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ɺɺɽɼɽʅʀɽ 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʙʦʣʴʰʠʝ ʫʩʠʣʠʷ ʥʘʫʯʥʳʭ ʛʨʫʧʧ ʚʦ ʚʩʝʤ ʤʠʨʝ 

ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʩʦʟʜʘʥʠʝ ʠ ʠʥʪʝʥʩʠʚʥʦʝ ʠʟʫʯʝʥʠʝ ʥʦʚʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʀʥʪʝʨʝʩ 

ʢ ʪʘʢʠʤ ʤʘʪʝʨʠʘʣʘʤ ʚʳʟʚʘʥ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʧʦʠʩʢʦʤ ʥʦʚʳʭ ʷʨʢʠʭ ʬʠʟʠʯʝʩʢʠʭ ʵʬʬʝʢʪʦʚ, ʢʦʪʦʨʳʝ 

ʤʦʛʫʪ ʧʦʩʣʫʞʠʪʴ ʦʩʥʦʚʦʡ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʷʭ. 

ʏʘʩʪʦ ʬʠʟʠʯʝʩʢʠʝ ʵʬʬʝʢʪʳ ʚ ʥʦʚʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʘʭ ʩʚʷʟʘʥʳ ʩ ʧʨʦʷʚʣʝʥʠʝʤ 

ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ (ʌʇ). ʅʘʧʨʠʤʝʨ, ʪʝʨʤʦʫʧʨʫʛʠʡ ʤʘʨʪʝʥʩʠʪʥʳʡ ʌʇ, 

ʢʦʪʦʨʳʡ ʥʘʙʣʶʜʘʝʪʩʷ ʚʦ ʤʥʦʛʠʭ ʠʥʪʝʨʤʝʪʘʣʣʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʷʭ, ʚ ʯʘʩʪʥʦʩʪʠ, Ni-

ʩʦʜʝʨʞʘʱʠʭ, ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʤ ʠʟʤʝʥʝʥʠʝʤ ʨʘʟʤʝʨʦʚ ʠ ʬʦʨʤʳ (ʵʬʬʝʢʪʦʤ ʧʘʤʷʪʠ 

ʬʦʨʤʳ (ʕʇʌ)) [1]. ʕʇʌ ʦʙʫʩʣʦʚʣʝʥ ʧʝʨʝʩʪʨʦʡʢʦʡ ʤʘʨʪʝʥʩʠʪʥʦʡ ʜʚʦʡʥʠʢʦʚʦʡ ʩʪʨʫʢʪʫʨʳ ʧʨʠ 

ʪʝʨʤʦʫʧʨʫʛʦʤ ʩʪʨʫʢʪʫʨʥʦʤ ʌʇ. ʄʘʪʝʨʠʘʣʳ, ʦʙʣʘʜʘʶʱʠʝ ʕʇʌ, ʥʘʰʣʠ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ 

ʤʝʜʠʮʠʥʝ ʠ ʧʨʠʙʦʨʦʩʪʨʦʝʥʠʠ. ɺ Mn-ʩʦʜʝʨʞʘʱʠʭ ʩʧʣʘʚʘʭ, ʪʘʢʠʭ ʢʘʢ ʩʧʣʘʚ ɻʝʡʩʣʝʨʘ Ni2MnGa, 

ʪʝʨʤʦʫʧʨʫʛʠʡ ʩʪʨʫʢʪʫʨʥʳʡ ʌʇ ʧʨʦʠʩʭʦʜʠʪ ʚ ʤʘʛʥʠʪʥʦʫʧʦʨʷʜʦʯʝʥʥʦʡ ʬʝʨʨʦʤʘʛʥʠʪʥʦʡ ʬʘʟʝ 

ʩʧʣʘʚʘ [2]. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʦʜʥʦ ʠʟ ʘʢʪʫʘʣʴʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʚ ʦʙʣʘʩʪʠ ʬʠʟʠʢʠ ʪʚʝʨʜʦʛʦ 

ʪʝʣʘ ʠ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ ï ʧʦʠʩʢ ʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʤʘʛʥʠʪʦʩʪʨʫʢʪʫʨʥʳʤʠ ʌʇ, ʢʦʪʦʨʳʝ 

ʠʥʜʫʮʠʨʫʶʪʩʷ ʪʝʤʧʝʨʘʪʫʨʦʡ, ʤʘʛʥʠʪʥʳʤ ʧʦʣʝʤ ʠ ʚʥʝʰʥʠʤʠ ʫʧʨʫʛʠʤʠ ʥʘʧʨʷʞʝʥʠʷʤʠ [3-6]. 

ʇʨʠ ʤʘʛʥʠʪʦʩʪʨʫʢʪʫʨʥʳʭ ʌʇ ʥʘʠʙʦʣʝʝ ʷʨʢʦ ʧʨʦʷʚʣʷʝʪʩʷ ʩʚʷʟʴ ʤʝʞʜʫ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ 

ʨʝʰʝʪʢʦʡ ʠ ʤʘʛʥʠʪʥʦʡ ʩʧʠʥʦʚʦʡ ʧʦʜʩʠʩʪʝʤʦʡ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʦʜʥʦʚʨʝʤʝʥʥʦʤʫ ʠʟʤʝʥʝʥʠʶ 

ʩʪʨʫʢʪʫʨʳ ʠ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʚʥʝʰʥʠʭ ʧʘʨʘʤʝʪʨʦʚ (ʜʘʚʣʝʥʠʝ, ʤʘʛʥʠʪʥʦʝ 

ʧʦʣʝ, ʪʝʤʧʝʨʘʪʫʨʘ) ʠ ʧʨʦʷʚʣʝʥʠʶ ʪʘʢʠʭ ʵʬʬʝʢʪʦʚ, ʢʘʢ ʛʠʛʘʥʪʩʢʦʝ ʤʘʛʥʠʪʦʩʦʧʨʦʪʠʚʣʝʥʠʝ, 

ʤʘʛʥʠʪʦʢʘʣʦʨʠʯʝʩʢʠʡ ʵʬʬʝʢʪ (ʄʂʕ) ʠ ʤʘʛʥʠʪʦʫʧʨʘʚʣʷʝʤʳʡ ʕʇʌ [7-10].  

ʆʩʦʙʳʡ ʠʥʪʝʨʝʩ ʧʨʠʚʣʝʢʘʝʪ ʄʂʕ, ʢʦʪʦʨʳʡ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʘʜʠʘʙʘʪʠʯʝʩʢʦʤ ʠʟʤʝʥʝʥʠʠ 

ʪʝʤʧʝʨʘʪʫʨʳ (æTʘʜ) ʠʣʠ ʠʟʦʪʝʨʤʠʯʝʩʢʦʤ ʚʳʜʝʣʝʥʠʠ/ʧʦʛʣʦʱʝʥʠʠ ʪʝʧʣʘ (q) ʚ ʤʘʛʥʝʪʠʢʝ ʧʨʠ 

ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʥʝʛʦ ʚʥʝʰʥʝʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ [10]. ʄʂʕ ʚ ʤʘʛʥʠʪʥʳʭ ʩʦʝʜʠʥʝʥʠʷʭ ʦʪʢʨʳʚʘʝʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʟʜʘʥʠʷ ʪʚʝʨʜʦʪʝʣʴʥʳʭ ʤʘʛʥʠʪʥʳʭ ʭʦʣʦʜʠʣʴʥʠʢʦʚ ʠ ʪʝʧʣʦʚʳʭ ʥʘʩʦʩʦʚ. 

ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʦʥʠ ʙʫʜʫʪ ʙʦʣʝʝ ʵʢʦʣʦʛʠʯʥʳʤʠ, ʪʝʭʥʦʣʦʛʠʯʥʳʤʠ ʠ ʵʢʦʥʦʤʠʯʥʳʤʠ, ʯʝʤ 

ʪʨʘʜʠʮʠʦʥʥʳʝ ʬʨʝʦʥʦʚʳʝ ʭʦʣʦʜʠʣʴʥʠʢʠ [11]. ʌʫʥʜʘʤʝʥʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʄʂʕ ʠʥʪʝʨʝʩʥʦ, 

ʢʘʢ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʬʠʟʠʢʠ ʤʘʛʥʝʪʠʟʤʘ, ʪʘʢ ʠ ʪʝʨʤʦʜʠʥʘʤʠʢʠ ʪʚʝʨʜʦʛʦ ʪʝʣʘ [12]. ʄʂʕ ʷʚʣʷʝʪʩʷ 

ʤʦʱʥʳʤ ʠ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʤʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʘʛʥʠʪʦʩʪʨʫʢʪʫʨʥʳʭ ʌʇ, 

ʚʢʣʶʯʘʷ ʠʭ ʤʝʭʘʥʠʟʤʳ. ʂʘʢ ʧʨʘʚʠʣʦ, Mʂʕ ʜʦʩʪʠʛʘʝʪ ʤʘʢʩʠʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʚ ʦʙʣʘʩʪʠ 

ʤʘʛʥʠʪʥʳʭ ʌʇ: ʚ ʙʣʠʟʠ ʪʦʯʢʠ ʂʶʨʠ (ʌʇ 2-ʛʦ ʨʦʜʘ) ʠ ʤʘʛʥʠʪʦʩʪʨʫʢʪʫʨʥʳʭ ʧʝʨʝʭʦʜʦʚ (ʌʇ 1-ʛʦ 

ʨʦʜʘ) [12]. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʟʥʘʢʘ ʘʜʠʘʙʘʪʠʯʝʩʢʦʛʦ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʤʘʛʥʝʪʠʢʘ ʧʨʠ 

ʚʢʣʶʯʝʥʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚʳʜʝʣʷʶʪ ʧʨʷʤʦʡ (æTʘʜ>0) ʠ ʦʙʨʘʪʥʳʡ (æTʘʜ<0) ʄʂʕ. ɼʣʷ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʄʂʕ ʩʫʱʝʩʪʚʫʶʪ ʢʦʩʚʝʥʥʳʝ ʠ ʧʨʷʤʳʝ ʤʝʪʦʜʳ. ʇʨʷʤʦʡ ʤʝʪʦʜ ï ʵʪʦ 
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ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ ʠʟʤʝʨʝʥʠʝ æTʘʜ ʤʘʛʥʝʪʠʢʘ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ʄʂʕ ʢʦʩʚʝʥʥʳʤ 

ʤʝʪʦʜʦʤ ʦʧʨʝʜʝʣʷʶʪ, ʨʘʩʩʯʠʪʳʚʘʷ ʧʦ ʩʦʦʪʥʦʰʝʥʠʷʤ ʄʘʢʩʚʝʣʣʘ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʠ ʪʝʧʣʦʝʤʢʦʩʪʠ, ʢʘʢ ʬʫʥʢʮʠʡ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ʂʦʩʚʝʥʥʳʝ 

ʤʝʪʦʜʳ ʧʦʣʝʟʥʳ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʦʪʙʦʨʘ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʤʘʛʥʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʠ ʚ 

ʩʦʚʨʝʤʝʥʥʳʭ ʨʘʙʦʪʘʭ ʧʦ ʠʟʫʯʝʥʠʶ ʄʂʕ ʦʥʠ ʧʨʝʦʙʣʘʜʘʶʪ [5]. ʆʜʥʘʢʦ, ʢʦʩʚʝʥʥʳʝ ʤʝʪʦʜʳ ʥʝ 

ʩʚʦʙʦʜʥʳ ʦʪ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʦʰʠʙʦʢ. ɺ ʣʠʪʝʨʘʪʫʨʝ ʩʦʦʙʱʘʝʪʩʷ, ʯʪʦ ʧʦʛʨʝʰʥʦʩʪʴ ʨʘʩʩʯʠʪʘʥʥʦʡ 

ʚʝʣʠʯʠʥʳ ʄʂʕ ʢʦʩʚʝʥʥʳʤ ʤʝʪʦʜʦʤ ʤʦʞʝʪ ʜʦʩʪʠʯʴ 20-30% [13]. ʇʨʠʤʝʥʝʥʠʝ ʙʦʣʝʝ 

ʜʦʩʪʦʚʝʨʥʳʭ ʧʨʷʤʳʭ ʤʝʪʦʜʦʚ ʦʩʣʦʞʥʷʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝʤ ʩʪʘʥʜʘʨʪʥʳʭ ʤʝʪʦʜʠʢ, ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ 

ʩʦʟʜʘʥʠʷ ʘʜʠʘʙʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʳʩʦʢʠʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ. ɺ ʨʘʙʦʪʘʭ ʧʦ 

ʧʨʷʤʦʤʫ ʠʟʫʯʝʥʠʶ ʄʂʕ, ʚ ʦʩʥʦʚʥʦʤ, ʧʨʠʤʝʥʷʶʪʩʷ ʥʘʠʙʦʣʝʝ ʜʦʩʪʫʧʥʳʝ ʤʘʛʥʠʪʥʳʝ ʧʦʣʷ ʜʦ 2 

ʊʣ [5,7-10]. ʄʘʛʥʠʪʥʳʝ ʧʦʣʷ ʚ 2 ʊʣ ʤʦʞʥʦ ʩʦʟʜʘʪʴ ʤʘʛʥʠʪʥʳʤʠ ʩʠʩʪʝʤʘʤʠ ʥʘ ʦʩʥʦʚʝ 

ʧʦʩʪʦʷʥʥʳʭ ʤʘʛʥʠʪʦʚ, ʯʪʦ ʫʜʦʙʥʦ ʜʣʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʧʦʪʝʥʮʠʘʣʴʥʳʭ 

ʧʨʠʤʝʥʝʥʠʡ. ʆʜʥʘʢʦ, ʜʣʷ ʪʘʢʠʭ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʢʘʢ ʩʧʣʘʚʳ ɻʝʡʩʣʝʨʘ ʠ ʩʦʝʜʠʥʝʥʠʷ 

MnAs, ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚʝʣʠʯʠʥʦʡ ʚ 2 ʊʣ ʥʝʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʧʦʣʥʦʛʦ ʟʘʚʝʨʰʝʥʠʷ ʌʇ 1-ʛʦ ʨʦʜʘ 

[5], ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʡ ʚʝʣʠʯʠʥʳ ȹʊʘʜ. ʇʦʵʪʦʤʫ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʄʂʕ ʧʨʷʤʳʤ ʤʝʪʦʜʦʤ ʚ ʩʠʣʴʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʯʝʥʴ ʘʢʪʫʘʣʴʥʦ [12]. 

ʂʨʦʤʝ æTʘʜ, ʝʱʝ ʦʜʥʦʡ ʚʝʣʠʯʠʥʦʡ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʡ ʄʂʕ, ʷʚʣʷʝʪʩʷ ʠʟʦʪʝʨʤʠʯʝʩʢʦʝ 

ʚʳʜʝʣʝʥʠʝ/ʧʦʛʣʦʱʝʥʠʝ ʪʝʧʣʘ q [14]. ɺʝʣʠʯʠʥʘ q ï ʦʜʠʥ ʠʟ ʚʘʞʥʝʡʰʠʭ ʬʠʟʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ ʤʘʢʩʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʪʝʧʣʘ, ʢʦʪʦʨʦʝ ʤʦʞʝʪ ʙʳʪʴ ʧʝʨʝʜʘʥʦ ʝʜʠʥʠʮʝʡ 

ʤʘʩʩʳ ʤʘʪʝʨʠʘʣʘ ʦʪ ʭʦʣʦʜʥʦʛʦ ʨʝʟʝʨʚʫʘʨʘ ʢ ʛʦʨʷʯʝʤʫ ʚ ʦʜʥʦʤ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʤ ʮʠʢʣʝ. ʂʘʢ 

ʧʨʘʚʠʣʦ, q ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʦʩʚʝʥʥʦ, ʧʫʪʝʤ ʨʘʩʯʝʪʘ ʥʘ ʦʩʥʦʚʝ ʫʨʘʚʥʝʥʠʷ, ʚʳʪʝʢʘʶʱʝʛʦ ʠʟ 2-ʛʦ 

ʥʘʯʘʣʘ ʪʝʨʤʦʜʠʥʘʤʠʢʠ, ʠ ʩʦʦʪʥʦʰʝʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʘʥʥʳʭ ʪʝʧʣʦʝʤʢʦʩʪʠ ʚ ʤʘʛʥʠʪʥʦʤ 

ʧʦʣʝ, ʯʪʦ ʚʣʝʯʝʪ ʟʘ ʩʦʙʦʡ ʥʘʢʘʧʣʠʚʘʥʠʝ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʭ ʧʦʛʨʝʰʥʦʩʪʝʡ [14]. ʅʝʜʘʚʥʦ ʙʳʣ 

ʧʨʝʜʣʦʞʝʥ ʧʨʦʩʪʦʡ ʤʝʪʦʜ ʧʨʷʤʦʛʦ ʠʟʤʝʨʝʥʠʷ q ʚ ʩʠʣʴʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ, ʧʦʟʚʦʣʷʶʱʠʡ 

ʧʦʚʳʩʠʪʴ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʠʟʤʝʨʝʥʠʡ [ʇ1]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʟʤʝʨʝʥʠʝ ʠʟʦʪʝʨʤʠʯʝʩʢʦʛʦ 

ʚʳʜʝʣʝʥʠʷ/ʧʦʛʣʦʱʝʥʠʷ ʪʝʧʣʘ ʚ ʩʠʣʴʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ ʧʨʷʤʳʤ ʤʝʪʦʜʦʤ ʷʚʣʷʝʪʩʷ 

ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ. 

ɺ ʩʧʣʘʚʘʭ, ʦʙʣʘʜʘʶʱʠʭ ʤʘʛʥʠʪʦʩʪʨʫʢʪʫʨʥʳʤ ʌʇ, ʚʢʣʘʜʳ ʦʪ ʩʪʨʫʢʪʫʨʥʦʡ ʠ ʤʘʛʥʠʪʥʦʡ 

ʧʦʜʩʠʩʪʝʤ ʚ ʄʂʕ ʷʚʣʷʶʪʩʷ ʦʧʨʝʜʝʣʷʶʱʠʤʠ [5, 15]. ʇʦʵʪʦʤʫ ʙʦʣʝʝ ʜʝʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʠ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʧʨʦʮʝʩʩʝ 

ʤʘʛʥʠʪʦʩʪʨʫʢʪʫʨʥʦʛʦ ʌʇ, ʠʥʜʫʮʠʨʦʚʘʥʥʦʛʦ ʤʘʛʥʠʪʥʳʤ ʧʦʣʝʤ, ʧʦʟʚʦʣʠʪ ʧʦʥʷʪʴ ʧʨʠʨʦʜʫ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʦʜʩʠʩʪʝʤ ʪʚʸʨʜʦʛʦ ʪʝʣʘ ʠ ʠʭ ʚʢʣʘʜʳ ʚ ʄʂʕ. ʉʪʨʫʢʪʫʨʘ ʩʧʣʘʚʦʚ ɻʝʡʩʣʝʨʘ 

ʠʟʫʯʘʝʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʥʦʞʝʩʪʚʘ ʩʪʘʥʜʘʨʪʠʟʦʚʘʥʥʳʭ ʤʝʪʦʜʠʢ: ʦʧʪʠʯʝʩʢʘʷ, ʨʘʩʪʨʦʚʘʷ ʠ 

ʧʨʦʩʚʝʯʠʚʘʶʱʘʷ ʵʣʝʢʪʨʦʥʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ, ʨʝʥʪʛʝʥʦʚʩʢʘʷ ʜʠʬʨʘʢʮʠ ̫ ʠ ʜʨ. ʦʙʳʯʥʦ ʙʝʟ 

ʚʦʟʜʝʡʩʪʚʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ [16, 17]. ʇʦʵʪʦʤʫ ʩʦʟʜʘʥʠʝ ʥʦʚʳʭ ʤʝʪʦʜʦʚ, ʧʦʟʚʦʣʷʶʱʠʭ ʠʟʫʯʘʪʴ 
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ʤʠʢʨʦʩʪʨʫʢʪʫʨʫ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʤ ʥʘʙʣʶʜʝʥʠʝʤ (in-situ) ʚ ʩʠʣʴʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ ʷʚʣʷʝʪʩʷ 

ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ.  

ʂʘʢ ʧʨʝʜʧʦʣʘʛʘʶʪ, ʥʘʠʣʫʯʰʠʤʠ ʢʘʥʜʠʜʘʪʘʤʠ ʚ ʢʘʯʝʩʪʚʝ ʨʘʙʦʯʝʛʦ ʪʝʣʘ ʙʫʜʫʱʠʭ 

ʤʘʛʥʠʪʥʳʭ ʭʦʣʦʜʠʣʴʥʠʢʦʚ, ʙʫʜʫʪ ʤʘʪʝʨʠʘʣʳ ʩ ʚʳʩʦʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʄʂʕ ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ. ʂ ʪʘʢʠʤ ʤʘʪʝʨʠʘʣʘʤ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʩʧʣʘʚʳ ɻʝʡʩʣʝʨʘ ʩʝʤʝʡʩʪʚʘ Ni-Mn-Z (Z = Ga, 

In, Sn) ʠ ʩʦʝʜʠʥʝʥʠʝ MnAs, ʦʙʣʘʜʘʶʱʠʝ ʤʘʛʥʠʪʦʩʪʨʫʢʪʫʨʥʳʤ ʌʇ ʚʙʣʠʟʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʳ [3-6, 18]. ʉʧʣʘʚʳ ɻʝʡʩʣʝʨʘ ʩʝʤʝʡʩʪʚ Ni-Mn-Sn, Ni-Mn-In-Co ʚʳʟʳʚʘʶʪ ʦʩʦʙʳʡ 

ʠʥʪʝʨʝʩ, ʪ.ʢ. ʦʙʣʘʶʪ ʚʳʩʦʢʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʪʝʤʧʝʨʘʪʫʨʳ ʤʘʨʪʝʥʩʠʪʥʦʛʦ ʌʇ ʢ ʚʥʝʰʥʝʤʫ 

ʧʦʣʶ [19] ʠ ʙʦʣʴʰʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʦʙʨʘʪʥʦʛʦ ʄʂʕ (ʚ Ni45.7Mn36.6In13.5Co4.2 ȹTʘʜ = -8 K ʧʨʠ 

ɛ0ʅ=1.95 ʊʣ [20]). ʉʧʣʘʚʳ ɻʝʡʩʣʝʨʘ ʩʝʤʝʡʩʪʚʘ Ni-Mn-Ga ʠ ʩʦʝʜʠʥʝʥʠʝ MnAs ʧʨʠʚʣʝʢʘʶʪ 

ʚʥʠʤʘʥʠʝ, ʙʣʘʛʦʜʘʨʷ ʚʳʩʦʢʠʤ ʟʥʘʯʝʥʠʷʤ ʧʨʷʤʦʛʦ ʄʂʕ. ʅʘʧʨʠʤʝʨ, ʧʦ ʦʮʝʥʢʝ [18] ʚʝʣʠʯʠʥʘ 

ȹTʘʜ ʜʣʷ ʩʦʝʜʠʥʝʥʠʷ MnAs ʜʦʣʞʥʘ ʩʦʩʪʘʚʣʷʪʴ 13 ʂ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ 14 ʊʣ. ʇʨʷʤʳʤʠ 

ʤʝʪʦʜʘʤʠ ʵʪʦʪ ʨʝʟʫʣʴʪʘʪ ʥʝ ʙʳʣ ʧʦʜʚʝʨʞʝʥ.  

ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʷʚʣʷʣʦʩʴ ʠʩʩʣʝʜʦʚʘʥʠʝ ʤʘʛʥʠʪʦʩʪʨʫʢʪʫʨʥʦʛʦ ʬʘʟʦʚʦʛʦ 

ʧʝʨʝʭʦʜʘ ʠ ʤʘʛʥʠʪʦʢʘʣʦʨʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʩʧʣʘʚʦʚ ɻʝʡʩʣʝʨʘ ʩʝʤʝʡʩʪʚ Ni-Mn-Ga, Ni-Mn-Sn, Ni-

Mn-In-ʉʦ ʠ ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʩʦʝʜʠʥʝʥʠʷ MnAs ʚ ʩʠʣʴʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ. ɼʣʷ 

ʜʦʩʪʠʞʝʥʠʷ ʵʪʦʡ ʮʝʣʠ ʨʝʰʘʣʠʩʴ ʩʣʝʜʫʶʱʠʝ ʦʩʥʦʚʥʳʝ ʟʘʜʘʯʠ. 

1. ʉʠʥʪʝʟ ʩʧʣʘʚʦʚ ɻʝʡʩʣʝʨʘ ʩʝʤʝʡʩʪʚʘ Ni-Mn-In-Co ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ ʌʇ 1-ʛʦ ʨʦʜʘ 

ʙʣʠʟʢʦʡ ʢ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ʂʦʤʧʣʝʢʩʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ, ʝʝ 

ʵʚʦʣʶʮʠʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ, ʧʦʟʠʮʠʡ ʟʘʤʝʱʝʥʠʷ ʘʪʦʤʦʚ ʜʣʷ ʩʧʣʘʚʦʚ ɻʝʡʩʣʝʨʘ 

ʩʝʤʝʡʩʪʚʘ Ni-Mn-In-Co ʤʝʪʦʜʘʤʠ ʥʝʡʪʨʦʥʥʦʡ ʠ ʩʠʥʭʨʦʪʨʦʥʥʦʡ ʜʠʬʨʘʢʮʠʠ. ʀʟʫʯʝʥʠʝ 

ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ ʠ ʤʘʛʥʠʪʥʦʛʦ ʫʧʦʨʷʜʦʯʝʥʠʷ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʩʧʣʘʚʦʚ ɻʝʡʩʣʝʨʘ ʩʝʤʝʡʩʪʚʘ 

Ni-Mn-In-Co. 

2. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʟʫʯʝʥʠʝ ʧʨʷʤʳʤʠ ʤʝʪʦʜʘʤʠ ʘʜʠʘʙʘʪʠʯʝʩʢʦʛʦ ʠʟʤʝʥʝʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʠʟʦʪʝʨʤʠʯʝʩʢʦʛʦ ʚʳʜʝʣʝʥʠʷ/ʧʦʛʣʦʱʝʥʠʷ ʪʝʧʣʘ ʚ ʩʧʣʘʚʘʭ ɻʝʡʩʣʝʨʘ ʩʝʤʝʡʩʪʚ Ni-

Mn-Z (Z = Ga, In, Sn) ʠ ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʤ ʩʦʝʜʠʥʝʥʠʠ MnAs ʚ ʩʠʣʴʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʄʂʕ ʦʪ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʩʧʣʘʚʦʚ ʩʝʤʝʡʩʪʚʘ Ni-Mn-In-Co. 

ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʜʘʥʥʳʭ ʦ ʤʘʛʥʠʪʦʢʘʣʦʨʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚʘʭ, ʧʦʣʫʯʝʥʥʳʭ ʧʨʷʤʳʤ ʤʝʪʦʜʦʤ, ʩ 

ʨʝʟʫʣʴʪʘʪʘʤʠ, ʧʦʣʫʯʝʥʥʳʭ ʢʦʩʚʝʥʥʳʤʠ ʤʝʪʦʜʘʤʠ. 

3. ʈʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʘʛʥʠʪʦʠʥʜʫʮʠʨʦʚʘʥʥʦʡ ʤʘʨʪʝʥʩʠʪʥʦʡ 

ʜʚʦʡʥʠʢʦʚʦʡ ʩʪʨʫʢʪʫʨʳ ʩʧʣʘʚʦʚ ɻʝʡʩʣʝʨʘ ʚ ʩʠʣʴʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ ʚ ʘʜʠʘʙʘʪʠʯʝʩʢʠʭ ʠ 

ʠʟʦʪʝʨʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʵʚʦʣʶʮʠʠ ʤʘʛʥʠʪʦʠʥʜʫʮʠʨʦʚʘʥʥʦʡ ʤʘʨʪʝʥʩʠʪʥʦʡ 

ʜʚʦʡʥʠʢʦʚʦʡ ʩʪʨʫʢʪʫʨʳ ʚ ʩʠʣʴʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʤʝʪʦʜʦʚ 

ʥʘ ʧʦʣʠ- ʠ ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʧʣʘʚʘʭ, ʦʙʣʘʜʘʶʱʠʭ ʧʨʷʤʳʤ ʠ ʦʙʨʘʪʥʳʤ ʄʂʕ.  
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ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʨʘʙʦʪʳ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʣʝʜʫʶʱʠʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ 

ʚʧʝʨʚʳʝ. 

1. ʄʝʪʦʜʘʤʠ ʥʝʡʪʨʦʥʥʦʡ ʠ ʩʠʥʭʨʦʪʨʦʥʥʦʡ ʜʠʬʨʘʢʮʠʠ ʦʧʨʝʜʝʣʝʥʳ ʧʘʨʘʤʝʪʨʳ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʨʝʰʝʪʦʢ ʚʳʩʦʢʦ- ʠ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʬʘʟ, ʠʭ ʵʚʦʣʶʮʠʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʪʝʤʧʝʨʘʪʫʨʳ, ʫʪʦʯʥʝʥʳ ʧʦʟʠʮʠʠ ʟʘʤʝʱʝʥʠʷ ʘʪʦʤʦʚ ʜʣʷ ʩʧʣʘʚʦʚ Ni43Mn37.9In12.1ʉʦ7, 

Ni43Mn37.7In12.3ʉʦ7 ʠ Ni43Mn37.65In12.35ʉʦ7. ɺ ʩʧʣʘʚʝ Ni43Mn37.9In12.1ʉʦ7 ʚʳʷʚʣʝʥʦ ʦʪʩʫʪʩʪʚʠʝ 

ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʦʛʦ ʫʧʦʨʷʜʦʯʝʥʠʷ ʚ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʬʘʟʝ, ʦʧʨʝʜʝʣʝʥʘ ʪʝʤʧʝʨʘʪʫʨʘ 

ʧʝʨʝʭʦʜʘ ʚ ʩʧʠʥ-ʩʪʝʢʦʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ ~ 19 ʂ. 

2. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʄʂʕ ʧʨʷʤʳʤʠ ʠ ʢʦʩʚʝʥʥʳʤʠ ʤʝʪʦʜʘʤʠ ʚ ʩʧʣʘʚʘʭ 

ɻʝʡʩʣʝʨʘ ʩʝʤʝʡʩʪʚʘ Ni43Mn(50-ʫ)InʫCo7 (12.35 Ó y Ó 12.1) ʦʧʨʝʜʝʣʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʚʝʣʠʯʠʥʳ ʄʂʕ 

ʦʪ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ. 

3. ʇʨʦʚʝʜʝʥʳ ʧʨʷʤʳʤ ʤʝʪʦʜʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʘʜʠʘʙʘʪʠʯʝʩʢʦʛʦ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ 

ʠ ʠʟʦʪʝʨʤʠʯʝʩʢʦʛʦ ʚʳʜʝʣʝʥʠʷ/ʧʦʛʣʦʱʝʥʠʷ ʪʝʧʣʘ ʩʧʣʘʚʦʚ ɻʝʡʩʣʝʨʘ Ni2.16Mn0.84Ga, Ni43Mn46Sn11 

ʠ ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʩʦʝʜʠʥʝʥʠʷ MnAs ʚ ʩʠʣʴʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ ʜʦ 14 ʊʣ. 

ʇʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʳ ʨʝʢʦʨʜʥʳʝ ʟʥʘʯʝʥʠʷ ʄʂʕ ʩʦʝʜʠʥʝʥʠʷ MnAs. 

4. ʉʦʟʜʘʥʘ ʦʨʠʛʠʥʘʣʴʥʘʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ ï ʦʧʪʠʯʝʩʢʠʡ ʤʠʢʨʦʩʢʦʧ, 

ʨʘʙʦʪʘʶʱʠʡ ʚ ʩʠʣʴʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ ʜʦ 14 ʊʣ ʚ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʜʠʘʧʘʟʦʥʝ 77ʂ - 423ʂ, 

ʧʦʟʚʦʣʷʶʱʠʡ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʠʟʫʯʘʪʴ ʤʠʢʨʦʩʪʨʫʢʪʫʨʫ ʤʘʨʪʝʥʩʠʪʥʳʭ ʜʚʦʡʥʠʢʦʚ ʩʧʣʘʚʦʚ ʧʦʜ 

ʜʝʡʩʪʚʠʝʤ ʩʠʣʴʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ ʚ ʘʜʠʘʙʘʪʠʯʝʩʢʠʭ ʠ ʠʟʦʪʝʨʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ, ʘ ʪʘʢʞʝ ʚ 

in-situ ʨʝʞʠʤʝ ʦʧʨʝʜʝʣʷʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʦʙʨʘʟʮʦʚ.  

5. ʉ ʧʦʤʦʱʴʶ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʦʧʪʠʯʝʩʢʦʡ ʫʩʪʘʥʦʚʢʠ ʠʟʫʯʝʥʦ ʧʨʦʪʝʢʘʥʠʝ 

ʪʝʨʤʦʫʧʨʫʛʦʛʦ ʤʘʨʪʝʥʩʠʪʥʦʛʦ ʧʝʨʝʭʦʜʘ ʧʦʣʠ- ʠ ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʧʣʘʚʦʚ ɻʝʡʩʣʝʨʘ 

Ni2.16Mn0.84Ga, Ni43Mn46Sn11 ʠ Ni2.19Mn0.81Ga, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʠʣʴʥʳʭ 

ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ ʜʦ 14 ʊʣ ʚ ʘʜʠʘʙʘʪʠʯʝʩʢʦʤ ʠ ʠʟʦʪʝʨʤʠʯʝʩʢʦʤ ʨʝʞʠʤʘʭ. ʇʦʩʪʨʦʝʥʳ 

ʤʘʛʥʠʪʥʳʝ ʬʘʟʦʚʳʝ ʜʠʘʛʨʘʤʤʳ ʜʣʷ Ni2.16Mn0.84Ga, Ni43Mn46Sn11 ʠ Ni2.19Mn0.81Ga ʚ ʦʙʣʘʩʪʠ ʌʇ 

1-ʛʦ ʨʦʜʘ ʥʘ ʦʩʥʦʚʘʥʠʠ ʥʘʙʣʶʜʝʥʠʷ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʜʦ 14 ʊʣ. 

6. ɺ ʩʧʣʘʚʝ Ni2.16Mn0.84Ga ʫʩʪʘʥʦʚʣʝʥʳ ʩʫʱʝʩʪʚʝʥʥʳʝ ʦʪʣʠʯʠʷ ʧʨʦʪʝʢʘʥʠʷ 

ʤʘʛʥʠʪʦʠʥʜʫʮʠʨʦʚʘʥʥʦʛʦ ʪʝʨʤʦʫʧʨʫʛʦʛʦ ʤʘʨʪʝʥʩʠʪʥʦʛʦ ʧʝʨʝʭʦʜʘ ʚ ʩʠʣʴʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ 

ʚ ʘʜʠʘʙʘʪʠʯʝʩʢʠʭ ʠ ʠʟʦʪʝʨʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ.  

7. ɺ ʩʧʣʘʚʝ Ni43Mn46Sn11, ʦʙʣʘʜʘʶʱʝʤ ʦʙʨʘʪʥʳʤ ʄʂʕ, ʫʩʪʘʥʦʚʣʝʥʦ ʚʣʠʷʥʠʝ 

ʦʩʪʘʪʦʯʥʦʡ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʬʘʟʳ, ʩʬʦʨʤʠʨʦʚʘʚʰʝʡʩʷ ʧʦʩʣʝ ʧʝʨʚʦʛʦ ʮʠʢʣʘ ʚʢʣʶʯʝʥʠʷ-

ʚʳʢʣʶʯʝʥʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʥʘ ʬʘʟʦʚʳʡ ʩʦʩʪʘʚ ʠ ʄʂʕ ʧʨʠ ʧʦʩʣʝʜʫʶʱʠʭ ʚʢʣʶʯʝʥʠʷʭ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. 

8. ɺ ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʤ ʩʧʣʘʚʝ Ni2.19Mn0.81Ga ʫʩʪʘʥʦʚʣʝʥ ʛʝʪʝʨʦʛʝʥʥʳʡ ʭʘʨʘʢʪʝʨ 

ʟʘʨʦʞʜʝʥʠʷ ʤʘʛʥʠʪʦʠʥʜʫʮʠʨʦʚʘʥʥʦʡ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʬʘʟʳ, ʠʟ-ʟʘ ʯʝʛʦ ʜʣʷ ʠʥʜʫʮʠʨʦʚʘʥʠʷ 
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ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʬʘʟʳ ʧʨʠ ʧʦʚʪʦʨʥʳʭ ʚʢʣʶʯʝʥʠʷʭ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʥʝʦʙʭʦʜʠʤʘ ʤʝʥʴʰʘʷ 

ʚʝʣʠʯʠʥʘ ʧʦʣʷ. 

ʅʘʫʯʥʘʷ ʠ ʧʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʩʧʣʘʚʳ 

ɻʝʡʩʣʝʨʘ ʩ ʤʘʛʥʠʪʦʩʪʨʫʢʪʫʨʥʳʤ ʌʇ 1-ʛʦ ʨʦʜʘ ʚʙʣʠʟʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ, ʯʪʦ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ ʜʣʷ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʚ ʪʚʝʨʜʦʪʝʣʴʥʳʭ ʭʦʣʦʜʠʣʴʥʳʭ 

ʫʩʪʨʦʡʩʪʚʘʭ. ʇʨʠ ʵʪʦʤ ʩʦʟʜʘʥʥʘʷ ʩʝʨʠʷ ʩʧʣʘʚʦʚ Ni43Mn(50-ʫ)InʫCo7, ʛʜʝ 12.35 Ó y Ó 12.1 ʩ 

ʦʙʨʘʪʥʳʤ ʄʂʕ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʧʨʦʪʦʪʠʧʦʤ ʨʘʙʦʯʝʛʦ ʪʝʣʘ ʤʥʦʛʦʢʘʩʢʘʜʥʦʛʦ ʭʦʣʦʜʠʣʴʥʠʢʘ. 

ʋʩʪʘʥʦʚʣʝʥʥʳʝ ʧʘʨʘʤʝʪʨʳ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ, ʤʘʛʥʠʪʥʦʛʦ ʫʧʦʨʷʜʦʯʝʥʠʷ ʠ 

ʦʩʦʙʝʥʥʦʩʪʠ ʤʘʛʥʠʪʦʩʪʨʫʢʪʫʨʥʦʛʦ ʧʝʨʝʭʦʜʘ ʚ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʩʧʣʘʚʘʭ ʨʘʩʰʠʨʷʶʪ ʟʥʘʥʠʷ ʦ 

ʬʘʟʦʚʦʡ ʜʠʘʛʨʘʤʤʝ ʩʠʩʪʝʤʳ Ni-Mn-In-Co, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʦʟʚʦʣʷʝʪ ʫʧʨʦʩʪʠʪʴ ʧʦʠʩʢ 

ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʩʦʩʪʘʚʦʚ ʜʣʷ ʨʘʙʦʯʝʛʦ ʪʝʣʘ ʙʫʜʫʱʠʭ ʤʘʛʥʠʪʥʳʭ ʭʦʣʦʜʠʣʴʥʠʢʦʚ.  

ʈʝʟʫʣʴʪʘʪʳ ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʘʜʠʘʙʘʪʠʯʝʩʢʦʛʦ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʠ 

ʠʟʦʪʝʨʤʠʯʝʩʢʦʛʦ ʧʦʛʣʦʱʝʥʠʷ/ʚʳʜʝʣʝʥʠʷ ʪʝʧʣʘ ʧʨʷʤʳʤ ʤʝʪʦʜʦʤ ʚ ʩʠʣʴʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ ʠ 

ʰʠʨʦʢʦʤ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ ʚ ʩʧʣʘʚʘʭ ɻʝʡʩʣʝʨʘ ʠ ʩʦʝʜʠʥʝʥʠʠ MnAs ʧʦʟʚʦʣʷʶʪ 

ʩʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʧʘʨʘʤʝʪʨʳ ʙʫʜʫʱʠʭ ʭʦʣʦʜʠʣʴʥʠʢʦʚ ʠ ʪʝʧʣʦʚʳʭ ʥʘʩʦʩʦʚ: ʤʘʢʩʠʤʘʣʴʥʫʶ 

ʨʘʟʥʦʩʪʴ ʪʝʤʧʝʨʘʪʫʨ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ, ʢʦʣʠʯʝʩʪʚʦ ʪʝʧʣʘ, ʧʝʨʝʜʘʚʘʝʤʦʝ ʟʘ ʦʜʠʥ ʮʠʢʣ 

ʦʭʣʘʞʜʝʥʠʷ. ʆʧʨʝʜʝʣʝʥʥʳʝ ʚ ʨʘʙʦʪʝ ʨʝʢʦʨʜʥʳʝ ʟʥʘʯʝʥʠʷ ʄʂʕ ʚ ʤʦʥʦʢʨʠʩʪʘʣʣʝ MnAs ʩʨʝʜʠ 

ʠʟʚʝʩʪʥʳʭ ʪʚʝʨʜʦʪʝʣʴʥʳʭ ʤʘʛʥʝʪʠʢʦʚ ʜʝʣʘʝʪ ʜʘʥʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʦʜʥʠʤ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʚ 

ʢʘʯʝʩʪʚʝ ʨʘʙʦʯʝʛʦ ʪʝʣʘ ʤʘʛʥʠʪʥʦʛʦ ʨʝʬʨʠʞʝʨʘʪʦʨʘ. ʇʨʝʜʣʦʞʝʥʥʘʷ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ 

ʦʨʠʛʠʥʘʣʴʥʘʷ ʤʝʪʦʜʠʢʘ ʧʦʟʚʦʣʷʝʪ ʠʟʫʯʠʪʴ ʦʧʪʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ ʚ ʩʠʣʴʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ 

ʧʨʠ ʨʘʟʥʳʭ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ ʦʪ 77 ʂ ʜʦ 423 ʂ ʰʠʨʦʢʠʡ 

ʩʧʝʢʪʨ ʤʘʪʝʨʠʘʣʦʚ ʠ ʚʳʷʚʠʪʴ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʘʩʧʝʢʪʳ ʤʘʛʥʠʪʦʠʥʜʫʮʠʨʦʚʘʥʥʳʭ ʌʇ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʘʨʪʝʥʩʠʪʥʦʡ ʩʪʨʫʢʪʫʨʳ ʤʦʥʦ- ʠ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʧʣʘʚʦʚ 

ɻʝʡʩʣʝʨʘ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʠʣʴʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ ʚ ʘʜʠʘʙʘʪʠʯʝʩʢʠʭ ʠ ʠʟʦʪʝʨʤʠʯʝʩʢʠʭ 

ʫʩʣʦʚʠʷʭ, ʧʨʦʚʦʜʠʤʳʝ ʥʘ ʩʧʝʮʠʘʣʴʥʦ ʨʘʟʨʘʙʦʪʘʥʥʦʤ ʦʧʪʠʯʝʩʢʦʤ ʤʠʢʨʦʩʢʦʧʝ, ʚʳʷʚʠʣʠ ʨʷʜ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʨʦʪʝʢʘʥʠʷ ʤʘʛʥʠʪʦʩʪʨʫʢʪʫʨʥʦʛʦ ʌʇ, ʠ ʝʛʦ ʚʣʠʷʥʠʷ ʥʘ ʄʂʕ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʮʠʢʣʦʚ, ʪʘʢʠʭ, ʢʘʢ 

ʮʠʢʣ ʂʘʨʥʦ ʚ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʤʘʛʥʠʪʥʳʭ ʭʦʣʦʜʠʣʴʥʠʢʘʭ ʠ ʪʝʧʣʦʚʳʭ ʥʘʩʦʩʘʭ ʫʯʝʪ ʵʪʠʭ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʥʝʦʙʭʦʜʠʤ, ʪʘʢ ʢʘʢ ʚʳʷʚʣʝʥʥʳʝ ʦʪʣʠʯʠʷ ʧʦʣʝʚʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ 

ʤʘʛʥʠʪʦʠʥʜʫʮʠʨʦʚʘʥʥʳʭ ʌʇ ʚ ʨʘʟʣʠʯʥʳʭ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʨʝʞʠʤʘʭ, ʚʣʠʷʥʠʝ ʦʩʪʘʪʦʯʥʦʡ 

ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʬʘʟʳ ʥʘ ʚʝʣʠʯʠʥʫ ʄʂʕ ʚʝʩʴʤʘ ʩʫʱʝʩʪʚʝʥʥʳ. ʇʦʣʫʯʝʥʥʳʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʜʦʣʞʥʳ ʩʪʠʤʫʣʠʨʦʚʘʪʴ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʨʘʙʦʪʳ ʜʣʷ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʠ 

ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʦʧʠʩʘʥʠʷ ʦʙʥʘʨʫʞʝʥʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ.  

ʄʝʪʦʜʦʣʦʛʠʷ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɺ ʨʘʙʦʪʝ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʩʪʨʫʢʪʫʨʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʰʠʨʦʢʠʡ ʢʦʤʧʣʝʢʩ ʤʝʪʦʜʠʢ (ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ, 
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ʥʝʡʪʨʦʥʥʘʷ ʠ ʩʠʥʭʨʦʪʨʦʥʥʘʷ ʜʠʬʨʘʢʮʠʷ). ʄʘʛʥʠʪʥʳʝ ʠ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʠʟʫʯʝʥʳ 

ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʦʚʨʝʤʝʥʥʳʭ ʪʨʘʜʠʮʠʦʥʥʳʭ ʤʝʪʦʜʠʢ: ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ 

(ʚʠʙʨʘʮʠʦʥʥʳʡ ʤʘʛʥʠʪʦʤʝʪʨ, ʉʂɺʀɼ ʤʘʛʥʠʪʦʤʝʪʨ, ʩʠʩʪʝʤʳ ʠʟʤʝʨʝʥʠʷ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

PPMS-9T ʠ PPMS-14T), ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʘʷ ʩʢʘʥʠʨʫʶʱʘʷ ʢʘʣʦʨʠʤʝʪʨʠʷ.  

ɺ ʨʘʙʦʪʝ, ʢʨʦʤʝ ʩʪʘʥʜʘʨʪʥʳʭ, ʠʩʧʦʣʴʟʦʚʘʥʳ ʦʨʠʛʠʥʘʣʴʥʳʝ ʤʝʪʦʜʠʢʠ ʧʨʷʤʦʛʦ ʠʟʤʝʨʝʥʠʷ 

ʘʜʠʘʙʘʪʠʯʝʩʢʦʛʦ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʠʟʦʪʝʨʤʠʯʝʩʢʦʛʦ ʧʦʛʣʦʱʝʥʠʷ/ʚʳʜʝʣʝʥʠʷ ʪʝʧʣʘ ʚ 

ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ ʜʦ 14 ʊʣ ʚ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ ʦʪ 4.2 ʂ ʜʦ 350 ʂ [7]. ʊʘʢʞʝ ʧʨʠʤʝʥʝʥʘ 

ʫʩʪʘʥʦʚʢʘ, ʩʦʟʜʘʥʥʘʷ ʘʚʪʦʨʦʤ, ʧʦ ʥʘʙʣʶʜʝʥʠʶ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʠʣʴʥʳʭ 

ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ ʧʨʠ ʘʜʠʘʙʘʪʠʯʝʩʢʠʭ ʠ ʠʟʦʪʝʨʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ ʦʪ 77 

ʂ ʜʦ 423 ʂ [ɸ1].  

ʇʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ: 

1. ɸʙʩʦʣʶʪʥʳʝ ʤʘʢʩʠʤʫʤʳ (ʧʦ ʤʦʜʫʣʶ) ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʚʝʣʠʯʠʥʳ 

ʘʜʠʘʙʘʪʠʯʝʩʢʦʛʦ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ȹTʘʜ(ʊ) ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ 10 ʊʣ ʩʧʣʘʚʦʚ ɻʝʡʩʣʝʨʘ 

Ni43Mn37.65In12.35ʉʦ7, Ni43Mn37.7In12.3ʉʦ7, Ni43Mn37.8In12.2ʉʦ7 ʧʨʠ ʧʦʩʪʦʷʥʥʳʭ ʟʥʘʯʝʥʠʷʭ Ni, Co, 

ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʩʦʜʝʨʞʘʥʠʷ Mn, ʠ ʫʤʝʥʴʰʝʥʠʠ In ʩʜʚʠʛʘʶʪʩʷ ʚ ʦʙʣʘʩʪʴ ʙʦʣʝʝ ʚʳʩʦʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨ ʟʘ ʩʯʝʪ ʩʜʚʠʛʘ ʭʘʨʘʢʪʝʨʥʳʭ ʪʝʤʧʝʨʘʪʫʨ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ 1-ʛʦ ʨʦʜʘ, ʧʨʠ ʵʪʦʤ 

ʠʤʝʝʪ ʤʝʩʪʦ ʨʦʩʪ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ |ȹTʘʜ|.  

2. ɸʜʠʘʙʘʪʠʯʝʩʢʦʝ ʠʟʤʝʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʤ ʩʦʝʜʠʥʝʥʠʠ MnAs ʚ 

ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ 10 ʊʣ ʧʨʠ ʊ=311 ʂ ʨʘʚʥʦ 15 ʂ, ʘ ʠʟʦʪʝʨʤʠʯʝʩʢʦʝ ʚʳʜʝʣʝʥʠʝ/ʧʦʛʣʦʱʝʥʠʝ ʪʝʧʣʘ 

ʩʦʩʪʘʚʣʷʝʪ 9.3 ʢɼʞ/ʢʛ ʧʨʠ ʊ=318 ʂ ʠ Õ0ʅ=10 ʊʣ. 

3. ʄʘʛʥʠʪʥʳʝ ʬʘʟʦʚʳʝ ʜʠʘʛʨʘʤʤʳ (ʊ-Õ0ʅ) ʜʣʷ ʧʦʣʠ- ʠ ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʧʣʘʚʦʚ 

ɻʝʡʩʣʝʨʘ Ni43Mn46Sn11 ʠ Ni2.19Mn0.81Ga, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʚʙʣʠʟʠ ʤʘʛʥʠʪʦʩʪʨʫʢʪʫʨʥʳʭ ʧʝʨʝʭʦʜʦʚ, 

ʧʦʩʪʨʦʝʥʥʳʝ ʥʘ ʦʩʥʦʚʘʥʠʠ ʥʘʙʣʶʜʝʥʠʷ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʚ ʩʠʣʴʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ ʜʦ 12 ʊʣ 

ʠʤʝʶʪ ʣʠʥʝʡʥʳʡ ʚʠʜ ʟʘʚʠʩʠʤʦʩʪʠ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ ʥʘʢʣʦʥʘ -2.8 ʂ/ʊʣ ʠ 

0.5 ʂ/ʊʣ. 

4. ɺ ʩʧʣʘʚʝ ɻʝʡʩʣʝʨʘ Ni2.16Mn0.84Ga ʚ ʘʜʠʘʙʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʜʣʷ ʧʦʣʥʦʛʦ ʟʘʚʝʨʰʝʥʠʷ 

ʤʘʛʥʠʪʦʠʥʜʫʮʠʨʦʚʘʥʥʦʛʦ ʩʪʨʫʢʪʫʨʥʦʛʦ ʧʨʝʚʨʘʱʝʥʠʷ ʠʟ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʬʘʟʳ  (ʘʫʩʪʝʥʠʪ) 

ʚ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʫʶ ʬʘʟʫ (ʤʘʨʪʝʥʩʠʪ) ʪʨʝʙʫʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʦ ʙʦʣʴʰʝʝ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ, ʯʝʤ ʚ 

ʠʟʦʪʝʨʤʠʯʝʩʢʠʭ. 

5. ɺ ʩʧʣʘʚʝ ɻʝʡʩʣʝʨʘ Ni43Mn46Sn11, ʦʙʣʘʜʘʶʱʝʤ ʦʙʨʘʪʥʳʤ ʤʘʛʥʠʪʦʢʘʣʦʨʠʯʝʩʢʠʤ 

ʵʬʬʝʢʪʦʤ, ʦʩʪʘʪʦʯʥʘʷ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʘʷ ʬʘʟʘ, ʩʬʦʨʤʠʨʦʚʘʚʰʘʷʩʷ ʧʦʩʣʝ ʧʝʨʚʦʛʦ ʮʠʢʣʘ 

ʚʢʣʶʯʝʥʠʷ-ʚʳʢʣʶʯʝʥʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ʥʘ ʧʦʩʣʝʜʫʶʱʠʝ ʮʠʢʣʳ 

ʤʘʛʥʠʪʦʠʥʜʫʮʠʨʦʚʘʥʥʦʛʦ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʠ ʫʤʝʥʴʰʘʝʪ ʚʝʣʠʯʠʥʫ ʤʘʛʥʠʪʦʢʘʣʦʨʠʯʝʩʢʦʛʦ 

ʵʬʬʝʢʪʘ.  
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ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʜʠʩʩʝʨʪʘʮʠʠ, ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʩʦʚʧʘʜʝʥʠʝʤ 

ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʷʤʳʭ ʠʟʤʝʨʝʥʠʡ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʜʨʫʛʠʤʠ ʤʝʪʦʜʘʤʠ, ʧʨʠʤʝʥʝʥʠʝʤ 

ʩʦʚʨʝʤʝʥʥʳʭ ʘʧʨʦʙʠʨʦʚʘʥʥʳʭ ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʳʩʦʢʦʯʫʚʩʪʚʠʪʝʣʴʥʦʡ 

ʨʝʛʠʩʪʨʠʨʫʶʱʝʡ ʘʧʧʘʨʘʪʫʨʳ, ʘʥʘʣʠʟʦʤ ʧʦʛʨʝʰʥʦʩʪʝʡ ʠʟʤʝʨʝʥʠʡ, ʤʥʦʛʦʢʨʘʪʥʦʡ 

ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʴʶ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʠ ʠʭ ʩʦʛʣʘʩʠʝʤ ʩ ʣʠʪʝʨʘʪʫʨʥʳʤʠ 

ʜʘʥʥʳʤʠ. 

ɸʧʨʦʙʘʮʠʷ ʨʘʙʦʪʳ. ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʜʦʢʣʘʜʳʚʘʣʠʩʴ ʥʘ ʩʣʝʜʫʶʱʠʭ ʚʩʝʨʦʩʩʠʡʩʢʠʭ 

ʠ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʢʦʥʬʝʨʝʥʮʠʷʭ ʠ ʢʦʥʢʫʨʩʘʭ: Moscow International Symposium on Magnetism ï 

MISM (ʄʦʩʢʚʘ, 2011, 2014, 2017); 11-ʳʡ, 12-ʳʡ ʠ 13-ʳʡ ʄʦʣʦʜʝʞʥʳʡ ʢʦʥʢʫʨʩ ʠʤʝʥʠ ʀʚʘʥʘ 

ɸʥʠʩʠʤʢʠʥʘ (ʄʦʩʢʚʘ, 2014, 2015, 2016); 6th, 8th Joint European Magnetic Symposia - JEMS 

(Parma, Italy, 2013; Glasgow, UK, 2016); ʟʘʩʝʜʘʥʠʝ ʩʝʢʮʠʠ çʄʘʛʥʝʪʠʟʤè ʅʘʫʯʥʦʛʦ ʩʦʚʝʪʘ ʈɸʅ 

ʧʦ ʬʠʟʠʢʝ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʭ ʩʨʝʜ (ʄʦʩʢʚʘ, 2014, 2016); ʤʝʞʜʫʥʘʨʦʜʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çʉʧʣʘʚʳ 

ʩ ʵʬʬʝʢʪʦʤ ʧʘʤʷʪʠ ʬʦʨʤʳ: ʩʚʦʡʩʪʚʘ, ʪʝʭʥʦʣʦʛʠʠ ʠ ʧʝʨʩʧʝʢʪʠʚʳè (ɺʠʪʝʙʩʢ, ɹʝʣʘʨʫʩʴ, 2014); 

10th European Conference on Magnetic Sensors and Actuators ï EMSA (Vienna, Austria, 2014); 7th 

International Workshop on Magnetic Wires - IWMW (Ordizia, Spain, 2015); 20th International 

Conference on Magnetism ï ICM (Barcelona, Spain, 2015); ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ 

çʌʘʟʦʚʳʝ ʧʝʨʝʭʦʜʳ, ʢʨʠʪʠʯʝʩʢʠʝ ʠ ʥʝʣʠʥʝʡʥʳʝ ʷʚʣʝʥʠʷ ʚ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʭ ʩʨʝʜʘʭè 

(ʏʝʣʷʙʠʥʩʢ, 2015; ʄʘʭʘʯʢʘʣʘ 2017); VI Euro-Asian Symposium "Trends in Magnetism" - 

EASTMAG (Krasnoyarsk, 2016); 7th International Conference on Magnetic Refrigeration at Room 

Temperature ï Thermag VII (Turin, Italy, 2016); IX ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çʌʘʟʦʚʳʝ 

ʧʨʝʚʨʘʱʝʥʠʷ ʠ ʧʨʦʯʥʦʩʪʴ ʢʨʠʩʪʘʣʣʦʚ (ʏʝʨʥʦʛʦʣʦʚʢʘ, 2016); IEEE International Magnetics 

Conference ï INTERMAG (Dublin, Ireland, 2017); 4th International Symposium on Advanced 

Magnetic Materials and Applications ï ISAMMA (Phu Quoc, Vietnam, 2017). 

ʇʫʙʣʠʢʘʮʠʠ. ʇʦ ʤʘʪʝʨʠʘʣʘʤ ʜʠʩʩʝʨʪʘʮʠʠ ʦʧʫʙʣʠʢʦʚʘʥʦ 28 ʥʘʫʯʥʳʭ ʨʘʙʦʪ, ʚ ʪʦ ʯʠʩʣʝ 7 

ʩʪʘʪʝʡ ʚ ʞʫʨʥʘʣʘʭ, ʚʭʦʜʷʱʠʭ ʚ ʇʝʨʝʯʝʥʴ ʨʝʮʝʥʟʠʨʫʝʤʳʭ ʥʘʫʯʥʳʭ ʠʟʜʘʥʠʡ, ʨʝʢʦʤʝʥʜʦʚʘʥʥʳʭ 

ɺɸʂ, 9 ʧʫʙʣʠʢʘʮʠʡ ʚ ʟʘʨʫʙʝʞʥʳʭ ʨʝʮʝʥʟʠʨʫʝʤʳʭ ʞʫʨʥʘʣʘʭ, ʚʭʦʜʷʱʠʭ ʚ ʄʝʞʜʫʥʘʨʦʜʥʳʝ 

ʨʝʬʝʨʘʪʠʚʥʳʝ ʙʘʟʳ ʜʘʥʥʳʭ ʠ ʩʠʩʪʝʤʳ ʮʠʪʠʨʦʚʘʥʠʷ Scopus ʠ Web of Science, 10 ʧʫʙʣʠʢʘʮʠʡ ʚ 

ʪʨʫʜʘʭ ʚʩʝʨʦʩʩʠʡʩʢʠʭ ʠ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʢʦʥʬʝʨʝʥʮʠʠ, 1 ʧʘʪʝʥʪ ʈʌ. 

ʃʠʯʥʳʡ ʚʢʣʘʜ. ɺ ʜʠʩʩʝʨʪʘʮʠʠ ʠʟʣʦʞʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ 

ʣʠʯʥʦ ʘʚʪʦʨʦʤ ʠʣʠ ʧʨʠ ʝʛʦ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʤ ʫʯʘʩʪʠʠ. ʉʧʣʘʚʳ ɻʝʡʩʣʝʨʘ ʩʝʤʝʡʩʪʚʘ Ni-Mn-In-

Co ʠʟʛʦʪʦʚʣʝʥʳ ʚ ʩʦ-ʘʚʪʦʨʩʪʚʝ ʩ ʢ.ʬ.-ʤ.ʥ. ɸ.ɺ. ʄʘʰʠʨʦʚʳʤ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʥʘ ʦʩʥʦʚʝ 

ʙʠʪʪʝʨʝʚʩʢʦʛʦ ʤʘʛʥʠʪʘ ʧʨʦʚʦʜʠʣʠʩʴ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʢʦʣʣʝʢʪʠʚʘ (ʢ.ʬ.-ʤ.ʥ. ʖ.ʉ. ʂʦʰʢʠʜʴʢʦ, 

ʜʦʢʪʦʨ ʗ. ʎʚʠʢ) ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʣʘʙʦʨʘʪʦʨʠʠ ʩʠʣʴʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ ʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ 

(ʛ. ɺʨʦʮʣʘʚ, ʇʦʣʴʰʘ). ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʩʠʥʭʨʦʪʨʦʥʥʦʡ ʠ ʥʝʡʪʨʦʥʥʦʡ ʜʠʬʨʘʢʮʠʠ ʧʨʦʚʦʜʠʣʠʩʴ 

ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ʧʨʦʬʝʩʩʦʨʘ ʇʥʠʥʳ ɸʨʠ-ɻʫʨ ʠʟ ʋʥʠʚʝʨʩʠʪʝʪʘ ɿʘʧʘʜʥʦʛʦ ʄʠʯʠʛʘʥʘ, ʉʐɸ. 
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ʆʙʲʝʤ ʠ ʩʪʨʫʢʪʫʨʘ ʜʠʩʩʝʨʪʘʮʠʠ. ɼʠʩʩʝʨʪʘʮʠʷ ʩʦʩʪʦʠʪ ʠʟ ʚʚʝʜʝʥʠʷ, 4-ʭ ʛʣʘʚ, 

ʟʘʢʣʶʯʝʥʠʷ, ʩʧʠʩʢʘ ʩʦʢʨʘʱʝʥʠʡ ʠ ʫʩʣʦʚʥʳʭ ʦʙʦʟʥʘʯʝʥʠʡ, ʩʧʠʩʢʘ ʧʫʙʣʠʢʘʮʠʡ ʘʚʪʦʨʘ ʧʦ ʪʝʤʝ 

ʜʠʩʩʝʨʪʘʮʠʠ ʠ ʩʧʠʩʢʘ ʮʠʪʠʨʫʝʤʦʡ ʣʠʪʝʨʘʪʫʨʳ. ʈʘʙʦʪʘ ʩʦʜʝʨʞʠʪ 180 ʩʪʨʘʥʠʮ, 99 ʨʠʩʫʥʢʦʚ, 14 

ʪʘʙʣʠʮ ʠ ʩʧʠʩʢʘ ʣʠʪʝʨʘʪʫʨʳ, ʚʢʣʶʯʘʶʱʝʛʦ 232 ʠʩʪʦʯʥʠʢʘ. 



14 

 

ɻʃɸɺɸ 1. ʆɹɿʆʈ ʃʀʊɽʈɸʊʋʈʓ 

 

1.1 ʌʘʟʦʚʳʝ ʧʝʨʝʭʦʜʳ 

ɺ ʧʨʠʨʦʜʝ ʨʘʟʣʠʯʘʶʪ ʬʘʟʦʚʳʝ ʧʝʨʝʭʦʜʳ 1-ʛʦ ʠ 2-ʛʦ ʨʦʜʘ. ʌʘʟʦʚʳʝ ʧʝʨʝʭʦʜʳ (ʌʇ) ʧʦ 

ʕʨʝʥʬʝʩʪʫ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʧʦʨʷʜʢʦʤ ʪʝʭ ʧʨʦʠʟʚʦʜʥʳʭ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ, 

ʢʦʪʦʨʳʝ ʠʩʧʳʪʳʚʘʶʪ ʢʦʥʝʯʥʳʝ ʠʟʤʝʥʝʥʠʷ ʧʨʠ ʧʨʝʚʨʘʱʝʥʠʠ. ʇʝʨʝʭʦʜʳ, ʚ ʢʦʪʦʨʳʭ 

ʩʢʘʯʢʦʦʙʨʘʟʥʦ ʠʟʤʝʥʷʶʪʩʷ ʧʝʨʚʳʝ ʧʨʦʠʟʚʦʜʥʳʝ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʧʦ 

ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʜʘʚʣʝʥʠʶ, ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʬʫʥʢʮʠʠ ʵʥʪʨʦʧʠʠ, ʦʙʲʝʤʘ ʠ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ 

ʪʝʨʧʷʪ ʨʘʟʨʳʚ ʚ ʪʦʯʢʝ ʧʝʨʝʭʦʜʘ, ʦʪʥʦʩʷʪʩʷ ʢ ʌʇ 1-ʛʦ ʨʦʜʘ [21,22]. ʇʨʠʤʝʨʘʤʠ ʌʇ 1-ʛʦ ʨʦʜʘ 

ʷʚʣʷʶʪʩʷ ʧʣʘʚʣʝʥʠʝ, ʢʨʠʩʪʘʣʣʠʟʘʮʠʷ, ʢʠʧʝʥʠʝ, ʠʟʤʝʥʝʥʠʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʤʦʜʠʬʠʢʘʮʠʠ, 

ʥʘʧʨʠʤʝʨ ʟʘʢʘʣʢʘ ʩʪʘʣʠ. ʂ ʌʇ 2-ʛʦ ʨʦʜʘ ʦʪʥʦʩʷʪʩʷ ʪʝ ʧʝʨʝʭʦʜʳ, ʫ ʢʦʪʦʨʳʭ ʧʝʨʚʳʝ ʧʨʦʠʟʚʦʜʥʳʝ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʥʝʧʨʝʨʳʚʥʳ, ʥʦ ʧʨʠ ʵʪʦʤ ʠʤʝʶʪ ʤʝʩʪʦ ʩʢʘʯʢʠ ʝʛʦ ʚʪʦʨʦʡ 

ʧʨʦʠʟʚʦʜʥʦʡ, ʥʘʧʨʠʤʝʨ, ʪʝʧʣʦʸʤʢʦʩʪʴ, ʢʦʵʬʬʠʮʠʝʥʪ ʦʙʲʝʤʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʨʘʩʰʠʨʝʥʠʷ [21, 22]. 

ɺ ʪʦʯʢʝ ʌʇ 2-ʛʦ ʨʦʜʘ ʵʥʪʨʦʧʠʷ, ʦʙʲʝʤ ʠ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ ʥʝ ʠʤʝʶʪ ʨʘʟʨʳʚʦʚ, ʧʦʪʦʤʫ ʯʪʦ 

ʜʘʥʥʳʝ ʧʘʨʘʤʝʪʨʳ ʷʚʣʷʶʪʩʷ ʧʝʨʚʳʤʠ ʧʨʦʠʟʚʦʜʥʳʤʠ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ, ʧʨʠ 

ʵʪʦʤ ʪʝʧʣʦʝʤʢʦʩʪʴ ï ʚʪʦʨʘʷ ʧʨʦʠʟʚʦʜʥʘʷ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʠʤʝʝʪ ʨʘʟʨʳʚ ʠ 

ʠʟʤʝʥʷʝʪʩʷ ʩʢʘʯʢʦʦʙʨʘʟʥʦ ʚ ʪʦʯʢʝ ʌʇ 2-ʛʦ ʨʦʜʘ. ʉʦʛʣʘʩʥʦ ʦʧʨʝʜʝʣʝʥʠʶ ʕʨʝʥʬʝʩʪʘ ʧʨʠ 

ʤʘʛʥʠʪʥʳʭ ʌʇ 2-ʛʦ ʨʦʜʘ ʚ ʪʦʯʢʝ ʧʨʝʚʨʘʱʝʥʠʷ ʩʢʘʯʢʦʤ ʠʟʤʝʥʷʝʪʩʷ ʦʙʲʝʤʥʘʷ ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʷ, 

ʤʘʛʥʠʪʥʘʷ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʴ. 

 

1.1.1 ʄʘʛʥʠʪʥʳʝ ʬʘʟʦʚʳʝ ʧʝʨʝʭʦʜʳ 

ʄʘʛʥʠʪʥʳʝ ʧʨʝʚʨʘʱʝʥʠʷ ʦʙʳʯʥʦ ʦʪʥʦʩʷʪ ʢ ʌʇ 2-ʛʦ ʨʦʜʘ. ʇʨʠʤʝʨʘʤʠ ʩʣʫʞʘʪ ʪʦʯʢʘ 

ʂʶʨʠ ʚ ʬʝʨʨʦʤʘʛʥʝʪʠʢʘʭ ʠ ʪʦʯʢʘ ʅʝʝʣʷ ʚ ʘʥʪʠʬʝʨʨʦʤʘʛʥʝʪʠʢʘʭ. ʆʜʥʘʢʦ, ʩʫʱʝʩʪʚʫʶʪ ʠ 

ʤʘʛʥʠʪʥʳʝ ʌʇ 1-ʛʦ ʨʦʜʘ. ʆʩʥʦʚʥʫʶ ʨʦʣʴ ʚ ʜʘʥʥʳʭ ʧʝʨʝʭʦʜʘʭ ʠʛʨʘʝʪ ʠʟʤʝʥʝʥʠʝ ʤʘʛʥʠʪʥʳʭ 

(ʦʙʤʝʥʥʳʭ) ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ, ʧʨʠ ʵʪʦʤ ʠʟʤʝʥʝʥʠʝ ʩʠʤʤʝʪʨʠʠ ʠ ʦʙʲʝʤʘ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ 

ʨʝʰʝʪʢʠ ʷʚʣʷʶʪʩʷ ʩʦʧʫʪʩʪʚʫʶʱʠʤʠ ʵʬʬʝʢʪʘʤʠ [22]. 

