʪ ʧʨʦʙʣʝʤ ʤʘʰʠʥʦʚʝʜʝʥʠʷ ʈɸʅ, ʉ.-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ, satroshe@mail.ru 
 

ʄʥʦʛʦʮʠʢʣʦʚʦʝ ʥʘʛʨʫʞʝʥʠʝ ʨʘʩʪʷʥʫʪʦʡ ʫʧʨʫʛʦʡ ʧʦʣʦʩʳ ʩ ʮʝʥʪʨʘʣʴʥʦʡ ʪʨʝʱʠʥʦʡ 
ʟʜʝʩʴ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʧʨʦʩʪʝʡʰʘʷ ʨʘʩʯʝʪʥʘʷ ʩʭʝʤʘ ʜʣʷ ʦʮʝʥʢʠ ʦʩʪʘʪʦʯʥʦʛʦ 
ʨʝʩʫʨʩʘ (ʜʦʣʛʦʚʝʯʥʦʩʪʠ) ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ ʨʝʣʴʩʘ ʩ ʚʥʫʪʨʝʥʥʝʡ ʧʦʧʝʨʝʯʥʦʡ 
ʪʨʝʱʠʥʦʡ ʚ ʛʦʣʦʚʢʝ. 

ʇʫʩʪʴ ʫʧʨʫʛʘʷ ʧʦʣʦʩʘ ʙʝʩʢʦʥʝʯʥʦʡ ʜʣʠʥʳ ʠ ʰʠʨʠʥʦʡ 2b  ʨʘʩʪʷʛʠʚʘʝʪʩʷ ʥʘ 

ʙʝʩʢʦʥʝʯʥʦʩʪʠ ʨʘʚʥʦʤʝʨʥʳʤ ʥʘʧʨʷʞʝʥʠʝʤ p  (ʨʠʩ.1).  

 
ʈʠʩʫʥʦʢ 1 ï ʇʦʣʦʩʘ ʩ ʪʨʝʱʠʥʦʡ 

 

ʇʦʣʦʩʘ ʩʦʜʝʨʞʠʪ ʮʝʥʪʨʘʣʴʥʫʶ ʧʦʧʝʨʝʯʥʫʶ ʪʨʝʱʠʥʫ ʰʠʨʠʥʦʡ 2a. ʆʩʴ y  

ʥʘʧʨʘʚʣʝʥʘ ʚʜʦʣʴ ʧʦʣʦʩʳ, ʦʩʴ x  ï ʚʜʦʣʴ ʪʨʝʱʠʥʳ, ʥʘʯʘʣʦ ʢʦʦʨʜʠʥʘʪ ï ʚ ʮʝʥʪʨʝ 

ʪʨʝʱʠʥʳ.  
ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʥʘʧʨʷʞʝʥʠʡ (ʂʀʅ) ʠʩʧʦʣʴʟʫʝʤ 

ʤʝʪʦʜ ʧʣʦʩʢʠʭ ʩʝʯʝʥʠʡ. ʇʨʠ / 0a b­  ʥʘ ʧʨʦʜʦʣʞʝʥʠʠ ʪʨʝʱʠʥʳ (0z= , x a> ) ʠʤʝʝʪ 

ʤʝʩʪʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʨʘʟʨʳʚʘʶʱʝʛʦ ʥʘʧʨʷʞʝʥʠʷ ʚ ʥʝʦʛʨʘʥʠʯʝʥʥʦʡ ʧʣʦʩʢʦʩʪʠ  

 
2 2

( ,0) = , 0,   >y

px
x y x a

x a
s =

-

. (1) 

ʂʦʵʬʬʠʮʠʝʥʪ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʥʘʧʨʷʞʝʥʠʡ ʚ ʵʪʦʤ ʩʣʫʯʘʝ =  IK p ap¤
. ɺʳʜʝʣʷʝʤ 

ʧʦʩʣʝʜʥʠʡ ʚ (1) ʚ ʷʚʥʦʤ ʚʠʜʝ 

 
2 2

( ,0) =y I

x
x K

a x a
s

p

¤Ö
-

. (2) 

ʇʦ ʘʥʘʣʦʛʠʠ ʩ (2) ʜʣʷ ʧʦʣʦʩʳ ʢʦʥʝʯʥʦʡ ʰʠʨʠʥʳ ʧʦʣʘʛʘʝʤ, ʯʪʦ  ʥʘʧʨʷʞʝʥʠʝ 

ʚʳʨʘʞʘʝʪʩʷ ʪʦʡ ʞʝ ʬʦʨʤʫʣʦʡ, ʥʦ ʩ ʥʝʠʟʚʝʩʪʥʳʤ ʂʀʅ I
K , ʪʦ ʝʩʪʴ  

2 2
( ,0) =y I

x
x K

a x a
s

p
Ö

-

. 

ʋʨʘʚʥʝʥʠʝ ʨʘʚʥʦʚʝʩʠʷ ʦʪʩʝʯʝʥʥʦʡ ʧʦʣʦʚʠʥʳ ʧʦʣʦʩʳ (0z² ) 

  2 ( ,0)   0
b b

y

b a

h p dx h x dxs
+

-

- =ñ ñ . 
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ʛʜʝ h  ï ʪʦʣʱʠʥʘ ʧʦʣʦʩʳ. ʈʝʰʘʝʤ ʫʨʘʚʥʝʥʠʝ ʨʘʚʥʦʚʝʩʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ I
K  

 
2

1 1
( ),    ( ) 1 1 ,    0 / 1/

I I
K K Y Y a ba a a a

¤
= Ö = - ¢ = <. (3) 

ʛʜʝ 
1
( )Y a  ï ʧʦʧʨʘʚʦʯʥʘʷ ʬʫʥʢʮʠʷ.  

ʇʨʠʚʝʜʝʤ ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʝʱʝ ʥʝʢʦʪʦʨʳʝ ʟʥʘʯʝʥʠʷ ʧʦʧʨʘʚʦʯʥʦʡ ʬʫʥʢʮʠʠ, 
ʧʦʣʫʯʝʥʥʳʝ ʨʘʟʥʳʤʠ ʘʚʪʦʨʘʤʠ: 

ï Irwin G.R., 1958, (ʂʀʅ ʜʣʷ ʧʝʨʠʦʜʠʯʝʩʢʠ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʢʦʣʣʠʥʝʘʨʥʳʭ ʪʨʝʱʠʥ 
ʚ ʧʣʦʩʢʦʩʪʠ) 

 2
( ) (2 / )tg( / 2)Y a pa pa=  , (4) 

ï Isida M., 1973  

 
2 4 6 8 72

3( ) 1 0.5948 0.4812 0.3963 0.3367 ... ( )Y Oa a a a a a= + + + + + , (5) 

ï ɹʨʘʫʥ ʋ., ʉʨʦʫʣʠ ɼʞ., 1972  

 
2 3

4( ) 1 0.128 0.288 1.525Y a a a a= + - + , (6) 

ï ʉʠʨʘʪʦʨʠ ʄ., ʄʠʸʩʠ ʊ., ʄʘʮʫʩʠʪʘ ʍ., 1986 (ʫʪʦʯʥʝʥʥʘʷ ʬʦʨʤʫʣʘ ʌʝʜʜʝʨʩʝʥʘ) 

 
( )2 4

5( ) 1 0.025 0.06 sec( / 2)Y a a a pa= - +  , (7) 

ï Benthem J.P., Koiter W.T., 1973  

 
( )26( ) 1 0.5 0.326 1Y a a a a- + -= , (8) 

ï ʇʘʥʘʩʶʢ ɺ.ɺ., ʉʘʚʨʫʢ ʄ.ʇ., ɼʘʮʳʰʠʥ ɸ.ʇ., 1976  

 

2 4 6

7
2

( )
1 0.0948 0.0588 0.0138

1
Y a

a a a

a

+ + +
=

-
. (9) 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʧʦ ʬʦʨʤʫʣʘʤ (3)-(9) ʩʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʫ. 

ʇʦʧʨʘʚʦʯʥʳʡ ʤʥʦʞʠʪʝʣʴ Y , ʧʦʣʦʩʘ ʩ ʪʨʝʱʠʥʦʡ (ʬʦʨʤʫʣʘ) 

a (3) (4) (5) (6) (7) (8) (9) 

0.2 1.021 1.017 1.025 1.026 1.024 1.021 1.025 

0.3 1.048 1.040 1.058 1.054 1.058 1.051 1.058 

0.5 1.155 1.128 1.187 1.183 1.186 1.176 1.187 

0.7 1.400 1.336 1.485 1.472 1.487 1.478 1.487 

0.8 1.667 1.565 1.788 1.699 1.814 1.808 1.814 

0.9 2.294 2.113 2.332 1.994 2.577 2.574 2.576 

ʇʨʠ / 1a b­  ʪʦʯʥʦʩʪʴ ʚʳʯʠʩʣʝʥʠʷ 3( )Y a  ʟʘʤʝʪʥʦ ʩʥʠʞʘʝʪʩʷ, ï ʪʨʝʙʫʝʪʩʷ 

ʫʜʝʨʞʠʚʘʪʴ ʚʩʝ ʙʦʣʴʰʝʝ ʯʠʩʣʦ ʯʣʝʥʦʚ ʩʪʝʧʝʥʥʦʛʦ ʨʷʜʘ, ʘ 4( )Y a  ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʜʘʝʪ 

ʟʘʥʠʞʝʥʥʫʶ ʦʮʝʥʢʫ. 

ʎʠʢʣʠʯʝʩʢʫʶ ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʴ ʦʧʨʝʜʝʣʠʤ ʧʦ ʬʦʨʤʫʣʝ [1] 

 

2 2

 max  max

1

( ) ln(1 ( ) )/ /

ʢ

ʥ

a

a I Ic I Ic

da
N

d K K K K
=-

+ -
ñ  , (10) 

ʛʜʝ N ï ʯʠʩʣʦ ʮʠʢʣʦʚ ʥʘʛʨʫʞʝʥʠʷ, ʥʝʦʙʭʦʜʠʤʦʝ ʜʣʷ ʨʦʩʪʘ ʪʨʝʱʠʥʳ ʦʪ ʥʘʯʘʣʴʥʦʛʦ aʥ ʜʦ 

ʢʦʥʝʯʥʦʛʦ aʢ ʨʘʟʤʝʨʘ,  maxIK ï ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʂʀʅ ʚ ʮʠʢʣʝ, IcK
 
ï ʚʷʟʢʦʩʪʴ 

ʨʘʟʨʫʰʝʥʠʷ, ï ʩʪʨʫʢʪʫʨʥʳʡ ʧʘʨʘʤʝʪʨ 
2 22 ( )/Ic cd K ps= , ʩs ï ʧʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʧʨʠ 

ʨʘʩʪʷʞʝʥʠʠ. ɺʳʯʠʩʣʝʥʠʷ ʧʦ ʬʦʨʤʫʣʝ (10), ʚ ʢʦʪʦʨʦʡ ʂʀʅ ʧʨʠʥʷʪ ʩ ʧʦʧʨʘʚʦʯʥʦʡ 

ʬʫʥʢʮʠʝʡ (3), ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʧʨʠ ʩʣʝʜʫʶʱʠʭ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ: 13.6 ʄʇʘp= ,

777 ʄʇʘcs= , 6.6 ʤʤ
ʥ

a = , 26.6 ʤʤ
ʢ

a = , 29.74 ʤʤb= , ʢʦʪʦʨʳʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

d
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ʨʘʟʤʝʨʘʤ ʚʥʫʪʨʝʥʥʝʡ ʧʦʧʝʨʝʯʥʦʡ ʪʨʝʱʠʥʳ ʚ ʛʦʣʦʚʢʝ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ ʨʝʣʴʩʘ. 
ɺʷʟʢʦʩʪʴ ʨʘʟʨʫʰʝʥʠʷ ʨʝʣʴʩʦʚʦʡ ʩʪʘʣʠ ʦʪ ʨʘʟʥʳʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʤʝʥʷʝʪʩʷ ʚ 

ʜʠʘʧʘʟʦʥʝ ʦʪ 30 ʜʦ 70 ʤʄʇʘ , ʦʜʥʘʢʦ ʧʨʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʤʦʞʝʪ ʩʥʠʞʘʪʴʩʷ ʥʘ 

20-25% [2-4]. ʊʘʢʞʝ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʥʷʪʴ ʚʦ ʚʥʠʤʘʥʠʝ, ʯʪʦ ʜʣʠʪʝʣʴʥʘʷ ʵʢʩʧʣʫʘʪʘʮʠʷ 
ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ ʧʝʨʚʦʥʘʯʘʣʴʥʳʭ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʤʝʪʘʣʣʘ 

ʨʝʣʴʩʦʚ [5-6]. ʇʦʵʪʦʤʫ ʨʘʩʯʝʪ N ʚʳʧʦʣʥʝʥ ʜʣʷ ʜʚʫʭ ʟʥʘʯʝʥʠʡ IcK : ʤʠʥʠʤʘʣʴʥʦʝ ï 25 

ʠ ʤʘʢʩʠʤʘʣʴʥʦʝ ï 70 ʤʄʇʘ . 

ʅʘ ʨʠʩ.2 ʧʦʢʘʟʘʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʢʦʣʠʯʝʩʪʚʘ ʮʠʢʣʦʚ ʦʪ ʨʘʟʤʝʨʘ ʪʨʝʱʠʥʳ. 
ʆʯʝʚʠʜʥʦ ʩʠʣʴʥʦʝ ʚʣʠʷʥʠʝ ʢʨʠʪʠʯʝʩʢʦʡ ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʠ ʢʘʢ ʤʝʭʘʥʠʯʝʩʢʦʡ 
ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʪʝʨʠʘʣʘ ʥʘ ʫʩʪʘʣʦʩʪʥʫʶ ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʧʣʘʩʪʠʥʳ. 

 

ʈʠʩʫʥʦʢ 2 ï ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʣʠʯʝʩʪʚʘ ʮʠʢʣʦʚ ʦʪ ʨʘʟʤʝʨʘ ʪʨʝʱʠʥʳ 

 
ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 
1. ʉʤʠʨʥʦʚ ɺ.ʀ., ɺʠʜʶʰʝʥʢʦʚ ʉ.ɸ., ʄʘʡʝʨ ʉ.ʉ. ʋʩʪʘʣʦʩʪʥʦʝ ʨʘʟʨʫʰʝʥʠʝ ʙʘʣʢʠ 

ʩ ʚʥʫʪʨʝʥʥʝʡ ʧʦʧʝʨʝʯʥʦʡ ʪʨʝʱʠʥʦʡ ʧʨʠ ʤʥʦʛʦʮʠʢʣʦʚʦʤ ʥʘʛʨʫʞʝʥʠʠ // ɺʝʩʪʥʠʢ 
ʛʨʘʞʜʘʥʩʢʠʭ ʠʥʞʝʥʝʨʦʚ. 2020. ˉ 2 (79). ʉ. 75ï81. 

2. ɸʙʜʫʨʘʰʠʪʦʚ ɸ.ʖ., ɻʝʦʨʛʠʝʚ ʄ.ʅ., ʄʝʞʦʚʘ ʅ.ʗ., ʈʝʡʭʘʨʪ ɺ.ɸ. ʆ ʩʪʘʪʠʯʝʩʢʦʡ 
ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʠ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʭ ʨʝʣʴʩʦʚ ʠ ʨʝʣʴʩʦʚʦʡ ʩʪʘʣʠ // ɿʘʚʦʜʩʢʘʷ 
ʣʘʙʦʨʘʪʦʨʠʷ. 1992. ˉ 6. ʉ.41-43. 

3. ʈʝʡʭʘʨʪ ɺ.ɸ. ʂ ʚʦʧʨʦʩʫ ʦ ʥʘʜʝʞʥʦʩʪʠ ʨʝʣʴʩʦʚ ʧʨʠ ʥʠʟʢʠʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ 
ʪʝʤʧʝʨʘʪʫʨʘʭ // ɺʝʩʪʥʠʢ ɺʅʀʀɾʊ. 1992. ˉ 7. ʉ.7-11. 

4. ɸʙʜʫʨʘʰʠʪʦʚ ɸ.ʖ., ʂʨʳʩʘʥʦʚ ʃ.ɻ. ʊʨʝʱʠʥʦʩʪʦʡʢʦʩʪʴ ʨʝʣʴʩʦʚ ʩ ʫʯʝʪʦʤ 
ʫʩʣʦʚʠʡ ʵʢʩʧʣʫʘʪʘʮʠʠ // ɿʘʚʦʜʩʢʘʷ ʣʘʙʦʨʘʪʦʨʠʷ. ɼʠʘʛʥʦʩʪʠʢʘ ʤʘʪʝʨʠʘʣʦʚ. 2000. ˉ 1. 
ʉ.43-46. 

5. ɸʪʨʦʰʝʥʢʦ ʉ.ɸ., ʄʘʡʝʨ ʉ.ʉ., ʉʤʠʨʥʦʚ ɺ.ʀ. ɸʥʘʣʠʟ ʫʩʪʘʣʦʩʪʥʦʛʦ ʨʘʟʨʫʰʝʥʠʷ 
ʨʝʣʴʩʦʚʦʡ ʩʪʘʣʠ // ʌʠʟʠʢʘ ʪʚʝʨʜʦʛʦ ʪʝʣʘ, 2020, ʪʦʤ 62, ʚʳʧ. 10. ʉ.1573-1577. 

6. Atroshenko, S., Smirnov, V., Maier, S. Engineering Failure Analysis 139 
(September, 2022) 106445. 
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ɺʃʀʗʅʀɽ ɺʆʃʆʏɽʅʀʗ ʇʈʀ ʈɸɿʃʀʏʅʓʍ ʊɽʄʇɽʈɸʊʋʈɸʍ ɺ ʉʍɽʄɽ 
ʊɽʈʄʆʄɽʍɸʅʀʏɽʉʂʆʁ ʆɹʈɸɹʆʊʂʀ ʅɸ ʉʊʈʋʂʊʋʈʋ ʀ ʉɺʆʁʉʊɺɸ ʉʇʃɸɺɸ 

Ti-Zr-Nb (ʘʪ.%) ʄɽɼʀʎʀʅʉʂʆɻʆ ʅɸɿʅɸʏɽʅʀʗ 
 

ʄʫʨʘʜʷʥ ɸ.ɸ.1, ʐʝʨʝʤʝʪʴʝʚ ɺ.ɸ.1, ʃʫʢʘʰʝʚʠʯ ʂ.ɽ.1, ɼʝʨʢʘʯ ʄ.ɸ.1, 
ɸʥʜʨʝʝʚ ɺ.ɸ.2, ʇʨʦʢʦʰʢʠʥ ʉ.ɼ.1 

1ʅʀʊʋ ʄʀʉʀʉ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 
2ʀʥʩʪʠʪʫʪ ʤʝʪʘʣʣʫʨʛʠʠ ʠ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ ʠʤ. ɸ. ɸ. ɹʘʡʢʦʚʘ ʈɸʅ, ʄʦʩʢʚʘ, 

ʈʦʩʩʠʷ 
kudryashova@misis.ru 

 

ʉʧʣʘʚʳ ʩ ʧʘʤʷʪʴʶ ʬʦʨʤʳ (ʉʇʌ) ʟʘ ʩʯʝʪ ʩʚʦʠʭ ʩʚʦʡʩʪʚ, ʪʘʢʠʭ ʢʘʢ, ʵʬʬʝʢʪ 
ʧʘʤʷʪʠ ʬʦʨʤʳ ʠ ʩʚʝʨʭʫʧʨʫʛʦʝ ʧʦʚʝʜʝʥʠʝ, ʥʘʰʣʠ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ 
ʤʘʣʦʠʥʚʘʟʠʚʥʦʡ ʭʠʨʫʨʛʠʠ, ʢʦʪʦʨʘʷ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ 
ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʚ ʤʝʜʠʮʠʥʝ [1]. ʊʨʘʜʠʮʠʦʥʥʦ, ʜʣʷ ʭʠʨʫʨʛʠʠ ʠʩʧʦʣʴʟʫʝʪʩʷ 
ʥʠʪʠʥʦʣ, ʦʙʣʘʜʘʶʱʠʡ ʚʳʩʦʢʠʤʠ ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʘ 
ʪʘʢʞʝ ʙʠʦʩʦʚʤʝʩʪʠʤʦʩʪʴʶ ʠ ʚʳʩʦʢʦʡ ʢʦʨʨʦʟʠʦʥʥʦʡ ʩʪʦʡʢʦʩʪʴʶ, ʦʜʥʘʢʦ ʥʠʢʝʣʴ 
ʦʢʘʟʳʚʘʝʪ ʪʦʢʩʠʯʝʩʢʦʝ ʜʝʡʩʪʚʠʝ ʥʘ ʦʨʛʘʥʠʟʤ [2]. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʦʩʦʙʳʡ ʠʥʪʝʨʝʩ 
ʧʨʝʜʩʪʘʚʣʷʶʪ ʙʝʟʥʠʢʝʣʝʚʳʝ ʤʝʪʘʩʪʘʙʠʣʴʥʳʝ ɓ-ʪʠʪʘʥʦʚʳʝ ʩʧʣʘʚʳ [3]. 

ɺʦʣʦʯʝʥʠʝ ï ʵʬʬʝʢʪʠʚʥʳʡ ʤʝʪʦʜ ʦʙʨʘʙʦʪʢʠ ʤʝʪʘʣʣʦʚ ʜʘʚʣʝʥʠʝʤ ʜʣʷ 
ʧʦʣʫʯʝʥʠʷ ʧʨʦʚʦʣʦʢʠ ʥʝʦʙʭʦʜʠʤʦʛʦ ʨʘʟʤʝʨʘ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʩ ʚʳʩʦʢʠʤ 
ʢʘʯʝʩʪʚʦʤ ʧʦʚʝʨʭʥʦʩʪʠ, ʦʪʩʫʪʩʪʚʠʝʤ ʜʝʬʝʢʪʦʚ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʧʨʦʩʪʦʪʦʡ ʢʦʥʩʪʨʫʢʮʠʠ 
ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ɺ ʨʘʙʦʪʝ [4] ʧʦʢʘʟʘʥʦ, ʯʪʦ ʩʧʣʘʚ ʚ ʤʝʣʢʦʟʝʨʥʠʩʪʦʤ ʩʦʩʪʦʷʥʠʠ ʧʦʩʣʝ ʭʦʣʦʜʥʦʛʦ 
ʚʦʣʦʯʝʥʠʷ ʠ ʧʦʩʣʝʜʝʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʪʞʠʛʘ ʧʨʠ 550 Áʉ ʚ ʪʝʯʝʥʠʝ 30 ʤʠʥʫʪ 
ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʦʪʣʠʯʥʦʝ ʩʦʯʝʪʘʥʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ: 
ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʫʶ ʧʨʦʯʥʦʩʪʴ (ůʚ = 624 ʄʇʘ), ʜʦʩʪʘʪʦʯʥʫʶ ʧʣʘʩʪʠʯʥʦʩʪʴ (ŭ å 8%), 
ʨʘʟʥʠʮʫ ʤʝʞʜʫ ʜʠʩʣʦʢʘʮʠʦʥʥʳʤ ʠ ʬʘʟʦʚʳʤ ʧʨʝʜʝʣʘʤʠ ʪʝʢʫʯʝʩʪʠ ʠ ʚʳʩʦʢʫʶ 
ʩʚʝʨʭʫʧʨʫʛʫʶ ʜʝʬʦʨʤʘʮʠʶ (Ůr

se
max = 3,3%). ɸ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʝ 

ʩʪʘʨʝʥʠʝ ʧʨʠ 300 Áʉ ʚ ʪʝʯʝʥʠʝ 30-180 ʤʠʥʫʪ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ɤ-ʬʘʟʳ, 
ʫʧʨʦʯʥʝʥʠʶ ʩʧʣʘʚʘ, ʫʤʝʥʴʰʝʥʠʶ ʫʜʣʠʥʝʥʠʷ ʠ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʫʤʝʥʴʰʝʥʠʶ 
ʩʚʝʨʭʫʧʨʫʛʦʡ ʜʝʬʦʨʤʘʮʠʠ. 

ʎʝʣʴ ʜʘʥʥʦʡ ʨʘʙʦʪʳ: ʠʟʫʯʝʥʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʬʦʨʤʠʨʦʚʘʥʠʷ 
ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ, ʬʘʟʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ ʠ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʡ ʪʝʢʩʪʫʨʳ ʚ ʧʨʦʮʝʩʩʝ 
ʪʝʨʤʦʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ, ʚʢʣʶʯʘʶʱʝʡ ʭʦʣʦʜʥʦʝ/ʪʝʧʣʦʝ/ʛʦʨʷʯʝʝ ʚʦʣʦʯʝʥʠʝ ʠ 
ʧʦʩʣʝʜʝʬʦʨʤʘʮʠʦʥʥʳʡ ʦʪʞʠʛ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ ʠ ʚʨʝʤʝʥʠ, ʠ 
ʦʧʨʝʜʝʣʝʥʠʝ ʠʭ ʚʣʠʷʥʠʷ ʥʘ ʤʝʭʘʥʠʯʝʩʢʠʝ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʩʧʣʘʚʘ ʩ 
ʧʘʤʷʪʴʶ ʬʦʨʤʳ ʩʠʩʪʝʤʳ Ti-Zr-Nb ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʧʨʦʚʦʣʦʢʠ ʤʝʜʠʮʠʥʩʢʦʛʦ 
ʥʘʟʥʘʯʝʥʠʷ. 

ʀʩʩʣʝʜʫʝʤʳʡ ʉʇʌ Ti-18Zr-15Nb (ʚ ʘʪ. %) ʙʳʣ ʧʦʜʚʝʨʛʥʫʪ ʨʘʟʣʠʯʥʳʤ ʨʝʞʠʤʘʤ 
ʪʝʨʤʦʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ, ʚʢʣʶʯʘʶʱʝʡ ʚʦʣʦʯʝʥʠʝ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, 
ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʧʨʦʚʦʣʦʢʠ ʨʘʟʣʠʯʥʦʛʦ ʜʠʘʤʝʪʨʘ ʠ ʩʦʟʜʘʥʠʷ ʰʠʨʦʢʦʛʦ ʜʠʘʧʘʟʦʥʘ 
ʩʪʨʫʢʪʫʨʥʦ-ʬʘʟʦʚʳʭ ʩʦʩʪʦʷʥʠʡ. ʇʨʠ ʧʦʤʦʱʠ ʩʚʝʪʦʚʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʦʮʝʥʠʚʘʣʠ 
ʟʝʨʝʥʥʫʶ ʩʪʨʫʢʪʫʨʫ. ʈʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ ʧʦʟʚʦʣʠʣ ʧʦʣʫʯʠʪʴ ʜʘʥʥʳʝ ʦ 
ʬʘʟʦʚʦʤ ʩʦʩʪʘʚʝ ʩʧʣʘʚʘ ʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʝ ʬʘʟ. ʉʪʨʫʢʪʫʨʳ ʠ ʩʫʙʩʪʨʫʢʪʫʨʫ 
ʠʩʩʣʝʜʦʚʘʣʠ ʤʝʪʦʜʦʤ ʧʨʦʩʚʝʯʠʚʘʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ. ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ 
ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʠ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʡ ʪʝʢʩʪʫʨʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʢʘʥʠʨʫʶʱʫʶ 
ʵʣʝʢʪʨʦʥʥʫʶ ʤʠʢʨʦʩʢʦʧʠʶ (ʠʩʩʣʝʜʦʚʘʥʠʝ ʤʝʪʦʜʦʤ ʜʠʬʨʘʢʮʠʠ ʦʪʨʘʞʝʥʥʳʭ 
ʵʣʝʢʪʨʦʥʦʚ (EBSD). 

ɼʣʷ ʦʮʝʥʢʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʩʧʣʘʚʘ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʠʟʤʝʨʝʥʠʷ 
ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʧʦ ʤʝʪʦʜʫ ɺʠʢʢʝʨʩʘ ʠ ʩʪʘʪʠʯʝʩʢʠʝ ʠʩʧʳʪʘʥʠʷ ʥʘ ʨʘʩʪʷʞʝʥʠʝ ʜʦ 
ʨʘʟʨʫʰʝʥʠʷ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʚʦʡʩʪʚ 
ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʫʩʪʘʣʦʩʪʥʳʝ ʠʩʧʳʪʘʥʠʷ ʥʘ ʨʘʩʪʷʞʝʥʠʝ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 
ʧʦ ʩʭʝʤʝ çʜʝʬʦʨʤʘʮʠʷ ʨʘʩʪʷʞʝʥʠʝʤ ʥʘ Ůʩ=2% - ʨʘʟʛʨʫʟʢʘè ʜʦ ʨʘʟʨʫʰʝʥʠʷ ʠ 
ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʮʠʢʣʠʯʝʩʢʠʝ ʠʩʧʳʪʘʥʠʷ ʧʦ ʩʭʝʤʝ: çʜʝʬʦʨʤʘʮʠʷ ʥʘ 1% - ʨʘʟʛʨʫʟʢʘè ʩ 
ʫʚʝʣʠʯʝʥʠʝʤ ʜʝʬʦʨʤʘʮʠʠ ʚ ʢʘʞʜʦʤ ʧʦʩʣʝʜʫʶʱʝʤ ʮʠʢʣʝ ʥʘ 1% ʜʦ ʜʝʬʦʨʤʘʮʠʠ 18%.  
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ɺʩʝʩʪʦʨʦʥʥʝʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʧʣʘʚʘ ʧʦʩʣʝ ʧʨʠʤʝʥʝʥʠʷ ʪʝʨʤʦʤʝʭʘʥʠʯʝʩʢʦʡ 
ʦʙʨʘʙʦʪʢʠ, ʚʢʣʶʯʘʶʱʝʡ ʭʦʣʦʜʥʦʝ/ʪʝʧʣʦʝ/ʛʦʨʷʯʝʝ ʚʦʣʦʯʝʥʠʝ, ʘ ʪʘʢʞʝ 
ʧʦʩʣʝʜʝʬʦʨʤʘʮʠʦʥʥʳʡ ʦʪʞʠʛ ʧʦʟʚʦʣʷʪ ʧʦʣʫʯʠʪʴ ʥʦʚʳʝ ʜʘʥʥʳʝ ʦ 
ʩʪʨʫʢʪʫʨʦʦʙʨʘʟʦʚʘʥʠʠ ʠ ʫʩʪʘʥʦʚʠʪʴ ʚʟʘʠʤʦʩʚʷʟʴ ʚ ʪʨʠʘʜʝ çʆʙʨʘʙʦʪʢʘ-ʉʪʨʫʢʪʫʨʘ-
ʉʚʦʡʩʪʚʘè ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʨʦʠʟʚʦʜʩʪʚʘ ʪʦʥʢʦʡ ʧʨʦʚʦʣʦʢʠ 
ʤʝʜʠʮʠʥʩʢʦʛʦ ʥʘʟʥʘʯʝʥʠʷ, ʦʙʣʘʜʘʶʱʝʡ ʧʦʚʳʰʝʥʥʳʤ ʢʦʤʧʣʝʢʩʦʤ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 
ʩʚʦʡʩʪʚ ʠ ʚʳʩʦʢʦʡ ʙʠʦʩʦʚʤʝʩʪʠʤʦʩʪʴʶ. 

 
ɼʘʥʥʦʝ ʥʘʫʯʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʝʨʞʢʝ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ ʅʀʊʋ ʄʀʉʀʉ, ʰʠʬʨ ʧʨʦʝʢʪʘ FSME-2023-0006.  
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ʄɽʍɸʅʀɿʄʓ ʈɸɿʈʋʐɽʅʀʗ ʊʈɽʍʄɽʈʅʓʍ ɹʀʆɼɽɻʈɸɼʀʈʋɽʄʓʍ 
ʊʂɸʅɽʀʅɾɽʅɽʈʅʓʍ ʂɸʈʂɸʉʆɺ ʅɸ ʆʉʅʆɺɽ ʇʆʃʀʃɸʂʊʀɼɸ  

 
ʌʠʣʘʪʦʚ ʉ.ɸ.1, ɼʦʣʛʠʭ ʄ.ʅ.1, ʕʩʪʝʚʝʩ ʇʘʩ ɸʜʝʣʠʥʘ ʕʣʴʟʘ2, ʌʠʣʘʪʦʚʘ ʆ.ʉ.1,  

ɻʘʚʨʠʣʝʥʢʦ ʅ.ɸ.1, ɹʘʪʳʨʝʚ ɽ.ɺ.1, ʖʨʠʥʦʢ ɽ.ɸ.1, ɻʫʥʢʝʚʠʯ ɸ.ɸ.1, 
ʉʘʚʯʠʥʘ-ʀʤʙʨʦ ʅ.ʀ.1 

1ʀʥʩʪʠʪʫʪ ʪʝʧʣʦ- ʠ ʤʘʩʩʦʦʙʤʝʥʘ ʠʤʝʥʠ ɸ.ɺ. ʃʳʢʦʚʘ ʅɸʅ ɹʝʣʘʨʫʩʠ, ʛ. ʄʠʥʩʢ, 
ɹʝʣʘʨʫʩʴ, fil@hmti.ac.by 

2ʎʝʥʪʨ ʠʟʫʯʝʥʠʷ ʧʝʨʝʜʦʚʦʛʦ ʠ ʫʩʪʦʡʯʠʚʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʋʥʠʚʝʨʩʠʪʝʪ ʄʘʪʘʥʩʘʩ, 
ʂʫʙʘ 

 
ʎʝʣʴ ʨʘʙʦʪʳ ï ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʩʦʟʜʘʥʠʷ ʠʤʧʣʘʥʪʘʪʦʚ ʩ 

ʢʦʥʪʨʦʣʠʨʫʝʤʦʡ ʙʠʦʜʝʛʨʘʜʘʮʠʡ ʤʝʪʦʜʦʤ 3D ʙʠʦʧʨʠʥʪʠʥʛʘ ʠʟ ʙʠʦʩʦʚʤʝʩʪʠʤʳʭ 
ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʥʘʥʦʨʘʟʤʝʨʥʳʤʠ ʥʘʧʦʣʥʠʪʝʣʷʤʠ.  

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʧʦʣʠʣʘʢʪʠʜ H(C3H4O2)nOCH3 

(PLA) CAS No:33135-50-1, ʢʦʤʧʘʥʠʠ eSunMed, ʂʅʈ (ʩʦʜʝʨʞʘʥʠʝ ʤʝʪʘʣʣʦʚ Ò10ppm, 
ʦʩʪʘʪʦʢ ʤʦʥʦʤʝʨʘ Ò1%, ʦʩʪʘʪʦʢ ʢʘʪʘʣʠʟʘʪʦʨʘ Ò200ppm, ʦʩʪʘʪʦʢ ʨʘʩʪʚʦʨʠʪʝʣʷ Ò0.5%). 
ʇʦʨʦʰʦʢ PLA ʨʘʩʪʚʦʨʷʣʠ ʚ ʜʠʭʣʦʨʤʝʪʘʥʝ ʠ ʩʤʝʰʠʚʘʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʫʣʴʪʨʘʟʚʫʢʘ 
ʚ ʪʝʯʝʥʠʝ 120 ʤʠʥ ʩ ʨʘʩʪʚʦʨʦʤ ʥʘʥʦʛʠʜʨʦʢʩʠʘʧʘʪʠʪʘ (n-HA, NERCB, ʂʅʈ) ʚ ʘʮʝʪʦʥʝ 
(ʍʏ). ʇʦʣʫʯʝʥʥʳʡ ʨʘʩʪʚʦʨ ʫʧʘʨʠʚʘʣʠ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʚʳʪʷʞʥʦʤ ʰʢʘʬʫ ʠ 
ʧʦʜʚʝʨʛʘʣʠ ʚʘʢʫʫʤʥʦʡ ʩʫʰʢʝ ʚ ʪʝʯʝʥʠʝ 24 ʯ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 50 Áʉ. ʇʦʣʫʯʝʥʥʳʡ 
ʢʦʤʧʦʟʠʮʠʦʥʥʳʡ ʤʘʪʝʨʠʘʣ ʠʟʤʝʣʴʯʘʣʠ ʚ ʤʝʣʴʥʠʮʝ Fritzh ʠ ʵʢʩʪʨʫʜʠʨʦʚʘʣʠ 
ʧʦʣʠʤʝʨʥʫʶ ʥʠʪʴ ʜʣʷ 3D ʧʨʠʥʪʝʨʘ ʩ ʜʠʘʤʝʪʨʦʤ 1,75 ʤʤ Ñ 0,07 ʤʤ (ʪʝʤʧʝʨʘʪʫʨʘ 
ʵʢʩʪʨʫʜʝʨʘ 165 Áʉ). ɼʣʷ 3D ʙʠʦʧʨʠʥʪʠʥʛʘ ʠʩʧʦʣʴʟʦʚʘʣʩʷ 3D FDM ʙʠʦʧʨʠʥʪʝʨ ʩ 
ʪʝʤʧʝʨʘʪʫʨʦʡ ʵʢʩʪʨʫʜʝʨʘ 165ï180 Áʉ ʠ ʪʦʣʱʠʥʦʡ ʩʣʦʷ 0,2ï0,4 ʤʤ.  

ɹʠʦʧʨʠʥʪʠʥʛ ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʩ ʧʦʤʦʱʴʶ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʛʦ 3D ʧʨʠʥʪʝʨʘ ʩ 
ʜʠʘʤʝʪʨʦʤ ʩʦʧʣʘ ʵʢʩʪʨʫʜʝʨʘ 0,4 ʤʤ ʠ PLA ʧʦʣʠʤʝʨʘ. ʇʦʣʫʯʝʥʥʘʷ 3D ʤʦʜʝʣʴ ʙʳʣʘ 
ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʤʝʭʘʥʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ ʠ ʠʩʧʳʪʘʥʠʡ ʥʘ 
ʙʠʦʜʝʩʪʨʫʢʮʠʶ ʚ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ.  

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʩʥʦʚʥʳʤ ʤʝʭʘʥʠʟʤʦʤ ʦʧʨʝʜʝʣʷʶʱʠʤ ʩʢʦʨʦʩʪʴ ʨʘʟʨʫʰʝʥʠʷ 
PLA ʠ ʤʘʪʨʠʢʩʦʚ ʠʟ PLA, ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʤʝʪʦʜʦʤ 3D ʧʝʯʘʪʠ (ʙʠʦʧʨʠʥʪʠʥʛʘ), 
ʷʚʣʷʝʪʩʷ ʛʠʜʨʦʣʠʟ ʦʩʥʦʚʥʦʡ ʮʝʧʠ ʩʣʦʞʥʦʵʬʠʨʥʳʭ ʩʚʷʟʝʡ. ʇʨʠ ʵʪʦʤ ʛʠʜʨʦʣʠʪʠʯʝʩʢʘʷ 
ʜʝʛʨʘʜʘʮʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʢʘʪʘʣʠʟʠʨʫʝʪʩʷ ʚʥʦʚʴ ʦʙʨʘʟʦʚʘʥʥʳʤʠ ʢʘʨʙʦʢʩʠʣʴʥʳʤʠ 
ʛʨʫʧʧʘʤʠ ʨʘʩʱʝʧʣʝʥʥʳʭ ʮʝʧʝʡ PLA. ʈʘʟʨʫʰʝʥʠʝ ʤʘʩʩʠʚʥʳʭ ʬʨʘʛʤʝʥʪʦʚ ʪʨʝʭʤʝʨʥʳʭ 
ʢʦʥʩʪʨʫʢʮʠʡ ʪʢʘʥʝʠʥʞʝʥʝʨʥʳʭ ʠʤʧʣʘʥʪʘʪʦʚ ʠʟ PLA ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʙʳʩʪʨʝʝ, ʯʝʤ 
ʪʦʥʢʠʭ ʫʯʘʩʪʢʦʚ, ʠʟ-ʟʘ ʥʘʢʦʧʣʝʥʠʷ ʤʦʣʦʯʥʦʡ ʢʠʩʣʦʪʳ ʠ ʣʦʢʘʣʠʟʦʚʘʥʥʦʛʦ ʥʠʟʢʦʛʦ 
ʟʥʘʯʝʥʠʷ ʨʅ (3,2ï3,4), ʩʦʧʨʦʚʦʞʜʘʶʱʝʛʦ ʨʘʟʨʫʰʝʥʠʝ ʚʥʫʪʨʠ ʦʙʲʝʤʘ ʧʦʣʠʤʝʨʘ. ʕʪʦ 
ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʙʳʩʪʨʦʤʫ ʚʳʭʦʜʫ ʤʦʣʦʯʥʦʡ ʢʠʩʣʦʪʳ ʠ ʦʣʠʛʦʤʝʨʦʚ ʧʦʣʠʣʘʢʪʠʜʘ ʠ 
ʩʦʧʨʦʚʦʞʜʘʪʴʩʷ ʪʦʢʩʠʯʝʩʢʦʡ ʨʝʘʢʮʠʝʡ ʩʦ ʩʪʦʨʦʥʳ ʦʢʨʫʞʘʶʱʠʭ ʠʤʧʣʘʥʪʘʪ ʪʢʘʥʝʡ.  

ʃʘʙʦʨʘʪʦʨʥʳʝ (ʫʩʢʦʨʝʥʥʳʝ) ʠʩʧʳʪʘʥʠʷ ʙʠʦʜʝʛʨʘʜʘʮʠʠ ʪʨʝʭʤʝʨʥʳʭ 
ʪʢʘʥʝʠʥʞʝʥʝʨʥʳʭ ʤʘʪʨʠʢʩʦʚ ʥʘ ʦʩʥʦʚʝ PLA ʧʦʟʚʦʣʠʣʠ ʧʦʣʫʯʠʪʴ ʩʨʘʚʥʠʪʝʣʴʥʫʶ ʦʮʝʥʢʫ 
ʩʢʦʨʦʩʪʠ ʙʠʦʜʝʛʨʘʜʘʮʠʠ ʧʦʣʠʤʝʨʥʳʭ ʠ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ PLA ʠ 
ʧʦʢʨʳʪʠʡ ʥʘ ʪʘʢʠʭ ʤʘʪʝʨʠʘʣʘʭ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ ʢʘʯʝʩʪʚʝ 
ʙʠʦʩʦʚʤʝʩʪʠʤʳʭ ʠʤʧʣʘʥʪʘʪʦʚ (ʠʤʧʣʘʥʪʦʚ). ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʣʘʙʦʨʘʪʦʨʥʘʷ ʫʩʪʘʥʦʚʢʘ 
ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʞʠʜʢʦʩʪʥʳʡ ʪʝʨʤʦʩʪʘʪ ʩ ʙʫʬʝʨʥʳʤ ʪʝʧʣʦʥʦʩʠʪʝʣʝʤ (ʚʦʜʘ), ʚ 
ʢʦʪʦʨʳʡ ʧʦʤʝʱʘʝʪʩʷ ʩʪʝʨʠʣʴʥʘʷ ʝʤʢʦʩʪʴ ʩ ʠʩʩʣʝʜʫʝʤʳʤ ʠʤʧʣʘʥʪʘʪʦʤ, ʥʘʭʦʜʷʱʠʤʩʷ 
ʚ ʨʘʩʪʚʦʨʝ ʠʤʠʪʘʮʠʦʥʥʦʡ ʞʠʜʢʦʩʪʠ ʦʨʛʘʥʠʟʤʘ SBF (ʩʠʥʪʝʪʠʯʝʩʢʘʷ / ʠʤʠʪʠʨʦʚʘʥʥʘʷ 
ʙʠʦʣʦʛʠʯʝʩʢʘʷ ʞʠʜʢʦʩʪʴ). ʈʝʞʠʤ ʠʩʧʳʪʘʥʠʡ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʥʘʭʦʞʜʝʥʠʝ 
ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʦʚ PLA ʚ ʨʘʩʪʚʦʨʝ SBF ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 37 Áʉ é40 Áʉ ʥʘ ʧʝʨʠʦʜ 
ʦʪ 24 ʜʦ 580 ʯʘʩʦʚ ʩ ʧʝʨʠʦʜʠʯʝʩʢʠʤ ʢʦʥʪʨʦʣʝʤ ʤʘʩʩʳ ʠ ʩʪʨʫʢʪʫʨʳ ʠʩʧʳʪʳʚʘʝʤʳʭ 
ʦʙʨʘʟʮʦʚ. ʀʤʠʪʘʮʠʦʥʥʘʷ ʞʠʜʢʦʩʪʴ ʦʨʛʘʥʠʟʤʘ (SBF) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʨʘʩʪʚʦʨ ʩ 
ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʠʦʥʦʚ, ʙʣʠʟʢʦʡ ʢ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʦʥʦʚ ʚ  ʧʣʘʟʤʝ ʢʨʦʚʠ ʯʝʣʦʚʝʢʘ), 
ʙʣʠʟʢʠʤ ʟʥʘʯʝʥʠʝʤ pH ʠ ʠʜʝʥʪʠʯʥʦʡ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ. ʇʨʠʤʝʥʝʥʠʝ SBF 
ʧʦʟʚʦʣʷʝʪ ʠʩʩʣʝʜʦʚʘʪʴ in vitro ʦʙʨʘʟʦʚʘʥʠʝ ʩʣʦʷ ʘʧʘʪʠʪʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʠʤʧʣʘʥʪʘʪʦʚ 
ʠ ʧʦʟʚʦʣʷʝʪ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʙʠʦʘʢʪʠʚʥʦʩʪʴ ʠʤʧʣʘʥʪʘʪʦʚ in vivo. ʅʘʣʠʯʠʝ ʠʦʥʦʚ 
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ʢʘʣʴʮʠʷ ʠ ʬʦʩʬʘʪʘ, ʧʨʠʩʫʪʩʪʚʫʶʱʠʭ ʚ ʨʘʩʪʚʦʨʝ SBF, ʧʨʠʚʦʜʠʪ ʢ ʩʧʦʥʪʘʥʥʦʤʫ ʨʦʩʪʫ 
ʤʠʢʨʦʯʘʩʪʠʮ ʘʧʘʪʠʪʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʪʢʘʥʝʠʥʞʝʥʝʨʥʦʛʦ ʤʘʪʨʠʢʩʘ ʥʘ ʦʩʥʦʚʝ PLA in 
vitro.  

ʂʠʥʝʪʠʢʘ ʜʠʬʬʫʟʠʠ SBF ʚ ʧʦʣʠʤʝʨ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʝʣʠʯʠʥʦʡ ʵʬʬʝʢʪʠʚʥʦʛʦ 
ʢʦʵʬʬʠʮʠʝʥʪʘ ʜʠʬʬʫʟʠʠ D, ʢʦʪʦʨʳʡ ʪʘʢʞʝ ʠʤʝʝʪ ʪʝʤʧʝʨʘʪʫʨʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ, 
ʙʣʠʟʢʫʶ ʢ ʫʨʘʚʥʝʥʠʶ ɸʨʨʝʥʠʫʩʘ, ʢʦʪʦʨʦʝ ʦʧʠʩʳʚʘʝʪ ʟʘʚʠʩʠʤʦʩʪʴ ʩʢʦʨʦʩʪʠ ʭʠʤʠʯʝʩʢʦʡ 
ʨʝʘʢʮʠʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʚʠʜʝ 

 

   D=AẗeɀEa/RT, (1) 
 

ʛʜʝ A ï ʧʨʝʜʵʢʩʧʦʥʝʥʮʠʘʣʴʥʳʡ ʤʥʦʞʠʪʝʣʴ, Ea ï ʵʥʝʨʛʠʷ ʘʢʪʠʚʘʮʠʠ, R ï ʛʘʟʦʚʘʷ 
ʧʦʩʪʦʷʥʥʘʷ, T ï ʘʙʩʦʣʶʪʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ (D = 10-10é10-9 ʤ2/ʩ) [1]. (D(T) ʚ ʬʦʨʤʫʣʝ (1)) 

ʇʨʦʮʝʩʩ ʜʠʬʬʫʟʠʠ ʤʦʣʝʢʫʣ ʨʘʩʪʚʦʨʠʪʝʣʷ (SBF) ʚ ʧʦʣʠʤʝʨ ʦʧʨʝʜʝʣʷʝʪʩʷ 
ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʘʩʪʚʦʨʠʪʝʣʷ Cs ʧʦ ʨʘʜʠʫʩʫ ʛʣʦʙʫʣʳ ʧʦʣʠʤʝʨʘ   

 

 

() 2

2 2

2s s s
D TC C C

R x x xt

å õµ µ µ
= +æ ö

µ µ µç ÷
, 0<x<1, Ű>0, (2)  

 
ʛʜʝ x=r/R ï ʙʝʟʨʘʟʤʝʨʥʳʡ ʨʘʜʠʫʩ. ʇʨʠ ʵʪʦʤ ʢʦʥʮʝʥʪʨʘʮʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ Cs(T) 
ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʘʠʙʦʣʴʰʝʤʫ ʨʘʟʤʝʨʫ ʛʣʦʙʫʣʳ ʧʦʣʠʤʝʨʘ ʧʨʠ ʜʘʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ T. 
ʇʝʨʝʥʦʩ ʧʨʦʜʫʢʪʦʚ ʨʘʟʨʫʰʝʥʠʷ ʠʟ ʧʦʣʠʤʝʨʥʳʭ ʛʣʦʙʫʣ ʚ ʞʠʜʢʫʶ ʬʘʟʫ ʦʧʨʝʜʝʣʷʝʪʩʷ 
ʚʥʫʪʨʝʥʥʝʡ ʜʠʬʬʫʟʠʝʡ, ʪʘʢ ʢʘʢ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʨʘʚʥʦʚʝʩʥʦʝ 
ʟʥʘʯʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ, ʠ ʦʧʨʝʜʝʣʷʝʪ ʚʨʝʤʷ ʜʝʩʪʨʫʢʮʠʠ ʦʙʨʘʟʮʘ, ʨʠʩʫʥʦʢ 1. 
 

