
ʈʝʰʘʶʱʠʝ ʠ ʥʘʠʙʦʣʝʝ ʧʦʨʘʟʠʪʝʣʴʥʳʝ ʧʝʨʠʦʜʳ ʨʘʟʚʠʪʠʷ ʬʠʟʠʢʠ ï ʵʪʦ ʧʝʨʠʦʜʳ 

ʚʝʣʠʢʠʭ ʦʙʦʙʱʝʥʠʡ, ʢʦʛʜʘ ʷʚʣʝʥʠʷ, ʢʘʟʘʚʰʠʝʩʷ ʨʘʟʦʙʱʸʥʥʳʤʠ, ʥʝʦʞʠʜʘʥʥʦ 

ʩʪʘʥʦʚʷʪʩʷ ʚʩʝʛʦ ʣʠʰʴ ʨʘʟʥʳʤʠ ʘʩʧʝʢʪʘʤʠ ʦʜʥʦʛʦ ʠ ʪʦʛʦ ʞʝ ʧʨʦʮʝʩʩʘ. 

ʀʩʪʦʨʠʷ ʬʠʟʠʢʠ ï ʵʪʦ ʠʩʪʦʨʠʷ ʪʘʢʠʭ ʦʙʦʙʱʝʥʠʡ, ʠ ʚ ʦʩʥʦʚʝ ʫʩʧʝʭʘ ʥʘʫʢʠ 

ʣʝʞʠʪ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʥʘʰʘ ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʩʠʥʪʝʟʫ. 
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ʉʝʢʮʠʷ 1. 
ʅʦʚʳʝ ʤʘʛʥʠʪʥʳʝ ʠ ʨʦʜʩʪʚʝʥʥʳʝ ʠʤ 

ʤʘʪʝʨʠʘʣʳ: ʩʠʥʪʝʟ ʠ ʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ.  
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ʋɼʂ 537.632 

 

ʄʫʣʴʪʠʬʝʨʨʦʠʜʥʳʝ ʢʦʤʧʦʟʠʪʳ ʜʣʷ ʙʠʦʤʝʜʠʮʠʥʩʢʠʭ ʧʨʠʣʦʞʝʥʠʡ  

ʈʦʜʠʦʥʦʚʘ ɺ.ɺ. 
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ɸʥʥʦʪʘʮʠʷ. ɺ ʥʘʰʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʤʘʛʥʠʪʦʵʣʝʢʪʨʠʯʝʩʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ (ʄʕ) 

ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʪʨʝʭʢʦʤʧʦʥʝʥʪʥʳʭ ʢʦʤʧʦʟʠʪʦʚ PVDF/BTO5/CFO ʩʦʩʪʘʚʠʣ 18,5 ʤɺ/ʩʤ*ʕ, 

ʯʪʦ ʚ ʯʝʪʳʨʝ ʨʘʟʘ ʚʳʰʝ, ʯʝʤ ʫ ʭʘʦʪʠʯʝʩʢʠ ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʜʚʫʭʢʦʤʧʦʥʝʥʪʥʦʛʦ ʢʦʤʧʦʟʠʪʘ 

PVDF/CFO. ɼʣʷ ʦʙʲʷʩʥʝʥʠʷ ʄʕ-ʧʨʝʚʨʘʱʝʥʠʷ ʚ ʪʨʝʭʢʦʤʧʦʥʝʥʪʥʳʭ ʢʦʤʧʦʟʠʪʘʭ ʧʨʝʜʣʦʞʝʥʘ 

ʤʦʜʝʣʴ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʤʘʛʥʠʪʦʩʪʘʪʠʯʝʩʢʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʭ ʢʣʘʩʪʝʨʦʚ ʤʘʛʥʠʪʥʳʭ 

ʥʘʥʦʯʘʩʪʠʮ ʩʦ ʩʣʫʯʘʡʥʦ ʨʘʩʧʨʝʜʝʣʝʥʥʳʤʠ ʣʝʛʢʠʤʠ ʦʩʷʤʠ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʫʣʴʪʠʬʝʨʨʦʠʢʠ, ʢʦʤʧʦʟʠʪʥʳʡ ʤʘʪʝʨʠʘʣ, ʤʘʛʥʠʪʦʵʣʝʢʪʨʠʯʝʩʢʠʡ ʵʬʬʝʢʪ 
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Annotation. In our study, the magnetoelectric voltage coefficient (ME) of oriented 3-component 

