
ʄʽʥʽʩʪʝʨʩʪʚʦ ʦʩʚʽʪʠ ʽ ʥʘʫʢʠ ʋʢʨʘʾʥʠ 
ʅʘʮʽʦʥʘʣʴʥʘ ʘʢʘʜʝʤʽʷ ʥʘʫʢ ʋʢʨʘʾʥʠ 
ʋʢʨʘʾʥʩʴʢʝ ʬʽʟʠʯʥʝ ʪʦʚʘʨʠʩʪʚʦ 

ʃʴʚʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ɯʚʘʥʘ 
ʌʨʘʥʢʘ 
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ȹr. ʇʽʜ ȹr ʩʣʽʜ ʨʦʟʫʤʽʪʠ ʪʦʚʱʠʥʫ, ʷʢʫ ʤʘʚ ʙʠ ʜʦʜʘʪʢʦʚʠʡ ʰʘʨ ʮʴʦʛʦ 
ʟʨʘʟʢʘ, ʱʦ ʚʠʟʥʘʯʘʻ ʝʬʝʢʪ ʰʫʥʪʫʚʘʥʥʷ, ʘʥʘʣʦʛʽʯʥʠʡ ʜʦ ʨʝʘʣʴʥʦʛʦ. 
ʆʪʞʝ, ʚʠʢʦʨʠʩʪʘʥʘ ʢʦʥʩʪʨʫʢʮʽʷ ʜʦʟʚʦʣʷʻ ʘʥʘʣʽʪʠʯʥʦ ʚʠʢʣʶʯʠʪʠ 
ʧʦʭʠʙʢʫ, ʟʫʤʦʚʣʝʥʫ ʝʬʝʢʪʦʤ ʰʫʥʪʫʚʘʥʥʷ. ʊʝʨʤʦ-ʝ.ʨ.ʩ. ʚʠʤʽʨʷʥʦ ʟʘ 
ʩʪʘʥʜʘʨʪʥʦʶ ʤʝʪʦʜʠʢʦʶ ʧʨʠ ʚʝʨʪʠʢʘʣʴʥʦʤʫ ʛʨʘʜʽʻʥʪʽ 2-3 ʛʨʘʜ/ʩʤ.  
 ʆʪʨʠʤʘʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʨʝʟʫʣʴʪʘʪʠ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʦʙʠʜʚʘ 
ʨʦʟʧʣʘʚʠ ʟʙʝʨʽʛʘʶʪʴ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʽ ʚʣʘʩʪʠʚʦʩʪʽ ʚ ʨʽʜʢʦʤʫ ʩʪʘʥʽ. 
ɽʣʝʢʪʨʦʧʨʦʚʽʜʥʽʩʪʴ ʟʨʦʩʪʘʻ ʟʘ ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʠʤ ʟʘʢʦʥʦʤ, ʘ ʩʧʘʜʘʻ ʟ 
ʨʦʩʪʦʤ ʪʝʤʧʝʨʘʪʫʨʠ, ʟʙʝʨʽʛʘʶʯʠ ʧʨʠ ʮʴʦʤʫ ʜʦʩʪʘʪʥʴʦ ʚʠʩʦʢʽ 
ʘʙʩʦʣʶʪʥʽ ʟʥʘʯʝʥʥʷ. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʽʥʪʝʨʧʨʝʪʫʶʪʴʩʷ ʚ 
ʧʨʠʧʫʱʝʥʥʽ, ʱʦ ʛʫʩʪʠʥʘ ʩʪʘʥʽʚ ʫ ʚʘʣʝʥʪʥʽʡ ʟʦʥʽ ʟʨʦʩʪʘʻ ʰʚʠʜʰʝ, 
ʥʽʞ ʚ ʟʦʥʽ ʧʨʦʚʽʜʥʦʩʪʽ ʧʨʠ ʥʘʷʚʥʦʩʪʽ ʡʦʥʥʦʛʦ ʧʝʨʝʥʦʩʫ.��
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 ɺʽʜʦʤʦ, ʱʦ ʜʣʷ ʤʝʪʘʣʽʚ ʪʘ ʾʭ ʩʧʣʘʚʽʚ ʧʠʪʦʤʠʡ ʝʣʝʢʪʨʦʦʧʽʨ 