 
ʈʠʩʫʥʦʢ 1 ï ʍʘʨʘʢʪʝʨʥʘʷ ʜʠʘʛʨʘʤʤʘ ʠʟʤʝʥʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʤʘʩʩʳ ʦʙʨʘʟʮʘ PLA ʧʨʠ 

ʫʩʢʦʨʝʥʥʳʭ ʠʩʧʳʪʘʥʠʷʭ (ʧʝʨʠʦʜ D ʜʦ 80 ʜʥʝʡ) ʚ ʨʘʩʪʚʦʨʝ SBF c ʪʝʤʧʝʨʘʪʫʨʦʡ 37 Áʉ ʠ 70 Áʉ 

 
ʀʩʧʳʪʘʥʠʷ ʜʣʷ ʦʮʝʥʢʠ ʤʝʭʘʥʠʯʝʩʢʦʡ ʭʨʫʧʢʦʩʪʠ ʩʢʘʬʬʦʣʜʦʚ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ 

ʪʨʝʭʤʝʨʥʫʶ ʢʦʤʧʦʟʠʮʠʶ ʠʟ ʥʠʪʝʡ PLA ʪʝʨʤʦʧʣʘʩʪʘ (ʩ ʦʜʥʦʥʘʧʨʘʚʣʝʥʥʳʤʠ ʠʣʠ 
ʨʘʟʥʦʥʘʧʨʘʚʣʝʥʥʳʤʠ ʫʧʨʦʯʥʷʶʱʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʠ ʷʯʝʠʩʪʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ), 
ʧʨʦʚʦʜʠʣʠ ʧʦ ɻʆʉʊ 4647-2015 çʄʝʞʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʩʪʘʥʜʘʨʪ. ʇʣʘʩʪʤʘʩʩʳ. ʄʝʪʦʜ 
ʦʧʨʝʜʝʣʝʥʠʷ ʫʜʘʨʥʦʡ ʚʷʟʢʦʩʪʠ ʧʦ ʐʘʨʧʠè (ISO 179-1). ʀʟʤʝʨʝʥʠʝ ʫʜʘʨʥʦʡ ʚʷʟʢʦʩʪʠ ʧʦ 
ʤʝʪʦʜʫ ʐʘʨʧʠ ʧʦʟʚʦʣʷʶʪ ʦʧʨʝʜʝʣʠʪʴ ʤʝʭʘʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʙʨʘʟʮʦʚ ʠʟ PLA 
ʧʨʠ ʚʳʩʦʢʠʭ ʩʢʦʨʦʩʪʷʭ ʜʝʬʦʨʤʘʮʠʠ, ʢʦʛʜʘ ʥʘʛʨʫʞʝʥʠʝ ʧʨʠʢʣʘʜʳʚʘʝʪʩʷ ʚ ʚʠʜʝ ʫʜʘʨʘ ʚ 
ʢʦʥʩʪʨʫʢʮʠʠ ʜʣʷ 3-ʪʦʯʝʯʥʦʛʦ ʠʟʛʠʙʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʘʷʪʥʠʢʦʚʦʛʦ ʢʦʧʨʘ. ɺ 
ʢʣʘʩʩʠʯʝʩʢʦʡ ʧʨʦʮʝʜʫʨʝ ʠʟʤʝʨʝʥʠʡ ʨʝʟʫʣʴʪʘʪ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʵʥʝʨʛʠʶ ʫʜʘʨʘ, 
ʟʘʪʨʘʯʝʥʥʫʶ ʥʘ ʨʘʟʨʫʰʝʥʠʝ ʦʙʨʘʟʮʘ. ʊʠʧʠʯʥʳʝ ʟʥʘʯʝʥʠʷ ʫʜʘʨʥʦʡ ʚʷʟʢʦʩʪʠ ʧʦ ʐʘʨʧʠ 
ʜʣʷ ʦʙʨʘʟʮʦʚ ʩʦ ʩʧʣʦʰʥʳʤ ʟʘʧʦʣʥʝʥʠʝʤ ʩʦʩʪʘʚʣʷʶʪ 4,6ï4,8 ʢɼʞ/ʤ2, ʜʣʷ ʦʙʨʘʟʮʦʚ ʩ 
ʛʨʘʜʠʝʥʪʥʳʤ ʟʘʧʦʣʥʝʥʠʝʤ ï 3,5ï4,0 ʢɼʞ/ʤ2, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ ʟʘʧʦʣʥʝʥʠʷ. 

T=37 C       m = 1,1661e-0,03D 

T=70 C     m = 1,8928e-0,07D 
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ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʟʚʦʣʷʶʪ ʚʳʷʚʠʪʴ ʦʩʦʙʝʥʥʦʩʪʠ ʜʝʛʨʘʜʘʮʠʠ ʩʣʦʞʥʳʭ 
ʪʨʝʭʤʝʨʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʠʤʧʣʘʥʪʘʪʦʚ ʠʟ PLA ʠ ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʷ ʠʩʧʳʪʘʥʠʡ ʠ ʧʝʨʠʦʜ 
ʨʘʟʨʘʙʦʪʢʠ ʪʝʩʪʦʚʳʭ ʤʦʜʝʣʝʡ. ʌʘʢʪʦʨʦʤ, ʦʧʨʝʜʝʣʷʶʱʠʤ ʦʩʦʙʝʥʥʦʩʪʠ ʨʘʟʨʫʰʝʥʠʷ 
ʪʨʝʭʤʝʨʥʳʭ ʩʪʨʫʢʪʫʨ, ʷʚʣʷʝʪʩʷ ʜʝʛʨʘʜʘʮʠʷ ʢʘʢ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʣʠʤʝʨʘ, ʪʘʢ ʠ ʚʥʫʪʨʠ 
ʦʙʲʝʤʘ ʧʦʣʠʤʝʨʘ, ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʤʦʥʦʤʝʨʦʚ ʠ ʦʣʠʛʦʤʝʨʦʚ, ʧʨʠʯʝʤ ʜʠʬʬʫʟʠʷ ʚʦʜʳ ʚ 
ʦʙʲʝʤ ʧʦʣʠʤʝʨʘ ʫʭʫʜʰʘʝʪ ʤʠʢʨʦʩʪʨʫʢʪʫʨʫ ʧʦʣʠʤʝʨʘ ʟʘ ʩʯʝʪ ʦʙʨʘʟʦʚʘʥʠʷ ʚʥʫʪʨʝʥʥʠʭ 
ʧʦʣʦʩʪʝʡ. ʋʚʝʣʠʯʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʢʠʩʣʦʪʥʦʩʪʠ ʩʨʝʜʳ ʧʨʠʚʦʜʠʪ ʢ ʨʦʩʪʫ ʩʢʦʨʦʩʪʠ 
ʙʠʦʜʝʛʨʘʜʘʮʠʠ PLA. 

ɸʥʘʣʠʟ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʙʠʦʜʝʛʨʘʜʘʮʠʠ ʪʢʘʥʝʠʥʞʝʥʝʨʥʦʛʦ ʤʘʪʨʠʢʩʘ ʥʘ 
ʦʩʥʦʚʝ PLA ʧʦʟʚʦʣʷʝʪ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʪʨʝʙʦʚʘʥʠʷ ʢ ʢʦʤʧʴʶʪʝʨʥʦʡ ʤʦʜʝʣʠ 
ʜʝʛʨʘʜʘʮʠʠ ʪʨʝʭʤʝʨʥʳʭ PLA ʠʤʧʣʘʥʪʘʪʦʚ. ʆʮʝʥʢʘ ʤʝʭʘʥʠʯʝʩʢʦʡ ʧʨʦʯʥʦʩʪʠ ʦʙʨʘʟʮʦʚ 
ʩʢʘʬʬʦʣʜʦʚ ʠ ʝʝ ʠʟʤʝʥʝʥʠʷ ʧʨʠ ʙʠʦʜʝʛʨʘʜʘʮʠʠ c ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ SBF ʧʦʟʚʦʣʷʝʪ 
ʦʧʨʝʜʝʣʠʪʴ ʥʘʠʙʦʣʝʝ ʦʧʪʠʤʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ʧʦʩʣʦʡʥʦʛʦ ʬʦʨʤʠʨʦʚʘʥʠʷ 
ʠʤʧʣʘʥʪʘʪʦʚ ʤʝʪʦʜʘʤʠ ʘʜʜʠʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ 3D ʙʠʦʧʨʠʥʪʠʥʛʘ.  

 
ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ɹʝʣʦʨʫʩʩʢʦʛʦ ʈʝʩʧʫʙʣʠʢʘʥʩʢʦʛʦ 

ʌʦʥʜʘ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ (ʧʨʦʝʢʪ ˉ ʊ23ʂʋɹ007). 
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ʈʘʟʚʠʪʠʝ ʥʘʧʨʘʚʣʝʥʠʡ ʩʦʚʨʝʤʝʥʥʦʡ ʥʘʫʢʠ, ʩʚʷʟʘʥʥʳʭ ʩ ʥʘʥʦʪʝʭʥʦʣʦʛʠʷʤʠ, ʩ 
ʧʦʠʩʢʘʤʠ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ, ʙʠʦʬʠʟʠʢʦʡ, ʬʠʟʠʯʝʩʢʦʡ ʭʠʤʠʝʡ, ʩ 
ʠʟʫʯʝʥʠʝʤ ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ, ʘ ʪʘʢʞʝ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ 
ʩʠʩʪʝʤ, ʤʦʪʠʚʠʨʫʝʪ ʤʥʦʛʠʭ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʦʙʨʘʪʠʪʴʩʷ ʢ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʦʩʪʳʤ, ʥʦ 
ʫʥʠʚʝʨʩʘʣʴʥʳʤ, ʜʦʩʪʘʪʦʯʥʦ ʵʬʬʝʢʪʠʚʥʳʤ ʤʘʪʝʤʘʪʠʯʝʩʢʠʤ ʤʝʪʦʜʘʤ ʦʧʠʩʘʥʠʷ ʩʚʦʡʩʪʚ 
ʚʝʱʝʩʪʚʘ. ʊʘʢʘʷ ʤʝʪʦʜʠʢʘ ʠʟʫʯʝʥʠʷ ʩʣʦʞʥʳʭ ʩʠʩʪʝʤ ʚ ʬʠʟʠʢʝ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʛʦ 
ʩʦʩʪʦʷʥʠʷ ʯʘʩʪʦ ʧʦʤʦʛʘʝʪ ʦʙʥʘʨʫʞʠʪʴ ʥʘʠʙʦʣʝʝ ʦʙʱʠʝ ʧʨʠʥʮʠʧʳ, ʢʦʪʦʨʳʝ ʩʢʨʳʪʳ ʟʘ 
ʨʘʟʥʦʦʙʨʘʟʠʝʤ ʩʠʩʪʝʤ ʠ ʠʭ ʩʚʦʡʩʪʚ. ɺ ʵʪʦʤ ʢʦʥʪʝʢʩʪʝ ʜʣʷ ʧʦʥʠʤʘʥʠʷ 
ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʬʠʟʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ ʠ ʩʧʦʩʦʙʦʚ ʠʭ ʨʝʰʝʥʠʷ, ʘ ʪʘʢʞʝ ʜʣʷ ʦʧʠʩʘʥʠʷ 
ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʦʩʪʦʷʥʠʡ ʚʝʱʝʩʪʚʘ, ʝʛʦ ʬʘʟʦʚʳʭ ʧʨʝʚʨʘʱʝʥʠʡ ʠ ʢʨʠʪʠʯʝʩʢʠʭ ʷʚʣʝʥʠʡ 
(ʚʢʣʶʯʘʷ ʦʙʣʘʩʪʠ ʨʘʟʨʫʰʝʥʠʷ) ʚ ʨʘʟʣʠʯʥʳʭ ʩʣʫʯʘʷʭ, ʥʝʦʙʭʦʜʠʤʦ ʩ ʩʘʤʳʭ ʦʙʱʠʭ 
ʧʦʟʠʮʠʡ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʚʟʘʠʤʦʩʚʷʟʴ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ, 
ʦʧʠʩʳʚʘʶʱʠʭ ʜʠʣʘʪʦʤʝʪʨʠʶ ʠ ʢʘʣʦʨʠʤʝʪʨʠʶ, ʠ ʠʭ ʚʣʠʷʥʠʝ ʥʘ ʪʘʢʠʝ ʧʦʢʘʟʘʪʝʣʠ, ʢʘʢ, 
ʥʘʧʨʠʤʝʨ, ʜʝʪʝʨʤʠʥʘʥʪ ʫʩʪʦʡʯʠʚʦʩʪʠ [1]. 

ʌʘʟʦʚʳʡ ʧʦʨʪʨʝʪ ʬʠʟʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ, ʝʝ ʜʠʣʘʪʦʤʝʪʨʠʯʝʩʢʠʝ ʠ 
ʢʘʣʦʨʠʤʝʪʨʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʫʜʦʙʥʦ ʦʧʠʩʳʚʘʪʴ, ʦʩʥʦʚʳʚʘʷʩʴ ʥʘ ʬʦʨʤʘʣʠʟʤʝ 
ʫʩʪʦʡʯʠʚʦʩʪʠ ʨʘʚʥʦʚʝʩʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʡ ʩʨʝʜʳ [1ï11]. ʀʩʧʦʣʴʟʦʚʘʥʠʝ 
ʬʦʨʤʘʣʠʟʤʘ ʪʝʨʤʦʜʠʥʘʤʠʢʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʬʘʟʦʚʦʛʦ ʨʘʚʥʦʚʝʩʠʷ ʧʦʟʚʦʣʷʝʪ 
ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩʳ, ʧʨʦʪʝʢʘʶʱʠʝ ʚ ʪʚʝʨʜʳʭ ʪʝʣʘʭ ʚ ʧʝʨʝʭʦʜʥʦʡ ʦʙʣʘʩʪʠ 
(ʵʬʬʝʢʪʳ çʨʘʟʤʳʚʘʥʠʷè ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ ʬʘʟ, ʦʙʨʘʟʦʚʘʥʠʝ ʠ ʧʦʚʝʜʝʥʠʝ 
çʛʝʪʝʨʦʬʘʟʥʳʭè ʬʣʫʢʪʫʘʮʠʡ), ʚ ʯʘʩʪʥʦʩʪʠ, ʚ ʧʦʣʠʤʝʨʥʳʭ ʩʪʨʫʢʪʫʨʘʭ [2]. ɺ ʥʘʟʚʘʥʥʦʤ 
ʬʦʨʤʘʣʠʟʤʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʪʘʢʠʝ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ, ʢʘʢ 
ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʫʩʪʦʡʯʠʚʦʩʪʠ ʬʘʟʳ (ʂʋ) (ʤʘʢʩʠʤʫʤ ʂʋ 
ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʙʣʘʩʪʠ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ), ʣʠʥʝʡʥʘʷ ʢʦʤʙʠʥʘʮʠʷ ʂʋ ʦʙʨʘʟʫʝʪ 
ʥʘʠʙʦʣʝʝ ʫʥʠʚʝʨʩʘʣʴʥʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ï ʜʝʪʝʨʤʠʥʘʥʪ 

ʫʩʪʦʡʯʠʚʦʩʪʠ 
S

D . 

ɺ ʩʘʤʦʡ ʦʙʱʝʡ ʬʦʨʤʫʣʠʨʦʚʢʝ ʜʝʪʝʨʤʠʥʘʥʪ ʫʩʪʦʡʯʠʚʦʩʪʠ (stability determinant) 
ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚ ʚʠʜʝ [1]: 
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ʇʨʠ ʵʪʦʤ ʫʩʪʦʡʯʠʚʦʩʪʴ ʩʠʩʪʝʤʳ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʫʩʣʦʚʠʝʤ 
S

D 0> . ɺ ʵʪʦʤ 

ʢʦʥʪʝʢʩʪʝ ʣʶʙʳʝ ʢʨʠʪʠʯʝʩʢʠʝ ʷʚʣʝʥʠʷ (ʚʢʣʶʯʘʷ ʨʘʟʨʫʰʝʥʠʝ ʬʘʟʳ, ʩʨʝʜʳ) ʙʫʜʫʪ 

ʥʘʙʣʶʜʘʪʴʩʷ ʧʨʠ ʥʘʨʫʰʝʥʠʠ ʵʪʦʛʦ ʫʩʣʦʚʠʷ, ʪ.ʝ. ʧʨʠ 
S

D 0¢ . 

ʇʫʪʝʤ ʵʣʝʤʝʥʪʘʨʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʤʝʪʦʜʦʣʦʛʠʠ ʷʢʦʙʠʘʥʦʚ, 
ʜʝʪʝʨʤʠʥʘʥʪ ʫʩʪʦʡʯʠʚʦʩʪʠ ʪʨʘʜʠʮʠʦʥʥʦ [1] ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʢ ʩʣʝʜʫʶʱʠʤ ʜʚʫʤ 
ʥʘʠʙʦʣʝʝ ʠʟʚʝʩʪʥʳʤ ʬʦʨʤʘʤ. ɸ ʠʤʝʥʥʦ, ʚʦ-ʧʝʨʚʳʭ, 
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 (2) 

ʘ ʚʦ-ʚʪʦʨʳʭ, 
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(3) 

ɺ ʚʳʨʘʞʝʥʠʷʭ (2) ʠ (3) ʜʝʪʝʨʤʠʥʘʥʪ ʫʩʪʦʡʯʠʚʦʩʪʠ ʦʧʨʝʜʝʣʝʥ ʯʝʨʝʟ ʜʠʣʘʪʦʤʝʪʨʠʯʝʩʢʠʝ 

ʢʦʵʬʬʠʮʠʝʥʪʳ ʫʧʨʫʛʦʩʪʠ 
T

K  ʠ 
S

K , ʘ ʪʘʢʞʝ ʯʝʨʝʟ ʢʘʣʦʨʠʤʝʪʨʠʯʝʩʢʠʝ ʚʝʣʠʯʠʥʳ ï 

ʠʟʦʭʦʨʠʯʝʩʢʫʶ ʠ ʠʟʦʙʘʨʠʯʝʩʢʫʶ ʪʝʧʣʦʝʤʢʦʩʪʠ 
V

C  ʠ 
P

C  [3ï10]. 

ʅʝʪʨʫʜʥʦ ʚʳʨʘʟʠʪʴ ʜʝʪʝʨʤʠʥʘʥʪ ʫʩʪʦʡʯʠʚʦʩʪʠ ʪʦʣʴʢʦ ʯʝʨʝʟ ʢʘʣʦʨʠʤʝʪʨʠʯʝʩʢʠʝ 
ʢʦʵʬʬʠʮʠʝʥʪʳ: 
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(4) 

ɿʜʝʩʴ ʥʘʨʷʜʫ ʩ ʪʝʧʣʦʝʤʢʦʩʪʷʤʠ ʬʠʛʫʨʠʨʫʶʪ ʩʣʝʜʫʶʱʠʝ ʚʝʣʠʯʠʥʳ [3ï10]: 
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 ï ʪʝʧʣʦʪʘ ʠʟʦʪʝʨʤʠʯʝʩʢʦʛʦ ʩʜʘʚʣʠʚʘʥʠʷ, 
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 ï ʪʝʧʣʦʪʘ ʠʟʦʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʩʰʠʨʝʥʠʷ, 
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 ï ʪʝʧʣʦʪʘ ʠʟʦʙʘʨʠʯʝʩʢʦʛʦ ʨʘʩʰʠʨʝʥʠʷ, 
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 ï ʪʝʧʣʦʪʘ ʠʟʦʭʦʨʥʦʛʦ ʩʜʘʚʣʠʚʘʥʠʷ. 

ʄʦʞʥʦ ʪʘʢʞʝ ʧʦʣʫʯʠʪʴ ʬʦʨʤʫʣʳ, ʩʚʷʟʳʚʘʶʱʠʝ ʜʝʪʝʨʤʠʥʘʥʪ ʫʩʪʦʡʯʠʚʦʩʪʠ ʩ 
ʘʥʛʘʨʤʦʥʠʟʤʦʤ ʩʠʩʪʝʤʳ [10]: 

 

G

S 2 2

P

ɔ 1 1
D

Ŭ Ŭ Ŭ
P S

T

V V
= Ö =- Ö

. 

(5) 

ɺ ʬʦʨʤʫʣʝ (5) ʧʨʠʩʫʪʩʪʚʫʶʪ ʢʦʵʬʬʠʮʠʝʥʪʳ ʨʘʩʰʠʨʝʥʠʷ ʠʟʦʙʘʨʠʯʝʩʢʦʛʦ ʠ 
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ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʘ ʢʨʦʤʝ ʥʠʭ, ʧʘʨʘʤʝʪʨ ɻʨʶʥʘʡʟʝʥʘ [6,11], ʢʦʪʦʨʳʡ ʚ ʥʘʠʙʦʣʝʝ 
ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʡ ʬʦʨʤʝ ʚʳʨʘʞʘʝʪʩʷ ʢʘʢ  
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ʅʘʨ̫ʜʫ ʩ ʵʪʠʤʠ ʦʧʨʝʜʝʣʝʥʠʷʤʠ ʤʦʞʥʦ ʧʨʠʚʝʩʪʠ ʪʘʢʞʝ ʠ ʠʥʳʝ ʨʘʚʝʥʩʪʚʘ ʩʤʝʰʘʥʥʦʛʦ 
ʪʠʧʘ. ʅʘʧʨʠʤʝʨ, 

 

2 2

S

ɓ ɓ
D S V

P V

T P
C C

= . (7) 

ɹʦʣʝʝ ʪʦʛʦ, ʧʦʩʢʦʣʴʢʫ ʦʧʨʝʜʝʣʷʶʱʠʡ ʜʝʪʝʨʤʠʥʘʥʪ ʫʩʪʦʡʯʠʚʦʩʪʠ ʷʢʦʙʠʘʥ ʤʦʞʥʦ 
ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʨʘʟʚʝʨʥʫʪʦʡ ʬʦʨʤʝ, ʪʦ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʩʣʝʜʫʶʱʝʝ ʚʳʨʘʞʝʥʠʝ: 
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ɿʘʤʝʪʠʤ, ʯʪʦ ʢʦʩʚʝʥʥʳʤ ʜʦʢʘʟʘʪʝʣʴʩʪʚʦʤ ʧʨʘʚʠʣʴʥʦʩʪʠ ʧʦʣʫʯʝʥʥʳʭ 
ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʛʫʪ ʩʣʫʞʠʪʴ çʦʙʨʘʪʥʳʝè ʚʳʯʠʩʣʝʥʠʷ, ʩʚʷʟʘʥʥʳʝ ʩ ʪʝʤ, ʯʪʦ ʚʳʨʘʞʝʥʥʳʝ 
ʯʝʨʝʟ ʷʢʦʙʠʘʥʳ, ʧʦʣʫʯʝʥʥʳʝ ʚʧʝʨʚʳʝ ʩʦʦʪʥʦʰʝʥʠʷ ʤʦʞʥʦ ʧʨʠʚʝʩʪʠ ʢ (2) ʠ (3). ɺ 
ʨʘʙʦʪʝ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ, ʯʪʦ ʚ ʚʳʯʠʩʣʝʥʠʷʭ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʷʢʦʙʠʘʥʳ, ʢʘʢ ʚ 
ʩʞʘʪʦʡ, ʪʘʢ ʠ ʚ ʨʘʟʚʝʨʥʫʪʦʡ ʬʦʨʤʝ. ʇʨʠʯʝʤ ʚ ʧʦʩʣʝʜʥʝʤ ʩʣʫʯʘʝ ʚʦʟʥʠʢʘʝʪ ʙʦʣʴʰʦʝ 
ʯʠʩʣʦ ʚʘʨʠʘʥʪʦʚ ʚʳʨʘʞʝʥʠʡ ʜʣʷ ʜʝʪʝʨʤʠʥʘʥʪʘ ʫʩʪʦʡʯʠʚʦʩʪʠ, ʪʦʣʴʢʦ ʦʜʠʥ ʠʟ ʢʦʪʦʨʳʭ 
ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥ ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ. ʕʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʪʝʤ, ʯʪʦ ʢʘʞʜʘʷ ʠʟ 

ʧʨʦʠʟʚʦʜʥʳʭ, ʚʭʦʜʷʱʠʭ ʚ 
S

D , ʢʘʢ ʠ ʩʘʤ 
S

D , ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʦʙʨʘʟʦʚʘʥʘ ʧʫʪʝʤ 

ʫʤʥʦʞʝʥʠʷ ʥʘ ʨʘʟʣʠʯʥʳʝ ʝʜʠʥʠʯʥʳʝ ʷʢʦʙʠʘʥʳ (ʢʘʢ ʥʘ ʢʘʣʠʙʨʦʚʦʯʥʳʝ, ʪʘʢ ʠ ʥʘ 
ʪʨʠʚʠʘʣʴʥʳʝ). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʨʘʙʦʪʝ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʛʣʫʙʦʢʘʷ ʩʚʷʟʴ ʜʝʪʝʨʤʠʥʘʥʪʘ 
ʫʩʪʦʡʯʠʚʦʩʪʠ ʩ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ. ʇʨʠ ʵʪʦʤ ʧʨʠʚʦʜʷʪʩʷ ʢʘʢ 
ʚʳʨʘʞʝʥʠʷ, ʩʚʷʟʳʚʘʶʱʠʝ ʪʦʣʴʢʦ ʚʝʣʠʯʠʥʳ ʜʠʣʘʪʦʤʝʪʨʠʯʝʩʢʦʛʦ ʪʠʧʘ (ʩʚʷʟʘʥʥʳʝ ʩ 
ʠʟʤʝʥʝʥʠʝʤ ʦʙʲʝʤʘ ʪʚʝʨʜʦʛʦ ʪʝʣʘ), ʪʘʢ ʠ ʩʦʜʝʨʞʘʱʠʝ ʣʠʰʴ ʢʘʣʦʨʠʤʝʪʨʠʯʝʩʢʠʝ 
ʧʘʨʘʤʝʪʨʳ, ʘ ʪʘʢʞʝ ʦʙʲʝʜʠʥʷʶʱʠʝ ʪʝ ʠ ʜʨʫʛʠʝ. 
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1ʊʦʤʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʘʨʭʠʪʝʢʪʫʨʥʦ-ʩʪʨʦʠʪʝʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ,  
ʛ. ʊʦʤʩʢ, ʈʦʩʩʠʷ 

2ʀʥʩʪʠʪʫʪ ʬʠʟʠʢʠ ʤʝʪʘʣʣʦʚ ʋʨʆ ʈɸʅ, ʛ. ɽʢʘʪʝʨʠʥʙʫʨʛ, ʈʦʩʩʠʷ 
j_sol@tsuab.ru 

 

ʈʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤʫ ʠʩʩʣʝʜʦʚʘʥʠʶ ʦʩʦʙʝʥʥʦʩʪʝʡ 
ʬʦʨʤʠʨʦʚʘʥʠʷ ʟʸʨʝʥʥʳʭ ʩʫʙʩʪʨʫʢʪʫʨ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʤʝʛʘʧʣʘʩʪʠʯʝʩʢʠʭ 
ʜʝʬʦʨʤʘʮʠʡ ʠʟ ʠʩʭʦʜʥʦʛʦ ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʚ Ni3Ge, 
Ni3Fe Ni3Al, ʫʧʦʨʷʜʦʯʝʥʥʳʭ ʧʦ ʪʠʧʫ L12. ɺʘʞʥʦʡ ʧʨʦʙʣʝʤʦʡ, ʠʤʝʶʱʝʡ ʢʘʢ ʥʘʫʯʥʦʝ, ʪʘʢ 
ʠ ʧʨʘʢʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ, ʷʚʣʷʝʪʩʷ ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨʳ ʠ ʩʚʦʡʩʪʚ 
ʫʣʴʪʨʘʤʝʣʢʦʟʝʨʥʠʩʪʳʭ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʚ ʧʨʦʮʝʩʩʝ ʠʥʪʝʥʩʠʚʥʦʡ 
ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ. ʅʘ ʧʨʦʮʝʩʩʳ ʜʝʬʦʨʤʘʮʠʦʥʥʦʛʦ ʠʟʤʝʣʴʯʝʥʠʷ ʩʧʣʘʚʦʚ 
ʜʘʥʥʦʛʦ ʪʠʧʘ ʦʢʘʟʳʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘʣʠʯʠʝ ʜʘʣʴʥʝʛʦ ʧʦʨʷʜʢʘ ʚ 
ʨʘʩʧʦʣʦʞʝʥʠʠ ʘʪʦʤʦʚ ʨʘʟʣʠʯʥʦʛʦ ʩʦʨʪʘ. ʆʪʣʠʯʠʪʝʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʧʨʠ ʧʦʣʫʯʝʥʠʠ 
ʫʣʴʪʨʘʤʝʣʢʦʟʝʨʥʠʩʪʦʛʦ ʩʦʩʪʦʷʥʠʷ ʠʟ ʠʩʭʦʜʥʦ ʢʨʫʧʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ L12 ʩʧʣʘʚʦʚ 
ʷʚʣʷʝʪʩʷ ʟʘʪʨʫʜʥʸʥʥʦʝ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʯʠʩʪʳʤʠ ʤʝʪʘʣʣʘʤʠ ʠ ʨʘʟʫʧʦʨʷʜʦʯʝʥʥʳʤʠ 
ʩʧʣʘʚʘʤʠ, ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʫʙʤʠʢʨʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ, ʥʘʙʣʶʜʘʣʦʩʴ 
ʜʣʠʪʝʣʴʥʦʝ ʩʦʭʨʘʥʝʥʠʝ ʢʨʫʧʥʳʭ ʢʨʠʩʪʘʣʣʠʪʦʚ ʚ ʩʪʨʫʢʪʫʨʝ ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ 
ʤʘʪʝʨʠʘʣʘ. ʇʨʦʚʝʜʝʥʦ ʢʦʤʧʣʝʢʩʥʦʝ ʠʟʫʯʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʠ ʩʚʦʡʩʪʚ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ 
Ni3Ge, Ni3Fe Ni3Al, ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʚ ʧʨʦʮʝʩʩʝ, ʠ ʚ ʨʝʟʫʣʴʪʘʪʝ, ʚʳʩʦʢʦʠʥʪʝʥʩʠʚʥʦʡ 
ʜʝʬʦʨʤʘʮʠʠ ʚ ʥʘʢʦʚʘʣʴʥʷʭ ɹʨʠʜʞʤʝʥʘ ʢʨʫʯʝʥʠʝʤ ʧʦʜ ʚʳʩʦʢʠʤ ʜʘʚʣʝʥʠʝʤ. 

ʇʨʠʤʝʥʝʥʳ ʨʘʟʣʠʯʥʳʝ ʩʪʨʫʢʪʫʨʥʳʝ ʤʝʪʦʜʳ - ʜʠʬʨʘʢʪʦʤʝʪʨʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩ 
ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʩʠʥʭʨʦʪʨʦʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʤʝʪʦʜʳ ʧʨʦʩʚʝʯʠʚʘʶʱʝʡ 
ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ, ʚʳʧʦʣʥʝʥʳ ʬʨʘʢʪʦʛʨʘʬʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ɹʦʣʝʝ ʜʝʪʘʣʴʥʦ ʠʩʩʣʝʜʦʚʘʣʘʩʴ ʩʪʨʫʢʪʫʨʘ ʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 
ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʩʧʣʘʚʘ Ni3Ge, ʧʦʜʚʝʨʛʥʫʪʳʭ ʠʥʪʝʥʩʠʚʥʦʤʫ ʜʝʬʦʨʤʘʮʠʦʥʥʦʤʫ 
ʚʦʟʜʝʡʩʪʚʠʶ ʤʝʪʦʜʦʤ ʢʨʫʯʝʥʠʷ ʧʦʜ ʚʳʩʦʢʠʤ ʜʘʚʣʝʥʠʝʤ ʠ ʚʳʷʚʣʝʥʳ ʩʣʝʜʫʶʱʠʝ 
ʦʙʱʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ: 

- ʥʘʙʣʶʜʘʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʘʷ ʟʘʜʝʨʞʢʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʬʨʘʛʤʝʥʪʠʨʦʚʘʥʥʦʡ 
ʩʫʙʩʪʨʫʢʪʫʨʳ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʯʠʩʪʳʤʠ ʤʝʪʘʣʣʘʤʠ, ʚ ʯʘʩʪʥʦʩʪʠ ʩ ʯʠʩʪʳʤ. ʄʝʪʦʜʘʤʠ 
ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʠ ʇʕʄ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʢʨʫʧʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʫʯʘʩʪʢʠ 

ʩʪʨʫʢʪʫʨʳ ʩʦʭʨʘʥʷʶʪʩʷ ʜʦ ʩʚʝʨʭʛʣʫʙʦʢʠʭ ʩʪʝʧʝʥʝʡ ʜʝʬʦʨʤʘʮʠʠ (e>3); 
- ʧʦʩʣʝ ʜʝʬʦʨʤʘʮʠʠ ʦʙʨʘʟʮʘ ʥʘ ʚʝʣʠʯʠʥʫ ʨʘʚʥʫʶ ʧʦʣʦʚʠʥʝ ʦʜʥʦʛʦ ʦʙʦʨʦʪʘ 

ʥʘʢʦʚʘʣʝʥ (j=180 ,̄ eº2,3), ʣʦʢʘʣʴʥʦ ʥʘʙʣʶʜʘʝʪʩʷ ʬʦʨʤʠʨʦʚʘʥʠʝ 
ʥʘʥʦʬʨʘʛʤʝʥʪʠʨʦʚʘʥʥʦʡ ʩʫʙʩʪʨʫʢʪʫʨʳ, ʤʠʥʫʷ ʩʪʘʜʠʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʷʯʝʠʩʪʦʡ ʠ 
ʢʨʫʧʥʦʬʨʘʛʤʝʥʪʠʨʦʚʘʥʥʦʡ ʩʫʙʩʪʨʫʢʪʫʨʳ. ʇʦʭʦʞʠʝ ʧʨʦʮʝʩʩʳ ʜʝʬʦʨʤʘʮʠʦʥʥʦʛʦ 
ʬʦʨʤʠʨʦʚʘʥʠʷ ʣʦʢʘʣʴʥʦʡ ʤʠʢʨʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʫʙʩʪʨʫʢʪʫʨʳ ʥʘʙʣʶʜʘʣʠʩʴ ʧʨʠ 
ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʩʫʧʝʨʣʦʢʘʣʠʟʘʮʠʠ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ Ni3Ge ʚ ʫʩʣʦʚʠʷʭ 
ʢʚʘʟʠʩʪʘʪʠʯʝʩʢʦʛʦ ʩʞʘʪʠʷ. 

- ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʚ ʧʨʦʮʝʩʩʝ ʜʝʬʦʨʤʘʮʠʦʥʥʦʛʦ ʨʘʟʨʫʰʝʥʠʷ ʜʘʣʴʥʝʛʦ ʘʪʦʤʥʦʛʦ 
ʧʦʨʷʜʢʘ ʥʘʙʣʶʜʘʝʪʩʷ ʭʨʫʧʢʦ-ʚʷʟʢʠʡ ʧʝʨʝʭʦʜ. ʇʨʠ ʜʝʬʦʨʤʘʮʠʠ ʦʙʨʘʟʮʘ ʨʘʚʥʦʡ ʪʨʸʤ 
ʦʙʦʨʦʪʘʤ ʥʘʢʦʚʘʣʝʥ, ʧʨʠ ʢʦʪʦʨʦʡ ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʣʥʦʝ ʨʘʟʨʫʰʝʥʠʝ ʜʘʣʴʥʝʛʦ ʘʪʦʤʥʦʛʦ 
ʧʦʨʷʜʢʘ ʧʦʚʝʨʭʥʦʩʪʴ ʠʟʣʦʤʘ ʦʪʨʘʞʘʝʪ ʚʷʟʢʠʡ ʭʘʨʘʢʪʝʨ ʨʘʟʨʫʰʝʥʠʷ, ʠʤʝʝʪ ʷʤʦʯʥʫʶ 
ʩʪʨʫʢʪʫʨʫ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ ʄʠʥʠʩʪʝʨʩʪʚʘ ʥʘʫʢʠ 
ʠ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ (ʪʝʤʘ ˉ FEMN-2023-0003). 
 

ɸʅɸʃʀɿ ʉɺɽʈʍʇʃɸʉʊʀʏɽʉʂʆʁ ɼɽʌʆʈʄɸʎʀʀ ʉʇʃɸɺʆɺ ʉʀʉʊɽʄʓ Al-Mg ʉ 
ʄɸʃʆʁ ɼʆɹɸɺʂʆʁ Zn/Cu 
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ʄʘʨʜʘʥʰʠʥʘ ʊ.ʄ., ʗʢʦʚʮʝʚʘ ʆ.ɸ., ʊʫʨʘʝʚʘ ɿ.C., ʄʠʭʘʡʣʦʚʩʢʘʷ ɸ.ɺ. 

çʅʀʊʋ çʄʀʉʀʉè, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 
Email: t.mardanshina@mail.ru 

 
ʇʨʠʤʝʥʝʥʠʝ ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʦʚ ʧʦʩʪʦʷʥʥʦ ʨʘʩʪʝʪ, ʦʩʦʙʝʥʥʦ ʚ ʘʚʠʘʮʠʠ ʠ 

ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ ʠʟ-ʟʘ ʭʦʨʦʰʠʭ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʨʠ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʜʦʩʪʫʧʥʦʩʪʠ. 
ʇʨʦʤʳʰʣʝʥʥʦʩʪʴ ʩʪʨʝʤʠʪʩʷ ʢ ʩʥʠʞʝʥʠʶ ʚʝʩʘ ʢʦʥʩʪʨʫʢʮʠʡ ʙʝʟ ʧʦʪʝʨʠ ʧʨʦʯʥʦʩʪʥʳʭ 
ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʩʥʠʞʝʥʠʶ ʟʘʪʨʘʪ ʥʘ ʧʨʦʮʝʩʩ ʧʦʣʫʯʝʥʠʷ ʛʦʪʦʚʦʡ ʜʝʪʘʣʠ, ʚ ʩʚʷʟʠ ʩ ʵʪʠʤ 
ʠʩʧʦʣʴʟʫʶʪ ʨʘʟʥʳʝ ʤʝʪʦʜʳ ʧʦʣʫʯʝʥʠʷ ʠʟʜʝʣʠʡ. ʆʜʥʠʤ ʠʟ ʪʘʢʠʭ ʤʝʪʦʜʦʚ ʷʚʣʷʝʪʩʷ 
ʩʚʝʨʭʧʣʘʩʪʠʯʝʩʢʘʷ ʬʦʨʤʦʚʢʘ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʪʦʥʢʦʩʪʝʥʥʳʝ ʠʟʜʝʣʠʷ 
ʩʣʦʞʥʦʡ ʛʝʦʤʝʪʨʠʠ ʩ ʚʳʩʦʢʠʤ ʢʘʯʝʩʪʚʦʤ ʧʦʚʝʨʭʥʦʩʪʠ ʟʘ ʦʜʥʫ ʪʝʭʥʦʣʦʛʠʯʝʩʢʫʶ 
ʦʧʝʨʘʮʠʶ. ʉʚʝʨʭʧʣʘʩʪʠʯʝʩʢʘʷ ʬʦʨʤʦʚʢʘ ʩʧʣʘʚʦʚ ʧʨʦʭʦʜʠʪ ʚ ʦʧʨʝʜʝʣʝʥʥʳʭ 
ʪʝʤʧʝʨʘʪʫʨʥʦ-ʩʢʦʨʦʩʪʥʳʭ ʫʩʣʦʚʠʷʭ, ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ 
ʵʬʬʝʢʪʘ ʥʝʦʙʭʦʜʠʤʦ ʫʤʝʥʴʰʘʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʜʝʬʦʨʤʘʮʠʠ ʠ ʧʦʚʳʰʘʪʴ ʩʢʦʨʦʩʪʴ 
ʬʦʨʤʦʚʢʠ.  

ɺʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʙʦʣʴʰʠʭ ʫʜʣʠʥʝʥʠʡ ʚ ʩʧʣʘʚʘʭ ʧʨʠʩʫʱʘ ʤʘʪʝʨʠʘʣʘʤ ʩ 
ʨʘʟʤʝʨʦʤ ʟʝʨʥʘ ʤʝʥʝʝ 10 ʤʢʤ, ʜʦʩʪʫʧʥʳʝ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʤʦʤʝʥʪ ʤʘʪʝʨʠʘʣʳ 
ʩʧʦʩʦʙʥʳ ʢ ʜʝʬʦʨʤʘʮʠʠ ʧʨʠ ʥʠʟʢʠʭ ʩʢʦʨʦʩʪʷʭ ʩʚʝʨʭʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ (ʥʝ 
ʚʳʰʝ 10-3 ʩ-1). ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʨʝʤʷ ʥʘ ʬʦʨʤʦʚʢʫ ʦʜʥʦʡ ʜʝʪʘʣʠ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ ʦʪ 
ʥʝʩʢʦʣʴʢʠʭ ʯʘʩʦʚ ʜʦ ʩʫʪʦʢ, ʯʪʦ ʩʜʝʨʞʠʚʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʚ 
ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ʇʦʚʳʰʝʥʠʝ ʩʢʦʨʦʩʪʠ ʜʝʬʦʨʤʘʮʠʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʚʘʞʥʫʶ 
ʟʘʜʘʯʫ, ʨʝʰʝʥʠʝ ʢʦʪʦʨʦʡ ʤʦʞʝʪ ʙʳʪʴ ʦʙʫʩʣʦʚʣʝʥʦ ʨʘʟʨʘʙʦʪʢʦʡ ʥʦʚʳʭ ʩʧʣʘʚʦʚ. ɼʣʷ 
ʧʦʣʫʯʝʥʠʷ ʥʦʚʳʭ ʩʧʣʘʚʦʚ ʩ ʧʦʚʳʰʝʥʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʢʨʘʡʥʝ ʚʘʞʥʦ 
ʠʩʩʣʝʜʦʚʘʥʠʝ ʤʝʭʘʥʠʟʤʦʚ ʩʚʝʨʭʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ ʠ ʠʭ ʠʟʤʝʥʝʥʠʡ ʚ ʧʨʦʮʝʩʩʝ 
ʜʝʬʦʨʤʘʮʠʠ, ʯʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʦʟʚʦʣʷʝʪ ʧʦʜʦʙʨʘʪʴ ʦʧʪʠʤʘʣʴʥʳʝ ʪʝʤʧʝʨʘʪʫʨʥʦ-
ʩʢʦʨʦʩʪʥʳʝ ʫʩʣʦʚʠʷ ʜʝʬʦʨʤʘʮʠʠ ʠ ʫʩʢʦʨʠʪʴ ʧʨʦʮʝʩʩ ʬʦʨʤʦʚʢʠ. 

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʣʠʷʥʠʷ ʜʦʙʘʚʦʢ Zn ʠ Cu ʥʘ 
ʩʚʝʨʭʧʣʘʩʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʩʧʣʘʚʘ ʪʠʧʘ ɸɸ5083. ɺ ʨʘʙʦʪʝ ʙʳʣʠ ʠʟʫʯʝʥʳ ʩʧʣʘʚʳ 
ʩʠʩʪʝʤʳ Al-Mg ʜʦʙʘʚʢʘʤʠ Zn ʠʣʠ Cu, ʦʙʦʟʥʘʯʝʥʥʳʝ ʧʦ ʥʘʣʠʯʠʶ ʣʝʛʠʨʫʶʱʠʭ 
ʵʣʝʤʝʥʪʦʚ AlMgMnZrZn ʠ AlMgMnZrCu, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʉʧʣʘʚʳ ʧʦʣʫʯʝʥʳ ʚ 
ʣʘʙʦʨʘʪʦʨʥʦʡ ʠʥʜʫʢʮʠʦʥʥʦʡ ʧʝʯʠ ʚ ʰʘʤʦʪʥʳʭ ʪʠʛʣʷʭ. ʊʝʤʧʝʨʘʪʫʨʘ ʨʘʩʧʣʘʚʘ ʧʝʨʝʜ 
ʨʘʟʣʠʚʢʦʡ ʩʦʩʪʘʚʣʷʣʘ 780Áʉ. ʈʘʟʣʠʚʢʫ ʨʘʩʧʣʘʚʘ ʩʣʠʪʢʦʚ ʦʩʫʱʝʩʪʚʣʷʣʠ ʚ ʤʝʜʥʫʶ 
ʚʦʜʦʦʭʣʘʞʜʘʝʤʫʶ ʠʟʣʦʞʥʠʮʫ. ʇʝʨʝʜ ʛʦʨʷʯʝʡ ʜʝʬʦʨʤʘʮʠʝʡ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 420Áʉ 
ʩʣʠʪʢʠ ʧʦʜʚʝʨʛʣʠ ʪʨʝʭʩʪʫʧʝʥʯʘʪʦʤʫ ʛʦʤʦʛʝʥʠʟʘʮʠʦʥʥʦʤʫ ʦʪʞʠʛʫ ʧʨʠ 350Áʉ ʚ ʪʝʯʝʥʠʝ 
32 ʯ, ʧʨʠ 420Áʉ ʚ ʪʝʯʝʥʠʝ 4 ʯʘʩʦʚ ʠ ʧʨʠ 480Áʉ, 6 ʯʘʩʦʚ. ʇʦʩʣʝ ʛʦʨʷʯʝʡ ʧʨʦʢʘʪʢʠ ʩ 20 
ʤʤ ʜʦ 10 ʤʤ ʩʣʝʜʦʚʘʣʠ ʟʘʢʘʣʢʘ ʩ 480 Áʉ ʠ ʭʦʣʦʜʥʘʷ ʧʨʦʢʘʪʢʘ ʩ ʧʨʦʤʝʞʫʪʦʯʥʦʡ 
ʛʝʪʝʨʦʛʝʥʠʟʘʮʠʝʡ ʩʧʣʘʚʦʚ ʧʨʠ 220Áʉ ʚ ʪʝʯʝʥʠʝ 32 ʯʘʩʦʚ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʭʦʣʦʜʥʦʡ 
ʧʨʦʢʘʪʢʠ ʧʦʣʫʯʠʣʠ ʣʠʩʪʳ ʪʦʣʱʠʥʦʡ 1 ʤʤ, ʠʟ ʢʦʪʦʨʳʭ ʚʳʨʫʙʠʣʠ ʦʙʨʘʟʮʳ, ʩ ʨʘʟʤʝʨʦʤ 
ʨʘʙʦʯʝʡ ʯʘʩʪʠ 14Ĭ6Ĭ1 ʤʤ3.  

ʄʠʢʨʦʩʪʨʫʢʪʫʨʳ ʦʙʨʘʟʮʦʚ ʣʠʪʳʭ, ʧʦʩʣʝ ʦʪʞʠʛʘ, ʧʨʦʢʘʪʢʠ, ʜʦ ʠ ʧʦʩʣʝ 
ʩʚʝʨʭʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ ʠʩʩʣʝʜʦʚʘʣʠ ʧʨʠ ʧʦʤʦʱʠ ʩʚʝʪʦʚʦʛʦ ʤʠʢʨʦʩʢʦʧʘ 
Axiovert ʚ ʧʦʣʷʨʠʟʦʚʘʥʥʦʤ ʩʚʝʪʝ. 

ʇʨʠ ʦʪʞʠʛʝ ʚ ʩʝʣʠʪʨʝ ʠ ʚʦʟʜʫʰʥʦʡ ʘʪʤʦʩʬʝʨʝ, ʠʤʠʪʠʨʫʶʱʝʤ ʥʘʛʨʝʚ ʠ 
ʚʳʜʝʨʞʢʫ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʩʚʝʨʭʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ ʚ ʪʝʯʝʥʠʝ 15 ʤʠʥʫʪ, 
ʩʪʨʫʢʪʫʨʘ ʩʧʣʘʚʦʚ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʦʩʥʦʚʥʦʤ ʘʣʶʤʠʥʠʝʚʳʤ ʪʚʝʨʜʳʤ ʨʘʩʪʚʦʨʦʤ. ʇʦʩʣʝ 

ʦʪʞʠʛʘ ʭʦʣʦʜʥʦʢʘʪʘʥʥʳʭ ʣʠʩʪʦʚ ʚ ʦʙʣʘʩʪʠ ʪʝʤʧʝʨʘʪʫʨ 400ɀ520 Áʉ ʩʧʣʘʚʳ ʠʤʝʶʪ 
ʤʠʢʨʦʩʪʨʫʢʪʫʨʫ ʩʦ ʩʨʝʜʥʠʤ ʨʘʟʤʝʨʦʤ ʟʝʨʥʘ 7-8 ʤʢʤ. ɼʣʷ ʚʳʙʦʨʘ ʦʧʪʠʤʘʣʴʥʳʭ 
ʪʝʤʧʝʨʘʪʫʨʥʦ-ʩʢʦʨʦʩʪʥʳʭ ʫʩʣʦʚʠʡ ʜʝʬʦʨʤʘʮʠʠ ʧʨʦʚʦʜʠʣʠ ʠʩʧʳʪʘʥʠʷ ʩʦ ʩʪʫʧʝʥʯʘʪʳʤ 
ʧʦʚʳʰʝʥʠʝʤ ʩʢʦʨʦʩʪʠ. ʅʘ ʨʠʩʫʥʢʝ 1 ʧʦʢʘʟʘʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʥʘʧʨʷʞʝʥʠʷ ʪʝʯʝʥʠʷ ʠ 
ʧʦʢʘʟʘʪʝʣʷ ʩʢʦʨʦʩʪʥʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ m ʦʪ ʩʢʦʨʦʩʪʠ ʜʝʬʦʨʤʘʮʠʠ. ʊʝʤʧʝʨʘʪʫʨʘ 
ʠʩʧʳʪʘʥʠʡ 0,87-0,94ʊʧʣ, ʚʳʙʨʘʥʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʘʚʣʝʥʠʷ ʩʧʣʘʚʦʚ. 
ʉʧʣʘʚʳ ʧʦʢʘʟʳʚʘʶʪ ʪʠʧʠʯʥʳʝ ʜʣʷ ʩʚʝʨʭʧʣʘʩʪʠʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩʠʛʤʦʠʜʘʣʴʥʳʝ 
ʟʘʚʠʩʠʤʦʩʪʠ ʥʘʧʨʷʞʝʥʠʷ ʪʝʯʝʥʠʷ ʠ ʚʳʩʦʢʠʡ ʧʦʢʘʟʘʪʝʣʴ ʩʢʦʨʦʩʪʥʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ 
m ʦʪ ʩʢʦʨʦʩʪʠ ʜʝʬʦʨʤʘʮʠʠ. ʉʧʣʘʚ ʩ ʜʦʙʘʚʢʦʡ Zn ʠʤʝʝʪ ʟʥʘʯʝʥʠʷ m ʚʳʰʝ 0,5 ʜʦ 
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ʩʢʦʨʦʩʪʝʡ ʜʝʬʦʨʤʘʮʠʠ 1Ĭ10-2 c-1 ʚʦ ʚʩʝʤ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ, ʪʦʛʜʘ ʢʘʢ ʩʧʣʘʚ ʩ Cu 
ʩʚʝʨʭʧʣʘʩʪʠʯʝʥ ʧʨʠ ʵʪʦʡ ʩʢʦʨʦʩʪʠ ʪʦʣʴʢʦ ʧʨʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. 