PVDF-TrFE/BTO5/CFO composites was about 18.5 mV/cm*Oe that is four times higher than it is in 

the randomly oriented 2-component PVDF/CFO composite. A model based on magnetostatic 

interactions of clusters of magnetic nanoparticles with randomly distributed easy axes for the 

explanation of the ME transformation in 3-component composites has been suggested. 
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ʉʠʥʪʝʟʠʨʦʚʘʥ ʠ ʠʩʩʣʝʜʦʚʘʥ ʥʘʙʦʨ ʦʙʨʘʟʮʦʚ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ ʥʘ ʦʩʥʦʚʝ ʧʦʣʠʤʝʨʦʚ, 

ʦʙʣʘʜʘʶʱʠʭ ʤʘʛʥʠʪʥʳʤʠ ʠ ʤʘʛʥʠʪʦʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʟʘ ʩʯʝʪ ʚʢʣʶʯʝʥʠʷ 

ʤʘʛʥʠʪʥʳʭ ʥʘʥʦʯʘʩʪʠʮ ʚ ʧʴʝʟʦʧʦʣʠʤʝʨʳ. ʇʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʳ ʥʦʚʳʝ ʩʪʨʘʪʝʛʠʠ ʧʦʚʳʰʝʥʠʷ 

ʤʘʛʥʠʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ ʥʘ ʦʩʥʦʚʝ PVDF ʟʘ ʩʯʝʪ ʦʨʠʝʥʪʘʮʠʠ 

ʢʣʘʩʪʝʨʦʚ ʥʘʥʦʯʘʩʪʠʮ ʚ ʮʝʧʦʯʢʘʭ ʚ ʧʦʣʠʤʝʨʥʦʡ ʤʘʪʨʠʮʝ ʠ ʩʦʟʜʘʥʠʷ ʪʨʝʭʢʦʤʧʦʥʝʥʪʥʳʭ 

ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ ʧʫʪʝʤ ʜʦʙʘʚʣʝʥʠʷ ʦʜʥʦʛʦ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ 

(ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʯʘʩʪʠʮ). ɺ ʥʘʰʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʤʘʛʥʠʪʦʵʣʝʢʪʨʠʯʝʩʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ 

(ʄʕ) ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʪʨʝʭʢʦʤʧʦʥʝʥʪʥʳʭ ʢʦʤʧʦʟʠʪʦʚ PVDF/BTO5/CFO ʩʦʩʪʘʚʠʣ 

18,5 ʤɺ/ʩʤ*ʕ [1], ʯʪʦ ʚ ʯʝʪʳʨʝ ʨʘʟʘ ʚʳʰʝ, ʯʝʤ ʫ ʭʘʦʪʠʯʝʩʢʠ ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ 

ʜʚʫʭʢʦʤʧʦʥʝʥʪʥʦʛʦ ʢʦʤʧʦʟʠʪʘ PVDF/CFO. ɼʣʷ ʦʙʲʷʩʥʝʥʠʷ ʄʕ-ʧʨʝʚʨʘʱʝʥʠʷ ʚ 

ʪʨʝʭʢʦʤʧʦʥʝʥʪʥʳʭ ʢʦʤʧʦʟʠʪʘʭ ʧʨʝʜʣʦʞʝʥʘ ʤʦʜʝʣʴ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʤʘʛʥʠʪʦʩʪʘʪʠʯʝʩʢʠʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʭ ʢʣʘʩʪʝʨʦʚ ʤʘʛʥʠʪʥʳʭ ʥʘʥʦʯʘʩʪʠʮ ʩʦ ʩʣʫʯʘʡʥʦ ʨʘʩʧʨʝʜʝʣʝʥʥʳʤʠ ʣʝʛʢʠʤʠ 

