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ɺɺɽɼɽʅʀɽ 
 

ʄʘʪʝʨʠʘʣʳ, ʦʙʣʘʜʘʶʱʠʝ ʤʘʛʥʠʪʥʳʤ ʬʘʟʦʚʳʤ ʧʝʨʝʭʦʜʦʤ ʧʝʨʚʦʛʦ ʨʦʜʘ, 

ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʘʥʦʤʘʣʴʥʦʝ ʠʟʤʝʥʝʥʠʝ ʢʘʣʦʨʠʯʝʩʢʠʭ, ʤʘʛʥʠʪʥʳʭ ʠ 

ʩʪʨʫʢʪʫʨʥʳʭ ʩʚʦʡʩʪʚ ʚʙʣʠʟʠ ʪʝʤʧʝʨʘʪʫʨʳ ʧʝʨʝʭʦʜʘ. ʊʝʤʧʝʨʘʪʫʨʫ, ʧʨʠ 

ʢʦʪʦʨʦʡ ʥʘʙʣʶʜʘʝʪʩʷ ʨʝʟʢʦʝ ʠʟʤʝʥʝʥʠʝ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ, ʤʦʞʥʦ ʠʟʤʝʥʷʪʴ 

ʧʫʪʝʤ ʚʘʨʠʘʮʠʠ ʵʣʝʤʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ, ʩʪʝʭʠʦʤʝʪʨʠʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ 

ʨʝʰʝʪʢʠ, ʚʥʝʰʥʠʭ ʥʘʧʨʷʞʝʥʠʡ, ʚʥʝʰʥʝʛʦ ʤʘʛʥʠʪʥʦʛʦ ʠʣʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 

ʧʦʣʷ. ʇʦʵʪʦʤʫ ʪʘʢʠʝ ʤʘʪʝʨʠʘʣʳ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʥʘʟʚʘʪʴ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ, 

ʚ̫ʣʷʶʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʤʠ ʚ ʦʙʣʘʩʪʠ ʵʥʝʨʛʝʪʠʢʠ (ʢʘʢ ʵʣʝʤʝʥʪʳ ʜʣʷ 

ʪʚʝʨʜʦʪʝʣʴʥʳʭ ʦʭʣʘʜʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤ, ʪʝʨʤʦʤʘʛʥʠʪʥʳʭ ʛʝʥʝʨʘʪʦʨʦʚ), 

ʩʝʥʩʦʨʠʢʠ (ʜʘʪʯʠʢʠ ʪʝʤʧʝʨʘʪʫʨʳ, ʜʘʚʣʝʥʠʷ), ʤʠʢʨʦʵʣʝʢʪʨʦʥʠʢʠ (ʵʣʝʤʝʥʪʳ 

ʞʝʩʪʢʠʭ ʜʠʩʢʦʚ ʚ ʪʝʭʥʦʣʦʛʠʠ HAMR - heat-assisted magnetic recording) ʠ 

ʤʝʜʠʮʠʥʳ (ʘʜʨʝʩʥʘʷ ʜʦʩʪʘʚʢʘ ʣʝʢʘʨʩʪʚ, ʛʠʧʝʨʪʝʨʤʠʷ, ʛʠʧʦʪʝʨʤʠʷ).  

ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʧʨʘʢʪʠʯʝʩʢʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʘʛʥʠʪʦʢʘʣʦʨʠʯʝʩʢʠʭ 

ʤʘʪʝʨʠʘʣʦʚ ʚ ʫʩʪʨʦʡʩʪʚʘʭ ʟʘʪʨʫʜʥʠʪʝʣʴʥʦ. ʆʩʥʦʚʥʦʡ ʧʨʦʙʣʝʤʦʡ ʷʚʣʷʝʪʩʷ 

ʜʦʨʦʛʦʚʠʟʥʘ ʥʫʞʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ. ʅʘʧʨʠʤʝʨ, ʚ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʪʨʝʙʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʩʪʦʷʥʥʳʭ ʤʘʛʥʠʪʦʚ NdFeB, 

ʢʦʪʦʨʳʝ ʩʧʦʩʦʙʥʳ ʦʙʝʩʧʝʯʠʪʴ ʚʝʣʠʯʠʥʫ ʚʥʝʰʥʝʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʜʦ 2 ʊʣ. 

ʆʜʥʠʤ ʠʟ ʧʦʜʭʦʜʦʚ ʢ ʨʝʰʝʥʠʶ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ ʷʚʣʷʝʪʩʷ ʧʦʠʩʢ ʥʦʚʳʭ 

ʤʘʛʥʠʪʦʢʘʣʦʨʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ, ʢʦʪʦʨʳʝ ʦʙʣʘʜʘʣʠ ʙʳ ʥʝʦʙʭʦʜʠʤʳʤʠ ʜʣʷ 

ʧʨʘʢʪʠʯʝʩʢʠʭ ʧʨʠʤʝʥʝʥʠʡ ʢʘʣʦʨʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʚ ʧʦʣʷʭ ʜʦ 1 ʊʣ ʧʨʠ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ.  

ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʥʝʚʦʟʤʦʞʥʦ ʧʨʝʜʩʢʘʟʘʪʴ ʵʣʝʤʝʥʪʥʳʡ ʩʦʩʪʘʚ 

ʤʘʪʝʨʠʘʣʘ, ʢʦʪʦʨʳʡ ʦʙʣʘʜʘʣ ʙʳ ʟʘʷʚʣʝʥʥʳʤʠ ʬʠʟʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ. 

ʇʦʵʪʦʤʫ ʧʦʠʩʢ ʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʘ ʠʥʪʫʠʪʠʚʥʦʤ ʫʨʦʚʥʝ. 

ʆʜʥʦʡ ʠʟ ʧʨʠʯʠʥ, ʧʦ ʢʦʪʦʨʦʡ ʨʘʩʯʝʪ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ ʤʘʛʥʠʪʦʢʘʣʦʨʠʯʝʩʢʠʭ 

ʤʘʪʝʨʠʘʣʦʚ ʟʘʪʨʫʜʥʠʪʝʣʝʥ ʷʚʣʷʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝ ʯʝʪʢʦʛʦ ʧʦʥʠʤʘʥʠʷ 

ʤʝʭʘʥʠʟʤʦʚ, ʢʦʪʦʨʳʝ ʦʪʚʝʪʩʪʚʝʥʥʳ ʟʘ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʥʦʚʦʛʦ ʤʘʛʥʠʪʥʦʛʦ 
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ʧʦʨʷʜʢʘ. ɼʦ ʩʠʭ ʧʦʨ ʜʦʩʪʦʚʝʨʥʦ ʥʝʠʟʚʝʩʪʥʦ ʢʘʢʦʡ ʠʟ ʧʨʦʮʝʩʩʦʚ ʷʚʣʷʝʪʩʷ 

ʧʝʨʚʠʯʥʳʤ ʚ ʤʦʤʝʥʪ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ: ʠʟʤʝʥʝʥʠʝ ʤʘʛʥʠʪʥʦʛʦ ʧʦʨʷʜʢʘ ʠʣʠ 

ʧʘʨʘʤʝʪʨʦʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʤʘʛʥʠʪʦʢʘʣʦʨʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ 

ʟʘʜʘʯʝʡ ʠ ʜʣʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʬʠʟʠʢʠ. 

ʅʘʠʙʦʣʴʰʠʡ ʤʘʛʥʠʪʦʢʘʣʦʨʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʚ ʧʦʣʝ ʜʦ 2 ʊʣ ʧʨʠ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʙʳʣ ʦʙʥʘʨʫʞʝʥ ʥʘ ʬʠʟʠʯʝʩʢʦʤ ʬʘʢʫʣʴʪʝʪʝ ʛʨʫʧʧʦʡ 

ʉʝʨʛʝʷ ɸʣʝʢʩʘʥʜʨʦʚʠʯʘ ʅʠʢʠʪʠʥʘ ʚ 1990 ʛʦʜʫ ʚ ʩʧʣʘʚʝ Fe49Rh51. ɼʘʥʥʦʝ 

ʩʦʝʜʠʥʝʥʠʝ ʷʚʣʷʝʪʩʷ ʙʠʥʘʨʥʳʤ, ʘ ʧʦʵʪʦʤʫ ʢʘʞʜʫʶ ʠʟ ʧʦʜʨʝʰʝʪʦʢ ʜʦʩʪʘʪʦʯʥʦ 

ʧʨʦʩʪʦ ʤʦʞʥʦ ʤʦʜʝʣʴʥʦ ʦʧʠʩʘʪʴ. ʉ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʩʧʣʘʚ FeRh 

ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʠʥʪʝʨʝʩʥʳʤ ʤʦʜʝʣʴʥʳʤ ʦʙʲʝʢʪʦʤ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩ 

ʮʝʣʴʶ ʫʩʪʘʥʦʚʣʝʥʠʷ ʦʩʥʦʚʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ.  

ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʦʩʦʙʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪ ʜʠʥʘʤʠʯʝʩʢʠʝ 

ʧʨʦʮʝʩʩʳ, ʢʦʪʦʨʳʝ ʧʨʠʩʫʪʩʪʚʫʶʪ ʚ ʤʦʤʝʥʪ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ. ʀʤʝʥʥʦ 

ʜʝʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʟʘʨʦʞʜʝʥʠʷ ʠ ʨʦʩʪʘ ʬʘʟʳ ʤʦʞʝʪ ʩʪʘʪʴ 

ʥʦʚʳʤ ʢʣʶʯʦʤ ʢ ʧʦʥʠʤʘʥʠʶ ʤʝʭʘʥʠʟʤʦʚ ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʟʘ ʵʚʦʣʶʮʠʶ 

ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʚ ʤʘʛʥʠʪʦʢʘʣʦʨʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʮʝʣʴ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ï ʠʩʩʣʝʜʦʚʘʥʠʝ ʜʠʥʘʤʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ ʩʦʝʜʠʥʝʥʠʡ ʥʘ ʦʩʥʦʚʝ ʞʝʣʝʟʘ-ʨʦʜʠʷ, ʦʧʨʝʜʝʣʝʥʠʝ ʦʩʥʦʚʥʳʭ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʨʦʩʪʘ ʚ ʥʠʭ ʬʝʨʨʦʤʘʛʥʠʪʥʦʡ ʬʘʟʳ. 

ʅʦʚʠʟʥʘ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʜʝʪʘʣʴʥʦʤ 

ʠʩʩʣʝʜʦʚʘʥʠʠ ʵʬʬʝʢʪʘ ʜʣʠʪʝʣʴʥʳʭ ʨʝʣʘʢʩʘʮʠʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʚ 

ʪʦʥʢʦʧʣʝʥʦʯʥʦʤ ʦʙʨʘʟʮʝ FeRh. ɺʧʝʨʚʳʝ ʙʳʣʠ ʫʩʪʘʥʦʚʣʝʥʳ ʦʩʦʙʝʥʥʦʩʪʠ 

ʟʘʨʦʞʜʝʥʠʷ ʠ ʨʦʩʪʘ ʬʝʨʨʦʤʘʛʥʠʪʥʦʡ ʬʘʟʳ ʚ ʵʪʦʤ ʦʙʲʝʢʪʝ. ɺʦ ʤʥʦʛʦʤ ʵʪʦ ʩʪʘʣʦ 

ʚʦʟʤʦʞʥʦ ʙʣʘʛʦʜʘʨʷ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʤʝʪʦʜʠʢʝ ʠʟʤʝʨʝʥʠʷ ʨʝʣʘʢʩʘʮʠʦʥʥʳʭ 

ʢʨʠʚʳʭ. ʊʘʢʞʝ ʥʘʫʯʥʦʡ ʥʦʚʠʟʥʦʡ ʦʙʣʘʜʘʝʪ ʧʨʝʜʣʦʞʝʥʥʘʷ ʤʦʜʝʣʴ 

ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʦʚʝʜʝʥʠʷ ʤʘʛʥʠʪʥʦʛʦ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʧʝʨʚʦʛʦ ʨʦʜʘ ʚ 
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ʪʦʥʢʦʡ ʧʣʝʥʢʝ. ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʜʠʩʩʝʨʪʘʮʠʠ ʨʝʟʫʣʴʪʘʪʳ ʠʤʝʶʪ 

ʧʨʘʢʪʠʯʝʩʢʫʶ ʟʥʘʯʠʤʦʩʪʴ ʜʣʷ ʪʝʭʥʦʣʦʛʠʠ HAMR. 

ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʴʶ 

ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʠ ʤʥʦʛʦʢʨʘʪʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ, ʧʨʦʚʝʜʝʥʥʳʭ ʥʘ ʩʦʚʨʝʤʝʥʥʦʤ 

ʦʙʦʨʫʜʦʚʘʥʠʠ, ʠ ʥʝʧʨʦʪʠʚʦʨʝʯʠʚʦʩʪʴʶ ʩ ʫʞʝ ʦʧʫʙʣʠʢʦʚʘʥʥʳʤʠ ʜʘʥʥʳʤʠ 

ʜʨʫʛʠʭ ʘʚʪʦʨʦʚ. 

ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ ʩʦʩʪʦʠʪ ʚ  

¶ ʬʦʨʤʫʣʠʨʦʚʢʝ ʮʝʣʠ ʠʩʩʣʝʜʦʚʘʥʠʡ; 

¶ ʩʦʩʪʘʚʣʝʥʠʠ ʦʙʟʦʨʘ ʥʘʫʯʥʳʭ ʨʘʙʦʪ ʥʘ ʠʩʩʣʝʜʫʝʤʫʶ ʪʝʤʫ; 

¶ ʦʙʥʘʨʫʞʝʥʠʠ ʵʬʬʝʢʪʘ ʜʣʠʪʝʣʴʥʦʡ ʨʝʣʘʢʩʘʮʠʠ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ; 

¶ ʨʘʟʨʘʙʦʪʢʝ ʤʝʪʦʜʠʢ ʠ ʧʨʦʪʦʢʦʣʦʚ ʠʟʤʝʨʝʥʠʡ (ʪʝʤʧʝʨʘʪʫʨʥʦʡ, ʧʦʣʝʚʦʡ, 

ʨʝʣʘʢʩʘʮʠʦʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ, TFORC-ʘʥʘʣʠʟʘ, ʄʉʄ 

ʠ ʂʝʨʨ ʠʟʤʝʨʝʥʠʡ); 

¶ ʧʨʦʚʝʜʝʥʠʠ ʠʟʤʝʨʝʥʠʡ ʧʨʠ ʧʦʤʦʱʠ ʚʠʙʨʘʮʠʦʥʥʦʡ ʤʘʛʥʠʪʦʤʝʪʨʠʠ; 

¶ ʦʙʨʘʙʦʪʢʝ ʨʝʟʫʣʴʪʘʪʦʚ ʵʣʝʢʪʨʦʥʥʦʡ, ʟʦʥʜʦʚʦʡ, ʂʝʨʨ ʤʠʢʨʦʩʢʦʧʠʠ; 

¶ ʘʜʘʧʪʘʮʠʠ ʤʦʜʝʣʝʡ ʂʦʣʤʦʛʦʨʦʚʘ ʠ ɹʠʥʘ-ʈʦʜʙʝʣʣʘ ʜʣʷ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ 

ʦʧʠʩʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʨʦʩʪʘ ʬʝʨʨʦʤʘʛʥʠʪʥʦʡ ʬʘʟʳ; 

¶ ʫʯʘʩʪʠʠ ʚ ʦʙʩʫʞʜʝʥʠʠ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʨʝʟʫʣʴʪʘʪʦʚ; 

¶ ʥʘʧʠʩʘʥʠʠ ʪʝʢʩʪʘ ʩʪʘʪʴʠ ʚ ʞʫʨʥʘʣʝ; 

¶ ʥʘʧʠʩʘʥʠʠ ʪʝʢʩʪʘ ʤʝʪʦʜʠʯʝʩʢʦʛʦ ʧʦʩʦʙʠʷ ʩ ʤʝʪʦʜʠʯʝʩʢʠʤʠ ʠ 

ʧʨʘʢʪʠʯʝʩʢʠʤʠ ʩʦʚʝʪʘʤʠ ʜʣʷ TFORC ʘʥʘʣʠʟʘ; 

¶ ʧʨʝʜʩʪʘʚʣʝʥʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʙʦʪ rʥʘ ʨʦʩʩʠʡʩʢʠʭ ʠ ʤʝʞʜʫʥʘʨʦʜʥʳʭ 

ʢʦʥʬʝʨʝʥʮʠʷʭ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ. 

ɸʧʨʦʙʘʮʠʷ ʨʘʙʦʪʳ: 

ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʠʜʝ 

ʫʩʪʥʳʭ ʜʦʢʣʘʜʦʚ ʥʘ ʩʣʝʜʫʶʱʠʭ ʨʦʩʩʠʡʩʢʠʭ ʠ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʢʦʥʬʝʨʝʥʮʠʷʭ: 
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¶ 63-ʷ ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʄʌʊʀ, ʄʌʊʀ, ʈʦʩʩʠʷ, 2020 

ñʆʩʦʙʝʥʥʦʩʪʠ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʚ ʪʦʥʢʠʭ ʧʣʝʥʢʘʭ FeRhò (ʃʫʯʰʠʡ 

ʫʩʪʥʳʡ ʜʦʢʣʘʜ); 

¶ Workshop on i-Caloric Effects, ɹʨʘʟʠʣʠʷ (online), 2021 ñPhase transitions in 

FeRh systemsò (ʇʨʠʛʣʘʰʝʥʥʳʡ ʜʦʢʣʘʜ); 

¶ ʃʦʤʦʥʦʩʦʚ 2021, ʄɻʋ, ʈʦʩʩʠʷ, 2021 ñɺʣʠʷʥʠʝ ʛʝʦʤʝʪʨʠʠ FeRh ʩʠʩʪʝʤ 

ʥʘ ʵʚʦʣʶʮʠʶ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘò (ʃʫʯʰʠʡ ʫʩʪʥʳʡ ʜʦʢʣʘʜ); 

¶ 22 ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ñʅʦʚʦʝ ʚ ʤʘʛʥʝʪʠʟʤʝ ʠ 

ʤʘʛʥʠʪʥʳʭ ʤʘʪʝʨʠʘʣʘʭò, ʈʦʩʩʠʷ (Online), 2021 ñʈʝʣʘʢʩʘʮʠʷ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ FeRh ʩʧʣʘʚʦʚ ʚʙʣʠʟʠ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘò; 

¶ ʌʫʥʜʘʤʝʥʪʘʣʴʥʘʷ ʤʘʪʝʤʘʪʠʢʘ ʠ ʝʝ ʧʨʠʣʦʞʝʥʠʷ ʚ ʝʩʪʝʩʪʚʦʟʥʘʥʠʠ, ʋʬʘ, 

ʈʦʩʩʠʷ (online), 2021 ñʄʦʜʝʣʠʨʦʚʘʥʠʝ ʤʝʪʦʜʦʤ ʤʦʣʝʢʫʣʷʨʥʦʡ ʜʠʥʘʤʠʢʠ 

ʤʘʛʥʠʪʥʦʛʦ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʚ ʩʧʣʘʚʝ FeRhò; 

¶ Young researchers in magnetism 2021, ʀʩʧʘʥʠʷ (online), 2021 ñThe 

collective effects of the FeRh ferromagnetic phase growth during a 

metamagnetic phase transitionò 

¶ ʃʦʤʦʥʦʩʦʚ 2022, ʄɻʋ, ʈʦʩʩʠʷ, 2022 ñʄʝʭʘʥʠʟʤʳ ʨʦʩʪʘ 

ʬʝʨʨʦʤʘʛʥʠʪʥʦʡ ʬʘʟʳ ʚ ʩʦʝʜʠʥʝʥʠʷʭ FeRhò; 

ɺ ʉʄʀ: 

¶ ñʀʩʩʣʝʜʦʚʘʥʠʝ ʬʠʟʠʢʦʚ ʄɻʋ ʧʨʠʙʣʠʟʠʪ ʩʦʟʜʘʥʠʝ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ 

ʞʸʩʪʢʠʭ ʜʠʩʢʦʚò ï ʅʦʚʦʩʪʥʦʡ ʧʦʨʪʘʣ ʄɻʋ (2 ʠʶʥʷ 2021) 

¶ ñʌʠʟʠʢʠ ʠʟ ʄɻʋ ʨʘʟʛʘʜʘʣʠ ʧʨʠʯʠʥʳ ʠʟʤʝʥʝʥʠʷ ʘʥʦʤʘʣʴʥʳʭ ʩʚʦʡʩʪʚ 

ʥʦʚʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚò- ʅʦʚʦʩʪʥʦʡ ʧʦʨʪʘʣ ʄɻʋ (28 

ʜʝʢʘʙʨʷ 2021) 

ʇʦ ʤʘʪʝʨʠʘʣʘʤ ʜʠʩʩʝʨʪʘʮʠʠ ʦʧʫʙʣʠʢʦʚʘʥʘ ʦʜʥʘ ʩʪʘʪʴʷ ʚ 

ʚʳʩʦʢʦʨʝʡʪʠʥʛʦʚʦʤ ʞʫʨʥʘʣʝ Journal of Alloys and Compounds (IF=5.316, 

Q1) ʠ ʦʜʥʦ ʤʝʪʦʜʠʯʝʩʢʦʝ ʧʦʩʦʙʠʝ. 
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ɻʃɸɺɸ 1. ʆɹɿʆʈ ʃʀʊɽʈɸʊʋʈʓ 
 

1.1 ʇʨʘʢʪʠʯʝʩʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʤʘʛʥʠʪʦʢʘʣʦʨʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ 
 

ʉʫʱʝʩʪʚʫʶʪ ʤʘʪʝʨʠʘʣ,r ʚ ʢʦʪʦʨʳʭ ʧʨʦʠʩʭʦʜʠʪ ʩʤʝʥʘ ʤʘʛʥʠʪʥʦʛʦ ʧʦʨʷʜʢʘ, 

ʩʦʧʨʦʚʦʞʜʘʝʤʘ ̫ʠʟʤʝʥʝʥʠʝʤ ʧʘʨʘʤʝʪʨʦʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ. ʅʘʣʠʯʠʝ 

ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʤʘʛʥʠʪʥʦʡ ʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ 

ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʠʯʴ ʥʘʠʙʦʣʴʰʝʡ ʚʘʨʠʘʮʠʠ ʵʥʪʨʦʧʠʠ ʚ ʧʨʦʮʝʩʩʝ ʬʘʟʦʚʦʛʦ 

ʧʝʨʝʭʦʜʘ. ʕʚʦʣʶʮʠʷ ʵʥʪʨʦʧʠʠ ʩʧʠʥʦʚʦʡ ʠʣʠ ʨʝʰʝʪʦʯʥʦʡ ʧʦʜʩʠʩʪʝʤʳ ʧʨʠ 

ʘʜʠʘʙʘʪʠʯʝʩʢʦʤ ʧʨʦʮʝʩʩʝ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʧʝʨʝʜʘʯʝʡ ʪʝʧʣʘ, ʯʪʦ ʠ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʫʩʪʨʦʡʩʪʚ ʪʚʝʨʜʦʪʝʣʴʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ. ʇʦʵʪʦʤʫ, ʤʘʪʝʨʠʘʣʳ 

ʩ ʤʘʛʥʠʪʥʳʤ ʬʘʟʦʚʳʤ ʧʝʨʝʭʦʜʦʤ ʧʝʨʚʦʛʦ ʨʦʜʘ ʷʚʣʷʶʪʩʷ ʙʦʣʝʝ 

ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʜʣʷ ʧʨʘʢʪʠʯʝʩʢʠʭ ʧʨʠʤʝʥʝʥʠʡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʩʦʝʜʠʥʝʥʠʷʤʠ, ʦʙʣʘʜʘʶʱʠʤʠ ʤʘʛʥʠʪʥʳʤ ʬʘʟʦʚʳʤ ʧʝʨʝʭʦʜʦʤ ʚʪʦʨʦʛʦ ʨʦʜʘ. 

ʊʝʤ ʥʝ ʤʝʥʝʝ ʩʦʝʜʠʥʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʛʘʜʦʣʠʥʠʷ, ʩ ʬʘʟʦʚʳʤ ʧʝʨʝʭʦʜʦʤ ʚʪʦʨʦʛʦ 

ʨʦʜʘ, ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʳʝ ʢʘʣʦʨʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ. 

