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ɸʅʆʊɸʎɯʗ 

 

ʐʫʣʷʨʝʥʢʦ ɼ. ʆ. ʊʝʤʧʝʨʘʪʫʨʥʽ ʪʘ ʢʦʥʮʝʥʪʨʘʮʽʡʥʽ ʝʬʝʢʪʠ ʚ ʝʣʝʢʪʨʦ- ʽ 

ʤʘʛʥʽʪʦʨʝʟʠʩʪʠʚʥʠʭ ʚʣʘʩʪʠʚʦʩʪʷʭ ʙʘʛʘʪʦʢʦʤʧʦʥʝʥʪʥʠʭ ʧʣʽʚʢʦʚʠʭ 

ʥʘʥʦʩʪʨʫʢʪʫʨ. ï ʂʚʘʣʽʬʽʢʘʮʽʡʥʘ ʥʘʫʢʦʚʘ ʧʨʘʮʷ ʥʘ ʧʨʘʚʘʭ ʨʫʢʦʧʠʩʫ.  

ɼʠʩʝʨʪʘʮʽʷ ʥʘ ʟʜʦʙʫʪʪʷ ʥʘʫʢʦʚʦʛʦ ʩʪʫʧʝʥʷ ʜʦʢʪʦʨʘ ʬʽʣʦʩʦʬʽʾ ʟʘ 

ʩʧʝʮʽʘʣʴʥʽʩʪʶ 105 ï ʇʨʠʢʣʘʜʥʘ ʬʽʟʠʢʘ ʽ ʥʘʥʦʤʘʪʝʨʽʘʣʠ. ï ʉʫʤʩʴʢʠʡ 

ʜʝʨʞʘʚʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʉʫʤʠ, 2021.  

ɼʠʩʝʨʪʘʮʽʡʥʘ ʨʦʙʦʪʘ ʧʨʠʩʚʷʯʝʥʘ ʚʩʪʘʥʦʚʣʝʥʥʶ ʟʘʛʘʣʴʥʠʭ 

ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʚʧʣʠʚʫ ʢʦʥʮʝʥʪʨʘʮʽʡʥʠʭ, ʨʦʟʤʽʨʥʠʭ ʪʘ ʪʝʤʧʝʨʘʪʫʨʥʠʭ 

ʝʬʝʢʪʽʚ ʥʘ ʝʣʝʢʪʨʦ- ʽ ʤʘʛʥʽʪʦʨʝʟʠʩʪʠʚʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʧʣʽʚʢʦʚʠʭ 

ʤʘʪʝʨʽʘʣʽʚ, ʩʬʦʨʤʦʚʘʥʠʭ ʥʘ ʦʩʥʦʚʽ ʧʝʨʤʘʣʦʻʚʦʛʦ ʩʧʣʘʚʫ Ni80Fe20 ʪʘ Ag. 

ʋ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ ʧʦʩʪʘʚʣʝʥʠʭ ʟʘʜʘʯʘʤʠ ʢʦʤʧʣʝʢʩʥʠʭ ʜʦʩʣʽʜʞʝʥʴ 

ʩʪʨʫʢʪʫʨʥʦ-ʬʘʟʦʚʦʛʦ ʩʪʘʥʫ ʪʘ ʝʣʝʢʪʨʦ- ʽ ʤʘʛʥʽʪʦʨʝʟʠʩʪʠʚʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʧʣʽʚʢʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ ʥʘ ʦʩʥʦʚʽ ʧʝʨʤʘʣʦʻʚʦʛʦ ʩʧʣʘʚʫ Ni80Fe20 

(Py) ʪʘ Ag ʙʫʣʠ ʟʘʩʪʦʩʦʚʘʥʽ ʥʘʩʪʫʧʥʽ ʤʝʪʦʜʠ: ʦʜʥʦʯʘʩʥʘ ʪʘ ʧʦʰʘʨʦʚʘ 

ʝʣʝʢʪʨʦʥʥʦ-ʧʨʦʤʝʥʝʚʘ ʢʦʥʜʝʥʩʘʮʽʷ ʫ ʚʘʢʫʫʤʽ; ʤʝʪʦʜ ʢʚʘʨʮʦʚʦʛʦ ʨʝʟʦʥʘʪʦʨʘ 

ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʪʦʚʱʠʥʠ in-situ; ʤʝʪʦʜʠ ʧʨʦʩʚʽʯʫʶʯʦʾ ʝʣʝʢʪʨʦʥʥʦʾ 

ʤʽʢʨʦʩʢʦʧʽʾ, ʘʪʦʤʥʦ-ʩʠʣʦʚʦʾ ʤʽʢʨʦʩʢʦʧʽʾ ʪʘ ʝʣʝʢʪʨʦʥʦʛʨʘʬʽʾ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ 

ʢʨʠʩʪʘʣʽʯʥʦʾ ʩʪʨʫʢʪʫʨʠ ʽ ʬʘʟʦʚʦʛʦ ʩʢʣʘʜʫ; ʝʥʝʨʛʦʜʠʩʧʝʨʩʽʡʥʠʡ ʩʧʝʢʪʨʘʣʴʥʠʡ 

ʘʥʘʣʽʟ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʡʥʦʛʦ ʩʢʣʘʜʫ ʟʨʘʟʢʽʚ; ʤʝʪʦʜ ʚʠʩʦʢʦʪʦʯʥʦʾ 

ʨʝʟʠʩʪʦʤʝʪʨʽʾ ʧʨʠ ʜʦʩʣʽʜʞʝʥʥʽ ʝʣʝʢʪʨʦʬʽʟʠʯʥʠʭ ʪʘ ʤʘʛʥʽʪʦʨʝʟʠʩʪʠʚʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ. ɼʦʜʘʪʢʦʚʽ ʜʦʩʣʽʜʞʝʥʥʷ ʤʘʛʥʽʪʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʟʨʘʟʢʽʚ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʪʦʜʽʚ ʚʽʙʨʘʮʽʡʥʦʾ ʽ SQUID-ʤʘʛʥʽʪʦʤʝʪʨʽʾ ʜʦʟʚʦʣʠʣʠ 

ʧʨʦʚʝʩʪʠ ʚʠʤʽʨʶʚʘʥʥʷ ʤʘʛʥʽʪʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʟ ʚʠʩʦʢʦʶ ʪʦʯʥʽʩʪʶ ʷʢ ʟʘ 

ʢʽʤʥʘʪʥʠʭ (ʊʚʠʤ = 300 ʂ), ʪʘʢ ʽ ʥʠʟʴʢʠʭ ʪʝʤʧʝʨʘʪʫʨ (ʊʚʠʤ = 2 ʂ). 

ʇʦʢʘʟʘʥʦ, ʱʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚʠʙʨʘʥʦʾ ʤʝʪʦʜʠʢʠ ʬʦʨʤʫʚʘʥʥʷ ʟʨʘʟʢʽʚ 

ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ ʚ ʦʜʥʦʤʫ ʪʝʭʥʦʣʦʛʽʯʥʦʤʫ ʮʠʢʣʽ ʩʝʨʽʶ ʥʘʥʦʨʦʟʤʽʨʥʠʭ 

ʧʣʽʚʢʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʢʦʥʮʝʥʪʨʘʮʽʡʥʠʡ ʩʢʣʘʜ ʷʢʠʭ ʟʤʽʥʶʚʘʣʘʩʷ ʫ ʰʠʨʦʢʠʭ 

ʤʝʞʘʭ (ʚʽʜ 10 ʜʦ 90 ʘʪ.%).  

ʇʨʠ ʬʦʨʤʫʚʘʥʥʽ ʥʘʨʥʦʨʦʟʤʽʨʥʠʭ ʩʠʩʪʝʤ (Py+Ag)/ʇ ʙʫʣʠ ʚʠʢʦʨʠʩʪʘʥʽ 
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ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʬʘʟʦʚʦʛʦ ʩʢʣʘʜʫ ʪʘ ʢʨʠʩʪʘʣʽʯʥʦʾ ʩʪʨʫʢʪʫʨʠ 

ʦʜʥʦʰʘʨʦʚʠʭ ʧʣʽʚʦʢ ʧʝʨʤʘʣʦʻʚʦʛʦ ʩʧʣʘʚʫ Ni80Fe20 ʪʘ Ag. ʇʦʢʘʟʘʥʦ, ʱʦ 

ʦʜʥʦʰʘʨʦʚʽ ʧʣʽʚʢʠ ʧʝʨʤʘʣʦʻʚʦʛʦ ʩʧʣʘʚʫ Ni80Fe20, ʷʢ ʽ ʦʜʥʦʰʘʨʦʚʽ ʧʣʽʚʢʠ Ag, 

ʜʦ ʪʘ ʧʽʩʣʷ ʪʝʨʤʦʦʙʨʦʙʢʠ ʟʘ ʊʚ = 700 ʂ ʤʘʶʪʴ ʦʜʥʦʬʘʟʥʠʡ ʩʢʣʘʜ, ʱʦ 

ʚʽʜʧʦʚʽʜʘʻ ɻʎʂ-Ni3Fe ( a  = 0,353-0,355 ʥʤ) ʪʘ ɻʎʂ-Ag ( a  = 0,407-0,408 ʥʤ). 

ʊʘʢʠʤ ʯʠʥʦʤ, ʥʘ ʾʭ ʦʩʥʦʚʽ ʤʦʞʫʪʴ ʙʫʪʠ ʩʬʦʨʤʦʚʘʥʽ ʥʘʥʦʨʦʟʤʽʨʥʽ ʤʘʪʝʨʽʘʣʠ ʟʽ 

ʩʪʘʙʽʣʴʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʫ ʟʘʜʘʥʦʤʫ ʪʝʤʧʝʨʘʪʫʨʥʦʤʫ ʽʥʪʝʨʚʘʣʽ. 

ɿôʷʩʦʚʘʥʦ, ʱʦ ʬʘʟʦʚʠʡ ʩʪʘʥ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʧʣʽʚʢʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ 

ʩʬʦʨʤʦʚʘʥʠʭ ʥʘ ʦʩʥʦʚʽ ʧʝʨʤʘʣʦʻʚʦʛʦ ʩʧʣʘʚʫ Ni80Fe20 ʪʘ Ag ʧʽʩʣʷ ʢʦʥʜʝʥʩʘʮʽʾ, 

ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ ʘʪʦʤʽʚ ʩʨʽʙʣʘ ʫ ʩʠʩʪʝʤʽ, ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ 

ʢʦʤʙʽʥʘʮʽʶ ɻʎʂ-Ni3Fe + ɻʎʂ-Ag ʟ ʩʝʨʝʜʥʽʤʠ ʟʥʘʯʝʥʥʷʤʠ ʧʘʨʘʤʝʪʨʘʤʠ 

ʛʨʘʪʦʢ a(ɻʎʂ-Ni3Fe) = 0,353 ʥʤ ʪʘ a(ɻʎʂ-Ag) = 0,407 ʥʤ. ʊʝʤʧʝʨʘʪʫʨʥʘ 

ʦʙʨʦʙʢʘ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʟʨʘʟʢʽʚ ʟʘ ʪʝʤʧʝʧʝʨʘʪʫʨʥʦʛʦ ʽʥʪʝʨʚʘʣʫ ʊʚ = 300-700 ʂ 

ʥʝ ʟʤʽʥʶʻ ʬʘʟʦʚʠʡ ʩʪʘʥ ʩʠʩʪʝʤʠ. ʅʘʥʦʨʦʟʤʽʨʥʘ ʩʠʩʪʝʤʘ ʟʘʣʠʰʘʻʪʴʩʷ 

ʜʚʦʬʘʟʥʦʶ: ɻʎʂ-Ni3Fe + ɻʎʂ-Ag ʟ ʧʘʨʘʤʝʪʨʘʤʠ ˇʨʘʪʢʠ a = 0,356 ʪʘ 

0,408 ʥʤ, ʚʽʜʧʦʚʽʜʥʦ.  

ɸʥʘʣʽʟ ʢʨʠʩʪʘʣʽʯʥʦʾ ʩʪʨʫʢʪʫʨʠ ʩʚʽʜʯʠʪʴ ʧʨʦ ʪʝ, ʱʦ ʧʨʠ ʟʨʦʩʪʘʥʥʽ cAg 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʝʨʝʭʽʜ ʚʽʜ ʢʨʠʩʪʘʣʽʯʥʦʾ ʩʪʨʫʢʪʫʨʠ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʟʝʨʝʥ Ag 

ʚʧʨʦʚʘʜʞʝʥʠʭ ʫ ʬʝʨʦʤʘʛʥʽʪʥʫ ʤʘʪʨʠʮʶ ʧʝʨʤʘʣʦʻʚʦʛʦ ʩʧʣʘʚʫ ʜʦ ʩʪʨʫʢʪʫʨʠ ʜʝ 

ʟʝʨʥʘ ʬʝʨʦʤʘʛʥʽʪʥʦʾ ʢʦʤʧʦʥʝʥʪʠ ʚʧʨʦʚʘʜʞʝʥʽ ʫ ʤʘʪʨʠʮʶ ʥʝʤʘʛʥʽʪʥʦʾ. ɼʘʥʠʡ 

ʧʝʨʝʭʽʜ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʧʨʦʮʝʩʦʤ ʟʨʦʩʪʘʥʥʷ ʩʝʨʝʜʥʴʦʛʦ ʨʦʟʤʽʨʫ ʢʨʠʩʪʘʣʽʪʽʚ 

ʚ ʩʠʩʪʝʤʽ (ʈʫ+Ag)/ʇ, ʷʢʠʡ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ ʚʽʜʧʘʣʶʚʘʥʥʷ 500 ʂ ʻ ʥʝʟʥʘʯʥʠʤ. 

ʋ ʪʦʡ ʞʝ ʯʘʩ, ʧʨʦʮʝʩ ʪʝʨʤʦʦʙʨʦʙʢʠ ʟʘ ʊʚ = 700 ʂ ʩʧʨʠʯʠʥʷʻ ʙʽʣʴʰ ʩʫʪʪʻʚʽ 

ʟʤʽʥʠ ʫ ʢʨʠʩʪʘʣʽʯʥʽʡ ʩʪʨʫʢʪʫʨʽ ʟʨʘʟʢʽʚ ʟʘʣʝʞʥʦ ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ ʩAg. ɿʘ 

ʩAg < 32 aʪ.% ʚʽʜʙʫʚʘʻʪʴʩʷ ʩʪʦʛʨʘʥʮʽʷ ʨʦʩʪʫ ʟʝʨʝʥ ʥʝʤʘʛʥʽʪʥʦʾ ʢʦʤʧʦʥʝʥʪʠ ʷʢ 

ʨʝʟʫʣʴʪʘʪ ʾʭ ʽʟʦʣʷʮʽʾ ʦʜʠʥ ʚʽʜ ʦʜʥʦʛʦ ʚ ʤʘʪʨʠʮʽ ʬʝʨʦʤʘʛʥʽʪʥʦʛʦ ʤʘʪʝʨʘʣʫ. ʅʘ 

ʤʽʢʨʦʟʥʽʤʢʘʭ ʢʨʠʩʪʘʣʽʯʥʦʾ ʩʪʨʫʢʪʫʨʠ ʟʨʘʟʢʽʚ ʟʘ ʩAg =32-60 aʪ.%, ʤʦʞʥʘ 

ʚʠʜʽʣʠʪʠ ʥʘʥʦʨʦʟʤʽʨʥʽ ʟʝʨʥʘ (L = 2-5 ʥʤ.) ʪʘ ʢʨʠʩʪʘʣʽʪʠ ʟ ʩʝʨʝʜʥʽʤ ʨʦʟʤʽʨʦʤ 

ʜʦ 50 ʥʤ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʚʽʜʧʦʚʽʜʥʦ ʬʝʨʦʤʘʛʥʽʪʥʽʡ ʪʘ ʥʝʤʘʛʥʽʪʥʽʡ 

ʢʦʤʧʦʥʝʥʪʘʤ ʩʠʩʪʝʤʠ. ʋ ʚʠʧʘʜʢʫ ʩAg > 70 aʪ.%, ʢʨʠʩʪʘʣʽʯʥʘ ʩʪʨʫʢʪʫʨʘ 

ʧʣʽʚʢʦʚʦʾ ʩʠʩʪʝʤʠ (ʈʫ+Ag)/ʇ ʤʦʞʝ ʙʫʪʠ ʦʧʠʩʘʥʘ ʪʘʢ: ʥʘʨʦʟʤʽʨʥʽ ʟʝʨʥʘ 

ʬʝʨʦʤʘʛʥʽʪʥʦʾ ʢʦʤʧʦʥʝʥʪʠ ʚʠʧʘʜʢʦʚʠʤ ʯʠʥʦʤ ʨʦʟʧʦʜʽʣʝʥʽ ʚ ʦʙôʻʤʽ 
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ʥʝʤʘʛʥʽʪʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. 

ɺʩʪʘʥʦʚʣʝʥʽ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʚ ʢʦʥʮʝʥʪʨʘʮʽʡʥʠʭ ʪʘ ʨʦʟʤʽʨʥʠʭ 

ʟʘʣʝʞʥʦʩʪʷʭ ʧʠʪʦʤʦʛʦ ʦʧʦʨʫ, ʪʝʨʤʽʯʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʫ ʦʧʦʨʫ ʪʘ ʪʝʤʧʝʨʘʪʫʨʠ 

ʟʘʣʽʢʦʚʫʚʘʥʥʷ ʜʝʬʝʢʪʽʚ ʜʣʷ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʚ ʽʥʪʝʨʚʘʣʽ 

ʢʦʥʮʝʥʪʨʘʮʽʡ ʩAg = (5-95) ʘʪ.%. ʇʦʢʘʟʘʥʦ, ʱʦ ʜʦʜʘʚʘʥʥʷ Ag ʜʦ ʧʝʨʤʘʣʦʻʚʦʛʦ 

ʩʧʣʘʚʫ Ni80Fe20 ʪʘ ʟʙʽʣʴʰʝʥʥʽ ʢʦʥʮʝʥʪʨʘʮʽ ʾ cAg ʟ 26 ʜʦ 48 ʘʪ.% ʩʧʨʠʯʠʥʷʻ 

ʟʨʦʩʪʘʥʥʷ ʚʝʣʠʯʠʥʠ ɟ ʫ ʩʠʩʪʝʤʽ (ʈʫ+Ag)/ʇ ʜʦ 2,5Ŀ10
 ï 7 
ʆʤĿʤ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ 

ʜʘʥʠʤʠ ʜʣʷ ʦʜʥʦʰʘʨʦʚʠʭ ʧʣʽʚʦʢ ʧʝʨʤʘʣʦʻʚʦʛʦ ʩʧʣʘʚʫ Ni80Fe20 ʟʘ d = 55 ʥʤ 

(ɟ(ʈʫ) = 2,0Ŀ10
 ï 7 
ʆʤĿʤ). ʇʦʜʘʣʴʰʝ ʟʙʽʣʴʰʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʘʪʦʤʽʚ Ag 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʨʽʟʢʦʛʦ ʟʤʝʥʰʝʥʥʷ ʧʠʪʦʤʦʛʦ ʦʧʦʨʫ ʜʦ ʚʝʣʠʯʠʥʠ r, 

ʭʘʨʘʢʪʝʨʥʦʾ ʜʣʷ ʦʜʥʦʰʘʨʦʚʦʾ ʧʣʽʚʢʠ Ag(55)/ʇ, ʱʦ ʩʢʣʘʜʘʻ 1,7Ŀ10
 ï 7 
ʆʤĿʤ, ʱʦ 

ʧʦʚôʷʟʘʥʦ ʟʽ ʟʤʽʥʘ ʫ ʢʨʠʩʪʘʣʽʯʥʽʡ ʩʪʨʫʢʪʫʨʽ ʟʨʘʟʢʽʚ. ʅʘ ʢʦʥʮʝʥʪʨʘʮʽʡʥʠʭ 

ʟʘʣʝʞʥʦʩʪʷʭ ɓ(ʩAg) ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʤʽʥʽʤʫʤ ʧʨʠ ʩAg = 48 ʘʪ.%, ʷʢʦʤʫ 

ʚʽʜʧʦʚʽʜʘʻ ʚʝʣʠʯʠʥʘ ɓ = 1,8Ŀ10
 3
 ʂ

-1
.  

ʇʦʢʘʟʘʥʦ, ʱʦ ʜʣʷ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʧʣʽʚʢʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ (ʈʫ+Ag)/ʇ 

ʪʘʢʦʞ ʻ ʭʘʨʘʢʪʝʨʥʠʤ ʧʨʦʷʚ ʨʦʟʤʽʨʥʦʛʦ ʝʬʝʢʪʫ ʚ ʪʝʨʤʦʨʝʟʠʩʪʠʚʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʷʭ. ɿʨʦʩʪʘʥʥʷ ʟʘʛʘʣʴʥʦʾ ʪʦʚʱʠʥʠ ʟ 20 ʜʦ 100 ʥʤ ʩʧʨʠʯʠʥʷʻ ʨʽʟʢʝ 

ʟʤʝʥʰʝʥʥʷ ʚʝʣʠʯʠʥʠ ʧʠʪʦʤʦʛʦ ʦʧʦʨʫ ʫ 5-6 ʨʘʟʽʚ, ʚ ʪʦʡ ʯʘʩ ʷʢ ʚʝʣʠʯʠʥʘ ʊʂʆ 

ʟʙʽʣʴʰʫʻʪʴʩʷ ʫ 2-3 ʨʘʟʠ.  

ʇʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ r(T) ʪʘ b(T) ʜʣʷ 

ʟʨʘʟʢʽʚ, ʩʬʦʨʤʦʚʘʥʠʭ ʤʝʪʦʜʘʤʠ ʦʜʥʦʯʘʩʥʦʾ ʪʘ ʧʦʰʘʨʦʚʦʾ ʢʦʥʜʝʥʩʘʮʽʾ, 

ʩʚʽʜʯʠʪʴ ʧʨʦ ʪʝ, ʱʦ ʟʤʽʥʘ ʤʝʪʦʜʫ ʢʦʥʜʝʥʩʘʮʽʾ ʟ ʦʜʥʦʯʘʩʥʦʾ ʥʘ ʧʦʰʘʨʦʚʫ ʥʝ 

ʚʧʣʠʚʘʻ ʥʘ ʭʘʨʘʢʪʝʨ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʧʠʪʦʤʦʛʦ ʦʧʦʨʫ ʽ ʊʂʆ, ʟʘ 

ʫʤʦʚʠ, ʱʦ ʚʠʪʨʠʤʘʥʽ ʦʜʥʘʢʦʚʽ ʟʘʛʘʣʴʥʘ ʪʦʚʱʠʥʘ ʟʨʘʟʢʽʚ ʪʘ ʾʭ 

ʢʦʥʮʝʥʪʨʘʮʽʡʥʠʡ ʩʢʣʘʜ. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʘʤʧʣʽʪʫʜʘ ʪʘ ʭʘʨʘʢʪʝʨ ʧʦʣʴʦʚʠʭ ʟʘʣʝʞʥʦʩʪʝʡ 

ʤʘʛʥʽʪʦʦʧʦʨʫ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʧʣʽʚʢʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʩʬʦʨʤʦʚʘʥʠʭ ʥʘ ʦʩʥʦʚʽ 

ʧʝʨʤʘʣʦʻʚʦʛʦ ʩʧʣʘʚʫ Ni80Fe20 ʪʘ Ag, ʚʠʟʥʘʯʘʶʪʴʩʷ ʾʭ ʢʦʥʮʝʥʪʨʘʮʽʡʥʠʤ 

ʩʢʣʘʜʦʤ. ʄʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʽʟʦʪʨʦʧʥʦʛʦ ʤʘʛʥʽʪʦʨʝʟʠʩʪʠʚʥʦʛʦ ʝʬʝʢʪʫ 

ʧʨʠ ʚʠʤʽʨʶʚʘʥʥʽ ʟʘ ʢʽʤʥʘʪʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʜʣʷ ʩʚʽʞʦʩʢʦʥʜʝʥʩʦʚʘʥʠʭ ʟʨʘʟʢʽʚ 

ʩʪʘʥʦʚʠʪʴ 1,85 % (cAg = 60 aʪ.% ʪʘ d = 100 ʥʤ), ʘ ʜʣʷ ʪʝʨʤʦʚʽʜʧʘʣʝʥʠʭ ï 

1,80 % (ʊʚ = 500 ʂ, cAg = 60 aʪ.% ʪʘ d = 60 ʥʤ). ɿʙʽʣʴʰʝʥʥʷ ʽʥʜʫʢʮʽʾ 
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ʧʨʠʢʣʘʜʝʥʦʛʦ ʟʦʚʥʽʰʥʴʦʛʦ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʟ 500 ʤʊʣ ʜʦ 1,5 ʊ ʥʝ ʚʧʣʠʚʘʻ ʥʘ 

ʬʦʨʤʫ ʧʦʣʴʦʚʦʾ ʟʘʣʝʞʥʦʩʪʽ ʤʘʛʥʽʪʦʦʧʦʨʫ Mʆ(B): ʛʽʩʪʝʨʝʟʠʩ ʽ ʥʘʩʠʯʝʥʥʷ 

ʚʽʜʩʫʪʥʽ ʪʘ ʧʨʠ ʮʴʦʤʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʨʦʩʪʘʥʥʷ ʚʝʣʠʯʠʥʠ ʄʆ ʜʦ 2,5%. 

ɿʤʝʥʰʝʥʥʷ ʞ ʪʝʤʧʝʨʘʪʫʨʠ ʚʠʤʽʨʶʚʘʥʥʷ ʟ 300 ʜʦ 10 ʂ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ 

ʧʦʜʘʣʴʰʠʤ ʟʨʦʩʪʘʥʷ ʘʤʧʣʽʪʫʜʠ ʤʘʛʥʽʪʦʨʝʟʠʩʪʠʚʥʦʛʦ ʝʬʝʢʪʫ ʜʦ 3,8 %. ʋ ʪʦʡ 

ʞʝ ʯʘʩ ʨʦʟʤʽʨʥʽ ʟʘʣʝʞʥʦʩʪʽ ʤʘʛʥʽʪʦʦʧʦʨʫ ʜʣʷ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʧʣʽʚʢʦʚʠʭ 

ʩʠʩʪʝʤ (ʈy+Ag)/ʇ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʥʘʷʚʥʽʩʪʶ ʤʘʢʩʠʤʫʤʫ ʄʆ = 1,80 % ʟʘ 

ʪʦʚʱʠʥʠ 60 ʥʤ ʪʘ ʪʝʤʧʝʨʘʪʫʨʠ 500 ʂ. ɼʘʥʠʡ ʤʘʢʩʠʤʫʤ ʟʤʽʱʫʻʪʴʩʷ ʚ ʙʽʢ 

ʤʝʥʰʠʭ ʪʦʚʱʠʥ (d = 50 ʥʤ) ʧʨʠ ʟʨʦʩʪʘʥʥʽ ʪʝʤʧʝʨʘʪʫʨʠ ʚʽʜʧʘʣʶʚʘʥʥʷ ʜʦ 

700 ʂ ʽ ʩʪʘʥʦʚʠʪʴ 0,85 %. 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʢʘʟʘʥʦ, ʱʦ ʭʘʨʘʢʪʝʨ ʨʦʟʤʽʨʥʦʾ ʟʘʣʝʞʥʦʩʪʽ ʄʆ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʦʙʨʦʙʢʠ ʟʨʘʟʢʽʚ. ɼʣʷ ʩʚʽʞʝʩʢʦʥʜʝʥʩʦʚʘʥʠʭ ʟʨʘʟʢʽʚ 

ʭʘʨʘʢʪʝʨʥʠʤ ʻ ʟʨʦʩʪʘʥʥʷ ʄʆ ʧʨʠ ʟʨʦʩʪʘʥʥʽ ʪʦʚʱʠʥʠ ʟ ʚʠʭʦʜʦʤ ʥʘ ʥʘʩʠʯʝʥʥʷ 

ʟʘ d = 100 ʥʤ. ʋ ʪʦʡ ʞʝ ʯʘʩ ʟʘʣʝʞʥʦʩʪʽ ʄʆ(d) ʜʣʷ ʟʨʘʟʢʽʚ ʧʽʩʣʷ ʪʝʨʤʦʦʙʨʦʙʢʠ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʥʘʷʚʥʽʩʪʶ ʤʘʢʩʠʤʫ ʟʘ ʪʦʚʱʠʥʠ 60 ʥʤ ʪʘ ʪʝʤʧʝʨʘʪʫʨʠ 

ʊʚ = 500 ʂ, ʱʦ ʟʤʽʱʫʻʪʴʩʷ ʚ ʙʽʢ ʤʝʥʰʠʭ ʪʦʚʱʠʥ ʧʨʠ ʟʨʦʩʪʘʥʥʽ ʊʚ ʜʦ 700 ʂ.  

ɼʦʜʘʪʢʦʚʽ ʜʦʩʣʽʜʞʝʥʥʷ ʤʘʛʥʽʪʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʜʦʟʚʦʣʠʣʠ ʟʨʦʙʠʪʠ 

ʚʠʩʥʦʚʦʢ, ʱʦ ʥʘʥʦʨʦʟʤʽʨʥʽ ʯʘʩʪʠʥʢʠ ʧʝʨʤʘʣʘʶ, ʱʦ ʬʦʨʤʫʻʪʴʩʷ ʥʘ ʩʪʘʜʽʾ 

ʢʦʥʜʝʥʩʘʮʽʾ ʟʥʘʭʦʜʷʪʴʩʷ ʫ ʬʝʨʦʤʘʛʥʽʪʥʦʤʫ, ʘ ʥʝ ʩʫʧʝʨʧʘʨʘʤʘʛʥʽʪʥʦʤʫ ʩʪʘʥʽ, 

ʱʦ ʻ ʥʝʦʙʭʽʜʥʦʶ ʫʤʦʚʦʶ ʜʣʷ ʧʨʦʷʚʫ ʽʟʦʪʨʦʧʥʦʛʦ ʤʘʛʥʽʪʦʨʝʟʠʩʪʠʚʥʦʛʦ 

ʝʬʝʢʪʫ. ʅʝʟʥʘʯʥʝ ʟʨʦʩʪʘʥʥʷ ʥʘʤʘʛʥʽʯʝʥʦʩʪʽ ʥʘʩʠʯʝʥʥʷ ʟʨʘʟʢʽʚ ʧʽʩʣʷ 

ʚʽʜʧʘʣʶʚʘʥʥʷ ʜʦ 500 ʂ ʧʽʜʪʚʝʨʜʞʫʻ ʚʠʩʥʚʦʢ, ʟʨʦʙʣʝʥʠʡ ʥʘ ʦʩʥʦʚʽ ɸʌʄ 

ʜʦʩʣʽʜʞʝʥʴ: ʫ ʧʨʦʮʝʩʽ ʪʝʨʤʦʙʨʦʙʢʠ ʟʘ ʪʝʤʧʝʨʘʫʪʨʠ 500 ʂ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʧʦʩʪʫʧʦʚʝ ʟʨʦʩʪʘʥʥʷ ʩʝʨʝʜʥʴʦʛʦ ʨʦʟʤʽʨʫ ʟʝʨʝʥ ʬʝʨʦʤʘʛʥʽʪʥʦʾ ʢʦʤʧʦʥʝʥʪʠ. 

ʋ ʚʠʧʘʜʢʫ ʬʦʨʤʫʚʘʥʥʷ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʤʝʪʦʜʫ ʧʦʰʘʨʦʚʦʾ ʢʦʥʜʝʥʩʘʮʽʾ ʤʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʽʟʦʪʨʦʧʥʦʛʦ 

ʄʆ = 0,35% ʦʪʨʠʤʘʥʦ ʫ ʚʠʧʘʜʢʫ ʙʘʛʘʪʦʰʘʨʦʚʦʾ ʩʠʩʪʝʤʠ [Py/Ag]16/ʇ, ʪʦʙʪʦ 

ʩʠʩʪʝʤʠ ʟ ʤʘʢʩʠʤʘʣʴʥʦʶ ʢʽʣʴʢʽʩʪʶ ʧʦʚʪʦʨʽʚ ʙʽʰʘʨʫ Py/Ag. ʎʝ ʩʚʽʜʯʠʪʴ ʧʨʦ 

ʙʽʣʴʰʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʤʝʪʦʜʫ ʦʜʥʦʯʘʩʥʦʾ ʢʦʥʜʝʥʩʘʮʽʾ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ 

ʽʟʦʪʨʦʧʥʦʛʦ ʤʘʛʥʽʪʦʦʧʦʨʫ, ʚʝʣʠʯʠʥʦʶ ʧʦʥʘʜ 1%. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʥʘʥʦʨʦʟʤʽʨʥʽ ʤʘʪʝʨʽʘʣʠ, ʧʝʨʤʘʣʦʻʚʠʡ ʩʧʣʘʚ, ʩʨʽʙʣʦ, 

ʧʦʰʘʨʦʚʘ ʽ ʦʜʥʦʯʘʩʥʘ ʢʦʥʜʝʥʩʘʮʽʷ, ʧʠʪʦʤʠʡ ʦʧʽʨ, ʪʝʨʤʽʯʥʠʡ ʢʦʝʬʽʮʽʻʥʪ 
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ʦʧʦʨʫ, ʤʘʛʥʽʪʦʦʧʽʨ, ʢʦʥʮʝʥʪʨʘʮʽʡʥʠʡ  ̔ʨʦʟʤʽʨʥʠʡ ʝʬʝʢʪʠ. 

ʉʧʠʩʦʢ ʧʫʙʣʽʢʘʮʽʡ ʟʘ ʪʝʤʦʶ ʜʠʩʝʨʪʘʮʽʾ 

1. ʅʘʫʢoʚʽ ʧʨʘʮʽ, ʫ ʷʢʠʭ oʧʫʙʣʽʢoʚʘʥʽ oʩʥoʚʥʽ ʥʘʫʢoʚʽ ʨʝʟʫʣʴʪʘʪʠ 
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SUMMARY  

 

Shuliarenko D.O. Temperature and concentration effects in electro- and 

magnetoresistive properties of multicomponent thin-film nanostructures. 

Manuscript. 

Ph. D. thesis submitted for the degree of doctor of philosophy, specialty 

105 ï ñApplied Physics and Nanomaterialsò. ï Sumy State University, Sumy, 

2021. 

Ph. D. is devoted to the establishment of general trends of influence of 

concentration, size, and temperature effects on electro- and magnetoresistive 

properties of nanosized film materials formed based on permalloy alloy Ni80Fe20 

and Ag. 

According to the purpose and the current research tasks of complex 

investigation of crystal structure and phase state, electro- and magnetoresistive 

properties of nanosized film materials based on permalloy (Py) and Ag, the 
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methods were used: co-evaporation and layered electron-beam condensation in a 

vacuum; the method of quartz resonator for in-situ measurement of thickness; the 

methods of transmission electron microscopy, atomic force microscopy, and 

electronography for investigation of crystal structure and phase state; energy 

dispersion spectral analysis to determine the composition of the samples; the 

method of high-precision resistometry in the study of electrophysical and 

magnetoresistive properties. Additional investigations of magnetic properties of 

samples were done using methods of vibration and SQUID-magnetometry. These 

allowed to carry out measurements of magnetic parameters with a high precision at 

room (ʊmeas = 300 ʂ) and low temperatures (ʊmeas = 2 ʂ). 

It was demonstrated that the application of the chosen technique of forming 

nanosized materials allows obtaining in one technological cycle a series of 

nanosized film materials, the composition of which varied widely (from 5 to 

95 ʘt.%).  

At the formation of (Py+Ag)/S nanosized systems, the previous investigation 

of phase state and crystal structure of pure permalloy Ni80Fe20 and Ag thin films 

were used. It was demonstrated that a singled-layer permalloy Ni80Fe20 and Ag thin 

films before and after annealing up to ʊann = 700 ʂ have a single-phase state. It 

correspond to fcc-Ni3Fe ( a  = 0.353-0.355 nm) and fcc-Ag ( a  = 0.407-0.408 nm). 

Thus, on their basis can be formed nanosized materials with stable properties in a 

given temperature range. 

It was found that the phase state of nanoscale film materials based on 

permalloy alloy Ni80Fe20 and Ag after condensation, regardless of the 

concentration of silver atoms in the system, is a combination of fcc-Ni3Fe + fcc-Ag 

with an average lattice parameter a (fcc-Ni3Fe) = 0.353 nm and a (fcc-

Ag) = 0.407 nm. Temperature treatment of the studied samples at a temperature 

range ʊann = 300-700 ʂ does not change the phase state of the system. The 

nanoscale system remains two-phase (fcc-Ni3Fe + fcc-Ag with lattice parameters 

a = 0.356 and 0.408 nm, respectively).  

Analysis of the crystal structure shows that with the growth of cAg there is a 

transition from the crystal structure consisting of Ag grains embedded in the 
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ferromagnetic matrix of the permalloy to the structure where the grains of the 

ferromagnetic component is embedded in the nonmagnetic matrix. Such transition 

This transition is accompanied by a process of growth of the average size of 

crystallites in the system (Py+Ag)/S, which at an annealing temperature of 500 K 

is insignificant. At the same time, the heat treatment process at ʊann = 700 ʂ causes 

more significant changes in the crystal structure of the samples depending on the 

concentration of ʩAg. At ʩAg < 32 at.% there is a stagnation of grain growth of the 

nonmagnetic component as a result of their isolation from each other in the matrix 

of ferromagnetic material. On the images of the crystal structure of the samples at 

ʩAg = 32-60 at.%, it is possible to distinguish nanosized (L = 2-5 nm) and 

crystallites with an average size up to 50 nm, which correspond to the 

ferromagnetic and nonmagnetic components of the system, respectively. In the 

case of ʩAg > 70 at.%, the crystalline structure of the film system (Py+Ag)/S can be 

described as follows: the nanosized grains of the ferromagnetic component is 

randomly distributed in the volume of the nonmagnetic material.  

Regularities in concentration and size dependences of resistivity, 

temperature coefficient of resistance, and temperature of healing of defects for 

nanosized materials in the range of concentrations ʩAg = (10-90) ʘʪ.% are 

established. It was demonstrated that the addition of Ag to the permalloy Ni80Fe20 

and the increase in the concentration of cAg from 26 to 48 at.% causes an increase 

in the value of ɟ in the system (Py+Ag)/S to 2.5Ŀ10
 ï 7 
ʆhmĿm compared with data 

for single-layer Ni80Fe20 permalloy films at d = 55nm (ɟ(ʈʫ) = 2.0Ŀ10
 ï 7 
ʆhmĿm). 

A further increase in the concentration of Ag atoms leads to a sharp decrease in the 

resistivity to the value of r, characteristic of a single-layer Ag(55)/S film, which is 

1.7Ŀ10
 ï 7 
ʆhmĿm, which is due to changes in the crystal structure of the samples. 

The concentration dependences of ɓ(cAg) show a minimum at cAg = 48 at.%, which 

corresponds to the value of ɓ = 1.8Ŀ10
 3
 ʂ

-1
. 

It is shown that nanosized film materials (Py+Ag)/S is also characterized by 

a display of the size effect in thermoresistive properties. The increase in the total 

thickness from 20 to 100 nm causes a sharp decrease in the value of resistivity 5-6 

times, while the value of TCR increases by 2-3 times. 

A comparative analysis of the experimental dependences r(T) and b(T) for 
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samples formed by simultaneous and layer-by-layer condensation shows that 

changing the condensation method from simultaneous to layer-by-layer does not 

affect the nature of temperature dependences of resistivity and TCR. 

It is established that the amplitude and nature of the field dependences on the 

magnetoresistance of nanosized film materials formed based on the permalloy 

Ni80Fe20 and Ag are determined by their composite composition. The maximum 

value of the isotropic magnetoresistive effect for freshly condensed samples is 

1.85% for samples at cAg = 60 at.% and d = 100 nm and for thermally annealed - 

1.80% at ʊann = 500 K samples cAg = 60 at.% and d = 60 nm (at the measurement at 

room temperature). Increasing the induction of the applied external magnetic field 

from 500 mT to 1.5 T does not affect the shape of the field dependence of the 

magnetic resistance MR(B). Hysteresis and saturation are absent. At the same time, 

there is an increase in the value of MR to 2.5%. The decrease in the measurement 

temperature from 300 to 4 K is accompanied by a further increase in the amplitude 

of the magnetoresistive effect to 3.8%. At the same time, the size dependences of 

the magnetoresistance for nanoscale film systems (Py+Ag)/S are characterized by 

the presence of a maximum MR = 1.80% at a thickness of 60 nm and a 

temperature of 500 K. This maximum is shifted toward smaller thicknesses 

(d = 50 nm) at the increase in annealing temperature to 700 K and is 0.85%. 

It is experimentally shown that the nature of the size dependence of the MR 

depends on the temperature of heat treatment of the samples. As-deposited samples 

are characterized by an increase in MR with increasing thickness with a yield to 

saturation at d = 100 nm. At the same time, the dependences of MR(d) are 

characterized by the presence of a maximum at a thickness of 60 nm and a 

temperature of 500 K, which shifts toward smaller thicknesses with increasing 

annealing temperature to 700 K. 

Additional studies of the magnetic properties allowed us to conclude that 

nanosized particles of the translucent formed at the condensation stage have a 

ferromagnetic nature, which is a necessary condition for the manifestation of the 

isotropic magnetoresistive effect. A slight increase in the saturation magnetization 

of the samples after annealing to 500 K confirms the conclusions made based on 

studies by the AFM method: a gradual increase in the average size of 
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ferromagnetic nanoparticles observed in the process of heat treatment at a 

temperature of 500 K 

In the case of forming nanosized materials using the layer-by-layer 

condensation method, the maximum value of the isotropic MR = 0.35% was 

obtained in the case of the multilayer system [Py/Ag]16/S, i.e. the system with the 

maximum number of Py/Ag bilayer repeats. This indicates a greater efficiency of 

the method of simultaneous condensation for the implementation of isotropic 

magnetoresistance, greater than 1%. 

ʂeywords: nanosized materials, permalloy, silver, co-evaporation, layer-by-

layer condensation, resistivity, temperature coefficient of resistance, 

magnetoresistance, concentration effect, size effect. 
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ʉʇʀʉʆʂ ʋʄʆɺʅʀʍ ʇʆɿʅɸʏɽʅʔ 

 

a, ʘ0 ï ʧʘʨʘʤʝʪʨ ʢʨʠʩʪʘʣʽʯʥʦʾ ʛʨʘʪʢʠ ʧʣʽʚʢʠ ʽ ʤʘʩʠʚʥʠʭ ʟʨʘʟʢʽʚ; 

dhkl ï ʤʽʞʧʣʦʱʠʥʥʘ ʚʽʜʩʪʘʥʴ; 

hkl ï ʽʥʜʝʢʩʠ ʄʽʣʣʝʨʘ; 

d ï ʪʦʚʱʠʥʘ ʟʨʘʟʢʘ; 

ʇ ï ʧʽʜʢʣʘʜʢʘ; 

ʊʧ, ʊʚ, ʊʚʠʤ ï ʪʝʤʧʝʨʘʪʫʨʠ ʧʽʜʢʣʘʜʢʠ, ʚʽʜʧʘʣʶʚʘʥʥʷ, ʚʠʤʽʨʶʚʘʥʥʷ; 

ʩAg ï ʢʦʥʮʝʥʪʨʘʮʽʷ ʘʪʦʤʽʚ ʩʨʽʙʣʘ; 

ʇɽʄ ï ʧʨʦʩʚʽʯʫʶʯʠʡ ʝʣʝʢʪʨʦʥʥʠʡ ʤʽʢʨʦʩʢʦʧ; 

ɽɼɸ ï ʝʥʝʨʛʦ-ʜʠʩʧʝʨʩʽʡʥʠʡ ʘʥʘʣʽʟ; 

ɸʉʄ ï ʘʪʦʤʥʦ-ʩʠʣʦʚʘ ʤʽʢʨʦʩʢʦʧʽʷ; 

ʈʫ ï ʬʝʨʦʤʘʛʥʽʪʥʠʡ ʩʧʣʘʚ ʧʝʨʤʘʣʦʡ Ni80Fe20; 

r ï ʧʠʪʦʤʠʡ ʦʧʽʨ; 

ʊʂʆ (b) ï ʪʝʨʤʽʯʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʦʧʦʨʫ; 

ʅ ï ʥʘʧʨʫʞʝʥʽʩʪʴ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ, 

ɺ ï ʽʥʜʫʢʮʽʷ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ; 

DR ï ʟʤʽʥʘ ʝʣʝʢʪʨʠʯʥʦʛʦ ʦʧʦʨʫ ʟʨʘʟʢʽʚ ʧʨʠ ʥʘʢʣʘʜʘʥʥʽ ʟʦʚʥʽʰʥʴʦʛʦ 

ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ; 

R0 ï ʝʣʝʢʪʨʠʯʥʠʡ ʦʧʽʨ ʟʨʘʟʢʘ ʙʝʟ ʟʦʚʥʽʰʥʴʦʛʦ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ; 

MO (DR/R0) ï ʤʘʛʥʽʪʦʦʧʽʨ; 

ɻʄʆ ï ʛʽʛʘʥʪʩʴʢʠʡ ʤʘʛʥʽʪʦʦʧʽʨ; 

ɸʄʆ ï ʘʥʽʟʦʪʨʦʧʥʠʡ ʤʘʛʥʽʪʦʦʧʽʨ; 

M/Ms ï ʥʦʨʤʦʚʘʥʝ ʟʥʘʯʝʥʥʷ ʥʘʤʘʛʥʽʯʝʥʦʩʪʽ ʟʨʘʟʢʫ; 

Ms ï ʥʘʤʘʛʥʽʯʝʥʽʩʪʴ ʥʘʩʠʯʝʥʥʷ; 

SB ï ʯʫʪʣʠʚʽʩʪʴ ʜʦ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ. 
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ɺʉʊʋʇ 

 

ɸʢʪʫʘʣʴʥʽʩʪʴ ʪʝʤʠ. ʉʝʨʝʜ ʬʝʨʦʤʘʛʥʽʪʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʷʢʽ ʟʥʘʡʰʣʠ 

ʰʠʨʦʢʝ ʧʨʘʢʪʠʯʥʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʩʫʯʘʩʥʠʭ ʪʝʭʥʦʣʦʛʽʷʭ ʤʘʛʥʽʪʥʦʛʦ ʟʘʧʠʩʫ ʪʘ  

ʩʝʥʩʦʨʠʢʠ, ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ ʧʝʨʤʘʣʦʻʚʠʡ ʩʧʣʘʚ Ni80Fe20 (Py). ɼʘʥʠʡ ʤʘʪʝʨʽʘʣ 

ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʢʣʘʩʫ ʤʘʛʥʽʪʦʤôʷʢʠʭ ʬʝʨʦʤʘʛʥʝʪʠʢʽʚ ʽ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ 

ʥʠʟʴʢʠʤ ʟʥʘʯʝʥʥʷʤ ʢʦʝʨʮʠʪʠʚʥʦʾ ʩʠʣʠ, ʚʝʣʠʢʦʶ ʥʘʤʘʛʥʽʯʝʥʽʩʪʶ ʥʘʩʠʯʝʥʥʷ 

ʪʘ ʚʠʩʦʢʦʶ ʤʘʛʥʽʪʥʦʶ ʩʧʨʠʡʥʷʪʣʠʚʽʩʪʶ. ɿʘʚʜʷʢʠ ʮʴʦʤʫ ʧʝʨʤʘʣʦʻʚʠʡ ʩʧʣʘʚ 

Ni80Fe20 ʩʣʫʞʠʪʴ ʙʘʟʦʚʠʤ ʤʘʪʝʨʽʘʣʦʤ ʧʨʠ ʨʝʘʣʽʟʘʮʽʾ ʪʝʭʥʦʣʦʛʽʡ ʤʘʛʥʽʪʥʦʛʦ 

ʟʘʧʠʩʫ, ʘ ʪʘʢʦʞ ʧʨʠ ʚʠʛʦʪʦʚʣʝʥʥʽ ʯʫʪʣʠʚʠʭ ʝʣʝʤʝʥʪʽʚ ʩʝʥʩʦʨʽʚ. ʈʦʟʰʠʨʠʪʠ 

ʛʘʣʫʟʽ ʧʨʘʢʪʠʯʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʝʨʤʘʣʦʻʚʦʛʦ ʩʧʣʘʚʫ Ni80Fe20 ʤʦʞʥʘ 

ʰʣʷʭʦʤ ʜʦʜʘʚʘʥʥʷ ʜʦ ʡʦʛʦ ʩʢʣʘʜʫ ʪʨʝʪʴʦʛʦ ʢʦʤʧʦʥʝʥʪʘ. ʅʘʧʨʠʢʣʘʜ, ʰʣʷʭʦʤ 

ʜʦʜʘʚʘʥʥʷ ʘʪʦʤʽʚ Tb ʜʦ ʩʢʣʘʜʫ ʧʝʨʤʘʣʦʻʚʦʛʦ ʩʧʣʘʚʫ Ni80Fe20 ʤʦʞʥʘ ʜʦʩʷʛʪʠ 

ʟʙʽʣʴʰʝʥʥʷ ʜʠʥʘʤʽʯʥʦʛʦ ʟʘʛʘʩʘʥʥʷ ʥʘʤʘʛʥʽʯʝʥʦʩʪʽ. ɺʚʝʜʝʥʥʷ ʘʪʦʤʽʚ Cu, Ag 

ʘʙʦ Ag ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ ʥʘʥʦʨʦʟʤʽʨʥ ̔ ʤʘʪʝʨʽʘʣʠ, ʫ ʷʢʠʭ ʥʘ ʤʝʞʘʭ 

ʬʝʨʦʤʘʛʥʽʪʥʘ ʥʘʥʦʯʘʩʪʠʥʢʘ/ʥʝʤʘʛʥʽʪʥʘ ʤʘʪʨʠʮʷ ʨʝʘʣʽʟʫʻʪʴʩʷ ʩʧʽʥ-ʟʘʣʝʞʥʝ 

ʨʦʟʩʽʶʚʘʥʥʷ ʝʣʝʢʪʨʦʥʽʚ, ʱʦ ʩʧʨʠʯʠʥʷʻ ʧʦʷʚʫ ʷʚʠʱʘ ʛʽʛʘʥʪʩʴʢʦʛʦ 

ʤʘʛʥʽʪʦʦʧʦʨʫ. ɼʣʷ ʟʙʽʣʴʰʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʽʚ ʩʧʽʥ-ʟʘʣʝʞʥʦʛʦ 

ʨʦʟʩʽʶʚʘʥʥʷ ʝʣʝʢʪʨʦʥʽʚ ʫ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʟʥʘʯʥʘ ʫʚʘʛʘ ʧʨʠʜʽʣʷʻʪʴʩʷ ʚʠʙʦʨʫ 

ʢʦʥʮʝʥʪʨʘʮʽʡʥʦʛʦ ʩʢʣʘʜʫ ʤʘʪʝʨʽʘʣʫ, ʦʩʢʽʣʴʢʠ ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ ʤʘʛʥʽʪʥʦʾ 

ʢʦʤʧʦʥʝʥʪʠ ʙʫʜʝ ʟʘʣʝʞʘʪʠ ʩʝʨʝʜʥʽʡ ʨʦʟʤʽʨ ʬʝʨʦʤʘʛʥʽʪʥʠʭ ʥʘʥʦʯʘʩʪʠʥʦʢ ʪʘ 

ʾʭ ʨʦʟʧʦʜʽʣ ʚ ʦʙôʻʤʽ ʥʝʤʘʛʥʽʪʥʦʾ ʤʘʪʨʠʮʽ.  

ɯʩʥʫʻ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʨʦʙʽʪ, ʷʢʽ ʧʨʠʩʚʷʯʝʥʽ ʚʠʚʯʝʥʥʶ ʨʽʟʥʠʭ ʬʽʟʠʯʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʧʣʽʚʢʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʩʬʦʨʤʦʚʘʥʠʭ ʥʘ ʦʩʥʦʚʽ 

ʧʝʨʤʘʣʦʻʚʠʭ ʩʧʣʘʚʽʚ NiʭFe1-ʭ ʪʘ ʙʣʘʛʦʨʦʜʥʠʭ ʤʝʪʘʣʽʚ. ʆʜʥʘʢ, ʙʽʣʴʰʽʩʪʴ ʽʟ ʥʠʭ 

ʚʠʚʯʘʻ ʩʠʩʪʝʤʠ, ʝʬʝʢʪʠʚʥʘ ʪʦʚʱʠʥʘ ʷʢʠʭ ʻ ʙʽʣʴʰʦʶ ʟʘ 100 ʥʤ. ʋ ʪʦʡ ʞʝ ʯʘʩ, 

ʨʦʟʚʠʪʦʢ ʩʫʯʘʩʥʠʭ ʥʘʧʨʷʤʽʚ ʝʣʝʢʪʨʦʥʽʢʠ ʚʠʤʘʛʘʻ ʧʝʨʝʭʦʜʫ ʜʦ 

ʥʘʥʦʨʦʟʤʽʨʥʦʛʦ ʨʽʚʥʷ ʧʨʠ ʚʠʛʦʪʦʚʣʝʥʥʽ ʙʘʟʦʚʠʭ ʢʦʤʧʦʥʝʥʪ ʪʘ ʝʣʝʤʝʥʪʽʚ. ɸ 

ʮʝ ʫ ʩʚʦʶ ʯʝʨʛʫ ʩʪʠʤʫʣʶʻ ʜʦʩʣʽʜʥʠʢʽʚ ʟʚʝʨʥʫʪʠ ʩʚʦʶ ʫʚʘʛʫ ʥʘ ʦʙôʻʢʪʠ, 

ʝʬʝʢʪʠʚʥʘ ʪʦʚʱʠʥʘ ʷʢʠʭ ʥʝ ʧʝʨʝʚʠʱʫʻ 100 ʥʤ. ɯʥʰʦʶ ʚʘʞʣʠʚʦʶ ʧʨʦʙʣʝʤʦʶ, 
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ʷʢʘ ʱʝ ʥʝ ʟʥʘʡʰʣʘ ʩʚʦʛʦ ʚʠʨʽʰʝʥʥʷ ʻ ʧʦʰʫʢ ʤʘʪʝʨʽʘʣʽʚ ʟ ʚʠʩʦʢʦʶ 

ʪʝʤʧʝʨʘʪʫʨʥʦʶ ʩʪʘʙʽʣʴʥʽʩʪʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʱʦ ʜʦʟʚʦʣʠʪʴ ʨʦʟʨʦʙʠʪʠ 

ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʝʣʝʤʝʥʪʠ ʟʽ ʩʪʘʙʽʣʴʥʠʤ ʨʦʙʦʯʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ. ʎɹ ʦʛʦ ʤʦʞʥʘ 

ʜʦʩʷʛʪʠ ʰʣʷʭʦʤ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʽʜʭʦʜʫ ʜʦ ʬʦʨʤʫʚʘʥʥʷ ʥʘʥʦʨʦʟʤʽʨʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʜʦʩʣʽʜʞʝʥʥʷ ʾʭ ʩʪʨʫʢʪʫʨʥʦ-ʬʘʟʦʚʦʛʦ ʩʪʘʥʫ ʽ ʬʽʟʠʯʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ (ʝʣʝʢʪʨʦ- ʪʘ ʤʘʛʥʽʪʦʨʝʟʠʩʪʠʚʥʠʭ).   

ɿʚôʷʟʦʢ ʨʦʙʦʪʠ ʽʟ ʥʘʫʢʦʚʠʤʠ ʧʨʦʛʨʘʤʘʤʠ, ʧʣʘʥʘʤʠ, ʪʝʤʘʤʠ. 

ɼʠʩʝʨʪʘʮʽʡʥʘ ʨʦʙʦʪʘ ʚʠʢʦʥʘʥʘ ʥʘ ʢʘʬʝʜʨʽ ʝʣʝʢʪʨʦʥʽʢʠ, ʟʘʛʘʣʴʥʦʾ ʪʘ 

ʧʨʠʢʣʘʜʥʦʾ ʬʽʟʠʢʠ ʉʫʤʩʴʢʦʛʦ ʜʝʨʞʘʚʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʚ ʨʘʤʢʘʭ 

ʜʝʨʞʙʶʜʞʝʪʥʠʭ ʪʝʤ: çɺʧʣʠʚ ʬʽʟʠʯʥʠʭ ʧʨʦʮʝʩʽʚ ʥʘ ʚʣʘʩʪʠʚʦʩʪʽ ʩʧʽʥ-

ʚʝʥʪʠʣʴʥʠʭ ʩʪʨʫʢʪʫʨ ʥʘ ʦʩʥʦʚʽ ʧʣʽʚʦʢ Fe, Co ʪʘ Ag, Au, Cu ʽ ʤʘʛʥʽʪʥʠʭ 

ʥʘʥʦʯʘʩʪʠʥʦʢè (2015-2018 ʨʨ.) ˉ 0116U002623; çʊʝʨʤʦʩʪʘʙʽʣʴʥʽ ʤʝʪʘʣʝʚʽ 

ʩʧʽʥ-ʢʣʘʧʘʥʠ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʩʧʽʥʦʚʠʭ ʢʘʥʘʣʽʚ ʚ ʢʦʤʧʦʥʝʥʪʘʭ ʛʥʫʯʢʦʾ 

ʩʝʥʩʦʨʥʦʾ ʝʣʝʢʪʨʦʥʽʢʠè (2017ï2020 ʨʨ.) ˉ 0117U003925; çʄʘʛʥʽʪʦʨʝʟʠʩʪʠʚʥʽ 

ʪʘ ʤʘʛʥʽʪʦʦʧʪʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟ ʚʧʨʦʚʘʜʞʝʥʠʤʠ 

ʥʘʥʦʯʘʩʪʠʥʢʘʤʠè (2019-2021 ʨʨ.) ˉ 0119U100777. ɼʠʩʝʨʪʘʥʪ ʙʨʘʚ ʫʯʘʩʪʴ ʫ 

ʚʠʢʦʥʘʥʥʽ ʟʘʟʥʘʯʝʥʠʭ ʅɼʈ ʷʢ ʚʠʢʦʥʘʚʝʮʴ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʧʽʜ ʯʘʩ 

ʧʽʜʛʦʪʦʚʢʠ ʧʨʦʤʽʞʥʠʭ ʽ ʟʘʢʣʶʯʥʠʭ ʟʚʽʪʽʚ. 

ʄʝʪʘ ʽ ʟʘʚʜʘʥʥʷ ʜʦʩʣʽʜʞʝʥʴ. ʄʝʪʘ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʧʦʣʷʛʘʣʘ ʫ 

ʚʩʪʘʥʦʚʣʝʥʥʽ ʟʘʛʘʣʴʥʠʭ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʚʧʣʠʚʫ ʢʦʥʮʝʥʪʨʘʮʽʡʥʠʭ, ʨʦʟʤʽʨʥʠʭ 

ʪʘ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʝʬʝʢʪʽʚ ʥʘ ʝʣʝʢʪʨʦ- ʽ ʤʘʛʥʽʪʦʨʝʟʠʩʪʠʚʥʽ ʚʣʘʩʪʠʚʦʩʪʽ 

ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʧʣʽʚʢʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʩʬʦʨʤʦʚʘʥʠʭ ʥʘ ʦʩʥʦʚʽ ʧʝʨʤʘʣʦʻʚʦʛʦ 

ʩʧʣʘʚʫ Ni80Fe20 ʪʘ Ag.   

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ ʥʝʦʙʭʽʜʥʦ ʙʫʣʦ ʚʠʨʽʰʠʪʠ ʪʘʢʽ ʟʘʜʘʯ:̔  

ï ʨʦʟʨʦʙʠʪʠ ʤʝʪʦʜʠʢʫ ʦʜʝʨʞʘʥʥʷ ʧʣʽʚʢʦʚʠʭ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʤʘʪʝʨʽʘʣʽʚ 

ʥʘ ʦʩʥʦʚʽ ʧʝʨʤʘʣʦʻʚʦʛʦ ʩʧʣʘʚʫ Ni80Fe20 ʪʘ Ag, ʱʦ ʜʦʟʚʦʣʠʣʘ ʙ ʨʝʘʣʽʟʫʚʘʪʠ ʚ 

ʦʜʥʦʤʫ ʪʝʭʥʦʣʦʛʽʯʥʦʤʫ ʮʠʢʣʽ ʰʠʨʦʢʠʡ ʢʦʥʮʝʥʪʨʘʮʽʡʥʠʡ ʩʢʣʘʜ; 

ï ʚʠʚʯʠʪʠ ʦʩʦʙʣʠʚʦʩʪʽ ʬʘʟʦʚʦʛʦ ʩʪʘʥʫ ʪʘ ʢʨʠʩʪʘʣʽʯʥʦʾ ʩʪʨʫʢʪʫʨʠ 

ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʧʣʽʚʢʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʩʬʦʨʤʦʚʘʥʠʭ ʥʘ ʦʩʥʦʚʽ ʧʝʨʤʘʣʦʻʚʦʛʦ 

ʩʧʣʘʚʫ Ni80Fe20 ʪʘ Ag, ʚ ʰʠʨʦʢʦʤʫ ʜʽʘʧʘʟʦʥʽ ʢʦʥʮʝʥʪʨʘʮʽʡ ʢʦʤʧʦʥʝʥʪ 
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(10 < ʩAg < 90 ʘʪ. %) ʪʘ ʟʘ ʟʘʛʘʣʴʥʦʾ ʪʦʚʱʠʥʠ, ʷʢʘ ʟʤʽʥʶʻʪʴʩʷ ʚ ʤʝʞʘʭ ʚʽʜ 20 

ʜʦ 100 ʥʤ; 

ï ʧʨʦʚʝʩʪʠ ʢʦʤʧʣʝʢʩʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʢʦʥʮʝʥʪʨʘʮʽʡʥʠʭ, ʨʦʟʤʽʨʥʠʭ 

ʪʘ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʝʬʝʢʪʽʚ ʥʘ ʝʣʝʢʪʨʦʬʽʟʠʯʥʽ (ʧʠʪʦʤʠʡ ʦʧʽʨ, ʪʝʨʤʽʯʥʠʡ 

ʢʦʝʬʽʮʽʻʥʪ ʦʧʦʨʫ (ʊʂʆ) ʽ ʪʝʤʧʝʨʘʪʫʨʘ ʟʘʣʽʢʦʚʫʚʘʥʥʷ ʜʝʬʝʢʪʽʚ) ʪʘ 

ʤʘʛʥʽʪʦʨʝʟʠʩʪʠʚʥʽ (ʘʥʽʟʦʪʨʦʧʥʠʡ ʽ ʽʟʦʪʨʦʧʥʠʡ ʤʘʛʥʽʪʦʦʧʽʨ) ʚʣʘʩʪʠʚʦʩʪʽ 

ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʤʘʪʝʨʽʘʣʽʚ; 

ï ʚʩʪʘʥʦʚʠʪʠ ʷʢ ʚʧʣʠʚʘʻ ʤʝʪʦʜʠʢʘ ʬʦʨʤʫʚʘʥʥʷ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʩʪʨʫʢʪʫʨ 

ʥʘ ʦʩʥʦʚʽ ʧʝʨʤʘʣʦʻʚʦʛʦ ʩʧʣʘʚʫ Ni80Fe20 ʪʘ Ag (ʦʜʥʦʯʘʩʥʝ ʚʠʧʘʨʫʚʘʥʥʷ ʯʠ 

ʧʦʰʘʨʦʚʘ ʢʦʥʜʝʥʩʘʮʽʷ) ʥʘ ʾʭ ʩʪʨʫʢʪʫʨʥʦ-ʬʘʟʦʚʠʡ ʩʪʘʥ, ʝʣʝʢʪʨʦʬʽʟʠʯʥʽ ʪʘ 

ʤʘʛʥʽʪʦʨʝʟʠʩʪʠʚʥʽ ʚʣʘʩʪʠʚʦʩʪʽ; 

ï ʚʩʪʘʥʦʚʠʪʠ ʜʽʘʧʘʟʦʥ ʪʝʤʧʝʨʘʪʫʨʥʦʾ ʩʪʘʙʽʣʴʥʦʩʪʽ ʤʘʛʥʽʪʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʚʠʟʥʘʯʠʪʠ ʛʘʣʫʟʽ 

ʾʭ ʧʨʘʢʪʠʯʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ.  

ʆʙ'ʻʢʪ ʜʦʩʣʽʜʞʝʥʥʷ ï ʢʦʥʮʝʥʪʨʘʮʽʡʥʽ, ʨʦʟʤʽʨʥʽ ʪʘ ʪʝʤʧʝʨʘʪʫʨʥʽ ʝʬʝʢʪʠ 

ʚ ʝʣʝʢʪʨʦʬʽʟʠʯʥʠʭ ʽ ʤʘʛʥʽʪʦʨʝʟʠʩʪʠʚʥʠʭ ʚʣʘʩʪʠʚʦʩʪʷʭ ʥʘʥʦʨʦʟʤʽʨʥʠʭ 

ʧʣʽʚʢʦʚʠʭ ʤʘʪʝʨʽʘʣʘʭ. 

ʇʨʝʜʤʝʪ ʜʦʩʣʽʜʞʝʥʥʷ ï ʬʘʟʦʚʠʡ ʩʪʘʥ, ʢʨʠʩʪʘʣʽʯʥʘ ʩʪʨʫʢʪʫʨʘ, 

ʝʣʝʢʪʨʦʬʽʟʠʯʥʽ (ʧʠʪʦʤʠʡ ʦʧʽʨ, ʊʂʆ  ̔ʪʝʤʧʝʨʘʪʫʨʘ ʟʘʣʽʢʦʚʫʚʘʥʥʷ ʜʝʬʝʢʪʽʚ) ʪʘ 

ʤʘʛʥʽʪʦʨʝʟʠʩʪʠʚʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʧʣʽʚʢʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ, 

ʩʬʦʨʤʦʚʘʥʠʭ ʥʘ ʦʩʥʦʚʽ ʧʝʨʤʘʣʦʻʚʦʛʦ ʩʧʣʘʚʫ Ni80Fe20 (ʈʫ) ʽ Ag ʤʝʪʦʜʘʤʠ 

ʦʜʥʦʯʘʩʥʦʾ ʪʘ ʧʦʰʘʨʦʚʦʾ ʢʦʥʜʝʥʩʘʮʽʾ . 

ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ. ʅʘʥʦʨʦʟʤʽʨʥʽ ʧʣʽʚʢʦʚʽ ʤʘʪʝʨʽʘʣʠ ʬʦʨʤʫʚʘʣʠʩʷ 

ʤʝʪʦʜʘʤʠ ʦʜʥʦʯʘʩʥʦʛʦ ʪʘ ʧʦʰʘʨʦʚʦʛʦ ʝʣʝʢʪʨʦʥʥʦ-ʧʨʦʤʝʥʝʚʦʛʦ ʦʩʘʜʞʝʥʥʷ ʫ 

ʚʘʢʫʫʤʽ. ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʩʪʨʫʢʪʫʨʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʤʘʪʝʨʽʘʣʽʚ 

ʙʫʣʠ ʟʘʩʪʦʩʦʚʘʥʽ ʥʘʩʪʫʧʥʽ ʤʝʪʦʜʠ: ʝʣʝʢʪʨʦʥʥʘ ʧʨʦʩʚʽʯʫʶʯʘ ʪʘ ʘʪʦʤʥʦ-ʩʠʣʦʚʘ 

ʤʽʢʨʦʩʢʦʧʽʷ, ʝʣʝʢʪʨʦʥʦʛʨʘʬʽʷ; ʝʥʝʨʛʦʜʠʩʧʝʨʩʽʡʥʠʡ ʨʝʥʪʛʝʥʽʚʩʴʢʠʡ ʤʽʢʨʦʘʥʘʣʽʟ. 

ʌʽʟʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʜʦʩʣʽʜʞʫʚʘʣʠʩʷ ʤʝʪʦʜʘʤʠ  ʚʠʩʦʢʦʪʦʯʥʦʾ ʨʝʟʠʩʪʦʤʝʪʨʽʾ ʽʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʩʠʩʪʝʤ ʢʝʨʫʚʘʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʦʤ, ʚʽʙʨʘʮʽʡʥʦʾ 

ʪʘ ʥʘʜʧʨʦʚʽʜʥʦʾ ʢʚʘʥʪʦʚʦʾ (SQUID) ʤʘʛʥʽʪʦʤʝʪʨʽʾ. 
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ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. ʇʨʦʚʝʜʝʥʝ ʚ ʨʦʙʦʪʽ 

ʢʦʤʧʣʝʢʩʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚʟʘʻʤʦʟʚôʷʟʢʫ ʢʨʠʩʪʘʣʽʯʥʦʾ ʩʪʨʫʢʪʫʨʠ, ʬʘʟʦʚʦʛʦ 

ʩʢʣʘʜʫ, ʝʣʝʢʪʨʦʬʽʟʠʯʥʠʭ ʪʘ ʤʘʛʥʽʪʦʨʝʟʠʩʪʠʚʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʥʘʥʦʨʦʟʤʽʨʥʠʭ 

ʧʣʽʚʢʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ ʥʘ ʦʩʥʦʚʽ ʧʝʨʤʘʣʦʻʚʦʛʦ ʩʧʣʘʚʫ Ni80Fe20 ʪʘ Ag ʜʦʟʚʦʣʠʣʠ 

ʦʜʝʨʞʘʪʠ ʪʘʢʽ ʥʦʚʽ ʥʘʫʢʦʚʽ ʨʝʟʫʣʴʪʘʪʠ: 

1. ɺʠʟʥʘʯʝʥʦ, ʱʦ ʬʘʟʦʚʠʡ ʩʢʣʘʜ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʧʣʽʚʢʦʚʠʭ ʩʠʩʪʝʤ 

(ʈʫ+Ag)/ʇ ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ ʢʦʤʧʦʥʝʥʪ (ʩAg = 20-85 ʘʪ. %,) ʻ 

ʜʚʦʬʘʟʥʠʤ, ʚʽʜʧʦʚʽʜʘʻ ɻʎʂ-Ni3Fe + ɻʎʂ-Ag ʚʽʜʧʦʚʽʜʥʦ ʽʟ ʧʘʨʘʤʝʪʨʘʤ ˇʨʘʪʢʠ 

a  = 0,354-0,355 ʽ 0,407 ʥʤ ʪʘ ʟʘʣʠʰʘʻʪʴʩʷ ʥʝʟʤʽʥʥʠʤ ʫ ʧʨʦʮʝʩʽ ʪʝʨʤʦʦʙʨʦʙʢʠ 

ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ ʊʚ = 700 ʂ. ʇʦʢʘʟʘʥʦ, ʱʦ ʟʘ cAg = 32-60 aʪ.% ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʧʝʨʝʭʽʜ ʚʽʜ ʢʨʠʩʪʘʣʽʯʥʦʾ ʩʪʨʫʢʪʫʨʠ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʟʝʨʝʥ Ag ʚʧʨʦʚʘʜʞʝʥʠʭ 

ʫ ʬʝʨʦʤʘʛʥʽʪʥʫ ʤʘʪʨʠʮʶ ʧʝʨʤʘʣʦʻʚʦʛʦ ʩʧʣʘʚʫ ʜʦ ʩʪʨʫʢʪʫʨʠ ʜʝ ʟʝʨʥʘ 

ʬʝʨʦʤʘʛʥʽʪʥʦʾ ʢʦʤʧʦʥʝʥʪʠ ʚʧʨʦʚʘʜʞʝʥʽ ʫ ʤʘʪʨʠʮʶ ʩʨʽʙʣʘ.   