ʦʩʷʤʠ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ. ʉ ʧʦʤʦʱʴʶ ʩʢʘʥʠʨʫʶʱʝʡ ʟʦʥʜʦʚʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʠʩʩʣʝʜʦʚʘʥʳ 

ʣʦʢʘʣʴʥʳʝ ʤʘʛʥʠʪʥʳʝ ʠ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ. ɼʘʣʴʥʝʡʰʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ 

ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʧʦʚʳʰʝʥʠʝ ʤʘʛʥʠʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʟʘ ʩʯʝʪ ʠʟʤʝʥʝʥʠʷ ʨʘʟʤʝʨʘ, 
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ʬʦʨʤʳ ʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʯʘʩʪʠʮ (ʢʘʢ ʤʘʛʥʠʪʥʳʭ, ʪʘʢ ʠ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ) ʚ ʪʘʢʠʭ 

ʢʦʤʧʦʟʠʪʘʭ, ʘ ʪʘʢʞʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʤʘʛʥʠʪʥʳʭ, ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

ʧʦʚʝʨʭʥʦʩʪʠ, ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʚʘʞʥʦʡ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʙʠʦʤʝʜʠʮʠʥʩʢʠʭ ʧʨʠʣʦʞʝʥʠʡ [2, 3]. ɺ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʦʜʦʣʞʘʶʪʩʷ ʨʘʙʦʪʳ ʧʦ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʧʦʣʫʯʝʥʥʳʭ 

ʤʘʛʥʠʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʢʦʤʧʦʟʠʪʦʚ ʚ ʢʘʯʝʩʪʚʝ ʙʠʦʘʢʪʠʚʥʦʛʦ ʠʥʪʝʨʬʝʡʩʘ. ɺʦʟʤʦʞʥʦʩʪʴ 

ʙʝʩʢʦʥʪʘʢʪʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʟʘʨʷʜʘ ʩ ʧʦʤʦʱʴʶ ʧʨʠʣʦʞʝʥʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ 

ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ ʩʪʠʤʫʣʷʮʠʠ ʧʨʦʮʝʩʩʘ ʧʨʦʣʠʬʝʨʘʮʠʠ ʥʝʡʨʦʥʘʣʴʥʳʭ ʩʪʚʦʣʦʚʳʭ 

ʢʣʝʪʦʢ, ʚ ʪʦʤ ʯʠʩʣʝ, ʜʣʷ ʢʦʥʪʨʦʣʷ ʠ ʠʥʜʫʢʮʠʠ ʠʭ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʠ. ʅʘʰʠ ʨʝʟʫʣʴʪʘʪʳ 

ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʦʜʣʦʞʢʠ ʥʘ ʦʩʥʦʚʝ PVDF ʙʠʦʩʦʚʤʝʩʪʠʤʳ ʩ ʥʝʡʨʦʥʘʣʴʥʳʤʠ ʩʪʚʦʣʦʚʳʤʠ 

ʢʣʝʪʢʘʤʠ, ʚʳʜʝʣʝʥʥʳʤʠ ʥʘ ʨʘʥʥʝʡ ʵʤʙʨʠʦʥʘʣʴʥʦʡ ʩʪʘʜʠʠ, ʠ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʭ ʤʦʞʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʤʘʪʨʠʮʳ ʜʣʷ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʢʣʝʪʦʢ ʜʣʷ ʙʫʜʫʱʝʛʦ ʧʨʠʤʝʥʝʥʠʷ ʧʨʠ 

ʣʝʯʝʥʠʠ ʥʝʡʨʦʜʝʛʝʥʝʨʘʪʠʚʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ, ʪʨʘʚʤ ʩʧʠʥʥʦʛʦ ʤʦʟʛʘ ʠ ʧʦʚʨʝʞʜʝʥʠʡ ʛʦʣʦʚʥʦʛʦ 

ʤʦʟʛʘ.  