 

 
ʘ)                                                                                  ʙ) 

ʈʠʩʫʥʦʢ 1  ɿʘʚʠʩʠʤʦʩʪʠ ʥʘʧʨʷʞʝʥʠʷ ʠ ʧʦʢʘʟʘʪʝʣʷ ʩʢʦʨʦʩʪʥʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ m ʦʪ 
ʩʢʦʨʦʩʪʠ ʜʝʬʦʨʤʘʮʠʠ ʜʣʷ ʩʧʣʘʚʦʚ ʘ) AlMgMnZrZn ʠ ʙ) AlMgMnZrCu 

 

ʆʧʪʠʤʘʣʴʥʦʡ ʩʢʦʨʦʩʪʴʶ ʜʝʬʦʨʤʘʮʠʠ ʩʧʣʘʚʦʚ ʚʳʙʨʘʥʘ ʩʢʦʨʦʩʪʴ 5Ĭ10-3 ʩ-1 ʠ 

ʪʝʤʧʝʨʘʪʫʨʘ 480 ᴈ. ʆʙʨʘʟʮʳ ʠʩʧʳʪʘʥʳ ʩ ʧʦʜʜʝʨʞʘʥʠʝʤ ʧʦʩʪʦʷʥʥʦʡ ʩʢʦʨʦʩʪʠ 
ʜʝʬʦʨʤʘʮʠʠ, ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʢʦʪʦʨʳʭ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʛʨʘʬʠʢʦʚ ʟʘʚʠʩʠʤʦʩʪʠ 
ʥʘʧʨʷʞʝʥʠʷ ʦʪ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʫʜʣʠʥʝʥʠʷ (ʨʠʩʫʥʦʢ 2).  
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ʈʠʩʫʥʦʢ 2  ɿʘʚʠʩʠʤʦʩʪʴ ʥʘʧʨʷʞʝʥʠʷ ʩʧʣʘʚʦʚ ʦʪ ʫʜʣʠʥʝʥʠʷ ʧʨʠ 5Ĭ10

-3
 ʩ

-1
ʠ ʪʝʤʧʝʨʘʪʫʨʝ 480Áʉ 

 

ʉʧʣʘʚʳ ʪʠʧʘ ɸɸ5083 ʩʚʝʨʭʧʣʘʩʪʠʯʥʳ ʧʨʠ ʧʦʜʩʦʣʠʜʫʩʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʠ 
ʩʢʦʨʦʩʪʷʭ ʜʦ 5Ĭ10-3 ʩ-1, ʜʦʩʪʠʛʘʷ ʫʜʣʠʥʝʥʠʡ ʜʦ 300%. ʀʩʩʣʝʜʦʚʘʥʥʳʡ ʚ ʨʘʙʦʪʝ ʩʧʣʘʚ ʩ 
ʜʦʙʘʚʢʦʡ ʮʠʥʢʘ ʧʨʠ ʪʦʡ ʞʝ ʩʢʦʨʦʩʪʠ ʜʝʬʦʨʤʘʮʠʠ 5Ĭ10-3 ʩ-1 ʠ ʪʝʤʧʝʨʘʪʫʨʝ ʥʠʞʝ 
ʧʦʜʩʦʣʠʜʫʩʥʦʡ (480 Áʉ) ʩʚʝʨʭʧʣʘʩʪʠʯʝʥ ʩ ʫʜʣʠʥʝʥʠʝʤ ʜʦ 350%, ʯʪʦ ʛʦʚʦʨʠʪ ʦ 
ʙʣʘʛʦʧʨʠʷʪʥʦʤ ʚʣʠʷʥʠʠ ʜʦʙʘʚʢʠ ʥʘ ʩʚʝʨʭʧʣʘʩʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʩʧʣʘʚʘ. ɺ ʪʦ ʚʨʝʤʷ 
ʢʘʢ ʩʧʣʘʚ ʩ ʜʦʙʘʚʢʦʡ ʤʝʜʠ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʣʫʯʰʠʝ ʩʚʦʡʩʪʚʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 500ï
520 Áʉ, ʥʦ ʫʜʣʠʥʝʥʠʷ ʥʝ ʜʦʩʪʠʛʘʶʪ 300%, ʩʣʝʜʦʚʘʪʝʣʴʥʦ ʜʦʙʘʚʢʘ ʤʝʜʠ ʥʝ ʚʣʠʷʝʪ ʥʘ 
ʩʚʦʡʩʪʚʘ ʩʧʣʘʚʘ.  

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʧʨʦʝʢʪʘ ʈʅʌ ˉ 23-79-01155.  
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ʇʈʀʄɽʅɽʅʀɽ ʄɽʊʆɼɸ ʀʅʉʊʈʋʄɽʅʊɸʃʔʅʆɻʆ ʀʅɼɽʅʊʀʈʆɺɸʅʀʗ ɼʃʗ 
ʆʇʈɽɼɽʃɽʅʀʗ ʍɸʈɸʂʊɽʈʀʉʊʀʂ ʊɺɽʈɼʆʉʊʀ ʀ ʇʈʆʏʅʆʉʊʀ ʉʊɸʃʀ 15ʍ2ʅʄʌɸɸ 

ʇʈʀ ɺʓʉʆʂʀʍ ʊɽʄʇɽʈɸʊʋʈɸʍ 
 

ʄʘʨʯʝʥʢʦʚ ɸ.ʖ., ʉʚʠʨʠʜʦʚ ɻ.ɹ., ʇʘʥʴʢʠʥʘ ɸ.ɸ., ɽʣʠʩʝʝʚʘ ɽ.ʇ., ɸʛʘʬʦʥʦʚ ʈ.ʖ. 
ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ çʄʕʀè, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

e-mail: art-marchenkov@yandex.ru 
 

ʉʪʘʣʴ 15ʍ2ʅʄʌɸɸ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʵʥʝʨʛʝʪʠʯʝʩʢʦʤ ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ ʜʣʷ 

ʠʟʛʦʪʦʚʣʝʥʠʷ ʦʙʝʯʘʝʢ ʘʢʪʠʚʥʦʡ ʟʦʥʳ ʨʝʘʢʪʦʨʦʚ ʠ ʜʨʫʛʠʭ ʫʟʣʦʚ ʨʝʘʢʪʦʨʥʳʭ ʫʩʪʘʥʦʚʦʢ 

ɸʕʉ, ʨʘʙʦʪʘʶʱʠʭ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʜʦ 350Áʉ (ʇʅɸʕɻï7ï008ï89). ɺ ʧʨʦʮʝʩʩʝ 

ʜʣʠʪʝʣʴʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʵʪʦʡ ʩʪʘʣʠ ʧʨʠ ʧʦʚʳʰʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʧʨʦʠʩʭʦʜʷʪ 

ʠʟʤʝʥʝʥʠʷ ʚ ʝʝ ʤʠʢʨʦʩʪʨʫʢʪʫʨʝ, ʢʦʪʦʨʳʝ ʚʳʟʳʚʘʶʪ ʧʦʩʪʝʧʝʥʥʫʶ ʜʝʛʨʘʜʘʮʠʶ 

ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. ʇʨʠʯʝʤ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʜʝʡʩʪʚʫʶʱʠʭ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ 

ʬʘʢʪʦʨʦʚ ʚʦʟʤʦʞʥʦ ʩʥʠʞʝʥʠʝ ʢʘʢ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʦʯʥʦʩʪʠ, ʪʘʢ ʠ ʧʦʢʘʟʘʪʝʣʝʡ 

ʧʣʘʩʪʠʯʥʦʩʪʠ. ɺ ʵʪʦʡ ʩʚʷʟʠ ʦʪʚʝʪʩʪʚʝʥʥʳʝ ʠʟʜʝʣʠʷ, ʠʟʛʦʪʦʚʣʝʥʥʳʝ ʠʟ ʩʪʘʣʠ 

15ʍ2ʅʄʌɸɸ, ʧʦʜʚʝʨʛʘʶʪ ʧʝʨʠʦʜʠʯʝʩʢʦʤʫ ʢʦʥʪʨʦʣʶ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʅʀʋ çʄʕʀè ʚʝʜʫʪʩʷ ʨʘʟʨʘʙʦʪʢʠ ʦʧʝʨʘʪʠʚʥʳʭ ʤʝʪʦʜʦʚ 

ʢʦʥʪʨʦʣʷ ʤʝʭʘʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʵʪʦʡ ʩʪʘʣʠ, ʢʦʪʦʨʳʝ ʦʩʥʦʚʘʥʳ ʥʘ ʧʨʦʚʝʜʝʥʠʠ 

ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʛʦ ʠʥʜʝʥʪʠʨʦʚʘʥʠʷ ʧʨʠ ʧʦʚʳʰʝʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. ʀʥʩʪʨʫʤʝʥʪʘʣʴʥʦʝ 

ʠʥʜʝʥʪʠʨʦʚʘʥʠʝ ʦʩʥʦʚʘʥʦ ʥʘ ʚʥʝʜʨʝʥʠʠ ʚ ʧʦʚʝʨʭʥʦʩʪʴ ʤʘʪʝʨʠʘʣʘ ʠʥʜʝʥʪʦʨʘ ʚ ʚʠʜʝ 

ʰʘʨʘ ʩ ʨʝʛʠʩʪʨʘʮʠʝʡ ʧʝʨʚʠʯʥʦʡ ʜʠʘʛʨʘʤʤʳ ʚʜʘʚʣʠʚʘʥʠʷ ʚ ʢʦʦʨʜʠʥʘʪʘʭ çʫʩʠʣʠʝ ï 

ʧʝʨʝʤʝʱʝʥʠʝ ʠʥʜʝʥʪʦʨʘè, ʢʦʪʦʨʫʶ ʟʘʪʝʤ ʧʨʝʦʙʨʘʟʦʚʳʚʘʶʪ ʚ ʜʠʘʛʨʘʤʤʫ çʥʘʧʨʷʞʝʥʠʝ 

ʧʨʠ ʚʜʘʚʣʠʚʘʥʠʠ (ʪ.ʝ. ʪʚʝʨʜʦʩʪʴ) ï ʜʝʬʦʨʤʘʮʠʷ ʧʨʠ ʚʜʘʚʣʠʚʘʥʠʠè. ʊʘʢʘʷ ʜʠʘʛʨʘʤʤʘ, 

ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʠʤʝʝʪ ʪʝ ʞʝ ʭʘʨʘʢʪʝʨʥʳʝ ʫʯʘʩʪʢʠ ʠ ʪʦʯʢʠ, ʯʪʦ ʠ ʫʩʣʦʚʥʘʷ ʜʠʘʛʨʘʤʤʘ 

ʨʘʩʪʷʞʝʥʠʷ ʚ ʦʙʣʘʩʪʠ ʨʘʚʥʦʤʝʨʥʦʡ ʫʧʨʫʛʦʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ, ʧʦʵʪʦʤʫ ʧʦ 

ʜʠʘʛʨʘʤʤʝ ʚʜʘʚʣʠʚʘʥʠʷ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʦʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʚʝʨʜʦʩʪʠ 

ʠʩʧʳʪʫʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ ʦʙʣʘʩʪʠ ʨʘʚʥʦʤʝʨʥʦʡ ʜʝʬʦʨʤʘʮʠʠ ʩ ʧʦʩʣʝʜʫʶʱʠʤ 

ʧʝʨʝʩʯʝʪʦʤ ʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʦʯʥʦʩʪʠ. ɺ ʅʀʋ çʄʕʀè 

ʨʘʟʨʘʙʦʪʘʥʘ ʩʦʙʩʪʚʝʥʥʘʷ ʤʝʪʦʜʠʢʘ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʧʝʨʚʠʯʥʳʭ ʜʠʘʛʨʘʤʤ ʚʜʘʚʣʠʚʘʥʠʷ 

ʚ ʜʠʘʛʨʘʤʤʫ ʨʘʩʪʷʞʝʥʠʷ [1] ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʘ ʮʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ 

ʷʚʣʷʝʪʩʷ ʫʩʪʘʥʦʚʣʝʥʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ʢʨʘʪʢʦʚʨʝʤʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʧʨʦʯʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ ʧʨʠ ʧʦʚʳʰʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʝʨʚʠʯʥʳʭ 

ʜʠʘʛʨʘʤʤ ʚʜʘʚʣʠʚʘʥʠʷ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʚʝʜʝʥʦ ʥʘ ʟʘʛʦʪʦʚʢʘʭ ʠʟ ʩʪʘʣʠ 15ʍ2ʅʄʌɸɸ ʚ ʚʠʜʝ ʧʨʫʪʢʦʚ 

Ï20 ʤʤ, ʠʟ ʢʦʪʦʨʳʭ ʙʳʣʠ ʠʟʛʦʪʦʚʣʝʥʳ ʩʪʘʥʜʘʨʪʥʳʝ ʮʠʣʠʥʜʨʠʯʝʩʢʠʝ ʦʙʨʘʟʮʳ ʧʦ ɻʆʉʊ 

1497 ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʩʧʳʪʘʥʠʡ ʨʘʩʪʷʞʝʥʠʝʤ ʠ ʤʠʢʨʦʰʣʠʬʳ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ 

ʠʩʧʳʪʘʥʠʡ ʚʜʘʚʣʠʚʘʥʠʝʤ. ɺʩʝ ʠʩʧʳʪʘʥʠʷ ʧʨʦʚʦʜʠʣʠ ʥʘ ʤʘʰʠʥʝ Instron 5982. ɼʣʷ 

ʧʨʦʚʝʜʝʥʠʷ ʠʩʧʳʪʘʥʠʡ ʠʥʜʝʥʪʠʨʦʚʘʥʠʝʤ ʨʘʟʨʘʙʦʪʘʣʠ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʦʩʥʘʩʪʢʫ. 

ʀʩʧʳʪʘʥʠʷ ʨʘʩʪʷʞʝʥʠʝʤ ʚʳʧʦʣʥʷʣʠ ʩʦʛʣʘʩʥʦ ɻʆʉʊ 1497 ʩʦ ʩʢʦʨʦʩʪʴʶ 

ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ 2 ʤʤ/ʤʠʥ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 20, 200 ʠ 300Áʉ. ʀʩʧʳʪʘʥʠʷ 

ʚʜʘʚʣʠʚʘʥʠʝʤ ʚʳʧʦʣʥʷʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʥʜʝʥʪʦʨʘ ʚ ʚʠʜʝ ʩʪʘʣʴʥʦʛʦ ʰʘʨʘ 

ʜʠʘʤʝʪʨʦʤ 2,5 ʤʤ ʧʨʠ ʵʪʠʭ ʞʝ ʪʝʤʧʝʨʘʪʫʨʘʭ ʩʪʫʧʝʥʯʘʪʳʤ ʥʘʛʨʫʞʝʥʠʝʤ ʩ ʧʦʣʥʦʡ 

ʨʘʟʛʨʫʟʢʦʡ. ʐʘʛ ʥʘʛʨʫʟʢʠ ʥʘ ʢʘʞʜʦʡ ʩʪʫʧʝʥʠ ʙʳʣ ʧʦʜʦʙʨʘʥ ʧʨʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʘʭ, ʘ ʤʘʢʩʠʤʘʣʴʥʘʷ ʥʘʛʨʫʟʢʘ ʚʜʘʚʣʠʚʘʥʠʷ ʩʦʩʪʘʚʣʷʣʘ 187,5 ʢʛ (1840 ʅ). ʅʘ 

ʢʘʞʜʦʡ ʩʪʫʧʝʥʠ ʜʠʘʛʨʘʤʤʳ ʚʜʘʚʣʠʚʘʥʠʷ ʨʘʩʩʯʠʪʳʚʘʣʠ ʛʣʫʙʠʥʫ ʚʥʝʜʨʝʥʠʷ ʠʥʜʝʥʪʦʨʘ t 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʦʨʤʫʣʳ  

 ὸ Ὤ ‎‌ Ὤ, (1) 

 
ʛʜʝ h ï ʦʩʪʘʪʦʯʥʘʷ ʛʣʫʙʠʥʘ ʦʪʧʝʯʘʪʢʘ ʧʦʩʣʝ ʧʦʣʥʦʡ ʨʘʟʛʨʫʟʢʠ, Ŭ ï ʧʦʣʥʦʝ 

ʧʝʨʝʤʝʱʝʥʠʝ ʠʥʜʝʥʪʦʨʘ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦʡ ʥʘʛʨʫʟʢʝ, ɔ ï ʢʦʵʬʬʠʮʠʝʥʪ, ʫʯʠʪʳʚʘʶʱʠʡ 
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ʦʪʥʦʰʝʥʠʝ ʤʦʜʫʣʝʡ ʥʦʨʤʘʣʴʥʦʡ ʫʧʨʫʛʦʩʪʠ ʠʩʧʳʪʫʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠ ʤʘʪʝʨʠʘʣʘ 

ʠʥʜʝʥʪʦʨʘ, ʧʨʠʥʠʤʘʚʰʠʡʩʷ ʨʘʚʥʳʤ ɔ = 0,5 ʜʣʷ ʚʩʝʭ ʪʝʤʧʝʨʘʪʫʨ ʚʩʣʝʜʩʪʚʠʝ ʧʨʠʤʝʨʥʦ 

ʦʜʠʥʘʢʦʚʦʛʦ ʠʟʤʝʥʝʥʠʷ ʟʥʘʯʝʥʠʡ ʤʦʜʫʣʷ ʥʦʨʤʘʣʴʥʦʡ ʫʧʨʫʛʦʩʪʠ ʜʣʷ ʠʥʜʝʥʪʦʨʘ ʠ 

ʠʩʧʳʪʫʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʝʣʠʯʠʥʘ Ŭ ʩʦʜʝʨʞʠʪ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ (çʧʘʨʘʟʠʪʥʫʶè) 

ʜʝʬʦʨʤʘʮʠʶ, ʚʳʟʚʘʥʥʫʶ ʫʧʨʫʛʠʤ ʜʝʬʦʨʤʠʨʦʚʘʥʠʝʤ ʠʩʧʳʪʘʪʝʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ 

ʦʩʥʘʩʪʢʠ, ʧʦʵʪʦʤʫ ʜʣʷ ʧʨʘʚʠʣʴʥʦʛʦ ʚʳʯʠʩʣʝʥʠʷ Ŭ ʥʘ ʢʘʞʜʦʡ ʩʪʫʧʝʥʠ ʥʘʛʨʫʞʝʥʠʷ ʙʳʣʠ 

ʧʨʦʚʝʜʝʥʳ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʝ ʠʩʧʳʪʘʥʠʷ ʜʣʷ ʦʮʝʥʢʠ ʫʧʨʫʛʦʡ ʧʦʜʘʪʣʠʚʦʩʪʠ 

ʠʩʧʳʪʘʪʝʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʘʚʪʦʨʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʦʙʩʪʚʝʥʥʫʶ 

ʤʝʪʦʜʠʢʫ ʦʮʝʥʢʠ ʫʧʨʫʛʦʡ ʧʦʜʘʪʣʠʚʦʩʪʠ [2], ʦʜʥʘʢʦ ʜʣʷ ʵʪʠʭ ʞʝ ʮʝʣʝʡ ʤʦʞʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʠ ʜʨʫʛʠʝ ʤʝʪʦʜʠʢʠ, ʦʧʠʩʘʥʥʳʝ, ʥʘʧʨʠʤʝʨ, ʚ ɻʆʉʊ 8.904. 

ʇʦʩʣʝ ʦʧʨʝʜʝʣʝʥʠʷ ʛʣʫʙʠʥʳ ʦʪʧʝʯʘʪʢʘ t ʥʘ ʢʘʞʜʦʡ ʩʪʫʧʝʥʠ ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ 

ʟʥʘʯʝʥʠʷ ʜʝʬʦʨʤʘʮʠʠ ʧʨʠ ʚʜʘʚʣʠʚʘʥʠʠ ɣʚʜ = t/R, ʛʜʝ R ï ʨʘʜʠʫʩ ʠʥʜʝʥʪʦʨʘ, ʠ 

ʟʥʘʯʝʥʠʷ ʪʚʝʨʜʦʩʪʠ ʧʨʠ ʠʥʜʝʥʪʠʨʦʚʘʥʠʠ HBIT ʧʦ ʬʦʨʤʫʣʝ: 

 

 Ὄὄ  , (2) 

 

ʛʜʝ F ï ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʥʘʛʨʫʟʢʠ ʥʘ ʟʘʜʘʥʥʦʡ ʩʪʫʧʝʥʠ ʥʘʛʨʫʞʝʥʠʷ. 

ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʥʘ ʨʠʩ. 1ʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʚʝ ʧʝʨʚʠʯʥʳʝ ʜʠʘʛʨʘʤʤʳ 

ʚʜʘʚʣʠʚʘʥʠʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 20 ʠ 300Áʉ, ʘ ʥʘ ʨʠʩ. 1ʙ ï ʧʝʨʝʩʪʨʦʝʥʥʳʝ ʜʠʘʛʨʘʤʤʳ 

ʚʜʘʚʣʠʚʘʥʠʷ çʪʚʝʨʜʦʩʪʴ ʧʨʠ ʠʥʜʝʥʪʠʨʦʚʘʥʠʠ HBIT ï ʜʝʬʦʨʤʘʮʠʷ ʧʨʠ ʚʜʘʚʣʠʚʘʥʠʠ 

ɣʚʜè. 

 

  
ʘ) ʙ) 

ʈʠʩʫʥʦʢ 1 ï ʇʝʨʚʠʯʥʳʝ (ʘ) ʠ ʧʨʝʦʙʨʘʟʦʚʘʥʥʳʝ (ʙ) ʜʠʘʛʨʘʤʤʳ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʛʦ 
ʠʥʜʝʥʪʠʨʦʚʘʥʠʷ ʩʪʘʣʠ 15ʍ2ʅʄʌɸɸ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 20Áʉ ʠ 300Áʉ 

 
ʇʦ ʧʨʝʦʙʨʘʟʦʚʘʥʥʳʤ ʜʠʘʛʨʘʤʤʘʤ ʚʜʘʚʣʠʚʘʥʠʷ ʦʧʨʝʜʝʣʷʣʠ ʦʩʥʦʚʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʚʝʨʜʦʩʪʠ ï ʤʘʢʩʠʤʘʣʴʥʫʶ ʪʚʝʨʜʦʩʪʴ (HBIT)max ʠ ʪʚʝʨʜʦʩʪʴ ʥʘ ʧʨʝʜʝʣʝ 

ʪʝʢʫʯʝʩʪʠ (HBIT)0.2, ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʜʝʬʦʨʤʘʮʠʠ ʧʨʠ ʚʜʘʚʣʠʚʘʥʠʠ ɣʚʜ = 0,2%. 

ɿʥʘʯʝʥʠʷ ʵʪʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. ʇʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ 

(HBIT)max ʠ (HBIT)0.2 ʧʨʠ ʢʘʞʜʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʩʦʧʦʩʪʘʚʣʷʣʠ ʩʦ ʟʥʘʯʝʥʠʷʤʠ ʚʨʝʤʝʥʥʦʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ůɺ ʠ ʫʩʣʦʚʥʦʛʦ ʧʨʝʜʝʣʘ ʪʝʢʫʯʝʩʪʠ ů0.2 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʕʪʠ ʜʘʥʥʳʝ 

ʪʘʢʞʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 1 ʚ ʚʠʜʝ ʦʪʥʦʰʝʥʠʡ ůɺ/(HBIT)max ʠ ů0.2/(HBIT)0.2. ʀʟ 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʩʦʦʪʥʦʰʝʥʠʡ ʚʠʜʥʘ ʜʦʩʪʘʪʦʯʥʦ ʫʩʪʦʡʯʠʚʘʷ ʢʦʣʠʯʝʩʪʚʝʥʥʘʷ 

ʚʟʘʠʤʦʩʚʷʟʴ ï ʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʧʨʦʯʥʦʩʪʠ ʠ 

ʪʚʝʨʜʦʩʪʠ ʜʣʷ ʩʪʘʣʠ 15ʍ2ʅʄʌɸɸ ʩʦʭʨʘʥʷʶʪʩʷ ʧʨʠʤʝʨʥʦ ʥʘ ʦʜʥʦʤ ʫʨʦʚʥʝ ʧʨʠ 

ʧʦʚʳʰʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ. 
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ʊʘʙʣʠʮʘ 1  ʄʝʭʘʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʪʘʣʠ 15ʍ2ʅʄʌɸɸ ʧʨʠ 20-300Áʉ, 
ʦʧʨʝʜʝʣʝʥʥʳʝ ʠʩʧʳʪʘʥʠʷʤʠ ʨʘʩʪʷʞʝʥʠʝʤ ʦʙʨʘʟʮʦʚ ʠ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʤ 
ʠʥʜʝʥʪʠʨʦʚʘʥʠʝʤ 

ɺʠʜ ʠʩʧʳʪʘʥʠʷ ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ 
ʊʝʤʧʝʨʘʪʫʨʘ ʠʩʧʳʪʘʥʠʷ, ʉ̄ 

20 200 300 

ʈʘʩʪʷʞʝʥʠʝ 

ɺʨʝʤʝʥʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ (sɺ), ʄʇʘ 644 567 544 

ʋʩʣʦʚʥʳʡ ʧʨʝʜʝʣ ʪʝʢʫʯʝʩʪʠ (s0,2 ), ʄʇʘ 497 470 435 

ʆʪʥʦʩʠʪʝʣʴʥʦʝ ʧʨʝʜʝʣʴʥʦʝ 

ʨʘʚʥʦʤʝʨʥʦʝ ʫʜʣʠʥʝʥʠʝ (dʨ), % 
7,3 6,1 5,7 

ʆʪʥʦʩʠʪʝʣʴʥʦʝ ʫʜʣʠʥʝʥʠʝ ʧʦʩʣʝ 

ʨʘʟʨʳʚʘ (d5), % 
15,0 13,5 12,0 

ʀʥʜʝʥʪʠʨʦʚʘʥʠʝ 

ʄʘʢʩʠʤʘʣʴʥʘʷ ʪʚʝʨʜʦʩʪʴ (HBIT)max, ʄʇʘ 2 472 2 168 2 128 

ʊʚʝʨʜʦʩʪʴ ʥʘ ʧʨʝʜʝʣʝ ʪʝʢʫʯʝʩʪʠ 
(HBIT)0.2, ʄʇʘ 

1 980 1 648 1 589 

ʇʨʝʜʝʣʴʥʘʷ ʨʘʚʥʦʤʝʨʥʘʷ ʜʝʬʦʨʤʘʮʠʷ 
ʧʨʠ ʚʜʘʚʣʠʚʘʥʠʠ (ɣʚʜ)ʨ, % 

7,3 7,0 6,6 

ʉʦʧʦʩʪʘʚʣʝʥʠʝ 
ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʆʪʥʦʰʝʥʠʝ ůɺ/(HBIT)max 0,261 0,262 0,256 

ʆʪʥʦʰʝʥʠʝ ů0.2/(HBIT)0.2 0,251 0,285 0,273 

 
ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʩʥʠʞʝʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʣʘʩʪʠʯʥʦʩʪʠ ʠʩʩʣʝʜʫʝʤʦʡ ʩʪʘʣʠ 

ʧʨʠ ʧʦʚʳʰʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ. ʇʨʠ ʠʩʧʳʪʘʥʠʷʭ ʨʘʩʪʷʞʝʥʠʝʤ ʫʩʪʘʥʦʚʣʝʥʦ ʩʥʠʞʝʥʠʝ 

ʧʨʝʜʝʣʴʥʦʛʦ ʨʘʚʥʦʤʝʨʥʦʛʦ ʫʜʣʠʥʝʥʠʷ dʨ ʠ ʢʦʥʝʯʥʦʛʦ ʫʜʣʠʥʝʥʠʷ ʦʙʨʘʟʮʘ ʧʦʩʣʝ 

ʨʘʟʨʳʚʘ d5. ʅʘ ʜʠʘʛʨʘʤʤʘʭ ʠʥʜʝʥʪʠʨʦʚʘʥʠʷ ʚʳʭʦʜ ʥʘ ʤʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ 
ʪʚʝʨʜʦʩʪʠ ʧʨʦʠʩʭʦʜʠʪ ʪʘʢʞʝ ʧʨʠ ʤʝʥʴʰʠʭ ʟʥʘʯʝʥʠʷʭ ʜʝʬʦʨʤʘʮʠʠ ʧʨʠ ʚʜʘʚʣʠʚʘʥʠʷ 
(ɣʚʜ)ʨ ʩ ʧʦʚʳʰʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʦʙʱʠʡ ʭʘʨʘʢʪʝʨ ʠʟʤʝʥʝʥʠʷ 
ʦʧʨʝʜʝʣʷʝʤʳʭ ʤʝʭʘʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʠ ʠʩʧʳʪʘʥʠʷʭ ʨʘʩʪʷʞʝʥʠʝʤ ʠ 
ʚʜʘʚʣʠʚʘʥʠʝʤ ʠʥʜʝʥʪʦʨʘ, ʠ ʧʦʢʘʟʳʚʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ ʦʙʦʩʥʦʚʘʥʥʳʭ 
ʤʝʪʦʜʠʢ ʜʣʷ ʦʧʝʨʘʪʠʚʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʚʝʨʜʦʩʪʠ, ʧʨʦʯʥʦʩʪʠ ʠ 
ʧʣʘʩʪʠʯʥʦʩʪʠ ʤʘʪʝʨʠʘʣʦʚ ʠʩʧʳʪʘʥʠʝʤ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʤ ʠʥʜʝʥʪʠʨʦʚʘʥʠʝʤ, ʥʝ 
ʪʨʝʙʫʶʱʠʭ ʚʳʨʝʟʢʠ ʠ ʠʩʧʳʪʘʥʠʷ ʨʘʟʨʳʚʥʳʭ ʦʙʨʘʟʮʦʚ. 
 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʚ ʌɻɹʆʋ ɺʆ çʅʀʋ çʄʕʀè ʟʘ ʩʯʝʪ ʛʨʘʥʪʘ 
ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ ˉ 23-79-10140, https://rscf.ru/project/23-79-10140/ 
 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 
1. ʄʘʪʶʥʠʥ ɺ.ʄ., ʄʘʨʯʝʥʢʦʚ ɸ.ʖ., ɺʦʣʢʦʚ ʇ.ɺ., ʂʘʨʠʤʙʝʢʦʚ ʄ.ɸ., ɾʛʫʪ ɼ.ɸ., 

ʇʝʪʨʦʚʘ ʄ.ʇ., ɺʝʨʝʤʝʝʚʘ ʅ.ʆ. ʇʨʝʦʙʨʘʟʦʚʘʥʠʝ ʢʠʥʝʪʠʯʝʩʢʠʭ ʜʠʘʛʨʘʤʤ ʚʜʘʚʣʠʚʘʥʠʷ 
ʩʬʝʨʠʯʝʩʢʦʛʦ ʠʥʜʝʥʪʦʨʘ ʚ ʜʠʘʛʨʘʤʤʳ ʨʘʩʪʷʞʝʥʠʷ ʜʣʷ ʤʝʪʘʣʣʠʯʝʩʢʠʭ 
ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ // ɿʘʚʦʜʩʢʘʷ ʣʘʙʦʨʘʪʦʨʠʷ. ɼʠʘʛʥʦʩʪʠʢʘ ʤʘʪʝʨʠʘʣʦʚ, 
2022. ˉ 2. ï ʉ. 54-63. 

2. ʄʘʪʶʥʠʥ ɺ.ʄ., ʄʘʨʯʝʥʢʦʚ ɸ.ʖ., ɸʙʫʩʘʠʬ ʅ., ʉʪʘʩʝʥʢʦ ʅ.ɸ. ʆʮʝʥʢʘ ʫʧʨʫʛʦʡ 
ʧʦʜʘʪʣʠʚʦʩʪʠ ʪʚʝʨʜʦʤʝʨʘ ʧʨʠ ʢʠʥʝʪʠʯʝʩʢʦʤ ʠʥʜʝʥʪʠʨʦʚʘʥʠʠ ʤʘʪʝʨʠʘʣʦʚ // ɿʘʚʦʜʩʢʘʷ 
ʣʘʙʦʨʘʪʦʨʠʷ. ɼʠʘʛʥʦʩʪʠʢʘ ʤʘʪʝʨʠʘʣʦʚ, 2019. ˉ4. ï ʉ. 57-63. 
  



ɸʢʪʫʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ ʧʨʦʯʥʦʩʪʠ 

 

109 

 

ʆʎɽʅʂɸ ʍʃɸɼʅʆʃʆʄʂʆʉʊʀ ʀ ʉʀʅɽʃʆʄʂʆʉʊʀ ʂʆʅʉʊʈʋʂʎʀʆʅʅʓʍ ʉʊɸʃɽʁ 
ʂʀʅɽʊʀʏɽʉʂʀʄ ʀʅɼɽʅʊʀʈʆɺɸʅʀɽʄ 

 
ʄʘʪʶʥʠʥ ɺ.ʄ., ʄʘʨʯʝʥʢʦʚ ɸ.ʖ., ʂʘʨʠʤʙʝʢʦʚ ʄ.ɸ., ʇʘʥʴʢʠʥʘ ɸ.ɸ., ʉʚʠʨʠʜʦʚ ɻ.ɹ., 

ʎʚʝʪʢʦʚʘ ʅ.ʆ. 
ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ çʄʕʀè, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

e-mail: art-marchenkov@yandex.ru  
 

ʗʚʣʝʥʠʷ ʭʣʘʜʥʦʣʦʤʢʦʩʪʠ ʠ ʩʠʥʝʣʦʤʢʦʩʪʠ ʤʦʛʫʪ ʦʢʘʟʳʚʘʪʴ ʩʫʱʝʩʪʚʝʥʥʦʝ 
ʚʣʠʷʥʠʝ ʥʘ ʤʝʭʘʥʠʯʝʩʢʠʝ ʠ ʩʣʫʞʝʙʥʳʝ ʩʚʦʡʩʪʚʘ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʩʪʘʣʝʡ. 
ʍʣʘʜʥʦʣʦʤʢʦʩʪʴ ʧʨʦʷʚʣʷʝʪʩʷ ʧʨʠ ʥʘʛʨʫʞʝʥʠʠ ʚ ʫʩʣʦʚʠʷʭ ʦʭʣʘʞʜʝʥʠʷ ʜʦ ʥʠʟʢʠʭ 
ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʪʝʤʧʝʨʘʪʫʨ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʦʧʫʩʢʘʪʴʩʷ ʜʦ 203ʂ (-70Áʉ) ʠ ʥʠʞʝ, ʘ 
ʩʠʥʝʣʦʤʢʦʩʪʴ ï ʚ ʫʩʣʦʚʠʷʭ ʥʘʛʨʝʚʘ ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 423 ï 623ʂ (150 ï 350Áʉ). 
ɺʤʝʩʪʝ ʩ ʪʝʤ, ʠ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ, ʠ ʧʨʠ ʥʘʛʨʝʚʝ ʩʪʘʣʠ ʥʝʦʙʭʦʜʠʤʦ ʨʘʩʧʦʣʘʛʘʪʴ ʙʦʣʝʝ 
ʪʦʯʥʳʤ ʪʝʤʧʝʨʘʪʫʨʥʳʤ ʠʥʪʝʨʚʘʣʦʤ, ʚ ʢʦʪʦʨʦʤ ʧʨʦʷʚʣʷʶʪʩʷ ʠ ʭʣʘʜʥʦʣʦʤʢʦʩʪʴ, ʠ 
ʩʠʥʝʣʦʤʢʦʩʪʴ. ʕʪʦ ʤʦʞʝʪ ʧʦʟʚʦʣʠʪʴ ʩʨʘʚʥʠʚʘʪʴ ʠ ʚʳʙʠʨʘʪʴ ʩʪʘʣʠ ʧʦ ʩʧʦʩʦʙʥʦʩʪʠ 
ʧʨʦʪʠʚʦʩʪʦʷʪʴ ʭʣʘʜʥʦʣʦʤʢʦʩʪʠ ʠ ʩʠʥʝʣʦʤʢʦʩʪʠ, ʘ ʪʘʢʞʝ ʙʦʣʝʝ ʦʙʦʩʥʦʚʘʥʥʦ ʥʘʟʥʘʯʘʪʴ 
ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʫʩʣʦʚʠʷ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠʟʜʝʣʠʡ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ. 

ʆʮʝʥʢʘ ʭʣʘʜʥʦʣʦʤʢʦʩʪʠ ʩʪʘʣʠ ʩ ʚʳʷʚʣʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨ ʚʷʟʢʦ-ʭʨʫʧʢʦʛʦ 
ʧʝʨʝʭʦʜʘ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ ʠ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʠʥʪʝʨʚʘʣʘ ʩʠʥʝʣʦʤʢʦʩʪʠ ʧʨʠ ʥʘʛʨʝʚʝ 
ʩʪʘʣʝʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʪʨʫʜʦʝʤʢʠʡ ʠ ʤʘʪʝʨʠʘʣʦʝʤʢʠʡ ʧʨʦʮʝʩʩ, ʪʨʝʙʫʶʱʠʡ ʠʟʛʦʪʦʚʣʝʥʠʷ 
ʠ ʠʩʧʳʪʘʥʠʡ ʩʝʨʠʡ ʦʙʨʘʟʮʦʚ ʥʘ ʫʜʘʨʥʳʡ ʠʟʛʠʙ ʠ ʨʘʩʪʷʞʝʥʠʝ ʥʘ ʤʘʷʪʥʠʢʦʚʦʤ ʢʦʧʨʝ ʠ 
ʨʘʟʨʳʚʥʦʡ ʤʘʰʠʥʝ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʚ ʥʘʩʪʦʷʱʝʤ ʜʦʢʣʘʜʝ ʘʚʪʦʨʳ 
ʠʟʣʘʛʘʶʪ ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʠʤʠ ʤʝʪʦʜʠʢʠ ʦʮʝʥʢʠ ʭʣʘʜʥʦʣʦʤʢʦʩʪʠ ʠ ʩʠʥʝʣʦʤʢʦʩʪʠ 
ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʩʪʘʣʝʡ, ʢʦʪʦʨʳʝ ʙʦʣʝʝ ʧʨʦʩʪʳ, ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳ ʠ ʤʝʥʝʝ 
ʤʘʪʝʨʠʘʣʦʝʤʢʠ, ʯʝʤ ʩʫʱʝʩʪʚʫʶʱʠʝ. 

ʇʨʝʜʣʘʛʘʝʤʘʷ ʤʝʪʦʜʠʢʘ ʦʮʝʥʢʠ ʭʣʘʜʥʦʣʦʤʢʦʩʪʠ ʩʪʘʣʠ ʦʩʥʦʚʘʥʘ ʥʘ 
ʢʠʥʝʪʠʯʝʩʢʦʤ (ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʤ) ʠʥʜʝʥʪʠʨʦʚʘʥʠʠ ʚ ʫʩʣʦʚʠʷʭ ʦʭʣʘʞʜʝʥʠʷ ʩ 
ʨʝʛʠʩʪʨʘʮʠʝʡ ʜʠʘʛʨʘʤʤ ʚʜʘʚʣʠʚʘʥʠʷ ʩʬʝʨʠʯʝʩʢʠʤ ʥʜʝʥʪʦʨʦʤ ʠ ʦʧʨʝʜʝʣʝʥʠʝʤ ʧʦ ʥʠʤ 
ʪʚʝʨʜʦʩʪʠ ʠʥʜʝʥʪʠʨʦʚʘʥʠʷ ʧʦ ɹʨʠʥʝʣʣʶ ʅɺIT ʩʦʛʣʘʩʥʦ ɻʆʉʊ ʈ 56232-2014. 
ʂʠʥʝʪʠʯʝʩʢʦʝ ʠʥʜʝʥʪʠʨʦʚʘʥʠʝ ʩʪʘʣʴʥʳʭ ʰʣʠʬʦʚ ʠʥʜʝʥʪʦʨʦʤ ʜʠʘʤʝʪʨʦʤ D = 2,5 ʤʤ 
ʚʳʧʦʣʥʷʣʦʩʴ ʚ ʨʝʞʠʤʝ ʩʞʘʪʠʷ ʥʘ ʤʘʰʠʥʝ Instron 5982. ʐʣʠʬʳ ʫʩʪʘʥʘʚʣʠʚʘʣʠʩʴ ʥʘ 
ʧʨʝʜʤʝʪʥʦʤ ʩʪʦʣʠʢʝ ʚ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʢʘʤʝʨʝ ʤʘʰʠʥʳ. ʆʭʣʘʞʜʝʥʠʝ ʰʣʠʬʦʚ 
ʧʨʦʠʩʭʦʜʠʣʦ ʧʘʨʘʤʠ ʞʠʜʢʦʛʦ ʘʟʦʪʘ, ʧʦʜʘʚʘʝʤʦʛʦ ʠʟ ʩʦʩʫʜʘ ɼʴʶʘʨʘ. ʅʘ ʨʠʩ. 1ʘ 
ʧʨʠʚʝʜʝʥʳ ʢʠʥʝʪʠʯʝʩʢʠʝ ʜʠʘʛʨʘʤʤʳ ʚʜʘʚʣʠʚʘʥʠʷ çʫʩʠʣʠʝ F ï ʧʝʨʝʤʝʱʝʥʠʝ 
ʠʥʜʝʥʪʦʨʘ hè ʜʣʷ ʩʪʘʣʠ 07ʍ16ʅ6 ʠ ʩʪʘʣʠ 35 ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 20ʦʉ ʠ ʤʠʥʫʩ 70ʦʉ. ʇʦ 
ʜʠʘʛʨʘʤʤʘʤ ʚʜʘʚʣʠʚʘʥʠʷ, ʧʦʣʫʯʝʥʥʳʤ ʧʨʠ ʨʘʟʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʦʭʣʘʞʜʝʥʠʷ, 
ʨʘʩʩʯʠʪʘʥʳ ʟʥʘʯʝʥʠʷ ʅɺIT. ʈʘʩʧʦʣʘʛʘʷ ʟʥʘʯʝʥʠʷʤʠ ʅɺIT ʧʨʠ ʨʘʟʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ 
ʦʭʣʘʞʜʝʥʠʷ, ʤʦʞʥʦ ʧʦʩʪʨʦʠʪʴ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʵʪʦʡ ʤʝʭʘʥʠʯʝʩʢʦʡ 
ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʅʘ ʨʠʩ. 1ʙ ʧʦʢʘʟʘʥʳ ʵʪʠ ʟʘʚʠʩʠʤʦʩʪʠ ʜʣʷ ʪʝʭ ʞʝ ʩʪʘʣʝʡ, ʯʪʦ ʠ ʥʘ ʨʠʩ. 
1ʘ. ɸʥʘʣʠʟ ʵʪʠʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʧʦʢʘʟʘʣ, ʯʪʦ ʠʭ ʤʦʞʥʦ ʦʧʠʩʘʪʴ ʩʪʝʧʝʥʥʳʤ ʫʨʘʚʥʝʥʠʝʤ 
ʚʠʜʘ: 

 

b

ITHB AT
-

= , (1) 

 
ʛʜʝ ɸ ʠ b ï ʧʦʩʪʦʷʥʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʜʣʷ ʜʘʥʥʦʡ ʩʪʘʣʠ. 

ʇʦʢʘʟʘʪʝʣʴ ʩʪʝʧʝʥʠ b ʚ ʫʨʘʚʥʝʥʠʠ (1) ʷʚʣʷʝʪʩʷ ʪʝʤʧʝʨʘʪʫʨʥʳʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ 
ʪʚʝʨʜʦʩʪʠ, ʢʦʪʦʨʳʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʜʚʫʭ ʠʩʧʳʪʘʥʠʡ ʠʥʜʝʥʪʠʨʦʚʘʥʠʝʤ: 

 

 

( ) ( )

( )
ʂ

ʂ

IT ITT T
ln HB / HB

b
ln T / T

è ø
ê ú=

 

(2) 

 
ʛʜʝ (ʅɺIT)T ï ʪʚʝʨʜʦʩʪʴ ʧʨʠ ʧʦʥʠʞʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʊ; (ʅɺIT)Tʢ ï ʪʚʝʨʜʦʩʪʴ ʧʨʠ 
ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʊʂ. ɽʩʣʠ ʊ ʠ ʊʂ ʧʦʩʪʦʷʥʥʳ, ʪʦ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ 
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ʪʚʝʨʜʦʩʪʠ b ʦʜʥʦʟʥʘʯʥʦ ʟʘʚʠʩʠʪ ʦʪ ʦʪʥʦʰʝʥʠʷ ʵʪʠʭ ʜʚʫʭ ʟʥʘʯʝʥʠʡ ʪʚʝʨʜʦʩʪʠ. 
ʆʙʦʟʥʘʯʠʤ ʵʪʦ ʦʪʥʦʰʝʥʠʝ ʩʠʤʚʦʣʦʤ ɔ ʠ ʥʘʟʦʚʝʤ ʝʛʦ ʧʘʨʘʤʝʪʨʦʤ ʭʣʘʜʥʦʣʦʤʢʦʩʪʠ: 
 

 
( ) ( )

K
IT ITT T

HB / HBg=
 

(3) 

 
ʏʝʤ ʚʳʰʝ ɔ, ʪʝʤ ʙʦʣʝʝ ʩʢʣʦʥʥʘ ʩʪʘʣʴ ʢ ʭʣʘʜʥʦʣʦʤʢʦʩʪʠ. ɼʣʷ ʠʩʩʣʝʜʫʝʤʳʭ 

ʩʪʘʣʝʡ ʨʘʟʥʳʭ ʩʪʨʫʢʪʫʨʥʳʭ ʢʣʘʩʩʦʚ ʠ ʤʘʨʦʢ ʧʘʨʘʤʝʪʨ ɔ ʠʟʤʝʥʷʣʩʷ ʦʪ 1,0 ʜʦ 1,5. 
 

 
ʘ       ʙ 

ʈʠʩʫʥʦʢ 1 ï ʂʠʥʝʪʠʯʝʩʢʠʝ ʜʠʘʛʨʘʤʤʳ ʚʜʘʚʣʠʚʘʥʠʷ ʩʪʘʣʝʡ 07ʍ16ʅ6 ʠ 35 (ʘ) ʠ 
ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʪʚʝʨʜʦʩʪʠ ʅɺIT ʜʣʷ ʵʪʠʭ ʞʝ ʩʪʘʣʝʡ (ʙ): 1 ï ʤʠʥʫʩ 70Áʉ; 

2 ï 20Áʉ 

 
ɼʣʷ ʪʝʭ ʞʝ ʩʪʘʣʝʡ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʠʩʧʳʪʘʥʳ ʢʠʥʝʪʠʯʝʩʢʠʤ ʠʥʜʝʥʪʠʨʦʚʘʥʠʝʤ, 

ʙʳʣʠ ʠʟʛʦʪʦʚʣʝʥʳ ʦʙʨʘʟʮʳ ʩ V-ʦʙʨʘʟʥʳʤ ʥʘʜʨʝʟʦʤ ʜʣʷ ʠʩʧʳʪʘʥʠʡ ʥʘ ʫʜʘʨʥʫʶ 
ʚʷʟʢʦʩʪʴ ʩʦʛʣʘʩʥʦ ɻʆʉʊ 9454-78. ʀʩʧʳʪʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʤʘʷʪʥʠʢʦʚʦʤ ʢʦʧʨʝ 
Instron MPX-450 c ʨʝʛʠʩʪʨʘʮʠʝʡ ʜʠʘʛʨʘʤʤ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʠʟʛʠʙʘ ʠ ʦʧʨʝʜʝʣʝʥʠʝʤ 
ʫʜʘʨʥʦʡ ʚʷʟʢʦʩʪʠ ʂʉV, ʘ ʪʘʢʞʝ ʵʥʝʨʛʠʡ ʟʘʨʦʞʜʝʥʠʷ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʪʨʝʱʠʥʳ. ɺ 
ʨʝʟʫʣʴʪʘʪʝ ʠʩʧʳʪʘʥʠʡ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʂʉV c 
ʚʳʷʚʣʝʥʠʝʤ ʚʷʟʢʦ-ʭʨʫʧʢʦʛʦ ʧʝʨʝʭʦʜʘ ʠ ʦʧʨʝʜʝʣʝʥʠʝʤ ʢʨʠʪʠʯʝʩʢʦʡ ʪʝʤʧʝʨʘʪʫʨʳ 
ʭʨʫʧʢʦʩʪʠ ʊ0,4 ʧʦ ʢʨʠʪʝʨʠʘʣʴʥʦʤʫ ʟʥʘʯʝʥʠʶ ʂʉV = 0,4 ʄɼʞ/ʤ2 (40 ɼʞ/ʩʤ2). ʅʘ ʨʠʩ. 2ʘ 
ʧʦʢʘʟʘʥʳ ʧʨʠʤʝʨʳ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʂʉV ʜʣʷ ʥʝʩʢʦʣʴʢʠʭ ʩʪʘʣʝʡ.  

 

 
ʘ      ʙ 

ʈʠʩʫʥʦʢ 2 ï ʀʟʤʝʥʝʥʠʝ ʫʜʘʨʥʦʡ ʚʷʟʢʦʩʪʠ ʂʉV ʧʨʠ ʧʦʥʠʞʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ (ʘ) ʠ ʩʚʷʟʴ 
ʢʨʠʪʠʯʝʩʢʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʭʨʫʧʢʦʩʪʠ ʊ0,4 ʩ ʧʘʨʘʤʝʪʨʦʤ ʭʣʘʜʥʦʣʦʤʢʦʩʪʠ ɔ 

 
ʄʝʞʜʫ ʢʨʠʪʠʯʝʩʢʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ ʭʨʫʧʢʦʩʪʠ ʊ0,4 ʠ ʧʘʨʘʤʝʪʨʦʤ ʭʣʘʜʥʦʣʦʤʢʦʩʪʠ 

ɔ ʙʳʣʘ ʫʩʪʘʥʦʚʣʝʥʘ ʩʚʷʟʴ, ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʥʘ ʨʠʩ. 2ʙ: 
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 0 4

m

,T K= g, (4) 

 
ʛʜʝ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʩʪʘʣʝʡ ʂ = 195 ʂ, m = 0,768. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʧʨʦʚʝʨʢʘ ʧʦʢʘʟʘʣʘ, ʯʪʦ ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʨʘʟʣʠʯʠʝ ʟʥʘʯʝʥʠʡ 
ʊ0,4, ʦʧʨʝʜʝʣʝʥʥʳʭ ʧʨʠ ʂʉV = 0,4 ʄɼʞ/ʤ2, ʦʪ ʟʥʘʯʝʥʠʡ ʊ0,4, ʦʧʨʝʜʝʣʝʥʥʳʭ ʧʦ ʬʦʨʤʫʣʝ 
(4), ʥʝ ʧʨʝʚʳʰʘʝʪ 15%.  

ɼʣʷ ʚʳʷʚʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʠʥʪʝʨʚʘʣʘ ʩʠʥʝʣʦʤʢʦʩʪʠ ʩʪʘʣʠ ʠʟʚʝʩʪʥʳʤ 
ʩʧʦʩʦʙʦʤ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʠʩʧʳʪʘʥʠʷ ʦʙʨʘʟʮʦʚ ʥʘ ʨʘʩʪʷʞʝʥʠʝ ʧʨʠ ʥʘʛʨʝʚʝ ʜʦ ʨʘʟʥʳʭ 
ʪʝʤʧʝʨʘʪʫʨ, ʥʝ ʧʨʝʚʳʰʘʶʱʠʭ 380Áʉ, ʩ ʦʧʨʝʜʝʣʝʥʠʝʤ ʚʨʝʤʝʥʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ůɺ, 
ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʩʫʞʝʥʠʷ ɣ ʠʣʠ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʫʜʣʠʥʝʥʠʷ ŭ. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʠ ʥʘʛʨʝʚʝ 
ʩʪʘʣʝʡ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠʩʴ ʢʠʥʝʪʠʯʝʩʢʠʝ ʜʠʘʛʨʘʤʤʳ ʚʜʘʚʣʠʚʘʥʠʷ, ʧʦ ʢʦʪʦʨʳʤ 
ʦʧʨʝʜʝʣʷʣʘʩʴ ʪʚʝʨʜʦʩʪʴ ʠʥʜʝʥʪʠʨʦʚʘʥʠʷ ʅɺIT. ʅʘ ʨʠʩ. 3 ʧʨʝʜʩʪʘʚʣʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ 
ʅɺIT, ůɺ, ɣ ʠʣʠ ŭ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʛʨʝʚʘ ʜʣʷ ʢʘʥʘʪʥʦʡ ʧʨʦʚʦʣʦʢʠ 70ʂʂ ʠ ʩʪʘʣʠ 35. 