ʄʘʛʥʠʪʥʳʝ ʌʇ 1-ʛʦ ʨʦʜʘ ʪʘʢʞʝ ʢʘʢ ʠ 2-ʛʦ ʨʦʜʘ ʤʦʞʥʦ ʧʦʜʝʣʠʪʴ ʥʘ ʜʚʘ ʪʠʧʘ: ʧʦʨʷʜʦʢ-

ʙʝʩʧʦʨʷʜʦʢ ʠ ʧʦʨʷʜʦʢ-ʧʦʨʷʜʦʢ [22]. ʄʘʛʥʠʪʥʳʡ ʌʇ çʧʦʨʷʜʦʢ-ʧʦʨʷʜʦʢè ï ʧʝʨʝʭʦʜ ʩ ʠʥʚʝʨʩʠʝʡ 

ʦʙʤʝʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ʊʝʨʤʠʥ çʦʙʤʝʥʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝè [23] ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ 

ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʠʟʫʯʝʥʠʷ ʤʘʛʥʠʪʥʳʭ ʌʇ, ʢʦʪʦʨʳʝ ʩʚʷʟʘʥʳ ʩ ʠʟʤʝʥʝʥʠʝʤ ʭʘʨʘʢʪʝʨʘ ʩʧʠʥʦʚʦʛʦ 

ʫʧʦʨʷʜʦʯʝʥʠʷ, ʚʦʟʥʠʢʘʶʱʠʝ, ʥʘʧʨʠʤʝʨ, ʧʨʠ ʧʝʨʝʭʦʜʝ ʠʟ ʬʝʨʨʦʤʘʛʥʠʪʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚʝʱʝʩʪʚʘ 

ʚ ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʦʝ ʠʣʠ ʠʟ ʩʣʦʞʥʦʡ ʩʧʠʨʘʣʴʥʦʡ ʤʘʛʥʠʪʥʦʡ ʩʪʨʫʢʪʫʨʳ ʚ ʬʝʨʨʦʤʘʛʥʠʪʥʫʶ 

ʠʣʠ ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʫʶ. ʇʝʨʝʭʦʜ çʧʦʨʷʜʦʢ-ʙʝʩʧʦʨʷʜʦʢè ʦʙʲʷʩʥʷʝʪʩʷ ʨʘʟʨʫʰʝʥʠʝʤ ʩʧʠʥʦʚʦʛʦ 
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ʫʧʦʨʷʜʦʯʝʥʠʷ. ɼʘʥʥʳʡ ʪʠʧ ʤʘʛʥʠʪʥʦʛʦ ʌʇ 1-ʛʦ ʨʦʜʘ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ ʧʝʨʝʭʦʜʘʭ ʠʟ 

ʬʝʨʨʦʤʘʛʥʠʪʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚʝʱʝʩʪʚʘ ʚ ʧʘʨʘʤʘʛʥʠʪʥʦʝ ʠʣʠ ʠʟ ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʦʛʦ ʚ 

ʧʘʨʘʤʘʛʥʠʪʥʦʝ. ʊʝʦʨʝʪʠʯʝʩʢʦʝ ʠʟʫʯʝʥʠʝ ʜʘʥʥʦʛʦ ʢʣʘʩʩʘ ʤʘʛʥʠʪʥʳʭ ʌʇ ʥʘʯʘʪʦ ɹʠʥʦʤ ʠ 

ʈʦʜʙʝʣʣʦʤ [24]. ʆʩʥʦʚʥʳʤ ʦʙʲʷʩʥʝʥʠʝʤ ʤʘʛʥʠʪʥʦʛʦ ʌʇ 1-ʛʦ ʨʦʜʘ ʧʦ ʪʝʦʨʠʠ ʂʠʪʪʝʣʷ [23], ʘ 

ʪʘʢʞʝ ɹʠʥʘ ʠ ʈʦʜʙʝʣʣʘ [24] ʷʚʣʷʝʪʩʷ ʩʠʣʴʥʦʝ ʠʟʤʝʥʝʥʠʝ ʦʙʤʝʥʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʤʝʞʘʪʦʤʥʦʛʦ ʨʘʩʩʪʦʷʥʠʷ, ʘ ʪʘʢʞʝ ʩʚʷʟʘʥʥʦʝ ʩ ʵʪʠʤ ʠʟʤʝʥʝʥʠʝ ʫʧʨʫʛʦʡ ʵʥʝʨʛʠʠ 

ʚʝʱʝʩʪʚʘ [22]. ɼʘʥʥʳʡ ʤʝʭʘʥʠʟʤ ʤʘʛʥʠʪʥʦʛʦ ʌʇ ʧʦʣʫʯʠʣ ʥʘʟʚʘʥʠʝ ʦʙʤʝʥʥʦ-ʩʪʨʠʢʮʠʦʥʥʦʛʦ. ɺ 

ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʦʚ ʤʘʛʥʠʪʥʦʛʦ ʌʇ 1-ʛʦ ʨʦʜʘ ʤʦʞʥʦ ʧʨʠʚʝʩʪʠ ʩʣʝʜʫʶʱʠʝ ʚʝʱʝʩʪʚʘ: ʥʝʢʦʪʦʨʳʝ 

ʩʧʣʘʚʳ ɻʝʡʩʣʝʨʘ, MnAs, Mn2Ge3, FeRh, Dy, V2O3, Ti2O3 ʠ ʜʨ. (ʧʦʜʨʦʙʥʝʝ ʚ ʨʘʙʦʪʝ [22]).  

 

1.1.2 ʉʪʨʫʢʪʫʨʥʳʝ ʬʘʟʦʚʳʝ ʧʝʨʝʭʦʜʳ 

ʉʪʨʫʢʪʫʨʥʳʝ ʬʘʟʦʚʳʝ ʧʝʨʝʭʦʜʳ ï ʬʘʟʦʚʳʝ ʧʝʨʝʭʦʜʳ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʪʚʸʨʜʳʭ ʪʝʣʘʭ, 

ʩʦʩʪʦʷʱʠʝ ʚ ʧʝʨʝʩʪʨʦʡʢʝ ʩʪʨʫʢʪʫʨʳ ʵʪʠʭ ʪʝʣ ʟʘ ʩʯʸʪ ʠʟʤʝʥʝʥʠʷ ʚʟʘʠʤʥʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ 

ʦʪʜʝʣʴʥʳʭ ʘʪʦʤʦʚ, ʠʦʥʦʚ ʠʣʠ ʠʭ ʛʨʫʧʧ ʠ ʧʨʠʚʦʜʷʱʠʝ ʦʙʳʯʥʦ ʢ ʠʟʤʝʥʝʥʠʶ ʪʠʧʘ ʩʠʤʤʝʪʨʠʠ 

ʢʨʠʩʪʘʣʣʘ [25]. ʉʪʨʫʢʪʫʨʥʳʝ ʧʝʨʝʭʦʜʳ ʤʦʞʥʦ, ʢʘʢ ʠ ʤʘʛʥʠʪʥʳʝ, ʨʘʟʜʝʣʠʪʴ ʥʘ ʧʝʨʝʭʦʜʳ 

ʧʦʨʷʜʦʢ-ʧʦʨʷʜʦʢ ʠ ʧʦʨʷʜʦʢ-ʙʝʩʧʦʨʷʜʦʢ. ʉʪʨʫʢʪʫʨʥʳʝ ʌʇ ʪʠʧʘ ʧʦʨʷʜʦʢ-ʧʦʨʷʜʦʢ, ʚ ʩʚʦʶ 

ʦʯʝʨʝʜʴ, ʫʩʣʦʚʥʦ ʜʝʣʷʪʩʷ ʥʘ ʧʨʦʪʝʢʘʶʱʠʝ ʧʦ ʤʘʨʪʝʥʩʠʪʥʦʤʫ ʠʣʠ ʥʝʤʘʨʪʝʥʩʠʪʥʦʤʫ ʪʠʧʫ. ʊʘʢʞʝ 

ʠʥʦʛʜʘ ʥʝʤʘʨʪʝʥʩʠʪʥʳʝ ʧʨʝʚʨʘʱʝʥʠʷ ʥʘʟʳʚʘʶʪ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʤʠ, ʘ ʤʘʨʪʝʥʩʠʪʥʳʝ ï 

ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʤʠ. ɼʘʥʥʦʝ ʨʘʟʛʨʘʥʠʯʝʥʠʝ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʦʪʨʘʞʘʝʪ ʯʝʨʪʳ ʦʙʦʠʭ ʪʠʧʦʚ 

ʧʨʝʚʨʘʱʝʥʠʷ, ʥʦ ʧʨʠ ʵʪʦʤ ʥʝ ʠʩʢʣʶʯʘʝʪ ʚʦʟʤʦʞʥʳʭ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʭ ʩʠʪʫʘʮʠʡ. 

ʄʘʨʪʝʥʩʠʪʥʦʝ ʧʨʝʚʨʘʱʝʥʠʝ (ʄʇ) ʚ ʩʧʣʘʚʘʭ ï ʵʪʦ ʩʪʨʫʢʪʫʨʥʳʡ ʌʇ ʙʝʟʜʠʬʬʫʟʠʦʥʥʦʛʦ 

ʢʦʦʧʝʨʘʪʠʚʥʦʛʦ ʪʠʧʘ, ʢʦʪʦʨʳʡ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʩʦʛʣʘʩʦʚʘʥʥʳʤʠ ʩʤʝʱʝʥʠʷʤʠ ʩʦʩʝʜʥʠʭ ʘʪʦʤʦʚ 

ʥʘ ʨʘʩʩʪʦʷʥʠʷ ʤʝʥʴʰʠʝ ʤʝʞʘʪʦʤʥʳʭ ʠ ʩʪʨʦʛʦʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʚʷʟʴʶ ʤʝʞʜʫ ʨʝʰʝʪʢʘʤʠ 

ʠʩʭʦʜʥʦʡ ʠ ʢʦʥʝʯʥʦʡ ʬʘʟ [26, 27]. ʄʇ ʦʙʣʘʜʘʶʪ ʙʦʣʴʰʦʡ ʨʷʜ ʤʘʪʝʨʠʘʣʦʚ: ʯʠʩʪʳʝ ʤʝʪʘʣʣʳ (Ti, 

Co, Na, Fe, Tl, Li ʠ ʜʨ), ʩʧʣʘʚʳ ʥʘ ʦʩʥʦʚʝ ʵʪʠʭ ʤʝʪʘʣʣʦʚ ʠ ʜʨʫʛʠʭ (Fe-Mn, Fe-Ni, Ti-Ni, Ti-Mo, 

Ti-Fe. Cu-Al , Au-Cd, In-Tl), ʦʪʜʝʣʴʥʳʝ ʥʝʦʨʛʘʥʠʯʝʩʢʠʝ ʠ ʦʨʛʘʥʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷʭ, ʥʝʢʦʪʦʨʳʝ 

ʩʧʣʘʚʳ ɻʝʡʩʣʝʨʘ [28, 29]. ʉʧʠʩʦʢ ʤʘʪʝʨʠʘʣʦʚ, ʦʙʣʘʜʘʶʱʠʭ ʄʇ ʥʝʧʨʝʨʳʚʥʦ ʨʘʩʰʠʨʷʝʪʩʷ. 

 ʄʇ ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʝ ʭʘʨʘʢʪʝʨʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ [26-31]. ʄʝʭʘʥʠʟʤ ʄʇ ʥʦʩʠʪ ʩʜʚʠʛʦʚʳʡ 

ʭʘʨʘʢʪʝʨ. ɺ ʧʨʦʮʝʩʩʝ ʧʨʝʚʨʘʱʝʥʠʷ ʘʪʦʤʳ ʩʤʝʱʘʶʪʩʷ ʜʨʫʛ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛʘ ʥʘ ʨʘʩʩʪʦʷʥʠʷ, 

ʥʝ ʧʨʝʚʳʰʘʶʱʠʝ ʤʝʞʘʪʦʤʥʳʝ, ʧʨʠ ʵʪʦʤ ʩʦʩʝʜʠ ʚ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʬʘʟʝ ʦʩʪʘʶʪʩʷ 

ʩʦʩʝʜʷʤʠ ʤʘʨʪʝʥʩʠʪʥʦʡ ʬʘʟʝ. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʦʪʥʦʩʠʪʝʣʴʥʳʝ ʧʝʨʝʤʝʱʝʥʠʷ ʘʪʦʤʦʚ ʤʘʣʳ, 

ʘʙʩʦʣʶʪʥʳʝ ʩʤʝʱʝʥʠʷ ʘʪʦʤʦʚ ʧʨʠ ʄʇ ʤʦʛʫʪ ʜʦʩʪʠʛʘʪʴ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʠʭ ʨʘʟʤʝʨʦʚ (ʧʨʠ ʵʪʦʤ 

ʧʨʦʠʩʭʦʜʠʪ ʠʟʤʝʥʝʥʠʝ ʬʦʨʤʳ ʧʨʝʚʨʘʱʝʥʥʦʛʦ ʦʙʲʝʤʘ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʬʘʟʳ), ʯʪʦ 
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ʷʚʣʷʝʪʩʷ ʩʣʝʜʩʪʚʠʝʤ ʩʜʚʠʛʦʚʦʛʦ ʤʝʭʘʥʠʟʤʘ ʧʨʝʚʨʘʱʝʥʠʷ ʠ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʣʠʨʦʚʘʥʥʦʛʦ ʰʣʠʬʘ ʦʙʨʘʟʮʘ ʭʘʨʘʢʪʝʨʥʦʛʦ ʨʝʣʴʝʬʘ [32, 33].  

 ʄʇ ʷʚʣʷʶʪʩʷ ʌʇ 1-ʨʦʜʘ, ʠʭ ʧʨʠʥʷʪʦ ʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʪʝʤʧʝʨʘʪʫʨʘʤʠ ʥʘʯʘʣʘ ʠ ʢʦʥʮʘ 

ʧʨʷʤʦʛʦ ʠ ʦʙʨʘʪʥʦʛʦ ʧʨʝʚʨʘʱʝʥʠʡ. ʇʝʨʝʭʦʜ ʠʟ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʬʘʟʳ ʚ 

ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʫʶ (ʤʘʨʪʝʥʩʠʪ) ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʪʝʤʧʝʨʘʪʫʨʦʡ Ms (çʤʘʨʪʝʥʩʠʪ ʩʪʘʨʪè), ʧʨʠ 

ʢʦʪʦʨʦʡ ʧʦʷʚʣʷʶʪʩʷ ʟʘʨʦʜʳʰʠ ʤʘʨʪʝʥʩʠʪʥʦʡ ʬʘʟʳ ʚ ʤʘʪʨʠʮʝ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʬʘʟʳ, ʠ 

ʪʝʤʧʝʨʘʪʫʨʦʡ Mf (çʤʘʨʪʝʥʩʠʪ ʬʠʥʠʰè) ï ʟʘʚʝʨʰʝʥʠʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʘʨʪʝʥʩʠʪʘ. ʊʘʢʦʡ ʧʝʨʝʭʦʜ 

ʧʨʠʥʷʪʦ ʥʘʟʳʚʘʪʴ ʧʨʷʤʳʤ. ʇʨʠ ʦʙʨʘʪʥʦʤ ʧʨʝʚʨʘʱʝʥʠʠ ʠʟ ʤʘʨʪʝʥʩʠʪʥʦʡ ʬʘʟʳ ʚ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʫʶ ʬʘʟʫ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʯʘʣʘ ʠ ʢʦʥʮʘ ʦʙʦʟʥʘʯʘʶʪ ʩʠʤʚʦʣʘʤʠ As (çʘʫʩʪʝʥʠʪ 

ʩʪʘʨʪè) ʠ Af (çʘʫʩʪʝʥʠʪ ʬʠʥʠʰè), ʪ.ʢ. ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʘʷ ʬʘʟʘ ʫʩʣʦʚʥʦ ʥʦʩʠʪ ʥʘʟʚʘʥʠʝ 

çʘʫʩʪʝʥʠʪè [26] (ʨʠʩ.1.1). ʊʘʢʞʝ ʥʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ ʩʣʝʜʫʶʱʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʄʇ: ʄʇ ʩʠʣʴʥʦ 

ʟʘʚʠʩʠʪ ʦʪ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʩʧʣʘʚʘ; ʯʘʩʪʦ ʜʘʞʝ ʧʨʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʩʢʦʨʦʩʪʴ ʄʇ 

ʦʯʝʥʴ ʚʝʣʠʢʘ, ʪ.ʝ. ʧʨʦʮʝʩʩ ʯʘʩʪʦ ʘʪʝʨʤʠʯʝʩʢʠʡ (ʟʘʨʦʞʜʝʥʠʝ ʠ ʨʦʩʪ ʢʨʠʩʪʘʣʣʦʚ ʥʦʚʦʡ ʬʘʟʳ ʦʪ 

ʪʝʤʧʝʨʘʪʫʨʳ ʥʝ ʟʘʚʠʩʷʪ); ʩʢʦʨʦʩʪʴ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʦʚ ʤʘʨʪʝʥʩʠʪʘ ʚʦ ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ ʙʣʠʟʢʘ ʢ 

ʩʢʦʨʦʩʪʠ ʟʚʫʢʘ; ʨʘʟʚʠʪʠʝ ʄʇ ʧʨʦʠʩʭʦʜʠʪ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʟʘ ʩʯʝʪ ʦʙʨʘʟʦʚʘʥʠʷ ʥʦʚʳʭ 

ʢʨʠʩʪʘʣʣʦʚ, ʘ ʥʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʫʚʝʣʠʯʝʥʠʷ ʨʘʟʤʝʨʦʚ ʨʘʥʝʝ ʚʦʟʥʠʢʰʠʭ; ʧʨʠ ʪʝʨʤʦʫʧʨʫʛʦʤ ʄʇ 

ʫʚʝʣʠʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʤʘʨʪʝʥʩʠʪʥʦʡ ʬʘʟʳ ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʟʘ ʩʯʝʪ ʧʦʜʨʘʩʪʘʥʠʷ ʫʞʝ 

ʠʤʝʶʱʠʭʩʷ ʢʨʠʩʪʘʣʣʦʚ; ʄʇ ʤʦʞʝʪ ʙʳʪʴ ʦʙʨʘʪʠʤʳʤʠ ʠ ʥʝʦʙʨʘʪʠʤʳʤʠ [26-27]. 

 

 

ʈʠʩʫʥʦʢ 1.1 ï ʊʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʦʙʲʝʤʥʦʡ ʜʦʣʠ ʤʘʨʪʝʥʩʠʪʘ ʚ ʢʨʠʩʪʘʣʣʝ [26-27] 

 ʈʦʞʜʝʥʠʝ ʢʨʠʩʪʘʣʣʘ ʥʦʚʦʡ ʬʘʟʳ ʚʥʫʪʨʠ ʨʦʜʠʪʝʣʴʩʢʦʡ, ʘʫʩʪʝʥʠʪʥʦʡ ʤʘʪʨʠʮʳ 

ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʧʦʷʚʣʝʥʠʝʤ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʠ ʫʧʨʫʛʦʡ ʵʥʝʨʛʠʡ. ʇʨʝʚʨʘʱʝʥʠʝ ʤʦʞʝʪ ʙʳʪʴ 

ʦʙʨʘʪʠʤʳʤ, ʚ ʩʣʫʯʘʝ, ʝʩʣʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʨʝʰʝʪʢʠ ʬʘʟ ʤʘʣʦ ʦʪʣʠʯʘʶʪʩʷ, ʠ ʘʢʢʦʤʦʜʘʮʠʷ 

ʢʨʠʩʪʘʣʣʦʚ ʥʦʚʦʡ ʬʘʟʳ ʠ ʤʘʪʨʠʮʳ ʥʝ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʥʝʦʙʨʘʪʠʤʦʡ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʝʡ. 

ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʛʠʩʪʝʨʝʟʠʩ ʤʝʞʜʫ ʧʨʷʤʳʤ ʠ ʦʙʨʘʪʥʳʤʠ ʧʝʨʝʭʦʜʘʤʠ ʙʫʜʝʪ ʥʝʙʦʣʴʰʠʤ ʠ, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʨʠ ʧʨʝʚʨʘʱʝʥʠʠ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʥʦʩʪʴʶ ʦʙʨʘʪʠʤʳʤ. ɼʘʥʥʦʤʫ ʧʨʝʚʨʘʱʝʥʠʶ ʩ 

ʦʙʨʘʪʠʤʳʤ ʭʘʨʘʢʪʝʨʦʤ ʩʧʦʩʦʙʩʪʚʫʝʪ ʚʳʩʦʢʠʡ ʧʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʬʘʟ ʠ ʥʠʟʢʠʡ ʤʦʜʫʣʴ 



17 

 

ʫʧʨʫʛʦʩʪʠ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʫʧʨʫʛʫʶ ʘʢʢʦʤʦʜʘʮʠʶ ʩʦʙʩʪʚʝʥʥʦʡ ʜʝʬʦʨʤʘʮʠʠ ʧʨʝʚʨʘʱʝʥʠʷ. 

ʄʘʨʪʝʥʩʠʪʥʳʝ ʧʨʝʚʨʘʱʝʥʠʷ ʧʦʜʦʙʥʦʛʦ ʪʠʧʘ ʥʘʟʳʚʘʶʪʩʷ ʪʝʨʤʦʫʧʨʫʛʠʤʠ [26]. ʆʙʨʘʪʠʤʳʡ 

ʭʘʨʘʢʪʝʨ ʧʨʝʚʨʘʱʝʥʠʷ ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʳʤ ʫʩʣʦʚʠʝʤ ʜʣʷ ʧʦʷʚʣʝʥʠʷ ʦʙʨʘʪʠʤʳʭ ʵʬʬʝʢʪʦʚ 

ʧʨʠ ʚʥʝʰʥʝʤ ʥʘʛʨʫʞʝʥʠʠ: ʩʚʝʨʭʫʧʫʨʛʦʩʪʴ, ʚʳʩʦʢʦʝ ʜʝʤʧʬʠʨʦʚʘʥʠʝ, ʵʬʬʝʢʪʘ ʧʘʤʷʪʠ ʬʦʨʤʳ, 

ʤʘʛʥʠʪʥʘʷ ʧʘʤʷʪʴ ʬʦʨʤʳ, ʤʘʛʥʠʪʦʢʘʣʦʨʠʯʝʩʢʠʡ ʵʬʬʝʢʪ [26]. 

 ɺ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʤʘʨʪʝʥʩʠʪʥʘʷ ʬʘʟʘ ʷʚʣʷʝʪʩʷ ʬʝʨʨʦʤʘʛʥʠʪʥʦʡ, ʝʝ ʤʦʞʥʦ ʠʥʜʫʮʠʨʦʚʘʪʴ 

ʤʘʛʥʠʪʥʳʤ ʧʦʣʝʤ [26]. ʄʝʭʘʥʠʟʤ ʧʝʨʝʩʪʨʦʡʢʠ ʤʘʨʪʝʥʩʠʪʥʳʭ ʜʚʦʡʥʠʢʦʚ ʤʘʛʥʠʪʥʳʤ ʧʦʣʝʤ 

ʩʭʝʤʘʪʠʯʥʦ ʧʦʢʘʟʘʥ ʥʘ ʨʠʩ. 1.2 [26, 34]. ʇʨʠ ʦʭʣʘʞʜʝʥʠʠ ʩʧʣʘʚʦʚ, ʦʙʣʘʜʘʶʱʠʭ ʄʇ, ʥʠʞʝ Mf 

ʠʤʝʝʪ ʤʝʩʪʦ ʩʘʤʦʘʢʢʦʤʦʜʠʨʫʶʱʠʡ ʤʘʨʪʝʥʩʠʪ (ʨʠʩ.1.2 ʘ). ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʛʨʘʥʠʮʳ 

ʬʝʨʨʦʤʘʛʥʠʪʥʳʭ ʜʦʤʝʥʦʚ ʙʫʜʫʪ ʩʦʚʧʘʜʘʪʴ ʩ ʛʨʘʥʠʮʘʤʠ ʤʘʨʪʝʥʩʠʪʥʳʭ ʚʘʨʠʘʥʪʦʚ. ʄʘʛʥʠʪʥʦʝ 

ʧʦʣʝ ʅ ʧʨʠ ʥʝʢʦʪʦʨʳʭ ʫʩʣʦʚʠʷʭ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʨʦʩʪʫ ʤʘʨʪʝʥʩʠʪʥʳʭ ʚʘʨʠʘʥʪʦʚ, ʤʘʛʥʠʪʥʳʡ 

ʤʦʤʝʥʪ ʢʦʪʦʨʳʭ ʚʳʛʦʜʥʦ ʦʨʠʝʥʪʠʨʦʚʘʥ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʤʘʛʥʠʪʥʦʤʫ ʧʦʣʶ ʅ (ʨʠʩ.1.2 ʙ). ʇʨʠ 

ʥʝʢʦʪʦʨʦʤ ʢʨʠʪʠʯʝʩʢʦʤ ʟʥʘʯʝʥʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʅʩ ʚʩʝ ʤʘʨʪʝʥʩʠʪʥʳʝ ʚʘʨʠʘʥʪʳ 

ʚʳʩʪʨʘʠʚʘʶʪʩʷ ʚʜʦʣʴ ʥʘʧʨʘʚʣʝʥʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ (ʨʠʩ.1.2ʚ). ʇʦʜʦʙʥʘʷ ʢʘʨʪʠʥʘ ʥʘʙʣʶʜʘʣʘʩʴ 

ʩ ʧʦʤʦʱʴʶ ʦʧʪʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ ʚ ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʤ ʩʧʣʘʚʝ ɻʝʡʩʣʝʨʘ Ni53.8Mn23.7Ga22.5 [35].  

 

 

ʈʠʩʫʥʦʢ 1.2 ï ʇʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ ʤʘʨʪʝʥʩʠʪʥʳʭ ʚʘʨʠʘʥʪʦʚ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ [26, 34] 

1.1.3 ʄʘʛʥʠʪʦʩʪʨʫʢʪʫʨʥʳʝ ʬʘʟʦʚʳʝ ʧʝʨʝʭʦʜʳ 

ʆʩʦʙʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪ ʤʘʪʝʨʠʘʣʳ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʩʠʣʴʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʤʝʞʜʫ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʦʡ ʠ ʤʘʛʥʠʪʥʳʤʠ ʩʪʝʧʝʥʷʤʠ ʩʚʦʙʦʜʳ [36], ʧʨʠʚʦʜʷʱʝʝ ʢ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʤʫ ʤʘʛʥʠʪʥʦʤʫ ʌʇ 1-ʛʦ ʨʦʜʘ. ʊʘʢʠʝ ʌʇ, ʧʨʠ ʚ ʢʦʪʦʨʳʭ ʩʫʱʝʩʪʚʫʝʪ ʩʠʣʴʥʘʷ 

ʩʚʷʟʴ ʤʝʞʜʫ ʘʪʦʤʘʤʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ ʠ ʤʘʛʥʠʪʥʦʡ ʩʧʠʥʦʚʦʡ ʩʠʩʪʝʤʦʡ, ʧʨʠʚʦʜʷʪ ʢ 

ʦʜʥʦʚʨʝʤʝʥʥʦʤʫ ʠʟʤʝʥʝʥʠʶ ʤʘʛʥʠʪʥʳʭ ʠ ʩʪʨʫʢʪʫʨʥʳʭ ʩʚʦʡʩʪʚ, ʠ ʥʘʟʳʚʘʶʪʩʷ 

ʤʘʛʥʠʪʦʩʪʨʫʢʪʫʨʥʳʤʠ [36]. ʄʘʛʥʠʪʦʩʪʨʫʢʪʫʨʥʳʤ ʌʇ ʤʦʞʥʦ ʫʧʨʘʚʣʷʪʴ ʪʝʤʧʝʨʘʪʫʨʦʡ, 

ʤʘʛʥʠʪʥʳʤʠ ʧʦʣʷʤʠ ʠʣʠ ʜʘʚʣʝʥʠʝʤ. ɺ ʤʘʛʥʠʪʦʩʪʨʫʢʪʫʨʥʦʤ ʌʇ ʩʚʷʟʴ ʤʘʛʥʠʪʥʦʛʦ ʠ 

ʩʪʨʫʢʪʫʨʥʦʛʦ ʧʝʨʝʭʦʜʦʚ, ʧʨʠʚʦʜʠʪ ʢ ʧʦʷʚʣʝʥʠʶ ʨʘʟʣʠʯʥʳʭ ʵʬʬʝʢʪʦʚ, ʪʘʢʠʭ ʢʘʢ ʛʠʛʘʥʪʩʢʦʝ 
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ʤʘʛʥʠʪʦʩʦʧʨʦʪʠʚʣʝʥʠʝ [37], ʤʘʛʥʠʪʦʢʘʣʦʨʠʯʝʩʢʠʡ ʵʬʬʝʢʪ [38, 39], ʤʘʛʥʠʪʦʫʧʨʘʚʣʷʝʤʳʡ ʕʇʌ 

ʠ ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʷ [40]. ʀʟ ʠʟʚʝʩʪʥʳʭ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʤʘʪʝʨʠʘʣʦʚ ʩ ʤʘʛʥʠʪʦʩʪʨʫʢʪʫʨʥʳʤ 

ʌʇ ʩʧʣʘʚʳ ɻʝʡʩʣʝʨʘ ʠ ʩʦʝʜʠʥʝʥʠʝ MnAs ʚʳʟʳʚʘʶʪ ʙʦʣʴʰʦʡ ʠʥʪʝʨʝʩ, ʪ.ʢ. ʠʤʝʶʪ ʪʝʤʧʝʨʘʪʫʨʳ 

ʤʘʛʥʠʪʦʩʪʨʫʢʪʫʨʥʦʛʦ ʌʇ ʚʙʣʠʟʠ ʢʦʤʥʘʪʥʳʭ, ʯʪʦ ʫʚʝʣʠʯʠʚʘʝʪ ʧʨʠʢʣʘʜʥʦʝ ʟʥʘʯʝʥʠʝ, ʦʩʦʙʝʥʥʦ ʚ 

ʦʙʣʘʩʪʠ ʤʘʛʥʠʪʥʦʛʦ ʪʚʝʨʜʦʪʝʣʴʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʥʠʞʝ ʨʘʩʩʤʦʪʨʝʥʳ ʦʩʥʦʚʳ 

ʤʘʛʥʠʪʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ ʠ ʥʘʛʨʝʚʘ, ʤʝʪʦʜʳ ʦʧʨʝʜʝʣʝʥʠʷ ʤʘʛʥʠʪʦʢʘʣʦʨʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ ʠ 

ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʩʦʚʨʝʤʝʥʥʳʭ ʥʘʫʯʥʳʭ ʨʘʙʦʪ, ʧʦʩʚʷʱʝʥʥʳʭ ʤʘʛʥʠʪʦʩʪʨʫʢʪʫʨʥʦʤʫ ʧʝʨʝʭʦʜʫ ʠ 

ʤʘʛʥʠʪʦʢʘʣʦʨʠʯʝʩʢʦʤʫ ʵʬʬʝʢʪʫ ʚ ʩʧʣʘʚʘʭ ɻʝʡʩʣʝʨʘ ʠ ʩʦʝʜʠʥʝʥʠʠ MnAs.  

 

1.2  ʉʧʣʘʚʳ ɻʝʡʩʣʝʨʘ 

ʀʩʪʦʨʠʷ ʦʜʥʦʛʦ ʠʟ ʩʘʤʳʭ ʠʥʪʝʨʝʩʥʳʭ ʢʣʘʩʩʦʚ ʤʘʪʝʨʠʘʣʦʚ ʚʦʩʭʦʜʠʪ ʢ 1903 ʛʦʜʫ, ʢʦʛʜʘ 

ʌʨʠʮ ɻʝʡʩʣʝʨ ʦʙʥʘʨʫʞʠʣ, ʯʪʦ ʩʧʣʘʚ Cu2MnAl ʚʝʜʝʪ ʩʝʙʷ ʢʘʢ ʬʝʨʨʦʤʘʛʥʝʪʠʢ, ʭʦʪʷ ʚʭʦʜʷʱʠʝ ʚ 

ʝʛʦ ʩʦʩʪʘʚ ʵʣʝʤʝʥʪʳ ʩʘʤʠ ʧʦ ʩʝʙʝ ʥʝ ʷʚʣʷʶʪʩʷ ʤʘʛʥʠʪʥʳʤʠ [41,42]. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʘʥʥʳʡ 

ʩʧʣʘʚ ʠ ʨʦʜʩʪʚʝʥʥʳʝ ʝʤʫ ʢʦʤʧʦʟʠʮʠʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʦʙʰʠʨʥʫʶ ʢʦʣʣʝʢʮʠʶ ʠʟ ʙʦʣʝʝ ʯʝʤ  1000 

ʩʦʝʜʠʥʝʥʠʡ, ʢʦʪʦʨʳʝ ʪʝʧʝʨʴ ʠʟʚʝʩʪʥʳ ʢʘʢ ʩʧʣʘʚʳ ɻʝʡʩʣʝʨʘ. ʉʧʣʘʚʳ ɻʝʡʩʣʝʨʳ ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʩʦʙʦʡ ʪʨʦʡʥʳʝ ʠʥʪʝʨʤʝʪʘʣʣʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ ʩ ʦʙʱʠʤʠ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʤʠ ʬʦʨʤʫʣʘʤʠ 

XYZ (ʧʦʣʫʛʝʡʩʣʝʨʦʚʳ ʩʧʣʘʚʳ) ʠʣʠ X2YZ (ʧʦʣʥʳʝ ʩʧʣʘʚʳ ɻʝʡʩʣʝʨʘ, ʚ ʜʘʣʴʥʝʡʰʝʤ ʩʧʣʘʚʳ 

ɻʝʡʩʣʝʨʘ), ʛʜʝ X ʠ Y - ʧʝʨʝʭʦʜʥʳʝ ʤʝʪʘʣʣʳ, ʘ Z - ʵʣʝʤʝʥʪ 3, 4, 5 ʛʨʫʧʧʳ ʪʘʙʣʠʮʳ ʄʝʥʜʝʣʝʝʚʘ 

[41, 42]. ʅʘ ʨʠʩʫʥʢʝ 1.3 ʩ ʧʦʤʦʱʴʶ ʮʚʝʪʘ ʧʦʢʘʟʘʥʳ ʭʠʤʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ, ʠʟ ʢʦʪʦʨʳʭ 

ʚʦʟʤʦʞʥʳ ʢʦʤʙʠʥʘʮʠʠ ʩʧʣʘʚʦʚ ɻʝʡʩʣʝʨʘ. 

ʇʦʟʞʝ ʚ ʩʧʣʘʚʘʭ ɻʝʡʩʣʝʨʘ ʦʙʥʘʨʫʞʠʣʠ ʮʝʣʳʡ ʨʷʜ ʫʥʠʢʘʣʴʥʳʭ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʠ 

ʷʚʣʝʥʠʡ. ʅʘʧʨʠʤʝʨ, ʚ 1980 ʛʦʜʫ ʚ ʥʝʢʦʪʦʨʳʭ ʩʧʣʘʚʘʭ ɻʝʡʩʣʝʨʘ ʦʪʢʨʳʣʠ ʧʦʣʫʤʝʪʘʣʣʠʯʝʩʢʦʝ 

ʧʦʚʝʜʝʥʠʝ, ʢʦʪʦʨʦʝ ʧʨʠʚʦʜʠʪ ʢ ʚʳʩʦʢʦʡ ʩʧʠʥʦʚʦʡ ʧʦʣʷʨʠʟʘʮʠʠ ʥʦʩʠʪʝʣʝʡ ʪʦʢʘ [43], ʘ ʚ ʩʠʩʪʝʤʝ 

Ni2MnGa ï ʤʘʨʪʝʥʩʠʪʥʳʡ ʧʝʨʝʭʦʜ ʠ ʩʚʷʟʘʥʥʳʝ ʩ ʥʠʤ ʜʝʬʦʨʤʘʮʠʠ ʦʙʨʘʟʮʘ (ʜʦ 10%) ʚ 

ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ [44]. ɺ ʜʘʣʴʥʝʡʰʝʤ ʤʘʨʪʝʥʩʠʪʥʳʡ ʧʝʨʝʭʦʜ ʦʙʥʘʨʫʞʝʥ ʫ ʩʝʤʝʡʩʪʚʘ ʩʧʣʘʚʦʚ Ni-

Mn-Z (ʛʜʝ Z = In, Sn) ʩ ʥʝʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʤʠ ʩʦʩʪʘʚʘʤʠ [45-47]. ʉʠʣʴʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ 

ʩʪʨʫʢʪʫʨʥʳʭ ʠ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ ʩʧʣʘʚʦʚ ɻʝʡʩʣʝʨʘ ʦʪ ʚʥʝʰʥʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʥʘʣʠʯʠʝ 

ʤʘʨʪʝʥʩʠʪʥʦʛʦ ʧʝʨʝʭʦʜʘ, ʧʨʠʚʦʜʠʪ ʢ ʧʦʷʚʣʝʥʠʶ ʮʝʣʦʛʦ ʨʷʜʘ ʵʬʬʝʢʪʦʚ: ʧʦʣʫʤʝʪʘʣʣʠʯʝʩʢʠʡ 

ʬʝʨʨʦʤʘʛʥʝʪʠʢ (Co2FeSi, NiMnSb ʠ ʪ.ʜ.), ʤʘʛʥʠʪʦʦʧʪʠʯʝʩʢʠʡ ʵʬʬʝʢʪ (MnPtSb ʠ ʪ.ʜ.), 

ʩʚʝʨʭʧʨʦʚʦʜʠʤʦʩʪʴ (YbPd2Sn, Ni2ZrSn, ʠ ʪ.ʜ.), ʵʬʬʝʢʪ ʧʘʤʷʪʠ ʬʦʨʤʳ (Ni2MnGa, Mn2NiGa ʠ ʪ. 

ʜ.), ʪʦʧʦʣʦʛʠʯʝʩʢʠʝ ʠʟʦʣʷʪʦʨʳ (REPtBi, RE = ʨʝʜʢʦʟʝʤʝʣʴʥʳʝ ʵʣʝʤʝʥʪʳ ʠ ʪ. ʜ.), 

ʤʘʛʥʠʪʦʢʘʣʦʨʠʯʝʩʢʠʝ ʠ ʤʘʛʥʠʪʦʩʪʨʫʢʪʫʨʥʳʝ ʩʚʦʡʩʪʚʘ (NiMnIn, NiMnSb ʠ ʪ. ʜ.) [48-53]. ɺʩʝ ʵʪʠ 

ʩʚʦʡʩʪʚʘ ʫʢʘʟʳʚʘʶʪ ʥʘ ʪʦ, ʯʪʦ ʩʧʣʘʚʳ ɻʝʡʩʣʝʨʘ ʷʚʣʷʶʪʩʷ ʧʦʪʝʥʮʠʘʣʴʥʳʤʠ ʢʘʥʜʠʜʘʪʘʤʠ ʜʣʷ 

ʧʨʠʤʝʥʝʥʠʷ ʚ ʩʧʠʥʪʨʦʥʠʢʝ, ʩʦʣʥʝʯʥʳʭ ʵʣʝʤʝʥʪʘʭ, ʬʦʪʦʵʤʠʩʩʠʠ ʚʳʩʦʢʠʭ ʵʥʝʨʛʠʡ, 
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ʩʚʝʨʭʧʨʦʚʦʜʠʤʦʩʪʠ, ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷʭ ʠ ʘʣʴʪʝʨʥʘʪʠʚʥʦʡ ʵʥʝʨʛʝʪʠʢʝ [54]. 

ʆʜʥʘʢʦ, ʙʦʣʴʰʠʥʩʪʚʦ ʜʘʥʥʳʭ ʵʬʬʝʢʪʦʚ ʪʨʝʙʫʶʪ ʙʦʣʝʝ ʜʝʪʘʣʴʥʦʛʦ ʠʟʫʯʝʥʠʷ. ɺ ʯʘʩʪʥʦʩʪʠ, 

ʩʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʦʪʢʨʳʪʳʭ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʚʦʧʨʦʩʦʚ ʚ ʦʙʣʘʩʪʠ ʤʘʛʥʠʪʦʩʪʨʫʢʪʫʨʥʦʛʦ 

ʧʝʨʝʭʦʜʘ ʠ ʩʦʧʫʪʩʪʚʫʶʱʝʛʦ ʤʘʛʥʠʪʦʢʘʣʦʨʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ ʚ ʩʧʣʘʚʘʭ ɻʝʡʩʣʝʨʘ.  

 

 

ʈʠʩʫʥʦʢ 1.3 ï ʇʝʨʠʦʜʠʯʝʩʢʘʷ ʪʘʙʣʠʮʘ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ. ʆʛʨʦʤʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʧʣʘʚʦʚ 

ɻʝʡʩʣʝʨʘ ʤʦʞʝʪ ʙʳʪʴ ʩʬʦʨʤʠʨʦʚʘʥʦ ʢʦʤʙʠʥʘʮʠʝʡ ʨʘʟʣʠʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʮʚʝʪʦʚʦʡ ʩʭʝʤʦʡ [42, 54] 

 

1.2.1 ʄʘʛʥʠʪʦʩʪʨʫʢʪʫʨʥʳʡ ʧʝʨʝʭʦʜ, ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʠ ʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ 

ʩʧʣʘʚʦʚ ɻʝʡʩʣʝʨʘ ʩʝʤʝʡʩʪʚ Ni-Mn-Z (Z = Ga, In , Sn)  

 

ɺʧʝʨʚʳʝ ʪʝʨʤʦʫʧʨʫʛʦʝ ʤʘʨʪʝʥʩʠʪʥʦʝ ʧʨʝʚʨʘʱʝʥʠʝ ʚ ʩʧʣʘʚʘʭ ɻʝʡʩʣʝʨʘ ʙʳʣʦ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ ʚ 1984 ʛʦʜʫ ʚ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʦʤ ʦʙʨʘʟʮʝ Ni2MnGa ʫʯʝʥʳʤʠ Webster ʠ ʜʨ. 

[2]. ʈʘʥʝʝ, ʚ 1960 ʛʦʜʫ ʚ ʩʧʣʘʚʝ Ni2MnGa ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʬʝʨʨʦʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ [55], ʠ 

ʚʩrʦʢʦʫʧʦʨʷʜʦʯʝʥʥʘʷ ʩʪʨʫʢʪʫʨʘ L21 ʧʦʜʪʚʝʨʞʜʝʥʘ ʥʝʡʪʨʦʥʦʛʨʘʬʠʯʝʩʢʠʤʠ ʠʟʤʝʨʝʥʠʷʤʠ [2, 56]. 

ʉ ʪʝʭ ʧʦʨ ʢʦʣʠʯʝʩʪʚʦ ʨʘʙʦʪ ʧʦ ʠʟʫʯʝʥʠʶ ʤʘʨʪʝʥʩʠʪʥʦʛʦ ʧʨʝʚʨʘʱʝʥʠʷ ʚ ʩʧʣʘʚʘʭ ɻʝʡʩʣʝʨʘ 

ʨʘʩʪʝʪ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦ.  

ɺ ʩʦʚʨʝʤʝʥʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʧʦʜ ʪʝʨʤʦʫʧʨʫʛʠʤ ʤʘʨʪʝʥʩʠʪʥʳʤ ʧʝʨʝʭʦʜʦʤ ʚ ʩʧʣʘʚʘʭ 

ɻʝʡʩʣʝʨʘ ʧʦʥʠʤʘʝʪʩʷ ʤʘʛʥʠʪʦʩʪʨʫʢʪʫʨʥʳʡ ʌʇ 1-ʛʦ ʨʦʜʘ ʠʟ ʚʳʩʦʢʦʩʠʤʤʝʪʨʠʯʥʦʡ (ʯʘʩʪʦ 

ʢʫʙʠʯʝʩʢʦʡ) ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʬʘʟʳ ʚ ʥʠʟʢʦʩʠʤʤʝʪʨʠʯʥʫʶ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʫʶ 

(ʥʘʧʨʠʤʝʨ, ʪʝʪʨʘʛʦʥʘʣʴʥʫʶ), ʧʨʠ ʵʪʦʤ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʫʶ ʬʘʟʫ ʧʨʠʥʷʪʦ ʥʘʟʳʚʘʪʴ 

çʘʫʩʪʝʥʠʪʥʘʷ ʬʘʟʘè ʠ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʫʶ - çʤʘʨʪʝʥʩʠʪʥʘʷ ʬʘʟʘè [26]. ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ 

ʠʟʚʝʩʪʥʦ, ʯʪʦ ʤʘʨʪʝʥʩʠʪʥʳʤ ʧʝʨʝʭʦʜʦʤ ʦʙʣʘʜʘʶʪ ʩʧʣʘʚʳ ɻʝʡʩʣʝʨʘ ʩʦ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʤ 
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ʩʦʩʪʘʚʦʤ Ni2MnGa [2], ʥʝʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʤ ʩʦʩʪʘʚʘʤʠ ʩʝʤʝʡʩʪʚ Ni-Mn-Z (Z = Ga, In, Sn, Sb) 

[3, 19, 45, 56]. ʀ ʪʘʢʞʝ ʜʦʢʘʟʘʥʦ, ʯʪʦ ʜʦʙʘʚʣʝʥʠʝ ʯʝʪʚʝʨʪʦʛʦ ʣʝʛʠʨʫʶʱʝʛʦ ʵʣʝʤʝʥʪʘ ʧʦʟʚʦʣʷʝʪ 

ʚʣʠʷʪʴ ʥʘ ʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʠ ʩʦʭʨʘʥʷʪʴ ʥʘʣʠʯʠʝ ʤʘʛʥʠʪʦʩʪʨʫʢʪʫʨʥʦʛʦ ʧʝʨʝʭʦʜʘ, ʥʘʧʨʠʤʝʨ, 

ʩʧʣʘʚʳ ʩʝʤʝʡʩʪʚʘ Ni-Mn-In-Co [19]. 

 

 

ʈʠʩʫʥʦʢ 1.4 ï ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʩʧʣʘʚʦʚ ɻʝʡʩʣʝʨʘ X2YZ (ʪʠʧ ʩʪʨʫʢʪʫʨʳ L21) [57] 

ʉʧʣʘʚʳ ɻʝʡʩʣʝʨʘ, ʦʙʣʘʜʘʶʱʠʝ ʤʘʨʪʝʥʩʠʪʥʳʤ ʌʇ, ʚ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʘʫʩʪʝʥʠʪʥʦʡ 

ʬʘʟʝ ʠʤʝʶʪ ʢʫʙʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ ʪʠʧʘ L21 (ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʛʨʫʧʧʘ Ὂάσά) [54, 56-58] (ʨʠʩ. 

1.4). ɼʘʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʯʝʪʳʨʝ ʚʟʘʠʤʦʧʨʦʥʠʢʘʶʱʠʝ ɻʎʂ ʧʦʜʨʝʰʝʪʢʠ, ʛʜʝ 

ʘʪʦʤʳ X ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʚ ʧʦʟʠʮʠʷʭ 8c, Y ï 4b, Z ï 4a [54, 59-62]. ɺ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ 

ʤʘʨʪʝʥʩʠʪʥʦʡ ʬʘʟʝ ʩʪʨʫʢʪʫʨʘ ʩʧʣʘʚʦʚ ɻʝʡʩʣʝʨʘ ʟʘʚʠʩʠʪ ʦʪ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʠ ʪʝʭʥʦʣʦʛʠʠ 

ʧʦʣʫʯʝʥʠʷ [57, 63, 64].  

ʉʧʣʘʚʳ ɻʝʡʩʣʝʨʘ ʦʙʣʘʜʘʶʪ ʠʥʪʝʨʝʩʥʳʤʠ ʤʘʛʥʠʪʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. ɺ ʦʜʥʦʤ ʠ ʪʦʤ ʞʝ 

ʩʝʤʝʡʩʪʚʝ ʩʧʣʘʚʦʚ ʤʦʞʥʦ ʠʩʩʣʝʜʦʚʘʪʴ ʨʷʜ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʤʘʛʥʠʪʥʳʭ ʷʚʣʝʥʠʡ [3,19]. ʀʟ ʨʘʙʦʪ 

[55-56] ʠʟʚʝʩʪʥʦ, ʯʪʦ ʚ ʩʧʣʘʚʘʭ ɻʝʡʩʣʝʨʘ ʩʝʤʝʡʩʪʚʘ Ni-Mn-X ʦʩʥʦʚʥʦʡ ʚʢʣʘʜ ʚ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ 

ʦʧʨʝʜʝʣʷʶʪ ʘʪʦʤʳ Mn, ʧʨʠ ʵʪʦʤ ʘʪʦʤʳ Ni ʦʙʣʘʜʘʶʪ ʤʝʥʴʰʠʤ ʤʘʛʥʠʪʥʳʤ ʤʦʤʝʥʪʦʤ [55-56]. ɺ 

ʩʧʣʘʚʘʭ ɻʝʡʩʣʝʨʘ ʩʝʤʝʡʩʪʚʘ Ni-Mn-Ga ʥʘ ʦʩʥʦʚʝ ʟʦʥʥʦʡ ʪʝʦʨʠʠ ʨʘʩʩʯʠʪʘʥʦ, ʯʪʦ 3d-ʩʦʩʪʦʷʥʠʷ 

Mn ʩʦ ʩʧʠʥʦʤ ʚʚʝʨʭ ʷʚʣʷʶʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʩʪʴʶ ʟʘʧʦʣʥʝʥʥʳʤʠ, ʘ ʩʦ ʩʧʠʥʘʤʠ ʚʥʠʟ ʧʦʯʪʠ 

ʥʝʟʘʧʦʣʥʝʥʥʳʤʠ. 3d-ʚʦʣʥʦʚʳʝ ʬʫʥʢʮʠʠ ʘʪʦʤʦʚ Mn ʧʝʨʝʢʨʳʚʘʶʪʩʷ ʩ 3d ʚʦʣʥʦʚʳʤʠ ʬʫʥʢʮʠʷʤʠ 

ʘʪʦʤʦʚ ʵʣʝʤʝʥʪʘ X. ɺ ʩʧʣʘʚʝ ɻʝʡʩʣʝʨʘ Ni2MnGa ʤʘʛʥʠʪʥʳʡ ʤʦʤʝʥʪ ʚ ʦʩʥʦʚʥʦʤ ʣʦʢʘʣʠʟʦʚʘʥ ʥʘ 

ʘʪʦʤʘʭ Mn (ÕMn å 4.17Õɹ), ʘ ʥʘ ʤʘʛʥʠʪʥʳʡ ʤʦʤʝʥʪ Ni ʧʨʠʭʦʜʠʪʩʷ ÕNi Ò 0.3Õɹ [2]. ɺ 

ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʦʤ ʩʦʩʪʘʚʝ ʩʧʣʘʚʘ Ni2MnIn ʩ ʢʫʙʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʦʡ ʪʠʧʘ L21 ʠʟʚʝʩʪʥʦ, ʯʪʦ 

ʤʘʛʥʠʪʥʳʡ ʤʦʤʝʥʪ ʘʪʦʤʘ Ni ʨʘʚʝʥ ÕNi å 0.28Õɹ,  ʘʪʦʤʘ Mn ï  ÕMn å 3.72Õɹ, ʘʪʦʤʘ In ï ÕIn å 0.07Õɹ 

[67].  

ʀʩʩʣʝʜʦʚʘʥʠʷ ʦʙʤʝʥʥʦʛʦ ʠʥʪʝʛʨʘʣʘ ʚ ʩʠʩʪʝʤʘʭ Ni-Mn-Z (Z = Ga, In, Sn) ʧʦʢʘʟʘʣʠ, ʯʪʦ 

ʦʙʤʝʥ ʤʝʞʜʫ ʤʘʛʥʠʪʥʳʤʠ ʤʦʤʝʥʪʘʤʠ ʚ ʩʧʣʘʚʘʭ ɻʝʡʩʣʝʨʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ 
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ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʈʫʜʝʨʤʘʥʘ-ʂʠʪʪʝʣʷ-ʂʘʩʫʷ-ʀʦʩʠʜʳ (ʈʂʂʀ) [68]. ɺʳʷʚʣʝʥʦ, ʯʪʦ ʦʙʤʝʥʥʳʡ 

ʠʥʪʝʛʨʘʣ ʠʤʝʝʪ ʦʩʮʠʣʣʠʨʫʶʱʠʡ ʭʘʨʘʢʪʝʨ ʧʦʚʝʜʝʥʠʷ ʠ ʦʙʣʘʜʘʝʪ ʜʘʣʴʥʦʜʝʡʩʪʚʠʝʤ. ɿʘʚʠʩʠʤʦʩʪʠ 

ʦʙʤʝʥʥʦʛʦ ʠʥʪʝʛʨʘʣʘ ʦʪ ʚʳʙʨʘʥʥʦʛʦ ʵʣʝʤʝʥʪʘ Z, ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʥʘʣʠʯʠʝ ʩʚʷʟʠ ʤʝʞʜʫ 

ʢʦʣʠʯʝʩʪʚʦʤ ʩʚʦʙʦʜʥʳʭ ʵʣʝʢʪʨʦʥʦʚ ʠ ʦʙʤʝʥʥʳʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ. ʅʘʣʠʯʠʝ ʪʘʢʦʛʦ ʚʠʜʘ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʙʤʝʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʦʪ ʵʣʝʢʪʨʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʜʘʸʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʤʘʛʥʠʪʥʳʡ ʧʦʨʷʜʦʢ ʠ ʤʘʛʥʠʪʥʫʶ ʩʪʨʫʢʪʫʨʫ ʩʧʣʘʚʘ ʧʫʪʸʤ ʠʟʤʝʥʝʥʠʷ 

ʩʪʝʭʠʦʤʝʪʨʠʠ, ʣʠʙʦ ʧʫʪʸʤ ʟʘʤʝʱʝʥʠʷ Ni, Mn ʠʣʠ Z-ʢʦʤʧʦʥʝʥʪʳ ʚ ʩʧʣʘʚʘʭ ʥʘ ʦʩʥʦʚʝ Ni-Mn-Z 

[69-70]. 

ʉʧʣʘʚʳ ɻʝʡʩʣʝʨʘ, ʦʙʣʘʜʘʶʱʠʝ ʤʘʛʥʠʪʦʩʪʨʫʢʪʫʨʥʳʤ ʌʇ, ʦʪʣʠʯʘʶʪʩʷ ʨʘʟʥʦʦʙʨʘʟʠʝʤ 

ʚʦʟʤʦʞʥʳʭ ʩʪʨʫʢʪʫʨʥʳʭ ʠ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ. ʈʘʩʩʤʦʪʨʠʤ ʧʦʜʨʦʙʥʝʝ ʩʝʤʝʡʩʪʚʘ ʩʧʣʘʚʦʚ 

ɻʝʡʩʣʝʨʘ, ʪʘʢʠʝ ʢʘʢ, Ni-Mn-Ga, Ni-Mn-In, Ni-Mn-Sn ʠ Ni-Mn-In-Co. 

 

1.2.1.1 ʉʧʣʘʚʳ ɻʝʡʩʣʝʨʘ ʩʝʤʝʡʩʪʚʘ Ni-Mn-Ga 

ʉʪʨʫʢʪʫʨʘ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʧʣʘʚʘ Ni2MnGa ʚ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʘʫʩʪʝʥʠʪʥʦʡ 

ʬʘʟʝ ʷʚʣʷʝʪʩʷ ʢʫʙʠʯʝʩʢʦʡ ʪʠʧʘ L21 (ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʛʨʫʧʧʘ Ὂάσά) ʩ ʧʘʨʘʤʝʪʨʦʤ ʨʝʰʝʪʢʠ a = 

0.5825 ʥʤ. ʇʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʘʫʩʪʝʥʠʪʥʦʡ ʬʘʟʝ ʩʧʣʘʚ Ni2MnGa ʷʚʣʷʝʪʩʷ 

ʬʝʨʨʦʤʘʛʥʠʪʥʳʤ, ʘ ʪʝʤʧʝʨʘʪʫʨʘ ʂʶʨʠ ʨʘʚʥʘ ʊʩ=376 K [71]. ʇʨʠ ʦʭʣʘʞʜʝʥʠʠ ʩʧʣʘʚʘ, 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʘʷ ʢʫʙʠʯʝʩʢʘʷ ʬʘʟʘ ʧʝʨʝʭʦʜʠʪ ʚ ʢʚʘʟʠ-ʢʫʙʠʯʝʩʢʫʶ ʤʦʜʫʣʠʨʦʚʘʥʥʫʶ ʬʘʟʫ 

(TPå265 K, ʧʨʝʜʤʘʨʪʝʥʩʠʪʥʘʷ ʬʘʟʘ) ʩ ʧʝʨʠʦʜʦʤ ʤʦʜʫʣʷʮʠʠ 3M, ʨʘʚʥʳʤ ʪʨʝʤ ʘʪʦʤʥʳʤ 

ʧʣʦʩʢʦʩʪʷʤ. ʇʨʠ ʜʘʣʴʥʝʡʰʝʤ ʦʭʣʘʞʜʝʥʠʠ ʩʧʣʘʚʘ ʧʨʦʠʩʭʦʜʠʪ ʩʪʨʫʢʪʫʨʥʳʡ ʧʝʨʝʭʦʜ ʠʟ ʢʚʘʟʠ-

ʢʫʙʠʯʝʩʢʦʡ ʬʘʟʳ 3ʄ ʚ ʪʝʪʨʘʛʦʥʘʣʴʥʫʶ ʬʝʨʨʦʤʘʛʥʠʪʥʫʶ ʤʘʨʪʝʥʩʠʪʥʫʶ ʬʘʟʫ ʩ ʧʝʨʠʦʜʦʤ 

ʤʦʜʫʣʷʮʠʠ 5ʄ, ʨʘʚʥʳʤ ʧʷʪʴ ʘʪʦʤʥʳʤ ʧʣʦʩʢʦʩʪʷʤ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʤʘʨʪʝʥʩʠʪʥʦʛʦ 

ʧʨʝʚʨʘʱʝʥʠʷ ʦʢʦʣʦ 200 ʂ (c/aå0.94) [2]. ɼʘʣʴʥʝʡʰʝʝ ʫʚʝʣʠʯʝʥʠʝ ʜʘʚʣʝʥʠʷ ʚʜʦʣʴ ʦʩʠ [001] 

ʧʨʠʚʦʜʠʪ ʢ ʧʝʨʝʭʦʜʫ ʪʝʪʨʘʛʦʥʘʣʴʥʦʡ ʬʘʟʳ 5M ʚ ʦʨʪʦʨʦʤʙʠʯʝʩʢʫʶ ʬʘʟʫ 7M (ʨʠʩ.1.5) [72].  

ɺ ʩʧʣʘʚʘʭ ɻʝʡʩʣʝʨʘ ʩʝʤʝʡʩʪʚʘ Ni-Mn-Ga ʭʘʨʘʢʪʝʨʥʳʝ ʪʝʤʧʝʨʘʪʫʨʳ ʤʘʨʪʝʥʩʠʪʥʦʛʦ 

ʧʝʨʝʭʦʜʘ ʊʄ ʠ ʪʦʯʢʠ ʂʶʨʠ ʊʉ ʚʘʨʴʠʨʫʶʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ. ɺ 

ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʥʝʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʭ ʬʝʨʨʦʤʘʛʥʠʪʥʳʭ ʩʧʣʘʚʦʚ Ni2+xMn1-xGa. ʇʦʜʪʚʝʨʞʜʝʥʦ, ʯʪʦ ʤʘʛʥʠʪʥʳʝ ʠ 

ʩʪʨʫʢʪʫʨʥʳʝ ʧʝʨʝʭʦʜʳ ʧʨʦʠʩʭʦʜʷʪ ʥʝ ʪʦʣʴʢʦ ʚ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʦʤ ʩʧʣʘʚʝ, ʥʦ ʪʘʢʞʝ ʠ ʚ ʩʧʣʘʚʘʭ 

ʩʦ ʟʥʘʯʠʪʝʣʴʥʳʤʠ ʦʪʢʣʦʥʝʥʠʷʤʠ ʦʪ ʩʪʝʭʠʦʤʝʪʨʠʠ [3, 73-76]. ʌʘʟʦʚʘʷ ʜʠʘʛʨʘʤʤʘ ʚ ʢʦʦʨʜʠʥʘʪʘʭ 

T(x), ʊ(ʝ/ʘ) (ʛʜʝ, x ï ʢʦʥʮʝʥʪʨʘʮʠʷ ʘʪʦʤʦʚ Ni, ʝ/ʘ ï ʢʦʥʮʝʥʪʨʘʮʠʷ ʚʘʣʝʥʪʥʳʭ ʵʣʝʢʪʨʦʥʦʚ) 

ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 1.6 [72]. 

https://ru.wikipedia.org/w/index.php?title=%D0%9C%D0%B5%D0%BB%D0%B2%D0%B8%D0%BD_%D0%90._%D0%A0%D1%83%D0%B4%D0%B5%D1%80%D0%BC%D0%B0%D0%BD&action=edit&redlink=1
https://ru.wikipedia.org/w/index.php?title=%D0%9A%D0%B8%D1%82%D1%82%D0%B5%D0%BB%D1%8C,_%D0%A7%D0%B0%D1%80%D0%BB%D1%8C%D0%B7&action=edit&redlink=1
https://ru.wikipedia.org/w/index.php?title=%D0%A2%D0%B0%D0%B4%D0%B0%D0%BE_%D0%9A%D0%B0%D1%81%D1%83%D1%8F&action=edit&redlink=1
https://ru.wikipedia.org/w/index.php?title=%D0%9A%D0%B5%D0%B9_%D0%98%D0%BE%D1%81%D0%B8%D0%B4%D0%B0&action=edit&redlink=1
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ʈʠʩʫʥʦʢ 1.5 ï ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʩʧʣʘʚʘ Ni2MnGa: (ʘ) ï ʩʪʨʫʢʪʫʨʥʳʡ ʧʝʨʝʭʦʜ ʠʟ ʬʘʟʳ ʩ 

ʢʫʙʠʯʝʩʢʦʡ ʨʝʰʝʪʢʦʡ ʪʠʧʘ L21 ʚ ʬʘʟʫ ʩ ʪʝʪʨʘʛʦʥʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʪʠʧʘ L10; (ʙ), (ʚ) ï 

ʠʩʢʘʞʝʥʠʷ ʨʝʰʝʪʢʠ ʚ ʬʘʟʘʭ 5M ʠ 7M, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʩʭʝʤʘʪʠʯʝʩʢʠ) [72] 

 

ʀʟ ʧʨʠʚʝʜʸʥʥʦʡ ʬʘʟʦʚʦʡ ʜʠʘʛʨʘʤʤʳ ʚʠʜʥʦ, ʯʪʦ ʨʘʟʣʠʯʥʳʝ ʢʦʤʙʠʥʘʮʠʠ ʩʪʨʫʢʪʫʨʥʳʭ ʠ 

ʤʘʛʥʠʪʥʳʭ ʧʝʨʝʭʦʜʦʚ ʩʧʣʘʚʘʭ ʩʝʤʝʡʩʪʚʘ Ni2+xMn1-xGa ʤʦʞʥʦ ʫʩʣʦʚʥʦ ʨʘʟʙʠʪʴ ʥʘ ʪʨʠ ʛʨʫʧʧʳ. 

ʇʝʨʚʘʷ ʛʨʫʧʧʘ ʩʧʣʘʚʦʚ (x < 0.17, ʊʄ < ʊʉ) ï ʪʝʤʧʝʨʘʪʫʨʘ ʤʘʨʪʝʥʩʠʪʥʦʛʦ ʧʝʨʝʭʦʜʘ ʥʠʞʝ 

ʪʝʤʧʝʨʘʪʫʨʳ ʂʶʨʠ, ʧʨʠ ʵʪʦʤ ʩʪʨʫʢʪʫʨʥʦʝ ʧʨʝʚʨʘʱʝʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʚ ʬʝʨʨʦʤʘʛʥʠʪʥʦʤ 

ʩʦʩʪʦʷʥʠʠ. ɺʦ ʚʪʦʨʦʡ ʛʨʫʧʧʝ (0.17 < x < 0.26, ʊʄ º ʊʉ) ʠʤʝʝʪ ʤʝʩʪʦ ʩʣʠʷʥʠʝ ʧʝʨʝʭʦʜʦʚ ʚ ʝʜʠʥʳʡ 

ʤʘʛʥʠʪʦʩʪʨʫʢʪʫʨʥʳʡ ʌʇ 1-ʛʦ ʨʦʜʘ ʠʟ ʧʘʨʘʤʘʛʥʠʪʥʦʛʦ ʘʫʩʪʝʥʠʪʘ ʚ ʬʝʨʨʠʤʘʛʥʠʪʥʳʡ ʤʘʨʪʝʥʩʠʪ 

(ʤʘʛʥʠʪʦʩʪʨʫʢʪʫʨʥʳʡ ʌʇ). ʀ ʚ ʪʨʝʪʴʝʡ ʛʨʫʧʧʝ (x > 0.26, ʊʄ > ʊʉ) ï ʤʘʨʪʝʥʩʠʪʥʳʡ ʧʝʨʝʭʦʜ  

ʧʨʦʠʩʭʦʜʠʪ ʚ ʧʘʨʘʤʘʛʥʠʪʥʦʤ ʩʦʩʪʦʷʥʠʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʰʝ ʪʝʤʧʝʨʘʪʫʨʳ 

ʬʝʨʨʦʤʘʛʥʠʪʥʦʛʦ ʫʧʦʨʷʜʦʯʝʥʠʷ [3, 76]. ɺ ʯʘʩʪʥʦʩʪʠ, ʚ ʩʧʣʘʚʝ ɻʝʡʩʣʝʨʘ Ni2.16Mn0.84Ga 

ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ: ʤʘʛʥʠʪʥʦʛʦ 

ʧʝʨʝʭʦʜʘ 2-ʛʦ ʨʦʜʘ ʧʘʨʘʤʘʛʥʝʪʠʢ-ʬʝʨʨʦʤʘʛʥʝʪʠʢ ʠ ʪʝʨʤʦʫʧʨʫʛʦʛʦ ʤʘʨʪʝʥʩʠʪʥʦʛʦ ʩʪʨʫʢʪʫʨʥʦʛʦ 

ʌʇ 1-ʛʦ ʨʦʜʘ ʠʟ ʢʫʙʠʯʝʩʢʦʡ ʬʘʟʳ (ʘʫʩʪʝʥʠʪʘ) ʚ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʫʶ ʥʠʟʢʦʩʠʤʤʝʪʨʠʯʥʫʶ ʬʘʟʫ 

(ʤʘʨʪʝʥʩʠʪ) [3,76-79] (ʨʠʩ. 1.7 ʘ, ʙ). ʇʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ ʩʧʣʘʚ ʥʝʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ 

Ni2.19Mn0.81Ga ʠʤʝʝʪ ʩʣʠʚʰʠʡʩʷ ʤʘʛʥʠʪʦʩʪʨʫʢʪʫʨʥʳʡ ʧʝʨʝʭʦʜ (ʧʘʨʘʤʘʛʥʠʪʥʳʡ ʘʫʩʪʝʥʠʪ ʚ 

ʬʝʨʨʠʤʘʛʥʠʪʥʳʡ ʤʘʨʪʝʥʩʠʪ) ʩ ʌʇ 2-ʛʦ ʨʦʜʘ (ʪʦʯʢʘ ʂʶʨʠ) [3, 4, 76, 79] (ʩʤ. ʨʠʩ. 1.7 ʘ-ʚ). 

ɺʣʠʷʥʠʝ ʦʪʢʣʦʥʝʥʠʡ ʦʪ ʩʪʝʭʠʦʤʝʪʨʠʠ ʥʘ ʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʚ ʩʧʣʘʚʘʭ ɻʝʡʩʣʝʨʘ 

ʩʝʤʝʡʩʪʚʘ Ni2+xMn1-xGa ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʚ ʨʘʙʦʪʘʭ [3, 74, 80]. ɺʳʷʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʟʘʤʝʥʝ 

ʘʪʦʤʦʚ Mn ʘʪʦʤʘʤʠ Ni ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ ʠ ʪʝʤʧʝʨʘʪʫʨʘ ʂʶʨʠ ʊʉ ʫʤʝʥʴʰʘʶʪʩʷ ʟʘ ʩʯʝʪ 

ʫʤʝʥʴʰʝʥʠʷ ʯʠʩʣʘ ʘʪʦʤʦʚ ʥʦʩʠʪʝʣʝʡ ʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ (ʨʠʩ. 1.8). ʅʦ ʚ ʪʦ ʞʝ ʚʨʝʤʷ, 

ʪʝʤʧʝʨʘʪʫʨʘ ʩʪʨʫʢʪʫʨʥʦʛʦ ʌʇ ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʪ.ʢ. ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʯʠʩʣʦ ʵʣʝʢʪʨʦʥʦʚ 

ʧʨʦʚʦʜʠʤʦʩʪʠ. ɸʪʦʤʳ Ni ʥʘ d-ʦʙʦʣʦʯʢʝ ʠʤʝʶʪ ʥʘ 3 ʵʣʝʢʪʨʦʥʘ ʙʦʣʴʰʝ, ʯʝʤ ʘʪʦʤʳ Mn. ʇʨʠ 

ʟʘʤʝʱʝʥʠʠ ʘʪʦʤʦʚ Mn ʘʪʦʤʘʤʠ Ni ʧʨʦʠʩʭʦʜʠʪ ʫʚʝʣʠʯʝʥʠʝ ʧʣʦʱʘʜʠ ʧʦʚʝʨʭʥʦʩʪʠ ʌʝʨʤʠ, ʯʪʦ 
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ʚʝʜʝʪ ʢ ʨʦʩʪʫ ʪʝʤʧʝʨʘʪʫʨʳ ʤʘʨʪʝʥʩʠʪʥʦʛʦ ʧʝʨʝʭʦʜʘ. ʇʨʠ ʵʪʦʤ ʥʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʩʪʨʫʢʪʫʨʥʳʡ ʧʝʨʝʭʦʜ ʠʩʯʝʟʥʝʪ, ʝʩʣʠ ʘʪʦʤʳ Mn ʟʘʤʝʥʠʪʴ ʘʪʦʤʘʤʠ ʜʨʫʛʠʭ ʵʣʝʤʝʥʪʦʚ.  