Bʩʩʣʝʜʦʚʘʥʠʷ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʚʳʧʦʣʥʝʥʳ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ 

ʬʦʥʜʘ, ʧʨʦʝʢʪ ˉ. 21-72-30032. 
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ɸʥʥʦʪʘʮʠʷ. ʅʘʥʦʯʘʩʪʠʮʳ Fe0.55Co2.45O4 ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʤʝʪʦʜʦʤ ʩʘʤʦʚʦʟʛʦʨʘʥʠʷ ʚ 

ʨʘʩʪʚʦʨʝ ʠ ʧʦʜʚʝʨʛʥʫʪʳ ʪʝʨʤʦʦʙʨʘʙʦʪʢʝ ʨʘʟʣʠʯʥʦʡ ʜʣʠʪʝʣʴʥʦʩʪʠ ʧʨʠ ʨʘʟʣʠʯʥʳʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ Ttreat ʦʪ 400 ʜʦ 800 ÁC. ʂʘʢ ʠʩʭʦʜʥʳʝ ʥʘʥʦʯʘʩʪʠʮʳ, ʪʦ ʝʩʪʴ, ʯʘʩʪʠʮʳ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʦʩʣʝ ʩʠʥʪʝʟʘ, ʪʘʢ ʠ ʧʨʦʰʝʜʰʠʝ ʪʝʨʤʦʦʙʨʘʙʦʪʢʫ ʷʚʣʷʶʪʩʷ 

ʥʘʥʦʢʨʠʩʪʘʣʣʘʤʠ ʰʧʠʥʝʣʠ ʩ ʧʘʨʘʤʝʪʨʘʤʠ, ʭʘʨʘʢʪʝʨʥʳʤʠ ʜʣʷ Co3O4. ʊʝʤʧʝʨʘʪʫʨʘ Ttreat 

ʢʨʠʪʠʯʝʩʢʠ ʚʣʠʷʝʪ ʥʘ ʨʘʟʤʝʨʳ ʥʘʥʦʢʨʠʩʪʘʣʣʦʚ ʠ ʠʭ ʩʚʦʡʩʪʚʘ. ʈʘʟʤʝʨʳ ʥʘʥʦʢʨʠʩʪʘʣʣʦʚ 

ʤʦʥʦʪʦʥʥʦ ʚʦʟʨʘʩʪʘʶʪ ʩ ʫʚʝʣʠʯʝʥʠʝʤ Ttreat ʦʪ 5.2 ʥʤ ʚ ʠʩʭʦʜʥʦʤ ʦʙʨʘʟʮʝ ʜʦ 48 ʥʤ ʧʨʠ Ttreat 

=800 ÁC. ʅʘʤʘʛʥʠʯʝʥʥʦʩʪʴ ʠ ʩʧʝʢʪʨʳ ʤʘʛʥʠʪʥʦʛʦ ʢʨʫʛʦʚʦʛʦ ʜʠʭʨʦʠʟʤʘ ʧʨʠ ʵʪʦʤ ʪʘʢʞʝ 

ʦʯʝʥʴ ʩʠʣʴʥʦ ʠʟʤʝʥʷʶʪʩʷ, ʥʦ ʥʝʤʦʥʦʪʦʥʥʦ. ʆʙʥʘʨʫʞʝʥʘ ʚʳʩʦʢʘʷ ʘʜʩʦʨʙʮʠʦʥʥʘʷ ʝʤʢʦʩʪʴ 

ʥʘʥʦʯʘʩʪʠʮ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʘʥʠʦʥʥʦʤʫ ʢʨʘʩʠʪʝʣʶ ʂʦʥʛʦ ʢʨʘʩʥʳʡ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʥʘʥʦʯʘʩʪʠʮʳ, FexCo3-xO4, ʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ, ʤʘʛʥʠʪʥʳʡ ʢʨʫʛʦʚʦʡ 

ʜʠʭʨʦʠʟʤ, ʘʜʩʦʨʙʮʠʷ ʦʨʛʘʥʠʯʝʩʢʠʭ ʢʨʘʩʠʪʝʣʝʡ    
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Annotation. Fe0.55Co2.45O4 nanoparticles (NPs) were synthesized by combustion method and 

subjected to heat treatment of various durations at different temperatures Ttreat from 400 to 800 ÁC. 