2. ɺʧʝʨʰʝ ʦʪʨʠʤʘʥʽ ʢʦʥʮʝʥʪʨʘʮʽʡʥʽ ʟʘʣʝʞʥʦʩʪʽ ʧʠʪʦʤʦʛʦ ʦʧʦʨʫ, ʊʂʆ, ʘ 

ʪʘʢʦʞ ʢʦʥʮʝʥʪʨʘʮʽʡʥʘ ʟʘʣʝʞʥʽʩʪʴ ʪʝʤʧʝʨʘʪʫʨʠ ʟʘʣʽʢʦʚʫʚʘʥʥʷ ʜʝʬʝʢʪʽʚ ʫ 

ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʤʘʪʝʨʽʘʣʘʭ ʥʘ ʦʩʥʦʚʽ ʈʫ ʽ Ag. ʇʦʢʘʟʘʥʦ, ʱʦ ʟʤʽʥʘ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʘʪʦʤʽʚ ʥʝʤʘʛʥʽʪʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʚ ʜʽʘʧʘʟʦʥʽ ʚʽʜ 20 ʜʦ 85 ʘʪ.% ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʧʦʷʚʠ ʤʽʥʽʤʫʤʫ ʘʙʦ ʤʘʢʩʠʤʫʤʫ ʚʽʜʧʦʚʽʜʥʦ ʥʘ ʟʘʣʝʞʥʦʩʪʷʭ ɟ(ʩAg) ʪʘ ɓ(ʩAg), ʱʦ 

ʧʦʚôʷʟʘʥʦ ʟʽ ʟʤʽʥʘʤʠ ʫ ʢʨʠʩʪʘʣʽʯʥʽʡ ʩʪʨʫʢʪʫʨʽ ʟʨʘʟʢʽʚ. ʊʝʤʧʝʨʘʪʫʨʘ 

ʟʘʣʽʢʦʚʫʚʘʥʥʷ ʜʝʬʝʢʪʽʚ ʊʜ ʚ ʽʥʪʝʨʚʘʣʽ ʢʦʥʮʝʥʪʨʘʮʽʡ ʩAg = 20-85 ʘʪ.% ʣʝʞʠʪʴ ʫ 

ʤʝʞʘʭ ʚʽʜ 450 ʜʦ 520 ʂ. 

3. ʋʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʤʝʪʦʜʠʢʘ ʬʦʨʤʫʚʘʥʥʷ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʩʪʨʫʢʪʫʨ ʥʘ 

ʦʩʥʦʚʽ ʧʝʨʤʘʣʦʻʚʦʛʦ ʩʧʣʘʚʫ Ni80Fe20 ʪʘ Ag (ʦʜʥʦʯʘʩʥʝ ʚʠʧʘʨʫʚʘʥʥʷ ʯʠ 

ʧʦʰʘʨʦʚʘ ʢʦʥʜʝʥʩʘʮʽʷ) ʟʘ ʽʜʝʥʪʠʯʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʫʤʦʚ (ʩʪʫʧʽʥʴ ʚʘʢʫʫʤʫ, 

ʰʚʠʜʢʽʩʪʴ ʦʩʘʜʞʝʥʥʷ, ʪʝʤʧʝʨʘʪʫʨʘ ʧʽʜʢʣʘʜʢʠ) ʥʝ ʚʧʣʠʚʘʻ ʥʘ ʩʪʨʫʢʪʫʨʥʦ-

ʬʘʟʦʚʠʡ ʩʪʘʥ ʽ ʜʦʟʚʦʣʷʻ ʨʝʛʫʣʶʚʘʪʠ ʾʭ ʝʣʝʢʪʨʦʬʽʟʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ (ʚʝʣʠʯʠʥʫ 

ʧʠʪʦʤʦʛʦ ʦʧʦʨʫ ʽ ʊʂʆ), ʟʤʽʥʶʶʯʠ ʘʙʦ ʢʦʥʮʝʥʪʨʘʮʽʶ ʢʦʤʧʦʥʝʥʪ, ʘʙʦ 

ʪʦʚʱʠʥʫ ʽ ʢʽʣʴʢʽʩʪʴ ʰʘʨʽʚ ʚ ʩʠʩʪʝʤʽ. ɹʣʠʟʴʢʽ ʟʥʘʯʝʥʥʷ ʚʝʣʠʯʠʥ r ʪʘ b ʜʣʷ 

ʩʠʩʪʝʤ [Py(1)/Ag(2,5)]16/ʇ (r = 2,40Ŀ10 ï 7
 ʆʤĿʤ, b = 2,23

 ï 3
 ʂ

 ï 1
) ʪʘ (Py+Ag)/ʇ 

ʟʘ cAg = 60 aʪ.% ʪʘ d = 55 ʥʤ. (r = 2,50Ŀ10 ï 7
 ʆʤĿʤ, b = 2,01

 ï 3
 ʂ

 ï 1
) ʜʦʟʚʦʣʷʻ 
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ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ ʧʨʦ ʧʦʜʽʙʥʽʩʪʴ ʩʪʨʫʢʪʫʨʠ ʙʘʛʘʪʦʰʘʨʦʚʦʾ ʩʠʩʪʝʤʠ ʜʦ 

ʩʪʨʫʢʪʫʨʠ ʧʣʽʚʢʠ, ʩʬʦʨʤʦʚʘʥʦʾ ʤʝʪʦʜʦʤ ʦʜʥʦʯʘʩʥʦʾ ʢʦʥʜʝʥʩʘʮʽʾ ʢʦʤʧʦʥʝʥʪ. 

4. ɼʽʩʪʘʣʦ ʧʦʜʘʣʴʰʦʛʦ ʨʦʟʚʠʪʢʫ ʚʠʚʯʝʥʥʷ ʤʘʛʥʽʪʦʨʝʟʠʩʪʠʚʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʩʬʦʨʤʦʚʘʥʠʭ ʥʘ ʦʩʥʦʚʽ 

ʧʝʨʤʘʣʦʻʚʦʛʦ ʩʧʣʘʚʫ Ni80Fe20 ʪʘ Ag. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʜʦʩʣʽʜʞʝʥʽ 

ʢʦʥʮʝʥʪʨʘʮʽʡʥʽ (cAg = 20-85 aʪ.%), ʨʦʟʤʽʨʥʽ (d = 20-100 ʥʤ, cAg = 60 aʪ.%) ʪʘ 

ʪʝʤʧʝʨʘʪʫʨʥʽ (ʟʘ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʽʥʪʝʨʚʘʣʽʚ ʚʽʜʧʘʣʶʚʘʥʥʷ ʊʚ = 300-900 ʂ ʪʘ 

ʚʠʤʽʨʶʚʘʥʥʷ ʊʚʠʤ = 10-300 ʂ) ʝʬʝʢʪʠ ʚ ʤʘʛʥʽʪʦʦʧʦʨʽ. ʋʩʪʘʥʦʚʣʝʥʦ, ʱʦ 

ʤʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʽʟʦʪʨʦʧʥʦʛʦ ʤʘʛʥʽʪʦʨʝʟʠʩʪʠʚʥʦʛʦ ʝʬʝʢʪʫ ʜʣʷ 

ʩʚʽʞʦʩʢʦʥʜʝʥʩʦʚʘʥʠʭ ʟʨʘʟʢʽʚ ʩʪʘʥʦʚʠʪʴ 1,85 % ʟʘ cAg = 60 aʪ.% ʽ d = 100 ʥʤ ʪʘ 

ʜʣʷ ʪʝʨʤʦʚʽʜʧʘʣʝʥʠʭ ï 1,80 % ʟʘ ʊʚ = 500 ʂ ʟʘ cAg = 60 aʪ.% ʽ d = 60 ʥʤ (ʧʨʠ 

ʚʠʤʽʨʶʚʘʥʥʽ ʟʘ ʢʽʤʥʘʪʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ). ɿʤʝʥʰʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ 

ʚʠʤʽʨʶʚʘʥʥʷ ʜʦ 10 ʂ ʩʧʨʠʯʠʥʷʻ ʟʨʦʩʪʘʥʥʷ ʚʝʣʠʯʠʥʠ ʄʆ ʜʦ 3,5 %, ʧʨʠ ʮʴʦʤʫ 

ʭʘʨʘʢʪʝʨ ʧʦʣʴʦʚʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʟʘʣʠʰʘʻʪʴʩʷ ʙʝʟʛʽʩʪʝʨʝʟʠʩʪʥʠʤ ʟ ʧʦʩʪʫʧʦʚʠʤ 

ʚʠʭʦʜʦʤ ʥʘ ʥʘʩʠʯʝʥʥʷ. 

5. ʇʦʢʘʟʘʥʦ, ʱʦ ʭʘʨʘʢʪʝʨ ʨʦʟʤʽʨʥʦʾ ʟʘʣʝʞʥʦʩʪʽ ʄʆ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʪʝʤʧʝʨʘʪʫʨʠ ʦʙʨʦʙʢʠ ʟʨʘʟʢʽʚ. ɼʣʷ ʩʚʽʞʦʩʢʦʥʜʝʥʩʚʘʥʠʭ ʟʨʘʟʢʽʚ ʫ ʚʠʭʽʜʥʦʤʫ 

ʩʪʘʥʽ ʭʘʨʘʢʪʝʨʥʠʤ ʻ ʟʨʦʩʪʘʥʥʷ ʄʆ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʪʦʚʱʠʥʠ ʟ ʚʠʭʦʜʦʤ ʥʘ 

ʥʘʩʠʯʝʥʥʷ ʟʘ d = 100 ʥʤ. ʋ ʪʦʡ ʞʝ ʯʘʩ ʟʘʣʝʞʥʦʩʪʽ ʄʆ(d) ʟʨʘʟʢʽʚ ʧʽʩʣʷ 

ʪʝʨʤʦʦʙʨʦʙʢʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʥʘʷʚʥʽʩʪʶ ʤʘʢʩʠʤʫ ʟʘ ʪʦʚʱʠʥʠ 60 ʥʤ ̔ 

ʪʝʤʧʝʨʘʪʫʨʠ ʚʽʜʧʘʣʶʚʘʥʥʷ ʊʚ = 500 ʂ, ʱʦ ʟʤʽʱʫʻʪʴʩʷ ʚ ʙʽʢ ʤʝʥʰʠʭ ʪʦʚʱʠʥ 

(d = 50 ʥʤ) ʧʨʠ ʟʨʦʩʪʘʥʥʽ ʊʚ ʜʦ 700 ʂ. 

ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. ʆʪʨʠʤʘʥʽ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʨʝʟʫʣʴʪʘʪʠ ʧʦʛʣʠʙʣʶʶʪʴ ʨʦʟʫʤʽʥʥʷ ʚʧʣʠʚʫ ʤʝʪʦʜʠʢʠ 

ʬʦʨʤʫʚʘʥʥʷ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʥʘ ʾʭ ʝʣʝʢʪʨʦʬʽʟʠʯʥʽ ʪʘ 

ʤʘʛʥʽʪʦʨʝʟʠʩʪʠʚʥʽ ʚʣʘʩʪʠʚʦʩʪʽ. ɸʥʘʣʽʟ ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ ʩʪʦʩʦʚʥʦ ʚʧʣʠʚʫ 

ʢʦʥʮʝʥʪʨʘʮʽʡʥʠʭ, ʨʦʟʤʽʨʥʠʭ ʪʘ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʝʬʝʢʪʽʚ ʥʘ ʝʣʝʢʪʨʦʬʽʟʠʯʥʽ ʪʘ 

ʤʘʛʥʽʪʦʨʝʟʠʩʪʠʚʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʜʦʟʚʦʣʠʪʴ 

ʨʦʟʰʠʨʠʪʠ ʥʘʙʽʨ ʙʘʟʦʚʠʭ ʢʦʤʧʦʥʝʥʪ ʪʘ ʝʣʝʤʝʥʪʽʚ ʝʣʝʢʪʨʦʥʽʢʠ ʟʽ ʩʪʘʙʽʣʴʥʠʤ 

ʨʦʙʦʯʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ. ʂʨʽʤ ʪʦʛʦ ʧʨʦʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʜʦʟʚʦʣʠʣʠ 
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ʚʠʟʥʘʯʠʪʠ ʢʦʥʮʝʥʪʨʘʮʽʡʥʠʡ ʩʢʣʘʜ ʤʘʪʝʨʽʘʣʫ ʪʘ ʫʤʦʚʠ ʪʝʨʤʦʦʙʨʦʙʢʠ, ʷʢʽ 

ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʯʫʪʣʠʚʠʭ ʝʣʝʤʝʥʪʽʚ ʩʝʥʩʦʨʽʚ ʥʝʝʣʝʢʪʨʠʯʥʠʭ 

ʚʝʣʠʯʠʥ, ʩʪʘʙʽʣʴʥʠʭ ʟʘ ʨʽʟʥʠʭ ʫʤʦʚ ʝʢʩʧʣʫʘʪʘʮʽʾ. ʊʘʢʠʤ ʯʠʥʦʤ, ʨʝʟʫʣʴʪʘʪʠ 

ʜʦʩʣʽʜʞʝʥʴ ʤʦʞʫʪʴ ʩʪʘʪʠ ʤʝʪʦʜʦʣʦʛʽʯʥʦʾ ʦʩʥʦʚʦʶ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʘʥʦʛʦ 

ʪʠʧʫ ʤʘʪʝʨʽʘʣʽʚ ʷʢ ʦʜʥʦʛʦ ʟ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʰʘʨʽʚ ʝʣʝʤʝʥʪʥʦʾ ʙʘʟʠ 

ʥʘʥʦʝʣʝʢʪʨʦʥʽʢʠ ʯʠ ʩʧʽʥʪʨʦʥʽʢʠ, ʘ ʪʘʢʦʞ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʜʣʷ ʩʪʚʦʨʝʥʥʷ 

ʯʫʪʣʠʚʠʭ ʝʣʝʤʝʥʪʽʚ ʩʝʥʩʦʨʽʚ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʟʽ ʩʪʘʙʽʣʴʥʠʤ ʚ ʯʘʩʽ ʨʦʙʦʯʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. 

ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ ʧʦʣʷʛʘʻ ʫ ʩʘʤʦʩʪʽʡʥʦʤʫ ʧʦʰʫʢʫ ʽ ʘʥʘʣʽʟʽ 

ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ, ʧʨʦʚʝʜʝʥʥʽ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ. ɸʚʪʦʨ ʦʩʦʙʠʩʪʦ 

ʦʪʨʠʤʫʚʘʚ ʟʨʘʟʢʠ, ʧʨʦʚʦʜʠʚ ʜʦʩʣʽʜʞʝʥʥʷ ʩʪʨʫʢʪʫʨʥʦ-ʬʘʟʦʚʦʛʦ ʩʪʘʥʫ, 

ʝʣʝʢʪʨʦʬʽʟʠʯʥʠʭ  ̔ ʤʘʛʥʽʪʦʨʝʟʠʩʪʠʚʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʦʙʨʦʙʢʫ ʪʘ 

ʽʥʪʝʨʧʨʝʪʘʮʽʶ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. ʇʦʩʪʘʥʦʚʢʫ ʟʘʜʘʯ ʜʦʩʣʽʜʞʝʥʴ ʽ 

ʫʟʘʛʘʣʴʥʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʟʨʦʙʣʝʥʦ ʨʘʟʦʤ ʽʟ ʥʘʫʢʦʚʠʤ ʢʝʨʽʚʥʠʢʦʤ ʢʘʥʜ. ʬʽʟ.-

ʤʘʪ. ʥʘʫʢ, ʜʦʮ. ʇʘʟʫʭʦʶ ɯ.ʄ. ɺ ʦʙʛʦʚʦʨʝʥʥʽ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʴ ʙʨʘʣʠ 

ʫʯʘʩʪʴ ʧʨʦʬ. ʆʜʥʦʜʚʦʨʝʮʴ ʃ.ɺ., ʧʨʦʬ. ʐʢʫʨʜʦʜʘ ʖ.ʆ., ʇʠʣʠʧʝʥʢʦ ʆ.ɺ. ʪʘ 

ʧʨʦʬ. ʇʨʦʮʝʥʢʦ ɯ.ʖ. ɸʚʪʦʨʦʤ ʦʩʦʙʠʩʪʦ ʧʽʜʛʦʪʦʚʣʝʥʦ ʪʝʢʩʪʠ ʩʪʘʪʝʡ [146, 

158] ʽ ʪʝʟ ʜʦʧʦʚʽʜʝʡ [124, 133, 142, 150, 151, 157], ʘ ʪʘʢʦʞ ʦʢʨʝʤʽ ʨʦʟʜʽʣʠ 

ʩʪʘʪʝʡ [113, 118, 134]. ʆʩʥʦʚʥʽ ʥʘʫʢʦʚʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʧʦʚʽʜʘʣʠʩʴ ʦʩʦʙʠʩʪʦ 

ʘʚʪʦʨʦʤ ʥʘ ʥʘʫʢʦʚʠʭ ʩʝʤʽʥʘʨʘʭ ʽ ʢʦʥʬʝʨʝʥʮʽʷʭ. ʋʩʽ ʥʘʫʢʦʚʽ ʧʦʣʦʞʝʥʥʷ ʽ 

ʚʠʩʥʦʚʢʠ, ʱʦ ʚʠʥʝʩʝʥʽ ʥʘ ʟʘʭʠʩʪ, ʥʘʣʝʞʘʪʴ ʘʚʪʦʨʦʚʽ ʜʠʩʝʨʪʘʮʽʾ. 

ɸʧʨʦʙʘʮʽʷ ʨʝʟʫʣʴʪʘʪʽʚ ʜʠʩʝʨʪʘʮʽʾ. ʆʩʥʦʚʥʽ ʥʘʫʢʦʚʽ ʪʘ ʧʨʘʢʪʠʯʥʽ 

ʨʝʟʫʣʴʪʘʪʠ ʨʦʙʦʪʠ ʦʧʨʠʣʶʜʥʝʥʽ ʪʘ ʦʙʛʦʚʦʨʝʥʽ ʥʘ ʪʘʢʠʭ ʢʦʥʬʝʨʝʥʮʽʷʭ: 

International Research and Practice Conference ñNanotechnology and 

Nanomaterials (NANO-2020) (ʤ. ʂʠʾʚ, 2020 ʨ.); ʄʽʞʥʘʨʦʜʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ 

ʩʪʫʜʝʥʪʽʚ ʽ ʤʦʣʦʜʠʭ ʫʯʝʥʠʭ ʟ ʪʝʦʨʝʪʠʯʥʦʾ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʬʽʟʠʢʠ 

çɽɺʈʀʂɸè (ʤ. ʃʴʚʽʚ, 2018, 2020 ʨʨ.); ʅʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ 

çʌʽʟʠʢʘ, ʝʣʝʢʪʨʦʥʽʢʘ, ʝʣʝʢʪʨʦʪʝʭʥʽʢʘ :: ʌɽɽè (ʤ. ʉʫʤʠ, 2018-2021 ʨʨ.); XVII  

international conference on physics and technology of thin films and nanosystems 

(ʤ. ɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢ, 2019 ʨ.); XII -th International Conference çIon 
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Implantation and Other Applications of Ions and Electronsè, ION (Kazimierz 

Dolny, Poland, 2018); International Conference çClusters and Nanostructured 

Materialsè (ʤ. ʋʞʛʦʨʦʜ, 2018 ʨ.); ʄʽʞʥʘʨʦʜʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ çʉʫʯʘʩʥʽ 

ʧʨʦʙʣʝʤʠ ʬʽʟʠʢʠ ʢʦʥʜʝʥʩʦʚʘʥʦʛʦ ʩʪʘʥʫè (ʤ. ʂʠʾʚ, 2018 ʨ.); International 

Conference ñElectronics and applied physicsò (ʤ. ʂʠʾʚ, 2017 ʨ.). 

ʇʫʙʣʽʢʘʮʽʾ. ʈʝʟʫʣʴʪʘʪʠ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʦʧʫʙʣʽʢʦʚʘʥʽ ʫ 22 ʧʨʘʮʷʭ: 

4 ʩʪʘʪʪʽ ʫ ʬʘʭʦʚʠʭ ʚʠʜʘʥʥʷʭ ʋʢʨʘʾʥʠ, ʷʢʽ ʽʥʜʝʢʩʫʶʪʴʩʷ ʥʘʫʢʦʤʝʪʨʠʯʥʦʶ 

ʙʘʟʦʶ Scopus, 2 ʩʪʘʪʪʽ ʫ ʟʘʢʦʨʜʦʥʥʠʭ ʚʠʜʘʥʥʷʭ  ̔ 3 ʩʪʘʪʪʽ ʫ ʤʘʪʝʨʽʘʣʘʭ 

ʢʦʥʬʝʨʝʥʮʽʡ, ʱʦ ʪʘʢʦʞ ʦʙʣʽʢʦʚʫʶʪʴʩʷ ɹɼ Scopus, ʪʘ 13 ʥʘʫʢʦʚʠʭ ʧʨʘʮʷʭ ʫ 

ʤʘʪʝʨʽʘʣʘʭ ʄʽʞʥʘʨʦʜʥʠʭ ʪʘ ɺʩʝʫʢʨʘʾʥʩʴʢʠʭ ʢʦʥʬʝʨʝʥʮʽʾ. 

ʉʪʨʫʢʪʫʨʘ ʽ ʟʤʽʩʪ ʨʦʙʦʪʠ. ʈʦʙʦʪʘ ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ ʚʩʪʫʧʫ, ʯʦʪʠʨʴʦʭ 

ʨʦʟʜʽʣʽʚ, ʚʠʩʥʦʚʢʽʚ ʪʘ ʩʧʠʩʢʫ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ ʽʟ 160 ʥʘʡʤʝʥʫʚʘʥʴ ʥʘ 18 

ʩʪʦʨʽʥʢʘʭ. ɼʠʩʝʨʪʘʮʽʶ ʚʠʢʣʘʜʝʥʦ ʥʘ 169 ʩʪʦʨʽʥʢʘʭ, ʽʟ ʥʠʭ 126 ʩʪʦʨʽʥʦʢ 

ʦʩʥʦʚʥʦʛʦ ʪʝʢʩʪʫ; ʨʦʙʦʪʘ ʤʽʩʪʠʪʴ 58 ʨʠʩʫʥʢʽʚ ʽ 7 ʪʘʙʣʠʮʴ, ʟʦʢʨʝʤʘ 30 

ʨʠʩʫʥʢʽʚ ʽ 5 ʪʘʙʣʠʮʴ ʥʘ 28 ʦʢʨʝʤʠʭ ʘʨʢʫʰʘʭ.  
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ʈʆɿɼɯʃ 1 

ʌɯɿʀʏʅɯ ɺʃɸʉʊʀɺʆʉʊɯ ʇʃɯɺʂʆɺʀʍ ʅɸʅʆʉʊʈʋʂʊʋʈ, 

ʉʌʆʈʄʆɺɸʅʀʍ ʅɸ ʆʉʅʆɺɯ ʇɽʈʄɸʃʆʖ ʊɸ ʅɽʄɸɻʅɯʅʀʍ 

ʄɽʊɸʃɯɺ (ʃɯʊɽʈɸʊʋʈʅʀʁ ʆɻʃʗɼ) 

 

1.1 ʇʣʽʚʢʦʚʽ ʥʘʥʦʩʪʨʫʢʪʫʨʠ: ʧʨʠʥʮʠʧʠ ʬʦʨʤʫʚʘʥʥʷ ʽ ʛʘʣʫʟʽ 

ʟʘʩʪʦʩʫʚʘʥʥʷ 

 

ʉʝʨʝʜ ʫʩʴʦʛʦ ʨʽʟʥʦʤʘʥʽʪʪʷ ʩʫʯʘʩʥʠʭ ʰʣʷʭʽʚ ʬʦʨʤʫʚʘʥʥʷ 

ʙʘʛʘʪʦʢʦʤʧʦʥʝʥʪʥʠʭ ʧʣʽʚʢʦʚʠʭ ʥʘʥʦʩʪʨʫʢʪʫʨ ʥʘ ʦʩʥʦʚʽ ʬʝʨʦʤʘʛʥʽʪʥʠʭ ʽ 

ʥʝʤʘʛʥʽʪʥʠʭ ʢʦʤʧʦʥʝʥʪ ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ ʧʦʰʘʨʦʚʫ ʪʘ ʦʜʥʦʯʘʩʥʫ ʢʦʥʜʝʥʩʘʮʽʶ 

ʫ ʚʘʢʫʫʤʽ. ʇʨʠ ʮʴʦʤʫ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʨʽʟʥʽ ʤʝʪʦʜʠ ʦʩʘʜʞʝʥʥʷ 

ʩʢʣʘʜʦʚʠʭ ʢʦʤʧʦʥʝʥʪ ʩʠʩʪʝʤʠ: ʪʝʨʤʽʯʥʝ ʚʠʧʘʨʫʚʘʥʥʷ, ʝʣʝʢʪʨʦʥʥʦ-ʧʨʦʤʝʥʝʚʝ 

ʯʠ ʤʘʛʥʝʪʨʦʥʥʝ ʦʩʘʜʞʝʥʥʷ, ʣʘʟʝʨʥʘ ʣʽʪʦʛʨʘʬʽʷ ʪʦʱʦ. ʅʝʟʘʣʝʞʥʦ ʚʽʜ 

ʚʠʙʨʘʥʦʛʦ ʤʝʪʦʜʫ ʥʘ ʬʽʟʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʩʬʦʨʤʦʚʘʥʠʭ ʥʘʥʦʩʪʨʫʢʪʫʨ ʙʫʜʫʪʴ 

ʚʧʣʠʚʘʪʠ: ʩʪʫʧʽʥʴ ʚʘʢʫʫʤʫ ʽ ʩʢʣʘʜ ʛʘʟʽʚ ʟʘʣʠʰʢʦʚʦʾ ʘʪʤʦʩʬʝʨʠ, ʪʝʭʥʦʣʦʛʽʾ 

ʧʽʜʛʦʪʦʚʢʠ ʧʽʜʢʣʘʜʢʠ, ʾʾ ʪʠʧ ʽ ʪʝʤʧʝʨʘʪʫʨʘ ʫ ʧʨʦʮʝʩʽ ʬʦʨʤʫʚʘʥʥʷ ʩʪʨʫʢʪʫʨ, ʘ 

ʪʘʢʦʞ ʰʚʠʜʢʽʩʪʴ ʦʩʘʜʞʝʥʥʷ. ɿʘʫʚʘʞʠʤʦ, ʱʦ ʚʠʙʽʨ ʤʝʪʦʜʫ ʧʦʰʘʨʦʚʦʾ ʘʙʦ 

ʦʜʥʦʯʘʩʥʦʾ ʢʦʥʜʝʥʩʘʮʽʾ ʙʫʜʝ ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʪʠ ʥʘ ʤʽʢʨʦʩʪʨʫʢʪʫʨʫ ʟʨʘʟʢʽʚ, 

ʚʠʟʥʘʯʘʪʠ ʦʩʦʙʣʠʚʦʩʪʽ ʧʨʦʪʽʢʘʥʥʷ ʜʠʬʫʟʽʡʥʠʭ ʧʨʦʮʝʩʽʚ, ʤʘʛʥʽʪʥʫ 

ʘʥʽʟʦʪʨʦʧʽʶ, ʘ ʪʘʢʦʞ ʤʝʭʘʥʽʟʤʠ ʨʝʘʣʽʟʘʮʽʾ ʩʧʽʥ-ʟʘʣʝʞʥʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ ʥʦʩʽʾʚ 

ʟʘʨʷʜʫ.  

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʤʝʪʦʜʠ ʧʦʰʘʨʦʚʦʾ ʢʦʥʜʝʥʩʘʮʽʾ ʤʦʞʫʪʴ ʙʫʪʠ 

ʩʬʦʨʤʦʚʘʥʽ ʷʢ ʙʘʛʘʪʦʰʘʨʦʚʽ ʩʪʨʫʢʪʫʨʠ ʟʘʛʘʣʴʥʦʛʦ ʪʘʢ ʽ ʧʝʨʽʦʜʠʯʥʦʛʦ ʪʠʧʽʚ, ʫ 

ʪʦʡ ʯʘʩ ʷʢ ʤʝʪʦʜ ʦʜʥʦʯʘʩʥʦʾ ʢʦʥʜʝʥʩʘʮʽʾ ʙʽʣʴʰʝ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʣʷ 

ʬʦʨʤʫʚʘʥʥʷ ʢʦʤʧʦʟʠʪʥʠʭ ʤʘʪʝʨʽʘʣʽʚ.  

ɼʦ ʩʪʨʫʢʪʫʨ ʟʘʛʘʣʴʥʦʛʦ ʪʠʧʫ ʩʣʽʜ ʚʽʜʥʝʩʪʠ ʪʨʠʰʘʨʦʚʽ ʩʠʩʪʝʤʠ ʪʠʧʫ 

FM2/NM/FM1 [1-3], ʤʫʣʴʪʠʰʘʨʠ [FM/NM]n [4-7] ʪʘ ʪʘʢ ʟʚʘʥʽ ʩʧʽʥ-ʚʝʥʪʠʣʴʥʽ 

ʩʠʩʪʝʤʠ (ʢʣʘʩʠʯʥʘ - ʟʘʭʠʩʥʠʡ ʰʘʨ/ɸFM/FM2/Nʄ/FM1/ʧʽʜʰʘʨ/ʧʽʜʢʣʘʜʢʘ ʪʘ 

ʤʦʜʠʬʽʢʦʚʘʥʽ) [8, 9], ʜʝ FM ï ʬʝʨʦʤʘʛʥʽʪʥʠʡ ʤʘʪʝʨʽʘʣ (Fe, Co, Ni ʘʙʦ ʩʧʣʘʚʠ 
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ʥʘ ʾʭ ʦʩʥʦʚʽ), NM ï ʥʝʤʘʛʥʽʪʥʠʡ ʤʘʪʝʨʽʘʣ (ʥʝʬʝʨʨʦʤʘʛʥʽʪʥʽ ʧʝʨʝʭʽʜʥʽ ʤʝʪʘʣʠ 

V, Cr, Nb, Mo, Ru, Re, Os, Ir, ʘ ʪʘʢʦʞ ʙʣʘʛʦʨʦʜʥʽ ʤʝʪʘʣʠ ʪʘʢʽ ʷʢ Cu, Ag, Au), 

AFM ï ʘʥʪʠʬʝʨʦʤʘʛʥʽʪʥʠʡ ʤʘʪʝʨʽʘʣ (ʟʘʟʚʠʯʘʡ FeMn). ʉʝʨʝʜ ʨʽʟʥʦʤʘʥʽʪʪʷ 

ʬʝʨʦʤʘʛʥʽʪʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʱʦ ʟʥʘʡʰʣʠ ʧʨʘʢʪʠʯʥʝ ʟʘʩʪʦʩʫʚʘʥʥʷ, ʤʦʞʥʘ 

ʚʠʜʽʣʠʪʠ ʧʝʨʤʘʣʦʻʚʽ ʩʧʣʘʚʠ ʥʘ ʦʩʥʦʚʽ Ni ʪʘ Fe, ʽʟ ʚʤʽʩʪʦʤ Ni ʙʽʣʴʰʝ ʘʙʦ 

ʜʦʨʽʚʥʶʻ 50 ʘʪ.%. ʉʝʨʝʜ ʧʝʨʤʘʣʦʻʚʠʭ ʩʧʣʘʚʽ ʥʘʡʙʽʣʴʰʝ ʧʨʘʢʪʠʯʥʝ 

ʟʘʩʪʫʚʘʥʥʷ ʩʝʨʝʜ ʥʠʭ ʟʥʘʡʰʣʠ ʩʧʣʘʚʠ Ni80Fe20 ʪʘ Ni50Fe50. ʉʣʽʜ ʟʘʫʚʘʞʠʪʠ, ʱʦ 

ʫ ʧʝʨʰʽʡ ʩʧʽʥ-ʚʝʥʪʠʣʴʥʽʡ ʩʪʨʫʢʪʫʨʽ, ʷʢʘ ʙʫʣʘ ʚʠʛʦʪʦʚʣʝʥʘ ʛʨʫʧʦʶ ɹ. ɼʝʥʽ 

[10] ʫ 1991 ʨ., ʷʢ ʤʘʪʝʨʽʘʣ ʚʽʣʴʥʦʛʦ ʽ ʟʘʢʨʽʧʣʝʥʦʛʦ ʰʘʨʽʚ ʙʫʚ ʚʠʢʦʨʠʩʪʘʥʠʡ 

ʧʝʨʤʘʣʦʻʚʠʡ ʩʧʣʘʚ Ni80Fe20. ʋ ʧʦʜʘʣʴʰʦʤʫ ʞ ʙʫʣʠ ʨʦʟʨʦʙʣʝʥʽ ʨʽʟʥʽ ʰʣʷʭʠ 

ʤʦʜʠʬʽʢʘʮʽʾ, ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ɹ. ɼʝʥʽ ʩʧʽʥ-ʚʝʥʪʝʣʴʥʦʾ ʩʪʨʫʢʪʫʨʠ 

Ni80Fe20/Cu/Ni80Fe20/Fe50Mn50, ʫ ʪʦʤʫ ʯʠʩʣʽ ʡ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʬʝʨʦʤʘʛʥʽʪʥʠʭ 

ʩʧʣʘʚʽʚ NiʭFe1-ʭ ʷʢ ʦʜʥʦʛʦ ʟ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʰʘʨʽʚ [11-14].  

ɼʦʩʠʪʴ ʯʘʩʪʦ ʫʚʘʛʫ ʜʦʩʣʽʜʥʠʢʽʚ ʧʨʠʚʝʨʪʘʶʪʴ ʜʚʦʰʘʨʦʚʽ ʩʪʨʫʢʪʫʨʠ ʪʠʧʫ 

NiʭFe1-ʭ/NM [15, 16] ʘʙʦ NiʭFe1-ʭ/AFM [17, 18]. ʊʘʢ, ʥʘʧʨʠʢʣʘʜ, ʘʚʪʦʨʠ ʨʦʙʦʪʠ 

[16] ʥʘ ʧʨʠʢʣʘʜʽ ʜʚʦʰʘʨʦʚʦʾ ʩʠʩʪʝʤʠ Ni80Fe20/Au ʧʦʢʘʟʘʣʠ, ʱʦ ʩʧʽʥʦʚʘ 

ʧʦʣʷʨʠʟʘʮʽʷ, ʷʢʘ ʽʥʜʫʢʫʻʪʴʩʷ ʚ ʥʝʬʝʨʨʦʤʘʛʥʽʪʥʦʤʫ ʤʘʪʝʨʽʘʣʽ ʚʥʘʩʣʽʜʦʢ 

ʧʨʦʮʝʩʫ ʪʝʨʤʦʤʘʛʥʽʪʥʦʛʦ ʦʭʦʣʦʜʞʝʥʥʷ-ʥʘʛʨʽʚʘʥʷ ʚ ʽʥʪʝʨʚʘʣʽ ʪʝʤʧʝʨʘʪʫʨ  

5-300 ʂ, ʤʦʞʝ ʟʤʽʥʠʪʠ ʤʘʛʥʽʪʦʪʨʘʥʩʧʦʨʪʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʩʫʩʽʜʥʴʦʛʦ 

ʬʝʨʦʤʘʛʥʽʪʥʦ ʰʘʨʫ. ʆʩʦʙʣʠʚʦ ʮʝ ʧʨʦʷʚʣʷʻʪʴʩʷ ʫ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʜʦʚʞʠʥʘ 

ʩʧʽʥʦʚʦʾ ʜʠʬʫʟʽʾ ʤʘʻ ʪʦʡ ʩʘʤʠʡ ʧʦʨʷʜʦʢ, ʱʦ ʽ ʪʦʚʱʠʥʘ ʟʨʘʟʢʘ. ʋ ʨʦʙʦʪʽ [19] 

ʙʫʣʦ ʜʦʩʣʽʜʞʝʥʦ ʷʚʠʱʝ ʦʙʤʽʥʥʦʾ ʚʟʘʻʤʦʜʽʾ, ʷʢʝ ʚʠʥʠʢʘʻ ʥʘ ʤʝʞʽ ʧʦʜʽʣʫ 

ʬʝʨʦʤʘʛʥʽʪʥʠʡ/ʘʥʪʠʬʝʨʦʤʘʛʥʽʪʥʠʡ ʰʘʨʠ.   

ʇʨʠ ʬʦʨʤʫʚʘʥʥ ̔ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʤʝʪʦʜʦʤ ʦʜʥʦʯʘʩʥʦʾ 

ʢʦʥʜʝʥʩʘʮʽʾ, ʷʢ ʧʨʘʚʠʣʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʚʽ ʩʢʣʘʜʦʚʽ ʢʦʤʧʦʥʝʥʪʠ ʟ ʥʠʟʴʢʦʶ 

ʚʟʘʻʤʥʦʶ ʨʦʟʯʠʥʥʽʩʪʶ (ʦʜʥʘ ʤʘʛʥʽʪʥʘ, ʘ ʽʥʰʘ ʥʝʤʘʛʥʽʪʥʘ). ʎʝ ʜʦʟʚʦʣʷʻ 

ʨʝʘʣʽʟʫʚʘʪʠ ʥʘʥʦʨʦʟʤʽʨʥʫ ʩʪʨʫʢʪʫʨʫ, ʫ ʷʢʽʡ ʥʘʥʦʯʘʩʪʠʥʢʠ ʤʘʛʥʽʪʥʦʾ 

ʢʦʤʧʦʥʝʥʪʠ (ʷʢ ʽ ʫ ʚʠʧʘʜʢʫ ʰʘʨʫʚʘʪʠʭ ʩʪʨʫʢʪʫʨ ʜʦʩʠʪʴ ʯʘʩʪʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ Fe, Co, Ni ʪʘ ʩʧʣʘʚʠ ʥʘ ʾʭ ʦʩʥʦʚʽ) ʨʦʟʧʦʜʽʣʝʥʽ ʫ 

ʥʝʤʘʛʥʽʪʥʽʡ ʤʝʪʘʣʝʚʽʡ (Cu, Ag, Au, ʉ ʪʦʱʦ) [20-26] ʯʠ ʜʽʝʣʝʢʪʨʠʯʥʽʡ (SiO2, 
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Al 2O3) [27, 28] ʤʘʪʨʠʮʷʭ. 

ɼʦ ʦʩʥʦʚʥʠʭ ʛʘʣʫʟʝʡ ʟʘʩʪʦʩʫʚʘʥʥʷ ʙʘʛʘʪʦʢʦʤʧʦʥʝʥʪʥʠʭ ʧʣʽʚʢʦʚʠʭ 

ʥʘʥʦʩʪʨʫʢʪʫʨ ʥʘ ʦʩʥʦʚʽ ʬʝʨʦʤʘʛʥʽʪʥʠʭ ʽ ʥʝʤʘʛʥʽʪʥʠʭ ʢʦʤʧʦʥʝʥʪ ʩʣʽʜ 

ʚʠʜʽʣʠʪʠ ʥʘʩʪʫʧʥʽ: ʧʨʠʣʘʜʠ ʥʘʥʦʝʣʝʢʪʨʦʥʽʢʠ ʪʘ ʩʧʽʪʨʦʥʽʢʠ (ʛʘʣʫʟʴ, ʱʦ 

ʧʦʚôʷʟʘʥʘ ʟ ʨʦʟʨʦʙʢʦʶ ʧʨʠʣʘʜʽʚ, ʟʘʩʥʦʚʘʥʠʭ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʩʧʽʥʦʚʦʛʦ ʩʪʘʥʫ 

ʾʭ ʝʣʝʤʝʥʪʽʚ ʷʢ ʽʜʝʥʪʠʬʽʢʘʪʦʨʽʚ ʽʥʬʦʨʤʘʮʽʾ [29, 30]) [31, 32], ʩʝʥʩʦʨʠ ʨʽʟʥʦʛʦ 

ʧʨʠʟʥʘʯʝʥʥʷ [33-36], ʽʥʪʝʛʨʦʚʘʥʽ ʝʣʝʤʝʥʪʠ ʤʘʛʥʽʪʥʦʾ ʧʘʤôʷʪʽ [37-40]. 

ʅʘ ʨʠʩʫʥʢʫ 1.1 ʥʘʚʝʜʝʥʽ ʜʝʷʢʽ ʧʨʠʢʣʘʜʠ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʙʘʛʘʪʦʢʦʤʧʦʥʝʥʪʥʠʭ ʧʣʽʚʢʦʚʠʭ ʩʠʩʪʝʤ:  

- ʯʫʪʣʠʚʠʡ ʝʣʝʤʝʥʪ ʜʘʪʯʠʢʘ ʩʪʨʫʤʫ ʥʘ ʦʩʥʦʚʽ ʪʨʠʰʘʨʦʚʦʾ ʩʪʨʫʢʪʫʨʠ 

NiFe(300 ʥʤ)/Cu(100 ʥʤ)/NiFe(300 ʥʤ), ʷʢʠʡ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ 

ʙʝʟʢʦʥʪʘʢʪʥʦʛʦ ʚʠʤʽʨʶʚʘʥʥʷ ʩʠʣʠ ʩʪʨʫʤʫ ʫ ʣʽʥʽʷʭ ʧʝʨʝʜʘʯʽ ʩʠʛʥʘʣʫ ʪʘ 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʚʠʩʦʢʦʶ ʩʪʘʙʽʣʴʥʽʩʪʶ ʨʦʙʦʯʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ (ʚʝʣʠʯʠʥʘ 

ʯʫʪʣʠʚʦʩʪʽ ʜʘʪʯʠʢʘ ʩʢʣʘʜʘʻ 7,6 ʆʤ/ʊʣ) [41]; 

- ʯʫʪʣʠʚʠʡ ʝʣʝʤʝʥʪ ʜʘʪʯʠʢʘ ʍʦʣʣʘ ʥʘ ʦʩʥʦʚʽ ʙʘʛʘʪʦʰʘʨʦʚʦʾ ʩʪʨʫʢʪʫʨʠ 

ʩʧʽʥ-ʚʝʥʪʠʣʴʥʦʛʦ ʪʠʧʫ Ta(5)/NiFe(16)/Cu(1.2)/NiFe(2)/IrMn(15)/Ta(5) 

(ʪʦʚʱʠʥʫ ʚ ʜʫʞʢʘʭ ʚʢʘʟʘʥʦ ʫ ʥʤ). ʍʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʚʠʩʦʢʦʶ ʯʫʪʣʠʚʽʩʪʶ 

S = 7.2Ā10
-2 
ɺ/ʊʣ ʫ ʜʽʘʧʘʟʦʥʽ ʤʘʛʥʽʪʥʠʭ ʧʦʣʽʚ ɺ = Ñ7Ā10

-4 
ʊʣ. ʄʦʞʝ ʙʫʪʠ 

ʚʠʢʦʨʠʩʪʘʥʠʡ ʷʢ ʜʝʪʝʢʪʦʨ ʙʽʦʣʦʛʽʯʥʦ ʘʢʪʠʚʥʠʭ ʨʝʯʦʚʠʥ ʥʠʟʴʢʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ 

[42]; 

- ʤʽʥʽʘʪʶʨʥʠʡ ʪʦʥʢʦʧʣʽʚʢʦʚʠʡ ʪʨʘʥʟʠʩʪʦʨ, ʫ ʷʢʦʤʫ ʦʙʣʘʩʪʴ ʙʘʟʠ ï 

ʩʪʨʫʢʪʫʨʘ Pt(2)/NiFe(3)/Au(3,5)/Co(3)/Au(4) ï ʨʦʟʪʘʰʦʚʘʥʘ ʤʽʞ Si ʝʤʽʪʝʨʦʤ 

(ʨʦʟʤʽʨʦʤ 50³50 ʤʢʤ) ʽ Si ʢʦʣʝʢʪʦʨʦʤ (ʨʦʟʤʽʨʦʤ 70³70 ʤʢʤ) [43]. ʊʘʢʘ 

ʢʦʤʙʽʥʘʮʽʷ ʜʦʟʚʦʣʷʻ ʨʝʘʣʽʟʫʚʘʪʠ ʜʚʘ ʙʘʨôʻʨʠ ʐʦʪʪʢ:̔ Si/Pt ʟ ʚʠʩʦʪʦʶ ʙʘʨôʻʨʫ 

0,86 ʝɺ ʟ ʙʦʢʫ ʝʤʽʪʝʨʘ ʪʘ Si/Au ʟ ʚʠʩʦʪʦʶ ʙʘʨôʻʨʫ 0,75 ʝɺ ʟ ʙʦʢʫ ʢʦʣʝʢʪʦʨʘ. 

ɺʝʣʠʯʠʥʘ ʤʘʛʥʽʪʦʩʪʨʫʤʫ ʪʘʢʦʛʦ ʪʨʘʥʟʠʩʪʦʨʘ ʩʪʘʥʦʚʠʪʴ 275 % ʧʨʠ 87 ʂ, ʘ 

ʯʫʪʣʠʚʽʩʪʴ 56%/ʆʝ. ɿʘ ʢʽʤʥʘʪʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʚʝʣʠʯʠʥʘ ʤʘʛʥʽʪʦʩʪʨʫʤʫ 

ʩʪʘʥʦʚʠʪʴ 170 ʂ. ɺʠʤʽʨʶʚʘʥʥʷ ʧʨʦʚʦʜʠʣʠʩʷ ʟʘ ʩʪʨʫʤʫ ʝʤʽʪʝʨʘ ɯʝ = 1ʤɸ ʪʘ 

ʥʘʧʨʫʟʽ ʟʤʽʱʝʥʥʷ ʤʽʞ ʙʘʟʦʶ ʽ ʢʦʣʝʢʪʦʨʦʤ Uʝʢ = 0 ɺ. 
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ʈʠʩ. 1.1 ʇʨʠʢʣʘʜʠ ʧʨʘʢʪʠʯʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʣʽʚʢʦʚʠʭ ʥʘʥʦʩʪʨʫʢʪʫʨ 

ʷʢ ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʝʣʝʤʝʥʪʫ ʜʘʪʯʠʢʘ ʩʪʨʫʤʫ [41] (ʘ), ʜʘʪʯʠʢʘ ʤʘʛʥʽʪʥʦʛʦ 

ʧʦʣʷ ʜʣʷ ʜʝʪʝʢʪʫʚʘʥʥʷ ʤʘʛʥʽʪʥʠʭ ʥʘʥʦʯʘʩʪʠʥʦʢ [42] (ʙ) ʪʘ ʧʣʽʚʢʦʚʦʛʦ 

ʪʨʘʥʟʠʩʪʦʨʘ [43] (ʚ)  

 

ʈʦʟʛʣʷʥʝʤʦ ʙʽʣʴʰ ʜʝʪʘʣʴʥʦ, ʷʢʽ ʦʩʦʙʣʠʚʦʩʪʽ ʤʘʶʪʴ ʝʣʝʢʪʨʦʬʽʟʠʯʥʽ ʪʘ 

ʤʘʛʥʽʪʦʨʝʟʠʩʪʠʚʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʧʣʽʚʢʦʚʠʭ ʥʘʥʦʩʪʨʫʢʪʫʨ ʥʘ ʦʩʥʦʚʽ 

ʬʝʨʦʤʘʛʥʽʪʥʠʭ ʩʧʣʘʚʽʚ NiʭFe1-ʭ (ʧʝʨʤʘʣʦʾʚ) ʽ ʥʝʤʘʛʥʽʪʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, 

ʩʬʦʨʤʦʚʘʥʠʭ ʤʝʪʦʜʘʤʠ ʦʜʥʦʯʘʩʥʦʾ ʪʘ ʧʦʰʘʨʦʚʦʾ ʢʦʥʜʝʥʩʘʮʽʾ ʢʦʤʧʦʥʝʥʪ. 

ɸʢʮʝʥʪ ʙʫʜʝ ʟʨʦʙʣʝʥʠʡ ʥʘ ʩʠʩʪʝʤʘʭ, ʚ ʷʢʠʭ ʷʢ ʥʝʤʘʛʥʽʪʥʠʡ ʤʘʪʝʨʽʘʣ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʙʣʘʛʦʨʦʜʥʽ ʤʝʪʘʣʠ (Ag, Au ʪʘ Cu). 

 

 

 



32 

1.2 ʉʪʨʫʢʪʫʨʥʦ-ʬʘʟʦʚʠʡ ʩʪʘʥ 

1.2.1 ʆʩʦʙʣʠʚʦʩʪʽ ʢʨʠʩʪʘʣʽʯʥʦʾ ʩʪʨʫʢʪʫʨʠ ʪʘ ʬʘʟʦʚʦʛʦ ʩʪʘʥʫ 

ʧʝʨʤʘʣʦʻʚʠʭ ʩʧʣʘʚʽʚ NiʭFe1-ʭ 

 

ɿʛʽʜʥʦ ʜʽʘʛʨʘʤʠ ʩʪʘʥʫ ʩʧʣʘʚʫ Ni-Fe, ʧʨʝʜʩʪʘʚʣʝʥʦʾ ʥʘ ʨʠʩʫʥʢʫ 1.2, 

ʩʪʘʙʽʣʴʥʠʤʠ ʢʨʠʩʪʘʣʽʯʥʠʤʠ ʬʘʟʘʤʠ ʻ L12-Ni3Fe (ʧʝʨʤʘʣʦʡ), L10-NiFe 

(ʝʣʝʥʚʘʨ), ʪʘ L12-NiFe3 (ʽʥʚʘʨ) [44]. ʆʩʢʽʣʴʢʠ ʚ ʜʘʥʽʡ ʨʦʙʦʪʽ ʧʣʽʚʢʦʚʽ 

ʥʘʥʦʩʪʨʫʢʪʫʨʠ ʬʦʨʤʫʚʘʣʠʩʷ ʥʘ ʦʩʥʦʚʽ ʩʧʣʘʚʫ Ni80Fe20, ʪʦ ʧʨʦʘʥʘʣʽʟʫʻʤʦ 

ʙʽʣʴʰ ʜʝʪʘʣʴʥʦ ʦʙʣʘʩʪʴ ʥʘ ʜʽʘʛʨʘʤʽ ʩʪʘʥʫ, ʷʢʘ ʚʽʜʧʦʚʽʜʘʻ ʧʝʨʤʘʣʦʻʚʠʤ 

ʩʧʣʘʚʘʤ. ʆʪʞʝ, ʢʦʥʮʝʥʪʨʘʮʽʡʥʘ ʦʙʣʘʩʪʴ, ʚ ʷʢʽʡ ʚʽʜʙʫʚʘʻʪʴʩʷ ʬʦʨʤʫʚʘʥʥʷ ʟʘ 

ʢʽʤʥʘʪʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʫʧʦʨʷʜʢʦʚʘʥʦʾ ʬʘʟʠ L12-Ni3Fe, ʚʽʜʧʦʚʽʜʘʻ ʜʽʘʧʘʟʦʥʫ 

ʩNi = 70-90 ʘʪ.%. ʇʨʦʮʝʩ ʚʧʦʨʷʜʢʫʚʘʥʥʷ-ʨʦʟʫʧʦʨʷʜʢʫʚʘʥʥʷ ʜʘʥʦʾ ʬʘʟʠ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʠ ʥʘʛʨʽʚʘʥʥʽ. ʂʨʠʪʠʯʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʚʧʦʨʷʜʢʫʚʘʥʥʷ ʟʘʣʝʞʠʪʴ 

ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ ʘʪʦʤʽʚ Ni ʫ ʩʧʣʘʚʽ ʽ ʜʦʩʷʛʘʻ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ ʧʨʠ 

516 ʉ̄. ʌʦʨʤʫʚʘʥʥʷ ʥʝʫʧʦʨʷʜʢʦʚʘʥʦʾ ʬʘʟʠ ɻʎʂ-Ni3Fe ʪʽʩʥʦ ʧʦʚôʷʟʘʥʦ ʟʽ 

ʟʥʽʥʦʶ ʤʘʛʥʽʪʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʝʨʤʘʣʦʻʚʠʭ ʩʧʣʘʚʽʚ [45-47], ʷʢʽ ʚʽʜʥʦʩʷʪʴʩʷ 

ʜʦ ʤʘʛʥʽʪʦʤôʷʢʠʭ ʬʝʨʦʤʘʛʥʽʪʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. ʊʝʤʧʝʨʘʪʫʨʘ ʧʝʨʝʭʦʜʫ ʽʟ 

ʬʝʨʦʤʘʛʥʽʪʥʦʛʦ ʫ ʧʘʨʘʤʘʛʥʽʪʥʠʡ ʩʪʘʥ ʟʛʽʜʥʦ ʜʽʘʛʨʘʤʠ ʩʪʘʥʫ ʩʪʘʥʦʚʠʪʴ 612 ʉ̄.  

ʋ ʨʦʙʦʪʽ [48] ʙʫʣʦ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʤʦʞʣʠʚʽ ʤʝʭʘʥʽʟʤʠ ʬʦʨʤʫʚʘʥʥʷ 

ʥʝʫʧʦʨʷʜʢʦʚʘʥʦʾ ʬʘʟʠ ɻʎʂ-Ni3Fe ʟʘ ʨʘʭʫʥʦʢ ʩʝʛʨʝʛʘʮʽʾ ʘʪʦʤʽʚ Ni ʪʘ Fe ʘʙʦ 

ʚʟʘʻʤʥʦʾ ʩʝʛʨʝʛʘʮʽʾ ʟʘʟʥʘʯʝʥʠʭ ʘʪʦʤʽʚ (ʜʠʚ. ʨʠʩ. 1.3). ɹʫʣʦ ʧʦʢʘʟʘʥʦ, ʱʦ 

ʟʥʘʯʥʘ ʜʦʣʷ ʥʝʫʧʦʨʷʜʢʦʚʘʥʠʭ ʘʪʦʤʽʚ Ni ʚ ʦʙôʻʤʽ ʟʨʘʟʢʘ ʧʦʚôʷʟʘʥʘ ʽʟ 

ʩʝʛʨʝʛʘʮʽʻʶ Fe ʫ ʚʠʛʣʷʜʽ ʢʣʘʩʪʝʨʽʚ ʘʪʦʤʽʚʚ 5-Fe (ʪʦʙʪʦ ʟ ʣʦʢʘʣʴʥʠʤ 

ʫʧʦʨʷʜʢʫʚʘʥʥʷʤ NiFe). ʂʨʽʤ ʪʦʛʦ, ʘʪʦʤʠ Ni, ʱʦ ʚʭʦʜʷʪʴ ʜʦ ʩʢʣʘʜʫ 

ʥʝʫʧʦʨʷʜʢʦʚʘʥʦʾ ʬʘʟʠ Ni3Fe, ʪʘ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʦʪʦʯʝʥʥʽ ʥʘʡʙʣʠʞʯʦʛʦ ʘʪʦʤʘ Ni 

(ʪʦʙʪʦ ʙʝʟ ʥʘʡʙʣʠʞʯʠʭ ʩʫʩʽʜʥʽʭ ʘʪʦʤʽʚ Fe) ʣʦʢʘʣʽʟʫʶʪʴʩʷ ʧʝʨʝʚʘʞʥʦ ʚ ʦʙôʻʤʽ, 

ʫ ʪʦʡ ʯʘʩ ʷʢ ʫ ʧʦʚʝʨʭʥʝʚʠʭ ʰʘʨʘʭ ʚʽʜʩʦʪʦʢ ʪʘʢʠʭ ʘʪʦʤʽʚ Ni ʚʽʜʥʦʩʥʦ 

ʥʝʚʝʣʠʢʠʡ. 

ɼʝʪʘʣʴʥʠʡ ʘʥʘʣʽʟ ʩʪʨʫʢʪʫʨʥʦ ʬʘʟʦʚʦʛʦ ʩʪʘʥʫ ʧʣʽʚʦʢ ʧʝʨʤʘʣʦʶ ʙʫʚ 

ʟʨʦʙʣʝʥʠʡ ʫ ʨʦʙʦʪʽ [49]. ɹʫʣʦ ʧʦʢʘʟʘʥʦ, ʱʦ ʥʝʟʘʣʝʞʥʦ ʚʜ̔ ʤʝʪʦʜʫ ʦʪʘʤʘʥʥʷ  
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ʈʠʩ. 1.2 ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʦʪʨʠʤʘʥʘ çʤʝʪʘʩʪʘʙʽʣʴʥʘè ʬʘʟʦʚʘ ʜʽʘʛʨʘʤʘ 

ʩʧʣʘʚʫ Ni-Fe (ʩʠʤʚʦʣʦʤ ç?è ʧʦʟʥʘʯʝʥʽ ʥʝʽʜʝʥʪʠʬʽʢʦʚʘʥʽ ʩʪʨʫʢʪʫʨʠ ʪʘ/ʘʙʦ 

ʤʘʛʥʽʪʥʽ ʩʪʘʥʠ ʩʧʣʘʚʽʚ) ʪʘ ʨʦʟʪʘʰʫʚʘʥʥʷ ʘʪʦʤʽʚ ʫ ʢʨʠʩʪʘʣʽʯʥʽʡ ˇʨʘʪʮʽ 

ʫʧʦʨʷʜʢʦʚʘʥʠʭ ʬʘʟ ʧʨʠ ʊ = 0 K: L12-Ni3Fe (ʧʝʨʤʘʣʦʾ), L10-NiFe (Elinvar), and 

L12-NiFe3 (ʽʥʚʘʨ) (ƺ - Ni, ǒ - Fe) [44] 

 

ʈʠʩ. 1.3 ʈʦʟʪʘʰʫʚʘʥʥʷ ʘʪʦʤʽʚ ʫ ʢʨʠʩʪʘʣʽʯʥʽʡ ˇʨʘʪʮʽ ʫʧʦʨʷʜʢʦʚʘʥʦʾ ʬʘʟʠ 

Ni3Fe, ʘ ʪʘʢʞ ʧʨʠ ʩʝʛʨʝʛʘʮʽʾ ʘʪʦʤʽʚ Fe ʯʠ Ni ʘʙʦ ʦʙʤʽʥʥʦʾ ʩʝʛʨʝʛʘʮʽʾ [48] 
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ʈʠʩ. 1.4 ɼʠʬʨʘʢʮʽʡʥʽ ʢʘʨʪʠʥʠ ʧʣʽʚʦʢ ʧʝʨʤʘʣʦʻʚʦʛʦ ʩʧʣʘʚʫ ʜʦ (ʘ) ʪʘ 

ʧʽʣʩʣʷ ʪʝʨʤʦʦʙʨʦʙʢʠ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ ʊʚ = 900 ʂ (ʙ) ʧʨʠ ʩNi = 50 ʘʪ.% (1), 

58 ʘʪ.% (2), 67 ʘʪ.%  (3) ʽ 80 ʘʪ.% (4) ʪʘ ʩʚʽʪʣʦʧʦʣʴʥʝ ʟʦʙʨʘʞʝʥʥʷ ʢʨʠʩʪʘʣʽʯʥʦʾ 

ʩʪʨʫʢʪʫʨʠ ʧʣʽʚʢʠ Ni80Fe20(40)/ʇ ʧʽʩʣʷ ʦʩʘʜʞʝʥʥʷ (ʚ) ʪʘ ʪʝʨʤʦʦʙʨʦʙʢʠ ʟʘ 

ʊʚ = 900 ʂ. ɯʟ ʨʦʙʦʪʠ [49] 

 

ʧʝʨʤʘʣʦʻʚʠʭ ʩʧʣʘʚʽʚ (ʝʣʝʢʪʨʦʣʽʪʠʯʥʝ ʦʩʘʜʞʝʥʥʷ, ʤʘʛʥʝʪʨʦʥʥʝ ʨʦʟʧʠʣʝʥʥʷ, 

ʤʝʭʘʥʽʯʥʝ ʩʧʣʘʚʣʝʥʥʷ, ʦʜʥʦʯʘʩʥʘ ʚʘʢʫʫʤʥʘ ʢʦʥʜʝʥʩʘʮʽʷ) [50-53] ʬʘʟʦʚʠʡ 

ʩʪʘʥ ʟʨʘʟʢʽʚ ʫ ʧʣʽʚʢʦʚʦʤʫ ʩʪʘʥʫ ʚʽʜʧʦʚʽʜʘʻ ɻʎʂ-Ni3Fe, ʧʘʨʘʤʝʪʨ ˇʨʘʪʢʠ ʧʨʠ 

ʮʴʦʤʫ ʟʤʽʥʶʻʪʴʩʷ ʫ ʤʝʞʘʭ ʚʽʜ 0,354 ʜʦ 0,359 ʥʤ ʜʣʷ ʜʽʘʧʘʟʦʥʫ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʘʪʦʤʽʚ ʥʽʢʝʣʶ 50-80 ʘʪ.% (ʨʠʩ. 1.4, ʘ). ʋ ʧʨʦʮʝʩʽ ʞ ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ 

ʚʽʜʧʘʣʶʚʘʥʥʷ ʜʦ 900 ʂ ʟʤʽʥʠ ʫ ʬʘʟʦʚʦʤʫ ʩʪʘʥʽ ʧʣʽʚʦʢ ʧʝʨʤʘʣʦʻʚʠʭ ʩʧʣʘʚʽʚ ʥʝ 

ʚʽʜʙʫʚʘʶʪʴʩʷ, ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʩNi. ɸʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʴ ʬʘʟʦʚʦʛʦ 

ʩʪʘʥʫ ʟʨʘʟʢʽʚ, ʱʦ ʧʨʦʡʰʣʠ ʪʝʨʤʦʦʙʨʦʙʢʫ, ʧʨʦʚʝʜʝʥʠʡ ʫ ʨʦʙʦʪʽ [49], ʩʚʽʜʯʠʪʴ 

ʧʨʦ ʟʙʝʨʝʞʝʥʥʷ ʦʜʥʦʬʘʟʥʦʛʦ ʩʪʘʥʫ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ɻʎʂ-Ni3Fe ʟ ʧʘʨʘʤʝʪʨʦʤ 

ˇʨʘʪʢʠ a = (0,355-0,358) ʥʤ (ʨʠʩ. 1.4ʙ). ʅʝʦʙʭʽʜʥʦ, ʦʜʥʘʢ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʟʛʽʜʥʦ 

ʨʦʙʽʪ [54] ʧʨʦʮʝʩ ʪʝʨʤʦʦʙʨʦʙʢʠ ʟʘ ʪʝʤʧʝʨʘʪʫʨ ʊʚ > 1100 ʂ ʤʦʞʝ ʩʧʨʠʯʠʥʠʪʠ 

ʫʪʚʦʨʝʥʥʷ ʦʢʩʠʜʥʠʭ ʬʘʟ (Fe3O4, Fe2O3 ʽ FeO). 

ʂʨʠʩʪʘʣʽʯʥʘ ʩʪʨʫʢʪʫʨʘ ʧʣʽʚʦʢ ʧʝʨʤʘʣʦʻʚʠʭ ʩʧʣʘʚʽʚ ʪʠʧʦʚʘ ʜʣʷ 

ʬʝʨʦʤʘʛʥʽʪʥʠʭ ʤʘʪʝʨʽʘʣʽʚ - ʜʨʽʙʥʦʜʠʩʧʝʨʩʥʘ ʽ ʣʘʙʽʨʠʥʪʥʘ, ʩʝʨʝʜʥʽʡ ʨʦʟʤʽʨ 

ʟʝʨʝʥ ʷʢʦʾ ʥʝ ʧʝʨʝʚʠʱʫʻ 10 ʥʤ (ʨʠʩ. 1.4ʚ) [46]. ɿʘʫʚʘʞʠʤʦ, ʱʦ ʟʥʘʯʥʘ ʫʚʘʛʘ 

ʜʦʩʣʽʜʥʠʢʽʚ ʧʨʠʜʽʣʷʻʪʴʩʷ ʚʠʚʯʝʥʥʶ ʧʨʦʮʝʩʽʚ ʨʝʢʨʠʩʪʘʣʽʟʘʮʽʾ ʚ ʪʦʥʢʠʭ 
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ʧʣʽʚʢʘʭ ʧʝʨʤʘʣʦʻʚʠʭ ʩʧʣʘʚʽʚ, ʦʩʢʽʣʴʢʠ ʟʤʽʥʠ ʫ ʢʨʠʩʪʘʣʽʯʥʽʡ ʩʪʨʫʢʪʫʨʽ ʟʨʘʟʢʽʚ 

ʤʦʞʫʪʴ ʩʧʨʠʯʠʥʠʪʠ ʟʤʽʥʠ ʫ ʾʭ ʬʽʟʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ. ʊʘʢ, Yuan-Tsung Chen 

ʪʘ ʽʥ. ʫ ʩʝʨʽʾ ʩʚʦʾ ʨʦʙʽʪ [55-57] ʧʦʢʘʟʘʣʠ, ʱʦ ʟʤʽʥʘ ʨʦʟʤʽʨʫ ʟʝʨʥʘ ʫ ʧʨʦʮʝʩʽ 

ʪʝʨʤʦʦʙʨʦʙʢʠ ʚʧʣʠʚʘʻ ʥʝ ʪʽʣʴʢʠ ʥʘ ʥʘʥʦʤʝʭʘʥʽʯʥʽ [55], ʦʧʪʠʯʥʽ ʽ ʝʣʝʢʪʨʠʯʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ [56] ʧʣʽʚʦʢ ʩʧʣʘʚʫ Ni80Fe20, ʘʣʝ ʡ ʥʘ ʚʝʣʠʯʠʥʫ ʧʦʚʝʨʭʥʝʚʦʾ ʝʥʝʨʛʽʾ 

[57]. ʋ ʨʦʙʦʪʘʭ Yuan-Tsung Chen ʪʘ ʽʥ. ʙʫʣʠ ʧʨʦʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ 

ʩʪʨʫʢʪʫʨʥʦ-ʬʘʟʦʚʦʛʦ ʩʪʘʥʫ ʧʣʽʚʦʢ ʩʧʣʘʚʫ Ni80Fe20 ʫ ʜʽʘʧʘʟʦʥʽ ʪʦʚʱʠʥ d = 30-

150 ʥʤ ʜʦ ʪʘ ʧʽʩʣʷ ʪʝʨʤʦʦʙʨʦʙʢʠ ʟʘ ʪʝʤʧʝʨʘʪʫʨ 423 ʪʘ 523 ʂ. ʅʘ ʨʠʩʫʥʢʫ 1.5ʘ 

ʥʘʚʝʜʝʥʦ ʟʦʙʨʘʞʝʥʥʷ ʢʨʠʩʪʘʣʽʯʥʦʾ ʩʪʨʫʢʪʫʨʠ, ʜʠʬʨʘʢʮʽʡʥʘ ʢʘʨʪʠʥʘ ʪʘ 

ʛʽʩʪʦʛʨʘʤʘ ʨʦʟʧʦʜʽʣʫ ʩʝʨʝʜʥʴʦʛʦ ʨʦʟʤʽʨʫ ʢʨʠʩʪʘʣʽʪʽʚ L ʥʘ ʧʨʠʢʣʘʜʽ ʟʨʘʟʢʘ 

Ni80Fe20(50 ʥʤ)/ʇ, ʚʽʜʧʘʣʝʥʦʛʦ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 523 ʂ ʧʨʦʪʷʛʦʤ 1 ʛʦʜ. ʗʢ 

ʚʠʜʥʦ ʟ ʨʠʩʫʥʢʫ 1.5 ʘ ʬʘʟʦʚʠʡ ʩʪʘʥ ʟʨʘʟʢʘ ʚʽʜʧʦʚʽʜʘʻ ɻʎʂ-ʛʨʘʪʮʽ, ʘ 

ʢʨʠʩʪʘʣʽʯʥʘ ʩʪʨʫʢʪʫʨʘ ʜʨʽʙʥʦʜʠʩʧʝʨʩʥʘ (L = 7 ʥʤ). ʊʘʢʦʞ ʘʚʪʦʨʘʤʠ ʨʦʙʽʪ [55-

57] ʙʫʣʘ ʦʪʨʠʤʘʥʘ ʨʦʟʤʽʨʥʘ ʟʘʣʝʞʥʽʩʪʴ ʩʝʨʝʜʥʴʦʛʦ ʨʦʟʤʽʨʫ ʢʨʠʩʪʘʣʽʚ 

(ʨʠʩ. 1.5 ʙ). ʇʦʢʘʟʘʥʦ, ʱʦ ʟʙʽʣʴʰʝʥʥʷ ʪʦʚʱʠʥʠ ʟʨʘʟʢʽʚ ʟ 30 ʜʦ 150 ʥʤ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʥʝʟʥʘʯʥʦʛʦ ʟʨʦʩʪʘʥʥʷ L (@8 ʥʤ). ʊʦʙʪʦ, ʤʦʞʥʘ ʟʨʦʙʠʪʠ  

 

 

 ʘ ʙ 

ʈʠʩ. 1.5 ʉʚʽʪʣʦʧʦʣʴʥʝ ʟʦʙʨʘʞʝʥʥʷ ʢʨʠʩʪʘʣʽʯʥʦʾ ʩʪʨʫʢʪʫʨʠ, ʜʠʬʨʘʢʮʽʡʥʘ 

ʢʘʨʪʠʥʘ (ʥʘ ʚʩʪʘʚʮʽ ʚʛʦʨʽ) ʽ ʛʽʩʪʦʛʨʘʤʘ ʨʦʟʧʦʜʽʣʫ ʩʝʨʝʜʥʴʦʛʦ ʨʦʟʤʽʨʫ ʢʨʠʩʪʘʣʽʪʽʚ 

(ʥʘ ʚʩʪʘʚʮʽ ʚʥʠʟʫ) ʜʣʷ ʧʣʽʚʢʠ Ni80Fe20(50 ʥʤ)/ʇ, ʚʽʜʧʘʣʝʥʦʾ ʟʘ ʊʚ = 523 ʂ 

ʧʨʦʪʷʛʦʤ 1 ʛʦʜ (ʘ) ʪʘ ʨʦʟʤʽʨʥʘ ʟʘʣʝʞʥʽʩʪʴ ʩʝʨʝʜʥʴʦʛʦ ʨʦʟʤʽʨʫ ʟʝʨʥʘ ʜʦ ʪʘ ʧʽʩʣʷ 

ʪʝʨʤʦʦʙʨʦʙʢʠ (ʙ). ɸʜʘʧʪʦʚʘʥʦ ʽʟ ʨʦʙʦʪʠ [56]  
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ʚʠʩʥʦʚʦʢ, ʱʦ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʪʦʚʱʠʥʠ ʟʥʘʯʥʠʭ ʟʤʽʥ ʫ ʢʨʠʩʪʘʣʽʯʥʽʡ ʩʪʨʫʢʪʫʨʽ  

ʬʘʢʪʠʯʥʦ ʥʝ ʚʽʜʙʫʚʘʻʪʴʩʷ. ʇʨʦʮʝʩ ʪʝʨʤʦʚʽʜʧʘʣʶʚʘʥʥʷ ʜʦ ʪʝʤʧʝʨʘʪʫʨ 423 ʂ ʽ 

523 ʂ ʪʘʢʦʞ ʥʝ ʩʧʨʠʯʠʥʷʻ ʟʥʘʯʥʠʭ ʨʝʢʨʠʩʪʘʣʽʟʘʮʽʡʥʠʭ ʧʨʦʮʝʩʽʚ. ʋ ʪʦʡ ʞʝ 

ʯʘʩ, ʷʢ ʧʦʢʘʟʘʣʠ ʘʚʪʦʨʠ ʨʦʙʽʪ [49, 51], ʧʨʦʮʝʩ ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ 

ʚʽʜʧʘʣʶʚʘʥʥʷ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ ʊʚ = 900 ʂ ʤʦʞʝ ʩʧʨʠʯʠʥʠʪʠ ʟʨʦʩʪʘʥʥʷ 

ʩʝʨʝʜʥʴʦʛʦ ʨʦʟʤʽʨʫ ʢʨʠʩʪʘʣʽʪʽʚ ʜʦ 40-50 ʥʤ (ʨʠʩ. 1.4ʛ). ʇʨʠʥʮʠʧʦʚʝ ʟʥʘʯʝʥʥʷ 

ʪʘʢʦʞ ʤʘʻ ʽ ʪʝʤʧʝʨʘʪʫʨʘ ʧʽʜʢʣʘʜʢʠ ʊʧ. ʋ ʨʦʙʦʪʽ [51] ʙʫʣʦ ʧʦʢʘʟʘʥʦ, ʱʦ 

ʧʽʜʚʠʱʝʥʥʷ ʊʧ ʫ ʧʨʦʮʝʩʽ ʬʦʨʤʫʚʘʥʥʷ ʟʨʘʟʢʽʚ ʜʦ 673 ʂ ʜʦʟʚʦʣʷʻ ʨʝʘʣʽʟʫʚʘʪʠ 

ʩʪʨʫʢʪʫʨʠ ʟ L = 30-40 ʥʤ ʚʞʝ ʥʘ ʩʪʘʜʽʾ ʢʦʥʜʝʥʩʘʮʽʾ, ʘ ʧʦʜʘʣʴʰʠʡ ʧʨʦʮʝʩ 

ʪʝʨʤʦʦʙʨʦʙʢʠ ʪʘʢʠʭ ʟʨʘʟʢʽʚ ʜʦ 973 ʂ ʩʪʠʤʫʣʶʻ ʽʥʪʝʥʩʠʚʥʽ ʨʝʢʨʠʩʪʘʣʽʟʘʮʽʡʥʽ 

ʧʨʦʮʝʩʠ ʽ ʚʝʣʠʯʠʥʘ L ʩʷʛʘʻ 100 ʥʤ. 