 

ʈʠʩʫʥʦʢ 1 ʉʭʝʤʘʪʠʯʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʮʠʢʣʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʤʘʛʥʠʪʦʢʘʣʦʨʠʯʝʩʢʦʛʦ 

ʦʭʣʘʞʜʝʥʠʷ (ʩʣʝʚʘ). ɸʥʘʣʦʛʠʯʥʳʡ ʧʨʦʮʝʩʩ ʦʭʣʘʞʜʝʥʠʷ ʠʩʧʦʣʴʟʫʝʤʳʡ ʚ ʛʘʟʦʚʦ-ʧʘʨʦʚʳʭ 

ʦʭʣʘʞʜʘʶʱʠʭ ʫʩʪʨʦʡʩʪʚʘʭ (ʩʧʨʘʚʘ). [1]  
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ʀʩʪʦʨʠʯʝʩʢʠ ʪʘʢ ʩʣʦʞʠʣʦʩʴ, ʯʪʦ ʧʦʜʦʙʥʳʝ ʤʘʪʝʨʠʘʣʳ ʥʘʟʳʚʘʶʪ 

ʤʘʛʥʠʪʦʢʘʣʦʨʠʯʝʩʢʠʤʠ ʚ ʩʠʣʫ ʧʝʨʩʧʝʢʪʠʚʳ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ 

ʪʚʝʨʜʦʪʝʣʴʥʳʭ ʩʠʩʪʝʤʘʭ ʦʭʣʘʞʜʝʥʠʷ [2].  

ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʣʶʙʦʛʦ ʤʘʛʥʠʪʦʢʘʣʦʨʠʯʝʩʢʦʛʦ ʭʦʣʦʜʠʣʴʥʠʢʘ ʦʩʥʦʚʘʥ ʥʘ 

ʮʠʢʣʠʯʝʩʢʦʤ ʘʜʠʘʙʘʪʠʯʝʩʢʦʤ ʨʘʟʤʘʛʥʠʯʠʚʘʥʠʠ ʤʘʛʥʠʪʦʢʘʣʦʨʠʯʝʩʢʦʛʦ 

ʤʘʪʝʨʠʘʣʘ (ʈʠʩʫʥʦʢ 1). ɼʘʥʥʳʡ ʧʨʦʮʝʩʩ ʩʦʩʪʦʠʪ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʵʪʘʧʦʚ. 

ʉʥʘʯʘʣʘ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʘʜʠʘʙʘʪʠʯʝʩʢʦʛʦ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ ʤʘʪʝʨʠʘʣʘ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʝʛʦ ʪʝʤʧʝʨʘʪʫʨʘ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʵʥʪʨʦʧʠʷ ʬʦʥʦʥʥʦʡ 

ʧʦʜʩʠʩʪʝʤʳ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ ʩʠʣʫ ʫʤʝʥʴʰʝʥʠʷ ʵʥʪʨʦʧʠʠ ʤʘʛʥʠʪʥʦʡ 

ʧʦʜʩʠʩʪʝʤʳ, ʘ ʠʭ ʩʫʤʤʘ ʦʩʪʘʝʪʩʷ ʧʦʩʪʦʷʥʥʦʡ. ʅʘ ʚʪʦʨʦʤ ʵʪʘʧʝ ʦʪ ʤʘʪʝʨʠʘʣʘ 

ʦʪʚʦʜʠʪʩʷ ʪʝʧʣʦ, ʠ ʦʥ ʦʭʣʘʞʜʘʝʪʩʷ ʜʦ ʧʝʨʚʦʥʘʯʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ. ʇʦʩʣʝ 

ʵʪʦʛʦ ʚʥʝʰʥʝʝ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʨʝʟʢʦ ʫʤʝʥʴʰʘʝʪʩʷ ʜʦ ʥʫʣʷ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʨʘʟʤʘʛʥʠʯʠʚʘʥʠʶ ʦʙʨʘʟʮʘ ʠ ʫʤʝʥʴʰʝʥʠʶ ʝʛʦ ʪʝʤʧʝʨʘʪʫʨʳ. ɿʘʪʝʤ ʦʙʨʘʟʝʮ 

ʥʘʛʨʝʚʘʝʪʩʷ ʟʘ ʩʯʝʪ ʦʪʙʦʨʘ ʪʝʧʣʘ ʫ ʦʭʣʘʞʜʘʝʤʦʛʦ ʪʝʣʘ ʠ ʧʨʦʮʝʩʩ ʧʦʚʪʦʨʷʝʪʩʷ 

ʟʘʥʦʚʦ. ʊʘʢʘʷ ʩʠʩʪʝʤʘ ʦʭʣʘʞʜʝʥʠʷ ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʡ, 

ʵʢʦʣʦʛʠʯʥʦʡ ʠ ʜʦʣʛʦʚʝʯʥʦʡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʩʧʦʣʴʟʫʝʤʦʡ ʛʘʟʦʚʦ-ʧʘʨʦʚʦʡ 

ʪʝʭʥʦʣʦʛʠʝʡ ʦʭʣʘʞʜʝʥʠʷ. 

ʇʦʤʠʤʦ ʧʝʨʩʧʝʢʪʠʚʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʘʛʥʠʪʦʢʘʣʦʨʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʚ 

ʢʨʠʦʛʝʥʠʢʝ ʝʩʪʴ ʧʦʪʝʥʮʠʘʣʴʥʘʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʜʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

ʚ ʪʝʨʤʦʤʘʛʥʠʪʥʳʭ ʛʝʥʝʨʘʪʦʨʘʭ. ʉʦʛʣʘʩʥʦ ʧʦʩʣʝʜʥʠʤ ʠʩʩʣʝʜʦʚʘʥʠʷʤ [3], 

ʪʝʨʤʦʤʘʛʥʠʪʥʳʝ ʛʝʥʝʨʘʪʦʨʳ ʩʧʦʩʦʙʥʳ ʩʦʩʪʘʚʠʪʴ ʢʦʥʢʫʨʝʥʮʠʶ 

ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʤ ʤʘʪʝʨʠʘʣʘʤ ʟʘ ʩʯʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʦʩʪʦʷʥʥʳʭ ʤʘʛʥʠʪʦʚ 

ʥʘ ʦʩʥʦʚʝ ʬʝʨʨʠʪʦʚ. ʅʘʠʙʦʣʝʝ ʩʣʦʞʥʦʡ ʪʝʭʥʠʯʝʩʢʦʡ ʧʨʦʙʣʝʤʦʡ ʷʚʣʷʝʪʩʷ 

ʮʠʢʣʠʯʝʩʢʦʝ ʠʟʤʝʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʤʘʛʥʠʪʦʢʘʣʦʨʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ, 

ʯʘʩʪʦʪʘ ʢʦʪʦʨʦʛʦ ʥʘʧʨʷʤʫʶ ʚʣʠʷʝʪ ʥʘ ʚʳʨʘʙʘʪʳʚʘʝʤʫʶ ʤʦʱʥʦʩʪʴ. 

ʂʦʵʬʬʠʮʠʝʥʪ ʧʦʣʝʟʥʦʛʦ ʜʝʡʩʪʚʠʷ ʪʘʢʠʭ ʛʝʥʝʨʘʪʦʨʦʚ ʩʦʩʪʘʚʣʷʝʪ 1-2%. ʊʝʤ ʥʝ 

ʤʝʥʝʝ ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʨʘʙʦʪʳ ʪʘʢʠʭ ʫʩʪʨʦʡʩʪʚ ʩʧʦʩʦʙʥʘ, ʚ ʪʝʦʨʠʠ, ʦʙʝʩʧʝʯʠʪʴ 

ʦʢʫʧʘʝʤʦʩʪʴ ʧʨʦʠʟʚʦʜʩʪʚʘ ʪʝʨʤʦʤʘʛʥʠʪʥʳʭ ʛʝʥʝʨʘʪʦʨʦʚ. 
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ʊʦʥʢʦʧʣʝʥʦʯʥʳʝ ʩʠʩʪʝʤʳ ʥʘ ʦʩʥʦʚʝ ʤʘʛʥʠʪʦʢʘʣʦʨʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ 

ʷʚʣʷʶʪʩʷ ʤʥʦʛʦʦʙʝʱʘʶʱʠʤʠ ʵʣʝʤʝʥʪʘʤʠ ʞʝʩʪʢʠʭ ʜʠʩʢʦʚ ʩ ʪʝʭʥʦʣʦʛʠʝʡ 

HAMR [4,5]. ʅʘʣʠʯʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʩʣʦʷ ʤʘʛʥʠʪʦʢʘʣʦʨʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ 

ʥʘ ʧʦʜʣʦʞʢʝ ʞʝʩʪʢʦʛʦ ʜʠʩʢʘ, ʚ ʪʝʦʨʠʠ, ʩʧʦʩʦʙʥʦ ʦʙʝʩʧʝʯʠʪʴ ʦʭʣʘʞʜʝʥʠʝ ʙʠʪʘ 

ʠʥʬʦʨʤʘʮʠʠ ʧʦʩʣʝ ʥʘʛʨʝʚʘ ʣʘʟʝʨʦʤ ʟʘ ʩʯʝʪ ʚʢʣʶʯʝʥʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʧʨʠ 

ʧʝʨʝʤʘʛʥʠʯʠʚʘʥʠʠ ʙʠʪʘ. ʉʦʝʜʠʥʝʥʠʝ FeRh ʷʚʣʷʝʪʩʷ ʣʫʯʰʠʤ ʢʘʥʜʠʜʘʪʦʤ ʜʣʷ 

ʵʪʦʡ ʨʦʣʠ [6ï8]. ɺʦ-ʧʝʨʚʳʭ, ʦʥʦ ʦʙʣʘʜʘʝʪ ʥʘʠʙʦʣʴʰʠʤ ʤʘʛʥʠʪʦʢʘʣʦʨʠʯʝʩʢʠʤ 

ʵʬʬʝʢʪʦʤ ʚʙʣʠʟʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʧʦʣʝ ʜʦ 2 ʊʣ [9,10]. ɺʦ-ʚʪʦʨʳʭ, 

ʧʘʨʘʤʝʪʨ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ FeRh ʙʣʠʟʦʢ ʢ ʧʘʨʘʤʝʪʨʫ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ ʩʧʣʘʚʘ FePt, ʢʦʪʦʨʳʡ ʟʘʯʘʩʪʫʶ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ 

ʢʘʯʝʩʪʚʝ ʥʘʧʳʣʷʝʤʦʛʦ ʥʘ ʧʦʜʣʦʞʢʠ ʜʠʩʢʦʚ ʤʘʪʝʨʠʘʣʘ [7,11]. 

ʊʘʢʞʝ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʫʱʝʩʪʚʫʝʪ ʨʷʜ ʨʘʙʦʪ, ʚ ʢʦʪʦʨʳʭ ʧʨʝʜʣʘʛʘʝʪʩʷ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʝʧʣʦʚʳʝ ʩʚʦʡʩʪʚʘ ʤʘʛʥʠʪʦʢʘʣʦʨʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʚ 

ʤʝʜʠʮʠʥʝ ʜʣʷ ʘʜʨʝʩʥʦʡ ʜʦʩʪʘʚʢʠ ʣʝʢʘʨʩʪʚ [12*,13*], ʛʠʧʝʨʪʝʨʤʠʠ [12*,14*,15] 

ʠ ʛʠʧʦʪʝʨʤʠʠ [12*]. ʆʜʥʘʢʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʚʩʝ ʜʦʩʪʦʠʥʩʪʚʘ ʜʘʥʥʦʛʦ ʢʣʘʩʩʘ 

ʤʘʪʝʨʠʘʣʦʚ, ʚʦʧʨʦʩ ʦʙ ʠʭ ʙʠʦʩʦʚʤʝʩʪʠʤʦʩʪʠ ʦʩʪʘʝʪʩʷ ʦʪʢʨʳʪʳʤ, ʯʪʦ 

ʧʨʝʧʷʪʩʪʚʫʝʪ ʧʨʘʢʪʠʯʝʩʢʦʤʫ ʠʩʧʦʣʴʟʦʚʘʥʠʶ. 

1.2 ʈʘʟʥʦʦʙʨʘʟʠʝ ʤʘʛʥʠʪʦʢʘʣʦʨʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ 
 

ʂ ʥʘʠʙʦʣʝʝ ʠʩʩʣʝʜʫʝʤʳʤ ʤʘʛʥʠʪʦʢʘʣʦʨʠʯʝʩʢʠʤ ʤʘʪʝʨʠʘʣʘʤ ʦʪʥʦʩʷʪʩʷ 

ʩʠʩʪʝʤʳ ʥʘ ʦʩʥʦʚʝ: La-Fe-Si, Ni-Mn-In, Ni-Mn-Ga, Fe-Rh, Mn-Fe-P, Gd-Si/Ge. 

ʇʦʚʳʰʝʥʥʳʡ ʠʥʪʝʨʝʩ ʢ ʥʠʤ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʚʳʟʚʘʥ ʘʥʦʤʘʣʴʥʦ ʚʳʩʦʢʠʤ 

ʟʥʘʯʝʥʠʝʤ ʤʘʛʥʠʪʦʢʘʣʦʨʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ ʚʙʣʠʟʠ ʢʦʤʥʘʪʥʳʭ ʪʝʤʧʝʨʘʪʫʨ. 