Both the initial NPs, that is, the particles immediately after synthesis, and those that have undergone 

heat treatment are spinel nanocrystals with parameters characteristic of Co3O4. The Ttreat 

temperature critically affects the size of nanocrystals and their properties. The sizes of nanocrystals 

increase monotonically with increasing Ttreat from 5.2 nm in the initial sample to 48 nm at Ttreat = 800 

ÁC. The magnetization and magnetic circular dichroism spectra also change very strongly, but non-

monotonically. A high adsorption capacity of nanoparticles in relation to the anionic dye Congo red 

was revealed. 

Keywords: nanoparticles, FexCo3-xO4, magnetic properties, magnetic circular dichroism, adsorption 

of organic dyes 

ʅʘʥʦʩʪʨʫʢʪʫʨʳ ʬʝʨʨʠʪʦʚ ʥʘ ʦʩʥʦʚʝ ʢʦʙʘʣʴʪʘ ʩ ʦʙʱʝʡ ʬʦʨʤʫʣʦʡ Fexʉo3-xO4 ʧʨʠʚʣʝʢʘʶʪ 

ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ, ʙʣʘʛʦʜʘʨʷ ʚʳʩʦʢʦʡ ʤʘʛʥʠʪʥʦʡ ʘʥʠʟʦʪʨʦʧʠʠ ʢʦʙʘʣʴʪʘ ʠ ʚʦʟʤʦʞʥʦʩʪʠ 

ʠʟʤʝʥʷʪʴ ʩʚʦʡʩʪʚʘ ʚ ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ ʟʘ ʩʯʝʪ ʚʘʨʴʠʨʦʚʘʥʠʷ ʫʩʣʦʚʠʡ ʩʠʥʪʝʟʘ [1-3]. ʐʠʨʦʢʠʝ 

ʧʝʨʩʧʝʢʪʠʚʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʘʥʦʯʘʩʪʠʮ (ʅʏ) ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʪʝʭʥʠʢʝ ʪʨʝʙʫʶʪ ʧʦʩʪʦʷʥʥʦʛʦ 

ʧʦʠʩʢʘ ʩʧʦʩʦʙʦʚ ʦʧʪʠʤʠʟʘʮʠʠ ʠʭ ʩʚʦʡʩʪʚ ʜʣʷ ʢʦʥʢʨʝʪʥʳʭ ʧʨʠʣʦʞʝʥʠʡ.  ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ 

ʠʟʫʯʝʥʦ ʚʣʠʷʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʪʝʨʤʦʦʙʨʘʙʦʪʦʢ ʚ ʨʘʟʣʠʯʥʳʭ ʨʝʞʠʤʘʭ ʥʘ ʩʚʦʡʩʪʚʘ ʅʏ 

ʦʢʩʠʜʘ ʢʦʙʘʣʴʪʘ ʩ ʯʘʩʪʠʯʥʳʤ ʟʘʤʝʱʝʥʠʝʤ ʢʦʙʘʣʴʪʘ ʞʝʣʝʟʦʤ ʩ ʮʝʣʴʶ ʨʘʟʨʘʙʦʪʢʠ ʵʬʬʝʢʪʠʚʥʳʭ 

ʘʜʩʦʨʙʝʥʪʦʚ ʦʨʛʘʥʠʯʝʩʢʠʭ ʢʨʘʩʠʪʝʣʝʡ.  

ʅʘʥʦʯʘʩʪʠʮ r (ʅʏ) Fe0.55Co2.45xO4 ʧʦʣʫʯʝʥʳ ʤʝʪʦʜʦʤ ʩʘʤʦʚʦʟʛʦʨʘʥʠʷ (combustion 

method) ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʦʪʞʠʛʦʤ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʅʏ ʚ ʨʘʟʣʠʯʥʳʭ ʨʝʞʠʤʘʭ. ʉʪʨʫʢʪʫʨʥʳʝ 

ʜʘʥʥʳʝ ʅʏ ʧʦʣʫʯʝʥʳ ʩ ʧʦʤʦʱʴʶ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʜʠʬʨʘʢʮʠʠ ʠ ʠʥʬʨʘʢʨʘʩʥʦʡ ʌʫʨʴʝ 