 

 
ʘ       ʙ 

ʈʠʩʫʥʦʢ 3 ï ʀʟʤʝʥʝʥʠʝ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʢʘʥʘʪʥʦʡ ʧʨʦʚʦʣʦʢʠ 70ʂʂ (ʘ) ʠ ʩʪʘʣʠ 35 (ʙ) ʧʨʠ 
ʥʘʛʨʝʚʝ 

 
ɸʥʘʣʠʟ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʠʩʧʳʪʘʥʥʳʭ ʩʪʘʣʝʡ ʧʨʠ ʥʘʛʨʝʚʝ ʧʦʢʘʟʘʣ, ʯʪʦ 

ʭʘʨʘʢʪʝʨ ʠʭ ʠʟʤʝʥʝʥʠʷ ʢʘʯʝʩʪʚʝʥʥʦ ʩʭʦʜʝʥ ʧʨʠ ʧʦʚʳʰʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʜʦ 380Áʉ. 
ɼʣʷ ʚʩʝʭ ʩʪʘʣʝʡ ʚ ʵʪʦʤ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ ʧʨʦʠʩʭʦʜʠʪ ʧʦʚʳʰʝʥʠʝ ʅɺIT, ůɺ ʠ 
ʩʥʠʞʝʥʠʝ ɣ ʠʣʠ ŭ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʣʦ ʧʨʦʷʚʣʝʥʠʝ ʩʠʥʝʣʦʤʢʦʩʪʠ ʠʩʧʳʪʘʥʥʳʭ ʩʪʘʣʝʡ. 
ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʭʘʨʘʢʪʝʨ ʠʟʤʝʥʝʥʠʷ ʅɺIT ʠ ůɺ ʘʥʘʣʦʛʠʯʝʥ. ʇʨʠ ʵʪʦʤ, 
ʤʘʢʩʠʤʘʣʴʥʳʤ ʟʥʘʯʝʥʠʷʤ ʅɺIT ʠ ůɺ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʤʠʥʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ɣ ʠʣʠ ŭ. ɸ 
ʪʝʤʧʝʨʘʪʫʨʘ ʥʘʛʨʝʚʘ, ʧʨʠ ʢʦʪʦʨʦʡ ʅɺIT ʠ ůɺ ʤʘʢʩʠʤʘʣʴʥʳ, ʘ ɣ ʠ ŭ ʤʠʥʠʤʘʣʴʥʳ, 
ʷʚʣʷʝʪʩʷ ʩʘʤʦʡ ʦʧʘʩʥʦʡ ʚ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʠʥʪʝʨʚʘʣʝ ʩʠʥʝʣʦʤʢʦʩʪʠ. ɺʤʝʩʪʝ ʩ ʪʝʤ, 
ʫʯʠʪʳʚʘʷ ʠʟʚʝʩʪʥʳʝ ʩʚʷʟʠ ʅɺIT c ůB, ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʠʥʪʝʨʚʘʣʘ 
ʩʠʥʝʣʦʤʢʦʩʪʠ ʜʦʩʪʘʪʦʯʥʦ ʦʧʨʝʜʝʣʝʥʠʷ ʪʦʣʴʢʦ ʅɺIT. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʝʪʦʜʠʢʘ ʦʧʨʝʜʝʣʝʥʠʷ ʢʨʠʪʠʯʝʩʢʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʭʨʫʧʢʦʩʪʠ 
ʩʪʘʣʠ ʩʨʘʚʥʠʪʝʣʴʥʦ ʧʨʦʩʪʘ ʠ ʩʦʩʪʦʠʪ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʜʚʫʭ ʟʥʘʯʝʥʠʡ ʪʚʝʨʜʦʩʪʠ 
ʢʠʥʝʪʠʯʝʩʢʠʤ ʠʥʜʝʥʪʠʨʦʚʘʥʠʝʤ: ʦʜʥʦʛʦ ʟʥʘʯʝʥʠʷ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʘ 
ʜʨʫʛʦʛʦ - ʧʨʠ ʧʦʥʠʞʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ɸ ʤʝʪʦʜʠʢʘ ʚʳʷʚʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ 
ʠʥʪʝʨʚʘʣʘ ʩʠʥʝʣʦʤʢʦʩʪʠ ʩʦʩʪʦʠʪ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʪʚʝʨʜʦʩʪʠ ʢʠʥʝʪʠʯʝʩʢʠʤ 
ʠʥʜʝʥʪʠʨʦʚʘʥʠʝʤ ʧʨʠ ʪʨʝʭ-ʯʝʪʳʨʝʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʥʘʛʨʝʚʘ ʚ ʠʥʪʝʨʚʘʣʝ 423 ï 623 ʂ 
(150 - 350ʦʉ). ʂʠʥʝʪʠʯʝʩʢʦʝ ʠʥʜʝʥʪʠʨʦʚʘʥʠʝ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ ʠ ʥʘʛʨʝʚʝ ʩʪʘʣʠ ʤʦʞʥʦ 
ʚʳʧʦʣʥʠʪʴ ʥʘ ʦʜʥʦʤ ʰʣʠʬʝ ʥʘ ʠʩʧʳʪʘʪʝʣʴʥʦʡ ʤʘʰʠʥʝ, ʩʥʘʙʞʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʥʦʡ 
ʢʘʤʝʨʦʡ. 
 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʌɻɹʆʋ ɺʆ çʅʀʋ çʄʕʀè ʟʘ ʩʯʝʪ ʛʨʘʥʪʘ ʈʦʩʩʠʡʩʢʦʛʦ 
ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ ˉ 22-19-00590, https://rscf.ru/project/22-19-00590/. 
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ʂʀʅɽʊʀʂɸ ʇʈʆʇʃɸɺʃɽʅʀʗ ʉʃʆʗ ʇʈʀ ʅɸʅɽʉɽʅʀʀ ʌʋʅʂʎʀʆʅɸʃʔʅʓʍ 
ʇʆʂʈʓʊʀʁ ʎɽʅʊʈʆɹɽɾʅʓʄ ʀʅɼʋʂʎʀʆʅʅʓʄ ʄɽʊʆɼʆʄ 

 
ʉʦʩʥʦʚʩʢʠʡ ʀ.ɸ., ɹʝʣʦʮʝʨʢʦʚʩʢʠʡ ʄ.ɸ., ʂʫʨʠʣʸʥʦʢ ɸ.ɸ. 

ɻʅʋ çʦʙʲʝʜʠʥʝʥʥʳʡ ʠʥʩʪʠʪʫʪ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ ʅɸʅ ɹʝʣʘʨʫʩʠè, 
ʛ. ʄʠʥʩʢ, ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ, e-mail: sos3@tut.by 

 
ʂʠʥʝʪʠʢʘ ʧʣʘʚʣʝʥʠʷ ʥʘʥʦʩʠʤʦʛʦ ʘʣʶʤʠʥʠʝʚʦʛʦ ʩʣʦʷ ʧʨʠ ʮʝʥʪʨʦʙʝʞʥʦʡ 

ʠʥʜʫʢʮʠʦʥʥʦʡ ʥʘʧʣʘʚʢʝ (ʎʀʅ) ʦʢʘʟʳʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʬʠʟʠʢʦ-
ʤʝʭʘʥʠʯʝʩʢʠʝ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʧʦʣʫʯʘʝʤʳʭ ʟʘʱʠʪʥʳʭ ʧʦʢʨʳʪʠʡ. ʕʪʦ 
ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʦʥʠ, ʢʘʢ ʠ ʙʦʣʴʰʠʥʩʪʚʦ ʥʘʧʣʘʚʣʷʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ ʷʚʣʷʶʪʩʷ 
ʪʝʨʤʦʯʫʚʩʪʚʠʪʝʣʴʥʳʤʠ, ʪ.ʝ. ʫʚʝʣʠʯʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʧʣʘʚʢʠ ʠ ʚʨʝʤʝʥʠ 
ʪʝʨʤʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ, ʢʘʢ ʧʨʘʚʠʣʦ, ʦʢʘʟʳʚʘʝʪ ʥʝʛʘʪʠʚʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ 
ʬʦʨʤʠʨʦʚʘʥʠʝ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʥʘʧʣʘʚʣʷʝʤʦʛʦ ʩʣʦʷ. ʇʦʵʪʦʤʫ ʥʝʦʙʭʦʜʠʤʦ ʙʳʣʦ 
ʚʳʧʦʣʥʠʪʴ ʘʥʘʣʠʟ ʢʠʥʝʪʠʢʠ ʧʣʘʚʣʝʥʠʷ ʥʘʥʦʩʠʤʦʛʦ ʘʣʶʤʠʥʠʝʚʦʛʦ ʩʣʦʷ ʠ ʦʧʨʝʜʝʣʠʪʴ 
ʤʠʥʠʤʘʣʴʥʦʝ ʚʨʝʤʷ ʧʣʘʚʣʝʥʠʷ. ʈʝʰʝʥʠʝ ʵʪʦʡ ʟʘʜʘʯʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ 
ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʧʨʦʮʝʩʩʘ ʧʨʦʜʚʠʞʝʥʠʷ ʬʨʦʥʪʘ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ (ʬʨʦʥʪʘ 
ʧʣʘʚʣʝʥʠʷ) ʚ ʫʩʣʦʚʠʷʭ ʎʀʅ. 

ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʨʝʰʝʥʠʷ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʭ ʟʘʜʘʯ ʩ 
ʠʟʤʝʥʷʶʱʠʤʩʷ ʘʛʨʝʛʘʪʥʳʤ ʩʦʩʪʦʷʥʠʝʤ ʷʚʣʷʝʪʩʷ ʧʨʠʙʣʠʞʝʥʥʳʡ ʤʝʪʦʜ, 
ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʘʢʘʜʝʤʠʢʦʤ ʃ.ʉ. ʃʝʡʙʝʥʟʦʥʦʤ [1], ʨʘʟʚʠʪʳʡ ʪʘʢʞʝ ʘʢʘʜʝʤʠʢʦʤ ɸ.ɺ. 
ʃʳʢʦʚʳʤ [2]. ʉʫʱʥʦʩʪʴ ʵʪʦʛʦ ʤʝʪʦʜʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʬʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 
ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʨʘʩʧʣʘʚʣʝʥʥʦʤ ʠ ʥʝʨʘʩʧʣʘʚʣʝʥʥʦʤ ʩʣʦʝ ʧʦʜʙʠʨʘʶʪʩʷ ʪʘʢ, ʯʪʦʙʳ ʦʥʠ 
ʫʜʦʚʣʝʪʚʦʨʷʣʠ ʛʨʘʥʠʯʥʳʤ ʫʩʣʦʚʠʷʤ. ʇʦʜʦʙʨʘʥʥʳʝ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʬʫʥʢʮʠʠ 
ʧʦʜʩʪʘʚʣʷʶʪ ʚ ʫʩʣʦʚʠʝ ʩʦʧʨʷʞʝʥʠʷ ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʬʘʟ ʠ ʨʝʰʘʶʪ ʧʦʣʫʯʝʥʥʦʝ 
ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʦʨʜʠʥʘʪʳ ʬʨʦʥʪʘ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ 
ɝ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʨʘʥʝʝ ʚʳʧʦʣʥʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʧʨʦʮʝʩʩʝ ʠʥʜʫʢʮʠʦʥʥʦʛʦ 
ʥʘʛʨʝʚʘ ʧʨʠ ʮʝʥʪʨʦʙʝʞʥʦʡ ʥʘʧʣʘʚʢʝ ʤʘʪʝʨʠʘʣʦʚ (ʪ.ʝ. ʜʦ ʜʦʩʪʠʞʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ 
ʧʣʘʚʣʝʥʠʷ) ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦ ʪʦʣʱʠʥʝ ʥʘʥʦʩʠʤʦʛʦ ʩʣʦʷ ʤʦʞʥʦ ʩʯʠʪʘʪʴ 
ʨʘʚʥʦʤʝʨʥʳʤ. ɼʘʣʝʝ, ʫʯʠʪʳʚʘʷ ʢʚʘʟʠʩʪʘʮʠʦʥʘʨʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʠʥʜʫʢʮʠʦʥʥʦʛʦ ʥʘʛʨʝʚʘ 
ʟʘʛʦʪʦʚʢʠ ʧʨʠ ʙʦʣʴʰʠʭ ʟʥʘʯʝʥʠʷʭ Fʦ, ʤʦʞʥʦ ʩʯʠʪʘʪʴ, ʯʪʦ ʝʝ ʚʥʫʪʨʝʥʥʷʷ ʧʦʚʝʨʭʥʦʩʪʴ 
ʨʘʟʦʛʨʝʚʘʝʪʩʷ ʩ ʧʦʩʪʦʷʥʥʦʡ ʩʢʦʨʦʩʪʴʶ.  

ʅʘ ʦʩʥʦʚʘʥʠʠ ʵʪʠʭ ʜʦʧʫʱʝʥʠʡ ʟʘʜʘʯʘ ʦ ʧʣʘʚʣʝʥʠʠ ʥʘʥʦʩʠʤʦʛʦ ʩʣʦʷ ʩʚʦʜʠʪʩʷ ʢ 
ʩʣʝʜʫʶʱʝʤʫ. ʀʤʝʝʪʩʷ ʥʝʦʛʨʘʥʠʯʝʥʥʳʡ ʧʦʣʳʡ ʮʠʣʠʥʜʨ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʊ0 = ʊʧʣ (ʊʧʣ ï 
ʪʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʠʷ ʥʘʥʦʩʠʤʦʛʦ ʤʘʪʝʨʠʘʣʘ). ʊʝʤʧʝʨʘʪʫʨʘ ʥʘʨʫʞʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 
ʮʠʣʠʥʜʨʘ ʣʠʥʝʡʥʦ ʚʦʟʨʘʩʪʘʝʪ. ʅʘʯʠʥʘʷ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʮʠʣʠʥʜʨʘ ʦʙʨʘʟʫʝʪʩʷ 
ʨʘʩʧʣʘʚʣʝʥʥʳʡ ʩʣʦʡ ʪʦʣʱʠʥʦʡ Rïɖ = ɝ, ʛʜʝ ɖ ï ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʦʩʠ ʮʠʣʠʥʜʨʘ ʜʦ 
ʛʨʘʥʠʮʳ ʧʣʘʚʣʝʥʠʷ (ʨʠʩʫʥʦʢ 1). ʊʝʤʧʝʨʘʪʫʨʘ ʥʝʨʘʩʧʣʘʚʣʝʥʥʦʛʦ ʩʣʦʷ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ 
ʚʝʟʜʝ ʦʜʠʥʘʢʦʚʦʡ ʠ ʨʘʚʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʧʣʘʚʣʝʥʠʷ. 

ʀʟʚʝʩʪʥʳʝ ʤʝʪʦʜʳ ʨʝʰʝʥʠʷ ʪʝʧʣʦʚʳʭ ʟʘʜʘʯ ʜʣʷ ʧʨʦʮʝʩʩʘ ʮʝʥʪʨʦʙʝʞʥʦʡ 
ʠʥʜʫʢʮʠʦʥʥʦʡ ʥʘʧʣʘʚʢʠ (ʎʀʅ) ʧʦʢʨʳʪʠʡ ʦʙʣʘʜʘʶʪ ʩʣʝʜʫʶʱʠʤʠ ʦʩʥʦʚʥʳʤʠ 
ʥʝʜʦʩʪʘʪʢʘʤʠ [3]: 1) ʥʝ ʫʯʠʪʳʚʘʝʪʩʷ ʥʘʣʠʯʠʝ ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʪʝʧʣʦʦʙʤʝʥʘ ʩ 
ʧʦʚʝʨʭʥʦʩʪʝʡ ʟʘʛʦʪʦʚʢʠ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʞʘʝʪ ʪʦʯʥʦʩʪʴ ʨʘʩʯʝʪʦʚ; 

2) ʧʨʠʤʝʥʷʚʰʠʝʩʷ ʜʣʷ ʨʝʰʝʥʠʷ ʵʪʠʭ ʟʘʜʘʯ ʦʧʝʨʘʮʠʦʥʥʳʝ ʤʝʪʦʜʳ ʠ ʤʝʪʦʜ 

ʢʦʥʝʯʥʳʭ ʠʥʪʝʨʚʘʣʦʚ ʧʨʠʚʦʜʷʪ ʢ ʯʨʝʟʚʳʯʘʡʥʦ ʛʨʦʤʦʟʜʢʠʤ ʤʘʪʝʤʘʪʠʯʝʩʢʠʤ 
ʚʳʨʘʞʝʥʠʷʤ, ʪʨʝʙʫʶʱʠʤ ʜʣʷ ʨʘʩʯʝʪʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ, ʠ ʥʝ 
ʧʨʠʛʦʜʥʳ ʜʣʷ ʠʥʞʝʥʝʨʥʦʡ ʧʨʘʢʪʠʢʠ; 

3) ʦʪʩʫʪʩʪʚʫʶʪ ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʠʟʚʝʩʪʥʳʭ ʨʝʰʝʥʠʷʭ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ 
ʦʧʪʠʤʠʟʘʮʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ. 
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1 ï ʨʘʩʧʣʘʚʣʝʥʥʘʷ ʟʦʥʘ; 2 ï ʥʝʨʘʩʧʣʘʚʣʝʥʥʘʷ ʟʦʥʘ; 3 ï ʟʘʛʦʪʦʚʢʘ. 

 

ʈʠʩʫʥʦʢ 1 ï ɻʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʧʨʠ ʮʝʥʪʨʦʙʝʞʥʦʡ ʠʥʜʫʢʮʠʦʥʥʦʡ ʥʘʧʣʘʚʢʝ 

 
ʈʘʟʨʘʙʦʪʢʘ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʚʳʰʝʧʨʠʚʝʜʝʥʥʳʭ 

ʩʦʦʙʨʘʞʝʥʠʡ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʟʘʜʘʯʘ ʬʦʨʤʫʣʠʨʫʝʪʩʷ ʪʘʢ: 

 ; (1) 

 ; (2) 

 ; (3) 

 ; (4) 

 , (5) 
ʛʜʝ ʊ1 ï ʪʝʤʧʝʨʘʪʫʨʳ ʞʠʜʢʦʡ ʬʘʟʳ (ʨʘʩʧʣʘʚʘ), ʂ; ʊ2 ï ʪʝʤʧʝʨʘʪʫʨʘ ʥʝʨʘʩʧʣʘʚʣʝʥʥʦʛʦ 
ʥʘʥʦʩʠʤʦʛʦ ʩʣʦʷ, ʂ; ɚ1 ï ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʞʠʜʢʦʡ ʬʘʟʳ, ɺʪ/ʤĿʂ; ɚ2 ï 
ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʥʘʧʣʘʚʣʷʝʤʦʡ ʩʨʝʜʳ; R ï ʨʘʜʠʫʩ ʚʥʫʪʨʝʥʥʝʡ 
ʧʦʚʝʨʭʥʦʩʪʠ ʟʘʛʦʪʦʚʢʠ, ʤ; ɟ ï ʧʣʦʪʥʦʩʪʴ ʧʨʠʩʘʜʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʢʛ/ʤ3; b ï ʪʝʤʧ 
ʥʘʛʨʝʚʘ, ʂ/ʩ; ɔ ï ʫʜʝʣʴʥʘʷ ʪʝʧʣʦʪʘ ʧʣʘʚʣʝʥʠʷ ʢʦʤʧʦʟʠʮʠʠ ʠʟ ʘʣʶʤʠʥʠʝʚʦʛʦ ʩʧʣʘʚʘ, 
ɼʞ/ʢʛ; ɖ ï ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʦʩʠ ʚʨʘʱʝʥʠʷ ʜʦ ʛʨʘʥʠʮʳ ʧʣʘʚʣʝʥʠʷ, ʤ; Ű ï ʚʨʝʤʷ, ʩ. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʤʝʪʦʜʦʤ ʃ.ʉ. ʃʝʡʙʝʥʟʦʥʘ [1] ʧʨʠʥʠʤʘʝʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 
ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʨʘʩʧʣʘʚʣʝʥʥʦʡ ʟʦʥʝ ʧʦ ʟʘʢʦʥʫ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʧʦʣʦʤ 
ʮʠʣʠʥʜʨʝ ʚ ʩʪʘʮʠʦʥʘʨʥʦʤ ʩʦʩʪʦʷʥʠʠ, ʪ.ʝ. 

 . (6) 
ʈʝʰʝʥʠʝ (6) ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʛʨʘʥʠʯʥʳʤ ʫʩʣʦʚʠʷʤ ʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʤʫ 

ʫʨʘʚʥʝʥʠʶ (1). ʇʦʜʩʪʘʚʣʷʷ ʨʝʰʝʥʠʝ (6) ʚ ʛʨʘʥʠʯʥʦʝ ʫʩʣʦʚʠʝ (5), ʧʦʣʫʯʠʤ 

 . (7) 
ʇʦʩʣʝ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʵʪʦʛʦ ʫʨʘʚʥʝʥʠʷ ʠʤʝʝʤ: 

 . (8) 
ʊʨʘʥʩʮʝʥʜʝʥʪʥʦʝ ʘʣʛʝʙʨʘʠʯʝʩʢʦʝ ʫʨʘʚʥʝʥʠʝ (8) ʦʧʨʝʜʝʣʷʝʪ ʟʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ 

ʢʦʦʨʜʠʥʘʪʦʡ ʬʨʦʥʪʘ ʧʣʘʚʣʝʥʠʷ ɖ ʠ ʚʨʝʤʝʥʝʤ Ű. ʀʩʭʦʜʷ ʠʟ ʧʦʣʫʯʝʥʥʳʭ ʩʦʦʪʥʦʰʝʥʠʡ 
ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʚʨʝʤʷ ʧʦʣʥʦʛʦ ʧʣʘʚʣʝʥʠʷ ʥʘʥʦʩʠʤʦʛʦ ʩʣʦʷ Űm. ʇʨʠ Ű = Űm, ɖ = R0 ʦʥʦ 
ʙʫʜʝʪ ʨʘʚʥʦ: 
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ʆʧʨʝʜʝʣʝʥʦ, ʯʪʦ ʤʠʥʠʤʘʣʴʥʦʝ ʚʨʝʤʷ ʧʣʘʚʣʝʥʠʷ ʢʦʤʧʦʟʠʮʠʠ 75 ʤʘʩʩ.% 
ʘʣʶʤʠʥʠʝʚʦ-ʢʨʝʤʥʠʝʚʦʛʦ ʩʧʣʘʚʘ ɸʂ12 + 25 ʤʘʩʩ. % ʧʦʨʦʰʢʘ ʩʚʠʥʮʘ ʇʉ1 +5 % ʦʪ 
ʤʘʩʩʳ ʩʧʣʘʚʘ ɸʂ12 ʵʪʦ ʬʣʶʩ ʩʦʩʪʘʚʘ: 10 ʤʘʩʩ.% KCl + 50 ʤʘʩʩ.% NaCl +30 ʤʘʩʩ.% 
NaF + 10 ʤʘʩʩ.% Na3AlF6, ʩʦʩʪʘʚʣʷʝʪ 60ï65 ʩʝʢ. ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʪʝʤʧʘ ʥʘʛʨʝʚʘ 
ʤʠʥʠʤʘʣʴʥʦʝ ʚʨʝʤʷ ʧʣʘʚʣʝʥʠʷ ʰʠʭʪʳ ʫʤʝʥʴʰʘʝʪʩʷ ʚ 1,2 ʨʘʟʘ (ʩʤ. ʨʠʩʫʥʦʢ 2). ʊʘʢʞʝ 
ʧʦʢʘʟʘʥʦ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ ʪʦʣʱʠʥʳ ʧʦʢʨʳʪʠʷ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʚʨʝʤʝʥʠ 
ʧʣʘʚʣʝʥʠʷ (ʩʤ. ʨʠʩʫʥʦʢ 3). ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʤʠʥʠʤʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʧʣʘʚʣʝʥʠʷ ʩʣʦʷ 
60ï65 ʩʝʢ ʪʦʣʱʠʥʘ ʧʦʢʨʳʪʠʷ ʜʦʣʞʥʘ ʩʦʩʪʘʚʣʷʪʴ 3ï3,2 ʤʤ ʧʨʠ ʪʝʤʧʝ ʥʘʛʨʝʚʘ 7,5 ʂ/ʩ. 
ʇʨʠ ʜʘʣʴʥʝʡʰʝʤ ʫʚʝʣʠʯʝʥʠʠ ʪʦʣʱʠʥʳ ʧʦʢʨʳʪʠʷ ʤʠʥʠʤʘʣʴʥʦʝ ʚʨʝʤʷ ʧʣʘʚʣʝʥʠʷ, 
ʫʚʝʣʠʯʠʚʘʝʪʩʷ. 

 
ʈʠʩʫʥʦʢ 2 ï ɿʘʚʠʩʠʤʦʩʪʴ ʚʨʝʤʝʥʠ ʧʣʘʚʣʝʥʠʷ ʦʪ ʪʝʤʧʘ ʥʘʛʨʝʚʘ ʜʝʪʘʣʠ, ʧʨʠ ʪʦʣʱʠʥʝ  

ʧʦʢʨʳʪʠʷ 3 ʤʤ 

 
ʈʠʩʫʥʦʢ 3 ï ɿʘʚʠʩʠʤʦʩʪʴ ʚʨʝʤʝʥʠ ʧʣʘʚʣʝʥʠʷ ʦʪ ʪʦʣʱʠʥʳ ʥʘʧʣʘʚʣʷʝʤʦʛʦ ʧʦʢʨʳʪʠʷ, ʧʨʠ ʪʝʤʧʝ 

ʥʘʛʨʝʚʘ 7,5 ʂ/ʩ 

 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʘʥʘʣʠʟʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʭʝʤʳ ʠ ʦʩʦʙʝʥʥʦʩʪʝʡ 

ʮʝʥʪʨʦʙʝʞʥʦʡ ʠʥʜʫʢʮʠʦʥʥʦʡ ʥʘʧʣʘʚʢʠ ʘʣʶʤʠʥʠʝʚʳʭ ʧʦʢʨʳʪʠʡ ʨʘʟʨʘʙʦʪʘʥʘ 
ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʧʨʦʜʚʠʞʝʥʠʷ ʬʨʦʥʪʘ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʚ ʥʘʧʣʘʚʣʷʝʤʦʤ 
ʤʘʪʝʨʠʘʣʝ. ʕʪʦ ʧʦʟʚʦʣʠʣʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʦʧʨʝʜʝʣʠʪʴ ʤʠʥʠʤʘʣʴʥʦʝ ʚʨʝʤʷ, 
ʦʙʝʩʧʝʯʠʚʘʶʱʝʝ ʧʣʘʚʣʝʥʠʝ ʘʣʶʤʠʥʠʝʚʦʛʦ ʩʣʦʷ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʥʘʧʣʘʚʣʝʥʥʦʛʦ 
ʧʦʢʨʳʪʠʷ  

 
ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 
1. ʃʝʡʙʝʥʟʦʥ, ʃ.ʉ. ʈʫʢʦʚʦʜʩʪʚʦ ʧʦ ʥʝʬʪʝʧʨʦʤʳʩʣʦʚʦʡ ʤʝʭʘʥʠʢʝ / ʃ.ʉ. 

ʃʝʡʙʝʥʟʦʥ. ï ʄ. ï ʃ.: ʆʅʊʀ ʅʂʊʇ ʉʉʉʈ. ï 1934. ï 250 ʩ.  
2. ʃʳʢʦʚ, ɸ.ɺ. ʊʝʦʨʠʷ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ /ɸ.ɺ. ʃʳʢʦʚ.  ï ʄʠʥʩʢ: ɺʳʩʰʘʷ ʰʢʦʣʘ, 1967. ï 

600 ʩ. 
3. ʉʦʩʥʦʚʩʢʠʡ, ʀ. ɸ. ʊʝʨʤʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʮʝʥʪʨʦʙʝʞʥʦʛʦ ʠʥʜʫʢʮʠʦʥʥʦʛʦ 

ʥʘʥʝʩʝʥʠʷ ʧʦʨʦʰʢʦʚʳʭ ʧʦʢʨʳʪʠʡ / ʀ. ɸ. ʉʦʩʥʦʚʩʢʠʡ, ʖ. ʅ. ɻʘʬʦ. ï ʀʥʞʝʥʝʨʥʦ-
ʬʠʟʠʯʝʩʢʠʡ ʞʫʨʥʘʣ. ï 2011. ï ʊ.84, ˉ 6. ï ʉ. 1135ï1142.  
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ʇʈʀʄɽʅɽʅʀɽ CALPHAD-ʇʆɼʍʆɼɸ ɼʃʗ ʊɽʈʄʆɼʀʅɸʄʀʏɽʉʂʆɻʆ 
ʄʆɼɽʃʀʈʆɺɸʅʀʗ ʉɸʄʆʈɸʉʇʈʆʉʊʈɸʅʗʖʑɽɻʆʉʗ ɺʓʉʆʂʆʊɽʄʇɽʈɸʊʋʈʅʆɻʆ 

ʉʀʅʊɽɿɸ ɺ ʉʀʉʊɽʄɽ Ti-Al 
 

ʍʠʥʘ ɹ.ɹ.1, ʂʫʣʘʢ ʄ.ʄ.2 
1 ʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ʅɸʅ ɹʝʣʘʨʫʩʠ, 
ʛ. ʄʠʥʩʢ, ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ, khina@tut.by 

2 ʀʥʩʪʠʪʫʪ ʪʝʭʥʠʯʝʩʢʦʡ ʘʢʫʩʪʠʢʠ ʅɸʅ ɹʝʣʘʨʫʩʠ, 
ʛ. ɺʠʪʝʙʩʢ, ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ, mmk_vit@tut.by 

 
ɼʣʷ ʉɺʉ-ʧʨʦʮʝʩʩʦʚ ʚʘʞʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʷʚʣʷʝʪʩʷ ʘʜʠʘʙʘʪʠʯʝʩʢʘʷ 

ʪʝʤʧʝʨʘʪʫʨʘ ʛʦʨʝʥʠʷ Tad. ɽʝ ʣʝʛʢʦ ʨʘʩʩʯʠʪʘʪʴ ʜʣʷ ʧʨʦʩʪʝʡʰʝʡ ʩʠʪʫʘʮʠʠ, ʢʦʛʜʘ ʚ 
ʩʠʩʪʝʤʝ ʧʨʦʪʝʢʘʝʪ ʪʦʣʴʢʦ ʦʜʥʘ ʨʝʘʢʮʠʷ ʩ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʡ ʦʪʨʠʮʘʪʝʣʴʥʦʡ 
ʵʥʝʨʛʠʝʡ ɻʠʙʙʩʘ, ʪ.ʝ. ʨʝʘʛʝʥʪʳ ʧʦʣʥʦʩʪʴʶ ʧʨʝʚʨʘʱʘʶʪʩʷ ʚ ʧʨʦʜʫʢʪ. ɼʣʷ ʵʪʦʛʦ 
ʟʘʧʠʩʳʚʘʶʪ ʫʩʣʦʚʠʝ ʙʘʣʘʥʩʘ ʪʝʧʣʦʪʳ: ʵʥʪʘʣʴʧʠʷ ʨʝʘʛʝʥʪʦʚ ʧʨʠ ʥʘʯʘʣʴʥʦʡ 
ʪʝʤʧʝʨʘʪʫʨʝ T0 ʨʘʚʥʘ ʵʥʪʘʣʴʧʠʠ ʧʨʦʜʫʢʪʦʚ (ʪʚʝʨʜʳʭ ʠ ʞʠʜʢʠʭ) ʧʨʠ Tad: 
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ʛʜʝ DH0 ï ʵʥʪʘʣʴʧʠʷ, r ï ʨʝʘʛʝʥʪʳ, pr ï ʧʨʦʜʫʢʪʳ. 
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ʚʳʨʘʞʝʥʠʝ (1) ʚ ʩʣʝʜʫʶʱʝʤ ʚʠʜʝ: 
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ʛʜʝ DH0
298(r) ʠ DH0

298(pr) ï ʩʪʘʥʜʘʨʪʥʘʷ (ʧʨʠ 298 K) ʵʥʪʘʣʴʧʠʷ ʨʝʘʛʝʥʪʦʚ ʠ ʧʨʦʜʫʢʪʦʚ, 
ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, cp ï ʪʝʧʣʦʝʤʢʦʩʪʴ, Tm ï ʪʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʠʷ, prm ʦʟʥʘʯʘʝʪ 
ʧʣʘʚʷʱʠʝʩʷ ʧʨʦʜʫʢʪʳ, DHm ï ʵʥʪʘʣʴʧʠʷ ʧʣʘʚʣʝʥʠʷ ʧʦʩʣʝʜʥʠʭ. 

ʈʝʰʘ̫ ʫʨʘʚʥʝʥʠʝ (2) ʯʠʩʣʝʥʥʦ ʩ ʫʯʝʪʦʤ ʟʘʚʠʩʠʤʦʩʪʠ ʪʝʧʣʦʝʤʢʦʩʪʠ ʦʪ 
ʪʝʤʧʝʨʘʪʫʨʳ cp(T), ʤʦʞʥʦ ʥʘʡʪʠ Tad. 

ɼʣʷ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ ʤʥʦʛʦʬʘʟʥʳʭ ʩʠʩʪʝʤ ʚʝʣʠʯʠʥʫ Tad ʠ ʨʘʚʥʦʚʝʩʥʳʡ 
ʩʦʩʪʘʚ ʉɺʉ-ʧʨʦʜʫʢʪʦʚ ʧʨʠ Tad ʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ ʩ ʧʦʤʦʱʴʶ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʛʦ 
ʤʦʜʝʣʠʨʦʚʘʥʠʷ (ʊʄ) ʧʦ ʢʦʤʧʴʶʪʝʨʥʳʤ ʧʨʦʛʨʘʤʤʘʤ, ʪʘʢʠʤ ʢʘʢ ISMAN-THERMO 
(ʀʉʄɸʅ ʠʤ. ɸ.ɻ.ʄʝʨʞʘʥʦʚʘ ʈɸʅ), Terra (ʄɻʊʋ ʠʤ. ʅ.ʕ.ɹʘʫʤʘʥʘ) ʠ ʜʨ. ʀʩʧʦʣʴʟʫʷ ʙʘʟʫ 
ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʜʘʥʥʳʭ (ɹʊɼ) ʜʣʷ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʚʝʱʝʩʪʚ, ʦʥʠ ʚʳʧʦʣʥʷʶʪ ʧʦʠʩʢ 
ʤʠʥʠʤʫʤʘ ʵʥʝʨʛʠʠ ɻʠʙʙʩʘ ʩʠʩʪʝʤʳ ʧʨʠ ʟʘʜʘʥʥʳʭ ʫʩʣʦʚʠʷʭ. ʆʜʥʘʢʦ ʪʘʢʦʡ ʤʝʪʦʜ ʊʄ 
ʛʦʜʠʪʩʷ ʪʦʣʴʢʦ ʜʣʷ ʩʠʪʫʘʮʠʠ, ʢʦʛʜʘ ʧʨʦʜʫʢʪʘʤʠ ʷʚʣʷʶʪʩʷ ʩʪʨʦʛʦ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʝ 
ʚʝʱʝʩʪʚʘ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚʦ ʤʥʦʛʠʭ ʉɺʉ-ʧʨʦʮʝʩʩʘʭ ʦʙʨʘʟʫʶʪʩʷ ʩʦʝʜʠʥʝʥʠʷ (ʢʘʨʙʠʜʳ, 
ʠʥʪʝʨʤʝʪʘʣʣʠʜʳ ʠ ʜʨ.) ʩ ʰʠʨʦʢʦʡ ʦʙʣʘʩʪʴʶ ʛʦʤʦʛʝʥʥʦʩʪʠ, ʚ ʧʨʝʜʝʣʘʭ ʢʦʪʦʨʦʡ ʠʭ 
ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʩʫʱʝʩʪʚʝʥʥʦ ʠʟʤʝʥʷʶʪʩʷ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʜʣʷ ʊʄ ʉɺʉ-ʧʨʦʮʝʩʩʘ ʚ ʩʠʩʪʝʤʝ Ti-Al, ʢʦʪʦʨʳʡ ʧʨʠʤʝʥʷʶʪ ʜʣʷ 
ʩʠʥʪʝʟʘ ʞʘʨʦʩʪʦʡʢʠʭ ʩʧʣʘʚʦʚ ʥʘ ʦʩʥʦʚʝ ʬʘʟʳ g-TiAl, ʥʘʤʠ ʠʩʧʦʣʴʟʦʚʘʥ CALPHAD-
ʧʦʜʭʦʜ (CALculation of PHAse Diagrams). ɺ ʥʝʤ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʝ ʬʘʟʳ 
ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʘʢ ʨʘʩʪʚʦʨʳ, ʠ ʚʩʝ ʧʘʨʘʤʝʪʨʳ ʦʧʨʝʜʝʣʷʶʪʩʷ ʥʘ 1 ʤʦʣʴ ʨʘʩʪʚʦʨʘ. 

ɼʣʷ ʦʧʠʩʘʥʠʷ ʵʥʝʨʛʠʠ ɻʠʙʙʩʘ ʠ ʵʥʪʘʣʴʧʠʠ ʨʘʩʧʣʘʚʘ ʠ ʥʝʫʧʦʨʷʜʦʯʝʥʥʳʭ 
ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ ʟʘʤʝʱʝʥʠʷ ʚ CALPHAD-ʧʦʜʭʦʜʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʦʜʝʣʴ ʨʝʛʫʣʷʨʥʦʛʦ 
ʨʘʩʪʚʦʨʘ: 

 id
ex

i
ii TSHGxG -+= j
j

j ä ,   ä-=
i

iiid xlnxRS , (3) 

 ää
>>

j

>

j
j ¸¸+=

ijk,k,j,i
ijkkji

ij,j,i
ijji

ex kjiLxxxLxxH , , (4) 

ʛʜʝ Gj ï ʵʥʝʨʛʠʷ ɻʠʙʙʩʘ ʬʘʟʳ j ʚ ʨʘʩʯʝʪʝ ʥʘ 1 ʤʦʣʴ ʨʘʩʪʚʦʨʘ, xi ï ʤʦʣʴʥʘʷ ʜʦʣʷ i-ʛʦ 
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ʢʦʤʧʦʥʝʥʪʘ, 
j
iG  ï ʵʥʝʨʛʠʷ ɻʠʙʙʩʘ i-ʛʦ ʢʦʤʧʦʥʝʥʪʘ ʚ ʬʘʟʦʚʦʤ ʩʦʩʪʦʷʥʠʠ j, Sid ï 

ʠʜʝʘʣʴʥʘʷ ʵʥʪʨʦʧʠʷ ʩʤʝʰʝʥʠʷ, ʩʚʷʟʘʥʥʘʷ ʪʦʣʴʢʦ ʩ ʭʘʦʪʠʯʥʳʤ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʘʪʦʤʦʚ, 
exHj  ï ʠʟʙʳʪʦʯʥʘʷ ʵʥʪʘʣʴʧʠʷ ʩʤʝʰʝʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ, ʦʙʫʩʣʦʚʣʝʥʥʘʷ ʠʭ ʭʠʤʠʯʝʩʢʠʤ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ, 
j
ijL  ʠ 

j
ijkL  ï ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʘʨʘʤʝʪʨʳ ʧʘʨʥʦʛʦ (iïj) ʠ ʪʨʦʡʥʦʛʦ (iïjïk) 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʘʪʦʤʦʚ, R ï ʫʥʠʚʝʨʩʘʣʴʥʘʷ ʛʘʟʦʚʘʷ ʧʦʩʪʦʷʥʥʘʷ. 

ʇʘʨʘʤʝʪʨʳ 
j
ijL  ʦʧʠʩʳʚʘʶʪʩʷ ʚ ʚʠʜʝ ʧʦʣʠʥʦʤʘ ʈʝʜʣʠʭʘ-ʂʠʩʪʝʨʘ-ʄʫʛʛʠʘʥʫ: 

 ( ) ,0, ²-=ä
jj nxxLL

n

n
jiij

n
ij  (5) 

ʛʜʝ 
j
ij

nL  ï ʢʦʵʬʬʠʮʠʝʥʪʳ n-ʛʦ ʧʦʨʷʜʢʘ, ʟʘʚʠʩʷʱʠʝ ʪʦʣʴʢʦ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ. 

ɼʣʷ ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʚ ʠ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ ʚʥʝʜʨʝʥʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʦʜʝʣʴ 
ʍʠʣʣʝʨʪʘ-ʉʪʵʬʬʘʥʩʦʥʘ. ʅʘʧʨʠʤʝʨ, ʬʘʟʘ g-TiAl, ʠʤʝʶʱʘʷ ɻʎʂ-ʨʝʰʝʪʢʫ ʩ ʪʠʧʦʤ 
ʫʧʦʨʷʜʦʯʝʥʠʷ L10, ʦʧʠʩʳʚʘʝʪʩʷ ʩʪʨʫʢʪʫʨʥʦʡ ʬʦʨʤʫʣʦʡ 

0.50.5 )()(
TiAlTiAl yyyy , TiAl, TiAl ¡¡¡¡¡¡ , 

ʪ.ʝ. ʦʥʘ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʧʦʜʨʝʰʝʪʦʢ. ʕʥʝʨʛʠʷ ɻʠʙʙʩʘ ʵʪʦʡ ʬʘʟʳ ʦʧʠʩʳʚʘʝʪʩʷ ʢʘʢ [ 1,2] 
 

idexref TSHGG -+= , (6) 

 
Ti:TiTiTiAl:AlAlAlTi:AlTiAlAl:TiAlTiref GyyGyyGyyGyyG ¡¡¡+¡¡¡+¡¡¡+¡¡¡=  (7) 

 ( ) ( )Ti,Al:TiTiTi,Al:AlAlTiAlTi:Ti,AlTiAl:Ti,AlAlTiAlex LyLyyyLyLyyyH ¡+¡¡¡¡¡+¡¡+¡¡¡¡= , (8) 

 ( )NiNiAlAlTiTiAlAlid ylnyylnyylnyylnyR.S ¡¡¡¡+¡¡¡¡+¡¡+¡¡-= 50 , (9) 

ʛʜʝ yi' ʠ yi'' ï ʜʦʣʠ ʘʪʦʤʦʚ ʩʦʨʪʘ i ʚ 1-ʡ ʠ 2-ʡ ʧʦʜʨʝʰʝʪʢʝ, Gi:j, i,j = Al,Ti ï ʵʥʝʨʛʠʷ ɻʠʙʙʩʘ 
ʩʤʝʩʠ ʧʦʜʨʝʰʝʪʦʢ, ʢʘʞʜʘʷ ʠʟ ʢʦʪʦʨʳʭ ʟʘʧʦʣʥʝʥʘ ʪʦʣʴʢʦ ʘʪʦʤʘʤʠ ʦʜʥʦʛʦ ʩʦʨʪʘ; ʚ 
ʧʘʨʘʤʝʪʨʘʭ L ʜʚʦʝʪʦʯʠʝ ʨʘʟʜʝʣʷʝʪ ʧʦʜʨʝʰʝʪʢʠ, ʘ ʟʘʧʷʪʘʷ ʨʘʟʜʝʣʷʝʪ ʘʪʦʤʳ, 
ʥʘʭʦʜʷʱʠʝʩʷ ʚ ʦʜʥʦʡ ʧʦʜʨʝʰʝʪʢʝ. 

ɼʣʷ ʚʳʰʝʫʢʘʟʘʥʥʦʡ ʩʪʨʫʢʪʫʨʥʦʡ ʬʦʨʤʫʣʳ ʬʘʟʳ TiAl ʩʦʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ 
ʘʪʦʤʥʦʡ ʜʦʣʝʡ ʘʣʶʤʠʥʠʷ xAl ʠ ʧʘʨʘʤʝʪʨʘʤʠ yi', yi", i=Al,Ti, ʟʘʧʠʰʝʪʩʷ ʢʘʢ  

 
( )í

ì
ë

¡-=¡-=¡=¡¡=¡¡²

¡¡-=¡¡=¡¡=¡=¡<

AlTiAlAlTiAlAl

AlTiAlAlAlTiAl

yy,..xy,y,y.x

yy,.xy,y,y.x

1505001:50ʧʨʠ  

15001:50ʧʨʠ  
. (10) 

ʕʥʪʘʣʴʧʠʷ ʚʳʯʠʩʣʷʝʪʩʷ ʧʦ ʠʟʚʝʩʪʥʦʤʫ ʩʦʦʪʥʦʰʝʥʠʶ H = G ï µG/µT. ʈʘʩʯʝʪ 
ʚʝʣʠʯʠʥʳ Tad ʚr ʧʦʣʥʷʝʪʩʷ ʥʘ ʦʩʥʦʚʝ ʫʨʘʚʥʝʥʠʷ ʙʘʣʘʥʩʘ ʵʥʪʘʣʴʧʠʠ, ʢʦʥʢʨʝʪʥʳʡ ʚʠʜ 
ʢʦʪʦʨʦʛʦ ʟʘʚʠʩʠʪ ʦʪ ʪʦʛʦ, ʚ ʢʘʢʫʶ ʦʙʣʘʩʪʴ ʜʠʘʛʨʘʤʤʳ ʩʦʩʪʦʷʥʠʷ ʧʦʧʘʜʘʝʪ ʪʦʯʢʘ ʩ 

ʢʦʦʨʜʠʥʘʪʘʤʠ [ad
i
Al T,x ], ʛʜʝ 

i
Alx  ï ʘʪʦʤʥʘʷ ʜʦʣʷ ʘʣʶʤʠʥʠʷ ʚ ʠʩʭʦʜʥʦʡ ʰʠʭʪʝ. ʇʦʵʪʦʤʫ 

ʚʥʘʯʘʣʝ ʥʘʜʦ ʨʘʩʩʯʠʪʘʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʬʨʘʛʤʝʥʪ ʨʘʚʥʦʚʝʩʥʦʡ ʜʠʘʛʨʘʤʤʳ Ti-Al. 
ʊʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʝ ʨʘʚʥʦʚʝʩʠʝ ʬʘʟ ʦʧʨʝʜʝʣʷʝʪcʷ ʠʟ ʫʩʣʦʚʠʷ ʨʘʚʝʥʩʪʚʘ 

ʭʠʤʠʯʝʩʢʠʭ ʧʦʪʝʥʮʠʘʣʦʚ ʢʦʤʧʦʥʝʥʪʦʚ. ɽʛʦ ʥʝʦʙʭʦʜʠʤʦ ʟʘʧʠʩʘʪʴ ʜʣʷ ʢʘʞʜʦʡ ʧʘʨʳ ʬʘʟ, 

ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʨʘʚʥʦʚʝʩʠʠ. ɺ ʦʙʱʝʤ ʚʠʜʝ ʜʣʷ ʢʦʥʪʘʢʪʘ ʜʚʫʭ ʬʘʟ j ʠ y (ʪʚʝʨʜʳʭ ʠ/ʠʣʠ 
ʞʠʜʢʠʭ), ʠʤʝʶʱʠʭ ʥʝʢʦʪʦʨʫʶ ʦʙʣʘʩʪʴ ʛʦʤʦʛʝʥʥʦʩʪʠ, ʫʩʣʦʚʠʝ ʨʘʚʥʦʚʝʩʠʷ ʜʣʷ ʙʠʥʘʨʥʦʡ 
ʩʠʩʪʝʤʳ AïB (xA + xB = 1) ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ T ʠʤʝʝʪ ʚʠʜ 

 ( ) ( ) ( ) ( )T,xT,xT,xT,x BBBBBABA
yyjjyyjj m=mm=m )0()0()0()0( , , (11) 

ʛʜʝ 
jmi  ʠ 

ymi  ï ʭʠʤʠʯʝʩʢʠʝ ʧʦʪʝʥʮʠʘʣʳ i-ʛʦ ʢʦʤʧʦʥʝʥʪʘ, i¹A,B, ʚ ʬʘʟʘʭ j ʠ y, j)0(
Bx  ʠ 

y)0(
Bx  ï ʨʘʚʥʦʚʝʩʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʵʣʝʤʝʥʪʘ B ʚ ʵʪʠʭ ʬʘʟʘʭ ʧʨʠ ʜʘʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. 

ɼʣʷ ʙʠʥʘʨʥʦʡ ʩʠʩʪʝʤʳ ʭʠʤʠʯʝʩʢʠʝ ʧʦʪʝʥʮʠʘʣʳ ʢʦʤʧʦʥʝʥʪʦʚ ʦʧʨʝʜʝʣʷʶʪʩʷ ʢʘʢ 

 ( ) BBBBBA dxdGxG,dxdGxG jj
j

jj
j -+=m-=m 1 . (12) 

ʈʘʚʥʦʚʝʩʠʝ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʦʡ ʬʘʟʳ TiaAlb (ʥʘʧʨʠʤʝʨ, TiAl2, TiAl3) c ʪʚʝʨʜʳʤ 

ʨʘʩʪʚʦʨʦʤ j ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ T ʦʧʨʝʜʝʣʠʪʩʷ ʠʟ ʩʣʝʜʫʶʱʝʛʦ ʫʩʣʦʚʠʷ: 

 )()()]()([ )0()0()0( T,xTGT,xT,xx AlTiAlTiAlTiAlAl
AlTi

Al ba

ba jjjjjj m-=m-m , (13) 

ʛʜʝ ba AlTi
Alx  ï ʘʪʦʤʥʘʷ ʜʦʣʷ ʘʣʶʤʠʥʠʷ ʚ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʦʡ ʬʘʟʝ TiaAlb, 

baAlTiG  ï 

ʵʥʝʨʛʠʷ ɻʠʙʙʩʘ ʵʪʦʡ ʬʘʟʳ ʚ ʨʘʩʯʝʪʝ ʥʘ 1 ʤʦʣʴ ʨʘʩʪʚʦʨʘ.  
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ʋʩʣʦʚʠʝ ʙʘʣʘʥʩʘ ʵʥʪʘʣʴʧʠʠ ʜʣʷ ʧʨʦʩʪʦʛʦ ʩʣʫʯʘʷ, ʢʦʛʜʘ ʠʩʭʦʜʥʳʡ ʩʦʩʪʘʚ 
i
Alx  

ʥʘʭʦʜʠʪʩʷ ʚʥʫʪʨʠ ʦʙʣʘʩʪʠ ʛʦʤʦʛʝʥʥʦʩʪʠ ʥʝʢʦʪʦʨʦʡ ʬʘʟʳ j, ʥʘʧʨʠʤʝʨ, Ti3Al ʩ ʪʠʧʦʤ 
ʫʧʦʨʷʜʦʯʝʥʠʷ D019, ʠʤʝʝʪ ʚʠʜ 

 ()( ) () ( )ad
i
AlTi

i
AlAl

i
Al T,xHTHxTHx j=-+ 00 1 , (14) 

ʛʜʝ T0=298 K ï ʥʘʯʘʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʰʠʭʪʳ, HAl(T0) ʠ HTi(T0) ï ʵʥʪʘʣʴʧʠʷ ʘʣʶʤʠʥʠʷ ʠ 
ʪʠʪʘʥʘ ʧʨʠ ʵʪʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʦ ʠʤʝʶʱʝʡʩʷ ʚ ʩʚʦʙʦʜʥʦʤ 

ʜʦʩʪʫʧʝ ɹʊɼ SGTE, ( )ad
i
Al T,xHj  ï ʵʥʪʘʣʴʧʠʷ ʬʘʟʳ j ʩʦʩʪʘʚʘ 

i
Alx  ʧʨʠ Tad. 