 

 

ʈʠʩʫʥʦʢ 1.6 ï ʌʘʟʦʚʘʷ ʜʠʘʛʨʘʤʤʘ ʩʧʣʘʚʦʚ ʩʝʤʝʡʩʪʚʘ Ni2+xMn1ïxGa, ʚ ʢʦʦʨʜʠʥʘʪʘʭ ʊ 

(ʪʝʤʧʝʨʘʪʫʨʘ), ʭ (ʢʦʥʮʝʥʪʨʘʮʠʷ ʘʪʦʤʦʚ Ni), e/a (ʯʠʩʣʦ ʚʘʣʝʥʪʥʳʭ ʵʣʝʢʪʨʦʥʦʚ ʥʘ ʘʪʦʤ), ʧʨʠ ʵʪʦʤ 

ʊʄ  ï ʪʝʤʧʝʨʘʪʫʨʘ ʩʪʨʫʢʪʫʨʥʦʛʦ ʧʝʨʝʭʦʜʘ, TC ï ʪʝʤʧʝʨʘʪʫʨʘ ʤʘʛʥʠʪʥʦʛʦ ʧʝʨʝʭʦʜʘ, TP ï 

ʪʝʤʧʝʨʘʪʫʨʘ ʧʨʝʜʤʘʨʪʝʥʩʠʪʥʦʛʦ ʧʝʨʝʭʦʜʘ, PM ï ʧʘʨʘʤʘʛʥʠʪʥʦʝ ʩʦʩʪʦʷʥʠʝ, FM ï 

ʬʝʨʨʦʤʘʛʥʠʪʥʦʝ ʩʦʩʪʦʷʥʠʝ [3, 76] 

 

1.2.1.2 ʉʧʣʘʚʳ ɻʝʡʩʣʝʨʘ ʩʝʤʝʡʩʪʚʘ Ni-Mn-Z (Z=In, Sn) 

ʇʦʜʦʙʥʦ Ni2MnGa, ʩʧʣʘʚʳ ʩʝʤʝʡʩʪʚʘ Ni2MnZ, ʛʜʝ (Z = In, Sn) ʪʘʢʞʝ ʚ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʬʘʟʝ ʢʨʠʩʪʘʣʣʠʟʫʶʪʩʷ ʚ ʫʧʦʨʷʜʦʯʝʥʥʫʶ ʩʪʨʫʢʪʫʨʫ L21 ʠ ʧʨʠ ʵʪʦʤ 

ʥʘʙʣʶʜʘʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ, ʦʩʦʙʝʥʥʦ ʜʣʷ ʥʝʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʭ 

ʢʦʤʧʦʟʠʮʠʡ [81-86]. ɺ ʥʝʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʭ ʢʦʤʧʦʟʠʮʠʷʭ ʧʨʠ ʧʦʥʠʞʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨ,r ʩʧʣʘʚʳ 

ʠʩʧʳʪʳʚʘʶʪ ʤʘʨʪʝʥʩʠʪʥʳʡ ʧʝʨʝʭʦʜ, ʠ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʘʷ ʬʘʟʘ ʧʦʢʘʟʳʚʘʝʪ ʨʘʟʥʦʦʙʨʘʟʠʝ 

ʩʪʨʫʢʪʫʨ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʩʪʘʚʘ ʠ ʧʨʦʮʝʩʩʘ ʧʦʣʫʯʝʥʠʷ, ʪʘʢʠʝ ʢʘʢ ʪʝʪʨʘʛʦʥʘʣʴʥʘʷ ʩʪʨʫʢʪʫʨʘ 

L10 ʠ 5M/7M ʤʦʜʫʣʠʨʦʚʘʥʥʳʭ ʩʪʨʫʢʪʫʨ (ʨʠʩ. 1.9). ʋʤʝʥʴʰʝʥʠʝ ʩʪʨʫʢʪʫʨʥʦʡ ʩʠʤʤʝʪʨʠʠ 

ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʝʪ ʥʘ ʤʘʛʥʠʪʥʦʝ ʧʦʚʝʜʝʥʠʝ ʤʘʪʝʨʠʘʣʘ, ʠ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʘʨʪʝʥʩʠʪʥʦʝ 

ʩʦʩʪʦʷʥʠʝ, ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ, ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ, ʩʠʣʴʥʦ ʦʪʣʠʯʘʶʱʠʝʩʷ 

ʦʪ ʘʫʩʪʝʥʠʪʥʦʡ ʬʘʟʳ.  
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ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʩʧʣʘʚʳ Ni2Mn1+ʭZ1-x (Z = In, Sn) 

ʙʣʠʟʢʠʝ ʢ ʩʪʝʭʠʦʤʝʪʨʠʠ (x<0.3) ʠʤʝʶʪ ʢʫʙʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ ʪʠʧʘ L21 [72]. ʉʧʣʘʚʳ ʩʝʤʝʡʩʪʚʘ 

Ni0.5Mn0.5-xInx ʠʩʧʳʪʳʚʘʶʪ ʤʘʨʪʝʥʩʠʪʥʦʝ ʧʨʝʚʨʘʱʝʥʠʝ ʚ ʜʠʘʧʘʟʦʥʝ 0.05ÒʭÒ0.16, ʚ ʪʦ ʚʨʝʤʷ, ʢʘʢ 

ʚ ʜʠʘʧʘʟʦʥʝ 0.16 Ò x Ò 0.25, ʩʧʣʘʚʳ ʥʘʭʦʜʷʪʩʷ ʚ ʢʫʙʠʯʝʩʢʦʡ ʬʘʟʝ. ʇʨʠ x = 0.16 ʠʤʝʝʪ ʤʝʩʪʦ 

ʤʘʛʥʠʪʦʠʥʜʫʮʠʨʦʚʘʥʥʦʝ ʩʪʨʫʢʪʫʨʥʦʝ ʧʨʝʚʨʘʱʝʥʠʝ ʠ ʪʝʤʧʝʨʘʪʫʨʘ ʤʘʨʪʝʥʩʠʪʥʦʛʦ ʧʝʨʝʭʦʜʘ 

ʩʜʚʠʛʘʝʪʩʷ ʥʘ 42 ʂ ʚ ʧʦʣʝ 5 ʊʣ [47]. ɺ ʩʧʣʘʚʘʭ ɻʝʡʩʣʝʨʘ ʩʝʤʝʡʩʪʚʘ Ni0.5Mn0.5-xSnx ʩʪʨʫʢʪʫʨʘ 

ʤʘʨʪʝʥʩʠʪʘ ï 10ʄ, 14M ʠʣʠ L10 ʬʦʨʤʠʨʫʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʩʪʘʚʘ, ʚ ʪʦ ʚʨʝʤʷ, ʢʘʢ 

ʘʫʩʪʝʥʠʪʥʘʷ ʬʘʟʘ ʠʤʝʝʪ ʢʫʙʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ ʪʠʧʘ L21. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʩʧʣʘʚʘʭ ʩʝʤʝʡʩʪʚʘ 

Ni0.5Mn0.5-xSnx ʦʙʝ ʬʘʟʳ ʠ ʘʫʩʪʝʥʠʪʥʘʷ, ʠ ʤʘʨʪʝʥʩʠʪʥʘʷ ʬʝʨʨʦʤʘʛʥʠʪʥʳ. ʇʨʠ ʵʪʦʤ 

ʬʝʨʨʦʤʘʛʥʝʪʠʟʤ ʦʙʝʠʭ ʬʘʟ ʨʘʟʣʠʯʥʦʡ ʧʨʠʨʦʜʳ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʦʪʜʝʣʴʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʳ ʤʘʛʥʠʪʥʦʛʦ ʧʝʨʝʭʦʜʘ [47]. ɺ ʯʘʩʪʥʦʩʪʠ, ʩʧʣʘʚ ɻʝʡʩʣʝʨʘ Ni43Mn46Sn11 [86, 87] 

ʠʤʝʝʪ ʤʘʛʥʠʪʦʩʪʨʫʢʪʫʨʥʳʡ ʌʇ ʚ ʦʙʣʘʩʪʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ (<200 K), ʧʨʠ ʵʪʦʤ ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ (ʘʫʩʪʝʥʠʪʥʘʷ ʬʘʟʘ) ʩʧʣʘʚ ʠʤʝʝʪ ʢʫʙʠʯʝʩʢʫʶ ʨʝʰʝʪʢʫ L21 ʩ ʧʘʨʘʤʝʪʨʦʤ ʨʝʰʝʪʢʠ ʘ= 

5.993(1) ¡ (ʨʠʩ. 1.10). ʌʘʟʦʚʳʝ ʜʠʘʛʨʘʤʤʳ ʩʧʣʘʚʦʚ Ni-Mn-Z (Z = In, Sn) ʩʠʩʪʝʤʘʪʠʯʝʩʢʠ 

ʠʟʫʯʘʣʠʩʴ ʚ ʨʘʙʦʪʘʭ [47, 81-83]. 

 

 

ʈʠʩʫʥʦʢ 1.9 ï ʀʣʣʶʩʪʨʘʮʠʷ ʩʦʦʪʚʝʪʩʪʚʠʷ ʨʝʰʝʪʦʢ ʩʧʣʘʚʘ Ni-Mn-Ga ʤʝʞʜʫ (ʘ) ʢʫʙʠʯʝʩʢʦʡ 

ʩʪʨʫʢʪʫʨʦʡ L21 ʘʫʩʪʝʥʠʪʘ ʠ (ʙ) ʤʦʥʦʢʣʠʥʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʤʘʨʪʝʥʩʠʪʘ, ʦʧʨʝʜʝʣʝʥʥʦʡ ʚ 

ʩʠʤʚʦʣʠʢʝ ɹʨʘʚʵ. ʀʥʜʝʢʩʳ çɸè ʠ çʄè ʦʙʦʟʥʘʯʘʶʪ ʘʫʩʪʝʥʠʪ ʠ ʤʘʨʪʝʥʩʠʪ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ [64] 

 

1.2.1.3  ʉʧʣʘʚʳ ɻʝʡʩʣʝʨʘ ʩʝʤʝʡʩʪʚʘ Ni-Mn-In-Co 

ɺ ʩʧʣʘʚʘʭ Ni-Mn-Ga ʩʜʚʠʛ ʭʘʨʘʢʪʝʨʥʳʭ ʪʝʤʧʝʨʘʪʫʨ ʤʘʨʪʝʥʩʠʪʥʦʛʦ ʧʝʨʝʭʦʜʘ, 

ʠʥʜʫʮʠʨʦʚʘʥʥʳʭ ʤʘʛʥʠʪʥʳʤ ʧʦʣʝʤ, ʩʦʩʪʘʚʣʷʝʪ ʚʩʝʛʦ ʦʪ 0.8 ʜʦ 1.6 ʂ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ 2 ʊʣ [13]. ʈʘʟʥʦʩʪʴ ʚ ʚʝʣʠʯʠʥʝ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʤʝʞʜʫ ʤʘʨʪʝʥʩʠʪʥʦʡ ʠ 

ʘʫʩʪʝʥʠʪʥʦʡ ʬʘʟʘʤʠ ʚ ʦʙʣʘʩʪʠ ʪʝʤʧʝʨʘʪʫʨ ʤʘʛʥʠʪʦʩʪʨʫʢʪʫʨʥʦʛʦ ʧʨʝʚʨʘʱʝʥʠʷ ʤʘʣʘ, ʪ.ʢ. ʠʤʝʝʪ 
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ʤʝʩʪʦ ʌʇ ʠʟ ʬʝʨʨʦ- ʠʣʠ ʧʘʨʘʤʘʛʥʠʪʥʦʛʦ ʘʫʩʪʝʥʠʪʥʦʡ ʬʘʟʳ ʚ ʬʝʨʨʦʤʘʛʥʠʪʥʫʶ ʤʘʨʪʝʥʩʠʪʥʫʶ 

ʬʘʟʫ [87]. ʕʪʦʪ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʙʦʣʴʰʘʷ ʚʝʣʠʯʠʥʘ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʪʨʝʙʫʝʪʩʷ ʜʣʷ 

ʤʘʛʥʠʪʦʠʥʜʫʮʠʨʦʚʘʥʥʦʛʦ ʤʘʨʪʝʥʩʠʪʥʦʛʦ ʧʝʨʝʭʦʜʘ ʚ ʩʧʣʘʚʘʭ Ni-Mn-Ga. ʇʦʵʪʦʤʫ ʩ ʮʝʣʴʶ 

ʫʚʝʣʠʯʝʥʠʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʤʘʨʪʝʥʩʠʪʥʦʛʦ ʧʝʨʝʭʦʜʘ ʢ ʤʘʛʥʠʪʥʦʤʫ ʧʦʣʶ ʙʳʣʠ ʧʨʝʜʣʦʞʝʥʳ 

ʩʧʣʘʚʳ ɻʝʡʩʣʝʨʘ ʩʝʤʝʡʩʪʚ Ni-Mn-In, [88] Ni-Co-Mn-In, [19, 61] ʠ Ni-Co-Mn-Sn [89], 

ʜʝʤʦʥʩʪʨʠʨʫʶʱʠʝ ʤʘʛʥʠʪʦʩʪʨʫʢʪʫʨʥʳʡ ʧʝʨʝʭʦʜ ʠʟ ʬʝʨʨʦʤʘʛʥʠʪʥʦʡ ʘʫʩʪʝʥʠʪʥʦʡ ʬʘʟʳ ʚ 

ʘʥʪʠʬʝʨʨʦ- ʠʣʠ ʧʘʨʘʤʘʛʥʠʪʥʫʶ ʤʘʨʪʝʥʩʠʪʥʫʶ ʬʘʟʫ. 

ʉʠʩʪʝʤʘʪʠʯʝʩʢʦʤʫ ʠʟʫʯʝʥʠʶ ʤʘʛʥʠʪʥʳʭ ʠ ʩʪʨʫʢʪʫʨʥʳʭ ʩʚʦʡʩʪʚ ʩʧʣʘʚʦʚ ɻʝʡʩʣʝʨʘ 

ʩʝʤʝʡʩʪʚʘ Ni-Mn-In-Co ʧʦʩʚʷʱʝʥʦ ʤʥʦʞʝʩʪʚʦ ʨʘʙʦʪ [5, 15, 19-20, 61, 90-91]. ʀʟ ʜʘʥʥʳʭ ʨʘʙʦʪ 

ʠʟʚʝʩʪʥʦ, ʯʪʦ ʯʝʪʚʝʨʥʦʡ ʩʧʣʘʚ ɻʝʡʩʣʝʨʘ Ni-Co-Mn-In, ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ 

ʤʘʛʥʠʪʩʪʨʫʢʪʫʨʥʦʝ ʧʨʝʚʨʘʱʝʥʠʝ ʠʟ ʬʝʨʨʦʤʘʛʥʠʪʥʦʡ ʘʫʩʪʝʥʠʪʥʦʡ ʬʘʟʳ ʚ ʩʣʘʙʦʤʘʛʥʠʪʥʫʶ 

ʤʘʨʪʝʥʩʠʪʥʫʶ ʬʘʟʫ [5, 61]. ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʤʘʛʥʠʪʥʦʝ ʫʧʦʨʷʜʦʯʝʥʠʝ 

ʩʣʘʙʦʤʘʛʥʠʪʥʦʡ ʤʘʨʪʝʥʩʠʪʥʦʡ ʬʘʟʳ ʩʧʣʘʚʦʚ ɻʝʡʩʣʝʨʘ ʩʝʤʝʡʩʪʚʘ Ni-Mn-In-Co ʤʘʣʦʠʟʫʯʝʥʦ. 

ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʜʘʥʥʳʝ ʩʧʣʘʚʳ ʚ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʬʘʟʝ ʤʦʛʫʪ ʠʤʝʪʴ 

ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʦʝ ʫʧʦʨʷʜʦʯʝʥʠʝ [19]. ɺ ʨʘʙʦʪʝ [92] ʩʦʦʙʱʘʝʪʩʷ, ʯʪʦ ʤʝʪʦʜʦʤ 

ʬʝʨʨʠʤʘʛʥʠʪʥʦʛʦ ʨʝʟʦʥʘʥʩʘ [93] ʚ ʦʙʣʘʩʪʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʚʧʣʦʪʴ ʜʦ 50 ʂ ʚ ʩʧʣʘʚʝ ɻʝʡʩʣʝʨʘ 

Ni45Mn37In13Co5 ʥʘʡʜʝʥʘ ʩʤʝʰʘʥʥʘʷ ʬʘʟʘ ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʦʛʦ ʠ ʬʝʨʨʦʤʘʛʥʠʪʥʦʛʦ 

ʫʧʦʨʷʜʦʯʝʥʠʷ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʜʘʥʥʦʝ ʷʚʣʝʥʠʝ ʦʪʥʦʩʠʪʩʷ ʢ ʩʧʠʥ-ʩʪʝʢʦʣʴʥʦʤʫ ʩʦʩʪʦʷʥʠʶ 

ʬʨʫʩʪʨʠʨʦʚʘʥʥʳʭ ʤʘʛʥʠʪʥʳʭ ʤʦʤʝʥʪʦʚ ʘʪʦʤʦʚ Mn. ɼʣʷ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʚ ʬʘʟʝ 

ʤʘʨʪʝʥʩʠʪʘ ʤʝʪʦʜʦʤ ʬʝʨʨʠʤʘʛʥʠʪʥʦʛʦ ʨʝʟʦʥʘʥʩʘ [93] ʦʧʨʝʜʝʣʝʥʦ ʩʣʘʙʦʝ, ʥʦ ʷʚʥʦʝ 

ʬʝʨʨʦʤʘʛʥʠʪʥʦʝ ʫʧʦʨʷʜʦʯʝʥʠʝ [92]. ʊʠʧ ʤʘʛʥʠʪʥʦʛʦ ʫʧʦʨʷʜʦʯʝʥʠʷ ʩʣʘʙʦʤʘʛʥʠʪʥʦʡ 

ʤʘʨʪʝʥʩʠʪʥʦʡ ʬʘʟʳ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚʣʠʷʝʪ ʥʘ ʚʝʣʠʯʠʥʫ ʚʢʣʘʜʘ ʤʘʛʥʠʪʥʦʡ ʧʦʜʩʠʩʪʝʤʳ ʚ ʄʂʕ, 

ʧʦʵʪʦʤʫ ʙʦʣʝʝ ʜʝʪʘʣʴʥʦʝ ʠʟʫʯʝʥʠʝ ʜʘʥʥʦʛʦ ʚʦʧʨʦʩʘ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ.  

ʊʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʚ ʩʧʣʘʚʘʭ ʩʝʤʝʡʩʪʚ Ni-Mn-In-Co 

ʠʟʫʯʘʣʠʩʴ ʚ ʨʘʙʦʪʘʭ [5, 19]. ʅʘ ʨʠʩ. 1.11 ʧʦʢʘʟʘʥʳ ʢʨʠʚʳʝ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʩʧʣʘʚʘ Ni45Mn36.5In13.5Co5 ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ Õ0ʅ =2 ʊʣ ʠ Õ0ʅ = 0.05 ʊʣ. ɺʠʜʥʦ, 

ʯʪʦ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ ʤʘʨʪʝʥʩʠʪʥʦʡ ʬʘʟʳ ʚ ʦʙʨʘʟʮʝ Ni45Mn36.5In13.5Co5 ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ, ʯʝʤ 

ʚ ʘʫʩʪʝʥʠʪʥʦʡ ʬʘʟʝ, ʧʨʠ ʵʪʦʤ ʚʢʣʶʯʝʥʠʝ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ 2 ʊʣ ʨʝʟʢʦ ʩʥʠʞʘʝʪ ʪʝʤʧʝʨʘʪʫʨʫ 

ʧʨʝʚʨʘʱʝʥʠʷ ʘʫʩʪʝʥʠʪ-ʤʘʨʪʝʥʩʠʪ. ʊʦʯʢʘ ʂʶʨʠ ʚ ʩʧʣʘʚʝ Ni45Mn36.5In13.5Co5 ʩʦʩʪʘʚʣʷʝʪ ʙʦʣʝʝ 340 

ʂ. ɺ ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʤ ʦʙʨʘʟʮʝ Ni45Co5Mn36.6In13  ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ʊʄ ʧʨʦʠʩʭʦʜʠʪ ʩʪʨʫʢʪʫʨʥʳʡ ʬʘʟʦʚʳʡ ʧʝʨʝʭʦʜ, ʩʦʧʨʦʚʦʞʜʘʶʱʝʡʩʷ ʙʦʣʴʰʠʤ 

ʠʟʤʝʥʝʥʠʝʤ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ. ɺ ʨʘʙʦʪʝ [19] ʩʦʦʙʱʘʝʪʩʷ, ʯʪʦ ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʠʟʤʝʥʝʥʠʷ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ ʚ ʨʝʟʫʣʴʪʘʪʝ ʌʇ 1-ʛʦ ʨʦʜʘ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ 3 ʊʣ ʚ 

ʤʦʥʦʢʨʠʩʪʘʣʣʝ ɻʝʡʩʣʝʨʘ Ni45Co5Mn36.6In13 ʩʦʩʪʘʚʣʷʝʪ 115 ɸĿʤ
2
/ʢʛ. ʇʨʠ ʵʪʦʤ ʤʦʥʦʢʨʠʩʪʘʣʣ 

Ni45Co5Mn36.6In13 ʚ ʘʫʩʪʝʥʠʪʥʦʡ ʬʘʟʝ ʠʤʝʝʪ ʢʫʙʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ L21 ʩ ʧʘʨʘʤʝʪʨʦʤ ʨʝʰʝʪʢʠ a = 
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0.5978 ʥʤ [94]. ʄʘʨʪʝʥʩʠʪʥʘʷ ʩʪʨʫʢʪʫʨʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 14M ʤʦʜʫʣʠʨʦʚʘʥʥʫʶ ʩʪʨʫʢʪʫʨʫ ʩ 

ʧʘʨʘʤʝʪʨʘʤʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ a=0.4349 ʥʤ, b=0.2811 ʥʤ, c=2.9892 ʥʤ ʠ Ç=93.24Á [94] 

(ʨʠʩ. 1.12). 

 

 

ʈʠʩʫʥʦʢ 1.11 ï ʂʨʠʚʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʧʦʣʷʭ 2 ʊʣ ʠ 0.05 ʊʣ 

ʜʣʷ ʩʧʣʘʚʘ Ni45Mn36.5In13.5Co5 [19] 

 

 

ʈʠʩʫʥʦʢ 1.12 ï ɺʳʙʨʘʥʥʳʝ ʜʠʬʨʘʢʮʠʦʥʳʝ ʦʙʣʘʩʪʠ ʜʣʷ (a) ʘʫʩʪʝʥʠʪʥʦʡ ʬʘʟʳ ʠ (ʚ), (ʛ) ʜʣʷ 

ʤʘʨʪʝʥʩʠʪʥʦʡ ʬʘʟʳ ʚ ʩʧʣʘʚʝ Ni45Co5Mn36.7In13.3 (ʙ) ï ʤʦʜʝʣʴ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʜʣʷ 

ʘʫʩʪʝʥʠʪʥʦʡ ʬʘʟʳ L21 ʠ ʝʝ ʙʘʟʠʩʥʘʷ ʧʣʦʩʢʦʩʪʴ {220} L21(ʜ), (ʝ) ï 10M, (ʞ) ï 14M ʤʦʜʝʣʴ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʜʣʷ ʤʘʨʪʝʥʩʠʪʥʳʭ ʬʘʟ [19] 



27 

 

ʉʧʣʘʚʳ ʩʠʩʪʝʤʳ Ni-Mn-In-Co ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʵʬʬʝʢʪ ʩʠʣʴʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʪʝʤʧʝʨʘʪʫʨʳ 

ʤʘʨʪʝʥʩʠʪʥʦʛʦ ʧʨʝʚʨʘʱʝʥʠʷ ʊʄ ʦʪ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ. ɼʘʥʥʳʝ ʦ ʌʇ ʩʧʣʘʚʦʚ, ʧʦʣʫʯʝʥʥʳʝ 

ʤʝʪʦʜʦʤ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʩʢʘʥʠʨʫʶʱʝʡ ʢʘʣʦʨʠʤʝʪʨʠʠ (ɼʉʂ), ʠ ʪʝʤʧʝʨʘʪʫʨʳ Ms ʠ ʊʉ 

ʧʨʠʚʝʜʝʥʳ ʚ ʚʠʜʝ ʬʫʥʢʮʠʠ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ In ʥʘ ʨʠʩʫʥʢʝ 1.13, ʛʜʝ ʪʘʢʞʝ ʜʣʷ ʩʨʘʚʥʝʥʠʷ 

ʧʦʢʘʟʘʥʳ ʜʘʥʥʳʝ ʩʧʣʘʚʦʚ, ʚ ʢʦʪʦʨʳʭ ʦʪʩʫʪʩʪʚʫʝʪ ʉʦ [81]. ʀʟ ʨʠʩʫʥʢʘ 1.11ʙ ʚʠʜʥʦ, ʯʪʦ 

ʪʝʤʧʝʨʘʪʫʨʘ Ms ʫʤʝʥʴʰʘʝʪʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ In ʚ ʩʦʩʪʘʚʝ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʊʉ. 

ʘʫʩʪʝʥʠʪʥʦʡ ʬʘʟʳ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ In ʚ ʢʘʞʜʦʡ ʩʝʨʠʠ ʩʧʣʘʚʦʚ. ʉ 

ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʜʦʙʘʚʣʝʥʠʝ ʉʦ ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ Ms ʠ ʧʦʚʳʰʝʥʠʶ ʊʉ.  

 

 

ʈʠʩʫʥʦʢ 1.13 ï ɿʘʚʠʩʠʤʦʩʪʴ ʪʝʤʧʝʨʘʪʫʨ ʤʘʨʪʝʥʩʠʪʥʦʛʦ ʧʝʨʝʭʦʜʘ Ms ʠ ʪʦʯʢʠ ʂʶʨʠ Tʉ ʦʪ 

ʩʦʜʝʨʞʘʥʠʷ In ʩʧʣʘʚʦʚ Ni50MnIn, Ni45Co5MnIn ʠ Ni42.5Co7.5MnIn [19] 

 

ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ ʨʘʙʦʪʫ [5], ʚ ʢʦʪʦʨʦʡ ʠʟʫʯʘʣʘʩʴ ʟʘʚʠʩʠʤʦʩʪʴ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ 

ʩʧʣʘʚʦʚ ɻʝʡʩʣʝʨʘ ʩʝʤʝʡʩʪʚʘ Ni-Mn-In-Co ʦʪ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ. ʅʘ ʨʠʩʫʥʢʝ 1.14 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʩʧʣʘʚʦʚ ʩʝʤʝʡʩʪʚʘ Ni-Mn-In-Co. 

ɺʠʜʥʦ, ʯʪʦ ʦʙʨʘʟʝʮ, ʦʙʣʘʜʘʶʱʠʡ ʙʦʣʝʝ ʥʠʟʢʠʤʠ ʪʝʤʧʝʨʘʪʫʨʘʤʠ ʌʇ 1-ʛʦ ʨʦʜʘ, ʠʤʝʝʪ ʙʦʣʴʰʫʶ 

ʰʠʨʠʥʫ ʧʝʪʣʠ ʛʠʩʪʝʨʝʟʠʩʘ ʠ ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ. ɸʚʪʦʨʳ ʨʘʙʦʪʳ [5] 

ʨʘʩʩʤʘʪʨʠʚʘʶʪ ʵʪʠ ʷʚʣʝʥʠʷ ʚ ʨʘʤʢʘʭ ʤʦʜʝʣʠ ɻʝʡʟʝʥʙʝʨʛʘ. ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ, ʘʚʪʦʨʳ [5] 

ʫʪʚʝʨʞʜʘʶʪ, ʯʪʦ ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʭʘʨʘʢʪʝʨʥʳʭ ʪʝʤʧʝʨʘʪʫʨ ʌʇ 1-ʛʦ ʨʦʜʘ ʙʫʜʝʪ ʥʘʙʣʶʜʘʪʴʩʷ 

ʰʠʨʦʢʠʡ ʛʠʩʪʝʨʝʟʠʩ ʚ ʩʚʷʟʠ ʩ ʨʘʩʪʫʱʠʤ ʚʣʠʷʥʠʝʤ ʠʟʤʝʥʝʥʠʷ ʵʥʪʨʦʧʠʠ ʤʘʛʥʠʪʥʦʡ ʧʦʜʩʠʩʪʝʤʳ 

ʠ ʫʚʝʣʠʯʝʥʠʝʤ ʩʜʚʠʛʘ ʪʝʤʧʝʨʘʪʫʨʳ ʧʝʨʝʭʦʜʘ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ.  
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ʈʠʩʫʥʦʢ 1.14 ï ʊʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʩʧʣʘʚʦʚ ɻʝʡʩʣʝʨʘ ʩʝʤʝʡʩʪʚʘ 

 Ni-Mn-In-Co, ʠʟʤʝʨʝʥʥʳʭ ʧʨʠ ɛ0H = 1 Tʣ, ʢʘʢ ʜʣʷ ʥʘʛʨʝʚʘ, ʪʘʢ ʠ ʜʣʷ ʦʭʣʘʞʜʝʥʠʷ. 

ɺʝʨʭʥʷʷ ʠ ʥʠʞʥʷʷ ʧʫʥʢʪʠʨʥʳʝ ʣʠʥʠʠ ʷʚʣʷʶʪʩʷ ʨʘʩʯʝʪʥʳʤʠ ʢʨʠʚʳʤʠ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ 

ʥʘʩʳʱʝʥʠʷ ʧʨʠ 1 ʊʣ ʜʣʷ ʘʫʩʪʝʥʠʪʘ ʠ ʤʘʨʪʝʥʩʠʪʘ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ [5] 

 

1.2.2 ɺʣʠʷʥʠʝ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʥʘ ʤʘʛʥʠʪʦʩʪʨʫʢʪʫʨʥʳʡ ʧʝʨʝʭʦʜ ʩʧʣʘʚʦʚ ɻʝʡʩʣʝʨʘ 

ʩʝʤʝʡʩʪʚ Ni-Mn-Z (Z = Ga, In , Sn) 

 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʥʘ ʤʘʨʪʝʥʩʠʪʥʳʡ ʧʝʨʝʭʦʜ ʩʧʣʘʚʦʚ ɻʝʡʩʣʝʨʘ 

ʧʨʦʚʦʜʷʪʩʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʤʝʪʦʜʦʚ. ʆʜʥʠʤ, ʠʟ ʢʦʪʦʨʳʭ 

ʷʚʣʷʝʪʩʷ ʤʝʪʦʜ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʩʢʘʥʠʨʫʶʱʝʡ ʢʘʣʦʨʠʤʝʪʨʠʠ (ɼʉʂ) ʧʨʠ ʨʘʟʥʳʭ ʤʘʛʥʠʪʥʳʭ 

ʧʦʣʷʭ [95-100].  

 

   

(ʘ) (ʙ) (ʚ) 

ʈʠʩʫʥʦʢ 1.15 ï ʊʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ɼʉʂ-ʩʠʛʥʘʣʘ ʜʣʷ ʩʧʣʘʚʦʚ ɻʝʡʩʣʝʨʘ (ʘ) 

Ni49.5Mn25.4Ga25.1, (ʙ) Ni50Mn35Sn15, (ʚ) Ni50Mn34In16 [101] 
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ʈʠʩʫʥʦʢ 1.15 ʠʣʣʶʩʪʨʠʨʫʝʪ ʨʝʟʫʣʴʪʘʪʳ ɼʉʂ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ ʜʣʷ 

ʩʧʣʘʚʦʚ ɻʝʡʩʣʝʨʘ Ni2MnGa, Ni50Mn35Sn15, Ni50Mn34In16. ɼʣʷ ʩʧʣʘʚʦʚ ʩʝʤʝʡʩʪʚʘ Ni-Mn-Sn ʠ Ni-

Mn-In ʬʦʨʤʳ ʢʨʠʚʳʭ dQ/dT ʥʝ ʩʠʣʴʥʦ ʠʟʤʝʥʷʶʪʩʷ, ʠ ʧʝʨʝʭʦʜ ʤʦʥʦʪʦʥʥʦ ʩʜʚʠʛʘʝʪʩʷ ʢ ʙʦʣʝʝ 

ʥʠʟʢʠʤ ʪʝʤʧʝʨʘʪʫʨʘʤ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ʅʝʢʦʪʦʨʳʝ ʨʘʟʣʠʯʠʷ ʚ ʢʠʥʝʪʠʢʝ 

ʧʝʨʝʭʦʜʘ ʥʘʙʣʶʜʘʶʪʩʷ ʜʣʷ Ni2MnGa. ʉʧʣʘʚ Ni2MnGa ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʥʝʤʦʥʦʪʦʥʥʦʝ 

ʫʤʝʥʴʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʧʝʨʝʭʦʜʘ ʜʣʷ ʥʠʟʢʠʭ ʧʦʣʝʡ, ʧʨʠ ʵʪʦʤ ʤʘʢʩʠʤʘʣʴʥʳʡ ʩʜʚʠʛ 

ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ~1 ʊʣ. ɼʣʷ ʥʝʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʭ ʩʧʣʘʚʦʚ ʩʝʤʝʡʩʪʚʘ Ni-Mn-Ga 

ʩ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʘʪʦʤʦʚ Ni, ʪʝʤʧʝʨʘʪʫʨʘ ʧʝʨʝʭʦʜʘ ʩʜʚʠʛʘʝʪʩʷ ʢ ʙʦʣʝʝ ʚʳʩʦʢʠʤ 

ʟʥʘʯʝʥʠʷʤ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ (ʨʠʩ. 1.16 ʘ, ʙ). ʅʘ ʨʠʩʫʥʢʝ 1.16 (ʚ) 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʩʜʚʠʛʘ ʪʝʤʧʝʨʘʪʫʨʳ ʤʘʨʪʝʥʩʠʪʥʦʛʦ ʧʝʨʝʭʦʜʘ ʦʪ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʜʣʷ 

ʩʧʣʘʚʦʚ ɻʝʡʩʣʝʨʘ ʩʝʤʝʡʩʪʚ Ni-Mn-Ga, Ni-Mn-Sn ʠ Ni-Mn-In. ʊʘʢʞʝ ʥʘ ʛʨʘʬʠʢʝ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʜʘʥʥʳʝ ʜʣʷ Ni2MnGa. ʇʨʠʚʝʜʝʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʩʜʚʠʛʘ ʪʝʤʧʝʨʘʪʫʨʳ ʤʘʨʪʝʥʩʠʪʥʦʛʦ ʧʝʨʝʭʦʜʘ 

ʦʪ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ȹT(Õ0H) ʷʚʣʷʝʪʩʷ ʦʞʠʜʘʝʤʳʤ ʨʝʟʫʣʴʪʘʪʦʤ, ʧʦʣʫʯʝʥʥʳʤ ʠʟ ʠʟʤʝʨʝʥʠʡ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ [101], ʪ.ʝ. ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʩʪʘʙʠʣʠʟʠʨʫʝʪ ʬʘʟʫ ʩ ʙʦʣʝʝ ʚʳʩʦʢʦʡ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴʶ. 

ɿʘʚʠʩʠʤʦʩʪʴ ʪʝʤʧʝʨʘʪʫʨʳ ʧʝʨʝʭʦʜʘ ʦʪ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʤʦʞʝʪ ʙʳʪʴ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʦ ʩ 

ʧʦʤʦʱʴʶ ʫʨʘʚʥʝʥʠʷ ʂʣʘʫʟʠʫʩʘ-ʂʣʘʧʝʡʨʦʥʘ [1, 19, 102], ʢʦʪʦʨʦʝ ʩʧʨʘʚʝʜʣʠʚʦ ʜʣʷ ʨʘʚʥʦʚʝʩʥʳʭ 

ʌʇ 1-ʛʦ ʨʦʜʘ: 

 

Ў

Ў
       (1.1) 

 

ʛʜʝ dT ï ʩʤʝʱʝʥʠʝ ʭʘʨʘʢʪʝʨʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʌʇ 1-ʛʦ ʨʦʜʘ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʥʘ 

ʚʝʣʠʯʠʥʫ dH, æM ï ʠʟʤʝʥʝʥʠʝ ʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ ʦʙʨʘʟʮʘ ʧʨʠ ʧʝʨʝʭʦʜʝ ʠʟ ʦʜʥʦʡ ʬʘʟʳ ʚ 

ʜʨʫʛʫʶ, æS ï ʦʙʱʝʝ ʠʟʤʝʥʝʥʠʝ ʵʥʪʨʦʧʠʠ ʧʨʠ ʬʘʟʦʚʦʤ ʧʝʨʝʭʦʜʝ. ʇʨʦʚʝʜʝʥʥʳʝ ɼʉʂ ʠʟʤʝʨʝʥʠʷ ʚ 

ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʧʦʢʘʟʘʣʠ, ʯʪʦ ȹS ʩʣʘʙʦ ʟʘʚʠʩʠʪ ʦʪ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ [102]. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʟʘʚʠʩʠʤʦʩʪʴ ʪʝʤʧʝʨʘʪʫʨʳ ʧʝʨʝʭʦʜʘ ʦʪ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ ʠʟʤʝʥʝʥʠʷʤʠ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʧʨʠ ʬʘʟʦʚʦʤ ʧʝʨʝʭʦʜʝ. 

ɺ ʨʘʙʦʪʝ [5] ʪʘʢʞʝ ʨʘʩʩʤʘʪʨʠʚʘʣʩʷ ʚʦʧʨʦʩ ʚʣʠʷʥʠʷ ʩʠʣʴʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ ʥʘ ʌʇ 1-

ʛʦ ʨʦʜʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʥʘ ʰʠʨʠʥʫ ʧʝʪʣʠ ʛʠʩʪʝʨʝʟʠʩʘ. ʅʘ ʨʠʩʫʥʢʝ 1.17 (ʘ) ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʟʘʚʠʩʠʤʦʩʪʴ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʩʧʣʘʚʘ Ni45.7Mn36.6In13.5Co4.2 ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʩʠʣʴʥʳʭ 

ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ ʜʦ 14 ʊʣ, ʥʘ ʨʠʩ. 1.17 (ʙ) ï ʩʤʝʱʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨ ʌʇ 1-ʛʦ ʨʦʜʘ ʩʧʣʘʚʦʚ 

ʩʝʤʝʡʩʪʚ Ni-Mn-In ʠ Ni-Mn-In-Co ʚ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ 0 ʠ 2 ʊʣ. ʀʟ ʛʨʘʬʠʢʘ ʄ(ʊ) ʚʠʜʥʦ, ʯʪʦ ʚ 

ʥʝʙʦʣʴʰʠʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ Õ0ʅ=0.1 ʊʣ ʰʠʨʠʥʘ ʧʝʨʝʭʦʜʘ Ni45.7Mn36.6In13.5Co4.2 ʥʘʭʦʜʠʪʩʷ ʚ 

ʧʨʝʜʝʣʘʭ  10 ʂ. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʧʝʨʝʭʦʜʘ ʧʦ ʦʙʨʘʟʮʫ, ʚ ʦʩʥʦʚʥʦʤ, ʦʙʫʩʣʦʚʣʝʥʦ 
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ʭʠʤʠʯʝʩʢʠʤʠ ʥʝʦʜʥʦʨʦʜʥʦʩʪʷʤʠ [5]. ʋʯʠʪʳʚʘʷ ʬʦʨʤʫ ʢʨʠʚʦʡ dTt/ɛ0dH (ʨʠʩ. 1.17 ʙ) ʧʦʣʫʯʘʝʪʩʷ, 

ʯʪʦ ʪʝ ʯʘʩʪʠ ʦʙʨʘʟʮʘ, ʢʦʪʦʨʳʝ ʪʨʘʥʩʬʦʨʤʠʨʫʝʪʩʷ ʧʨʠ ʙʦʣʝʝ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʠʩʧʳʪʳʚʘʶʪ 

ʙʦʣʴʰʝʝ ʠʟʤʝʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʧʝʨʝʭʦʜʘ, ʯʝʤ ʯʘʩʪʠ ʩ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ ʧʝʨʝʭʦʜʘ. 

ʕʪʦʪ ʨʘʟʙʨʦʩ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ ʨʦʩʪʦʤ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʚʳʟʳʚʘʷ ʨʘʩʰʠʨʝʥʠʝ ʦʙʣʘʩʪʠ 

ʪʝʤʧʝʨʘʪʫʨ ʩʪʨʫʢʪʫʨʥʦʛʦ ʧʝʨʝʭʦʜʘ. ɼʘʥʥʘʷ ʠʜʝʷ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥʘ ʠ ʜʣʷ ʦʙʲʷʩʥʝʥʠʷ 

ʚʦʟʨʘʩʪʘʶʱʝʛʦ ʛʠʩʪʝʨʝʟʠʩʘ. ʀʟ ʨʠʩʫʥʢʘ ʨʠʩʫʥʢʝ 1. 17 (ʘ) ʚʠʜʥʦ, ʯʪʦ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʛʠʩʪʝʨʝʟʠʩ 

Ni45.7Mn36.6In13.5Co4.2 ʩʦʩʪʘʚʣʷʝʪ 10 ʂ ʚ ʥʝʙʦʣʴʰʠʭ ʧʦʣʷʭ Õ0ʅ=0.1ʊʣ. ʈʘcʭʦʞʜʝʥʠʝ dTt/ɛ0dH ʜʣʷ 

ʵʪʦʛʦ ʜʠʘʧʘʟʦʥʘ ʪʝʤʧʝʨʘʪʫʨ ʜʦʚʦʣʴʥʦ ʤʘʣʦ. ɼʘʣʴʥʝʡʰʝʝ ʫʚʝʣʠʯʝʥʠʝ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚʳʟʳʚʘʝʪ 

ʨʦʩʪ ʨʘʩʭʦʞʜʝʥʠʷ. ʇʦʵʪʦʤʫ ʤʘʨʪʝʥʩʠʪʥʘʷ [ʦʭʣʘʞʜʘʶʱʘʷ ʚʝʪʚʴ M(T)], ʧʦ-ʚʠʜʠʤʦʤʫ, ʩʜʚʠʛʘʝʪʩʷ 

ʙʦʣʴʰʝ, ʯʝʤ ʘʫʩʪʝʥʠʪʥʘʷ [ʥʘʛʨʝʚʘʪʝʣʴʥʘʷ ʚʝʪʚʴ M(T)]. 

 

 

 

 
 

(ʘ) (ʙ) (ʚ) 

ʈʠʩʫʥʦʢ 1.16 ï (ʘ) ɿʘʚʠʩʠʤʦʩʪʠ ʪʝʤʧʝʨʘʪʫʨ ʧʨʷʤʦʛʦ TMA ʠ ʦʙʨʘʪʥʦʛʦ TMA  

ʤʘʛʥʠʪʦʩʪʨʫʢʪʫʨʥʦʛʦ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʩʧʣʘʚʦʚ ɻʝʡʩʣʝʨʘ ʩʝʤʝʡʩʪʚʘ Ni2+xMn1-xGa (x=0.16, 

0.18, 0.19) ʦʪ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ (ʜʦ 8 ʊʣ) [103]; (ʙ) ï ʊʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ ʜʣʷ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʩʧʣʘʚʘ ɻʝʡʩʣʝʨʘ Ni2.19Mn0.81Ga ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ 2, 3, 4, 5 ʊʣ [104]; (ʚ) ï ʩʜʚʠʛ ʪʝʤʧʝʨʘʪʫʨʳ ʤʘʨʪʝʥʩʠʪʥʦʛʦ ʧʝʨʝʭʦʜʘ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ (ʜʦ 5 ʊʣ) ʜʣʷ ʩʧʣʘʚʦʚ ɻʝʡʩʣʝʨʘ Ni2MnGa, Ni53.5Mn19.5Ga27, 

Ni50Mn35Sn15 ʠ Ni50.3Mn33.8In15.9 [101] 
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(ʘ) (ʙ) 

ʈʠʩʫʥʦʢ 1.17 ï (ʘ) ʊʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʩʧʣʘʚʘ ɻʝʡʩʣʝʨʘ 

Ni45.7Mn36.6In13.5Co4.2 ʚ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ ʜʦ 14 ʊʣ; (ʙ) ï ʉʤʝʱʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨ ʩʪʨʫʢʪʫʨʥʦʛʦ 

ʧʝʨʝʭʦʜʘ ʚ ʩʧʣʘʚʘʭ ʩʝʤʝʡʩʪʚ Ni-Mn-In (ʢʚʘʜʨʘʪ) ʠ Ni-Mn-In-Co (ʢʨʫʛ), ʦʧʨʝʜʝʣʝʥʥʳʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʧʫʪʝʤ. ʇʫʥʢʪʠʨʥʳʝ ʠ ʩʧʣʦʰʥʳʝ ʣʠʥʠʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʨʘʩʯʝʪʥʳʝ 

ʢʨʠʚʳʝ ȹM/ȹSt(T), ʢʦʪʦʨʳʝ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʥʘ ʦʩʥʦʚʝ ʫʨʘʚʥʝʥʠʷ ʂʣʘʧʝʨʦʥʘ-ʂʣʘʫʟʠʫʩʘ ʚ 

ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ 0 ʠ 2 Tʣ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ [5] 

 

1.2.3 ʕʚʦʣʶʮʠʷ ʤʠʢʨʦʩʪʨʫʢʪʫʨ rʩʧʣʘʚʦʚ ɻʝʡʩʣʝʨʘ ʩʝʤʝʡʩʪʚ Ni-Mn-Z (Z = Ga, In, Sn) ʧʦʜ 

ʜʝʡʩʪʚʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷ 

 

ʉʪʨʫʢʪʫʨʘ ʩʧʣʘʚʦʚ ɻʝʡʩʣʝʨʘ ʠʟʫʯʘʝʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʥʦʞʝʩʪʚʘ ʤʝʪʦʜʦʚ: 

ʦʧʪʠʯʝʩʢʦʡ, ʨʘʩʪʨʦʚʦʡ ʵʣʝʢʪʨʦʥʥʦʡ, ʧʨʦʩʚʝʯʠʚʘʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ, ʘʪʦʤʥʦʡ ʩʠʣʦʚʦʡ ʠ 

ʬʦʪʦʵʤʠʩʩʠʦʥʥʦʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ, ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʠ ʥʝʡʪʨʦʥʥʦʡ ʜʠʬʨʘʢʮʠʠ [16, 47, 

105-110] (ʨʠʩ. 1.18). ɼʘʥʥʳʝ ʤʝʪʦʜʳ ʧʦʟʚʦʣʷʶʪ ʠʟʫʯʘʪʴ ʦʩʦʙʝʥʥʦʩʪʠ ʩʪʨʫʢʪʫʨʳ ʩʧʣʘʚʦʚ 

ɻʝʡʩʣʝʨʘ. ɺ ʯʘʩʪʥʦʩʪʠ, ʟʘʚʠʩʠʤʦʩʪʴ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʦʪ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ (ʨʠʩ. 1.19) [47], 

ʥʘʙʣʶʜʝʥʠʝ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʤʘʨʪʝʥʩʠʪʥʳʭ ʧʣʘʩʪʠʥ, ʠʜʝʥʪʠʬʠʢʘʮʠʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ 

ʩʪʨʫʢʪʫʨʳ ʩʧʣʘʚʦʚ [106], ʦʧʨʝʜʝʣʝʥʠʝ ʚʣʠʷʥʠʷ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʥʘ ʤʝʭʘʥʠʟʤ ʜʝʬʦʨʤʘʮʠʠ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʤʥʦʛʦʢʨʘʪʥʳʭ ʮʠʨʢʫʣʠʨʫʶʱʠʭ ʤʘʨʪʝʥʩʠʪʥʳʭ ʧʝʨʝʭʦʜʦʚ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ 

ʢʦʥʪʨʦʣʴ ʨʘʟʨʫʰʝʥʠʷ [108], ʦʧʨʝʜʝʣʝʥʠʝ ʨʘʟʤʝʨʦʚ ʤʘʨʪʝʥʩʠʪʥʳʭ ʧʣʘʩʪʠʥ [16], ʫʩʪʘʥʦʚʣʝʥʠʝ 

ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʠ ʤʘʨʪʝʥʩʠʪʘ, ʦʧʨʝʜʝʣʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʜʚʦʡʥʠʢʦʚʘʥʠʷ [17]. ʀʩʩʣʝʜʦʚʘʪʝʣʠ 

ʧʨʠʤʝʥʷʶʪ ʪʘʢʞʝ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʜʣʷ ʦʧʠʩʘʥʠʷ ʤʘʨʪʝʥʩʠʪʥʦʛʦ ʧʝʨʝʭʦʜʘ. ɺ ʨʘʙʦʪʝ [111] 

ʘʚʪʦʨʳ ʠʩʧʦʣʴʟʫʶʪ ʢʦʥʮʝʧʮʠʶ ʤʦʜʠʬʠʮʠʨʫʝʤʦʛʦ ʤʘʨʪʝʥʩʠʪʘ: ʚʩʝ ʤʦʜʫʣʠʨʦʚʘʥʥʳʝ ʬʘʟʳ 

ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʚ ʚʠʜʝ ʥʘʥʦʪʨʫʙʯʘʪʳʭ ʤʠʢʨʦʩʪʨʫʢʪʫʨ. ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʧʦʢʘʟʘʪʴ 
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ʛʝʦʤʝʪʨʠʯʝʩʢʦʝ ʦʙʦʩʥʦʚʘʥʠʝ ʜʘʥʥʦʡ ʢʦʥʮʝʧʮʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ, 

ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʬʝʥʦʤʝʥʦʣʦʛʠʯʝʩʢʦʡ ʪʝʦʨʠʠ ʤʘʨʪʝʥʩʠʪʘ ʚ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʦʚ ʙʳʣʠ ʚʳʙʨʘʥʳ 

ʩʧʣʘʚʳ ɻʝʡʩʣʝʨʘ ʥʘ ʦʩʥʦʚʝ Ni-Mn. ɸʚʪʦʨʳ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʪʦʯʥʳʝ ʩʦʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ 

ʨʘʟʣʠʯʥʳʤʠ ʵʣʝʤʝʥʪʘʨʥʳʤʠ ʷʯʝʡʢʘʤʠ, ʭʘʨʘʢʪʝʨ ʛʨʘʥʠʮ ʜʚʦʡʥʠʢʦʚ ʚʳʩʦʢʦʛʦ ʧʦʨʷʜʢʘ ʠ 

ʟʘʚʠʩʠʤʦʩʪʴ ʧʘʨʘʤʝʪʨʦʚ ʨʝʰʝʪʢʠ ʦʪ ʨʘʟʥʳʭ ʪʠʧʦʚ ʤʦʜʫʣʷʮʠʠ (ʨʠʩ. 1.20). 

 

 

ʈʠʩʫʥʦʢ 1.18 ï ʄʘʨʪʝʥʩʠʪʥʘʷ ʩʪʨʫʢʪʫʨʘ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʩʧʣʘʚʘ ɻʝʡʩʣʝʨʘ 

Ni2.16Mn0.84Ga, ʦʧʨʝʜʝʣʝʥʥʘʷ ʩ ʧʦʤʦʱʴʶ ʧʦʣʷʨʠʟʦʚʘʥʥʦʡ ʩʚʝʪʦʚʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʥʘ 

ʤʝʭʘʥʠʯʝʩʢʠ ʧʦʣʠʨʦʚʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʘ [105] 

 

 

ʈʠʩʫʥʦʢ 1.19 ï ʀʟʦʙʨʘʞʝʥʠʷ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ, ʧʦʣʫʯʝʥʥʳʝ ʦʧʪʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ ʜʣʷ ʩʧʣʘʚʦʚ 

ɻʝʡʩʣʝʨʘ ʩʝʤʝʡʩʪʚʘ Ni0.50Mn0.50ī xSnx, ʛʜʝ x = 0.25 (L21); x = 0.13 (10M); x = 0.10 (14M);  

 x = 0.05 (L10) [47] 
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ʈʠʩʫʥʦʢ 1.20 ï ʈʝʰʝʪʢʠ (a) 10M (ʙ) 14M ʠ (ʚ) 4O ʚ ʨʝʘʣʴʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʜʣʷ ʚʳʩʦʢʦʡ 

ʥʝʤʦʜʫʣʠʨʦʚʘʥʥʦʡ ʪʝʪʨʘʛʦʥʘʣʴʥʦʩʪʠ ʧʨʠ (c/a) = 1.25 (ʢʨʘʩʥʳʡ ʧʨʷʤʦʫʛʦʣʴʥʠʢ). ʇʦʢʘʟʘʥʳ 

ʤʦʥʦʢʣʠʥʥʘʷ ʵʣʝʤʝʥʪʘʨʥʘʷ ʷʯʝʡʢʘ ʥʘ ʦʩʥʦʚʝ 2M (ʟʝʣʝʥʳʡ) ʤʦʜʫʣʠʨʦʚʘʥʥʦʛʦ ʤʘʨʪʝʥʩʠʪʘ  

ʥʘʨʷʜʫ ʩ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʦʡ L21 (ʩʠʥʷʷ), ʚʢʣʶʯʘʷ ʠʭ ʧʘʨʘʤʝʪʨʳ ʤʦʥʦʢʣʠʥʥʦʡ ʨʝʰʝʪʢʠ 

[111] 

 

ʆʩʦʙʝʥʥʦʩʪʴʶ ʠʟʫʯʘʝʤʳʭ ʩʧʣʘʚʦʚ ɻʝʡʩʣʝʨʘ ʷʚʣʷʝʪʩʷ, ʪʦ, ʯʪʦ ʩʪʨʫʢʪʫʨʥʳʡ ʬʘʟʦʚʳʡ 

ʧʝʨʝʭʦʜ ʠʥʜʫʮʠʨʫʝʪʩʷ, ʢʘʢ ʪʝʤʧʝʨʘʪʫʨʦʡ, ʪʘʢ ʠ ʤʘʛʥʠʪʥʳʤ ʧʦʣʝʤ. ʇʦʵʪʦʤʫ ʠʟʫʯʝʥʠʝ ʵʚʦʣʶʮʠʠ 

ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʧʨʠ ʤʘʛʥʠʪʦʩʪʨʫʢʪʫʨʥʦʤ ʧʝʨʝʭʦʜʝ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʤʘʛʥʠʪʥʦʛʦ 

ʧʦʣʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʙʦʣʴʰʦʡ ʠʥʪʝʨʝʩ ʜʣʷ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ [20, 112-115]. ʕʚʦʣʶʮʠʶ 

ʤʘʨʪʝʥʩʠʪʥʦʛʦ ʧʝʨʝʭʦʜʘ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ ʬʠʢʩʠʨʫʶʪ ʣʠʙʦ ʥʘ ʚʠʜʝʦʟʘʧʠʩʴ, 

ʣʠʙʦ ʥʘ ʩʝʨʠʶ ʬʦʪʦʛʨʘʬʠʡ.  

ʈʘʙʦʪʘ [112] ʧʦʩʚʷʱʝʥʘ ʠʟʫʯʝʥʠʶ ʜʚʠʞʝʥʠʷ ʛʨʘʥʠʮ ʩʪʨʫʢʪʫʨʥʦʛʦ ʧʝʨʝʭʦʜʘ ʚ ʩʧʣʘʚʝ 

ɻʝʡʩʣʝʨʘ Ni2.12Mn0.88Ga ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ. ʅʘ ʨʠʩ. 1.21 ʧʦʢʘʟʘʥʦ ʜʚʠʞʝʥʠʝ ʛʨʘʥʠʮʳ 

ʬʘʟ ʘʫʩʪʝʥʠʪ/ʤʘʨʪʝʥʩʠʪ (A/M) ʩʧʨʘʚʘ ʥʘʣʝʚʦ (ʩʤ. ʩʪʨʝʣʢʫ) ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʨʝʛʫʣʠʨʫʝʤʦʛʦ 

ʛʨʘʜʠʝʥʪʘ ʪʝʤʧʝʨʘʪʫʨʳ, ʩʦʟʜʘʚʘʝʤʦʛʦ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʤʠ ʧʘʨʘʤʠ ʵʣʝʤʝʥʪʦʚ ʇʝʣʴʪʴʝ. 

ɿʘʤʝʯʝʥʦ, ʯʪʦ ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʨʠʬʣʝʥʦʡ ʛʨʘʥʠʮʳ A/M ʯʝʨʝʟ ʦʙʨʘʟʝʮ ʦʩʪʘʚʣʷʝʪ 

ʥʝʨʠʬʣʝʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ. ʕʪʦʪ ʧʨʦʮʝʩʩ ʷʚʣʷʝʪʩʷ ʤʥʦʛʦʢʨʘʪʥʦ ʦʙʨʘʪʠʤʳʤ. 

 

 

ʈʠʩʫʥʦʢ 1.21 ï ɺʠʜʝʦʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ, ʧʦʢʘʟʳʚʘʶʱʘʷ ʜʚʠʞʝʥʠʝ ʬʘʟʦʚʦʡ ʛʨʘʥʠʮʳ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʩʧʣʘʚʘ ɻʝʡʩʣʝʨʘ Ni2.12Mn0.88Ga ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʛʨʘʜʠʝʥʪʘ [112] 
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ʈʠʩʫʥʦʢ 1.22 ï ɼʠʥʘʤʠʢʘ ʤʘʨʪʝʥʩʠʪʥʳʭ ʧʨʝʚʨʘʱʝʥʠʡ ʪʦʥʢʦʡ ʧʣʝʥʢʠ ʩʧʣʘʚʘ ɻʝʡʩʣʝʨʘ 

Co48Ni22Ga30, (ʘ) ï ʥʘʯʘʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ (100% ʤʘʨʪʝʥʩʠʪ); (ʙ) ï 

100% ʘʫʩʪʝʥʠʪʥʦʝ ʩʦʩʪʦʷʥʠʝ ʧʨʠ 386 ʂ; (ʚ), (ʛ) ʠ (ʜ) - ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʩʦʩʪʦʷʥʠʷ; (ʝ) ï ʚʦʟʚʨʘʪ ʢ 

100% ʤʘʨʪʝʥʩʠʪʫ [112] 

 

ʅʘ ʨʠʩʫʥʢʝ 1.22 ʧʦʢʘʟʘʥ ʧʨʷʤʦʡ ʠ ʦʙʨʘʪʥʳʡ ʧʨʦʮʝʩʩ ʧʝʨʝʭʦʜʘ ʤʘʨʪʝʥʩʠʪ-ʘʫʩʪʝʥʠʪ ʚ 

ʪʦʥʢʦʡ ʧʣʝʥʢʝ Co48Ni22Ga30 (ʪʦʣʱʠʥʘ ~ 10 ʤʢʤ). ʉʨʘʚʥʝʥʠʝ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʦʢʦʥʯʘʪʝʣʴʥʘʷ 

ʤʘʨʪʝʥʩʠʪʥʘʷ ʩʪʨʫʢʪʫʨʘ ʩʦʚʧʘʜʘʝʪ ʩ ʠʩʭʦʜʥʦʡ. ɸʚʪʦʨʳ, ʧʨʝʜʧʦʣʘʛʘʶʪ, ʯʪʦ ʵʪʦ ʤʦʞʝʪ ʙʳʪʴ 

ʦʙʲʷʩʥʝʥʦ ʦʛʨʘʥʠʯʝʥʠʝʤ ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ, ʥʘʣʘʛʘʝʤʦʝ ʙʦʣʴʰʠʤ ʦʪʥʦʰʝʥʠʝʤ ʨʘʟʤʝʨ 

ʟʝʨʥʘ/ʪʦʣʱʠʥʘ ʧʣʝʥʢʠ (> 10). ʆʜʥʘʢʦ, ʚ ʨʘʙʦʪʝ [20] ʥʘʙʣʶʜʘʝʪʩʷ ʦʙʨʘʪʥʘʷ ʩʠʪʫʘʮʠʷ. ʇʦʩʣʝ 

ʢʘʞʜʦʛʦ ʧʦʣʥʦʩʪʴʶ ʧʨʝʦʙʨʘʟʦʚʘʥʥʦʛʦ ʩʪʨʫʢʪʫʨʥʦʛʦ ʧʝʨʝʭʦʜʘ ʤʘʨʪʝʥʩʠʪ ʚ ʩʧʣʘʚʝ ɻʝʡʩʣʝʨʘ 

Ni45.7Mn36.6In13.5Co4.2 ʧʦʢʘʟʳʚʘʝʪ ʩʦʚʝʨʰʝʥʥʦ ʨʘʟʥʫʶ ʢʦʥʬʠʛʫʨʘʮʠʶ (ʨʠʩ. 1.23 ʚ, ʛ). ʇʦ ʤʥʝʥʠʶ 

ʘʚʪʦʨʦʚ, ʵʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʟʘʨʦʜʳʰʠ ʤʘʨʪʝʥʩʠʪʘ ʠʤʝʶʪ ʥʝʢʦʪʦʨʳʡ ʧʨʦʠʟʚʦʣʴʥʳʡ ʭʘʨʘʢʪʝʨ 

ʚ ʧʦʣʦʞʝʥʠʠ ʠ ʦʨʠʝʥʪʘʮʠʠ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʭʘʨʘʢʪʝʨʘ ʧʦʣʦʞʝʥʠʷ ʠ ʦʨʠʝʥʪʘʮʠʠ ʟʘʨʦʜʳʰʝʡ 

ʤʘʨʪʝʥʩʠʪʘ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʘʷ ʬʘʟʘ ʨʘʟʚʠʚʘʝʪʩʷ ʧʦ-ʨʘʟʥʦʤʫ. ɺ ʨʘʙʦʪʝ [20] ʪʘʢʞʝ ʧʨʠʚʦʜʷʪʩʷ 

ʨʝʟʫʣʴʪʘʪʳ ʚʠʟʫʘʣʠʟʘʮʠʠ ʤʘʨʪʝʥʩʠʪʘ ʧʦʩʣʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʥʘʛʨʝʚʘ (ʨʠʩ. 1.24 a). ɺ ʜʘʥʥʦʤ 

ʩʣʫʯʘʝ ʥʘʙʣʶʜʘʝʪʩʷ ʠʜʝʥʪʠʯʥʘʷ ʩ ʠʩʭʦʜʥʦʡ, ʢʦʥʬʠʛʫʨʘʮʠʷ ʤʘʨʪʝʥʩʠʪʘ. ɸʚʪʦʨʳ ʘʥʘʣʠʟʠʨʫʶʪ 

ʟʘʚʠʩʠʤʦʩʪʴ ʜʦʣʠ ʘʫʩʪʝʥʠʪʘ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ, ʧʦʩʪʨʦʝʥʥʫʶ ʠʟ ʦʧʪʠʯʝʩʢʦʡ ʚʠʟʫʘʣʠʟʘʮʠʠ 

ʪʝʨʤʦʠʥʜʫʮʠʨʦʚʘʥʥʦʛʦ ʤʘʨʪʝʥʩʠʪʥʦʛʦ ʧʝʨʝʭʦʜʘ ʠ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʚ ʩʣʘʙʦʤ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ (ʨʠʩ. 1.24 ʙ). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʨʘʙʦʪʝ [20] ʧʦʢʘʟʘʥʦ, 

ʯʪʦ ʦʪʨʠʮʘʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʪʝʧʣʦʚʦʛʦ ʛʠʩʪʝʨʝʟʠʩʘ ʤʦʞʝʪ ʙʳʪʴ ʫʤʝʥʴʰʝʥʦ ʚ ʩʧʣʘʚʘʭ ɻʝʡʩʣʝʨʘ, 

ʝʩʣʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʝʧʦʣʥʫʶ ʧʝʪʣʶ ʛʠʩʪʝʨʝʟʠʩʘ ʚʤʝʩʪʦ ʧʦʣʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʤʘʪʝʨʠʘʣʘ ʠʟ 

ʤʘʨʪʝʥʩʠʪʘ ʚ ʘʫʩʪʝʥʠʪ. ʕʪʦ ʩʚʷʟʘʥʥʦ ʩ ʯʘʩʪʠʯʥʳʤ ʧʨʝʢʨʘʱʝʥʠʝʤ ʟʘʨʦʞʜʝʥʠʷ ʤʘʨʪʝʥʩʠʪʘ ʚ 

ʩʤʝʰʘʥʥʦʡ ʦʙʣʘʩʪʠ (ʄ+ɸ) ʠʟ-ʟʘ ʥʝʧʦʣʥʦʡ ʧʝʣʠ ʛʠʩʪʝʨʝʟʠʩʘ. ʇʨʠ ʧʦʣʥʦʡ ʧʝʪʣʝ ʛʠʩʪʝʨʝʟʠʩʘ 

ʧʦʪʨʝʙʦʚʘʣʦʩʴ ʙʳ ʙʦʣʴʰʝ ʵʥʝʨʛʠʠ, ʯʝʤ ʧʨʦʩʪʦʝ ʜʚʠʞʝʥʠʝ ʛʨʘʥʠʮʳ ʬʘʟʳ ʧʨʠ ʥʝʧʦʣʥʦʡ ʧʝʪʣʝ 

ʛʠʩʪʝʨʝʟʠʩʘ. 
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ʈʠʩʫʥʦʢ 1.23 ï ʀʟʦʙʨʘʞʝʥʠʷ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʩʧʣʘʚʘ ɻʝʡʩʣʝʨʘ Ni45.7Mn36.6In13.5Co4.2, 

ʧʦʣʫʯʝʥʥʳʝ ʩ ʧʦʤʦʱʴʶ ʦʧʪʠʯʝʩʢʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʧʨʠ (ʘ) ï ʠʩʭʦʜʥʦʤ ʩʦʩʪʦʷʥʠʠ ʦʙʨʘʟʮʘ ʚ 

ʘʫʩʪʝʥʠʪʥʦʤ ʩʦʩʪʦʷʥʠʠ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, (ʙ) - ʧʨʠ ʥʠʟʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʯʠʩʪʦʤ 

ʤʘʨʪʝʥʩʠʪʥʦʤ ʩʦʩʪʦʷʥʠʠ ʧʦʩʣʝ ʧʝʨʚʦʛʦ ʦʭʣʘʞʜʝʥʠʷ, (ʚ) ï ʧʦʩʣʝ ʚʪʦʨʦʛʦ ʦʭʣʘʞʜʝʥʠʷ, (ʛ) ï 

ʧʦʩʣʝ ʪʨʝʪʴʝʛʦ ʦʭʣʘʞʜʝʥʠʷ [20] 

 

 

 

ʈʠʩʫʥʦʢ 1.24 ï (ʘ) ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʦʙʨʘʟʮʘ Ni45.7Mn36.6In13.5Co4.2, ʧʨʠʚʝʜʝʥʥʘʷ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʧʦʣʦʞʝʥʠʷ ʥʘ ʧʝʪʣʠ ʛʠʩʪʝʨʝʟʠʩʘ (ʝ): ʧʦʩʣʝ ʧʝʨʚʦʥʘʯʘʣʴʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ ʠʟ ʯʠʩʪʦʛʦ ʘʫʩʪʝʥʠʪʘ 

(ʚ) ʯʝʨʝʟ ʩʤʝʰʘʥʥʦʝ ʩʦʩʪʦʷʥʠʝ (ʙ) ʧʝʨʝʭʦʜ ʚ ʤʘʨʪʝʥʩʠʪʥʦʝ ʩʦʩʪʦʷʥʠʝ (ʘ). ʀʟ-ʟʘ ʙʦʣʴʰʦʡ 

ʰʠʨʠʥʳ ʧʝʪʣʠ ʛʠʩʪʝʨʝʟʠʩʘ ʧʨʦʚʦʜʠʣʩʷ ʥʘʛʨʝʚ ʦʙʨʘʟʮʘ ʜʦ 290ʂ (ʜ) ʠ ʧʦʚʪʦʨʥʦʝ ʦʭʣʘʞʜʝʥʠʝ ʜʦ 

ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ (ʛ); (ʞ)ï ʟʘʚʠʩʠʤʦʩʪʠ ʬʘʟʦʚʦʡ ʜʦʣʠ ʘʫʩʪʝʥʠʪʘ ʚ ʩʧʣʘʚʝ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ (ʙʝʟ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ) ʧʦʩʪʨʦʝʥʥʳʝ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʤʘʛʥʠʪʥʳʭ ʠʟʤʝʨʝʥʠʡ ʠ ʦʧʪʠʯʝʩʢʦʡ 

ʤʠʢʨʦʩʢʦʧʠʷ [20] 
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ʈʝʟʫʣʴʪʘʪʳ ʠʟʫʯʝʥʠʷ ʤʘʨʪʝʥʩʠʪʥʦʛʦ ʧʝʨʝʭʦʜʘ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʨʘʙʦʪʘʭ [113-115]. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʜʣʷ ʧʦʣʥʦʛʦ ʟʘʚʝʨʰʝʥʠʷ ʩʪʨʫʢʪʫʨʥʦʛʦ 

ʧʨʝʚʨʘʱʝʥʠʷ ʚ ʩʧʣʘʚʘʭ ɻʝʡʩʣʝʨʘ ʥʝʦʙʭʦʜʠʤʳ ʚʳʩʦʢʠʝ ʤʘʛʥʠʪʥʳʝ ʧʦʣʷ [5]. ʇʦʵʪʦʤʫ ʚ ʨʘʙʦʪʘʭ 

[113, 115] ʠʩʧʦʣʴʟʫʶʪ ʠʤʧʫʣʴʩʥʳʝ ʤʘʛʥʠʪʥʳʝ ʧʦʣʷ ʜʦ 35.5 ʊʣ, ʧʨʠ ʵʪʦʤ ʩʯʠʪʘʝʪʩʷ, ʯʪʦ ʫʩʣʦʚʠʷ 

ʵʢʩʧʝʨʠʤʝʥʪʘ ʘʜʠʘʙʘʪʠʯʝʩʢʠʝ ʠʟ-ʟʘ ʢʦʨʦʪʢʦʛʦ ʚʨʝʤʝʥʠ ʚʦʟʜʝʡʩʪʚʠʷ ʠʤʧʫʣʴʩʘ ʧʦʣʷ. ɺ ʨʘʙʦʪʝ 

[155] ʩ ʧʦʤʦʱʴʶ in-situ ʤʝʪʦʜʘ ʧʨʦʚʦʜʠʣʠʩʴ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʝ ʥʘʙʣʶʜʝʥʠʷ ʤʘʨʪʝʥʩʠʪʘ ʚ 

ʩʧʣʘʚʝ ɻʝʡʩʣʝʨʘ Ni44.3Co5.1Mn31.4Al19.2 ʚ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ ʦʪ 9 ʜʦ 150 ʂ ʠ ʤʘʛʥʠʪʥʳʤ ʧʦʣʝ 

ʜʦ 35.5 ʊʣ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʚ ʩʧʣʘʚʝ Ni44.3Co5.1Mn31.4Al19.2 ʙʳʣʦ ʧʦʜʪʚʝʨʞʜʝʥʦ 

ʤʘʛʥʠʪʦʠʥʜʫʮʠʨʦʚʘʥʥʦʝ ʤʘʨʪʝʥʩʠʪʥʦʝ ʧʨʝʚʨʘʱʝʥʠʝ (ʨʠʩ.1.25). ɺ ʨʘʙʦʪʝ [113] ʪʘʢʞʝ 

ʧʨʦʚʦʜʠʣʠʩʴ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʦʧʪʠʯʝʩʢʦʡ ʚʠʟʫʘʣʠʟʘʮʠʠ ʤʘʛʥʠʪʦʠʥʜʫʮʠʨʦʚʘʥʥʦʛʦ 

ʩʪʨʫʢʪʫʨʥʦʛʦ ʧʝʨʝʭʦʜʘ ʚ ʩʧʣʘʚʝ ɻʝʡʩʣʝʨʘ Ni45Co5Mn36.7In13.3 (ʨʠʩ.1.26). ʅʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ 

ʨʝʟʫʣʴʪʘʪʦʚ ʦʧʪʠʯʝʩʢʦʛʦ ʥʘʙʣʶʜʝʥʠʷ ʟʘ ʤʘʨʪʝʥʩʠʪʥʳʤ ʧʝʨʝʭʦʜʦʤ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʠʤʧʫʣʴʩʥʳʭ 

ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ ʜʦ 31 ʊʣ [113] ʠ ʜʘʥʥʳʭ ʠʟ ʢʨʠʚʳʭ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʧʦʩʪʨʦʝʥʘ ʬʘʟʦʚʘʷ 

ʜʠʘʛʨʘʤʤʘ ʦʪ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʜʣʷ ʩʧʣʘʚʘ ɻʝʡʩʣʝʨʘ Ni45Co5Mn36.7In13.3 (ʨʠʩ.1.27). ɺʳʰʝ ʙʳʣʦ 

ʦʪʤʝʯʝʥʦ, ʯʪʦ ʚ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʨʘʙʦʪʘʭ ʠʟʫʯʝʥʠʝ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʩʧʣʘʚʦʚ ɻʝʡʩʣʝʨʘ ʚ 

ʩʠʣʴʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʘʜʠʘʙʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ. ʆʜʥʘʢʦ, ʥʝʦʙʭʦʜʠʤʦ 

ʫʯʝʩʪʴ, ʯʪʦ ʧʨʠ ʠʟʦʪʝʨʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʧʨʝʚʨʘʱʝʥʠʝ ʤʘʨʪʝʥʩʠʪʘ ʚ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ ʙʫʜʝʪ 

ʧʨʦʠʩʭʦʜʠʪʴ ʠʥʘʯʝ. ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ, ʨʘʙʦʪʳ ʧʦ ʠʟʫʯʝʥʠʶ ʩʪʨʫʢʪʫʨʥʦʛʦ ʧʨʝʚʨʘʱʝʥʠʷ ʚ 

ʩʧʣʘʚʘʭ ɻʝʡʩʣʝʨʘ ʚ ʚʳʩʦʢʠʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ ʚ ʠʟʦʪʝʨʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʥʝʠʟʚʝʩʪʥʳ. 