 

1.1.2 ʌʘʟʦʚʠʡ ʩʪʘʥ ʪʘ ʩʪʨʫʢʪʫʨʘ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʩʪʨʫʢʪʫʨ ʥʘ ʦʩʥʦʚʽ 

ʧʝʨʤʘʣʦʻʚʠʭ ʩʧʣʘʚʽʚ  

 

ʗʢ ʚʞʝ ʚʽʜʤʽʯʘʣʦʩʷ ʨʘʥʽʰʝ, ʱʦ ʤʝʪʦʜ ʬʦʨʤʫʚʘʥʥʷ ʥʘʥʦʨʦʟʤʽʨʥʠʭ 

ʩʪʨʫʢʪʫʨ (ʦʜʥʦʯʘʩʥʘ ʘʙʦ ʧʦʰʘʨʦʚʘ ʢʦʥʜʝʥʩʘʮʽʷ) ʤʦʞʝ ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʪʠ ʥʘ 

ʭʘʨʘʢʪʝʨ ʧʨʦʪʽʢʘʥʥʷ ʜʠʬʫʟʽʡʥʠʭ ʧʨʦʮʝʩʽʚ ʷʢ ʧʨʠ ʦʩʘʜʞʝʥʥʽ, ʪʘʢ ʽ ʧʨʠ 

ʧʦʜʘʣʴʰʽʡ ʪʝʨʤʦʦʙʨʦʙʮʽ, ʟʤʽʥʶʶʯʠ ʧʨʠ ʮʴʦʤʫ ʬʘʟʦʚʠʡ ʩʪʘʥ ʩʠʩʪʝʤ, 

ʩʧʨʠʯʠʥʷʶʯʠ ʬʦʨʤʫʚʘʥʥʷ ʪʚʝʨʜʠʭ ʨʦʟʯʠʥʽʚ. ɺʘʞʣʠʚʠʤ ʟ ʪʦʯʢʠ ʟʦʨʫ ʘʥʘʣʽʟʫ 

ʤʘʛʥʽʪʦʨʝʟʠʩʪʠʚʥʠʭ ʪʘ ʤʘʛʥʽʪʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʻ ʬʘʟʦʚʠʡ ʩʪʘʥ ʩʘʤʝ 

ʤʘʛʥʽʪʥʠʭ ʢʦʤʧʦʥʝʥʪ. ʅʝ ʤʝʥʰ ʧʨʠʥʮʠʧʦʚʝ ʟʥʘʯʝʥʥʷ ʤʘʻ ʡ ʭʘʨʘʢʪʝʨ 

ʢʨʠʩʪʘʣʽʯʥʦʾ ʩʪʨʫʢʪʫʨʠ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. ɿʤʽʥʘ ʩʝʨʝʜʥʴʦʛʦ ʨʦʟʤʽʨʫ 

ʟʝʨʥʘ ʤʘʛʥʽʪʥʦʾ ʢʦʤʧʦʥʝʥʪʠ, ʦʩʦʙʣʠʚʦ ʫ ʚʠʧʘʜʢʫ ʬʦʨʤʫʚʘʥʥʷ ʩʪʨʫʢʪʫʨ 

ʤʝʪʦʜʦʤ ʦʜʥʦʯʘʩʥʦʾ ʢʦʥʜʝʥʩʘʮʽʾ, ʤʦʞʝ ʟʤʽʥʠʪʠ ʾʾ ʤʘʛʥʽʪʥʠʡ ʩʪʘʥ ʚʽʜ 

ʩʫʧʝʨʧʘʨʘʤʘʛʥʽʪʥʦʛʦ ʜʦ ʬʝʨʦʤʘʛʥʽʪʥʦʛʦ [58]. ɿʘʣʝʞʥʦ ʚʽʜ ʨʦʟʤʽʨʫ ʟʝʨʝʥ 

ʤʘʛʥʽʪʥʦʾ ʢʦʤʧʦʥʝʥʪʠ, ʤʘʛʥʽʪʥʽ ʛʨʘʥʫʣʠ, ʷʢʽ ʬʦʨʤʫʶʪʴʩʷ ʚ ʦʙôʻʤʽ ʥʝʤʘʛʥʽʪʥʦʾ 

ʢʦʤʧʦʥʝʥʪʠ, ʤʦʞʫʪʴ ʙʫʪʠ ʩʫʧʝʨʧʘʨʘʤʘʛʥʽʪʥʽ ʪʘ ʦʜʥʦʜʦʤʝʥʥʽ ʽ ʙʘʛʘʪʦʜʦʤʝʥʥʽ 

ʬʝʨʦʤʘʛʥʽʪʥʽ [59]. ɿʘʟʥʘʯʝʥʽ ʩʪʘʥʠ ʧʨʦʷʚʣʷʶʪʴ ʨʽʟʥʽ ʤʘʛʥʽʪʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʪʘ 

ʚʧʣʠʚʘʶʪʴ ʥʘ ʭʘʨʘʢʪʝʨ ʽ ʘʤʧʣʽʪʫʜʫ ʤʘʛʥʽʪʦʨʝʟʠʩʪʠʚʥʠʭ ʝʬʝʢʪʽʚ. 
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ɼʝʪʘʣʴʥʠʡ ʘʥʘʣʽʟ ʬʘʟʦʚʦʛʦ ʩʢʣʘʜʫ ʪʨʠʰʘʨʦʚʠʭ ʟʨʘʟʢʽʚ  

FexNi100-x/Cu/FexNi100-x/ʇ ʧʽʩʣʷ ʢʦʥʜʝʥʩʘʮʽʾ ʽʟ ʪʦʚʱʠʥʘʤʠ ʤʘʛʥʽʪʥʠʭ dF = 10-

50 ʥʤ ʡ ʥʝʤʘʛʥʽʪʥʠʭ dN = 5-20 ʥʤ ʰʘʨʽʚ ʟʘ ʢʦʥʮʝʥʪʨʘʮʽʾ ʘʪʦʤʽʚ ʥʽʢʝʣʶ ʚ 

ʤʘʛʥʽʪʥʠʭ ʰʘʨʘʭ ʩNi @ 50-80 ʘʪ.%, ʧʨʦʚʝʜʝʥʠʡ ʫ ʨʦʙʦʪʽ [60], ʧʦʢʘʟʘʚ, ʱʦ 

ʬʘʟʦʚʠʡ ʩʪʘʥ ʩʠʩʪʝʤʠ ʚʽʜʧʦʚʽʜʘʻ ʢʦʤʙʽʥʘʮʽʾ ʜʚʦʭ ɻʎʂ ˇʨʘʪʦʢ: ɻʎʂ-Ni3Fe ʪʘ 

ɻʎʂ-Cu (ʨʠʩ. 1.6 ʘ, ʚ). ʇʨʦʮʝʩ ʪʝʨʤʦʦʙʨʦʙʢʠ ʪʨʠʰʘʨʦʚʠʭ ʟʨʘʟʢʽʚ  

FexNi100-x/Cu/FexNi100-x/ʇ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 700 ʂ ʩʧʨʠʯʠʥʷʻ ʫʪʚʦʨʝʥʥʷ ʪʚʝʨʜʠʭ 

ʨʦʟʯʠʥʽʚ Ni3Fe(Cu) ʧʨʠ ʩNi @ 80 ʘʪ.% ʪʘ NiFe(Cu) ʧʨʠ ʟʤʝʥʰʝʥʥʽ ʩNi ʜʦ 50 ʘʪ.%.  

ʋ ʨʦʙʦʪʽ [59] ʙʫʣʦ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʚʧʣʠʚ ʢʦʥʮʝʥʪʨʘʮʽʾ ʢʦʤʧʦʥʝʥʪ ʥʘ 

ʩʪʨʫʢʪʫʨʥʦ-ʬʘʟʦʚʠʡ ʩʪʘʥ ʩʠʩʪʝʤʠ (Ni50Fe50+Cu)/ʇ, ʦʪʨʠʤʘʥʦʾ ʤʝʪʦʜʦʤ 

ʦʜʥʦʯʘʩʥʦʛʦ ʤʘʛʥʝʪʨʦʥʥʦʛʦ ʨʦʟʧʠʣʝʥʥʷ ʟʘ ʢʽʤʥʘʪʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʧʨʠ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʘʪʦʤʽʚ Cu ʫ ʩʠʩʪʝʤʽ ʩCu = 58, 63, 68, 75 ʪʘ 85 %. ʅʘ ʨʠʩʫʥʢʫ 1.7. 

(ʥʘ ʚʩʪʘʚʢʘʭ) ʥʘʚʝʜʝʥʽ ʜʠʬʨʘʢʮʽʡʥʽ ʢʘʨʪʠʥʠ ʜʣʷ ʧʣʽʚʦʢ ʟ ʨʽʟʥʠʤ ʚʤʽʩʪʦʤ 

ʤʘʛʥʽʪʥʦʾ ʽ ʥʝʤʘʛʥʽʪʥʦʾ ʢʦʤʧʦʥʝʥʪ. ɸʚʪʦʨʘʤʠ [59] ʧʦʢʘʟʘʥʦ, ʱʦ ʥʝʟʘʣʝʞʥʦ 

ʚʽʜ ʢʦʤʧʦʟʠʮʽʡʥʦʛʦ ʩʢʣʘʜʫ, ʥʘ ʝʣʝʢʪʨʦʥʦʛʨʘʤʘʭ ʬʽʢʩʫʶʪʴ ʣʽʥʽʾ (111), (200), 

(220) ʪʘ (311), ʱʦ ʥʘʣʝʞʘʪʴ ˇʨʘʪʮʽ ɻʎʂ-Cu. ʇʨʠ ʮʴʦʤʫ ʥʘ ʝʣʝʢʪʨʦʥʦʛʨʘʤʘʭ, 

ʦʢʨʽʤ ʣʽʥʽʾ (110), ʱʦ ʥʘʣʝʞʠʪʴ ˇʨʘʪʮʽ ʆʎʂ-NiFe, ʽ ʥʘʢʣʘʜʘʻʪʴʩʷ ʟ ʣʽʥʽʻʶ (111) 

ɻʎʂ-Cu, ʞʦʜʥʦʾ ʽʥʰʦʾ ʣʽʥʽʾ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʆʎʂ-NiFe, ʥʝ ʬʽʢʩʫʻʪʴʩʷ. ʎʝ ʥʘ 

ʜʫʤʢʫ ʘʚʪʦʨʽʚ ʨʦʙʦʪʠ [59] ʩʚʽʜʯʠʪʴ ʧʨʦ ʪʦʡ ʬʘʢʪ, ʱʦ ʚʥʘʩʣʽʜʦʢ ʤʘʣʝʥʴʢʠʭ 

ʨʦʟʤʽʨʽʚ ʥʘʥʦʯʘʩʪʠʥʦʢ ʤʘʛʥʽʪʥʦʾ ʢʦʤʧʦʥʝʥʪʠ, ʚʦʥʠ ʬʦʨʤʫʶʪʴ ʘʤʦʨʬʥʫ 

ʩʪʨʫʢʪʫʨʫ. ɿʘʫʚʘʞʠʤʦ, ʱʦ ʜʣʷ ʧʝʨʤʘʣʦʻʚʠʭ ʩʧʣʘʚʽʚ NiʭFe100-ʭ ʥʘ ʨʘʥʥʽʭ 

ʩʪʘʜʽʷʭ ʢʦʥʜʝʥʩʘʮʽʾ ʻ ʭʘʨʘʢʪʝʨʥʠʤ ʫʪʚʦʨʝʥʥʷ ʘʤʦʨʬʥʦʾ ʩʪʨʫʢʪʫʨʠ, ʷʢʘ ʫ 

ʧʦʜʘʣʴʰʦʤʫ ʢʨʠʩʪʘʣʽʟʫʻʪʴʩʷ. ɿʙʽʣʴʰʝʥʥʷ ʦʙôʻʤʥʦʾ ʜʦʣʽ ʥʘʥʦʯʘʩʪʠʥʦʢ 

Ni50Fe50 ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʨʦʩʪʘʥʥʷ ʾʭ ʩʝʨʝʜʥʴʦʛʦ ʨʦʟʤʽʨʫ, ʱʦ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ 

ʚʠʜʽʣʝʥʥʷʤ ʆʎʂ ʬʘʟʠ ʽʟ ʤʘʪʨʠʮʽ Cu ʪʘ ʧʨʦʷʚʣʷʻʪʴʩʷ ʫ ʟʙʽʣʴʰʝʥʥʽ 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʣʽʥʽʾ (200) ʆʎʂ-NiFe (ʨʠʩ. 1.7 ʛ).  

ɸʥʘʣʽʟ ʢʨʠʩʪʘʣʽʯʥʦʾ ʩʪʨʫʢʪʫʨʠ ʧʽʜʪʚʝʨʜʞʫʻ, ʱʦ ʩʚʽʞʦʩʢʦʥʜʝʥʩʦʚʘʥʽ 

ʧʣʽʚʢʠ (Ni50Fe50+Cu)/ʇ ʩʢʣʘʜʘʶʪʴʩʷ ʽʟ ʥʘʥʦʯʘʩʪʠʥʦʢ Ni50Fe50, ʨʽʚʥʦʤʽʨʥʦ 

ʨʦʟʧʦʜʽʣʝʥʠʭ ʫ ʤʘʪʨʠʮʽ Cu (ʨʠʩ. 1.7). ʋ ʚʠʧʘʜʢʫ ʢʦʣʠ ʦʙôʻʤʥʘ ʯʘʩʪʢʘ 

ʤʘʛʥʽʪʥʦʾ ʢʦʤʧʦʥʝʥʪʠ ʤʘʣʘ, ʥʘʥʦʯʘʩʪʠʥʢʠ Ni50Fe50, ɦ ʦ ʦʪʦʯʝʥʽ ʤʘʪʨʠʮʝʶ Cu,  
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ʈʠʩ. 1.6 ʉʚʽʪʣʦʧʦʣʴʥʽ ʟʦʙʨʘʞʝʥʥʷ, ʦʪʨʠʤʘʥʝ ʤʝʪʦʜʦʤ ʧʨʦʩʚʽʯʫʶʯʦʾ 

ʝʣʝʢʪʨʦʥʥʦʾ ʤʽʢʨʦʩʢʦʧʽʾ, ʪʘ ʜʠʬʨʘʢʮʽʡʥʽ ʢʘʨʪʠʥʠ ʪʨʠʰʘʨʦʚʠʭ ʩʪʨʫʢʪʫʨ 

FexNi100-x/Cu/FexNi100-x ʧʽʩʣʷ ʢʦʥʜʝʥʩʘʮʽʾ (ʘ, ʚ) ʪʘ ʚʽʜʧʘʣʶʚʘʥʥʷ ʟʘ 

ʪʝʤʧʝʨʘʪʫʨʠ 700 ʂ (ʙ, ʛ): ʘ, ʙ ï d(FexNi100-x) = 35 ʥʤ, d(Cu) = 10 ʥʤ, 

ʭ = 20 ʘʪ.%; ʚ, ʛ - d(FexNi100-x) = 35 ʥʤ, d(Cu) = 10 ʥʤ, ʭ = 60 ʘʪ.%.  

ɯʟ ʨʦʙʦʪʠ [60] 

 

ʤʘʶʪʴ ʨʽʚʥʦʚʽʩʥʫ ʬʦʨʤʫ. ɿʽ ʟʙʽʣʴʰʝʥʥʷʤ ʦʙôʻʤʥʦʾ ʜʦʣʽ ʤʘʛʥʽʪʥʦʾ 

ʢʦʤʧʦʥʝʥʪʠ, ʥʘʥʦʯʘʩʪʠʥʢʠ Ni50Fe50 ʧʦʩʪʫʧʦʚʦ ʚʽʜʭʠʣʷʶʪʴʩʷ ʚʽʜ ʨʽʚʥʦʚʽʩʥʦʾ 

ʬʦʨʤʠ. ʈʦʟʨʘʭʫʥʢʠ ʧʦʢʘʟʘʣʠ, ʱʦ ʟʙʽʣʴʰʝʥʥʷ ʦʙôʻʤʥʦʾ ʯʘʩʪʢʠ ʤʘʛʥʽʪʥʦʾ 

ʢʦʤʧʦʥʝʥʪʠ ʟ 15 ʜʦ 42 % ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʨʦʩʪʘʥʥʷ ʩʝʨʝʜʥʴʦʛʦ ʨʦʟʤʽʨʫ 

ʤʘʛʥʽʪʥʠʭ ʥʘʥʦʯʘʩʪʠʥʦʢ ʟ 2 ʜʦ 6 ʥʤ.  

ɸʥʘʣʦʛʽʯʥʽ ʨʝʟʫʣʴʪʘʪʠ ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʡ ʚ ʨʦʙʦʪʽ [62] ʜʣʷ ʩʠʩʪʝʤʠ 

(Fe80Ni20+Cu)/ʇ ʧʨʠ ʩCu = 60 ʘʪ.%, ʷʢʘ ʤʘʻ ʜʚʦʬʘʟʦʚʠʡ ʩʪʘʥ ʧʽʩʣʷ ʢʦʥʜʝʥʩʘʮʽʾ. 

ʉʝʨʝʜʥʽʡ ʨʦʟʤʽʨ ʥʘʥʦʯʘʩʪʠʥʦʢ ʤʘʛʥʽʪʥʦʾ ʢʦʤʧʦʥʝʥʪʠ ʟʛʽʜʥʦ [62] ʩʪʘʥʦʚʠʪʴ 

5 ʥʤ. ʋ ʧʨʦʮʝʩʽ ʚʽʜʧʘʣʶʚʘʥʥʷ ʟʘ ʊʚ = 673 K ʧʨʦʪʷʛʦʤ 60 ʭʚ. ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʥʝʟʥʘʯʥʝ ʟʨʦʩʪʘʥʥʷ ʨʦʟʤʽʨʫ ʤʘʛʥʽʪʥʠʭ ʥʘʥʦʯʘʩʪʠʥʦʢ ʜʦ 7 ʥʤ. ɿʙʽʣʴʰʝʥʥʷ 

ʯʘʩʫ ʪʝʨʤʦʦʙʨʦʙʢʠ ʜʦ 240 ʭʚ. ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʢʦʘʣʝʩʮʝʥʮʽʾ ʤʘʛʥʽʪʥʠʭ ʟʝʨʝʥ ʪʘ 

ʟʙʽʣʴʰʝʥʥʷ ʾʭ ʩʝʨʝʜʥʴʦʛʦ ʨʦʟʤʽʨʫ ʜʦ 13 ʥʤ. 
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ʈʠʩ. 1.7 ʉʚʽʪʣʦʧʦʣʴʥʽ ʟʦʙʨʘʞʝʥʥʷ, ʦʪʨʠʤʘʥ ̔ ʤʝʪʦʜʦʤ ʧʨʦʩʚʽʯʫʶʯʦʾ 

ʝʣʝʢʪʨʦʥʥʦʾ ʤʽʢʨʦʩʢʦʧʽʾ, ʪʘ ʜʠʬʨʘʢʮʽʡʥʽ ʢʘʨʪʠʥʠ ʩʠʩʪʝʤʠ (Fe50Ni50+Cu)/ʇ 

ʧʽʩʣʷ ʦʩʘʜʞʝʥʥʷ ʤʝʪʦʜʦʤ ʦʜʥʦʯʘʩʥʦʛʦ ʤʘʛʥʝʪʨʦʥʥʦʛʦ ʨʦʟʧʠʣʝʥʥʷ ʧʨʠ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʘʪʦʤʽʚ Cu ʫ ʩʠʩʪʝʤʽ ʩCu = 85 (ʘ), 65 (ʙ), ʪʘ 58 % (ʚ). ɸʜʘʧʪʦʚʘʥʦ 

ʽʟ ʨʦʙʦʪʠ [59] 
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ɼʦʩʣʽʜʞʝʥʥʷ ʬʘʟʦʚʦʛʦ ʩʪʘʥʫ ʤʫʣʴʪʠʰʘʨʫ [Ni81Fe19(2)/Ag(4)]20/ʇ 

ʤʝʪʦʜʦʤ ʨʝʥʪʛʝʥʽʚʩʴʢʦʾ ʜʠʬʨʘʢʮʽʾ [63], ʧʦʢʘʟʘʣʦ, ʱʦ ʚ ʧʨʦʮʝʩʽ ʬʦʨʤʫʚʘʥʥʷ 

ʩʪʨʫʢʪʫʨʠ ʤʝʪʦʜʦʤ ʤʘʛʥʝʪʨʦʥʥʦʛʦ ʨʦʟʧʠʣʝʥʥʷ, ʚ ʩʠʩʪʝʤʽ ʬʦʨʤʫʻʪʴʩʷ ʩʠʣʴʥʦ 

ʚʠʨʘʞʝʥʘ ʪʝʢʩʪʫʨʘ (111), ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʚʠʩʦʢʫ ʷʢʽʩʪʴ ʤʫʣʴʪʠʰʘʨʽʚ. 

ʈʦʟʨʘʭʫʥʢʠ ʚʝʣʠʯʠʥʠ ʤʽʞʧʣʦʱʠʥʥʠʭ ʚʽʜʩʪʘʥʝʡ d111 ʜʣʷ ʬʘʟ ɻʎʂ-Ni3Fe ʪʘ 

ɻʎʂ-Ag ʩʚʽʜʯʘʪʴ ʧʨʦ ʥʝʟʥʘʯʥʝ ʚʽʜʭʠʣʝʥʥʷ ʚʽʜ ʪʘʙʣʠʯʥʠʭ ʜʘʥʠʭ: ʜʣʷ ʬʘʟʠ 

ɻʎʂ-Ni3Fe d111 = 0,2048 ʥʤ ʻ ʜʝʱʦ ʤʝʥʰʦʶ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʪʘʙʣʠʯʥʠʤʠ 

ʜʘʥʠʤʠ (d111 = 0,205 ʥʤ), ʘ ʜʣʷ ʬʘʟʠ ɻʎʂ-Ag d111 = 0,2354 ʥʤ ï ʜʝʱʦ 

ʟʙʽʣʴʰʝʥʦʶ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʪʘʙʣʠʯʥʠʤʠ ʜʘʥʠʤʠ (d111 = 0,235 ʥʤ). ʅʠʟʴʢʝ 

ʟʥʘʯʝʥʥʷ ʰʦʨʩʪʢʦʩʪʽ ʽʥʪʝʨʬʝʡʩʽʚ h = 0,16 ʥʤ ʩʚʽʜʯʠʪʴ ʧʨʦ ʜʦʩʢʦʥʘʣʽʩʪʴ ʷʢ 

ʤʘʛʥʽʪʥʠʭ, ʪʘʢ ʽ ʥʝʤʘʛʥʽʪʥʠʭ ʰʘʨʽʚ ʧʦ ʚʩʽʡ ʪʦʚʱʠʥʽ ʤʫʣʴʪʠʰʘʨʫ. ʅʘ ʜʫʤʢʫ 

ʘʚʪʦʨʽʚ [63], ʪʦʡ ʬʘʢʪ, ʱʦ ʦʙʠʜʚʘ ʤʘʪʝʨʽʘʣʠ ʤʘʶʪʴ ʧʘʨʘʤʝʪʨʠ ʤʽʞʧʣʦʱʠʥʥʠʭ 

ʚʽʜʩʪʘʥʝʡ ʙʣʠʟʴʢʽ ʜʦ ʜʘʥʠʭ ʜʣʷ ʤʘʩʠʚʥʠʭ ʟʨʘʟʢʽʚ ʩʚʽʜʯʠʪʴ ʧʨʦ ʥʘʩʪʫʧʥʝ. ʈ̔ ʩʪ 

ʰʘʨʽʚ ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʝʟʚôʷʟʥʦ ʽ ʩʘʤʝ ʜʠʩʣʦʢʘʮʽ,ʾ ʘ ʥʝ ʨʦʟʰʠʨʝʥʥʷ ʪʘ ʩʪʠʩʢʘʥʥʷ 

ʦʢʨʝʤʦʾ ˇʨʘʪʢʠ, ʩʧʨʠʯʠʥʷʶʪʴ ʜʝʬʦʨʤʘʮʽʶ ʥʘ ʤʝʞʽ ʧʦʜʽʣʫ. ʊʘʢʠʡ ʞʝ ʚʠʩʥʦʚʦʢ 

ʙʫʚ ʟʨʦʙʣʝʥʠʡ ʽ ʫ ʨʦʙʦʪʽ [64]. 

ɼʣʷ ʩʠʩʪʝʤ (Ni80Fe20+Ag)/ʇ, ʦʪʨʠʤʘʥʠʭ ʤʝʪʦʜʦʤ ʦʜʥʦʯʘʩʥʦʛʦ 

ʚʠʧʘʨʫʚʘʥʥʷ, ʜʦʩʣʽʜʞʝʥʥʷ ʬʘʟʦʚʦʛʦ ʩʪʘʥʫ ʤʝʪʦʜʦʤ ʨʝʥʪʛʝʥʽʚʩʴʢʦʾ ʜʠʬʨʘʢʮʽʾ 

ʪʘʢʦʞ ʩʚʽʜʯʘʪʴ ʧʨʦ ʬʦʨʤʫʚʘʥʥʷ ʫ ʧʨʦʮʝʩʽ ʢʦʥʜʝʥʩʘʮʽʾ ʜʚʦʬʘʟʥʦʛʦ ʩʪʘʥʫ ɻʎʂ-

Ni3Fe+ɻʎʂ-Ag, ʷʢʠʡ ʥʝ ʟʤʽʥʶʻʪʴʩʷ ʫ ʧʨʦʮʝʩʽ ʚʽʜʧʘʣʶʚʘʥʥʷ ʟʘ ʪʝʤʧʝʨʘʪʫʨ 

600, 750 ʪʘ 900 ʂ. ɺʽʜʧʘʣʶʚʘʥʥʷ ʪʠʤ ʥʝ ʤʝʥʰ ʩʧʨʠʯʠʥʷʻ ʧʝʨʝʤʽʰʫʚʘʥʥʷ 

ʤʘʛʥʽʪʥʦʾ ʽ ʥʝʤʘʛʥʽʪʥʦʾ ʢʦʤʧʦʥʝʥʪʠ ʪʘ ʟʨʦʩʪʘʥʥʷ ʩʝʨʝʜʥʴʦʛʦ ʨʦʟʤʽʨʫ 

ʢʨʠʩʪʘʣʽʪʽʚ ʢʦʞʥʦʾ ʟ ʢʦʤʧʦʥʝʥʪ. ɼʣʷ ʟʨʘʟʢʘ ʽʟ ʚʤʽʩʪʦʤ ʘʪʦʤʽʚ Ag 64 ʘʪ.%, 

ʩʝʨʝʜʥʽʡ ʨʦʟʤʽʨ ʟʝʨʝʥ ʤʘʛʥʽʪʥʦʾ ʽ ʥʝʤʘʛʥʽʪʥʦʾ ʢʦʤʧʦʥʝʥʪ ʟʨʦʩʪʘʻ ʚʽʜʧʦʚʽʜʥʦ ʟ 

4 ʜʦ 5,5 ʡ ʟ 9,5 ʥʤ ʜʦ 11 ʥʤ ʟʘ ʊʚ = 600 ʂ, ʜʦ 9,5 ʡ 15 ʥʤ ʟʘ ʊʚ = 750 ʂ ʪʘ ʜʦ 

20 ʥʤ ʜʣʷ ʤʘʛʥʽʪʥʦʾ ʢʦʤʧʦʥʝʥʪʠ ʟʘ ʊʚ = 900 ʂ. 

ʆʪʞʝ, ʘʥʘʣʽʟʫʶʯʠ ʜʘʥʽ ʜʣʷ ʩʠʩʪʝʤ ʥʘ ʦcʥʦʚʽ ʧʝʨʤʘʣʦʻʚʠʭ ʩʧʣʘʚʽʚ 

NixFe1-x ʪʘ ʙʣʘʛʦʨʦʜʥʠʭ ʤʝʪʘʣʽʚ, ʦʪʨʠʤʘʥʠʭ ʤʝʪʦʜʘʤʠ ʦʜʥʦʯʘʩʥʦʾ ʪʘ 

ʧʦʰʘʨʦʚʦʾ ʢʦʥʜʝʥʩʘʮʽʾ ʢʦʤʧʦʥʝʥʪ, ʩʣʽʜ ʟʘʟʥʘʯʠʪʠ ʥʘʩʪʫʧʥʝ. ʅʝʟʘʣʝʞʥʦ ʚʽʜ 

ʚʠʙʨʘʥʦʛʦ ʤʝʪʦʜʫ ʚ ʩʠʩʪʝʤʘʭ ʥʘ ʦʩʥʦʚʽ NixFe1-x ʪʘ Cu, Ag ʘʙʦ Au ʧʽʩʣʷ 
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ʢʦʥʜʝʥʩʘʮʽʾ ʟʙʝʨʽʛʘʻʪʴʩʷ ʜʚʦʬʘʟʥʠʡ ʩʪʘʥ. ʋ ʧʨʦʮʝʩʽ ʞ ʪʝʨʤʦʚʽʜʧʘʣʶʚʘʥʥʷ 

ʤʦʞʣʠʚʝ ʫʪʚʦʨʝʥʥʷ ʪʚʝʨʜʠʭ ʨʦʟʯʠʥʽʚ. ʉʪʨʫʢʪʫʨʘ ʞ ʟʨʘʟʢʽʚ ʷʢ ʜʦ, ʪʘʢ ʽ ʧʽʩʣʷ 

ʪʝʨʤʦʚʽʜʧʘʣʶʚʘʥʥʷ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ ʊʚ = 750 ʂ ʟʘʣʠʰʘʻʪʴʩʷ ʥʘʥʦʨʦʟʤʽʨʥʦʶ. 

ʉʝʨʝʜʥʽʡ ʨʦʟʤʽʨ ʟʝʨʝʥ ʤʘʛʥʽʪʥʦʾ ʢʦʤʧʦʥʝʥʪʠ ʥʝ ʧʝʨʝʚʠʱʫʻ 10 ʥʤ ʫ 

ʩʚʽʞʦʩʢʦʥʜʝʥʩʦʚʘʥʦʤʫ ʩʪʘʥʽ ʽ ʣʠʰʝ ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʝ ʚʽʜʧʘʣʶʚʘʥʥʷ ʟʘ 

ʪʝʤʧʝʨʘʪʫʨʠ 900 ʂ ʩʧʨʠʯʠʥʷʻ ʾʭ ʟʨʦʩʪʘʥʥʷ ʜʦ 20 ʥʤ.  

ʊʘʢʦʞ, ʩʣʽʜ ʟʘʫʚʘʞʠʪʠ, ʱʦ ʚʩʽ ʥʘʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʩʪʦʩʫʚʘʣʠʩʷ 

ʩʠʩʪʝʤ, ʟʘʛʘʣʴʥʘ ʪʦʚʱʠʥʘ ʷʢʠʭ ʧʝʨʝʚʠʱʫʻ 100 ʥʤ. 

 

1.3 ʄʘʛʥʽʪʦʨʝʟʠʩʪʠʚʥʽ ʪʘ ʤʘʛʥʽʪʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʥʘʥʦʨʦʟʤʽʨʥʠʭ 

ʩʪʨʫʢʪʫʨ ʥʘ ʦʩʥʦʚʽ ʧʝʨʤʘʣʦʻʚʠʭ ʩʧʣʘʚʽʚ 

 

1.3.1 ʉʪʨʫʢʪʫʨʠ ʪʠʧʫ NiʭFe1-ʭ/NM/NiʭFe1-ʭ ʪʘ [NiʭFe1-ʭ/NM]n, ʷʢʽ 

ʩʬʦʨʤʦʚʘʥʽ ʤʝʪʦʜʦʤ ʧʦʰʘʨʦʚʦʾ ʢʦʥʜʝʥʩʘʮʽʾ 

 

ʇʦʯʠʥʘʶ ʟ 1988 ʨ., ʫʚʘʛʘ ʜʦʩʣʽʜʥʠʢʽʚ ʧʨʠʢʫʪʘ ʜʦ ʤʫʣʴʪʠʰʘʨʽʚ, ʚ ʷʢʠʭ 

ʙʘʟʦʚʠʡ ʙʽʰʘʨ ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʩʪʨʫʢʪʫʨʫ ʤʘʛʥʽʪʥʠʡ/ʥʝʤʘʛʥʽʪʥʠʡ 

ʤʘʪʝʨʽʘʣ. ʎʝ ʧʦʚôʷʟʘʥʦ ʟ ʚʽʜʢʨʠʪʪʷʤ ʚ ʪʘʢʠʭ ʩʪʨʫʢʪʫʨʘʭ ʝʬʝʢʪʫ ʛʽʛʘʥʪʩʴʢʦʛʦ 

ʤʘʛʥʽʪʦʦʧʦʨʫ (ɻʄʆ), ʟʫʤʦʚʣʝʥʦʛʦ ʩʧʽʥ-ʟʘʣʝʞʥʠʤ ʨʦʟʩʽʶʚʘʥʥʷ ʝʣʝʢʪʨʦʥʽʚ ʥʘ 

ʤʝʞʽ ʧʦʜʽʣʫ ʰʘʨʽʚ ʪʘ ʚ ʦʙôʻʤʽ ʤʘʛʥʽʪʥʠʭ ʰʘʨʽʚ [65]. ɿ ʤʦʤʝʥʪʫ ʧʝʨʰʦʛʦ 

ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʝʬʝʢʪʫ ɻʄʆ ʫ ʥʘʜʛʨʘʪʢʘʭ ʪʠʧʫ (001)Fe/(001)Cr, ʧʦʩʪʽʡʥʦ 

ʚʝʜʫʪʴʩʷ ʧʦʰʫʢʠ ʥʦʚʠʭ ʢʦʤʙʽʥʘʮʽʡ ʤʘʛʥʽʪʥʠʭ ʽ ʥʝʤʘʛʥʽʪʥʠʭ ʤʘʪʝʨʽʘʣʽʚ [66], 

ʱʦ ʧʦʚôʷʟʘʥʦ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʜʘʥʠʭ ʩʪʨʫʢʪʫʨ ʜʣʷ ʤʘʛʥʽʪʥʦʛʦ ʟʘʧʠʩʫ 

ʽʥʬʦʨʤʘʮʽʾ [67, 40] ʪʘ ʫ ʩʝʥʩʦʨʥʽʡ ʪʝʭʥʽʮʽ [68, 69]. ʈʽʟʥʽ ʥʘʫʢʦʚʽ ʛʨʫʧʠ ʜʦ 

ʪʝʧʝʨʽʰʥʴʦʛʦ ʯʘʩʫ ʥʘʤʘʛʘʶʪʴʩʷ ʚʜʦʩʢʦʥʘʣʠʪʠ ʩʪʨʫʢʪʫʨʠ, ʫ ʷʢʠʭ ʨʝʘʣʽʟʫʻʪʴʩʷ 

ʝʬʝʢʪ ɻʄʆ, ʟ ʤʝʪʦʶ ʬʦʨʤʫʚʘʥʥʷ ʥʘ ʾʭ ʦʩʥʦʚʽ ʩʝʥʩʦʨʽʚ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ, 

ʦʩʢʽʣʴʢʠ ʜʘʥʽ ʩʪʨʫʢʪʫʨʠ ʤʘʶʪʴ ʪʘʢʽ ʧʝʨʝʚʘʛʠ ʷʢ ʚʠʩʦʢʘ ʯʫʪʣʠʚʽʩʪʴ ʪʘ 

ʰʚʠʜʢʽʩʪʴ ʚʽʜʛʫʢʫ ʩʠʛʥʘʣʫ ʫ ʩʣʘʙʢʠʭ ʤʘʛʥʽʪʥʠʭ ʧʦʣʷʭ [70].  

ʅʘ ʩʴʦʛʦʜʥʽ ʽʩʥʫʻ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʨʦʙʽʪ, ʧʨʠʩʚʷʯʝʥʠʭ ʜʦʩʣʽʜʞʝʥʥʶ 

ʝʬʝʢʪʫ ɻʄʆ ʫ ʤʽʣʴʪʠʰʘʨʘʭ Fe/Cr [71], Fe/Au [72, 73], Co/Cu [74, 75], Ni/Cu, 
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NiCo/Cu [76], CoFe/Cu [77], NiFe/Au/Co/Au [78] ʪʘ ʙʘʛʘʪʦ ʽʥʰʠʭ.  

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʤʘʛʥʽʪʦʨʝʟʠʩʪʠʚʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʫʣʴʪʠʰʘʨʽʚ 

[NixFe1-x/Cu]n ʧʨʝʜʩʪʘʚʣʝʥʽ ʫ ʩʝʨʽʾ ʨʦʙʦʪʽ ʅ. Kuru ʪʘ ʽʥ. [79, 80]. ɿʦʢʨʝʤʘ 

ʘʚʪʦʨʠ, [79, 80] ʧʦʢʘʟʘʣʠ, ʱʦ ʚʝʣʠʯʠʥʘ ʤʘʛʥʽʪʦʨʝʟʠʩʪʠʚʥʦʛʦ ʝʬʝʢʪʫ ʩʫʪʪʻʚʠʤ 

ʯʠʥʦʤ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʦʚʱʠʥʠ ʤʘʛʥʽʪʥʠʭ ʽ ʥʝʤʘʛʥʽʪʥʠʭ ʰʘʨʽʚ ʽ ʧʨʠʡʤʘʻ 

ʤʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʚ 10 % ʟʘ ʪʦʚʱʠʥʠ ʤʘʛʥʽʪʥʦʛʦ ʰʘʨʫ dNiFe = 3 ʥʤ ʪʘ 

ʥʝʤʘʛʥʽʪʥʦʛʦ ʰʘʨʫ dCu = 1 ʥʤ (ʨʠʩ. 1.8). ɿʘʫʚʘʞʠʤʦ, ʱʦ ʫ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ 

ʥʘʥʦʨʦʟʤʽʨʥʽ ʩʪʨʫʢʪʫʨʠ ʦʪʨʠʤʫʚʘʣʠʩʷ ʤʝʪʦʜʦʤ ʝʣʝʢʪʨʦʣʽʪʠʯʥʦʛʦ ʦʩʘʜʞʝʥʥʷ. 

ʋ ʙʽʣʴʰʦʩʪʽ ʨʦʙʽʪ, ʧʨʠʩʚʷʯʝʥʠʭ ʜʦʩʣʽʜʞʝʥʥʶ ʝʬʝʢʪʫ ɻʄʆ ʫ 

ʤʫʣʴʪʠʰʘʨʘʭ [NixFe1-x/Ag]n, ʘʚʪʦʨʘʤ ʥʝ ʚʜʘʣʦʩʷ ʦʪʨʠʤʘʪʠ ʜʦʩʪʘʪʥʴʦ ʚʝʣʠʢʝ 

ʟʥʘʯʝʥʥʷ ʘʤʧʣʽʪʫʜʠ ʤʘʛʥʽʪʦʨʝʟʠʩʪʚʠʥʦʛʦ ʝʬʝʢʪʫ. ʊʘʢ, ʥʘʧʨʠʢʣʘʜ, ʫ ʨʦʙʦʪʽ 

[61] ʜʣʷ ʤʫʣʴʪʠʰʘʨʫ [Ni81Fe19(2)/Ag(4)]20/ʇ ʚʝʣʠʯʠʥʘ ʤʘʛʥʽʪʦʦʧʦʨʫ ʥʝ 

ʧʝʨʝʚʠʱʫʻ 0,2 %. ʋ ʧʨʦʮʝʩʽ ʚʽʜʧʘʣʶʚʘʥʥʷ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 673 ʂ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʟʨʦʩʪʘʥʥʷ ʚʝʣʠʯʠʥʠ ʄʆ ʤʘʡʞʝ ʫ 4,5 ʨʘʟʠ, ʱʦ ʥʘ ʜʫʤʢʫ ʘʚʪʦʨʽʚ ʧʦʚôʷʟʘʥʦ ʟ 

ʜʠʬʫʟʽʻʶ ʘʪʦʤʽʚ Ag ʢʨʽʟʴ ʤʘʛʥʽʪʥʽ ʰʘʨʠ, ʷʢʘ ʩʧʨʠʯʠʥʷʻ ʽʟʦʣʷʮʽʶ ʢʨʠʩʪʘʣʽʪʽʚ 

ʤʘʛʥʽʪʥʦʾ ʢʦʤʧʦʥʝʥʪʠ ʫ ʥʝʤʘʛʥʽʪʥʽʡ ʤʘʪʨʠʮʽ ʪʘ ʬʦʨʤʫʚʘʥʥʷ ʛʨʘʥʫʣʴʦʚʘʥʦʾ 

ʩʪʨʫʢʪʫʨʠ. ʋ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʝʬʝʢʪ ɻʄʆ ʙʫʜʝ ʨʝʘʣʽʟʫʚʘʪʠʩʷ ʟʘ ʨʘʭʫʥʦʢ ʩʧʽʥ-

ʟʘʣʝʞʥʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ ʝʣʝʢʪʨʦʥʽʚ ʥʘ ʤʝʞʽ ʤʘʛʥʽʪʥʠʭ ʟʝʨʝʥ ʟ ʥʝʤʘʛʥʽʪʥʦʶ 

 

 

ʈʠʩ. 1.8 ɿʤʽʥʘ ʘʤʧʣʽʪʫʜʠ ɻʄʆ ʝʬʝʢʪʫ ʚ ʤʫʣʴʪʠʰʘʨʘʭ 

[NiFe(dNiFe)/Cu(dCu)]125 ʫ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʦʚʱʠʥʠ ʰʘʨʫ Cu (ʘ) ʪʘ ʰʘʨʫ NiFe 

(ʙ). ɸʜʘʧʪʦʚʘʥʦ ʽʟ ʨʦʙʦʪʠ [80] 
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ʈʠʩ. 1.9 ɿʤʽʥʘ ʧʦʣʴʦʚʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʤʘʛʥʽʪʦʦʧʦʨʫ ʧʨʠ ʧʨʠʢʣʘʜʘʥʥʽ 

ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʫ ʧʣʦʱʠʥʽ ʰʘʨʽʚ ʪʘ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʰʘʨʘʤ ʜʣʷ 

ʤʫʣʴʪʠʰʘʨʫ [Ni81Fe19(2)/Ag(4)]20/ʇ ʫ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʯʘʩʫ ʚʽʜʧʘʣʶʚʘʥʥʷ. 

ɸʜʘʧʪʦʚʘʥʦ ʽʟ ʨʦʙʦʪʠ [61] 

 

ʤʘʪʨʠʮʝʶ (ʽʥʪʝʨʬʝʡʩʥʝ ʨʦʟʩʽʶʚʘʥʥʷ), ʘ ʪʘʢʦʞ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚ ʦʙôʻʤʽ 

ʤʘʛʥʽʪʥʠʭ ʟʝʨʝʥ. ʆʜʥʘʢ, ʟʙʽʣʴʰʝʥʥʷ ʯʘʩʫ ʚʽʜʧʘʣʶʚʘʥʥʷ ʜʦ 3 ʛʦʜ. ʧʨʠʟʚʦʜʠʪʴ 

ʜʦ ʧʘʜʽʥʥʷ ʘʤʧʣʽʪʫʜʠ ʄʆ ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʛʝʦʤʝʪʨʽʾ ʚʠʤʽʨʶʚʘʥʥʷ. ʎʝ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʥʘʩʣʽʜʦʢ ʟʨʦʩʪʘʥʥʷ ʟʝʨʝʥ ʤʘʛʥʽʪʥʦʾ ʢʦʤʧʦʥʝʥʪʠ, ʾʭ 

ʢʦʘʣʝʩʮʝʥʮʽʾ ʧʨʠ ʜʦʚʛʦʪʨʠʚʘʣʦʤʫ ʚʽʜʧʘʣʶʚʘʥʥʽ, ʱʦ ʩʧʨʠʯʠʥʷʻ ʧʝʨʝʭʽʜ 

ʤʘʛʥʽʪʥʠʭ ʟʝʨʝʥ ʫ ʙʘʛʘʪʦʜʦʤʝʥʥʠʡ ʩʪʘʥ ʽ ʟʤʝʥʰʫʻ ʝʬʝʢʪʠʚʥʽʩʪʴ ʩʧʽʥ-

ʟʘʣʝʞʥʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ. 

ɺʠʢʣʶʯʝʥʥʷ ʩʪʘʥʦʚʣʷʪʴ ʨʦʙʦʪʠ [81, 82], ʘʚʪʦʨʠ ʷʢʠʭ ʘ ʧʨʠʢʣʘʜʽ ʩʠʩʪʝʤ 

[Ni81Fe19(1,2)/Ag(dAg)]n/ʇ ʪʘ [Ni81Fe19(2,6)/Ag(dAg)]n/ʇ ʟʘʛʘʣʴʥʦʶ ʪʦʚʱʠʥʦʶ 

500 ʥʤ, ʦʪʨʠʤʘʥʠʭ ʤʝʪʦʜʦʤ ʪʨʽʦʜʥʦʛʦ ʨʦʟʧʠʣʝʥʥʷ ʟʘ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ, 

ʧʦʢʘʟʘʣʠ, ʱʦ ʥʘʡʙʽʣʴʰʦʛʦ ʟʥʘʯʝʥʥʷ ʚ ʘʤʧʣʽʪʫʜʽ ɻʄʆ ʝʬʝʢʪʫ (11 %) ʤʦʞʥʘ 

ʜʦʩʷʛʪʠ ʟʘ ʪʦʚʱʠʥʠ ʥʝʤʘʛʥʽʪʥʦʛʦ ʧʦʰʘʨʢʫ ʚ 1,1 ʥʤ. ʉʘʤʝ ʟʘ ʪʘʢʦʾ ʪʦʚʱʠʥʠ 

ʨʝʘʣʽʟʫʻʪʴʩʷ ʘʥʪʠʬʝʨʦʤʘʛʥʽʪʥʠʡ ʟʚôʷʟʦʢ ʤʽʞ ʤʘʛʥʽʪʥʠʤʠ ʰʘʨʘʤʠ. ʋ ʧʨʦʮʝʩʽ 

ʪʝʨʤʦʤʘʛʥʽʪʥʦʛʦ ʚʽʜʧʘʣʶʚʘʥʥʷ ʟʘ ʊʚ = 523 ʂ ʪʘ H = 400 Oe ʚʝʣʠʯʠʥʘ ʄʆ 

ʟʨʦʩʪʘʻ ʜʦ 12,2 %. ʊʘʢʝ ʟʨʦʩʪʘʥʥʷ ʘʚʪʦʨʠ ʧʦʚôʷʟʫʶʪʴ ʫ ʧʝʨʰʫ ʯʝʨʛʫ ʟ 

ʧʨʠʢʣʘʜʘʥʥʷʤ ʟʦʚʥʽʰʥʴʦʛʦ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʫ ʧʨʦʮʝʩʽ ʚʽʜʧʘʣʶʚʘʥʥʷ, ʘ ʥʝ 
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ʩʪʨʫʢʪʫʨʥʠʤʠ ʟʤʽʥʘʤʠ ʫ ʟʨʘʟʢʫ.  

ʉʝʨʝʜ ʩʪʨʫʢʪʫʨ ʪʠʧʫ NiʭFe1-ʭ/NM/NiʭFe1-ʭ ʥʘʡʙʽʣʴʰ ʚʠʚʯʝʥʠʤʠ ʻ ʩʠʩʪʝʤʠ 

NiʭFe1-ʭ/ʉu/NiʭFe1-ʭ. ɼʝʪʘʣʴʥʠʡ ʘʥʘʣʽʟ ʭʘʨʘʢʪʝʨʫ ʧʦʣʴʦʚʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʫ 

ʩʚʽʞʦʩʢʦʥʜʝʥʩʦʚʘʥʦʤʫ ʩʪʘʥʽ ʪʘ ʧʽʩʣʷ ʪʝʨʤʦʦʙʨʦʙʢʠ ʚ ʽʥʪʝʨʚʘʣʽ ʪʝʤʧʝʨʘʪʫʨ 

ʊʚ = 300-700 ʂ, ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʧʣʠʚʫ ʢʦʥʮʝʥʪʨʘʮʽʾ ʥʽʢʝʣʶ ʫ ʰʘʨʘʭ NiʭFe1-ʭ, ʘ 

ʪʘʢʦʞ ʪʦʚʱʠʥʠ ʥʝʤʘʛʥʽʪʥʦʛʦ ʧʨʦʰʘʨʢʫ ʥʘ ʘʤʧʣʽʪʫʜʫ ʤʘʛʥʽʪʦʨʝʟʠʩʪʠʚʥʦʛʦ 

ʝʬʝʢʪʫ ʙʫʚ ʧʨʦʚʝʜʝʥʠʡ ʐʢʫʨʜʦʜʦʶ ʖ.ʆ. ʪʘ ʽʥ. ʫ ʨʦʙʦʪʘʭ [58, 60, 83, 84].  

ʊʠʧʦʚʽ ʧʦʣʴʦʚʽ ʟʘʣʝʞʥʦʩʪʽ ʜʣʷ ʧʦʟʜʦʚʞʥʴʦʛʦ ʪʘ ʧʦʧʝʨʝʯʥʦʛʦ 

ʤʘʛʥʽʪʦʦʧʦʨʫ ʦʪʨʠʤʘʥʽ ʟʘ ʢʽʤʥʘʪʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʜʣʷ ʪʨʠʰʘʨʦʚʠʭ ʟʨʘʟʢʽʚ 

FeʭNi100-ʭ/Cu/FeʭNi100-ʭ ʧʽʩʣʷ ʢʦʥʜʝʥʩʘʮʽʾ ʪʘ ʪʝʨʤʦʚʽʜʧʘʣʶʚʘʥʥʷ ʟʘ ʊʚ = 700 ʂ 

ʥʘʚʝʜʝʥ ̔ʥʘ ʨʠʩʫʥʢʫ 1.10. ʗʢ ʚʠʜʥʦ ʟ ʨʠʩʫʥʢʘ 1.10, ʧʣ̔ʚʢʦʚʘ ʩʠʩʪʝʤʘ  

 

 

ʈʠʩ. 1.10 ʇʦʣʴʦʚʽ ʟʘʣʝʞʥʦʩʪʽ ʧʦʟʜʦʚʞʥɹ ʦʛʦ (||) ʪʘ ʧʦʧʝʨʯʥʦʛʦ (Ǝ) 

ʤʘʛʥʽʪʦʦʧʦʨʫ ʜʣʷ ʪʨʠʰʘʨʦʚʦʾ ʩʠʩʪʝʤʠ FexNi100-x/Cu/FexNi100-x ʧʽʩʣʷ ʢʦʥʜʝʥʩʘʮʽʾ 

(ʘ, ʚ) ʪʘ ʚʽʜʧʘʣʶʚʘʥʥʷ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 700 ʂ (ʙ, ʛ) ʧʨʠ d(FexNi100-x) = 20 ʥʤ, 

d(Cu) = 6 ʥʤ, ʩNi = 20 ʘʪ.% ʪʘ d(FexNi100-x) = 35 ʥʤ, d(Cu) = 6 ʥʤ, ʩNi = 50 ʘʪ.%. 

ɺʠʤʽʨʶʚʘʥʥʷ ʧʨʦʚʦʜʠʣʠʩʷ ʟʘ ʢʽʤʥʘʪʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ. ɸʜʘʧʪʦʚʘʥʦ ʽʟ ʨʦʙʦʪʠ [83] 
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ʈʠʩ. 1.11 ɿʘʣʝʞʥʽʩʪʴ ʚʝʣʠʯʠʥʠ ʽʟʦʪʨʦʧʥʦʛʦ ʤʘʛʥʽʪʦʦʧʦʨʫ ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʘʪʦʤʽʚ Ni ʩNi ʫ ʤʘʛʥʽʪʥʠʭ ʰʘʨʘʭ ʜʦ (1) ʪʘ ʧʽʩʣʷ ʪʝʨʤʦʚʽʜʧʘʣʶʚʘʥʥʷ ʟʘ 

ʪʝʤʧʝʨʘʪʫʨʠ 400 (2), 550 (3) ʪʘ 700 ʂ (4) (ʘ); ʪʝʤʧʝʨʘʪʫʨʥʘ ʟʘʣʝʞʥʽʩʪʴ 

ʽʟʦʪʨʦʧʥʦʛʦ ʄʆ ʧʨʠ ʟʤʽʥʽ ʩNi ʫ ʤʘʛʥʽʪʥʠʭ ʰʘʨʘʭ ʪʘ ʧʨʠ dN ̧  const (ʙ) ʽ dN = const 

(ʛ) ʜʣʷ ʩʠʩʪʝʤʠ FexNi100-x/Cu/FexNi100-x. ɸʜʘʧʪʦʚʘʥʦ ʽʟ ʨʦʙʦʪʠ [83] 

 

Fe80Ni20(20)/Cu(6)/Fe80Ni20(20)/ʇ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʽʟʦʪʨʦʧʥʠʤ 

ʤʘʛʥʽʪʦʨʝʟʠʩʪʠʚʥʠʤ ʝʬʝʢʪʦʤ ʜʦ ʪʘ ʧʽʩʣʷ ʚʽʜʧʘʣʶʚʘʥʥʷ, ʫ ʪʦʡ ʯʘʩ ʷʢ ʬʦʨʤʘ 

ʟʘʣʝʞʥʦʩʪʽ DR/R0(B) ʜʣʷ ʟʨʘʟʢʘ Fe50Ni50(35)/Cu(6)/Fe50Ni50(35)/ʇ ʟʤʽʥʁ ʻʪʴʩʷ ʥʘ 

ʘʥʽʟʦʪʨʦʧʥʠʡ ʧʽʩʣʷ ʚʽʜʧʘʣʶʚʘʥʥʷ. ʄʘʢʩʠʤʘʣʴʥʘ ʘʤʧʣʽʪʫʜʘ ʽʟʦʪʨʦʧʥʦʛʦ 

ʤʘʛʥʽʪʦʦʧʦʨʫ ʩʪʘʥʦʚʠʪʴ 1,2 % ʧʨʠ ʚʠʤʽʨʶʚʘʥʥʽ ʟʘ ʢʽʤʥʘʪʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʜʣʷ 

ʩʪʨʫʢʪʫʨʠ FeʭNi100-ʭ/Cu/FeʭNi100-ʭ/ʇ ʧʽʩʣʷ ʢʦʥʜʝʥʩʘʮʽʾ ʧʨʠ x = 50 ʘʪ.% ʪʘ 

dF = 30 ʥʤ ʪʘ dN = 6 ʥʤ. ʄʘʢʩʠʤʘʣʴʥʘ ʚʝʣʠʯʠʥʘ ʽʟʦʪʨʦʧʥʦʛʦ ʄʆ ʧʽʩʣʷ 

ʪʝʨʤʦʦʙʨʦʙʢʠ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 700 ʂ (0,6 %) ʙʫʣʘ ʦʪʨʠʤʘʥʘ ʜʣʷ ʩʪʨʫʢʪʫʨʠ 

FeʭNi100-ʭ/Cu/FeʭNi100-ʭ ʧʨʠ x = 80 ʘʪ.%, dF = 30 ʥʤ, dN = 5 ʥʤ. ʊʘʢʦʞ ʧʨʦʚʝʜʝʥʽ 

ʘʚʪʦʨʦʤ ʨʦʙʦʪʠ [60] ʜʦʩʣʽʜʞʝʥʥʷ ʤʘʛʥʽʪʦʨʝʟʠʩʪʠʚʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʟʘʟʥʘʯʝʥʠʭ 

ʚʠʱʝ ʩʠʩʪʝʤ ʧʨʠ ʟʥʠʞʝʥʥʽ ʪʝʤʧʝʨʘʪʫʨʠ ʚʽʜ ʢʽʤʥʘʪʥʦʾ ʜʦ 120 ʂ ʧʦʢʘʟʘʣʠ, ʱʦ 

ʘʤʧʣʽʪʫʜʘ ʽʟʦʪʨʦʧʥʦʛʦ ʄʆ ʟʨʦʩʪʘʻ ʚ 1,3-2,2 ʨʘʟʠ, ʟʘʣʝʞʥʦ ʚʽʜ ʪʦʚʱʠʥʠ ʪʘ 

ʝʣʝʤʝʥʪʥʦʛʦ ʩʢʣʘʜʫ ʤʘʛʥʽʪʥʠʭ ʰʘʨʽʚ. 
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1.3.2 ʉʪʨʫʢʪʫʨʠ ʪʠʧʫ (NiʭFe1-ʭ+NM), ʩʬʦʨʤʦʚʘʥʽ ʤʝʪʦʜʦʤ 

ʦʜʥʦʯʘʩʥʦʾ ʢʦʥʜʝʥʩʘʮʽʾ 

 

ʋ ʚʠʧʘʜʢʫ ʬʦʨʤʫʚʘʥʥʷ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʩʪʨʫʢʪʫʨ ʰʣʷʭʦʤ ʦʜʥʦʯʘʩʥʦʾ 

ʢʦʥʜʝʥʩʘʮʽʾ ʥʘ ʧʽʜʢʣʘʜʢʫ ʜʚʦʭ ʤʝʪʘʣʝʚʠʭ ʢʦʤʧʦʥʝʥʪ (ʦʜʥʽʻʾ ʤʘʛʥʽʪʥʦʾ, ʘ 

ʽʥʰʦʾ ʥʝʤʘʛʥʽʪʥʦʾ) ʟ ʦʙʤʝʞʝʥʦʶ ʚʟʘʻʤʥʦʶ ʨʦʟʯʠʥʥʽʩʪʶ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʬʦʨʤʫʚʘʥʥʷ ʩʪʨʫʢʪʫʨ ʚ ʷʢʠʭ ʜʚʽ ʤʝʪʘʣʝʚʽ ʢʦʤʧʦʥʝʥʪʠ (ʚʥʘʩʣʽʜʦʢ ʾʭ ʥʝ 

ʟʤʽʰʫʚʘʥʦʩʪʽ) ʤʘʶʪʴ ʪʝʥʜʝʥʮʽʶ ʜʦ ʩʝʛʨʝʛʘʮʽʾ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʫʪʚʦʨʝʥʥʷ 

ʥʝʚʝʣʠʢʠʭ ʤʘʛʥʽʪʥʠʭ ʥʘʥʦʯʘʩʪʠʥʦʢ ʨʦʟʧʦʜʽʣʝʥʠʭ ʚ ʦʙôʻʤʽ ʥʝʤʘʛʥʽʪʥʦʾ 

ʤʘʪʨʠʮʽ. ɼʣʷ ʟʨʘʟʢʽʚ ʫ ʩʚʽʞʦʩʢʦʥʜʝʥʩʦʚʘʥʦʤʫ ʩʪʘʥʽ ʨʦʟʤʽʨ ʤʘʛʥʽʪʥʠʭ 

ʯʘʩʪʠʥʦʢ ʪʘ ʩʪʫʧʽʥʴ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʢʦʤʧʦʥʝʥʪ ʟʘʣʝʞʠʪʴ ʚʽʜ ʩʪʫʧʝʥʷ 

ʥʝʨʦʟʯʠʥʥʦʩʪʽ ʜʚʦʭ ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʪʝʤʧʝʨʘʪʫʨʠ ʧʽʜʢʣʘʜʢʠ ʧʽʜ ʯʘʩ ʦʩʘʜʞʝʥʥʷ. 

ʄʘʛʥʽʪʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʪʘʢʠʭ ʩʪʨʫʢʪʫʨ ʤʦʞʫʪʴ ʙʫʪʠ ʜʦʩʠʪʴ ʨʽʟʥʦʤʘʥʽʪʥʠʤʠ 

ʚʥʘʩʣʽʜʦʢ ʟʥʘʯʥʦʾ ʟʤʽʥʠ ʨʦʟʤʽʨʽʚ ʤʘʛʥʽʪʥʠʭ ʥʘʥʦʯʘʩʪʠʥʦʢ ʪʘ ʰʠʨʠʥʠ 

ʥʝʤʘʛʥʽʪʥʠʭ ʢʘʥʘʣʽʚ, ʘ ʩʘʤʝ ʫ ʮʠʭ ʩʠʩʪʝʤʘʭ ʤʦʞʝ ʧʨʦʷʚʣʷʪʠʩʷ ʬʝʨʦʤʘʛʥʽʪʥʘ, 

ʩʫʧʝʨʧʘʨʘʤʘʛʥʽʪʥʘ ʧʦʚʝʜʽʥʢʘ, ʘ ʪʘʢʦʞ ʚʣʘʩʪʠʚʦʩʪʽ ʭʘʨʘʢʪʝʨʥʽ ʜʣʷ ʩʧʽʥʦʚʦʛʦ 

ʩʢʣʘ ʪʘ ʢʣʘʩʪʝʨʥʦʛʦ ʩʧʽʥʦʚʦʛʦ ʩʢʣʘ. 

ɿʛʽʜʥʦ ʜʘʥʠʭ ʨʦʙʦʪʠ [85] ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ ʪʨʠ ʦʩʥʦʚʽ ʚʥʝʩʢʠ ʫ 

ʤʘʛʥʽʪʦʦʧʽʨ ʪʘʢʠʭ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʩʪʨʫʢʪʫʨ. ʇʝʨʰʠʡ - ʛʽʛʘʥʪʩʴʢʠʡ 

ʤʘʛʥʽʪʦʦʧʽʨ, ʧʨʠʨʦʜʘ ʷʢʦʛʦ ʪʘʢʘ ʩʘʤʘ ʷʢ ʽ ʫ ɻʄʆ, ʱʦ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʫ 

ʤʫʣʴʪʠʰʠʨʘʭ. ɼʨʫʛʠʡ - ʨʦʟʩʽʶʚʘʥʥʷ ʥʘ ʤʘʛʥʽʪʥʠʭ ʬʣʫʢʪʫʘʮʽʷʭ. ʎʷ ʩʢʣʘʜʦʚʘ 

ʤʘʛʥʽʪʦʦʧʦʨʫ ʽʩʥʫʻ ʫ ʙʫʜʴ-ʷʢʦʤʫ ʬʝʨʦʤʘʛʥʽʪʥʦʤʫ ʤʘʪʝʨʽʘʣʽ ʥʘʚʢʦʣʦ 

ʪʝʤʧʝʨʘʪʫʨʠ ʚʧʦʨʷʜʢʫʚʘʥʥʷ. ʊʨʝʪʽʡ - ʽʟʦʪʨʦʧʥʠʡ ʤʘʛʥʽʪʦʦʧʽʨ (ɸʄʆ), 

ʧʦʚôʷʟʘʥʠʡ ʟʽ ʩʧʽʥ-ʦʨʙʽʪʘʣʴʥʦʶ ʚʟʘʻʤʦʜʽʻʶ ʚ ʤʘʛʥʽʪʥʦʤʫ ʤʘʪʝʨʽʘʣʽ. 

ɼʣʷ ʪʦʛʦ, ʱʦʙ ʧʝʨʰʘ ʩʢʣʘʜʦʚʘ ʙʫʣʘ ʜʦʤʽʥʫʶʯʦʶ, ʥʝʦʙʭʽʜʥʝ ʚʠʢʦʥʘʥʥʷ 

ʧʝʚʥʠʭ ʫʤʦʚ. ʇʦ-ʧʝʨʰʝ, ʢʦʥʮʝʥʪʨʘʮʽʷ ʤʘʛʥʽʪʥʦʾ ʢʦʤʧʦʥʝʥʪʠ ʥʝ ʧʦʚʠʥʥʘ 

ʧʝʨʝʚʠʱʫʚʘʪʠ ʧʝʚʥʦʛʦ ʟʥʘʯʝʥʥʷ, ʜʣʷ ʪʦʛʦ ʱʦʙ ʟʘʧʦʙʽʛʪʠ ʬʦʨʤʫʚʘʥʥʶ 

ʙʘʛʘʪʦʜʦʤʝʥʥʠʭ ʬʝʨʦʤʘʛʥʽʪʥʠʭ ʥʘʥʦʯʘʩʪʠʥʦʢ. ʇʦ-ʜʨʫʛʝ, ʧʘʨʘʤʘʛʥʽʪʥʽ 

ʢʦʣʠʚʘʥʥʷ, ʷʢʽ ʚʠʥʠʢʘʶʪʴ ʚʠʱʝ ʪʝʤʧʝʨʘʪʫʨʠ ʚʧʦʨʷʜʢʫʚʘʥʥʷ ʚ ʦʙʦʣʦʥʮʽ 

ʤʘʛʥʽʪʥʠʭ ʯʘʩʪʠʥʦʢ, ʧʦʚʠʥʥʽ ʙʫʪʠ ʤʘʢʩʠʤʘʣʴʥʦ ʟʤʝʥʰʝʥʽ, ʦʩʢʽʣʴʢʠ ʚʦʥʠ 
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ʽʥʜʫʢʫʶʪʴ ʩʠʣʴʥʝ çʩʧʽʥ-ʬʣʽʧè-ʨʦʟʩʽʶʚʘʥʥʷ ʝʣʝʢʪʨʦʥʽʚ ʧʨʦʚʽʜʥʦʩʪʽ. ʇʦ-ʪʨʝʪʻ, 

ʚʽʜʩʪʘʥʴ ʤʽʞ ʤʘʛʥʽʪʥʠʤ ʯʘʩʪʠʥʢʘʤʠ ʧʦʚʠʥʥʘ ʙʫʪʠ ʤʝʥʰʦʶ, ʥʽʞ ʜʦʚʞʠʥʘ 

ʜʠʬʫʟʽʾ çʩʧʽʥ-ʬʣʽʧè ʚ ʥʝʤʘʛʥʽʪʥʽʡ ʤʘʪʨʠʮʽ. ʅʘʩʧʨʘʚʜʽ ʮʷ ʚʽʜʩʪʘʥʴ ʧʦʚʠʥʥʘ 

ʙʫʪʠ ʷʢʦʤʦʛʘ ʤʝʥʰʦʶ (ʱʦʙ ʫʥʠʢʥʫʪʠ ʧʘʨʘʟʠʪʥʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ ʚ ʥʝʤʘʛʥʽʪʥʽʡ 

ʤʘʪʨʠʮʽ), ʘʣʝ ʧʨʠ ʮʴʦʤʫ ʥʝ ʩʧʨʠʯʠʥʷʪʠ ʚʠʥʠʢʥʝʥʥʷ ʬʝʨʦʤʘʛʥʽʪʥʦʾ ʚʟʘʻʤʦʜʽʾ 

ʤʽʞ ʤʘʛʥʽʪʥʠʤʠ ʟʝʨʥʘʤʠ. ʆʧʪʠʤʘʣʴʥʠʡ ʨʦʟʤʽʨ ʯʘʩʪʠʥʦʢ ʧʝʨʝʜʙʘʯʠʪʠ 

ʥʝʧʨʦʩʪʦ, ʦʩʢʽʣʴʢʠ ʚʽʥ ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʽʣʴʢʦʭ ʧʘʨʘʤʝʪʨʽʚ, ʪʘʢʠʭ ʷʢ ʜʦʚʞʠʥʘ 

ʚʽʣʴʥʦʛʦ ʧʨʦʙʽʛʫ ʥʦʩʽʾʚ ʟʘʨʷʜʫ ʫ ʤʘʛʥʽʪʥʦʤʫ ʽ ʥʝʤʘʛʥʽʪʥʦʤʫ ʤʘʪʝʨʽʘʣʘʭ, ʘ 

ʪʘʢʦʞ ʚʽʜʥʦʩʥʦʛʦ ʚʥʝʩʢʫ ʩʧʽʥ-ʟʘʣʝʞʥʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ ʚ ʦʙôʻʤʽ ʤʘʛʥʽʪʥʠʭ 

ʯʘʩʪʠʥʦʢ ʪʘ ʥʘ ʤʝʞʽ ʤʘʛʥʽʪʥʘ ʯʘʩʪʠʥʢʘ/ʥʝʤʘʛʥʽʪʥʘ ʤʘʪʨʠʮʷ. 

ɸʥʘʣʽʟ ʨʦʙʽʪ [59, 85-88], ʧʨʠʩʚʷʯʝʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤʫ 

ʜʦʩʣʽʜʞʝʥʥʶ ʤʘʛʥʽʪʦʨʝʟʠʩʪʠʚʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʩʪʨʫʢʪʫʨ (NiʭFe1-ʭ+NM), 

ʩʬʦʨʤʦʚʘʥʠʭ ʤʝʪʦʜʦʤ ʦʜʥʦʯʘʩʥʦʾ ʢʦʥʜʝʥʩʘʮʽʾ, ʧʽʜʪʚʝʨʜʞʫʻ ʚʠʩʥʦʚʦʢ, ʱʦ 

ʚʝʣʠʯʠʥʘ ʽ ʭʘʨʘʢʪʝʨ ʤʘʛʥʽʪʦʨʝʟʠʩʪʠʚʥʦʛʦ ʝʬʝʢʪʫ ʚ ʪʘʢʠʭ ʩʪʨʫʢʪʫʨʘʭ 

ʩʫʪʪʻʚʠʤ ʯʠʥʦʤ ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ ʢʦʤʧʦʥʝʥʪ. ʊʝʦʨʝʪʠʯʥʽ ʡ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʷʚʠʱʘ ɻʄʆ [89, 90] ʚ ʥʘʥʦʨʦʟʤʽʨʥʠʭ 

ʩʪʨʫʢʪʫʨʘʭ ʜʘʥʦʛʦ ʪʠʧʫ ʩʚʽʜʯʘʪʴ ʧʨʦ ʪʦʡ ʬʘʢʪ, ʱʦ ʥʘʷʚʥʽʩʪʴ ʙʘʛʘʪʦʜʦʤʝʥʥʠʭ 

ʤʘʛʥʽʪʥʠʭ ʥʘʥʦʯʘʩʪʠʥʦʢ ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʚʘʻ ʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʩʧʽʥ-ʟʘʣʝʞʥʦʛʦ 

ʨʦʟʩʽʶʚʘʥʥʷ, ʫ ʪʦʡ ʯʘʩ ʷʢ ʥʘʷʚʥʽʩʪʴ ʩʫʧʝʨʧʘʨʘʤʘʛʥʽʪʥʠʭ ʪʘ ʦʜʥʦʜʦʤʝʥʥʠʭ 

ʤʘʛʥʽʪʥʠʭ ʥʘʥʦʯʘʩʪʠʥʦʢ ʚʽʜʽʛʨʘʻ ʢʣʶʯʦʚʫ ʨʦʣʴ. ʋ ʨʦʙʦʪʘʭ [89, 90] ʙʫʣʦ 

ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʝʚʥʘ ʤʦʥʦʪʦʥʥʘ ʟʘʣʝʞʥʽʩʪʴ ʤʽʞ ʨʦʟʤʽʨʘʤʠ ʥʘʥʦʯʘʩʪʠʥʦʢ ʪʘ 

ʚʝʣʠʯʠʥʦʶ ʝʬʝʢʪʫ ʚʽʜʩʫʪʥʷ. ɼʣʷ ʢʦʞʥʦʾ ʢʦʥʢʨʝʪʥʦʾ ʩʠʩʪʝʤʠ, ʚ ʷʢʽʡ 

ʨʝʘʣʽʟʫʻʪʴʩʷ ɻʄʆ, ʤʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʝʬʝʢʪʫ ʬʽʢʩʫʻʪʴʩʷ ʧʨʠ ʧʝʚʥʦʤʫ 

ʩʝʨʝʜʥʴʦʤʫ ʨʦʟʤʽʨʽ ʤʘʛʥʽʪʥʠʭ ʥʘʥʦʯʘʩʪʠʥʦʢ ʟʘ ʜʘʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʦʙʨʦʙʢʠ.  

ʅʘ ʨʠʩʫʥʢʫ 1.12 ʘ ʧʦʢʘʟʘʥʦ, ʱʦ ʚʝʣʠʯʠʥʘ ʄʆ ʚ ʩʠʩʪʝʤʽ (Ni50Fe50+Cu)/ʇ 

ʩʷʛʘʻ ʩʚʦʛʦ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ 1,8 % ʧʨʠ ʚʤʽʩʪʫ ʉu ʫ 68 % [59]. ɿ ʽʥʰʦʛʦ 

ʙʦʢʫ ʘʚʪʦʨʠ ʨʦʙʦʪʠ [59] ʧʦʢʘʟʘʣʠ, ʱʦ ʯʫʪʣʠʚʽʩʪʴ ʤʘʛʥʽʪʦʦʧʦʨʫ ʧʣʽʚʢʦʚʠʭ 

ʟʨʘʟʢʽʚ ʜʦ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʪʘʢʦʞ ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ ʢʦʤʧʦʥʝʥʪ ʽ 

ʩʷʛʘʻ ʤʘʢʩʠʤʘʣʴʥʦ ʟʥʘʯʝʥʥʷ ʧʨʠ ʚʤʽʩʪʫ ʉu ʪʘʢʦʞ ʫ 68 %. ʅʘ ʦʩʥʦʚʽ ʜʘʥʠʭ 

ʨʝʟʫʣʴʪʘʪʽʚ ʘʚʪʦʨʠ [59] ʟʨʦʙʠʣʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʜʘʥʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʻ ʦʧʪʠʤʘʣʴʥʦʶ  
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ʈʠʩ. 1.12 ɿʘʣʝʞʥʽʩʪʴ ʚʝʣʠʯʠʥʠ ʤʘʛʥʽʪʦʦʧʦʨʫ ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʢʦʤʧʦʥʝʥʪ (ʘ) ʪʘ ʚʽʜ ʩʝʨʝʜʥʴʦʛʦ ʨʦʟʤʽʨʫ ʟʝʨʥʘ ʤʘʛʥʽʪʥʦʾ ʢʦʤʧʦʥʝʥʪʠ (ʙ) ʚ 

ʩʠʩʪʝʤʽ (Ni50Fe50+Cu)/ʇ ʟʘ ʚʤʽʩʪʫ ʉu ʭ, %: 1 - 85, 2 - 75, 3 - 68, 4 - 63 ʪʘ 5 ï 58. 

ɸʜʘʧʪʦʚʘʥʦ ʟ ʨʦʙʦʪʠ [59] 

 

ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʚ ʩʠʩʪʝʤʠ (Ni50Fe50+Cu)/ʇ ʝʬʝʢʪʫ ɻʄʆ. ɼʦʜʘʪʢʦʚʽ ʜʦʩʣʽʜʞʝʥʥʷ 

ʩʪʨʫʢʪʫʨʠ ʜʘʥʠʭ ʟʨʘʟʢʽʚ ʧʦʢʘʟʘʣʠ, ʱʦ ʚʝʣʠʯʠʥʘ ʤʘʛʥʽʪʦʨʝʟʠʩʪʠʚʥʦʛʦ ʝʬʝʢʪʫ 

ʟʤʽʥʶʚʘʣʘʩʷ ʥʝʤʦʥʦʪʦʥʥʦ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʩʝʨʝʜʥʴʦʛʦ ʨʦʟʤʽʨʫ ʤʘʛʥʽʪʥʠʭ 

ʥʘʥʦʯʘʩʪʠʥʦʢ ʽ ʜʦʩʷʛʘʻ ʤʘʢʩʠʤʫʤʫ ʧʨʠ L = 3,5 ʥʤ. ʇʦʜʘʣʴʰʝ ʞ ʟʨʦʩʪʘʥʥʷ 

ʚʝʣʠʯʠʥʠ L ʩʧʨʠʯʠʥʷʻ ʧʘʜʽʥʥʷ ʘʤʧʣʽʪʫʜʠ ʄʆ ʝʬʝʢʪʫ, ʱʦ ʧʦʷʩʥʶʻʪʴʩʷ 

ʬʦʨʤʫʚʘʥʥʷʤ ʙʘʛʘʪʦʜʦʤʝʥʥʦʛʦ ʤʘʛʥʽʪʥʦʛʦ ʩʪʘʥʫ ʚ ʽʟʦʣʴʦʚʘʥʠʭ ʤʘʛʥʽʪʥʠʭ 

ʥʘʥʦʯʘʩʪʠʥʢʘʭ [89].  

ʂʦʥʮʝʥʪʨʘʮʽʡʥʘ ʟʘʣʝʞʥʽʩʪʴ ʘʤʧʣʽʪʫʜʠ ʄʆ ʜʣʷ ʧʣʽʚʢʦʚʦʾ ʩʠʩʪʝʤʠ 

(Ni80Fe20+Ag)/ʇ ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʫ 1.13. ʋ ʤʘʛʥʽʪʥʠʭ ʧʦʣʷʭ ɺ = 8,2 ʢOe 

ʤʘʢʩʠʤʘʣʴʥʘ ʚʝʣʠʯʠʥʘ ʽʟʦʪʨʦʧʥʦʛʦ ʤʘʛʥʽʪʦʦʧʦʨʫ ʧʨʠ ʚʠʤʽʨʶʚʘʥʥʽ ʟʘ 

ʢʽʤʥʘʪʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʩʷʛʘʻ 6% ʜʣʷ ʟʨʘʟʢʽʚ, ʱʦ ʧʨʦʡʰʣʠ ʪʝʨʤʦʦʙʨʦʙʢʫ ʟʘ  

 

 

 

ʈʠʩ. 1.13 ʂʦʥʮʝʥʪʨʘʮʽʡʥʘ ʟʘʣʝʞʥʽʩʪʴ 

ʘʤʧʣʽʪʫʜʠ ʄʆ ʜʣʷ ʧʣʽʚʢʦʚʦʾ ʩʠʩʪʝʤʠ 

(Py+Ag)/ʇ (d = 200 ʥʤ). ɸʜʘʧʪʦʚʘʥʦ ʽʟ 

ʨʦʙʦʪʠ [87] 
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ʈʠʩ. 1.14 ʇʦʣʴʦʚʽ ʟʘʣʝʞʥʦʩʪʽ ʤʘʛʥʽʪʦʦʧʦʨʫ ʜʣʷ ʩʪʨʫʢʪʫʨʠ ʪʠʧʫ (NiʭFe1-ʭ + 

NM), ʩʬʦʨʤʦʚʘʥʽ ʤʝʪʦʜʦʤ ʦʜʥʦʯʘʩʥʦʾ ʢʦʥʜʝʥʩʘʮʽʾ: (Ni80Fe20+Ag)/ʇ, 

cAg = 65 aʪ.%, d = 1 ʤʢʤ (ʘ), (Ni80Fe20+Au)/ʇ, cAu = 70 aʪ.%, d = 150 ʥʤ (ʙ) ʪʘ 

(Ni80Fe20+Cu)/ʇ, cCu = 60 aʪ.% (ʚ). ɸʜʘʧʪʦʚʘʥʦ ʚʽʜʧʦʚʽʜʥʦ ʟ ʨʦʙʽʪ [85, 87, 88] 

 

 

 

ʈʠʩ. 1.15 ʇʦʣʴʦʚʽ ʟʘʣʝʞʥʦʩʪʽ ʤʘʛʥʽʪʦʦʧʦʨʫ ʜʣʷ ʩʪʨʫʢʪʫʨ (Ni80Fe20+Ag)/ʇ, 

(d = 1 ʤʢʤ, cAg = 65 aʪ.%) ʟʘ ʊʚ = 820 ʂ (ʘ), (Ni80Fe20+Au)/ʇ (d = 150 ʥʤ, 

cAu = 70 aʪ.%) ʟʘ ʊʚ = 673 ʂ (ʙ). ɸʜʘʧʪʦʚʘʥʦ ʚʽʜʧʦʚʽʜʥʦ ʟ ʨʦʙʽʪ [85, 87] 
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ʊʚ = 600 ʂ ʧʨʦʪʷʛʦʤ 2 ʛʦʜʠʥ, ʪʘ 13% ʜʣʷ ʩʚʽʞʦʩʢʦʥʜʝʥʩʦʚʘʥʠʭ ʟʨʘʟʢʽʚ ʧʨʠ 

ʟʤʝʥʰʝʥʥʽ ʪʝʤʧʝʨʘʪʫʨʠ ʚʠʤʽʨʶʚʘʥʥʷ ʜʦ 77 ʂ. ʆʧʪʠʤʘʣʴʥʦʶ ʫ ʜʘʥʦʤʫ 

ʚʠʧʘʜʢʫ ʻ ʢʦʥʮʝʥʪʨʘʮʽʷ ʤʘʛʥʽʪʥʦʾ ʢʦʤʧʦʥʝʥʪʠ ʫ 21 ʚʘʛ.%. 

ɿʘ ʬʦʨʤʦʶ ʧʦʣʴʦʚʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʄʆ ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ ʪʨʠ ʪʠʧʠ: ʦʢʨʫʛʣʽ 

(ʨʠʩ. 1.12 ʘ, ʧʦʟʠʮʽʷ 1); ʟ ʛʦʩʪʨʠʤ ʤʘʢʩʠʤʫʤʦʤ (ʨʠʩ. 1.12 ʘ, ʧʦʟʠʮʽʷ 3) ʪʘ ʟ 

ʧʦʜʚʽʡʥʠʤʠ ʤʘʢʩʠʤʫʤʘʤʠ ʚ ʦʙʣʘʩʪʽ ʤʘʣʠʭ ʧʦʣʽʚ, ʧʦʷʚʘ ʷʢʠʭ ʩʧʨʠʯʠʥʝʥʘ 

ʘʥʽʟʦʪʨʦʧʥʦʶ ʩʢʣʘʜʦʚʦʶ ʤʘʛʥʽʪʦʦʧʦʨʫ ʝʬʝʢʪʫ (ʨʠʩ. 1.14 ʘ, ʚ). ɿʥʠʞʝʥʥʷ 

ʪʝʤʧʝʨʘʪʫʨʠ ʚʠʤʽʨʶʚʘʥʥʷ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʷʢ ʜʦ ʟʥʘʯʥʦʛʦ ʟʨʦʩʪʘʥʥʷ 

ʚʝʣʠʯʠʥʠ ʄʆ, ʷʢ ʫ ʚʠʧʘʜʢʫ ʩʠʩʪʝʤʠ (Ni80Fe20+Ag)/ʇ [87], ʪʘʢ ʽ ʧʘʜʽʥʥʷ ʫ ʜʚʘ 

ʨʘʟʠ - ʩʠʩʪʝʤʠ (Ni80Fe20+Ag)/ʇ [85] ʪʘ (Ni80Fe20+Cu)/ʇ [88]. ʇʦ-ʨʽʟʥʦʤʫ ʚʧʣʠʚʘʻ 

ʽ ʧʨʦʮʝʩ ʪʝʨʤʦʦʙʨʦʙʢʠ ʥʘ ʬʦʨʤʫ ʧʦʣʴʦʚʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʽ ʚʝʣʠʯʠʥʫ ʄʆ 

(ʨʠʩ. 1.15). ɯ ʷʢʱʦ ʫ ʚʠʧʘʜʢʫ ʩʠʩʪʝʤʠ (Ni80Fe20+Ag)/ʇ ʤʘʛʥʽʪʦʦʧʽʨ ʟʘʣʠʰʘʻʪʴʩʷ 

ʚʽʜôʻʤʥʠʤ (ʧʨʠ ʮʴʦʤʫ ʟʥʠʢʘʶʪʴ ʧʦʜʚʽʡʥʽ ʤʘʢʩʠʤʫʤʠ ʚ ʦʙʣʘʩʪʽ ʩʣʘʙʢʠʭ ʧʦʣʽʚ), 

ʪʦ ʜʣʷ ʩʠʩʪʝʤʠ (Ni80Fe20+Cu)/ʇ ʤʘʛʥʽʪʦʦʧʽʨ ʟʤʽʥʶʻ ʩʚʽʡ ʟʥʘʢ, ʟʤʝʥʰʫʻʪʴʩʷ ʟʘ 

ʚʝʣʠʯʠʥʦʶ ʚ 10 ʨʘʟʽʚ, ʘ ʟʘʣʝʞʥʽʩʪʴ ʄʆ(B) ʧʨʠ ʮʴʦʤʫ ʟʤʽʥʶʻ ʩʚʽʡ ʭʘʨʘʢʪʝʨ. 

 

1.4 ɽʣʝʢʪʨʦʬʽʟʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʩʠʩʪʝʤ ʥʘ ʦʩʥʦʚʽ 

ʧʝʨʤʘʣʦʻʚʠʭ ʩʧʣʘʚʽʚ 

 

ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʟʥʘʯʥʠʡ ʽʥʪʝʨʝʩ ʜʦ ʤʘʛʥʽʪʦʨʝʟʠʩʪʠʚʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʥʘ ʦʩʥʦʚʽ ʧʝʨʤʘʣʦʻʚʠʭ ʩʧʣʘʚʽʚ, ʾʭ ʝʣʝʢʪʨʦʬʽʟʠʯʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ (ʧʠʪʦʤʠʡ ʦʧʽʨ (r) ʽ ʪʝʨʤʽʯʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʦʧʦʨʫ (b)) ʚʠʚʯʝʥʽ ʣʠʰʝ 

ʝʧʽʟʦʜʠʯʥʦ. ʊʘʢ, ʥʘʧʨʠʢʣʘʜ, ʫ ʨʦʙʦʪʽ [91] ʧʨʝʜʩʪʘʚʣʝʥʘ ʟʘʣʝʞʥʽʩʪʴ ʚʝʣʠʯʠʥʠ 

ʧʠʪʦʤʦʛʦ ʦʧʦʨʫ, ʚʠʤʽʨʷʥʦʾ ʟʘ ʢʽʤʥʘʪʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ, ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ 

ʚʽʜʧʘʣʶʚʘʥʥʷ ʟʨʘʟʢʘ ʜʣʷ ʩʠʩʪʝʤʠ Si/Ta(5)/[Ag(dAg)/NiFe(dNiFe)]10/Ta(5) 

(ʨʠʩ. 1.16 ʘ). ɼʘʥʘ ʪʝʤʧʝʨʘʪʫʨʥʘ ʟʘʣʝʞʥʽʩʪʴ ʧʠʪʦʤʦʛʦ ʦʧʦʨʫ 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʨʽʟʢʠʤ ʟʤʝʥʰʝʥʥʷʤ ʚʝʣʠʯʠʥʠ r ʧʽʩʣʷ ʚʽʜʧʘʣʶʚʘʥʥʷ ʟʘ 

553 ʂ, ʫ ʜʽʘʧʘʟʦʥʽ ʊʚ = 553-673 ʂ ʬʽʢʩʫʻʪʴʩʷ ʧʣʘʪʦ, ʘ ʧʨʠ ʊʚ > 673 ʂ ʟʥʦʚʫ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʨʽʟʢʝ ʧʘʜʽʥʥʷ ʧʠʪʦʤʦʛʦ ʦʧʦʨʫ. ɸʥʘʣʽʟ ʪʝʤʧʝʨʘʪʫʨʥʦʾ ʟʘʣʝʞʥʦʩʪʽ 

ʥʦʨʤʦʚʘʥʦʛʦ ʟʥʘʯʝʥʥʷ ʦʧʦʨʫ R(T)/R(270) ʩʚʽʜʯʠʪʴ ʧʨʦ ʪʝ, ʱʦ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ  
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ʈʠʩ. 1.16 ɿʘʣʝʞʥʽʩʪʴ ʚʝʣʠʯʠʥʠ ʧʠʪʦʤʦʛʦ ʦʧʦʨʫ r, ʚʠʤʽʨʷʥʦʾ ʟʘ 

ʢʽʤʥʘʪʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ, ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʚʽʜʧʘʣʶʚʘʥʥʷ ʟʨʘʟʢʘ (ʘ) ʪʘ 

ʪʝʤʧʝʨʘʪʫʨʥʘ ʟʘʣʝʞʥʽʩʪʴ ʥʦʨʤʦʚʘʥʦʾ ʚʝʣʠʯʠʥʠ ʦʧʦʨʫ (ʙ) ʜʣʷ ʩʠʩʪʝʤʠ 

Si/Ta(5)/[Ag(dAg)/NiFe(dNiFe)]10/Ta(5). ɸʜʘʧʪʦʚʘʥʦ ʽʟ ʨʦʙʦʪʠ [91] 

 

ʊʚ ʚʽʜʭʠʣʝʥʥʷ ʚʽʜ ʣʽʥʽʡʥʦʩʪʽ ʜʘʥʦʾ ʟʘʣʝʞʥʦʩʪʽ ʟʤʝʥʰʫʻʪʴʩʷ.  

ɼʣʷ ʪʨʠʰʘʨʦʚʦʾ ʩʠʩʪʝʤ Fe50Ni50/Cu(Ag)/Fe50Ni50 ʧʨʠ ʪʦʚʱʠʥʘʭ 

ʤʘʛʥʽʪʥʦʛʦ dNiFe = const ʪʘ ʥʝʤʘʛʥʽʪʥʦʛʦ dCu,Ag = 2-30 ʥʤ ʰʘʨʽʚ ʚʝʣʠʯʠʥʘ 

ʧʠʪʦʤʦʛʦ ʦʧʦʨʫ ʧʽʩʣʷ ʚʽʜʧʘʣʶʚʘʥʥʷ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 700 ʂ ʟʤʽʥʶʻʪʴʩʷ 

ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: ʧʨʠ dCu,Ag < 10 ʥʤ ʤʘʻ ʤʽʩʮʝ ʟʤʝʥʰʝʥʥʷ ɟ ʧʨʠ ʟʨʦʩʪʘʥʥʽ ʊʚ, 

ʘ ʧʨʠ dCu,Ag > 20 ʥʤ ï ʟʤʝʥʰʫʻʪʴʩʷ ʜʦ ʊʚ = 550 ʂ, ʧʽʩʣʷ ʯʦʛʦ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʥʝʟʥʘʯʥʝ ʟʨʦʩʪʘʥʥʷ ʧʠʪʦʤʦʛʦ ʦʧʦʨʫ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʊʚ ʜʦ 700 ʂ [69].  

ʋ ʚʠʧʘʜʢʫ ʩʠʩʪʝʤ (NiʭFe1-ʭ+NM) ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ 

ʝʣʝʢʪʨʦʬʽʟʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʪʘʢʦʞ ʧʨʦʚʦʜʠʣʠʩʷ ʝʧʽʟʦʜʠʯʥʦ. ʊʘʢ ʫ ʨʦʙʦʪʽ 

[93] ʪʝʤʧʝʨʘʪʫʨʥʽ ʟʘʣʝʞʥʦʩʪʽ ʧʠʪʦʤʦʛʦ ʦʧʦʨʫ ʽ ʊʂʆ ʧʨʠʚʝʜʝʥʽ ʣʠʰʝ ʜʣʷ 

ʩʠʩʪʝʤʠ (Ni80Fe20+Ag)/ʇ ʧʨʠ ʩAg = 63 ʘʪ.% ʪʘ ʜʣʷ ʚʫʟʴʢʦʛʦ ʜʽʘʧʘʟʦʥʫ ʪʦʚʱʠʥ 

d = 10-30 ʥʤ. ɹʫʣʦ ʧʦʢʘʟʘʥʦ, ʱʦ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ d ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʤʝʥʰʝʥʥʷ ɟ ʟ 

5,7Ö10
-7 
ʆʤÖʤ ʜʦ 3,1Ö10

-7 
ʆʤÖʤ ʪʘ ʚʽʜʧʦʚʽʜʥʝ ʟʨʦʩʪʘʥʥʷ ʚʝʣʠʯʠʥʠ Tʂʆ ʟ 

1,5Ŀ10
-3 

K
-1

 ʜʦ 2,5Ö10
-3 
ʂ
-1
, ʱʦ ʘʚʪʦʨʠ [93] ʧʦʚôʷʟʫʶʪʴ ʽʟ ʧʨʦʷʚʦʤ ʨʦʟʤʽʨʥʠʭ 

ʝʬʝʢʪʽʚ ʚ ʝʣʝʢʪʨʦʬʽʟʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʷʭ ʪʦʥʢʠʭ ʤʝʪʘʣʝʚʠʭ ʧʣʽʚʦʢ [94, 95]. 

ʋ ʨʦʙʦʪʽ [85] ʪʘʢʦʞ ʙʫʣʠ ʧʨʦʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʥʦʾ 

ʟʘʣʝʞʥʦʩʪʽ ʦʧʦʨʫ ʜʣʷ ʩʠʩʪʝʤʠ (Ni80Fe20+Ag)/ʇ ʟʘ ʩAg = 60-90 ʘʪ.%, ʦʜʥʘʢ 

ʟʘʛʘʣʴʥʘ ʪʦʚʱʠʥʘ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʟʨʘʟʢʽʚ ʙʫʣʘ ʟʥʘʯʥʦ ʙʽʣʴʰʦʶ (d = 1 ʤʢʤ). 
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ʈʠʩ. 1.17 ʊʝʤʧʝʨʘʪʫʨʥʘ ʟʘʣʝʞʥʽʩʪʴ 

ʚʝʣʠʯʠʥʠ r/r0, ʜʝ r - ʧʠʪʦʤʠʡ ʦʧ̔ʨ ʟʨʘʟʢʘ, 

ʱʦ ʟʤʽʥʶʻʪʴʩʷ ʫ ʧʨʦʮʝʩʽ ʚʽʜʧʘʣʶʚʘʥʥʷ, 

r0 - ʧʠʪʦʤʠʡ ʦʧʽʨ ʟʨʘʟʢʘ ʧʽʩʣʷ ʢʦʥʜʝʥʩʘʮʽʾ 

ʜʣʷ ʧʣʽʚʢʠ (Ni80Fe20+Ag)/ʇ, cAg = 80 aʪ.%, 

d = 1 ʤʢʤ (ʰʚʠʜʢʽʩʪʴ ʚʽʜʧʘʣʶʚʘʥʥʷ 

2 K/ʭʚ.). ɸʜʘʧʪʦʚʘʥʦ ʟ ʨʦʙʦʪʠ [85] 

 

ɹʫʣʦ ʧʦʢʘʟʘʥʦ, ʱʦ ʜʣʷ ʟʘʜʘʥʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ ʢʦʤʧʦʥʝʥʪ ʧʠʪʦʤʠʡ ʦʧʽʨ ʟʨʘʟʢʽʚ 

ʜʦʨʽʚʥʶʻ 30-50Ö10
-8

 ʆʤÖʤ ʟʘ ʢʽʤʥʘʪʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ. ʋ ʧʨʦʮʝʩʽ ʚʽʜʧʘʣʶʚʘʥʥʷ 

ʚʝʣʠʯʠʥʘ r ʟʤʝʥʰʫʻʪʴʩʷ ʫ 5-10 ʨʘʟʽʚ. ʇʨʠʢʣʘʜ ʪʝʤʧʝʨʘʪʫʨʥʦʾ ʟʘʣʝʞʥʦʩʪʽ 

ʧʠʪʦʤʦʛʦ ʦʧʦʨʫ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩʫʥʢʫ 1.17. ʍʘʨʘʢʪʝʨ ʜʘʥʦʾ ʟʘʣʝʞʥʦʩʪʽ 

ʧʦʚôʷʟʘʥʠʡ ʟ ʧʨʦʷʚʦʤ ʬʦʥʦʥʥʦʛʦ ʽ ʤʘʛʥʽʪʥʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ ʝʣʝʢʪʨʦʥʽʚ 

(ʦʙʦʨʦʪʥʽ ʟʤʽʥʠ r) ʪʘ ʟʤʽʥʘʤʠ ʫ ʩʪʨʫʢʪʫʨʽ ʟʨʘʟʢʫ (ʥʝʟʚʦʨʦʪʥʝ ʟʤʝʥʰʝʥʥʷ r). 

 

ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 1 

 

1. ɼʦ ʦʩʥʦʚʥʠʭ ʛʘʣʫʟʝʡ ʟʘʩʪʦʩʫʚʘʥʥʷ ʙʘʛʘʪʦʢʦʤʧʦʥʝʥʪʥʠʭ ʧʣʽʚʢʦʚʠʭ 

ʥʘʥʦʩʪʨʫʢʪʫʨ ʥʘ ʦʩʥʦʚʽ ʬʝʨʦʤʘʛʥʽʪʥʠʭ ʽ ʥʝʤʘʛʥʽʪʥʠʭ ʢʦʤʧʦʥʝʥʪ ʩʣʽʜ 

ʚʠʜʽʣʠʪʠ ʥʘʩʪʫʧʥʽ: ʧʨʠʣʘʜʠ ʥʘʥʦʝʣʝʢʪʨʦʥʽʢʠ ʪʘ ʩʧʽʥʪʨʦʥʽʢʠ (ʛʘʣʫʟʴ, ʱʦ 

ʧʦʚôʷʟʘʥʘ ʟ ʨʦʟʨʦʙʢʦʶ ʧʨʠʣʘʜʽʚ, ʟʘʩʥʦʚʘʥʠʭ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʩʧʽʥʦʚʦʛʦ ʩʪʘʥʫ 

ʾʭ ʝʣʝʤʝʥʪʽʚ ʷʢ ʽʜʝʥʪʠʬʽʢʘʪʦʨʽʚ ʽʥʬʦʨʤʘʮʽʾ), ʩʝʥʩʦʨʠ ʨʽʟʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ, 

ʽʥʪʝʛʨʦʚʘʥʽ ʝʣʝʤʝʥʪʠ ʤʘʛʥʽʪʥʦʾ ʧʘʤôʷʪʽ. 

2. ʅʘ ʬʽʟʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʙʘʛʘʪʦʢʦʤʧʦʥʝʥʪʥʠʭ ʧʣʽʚʢʦʚʠʭ ʥʘʥʦʩʪʨʫʢʪʫʨ 

ʚʧʣʠʚʘʶʪʴ ʷʢ ʪʝʭʥʦʣʦʛʽʯʥʽ ʫʤʦʚʠ: ʩʪʫʧʽʥʴ ʚʘʢʫʫʤʫ ʽ ʩʢʣʘʜ ʛʘʟʽʚ ʟʘʣʠʰʢʦʚʦʾ 

ʘʪʤʦʩʬʝʨʠ, ʪʝʭʥʦʣʦʛʽʾ ʧʽʜʛʦʪʦʚʢʠ ʧʽʜʢʣʘʜʢʠ, ʾʾ ʪʠʧʫ ʽ ʪʝʤʧʝʨʘʪʫʨʠ ʫ ʧʨʦʮʝʩʽ 

ʬʦʨʤʫʚʘʥʥʷ ʩʪʨʫʢʪʫʨ, ʰʚʠʜʢʽʩʪʴ ʦʩʘʜʞʝʥʥʷ. ʇʨʠ ʮʴʦʤʫ ʚʠʙʽʨ ʧʦʰʘʨʦʚʦʛʦ 

ʘʙʦ ʦʜʥʦʯʘʩʥʦʛʦ ʤʝʪʦʜʫ ʬʦʨʤʫʚʘʥʥʷ ʜʘʥʠʭ ʩʠʩʪʝʤ ʩʫʪʪʻʚʦ ʚʧʣʠʚʘ ̒ ʥʘ 

ʤʽʢʨʦʩʪʨʫʢʪʫʨʫ ʟʨʘʟʢʽʚ, ʚʠʟʥʘʯʘʻ ʦʩʦʙʣʠʚʦʩʪʽ ʧʨʦʪʽʢʘʥʥʷ ʜʠʬʫʟʽʡʥʠʭ 
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ʧʨʦʮʝʩʽʚ, ʤʘʛʥʽʪʥʫ ʘʥʽʟʦʪʨʦʧʽʶ, ʘ ʪʘʢʦʞ ʤʝʭʘʥʽʟʤʠ ʨʝʘʣʽʟʘʮʽʾ ʩʧʽʥ-ʟʘʣʝʞʥʦʛʦ 

ʨʦʟʩʽʶʚʘʥʥʷ ʥʦʩʽʾʚ ʟʘʨʷʜʫ. 

3. ɼʣʷ ʩʠʩʪʝʤ ʥʘ ʦcʥʦʚʽ ʧʝʨʤʘʣʦʻʚʠʭ ʩʧʣʘʚʽʚ NixFe1-x ʪʘ ʙʣʘʛʦʨʦʜʥʠʭ 

ʤʝʪʘʣʽʚ (Cu, Ag ʘʙʦ Au) ʥʝ ʟʘʣʝʞʥʦ ʚʽʜ ʚʠʙʨʘʥʦʛʦ ʤʝʪʦʜʫ ʧʽʩʣʷ ʢʦʥʜʝʥʩʘʮʽʾ 

ʟʙʝʨʽʛʘʻʪʴʩʷ ʜʚʦʬʘʟʥʠʡ ʩʪʘʥ. ʋ ʧʨʦʮʝʩʽ ʞ ʪʝʨʤʦʚʽʜʧʘʣʶʚʘʥʥʷ ʤʦʞʣʠʚʝ 

ʫʪʚʦʨʝʥʥʷ ʪʚʝʨʜʠʭ ʨʦʟʯʠʥʽʚ. ʉʪʨʫʢʪʫʨʘ  ʟʨʘʟʢʽʚ ʷʢ ʜʦ, ʪʘʢ ʽ ʧʽʩʣʷ 

ʪʝʨʤʦʚʽʜʧʘʣʶʚʘʥʥʷ ʟʘ ʪʝʤʧʝʨʘʪʫʨ ʊʚ = 750 ʂ ʟʘʣʠʰʘʻʪʴʩʷ ʥʘʥʦʨʦʟʤʽʨʥʦʶ. 

ʉʝʨʝʜʥʽʡ ʨʦʟʤʽʨ ʟʝʨʝʥ ʤʘʛʥʽʪʥʦʾ ʢʦʤʧʦʥʝʥʪʠ ʥʝ ʧʝʨʝʚʠʱʫʻ 6 ʥʤ ʫ 

ʩʚʽʞʦʢʦʥʜʝʥʩʦʚʘʥʦʤʫ ʩʪʘʥʽ ʽ ʣʠʰʝ ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʝ ʚʽʜʧʘʣʶʚʘʥʥʷ ʟʘ 

ʪʝʤʧʝʨʘʪʫʨʠ 900 ʂ ʩʧʨʠʯʠʥʷʻ ʾʭ ʟʨʦʩʪʘʥʥʷ ʜʦ 20 ʥʤ. 

4. ʉʫʯʘʩʥʠʡ ʝʪʘʧ ʨʦʟʚʠʪʢʫ ʝʣʝʢʪʨʦʥʽʢʠ ʩʪʠʤʫʣʶʻ ʧʝʨʝʭʽʜ ʜʦ ʥʦʚʦʛʦ 

ʥʘʥʦʨʦʟʤʽʨʥʦʛʦ ʨʽʚʥʷ ʧʨʠ ʬʦʨʤʫʚʘʥʥʽ ʝʣʝʢʪʨʦʥʥʠʭ ʧʨʠʣʘʜʽʚ, ʷʢʠʡ 

ʧʝʨʝʜʙʘʯʘʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ ʟ ʚʽʜʥʦʩʥʦ ʤʘʣʦʶ 

ʟʘʛʘʣʴʥʦʶ ʪʦʚʱʠʥʦʶ (ʤʝʥʰʝ ʥʽʞ 100 ʥʤ). ʋ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʚʘʞʣʠʚʫ ʨʦʣʴ ʫ 

ʬʽʟʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʷʭ ʧʦʯʠʥʘʶʪʴ ʚʽʜʽʛʨʘʚʘʪʠ ʪʘʢ ʟʚʘʥʽ ʨʦʟʤʽʨʥʽ ʝʬʝʢʪʠ. ʊʠʤ 

ʥʝ ʤʝʥʰ, ʜʣʷ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʩʠʩʪʝʤ ʥʘ ʦʩʥʦʚʽ ʧʝʨʤʘʣʦʻʚʠʭ ʩʧʣʘʚʽʚ NiʭFe1-ʭ ʪʘ 

ʙʣʘʛʦʨʦʜʥʠʭ ʤʝʪʘʣʽʚ (Cu, Ag ʘʙʦ Au), ʩʬʦʨʤʦʚʘʥʠʭ ʤʝʪʦʜʦʤ ʦʜʥʦʯʘʩʥʦʾ 

ʢʦʥʜʝʥʩʘʮʽʾ ʢʦʤʧʦʥʝʥʪ, ʢʦʤʧʣʝʢʩʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʩʪʨʫʢʪʫʨʥʦ-ʬʘʟʦʚʦʛʦ ʩʪʘʥʫ, 

ʤʘʛʥʽʪʦʨʝʟʠʩʪʠʚʥʠʭ ʪʘ ʝʣʝʢʪʨʦʬʽʟʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʚ ʫʤʦʚʘʭ ʧʨʦʷʚʫ 

ʨʦʟʤʽʨʥʠʭ ʝʬʝʢʪʽʚ ʟʘʣʠʰʘʶʪʴʩʷ ʜʫʞʝ ʦʙʤʝʞʝʥʠʤʠ.  
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ʈʆɿɼɯʃ 2 

ʄɽʊʆɼʀʂɸ ʌʆʈʄʋɺɸʅʅʗ ʅɸʅʆʈʆɿʄɯʈʅʀʍ ʇʃɯɺʂʆɺʀʍ 

ʄɸʊɽʈɯɸʃɯɺ ʊɸ ʇʈʆɺɽɼɽʅʅʗ ɽʂʉʇɽʈʀʄɽʅʊɸʃʔʅʀʍ 

ɼʆʉʃɯɼɾɽʅʔ 

 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʘʥʘʣʽʟʫ ʣʽʪʝʨʘʪʫʨʥʦʛʦ ʦʛʣʷʜʫ ʙʫʣʦ ʚʠʟʥʘʯʝʥʦ ʤʝʪʫ 

ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ: ʚʩʪʘʥʦʚʣʝʥʥʷ ʟʘʛʘʣʴʥʠʭ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʚʧʣʠʚʫ 

ʢʦʥʮʝʥʪʨʘʮʽʡʥʠʭ, ʨʦʟʤʽʨʥʠʭ ʪʘ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʝʬʝʢʪʽʚ ʥʘ ʝʣʝʢʪʨʦ- (ʧʠʪʦʤʠʡ 

ʦʧʽʨ ʪʘ ʪʝʨʤʽʯʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʦʧʦʨʫ) ʽ ʤʘʛʥʽʪʦʨʝʟʠʩʪʠʚʥʽ (ʽʟʦʪʨʦʧʥʠʡ ʪʘ 

ʘʥʽʟʦʪʨʦʧʥʠʡ ʤʘʛʥʽʪʦʦʧʽʨ) ʚʣʘʩʪʠʚʦʩʪʽ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʧʣʽʚʢʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ, 

ʩʬʦʨʤʦʚʘʥʠʭ ʥʘ ʦʩʥʦʚʽ ʧʝʨʤʘʣʦʻʚʦʛʦ ʩʧʣʘʚʫ Ni80Fe20 ʪʘ Ag. ɼʣʷ ʢʦʨʝʢʪʥʦʾ 

ʦʮʽʥʢʠ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʙʫʜʫʪʴ ʧʨʦʚʝʜʝʥʽ ʜʦʜʘʪʢʦʚʽ ʜʦʩʣʽʜʞʝʥʥʷ 

ʬʘʟʦʚʦʛʦ ʩʪʘʥʫ ʪʘ ʢʨʠʩʪʘʣʽʯʥʦʾ ʩʪʨʫʢʪʫʨʠ ʚ ʫʤʦʚʘʭ ʪʝʤʨʤʦʦʙʨʦʙʢʠ ʪʘ ʟʤʽʥʠ 

ʢʦʥʮʝʥʪʨʘʮ̔ʡʥʦʛʦ ʩʢʣʘʜʫ ʤʘʪʝʨʽʘʣʽʚ. ʂʨʽʤ ʪʦʛʦ ʙʫʜʫʪʴ ʧʨʦʚʝʜʝʥʽ 

ʜʦʩʣʽʜʞʝʥʥʷ ʤʘʛʥʽʪʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟ ʤʝʪʦʶ 

ʚʠʟʥʘʯʝʥʥʷ ʾʭ ʤʘʛʥʽʪʥʦʛʦ ʩʪʘʥʫ ʫ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ ʢʦʤʧʦʥʝʥʪ. 

ɺʘʞʣʠʚʠʤ ʪʘʢʦʞ ʩʪʘʻ ʧʠʪʘʥʥʷ ʚʠʟʥʘʯʝʥʥʷ ʫʤʦʚ ʪʘ ʤʝʪʦʜʠʢʠ ʬʦʨʤʫʚʘʥʥʷ 

ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟ ʪʦʯʢʠ ʟʦʨʫ ʬʦʨʤʫʚʘʥʥʷ ʥʘ ʾʭ ʦʩʥʦʚʽ 

ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ ʟ ʧʦʢʨʘʱʝʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʩʪʘʙʽʣʴʥʠʤʠ ʚ 

ʯʘʩʽ ʪʘ ʧʽʜ ʚʧʣʠʚʦʤ ʬʘʢʪʦʨʽʚ ʟʦʚʥʽʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ (ʚ ʧʝʨʰʫ ʯʝʨʛʫ 

ʪʝʤʧʝʨʘʪʫʨʠ). 

ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ ʙʫʣʠ ʚʠʢʦʨʠʩʪʘʥʽ ʥʘʩʪʫʧʥʽ ʤʝʪʦʜʠ 

ʜʦʩʣʽʜʞʝʥʥʷ:  

- ʤʝʪʦʜʠ ʦʜʥʦʯʘʩʥʦʾ ʪʘ ʧʦʰʘʨʦʚʦʾ ʝʣʝʢʪʨʦʥʥʦ-ʧʨʦʤʝʥʝʚʦʾ ʢʦʥʜʝʥʩʘʮʽʾ ʫ 

ʚʘʢʫʫʤʽ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʥʘ ʦʩʥʦʚʽ ʧʝʨʤʘʣʦʻʚʦʛʦ 

ʩʧʣʘʚʫ Ni80Fe20 ʪʘ Ag; 

- ʤʝʪʦʜ ʢʚʘʨʮʦʚʦʛʦ ʨʝʟʦʥʘʪʦʨʘ ʜʣʷ ʧʨʠʮʝʟʽʡʥʦʛʦ ʚʠʤʽʨʶʚʘʥʥʷ ʪʘ 

ʢʦʥʪʨʦʣʶ ʪʦʚʱʠʥʠ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʟʨʘʟʢʽʚ ʫ ʧʨʦʮʝʩʽ ʾʭ ʬʦʨʤʫʚʘʥʥʷ; 

- ʤʝʪʦʜ ʝʥʝʨʛʦʜʠʩʧʝʨʩʽʡʥʦʛʦ ʘʥʘʣʽʟʫ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʭʽʤʽʯʥʦʛʦ, 

ʝʣʝʤʝʥʪʥʦʛʦ ʪʘ ʢʦʤʥʮʝʥʪʘʮʡʥʦʛʦ ʩʢʣʘʜʫ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʧʣʽʚʢʦʚʠʭ ʤʘʪʝʨʽʣʽʚ; 
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- ʤʝʪʦʜʠ ʝʣʝʢʪʨʦʥʦʛʨʘʬʽʾ ʪʘ ʧʨʦʩʚʽʯʫʶʯʦʾ ʝʣʝʢʪʨʦʥʥʦʾ ʤʽʢʨʦʩʢʦʧʽʾ ʜʣʷ 

ʚʠʚʯʝʥʥʷ ʦʩʦʙʣʠʚʦʩʪʝʡ ʬʘʟʦʚʦʛʦ ʩʪʘʥʫ ʪʘ ʢʨʠʩʪʘʣʽʯʥʦʾ ʩʪʨʫʢʪʫʨʠ ʟʨʘʟʢʽʚ ʫ 

ʧʨʦʮʝʩʽ ʪʝʨʤʦʦʙʨʦʙʢʠ ʪʘ ʧʨʠ ʟʤʽʥʽ ʢʦʥʮʝʥʪʨʘʮʽʡʥʦʛʦ ʩʢʣʘʜʫ;  

- ʤʝʪʦʜ ʘʪʦʤʥʦ-ʩʠʣʦʚʦʾ ʤʽʢʨʦʩʢʦʧʽʾ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʤʦʨʬʦʣʦʛʽʾ ʧʦʚʝʨʭʥʽ; 

- ʤʝʪʦʜ ʚʠʩʦʢʦʪʦʯʥʦʾ ʨʝʟʠʩʪʦʤʝʪʨʽʾ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ 

ʩʠʩʪʝʤ ʫʧʨʘʚʣʽʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʦʤ ʟ ʤʝʪʦʶ ʚʠʚʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ 

ʧʠʪʦʤʦʛʦ ʦʧʦʨʫ ʪʘ ʪʝʨʤʽʯʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʫ ʦʧʦʨʫ;  

- ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʣʴʦʚʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʤʘʛʥʽʪʦʦʧʦʨʫ ʚ ʪʨʴʦʭ ʛʝʦʤʝʪʨʽʷʭ 

ʚʠʤʽʨʶʚʘʥʥʷ: ʧʦʟʜʦʚʞʥʴʦʾ, ʧʦʧʝʨʝʯʥʦʾ ʪʘ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʽʡ;  

- ʤʝʪʦʜʠ ʚʽʙʨʘʮʽʡʥʦʾ ʤʘʛʥʽʪʦʤʝʪʨʽʾ ʪʘ SQUID-ʤʘʛʥʽʪʦʤʝʪʨʽʾ ʜʣʷ 

ʚʠʤʽʨʶʚʘʥʥʷ ʤʘʛʥʽʪʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ.  

 

2.1. ʄʝʪʦʜʠʢʘ ʬʦʨʤʫʚʘʥʥʷ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʧʣʽʚʢʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ ʥʘ 

ʦʩʥʦʚʽ ʧʝʨʤʘʣʦʻʚʦʛʦ ʩʧʣʘʚʫ Ni80Fe20 ʪʘ Ag 

 

ʅʘʥʦʨʦʟʤʽʨʥʽ ʧʣʽʚʢʦʚʽ ʤʘʪʝʨʽʘʣʠ ʥʘ ʦʩʥʦʚʽ ʧʝʨʤʘʣʦʻʚʦʛʦ ʩʧʣʘʚʫ 

Ni80Fe20 ʪʘ Ag ʬʦʨʤʫʚʘʣʠʩʷ ʤʝʪʦʜʦʤ ʦʜʥʦʯʘʩʥʦʛʦ ʝʣʝʢʪʨʦʥʥʦ-ʧʨʦʤʝʥʝʚʦʛʦ 

ʦʩʘʜʞʝʥʥʷ ʚ ʨʦʙʦʯʦʤʫ ʦʙǋʻʤʽ ʚʘʢʫʫʤʥʦʾ ʫʩʪʘʥʦʚʢʠ ɺʋʇ-5ʄ (ʨʠʩ. 2.1). 

ɺʘʢʫʫʤ ʫ ʧʨʦʮʝʩʽ ʬʦʨʤʫʚʘʥʥʷ ʟʨʘʟʢʽʚ ʧʽʜʪʨʠʤʫʚʘʚʩʷ ʥʘ ʨʽʚʥʽ 10
-4

 ʇʘ ʟʘ 

ʨʘʭʫʥʦʢ ʚʘʢʫʫʤʥʦʾ ʩʠʩʪʝʤʠ, ʜʦ ʩʢʣʘʜʫ ʷʢʦʾ ʚʭʦʜʷʪʴ ʧʘʨʦʩʪʨʫʤʝʥʝʚʠʡ ʥʘʩʦʩ 

ʅɺɼʄ-160 ʟ ʧʦʧʝʨʝʜʥʴʦʶ ʚʽʜʢʘʯʢʦʶ ʤʝʭʘʥʽʯʥʠʤ ʬʦʨʚʘʢʫʫʤʥʠʤ ʥʘʩʦʩʦʤ 

2ʅɺɼ-5ɼʄ. ʂʦʥʪʨʦʣʴ ʟʘ ʩʪʫʧʝʥʝʤ ʚʘʢʫʫʤʫ ʟʜʽʡʩʥʶʚʘʚʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ ʇʄʊ-2 ʪʘ ʇʄɯ-2 [96]. ɺʠʭʽʜʥʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ ʜʣʷ 

ʦʪʨʠʤʘʥʥʷ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʙʫʣʠ ʤʝʪʘʣʠ ʚʠʩʦʢʦʾ ʯʠʩʪʦʪʠ: 

ʧʨʦʤʠʩʣʦʚʠʡ ʧʝʨʤʘʣʦʻʚʠʡ ʩʧʣʘʚ 79 ʅʄ (79-80 ʤʘʩ.% Ni, 2-5 ʤʘʩ.% ʄʦ, 13-

16 ʤʘʩ.% Fe) ʪʘ Ag(999,99). ɿʨʘʟʢʠ ʬʦʨʤʫʚʘʣʠʩʷ ʦʜʥʦʯʘʩʥʦ ʥʘ ʜʝʢʽʣʴʢʦʭ 

ʩʠʪʘʣʦʚʠʭ ʧʽʜʢʣʘʜʢʘʭ, ʷʢʽ ʙʫʣʠ ʨʦʟʪʘʰʦʚʘʥʽ ʚ ʨʷʜ. ɼʣʷ ʮʴʦʛʦ ʙʫʚ 

ʚʠʛʦʪʦʚʣʝʥʠʡ ʧʽʜʢʣʘʜʢʦʪʨʠʤʘʯ ʦʩʦʙʣʠʚʦʾ ʢʦʥʩʪʨʫʢʮʽʾ, ʥʘ ʷʢʦʤʫ 

ʨʦʟʪʘʰʦʚʫʚʘʣʦʩʴ ʚ ʨʷʜ ʤʽʞ ʜʚʦʤʘ ʢʚʘʨʮʦʚʠʤʠ ʨʝʟʦʥʘʪʦʨʘʤʠ ʜʦ 10 ʧʽʜʢʣʘʜʦʢ 

ʦʜʥʦʯʘʩʥʦ (ʨʠʩ. 2.2). ʎʝ ʜʦʟʚʦʣʠʣʦ ʦʪʨʠʤʘʪʠ ʚ ʦʜʥʦʤʫ ʪʝʭʥʦʣʦʛʽʯʥʦʤʫ 
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ʈʠʩ. 2.1 ʉʭʝʤʘ ʨʦʙʦʯʦʾ ʢʘʤʝʨʠ ʫʩʪʘʥʦʚʢʠ ɺʋʇ-5ʄ:  

1 ï ʧʽʜʢʣʘʜʢʦʪʨʠʤʘʯ; 2 ï ʢʚʘʨʮʝʚʠʡ ʨʝʟʦʥʘʪʦʨ; 3 ï ʪʝʨʤʦʧʘʧʘ ʜʣʷ ʢʦʥʪʨʦʣ ʁ

ʪʝʤʧʝʨʘʪʫʨʠ ʧʽʜʢʣʘʜʢʠ; 4 ï ʝʣʝʢʪʨʦʥʥʦ-ʧʨʦʤʝʥʝʚʘ ʛʘʨʤʘʪʘ 

 

 

 

ʈʠʩ. 2.2 ɻʝʦʤʝʪʨʽʷ ʩʠʩʪʝʤʠ ʚʠʧʘʨʥʠʢʠ-ʧʽʜʢʣʘʜʢʠ-ʚʠʤʽʨʶʚʘʯʽ ʪʦʚʱʠʥʠ 

ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʧʣʽʚʢʦʚʠʭ ʩʧʣʘʚʽʚ ʟ ʨʽʟʥʦʶ ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʢʦʤʧʦʥʝʥʪ (ʘ) ʪʘ 

ʧʽʜʨʘʭʫʥʢʫ ʾʭ ʢʦʥʮʝʥʪʨʘʮʽʾ (ʙ) 
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ʮʠʢʣʽ ʩʝʨʽʶ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʧʣʽʚʢʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʢʦʥʮʝʥʪʨʘʮʽʡʥʠʡ ʩʢʣʘʜ 

ʷʢʠʭ ʟʤʽʥʶʚʘʣʘʩʷ ʫ ʰʠʨʦʢʠʭ ʤʝʞʘʭ (ʚʽʜ 5 ʜʦ 95 ʘʪ.%).  

ɺʽʜʦʤʦ [97], ʤʝʪʦʜ ʝʣʝʢʪʨʦʥʥʦ-ʧʨʦʤʝʥʝʚʦʛʦ ʚʠʧʘʨʫʚʘʥʥʷ ʜʦʟʚʦʣʷʻ 

ʟʤʽʥʶʚʘʪʠ ʰʚʠʜʢʽʩʪʴ ʚʠʧʘʨʫʚʘʥʥʷ ʤʝʪʘʣʽʚ ʫ ʜʦʩʠʪʴ ʰʠʨʦʢʠʭ ʤʝʞʘʭ (w = 0,1-

10 ʥʤ/ʭʚ.). ʉʘʤʝ ʪʦʤʫ ʫ ʜʘʥʽʡ ʨʦʙʦʪʽ ʫ ʙʫʚ ʚʠʙʨʘʥʠʡ ʜʘʥʠʡ ʤʝʪʦʜ ʜʣʷ 

ʚʠʧʘʨʫʚʘʥʥʷ ʷʢ ʧʝʨʤʘʣʦʻʚʦʛʦ ʩʧʣʘʚʫ Ni80Fe20, ʪʘʢ ʽ ʙʣʘʛʦʨʦʜʥʦʛʦ ʤʝʪʘʣʫ Ag, 

ʦʩʢʽʣʴʢʠ ʚʽʥ ʜʦʟʚʦʣʷʻ ʨʝʘʣʽʟʫʚʘʪʠ ʥʝʦʙʭʽʜʥʫ, ʚʠʭʦʜʷʯʠ ʽʟ ʟʘʜʘʯ ʦʩʘʜʞʝʥʥʷ, 

ʰʚʠʜʢʽʩʪʴ ʚʠʧʘʨʫʚʘʥʥʷ. ɺʦʥʘ ʙʫʣʘ ʦʜʥʘʢʦʚʦʶ ʜʣʷ ʦʙʦʭ ʜʞʝʨʝʣ ʽ ʩʪʘʥʦʚʠʣʘ 3-

5 ʥʤ/ʭʚ.  

ɺʠʩʦʢʘ ʪʦʯʥʽʩʪʴ ʢʦʥʪʨʦʣʶ ʪʦʚʱʠʥʠ ʤʘʪʝʨʽʘʣʽʚ ʫ ʧʨʦʮʝʩʽ ʢʦʥʜʝʥʩʘʮʽʾ 

ʟʘʙʝʟʧʝʯʫʚʘʣʘʩʷ ʟʘ ʨʘʭʫʥʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ñin situò ʤʝʪʦʜʫ ʢʚʘʨʮʦʚʦʛʦ 

ʨʝʟʦʥʘʪʦʨʘ. ʇʨʠʥʮʠʧ ʚʠʤʽʨʶʚʘʥʥʷ ʪʚʦʱʠʥʠ ʜʘʥʦʛʦ ʤʝʪʦʜʫ ʙʘʟʫʻʪʴʩʷ ʥʘ ʟʤʥ̔ʽ 

ʯʘʩʪʦʪʠ ʢʚʘʨʮʝʚʦʾ ʧʣʘʩʪʠʥʠ ʚʥʘʩʣʽʜʦʢ ʟʤʽʥʠ ʤʘʩʠ ʢʚʘʨʮʦʚʦʾ ʧʣʘʩʪʠʥʠ ʟʘ 

ʨʘʭʫʥʦʢ ʦʩʘʜʞʝʥʥʦʛʦ ʤʘʪʝʨʽʘʣʫ [98]. ɼʣʷ ʪʦʛʦ ʱʦʙ, ʚʠʢʣʶʯʠʪʠ ʚʧʣʠʚ 

ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ ʷʢʽʩʪʴ ʨʦʙʦʪʠ ʢʚʘʨʮʫ, ʙʫʚ ʦʙʨʘʥʠʡ ʢʚʘʨʮ ʈɻ-08, ʱʦ 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʥʠʟʴʢʠʤ ʪʝʤʧʝʨʘʪʫʨʥʠʤ ʢʦʝʬʽʮʽʻʥʪʦʤ ʣʽʥʽʡʥʦʛʦ 

ʨʦʟʰʠʨʝʥʥʷ ʟʘ ʢʽʤʥʘʪʥʦ ʾʪʝʤʧʝʨʘʪʫʨʠ. ɼʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʯʘʩʪʦʪʠ ʚʠʭʽʜʥʦʛʦ 

ʩʠʛʥʘʣʫ ʙʫʚ ʚʠʢʦʨʠʩʪʘʥʠʡ ʯʘʩʪʦʪʦʤʽʨ ʧʦʙʫʜʦʚʘʥʠʡ ʥʘ ʤʽʢʨʦʢʦʥʪʨʦʣʣʝʨʽ 

ATmega 328, ʷʢʠʡ ʜʦʟʚʦʣʷʻ ʨʝʘʣʽʟʫʚʘʪʠ ʧʝʨʝʜʘʯʫ ʜʘʥʠʭ ʯʝʨʝʟ ʧʦʩʣʽʜʦʚʥʠʡ 

ʽʥʪʝʨʬʝʡʩ USB ʥʘ ʧʝʨʩʦʥʘʣʴʥʠʡ ʢʦʤʧôʶʪʝʨ. ɼʣʷ ʧʦʢʨʘʥɦʥʷ ʧʨʦʮʝʩʫ 

ʚʽʟʫʘʣʽʟʘʮʽʾ ʪʘ ʙʽʣʴʰ ʷʢʽʩʥʦʛʦ ʢʦʥʪʨʦʣʶ ʪʦʚʱʠʥʠ ʦʩʘʜʞʫʚʘʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʫ 

ʩʝʨʝʜʦʚʠʱʽ ʧʨʦʛʨʘʤʫʚʘʥʥʷ Arduino ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ ʩʧʝʮʽʘʣʴʥʝ ʧʨʦʛʨʘʤʥʝ 

ʟʘʙʝʟʧʝʯʝʥʥʷ. ɼʘʥʘ ʧʨʦʛʨʘʤʘ ʜʦʟʚʦʣʠʣʘ ʨʝʘʣʽʟʫʚʘʪʠ ʨʦʟʨʘʭʫʥʦʢ ʪʘʢʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʷʢ ʤʠʪʪʻʚʘ ʰʚʠʜʢʩ̔ʪɹ ʢʦʥʜʝʥʩʘʮʽʾ, ʟʘʛʘʣʴʥʘ ʪʦʚʱʠʥʘ ʪʘ 

ʢʦʥʮʝʥʪʨʘʮʽ ̫ʢʦʤʧʦʥʝʥʪ. ɿʘʫʚʘʞʠʤʦ, ʱʦ ʨʦʟʨʦʙʣʝʥʠʡ ʧʨʦʛʨʘʤʥʦ-ʘʧʘʨʘʪʥʠʡ 

ʢʦʤʧʣʝʢʩ ʜʦʩʠʪʴ ʧʨʦʩʪʠʡ ʜʣʷ ʢʦʨʠʩʪʫʚʘʯʽʚ. ʇʝʨʝʜ ʧʦʯʘʪʢʦʤ ʢʦʥʜʝʥʩʘʮʽʾ 

ʥʝʦʙʭʽʜʥʦ ʣʠʰʝ ʚʚʝʩʪʠ ʜʘʥʽ ʩʪʦʩʦʚʥʦ ʛʫʩʪʥʠʥʠ ʦʙʨʘʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, 

ʧʨʠʻʜʥʘʪʠ ʜʨʦʪʠ ʜʦ ʢʚʘʨʮʝʚʠʭ ʨʝʟʦʥʘʪʦʨʽʚ, ʧʦʜʘʪʠ ʞʠʚʣʝʥʥʷ ʜʦ ʧʨʠʣʘʜʫ ʪʘ 

ʥʘʪʠʩʥʫʪʠ ʢʥʦʧʢʫ Start/restart. 

ʈʦʟʨʘʭʫʥʦʢ ʪʦʚʱʠʥʠ ʪʦʥʢʦʧʣʽʚʢʚʦʛʦ ʟʨʘʟʢʘ ʧʨʦʚʦʜʠʪʴʩʷ ʟʘ ʥʘʩʪʫʧʥʠʤ 
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ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ [99] ʽ ʢʦʥʪʨʦʣʶʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦ ʧʨʦʛʨʘʤʠ ʚ 

ʘʚʪʦʤʘʪʠʯʥʦʤʫ ʨʝʞʠʤʽ: 
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ʜʝ Nq ï ʯʘʩʪʦʪʥʘ ʩʪʘʣʘ ʜʣʷ ʩʢʦʣʫ ʢʚʘʨʮʦʚʦʛʦ ʢʨʠʩʪʘʣʫ, 

Nq =1,668Ŀ10
5
 ɻʮĿʩʤ; ɟq, ɟf ï ʛʫʩʪʠʥʘ ʧʣʽʚʢʠ ʪʘ ʢʚʘʨʮʫ ʚʽʜʧʦʚʽʜʥʦ, 

ɟq = 2,65 ʛ/ʩʤ
3
; fq, f ï ʨʝʟʦʥʘʥʩʥʽ ʯʘʩʪʦʪʠ ʢʚʘʨʮʦʚʦʾ ʧʣʘʩʪʠʥʠ ʜʦ ʪʘ ʧʽʩʣʷ 

ʦʩʘʜʞʝʥʥʷ ʥʘ ʥʝʾ ʧʣʽʚʢʠ ʚʽʜʧʦʚʽʜʥʦ. 

ʈʦʟʨʘʭʫʥʦʢ ʝʬʝʢʪʠʚʥʦʾ ʪʦʚʱʠʥʠ ʦʢʨʝʤʠʭ ʢʦʤʧʦʥʝʥʪ ʜʣʷ ʟʘʜʘʥʦʾ ʪʦʯʢʠ 

ʧʽʜʢʣʘʜʢʠ ʇ ʟʜʽʡʩʥʶʚʘʚʩʷ ʚʠʭʦʜʷʯʠ ʽʟ ʛʝʦʤʝʪʨʽʾ ʚʟʘʻʤʥʦʛʦ ʨʦʟʪʘʰʫʚʘʥʥʷ 

ʚʠʧʘʨʥʠʢʽʚ, ʧʽʜʢʣʘʜʦʢ ʪʘ ʢʚʘʨʮʦʚʠʭ ʧʣʘʩʪʠʥ. ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʪʦʚʱʠʥʠ ʪʦʯʢʦʚʦʛʦ ʚʠʧʘʨʥʠʢʘ ʟʛʽʜʥʦ [100] ʤʘʻ ʚʠʜ: 
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ʜʝ d0 ï ʪʦʚʱʠʥʘ ʧʣʽʚʢʠ ʚ ʪʦʯʮʽ ʥʘʜ ʚʠʧʘʨʥʠʢʦʤ. 

ʈʦʟʨʘʭʫʥʢʦʚʽ ʜʘʥʽ ʜʣʷ ʪʦʚʱʠʥ d1 ʪʘ d2 ʜʣʷ ʢʦʞʥʦʛʦ ʟ ʪʦʯʢʦʚʠʭ 

ʚʠʧʘʨʥʠʢʽʚ (ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ (2.2)) ʙʫʣʠ ʚʠʢʦʨʠʩʪʘʥʽ ʧʨʠ ʨʦʟʨʘʭʫʥʢʘʭ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʢʦʤʧʦʥʝʥʪ ʜʣʷ ʚʩʽʭ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʟʨʘʟʢʽʚ (ʧʨʠ ʮʴʦʤʫ 

ʚʨʘʭʦʚʫʚʘʣʦʩʷ, ʱʦ ʧʨʦʮʝʩ ʢʦʥʜʝʥʩʘʮʽʾ ʧʨʦʚʦʜʠʚʩʷ ʙʝʟʧʝʨʝʨʚʥʦ ʟʽ ʩʪʘʣʦʶ 

ʰʚʠʜʢʽʩʪʶ) ʟʘ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ: 
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ʜʝ D ï ʛʫʩʪʠʥʘ ʤʘʪʝʨʽʘʣʫ;  d ï ʝʬʝʢʪʠʚʥʘ ʪʦʚʱʠʥʘ ʢʦʤʧʦʥʝʥʪʽʚ 

ʧʣʽʚʢʦʚʦʛʦ ʟʨʘʟʢʘ; ɛ ï ʤʦʣʷʨʥʘ ʤʘʩʘ ʝʣʝʤʝʥʪʽʚ.  
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ʍʽʤʽʯʥʠʡ ʩʢʣʘʜ ʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʡ ʝʣʝʤʝʥʪʽʚ 

ʢʦʥʪʨʦʣʶʚʘʣʠʩʷ ʤʝʪʦʜʦʤ ʝʥʝʨʛʦʜʠʩʧʝʨʩʽʡʥʦʛʦ ʘʥʘʣʽʟʫ (ʧʨʠʣʘʜ Tescan 

VEGA3), ʷʢʠʡ ʜʝʪʘʣʴʥʦ ʙʫʜʝ ʦʧʠʩʘʥʠʡ ʫ ʧʦʜʘʣʴʰʦʤʫ. 

ʊʘʢʦʞ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʧʣʽʚʢʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ ʙʫʣʘ 

ʟʘʩʪʦʩʦʚʘʥʘ ʤʝʪʦʜʠʢʘ ʧʦʰʘʨʦʚʦʾ ʝʣʝʢʪʨʦʥʥʦ-ʧʨʦʤʝʥʝʚʦʾ ʢʦʥʜʝʥʩʘʮʽʾ. ʋ 

ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʧʽʜʢʣʘʜʢʠ ʨʦʟʪʘʰʦʚʫʚʘʣʠʩʷ ʥʘ ʧʽʜʢʣʘʜʢʦʪʨʠʤʘʯʽ 

ʙʘʨʘʙʘʥʥʦʛʦ ʪʠʧʫ, 3D-ʤʦʜʝʣʴ ʷʢʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʫ 2.3. 

ʆʩʦʙʣʠʚʽʩʪʴ ʜʘʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʦʙʝʨʪʘʶʯʠ ʙʘʨʘʥ ʚ ʦʜʥʦʤʫ 

ʪʝʭʥʦʣʦʛʽʯʥʦʤʫ ʮʠʢʣʽ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʜʦ 10 ʙʘʛʘʪʦʰʘʨʦʚʠʭ ʟʨʘʟʢʽʚ 

[Py/Ag]n/ʇ, ʱʦ ʤʘʶʪʴ ʦʜʥʘʢʦʚʫ ʟʘʛʘʣʴʥʫ ʪʦʚʱʠʥʫ ʪʘ ʨʽʟʥʫ ʢʽʣʴʢʽʩʪʴ ʧʦʚʪʦʨʽʚ 

ʙʽʰʘʨʫ Py/Ag ʚ ʩʠʩʪʝʤʽ. ɺʘʞʣʠʚʠʤ ʟ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʪʦʯʢʠ ʟʦʨʫ, ʘ ʪʘʢʦʞ 

ʪʦʯʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʪʦʚʱʠʥʠ ʦʢʨʝʤʠʭ ʰʘʨʽʚ ʙʫʣʦ ʚʠʪʨʠʤʘʪʠ ʚʽʜʩʪʘʥʴ ʚʽʜ 

ʧʦʚʝʨʭʥʽ ʢʘʪʦʜʘ ʝʣʝʢʪʨʦʥʥʦ-ʧʨʦʤʝʥʝʚʦʾ ʛʘʨʤʘʪʠ ʜʦ ʧʽʜʢʣʘʜʢʠ ʪʘ ʜʚʦʭ 

 

 

ʈʠʩ. 2.3 3D-ʤʦʜʝʣʴ ʧʽʜʢʣʘʜʢʦʪʨʠʤʘʯʘ ʙʘʨʘʙʘʥʥʦʛʦ ʪʠʧʫ: 1 ï ʧʽʜʢʣʘʜʢʠ, 

ʥʘ ʷʢʠʭ ʬʦʨʤʫʚʘʣʠʩʷ ʧʣʽʚʢʦʚʽ ʟʨʘʟʢʠ; 2 ï ʪʨʠʤʘʯ ʧʽʜʢʣʘʜʦʢ (ʙʘʨʘʙʘʥ); 3 ï 

ʧʨʠʚʽʜ ʜʣʷ ʦʙʝʨʪʘʥʥʷ ʪʨʠʤʘʯʘ; 4 ï ʪʨʠʤʘʯ ʜʣʷ ʟʘʢʨʽʧʣʝʥʥʷ ʢʦʥʩʪʨʫʢʮʽʾ ʫ 

ʚʘʢʫʫʤʥʽʡ ʢʘʤʝʨʽ; 5 ï ʢʚʘʨʮʝʚʽ ʧʣʘʩʪʠʥʠ ʜʣʷ ʢʦʥʪʨʦʣʶ ʪʦʚʱʠʥʠ ʦʩʘʜʞʝʥʦʛʦ 

ʤʘʪʝʨʽʘʣʫ; 6 ï ʪʝʨʤʦʧʘʨʘ ʜʣʷ ʢʦʥʪʨʦʣʶ ʪʝʤʧʝʨʘʪʫʨʠ ʧʽʜʢʣʘʜʢʠ; 7 ï ʥʘʛʨʽʚʘʯ 
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ʧʣʘʩʪʠʥ ʢʚʘʨʮʫ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʷ ʜʣʷ ʢʦʥʪʨʦʣʶ ʪʦʚʱʠʥʠ ʦʢʨʝʤʠʭ 

ʰʘʨʽʚ. ʋ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʜʘʥʘ ʚʽʜʩʪʘʥʴ ʩʪʘʥʦʚʠʣʘ 10 ʩʤ. ʊʘʢʦʞ ʢʦʥʩʪʨʫʢʮʽʷ 

ʧʽʜʢʣʘʜʢʦʪʨʠʤʘʯʘ ʙʫʣʘ ʫʢʦʤʧʣʝʢʪʦʚʘʥʘ ʥʘʛʨʽʚʘʯʝʤ ʟ ʝʢʨʘʥʘʤʠ, ʱʦ ʜʘʚʘʣʦ 

ʟʤʦʛʫ ʟʘ ʥʝ ʦʙʭ̔ ʜʥʦʩʪʽ ʨʝʘʣʽʟʦʚʫʚʘʪʠ ʢʦʥʜʝʥʩʘʮʽʶ ʟʨʘʟʢʽʚ ʥʘ ʧʽʜʽʛʨʽʪʽ 

ʧʽʜʢʣʘʜʢʠ. ɼʣʷ ʢʦʥʪʨʦʣʶ ʪʝʤʧʝʨʘʪʫʨʠ ʧʽʜʢʣʘʜʢʠ (ʊʧ) ʫ ʧʨʦʮʝʩʽ ʢʦʥʜʝʥʩʘʮʽʾ 

ʜʦ ʧʽʜʢʣʘʜʢʠ ʧʽʜʚʦʜʠʣʘʩʷ ʪʝʨʤʦʧʘʨʘ. 

 

2.2. ɼʦʩʣʽʜʞʝʥʥʷ ʬʘʟʦʚʦʛʦ ʩʢʣʘʜʫ ʽ ʢʨʠʩʪʘʣʽʯʥʦʾ ʩʪʨʫʢʪʫʨʠ 

2.2.1. ɿʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʽʚ ʝʣʝʢʪʨʦʥʦʛʨʘʬʽʾ ʪʘ ʧʨʦʩʚʽʯʫʶʯʦʾ 

ʝʣʝʢʪʨʦʥʥʦʾ ʤʽʢʨʦʩʢʦʧʽʾ  

 

ʈʝʟʫʣʴʪʘʪʠ ʧʦʧʝʨʝʜʥʽʭ ʨʦʙʽʪ, ʧʨʠʩʚʷʯʝʥʠʭ ʜʦʩʣʽʜʞʝʥʥʷ ʩʪʨʫʢʪʫʨʥʦ-

ʬʘʟʦʚʦʛʦ ʩʪʘʥʫ ʪʦʥʢʦʧʣʽʚʢʦʚʠʭ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʩʚʽʜʯʘʪʴ ʧʨʦ ʪʝ ʱʦ 

ʷʢ ʬʘʟʦʚʠʡ ʩʪʘʥ, ʪʘʢ ʽ ʢʨʠʩʪʘʣʽʯʥʘ ʩʪʨʫʢʪʫʨʘ ʟʨʘʟʢʽʚ ʚʠʟʥʘʯʘʶʪʴʩʷ ʫ ʧʝʨʰʫ 

ʯʝʨʛʫ ʫʤʦʚʘʤʠ ʾʭ ʬʦʨʤʫʚʘʥʥʷ (ʩʪʫʧʽʥʴ ʚʘʢʫʫʤʫ ʫ ʚʘʢʫʫʤʥʽʡ ʢʘʤʝʨʽ, ʱʦʙ 

ʟʘʧʦʙʽʛʪʠ ʦʢʠʩʣʶʚʘʣʴʥʠʤ ʧʨʦʮʝʩʘʤ, ʰʚʠʜʢʽʩʪʴ ʢʦʥʜʝʥʩʘʮʽʾ, ʪʝʤʧʝʨʘʪʫʨʠ 

ʧʽʜʢʣʘʜʢʠ ʧʽʜ ʯʘʩ ʚʠʧʘʨʫʚʘʥʥʷ ʪʦʱʦ). ɺʘʞʣʠʚʝ ʟʥʘʯʝʥʥʷ ʜʣʷ ʢʦʨʝʢʪʥʦʾ 

ʦʮʽʥʢʠ ʝʣʝʢʪʨʦʬʽʟʠʯʥʠʭ ʪʘ ʤʘʛʥʽʪʦʨʝʟʠʩʪʠʚʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʘʶʪʴ ʪʘʢʦʞ 

ʟʤʽʥʠ ʫ ʢʨʠʩʪʘʣʽʯʥʽʡ ʩʪʨʫʢʪʫʨʽ ʪʘ ʬʘʟʦʚʦʤʫ ʩʪʘʥʽ, ʷʢʽ ʚʽʜʙʫʚʘʶʪʴʩʷ ʫ ʧʨʦʮʝʩʽ 

ʪʝʤʧʝʨʘʪʫʨʥʦʾ ʦʙʨʦʙʢʠ ʟʨʘʟʢʽʚ. ʊʦʤʫ ʧʨʠ ʜʦʩʣʽʜʞʝʥʥʽ ʚʩʽʭ ʥʘʥʦʨʦʟʤʽʨʥʠʭ 

ʧʣʽʚʢʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ ʥʘ ʦʩʥʦʚʽ ʧʝʨʤʘʣʦʻʚʦʛʦ ʩʧʣʘʚʫ Ni80Fe20 ʪʘ Ag ʜʣʷ ʚʩʴʦʛʦ 

ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʜʽʘʧʘʟʦʥʫ ʢʦʥʮʝʥʪʨʘʮʽʡ ʪʘ ʪʦʚʱʠʥ, ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʤʝʪʦʜʫ 

ʢʦʥʜʝʥʩʘʮʽʾ (ʧʦʰʘʨʦʚʘ ʯʠ ʦʜʥʦʯʘʩʥʘ), ʢʦʥʪʨʦʣʶʚʘʚʩʷ ʾʭ ʩʪʨʫʢʪʫʨʥʦ-ʬʘʟʦʚʠʡ 

ʩʪʘʥ. ʇʨʦʚʝʜʝʥʥʷ ʝʣʝʢʪʨʦʥʦʛʨʘʬʽʯʥʠʭ ʪʘ ʝʣʝʢʪʨʦʥʥʦ-ʤʽʢʨʦʩʢʦʧʽʯʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʦ ʨʝʘʣʽʟʦʚʘʥʦ ʰʣʷʭʦʤ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʦʩʚʽʯʫʶʯʦʛʦ 

ʝʣʝʢʪʨʦʥʥʦʛʦ ʤʽʢʨʦʩʢʦʧʫ ʇɽʄ-125ʂ (Selmi, ʋʢʨʘʾʥʘ, ʨʠʩ. 2.4ʘ). ʐʠʨʦʢʠʡ 

ʜ̔ ʘʧʘʟʦʥ ʟʙʽʣʴʰʝʥʴ ((1-200)Ŀ10
3
 ʨʘʟʽʚ) ʫ ʪʘʢ ʟʚʘʥʦʤʫ ʨʝʞʠʤʽ ʨʦʙʦʪʠ çʩʚʽʪʣʝ 

ʧʦʣʝè (ʨʠʩ. 2.4ʚ), ʜʦʟʚʦʣʷʻ ʜʦʩʣʽʜʞʫʚʘʪʠ ʪʦʥʢʦʧʣʽʚʢʦʚʽ ʟʨʘʟʢʠ ʟ ʚʠʩʦʢʦʶ 

ʨʦʟʜʣ̔ʴʥʦʶ ʟʜʘʪʥʽʩʪʶ. ʇʨʠ ʮʴʦʤʫ ʪʦʯʥʽʩʪʴ ʚʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʫ 

ʢʨʠʩʪʘʣʽʯʥʦʾ ʨ̌ʘʪʢʠ ʩʪʘʥʦʚʠʪʴ Ñ 0,001 ʥʤ. ʆʩʦʙʣʠʚʽʩʪʶ ʧʨʦʚʝʜʝʥʥʷ  
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ʈʠʩ. 2.4 ɿʦʚʥʽʰʥʽʡ ʚʠʛʣʷʜ ʧʨʠʣʘʜʫ ʇɽʄ-125ʂ (ʘ) ʪʘ ʩʢʨʽʥʰʦʪʠ 

ʧʨʦʛʨʘʤʠ ʧʨʠ ʨʦʙʦʪʽ ʚ ʨʝʞʠʤʽ ʜʠʬʨʘʢʮʽʷ (ʙ) ʪʘ ʨʝʞʠʤʽ ʚʝʣʠʢʠʭ ʟʙʽʣʴʰʝʥʴ (ʙ) 

 

 

 

ʈʠʩ. 2.5 ɿʦʚʥʽʰʥʽʡ ʚʠʛʣʷʜ ʚʽʢʥʘ ʧʨʦʛʨʘʤʠ LabVIEW ʜʣʷ ʘʥʘʣʽʟʫ 

ʝʣʝʢʪʨʦʥʦʛʨʘʤ  

  



62 

ʝʣʝʢʪʨʦʥʦʛʨʘʬʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʷʢ ʧʽʜʢʣʘʜʦʢ ʧʣʽʚʦʢ 

ʚʫʛʣʝʮʶ, ʧʦʧʝʨʝʜʥʴʦ ʩʢʦʥʜʝʥʩʦʚʘʥʠʭ ʥʘ ʤʦʥʦʢʨʠʩʪʘʣʫ NaCl ʪʘ ʧʨʝʧʘʨʦʚʘʥʠʭ 

ʥʘ ʤʽʢʨʦʩʢʦʧʽʯʥʽ ʤʽʜʥʽ ʘʙʦ ʧʣʘʪʠʥʦʚʽ ʩʽʪʦʯʢʠ. ʄʽʢʨʦʩʢʦʧʽʯʥʽ ʩʽʪʦʯʢʠ ʟ 

ʧʨʝʧʘʨʦʚʘʥʠʤʠ ʧʣʽʚʢʘʤʠ ʚʫʛʣʝʮʶ ʨʦʟʤʽʱʫʚʘʣʠʩʷ ʫ ʚʘʢʫʫʤʥʽʡ ʢʘʤʝʨʽ ʥʘ 

ʩʪʦʣʠʢʫ ʧʦʨʫʯ ʟ ʧʽʜʢʣʘʜʢʘʤʠ ʜʣʷ ʜʦʩʣʽʜʞʝʥʴ ʝʣʝʢʪʨʦʬʽʟʠʯʥʠʭ ʪʘ 

ʤʘʛʥʽʪʦʨʝʟʠʩʪʠʚʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ. 