ʩʧʝʢʪʨʦʩʢʦʧʠʠ. ɿʘʚʠʩʠʤʦʩʪʠ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʅʏ ʦʪ ʚʥʝʰʥʝʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʧʦʣʫʯʝʥʳ ʩ 

ʧʦʤʦʱʴʶ ʚʠʙʨʘʮʠʦʥʥʦʛʦ ʤʘʛʥʠʪʦʤʝʪʨʘ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʜʦ 15 

ʢʕ. ɼʣʷ ʠʟʫʯʝʥʠʷ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ ʠʩʧʦʣʴʟʦʚʘʥʘ ʪʘʢʞʝ ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʤʘʛʥʠʪʥʦʛʦ 

ʢʨʫʛʦʚʦʛʦ ʜʠʭʨʦʠʟʤʘ (ʄʂɼ). ɸʜʩʦʨʙʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʅʏ ʠʩʩʣʝʜʦʚʘʥʳ ʦʧʪʠʯʝʩʢʠʤ 

ʤʝʪʦʜʦʤ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʜʚʫʤ ʪʠʧʘʤ ʦʨʛʘʥʠʯʝʩʢʠʭ ʢʨʘʩʠʪʝʣʝʡ: ʢʘʪʠʦʥʥʦʤʫ ʤʝʪʠʣʝʥʦʚʦʤʫ 

ʩʠʥʝʤʫ (Methylene Blue, MB) ʠ ʘʥʠʦʥʥʦʤʫ ʂʦʥʛʦ ʢʨʘʩʥʦʤʫ (Congo Red, CR).    

ʈʝʥʪʛʝʥʦʚʩʢʠʝ  ʜʠʬʨʘʢʪʦʛʨʘʤʤʳ (ʨʠʩ. 1ʘ) ʧʦʨʦʰʢʦʚ ʅʏ, ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʚʩʝʭ ʨʝʞʠʤʘʭ 

ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ ʩʦʜʝʨʞʘʪ ʦʜʠʥʘʢʦʚʳʝ ʨʝʬʣʝʢʩʳ, ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʩʪʨʫʢʪʫʨ rh ʧʠʥʝʣʠ #Ï/  
(pdf card 00-043-1003). ʊʝʤʧʝʨʘʪʫʨʘ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ ʦʢʘʟʳʚʘʝʪ ʢʨʠʪʠʯʝʩʢʦʝ ʚʣʠʷʥʠʝ ʥʘ 
ʨʘʟʤʝʨ ʥʘʥʦʢʨʠʩʪʘʣʣʦʚ, ʢʦʪʦʨʳʡ ʠʟʤʝʥʷʝʪʩʷ, ʧʨʘʢʪʠʯʝʩʢʠ, ʥʘ ʧʦʨʷʜʦʢ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʥʦʤ 

ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʠʥʪʝʨʚʘʣʝ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʜʣʠʪʝʣʴʥʦʩʪʴ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ ʥʝ ʦʢʘʟʳʚʘʝʪ 

ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʵʪʦʪ ʧʘʨʘʤʝʪʨ. 
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ʈʠʩ. 1. ʈʝʥʪʛʝʥʦʚʩʢʠʝ ʜʠʬʨʘʢʪʦʛʨʘʤʤʳ (ʩʣʝʚʘ) ʠ ʌʫʨʴʝ ʪʨʘʥʩʬʦʨʤʘʥʪʳ ʀʂ ʩʧʝʢʪʨʦʚ 

(ʩʧʨʘʚʘ) ʠʩʭʦʜʥʦʛʦ ʧʦʨʦʰʢʘ ʅʏ (precursor) ʠ ʧʦʩʣʝ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ ʚ ʨʘʟʣʠʯʥʳʭ ʨʝʞʠʤʘʭ. 