 

 

ʈʠʩʫʥʦʢ 1.25 ï ʌʦʪʦʛʨʘʬʠʠ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʩʧʣʘʚʘ ɻʝʡʩʣʝʨʘ Ni44.3Co5.1Mn31.4Al19.2 ʧʦʜ 

ʜʝʡʩʪʚʠʝʤ ʠʤʧʫʣʴʩʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʧʨʠ ʧʦʩʪʦʷʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 25K, (ʘ) ï ʘʫʩʪʝʥʠʪʘʷ 

ʬʘʟʘ, ʠʥʜʫʮʠʨʦʚʘʥʥʘʷ ʤʘʛʥʠʪʥʳʤ ʧʦʣʝʤ Õ0ʅ = 35.5 Tʣ, (ʙ) ï ʤʘʨʪʝʥʩʠʪʥʘʷ ʬʘʟʘ, ʧʨʠ 

ʫʤʝʥʴʰʝʥʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʜʦ 0 ʊʣ [115] 
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ʈʠʩʫʥʦʢ 1.26 ïʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʩʧʣʘʚʘ ɻʝʡʩʣʝʨʘ Ni45Co5Mn0In13.3 ʚ ʠʤʧʫʣʴʩʥʦʤ ʤʘʛʥʠʪʥʦʤ 

ʧʦʣʝ ʜʦ 31 ʊʣ: (ʘ)-(ʛ) ï ʚʢʣʶʯʝʥʠʝ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, (ʜ)-(ʝ) ï ʚʳʢʣʶʯʝʥʠʝ [113] 

 

 

ʈʠʩʫʥʦʢ 1.27 ï ʄʘʛʥʠʪʥʘʷ ʬʘʟʦʚʘʷ ʜʠʘʛʨʘʤʤʘ ʩʧʣʘʚʘ ɻʝʡʩʣʝʨʘ Ni45Co5Mn36.7In13.3, ʧʦʩʪʨʦʝʥʥʘʷ 

ʥʘ ʦʩʥʦʚʝ ʦʧʪʠʯʝʩʢʠʭ ʥʘʙʣʶʜʝʥʠʡ (ʟʘʢʨʳʪʳʝ ʩʠʤʚʦʣʳ) ʠ ʤʘʛʥʠʪʥʳʭ ʠʟʤʝʨʝʥʠʡ (ʦʪʢʨʳʪʳʝ 

ʩʠʤʚʦʣʳ). ʂʚʘʜʨʘʪʘʤʠ ʦʪʤʝʯʝʥʳ ʟʥʘʯʝʥʠʷ ʧʦʣʷ ʘʫʩʪʝʥʠʪ ʬʠʥʠʰ (ɛ0Hɸf), ʢʨʫʛʘʤʠ ʦʪʤʝʯʝʥʳ 

ʟʥʘʯʝʥʠʷ ʧʦʣʷ ʤʘʨʪʝʥʩʠʪ ʩʪʘʨʪ (ɛ0Hʄs) [113] 

 

1.3 ʄʘʛʥʠʪʦʩʪʨʫʢʪʫʨʥʳʡ ʧʝʨʝʭʦʜ, ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʠ ʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ 

ʩʦʝʜʠʥʝʥʠʷ MnAs 

 

ʇʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʩʦʝʜʠʥʝʥʠʝ MnAs ʠʤʝʝʪ ʛʝʢʩʘʛʦʥʘʣʴʥʫʶ ʩʪʨʫʢʪʫʨʫ ʪʠʧʘ 

B81 (Ŭ-ʬʘʟʘ, ʛʨʫʧʧʘ ʩʠʤʤʝʪʨʠʠ P63/mmc), ʢʦʪʦʨʘʷ ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ ʦʨʪʦʨʦʤʙʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ 

ʪʠʧʘ ɺ31(ɓ-ʬʘʟʫ, ʛʨʫʧʧʘ ʩʠʤʤʝʪʨʠʠ Pnma) ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʊʉ=317 K [116]. ʇʨʠ ʵʪʦʤ 
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ʩʪʨʫʢʪʫʨʥʳʡ ʧʝʨʝʭʦʜ ʩʚʷʟʘʥ ʩ ʠʟʤʝʥʝʥʠʝʤ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ ʠʟ ʬʝʨʨʦʤʘʛʥʠʪʥʦʛʦ (Ŭ-ʬʘʟʘ) ʚ 

ʧʘʨʘʤʘʛʥʠʪʥʦʝ ʩʦʩʪʦʷʥʠʝ (ɓ-ʬʘʟʘ). ʊʘʢʦʡ ʧʝʨʝʭʦʜ ʚ ʩʦʝʜʠʥʝʥʠʠ MnAs ʥʘʟʳʚʘʶʪ 

ʤʘʛʥʠʪʦʩʪʨʫʢʪʫʨʥʳʤ ʌʇ 1-ʛʦ ʨʦʜʘ (Ŭ Ÿ ɓ), ʢʦʪʦʨʳʡ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʛʠʛʘʥʪʩʢʦʡ 

ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʝʡ (~ 2%) ʠ ʚʳʜʝʣʝʥʠʝʤ ʙʦʣʴʰʦʡ ʩʢʨʳʪʦʡ ʪʝʧʣʦʪʳ ʧʝʨʝʭʦʜʘ [24]. ɼʘʣʴʥʝʡʰʝʝ 

ʫʚʝʣʠʯʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʜʦ 394 ʂ ʧʨʠʚʦʜʠʪ ʢ ʩʪʨʫʢʪʫʨʥʦʤʫ ʧʝʨʝʭʦʜʫ ʚʪʦʨʦʛʦ ʨʦʜʘ ʪʠʧʘ 

ʩʤʝʱʝʥʠʷ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ ʬʘʟʳ ʩ ʛʝʢʩʘʛʦʥʘʣʴʥʦʡ ʩʠʤʤʝʪʨʠʝʡ (ɔ-ʬʘʟʘ), ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ 

ʧʘʨʘʤʘʛʥʠʪʥʦʡ [117-120] (ʨʠʩ. 1.28). ɺ ʨʘʙʦʪʝ [121] ʩ ʧʦʤʦʱʴʶ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʜʠʬʨʘʢʮʠʠ 

ʦʧʨʝʜʝʣʝʥʳ ʧʘʨʘʤʝʪʨʳ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʨʝʰʝʪʦʢ ʩʦʝʜʠʥʝʥʠʷ MnAs. ɺ ʩʣʫʯʘʝ ʛʝʢʩʘʛʦʥʘʣʴʥʦʡ 

ʬʘʟʳ ʧʘʨʘʤʝʪʨʳ ʨʝʰʝʪʢʠ: a= 3.730 (3) ¡ ʠ c = 5.700 (1) ¡. ʈʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ ʦʙʨʘʟʮʘ 

MnAs ʚ ʦʙʣʘʩʪʠ ʪʝʤʧʝʨʘʪʫʨ ʌʇ 1-ʛʦ ʨʦʜʘ (T = 317 K) ʧʦʢʘʟʘʣ ʩʦʩʫʱʝʩʪʚʦʚʘʥʠʝ ʦʙʝʠʭ ʬʘʟ: 56.1 

(7)% ʛʝʢʩʘʛʦʥʘʣʴʥʦʡ ʠ 43.9 (7%) ʦʨʪʦʨʦʤʙʠʯʝʩʢʦʡ. ʆʨʪʦʨʦʤʙʠʯʝʩʢʘʷ ʬʘʟʘ ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʝ 

ʧʘʨʘʤʝʪʨʳ ʨʝʰʝʪʢʠ: a = 5,720 (1) ¡; b = 3.691 (9) ¡; ʠ c = 6.35 (9).  

 

 

ʈʠʩʫʥʦʢ 1.28 ï ʉʪʨʫʢʪʫʨʥʳʝ ʠ ʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʩʦʝʜʠʥʝʥʠʷ MnAs 

 

ɺ ʩʦʝʜʠʥʝʥʠʠ MnAs ʚ ʦʙʣʘʩʪʠ ʤʘʛʥʠʪʦʩʪʨʫʢʪʫʨʥʦʛʦ ʌʇ 1-ʛʦ ʧʦʨʷʜʢʘ (Ŭ Ÿ ɓ) 

ʥʘʙʣʶʜʘʝʪʩʷ ʨʷʜ ʵʬʬʝʢʪʦʚ: ʛʠʛʘʥʪʩʢʠʡ ʄʂʕ [39], ʚʳʩʦʢʦʝ ʤʘʛʥʠʪʦʩʦʧʨʦʪʠʚʣʝʥʠʝ [122] ʠ 

ʤʘʛʥʠʪʦʫʧʨʫʛʠʡ ʵʬʬʝʢʪ [123]. ʇʝʨʚʘʷ ʬʝʥʦʤʝʥʦʣʦʛʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʧʝʨʝʭʦʜʘ Ŭ Ÿ ɓ ʧʨʝʜʣʦʞʝʥʘ 

ɹʠʥʦʤ ʠ ʈʦʜʙʝʣʦʤ [24], ʢʦʪʦʨʳʝ ʧʨʝʜʧʦʣʘʛʘʣʠ ʷʚʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʢʨʠʪʠʯʝʩʢʦʡ ʪʝʤʧʝʨʘʪʫʨʳ 

ʌʇ 1-ʛʦ ʨʦʜʘ ʦʪ ʦʙʲʝʤʘ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ. Goodenough ʠ ʜʨ. ʧʨʝʜʣʦʞʠʣʠ ʤʝʭʘʥʠʟʤ, 

ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʚʳʩʦʢʦʩʧʠʥʦʚʦʤ ʧʝʨʝʭʦʜʝ ʢ ʥʠʟʢʦʩʧʠʥʦʚʦʤʫ, ʢʦʪʦʨʳʡ ʠʥʜʫʮʠʨʫʝʪʩʷ 
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ʠʩʢʘʞʝʥʠʝʤ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ [124]. ʆʙʘ ʌʇ ʠʟʫʯʘʣʠʩʴ ʚ ʧʨʝʜʝʣʘʭ ʪʝʦʨʠʠ ʃʘʥʜʘʫ ʩ 

ʜʚʫʤʷ ʩʚʷʟʘʥʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʧʦʨʷʜʢʘ: ʠʩʢʘʞʝʥʠʝ ʨʝʰʝʪʢʠ ʠ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ [118, 125-126]. 

ʕʪʘ ʤʦʜʝʣʴ ʫʩʧʝʰʥʦ ʦʧʠʩʳʚʘʝʪ ʩʣʦʞʥʫʶ ʬʘʟʦʚʫʶ ʜʠʘʛʨʘʤʤʫ ʩ ʩʦʩʫʱʝʩʪʚʫʶʱʠʤʠ ʣʠʥʠʷʤʠ 

ʧʝʨʝʭʦʜʦʚ 1-ʛʦ ʠ 2-ʛʦ ʧʦʨʷʜʢʦʚ, ʚʢʣʶʯʘʷ ʚʣʠʷʥʠʝ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ʌʘʟʦʚʳʡ ʧʝʨʝʭʦʜ ʚʪʦʨʦʛʦ 

ʨʦʜʘ (ɓ Ÿ ɔ) ʦʙʲʷʩʥʷʣʩʷ, ʢʘʢ ʵʬʬʝʢʪ ʩʪʘʙʠʣʠʟʘʮʠʠ ʛʝʢʩʘʛʦʥʘʣʴʥʦʡ ʬʘʟʳ ʧʨʠ ʙʦʣʴʰʝʤ ʦʙʲʝʤʝ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ ʠʟ-ʟʘ ʪʝʧʣʦʚʦʛʦ ʨʘʩʰʠʨʝʥʠʷ [127]. ʕʪʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʩʥʦ ʫʢʘʟʳʚʘʶʪ 

ʥʘ ʚʘʞʥʦʩʪʴ ʠʩʢʘʞʝʥʠʷ ʨʝʰʝʪʦʢ ʚ ʦʙʦʠʭ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʘʭ ʠ ʟʥʘʯʠʪʝʣʴʥʫʶ ʩʧʠʥ-ʨʝʰʝʪʦʯʥʫʶ 

ʩʚʷʟʴ ʚ ʩʦʝʜʠʥʝʥʠʠ MnAs. 

ʄʘʛʥʠʪʥʘʷ ʬʘʟʦʚʘʷ ʜʠʘʛʨʘʤʤʘ ʩʦʝʜʠʥʝʥʠʷ MnAs ʠʩʩʣʝʜʦʚʘʥʘ ʚ ʨʷʜʝ ʨʘʙʦʪ [117-118, 127, 

128]. ʅʘʠʙʦʣʝʝ ʧʦʣʥʘʷ ʬʘʟʦʚʘʷ ʜʠʘʛʨʘʤʤʘ ʚ ʩʪʘʮʠʦʥʘʨʥʦʤ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʧʦʢʘʟʘʥʘ ʚ ʨʘʙʦʪʘʭ 

[117-118]. ʅʘ ʨʠʩʫʥʢʝ 1.29 ʧʨʝʜʩʪʘʚʣʝʥʘ ʤʘʛʥʠʪʥʘʷ ʬʘʟʦʚʘʷ ʜʠʘʛʨʘʤʤʘ MnAs [118], 

ʧʦʩʪʨʦʝʥʥʘʷ ʥʘ ʜʘʥʥʳʭ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʠ ʦʙʲʝʤʥʦʛʦ ʵʬʬʝʢʪʘ [117, 128]. ʂʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 

1.29 ʦʙʣʘʩʪʠ ʦʨʪʦʨʦʤʙʠʯʝʩʢʦʡ ʠ ʧʘʨʘʤʘʛʥʠʪʥʦʡ ʬʘʟ ʠʤʝʶʪ ʦʛʨʘʥʠʯʝʥʥʫʶ ʦʙʣʘʩʪʴ ʚ ʧʣʦʩʢʦʩʪʠ 

(T, Õ0H) ʜʣʷ ʧʦʣʝʡ ʥʠʞʝ ~9 ʊʣ. ʌʘʟʦʚʘʷ ʛʨʘʥʠʮʘ ʩʦʩʪʦʠʪ ʠʟ ʣʠʥʠʠ ʌʇ 1-ʛʦ ʨʦʜʘ, ʥʘʯʠʥʘʷ ʩ 

ʪʝʤʧʝʨʘʪʫʨʳ ʌʇ 1-ʛʦ ʨʦʜʘ ʧʨʠ Õ0ʅ=0 ʊʣ ʠ ʣʠʥʠʠ ʧʝʨʝʭʦʜʘ 2-ʛʦ ʧʦʨʷʜʢʘ, ʥʘʯʠʥʘʷ ʩ 

ʪʝʤʧʝʨʘʪʫʨʳ ʌʇ 2-ʛʦ ʨʦʜʘ ʧʨʠ Õ0ʅ=0 ʊʣ. ʕʪʠ ʜʚʝ ʣʠʥʠʠ ʚʩʪʨʝʯʘʶʪʩʷ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʚ 

ʪʨʠʢʨʠʪʠʯʝʩʢʦʡ ʪʦʯʢʝ ʧʨʠ ~370 K [118]. 

 

 

ʈʠʩʫʥʦʢ 1.29 ï ʄʘʛʥʠʪʥʘʷ ʬʘʟʦʚʘʷ ʜʠʘʛʨʘʤʤʘ MnAs ʚ ʩʪʘʮʠʦʥʘʨʥʦʤ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ, 

ʧʦʩʪʨʦʝʥʥʘʷ ʠʟ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ M (ʩʠʤʚʦʣʳ Ǐ, ǒ) ʠ ʦʙʲʝʤʘ 

ʢʨʠʩʪʘʣʠʯʯʝʩʢʦʡ ʨʝʰʝʪʢʠ V (ʩʠʤʚʦʣʳ ƶ,ƺ) [129]. ɿʘʢʨʘʰʝʥʥʳʝ ʩʠʤʚʦʣʳ ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʧʝʨʝʭʦʜʘʤ ʦʪ ʦʨʪʦʨʦʤʙʠʯʝʩʢʦʡ ʢ ʛʝʢʩʘʛʦʥʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʝ, ʘ ʦʪʢʨʳʪʳʝ ï ʦʙʨʘʪʥʦʤʫ ʧʝʨʝʭʦʜʫ 

[118] 
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1.4  ʄʘʛʥʠʪʦʢʘʣʦʨʠʯʝʩʢʠʡ ʵʬʬʝʢʪ  

ʄʘʛʥʠʪʦʢʘʣʦʨʠʯʝʩʢʠʡ ʵʬʬʝʢʪ (ʄʂʕ) ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʙʨʘʪʠʤʦʤ ʠʟʤʝʥʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ 

ʤʘʛʥʝʪʠʢʘ, ʥʘʭʦʜʷʱʝʛʦʩʷ ʚ ʘʜʠʘʙʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ, ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʥʝʛʦ ʚʥʝʰʥʝʛʦ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ [130]. ʄʂʕ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʘʜʠʘʙʘʪʠʯʝʩʢʠʤ ʠʟʤʝʥʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ æTʘʜ ʠ 

ʠʟʦʪʝʨʤʠʯʝʩʢʠʤ ʠʟʤʝʥʝʥʠʝʤ ʵʥʪʨʦʧʠʠ æSʤ [130-131].  

ʄʂʕ ʙʳʣ ʦʪʢʨʳʪ ʕʤʠʣʝʤ ɻʘʙʨʠʵʣʝʤ ɺʘʨʙʫʨʛʦʤ ʚ 1881 ʛʦʜʫ [132]. ʆʜʥʘʢʦ, ʝʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʧʨʦʮʝʩʩʘʭ ʦʭʣʘʞʜʝʥʠʷ ʙʳʣʦ ʚʧʝʨʚʳʝ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ ʚ 1933 ʛʦʜʫ 

ʫʯʝʥʳʤʠ ɼʞʠʦʢʦʤ ʠ ʄʘʢ ɼʫʛʣʦʤ [133], ʢʦʛʜʘ ʦʥʠ ʜʦʩʪʠʛʣʠ 0.25 ʂ (ʚ ʪʦ ʚʨʝʤʷ  ʨʝʢʦʨʜʥʦ ʥʠʟʢʘʷ 

ʪʝʤʧʝʨʘʪʫʨʘ) ʧʫʪʝʤ ʘʜʠʘʙʘʪʠʯʝʩʢʦʛʦ ʨʘʟʤʘʛʥʠʯʠʚʘʥʠʷ ʩʫʣʴʬʘʪʘ ʛʘʜʦʣʠʥʠʷ. ɺ 1976 ʛʦʜʫ ɹʨʘʫʥ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣ, ʯʪʦ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʨʘʟʥʠʮʘ ʪʝʤʧʝʨʘʪʫʨ ʤʝʞʜʫ ʛʦʨʷʯʠʤ ʠ 

ʭʦʣʦʜʥʳʤ ʢʦʥʮʘʤʠ ʤʘʛʥʠʪʥʦʛʦ ʭʦʣʦʜʠʣʴʥʠʢʘ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ 47 K. ɼʣʷ ʵʪʦʛʦ ʦʥ ʧʨʦʚʦʜʠʣ ʜʦ 

50 ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʮʠʢʣʦʚ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ-ʨʘʟʤʘʛʥʠʯʠʚʘʥʠʷ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʦʙʨʘʟʮʘ Gd ʚ 

ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ ʦʪ 0 ʜʦ 7.5 ʊʣ [134-135]. ɼʘʥʥʳʡ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʠʥʪʝʨʚʘʣ ʚ ʪʨʠ ʨʘʟʘ ʙʦʣʴʰʝ, 

ʯʝʤ ȹTʘʜ ʛʘʜʦʣʠʥʠʷ ʧʨʠ ʦʜʥʦʢʨʘʪʥʦʤ ʠʟʤʝʥʝʥʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʜʦ 7.5 ʊʣ. ʕʪʦʛʦ ʫʜʘʣʦʩʴ 

ʜʦʩʪʠʯʴ ʩ ʧʨʠʤʝʥʝʥʠʝʤ, ʪʘʢ ʥʘʟʳʚʘʝʤʦʛʦ, ʮʠʢʣʘ ñadvanced magnetic regeneratorò (AMR). 

ʉʣʝʜʫʶʱʠʤ ʚʘʞʥʳʤ ʰʘʛʦʤ ʚ ʠʟʫʯʝʥʠʠ Mʂʕ ʩʪʘʣʦ ʦʪʢʨʳʪʠʝ ʚ 1997 ʛʦʜʫ ʛʠʛʘʥʪʩʢʦʛʦ 

ʤʘʛʥʠʪʦʢʘʣʦʨʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ ʚ ʦʙʨʘʟʮʝ Gd5Si2Ge2, ʩʚʷʟʘʥʥʦʛʦ ʩ ʌʇ 1-ʛʦ ʨʦʜʘ [38]. 

ɺʧʦʩʣʝʜʩʪʚʠʠ, ʛʠʛʘʥʪʩʢʠʡ ʄʂʕ ʥʘʙʣʶʜʘʣʩʷ ʚ ʜʨʫʛʠʭ ʤʘʛʥʠʪʥʳʭ ʤʘʪʝʨʠʘʣʘʭ, ʪʘʢʠʭ ʢʘʢ: 

La(Fe11.4Si1.6) [136], MnAs [39], MnFeP0.45As0.55 [137], La(Fe11.5Si1.5)Hy [138], ʩʧʣʘʚʳ ɻʝʡʩʣʝʨʘ 

ʨʘʟʣʠʯʥʳʭ ʩʝʤʝʡʩʪʚ [139-141] ʠ MnCoGeBx [142] ʠ ʪ.ʜ. 

ɿʘ ʧʦʩʣʝʜʥʠʝ 30 ʣʝʪ ʠʥʪʝʨʝʩ ʢ ʠʟʫʯʝʥʠʶ ʄʂʕ ʩʠʣʴʥʦ ʚʳʨʦʩ ʠʟ-ʟʘ ʚʦʟʤʦʞʥʦʩʪʠ ʝʛʦ 

ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʚ ʤʘʛʥʠʪʥʳʭ ʭʦʣʦʜʠʣʴʥʠʢʘʭ, ʨʘʙʦʪʘʶʱʠʭ ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ. ʊʘʢʞʝ ʄʂʕ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʠʩʩʣʝʜʦʚʘʪʴ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʥʦʚʳʭ 

ʤʘʛʥʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ [11]. ʄʘʪʝʨʠʘʣʳ, ʦʙʣʘʜʘʶʱʠʝ ʚʳʩʦʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʄʂʕ, ʷʚʣʷʶʪʩʷ 

ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʤʘʛʥʠʪʥʳʤʠ ʭʣʘʜʘʛʝʥʪʘʤʠ ʜʣʷ ʪʚʝʨʜʦʪʝʣʴʥʦʛʦ ʵʥʝʨʛʦʩʙʝʨʝʛʘʶʱʝʛʦ 

ʦʭʣʘʞʜʝʥʠʷ. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʤʦʤʝʥʪ ʙʦʣʴʰʦʝ ʧʦʪʨʝʙʣʝʥʠʝ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʩʚʷʟʘʥʦ ʩ 

ʧʨʦʮʝʩʩʘʤʠ ʧʦʣʫʯʝʥʠʷ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʭʦʣʦʜʘ ʠ ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʷ ʚʦʟʜʫʭʘ. ʇʦʚʳʰʝʥʠʝ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʜʘʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʧʦʩʨʝʜʩʪʚʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʘʛʥʠʪʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʨʠʚʝʣʦ 

ʙʳ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʩʦʢʨʘʱʝʥʠʶ ʧʦʪʨʝʙʣʝʥʠʷ ʵʥʝʨʛʠʠ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʤʘʛʥʠʪʥʳʝ 

ʭʦʣʦʜʠʣʴʥʠʢʠ ʤʦʛʫʪ ʟʘʤʝʥʠʪʴ ʦʙʳʯʥʳʝ ʭʦʣʦʜʠʣʴʥʠʢʠ, ʧʦʩʢʦʣʴʢʫ ʦʥʠ ʷʚʣʷʶʪʩʷ ʙʦʣʝʝ 

ʵʢʦʥʦʤʠʯʥʳʤʠ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʝʟʦʧʘʩʥʳʤʠ. ʌʫʥʜʘʤʝʥʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʄʂʕ ʠʥʪʝʨʝʩʥʦ ʩ 

ʪʦʯʢʠ ʟʨʝʥʠʷ ʬʠʟʠʢʠ ʤʘʛʥʝʪʠʟʤʘ ʠ ʪʝʨʤʦʜʠʥʘʤʠʢʠ ʪʚʝʨʜʦʛʦ ʪʝʣʘ [12]. ʉʣʝʜʫʝʪ ʪʘʢʞʝ ʦʪʤʝʪʠʪʴ, 

ʯʪʦ ʄʂʕ ʷʚʣʷʝʪʩʷ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʤʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʘʛʥʠʪʥʳʭ, 
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ʤʘʛʥʠʪʦʩʪʨʫʢʪʫʨʥʳʭ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ ʠ ʠʭ ʤʝʭʘʥʠʟʤʦʚ. ʂʘʢ ʧʨʘʚʠʣʦ, Mʂʕ ʜʦʩʪʠʛʘʝʪ 

ʤʘʢʩʠʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʚ ʦʙʣʘʩʪʠ ʤʘʛʥʠʪʥʳʭ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ.  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʦʠʩʢ ʤʘʪʝʨʠʘʣʦʚ ʩ ʚʳʩʦʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʄʂʕ ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʚʳʩʦʢʠʭ ï çʩʨʝʜʥʠʭè ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ ʜʦ ~ 2 ʊʣ ʧʨʦʜʦʣʞʘʝʪʩʷ. 

ʇʦʵʪʦʤʫ ʩʧʣʘʚʳ ɻʝʡʩʣʝʨʘ ʠ ʩʦʝʜʠʥʝʥʠʝ MnAs, ʦʙʣʘʜʘʶʱʠʝ ʤʘʛʥʠʪʦʩʪʨʫʢʪʫʨʥʦʤ ʧʝʨʝʭʦʜʦʤ 

ʚʙʣʠʟʠ ʢʦʤʥʘʪʥʳʭ ʪʝʤʧʝʨʘʪʫʨ ʠ ʚʳʩʦʢʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʤʘʛʥʠʪʦʩʪʨʫʢʪʫʨʥʦʛʦ ʧʝʨʝʭʦʜʘ ʢ 

ʤʘʛʥʠʪʥʦʤʫ ʧʦʣʶ, ʷʚʣʷʶʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʢʘʥʜʠʜʘʪʘʤʠ ʜʣʷ ʨʘʙʦʯʝʛʦ ʪʝʣʘ ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ 

ʤʘʛʥʠʪʥʦʛʦ ʭʦʣʦʜʠʣʴʥʠʢʘ. 

 

1.4.1 ʆʩʥʦʚʥʳʝ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʤʘʛʥʠʪʦʢʘʣʦʨʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ 

ʂʘʢ ʙʳʣʦ ʩʢʘʟʘʥʦ ʚʳʰʝ, ʄʂʕ ʤʦʞʥʦ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʧʦʩʨʝʜʩʪʚʦʤ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ: ʘʜʠʘʙʘʪʠʯʝʩʢʦʛʦ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ æTʘʜ ʠ ʠʟʦʪʝʨʤʠʯʝʩʢʦʛʦ ʠʟʤʝʥʝʥʠʷ 

ʵʥʪʨʦʧʠʠ æSʤ. ɼʘʥʥʳʝ ʧʘʨʘʤʝʪʨʳ ʄʂʕ ʷʚʣʷʶʪʩʷ ʬʫʥʢʮʠʷʤʠ ʪʝʤʧʝʨʘʪʫʨʳ T ʠ ʠʟʤʝʥʝʥʠʷ 

ʚʥʝʰʥʝʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ æʅ = ʅF ï ʅs, ʛʜʝ ʅF ʠ ʅs ʢʦʥʝʯʥʦʝ ʠ ʥʘʯʘʣʴʥʦʝ ʟʥʘʯʝʥʠʷ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ɺ ʩʣʫʯʘʝ ʠʟʦʪʝʨʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʪʝʤʧʝʨʘʪʫʨʘ 

ʤʘʛʥʝʪʠʢʘ ʙʫʜʝʪ ʧʦʩʪʦʷʥʥʦʡ, ʘ ʦʙʱʘʷ ʵʥʪʨʦʧʠʷ ʙʫʜʝʪ ʠʟʤʝʥʷʪʴʩʷ [72]: 

 

ЎὛ ὝЎ ὛὝ ὛὝ Ȣ     (1.2) 

 

ʇʨʠ ʵʪʦʤ ȹSM(T)ȹH ʥʘʟʳʚʘʶʪ ʠʟʦʪʝʨʤʠʯʝʩʢʠʤ ʠʟʤʝʥʝʥʠʝʤ ʵʥʪʨʦʧʠʠ. ɼʘʥʥʳʡ ʧʘʨʘʤʝʪʨ 

ʷʚʣʷʝʪʩʷ ʚʘʞʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʤʘʪʝʨʠʘʣʘ ʨʘʙʦʯʝʛʦ ʪʝʣʘ ʤʘʛʥʠʪʥʦʛʦ ʭʦʣʦʜʠʣʴʥʠʢʘ. 

ʅʘʧʨʠʤʝʨ, ʠʟʦʪʝʨʤʠʯʝʩʢʦʝ ʠʟʤʝʥʝʥʠʝ ʵʥʪʨʦʧʠʠ ʤʘʛʥʝʪʠʢʘ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʧʘʨʘʤʝʪʨ 

ʫʜʝʣʴʥʦʡ ʭʣʘʜʦʝʤʢʦʩʪʠ ʤʘʛʥʠʪʥʦʛʦ ʭʣʘʜʘʛʝʥʪʘ Qʭʣ [134].  

 

ὗ̖ ̌ ᷿ Ўί ὝЎὨὝ.     (1.3) 

 

 ʇʨʠ ʘʜʠʘʙʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʤʘʪʝʨʠʘʣ ʥʘʭʦʜʠʪʴʩʷ ʚ ʪʝʧʣʦʚʦʡ ʠʟʦʣʷʮʠʠ ʦʪ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ʇʦʜ ʜʝʡʩʪʚʠʝʤ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʦʙʱʘʷ ʵʥʪʨʦʧʠʷ ʤʘʛʥʝʪʠʢʘ ʦʩʪʘʝʪʩʷ 

ʧʦʩʪʦʷʥʥʦʡ, ʘ ʪʝʤʧʝʨʘʪʫʨʘ ʤʘʛʥʝʪʠʢʘ ʙʫʜʝʪ ʠʟʤʝʥʷʪʴʩʷ:  

ЎὝ́ Ὕ̅Ў ὝὛ ὝὛ  ,    (1.4) 
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ʛʜʝ ЎὝ́ Ὕ̅Ў  ï ʘʜʠʘʙʘʪʠʯʝʩʢʦʝ ʠʟʤʝʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʤʘʛʥʝʪʠʢʘ. ʇʘʨʘʤʝʪʨ ЎὝ́ Ὕ̅Ў  ʚ 

ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ, ʦʧʨʝʜʝʣʷʝʪ ʨʘʟʥʦʩʪʴ ʪʝʤʧʝʨʘʪʫʨ ʤʝʞʜʫ ʭʦʣʦʜʥʳʤ ʠ ʛʦʨʷʯʠʤ ʢʦʥʮʘʤʠ 

ʭʦʣʦʜʠʣʴʥʠʢʘ ʠ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʚʘʞʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʤʘʛʥʠʪʥʦʛʦ ʨʝʬʨʠʞʝʨʘʪʦʨʘ.  

ʄʘʛʥʠʪʥʘʷ ʵʥʪʨʦʧʠʷ ʷʚʣʷʝʪʩʷ ʬʫʥʢʮʠʝʡ ʪʝʤʧʝʨʘʪʫʨʳ ʊ, ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʅ ʠ ʜʘʚʣʝʥʠʷ 

ʈ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʦʣʥʳʡ ʜʠʬʬʝʨʝʥʮʠʘʣ ʤʘʛʥʠʪʥʦʡ ʵʥʪʨʦʧʠʠ ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ [72]: 

 

ὨὛ  
ȟ
ὨὝ

ȟ
ὨὌ

ȟ
ὨὖȢ         (1.5) 

 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʠʟʚʝʩʪʥʳʭ ʩʦʦʪʥʦʰʝʥʠʡ ʄʘʢʩʚʝʣʣʘ [11]: 

 

ȟ
 

ȟ
ȟ

ȟ
 

ȟ
ȟ

ȟ
 

ȟ
   (1.6) 

 

ʙʝʩʢʦʥʝʯʥʦ ʤʘʣʘʷ ʚʝʣʠʯʠʥʘ ʠʟʦʙʘʨʥʦ-ʠʟʦʪʝʨʤʠʯʝʩʢʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʵʥʪʨʦʧʠʠ ʤʦʞʝʪ 

ʙʳʪʴ ʩʚʷʟʘʥʘ ʩ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴʶ (ʄ), ʥʘʧʨʷʞʸʥʥʦʩʪʴʶ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ (ʅ) ʠ ʘʙʩʦʣʶʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʦʡ (ʊ) ʩʣʝʜʫʶʱʠʤ ʫʨʘʚʥʝʥʠʝʤ: 

ȟ
 

ȟ
Ȣ                (1.7) 

 

ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʤʘʛʥʠʪʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʥʝʦʙʭʦʜʠʤʦ 

ʧʨʦʠʥʪʝʛʨʠʨʦʚʘʪʴ ʧʦ ʚʝʣʠʯʠʥʝ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ H ʚʳʨʘʞʝʥʠʝ (1.7): 

 

ЎὛ ὝЎ ᷿ ὨὛ ὝȟὌ ᷿
ȟ

 
ὨὌȢ  (1.8) 

 

ʇʫʪʝʤ ʢʦʤʙʠʥʠʨʦʚʘʥʠʷ ʨʘʚʝʥʩʪʚ (1.7) ʠ ʩʣʝʜʫʶʱʠʭ ʩʦʦʪʥʦʰʝʥʠʡ (1.9) ʠ (1.10): 

 

ȟ ˞ ȟ
,     (1.9) 

 

ὝὨὛὝ
ȟ

 ὨὝ
ȟ

,    (1.10) 

ʧʦʣʫʯʘʝʪʩʷ: 

 

dT(T, H)= 
ȟ

 
ȟ

 
ὨὌ,    (1.11) 
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ʛʜʝ C(T,H) ï ʬʫʥʢʮʠʷ  ʪʝʧʣʦʝʤʢʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʧʨʠ 

ʧʦʩʪʦʷʥʥʦʤ ʜʘʚʣʝʥʠʠ. ʇʫʪʝʤ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʫʨʘʚʥʝʥʠʷ (1.11) ʧʦ ʚʝʣʠʯʠʥʝ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ H 

ʧʦʣʫʯʘʝʤ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ЎὝ́ :̅ 

ЎὝ́ Ὕ̅Ў ᷿ ὨὝὝȟὌ ᷿
ȟ

 
ȟ

 
ὨὌȢ   (1.12) 

 

ʆʙʘ ʧʘʨʘʤʝʪʨʘ ЎὝ́ Ὕ̅Ў  ʠ ЎὛ ὝЎ  ʟʘʚʠʩʷʪ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ  ʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ (ʫʨʘʚʥʝʥʠʷ 

(1.8) ʠ (1.12), ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ) ʠ ʦʙʳʯʥʦ ʠʩʩʣʝʜʫʶʪʩʷ, ʢʘʢ ʬʫʥʢʮʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʜʣʷ ʜʘʥʥʦʛʦ 

ʟʥʘʯʝʥʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʠʣʠ ʢʘʢ ʬʫʥʢʮʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʜʣʷ ʜʘʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ. 

ʇʦʚʝʜʝʥʠʝ ʦʙʝʠʭ ʧʘʨʘʤʝʪʨʦʚ ʤʘʛʥʠʪʦʢʘʣʦʨʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ ЎὝ́ Ὕ̅Ў  ʠ ЎὛ ὝЎ  ʟʘʚʠʩʷʪ ʦʪ 

ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʦʚ, ʧʦʵʪʦʤʫ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʳʤ ʷʚʣʷʝʪʩʷ ʠʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ 

ʦʧʨʝʜʝʣʝʥʠʝ.  

ɺ ʩʣʫʯʘʝ ʘʜʠʘʙʘʪʠʯʝʩʢʦʛʦ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ ʤʘʛʥʠʪʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, Mʂʕ ʦʙʫʩʣʦʚʣʝʥ 

ʜʝʡʩʪʚʠʝʤ ʚʥʝʰʥʝʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʥʘ ʘʪʦʤʥʳʝ ʤʘʛʥʠʪʥʳʝ ʤʦʤʝʥʪʳ. ʌʠʟʠʯʝʩʢʠʡ ʩʤʳʩʣ 

ʄʂʕ ʚ ʪʦʤ, ʯʪʦ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚʥʫʪʨʝʥʥʝʡ 

ʵʥʝʨʛʠʠ ʤʝʞʜʫ ʩʪʨʫʢʪʫʨʥʦʡ ʠ ʤʘʛʥʠʪʥʦʡ ʧʦʜʩʠʩʪʝʤʘʤʠ ʤʘʛʥʝʪʠʢʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʤʘʛʥʝʪʠʢ 

ʦʭʣʘʞʜʘʝʪʩʷ ʠʣʠ ʥʘʛʨʝʚʘʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʠʨʦʜʳ ʤʘʛʥʠʪʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. ɺ ʩʣʫʯʘʝ 

ʬʝʨʨʦʤʘʛʥʝʪʠʢʘ ʠʣʠ ʧʘʨʘʤʘʛʥʝʪʠʢʘ, ʫʚʝʣʠʯʝʥʠʝ ʚʝʣʠʯʠʥʳ ʚʦʟʜʝʡʩʪʚʫʶʱʝʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ 

ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʯʠʩʣʘ ʧʘʨʘʣʣʝʣʴʥʳʭ ʤʘʛʥʠʪʥʳʭ ʤʦʤʝʥʪʦʚ (ʫʤʝʥʴʰʝʥʠʝ ʤʘʛʥʠʪʥʦʡ 

ʵʥʪʨʦʧʠʠ) ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʚʣʝʯʝʪ ʫʤʝʥʴʰʝʥʠʝ ʚʥʫʪʨʝʥʥʝʡ ʵʥʝʨʛʠʠ ʠʟ-ʟʘ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ 

ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʵʥʝʨʛʠʠ ʚʥʝʰʥʝʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ʇʦʩʢʦʣʴʢʫ ʵʥʪʨʦʧʠʷ ʤʘʛʥʝʪʠʢʘ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʫʤʤʫ ʵʥʪʨʦʧʠʡ ʝʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ (ʢʦʣʝʙʘʥʠʷ ʘʪʦʤʦʚ) ʠ 

ʤʘʛʥʠʪʥʦʡ ʯʘʩʪʠ (ʩʧʠʥʦʚʘʷ ʧʦʜʩʠʩʪʝʤʦʡ) ʪʦ, ʫʤʝʥʴʰʝʥʠʝ ʤʘʛʥʠʪʥʦʡ ʯʘʩʪʠ ʵʥʪʨʦʧʠʠ ʜʦʣʞʥʦ 

ʙʳʪʴ ʢʦʤʧʝʥʩʠʨʦʚʘʥʦ ʠʟ-ʟʘ ʫʩʣʦʚʠʡ ʘʜʠʘʙʘʪʠʯʥʦʩʪʠ, ʫʚʝʣʠʯʝʥʠʝʤ ʵʥʪʨʦʧʠʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ 

ʨʝʰʝʪʢʠ. ʋʚʝʣʠʯʝʥʠʝ ʵʥʪʨʦʧʠʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ ʜʦʩʪʠʛʘʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝʤ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʪʝʧʣʦʚʦʛʦ ʜʚʠʞʝʥʠʷ, ʪ.ʝ. ʧʫʪʝʤ ʥʘʛʨʝʚʘ ʩʪʨʫʢʪʫʨʥʦʡ ʧʦʜʩʠʩʪʝʤʳ. ʊʘʢʦʝ 

ʧʨʦʷʚʣʝʥʠʝ ʤʘʛʥʠʪʦʠʥʜʫʮʠʨʦʚʘʥʥʳʭ ʩʚʦʡʩʪʚ ʦʪʥʦʩʷʪ ʢ ʧʨʷʤʦʤʫ ʄʂʕ. ɺ ʩʣʫʯʘʝ 

ʘʥʪʠʬʝʨʨʦʤʘʛʥʝʪʠʢʘ, ʢʦʪʦʨʳʡ, ʢ ʧʨʠʤʝʨʫ, ʠʤʝʝʪ ʜʚʝ ʘʥʪʠʧʘʨʘʣʣʝʣʴʥʳʝ ʧʦʜʨʝʰʝʪʢʠ, ʧʦʣʥʘʷ 

ʵʥʪʨʦʧʠʷ ʪʘʢʞʝ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʚʠʜʝ ʩʫʤʤʳ ʵʥʪʨʦʧʠʡ ʤʘʛʥʠʪʥʦʡ ʧʦʜʩʠʩʪʝʤʳ ʠ 

ʵʥʪʨʦʧʠʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ. ɽʩʣʠ, ʥʘʧʨʠʤʝʨ, ʚʥʝʰʥʝʝ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʥʘʧʨʘʚʣʝʥʦ 

ʚʜʦʣʴ ʥʘʧʨʘʚʣʝʥʠʷ ʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ ʧʝʨʚʦʡ ʧʦʜʨʝʰʝʪʢʠ, ʪʦ ʦʥʦ ʙʫʜʝʪ ʚʨʘʱʘʪʴ ʤʘʛʥʠʪʥʳʝ 

ʤʦʤʝʥʪʳ ʚʪʦʨʦʡ ʧʦʜʨʝʰʝʪʢʠ ʢ ʥʘʧʨʘʚʣʝʥʠʶ ʤʘʛʥʠʪʥʳʭ ʤʦʤʝʥʪʦʚ ʘʪʦʤʦʚ ʧʝʨʚʦʡ ʧʦʜʨʝʰʝʪʢʠ, 

ʪʝʤ ʩʘʤʳʤ ʥʘʨʫʰʘʷ ʩʫʱʝʩʪʚʫʶʱʠʡ ʧʦʨʷʜʦʢ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʤʘʛʥʠʪʥʦʡ ʯʘʩʪʠ 

ʵʥʪʨʦʧʠʠ ʚʪʦʨʦʡ ʧʦʜʨʝʰʝʪʢʠ. ʇʦʩʢʦʣʴʢʫ ʤʘʛʥʠʪʥʘʷ ʵʥʪʨʦʧʠʷ ʧʝʨʚʦʡ ʧʦʜʨʝʰʝʪʢʠ ʦʩʪʘʝʪʩʷ 

ʥʝʠʟʤʝʥʥʦʡ, ʪʦ, ʚ ʩʠʣʫ ʘʜʠʘʙʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʚʦʟʥʠʢʘʝʪ ʫʤʝʥʴʰʝʥʠʝ ʵʥʪʨʦʧʠʠ 
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ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ, ʧʨʠʚʦʜʷʱʝʝ ʢ ʦʭʣʘʞʜʝʥʠʶ ʩʠʩʪʝʤʳ, ʪ.ʝ. ʢ ʦʙʨʘʪʥʦʤʫ ʄʂʕ [11]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʧʨʝʜʝʣʷʶʪ ʜʚʘ ʪʠʧʘ ʤʘʛʥʠʪʦʢʘʣʦʨʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ: ʧʨʷʤʦʡ ʠ ʦʙʨʘʪʥʳʡ [72]. 

ʊʠʧ (ʧʨʷʤʦʡ ʠʣʠ ʦʙʨʘʪʥʳʡ) ʠ ʚʝʣʠʯʠʥʘ ʄʂʕ ʟʘʚʠʩʷʪ ʦʪ ʟʥʘʢʘ ʠ ʚʝʣʠʯʠʥʳ ʧʨʦʠʟʚʦʜʥʦʡ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʧʦ ʪʝʤʧʝʨʘʪʫʨʝ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʩʤ. 

ʫʨʘʚʥʝʥʠʝ 1.12) [11, 72]. 

ɽʩʣʠ ʤʘʪʝʨʠʘʣ ʦʙʣʘʜʘʝʪ ʌʇ 2-ʛʦ ʨʦʜʘ ʬʝʨʨʦ-ʧʘʨʘʤʘʛʥʝʪʠʢ, ʪʦ ʚ ʪʦʯʢʝ ʂʶʨʠ 

ʧʨʦʠʟʚʦʜʥʘʷ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʧʦ ʪʝʤʧʝʨʘʪʫʨʝ ʙʫʜʝʪ ʠʤʝʪʴ ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʟʥʘʢ ʠ, ʩʦʛʣʘʩʥʦ (9) - 

ʧʨʷʤʦʡ ʄʂʕ (æSʤ < 0, æTʘʜ > 0) (ʨʠʩ. 1.30 ʘ). ɽʩʣʠ ʞʝ ʌʇ ʪʠʧʘ ʘʥʪʠʬʝʨʨʦ ï ʬʝʨʨʦʤʘʛʥʝʪʠʢ, ʪʦ ʚ 

ʪʦʯʢʝ ʤʝʪʘʤʘʛʥʠʪʥʦʛʦ ʧʝʨʝʭʦʜʘ ʙʫʜʝʪ ʥʘʙʣʶʜʘʪʴʩʷ ʦʙʨʘʪʥʳʡ ʄʂʕ (æSʤ > 0, æ Tʘʜ < 0), ʪ.ʢ. ʟʥʘʢ 

ʧʨʦʠʟʚʦʜʥʦʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʧʦ ʪʝʤʧʝʨʘʪʫʨʝ ʧʦʣʦʞʠʪʝʣʴʥʳʡ (ʨʠʩ. 1.30 ʙ). ʂ ʤʘʪʝʨʠʘʣʘʤ ʩ 

ʧʨʷʤʳʤ ʄʂʕ ʦʪʥʦʩʷʪʩʷ: Mn(As1ïxSbx) [143], Gd5(Si1ïxGex)4 [144], MnFe(P1ïxAsx) [145], La(Fe13ï

xSix) [146], Ni2+xMn1-ʭGa [147], ʘ ʪʘʢʞʝ ʜʨʫʛʠʝ. ʆʙʨʘʪʥʳʡ ʄʂʕ ʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ ʚ ʩʧʣʘʚʘʭ R1ï

xMxMnO3 (R ï ʨʝʜʢʦʟʝʤʝʣʴʥʳʝ ʤʝʪʘʣʣʳ, M = Ca, Sr, Ba), Fe0.49Rh0.51 [148], Ni2Mn1+xX1ïx (X = In, 

Sn, Sb) [149] ʠ ʜʨ.  

 

  

(ʘ) (ʙ) 

ʈʠʩʫʥʦʢ 1.30 ï (a) ʊʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʵʥʪʨʦʧʠʠ ʤʦʥʦʢʨʠʩʪʘʣʣʘ Gd ʧʨʠ 0 ʊʣ 

(ʰʪʨʠʭʦʚʘʷ ʣʠʥʠʷ) ʠ 5 Tʣ (ʩʧʣʦʰʥʘʷ ʣʠʥʠʷ) [12]; (ʙ) ï ʊʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʵʥʪʨʦʧʠʠ 

ʩʧʣʘʚʘ ɻʝʡʩʣʝʨʘ Ni45.7Mn36.6In13.5Co4.2 ʧʨʠ 0 ʊʣ (ʢʨʘʩʥʘʷ ʩʧʣʦʰʥʘʷ ʣʠʥʠʷ) ʠ 2 ʊʣ (ʩʠʥʷʷ 

ʰʪʨʠʭʦʚʘʷ ʣʠʥʠʷ) [150] 

 

1.4.2 ʇʨʷʤʳʝ ʠ ʢʦʩʚʝʥʥʳʝ ʤʝʪʦʜʳ ʦʧʨʝʜʝʣʝʥʠʷ ʤʘʛʥʠʪʦʢʘʣʦʨʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ 

ʄʘʛʥʠʪʦʢʘʣʦʨʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʤʦʞʥʦ ʠʟʤʝʨʷʪʴ ʧʨʷʤʳʤ ʠ/ʠʣʠ ʨʘʩʩʯʠʪʳʚʘʪʴ ʢʦʩʚʝʥʥʳʤ 

ʤʝʪʦʜʘʤʠ. ʇʨʷʤʦʡ ʤʝʪʦʜ ï ʵʪʦ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ ʠʟʤʝʨʝʥʠʝ ʘʜʠʘʙʘʪʠʯʝʩʢʦʛʦ ʠʟʤʝʥʝʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨʳ ʪʚʝʨʜʦʛʦ ʪʝʣʘ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ʄʂʕ ʢʦʩʚʝʥʥʳʤ ʤʝʪʦʜʦʤ 
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ʦʧʨʝʜʝʣʷʶʪ ʧʦ ʩʦʦʪʥʦʰʝʥʠʶ ʄʘʢʩʚʝʣʣʘ (ʩʤ. ʬ. 1.8) ʥʘ ʦʩʥʦʚʝ ʠʟʤʝʨʝʥʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʠʣʠ ʪʝʧʣʦʝʤʢʦʩʪʠ, ʢʘʢ ʬʫʥʢʮʠʡ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ʇʨʷʤʳʝ ʠ 

ʢʦʩʚʝʥʥʳʝ ʤʝʪʦʜʳ ʠʤʝʶʪ ʦʧʨʝʜʝʣʝʥʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ.  

ʇʨʷʤʦʡ ʤʝʪʦʜ ʠʟʤʝʨʝʥʠʷ Mʂʕ ʨʝʘʣʠʟʫʝʪʩʷ ʧʫʪʝʤ ʠʟʤʝʨʝʥʠʷ ʠʟʤʝʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ 

ʤʘʛʥʠʪʠʢʘ ʚ ʘʜʠʘʙʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʩ ʧʦʤʦʱʴʶ ʜʘʪʯʠʢʘ ʪʝʤʧʝʨʘʪʫʨʳ ʨʘʩʧʦʣʦʞʝʥʥʦʤ ʚ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʤ ʪʝʧʣʦʚʦʤ ʢʦʥʪʘʢʪʝ ʩ ʦʙʨʘʟʮʦʤ. ɸʜʠʘʙʘʪʠʯʝʩʢʦʝ ʠʟʤʝʥʝʥʠʝ ȹTʘʜ(T)ȹH 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʨʘʟʥʦʩʪʴ ʪʝʤʧʝʨʘʪʫʨ ʤʘʛʥʝʪʠʢʘ ʚ ʥʘʯʘʣʝ ʠ ʚ ʢʦʥʮʝ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ (ʩʤ. ʬ. 

1.4). ʈʝʟʫʣʴʪʘʪʳ ʧʨʷʤʦʛʦ ʠʟʤʝʨʝʥʠʷ ʄʂʕ ʩʦʦʙʱʘʶʪʩʷ, ʢʘʢ ʬʫʥʢʮʠʷ ʥʘʯʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ 

ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ ʤʘʛʥʝʪʠʢʘ ʜʣʷ ʜʘʥʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ [12]. ʀʩʩʣʝʜʦʚʘʥʠʷ ʄʂʕ ʧʨʷʤʳʤ 

ʤʝʪʦʜʦʤ ʦʙʳʯʥʦ ʚʳʧʦʣʥʷʶʪʩʷ ʢʦʥʪʘʢʪʥʳʤ ʩʧʦʩʦʙʦʤ, ʢʦʛʜʘ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʜʘʪʯʠʢ ʥʘʭʦʜʠʪʩʷ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʧʨʷʤʦʤ ʪʝʧʣʦʚʦʤ ʢʦʥʪʘʢʪʝ ʩ ʦʙʨʘʟʮʦʤ [12, 151-154]. ʆʜʥʘʢʦ, ʚ ʣʠʪʝʨʘʪʫʨʝ 

ʠʟʚʝʩʪʥʳ ʨʘʙʦʪʳ, ʚ ʢʦʪʦʨʳʭ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʧʨʷʤʦʤʫ ʦʧʨʝʜʝʣʝʥʠʶ ʄʂʕ ʧʨʦʚʦʜʷʪʩʷ 

ʙʝʩʢʦʥʪʘʢʪʥʳʤ ʩʧʦʩʦʙʦʤ ʩ ʧʦʤʦʱʴʶ ʧʠʨʦʤʝʪʨʠʯʝʩʢʦʛʦ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʦʛʦ ʜʘʪʯʠʢʘ 

ʪʝʤʧʝʨʘʪʫʨʳ [148].  

ɼʣʷ ʚʳʧʦʣʥʝʥʠʷ ʘʜʠʘʙʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʧʨʠ ʧʨʷʤʦʤ ʤʝʪʦʜʝ ʦʙʳʯʥʦ ʠʩʧʦʣʴʟʫʶʪ 

ʙʳʩʪʨʫʶ ʨʘʟʚʸʨʪʢʫ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʧʦ ʚʨʝʤʝʥʠ, ʯʪʦʙʳ ʠʟʙʝʞʘʪʴ ʪʝʧʣʦʦʙʤʝʥʘ ʩ ʦʢʨʫʞʘʶʱʝʡ 

ʩʨʝʜʦʡ. ɼʣʷ ʜʘʥʥʳʭ ʮʝʣʝʡ ʧʨʠʤʝʥʷʶʪ ʠʤʧʫʣʴʩʥʳʝ [155] ʠʣʠ ʩʪʘʮʠʦʥʘʨʥʳʝ [12] ʤʘʛʥʠʪʥʳʝ 

ʧʦʣʷ ʚʳʩʦʢʦʡ ʥʘʧʨʷʞʝʥʥʦʩʪʠ. ɺ ʩʣʫʯʘʝ ʩʪʘʮʠʦʥʘʨʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ ʚʳʩʦʢʦʡ 

ʥʘʧʨʷʞʝʥʥʦʩʪʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʠʩʧʦʣʴʟʫʝʪʩʷ ʵʢʩʪʨʘʢʮʠʦʥʥʘʷ ʤʝʪʦʜʠʢʘ ʵʢʩʧʝʨʠʤʝʥʪʘ [12]. 

ʊʦʯʥʦʩʪʴ ʧʨʷʤʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʤʝʪʦʜʦʚ ʟʘʚʠʩʠʪ ʦʪ ʦʰʠʙʦʢ ʚ ʠʟʤʝʨʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ, 

ʪʦʯʥʦʩʪʠ ʠʟʤʝʨʝʥʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʩʪʝʧʝʥʠ ʘʜʠʘʙʘʪʠʯʥʦʩʪʠ ʫʩʣʦʚʠʡ ʵʢʩʧʝʨʠʤʝʥʪʘ. ʀʟ 

ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʧʦʛʨʝʰʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ ʄʂʕ ʧʨʷʤʳʤ ʤʝʪʦʜʦʤ ʦʙʳʯʥʦ 

ʩʦʩʪʘʚʣʷʝʪ 5-10% [12, 148, 151-154]. 

ɺ ʦʪʣʠʯʠʝ ʦʪ ʧʨʷʤʳʭ ʠʟʤʝʨʝʥʠʡ ʄʂʕ, ʢʦʪʦʨʳʝ ʜʘʶʪ ʠʥʬʦʨʤʘʮʠʶ ʪʦʣʴʢʦ ʦʙ 

ʘʜʠʘʙʘʪʠʯʝʩʢʦʤ ʠʟʤʝʥʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ, ʢʦʩʚʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦʟʚʦʣʷʶʪ ʚʳʯʠʩʣʷʪʴ ʢʘʢ 

ЎὝ́ Ὕ̅Ў, ʪʘʢ ʠ ЎὛ ὝЎ  ʧʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʜʘʥʥʳʤ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʠ ʧʦʣʝʚʦʡ 

ʟʘʚʠʩʠʤʦʩʪʷʤ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʠ ʪʝʧʣʦʝʤʢʦʩʪʠ. ʂʦʩʚʝʥʥʳʝ ʤʝʪʦʜʳ ʩʚʷʟʘʥʥʳ ʩʦ ʩʣʦʞʥʳʤʠ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʤʠ ʚʳʯʠʩʣʝʥʠʷʤʠ, ʦʜʥʘʢʦ, ʷʚʣʷʶʪʩʷ ʧʦʣʝʟʥʦʡ ʤʝʪʦʜʠʢʦʡ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ 

ʦʪʙʦʨʘ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʤʘʛʥʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʭʣʘʜʘʛʝʥʪʘ. ʂʦʩʚʝʥʥʳʝ ʤʝʪʦʜʳ ʚʳʯʠʩʣʝʥʠʷ ʄʂʕ 

ʪʘʢʞʝ ʥʝ ʷʚʣʷʶʪʩʷ ʩʚʦʙʦʜʥʳʤʠ ʦʪ ʥʘʣʠʯʠʷ ʧʦʛʨʝʰʥʦʩʪʝʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʤʝʪʦʜʘʤʠ ʯʘʣʝʥʥʦʛʦ 

ʨʘʩʯʝʪʘ. ʂʨʦʤʝ ʪʦʛʦ, ʧʦʛʨʝʰʥʦʩʪʴ ʨʘʩʯʝʪʘ ȹSʤ(T)ȹH ʩʢʣʘʜʳʚʘʝʪ ʠʟ ʧʦʛʨʝʰʥʦʩʪʠ ʠʟʤʝʨʝʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨʳ, ʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ ʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ɺ ʣʠʪʝʨʘʪʫʨʝ ʩʦʦʙʱʘʝʪʩʷ, ʯʪʦ 

ʧʦʛʨʝʰʥʦʩʪʴ ʨʘʩʩʯʠʪʘʥʥʦʡ ʚʝʣʠʯʠʥʳ ȹSʤ (T)ȹH ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ 20-30% [156]. ʉʣʝʜʫʝʪ ʪʘʢʞʝ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʢʦʩʚʝʥʥʳʝ ʤʝʪʦʜʳ ʥʝ ʩʚʦʙʦʜʥʳ ʦʪ ʧʨʠʥʮʠʧʠʘʣʴʥʳʭ ʪʨʫʜʥʦʩʪʝʡ, ʪʘʢ ʢʘʢ ʬʦʨʤʫʣ r

ʪʝʨʤʦʜʠʥʘʤʠʢʠ, ʚ ʩʣʫʯʘʝ ʥʝʦʙʨʘʪʠʤʳʭ ʧʨʦʮʝʩʩʦʚ, ʥʝ ʷʚʣʷʶʪʩʷ ʩʪʨʦʛʦ ʧʨʠʤʝʥʠʤʳʤʠ. ʆʩʦʙʝʥʥʦ 
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ʵʪʦ ʦʪʥʦʩʠʪʩʷ ʢ ʌʇ 1-ʛʦ ʨʦʜʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʷʤʳʭ ʠʟʤʝʨʝʥʠʡ ʠ 

ʨʘʩʩʯʝʪʦʚ ʧʦ ʢʦʩʚʝʥʥʳʤ ʜʘʥʥʳʤ ʄʂʕ ̫ʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʳʤ, ʦʩʦʙʝʥʥʦ, ʜʣʷ ʤʘʛʥʠʪʥʳʭ 

ʤʘʪʝʨʠʣʦʚ ʩ ʬʘʟʦʚʳʤʠ ʧʝʨʝʭʦʜʘʤʠ 1-ʛʦ ʨʦʜʘ. 

 

 

1.4.3 ʄʘʛʥʠʪʦʢʘʣʦʨʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʚ ʩʧʣʘʚʘʭ ɻʝʡʩʣʝʨʘ ʩʝʤʝʡʩʪʚ Ni-Mn-Z (Z = Ga, In , Sn)  

 

1.4.3.1 ʀʟʦʪʝʨʤʠʯʝʩʢʦʝ ʠʟʤʝʥʝʥʠʝ ʵʥʪʨʦʧʠʠ  

ʀʟʫʯʝʥʠʶ ʄʂʕ ʚ ʩʧʣʘʚʘʭ ɻʝʡʩʣʝʨʘ ʩʝʤʝʡʩʪʚ Ni-Mn-Z (Z = Ga, In, Sb) ʧʦʩʚʷʱʝʥʦ 

ʤʥʦʞʝʩʪʚʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ [157, 159-168] ʠ ʪʝʦʨʝʪʠʯʝʩʢʠʭ [104, 158] ʨʘʙʦʪ. 

ʄʘʛʥʠʪʦʢʘʣʦʨʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʩʧʣʘʚʦʚ ɻʝʡʩʣʝʨʘ ʠʟʫʯʘʶʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʢʦʩʚʝʥʥʳʤʠ ʤʝʪʦʜʘʤʠ 

[159-165]. ʅʘ ʨʠʩʫʥʢʝ 1.31 ʧʦʢʘʟʘʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʦʙʱʝʛʦ ʠʟʤʝʥʝʥʠʷ ʵʥʪʨʦʧʠʠ ʜʣʷ ʩʧʣʘʚʦʚ 

ɻʝʡʩʣʝʨʘ ʩʝʤʝʡʩʪʚʘ Ni2+xMn1-xGa ʦʪ ʩʦʜʝʨʞʘʥʠʷ Ni ʚ ʩʧʣʘʚʝ, ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʠʟ ʠʟʤʝʨʝʥʠʡ 

ʤʝʪʦʜʦʤ ɼʉʂ [157]. ɺ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʦʤ ʩʧʣʘʚʝ Ni2MnGa ʚʝʣʠʯʠʥʘ ʦʙʱʝʛʦ ʠʟʤʝʥʝʥʠʷ 

ʵʥʪʨʦʧʠʠ ʜʦʩʪʘʪʦʯʥʘ ʤʘʣʘʷ ȹS å 6.5 ɼʞ / ʢʛ K. ʇʨʠ ʟʘʤʝʥʝ Mn ʥʘ Ni ʚʝʣʠʯʠʥʘ ʧʦʣʥʦʛʦ 

ʠʟʤʝʥʝʥʠʷ ʵʥʪʨʦʧʠʠ ʚʦʟʨʘʩʪʘʝʪ ʜʦ ȹS å27.6 ɼʞ/ʢʛK (ʩʧʣʘʚ Ni2.19Mn0.81Ga), ʘ ʟʘʪʝʤ ʧʦʩʪʝʧʝʥʥʦ 

ʫʤʝʥʴʰʘʝʪʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ x. ʊʘʢ ʢʘʢ ʚ Ni2+xMn1-xGa ʧʨʠ x <0.19 ʭʘʨʘʢʪʝʨʥʳʝ ʪʝʤʧʝʨʘʪʫʨʳ 

ʤʘʨʪʝʥʩʠʪʥʦʛʦ ʧʨʝʚʨʘʱʝʥʠʷ ʧʨʠʙʣʠʞʘʶʪʩʷ ʢ ʪʝʤʧʝʨʘʪʫʨʝ ʂʶʨʠ TC, ʚ [151, 169] ʙʳʣʦ 

ʧʨʝʜʣʦʞʝʥʦ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ ȹS ʦʙʫʩʣʦʚʣʝʥʦ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʚʢʣʘʜʦʤ ʦʪ ʤʘʛʥʠʪʥʦʡ 

ʧʦʜʩʠʩʪʝʤʳ. ʋʤʝʥʴʰʝʥʠʝ ʚʝʣʠʯʠʥʳ ȹS, ʥʘʙʣʶʜʘʝʤʦʝ ʚ ʢʦʤʧʦʟʠʮʠʷʭ ʩ ʭ>0.20, 

ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ. ʧʨʦʠʩʭʦʜʠʪ ʠʟ-ʟʘ ʦʩʣʘʙʣʝʥʠʷ ʚʢʣʘʜʘ ʤʘʛʥʠʪʥʦʡ ʧʦʜʩʠʩʪʝʤʳ (ʪʝʤʧʝʨʘʪʫʨʘ 

ʤʘʨʪʝʥʩʠʪʥʦʛʦ ʧʝʨʝʭʦʜʘ ʚʳʰʝ ʪʝʤʧʝʨʘʪʫʨʳ ʂʶʨʠ). ʀʟ ʨʠʩʫʥʢʘ 1.31 ʚʠʜʥʦ, ʯʪʦ ʧʦʣʥʦʝ 

ʠʟʤʝʥʝʥʠʝ ʵʥʪʨʦʧʠʠ ʚ ʩʧʣʘʚʘʭ ʩʝʤʝʡʩʪʚʘ Ni2+xMn1-xGa  ʧʨʠ 0.18 Ò x Ò 0.27, ʢʦʪʦʨʳʝ 

ʧʦʜʚʝʨʛʘʶʪʩʷ ʌʇ 1-ʛʦ ʨʦʜʘ, ʥʝ ʧʨʝʚʳʰʘʝʪ 28 ɼʞ/(ʢʛʂ). ʕʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʣʷ 

ʨʦʜʩʪʚʝʥʥʳʭ ʢʦʤʧʦʟʠʮʠʡ, ʥʘʧʨʠʤʝʨ, Ni55.4Mn20.0Ga24.6 (ȹS å 23 ɼʞ/ʢʛK) [166] ʠ Ni54.8Mn20.3Ga24.9 

(ȹS å 22.3 ɼʞ/ʢʛK) [167]. ɺ Ga-ʜʝʬʠʮʠʪʥʳʭ ʩʧʣʘʚʘʭ ʦʙʱʝʝ ʠʟʤʝʥʝʥʠʝ ʵʥʪʨʦʧʠʠ ʧʨʠ 

ʤʘʛʥʠʪʦʩʪʨʫʢʪʫʨʥʦʤ ʬʘʟʦʚʦʤ ʧʝʨʝʭʦʜʝ ʩʦʩʪʘʚʠʣʦ å 19.4 ɼʞ/ʢʛʂ ʚ Ni53.1Mn26.6Ga20.3 [168] å16.6 

ɼʞ/ʢʛK ʚ Ni50Mn30Ga20 [59].  

ʆʜʥʘ ʠʟ ʧʝʨʚʳʭ ʨʘʙʦʪ ʧʦʩʚʷʱʝʥʥʘʷ ʄʂʕ ʚ ʩʧʣʘʚʘʭ ɻʝʡʩʣʝʨʘ ʩʝʤʝʡʩʪʚʘ Ni-Mn-Sn ʚʳʰʣʘ 

ʚ 2005 ʛʦʜʫ [159], ʠ ʩ ʪʝʭ ʧʦʨ ʠʭ ʢʦʣʠʯʝʩʪʚʦ ʨʘʩʪʝʪ [85-86, 159, 170-174]. ɺ ʪʘʙʣʠʮʝ 1.1 ʥʘ 

ʦʩʥʦʚʝ ʨʘʙʦʪ [85-86, 159, 170, 173, 174] ʦʙʦʙʱʝʥʳ ʦʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠʟʫʯʝʥʠʷ ʄʂʕ ʚ 

ʩʧʣʘʚʘʭ ʩʝʤʝʡʩʪʚʘ Ni-Mn-Sn ʚ ʦʙʣʘʩʪʠ ʌʇ 1-ʛʦ ʨʦʜʘ ʟʘ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ. ɸʚʪʦʨʳ ʚ ʙʦʣʴʰʠʥʩʪʚʝ 

ʩʣʫʯʘʝʚ ʠʩʧʦʣʴʟʫʶʪ ʢʦʩʚʝʥʥʳʡ ʤʝʪʦʜ ʨʘʩʯʝʪʘ ʤʘʛʥʠʪʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʵʥʪʨʦʧʠʠ ȹSʤ ʥʘ ʦʩʥʦʚʝ 

ʫʨʘʚʥʝʥʠʷ ʄʘʢʩʚʝʣʣʘ. ɺ ʯʘʩʪʥʦʩʪʠ, ʨʘʩʩʯʠʪʘʥʥʦʝ ʥʘ ʦʩʥʦʚʝ ʩʦʦʪʥʦʰʝʥʠʷ ʄʘʢʩʚʝʣʣʘ ʠ 
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ʠʟʦʪʝʨʤʠʯʝʩʢʠʭ ʢʨʠʚʳʭ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʤʘʛʥʠʪʥʦʝ ʠʟʤʝʥʝʥʠʝ ʵʥʪʨʦʧʠʠ ʚ ʦʙʨʘʟʮʝ ʩʧʣʘʚʘ 

ɻʝʡʩʣʝʨʘ Ni43Mn46Sn11 ʨʘʚʥʷʝʪʩʷ ȹSʤ=10.4 ɼʞ/ʢʛ ʂ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ Õ0ʅ=1 ʊʣ [85].  

 

 

ʈʠʩʫʥʦʢ 1.31 ï ʆʙʱʝʝ ʠʟʤʝʥʝʥʠʝ ʵʥʪʨʦʧʠʠ ȹS ʚ ʩʧʣʘʚʘʭ ɻʝʡʩʣʝʨʘ ʩʝʤʝʡʩʪʚʘ ʢʘʢ ʬʫʥʢʮʠʷ ʦʪ 

ʩʦʜʝʨʞʘʥʠʷ Ni [157, 169] 

 

ʊʘʙʣʠʮʘ 1.1 ï ʃʠʪʝʨʘʪʫʨʥʳʝ ʜʘʥʥʳʝ ʦ ʄʂʕ ʩʧʣʘʚʦʚ ɻʝʡʩʣʝʨʘ ʩʝʤʝʡʩʪʚʘ Ni-Mn-Sn, ȹSʤ ï 

ʚʝʣʠʯʠʥʘ ʤʘʛʥʠʪʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʵʥʪʨʦʧʠʠ, ʊʤʘʭ ʠ Õ0ʅ ï ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʨʠ ʢʦʪʦʨʳʭ ʥʘʙʣʶʜʘʝʪʩʷ ʜʘʥʥʦʡ ʟʥʘʯʝʥʠʝ ʄʂʕ 

 

ɸʚʪʦʨʳ ʨʘʙʦʪʳ [169] ʧʨʦʚʦʜʷʪ ʘʥʘʣʠʟ ʠʤʝʶʱʠʭʩʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʧʦ 

ʠʟʤʝʥʝʥʠʶ ʵʥʪʨʦʧʠʠ ʚ ʩʧʣʘʚʘʭ ɻʝʡʩʣʝʨʘ ʩʝʤʝʡʩʪʚ Ni-Mn-Z (Z = Ga, In, Sn) [19, 175-177] ʠ 

ʉʧʣʘʚ |ȹSʤ| [ɼʞ/ʢʛK] ʊʤʘʭ [K] Õ0ʅ [ʊʣ] 
ʃʠʪ-ʨʘ 

 

ʄʦʥʦʢʨʠʩʪʘʣʣ 

Ni49.4Mn38.5Sn12.1 

 

3.4 

 

280 
5 [170] 

Ni0.50Mn0.35Sn0.15 15 190 5 [159] 

Ni0.50Mn0.37Sn0.13 18 300 5 [159] 

Ni43Mn46Sn11 10.4 200 1 [85,86] 

Ni44Mn45Sn11 10.1 245 1 [85] 

Ni45Mn44Sn11 6.8 270 1 [85] 

Ni44Mn45Sn11 31.2 245 5 [173] 
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ʜʝʣʘʶʪ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʦʙʱʝʝ ʠʟʤʝʥʝʥʠʝ ʵʥʪʨʦʧʠʠ ȹS ʚ ʜʘʥʥʳʭ ʤʘʪʝʨʠʘʣʘʭ ʦʙʳʯʥʦ ʥʝ 

ʧʨʝʚʳʰʘʝʪ 30 ɼʞ/(ʢʛʂ) (ʨʠʩ. 1.32). ʊʘʢʞʝ ʘʚʪʦʨʳ, ʦʧʠʨʘʷʩʴ ʥʘ ʨʘʙʦʪʳ [176, 178], ʧʨʝʜʧʦʣʘʛʘʶʪ, 

ʯʪʦ ʥʝ ʩʣʝʜʫʝʪ ʦʞʠʜʘʪʴ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʚʝʣʠʯʠʥʳ ʠʟʤʝʥʝʥʠʷ ʵʥʪʨʦʧʠʠ, ʚʳʟʚʘʥʥʦʝ 

ʠʟʦʪʝʨʤʠʯʝʩʢʠʤ ʠʟʤʝʥʝʥʠʝʤ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʯʝʤ ʟʥʘʯʝʥʠʷ ʦʙʱʝʛʦ ʠʟʤʝʥʝʥʠʷ ʵʥʪʨʦʧʠʠ, ʪ.ʝ. 