ʋ ʧʨʦʮʝʩʽ ʪʝʨʤʦʦʙʨʦʙʢʠ ʟʨʘʟʢʽʚ ʜʣʷ ʝʣʝʢʪʨʦʥʦʛʨʘʬʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʤʽʜʥʠʡ ʩʪʦʣʠʢ ʟ ʝʢʨʘʥʘʤʠ. ɹʝʟʧʦʩʝʨʝʜʥʴʦ ʩʘʤʽ ʟʨʘʟʢʠ 

ʨʦʟʤʽʱʫʚʘʣʠʩʷ ʤʽʞ ʜʚʘʤʘ ʩʠʪʘʣʦʚʠʤʠ ʧʣʘʩʪʠʥʘʤʠ. ʎʝ ʙʫʣʦ ʟʨʦʙʣʝʥʦ ʜʣʷ 

ʪʦʛʦ, ʱʦʙ ʧʦʢʨʘʰʠʪʠ ʬʽʢʩʘʮʽʶ ʟʨʘʟʢʽʚ ʥʘ ʧʦʚʝʨʭʥʽ ʩʪʦʣʠʢʘ, ʘ ʪʘʢʦʞ ʟʘʧʦʙʽʛʪʠ 

ʪʝʨʤʦʜʠʬʫʟʽʾ ʘʪʦʤʽʚ ʤʽʜʽ ʟ ʤʽʜʥʦʛʦ ʩʪʦʣʠʢʘ ʫ ʧʣʽʚʢʦʚʠʡ ʟʨʘʟʦʢ.  

ʆʙʨʦʙʢʘ ʦʪʨʠʤʘʥʠʭ ʚ ʨʝʞʠʤʽ çʜʠʬʨʘʢʮʽʷè ʝʣʝʢʪʨʦʥʦʛʨʘʤ (ʨʠʩ. 2.4ʙ) 

ʜʣʷ ʚʩʽʭ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʧʣʽʚʢʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ ʧʨʦʚʦʜʠʣʦʩʷ 

ʰʣʷʭʦʤ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʪʘʥʜʘʨʪʥʦʾ ʤʝʪʦʜʠʢʠ, ʷʢʘ ʜʝʪʘʣʴʥʦ ʦʧʠʩʘʥʘ ʚ ʨʦʙʦʪʘʭ 

[101, 102]. ɼʘʥʘ ʧʨʦʮʝʜʫʨʘ ʚʽʜʙʫʚʘʻʪʴʩʷ ʫ ʜʚʘ ʝʪʘʧʠ. ʅʘ ʧʝʨʰʦʤʫ 

ʧʨʦʚʦʜʠʪʴʩʷ ʚʠʟʥʘʯʝʥʥʷ ʩʪʘʣʦʾ ʧʨʠʣʘʜʫ (ʉ) ʥʘ ʦʩʥʦʚʽ ʜʠʬʨʘʢʮʽʡʥʦʾ ʢʘʨʪʠʥʠ 

ʚʽʜ ʪʦʥʢʦʾ ʝʪʘʣʦʥʥʦʾ ʧʣʽʚʢʠ Al (ʝʪʘʣʦʥ), ʪʦʚʱʠʥʘ ʷʢʦʾ ʷʢ ʧʨʘʚʠʣʦ ʩʪʘʥʦʚʠʪʴ 

30-40 ʥʤ. ʅʘ ʜʨʫʛʦʤʫ ʝʪʘʧʽʚ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʠʟʥʘʯʝʥʥʷ ʜʽʘʤʝʪʨʽʚ ʜʠʬʨʘʢʮʽʡʥʠʭ 

ʢʽʣʝʮʴ (Dhkl), ʪʘ ʯʝʨʝʟ ʩʪʘʣʫ ʧʨʠʣʘʜʫ ʚʽʜʙʫʚʘʶʪʴʩʷ ʨʦʟʨʘʭʫʥʢʠ ʤʽʞʧʣʦʱʠʥʥʠʭ 

ʚʽʜʩʪʘʥʝʡ (dhkl), ʷʢʽ ʾʤ ʚʽʜʧʦʚʽʜʘʶʪʴ. ʇʘʨʘʤʝʪʨ ʛʨʘʪʢʠ (ʘhkl) ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʩʧʽʚʚʽʜʥʦʰʝʥʴ ʜʣʷ ʢʨʠʩʪʘʣʽʚ ʢʫʙʽʯʥʦʾ ʩʠʥʛʦʥʽʾ: 
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222 lkhda hklhkl ++= . (2.4) 

 

ɼʣʷ ʩʧʨʦʰʝʥʥʷ ʧʨʦʮʝʜʫʨʠ ʘʥʘʣʽʟʫ ʢʘʨʪʠʥ ʜʠʬʨʘʢʮʽʾ ʫ ʨʦʙʦʪʽ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʦʩʷ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʨʦʟʨʦʙʣʝʥʝ ʫ ʩʝʨʝʜʦʚʠʱ ̔

LabVIEW, ʜʝʪʘʣʴʥʦ ʦʧʠʩʘʥʝ ʫ ʨʦʙʦʪʽ [103]. ɿʦʚʥʽʰʥʽʡ ʚʠʛʣʷʜ ʚʽʢʥʘ ʧʨʦʛʨʘʤʠ 

LabVIEW ʜʣʷ ʘʥʘʣʽʟʫ ʝʣʝʢʪʨʦʥʦʛʨʘʤ ʥʘʚʝʜʝʥʠʡ ʥʘ ʨʠʩʫʥʢʫ 2.5. ʇʨʦʛʨʘʤʘ 

ʜʦʟʚʦʣʷʻ ʟʘ ʧʦʣʦʞʝʥʥʷʤ ʧʽʢʽʚ ʥʘ ʦʪʨʠʤʘʥʠʭ ʩʧʝʢʪʨʘʭ ʜʣʷ ʝʪʘʣʦʥʥʦʛʦ ʟʨʘʟʢʘ 
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ʚʠʟʥʘʯʠʪʠ ʩʪʘʣʫ ʧʨʠʣʘʜʫ ʪʘ ʧʨʦʚʝʩʪʠ ʙʝʟʧʦʩʝʨʝʜʥʶ ʨʦʟʰʠʬʨʦʚʢʫ 

ʝʣʝʢʪʨʦʥʦʛʨʘʤ ʚʽʜ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʟʨʘʟʢʽʚ ʟʘ ʤʝʪʦʜʠʢʦʶ, ʦʧʠʩʘʥʦʶ ʚʠʱʝ. 

ʇʝʨʝʚʘʛʘʤʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʘʥʦʾ ʧʨʦʛʨʘʤʠ, ʧʦ-ʧʝʨʰʝ, ʻ ʤʦʞʣʠʚʽʩʪʴ ʚʠʜʘʣʷʪʠ 

ʟ ʦʪʨʠʤʘʥʦʛʦ ʩʧʝʢʪʨʫ ʬʦʥ, ʷʢʠʡ ʥʝ ʥʝʩʝ ʚ ʩʦʙʽ ʢʦʨʠʩʥʦʾ ʽʥʬʦʨʤʘʮʽʾ; ʘ, ʧʦ-

ʜʨʫʛʝ, ʧʨʦʚʦʜʠʪʠ ʦʧʝʨʘʮʽʾ ʟʛʣʘʜʞʫʚʘʥʥʷ, ʱʦ ʜʦʟʚʦʣʷʻ ʟʥʠʟʠʪʠ ʨʽʚʝʥɹ  ʰʫʤʽʚ, 

ʧʦʚôʷʟʘʥʠʭʦ ʟ ʦʮʠʬʨʦʚʫʚʘʥʥʷʤ ʟʦʙʨʘʞʝʥʥʷ. ʋʩʫʥʝʥʥʷ ʬʦʥʫ ʪʘ ʟʥʠʞʝʥʥʷ 

ʨʽʚʥʷ ʰʫʤʽʚ ʜʦʟʚʦʣʷʻ ʧʨʦʚʝʩʪʠ ʘʥʘʣʽʟ ʜʠʬʨʘʢʮʽʡʥʠʭ ʢʽʣʝʮʴ ʤʘʣʦʾ 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ, ʘ ʪʘʢʦʞ ʟ ʚʠʩʦʢʦʶ ʪʦʯʥʽʩʪʶ ʚʠʟʥʘʯʠʪʠ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʚʩʽʭ 

ʜʠʬʨʘʢʮʽʡʥʠʭ ʢʽʣʝʮʴ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʥʘʡʷʩʢʨʘʚʽʰʦʛʦ ʪʘ ʚʠʟʥʘʯʠʪʠ ʾʭ 

ʰʠʨʠʥʫ. 

 

2.2.2 ɸʪʦʤʥʦ-ʩʠʣʦʚʘ ʤʽʢʨʦʩʢʦʧʽʷ  

 

ʄʝʪʦʜ ʘʪʦʤʥʦ-ʩʠʣʦʚʦʾ ʤʽʢʨʦʩʢʦʧʽʾ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʟ ʤʝʪʦʶ 

ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ ʤʦʨʬʦʣʦʛʽʾ ʧʦʚʝʨʭʥʽ ʫ ʜʚʦʭ ʨʝʞʠʤʘʭ: 

ʪʦʧʦʛʨʘʬʽʯʥʦʤʫ ʪʘ ʧʨʦʬʽʣʴʥʦʤʫ (ʪʨʠʚʠʤʽʨʥʝ ʟʦʙʨʘʞʝʥʥʷ), ʘ ʪʘʢʦʞ ʜʣʷ 

ʨʦʟʨʘʭʫʥʢʽʚ ʩʪʘʪʠʩʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʱʦ ʧʦʚôʷʟʘʥʽ ʟ ʰʦʨʩʪʢʽʩʪʶ ʧʦʚʝʨʭʥʽ. 

ʊʘʢʦʞ ʥʘ ʦʩʥʦʚʽ ʦʪʨʠʤʘʥʠʭ ɸʉʄ ʟʥʽʤʢʽʚ ʙʫʜʫʚʘʣʠʩʷ ʧʨʦʬʽʣ ̔ ʧʦʚʝʨʭʥʽ 

ʚʟʜʦʚʞ ʟʘʜʘʥʦʾ ʧʨʷʤʦʾ. ʎʝ ʜʦʟʚʦʣʠʣʦ ʟʨʦʙʠʪʠ ʘʥʘʣʽʟ ʟʤʽʥʠ ʨʦʟʤʽʨʽʚ ʟʝʨʝʥ 

ʤʘʛʥʽʪʥʦʾ ʪʘ ʥʝʤʘʛʥʽʦʾ ʢʦʤʧʦʥʝʥʪ ʫ ʧʨʦʮʝʩʽ ʪʝʤʧʝʨʘʪʫʨʥʦʾ ʦʙʨʦʙʢʠ ʟʨʘʟʢʽʚ. 

ʊʘʢʦʞ ʧʝʨʝʚʘʛʦʶ ʜʘʥʦʛʦ ʤʝʪʦʜʫ, ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʝʣʝʢʪʨʦʥʦʛʨʘʬʽʯʥʠʤ, ʻ 

ʤʦʞʣʠʚʽʩʪʴ ʧʨʦʚʦʜʠʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʧʣʽʚʢʦʚʠʭ ʟʨʘʟʢʽʚ ʥʘ ʤʘʩʠʚʥʠʭ 

ʧʽʜʢʣʘʜʢʘʭ. ɼʣʷ ʜʦʩʣʽʜʞʝʥʴ ʙʫʚ ʚʠʢʦʨʠʩʪʘʥʠʡ ʘʪʦʤʥʦ-ʩʠʣʦʚʠʡ ʤʽʢʨʦʩʢʦʧ 

Dimension Edge ʢʦʤʧʘʥʽʾ Bruker (ʨʠʩ. 2.6), ʷʢʠʡ ʢʝʨʫʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʩʧʝʮʽʘʣʴʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʘ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʋʥʽʚʝʨʩʠʪʝʪ ̔ʇʘʚʣʘ 

ʁʦʟʝʬʘ ʐʘʬʘʨʠʢʘ ʚ ʂʦʰʠʮʷʭ (ʉʣʦʚʘʯʯʠʥʘ).  

ʇʨʠ ʩʢʘʥʫʚʘʥʥʽ ʙʫʣʠ ʟʘʩʪʦʩʦʚʘʥʽ ʜʚʘ ʪʠʧʠ ʟʦʥʜʽʚ [104]:  

- ʧʝʨʰʠʡ ʪʠʧ ï ʟʦʥʜʠ TESPA ʚʠʨʦʙʥʠʮʪʚʘ ʢʦʤʧʘʥʽʾ BRUCKER. 

ʆʙʣʘʩʪʴ ʩʢʘʥʫʚʘʥʥʷ ʩʪʘʥʦʚʠʣʘ 2,0Ĭ2,0 ʤʢʤ ʟ ʨʦʟʜʽʣʴʥʦʶ ʟʜʘʪʥʽʩʪʶ 

ʟʦʙʨʘʞʝʥʥʷ 1024 ʪʦʯʢʠ ʥʘ ʣʽʥʽʶ. ʇʨʠ ʮʴʦʤʫ ʚʝʣʠʯʠʥʘ ʨʘʜʽʫʩʫ ʦʢʨʫʛʣʝʥʥʷ (r) 
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ʩʪʘʥʦʚʠʪʴ ʙʣʠʟʴʢʦ 15-20 ʥʤ;  

- ʫʣʴʪʨʘ ʛʦʩʪʨʽ ʟʦʥʜʠ TESPA-SS (r < 5 ʥʤ). ɺʠʢʦʨʠʩʪʘʥʥʷ ʜʘʥʦʛʦ ʪʠʧʫ 

ʟʦʥʜʽʚ ʜʦʟʚʦʣʷʻ ʟʥʘʯʥʦ ʧʽʜʚʠʱʠʪʠ ʨʦʟʜʽʣʴʥʫ ʟʜʘʪʥʩ̔ʪɹ ʪʘ ʧʨʦʚʝʩʪʠ ʘʥʘʣʽʟ 

ʚʠʙʨʘʥʦʾ ʜʽʣʷʥʢʠ ʥʘ ʧʦʚʝʨʭʥʽ ʪʦʥʢʦʧʣʽʚʢʦʚʦʛʦ ʟʨʘʟʢʘ.  

ɺʘʞʣʠʚʦʶ ʫʤʦʚʦʶ, ʷʢʫ ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʥʘʪʠ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ɸʉʄ 

ʟʦʙʨʘʞʝʥʴ ʚʠʩʦʢʦʾ ʷʢʦʩʪʽ,  ̒ ʚʩʪʘʥʦʚʣʝʥʥʷ ʯʽʪʢʦʛʦ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ 

ʧʦʣʦʞʝʥʥʷ ʧʦʚʝʨʭʥʽ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʟʨʘʟʢʘ ʚʽʜʥʦʩʥʦ ʟʦʥʜʘ. ʊʘʢʦʞ ʫ ʧʨʦʮʝʩʽ 

ʩʢʘʥʫʚʘʥʥʷ ʬʽʢʩʫʶʪʴʩʷ ʧʦʦʜʠʥʦʢʽ ʚʠʧʘʜʢʠ ʟʨʠʚʫ ʛʦʣʢʠ. ʎʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʧʦʷʚʠ ʘʥʦʤʘʣʴʥʠʭ ʚʠʢʠʜʽʚ ʜʘʥʠʭ ʪʘ ʟʙʽʣʴʰʫʻ ʧʦʭʠʙʢʫ ʚʠʤʽʨʶʚʘʥʴ ʽ 

ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʚʘʻ ʥʘ ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʜʦʩʣʽʜʞʝʥʴ. ʋ ʟʚôʷʟʢʫ ʟ ʮʠʤ ʧʨʠ ʦʙʨʦʙʮ ̔

ʦʪʨʠʤʘʥʠʭ ɸʉʄ ʟʦʙʨʘʞʝʥʴ ʟʘʩʪʦʩʦʚʫʚʘʣʦʩʷ ʩʧʝʮʽʘʣʴʥʝ ʧʨʦʛʨʘʤʥʝ 

ʟʘʙʝʟʧʝʯʝʥʥʷ Gwyddion, ʷʢʝ ʟʘʙʝʟʧʝʯʫʻ ʜʝʪʘʣʴʥʠʡ ʘʥʘʣʽʟ ʟʦʙʨʘʞʝʥʴ, 

ʦʪʨʠʤʘʥʠʭ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ɸʉʄ Dimension Edge. ɯʥʪʨʝʨʬʝʡʩ ʧʨʦʛʨʘʤʠ 

ʜʦʟʚʦʣʷʻ ʧʨʦʬʽʣʴʪʨʫʚʘʪʠ ʚʽʜʭʠʣʝʥʥʷ ʧʦʣʦʞʝʥʥʷ ʟʨʘʟʢʽʚ ʚʽʜʥʦʩʥʦ ʟʦʥʜʫ; 

 

 

 

ʈʠʩ. 2.6 ɿʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ ʘʪʦʤʥʦ-ʩʠʣʦʚʦʛʦ ʤʽʢʨʦʩʢʦʧʫ (Bruker, 

Dimension Icon AFM) 
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ʟʨʠʚʠ ʟʦʥʜʫ ʧʨʠ ʨʽʟʢʽʡ ʟʤʽʥʽ ʚʠʩʦʪʠ ʨʝʣʴʻʬʫ ʧʦʚʝʨʭʥʽ; ʘʥʦʤʘʣʴʥʽ ʚʠʢʠʜʠ 

ʩʠʛʥʘʣʫ ʚʽʜ ʜʝʪʝʢʪʦʨʘ; ʟʩʫʚ ʟʦʙʨʘʞʝʥʥʷ ʚʽʜʥʦʩʥʦ ʧʦʯʘʪʢʦʚʦʛʦ ʧʦʣʦʞʝʥʥʷ 

ʪʦʱʦ. 

 

2.2.3 ʄʝʪʦʜ ʝʥʝʨʛʦ-ʜʠʩʧʝʨʩʽʡʥʦʛʦ ʘʥʘʣʽʟʫ (ɽɼɸ) 

 

ʄʝʪʦʜ ʝʥʝʨʛʦ-ʜʠʩʧʝʨʩʽʡʥʦʛʦ ʘʥʘʣʽʟʫ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʟ ʤʝʪʦʶ ʚʠʟʥʘʯʝʥʥʷ 

ʢʦʥʮʝʥʪʨʘʮʽʡʥʦʛʦ ʩʢʣʘʜʫ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʧʣʽʚʢʦʚʠʭ 

ʤʘʪʝʨʽʘʣʽʚ, ʘ ʪʘʢʦʞ ʜʣʷ ʢʦʥʪʨʦʣʶ ʯʠʩʪʦʪʠ ʦʪʨʠʤʘʥʠʭ ʟʨʘʟʢʽʚ. ɼʦʩʣʽʜʞʝʥʥʷ 

ʧʨʦʚʦʜʠʣʠʩʷ ʥʘ ʧʨʠʣʘʜʽ SEO-SEM Inspect S50-B [105] ʪʘ ʧʨʠʩʪʘʚʢʠ 

ʝʥʝʨʛʦʜʠʩʧʝʨʩʽʡʥʦʛʦ ʩʧʝʢʪʨʦʤʝʪʨʫ AZtecOne ʟ ʜʝʪʝʢʪʦʨʦʤ X-MaxN20 ʚʽʜ 

Oxford Instruments [106] ʥʘ ʙʘʟʽ ʮʝʥʪʨʫ ʢʦʣʝʢʪʠʚʥʦʛʦ ʢʦʨʠʩʪʫʚʘʥʥʷ ʚ 

ʉʫʤʩʴʢʦʤʫ ʜʝʨʞʘʚʥʦʤʫ ʫʥʽʚʝʨʩʠʪʝʪʽ. ʄʝʪʦʜʠʢʘ ɽɼɸ ʙʘʟʫʻʪʴʩʷ ʥʘ ʪʦʤʫ, ʱʦ 

ʧʫʯʦʢ ʝʣʝʢʪʨʦʥʽʚ ʧʦʪʨʘʧʣʷʻ ʥʘ ʧʦʚʝʨʭʥʶ ʟʨʘʟʢʘ ʪʘ ʚʟʘʻʤʦʜʽʻ ʟ ʤʘʪʝʨʽʘʣʦʤ, ʫ 

ʥʘʩʣʽʜʦʢ ʯʦʛʦ ʚʠʥʠʢʘʻ, ʚ ʪʦʤʫ ʯʠʩʣʽ, ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʝ ʨʝʥʪʛʝʥʽʚʩʴʢʝ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʷʢʝ ʨʝʻʩʪʨʫʻʪʴʩʷ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʤ ʜʝʪʝʢʪʦʨʦʤ. ʉʠʩʪʝʤʘ 

ʦʙʨʦʙʢʠ ʩʠʛʥʘʣʫ ʧʦʪʽʤ ʨʦʟʜʽʣʷʻ ʨʝʥʪʛʝʥʽʚʩʴʢʽ ʬʦʪʦʥʠ ʧʦ ʝʥʝʨʛʽʷʤ ʽ, ʪʘʢʠʤ 

ʯʠʥʦʤ, ʦʪʨʠʤʫʻʪʴʩʷ ʧʦʚʥʠʡ ʩʧʝʢʪʨ, ʟʘ ʷʢʠʤ ʤʦʞʥʘ ʘʥʘʣʽʟʫʚʘʪʠ ʝʣʝʤʝʥʪʥʠʡ 

ʩʢʣʘʜ ʟʨʘʟʢʫ. ʋ ʧʨʦʮʝʩʽ ʢʽʣʴʢʽʩʥʦʛʦ ʘʥʘʣʽʟʫ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʟʨʘʟʢʽʚ 

ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʧʨʦʮʝʥʪʥʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʧʝʚʥʦʛʦ ʝʣʝʤʝʥʪʫ. ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʟ 

ʚʠʩʦʢʦʶ ʪʦʯʥʽʩʪʶ (ʜʦ 1 ʘʪ.%) ʢʦʥʮʝʥʪʨʘʮʽʾ ʣʝʛʢʠʭ ʝʣʝʤʝʥʪʽʚ ʫ ʘʥʘʣʽʟʘʪʦʨʘʭ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʦʩʪʘʪʥʴʦ ʰʠʨʦʢʦ ʨʦʟʧʦʚʩʶʜʞʝʥ ̔ʤʝʪʦʜʠ, ʘ ʩʘʤʝ ʤʝʪʦʜ 

ZAF-ʢʦʨʨʝʢʮʽʾ ʽ ʤʝʪʦʜ Phi-Rho-Z. ʄʝʪʦʜʠ ʮʠʬʨʦʚʦʾ ʬʽʣʴʪʨʘʮʽ ʾ

ʚʠʢʦʨʠʩʪʦʚʫʪ̒ʴʩʷ ʜʣʷ ʚʠʢʣʶʯʝʥʥʷ ʽʟ ʟʘʛʘʣʴʥʦʛʦ ʩʧʝʢʪʨʫ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʦʛʦ 

ʨʝʥʪʛʝʥʽʚʩʴʢʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʬʦʥʦʛʦ ʩʧʝʢʪʨʫ, ʷʢʠʡ ʻ ʨʝʟʫʣʴʪʘʪʦʤ 

ʚʠʥʠʢʥʝʥʥʷ ʙʝʟʧʝʨʝʨʚʥʦʛʦ ʨʝʥʪʛʝʥʽʚʩʴʢʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. ʂʨʽʤ ʪʦʛʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʥʝʨʛʦʜʠʩʧʝʨʩʽʡʥʦʛʦ ʩʧʝʢʪʨʦʤʝʪʨʫ AZtecOne ʟ ʜʝʪʝʢʪʦʨʦʤ X-

MaxN20 ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ ʢʘʨʪʠ ʨʦʟʧʦʜʽʣʫ ʝʣʝʤʝʥʪʽʚ ʫ ʧʦʚʝʨʭʥʝʚʦʤʫ ʰʘʨʽ 

ʟʨʘʟʢʫ. 
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ʈʠʩ. 2.7 ɿʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ ʨʘʩʪʨʦʚʦʛʦ ʝʣʝʢʪʨʦʥʥʦʛʦ ʤʽʢʨʦʩʢʦʧʫ 

INSPECT S50 (ʘ) ʪʘ ɽɼɸ ʧʨʠʩʪʘʚʢʠ X-Max Oxford Instruments (ʙ) ʪʘ ʪʠʧʦʚʠʡ 

ɽɼɸ ʩʧʝʢʪʨ, ʦʪʨʠʤʘʥʠʡ ʚʽʜ ʧʣʽʚʢʠ ʧʝʨʤʘʣʦʻʚʦʛʦ ʩʧʣʘʚʫ Ni80Fe20 (ʚ) 
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ʋ ʜʘʥʽʡ ʨʦʙʦʪʽ ʜʣʷ ʙʽʣʴʰ ʢʦʨʝʢʪʥʦʛʦ ʧʨʦʚʝʜʝʥʥʷ ʘʥʘʣʽʟʫ 

ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʧʣʽʚʢʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ ʷʢ ʧʽʜʢʣʘʜʢʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ 

ʢʨʝʤʥʽʻʚʽ ʧʣʘʩʪʠʥʠ. ʅʘ ʨʠʩʫʥʢʫ 2.7 ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʟʦʚʥʽʰʥʽʡ ʚʠʛʣʷʜ 

ʨʘʩʪʨʦʚʦʛʦ ʤʽʢʨʦʩʢʦʧʫ ʪʘ ʥʘʚʝʜʝʥʠʡ ʧʨʠʢʣʘʜ ʩʧʝʢʪʨʫ ɽɼɸ, ʱʦ ʙʫʚ ʟʥʷʪʠʡ 

ʚʽʜ ʧʣʽʚʢʠ ʧʝʨʤʘʣʦʻʚʦʛʦ ʩʧʣʘʚʫ Ni80Fe20. 

 

2.3. ʄʝʪʦʜʠʢʘ ʜʦʩʣʽʜʞʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʥʦʾ ʟʘʣʝʞʥʦʩʪʽ ʧʠʪʦʤʦʛʦ 

ʦʧʦʨʫ, ʪʝʨʤʽʯʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʫ ʦʧʦʨʫ  

 

ɼʦʩʣʽʜʞʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʧʠʪʦʤʦʛʦ ʦʧʦʨʫ 

ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʧʣʽʚʢʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ ʧʨʦʚʦʜʠʣʦʩʷ ʫ ʢʘʤʝʨʽ ʚʘʢʫʫʤʥʦʾ 

ʫʩʪʘʥʦʚʢʠ ɺʋʇ-5ʄ (ʪʠʩʢ ʛʘʟʽʚ ʟʘʣʠʰʢʦʚʦʾ ʘʪʤʦʩʬʝʨʠ p @ 10
-4
 ʇʘ). ʇʨʠ ʮʴʦʤʫ 

ʙʫʣʘ ʚʠʢʦʨʠʩʪʘʥʽ ʩʠʩʪʝʤʘ, 3D-ʤʦʨʜʝʣʴ ʷʢʦʾ ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʫ 2.8.  

ɺʦʣʴʬʨʘʤʦʚʘ ʩʧʽʨʘʣʴ ʟ ʜʨʦʪʫ ʪʦʚʱʠʥʦʶ 0,3 ʤʤ ʘʙʦ ʛʘʣʦʛʝʥʥʘ ʣʘʤʧʦʯʢʘ 

ʧʦʪʫʞʥʽʩʪʶ 100 ɺʪ ʙʫʣʠ ʚʠʢʦʨʠʩʪʘʥʽ ʷʢ ʥʘʛʨʽʚʘʯ, ʷʢʠʡ ʨʦʟʤʽʱʫʚʘʚʩʷ ʫ 

ʢʦʨʧʫʩʽ ʟ ʥʝʨʞʘʚʽʶʯʦʾ ʩʪʘʣʽ ʟ ʧʦʜʚʽʡʥʠʤ ʝʢʨʘʥʫʚʘʥʥʷʤ. ʇʨʠ ʚʠʤʽʨʶʚʘʥʥʽ 

 

 

 

ʈʠʩ. 2.8 3D-ʤʦʜʝʣʴ ʩʠʩʪʝʤʠ ʥʘʛʨʽʚʘʯ-ʟʨʘʟʦʢ-ʝʣʝʢʪʠʯʥʽ ʢʦʥʪʘʢʪʠ:  

1 ï ʪʨʠʤʘʯ ʝʣʝʢʪʨʠʯʥʠʭ ʢʦʥʪʘʢʪʽʚ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʦʧʦʨʫ; 2 ï ʝʣʝʢʪʨʠʯʥʽ 

ʢʦʥʪʘʢʪʠ ʪʝʣʝʩʢʦʧʽʯʥʦʛʦ ʪʠʧʫ; 3 ï ʧʽʜʢʣʘʜʢʘ ʟ ʥʘʥʝʩʝʥʠʤ ʥʘ ʥʝʾ ʧʣʽʚʢʦʚʠʤ 

ʟʨʘʟʢʦʤ; 4 ï ʪʝʨʤʦʧʘʨʘ; 5 ï ʢʦʨʧʫʩ ʥʘʛʨʽʚʘʯʘ; 6 ï ʢʦʥʪʘʢʪʠ ʥʘʛʨʽʚʘʯʘ; 7 ï 

ʜʨʦʪʠ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʦʧʦʨʫ; 8 ï ʜʨʦʪʠ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ 
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ʝʣʝʢʪʨʦʬʽʟʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʙʫʣʠ ʟʘʩʪʦʩʦʚʘʥʽ ʝʣʝʢʪʨʠʯʥʽ ʢʦʥʪʘʢʪʠ 

ʪʝʣʝʩʢʦʧʽʯʥʦʛʦ ʪʠʧʫ. ʎʝ ʜʦʟʚʦʣʠʣʦ ʧʨʦʚʝʩʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚʽʜ 

ʧʣʽʚʢʦʚʦʛʦ ʟʨʘʟʢʘ ʪʘ ʥʝ ʥʘʥʦʩʠʪʠ ʜʦʜʘʪʢʦʚʦ ʥʘ ʧʦʚʝʨʭʥʶ ʧʽʜʢʣʘʜʢʠ ʢʦʥʪʘʢʪʥʽ 

ʤʘʡʜʘʥʯʠʢʠ. ʎʝ ʦʢʨʽʤ ʪʦʛʦ, ʱʦ ʜʦʟʚʦʣʠʣʦ ʟʤʝʥʰʠʪʠ ʪʝʧʣʦʚʽ ʚʪʨʘʪʠ, ʷʢʽ 

ʚʠʥʠʢʘʶʪʴ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʛʨʦʤʽʟʜʢʠʭ ʢʦʥʪʘʢʪʽʚ ʧʨʠʞʠʤʥʦʛʦ ʪʠʧʫ, ʘ ʪʘʢʦʞ 

ʩʢʦʨʦʪʠʪʠ ʟʘʪʨʘʪʠ ʨʝʩʫʨʩʽʚ, ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʯʘʩʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ. ɭʜʠʥʘ ʚʠʤʦʛʘ, ʷʢʘ ʚʠʩʫʚʘʣʘʩʷ ʜʦ ʟʨʘʟʢʽʚ ʧʨʠ ʚʠʢʨʦʩʪʘʥʥʽ 

ʢʦʥʪʘʢʪʽʚ ʪʝʣʝʩʢʦʧʽʯʥʦʛʦ ʪʠʧʫ ʧʦʣʛ̫ʘʣʘ ʫ ʯʽʪʢʦʤʫ ʜʦʪʨʠʤʘʥʥʽ ʾʭ 

ʛʝʦʤʝʪʨʠʯʥʠʭ ʨʦʟʤʽʨʽʚ. ɼʘʥʘ ʚʠʤʦʛʘ ʙʫʣʘ ʚʠʢʦʥʘʥʘ ʰʣʷʭʦʤ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʤʘʩʦʢ ʟ ʛʝʦʤʝʪʨʠʯʥʠʤʠ ʨʦʟʤʽʨʘʤʠ 1Ĭ10 ʤʤ, ʚʠʛʦʪʦʚʣʝʥʠʭ ʽʟ ʥʝʨʞʘʚʽʶʯʦʾ 

ʩʪʘʣʽ ʟ ʚʠʩʦʢʦʶ ʪʦʯʥʽʩʪʶ. 

ʊʝʨʤʦʦʙʨʦʙʢʘ ʧʣʽʚʢʦʚʠʭ ʩʚʽʞʦʩʢʦʥʜʝʥʩʦʚʘʥʠʭ ʟʨʘʟʢʽʚ ʟʜʽʡʩʥʶʚʘʣʘʩʷ, 

ʷʢ ʧʨʘʚʠʣʦ, ʧʨʦʪʷʛʦʤ ʜʚʦʭ ʮʠʢʣʽʚ çʥʘʛʨʽʚʘʥʥʷźʦʭʦʣʦʜʞʝʥʥʷè ʫ 

ʪʝʤʧʝʨʘʪʫʨʥʦʤʫ ʽʥʪʝʨʚʘʣʽ, ʷʢʠʡ ʚʠʟʥʘʯʘʚʩʷ ʪʝʤʧʝʨʘʪʫʨʦʶ ʟʘʣʽʢʦʚʫʚʘʥʥʷ 

ʜʝʬʝʢʪʽʚ ʫ ʧʣʽʚʢʦʚʤʫ ʟʨʘʟʢʫ. ɺʠʭʦʜʷʯʠ ʟ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ, ʙʫʣʠ 

ʧʦʙʫʜʦʚʘʥʽ ʪʝʤʧʝʨʘʪʫʨʥʽ ʟʘʣʝʞʥʦʩʪʽ ʧʠʪʦʤʦʛʦ ʦʧʦʨʫ ɟ(ʊ). ɺʝʣʠʯʠʥʘ 

ʪʝʨʤʽʯʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʫ ʦʧʦʨʫ ʨʦʟʨʘʭʦʚʫʚʘʣʘʩʷ ʚʠʭʦʜʷʯʠ ʟ ʜʘʥʠʭ ʜʣʷ ʜʨʫʛʦʛʦ 

ʮʠʢʣʫ ʦʭʦʣʦʜʞʝʥʥʷ ʟʘ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ ɓ = (1/R(300)(ȹR/ȹʊ), ʜʝ R(300) ï 

ʧʦʯʘʪʢʦʚʝ ʟʥʘʯʝʥʥʷ ʦʧʦʨʫ, ȹʊ = 5 ʂ. ʂʦʥʪʨʦʣʴ ʰʚʠʜʢʦʩʪʽ ʥʘʛʨʽʚʘʥʥʷ ʟʨʘʟʢʽʚ, 

ʟʘʧʠʩ ʪʘ ʦʙʨʦʙʢʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ (ʦʧʽʨ ʪʘ ʪʝʤʧʝʨʘʪʫʨʘ) 

ʟʜʽʡʩʥʶʚʘʣʠʩʷ ʫ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʤʫ ʨʝʞʠʤʽ, ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʷʢʦʛʦ ʙʫʚ 

ʨʦʟʨʦʙʣʝʥʠʡ ʧʨʦʛʨʘʤʥʦ-ʘʧʘʨʘʪʥʠʡ ʢʦʤʧʣʝʢʩ. ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʪʝʨʤʦʨʝʟʠʩʪʠʚʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʧʣʽʚʢʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʫ 2.9ʘ. 

ʇʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ ʢʝʨʫʚʘʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤ 

ʦʙʣʘʜʥʘʥʥʷʤ ʫ ʧʨʦʮʝʩʽ ʟʜʽʡʩʥʝʥʥʷ ʪʝʨʤʦʦʙʨʦʙʢʠ ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ ʫ 

ʩʝʨʝʜʦʚʠʱʽ ʛʨʘʬʽʯʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ LabVIEW. ʇʨʦʛʨʘʤʘ ʧʦʙʫʜʦʚʘʥʘ ʫ 

ʩʪʠʣʽ ʙʘʛʘʪʦʚʽʢʦʥʥʦʛʦ ʽʥʪʝʨʬʝʡʩʫ. ʅʘ ʨʠʩʫʥʢʫ 2.9ʙ ʧʨʝʜʩʪʘʚʣʝʥʝ ʛʦʣʦʚʥʝ 

ʚʽʢʥʦ ʧʨʦʛʨʘʤʠ. ʅʘ ʚʢʣʘʜʠʥʢʘʭ ʛʦʣʦʚʥʦʛʦ ʚʽʢʥʘ ʧʨʦʛʨʘʤʠ ʨʦʟʪʘʰʦʚʘʥʽ 

ʝʣʝʤʝʥʪʠ ʢʝʨʫʚʘʥʥʷ (ʚʦʥʠ ʟʘʜʘʶʪʴ ʧʘʨʘʤʝʪʨʠ ʪʝʨʤʦʦʙʨʦʙʢʠ, ʟʯʠʪʫʚʘʥʥʷ  
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ʈʠʩ. 2.9 ɿʦʚʥʽʰʥʽʡ ʚʠʛʣʷʜ ʛʦʣʦʚʥʦʛʦ ʚʽʢʥʘ ʧʨʦʛʨʘʤʠ ʜʣʷ ʘʚʪʦʤʘʪʠʯʥʦʛʦ 

ʚʽʜʧʘʣʶʚʘʥʥʷ ʟʨʘʟʢʽʚ ʟʘ ʩʭʝʤʦʶ çʥʘʛʨʽʚ - ʦʭʦʣʦʜʞʝʥʥʷè (ʘ) ʪʘ ʩʪʨʫʢʪʫʨʥʘ 

ʩʭʝʤʘ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʪʝʨʤʦʨʝʟʠʩʪʠʚʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʣʽʚʢʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ (ʙ) 

 

ʽʥʬʦʨʤʘʮʽʾ ʪʘ ʨʦʙʦʪʠ ʧʨʦʛʨʘʤʥʦ-ʘʧʘʨʘʪʥʦʛʦ ʢʦʤʧʣʝʢʩʫ) ʪʘ ʜʝʷʢʽ ʟ ʝʣʝʤʝʥʪʽʚ 

ʚʠʚʦʜʫ ʽʥʬʦʨʤʘʮʽʾ. ʂʝʨʫʚʘʥʥʷ ʜʞʝʨʝʣʦʤ ʩʪʨʫʤʫ ʥʘʛʨʽʚʘʯʘ ʟʜʽʡʩʥʶʚʘʣʦʩʷ ʟ 

ʇʂ ʯʝʨʝʟ ʨʝʣʝʡʥʠʡ ʤʦʜʫʣʴ ADAM-4068, ʢʦʥʪʨʦʣʴ ʪʝʤʧʝʨʘʪʫʨʠ - ʪʝʨʤʦʧʘʨʘ 

j-ʪʠʧʫ, ʧʽʜʢʣʶʯʝʥʦʾ ʜʦ ʇʂ, ʯʝʨʝʟ ɸʎʇ ADAM-4118. 

ɺʠʤʽʨʶʚʘʥʥʷ ʝʣʝʢʪʨʠʯʥʦʛʦ ʦʧʦʨʫ ʧʨʦʚʦʜʠʣʦʩʴ ʟʘ ʯʦʪʠʨʴʦʭʪʦʯʢʦʚʦʶ 

ʩʭʝʤʦʶ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 8 ʢʘʥʘʣʴʥʠʭ 16 ʙʽʪʥʠʭ ʩʠʛʤʘ-ʜʝʣʴʪʘ ɸʎʇ ADAM-

4018 ʽ ADAM-4118 [107, 108]. ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʚʝʣʠʯʠʥʠ ʦʧʦʨʫ ʢʦʞʥʦʛʦ 

ʟʨʘʟʢʘ ʙʫʣʦ ʩʢʦʥʩʪʨʫʡʦʚʘʥʦ ʦʢʨʝʤʠʡ ʚʠʤʽʨʶʚʘʣʴʥʠʡ ʢʦʥʪʫʨ ʥʘ ʦʩʥʦʚʽ 

ʧʦʩʪʽʡʥʠʭ ʨʝʟʠʩʪʦʨʽʚ ʚʠʩʦʢʦʛʦ ʢʣʘʩʫ ʪʦʯʥʦʩʪʽ. 
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2.4 ʄʝʪʦʜʠʢʘ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ ʤʘʛʥʽʪʦʨʝʟʠʩʪʠʚʥʠʭ ʪʘ 

ʤʘʛʥʽʪʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

 

ʋ ʧʝʨʰʫ ʯʝʨʛʫ ʩʣʽʜ ʟʘʥʘʯʠʪʠ, ʱʦ ʧʨʠ ʜʦʩʣʽʜʞʝʥʥʽ ʤʘʛʥʽʪʦʨʝʟʠʩʪʠʚʥʠʭ 

ʪʘ ʤʘʛʥʽʪʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʧʣʽʚʢʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ ʙʫʣʠ ʜʚʘ 

ʪʠʧʠ ʧʽʜʢʣʘʜʦʢ: ʧʣʘʩʪʠʥʠ ʧʦʣʽʢʨʠʩʪʘʣʽʯʥʦʛʦ ʩʠʪʘʣʫ ʟ ʛʝʦʤʝʪʨʠʯʥʠʤʠ 

ʨʦʟʤʽʨʘʤʠ 10Ĭ10 ʤʤ ʪʘ ʧʣʘʩʪʠʥʠ ʤʦʥʦʢʨʠʩʪʘʣʽʯʥʦʛʦ ʢʨʝʤʥʽʶ ʧʦʢʨʠʪʽ 

ʟʘʭʠʩʥʠʤ ʰʘʨʦʤ ʥʽʪʨʠʜʫ ʢʨʝʤʥʽʶ. 

ɿ ʤʝʪʦʶ ʚʠʚʯʥʥʷ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʝʬʝʢʪʽʚ ʫ ʤʘʛʥʽʪʦʨʝʟʠʩʪʠʚʥʠʭ ʽ 

ʤʘʛʥʽʪʥʠʭ ʚʣʘʩʪʠʚʦʩʪʷʭ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʧʣʽʚʢʦʚʠʭ ʤʘʪʝʨʽʘʣʘʭ, ʚʩʽ ʜʦʩʣʽʜʞʫʚʘʥʽ 

ʟʨʘʟʢʠ ʧʨʦʭʦʜʠʣʠ ʪʝʨʤʦʦʙʨʦʙʢʫ ʟʘ ʩʭʝʤʦʶ çʥʘʛʨʽʚʘʥʥʷ Ÿ ʚʠʪʨʠʤʢʘ ʟʘ 

ʟʘʜʘʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʧʨʦʪʷʛʦʤ 20 ʭʚ. Ÿ ʦʭʦʣʦʜʞʝʥʥʷ ʜʦ ʢʽʤʥʘʪʥʦʾ 

ʪʝʤʧʝʨʘʪʫʨʠè. ʇʨʦʮʝʩ ʪʝʨʤʦʦʙʨʦʙʢʠ ʟʨʘʟʢʽʚ ʟʜʽʡʩʥʶʚʘʚʩʷ ʰʣʷʭʦʤ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʽʻʾ ʞ ʩʠʩʪʝʤʠ, ʱʦ ʙʫʣʘ ʚʠʢʦʨʠʩʪʘʥʘ ʜʣʷ ʚʠʚʯʝʥʥʷ 

ʪʝʨʤʦʨʝʟʠʩʪʠʚʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʤʽʜʥʦʛʦ ʩʪʦʣʠʢʫ ʜʦʟʚʦʣʠʣʦ 

ʨʝʘʣʽʟʫʚʘʪʠ ʨʽʚʥʦʤʽʨʥʠʡ ʧʨʦʛʨʽʚ ʧʣʚ̔ʢʠ ʧʣʦʱʘ ʷʢʦʾ ʩʪʘʥʦʚʠʪʴ 20 ʩʤ
2
. 

ʈʽʚʥʦʤʽʨʥʠʡ ʧʨʦʛʨʽʚ ʩʪʦʣʠʢʫ ʪʘ ʟʨʘʟʢʽʚ ʟʘʙʝʟʧʝʯʫʚʘʚʩʷ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʝʢʨʘʥʽʚ ʪʘ ʤʽʥʽʤʘʣʴʥʠʤ ʢʦʥʪʘʢʪʦʤ ʜʘʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʟʽ ʩʪʽʥʢʘʤʠ ʚʘʢʫʫʤʥʦʾ 

ʢʘʤʝʨʠ. ʂʦʥʪʘʢʪ ʪʝʨʤʦʧʘʨʠ ʧʨʠ ʮʴʦʤʫ ʬʽʢʩʫʚʘʚʩʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʥʘ 

ʩʠʪʘʣʦʚʽʡ ʧʣʘʩʪʠʥʽ ʪʘʢʦʛʦ ʞ ʨʦʟʤʽʨʫ, ʷʢ ʽ ʪʽ, ʥʘ ʷʢʽ ʙʫʣʦ ʩʢʦʥʜʝʥʩʦʚʘʥʦ 

ʜʦʩʣʽʜʞʫʚʘʥʽ ʧʣʽʚʢʦʚʽ ʩʠʩʪʝʤʠ. ʂʨ̔ʤ ʪʦʛʦ ʩʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʛʝʦʤʝʪʨʠʯʥʽ 

ʨʦʟʤʽʨʠ ʧʦʚʝʨʭʥʽ ʩʪʦʣʠʢʘ ʜʦʟʚʦʣʷʶʪʴ ʨʦʟʤʽʱʫʚʘʪʠ ʥʘ ʥʴʦʤʫ ʦʜʥʦʯʘʩʥʦ ʜʦ 10 

ʟʨʘʟʢʽʚ. ʊʦʙʪʦ ʪʝʨʤʦʦʙʨʦʙʢʘ ʟʨʘʟʢʽʚ ʦʜʥʽʻʾ ʩʝʨʽʾ (ʾʭ ʟʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ 

ʩʪʘʥʦʚʠʣʘ ʷʢ ʧʨʘʚʠʣʦ 8 ʰʪʫʢ) ʙʫʣʘ ʨʝʘʣʽʟʦʚʘʥʘ ʟʘ ʽʜʝʥʪʠʯʥʠʭ ʚʘʢʫʫʤʥʠʭ ʽ 

ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʫʤʦʚ. ʊʝʤʧʝʨʘʪʫʨʘ ʚʽʜʧʘʣʶʚʘʥʥʷ ʊʚ ʟʨʘʟʢʽʚ ʚʘʨʽʶʚʘʣʘʩʷ ʚ 

ʤʝʞʘʭ ʚʽʜ 400 ʜʦ 800 ʂ, ʱʦ ʜʦʟʚʦʣʠʣʦ ʜʝʪʘʣʴʥʦ ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʚʧʣʠʚ 

ʪʝʤʧʝʨʘʪʫʥʦʛʦ ʝʬʝʢʪʫ ʥʘ ʤʘʛʥʽʪʦʨʝʟʠʩʪʠʚʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʥʘʥʦʨʦʟʤʽʨʥʠʭ 

ʧʣʽʚʢʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʱʦ ʜʦʩʣʽʜʞʫʚʘʣʠʩʷ ʫ ʜʘʥʽʡ ʨʦʙʦʪʽ. 
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2.4.1. ʄʘʛʥʽʪʦʨʝʟʠʩʪʠʚʥʠʡ ʝʬʝʢʪ 

 

ɼʦʩʣʽʜʞʝʥʥʷ ʤʘʛʥʽʪʦʨʝʟʠʩʪʠʚʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʩʚʽʞʝʩʢʦʥʜʝʥʩʦʚʘʥʠʭ 

ʪʝʨʤʦʦʙʨʦʙʣʝʥʠʭ ʟʘ ʨʽʟʥʠʭ ʪʝʤʧʝʨʘʪʫʨ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʧʣʽʚʢʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ 

ʚʠʢʦʥʫʚʘʣʦʩʷ ʟʘ ʢʽʤʥʘʪʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʊ @300 ʂ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʯʦʪʠʨʠʪʦʯʢʦʚʦʾ ʩʭʝʤʠ ʚʠʤʽʨʶʚʘʥʥʷ ʝʣʝʢʪʨʠʯʥʦʛʦ ʦʧʦʨʫ ʚ ʟʤʽʥʥʦʤʫ 

ʤʘʛʥʽʪʥʦʤʫ ʧʦʣʽ. ʄʘʛʥʽʪʥʝ ʧʦʣʝ ʟʘʙʝʟʧʝʯʫʚʘʣʦʩʷ ʝʣʝʢʪʨʦʤʘʛʥʽʪʘʤʠ, ʘ 

ʤʘʢʩʠʤʘʣʴʥʘ ʚʝʣʠʯʠʥʘ ʤʘʛʥʽʪʥʦʾ ʽʥʜʫʢʮʽʾ ɺ ʩʢʣʘʜʘʣʘ 600 ʤʊʣ. 

ɼʦʩʣʽʜʞʫʚʘʥʠʡ ʟʨʘʟʦʢ ʟʘʢʨʽʧʣʶʚʘʚʩʷ ʥʘ ʧʽʜʢʣʘʜʢʦʪʨʠʤʘʯʽ, ʷʢʠʡ 

ʨʦʟʪʘʰʦʚʫʚʘʚʩʷ ʤʽʞ ʩʝʨʜʝʯʥʠʢʘʤʠ ʤʘʛʥʽʪʫ ʪʘ ʤʘʚ ʤʦʞʣʠʚʽʩʪʴ ʦʙʝʨʪʘʪʠʩʷ, 

ʟʤʽʥʶʶʯʠ ʢʫʪ ʤʽʞ ʧʣʦʱʠʥʦʶ ʟʨʘʟʢʘ ʪʘ ʥʘʧʨʷʤʢʦʤ ʣʽʥʽʡ ʤʘʛʥʽʪʥʦʾ ʽʥʜʫʢʮʽʾ 

(ʨʠʩ. 2.10). ʎʝ ʥʘ ʨʷʜʫ ʟ ʚʟʘʻʤʦʧʝʨʧʝʥʜʠʢʫʣʷʨʥʠʤ ʨʦʟʪʘʰʫʚʘʥʥʷʤ ʢʦʥʪʘʢʪʽʚ, 

ʯʝʨʝʟ ʷʢʽ ʧʦʜʘʚʘʚʩʷ ʩʪʨʫʤ (I = 1 mA) ʪʘ ʚʠʤʽʨʶʚʘʣʘʩʴ ʥʘʧʨʫʛʘ, ʜʘʣʦ 

ʤʦʞʣʠʚʽʩʪʶ ʧʨʦʚʦʜʠʪʠ ʚʠʤʽʨʶʚʘʥʥʷ ʚ ʪʨʴʦʭ ʛʝʦʤʝʪʨʽʷʭ (ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʽʡ, 

ʧʦʟʜʦʚʞʥʽʡ ʪʘ ʧʦʧʝʨʝʯʥʽʡ).  

 

 ʘ ʙ 

ʈʠʩ. 2.10 ʉʭʝʤʘʪʠʯʥʝ ʧʽʜʢʣʶʯʝʥʥʷ ʢʦʥʪʘʢʪʽʚ ʪʘ ʨʦʟʪʘʰʫʚʘʥʥʷ ʟʨʘʟʢʘ ʧʦ 

ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʧʦʣʶʩʽʚ ʤʘʛʥʽʪʫ ʧʨʠ ʚʠʤʽʨʶʚʘʥʥʽ ʤʘʛʥʽʪʦʦʧʦʨʫ ʫ ʧʦʟʜʦʚʞʥʽʡ ʽ 

ʧʦʧʝʨʝʯʥʽʡ (ʘ) ʪʘ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʽʡ (ʙ) ʛʝʦʤʝʪʨʽʷʭ ʚʠʤʽʨʶʚʘʥʥʷ: 1, 2 ï ʧʨʠʪʠʩʢʥʽ 

ʢʦʥʪʘʢʪʠ; 3 ï ʧʽʜʢʣʘʜʢʘ ʟ ʧʨʠʪʠʩʢʥʠʤʠ ʢʦʥʪʘʢʪʘʤʠ; 4 ï ʚʠʚʦʜʠ ʜʣʷ ʧʽʜʢʣʶʯʝʥʥʷ 

ʦʤʤʝʪʨʘ; 5 ï ʜʦʩʣʽʜʞʫʚʘʥʠʡ ʟʨʘʟʦʢ; 6, 7 ï ʝʣʝʢʪʨʦʤʘʛʥʽʪʠ; 8 ï ʧʽʜʢʣʘʜʢʦʪʨʠʤʘʯ 
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ʈʠʩ. 2.11 ɸʚʪʦʤʘʪʠʟʦʚʘʥʠʡ ʢʦʤʧʣʝʢʩ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʤʘʛʥʽʪʦʨʝʟʠʩʪʠʚʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ (ʘ): 1 ï ʝʣʝʢʪʨʦʤʘʛʥʽʪʠ; 2 ï ʙʣʦʢ ʞʠʚʣʝʥʥʷ Korad ʂɸ3005ʈ; 3 ï 

ʤʫʣʴʪʠʤʝʪʨ Keithley 2000D; 4 ï ʙʣʦʢ ʨʝʣʝ-ʧʝʨʝʤʠʢʘʯʽʚ; 5 ï ʧʨʦʛʨʘʤʥʝ ʩʝʨʝʜʦʚʠʱʝ 

LabVIEW; 6 ï ʤʦʜʫʣʴ ʧʦʚʦʨʦʪʫ ʟʨʘʟʢʘ; ʧʨʠʢʣʘʜ ʟʘʣʝʞʥʦʩʪʝʡ ʄʆ(ɺ) (ʙ) 

 

 

ʈʠʩ. 2.12 ʋʩʪʘʥʦʚʢʘ Quantum Design ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ 

ʤʘʛʥʽʪʦʨʝʟʠʩʪʠʚʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʨʠ ʦʭʦʣʦʜʞʝʥʽ ʟʨʘʟʢʽʚ ʚʽʜ 300 ʜʦ 10 K (ʘ), 

ʟʨʘʟʢʦʢ ʥʘ ʧʽʜʢʣʘʜʮʽ ʟ ʥʘʥʝʩʝʥʠʤʠ ʢʦʥʪʘʢʪʥʠʤ ʩʪʨʽʯʢʘ (ʙ) ʪʘ ʧʨʠʢʣʘʜ 

ʟʘʣʝʞʥʦʩʪʝʡ ʄʆ(ɺ) (ʚ) 
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ɺʠʤʽʨʶʚʘʥʥʷ ʧʨʦʚʦʜʠʣʠʩʷ ʚ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʤʫ ʨʝʞʠʤʽ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʧʝʮʽʘʣʴʥʦ ʨʦʟʨʦʙʣʝʥʦʾ ʧʨʦʛʨʘʤʠ ʪʘ ʘʧʘʨʘʪʥʦʾ ʯʘʩʪʠʥʠ. 

ɸʚʪʦʤʘʪʠʟʦʚʘʥʠʡ ʢʦʤʧʣʝʢʩ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʝʣʝʢʪʨʦʤʘʛʥʽʪʫ, ʫʥʽʧʦʣʷʨʥʦʛʦ 

ʙʣʦʢʘ ʞʠʚʣʝʥʥʷ ʝʣʝʢʪʨʦʤʘʛʥʽʪʫ Philips PM 2811, ʤʫʣʴʪʠʤʝʪʨʘ ʜʣʷ 

ʚʠʤʽʨʶʚʘʥʥʷ ʦʧʦʨʫ Keithley 2000 Digital, 12-ʪʠ ʙʽʪʥʦʛʦ ɸʎʇ-ʎɸʇ NI USB 

6008, ʩʠʩʪʝʤʠ ʨʝʣʝ ʜʣʷ ʟʤʽʥʠ ʧʦʣʷʨʥʦʩʪʽ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʪʘ ʤʦʜʫʣʷ ʧʦʚʦʨʦʪʫ 

ʟʨʘʟʢʘ. ɹʽʣʴʰ ʜʝʪʘʣʴʥʠʡ ʦʧʠʩ ʧʨʠʥʮʠʧʫ ʨʦʙʦʪʠ ʪʘ ʧʨʦʮʝʜʫʨʠ ʚʠʤʽʨʶʚʘʥʴ 

ʥʘʚʝʜʝʥʦ ʫ ʨʦʙʦʪʽ [109]. 

ʈʦʟʨʘʭʫʥʢʠ ʚʝʣʠʯʠʥʠ ʤʘʛʥʽʪʦʦʧʦʨʫ ʧʨʦʚʦʜʠʣʠʩʷ ʟʘ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ: 

 

 ʄʆ = 
( ) (0)

(0) (0)

R R B R

R R

D -
= , (2.4) 

 

ʜʝ R(B) ï ʦʧʽʨ ʧʣʽʚʢʠ ʧʨʠ ʟʘʜʘʥʦʤʫ ʧʦʣʽ; R(0) ï ʦʧʽʨ ʧʣʽʚʢʠ ʟʘ 

ʚʽʜʩʫʪʥʦʩʪʽ ʟʦʚʥʽʰʥʴʦʛʦ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ.  

 

2.4.2 ʄʘʛʥʽʪʥʽ ʚʣʘʩʪʠʚʦʩʪʽ 

 

ɿʥʘʯʥʘ ʫʚʘʛʘ ʜʦ ʜʦʩʣʽʜʞʝʥʴ ʤʘʛʥʽʪʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʥʘʥʦʨʦʟʤʽʨʥʠʭ 

ʧʣʽʚʢʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ ʧʦʚ'ʷʟʘʥʘ ʟ ʾʭ ʧʨʘʢʪʠʯʥʠʤ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʫ ʧʨʠʣʘʜʘʭ 

ʩʧʽʥʪʨʦʥʽʢʠ. ʉʢʣʘʜʥʽʩʪʴ ʫ ʜʦʩʣʽʜʞʝʥʴ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʟʨʘʟʢʽʚ ʧʦʚôʷʟʘʥʘ ʫ 

ʧʝʨʰʫ ʯʝʨʛʫ ʟʽ ʟʜʘʪʥʽʩʪʶ ʧʨʠʣʘʜʽʚ ʚʠʤʽʨʶʚʘʪʠ ʤʘʣʽ ʟʥʘʯʝʥʥʷ ʥʘʤʘʛʥʽʯʝʥʦʩʪʽ 

ʟ ʚʠʩʦʢʦʶ ʪʦʯʥʽʩʪʶ. ʉʝʨʝʜ ʥʘʡʧʦʰʠʨʝʥʽʰʠʭ ʤʝʪʦʜʽʚ ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ ʤʝʪʦʜʠ 

ʚʽʙʨʘʮʽʡʥʦ ʾ ʤʘʛʥʽʪʦʤʝʪʨʽʾ (VSM) (ʨʠʩ. 2.13ʘ), ʤʘʛʥʽʪʦʤʝʪʨʽʾ ʛʨʘʜʽʻʥʪʫ 

ʟʤʽʥʥʦʛʦ ʧʦʣʷ (AGFM) ʪʘ ʤʘʛʥʽʪʦʤʝʪʨʽʾ ʥʘ ʦʩʥʦʚʽ SQUID-ʪʝʭʥʦʣʦʛʽʾ (MPMS 

Quantum Design) (ʨʠʩ. 2.14ʘ).  

ʄʝʪʦʜʠʢʘ ʚʽʙʨʘʮʽʡʥʦʾ ʤʘʛʥʽʪʦʤʝʪʨʽʾ ʙʘʟʫʻʪʴʩʷ ʥʘ ʽʥʜʫʢʮʽʡʥʦʤʫ ʤʝʪʦʜ ̔

ʚʠʤʽʨʶʚʘʥʥʷ ʤʘʛʥʽʪʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʘʛʥʽʪʠʭ ʤʘʪʝʨʽʘʣʽʚ. ɯʥʬʦʨʤʘʮʽʶ ʧʨʦ 

ʤʘʛʥʽʪʥʽ ʧʘʨʘʤʝʪʨʠ (ʥʘʤʘʛʥʽʯʝʥʽʩʪʴ ʥʘʩʠʯʝʥʥʷ, ʟʘʣʠʰʢʦʚʘ ʥʘʤʘʛʥʽʯʝʥʽʩʪʴ 

ʢʦʝʨʮʠʪʠʚʥʘ ʩʠʣʘ,) ʦʪʨʠʤʫʻʪʴʩʷ ʟ ʧʝʪʝʣʴ ʤʘʛʥʽʪʥʦʛʦ ʛʽʩʪʝʨʝʟʠʩʫ. ʋ ʜʘʥʦʤʫ 
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ʚʠʧʘʜʢʫ ʜʦʩʣʽʜʞʫʚʘʥʠʡ ʟʨʘʟʦʢ ʨʦʟʤʽʱʫʻʪʴʩʷ ʫ ʩʝʨʝʜʠʥʫ ʩʠʩʪʝʤʠ, ʱʦ 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʯʦʪʠʨʴʦʭ ʥʝʨʫʭʦʤʠʭ ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʢʦʪʫʰʦʢ ʫ ʢʦʣʠʚʘʣʴʥʠʡ 

ʨʫʭ ʟʘ ʜʦʧʦʤʦʛʦʶ ʝʣʝʢʪʨʦʜʠʥʘʤʽʯʥʦʛʦ ʚʽʙʨʘʪʦʨʘ ʟ ʯʘʩʪʦʪʦʶ ʢʦʣʠʚʘʥʴ 100-

1000 ɻʮ ʪʘ ʘʤʧʣʽʪʫʜʦʶ ʜʦ 1 ʤʤ. ʆʩʦʙʣʠʚʽʩʪʴ ʢʦʥʩʪʨʫʢʮʽʾ ̒ ʪʘʢʘ, ʱʦ ʢʦʞʥʘ ʟ 

ʢʦʪʫʰʦʢ ʨʦʟʪʘʰʦʚʫʶʪʴʩʷ ʥʘ ʧʦʣʶʩʘʭ ʝʣʝʢʪʨʦʤʘʛʥʽʪʫ, ʱʦ ʚʣʘʩʥʝ ʽ ʻ 

ʜʞʝʨʝʣʦʤ ʟʦʚʥʽʰʥʴʦʛʦ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ. ʇʨʠ ʮʴʦʤʫ ʥʘ ʢʦʞʥʦʤʫ ʧʦʣʶʩʽ ʧʘʨʠ 

ʢʦʪʫʰʦʢ ʟôʻʜʥʘʥʽ çʟʫʩʪʨʽʯʥʦè, ʘ ʧʘʨʠ ʤʽʞ ʩʦʙʦʶ ï çʧʦʩʣʽʜʦʚʥʦè. ɿʨʘʟʦʢ 

ʨʦʟʪʘʰʦʚʫʻʪʴʩʷ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ ʚʽʩʴ ʢʦʣʠʚʘʥʴ ʙʫʣʘ ʩʧʨʷʤʦʚʘʥʘ ʧʘʨʘʣʝʣʴʥʦ 

ʧʣʦʱʠʥʽ ʢʦʪʫʰʦʢ, ʘ ʤʘʛʥʽʪʥʠʡ ʤʦʤʝʥʪ ʟʨʘʟʢʘ, ʽʥʜʫʢʦʚʘʥʠʡ ʤʘʛʥʽʪʥʠʤ ʧʦʣʝʤ, 

ʦʨʽʻʥʪʦʚʘʥʠʡ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʾʭ ʧʣʦʱʠʥʽ. ɿʨʘʟʦʢ ʧʨʠʚʦʜʠʪʴʩʷ ʫ  
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ʈʠʩ. 2.13 ɿʦʚʥʽʰʥʽʡ ʚʠʛʣʷʜ ʚʽʙʨʘʮʽʡʥʦʛʦ ʤʘʛʥʽʪʦʤʝʪʨʘ VSM-7312 (ʘ) ʪʘ 

ʧʨʠʢʣʘʜ ʧʦʣʴʦʚʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʥʦʨʤʦʚʘʥʦʾ ʥʘʤʘʛʥʽʯʝʥʩʦʪʽ ʚʠʤʽʨʷʥʠʭ ʫ 

ʛʝʦʤʝʪʨʽʾ ñin-planeò ʜʣʷ ʩʚʽʞʦʩʢʦʥʜʝʥʩʦʚʘʥʠʭ (300 K) ʪʘ ʚʽʜʧʘʣʝʥʠʭ ʟʘ 

ʪʝʤʧʝʨʘʪʫʨ 500, 700 ʪʘ 900 K ʧʣʽʚʢʦʚʦʾ ʥʘʥʦʩʪʨʫʢʪʫʨʠ (Py+Ag)/ʇ ʟʘ ʟʘʛʘʣʴʥʦʾ 

ʪʦʚʱʠʥʠ d = 55 ʥʤ ʪʘ ʢʦʥʮʝʥʪʨʘʮʽʾ cAg = 60 aʪ.%  
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ʢʦʣʠʚʘʣʴʥʠʡ ʩʪʘʥ. ʈʫʭ ʟʨʘʟʢʘ ʚʛʦʨʫ ʩʧʨʠʯʠʥʷʻ ʟʨʦʩʪʘʥʥʷ ʤʘʛʥʽʪʥʦʛʦ ʧʦʪʦʢʫ ʫ 

ʚʝʨʭʥʽʭ ʢʦʪʫʰʢʘʭ ʪʘ ʚʽʜʧʦʚʽʜʥʝ ʟʤʝʥʰʝʥʥʷ ʚ ʥʠʞʥʽʭ. ʇʨʠ ʮʴʦʤʫ 

ʝʣʝʢʪʨʦʨʫʰʽʡʥʽ ʩʠʣʠ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʫ ʚʝʨʭʥʽʭ ʽ ʥʠʞʥʽʭ ʢʦʪʫʰʢʘʭ, ʙʫʪʴ ʤʘʪʠ 

ʨʽʟʥʽ ʟʥʘʢʠ. ʆʜʥʘʢ, ʚʥʘʩʣʽʜʦʢ ʟʫʩʪʨʽʯʥʦʛʦ ʟôʻʜʥʘʥʥʷ ʢʦʪʫʰʦʢ ɽʈʉ ʙʫʜʫʪʴ 

ʜʦʜʘʚʘʪʠʩʷ. ɸʥʘʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʠ ʨʫʩʽ ʟʨʘʟʢʘ ʚʥʠʟ. ɿʘ 

ʨʘʭʫʥʦʢ ʟʤʽʥʠ ʦʜʥʦʨʽʜʥʦʛʦ ʧʦʣʷ ʝʣʝʢʪʨʦʤʘʛʥʽʪʫ ʚ ʢʦʪʫʰʢʘʭ ʚʠʥʠʢʘʶʪʴ 

ʚʟʘʻʤʥʦʢʦʤʧʝʥʩʫʶʯʽ ʩʠʛʥʘʣʠ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʜʘʥʦʾ ʩʭʝʤʠ ʟôʻʜʥʘʥʥʷ 

ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʢʦʪʫʰʦʢ, ʧʦ-ʧʝʨʰʝ, ʜʦʟʚʦʣʷʻ ʚʠʜʽʣʠʪʠ ʩʠʛʥʘʣʠ ʚʽʜ 

ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʟʨʘʟʢʘ, ʘ, ʧʦ-ʜʨʫʛʝ, ʟʚʝʩʪʠ ʜʦ ʤʽʥʽʤʫʤʫ ñʧʘʨʘʟʠʪʥʽò ʩʠʛʥʘʣʠ 

ʚʽʜ ʟʦʚʥʽʰʥʽʭ ʦʜʥʦʨʽʜʥʠʭ ʤʘʛʥʽʪʥʠʭ ʧʦʣʽʚ [110].  

ɺʽʙʨʘʮʽʡʥʠʡ ʤʘʛʥʽʪʦʤʝʪʨ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʥʘʩʪʫʧʥʠʭ ʯʘʩʪʠʥ: 

ʝʣʝʢʪʨʦʤʘʛʥʽʪ, ʙʣʦʢ ʚʽʙʨʘʪʦʨʘ, ʙʣʦʢ ʞʠʚʣʝʥʥʷ, ʩʠʩʪʝʤʘ ʢʦʥʪʨʦʣʝʨʽʚ (ʧʨʠʣʘʜʠ 

ʢʦʥʪʨʦʣʶ ʪʘ ʚʠʤʽʨʶʚʘʥʥʷ ʩʠʛʥʘʣʽʚ) ʪʘ ʘʚʪʦʤʘʪʠʟʦʚʘʥʘ ʩʠʩʪʝʤʘ ʢʝʨʫʚʘʥʥʷ. 

ʏʫʪʣʠʚʽʩʪʴ ʤʝʪʦʜʫ ʚʽʙʨʘʮʽʡʥʦʾ ʤʘʛʥʽʪʦʤʝʪʨʽʾ, ʷʢʘ ʨʝʘʣʟ̔ʫʪʴʩʷ ʥʘ ʩʫʯʘʩʥʠʭ 

VSM ʧʨʦʤʠʩʣʦʚʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʩʪʘʥʦʚʠʪʴ 0,5-1Ŀ10
-9

 ɸĿʤ
2
. ʗʢ ʧʨʘʚʠʣʦ, 

ʧʽʜʩʠʣʶʚʘʯʽ ʩʠʛʥʘʣʫ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʫ ʚʠʧʘʜʢʫ ʚʠʤʽʨʶʚʘʥʴ ʟ ʚʠʩʦʢʦʁ  

ʯʫʪʣʠʚʩ̔ʪʁ. ʇʨʠʢʣʘʜ ʧʦʣʴʦʚʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʥʦʨʤʦʚʘʥʦʾ ʥʘʤʘʛʥʽʯʝʥʩʦʪʽ 

ʚʠʤʽʨʷʥʠʭ ʫ ʛʝʦʤʝʪʨʽʾ ñin-planeò (ʣʽʥʽʾ ʽʥʜʫʢʮʽʾ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ 

ʩʧʨʷʤʦʚʫʶʪʴʩʷ ʧʘʨʘʣʝʣʴʥʦ ʧʦʚʝʨʭʥʽ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʟʨʘʟʢʘ). 

ɼʦ ʧʨʠʣʘʜʽʚ ʥʦʚʦʛʦ ʧʦʢʦʣʽʥʥʷ ʚʽʜʥʦʩʠʪʴʩʷ ʤʘʛʥʽʪʦʤʝʪʨ ʥʘ ʦʩʥʦʚʽ 

SQUID-ʪʝʭʥʦʣʦʛʽʾ (Superconducting Quantum Interference Device) MPMS 3 

ʚʠʨʦʙʥʠʮʪʚʘ Quantum Design (ʨʠʩ. 2.14ʘ). ɺʽʥ ʙʫʚ ʚʠʢʦʨʠʩʪʘʥʠʡ ʧʨʠ 

ʧʨʦʚʝʜʝʥʥʽ ʜʦʜʘʪʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʤʘʛʥʽʪʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʥʘʥʦʨʦʟʤʽʨʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʟʘ ʥʠʟʴʢʠʭ ʪʝʤʧʝʨʘʪʫʨ. ʊʝʦʨʝʪʠʯʥʽ ʦʩʥʦʚʠ ʤʝʪʦʜʫ SQUID, 

ʜʝʪʘʣʴʥʦ ʦʧʠʩʘʥʽ ʫ ʨʦʙʦʪʽ [111]. ʆʩʦʙʣʠʚʽʩʪʴ ʜʘʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʧʦʣʷʛʘʻ ʫ ʪʦʤʫ, 

ʱʦ ʧʨʠʥʮʠʧ ʨʦʙʦʪʠ ʤʘʛʥʽʪʫ ʧʨʠʣʘʜʫ MPMS 3 ʙʘʟʫʻʪʴʩʷ ʥʘ ʷʚʠʱʽ 

ʥʘʜʧʨʦʚʽʜʥʦʩʪʽ. ʋ ʟʚôʷʟʢʫ ʟ ʮʠʤ ʤʘʛʥʽʪ ʨʦʟʤʽʱʫʻʪʴʩʷ ʫ ʢʨʽʦʩʪʘʪ ̔ ʽʟ 

ʛʝʣʽʡʥʽʪʨʦʛʝʥʦʚʠʤ ʦʭʦʣʦʜʞʝʥʥʷʤ. ʅʘʷʚʥʽʩʪʴ ʢʨʝʦʩʪʘʪʫ ʪʘʢʦʞ ʜʦʟʚʦʣʷʻ 

ʧʨʦʚʦʜʠʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʟʘ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʽʥʪʝʨʚʘʣʫ ʊʚ = 1,8-400 ʂ. ʄʘʛʥʽʪ 

ʽʥʜʫʢʫʻ ʧʦʣʝ ʜʦ 7 ʊ, ʤʽʥʽʤʘʣʴʥʠʡ ʢʨʦʢ ʟʤʽʥʠ ʩʢʣʘʜʘʻ 0,03 ʤʊʣ, ʘ ʰʚʠʜʢʽʩʪʴ  
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ʈʠʩ. 2.14 ɿʦʚʥʽʰʥʽʡ ʚʠʛʣʷʜ SQUID ʤʘʛʥʽʪʦʤʝʪʨʘ MPMS 3 (ʘ) ʪʘ 

ʧʨʠʢʣʘʜʠ ʟʘʣʝʞʥʦʩʪʽ ʥʘʤʘʛʥʽʯʝʥʦʩʪʽ ʚʽʜ ʽʥʜʫʢʮʽʾ ʧʨʠʢʣʘʜʝʥʦʛʦ ʟʦʚʥʽʰʥʴʦʛʦ 

ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʟʘ ʧʘʨʘʣʝʣʴʥʦʾ ʦʨʽʻʥʪʘʮʽʾ ʧʨʠʢʣʘʜʝʥʦʛʦ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʧʨʠ 

ʚʠʤʽʨʶʚʘʥʥʽ ʟʘ ʪʝʤʧʝʨʘʪʫʨ 300 ʪʘ 2 K (ʙ) ʪʘ ZFC-FC ʟʘʣʝʞʥʦʩʪʽ, ʦʪʨʠʤʘʥʽ ʧʨʠ 

ʚʠʤʽʨʶʚʘʥʥʽ ʚ ʧʨʦʮʝʩʽ ʦʭʦʣʦʜʞʝʥʥʷ ʫ ʤʘʛʥʽʪʥʦʤʫ ʧʦʣʽ ʽʥʜʫʢʮʽʻʶ 10 ʤTʣ ʟʘ 

ʧʘʨʘʣʝʣʴʥʦʾ ʦʨʽʻʥʪʘʮʽʾ ʧʨʠʢʣʘʜʝʥʦʛʦ ʟʦʚʥʽʰʥʴʦʛʦ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ (ʚ) ʜʣʷ 

ʩʚʽʞʦʩʢʦʥʜʝʥʩʦʚʘʥʦʾ ʧʣʽʚʢʦʚʦʾ ʥʘʥʦʩʪʨʫʢʪʫʨʠ (Py+Ag)/ʇ ʟʘ ʢʦʥʮʝʥʪʨʘʮʽʾ 

cAg = 60 aʪ.% ʪʘ ʟʘʛʘʣʴʥʦʾ ʪʦʚʱʠʥʠ d = 80 ʥʤ 
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ʟʤʽʥʠ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ - ʚʽʜ 0,4 ʜʦ 70 ʤʊʣ/ʩ. ʂʦʥʪʨʦʣʴ ʥʘʜ ʤʘʛʥʽʪʥʠʤ ʧʦʣʝʤ ʫ 

ʩʠʩʪʝʤʽ MPMS ʨʝʘʣʽʟʫʪʴʩʷ ʫ ʘʚʪʦʤʘʪʠʯʥʦʤʫ ʨʝʞʠʤʽ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʛʽʙʨʠʜʥʦʛʦ ʘʥʘʣʦʛʦ-ʮʠʬʨʦʚʦʛʦ ʢʦʥʪʨʦʣʝʨ ʟ ʩʠʩʪʝʤʦʶ QuickSwitch. 

ɺʠʤʽʨʶʚʘʣʴʥʘ ʩʠʩʪʝʤʘ SQUID-VSM ʙʘʟʫʻʪʴʩʷ ʥʘ ʽʥʜʫʢʪʠʚʥʦʤʫ ʟʚôʷʟʢʫ ʜʚʦʭ 

ʧʝʨʝʭʦʜʽʚ ɼʞʦʟʝʬʩʦʥʘ ʟ ʥʘʜʧʨʦʚʽʜʥʦʶ ʢʦʪʫʰʢʦʶ, ʷʢʘ ʚʠʢʦʥʫʻ ʬʫʥʢʮʽʶ 

ʛʨʘʜʽʻʥʪʦʤʝʪʨʘ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ. SQUID-ʢʦʣʦ [111] ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʷʢ 

ʜʝʪʝʢʪʦʨ ʫ ʢʦʣʽ ʟʚʦʨʦʪʥʦʛʦ ʟʚôʷʟʢʫ, ʪʦʤʫ ʩʠʛʥʘʣ ʦʪʨʠʤʫʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ 

ʟʤʽʥʥʦʾ ʚʠʭʽʜʥʦʾ ʥʘʧʨʫʛʠ, ʷʢʘ ʧʨʦʧʦʨʮʽʡʥʘ ʟʤʽʥʽ ʤʘʛʥʽʪʥʦʛʦ ʧʦʪʦʢʫ ʯʝʨʝʟ 

ʜʝʪʝʢʪʫʚʘʣʴʥʫ ʢʦʪʫʰʢʫ. ɼʣʷ ʪʦʛʦ, ʱʦʙ ʨʝʘʣʽʟʫʚʘʪʠ ʤʘʢʩʠʤʘʣʴʥʫ ʯʫʪʣʠʚʽʩʪʴ, 

ʜʦʩʣʽʜʞʫʚʘʥʠʡ ʟʨʘʟʦʢ ʟʜʽʡʩʥʶʻ ʢʦʣʠʚʘʣʴʥʽ ʨʫʭʠ ʟʽ ʩʪʘʣʦʶ ʯʘʩʪʦʪʦʶ ʫ 

ʜʽʘʧʘʟʦʥʫ ʚʽʜ 0,1 ʜʦ 1000 ɻʮ ʪʘ ʘʤʧʣʽʪʫʜʦʶ ʚʽʜ 0,1 ʜʦ 8 ʤʤ ʙʝʟʧʦʩʝʨʝʜʥʴʦ 

ʯʝʨʝʟ ʜʝʪʝʢʪʫʚʘʣʴʥʫ ʢʦʪʫʰʢʫ. ʇʨʠ ʢʦʞʥʦʤʫ ʢʦʣʠʚʘʥʥʽ ʬʽʢʩʫʻʪʴʩʷ ʩʠʛʥʘʣ 

ʚʠʭʽʜʥʦʾ ʥʘʧʨʫʛʠ, ʧʽʩʣʷ ʯʦʛʦ ʽʥʪʝʛʨʫʻʪʴʩʷ ʽ ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʥʘ ʤʘʛʥʽʪʥʠʡ 

ʤʦʤʝʥʪ ʷʢ ʚʠʭʽʜʥʠʡ ʩʠʛʥʘʣ ʚʽʜ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʟʨʘʟʢʘ. ʏʫʪʣʠʚʽʩʪʴ 

ʤʘʛʥʽʪʦʤʝʪʨʫ MPMS 3 ʩʪʘʥʦʚʠʪʴ 10
-11

 ɸĿʤ
2
. ʉʠʩʪʝʤʘ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ 

ʧʦʚʦʨʦʪʫ ʟʨʘʟʢʘ, ʷʢʦʶ ʦʙʣʘʜʥʘʥʠʡ ʤʘʛʥʽʪʦʤʝʪʨ, ʱʦ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʫʚʘʪʠ ʜʘʥʽ 

ʱʦʜʦ ʘʥʽʟʦʪʨʦʧʽʾ ʚʣʘʩʪʠʚʦʩʪʝʡ ʫ ʧʣʦʱʠʥʽ [112]. ʇʨʠʢʣʘʜ ʟʘʣʝʞʥʦʩʪʽ 

ʥʘʤʘʛʥʽʯʝʥʦʩʪʽ ʚʽʜ ʽʥʜʫʢʮʽʾ ʧʨʠʢʣʘʜʝʥʦʛʦ ʟʦʚʥʽʰʥʴʦʛʦ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʟʘ 

ʧʘʨʘʣʝʣʴʥʦʾ ʦʨʽʻʥʪʘʮʽʾ ʧʨʠʢʣʘʜʝʥʦʛʦ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʧʨʠ ʚʠʤʽʨʶʚʘʥʥʽ ʟʘ 

ʪʝʤʧʝʨʘʪʫʨ 300 ʪʘ 2 K ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩʫʥʢʫ 2.14ʙ. 

ʊʝʤʧʝʨʘʪʫʨʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʥʘʤʘʛʥʽʯʝʥʦʩʪʽ M(T) ʟʥʽʤʘʣʠʩʷ ʟʘ ʜʽʘʧʘʟʦʥʫ 

ʪʝʤʧʝʨʘʪʫʨ 2-400 K ʧʨʠ ʧʨʠʢʣʘʜʘʥʥʽ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʽʥʜʫʢʮʽʻʶ ɺ = 10 ʤʊʣ ʫ 

ʜʚʦʭ ʨʝʞʠʤʘʭ: zero-field-cooled (ZFC) ʪʘ field-cooled (FC). ʉʧʦʯʘʪʢʫ 

ʚʠʤʽʨʶʚʘʥʥʷ ʧʨʦʚʦʜʠʣʠʩʷ ʫ ZFC ʨʝʞʠʤʽ, ʪʦʙʪʦ ʩʧʦʯʘʪʢʫ ʟʨʘʟʦʢ 

ʦʭʦʣʦʜʞʫʚʘʚʩʷ ʜʦ ʥʘʡʥʠʞʯʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʚʠʤʽʨʶʚʘʥʴ ʟʘ ʥʫʣʴʦʚʦʾ ʽʥʜʫʢʮʽʾ 

ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ. ʇʽʩʣʷ ʮʴʦʛʦ ʚʤʠʢʘʣʦʩʷ ʤʘʛʥʽʪʥʝ ʧʦʣʝ ʽ ʚʠʤʽʨʶʚʘʥʥʷ 

ʧʨʦʜʦʚʞʫʚʘʣʠʩʷ ʚʞʝ ʧʨʠ ʥʘʛʨʽʚʽ ʟʨʘʟʢʘ ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ 400 K. ʅʘ 

ʥʘʩʪʫʧʥʦʤʫ ʝʪʘʧʽ ʜʦʩʣʽʜʞʝʥʴ ʤʘʛʥʽʪʥʝ ʧʦʣʝ ʧʽʜʪʨʠʤʫʚʘʣʘʩʷ ʧʦʩʪʽʥʠʤ (FC 

ʨʝʞʠʤ), ʟʨʘʟʦʢ ʦʭʦʣʦʜʞʫʚʘʚʩʷ ʜʦ 2 ʂ, ʧʽʩʣʷ ʯʦʛʦ ʟʥʦʚʫ ʥʘʛʨʽʚʘʚʩʷ ʜʦ 400 ʂ. 

ʇʨʠʢʣʘʜ ZFC-FC ʟʘʣʝʞʥʦʩʪʽ, ʦʪʨʠʤʘʥʦʾ ʧʨʠ ʚʠʤʽʨʶʚʘʥʥʽ ʚ ʧʨʦʮʝʩʽ 
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ʦʭʦʣʦʜʞʝʥʥʷ ʟʨʘʟʢʘ ʫ ʤʘʛʥʽʪʥʦʤʫ ʧʦʣʽ ʽʥʜʫʢʮʽʻʶ 100 ʤTʣ ʟʘ ʧʘʨʘʣʝʣʴʥʦʾ 

ʦʨʽ̒ʥʪʘʮʽʾ ʧʨʠʢʣʘʜʝʥʦʛʦ ʟʦʚʥʽʰʥʴʦʛʦ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʥʘʚʝʜʝʥʦ ʥʘ 

ʨʠʩʫʥʢʫ 2.14ʚ. 

ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 2 

 

1. ʋ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ ʧʦʩʪʘʚʣʝʥʠʭ ʟʘʜʘʯʘʤʠ ʢʦʤʧʣʝʢʩʥʠʭ ʜʦʩʣʽʜʞʝʥʴ 

ʩʪʨʫʢʪʫʨʥʦ-ʬʘʟʦʚʦʛʦ ʩʪʘʥʫ ʪʘ ʝʣʝʢʪʨʦ- ʽ ʤʘʛʥʽʪʦʨʝʟʠʩʪʠʚʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʧʣʽʚʢʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ ʥʘ ʦʩʥʦʚʽ ʧʝʨʤʘʣʦʻʚʦʛʦ ʩʧʣʘʚʫ Ni80Fe20 

(Py) ʪʘ Ag ʙʫʣʠ ʟʘʩʪʦʩʦʚʘʥʽ ʥʘʩʪʫʧʥʽ ʤʝʪʦʜʠ: ʦʜʥʦʯʘʩʥʘ ʪʘ ʧʦʰʘʨʦʚʘ 

ʝʣʝʢʪʨʦʥʥʦ-ʧʨʦʤʝʥʝʚʘ ʢʦʥʜʝʥʩʘʮʽʷ ʫ ʚʘʢʫʫʤʽ; ʤʝʪʦʜ ʢʚʘʨʮʦʚʦʛʦ ʨʝʟʦʥʘʪʦʨʘ 

ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʪʦʚʱʠʥʠ in-situ; ʤʝʪʦʜʠ ʧʨʦʩʚʽʯʫʶʯʦʾ ʝʣʝʢʪʨʦʥʥʦʾ 

ʤʽʢʨʦʩʢʦʧʽʾ, ʘʪʦʤʥʦ-ʩʠʣʦʚʦʾ ʤʽʢʨʦʩʢʦʧʽʾ ʪʘ ʝʣʝʢʪʨʦʥʦʛʨʘʬʽʾ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ 

ʢʨʠʩʪʘʣʽʯʥʦʾ ʩʪʨʫʢʪʫʨʠ ʽ ʬʘʟʦʚʦʛʦ ʩʢʣʘʜʫ; ʝʥʝʨʛʦʜʠʩʧʝʨʩʽʡʥʠʡ ʩʧʝʢʪʨʘʣʴʥʠʡ 

ʘʥʘʣʽʟ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʡʥʦʛʦ ʩʢʣʘʜʫ ʟʨʘʟʢʽʚ; ʤʝʪʦʜ ʚʠʩʦʢʦʪʦʯʥʦʾ 

ʨʝʟʠʩʪʦʤʝʪʨʽʾ ʧʨʠ ʜʦʩʣʽʜʞʝʥʥʽ ʝʣʝʢʪʨʦʬʽʟʠʯʥʠʭ ʪʘ ʤʘʛʥʽʪʦʨʝʟʠʩʪʠʚʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ. 

2. ɼʦʜʘʪʢʦʚʽ ʜʦʩʣʽʜʞʝʥʥʷ ʤʘʛʥʽʪʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʟʨʘʟʢʽʚ ʧʨʦʚʦʜʠʣʠʩʷ 

ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʪʦʜʽʚ ʚʽʙʨʘʮʽʡʥʦʾ ʽ SQUID-ʤʘʛʥʽʪʦʤʝʪʨʽʾ, ʱʦ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʚʠʤʽʨʶʚʘʥʥʷ ʤʘʛʥʽʪʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʟ ʚʠʩʦʢʦʶ ʪʦʯʥʽʩʪʶ ʷʢ ʟʘ 

ʢʽʤʥʘʪʥʠʭ (ʊʚʠʤ = 300 ʂ), ʪʘʢ ʽ ʥʠʟʴʢʠʭ ʪʝʤʧʝʨʘʪʫʨ (ʊʚʠʤ = 2 ʂ). 

3. ʊʝʨʤʦʦʙʨʦʙʢʘ ʦʪʨʠʤʘʥʠʭ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʧʣʽʚʢʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ ʥʘ 

ʦʩʥʦʚʽ ʧʝʨʤʘʣʦʻʚʦʛʦ ʩʧʣʘʚʫ Ni80Fe20 ʪʘ Ag ʟʘ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʽʥʪʝʨʚʘʣʫ 

ʊʚ = 300-800 ʂ ʜʦʟʚʦʣʠʣʘ ʚʠʟʥʘʯʝʥʥʷ ʜʽʘʧʘʟʦʥ ʪʝʤʧʝʨʘʪʫʨʥʦʾ ʩʪʘʙʽʣʴʥʦʩʪʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. 

4. ɺʠʭʦʜʷʯʠ ʟ ʚʠʤʦʛʦʤ ʚʠʩʦʢʦʾ ʪʦʯʥʦʩʪʽ ʧʨʠ ʚʠʟʥʘʯʝʥʥʽ ʪʦʚʱʠʥʠ 

ʟʨʘʟʢʽʚ, ʘ ʪʘʢʦʞ ʪʦʯʥʦʩʪʽ ʚʠʤʽʨʶʚʘʥʥʷ ʦʧʦʨʫ ʧʨʠ ʜʦʩʣʽʜʞʝʥʥʽ ʝʣʝʢʪʨʦ- ʪʘ 

ʤʘʛʥʽʪʦʨʝʟʠʩʪʠʚʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʜʘʥʽ ʬʽʟʠʯʥʽ 

ʚʝʣʠʯʠʥʠ ʚʠʤʽʨʶʚʘʣʠʩʷ ʟʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʢʦʤʧʣʝʢʩʽʚ ʪʘ 

ʢʦʤʧôʶʪʝʨʥʠʭ ʧʨʦʛʨʘʤ. 
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ʈʆɿɼɯʃ 3 

ʉʊʈʋʂʊʋʈʅʆ-ʌɸɿʆɺʀʁ ʉʊɸʅ ʊɸ ɽʃɽʂʊʈʆʌɯɿʀʏʅɯ 

ɺʃɸʉʊʀɺʆʉʊɯ ʇʃɯɺʂʆɺʀʍ ʅɸʅʆʉʊʈʋʂʊʋʈ ʅɸ ʆʉʅʆɺɯ 

ʇɽʈʄɸʃʆʖ ʊɸ ʉʈɯɹʃɸ 

 

3.1 ʉʪʨʫʢʪʫʨʥʦ-ʬʘʟʦʚʠʡ ʩʪʘʥ ʦʜʥʦʰʘʨʦʚʠʭ ʧʣʽʚʦʢ ʈʫ ʪʘ Ag [113] 

 

ɿʥʘʯʥʠʡ ʚʧʣʠʚ ʥʘ ʝʣʝʢʪʨʦʬʽʟʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʧʣʽʚʢʦʚʠʭ 

ʩʠʩʪʝʤ ʤʦʞʫʪʴ ʤʘʪʠ ʧʨʦʮʝʩʠ ʢʦʥʜʝʥʩʘʮʽʡʥʦ-ʩʪʠʤʫʣʴʦʚʘʥʦʾ ʪʘ ʪʝʨʤʦʜʠʬʫʟʽʾ. 

ɼʘʥʽ ʧʨʦʮʝʩʠ ʤʦʞʫʪʴ ʩʧʨʠʯʠʥʠ ʟʤʽʥʠ ʫ ʬʘʟʦʚʦʤʫ ʩʪʘʥʽ ʟʨʘʟʢʽʚ ʷʢ ʥʘ ʝʪʘʧʽ 

ʬʦʨʤʫʚʘʥʥʷ ʟʨʘʟʢʽʚ (ʫ ʧʨʦʮʝʩʽ ʢʦʥʜʝʥʩʘʮʽʷ ʤʦʞʫʪʴ ʚʽʜʙʫʪʠʩʷ ʟʤʽʥʠ ʫ 

ʩʪʠʭʝʦʤʝʪʨʠʯʥʦʤʫ ʩʢʣʘʜʽ ʩʬʦʨʤʦʚʘʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʾʭ 

ʚʠʭʽʜʥʦʛʦ ʩʢʣʘʜʫ), ʪʘʢ ʽ ʫ ʧʨʦʮʝʩʽ ʧʦʜʘʣʴʰʦ ʾ ʪʝʨʤʦʦʙʨʦʙʢʠ. ʂʨʤ̔ ʪʦʛʦ 

ʚʘʞʣʠʚʝ ʟʥʘʯʝʥʥʷ ʤʘʻ ʤʦʨʬʦʣʦʛʽʷ ʤʘʛʥʽʪʥʠʭ ʥʘʥʦʯʘʩʪʠʥʦʢ, ʱʦ ʬʦʨʤʫʶʪʴʩʷ ʚ 

ʦʙôʻʤʽ ʥʝʤʘʛʥʽʪʥʦʾ ʤʘʪʨʠʮʽ. ɿʤʽʥʘ ʤʦʨʬʦʣʦʛʽʾ ʤʘʛʥʽʪʥʠʭ ʥʘʥʦʯʘʩʪʠʥʦʢ ʧʨʠ 

ʟʤʽʥʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ʤʘʛʥʽʪʥʦʾ ʽ ʥʝʤʘʛʥʽʪʥʦʾ ʢʦʤʧʦʥʝʥʪ ʤʦʞʝ ʩʧʨʠʯʠʥʠ ʟʤʽʥʠ ʫ 

ʚʝʣʠʯʠʥʘʭ ʤʘʛʥʽʪʦʦʧʦʨʫ ʪʘ ʡʦʛʦ ʯʫʪʣʠʚʦʩʪʽ ʜʦ ʟʤʽʥʠ ʧʨʠʢʣʘʜʝʥʦʛʦ 

ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ. ʊʘʢʠʤ ʯʠʥʦʤ ʚʘʞʣʠʚʠʤ ʻ ʜʦʩʣʽʜʞʝʥʥʷ ʩʪʨʫʢʪʫʨʥʦ-ʬʘʟʦʚʦʛʦ 

ʩʪʘʥʫ ʩʬʦʨʤʦʚʘʥʠʭ ʥʘ ʦʩʥʦʚʽ ʧʝʨʤʘʣʦʻʚʦʛʦ ʩʧʣʘʚʫ Ni80Fe20 ʪʘ Ag 

ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʧʣʽʚʢʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟ ʪʦʯʢʠ ʟʦʨʫ ʨʦʟʫʤʽʥʥʷ ʾʭ 

ʝʣʝʢʪʨʦʬʽʟʠʯʥʠʭ ʪʘ ʤʘʛʥʽʪʦʨʝʟʠʩʪʠʚʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ. 

ʇʨʠ ʬʦʨʤʫʚʘʥʥʽ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʩʠʩʪʝʤ (Py+Ag)/ʇ ʙʫʣʠ ʚʠʢʦʨʠʩʪʘʥʽ 

ʨʝʟʫʣʴʪʘʪʠ ʧʦʧʝʨʝʜʥʽʭ ʜʦʩʣʽʜʞʝʥʴ ʬʘʟʦʚʦʛʦ ʩʢʣʘʜʫ ʪʘ ʢʨʠʩʪʘʣʽʯʥʦʾ 

ʩʪʨʫʢʪʫʨʠ ʦʜʥʦʰʘʨʦʚʠʭ ʧʣʽʚʦʢ ʧʝʨʤʘʣʦʻʚʦʛʦ ʩʧʣʘʚʫ Ni80Fe20 ʪʘ Ag. ʎʝ ʙʫʣʦ 

ʥʝʦʙʭʽʜʥʦ ʜʣʷ ʪʦʛʦ, ʱʦʙ ʧʽʜʽʙʨʘʪʠ ʪʝʭʥʦʣʦʛʽʯʥʽ ʧʘʨʘʤʝʪʨʠ (ʪʝʤʧʝʨʘʪʫʨʘ 

ʧʽʜʢʣʘʜʢʠ ʪʘ ʾʾ ʪʠʧ, ʰʚʠʜʢʽʩʪʴ ʢʦʥʜʝʥʩʘʮʽʾ ʪʦʱʦ) ʪʘʢʠʤʠ, ʱʦʙ ʦʪʨʠʤʘʥʽ 

ʟʨʘʟʢʠ ʥʝ ʤʽʩʪʠʣʠ ʜʦʤʽʰʢʦʚʠʭ ʬʘʟ (ʦʢʩʠʜʠ, ʢʘʨʙʽʜʠ, ʥʽʪʨʠʜʠ ʪʦʱʦ) ʪʘ ʤʘʣʠ 

ʢʨʠʩʪʘʣʽʯʥʫ, ʘ ʥʝ ʘʤʦʨʬʥʫ, ʩʪʨʫʢʪʫʨʫ.  

ʅʘ ʨʠʩʫʥʢʫ 3.1 ʥʘʚʝʜʝʥʽ ʧʨʠʢʣʘʜ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥ ɹʩʪʨʫʢʪʫʨʥʦ-

ʬʘʟʦʚʦʛʦ ʩʪʘʥʫ ʩʢʣʘʜʦʚʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʥʘʨʥʦʨʦʟʤʽʨʥʠʭ ʩʠʩʪʝʤ (Py+Ag)/ʇ, ʘ 
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ʩʘʤʝ ʜʠʬʨʘʢʮʽʡʥʽ ʢʘʨʪʠʥʠ ʪʘ ʢʨʠʩʪʘʣʽʯʥʘ ʩʪʨʫʢʪʫʨʘ ʚʽʜ ʦʜʥʦʰʘʨʦʚʠʭ ʧʣʽʚʦʢ 

ʈʫ(25)/ʇ ʪʘ Ag(25)/ʇ ʫ ʥʝʚʽʜʧʘʣʝʥʦʤʫ ʪʘ ʚʽʜʧʘʣʝʥʦʤʫ ʟʘ ʊʚ = 700 ʂ ʩʪʘʥʘʭ. 

ʇʨʠʢʣʘʜ ʨʦʟʰʠʬʨʦʚʢʠ ʝʣʝʢʪʨʦʥʦʛʨʘʤ ʚʽʜ ʟʨʘʟʢʽʚ ʜʦ ʪʘ ʧʽʩʣʷ ʪʝʨʤʦʦʙʨʦʙʢʠ 

ʥʘʚʝʜʝʥʦ ʫ ʪʘʙʣʠʮʽ 3.1.  

ʈʝʟʫʣʴʪʘʪʠ ʝʣʝʢʪʨʦʥʦʛʨʘʬʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʧʦʢʘʟʘʣʠ, ʱʦ ʦʜʥʦʰʘʨʦʚʽ 

ʧʣʽʚʢʠ ʧʝʨʤʘʣʦʻʚʦʛʦ ʩʧʣʘʚʫ Ni80Fe20 ʧʽʩʣʷ ʢʦʥʜʝʥʩʘʮʽʾ (ʨʠʩ. 3.1ʘ) ʤʘʶʪʴ 

ʦʜʥʦʬʘʟʥʠʡ ʩʢʣʘʜ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ɻʎʂ-Ni3Fe ʟ ʧʘʨʘʤʝʪʨʦʤ ˇʨʘʪʢʠ a  = 0,353-

0,355 ʥʤ. ɺʽʜʤʽʪʠʤʦ, ʱʦ ʝʣʝʢʪʨʦʥʦʛʨʘʬʽʯʥʦ ʦʢʩʠʜʥʽ ʬʘʟʠ ʥʝ ʙʫʣʠ 

ʟʘʬʽʢʩʦʚʘʥʽ, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʜʦʪʨʠʤʘʥʥʷ ʥʝʦʙʭʽʜʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʫʤʦʚ. ʅʘ 

ʝʣʝʢʪʨʦʥʦʛʨʘʤʘʭ ʚʽʜ ʟʨʘʟʢʽʚ, ʱʦ ʧʨʦʡʰʣʠ ʪʝʨʤʦʦʙʨʦʙʢʫ ʟʘ ʊʚ = 700 ʂ 

ʬʽʢʩʫʻʪʴʩʷ ʬʘʟʦʚʠʡ ʩʢʣʘʜ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ɻʎʂ-Ni3Fe. ʇʨʠ ʮʴʦʤʫ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʥʝʟʥʘʯʥʝ ʟʙʽʣʴʰʝʥʠʤ ʧʘʨʘʤʝʪʨʦʤ ʨ̌ʘʪʢʠ (a  = 0,356 ʥʤ). 

ɿʚʝʨʪʘʻ ʥʘ ʩʝʙʝ ʫʚʘʛʫ ʚʽʜʩʫʪʥʽʩʪʴ ʜʦʜʘʪʢʦʚʠʭ ʣʽʥʽʡ ʥʘ ʝʣʝʢʪʨʦʥʦʛʨʘʤʽ ʚʽʜ 

ʟʨʘʟʢʘ ʈʫ(25)/ʇ ʧʽʩʣʷ ʪʝʨʤʦʚʽʜʧʘʣʶʚʘʥʥʷ ʜʦ 700 ʂ ʪʘ ʧʦʜʘʣʴʰʦʛʦ 

ʦʭʦʣʦʜʞʝʥʥʷ ʜʦ ʢʽʤʥʘʪʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ (ʨʠʩ. 3.1 ʚ). ʎʝ ʩʚʽʜʯʠʪʴ ʧʨʦ ʪʝ, ʱʦ 

ʜʦʤʽʰʢʦʚʽ ʬʘʟʠ (ʦʢʩʠʜʠ, ʢʘʨʙʽʜʠ ʯʠ ʥʽʪʨʠʜʠ) ʫ ʧʨʦʮʝʩʽ ʪʝʨʤʦʦʙʨʦʙʢʠ ʥʝ 

ʫʪʚʦʨʶʶʪʴʩʷ, ʱʦ ʫʟʛʦʜʞʫʻʪʴʩʷ ʟ ʣʽʪʝʨʘʪʫʨʥʠʤʠ ʜʘʥʠʤʠ. ʊʘʢ, ʥʘʧʨʠʢʣʘʜ, 

ʘʚʪʦʨʠ ʨʦʙʦʪʠ [51] ʩʧʦʩʪʝʨʽʛʘʣʠ ʬʦʨʤʫʚʘʥʥʷ ʦʢʩʠʜʥʠʭ ʬʘʟ ʫ ʧʣʽʚʢʘʭ 

ʧʝʨʤʘʣʦʻʚʠʭ ʩʧʣʘʚʽʚ NiʭFe1-ʯ, ʣʠʰʝ ʧʨʠ ʪʝʨʤʦʦʙʨʦʙʮʽ ʪʘ ʪʝʤʧʝʨʘʪʫʨ ʚʠʱʠʭ ʟʘ 

900 ʂ. ʆʪʞʝ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʬʘʟʦʚʠʡ ʩʪʘʥ ʦʜʥʦʰʘʨʦʚʠʭ ʧʣʽʚʦʢ 

ʧʝʨʤʘʣʦʻʚʦʛʦ ʩʧʣʘʚʫ Ni80Fe20 ʧʨʠ ʪʝʨʤʦʦʙʨʦʙʮʽ ʫ ʪʝʤʧʝʨʘʪʫʨʥʦʤʫ ʽʥʪʝʨʚʘʣʽ 

ʊʚ = 300-700 ʂ ʟʘʣʠʘhʻʪʴʩʷ ʥʝʟʤʽʥʥʠʤ ʽ ʚʽʜʧʦʚʽʜʘʻ ɻʎʂ-Ni3Fe. 

ɸʥʘʣʽʟʫʶʯʠ ʢʨʠʩʪʘʣʽʯʥʫ ʩʪʨʫʢʪʫʨʫ ʦʜʥʦʰʘʨʦʚʠʭ ʧʣʽʚʦʢ ʧʝʨʤʘʣʦʻʚʦʛʦ 

ʩʧʣʘʚʫ Ni80Fe20 ʜʦ ʪʘ ʧʽʩʣʷ ʪʝʨʤʦʦʙʨʦʙʢʠ (ʨʠʩ. 3.1.ʙ,ʚ), ʤʦʞʥʘ ʚʽʜʤʽʪʠʪʠ 

ʥʘʩʪʫʧʥʝ. ʇʦ-ʧʝʨʰʝ, ʧʣʽʚʢʠ ʤʘʶʪʴ ʪʠʧʦʚʫ ʜʣʷ ʬʝʨʦʤʘʛʥʽʪʥʠʭ ʤʘʪʝʨʽʘʣʽʚ 

ʜʨʽʙʥʦʜʠʩʧʝʨʩʥʫ ʣʘʙʽʨʠʥʪʫ ʩʪʨʫʢʪʫʨʫ ʟ ʩʝʨʝʜʥʽʤ ʨʦʟʤʽʨʦʤ ʢʨʠʩʪʘʣʽʪʽʚ L = 3-

5 ʥʤ. ʈʝʢʨʠʩʪʘʣʽʟʘʮʽʡʥʽ ʧʨʦʮʝʩʠ, ʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ ʫ ʟʨʘʟʢʘʭ ʧʨʠ 

ʪʝʨʤʦʦʙʨʦʙʮʽ ʫ ʪʝʤʧʝʨʘʪʫʨʥʦʤʫ ʽʥʪʝʨʚʘʣʽ ʊʚ = 300-700 ʂ, ʥʝ ʧʨʠʟʚʦʜʷʪʴ ʜʦ 

ʩʫʪʪʻʚʠʭ ʟʤʽʥ ʫ ʢʨʠʩʪʘʣʽʯʥʽʡ ʩʪʨʫʢʪʫʨʽ. ɺʦʥʘ ʟʘʣʠʰʘʻʪʴʩʷ ʜʨʽʙʥʦʜʠʩʧʝʨʩʥʦʶ 

ʟ ʩʝʨʝʜʥʽʤ ʨʦʟʤʽʨʦʤ ʢʨʠʩʪʘʣʽʪʽʚ L = 6-8 ʥʤ. ʇʦʨʽʚʥʶʶʯʠ ʜʘʥʠʡ ʨʝʟʫʣʴʪʘʪ ʟ   
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ʈʠʩ. 3.1. ɼʠʬʨʘʢʮʽʡʥʽ ʢʘʨʪʠʥʠ ʪʘ ʤʽʢʨʦʟʥʽʤʢʠ ʢʨʠʩʪʘʣʽʯʥʦ ʾʩʪʨʫʢʪʫʨʠ 

ʦʜʥʦʰʘʨʦʚʠʭ ʧʣʽʚʦʢ ʈʫ(25)/ʇ (ʘ-ʛ) ʪʘ Ag(25)/ʇ (ʜ-ʞ) ʫ ʥʝʚʽʜʧʘʣʝʥʦʤʫ  

(ʘ, ʙ, ʜ, ʝ) ʪʘ ʚʽʜʧʘʣʝʥʦʤʫ ʟʘ ʊʚ = 700 ʂ ʩʪʘʥʘʭ (ʚ, ʛ, ʻ, ʞ)   
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ʊʘʙʣʠʮʷ 3.1 

ʈʦʟʰʠʬʨʦʚʢʘ ʜʠʬʨʘʢʮʽʡʥʠʭ ʢʘʨʪʠʥ ʧʣʽʚʦʢ Ag(25) ʪʘ ʈʫ(25) ʜʦ ʪʘ ʧʽʩʣʷ 

ʪʝʨʤʦʦʙʨʦʙʢʠ ʟʘ ʊʚ=700 ʂ 

ʇʣʽʚʢʘ  ̄

ʅʝʚʽʜʧʘʣʝʥʽ ʊʚ = 700 ʂ 0

hkld , ʥʤ 

[114, 

115] 

I, 

ʚ.ʦ. 

dhkl, 

ʥʤ 

hkl ʬʘʟʘ 

 

ahkl, 

ʥʤ 

I, 

ʚ.ʦ. 

dhkl, 

ʥʤ 

hkl ʬʘʟʘ ahkl, 

ʥʤ 

Ag 

1 ɼ.ʉ. 0,235 111 

ɻ
ʎ
ʂ-A

g
 

0,408 ɼ.ʉ. 0,235 111 

ɻ
ʎ
ʂ-A

g
 

0,408 0,236 

2 ʉ. 0,204 200 0,407 ʉ. 0,204 200 0,408 0,204 

3 ʩʝʨ. 0,143 220 0,408 ʩʝʨ. 0,144 220 0,407 0,144 

4 ʩʝʨ. 0,122 311 0,406 ʩʝʨ. 0,123 311 0,408 0,123 

5 ʩʣ. 0,117 222 0,406 ʩʣ. 0,118 222 0,407 0,117 

6 ʩʣ. 0,102 400 0,407 ʩʣ. 0,102 400 0,408 0,102 

a =0,407 ʥʤ a =0,408 ʥʤ  

ʈʫ 

1 ɼ.ʉ. 0,204 111 

ɻ
ʎ
ʂ-N

i 3
F

e 

0,353 ɼ.ʉ. 0,205 111 

ɻ
ʎ
ʂ-N

i 3
F

e 

0,355 0,204 

2 ʩʝʨ. 0,177 200 0,354 ʩʝʨ. 0,178 200 0,356 0,177 

3 ʩʝʨ. 0,125 220 0,353 ʩʝʨ. 0,126 220 0,356 0,125 

4 ʩʣ. 0,106 311 0,351 ʩʣ. 0,107 311 0,355 0,106 

5 ʜ.ʩʣ. 0,102 222 0,353 ʜ.ʩʣ 0,103 222 0,356 0,102 

a =0,353 ʥʤ a =0,356 ʥʤ  

ɼ.ʉ. ï ʜʫʞʝ ʩʠʣʴʥʘ; ʉ. ï ʩʠʣʴʥʘ; ʩʝʨ. ï ʩʝʨʝʜʥʷ; ʩʣ. ï ʩʣʘʙʢʘ; ʜ.ʩʣ. ï ʜʫʞʝ ʩʣʘʙʢʘ 
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ʣʽʪʝʨʘʪʫʨʥʠʤʠ ʚʽʜʤʽʪʠʤʦ, ʱʦ ʚʦʥʠ ʜʦʙʨʝ ʫʟʛʦʜʞʫʶʪʴʩʷ. ʇʦʜʽʙʥʠʡ ʨʝʟʫʣʴʪʘʪ 

ʙʫʚ ʦʪʨʠʤʘʥʠʡ ʽ ʜʣʷ ʟʨʘʟʢʽʚ, ʦʪʨʠʤʘʥʠʭ ʤʝʪʦʜʦʤ ʤʘʛʥʝʪʨʦʥʥʦʛʦ ʨʦʟʧʠʣʝʥʥʷ 

[116]. ɿʛʽʜʥʦ [116], ʧʨʦʮʝʩ ʪʝʨʤʦʚʽʜʧʘʣʶʚʘʥʥʷ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 523 ʂ ʬʘʢʪʠʯʥʦ 

ʥʝ ʟʤʽʥʶʻ ʢʨʠʩʪʘʣʽʯʥʫ ʩʪʨʫʢʪʫʨʫ, ʚʝʣʠʯʠʥʘ L ʟʨʦʩʪʘʻ ʟ 4,7 ʜʦ 5,3 ʥʤ. 

ʅʘ ʨʠʩʫʥʢʫ 3.1 (ʧʦʟʠʮʽʾ ʜ-ʞ) ʧʨʝʜʩʪʘʚʣʝʥʽ ʪʠʧʦʚʽ ʜʣʷ ʦʜʥʦʰʘʨʦʚʠʭ 

ʧʣʽʚʦʢ Ag ʜʠʬʨʘʢʮʽʡʥʽ ʢʘʨʪʠʥʠ ʪʘ ʤʽʢʨʦʟʥʽʤʢʠ ʢʨʠʩʪʘʣʽʯʥʦʾ ʩʪʨʫʢʪʫʨʠ ʜʦ ʪʘ 

ʧʽʩʣʷ ʪʝʨʤʦʦʙʨʦʙʢʠ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 700 ʂ. ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ 

ʝʣʝʢʪʨʦʥʦʛʨʘʤ ʧʨʝʜʩʪʘʚʣʝʥʽ ʫ ʪʘʙʣʠʮʽ 3.1. ʇʣʽʚʢʠ Ag, ʷʢ ʽ ʧʣʽʚʢʠ 

ʧʝʨʤʘʣʦʻʚʦʛʦ ʩʧʣʘʚʫ Ni80Fe20, ʪʘʢʦʞ ʤʘʶʪʴ ɻʎʂ-ˇʨʘʪʢʫ ʟ ʧʘʨʘʤʝʪʨʦʤ a

(Ag) = 0,407 ʥʤ. ɼʘʥʠʡ ʨʝʟʫʣʴʪʘʪ ʚʽʜʧʦʚʽʜʘʻ ʪʘʙʣʠʯʥʠʤ ʜʘʥʠʤ ʜʣʷ ʤʘʩʠʚʥʠʭ 

ʟʨʘʟʢʽʚ ʩʨʽʙʣʘ (ʘ0 = 0,408 ʥʤ [114]). ʋ ʧʨʦʮʝʩʽ ʪʝʤʧʝʨʘʪʫʨʥʦʾ ʦʙʨʦʙʢʠ ʟʘ 

ʊʚ = 700 ʂ ʬʘʟʦʚʠʡ ʩʪʘʥ ʥʝ ʟʤʽʥʶʻʪʴʩʷ ʽ ʚʽʜʧʦʚʽʜʘʻ ɻʎʂ ʩʪʨʫʢʪʫʨʽ ʟ 

ʧʘʨʘʤʝʪʨʦʤ a =0,408 ʥʤ. ʇʨʦ ʮʝ ʩʚʽʜʯʘʪʴ ʝʣʝʢʪʨʦʥʦʛʨʘʤʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ 

ʨʠʩʫʥʢʫ 3.1ʜ, ʘ ʪʘʢʦʞ ʨʝʟʫʣʴʪʘʪʠ ʾʭ ʨʦʟʰʠʬʨʦʚʢʠ, ʧʨʝʜʩʪʘʚʣʝʥʽ ʫ ʪʘʙʣʠʮ ̔3.1. 

ɺʽʜʩʫʪʥʽʩʪʴ ʜʦʜʘʪʢʦʚʠʭ ʣʽʥʽʡ ʩʚʽʜʯʠʪʴ ʧʨʦ ʪʦʡ ʬʘʢʪ, ʱʦ ʜʦʤʽʰʢʦʚʽ ʬʘʟʠ ʫ 

ʧʨʦʮʝʩʽ ʪʝʨʤʦʦʙʨʦʙʢʠ ʥʝ ʫʪʚʦʨʶʶʪʴʩʷ ʘʙʦ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʥʝʟʥʘʯʥʽʡ ʢʽʣʴʢʦʩʪʽ, 

ʱʦ ʝʣʝʢʪʨʦʥʦʛʨʘʬʽʯʥʦ ʥʝ ʬʽʢʩʫʶʪʴʩʷ. 

ɸʥʘʣʽʟ ʢʨʠʩʪʘʣʽʯʥʦʾ ʩʪʨʫʢʪʫʨʠ ʦʜʥʦʰʘʨʦʚʠʭ ʧʣʽʚʦʢ Ag ʧʦʢʘʟʘʚ, ʱʦ 

ʚʦʥʠ ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʧʣʽʚʦʢ ʧʝʨʤʘʣʦʻʚʦʛʦ ʩʧʣʘʚʫ Ni80Fe20 ʢʨʫʧʥʦʢʨʠʩʪʘʣʽʯʥʽ ʟ 

ʩʝʨʝʜʥʽʤ ʨʦʟʤʽʨʦʤ L = 20 ʥʤ (ʨʠʩ. 3.1ʝ). ɺʽʜʧʘʣʶʚʘʥʥʷ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 700 ʂ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʨʦʩʪʘʥʥʷ ʩʝʨʝʜʥʴʦʛʦ ʨʦʟʤʽʨʫ ʢʨʠʩʪʘʣʽʪʽʚ ʫ 5-6 ʨʘʟʽʚ ʷʢ 

ʨʝʟʫʣʴʪʘʪ ʧʨʦʪʽʢʘʥʥʷ ʽʥʪʝʥʩʠʚʥʠʭ ʨʝʢʨʠʩʪʘʣʽʟʘʮʽʡʥʠʭ ʧʨʦʮʝʩʽʚ (ʨʠʩ. 3.1ʞ). 

ɿʥʘʯʥʝ ʟʨʦʩʪʘʥʥʷ ʢʨʠʩʪʘʣʽʪʽʚ ʟʘ ʚʽʜʧʘʣʶʚʘʥʥʷ ʪʦʥʢʠʭ ʧʣʽʚʦʢ Ag 

ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʧʦʷʚʦʶ ʟʥʘʯʥʦʾ ʢʽʣʴʢʦʩʪʽ ʨʝʬʣʝʢʩʽʚ ʥʘ ʜʠʬʨʘʢʮʽʡʥʠʭ 

ʢʽʣʴʮʷʭ ʚʽʜ ʟʨʘʟʢʽʚ, ʱʦ ʧʨʦʡʰʣʠ ʪʝʨʤʦʦʙʨʦʙʢʫ (ʨʠʩ. 3.1ʻ).  

ʇʽʜʩʫʤʦʚʫʶʯʠ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʦʜʥʦʰʘʨʦʚʠʭ ʧʣʽʚʦʢ 

ʧʝʨʤʘʣʦʻʚʦʛʦ ʩʧʣʘʚʫ Ni80Fe20 ʪʘ Ag, ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ 

ʪʝʨʤʦʦʙʨʦʙʢʘ ʟʘ ʊʚ = 300-700 ʂ ʥʝ ʚʥʦʩʠʪʴ ʟʤʽʥ ʫ ʾʭ ʬʘʟʦʚʠʡ ʩʪʘʥ. ʊʘʢʠʤ 

ʯʠʥʦʤ, ʥʘ ʾʭ ʦʩʥʦʚʽ ʤʦʞʫʪʴ ʙʫʪʠ ʩʬʦʨʤʦʚʘʥʽ ʥʘʥʦʨʦʟʤʽʨʥʽ ʤʘʪʝʨʽʘʣʠ ʟʽ 

ʩʪʘʙʽʣʴʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʫ ʟʘʜʘʥʦʤʫ ʪʝʤʧʝʨʘʪʫʨʥʦʤʫ ʽʥʪʝʨʚʘʣʽ. 
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3.2 ʂʨʠʩʪʘʣʽʯʥʘ ʩʪʨʫʢʪʫʨʘ ʪʘ ʬʘʟʦʚʠʡ ʩʪʘʥ ʧʣʽʚʢʦʚʠʭ 

ʥʘʥʦʩʪʨʫʢʪʫʨ ʥʘ ʦʩʥʦʚʽ ʧʝʨʤʘʣʦʶ ʪʘ ʩʨʽʙʣʘ [117-120] 

 

ʇʝʨʝʡʜʝʤʦ ʜʦ ʘʥʘʣʽʟʫ ʦʩʦʙʣʠʚʦʩʪʝʡ ʩʪʨʫʢʪʫʨʥʦ-ʬʘʟʦʚʦʛʦ ʩʪʘʥʫ 

ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʧʣʽʚʢʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ ʥʘ ʦʩʥʦʚʽ ʧʝʨʤʘʣʦʻʚʦʛʦ ʩʧʣʘʚʫ Ni80Fe20 

ʪʘ Ag, ʜʦʩʣʽʜʞʝʥʠʭ ʫ ʜʘʥʽʡ ʨʦʙʦʪʽ. ɼʘʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʠʩʷ ʜʣʷ 

ʟʨʘʟʢʽʚ, ʪʦʚʱʠʥʘ ʷʢʠʭ ʟʤʽʥʶʚʘʣʘʩʷ ʫ ʜʽʘʧʘʟʦʥʽ d = 20-100 ʥʤ. ɺʘʞʣʠʚʠʤ ʙʫʣʦ 

ʪʘʢʦʞ ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʽ ʚʧʣʠʚ ʢʦʥʮʝʥʪʨʘʮʽʾ ʢʦʤʧʦʥʝʥʪ ʥʘ ʬʘʟʦʚʠʡ ʩʪʘʥ ʽ 

ʢʨʠʩʪʘʣʽʯʥʫ ʩʪʨʫʢʪʫʨʫ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʟʨʘʟʢʽʚ. ʋ ʟʚôʷʟʢʫ ʟ ʮʠʤ ʜʘʥʽ 

ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʠʩʷ ʪʘʢʦʞ ʽ ʜʣʷ ʚʩʴʦʛʦ ʢʦʥʮʝʥʪʨʘʮʽʡʥʦʛʦ ʜʽʘʧʘʟʦʥʫ 

(cAg = 20-85 ʘʪ.%). 

ʅʘ ʨʠʩʫʥʢʘʭ 3.2 ʪʘ 3.3 ʥʘʚʝʜʝʥʽ ʪʠʧʦʚʽ ʝʣʝʢʪʨʦʥʦʛʨʘʤʠ ʪʘ ʤʽʢʨʦʟʥʽʤʢʠ 

ʢʨʠʩʪʘʣʽʯʥʦʾ ʩʪʨʫʢʪʫʨʠ ʜʣʷ ʧʣʽʚʢʦʚʦʾ ʩʠʩʪʝʤʠ (Py+Ag)/ʇ ʟʘ ʟʘʛʘʣʴʥʦʾ 

ʪʦʚʱʠʥʠ d = 55 ʥʤ ʪʘ ʩAg = 60 ʘʪ.% ʚʽʜʧʦʚʽʜʥʦ ʧʽʩʣʷ ʢʦʥʜʝʥʩʘʮʽʾ ʪʘ 

ʪʝʨʤʦʦʙʨʦʙʢʠ ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ 500 ʂ. ɺʠʙʽʨ ʜʘʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʦʙʫʤʦʚʣʝʥʠʡ 

ʪʠʤ, ʱʦ, ʷʢ ʙʫʜʝ ʧʦʢʘʟʘʥʦ ʜʘʣʽ, ʜʣʷ ʚʩʽʭ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʟʨʘʟʢʽʚ ʪʝʤʧʝʨʘʪʫʨʘ 

ʟʘʣʽʢʦʚʫʚʘʥʥʷ ʜʝʬʝʢʪʽʚ ʟʥʘʭʦʜʠʪʴʩʷ ʫ ʪʝʤʧʝʨʘʪʫʨʥʦʤʫ ʽʥʪʝʨʚʘʣʽ ʊ = 300-

500 ʂ. ɿ ʤʝʪʦʶ ʧʨʦʚʝʜʝʥʥʷ ʙʽʣʴʰ ʪʦʯʥʦʛʦ ʘʥʘʣʽʟʫ ʬʘʟʦʚʦʛʦ ʩʪʘʥʫ ʩʠʩʪʝʤʠ 

(Py+Ag)/ʇ, ʚ ʧʨʦʮʝʩʽ ʬʦʨʤʫʚʘʥʥʷ ʟʨʘʟʢʽʚ ʙʫʣʦ ʦʪʨʠʤʘʥʽ ʽ ʦʢʨʝʤʽ ʟʨʘʟʢʠ 

ʢʦʤʧʦʥʝʥʪʽʚ ʩʠʩʪʝʤʠ. ʎʝ ʜʦʟʚʦʣʷʻ ʚʠʢʣʶʯʠʪʠ ʚʩʽ ʜʦʜʘʪʢʦʚʽ ʬʘʢʪʦʨʠ, ʱʦ 

ʤʦʞʫʪʴ ʩʧʨʠʯʠʥʠʪʠ ʟʤʽʥʠ ʫ ʬʘʟʦʚʦʤʫ ʩʪʘʥʽ ʟʨʘʟʢʽʚ (ʰʚʠʜʢʽʩʪʴ ʢʦʥʜʝʥʩʘʮʽʾ, 

ʪʝʤʧʝʨʘʪʫʨʘ ʧʽʜʢʣʘʜʢʠ, ʩʪʫʧʽʥʴ ʚʘʢʫʫʤʫ ʪʦʱʦ). ʊʘʢʦʞ ʮʝ ʜʦʟʚʦʣʠʪ ɹʙʽʣʴʰ 

ʢʦʨʝʢʪʥʦ ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʟʤʽʥʠ ʫ ʢʨʠʩʪʘʣʽʯʥʽʡ ʩʪʨʫʢʪʫʨʽ ʧʣʽʚʦʢ ʧʝʨʤʘʣʦʻʚʦʛʦ 

ʩʧʣʘʚʫ Ni80Fe20, ʷʚʽ ʚʽʜʙʫʚʘʶʪʴʩʷ ʧʨʠ ʜʦʜʘʚʘʥʥʽ ʘʪʦʤʽʚ Ag. ɺ̔ʜʧʦʚʽʜʥʽ 

ʝʣʝʢʪʨʦʥʦʛʨʘʤʠ ʪʘ ʤʽʢʨʦʟʥʽʤʢʠ ʢʨʠʩʪʘʣʽʯʥʦʾ ʩʪʨʫʢʪʫʨʠ ʜʣʷ ʩʢʣʘʜʦʚʠʭ 

ʢʦʤʧʦʥʝʥʪʽʚ ʩʠʩʪʝʤʠ (Py+Ag)/ʇ ʜʦ ʪʘ ʧʽʩʣʷ ʚʽʜʧʘʣʶʚʘʥʥʷ ʟʘ ʊʚ = 500 ʂ ʪʘʢʦʞ 

ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩʫʥʢʘʭ 3.2 ʪʘ 3.3. ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʰʠʬʨʦʚʢʠ ʝʣʝʢʪʨʦʥʦʛʨʘʤ ʜʣʷ 

ʧʣʽʚʢʦʚʦʾ ʩʠʩʪʝʤʠ (Py+Ag)/ʇ ʜʦ ʪʘ ʧʽʩʣʷ ʚʽʜʧʘʣʶʚʘʥʥʷ ʟʚʝʜʝʥʽ ʫ ʪʘʙʣʠʮʽ 3.2. 

ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʝʣʝʢʪʨʦʥʦʛʨʘʤ ʩʢʣʘʜʦʚʠʭ ʢʦʤʧʦʥʝʥʪʽʚ (Py ʪʘ Ag) ʥʝ 

ʥʘʚʦʜʷʪʴʩʷ, ʦʩʢʽʣʴʢʠ ʚʦʥʠ ʜʫʙʣʶʶʪʴ ʜʘʥʽ, ʧʨʝʜʩʪʘʚʣʝʥʽ ʫ ʪʘʙʣʠʮʽ 3.1. 
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ʈʠʩ. 3.2 ɼʠʬʨʘʢʮʽʡʥʽ ʢʘʨʪʠʥʠ (ʘ) ʪʘ ʤʽʢʨʦʟʥʽʤʢʠ ʢʨʠʩʪʘʣʽʯʥʦʾ 

ʩʪʨʫʢʪʫʨʠ (ʙ) ʧʣʽʚʢʦʚʦʾ ʩʠʩʪʝʤʠ (Py+Ag)/ʇ ʟʘ ʩAg = 60 ʘʪ.% ʽ d = 55 ʥʤ ʪʘ 

ʡʦʛʦ ʩʢʣʘʜʦʚʠʭ ʢʦʤʧʦʥʝʥʪ ʧʽʩʣʷ ʢʦʥʜʝʥʩʘʮʽʾ  

 

 

ʈʠʩ. 3.3 ɼʠʬʨʘʢʮʽʡʥʽ ʢʘʨʪʠʥʠ (ʘ) ʪʘ ʤʽʢʨʦʟʥʽʤʢʠ ʢʨʠʩʪʘʣʽʯʥʦʾ 

ʩʪʨʫʢʪʫʨʠ (ʙ) ʧʣʽʚʢʦʚʦʾ ʩʠʩʪʝʤʠ (Py+Ag)/ʇ ʟʘ ʩAg = 60 ʘʪ.% ʽ d = 55 ʥʤ ʪʘ 

ʡʦʛʦ ʩʢʣʘʜʦʚʠʭ ʢʦʤʧʦʥʝʥʪ ʧʽʩʣʷ ʪʝʨʤʦʦʙʨʦʙʢʠ ʟʘ ʊʚ = 500 ʂ  
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ʊʘʙʣʠʮʷ 3.2 

ʈʦʟʰʠʬʨʦʚʢʘ ʜʠʬʨʘʢʮʽʡʥʦʾ ʢʘʨʪʠʥʠ ʧʣʽʚʢʦʚʦʾ ʩʠʩʪʝʤʠ (Py+Ag)/ʇ ʜʦ ʪʘ ʧʽʩʣʷ ʪʝʨʤʦʦʙʨʦʙʢʠ ʟʘ  ʊʚ = 500 ʪʘ 700 ʂ 

 ̄

(Py+Ag)/ʇ,  

ʩAg = 60 ʘʪ.%, d = 55 ʥʤ 

300 ʂ 

(Py+Ag)/ʇ,  

ʩAg = 60 ʘʪ.%, d = 55 ʥʤ 

500 ʂ 

(Py+Ag)/ʇ,  

ʩAg = 60 ʘʪ.%, d = 55 ʥʤ 

700 ʂ 

0

hkld , ʥʤ 

[114, 115] 

dhkl, ʥʤ hkl ʬʘʟʘ a, ʥʤ dhkl, ʥʤ hkl ʬʘʟʘ a, ʥʤ dhkl, ʥʤ hkl ʬʘʟʘ a, ʥʤ 

1 0,235 111 ɻʎʂ-Ag 0,407 0,236 111 ɻʎʂ-Ag 0,408 0,236 111 ɻʎʂ-Ag 0,408 0,236 

3 0,204 
200 ɻʎʂ-Ag 0,408 

0,204 
200 ɻʎʂ-Ag 0,409 

0,204 
200 ɻʎʂ-Ag 0,409 0,204 

111 ɻʎʂ-Ni3Fe 0,353 111 ɻʎʂ-Ni3Fe 0,355 111 ɻʎʂ-Ni3Fe 0,355 0,204 

5 0,176 200 ɻʎʂ-Ni3Fe 0,353 0,177 200 ɻʎʂ-Ni3Fe 0,354 0,179 200 ɻʎʂ-Ni3Fe 0,358 0,177 

6 0,144 220 ɻʎʂ-Ag 0,407 0,144 220 ɻʎʂ-Ag 0,407 0,144 220 ɻʎʂ-Ag 0,408 0,144 

7 
0,123 

311 ɻʎʂ-Ag 0,408 0,123 311 ɻʎʂ-Ag 0,408 0,123 311 ɻʎʂ-Ag 0,408 0,123 

220 ɻʎʂ-Ni3Fe 0,350 0,125 220 ɻʎʂ-Ni3Fe 0,354 0,126 220 ɻʎʂ-Ni3Fe 0,356 0,125 

0,107 311 ɻʎʂ-Ni3Fe 0,354 0,107 311 ɻʎʂ-Ni3Fe 0,355 0,108 311 ɻʎʂ-Ni3Fe 0,357 0,106 

a  (ɻʎʂ-Ag) = 0,407 ʥʤ;  

a  (ɻʎʂ-Ni3Fe) = 0,353 ʥʤ. 

a  (ɻʎʂ-Ag) = 0,408 ʥʤ;  

a  (ɻʎʂ-Ni3Fe) = 0,355 ʥʤ. 

a  (ɻʎʂ-Ag) = 0,408 ʥʤ;  

a  (ɻʎʂ-Ni3Fe) = 0,357 ʥʤ. 

 

 

a0 (ɻʎʂ-Ag) = 0,408 ʥʤ; a0 (ɻʎʂ-Ni3Fe) = 0,354 ʥʤ. 
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ɸʥʘʣʽʟ ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ ʧʦʢʘʟʘʚ, ʱʦ ʬʘʟʦʚʠʡ ʩʪʘʥ ʟʨʘʟʢʽʚ ʧʽʩʣʷ 

ʢʦʥʜʝʥʩʘʮʽʾ, ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ ʘʪʦʤʽʚ ʩʨʽʙʣʘ ʫ ʩʠʩʪʝʤʽ, ʧʨʝʜʩʪʘʚʣʷʻ 

ʩʦʙʦʶ ʧʦʻʜʥʘʥʥʷ ʜʚʦʭ ɻʎʂ-ʛʨʘʪʦʢ, ʷʢʽ ʜʦʩʪʘʪʥʴʦ ʯʽʪʢʦ ʩʧʽʚʧʘʜʘʶʪʴ ʟ 

ʜʠʬʨʘʢʮʽʡʥʠʤʠ ʢʘʨʪʠʥʘʤʠ ʜʣʷ ʦʜʥʦʰʘʨʦʚʠʭ ʟʨʘʟʢʽʚ ʧʝʨʤʘʣʦʶ ʪʘ ʩʨʽʙʣʘ. 

ʆʪʞʝ, ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʚ ʩʠʩʪʝʤʠ (Py+Ag)/ʇ ʬʽʢʩʫʻʪʴʩʷ ʜʚʦʬʘʟʥʠʡ 

ʩʢʣʘʜ, ʷʢʠʡ ʚʽʜʧʦʚʽʜʘʻ ʧʦʻʜʥʘʥʥʶ ʛʨʘʪʦʢ ɻʎʂ-Ni3Fe + ɻʎʂ-Ag ʟ ʩʝʨʝʜʥʽʤʠ 

ʟʥʘʯʝʥʥʷʤʠ ʧʘʨʘʤʝʪʨʘʤʠ a(ɻʎʂ-Ni3Fe) = 0,353 ʥʤ ʪʘ a(ɻʎʂ-

Ag) = 0,407 ʥʤ. ʎʝ ʪʘʢʦʞ ʚʽʜʧʦʚʽʜʘʻ ʜʘʥʠʤ ʜʣʷ ʩʢʣʘʜʦʚʠʭ ʢʦʤʧʦʥʝʥʪʽʚ 

ʩʠʩʪʝʤʠ: ɻʎʂ-Ag ʟ ʧʘʨʘʤʝʪʨʦʤ ˇʨʘʪʢʠ a  = 0,407 ʥʤ ʜʣʷ ʩʨʽʙʣʘ ʪʘ ɻʎʂ-Ni3Fe 

ʟ ʧʘʨʘʤʝʪʨʦʤ ʛʨʘʪʢʠ a  = 0,354 ʥʤ ʜʣʷ ʧʝʨʤʘʣʦʻʚʦʛʦ ʩʧʣʘʚʫ Ni80Fe20. ʎʽ 

ʨʝʟʫʣʴʪʘʪʠ ʪʘʢʦʞ ʫ ʤʝʞʘʭ ʧʦʭʠʙʢʠ ʝʢʩʧʝʨʠʤʝʥʪʫ ʚʽʜʧʦʚʽʜʘʶʪʴ ʚʝʣʠʯʠʥʘʤ 

ʧʘʨʘʤʝʪʨʘ ˇʨʘʪʢʠ ʜʣʷ ʤʘʩʠʚʥʠʭ ʤʘʪʝʨʽʘʣʽʚ [114, 115]. ɺʽʜʩʫʪʥʽʩʪʴ ʜʦʜʘʪʢʦʚʠʭ 

ʣʽʥʽʡ ʥʘ ʝʣʝʢʪʨʦʥʦʛʨʘʤʘʭ ʷʢ ʚʽʜ ʩʠʩʪʝʤʠ (Py+Ag)/ʇ, ʪʘʢ ʽ ʚʽʜ ʾʾ ʩʢʣʘʜʦʚʠʭ 

ʢʦʤʧʦʥʝʥʪ, ʩʚʽʜʯʠʪʴ ʧʨʦ ʜʦʪʨʠʤʘʥʥʷ ʫʤʦʚ ʬʦʨʤʫʚʘʥʥʷ ʟʨʘʟʢʽʚ. 

ɸʥʘʣʽʟʫʶʯʠ ʨʦʟʧʦʜʽʣ ʽʥʪʝʥʩʠʚʥʦʩʪʝʡ ʣʽʥʽʡ ʥʘ ʝʣʝʢʪʨʦʥʦʛʨʘʤʘʭ ʩʣʽʜ 

ʚʽʜʤʽʪʠʪʠ, ʱʦ ʚʥʘʩʣʽʜʦʢ ʩʧʽʚʧʘʜʘʥʥʷ ʣʽʥʽʡ ʟ ʤʽʞʧʣʦʱʠʥʥʠʤʠ ʚʽʜʩʪʘʥʷʤʠ 

d200(Ag) ʽ d111(Ni3Fe) ʪʘ d311(Ag) ʽ d220(Ni3Fe) ʥʘ ʝʣʝʢʪʨʦʥʦʛʨʘʤʘʭ ʚʽʜ ʧʣʽʚʢʦʚʦʾ 

ʩʠʩʪʝʤʠ (ʈʫ+Ag)/ʇ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʝʨʝʨʦʟʧʦʜʽʣ ʽʥʪʝʥʩʠʚʥʦʩʪʝʡ ʥʘ 

ʜʠʬʨʘʢʮʽʡʥʽʡ ʢʘʨʪʠʥʽ (ʨʠʩ. 3.2ʘ). ʊʘʢʦʞ ʥʘ ʝʣʝʢʪʨʦʥʦʛʨʘʤʽ ʜʣʷ ʟʨʘʟʢʘ ʥʘ 

ʦʩʥʦʚʽ ʧʝʨʤʘʣʦʻʚʦʛʦ ʩʧʣʘʚʫ Ni80Fe20 ʽ Ag, ʜʠʬʨʘʢʮʽʡʥʽ ʢʽʣʴʮʷ ʻ ʜʝʱʦ 

ʨʦʟʤʠʪʠʤʠ. ʎʝ ʧʦʚôʷʟʘʥʦ ʟ ʪʠʤ, ʱʦ ʟʨʘʟʦʢ ʫ ʚʠʭʽʜʥʦʤʫ ʩʪʘʥʽ ʤʘʻ 

ʥʘʥʦʢʨʠʩʪʘʣʽʯʥʫ ʩʪʨʫʢʪʫʨʫ. ɼʘʥʠʡ ʚʠʩʥʦʚʦʢ ʧʽʜʪʚʝʨʜʞʫʶʪʴ ʨʝʟʫʣʴʪʘʪʠ 

ʜʦʩʣʽʜʞʝʥʴ ʢʨʠʩʪʘʣʽʯʥʦʾ ʩʪʨʫʢʪʫʨʠ ʟʨʘʟʢʽʚ ʧʽʩʣʷ ʢʦʥʜʝʥʩʘʮʽʾ, ʷʢʽ 

ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩʫʥʢʫ 3.2ʙ. ʇʦʨʽʚʥʶʶʯʠ ʤʽʢʨʦʟʥʽʤʢʠ ʢʨʠʩʪʘʣʽʯʥʦʾ 

ʩʪʨʫʢʪʫʨʠ ʚʽʜ ʟʨʘʟʢʘ (ʈʫ+Ag)/ʇ ʪʘ ʡʦʛʦ ʥʝʤʘʛʥʽʪʥʦʾ ʩʢʣʘʜʦʚʦʾ ʢʦʤʧʦʥʝʥʪ 

ʥʝʦʙʭʽʜʥʦ ʪʘʢʦʞ ʚʽʜʤʽʪʠʪʠ, ʱʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʦʜʫ ʦʜʥʦʯʘʩʥʦʾ ʢʦʥʜʝʥʩʘʮʽʾ 

ʧʨʠ ʬʦʨʤʫʚʘʥʥ ̔ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʩʫʪʪʻʚʦʛʦ 

ʟʤʝʥʰʝʥʥʷ ʩʝʨʝʜʥʴʦʛʦ ʨʦʟʤʽʨʽʚ ʢʨʠʩʪʘʣʽʪʽʚ, ʱʦ ʥʘʣʝʞʘʪʴ ʬʘʟʽ ɻʎʂ-Ag. ʅʘ 

ʥʘʰʫ ʜʫʤʢʫ, ʮʝ ʚʽʜʙʫʚʘʻʪʴʩʷ ʩʘʤʝ ʚʥʘʩʣʽʜʦʢ ʜʦʜʘʚʘʥʥʷ ʤʘʛʥʽʪʥʦʾ 

ʢʦʤʧʦʥʝʥʪʠ, ʷʢʘ ʫ ʚʠʭʽʜʥʦʤʫ ʩʪʘʥʽ ʤʘʻ ʪʠʧʦʚʫ ʜʣʷ ʬʝʨʦʤʘʛʥʽʪʥʠʭ ʤʘʪʝʨʽʘʣʽʚ 



88 

ʣʘʙʽʨʠʥʪʥʫ ʩʪʨʫʢʪʫʨʫ ʟ ʩʝʨʝʜʥʽʤ ʨʦʟʤʽʨʦʤ ʟʝʨʥʘ, ʱʦ ʥʝ ʧʝʨʝʚʠʱʫʻ 5 ʥʤ. 

ʅʘʥʦʨʦʟʤʽʨʥʽ ʢʨʠʩʪʘʣʠ ʤʘʛʥʽʪʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʧʨʠ ʦʜʥʦʯʘʩʥʽʡ ʢʦʥʜʝʥʩʘʮʽʾ 

ʩʧʦʚʽʣʴʥʶʶʪʴ ʟʨʦʩʪʘʥʥʷ ʢʨʠʩʪʘʣʽʚ ʥʝʤʘʛʥʽʪʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʚ ʦʙôʻʤʽ ʟʨʘʟʢʘ. 

ʊʘʢʠʡ ʚʠʩʥʦʚʦʢ ʫʟʛʦʜʞʫʻʪʴʩʷ ʟ ʜʘʥʠʤʠ ʨʦʙʦʪʠ [59], ʘʚʪʦʨʘʤʠ ʷʢʦʾ ʥʘ 

ʧʨʠʢʣʘʜʽ ʩʠʩʪʝʤʠ (ʈʫ+Cu)/ʇ ʙʫʣʦ ʧʦʢʘʟʘʥʦ, ʱʦ ʟʘ ʩʉu = 68 ʘʪ.% ʩʝʨʝʜʥʽʡ 

ʨʦʟʤʽʨ ʟʝʨʥʘ ʤʘʛʥʽʪʥʦʾ ʢʦʤʧʦʥʝʥʪʠ ʩʪʘʥʦʚʠʪʴ 3,5 ʥʤ.  