ʉʨʘʚʥʝʥʠʝ ʚʝʣʠʯʠʥʳ ʤʘʛʥʠʪʦʢʘʣʦʨʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ ʜʣʷ ʧʝʨʝʯʠʩʣʝʥʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʚ ʧʦʣʝ 2ʊʣ ʠ 1ʊʣ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʈʠʩʫʥʦʢ 2 ʘ ʠ ʙ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

[9]. ʇʦʤʠʤʦ ʵʪʦʛʦ, ʜʘʥʥʳʡ ʨʠʩʫʥʦʢ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʵʢʦʥʦʤʠʯʝʩʢʫʶ 

ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʢʘʢ ʵʣʝʤʝʥʪʦʚ 

ʜʣʷ ʪʚʝʨʜʦʪʝʣʴʥʳʭ ʦʭʣʘʞʜʘʶʱʠʭ ʫʩʪʨʦʡʩʪʚ. ɿʝʣʝʥʳʤ ʮʚʝʪʦʤ ʦʪʤʝʯʝʥʳ 

ʥʘʠʙʦʣʝʝ ʜʝʰʝʚʳʝ ʤʘʪʝʨʠʘʣʳ, ʦʪʜʝʣʴʥʳʝ ʭʠʤʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ ʢʦʪʦʨʳʭ 
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ʜʦʙʳʚʘʶʪʩʷ ʚ ʨʘʟʣʠʯʥʳʭ ʩʪʨʘʥʘʭ. ʂʨʘʩʥʳʤ ʮʚʝʪʦʤ ʦʪʤʝʯʝʥʳ ʥʘʠʙʦʣʝʝ 

ʜʦʨʦʛʦʩʪʦʷʱʠʝ ʩʧʣʘʚʳ, ʥʘ ʦʪʜʝʣʴʥʳʝ ʭʠʤʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ ʢʦʪʦʨʳʭ ʫ 

ʥʝʢʦʪʦʨʳʭ ʩʪʨʘʥ ʤʦʞʝʪ ʙʳʪʴ ʤʦʥʦʧʦʣʠʷ. ʇʦ ʦʮʝʥʢʝ ʘʚʪʦʨʦʚ [9], ʥʘʠʙʦʣʝʝ 

ʜʦʩʪʫʧʥʳʤ ʠ ʜʝʰʝʚʳʤ ʷʚʣʷʝʪʩʷ ʩʧʣʘʚ La-Fe-Si. ɹʠʥʘʨʥʳʡ ʩʧʣʘʚ FeRh ʥʠʢʦʛʜʘ 

ʥʝ ʩʪʘʥʝʪ ʢʘʥʜʠʜʘʪʦʤ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʵʣʝʤʝʥʪʘ ʜʣʷ 

ʤʘʛʥʠʪʦʢʘʣʦʨʠʯʝʩʢʦʛʦ ʭʦʣʦʜʠʣʴʥʠʢʘ ʠʣʠ ʪʝʨʤʦʤʘʛʥʠʪʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʚ ʩʠʣʫ 

ʚʳʩʦʯʘʡʰʝʡ ʩʪʦʠʤʦʩʪʠ ʨʦʜʠʷ (~1000$ ʟʘ ʛʨʘʤʤ). 

 

ʈʠʩʫʥʦʢ 2 ï ɼʠʘʛʨʘʤʤʘ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʤʘʛʥʠʪʦʢʘʣʦʨʠʯʝʩʢʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʧʨʠ 

ʘʜʠʘʙʘʪʠʯʝʩʢʦʤ ʚʢʣʶʯʝʥʠʠ ʚʥʝʰʥʝʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʘ) 2ʊʣ ʠ ʙ) 1ʊʣ. ʎʚʝʪ ʩʦʝʜʠʥʝʥʠʷ 

ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʢʨʠʪʠʯʝʩʢʠʤ ʠʥʜʝʢʩʦʤ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ʧʨʦʤʳʰʣʝʥʥʦʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʘʥʥʦʛʦ ʩʧʣʘʚʘ ʜʣʷ ʤʘʛʥʠʪʦʢʘʣʦʨʠʯʝʩʢʦʛʦ ʦʭʣʘʞʜʝʥʠʷ. [9]  

 

ʆʜʥʘʢʦ, ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʝʭʘʥʠʟʤʦʚ 

ʤʘʛʥʠʪʥʦʛʦ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʧʝʨʚʦʛʦ ʨʦʜʘ, ʩʦʝʜʠʥʝʥʠʝ FeRh ʷʚʣʷʝʪʩʷ 

ʥʘʠʙʦʣʝʝ ʠʥʪʝʨʝʩʥʳʤ. ɼʘʥʥʳʡ ʚʳʙʦʨ ʦʙʦʩʥʦʚʘʥ ʪʝʤʠ ʬʘʢʪʘʤʠ, ʯʪʦ ʜʘʥʥʳʡ 

ʩʧʣʘʚ ʦʙʣʘʜʘʝʪ ʨʝʢʦʨʜʥʳʤ ʤʘʛʥʠʪʦʢʘʣʦʨʠʯʝʩʢʠʤ ʵʬʬʝʢʪʦʤ ʚʙʣʠʟʠ ʢʦʤʥʘʪʥʦʡ 
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ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʧʦʣʝ 2 ʊʣ, ʩʠʤʤʝʪʨʠʷ ʝʛʦ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ ʥʝ 

ʠʟʤʝʥʷʝʪʩʷ ʧʨʠ ʬʘʟʦʚʦʤ ʧʝʨʝʭʦʜʝ, ʢʨʠʩʪʘʣʣ ʩʦʩʪʦʠʪ ʠʟ ʘʪʦʤʦʚ ʚʩʝʛʦ ʜʚʫʭ 

ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ. ʇʝʨʝʯʠʩʣʝʥʥʳʝ ʜʦʩʪʦʠʥʩʪʚʘ ʧʦʟʚʦʣʷʶʪ ʥʘʠʙʦʣʝʝ 

ʜʦʩʪʦʚʝʨʥʦ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʪʴ ʧʦʣʫʯʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ. 

1.3 ʆʙʱʠʝ ʩʚʝʜʝʥʠʷ ʦ ʩʧʣʘʚʝ FeRh 
 

ɺʧʝʨʚʳʝ ʙʠʥʘʨʥʳʝ ʩʧʣʘʚʳ ʥʘ ʦʩʥʦʚʝ FeRh ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥ ʌʘʣʣʦʪʦʤ ʚ 1938 

ʛʦʜʫ [16]. ʅʝʠʟʤʝʥʥʳʡ ʠʥʪʝʨʝʩ ʥʘʫʯʥʦʛʦ ʩʦʦʙʱʝʩʪʚʘ ʢ ʠʟʫʯʝʥʠʶ ʩʝʤʝʡʩʪʚʘ 

ʵʪʠʭ ʩʧʣʘʚʦʚ ʦʙʫʩʣʦʚʣʝʥ ʥʘʣʠʯʠʝʤ ʦʛʨʦʤʥʳʭ ʘʥʦʤʘʣʠʡ ʚ 

ʤʘʛʥʠʪʦʪʝʨʤʠʯʝʩʢʠʭ [9,10,17,18], ʤʘʛʥʠʪʦʪʨʘʥʩʧʦʨʪʥʳʭ (ʈʠʩʫʥʦʢ 4b) [19ï23] 

ʠ ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʦʥʥʳʭ (ʈʠʩʫʥʦʢ 4c) [24ï26] ʵʬʬʝʢʪʘʭ ʚʙʣʠʟʠ ʬʘʟʦʚʦʛʦ 

ʧʝʨʝʭʦʜʘ ʧʝʨʚʦʛʦ ʨʦʜʘ ʠʟ ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʦʛʦ ʚ ʬʝʨʨʦʤʘʛʥʠʪʥʦʝ ʩʦʩʪʦʷʥʠʝ, 

ʥʘʙʣʶʜʘʝʤʦʝ ʚʙʣʠʟʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ. ɼʘʞʝ ʩʦʚʩʝʤ ʥʝʜʘʚʥʦ, ʚ 2022 

ʛʦʜʫ ʛʨʫʧʧʘ ʷʧʦʥʩʢʠʭ ʫʯʝʥʳʭ [27] ʧʦʢʘʟʘʣʘ, ʯʪʦ ʢʦʵʬʬʠʮʠʝʥʪ ʊʦʤʧʩʦʥʘ ʚ 

ʵʬʬʝʢʪʝ ʝʛʦ ʠʤʝʥʠ ʚ FeRh ʧʨʝʚʳʩʠʣ ʧʦʯʪʠ ʥʘ ʧʦʨʷʜʦʢ (-906 ʤʢɺ/ʂ) ʨʝʢʦʨʜʥʦʝ 

ʟʥʘʯʝʥʠʝ, ʢʦʪʦʨʦʝ ʙʳʣʦ ʥʘʡʜʝʥʦ ʨʘʥʝʝ ʚ Bi2Te3 (150 ʤʢɺ/ʂ). ɼʘʥʥʦʝ ʩʦʙʳʪʠʝ 

ʣʠʰʥʠʡ ʨʘʟ ʧʦʜʪʚʝʨʞʜʘʝʪ, ʯʪʦ ʤʘʛʥʠʪʥʳʡ ʬʘʟʦʚʳʡ ʧʝʨʝʭʦʜ ʧʝʨʚʦʛʦ ʨʦʜʘ ʜʦ 

ʩʠʭ ʧʦʨ ʥʝ ʜʦ ʢʦʥʮʘ ʠʟʫʯʝʥ ʠ ʪʘʠʪ ʚ ʩʝʙʝ ʤʥʦʞʝʩʪʚʦ ʧʨʘʢʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʭ 

ʦʪʢʨʳʪʠʡ. 

 

ʈʠʩʫʥʦʢ 3 ʉʭʝʤʘʪʠʯʝʩʢʠʡ ʚʠʜ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ ʩʧʣʘʚʘ FeRh ʚ ʬʝʨʨʦʤʘʛʥʠʪʥʦʤ 

(ʨʠʩʫʥʦʢ ʩʣʝʚʘ) ʠ ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʦʤ (ʨʠʩʫʥʦʢ ʩʧʨʘʚʘ) ʩʦʩʪʦʷʥʠʷʭ. ʉʪʨʝʣʦʯʢʠ 

ʫʢʘʟʳʚʘʶʪ ʚʝʣʠʯʠʥʫ ʠ ʥʘʧʨʘʚʣʝʥʠʝ ʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ ʥʘ ʘʪʦʤʘʭ ʞʝʣʝʟʘ ʠ ʨʦʜʠʷ [28]  

 



12 
 

ɹʠʥʘʨʥʳʡ ʩʧʣʘʚ FeRh ʦʙʣʘʜʘʝʪ ʦʙʲʸʤʥʦ-ʮʝʥʪʨʠʨʦʚʘʥʥʦʡ ʫʧʦʨʷʜʦʯʝʥʥʦʡ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʦʡ (ʪʠʧʘ B2 ʠʣʠ CsCl). ɺ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ 

ʦʙʣʘʩʪʠ ʢʨʠʩʪʘʣʣ ʥʘʭʦʜʠʪʩʷ ʚ ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʦʤ ʩʦʩʪʦʷʥʠʠ (ʢʦʣʣʠʥʝʘʨʥʦʝ 

ʫʧʦʨʷʜʦʯʝʥʠʝ) ʈʠʩʫʥʦʢ 3, ʧʨʠʯʝʤ ʤʘʛʥʠʪʥʳʤ ʤʦʤʝʥʪʦʤ ʚ ʵʪʦʤ ʩʦʩʪʦʷʥʠʠ 

ʦʙʣʘʜʘʶʪ ʪʦʣʴʢʦ ʘʪʦʤʳ ʞʝʣʝʟʘ [29,30]. 

ʇʨʠ ʥʘʛʨʝʚʝ ʩʧʣʘʚʘ ʜʦ ʪʝʤʧʝʨʘʪʫʨ ʯʫʪʴ ʚʳʰʝ ʢʦʤʥʘʪʥʦʡ 320-420ʂ (ʪʦʯʥʘʷ 

ʪʝʤʧʝʨʘʪʫʨʘ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʪʝʭʠʦʤʝʪʨʠʝʡ ʩʧʣʘʚʘ ʠ 

ʚʥʝʰʥʠʤʠ ʫʩʣʦʚʠʷʤʠ) 

ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʝʭʦʜ ʚ 

ʬʝʨʨʦʤʘʛʥʠʪʥʦʝ ʩʦʩʪʦʷʥʠʝ. 