ʜʣʷ ʬʝʨʨʦʤʘʛʥʝʪʠʢʦʚ ʩʝʤʝʡʩʪʚ Ni-Mn-Z (Z = Ga, In, Sn) ʤʘʛʥʠʪʥʦʝ ʠʟʤʝʥʝʥʠʝ ʵʥʪʨʦʧʠʠ 

ʦʛʨʘʥʠʯʝʥʥʦ ʚʝʣʠʯʠʥʦʡ 30 ɼʞ/ʢʛK. ʇʨʠ ʵʪʦʤ ʜʝʣʘʝʪʩʷ ʚʳʚʦʜ, ʯʪʦ ʜʘʥʥʘʷ ʦʮʝʥʢʘ ʩʧʨʘʚʝʜʣʠʚʘ ʠ 

ʜʣʷ ʩʠʣʴʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ (ʦʙʳʯʥʦ ʚʳʰʝ 5 ʊʣ), ʢʦʪʦʨʳʝ ʜʦʩʪʘʪʦʯʥʳ ʜʣʷ ʧʦʣʥʦʛʦ 

ʟʘʚʝʨʰʝʥʠʷ ʤʘʛʥʠʪʦʩʪʨʫʢʪʫʨʥʦʛʦ ʧʝʨʝʭʦʜʘ, ʠʥʜʫʮʠʨʦʚʘʥʥʦʛʦ ʤʘʛʥʠʪʥʳʤ ʧʦʣʝʤ ʠ ʧʦʣʥʦʛʦ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʩʠʩʪʝʤʳ. ʆʜʥʘʢʦ, ʨʘʙʦʪ ʧʦ ʠʟʫʯʝʥʠʶ ʄʂʕ ʚ ʩʠʣʴʥʳʭ 

ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ ʤʘʣʦ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʘʢʪʫʘʣʴʥʦʩʪʴ ʜʘʥʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

 

 

ʈʠʩʫʥʦʢ 1.32 ï ʃʠʪʝʨʘʪʫʨʥʳʝ ʜʘʥʥʳʝ ʟʥʘʯʝʥʠʡ ʤʘʛʥʠʪʦʠʥʜʫʮʠʨʦʚʘʥʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʵʥʪʨʦʧʠʠ 

ȹSʤ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ Õ0ȹʅ = 5ʊʣ ʚ ʤʘʪʝʨʠʘʣʘʭ, ʠʩʧʳʪʳʚʘʶʱʠʭ ʌʇ 1-ʛʦ ʨʦʜʘ: 1 

ï Gd5(Si2Ge2) [38], 2 ï Ni50Mn37Sn13 (ʘʪ.%) [159], 3 ï Ni2Mn0.75Cu0.25Ga [179], 4 ï MnFeP0.45As0.55 

[137], 5 ï Ni55.4Mn20Ga24.6 (ʘʪ.%) [166], 6 ï MnAs [39], 7 ï La(Fe0.88Si0.12)13H1.5 [180], 8 ï 

Ni2.19Mn0.18Ga [181]. ȹSʤ ʛʘʜʦʣʠʥʠʷ, ʚ ʢʦʪʦʨʳʡ ʥʘʙʣʶʜʘʝʪʩʷ ʤʘʛʥʠʪʥʳʡ ʌʇ 2-ʛʦ ʨʦʜʘ, ʧʦʢʘʟʘʥ 

ʜʣʷ ʩʨʘʚʥʝʥʠʷ [134]. ɻʦʨʠʟʦʥʪʘʣʴʥʘʷ ʣʠʥʠʷ ʫʩʣʦʚʥʦ ʧʦʢʘʟʳʚʘʝʪ ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʦʙʱʝʛʦ 

ʠʟʤʝʥʝʥʠʷ ʵʥʪʨʦʧʠʠ ʧʨʠ ʤʘʛʥʠʪʦʩʪʫʢʪʫʨʥʦʤ ʌʇ 1-ʛʦ ʨʦʜʘ ʚ ʩʧʣʘʚʘʭ ɻʝʡʩʣʝʨʘ ʩʝʤʝʡʩʪʚʘ Ni-

Mn-Z (Z = Ga, In, Sn, Sb) [169] 

 

ʈʘʙʦʪʳ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ʄʂʕ ʢʦʩʚʝʥʥʳʤ ʤʝʪʦʜʦʤ ʧʦʟʚʦʣʷʶʪ ʠʟʫʯʠʪʴ ʥʝ ʪʦʣʴʢʦ 

ʚʝʣʠʯʠʥʫ ʵʬʬʝʢʪʘ, ʥʦ ʠ ʦʧʨʝʜʝʣʠʪʴ ʪʝʤʧʝʨʘʪʫʨʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʵʥʪʨʦʧʠʠ ȹS(ʊ) ʚ 

ʩʧʣʘʚʘʭ ɻʝʡʩʣʝʨʘ, ʦʙʣʘʜʘʶʱʠʭ ʦʙʨʘʪʥʳʤ ʄʂʕ. ʅʘʛʣʷʜʥʳʝ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ 
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ʤʘʛʥʠʪʦʢʘʣʦʨʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʩʧʣʘʚʦʚ ɻʝʡʩʣʝʨʘ ʩʝʤʝʡʩʪʚʘ Ni-Mn-In-Co ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ 

ʨʘʙʦʪʘʭ [5, 182] (ʨʠʩ. 1.33 ʘ,ʙ). ɺ ʧʦʜʦʙʥʳʭ ʤʘʪʝʨʠʘʣʘʭ ʤʘʛʥʠʪʥʳʡ ʠ ʩʪʨʫʢʪʫʨʥʳʡ ʚʢʣʘʜʳ ʚ 

ʦʙɦʝʝ ʠʟʤʝʥʝʥʠʝ ʵʥʪʨʦʧʠʠ ʢʦʥʢʫʨʠʨʫʶʪ ʜʨʫʛ ʩ ʜʨʫʛʦʤ [15, 155, 183-185]. ɸʚʪʦʨʳ ʨʘʙʦʪʳ [155, 

182] ʧʨʠʚʦʜʷʪ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ ʩʚʦʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ɺ ʩʧʣʘʚʘʭ ʩ ʦʙʨʘʪʥʳʤ ʄʂʕ 

ʵʣʝʢʪʨʦʥʥʳʡ ʚʢʣʘʜ ʧʨʝʥʝʙʨʝʞʠʤʦ ʤʘʣ, ʜʦʤʠʥʠʨʫʶʱʫʶ ʨʦʣʴ ʠʛʨʘʝʪ ʠʟʤʝʥʝʥʠʝ ʵʥʪʨʦʧʠʠ 

ʩʪʨʫʢʪʫʨʥʦʡ ʧʦʜʩʠʩʪʝʤʳ. ʇʨʠ ʵʪʦʤ ʤʘʛʥʠʪʥʘʷ ʧʦʜʩʠʩʪʝʤʘ ʠʤʝʝʪ ʜʚʘ ʨʘʟʥʳʭ ʚʢʣʘʜʘ: 

ʫʚʝʣʠʯʝʥʠʝ ʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ (ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʠʟʤʝʥʝʥʠʝ ʵʥʪʨʦʧʠʠ) ʠ ʩʧʠʥʦʚʦʝ 

ʫʧʦʨʷʜʦʯʝʥʠʝ (ʦʪʨʠʮʘʪʝʣʴʥʦʝ ʠʟʤʝʥʝʥʠʝ ʵʥʪʨʦʧʠʠ). ʂʨʦʤʝ ʪʦʛʦ, ʤʘʛʥʠʪʥʳʡ ʚʢʣʘʜ ʦʧʨʝʜʝʣʷʝʪ 

ʟʘʚʠʩʠʤʦʩʪʴ ʧʦʣʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʵʥʪʨʦʧʠʠ (ȹSʦʙ)ɦ ʦʪ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʩʧʣʘʚʘ ʧʨʠ 

ʤʘʨʪʝʥʩʠʪʥʦʤ ʧʨʝʚʨʘʱʝʥʠʠ, ʢʦʛʜʘ ʪʝʤʧʝʨʘʪʫʨʘ ʩʪʨʫʢʪʫʨʥʦʛʦ ʧʝʨʝʭʦʜʘ ʠ ʪʝʤʧʝʨʘʪʫʨʘ ʂʶʨʠ 

(ʊʉ) ʘʫʩʪʝʥʠʪʥʦʡ ʬʘʟʳ ʙʣʠʟʢʠ ʜʨʫʛ ʢ ʜʨʫʛʫ. ʆʜʥʘʢʦ ʜʘʥʥʘʷ ʤʦʜʝʣʴ ʥʝ ʤʦʞʝʪ ʦʙʲʷʩʥʠʪʴ 

ʢʦʤʧʦʟʠʮʠʦʥʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ȹSʦʙɦ, ʢʦʛʜʘ ʪʝʤʧʝʨʘʪʫʨʳ ʤʘʨʪʝʥʩʠʪʥʦʛʦ ʧʝʨʝʭʦʜʘ ʠ ʊʉ 

ʥʘʭʦʜʷʪʩʷ ʜʘʣʝʢʦ ʜʨʫʛ ʦʪ ʜʨʫʛʘ. ʇʨʦʷʩʥʠʪʴ ʧʨʦʠʩʭʦʞʜʝʥʠʝ ʦʙʨʘʪʥʦʛʦ ʄʂʕ ʜʣʷ ʚʩʝʛʦ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʜʠʘʧʘʟʦʥʘ ʧʦʟʚʦʣʷʪ ʧʦʜʨʦʙʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʪʠʧʘ 

ʤʘʛʥʠʪʥʦʛʦ ʫʧʦʨʷʜʦʯʝʥʠʷ ʤʘʨʪʝʥʩʠʪʥʦʡ ʬʘʟʳ. 

 

 

 

 

(ʘ) (ʙ) 

ʈʠʩʫʥʦʢ 1.33 ï (ʘ) ʀʟʤʝʥʝʥʠʷ ʵʥʪʨʦʧʠʡ, ʨʘʩʩʯʠʪʘʥʥʳʝ ʠʟ ʢʨʠʚʳʭ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ, ʢʘʢ ʬʫʥʢʮʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʤʘʨʪʝʥʩʠʪʥʦʛʦ ʧʝʨʝʭʦʜʘ (ȹSɻ ʣʝʢʪʨ, ȹSʩʪʨʫʢ, ȹSʤʘʛʥ 

ʠ ȹSʦʙ ɦ) [155]. ƴ, Ǐ ï ʩʠʤʚʦʣʳ ʦʙʦʟʥʘʯʘʶʪ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ȹSʦʙ ɦ[19, 

20]. ʉʠʤʚʦʣ ȹ ï ʨʝʟʫʣʴʪʘʪʳ ȹSʦʙ,ɦ ʦʮʝʥʝʥʥʳʝ ʠʟ ʢʨʠʚʳʭ ʄ(ʊ) [182]; (ʙ) ʊʝʤʧʝʨʘʪʫʨʥʘʷ 

ʟʘʚʠʩʠʤʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʵʥʪʨʦʧʠʠ (ʠʟ ʜʘʥʥʳʭ ɼʉʂ) ʩʧʣʘʚʦʚ Ni-Mn-In-Co (ʢʨʘʩʥʘʷ ʣʠʥʠʷ). 

ʆʨʘʥʞʝʚʳʝ ʩʪʦʣʙʮʳ ï ʟʥʘʯʝʥʠʷ ʠʟʦʪʝʨʤʠʯʝʩʢʦʛʦ ʠʟʤʝʥʝʥʠʷ ʵʥʪʨʦʧʠʠ  ȹSʤ ʠ ʩʠʥʠʝ ʩʪʦʣʙʮʳ ï 

ʘʜʠʘʙʘʪʠʯʝʩʢʦʝ ʠʟʤʝʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨ ȹTʘʜ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʜʦ 2 Tʣ [5] 
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ʂʘʢ ʚʠʜʥʦ ʥʘ ʨʠʩʫʥʢʝ 1.33(ʙ) ʢʨʠʚʘʷ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʦʙʱʝʛʦ ʠʟʤʝʥʝʥʠʷ 

ʵʥʪʨʦʧʠʠ ȹSʦʙ(ɦʊ) ʧʨʠ ʊ=398 ʂ ʠʤʝʝʪ ʠʟʛʠʙ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʪʝʤʧʝʨʘʪʫʨʦʡ 

ʂʶʨʠ ʊʉ. ʇʨʠ ʧʦʥʠʞʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨ ʌʇ 1-ʛʦ ʨʦʜʘ, ʚʝʣʠʯʠʥʘ ʠʟʤʝʥʝʥʠʷ ʦʙʱʝʡ ʵʥʪʨʦʧʠʠ 

ʫʤʝʥʴʰʘʝʪʩʷ, ʪ.ʢ. ʠʟ-ʟʘ ʫʚʝʣʠʯʝʥʠʷ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʥʘʩʳʱʝʥʠʷ ʘʫʩʪʝʥʠʪʘ ʤʘʛʥʠʪʥʳʡ ʚʢʣʘʜ ʚ 

ʄʂʕ ʢʦʥʢʫʨʠʨʫʝʪ ʩ ʠʟʤʝʥʝʥʠʝʤ ʵʥʪʨʦʧʠʠ ʦʪ ʩʪʨʫʢʪʫʨʥʦʡ ʧʦʜʩʠʩʪʝʤʳ. ʊʘʢʞʝ ʠʟ ʨʠʩʫʥʢʘ 

1.33(ʙ) ʚʠʜʥʦ, ʯʪʦ ʠʟʤʝʥʝʥʠʝ ʵʥʪʨʦʧʠʠ ȹSʦʙ ɦʧʨʠ ʦʧʨʝʜʝʣʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʦʙʨʘʱʘʝʪʩʷ ʚ ʥʦʣʴ. 

ɺ ʵʪʦʡ ʦʩʦʙʦʡ ʪʦʯʢʝ (ʪʝʤʧʝʨʘʪʫʨʘ ʢʦʤʧʝʥʩʘʮʠʠ Tʢʦʤʧ) ʤʘʛʥʠʪʥʳʡ ʠ ʨʝʰʝʪʦʯʥʳʡ ʚʢʣʘʜʳ 

ʢʦʤʧʝʥʩʠʨʫʶʪ ʜʨʫʛ ʜʨʫʛʘ. ɼʣʷ ʩʧʣʘʚʦʚ ɻʝʡʩʣʝʨʘ ʩʝʤʝʡʩʪʚʘ Ni-Mn-In-Co Tʢʦʤʧ=228 ʂ ʧʨʠ 

ʥʫʣʝʚʦʤ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ. ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʥʠʞʝ Tʢʦʤʧ ʦʙʱʝʝ ʠʟʤʝʥʝʥʠʝ ʵʥʪʨʦʧʠʠ ȹSʦʙ ɦ

ʠʟʤʝʥʠʪ ʟʥʘʢ ʠ ʦʙʨʘʪʥʳʡ ʤʘʛʥʠʪʦʢʘʣʦʨʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʤʘʨʪʝʥʩʠʪʥʦʛʦ ʧʨʝʚʨʘʱʝʥʠʷ ʩʪʘʥʝʪ 

ʧʨʷʤʳʤ [184-188]. ʊʘʢʞʝ ʥʘ ʨʠʩ 1.33 (ʙ) ʥʘʛʣʷʜʥʦ ʤʦʞʥʦ ʩʨʘʚʥʠʪʴ ʚʝʣʠʯʠʥʳ ʠʟʤʝʥʝʥʠʷ ʦʙʱʝʡ 

ʵʥʪʨʦʧʠʠ ȹSʦʙ ɦʩ ʠʟʦʪʝʨʤʠʯʝʩʢʠʤ ʠʟʤʝʥʝʥʠʝʤ ʵʥʪʨʦʧʠʠ ȹSʤ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ 2 ʊʣ. ʅʘʧʨʠʤʝʨ, 

ʧʨʠ ʊ=320 ʂ ʦʙʱʝʝ ʠʟʤʝʥʝʥʠʝ ʵʥʪʨʦʧʠʠ ȹSʦʙåɦ30 ɼʞ/(ʢʛĿʂ), ʘ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ 2 ʊʣ ʜʦʩʪʫʧʥʘ 

ʪʦʣʴʢʦ ʧʦʣʦʚʠʥʘ ʵʪʦʛʦ ʟʥʘʯʝʥʠʷ ȹSʤå15 ɼʞ/(ʢʛĿʂ). ʇʨʠ ʵʪʦʤ ȹʊʘʜ ʚ ʧʦʣʝ 2 ʊʣ ʥʝ ʜʝʤʦʥʩʪʨʠʨʫʝʪ 

ʷʚʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʤʘʛʥʠʪʦʩʪʨʫʢʪʫʨʥʦʛʦ ʧʝʨʝʭʦʜʘ ʠ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ 

ʩʧʣʘʚʘ. ʇʨʠʯʠʥʘ ʵʪʦʛʦ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʩʜʚʠʛ ʪʝʤʧʝʨʘʪʫʨ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʚ ʤʘʛʥʠʪʥʳʭ 

ʧʦʣʷʭ ʩʣʠʰʢʦʤ ʤʘʣ, ʯʪʦʙʳ ʧʦʣʥʦʩʪʴʶ ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʪʴ ʩʪʨʫʢʪʫʨʫ ʚ ʧʦʣʝ 2 ʊʣ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʄʂʕ ʚ ʦʙʣʘʩʪʠ ʤʘʛʥʠʪʦʩʪʨʫʢʪʫʨʥʦʛʦ 

ʧʝʨʝʭʦʜʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʷʤʳʤ ʤʝʪʦʜʦʤ ʥʝʦʙʭʦʜʠʤʦ ʚʳʧʦʣʥʷʪʴ ʚ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʠʭ 

ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ. 

 

1.4.3.2 ʀʟʦʪʝʨʤʠʯʝʩʢʦʝ ʧʦʛʣʦʱʝʥʠʝ/ʚʳʜʝʣʝʥʠʝ ʪʝʧʣʘ  

ʂʘʢ ʙʳʣʦ ʫʢʘʟʘʥʦ ʚ ʛʣ. 1.4 ʤʘʛʥʠʪʦʢʘʣʦʨʠʯʝʩʢʠʤ ʵʬʬʝʢʪʦʤ (ʄʂʕ) ʥʘʟʳʚʘʶʪ 

ʘʜʠʘʙʘʪʠʯʝʩʢʦʝ ʠʟʤʝʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ȹTʘʜ ʠʣʠ ʠʟʦʪʝʨʤʠʯʝʩʢʦʝ ʠʟʤʝʥʝʥʠʝ ʵʥʪʨʦʧʠʠ ЎὛ  

ʤʘʛʥʝʪʠʢʘ ʚ ʧʨʦʮʝʩʩʝ ʝʛʦ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ. ɺ ʪʦʞʝ ʚʨʝʤʷ, ʧʨʠ ʤʘʛʥʠʪʦʩʪʨʫʢʪʫʨʥʦʤ ʧʝʨʝʭʦʜʝ 1-

ʛʦ ʨʦʜʘ, ʧʨʦʠʩʭʦʜʠʪ ʚʳʜʝʣʝʥʠʝ/ʧʦʛʣʦʱʝʥʠʷ ʪʝʧʣʘ ȹQ [154]. ʉ ʧʦʟʠʮʠʠ ʨʘʙʦʯʝʛʦ ʪʝʣʘ 

ʤʘʛʥʠʪʥʦʛʦ ʭʦʣʦʜʠʣʴʥʠʢʘ, ʚʝʣʠʯʠʥʘ ȹQ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʧʘʨʘʤʝʪʨʦʤ, ʪ.ʢ. ʧʦʟʚʦʣʷʝʪ 

ʦʧʨʝʜʝʣʷʪʴ ʤʘʢʩʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʪʝʧʣʦʪʳ, ʢʦʪʦʨʦʝ ʧʝʨʝʜʘʝʪ (ʟʘʙʠʨʘʝʪ) ʨʘʙʦʯʝʝ ʪʝʣʦ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʦʜʥʦʛʦ ʠʜʝʘʣʴʥʦʛʦ ʮʠʢʣʘ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ (ʨʘʟʤʘʛʥʠʯʠʚʘʥʠʷ) [154]. 

ʂʘʢ ʧʨʘʚʠʣʦ, ʚʳʜʝʣʝʥʠʝ/ʧʦʛʣʦʱʝʥʠʝ ʪʝʧʣʘ ʤʘʛʥʠʪʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ȹQ ʦʧʨʝʜʝʣʷʶʪ 

ʢʦʩʚʝʥʥʳʤ ʧʫʪʝʤ. ʉ ʧʦʤʦʱʴʶ ʩʦʦʪʥʦʰʝʥʠʷ ʠʟ ʚʪʦʨʦʛʦ ʥʘʯʘʣʘ ʪʝʨʤʦʜʠʥʘʤʠʢʠ:  

 

ŭQ = TĀdS,       (1.13) 
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ʛʜʝ, ŭQ ï ʵʣʝʤʝʥʪʘʨʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʪʝʧʣʦʪʳ, T ï ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʘʷ ʪʝʤʧʝʨʘʪʫʨʘ, dS ï 

ʠʟʤʝʥʝʥʠʝ ʵʥʪʨʦʧʠʠ [21]. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʘʙʦʣʴʰʠʝ ʟʥʘʯʝʥʠʷ ȹQ ʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ ʚ 

ʤʘʪʝʨʠʘʣʘʭ ʜʝʤʦʥʩʪʨʠʨʫʶʱʠʭ ʚʳʩʦʢʠʝ ЎὛ . 

ʊʘʢʞʝ ʚʳʜʝʣʝʥʠʝ/ʧʦʛʣʦʱʝʥʠʝ ʪʝʧʣʘ ʧʨʠ ʌʇ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʥʘ ʦʩʥʦʚʝ ʫʨʘʚʥʝʥʠʷ 

(2.3): 

ŭQ = ʉʅĀdʊ,       (1.14) 

 

ʛʜʝ ʉʅ ï ʫʜʝʣʴʥʘʷ ʪʝʧʣʦʝʤʢʦʩʪʴ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ, dT ï ʘʜʠʘʙʘʪʠʯʝʩʢʦʝ ʠʟʤʝʥʝʥʠʝ 

ʪʝʤʧʝʨʘʪʫʨʳ, ʚʳʟʚʘʥʥʦʝ ʤʘʛʥʠʪʥʳʤ ʧʦʣʝʤ ʅ. ʇʨʠ ʵʪʦʤ ʜʣʷ ʨʘʩʯʝʪʘ ȹQ ʯʝʨʝʟ ʫʨʘʚʥʝʥʠʝ 1.14 

ʥʝʦʙʭʦʜʠʤʦ ʟʥʘʪʴ ʟʥʘʯʝʥʠʷ ʪʝʧʣʦʸʤʢʦʩʪʠ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʉʅ. ʆʜʥʘʢʦ ʠʟʚʝʩʪʥʦ, ʯʪʦ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʪʝʧʣʦʸʤʢʦʩʪʠ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʦʪʥʦʩʠʪʩʷ ʢ ʩʣʦʞʥʳʤ ʧʨʝʮʠʟʠʦʥʥʳʤ 

ʠʩʩʣʝʜʦʚʘʥʠʷʤ. ʂʨʦʤʝ ʪʦʛʦ, ʜʣʷ ʨʘʩʯʝʪʘ ʥʝʦʙʭʦʜʠʤʦ ʟʥʘʪʴ ʟʥʘʯʝʥʠʝ ʘʜʠʘʙʘʪʠʯʝʩʢʦʛʦ 

ʠʟʤʝʥʝʥʠʷ  ʪʝʤʧʝʨʘʪʫʨʳ. ʆʙʘ ʠʩʧʦʣʴʟʫʝʤʳʭ ʤʝʪʦʜʘ ʥʘ ʦʩʥʦʚʝ ʫʨʘʚʥʝʥʠʷ (1.13), ʚʳʪʝʢʘʶʱʝʛʦ 

ʠʟ 2-ʛʦ ʥʘʯʘʣʘ ʪʝʨʤʦʜʠʥʘʤʠʢʠ ʠ ʩʦʦʪʥʦʰʝʥʠʷ (1.14) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʘʥʥʳʭ ʪʝʧʣʦʝʤʢʦʩʪʠ ʚ 

ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʦʪʥʦʩʷʪʩʷ ʢ ʢʦʩʚʝʥʥʳʤ ʤʝʪʦʜʘʤ ʦʧʨʝʜʝʣʝʥʠʷ ʚʳʜʝʣʝʥʠʷ/ʧʦʛʣʦʱʝʥʠʷ ʪʝʧʣʘ ʧʨʠ 

ʌʇ 1-ʛʦ ʨʦʜʘ, ʯʪʦ ʚʣʝʯʝʪ ʟʘ ʩʦʙʦʡ ʥʘʢʘʧʣʠʚʘʥʠʝ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʭ ʧʦʛʨʝʰʥʦʩʪʝʡ (ʩʤ. ʛʣ. 1.4.2).  

         ʊʘʢʞʝ ʢ ʥʝʜʦʩʪʘʪʢʘʤ ʢʦʩʚʝʥʥʦʛʦ ʤʝʪʦʜʘ ʦʧʨʝʜʝʣʝʥʠʷ ȹQ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʪʦ, ʯʪʦ 

ʧʨʠʤʝʥʠʤʦʩʪʴ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʩʦʦʪʥʦʰʝʥʠʡ ʜʣʷ ʥʝʨʘʚʥʦʚʝʩʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚʙʣʠʟʠ ʌʇ 1-ʛʦ 

ʨʦʜʘ ʥʝʦʯʝʚʠʜʥʘ (ʬ. 1.13). ʌʦʨʤʫʣʳ ʪʝʨʤʦʜʠʥʘʤʠʢʠ ʜʣʷ ʩʚʷʟʠ ʵʥʪʨʦʧʠʠ ʠ ʧʦʪʦʢʘ ʪʝʧʣʘ ʧʨʠ 

ʥʝʦʙʨʘʪʠʤʳʭ ʧʨʦʮʝʩʩʘʭ ʠʤʝʪʁ ʭʘʨʘʢʪʝʨ ʥʝʨʘʚʝʥʩʪʚ, ʠ ʩʤʳʩʣ ʨʘʚʝʥʩʪʚʘ ʧʨʠʦʙʨʝʪʘʶʪ ʪʦʣʴʢʦ 

ʧʨʠ ʦʙʨʘʪʠʤʳʭ ʧʨʦʮʝʩʩʘʭ. ʇʨʠ ʪʘʢʦʤ ʧʦʜʭʦʜʝ ʥʝ ʫʯʠʪʳʚʘʶʪʩʷ çʚʥʫʪʨʝʥʥʠʝè ʩʪʝʧʝʥʠ ʩʚʦʙʦʜʳ. 

ɺ ʩʣʫʯʘʝ ʌʇ 1-ʛʦ ʨʦʜʘ ð ʵʪʦ ʛʨʘʥʠʮʳ ʤʘʛʥʠʪʦʩʪʨʫʢʪʫʨʥʳʭ ʬʘʟ ʩ ʨʘʟʥʦʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ 

ʩʪʨʫʢʪʫʨʦʡ ʠ ʤʘʛʥʠʪʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʚ ʦʙʣʘʩʪʠ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʩʦʩʪʦʷʥʠʷ. ʆʪʤʝʪʠʤ, ʯʪʦ 

ʩʧʦʩʦʙʳ ʧʨʷʤʦʛʦ ʠʟʤʝʨʝʥʠʷ ʵʥʪʨʦʧʠʠ, ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʝʠʟʚʝʩʪʥʳ [46, 99, 102, 157, 175, 

181].  

  ɺ ʨʘʙʦʪʝ [14] ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʘʥʥʳʝ ʧʦ ʚʳʜʝʣʝʥʠʶ/ʧʦʛʣʦʱʝʥʠʶ ʪʝʧʣʘ ʧʨʠ ʌʇ ʜʣʷ 

ʤʘʪʝʨʠʘʣʦʚ, ʢʘʢ ʩ ʧʨʷʤʳʤ, ʪʘʢ ʠ ʩ ʦʙʨʘʪʥʳʤ ʄʂʕ (ʪʘʙʣ. 1.3). ʇʨʠ ʘʥʘʣʠʟʝ ʤʝʪʦʜʦʚ ʦʧʨʝʜʝʣʝʥʠʷ 

ȹQ ʠʟ ʪʘʙʣʠʮʳ 1.2 ʚʠʜʥʦ, ʯʪʦ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝʛʜʘ ʠʩʧʦʣʴʟʫʶʪʩʷ ʢʦʩʚʝʥʥʳʝ ʤʝʪʦʜʳ. ʇʨʠ ʵʪʦʤ 

ʜʘʥʥʳʝ ȹQ ʜʣʷ ʩʧʣʘʚʦʚ ɻʝʡʩʣʝʨʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷ 2 ʠ 5 ʊʣ, ʢʦʪʦʨʳʭ ʦʙʳʯʥʦ 

ʥʝʜʦʩʪʘʪʦʯʥʳ ʜʣʷ ʧʦʣʥʦʛʦ ʟʘʚʝʨʰʝʥʠʷ ʌʇ 1-ʛʦ ʨʦʜʘ. ʇʦʵʪʦʤʫ ʠʟʫʯʝʥʠʝ ʚʝʣʠʯʠʥʳ 

ʚʳʜʝʣʝʥʠʷ/ʧʦʛʣʦʱʝʥʠʷ ʪʝʧʣʘ ʧʨʠ ʌʇ 1-ʛʦ ʨʦʜʘ ʚ ʩʧʣʘʚʘʭ ɻʝʡʩʣʝʨʘ ʧʨʷʤʳʤ ʤʝʪʦʜʦʤ ʚ ʩʠʣʴʥʳʭ 

ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ. 
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ʊʘʙʣʠʮʘ 1.2 ï ʄʘʛʥʠʪʦʢʘʣʦʨʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʤʘʪʝʨʠʘʣʦʚ ʩ ʬʘʟʦʚʳʤʠ ʧʝʨʝʭʦʜʘʤʠ ʚʙʣʠʟʠ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ. |ȹSʤ| ï ʠʟʦʪʝʨʤʠʯʝʩʢʦʝ ʠʟʤʝʥʝʥʠʝ ʵʥʪʨʦʧʠʠ, |ȹTʘʜ| ï ʘʜʠʘʙʘʪʠʯʝʩʢʦʝ 

ʠʟʤʝʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ, |ȹQ| ï ʚʳʜʝʣʝʥʠʝ ʪʝʧʣʘ ʧʨʠ ʥʘʯʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʊ ʠ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ɛ0ȹH. ɼʣʷ ʚʩʝʭ ʜʘʥʥʳʭ ȹQ = TȹS. i ï ʜʘʥʥʳʝ, ʧʦʣʫʯʝʥʥʳʝ ʠʟ ʢʦʩʚʝʥʥʳʭ 

ʠʟʤʝʨʝʥʠʡ; q ï ʜʘʥʥʳʝ, ʧʦʣʫʯʝʥʥʳʝ ʠʟ ʢʚʘʟʠ-ʧʨʷʤʳʭ ʠʟʤʝʨʝʥʠʡ; d ï ʜʘʥʥʳʝ, ʧʦʣʫʯʝʥʥʳʝ ʠʟ 

ʧʨʷʤʳʭ ʠʟʤʝʨʝʥʠʡ; c ï ʜʘʥʥʳʝ, ʧʦʣʫʯʝʥʥʳʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʟʥʘʯʝʥʠʡ ʪʝʧʣʦʝʤʢʦʩʪʠ ʚ 

ʥʫʣʝʚʦʤ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ [14] 

 

ʄʘʪʝʨʠʘʣ ʩ ʄʂʕ ʊ (ʂ) |ȹSʤ| (ɼʞ/(ʢʛʂ)) |ȹʊʘʜ| (ʂ) |ȹQ| (ʢɼʞ/ʢʛ) Õ0|ȹʅ| (ʊʣ) 

ʇʨʷʤʦʡ ʄʂʕ 

Gd 294 11
i
 13

d
 3.2

 i
 5 

Gd5Si2Ge2 280 19
 i
 15

q
 5.1

 i
 5 

MnAs 317 34
 i
 13

c
 11

 i
 5 

MnFe0.45Pas0.55 308 18
 i
 9.8

 c
 5.5

 i
 5 

Mn1.24Fe0.71P0.46Si0.54 320 12
 i
 3.0

 q
 3.9

 i
 1 

MnCoGeB0.05 277 47
 i
 24

 c
 13

 i
 5 

LaFe11.57Si1.43H1.3 291 28
 i
 13

q
 8.1

 i
 5 

Ni52.6Mn23.1Ga24.3 300 18
 i
 12

 c
 5.4

 i
 5 

Ni55Mn20Ga25 311 29
 i
 2.2

 d
 9.0

 i
 5 

ʆʙʨʘʪʥʳʡ ʄʂʕ 

Ni50Mn37Sn13 299 18
 i
 12

 c
 5.4

 i
 5 

Ni50Mn38Sb12 297 19
 i
 12

 c
 5.6

 i
 5 

Ni50Mn34In14Ga2 260 9.0
 i
 2.0

 d
 2.3

 i
 5 

Ni45.2Mn36.7In13Co5.1 317 18
 i
 6.2

 d
 5.7

 i
 2 

CoMnSi 250 6.5
 i
 1.7

 d
 1.6

 i
 5 

Fe49Rh51 308 20
 c
 13

 d
 6.1

 c
 2 

Fe49Rh51 308 13
 q
 8.3

 d
 3.9

 q
 2.5 

 

1.4.3.3 ɸʜʠʘʙʘʪʠʯʝʩʢʦʝ ʠʟʤʝʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ ʜʦ 2 ʊʣ 

ʇʨʷʤʳʤ ʤʝʪʦʜʦʤ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠ ʤʘʛʥʠʪʦʢʘʣʦʨʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʩʧʣʘʚʦʚ ɻʝʡʩʣʝʨʘ 

ʩʝʤʝʡʩʪʚʘ Ni2+xMn1-xGa ʠʟʫʯʝʥʳ ʚ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ ʜʦ 2 ʊʣ ʚ [10, 131, 158, 189]. ʅʘ ʨʠʩʫʥʢʝ 

1.34 ʧʨʠʚʝʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʷ ʘʜʠʘʙʘʪʠʯʝʩʢʦʛʦ ʠʟʤʝʥʝʥʠʷ 
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ʪʝʤʧʝʨʘʪʫʨʳ ȹTʘʜ ʩʧʣʘʚʦʚ ɻʝʡʩʣʝʨʘ ʩʝʤʝʡʩʪʚʘ Ni2+xMn1-xGa ʧʨʠ x = 0.18 õ 0.27 ʧʨʠ ʠʟʤʝʥʝʥʠʠ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʜʦ 1.85 ʊʣ. ɺ ʜʘʥʥʳʭ ʦʙʨʘʟʮʘʭ ʚʝʣʠʯʠʥʘ ȹTʘʜ, ʠʟʤʝʨʝʥʥʘʷ ʚ ʧʨʦʮʝʩʩʝ 

ʦʭʣʘʞʜʝʥʠʷ, ʩʫʱʝʩʪʚʝʥʥʦ ʧʨʝʚʳʰʘʝʪ ʚʝʣʠʯʠʥʫ ȹTʘʜ, ʦʧʨʝʜʝʣʝʥʥʫʶ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ. ʇʨʠ ʵʪʦʤ 

ʤʘʢʩʠʤʫʤ ʄʂʕ, ʦʧʨʝʜʝʣʸʥʥʳʡ ʚ ʧʨʦʮʝʩʩʝ ʦʭʣʘʞʜʝʥʠʷ, ʩʤʝʱʘʝʪʩʷ ʚ ʦʙʣʘʩʪʴ ʙʦʣʝʝ ʥʠʟʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨ. ɼʘʥʥʳʡ ʵʬʬʝʢʪ ʩʚʷʟʘʥ ʩ ʪʝʤʧʝʨʘʪʫʨʥʳʤ ʛʠʩʪʝʨʝʟʠʩʦʤ, ʢʦʪʦʨʳʡ ʪʘʢʞʝ ʤʦʞʥʦ 

ʥʘʙʣʶʜʘʪʴ, ʥʘʧʨʠʤʝʨ, ʠ ʚ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ [76, 190]. ʅʝʦʙʭʦʜʠʤʦ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ, ʢʘʢ ʠ ʚ ʩʣʫʯʘʝ ʨʝʟʫʣʴʪʘʪʦʚ ʢʦʩʚʝʥʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʄʂʕ, ʚ ʩʧʣʘʚʘʭ ɻʝʡʩʣʝʨʘ 

ʩʦʩʪʘʚʦʚ Ni2+xMn1-xGa ʧʨʠ x = 0.18 õ 0.27, ʚʝʣʠʯʠʥʘ ʄʂʕ ʫʤʝʥʴʰʘʝʪʩʷ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ 

ʩʦʜʝʨʞʘʥʠʷ Ni. ʕʪʦ ʩʚʷʟʘʥʥʦ ʩ ʪʝʤ, ʯʪʦ ʪʝʤʧʝʨʘʪʫʨʘ ʤʘʨʪʝʥʩʠʪʥʦʛʦ ʧʝʨʝʭʦʜʘ ʚʳʰʝ 

ʪʝʤʧʝʨʘʪʫʨʳ ʂʶʨʠ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʚʢʣʘʜ ʤʘʛʥʠʪʥʦʡ ʧʦʜʩʠʩʪʝʤʳ ʫʤʝʥʴʰʘʝʪʩʷ, ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ 

ʩʦʜʝʨʞʘʥʠʷ Ni, ʪ.ʢ. ʵʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʜʠʩʪʘʥʮʠʠ ʤʝʞʜʫ ʊʉ ʠ 

ʪʝʤʧʝʨʘʪʫʨʦʡ ʩʪʨʫʢʪʫʨʥʦʛʦ ʧʨʝʚʨʘʱʝʥʠʷ. 

ɺ ʨʘʙʦʪʝ [131] ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʭ ʧʨʷʤʳʤ ʤʝʪʦʜʦʤ ʚ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ ʜʦ 2 ʊʣ ʚʳʷʚʣʝʥʦ, 

ʯʪʦ ʚʝʣʠʯʠʥʘ ʄʂʕ, ʠʟʤʝʨʝʥʥʘʷ ʧʨʠ ʟʘʜʘʥʥʳʭ ʟʥʘʯʝʥʠʷʭ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʚʝʣʠʯʠʥʳ ʤʘʛʥʠʪʥʦʛʦ 

ʧʦʣʷ, ʫʤʝʥʴʰʘʝʪʩʷ ʧʨʠ ʢʘʞʜʦʤ ʧʦʩʣʝʜʫʶʱʝʤ ʚʢʣʶʯʝʥʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ (ʨʠʩ. 1.35 ʘ). 

ɼʘʥʥrʡ ʵʬʬʝʢʪ ʥʦʩʠʪ ʥʘʟʚʘʥʠʝ çʵʬʬʝʢʪʘ ʧʝʨʚʦʛʦ ʠʟʤʝʨʝʥʠʷè. ʉʫʪʴ ʜʘʥʥʦʛʦ ʷʚʣʝʥʠʷ ï 

ʥʝʦʙʨʘʪʠʤʦʝ ʠʟʤʝʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʠ ʧʝʨʚʦʤ ʚʢʣʶʯʝʥʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ 

[20, 131], ʯʪʦ ʵʬʬʝʢʪ ʧʝʨʚʦʛʦ ʠʟʤʝʨʝʥʠʷ ʩʚʷʟʘʥ ʩ ʥʝʦʙʨʘʪʠʤʳʤʠ ʠʟʤʝʥʝʥʠʷʤʠ ʩʪʨʫʢʪʫʨʳ 

ʤʘʛʥʝʪʠʢʘ, (ʦʙʣʘʜʘʶʱʝʛʦ ʤʘʛʥʠʪʦʩʪʨʫʢʪʫʨʥʳʤ ʧʝʨʝʭʦʜʦʤ) ʧʨʠ ʧʝʨʚʦʤ ʚʢʣʶʯʝʥʠʠ ʤʘʛʥʠʪʥʦʛʦ 

ʧʦʣʷ. ʊʘʢʞʝ ʥʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ ʘʥʠʟʦʪʨʦʧʥʳʝ ʩʚʦʡʩʪʚʘ ʄʂʕ ʩʧʣʘʚʦʚ ɻʝʡʩʣʝʨʘ. ɺ ʨʘʙʦʪʘʭ 

[10, 131] ʩʦʦʙʱʘʝʪʩʷ, ʯʪʦ ʘʥʠʟʦʪʨʦʧʠʷ ʄʂʕ ʚ ʤʦʥʦʢʨʠʩʪʘʣʣʝ Ni2.19Mn0.81Ga ʥʝ ʦʙʥʘʨʫʞʝʥʘ 

(ʨʠʩ. 1.35 ʙ). ʇʨʠʯʠʥʦʡ ʵʪʦʛʦ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʩʧʣʘʚʳ ɻʝʡʩʣʝʨʘ ʦʙʣʘʜʘʶʪ ʥʝʚʳʩʦʢʠʤʠ 

ʟʥʘʯʝʥʠʷʤʠ ʚʝʣʠʯʠʥʳ ʢʦʥʩʪʘʥʪʳ ʤʘʛʥʠʪʥʦʡ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʡ ʘʥʠʟʦʪʨʦʧʠʠ (K1 ~10
5
 

ɼʞ/ʤ
3
) [191-192].  

ɺʣʠʷʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʣʝʛʠʨʦʚʘʥʠʷ ʚ ʩʧʣʘʚʘʭ ɻʝʡʩʣʝʨʘ Ni-Mn-Ga-Z (Z = Fe, V) ʥʘ 

ʤʘʛʥʠʪʦʢʘʣʦʨʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʠʟʫʯʝʥʳ ʧʨʷʤʳʤ ʤʝʪʦʜʦʤ ʚ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ ʜʦ 2 ʊʣ ʚ ʨʘʙʦʪʘʭ 

[10, 193-195]. ɼʦʧʠʨʦʚʘʥʠʝ ʤʘʣʳʤʠ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ ʞʝʣʝʟʘ ʩʧʣʘʚʦʚ Ni-Mn-Ga ʚʣʝʯʝʪ ʟʘ ʩʦʙʦʡ 

ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʧʦʥʠʞʝʥʠʝ ʤʘʢʩʠʤʘʣʴʥʦʡ ʚʝʣʠʯʠʥʳ ʄʂʕ ʠ ʩʜʚʠʛ ʧʠʢʘ ʄʂʕ ʙʣʠʞʝ ʢ 

ʢʦʤʥʘʪʥʳʤ ʪʝʤʧʝʨʘʪʫʨʘʤ. ɼʦʙʘʚʣʝʥʠʝ ʚʘʥʘʜʠʷ ʚʤʝʩʪʦ Mn ʚ ʩʧʣʘʚ Ni2.18Mn0.82Ga ʨʘʟʨʫʰʘʝʪ 

ʩʚʷʟʘʥʥʳʡ ʤʘʛʥʠʪʦʩʪʨʫʢʪʫʨʥʳʡ ʬʘʟʦʚʳʡ ʧʝʨʝʭʦʜ ʠ ʩʜʚʠʛʘʝʪ ʩʪʨʫʢʪʫʨʥʳʡ ʠ ʤʘʛʥʠʪʥʳʡ 

ʧʝʨʝʭʦʜʳ ʚ ʩʪʦʨʦʥʫ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʥʠʞʘʝʪ ʟʥʘʯʝʥʠʝ ʄʂʕ (æTʘʜ = ~0.5 

K). ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʣʝʛʠʨʦʚʘʥʠʝ ʩʧʣʘʚʦʚ ɻʝʡʩʣʝʨʘ 

Ni-Mn-Ga-Z ʚʘʥʘʜʠʝʤ [193-195] ʥʝ ʧʦʜʭʦʜʠʪ, ʪ.ʢ. ʚʝʣʠʯʠʥʘ æTʘʜ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʥʝ ʚʳʩʦʢʘʷ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʤʘʪʝʨʠʘʣʘʤʠ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ ʣʝʛʠʨʦʚʘʥʠʝ ʞʝʣʝʟʦʤ ʩʫʱʝʩʪʚʝʥʥʦ 

ʫʣʫʯʰʘʝʪ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʤʘʪʝʨʠʘʣʘ [196].  
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ɸʥʘʣʠʟʠʨʫʷ ʨʘʙʦʪʳ ʧʦ ʧʨʷʤʦʤʫ ʠʟʤʝʨʝʥʠʶ ʄʂʕ ʚ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ ʜʦ 2 ʊʣ ʚ ʩʧʣʘʚʘʭ 

ɻʝʡʩʣʝʨʘ ʩʝʤʝʡʩʪʚʘ Ni-Mn-Ga, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʚʦʜ, ʯʪʦ ʚʝʣʠʯʠʥʘ æTʘʜ ʥʝ ʧʨʝʚʳʰʘʝʪ 2 ʂ. ʊʝʤ 

ʥʝ ʤʝʥʝʝ, ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʄʂʕ ʜʦʩʪʠʛʥʫʪʳ ʚ ʦʙʨʘʟʮʝ Ni45.7Mn36.6In13.5Co4.2 [20]. 

ɸʜʠʘʙʘʪʠʯʝʩʢʦʝ ʠʟʤʝʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʠ Õ0ʅ=1.95 ʊʣ ʨʘʚʥʦ -8K (ʨʠʩ. 1.36 ʘ). ʇʨʠ ʵʪʦʤ ʥʘ 

ʨʠʩ. 1.36 (ʘ) ʥʘʛʣʷʜʥʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʤʘʢʩʠʤʫʤ ʢʨʠʚʦʡ ȹʊʘʜ(ʊ) ʟʘʚʠʩʠʪ ʦʪ ʧʝʨʚʦʛʦ ʠʣʠ 

ʧʦʩʣʝʜʫʶʱʝʛʦ ʚʢʣʶʯʝʥʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʪ.ʝ. ʜʘʥʥʳʡ ʵʬʬʝʢʪ ʷʚʣʷʝʪʩʷ ʥʝʦʙʨʘʪʠʤʳʤ. ʆʜʥʘʢʦ, 

ʧʨʠ ʩʨʘʚʥʝʥʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʷ ȹʊʘʜ ʩʧʣʘʚʦʚ ɻʝʡʩʣʝʨʘ ʩʝʤʝʡʩʪʚʘ Ni-Mn-In-Co, ʚ 

ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ 2 ʊʣ, ʚʠʜʥʦ, ʯʪʦ ʜʘʥʥʳʝ ʩʧʣʘʚʳ ʩʧʦʩʦʙʥʳ ʢʦʥʢʫʨʠʨʦʚʘʪʴ ʩ ʧʨʝʜʩʪʘʚʠʪʝʣʷʤʠ 

ʜʨʫʛʠʭ ʢʣʘʩʩʦʚ ʤʘʪʝʨʠʘʣʦʚ ʦʙʨʘʪʠʤʳʤ ʄʂʕ (ʨʠʩ. 1.36 ʙ). ʊʘʢʞʝ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʝʜʫʪʩʷ 

ʨʘʙʦʪʳ ʧʦ ʠʟʫʯʝʥʠʶ ʦʙʨʘʪʠʤʦʩʪʠ ʄʂʕ ʚ ʩʧʣʘʚʘʭ ɻʝʡʩʣʝʨʘ, ʚ ʯʘʩʪʥʦʩʪʠ, ʚ ʩʧʣʘʚʝ 

Ni45.7Mn36.6In13.5Co4.2 ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ 2 ʊʣ [150]. ɺ ʨʘʙʦʪʝ [150] ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ 

ʦʧʨʝʜʝʣʝʥʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ ʜʦʣʝʡ ʩʦʩʫʱʝʩʪʚʫʶʱʠʭ ʬʘʟ ʚ ʤʘʪʝʨʠʘʣʝ (ʘʫʩʪʝʥʠʪ ʠ ʤʘʨʪʝʥʩʠʪ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʜʣʷ ʩʧʣʘʚʦʚ ɻʝʡʩʣʝʨʘ), ʚʪʦʨʠʯʥʳʝ ʮʠʢʣʳ ʩʦʟʜʘʶʪ ʧʦʚʳʰʝʥʥʫʶ ʦʙʨʘʪʠʤʦʩʪʴ 

ʄʂʕ (ʨʠʩ. 1.37). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʨʘʙʦʪʘʭ ʧʦ ʧʨʷʤʦʤʫ ʠʟʤʝʨʝʥʠʶ ʄʂʕ, ʚ ʦʩʥʦʚʥʦʤ, ʧʨʠʤʝʥʷʶʪʩʷ 

ʥʘʠʙʦʣʝʝ ʜʦʩʪʫʧʥʳʝ ʤʘʛʥʠʪʥʳʝ ʧʦʣʷ ʜʦ 2 ʊʣ. ʉ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ 2 ʊʣ ʤʦʞʥʦ 

ʩʦʟʜʘʪʴ ʤʘʛʥʠʪʥʳʤʠ ʩʠʩʪʝʤʘʤʠ ʥʘ ʦʩʥʦʚʝ ʧʦʩʪʦʷʥʥʳʭ ʤʘʛʥʠʪʦʚ, ʯʪʦ ʨʘʩʢʨʳʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʜʘʣʴʥʝʡʰʝʛʦ ʰʠʨʦʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʄʂʕ. ʆʜʥʘʢʦ, ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʜʣʷ ʩʧʣʘʚʦʚ ɻʝʡʩʣʝʨʘ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚʝʣʠʯʠʥʦʡ 2 ʊʣ ʥʝʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʧʦʣʥʦʛʦ ʟʘʚʝʨʰʝʥʠʷ ʌʇ 1-ʛʦ ʨʦʜʘ [5] ʠ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʜʦʩʪʠʞʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʡ ʚʝʣʠʯʠʥʳ ȹʊʘʜ. ʇʦʵʪʦʤʫ ʠʩʩʣʝʜʦʚʘʥʠʷ ʄʂʕ 

ʧʨʷʤʳʤ ʤʝʪʦʜʦʤ ʚ ʩʠʣʴʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ ʷʚʣʷʶʪʩʷ ʘʢʪʫʘʣʴʥʳʤ.  
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ʈʠʩʫʥʦʢ 1.34 ï ʊʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʄʂʕ ʩʧʣʘʚʦʚ ɻʝʡʩʣʝʨʘ Ni2+xMn1-xGa  

( 0.18 Ò x Ò 0.27 ) [10, 131, 189 ] 

 

1.4.3.4 ɸʜʠʘʙʘʪʠʯʝʩʢʦʝ ʠʟʤʝʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʚʳʩʦʢʠʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ (ʚʳʰʝ 2 ʊʣ) 

ʈʘʙʦʪ ʧʦ ʠʟʫʯʝʥʠʶ ʄʂʕ ʚ ʩʧʣʘʚʘʭ ɻʝʡʩʣʝʨʘ ʚ ʚʳʩʦʢʠʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ ʠʟʚʝʩʪʥʦ 

ʩʨʘʚʥʠʪʝʣʴʥʦ ʤʘʣʦ. ʉ ʮʝʣʴʶ ʠʟʫʯʝʥʠʷ ʄʂʕ ʚ ʩʧʣʘʚʘʭ ɻʝʡʩʣʝʨʘ ʚ ʚʳʩʦʢʠʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ 

ʧʨʠʤʝʥʷʶʪʩʷ ʠʤʧʫʣʴʩʥʳʝ ʤʘʛʥʠʪʳ, ʢʦʪʦʨʳʝ ʟʘ ʩʯʝʪ ʢʦʨʦʪʢʦʛʦ ʚʨʝʤʝʥʠ ʠʤʧʫʣʴʩʘ ʩʧʦʩʦʙʥʳ 

ʩʦʟʜʘʚʘʪʴ ʘʜʠʘʙʘʪʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ [155, 182, 197-198] ʠʣʠ ʩʪʘʮʠʦʥʘʨʥʳʝ ʤʘʛʥʠʪʥʳʝ ʧʦʣʷ 

ʚʳʩʦʢʦʡ ʥʘʧʨʷʞʝʥʥʦʩʪʠ (ʙʠʪʪʝʨʝʚʩʢʠʡ ʤʘʛʥʠʪ, ʩʚʝʨʭʧʨʦʚʦʜʷʱʠʡ ʩʦʣʝʥʦʠʜ) ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʵʢʩʪʨʘʢʮʠʦʥʥʦʡ ʤʝʪʦʜʠʢʠ [199-203]. ɺ ʪʘʙʣʠʮʝ 1.3 ʧʨʠʚʝʜʝʥʳ ʠʟʚʝʩʪʥʳʝ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ 

ʜʘʥʥʳʝ ʧʦ ʚʝʣʠʯʠʥʝ ȹʊʘʜ ʩʧʣʘʚʦʚ ɻʝʡʩʣʝʨʘ, ʠʟʤʝʨʝʥʥʳʭ ʧʨʷʤʳʤ ʤʝʪʦʜʦʤ ʚ ʩʠʣʴʥʳʭ ʤʘʛʥʠʪʥʳʭ 

ʧʦʣʷʭ, ʚ ʦʙʣʘʩʪʠ ʌʇ 1-ʛʦ ʠ 2-ʛʦ ʨʦʜʘ.  



56 

 

ʊʘʙʣʠʮʘ 1.3 ï ʄʘʛʥʠʪʦʢʘʣʦʨʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʩʧʣʘʚʦʚ ɻʝʡʩʣʝʨʘ ʩʝʤʝʡʩʪʚ Ni-Mn-Z (Z = In, Ga, 

Sn) ʚ ʦʙʣʘʩʪʷʭ ʌʇ 1 ʠ 2-ʛʦ ʨʦʜʘ, ʦʧʨʝʜʝʣʝʥʥʳʡ ʧʨʷʤʳʤ ʤʝʪʦʜʦʤ ʚ ʩʠʣʴʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ, 

ʛʜʝ ȹʊʘʜ ï ʤʘʢʩʠʤʘʣʴʥʦʝ ʦʧʨʝʜʝʣʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʘʜʠʘʙʘʪʠʯʝʩʢʦʛʦ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ ʊʤʘʭ ʠ ʚʝʣʠʯʠʥʝ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ Õ0ʅ 

 

  ʌʇ 1-ʛʦ ʨʦʜʘ ʌʇ 2-ʛʦ ʨʦʜʘ  

 ̄ ʉʧʣʘʚ 
ȹʊʘʜ [ʂ] 

/ 

ʊʤʘʭ 

[ʂ] 
Õ0ʅ [ʊʣ] ȹʊʘʜ [ʂ] ʊʤʘʭ [ʂ] Õ0ʅ [ʊʣ] ʃʠʪ. 

ʀʤʧʫʣʴʩʥʳʡ ʤʘʛʥʠʪ 

1.1 Ni45Co5Mn36.7In13.3 -12.8 280 15    [155] 

1.2 Ni41Co9Mn31.5Ga18.5 -15 314 45    [182] 

1.3 Ni50Mn35In15 -9 286 10    [197] 

1.4 Ni45Mn37In13Co5 -11 328 10    [197] 

1.5 Ni50Mn35In15 -7 250 20 11 320 20 [198] 

ɹʠʪʪʝʨʝʚʩʢʠʡ ʤʘʛʥʠʪ 

2.1 Ni2.18Mn0.82Ga 8.4 340 14    [199] 

2.2 Ni50Mn35In15 -11 314 14 8 320 14 [200] 

2.3 Ni50.2Mn34.85In14.95 -6 280 14    [201] 

2.4 Ni50Mn35In14.25ɺ0.75 -3 250  14    [201] 

2.5 Ni43Mn37.9In12.1Co7 -3.3 273 8    [202] 

  

ʆʜʥʠʤ ʠʟ ʚʘʞʥʳʭ ʬʠʟʠʯʝʩʢʠʭ ʵʬʬʝʢʪʦʚ, ʦʙʥʘʨʫʞʝʥʥʳʭ ʚ ʨʘʙʦʪʘʭ [199-202], ʷʚʣʷʝʪʩʷ 

ʵʬʬʝʢʪ ʥʘʩʳʱʝʥʠʷ ȹʊʘʜ ʚ ʦʙʣʘʩʪʠ ʩʪʨʫʢʪʫʨʥʦʛʦ ʧʝʨʝʭʦʜʘ ʚ ʩʧʣʘʚʘʭ ɻʝʡʩʣʝʨʘ (ʨʠʩ. 1.38 ʘ,ʙ) 

[201, 202]. ʅʘʧʨʠʤʝʨ, ʚ ʩʧʣʘʚʝ ɻʝʡʩʣʝʨʘ Ni50.2Mn34.85In14.95 ʧʨʠ ʧʦʩʪʦʷʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʊ=268 ʂ 

ʥʘʩʳʱʝʥʠʝ ʄʂʕ ʥʘʩʪʫʧʘʝʪ ʧʨʠ ~ 8 ʊʣ, ʠ ʩʦʩʪʘʚʣʷʝʪ ȹʊʘʜå -5 ʂ. ɼʘʣʴʥʝʡʰʝʝ ʫʚʝʣʠʯʝʥʠʝ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʜʦ 14 ʊʣ ʥʝ ʠʟʤʝʥʷʝʪ ʚʝʣʠʯʠʥʫ ʘʜʠʘʙʘʪʠʯʝʩʢʦʛʦ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ, ʯʪʦ 

ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ ʄʂʕ ʚ ʜʘʥʥʦʤ ʤʘʪʝʨʠʘʣʝ ʜʦʩʪʠʛ ʩʚʦʝʛʦ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʚ ʦʙʣʘʩʪʠ 

ʤʘʨʪʝʥʩʠʪʥʦʛʦ ʧʝʨʝʭʦʜʘ. ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʊ = 283 ʂ ʥʘʩʳʱʝʥʠʝ ʄʂʕ ʥʘʩʪʫʧʘʝʪ ʧʨʠ 5 ʊʣ, ʠ 

ʚʝʣʠʯʠʥʘ ʘʜʠʘʙʘʪʠʯʝʩʢʦʛʦ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʨʘʚʥʷʝʪʩʷ ȹʊʘʜå -6 ʂ, ʪ.ʝ. ȹʊʘʜ ʥʘʩʳʱʘʝʪʩʷ 

ʧʨʠ ʤʝʥʴʰʠʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ ʧʨʠ ʧʨʠʙʣʠʞʝʥʠʠ ʢ ʤʘʛʥʠʪʦʩʪʨʫʢʪʫʨʥʦʤʫ ʧʝʨʝʭʦʜʫ. ɼʣʷ 

ʩʨʘʚʥʝʥʠʷ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʩʣʫʯʘʝ ʄʂʕ ʚ ʦʙʣʘʩʪʠ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʚʪʦʨʦʛʦ ʨʦʜʘ, 

ʢʨʠʚʘʷ ʧʦʣʝʚʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ȹʊʘʜ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʟʘʢʦʥʫ H
2/3

 ʠ ʥʝ ʠʤʝʝʪ ʥʘʩʳʱʝʥʠʷ ʚ ʦʙʣʘʩʪʠ 

ʧʦʣʝʡ ʠʩʩʣʝʜʦʚʘʥʠʷ (ʨʠʩ. 1.38 ʙ). 
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ɺ ʨʘʙʦʪʘʭ [197, 201] ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʣʠʷʥʠʝ ʢʠʥʝʪʠʢʠ ʤʘʛʥʠʪʦʩʪʨʫʢʪʫʨʥʦʛʦ ʧʝʨʝʭʦʜʘ 

ʥʘ ʤʘʛʥʠʪʦʢʘʣʦʨʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ. ʅʘ ʨʠʩ. 1.38 (ʚ) ʧʦʢʘʟʘʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʚʝʣʠʯʠʥʳ ȹʊʘʜ ʩʧʣʘʚʘ 

Ni50Mn35In14.25ɺ0.75 ʦʪ ʩʢʦʨʦʩʪʠ ʥʘʛʨʝʚʘ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ, ʧʨʠ ʢʦʪʦʨʦʡ ʠʟʤʝʨʷʝʪʩʷ ȹʊʘʜ  [197, 

201]. ʏʝʤ ʚʳʰʝ ʩʢʦʨʦʩʪʴ ʥʘʛʨʝʚʘ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʙʳʩʪʨʝʝ ʜʦʩʪʠʛʘʝʪʩʷ ʥʝʦʙʭʦʜʠʤʘʷ 

ʪʝʤʧʝʨʘʪʫʨʘ ʠʟʤʝʨʝʥʠʷ, ʪʝʤ ʚʳʰʝ ʚʝʣʠʯʠʥʘ ʄʂʕ. ɺ ʩʧʣʘʚʝ ɻʝʡʩʣʝʨʘ Ni50Mn35In14.25ɺ0.75 ʧʨʠ 

ʩʢʦʨʦʩʪʠ ʥʘʛʨʝʚʘ v = 7 ʂ/ʤʠʥ ʘʜʠʘʙʘʪʠʯʝʩʢʦʝ ʠʟʤʝʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ Õ0ʅ  

=10 ʊʣ ʧʨʠ ʊ=246 ʂ ʨʘʚʥʷʝʪʩʷ ȹʊʘʜ = -3.3 ʂ, ʝʩʣʠ ʞʝ v = 23 ʂ/ʤʠʥ, ʪʦ ȹʊʘʜ = -4.6 ʂ ʧʨʠ Õ0ʅ  =10 

ʊʣ ʠ ʊ=246 ʂ. ɺʣʠʷʥʠʝ ʢʠʥʝʪʠʢʠ ʤʘʛʥʠʪʦʩʪʨʫʢʪʫʨʥʦʛʦ ʧʝʨʝʭʦʜʘ ʥʘ ʚʝʣʠʯʠʥʫ ʄʂʕ ʚ ʨʘʙʦʪʝ 

[197] ʦʙʲʷʩʥʷʝʪʩʷ ʟʘʚʠʩʠʤʦʩʪʴʶ ʧʨʦʮʝʩʩʘ ʟʘʨʦʜʳʰʝʦʙʨʘʟʦʚʘʥʠʷ ʤʘʛʥʠʪʦʠʥʜʫʮʠʨʦʚʘʥʥʦʡ ʬʘʟʳ 

ʦʪ ʩʢʦʨʦʩʪʠ ʨʘʟʚʝʨʪʢʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ʊʘʢʞʝ ʩ ʧʦʤʦʱʴʶ ʧʨʷʤʳʭ ʠʟʤʝʨʝʥʠʡ ʄʂʕ ʚ ʩʠʣʴʥʳʭ 

ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ ʧʦʢʘʟʘʥʳ ʥʘʣʠʯʠʝ ʛʠʩʪʝʨʝʟʠʩʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ȹʊʘʜ (ʊ) ʚ ʦʙʣʘʩʪʠ ʌʇ 1-ʛʦ ʨʦʜʘ 

ʚ ʩʣʫʯʘʝ ʥʘʛʨʝʚʘ ʠ ʦʭʣʘʞʜʝʥʠʷ (ʨʠʩ. 1.38 ʛ) [200] ʠ ʵʬʬʝʢʪ ʧʝʨʚʦʛʦ ʠ ʚʪʦʨʦʛʦ ʚʢʣʶʯʝʥʠʷ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ (ʨʠʩ. 1.38 ʜ) [203]. ɺ ʨʘʙʦʪʝ [182] ʧʨʠʚʦʜʷʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʩʨʘʚʥʝʥʠʷ 

ʧʨʠʤʝʥʝʥʠʷ ʢʦʩʚʝʥʥʦʛʦ ʤʝʪʦʜʘ ʦʧʨʝʜʝʣʝʥʠʷ ʄʂʕ ʥʘ ʦʩʥʦʚʝ ʩʦʦʪʥʦʰʝʥʠʷ ʄʘʢʩʚʝʣʣʘ ʠ ʢʨʠʚʳʭ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʨʷʤʦʛʦ ʠʟʤʝʨʝʥʠʷ ʚ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ ʜʦ 15 ʊʣ ʚ ʩʧʣʘʚʝ 

ɻʝʡʩʣʝʨʘ Ni45Co5Mn36.7In13.3  (ʨʠʩ. 1.38 ʝ). ʆʜʥʘʢʦ, ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ, ʠʟʫʯʝʥʠʝ ʄʂʕ ʧʨʷʤʳʤ 

ʤʝʪʦʜʦʤ ʚ ʩʠʣʴʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ ʧʨʦʚʝʜʝʥʦ ʥʘ ʤʘʣʦʤ ʢʦʣʠʯʝʩʪʚʝ ʦʙʨʘʟʮʦʚ, ʤʥʦʞʝʩʪʚʦ 

ʩʧʣʘʚʦʚ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʠʥʪʝʨʝʩ ʚ ʢʘʯʝʩʪʚʝ ʨʘʙʦʯʝʛʦ ʪʝʣʘ ʤʘʛʥʠʪʥʦʛʦ ʭʦʣʦʜʠʣʴʥʠʢʘ, ʦʩʪʘʶʪʩʷ 

ʥʝ ʠʩʩʣʝʜʦʚʘʥʥʳʤʠ ʧʨʷʤʳʤ ʤʝʪʦʜʦʤ. ʇʨʦʚʝʜʝʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʄʂʕ ʧʨʷʤʳʤ ʤʝʪʦʜʦʤ ʚ 

ʚʳʩʦʢʠʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ ʜʣʷ ʩʧʣʘʚʦʚ ʩ ʤʘʛʥʠʪʦʩʪʨʫʢʪʫʨʥʳʤ ʧʝʨʝʭʦʜʦʤ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ 

ʟʘʜʘʯʝʡ ʬʠʟʠʢʠ ʪʚʝʨʜʦʛʦ ʪʝʣʘ. 

 

  

(ʘ) (ʙ) 
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(ʚ) (ʛ) 

  

(ʜ) (ʝ) 

ʈʠʩʫʥʦʢ 1.38 ï (ʘ) ɸʜʠʘʙʘʪʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʩʧʣʘʚʘ Ni50.2Mn34.85In14.95 ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʘʭ 268 ʂ, 277 ʂ, 283 ʂ ʚ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷ ʜʦ 14 Tʣ ʚʙʣʠʟʠ ʤʘʛʥʠʪʦʩʪʨʫʢʪʫʨʥʦʛʦ 

ʧʝʨʝʭʦʜʘ [201]; (ʙ) ï ʘʜʠʘʙʘʪʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʩʧʣʘʚʘ Ni50.2Mn34.85In14.95 ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʘʭ 292 ʂ, 296 ʂ, 313 ʂ, 321 ʂ ʚ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷ ʜʦ 14 Tʣ ʚʙʣʠʟʠ ʪʝʤʧʝʨʘʪʫʨ ʂʶʨʠ 

[201]; (ʚ) ï ʘʜʠʘʙʘʪʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ, ʧʦʣʫʯʝʥʥʳʝ ʜʣʷ Ni50Mn35In14.25ɺ0.75 ʧʨʠ 

Õ0ʅ=10 ʊʣ, ʊ=246ʂ ʠ ʧʨʠ ʨʘʟʥʳʭ ʩʢʦʨʦʩʪʷʭ ʥʘʛʨʝʚʘ [201]; (ʛ) ï ʪʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ 

ʘʜʠʘʙʘʪʠʯʝʩʢʦʛʦ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʩʧʣʘʚʝ ɻʝʡʩʣʝʨʘ Ni50Mn35In15 ʧʨʠ Õ0ʅ=14 ʊʣ ʚ 

ʦʢʨʝʩʪʥʦʩʪʠ ʤʘʨʪʝʥʩʠʪʥʦʛʦ ʧʝʨʝʭʦʜʘ [200]; (ʜ) ï ʘʜʠʘʙʘʪʠʯʝʩʢʦʝ ʠʟʤʝʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ 

(ʣʝʚʘʷ ʰʢʘʣʘ) ʠ ʚʥʝʰʥʝʝ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ (ʧʨʘʚʘʷ ʰʢʘʣʘ), ʢʘʢ ʬʫʥʢʮʠʷ ʚʨʝʤʝʥʠ, ʧʦʣʫʯʝʥʥʦʝ 

ʜʣʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ Õ0ʅ=14ʊʣ ʧʨʠ ʧʝʨʚʦʤ ʠ ʧʦʩʣʝʜʫʶʱʠʭ ʮʠʢʣʘʭ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ 

ʧʨʠ T = 315 K [203]; (ʝ) ï ʪʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ȹTʘʜ (ʊ) ʩʧʣʘʚʘ Ni45Co5Mn36.7In13.3 ʧʨʠ 

Õ0ʅ=15ʊʣ, ʛʜʝ ƶ ï ʨʝʟʫʣʴʪʘʪʳ ʧʨʷʤʦʛʦ ʤʝʪʦʜʘ, Ǐ ï ʨʝʟʫʣʴʪʘʪʳ ʢʦʩʚʝʥʥʦʛʦ ʤʝʪʦʜʘ ʥʘ ʦʩʥʦʚʝ 

ʠʟʦʪʝʨʤʠʯʝʩʢʠʭ ʢʨʠʚʳʭ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ ʠ ʫʨʘʚʥʝʥʠʷ ʠʟ ʩʦʦʪʥʦʰʝʥʠʷ ʄʘʢʩʚʝʣʣʘ [182] 
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1.4.4 ʄʘʛʥʠʪʦʢʘʣʦʨʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʚ ʩʦʝʜʠʥʝʥʠʠ MnAs 

ʉʫʱʝʩʪʚʫʝʪ ʨʷʜ ʨʘʙʦʪ, ʧʦʩʚʷʱʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʶ ʄʂʕ ʚ ʩʦʝʜʠʥʝʥʠʠ MnAs [18, 39, 

117-121, 128-129, 204-205]. ʆʜʥʘʢʦ, ʜʘʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ, ʢʘʢ ʧʨʘʚʠʣʦ, 

ʢʦʩʚʝʥʥʳʤʠ ʤʝʪʦʜʘʤʠ ʠʣʠ ʞʝ ʧʨʷʤʳʤʠ ʚ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʚʳʩʦʢʠʭ ʧʦʣʷʭ [120]. ɺʝʣʠʯʠʥʘ 

ʘʜʠʘʙʘʪʠʯʝʩʢʦʛʦ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ȹTʘʜ, ʧʦʣʫʯʝʥʥʘʷ ʚ ʨʘʙʦʪʝ [120] ʧʨʷʤʳʤ ʤʝʪʦʜʦʤ ʚ 

ʧʦʣʝ 6 ʊʣ, ʩʦʩʪʘʚʠʣʘ ʦʢʦʣʦ 12 ʂ (ʨʠʩ. 1.39). ɺ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ 14 ʊʣ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʢʦʩʚʝʥʥʳʭ 

ʦʮʝʥʦʢ ʚʝʣʠʯʠʥʘ ȹTʘʜ ʜʣʷ ʤʦʥʦʢʨʠʩʪʘʣʣʘ MnAs ʩʦʩʪʘʚʠʣʘ 13 ʂ [205]. ʆʮʝʥʢʝ ʚʝʣʠʯʠʥʳ 

ʠʟʦʪʝʨʤʠʯʝʩʢʦʛʦ ʠʟʤʝʥʝʥʠʷ ʵʥʪʨʦʧʠʠ ʧʦʩʚʷʱʝʥʳ ʨʘʙʦʪʳ [18, 121, 205]. ʇʦ ʜʘʥʥʳʤ ʨʘʙʦʪʳ 

[121] ʚʝʣʠʯʠʥʘ ȹSʤ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʩʧʣʘʚʘ MnAs ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ 5ʊʣ ʨʘʚʥʷʝʪʩʷ 47 

ɼʞ/(ʢʛʂ). ɺ ʨʘʙʦʪʝ [18] ʧʦʢʘʟʘʥʘ ʘʥʠʟʦʪʨʦʧʠʷ ʚʝʣʠʯʠʥʳ ʠʟʤʝʥʝʥʠʷ ʠʟʦʪʝʨʤʠʯʝʩʢʦʡ ʤʘʛʥʠʪʥʦʡ 

ʵʥʪʨʦʧʠʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʘʧʨʘʚʣʝʥʠʷ ʧʨʠʢʣʘʜʳʚʘʝʤʦʛʦ ʧʦʣʷ ʜʣʷ ʤʦʥʦʢʨʠʩʪʘʣʣʘ MnAs (ʨʠʩ. 