ʇʨʦʮʝʩ ʪʝʨʤʦʚʽʜʧʘʣʶʚʘʥʥʷ ʟʨʘʟʢʘ ʥʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʽʥ ʡʦʛʦ ʬʘʟʦʚʦʛʦ 

ʩʪʘʥʫ (ʨʠʩ. 3.3ʘ). ʅʘʥʦʨʦʟʤʽʨʥʘ ʩʠʩʪʝʤʘ, ʩʬʦʨʤʦʚʘʥʘ ʥʘ ʦʩʥʦʚʽ ʧʝʨʤʘʣʦʻʚʦʛʦ 

ʩʧʣʘʚʫ Ni80Fe20 ʽ Ag ʟʘʣʠʰʘʻʪʴʩʷ ʜʚʦʬʘʟʥʦʶ (ɻʎʂ-Ni3Fe + ɻʎʂ-Ag ʟ 

ʧʘʨʘʤʝʪʨʘʤʠ ˇʨʘʪʢʠ a = 0,356 ʪʘ 0,408 ʥʤ, ʚʽʜʧʦʚʽʜʥʦ). ʍʦʯʘ ʧʨʠ ʮʴʦʤʫ ʚʧʣʠʚ 

ʧʨʦʮʝʩʫ ʪʝʨʤʦʦʙʨʦʙʢʠ ʥʘ ʢʨʠʩʪʘʣʽʪʠ ʤʘʛʥʽʪʥʦʛʦ ʽ ʥʝʤʘʛʥʽʪʥʦʛʦ ʤʘʪʝʨʽʘʣʽʚ 

ʙʫʜʝ ʨʽʟʥʠʡ. ʅʘʥʦʨʦʟʤʽʨʥʽ ʟʝʨʥʘ ʧʝʨʤʘʣʦʶ, ʷʢʽ ʥʝʩʫʪʪʻʚʦ ʟʨʦʩʪʘʶʪʴ ʫ 

ʧʨʦʮʝʩʽ ʚʽʜʧʘʣʶʚʘʥʥʷ, ʟʘʣʠʰʘʶʪʴʩʷ ʥʘʥʦʨʦʟʤʽʨʥʠʤʠ ʽ ʾʭ ʩʝʨʝʜʥʽʡ ʨʦʟʤʽʨ ʥʝ 

ʧʝʨʝʚʠʱʫʶʪʴ 5 ʥʤ. ʋ ʪʦʡ ʞʝ ʯʘʩ ʢʨʠʩʪʘʣʽʪʠ Ag ʟʨʦʩʪʘʶʪʴ ʙʽʣʴʰ ʩʫʪʪʻʚʦ, 

ʭʦʯʘ ʽ ʥʝ ʥʘʩʪʽʣʴʢʠ ʩʫʪʪʻʚʦ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʦʜʥʦʰʘʨʦʚʠʤʠ ʧʣʽʚʢʘʤʠ Ag 

(ʨʠʩ. 3.3ʙ).  

ʆʩʢʽʣʴʢʠ ʜʦʩʣʽʜʞʝʥʥʷ ʤʘʛʥʽʪʦʨʝʟʠʩʪʠʚʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʣʽʚʢʦʚʠʭ 

ʥʘʥʦʤʘʪʝʨʽʘʣʽʚ, ʩʬʦʨʤʦʚʘʥʠʭ ʥʘ ʦʩʥʦʚʽ ʧʝʨʤʘʣʦʻʚʦʛʦ ʩʧʣʘʚʫ Ni80Fe20 ʽ Ag, ʫ 

ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ʧʨʦʚʦʜʠʣʠʩʷ ʜʣʷ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʜʽʘʧʘʟʦʥʫ ʊʚ = 300-

700 ʂ, ʪʦ ʪʘʢʦʞ ʙʫʣʠ ʧʨʦʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʪʦʛʦ ʷʢ ʟʤʽʥʶʻʪʴʩʷ ʬʘʟʦʚʠʡ ʩʪʘʥ 

ʩʠʩʪʝʤʠ (ʈʫ+Ag)/ʇ ʧʨʠ ʪʝʨʤʦʦʙʨʦʙʮʽ ʟʘ ʜʘʥʠʭ ʪʝʤʧʝʨʘʪʫʨ. 

ʈʠʩʫʥʦʢ 3.4 ʽʣʶʩʪʨʫʻ ʧʨʠʢʣʘʜʠ ʝʣʝʢʪʨʦʥʦʛʨʘʤ ʜʣʷ ʩʠʩʪʝʤʠ (ʈʫ+Ag)/ʇ 

ʟʘ ʩAg = 34 ʘʪ.% ʪʘ d = 80 ʥʤ ʜʦ ʪʘ ʧʽʩʣʷ ʪʝʨʤʦʦʙʨʦʙʢʠ ʟʘ ʊʚ = 500 ʪʘ 700 K. 

ɿʘʟʥʘʯʠʤʦ, ʱʦ ʟʙʽʣʴʰʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʪʝʨʤʦʦʙʨʦʙʢʠ ʜʦ 700 ʂ ʥʝ ʟʤʽʥʶʻ 

ʬʘʟʦʚʠʡ ʩʪʘʥ ʩʠʩʪʝʤʠ. ɼʠʬʨʘʢʮʽʡʥʽ ʢʽʣʴʮʷ, ʱʦ ʥʘʣʝʞʘʪʴ ʬʘʟʘʤ ɻʎʂ Ni3Fe ʪʘ 

ɻʎʂ-Ag ʻ ʯʽʪʢʽʰʠʤʠ ʧʨʠ ʟʨʦʩʪʘʥʥʽ ʪʝʤʧʝʨʘʪʫʨʠ ʚʽʜʧʘʣʶʚʘʥʥʷ, ʱʦ ʩʚʽʜʯʠʪʴ 

ʧʨʦ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʢʨʠʩʪʘʣʽʯʥʦʾ ʩʪʨʫʢʪʫʨʠ ʟʨʘʟʢʽʚ. ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ 

ʝʣʝʢʪʨʦʥʦʛʨʘʤ ʜʣʷ ʟʨʘʟʢʽʚ ʧʽʩʣʷ ʪʝʨʤʦʦʙʨʦʙʢʠ ʟʘ ʊʚ = 700 ʂ, ʱʦ ʥʘʚʝʜʝʥʽ ʫ 

ʪʘʙʣʠʮʽ 3.2, ʩʚʽʜʯʘʪʴ ʧʨʦ ʥʝʟʥʘʯʥʝ ʟʨʦʩʪʘʥʥʷ ʧʘʨʘʤʝʪʨʘ ˇʨʘʪʢʠ ʟ 0,355 ʥʤ ʜʦ 

0,357 ʥʤ ʜʣʷ ɻʎʂ-Ni3Fe ʪʘ ʤʝʥʰʝ ʥʽʞ ʥʘ 0,001 ʥʤ ʜʣʷ ɻʎʂ-Ag. 
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ʈʠʩ. 3.4. ɼʠʬʨʘʢʮʽʡʥʽ ʢʘʨʪʠʥʠ ʚʽʜ ʧʣʽʚʢʦʚʦʾ ʩʠʩʪʝʤʠ (Py+Ag)/ʇ ʟʘ 

ʩAg = 34 ʘʪ.% ʪʘ d = 80 ʥʤ ʧʽʩʣʷ ʢʦʥʜʝʥʩʘʮʽʾ (ʘ) ʪʘ ʪʝʨʤʦʦʙʨʦʙʢʠ ʟʘ ʊʚ = 500 ʂ 

(ʙ) 700 K (ʚ) 

 

ɿʘʟʥʘʯʠʤʦ ʪʘʢʦʞ, ʱʦ ʟʤʽʥʘ ʢʦʥʮʝʥʪʨʘʮʽʾ ʥʝʤʘʛʥʽʪʥʦʾ ʢʦʤʧʦʥʝʥʪʠ ʫ 

ʜʽʘʧʘʟʦʥʽ cAg = 20-85 ʘʪ.% ʥʝ ʚʧʣʠʚʘʻ ʥʘ ʬʘʟʦʚʠʡ ʩʢʣʘʜ ʟʨʘʟʢʽʚ, ʘʣʝ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʽʥ ʫ ʾʭ ʢʨʠʩʪʘʣʽʯʥʽʡ ʩʪʨʫʢʪʫʨʽ, ʘ ʩʘʤʝ ʟʤʽʥʶʻ ʨʦʟʧʦʜʽʣ ʟʝʨʝʥ 

ʤʘʛʥʽʪʥʦʾ ʢʦʤʧʦʥʝʥʪʠ ʫ ʦʙôʻʤʽ ʟʨʘʟʢʘ.  

ʅʘ ʨʠʩʫʥʢʫ 3.5 ʧʨʝʜʩʪʘʚʣʝʥʽ ʤʽʢʨʦʟʥʽʤʢʠ ʢʨʠʩʪʘʣʽʯʥʦʾ ʩʪʨʫʢʪʫʨʠ 

ʧʣʽʚʢʦʚʠʭ ʩʠʩʪʝʤ (ʈʫ+Ag)/ʇ ʜʦ ʪʘ ʧʽʩʣʷ ʪʝʨʤʦʦʙʨʦʙʢʠ ʟʘ ʪʝʤʧʝʨʘʪʫʨ 500 ʪʘ 

700 ʂ ʟʘ ʨʽʟʥʦʛʦ ʢʦʥʮʝʥʪʨʘʮʽʡʥʦʛʦ ʩʢʣʘʜʫ. ʄʽʢʨʦʟʥʽʤʢʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ 

ʧʦʟʠʮʽʷʭ (1)-(4) ʨʠʩʫʥʢʫ 3.5a ʜʦʟʚʦʣʷʶʪʴ ʧʨʦʩʣʽʜʢʫʚʘʪʠ, ʱʦ ʧʨʠ ʟʨʦʩʪʘʥʥʽ cAg 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʝʨʝʭʽʜ ʚʽʜ ʢʨʠʩʪʘʣʽʯʥʦʾ ʩʪʨʫʢʪʫʨʠ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʟʝʨʝʥ Ag 

ʚʧʨʦʚʘʜʞʝʥʠʭ ʫ ʬʝʨʦʤʘʛʥʽʪʥʫ ʤʘʪʨʠʮʶ ʧʝʨʤʘʣʦʻʚʦʛʦ ʩʧʣʘʚʫ ʜʦ ʩʪʨʫʢʪʫʨʠ ʜʝ 

ʟʝʨʥʘ ʬʝʨʦʤʘʛʥʽʪʥʦʾ ʢʦʤʧʦʥʝʥʪʠ ʚʧʨʦʚʘʜʞʝʥʽ ʫ ʤʘʪʨʠʮʶ ʥʝʤʘʛʥʽʪʥʦʾ. ɼʘʥʠʡ 

ʧʝʨʝʭʽʜ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʧʨʦʮʝʩʦʤ ʟʨʦʩʪʘʥʥʷ ʩʝʨʝʜʥʴʦʛʦ ʨʦʟʤʽʨʫ ʢʨʠʩʪʘʣʽʪʽʚ 

ʚ ʩʠʩʪʝʤʽ (ʈʫ+Ag)/ʇ, ʷʢʠʡ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ ʚʽʜʧʘʣʶʚʘʥʥʷ 500 ʂ ʻ ʥʝʟʥʘʯʥʠʤ 

(ʨʠʩ. 3.ʙʙ). ʋ ʪʦʡ ʞʝ ʯʘʩ, ʧʨʦʮʝʩ ʪʝʨʤʦʦʙʨʦʙʢʠ ʟʘ ʊʚ = 700 ʂ ʩʧʨʠʯʠʥʷʻ ʙʽʣʴʰ 

ʩʫʪʪʻʚʽ ʟʤʽʥʠ ʫ ʢʨʠʩʪʘʣʽʯʥʽʡ ʩʪʨʫʢʪʫʨʽ ʟʨʘʟʢʽʚ ʟʘʣʝʞʥʦ ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʥʝʤʘʛʥʽʪʥʦʾ ʢʦʤʧʦʥʝʥʪʠ (ʨʠʩ. 3.5ʚ). ɼʣʷ ʟʨʘʟʢʽʚ ʟ ʢʦʥʮʝʥʪʨʘʮʽʶ ʘʪʦʤʽʚ 
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ʈʠʩ. 3.5. ʄʽʢʨʦʟʥʽʤʢʠ ʢʨʠʩʪʘʣʽʯʥʦʾ ʩʪʨʫʢʪʫʨʠ ʚʽʜ ʧʣʽʚʢʦʚʦʾ ʩʠʩʪʝʤʠ 

(Py+Ag)/ʇ ʟʘ ʩAg = 20 (1), 32 (2), 60 (3), 78 ʘʪ.% (4) ʪʘ d = 55 ʥʤ ʧʽʩʣʷ 

ʢʦʥʜʝʥʩʘʮʽʾ (ʘ) ʪʘ ʪʝʨʤʦʦʙʨʦʙʢʠ ʟʘ ʊʚ = 500 ʂ (ʙ) 700 K (ʚ) 
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ʩʨʽʙʣʘ ʩAg < 32 aʪ.%, (ʧʦʟʠʮʽʷ 1 ʨʠʩʫʥʢʫ 3.5), ʚʽʜʙʫʚʘʻʪʴʩʷ ʩʪʦʛʨʘʥʮʽʷ ʨʦʩʪʫ 

ʟʝʨʝʥ ʥʝʤʘʛʥʽʪʥʦʾ ʢʦʤʧʦʥʝʥʪʠ ʷʢ ʨʝʟʫʣʴʪʘʪ ʭʾ ʽʟʦʣʷʮʽʾ ʦʜʠʥ ʚʽʜ ʦʜʥʦʛʦ ʚ 

ʤʘʪʨʠʮʽ ʬʝʨʦʤʘʛʥʽʪʥʦʛʦ ʤʘʪʝʨʘʣʫ. ʇʨʠ ʟʙʽʣʴʰʝʥʥʽ ʢʦʥʮʝʥʪʨʘʮʽʾ Ag, ʱʦ 

ʜʦʜʘʻʪʴʩʷ ʜʦ ʧʝʨʤʘʣʦʻʚʦʛʦ ʩʧʣʘʚʫ Ni80Fe20, ʜʦ ʩAg =32-60 aʪ.% (ʧʦʟʠʮʽʾ 2, 3 

ʨʠʩʫʥʢʫ 3.5), ʥʘ ʤʽʢʨʦʟʥʽʤʢʘʭ ʢʨʠʩʪʘʣʽʯʥʦʾ ʩʪʨʫʢʪʫʨʠ ʟʨʘʟʢʽʚ ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ 

ʟʝʨʥʘ ʜʚʦʭ ʪʠʧʽʚ: ʥʘʥʦʨʦʟʤʽʨʥʽ (L = 2-5 ʥʤ) ʪʘ ʢʨʠʩʪʘʣʽʪʠ ʟ ʩʝʨʝʜʥʽʤ ʨʦʟʤʽʨʦʤ 

ʜʦ 50 ʥʤ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʚʽʜʧʦʚʽʜʥʦ ʬʝʨʦʤʘʛʥʽʪʥʽʡ ʪʘ ʥʝʤʘʛʥʽʪʥʽʡ 

ʢʦʤʧʦʥʝʥʪʘʤ ʩʠʩʪʝʤʠ. ʋ ʚʠʧʘʜʢʫ ʚʝʣʠʢʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ ʘʪʦʤʽʚ ʩʨʽʙʣʘ 

(ʩAg > 70 aʪ.%), ʢʨʠʩʪʘʣʽʯʥʘ ʩʪʨʫʢʪʫʨʘ ʧʣʽʚʢʦʚʦʾ ʩʠʩʪʝʤʠ (ʈʫ+Ag)/ʇ ʤʦʞʝ 

ʙʫʪʠ ʦʧʠʩʘʥʘ ʪʘʢ: ʥʘʨʦʟʤʽʨʥʽ ʟʝʨʥʘ ʬʝʨʦʤʘʛʥʽʪʥʦʾ ʢʦʤʧʦʥʝʥʪʠ ʚʠʧʘʜʢʦʚʠʤ 

ʯʠʥʦʤ ʨʦʟʧʦʜʽʣʝʥʽ ʚ ʦʙôʻʤʽ ʥʝʤʘʛʥʽʪʥʦʛʦ ʤʘʪʝʨʽʘʣʫ.  

ɺʽʜʦʤʦ, ʱʦ ʜʦ ʦʜʥʠʭ ʟ ʥʝʜʦʣʽʢʽʚ ʤʝʪʦʜʫ ʧʨʦʩʚʽʯʫʶʯʦʾ ʝʣʝʢʪʨʦʥʥʦʾ 

ʤʽʢʨʦʩʢʦʧʽʾ ʩʣʽʜ ʚʽʜʥʝʩʪʠ ʪʝ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʜʘʥʠʡ ʤʝʪʦʜ ʤʦʞʥʘ ʟʨʦʙʠʪʠ 

ʣʠʰʝ ʘʥʘʣʽʟ ʛʝʦʤʝʪʨʠʯʥʠʭ ʨʦʟʤʽʨʽʚ ʢʨʠʩʪʘʣʽʪʽʚ ʫ ʛʦʨʠʟʦʥʪʘʣʴʥʽʡ ʧʣʦʱʠʥʽ ʪʘ 

ʥʝʤʦʞʣʠʚʦ ʦʪʨʠʤʘʪʠ ʪʨʠʚʠʤʽʨʥʝ ʟʦʙʨʘʞʝʥʥʷ ʧʦʚʝʨʭʥʽ ʥʘʥʦʨʦʟʤʽʨʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ.  

ʋ ʟʚôʷʟʢʫ ʟ ʮʠʤ ʫ ʜʘʥʽʡ ʨʦʙʦʪʽ ʙʫʣʠ ʧʨʦʚʝʜʝʥʽ ʜʦʜʘʪʢʦʚʽ ʜʦʩʣʽʜʞʝʥʥʷ 

ʤʦʨʬʦʣʦʛʽʾ ʧʦʚʝʨʭʥʽ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʥʘ ʦʩʥʦʚʽ ʧʝʨʤʘʣʦʻʚʦʛʦ 

ʩʧʣʘʚʫ Ni80Fe20 ʽ Ag ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʪʦʜʫ ʘʪʦʤʥʦ-ʩʠʣʦʚʦʾ ʤʽʢʨʦʩʢʦʧʽʾ ʫ 

ʪʦʧʦʛʨʘʬʽʯʥʦʤʫ ʨʝʞʠʤʽ. ʂʨʽʤ ʪʦʛʦ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʩʧʝʮʽʘʣʴʥʝ ʧʨʦʛʨʘʤʥʝ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʨʠʟʥʘʯʝʥʝ ʜʣʷ ʽʥʪʝʨʧʨʝʪʘʮʽʾ ɸʉʄ ʟʦʙʨʘʞʝʥʥʷ, ʙʫʣʠ 

ʨʦʟʨʘʭʦʚʘʥʽ ʩʪʘʪʠʩʪʠʯʥʠʡ ʧʘʨʘʤʝʪʨ ʰʦʨʩʪʢʦʩʪʽ (b) ʪʘ ʧʦʙʫʜʦʚʘʥʽ ʧʨʦʬʽʣʽ 

ʧʦʚʝʨʭʥʽ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʟʤʽʥʠ ʨʦʟʤʽʨʫ ʟʝʨʝʥ ʫ ʧʨʦʮʝʩʽ 

ʪʝʨʤʦʦʙʨʦʙʢʠ. ʅʘ ʨʠʩʫʥʢʫ 3.6 ʧʨʝʜʩʪʘʚʣʝʥʽ ɸʉʄ ʟʦʙʨʘʞʝʥʥʷ ʧʣʽʚʢʦʚʦʾ 

ʩʠʩʪʝʤʠ (Py+Ag)/ʇ ʟʘ ʩAg = 60 ʘʪ.% ʪʘ d = 20 (a, ʙ)  ̔60 ʥʤ (ʚ, ʛ) ʜʦ (a, ʚ) ʪʘ 

ʧʽʩʣʷ ʪʝʨʤʦʦʙʨʦʙʢʠ ʟʘ 500 K (ʙ, ʛ). ɸʥʘʣʽʟ ɸʉʄ ʟʦʙʨʘʞʝʥʴ ʧʽʜʪʚʝʨʜʫʞʻ 

ʚʠʩʥʦʚʦʢ, ʱʦ ʚ ʧʨʦʮʝʩʽ ʪʝʨʤʦʦʙʨʦʙʢʠ ʟʨʘʟʢʽʚ ʜʦ 500 ʂ ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʝʟʥʘʯʥʝ 

ʟʨʦʩʪʘʥʥʷ ʩʝʨʝʜʥʴʦʛʦ ʨʦʟʤʽʨʫ ʢʨʠʩʪʘʣʽʪʽʚ. ʂʨʽʤ ʪʦʛʦ, ʟʽ ʚʩʪʘʚʦʢ ʥʘ ʨʠʩʫʥʢʫ 

3.6 ʚʠʜʥʦ, ʱʦ ʟʦʙʨʘʞʝʥʥʷ ʪʘʢʦʞ, ʷʢ ʽ ʚʠʧʘʜʢʫ ʜʦʩʣʽʜʞʝʥʴ ʤʝʪʦʜʦʤ 

ʧʨʦʩʚʽʯʫʶʯʦʾ ʤʽʢʨʦʩʢʦʧʽʾ ʜʣʷ ʟʨʘʟʢʽʚ ʟ ʩAg = 60 ʘʪ.% ʯʽʪʢʦ ʬʽʢʩʫʶʪʴʩʷ 
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ʈʠʩ. 3.6. ɸʉʄ ʟʦʙʨʘʞʝʥʥʷ ʧʦʚʝʨʭʥʽ ʧʣʽʚʢʦʚʦʾ ʩʠʩʪʝʤʠ (Py+Ag)/ʇ ʟʘ 

ʩAg = 60 ʘʪ.% ʪʘ d = 20 (ʘ, ʙ) ʪʘ 60 ʥʤ (ʚ, ʛ) ʧʽʩʣʷ ʢʦʥʜʝʥʩʘʮʽʾ (ʘ, ʚ) ʪʘ 

ʪʝʨʤʦʦʙʨʦʙʢʠ ʟʘ ʊʚ = 500 ʂ (ʙ, ʚ)  
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ʟʝʨʥʘ ʜʚʦʭ ʪʠʧʽʚ: ʧʝʨʰʠʡ ʪʠʧ ʟʝʨʝʥ ʻ ʥʘʥʦʨʦʟʤʽʨʥʠʤ ʟ L = 2-5 ʥʤ 

(ʧʦʟʥʘʯʝʥʠʡ ʷʢ ç1è ʥʘ ɸʉʄ ʟʦʙʨʘʞʝʥʥʷʭ), ʘ ʜʨʫʛʠʡ ï ʮʝ ʟʝʨʥʘ ʟ ʩʝʨʝʜʥʽʤ 

ʨʦʟʤʽʨʦʤ ʢʨʠʩʪʘʣʽʪʽʚ ʜʦ 30 ʥʤ (ʧʦʟʥʘʯʝʥʠʡ ʷʢ ç2è ʥʘ ɸʉʄ ʟʦʙʨʘʞʝʥʥʷʭ). ʅʘ 

ʥʘʰʫ ʜʫʤʢʫ ʮʽ ʜʚʘ ʪʠʧʠ ʟʝʨʝʥ ʚʽʜʧʦʚʽʜʘʶʪʴ ʬʝʨʦʤʘʛʥʽʪʥʽʡ (1) ʪʘ ʥʝʤʘʛʥʽʪʥʽʡ 

(2) ʢʦʤʧʦʥʝʥʪʘʤ ʟʨʘʟʢʘ. ʇʨʦʮʝʩ ʪʝʨʤʦʦʙʨʦʙʢʠ ʟʘ 500 ʂ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ 

ʥʝʟʥʘʯʥʠʤ ʟʨʦʩʪʘʥʥʷ ʩʝʨʝʜʥʴʦʛʦ ʨʦʟʤʽʨʫ ʟʝʨʝʥ ʦʙʦʭ ʪʠʧʽʚ (ʨʠʩ. 3.6ʙ, ʜ).  

ʈʦʟʨʘʭʫʥʢʠ ʩʪʘʪʠʩʪʠʯʥʦʛʦ ʧʘʨʘʤʝʪʨʫ ʰʦʨʩʪʢʦʩʪʽ ʜʣʷ ʟʨʘʟʢʽʚ ʧʽʩʣʷ 

ʪʝʨʤʦʦʙʨʦʙʢʠ, ʩʚʽʜʯʘʪʴ ʧʨʦ ʟʨʦʩʪʘʥʥʷ ʧʘʨʘʤʝʪʨʘ b (ʟ 5,29 ʜʦ 7,97 ʥʤ ʟʘ 

d = 20 ʥʤ ʪʘ ʟ 6,55 ʜʦ 7,44 ʥʤ ʟʘ d = 60 ʥʤ). ʎʝ ʪʘʢʦʞ ʧʽʜʪʚʝʨʜʞʫʻ ʚʠʩʥʦʚʦʢ 

ʧʨʦ ʟʨʦʩʪʘʥʥʷ ʩʝʨʝʜʥʴʦʛʦ ʨʦʟʤʽʨʫ ʢʨʠʩʪʘʣʽʪʽʚ ʧʨʠ ʪʝʨʤʦʦʙʨʦʙʮʽ. 

 

3.3. ɸʥʘʣʽʟ ʝʣʝʤʝʥʪʥʦʛʦ ʩʢʣʘʜʫ [113, 120, 121] 

 

ʆʩʢʽʣʢɹʠ ʜʦʩʣʽʜʞʫʚʘʥʽ ʥʘʥʦʨʦʟʤʽʨʥʽ ʤʘʪʝʨʽʘʣʠ ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʜʚʦʭ 

ʚʠʭʽʜʥʠʭ ʢʦʤʧʦʥʝʥʪ (ʧʝʨʤʘʣʦʻʚʦʛʦ ʩʧʣʘʚʫ Ni80Fe20), ʷʢʽ ʧʦ-ʨʽʟʥʦʤʫ ʤʦʞʫʪʴ 

ʙʫʪʠ ʨʦʟʧʦʜʽʣʝʥʽ ʫ ʦʙôʻʤʽ ʤʘʪʝʨʽʘʣʫ, ʪʦ ʜʣʷ ʨʦʟʫʤʽʥʥʷ ʦʩʦʙʣʠʚʦʩʪʝʡ ʾʭ 

ʝʣʝʢʪʨʦʬʽʟʠʯʥʠʭ, ʤʘʛʥʽʪʦʨʝʟʠʩʪʠʚʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʥʝʦʙʭʽʜʥʝ ʪʦʯʥʝ 

ʚʠʟʥʘʯʝʥʥʷ ʾʭ ʢʦʥʮʝʥʪʨʘʮʽʾ ʥʘ ʝʪʘʧʽ ʬʦʨʤʫʚʘʥʥʷ. ɺʽʜʭʠʣʝʥʥʷ ʚʽʜ 

ʟʘʧʣʘʥʦʚʘʥʦʛʦ ʢʦʥʮʝʥʪʨʘʮʽʡʥʦʛʦ ʩʢʣʘʜʫ ʤʦʞʝ ʟʘʚʘʜʠʪʠ ʦʪʨʠʤʘʪʠ ʧʨʦʛʥʦʟʦʚʘʥʽ 

ʬʽʟʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ. 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʡʥʦʛʦ ʩʢʣʘʜʫ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʥʘ 

ʦʩʥʦʚʽ Py ʽ Ag, ʘ ʪʘʢʦʞ ʚʠʭʽʜʥʦʛʦ ʧʝʨʤʘʣʦʻʚʦʛʦ ʩʧʣʘʚʫ, ʙʫʚ ʚʠʢʦʨʠʩʪʘʥʠʡ ʤʝʪʦʜ 

ʝʥʝʨʛʦʜʠʩʧʝʨʩʽʡʦʛʦ ʘʥʘʣʽʟʫ. ʇʨʠʢʣʘʜʠ ɽɼʉ ʩʧʝʢʪʨʽʚ ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩʫʥʢʫ 3.7. 

ʇʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʢʦʥʮʝʥʪʨʘʮʽʡʥʦʛʦ ʩʢʣʘʜʫ 

ʦʜʥʦʰʘʨʦʚʠʭ ʧʣʽʚʦʢ ʩʧʣʘʚʫ Ni80Fe20 ʪʘ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʧʣʽʚʢʦʚʠʭ ʩʠʩʪʝʤ 

(ʈʫ+Ag), ʦʪʨʠʤʘʥʠʭ ʤʝʪʦʜʦʤ EDA, ʚʽʜʧʦʚʽʜʥʦ ʟ ʚʠʭʽʜʥʠʤʠ ʪʘ ʨʦʟʨʘʭʫʥʢʦʚʠʤʠ 

ʜʘʥʠʤʠ ʟʚʝʜʝʥʠʡ ʫ ʪʘʙʣʠʮʽ 3.4. ɸʥʘʣʽʟʫʶʯʽ ʜʘʥʽ ʩʧʝʢʪʨʠ, ʥʝʦʙʭʽʜʥʦ ʚʽʜʤʽʪʠʪʠ 

ʥʘʩʪʫʧʥʝ: ʦʜʥʦʰʘʨʦʚʽ ʧʣʽʚʢʠ ʧʝʨʤʘʣʦʻʚʦʛʦ ʩʧʣʘʚʫ Ni80Fe20 ʤʘʶʪʴ ʭʽʤʽʯʥʠʡ 

ʩʢʣʘʜ 20 ʘʪ. % Fe + 80 ʘʪ. % Ni (ʨʠʩ. 3.7ʘ); ʫʪʦʯʥʝʥʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʢʦʤʧʦʥʝʥʪ 

ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʩʪʨʫʢʪʫʨ (Py+Ag)/ʇ ʪʘ ʧʦʢʘʟʘʥʦ, ʱʦ   
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ʈʠʩ. 3.7. ʂʦʤʧʦʟʠʮʽʡʥʽ ɽɼʉ ʢʘʨʪʠ ʝʣʝʤʝʥʪʽʚ ʪʘ ɽɼʉ ʩʧʝʢʪʨ ʚʽʜ ʪʦʥʢʦʾ 

ʧʣʽʚʢʠ ʩʧʣʘʚʫ ʚʽʜ ʧʣʽʚʢʦʚʦʾ ʩʠʩʪʝʤʠ (ʈʫ+Ag)/ʇ ʟʘ d = 55 ʥʤ ʪʘ 

ʩAg = 60 ʘʪ.% (ʙ) 
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ʊʘʙʣʠʮʷ 3.4 

ʇʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʢʦʤʧʦʟʠʮʽʡʥʦʛʦ 

ʩʢʣʘʜʫ ʦʜʥʦʰʘʨʦʚʠʭ ʧʣʽʚʦʢ ʩʧʣʘʚʫ Ni80Fe20 ʪʘ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʧʣʽʚʢʦʚʠʭ 

ʩʠʩʪʝʤ (ʈʫ+Ag), ʦʪʨʠʤʘʥʠʭ ʤʝʪʦʜʦʤ EDA, ʚʽʜʧʦʚʽʜʥʦ ʟ ʚʠʭʽʜʥʠʤʠ ʪʘ 

ʨʦʟʨʘʭʫʥʢʦʚʠʤʠ ʜʘʥʠʤʠ 

 

ɿʘʛʘʣʴʥʘ ʪʦʚʱʠʥʘ, 

ʥʤ 

ʄʝʪʦʜ 

ʝʥʝʨʛʦʜʠʩʧʝʨʩʽʡʥʦʛʦ 

ʤʽʢʨʦʘʥʘʣʽʟʫ 

ɺʠʭʽʜʥʘ ʢʦʥʮʝʥʪʨʘʮʽʷ 

ʢʦʤʧʦʥʝʥʪ 

ʆʜʥʦʰʘʨʦʚʘ ʧʣʽʚʢʘ ʩʧʣʘʚʫ Ni80Fe20 

 cNi ʫ ʚʠʭʽʜʥʦʤʫ ʩʧʣʘʚʽ, ʘʪ.% 

20 78 80 

50 80 80 

70 81 80 

ʇʣʽʚʢʦʚʘ ʩʠʩʪʝʤʘ (ʈʫ+Ag) 

 ʈʦʟʨʘʭʫʥʦʢ ʩAg, ʘʪ.% ʟʘ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ (2.3) 

55 25 26 

55 38 36 

55 49 48 

55 61 60 

55 75 77 

55 82 80 
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ʚʽʜʭʠʣʝʥʥʷ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʜʘʥʠʭ ʢʦʤʧʦʟʠʮʽʡʥʦʛʦ ʩʢʣʘʜʫ ʟʘ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ 

(2.3) ʩʧʽʚʧʘʜʘʻ ʟ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʜʘʥʠʤʠ ʟ ʪʦʯʥʽʩʪʶ ʜʦ 3 ʘʪ.%; 

ʜʦʤʽʰʢʦʚʽ ʝʣʝʤʝʥʪʠ ʥʘ ʩʧʝʢʪʨʘʭ ʚʽʜʩʫʪʥʽ, ʧʨʠʩʫʪʥʽ ʣʠʰʝ ʧʽʢʠ, ʱʦ 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʤʘʪʝʨʽʘʣʫ ʧʽʜʢʣʘʜʢʠ. 

ʊʘʢʦʞ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʝʬʝʢʪʠʚʥʦʛʦ ʩʧʽʥ-ʟʘʣʝʞʥʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ, ʚ 

ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʤʘʪʝʨʽʘʣʘʭ, ʩʬʦʨʤʦʚʘʥʠʭ ʥʘ ʦʩʥʦʚʽ ʧʝʨʤʘʣʦʻʚʦʛʦ ʩʧʣʘʚʫ 

Ni80Fe20 ʪʘ Ag, ʥʝʦʙʭʽʜʥʦ, ʱʦʙ ʨʦʟʧʦʜʽʣ ʤʘʛʥʽʪʥʦʾ ʽ ʥʝʤʘʛʥʽʪʥʦʾ ʢʦʤʧʦʥʝʥʪʠ ʚ 

ʩʠʩʪʝʤʽ ʙʫʚ ʨʽʚʥʦʤʽʨʥʠʤ. ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʭʘʨʘʢʪʝʨʫ ʨʦʟʧʦʜʽʣʫ ʝʣʝʤʝʥʪʽʚ ʚ 

ʦʙôʻʤʽ ʧʣʽʚʢʦʚʠʭ ʟʨʘʟʢʽʚ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʪʦʜʫ ɽɼʉ ʙʫʣʠ ʦʪʨʠʤʘʥʽ 

ʢʦʤʧʦʟʠʮʽʡʥʽ ʢʘʨʪʠ ʝʣʝʤʝʥʪʽʚ: Ni ʪʘ Fe (ʜʣʷ ʦʜʥʦʥʘʰʘʨʦʚʠʭ ʧʣʽʚʦʢ 

ʧʝʨʤʘʣʦʻʚʦʛʦ ʩʧʣʘʚʫ Ni80Fe20) ʪʘ Ag, Ni ʪʘ Fe (ʜʣʷ ʩʠʩʝʤʠ (Py+Ag)/ʇ) 

(ʨʠʩ. 3.7). ɹʫʣʦ ʦʪʨʠʤʘʥʦ, ʱʦ ʚʽʜʭʠʣʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʧʦ ʚʩʴʦʤʫ ʦʙô̒ ʤʫ 

ʟʨʘʟʢʽʚ ʥʝ ʧʝʨʝʚʠʱʫʻ 1 aʪ. %. ʎʝ ʜʦʟʚʦʣʷʻ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ ʧʨʦ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʦʜʫ ʦʜʥʦʯʘʩʥʦʾ ʢʦʥʜʝʥʩʘʮʽʾ ʧʨʠ ʬʦʨʤʫʚʘʥʥʽ 

ʧʣʽʚʢʦʚʠʭ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. 

 

3.4 ʈʦʟʤʽʨʥʽ ʪʘ ʢʦʥʮʝʥʪʨʘʮʽʡʥʽ ʝʬʝʢʪʠ ʚ ʝʣʝʢʪʨʦʬʽʟʠʯʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʷʭ ʧʣʽʚʢʦʚʠʭ ʥʘʥʦʩʪʨʫʢʪʫʨ ʥʘ ʦʩʥʦʚʽ ʧʝʨʤʘʣʦʶ ʪʘ ʩʨʽʙʣʘ 

[113, 119, 122-126] 

 

ʄʝʪʦʶ ʜʦʩʣʽʜʞʝʥʴ, ʧʨʝʜʩʪʘʚʣʝʥʠʭ ʫ ʜʘʥʽʡ ʯʘʩʪʠʥʽ ʨʦʙʦʪʠ ʙʫʣʦ 

ʜʦʩʣʽʜʞʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʡʥʠʭ ʝʬʝʢʪʽʚ ʚ ʝʣʝʢʪʨʦʬʽʟʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʷʭ 

ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʧʣʽʚʢʦʚʠʭ ʟʨʘʟʢʽʚ (ʈʫ+Ag)/ʇ. ɺʠʚʯʝʥʥʶ ʜʘʥʦʛʦ ʧʠʪʘʥʥʷ 

ʟʘʚʞʜʠ ʧʨʠʜʽʣʷʻʪʴʩʷ ʟʥʘʯʥʘ ʫʚʘʛʘ ʜʦʩʣʽʜʥʠʢʽʚ, ʦʩʢʽʣʴʢʠ, ʧʠʪʦʤʠʡ ʦʧʽʨ ï 

ʬʽʟʠʯʥʘ ʚʝʣʠʯʠʥʘ, ʱʦ ʻ ʦʜʥʠʤ ʽʟ ʙʘʟʦʚʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʱʦ ʚʠʟʥʘʯʘʻ 

ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʽ, ʝʣʝʢʪʨʦʥʥʽ, ʤʘʛʥʽʪʦʨʝʟʠʩʪʠʚʥʽ ʪʘ ʽʥʰ ̔ ʚʣʘʩʪʠʚʦʩʪʽ 

ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʧʣʽʚʢʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ.  

ʆʩʢʽʣʴʢʠ ʥʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʚʞʝ ʥʘʢʦʧʠʯʝʥʠʡ ʧʝʚʥʠʡ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʡ ʤʘʪʝʨʽʘʣ ʩʪʦʩʦʚʥʦ ʪʝʨʤʦʨʝʟʠʩʪʠʚʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʢʦʤʧʦʥʝʥʪʽʚ (ʧʣʽʚʦʢ ʧʝʨʤʘʣʦʻʚʦʛʦ ʩʧʣʘʚʫ Ni80Fe20 ʪʘ Ag [127, 128]), 
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ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʫ ʜʘʥʽʡ ʨʦʙʦʪʽ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʪʦʤʫ ʣʠʰʝ 

ʚʠʟʥʘʯʠʤʦ ʾʭ ʦʩʥʦʚʥʽ ʦʩʦʙʣʠʚʦʩʪʽ.  

1. ɺʝʣʠʯʠʥʘ ʧʠʪʦʤʦʛʦ ʦʧʦʨʫ ʪʦʥʢʠʭ ʧʣʽʚʦʢ ʧʝʨʤʘʣʦʻʚʦʛʦ ʩʧʣʘʚʫ 

Ni80Fe20 ʫ ʩʽʚʞʦʩʢʦʥʜʝʥʩʦʚʥʦʤʫ ʩʪʘʥʽ ʟʤʽʥʶʻʪʴʩʷ ʫ ʤʝʞʘʭ ʚʽʜ 10Ŀ10
-6

 ʜʦ 

5Ŀ10
-7

 ʆʤĿʤ ʚ ʽʥʪʝʨʚʘʣʽ ʪʦʚʱʠʥ d = 10-50 ʥʤ ʪʘ ʟʤʝʥʰʫʻʪʴʩʷ ʥʝ ʙʽʣʴʰʝ ʥʽʞ ʫ 

2-3 ʨʘʟʠ ʧʽʩʣʷ ʪʝʨʤʦʦʙʨʦʙʢʠ ʟʘ ʊʚ = 550 ʂ ɟ ~ (10
-6

-10
-7

) ʆʤĿʤ, ʱʦ ʻ 

ʭʘʨʘʢʪʝʨʥʠʤ ʜʣʷ ʧʣʽʚʦʢ Py [116]. ɺʝʣʠʢʽ ʟʥʘʯʝʥʥʷ r ʤʦʞʥʘ ʧʦʷʩʥʠʪʠ ʷʢ 

ʧʨʦʷʚʦʤ ʨʦʟʤʽʨʥʦʛʦ ʝʬʝʢʪʫ ʫ ʪʦʥʢʠʭ ʧʣʽʚʢʘʭ [129], ʪʘʢ ʽ ʚʠʩʦʢʦʶ 

ʜʝʬʝʢʪʥʽʩʪʶ ʩʪʨʫʢʪʫʨʠ ʦʪʨʠʤʘʥʠʭ ʟʨʘʟʢʽʚ. ʗʢ ʙʫʣʦ ʧʦʢʘʟʘʥʦ ʚʠʱʝ, ʩʝʨʝʜʥʽʡ 

ʨʦʟʤʽʨ ʢʨʠʩʪʘʣʽʪʽʚ ʧʣʽʚʦʢ ʧʝʨʤʘʣʦʻʚʦʛʦ ʩʧʣʘʚʫ Ni80Fe20 ʥʝ ʧʝʨʝʚʠʱʫʻ 5 ʥʤ ʫ 

ʩʚʽʞʦʩʢʦʥʜʝʥʩʦʚʘʥʦʤʫ ʩʪʘʥʽ ʜʣʷ ʟʘʜʘʥʦʛʦ ʜʽʘʧʘʟʦʥʫ d = 10-50 ʥʤ. ʋ ʧʨʦʮʝʩʽ 

ʪʝʨʤʦʚʽʜʧʘʣʶʚʘʥʥʷ ʟʘ ʊʚ = 550 ʂ ʩʪʨʫʢʪʫʨʘ ʟʘʣʠʰʘʻʪʴʩʷ ʥʘʥʦʨʦʟʤʽʨʥʦʶ 

(L = 5-7 ʥʤ).  

2. ɺʝʣʠʯʠʥʘ ʧʠʪʦʤʦʛʦ ʦʧʦʨʫ ʪʦʥʢʠʭ ʧʣʽʚʦʢ Ag ʫ ʩʽʚʞʦʩʢʦʥʜʝʥʩʦʚʥʦʤʫ 

ʩʪʘʥʽ ʥʝ ʧʝʨʝʚʠʱʫʻ 1Ŀ10
-7

 ʆʤĿʤ ʟʘ d = 10-80 ʥʤ. ʊʝʨʤʦʩʪʘʙʽʣʽʟʘʮʽʡʥʽ ʧʨʦʮʝʩʠ 

ʟʘ ʊʚ = 550 ʂ ʩʧʨʠʯʠʥʷʶʪʴ ʟʤʝʥʰʝʥʥʷ r ʫ 1,1-1,4 ʨʘʟʠ (ʫ ʨʝʟʫʣʴʪʘʪʽ 

ɟ ~ 10
-8

 ʆʤĿʤ). ʄʝʥʰʽ ʥʘ ʧʦʨʷʜʦʢ ʟʥʘʯʝʥʥʷ ʧʠʪʦʤʦʛʦ ʦʧʦʨʫ ʜʣʷ ʧʣʽʚʦʢ Ag, 

ʧʦʨʽʚʥʷʥʦ ʟ ʧʣʽʚʢʘʤʠ ʧʝʨʤʘʣʦʻʚʦʛʦ ʩʧʣʘʚʫ Ni80Fe20, ʤʦʞʥʘ ʧʦʷʩʥʠʪʠ 

ʚʽʜʤʽʥʥʽʩʪʶ ʫ ʾʭ ʢʨʠʩʪʘʣʽʯʥʽʡ ʩʪʨʫʢʪʫʨʽ. ʉʪʨʫʢʪʫʨʘ ʦʜʥʦʰʘʨʦʚʠʭ ʧʣʽʚʦʢ Ag ʫ 

ʩʚʽʞʦʩʢʦʥʝʥʩʦʚʘʥʦʤʫ ʩʪʘʥʽ ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ ʟʝʨʝʥ ʟ ʯʽʪʢʦʶ ʦʛʨʘʥʢʦʶ ʪʘ 

ʩʝʨʝʜʥʽʤ ʨʦʟʤʽʨʦʤ L = (15-20) ʥʤ, ʷʢʠʡ ʟʨʦʩʪʘʻ ʫ 5-6 ʨʘʟʽʚ ʚʥʘʩʣʽʜʦʢ 

ʧʨʦʪʽʢʘʥʥʷ ʪʝʨʤʦʩʪʘʙʽʣʽʟʘʮʽʡʥʠʭ ʧʨʦʮʝʩʽʚ. 

3. ʍʘʨʘʢʪʝʨ ʟʘʣʝʞʥʦʩʪʝʡ ɟ(d) ʪʘ ɓ(d) (ʜʠʚ. ʨʠʩ. 3.9) ʷʢ ʜʣʷ ʧʣʽʚʦʢ 

ʧʝʨʤʘʣʦʻʚʦʛʦ ʩʧʣʘʚʫ Ni80Fe20, ʪʘʢ ʽ ʧʣʽʚʦʢ Ag ʻ ʪʠʧʦʚʠʤ ʜʣʷ ʧʣʽʚʢʦʚʠʭ 

ʤʘʪʝʨʽʘʣʽʚ, ʚ ʷʢʠʭ ʧʨʦʷʚʣʷʻʪʴʩʷ ʨʦʟʤʽʨʥʠʡ ʝʬʝʢʪ. ɿʥʘʯʝʥʥʷ ɟ ʟʤʝʥʰʫʻʪʴʩʷ ʟʘ 

ʟʨʦʩʪʘʥʥʷ ʪʦʚʱʠʥʠ ʧʣʽʚʢʦʚʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʧʦʩʪʫʧʦʚʦ ʥʘʙʣʠʞʘʶʯʠʩʴ ʜʦ 

ʘʩʠʤʧʪʦʪʠʯʥʦʛʦ ʟʥʘʯʝʥʥʷ ŕ. ɿʥʘʯʝʥʥʷ b, ʷʢʝ ʻ ʦʙʝʨʥʝʥʦ ʧʨʦʧʦʨʮʽʡʥʝ 

ʚʝʣʠʯʠʥʽ ɟ, ʟʨʦʩʪʘʻ ʟʘ ʟʨʦʩʪʘʥʥʷ d ʟ ʚʠʭʦʜʦʤ ʥʘ ʥʘʩʠʯʝʥʥʷ (ʝʢʩʧʦʥʝʥʪʦ ʫ 

ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʻ ʚʝʣʠʯʠʥʘ b́, ʱʦ ʭʘʨʘʟʢʪʨʠʟʫʻ ʧʦʣʽʢʨʠʩʪʘʣʽʯʥʠʡ ʟʨʘʟʦʢ ʟ  
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ʈʠʩ. 3.9. ɿʘʣʝʞʥʦʩʪʽ ɟ(d) ʪʘ ɓ(d) ʜʣʷ ʧʣʽʚʦʢ ʧʝʨʤʘʣʦʻʚʦʛʦ ʩʧʣʘʚʫ 

Ni80Fe20 (ʘ) ʪʘ Ag (ʙ) 

 

ʪʦʚʱʠʥʦʶ d­ .́ 

ʇʨʠʯʠʥʘ ʪʘʢʦʛʦ ʭʘʨʘʢʪʝʨʫ ʟʘʣʝʞʥʦʩʪʝʡ ɟ(d) ʪʘ ɓ(d) ʻ ʧʨʦʷʚ ʪʘʢʠʭ 

ʜʦʜʘʪʢʦʚʠʭ ʤʝʭʘʥʽʟʤʽʚ ʨʦʟʩʽʶʚʘʥʥʷ ʝʣʝʢʪʨʦʥʽʚ ʚ ʦʙôʻʤʽ ʟʨʘʟʢʘ ʷʢ ʧʦʚʝʨʭʥʝʚʝ 

ʪʘ ʟʝʨʥʦʤʝʞʝʚʝ. 

ʋ ʧʝʨʰʦʤʫ ʨʦʟʜʽʣʽ ʜʘʥʦʾ ʨʦʙʦʪʠ ʙʫʣʦ ʧʦʢʘʟʘʥʦ, ʱʦ ʪʝʨʤʦʦʙʨʦʙʢʘ 

ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʩʬʦʨʤʦʚʘʥʠʭ ʥʘ ʦʩʥʦʚʽ ʧʝʨʤʘʣʦʻʚʠʭ ʩʧʣʘʚʽʚ 

NiʭFe1-ʭ ʪʘ ʥʝʤʘʛʥʽʪʥʠʭ ʤʝʪʘʣʽʚ (Ag, Au ʯʠ Cu), ʚʧʣʠʚʘʻ ʥʘ ʭʘʨʘʢʪʝʨ ʪʘ 

ʘʤʧʣʽʪʫʜʫ ʤʘʛʥʽʪʦʨʝʟʠʩʪʠʚʥʠʭ ʝʬʝʢʪʽʚ, ʱʦ ʨʝʘʣʽʟʫʶʪʴʩʷ ʫ ʥʠʭ. ʋ ʟʚôʷʟʢʫ ʟ 

ʮʠʤ ʚʘʞʣʠʚʠʤ ʻ ʜʦʩʣʽʜʠʪʠ ʷʢ ʟʤʽʥʶʻʪʴʩʷ ʚʝʣʠʯʠʥʘ ʧʠʪʦʤʦʛʦ ʦʧʦʨʫ ʪʘʢʠʭ 

ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʫ ʧʨʦʮʝʩʽ ʪʝʨʤʦʦʙʨʦʙʢʠ. ʂʨʽʤ ʪʦʛʦ ʥʝ ʤʝʥʰ 

ʚʘʞʣʠʚʠʤ ʻ ʚʠʟʥʘʯʝʥʥʷ ʚʝʣʠʯʠʥʠ ʪʝʨʤʽʯʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʫ ʦʧʦʨʫ, ʷʢʘ 

ʭʘʨʘʢʪʝʨʠʟʫʻ ʯʫʪʣʠʚʽʩʪʴ ʟʤʽʥʠ ʦʧʦʨʫ ʧʨʠ ʟʤʽʥʽ ʪʝʤʧʝʨʘʪʫʨʠ. ʊʘʢʦʞ 

ʚʘʞʣʠʚʠʤ ʬʘʢʪʦʨʦʤ, ʷʢʠʡ ʤʦʞʝ ʩʧʨʠʯʠʥʠʪʠ ʟʤʽʥʠ ʫ ʚʝʣʠʯʠʥʘʭ ʧʠʪʦʤʦʛʦ 

ʦʧʦʨʫ ʽ ʊʂʆ, ʤʦʞʝ ʙʫʪʠ ʟʤʽʥʘ ʢʦʥʮʝʥʪʨʘʮʽʾ ʢʦʤʧʦʥʝʥʪ ʫ ʩʠʩʪʝʤʽ ʪʘ ʟʘʛʘʣʴʥʦʾ 

ʪʦʚʱʠʥʠ ʟʨʘʟʢʽʚ.  

ɿ ʤʝʪʦʶ ʚʠʟʥʘʯʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʡʥʠʭ, ʨʦʟʤʽʨʥʠʭ ʪʘ ʪʝʤʧʝʨʘʪʫʨʥʠʭ 

ʝʬʝʢʪʽʚ ʚ ʝʣʝʢʪʨʦʬʽʟʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʷʭ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʤʘʪʝʨʽʘʣʽʚ (ʈʫ+Ag)/ʇ 

ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʪʝʤʧʝʨʘʪʫʨʥʽ ʟʘʣʝʞʥʦʩʪʽ ʧʠʪʦʤʦʛʦ ʦʧʦʨʫ ʜʣʷ ʜʚʦʭ ʩʝʨʽʡ 

ʟʨʘʟʢʽʚ:  

ɯ ʩʝʨʽʷ ï ʧʣʽʚʢʦʚʽ ʩʠʩʪʝʤʠ (ʈʫ+Ag)/ʇ ʦʜʥʘʢʦʚʦʾ ʟʘʛʘʣʴʥʦʾ ʪʦʚʱʠʥʠ 
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d = 55 ʥʤ = const, ʚ ʷʢʠʭ ʢʦʥʮʝʥʪʨʘʮʽ ̫ʘʪʦʤʽʚ ʩʨʽʙʣʘ ʟʤʽʥʶʚʘʣʘʩʷ ʫ ʜʽʘʧʘʟʦʥʽ 

ʚʽʜ 20 ʜʦ 85 ʘʪ.%; 

ɯɯ ʩʝʨʽʷ - ʧʣʽʚʢʦʚʽ ʩʠʩʪʝʤʠ (ʈʫ+Ag)/ʇ ʟʘ cAg = 60 ʘʪ.% = const, ʪʦʚʱʠʥʘ 

ʷʢʠʭ ʟʤʽʥʶʚʘʣʘʩ ̫ʚ ʽʥʪʝʨʚʘʣʽ ʚʽʜ 20 ʜʦ 100 ʥʤ. 

ɼʣʷ ʩʚʽʞʦʩʢʦʥʜʝʥʩʦʚʘʥʠʭ ʟʨʘʟʢʽʚ ʧʝʨʰʦʾ ʩʝʨʽʾ ʙʫʣʦ ʚʠʟʥʘʯʝʥʦ, ʱʦ 

ʚʝʣʠʯʠʥʘ r = 2-7Ŀ10
-7

 ʆʤĿʤ ʚʠʤʽʨʷʥʦʾ ʟʘ ʢʽʤʥʘʪʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ. ʎʝ ʢʦʨʝʣʶʻ ʟ 

ʜʘʥʠʤʠ ʜʣʷ ʩʢʣʘʜʦʚʠʭ ʢʦʤʧʦʥʝʥʪ ʩʠʩʪʝʤʠ, ʥʘʚʝʜʝʥʠʤʠ ʚʠʱʝ. ʊʝʤʧʝʨʘʪʫʨʥʠʡ 

ʜʽʘʧʘʟʦʥ ʜʦʩʣʽʜʞʝʥʴ ʦʙʤʝʞʫʚʘʚʩʷ ʪʝʤʧʝʨʘʪʫʨʦʶ ʚʽʜʧʘʣʶʚʘʥʥʷ ʊʚ = 550 ʂ, 

ʦʩʢʽʣʴʢʠ ʜʣʷ ʚʩʽʭ ʟʨʘʟʢʽʚ ʜʘʥʦʾ ʩʝʨʽʾ ʪʝʤʧʝʨʘʪʫʨʘ ʟʘʣʽʢʦʚʫʚʘʥʥʷ ʜʝʬʝʢʪʽʚ ʊʜ ʥʝ 

ʧʝʨʝʚʠʱʫʚʘʣʘ 520 ʂ. ʇʽʜ ʪʝʤʧʝʨʘʪʫʨʦʶ ʟʘʣʽʢʦʚʫʚʘʥʥʷ ʜʝʬʝʢʪʽʚ ʩʣʽʜ ʨʦʟʫʤʽʪʠ 

ʪʝʤʧʝʨʘʪʫʨʫ, ʧʨʠ ʷʢʽʡ ʥʘ ɯ ʮʠʢʣʽ ʪʝʨʤʦʦʙʨʦʙʢʠ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʤʽʥʽʤʫʤ 

ʧʠʪʦʤʦʛʦ ʦʧʦʨʫ ʥʘ ʪʝʤʧʝʨʘʪʫʨʥʽʡ ʟʘʣʝʞʥʦʩʪʽ ʧʠʪʦʤʦʛʦ ʦʧʦʨʫ. ɺʽʜʦʤʦ, ʱʦ ʥʘ ʾʾ 

ʚʝʣʠʯʠʥʫ ʚʧʣʠʚʘʶʪʴ ʥʝ ʪʽʣʴʢʠ ʧʨʦʮʝʩʠ ʟʘʣʽʢʦʚʫʚʘʥʥʷ ʜʝʬʝʢʪʽʚ ʽ 

ʨʝʢʨʠʩʪʘʣʽʟʘʮʽʾ, ʘ ʪʘʢʦʞ ʽ ʰʚʠʜʢʽʩʪʴ ʢʦʥʜʝʥʩʘʮʽʾ. 

ʇʨʠʢʣʘʜʠ ʟʘʣʝʞʥʦʩʪʝʡ ɟ(ʊ) ʜʣʷ ʩʠʩʪʝʤʠ (ʈʫ+Ag)/ʇ ʟʘ ʢʦʥʮʝʥʪʨʘʮʽʾ 

cAg = 26, 48 ʽ 77 ʘʪ.% ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩʫʥʢʫ 3.10. ɺʽʜʤʽʪʠʤʦ, ʱʦ ʥʘ ʪʝʤʧʝʨʘʪʫʨʥʠʭ 

ʟʘʣʝʞʥʦʩʪʷʭ ʧʠʪʦʤʦʛʦ ʦʧʦʨʫ ʜʣʷ ʚʩʽʭ ʟʨʘʟʢʽʚ, ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʢʦʤʧʦʥʝʥʪ, ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ ʚʽʜʤʽʥʥʽʩʪʴ ʧʝʨʰʦʛʦ ʮʠʢʣʫ ʥʘʛʨʽʚʘʥʥʷ ʚʽʜ 

ʧʦʜʘʣʴʰʠʭ ʮʠʢʣʽʚ ʦʭʦʣʦʜʞʝʥʥʷ ʪʘ çʥʘʛʨʽʚʘʥʥʷ ª ʦʭʦʣʦʜʞʝʥʥʷè. ʅʝʦʙʦʨʦʪʥʽ 

ʟʤʽʥʠ ʧʠʪʦʤʦʛʦ ʦʧʨʫ ʥʘ ɯ ʮʠʢʣʽ ʥʘʛʨʽʚʘʥʥʷ ʧʦʚôʷʟʘʥʽ ʟʽ ʩʪʨʫʢʪʫʨʥʠʤʠ ʟʤʽʥʘʤʠ ʫ 

ʟʨʘʟʢʫ (ʨʝʢʨʠʩʪʘʣʽʟʘʮʽʷ ʪʘ ʟʘʣʽʢʦʚʫʚʘʥʥʷ ʜʝʬʝʢʪʽʚ). ɺʽʜʤʽʪʠʤʦ, ʱʦ 

ʨʝʢʨʠʩʪʘʣʽʟʘʮʽʡʥʽ ʧʨʦʮʝʩʠ ʨʦʟʧʦʯʠʥʘʶʪʴʩʷ ʧʨʠ ʥʘʛʨʽʚʘʥʥʽ ʟʨʘʟʢʽʚ ʥʝ ʙʽʣʴʰʝ ʥʽʞ 

ʜʦ 320 ʂ. ʃʽʥʽʡʥʘ ʟʘʣʝʞʥʽʩʪʴ ʚʝʣʠʯʠʥʠ ɟ ʧʨʠ ʟʤʽʥʽ ʪʝʤʧʝʨʘʪʫʨʠ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ 

ʧʨʠ ʦʭʦʣʦʜʞʝʥʥʽ ʥʘ ɯ ʮʠʢʣʽ ʪʘ ʧʨʠ çʥʘʛʨʽʚʘʥʥʷ ª ʦʭʦʣʦʜʞʝʥʥʷè ɯɯ ʮʠʢʣʽ. ʎʝ 

ʪʠʧʦʚʦ ʜʣʷ ʧʣʽʚʦʢ ʤʝʪʘʣʽʚ ʽ ʧʦʚôʷʟʘʥʦ ʟ ʧʨʦʮʝʩʘʤʠ ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʾ 

ʝʣʝʢʪʨʦʥ-ʬʦʥʦʥʥʦʾ ʪʘ ʝʣʝʢʪʨʦʥ-ʤʘʛʥʦʥʥʦʾ ʚʟʘʻʤʦʜʽʾ. ʋ ʨʝʟʫʣʴʪʘʪʽ ʚʽʜʧʘʣʶʚʘʥʥʷ 

ʚʝʣʠʯʠʥʘ r ʟʤʝʥʰʫʻʪʴʩʷ ʚʽʜ 1,5 ʜʦ 3 ʨʘʟʽʚ ʪʘ ʤʘʻ ʧʦʨʷʜʦʢ 10 ï 7
 ʆʤĿʤ.  

ʅʘ ʚʩʪʘʚʢʘʭ ʨʠʩʫʥʢʫ 3.10 ʥʘʚʝʜʝʥʽ ʪʝʤʧʝʨʘʪʫʨʥʽ ʟʘʣʝʞʥʦʩʪʽ 

ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʛʦ ʊʂʆ (ʨʦʟʨʘʭʫʥʢʠ ʧʨʦʚʦʜʠʣʠʩʷ ʟʘ ʜʨʫʛʠʤ ʮʠʢʣʦʤ   
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ʈʠʩ. 3.9. ʊʝʤʧʝʨʘʪʫʨʥʽ ʟʘʣʝʞʥʦʩʪʽ ʧʠʪʦʤʦʛʦ ʦʧʦʨʫ ʪʘ ʊʂʆ (ʥʘ ʚʩʪʘʚʢʘʭ) 

ʜʣʷ ʧʣʽʚʢʦʚʦʾ ʩʠʩʪʝʤʠ (ʈʫ+Ag)/ʇ ʟʘ d = 55 ʥʤ ʪʘ ʩAg = 26 (ʘ), 48 (ʙ) ʪʘ 77 ʘʪ.% 

(ʚ) ʜʣʷ ʜʚʦʭ ʮʠʢʣʽʚ çʥʘʛʨʽʚʘʥʥʷźʦʭʦʣʦʜʞʝʥʥʷè 

 

 

ʈʠʩ. 3.10. ʊʝʤʧʝʨʘʪʫʨʥʽ ʟʘʣʝʞʥʦʩʪʽ ʧʠʪʦʤʦʛʦ ʦʧʦʨʫ ʪʘ ʊʂʆ (ʥʘ ʚʩʪʘʚʢʘʭ) 

ʜʣʷ ʧʣʽʚʢʦʚʦʾ ʩʠʩʪʝʤʠ (ʈʫ+Ag)/ʇ ʟʘ ʩAg = 60 ʘʪ.% ʪʘ d = 20 ʥʤ (ʘ) ʪʘ 80 ʥʤ (ʙ) 

ʜʣʷ ʜʚʦʭ ʮʠʢʣʽʚ çʥʘʛʨʽʚʘʥʥʷźʦʭʦʣʦʜʞʝʥʥʷè 
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ʦʭʦʣʦʜʞʝʥʥʷ ʟʘ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ 
1 i

dif

i

dR

R dʊ
b = ). ɺʠʭʦʜʷʯʠ ʟ ʦʟʥʘʯʝʥʥʷ 

ʪʝʨʤʽʯʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʫ ʦʧʦʨʫ, ʣʦʛʽʯʥʠʤ ʻ ʬʘʢʪ, ʱʦ b ~1/ʊ. ʊʘʢʦʞ ʷʢ ʽ ʫ 

ʚʠʧʘʜʢʫ ʚʝʣʠʯʠʥʠ ʧʠʪʦʤʦʛʦ ʦʧʨʫ, ʟʤʽʥʘ ʢʦʥʮʝʥʪʨʘʮʽʾ ʢʦʤʧʦʥʝʥʪ ʚ ʩʠʩʪʝʤʽ 

(ʈʫ+Ag)/ʇ ʥʝ ʟʤʽʥʶʻ ʭʘʨʘʢʪʝʨ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʊʂʆ. ɺʝʣʠʯʠʥʘ 

ʽʥʪʝʛʨʘʣʴʥʦʛʦ ʊʂʆ, ʱʦ ʚʠʟʥʘʯʘʣʘʩʷ ʟʘ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ int
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D
, ʜʣʷ 

ʚʩʽʭ ʟʨʘʟʢʽʚ ɯ ʩʝʨʽʾ ʤʘʻ ʧʦʨʷʜʦʢ 10
 ï 3

 ʂ
-1

. 

ɸʥʘʣʽʟʫʶʯʠ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʪʝʨʤʦʨʝʟʠʩʪʠʚʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʟʨʘʟʢʽʚ ɯɯ ʩʝʨʽʾ, ʩʣʽʜ ʚʽʜʤʽʪʠʪʠ, ʱʦ ʟʤʝʥʰʝʥʥʷ ʟʘʛʘʣʴʥʦʾ ʪʦʚʱʠʥʠ ʩʠʩʪʝʤʠ 

(ʈʫ+Ag)/ʇ ʜʦ 20 ʥʤ ʚʧʣʠʚʘʻ ʥʘ ʟʦʚʥʽʰʥʽʡ ʚʠʛʣʷʜ ʟʘʣʝʞʥʦʩʪʽ ɟ(ʊ) ʥʘ ɯ ʮʠʢʣʽ 

ʥʘʛʨʽʚʘʥʥʷ. ɿʘʪʷʞʥʠʡ ʭʘʨʘʢʪʝʨ ʪʝʤʧʝʨʘʪʫʨʥʦʾ ʟʘʣʝʞʥʦʩʪʽ ʧʠʪʦʤʦʛʦ ʦʧʦʨʫ ʚ 

ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʩʚʽʜʯʠʪʴ ʧʨʦ ʚʠʩʦʢʫ ʜʝʬʝʢʪʥʽʩʪʴ ʩʪʨʫʢʪʫʨʠ ʥʘʥʦʨʦʟʤʽʨʥʠʭ 

ʧʣʽʚʦʢ, ʩʬʦʨʤʦʚʘʥʠʭ ʥʘ ʦʩʥʦʚʽ ʧʝʨʤʘʣʦʻʚʦʛʦ ʩʧʣʘʚʫ Ni80Fe20, ʱʦ ʪʘʢʦʞ ʻ 

ʭʘʨʘʢʪʝʨʥʠʤ ʽ ʜʣʷ ʦʜʥʦʰʘʨʦʚʠʭ ʧʣʽʚʦʢ Ni80Fe20. 

ʋʟʘʛʘʣʴʥʝʥʘ ʢʦʥʮʝʥʪʨʘʮʽʡʥʘ ʟʘʣʝʞʥʽʩʪʴ ʚʝʣʠʯʠʥʠ ʧʠʪʦʤʦʛʦ ʦʧʦʨʫ 

r(cAg) ʪʘ ʪʝʨʤʽʯʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʫ ʦʧʦʨʫ ɓ(cAg) ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩʫʥʢʫ 3.11 

(ʧʦʟʠʮʽʾ ʘ). ɿ ʨʠʩʫʥʢʫ 3.11ʘ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʜʦʜʘʚʘʥʥʷ Ag ʜʦ 

ʧʝʨʤʘʣʦʻʚʦʛʦ ʩʧʣʘʚʫ Ni80Fe20 ʪʘ ʟʙʽʣʴʰʝʥʥʽ ʢʦʥʮʝʥʪʨʘʮʽ ʾcAg ʟ 26 ʜʦ 48 ʘʪ.% 

ʩʧʨʠʯʠʥʷʻ ʟʨʦʩʪʘʥʥʷ ʚʝʣʠʯʠʥʠ ɟ ʫ ʩʠʩʪʝʤʽ (ʈʫ+Ag)/ʇ ʜʦ 2,5Ŀ10
 ï 7 
ʆʤĿʤ ʫ 

ʧʦʨʽʚʥʷʥʥʽ ʟ ʜʘʥʠʤʠ ʜʣʷ ʦʜʥʦʰʘʨʦʚʠʭ ʧʣʽʚʦʢ ʧʝʨʤʘʣʦʻʚʦʛʦ ʩʧʣʘʚʫ Ni80Fe20 ʟʘ 

d = 55 ʥʤ (ɟ(ʈʫ) = 2,0Ŀ10
 ï 7 
ʆʤĿʤ). ʇʦʜʘʣʴʰʝ ʟʙʽʣʴʰʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʘʪʦʤʽʚ 

Ag ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʨʽʟʢʦʛʦ ʟʤʝʥʰʝʥʥʷ ʧʠʪʦʤʦʛʦ ʦʧʦʨʫ ʜʦ ʚʝʣʠʯʠʥʠ r, 

ʭʘʨʘʢʪʝʨʥʦʾ ʜʣʷ ʦʜʥʦʰʘʨʦʚʦʾ ʧʣʽʚʢʠ Ag(55)/ʇ, ʱʦ ʩʢʣʘʜʘʻ 1,7Ŀ10
 ï 7 
ʆʤĿʤ. ʎʝ 

ʧʦʚôʷʟʘʥʦ ʟʽ ʟʤʽʥʘʤʠ ʫ ʢʨʠʩʪʘʣʽʯʥʽʡ ʩʪʨʫʢʪʫʨʽ ʟʨʘʟʢʽʚ. ɿʘ ʢʦʥʮʝʥʪʨʘʮʽʾ 

cAg = 63-85 ʘʪ.% ʟʤʝʥʰʫʻʪʴʩʷ ʢʦʥʮʝʥʪʨʘʮʽʷ ʢʨʠʩʪʘʣʽʪʽʚ ʬʝʨʦʤʘʛʥʽʪʥʦʾ 

ʢʦʤʧʦʥʝʥʪʠ ʽ ʚʦʥʠ ʚʩʝ ʤʝʥʰʝ ʽ ʤʝʥʰʝ ʩʪʨʠʤʫʶʪʴ ʨʽʩʪ ʢʨʠʩʪʘʣʽʪʽʚ 

ʥʝʤʘʛʥʽʪʥʦʛʦ Ag ʫ ʧʨʦʮʝʩʽ ʢʦʥʜʝʥʩʘʮʽʾ ʪʘ ʪʝʨʤʦʦʙʨʦʙʢʠ. ʊʘʢʠʡ ʚʠʩʥʦʚʦʢ 

ʟʨʦʙʣʝʥʠʡ ʥʘ ʧʽʜʩʪʘʚʽ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʴ ʢʨʠʩʪʘʣʽʯʥʦʾ ʩʪʨʫʢʪʫʨʠ 

ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʤʘʪʝʨʽʘʣʽʚ (ʈʫ+Ag)/ʇ, ʧʨʝʜʩʪʘʚʣʝʥʠʭ ʥʘ ʨʠʩʫʥʢʫ 3.5. 
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ʂʦʥʮʝʥʪʨʘʮʽʡʥʘ ʟʘʣʝʞʥʽʩʪʴ ʊʂʆ ʧʨʠ ʮʴʦʤʫ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʥʘʷʚʥʽʩʪʶ 

ʤʽʥʽʤʫʤʫ ʟʘ cAg = 48 ʘʪ.%, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʚʝʣʠʯʠʥʽ ɓ = 1,8Ŀ10
 ï 3

 ʂ
-1 

(ʨʠʩ. 3.11.ʘ). ɺʽʜʧʦʚʽʜʥʦ, ʜʦʜʘʚʘʥʥʷ Ag ʜʦ ʧʝʨʤʘʣʦʻʚʦʛʦ ʩʧʣʘʚʫ Ni80Fe20 ʪʘ 

ʟʙʽʣʴʰʝʥʥʽ ʢʦʥʮʝʥʪʨʘʮʽ ʾcAg ʟ 26 ʜʦ 48 ʘʪ.% ʩʧʨʠʯʠʥʷʻ ʧʦʩʪʫʧʦʚʝ ʟʤʝʥʰʝʥʥʷ 

ʚʝʣʠʯʠʥʠ ʊʂʆ. ʉʣʽʜ, ʦʜʥʘʢ, ʚʽʜʤʽʪʠʪʠ, ʱʦ ʜʘʥʠʡ ʤʽʥʽʤʫʤ ʥʝ ̒ ʪʘʢʠʤ ʷʨʢʦ 

ʚʠʨʘʞʝʥʠʤ, ʷʢʱʦ ʧʦʨʽʚʥʶʚʘʪʠ ʢʦʥʮʝʥʪʨʘʮʽʡʥʽ ʟʘʣʝʞʥʦʩʪʽ r(cAg) ʪʘ ɓ(cAg).  