ʦʧʠʩʫʻʪʴʩʷ ʝʤʧʽʨʠʯʥʠʤ ʧʨʘʚʠʣʦʤ ʄʘʪʽʩʝʥʘ: 
 �� ��0 �7�U �U �U� ��         
 (1) 
ʜʝ 0�U  ï ʟʘʣʠʰʢʦʚʠʡ ʦʧʽʨ, ʚʠʢʣʠʢʘʥʠʡ ʜʝʬʝʢʪʘʤʠ ʩʪʨʫʢʪʫʨʠ, ʘ 
ʟʘʣʝʞʥʽʩʪʴ �� ���7�U  ʻ ʥʘʩʣʽʜʢʦʤ ʝʣʝʢʪʨʦʥ-ʬʦʥʦʥʥʦʾ ʚʟʘʻʤʦʜʽʾ ʽ ʜʣʷ 
ʧʨʦʩʪʠʭ ʤʝʪʘʣʽʚ ʦʧʠʩʫʻʪʴʩʷ ʬʦʨʤʫʣʦʶ ɹʣʦʭʘ-ɻʨʶʥʘʡʟʝʥʘ: 
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 (2) 
ʜʝ �5 ï ʧʦʩʪʽʡʥʘ, �'�4  ï ʪʝʤʧʝʨʘʪʫʨʘ ɼʝʙʘʷ. 
 ɼʣʷ d-ʤʝʪʘʣʽʚ ʪʘ ʾʭ ʩʧʣʘʚʽʚ ʟʘʣʝʞʥʽʩʪʴ �� ���7�U  ʩʪʘʻ ʙʽʣʴʰ 
ʩʢʣʘʜʥʦʶ, ʱʦ ʟʫʤʦʚʣʝʥʦ ʧʝʨʝʭʦʜʘʤʠ s-ʝʣʝʢʪʨʦʥʽʚ ʫ ʟʥʘʯʥʦ ʚʫʞʯʽ d-
ʟʦʥʠ (s-d ʨʦʟʩʽʷʥʥʷ) ʽ ʚʽʜʧʦʚʽʜʥʠʤ ʟʨʦʩʪʘʥʥʷʤ ʝʬʝʢʪʠʚʥʦʾ ʤʘʩʠ 
ʝʣʝʢʪʨʦʥʘ. ɿʛʽʜʥʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ [1] ʫ ʙʘʛʘʪʴʦʭ ʚʠʧʘʜʢʘʭ 
�U ʧʨʠ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʤʘʻ ʪʝʥʜʝʥʮʽʶ ʜʦ ʥʘʩʠʯʝʥʥʷ. ʅʘʷʚʥʽ 
ʤʦʜʝʣʽ, ʷʢʽ ʧʦʷʩʥʶʶʪʴ ʪʝʥʜʝʥʮʽʶ �� ���7�U  ʜʦ ʥʘʩʠʯʝʥʥʷ ʤʦʞʥʘ 
ʧʦʜʽʣʠʪʠ ʥʘ ʜʚʽ ʛʨʫʧʠ. ʇʝʨʰʘ ʛʨʫʧʘ ʤʦʜʝʣʝʡ ʧʦʷʩʥʶʻ ʟʜʘʪʥʽʩʪʴ 

�� ���7�U  ʜʦ ʥʘʩʠʯʝʥʥʷ ʤʝʭʘʥʽʟʤʦʤ s-d ʨʦʟʩʽʷʥʥʷ ʽ ʥʘʷʚʥʽʩʪʶ ʚʫʟʴʢʦʛʦ 
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ʤʘʢʩʠʤʫʤʫ ʥʘ ʢʨʠʚʽʡ ʛʫʩʪʠʥʠ ʩʪʘʥʽʚ. ɺ ʦʩʥʦʚʽ ʜʨʫʛʦʾ ʛʨʫʧʠ ʤʦʜʝʣʝʡ 
ï ʨʦʟʛʣʷʜ ʩʠʣʴʥʦʾ ʝʣʝʢʪʨʦʥ-ʬʦʥʦʥʥʦʾ ʚʟʘʻʤʦʜʽʾ ʽ ʚʧʣʠʚʫ 
ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ ʩʝʨʝʜʥʶ ʜʦʚʞʠʥʫ ʚʽʣʴʥʦʛʦ ʧʨʦʙʽʛʫ ʝʣʝʢʪʨʦʥʽʚ L. 