ɼʣʷ ʩʦʩʪʘʚʘ, ʥʘʭʦʜʷʱʝʛʦʩʷ ʚ ʜʚʫʭʬʘʟʥʦʡ ʦʙʣʘʩʪʠ jïy (ʥʘʧʨʠʤʝʨ, Ti3Al-TiAl), 
ʫʨʘʚʥʝʥʠʝ ʙʘʣʘʥʩʘ ʵʥʪʘʣʴʧʠʠ ʟʘʧʠʰʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ ʚʠʜʝ:  
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ɿʜʝʩʴ ( )adAl T,xH j
j

)0(
 ʠ ( )adAl T,xH y

y
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 ï ʵʥʪʘʣʴʧʠʠ ʬʘʟ ʨʘʚʥʦʚʝʩʥʦʛʦ ʩʦʩʪʘʚʘ ʧʨʠ 

Tad, Xj(Tad) ï ʤʦʣʴʥʘʷ ʜʦʣʷ ʬʘʟʳ j ʧʨʠ ʘʜʠʘʙʘʪʠʯʝʩʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ʇʦʩʣʝʜʥʷʷ 
ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʧʨʘʚʠʣʫ ʨʳʯʘʛʘ: 
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ʇʦ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʥʘʤʠ ʧʨʦʚʝʜʝʥ ʯʠʩʣʝʥʥʳʡ 
ʨʘʩʯʝʪ ʨʘʚʥʦʚʝʩʥʦʡ ʜʠʘʛʨʘʤʤʳ ʩʦʩʪʦʷʥʠʷ ʩʠʩʪʝʤʳ Ti-Al ʠ ʟʘʚʠʩʠʤʦʩʪʠ 
ʘʜʠʘʙʘʪʠʯʝʩʢʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʉɺʉ ʦʪ ʠʩʭʦʜʥʦʛʦ ʩʦʩʪʘʚʘ. ʀʩʧʦʣʴʟʦʚʘʥʳ ʟʥʘʯʝʥʠʷ 
ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʜʣʷ ʚʩʝʭ ʬʘʟ ʵʪʦʡ ʩʠʩʪʝʤʳ ʧʦ ʜʘʥʥʳʤ ʨʘʙʦʪʳ [3]. 

ʇʦʣʫʯʝʥʦ, ʯʪʦ ʚʦ ʚʩʝʤ ʠʥʪʝʨʚʘʣʝ ʩʦʩʪʘʚʦʚ ʰʠʭʪʳ, ʜʣʷ ʢʦʪʦʨʦʛʦ 
ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʚ ʨʝʞʠʤʝ ʉɺʉ ʪʝʦʨʝʪʠʯʝʩʢʠ ʚʦʟʤʦʞʥʦ (ʪ.ʝ. ʛʜʝ Tad ʚʳʰʝ ʪʦʯʢʠ 
ʧʣʘʚʣʝʥʠʷ ʘʣʶʤʠʥʠʷ Tm(Al) = 933 K), ʟʥʘʯʝʥʠʷ Tad ʥʘʭʦʜʷʪʩʷ ʥʠʞʝ ʣʠʥʠʡ ʩʦʣʠʜʫʩ 
ʨʘʩʩʯʠʪʘʥʥʦʡ ʨʘʚʥʦʚʝʩʥʦʡ ʜʠʘʛʨʘʤʤʳ Ti-Al. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʵʥʪʘʣʴʧʠʷ 
ʦʙʨʘʟʦʚʘʥʠʷ ʚʩʝʭ ʬʘʟ ʩʠʩʪʝʤʳ Ti-Al ʥʝʚʝʣʠʢʘ ʧʦ ʘʙʩʦʣʶʪʥʦʡ ʚʝʣʠʯʠʥʝ, ʪ.ʝ. 
ʪʝʧʣʦʚʳʜʝʣʝʥʠʝ ʛʝʪʝʨʦʛʝʥʥʳʭ ʨʝʘʢʮʠʡ ʥʝʜʦʩʪʘʪʦʯʥʦ ʜʘʞʝ ʜʣʷ ʯʘʩʪʠʯʥʦʛʦ 
ʨʘʩʧʣʘʚʣʝʥʠʷ ʧʨʦʜʫʢʪʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. 

ʇʦʩʢʦʣʴʢʫ Tad > Tm(Al), ʚ ʜʘʥʥʦʡ ʩʠʩʪʝʤʝ ʙʫʜʝʪ ʨʝʘʣʠʟʦʚʳʚʘʪʴʩʷ 
ʥʝʨʘʚʥʦʚʝʩʥʳʡ ʤʝʭʘʥʠʟʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚ ʚʦʣʥʝ ʉɺʉ: ʧʦʩʣʝ ʧʣʘʚʣʝʥʠʷ ʠ 
ʨʘʩʪʝʢʘʥʠʷ ʘʣʶʤʠʥʠʷ ʚ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʦʥʝ ʚʦʣʥʳ ʉɺʉ ʧʨʦʠʩʭʦʜʠʪ 
ʨʘʩʪʚʦʨʝʥʠʝ ʙʦʣʝʝ ʪʫʛʦʧʣʘʚʢʦʛʦ ʢʦʤʧʦʥʝʥʪʘ (ʟʜʝʩʴ ï ʪʠʪʘʥʘ) ʠ ʙʳʩʪʨʘʷ 
ʢʨʠʩʪʘʣʣʠʟʘʮʠʷ ʟʝʨʝʥ ʧʨʦʜʫʢʪʘ ʠʟ ʧʝʨʝʩʳʱʝʥʥʦʛʦ ʨʘʩʧʣʘʚʘ, ʣʦʢʘʣʴʥʳʡ ʩʦʩʪʘʚ 
ʢʦʪʦʨʦʛʦ ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʩʭʦʜʥʳʤ ʩʦʩʪʘʚʦʚ ʰʠʭʪʳ ʠ ʢʠʥʝʪʠʢʦʡ ʨʘʩʪʚʦʨʝʥʠʷ ʪʚʝʨʜʦʛʦ 
ʨʝʘʛʝʥʪʘ. 

 
ʈʘʙʦʪʘ ʧʦʜʜʝʨʞʘʥʘ ʩʦʚʤʝʩʪʥʳʤʠ ʙʝʣʦʨʫʩʩʢʦ-ʢʠʪʘʡʩʢʠʤʠ ʛʨʘʥʪʘʤʠ 

ʊ19ɸʈʄ-032 ʠ ʊ22ʂʀ-043. 
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ʐʠʨʦʢʦʝ ʚʥʠʤʘʥʠʝ ʢ ʦʩʚʦʝʥʠʶ ɸʨʢʪʠʢʠ ʠ ʨʝʛʠʦʥʦʚ ʩ ʭʦʣʦʜʥʳʤ ʢʣʠʤʘʪʦʤ, 

ʪʨʝʙʫʝʪ ʨʝʰʝʥʠʷ ʙʦʣʴʰʦʛʦ ʢʦʤʧʣʝʢʩʘ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʟʘʜʘʯ. ʆʜʥʠʤʠ ʠʟ ʚʘʞʥʝʡʰʠʭ 
ʧʨʠ ʵʪʦʤ, ʜʣʷ ʤʥʦʛʠʭ ʧʨʘʢʪʠʯʝʩʢʠʭ ʧʨʠʣʦʞʝʥʠʡ, ʷʚʣʷʶʪʩʷ ʟʘʜʘʯʠ ʩʚʷʟʘʥʥʳʝ ʩ 
ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʜʝʰʝʚʳʭ, ʵʢʦʣʦʛʠʯʝʩʢʠ 
ʙʝʟʦʧʘʩʥʳʭ ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʩʪʥʳʭ 
ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ. ʃʝʜ, ʧʦʚʩʝʤʝʩʪʥʦ ʜʦʩʪʫʧʥʳʡ ʚ ʵʪʠʭ ʨʝʛʠʦʥʘʭ, ʦʪʚʝʯʘʝʪ 
ʚʩʝʤ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʤ ʢʨʠʪʝʨʠʷʤ (ʦʥ ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʝʟʦʧʘʩʝʥ, ʝʛʦ ʠʩʪʦʯʥʠʢʠ 
ʚʦʟʦʙʥʦʚʣʷʝʤʳ, ʦʥ ʥʝ ʪʨʝʙʫʶʪ ʫʪʠʣʠʟʘʮʠʠ ʧʦ ʦʢʦʥʯʘʥʠʠ ʩʨʦʢʘ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʪ.ʜ.). 
ʆʜʥʘʢʦ ʦʥ ʠʤʝʝʪ ʤʘʣʫʶ ʧʨʦʯʥʦʩʪʴ, ʚʳʩʦʢʫʶ ʭʨʫʧʢʦʩʪʴ ʠ ʩʢʣʦʥʥʦʩʪʴ ʢ ʧʦʣʟʫʯʝʩʪʠ. ɼʣʷ 
ʫʣʫʯʰʝʥʠʷ ʩʚʦʡʩʪʚ ʣʴʜʘ ʠʟʚʝʩʪʥʳ ʪʝʭʥʦʣʦʛʠʠ ʝʛʦ ʫʧʨʦʯʥʝʥʠʷ ʠ ʩʦʟʜʘʥʠʷ ʣʝʜʦʚʳʭ 
ʢʦʤʧʦʟʠʪʦʚ (ʃʂ) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʠʭ ʠ ʤʠʢʨʦʚʦʣʦʢʥʠʩʪʳʭ ʜʦʙʘʚʦʢ. 
ʇʨʠ ʵʪʦʤ, ʢʘʢ ʧʨʘʚʠʣʦ, ʨʝʯʴ ʠʜʝʪ ʦʙ ʫʧʨʦʯʥʝʥʠʠ ʧʨʝʩʥʦʚʦʜʥʦʛʦ ʣʴʜʘ. ɺ ʪʦʞʝ ʚʨʝʤʷ ʚ 
ʫʩʣʦʚʠʷʭ ɸʨʢʪʠʢʠ ʠ ʩʝʚʝʨʥʳʭ ʤʦʨʩʢʠʭ ʧʦʙʝʨʝʞʠʡ ʠʤʝʝʪ ʤʝʩʪʦ ʰʠʨʦʢʦʝ 
ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʩʦʣʝʥʦʛʦ ʣʴʜʘ. ʇʝʨʩʧʝʢʪʠʚʘ ʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʣʷ ʧʨʘʢʪʠʯʝʩʢʠʭ 
ʧʨʠʤʝʥʝʥʠʡ ʠʣʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʳ ʜʣʷ ʩʦʟʜʘʥʠʷ ʣʝʜʦʚʳʭ ʢʦʤʧʦʟʠʪʦʚ 
ʪʨʝʙʫʝʪ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʣʠʷʥʠʷ ʩʦʣʝʥʦʩʪʠ ʣʴʜʘ ʥʘ ʝʛʦ ʧʨʦʯʥʦʩʪʥʳʝ 
ʩʚʦʡʩʪʚʘ. 

ʇʦʵʪʦʤʫ ʮʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʩʦʣʝʥʦʩʪʠ ʣʴʜʘ ʥʘ 
ʝʛʦ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ. 

ɼʣʷ ʧʦʜʛʦʪʦʚʢʠ ʨʘʩʪʚʦʨʦʚ ʨʘʟʣʠʯʥʦʡ ʩʦʣʝʥʦʩʪʠ ʤʦʨʩʢʫʶ ʩʦʣʴ (ʜʘʣʝʝ - ʩʦʣʴ) 
ʜʦʙʘʚʣʷʣʠ ʚ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʫʶ ʚʦʜʫ ʚ ʢʦʣʠʯʝʩʪʚʝ, ʪʨʝʙʫʝʤʦʤ ʜʣʷ ʧʨʠʛʦʪʦʚʣʝʥʠʷ 
ʨʘʩʪʚʦʨʦʚ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʚ ʥʠʭ ʩʦʣʠ n ʚ ʢʦʣʠʯʝʩʪʚʝ 0-3,5 ʤʘʩʩ.%. ɺʳʙʦʨ ʚʝʨʭʥʝʡ 
ʛʨʘʥʠʮʳ ʜʠʘʧʘʟʦʥʘ ʢʦʥʮʝʥʪʨʘʮʠʡ ʩʦʣʠ ʙʳʣ ʦʙʫʩʣʦʚʣʝʥ ʪʠʧʠʯʥʳʤ ʝʝ ʩʦʜʝʨʞʘʥʠʝʤ ʚ 
ʤʦʨʷʭ ʩʝʚʝʨʥʳʭ ʰʠʨʦʪ [1, 2]. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʦʙʨʘʟʮʦʚ ʣʴʜʘ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʫʶ ʚʦʜʫ ʠ 
ʧʨʠʛʦʪʦʚʣʝʥʥʳʝ ʨʘʩʪʚʦʨʳ ʟʘʣʠʚʘʣʠ ʚ ʩʧʝʮʠʘʣʴʥʦ ʠʟʛʦʪʦʚʣʝʥʥʳʝ ʬʪʦʨʦʧʣʘʩʪʦʚʳʝ 
ʢʶʚʝʪʳ ʩ ʠʟʦʣʠʨʦʚʘʥʥʳʤʠ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʷʯʝʡʢʘʤʠ ʨʘʟʤʝʨʦʤ 10ʭ10ʭ20 ʤʤ (ʜʣʷ 
ʧʨʦʚʝʜʝʥʠʷ ʠʩʧʳʪʘʥʠʡ ʥʘ ʦʜʥʦʦʩʥʦʝ ʩʞʘʪʠʝ ʠ ʠʥʜʝʥʪʠʨʦʚʘʥʠʝ) ʠ 10ʭ10ʭ60 ʤʤ (ʜʣʷ 
ʠʩʧʳʪʘʥʠʡ ʥʘ ʪʨʝʭʪʦʯʝʯʥʳʡ ʠʟʛʠʙ). ʆʙʨʘʟʮʳ ʟʘʤʦʨʘʞʠʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 48 ʯ ʧʨʠ 
ʪʝʤʧʝʨʘʪʫʨʝ -15 ÁC. ʇʦʩʢʦʣʴʢʫ ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʣʴʜʘ ʙʦʣʝʝ ʯʝʤ ʥʘ 
ʧʦʨʷʜʦʢ ʚʳʰʝ, ʯʝʤ ʫ ʬʪʦʨʦʧʣʘʩʪʘ, ʵʪʦ ʪʝʭʥʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ ʧʨʠʜʘʚʘʣʦ ʪʝʧʣʦʚʦʤʫ 
ʧʦʪʦʢʫ ʧʨʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ çʩʚʝʨʭʫ-ʚʥʠʟè, ʯʪʦ 
ʩʥʠʞʘʣʦ ʚʥʫʪʨʝʥʥʠʝ ʥʘʧʨʷʞʝʥʠʷ ʠ ʪʨʝʱʠʥʦʦʙʨʘʟʦʚʘʥʠʝ ʚ ʦʙʨʘʟʮʝ. 

ʄʝʭʘʥʠʯʝʩʢʫʶ ʧʨʦʯʥʦʩʪʴ ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʠʩʩʣʝʜʦʚʘʣʠ ʤʝʪʦʜʘʤʠ 
ʦʜʥʦʦʩʥʦʛʦ ʩʞʘʪʠʷ, ʪʨʝʭʪʦʯʝʯʥʦʛʦ ʠʟʛʠʙʘ ʠ ʠʥʜʝʥʪʠʨʦʚʘʥʠʷ. ʀʩʧʳʪʘʥʠʷ ʧʨʦʚʦʜʠʣʠ 
ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ -15 Áʉ. ɼʣʷ ʠʩʧʳʪʘʥʠʷ ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʥʘʧʦʣʴʥʘʷ ʜʚʫʭʢʦʣʦʥʥʘʷ 
ʩʝʨʚʦʛʠʜʨʘʚʣʠʯʝʩʢʘʷ ʠʩʧʳʪʘʪʝʣʴʥʘʷ ʤʘʰʠʥʘ MTS 870 Landmark (MTS, ʉʐɸ), 
ʩʥʘʙʞʝʥʥʘʷ ʩʧʝʮʠʘʣʴʥʳʤ ʪʝʨʤʦʩʪʘʪʦʤ ʠ ʧʫʘʥʩʦʥʘʤʠ (ʦʜʥʦʦʩʥʦʝ ʩʞʘʪʠʝ ʠ 
ʪʨʝʭʪʦʯʝʯʥʳʡ ʠʟʛʠʙ) ʠ ʜʠʥʘʤʠʯʝʩʢʠʡ ʠʥʜʝʥʪʦʤʝʪʨ ʩʦʙʩʪʚʝʥʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ 
(ʥʘʥʦʠʥʜʝʥʪʠʨʦʚʘʥʠʝ).  

ʇʨʠ ʦʜʥʦʦʩʥʦʤ ʩʞʘʪʠʠ ʩʢʦʨʦʩʪʴ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʜʝʬʦʨʤʘʮʠʠ ʦʙʨʘʟʮʦʚ ‐ 
ʩʦʩʪʘʚʣʷʣʘ 4Ö10-3 ʩ-1. ʄʝʨʦʡ ʤʝʭʘʥʠʯʝʩʢʦʡ ʧʨʦʯʥʦʩʪʠ ʷʚʣʷʣʦʩʴ ʧʠʢʦʚʦʝ ʥʘʧʨʷʞʝʥʠʝ, 
ʚʳʜʝʨʞʠʚʘʝʤʦʝ ʦʙʨʘʟʮʦʤ ʧʨʠ ʪʝʩʪʠʨʦʚʘʥʠʠ, ʢʦʪʦʨʦʝ ʦʧʨʝʜʝʣʷʣʦʩʴ ʠʟ ʜʠʘʛʨʘʤʤʳ 
ʥʘʛʨʫʞʝʥʠʷ ʚ ʢʦʦʨʜʠʥʘʪʘʭ çʠʥʞʝʥʝʨʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʦʜʥʦʦʩʥʦʛʦ ʩʞʘʪʠʷ ï 
ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʜʝʬʦʨʤʘʮʠʷè. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ 
ʩʦʣʠ ʧʨʠʚʦʜʠʪ ʢ ʧʦʥʠʞʝʥʠʶ ʧʨʦʯʥʦʩʪʠ ʣʴʜʘ (ʨʠʩ. 1ʘ). ʊʘʢ, ʝʩʣʠ ʧʨʦʯʥʦʩʪʴ ʥʘ ʩʞʘʪʠʝ 

ʣʴʜʘ, ʠʟʛʦʪʦʚʣʝʥʥʦʛʦ ʠʟ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʳ, ʩʦʩʪʘʚʣʷʣʘ 12,8°1,2 ʄʇʘ, ʪʦ ʧʨʠ  

n = 1 ʤʘʩʩ.% ʧʨʦʯʥʦʩʪʴ ʧʦʣʫʯʘʝʤʦʛʦ ʣʴʜʘ ʩʥʠʞʘʣʘʩʴ ʜʦ 9,6°0,8 ʄʇʘ, ʧʨʠ n = 2 ʤʘʩʩ.% 

- ʜʦ 8,4°0,9 ʄʇʘ, ʘ ʧʨʠ n = 3,5 ʤʘʩʩ.% ï ʜʦ 4,0°0,6 ʄʇʘ. ʄʝʥʴʰʘʷ ʧʨʦʯʥʦʩʪʴ ʣʴʜʘ, 
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ʧʦʣʫʯʝʥʥʦʛʦ ʠʟ ʩʦʣʝʥʦʡ ʚʦʜʳ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʣʴʜʦʤ, ʠʟ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʳ, 
ʤʦʞʝʪ ʙʳʪʴ ʦʙʫʩʣʦʚʣʝʥʘ ʩʝʛʨʝʛʘʮʠʝʡ ʩʦʣʠ ʥʘ ʛʨʘʥʠʮʝ ʟʝʨʝʥ ʣʴʜʘ ʠ ʚ ʠʭ ʩʪʳʢʘʭ, ʯʪʦ 
ʧʨʠʚʦʜʠʪ ʢ ʦʩʣʘʙʣʝʥʠʶ ʤʝʞʟʝʨʝʥʥʦʡ ʩʚʷʟʠ [3]. ʇʨʠ ʵʪʦʤ ʩʦʜʝʨʞʘʥʠʝ ʩʦʣʠ ʚ ʜʘʥʥʳʭ 
ʦʙʣʘʩʪʷʭ ʤʦʞʝʪ ʚʦʟʨʘʩʪʘʪʴ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʝʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚ ʠʩʭʦʜʥʦʤ ʨʘʩʪʚʦʨʝ.  

 ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘ ʪʨʝʭʪʦʯʝʯʥʳʡ ʠʟʛʠʙ ʧʦʜʛʦʪʦʚʣʝʥʥʳʝ ʦʙʨʘʟʮʳ 
ʨʘʟʤʝʱʘʣʠ ʥʘ ʦʧʦʨʳ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʢʦʪʦʨʳʤʠ ʩʦʩʪʘʚʣʷʣʦ L = 50 ʤʤ, ʠʭ ʨʘʜʠʫʩ R 
ʨʘʚʝʥ 10 ʤʤ. ʉʢʦʨʦʩʪʴ ʧʝʨʝʤʝʱʝʥʠʷ ʘʢʪʠʚʥʦʛʦ ʧʫʘʥʩʦʥʘ ʩʦʩʪʘʚʣʷʣʘ ɡ = 5 ʤʤ/ʤʠʥ, ʯʪʦ 

ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʦ ‐ = 0,002 ʩ-1. ʀʩʧʳʪʘʥʠʷ ʧʨʦʚʦʜʠʣʠ ʩ ʨʝʛʠʩʪʨʘʮʠʝʡ ʥʘʛʨʫʟʢʠ ʠ 
ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʧʨʦʛʠʙʘ ʠʩʧʳʪʫʝʤʦʛʦ ʦʙʨʘʟʮʘ, ʠʩʧʦʣʴʟʫʷ ʘʚʪʦʤʘʪʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ 
ʟʘʧʠʩʠ. ʇʨʠ ʦʙʨʘʙʦʪʢʝ ʨʝʟʫʣʴʪʘʪʦʚ ʦʧʨʝʜʝʣʷʣʠ ʧʨʦʯʥʦʩʪʴ ʥʘ ʠʟʛʠʙ ůʠ ʠ ʤʦʜʫʣʴ 
ʫʧʨʫʛʦʩʪʠ ʧʨʠ ʧʦʧʝʨʝʯʥʦʤ ʠʟʛʠʙʝ ɽʠ. ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʜʣʷ ʦʙʨʘʟʮʦʚ ʯʠʩʪʦʛʦ 
ʣʴʜʘ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʟʥʘʯʝʥʠʷ ůʠ ʩʦʩʪʘʚʣʷʶʪ ʝʜʠʥʠʮʳ ʄʇʘ (2,7Ñ0,4 ʄʇʘ), ʘ ɽʠ - 
ʝʜʠʥʠʮʳ ɻʇʘ (1,9Ñ0,3 ɻʇʘ), ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʠʟʚʝʩʪʥʳʤ ʣʠʪʝʨʘʪʫʨʥʳʤ ʜʘʥʥʳʤ ʜʣʷ 
ʯʠʩʪʦʛʦ ʧʨʝʩʥʦʛʦ ʣʴʜʘ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʣʴʜʘ ʨʘʟʣʠʯʥʦʡ ʩʦʣʝʥʦʩʪʠ ʥʘ ʪʨʝʭʪʦʯʝʯʥʳʡ 
ʠʟʛʠʙ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʟʥʘʯʝʥʠʷ ůʠ ʟʘʢʦʥʦʤʝʨʥʦ ʫʤʝʥʴʰʘʶʪʩʷ ʩ ʨʦʩʪʦʤ ʢʦʥʮʝʥʪʨʘʮʠʠ 
ʩʦʣʠ ʠ ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʠ 3,5ʤʘʩʩ.% ʩʦʩʪʘʚʣʷʶʪ 1,0Ñ0,5 ʄʇʘ (ʨʠʩ. 1ʙ). ʂʘʯʝʩʪʚʝʥʥʦ ʵʪʠ 
ʠʟʤʝʥʝʥʠʷ ʧʦʚʪʦʨʷʶʪ ʟʘʚʠʩʠʤʦʩʪʴ ʧʨʦʯʥʦʩʪʠ ʥʘ ʩʞʘʪʠʝ ʣʴʜʘ ʨʘʟʣʠʯʥʦʡ ʩʦʣʝʥʦʩʪʠ. 
ʀʩʩʣʝʜʦʚʘʥʠʝ ʣʴʜʘ ʨʘʟʣʠʯʥʦʡ ʩʦʣʝʥʦʩʪʠ ʥʘ ʪʨʝʭʪʦʯʝʯʥʳʡ ʠʟʛʠʙ ʧʦʢʘʟʘʣʠ, ʯʪʦ 
ʟʥʘʯʝʥʠʷ ůʠ ʟʘʢʦʥʦʤʝʨʥʦ ʫʤʝʥʴʰʘʶʪʩʷ ʩ ʨʦʩʪʦʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʦʣʠ (ʨʠʩ. 1ʙ). 
ʂʘʯʝʩʪʚʝʥʥʦ ʵʪʠ ʠʟʤʝʥʝʥʠʷ ʧʦʚʪʦʨʷʶʪ ʟʘʚʠʩʠʤʦʩʪʴ ʧʨʦʯʥʦʩʪʠ ʥʘ ʩʞʘʪʠʝ ʣʴʜʘ 
ʨʘʟʣʠʯʥʦʡ ʩʦʣʝʥʦʩʪʠ. 

ʀʥʬʦʨʤʘʪʠʚʥʳʤ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʭʘʨʘʢʪʝʨʠʟʘʮʠʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʪʚʝʨʜʳʭ 
ʪʝʣ ʷʚʣʷʝʪʩʷ ʤʝʪʦʜ ʠʥʜʝʥʪʠʨʦʚʘʥʠʷ [4-9]. ɹʳʣʠ ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʡ 
ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʣʴʜʘ ʨʘʟʣʠʯʥʦʡ ʩʦʣʝʥʦʩʪʠ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʤ ʠʥʜʝʥʪʠʨʦʚʘʥʠʝʤ 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ -15 C̄. ʅʘ ʨʠʩ. 2ʘ ʧʦʢʘʟʘʥʳ ʪʠʧʠʯʥʳʝ P-h ʜʠʘʛʨʘʤʤʳ, ʛʜʝ ʈ ï 
ʥʘʛʨʫʟʢʘ, ʧʨʠʣʦʞʝʥʥʘʷ ʢ ʠʥʜʝʥʪʦʨʫ, h - ʛʣʫʙʠʥʘ ʦʪʧʝʯʘʪʢʘ. ʀʟ ʨʠʩ. 2ʘ ʩʣʝʜʫʝʪ, ʯʪʦ ʧʦ 
ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ ʩʦʣʝʥʦʩʪʠ ʣʴʜʘ ʚʦʟʨʘʩʪʘʝʪ ʛʣʫʙʠʥʘ ʦʩʪʘʪʦʯʥʦʛʦ ʦʪʧʝʯʘʪʢʘ 
ʠʥʜʝʥʪʦʨʘ, ʢʦʪʦʨʘʷ ʨʝʛʠʩʪʨʠʨʫʝʪʩʷ ʘʚʪʦʤʘʪʠʯʝʩʢʠ. ʀʟ ʧʦʣʫʯʝʥʥʳʭ P-h ʜʠʘʛʨʘʤʤ ʙʳʣʠ 
ʦʧʨʝʜʝʣʝʥʳ ʟʥʘʯʝʥʠʷ ʪʚʝʨʜʦʩʪʠ ʜʣʷ ʣʴʜʘ ʨʘʟʣʠʯʥʦʡ ʩʦʣʝʥʦʩʪʠ. ʇʦʣʫʯʝʥʥʳʝ 
ʯʠʩʣʦʚʳʝ ʟʥʘʯʝʥʠʷ ʪʚʝʨʜʦʩʪʠ ʅ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩ. 2ʙ. ʀʟ ʨʠʩ. 2ʙ ʚʠʜʥʦ, ʯʪʦ ʪʚʝʨʜʦʩʪʴ 
ʣʴʜʘ ʟʘʢʦʥʦʤʝʨʥʦ ʫʤʝʥʴʰʘʝʪʩʷ ʩ ʚʦʟʨʘʩʪʘʥʠʝʤ ʩʦʣʝʥʦʩʪʠ. ʇʨʠ ʵʪʦʤ ʧʨʠ ʚʦʟʨʘʩʪʘʥʠʠ 
ʩʦʜʝʨʞʘʥʠʷ ʩʦʣʠ ʚ ʨʘʩʩʦʣʝ ʜʦ 3,5% ʚʝʣʠʯʠʥʘ ʅ ʫʤʝʥʴʰʘʝʪʩʷ ʙʦʣʝʝ, ʯʝʤ ʥʘ 40% ʠ 
ʩʦʩʪʘʚʣʷʝʪ 57% ʦʪ ʧʨʦʯʥʦʩʪʠ ʧʨʝʩʥʦʛʦ ʣʴʜʘ. 

 

  

(ʘ) (ʙ) 

ʈʠʩʫʥʦʢ 1 ï ʇʨʦʯʥʦʩʪʴ ʣʴʜʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʠʟ ʚʦʜʳ ʨʘʟʣʠʯʥʦʡ ʩʦʣʝʥʦʩʪʠ ʧʨʠ ʦʜʥʦʦʩʥʦʤ ʩʞʘʪʠʠ 
(ʘ) ʠ ʧʨʠ ʪʨʝʭʪʦʯʝʯʥʦʤ ʠʟʛʠʙʝ (ʙ). 
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(ʘ) (ʙ) 

ʈʠʩʫʥʦʢ 2 ï ʊʠʧʠʯʥʳʝ P-h ʜʠʘʛʨʘʤʤʳ (ʘ) ʠ ʟʥʘʯʝʥʠʷ ʪʚʝʨʜʦʩʪʠ ʅ (ʙ), ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ 
ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʤ ʠʥʜʝʥʪʠʨʦʚʘʥʠʠ ʣʴʜʘ ʨʘʟʣʠʯʥʦʡ ʩʦʣʝʥʦʩʪʠ. 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʝʪʦʜʘʤʠ ʩʞʘʪʠʷ, ʠʥʜʝʥʪʠʨʦʚʘʥʠʷ ʠ ʪʨʝʭʪʦʯʝʯʥʦʛʦ ʠʟʛʠʙʘ ʙʳʣʠ 
ʧʦʣʫʯʝʥʳ ʧʨʦʯʥʦʩʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʯʠʩʪʦʛʦ ʧʨʝʩʥʦʚʦʜʥʦʛʦ ʣʴʜʘ ʠ ʣʴʜʘ ʨʘʟʣʠʯʥʦʡ 
ʩʦʣʝʥʦʩʪʠ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ ʩʦʣʝʥʦʩʪʠ, ʚʧʣʦʪʴ ʜʦ ʢʦʥʮʝʥʪʨʘʮʠʡ ʭʘʨʘʢʪʝʨʥʳʭ 
ʜʣʷ ʤʦʨʩʢʦʛʦ ʣʴʜʘ ʩʝʚʝʨʥʳʭ ʰʠʨʦʪ, ʧʨʠʚʦʜʠʪ ʢ ʠʭ ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʩʥʠʞʝʥʠʶ. ʍʘʨʘʢʪʝʨ 
ʟʘʚʠʩʠʤʦʩʪʠ ʦʧʨʝʜʝʣʷʝʤʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʪ ʩʦʜʝʨʞʘʥʠʷ ʩʦʣʠ ʦʢʘʟʘʣʩʷ ʩʭʦʞʠʤ ʜʣʷ 
ʨʝʘʣʠʟʦʚʘʥʥʳʭ ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʕʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʚ ʧʦʣʴʟʫ ʪʦʛʦ, ʯʪʦ 
ʚʦʟʤʦʞʥʳʝ ʧʨʠʯʠʥʳ ʪʘʢʦʛʦ ʚʣʠʷʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʦʜʠʥʘʢʦʚʳʤʠ, ʥʘʧʨʠʤʝʨ, ʟʘ ʩʯʝʪ 
ʦʩʣʘʙʣʝʥʠʝʤ ʤʝʞʟʝʨʝʥʥʦʡ ʩʚʷʟʠ ʠʟ-ʟʘ ʩʝʛʨʝʛʘʮʠʠ ʩʦʣʠ ʥʘ ʛʨʘʥʠʮʝ ʟʝʨʝʥ ʠ ʚ ʠʭ 
ʩʪʳʢʘʭ.  

 
ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʟʘ ʩʯʝʪ ʛʨʘʥʪʘ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ ˉ 

19-00577, https://rscf.ru/project/19-00577/. 
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ʅʘʪʫʨʘʣʴʥʘʷ ʜʨʝʚʝʩʠʥʘ ʜʦ ʩʠʭ ʧʦʨ ʧʨʝʜʩʪʘʚʣʷʝʪ ʙʦʣʴʰʦʡ ʠʥʪʝʨʝʩ ʜʣʷ 

ʨʘʟʣʠʯʥʳʭ ʠʥʞʝʥʝʨʥʳʭ ʠ ʥʝ ʠʥʞʝʥʝʨʥʳʭ ʧʨʠʣʦʞʝʥʠʡ. ʕʪʦ ʚʦ ʤʥʦʛʦʤ ʦʧʨʝʜʝʣʷʝʪʩʷ 
ʩʦʚʦʢʫʧʥʦʩʪʴʶ ʦʩʦʙʝʥʥʦʩʪʝʡ ʝʝ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. ʇʦ ʩʫʱʝʩʪʚʫ, 
ʣʶʙʘʷ ʜʨʝʚʝʩʠʥʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʠʝʨʘʨʭʠʯʝʩʢʠ ʦʨʛʘʥʠʟʦʚʘʥʥʳʡ ʧʨʠʨʦʜʥʳʡ 
ʢʦʤʧʦʟʠʪ ʩʦ ʩʣʦʞʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʠ ʷʚʥʦ ʚʳʨʘʞʝʥʥʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴʶ ʠ ʘʥʠʟʦʪʨʦʧʠʝʡ 
ʚʩʝʭ ʩʚʦʡʩʪʚ [1,2]. ɺ ʩʪʨʫʢʪʫʨʝ ʜʨʝʚʝʩʠʥʳ ʦʙʳʯʥʦ ʚʳʜʝʣʷʶʪ ʥʝʩʢʦʣʴʢʦ ʠʝʨʘʨʭʠʯʝʩʢʠʭ 
ʫʨʦʚʥʝʡ ï ʘʪʦʤʥʦ-ʤʦʣʝʢʫʣʷʨʥʳʡ; ʥʘʥʦ- (ʥʘʥʦʢʨʠʩʪʘʣʣʳ, ʥʘʥʦʬʠʙʨʠʣʳ), ʤʠʢʨʦ- 
(ʤʠʢʨʦʚʦʣʦʢʥʘ, ʢʣʝʪʦʯʥʳʝ ʩʪʝʥʢʠ), ʤʝʟʦ- (ʢʣʝʪʢʠ, ʢʨʫʧʥʳʝ ʩʦʩʫʜʳ, ʨʘʜʠʘʣʴʥʳʝ ʣʫʯʠ ʠ 
ʜʨ.) ʠ ʤʘʢʨʦʫʨʦʚʝʥʴ (ʛʦʜʠʯʥʳʝ ʢʦʣʴʮʘ, ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʠʝ ʜʝʬʝʢʪʳ ʩʪʨʫʢʪʫʨʳ, ʪʨʝʱʠʥʳ 
ʠ ʜʨ.)  [3-7]. ʀʤʝʥʥʦ ʦʥʠ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʬʦʨʤʠʨʫʶʪ ʠ ʦʧʨʝʜʝʣʷʶʪ ʚʩʝ ʤʥʦʛʦʦʙʨʘʟʠʝ 
ʬʠʟʠʯʝʩʢʠʭ, ʭʠʤʠʯʝʩʢʠʭ ʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʜʨʝʚʝʩʠʥʳ [2-4]. ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ 
ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʦʪʤʝʯʘʝʪʩʷ ʨʦʩʪ ʠʥʪʝʨʝʩʘ ʢ ʚʳʷʚʣʝʥʠʶ ʚʟʘʠʤʦʩʚʷʟʝʡ ʤʝʞʜʫ 
ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʦʪʜʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʩʪʨʫʢʪʫʨʳ ʚ ʩʦʩʪʘʚʝ ʜʨʝʚʝʩʠʥʳ 
(ʢʣʝʪʦʯʥʳʝ ʩʪʝʥʢʠ, ʩʣʦʷʤʠ ʨʘʥʥʝʡ EW ʠ ʧʦʟʜʥʝʡ LW ʜʨʝʚʝʩʠʥʳ ʚ ʢʘʞʜʦʤ ʛʦʜʦʚʦʤ 
ʢʦʣʴʮʝ ʠ ʪ.ʜ.) ʠ ʤʘʢʨʦʩʚʦʡʩʪʚʘʤʠ ʜʨʝʚʝʩʠʥʳ [2, 8-10]. ʇʨʠ ʵʪʦʤ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʤʠ 
ʦʩʪʘʶʪʩʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʦʯʥʦʩʪʠ ʠ ʧʣʘʩʪʠʯʥʦʩʪʠ. ʋʯʠʪʳʚʘʷ ʩʪʨʦʝʥʠʝ ʠ ʭʘʨʘʢʪʝʨʥʳʝ 
ʨʘʟʤʝʨʳ ʢʣʝʪʦʢ, ʢʘʢ ʦʩʥʦʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʩʪʨʫʢʪʫʨʳ (ʭʘʨʘʢʪʝʨʥʘʷ ʪʦʣʱʠʥʘ ʢʣʝʪʦʯʥʦʡ 
ʩʪʝʥʢʠ ʩʦʩʪʘʚʣʷʝʪ ʝʜʠʥʠʮʳ ʤʢʤ, ʘ ʭʘʨʘʢʪʝʨʥʳʡ ʨʘʟʤʝʨ ʢʣʝʪʢʠ ï ʜʝʩʷʪʢʠ ʤʠʢʨʦʥ) 
ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʠ ʧʨʠʤʝʥʷʝʤʳʤʠ ʤʝʪʦʜʘʤʠ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʭ ʩʚʦʡʩʪʚ 
ʷʚʣʷʶʪʩʷ ʤʝʪʦʜʳ ʥʘʥʦʠʥʜʝʥʪʠʨʦʚʘʥʠʷ NI. ʆʜʥʘʢʦ ʚ ʣʠʪʝʨʘʪʫʨʝ ʧʨʘʢʪʠʯʝʩʢʠ 
ʦʪʩʫʪʩʪʚʫʝʪ ʠʥʬʦʨʤʘʮʠʷ ʦ ʧʘʨʘʤʝʪʨʘʭ ʧʣʘʩʪʠʯʥʦʩʪʠ ʧʨʠ NI ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ 
ʜʨʝʚʝʩʠʥʳ. 

ʇʦʵʪʦʤʫ ʮʝʣʴ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʣʘʩʴ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ ʵʬʬʝʢʪʠʚʥʳʭ 
ʟʥʘʯʝʥʠʡ ʩʪʘʪʠʯʝʩʢʠʭ ʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ, ʘ ʪʘʢʞʝ 
ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʣʘʩʪʠʯʥʦʩʪʠ ʨʘʥʥʝʡ ʠ ʧʦʟʜʥʝʡ ʜʨʝʚʝʩʠʥʳ ʚ ʫʩʣʦʚʠʷʭ ʨʘʟʣʠʯʥʳʭ ʤʦʜ 
ʥʘʥʦʠʥʜʝʥʪʠʨʦʚʘʥʠʷ NI. 

ɺ ʢʘʯʝʩʪʚʝ ʦʙʨʘʟʮʦʚ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʚʳʙʨʘʥʘ ʜʨʝʚʝʩʠʥʘ ʩʦʩʥʳ 
ʦʙʳʢʥʦʚʝʥʥʦʡ (Pinus Sylvestris) ʠ ʝʣʠ ʦʙʳʢʥʦʚʝʥʥʦʡ (Picea abies) ʩʪʦʣʝʪʥʝʛʦ ʚʦʟʨʘʩʪʘ 
ʧʨʦʠʟʨʘʩʪʘʚʰʠʭ ʚ ʣʝʩʘʭ ʎʝʥʪʨʘʣʴʥʦ-ʏʝʨʥʦʟʝʤʥʦʛʦ ʨʝʛʠʦʥʘ ʈʦʩʩʠʠ. ʆʙʨʘʟʮʳ 
ʨʘʟʤʝʨʦʤ 30Ĭ30Ĭ100 ʤʤ ʚʳʨʝʟʘʣʠ ʠʟ ʧʦʧʝʨʝʯʥʦʛʦ ʩʧʠʣʘ ʙʨʝʚʥʘ ʠ ʧʦʜʚʝʨʛʘʣʠ ʩʫʰʢʝ 
ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 70Áʉ ʜʦ ʚʣʘʞʥʦʩʪʠ 8%. ʀʩʧʦʣʴʟʫʝʤʳʡ ʨʝʞʠʤ ʦʙʝʩʧʝʯʠʚʘʝʪ 
ʙʝʟʜʝʬʝʢʪʥʫʶ ʩʫʰʢʫ ʜʨʝʚʝʩʠʥʳ ʠ ʥʝ ʚʣʠʷʝʪ ʥʘ ʝʝ ʧʨʠʨʦʜʥʳʝ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ 
ʩʚʦʡʩʪʚʘ. ɺʣʘʞʥʦʩʪʴ ʦʙʨʘʟʮʦʚ ʚʦ ʚʨʝʤʷ ʠ ʧʦʩʣʝ ʩʫʰʢʠ ʢʦʥʪʨʦʣʠʨʦʚʘʣʠ ʤʝʪʦʜʦʤ 
ʚʟʚʝʰʠʚʘʥʠʷ ʥʘ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʚʝʩʘʭ. ɼʣʠʥʥʘʷ ʩʪʦʨʦʥʘ ʦʙʨʘʟʮʦʚ ʩʦʚʧʘʜʘʣʘ ʩ 
ʨʘʜʠʘʣʴʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʚ ʩʪʚʦʣʝ ʜʝʨʝʚʘ. ɺʩʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʳ ʠ ʩʚʦʡʩʪʚ 
ʧʨʦʚʦʜʠʣʠ ʥʘ ʧʦʧʝʨʝʯʥʦʤ ʩʨʝʟʝ ʜʨʝʚʝʩʠʥʳ. ʇʦʜʛʦʪʦʚʢʫ ʧʦʚʝʨʭʥʦʩʪʠ ʜʣʷ 
ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʩʫʱʝʩʪʚʣʷʣʠ ʦʙʨʘʙʦʪʢʦʡ ʘʙʨʘʟʠʚʘʤʠ ʩ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ 
ʫʤʝʥʴʰʘʶʱʠʤʩʷ ʨʘʟʤʝʨʦʤ ʟʝʨʥʘ ʥʘ ʰʣʠʬʦʚʘʣʴʥʦ-ʧʦʣʠʨʦʚʘʣʴʥʦʡ ʤʘʰʠʥʝ ʜʦ 
ʚʳʷʚʣʝʥʠʷ ʯʝʪʢʦʡ ʢʣʝʪʦʯʥʦʡ ʩʪʨʫʢʪʫʨʳ ʜʦ ʨʝʟʫʣʴʪʠʨʫʶʱʝʡ ʰʝʨʦʭʦʚʘʪʦʩʪʠ (Ra) 250-
300 ʥʤ (ʦʧʨʝʜʝʣʷʣʘʩʴ ʥʘ ʩʢʘʥʠʨʫʶʱʝʤ ʟʦʥʜʦʚʦʤ ʤʠʢʨʦʩʢʦʧʝ Veeco DiInnova SPM, 
Veeco-Digital Instruments, ʉʐɸ). ɿʘʪʝʤ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʘ ʧʨʠ ʧʦʤʦʱʠ ʩʘʥʥʦʛʦ 
ʤʠʢʨʦʪʦʤʘ Slide 4004M PFM (Pfmmedical, ɻʝʨʤʘʥʠʷ) ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʩʨʝʟʘʣʠ ʩʣʦʡ 
ʪʦʣʱʠʥʦʡ ʚ ʥʝʩʢʦʣʴʢʦ ʜʝʩʷʪʢʦʚ ʤʠʢʨʦʤʝʪʨʦʚ. 