1.40 ʘ,ʙ). ʅʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ȹSʤ ʧʦʜʩʯʠʪʘʥʘ ʭʣʘʜʦʸʤʢʦʩʪʴ ʠʩʩʣʝʜʫʝʤʦʛʦ ʩʧʣʘʚʘ. ʍʣʘʜʦʝʤʢʦʩʪʴ 

ʦʪʨʘʞʘʝʪ ʥʝ ʪʦʣʴʢʦ ʘʙʩʦʣʶʪʥʳʡ ʤʘʢʩʠʤʫʤ ʄʂʕ, ʥʦ ʠ ʰʠʨʠʥʫ ʧʠʢʘ ʝʛʦ ʪʝʤʧʝʨʘʪʫʨʥʦʡ 

ʟʘʚʠʩʠʤʦʩʪʠ. ʍʣʘʜʦʝʤʢʦʩʪʴ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʧʨʦʠʟʚʝʜʝʥʠʝ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʠʟʤʝʥʝʥʠʷ 

ʵʥʪʨʦʧʠʠ ʠ ʧʦʣʥʦʡ ʰʠʨʠʥʳ ʧʠʢʘ ʥʘ ʧʦʣʦʚʠʥʝ ʤʘʢʩʠʤʫʤʘ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ 

ʠʟʤʝʥʝʥʠʷ ʵʥʪʨʦʧʠʠ [134]. ʍʣʘʜʦʝʤʢʦʩʪʴ ʩʦʝʜʠʥʝʥʠʷ MnAs ʨʘʚʥʷʝʪʩʷ Qʭʣ = 442 ɼʞ/ʢʛ. ɸʚʪʦʨʳ 

[18] ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʫʢʘʟʳʚʘʶʪ ʭʣʘʜʦʝʤʢʦʩʪʠ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ ʤʘʛʥʠʪʦʢʘʣʦʨʠʯʝʩʢʠʭ 

ʤʘʪʝʨʠʘʣʦʚ, ʨʘʙʦʪʘʶʱʠʭ ʚ ʦʙʣʘʩʪʠ ʢʦʤʥʘʪʥʳʭ ʪʝʤʧʝʨʘʪʫʨ. ɼʣʷ Gd Qʭʣ = 43.8 ɼʞ/ʢʛ, ʜʣʷ 

Gd5(SiGe)4 Qʭʣ = 240 ɼʞ/ʢʛ. Zou ʠ ʜʨ. [204] ʦʮʝʥʠʣʠ ʚʢʣʘʜʳ ʚ ʦʙʱʝʝ ʠʟʤʝʥʝʥʠʝ ʵʥʪʨʦʧʠʠ ʦʪ 

ʤʘʛʥʠʪʥʦʡ ʠ ʨʝʰʝʪʦʯʥʦʡ ʧʦʜʩʠʩʪʝʤ. ɹʦʣʴʰʠʡ ʚʢʣʘʜ ʚ ʦʙʱʝʝ ʠʟʤʝʥʝʥʠʝ ʵʥʪʨʦʧʠʠ ʧʨʦʠʩʭʦʜʠʪ 

ʦʪ ʤʘʛʥʠʪʥʦʡ ʧʦʜʩʠʩʪʝʤʳ, ʘ ʚʢʣʘʜ ʦʪ ʨʝʰʝʪʦʯʥʦʡ ʧʦʜʩʠʩʪʝʤʳ ʩʨʘʚʥʠʪʝʣʴʥʦ ʤʘʣ. ɸʥʘʣʠʟʠʨʫʷ 

ʠʟʚʝʩʪʥʳʝ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʨʘʙʦʪʳ ʧʦ ʠʟʫʯʝʥʠʶ ʄʂʕ ʚ ʩʦʝʜʠʥʝʥʠʠ MnAs, ʤʦʞʥʦ ʩʜʝʣʘʪʴ 

ʚʳʚʦʜ, ʯʪʦ ʄʂʕ ʚ MnAs ʥʝ ʠʟʫʯʝʥ ʧʨʷʤʳʤ ʤʝʪʦʜʦʤ ʚ ʩʠʣʴʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ, ʜʦʩʪʘʪʦʯʥʳʭ 

ʜʣʷ ʧʦʣʥʦʛʦ ʟʘʚʝʨʰʝʥʠʷ ʤʘʛʥʠʪʦʩʪʨʫʢʪʫʨʥʦʛʦ ʧʝʨʝʭʦʜʘ. ʊʘʢʞʝ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʝʠʟʚʝʩʪʥʘ 

ʚʝʣʠʯʠʥʘ ʠʟʦʪʝʨʤʠʯʝʩʢʦʛʦ ʧʦʛʣʦʱʝʥʠʷ/ʚʳʜʝʣʝʥʠʷ ʪʝʧʣʘ q ʧʨʠ ʌʇ 1-ʛʦ ʨʦʜʘ ʩʦʝʜʠʥʝʥʠʷ MnAs. 

ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʨʷʤʦʝ ʠʟʫʯʝʥʠʝ ȹʊʘʜ ʠ q ʚ ʩʠʣʴʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ ʜʣʷ MnAs ʷʚʣʷʝʪʩʷ 

ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ. 
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ʈʠʩʫʥʦʢ 1.39 ï ʇʨʷʤʦʡ ʤʘʛʥʠʪʦʢʘʣʦʨʠʯʝʩʢʠʡ ʵʬʬʝʢʪ (ʩʚʷʟʘʥʥʳʝ ʤʝʞʜʫ ʩʦʙʦʡ ʩʠʤʚʦʣʳ) ʠ 

ʢʨʠʚʳʝ ȹʊʘʜ, ʧʦʣʫʯʝʥʥʳʝ ʠʟ ʜʘʥʥʳʭ ʪʝʧʣʦʝʤʢʦʩʪʠ Cp,H (ʩʧʣʦʰʥʳʝ ʣʠʥʠʠ) [120] 

 

 
 

(ʘ) (ʙ) 

ʈʠʩʫʥʦʢ 1.40 ï ʊʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʤʘʛʥʠʪʥʦʡ ʵʥʪʨʦʧʠʠ ʜʣʷ 

ʤʦʥʦʢʨʠʩʪʘʣʣʘ ʘʨʩʝʥʠʜʘ ʤʘʨʛʘʥʮʘ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʦʪ 0 ʜʦ 1 (1), 20 (2),3 (3), 4 

(4), 5 (5), 8 (6) ʠ 14 ʊʣ (7). ʇʦʣʝ ʧʨʠʢʣʘʜʳʚʘʣʦʩʴ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ (a) ʠ ʧʘʨʘʣʣʝʣʴʥʦ (b) 

ʛʝʢʩʘʛʦʥʘʣʴʥʦʡ ʦʩʠ c ʤʦʥʦʢʨʠʩʪʘʣʣʘ MnAs [18] 
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ɺʳʚʦʜʳ ʧʦ ʛʣʘʚʝ 1 

ʇʨʦʚʝʜʝʥʥʳʡ ʘʥʘʣʠʟ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ, ʧʦʩʚʷʱʝʥʥʳʭ ʤʘʛʥʠʪʦʩʪʨʫʢʪʫʨʥʳʤ 

ʧʝʨʝʭʦʜʘʤ 1-ʛʦ ʨʦʜʘ ʠ ʄʂʕ ʚ ʩʧʣʘʚʘʭ ɻʝʡʩʣʝʨʘ ʩʝʤʝʡʩʪʚ Ni-Mn-Z (Z = Ga, Sn, In) ʠ ʩʦʝʜʠʥʝʥʠʠ  

MnAs, ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʨʷʜ ʚʳʚʦʜʦʚ. ʅʝ ʩʤʦʪʨʷ ʥʘ ʨʘʩʪʫʱʝʝ ʧʦʥʠʤʘʥʠʝ ʧʨʠʨʦʜʳ ʤʘʛʥʝʪʠʟʤʘ 

ʠ ʩʪʨʫʢʪʫʨʥʳʭ ʧʨʝʚʨʘʱʝʥʠʡ ʚ ʩʧʣʘʚʘʭ ɻʝʡʩʣʝʨʘ ʩʝʤʝʡʩʪʚʘ Ni-Mn-In-Co, ʦʩʪʘʶʪʩʷ ʥʝ 

ʨʝʰʝʥʥʳʤʠ ʪʘʢʠʝ ʧʨʠʥʮʠʧʠʘʣʴʥʳʝ ʚʦʧʨʦʩʳ, ʢʘʢ ʧʨʠʨʦʜʘ ʤʘʛʥʠʪʦʩʪʨʫʢʪʫʨʥʦʛʦ ʧʝʨʝʭʦʜʘ ʠ, ʚ 

ʯʘʩʪʥʦʩʪʠ, ʧʨʠʨʦʜʘ ʤʘʛʥʠʪʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚ ʤʘʨʪʝʥʩʠʪʥʦʡ ʬʘʟʝ ʩʧʣʘʚʦʚ. ɿʥʘʥʠʝ ʤʘʛʥʠʪʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʚ ʩʧʣʘʚʘʭ ɻʝʡʩʣʝʨʘ Ni-Mn-In-Co ʧʦʟʚʦʣʠʣʦ ʙʳ ʦʮʝʥʠʪʴ ʚʢʣʘʜ ʤʘʛʥʠʪʥʦʡ ʧʦʜʩʠʩʪʝʤʳ 

ʚ ʤʘʛʥʠʪʦʢʘʣʦʨʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ. ɺ ʮʝʣʦʤ, ʟʥʘʥʠʷ ʦ ʬʘʟʦʚʦʡ ʜʠʘʛʨʘʤʤʝ Ni-Mn-In-Co ʥʦʩʷʪ 

ʦʪʨʳʚʦʯʥʳʡ ʭʘʨʘʢʪʝʨ. ʅʘʠʙʦʣʴʰʠʡ ʠʥʪʝʨʝʩ ʜʣʷ ʧʨʘʢʪʠʢʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʩʪʘʚʳ, ʚ ʢʦʪʦʨʳʭ 

ʤʘʨʪʝʥʩʠʪʥʳʡ ʪʝʨʤʦʫʧʨʫʛʠʡ ʧʝʨʝʭʦʜ ʥʘʙʣʶʜʘʝʪʩʷ ʙʣʠʟʢʦ ʢ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ʊʘʢʠʝ 

ʩʧʣʘʚʳ ʤʦʛʣʠ ʙʳ ʚʳʟʳʚʘʪʴ ʦʩʦʙʳʡ ʠʥʪʝʨʝʩ ʚ ʪʝʭʥʦʣʦʛʠʠ ʤʘʛʥʠʪʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ. ɺ ʥʠʭ 

ʩʣʝʜʫʝʪ ʦʞʠʜʘʪʴ ʠ ʤʘʢʩʠʤʘʣʴʥʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʪʝʤʧʝʨʘʪʫʨʳ ʤʘʨʪʝʥʩʠʪʥʦʛʦ ʧʝʨʝʭʦʜʘ ʢ 

ʚʥʝʰʥʝʤʫ ʧʦʣʶ. ʊʘʢʠʝ ʩʧʣʘʚʳ, ʙʳʣʠ ʙʳ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʢʘʥʜʠʜʘʪʘʤʠ ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʫʧʨʘʚʣʷʝʤʳʤʠ ʤʘʛʥʠʪʥʳʤ ʧʦʣʝʤ çʩʨʝʜʥʝʡè ʚʝʣʠʯʠʥʳ ï ʜʦ 2 ʊʣ.  

ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʝʣʠʯʠʥʳ ʄʂʕ ʚ ʩʣʘʚʘʭ ɻʝʡʩʣʝʨʘ ʠ ʩʦʝʜʠʥʝʥʠʠ 

MnAs ʦʛʨʘʥʠʯʠʚʘʶʪʩʷ ʘʥʘʣʠʟʦʤ ʠʟʦʪʝʨʤʠʯʝʩʢʦʛʦ ʠʟʤʝʥʝʥʠʷ ʤʘʛʥʠʪʥʦʡ ʯʘʩʪʠ ʵʥʪʨʦʧʠʠ ȹSʤ 

ʠʣʠ ʧʨʷʤʳʤʠ ʠʟʤʝʨʝʥʠʷʤʠ ȹʊʘʜ ʚ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ ʜʦ 2 ʊʣ. ʆʜʥʘʢʦ, ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ ʜʦ 2 ʊʣ 

ʥʝʜʦʩʪʘʪʦʯʥʦʛʦ ʜʣʷ ʧʦʣʥʦʛʦ ʟʘʚʝʨʰʝʥʠʷ ʤʘʛʥʠʪʦʩʪʨʫʢʪʫʨʥʦʛʦ ʧʝʨʝʭʦʜʘ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 

ʜʦʩʪʠʞʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʄʂʕ. ʇʦʵʪʦʤʫ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ  ʠʟʫʯʝʥʠʝ ȹʊʘʜ  ʧʨʷʤʳʤ 

ʤʝʪʦʜʦʤ ʚ ʩʠʣʴʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ. ʂʘʢ ʧʦʢʘʟʳʚʘʝʪ 

ʣʠʪʝʨʘʪʫʨʥʳʡ ʘʥʘʣʠʟ, ʨʘʙʦʪ, ʧʦʩʚʷʱʝʥʥʳʭ ʠʟʫʯʝʥʠʶ ʠʟʦʪʝʨʤʠʯʝʩʢʦʛʦ ʚʳʜʝʣʝʥʠʷ ʪʝʧʣʘ q, ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʤʘʛʥʠʪʦʩʪʨʫʢʪʫʨʥʦʛʦ ʧʝʨʝʭʦʜʘ ʚ ʩʧʣʘʚʘʭ ɻʝʡʩʣʝʨʘ ʠ ʩʦʝʜʠʥʝʥʠʠ MnAs, ʢʨʘʡʥʝ 

ʤʘʣʦ. ɿʥʘʯʝʥʠʷ q ʚ ʩʠʣʴʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ, ʥʘʡʜʝʥʥʳʝ ʧʨʷʤʳʤʠ ʤʝʪʦʜʘʤʠ, ʜʣʷ ʩʧʣʘʚʦʚ 

ɻʝʡʩʣʝʨʘ ʠ MnAs ʧʨʘʢʪʠʯʝʩʢʠ ʦʪʩʫʪʩʪʚʫʶʪ ʚ ʣʠʪʝʨʘʪʫʨʝ.  

ɸʥʘʣʠʟ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʩʧʣʘʚʦʚ ɻʝʡʩʣʝʨʘ, ʠʥʜʫʮʠʨʦʚʘʥʥʳʭ ʤʘʛʥʠʪʥʳʤ 

ʧʦʣʝʤ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʤʝʥʷʪʴ ʜʦʩʪʘʪʦʯʥʦ ʩʠʣʴʥʳʝ ʤʘʛʥʠʪʥʳʝ ʧʦʣʷ ʜʣʷ 

ʟʘʚʝʨʰʝʥʠʷ ʤʘʛʥʠʪʦʩʪʨʫʢʪʫʨʥʦʛʦ ʧʝʨʝʭʦʜʘ 1-ʛʦ ʨʦʜʘ. ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ, ʠʟʚʝʩʪʥʳ ʨʘʙʦʪʳ ʧʦ 

ʠʟʫʯʝʥʠʶ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʩʧʣʘʚʦʚ ɻʝʡʩʣʝʨʘ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʩʠʣʴʥʳʭ ʠʤʧʫʣʴʩʥʳʭ ʧʦʣʝʡ. ʆʜʥʘʢʦ, ʵʪʦ ʥʝ ʧʦʟʚʦʣʷʝʪ ʜʝʪʘʣʴʥʦ ʠʩʩʣʝʜʦʚʘʪʴ ʌʇ 1-ʛʦ ʨʦʜʘ ʠʟ-ʟʘ 

ʤʘʣʦʛʦ ʚʨʝʤʝʥʠ ʠʤʧʫʣʴʩʘ ʧʦʣʷ ʠ ʧʨʦʚʦʜʠʪʴ ʵʢʩʧʝʨʠʤʝʥʪʳ ʚ ʠʟʦʪʝʨʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ. ɺʘʞʥʳʤ 

ʧʘʨʘʤʝʪʨʦʤ ʤʘʛʥʠʪʥʳʭ ʭʦʣʦʜʠʣʴʥʠʢʦʚ ʷʚʣʷʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʠʟʦʪʝʨʤʠʯʝʩʢʦʛʦ 

ʠʟʤʝʥʝʥʠʷ ʵʥʪʨʦʧʠʠ, ʥʦ ʠ ʛʨʘʜʠʝʥʪ ʩʦʟʜʘʚʘʝʤʳʭ ʪʝʤʧʝʨʘʪʫʨ. ʕʪʦʪ ʧʘʨʘʤʝʪʨ ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʠʪ 

ʦʪ ʚʝʣʠʯʠʥʳ ʘʜʠʘʙʘʪʠʯʝʩʢʦʛʦ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ. ɺ ʩʣʫʯʘʝ ʤʘʪʝʨʠʘʣʦʚ ʩ 
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ʤʘʛʥʠʪʦʩʪʨʫʢʪʫʨʥʳʤ ʧʝʨʝʭʦʜʦʤ ʩʪʨʫʢʪʫʨʥʳʡ ʚʢʣʘʜ ʚ ʚʝʣʠʯʠʥʫ ʄʂʕ ʷʚʣʷʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʤ. 

ʇʦʵʪʦʤʫ ʠʟʫʯʝʥʠʝ ʤʘʛʥʠʪʦʠʥʜʫʮʠʨʦʚʘʥʥʦʛʦ ʩʪʨʫʢʪʫʨʥʦʛʦ ʌʇ 1-ʛʦ ʨʦʜʘ ʜʣʷ ʩʧʣʘʚʦʚ ʩ ʧʨʷʤʳʤ 

ʠ ʦʙʨʘʪʥʳʤ ʄʂʕ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʦʜʠʪʴ ʧʨʠ ʨʘʟʥʳʭ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʚ ʩʠʣʴʥʳʭ 

ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ. ʇʨʠ ʵʪʦʤ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʥʫʞʥʦ ʫʜʝʣʷʪʴ ʧʨʦʮʝʩʩʘʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʤʘʛʥʠʪʥʦʡ ʠ ʩʪʨʫʢʪʫʨʥʦʡ ʧʦʜʩʠʩʪʝʤ. ʆʩʦʙʳʡ ʠʥʪʝʨʝʩ ʙʫʜʝʪ ʧʨʝʜʩʪʘʚʣʷʪʴ ʠʟʫʯʝʥʠʝ 

ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʧʣʘʚʦʚ ɻʝʡʩʣʝʨʘ ʚ ʩʠʣʴʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ ʚ 

ʘʜʠʘʙʘʪʠʯʝʩʢʠʭ ʠ ʠʟʦʪʝʨʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ. ʇʦʜʦʙʥʳʝ ʨʘʙʦʪʳ ʚ ʣʠʪʝʨʘʪʫʨʝ ʧʦʢʘ ʥʝ ʠʟʚʝʩʪʥʳ. 

ʉʨʘʚʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʤʘʛʥʠʪʦʠʥʜʫʮʠʨʦʚʘʥʥʳʭ ʩʪʨʫʢʪʫʨ ʚ ʧʦʣʠ- ʠ ʤʦʥʦʢʨʠʩʪʘʣʣʝ ʧʦʟʚʦʣʷʪ 

ʦʧʨʝʜʝʣʠʪʴ ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʦʪʝʢʘʥʠʷ ʌʇ 1-ʛʦ ʨʦʜʘ, ʚ ʯʘʩʪʥʦʩʪʠ, ʟʘʨʦʞʜʝʥʠʝ ʠ ʵʚʦʣʶʮʠʶ 

ʤʘʨʪʝʥʩʠʪʥʳʭ ʜʚʦʡʥʠʢʦʚ.  
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ɻʃɸɺɸ 2. ʆɹʈɸɿʎʓ ʀ ʄɽʊʆɼʀʂʀ ʕʂʉʇɽʈʀʄɽʅʊʆɺ 

ɻʣʘʚʘ 2 ʧʦʩʚʷʱʝʥʘ ʦʙʨʘʟʮʘʤ, ʠʭ ʩʠʥʪʝʟʫ ʠ ʦʧʠʩʘʥʠʶ ʤʝʪʦʜʦʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ 

ʠʩʩʣʝʜʦʚʘʥʠʷ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʚʩʝ ʠʩʩʣʝʜʫʝʤʳʝ ʦʙʨʘʟʮʳ ʫʩʣʦʚʥʦ ʧʦʜʝʣʝʥʳ ʥʘ ʜʚʝ ʛʨʫʧʧʳ. ʂ 

ʧʝʨʚʦʡ ʛʨʫʧʧʝ ʦʪʥʦʩʷʪʩʷ ʦʙʨʘʟʮʳ ʩ ʦʙʨʘʪʥʳʤ ʤʘʛʥʠʪʦʢʘʣʦʨʠʯʝʩʢʠʤ ʵʬʬʝʢʪʦʤ: 

ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʩʧʣʘʚʳ ɻʝʡʩʣʝʨʘ Ni43Mn46Sn11, Ni43Mn37.9In12.1Co7, Ni43Mn37.8In12.2Co7, 

Ni43Mn37.7In12.3Co7, Ni43Mn37.65In12.35Co7. ʉʧʣʘʚʳ ɻʝʡʩʣʝʨʘ ʩʝʤʝʡʩʪʚʘ Ni-Mn-In-Co ʙʳʣʠ 

ʠʟʛʦʪʦʚʣʝʥʳ ʘʚʪʦʨʦʤ ʩʦʚʤʝʩʪʥʦ ʩ ʢ.ʬ.-ʤ.ʥ. ɸ. ɺ. ʄʘʰʠʨʦʚʳʤ ʥʘ ʙʘʟʝ ʀʈʕ ʠʤ. ɺ. ɸ. 

ʂʦʪʝʣʴʥʠʢʦʚʘ ʈɸʅ ʠ ʀʄɽʊ ʠʤ. ɸ. ɸ. ɹʘʡʢʦʚʘ ʈɸʅ. ʉʧʣʘʚ Ni43Mn46Sn11 ʧʨʝʜʦʩʪʘʚʣʝʥ ʜʣʷ 

ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʛʣʘʚʥʳʤ ʥʘʫʯʥʳʤ ʩʦʪʨʫʜʥʠʢʦʤ ʀʌʄ ʄ. ʅ. ʄʠʭʝʝʚʘ ʋʨʆ ʈɸʅ ʜ.ʬ.-ʤ.ʥ. 

ɺ. ɺ. ʄʘʨʯʝʥʢʦʚʳʤ. ʂʦ ʚʪʦʨʦʡ ʛʨʫʧʧʝ ʦʪʥʝʩʝʥʳ ʦʙʨʘʟʮʳ ʩ ʧʨʷʤʳʤ ʤʘʛʥʠʪʦʢʘʣʦʨʠʯʝʩʢʠʤ 

ʵʬʬʝʢʪʦʤ: ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ Ni2.16Mn0.84Ga ʠ ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ Ni2.19Mn0.81Ga ʩʧʣʘʚʳ 

ɻʝʡʩʣʝʨʘ, ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʝ ʩʦʝʜʠʥʝʥʠʝ MnAs. ʆʙʨʘʟʮʳ Ni2.16Mn0.84Ga, Ni2.19Mn0.81Ga 

ʧʨʝʜʦʩʪʘʚʣʝʥʳ ʘʚʪʦʨʫ ʧʨʦʬʝʩʩʦʨʦʤ ʅʀʊʋ ʄʀʉʠʉ ʜ.ʬ.-ʤ.ʥ. ɺ. ɺ. ʍʦʚʘʡʣʦ, ʩʦʝʜʠʥʝʥʠʝ MnAs ï 

ʧʨʦʬʝʩʩʦʨʦʤ ɼʦʥʌʊʀ ʠʤ. ɸ. ɸ. ɻʘʣʢʠʥʘ ʜ.ʬ.-ʤ.ʥ. ɺ. ʀ. ɺʘʣʴʢʦʚʳʤ.  

ɺ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʥʳ, ʢʘʢ ʩʪʘʥʜʘʨʪʥʳʝ, ʪʘʢ ʠ ʦʨʠʛʠʥʘʣʴʥʳʝ, ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʧʨʠ 

ʫʯʘʩʪʠʠ ʘʚʪʦʨʘ, ʫʩʪʘʥʦʚʢʠ ʠ ʤʝʪʦʜʠʢʠ. ʉʪʘʥʜʘʨʪʥʳʝ ʤʝʪʦʜʠʢʠ: ʥʝʡʪʨʦʥʥʘʷ ʠ ʩʠʥʭʨʦʪʨʦʥʥʘʷ 

ʜʠʬʨʘʢʮʠʷ, ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ, ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʘʷ ʩʢʘʥʠʨʫʶʱʘʷ ʢʘʣʦʨʠʤʝʪʨʠʷ. 

ʆʨʠʛʠʥʘʣʴʥʳʝ ʤʝʪʦʜʠʢʠ: ʧʨʷʤʳʝ ʠʟʤʝʨʝʥʠʷ ʘʜʠʘʙʘʪʠʯʝʩʢʦʛʦ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ, 

ʠʟʦʪʝʨʤʠʯʝʩʢʦʛʦ ʧʦʛʣʦʱʝʥʠʷ/ʚʳʜʝʣʝʥʠʷ ʪʝʧʣʘ ʠ ʥʘʙʣʶʜʝʥʠʝ ʵʚʦʣʶʮʠʠ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ 

ʩʧʣʘʚʦʚ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʜʦ 14 ʊʣ ʚ ʰʠʨʦʢʦʤ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ ʠ ʧʨʠ 

ʨʘʟʥʳʭ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ.  

 

2.1 ʄʝʪʦʜʠʢʠ ʩʠʥʪʝʟʘ ʠ ʘʪʪʝʩʪʘʮʠʷ ʦʙʨʘʟʮʦʚ 

2.1.1 ʊʝʭʥʦʣʦʛʠʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʠ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʦʙʨʘʟʮʦʚ ʩʧʣʘʚʦʚ ɻʝʡʩʣʝʨʘ 

ʩʝʤʝʡʩʪʚʘ Ni43Mn (50-ʫ)InʫCo7 (12.35 Ó y Ó 12.1) 

 

ɸʪʦʤʥʦʝ ʧʨʦʮʝʥʪʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʵʣʝʤʝʥʪʦʚ, ʩʦʩʪʘʚʣʷʶʱʠʭ ʩʧʣʘʚʦʚ ʩʝʤʝʡʩʪʚʘ Ni-Mn-In-

Co, ʙʳʣʠ ʚʳʙʨʘʥʳ ʥʘ ʦʩʥʦʚʝ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʧʦʥʩʢʦʡ ʛʨʫʧʧʳ ʫʯʝʥʳʭ [19]. ʀʩʭʦʜʷ 

ʠʟ ʬʦʨʤʫʣʳ Ni(50-ʭ)CoʭMn(50-ʫ)Inʫ, ʪ.ʝ. ʧʨʠ ʯʘʩʪʠʯʥʦʤ ʟʘʤʝʱʝʥʠʠ Ni ʭʠʤʠʯʝʩʢʠʤ ʵʣʝʤʝʥʪʦʤ ʉʦ, ʘ 

ʩʦʩʪʘʚʣʷʶʱʫʶ ʦʙʨʘʟʮʦʚ Mn ʥʘ In, ʙʳʣʠ ʚʳʙʨʘʥʳ ʯʝʪʳʨʝ ʦʙʨʘʟʮʘ, ʪʘʢ, ʯʪʦʙʳ ʪʝʤʧʝʨʘʪʫʨʘ 

ʥʘʯʘʣʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʘʨʪʝʥʩʠʪʥʦʡ ʬʘʟʳ Ms ʙʳʣʘ ʚʙʣʠʟʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ (ʪʘʙʣ. 2.1).  
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ʄʘʩʩʘ ʢʘʞʜʦʡ ʰʠʭʪʳ ʩʦʩʪʘʚʣʷʣʘ 30 ʛʨʘʤʤ. ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ ʠ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ 

ʩʦʝʜʠʥʝʥʠʡ, ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ ʤʘʩʩʳ ʢʘʞʜʦʛʦ ʭʠʤʠʯʝʩʢʦʛʦ ʵʣʝʤʝʥʪʘ ʚ ʩʦʩʪʘʚʝ ʰʠʭʪʳ. ɼʘʣʝʝ ʥʘ 

ʚʝʩʘʭ ViBRA AF ʧʨʦʚʦʜʠʣʦʩʴ ʚʟʚʝʰʠʚʘʥʠʝ ʧʦʨʦʰʢʦʚ ʤʝʪʘʣʣʦʚ (ʧʦʛʨʝʰʥʦʩʪʴ 1 ʤʛ). ɺ 

ʧʦʩʣʝʜʫʶʱʝʤ, ʢʘʞʜʳʡ ʦʙʨʘʟʝʮ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ ʩʦʙʦʡ ʥʘ ʜʘʥʥʦʤ ʵʪʘʧʝ ʩʤʝʩʴ ʧʦʨʦʰʢʦʚ 

ʤʝʪʘʣʣʦʚ, ʧʦʜʚʝʨʛʘʣʩʷ ʧʝʨʝʤʝʰʠʚʘʥʠʶ. ʇʝʨʝʜ ʧʣʘʚʢʦʡ ʥʘʚʝʩʢʠ ʧʦʨʦʰʢʦʚʦʡ ʩʤʝʩʠ 

ʧʨʝʩʩʦʚʘʣʠʩʴ ʥʘ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʦʡ ʨʘʟʨʳʚʥʦʡ ʤʘʰʠʥʝ ʋʊʉ 110ʄ-5 ʚ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ 

ʧʨʝʩʩ-ʬʦʨʤʝ ʩ ʜʠʘʤʝʪʨʦʤ d=20 ʤʤ ʧʨʠ ʜʘʚʣʝʥʠʠ ʨ = 80ʄʇʘ. ɼʣʷ ʙʦʣʝʝ ʫʜʦʙʥʦʛʦ ʧʨʦʮʝʩʩʘ 

ʧʨʝʩʩʦʚʘʥʠʷ ʧʦʨʦʰʢʦʚʘʷ ʩʤʝʩʴ ʢʘʞʜʦʛʦ ʦʙʨʘʟʮʘ ʙʳʣʘ ʧʦʜʝʣʝʥʘ ʥʘ ʜʚʝ ʯʘʩʪʠ, ʪ.ʝ. ʚ ʧʨʝʩʩ-ʬʦʨʤʫ 

ʟʘʩʳʧʘʣʦʩʴ ʚ ʩʨʝʜʥʝʤ ʧʦ 15 ʛ. ʰʠʭʪʳ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʰʠʭʪʘ ʢʘʞʜʦʛʦ ʦʙʨʘʟʮʘ ʧʨʝʜʩʪʘʚʣʷʣʘ ʩʦʙʦʡ 

ʜʚʝ ʩʧʨʝʩʩʦʚʘʥʥʳʝ çʪʘʙʣʝʪʢʠè ʩ ʜʠʘʤʝʪʨʦʤ d = 20ʤʤ ʠ ʚʳʩʦʪʦʡ h = 8 ʤʤ. ɿʘʪʝʤ ʩʧʨʝʩʩʦʚʘʥʥʳʝ 

çʪʘʙʣʝʪʢʠè ʧʦʜʚʝʨʛʘʣʠʩʴ ʘʨʛʦʥʥʦ-ʜʫʛʦʚʦʡ ʧʣʘʚʢʝ ʚ ʜʫʛʦʚʦʡ ʧʣʘʚʠʣʴʥʦʡ ʧʝʯʠ 5SA. ʇʣʘʚʣʝʥʠʝ ʚ 

ʜʫʛʦʚʦʡ ʧʝʯʠ ʧʨʦʚʦʜʠʣʦʩʴ ʧʨʠ ʊ = 2700 Üʉ ʚ ʟʘʱʠʪʥʦʡ ʩʨʝʜʝ ʘʨʛʦʥʘ, ʢʦʪʦʨʳʡ ʧʦʩʪʫʧʘʣ ʩʦ 

ʩʢʦʨʦʩʪʴʶ v = 1.5 ʣ/ʤʠʥ. ʇʨʠ ʧʣʘʚʣʝʥʠʠ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʨʘʩʭʦʜʫʝʤʳʡ ʚʦʣʴʬʨʘʤʦʚʳʡ ʵʣʝʢʪʨʦʜ ʩ 

ʜʠʘʤʝʪʨʦʤ d = 2.4 ʤʤ ʠ ʦʭʣʘʞʜʘʝʤʳʤ ʤʝʜʥʳʤ ʪʠʛʣʝʤ-ʢʨʠʩʪʘʣʣʠʟʘʪʦʨʦʤ. ʆʭʣʘʞʜʝʥʠʝ 

ʠʟʣʦʞʥʠʮʳ ʧʨʦʠʩʭʦʜʠʣʦ ʩ ʧʦʤʦʱʴʶ ʚʦʜʥʦʡ ʩʠʩʪʝʤʳ. ɺʦʜʘ ʮʠʨʢʫʣʠʨʦʚʘʣʘ ʩʦ ʩʢʦʨʦʩʪʴʶ v = 3.8 

ʣ/ʤʠʥ ʧʨʠ ʊ = 21 Üʉ ʠ ʜʘʚʣʝʥʠʠ ʨ = 0.35ʄʇʘ. ʐʠʭʪʘ ʧʣʘʚʠʣʘʩʴ ʚ ʜʫʛʝ, ʚʦʟʥʠʢʘʶʱʝʡ ʤʝʞʜʫ 

ʚʝʨʭʥʠʤ (ʨʘʩʭʦʜʫʝʤʳʤ) ʵʣʝʢʪʨʦʜʦʤ ʠ ʥʠʞʥʠʤ ʵʣʝʢʪʨʦʜʦʤ, ʢʦʪʦʨʳʤ ʷʚʣʷʣʩʷ ʨʘʩʧʣʘʚʣʝʥʥʳʡ 

ʤʝʪʘʣʣ ʚ ʤʝʜʥʦʤ ʢʨʠʩʪʘʣʣʠʟʘʪʦʨʝ. ʇʣʘʚʢʫ ʚʝʣʠ ʥʘ ʧʦʩʪʦʷʥʥʦʤ ʪʦʢʝ ʧʨʠ ʩʣʝʜʫʶʱʝʡ 

ʧʦʣʷʨʥʦʩʪʠ: ʨʘʩʭʦʜʫʝʤʳʡ ʵʣʝʢʪʨʦʜ ï ʢʘʪʦʜ, ʨʘʩʧʣʘʚ ï ʘʥʦʜ. ʇʦʩʪʦʷʥʩʪʚʦ ʥʘʧʨʷʞʝʥʠʷ ʜʫʛʠ (30ï

60 ɺ) ʧʦʜʜʝʨʞʠʚʘʣʦʩʴ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʟʘ ʩʯʝʪ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʵʣʝʢʪʨʦʜʘʤʠ. 

ɼʣʷ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʬʦʨʤʳ ʜʫʛʠ ʠ ʠʩʢʣʶʯʝʥʠʷ ʧʦʙʦʯʥʳʭ ʜʫʛ (ʥʘʧʨʠʤʝʨ, ʜʫʛ ʤʝʞʜʫ ʵʣʝʢʪʨʦʜʦʤ 

ʠ ʩʪʝʥʢʦʡ ʢʨʠʩʪʘʣʣʠʟʘʪʦʨʘ) ʢʨʠʩʪʘʣʣʠʟʘʪʦʨ ʙʳʣ ʦʢʨʫʞʝʥ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʢʘʪʫʰʢʦʡ 

(ʩʦʣʝʥʦʠʜʦʤ). ʀʟʣʦʞʥʠʮʘ ʜʫʛʦʚʦʡ ʧʝʯʠ ʠʤʝʣʘ 4 ʪʠʛʣʷ ʩ ʜʠʤʝʪʨʦʤ d=30ʤʤ ʠ ʚʳʩʦʪʦʡ h=30 ʤʤ. 

ʇʨʠ ʢʘʞʜʦʡ ʧʣʘʚʢʝ ʚ ʦʜʠʥ ʠʟ ʪʠʛʣʝʡ ʧʦʤʝʱʘʣʩʷ ʪʠʪʘʥ ʜʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʧʨʦʮʝʩʩʘ 

ʛʝʪʪʝʨʠʨʦʚʘʥʠʷ ï ʦʯʠʩʪʢʠ ʦʙʨʘʟʮʦʚ ʦʪ ʟʘʛʨʷʟʥʷʶʱʠʭ ʙʳʩʪʨʦʜʠʬʬʫʥʜʠʨʫʶʱʠʭ ʧʨʠʤʝʩʝʡ. ɼʣʷ 

ʧʦʣʫʯʝʥʠʷ ʦʜʥʦʨʦʜʥʦʛʦ ʧʦ ʩʦʩʪʘʚʫ ʦʙʨʘʟʮʦʚ ʧʣʘʚʢʘ ʧʨʦʚʦʜʠʣʘʩʴ ʩ ʯʝʪʳʨʴʤʷ ʧʝʨʝʚʦʨʦʪʘʤʠ 

ʩʣʠʪʢʘ. ʉ ʮʝʣʴʶ ʛʦʤʦʛʝʥʠʟʘʮʠʠ ʧʦʩʣʝ ʧʣʘʚʢʠ ʦʙʨʘʟʮʳ ʧʦʜʚʝʨʛʘʣʠʩʴ ʦʪʞʠʛʫ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 

1023 ʂ ʚ ʪʝʯʝʥʠʝ 48 ʯʘʩʦʚ ʚ ʚʘʢʫʫʤʥʦʡ ʧʝʯʠ CarboliteSTF 16/180 ʧʨʠ ʜʘʚʣʝʥʠʠ 6.18Ŀ10
-2 

- 

0.96Ŀ10
-1

 ʇʘ. ʋʩʪʘʥʦʚʣʝʥʠʝ ʟʘʜʘʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʦʪʞʠʛʘ ʧʨʦʚʦʜʠʣʦʩʴ ʩʦ ʩʢʦʨʦʩʪʴʶ 15 Üʉ/ʤʠʥ. 

ʆʭʣʘʞʜʝʥʠʝ ʦʙʨʘʟʮʦʚ ʧʨʦʠʩʭʦʜʠʣʦ ʚ ʧʝʯʠ ʚ ʚʘʢʫʫʤʝ. ʇʦʩʣʝ ʧʣʘʚʢʠ ʠ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ 

ʦʙʨʘʟʮʳ ʚʟʚʝʰʠʚʘʣʠʩʴ. ʇʦʪʝʨʠ ʚ ʤʘʩʩʝ ʦʙʨʘʟʮʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 2.1.  
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ʊʘʙʣʠʮʘ 2.1 ï ʇʦʪʝʨʠ ʤʘʩʩʳ ʦʙʨʘʟʮʦʚ ʩʧʣʘʚʦʚ ɻʝʡʩʣʝʨʘ ʩʝʤʝʡʩʪʚʘ Ni43Mn(50-ʫ)InʫCo7, ʛʜʝ 12.35 Ó 

y Ó 12.1 ʧʦʩʣʝ ʘʨʛʦʥʥʦ-ʜʫʛʦʚʦʡ ʧʣʘʚʢʠ ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ ʦʪʞʠʛʘ 

 

2.1.2 ʆʧʨʝʜʝʣʝʥʠʝ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʠ ʦʜʥʦʨʦʜʥʦʩʪʠ ʦʙʨʘʟʮʦʚ ʩʧʣʘʚʘ ɻʝʡʩʣʝʨʘ 

ʩʝʤʝʡʩʪʚʘ Ni43Mn (50-ʫ)InʫCo7 (12.35 Ó y Ó 12.1) 

 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʩʧʣʘʚʦʚ ɻʝʡʩʣʝʨʘ ʩʝʤʝʡʩʪʚʘ 

Ni43Mn(50-ʫ)InʫCo7 (12.35 Ó y Ó 12.1) ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʤʝʪʦʜ ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʦʡ ʨʝʥʪʛʝʥʦʚʩʢʦʡ 

ʩʧʝʢʪʨʦʩʢʦʧʠʠ (ʝnergy-dispersive X-ray spectroscopy ī EDX). ʈʝʥʪʛʝʥʦʩʧʝʢʪʨʘʣʴʥʳʡ ʘʥʘʣʠʟ 

ʧʨʦʚʦʜʠʣʩʷ ʥʘ ʧʨʠʩʪʘʚʢʝ ʢ ʨʘʩʪʨʦʚʦʤʫ ʵʣʝʢʪʨʦʥʥʦʤʫ ʤʠʢʨʦʩʢʦʧʫ JEOL JSM-6610LV. 

ʕʣʝʤʝʥʪʥʳʡ ʩʦʩʪʘʚ ʦʙʨʘʟʮʦʚ ʩʧʣʘʚʦʚ ɻʝʡʩʣʝʨʘ ʩʝʤʝʡʩʪʚʘ Ni43Mn(50-ʫ)InʫCo7 (12.35 Ó y Ó 12.1), 

ʦʧʨʝʜʝʣʝʥʥʳʡ ʤʝʪʦʜʘʤʠ EDX, ʧʦʢʘʟʘʥ ʚ ʪʘʙʣʠʮʝ 2.2. 

 

ʊʘʙʣʠʮʘ 2.2 ï ʕʣʝʤʝʥʪʥʳʡ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʦʙʨʘʟʮʦʚ ʩʧʣʘʚʘ ɻʝʡʩʣʝʨʘ ʩʝʤʝʡʩʪʚʘ Ni43Mn(50-

ʫ)InʫCo7, ʛʜʝ 12.35 Ó y Ó 12.1, ʦʧʨʝʜʝʣʸʥʥʳʡ ʤʝʪʦʜʦʤ EDX  

ʍʠʤ. 

ʵʣʝʤʝʥʪ 

Ni43Mn37.65In12.35Co7 Ni43Mn37.7In12.3Co7 Ni43Mn37.8In12.2Co7 

Ni, % 42.23 42.76 42.65 

Mn, % 37.32 36.72 37.22 

In, % 13.67 13.64 13.62 

Co, % 6.77 6.89 6.51 

 

ʇʨʦʚʝʜʸʥʥʳʡ ʵʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ ʤʝʪʦʜʦʤ EDX ʥʝ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʦʪʩʣʝʜʠʪʴ 

ʩʤʝʱʝʥʠʝ ʟʘʣʦʞʝʥʥʦʛʦ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʰʘʛʘ 0.1% ʤʘʩʩ. ʵʣʝʤʝʥʪʦʚ Mn ʠ In. ʆʜʥʘʢʦ, 

ʠʟʚʝʩʪʥʦ, ʯʪʦ ʪʝʤʧʝʨʘʪʫʨʳ ʤʘʛʥʠʪʦʩʪʨʫʢʪʫʨʥʦʛʦ ʌʇ 1-ʛʦ ʨʦʜʘ ʩʧʣʘʚʦʚ ɻʝʡʩʣʝʨʘ, ʢʨʘʡʥʝ 

ʆʙʨʘʟʝʮ, ʘʪʦʤʥʳʡ 

ʧʨʦʮʝʥʪʥʳʡ ʩʦʩʪʘʚ, 

(%) 

ʄʘʩʩʘ ʜʦ 

ʧʣʘʚʢʠ, ʛ. 

ʄʘʩʩʘ ʧʦʩʣʝ 

ʧʣʘʚʢʠ ʠ 

ʪʝʨʤʠʯʝʩʢʦʡ 

ʦʙʨʘʙʦʪʢʠ, ʛ.  

ʇʦʪʝʨʠ ʧʦ 

ʤʘʩʩʝ, ʛ. 

ʇʦʪʝʨʠ ʧʦ 

ʤʘʩʩʝ, % 

Ni43Mn37.65In12.35ʉʦ7 30 29.9870 0.0130 0.040 

Ni43Mn37.7In12.3ʉʦ7 30 29.9878 0.0122 0.040 

Ni43Mn37.8In12.2ʉʦ7 30 29.9932 0.0068 0.022 

Ni43Mn37.9In12.1ʉʦ7 30 29.9905 0.0095 0.031 
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ʯʫʚʩʪʚʠʪʝʣʴʥʳ ʢ ʭʠʤʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ. ɺ ʜʘʣʴʥʝʡʰʝʤ ʭʦʜʝ ʜʠʩʩʝʨʪʘʮʠʠ ʙʫʜʝʪ ʧʦʢʘʟʘʥʘ 

ʟʘʚʠʩʠʤʦʩʪʴ ʭʘʨʘʢʪʝʨʥʳʭ ʪʝʤʧʝʨʘʪʫʨ ʤʘʛʥʠʪʦʩʪʨʫʢʪʫʨʥʦʛʦ ʌʇ 1-ʛʦ ʨʦʜʘ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ 

ʩʧʣʘʚʦʚ ɻʝʡʩʣʝʨʘ ʩʝʤʝʡʩʪʚʘ Ni43Mn(50-ʫ)InʫCo7 (12.35 Ó y Ó 12.1) ʦʪ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ. 

ʂʦʥʪʨʦʣʴ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ, ʥʘ ʵʪʘʧʝ ʩʦʟʜʘʥʠʷ ʦʙʨʘʟʮʦʚ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʷʚʣʷʝʪʩʷ 

ʩʣʦʞʥʝʡʰʝʡ ʟʘʜʘʯʝʡ ʜʣʷ ʩʧʣʘʚʦʚ ɻʝʡʩʣʝʨʘ. ɹʣʠʟʢʦʝ ʩʦʚʧʘʜʝʥʠʝ ʟʘʣʦʞʝʥʥʦʛʦ ʭʠʤʠʯʝʩʢʦʛʦ 

ʩʦʩʪʘʚʘ ʰʠʭʪʳ ʩ ʭʠʤʠʯʝʩʢʠʤ ʩʦʩʪʘʚʦʤ ʧʦʣʫʯʝʥʥʳʭ ʩʧʣʘʚʦʚ, ʷʚʣʷʝʪʩʷ ʨʝʟʫʣʴʪʘʪʦʤ ʫʣʫʯʰʝʥʠʷ 

ʪʝʭʥʦʣʦʛʠʠ ʠʟʛʦʪʦʚʣʝʥʠʷ ʩʧʣʘʚʦʚ ʧʫʪʝʤ ʩʪʨʦʛʦʛʦ ʢʦʥʪʨʦʣʷ ʵʪʘʧʦʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ.  

ʊʘʢʞʝ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʪʝʭʥʦʣʦʛʠʠ ʩʦʟʜʘʥʠʠ ʩʧʣʘʚʦʚ ɻʝʡʩʣʝʨʘ ʠʛʨʘʝʪ ʦʜʥʦʨʦʜʥʦʩʪʴ 

ʦʙʨʘʟʮʦʚ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʦʜʥʦʨʦʜʥʦʛʦ ʧʦ ʩʦʩʪʘʚʫ ʩʣʠʪʢʘ, ʧʣʘʚʢʘ ʧʨʦʚʦʜʠʣʘʩʴ ʩ ʯʝʪʳʨʴʤʷ 

ʧʝʨʝʚʦʨʦʪʘʤʠ. ʆʜʥʦʨʦʜʥʦʩʪʴ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʩʧʣʘʚʘ ɻʝʡʩʣʝʨʘ 

ʠʩʩʣʝʜʦʚʘʣʘʩʴ ʤʝʪʦʜʦʤ EDX ʥʘ ʦʙʨʘʟʮʝ Ni43Mn37.8In12.2Co7. ʅʘ ʨʠʩʫʥʢʝ 2.1 (ʘ) ʧʦʢʘʟʘʥʘ ʩʭʝʤʘ 

ʚʳʨʝʟʘʥʠʷ ʧʣʘʩʪʠʥʢʠ ʠʟ ʩʣʠʪʢʘ ʜʣʷ ʠʟʫʯʝʥʠʷ ʭʠʤʠʯʝʩʢʦʡ ʦʜʥʦʨʦʜʥʦʩʪʠ ʦʙʨʘʟʮʘ. ʅʘ ʨʠʩ. 2.1.(ʙ) 

ʩʭʝʤʘʪʠʯʥʦ ʫʢʘʟʘʥʳ ʧʷʪʴ ʪʦʯʝʢ, ʛʜʝ ʧʨʦʚʦʜʠʣʩʷ ʘʥʘʣʠʟ EDX. ɼʘʥʥʳʝ ʧʷʪʴ ʪʦʯʝʢ ʦʭʚʘʪʳʚʘʶʪ 

ʨʘʟʣʠʯʥʳʝ ʦʙʣʘʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʘʩʪʠʥʢʠ: ʪʦʯʢʘ ç4è ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʦʤʫ ʫʯʘʩʪʢʫ ʩʣʠʪʢʘ, 

ʢʦʪʦʨʳʡ ʢʦʥʪʘʢʪʠʨʦʚʘʣ ʩ ʪʠʛʣʝʤ ʧʨʠ ʧʦʩʣʝʜʥʝʡ ʧʣʘʚʢʝ, ʪʦʯʢʘ ç5è ï ʢʦʥʪʘʢʪ ʩ ʘʪʤʦʩʬʝʨʦʡ 

ʘʨʛʦʥʘ; ʪʦʯʢʠ ç1,2è ï ʙʦʢʦʚʳʝ ʪʦʯʢʠ ʥʘ ʛʨʘʥʠʮʝ ʪʠʛʝʣʴ-ʘʪʤʦʩʬʝʨʘ ʘʨʛʦʥʘ, ʪʦʯʢʘ ç3è ï ʩʝʨʝʜʠʥʘ 

ʩʣʠʪʢʘ. ʈʝʟʫʣʴʪʘʪʳ ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʦʡ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʩʧʣʘʚʘ 

Ni43Mn37.8In12.2Co7 ʚ ʨʘʟʥʳʭ ʪʦʯʢʘʭ ʦʙʨʘʟʮʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ. 2.3. ʇʦ ʧʨʝʜʩʪʘʚʣʝʥʥʳʤ 

ʜʘʥʥʳʤ ʚʠʜʥʦ, ʯʪʦ ʚ ʪʦʯʢʝ ç3è (ʩʝʨʝʜʠʥʘ ʩʣʠʪʢʘ) ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʦʙʨʘʟʮʘ ʥʘʠʙʦʣʝʝ ʙʣʠʟʦʢ ʢ 

ʟʘʣʦʞʝʥʥʦʤʫ ʩʦʩʪʘʚʫ. ʆʜʥʘʢʦ, ʢʘʢ ʚʠʜʥʦ ʠʟ ʪʘʙʣʠʮʳ 2.3, ʚ ʦʙʨʘʟʮʝ ʧʨʠʩʫʪʩʪʚʫʝʪ ʥʝʙʦʣʴʰʘʷ 

ʭʠʤʠʯʝʩʢʘʷ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ. ʇʦʵʪʦʤʫ ʜʣʷ ʜʘʣʴʥʝʡʰʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʦʙʨʘʟʮʳ ʜʣʷ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʳʨʝʟʘʣʠʩʴ ʵʣʝʢʪʨʦʵʨʦʟʠʦʥʥʳʤ ʤʝʪʦʜʦʤ ʠʟ ʩʝʨʝʜʠʥʳ ʩʣʠʪʢʘ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ 

ʩʧʣʘʚʦʚ ɻʝʡʩʣʝʨʘ ʩʝʤʝʡʩʪʚʘ Ni43Mn(50-ʫ)InʫCo7 (12.35 Ó y Ó 12.1).  

 

ʊʘʙʣʠʮʘ 2.3 ï ʈʝʟʫʣʴʪʘʪʳ ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʦʡ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʩʧʣʘʚʘ ɻʝʡʩʣʝʨʘ 

Ni43Mn37.8In12.2Co7 ʚ ʨʘʟʥʳʭ ʪʦʯʢʘʭ ʦʙʨʘʟʮʘ 

 Ni, % Mn, % In, % Co, % 

ʥʦʤʠʥʘʣʴʥʳʡ 43 37.8 12.2 7 

EDX 42.65 37.22 13.62 6.51 

ʪʦʯʢʘ 1 42.47 37.41 12.32 6.7 

ʪʦʯʢʘ 2 43.46 36.54 13.53 6.47 

ʪʦʯʢʘ 3 42.57 37.53 12.64 6.27 

ʪʦʯʢʘ 4 42.52 37.27 13.69 6.52 

ʪʦʯʢʘ 5 42.65 36.85 13.93 6.57 
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(ʘ) (ʙ) 

ʈʠʩʫʥʦʢ 2.1ï (ʘ) ʉʭʝʤʘ ʚʳʨʝʟʢʠ ʧʣʘʩʪʠʥʢʠ ʠʟ ʩʣʠʪʢʘ ʜʣʷ ʠʟʫʯʝʥʠʷ ʦʜʥʦʨʦʜʥʦʩʪʠ ʦʙʨʘʟʮʘ, (ʙ) ï 

ʩʭʝʤʘʪʠʯʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʪʦʯʝʢ ʥʘ ʦʙʨʘʟʮʝ ʜʣʷ ʠʟʫʯʝʥʠʷ ʵʣʝʤʝʥʪʥʦʛʦ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ 

ʦʙʨʘʟʮʦʚ ʤʝʪʦʜʦʤ EDX 

 

2.1.3 ʆʙʨʘʟʝʮ ʩʧʣʘʚʘ ɻʝʡʩʣʝʨʘ ʩʝʤʝʡʩʪʚʘ Ni-Mn-Sn  

ʇʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ ʦʙʨʘʟʝʮ ʩʧʣʘʚʘ ɻʝʡʩʣʝʨʘ Ni43Mn46Sn11 ʠʟʛʦʪʦʚʣʝʥ ʚ ʩʝʨʠʠ ʩʧʣʘʚʦʚ 

Ni43Mn46Sn11-xGex (x = 0, 1, 2). ʉʣʠʪʢʠ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʤʝʪʦʜʦʤ ʜʫʛʦʚʦʡ ʧʣʘʚʢʠ ʚ ʘʪʤʦʩʬʝʨʝ 

ʘʨʛʦʥʘ. ɼʣʷ ʛʦʤʦʛʝʥʠʟʘʮʠʠ ʦʙʨʘʟʮʳ ʦʪʞʠʛʘʣʠ ʧʨʠ 1073 ʂ ʚ ʛʝʨʤʝʪʠʟʠʨʦʚʘʥʥʳʭ ʢʚʘʨʮʝʚʳʭ 

ʪʨʫʙʢʘʭ ʚ ʪʝʯʝʥʠʝ 24 ʯ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʟʘʢʘʣʢʦʡ ʚ ʚʦʜʫ. ʇʦʜʨʦʙʥʦ ʤʝʪʦʜʠʢʘ ʠʟʛʦʪʦʚʣʝʥʠʷ 

ʦʧʠʩʘʥʘ ʚ ʨʘʙʦʪʘʭ [86, 85, 172]. 

 

2.1.4 ʆʙʨʘʟʮʳ ʩʧʣʘʚʦʚ ɻʝʡʩʣʝʨʘ ʩʝʤʝʡʩʪʚʘ Ni-Mn-Ga 

ʉʧʣʘʚ Ni2.16Mn0.84Ga ʦʪʥʦʩʠʪʩʷ ʢ ʩʝʤʝʡʩʪʚʫ ʩʧʣʘʚʦʚ ɻʝʡʩʣʝʨʘ Ni2+ʭMn1-xGa [3, 76, 78-80]. 

ɼʣʷ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ ʦʙʨʘʟʮʘ Ni2.16Mn0.84Ga ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʚʳʩʦʢʦʯʠʩʪʳʝ 

ʤʝʪʘʣʣʳ: ʤʘʨʛʘʥʝʮ, ʥʠʢʝʣʴ ʠ ʛʘʣʣʠʡ (ʥʝ ʭʫʞʝ 99.99% ʤʘʩʩ.). ɺʳʩʦʢʘʷ ʯʠʩʪʦʪʘ ʠʩʧʦʣʴʟʫʝʤʳʭ 

ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʦʙʫʩʣʦʚʣʝʥʘ ʩʠʣʴʥʦʡ ʟʘʚʠʩʠʤʦʩʪʴʶ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʩʧʣʘʚʘ ʦʪ ʝʛʦ 

ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ. ʆʙʨʘʟʝʮ ʠʟʛʦʪʦʚʣʝʥ ʤʝʪʦʜʦʤ ʘʨʛʦʥʥʦ-ʜʫʛʦʚʦʡ ʧʣʘʚʢʠ ʚ ʚʘʢʫʫʤʝ [3, 78-80, 

206] ʧʦʜ ʜʘʚʣʝʥʠʝʤ 8Ŀ10
-4

 ʇʘ. ʇʣʘʚʣʝʥʠʝ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʥʘ ʭʦʣʦʜʥʦʤ ʧʦʜʫ ʩ ʤʝʜʥʦʡ 

ʠʟʣʦʞʥʠʮʝʡ, ʢʦʪʦʨʘʷ ʦʭʣʘʞʜʘʣʘʩʴ ʧʨʦʪʦʯʥʦʡ ʚʦʜʦʡ. ʉ ʮʝʣʴʶ ʜʦʩʪʠʞʝʥʠʷ ʦʜʥʦʨʦʜʥʦʩʪʠ 

ʦʙʨʘʟʮʘ ʧʣʘʚʣʝʥʠʝ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʩ ʯʝʪʳʨʴʤʷ ʧʝʨʝʚʦʨʦʪʘʤʠ. ɿʘʪʝʤ, ʜʣʷ ʛʦʤʦʛʝʥʠʟʘʮʠʠ ʩʧʣʘʚʘ 

ʧʨʦʚʦʜʠʣʩʷ ʦʪʞʠʛ ʧʨʠ 1073 K ʚ ʪʝʯʝʥʠʝ 48 ʯʘʩʦʚ ʚ ʚʘʢʫʫʤʝ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʦʩʪʳʚʘʥʠʝʤ ʚ ʧʝʯʠ.  

ʄʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ ʦʙʨʘʟʝʮ Ni2.19Mn0.81Ga ʠʟʛʦʪʦʚʣʝʥ ʤʝʪʦʜʦʤ ʏʦʭʨʘʣʴʩʢʦʛʦ [206-

207]. ʇʨʝʜʚʘʨʠʪʝʣʴʥʦ ʢʦʤʧʦʥʝʥʪʳ ʤʦʥʦʢʨʠʩʪʘʣʣʘ ʩʧʣʘʚʣʷʣʠʩʴ ʚ ʬʘʨʬʦʨʦʚʦʤ ʪʠʛʣʝ 

ʠʥʜʫʢʮʠʦʥʥʳʤ ʤʝʪʦʜʦʤ ʚ ʘʪʤʦʩʬʝʨʝ ʘʨʛʦʥʘ [206-207]. ɿʘʪʝʤ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʩʣʠʪʢʘ ʙʳʣʠ 
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ʫʜʘʣʝʥʳ ʦʢʩʠʜʳ, ʘ ʩʣʠʪʦʢ ʧʨʦʤʳʚʘʣʩʷ ʚ ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʚʘʥʥʝ ʩ ʘʮʝʪʦʥʦʤ ʠ ʩʥʦʚʘ ʧʦʤʝʱʘʣʩʷ ʚ 

ʪʠʛʝʣʴ. ɼʣʷ ʚʳʨʘʱʠʚʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʟʘʪʨʘʚʢʘ ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʦʛʦ 

ʩʦʩʪʘʚʘ Ni2MnGa. ʅʘʧʨʘʚʣʝʥʠʝ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʘ ʧʘʨʘʣʣʝʣʴʥʦ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʡ ʦʩʠ [110] ʚ 

ʢʨʠʩʪʘʣʣʝ ʟʘʚʪʨʘʢʠ. ʈʦʩʪ ʤʦʥʦʢʨʠʩʪʘʣʣʘ ʧʨʦʠʩʭʦʜʠʣ ʧʨʠ ʚʨʘʱʝʥʠʠ ~3-7 ʦʙ/ʤʠʥ ʩʦ ʩʢʦʨʦʩʪʴʶ 

ʧʦʜʲʝʤʘ ~5-10 ʤʤ/ʯʘʩ. ɼʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʤʦʥʦʢʨʠʩʪʘʣʣʘ Ni2.19Mn0.81Ga ʠʩʭʦʜʥʳʝ ʢʦʤʧʦʥʝʥʪʳ 

ʠʤʝʣʠ ʩʦʦʪʥʦʰʝʥʠʝ Ni2.3Mn0.97Ga, ʪʝʤʧʝʨʘʪʫʨʘ ʨʦʩʪʘ ʤʦʥʦʢʨʠʩʪʘʣʣʘ ʩʦʩʪʘʚʣʷʣʘ 1110-1130 ʂ. 

 

2.1.5 ʄʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʝ ʩʦʝʜʠʥʝʥʠʝ MnAs 

ʇʨʝʜʚʘʨʠʪʝʣʴʥʦ ʩʦʝʜʠʥʝʥʠʝ MnAs ʩʠʥʪʝʟʠʨʦʚʘʣʦʩʴ ʤʝʪʦʜʦʤ ʪʚʝʨʜʦʬʘʟʥʦʡ ʨʝʘʢʮʠʠ ʠʟ 

ʯʠʩʪʳʭ ʵʣʝʤʝʥʪʦʚ [208]. ʈʝʘʢʮʠʶ ʧʨʦʚʦʜʠʣʠ ʚ ʦʪʢʘʯʘʥʥʳʭ ʢʚʘʨʮʝʚʳʭ ʘʤʧʫʣʘʭ ʧʨʠ ʧʦʜʲʝʤʝ 

ʪʝʤʧʝʨʘʪʫʨʳ ʩʦ ʩʢʦʨʦʩʪʴʶ 10õ15 ʛʨʘʜ/ʯʘʩ ʦʪ ʢʦʤʥʘʪʥʦʡ ʜʦ ʊ = 1023ʂ ʠ ʚʳʜʝʨʞʢʦʡ ʧʨʠ ʵʪʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ 48 ʯʘʩʦʚ. ʆʭʣʘʞʜʝʥʠʝ ʧʨʦʠʩʭʦʜʠʣʦ ʩʦʚʤʝʩʪʥʦ ʩ ʧʝʯʴʶ. ʇʦʣʫʯʝʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʚ 

ʟʘʜʘʥʥʦʤ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʦʤ ʩʦʩʪʘʚʝ ʩʤʝʰʠʚʘʣʠʩʴ, ʩʦʚʤʝʩʪʥʦ ʠʟʤʝʣʴʯʘʣʠʩʴ ʜʦ ʨʘʟʤʝʨʘ ʯʘʩʪʠʮ 

ʦʢʦʣʦ 100 ʤʢʤ ʠ ʧʦʤʝʱʘʣʠʩʴ ʚ ʢʚʘʨʮʝʚʫʶ ʘʤʧʫʣʫ ʩ ʫʜʣʠʥʝʥʥʳʤ ʜʦʥʳʰʢʦʤ. ɸʤʧʫʣʘ 

ʦʪʢʘʯʠʚʘʣʘʩʴ ʜʦ ʜʘʚʣʝʥʠʷ ʨ = 8Ŀ10
-5

 ʤʤ ʨʪ. ʩʪ. ʠ ʦʪʧʘʠʚʘʣʘʩʴ.  

ɺʳʨʘʱʠʚʘʥʠʝ ʤʦʥʦʢʨʠʩʪʘʣʣʘ ʧʨʦʚʦʜʠʣʦʩʴ ʤʝʪʦʜʦʤ ɹʨʠʜʞʤʝʥʘ ʚ ʚʝʨʪʠʢʘʣʴʥʦʡ 

ʜʚʫʭʟʦʥʥʦʡ ʧʝʯʠ. ʊʝʤʧʝʨʘʪʫʨʘ ʚʝʨʭʥʝʡ ʟʦʥʳ ʩʦʩʪʘʚʣʷʣʘ ʊ=1323 ʂ, ʥʠʞʥʝʡ ʟʦʥʳ ʊ= 673 ʂ. 

ɻʨʘʜʠʝʥʪ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʟʦʥʝ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ 4 ʛʨʘʜ/ʤʤ. ɸʤʧʫʣʘ ʚʳʜʝʨʞʠʚʘʣʘʩʴ ʚ ʚʝʨʭʥʝʡ ʟʦʥʝ 

12 ʯʘʩʦʚ, ʧʦʩʣʝ ʯʝʛʦ ʤʝʜʣʝʥʥʦ ʦʧʫʩʢʘʣʘʩʴ ʚ ʥʠʞʥʶʶ ʟʦʥʫ ʩʦ ʩʢʦʨʦʩʪʴʶ 4 ʤʤ/ʯʘʩ, ʛʜʝ 

ʚʳʜʝʨʞʠʚʘʣʘʩʴ 24 ʯʘʩʘ ʧʨʠ 673 ʂ ʠ ʦʭʣʘʞʜʘʣʘʩʴ ʚʤʝʩʪʝ ʩ ʧʝʯʴʶ. ɺʩʝ ʘʤʧʫʣʳ ʠʤʝʣʠ ʜʚʦʡʥʳʝ 

ʩʪʝʥʢʠ ʩ ʦʪʢʘʯʢʦʡ ʤʝʞʜʫ ʥʠʤʠ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʣʦ ʩʦʭʨʘʥʥʦʩʪʴ ʦʙʨʘʟʮʘ ʚ ʩʣʫʯʘʝ ʨʘʩʢʦʣʘ ʩʪʝʢʣʘ 

ʢʚʘʨʮʘ, ʣʠʙʦ ʚ ʩʣʫʯʘʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʨʘʩʧʣʘʚʘ ʩ ʚʥʫʪʨʝʥʥʝʡ ʩʪʝʥʢʦʡ ʘʤʧʫʣʳ.  

 

2.2  ʄʝʪʦʜʳ ʵʢʩʧʝʨʠʤʝʥʪʦʚ 

2.2.1 ʇʦʜʛʦʪʦʚʢʘ ʦʙʨʘʟʮʦʚ ʜʣʷ ʤʠʢʨʦʩʪʨʫʢʪʫʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ  

ʇʦʜʛʦʪʦʚʢʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʦʚ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʧʨʦʚʦʜʠʣʘʩʴ 

ʤʝʪʦʜʘʤʠ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ [32-33, 209-211]. ʆʩʦʙʝʥʥʦʩʪʴʶ ʧʦʜʛʦʪʦʚʢʠ ʰʣʠʬʦʚ ʩʧʣʘʚʦʚ 

ɻʝʡʩʣʝʨʘ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʦʧʝʨʘʮʠʷ ʧʦʣʠʨʦʚʢʠ ʧʨʦʠʟʚʦʜʠʪʩʷ ʚʳʰʝ ʪʝʤʧʝʨʘʪʫʨʳ ʤʘʨʪʝʥʩʠʪʥʦʛʦ 

ʧʝʨʝʭʦʜʘ, ʪ.ʝ. ʚ ʘʫʩʪʝʥʠʪʥʦʤ ʩʦʩʪʦʷʥʠʠ ʩʧʣʘʚʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʜʦʩʪʠʛʘʝʪʩʷ ʦʙʨʘʪʠʤʦʝ ʧʦʷʚʣʝʥʠʝ 

ʤʘʨʪʝʥʩʠʪʥʦʛʦ ʨʝʣʴʝʬʘ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ ʦʙʨʘʟʮʘ ʩʧʣʘʚʘ ʥʠʞʝ ʪʦʯʢʠ ʤʘʛʥʠʪʦʩʪʨʫʢʪʫʨʥʦʛʦ 

ʧʝʨʝʭʦʜʘ [211]. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʢʦʥʪʨʘʩʪʘ ʠʟʦʙʨʘʞʝʥʠʷ ʠ ʠʩʢʣʶʯʝʥʠʷ ʚʣʠʷʥʠʷ 

ʦʩʪʘʪʦʯʥʳʭ ʤʝʭʘʥʠʯʝʩʢʠʭ ʥʘʧʨʷʞʝʥʠʡ ʥʘ ʩʪʨʫʢʪʫʨʫ ʥʝʦʙʭʦʜʠʤʦ ʚʳʩʦʢʦʝ ʢʘʯʝʩʪʚʦ ʦʙʨʘʙʦʪʢʠ 
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ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʦʚ. ʇʝʨʚʦʥʘʯʘʣʴʥʦ ʜʣʷ ʩʥʷʪʠʷ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʩ ʚʥʫʪʨʝʥʥʠʤʠ 

ʥʘʧʨʷʞʝʥʠʷʤʠ ʧʨʦʚʦʜʠʣʘʩʴ ʧʨʦʮʝʜʫʨʘ ʰʣʠʬʦʚʢʠ ʩ ʧʦʤʦʱʴʶ ʘʣʤʘʟʥʦʡ ʧʘʩʪʳ ʩ ʨʘʟʤʝʨʘʤʠ 

ʯʘʩʪʠʮ ʘʙʨʘʟʠʚʘ 14/10 ʤʢʤ. ɺ ʧʦʩʣʝʜʫʶʱʝʤ ʚ ʧʨʦʮʝʜʫʨʝ ʨʫʯʥʦʡ ʰʣʠʬʦʚʢʠ ʨʘʟʤʝʨ ʯʘʩʪʠʮ 

ʘʙʨʘʟʠʚʘ ʚ ʘʣʤʘʟʥʦʡ ʧʘʩʪʝ ʧʦʩʪʝʧʝʥʥʦ ʫʤʝʥʴʰʘʣʩʷ ʩ 10/7ʤʢʤ ʜʦ 2/1 ʤʢʤ. ʇʦʩʣʝ ʢʘʞʜʦʡ ʩʤʝʥʳ 

ʘʣʤʘʟʥʦʡ ʧʘʩʪʳ ʧʨʦʚʦʜʠʣʘʩʴ ʯʠʩʪʢʘ ʦʙʨʘʟʮʘ ʚ ʵʪʠʣʦʚʦʤ ʩʧʠʨʪʝ. ʇʦʜʛʦʪʦʚʢʘ ʦʙʨʘʟʮʦʚ ʜʣʷ 

ʤʠʢʨʦʩʪʨʫʢʪʫʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʟʘʢʘʥʯʠʚʘʣʘʩʴ ʵʪʘʧʦʤ ʧʦʣʠʨʦʚʢʠ ʥʘ ʬʠʣʴʪʨʦʚʘʣʴʥʦʡ ʙʫʤʘʛʝ ʩ 

ʧʦʤʦʱʴʶ ʘʣʤʘʟʥʦʡ ʧʘʩʪʳ ʩ ʨʘʟʤʝʨʦʤ ʯʘʩʪʠʮ ʘʙʨʘʟʠʚʘ 1/0 ʤʢʤ. 

ʆʙʨʘʟʮʳ ʩʧʣʘʚʦʚ ɻʝʡʩʣʝʨʘ Ni2.16Mn0.84Ga, Ni2.19Mn0.81Ga, Ni43Mn46Sn11 ʠʤʝʶʪ 

ʭʘʨʘʢʪʝʨʥʫʶ ʪʝʤʧʝʨʘʪʫʨʫ ʢʦʥʮʘ ʦʙʨʘʟʦʚʘʥʠʷ ʘʫʩʪʝʥʠʪʥʦʡ ʬʘʟʳ Af = 320 ʂ, Af = 325 K ʠ Af = 201 

ʂ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʦʵʪʦʤʫ ʜʣʷ ʦʙʨʘʟʮʦʚ Ni2.16Mn0.84Ga, Ni2.19Mn0.81Ga ʦʧʝʨʘʮʠʠ ʰʣʠʬʦʚʘʥʠʷ ʠ 

ʧʦʣʠʨʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʊ = 340-350 ʂ, ʘ ʜʣʷ Ni43Mn46Sn11 ʧʨʠ ʊ = 300 ʂ. ɼʣʷ 

ʜʦʩʪʠʞʝʥʠʷ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʧʨʠ ʦʧʝʨʘʮʠʷʭ ʧʦʣʠʨʦʚʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʩʧʝʮʠʘʣʴʥʳʡ 

ʥʘʛʨʝʚʘʪʝʣʴʥʳʡ ʩʪʦʣ, ʪʝʤʧʝʨʘʪʫʨʘ ʢʦʥʪʨʦʣʠʨʦʚʘʣʘʩʴ ʩ ʧʦʤʦʱʴʶ ʪʝʨʤʦʧʘʨʳ ʪʠʧʘ ʂ.  