ʇʦʷʚʘ ʥʘʩʠʯʝʥʥʷ ʟʫʤʦʚʣʝʥʘ ʥʘʙʣʠʞʝʥʥʷʤ L ʜʦ ʥʠʞʥʴʦʾ ʤʝʞʽ ï 
ʪʦʙʪʦ ʜʦ ʤʽʞʘʪʦʤʥʦʾ ʚʽʜʩʪʘʥʽ. 
 ʅʘʤʠ ʦʜʝʨʞʘʥʦ ʪʝʤʧʝʨʘʪʫʨʥʽ ʟʘʣʝʞʥʦʩʪʽ ʧʠʪʦʤʦʛʦ 
ʝʣʝʢʪʨʦʦʧʦʨʫ ʘʤʦʨʬʥʠʭ ʧʣʽʚʦʢ ʩʠʩʪʝʤ Gd-Fe i Sc-Cu [2,3]. ɺ 
ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʤʝʪʦʜʽʚ ʦʪʨʠʤʘʥʥʷ (ʪʝʨʤʽʯʥʝ ʥʘʧʠʣʝʥʥʷ, 
ʤʘʛʥʝʪʨʦʥʥʝ ʨʦʟʧʠʣʝʥʥʷ) ʽ ʫʤʦʚ ʦʩʘʜʞʝʥʥʷ (ʪʝʤʧʝʨʘʪʫʨʘ ʧʽʜʢʣʘʜʢʠ) 
ʦʪʨʠʤʫʚʘʣʠʩʴ ʘʤʦʨʬʥʽ, ʥʘʧʽʚʘʤʦʨʬʥʽ ʪʘ ʢʨʠʩʪʘʣʽʯʥʽ ʧʣʽʚʢʠ 
ʪʦʚʱʠʥʦʶ ʧʦʨʷʜʢʫ 100 ʥʤ (ʥʘʷʚʥʽʩʪʴ ʘʤʦʨʬʥʦʾ ʩʪʨʫʢʪʫʨʠ 
ʧʽʜʪʚʝʨʜʞʫʚʘʣʘʩʴ ʝʣʝʢʪʨʦʥʦʛʨʘʬʽʯʥʦ) ʟ ʨʽʟʥʠʤʠ ʭʘʨʘʢʪʝʨʘʤʠ 
ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʧʠʪʦʤʦʛʦ ʝʣʝʢʪʨʦʦʧʦʨʫ; ʚ ʦʜʥʠʭ 
ʚʠʧʘʜʢʘʭ ʮʝ ʙʫʣʠ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʽ ʟʘʣʝʞʥʦʩʪʽ, ʚ ʽʥʰʠʭ ï ʤʝʪʘʣʝʚʽ. 
ɸ ʚ ʜʝʷʢʠʭ ʚʠʧʘʜʢʘʭ ʩʧʦʩʪʝʨʽʛʘʣʘʩʷ ʟʤʽʥʘ ʭʘʨʘʢʪʝʨʫ ʪʝʤʧʝʨʘʪʫʨʥʠʭ 
ʟʘʣʝʞʥʦʩʪʝʡ ʝʣʝʢʪʨʦʦʧʦʨʫ (ʤʦʚʘ ʽʜʝ ʧʨʦ ʧʣʽʚʢʠ ScCu4 ʦʪʨʠʤʘʥʽ 
ʤʘʛʥʝʪʨʦʥʥʠʤ ʨʦʟʧʠʣʝʥʥʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ ʧʽʜʢʣʘʜʢʠ 500ʂ).  