ʇʝʨʝʭʦʜ ʚ ʬʝʨʨʦʤʘʛʥʠʪʥʦʝ 

ʩʦʩʪʦʷʥʠʝ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ 

ʚʦʟʥʠʢʥʦʚʝʥʠʝʤ 

ʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ ʥʘ 

ʘʪʦʤʝ ʨʦʜʠʷ (ʧʦʨʷʜʢʘ 1 

ʤʘʛʥʝʪʦʥʘ ɹʦʨʘ), 

ʫʚʝʣʠʯʝʥʠʝʤ ʧʘʨʘʤʝʪʨʘ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ 

(ʦʙʲʝʤʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ï 1 % 

ʈʠʩʫʥʦʢ 4 c) [31]. 

ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʣʠʰʴ 

ʥʝʙʦʣʴʰʘʷ ʚʘʨʠʘʮʠʷ 

ʵʣʝʤʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ ʚʙʣʠʟʠ 

ʵʢʚʠʘʪʦʤʥʦʛʦ ʩʧʦʩʦʙʥʘ 

ʦʙʝʩʧʝʯʠʪʴ ʥʘʣʠʯʠʝ ʧʝʨʝʭʦʜʘ ʠʟ ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʦʛʦ ʚ ʬʝʨʨʦʤʘʛʥʠʪʥʦʝ 

ʩʦʩʪʦʷʥʠʝ ʈʠʩʫʥʦʢ 5 [32]. ʇʨʦʮʝʥʪʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʘʪʦʤʦʚ ʞʝʣʝʟʘ ʤʝʥʝʝ 47% 

ʧʨʠʚʦʜʠʪ ʦʪʩʫʪʩʪʚʠʶ ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʦʛʦ ʫʧʦʨʷʜʦʯʝʥʠʷ ʚʦ ʚʩʝʤ ʠʥʪʝʨʚʘʣʝ 

ʪʝʤʧʝʨʘʪʫʨ, ʦʜʥʘʢʦ ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʨʝʰʝʪʢʘ ʦʩʪʘʝʪʩʷ ʦʙʲʸʤʥʦ-

ʮʝʥʪʨʠʨʦʚʘʥʥʦʡ (ʘʣʴʬʘ-ʬʘʟʘ). ʋʚʝʣʠʯʝʥʠʝ ʧʨʦʮʝʥʪʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʞʝʣʝʟʘ 

 

ʈʠʩʫʥʦʢ 4 - ʊʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʘ) 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʠ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ b) ʫʜʝʣʴʥʦʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʩ) ʧʘʨʘʤʝʪʨʘ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ 

ʨʝʰʝʪʢʠ ʜʣʷ ʩʧʣʘʚʘ Fe49Rh51 [28]  
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ʚʳʰʝ 51% ʧʨʠʚʦʜʠʪ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʛʨʘʥʝʮʝʥʪʨʠʨʦʚʘʥʥʦʡ ʬʘʟʳ, ʢʦʪʦʨʘʷ 

ʷʚʣʷʝʪʩʷ ʧʘʨʘʤʘʛʥʠʪʥʦʡ. ɼʦʢʘʟʘʪʝʣʴʩʪʚʘ ʦʪʩʫʪʩʪʚʠʷ ʬʝʨʨʦʤʘʛʥʠʪʥʦʛʦ 

ʫʧʦʨʷʜʦʯʝʥʠʷ ʚ ʛʨʘʥʝʮʝʥʪʨʠʨʦʚʘʥʥʦʡ (ʛʘʤʤʘ) ʬʘʟʝ ʙʳʣʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ 

ʘʚʪʦʨʦʤ ʩ ʢʦʣʣʝʛʘʤʠ ʚ [33*]. ʅʘʠʙʦʣʝʝ ʟʥʘʯʠʪʝʣʴʥʳʤʠ ʬʘʢʪʦʨʘʤʠ, ʢʦʪʦʨʳʝ 

ʤʦʛʫʪ 

 

 

ʠʟʤʝʥʠʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʷʚʣʷʶʪʩʷ: ʵʣʝʤʝʥʪʥʳʡ ʩʦʩʪʘʚ 

ʙʠʥʘʨʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ [34], ʥʘʣʠʯʠʝ ʠ ʧʨʦʮʝʥʪʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʧʨʠʤʝʩʥʳʭ 

ʘʪʦʤʦʚ [24,35,36], ʚʥʝʰʥʠʝ ʤʝʭʘʥʠʯʝʩʢʠʝ ʥʘʧʨʷʞʝʥʠʷ [37ï40]. ʊʘʢʞʝ ʩʪʦʠʪ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʤʝʭʘʥʠʟʤʳ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʜʣʷ ʵʪʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʚ ʦʙʲʝʤʥʳʭ 

ʩʧʣʘʚʘʭ ʠ ʪʦʥʢʦʧʣʝʥʦʯʥʳʭ ʩʠʩʪʝʤʘʭ ʟʥʘʯʠʪʝʣʴʥʦ ʦʪʣʠʯʘʶʪʩʷ ʠʟ-ʟʘ ʥʘʣʠʯʠʷ 

ʨʘʟʤʝʨʥʳʭ ʵʬʬʝʢʪʦʚ ʠ ʚʣʠʷʥʠʷ ʤʝʭʘʥʠʯʝʩʢʠʭ ʥʘʧʨʷʞʝʥʠʡ, ʩʦʟʜʘʚʘʝʤʳʝ 

 

ʈʠʩʫʥʦʢ 5 - ʌʘʟʦʚʘʷ ʜʠʘʛʨʘʤʤʘ ʜʣʷ ʢʣʘʩʩʘ ʩʦʝʜʠʥʝʥʠʡ FeRh [32]  
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ʧʦʜʣʦʞʢʦʡ [41ï43]. ʀʩʩʣʝʜʦʚʘʥʠʷ ʤʘʛʥʠʪʥʳʭ ʠ ʩʪʨʫʢʪʫʨʥʳʭ ʩʚʦʡʩʪʚ ʧʣʝʥʦʢ 

ʞʝʣʝʟʘ-ʨʦʜʠʷ ʨʘʟʣʠʯʥʦʡ ʪʦʣʱʠʥʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ [44,45].  

ʀʟ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʩʣʝʜʥʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

[46], ʚ ʢʦʪʦʨʳʭ ʤʝʪʦʜʦʤ ʥʘʢʘʯʢʠ-

ʟʦʥʜʠʨʦʚʘʥʠʷ ʠʩʩʣʝʜʦʚʘʣʦʩʴ ʠʟʤʝʥʝʥʠʝ 

ʵʣʝʢʪʨʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʩʧʣʘʚʘ ʚʙʣʠʟʠ 

ʪʝʤʧʝʨʘʪʫʨʳ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ (ʈʠʩʫʥʦʢ 

6), ʩʣʝʜʫʝʪ, ʯʪʦ ʬʘʟʦʚʳʡ ʧʝʨʝʭʦʜ 

ʠʥʜʫʮʠʨʫʝʪʩʷ ʟʘ ʩʯʝʪ ʩʧʠʥʦʚʦʛʦ ʧʝʨʝʥʦʩʘ. 

ɺ ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʦʤ ʩʦʩʪʦʷʥʠʠ 

ʧʨʠʩʫʪʩʪʚʫʝʪ ʛʠʙʨʠʜʠʟʘʮʠʷ ʵʣʝʢʪʨʦʥʦʚ 

ʤʝʞʜʫ ʘʪʦʤʘʤʠ ʞʝʣʝʟʘ ʠ ʨʦʜʠʷ. 

ɺʦʟʙʫʞʜʝʥʠʝ ʠʤʧʫʣʴʩʦʤ ʣʘʟʝʨʘ ʧʨʠʚʦʜʠʪ 

ʢ ʩʧʠʥʦʚʦʤʫ ʧʝʨʝʥʦʩʫ ʦʪ ʘʪʦʤʦʚ ʨʦʜʠʷ ʢ 

ʘʪʦʤʘʤ ʞʝʣʝʟʘ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ 

ʤʘʛʥʠʪʥʳʝ ʤʦʤʝʥʪʳ ʥʘ ʘʪʦʤʘʭ ʞʝʣʝʟʘ 

ʦʨʠʝʥʪʠʨʫʶʪʩʷ ʢʦʣʣʠʥʝʘʨʥʦ, ʘ ʥʘ ʘʪʦʤʘʭ 

ʨʦʜʠʷ ʠʥʜʫʮʠʨʫʝʪʩʷ ʤʘʛʥʠʪʥʳʡ ʤʦʤʝʥʪ. 

ʉʪʘʪʠʯʝʩʢʠʝ ʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʜʦʩʪʘʪʦʯʥʦ 

ʭʦʨʦʰʦ ʠʟʫʯʝʥʳ ʩ ʧʦʤʦʱʴʶ ʨʘʟʣʠʯʥʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʤʝʪʦʜʠʢ. ʅʘʠʙʦʣʝʝ 

ʧʦʣʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʤʦʞʥʦ ʥʘʡʪʠ ʚ ʦʙʟʦʨʝ ʈ.ʈ. ɻʠʤʘʝʚʘ ʩ ʩʦʘʚʪʦʨʘʤʠ [31]. 

ʊʝʤ ʥʝ ʤʝʥʝʝ ʤʝʭʘʥʠʟʤʳ ʪʝʤʧʝʨʘʪʫʨʥʦ-ʠʥʜʫʮʠʨʫʝʤʦʛʦ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʚ 

ʵʪʦʤ ʩʧʣʘʚʝ ʦʩʪʘʶʪʩʷ ʥʝ ʜʦ ʢʦʥʮʘ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʤʠ. 

ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʨʝʣʘʢʩʘʮʠʦʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

ʤʘʪʝʨʠʘʣʦʚ, ʦʙʣʘʜʘʶʱʠʭ ʬʘʟʦʚʳʤ ʧʝʨʝʭʦʜʦʤ ʧʝʨʚʦʛʦ ʨʦʜʘ, ʥʝʜʦʩʪʘʪʦʯʥʦ 

ʭʦʨʦʰʦ ʠʟʫʯʝʥʳ. ʆʜʥʘʢʦ, ʫʞʝ ʦʧʫʙʣʠʢʦʚʘʥʦ ʥʝʩʢʦʣʴʢʦ ʧʠʦʥʝʨʩʢʠʭ ʨʘʙʦʪ 

ʛʨʫʧʧʳ ɸ.ɺ. ʂʠʤʝʣʷ [47,48], ʚ ʢʦʪʦʨʳʭ ʠʩʩʣʝʜʫʝʪʩʷ ʜʠʥʘʤʠʢʘ ʬʘʟʦʚʦʛʦ 

 

ʈʠʩʫʥʦʢ 6 - ʕʚʦʣʶʮʠʷ ʧʣʦʪʥʦʩʪʠ 

ʵʣʝʢʪʨʦʥʥʳʭ ʩʦʩʪʦʷʥʠʡ (ʘ) ʜʠʘʛʨʘʤʤʘ 

ʠ ʙ) ʯʘʩʪʥʳʝ ʢʨʠʚʳʝ) ʩʦ ʚʨʝʤʝʥʝʤ ʜʣʷ 

ʩʦʝʜʠʥʝʥʠʷ FeRh ʧʦʩʣʝ ʚʦʟʙʫʞʜʝʥʠʷ 

ʬʝʤʪʦʩʝʢʫʥʜʥʳʤ ʠʤʧʫʣʴʩʦʤ [46]  
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ʧʝʨʝʭʦʜʘ ʧʦʩʣʝ ʚʦʟʙʫʞʜʝʥʠʷ ʩʠʩʪʝʤʳ ʬʝʤʪʦʩʝʢʫʥʜʥʳʤ ʠʤʧʫʣʴʩʦʤ ʣʘʟʝʨʘ. ɺ 

ʨʘʙʦʪʝ [48] ɸ.ʂ. ɿʚʝʟʜʠʥʳʤ ʩ ʢʦʣʣʝʛʘʤʠ ʧʨʠʚʝʜʝʥʳ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ, 

ʢʦʪʦʨʳʝ ʦʙʲʷʩʥʷʶʪ ʥʘʣʠʯʠʝ ʧʠʢʦʩʝʢʫʥʜʥʳʭ ʨʝʣʘʢʩʘʮʠʡ. ʊʝʤ ʥʝ ʤʝʥʝʝ, 

ʦʩʪʘʶʪʩʷ ʪʨʫʜʥʦ ʠʥʪʝʨʧʨʝʪʠʨʫʝʤʳʤʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ, 

ʜʝʤʦʥʩʪʨʠʨʫʶʱʠʝ ʥʘʣʠʯʠʝ ʜʣʠʪʝʣʴʥʳʭ (ʜʝʩʷʪʢʠ ʤʠʥʫʪ) ʨʝʣʘʢʩʘʮʠʦʥʥʳʭ 

ʧʨʦʮʝʩʩʦʚ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʚʙʣʠʟʠ ʪʝʤʧʝʨʘʪʫʨʳ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ [49ï53]. 

ɼʣʷ ʬʝʥʦʤʝʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʧʠʩʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʨʦʩʪʘ ʬʝʨʨʦʤʘʛʥʠʪʥʦʡ ʬʘʟʳ 

ʧʨʠ ʬʘʟʦʚʦʤ ʧʝʨʝʭʦʜʝ ʧʝʨʚʦʛʦ ʨʦʜʘ ʤʦʞʥʦ ʧʦʧʨʦʙʦʚʘʪʴ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʦʜʝʣʴ 

ʂʦʣʤʦʛʦʨʦʚʘ-ɼʞʦʥʩʦʥʘ-ʄʝʣʘ-ɸʚʨʘʤʠ (KJMA) [54,55]. ɼʘʥʥʘʷ ʤʦʜʝʣʴ 

ʠʟʥʘʯʘʣʴʥʦ ʙʳʣʘ ʧʨʝʜʣʦʞʝʥʘ ʜʣʷ ʦʧʠʩʘʥʠʷ ʜʠʥʘʤʠʢʠ ʨʦʩʪʘ ʥʦʚʦʡ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʬʘʟʳ ʚ ʩʪʘʣʷʭ. ɼʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʘʥʥʦʡ ʤʦʜʝʣʠ 

ʥʝʦʙʭʦʜʠʤʦ ʚʳʧʦʣʥʝʥʠʝ ʯʝʪʳʨʝʭ ʫʩʣʦʚʠʡ. ɺʦ-ʧʝʨʚʳʭ, ʬʘʟʦʚʳʡ ʧʝʨʝʭʦʜ 

ʜʦʣʞʝʥ ʧʨʦʭʦʜʠʪʴ ʧʫʪʝʤ ʟʘʨʦʞʜʝʥʠʷ ʠ ʨʦʩʪʘ ʥʦʚʦʡ ʬʘʟʳ. ɺʦ-ʚʪʦʨʳʭ, ʤʝʩʪʦ 

ʟʘʨʦʜʳʰʝʦʙʨʘʟʦʚʘʥʠʷ ʜʦʣʞʥʦ ʙʳʪʴ ʩʣʫʯʘʡʥʳʤ. ɺ-ʪʨʝʪʴʠʭ, ʨʘʟʤʝʨ 

ʧʦʷʚʠʚʰʝʡʩʷ ʬʘʟʳ ʜʦʣʞʝʥ ʩʪʨʝʤʠʪʴʩʷ ʢ ʥʫʣʶ. ɺ-ʯʝʪʚʝʨʪʳʭ, ʟʘʢʦʥʳ ʨʦʩʪʘ ʠ 

ʟʘʨʦʞʜʝʥʠʷ ʬʘʟʳ ʟʘʜʘʶʪʩʷ ʘʧʨʠʦʨʠ. ɺʩʝ ʵʪʠ ʯʝʪʳʨʝ ʫʩʣʦʚʠʷ ʚʳʧʦʣʥʷʶʪʩʷ ʠ 

ʜʣʷ ʤʘʛʥʠʪʥʦʛʦ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʧʝʨʚʦʛʦ ʨʦʜʘ. ʀʪʦʛʦʚʳʡ ʚʠʜ ʬʦʨʤʫʣʳ, 

ʢʦʪʦʨʳʤ ʦʧʠʩʳʚʘʝʪʩʷ ʟʘʢʦʥ ʨʦʩʪʘ ʬʝʨʨʦʤʘʛʥʠʪʥʦʡ ʬʘʟʳ ʩʦ ʚʨʝʤʝʥʝʤ 

ʚʳʛʣʷʜʠʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ:  

ὠ ὸ ρ Ὡ В ȟ  ȟ  

ɻʜʝ, ὶ ʵʪʦ ʨʘʜʠʫʩ ʟʝʨʥʘ ʬʘʟʳ ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t, ʢʦʪʦʨʦʝ ʥʘʯʘʣʦ ʩʚʦʡ ʨʦʩʪ ʚ 

ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ᾀ, ὲ ʵʪʦ ʧʣʦʪʥʦʩʪʴ ʟʘʨʦʜʳʰʝʡ ʥʦʚʦʡ ʬʘʟʳ, ʢʦʪʦʨʳʝ ʥʘʯʘʣʠ 

ʩʚʦʡ ʨʦʩʪ ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ᾀ. 

ʆʜʥʘʢʦ ʤʦʜʝʣʴ ʂʦʣʤʦʛʦʨʦʚʘ ʥʝ ʜʘʝʪ ʠʥʬʦʨʤʘʮʠ ʁʦ ʧʨʦʮʝʩʩʝ ʟʘʨʦʞʜʝʥʠʷ 

ʥʦʚʦʡ ʬʘʟʳ. ʇʦʵʪʦʤʫ ʜʣʷ ʦʧʠʩʘʥʠʷ ʨʘʟʣʠʯʠʡ ʚ ʟʘʨʦʞʜʝʥʠʠ ʬʝʨʨʦʤʘʛʥʠʪʥʦʡ 

ʬʘʟʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʚ ʦʙʲʝʤʝ ʧʣʝʥʢʠ ʨʘʟʫʤʥʝʝ ʧʨʠʤʝʥʠʪʴ ʤʦʜʝʣʴ ɹʠʥʘ ï 

ʈʦʜʙʝʣʣʘ [56,57]. 
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ʋʯʠʪʳʚʘʷ ʩʘʤʫʶ ʘʢʪʫʘʣʴʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʵʬʬʝʢʪʘʭ ʠ ʦʩʦʙʝʥʥʦʩʪʷʭ 

ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʚ ʩʠʩʪʝʤʝ FeRh, ʢʦʪʦʨʘʷ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʦʧʫʙʣʠʢʦʚʘʥʘ ʚ 

ʣʠʪʝʨʘʪʫʨʝ, ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʝʣʘʢʩʘʮʠʦʥʥʳʭ 

ʵʬʬʝʢʪʦʚ ʚ ʜʘʥʥʦʤ ʩʦʝʜʠʥʝʥʠʠ ʦʢʘʞʫʪʩʷ ʢʣʶʯʝʚʳʤʠ ʜʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ 

ʤʝʭʘʥʠʟʤʦʚ ʤʘʛʥʠʪʥʦʛʦ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʧʝʨʚʦʛʦ ʨʦʜʘ. ʇʦʜʦʙʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʣʝʜʫʝʪ ʥʘʯʠʥʘʪʴ ʧʨʦʚʦʜʠʪʴ ʥʘ ʢʚʘʟʠ-ʜʚʫʤʝʨʥʳʭ ʦʙʲʝʢʪʘʭ ï 

ʪʦʥʢʠʭ ʧʣʝʥʢʘʭ. ʈʘʩʩʤʦʪʨʝʥʠʝ ʜʚʫʤʝʨʥʦʡ ʩʠʩʪʝʤʳ ʜʦʣʞʥʦ ʫʧʨʦʩʪʠʪʴ 

ʠʥʪʝʨʧʨʝʪʘʮʠʶ ʧʦʣʫʯʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. 

ʀʟ ʚʳʰʝʩʢʘʟʘʥʥʦʛʦ ʚʳʪʝʢʘʝʪ ʮʝʣʴ ʤʘʛʠʩʪʝʨʩʢʦʡ ʜʠʩʩʝʨʪʘʮʠʠ: ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʩʦʝʜʠʥʝʥʠʡ ʥʘ ʦʩʥʦʚʝ ʞʝʣʝʟʘ-ʨʦʜʠʷ, ʦʧʨʝʜʝʣʝʥʠʝ 

ʦʩʥʦʚʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʨʦʩʪʘ ʬʝʨʨʦʤʘʛʥʠʪʥʦʡ ʬʘʟʳ ʚʙʣʠʟʠ ʪʝʤʧʝʨʘʪʫʨʳ 

ʤʘʛʥʠʪʥʦʛʦ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʧʝʨʚʦʛʦ ʨʦʜʘ. 
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ɻʃɸɺɸ 2. ʄɽʊʆɼʀʂʀ ʀɿʄɽʈɽʅʀʁ ʀ ʀʉʉʃɽɼʋɽʄʓʁ 

ʆɹʈɸɿɽʎ 
 

2.1 ʉʠʥʪʝʟ ʦʙʨʘʟʮʘ 
 

ɺ ʨʘʙʦʪʝ ʙʳʣʘ ʠʩʩʣʝʜʦʚʘʥʘ ʪʦʥʢʘʷ ʧʣʝʥʢʘ ʩ ʥʦʤʠʥʘʣʴʥʳʤ ʩʦʩʪʘʚʦʤ Fe49Rh51, 

ʢʦʪʦʨʘʷ ʥʘʧʳʣʝʥʘ ʤʝʪʦʜʦʤ ʤʦʣʝʢʫʣʷʨʥʦ-ʣʫʯʝʚʦʡ ʵʧʠʪʘʢʩʠʠ (ʫʥʠʚʝʨʩʠʪʝʪ 

ʅʘʛʦʷ, ʗʧʦʥʠʷ). ʉʭʝʤʘʪʠʯʝʩʢʠʡ ʚʠʜ ʫʩʪʨʦʡʩʪʚʘ ʢʘʤʝʨʳ ʥʘʧʳʣʠʪʝʣʴʥʦʡ 

ʫʩʪʘʥʦʚʢʠ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʈʠʩʫʥʦʢ 7, ʛʜʝ 1 ï ʙʣʦʢ ʥʘʛʨʝʚʘ, 2 ï ʧʦʜʣʦʞʢʘ, 3 ï 

ʟʘʩʣʦʥʢʠ ʦʪʜʝʣʴʥʳʭ ʷʯʝʝʢ, 4,5 ï ʵʬʬʫʟʠʦʥʥʳʝ ʷʯʝʡʢʠ ʩ Fe ʠ Rh.  

 

ʈʠʩʫʥʦʢ 7 - ʉʭʝʤʘʪʠʯʝʩʢʠʡ ʚʠʜ ʫʩʪʨʦʡʩʪʚʘ ʢʘʤʝʨʳ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʨʦʩʪʘ ʧʣʝʥʦʢ ʤʝʪʦʜʦʤ  

ʤʦʣʝʢʫʣʷʨʥʦ-ʣʫʯʝʚʦʡ ʵʧʠʪʘʢʩʠʠ 

 

ʅʘʧʳʣʝʥʠʝ ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʥʘ ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʧʦʜʣʦʞʢʫ (2) ʠʟ MgO, 

ʚʳʨʝʟʘʥʥʫʶ ʚ ʦʨʠʝʥʪʘʮʠʠ (001). ʇʝʨʝʜ ʥʘʯʘʣʦʤ ʥʘʧʳʣʝʥʠʷ ʧʦʜʣʦʞʢʘ ʙʳʣʘ 
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ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʦʪʦʞʞʝʥʘ ʚ ʘʪʤʦʩʬʝʨʝ ʘʨʛʦʥʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 873ʂ ʚ ʪʝʯʝʥʠʠ 

1 ʯʘʩʘ. ɺ ʤʦʤʝʥʪ ʥʘʧʳʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʜʣʦʞʢʠ ʩʦʩʪʘʚʣʷʣʘ 773ʂ, ʜʘʚʣʝʥʠʝ 

ʚ ʢʘʤʝʨʝ ʩʦʩʪʘʚʣʷʣʦ ~10-10 ʊʦʨʨ. ʊʦʣʱʠʥʘ ʩʣʦ̫ ʧʣʝʥʢʠ ʧʦʩʣʝ ʥʘʧʳʣʝʥʠʷ 

ʩʦʩʪʘʚʠʣʘ 56ʥʤ. ɼʦʧʦʣʥʠʪʝʣʴʥʳʝ ʙʫʬʝʨʥʳʝ ʠ ʠʟʦʣʠʨʫʶʱʠʝ ʩʣʦʠ ʥʝ 

ʥʘʧʳʣʷʣʠʩʴ. ʇʦʩʣʝ ʥʘʧʳʣʝʥʠʷ ʧʣʝʥʢʘ ʦʪʞʠʛʘʣʘʩʴ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 893ʂ ʚ 

ʪʝʯʝʥʠʠ 1.5 ʯʘʩʦʚ ʚ ʘʪʤʦʩʬʝʨʝ ʘʨʛʦʥʘ ʩ ʮʝʣʴʶ ʬʦʨʤʠʨʦʚʘʥʠʷ ʫʧʦʨʷʜʦʯʝʥʥʦʡ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ.  