 

ʌʫʨʴʝ ʠʥʬʨʘʢʨʘʩʥʳʝ ʩʧʝʢʪʨʳ ʚʩʝʭ ʨʝʞʠʤʦʚ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ   ʧʦʜʦʙʥʳ ʜʨʫʛ ʜʨʫʛʫ ʠ 
ʘʥʘʣʦʛʠʯʥʳʤ ʩʧʝʢʪʨʘʤ, ʧʦʣʫʯʝʥʥʳʤ ʜʣʷ ʵʧʠʪʘʢʩʠʘʣʴʥʳʭ ʧʣʝʥʦʢ FeCo2O4 ʚ ʨʘʙʦʪʝ [4], ʚ 

ʢʦʪʦʨʦʡ ʚʳʜʝʣʷʣʠ ʪʨʠ ʧʠʢʘ: ɜ1 ʧʨʠ 482 ʩʤ
-1, ʦʙʫʩʣʦʚʣʝʥʥʳʡ ʢʦʣʝʙʘʥʠʝʤ ʦʢʪʘʵʜʨʠʯʝʩʢʦʡ ʩʚʷʟʠ 

Fe3+ ŸO, v2 ʧʨʠ 550 ʩʤ
-1, ʩʚʷʟʘʥʥʳʡ ʩ ʢʦʣʝʙʘʥʠʝʤ ʦʢʪʘʵʜʨʠʯʝʩʢʦʡ ʩʚʷʟʠ Co3+ŸO, ʠ ɜ3 ʧʨʠ 645 

ʩʤï1, ʧʨʦʠʩʭʦʜʷʱʠʡ ʦʪ ʢʦʣʝʙʘʥʠʷ ʪʝʪʨʘʵʜʨʠʯʝʩʢʦʡ ʩʚʷʟʠ Co2+ŸO. ɺ ʥʘʰʝʡ ʩʠʪʫʘʮʠʠ ʭʦʨʦʰʦ 

ʨʘʟʨʝʰʝʥ rʧʠʢʠ v2 ʠ ɜ3 ʩ ʮʝʥʪʨʘʤʠ ʪʷʞʝʩʪʠ ʧʨʠ 556 ʠ 648 ʩʤ
-1. ʆʪʩʫʪʩʪʚʠʝ ʧʠʢʘ ɜ1, ʧʦ-

ʚʠʜʠʤʦʤʫ, ʤʦʞʥʦ ʩʚʷʟʘʪʴ ʩ ʤʘʣʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʞʝʣʝʟʘ ʚ ʦʙʨʘʟʮʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ FeCo2O4, 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʤ ʚ ʨʘʙʦʪʝ [4].  

ʊʝʨʤʦʦʙʨʘʙʦʪʢʘ ʦʯʝʥʴ ʩʠʣʴʥʦ ʚʣʠʷʝʪ ʥʘ ʤʘʛʥʠʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʥʘ ʩʧʝʢʪʨʳ ʄʂɼ, 

ʥʦ ʥʝ ʤʦʥʦʪʦʥʥʳʤ ʦʙʨʘʟʦʤ. ɺ ʠʩʭʦʜʥʦʤ ʦʙʨʘʟʮʝ ʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʦʙʨʘʙʦʪʢʠ ʦʪ 400 ʜʦ 600 

ÁC ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ ʚʝʩʴʤʘ ʤʘʣʘ ʠ ʝʝ ʧʦʣʝʚʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʙʣʠʟʢʠ ʢ ʩʫʧʝʨ-ʧʘʨʘʤʘʛʥʠʪʥʦʤʫ 

ʪʠʧʫ, ʩʠʛʥʘʣ ʄʂɼ ʪʘʢʞʝ ʤʘʣ ʠ ʝʛʦ ʩʧʝʢʪʨʳ, ʧʨʘʢʪʠʯʝʩʢʠ, ʦʜʠʥʘʢʦʚʳ ʜʣʷ ʚʩʝʭ ʯʝʪʳʨʝʭ 

ʩʣʫʯʘʝʚ. ʊʝʨʤʦʦʙʨʘʙʦʪʢʘ ʧʨʠ 700 ÁC ʧʨʠʚʦʜʠʪ ʢ ʨʝʟʢʦʤʫ ʚʦʟʨʘʩʪʘʥʠʶ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ, 