 

2.2.2 ʉʠʥʭʨʦʪʨʦʥʥʘʷ ʠ ʥʝʡʪʨʦʥʥʘʷ ʜʠʬʨʘʢʮʠʷ 

ʇʦʣʫʯʝʥʠʝ ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʢʘʨʪʠʥ ʥʝʡʪʨʦʥʥʦʡ ʜʠʬʨʘʢʮʠʠ ʩʧʣʘʚʦʚ ɻʝʡʩʣʝʨʘ ʩʝʤʝʡʩʪʚʘ 

Ni-Mn-In-Co ʧʨʦʚʦʜʠʣʦʩʴ ʩ ʚʳʩʦʢʦʡ ʨʘʟʨʝʰʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʧʨʠ ʧʦʩʪʦʷʥʥʦʡ ʜʣʠʥʝ ʚʦʣʥʳ 

ɚ=0.15374 ʥʤ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ ʦʪ 50 ʜʦ 600 ʂ. ɼʣʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ 

ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʥʝʡʪʨʦʥʥʳʡ ʧʦʨʦʰʢʦʚʳʡ ʜʠʬʨʘʢʪʦʤʝʪʨ ʅɺ2ɸ ʚ ʆʢʨʠʜʞʩʢʦʡ ʥʘʮʠʦʥʘʣʴʥʦʡ 

ʣʘʙʦʨʘʪʦʨʠʠ (ʉʐɸ) [212]. ɼʣʷ ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ ʧʦʣʫʯʝʥʠʷ ʩʠʥʭʨʦʪʨʦʥʥʦʡ ʜʠʬʨʘʢʮʠʠ [213] 

ʧʨʠʤʝʥʷʣʘʩʴ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʘʷ ʫʩʪʘʥʦʚʢʘ ʩʠʥʭʨʦʪʨʦʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ 11-ID-C ʚ ɸʨʛʦʥʥʩʢʦʡ 

ʥʘʮʠʦʥʘʣʴʥʦʡ ʣʘʙʦʨʘʪʦʨʠʠ (ʉʐɸ) (ʜʣʠʥʘ ʚʦʣʥʳ ɚ=0.0108040 ʥʤ). ɼʠʬʨʘʢʮʠʦʥʥʳʝ ʜʘʥʥʳʝ 

ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. ʆʙʨʘʙʦʪʢʘ ʜʘʥʥʳʭ ʥʝʡʪʨʦʥʥʦʡ ʠ ʩʠʥʭʨʦʪʨʦʥʥʦʡ 

ʜʠʬʨʘʢʮʠʠ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤ GSAS ʠ GSAS EXPGUI [214], 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ʧʨʦʬʝʩʩʦʨʘ ʇʥʠʥʳ ɸʨʠ-ɻʫʨ ʠʟ 

ʋʥʠʚʝʨʩʠʪʝʪʘ ɿʘʧʘʜʥʦʛʦ ʄʠʯʠʛʘʥʘ, ʉʐɸ.  

 

2.2.3 ʀʩʩʣʝʜʦʚʘʥʠʷ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ 

ɼʣʷ ʠʟʤʝʨʝʥʠʷ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʚʠʙʨʘʮʠʦʥʥʳʡ 

ʤʘʛʥʠʪʦʤʝʪʨ VersaLab ʬʠʨʤʳ Quantum Design, ʉʂɺʀɼ ʤʘʛʥʠʪʦʤʝʪʨ ʠ ʩʠʩʪʝʤʳ ʠʟʤʝʨʝʥʠʷ 

ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ PPMS-9T ʠ PPMS-14T ʬʠʨʤʳ òQuantum Designò. ʋʩʪʘʥʦʚʢʘ ʚʠʙʨʘʮʠʦʥʥʦʛʦ 

ʤʘʛʥʠʪʦʤʝʪʨʘ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʠʟʤʝʨʝʥʠʷ ʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ ʦʙʨʘʟʮʘ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ 
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ʦʪ 0 ʜʦ 3 ʊʣ ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ ʦʪ 50ʂ ʜʦ 400ʂ ʩ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ 10
-6 
ɸʤ

2
/ʢʛ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʉʂɺʀɼ ʤʘʛʥʠʪʦʤʝʪʨʘ ʧʦʟʚʦʣʷʝʪ ʠʩʩʣʝʜʦʚʘʪʴ ʤʘʛʥʠʪʥʳʡ ʤʦʤʝʥʪ ʦʙʨʘʟʮʦʚ ʚ 

ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ ʦʪ 1.7 ʂ ʜʦ 400 ʂ ʠ  ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ ʦʪ 0 ʜʦ 5.5 ʊʣ. ʉʠʩʪʝʤʳ ʠʟʤʝʨʝʥʠʡ 

ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ PPMS-9T ʠ PPMS-14T ʧʨʦʚʦʜʷʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ ʚ  

ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ 1.8 K ï 400 K ʠ 1.9 K ï 350ʂ ʠ ʚ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ ʜʦ 9 ʊʣ ʠ 14 ʊʣ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

 

2.2.4 ɼʠʬʬʝʨʝʥʮʠʘʣʴʥʘʷ ʩʢʘʥʠʨʫʶʱʘʷ ʢʘʣʦʨʠʤʝʪʨʠʷ 

ʊʝʧʣʦʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʦʙʨʘʟʮʦʚ ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʥʘ ʫʩʪʘʥʦʚʢʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ 

ʩʢʘʥʠʨʫʶʱʝʛʦ ʢʘʣʦʨʠʤʝʪʨʘ DSC 204 F1 ʬʠʨʤʳ "NETZSCH", ʢʦʪʦʨʳʡ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ 

ʠʟʤʝʨʝʥʠʷ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ (ʩʢʨʳʪʘʷ ʪʝʧʣʦʪʘ ʧʝʨʝʭʦʜʘ, ʪʝʤʧʝʨʘʪʫʨʳ 

ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ ʠ ʪʝʧʣʦʝʤʢʦʩʪʴ) ʪʚʝʨʜʳʭ, ʞʠʜʢʠʭ ʠ ʧʦʨʦʰʢʦʦʙʨʘʟʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚ 

ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ ʦʪ 123ʂ ʜʦ 873ʂ [215]. ʀʟʤʝʨʝʥʠʷ ʚʝʣʠʯʠʥʳ ʩʢʨʳʪʦʡ ʪʝʧʣʦʪʳ ʧʝʨʝʭʦʜʘ 

ʦʙʨʘʟʮʦʚ ʩ ʤʘʛʥʠʪʦʩʪʨʫʢʪʫʨʥʳʤ ʧʨʝʚʨʘʱʝʥʠʝʤ ʧʨʦʚʦʜʠʣʠʩʴ ʩʦ ʩʢʦʨʦʩʪʴʶ 10ʂ/ʤʠʥ ʚ ʧʨʦʮʝʩʩʝ 

ʥʘʛʨʝʚʘ ʠ ʦʭʣʘʞʜʝʥʠʷ.  

 

2.2.5 ʀʩʩʣʝʜʦʚʘʥʠʝ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʠʣʴʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ ʚ 

ʘʜʠʘʙʘʪʠʯʝʩʢʠʭ ʠ ʠʟʦʪʝʨʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ  

 

ʇʨʷʤʦʝ ʦʧʪʠʯʝʩʢʦʝ ʥʘʙʣʶʜʝʥʠʝ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʘ ʧʨʠ ʌʇ 1-ʛʦ ʨʦʜʘ 

ï ʧʦ ʩʫʱʝʩʪʚʫ ʚʘʨʠʘʥʪ ʪʨʘʜʠʮʠʦʥʥʦʡ ʤʝʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʡ ʤʝʪʦʜʠʢʠ. ʆʜʥʘʢʦ, ʦʩʦʙʝʥʥʦʩʪʴʶ 

ʠʟʫʯʘʝʤʳʭ ʩʧʣʘʚʦʚ ɻʝʡʩʣʝʨʘ ʷʚʣʷʝʪʩʷ, ʪʦ, ʯʪʦ ʦʥʠ ʠʩʧʳʪʘʶʪ ʤʘʛʥʠʪʦʩʪʨʫʢʪʫʨʥʳʡ ʬʘʟʦʚʳʡ 

ʧʝʨʝʭʦʜ, ʢʘʢ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ, ʪʘʢ ʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ʉʦʚʨʝʤʝʥʥʳʝ ʩʪʘʥʜʘʨʪʥʳʝ 

ʤʝʪʦʜʠʢʠ ʪʘʢʠʝ ʢʘʢ, ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ, ʥʝʡʪʨʦʥʥʘʷ ʜʠʬʨʘʢʮʠʷ ʵʬʬʝʢʪʠʚʥʳ ʧʨʠ 

ʠʟʫʯʝʥʠʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ, ʦʜʥʘʢʦ, ʠʤʝʶʪ ʩʣʦʞʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʧʨʠ ʩʪʨʫʢʪʫʨʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʚ ʚʳʩʦʢʠʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ. ʇʦʵʪʦʤʫ ʧʨʠʤʝʥʝʥʠʝ ʦʧʪʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ, 

ʧʦʟʚʦʣʷʶʱʝʛʦ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ (in-situ) ʥʘʙʣʶʜʘʪʴ ʬʦʨʤʠʨʦʚʘʥʠʝ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʤʘʛʥʠʪʦʠʥʜʫʮʠʨʦʚʘʥʥʦʛʦ ʌʇ 1- ʛʦ ʨʦʜʘ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʠʣʴʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ 

ʙʠʪʪʝʨʝʚʩʢʦʛʦ ʤʘʛʥʠʪʘ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʵʬʬʝʢʪʠʚʥʳʤ ʤʝʪʦʜʦʤ ʨʝʰʝʥʠʷ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ 

ʬʠʟʠʢʠ ʪʚʝʨʜʦʛʦ ʪʝʣʘ. 

ʇʨʠʤʝʥʝʥʠʝ ʙʠʪʪʝʨʝʚʩʢʦʛʦ ʤʘʛʥʠʪʘ ʦʙʫʩʣʦʚʣʝʥʦ ʪʝʤ, ʯʪʦ ʤʘʛʥʠʪʦʩʪʨʫʢʪʫʨʥʳʝ ʌʇ ʚ 

ʪʚʝʨʜʦʤ ʪʝʣʝ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʥʫʞʥʦ ʠʟʫʯʘʪʴ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ, 

ʧʨʠ ʜʦʩʪʘʪʦʯʥʦ ʩʠʣʴʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ. ʇʨʠʤʝʥʝʥʠʝ ʩʚʝʨʭʧʨʦʚʦʜʷʱʠʭ ʤʘʛʥʠʪʦʚ ʥʝ 
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ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʨʠ ʘʜʠʘʙʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ, ʪ.ʢ. ʚʨʝʤʷ ʨʘʟʚʸʨʪʢʠ ʧʦʣʷ 

ʜʦʚʦʣʴʥʦ ʙʦʣʴʰʦʝ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʨʘʩʩʝʚʘʥʠʶ ʪʝʧʣʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʜʣʠʪʝʣʴʥʦʛʦ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ 

ʦʙʨʘʟʮʘ. ʉʢʦʨʦʩʪʴ ʨʘʟʚʸʨʪʢʠ ʧʦʣʷ ʚ ʩʚʝʨʭʧʨʦʚʦʜʷʱʝʤ ʤʘʛʥʠʪʝ ʫʩʪʫʧʘʝʪ ʩʢʦʨʦʩʪʠ ʚ 

ʙʠʪʪʝʨʝʚʩʢʦʤ ʤʘʛʥʠʪʝ. ʆʛʨʘʥʠʯʝʥʠʝ ʧʨʠʤʝʥʝʥʠʷ ʠʤʧʫʣʴʩʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ ʩʚʷʟʘʥʦ ʩ 

ʤʘʣʳʤ ʚʨʝʤʝʥʝʤ ʠʤʧʫʣʴʩʘ. ʄʘʣʦʝ ʚʨʝʤʷ ʠʤʧʫʣʴʩʘ ʠʩʢʣʶʯʘʝʪ ʧʨʦʚʝʜʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ 

ʥʘʙʣʶʜʝʥʠʶ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʚ ʠʟʦʪʝʨʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ [155]. ʇʦʵʪʦʤʫ ʧʨʠʤʝʥʝʥʠʝ 

ʙʠʪʪʝʨʝʚʩʢʦʛʦ ʤʘʛʥʠʪʘ ʷʚʣʷʝʪʩʷ ʦʧʪʠʤʘʣʴʥʳʤ, ʪ.ʢ. ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʵʢʩʧʝʨʠʤʝʥʪʳ ʩ 

ʥʝʦʙʭʦʜʠʤʦʡ ʩʢʦʨʦʩʪʴʶ ʠ ʜʣʷ ʠʟʦʪʝʨʤʠʯʝʩʢʠʭ, ʠ ʜʣʷ ʘʜʠʘʙʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ. ɺ ʨʘʙʦʪʝ 

ʧʨʝʜʣʦʞʥʦ ʧʨʠʤʝʥʠʪʴ ʧʨʦʩʪʦʡ ʠ ʜʦʩʪʦʚʝʨʥʳʡ ʤʝʪʦʜ ʠʟʫʯʝʥʠʷ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʪʚʝʨʜʦʛʦ ʪʝʣʘ ʚ 

ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ, ʚʢʣʶʯʘʶʱʠʡ ʦʧʝʨʘʮʠʶ ʥʘʙʣʶʜʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʛʦ 

ʰʣʠʬʘ ʧʨʠ ʧʦʤʦʱʠ ʦʧʪʠʯʝʩʢʦʛʦ ʤʠʢʨʦʩʢʦʧʘ, ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʚ ʧʦʣʝ ʙʠʪʪʝʨʝʚʩʢʦʛʦ ʤʘʛʥʠʪʘ, 

ʧʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʪʦʯʥʦʤ ʣʦʢʘʣʴʥʦʤ ʠʟʤʝʨʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ. ʉ ʵʪʦʡ ʮʝʣʴʶ ʙʳʣʘ ʩʦʟʜʘʥʘ 

ʩʧʝʮʠʘʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ. ɼʘʥʥʘʷ ʫʩʪʘʥʦʚʢʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʧʪʠʯʝʩʢʠʡ ʤʠʢʨʦʩʢʦʧ, 

ʨʘʙʦʪʘʶʱʠʡ ʚ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ ʜʦ 14 ʊʣ ʠ ʚ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʜʠʘʧʘʟʦʥʝ ʦʪ 77ʂ ʜʦ 423ʂ, 

ʧʦʟʚʦʣʷʶʱʠʡ ʧʨʦʚʦʜʠʪʴ ʤʝʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ in-situ ʨʝʞʠʤʝ ʠ ʠʟʤʝʨʷʪʴ 

ʪʝʤʧʝʨʘʪʫʨʫ ʦʙʨʘʟʮʘ. ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʫʩʪʘʥʦʚʢʘ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʠ 

ʘʜʠʘʙʘʪʠʯʝʩʢʠʭ ʠ ʠʟʦʪʝʨʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ. 

 

2.2.5.1 ʅʘʙʣʶʜʝʥʠʝ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ ʠʟʦʪʝʨʤʠʯʝʩʢʠʭ 

ʫʩʣʦʚʠʷʭ  

 

ʋʩʪʘʥʦʚʢʘ ʜʣʷ ʥʘʙʣʶʜʝʥʠʷ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʩʧʣʘʚʦʚ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ 

ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʦʧʪʠʯʝʩʢʠʡ ʤʠʢʨʦʩʢʦʧ, ʢʦʪʦʨʳʡ ʚʳʧʦʣʥʝʥ ʠʟ ʥʝʤʘʛʥʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ 

ʩʦʩʪʦʠʪ ʠʟ ʦʩʥʦʚʥʦʡ ʦʧʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʦʢʫʣʷʨ-ʦʙʲʝʢʪʠʚ 2, 3, ʠ ʢʘʤʝʨʳ ʪʝʨʤʦʩʪʘʪʘ (ʨʠʩ. 2.2). 

ɺ ʨʘʙʦʯʝʡ ʢʘʤʝʨʝ ʧʨʠ ʧʦʤʦʱʠ ʚʘʢʫʫʤʥʦʛʦ ʥʘʩʦʩʘ ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʚʘʢʫʫʤ (13.3 ʢʇʘ). 

ʆʪʧʦʣʠʨʦʚʘʥʥʳʡ ʚ ʘʫʩʪʝʥʠʪʝ ʦʙʨʘʟʝʮ 4 ʧʦʤʝʱʘʶʪ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʨʘʙʦʯʝʛʦ ʩʪʦʣʘ 5 ʚ ʢʘʤʝʨʝ 

ʪʝʨʤʦʩʪʘʪʘ. ʆʩʚʝʱʝʥʠʝ ʤʝʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʛʦ ʰʣʠʬʘ ʧʨʦʠʟʚʦʜʠʪʩʷ ʩ ʧʦʤʦʱʴʶ ʩʚʝʪʦʜʠʦʜʘ 10, 

ʟʘʢʨʝʧʣʝʥʥʥʦʛʦ ʥʘ ʛʠʙʢʦʡ ʤʝʜʥʦʡ ʣʝʥʪʝ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʠʟʤʝʥʷʪʴ ʫʛʦʣ ʧʘʜʝʥʠʷ ʣʫʯʝʡ ʩʚʝʪʘ 

ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʦʙʨʘʟʮʘ. ɹʣʘʛʦʜʘʨʷ ʪʘʢʦʡ ʩʠʩʪʝʤʝ ʦʩʚʝʱʝʥʠʷ ʫʜʘʝʪʩʷ ʧʦʜʦʙʨʘʪʴ ʥʘʠʣʫʯʰʝʝ 

ʥʘʧʨʘʚʣʝʥʠʝ ʩʚʝʪʦʚʳʭ ʣʫʯʝʡ ʠ ʧʦʣʫʯʠʪʴ ʤʘʢʩʠʤʘʣʴʥʳʡ ʢʦʥʪʨʘʩʪ ʨʝʣʴʝʬʘ ʥʘ ʦʪʨʘʞʘʶʱʝʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʘ ʩ ʤʘʨʪʝʥʩʠʪʥʳʤʠ ʜʚʦʡʥʠʢʘʤʠ. ʊʝʤʧʝʨʘʪʫʨʘ ʦʙʨʘʟʮʘ ʟʘʜʘʝʪʩʷ ʧʨʠ ʧʦʤʦʱʠ 

ʥʠʭʨʦʤʦʚʦʛʦ ʥʘʛʨʝʚʘʪʝʣʷ, ʙʠʬʠʣʷʨʥʦ ʥʘʤʦʪʘʥʥʦʛʦ ʥʘ ʣʘʪʫʥʥʳʡ ʜʝʨʞʘʪʝʣʴ ʦʙʨʘʟʮʘ 6. ɼʣʷ 
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ʧʦʥʠʞʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨ ʠʟʤʝʨʝʥʠʡ ʠʩʧʦʣʴʟʫʶʪ ʩʧʝʮʠʘʣʴʥʦ ʠʟʛʦʪʦʚʣʝʥʥʳʡ ʩʦʩʫʜ ɼʴʶʘʨʘ ʩ 

ʞʠʜʢʠʤ ʘʟʦʪʦʤ 9.  

ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʫʩʪʘʥʦʚʢʠ ʩʣʝʜʫʶʱʠʡ. ʇʦʩʣʝ ʩʪʘʙʠʣʠʟʘʮʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʵʢʩʧʝʨʠʤʝʥʪʘ 

ʚʢʣʶʯʘʝʪʩʷ ʙʠʪʪʝʨʝʚʩʢʠʡ ʵʣʝʢʪʨʦʤʘʛʥʠʪ 12 (ʩʤ. ʩʭʝʤʫ ʥʘ ʨʠʩ. 2.2). ʉ ʧʦʤʦʱʴʶ ʚʠʜʝʦʢʘʤʝʨʳ 1 

ʧʨʦʠʩʭʦʜʠʪ ʚʠʜʝʦʟʘʧʠʩʴ ʠʟʦʙʨʘʞʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʛʦ ʰʣʠʬʘ. ʊʝʤʧʝʨʘʪʫʨʘ 

ʦʙʨʘʟʮʘ ʠʟʤʝʨʷʝʪʩʷ ʧʨʠ ʧʦʤʦʱʠ ʪʝʨʤʦʧʘʨʳ ʤʝʜʴ-ʢʦʥʩʪʘʥʪʘʥ 11, ʢʦʥʝʮ ʢʦʪʦʨʦʡ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʨʘʟʤʝʱʝʥ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʘ 4. ʉʠʛʥʘʣʳ ʩ ʪʝʨʤʦʧʘʨʳ ʠ ʜʘʪʯʠʢʘ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʧʦʩʪʫʧʘʶʪ ʥʘ ʤʫʣʴʪʠʤʝʪʨʳ Keithley 2000. ɺʩʝ ʠʟʤʝʨʠʪʝʣʴʥʳʝ ʧʨʠʙʦʨʳ 

ʦʙʲʝʜʠʥʝʥʳ ʤʝʞʜʫ ʩʦʙʦʡ ʠ ʢʦʤʧʴʶʪʝʨʦʤ ʰʠʥʦʡ GPIB. ɼʣʷ ʩʠʥʭʨʦʥʥʦʡ ʨʝʛʠʩʪʨʘʮʠʠ 

ʚʠʜʝʦʬʠʣʴʤʘ, ʧʘʨʘʤʝʪʨʦʚ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʧʝʮʠʘʣʴʥʦ 

ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʧʨʦʛʨʘʤʤʘ. 

 

 

ʈʠʩʫʥʦʢ 2.2 ï ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʦʧʪʠʯʝʩʢʦʛʦ ʤʠʢʨʦʩʢʦʧʘ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ 

ʤʝʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʛʦ ʰʣʠʬʘ ʚ ʧʦʣʝ ʙʠʪʪʝʨʝʚʩʢʦʛʦ ʤʘʛʥʠʪʘ 
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ʀʟʦʪʝʨʤʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʚʳʧʦʣʥʷʶʪʩʷ ʙʣʘʛʦʜʘʨʷ ʬʠʟʠʯʝʩʢʠʤ 

ʩʚʦʡʩʪʚʘʤ ʨʘʙʦʯʝʛʦ ʩʪʦʣʘ, ʥʘ ʢʦʪʦʨʦʤ ʨʘʩʧʦʣʦʞʝʥ ʦʙʨʘʟʝʮ. ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʚ 

ʠʟʦʪʝʨʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʠʩʧʦʣʴʟʫʝʪʩʷ ʨʘʙʦʯʠʡ ʩʪʦʣ 5, ʚʳʧʦʣʥʝʥʥʳʡ ʠʟ ʣʘʪʫʥʠ, ʢʦʪʦʨʘʷ 

ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʦʡ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴʶ. ɼʣʷ ʣʫʯʰʝʛʦ ʪʝʧʣʦʚʦʛʦ ʢʦʥʪʘʢʪʘ ʦʙʨʘʟʝʮ ʧʨʠʢʣʝʠʚʘʝʪʩʷ 

ʩ ʧʦʤʦʱʴʶ ʪʝʧʣʦʧʨʦʚʦʜʷʱʝʡ ʧʘʩʪʳ ʢ ʜʝʨʞʘʪʝʣʶ ʦʙʨʘʟʮʘ. ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʤʘʩʩʘ 

ʨʘʙʦʯʝʛʦ ʩʪʦʣʘ ʥʘ ʧʦʨʷʜʢʠ ʙʦʣʴʰʝ ʤʘʩʩʳ ʦʙʨʘʟʮʘ, ʙʣʘʛʦʜʘʨʷ ʯʝʤʫ, ʪʝʤʧʝʨʘʪʫʨʘ ʚʦ ʚʨʝʤʷ 

ʥʘʙʣʶʜʝʥʠʷ ʦʩʪʘʝʪʩʷ ʧʦʩʪʦʷʥʥʦʡ. ʈʘʙʦʯʠʡ ʩʪʦʣ 5 ʨʘʟʤʝʱʘʝʪʩʷ ʥʘ ʜʚʫʭʢʦʦʨʜʠʥʘʪʥʦʡ ʩʠʩʪʝʤʝ 

ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʦʙʨʘʟʮʘ 7. ʕʪʦ ʩʠʩʪʝʤʘ ʧʦʟʚʦʣʷʝʪ ʧʝʨʝʤʝʱʘʪʴ ʦʙʨʘʟʝʮ ʚ ʧʣʦʩʢʦʩʪʷʭ ʆX ʠ 

ʆY, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳʭ ʦʧʪʠʯʝʩʢʦʡ ʦʩʠ ʆZ ʤʠʢʨʦʩʢʦʧʘ. ʇʝʨʝʤʝʱʝʥʠʷ ʦʙʨʘʟʮʘ ʚʜʦʣʴ 

ʦʧʪʠʯʝʩʢʦʡ ʦʩʠ (Z) ʤʠʢʨʦʩʢʦʧʘ (ʬʦʢʫʩʠʨʦʚʢʘ) ʧʨʦʠʟʚʦʜʠʪʴʩʷ ʧʨʠ ʧʦʤʦʱʠ ʚʠʥʪʘ 8, 

ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʚ ʦʩʥʦʚʘʥʠʠ ʩʠʩʪʝʤʳ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ. 

ʀʩʧʦʣʴʟʫʝʤʳʡ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʚʦʜʦʦʭʣʘʞʜʘʝʤʳʡ ʙʠʪʪʝʨʝʚʩʢʠʡ ʵʣʝʢʪʨʦʤʘʛʥʠʪ 

ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʩʪʘʮʠʦʥʘʨʥʳʝ ʤʘʛʥʠʪʥʳʝ ʧʦʣʷ ʜʦ 14 ʊʣ. ʐʠʨʦʢʠʡ ʜʠʘʧʘʟʦʥʘ ʤʘʛʥʠʪʥʳʭ 

ʧʦʣʝʡ ʜʦ 14 ʊʣ ʧʦʟʚʦʣʷʝʪ ʥʘʙʣʶʜʘʪʴ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʠ ʘʥʥʠʛʠʣʷʮʠʶ ʤʘʨʪʝʥʩʠʪʥʦʡ ʩʪʨʫʢʪʫʨʳ 

ʧʨʠ ʦʙʨʘʪʠʤʦʤ ʌʇ 1-ʛʦ ʨʦʜʘ ʚ ʠʟʤʝʥʷʶʱʝʤʩʷ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ. ʌʦʪʦʛʨʘʬʠʷ ʨʘʟʨʘʙʦʪʘʥʥʦʡ 

ʫʩʪʘʥʦʚʢʠ ʦʧʪʠʯʝʩʢʦʛʦ ʤʠʢʨʦʩʢʦʧʘ ʧʦʤʝʱʝʥʥʦʛʦ ʚ ʨʘʙʦʯʫʶ ʦʙʣʘʩʪʴ ʙʠʪʪʝʨʝʚʩʢʦʛʦ ʤʘʛʥʠʪʘ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 2.3.  

 

 

ʈʠʩʫʥʦʢ 2.3 ï ʌʦʪʦʛʨʘʬʠʷ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʦʧʪʠʯʝʩʢʦʛʦ ʤʠʢʨʦʩʢʦʧʘ ʚ ʙʠʪʪʝʨʝʚʩʢʦʤ ʤʘʛʥʠʪʝ. 

ʆʧʪʠʯʝʩʢʘʷ ʫʩʪʘʥʦʚʢʘ ʧʦʟʚʦʣʷʝʪ ʠʩʩʣʝʜʦʚʘʪʴ ʧʦʚʝʨʭʥʦʩʪʴ ʤʝʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʛʦ ʰʣʠʬʘ 

ʦʙʨʘʟʮʦʚ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʜʦ 14 ʊʣ 
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2.2.5.2   ʅʘʙʣʶʜʝʥʠʝ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʧʨʠ 

ʘʜʠʘʙʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ  

 

ʄʝʪʦʜ ʥʘʙʣʶʜʝʥʠʷ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʧʨʠ 

ʘʜʠʘʙʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʦʩʥʦʚʘʥ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚʳʰʝʦʧʠʩʘʥʥʦʡ ʫʩʪʘʥʦʚʢʠ ʦʧʪʠʯʝʩʢʦʛʦ 

ʤʠʢʨʦʩʢʦʧʘ (ʩʤ. ʛʣ. 2.2.6.1). ʆʪʣʠʯʠʪʝʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʚ 

ʘʜʠʘʙʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʧʝʮʠʘʣʴʥʦ ʠʟʛʦʪʦʚʣʝʥʥʦʛʦ ʜʝʨʞʘʪʝʣʷ 

ʦʙʨʘʟʮʘ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʘʜʠʘʙʘʪʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʥʘ ʚʨʝʤʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʠ 

ʧʦʜʜʝʨʞʠʚʘʪʴ ʤʝʭʘʥʠʯʝʩʢʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ ʧʣʦʩʢʦʩʪʠ ʦʙʨʘʟʘ ʚʦ ʚʥʝʰʥʝʤ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ 

(ʨʠʩ.2.4). ʉʭʝʤʘ ʜʝʨʞʘʪʝʣʷ ʦʙʨʘʟʮʘ ʥʘ ʨʠʩʫʥʢʝ 2.4 ʠʣʣʶʩʪʨʠʨʫʝʪ ʚʥʝʰʥʠʡ ʚʠʜ ʩʠʩʪʝʤʳ 

ʢʨʝʧʣʝʥʠʷ ʦʙʨʘʟʮʘ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʨʠ ʘʜʠʘʙʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ. ʆʙʨʘʟʝʮ 2 

ʢʨʝʧʠʪʩʷ ʥʠʪʢʘʤʠ 9 ʢ ʭʣʦʧʯʘʪʦʙʫʤʘʞʥʦʡ ʪʢʘʥʠ 1, ʢʦʪʦʨʘʷ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʥʘʪʷʥʫʪʘ ʥʘ 

ʪʝʬʣʦʥʦʚʳʡ ʜʝʨʞʘʪʝʣʴ 7 ʩ ʧʦʤʦʱʴʶ ʚʠʥʪʦʚ 10. ʇʦʜ ʦʙʨʘʟʮʦʤ ʥʘ ʪʢʘʥʠ 1 ʠʤʝʝʪʩʷ ʦʪʚʝʨʩʪʠʝ 3 

ʜʣʷ ʫʤʝʥʴʰʝʥʠʷ ʢʦʥʪʘʢʪʘ ʦʙʨʘʟʝʮ-ʪʢʘʥʴ. ɼʝʪʘʣʠ 1, 7, 9 ʠʟʛʦʪʦʚʣʝʥʳ ʠʟ ʤʘʪʝʨʠʘʣʦʚ, 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʢʦʪʦʨʳʭ ʥʘ ʧʦʨʷʜʢʠ ʤʝʥʴʰʝ, ʯʝʤ ʫ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʦʙʨʘʟʮʘ. ʅʘʛʨʝʚ ʦʙʨʘʟʮʘ 

ʧʨʦʠʟʚʦʜʠʪʩʷ ʩ ʧʦʤʦʱʴʶ ʙʠʬʠʣʷʨʥʦ ʥʘʤʦʪʘʥʥʦʛʦ ʥʠʭʨʦʤʦʚʦʛʦ ʥʘʛʨʝʚʘʪʝʣʷ 5 ʥʘ ʣʘʪʫʥʥʳʡ 

ʮʠʣʠʥʜʨ 4. ʎʠʣʠʥʜʨ 4 ʦʙʝʩʧʝʯʠʚʘʝʪ ʨʘʚʥʦʤʝʨʥʳʡ ʧʦʪʦʢ ʪʝʧʣʘ ʟʘ ʩʯʸʪ ʪʝʧʣʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ. ʉ 

ʧʦʤʦʱʴʶ ʪʝʨʤʦʧʘʨʳ 8, ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʨʠʢʣʝʝʥʥʦʡ ʩʠʣʠʢʘʪʥʳʤ ʢʣʝʝʤ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ 

ʦʙʨʘʟʮʘ, ʬʠʢʩʠʨʫʝʪʩʷ ʪʝʤʧʝʨʘʪʫʨʘ. ʂʘʢ ʠ ʚ ʩʣʫʯʘʝ ʠʟʦʪʝʨʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ, ʜʝʨʞʘʪʝʣʴ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʘʜʠʘʙʘʪʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʨʘʟʤʝʱʘʝʪʩʷ ʥʘ ʜʚʫʭʢʦʦʨʜʠʥʘʪʥʦʡ 

ʩʠʩʪʝʤʝ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʦʙʨʘʟʮʘ (ʩʤ. ʛʣ. 2.2.6.1.), ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʝʨʝʤʝʱʘʪʴ ʦʙʨʘʟʝʮ ʧʦ ʦʩʷʤ 

ʆʍ ʠ ʆY. ʌʦʢʫʩʠʨʦʚʢʘ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʪʘʢʞʝ ʧʨʦʠʟʚʦʜʠʪʴʩʷ ʧʨʠ ʧʦʤʦʱʠ ʚʠʥʪʘ, 

ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʚ ʦʩʥʦʚʘʥʠʠ ʩʠʩʪʝʤʳ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ. 

 

 

ʈʠʩʫʥʦʢ 2.4 ï ʉʠʩʪʝʤʘ ʢʨʝʧʣʝʥʠʷ ʦʙʨʘʟʮʘ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʚ ʘʜʠʘʙʘʪʠʯʝʩʢʠʭ 

ʫʩʣʦʚʠʷʭ 
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2.2.6 ʀʟʤʝʨʝʥʠʝ ʤʘʛʥʠʪʦʢʘʣʦʨʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ ʧʨʷʤʳʤʠ ʤʝʪʦʜʘʤʠ 

 

2.2.6.1 ʀʟʤʝʨʝʥʠʝ ʘʜʠʘʙʘʪʠʯʝʩʢʦʛʦ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʷʤʳʤ ʤʝʪʦʜʦʤ 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʟʤʝʨʝʥʠʡ ʘʜʠʘʙʘʪʠʯʝʩʢʦʛʦ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ȹʊʘʜ ʧʨʷʤʳʤ 

ʤʝʪʦʜʦʤ ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʦʨʠʛʠʥʘʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ (ʨʠʩ.2.5 ʘ), ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʚ 

ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʃʘʙʦʨʘʪʦʨʠʠ ʩʠʣʴʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ ʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ (ɺʨʦʮʣʘʚ, 

ʇʦʣʴʰʘ) ʢ.ʬ.-ʤ.ʥ. ʖʨʠʝʤ ʂʦʰʢʠʜʴʢʦ ʠ ʜʦʢʪʦʨʦʤ ʗʮʠʢʦʤ ʎʚʠʢ [12].   ɼʘʥʥʘʷ ʫʩʪʘʥʦʚʢʘ 

ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʠʟʤʝʨʝʥʠʷ ʘʜʠʘʙʘʪʠʯʝʩʢʦʛʦ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʷʤʳʤ ʤʝʪʦʜʦʤ ʚ 

ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ ʜʦ 14 ʊʣ ʠ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 4.2-350 ʂ. ɺ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʤʘʛʥʠʪʥʦʛʦ 

ʧʦʣʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʙʠʪʪʝʨʝʚʢʠʡ ʤʘʛʥʠʪ, ʢʦʪʦʨʳʡ ʩʦʟʜʘʝʪ ʩʪʘʮʠʦʥʘʨʥʳʝ ʤʘʛʥʠʪʥʳʝ ʧʦʣʷ ʜʦ 14 

ʊʣ.  

ɼʣʷ ʫʤʝʥʴʰʝʥʠʷ ʧʦʪʝʨʴ ʪʝʧʣʘ ʠ ʩʦʙʣʶʜʝʥʠʷ ʘʜʠʘʙʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʧʨʠ 

ʥʘʤʘʛʥʠʯʠʚʘʥʠʠ ʦʙʨʘʟʮʘ ʧʨʠʤʝʥʷʝʪʩʷ ʵʢʩʪʨʘʢʮʠʦʥʥʘʷ ʤʝʪʦʜʠʢʘ. ɺ ʥʘʯʘʣʝ ʧʨʠ ʧʦʤʦʱʠ 

ʙʠʪʪʝʨʝʚʩʢʦʛʦ ʤʘʛʥʠʪʘ ʩʦʟʜʘʝʪʩʷ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʥʝʦʙʭʦʜʠʤʦʡ ʚʝʣʠʯʠʥʳ, ʧʨʠ ʵʪʦʤ ʦʙʨʘʟʝʮ 

ʥʘʭʦʜʠʪʩʷ ʚʥʝ ʦʙʣʘʩʪʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ʇʦʩʣʝ ʪʦʛʦ ʢʘʢ ʚ ʮʝʥʪʨʝ ʤʘʛʥʠʪʘ ʜʦʩʪʠʛʘʝʪʩʷ 

ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʟʘʜʘʥʥʦʡ ʚʝʣʠʯʠʥʳ, ʜʝʨʞʘʪʝʣʴ ʦʙʨʘʟʮʘ ʩ ʦʙʨʘʟʮʦʤ ʚʚʦʜʠʪʩʷ ʚ ʮʝʥʪʨ ʤʘʛʥʠʪʘ 

ʧʨʠ ʧʦʤʦʱʠ ʣʠʥʝʡʥʦʛʦ ʜʚʠʛʘʪʝʣʷ LinMotÈ. ɼʝʨʞʘʪʝʣʴ ʦʙʨʘʟʮʘ ʩ ʦʙʨʘʟʮʦʤ ʧʝʨʝʤʝʱʘʝʪʩʷ ʠʟ/ʚ 

ʮʝʥʪʨ ʙʠʪʪʝʨʝʚʩʢʦʛʦ ʤʘʛʥʠʪʘ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 0.35 ʤ ʚ ʪʝʯʝʥʠʝ 1 ʩʝʢʫʥʜʳ (ʨʠʩ. 2.5 ʙ). ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʦʙʨʘʟʝʮ ʥʘʤʘʛʥʠʯʠʚʘʝʪʩʷ ʧʨʠ ʩʦʙʣʶʜʝʥʠʡ ʘʜʠʘʙʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ, ʪ.ʢ. ʟʘ 

ʚʨʝʤʷ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ ʚʳʜʝʣʷʝʤʦʝ ʪʝʧʣʦ ʥʝ ʫʩʧʝʚʘʝʪ ʨʘʩʩʝʷʪʴʩʷ. ʊʝʤʧʝʨʘʪʫʨʘ ʠ ʠʟʤʝʥʝʥʠʝ 

ʪʝʤʧʝʨʘʪʫʨʳ (ʠʟ-ʟʘ ʄʂʕ) ʦʙʨʘʟʮʘ ʠʟʤʝʨʷʶʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʪʝʨʤʦʧʘʨʳ 

ʤʝʜʴ-ʢʦʥʩʪʘʥʪʘʥ. ʇʝʨʝʜ ʠʟʤʝʨʝʥʠʝʤ ʦʙʨʘʟʝʮ ʚʘʢʫʫʤʤʠʨʫʝʪʩʷ ʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʝʧʣʦʚʦʡ ʵʢʨʘʥ, 

ʯʪʦʙʳ ʩʚʝʩʪʠ ʢ ʤʠʥʠʤʫʤʫ ʪʝʧʣʦʦʙʤʝʥ ʩ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʦʡ. ɼʣʷ ʠʟʤʝʨʝʥʠʷ ʚʝʣʠʯʠʥʳ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʘʪʯʠʢ ʍʦʣʣʘ, ʨʘʩʧʦʣʦʞʝʥʥʳʡ ʥʘ ʜʝʨʞʘʪʝʣʝ ʦʙʨʘʟʮʘ. ʉʣʝʜʫʝʪ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʝʣʠʯʠʥʘ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ ʪʦʯʢʝ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʫʜʘʣʝʥʠʷ ʦʙʨʘʟʮʘ ʦʪ ʤʘʛʥʠʪʘ 

ʦʪʣʠʯʘʝʪʩʷ ʤʝʥʝʝ ʯʝʤ ʥʘ  2% ʦʪ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʧʦʣʷ ʚ ʮʝʥʪʨʝ ʙʠʪʪʝʨʝʚʩʢʦʛʦ ʤʘʛʥʠʪʘ. 

ʉ ʧʦʤʦʱʴʶ ʩʧʝʮʠʘʣʴʥʦ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʧʨʦʛʨʘʤʤʳ ʧʨʦʚʦʜʠʪʩʷ ʨʝʛʠʩʪʨʘʮʠʷ ʚ ʧʘʤʷʪʠ 

ʢʦʤʧʴʶʪʝʨʘ ʟʥʘʯʝʥʠʡ ʪʝʤʧʝʨʘʪʫʨʳ, ʘʜʠʘʙʘʪʠʯʝʩʢʦʛʦ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʦʙʨʘʟʮʘ ʠ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. 
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(ʘ)  

 

 

(ʙ) 

ʈʠʩʫʥʦʢ 2.5 ï (a) ʉʭʝʤʘ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ȹʊʘʜ ʧʨʷʤʳʤ ʤʝʪʦʜʦʤ [12]; (ʙ) ʚʨʝʤʝʥʥʳʝ 

ʟʘʚʠʩʠʤʦʩʪʠ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʧʨʦʮʝʩʩʝ ʠʟʤʝʨʝʥʠʷ 

ʘʜʠʘʙʘʪʠʯʝʩʢʦʛʦ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ, ʦʙʨʘʟʮʘ Gd [12] 
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2.2.6.2  ʀʟʤʝʨʝʥʠʝ ʠʟʦʪʝʨʤʠʯʝʩʢʦʛʦ ʚʳʜʝʣʝʥʠʷ/ ʧʦʛʣʦʱʝʥʠʷ ʪʝʧʣʘ ʧʨʷʤʳʤ ʤʝʪʦʜʦʤ 

ɼʣʷ ʠʟʤʝʨʝʥʠʷ ʠʟʦʪʝʨʤʠʯʝʩʢʦʛʦ ʚʳʜʝʣʝʥʠʷ/ ʧʦʛʣʦʱʝʥʠʷ ʪʝʧʣʘ ʧʨʷʤʳʤ ʤʝʪʦʜʦʤ ʙʳʣ 

ʧʨʠʤʝʥʝʥ ʤʝʪʦʜ, ʨʘʥʝʝ ʦʧʠʩʘʥʥʳʡ ʚ ʨʘʙʦʪʘʭ [199, 202, 216, ʇ1]. ʇʨʠ ʨʝʘʣʠʟʘʮʠʠ ʜʘʥʥʦʛʦ 

ʤʝʪʦʜʘ ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʫʩʪʘʥʦʚʢʘ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʘʜʠʘʙʘʪʠʯʝʩʢʦʛʦ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ, 

ʦʧʠʩʘʥʥʘʷ ʚʳʰʝ (ʛʣ. 2.2.7.1). ʆʙʨʘʟʝʮ ʧʦʤʝʱʘʝʪʩʷ ʚʥʫʪʨʴ ʤʝʜʥʦʛʦ ʙʣʦʢʘ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 

2.6. ɼʣʷ ʫʣʫʯʰʝʥʠʷ ʪʝʧʣʦʚʦʛʦ ʢʦʥʪʘʢʪʘ ʦʙʨʘʟʮʘ ʩ ʤʝʜʥʳʤ ʙʣʦʢʦʤ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʝʜʥʘʷ ʧʘʩʪʘ. 

ʉʠʩʪʝʤʘ ñʤʝʜʥʳʡ ʙʣʦʢ + ʦʙʨʘʟʝʮò ʦʙʦʨʘʯʠʚʘʝʪʩʷ ʚ ʪʝʧʣʦʠʟʦʣʠʨʫʶʱʠʡ ʤʘʪʝʨʠʘʣ ʠ ʧʦʤʝʱʘʝʪʩʷ 

ʚ ʜʝʨʞʘʪʝʣʴ ʦʙʨʘʟʮʘ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʘʜʠʘʙʘʪʠʯʝʩʢʦʛʦ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ. ɻʦʨʷʯʠʡ ʩʧʘʡ 

ʪʝʨʤʦʧʘʨʳ ʤʝʜʴ-ʢʦʥʩʪʘʥʪʘʥ ʨʘʟʤʝʱʘʝʪʩʷ ʥʘ ʤʝʜʥʦʤ ʙʣʦʢʝ, ʚ ʢʦʪʦʨʦʤ ʥʘʭʦʜʠʪʩʷ ʦʙʨʘʟʝʮ. 

ʇʝʨʝʜʘʯʘ ʠʟʦʪʝʨʤʠʯʝʩʢʦʛʦ ʚʳʜʝʣʝʥʠʷ/ʧʦʛʣʦʱʝʥʠʷ ʪʝʧʣʘ q (ή ) ʠʟ/ʚ ʦʙʨʘʟʮʘ 

ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ (2.1) [199, 202, 216, ʇ1]: 

 

ḙ ὅ ὨὝ̍ȟ̄ ̅ ̆ὓḻάȟ     (2.1) 

 

ʛʜʝ ʄ ï ʤʘʩʩʘ  ʤʝʜʥʦʛʦ ʙʣʦʢʘ, ʉ - ʫʜʝʣʴʥʘʷ ʪʝʧʣʦʝʤʢʦʩʪʴ ʤʝʜʥʦʛʦ ʙʣʦʢʘ, m- ʤʘʩʩʘ ʦʙʨʘʟʮʘ, ὨὝ̍ 

- ʠʟʤʝʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʤʝʜʥʦʛʦ ʙʣʦʢʘ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ʂʘʢ ʧʨʘʚʠʣʦ, ʤʘʩʩʘ 

ʤʝʜʥʦʛʦ ʙʣʦʢʘ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʧʨʝʚʳʰʘʝʪ ʤʘʩʩʫ ʦʙʨʘʟʮʦʚ ʧʨʠʤʝʨʥʦ ʚ 10-30 ʨʘʟ.  

 

 

ʈʠʩʫʥʦʢ 2.6 ï ʄʝʜʥʳʡ ʙʣʦʢ ʩ ʦʙʨʘʟʮʦʤ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʠʟʦʪʝʨʤʠʯʝʩʢʦʛʦ ʧʦʛʣʦʱʝʥʠʷ/ 

ʚʳʜʝʣʝʥʠʷ ʪʝʧʣʘ 

 

ʂʦʣʠʯʝʩʪʚʦ ʪʝʧʣʦʪʳ, ʚʳʜʝʣʷʝʤʦʝ ʠʣʠ ʧʦʛʣʦʱʘʝʤʦʝ ʤʘʪʝʨʠʘʣʦʤ ʧʨʠ 

ʤʘʛʥʠʪʦʩʪʨʫʢʪʫʨʥʦʤ ʌʇ 1-ʛʦ ʨʦʜʘ  ʤʦʞʥʦ ʪʘʢʞʝ ʦʧʨʝʜʝʣʠʪʴ ʠ ʜʨʫʛʠʤʠ ʢʦʩʚʝʥʥʳʤʠ ʤʝʪʦʜʘʤʠ. 

ʂʘʢ ʫʞʝ ʙʳʣʦ ʦʪʤʝʯʝʥʦ ʚ ʛʣ. 1.4.3.2, ʥʘʧʨʠʤʝʨ, ʩ ʧʦʤʦʱʴʶ ʫʨʘʚʥʝʥʠʷ ʚʳʪʝʢʘʶʱʝʛʦ ʠʟ ʚʪʦʨʦʛʦ 

ʥʘʯʘʣʦ ʪʝʨʤʦʜʠʥʘʤʠʢʠ (1.13), ʠʣʠ ʫʨʘʚʥʝʥʠʷ (1.14). ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʦʦʪʥʦʰʝʥʠʡ (1.13) ʠ 
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(1.14) ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʳʜʝʣʷʝʤʦʡ ʪʝʧʣʦʪʳ ʧʨʠ ʌʇ 1-ʛʦ ʨʦʜʘ ʥʝʦʙʭʦʜʠʤʦ ʜʦʧʦʣʥʠʪʝʣʴʥʦ 

ʟʥʘʪʴ ʟʥʘʯʝʥʠʷ ʠʟʤʝʥʝʥʠʷ ʵʥʪʨʦʧʠʠ, ʘʜʠʘʙʘʪʠʯʝʩʢʦʛʦ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʫʜʝʣʴʥʦʡ 

ʪʝʧʣʦʝʤʢʦʩʪʠ ʠʩʩʣʝʜʫʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ. ɺ ʦʪʣʠʯʠʝ ʵʪʦʛʦ ʧʨʝʜʣʦʞʝʥʥʳʡ 

ʧʨʷʤʦʡ ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʩʨʘʟʫ ʦʧʨʝʜʝʣʷʪʴ ʚʝʣʠʯʠʥʫ q.  

ɿʘʤʝʪʠʤ, ʯʪʦ ʪʝʨʤʠʥ ʠʟʦʪʝʨʤʠʯʝʩʢʦʝ ʧʦʛʣʦʱʝʥʠʝ/ʚʳʜʝʣʝʥʠʝ ʪʝʧʣʘ, ʧʨʠʤʝʥʷʝʤʳʡ ʚ 

ʜʘʥʥʦʡ ʨʘʙʦʪʝ, ʥʝ ʩʦʚʩʝʤ ʪʦʯʝʥ. ʉʦʛʣʘʩʥʦ ʬʦʨʤʫʣʝ (2.1) ʚ ʧʨʦʮʝʩʩʝ ʠʟʤʝʨʝʥʠʷ q ʥʘʙʣʶʜʘʝʪʩʷ 

ʥʝʙʦʣʴʰʦʝ ʠʟʤʝʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʙʣʦʢʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʟʚʘʪʴ ʧʨʦʮʝʩʩ çʠʟʦʪʝʨʤʠʯʝʩʢʠʤè 

ʥʝ ʚʧʦʣʥʝ ʪʦʯʥʦ. ɹʦʣʝʝ ʪʦʯʥʦ ʙʳʣʦ ʙʳ ʧʨʠʤʝʥʠʪʴ ʪʝʨʤʠʥ çʢʚʘʟʠ-ʠʟʦʪʝʨʤʠʯʝʩʢʦʝè ʚʳʜʝʣʝʥʠʝ 

ʪʝʧʣʘ. 
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ʈʠʩʫʥʦʢ 2.7 ï ʊʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ q ʠ ȹTʤʝʜʥʦʛʦ ʙʣʦʢʘ ʦʙʨʘʟʮʘ Gd ʧʨʠ ʨʘʟʥʳʭ ʤʘʛʥʠʪʥʳʭ 

ʧʦʣʷʭ ʦʪ 1 ʜʦ 10 ʊʣ (ʯʝʨʥʘʷ ï 1 ʊʣ, ʢʨʘʩʥʘʷ ï 2ʊʣ, ʟʝʣʝʥʘʷ - 5 ʊʣ, ʩʠʥʷʷ ï 10 ʊʣ ʢʨʠʚʳʝ), ʜʘʥʥʳʝ 

ʧʦʣʫʯʝʥʳ ʧʨʷʤʳʤ ʤʝʪʦʜʦʤ. (ʐʢʘʣʘ ʩʣʝʚʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʠʟʤʝʥʝʥʠʶ ʪʝʤʧʝʨʘʪʫʨʳ ʤʝʜʥʦʛʦ 

ʙʣʦʢʘ ʧʨʠ ʨʘʟʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ. ʐʢʘʣʘ ʩʧʨʘʚʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʠʟʦʪʝʨʤʠʯʝʩʢʦʤʫ 

ʧʦʛʣʦʱʝʥʠʶ/ʚʳʜʝʣʝʥʠʶ ʪʝʧʣʘ.) ʉʠʤʚʦʣʘʤʠ ƴ,ƶ ʦʙʦʟʥʘʯʝʥʳ ʟʥʘʯʝʥʠʷ 

ʧʦʛʣʦʱʘʝʤʦʡ/ʚʳʜʝʣʷʝʤʦʡ ʪʝʧʣʦʪʳ ʧʨʠ ʌʇ ʦʙʨʘʟʮʘ Gd, ʨʘʩʩʯʠʪʘʥʥʳʝ ʥʘ ʦʩʥʦʚʝ ʬʦʨʤʫʣʳ  

 ŭQ = ʉʅĀdʊ ʠ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ȹʊʘʜ ʠʟ ʨʘʙʦʪ [12] ʠ [216], ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɿʥʘʯʝʥʠʷ 

ʉʅ ʠʟ ʨʘʙʦʪʳ [217]. ʉʠʤʚʦʣʳ ö ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʟʥʘʯʝʥʠʷʤ  ʧʦʛʣʦʱʘʝʤʦʡ/ʚʳʜʝʣʷʝʤʦʡ ʪʝʧʣʦʪʳ 

ʧʨʠ ʌʇ ʦʙʨʘʟʮʘ Gd, ʨʘʩʩʯʠʪʘʥʥʳʝ ʥʘ ʦʩʥʦʚʝ ʬʦʨʤʫʣʳ ŭQ = TĀdS ʠ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ dS ʠʟ 

ʨʘʙʦʪʳ [154] 
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ɼʣʷ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʦʮʝʥʢʠ ʧʦʛʣʦʱʘʝʤʦʡ/ʚʳʜʝʣʷʝʤʦʡ ʪʝʧʣʦʪʳ ʧʨʠ ʌʇ, 

ʧʦʣʫʯʝʥʥʳʭ ʪʨʝʤʷ ʦʧʠʩʘʥʥʳʤʠ ʩʧʦʩʦʙʘʤʠ, ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʦʙʨʘʟʮʘ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ Gd. ʅʘ ʨʠʩ. 2.7 ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʘʥʥʳʝ ʦ 

ʧʦʛʣʦʱʘʝʤʦʡ/ʚʳʜʝʣʷʝʤʦʡ ʪʝʧʣʦʪʝ ʧʨʠ ʌʇ ʪʝʧʣʘ ʦʙʨʘʟʮʘ Gd, ʨʘʩʩʯʠʪʘʥʥʳʝ ʥʘ ʦʩʥʦʚʝ ʬʦʨʤʫʣ 

(1.13) ʠ (1.14), ʘ ʪʘʢʞʝ ʧʦʣʫʯʝʥʥʳʝ ʧʨʷʤʳʤ ʤʝʪʦʜʦʤ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʄʂʕ ʛʘʜʦʣʠʥʠʷ ʩʠʣʴʥʦ 

ʟʘʚʠʩʠʪ ʦʪ ʩʪʝʧʝʥʠ ʝʛʦ ʭʠʤʠʯʝʩʢʦʡ ʯʠʩʪʦʪʳ. ʇʦʵʪʦʤʫ ʜʣʷ ʨʘʩʯʝʪʘ q ʦʙʨʘʟʮʘ Gd ʧʦ 

ʩʦʦʪʥʦʰʝʥʠʶ (1.14) ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʘʥʥʳʝ ȹʊʘʜ ʜʚʫʭ ʥʝʟʘʚʠʩʠʤʳʭ ʛʨʫʧʧ [12, 216]. ɺ ʨʘʙʦʪʝ 

[12] ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ȹʊʘʜ ʥʘ ʦʙʨʘʟʮʝ Gd ʧʨʷʤʳʤ ʤʝʪʦʜʦʤ ʠʩʧʦʣʴʟʦʚʘʣʩʷ 

ʩʫʙʣʠʤʠʨʦʚʘʥʥʳʡ ʯʠʩʪʳʡ ʛʘʜʦʣʠʥʠʡ ʩ ʯʠʩʪʦʪʦʡ 99.99%, ʘ ʚ ʨʘʙʦʪʝ [216] ï 

ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ ʦʙʨʘʟʝʮ Gd ʩ ʯʠʩʪʦʪʦʡ 99.9%. ʀʟ ʨʝʟʫʣʴʪʘʪʦʚ ʦʮʝʥʢʠ ʩʣʝʜʫʝʪ, ʯʪʦ 

ʟʥʘʯʝʥʠʷ q, ʦʧʨʝʜʝʣʝʥʥʳʝ ʧʨʷʤʳʤ ʤʝʪʦʜʦʤ, ʙʣʠʟʢʠ ʢ ʨʝʟʫʣʴʪʘʪʘʤ, ʨʘʩʩʯʠʪʘʥʥʳʝ ʧʦ ʬʦʨʤʫʣʘʤ 

(1.3) ʠ (1.4). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʟʥʠʮʘ ʚ ʟʥʘʯʝʥʠʷʭ ʚʝʣʠʯʠʥʳ ʧʦʛʣʦʱʘʝʤʦʡ/ʚʳʜʝʣʷʝʤʦʡ ʪʝʧʣʦʪʳ 

ʧʨʠ ʌʇ, ʧʦʣʫʯʝʥʥʳʭ ʨʘʟʣʠʯʥʳʤʠ ʤʝʪʦʜʘʤʠ ʥʝ ʧʨʝʚʳʰʘʝʪ 10 %.  

 

2.2.7 ʆʧʨʝʜʝʣʝʥʠʝ ʤʘʛʥʠʪʦʢʘʣʦʨʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ ʢʦʩʚʝʥʥʳʤʠ ʤʝʪʦʜʘʤʠ 

ʂʦʩʚʝʥʥʳʡ ʤʝʪʦʜ [131, 156, 159-165] ʦʧʨʝʜʝʣʝʥʠʷ ʄʂʕ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʚ ʣʠʪʝʨʘʪʫʨʝ. ʀʟ ʫʨʘʚʥʝʥʠʡ (1.12) ʚʠʜʥʦ, ʯʪʦ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʝʣʠʯʠʥʳ 

ʄʂʕ ʥʝʦʙʭʦʜʠʤʦ ʠʟʤʝʨʠʪʴ ʧʦʣʝʚʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʧʨʠ ʨʘʟʣʠʯʥʳʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʠʣʠ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʷʭ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʘ ʪʘʢʞʝ ʪʝʤʧʝʨʘʪʫʨʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʪʝʧʣʦʝʤʢʦʩʪʠ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ. ɺ 

ʯʘʩʪʥʦʩʪʠ, ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʝ ʠʟʦʪʝʨʤʠʯʝʩʢʦʛʦ ʠʟʤʝʥʝʥʠʷ ʤʘʛʥʠʪʥʦʡ ʵʥʪʨʦʧʠʠ [131, 139, 140, 

166, 181] ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʄ(ʊ,H) ʠʩʧʦʣʴʟʫʝʪʩʷ ʫʨʘʚʥʝʥʠʝ ʄʘʢʩʚʝʣʣʘ 

ʟʘʧʠʩʘʥʥʦʝ ʚ ʚʠʜʝ: 

 

ЎὛὝȟὌ ᷿ ‘
ȟ
ểὨὌ.    (2.2) 

 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʬʦʨʤʫʣʳ 2.2 ʘʣʛʦʨʠʪʤ ʥʘʭʦʞʜʝʥʠʷ ʠʟʦʪʝʨʤʠʯʝʩʢʦʛʦ ʠʟʤʝʥʝʥʠʷ ʤʘʛʥʠʪʥʦʡ 

ʵʥʪʨʦʧʠʠ ʩʚʦʜʠʪʩʷ ʢ ʤʘʪʝʤʘʪʠʯʝʩʢʠʤ ʦʧʝʨʘʮʠʷʤ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʷ ʠ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ. 

ʏʠʩʣʝʥʥʦ ʚʝʣʠʯʠʥʘ ʧʨʦʠʟʚʦʜʥʦʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʧʦ ʪʝʤʧʝʨʘʪʫʨʝ ʧʨʠ ʬʠʢʩʠʨʦʚʘʥʥʦʤ 

ʟʥʘʯʝʥʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʤʝʪʦʜʦʤ ʯʠʩʣʝʥʥʦʛʦ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʷ [129]: 

 

ȟ ȟ ȟ
.   (2.3) 
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ɺ ʨʝʟʫʣʴʪʘʪʝ ʯʠʩʣʝʥʥʦʛʦ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʷ ʧʦʣʫʯʘʝʪʩʷ ʥʘʙʦʨ ʢʨʠʚʳʭ ʧʨʦʠʟʚʦʜʥʳʭ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʧʦ ʪʝʤʧʝʨʘʪʫʨʝ 
ȟ
. ɿʘʪʝʤ ʤʝʪʦʜʦʤ ʯʠʩʣʝʥʥʦʛʦ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʧʦ 

ʤʘʛʥʠʪʥʦʤʫ ʧʦʣʶ (ʤʝʪʦʜ ʪʨʘʧʝʮʠʠ) ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʚʝʣʠʯʠʥʘ ʠʟʦʪʝʨʤʠʯʝʩʢʦʛʦ ʠʟʤʝʥʝʥʠʷ 

ʤʘʛʥʠʪʥʦʡ ʵʥʪʨʦʧʠʠ: 

 

ЎὛὌȟὝ В
ȟ

ȟ

ȟ

ȟ
ϽὌ Ὄ Ȣ (2.4)  

 

ɺ ʛʣʘʚʝ 1.4.3.1 ʙʳʣʦ ʨʘʩʩʤʦʪʨʝʥʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʠʟ ʨʘʙʦʪʳ [169] ʥʘ ʦʩʥʦʚʝ [176, 178], 

ʢʦʪʦʨʦʝ ʛʣʘʩʠʣʦ, ʯʪʦ ʥʝ ʩʣʝʜʫʝʪ ʦʞʠʜʘʪʴ ʙʦʣʴʰʝʡ ʚʝʣʠʯʠʥʳ ʠʟʤʝʥʝʥʠʷ ʵʥʪʨʦʧʠʠ, ʚʳʟʚʘʥʥʦʝ 

ʠʟʦʪʝʨʤʠʯʝʩʢʠʤ ʠʟʤʝʥʝʥʠʝʤ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʯʝʤ ʟʥʘʯʝʥʠʷ ʦʙʱʝʛʦ ʠʟʤʝʥʝʥʠʷ ʵʥʪʨʦʧʠʠ. 

ɼʘʥʥʦʝ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʣʝʛʣʦ ʚ ʦʩʥʦʚʫ ʤʥʦʞʝʩʪʚʘ ʨʘʙʦʪ ʧʦʩʚʷʱʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʶ ʄʂʕ ʠ 

ʦʙʱʝʛʦ ʠʟʤʝʥʝʥʠʷ ʵʥʪʨʦʧʠʠ ʚ ʦʙʣʘʩʪʠ ʤʘʛʥʠʪʦʩʪʨʫʢʪʫʨʥʳʭ ʧʝʨʝʭʦʜʦʚ ʧʝʨʚʦʛʦ ʨʦʜʘ[5, 19, 20, 

155, 169, 182, 186]. ʈʘʩʯʝʪ ʦʙʱʝʛʦ ʠʟʤʝʥʝʥʠʷ ʵʥʪʨʦʧʠʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʤʘʛʥʠʪʦʩʪʨʫʢʪʫʨʥʦʛʦ 

ʧʝʨʝʭʦʜʘ ʚ ʥʫʣʝʚʦʤ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʥʘ ʦʩʥʦʚʝ ʵʥʜʦʪʝʨʤʠʯʝʩʢʠʭ ʚʝʨʰʠʥ ʢʨʠʚʳʭ ʪʝʧʣʦʚʦʛʦ 

ʧʦʪʦʢʘ ɼʉʂ ʧʨʦʚʦʜʠʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ  ʬʦʨʤʫʣʳ (2.5): 

 

ЎὛ̏̂̚  ᷿ Ὕ
˟

 Ͻ ὨὝȟ    (2.5) 

 

ʛʜʝ )( baselineQQd -  - ʠʟʤʝʥʝʥʠʝ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʠʚʝʜʝʥʥʦʝ ʢ 

ʙʘʟʦʚʦʡ ʣʠʥʠʠ 
baselineQ , TS ʠ TF ʥʘʯʘʣʴʥʘʷ ʠ ʢʦʥʝʯʥʘʷ ʪʝʤʧʝʨʘʪʫʨʳ ʤʘʛʥʠʪʦʩʪʨʫʢʪʫʨʥʦʛʦ 

ʧʝʨʝʭʦʜʘ ʚ ʧʨʦʮʝʩʩʝ ʥʘʛʨʝʚʘ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɸʣʛʦʨʠʪʤ ʯʠʩʣʝʥʥʦʛʦ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʷ ʠ 

ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʘʥʘʣʦʛʠʯʝʥ ʚʳʰʝʦʧʠʩʘʥʥʦʤʫ ʤʝʪʦʜʫ. 
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ɺʳʚʦʜʳ ʧʦ ʛʣʘʚʝ 2 

ɺʦ 2 ʛʣʘʚʝ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʦʧʠʩʘʥʘ ʣʘʙʦʨʘʪʦʨʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʠʟʛʦʪʦʚʣʝʥʠʷ 

ʨʘʥʝʝ ʩʦʟʜʘʥʥʳʭ (ʧʦʣʠʢʨʠʩʪʘʣʣʳ Ni2.16Mn0.84Ga ʠ Ni43Mn46Sn11, ʤʦʥʦʢʨʠʩʪʘʣʣʳ Ni2.19Mn0.81Ga ʠ 

MnAs), ʘ ʪʘʢʞʝ ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʚ ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʨʘʙʦʪʳ (Ni43Mn37.65In12.35Co7, 

Ni43Mn37.7In12.30ʉʦ7, Ni43Mn37.8In12.2ʉʦ7, Ni43Mn37.9In12.1ʉʦ7) ʩʧʣʘʚʦʚ  ʠ ʩʦʝʜʠʥʝʥʠʡ. ʆʙʨʘʟʮʳ 

ʩʧʣʘʚʦʚ ɻʝʡʩʣʝʨʘ ʩʝʤʝʡʩʪʚʘ Ni43Mn(50-ʫ)InʫCo7 (12.35 Ó y Ó 12.1) ʠʟʛʦʪʦʚʣʝʥʳ ʤʝʪʦʜʦʤ ʘʨʛʦʥʥʦ-

ʜʫʛʦʚʦʡ ʧʣʘʚʢʠ ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ ʦʪʞʠʛʘ. ɼʘʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʘ ʧʫʪʝʤ 

ʧʨʠʥʷʪʠʷ ʤʝʨ ʧʦ ʫʤʝʥʴʰʝʥʠʶ ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʟʘʜʘʥʥʦʛʦ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ. ʉʣʫʯʘʡʥʳʝ 

ʧʦʛʨʝʰʥʦʩʪʠ, ʚʦʟʥʠʢʘʶʱʠʝ ʧʨʠ ʩʠʥʪʝʟʝ ʦʙʨʘʟʮʦʚ, ʫʤʝʥʴʰʝʥʳ ʧʫʪʝʤ ʢʦʥʪʨʦʣʷ ʢʘʞʜʦʛʦ ʵʪʘʧʘ 

ʪʝʭʥʦʣʦʛʠʠ. ʄʝʪʦʜʦʤ ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʦʡ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʧʨʦʚʝʜʝʥ 

ʵʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʦʙʨʘʟʮʦʚ, ʨʝʟʫʣʴʪʘʪʳ ʢʦʪʦʨʦʛʦ ʧʦʢʘʟʘʣʠ ʭʦʨʦʰʝʝ 

ʩʦʛʣʘʩʠʝ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʩ ʟʘʣʦʞʝʥʥʳʤ. ʆʧʨʝʜʝʣʝʥʘ ʭʠʤʠʯʝʩʢʘʷ ʦʜʥʦʨʦʜʥʦʩʪʴ 

ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʩʧʣʘʚʦʚ ɻʝʡʩʣʝʨʘ ʩʝʤʝʡʩʪʚʘ Ni43Mn(50-ʫ)InʫCo7 (12.35 Ó y Ó 12.1).  

ɺ ʛʣʘʚʝ ʧʨʠʚʝʜʝʥʳ ʠʩʧʦʣʴʟʦʚʘʥʥʳʝ ʚ ʨʘʤʢʘʭ ʨʘʙʦʪʳ ʤʝʪʦʜʠʢʠ ʠ ʫʩʪʘʥʦʚʢʠ. ʆʧʠʩʘʥʳ 

ʩʪʘʥʜʘʨʪʥʳʝ ʤʝʪʦʜʠʢʠ, ʧʦʟʚʦʣʷʶʱʠʝ ʠʩʩʣʝʜʦʚʘʪʴ ʬʠʟʠʯʝʩʢʠʝ ʠ ʩʪʨʫʢʪʫʨʥʳʝ ʩʚʦʡʩʪʚʘ 

ʤʘʪʝʨʠʘʣʦʚ: ʥʝʡʪʨʦʥʥʘʷ ʠ ʩʠʥʭʨʦʪʨʦʥʥʘʷ ʜʠʬʨʘʢʮʠʷ, ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦ ʩʢʘʥʠʨʫʶʱʘʷ 

ʢʘʣʦʨʠʤʝʪʨʠʷ, ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ, ʥʘʨʷʜʫ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʩʪʘʥʜʘʨʪʥʳʭ ʤʝʪʦʜʠʢ ʠʩʧʦʣʴʟʫʶʪʩʷ ʦʨʠʛʠʥʘʣʴʥʳʝ, ʨʘʟʨʘʙʦʪʘʥʥʳʝ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʩʘʤʠʤ 

ʘʚʪʦʨʦʤ, ʫʩʪʘʥʦʚʢʠ ʥʘ ʙʘʟʝ ʙʠʪʪʝʨʝʚʩʢʦʛʦ ʤʘʛʥʠʪʘ. ʇʨʠʚʦʜʷʪʩʷ ʤʝʪʦʜʠʢʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʧʨʷʤʦʛʦ ʠʟʤʝʨʝʥʠʷ ʘʜʠʘʙʘʪʠʯʝʩʢʦʛʦ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʠ 

ʠʟʦʪʝʨʤʠʯʝʩʢʦʛʦ ʚʳʜʝʣʝʥʠʷ/ʧʦʛʣʦʱʝʥʠʷ ʪʝʧʣʘ. ʄʝʪʦʜʠʢʘ ʠʟʤʝʨʝʥʠʷ ʠʟʦʪʝʨʤʠʯʝʩʢʦʛʦ 

ʧʦʛʣʦʱʝʥʠʷ/ʚʳʜʝʣʝʥʠʷ ʪʝʧʣʘ q ʚ ʩʠʣʴʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ ʧʨʦʪʝʩʪʠʨʦʚʘʥʘ ʥʘ ʦʙʨʘʟʮʝ ʯʠʩʪʦʛʦ 

Gd, ʦʧʨʝʜʝʣʝʥʘ ʧʦʛʨʝʰʥʦʩʪʴ ʠʟʤʝʨʝʥʠʡ q. ʊʘʢʞʝ ʚ ʛʣʘʚʝ 2 ʧʨʠʚʝʜʝʥʦ ʦʧʠʩʘʥʠʝ, ʩʦʟʜʘʥʥʦʡ ʚ 

ʨʘʤʢʘʭ ʨʘʙʦʪʳ, ʦʨʠʛʠʥʘʣʴʥʦʡ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ: ʦʧʪʠʯʝʩʢʠʡ ʤʠʢʨʦʩʢʦʧ, 

ʧʦʟʚʦʣʷʶʱʠʡ ʠʩʩʣʝʜʦʚʘʪʴ ʤʘʛʥʠʪʦʠʥʜʫʮʠʨʦʚʘʥʥʳʡ ʌʇ 1ʛʦ ʨʦʜʘ ʧʫʪʝʤ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ 

ʥʘʙʣʶʜʝʥʠʷ (in-situ) ʵʚʦʣʶʮʠʶ ʤʘʨʪʝʥʩʠʪʥʳʭ ʜʚʦʡʥʠʢʦʚ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ ʜʦ 14 

ʊʣ ʚ ʰʠʨʦʢʦʤ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ, ʢʘʢ ʚ ʘʜʠʘʙʘʪʠʯʝʩʢʠʭ, ʪʘʢ ʠ ʚ ʠʟʦʪʝʨʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ.  
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ɻʃɸɺɸ 3. ʉʊʈʋʂʊʋʈɸ ʀ ʆɹʈɸʊʅʓʁ ʄɸɻʅʀʊʆʂɸʃʆʈʀʏɽʉʂʀʁ ʕʌʌɽʂʊ ɺ 

ʉʇʃɸɺɸʍ ɻɽʁʉʃɽʈɸ ʉɽʄɽʁʉʊɺ Ni-Mn-Z (Z = In , Sn) ɺ ʉʀʃʔʅʓʍ ʄɸɻʅʀʊʅʓʍ 

ʇʆʃʗʍ  

 

3.1. ʄʘʛʥʠʪʦʩʪʨʫʢʪʫʨʥʳʡ ʧʝʨʝʭʦʜ ʚ ʩʧʣʘʚʘʭ ɻʝʡʩʣʝʨʘ ʩʝʤʝʡʩʪʚʘ 

Ni43Mn (50-ʫ)InʫCo7 (12.35 Ó y Ó 12.1) 

 

ɼʣʷ ʠʟʫʯʝʥʠʡ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ ʚ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʩʧʣʘʚʘʭ ɻʝʡʩʣʝʨʘ ʩʝʤʝʡʩʪʚʘ 

Ni43Mn(50-ʫ)InʫCo7 (12.35 Ó y Ó 12.1) ʧʨʠʤʝʥʷʣʩʷ ʤʝʪʦʜ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʄ(ʊ) ʩ ʧʦʤʦʱʴʶ ʚʠʙʨʘʮʠʦʥʥʦʛʦ ʤʘʛʥʠʪʦʤʝʪʨʘ (ʛʣ. 2.2.4). ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʄ(ʊ) ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʩʣʝʜʫʶʱʠʡ ʧʨʦʪʦʢʦʣ: 1) ʦʭʣʘʞʜʝʥʠʝ ʙʝʟ ʧʦʣʷ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ 50ʂ, ʟʘʪʝʤ 

ʚʢʣʶʯʝʥʠʝ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʤʘʣʦʡ ʚʝʣʠʯʠʥʳ (ʥʘʧʨʠʤʝʨ, 0.005ʊʣ) ʧʨʠ ʧʦʩʣʝʜʫʶʱʝʤ ʠʟʤʝʨʝʥʠʠ 

ʄ(ʊ) ʧʨʠ ʥʘʛʨʝʚʝ ʦʪ 50 ʂ ʜʦ 400 ʂ (ZFC-zero-field-cooling); 2) ʚʢʣʶʯʝʥʠʝ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ 

ʟʘʜʘʥʥʦʡ ʚʝʣʠʯʠʥʳ ʧʨʠ 400 ʂ ʠ ʠʟʤʝʨʝʥʠʝ ʄ(ʊ) ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ ʜʦ 50ʂ (FC ï field cooling); 3) 

ʚʢʣʶʯʝʥʠʝ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʟʘʜʘʥʥʦʡ ʚʝʣʠʯʠʥʳ ʧʨʠ 50 ʂ ʠ ʧʦʩʣʝʜʫʶʱʝʝ ʠʟʤʝʨʝʥʠʝ ʄ(ʊ) ʧʨʠ 

ʥʘʛʨʝʚʘʥʠʠ ʜʦ 400ʂ. ɼʣʷ ʥʘʛʣʷʜʥʦʛʦ ʠ ʧʦʜʨʦʙʥʦʛʦ ʘʥʘʣʠʟʘ ʨʘʩʩʤʦʪʨʠʤ ʨʝʟʫʣʴʪʘʪʳ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʄ(ʊ) ʚ ʨʘʟʣʠʯʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʛʦ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʩʧʣʘʚʘ 

ɻʝʡʩʣʝʨʘ Ni43Mn37.8In12.2Co7.  
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Ni 43Mn 37.8In 12.2Co7

 

ʈʠʩʫʥʦʢ 3.1 ï ʊʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʩʧʣʘʚʘ ɻʝʡʩʣʝʨʘ Ni43Mn37.8In12.2Co7 

ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ 



83 

 

ʅʘ ʨʠʩʫʥʢʝ 3.1 ʧʨʝʜʩʪʘʚʣʝʥ ʛʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʦʙʨʘʟʮʘ 

Ni43Mn37.8In12.2Co7 ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ 0.005, 1, 2, 3 ʊʣ. ʂʨʠʚʘʷ ʪʝʤʧʝʨʘʪʫʨʥʦʡ 

ʟʘʚʠʩʠʤʦʩʪʠ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʧʨʠ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ 0.005 ʊʣ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʟʥʘʯʝʥʠʷ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʥʘ 2 ʧʦʨʷʜʢʝ ʤʝʥʴʰʝ, ʯʝʤ ʧʨʠ ʜʨʫʛʠʭ ʫʢʘʟʘʥʥʳʭ ʟʥʘʯʝʥʠʷʭ ʧʨʠʣʦʞʝʥʥʦʛʦ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʧʦʵʪʦʤʫ ʜʣʷ ʥʘʛʣʷʜʥʦʛʦ ʩʨʘʚʥʝʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʢʨʠʚʳʝ 

ʥʦʨʤʘʣʠʟʦʚʘʥʳ ʧʦ ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʟʥʘʯʝʥʠʶ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʚ ʪʦʯʢʝ ʥʘʯʘʣʘ ʟʘʨʦʞʜʝʥʠʷ 

ʤʘʨʪʝʥʩʠʪʥʦʡ ʬʘʟʳ Ms. ɿʥʘʯʝʥʠʷ ʧʦ ʣʝʚʦʡ ʦʩʠ OY ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʤʘʛʥʠʪʥʦʤʫ ʧʦʣʶ Õ0ʅ=0.005 

ʊʣ, ʘ ʧʦ ʧʨʘʚʦʡ ʦʩʠ OY ï Õ0ʅ= 1, 2, 3 ʊʣ. ʂʘʢ ʚʠʜʥʦ ʠʟ ʛʨʘʬʠʢʘ ʄ(ʊ), ʧʨʠ Õ0ʅ=0.005 ʊʣ (ʨʠʩ. 