 ɼʘʥʽ ʬʘʢʪʠ ʤʦʞʥʘ ʧʦʷʩʥʠʪʠ ʚʠʭʦʜʷʯʠ ʟ ʫʷʚʣʝʥʴ ʧʨʦ 
ʢʦʨʝʣʷʮʽʶ ʄʫʽʜʞʽ [4]. ʄʦʚʘ ʽʜʝ ʧʨʦ ʪʦʡ ʬʘʢʪ, ʱʦ ʚʩʽ ʘʤʦʨʬʥʽ ʤʝʪʘʣʠ 
ʤʦʞʥʘ ʨʦʟʜʽʣʠʪʠ ʥʘ ʜʚʽ ʛʨʫʧʠ. ɼʦ ʧʝʨʰʦʾ ʛʨʫʧʠ ʚʽʜʥʦʩʷʪʴʩʷ ʤʝʪʘʣʠ, 
ʝʣʝʢʪʨʦʦʧʽʨ ʷʢʠʭ ʟʨʦʩʪʘʻ ʧʨʠ ʟʨʦʩʪʘʥʥʽ ʪʝʤʧʝʨʘʪʫʨʠ. ʎʝ ʤʝʪʘʣʠ ʟ 
ʚʽʜʥʦʩʥʦ ʥʠʟʴʢʠʤ ʝʣʝʢʪʨʦʦʧʦʨʦʤ. ɼʦ ʽʥʰʦʾ ʛʨʫʧʠ ʚʽʜʥʦʩʷʪʴʩʷ 
ʤʝʪʘʣʠ ʝʣʝʢʪʨʦʦʧʽʨ ʷʢʠʭ ʟʤʝʥʰʫʻʪʴʩʷ ʧʨʠ ʟʨʦʩʪʘʥʥʽ ʪʝʤʧʝʨʘʪʫʨʠ. 
ʄʝʞʝʶ ʤʽʞ ʥʠʤʠ ʻ ʝʣʝʢʪʨʦʦʧʽʨ ʧʦʨʷʜʢʫ 150-200 ʤʢʆʤ ʩʤ. ɼʣʷ 
ʧʦʷʩʥʝʥʥʷ ʟʤʝʥʰʝʥʥʷ ʧʠʪʦʤʦʛʦ ʦʧʦʨʫ ʟ ʪʝʤʧʝʨʘʪʫʨʦʶ, ʷʢʝ 
ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʚ ʘʤʦʨʬʥʠʭ ʤʝʪʘʣʘʭ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʫʷʚʣʝʥʥʷ 
ʧʨʦ ʜʠʬʫʟʽʡʥʠʡ ʭʘʨʘʢʪʝʨ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʩʪʽ ʚ ʥʘʙʣʠʞʝʥʥʽ ʩʠʣʴʥʦʛʦ 
ʟʚ'ʷʟʢʫ.  

ʇʽʜ ʮʠʤ ʢʫʪʦʤ ʟʦʨʫ ʙʫʣʦ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʜʘʥʽ, ʦʪʨʠʤʘʥʽ ʜʣʷ 
ʘʤʦʨʬʥʠʭ ʧʣʽʚʦʢ ʩʠʩʪʝʤ Gd-Fe i Sc-Cu. ʇʨʦʩʣʽʜʢʦʚʫʻʪʴʩʷ ʯʽʪʢʘ 
ʟʘʣʝʞʥʽʩʪʴ ʤʽʞ ʚʝʣʠʯʠʥʦʶ ʧʠʪʦʤʦʛʦ ʝʣʝʢʪʨʦʦʧʦʨʫ ʽ ʪʠʧʦʤ 
ʪʝʤʧʝʨʘʪʫʨʥʦʾ ʟʘʣʝʞʥʦʩʪʽ ʧʠʪʦʤʦʛʦ ʝʣʝʢʪʨʦʦʧʦʨʫ. 
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