ɺ ʢʘʯʝʩʪʚʝ ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʜʨʝʚʝʩʠʥʳ ʥʘ 
ʨʘʟʣʠʯʥʳʭ ʤʘʩʰʪʘʙʥʳʭ ʫʨʦʚʥʷʭ ʠʩʧʦʣʴʟʦʚʘʣʠ ʢʘʨʪʠʨʦʚʘʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʩ ʧʦʤʦʱʴʶ 
ʥʘʥʦʪʝʩʪʝʨʦʚ G200 (Agilent, ʉʐɸ), TI950 (Hesitron, ʉʐɸ) ʠ ʥʘʥʦʠʥʜʝʥʪʦʤʝʪʨ 
(ʩʦʙʩʪʚʝʥʥʘʷ ʨʘʟʨʘʙʦʪʢʘ ʢʦʣʣʝʢʪʠʚʘ ʘʚʪʦʨʦʚ). ʄʘʢʩʠʤʘʣʴʥʘʷ ʥʘʛʨʫʟʢʘ ʥʘ ʦʩʪʨʳʡ 
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ʪʨʝʫʛʦʣʴʥʦ-ʧʠʨʘʤʠʜʘʣʴʥʳʡ ʠʥʜʝʥʪʦʨ ɹʝʨʢʦʚʠʯʘ ʩ ʢʨʠʚʠʟʥʦʡ ʚʝʨʰʠʥʳ R º 20 ʥʤ 
ʚʘʨʴʠʨʦʚʘʣʘʩʴ ʚ ʜʠʘʧʘʟʦʥʝ 0.05ï500 ʤʅ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʩʚʦʡʩʪʚ ʚ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʤ 
ʜʠʘʧʘʟʦʥʝ ʦʪ ʨʘʟʤʝʨʦʚ ʢʣʝʪʦʯʥʦʡ ʩʪʝʥʢʠ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʢʣʝʪʦʢ ʚ ʧʨʝʜʝʣʘʭ ʛʦʜʦʚʦʛʦ 
ʢʦʣʴʮʝʚʦʛʦ ʩʣʦʷ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʟʥʘʯʝʥʠʡ ʪʚʝʨʜʦʩʪʠ (ʅ) ʠ ʤʦʜʫʣʷ ʫʧʨʫʛʦʩʪʠ (ɽ) 
ʠʩʭʦʜʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʦʙʨʘʙʘʪʳʚʘʣʠ ʧʦ ʤʝʪʦʜʫ ʆʣʠʚʝʨʘïʌʘʨʨʘ 
(ʄʆʌ) [11], ʧʨʠʥʷʪʦʤʫ ʚ ʩʪʘʥʜʘʨʪʘʭ ʧʦ NI ɻʆʉʊ 8.748-2011 ʠ ISO 14577, ʠ 
ʧʦʟʚʦʣʷʶʱʝʤʫ ʦʧʨʝʜʝʣʷʪʴ ʟʥʘʯʝʥʠʷ ʅ ʠ ɽ ʰʠʨʦʢʦʛʦ ʢʣʘʩʩʘ ʤʘʪʝʨʠʘʣʦʚ [12-16]. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʫʧʨʫʛʠʭ ʠ ʜʝʤʧʬʠʨʫʶʱʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚ ʥʘʥʦ- ʠ 
ʤʠʢʨʦʜʠʘʧʘʟʦʥʘʭ ʧʨʠ ʥʘʥʦʠʥʜʝʥʪʠʨʦʚʘʥʠʠ ʧʨʠʤʝʥʷʣʩʷ ʤʝʪʦʜ CSM. ʆʥ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 
ʥʘʣʦʞʝʥʠʠ ʥʘ ʧʨʠʣʦʞʝʥʥʫʶ ʥʦʨʤʘʣʴʥʫʶ ʥʘʛʨʫʟʢʫ ʤʘʣʦʘʤʧʣʠʪʫʜʥʳʭ ʛʘʨʤʦʥʠʯʝʩʢʠʭ 
ʩʠʥʫʩʦʠʜʘʣʴʥʳʭ ʢʦʣʝʙʘʥʠʡ P(t) = Pasinɤt, ʛʜʝ Pa ï ʘʤʧʣʠʪʫʜʘ ʜʦʙʘʚʦʯʥʳʭ 
ʛʘʨʤʦʥʠʯʝʩʢʠʭ ʢʦʣʝʙʘʥʠʡ, ɤ ï ʯʘʩʪʦʪʘ. ɹʣʘʛʦʜʘʨʷ ʵʪʦʤʫ ʤʝʪʦʜ CSM (ʚ ʦʪʣʠʯʠʝ ʦʪ 
ʄʆʌ) ʧʦʟʚʦʣʷʝʪ ʨʝʛʠʩʪʨʠʨʦʚʘʪʴ ʫʧʨʫʛʠʝ ʠ ʜʝʤʧʬʠʨʫʶʱʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʦʥʳ 
ʜʝʬʦʨʤʘʮʠʠ ʠʩʩʣʝʜʫʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʝʧʨʝʨʳʚʥʦ in situ ʚ ʧʨʦʮʝʩʩʝ ʥʘʛʨʫʞʝʥʠʷ, ʘ ʥʝ 
ʧʦʩʣʝ ʨʘʟʛʨʫʟʢʠ ʠʥʜʝʥʪʦʨʘ [17-23]. ʇʨʠ ʵʪʦʤ ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ Eǋ ʠ ʤʦʜʫʣʴ ʧʦʪʝʨʴ Eǋǋ 
ʤʦʛʫʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʳ ʚʳʨʘʞʝʥʠʷʤʠ (1) ʠ (2) [17-21]:  
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ʛʜʝ ʈ0 ï ʘʤʧʣʠʪʫʜʘ ʛʘʨʤʦʥʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʠ, h0 ï ʘʤʧʣʠʪʫʜʘ ʪʝʢʫʱʝʛʦ ʛʘʨʤʦʥʠʯʝʩʢʦʛʦ 

ʢʦʣʝʙʘʥʠʷ, d ï ʬʘʟʦʚʳʡ ʫʛʦʣ.  
ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʚʩʝ ʠʟʤʝʨʝʥʠʷ ʚ ʨʝʞʠʤʝ CSM ʚʳʧʦʣʥʝʥʳ ʧʨʠ ʧʦʩʪʦʷʥʥʦʡ 

ʩʢʦʨʦʩʪʠ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʜʝʬʦʨʤʘʮʠʠ 0.05 c-1 ʠ ʘʤʧʣʠʪʫʜʝ ʛʘʨʤʦʥʠʯʝʩʢʠʭ ʦʩʮʠʣʣʷʮʠʡ 
h0 = 2 ʥʤ, ʪ.ʝ. ʜʦʣʷ ʦʩʮʠʣʣʠʨʫʶʱʝʡ ʥʘʛʨʫʟʢʠ ʩʦʩʪʘʚʣʷʣʘ ʥʝ ʙʦʣʝʝ 1% ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 
ʢʚʘʟʠʩʪʘʪʠʯʝʩʢʦʡ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʦ ʢʨʠʪʝʨʠʶ ʤʘʣʦʩʪʠ ʤʘʣʦʘʤʧʣʠʪʫʜʥʦʛʦ 
ʚʦʟʜʝʡʩʪʚʠʷ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ: 
- ʦʧʨʝʜʝʣʝʥʳ ʯʠʩʣʦʚʳʝ ʟʥʘʯʝʥʠʷ ʅ ʠ ɽ ʜʣʷ ʨʘʥʥʝʡ ʠ ʧʦʟʜʥʝʡ ʜʨʝʚʝʩʠʥʳ ʚʥʫʪʨʠ 

ʛʦʜʦʚʦʛʦ ʢʦʣʴʮʘ ʨʦʩʪʘ. ʇʦʢʘʟʘʥʦ ʠʭ ʩʫʱʝʩʪʚʝʥʥʦʝ ʨʘʟʣʠʯʠʝ (LW ʜʝʤʦʥʩʪʨʠʨʫʝʪ 
ʩʫʱʝʩʪʚʝʥʥʦ ʙʦʣʴʰʠʝ ʟʥʘʯʝʥʠʷ ï ʚ 2-5 ʨʘʟ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ EW);  

ï ʜʨʝʚʝʩʠʥʘ ʢʘʢ ʩʦʩʥʳ, ʪʘʢ ʠ ʝʣʠ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʘ ʩʠʣʴʥʳʝ ʨʘʟʤʝʨʥʳʝ 
ʵʬʬʝʢʪʳ. ʏʠʩʣʦʚʳʝ ʟʥʘʯʝʥʠʷ ʚʝʣʠʯʠʥ ʅ ʠ ɽ ʫʤʝʥʴʰʘʶʪʩʷ ʩ ʨʦʩʪʦʤ ʥʘʛʨʫʟʢʠ ʠ 
ʨʘʟʤʝʨʘ ʟʦʥʳ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʟʦʥʳ 
ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʦʪ 200 ʥʤ ʜʦ 40 ʤʢʤ ï ʚʝʣʠʯʠʥʳ ʅ ʠ ɽ ʫʤʝʥʴʰʘʶʪʩʷ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 
ʦʪ 0,40Ñ0,05 ï 0,60Ñ0,05 ɻʇʘ ʠ 4,0Ñ0,5 ï 12,8Ñ2 ɻʇʘ ʜʦ 0,050Ñ0,005 ï 0,18Ñ0,05 ɻʇʘ ʠ 
2,0Ñ0,5 ï 7,0Ñ0,5 ɻʇʘ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ (ʩʦʩʥʘ ʠʣʠ ʝʣʴ) ʠ ʚʠʜʘ (LW ʠʣʠ EW) 
ʜʨʝʚʝʩʠʥʳ; 

- ʧʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʝʪʦʜʦʤ CSM ʧʦʟʚʦʣʠʣʠ ʦʧʨʝʜʝʣʠʪʴ ʯʠʩʣʦʚʳʝ 
ʟʥʘʯʝʥʠʷ ʤʦʜʫʣʷ ʫʧʨʫʛʦʩʪʠ Eǋ ʠ ʤʦʜʫʣʷ ʧʦʪʝʨʴ Eǋǋ ʜʣʷ ʦʙʦʠʭ ʧʦʨʦʜ ʠʩʩʣʝʜʦʚʘʥʥʦʡ 
ʜʨʝʚʝʩʠʥʳ ʠ ʫʩʪʘʥʦʚʠʪʴ ʠʭ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʨʘʟʤʝʨʘ ʟʦʥʳ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ. ʇʦʢʘʟʘʥʦ, 
ʯʪʦ ʧʨʠ ʤʘʣʳʭ ʥʘʛʨʫʟʢʘʭ, ʦʩʦʙʝʥʥʦ ʚ ʩʣʫʯʘʝ ʢʦʛʜʘ ʣʘʪʝʨʘʣʴʥʳʡ ʨʘʟʤʝʨ ʦʪʧʝʯʘʪʢʘ 

ʤʝʥʴʰʝ ʪʦʣʱʠʥʳ ʢʣʝʪʦʯʥʦʡ ʩʪʝʥʢʠ, E¡  ʢʘʢ ʜʣʷ ʧʦʟʜʥʝʡ, ʪʘʢ ʠ ʨʘʥʥʝʡ ʜʨʝʚʝʩʠʥʳ ʝʣʠ 
ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʰʝ, ʯʝʤ ʜʣʷ ʜʨʝʚʝʩʠʥʳ ʩʦʩʥʳ. ʇʨʠ ʙʦʣʴʰʠʭ ʥʘʛʨʫʟʢʘʭ, ʢʦʛʜʘ 
ʣʘʪʝʨʘʣʴʥʳʡ ʨʘʟʤʝʨ ʦʪʧʝʯʘʪʢʘ ʧʨʝʚʦʩʭʦʜʠʪ ʪʠʧʠʯʥʳʡ ʧʦʧʝʨʝʯʥʳʡ ʨʘʟʤʝʨ ʢʣʝʪʢʠ, 

ʚʝʣʠʯʠʥʳ E¡ ʩʦʩʥʳ ʠ ʝʣʠ ʩʪʨʝʤʷʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʧʦʛʨʝʰʥʦʩʪʠ ʢ ʙʣʠʟʢʠʤ ʟʥʘʯʝʥʠʷʤ. 
ɺʝʣʠʯʠʥʘ E'' ʚ EW ʠ LW ʦʙʦʠʭ ʧʦʨʦʜ (ʩʦʩʥʳ ʠ ʝʣʠ) ʩ ʨʦʩʪʦʤ ʟʦʥʳ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ 
ʫʤʝʥʴʰʘʝʪʩʷ ʧʦ ʟʘʢʦʥʫ, ʙʣʠʟʢʦʤʫ ʢ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʤʫ. ɽʜʠʥʩʪʚʝʥʥʦʝ ʦʪʣʠʯʠʝ 
ʥʘʙʣʶʜʘʝʪʩʷ ʪʦʣʴʢʦ ʚ ʧʨʠ ʤʘʣʳʭ ʥʘʛʨʫʟʢʘʭ ʠ ʨʘʟʤʝʨʘʭ ʟʦʥʳ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ 
ʩʦʧʦʩʪʘʚʠʤʳʭ ʩ ʨʘʟʤʝʨʦʤ ʢʣʝʪʦʯʥʦʡ ʩʪʝʥʢʠ ʚ LW ʩʦʩʥʳ, ʜʣʷ ʢʦʪʦʨʳʭ ʚʝʣʠʯʠʥʘ E'' 

ʦʩʪʘʝʪʩʷ ʧʦʩʪʦʷʥʥʦʡ. ʂʦʵʬʬʠʮʠʝʥʪ ʜʝʤʧʬʠʨʦʚʘʥʠʷ (ʠʣʠ ʧʦʪʝʨʴ) tgd = Eǋǋ/Eǋ 
ʧʦʢʘʟʳʚʘʝʪ ʪʝʥʜʝʥʮʠʶ ʢ ʩʥʠʞʝʥʠʶ ʠ ʥʘ ʫʨʦʚʥʝ ʨʘʟʤʝʨʦʚ ʦʪ ʰʠʨʠʥʳ ʢʣʝʪʦʯʥʦʡ ʩʪʝʥʢʠ, 
ʜʦ ʚʝʣʠʯʠʥʳ ʤʥʦʛʦ ʙʦʣʴʰʝ ʧʦʧʝʨʝʯʥʦʛʦ ʨʘʟʤʝʨʘ ʢʣʝʪʢʠ (ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʟʦʥʳ 
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ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʦʪ 200 ʥʤ ʜʦ 40 ʤʢʤ, ʚʝʣʠʯʠʥʘ tgd ʫʤʝʥʴʰʘʝʪʩʷ ʦʪ 
0,38Ñ0,1 ï 0,85Ñ0,1 ʜʦ 0,07Ñ0,03 ï 0,15Ñ0,05 - ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ (ʩʦʩʥʘ ʠʣʠ ʝʣʴ) ʠ 
ʚʠʜʘ (LW ʠʣʠ EW) ʜʨʝʚʝʩʠʥʳ.  

- ʆʧʨʝʜʝʣʝʥʳ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʣʘʩʪʠʯʥʦʩʪʠ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʦʙʨʘʟʮʦʚ ʩʦʩʥʳ ʠ 
ʝʣʠ. ʇʦʢʘʟʘʥʦ, ʜʣʷ ʦʙʦʠʭ ʧʦʨʦʜ ʚ ʧʨʝʜʝʣʘʭ ʧʦʛʨʝʰʥʦʩʪʠ ʦʥʠ ʩʦʩʪʘʚʣʷʶʪ (ʜʣʷ ʩʦʩʥʳ - 

EW
Ad = 0.889Ñ0.005 ʠ 

LW
Ad = 0.859Ñ0.005 , ʜʣʷ ʝʣʠ - 

EW
Ad = 0.857Ñ0.005 , 

LW
Ad = 0.860Ñ0.005). ʄʦʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʦ ʵʪʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʠʩʩʣʝʜʦʚʘʥʥʳʝ 
ʦʙʨʘʟʮʳ, ʫʩʪʫʧʘʶʪ ʪʦʣʴʢʦ ʚʳʩʦʢʦʯʠʩʪʳʤ ʤʝʪʘʣʣʘʤ ʩ ɻʎʂ-, ʆʎʂ- ʠ ɻʇʋ-ʨʝʰʝʪʢʦʡ, ʘ 
ʪʘʢʞʝ ʛʨʘʥʫʣʠʨʦʚʘʥʥʳʤ ʧʝʨʣʠʪʥʳʤ ʠ ʩʦʨʙʠʪʥʳʤ ʩʪʘʣʷʤ. 

 
ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ 

(ʛʨʘʥʪ ˉ 23-16-00231, https://rscf.ru/project/23-16-00231/). 
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ʉʊʈʋʂʊʋʈɸ ʀ ʄɽʍɸʅʀʏɽʉʂʀɽ ʉɺʆʁʉʊɺɸ ʇʆʃʆʉʓ ʀɿ ɸʃʖʄʀʅʀɽɺʆɻʆ 
ʉʇʃɸɺɸ ʇʆʉʃɽ ɿʅɸʂʆʇɽʈɽʄɽʅʅʆʁ ɼɽʌʆʈʄɸʎʀʀ  

 
ɸʥʜʨʝʝʚ ɺ.ɸ.1, ɹʦʥʜʘʨʝʚʘ ʉ.ɸ.2, ɻʦʨʰʝʥʢʦʚ ʄ.ɺ.2, ʃʘʡʰʝʚʘ ʅ.ɺ.1, ʈʦʛʘʯʝʚ ʉ.ʆ.1,2, 

ʊʝʥ ɼ.ɺ.2, ʐʘʤʭʘʣʦʚʘ ɸ.ɸ.2, ʐʝʣʝʩʪ ɸ.ɽ.1 
1ʀʄɽʊ ʈɸʅ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

2ʅʀʊʋ ʄʀʉʀʉ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 
email: rogachev.so@misis.ru 

 
ɺ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ ʟʥʘʢʦʧʝʨʝʤʝʥʥʦʛʦ ʠʟʛʠʙʘ ʥʘ ʤʠʢʨʦʩʪʨʫʢʪʫʨʫ ʠ 

ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʦʣʦʩʳ ʠʟ ʘʣʶʤʠʥʠʝʚʦʛʦ ʩʧʣʘʚʘ ɺɼ1. ʇʦʣʦʩʫ ʰʠʨʠʥʦʡ 20 ʤʤ ʠ 
ʥʦʤʠʥʘʣʴʥʦʡ ʪʦʣʱʠʥʦʡ 3 ʤʤ ʚ ʦʪʦʞʞʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ (420 Üʉ, ʚʳʜʝʨʞʢʘ 1 ʯ, 
ʤʝʜʣʝʥʥʦʝ ʦʭʣʘʞʜʝʥʠʝ ʚ ʧʝʯʠ) ʧʦʜʚʝʨʛʘʣʠ ʟʥʘʢʦʧʝʨʝʤʝʥʥʦʤʫ ʠʟʛʠʙʫ ʥʘ ʧʨʝʮʠʟʠʦʥʥʦʡ 
ʨʦʣʠʢʦʧʨʘʚʠʣʴʥʦʡ ʤʘʰʠʥʝ ARKU 25/21. ʄʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʦʧʨʝʜʝʣʷʣʠ ʥʘ 
ʧʦʣʥʦʪʦʣʱʠʥʥʳʭ ʨʘʟʨʳʚʥʳʭ ʦʙʨʘʟʮʘʭ. ʕʣʝʢʪʨʦʥʥʦ-ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 
ʧʨʦʚʦʜʠʣʠ ʥʘ ʪʨʘʥʩʤʠʩʩʠʦʥʥʦʤ ʵʣʝʢʪʨʦʥʥʦʤ ʤʠʢʨʦʩʢʦʧʝ JEM-1400 (JEOL). 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʟʥʘʢʦʧʝʨʝʤʝʥʥʳʡ ʠʟʛʠʙ ʧʨʠʚʦʜʠʪ ʢ ʧʦʚʳʰʝʥʠʶ ʧʨʝʜʝʣʘ 
ʪʝʢʫʯʝʩʪʠ ʠ ʩʦʭʨʘʥʝʥʠʶ ʧʣʘʩʪʠʯʥʦʩʪʠ. ʅʘʠʙʦʣʴʰʠʡ ʜʦʩʪʠʛʥʫʪʳʡ ʧʨʝʜʝʣ ʪʝʢʫʯʝʩʪʠ 
ʩʦʩʪʘʚʠʣ 132,6 ʄʇʘ, ʯʪʦ ʚ 1,3 ʨʘʟʘ ʙʦʣʴʰʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʪʦʞʞʝʥʥʳʤ ʩʦʩʪʦʷʥʠʝʤ 
ʩʧʣʘʚʘ, ʧʨʠ ʵʪʦʤ ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʫʜʣʠʥʝʥʠʝ, ʢʘʢ ʚ ʦʪʦʞʞʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ, ʪʘʢ ʠ ʧʦʩʣʝ 
ʠʟʛʠʙʘ ʩʦʩʪʘʚʠʣʦ ʦʢʦʣʦ 19 %. 

ʊʘʢʦʝ ʠʟʤʝʥʝʥʠʝ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʘʣʶʤʠʥʠʝʚʦʡ ʧʦʣʦʩʳ ʩʚʷʟʘʥʦ ʩ 
ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʚ ʧʨʦʮʝʩʩʝ ʠʟʛʠʙʘ ʜʠʩʣʦʢʘʮʠʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ. ʊʘʢ, ʩʦʛʣʘʩʥʦ 
ʵʣʝʢʪʨʦʥʥʦ-ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʤ ʠʩʩʣʝʜʦʚʘʥʠʷʤ, ʚ ʩʪʨʫʢʪʫʨʝ ʘʣʶʤʠʥʠʝʚʦʛʦ ʩʧʣʘʚʘ 
ʩʬʦʨʤʠʨʦʚʘʣʘʩʴ ʷʯʝʠʩʪʘʷ ʜʠʩʣʦʢʘʮʠʦʥʥʘʷ ʩʪʨʫʢʪʫʨʘ (ʨʠʩ. 1), ʦʜʥʘʢʦ ʧʣʦʪʥʦʩʪʴ 
ʜʠʩʣʦʢʘʮʠʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʚʳʩʦʢʘʷ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩʦ ʩʢʣʦʥʥʦʩʪʴʶ 
ʘʣʶʤʠʥʠʷ, ʦʙʣʘʜʘʶʱʝʛʦ ʧʦʚʳʰʝʥʥʦʡ ʵʥʝʨʛʠʝʡ ʜʝʬʝʢʪʘ ʫʧʘʢʦʚʢʠ, ʢ ʚʦʟʚʨʘʪʫ. 

 

 
 

ʈʠʩʫʥʦʢ 1 ï ɼʠʩʣʦʢʘʮʠʦʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʩʧʣʘʚʘ ɺɼ1 ʧʦʩʣʝ ʟʥʘʢʦʧʝʨʝʤʝʥʥʦʛʦ ʠʟʛʠʙʘ 

 
ʊʘʢʘʷ ʩʪʨʫʢʪʫʨʘ ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ ʦʙʝʩʧʝʯʠʚʘʝʪ ʜʝʬʦʨʤʘʮʠʦʥʥʦʝ ʫʧʨʦʯʥʝʥʠʝ ʠ 

ʫʚʝʣʠʯʝʥʠʝ ʧʨʝʜʝʣʘ ʪʝʢʫʯʝʩʪʠ, ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʣʘʢʩʘʮʠʠ 
ʥʘʧʨʷʞʝʥʠʡ, ʩʦʭʨʘʥʷʷ ʚʳʩʦʢʫʶ ʧʣʘʩʪʠʯʥʦʩʪʴ ʩʧʣʘʚʘ. 

 
ɹʣʘʛʦʜʘʨʥʦʩʪʴ. ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ 

ʀʄɽʊ ʈɸʅ ˉ 075-00320-24-00. 
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ɺʃʀʗʅʀɽ ʈɸɺʅʆʂɸʅɸʃʔʅʆɻʆ ʋɻʃʆɺʆɻʆ ʇʈɽʉʉʆɺɸʅʀʗ ʅɸ ʉʊʈʋʂʊʋʈʋ ʀ 
ʄɽʍɸʅʀʏɽʉʂʀɽ ʉɺʆʁʉʊɺɸ ʕɺʊɽʂʊʀʏɽʉʂʆɻʆ ʉʇʃɸɺɸ ʉʀʉʊɽʄʓ ɸʃʖʄʀʅʀʁ-

ʂɸʃʔʎʀʁ-ʎɽʈʀʁ 
 

ɸʥʜʨʝʝʚ ɺ.ɸ.1, ɹʘʨʳʢʠʥ ʄ.ɸ.2, ʂʘʨʝʣʠʥ ʈ.ɼ.1,2, ʂʦʤʘʨʦʚ ɺ.ʉ.1,2, ʃʘʡʰʝʚʘ ʅ.ɺ.1, 
ʅʘʫʤʦʚʘ ɽ.ɸ.2, ʈʦʛʘʯʝʚ ʉ.ʆ.1,2 

1ʀʄɽʊ ʈɸʅ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 
2ʅʀʊʋ ʄʀʉʀʉ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

email: rogachev.so@misis.ru 
 
ɺ ʥʝʜʘʚʥʠʭ ʨʘʙʦʪʘʭ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʵʚʪʝʢʪʠʯʝʩʢʠʝ ʘʣʶʤʠʥʠʝʚʳʝ ʩʧʣʘʚʳ ʩ 

ʦʛʨʘʥʠʯʝʥʥʦʡ ʨʘʩʪʚʦʨʠʤʦʩʪʴʶ ʚ ʪʚʝʨʜʦʤ ʨʘʩʪʚʦʨʝ, ʦʙʨʘʙʦʪʘʥʥʳʝ ʙʦʣʴʰʠʤʠ 
ʧʣʘʩʪʠʯʝʩʢʠʤʠ ʜʝʬʦʨʤʘʮʠʷʤʠ, ʦʙʣʘʜʘʶʪ ʧʨʝʚʦʩʭʦʜʥʳʤ ʩʦʯʝʪʘʥʠʝʤ ʧʨʦʯʥʦʩʪʠ ʠ 
ʧʣʘʩʪʠʯʥʦʩʪʠ [1], ʧʨʠ ʵʪʦʤ ʪʠʧ ʵʚʪʝʢʪʠʯʝʩʢʠʭ ʯʘʩʪʠʮ ʦʢʘʟʳʚʘʝʪ ʦʧʨʝʜʝʣʷʶʱʝʝ 
ʚʣʠʷʥʠʝ ʥʘ ʜʦʩʪʠʛʥʫʪʳʡ ʢʦʤʧʣʝʢʩ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ [2]. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʧʦʚʝʜʝʥʠʝ 
ʩʣʦʞʥʳʭ ʘʣʶʤʠʥʠʝʚʳʭ ʵʚʪʝʢʪʠʯʝʩʢʠʭ ʩʧʣʘʚʦʚ ʚ ʫʩʣʦʚʠʷʭ ʙʦʣʴʰʠʭ ʧʣʘʩʪʠʯʝʩʢʠʭ 
ʜʝʬʦʨʤʘʮʠʡ ʤʘʣʦ ʠʟʫʯʝʥʦ [3, 4]. 

ɺ ʨʘʙʦʪʝ ʠʟʫʯʝʥʦ ʚʣʠʷʥʠʷ ʨʘʚʥʦʢʘʥʘʣʴʥʦʛʦ ʫʛʣʦʚʦʛʦ ʧʨʝʩʩʦʚʘʥʠʷ (ʈʂʋʇ) ʥʘ 
ʩʪʨʫʢʪʫʨʫ ʠ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʪʨʦʡʥʦʛʦ ʵʚʪʝʢʪʠʯʝʩʢʦʛʦ ʘʣʶʤʠʥʠʝʚʦʛʦ ʩʧʣʘʚʘ Alï
6% Caï3% Ce. ʈʂʋʇ ʦʙʨʘʟʮʦʚ ʜʠʘʤʝʪʨʦʤ 20 ʤʤ ʠ ʜʣʠʥʦʡ 100 ʤʤ ʚ ʠʩʭʦʜʥʦ ʣʠʪʦʤ 
ʩʦʩʪʦʷʥʠʠ ʦʩʫʱʝʩʪʚʣʷʣʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 200 Áʉ ʟʘ 4 ʧʨʦʭʦʜʘ, ʧʦ ʤʘʨʰʨʫʪʫ 
ʧʨʝʩʩʦʚʘʥʠʷ BC, ʩ ʫʛʣʦʤ ʤʝʞʜʫ ʢʘʥʘʣʘʤʠ 110Á. ɼʣʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʙʨʘʟʮʦʚ 
ʠʩʧʦʣʴʟʦʚʘʣʠ ʦʧʪʠʯʝʩʢʫʶ ʤʠʢʨʦʩʢʦʧʠʶ (ʤʠʢʨʦʩʢʦʧ NIM-100) ʠ ʠʩʧʳʪʘʥʠʝ ʥʘ 
ʨʘʩʪʷʞʝʥʠʝ (ʤʘʰʠʥʘ INSTRON-5966, ʩʢʦʨʦʩʪʴ ʨʘʩʪʷʞʝʥʠʷ 0.002 ʩ-1). 

ʉʪʨʫʢʪʫʨʘ ʩʧʣʘʚʘ ʚ ʣʠʪʦʤ ʩʦʩʪʦʷʥʠʠ ʧʨʝʜʩʪʘʚʣʷʣʘ ʩʦʙʦʡ ʵʚʪʝʢʪʠʢʫ ʩ ʥʝʢʦʪʦʨʦʡ 
ʜʦʣʝʡ ʜʝʥʜʨʠʪʦʚ ʘʣʶʤʠʥʠʷ. ʈʂʋʇ ʧʨʠʚʝʣ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʜʠʩʧʝʨʩʥʦʡ ʠ ʙʦʣʝʝ 
ʦʜʥʦʨʦʜʥʦʡ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ.  

ʇʨʝʜʝʣʳ ʪʝʢʫʯʝʩʪʠ ʠ ʧʨʦʯʥʦʩʪʠ ʩʧʣʘʚʘ ʚ ʣʠʪʦʤ ʩʦʩʪʦʷʥʠʠ ʩʦʩʪʘʚʠʣʠ 90 ʠ 
119 ʄʇʘ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʘ ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʫʜʣʠʥʝʥʠʝ ʦʢʦʣʦ 1%. ʅʠʟʢʠʡ ʫʨʦʚʝʥʴ 
ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʣʠʪʦʛʦ ʩʧʣʘʚʘ ʩʚʷʟʘʥ ʩ ʧʦʚʳʰʝʥʥʦʡ ʧʦʨʠʩʪʦʩʪʴʶ. ɺ ʨʝʟʫʣʴʪʘʪʝ 
ʈʂʋʇ ʧʨʦʯʥʦʩʪʴ ʩʧʣʘʚʘ ʧʦʚʳʰʘʝʪʩʷ ʚ 2 ʨʘʟʘ, ʧʨʠ ʵʪʦʤ ʟʥʘʯʠʪʝʣʴʥʦ ʫʣʫʯʰʘʝʪʩʷ 
ʧʣʘʩʪʠʯʥʦʩʪʴ. ɺʳʷʚʣʝʥʘ ʥʝʢʦʪʦʨʘʷ ʘʥʠʟʦʪʨʦʧʠʷ ʩʚʦʡʩʪʚ: ʧʨʦʯʥʦʩʪʴ ʚ ʧʦʧʝʨʝʯʥʦʤ 
ʥʘʧʨʘʚʣʝʥʠʠ ʥʠʞʝ ʥʘ 5ï15%, ʘ ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʫʜʣʠʥʝʥʠʝ ʚ 3 ʨʘʟʘ ʚʳʰʝ ʧʦ ʩʨʘʚʥʝʥʠʶ 
ʩ ʧʨʦʜʦʣʴʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ. ʇʦʩʣʝ ʈʂʋʇ ʧʨʝʜʝʣʳ ʪʝʢʫʯʝʩʪʠ ʠ ʧʨʦʯʥʦʩʪʠ ʩʧʣʘʚʘ ʚ 
ʧʦʧʝʨʝʯʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʩʦʩʪʘʚʠʣʠ 179 ʠ 230 ʄʇʘ, ʘ ʚ ʧʨʦʜʦʣʴʥʦʤ ï 208 ʠ 239 ʄʇʘ, 
ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʨʠ ʵʪʦʤ ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʫʜʣʠʥʝʥʠʝ ʚ ʧʦʧʝʨʝʯʥʦʤ ʠ ʧʨʦʜʦʣʴʥʦʤ 
ʥʘʧʨʘʚʣʝʥʠʠ ʩʦʩʪʘʚʠʣʦ 15 ʠ 5%, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

 
ɹʣʘʛʦʜʘʨʥʦʩʪʴ. ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ 

ʀʄɽʊ ʈɸʅ ˉ 075-00320-24-00. 
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ʀʩʩʣʝʜʦʚʘʥʳ ʤʠʢʨʦʩʪʨʫʢʪʫʨʘ ʠ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʦʚ 

ʵʚʪʝʢʪʠʯʝʩʢʦʛʦ ʪʠʧʘ Alï4% Caï0.8% Mnï(Fe) ʩ ʤʘʩʩʦʚʦʡ ʜʦʣʝʡ ʞʝʣʝʟʘ 0.5 ʠ 1.3 % ʚ 
ʠʩʭʦʜʥʦ ʣʠʪʦʤ ʩʦʩʪʦʷʥʠʠ ʧʦʩʣʝ ʠʭ ʦʙʨʘʙʦʪʢʠ ʤʝʪʦʜʦʤ ʢʨʫʯʝʥʠʷ ʧʦʜ ʚʳʩʦʢʠʤ 
ʜʘʚʣʝʥʠʝʤ (ʂɺɼ). ʂɺɼ ʧʣʦʩʢʠʭ ʦʙʨʘʟʮʦʚ ʜʠʘʤʝʪʨʦʤ 20 ʤʤ ʠ ʥʘʯʘʣʴʥʦʡ ʪʦʣʱʠʥʦʡ 
1,5 ʤʤ ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʜʘʚʣʝʥʠʠ 4 ʠ 6 ɻʇʘ ʟʘ ʪʨʠ ʦʙʦʨʦʪʘ. 
ʀʥʪʝʨʝʩ ʢ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʫʣʫʯʰʝʥʠʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʩʧʣʘʚʦʚ 
ʩʠʩʪʝʤʳ AlïCaïMnïFe, ʢʦʪʦʨʳʝ, ʥʘʨʷʜʫ ʩ ʪʘʢʠʤʠ ʜʦʩʪʦʠʥʩʪʚʘʤʠ, ʢʘʢ ʣʝʛʢʦʩʪʴ, 
ʭʦʨʦʰʘʷ ʧʣʘʩʪʠʯʥʦʩʪʴ, ʚʳʩʦʢʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʢʦʨʨʦʟʠʠ ʠ ʦʪʣʠʯʥʳʝ ʣʠʪʝʡʥʳʝ 
ʩʚʦʡʩʪʚʘ, ʚ ʣʠʪʦʤ ʩʦʩʪʦʷʥʠʠ ʠʤʝʶʪ ʥʝʚʳʩʦʢʫʶ ʧʨʦʯʥʦʩʪʴ [1, 2]. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʦ ʚʨʝʤʷ ʂɺɼ ʚ ʩʪʨʫʢʪʫʨʝ ʩʧʣʘʚʦʚ ʧʨʦʠʩʭʦʜʠʪ 
ʧʝʨʝʤʝʰʠʚʘʥʠʝ ʜʝʥʜʨʠʪʦʚ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ ʘʣʶʤʠʥʠʷ ʠ ʯʘʩʪʠʮ ʵʚʪʝʢʪʠʢʠ ʩ 
ʧʦʩʣʝʜʫʶʱʠʤ ʠʭ ʠʟʤʝʣʴʯʝʥʠʝʤ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʣʫʯʝʥʠʶ ʙʦʣʝʝ ʦʜʥʦʨʦʜʥʦʡ ʠ 
ʜʠʩʧʝʨʩʥʦʡ ʩʪʨʫʢʪʫʨʳ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʦʣʝʝ ʦʜʥʦʨʦʜʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʢʘʣʴʮʠʷ ʚ 
ʦʙʨʘʟʮʘʭ. ʆʜʥʦʨʦʜʥʦʩʪʴ ʩʪʨʫʢʪʫʨʳ ʧʦʚʳʰʘʝʪʩʷ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʦʪ ʮʝʥʪʨʘ ʢ ʧʝʨʠʬʝʨʠʠ 
ʦʙʨʘʟʮʦʚ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʂɺɼ ʚ ʩʧʣʘʚʘʭ ʩʬʦʨʤʠʨʦʚʘʣʘʩʴ ʙʠʤʦʜʘʣʴʥʘʷ, ʥʦ 
ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʥʘʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ; ʢʨʦʤʝ ʵʪʦʛʦ ʵʚʪʝʢʪʠʯʝʩʢʠʝ ʯʘʩʪʠʮʳ 
Al4Ca/Al10CaFe2 ʠʟʤʝʣʴʯʠʣʠʩʴ ʜʦ ʥʘʥʦʫʨʦʚʥʷ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʪʨʘʥʩʬʦʨʤʘʮʠʝʡ 
ʙʦʣʴʰʠʥʩʪʚʘ ʠʟ ʥʠʭ (ʥʝ ʤʝʥʝʝ 70 %) ʚ ʩʝʛʨʝʛʘʮʠʠ ʢʘʣʴʮʠʷ (ʥʘʥʦʢʣʘʩʪʝʨʳ). ɺ 
ʨʝʟʫʣʴʪʘʪʝ ʩʪʨʫʢʪʫʨʥʦ-ʬʘʟʦʚʳʭ ʧʨʝʚʨʘʱʝʥʠʡ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʢʘʢ ʵʬʬʝʢʪʠʚʥʦʝ 
ʫʧʨʦʯʥʝʥʠʝ, ʪʘʢ ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʘʢʢʦʤʦʜʘʮʠʠ (ʨʝʣʘʢʩʘʮʠʠ ʥʘʧʨʷʞʝʥʠʡ), ʜʦʩʪʠʛʥʫʪʦ 
ʦʜʥʦʚʨʝʤʝʥʥʦʝ ʫʣʫʯʰʝʥʠʝ ʧʨʦʯʥʦʩʪʠ (ʚ 4ï6.5 ʨʘʟ) ʠ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʫʜʣʠʥʝʥʠʷ (ʚ 1.1ï
1.7 ʨʘʟ). ʋʚʝʣʠʯʝʥʠʝ ʤʘʩʩʦʚʦʡ ʜʦʣʠ ʞʝʣʝʟʘ ʩ 0.5 ʜʦ 1.3 % ʚ ʩʧʣʘʚʝ ʦʙʝʩʧʝʯʠʚʘʝʪ 
ʤʝʥʴʰʠʡ ʨʘʟʤʝʨ ʟʝʨʝʥʥʦ-ʩʫʙʟʝʨʝʥʥʦʡ ʩʤʝʩʠ, ʙʦʣʴʰʠʡ ʫʨʦʚʝʥʴ ʧʨʦʯʥʦʩʪʠ, ʥʦ 
ʤʝʥʴʰʫʶ ʧʣʘʩʪʠʯʥʦʩʪʴ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʂɺɼ ʫ ʦʙʨʘʟʮʘ ʩ ʤʘʩʩʦʚʦʡ ʜʦʣʝʡ ʞʝʣʝʟʘ 0.5 % 
ʧʨʝʜʝʣʳ ʪʝʢʫʯʝʩʪʠ ʠ ʧʨʦʯʥʦʩʪʠ ʩʦʩʪʘʚʠʣʠ 520 ʠ 640 ʄʇʘ, ʘ ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʫʜʣʠʥʝʥʠʝ 
10 %; ʘ ʫ ʦʙʨʘʟʮʘ ʩ ʤʘʩʩʦʚʦʡ ʜʦʣʝʡ ʞʝʣʝʟʘ 1.3 % ʧʨʝʜʝʣʳ ʪʝʢʫʯʝʩʪʠ ʠ ʧʨʦʯʥʦʩʪʠ  
ʩʦʩʪʘʚʠʣʠ 685 ʠ 770 ʄʇʘ, ʘ ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʫʜʣʠʥʝʥʠʝ 5 %. ʀʟʤʝʥʝʥʠʝ ʜʘʚʣʝʥʠʷ ʂɺɼ ʚ 
ʜʠʘʧʘʟʦʥʝ 4ï6 ɻʇʘ ʥʝ ʚʣʠʷʝʪ ʥʘ ʧʦʣʫʯʝʥʥʳʡ ʢʦʤʧʣʝʢʩ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 
ʦʙʨʘʟʮʦʚ. 

 
ɹʣʘʛʦʜʘʨʥʦʩʪʴ. ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʅʌ 

(ʛʨʘʥʪ ˉ 20-19-00746-ʇ). ɹʣʘʛʦʜʘʨʠʤ ʏʝʨʥʝʥʦʢ ʊ.ɺ. ʟʘ ʧʦʤʦʱʴ ʚ ʧʨʦʚʝʜʝʥʠʠ 
ʠʩʩʣʝʜʦʚʘʥʠʡ. 
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composition of the eutectic Al ï Ca alloy, additionally alloyed with small additives of 
zirconium, scandium and manganese // Non-ferrous Metals. 2017. N. 2. P. 49ï54 
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ʕɺʆʃʖʎʀʗ ʉʊʈʋʂʊʋʈʓ ʀ ʂʆʄʇʃɽʂʉɸ ʉɺʆʁʉʊɺ ɿɸʕʂɺʀɸʊʆʄʅʆɻʆ 
ʅʀʂɽʃʀɼɸ ʊʀʊɸʅɸ ɺ ʈɽɿʋʃʔʊɸʊɽ ɼʀʅɸʄʀʏɽʉʂʆɻʆ ɼɽʌʆʈʄɸʎʀʆʅʅʆɻʆ ʀ 

ʉʊɸʊʀʏɽʉʂʆɻʆ ʉʊɸʈɽʅʀʗ 
 

ʏʝʨʢʘʩʦʚ ɺ.ɺ.1, ʂʦʤʘʨʦʚ ɺ.ʉ.1,2, ʂʘʨʝʣʠʥ ʈ.ɼ.1,2, ʍʤʝʣʝʚʩʢʘʷ ʀ.ʖ.1,  
ʇʨʦʢʦʰʢʠʥ ʉ.ɼ.1 

ʅʀʊʋ ʄʀʉʀʉ1, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 
ʀʄɽʊ ʈɸʅ2, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

v.basenchikov@yandex.ru 
 

ʉʧʣʘʚʳ ʩ ʵʬʬʝʢʪʦʤ ʧʘʤʷʪʠ ʬʦʨʤʳ (ʉʇʌ) ʥʘ ʦʩʥʦʚʝ ʥʠʢʝʣʠʜʘ ʪʠʪʘʥʘ (TiNi) 
ʷʚʣʷʶʪʩʷ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ, ʢʦʪʦʨʳʝ 
ʥʘʭʦʜʷʪ ʩʚʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʷʭ. ɼʦʧʦʣʥʠʪʝʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ 
ʫʧʨʘʚʣʝʥʠʷ ʩʪʨʫʢʪʫʨʦʡ, ʢʦʤʧʣʝʢʩʦʤ ʤʝʭʘʥʠʯʝʩʢʠʭ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʘ 
ʪʘʢʞʝ ʪʝʤʧʝʨʘʪʫʨʘʤʠ ʧʨʦʪʝʢʘʥʠʷ ʧʨʷʤʦʛʦ ʠ ʦʙʨʘʪʥʦʛʦ ʤʘʨʪʝʥʩʠʪʥʳʭ ʧʨʝʚʨʘʱʝʥʠʡ 
(ʄʇ) ʚ ʟʘʥʠʢʝʣʝʚʳʭ ʉʇʌ TiNi ʩʚʷʟʘʥʳ ʩ ʧʨʦʪʝʢʘʥʠʝʤ ʚ ʩʧʣʘʚʝ ʧʨʦʮʝʩʩʦʚ ʩʪʘʨʝʥʠʷ. 
ɼʘʥʥʳʝ ʧʨʦʮʝʩʩʳ ʤʦʛʫʪ ʧʨʦʪʝʢʘʪʴ ʢʘʢ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚʦ ʚʨʝʤʷ ʜʝʬʦʨʤʘʮʠʠ, ʪʘʢ ʠ ʚ 
ʨʝʟʫʣʴʪʘʪʝ ʧʦʩʣʝʜʝʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʪʞʠʛʘ.  

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʉʇʌ Ti-50,8 ʘʪ.%Ni 
ʧʦʩʣʝ ʜʝʬʦʨʤʘʮʠʠ ʩʞʘʪʠʝʤ ʩʦ ʩʪʝʧʝʥʴʶ ʥʘʢʦʧʣʝʥʥʦʡ ʜʝʬʦʨʤʘʮʠʠ  ʝ = 0.5, 0.9 ʠ 1.3 
ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʦʪ 300 ʜʦ 500 Üʉ. ɺ ʜʘʥʥʦʤ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʠʥʪʝʨʚʘʣʝ ʧʨʦʪʝʢʘʶʪ 
ʢʦʥʢʫʨʠʨʫʶʱʠʝ ʧʨʦʮʝʩʩʳ ʜʠʥʘʤʠʯʝʩʢʦʡ ʧʦʣʠʛʦʥʠʟʘʮʠʠ ʠ ʜʠʥʘʤʠʯʝʩʢʦʛʦ 
ʜʝʬʦʨʤʘʮʠʦʥʥʦʛʦ ʩʪʘʨʝʥʠʷ (ɼʉ).  

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʩʪʝʧʝʥʠ ʥʘʢʦʧʣʝʥʥʦʡ ʜʝʬʦʨʤʘʮʠʠ ʪʚʝʨʜʦʩʪʴ 
ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʟʤʝʥʷʣʘʩʴ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʜʦʩʪʠʞʝʥʠʠ ʫʩʪʘʥʦʚʠʚʰʝʡʩʷ ʩʪʘʜʠʠ 
ʜʝʬʦʨʤʘʮʠʠ. ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʜʝʬʦʨʤʘʮʠʠ ʪʚʝʨʜʦʩʪʴ ʧʣʘʚʥʦ ʩʥʠʞʘʣʘʩʴ. 
ɺ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 430-500 Üʉ ʥʘʙʣʶʜʘʣʦʩʴ ʨʝʟʢʦʝ ʩʥʠʞʝʥʠʝ ʟʥʘʯʝʥʠʡ 
ʪʚʝʨʜʦʩʪʠ (ʩ 314 ʜʦ 284 ʝʜ. HV), ʯʪʦ ʦʙʫʩʣʘʚʣʠʚʘʝʪʩʷ ʧʦʚʳʰʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨ ʄʇ ʟʘ 
ʩʯʝʪ ʠʥʪʝʥʩʠʚʥʦʛʦ ʚʳʜʝʣʝʥʠʷ ʯʘʩʪʠʮ Ti3Ni4 ʚ ʭʦʜʝ ɼʉ ʢʦʪʦʨʦʝ ʧʨʠʚʦʜʠʪ ʢ ʦʙʝʜʥʝʥʠʶ 
ʤʘʪʨʠʮʳ ʥʠʢʝʣʝʤ. ɿʥʘʯʝʥʠʷ ʪʚʝʨʜʦʩʪʠ ʧʦʩʣʝ ɼʉ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʩʪʘʪʠʯʝʩʢʠʤ ʩʪʘʨʝʥʠʝʤ 
(ʉʉ) ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 430 Üʉ ʚ ʪʝʯʝʥʠʝ 1 ʯʘʩʘ ʧʦʚʳʩʠʣʠʩʴ ʥʘ 40 ʝʜ. HV, ʠ ʥʝ 
ʠʟʤʝʥʠʣʠʩʴ ʧʦʩʣʝ ʫʚʝʣʠʯʝʥʠʷ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʉʉ ʜʦ 10 ʯʘʩʦʚ.  

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʠʟʘ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʢʦʤʥʘʪʥʦʡ 
ʪʝʤʧʝʨʘʪʫʨʝ ʤʘʪʝʨʠʘʣ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʥʘʭʦʜʠʪʩʷ ʚ B2-ʬʘʟʝ. ʈʘʩʯʝʪ ʰʠʨʠʥʳ ʣʠʥʠʠ 
110B2 ʧʦʢʘʟʘʣ, ʯʪʦ ʧʦʩʣʝ ɼʉ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʜʝʬʦʨʤʘʮʠʠ ʰʠʨʠʥʘ ʣʠʥʠʠ 
110B2 ʧʣʘʚʥʦ ʩʥʠʞʘʣʦʩʴ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʩʥʠʞʝʥʠʠ ʜʝʬʝʢʪʥʦʩʪʠ ʨʝʰʝʪʢʠ. ɼʉ 
ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 430 ʠ 500 Üʉ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʉʉ1 ʯʘʩ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʰʠʨʠʥʳ 
ʣʠʥʠʡ 110B2, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʥʘʠʙʦʣʝʝ ʙʣʘʛʦʧʨʠʷʪʥʦʡ 
ʩʪʨʫʢʪʫʨʳ ʜʣʷ ʚʳʜʝʣʝʥʠʷ ʥʘʥʦʨʘʟʤʝʨʥʳʭ ʢʦʛʝʨʝʥʪʥʳʭ ʯʘʩʪʠʮ ʠʟʙʳʪʦʯʥʦʡ ʬʘʟʳ Ti3Ni4 
ʚʥʦʩʷʱʠʭ ʚʢʣʘʜ ʚ ʠʩʢʘʞʝʥʠʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʠʷ ʧʨʦʩʚʝʯʠʚʘʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʧʦʩʣʝ ɼʉ 
ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 430 Üʉ ʠ ʩʪʝʧʝʥʠ ʥʘʢʦʧʣʝʥʥʦʡ ʜʝʬʦʨʤʘʮʠʠ ʝ = 0.9 ʯʘʩʪʠʮ ʠʟʙʳʪʦʯʥʦʡ 
ʬʘʟʳ Ti3Ni4 ʚʠʟʫʘʣʴʥʦ ʦʙʥʘʨʫʞʝʥʦ ʥʝ ʙʳʣʦ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʠʭ ʤʘʣʳʤ ʨʘʟʤʝʨʦʤ (ʥʝ 
ʙʦʣʝʝ 5 ʥʤ). ɼʉ+ʉʉ1 ʯʘʩ ʧʨʠʚʝʣʦ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʨʦʩʪʫ ʯʘʩʪʠʮ Ti3Ni4, ʯʪʦ ʧʦʟʚʦʣʠʣʦ 
ʚʠʟʫʘʣʴʥʦ ʦʮʝʥʠʪʴ ʠʭ ʩʨʝʜʥʠʡ ʨʘʟʤʝʨ (30-40 ʥʤ). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʦʮʝʩʩʳ ɼʉ ʧʨʦʪʝʢʘʶʱʠʝ ʚ ʪʝʤʧʝʨʘʪʫʨʥʦʤ 
ʠʥʪʝʨʚʘʣʝ 430-500 Üʉ ʧʨʠʚʦʜʷʪ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʩʫʙʩʪʨʫʢʪʫʨʳ ʙʣʘʛʦʧʨʠʷʪʥʦʡ ʜʣʷ 
ʧʨʦʪʝʢʘʥʠʷ ʉʉ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʝʮʠʟʠʦʥʥʦ ʨʝʛʫʣʠʨʦʚʘʪʴ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʩʚʦʡʩʪʚʘ.  

 
ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ 

ʟʘʜʘʥʠʷ ʅʀʊʋ ʄʀʉʀʉ, ʰʠʬʨ ʧʨʦʝʢʪʘ FSME-2023-0006. 
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ʉɺɽʈʍʀɿʃʋʏɽʅʀɽ ɺ ʆʇʊʀʏɽʉʂʀ ʇʃʆʊʅʓʍ ʉʈɽɼɸʍ ʉ ʋʏɽʊʆʄ ʕʌʌɽʂʊɸ 
ɹʃʆʍɸ - ɿʀɻɽʈʊɸ 

 

ʂʦʣʝʩʝʥʢʦ ɺ.ʄ.1, ʂʦʣʝʩʝʥʢʦ ɸ.ɺ.2, ʈʫʩʝʮʢʠʡ ɻ.ɸ.1 
1ɻʆ çʅʇʎ ʅɸʅ ɹʝʣʘʨʫʩʠ ʧʦ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʶè, ʄʠʥʩʢ, ɹʝʣʘʨʫʩʴ 

2ɹʝʣʦʨʫʩʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʄʠʥʩʢ, ɹʝʣʘʨʫʩʴ 
koles@physics.by 

 
ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʚʝʨʭʠʟʣʫʯʝʥʠʝ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʠʩʩʣʝʜʦʚʘʥʠʷʭ 

ʨʘʟʣʠʯʥʳʭ ʬʠʟʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʚʢʣʶʯʘʷ ʧʣʦʪʥʳʝ ʛʘʟʳ, ʤʦʣʝʢʫʣʷʨʥʳʝ ʘʛʨʝʛʘʪʳ, 
ʢʦʣʣʦʠʜʥʳʝ ʥʘʥʦʢʨʠʩʪʘʣʣʳ, ʜʝʬʝʢʪʳ ʠ ʢʚʘʥʪʦʚʳʝ ʪʦʯʢʠ ʚ ʪʚʝʨʜʦʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʘʭ 
[1-3]. ɼʘʥʥʦʝ ʷʚʣʝʥʠʝ ʦʙʣʘʜʘʝʪ ʟʥʘʯʠʪʝʣʴʥʳʤ ʧʦʪʝʥʮʠʘʣʦʤ ʜʣʷ ʧʨʘʢʪʠʯʝʩʢʠʭ 
ʧʨʠʤʝʥʝʥʠʡ, ʪʘʢʠʭ ʢʘʢ ʩʦʟʜʘʥʠʝ ʣʘʟʝʨʦʚ ʩʦ ʟʥʘʯʠʪʝʣʴʥʦ ʫʤʝʥʴʰʝʥʥʦʡ ʰʠʨʠʥʦʡ ʣʠʥʠʠ, 
ʟʘʧʫʪʘʥʥʳʭ ʤʥʦʛʦʬʦʪʦʥʥʳʭ ʢʚʘʥʪʦʚʳʭ ʠʩʪʦʯʥʠʢʦʚ ʩʚʝʪʘ, ʢʚʘʥʪʦʚʦʡ ʧʘʤʷʪʠ, ʩʧʠʥʦʚʳʭ 
ʤʘʛʥʝʪʨʦʤʝʪʨʦʚ ʠ ʤʘʟʝʨʦʚ, ʨʘʙʦʪʘʶʱʠʭ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ʇʦʵʪʦʤʫ 
ʧʨʝʜʩʪʘʚʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʳʡ ʠʥʪʝʨʝʩ ʜʝʪʘʣʴʥʦʝ ʦʧʠʩʘʥʠʝ ʩʚʝʨʭʠʟʣʫʯʝʥʠʷ [4,5]. ʊʘʢ ʚ 
ʨʘʙʦʪʘʭ [6,7] ʪʝʦʨʝʪʠʯʝʩʢʠ ʦʧʠʩʘʥʦ ʩʚʝʨʭʠʟʣʫʯʝʥʠʝ, ʚʦʟʥʠʢʘʶʱʝʝ ʚ ʪʦʥʢʠʭ (ʪʦʣʱʠʥʘ 
ʩʨʝʜʳ ʤʥʦʛʦ ʤʝʥʴʰʝ ʜʣʠʥʳ ʚʦʣʥʳ ʚʦʟʙʫʞʜʘʶʱʝʛʦ ʠʤʧʫʣʴʩʘ) ʨʝʟʦʥʘʥʩʥʳʭ ʩʨʝʜʘʭ ʧʦʜ 
ʜʝʡʩʪʚʠʝʤ ʠʤʧʫʣʴʩʘ ʚ ʬʦʨʤʝ ʛʠʧʝʨʙʦʣʠʯʝʩʢʦʛʦ ʩʝʢʘʥʩʘ, ʠ ʧʦʣʫʯʝʥʳ 
ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʝ ʫʨʘʚʥʝʥʠʷ ɹʣʦʭʘ ʩ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤʠ ʯʣʝʥʘʤʠ, 
ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳʤʠ ʩʢʦʨʦʩʪʠ ʩʚʝʨʭʠʟʣʫʯʝʥʠʷ. 

ʆʩʦʙʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʚʝʨʭʠʟʣʫʯʝʥʠʝ ʚ ʦʧʪʠʯʝʩʢʠ ʧʣʦʪʥʳʭ ʩʨʝʜʘʭ, 
ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭʩʷ ʚʳʩʦʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʠʣʠ ʙʦʣʴʰʠʤ ʜʠʧʦʣʴʥʳʤ ʤʦʤʝʥʪʦʤ 
ʘʢʪʠʚʥʳʭ ʮʝʥʪʨʦʚ [8,9]. ɹʣʘʛʦʜʘʨʷ ʵʪʠʤ ʦʩʦʙʝʥʥʦʩʪʷʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 
ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʩ ʦʧʪʠʯʝʩʢʠ ʧʣʦʪʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ ʧʨʦʠʩʭʦʜʠʪ ʙʦʣʝʝ 
ʵʬʬʝʢʪʠʚʥʦ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʩʢʦʨʦʩʪʠ ʩʚʝʨʭʠʟʣʫʯʝʥʠʷ. ʆʜʥʘʢʦ ʚ ʪʘʢʠʭ 
ʤʘʪʝʨʠʘʣʘʭ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʣʦʢʘʣʴʥʳʝ ʧʦʣʷ, ʩʚʷʟʘʥʥʳʝ ʩ ʜʠʧʦʣʴ-ʜʠʧʦʣʴʥʳʤ 
ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʘʢʪʠʚʥʳʭ ʮʝʥʪʨʦʚ [8,9]. ʕʪʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʨʠʚʦʜʠʪ ʢ 
ʜʠʥʘʤʠʯʝʩʢʦʤʫ ʩʜʚʠʛʫ ʯʘʩʪʦʪʳ ʧʦʛʣʦʱʝʥʠʷ, ʪʘʢ ʥʘʟʳʚʘʝʤʦʤʫ ʩʜʚʠʛʫ ʃʦʨʝʥʪʮʘ. ɹʦʣʝʝ 
ʪʦʛʦ, ʚ ʩʪʘʮʠʦʥʘʨʥʦʤ ʨʝʞʠʤʝ ʵʬʬʝʢʪ ʃʦʨʝʥʪʮʘ ʷʚʣʷʝʪʩʷ ʧʨʠʯʠʥʦʡ ʦʩʦʙʦʡ ʦʧʪʠʯʝʩʢʦʡ 
ʙʠʩʪʘʙʠʣʴʥʦʩʪʠ, ʢʦʪʦʨʘʷ ʧʨʦʷʚʣʷʝʪʩʷ ʥʘ ʚʨʝʤʝʥʘʭ, ʧʨʝʚʳʰʘʶʱʠʭ ʚʨʝʤʷ 
ʩʚʝʨʭʠʟʣʫʯʝʥʠʷ, ʥʦ ʤʝʥʴʰʠʭ, ʯʝʤ ʚʨʝʤʷ ʨʝʣʘʢʩʘʮʠʠ [7]. 

ʄʠʥʠʤʠʟʠʨʦʚʘʪʴ ʚʣʠʷʥʠʝ ʵʬʬʝʢʪʦʚ ʣʦʢʘʣʴʥʦʛʦ ʧʦʣʷ ʥʘ ʩʠʛʥʘʣ ʩʚʝʨʭʠʟʣʫʯʝʥʠʷ, 
ʤʦʞʥʦ, ʧʨʠʤʝʥʷʷ ʜʣʷ ʚʦʟʙʫʞʜʝʥʠʷ ʧʣʦʪʥʦʡ ʨʝʟʦʥʘʥʩʥʦʡ ʩʨʝʜʳ ʜʦʩʪʘʪʦʯʥʦ ʢʦʨʦʪʢʠʝ 
ʠʤʧʫʣʴʩʳ. ɺʦ ʚʨʝʤʷ ʜʝʡʩʪʚʠʷ ʪʘʢʠʭ ʠʤʧʫʣʴʩʦʚ ʯʘʩʪʦʪʘ ʈʘʙʠ ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʳʰʘʝʪ 
ʩʜʚʠʛ ʯʘʩʪʦʪʳ ʃʦʨʝʥʪʮʘ ʠ ʧʦʵʪʦʤʫ ʧʦʩʣʝʜʥʠʤ ʤʦʞʥʦ ʧʨʝʥʝʙʨʝʯʴ. ʇʦʩʣʝ ʜʝʡʩʪʚʠʷ 
ʠʤʧʫʣʴʩʘ, ʢʦʛʜʘ ʘʤʧʣʠʪʫʜʘ ʧʦʣʷ ʩʪʘʥʦʚʠʪʩʷ ʧʨʝʥʝʙʨʝʞʠʤʦ ʤʘʣʦʡ, ʘʥʘʣʠʟ ʚʳʨʘʞʝʥʠʡ, 
ʧʦʣʫʯʝʥʥʳʭ ʚ [7] ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʣʦʢʘʣʴʥʦʝ ʧʦʣʝ ʥʝ ʚʣʠʷʝʪ ʥʘ ʧʦʚʝʜʝʥʠʝ ʨʘʟʥʦʩʪʠ 
ʥʘʩʝʣʸʥʥʦʩʪʝʡ ʫʨʦʚʥʝʡ ʠ ʥʘ ʦʛʠʙʘʶʱʫʶ ʩʠʛʥʘʣʘ ʧʦʣʷʨʠʟʘʮʠʠ. ʇʦʵʪʦʤʫ, ʜʣʷ 
ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʚ ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʟʘʜʘʯ, ʵʬʬʝʢʪ ʣʦʢʘʣʴʥʦʛʦ ʧʦʣʷ ʤʦʞʥʦ ʥʝ 
ʫʯʠʪʳʚʘʪʴ. 

ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʢʦʨʦʪʢʠʝ ʠʤʧʫʣʴʩʳ ʜʦʣʞʥʳ ʦʙʣʘʜʘʪʴ ʜʦʩʪʘʪʦʯʥʦʡ 
ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʜʣʷ ʠʥʚʝʨʪʠʨʦʚʘʥʠʷ ʥʘʩʝʣʝʥʥʦʩʪʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʦʙʲʝʢʪʦʚ ʠ 
ʥʘʙʣʶʜʝʥʠʷ ʵʬʬʝʢʪʘ ʩʚʝʨʭʠʟʣʫʯʝʥʠʷ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʯʘʩʪʦʪʘ ʈʘʙʠ ʤʦʞʝʪ 
ʩʪʘʪʴ ʩʨʘʚʥʠʤʦʡ ʩ ʯʘʩʪʦʪʦʡ ʨʝʟʦʥʘʥʩʥʦʛʦ ʧʝʨʝʭʦʜʘ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʪʨʝʙʫʝʪʩʷ ʫʯʝʪ 
ʵʬʬʝʢʪʘ ɹʣʦʭʘ-ɿʠʛʝʨʪʘ, ʚʳʟʳʚʘʶʱʝʛʦ ʩʜʚʠʛ ʨʝʟʦʥʘʥʩʥʦʡ ʯʘʩʪʦʪʳ ʚ ʚʦʟʙʫʞʜʘʝʤʦʡ 
ʩʠʩʪʝʤʝ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʤʳ ʘʥʘʣʠʟʠʨʫʝʤ ʚʣʠʷʥʠʝ ʵʪʦʛʦ ʵʬʬʝʢʪʘ ʥʘ ʩʠʛʥʘʣ 
ʩʚʝʨʭʠʟʣʫʯʝʥʠʷ, ʛʝʥʝʨʠʨʫʝʤʳʡ ʪʦʥʢʠʤ ʩʣʦʝʤ ʧʣʦʪʥʦʡ ʜʚʫʭʫʨʦʚʥʝʚʦʡ ʩʨʝʜʳ ʚ 
ʨʝʟʫʣʴʪʘʪʝ ʨʝʟʦʥʘʥʩʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʥʝʝ ʤʦʱʥʦʛʦ ʢʦʨʦʪʢʦʛʦ ʠʤʧʫʣʴʩʘ ʚ ʬʦʨʤʝ 
ʛʠʧʝʨʙʦʣʠʯʝʩʢʦʛʦ ʩʝʢʘʥʩʘ, ʜʣʠʪʝʣʴʥʦʩʪʴ ʢʦʪʦʨʦʛʦ ʤʥʦʛʦ ʤʝʥʴʰʝ ʚʨʝʤʝʥ ʬʘʟʦʚʦʡ ʠ 
ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʨʝʣʘʢʩʘʮʠʡ. 

ɼʣʷ ʠʟʫʯʝʥʠʷ ʚʣʠʷʥʠʷ ʩʜʚʠʛʘ ɹʣʦʭʘ-ɿʠʛʝʨʪʘ ʥʘ ʵʬʬʝʢʪ ʩʚʝʨʭʠʟʣʫʯʝʥʠʷ ʤʳ 
ʙʫʜʝʤ ʩʣʝʜʦʚʘʪʴ ʤʝʪʦʜʠʢʝ, ʦʧʠʩʘʥʥʦʡ ʚ ʨʘʙʦʪʝ [6] ʩ ʪʝʤ ʦʪʣʠʯʠʝʤ, ʯʪʦ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 
ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʦʧʪʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ ɹʣʦʭʘ ʥʝ ʙʫʜʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʠʙʣʠʞʝʥʠʝ 
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ʚʨʘʱʘʶʱʝʡʩʷ ʚʦʣʥʳ. ʊʦʛʜʘ, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʝ ʫʨʘʚʥʝʥʠʷ ʩ ʫʯʝʪʦʤ ʩʜʚʠʛʘ ɹʣʦʭʘ ï 
ɿʠʛʝʨʪʘ ʙʫʜʫʪ ʠʤʝʪʴ ʚʠʜ: 

 

 
2 * 2

0( ) (1 ) ( )i t i t

RR i R inE e n R R ew ww w g- -=- - - + - - , (1) 

 
* 2 2 2 *2 2 2 2( / 2) ( (1 ) (1 )) (| | (1/ 2)( ))i t i t i t i t

Rn i E R e R e R R e R ew w w wg- -= + - + + - + , (2) 

 
ʛʜʝ R  - ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʘʷ ʧʦʣʷʨʠʟʘʮʠʷ, n  - ʨʘʟʥʦʩʪʴ ʥʘʩʝʣʝʥʥʦʩʪʝʡ ʫʨʦʚʥʝʡ, 

E  - ʯʘʩʪʦʪʘ ʈʘʙʠ, 0w  - ʮʝʥʪʨʘʣʴʥʘʷ ʯʘʩʪʦʪʘ ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʦʛʦ ʧʝʨʝʭʦʜʘ, w - 

ʥʝʩʫʱʘʷ ʯʘʩʪʦʪʘ ʠʤʧʫʣʴʩʘ, 

22
R

Nd l

c

pw
g

D
=  ï ʩʢʦʨʦʩʪʴ ʩʚʝʨʭʠʟʣʫʯʝʥʠʷ, N  ï 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʘʢʪʠʚʥʳʭ ʮʝʥʪʨʦʚ, d  ï ʜʠʧʦʣʴʥʳʡ ʤʦʤʝʥʪ ʧʝʨʝʭʦʜʘ, lD  - ʪʦʣʱʠʥʘ 

ʩʨʝʜʳ, c  - ʩʢʦʨʦʩʪʴ ʩʚʝʪʘ, t - ʚʨʝʤʷ. 

ʋʨʘʚʥʝʥʠʷ (1,2) ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʧʦʣʫʯʝʥʥʳʭ ʚ ʨʘʙʦʪʝ [6] ʩʣʘʛʘʝʤʳʤʠ, 
ʩʦʜʝʨʞʘʱʠʤʠ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʳʝ ʬʫʥʢʮʠʠ, ʢʦʪʦʨʳʝ ʫʯʠʪʳʚʘʶʪ ʵʬʬʝʢʪ ɹʣʦʭʘ-ɿʠʛʝʨʪʘ. 

ʇʝʨʝʢʨʝʩʪʥʳʝ ʯʣʝʥʳ, ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳʝ ʢʘʢ Rg, ʪʘʢ ʠ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʳʤ ʬʫʥʢʮʠʷʤ, 

ʚʳʟʚʘʥʳ ʦʜʥʦʚʨʝʤʝʥʥʦ ʜʚʫʤʷ ʷʚʣʝʥʠʷʤʠ: ʩʚʝʨʭʠʟʣʫʯʝʥʠʝʤ ʠ ʩʜʚʠʛʦʤ ɹʣʦʭʘïɿʠʛʝʨʪʘ.  
ʈʝʟʫʣʴʪʘʪʳ ʥʘʰʠʭ ʯʠʩʣʝʥʥʳʭ ʨʘʩʯʝʪʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 1.   ʆʥʠ 

ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʩʠʛʥʘʣ ʩʚʝʨʭʠʟʣʫʯʝʥʠʷ, ʚʳʯʠʩʣʝʥʥʳʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʫʨʘʚʥʝʥʠʡ 
(1,2), ʣʫʯʰʝ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʯʠʩʣʝʥʥʳʤ ʨʝʰʝʥʠʝʤ ʫʨʘʚʥʝʥʠʡ ʄʘʢʩʚʝʣʣʘ-ɹʣʦʭʘ, ʯʝʤ 
ʨʝʰʝʥʠʷ ʠʟ [6], ʥʝ ʫʯʠʪʳʚʘʶʱʠʝ ʵʬʬʝʢʪ ɹʣʦʭʘ - ɿʠʛʝʨʪʘ. 

ɼʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʘʥʘʣʠʟʘ ʨʝʰʠʤ ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ (1,2), ʧʦʩʣʝ ʜʝʡʩʪʚʠʷ ʥʘ 
ʜʚʫʭʫʨʦʚʥʝʚʫʶ ʩʠʩʪʝʤʫ ʧʨʷʤʦʫʛʦʣʴʥʦʛʦ ʠʤʧʫʣʴʩʘ. ʇʦʩʢʦʣʴʢʫ ʧʝʨʝʢʨʝʩʪʥʳʝ ʯʣʝʥʳ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳ ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ Rg, ʛʜʝ R Eg<<, ʘ ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ 

ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʡ ʬʫʥʢʮʠʠ, ʪʦ ʤʦʞʥʦ ʧʨʝʥʝʙʨʝʯʴ ʵʪʠʤʠ ʯʣʝʥʘʤʠ, ʧʦʩʢʦʣʴʢʫ ʦʥʠ 
ʚʥʦʩʷʪ ʥʝʟʥʘʯʠʪʝʣʴʥʳʡ ʚʢʣʘʜ ʚ ʫʨʘʚʥʝʥʠʷ. ʊʦʛʜʘ, ʚʨʝʤʝʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʨʘʟʥʦʩʪʠ 

ʥʘʩʝʣʝʥʥʦʩʪʝʡ ʧʦʩʣʝ ʜʝʡʩʪʚʠʷ ʧʨʷʤʦʫʛʦʣʴʥʦʛʦ ʠʤʧʫʣʴʩʘ ʜʣʠʪʝʣʴʥʦʩʪʴʶ 
pt  ʙʫʜʝʪ 

ʩʣʝʜʫʶʱʘʷ:  
 

 

tanh( ) ( )
( )

( ) tanh( ) 1

R p
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t n
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t g
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=
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ʀʟ (3) ʩʣʝʜʫʝʪ, ʯʪʦ ʥʘ ʠʥʪʝʨʚʘʣʝ ʩʚʦʙʦʜʥʦʡ ʵʚʦʣʶʮʠʠ ʵʬʬʝʢʪ ɹʣʦʭʘ-ɿʠʛʝʨʪʘ 

ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ʥʘ ʧʦʚʝʜʝʥʠʝ ʨʘʟʥʦʩʪʠ ʥʘʩʝʣʝʥʥʦʩʪʝʡ ʪʦʣʴʢʦ ʯʝʨʝʟ ʝʸ ʟʥʘʯʝʥʠʝ ʚ 
ʢʦʥʮʝ ʜʝʡʩʪʚʠʷ ʠʤʧʫʣʴʩʘ. ʋʯʠʪʳʚʘʷ, ʯʪʦ ʤʘʢʩʠʤʫʤ ʩʚʝʨʭʠʟʣʫʯʝʥʠʷ ʥʘʙʣʶʜʘʝʪʩʷ, 
ʢʦʛʜʘ ʨʘʟʥʦʩʪʴ ʥʘʩʝʣʝʥʥʦʩʪʝʡ ʫʨʦʚʥʝʡ ʩʠʩʪʝʤʳ ʨʘʚʥʘ ʥʫʣʶ (ʨʠʩʫʥʦʢ 1), ʧʦʣʫʯʠʤ 
ʤʦʤʝʥʪ ʬʦʨʤʠʨʦʚʘʥʠʷ ʵʪʦʛʦ ʩʠʛʥʘʣʘ: 

 

 
arctanh( ( )) /m p Rt nt g=- . (4) 

 
ʀʟ ʬʦʨʤʫʣʳ (4) ʚʠʜʥʦ, ʯʪʦ ʵʬʬʝʢʪ ɹʣʦʭʘ-ɿʠʛʝʨʪʘ, ʚʳʟʳʚʘʷ ʥʝʟʥʘʯʠʪʝʣʴʥʳʝ 

ʠʟʤʝʥʝʥʠʷ ( )pnt , ʧʨʠʚʦʜʠʪ ʢ ʩʫʱʝʩʪʚʝʥʥʳʤ ʠʟʤʝʥʝʥʠʷʤ ʤʦʤʝʥʪʘ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʩʠʛʥʘʣʘ ʩʚʝʨʭʠʟʣʫʯʝʥʠʷ, ʦʩʦʙʝʥʥʦ ʢʦʛʜʘ ʩʠʩʪʝʤʘ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʚʦʟʙʫʞʜʘʶʱʝʛʦ 
ʠʤʧʫʣʴʩʘ ʧʝʨʝʭʦʜʠʪ ʚ ʩʦʩʪʦʷʥʠʝ ʙʣʠʟʢʦʝ ʢ ʠʥʚʝʨʩʥʦʤʫ (ʨʠʩʫʥʦʢ 1). ɹʦʣʝʝ ʪʦʛʦ, 
ʧʦʣʦʞʝʥʠʝ ʤʘʢʩʠʤʫʤʘ ʩʚʝʨʭʠʟʣʫʯʝʥʠʷ ʙʫʜʝʪ ʟʘʚʠʩʝʪʴ ʦʪ ʘʤʧʣʠʪʫʜʳ ʧʦʣʷ, ʧʦʩʢʦʣʴʢʫ 
ʩʜʚʠʛ ɹʣʦʭʘ-ɿʠʛʝʨʪʘ ʧʨʦʧʦʨʮʠʦʥʘʣʝʥ ʢʚʘʜʨʘʪʫ ʵʪʦʡ ʚʝʣʠʯʠʥʳ. 
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ʈʠʩʫʥʦʢ 1  ʄʠʢʨʦʩʢʦʧʠʯʝʩʢʘʷ ʧʦʣʷʨʠʟʘʮʠʷ (a) ʠ ʥʘʩʝʣʝʥʥʦʩʪʴ (b) ʨʘʩʩʯʠʪʘʥʥʳʝ ʥʘ ʦʩʥʦʚʝ 

ʩʦʚʤʝʩʪʥʦʛʦ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʡ ʄʘʢʩʚʝʣʣʘ-ɹʣʦʭʘ (ʯʝʨʥʘʷ ʣʠʥʠʷ), ʘ ʪʘʢʞʝ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ 
ʫʨʘʚʥʝʥʠʡ ɹʣʦʭʘ ʩ ʫʯʝʪʦʤ ʵʬʬʝʢʪʘ ɹʣʦʭʘ-ɿʠʛʝʨʪʘ (ʢʨʘʩʥʘʷ ʧʫʥʢʪʠʨʥʘʷ ʣʠʥʠʷ) ʠ ʙʝʟ ʫʯʝʪʘ 

ʵʪʦʛʦ ʵʬʬʝʢʪʘ (ʩʠʥʷʷ ʣʠʥʠʷ): 2.7q p= , 760l= ʥʤ, 21lD = ʥʤ, 2.5pt=  ʬʩ, 
1910N=  

3cm- , 

36.7d= ɼ (ʛʜʝ q - ʧʣʦʱʘʜʴ ʠʤʧʫʣʴʩʘ) 

 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʫʯʝʥʳ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʝ ʫʨʘʚʥʝʥʠʷ ɹʣʦʭʘ, ʢʦʪʦʨʳʝ 

ʦʧʠʩʳʚʘʶʪ ʩʠʛʥʘʣ ʩʚʝʨʭʠʟʣʫʯʝʥʠʷ ʚ ʦʧʪʠʯʝʩʢʠ ʧʣʦʪʥʳʭ ʩʨʝʜʘʭ ʧʦʩʣʝ ʚʦʟʜʝʡʩʪʚʠʷ 
ʫʣʴʪʨʦʢʦʨʦʪʢʦʛʦ ʣʘʟʝʨʥʦʛʦ ʠʤʧʫʣʴʩʘ ʩ ʫʯʸʪʦʤ ʵʬʬʝʢʪʘ ɹʣʦʭʘ-ɿʠʛʝʨʪʘ. ʇʦʢʘʟʘʥʦ, ʯʪʦ 
ʩʠʛʥʘʣ ʩʚʝʨʭʠʟʣʫʯʝʥʠʷ, ʚʳʯʠʩʣʝʥʥʳʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʪʠʭ ʫʨʘʚʥʝʥʠʡ, ʭʦʨʦʰʦ 
ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʦʩʥʦʚʘʥʥʦʛʦ ʥʘ ʩʦʚʤʝʩʪʥʦʤ 
ʨʝʰʝʥʠʠ ʫʨʘʚʥʝʥʠʡ ʄʘʢʩʚʝʣʣʘ-ɹʣʦʭʘ. ʇʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ, ʯʪʦ ʚʦ ʚʨʝʤʷ ʜʝʡʩʪʚʠʷ 
ʠʤʧʫʣʴʩʘ  ʵʬʬʝʢʪ ɹʣʦʭʘ ï ɿʠʛʝʨʪʘ ʦʢʘʟʳʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʧʦʣʦʞʝʥʠʝ 
ʩʠʛʥʘʣʘ ʩʚʝʨʭʠʟʣʫʯʝʥʠʷ. 
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ʌʘʟʦʚʳʝ ʧʝʨʝʭʦʜʳ ʦʪʥʦʩʷʪʩʷ ʢ ʩʣʦʞʥʳʤ ʷʚʣʝʥʠʷʤ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ 

ʤʘʪʝʨʠʘʣʘʭ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʚʥʝʰʥʠʭ ʫʩʣʦʚʠʡ (ʪʝʤʧʝʨʘʪʫʨʘ, ʜʘʚʣʝʥʠʝ, 
ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʧʦʣʷ ʠ ʜʨ.). ʅʘʣʠʯʠʝ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ 
ʩʪʨʫʢʪʫʨʥʦ-ʬʘʟʦʚʳʭ ʩʦʩʪʦʷʥʠʡ ʠ ʢʘʢ ʩʣʝʜʩʪʚʠʝ ʠʟʤʝʥʝʥʠʶ ʤʝʭʘʥʠʯʝʩʢʠʭ ʠ ʬʠʟʠʯʝʩʢʠʭ 
ʩʚʦʡʩʪʚ. ʉʧʣʘʚʳ, ʠʤʝʶʱʠʝ ʪʝʥʜʝʥʮʠʶ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʫʧʦʨʷʜʦʯʠʚʘʶʱʠʭʩʷ ʬʘʟ ʚ 
ʨʝʟʫʣʴʪʘʪʝ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ (ʌʇ) ʧʦʨʷʜʦʢ ʙʝʩʧʦʨʷʜʦʢ (ʇ-ɹ) ʦʪʥʦʩʷʪʩʷ ʢ 
ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʤ ʤʘʪʝʨʠʘʣʘʤ. ʇʦʪʦʤʫ ʷʚʣʷʝʪʩʷ ʝʩʪʝʩʪʚʝʥʥʳʤ ʪʦ 
ʙʦʣʴʰʦʝ ʚʥʠʤʘʥʠʝ, ʢʦʪʦʨʦʝ ʫʜʝʣʝʥʦ ʚ ʣʠʪʝʨʘʪʫʨʝ ʠʩʩʣʝʜʦʚʘʥʠʷʤ ʧʨʦʮʝʩʩʘʤ 
ʨʘʟʨʫʰʝʥʠʷ ʘʪʦʤʥʦʛʦ ʜʘʣʴʥʝʛʦ ʧʦʨʷʜʢʘ ʧʨʠ ʪʝʨʤʠʯʝʩʢʠʭ ʠ ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ 
ʚʦʟʜʝʡʩʪʚʠʷʭ ʥʘ ʬʘʟʦʚʳʝ ʧʝʨʝʭʦʜʳ ʇ-ɹ ʚ ʫʧʦʨʷʜʦʯʠʚʘʶʱʠʭʩʷ ʩʧʣʘʚʘʭ [1,2,3]. ɺ 
ʦʩʥʦʚʥʦʤ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦʙ ʫʧʦʨʷʜʦʯʝʥʥʳʭ ʩʦʩʪʦʷʥʠʷʭ ʠ ʌʇ ʇ-ɹ ʩʚʷʟʘʥʳ ʩ 
ʪʝʤʧʝʨʘʪʫʨʥʳʤʠ ʚʦʟʜʝʡʩʪʚʠʷʤʠ. ʉ ʤʦʤʝʥʪʘ ʦʪʢʨʳʪʠʷ ʷʚʣʝʥʠʷ ʘʪʦʤʥʦʛʦ ʫʧʦʨʷʜʦʯʝʥʠʷ 
ʥʝʦʜʥʦʢʨʘʪʥʦ ʠʟʫʯʘʣʠ ʚʣʠʷʥʠʝ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ ʥʘ ʩʪʨʫʢʪʫʨʥʦ-ʬʘʟʦʚʳʝ 
ʩʦʩʪʦʷʥʠʷ ʚ ʫʧʦʨʷʜʦʯʝʥʥʳʭ ʩʧʣʘʚʘʭ [1]. ʕʪʦ ʚʦʟʜʝʡʩʪʚʠʝ ʥʦʩʠʪ ʤʥʦʛʦʬʘʢʪʦʨʥʳʡ 
ʭʘʨʘʢʪʝʨ. ɺʦ-ʧʝʨʚʳʭ, ʧʣʘʩʪʠʯʝʩʢʘʷ ʜʝʬʦʨʤʘʮʠʷ ʩʧʦʩʦʙʩʪʚʫʝʪ ʨʘʟʨʫʰʝʥʠʶ ʘʪʦʤʥʦʛʦ 
ʧʦʨʷʜʢʘ ʚ ʫʧʦʨʷʜʦʯʠʚʘʶʱʠʭʩʷ ʩʧʣʘʚʘʭ. ɺʦ-ʚʪʦʨʳʭ, ʧʨʦʮʝʩʩʳ, ʧʨʦʠʩʭʦʜʷʱʠʝ ʧʨʠ 
ʜʝʬʦʨʤʠʨʦʚʘʥʠʠ ʤʘʪʝʨʠʘʣʘ, ʩʧʦʩʦʙʩʪʚʫʶʪ ʧʦʷʚʣʝʥʠʶ ʜʝʬʝʢʪʦʚ ʨʘʟʥʦʛʦ ʪʠʧʘ ʠ 
ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʢ ʧʦʚʪʦʨʥʦʤʫ ʚʦʩʩʪʘʥʦʚʣʝʥʠʶʘʪʦʤʥʦʛʦ ʜʘʣʴʥʝʛʦ 
ʧʦʨʷʜʢʘ. ɺ ʪʨʝʪʴʠʭ, ʚʦʟʤʦʞʥʳ ʠʥʜʫʮʠʨʦʚʘʥʥʳʝ ʜʝʬʦʨʤʘʮʠʝʡ ʩʪʨʫʢʪʫʨʥʳʝ 

ʧʨʝʚʨʘʱʝʥʠʷ. ɺ ʵʪʦʤ ʘʩʧʝʢʪʝ ʫʥʠʢʘʣʴʥʳʤʠ ʷʚʣʷʶʪʩʷ ʩʧʣʘʚʳ ʩʠʩʪʝʤʳ Cu-Pd, ʚ 
ʢʦʪʦʨʳʭ ʧʨʠ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʭ ʩʦʩʪʘʚʘʭ Cu3Pd ʠ CuPd ʧʨʠ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ 
ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʦʷʚʣʝʥʠʝ ʦʜʥʦʚʨʝʤʝʥʥʦ ʚʩʝʭ ʪʨʝʭ ʚʳʰʝ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʬʘʢʪʦʨʦʚ 
[4,5].  ʅʝ ʩʤʦʪʨʷ ʥʘ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʜʝʬʦʨʤʘʮʠʠ ʥʘ 
ʨʘʟʨʫʰʝʥʠʝ ʘʪʦʤʥʦʛʦ ʜʘʣʴʥʝʛʦ ʧʦʨʷʜʢʘ ʚ ʫʧʦʨʷʜʦʯʠʚʘʶʱʠʭʩʷ ʩʧʣʘʚʦʚ ʦʩʪʘʝʪʩʷ ʤʥʦʛʦ 
ʥʝ ʷʩʥʳʭ ʤʦʤʝʥʪʦʚ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ 
ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʨʦʚʝʜʝʥʥʳʭ ʤʝʪʦʜʦʤ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʧʦ ʚʣʠʷʥʠʶ 
ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ ʥʘ ʜʘʣʴʥʠʡ ʘʪʦʤʥʳʡ ʧʦʨʷʜʦʢ ʚ ʫʧʦʨʷʜʦʯʠʚʘʶʱʠʭʩʷ 
ʩʧʣʘʚʘʭ Cu3Pd ʠ CuPd ʩʦ ʩʚʝʨʭʩʪʨʫʢʪʫʨʘʤʠ L12 ʠ ɺ2.  

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩʣʠʪʢʠ ʚ ʦʙʣʘʩʪʠ ʩʦʩʪʘʚʦʚCu3Pd ʠ Cu60Pd40 
ʠʥʜʫʢʮʠʦʥʥʳʤ ʩʧʣʘʚʣʝʥʠʝʤ ʚ ʘʪʤʦʩʬʝʨʝ ʘʨʛʦʥʘ. ɿʘʪʝʤ ʠʟ ʩʣʠʪʢʦʚ ʙʳʣʠ ʚʳʨʝʟʘʥʳ 
ʧʣʘʩʪʠʥʢʠ, ʚ ʢʦʪʦʨʳʭ ʧʨʠ ʧʦʤʦʱʠ ʩʪʫʧʝʥʯʘʪʳʭ ʦʪʞʠʛʦʚ ʚ ʪʝʯʝʥʠʠ ʜʣʠʪʝʣʴʥʳʭ 
ʧʨʦʤʝʞʫʪʢʦʚ ʚʨʝʤʝʥʠ ʧʨʠ ʧʦʩʪʝʧʝʥʥʦ ʧʦʥʠʞʘʶʱʠʭʩʷ ʪʝʤʧʝʨʘʪʫʨʘʭ ʩ ʰʘʛʦʤ 10 Áʉ ʚ 
ʠʥʪʝʨʚʘʣʝ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʂʫʨʥʘʢʦʚʘ ʜʦ 100 Áʉ ʚ ʩʧʣʘʚʘʭ ʙʳʣʠ ʧʦʣʫʯʝʥʳ 
ʫʧʦʨʷʜʦʯʝʥʥʳʝ ʬʘʟʳ. ɼʝʬʦʨʤʘʮʠʶ ʦʙʨʘʟʮʦʚ ʧʨʦʚʦʜʠʣʠ ʭʦʣʦʜʥʦʡ ʧʨʦʢʘʪʢʦʡ ʜʦ 
ʨʘʟʥʳʭ ʩʪʝʧʝʥʷʭ ʜʝʬʦʨʤʘʮʠʡ. ʈʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʝ ʩʲʝʤʢʠ ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ʥʘ ʜʠʬʨʘʢʪʦʤʝʪʨʘʭ ɼʈʆH-1.5 ʠ ɼʈʆʅ-3 ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ FeKa, CuKa 

ʠʟʣʫʯʝʥʠʷʭ. ʇʘʨʘʤʝʪʨ ʜʘʣʴʥʝʛʦ ʧʦʨʷʜʢʘ ʚ ʩʧʣʘʚʘʭ h ʦʧʨʝʜʝʣʷʣʠ ʧʦ ʦʪʥʦʰʝʥʠʶ 
ʠʥʪʝʛʨʘʣʴʥʳʭ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʩʚʝʨʭʩʪʨʫʢʪʫʨʥʳʭ ʣʠʧʥʠ Iccʢ ʠʥʪʝʥʩʠʚʥʦʩʪʷʤ ʦʩʥʦʚʥʳʭ 
ʣʠʥʠʡ Iʦʩʥ ʩ ʫʯʝʪʦʤ ʩʪʨʫʢʪʫʨʥʳʭ ʬʘʢʪʦʨʦʚ F, ʬʘʢʪʦʨʘ ʧʦʚʪʦʨʷʝʤʦʩʪʠ P, ʫʛʣʦʚʦʛʦ 
ʤʥʦʞʠʪʝʣʷ ʌ [6]. ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʵʬʬʝʢʪʠʚʥʳʡ ʧʘʨʘʤʝʪʨ 

ʜʘʣʴʥʝʛʦ ʧʦʨʷʜʢʘ h* ʚ ʫʧʦʨʷʜʦʯʝʥʥʦʡ ʬʘʟʝ ɺ2  ʚ ʩʧʣʘʚʝ Cu60Pd40: ʙʣʠʟʦʢ ʢ 1 

(h*=0.97°0.05). ɺ ʩʧʣʘʚʝ Cu3Pd ʩʦ ʩʚʝʨʭʩʪʨʫʢʪʫʨʦʡ L12(ʄ) ʚ ʨʝʟʫʣʴʪʘʪʝ ʪʝʨʤʠʯʝʩʢʦʡ 

ʦʙʨʘʙʦʪʢʠ ʙʳʣʦ ʜʦʩʪʠʛʥʫʪʦ ʟʥʘʯʝʥʠʝ ʧʘʨʘʤʝʪʨʘ ʧʦʨʷʜʢʘ h*=0.94°0.05.  
ɺ ʩʧʣʘʚʘʭ ʩʠʩʪʝʤʳ Cu-Pd ʚ ʦʙʣʘʩʪʠ 40 ʘʪ.% Pd ʌʇ ʇ-ɹ ʧʨʦʮʝʩʩ 

ʨʘʟʫʧʦʨʷʜʦʯʝʥʠʷ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʩʪʨʫʢʪʫʨʥʳʤ ʧʨʝʚʨʘʱʝʥʠʝʤ ɺ2­ɸ1 ʚ 
ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʦʙʣʘʩʪʠ 600 Áʉ [4,5]. ʊʦʛʜʘ ʢʘʢ ʚ ʩʧʣʘʚʘʭ Cu3Pd ʧʨʦʮʝʩʩ 
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ʨʘʟʫʧʦʨʷʜʦʯʝʥʠʷ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʌʇ ʇ-ɹ (L12(ʄ)­A1) ʚ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʦʙʣʘʩʪʠ 
460 Áʉ [4].  

 

ʈʠʩʫʥʦʢ 1  ɿʘʚʠʩʠʤʦʩʪʴ ʟʥʘʯʝʥʠʡ ʵʬʬʝʢʪʠʚʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ʜʘʣʴʥʝʛʦ ʧʦʨʷʜʢʘ h* (ʘ) ʠ 

ʦʙʲʝʤʥʦʡ ʜʦʣʠ ʨʘʟʫʧʦʨʷʜʦʯʝʥʥʦʡ ʬʘʟʳ VA1 (ʙ) ʦʪ ʩʪʝʧʝʥʠ ʜʝʬʦʨʤʘʮʠʠ e ʚ ʩʧʣʘʚʘʭ  ʩʠʩʪʝʤʳ 
Cu-Pd: 1 ï Cu3Pd; 2 ï Cu60Pd40 

 

ʈʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʩʧʣʘʚʝ Cu3Pd ʧʨʠ 
ʜʝʬʦʨʤʘʮʠʠ ʫʤʝʥʴʰʘʝʪʩʷ ʩʦʩʪʦʷʥʠʝ ʫʧʦʨʷʜʦʯʝʥʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ. ʕʬʬʝʢʪʠʚʥʳʡ 

ʧʘʨʘʤʝʪʨ ʜʘʣʴʥʝʛʦ ʧʦʨʷʜʢʘ h* (ʨʠʩ. 1 ʘ, ʢʨʠʚʘʷ 1). ʅʘʠʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦ ʨʘʟʨʫʰʝʥʠʝ 
ʘʪʦʤʥʦʛʦ ʜʘʣʴʥʝʛʦ ʧʦʨʷʜʢʘ ʚ ʫʧʦʨʷʜʦʯʝʥʥʦʡ ʬʘʟʝ L12(ʄ) ʧʨʦʠʩʭʦʜʠʪ ʚ ʦʙʣʘʩʪʠ 

ʜʝʬʦʨʤʘʮʠʡ ʜʦ e=0.22, ʯʪʦ ʥʘʭʦʜʠʪ ʦʪʨʘʞʝʥʠʝ ʚ ʠʥʪʝʥʩʠʚʥʦʤ ʧʘʜʝʥʠʠ ʧʘʨʘʤʝʪʨʘ h*. 
ʊʘʢʞʝ ʚ ʪʦʤ ʠʥʪʝʨʚʘʣʝ ʟʥʘʯʝʥʠʡ ʜʝʬʦʨʤʘʮʠʡ ʠʥʪʝʥʩʠʚʥʦ ʨʘʩʪʝʪ ʦʙʲʝʤʥʘʷ ʜʦʣʷ 
ʨʘʟʫʧʦʨʷʜʦʯʝʥʥʦʡ ʬʘʟʳ (ʨʠʩ. 1 ʙ, ʢʨʠʚʘʷ 1).   

ʅʘ ʦʩʥʦʚʝ ʧʨʠʚʝʜʝʥʥʳʭ ʜʘʥʥʳʭ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʤʦʞʥʦ ʩʜʝʣʘʪʴ 
ʚʳʚʦʜ, ʯʪʦ ʧʨʦʮʝʩʩ ʜʝʬʦʨʤʘʮʠʦʥʥʦʛʦ ʨʘʟʫʧʦʨʷʜʦʯʝʥʠʷ ʩʧʣʘʚʘ ʧʨʦʠʩʭʦʜʠʪ 

ʛʝʪʝʨʦʬʘʟʥʦ ʧʦ ʩʭʝʤʝ: L12(M) ­ L12(M) + A1­ɸ1. ɺ ʩʧʣʘʚʝ Cu3Pd ʩ ʚʳʩʦʢʠʤ 

ʟʥʘʯʝʥʠʝʤ h* ʧʣʘʩʪʠʯʝʩʢʘʷ ʜʝʬʦʨʤʘʮʠʷ ʧʨʦʢʘʪʢʦʡ ʧʨʠʚʦʜʠʪ ʢ ʧʦʷʚʣʝʥʠʶ ʣʦʢʘʣʴʥʳʭ 
ʦʙʣʘʩʪʝʡ ʨʘʟʫʧʦʨʷʜʦʯʝʥʥʦʡ ʬʘʟʳ ʩʦ ʩʪʨʫʢʪʫʨʦʡ ɸ1. ʆʙʲʝʤʥʘʷ ʜʦʣʷ 

ʨʘʟʫʧʦʨʷʜʦʯʝʥʥʦʡ ʬʘʟʳ ʥʘʠʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦ ʨʘʩʪʘʝʪ ʜʦ ʜʝʬʦʨʤʘʮʠʠ e=0.22. ʇʨʠ 
ʵʪʦʤ, ʥʘʤʠ ʪʘʢʞʝ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʨʦʠʩʭʦʜʠʪ ʠʥʪʝʥʩʠʚʥʦʝ 
ʠʟʤʝʣʴʯʝʥʠʝ ʪʝʨʤʠʯʝʩʢʠʭ ʘʥʪʠʬʘʟʥʳʭ ʜʦʤʝʥʦʚ (ʊɸʌɼ), ʦʙʣʘʩʪʝʡ ʢʦʛʝʨʝʥʪʥʦʛʦ 

ʨʘʩʩʝʷʥʠʷ (ʆʂʈ) ʠ ʥʘʙʣʶʜʘʝʪʩʷ ʨʦʩʪ ʤʠʢʨʦʠʩʢʘʞʝʥʠʡ (Dd/d). ɿʘʪʝʤ ʠʥʪʝʥʩʠʚʥʦʩʪʴ 
ʨʦʩʪʘ ʦʙʲʝʤʥʦʡ ʜʦʣʠ ʬʘʟʳ VA1 ʟʘʤʝʜʣʷʝʪʩʷ ʠ ʜʦʤʝʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʩʪʘʥʦʚʠʪʩʷ ʙʦʣʝʝ 
ʦʜʥʦʨʦʜʥʦʡ, ʤʠʢʨʦʠʩʢʘʞʝʥʠʷ ʫʤʝʥʴʰʘʶʪʩʷ. ɺʝʩʴ ʦʙʨʘʟʝʮ ʧʨʘʢʪʠʯʝʩʢʠ ʨʘʟʫʧʦʨʷʜʦʯʝʥ 

ʧʦʩʣʝ ʜʝʬʦʨʤʘʮʠʠ ʙʦʣʝʝ e=0.64, ʯʪʦ ʥʘʭʦʜʠʪ ʧʦʜʪʚʝʨʞʜʝʥʠʝ ʥʘ ʟʘʚʠʩʠʤʦʩʪʠ Dd/d ʦʪ e. 

ʂʘʢ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ ʧʨʠ ʙʦʣʴʰʠʭ ʩʪʝʧʝʥʷʭ ʜʝʬʦʨʤʘʮʠʠ ʟʥʘʯʝʥʠʷ Dd/d ʚ ʠʩʭʦʜʥʦ 

ʫʧʦʨʷʜʦʯʝʥʥʦʤ ʩʧʣʘʚʝ ʩʪʘʥʦʚʷʪʩʷ ʙʣʠʟʢʠ ʟʥʘʯʝʥʠʷʤ Dd/d ʚ ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʤ 
ʥʝʫʧʦʨʷʜʦʯʝʥʥʦʤ ʩʧʣʘʚʝ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʨʦʜʝʣʘʥʥʦʡ ʨʘʙʦʪʳ ʩʣʝʜʫʝʪ, ʯʪʦ ʧʣʘʩʪʠʯʝʩʢʘʷ ʜʝʬʦʨʤʘʮʠʷ 
ʚʳʟʳʚʘʝʪ ʬʘʟʦʚʳʡ ʧʝʨʝʭʦʜ ʜʘʣʴʥʠʡ ʧʦʨʷʜʦʢ ï ʙʣʠʞʥʠʡ ʧʦʨʷʜʦʢ, ʢʦʪʦʨʳʡ ʧʨʦʠʩʭʦʜʠʪ 
ʧʦ ʛʝʪʝʨʦʛʝʥʥʦʤʫ ʤʝʭʘʥʠʟʤʫ. ʅʘʨʷʜʫ ʩ ʭʦʨʦʰʦ ʫʧʦʨʷʜʦʯʝʥʥʦʡ ʬʘʟʦʡ ʧʦʷʚʣʷʶʪʩʷ 
ʦʙʣʘʩʪʠ ʨʘʟʫʧʦʨʷʜʦʯʝʥʥʦʡ ʬʘʟʳ, ʢʦʣʠʯʝʩʪʚʦ ʠʭ ʚʦʟʨʘʩʪʘʝʪ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʩʪʝʧʝʥʠ 
ʜʝʬʦʨʤʘʮʠʠ. ʇʣʘʩʪʠʯʝʩʢʘʷ ʜʝʬʦʨʤʘʮʠʷ ʫʤʝʥʴʰʘʝʪ ʵʬʬʝʢʪʠʚʥʳʡ ʜʘʣʴʥʠʡ ʧʦʨʷʜʦʢ ʚ 
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ʩʧʣʘʚʝ  h* ʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʫʧʦʨʷʜʦʯʝʥʥʦʡ ʬʘʟʝ ʧʘʨʘʤʝʪʨ ʜʘʣʴʥʝʛʦ ʧʦʨʷʜʢʘ h. 
ʂʘʢ ʧʦʢʘʟʘʥʦ ʚ [7] ʧʨʦʮʝʩʩ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʩʧʣʘʚʘ Cu3Pd ʪʘʢʞʝ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ 
ʛʝʥʝʨʘʮʠʝʡ ʘʥʪʠʬʘʟʥʳʭ ʛʨʘʥʠʮ ʠ ʥʝʦʜʥʦʨʦʜʥʳʤ ʠʟʤʝʥʝʥʠʝʤ ʩʪʨʫʢʪʫʨʳ ʘʥʪʠʬʘʟʥʳʭ 
ʜʦʤʝʥʦʚ  

ʈʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʩʧʣʘʚʝ Cu60Pd40 

ʧʣʘʩʪʠʯʝʩʢʘʷ ʜʝʬʦʨʤʘʮʠʷ ʧʨʦʢʘʪʢʦʡ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩʦ ʩʪʨʫʢʪʫʨʥʳʤ ʧʝʨʝʭʦʜʦʤ ɺ2­ɸ1 

(ʫʧʦʨʷʜʦʯʝʥʥʘʷ ʆʎʂ ­ ʨʘʟʫʧʦʨʷʜʦʯʝʥʥʘʷ ɻʎʂ) ʚʳʟʳʚʘʝʪ ʧʦʥʠʞʝʥʠʝ ʧʘʨʘʤʝʪʨʘ 
ʜʘʣʴʥʝʛʦ ʧʦʨʷʜʢʘ (ʨʠʩ. 1 ʘ, ʢʨʠʚʘʷ 2) ʠ ʨʦʩʪ ʦʙʲʝʤʥʦʡ ʜʦʣʠ ʨʘʟʫʧʦʨʷʜʦʯʝʥʥʦʡ ʬʘʟʳ 
VA1. ʇʨʠ ʥʝʙʦʣʴʰʠʭ ʩʪʝʧʝʥʷʭ ʜʝʬʦʨʤʘʮʠʠ ʜʦ 0.1 ʧʘʨʘʤʝʪʨ ʧʦʨʷʜʢʘ ʫʤʝʥʴʰʘʝʪʩʷ 
ʥʝʟʥʘʯʠʪʝʣʴʥʦ. ɼʘʣʴʥʝʡʰʘʷ ʜʝʬʦʨʤʘʮʠʷ ʧʨʠʚʦʜʠʪ ʢ ʙʳʩʪʨʦʤʫ ʠ ʤʦʥʦʪʦʥʥʦʤʫ 

ʫʤʝʥʴʰʝʥʠʶ ʧʘʨʘʤʝʪʨʘ ʧʦʨʷʜʢʘ h* ʚ  ʩʚʝʨʭʩʪʨʫʢʪʫʨʝ ɺ2 (ʨʠʩ. 1 ʘ, ʢʨʠʚʘʷ 2) ʠ 
ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʠʥʪʝʥʩʠʚʥʳʤ ʨʦʩʪʦʤ ʦʙʲʝʤʥʦʡ ʜʦʣʠ ʨʘʟʫʧʦʨʷʜʦʯʝʥʥʦʡ ʬʘʟʳ ɸ1 (ʨʠʩ. 

1 ʙ, ʢʨʠʚʘʷ 2). ʄʦʞʥʦ ʢʦʥʩʪʘʪʠʨʦʚʘʪʴ, ʯʪʦ ʚ ʩʧʣʘʚʝ Cu60Pd40 ʩ ʚʳʩʦʢʠʤ ʟʥʘʯʝʥʠʝʤ h* ʚ 
ʫʧʦʨʷʜʦʯʝʥʥʦʡ ʬʘʟʝ ʩʦ ʩʚʝʨʭʩʪʨʫʢʪʫʨʦʡ ɺ2 ʥʘ ʦʩʥʦʚʝ ʆʎʂ ʨʝʰʝʪʢʠ ʠʥʪʝʥʩʠʚʥʦʝ 
ʜʝʬʦʨʤʘʮʠʦʥʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʧʨʦʢʘʪʢʦʡ ʧʨʠʚʦʜʠʪ ʦʜʥʦʚʨʝʤʝʥʥʦ ʢ ʜʚʫʤ ʧʨʦʮʝʩʩʘʤ: 
ʨʘʟʨʫʰʝʥʠʶ ʘʪʦʤʥʦʛʦ ʜʘʣʴʥʝʛʦ ʧʦʨʷʜʢʘ ʚ ʫʧʦʨʷʜʦʯʝʥʥʦʡ ʬʘʟʝ ɺ2 ʠ ʢ ʩʪʨʫʢʪʫʨʥʦʤʫ 

ʧʝʨʝʭʦʜʫ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʨʘʟʫʧʦʨʷʜʦʯʝʥʥʦʡ ʬʘʟʳ ɸ1 ʥʘ ʦʩʥʦʚʝ ɻʎʂ ʧʦ ʩʭʝʤʝ: ɺ2 ­ 

ɺ2 + A1­ɸ1.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʟʥʳʡ ʭʘʨʘʢʪʝʨ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ h*=f(e) ʠ 

Vɸ1=f(e) ʚ ʫʧʦʨʷʜʦʯʠʚʘʶʱʠʭʩʷ ʩʧʣʘʚʦʚ Cu3Pd ʠ Cu60Pd40 ʭʦʨʦʰʦ ʦʪʨʘʞʘʝʪ ʨʘʟʥʫʶ 
ʧʨʠʨʦʜʫ ʤʝʭʘʥʠʟʤʦʚ ʨʘʟʨʫʰʝʥʠʷ ʘʪʦʤʥʦʛʦ ʜʘʣʴʥʝʛʦ ʧʦʨʷʜʢʘ ʚ ʩʚʝʨʭʩʪʨʫʢʪʫʨʘʭ L12(ʄ) 
ʠ ɺ2 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

 
ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ ʄʠʥʠʩʪʝʨʩʪʚʘ 

ʥʘʫʢʠ ʠ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ (ʪʝʤʘ ˉ FEMN-2023-0003). 
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ʉʧʣʘʚ Ni-Mn-Ga ʷʚʣʷʝʪʩʷ ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʤ ʩʪʨʫʢʪʫʨʳ ɻʝʡʩʣʝʨʘ [1], ʦʙʣʘʜʘʝʪ 

ʤʘʛʥʠʪʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʢʘʢ ʠ ʙʦʣʴʰʠʥʩʪʚʦ ʜʨʫʛʠʭ ʩʪʨʫʢʪʫʨ ɻʝʡʩʣʝʨʘ, ʘ ʪʘʢʞʝ 
ʬʝʨʨʦʤʘʛʥʠʪʝʥ ʥʠʞʝ ʪʝʤʧʝʨʘʪʫʨʳ ʂʶʨʠ 379 ʂ [1, 2]. ɹʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ 
ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ ʩʦʩʨʝʜʦʪʦʯʝʥʘ ʚ ʘʪʦʤʝ Mn [3]. 

ʋʥʠʢʘʣʴʥʳʝ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʬʝʨʨʦʤʘʛʥʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ 
ʵʬʬʝʢʪʦʤ ʧʘʤʷʪʠ ʬʦʨʤʳ ʥʘʭʦʜʷʪ ʩʚʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ, 
ʤʠʢʨʦʤʝʭʘʥʠʢʝ, ʤʝʜʠʮʠʥʝ.ʉ ʵʪʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʩʧʣʘʚ ɻʝʡʩʣʝʨʘ Ni2MnGa ʷʚʣʷʝʪʩʷ 
ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʠ ʥʘ ʧʝʨʝʜʥʠʡ ʧʣʘʥ ʚʳʭʦʜʠʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 
ʨʘʟʨʘʙʦʪʢʠ ʤʝʪʦʜʦʚ ʠʥʞʝʥʝʨʥʳʭ ʨʘʩʯʝʪʦʚ ʧʨʠʤʝʥʠʤʳʭ ʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʪʝʭʥʠʯʝʩʢʠʭ 
ʩʠʩʪʝʤ ʥʘ ʝʛʦ ʦʩʥʦʚʝ. ɺʧʝʨʚʳʝ ʦʩʥʦʚʘ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʪʘʢʠʭ ʨʘʩʯʝʪʦʚ ʙʳʣʘ ʟʘʣʦʞʝʥʘ 
ʚ ʨʘʙʦʪʘʭ [4ï7]. 