2.2 ʉʪʨʫʢʪʫʨʥʘʷ ʭʘʨʘʢʪʝʨʠʟʘʮʠʷ 
 

ʈʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʛʦ ʦʙʨʘʟʮʘ ʧʨʦʠʟʚʦʜʠʣʩʷ ʥʘ 

ʜʠʬʨʘʢʪʦʤʝʪʨʝ BRUKER D8 DISCOVER (ʈʠʩʫʥʦʢ 8) (ʫʥʠʚʝʨʩʠʪʝʪ ʅʘʛʦʷ, 

ʗʧʦʥʠʷ).  

 

ʈʠʩʫʥʦʢ 8 - ɺʥʝʰʥʠʡ ʚʠʜ ʜʠʬʨʘʢʪʦʤʝʪʨʘ BRUKER D8 DISCOVER 
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ʇʨʦʚʝʨʢʘ ʬʘʟʦʚʦʡ ʦʜʥʦʨʦʜʥʦʩʪʠ ʠ ʵʣʝʤʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ ʧʨʦʠʟʚʦʜʠʣʠʩʴ ʥʘ 

ʩʢʘʥʠʨʫʶʱʝʤ ʵʣʝʢʪʨʦʥʥʦʤ ʤʠʢʨʦʩʢʦʧʝ ʩ ʧʨʠʩʪʘʚʢʦʡ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʵʥʝʨʛʦ-

ʜʠʩʧʝʨʩʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ (EDX) - SEM Tescan Vega 3 ʈʠʩʫʥʦʢ 9 (ʄʀʉʠʉ, 

ʄʦʩʢʚʘ). 

 

ʈʠʩʫʥʦʢ 9 - ɺʥʝʰʥʠʡ ʚʠʜ ʩʢʘʥʠʨʫʶʱʝʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ Tescan Vega 3 ʩ EDX 

ʧʨʠʩʪʘʚʢʦʡ 

 

2.3 ʍʘʨʘʢʪʝʨʠʟʘʮʠʷ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ 
 

2.3.1 ɺʠʙʨʘʮʠʦʥʥʘʷ ʤʘʛʥʠʪʦʤʝʪʨʠʷ 
 

ʇʦʣʝʚʳʝ, ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʠ ʚʨʝʤʝʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ ʥʘ ʚʠʙʨʘʮʠʦʥʥʦʤ ʤʘʛʥʠʪʦʤʝʪʨʝ LakeShore 7407 Series. ʉʢʦʨʦʩʪʴ 

ʥʘʛʨʝʚʘ ʠ ʦʭʣʘʞʜʝʥʠʷ ʚʦ ʚʨʝʤʷ ʠʟʤʝʨʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ 

ʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ ʩʦʩʪʘʚʣʷʣʘ 2 K/ʤʠʥ. ʊʘʢʦʡ ʨʝʞʠʤ ʨʘʙʦʪʳ ʦʙʝʩʧʝʯʠʣ 

ʚʳʩʦʢʫʶ ʩʪʝʧʝʥʴ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ. 
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ʈʠʩʫʥʦʢ 10 - ɺʥʝʰʥʠʡ ʚʠʜ ʚʠʙʨʘʮʠʦʥʥʦʛʦ ʤʘʛʥʠʪʦʤʝʪʨʘ LakeShore 7400 Series 

 

ɼʣʷ ʠʩʢʣʶʯʝʥʠʷ ʚʣʠʷʥʠʷ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʛʠʩʪʝʨʝʟʠʩʘ ʚ ʩʧʣʘʚʘʭ Fe-Rh, 

ʦʢʘʟʳʚʘʶʱʝʛʦ ʟʘʤʝʪʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ, ʙʳʣʠ 

ʧʨʦʚʝʜʝʥʳ ʠʟʤʝʨʝʥʠʷ ʨʝʣʘʢʩʘʮʠʠ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʪʘʢ, ʯʪʦʙʳ ʬʘʟʦʚʳʡ 

ʧʝʨʝʭʦʜ ʧʨʦʠʩʭʦʜʠʣ ʚ ʦʜʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ (ʧʨʠ ʧʝʨʝʭʦʜʝ ʠʟ 

ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʦʛʦ ʚ ʬʝʨʨʦʤʘʛʥʠʪʥʦʝ ʩʦʩʪʦʷʥʠʝ). ʇʨʦʪʦʢʦʣ ʠʟʤʝʨʝʥʠʷ, 

ʦʧʠʩʘʥʥʳʡ ʥʠʞʝ, ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʵʪʦʛʦ ʪʨʝʙʦʚʘʥʠʷ. ʇʝʨʝʜ 

ʢʘʞʜʳʤ ʠʟʤʝʨʝʥʠʝʤ ʦʙʨʘʟʝʮ ʦʭʣʘʞʜʘʣʩʷ ʜʦ 300 ʂ (ʚ ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʦʝ 

ʩʦʩʪʦʷʥʠʝ) ʚ ʥʫʣʝʚʦʤ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ. ɿʘʪʝʤ ʦʥ ʥʘʛʨʝʚʘʣʩʷ ʜʦ ʟʘʜʘʥʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʳ (ʧʝʨʝʛʨʝʚ ʥʝ ʙʦʣʝʝ 0,5 ʂ). ɼʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ 

ʨʘʚʥʦʚʝʩʠʷ ʩʠʩʪʝʤʳ ʦʙʨʘʟʝʮ ʚʳʜʝʨʞʠʚʘʣʠ 5 ʤʠʥ ʧʨʠ ʟʘʜʘʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. 

ʇʦʩʣʝ ʵʪʦʛʦ ʚʢʣʶʯʘʣʦʩʴ ʚʥʝʰʥʝʝ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ. ʀʟʤʝʨʝʥʠʷ ʚʨʝʤʝʥʥʦʡ 

ʟʘʚʠʩʠʤʦʩʪʠ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʥʘʯʠʥʘʣʠʩʴ ʧʦʩʣʝ ʩʪʘʙʠʣʠʟʘʮʠʠ ʤʘʛʥʠʪʥʦʛʦ 
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ʧʦʣʷ. ʕʪʦʪ ʤʝʪʦʜ ʠʟʤʝʨʝʥʠʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʠ 

ʧʦʟʚʦʣʷʝʪ ʠʟʙʝʞʘʪʴ ʧʨʦʮʝʜʫʨʳ ʨʘʟʤʘʛʥʠʯʠʚʘʥʠʷ, ʢʦʪʦʨʘʷ ʥʝʦʙʭʦʜʠʤʘ ʚ 

ʩʣʫʯʘʝ ʚʳʙʦʨʘ ʬʝʨʨʦʤʘʛʥʠʪʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʥʘʯʘʣʴʥʦʛʦ. ɺ 

ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ʧʦʩʣʝ ʪʨʝʪʴʝʛʦ ʵʪʘʧʘ ʧʨʠʰʣʦʩʴ ʙʳ ʨʘʟʤʘʛʥʠʯʠʚʘʪʴ ʦʙʨʘʟʝʮ 

ʜʣʷ ʫʩʪʨʘʥʝʥʠʷ ʦʩʪʘʪʦʯʥʦʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ, ʦʩʪʘʚʰʝʡʩʷ ʧʦʩʣʝ ʧʨʝʜʳʜʫʱʝʛʦ 

ʠʟʤʝʨʝʥʠ.̫ ʇʨʠ ʦʭʣʘʞʜʝʥʠʠ ʚ ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʦʝ ʩʦʩʪʦʷʥʠʝ ʦʩʪʘʪʦʯʥʘʷ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ ʩʪʘʥʦʚʠʪʩʷ ʨʘʚʥʦʡ ʥʫʣʶ. ʂʨʦʤʝ ʪʦʛʦ, ʙʳʣʠ ʠʩʢʣʶʯʝʥʳ ʠʟ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʨʝʟʫʣʴʪʘʪʳ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʨʦʮʝʩʩʫ 

ʫʩʪʘʥʦʚʣʝʥʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ʊʘʢʞʝ ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʚ 

ʦʩʥʦʚʥʦʤ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʭʘʨʘʢʪʝʨʘ ʨʝʣʘʢʩʘʮʠʦʥʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʧʦʣʷ ʜʦ 1.5ʢʕ ʩ ʮʝʣʴʶ ʩʦʭʨʘʥʝʥʠʷ ʧʨʦʮʝʩʩʘ 

ʘʜʠʘʙʘʪʠʯʥʦʩʪʠ. 

2.3.2 ʄʘʛʥʠʪʥʦ-ʩʠʣʦʚʘʷ ʤʠʢʨʦʩʢʦʧʠʷ 
 

ʕʚʦʣʶʮʠʷ ʤʘʛʥʠʪʥʦʡ ʧʦʜʩʠʩʪʝʤʳ ʙʳʣʘ ʧʦʜʪʚʝʨʞʜʝʥʘ ʠ ʚʠʟʫʘʣʠʟʠʨʦʚʘʥʘ ʩ 

ʧʦʤʦʱʴʶ ʤʘʛʥʠʪʥʦ-ʩʠʣʦʚʦʡ ʤʠʢʨʦʩʢʦʧʠʠ. ʀʟʤʝʨʝʥʠʷ ʄʉʄ ʠ ʬʘʟʦʚʳʝ ʄʉʄ-

ʠʟʦʙʨʘʞʝʥʠʷ ʚʳʧʦʣʥʷʣʠ ʥʘ ʢʦʤʤʝʨʯʝʩʢʦʤ ʩʢʘʥʠʨʫʶʱʝʤ ʟʦʥʜʦʚʦʤ 

ʤʠʢʨʦʩʢʦʧʝ MFP-3D (Asylum Research, Goleta, CA, USA), ʈʠʩʫʥʦʢ 11 

(ʄʀʉʠʉ, ʄʦʩʢʚʘ), ʩ ʥʘʛʨʝʚʘʪʝʣʴʥʳʤ ʩʪʦʣʠʢʦʤ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʠʟʤʝʥʝʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨʳ ʦʪ 23 ʜʦ 120 Áʉ (ʪʝʤʧʝʨʘʪʫʨʘ ʩʪʘʙʠʣʠʟʠʨʦʚʘʣʘʩʴ ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ 

0,05 Áʉ). ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʘʥʪʠʣʝʚʝʨʘ MFM-LM (Tipsnano, ʕʩʪʦʥʠʷ), 

ʧʦʢʨʳʪʦʛʦ ʤʘʛʥʠʪʥʳʤ ʩʣʦʝʤ CoCr. ʄʘʛʥʠʪʥʦʝ ʧʦʣʝ (H = 1 ʢʕ) 

ʧʨʠʢʣʘʜʳʚʘʣʦʩʴ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʧʣʦʩʢʦʩʪʠ ʧʣʝʥʢʠ ʧʨʠ ʧʦʤʦʱʠ 

ʧʦʩʪʦʷʥʥʦʛʦ ʤʘʛʥʠʪʘ. ʊʝʤʧʝʨʘʪʫʨʘ ʥʘʛʨʝʚʘʪʝʣʴʥʦʛʦ ʩʪʦʣʠʢʘ 

ʢʦʥʪʨʦʣʠʨʦʚʘʣʘʩʴ ʚʩʪʨʦʝʥʥʦʡ ʪʝʨʤʦʧʘʨʦʡ. ʊʘʢ ʢʘʢ ʧʦʚʝʨʭʥʦʩʪʴ ʧʣʝʥʢʠ 

ʫʜʘʣʝʥʘ ʦʪ ʪʝʨʤʦʧʘʨʳ ʠ ʥʘʭʦʜʠʪʩʷ ʚ ʢʦʥʪʘʢʪʝ ʩ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʦʡ, ʪʦ 

ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʢʦʨʨʝʢʪʠʨʦʚʢʘ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʧʫʪʝʤ ʠʟʤʝʨʝʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʝʥʢʠ ʧʨʠ ʧʦʤʦʱʠ ʧʠʨʦʤʝʪʨʘ ʠ ʜʨʫʛʦʡ 

ʪʝʨʤʦʧʘʨʳ. ʀʟʤʝʨʝʥʠʷ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʩʦʛʣʘʩʥʦ ʩʣʝʜʫʶʱʝʤʫ ʧʨʦʪʦʢʦʣʫ. 