ʉʣʽʜ ʪʘʢʦʞ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʩʫʯʘʩʥʽ ʪʝʥʜʝʥʮʽʾ ʨʦʟʚʠʪʢʫ ʩʝʥʩʦʨʥʦʾ 

ʝʣʝʢʪʨʦʥʽʢʠ ʚʠʤʘʛʘʶʪʴ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʽʜʭʦʜʫ ʜʦ ʚʠʚʯʝʥʥʷ ʥʝ ʪʽʣʴʢʠ 

ʪʝʨʤʦʨʝʟʠʩʪʠʚʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʧʣʽʚʢʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟ ʤʝʪʦʶ 

ʩʪʚʦʨʝʥʥʷ ʥʘ ʾʭ ʦʩʥʦʚʽ ʩʝʥʩʦʨʽʚ ʥʝʝʣʝʢʪʨʠʯʥʠʭ ʚʝʣʠʯʠʥ ʟ ʚʠʩʦʢʦʶ 

ʪʝʤʧʝʨʘʪʫʨʥʦʶ ʩʪʘʙʽʣʴʥʽʩʪʶ ʨʦʙʦʯʠʭ ʧʘʨʘʤʝʪʨʽʚ. ʊʘʢʦʞ ʮʽʢʘʚʠʤʠ ʟ ʪʦʯʢʠ 

ʟʦʨʫ ʧʨʘʢʪʠʯʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʻ ʜʦʩʣʽʜʞʝʥʥʷ ʾʭ ʪʝʥʟʦʨʝʟʠʩʪʠʚʥʠʭ 

ʚʣʘʩʪʠʩʪʠʚʦʩʪʝʡ ʟ ʤʝʪʦʶ ʩʪʚʦʨʝʥʥʷ ʙʘʛʘʪʦʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʩʝʥʩʦʨʽʚ [130, 

131]. ʋ ʟʚô̫ ʟʢʫ ʟ ʮʠʤ ʫ ʜʘʥʽʡ ʨʦʙʦʪʽ ʪʘʢʦʞ ʙʫʣʠ ʧʨʦʚʝʜʝʥʽ ʜʦʜʘʪʢʦʚʽ 

ʜʦʩʣʽʜʞʝʥʥʷ ʦʩʦʙʣʠʚʦʩʪʝʡ ʨʦʟʤʽʨʥʠʭ (d = 10-60 ʥʤ) ʪʘ ʢʦʥʮʝʥʪʨʘʮʽʡʥʠʭ 

(ʩAg = 15-80 aʪ.%) ʟʘʣʝʞʥʦʩʪʝʡ ʽʥʪʝʛʨʘʣʴʥʦʛʦ (gl)int ʪʘ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʛʦ (gl)dif 

ʢʦʝʬʽʮʽʻʥʪʽʚ ʪʝʥʟʦʯʫʪʣʠʚʦʩʪʽ ʜʣʷ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʧʣʽʚʢʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ ʥʘ 

ʦʩʥʦʚʽ ʧʝʨʤʘʣʦʻʚʦʛʦ ʩʧʣʘʚʫ Ni80Fe20 ʪʘ ʩʨʽʙʣʘ [121, 132]. ɹʫʣʦ ʧʦʢʘʟʘʥʦ, ʱʦ 

ʷʢ ʽ ʫ ʚʠʧʘʜʢʫ ʢʦʥʮʝʥʪʨʘʮʽʡʥʦʾ ʟʘʣʝʞʥʦʩʪʽ r(cAg) ʥʘ ʛʨʘʬʽʢʫ (gl)int ʚʽʜ ʩAg  

ʪʘʢʦʞ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʤʘʢʩʠʤʫʤ, ʷʢʠʡ ʦʜʥʘʢ ʻ ʟʤʽʱʝʥʠʤ ʫ ʙʽʢ ʤʝʥʰʠʭ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʘʪʦʤʽʚ ʩʨʽʙʣʘ (ʩAg = 30-35 aʪ.%). ʇʦʷʚʫ ʜʘʥʦʛʦ ʤʘʢʩʠʤʫʤʫ ʪʘʢʦʞ 

ʩʣʽʜ ʧʦʚôʷʟʘʪʠ ʟʽ ʩʪʨʫʢʪʫʨʥʠʤʠ ʟʤʽʥʘʤʠ ʫ ʟʨʘʟʢʘʭ (ʟʤʽʥʘ ʭʘʨʘʢʪʝʨʫ ʨʦʟʧʦʜʽʣʫ 

ʢʨʠʩʪʘʣʽʪʽʚ ʪʘ ʾʭ ʩʝʨʝʜʥʴʦʛʦ ʨʦʟʤʽʨʫ ʧʨʠ ʟʤʽʥʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ʢʦʤʧʦʥʝʥʪ).  

ɿʙʽʣʴʥʝʥʥʷ ʪʦʚʱʠʥʠ ʟʨʘʟʢʽʚ ʟ 10 ʜʦ 60 ʥʤ ʥʝ ʚʧʣʠʚʘʻ ʥʘ ʧʦʣʦʞʝʥʥʷ 

ʤʘʢʩʠʤʫʤʫ ʥʘ ʢʦʥʮʝʥʪʨʘʮʽʡʥʽʡ ʟʘʣʝʞʥʦʩʪʽ (gl)int, ʦʜʥʘʢ ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʻ ʥʘ 

ʡʦʛʦ ʚʝʣʠʯʠʥʫ (ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʨʦʩʪʘʥʥʷ (gl)int ʟ 6, 7 ʜʦ 22 ʦʜ.). ʎʝ ʩʚʽʜʯʠʪʴ ʧʨʦ 

ʚʧʣʠʚ ʨʦʟʤʽʨʥʦʛʦ ʬʘʢʪʦʨʫ ʥʘ ʪʝʥʟʦʨʝʟʠʩʪʠʚʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʜʦʩʣʽʜʞʫʚʘʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ. 

ʇʨʦ ʟʤʽʥʫ ʭʘʨʘʢʪʝʨʫ ʢʨʠʩʪʘʣʽʯʥʦʾ ʩʪʨʫʢʪʫʨʠ ʟʨʘʟʢʽʚ ʩʚʽʜʯʠʪʴ ʪʘʢʦʞ ʽ 

ʢʦʥʮʝʥʪʨʘʮʽʡʥʘ ʟʘʣʝʞʥʽʩʪʴ ʪʝʤʧʝʨʘʪʫʨʠ ʟʘʣʽʢʦʚʫʚʘʥʥʷ ʜʝʬʝʢʪʽʚ (ʨʠʩ. 3.11ʙ).  
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ʈʠʩ. 3.11. ɿʘʣʝʞʥʦʩʪʽ ʧʠʪʦʤʦʛʦ ʦʧʦʨʫ, ʪʝʨʤʽʯʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʫ ʦʧʦʨʫ (ʘ) 

ʽ ʪʝʤʧʝʨʘʪʫʨʠ ʟʘʣʽʢʦʚʫʚʘʥʥʷ ʜʝʬʝʢʪʽʚ ʊʜ (ʙ) ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ ʘʪʦʤʽʚ ʩʨʽʙʣʘ 

(d = 55 ʥʤ) (ʘ, ʙ) ʪʘ ʚʽʜ ʟʘʛʘʣʴʥʦʾ ʪʦʚʱʠʥʠ ʧʣʽʚʢʦʚʦʾ ʩʠʩʪʝʤʠ (Py+Ag)/ʇ (ʚ)   
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ʗʢ ʙʫʣʦ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʫ 3.5, ʧʨʠ ʟʤʽʥʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ʢʦʤʧʦʥʝʥʪ 

ʥʘʥʦʨʦʟʤʽʨʥʦʛʦ ʧʣʽʚʢʦʚʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʩʬʦʨʤʦʚʘʥʦʛʦ ʥʘ ʦʩʥʦʚʽ ʧʝʨʤʘʣʦʻʚʦʛʦ 

ʩʧʣʘʚʫ Ni80Fe20 ʪʘ Ag, ʚʽʜʙʫʚʘʶʪʴʩʷ ʟʤʽʥʠ ʫ ʩʝʨʝʜʥʽʡ ʢʦʥʮʝʥʪʨʘʮʽ ʾʪʘ ʪʠʧ 

ʩʪʨʫʢʪʫʨʥʠʭ ʜʝʬʝʢʪʽʚ (ʚʘʢʘʥʩʽʡ, ʜʝʬʝʢʪʽʚ ʧʘʢʫʚʘʥʥʷ, ʤʝʞ ʟʝʨʝʥ). ɸ ʩʘʤʝ, ʟʘ 

cAg < 50 ʘʪ.% ʩʪʨʫʢʪʫʨʘ ʧʣʽʚʢʦʚʦʛʦ ʤʘʪʝʨʽʘʣʫ ʻ ʥʘʥʦʨʦʟʤʽʨʥʦʶ ʟ ʩʝʨʝʜʥʽʤ 

ʨʦʟʤʽʨʦʤ ʢʨʠʩʪʘʣʽʪʽʚ L = 5 ʥʤ. ʇʨʠ ʮʴʦʤʫ ʜʦ ʦʩʥʦʚʥʦʛʦ ʤʝʭʘʥʽʟʤʫ 

ʟʘʣʽʢʦʚʫʚʘʥʥʷ ʜʝʬʝʢʪʽʚ ʩʣʽʜ ʚʽʜʥʝʩʪʠ ʧʨʦʮʝʩ ʟʘʣʽʢʦʚʫʚʘʥʥʷ ʚʘʢʘʥʩʽʡ ʘʪʦʤʘʤʠ 

ʽʟ ʟʘʣʠʰʢʦʚʦʾ ʘʪʤʦʩʬʝʨʠ (N, O, C, H) ʽ ʯʘʩʪʢʦʚʦ ʘʪʦʤʘʤʠ Ag. ɿʨʦʩʪʘʥʥ ̫

ʚʤʽʩʪʫ ʘʪʦʤʽʚ Ag ʚ ʩʠʩʪʝʤʽ (ʈʫ+Ag)/ʇ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʟʙʽʣʴʰʝʥʥʷʤ 

ʚʝʣʠʯʠʥʠ L ʪʘ ʟʨʦʩʪʘʥʥʷʤ ʢʦʥʮʝʥʪʨʘʮʽʾ ʢʨʠʩʪʘʣʽʪʽʚ ʟ ʜʝʬʝʢʪʘʤʠ ʧʘʢʫʚʘʥʥʷ. 

ʗʢ ʨʝʟʫʣʴʪʘʪ ʫ ʜʽʘʧʘʟʦʥʽ ʢʦʥʮʝʥʪʨʘʮʽʡ cAg = 20-50 ʘʪ.% ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʤʽʥʘ 

ʩʪʨʫʢʪʫʨʠ ʟʨʘʟʢʽʚ, ʱʦ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʧʝʨʝʭʦʜʦʤ ʚʽʜ ʩʪʨʫʢʪʫʨʠ ʟ 

ʧʝʨʝʚʘʞʘʶʯʠʤʠ ʜʝʬʝʢʪʘʤʠ ʪʠʧʫ ʚʘʢʘʥʩʽʡʥʠʭ ʢʦʤʧʣʝʢʩʽʚ ʜʦ ʩʪʨʫʢʪʫʨʠ, ʜʣʷ 

ʷʢʦʾ ʭʘʨʘʢʪʝʨʥʽ ʜʝʬʝʢʪʠ ʧʘʢʫʚʘʥʥʷ. ɿʘʟʥʘʯʠʤʦ ʪʘʢʦʞ, ʱʦ ʢʦʥʮʝʥʪʨʘʮʽʡʥʘ 

ʟʘʣʝʞʥʽʩʪʴ ʪʝʤʧʝʨʘʪʫʨʠ ʟʘʣʽʢʦʚʫʚʘʥʥʷ ʜʝʬʝʢʪʽʚ ʊʜ(cAg) (ʨʠʩ. 3.11ʙ) ʤʘʻ ʪʘʢʦʞ 

ʥʝʣʽʥʽʡʥʠʡ ʭʘʨʘʢʪʝʨ. ʎʝ ʷʢ ʽ ʫ ʚʠʧʘʜʢʫ ʟʘʣʝʞʥʦʩʪʝʡ b(cAg) ʪʘ ɟ(cAg) ʧʦʚôʷʟʘʥʦ 

ʽʟ ʟʘʣʽʢʦʚʫʚʘʥʥʷʤ ʜʝʬʝʢʪʽʚ (ʚʘʢʘʥʩʽʡʥʠʭ ʢʦʤʧʣʝʢʩʽʚ ʪʘ ʜʝʬʝʢʪʽʚ ʧʘʢʫʚʘʥʥʷ) ʽ 

ʯʘʩʪʢʦʚʦ ʨʝʢʨʠʩʪʘʣʽʟʘʮʽʡʥʠʤʠ ʧʨʦʮʝʩʘʤʠ. ɿʘʟʥʘʯʠʤʦ, ʱʦ ʦʩʪʘʥʥʽʡ ʚʠʩʥʦʚʦʢ 

ʥʝ ʙʫʚ ʧʽʜʪʚʝʨʜʞʝʥʠʡ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʪʘ ʥʦʩʠʪʴ ʯʠʩʪʦ ʛʽʧʦʪʝʪʠʯʥʠʡ 

ʭʘʨʘʢʪʝʨ. ɺ̔ ʥ ʜʦʟʚʦʣʷʻ ʣʠʰʝ ʷʢʽʩʥʦ ʧʦʷʩʥʠʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʦʪʨʠʤʘʥʫ 

ʢʦʥʮʝʥʪʨʘʮʽʡʥʫ ʟʘʣʝʞʥʽʩʪʴ ʊʜ(cAg). 

ʅʘ ʨʠʩʫʥʢʫ 3.11ʚ ʥʘʚʝʜʝʥʽ ʨʦʟʤʽʨʥʽ ʟʘʣʝʞʥʦʩʪ̔ ʚʝʣʠʯʠʥʠ ʧʠʪʦʤʦʛʦ 

ʦʧʦʨʫ ʪʘ ʊʂʆ ɟ(d) ʪʘ b(d) ʦʪʨʠʤʘʥʽ ʟʘ cAg =60 ʘʪ.% = const. ɸʥʘʣʽʟʫʶʯʠ ʜʘʥʫ 

ʟʘʣʝʞʥʽʩʪʴ, ʚʽʜʤʽʯʘʻʤʦ, ʱʦ ʜʣʷ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʧʣʽʚʢʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ 

(ʈʫ+Ag)/ʇ ʪʘʢʦʞ ʻ ʭʘʨʘʢʪʝʨʥʠʤ ʧʨʦʷʚ ʨʦʟʤʽʨʥʦʛʦ ʝʬʝʢʪʫ ʚ 

ʪʝʨʤʦʨʝʟʠʩʪʠʚʥʠʭ ʚʣʘʩʪʠʚʦʩʪʷʭ. ɿʨʦʩʪʘʥʥʷ ʟʘʛʘʣʴʥʦʾ ʪʦʚʱʠʥʠ ʩʠʩʪʝʤʠ 

(ʈʫ+Ag)/ʇ ʟ 20 ʜʦ 100 ʥʤ ʩʧʨʠʯʠʥʷʻ ʨʽʟʢʝ ʟʤʝʥʰʝʥʥʷ ʚʝʣʠʯʠʥʠ ʧʠʪʦʤʦʛʦ 

ʦʧʦʨʫ ʫ 5-6 ʨʘʟʽʚ, ʚ ʪʦʡ ʯʘʩ ʷʢ ʚʝʣʠʯʠʥʘ ʊʂʆ ʟʙʽʣʴʰʫʻʪʴʩʷ ʫ 2-3 ʨʘʟʠ. 

ɺʨʘʭʦʚʫʶʯʠ ʪʦʡ ʬʘʢʪ, ʱʦ ʢʦʥʮʝʥʪʨʘʮʽʷ ʢʦʤʧʦʥʝʥʪ ʚ ʩʠʩʪʝʤʽ, ʩʬʦʨʤʦʚʘʥʽʡ ʥʘ 

ʦʩʥʦʚʽ ʧʝʨʤʘʣʦʻʚʦʛʦ ʩʧʣʘʚʫ Ni80Fe20 ʪʘ Ag, ʟʘʣʠʰʘʻʪʴʩʷ ʜʣʷ ʟʨʘʟʢʽʚ ɯɯ ʩʝʨʽʾ  
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ʊʘʙʣʠʮʷ 3.5 

ʈʦʟʨʘʭʫʥʢʦʚʽ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʚʝʣʠʯʠʥʠ ʧʠʪʦʤʦʛʦ ʦʧʦʨʫ 

ʪʘ ʊʂʆ ʜʣʷ ʧʣʽʚʢʠ (Py+Ag)/ʇ ʟʘʛʘʣʴʥʦʶ ʪʦʚʱʠʥʦʶ 55 ʥʤ ʧʨʠ ʨʽʟʥʠʭ 

ʢʦʥʮʝʥʪʨʘʮʽʷʭ ʘʪʦʤʽʚ ʩʨʽʙʣʘ  

ʂʦʥʮʝʥʪʨʘʮʽʷ 

cAg, ʘʪ.% 

ɟʝʢʩʧĿ10
7
, 

ʆʤĿʤ 

ɓʝʢʩʧĿ10
3
, 

ʂ
-1
 

ɓʨʦʟʨĿ10
3
, 

ʂ
-1
 

,%
ʝʢʩʧ ʨʦʟʨ

ʝʢʩʧ

b b

b

-
 

20 2,70 3,05 2,76 9 

26 2,83 2,72 2,65 2 

48 3,52 1,80 2,15 19 

70 1,96 1,87 2,08 11 

77 1,84 1,94 2,00 3 

82 1,80 1,90 1,80 5 

 

ʥʝʟʤʽʥʥʦʶ, ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʥʘʩʪʫʧʥʠʡ ʚʠʩʥʦʚʦʢ. ɿʤʽʥʘ ʫ ʚʝʣʠʯʠʥʘʭ r ʪʘ b 

ʧʨʠ ʟʨʦʩʪʘʥʥʽ ʟʘʛʘʣʴʥʦʾ ʪʦʚʱʠʥʠ ʩʠʩʪʝʤʠ ʧʦʚôʷʟʘʥʘ ʟ ʧʨʦʷʚʦʤ ʨʦʟʤʽʨʥʠʭ 

ʝʬʝʢʪʽʚ. ʆʩʥʦʚʥʠʤ ʬʘʢʪʦʨʦʤ, ʱʦ ʩʧʨʠʯʠʥʷʶʪʴ ʡʦʛʦ ʧʦʷʚʫ ʻ ʚʥʝʩʦʢ ʟʨʦʩʪʘʥʥʷ 

ʡʤʦʚʽʨʥʦʩʪʽ ʨʦʟʩʽʶʚʘʥʥʷ ʝʣʝʢʪʨʦʥʽʚ ʥʘ ʟʦʚʥʽʰʥʽʭ ʧʦʚʝʨʭʥʷʭ ʧʣʽʚʢʠ ʪʘ ʚ 

ʦʙôʻʤʽ ʥʘ ʤʝʞʘʭ ʟʝʨʝʥ ʚʥʘʩʣʽʜʦʢ ʟʤʝʥʰʝʥʥʷ ʪʦʚʱʠʥʠ ʟʨʘʟʢʽʚ.   

ɿ ʤʝʪʦʶ ʨʝʘʣʽʟʘʮʽʾ ʧʦʜʘʣʴʰʦʛʦ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʝʣʝʢʪʨʦʬʽʟʠʯʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʩʬʦʨʤʦʚʘʥʠʭ ʥʘ ʦʩʥʦʚʽ 

ʧʝʨʤʘʣʦʻʚʦʛʦ ʩʧʣʘʚʫ Ni80Fe20 ʪʘ Ag, ʙʫʣʘ ʧʨʦʚʝʜʝʥʘ ʘʧʨʦʙʘʮʽʷ 

ʤʘʢʨʦʩʢʦʧʽʯʥʦʾ ʤʦʜʝʣʽ ʜʣʷ ʊʂʆ. ʅʘ ʥʘʰʫ ʜʫʤʢʫ, ʫ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ, ʦʩʢʽʣʴʢʠ 

ʩʠʩʪʝʤʠ ʬʦʨʤʫʚʘʣʠʩʷ ʤʝʪʦʜʦʤ ʦʜʥʦʯʘʩʥʦʾ ʢʦʥʜʝʥʩʘʮʽʾ ʢʦʤʧʦʥʝʥʪ, ʥʘʡʙʽʣʴʰ 

ʜʣʷ ʘʧʨʦʙʘʮʽʾ ʧʽʜʭʦʜʠʪʴ ʚʠʨʘʟ ʜʣʷ ʪʝʨʤʽʯʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʫ ʦʧʦʨʫ ʧʣʽʚʢʦʚʦʛʦ 

ʩʧʣʘʚʫ [128]: .
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ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʊʂʆ ʩʠʩʪʝʤʠ 

(Py+Ag)/ʇ ʟʘ d = 55 ʥʤ ʪʘ cAg = 20-82 ʘʪ.% ʧʽʩʣʷ ʪʝʨʤʦʦʙʨʦʙʢʠ ʟʘ ʊʚ = 550 ʂ 

ʥʘʚʝʜʝʥʽ ʫ ʪʘʙʣʠʮʽ 3.5. ʊʦʯʥʽʩʪʴ ʩʧʽʚʧʘʜʽʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʪʘ 



106 

ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʜʘʥʠʭ ʜʣʷ ʊʂʆ ʥʝ ʧʝʨʝʚʠʱʫʻ 19%. ʎʝ ʻ ʤʘʢʩʠʤʘʣʴʥʝ 

ʟʥʘʯʝʥʥʷ, ʷʢʝ ʚʽʜʧʦʚʽʜʘʻ ʤʽʥʽʤʫʤʫ ʥʘ ʢʦʥʮʝʥʪʨʘʮʽʡʥʽʡ ʟʘʣʝʞʥʦʩʪʽ ʊʂʆ. 

 

3.5 ʇʨʦʮʝʩʠ ʝʣʝʢʪʨʦʧʝʨʝʥʝʩʝʥʥʷ ʚ ʧʣʽʚʢʦʚʠʭ ʥʘʥʦʩʪʨʫʢʪʫʨʘʭ 

[Py/Ag]n/ʇ, ʩʬʦʨʤʦʚʘʥʠʭ ʤʝʪʦʜʦʤ ʧʦʰʘʨʦʚʦʾ ʢʦʥʜʝʥʩʘʮʽʾ [118, 133, 134] 

 

ʗʢ ʚʞʝ ʚʽʜʤʽʯʘʣʦʩʷ ʨʘʥʽʰʝ, ʤʝʪʦʜ ʬʦʨʤʫʚʘʥʥʷ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʩʪʨʫʢʪʫʨ 

(ʦʜʥʦʯʘʩʥʘ ʘʙʦ ʧʦʰʘʨʦʚʘ ʢʦʥʜʝʥʩʘʮʽʷ) ʤʦʞʝ ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʪʠ ʥʘ ʭʘʨʘʢʪʝʨ 

ʧʨʦʪʽʢʘʥʥʷ ʜʠʬʫʟʽʡʥʠʭ ʧʨʦʮʝʩʽʚ ʷʢ ʧʨʠ ʦʩʘʜʞʝʥʥʽ, ʪʘʢ ʽ ʧʨʠ ʧʦʜʘʣʴʰʽʡ 

ʪʝʨʤʦʦʙʨʦʙʮʽ, ʟʤʽʥʶʶʯʠ ʧʨʠ ʮʴʦʤʫ ʬʘʟʦʚʠʡ ʩʪʘʥ ʩʠʩʪʝʤ, ʩʧʨʠʯʠʥʷʶʯʠ 

ʬʦʨʤʫʚʘʥʥʷ ʪʚʝʨʜʠʭ ʨʦʟʯʠʥʽʚ.  

ʋ ʧʦʧʝʨʝʜʥʴʦʤʫ ʧʫʥʢʪʽ ʙʫʣʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ 

ʝʣʝʢʪʨʦʬʽʟʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʧʣʽʚʢʦʚʠʭ ʩʠʩʪʝʤ (Py+Ag)/ʇ ʫ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ ʢʦʤʧʦʥʝʥʪ ʪʘ ʟʘʛʘʣʴʥʦʾ ʪʦʚʱʠʥʠ ʩʠʩʪʝʤʠ. ɹʫʣʦ 

ʧʦʢʘʟʘʥʦ, ʱʦ ʟʤʽʥʘ ʢʦʥʮʝʥʪʨʘʮʽʾ ʥʝʤʘʛʥʽʪʥʦʾ ʢʦʤʧʦʥʝʥʪʠ ʚ ʜʽʘʧʘʟʦʥʽ 

cAg = 20-85 aʪ.% ʩʧʨʠʯʠʥʷʻ ʧʦʷʚʫ ʚʽʜʧʦʚʽʜʥʦ ʤʽʥʽʤʫʤʫ ʽ ʤʘʢʩʠʤʫʤʫ ʥʘ 

ʢʦʥʮʝʥʪʨʘʮʽʡʥʠʭ ʟʘʣʝʞʥʦʩʪʷʭ r ʪʘ b ʟʘ ʢʦʥʮʝʥʪʨʘʮʽʾ ʘʪʦʤʽʚ Ag 48 aʪ.%. ɼʘʥʽ 

ʦʩʦʙʣʠʚʦʩʪʽ ʧʦʚôʷʟʘʥʽ ʟʽ ʟʤʽʥʘʤʠ, ʷʢʽ ʚʽʜʙʫʚʘʶʪʴʩʷ ʫ ʢʨʠʩʪʘʣʽʯʥʽʡ ʩʪʨʫʢʪʫʨʽ 

ʟʨʘʟʢʽʚ ʧʨʠ ʟʤʽʥʽ cAg.  

ʅʘ ʜʘʥʦʤʫ ʝʪʘʧʽ ʨʦʙʦʪʠ ʥʘʤʠ ʙʫʣʘ ʧʦʩʪʘʚʣʝʥʘ ʟʘʜʘʯʘ ʚʩʪʘʥʦʚʠʪʠ ʯʠ 

ʙʫʜʝ ʚʧʣʠʚʘʪʠ ʤʝʪʦʜʠʢʘ ʬʦʨʤʫʚʘʥʥʷ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʧʣʽʚʢʦʚʠʭ ʩʠʩʪʝʤ ʥʘ ʾʭ 

ʝʣʝʢʪʨʦʬʽʟʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ. ʊʦʙʪʦ ʩʪʘʚʠʣʘʩʷ ʟʘʜʘʯʘ ʩʬʦʨʤʫʚʘʪʠ 

ʥʘʥʦʨʦʟʤʽʨʥʫ ʩʠʩʪʝʤʫ ʥʘ ʦʩʥʦʚʽ Py ʪʘ Ag ʤʝʪʦʜʦʤ ʧʦʰʘʨʦʚʦʾ ʢʦʥʜʝʥʩʘʮʽʾ 

ʰʣʷʭʦʤ ʟʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʰʘʨʽʚ ʫ ʩʠʩʪʝʤʽ ʧʨʠ ʟʙʝʨʝʞʝʥʥʽ ʟʘʛʘʣʴʥʦʾ 

ʪʦʚʱʠʥʠ ʩʠʩʪʝʤʠ ʥʝʟʤʽʥʥʦʶ (dʟʘʛ = 54 ʥʤ = const) ʟʘ ʨʘʭʫʥʦʢ ʟʤʝʥʰʝʥʥʷ 

ʪʦʚʱʠʥʠ ʦʢʨʝʤʠʭ ʰʘʨʽʚ ʙʽʰʘʨʫ Py/Ag. ɺʠʭʽʜʥʦʶ ʙʫʣʘ ʦʙʨʘʥʘ ʜʚʦʰʘʨʦʚʘ 

ʧʣʽʚʢʦʚʘ ʩʠʩʪʝʤʘ Py(16)/Ag(38)/ʇ. ɺʠʙʽʨ ʪʦʚʱʠʥʠ ʰʘʨʽʚ ʙʫʚ ʟʨʦʙʣʝʥʠʡ 

ʚʠʭʦʜʷʯʠ ʟ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʥʷ ʝʣʝʢʪʨʦʬʽʟʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʩʠʩʪʝʤʠ 

(Py+Ag)/ʇ ʪʘ ʚʽʜʧʦʚʽʜʘʻ ʢʦʥʮʝʥʪʨʘʮʽʾ ʘʪʦʤʽʚ Ag 48 aʪ.%.  

ɿ ʣʽʪʝʨʘʪʫʨʠ ʚʽʜʦʤʦ [135-137], ʱʦ ʝʣʝʢʪʨʦʬʽʟʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ 
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ʙʘʛʘʪʦʰʘʨʦʚʠʭ ʧʣʽʚʢʦʚʠʭ ʩʠʩʪʝʤ ʩʫʪʪʻʚʦ ʟʘʣʝʞʘʪʴ ʚʽʜ ʢʽʣʴʢʦʩʪʽ ʽʥʪʝʨʬʝʡʩʽʚ ʚ 

ʩʠʩʪʝʤʽ. ʆʪʞʝ, ʜʣʷ ʧʨʘʚʠʣʴʥʦʾ ʽʥʪʝʨʧʨʝʪʘʮʽʾ ʪʘ ʢʦʨʝʢʪʥʦʾ ʦʮʽʥʢʠ ʦʪʨʠʤʘʥʠʭ 

ʨʝʟʫʣʴʪʘʪʽʚ, ʧʨʠ ʬʦʨʤʫʚʘʥʥʽ ʩʝʨʽʾ ʟʨʘʟʢʽʚ [Py/Ag]n/ʇ ʢʽʣʴʢʽʩʪʴ ʧʦʚʪʦʨʽʚ 

ʙʽʰʘʨʫ Py/Ag (n) ʟʙʽʣʴʰʫʚʘʣʘʩʷ ʟ 2 ʜo 16, ʘ ʟʘʛʘʣʴʥʘ ʪʦʚʱʠʥʘ ʽ ʢʦʥʮʝʥʪʨʘʮʽʷ 

ʢʦʤʧʦʥʝʥʪ ʟʘʣʠʰʘʣʠʩʷ ʥʝʟʤʽʥʥʠʤʠ. ɿʙʽʣʴʰʝʥʥʷ ʚʝʣʠʯʠʥʠ n ʧʨʠ ʥʝʟʤʽʥʥʽʡ 

dʟʘʛ ʜʦʩʷʛʘʣʦʩʷ ʟʘ ʨʘʭʫʥʦʢ ʟʤʝʥʰʝʥʥʷ ʪʦʚʱʠʥʠ ʦʢʨʝʤʠʭ ʰʘʨʽʚ. ʇʨʠ ʮʴʦʤʫ 

ʦʢʨʽʤ ʥʝʟʤʽʥʥʦʾ dʟʘʛ ʚʠʪʨʠʤʫʚʘʣʘʩʷ ʽ ʩʪʘʣʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʢʦʤʧʦʥʝʥʪ 

(ʩAg = 48 aʪ.%) ʟʘ ʨʘʭʫʥʦʢ ʧʽʜʙʦʨʫ ʪʦʚʱʠʥ ʰʘʨ̔ʚ dʈʫ ʽ dAg ʋ ʨʝʟʫʣʴʪʘʪʽ ʙʫʣʠ 

ʦʪʨʠʤʘʥʽ ʥʘʩʪʫʧʥʽ ʧʣʽʚʢʦʚʽ ʩʠʩʪʝʤʠ: [Py(8)/Ag(19)]2/ʇ; [Py(4)/Ag(9,5)]4/ʇ, 

[Py(2)/Ag(5)]8/ʇ, ʪʘ [Py(1)/Ag(2,5)]16/ʇ. ʉʭʝʤʘʪʠʯʥʘ ʩʪʨʫʢʪʫʨʘ ʩʬʦʨʤʦʚʘʥʠʭ 

ʙʘʛʘʪʦʰʘʨʦʚʠʭ ʩʠʩʪʝʤ [Py/Ag]n/ʇ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʫ 3.12. 

ʈʦʟʛʣʷʥʝʤʦ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʝʣʝʢʪʨʦʬʽʟʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʙʘʛʘʪʦʰʘʨʦʚʠʭ ʧʣʽʚʢʦʚʠʭ ʩʠʩʪʝʤ [Py/Ag]n/ʇ. ʅʘ ʨʠʩʫʥʢʫ 3.13 ʧʨʝʜʩʪʘʚʣʝʥʽ 

ʪʝʤʧʝʨʘʪʫʨʥʽ ʟʘʣʝʞʥʦʩʪʽ ʧʠʪʦʤʦʛʦ ʦʧʦʨʫ r(T) ʪʘ ʪʝʨʤʽʯʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʫ b(T) 

ʟʘ ʢʽʣʴʢʦʩʪʽ ʧʦʚʪʦʨʽʚ ʙʽʰʘʨʫ ʫ ʩʠʩʪʝʤʽ n = 1, 2, 8, 16. ʊʝʤʧʝʨʘʪʫʨʥʠʡ ʽʥʪʝʨʚʘʣ 

ʜʦʩʣʽʜʞʝʥʴ ʝʣʝʢʪʨʦʬʽʟʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʫ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ, ʷʢ ʽ ʫ ʚʠʧʘʜʢʫ 

ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʩʠʩʪʝʤ (Py+Ag)/ʇ, ʦʙʤʝʞʫʚʘʚʩʷ ʪʝʤʧʝʨʘʪʫʨʦʶ ʊʚ = 550 ʂ, 

 

 

ʈʠʩ. 3.12. ʉʭʝʤʘʪʠʯʥʘ ʩʪʨʫʢʪʫʨʘ ʙʘʛʘʪʦʰʘʨʦʚʠʭ ʧʣʽʚʢʦʚʠʭ ʩʠʩʪʝʤ 

[Py/Ag]n/ʇ ʟʘ ʟʘʛʘʣʴʥʦʾ ʪʦʚʱʠʥʠ d = 54 ʥʤ = const ʪʘ ʨʽʟʥʦʾ ʢʽʣʴʢʦʩʪʽ ʧʦʚʪʦʨʽʚ 

ʙʽʰʘʨʫ n: 2 (ʙ), 4 (ʚ), 8 (ʛ) ʪʘ 16 (ʜ). ɺʠʭʽʜʥʦʶ ʙʫʣʘ ʜʚʦʰʘʨʦʚʘ ʩʪʨʫʢʪʫʨʘ 

[Py(16)/Ag(38)]/ʇ (ʘ) 
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ʦʩʢʽʣʴʢʠ ʜʣʷ ʚʩʽʭ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʟʨʘʟʢʽʚ ʪʝʤʧʝʨʘʪʫʨʘ ʟʘʣʽʢʦʚʫʚʘʥʥʷ ʜʝʬʝʢʪʽʚ 

ʥʝ ʧʝʨʝʚʠʱʫʻ 530 ʂ. ɸʥʘʣʽʟʫʶʯʠ ʟʘʣʝʞʥʦʩʪʽ r(T) ʪʘ b(T), ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ 

ʨʠʩʫʥʢʫ 3.13, ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʾʭ ʭʘʨʘʢʪʝʨ ʧʦʚôʷʟʘʥʠʡ ʟ 

ʧʨʦʮʝʩʘʤʠ, ʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ ʚ ʦʙôʻʤʽ ʟʨʘʟʢʘ, ʪʘʢʠʤʠ ʷʢ: 

1) ʥʝʟʚʦʨʦʪʥʝ ʟʤʝʥʰʝʥʥʷ ʟʥʘʯʝʥʥʷ ʚʝʣʠʯʠʥʠ ʧʠʪʦʤʦʛʦ ʦʧʦʨʫ ʥʘ 

ʧʝʨʰʠʭ ʮʠʢʣʘʭ ʥʘʛʨʽʚʘʥʥʷ. ɼʘʥʠʡ ʧʨʦʮʝʩ ʧʦʚôʷʟʘʥʠʡ ʟ ʧʨʦʮʝʩʦʤ 

ʨʝʢʨʠʩʪʘʣʽʟʘʮʽʾ ʪʘ ʧʨʦʮʝʩʦʤ ʟʘʣʽʢʦʚʫʚʘʥʥʷ ʜʝʬʝʢʪʽʚ. ɼʘʥʽ ʧʨʦʮʝʩʠ 

ʩʧʨʠʯʠʥʷʶʪʴ ʟʨʦʩʪʘʥʥʷ ʨʫʭʣʠʚʦʩʪʽ ʥʦʩʽʾʚ ʟʘʨʷʜʫ ʫ ʟʨʘʟʢʘʭ ʪʘ ʟʤʝʥʰʫʶʪʴ 

ʡʤʦʚʽʨʥʽʩʪʴ ʨʦʟʩʽʶʚʘʥʥʷ ʝʣʝʢʪʨʦʥʽʚ ʥʘ ʤʝʞʘʭ ʟʝʨʝʥ ʪʘ ʜʝʬʝʢʪʘʭ [128];  

2) ʥʘʩʪʫʧʥʠʡ ʧʨʦʮʝʩ ʦʭʦʣʦʜʞʝʥʥʷ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʷʚʠ ʪʠʧʦʚʦʾ ʜʣʷ 

ʤʝʪʘʣʽʚ ʪʝʤʧʝʨʘʪʫʨʥʦʾ ʟʘʣʝʞʥʦʩʪʽ ʦʧʦʨʫ. ɺʝʣʠʯʠʥʘ r ʩʧʘʜʘʻ ʟʘ ʣʽʥʽʡʥʠʤ 

ʟʘʢʦʥʦʤ ʧʨʠ ʦʭʦʣʦʜʞʝʥʥʽ ʟʨʘʟʢʘ ʜʦ ʢʽʤʥʘʪʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ. ɺʽʜʤʽʪʠʤʦ, ʱʦ 

ʭʘʨʘʢʪʝʨ ʟʘʣʝʞʥʦʩʪʽ r(T) ʟʘʣʠʰʘʻʪʴʩʷ ʣʽʥʽʡʥʠʤ ʽ ʥʘ ʜʨʫʛʦʤʫ ʮʠʢʣʽ 

çʥʘʛʨʽʚʘʥʥʷªʦʭʦʣʦʜʞʝʥʥʷè ʪʘʢʦʞ. ɿ ʛʨʘʬʽʢʽʚ b(T) ʤʦʞʥʘ ʧʦʙʘʯʠʪʠ, ʱʦ 

ʚʝʣʠʯʠʥʘ ʊʂʆ ʩʧʘʜʘʻ ʧʨʠ ʟʨʦʩʪʘʥʥʽ ʪʝʤʧʝʨʘʪʫʨʠ, ʪʦʙʪʦ ʤʘʻ ʤʽʩʮʝ ʟʘʣʝʞʥʽʩʪʴ 

b ~ 1/ʊ (ʚʩʪʘʚʢʠ ʥʘ ʨʠʩʫʥʢʫ 3.13).  

ɺʮʽʣʦʤʫ ʞ ʩʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʟʤʽʥʘ ʢʽʣʴʢʦʩʪʽ ʧʦʚʪʦʨʽʚ ʙʽʰʘʨʫ ʫ ʩʠʩʪʝʤʽ 

[Py/Ag]n/ʇ ʥʝ ʟʤʽʥʶʻ ʟʘʛʘʣʴʥʦʛʦ ʭʘʨʘʢʪʝʨʫ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ 

ʧʠʪʦʤʦʛʦ ʦʧʦʨʫ ʪʘ ʊʂʆ. ʊʘʢʦʞ ʚʽʜʤʽʯʘʻʤʦ, ʱʦ ʟʤʽʥʘ ʤʝʪʦʜʫ ʢʦʥʜʝʥʩʘʮʽʾ ʟ 

ʦʜʥʦʯʘʩʥʦʾ ʥʘ ʧʦʰʘʨʦʚʫ ʥʝ ʚʧʣʠʚʘʻ ʥʘ ʭʘʨʘʢʪʝʨ ʟʘʣʝʞʥʦʩʪʝʡ r(T) ʪʘ b(T). 

ʗʢ ʽ ʫ ʚʠʧʘʜʢʫ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʧʣʽʚʢʦʚʠʭ ʩʠʩʪʝʤʠ (Py+Ag)/ʇ, ʷʢʽ 

ʬʦʨʤʫʚʘʣʠʩʷ ʤʝʪʦʜʦʤ ʦʜʥʦʯʘʩʥʦʾ ʢʦʥʜʝʥʩʘʮʽʾ, ʚʝʣʠʯʠʥʘ ʧʠʪʦʤʦʛʦ ʦʧʦʨʫ ʪʘ 

ʊʂʆ ʜʣʷ ʙʘʛʘʪʦʰʘʨʦʚʠʭ ʧʣʽʚʢʦʚʠʭ ʩʠʩʪʝʤ [Py/Ag]n/ʇ ʤʘʻ ʧʦʨʷʜʦʢ  

r ~ 10
 ï 7 
ʆʤĿʤ ʪʘ b ~ 10

 ï 3 
K

 ï 1
, ʚʽʜʧʦʚʽʜʥʦ, ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʢʽʣʴʢʦʩʪʽ ʧʦʚʪʦʨʽʚ 

ʙʽʰʘʨʫ n ʚ ʩʠʩʪʝʤʽ. ʎʝ ʧʦʚôʷʟʘʥʦ ʟ ʚʠʩʦʢʦʶ ʜʝʬʝʢʪʥʽʩʪʶ ʟʨʘʟʢʽʚ ʫ 

ʩʚʽʞʦʩʢʦʥʜʝʥʩʦʚʘʥʦʤʫ ʩʪʘʥʽ. ʈʝʟʫʣʴʪʘʪ ʝʚʦʣʶʮʽʾ ʚʝʣʠʯʠʥʠ ʧʠʪʦʤʦʛʦ ʦʧʦʨʫ 

ʪʘ ʪʝʨʤʽʯʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʫ ʦʧʦʨʫ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʢʽʣʴʢʦʩʪʽ ʧʦʚʪʦʨʽʚ ʙʽʰʘʨʫ ʚ 

ʩʠʩʪʝʤʽ ʧʨʦʽʣʶʩʪʨʦʚʘʥʦ ʥʘ ʨʠʩʫʥʢʫ 3.14. ʉʣʽʜ ʚʽʜʤʽʪʠʪʠ, ʱʦ ʚʝʣʠʯʠʥʘ 

ʧʠʪʦʤʦʛʦ ʦʧʦʨʫ ʙʘʛʘʪʦʰʘʨʦʚʦʾ ʧʣʽʚʢʦʚʦʾ ʩʠʩʪʝʤʠ [Py/Ag]n/ʇ ʟʨʦʩʪʘʻ ʟ 

0,78Ŀ10
 ï 7

 ʜo 2,40Ŀ10
 ï 7

 OʤĿʤ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ n ʟ 1 ʜʦ 16. ʋ ʪʦʡ ʞʝ ʯʘʩ, 
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ʈʠʩ. 3.12. ʊʝʤʧʝʨʘʪʫʨʥʽ ʟʘʣʝʞʥʦʩʪʽ ʧʠʪʦʤʦʛʦ ʦʧʦʨʫ ʪʘ ʊʂʆ (ʥʘ 

ʚʩʪʘʚʢʘʭ) ʜʣʷ ʙʘʛʘʪʦʰʘʨʦʚʦʾ ʧʣʽʚʢʦʚʦʾ ʩʠʩʪʝʤʠ [Py/Ag]n/ʇ ʟʘ 

d = 54 ʥʤ = const ʪʘ ʨʽʟʥʦʾ ʢʽʣʴʢʦʩʪʽ ʧʦʚʪʦʨʽʚ ʙʽʰʘʨʫ n: 1 (a), 2 (ʙ), 8 (ʚ) ʪʘ 16 

(ʛ). ɺʠʭʽʜʥʘ ʩʪʨʫʢʪʫʨʘ - Py(16)/Ag(38)/ʇ 
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ʈʠʩ. 3.14 ɿʘʣʝʞʥʽʩʪʴ ʧʠʪʦʤʦʛʦ ʦʧʦʨʫ ʪʘ ʪʝʨʤʽʯʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʫ ʦʧʦʨʫ 

ʚʽʜ ʢʽʣʴʢʦʩʪʽ ʧʦʚʪʦʨʽʚ ʙʽʰʘʨʫ n ʫ ʙʘʛʘʪʦʰʘʨʦʚʽʡ ʧʣʽʚʢʦʚʽʡ ʩʠʩʪʝʤʽ [Py/Ag]n/ʇ 

 

ʚʝʣʠʯʠʥʘ ʊʂʆ ʟʤʝʥʰʫʻʪʴʩʷ ʟ 4,70Ŀ10
 ï 3

 ʜo 2,23Ŀ10
 ï 3

 K
 ï 1
. ʆʩʢʽʣʴʢʠ, ʫ ʜʘʥʦʤʫ 

ʚʠʧʘʜʢʫ ʟʘʛʘʣʴʥʘ ʪʦʚʱʠʥʘ ʩʠʩʪʝʤʠ ʟʘʣʠʰʘʣʘʩʷ ʥʝʟʤʽʥʥʦʶ, ʪʦ ʪʘʢʘ ʟʤʽʥʘ 

ʚʝʣʠʯʠʥʠ r ʪʘ b  ʤʦʞʝ ʙʫʪʠ ʧʦʚôʷʟʘʥʘ ʟʽ ʟʨʦʩʪʘʥʥʷʤ ʡʤʦʚʽʨʥʦʩʪʽ ʨʦʟʩʽʶʚʘʥʥʷ 

ʝʣʝʢʪʨʦʥʽʚ ʥʘ ʤʝʞʘʭ ʧʦʜʽʣʫ ʰʘʨʽʚ (ʪʦʙʪʦ ʪʘʢ ʟʚʘʥʦʛʦ ʽʥʪʝʨʬʝʡʩʥʦʛʦ 

ʨʦʟʩʽʶʚʘʥʥʷ) [138] ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʢʽʣʴʢʦʩʪʽ ʬʨʘʛʤʝʥʪʽʚ ʫ ʩʠʩʪʝʤʽ. 

ʇʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʚʝʣʠʯʠʥ r ʪʘ b ʜʣʷ ʙʘʛʘʪʦʰʘʨʦʚʦʾ ʧʣʽʚʢʦʚʦʾ 

ʩʠʩʪʝʤʠ [Py(1)/Ag(2,5)]16/ʇ (r = 2,40Ŀ10
 ï 7

 ʆʤĿʤ, b = 2,23
 ï 3

 ʂ
 ï 1
) ʪʘ 

ʥʘʥʦʨʦʟʤʽʨʥʦʾ ʧʣʽʚʢʦʚʦʾ ʩʠʩʪʝʤʠ, ʩʬʦʨʤʦʚʘʥʦʾ ʥʘ ʦʩʥʦʚʽ Py ʪʘ Ag ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʪʦʜʫ ʦʜʥʦʯʘʩʥʦʾ ʢʦʥʜʝʥʩʘʮʽʾ, ʟʘ cAg = 60 aʪ.% ʪʘ ʟʘʛʘʣʴʥʦʶ 

ʪʦʚʱʠʥʦʶ 55 ʥʤ [113] (r = 2,50Ŀ10
 ï 7

 ʆʤĿʤ, b = 2,01
 ï 3

 ʂ
 ï 1

) ʜʦʟʚʦʣʷʻ ʟʨʦʙʠʪʠ 

ʚʠʩʥʦʚʦʢ ʪʝ, ʱʦ ʜʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦ ʚʝʣʠʢʦʾ ʤʽʨʠ ʧʦʜʽʙʥʽ. ʇʨʠ ʮʴʦʤʫ 

ʥʝʦʙʭʽʜʥʦ ʚʟʷʪʠ ʜʦ ʫʚʘʛʠ ʪʦʡ ʬʘʢʪ, ʱʦ ʫ ʙʘʛʘʪʦʰʘʨʦʚʽʡ ʧʣʽʚʢʦʚʽʡ ʩʠʩʪʝʤʽ 

[Py(1)/Ag(2,5)]16/ʇ ʝʬʝʢʪʠʚʥʘ ʪʦʚʱʠʥʘ ʦʢʨʝʤʠʭ ʰʘʨʽʚ ʥʝ ʧʝʨʝʚʠʱʫʻ 5 ʥʤ. 

ɺʞʝ ʥʘ ʝʪʘʧʽ ʢʦʥʜʝʥʩʘʮʽʾ ʢʦʞʝʥ ʟ ʰʘʨʽʚ ʚ ʩʠʩʪʝʤʽ ʻ ʥʝʩʫʮʽʣʴʥʠʤ. ʆʪʞʝ, 

ʩʪʨʫʢʪʫʨʘ ʙʘʛʘʪʦʰʘʨʦʚʦʾ ʩʠʩʪʝʤʠ ʩʪʘʻ ʧʦʜʽʙʥʦʶ ʜʦ ʩʪʨʫʢʪʫʨʠ, ʱʦ 

ʬʦʨʤʫʻʪʴʩʷ ʤʝʪʦʜʦʤ ʦʜʥʦʯʘʩʥʦʾ ʢʦʥʜʝʥʩʘʮʽʾ ʜʚʦʭ ʢʦʤʧʦʥʝʥʪ.  

ɺʽʜʤʽʪʠʤʦ ʪʘʢʦʞ, ʱʦ ʷʢ ʙʫʣʦ ʧʦʢʘʟʘʥʦ ʫ ʨʦʙʦʪʽ [113], ʚ ʙʘʛʘʪʦʰʘʨʦʚʠʭ 

ʧʣʽʚʢʦʚʠʭ ʩʠʩʪʝʤʘʭ [Py/Ag]n/ʇ, ʷʢ ʽ ʫ ʚʠʧʘʜʢʫ ʩʪʨʫʢʪʫʨ (Py+Ag)/ʇ ʬʽʢʩʫʻʪʴʩʷ 
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ʜʚʦʬʘʟʥʠʡ ʩʪʘʥ ɻʎʂ-Ni3Fe + ɻʎʂ-Ag, ʷʢʠʡ ʟʘʣʠʰʘʻʪʴʩʷ ʥʝʟʤʽʥʥʠʤ ʫ ʧʨʦʮʝʩʽ 

ʪʝʤʧʝʨʘʪʫʨʥʦʾ ʦʙʨʦʙʢʠ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ ʊʚ = 550 ʂ. 

ʇʨʦʚʝʜʝʥʽ ʨʦʟʨʘʭʫʥʢʠ ʚʝʣʠʯʠʥʠ b ʜʣʷ ʜʚʦʰʘʨʦʚʦʾ ʩʠʩʪʝʤʠ - 

Py(16)/Ag(38)/ʇ ʟʘ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ ʜʣʷ ʊʂʆ ʙʽʧʣʘʩʪʠʥʠ [128] 
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ʨʦʟʰʠʨʝʥʥʷ, ʧʦʢʘʟʘʚ, ʱʦ ʚ ʩʠʩʪʝʤʽ ʟʙʝʨʽʛʘʻʪʴʩʷ ʽʥʜʠʚʽʜʫʘʣʴʥʽʩʪʴ ʦʢʨʝʤʠʭ 

ʰʘʨʽʚ. ɺʽʜʭʠʣʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʚʽʜ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʟʘ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ ʜʣʷ ʊʂʆ ʙʽʧʣʘʩʪʠʥʠ ʥʝ ʧʝʨʝʚʠʱʫʻ 12%.  

ɼʣʷ ʩʠʩʪʝʤʠ ʟ ʥʘʡʙʽʣʴʰʦʶ ʢʽʣʴʢʽʩʪʶ ʧʦʚʪʦʨʽʚ [Py(1)/Ag(2,5)]16/ʇ 

ʘʧʨʦʙʘʮʽʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʧʨʦʚʦʜʠʣʘʩʷ ʟʘ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ ʜʣʷ 

ʊʂʆ ʪʚʝʨʜʦʛʦ ʨʦʟʯʠʥʫ, ʦʩʢʽʣʴʢʠ ʷʢ ʚʞʝ ʟʘʟʥʘʯʘʣʦʩʷ ʚʠʱʝ, ʦʢʨʝʤʽ ʰʘʨʠ 

ʩʪʨʫʢʪʫʨʠ ʻ ʥʝʩʫʮʽʣʴʥʠʤʠ. ʊʘʢʠʤ ʯʠʥʦʤ ʚʽʜʙʫʚʘʻʪʴʩʷ ʨʦʟʤʠʪʪʷ ʽʥʪʝʨʬʝʡʩʽʚ 

ʤʘʛʥʽʪʥʠʡ/ʥʝʤʘʛʥʽʪʥʠʡ ʰʘʨ ʪʘ ʧʦʨʫʰʝʥʥʷ ʫ ʧʝʨʽʦʜʠʯʥʦʩʪʽ ʩʠʩʪʝʤʠ ʚʮʽʣʦʤʫ. 

ʇʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʚʝʣʠʯʠʥ bʨʦʟʨ = 2,15Ŀ10
 ï 3

 ʂ
 ï 1

 ʪʘ bʝʢʩʧ = 2,25Ŀ10
 ï 3

 ʂ
 ï 1

 

ʩʚʽʜʯʠʪʴ ʧʨʦ ʥʝʟʥʘʯʥʝ ʚʽʜʭʠʣʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʚʽʜ 

ʨʦʟʨʘʭʫʥʢʦʚʠʭ (ʥʝ ʙʽʣʴʰʝ 5 %). ɿʘʟʥʘʯʠʤʦ, ʱʦ ʜʘʥʠʡ ʨʝʟʫʣʴʪʘʪʠ ʚʠʷʚʠʚʩʷ 

ʥʘʚʽʪʴ ʢʨʘʱʠʤ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʜʘʥʠʤʠ, ʥʘʚʝʜʝʥʠʤʠ ʫ ʪʘʙʣʠʮʽ 3.5 ʜʣʷ 

ʥʘʥʦʨʦʟʤʽʨʥʦʾ ʩʪʨʫʢʪʫʨʠ (Py+Ag)/ʇ ʟʘ ʩAg = 48 ʘʪ.%. 

ʊʘʢʠʤ ʯʠʥʦʤ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʤʝʪʦʜʠʢʘ ʬʦʨʤʫʚʘʥʥʷ 

ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʩʪʨʫʢʪʫʨ ʥʘ ʦʩʥʦʚʽ ʧʝʨʤʘʣʦʻʚʦʛʦ ʩʧʣʘʚʫ Ni80Fe20 ʪʘ Ag 

(ʦʜʥʦʯʘʩʥʝ ʚʠʧʘʨʫʚʘʥʥʷ ʯʠ ʧʦʰʘʨʦʚʘ ʢʦʥʜʝʥʩʘʮʽʷ) ʥʝ ʚʧʣʠʚʘʻ ʥʘ ʩʪʨʫʢʪʫʨʥʦ-

ʬʘʟʦʚʠʡ ʩʪʘʥ ʽ ʜʦʟʚʦʣʷʻ ʨʝʛʫʣʶʚʘʪʠ ʾʭ ʝʣʝʢʪʨʦʬʽʟʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ (ʚʝʣʠʯʠʥʫ 

ʧʠʪʦʤʦʛʦ ʦʧʦʨʫ ʽ ʊʂʆ), ʟʤʽʥʶʶʯʠ ʘʙʦ ʢʦʥʮʝʥʪʨʘʮʽʶ ʢʦʤʧʦʥʝʥʪ, ʘʙʦ 

ʪʦʚʱʠʥʫ ʽ ʢʽʣʴʢʽʩʪʴ ʰʘʨʽʚ ʚ ʩʠʩʪʝʤʽ. ʆʜʥʘʢ, ʷʢ ʙʫʜʝ ʧʦʢʘʟʘʥʦ, ʫ ʥʘʩʪʫʧʥʦʤʫ 

ʨʦʟʜʽʣʽ, ʤʝʪʦʜʠʢʘ ʬʦʨʤʫʚʘʥʥʷ  ̒ʦʜʥʠʤ ʽʟ ʢʣʶʯʦʚʠʭ ʬʘʢʪʦʨʽʚ, ʱʦ ʚʠʟʥʘʯʘʻ 

ʤʘʛʥʽʪʦʨʝʟʠʩʪʠʚʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʩʠʩʪʝʤ ʥʘ ʦʩʥʦʚʽ ʧʝʨʤʘʣʦʻʚʦʛʦ 

ʩʧʣʘʚʫ Ni80Fe20 ʪʘ Ag.  
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ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 3 

 

1. ʌʘʟʦʚʠʡ ʩʢʣʘʜ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʧʣʽʚʢʦʚʠʭ ʩʠʩʪʝʤ (ʈʫ+Ag)/ʇ 

ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ ʢʦʤʧʦʥʝʥʪ (ʩAg = 20-85 ʘʪ. %,) ʻ ʜʚʦʬʘʟʥʠʤ, 

ʚʽʜʧʦʚʽʜʘʻ ɻʎʂ-Ni3Fe + ɻʎʂ-Ag ʽʟ ʧʘʨʘʤʝʪʨʘʤ ʨ̌ʘʪʢʠ a (ɻʎʂ-Ni3Fe ) = 0,354-

0,355 ʪʘ a (ɻʎʂ-Ag) = 0,407 ʥʤ ʪʘ ʟʘʣʠʰʘʻʪʴʩʷ ʥʝʟʤʽʥʥʠʤ ʫ ʧʨʦʮʝʩʽ 

ʪʝʨʤʦʦʙʨʦʙʢʠ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ ʊʚ = 700 ʂ.  

2. ɸʥʘʣʽʟ ʢʨʠʩʪʘʣʽʯʥʦ ʾ ʩʪʨʫʢʪʫʨʠ ʟʨʘʟʢʽʚ ʤʝʪʦʜʘʤʠ ʧʨʦʩʚʽʯʫʶʯʦʾ 

ʝʣʝʢʪʨʦʥʥʦʾ ʪʘ ʘʪʦʤʥʦ-ʩʠʣʦʚʦʾ ʤʽʢʨʦʩʢʦʧʽʾ ʧʦʢʘʟʘʚ, ʱʦ ʚ ʩʠʩʪʝʤʽ (ʈʫ+Ag)/ʇ 

ʟʘ cAg = 32-60 aʪ.% ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʝʨʝʭʽʜ ʚʽʜ ʢʨʠʩʪʘʣʽʯʥʦʾ ʩʪʨʫʢʪʫʨʠ, ʱʦ 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʟʝʨʝʥ Ag ʚʧʨʦʚʘʜʞʝʥʠʭ ʫ ʬʝʨʦʤʘʛʥʽʪʥʫ ʤʘʪʨʠʮʶ ʧʝʨʤʘʣʦʻʚʦʛʦ 

ʩʧʣʘʚʫ, ʜʦ ʩʪʨʫʢʪʫʨʠ ʜʝ ʟʝʨʥʘ ʬʝʨʦʤʘʛʥʽʪʥʦʾ ʢʦʤʧʦʥʝʥʪʠ ʚʧʨʦʚʘʜʞʝʥʽ ʫ 

ʤʘʪʨʠʮʶ ʥʝʤʘʛʥʽʪʥʦʾ.  

3. ʇʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ 

ɟ(T) ʪʘ ɓ(T) ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʧʣʽʚʢʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʩʬʦʨʤʦʚʘʥʠʭ ʥʘ ʦʩʥʦʚʽ 

ʧʝʨʤʘʣʦʻʚʦʛʦ ʩʧʣʘʚʫ Ni80Fe20 ʪʘ Ag ʧʦʢʘʟʘʚ, ʱʦ: 

ï ʭʘʨʘʢʪʝʨ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʧʠʪʦʤʦʛʦ ʦʧʦʨʫ ʽ ʊʂʆ ʻ ʪʠʧʦʚʠʤ 

ʜʣʷ ʩʢʣʘʜʦʚʠʭ ʢʦʤʧʦʥʝʥʪ ʩʠʩʪʝʤʠ, ʧʨʠ ʮʴʦʤʫ ɟ ʤʘʻ ʚʝʣʠʯʠʥʫ ʧʦʨʷʜʢʘ 10
 ï 7

 

ʆʤĿʤ, ʘ ɓ ï 10
 ï 3

 ʂ
 ï 1

; 

ï ʥʘ ʢʦʥʮʝʥʪʨʘʮʽʡʥʽʡ ʟʘʣʝʞʥʦʩʪʽ ʧʠʪʦʤʦʛʦ ʦʧʦʨʫ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ 

ʤʘʢʩʠʤʫʤ ʧʨʠ ʩAg = 48 ʘʪ. %, ʷʢʦʤʫ ʚʽʜʧʦʚʽʜʘʻ ʚʝʣʠʯʠʥʘ ɟ = 3,5Ŀ10
 ï 7

 ʆʤĿʤ, 

ʱʦ ʧʦʚôʷʟʘʥʦ ʟʽ ʟʤʽʥʘʤʠ ʪʠʧʫ ʪʘ ʩʝʨʝʜʥʴʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ ʩʪʨʫʢʪʫʨʥʠʭ 

ʜʝʬʝʢʪʽʚ (ʧʦʩʪʫʧʦʚʠʡ ʧʝʨʝʭʽʜ ʚʽʜ ʜʝʬʝʢʪʽʚ ʚʘʢʘʥʩʽʡʥʦʛʦ ʪʠʧʫ ʧʨʠ 

cAg = 50 ʘʪ.% ʜʦ ʧʦʷʚʠ ʜʝʬʝʢʪʽʚ ʧʘʢʫʚʘʥʥʷ), ʘ ʪʘʢʦʞ ʩʝʨʝʜʥʴʦʛʦ ʨʦʟʤʽʨʫ ʟʝʨʝʥ 

ʢʨʠʩʪʘʣʽʯʥʦʾ ʩʪʨʫʢʪʫʨʠ; 

ï ʥʘ ʟʘʣʝʞʥʦʩʪʽ ɓ(ʩAg) ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʤʽʥʽʤʫʤ ʧʨʠ ʩAg = 48 ʘʪ. %, ʷʢʦʤʫ 

ʚʽʜʧʦʚʽʜʘʻ ʚʝʣʠʯʠʥʘ ɓ = 1,8Ŀ10
 3
 ʂ

-1
; 

ï ʪʝʤʧʝʨʘʪʫʨʘ ʟʘʣʽʢʦʚʫʚʘʥʥʷ ʜʝʬʝʢʪʽʚ ʊʜ ʚ ʽʥʪʝʨʚʘʣʽ ʢʦʥʮʝʥʪʨʘʮʽʡ 

ʩAg = 20-85 ʘʪ.% ʣʝʞʠʪʴ ʫ ʤʝʞʘʭ ʚʽʜ 450 ʜʦ 520 ʂ. 

4. ʇʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ r(T) ʪʘ b(T) 
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ʙʘʛʘʪʦʰʘʨʦʚʠʭ ʧʣʽʚʢʦʚʠʭ ʩʠʩʪʝʤ [Py/Ag]n/ʇ ʦʜʥʘʢʦʚʦʾ ʟʘʛʘʣʴʥʦʾ ʪʦʚʱʠʥʠ 

(d = 54 ʥʤ = const), ʧʦʢʘʟʘʚ, ʱʦ ʟʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʧʦʚʪʦʨʽʚ ʙʽʰʘʨʫ Py/Ag 

ʟʘ ʨʘʭʫʥʦʢ ʟʤʝʥʰʝʥʥʷ ʪʦʚʱʠʥʠ ʦʢʨʝʤʠʭ ʰʘʨʽʚ ʟ 1 ʜʦ 16 ʩʧʨʠʯʠʥʷʻ ʟʨʦʩʪʘʥʥʷ 

ʚʝʣʠʯʠʥʠ r ʟ 0,78Ŀ10 ï 7
 ʜo 2,40Ŀ10

 ï 7
 OʤĿʤ, ʪʘ ʟʤʝʥʰʝʥʥʷ b ʟ 4,70Ŀ10 ï 3

 ʜʦ 

2,23Ŀ10
 ï 3

 ʂ
 ï 1
. ɻʦʣʦʚʥʘ ʧʨʠʯʠʥʘ ʪʘʢʦʾ ʟʤʽʥʠ ʧʠʪʦʤʦʛʦ ʦʧʦʨʫ ʽ ʊʂʆ, 

ʚʨʘʭʦʚʫʶʯʠ ʥʝʟʤʽʥʥʠʡ ʬʘʟʦʚʠʡ ʩʪʘʥ ʪʘ ʦʜʥʘʢʦʚʽ ʫʤʦʚʠ ʬʦʨʤʫʚʘʥʥʷ ʚʩʽʭ 

ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʟʨʘʟʢʽʚ, ʧʦʚôʷʟʘʥʘ ʟʽ ʟʨʦʩʪʘʥʥʷʤ ʡʤʦʚʽʨʥʦʩʪʽ ʽʥʪʝʨʬʝʡʩʥʦʛʦ 

ʨʦʟʩʽʶʚʘʥʥʷ ʚʥʘʩʣʽʜʦʢ ʟʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʧʦʚʪʦʨʽʚ ʙʽʰʘʨʫ Py/Ag ʟʘ 

ʥʝʟʤʽʥʥʦʾ ʟʘʛʘʣʴʥʦʾ ʪʦʚʱʠʥʠ. ɯʥʰʘ ʧʨʠʯʠʥʘ ʮʝ ʧʦʨʫʰʝʥʥʷ ʩʪʨʫʢʪʫʨʥʦʾ 

ʩʫʮʽʣʴʥʦʩʪʽ ʰʘʨʽʚ ʧʨʠ ʟʤʝʥʰʝʥʥʽ ʾʭ ʝʬʝʢʪʠʚʥʦʾ ʪʦʚʱʠʥʠ.  
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ʈʆɿɼɯʃ 4 

ʄɸɻʅɯʊʆʈɽɿʀʉʊʀɺʅɯ ɺʃɸʉʊʀɺʆʉʊɯ ʇʃɯɺʂʆɺʀʍ 

ʅɸʅʆʉʊʈʋʂʊʋʈ ʅɸ ʆʉʅʆɺɯ ʇɽʈʄɸʃʆʖ ʊɸ ʉʈɯɹʃɸ 

 

ɺʠʭʦʜʷʯʠ ʟ ʜʘʥʠʭ ʣʽʪʝʨʘʪʫʨʥʦʛʦ ʦʛʣʷʜʫ, ʥʘʥʦʨʦʟʤʽʨʥʠʤ ʧʣʽʚʢʦʚʠʤ 

ʤʘʪʝʨʽʘʣʘʤ, ʩʬʦʨʤʦʚʘʥʽ ʥʘ ʦʩʥʦʚʽ ʧʝʨʤʘʣʦʻʚʠʭ ʩʧʣʘʚʽʚ NixFe1-x ʪʘ Ag, 

ʚʣʘʩʪʠʚʘ ʣʽʥʽʡʥʘ ʟʤʽʥʘ ʚʝʣʠʯʠʥʠ ʧʠʪʦʤʦʛʦ ʦʧʦʨʫ ʫ ʟʦʚʥʽʰʥʴʦʤʫ ʤʘʛʥʽʪʥʦʤʫ 

ʧʦʣʽ, ʤʘʣʝ ʟʥʘʯʝʥʥʷ ʊʂʆ ʪʘ ʟʘʜʦʚʽʣʴʥʘ ʪʝʤʧʝʨʘʪʫʨʥʘ ʩʪʘʙʽʣʴʥʽʩʪ.ɹ ʇʨʠ ʮʴʦʤʫ 

ʟʛʽʜʥʦ [49, 126, 139] ʫ ʜʘʥʦʤʫ ʪʠʧʽ ʤʘʪʝʨʽʘʣʽʚ ʤʦʞʥʘ ʨʝʘʣʽʟʫʚʘʪʠ ʽʟʦʪʨʦʧʥʠʡ 

ʪʘ ʘʥʽʟʦʪʨʦʧʥʠʡ ʤʘʛʥʽʪʦʨʝʟʠʩʪʠʚʥʽ ʝʬʝʢʪʠ. ɺʝʣʠʯʠʥʘ ʽʟʦʪʨʦʧʥʦʛʦ ʪʘ 

ʘʥʽʟʦʪʨʦʧʥʦʛʦ ʄʆ ʟʘʣʝʞʠʪʴ ʥʝ ʪʽʣʴʢʠ ʚʽʜ ʤʝʪʦʜʫ ʪʘ ʫʤʦʚ ʬʦʨʤʫʚʘʥʥʷ, ʘ ʡ ʚʽʜ 

ʢʦʥʮʝʥʪʨʘʮʽʡʥʦʛʦ ʩʢʣʘʜʫ, ʟʘʛʘʣʴʥʦʾ ʪʦʚʱʠʥʠ ʩʠʩʪʝʤʠ, ʪʝʤʧʝʨʘʪʫʨ 

ʪʝʨʤʦʦʙʨʦʙʢʠ ʪʘ ʚʠʤʽʨʶʚʘʥʥʷ. 

 

4.1 ʂʦʥʮʝʥʪʨʘʮʽʡʥʽ ʝʬʝʢʪʠ ʚ ʤʘʛʥʽʪʦʨʝʟʠʩʪʠʚʥʠʭ ʚʣʘʩʪʠʚʦʩʪʷʭ 

ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʩʠʩʪʝʤ (Py+Ag)/ʇ [117, 140-146] 

 

ɼʦʩʣʽʜʞʝʥʥ ̫ ʤʘʛʥʽʪʦʨʝʟʠʩʪʠʚʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʥʘʥʦʨʦʟʤʽʨʥʠʭ 

ʧʣʽʚʢʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʷʢʽ ʩʬʦʨʤʦʚʘʥʽ ʥʘ ʦʩʥʦʚʽ ʧʝʨʤʘʣʦʻʚʦʛʦ ʩʧʣʘʚʫ Ni80Fe20 

ʪʘ Ag, ʟʘʛʘʣʴʥʦʶ ʪʦʚʱʠʥʦʶ d = 55 ʥʤ ʫ ʜʽʘʧʘʟʦʥʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ʩAg = 20-

85 aʪ.% ʩʚʽʜʯʘʪʴ ʧʨʦ ʪʝ, ʱʦ ʘʤʧʣʽʪʫʜʘ ʪʘ ʭʘʨʘʢʪʝʨ ʧʦʣʴʦʚʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʄʆ 

ʚʠʟʥʘʯʘʶʪʴʩʷ ʢʦʥʮʝʥʪʨʘʮʳʡʥʠʤ ʩʢʣʘʜʦʤ. ʅʘ ʨʠʩʫʥʢʫ 4.1 ʧʨʠʚʝʜʝʥʽ 

ʧʨʠʢʣʘʜʠ ʟʘʣʝʞʥʦʩʪʝʡ ʄʆ(ɺ) ʜʣʷ ʜʚʦʭ ʛʝʦʤʝʪʨʽʡ ʚʠʤʽʨʶʚʘʥʥʷ: ʧʦʟʜʦʚʞʥʴʦʾ 

ʪʘ ʧʦʧʝʨʝʯʥʦʾ (ʚʠʤʽʨʶʚʘʥʥʷ ʧʨʦʚʦʜʠʣʠʩʷ ʟʘ ʢʽʤʥʘʪʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ). ʇʦʣʴʦʚʽ 

ʟʘʣʝʞʥʦʩʪʽ ʤʘʛʥʽʪʦʦʧʨʫ ʥʘʚʝʜʝʥʽ ʜʣʷ ʩʚʽʞʦʩʢʦʥʜʝʥʩʦʚʘʥʠʭ ʟʨʘʟʢʽʚ (Py+Ag)/ʇ 

ʟʘ cAg = 20, 32, 60 ʪʘ 78 aʪ.% (ʚʽʜʧʦʚʽʜʥʦ ʧʦʟʠʮʽʾ ʘ-ʛ ʨʠʩʫʥʢʫ 4.1). ʈʦʟʛʣʷʥʝʤʦ 

ʾʭ ʙʽʣʴʰ ʜʝʪʘʣʴʥʦ.  

ʅʘʥʦʨʦʟʤʽʨʥʽ ʤʘʪʝʨʽʘʣʠ ʥʘ ʦʩʥʦʚʽ ʧʝʨʤʘʣʦʻʚʦʛʦ ʩʧʣʘʚʫ Ni80Fe20 ʪʘ Ag 

ʟʘ ʢʦʥʮʝʥʪʨʘʮʽʡ cAg ¢ 20 ʘʪ.% ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʘʥʽʟʦʪʨʦʧʥʠʤ 

ʤʘʛʥʽʪʦʨʝʟʠʩʪʠʚʥʠʤ ʝʬʝʢʪʦʤ. ɿ ʣʽʪʝʨʘʪʫʨʠ ʚʽʜʦʤʦ [147], ʱʦ ʜʘʥʠʡ  ̒ 
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ʈʠʩ. 4.1 ɿʘʣʝʞʥʦʩʪʽ ʧʦʟʜʦʚʞʥʴʦʛʦ ʪʘ ʧʦʧʝʨʝʯʥʦʛʦ ʤʘʛʥʽʪʦʦʧʦʨʫ ʚʽʜ 

ʽʥʜʫʢʮʽʾ ʧʨʠʢʣʘʜʝʥʦʛʦ ʟʦʚʥʽʰʥʴʦʛʦ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʜʣʷ ʧʣʽʚʢʦʚʦʾ 

ʥʘʥʦʩʪʨʫʢʪʫʨʠ (Py+Ag)/ʇ ʟʘ ʟʘʛʘʣʴʥʦʾ ʪʦʚʱʠʥʠ d = 55 ʥʤ ʪʘ ʢʦʥʮʝʥʪʨʘʮʽʾ 

cAg = 20 (a), 32 (ʙ), 60 (ʚ) ʪʘ 78 aʪ.% (ʛ) 

  