ʎʝʣʴ ʨʘʙʦʪʳ ï ʚʳʧʦʣʥʠʪʴ ʧʦʩʪʘʥʦʚʢʫ ʩʪʘʪʠʯʝʩʢʦʡ ʟʘʜʘʯʠ ʜʣʷ ʧʦʜʚʝʨʛʥʫʪʦʛʦ 
ʧʦʣʠʩʠʥʪʝʪʠʯʝʩʢʦʤʫ ʜʚʦʡʥʠʢʦʚʘʥʠʶ ʬʝʨʨʦʤʘʛʥʠʪʥʦʛʦ ʧʨʠʟʤʘʪʠʯʝʩʢʦʛʦ ʢʨʠʩʪʘʣʣʘ ʩ 
ʧʘʤʷʪʴʶ ʬʦʨʤʳ, ʥʘʭʦʜʷʱʝʛʦʩʷ ʚ ʞʝʩʪʢʦʡ ʟʘʜʝʣʢʝ. 

ʅʘ ʨʠʩʫʥʢʝ ʧʨʝʜʩʪʘʚʣʝʥ ʤʝʭʘʥʠʯʝʩʢʠ ʥʘʛʨʫʞʝʥʥʳʡ ʬʝʨʨʦʤʘʛʥʠʪʥʳʡ 
ʧʨʠʟʤʘʪʠʯʝʩʢʠʡ ʤʦʥʦʢʨʠʩʪʘʣʣ (ʩʧʣʘʚ ɻʝʡʩʣʝʨʘ) ʩ ʧʘʤʷʪʴʶ ʬʦʨʤʳ, ʧʦʜʚʝʨʛʥʫʪʳʡ 
ʧʦʣʠʩʠʥʪʝʪʠʯʝʩʢʦʤʫ ʜʚʦʡʥʠʢʦʚʘʥʠʶ. 

ʅʘ ʧʨʠʟʤʘʪʠʯʝʩʢʠʡ ʤʦʥʦʢʨʠʩʪʘʣʣ ʥʘʭʦʜʠʪʩʷ ʚ ʞʝʩʪʢʦʡ ʟʘʜʝʣʢʝ, ʜʝʡʩʪʚʫʝʪ ʩʠʣʘ 

F
C

 ʥʘʧʨʘʚʣʝʥʥʦʡ ʧʦʜ ʫʛʣʦʤ g ʢ ʦʩʠ ʘʫʩʪʝʥʠʪʥʦʡ ʯʘʩʪʠ ʤʦʥʦʢʨʠʩʪʘʣʣʘ. ɼʝʡʩʪʚʠʝ 

ʜʘʥʥʦʡ ʩʠʣʳ ʚ ʩʪʘʪʠʯʝʩʢʦʤ ʩʣʫʯʘʝ ʫʨʘʚʥʦʚʝʰʠʚʘʝʪʩʷ ʥʘ ʪʦʨʮʝ ʦʙʨʘʟʮʘ ʚ ʤʝʩʪʝ 

ʞʝʩʪʢʦʡ ʟʘʜʝʣʢʠ ʩʠʣʦʡ 
AR
C
, ʘ ʪʘʢʞʝ ʤʦʤʝʥʪʘʤʠ ʩʠʣ 

AM
C

, ()nBM
C

, ()nCM
C

, ( )1+nBM
C

, ( )1+nCM
C

. 

ɺʜʦʣʴ ʛʨʘʥʠʮ ʨʘʟʜʝʣʘ ʪʠʧʘ ʘʫʩʪʝʥʠʪ n/ʤʘʨʪʝʥʩʠʪ n ʠ ʘʫʩʪʝʥʠʪ n+1/ʤʘʨʪʝʥʩʠʪ n 

ʜʝʡʩʪʚʫʶʪ ʩʠʣʳ ()nextF
C

 ʠ ( )1+nextF
C

, ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ. 

ʉʠʣʳ ()nBF
C

 ʠ ( )1+nBF
C

 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʤʦʞʥʦ ʨʘʟʣʦʞʠʪʴ ʥʘ ʩʦʩʪʘʚʣʷʶʱʠʝ: ()nBX¡
C

 ʠ 

()nBY¡
C

 ʠ ( )1+¡nBX
C

, ( )1+¡nBY
C

 

ʂ ʦʩʠ AX ʩʠʣʳ ()nBF
C

 ʠ ( )1+nBF
C

 ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʧʦʜ ʫʛʣʦʤ ◒, ʘ ʢ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ 

ʘʫʩʪʝʥʠʪ/ʤʘʨʪʝʥʩʠʪ ï ʧʦʜ ʫʛʣʦʤ ɓ. ʊʦʛʜʘ ʠʩʢʦʤʳʝ ʩʠʣʳ ()nBextF
C

 ʠ ( )1+nBextF
C

 ʩ ʩʠʣʘʤʠ ()nBF
C

 

ʠ ( )1+nBF
C

 ʩʚʷʟʘʥʳ ʩʦʦʪʥʦʰʝʥʠʷʤʠ: 

 

 () () J= cosnBnBext FF
C

, (1) 

 ( ) ( ) J= ++ cos11 nBnBext FF
C

. (2) 

 

ʉʠʣʳ ()nʉF
C

 ʠ ( )1+nʉF
C

 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʨʘʟʣʘʛʘʶʪʩʷ ʥʘ ʩʦʩʪʘʚʣʷʶʱʠʝ: ()nʉX¡
C

 ʠ ()nʉY¡
C

, ( )1+¡nʉX
C

 ʠ ( )1+¡nʉY
C

. 



ɸʢʪʫʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ ʧʨʦʯʥʦʩʪʠ 

 

135 

 

ʂ ʦʩʠ BX  ɦʩʠʣʳ ()nCF
C

 ʠ ( )1+nCF
C

 ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʧʦʜ ʫʛʣʦʤ ɤ, ʘ ʢ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ 

ʘʫʩʪʝʥʠʪ/ʤʘʨʪʝʥʩʠʪ ï ʧʦʜ ʫʛʣʦʤ ɤ. ʊʦʛʜʘ ʠʩʢʦʤʘʷ ʩʠʣʘ ( )1+nʉextF
C

 ʩ ʩʠʣʦʡ ()nʉF
C

 ʠ ( )1+nʉF
C

 

ʩʚʷʟʘʥʳ ʩʦʦʪʥʦʰʝʥʠʷʤʠ 
 

 () ()cosɤnʉnʉext FF =
C

. (3) 

 ( ) ( )cosɤ11 ++ = nʉnʉext FF
C

. (4) 

 

ɺ ʜʘʥʥʦʡ ʟʘʜʘʯʠ ʠʟʚʝʩʪʥʳ: ʫʛʣʳ Ŭ, ɓ, ɤ, ɗ, ◒ ʠ ɔ; ʩʠʣʘ F
C
; ʜʣʠʥʳ: ()nal , ()nml , ( )1+nal , 

( )1+nml . 

ʅʝʠʟʚʝʩʪʥʳʤʠ ʷʚʣʷʶʪʩʷ: ʩʠʣʳ 
AR
C

, ()nBF
C

, ()nCF
C

, ( )1+nBF
C

, ( )1+nCF
C

, ()nextF
C

, ( )1+nextF
C

 ʠ 

ʤʦʤʝʥʪʳ 
AM
C

, ()nBM
C

, ( )1+nBM
C

, ()nCM
C

, ( )1+nCM
C

. 

 

 
 
ʉʭʝʤʘʪʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʩʠʩʪʝʤʳ ʩʠʣ, ʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʧʦʜʚʝʨʛʥʫʪʳʡ ʧʦʣʠʩʠʥʪʝʪʠʯʝʩʢʦʤʫ 
ʜʚʦʡʥʠʢʦʚʘʥʠʶ ʬʝʨʨʦʤʘʛʥʠʪʥʳʡ ʢʨʠʩʪʘʣʣ ʩ ʧʘʤʷʪʴʶ ʬʦʨʤʳ ʥʘʭʦʜʷʱʠʡʩʷ ʚ ʞʝʩʪʢʦʡ ʟʘʜʝʣʢʝ 

 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʳʧʦʣʥʝʥʘ ʧʦʩʪʘʥʦʚʢʘ ʩʪʘʪʠʯʝʩʢʦʡ ʟʘʜʘʯʘ ʜʣʷ ʧʦʜʚʝʨʛʥʫʪʦʛʦ 

ʧʦʣʠʩʠʥʪʝʪʠʯʝʩʢʦʤʫ ʜʚʦʡʥʠʢʦʚʘʥʠʶ ʬʝʨʨʦʤʘʛʥʠʪʥʦʛʦ ʧʨʠʟʤʘʪʠʯʝʩʢʦʛʦ ʢʨʠʩʪʘʣʣʘ ʩ 
ʧʘʤʷʪʴʶ ʬʦʨʤʳ, ʥʘʭʦʜʷʱʝʛʦʩʷ ʚ ʟʘʜʝʣʢʝ. 
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1ʀʥʩʪʠʪʫʪ ʧʨʠʢʣʘʜʥʦʡ ʬʠʟʠʢʠ ʅɸʅ ɹʝʣʘʨʫʩʠ, ʄʠʥʩʢ, ɹʝʣʘʨʫʩʴ 

2ʄʀʇʂ ʠ ʇʂ ɹʅʊʋ, ʄʠʥʩʢ, ɹʝʣʘʨʫʩʴ, alekspk@mail.ru 
3ʊʘʰʢʝʥʪʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʨʘʥʩʧʦʨʪʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʊʘʰʢʝʥʪ, 

ʋʟʙʝʢʠʩʪʘʥ 
 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʯʫʛʫʥ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ 
ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʤʘʪʝʨʠʘʣʦʚ, ʯʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʝʛʦ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʠʤʠ 
ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. ɺ ʪʦʞʝ ʚʨʝʤʷ ʠʟ-ʟʘ ʥʘʣʠʯʠʷ ʛʨʘʬʠʪʦʚʳʭ ʚʢʣʶʯʝʥʠʡ 
ʨʘʟʣʠʯʥʦʡ ʬʦʨʤʳ ʥʝʨʘʟʨʫʰʘʶʱʠʡ ʢʦʥʪʨʦʣʴ ʪʚʝʨʜʦʩʪʠ, ʧʨʦʯʥʦʩʪʠ ʠ ʜʨʫʛʠʭ ʩʚʦʡʩʪʚ 
ʯʫʛʫʥʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʥʫʶ ʟʘʜʘʯʫ. ʊʘʢʞʝ ʦʯʝʥʴ ʯʘʩʪʦ ʥʘʙʣʶʜʘʝʪʩʷ 
ʩʠʪʫʘʮʠʷ, ʢʦʛʜʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚ ʨʘʟʣʠʯʥʳʭ ʤʝʩʪʘʭ ʠʟʜʝʣʠʷ ʤʦʛʫʪ ʟʥʘʯʠʪʝʣʴʥʦ 
ʦʪʣʠʯʘʪʴʩʷ, ʠ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʢʦʥʪʨʦʣʷ ʩʨʝʜʩʪʚʘ ʠʟʤʝʨʝʥʠʡ ʜʦʣʞʥʳ ʦʙʣʘʜʘʪʴ 
ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʡ ʣʦʢʘʣʴʥʦʩʪʴʶ. ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʷʚʣʷʣʦʩʴ ʠʟʫʯʝʥʠʝ 
ʚʦʟʤʦʞʥʦʩʪʠ ʢʦʥʪʨʦʣʷ ʪʚʝʨʜʦʩʪʠ ʯʫʛʫʥʘ ʤʝʪʦʜʦʤ ʜʠʥʘʤʠʯʝʩʢʦʛʦ 
ʤʠʢʨʦʠʥʜʝʥʪʠʨʦʚʘʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʮʝʩʩʘ ʥʘʛʨʫʞʝʥʠʷ ʤʘʪʝʨʠʘʣʘ 
ʠ ʦʙʨʘʙʦʪʢʘ ʵʪʠʭ ʜʘʥʥʳʭ ʩ ʧʦʤʦʱʴʶ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ. ɽʩʣʠ ʨʘʩʩʤʘʪʨʠʚʘʪʴ 
ʩʫʱʝʩʪʚʫʶʱʠʝ ʤʝʪʦʜʳ ʥʝʨʘʟʨʫʰʘʶʱʝʛʦ ʢʦʥʪʨʦʣʷ ʯʫʛʫʥʘ, ʪʦ ʩʨʝʜʠ ʥʠʭ ʤʦʞʥʦ 
ʚʳʜʝʣʠʪʴ ʫʣʴʪʨʘʟʚʫʢʦʚʳʝ, ʤʘʛʥʠʪʥʳʝ ʠ ʠʥʜʝʥʪʠʨʦʚʘʥʠʝ. ʇʨʠ ʵʪʦʤ ʠʤʝʥʥʦ 
ʠʥʜʝʥʪʠʨʦʚʘʥʠʝ ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʦʡ ʣʦʢʘʣʴʥʦʩʪʴʶ ʢʦʥʪʨʦʣʷ, ʘ ʧʨʠʙʦʨʳ ʝʛʦ 
ʨʝʘʣʠʟʫʶʱʠʝ ï ʤʦʙʠʣʴʥʦʩʪʴʶ ʠ ʚʦʟʤʦʞʥʦʩʪʴʶ ʧʨʦʚʦʜʠʪʴ ʠʟʤʝʨʝʥʠʝ ʧʨʘʢʪʠʯʝʩʢʠ ʚ 
ʣʶʙʦʡ ʪʦʯʢʝ ʠʟʜʝʣʠʷ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʠʟʤʝʨʝʥʠʷ ʪʚʝʨʜʦʩʪʠ ʤʝʪʦʜʦʤ 
ʩʪʘʪʠʯʝʩʢʦʛʦ ʚʜʘʚʣʠʚʘʥʠʷ ʠʥʜʝʥʪʦʨʘ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʝ ʠʥʜʝʥʪʠʨʦʚʘʥʠʝ 
ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʨʝʛʠʩʪʨʘʮʠʶ ʚʩʝʡ ʜʠʘʛʨʘʤʤʳ ʥʘʛʨʫʞʝʥʠʷ, ʢʦʛʜʘ ʠʥʜʝʥʪʦʨ ʥʘʭʦʜʠʪʩʷ ʚ 
ʢʦʥʪʘʢʪʝ ʩ ʠʩʧʳʪʫʝʤʳʤ ʤʘʪʝʨʠʘʣʦʤ (ʨʠʩʫʥʦʢ 1).  

 
ʈʠʩʫʥʦʢ 1 ï ʍʘʨʘʢʪʝʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʚʥʝʜʨʝʥʠʷ ʠʥʜʝʥʪʦʨʘ ʚ ʯʫʛʫʥ: ʘ ï ʠʟʤʝʥʝʥʠʝ ʩʢʦʨʦʩʪʠ ʚ 

ʧʨʦʮʝʩʩʝ ʫʜʘʨʥʦʛʦ ʢʦʥʪʘʢʪʘ, b ï ʩʠʣʦʚʘʷ ʜʠʘʛʨʘʤʤʘ ʥʘʛʨʫʞʝʥʠʷ 

 
ʕʪʘ ʜʠʘʛʨʘʤʤʘ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʮʝʣʳʡ ʥʘʙʦʨ ʜʘʥʥʳʭ: ʟʥʘʯʝʥʠʝ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʢʦʥʪʘʢʪʥʦʛʦ ʫʩʠʣʠʷ Pmax, ʛʣʫʙʠʥʫ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʚʥʝʜʨʝʥʠʷ hmax ʠ 
ʦʩʪʘʪʦʯʥʦʛʦ ʦʪʧʝʯʘʪʢʘ hp, ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ E, ʢʦʵʬʬʠʮʠʝʥʪ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʩʢʦʨʦʩʪʠ 
Vmin/Vmax, ʵʥʝʨʛʠʶ ʫʧʨʫʛʦʛʦ We ʠ ʧʣʘʩʪʠʯʝʩʢʦʛʦ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ Wp. ʕʪʠ ʧʘʨʘʤʝʪʨʳ 
ʧʦʟʚʦʣʷʶʪ ʨʘʩʩʯʠʪʘʪʴ ʜʠʥʘʤʠʯʝʩʢʫʶ ʪʚʝʨʜʦʩʪʴ Hd. ʆʜʥʘʢʦ, ʢʘʢ ʧʦʢʘʟʳʚʘʶʪ 
ʠʩʩʣʝʜʦʚʘʥʠʷ, ʟʥʘʯʝʥʠʝ Hd ʧʣʦʭʦ ʢʦʨʨʝʣʠʨʫʶʪ ʩʦ ʩʪʘʪʠʯʝʩʢʦʡ ʪʚʝʨʜʦʩʪʴʶ, ʚʩʣʝʜʩʪʚʠʝ 
ʧʝʨʝʤʝʥʥʦʛʦ ʟʥʘʯʝʥʠʷ ʤʦʜʫʣʷ ʫʧʨʫʛʦʩʪʠ ʯʫʛʫʥʘ ʜʘʞʝ ʚ ʨʘʤʢʘʭ ʦʜʥʦʛʦ ʢʣʘʩʩʘ, 
ʥʘʧʨʠʤʝʨ, ʚʳʩʦʢʦʧʨʦʯʥʦʛʦ ʠʣʠ ʩʝʨʦʛʦ.  

ʇʨʠ ʥʘʣʠʯʠʠ ʜʦʩʪʘʪʦʯʥʦ ʨʘʟʚʠʪʦʡ ʪʝʦʨʠʠ ʦʧʨʝʜʝʣʝʥʠʷ ʜʠʥʘʤʠʯʝʩʢʠʭ 
ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʘʪʝʨʠʘʣʦʚ ʩʚʷʟʴ ʤʝʞʜʫ ʥʠʤʠ ʥʝ ʚʩʝʛʜʘ ʷʚʣʷʝʪʩʷ ʦʯʝʚʠʜʥʦʡ. ɼʣʷ ʝʝ 
ʫʩʪʘʥʦʚʣʝʥʠʷ ʥʝʦʙʭʦʜʠʤ ʪʨʫʜʦʟʘʪʨʘʪʥʳʡ ʘʥʘʣʠʟ, ʧʦʟʚʦʣʷʶʱʠʡ ʦʧʨʝʜʝʣʠʪʴ ʩʪʝʧʝʥʴ 
ʚʟʘʠʤʦʚʣʠʷʥʠʷ ʦʧʨʝʜʝʣʷʝʤʳʭ ʩʚʦʡʩʪʚ ʠ ʢʦʪʦʨʳʡ ʤʦʛ ʙʳ ʧʦʚʳʩʠʪʴ ʪʦʯʥʦʩʪʴ ʠʭ 
ʠʟʤʝʨʝʥʠʷ. ʅʝʡʨʦʥʥʘʷ ʩʝʪʴ (ʅʉ), ʢʘʢ ʝʱʝ ʦʜʠʥ ʤʝʪʦʜ ʘʥʘʣʠʟʘ ʜʠʘʛʨʘʤʤʳ ʥʘʛʨʫʞʝʥʠʷ, 
ʙʳʣʘ ʚʳʙʨʘʥʘ ʥʘʤʠ ʜʣʷ ʠʟʫʯʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʚʦʝʛʦ ʧʨʠʤʝʥʝʥʠʷ. ʂʘʢ ʧʦʢʘʟʳʚʘʝʪ 
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ʦʧʳʪ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʪʦʯʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʪʨʝʙʫʶʪʩʷ ʪʳʩʷʯʠ ʠʟʤʝʨʝʥʠʡ ʥʘ ʨʘʟʣʠʯʥʳʭ 
ʦʙʨʘʟʮʘʭ ʜʣʷ ʦʙʫʯʝʥʠʷ ʅʉ. ʕʪʦʪ ʦʛʨʦʤʥʳʡ ʦʙʲʝʤ ʜʘʥʥʳʭ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥ ʥʘ 
ʧʨʘʢʪʠʢʝ. ʇʦʵʪʦʤʫ ʜʣʷ ʦʙʫʯʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʘʥʥʳʝ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 
ʤʝʪʦʜʦʤ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʧʘʢʝʪʝ ANSYS. ʈʝʟʫʣʴʪʘʪʳ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ 
ʵʢʩʧʝʨʠʤʝʥʪʘ ʚ ANSYS ʩʨʘʚʥʠʚʘʣʠʩʴ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʠʘʛʨʘʤʤʘʤʠ 
ʚʜʘʚʣʠʚʘʥʠʷ. ɽʩʣʠ ʨʘʟʥʠʮʘ ʤʝʞʜʫ ʜʚʫʤʷ ʢʨʠʚʳʤʠ ʦʩʪʘʚʘʣʘʩʴ ʚ ʧʨʝʜʝʣʘʭ ʜʦʧʫʩʪʠʤʦʡ 
ʦʙʣʘʩʪʠ, ʪʦ ʤʦʜʝʣʴ ʧʨʠʤʝʥʷʣʘʩʴ ʜʣʷ ʜʘʣʴʥʝʡʰʝʡ ʛʝʥʝʨʘʮʠʠ ʜʘʥʥʳʭ ʩ 
ʠʟʤʝʥʷʶʱʠʤʠʩʷ ʚʭʦʜʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʤʘʪʝʨʠʘʣʘ. ɿʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ 
ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ ʥʝʡʨʦʩʝʪʠ ʦʢʘʟʳʚʘʝʪ ʧʨʘʚʠʣʴʥʳʡ ʧʦʜʙʦʨ ʧʨʠʟʥʘʢʦʚ ï 
ʧʘʨʘʤʝʪʨʦʚ ʜʠʘʛʨʘʤʤʳ ʥʘʛʨʫʞʝʥʠʷ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʚʩʝʭ ʜʦʩʪʫʧʥʳʭ ʧʨʠʟʥʘʢʦʚ, ʢʘʢ 
ʧʦʢʘʟʳʚʘʝʪ ʦʧʳʪ, ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʜʘʞʝ ʢ ʩʥʠʞʝʥʠʶ ʪʦʯʥʦʩʪʠ ʨʘʩʯʝʪʘ, ʧʦʵʪʦʤʫ ʚʘʞʥʦ 
ʚʳʙʨʘʪʴ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʝ ʠʟ ʥʠʭ. ɼʣʷ ʵʪʦʛʦ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʢʣʘʩʩ SelectKBest 
ʙʠʙʣʠʦʪʝʢʠ Scikit-learn ʷʟʳʢʘ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ Python ʩ ʫʩʪʘʥʦʚʣʝʥʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ 
ʣʫʯʰʠʭ ʧʨʠʟʥʘʢʦʚ ʨʘʚʥʳʤ 5. ɺ ʠʪʦʛʝ ʙʳʣʠ ʦʪʦʙʨʘʥʳ ʩʣʝʜʫʶʱʠʝ ʧʘʨʘʤʝʪʨʳ: Pmax, hp, 
Vmin/Vmax, We, hmax. 

ʅʘ ʨʠʩʫʥʢʝ 2 ʧʦʢʘʟʘʥ ʨʝʟʫʣʴʪʘʪ ʩʨʘʚʥʝʥʠʷ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʩ ʧʦʤʦʱʴʶ 
ʥʝʡʨʦʩʝʪʠ ʠ ʩʪʘʥʜʘʨʪʥʳʭ ʠʟʤʝʨʝʥʠʡ. ʂʘʢ ʫʞʝ ʫʢʘʟʳʚʘʣʦʩʴ, ʦʙʫʯʝʥʠʝ ʥʝʡʨʦʩʝʪʠ 
ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʥʘ ʨʝʟʫʣʴʪʘʪʘʭ, ʧʦʣʫʯʝʥʥʳʭ ʤʦʜʝʣʠʨʦʚʘʥʠʝʤ, ʘ ʧʨʦʚʝʨʢʘ ï ʥʘ 
ʩʣʫʯʘʡʥʳʤ ʦʙʨʘʟʦʤ ʦʪʦʙʨʘʥʥʳʭ ʦʙʨʘʟʮʘʭ ʠʟ ʩʝʨʦʛʦ, ʚʳʩʦʢʦʧʨʦʯʥʦʛʦ ʠ ʙʝʣʦʛʦ ʯʫʛʫʥʘ, 
ʘ ʪʘʢʞʝ ʯʫʛʫʥʘ ʩ ʚʝʨʤʠʢʫʣʷʨʥʳʤ ʛʨʘʬʠʪʦʤ. 

 
ʈʠʩʫʥʦʢ 2 ï ʉʨʘʚʥʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠ ʨʘʩʩʯʠʪʘʥʥʳʭ ʥʝʡʨʦʩʝʪʴʶ ʜʘʥʥʳʭ 

 
ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ 2 ʩʭʦʜʠʤʦʩʪʴ ʜʘʥʥʳʭ ʜʦʩʪʘʪʦʯʥʘ ʚʳʩʦʢʘ, ʢʦʵʬʬʠʮʠʝʥʪ 

ʜʝʪʝʨʤʠʥʘʮʠʠ ʩʦʩʪʘʚʠʣ 0,96, ʧʨʠ ʵʪʦʤ ʤʘʢʩʠʤʘʣʴʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʩʦʩʪʘʚʠʣʦ ʥʝ ʙʦʣʝʝ 
25 ʝʜʠʥʠʮ ʧʦ ɹʨʠʥʝʣʣʶ (HB). ɺ ʪʦ ʚʨʝʤʷ ʢʘʢ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʣʷ ʨʘʩʯʝʪʘ ʩʪʘʪʠʯʝʩʢʦʡ 
ʪʚʝʨʜʦʩʪʠ ʟʥʘʯʝʥʠʡ ʩʨʝʜʥʝʛʦ ʢʦʥʪʘʢʪʥʦʛʦ ʜʘʚʣʝʥʠʷ ʧʨʠ ʫʜʘʨʥʦʤ 
ʤʠʢʨʦʠʥʜʝʥʪʠʨʦʚʘʥʠʠ (ʘʥʘʣʦʛʘ ʪʚʝʨʜʦʩʪʠ) ʧʨʠʚʦʜʠʣʦ ʢ ʧʦʛʨʝʰʥʦʩʪʠ ʚʧʣʦʪʴ ʜʦ 40-60 
HB. 

 
ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ɹʝʣʦʨʫʩʩʢʦʛʦ ʨʝʩʧʫʙʣʠʢʘʥʩʢʦʛʦ ʬʦʥʜʘ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʂʦʥʢʫʨʩ ɹʈʌʌʀïʄʀʈʈʋ 2023. ʇʨʦʝʢʪ ʊ23ʋɿɹ-
035 çʀʟʫʯʝʥʠʝ ʧʨʦʮʝʩʩʦʚ ʩʪʨʫʢʪʫʨʦʦʙʨʘʟʦʚʘʥʠʷ ʠ ʣʦʢʘʣʴʥʦʛʦ 
ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʯʫʛʫʥʦʚ ʩ ʮʝʣʴʶ ʩʦʟʜʘʥʠʷ ʠʭ ʫʣʫʯʰʝʥʥʳʭ ʤʘʨʦʢ, ʤʝʪʦʜʠʢ ʠ 
ʩʨʝʜʩʪʚ ʥʝʨʘʟʨʫʰʘʶʱʝʛʦ ʢʦʥʪʨʦʣʷ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢè. 
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ʋʃʔʊʈɸɿɺʋʂʆɺɸʗ ʉɺɸʈʂɸ ʄɽʊɸʃʃʆɺ: ʆɹʆʈʋɼʆɺɸʅʀɽ, ʕʂʉʇɽʈʀʄɽʅʊ, 
ʄʆɼɽʃʀʈʆɺɸʅʀɽ 

 
ʅʘʟʘʨʦʚ ɸ.ɸ.1, ʄʫʨʟʠʥʦʚʘ ʄ.ɸ.1, ʄʫʨʟʘʝʚ ʈ.ʊ.1, ʄʫʭʘʤʝʪʛʘʣʠʥʘ ɸ.ɸ.1, 

ʐʘʷʭʤʝʪʦʚʘ ʕ.ʈ.1, ʀʜʨʠʩʦʚʘ ʄ.ɸ.1, ɿʘʜʦʨʦʞʥʳʡ ɺ.ʉ.2 
1
ʀʥʩʪʠʪʫʪ ʧʨʦʙʣʝʤ ʩʚʝʨʭʧʣʘʩʪʠʯʥʦʩʪʠ ʤʝʪʘʣʣʦʚ ʈɸʅ, ʛ. ʋʬʘ, ʈʦʩʩʠʷ 

2
ʆʆʆ çʋʣʴʪʨʘ-ʨʝʟʦʥʘʥʩè, ʛ. ɽʢʘʪʝʨʠʥʙʫʨʛ, ʈʦʩʩʠʷ 

AANazarov@imsp.ru 

 
ʋʣʴʪʨʘʟʚʫʢʦʚʘʷ ʩʚʘʨʢʘ (ʋɿʉ) ʷʚʣʷʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʦʚʳʤ ʩʧʦʩʦʙʦʤ 

ʪʚʝʨʜʦʬʘʟʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʤʝʪʘʣʣʦʚ, ʧʦʟʚʦʣʷʶʱʠʤ ʩʚʘʨʠʚʘʪʴ ʦʪʥʦʩʠʪʝʣʴʥʦ ʪʦʥʢʠʝ 
ʣʠʩʪʳ, ʬʦʣʴʛʠ, ʧʨʦʚʦʜʘ, ʧʦʣʫʯʠʚʰʠʤ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʪʘʢʠʭ ʦʪʨʘʩʣʷʭ 
ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʢʘʢ ʵʣʝʢʪʨʦʥʠʢʘ, ʵʣʝʢʪʨʦʪʝʭʥʠʢʘ, ʘʚʪʦʤʦʙʠʣʝʩʪʨʦʝʥʠʝ ʠ ʪ.ʜ. [1,2]. 
ʋɿʉ ʣʝʛʣʘ ʚ ʦʩʥʦʚʫ ʥʝʜʘʚʥʦ ʠʟʦʙʨʝʪʝʥʥʦʛʦ ʤʝʪʦʜʘ ʘʜʜʠʪʠʚʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ï ʣʠʩʪʦʚʦʡ 
ʣʘʤʠʥʘʮʠʠ (sheet lamination), ʢʦʪʦʨʳʡ ʧʦʣʫʯʠʣ ʥʘʟʚʘʥʠʝ ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʢʦʥʩʦʣʠʜʘʮʠʠ 
ʠʣʠ ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʘʜʜʠʪʠʚʥʦʡ ʪʝʭʥʦʣʦʛʠʠ (ʋɿɸʊ) [3,4]. ɹʣʘʛʦʜʘʨʷ ʵʪʦʤʫ 
ʠʟʦʙʨʝʪʝʥʠʶ, ʧʨʠʤʝʥʝʥʠʷ ʋɿʉ ʨʘʩʰʠʨʠʣʠʩʴ ʚ ʩʪʦʨʦʥʫ ʩʦʟʜʘʥʠʷ ʦʙʲʝʤʥʳʭ ʜʝʪʘʣʝʡ ʠ 
ʢʦʥʩʪʨʫʢʮʠʡ. ɺ ʯʘʩʪʥʦʩʪʠ, ʩ ʧʦʤʦʱʴʶ ʋɿɸʊ ʠʟʛʦʪʘʚʣʠʚʘʶʪʩʷ ʪʝʧʣʦʦʙʤʝʥʥʠʢʠ, 
ʧʨʠʙʦʨʳ, çʟʘʣʠʪʳʝè ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʤʘʪʨʠʮʝʡ, ʨʘʟʣʠʯʥʳʝ ʢʦʤʧʦʟʠʪʳ ʠ ʪ.ʜ. [4]. ɺ ʩʚʷʟʠ 
ʩ ʵʪʠʤ, ʚ ʤʠʨʦʚʦʡ ʥʘʫʯʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʚʦʟʨʘʩʪʘʝʪ ʢʦʣʠʯʝʩʪʚʦ ʧʫʙʣʠʢʘʮʠʡ, 
ʧʦʩʚʷʱʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʶ ʧʨʦʮʝʩʩʘ ʋɿʉ ʠ ʩʦʝʜʠʥʝʥʠʡ, ʧʦʣʫʯʝʥʥʳʭ ʵʪʠʤ ʤʝʪʦʜʦʤ. 
ɺʘʞʥʳʤʠ ʥʘʧʨʘʚʣʝʥʠʷʤʠ ʵʪʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʣʷʶʪʩʷ ʨʘʟʚʠʪʠʝ ʦʙʦʨʫʜʦʚʘʥʠʷ, 
ʚʳʷʩʥʝʥʠʝ ʬʠʟʠʯʝʩʢʠʭ ʤʝʭʘʥʠʟʤʦʚ ʋɿʉ, ʚʣʠʷʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʮʝʩʩʘ ʠ ʜʨʫʛʠʭ 
ʬʘʢʪʦʨʦʚ ʥʘ ʵʚʦʣʶʮʠʶ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʤʘʪʝʨʠʘʣʦʚ ʧʨʠ ʩʚʘʨʢʝ, ʢʘʯʝʩʪʚʦ ʠ ʧʨʦʯʥʦʩʪʴ 
ʩʦʝʜʠʥʝʥʠʡ ʠ ʪ.ʜ. 

ʂʘʯʝʩʪʚʦ ʩʦʝʜʠʥʝʥʠʷ ʧʨʠ ʋɿʉ ʦʧʨʝʜʝʣʷʝʪʩʷ ʤʥʦʞʝʩʪʚʦʤ ʧʘʨʘʤʝʪʨʦʚ ʠ 
ʬʘʢʪʦʨʦʚ, ʢʘʢ ʘʤʧʣʠʪʫʜʘ ʢʦʣʝʙʘʥʠʡ, ʩʪʘʪʠʯʝʩʢʘʷ ʩʠʣʘ ʧʨʠʞʠʤʘ, ʚʨʝʤʷ ʩʚʘʨʢʠ (ʠʣʠ 
ʚʥʝʩʝʥʥʘʷ ʵʥʝʨʛʠʷ), ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʦʙʦʨʫʜʦʚʘʥʠʷ (ʚʦʣʥʦʚʦʜʘ, 
ʥʘʢʦʥʝʯʥʠʢʘ), ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʦʝʜʠʥʷʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ (ʪʚʝʨʜʦʩʪʴ, 
ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ), ʯʠʩʪʦʪʘ ʠ ʰʝʨʦʭʦʚʘʪʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʪ.ʜ. ɸʢʪʫʘʣʴʥʳʤ 
ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʠʟʤʝʥʝʥʠʡ ʩʪʨʫʢʪʫʨʳ ʤʘʪʝʨʠʘʣʦʚ ʠ ʬʦʨʤʠʨʦʚʘʥʠʷ 
ʩʚʘʨʥʦʛʦ ʰʚʘ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʢʦʤʙʠʥʘʮʠʷʭ ʫʢʘʟʘʥʥʳʭ ʬʘʢʪʦʨʦʚ. 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʨʠʚʦʜʠʪʩʷ ʦʙʟʦʨ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʙʣʘʩʪʠ 
ʋɿʉ, ʧʨʦʚʝʜʝʥʥʳʭ ʚ ʨʘʤʢʘʭ ʧʨʦʝʢʪʘ ʈʅʌ çʀʩʩʣʝʜʦʚʘʥʠʝ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʠ 
ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʪʚʝʨʜʦʬʘʟʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʤʝʜʠ, ʧʦʣʫʯʝʥʥʳʭ ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ 
ʩʚʘʨʢʦʡè. 

ɼʣʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʋɿʉ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʚʝ ʫʩʪʘʥʦʚʢʠ. ʇʝʨʚʘʷ ʩʦʙʨʘʥʘ 
ʚ ʀʇʉʄ ʈɸʅ ʠʟ ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʋɿɻ-10 ʠ ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʦʥʥʦʛʦ 
ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʇʄʉ-15ɸ-18 (ʆʆʆ çʋʣʴʪʨʘ-ʨʝʟʦʥʘʥʩè) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 
ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʠʟʛʦʪʦʚʣʝʥʥʦʡ ʦʩʥʘʩʪʢʠ. ɺʪʦʨʘʷ ʫʩʪʘʥʦʚʢʘ ʋɿʉ, ʋʋʉʄ 6-20, ʙʳʣʘ 
ʠʟʛʦʪʦʚʣʝʥʘ ʆʆʆ çʋʣʴʪʨʘ-ʨʝʟʦʥʘʥʩè ʚ ʨʘʤʢʘʭ ʧʨʦʛʨʘʤʤʳ ʦʙʥʦʚʣʝʥʠʷ ʧʨʠʙʦʨʥʦʡ 
ʙʘʟʳ ʀʇʉʄ ʈɸʅ ʩ ʩʦʬʠʥʘʥʩʠʨʦʚʘʥʠʝʤ ʧʦ ʛʨʘʥʪʫ ʈʅʌ. ʆʙʱʠʝ ʚʠʜʳ ʫʩʪʘʥʦʚʦʢ 
ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʈʠʩ. 1ʘ,ʙ. ɸʤʧʣʠʪʫʜʘ ʢʦʣʝʙʘʥʠʡ ʢʦʥʪʨʦʣʠʨʦʚʘʣʘʩʴ ʩ ʧʦʤʦʱʴʶ 
ʙʝʩʢʦʥʪʘʢʪʥʦʛʦ ʝʤʢʦʩʪʥʦʛʦ ʚʠʙʨʦʤʝʪʨʘ [5]. 

ʅʘ ʩʚʘʨʦʯʥʳʭ ʥʘʢʦʥʝʯʥʠʢʘʭ ʚʦʣʥʦʚʦʜʦʚ ʠ ʥʘʢʦʚʘʣʴʥʷʭ ʙʳʣʠ ʥʘʥʝʩʝʥʳ ʥʘʩʝʯʢʠ 
ʨʘʟʣʠʯʥʦʡ ʛʣʫʙʠʥʳ ʦʪ 0.15 ʜʦ 0.4 ʤʤ ʠ ʨʘʟʣʠʯʥʦʡ ʛʝʦʤʝʪʨʠʠ (ʪʨʘʧʝʮʝʠʜʘʣʴʥʳʝ, ʪ.ʝ. 
ʩʦʩʪʦʷʱʠʝ ʠʟ ʦʜʥʦʡ ʩʠʩʪʝʤʳ ʧʦʧʝʨʝʯʥʳʭ ʟʫʙʮʦʚ ʪʨʘʧʝʮʝʠʜʘʣʴʥʦʛʦ ʩʝʯʝʥʠʷ, ʠ 
ʧʠʨʘʤʠʜʘʣʴʥʳʝ), ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʧʝʨʝʜʘʯʫ ʢʦʣʝʙʘʥʠʡ ʩʦʝʜʠʥʷʝʤʳʤ ʣʠʩʪʘʤ. ɼʣʷ 
ʩʚʘʨʢʠ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʣʠʩʪʳ ʪʝʭʥʠʯʝʩʢʠ ʯʠʩʪʦʡ ʤʝʜʠ ʄ1 ʪʦʣʱʠʥʦʡ 0.4, 0.5, 0.8, 
1.0 ʠ 1.2 ʤʤ, ʠʟ ʢʦʪʦʨʳʭ ʚʳʨʝʟʘʣʠ ʧʣʘʩʪʠʥʳ ʜʣʠʥʦʡ 50 ʤʤ ʠ ʰʠʨʠʥʦʡ 20 ʤʤ. ʃʠʩʪʳ 
ʫʢʣʘʜʳʚʘʣʠʩʴ ʚʥʘʭʣʝʩʪ ʩ ʧʝʨʝʢʨʳʪʠʝʤ 20 ʤʤ, ʪʘʢ ʯʪʦ ʧʦʣʫʯʝʥʥʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʚʘʨʢʠ 
ʦʙʨʘʟʮʳ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʢʘʢ ʜʣʷ ʤʠʢʨʦʩʪʨʫʢʪʫʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʪʘʢ ʠ ʜʣʷ 
ʠʩʧʳʪʘʥʠʡ ʥʘ ʩʨʝʟ. ʉʪʨʫʢʪʫʨʫ ʩʦʝʜʠʥʝʥʠʡ ʠʩʩʣʝʜʦʚʘʣʠ ʚ ʠʭ ʧʦʧʝʨʝʯʥʦʤ ʩʝʯʝʥʠʠ, 
ʧʨʦʭʦʜʷʱʝʤ ʯʝʨʝʟ ʩʝʨʝʜʠʥʫ ʩʚʘʨʥʦʡ ʪʦʯʢʠ. ʄʠʢʨʦʩʪʨʫʢʪʫʨʫ ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʤʝʪʦʜʘʤʠ 
ʩʢʘʥʠʨʫʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʚ ʨʝʞʠʤʘʭ ʦʪʨʘʞʝʥʥʳʭ ʠ ʦʙʨʘʪʥʦ ʨʘʩʩʝʷʥʥʳʭ 
ʵʣʝʢʪʨʦʥʦʚ (BSE, EBSD). ɼʣʷ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʧʨʦʚʦʜʠʣʠ 
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ʘ ʙ 

ʈʠʩʫʥʦʢ 1 ï ʆʙʱʠʡ ʚʠʜ ʫʩʪʘʥʦʚʦʢ ʋɿʉ: (ʘ) ʥʘ ʦʩʥʦʚʝ ʋɿɻ-10, (ʙ) ʋʋʉʄ 6-20 

 
ʇʨʠ ʩʚʘʨʢʝ ʣʠʩʪʦʚ ʤʝʜʠ ʪʦʣʱʠʥʦʡ 0.8 ʤʤ ʧʦʣʫʯʝʥʘ ʧʨʦʯʥʦʩʪʴ ʥʘ ʩʨʝʟ ʜʦ 72 

ʄʇʘ, ʯʪʦ ʧʨʝʚʳʰʘʝʪ ʙʦʣʴʰʠʥʩʪʚʦ ʨʝʟʫʣʴʪʘʪʦʚ, ʠʤʝʶʱʠʭʩʷ ʚ ʣʠʪʝʨʘʪʫʨʝ. 
ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʩʫʱʝʩʪʚʫʝʪ ʧʨʷʤʘʷ ʩʚʷʟʴ ʤʝʞʜʫ ʣʠʥʝʡʥʦʡ ʧʣʦʪʥʦʩʪʴʶ 
ʩʦʝʜʠʥʝʥʠʡ (ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʧʨʦʪʷʞʝʥʥʦʩʪʴʶ ʙʝʟʜʝʬʝʢʪʥʳʭ ʫʯʘʩʪʢʦʚ) ʠ, 
ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʩ ʧʨʦʯʥʦʩʪʴʶ ʩʦʝʜʠʥʝʥʠʷ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ 
ʜʝʬʦʨʤʘʮʠʡ ʩʞʘʪʠʷ ʠʣʠ ʨʘʩʪʷʞʝʥʠʷ, ʚʳʟʚʘʥʥʳʭ ʚʥʝʜʨʝʥʠʝʤ ʠʥʩʪʨʫʤʝʥʪʘ ʚ ʣʠʩʪʳ. 
ʅʘʣʠʯʠʝ ʚ ʢʦʥʪʘʢʪʥʦʡ ʦʙʣʘʩʪʠ ʩʞʠʤʘʶʱʠʭ ʜʝʬʦʨʤʘʮʠʡ ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʳʤ 
ʫʩʣʦʚʠʝʤ ʦʙʨʘʟʦʚʘʥʠʷ ʩʦʝʜʠʥʝʥʠʡ ʧʨʠ ʋɿʉ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʩʦʝʜʠʥʝʥʠʡ ʤʝʜʠ ʩ 
ʣʠʥʝʡʥʦʡ ʧʣʦʪʥʦʩʪʴʶ ʥʝ ʤʝʥʝʝ 70% ʥʝʦʙʭʦʜʠʤʦ, ʯʪʦʙʳ ʜʝʬʦʨʤʘʮʠʠ ʩʞʘʪʠʷ ʧʦ ʚʩʝʡ 
ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʥʪʘʢʪʘ ʩʦʝʜʠʥʷʝʤʳʭ ʣʠʩʪʦʚ ʙʳʣʠ ʙʦʣʝʝ 15%. ʂʨʦʤʝ ʪʦʛʦ, ʥʝʦʙʭʦʜʠʤʦ 
ʦʙʝʩʧʝʯʠʪʴ ʨʘʚʥʦʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩʞʠʤʘʶʱʠʭ ʜʝʬʦʨʤʘʮʠʡ ʧʦ ʢʦʥʪʘʢʪʥʦʡ 
ʧʦʚʝʨʭʥʦʩʪʠ, ʧʦʵʪʦʤʫ ʚʘʞʥʳʤ ʷʚʣʷʝʪʩʷ ʜʣʷ ʢʘʞʜʦʡ ʪʦʣʱʠʥʳ ʧʦʜʙʠʨʘʪʴ ʠʥʩʪʨʫʤʝʥʪ ʩ 
ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʨʝʣʴʝʬʦʤ. 

ʀʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ ʩʦʩʪʦʷʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʩʦʝʜʠʥʷʝʤʳʭ ʣʠʩʪʦʚ ʥʘ ʢʘʯʝʩʪʚʦ 
ʩʚʘʨʢʠ. ɼʣʷ ʵʪʦʛʦ ʩʚʘʨʠʚʘʣʠʩʴ ʣʠʩʪʳ ʤʝʜʠ ʄ1 ʪʦʣʱʠʥʦʡ 0.8 ʤʤ ʩ ʪʨʝʤʷ ʩʦʩʪʦʷʥʠʷʤʠ 
ʧʦʚʝʨʭʥʦʩʪʠ: 1 - ʣʠʩʪʳ ʚ ʩʦʩʪʦʷʥʠʠ ʧʦʩʪʘʚʢʠ ʩ ʝʩʪʝʩʪʚʝʥʥʳʤ ʦʢʩʠʜʥʳʤ ʩʣʦʝʤ ʠ 
ʧʘʨʘʤʝʪʨʦʤ ʰʝʨʦʭʦʚʘʪʦʩʪʠ Rʘ = 0.10 ʤʢʤ; 2 ʠ 3 - ʣʠʩʪʳ ʧʦʩʣʝ ʰʣʠʬʦʚʢʠ ʥʘ ʙʫʤʘʛʝ 
P1200 ʠ P240 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʦʯʠʱʝʥʥʳʝ ʦʪ ʦʢʩʠʜʥʦʛʦ ʩʣʦʷ ʠ ʠʤʝʶʱʠʝ ʧʘʨʘʤʝʪʨ 

ʰʝʨʦʭʦʚʘʪʦʩʪʠ Rʘ = 0.10 ʠ 0.47 ʤʢʤ. ʋɿʉ ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʘʤʧʣʠʪʫʜʝ 15°1 ʤʢʤ, ʫʩʠʣʠʠ 
ʩʞʘʪʠʷ 2.5 ʢʅ ʠ ʜʣʠʪʝʣʴʥʦʩʪʠ 2 ʩ. ʅʘʠʙʦʣʝʝ ʧʨʦʯʥʳʤʠ ʦʢʘʟʘʣʠʩʴ ʩʦʝʜʠʥʝʥʠʷ ʦʙʨʘʟʮʦʚ 
ʩʝʨʠʠ 2, ʘ ʫʚʝʣʠʯʝʥʠʝ ʧʘʨʘʤʝʪʨʘ Ra (ʩʝʨʠʷ 3) ʠ ʥʘʣʠʯʠʝ ʦʢʩʠʜʥʦʛʦ ʩʣʦʷ (ʩʝʨʠʷ 1) 
ʧʨʠʚʝʣʠ ʢ ʩʥʠʞʝʥʠʶ ʫʩʠʣʠʷ ʠ ʨʘʙʦʪʳ ʨʘʟʨʫʰʝʥʠʷ ʩʦʝʜʠʥʝʥʠʡ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 
ʩʦʩʪʦʷʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʜʥʳʭ ʣʠʩʪʦʚ ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʝʪ ʥʘ ʩʧʦʩʦʙʥʦʩʪʴ 
ʧʦʣʫʯʝʥʥʳʭ ʋɿʉ ʩʦʝʜʠʥʝʥʠʡ ʩʦʧʨʦʪʠʚʣʷʪʴʩʷ ʨʘʟʨʫʰʝʥʠʶ. 

ʇʨʦʚʝʜʝʥʳ ʫʩʪʘʥʦʚʦʯʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʋɿʉ ʣʠʩʪʦʚ ʪʦʣʱʠʥʦʡ 0.4, 0.5, 0.8, 
1.0 ʠ 1.2 ʤʤ ʥʘ ʘʧʧʘʨʘʪʝ ʋʋʉʄ 6-20 ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʩʦʯʝʪʘʥʠʷʭ ʧʘʨʘʤʝʪʨʦʚ ʩʚʘʨʢʠ 
(ʘʤʧʣʠʪʫʜʳ ʢʦʣʝʙʘʥʠʡ, ʵʥʝʨʛʠʠ, ʧʨʠʞʠʤʥʦʡ ʩʠʣʳ) ʩ ʟʘʧʠʩʴʶ ʚʨʝʤʝʥʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ 
ʤʦʱʥʦʩʪʠ, ʘʤʧʣʠʪʫʜʳ ʢʦʣʝʙʘʥʠʡ, ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʵʪʠʭ ʟʘʚʠʩʠʤʦʩʪʝʡ. 

ɼʣʷ ʄɼ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ ʋɿʉ ʤʝʜʠ ʧʦʩʪʨʦʝʥʘ ʘʪʦʤʥʘʷ ʤʦʜʝʣʴ, 
ʩʦʩʪʦʷʱʘʷ ʠʟ ʜʚʫʭ ʙʣʦʢʦʚ ʩ ʧʦʣʫʮʠʣʠʥʜʨʠʯʝʩʢʠʤʠ ʚʳʧʫʢʣʦʩʪʷʤʠ ʥʘ ʩʦʧʨʠʢʘʩʘʶʱʠʭʩʷ 
ʧʦʚʝʨʭʥʦʩʪʷʭ, ʤʦʜʝʣʠʨʫʶʱʠʤʠ ʰʝʨʦʭʦʚʘʪʦʩʪʴ. ʇʨʦʚʝʜʝʥʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ ʚ 
ʜʚʫʭ ʨʘʟʣʠʯʥʳʭ ʩʧʦʩʦʙʘʭ ʧʨʠʣʦʞʝʥʠʷ ʜʘʚʣʝʥʠʷ ʠ ʩʜʚʠʛʦʚʳʭ ʢʦʣʝʙʘʥʠʡ. ɺ ʧʝʨʚʦʤ 
ʩʣʫʯʘʝ ʚʥʝʰʥʠʡ ʩʣʦʡ ʦʜʥʦʛʦ ʙʣʦʢʘ ʟʘʬʠʢʩʠʨʦʚʘʥ, ʘ ʢ ʚʥʝʰʥʝʤʫ ʩʣʦʶ ʜʨʫʛʦʛʦ 
ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʨʠʣʦʞʝʥʳ ʠ ʚʥʝʰʥʝʝ ʜʘʚʣʝʥʠʝ, ʠ ʩʠʥʫʩʦʠʜʘʣʴʥʳʝ ʩʤʝʱʝʥʠʷ ʚ 
ʥʘʧʨʘʚʣʝʥʠʠ, ʧʘʨʘʣʣʝʣʴʥʦʤ ʧʦʚʝʨʭʥʦʩʪʠ ʩʦʧʨʠʢʦʩʥʦʚʝʥʠʷ. ɺʦ ʚʪʦʨʦʤ ʩʣʫʯʘʝ ʩʥʘʯʘʣʘ 