3.1) ʠ ʧʦʥʠʞʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ ʦʙʨʘʟʮʘ Ni43Mn37.8In12.2Co7 ʨʝʟʢʦ ʧʘʜʘʝʪ, ʘ ʧʨʠ 

ʧʦʚʳʰʝʥʠʠ ʨʝʟʢʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʠ ʧʨʠ ʵʪʦʤ ʠʤʝʝʪ ʤʝʩʪʦ ʛʠʩʪʝʨʝʟʠʩ, ʭʘʨʘʢʪʝʨʥʳʡ ʜʣʷ ʌʇ 1-ʛʦ 

ʨʦʜʘ. ʇʦʜʦʙʥʳʝ ʢʨʠʚʳʝ ʄ(ʊ) ʚ ʩʧʣʘʚʘʭ ɻʝʡʩʣʝʨʘ ʩʚʷʟʳʚʘʶʪ ʩ ʤʘʛʥʠʪʦʩʪʨʫʢʪʫʨʥʳʤ ʌʇ 1-ʛʦ 

ʨʦʜʘ [5, 15, 19, 89-92, 113, 155, 176, 182]. ʇʨʠ ʤʘʛʥʠʪʦʩʪʨʫʢʪʫʨʥʦʤ ʧʝʨʝʭʦʜʝ ʚ ʩʧʣʘʚʘʭ ɻʝʡʩʣʝʨʘ 

ʩʝʤʝʡʩʪʚʘ Ni-Mn-In-Co ʬʝʨʨʦʤʘʛʥʠʪʥʳʡ ʘʫʩʪʝʥʠʪ ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʩʣʘʙʦʤʘʛʥʠʪʥʳʡ ʤʘʨʪʝʥʩʠʪ 

[5, 19, 92, 182], ʪ.ʝ. ʠʤʝʝʪ ʤʝʩʪʦ ʩʚʷʟʴ ʤʝʞʜʫ ʠʟʤʝʥʝʥʠʝʤ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ ʠ 

ʤʘʛʥʠʪʥʦʡ ʩʧʠʥʦʚʦʡ ʧʦʜʩʠʩʪʝʤʦʡ. ʂʘʢ ʩʣʝʜʩʪʚʠʝ, ʦʜʥʦʚʨʝʤʝʥʥʦ ʠʟʤʝʥʷʶʪʩʷ, ʢʘʢ ʩʪʨʫʢʪʫʨʥʳʝ, 

ʪʘʢ ʠ ʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʚʥʝʰʥʠʭ ʧʘʨʘʤʝʪʨʦʚ. ʄʘʛʥʠʪʦʩʪʨʫʢʪʫʨʥʳʡ ʧʝʨʝʭʦʜ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʛʠʩʪʝʨʝʟʠʩʦʤ ʠ ʯʝʪʳʨʴʤʷ ʭʘʨʘʢʪʝʨʥʳʤʠ ʪʝʤʧʝʨʘʪʫʨʘʤʠ ʌʇ 1-ʛʦ ʨʦʜʘ: As ʠ Af ï 

ʥʘʯʘʣʦ ʠ ʢʦʥʝʮ ʟʘʨʦʞʜʝʥʠʷ ʘʫʩʪʝʥʠʪʥʦʡ ʬʘʟʳ; Ms ʠ Mf ïʥʘʯʘʣʦ ʠ ʢʦʥʝʮ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʤʘʨʪʝʥʩʠʪʥʦʡ ʬʘʟʳ. ʅʘ ʨʠʩʫʥʢʝ 3.2 ʧʦʢʘʟʘʥ ʤʝʪʦʜ ʣʠʥʝʡʥʦʡ ʠʥʪʝʨʧʦʣʷʮʠʠ ʜʣʷ ʥʘʭʦʞʜʝʥʠʷ 

ʭʘʨʘʢʪʝʨʥʳʭ ʪʝʤʧʝʨʘʪʫʨ ʤʘʛʥʠʪʦʩʪʨʫʢʪʫʨʥʦʛʦ ʧʝʨʝʭʦʜʘ ʩʧʣʘʚʘ ɻʝʡʩʣʝʨʘ Ni43Mn37.8In12.2Co7. ʉ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʜʣʷ ʚʩʝʭ ʠʟʫʯʘʝʤʳʭ ʩʧʣʘʚʦʚ ɻʝʡʩʣʝʨʘ ʩʝʤʝʡʩʪʚʘ Ni43Mn(50-

ʫ)InʫCo7 (12.35 Ó y Ó 12.1) ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʭʘʨʘʢʪʝʨʥʳʝ ʪʝʤʧʝʨʘʪʫʨʳ ʤʘʛʥʠʪʦʩʪʨʫʢʪʫʨʥʦʛʦ ʌʇ 

1-ʛʦ ʨʦʜʘ (ʪʘʙʣ. 3.1). ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʠʩʧʦʣʴʟʫʝʤʘʷ ʫʩʪʘʥʦʚʢʘ ʚʠʙʨʘʮʠʦʥʥʦʛʦ 

ʤʘʛʥʠʪʦʤʝʪʨʘ ʥʝ ʧʦʟʚʦʣʠʣʘ ʥʘʛʨʝʪʴ ʦʙʨʘʟʮʳ ʚʳʰʝ 400 ʂ. ʆʜʥʘʢʦ, ʤʝʪʦʜʦʤ ɼʉʂ (ʨʠʩ. 3.13) ʚ 

ʩʧʣʘʚʘʭ ɻʝʡʩʣʝʨʘ ʩʝʤʝʡʩʪʚʘ Ni43Mn(50-ʫ)InʫCo7 (12.35 Ó y Ó 12.1) ʦʙʥʘʨʫʞʝʥ ʪʘʢʞʝ ʌʇ 2-ʛʦ ʨʦʜʘ 

(ʪʦʯʢʘ ʂʶʨʠ ʊʉ) ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ å 427 ʂ.  

ɿʘʚʠʩʠʤʦʩʪʠ ʄ(ʊ) ʚ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ 1, 2, 3 ʊʣ (ʨʠʩ. 3.1) ʚ ʦʙʨʘʟʮʝ ʩʧʣʘʚʘ ɻʝʡʩʣʝʨʘ 

Ni43Mn37.8In12.2Co7 ʬʠʢʩʠʨʫʝʪ ʩʤʝʱʝʥʠʝ ʛʠʩʪʝʨʝʟʠʩʘ ʌʇ 1-ʛʦ ʨʦʜʘ ʦʪ ʧʦʣʷ ʚ ʩʪʦʨʦʥʫ ʙʦʣʝʝ 

ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ, ʧʨʠ ʵʪʦʤ ʰʠʨʠʥʘ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʛʠʩʪʝʨʝʟʠʩʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʦʪ 30ʂ ʧʨʠ 

Õ0ʅ=0.005 ʊʣ ʜʦ 34 ʂ ʧʨʠ Õ0ʅ=3ʊʣ. ʇʦʜʦʙʥʦʝ ʧʦʚʝʜʝʥʠʝ, ʢʘʢ ʩʤʝʱʝʥʠʝ ʚ ʦʙʣʘʩʪʴ ʥʠʟʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨ ʠ ʫʚʝʣʠʯʝʥʠʝ ʰʠʨʠʥʳ ʧʝʪʣʠ ʛʠʩʪʝʨʝʟʠʩʘ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, 

ʥʘʙʣʶʜʘʝʪʩʷ ʜʣʷ ʚʩʝʭ ʠʟʫʯʘʝʤʳʭ ʩʧʣʘʚʦʚ ɻʝʡʩʣʝʨʘ ɻʝʡʩʣʝʨʘ ʩʝʤʝʡʩʪʚʘ Ni43Mn(50-ʫ)InʫCo7 (12.35 

Ó y Ó 12.1) (ʩʤ. ʪʘʙʣ. 3.1, ʨʠʩ. 3.3 ʘ,ʙ). ʉʦʛʣʘʩʥʦ ʧʨʠʥʮʠʧʫ ʃʝ ʐʘʪʝʣʴʝ-ɹʨʘʫʥʘ [26] ʤʘʛʥʠʪʥʦʝ 

ʧʦʣʝ ʩʪʘʙʠʣʠʟʠʨʫʝʪ ʬʘʟʫ ʩ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴʶ (ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʘʫʩʪʝʥʠʪʥʘʷ 

ʬʘʟʘ), ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʨʘʩʰʠʨʝʥʠʶ ʦʙʣʘʩʪʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʬʘʟʳ ʚʦ 
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ʚʥʝʰʥʝʤ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʠ ʧʦʥʠʞʝʥʠʶ ʭʘʨʘʢʪʝʨʥʳʭ ʪʝʤʧʝʨʘʪʫʨ ʤʘʛʥʠʪʦʩʪʨʫʢʪʫʨʥʦʛʦ ʌʇ 1-ʛʦ 

ʨʦʜʘ. ɿʘʚʠʩʠʤʦʩʪʴ ʧʦʜʦʙʥʦʛʦ ʧʦʚʝʜʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʌʇ 1-ʛʦ ʨʦʜʘ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʤʘʛʥʠʪʥʳʭ 

ʧʦʣʝʡ ʦʧʠʩʘʥʘ ʪʘʢʞʝ, ʥʘʧʨʠʤʝʨ, ʚ ʨʘʙʦʪʝ [5]. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʰʠʨʠʥʘ ʧʝʨʝʭʦʜʘ ʠ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʛʠʩʪʝʨʝʟʠʩʘ ʧʦʜʚʝʨʞʝʥʳ ʚʣʠʷʥʠʶ ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ (ʨʘʟʤʝʨ ʦʙʨʘʟʮʘ, ʨʘʟʤʝʨ 

ʟʝʨʥʘ, ʪʝʨʤʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ), ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʭʘʨʘʢʪʝʨʥʳʭ 

ʪʝʤʧʝʨʘʪʫʨ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ, ʌʇ 1-ʛʦ ʨʦʜʘ ʚʩʝʛʜʘ ʙʫʜʝʪ ʠʤʝʪʴ ʤʝʩʪʦ ʰʠʨʦʢʠʡ ʛʠʩʪʝʨʝʟʠʩ ʚ 

ʩʚʷʟʠ ʩ ʨʘʩʪʫʱʠʤ ʚʣʠʷʥʠʝʤ ʠʟʤʝʥʝʥʠʷ ʵʥʪʨʦʧʠʠ ʤʘʛʥʠʪʥʦʡ ʧʦʜʩʠʩʪʝʤʳ, ʠ ʫʚʝʣʠʯʝʥʠʝʤ ʩʜʚʠʛʘ 

ʧʝʨʝʭʦʜʘ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ [155, 185, 218]. ʊʘʢʞʝ ʥʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʧʣʘʚ 

Ni43Mn37.65In12.35Co7, ʦʙʣʘʜʘʶʱʠʡ ʙʦʣʝʝ ʥʠʟʢʠʤʠ ʭʘʨʘʢʪʝʨʥʳʤʠ ʪʝʤʧʝʨʘʪʫʨʘʤʠ ʌʇ 1-ʛʦ ʨʦʜʘ, 

ʠʤʝʝʪ ʙʦʣʴʰʫʶ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʤʘʛʥʠʪʥʦʤʫ ʧʦʣʶ. ʕʪʦ ʤʦʞʝʪ ʙʳʪʴ ʨʘʩʩʤʦʪʨʝʥʦ ʩ ʧʦʤʦʱʴʶ 

ʫʨʘʚʥʝʥʠʷ ʂʣʘʡʧʝʨʦʥʘ-ʂʣʘʫʟʠʫʩʘ (ʛʣ. 1.2.2). 
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ʈʠʩʫʥʦʢ 3.2 ï ʊʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʩʧʣʘʚʘ ɻʝʡʩʣʝʨʘ Ni43Mn37.8In12.2Co7 

ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ Õ0ʅ=0.005 ʊʣ. ʂʨʘʩʥʳʤʠ ʠ ʩʠʥʠʤʠ ʰʪʨʠʭʦʚʳʤʠ ʣʠʥʠʷʤʠ ʧʦʢʘʟʘʥ ʩʧʦʩʦʙ 

ʦʧʨʝʜʝʣʝʥʠʷ ʭʘʨʘʢʪʝʨʥʳʭ ʪʝʤʧʝʨʘʪʫʨ ʌʇ 1-ʛʦ ʨʦʜʘ As, Af, Ms, Mf 

 

ʊʘʙʣʠʮʘ ï 3.1 ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʛʥʠʪʦʩʪʨʫʢʪʫʨʥʦʛʦ ʌʇ 1-ʛʦ ʨʦʜʘ ʩʧʣʘʚʦʚ ɻʝʡʩʣʝʨʘ ʩʝʤʝʡʩʪʚʘ 

Ni43Mn(50-ʫ)InʫCo7 (12.35 Ó y Ó 12.1). ʉʧʣʘʚ ˉ1 ï Ni43Mn37.9In12.1Co7, ˉ2 ï Ni43Mn37.8In12.2Co7, ˉ3 

ï Ni43Mn37.7In12.3Co7, ˉ4 ï Ni43Mn37.65In12.35Co7  

 ̄
As, ʂ Af, ʂ Ms, ʂ Mf, ʂ 

ʐʠʨʠʥʘ 

ʛʠʩʪʝʨʝʟʠʩʘ, 

ʂ 

ʏʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ 

ʌʇ 1-ʛʦ ʨʦʜʘ ʢ 

ʤʘʛʥ. ʧʦʣʶ, ʂ/ʊ 

5ʤʊʣ 3ʊʣ 5ʤʊʣ 3ʊʣ 5ʤʊʣ 3ʊʣ 5ʤʊʣ 3ʊʣ 5ʤʊʣ 3ʊʣ  

1 292 293 319 305 285 271 248 251 30 37 -7.5 
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ʊʘʙʣʠʮʘ 3.1 (ʇʨʦʜʦʣʞʝʥʠʝ)  

 ̄ As, ʂ Af, ʂ Ms, ʂ Mf, ʂ 

ʐʠʨʠʥʘ 

ʛʠʩʪʝʨʝʟʠʩʘ, 

ʂ 

ʏʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ 

ʌʇ 1-ʛʦ ʨʦʜʘ ʢ 

ʤʘʛʥ. ʧʦʣʶ, ʂ/ʊʣ 

 5ʤʊʣ 3ʊʣ 5ʤʊʣ 3ʊʣ 5ʤʊʣ 3ʊʣ  5ʤʊʣ 3ʊʣ 5ʤʊʣ 3ʊʣ 

2 283 281 316 307 288 277 247 244 30 34 -8.3 

3 274 265 304 284 272 249 236 226 34 37 -10.8 

4 258 245 287 274 248 218 222 195 40 50 -14.4 
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ʈʠʩʫʥʦʢ 3.3 ï ʊʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʩʧʣʘʚʦʚ ɻʝʡʩʣʝʨʘ 

Ni43Mn37.9In12.1Co7, Ni43Mn37.8In12.2Co7, Ni43Mn37.7In12.3Co7, Ni43Mn37.65In12.35Co7 ʚ ʤʘʛʥʠʪʥʳʭ 

ʧʦʣʷʭ (ʘ) Õ0ʅ = 3 ʊʣ ʠ (ʙ) Õ0ʅ = 1 ʊʣ. ʐʨʠʭʦʚʘʷ ʣʠʥʠʷ ʥʘ ʨʠʩʫʥʢʝ (ʙ) ï ʨʘʩʯʝʪʥʘʷ ʢʨʠʚʘʷ 

ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʧʨʠ Õ0ʅ = 1 Tʣ ʜʣʷ ʦʙʨʘʟʮʘ ʙʝʟ 

ʤʘʛʥʠʪʦʩʪʨʫʢʪʫʨʥʦʛʦ ʧʝʨʝʭʦʜʘ (ʘʫʩʪʝʥʠʪ). ʈʘʩʯʝʪʥʘʷ ʢʨʠʚʘʷ ʙʳʣʘ ʧʦʩʪʨʦʝʥʘ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʦʜʭʦʜʘ, ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʚ [218]. ʐʪʨʠʭʦʚʘʷ ʢʨʠʚʘʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʟʥʘʯʝʥʠʷ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʧʨʠ ɛ0H = 1 Tʣ ʜʣʷ ʘʫʩʪʝʥʠʪʘ ʩʦʩʪʘʚʦʚ ʩ ʨʘʟʣʠʯʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʤʘʨʛʘʥʮʘ 

 

ʉʠʥʪʝʟʠʨʦʚʘʥʥʳʝ ʩʧʣʘʚʳ ɻʝʡʩʣʝʨʘ ʩʝʤʝʡʩʪʚʘ Ni43Mn(50-ʫ)InʫCo7 (12.35 Ó y Ó 12.1) ʠʤʝʶʪ 

ʦʩʦʙʝʥʥʦʩʪʠ: ʠʭ ʭʠʤʠʯʝʩʢʠ ʩʦʩʪʘʚ ʤʝʥʷʝʪʩʷ ʩ ʦʧʨʝʜʝʣʸʥʥʳʤ ʰʘʛʦʤ. ɼʣʷ ʥʘʛʣʷʜʥʦʩʪʠ 

ʥʘʙʣʶʜʝʥʠʷ ʩʤʝʱʝʥʠʷ ʭʘʨʘʢʪʝʨʥʳʭ ʪʝʤʧʝʨʘʪʫʨ ʌʇ 1-ʛʦ ʨʦʜʘ ʚ ʩʧʣʘʚʘʭ ɻʝʡʩʣʝʨʘ ʩʝʤʝʡʩʪʚʘ 

Ni43Mn(50-ʫ)InʫCo7 (12.35 Ó y Ó 12.1) ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʦʙʨʘʟʮʦʚ ʧʨʠ 

ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ Õ0ʅ=0.005 ʊʣ ʧʦʩʪʨʦʝʥʳ ʥʘ ʦʜʥʦʤ ʛʨʘʬʠʢʝ (ʨʠʩ. 3.4). 
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ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ 3.4 ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʟʥʘʯʝʥʠʠ ʵʣʝʤʝʥʪʦʚ Ni = 43%, ʉo = 7%, ʠ 

ʫʤʝʥʴʰʝʥʠʠ ʧʨʦʮʝʥʪʥʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ Mn ʟʘ ʩʯʸʪ ʫʚʝʣʠʯʝʥʠʷ In ʭʘʨʘʢʪʝʨʥʳʝ ʪʝʤʧʝʨʘʪʫʨʳ 

ʤʘʛʥʠʪʦʩʪʨʫʢʪʫʨʥʦʛʦ ʌʇ 1-ʛʦ ʨʦʜʘ ʩʜʚʠʛʘʶʪʩʷ ʚ ʦʙʣʘʩʪʴ ʙʦʣʝʝ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʵʣʝʤʝʥʪʳ Mn ʠ In ʫʧʨʘʚʣʷʶʪ ʭʘʨʘʢʪʝʨʥʳʤʠ ʪʝʤʧʝʨʘʪʫʨʘʤʠ ʌʇ 1-ʛʦ ʨʦʜʘ. ʇʦʜʦʙʥʘʷ 

ʟʘʚʠʩʠʤʦʩʪʴ ʪʘʢʞʝ ʥʘʙʣʶʜʘʣʘʩʴ ʚ ʨʘʙʦʪʝ [5, 19]. ʇʨʠ ʵʪʦʤ ʪʝʤʧʝʨʘʪʫʨʘ ʂʶʨʠ ʊʉ å 427ʂ 

ʦʜʠʥʘʢʦʚʘʷ ʜʣʷ ʚʩʝʭ ʠʩʩʣʝʜʫʝʤʳʭ ʩʧʣʘʚʦʚ ɻʝʡʩʣʝʨʘ ʩʝʤʝʡʩʪʚʘ Ni43Mn(50-ʫ)InʫCo7 (12.35 Ó y Ó 

12.1) ʠ ʟʘʚʠʩʠʪ ʪʦʣʴʢʦ ʦʪ ʩʦʜʝʨʞʘʥʠʷ Ni ʠ Co. ʕʪʦ ʪʘʢʞʝ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʨʘʙʦʪʘʭ [5, 19]. 

ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠʤʝʥʝʥʥʳʡ ʤʝʪʦʜ ʦʧʨʝʜʝʣʝʥʠʷ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʩʧʣʘʚʦʚ EDX 

(ʩʤ. ʛʣ. 2.1.2) ʥʝ ʚʳʷʚʠʣ ʪʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʚ ʭʠʤʠʯʝʩʢʦʤ ʩʦʩʪʘʚʝ ʦʙʨʘʟʮʦʚ, ʢʦʪʦʨʳʝ ʙʳʣʠ 

ʟʘʣʦʞʝʥʳ ʧʨʠ ʠʭ ʠʟʛʦʪʦʚʣʝʥʠʠ. ʆʜʥʘʢʦ, ʜʘʥʥʳʝ ʄ(ʊ), ʘ ʚ ʜʘʣʴʥʝʡʰʝʤ ʠ ʨʝʟʫʣʴʪʘʪʳ ɼʉʂ (ʛʣ. 

3.3.1), ʠ ʄʂʕ (ʧʨʷʤʦʡ ʤʝʪʦʜ) (ʛʣ. 3.3.2), ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʭʦʨʦʰʝʝ ʩʦʛʣʘʩʦʚʘʥʠʝ ʤʝʞʜʫ 

ʬʠʟʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʦʙʨʘʟʮʦʚ ʠ ʠʭ ʭʠʤʠʯʝʩʢʠʤ ʩʦʩʪʘʚʦʚ.  

 

 

ʈʠʩʫʥʦʢ 3.4 ï ʊʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʩʧʣʘʚʦʚ ɻʝʡʩʣʝʨʘ 

Ni43Mn37.9In12.1Co7, Ni43Mn37.8In12.2Co7, Ni43Mn37.7In12.3Co7, Ni43Mn37.65In12.35Co7 ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ 

Õ0ʅ= 0.005 ʊʣ 



87 

 

3.2 ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʠ ʤʘʛʥʠʪʥʦʝ ʫʧʦʨʷʜʦʯʝʥʠʝ ʩʧʣʘʚʦʚ ɻʝʡʩʣʝʨʘ ʩʝʤʝʡʩʪʚʘ 

Ni43Mn (50-ʫ)InʫCo7 (12.35 Ó y Ó 12.1) 

 

3.2.1 ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʩʧʣʘʚʦʚ ɻʝʡʩʣʝʨʘ ʩʝʤʝʡʩʪʚʘ Ni-Mn-In-Co 

 ɼʣʷ ʠʟʫʯʝʥʠʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʚʳʩʦʢʦ- ʠ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʬʘʟ ʩʧʣʘʚʦʚ 

ɻʝʡʩʣʝʨʘ ʩʝʤʝʡʩʪʚʘ Ni43Mn(50-ʫ)InʫCo7 (12.35 Ó y Ó 12.1) ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʝʪʦʜʦʤ 

ʥʝʡʪʨʦʥʥʦʡ ʜʠʬʨʘʢʮʠʠ ʩ ʚʳʩʦʢʦʡ ʨʘʟʨʝʰʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʧʨʠ ʧʦʩʪʦʷʥʥʦʡ ʜʣʠʥʝ ʚʦʣʥʳ 

0.15374 ʥʤ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ ʦʪ 50 ʜʦ 600 ʂ ʥʘ ʦʙʨʘʟʮʝ Ni43Mn37.9In12.1ʉʦ7. 

ʉʪʨʫʢʪʫʨʳ ʜʚʫʭ ʜʨʫʛʠʭ ʩʧʣʘʚʦʚ Ni43Mn37.7In12.3ʉʦ7 ʠ Ni43Mn37.65In12.35ʉʦ7 ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʧʨʠ 

ʦʙʨʘʙʦʪʢʝ ʜʘʥʥʳʭ ʠʟ ʩʠʥʭʨʦʪʨʦʥʥʦʡ ʜʠʬʨʘʢʮʠʠ.  

ɺʳʰʝ ʪʝʤʧʝʨʘʪʫʨʳ ʤʘʛʥʠʪʦʩʪʨʫʢʪʫʨʥʦʛʦ ʌʇ 1-ʛʦ ʨʦʜʘ, ʜʣʷ ʚʩʝʭ ʪʨʝʭ ʩʧʣʘʚʦʚ ʙʳʣʠ 

ʦʧʨʝʜʝʣʝʥʳ ʢʫʙʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ L21 (̄̑̔̐̐́ ̒̉̍̍̆̓̑̉̉ Ὂάσά) (ʨʠʩ. 3.5 ʘ) ʩ ʧʘʨʘʤʝʪʨʘʤʠ 

ʨʝʰʝʪʢʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʤʠ ʚ ʪʘʙʣʠʮʝ 3.2. ɼʣʷ ʫʪʦʯʥʝʥʠʷ ʤʦʜʫʣʠʨʦʚʘʥʥʳʭ ʩʪʨʫʢʪʫʨ 

ʤʘʨʪʝʥʩʠʪʥʦʡ ʬʘʟʳ ʙʳʣʠ ʚʚʝʜʝʥʳ ʩʣʝʜʫʶʱʠʝ ʦʛʨʘʥʠʯʝʥʠʷ [219-221]: (1) ʤʦʜʫʣʷʮʠʷ ʨʝʰʝʪʢʠ 

ʧʨʦʠʩʭʦʜʠʪ ʚʜʦʣʴ ʥʘʧʨʘʚʣʝʥʠʷ [001] ʤʦʥʦʢʣʠʥʥʦʡ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ([110] ʥʘʧʨʘʚʣʝʥʠʝ 

ʘʫʩʪʝʥʠʪʥʦʡ ʬʘʟʳ); (2) ʢʦʦʨʜʠʥʘʪʘ Z ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʧʦʩʪʦʷʥʥʦʡ, ʚ ʪʦ ʚʨʝʤʷ, ʢʘʢ ʢʦʦʨʜʠʥʘʪʳ X 

ʠ Y ʚʩʝʭ ʘʪʦʤʦʚ ʚ ʬʘʟʝ ʤʘʨʪʝʥʩʠʪʘ ʠʟʤʝʥʷʶʪʩʷ; (3) ʪʘʢ ʢʘʢ ʤʦʜʫʣʷʮʠʷ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ 

ʧʝʨʠʦʜʠʯʝʩʢʠʝ ʧʦʧʝʨʝʯʥʳʝ ʩʤʝʱʝʥʠʷ ʘʪʦʤʥʳʭ ʩʣʦʝʚ (001), ʢʘʞʜʳʡ ʘʪʦʤ ʚ ʜʘʥʥʦʤ ʩʣʦʝ 

ʩʤʝʱʘʝʪʩʷ ʥʘ ʦʜʠʥʘʢʦʚʦʝ ʨʘʩʩʪʦʷʥʠʝ. ʂʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ ʤʘʨʪʝʥʩʠʪʥʦʡ ʬʘʟʳ ʩʧʣʘʚʦʚ 

Ni43Mn37.7In12.3ʉʦ7 ʠ Ni43Mn37.65In12.35ʉʦ7 ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʤʝʩʴ ʠʟ ʜʚʫʭ ʤʦʥʦʢʣʠʥʥʳʭ 

ʩʪʨʫʢʪʫʨ ʩ ʤʦʜʫʣʷʮʠʷʤʠ 5ʄ ʠ 7M (ʛʨʫʧʧʘ ʩʠʤʤʝʪʨʠʠ ὖ ρ ςάϳ  ρ) (ʨʠʩ. 3.5 ʙ, ʚ). 

ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʩʧʣʘʚʘ Ni43Mn37.9In12.1ʉʦ7 ʚ ʬʘʟʝ ʤʘʨʪʝʥʩʠʪʘ ʦʪʣʠʯʘʝʪʩʷ ʦʪ 

ʦʩʪʘʣʴʥʳʭ. ʆʥʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʤʝʩʴ 6M ʠ 8M ʤʦʜʫʣʠʨʦʚʘʥʥʳʭ ʤʦʥʦʢʣʠʥʥʳʭ ʩʪʨʫʢʪʫʨ 

(ʛʨʫʧʧʘ ʩʠʤʤʝʪʨʠʠ ὖ ρ ςάϳ  ρ). ʋ ʚʩʝʛʦ ʤʦʜʫʣʠʨʦʚʘʥʥʦʛʦ ʤʘʨʪʝʥʩʠʪʘ ʠʤʝʶʪʩʷ ʧʦʜʦʙʥʳʝ ʘ ʠ b 

ʧʘʨʘʤʝʪʨʳ ʨʝʰʝʪʢʠ, ʥʦ, ʪʝʤ ʥʝ ʤʝʥʝʝ, ʦʩʴ ʩ ʠ ʤʦʜʫʣʷʮʠʷ ʠʟʤʝʥʷʶʪʩʷ. ʇʘʨʘʤʝʪʨʳ ʨʝʰʝʪʢʠ ʚʩʝʭ 

ʩʪʨʫʢʪʫʨ ʚ ʦʙʝʠʭ ʬʘʟʘʭ ʚʦ ʚʩʝʭ ʪʨʝʭ ʩʧʣʘʚʘʭ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʳ ʚ ʪʘʙʣʠʮʝ 3.2. 
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ʈʠʩʫʥʦʢ 3.5 ï ʇʨʠʥʮʠʧʠʘʣʴʥʳʝ ʩʭʝʤʳ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ʩʧʣʘʚʘ ɻʝʡʩʣʝʨʘ 

Ni43Mn37.65In12.35ʉʦ7 (ʘ) ï ʢʫʙʠʯʝʩʢʘʷ L21 ʩʪʨʫʢʪʫʨʘ ʘʫʩʪʝʥʠʪʥʦʡ ʬʘʟʳ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 300 ʂ. 

ʊʘʢʞʝ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʟʘʤʝʱʝʥʠʷ ʧʦʟʠʮʠʡ ʘʪʦʤʦʚ. (ʙ),(ʚ) ï ʤʦʥʦʢʣʠʥʥʳʝ ʩʪʨʫʢʪʫʨʳ ʩ 

ʤʦʜʫʣʷʮʠʷʤʠ 5ʄ (ʙ) ʠ 7M (ʚ) ʤʘʨʪʝʥʩʠʪʥʦʡ ʬʘʟʳ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 220 ʂ 

 

ʊʘʙʣʠʮʘ 3.2 ï ʇʘʨʘʤʝʪʨʳ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ ʘʫʩʪʝʥʠʪʥʦʡ (ɸ) ʠ ʤʘʨʪʝʥʩʠʪʥʦʡ (ʄ) ʬʘʟ 

ʜʣʷ ʩʧʣʘʚʦʚ ɻʝʡʩʣʝʨʘ ʩʝʤʝʡʩʪʚʘ Ni43Mn(50-ʫ)InʫCo7 (12.35 Ó y Ó 12.1) 

ʉʧʣʘʚ ʊ (ʂ) ʉʪʨʫʢʪʫʨʘ ʘ (ʥʤ) b (ʥʤ) ʩ (ʥʤ) ɓ (Á) 

Ni43Mn37.65In12.35ʉʦ7 

300 ɸ 0.599 0.599 0.599 90 

205 5ʄ/7ʄ 
0.451/ 

0.427 

0.580/ 

0.548 

2.254/ 

2.863 

89.12/ 

91.05 

Ni43Mn37.7In12.3ʉʦ7 

300 ɸ 0.599 0.599 0.599 90 

230 5ʄ/7ʄ 
0.450/ 

0.427 

0.577/ 

0.551 

2.252/ 

2.859 

89.26/ 

91.28 

Ni43Mn37.9In12.1ʉʦ7 

600 ɸ 0.601 0.6007 0.601 90 

250 6ʄ/8ʄ 
0.440/ 

0.443 

0.554/ 

0.557 

2.582/ 

2.288 

93.65/ 

91.05 
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ɼʣʷ ʦʙʨʘʟʮʘ ʩʧʣʘʚʘ ɻʝʡʩʣʝʨʘ Ni43Mn37.9In12.1ʉʦ7 ʧʘʨʘʤʝʪʨ ʨʝʰʝʪʢʠ ʘ ʩʪʨʫʢʪʫʨʳ L21 ʙʳʣ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʨʘʩʩʯʠʪʘʥ ʧʨʠ ʧʷʪʠ ʨʘʟʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 300 ʜʦ 600 ʂ. 

ʊʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʧʘʨʘʤʝʪʨʘ ʨʝʰʝʪʢʠ ʘ ʛʨʘʬʠʯʝʩʢʠ ʠʟʦʙʨʘʞʝʥʘ ʚ ʨʠʩʫʥʢʝ 3.6. 

ʇʘʨʘʤʝʪʨ ʨʝʰʝʪʢʠ ʘ ʣʠʥʝʡʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ. ʃʠʥʝʡʥʳʡ ʪʝʧʣʦʚʦʡ 

ʢʦʵʬʬʠʮʠʝʥʪ ʨʘʩʰʠʨʝʥʠʷ ʵʪʦʛʦ ʩʧʣʘʚʘ ʚ ʜʠʘʧʘʟʦʥʝ 300-600 K ʙʳʣ ʚʳʯʠʩʣʝʥ, ʠ ʨʘʚʥʷʝʪʩʷ 

9.2056Ñ0.0043Ŀ10
-6

 K
-1
, ʢʦʪʦʨʳʡ ʩʦʩʪʘʚʣʷʝʪ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 70% ʚʝʣʠʯʠʥʳ ʯʠʩʪʦʛʦ Ni (1.44Ŀ10

-5
 

K
-1

) [222]. 
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Equation y = a + b*x

Plot B

Intercept 0,59517

Slope 9,20566E-6

 

ʈʠʩʫʥʦʢ 3.6 ï ʊʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʧʘʨʘʤʝʪʨʘ ʨʝʰʝʪʢʠ ʘ ʩʪʨʫʢʪʫʨʳ L21 (ʘʫʩʪʝʥʠʪʥʘʷ 

ʬʘʟʘ) ʩʧʣʘʚʘ ɻʝʡʩʣʝʨʘ Ni43Mn37.9In12.1ʉʦ7 

 

3.2.2 ɿʘʤʝʱʝʥʠʝ ʧʦʟʠʮʠʡ ʘʪʦʤʦʚ ʩʧʣʘʚʦʚ ɻʝʡʩʣʝʨʘ ʩʝʤʝʡʩʪʚʘ Ni-Mn-In-Co 

ʆʜʥʠʤ ʠʟ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʚʦʧʨʦʩʦʚ ʬʠʟʠʢʠ ʪʚʝʨʜʦʛʦ ʪʝʣʘ ʷʚʣʷʝʪʩʷ ʩʚʷʟʴ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʠ ʩʠʩʪʝʤʳ ʫʧʦʨʷʜʦʯʝʥʠʷ ʘʪʦʤʦʚ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʦʚʦʜʠʣʦʩʴ 

ʦʧʨʝʜʝʣʝʥʠʝ ʧʦʟʠʮʠʠ ʘʪʦʤʦʚ ʚ ʩʦʝʜʠʥʝʥʠʷʭ ʩʧʣʘʚʦʚ ɻʝʡʩʣʝʨʘ ʩʝʤʝʡʩʪʚʘ Ni43Mn(50-ʫ)InʫCo7 

(12.35 Ó y Ó 12.1), ʚ ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʠ ʟʘʤʝʱʝʥʠʠ ʠʩʭʦʜʥʳʭ ʧʦʟʠʮʠʡ ʘʪʦʤʦʚ ʘʪʦʤʘʤʠ 

ʣʝʛʠʨʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʚ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʦʤ ʩʦʩʪʘʚʝ Ni2MnIn ʚ ʘʫʩʪʝʥʠʪʥʦʡ 

ʢʫʙʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʝ L21 ʩʫʱʝʩʪʚʫʶʪ ʪʨʠ ʨʘʟʣʠʯʥʳʭ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʭ ʧʦʟʠʮʠʡ: Mn (4ʘ), 

In (4b) ʠ Ni (8ʩ) [54]. ʇʨʠ ʫʪʦʯʥʝʥʠʠ ʧʦʟʠʮʠʡ ʟʘʤʝʱʝʥʠʷ ʜʝʣʘʝʪʩʷ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʚʩʝ ʪʨʠ 
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ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ ʧʦʟʠʮʠʠ ʤʦʛʫʪ ʧʦʪʝʥʮʠʘʣʴʥʦ ʙʳʪʴ ʟʘʥʷʪʳ ʣʶʙʳʤ ʠʟ ʯʝʪʳʨʝʭ ʘʪʦʤʦʚ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʢʦʤʧʦʟʠʮʠʠ. ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ ʤʝʪʦʜʦʤ ʩʠʥʭʨʦʪʨʦʥʥʦʡ ʜʠʬʨʘʢʮʠʠ ʤʝʪʦʜ 

ʥʝʡʪʨʦʥʦʛʨʘʬʠʠ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʪʦʯʥʳʤ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʧʦʟʠʮʠʡ ʟʘʩʝʣʝʥʠʷ ʜʘʥʥʳʭ ʘʪʦʤʦʚ. 

ɸʤʧʣʠʪʫʜʘ ʨʘʩʩʝʷʥʠʷ ʘʪʦʤʦʚ, ʩʦʩʪʘʚʣʷʶʱʠʭ  ʨʘʩʩʤʘʪʨʠʚʘʝʤʫʶ ʢʦʤʧʦʟʠʮʠʶ (Ni, Mn, In, ʉo) 

ʜʣʷ ʥʝʡʪʨʦʥʦʚ ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʟʣʠʯʘʶʪʩʷ (ʛʨʘʥʠʮʘ ʜʣʠʥ ʨʘʩʩʝʷʥʠʷ Ni, Mn, In, ʉo ï 10.3, -3.73, 

2.49, 4.01 ʥʤ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ) [223]. 

ɼʣʷ ʜʝʪʘʣʴʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʟʘʤʝʱʝʥʠʷ ʧʦʟʠʮʠʡ ʘʪʦʤʦʚ Mn, In ʠ Ni ʘʪʦʤʘʤʠ Co ʥʘ 

ʦʙʨʘʟʮʝ Ni43Mn37.9In12.1ʉʦ7  ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩʧʝʢʪʨʳ  ʥʝʡʪʨʦʥʥʦʡ ʜʠʬʨʘʢʮʠʠ ʜʣʷ ʪʨʝʭ 

ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ 600, 450 ʠ 400 ʂ. ʇʨʠ ʜʘʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʦʙʨʘʟʝʮ ʥʘʭʦʜʠʪʩʷ ʚ 

ʘʫʩʪʝʥʠʪʥʦʡ ʬʘʟʝ. ʋʪʦʯʥʝʥʠʝ ʧʦʟʠʮʠʡ ʟʘʤʝʱʝʥʠʷ ʜʚʫʭ ʜʨʫʛʠʭ ʩʧʣʘʚʦʚ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʠʥʭʨʦʪʨʦʥʥʦʡ ʜʠʬʨʘʢʮʠʠ  ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 300ʂ. ɼʣʷ ʧʦʣʥʦʛʦ ʨʘʩʢʨʳʪʠʷ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʚʦʧʨʦʩʘ ʙʳʣʦ ʨʘʩʩʤʦʪʨʝʥʳ ʚʩʝʚʦʟʤʦʞʥʳʝ ʩʧʦʩʦʙʳ ʚʘʨʠʘʮʠʡ 

ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʭ ʧʦʟʠʮʠʡ, ʢʦʪʦʨʳʝ ʤʦʛʣʠ ʟʘʥʷʪʴ ʘʪʦʤʳ. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ. 3.3.  

ʈʝʟʫʣʴʪʘʪʳ ʦʧʨʝʜʝʣʝʥʠʷ ʟʘʤʝʱʝʥʠʷ ʧʦʟʠʮʠʡ ʘʪʦʤʦʚ ʚ ʦʙʨʘʟʮʝ ɻʝʡʩʣʝʨʘ 

Ni43Mn37.9In12.1ʉʦ7 ʧʦʢʘʟʘʣʠ, ʯʪʦ 97% ʟʘʤʝʱʝʥʥʳʭ ʘʪʦʤʦʚ ʉʦ ʦʙʳʯʥʦ ʟʘʥʠʤʘʶʪ ʧʦʟʠʮʠʠ ʘʪʦʤʦʚ 

Ni, ʘ ʦʩʪʘʣʴʥʳʝ ʘʪʦʤʳ Co ʦʩʝʜʘʶʪ ʚ ʫʟʣʘʭ Mn. ɼʘʥʥʦʝ ʥʘʙʣʶʜʝʥʠʝ ʥʘʭʦʜʠʪʩʷ ʚ ʭʦʨʦʰʝʤ 

ʩʦʛʣʘʩʠʠ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʪʝʦʨʝʪʠʯʝʩʢʠʤʠ ʧʝʨʚʦʧʨʠʥʮʠʧʥʳʤʠ ʤʝʪʦʜʘʤʠ [224]. ɺ 

ʨʘʙʦʪʝ [224] ʨʘʩʩʤʘʪʨʠʚʘʣʩʷ ʚʦʧʨʦʩ ʟʘʤʝʱʝʥʠʷ ʘʪʦʤʦʚ ʚ ʩʧʣʘʚʝ Ni-Mn-Ga ʘʪʦʤʘʤʠ Co, ʠ ʙʳʣʦ 

ʜʦʢʘʟʘʥʦ, ʯʪʦ ʘʪʦʤʳ ʉʦ ʟʘʥʠʤʘʶʪ ʧʦʟʠʮʠʠ Ni. ʇʨʝʜʧʦʯʪʝʥʠʝ ʧʦʟʠʮʠʡ Ni ʤʦʞʝʪ ʙʳʪʴ ʦʙʲʷʩʥʝʥʦ 

ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʘʪʦʤʥʳʭ ʨʘʜʠʫʩʦʚ ʘʪʦʤʦʚ ʉʦ ʠ Ni. ʍʠʤʠʯʝʩʢʠʡ ʵʣʝʤʝʥʪ Co ʠʤʝʝʪ ʩʘʤʳʡ 

ʙʣʠʟʢʠʡ ʘʪʦʤʥʳʡ ʨʘʜʠʫʩ ʢ Ni ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʚʫʤʷ ʜʨʫʛʠʤʠ ʵʣʝʤʝʥʪʘʤʠ ʚ ʜʘʥʥʦʤ ʩʧʣʘʚʝ Mn ʠ 

In, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʦʵʪʦʤʫ ʉʦ ʧʨʝʜʧʦʯʠʪʘʝʪ ʟʘʥʠʤʘʪʴ ʧʦʟʠʮʠʶ Ni. ɺʦ ʚʩʝʭ ʪʨʝʭ ʠʟʫʯʘʝʤʳʭ 

ʩʧʣʘʚʘʭ ʧʦʟʠʮʠʠ In ʟʘʥʷʪʳ ʘʪʦʤʘʤʠ Mn ʠ In ʧʨʠʤʝʨʥʦ ʥʘ 50% ʥʘ 50%. ɸʪʦʤʳ Mn ʟʘʥʠʤʘʶʪ ʚʩʝ 

ʪʨʠ ʧʦʟʠʮʠʠ. ʆʜʥʘʢʦ, ʙʦʣʴʰʠʥʩʪʚʦ ʘʪʦʤʦʚ Mn ʥʘʭʦʜʷʪʩʷ ï ʥʘ ʧʦʟʠʮʠʷʭ Mn (60%), 35% ï ʧʦ 

ʧʦʟʠʮʠʷʭ In ʠ 5% ï ʥʘ ʧʦʟʠʮʠʷʭ Ni. ʅʘʛʣʷʜʥʦ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʟʘʤʝʱʝʥʥʳʭ ʧʦʟʠʮʠʷʭ ʘʪʦʤʦʚ ʚ 

ʦʙʨʘʟʮʘʭ Ni43Mn37.65In12.35ʉʦ7 ʠ Ni43Mn37.9In12.1ʉʦ7 ʠʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩʫʥʢʘʭ 3.2 ʠ 3.11, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺ ʩʣʫʯʘʝ ʩʧʣʘʚʘ ɻʝʡʩʣʝʨʘ Ni43Mn37.65In12.35ʉʦ7: ʧʦʟʠʮʠʠ In ʟʘʥʠʤʘʶʪ ʘʪʦʤʳ In ~ 

65% ʠ ʘʪʦʤʳ Mn ~ 35%. ɹʦʣʝʝ 65% ʘʪʦʤʦʚ Mn ʙʳʣʠ ʥʘʡʜʝʥʳ ʥʘ ʩʚʦʠʭ ʩʪʘʥʜʘʨʪʥʳʭ ʧʦʟʠʮʠʷʭ, ʘ 

ʦʩʪʘʣʴʥʘʷ ʯʘʩʪʴ ʧʦʟʠʮʠʡ Mn ʟʘʥʷʪʳ ʘʪʦʤʘʤʠ Ni. ɸʪʦʤʳ Ni ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʠ ʚ ʩʪʘʥʜʘʨʪʥʳʭ 

ʧʦʟʠʮʠʷʭ Ni (~ 86%) ʠ Mn (~ 35%). ʇʦʜʨʦʙʥʦʝ ʦʧʠʩʘʥʠʝ ʟʘʤʝʱʝʥʠʡ ʧʦʟʠʮʠʡ ʘʪʦʤʦʚ ʚ ʦʙʨʘʟʮʝ 

Ni43Mn37.9In12.1ʉʦ7 ʧʨʠʚʝʜʝʥʦ ʥʠʞʝ ʚ ʛʣ. 3.2.4  
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ʊʘʙʣʠʮʘ 3.3 ï ɼʘʥʥʳʝ ʦ ʧʦʟʠʮʠʠ ʟʘʤʝʱʝʥʠʷ ʘʪʦʤʦʚ ʚ ʩʧʣʘʚʘʭ ɻʝʡʩʣʝʨʘ ʩʝʤʝʡʩʪʚʘ Ni43Mn(50-

ʫ)InʫCo7 (12.35 Ó y Ó 12.1) ʚ ʘʫʩʪʝʥʠʪʥʦʡ ʬʘʟʝ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ 

 

ʉʧʣʘʚ ʊ (ʂ) 
ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ 

ʧʦʟʠʮʠʷ 

ɿʘʤʝʱʝʥʠʝ ʢʘʞʜʦʡ ʧʦʟʠʮʠʠ (%) 

Ni Co Mn In 

Ni43Mn37.65In12.35ʉʦ7 300 

4a 37.68 0 62.32 0 

4b 0 0 33.95 62.05 

8c 85.96 14.8 0 0 

Ni43Mn37.7In12.3ʉʦ7 300 

4a 15.4 0 84.6 0 

4b 0 0 52.17 47.83 

8c 88.4 11,6 0 0 

Ni43Mn37.9In12.1ʉʦ7 

400 

4a 3.31 1.32 95.6 0 

4b 0,81 0 53.3 46.8 

8c 79.3 16.8 4.03 0 

450 

4a 5.11 0 94.9 0 

4b 0 0 51.3 48 

8c 79 16.1 6,04 0 

4a 2.58 0 97.4 0 

600 
4b 0 0 52.1 47.2 

8c 79.2 16.8 4.16 0 

 

3.2.3 ɸʥʘʣʠʟ ʬʘʟʦʚʦʡ ʩʦʩʪʘʚʘ ʩʧʣʘʚʘ ɻʝʡʩʣʝʨʘ Ni43Mn 37.9In12.1ʉʦ7 ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ 

 

ɿʘʚʠʩʠʤʦʩʪʴ ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʙʳʣʘ ʠʟʫʯʝʥʘ ʤʝʪʦʜʦʤ ʥʝʡʪʨʦʥʦʛʨʘʬʠʠ 

ʧʫʪʝʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʵʚʦʣʶʮʠʠ ʯʠʩʪʦʡ ʤʘʨʪʝʥʩʠʪʥʦʡ ʬʘʟʳ (ʧʨʠ 250 ʂ) ʚ ʘʫʩʪʝʥʠʪʥʫʶ ʬʘʟʫ (ʧʨʠ 

450 ʂ) (ʨʠʩ. 3.7). ɼʣʷ ʵʪʦʛʦ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʥʝʡʪʨʦʥʦʛʨʘʬʠʯʝʩʢʠʝ ʜʠʬʨʘʢʮʠʦʥʥʳʝ ʢʘʨʪʠʥʳ ʧʨʠ 

ʨʘʟʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 50 ʜʦ 600 ʂ. 

 ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʢʣʘʜʘ ʢʘʞʜʦʡ ʬʘʟʳ ʦʪ ʦʙʱʝʡ ʜʠʬʨʘʢʮʠʦʥʥʦʡ ʢʘʨʪʠʥʳ, ʬʘʟʦʚʳʝ ʜʦʣʠ 

ʬʘʟ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 50 ʜʦ 600 ʂ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʩ ʧʦʤʦʱʴʶ 

ʦʙʨʘʙʦʪʢʠ ʥʝʡʪʨʦʥʥʳʭ ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʢʘʨʪʠʥ. ʉ ʧʦʤʦʱʴʶ ʟʥʘʯʝʥʠʡ ʬʘʟʦʚʦʡ ʜʦʣʠ (Si), 

ʚʝʩʦʚʘʷ ʜʦʣʷ (Wi) ʢʘʞʜʦʡ ʬʘʟʳ ʙʳʣʘ ʚʳʯʠʩʣʝʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʫʨʘʚʥʝʥʠʷ (3.1).  
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ὡ ὛὓὠϳВὛὓὠȟ     (3.1) 

 

ʛʜʝ Mi ʠ Vi - ʤʘʩʩʘ ʠ ʦʙʲʝʤ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʆʙʲʝʤʳ ʵʣʝʤʝʥʪʘʨʥʦʡ 

ʷʯʝʡʢʠ ʦʧʨʝʜʝʣʷʣʠ ʧʦ ʧʘʨʘʤʝʪʨʘʤ ʨʝʰʝʪʢʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʘʨʥʳʭ ʷʯʝʝʢ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʬʘʟ. ʀʟʤʝʥʝʥʠʝ ʚʝʩʘ ʬʘʟʦʚʦʡ ʜʦʣʠ ʧʨʠ ʨʘʟʥʳʭ ʟʥʘʯʝʥʠʷʭ ʪʝʤʧʝʨʘʪʫʨʳ 

ʧʨʠʚʝʜʝʥʦ ʥʘ ʨʠʩʫʥʢʝ 3.8.  

ɺʝʩʴ ʜʠʘʧʘʟʦʥ ʪʝʤʧʝʨʘʪʫʨ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʪʨʠ ʦʩʥʦʚʥʳʝ ʯʘʩʪʠ. ɺ ʧʝʨʚʦʡ ʦʙʣʘʩʪʠ 

(ʪ.ʝ. ʚ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʜʠʘʧʘʟʦʥʝ ʦʪ 50 ʜʦ 270 ʂ), ʦʙʨʘʟʝʮ ʦʙʣʘʜʘʝʪ ʤʘʨʪʝʥʩʠʪʥʦʡ ʬʘʟʦʡ, 

ʩʦʩʪʦʷʱʝʡ ʠʟ ʤʦʜʫʣʠʨʦʚʘʥʥʳʭ ʩʪʨʫʢʪʫʨ 6ʄ ʠ 8ʄ. ɿʜʝʩʴ, ʚʝʩʦʚʘʷ ʜʦʣʷ ʬʘʟʳ 6ʄ ʚʦʟʨʘʩʪʘʝʪ ʩ 

ʧʦʚʳʰʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ (6ʄ ʷʚʣʷʝʪʩʷ ʜʦʤʠʥʠʨʫʶʱʝʡ ʤʘʨʪʝʥʩʠʪʥʦʡ ʬʘʟʦʡ ʯʫʪʴ ʥʠʞʝ 

ʪʝʤʧʝʨʘʪʫʨʳ ʌʇ 1-ʛʦ ʨʦʜʘ). ʋʚʝʣʠʯʝʥʠʝ ʬʘʟʳ 6ʄ ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʩʯʸʪ ʫʤʝʥʴʰʝʥʠʷ ʜʦʣʠ 

ʤʘʨʪʝʥʩʠʪʘ 8ʄ. ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 50 ʂ, ʦʪʥʦʰʝʥʠʝ ʧʨʦʮʝʥʪʥʦʛʦ ʩʦʜʝʨʞʘʥʠʝ ʬʘʟʳ 8M ʢ ʬʘʟʝ 6ʄ 

ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 60% ʜʦ 40%. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʪʘʢʦʝ ʧʦʚʝʜʝʥʠʝ ʤʘʨʪʝʥʩʠʪʘ ʟʘʚʠʩʠʪ ʦʪ 

ʵʥʪʨʦʧʠʠ ʩʪʨʫʢʪʫʨ: ʚʳʩʦʢʦ ʫʧʦʨʷʜʦʯʝʥʥʘʷ ʬʘʟʘ 8M ʵʥʝʨʛʝʪʠʯʝʩʢʠ ʚʳʛʦʜʥʘ ʧʨʠ ʥʠʟʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʠʟ-ʟʘ ʝʛʦ ʥʠʟʢʦʡ ʵʥʪʨʦʧʠʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 6M ʤʦʜʫʣʷʮʠʝʡ.   

ɺʦ ʚʪʦʨʦʡ ʦʙʣʘʩʪʠ (270-350 ʂ) ʠʤʝʶʪ ʤʝʩʪʦ ʪʨʠ ʬʘʟʳ: ʘʫʩʪʝʥʠʪʥʘʷ, ʤʦʜʫʣʠʨʦʚʘʥʥʳʝ 

ʤʘʨʪʝʥʩʠʪʥʳʝ ʬʘʟʳ 6M ʠ 8M. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʠ ʨʘʩʯʝʪʥʘʷ ʢʘʨʪʠʥʳ ʥʝʡʪʨʦʥʥʦʡ ʜʠʬʨʘʢʮʠʠ 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 300 ʂ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩ. 3.9 (ʘ). ʇʨʠ ʊ = 300 ʂ ʘʫʩʪʝʥʠʪʥʘʷ ʬʘʟʘ ʧʦ-ʧʨʝʞʥʝʤʫ 

ʷʚʣʷʝʪʩʷ ʜʦʤʠʥʠʨʫʶʱʝʡ, ʜʠʬʨʘʢʮʠʦʥʥʘʷ ʢʘʨʪʠʥʘ ʠ ʚʢʣʘʜ ʦʪ 8M ʤʦʜʫʣʠʨʦʚʘʥʥʦʡ ʬʘʟʳ 

ʤʠʥʠʤʘʣʴʥʘ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʩʫʱʝʩʪʚʫʝʪ ʟʥʘʯʠʪʝʣʴʥʳʡ ʚʢʣʘʜ ʦʪ 6ʄ ʤʦʜʫʣʠʨʦʚʘʥʥʦʡ 

ʤʘʨʪʝʥʩʠʪʥʦʡ ʬʘʟʳ. ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 270 ʂ, ʤʘʩʩʦʚʘʷ ʜʦʣʷ ʬʘʟʳ 8ʄ ʩʦʩʪʘʚʣʷʝʪ ʤʝʥʝʝ 15%, ʠ 

ʦʥʘ ʫʙʳʚʘʝʪ ʧʨʠ ʜʘʣʴʥʝʡʰʝʤ ʧʦʚʳʰʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ.  

ɺ ʪʨʝʪʴʝʡ ʦʙʣʘʩʪʠ ʦʪ 350 ʂ ʜʦ 600 ʂ, ʩʧʣʘʚ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʜʥʦʬʘʟʥʳʡ ʘʫʩʪʝʥʠʪ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʠ ʨʘʩʯʝʪʥʘʷ ʜʠʬʨʘʢʮʠʦʥʥʳʝ ʢʘʨʪʠʥ ʧʨʠ 600 ʂ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 3.7 

(ʙ). ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩ. 3.7 (ʙ) ʚʩʝ ʥʘʙʣʶʜʘʝʤʳʝ ʙʨʵʛʛʦʚʩʢʠʝ ʧʠʢʠ ʦʪʥʦʩʷʪʩʷ ʢ ʢʫʙʠʯʝʩʢʦʡ 

ʩʪʨʫʢʪʫʨʝ L21 ʠ ʩʣʝʜʦʚ ʤʘʨʪʝʥʩʠʪʥʦʡ ʬʘʟʳ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ.  
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ʈʠʩʫʥʦʢ 3.7 ï ʅʝʡʪʨʦʥʦʛʨʘʬʠʯʝʩʢʠʝ ʩʧʝʢʪʨʳ ʩʧʣʘʚʘ Ni43Mn37.9In12.1ʉʦ7 ʧʨʠ ʨʘʟʥʳʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ. ʇʨʠ ʚʦʟʨʘʩʪʘʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʦʪ 250 ʜʦ 450 ʂ ʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ ʦʩʣʘʙʣʝʥʠʝ 

ʤʘʨʪʝʥʩʠʪʥʳʭ ʠ ʨʦʩʪ ʘʫʩʪʝʥʠʪʥʳʭ ʙʨʵʛʛʦʚʩʢʠʭ ʧʠʢʦʚ 
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ʈʠʩʫʥʦʢ 3.8 ï ʀʟʤʝʥʝʥʠʝ ʬʘʟʦʚʦʡ ʜʦʣʠ ʘʫʩʪʝʥʠʪʘ, ʦʙʱʝʛʦ ʤʘʨʪʝʥʩʠʪʘ, ʤʘʨʪʝʥʩʠʪʥʳʭ ʬʘʟ 6M ʠ 

8M ʚ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʜʠʘʧʘʟʦʥʝ 50-600 K 
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ʈʠʩʫʥʦʢ 3.9 ï ʅʝʡʪʨʦʥʦʛʨʘʬʠʯʝʩʢʠʝ ʩʧʝʢʪʨʳ ʩʧʣʘʚʘ Ni43Mn37.9In12.1ʉʦ7 ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ (ʘ) 

300 ʂ, (ʙ) 600 ʂ. ʇʨʠ ʊ=300 ʂ ʩʪʨʫʢʪʫʨʘ ʩʧʣʘʚʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʤʝʩʴ ʘʫʩʪʝʥʠʪʥʦʡ ʠ 

ʤʘʨʪʝʥʩʠʪʥʦʡ ʬʘʟ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʚʢʣʘʜ ʤʘʨʪʝʥʩʠʪʥʦʡ ʬʘʟʳ ʤʘʣ. ɿʥʘʯʝʥʠʷ hkl ʙʨʵʛʛʦʚʩʢʠʭ 

ʧʠʢʦʚ ʘʫʩʪʝʥʠʪʥʦʡ (ɸ), 6M ʠ 8M ʤʘʨʪʝʥʩʠʪʥʳʭ ʬʘʟʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʯʝʨʥʦʤ, ʢʨʘʩʥʦʤ ʠ ʩʠʥʝʤ 

ʮʚʝʪʝ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʨʠ ʊ=600 ʂ ʩʪʨʫʢʪʫʨʘ ʩʧʣʘʚʘ ï ʦʜʥʦʬʘʟʥʳʡ ʘʫʩʪʝʥʠʪʘ ʩ ʢʫʙʠʯʝʩʢʦʡ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʦʡ L21. ʇʦʜʦʙʥʳʝ ʜʠʬʨʘʢʪʦʛʨʘʤʤʳ ʚ ʜʘʥʥʦʤ ʦʙʨʘʟʮʝ (ʧʨʠ 600 ʂ) 

ʪʘʢʞʝ ʥʘʙʣʶʜʘʣʠʩʴ ʧʨʠ 450 ʠ 400 ʂ 

 

3.2.4 ʄʘʛʥʠʪʥʦʝ ʫʧʦʨʷʜʦʯʝʥʠʝ ʩʧʣʘʚʦʚ ɻʝʡʩʣʝʨʘ ʩʝʤʝʡʩʪʚʘ Ni-Mn-In-Co  

 

ʉʦʛʣʘʩʥʦ ʠʟʤʝʨʝʥʠʷʤ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʄ(ʊ) ʚʩʝ 

ʠʩʩʣʝʜʫʝʤʳʝ ʩʧʣʘʚʳ ɻʝʡʩʣʝʨʘ ʩʝʤʝʡʩʪʚʘ Ni43Mn(50-ʫ)InʫCo7 (12.35 Ó y Ó 12.1) ʠʤʝʶʪ ʩʣʘʙʫʶ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ ʚ ʤʘʨʪʝʥʩʠʪʥʦʡ ʬʘʟʝ (ʩʤ. ʛʣ. 3.1). ʅʘʧʨʠʤʝʨ, ʩʧʣʘʚ ɻʝʡʩʣʝʨʘ 

Ni43Mn37.9In12.1ʉʦ7 ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʨʝʟʢʦʝ ʧʦʥʠʞʝʥʠʝ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ ʧʨʠ ʊ å 260 K ʚ ʧʨʦʮʝʩʩʝ 

ʦʭʣʘʞʜʝʥʠʷ ʠ ʨʦʩʪ ʧʨʠ ʊ å 300 K ʧʦʩʣʝ ʥʘʛʨʝʚʘʥʠʷ ʩʧʣʘʚʘ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ 0.005 ʊʣ. ʉʦʛʣʘʩʥʦ 

ʣʠʪʝʨʘʪʫʨʥʳʤ ʜʘʥʥʳʤ [5, 19, 182] ʚ ʦʙʣʘʩʪʠ ʚʳʰʝ ʤʘʛʥʠʪʦʩʪʨʫʢʪʫʨʥʦʛʦ ʧʝʨʝʭʦʜʘ ʥʘʙʣʶʜʘʝʪʩʷ 

ʬʝʨʨʦʤʘʛʥʠʪʥʳʡ ʘʫʩʪʝʥʠʪ, ʘ ʚ ʦʙʣʘʩʪʠ ʥʠʞʝ ʤʘʛʥʠʪʦʩʪʨʫʢʪʫʨʥʦʛʦ ʧʝʨʝʭʦʜʘ ï ʩʣʘʙʦʤʘʛʥʠʪʥʳʡ 

ʤʘʨʪʝʥʩʠʪ. ɺʦʧʨʦʩ ʦ ʪʠʧʝ ʤʘʛʥʠʪʥʦʛʦ ʫʧʦʨʷʜʦʯʝʥʠʷ ʤʘʨʪʝʥʩʠʪʘ ʦʩʪʘʝʪʩʷ ʦʪʢʨʳʪʳʤ. ʀʤʝʝʪʩ ̫

ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʩʣʘʙʘʷ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ ʩʧʣʘʚʘ ʚ ʤʘʨʪʝʥʩʠʪʥʦʡ ʬʘʟʝ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʘ ʩ 

ʥʘʣʠʯʠʝʤ ʘʥʪʠʬʝʨʨʦʤʘʛʥʝʪʠʟʤʘ ʠʣʠ ʩʦʩʪʦʷʥʠʷ ʩʧʠʥʦʚʦʛʦ ʩʪʝʢʣʘ [5, 19, 92, 182]. 
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ʉ ʮʝʣʴʶ ʠʟʫʯʝʥʠʷ ʤʘʛʥʠʪʥʦʛʦ ʪʠʧʘ ʫʧʦʨʷʜʦʯʝʥʠʷ ʤʘʨʪʝʥʩʠʪʥʦʡ ʬʘʟʳ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ 

ʥʝʡʪʨʦʥʦʛʨʘʬʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ (ʥʠʞʝ 250 ʂ). ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʘ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣ ʚʳʙʨʘʥ ʩʧʣʘʚ ɻʝʡʩʣʝʨʘ Ni43Mn37.9In12.1ʉʦ7. ɺ ʜʘʥʥʦʤ ʩʧʣʘʚʝ ʧʨʠʩʫʪʩʪʚʫʝʪ ʪʨʠ 

ʪʠʧʘ ʘʪʦʤʦʚ (Mn, Co ʠ Ni), ʦʙʣʘʜʘʶʱʠʝ ʤʘʛʥʠʪʥʳʤʠ ʤʦʤʝʥʪʘʤʠ ʠ ʩʧʦʩʦʙʥʳʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ ʥʝʡʪʨʦʥʘʤʠ. ʇʨʠ ʥʘʣʠʯʠʠ ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʦʛʦ ʫʧʦʨʷʜʦʯʝʥʠʷ ʚ 

ʤʘʨʪʝʥʩʠʪʝ, ʙʫʜʫʪ ʥʘʙʣʶʜʘʪʴʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʙʨʵʛʛʦʚʩʢʠʝ ʤʘʛʥʠʪʥʳʝ ʧʠʢʠ, ʦʪʜʝʣʝʥʥʳʝ ʦʪ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʧʠʢʦʚ ʠʟ-ʟʘ ʨʘʩʰʠʨʝʥʠʷ ʤʘʛʥʠʪʥʦʡ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʦʡ [225]. ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʨʘʩʯʝʪʥʳʭ ʥʝʡʪʨʦʥʦʛʨʘʬʠʯʝʩʢʠʭ 

ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʧʨʠ ʊ=250 ʂ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 3.10. ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ 

3.10 ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʧʠʢʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʳʤ ʫʧʦʨʷʜʦʯʝʥʠʝʤ, ʥʝ 

ʥʘʙʣʶʜʘʝʪʩʷ. ʕʪʦ ʠʩʢʣʶʯʘʝʪ ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʦʝ ʫʧʦʨʷʜʦʯʝʥʠʝ, ʢʘʢ ʦʙʲʷʩʥʝʥʠʝ 

ʩʣʘʙʦʤʘʛʥʠʪʥʦʛʦ ʤʘʨʪʝʥʩʠʪʘ.  

 

 

ʈʠʩʫʥʦʢ 3.10 ï ʅʝʡʪʨʦʥʥʳʝ ʜʠʬʨʘʢʮʠʦʥʥʳʝ ʜʘʥʥʳʝ ʦʙʨʘʟʮʘ Ni43Mn37.9In12.1ʉʦ7 ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 

250 K. ʇʨʠ ʜʘʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʩʧʣʘʚ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʦʝʜʠʥʝʥʠʝ ʜʚʫʭ ʤʘʨʪʝʥʩʠʪʥʳʭ ʬʘʟ ʩ 

ʤʦʜʫʣʷʮʠʷʤʠ 6M ʠ 8M. ʏʝʨʥʳʤ ʮʚʝʪʦʤ ʧʦʤʝʯʝʥʳ (hkl) ʟʥʘʯʝʥʠʷ ʧʠʢʦʚ ʤʦʜʫʣʠʨʦʚʘʥʥʦʡ ʬʘʟʳ 

6ʄ, ʢʨʘʩʥʳʤ ï 8ʄ. ʀʤʝʝʪ ʤʝʩʪʦ ʭʦʨʦʰʝʝ ʩʦʛʣʘʩʦʚʘʥʠʝ ʤʝʞʜʫ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʠ 

ʨʘʩʯʝʪʥʳʤʠ ʜʠʬʨʘʢʮʠʦʥʥʳʤʠ ʢʘʨʪʠʥʘʤʠ ʥʘ ʦʩʥʦʚʝ ʩʤʝʩʠ ʤʦʜʫʣʠʨʫʝʤʳʭ ʤʘʨʪʝʥʩʠʪʥʳʭ ʬʘʟ 

 

ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʚʦʟʤʦʞʥʦʩʪʴ ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʦʛʦ ʫʧʦʨʷʜʦʯʝʥʠʷ ʚ ʤʘʨʪʝʥʩʠʪʝ 

ʠʩʢʣʶʯʘʝʪʩʷ, ʥʝʪ ʜʦʩʪʘʪʦʯʥʳʭ ʜʦʢʘʟʘʪʝʣʴʩʪʚ ʥʘ ʦʩʥʦʚʝ ʥʝʡʪʨʦʥʦʛʨʘʬʠʯʝʩʢʠʭ ʜʘʥʥʳʭ, 