ʆʙʨʘʟʝʮ ʥʘʛʨʝʚʘʣʩʷ ʜʦ ʬʝʨʨʦʤʘʛʥʠʪʥʦʛʦ ʩʦʩʪʦʷʥʠʷ (385ʂ). ʅʘ ʨʝʣʴʝʬʥʦʤ 
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ʢʦʥʪʨʘʩʪʝ ʥʘʭʦʜʠʣʩʷ ʫʯʘʩʪʦʢ ʩ ʣʝʛʢʦ ʦʪʣʠʯʠʤʳʤ ʜʝʬʝʢʪʦʤ. ɿʘʪʝʤ ʦʙʨʘʟʝʮ 

ʦʭʣʘʞʜʘʣʩʷ ʜʦ ʦʧʨʝʜʝʣʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ, ʚʳʜʝʨʞʠʚʘʣʩʷ ʧʨʠ ʵʪʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ʥʝ ʤʝʥʝʝ 5 ʤʠʥʫʪ, ʧʨʦʚʦʜʠʣʠʩʴ ʠʟʤʝʨʝʥʠʷ ʚ ʬʘʟʦʚʦʤ ʢʦʥʪʨʘʩʪʝ. 

ʊʝʤʧʝʨʘʪʫʨʥʳʡ ʜʨʝʡʬ ʢʦʨʨʝʢʪʠʨʦʚʘʣʩʷ ʧʫʪʝʤ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʫʯʘʩʪʢʘ ʩ 

ʜʝʬʝʢʪʦʤ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘ ʟʘʜʘʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʩ ʢʘʨʪʠʥʢʦʡ, ʧʦʣʫʯʝʥʥʦʡ ʧʨʠ 

385ʂ. ɺʩʝ ʨʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʤ ʤʝʪʦʜʦʤ, ʙʳʣʠ ʠʟʤʝʨʝʥʳ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʦʜʥʦʛʦ ʵʪʘʧʘ ʦʭʣʘʞʜʝʥʠʷ ʩ ʮʝʣʴʶ ʦʙʝʩʧʝʯʝʥʠʷ ʦʜʥʦʛʦ ʠ ʪʦʛʦ ʞʝ 

ʥʘʯʘʣʴʥʦʛʦ ʫʩʣʦʚʠʷ ʜʣʷ ʚʩʝʭ ʢʘʨʪʠʥʦʢ.  

 

ʈʠʩʫʥʦʢ 11 - ɺʥʝʰʥʠʡ ʚʠʜ ʤʘʛʥʠʪʥʦ-ʩʠʣʦʚʦʛʦ ʤʠʢʨʦʩʢʦʧʘ MFP-3D, ʢʦʪʦʨʳʡ ʥʘʭʦʜʠʪʩʷ 

ʚ ʢʘʤʝʨʝ ʜʣʷ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʠʟʤʝʨʝʥʠʡ 

 

2.3.3 ʂʝʨʨ ʤʠʢʨʦʩʢʦʧʠʷ 

 

ɺʠʟʫʘʣʠʟʘʮʠʷ ʤʠʢʨʦʤʘʛʥʠʪʥʦʡ ʩʪʨʫʢʪʫʨʳ ʦʙʨʘʟʮʘ ʙʳʣʘ ʜʦʧʦʣʥʠʪʝʣʴʥʦ 

ʨʝʘʣʠʟʦʚʘʥʘ ʩ ʧʦʤʦʱʴʶ ʂʝʨʨ ʤʠʢʨʦʩʢʦʧʠʠ. ʀʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʂʝʨʨ 

ʤʠʢʨʦʩʢʦʧʝ ʦʪ ʢʦʤʧʘʥʠʠ Evico (ʈʠʩʫʥʦʢ 12). ɺʠʟʫʘʣʠʟʘʮʠʷ ʜʦʤʝʥʥʦʡ 

ʩʪʨʫʢʪʫʨʳ ʧʨʦʠʩʭʦʜʠʣʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʢʚʘʪʦʨʠʘʣʴʥʦʛʦ ʵʬʬʝʢʪʘ ʂʝʨʨʘ. 

ʇʨʦʮʝʜʫʨʘ ʠʟʤʝʨʝʥʠʡ ʙʳʣʘ ʘʥʘʣʦʛʠʯʥʘ ʦʧʠʩʘʥʥʦʡ ʚ ʧʨʝʜʳʜʫʱʝʤ ʨʘʟʜʝʣʝ. 
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ʈʠʩʫʥʦʢ 12 - ɺʥʝʰʥʠʡ ʚʠʜ ʂʝʨʨ ʤʠʢʨʦʩʢʦʧʘ ʩ ʫʩʪʘʥʦʚʣʝʥʥʳʤ ʢʨʠʦʩʪʘʪʦʤ ʜʣʷ 

ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʠʟʤʝʨʝʥʠʡ 

 

2.3.4 TFORC ʘʥʘʣʠʟ 

 

ɼʣʷ ʚʩʝʩʪʦʨʦʥʥʝʛʦ ʠʟʫʯʝʥʠʷ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʧʝʨʚʦʛʦ ʨʦʜʘ ʚ ʵʪʠʭ ʩʧʣʘʚʘʭ 

ʧʨʠʤʝʥʷʣʘʩʴ ʤʝʪʦʜʠʢʘ ʠʟʤʝʨʝʥʠʷ TFORC (temperature first order curve analysis) 

[58ï60]. ɼʠʘʛʨʘʤʤʳ ʧʝʨʝʤʘʛʥʠʯʠʚʘʥʠʷ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ (FORC) 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʳʡ ʠʥʩʪʨʫʤʝʥʪ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʛʠʩʪʝʨʝʟʠʩʥʳʭ ʩʚʦʡʩʪʚ ʦʙʨʘʟʮʘ. FORC-ʘʥʘʣʠʟ (First Order Reversal Curve ï 

ʦʙʨʘʪʥʘʷ ʢʨʠʚʘʷ ʧʝʨʚʦʛʦ ʨʦʜʘ) ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʢʘʢ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʤʝʪʦʜ 

ʠʟʫʯʝʥʠʷ ʤʘʛʥʠʪʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʚ ʤʘʛʥʠʪʥʦʡ ʩʠʩʪʝʤʝ ʠ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ 

ʤʦʜʝʣʠ ʛʠʩʪʝʨʝʟʠʩʘ ʇʨʝʡʟʘʭʘ [61]. ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʠʟʤʝʨʠʪʴ ʦʜʥʫ FORC-

ʢʨʠʚʫʶ ʥʫʞʥʦ ʚʥʘʯʘʣʝ ʥʘʤʘʛʥʠʪʠʪʴ ʦʙʨʘʟʝʮ ʜʦ ʥʘʩʳʱʝʥʠʷ, ʟʘʪʝʤ ʫʤʝʥʴʰʘʪʴ 

ʧʨʠʢʣʘʜʳʚʘʝʤʦʝ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʜʦ ʦʧʨʝʜʝʣʸʥʥʦʛʦ ʟʥʘʯʝʥʠʷ (Hr - Return field 

ï ʧʦʣʝ ʚʦʟʚʨʘʱʝʥʠʷ) ʠ ʟʘʪʝʤ ʩʥʦʚʘ ʫʚʝʣʠʯʠʚʘʪʴ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʜʦ ʥʘʩʳʱʝʥʠʷ, 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʠʟʤʝʨʷʷ ʟʘʚʠʩʠʤʦʩʪʴ ʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ ʦʪ ʧʦʣʷ. ʀʤʝʥʥʦ ʵʪʘ  
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ʦʙʨʘʪʥʘʷ ʢʨʠʚʘʷ, ʠʜʫʱʘʷ ʦʪ 

ʧʦʣʷ ʚʦʟʚʨʘʱʝʥʠʷ ʜʦ ʧʦʣʷ 

ʥʘʩʳʱʝʥʠʷ, ʠ ʥʘʟʳʚʘʝʪʩʷ 

FORC. ʉʫʪʴ ʠʟʤʝʨʝʥʠʡ ʩʦʩʪʦʠʪ 

ʚ ʪʦʤ, ʯʪʦʙʳ ʟʘʧʦʣʥʠʪʴ ʧʝʪʣʶ 

ʛʠʩʪʝʨʝʟʠʩʘ ʙʦʣʴʰʠʤ ʥʘʙʦʨʦʤ 

ʢʨʠʚʳʭ FORC [62]. ʇʦʩʣʝ 

ʧʦʣʫʯʝʥʠʷ ʤʘʩʩʠʚʘ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ, 

ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʚʪʦʨʘʷ 

ʧʨʦʠʟʚʦʜʥʘʷ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ 

ʧʦ ʚʥʝʰʥʝʤʫ ʤʘʛʥʠʪʥʦʤʫ ʧʦʣʶ 

ʠ ʧʦʣʶ ʚʦʟʚʨʘʱʝʥʠʷ, ʩʪʨʦʠʪʩʷ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʜʠʘʛʨʘʤʤʘ. 

ʆʜʥʘʢʦ, ʜʘʥʥʳʡ ʤʝʪʦʜ 

ʧʦʟʚʦʣʷʝʪ ʜʝʪʘʣʴʥʦ ʠʩʩʣʝʜʦʚʘʪʴ 

ʥʝ ʪʦʣʴʢʦ ʧʦʣʝʚʦʡ, ʥʦ ʠ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʛʠʩʪʝʨʝʟʠʩ. ʄʦʜʠʬʠʢʘʮʠʷ ʜʘʥʥʦʡ 

ʤʝʪʦʜʠʢʠ ʘʥʘʣʠʟʘ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʛʠʩʪʝʨʝʟʠʩʘ ʥʘʟʳʚʘʝʪʩʷ TFORC. ɼʘʥʥʘʷ 

ʤʝʪʦʜʠʢʘ ʙʳʣʘ ʥʝʜʘʚʥʦ ʧʨʝʜʣʦʞʝʥʘ ʠ ʨʝʘʣʠʟʦʚʘʥʘ ɺʠʢʪʦʨʠʥʦ ʌʨʘʥʢʦ (2020) 

[58]. ʆʜʥʘʢʦ, ʥʘʠʙʦʣʴʰʝʡ ʝʛʦ ʟʘʩʣʫʛʦʡ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʥʦʚʦʡ ʤʦʜʝʣʠ, 

ʦʩʥʦʚʘʥʥʦʡ ʥʘ ʤʦʜʝʣʠ ɹʠʥʘ-ʈʦʜʙʝʣʣʘ, ʧʦʟʚʦʣʷʶʱʝʡ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʪʴ 

ʧʦʣʫʯʝʥʥʳʝ ʜʠʘʛʨʘʤʤʳ. ʆʪʣʠʯʠʪʝʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʷʚʣʷʝʪʩʷ ʪʦʪ ʬʘʢʪ, ʯʪʦ 

ʠʟʤʝʥʷʝʤʳʤ ʧʘʨʘʤʝʪʨʦʤ ʧʨʠ TFORC ʠʟʤʝʨʝʥʠʷʭ ʷʚʣʷʝʪʩʷ ʥʝ ʧʦʣʝ, ʘ 

ʪʝʤʧʝʨʘʪʫʨʘ (ʈʠʩʫʥʦʢ 13). ɺ ʢʘʯʝʩʪʚʝ ʥʘʯʘʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚʳʙʠʨʘʝʪʩʷ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʝ ʠʣʠ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʝ ʩʦʩʪʦʷʥʠʝ, ʚ ʢʦʪʦʨʦʤ ʚ 

ʦʙʨʘʟʮʝ ʧʨʠʩʫʪʩʪʚʫʝʪ ʣʠʰʴ ʦʜʥʘ ʤʘʛʥʠʪʥʘʷ ʬʘʟʘ. ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʜʣʷ 

ʧʦʩʪʨʦʝʥʠʷ ʜʠʘʛʨʘʤʤʳ TFORC ʥʝʦʙʭʦʜʠʤʦ ʧʦʣʫʯʠʪʴ ʩʘʤʦʩʦʛʣʘʩʦʚʘʥʥʳʡ 

ʥʘʙʦʨ ʢʨʠʚʳʭ M(T) (ʥʝ ʤʝʥʝʝ ʜʝʩʷʪʠ ʢʨʠʚʳʭ), ʥʘʯʘʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ (Trev) 

ʢʘʞʜʦʡ ʢʨʠʚʦʡ ʜʦʣʞʥʘ ʙʳʪʴ ʨʘʟʥʦʡ. ʇʦʩʣʝ ʧʦʣʫʯʝʥʠʷ ʥʘʙʦʨʘ TFORC ʢʨʠʚʳʭ 

 

ʈʠʩʫʥʦʢ 13 - ʉʭʝʤʘʪʠʯʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ 

ʠʟʤʝʨʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʥʳʭ FORC ʢʨʠʚʳʭ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʧʨʠ ʘ) ʦʭʣʘʞʜʝʥʠʠ b) ʥʘʛʨʝʚʝ 

[58]  












