ʧʦʷʚʣʝʥʠʶ ʛʠʩʪʝʨʝʟʠʩʘ ʠ ʠʟʤʝʥʝʥʠʶ ʬʦʨʤʳ ʩʧʝʢʪʨʘ ʄʂɼ. ʇʦʩʣʝʜʥʠʡ ʩʪʘʥʦʚʠʪʩʷ ʧʦʭʦʞʠʤ 

ʥʘ ʩʧʝʢʪʨ ʥʝʜʠʘʛʦʥʘʣʴʥʦʡ ʢʦʤʧʦʥʝʥʪʳ Ůò ʪʝʥʟʦʨʘ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʪʦʥʢʦʡ 

ʵʧʠʪʘʢʩʠʘʣʴʥʦʡ ʧʣʝʥʢʠ FeCo2O4 (ʨʠʩ.6 ʚ [5]). 

ɸʜʩʦʨʙʮʠʦʥʥʳʝ ʝʤʢʦʩʪʴ ʥʘʥʦʯʘʩʪʠʮ ʦʧʨʝʜʝʣʷʣʠ ʧʦ ʠʟʤʝʥʝʥʠʶ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚ 

ʩʧʝʢʪʨʘʭ ʦʧʪʠʯʝʩʢʦʛʦ ʧʦʛʣʦʱʝʥʠʷ ʢʨʘʩʠʪʝʣʝʡ ʥʘ ʜʣʠʥʘʭ ʚʦʣʥ 664 ʥʤ ʜʣʷ MB ʠ 500 ʥʤ ʜʣʷ ʉR 

ʜʦ ʠ ʧʦʩʣʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʥʘʥʦʯʘʩʪʠʮ ʩ ʨʘʩʪʚʦʨʘʤʠ ʢʨʘʩʠʪʝʣʝʡ. ɼʣʷ ʚʩʝʭ ʥʘʥʦʯʘʩʪʠʮ 

ʚr ʷʚʣʝʥʘ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʘʷ ʘʜʩʦʨʙʮʠʷ ʘʥʠʦʥʥʦʛʦ ʢʨʘʩʠʪʝʣʷ - CR. ʇʨʠ ʵʪʦʤ ʩ ʫʚʝʣʠʯʝʥʠʝʤ 

ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʚʨʝʤʝʥʠ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʘʜʩʦʨʙʮʠʦʥʥʘʷ ʝʤʢʦʩʪʴ ʯʘʩʪʠʮ ʫʤʝʥʴʰʘʝʪʩʷ. 

ʊʘʢ, ʝʩʣʠ ʜʣʷ ʠʩʭʦʜʥʦʛʦ ʦʙʨʘʟʮʘ (5.2 ʥʤ) ʟʘ 9 ʤʠʥ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʥʘʥʦʯʘʩʪʠʮ ʠ ʨʘʩʪʚʦʨʘ 

ʢʨʘʩʠʪʝʣʷ CR ʩʪʝʧʝʥʴ ʫʜʘʣʝʥʠʷ ʢʨʘʩʠʪʝʣʷ ʩʦʩʪʘʚʣʷʝʪ ʙʦʣʝʝ 90 %, ʪʦ ʜʣ ̫ ʦʙʨʘʟʮʘ, 

ʦʙʨʘʙʦʪʘʥʥʦʛʦ ʧʨʠ 500 Áʉ ʚ ʪʝʯʝʥʠʠ 1 ʯʘʩʘ (9 ʥʤ), ʟʘ ʪʘʢʦʝ ʞʝ ʚʨʝʤʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʫʜʘʣʷʝʪʩʷ 

ʪʦʣʴʢʦ 56 % ʤʦʣʝʢʫʣ ʢʨʘʩʠʪʝʣʷ ʠʟ ʨʘʩʪʚʦʨʘ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʟʘ ʩʯʝʪ ʩʨʝʜʩʪʚ ʛʨʘʥʪʘ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ ˉ23-22-

10025, https://rscf.ru/project/23-22-10025 /,  ʂʨʘʩʥʦʷʨʩʢʦʛʦ ʢʨʘʝʚʦʛʦ ʬʦʥʜʘ ʥʘʫʢʠ. 

ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʦʡ ʣʠʪʝʨʘʪʫʨʳ: 

1. V.C.S.S.V. Pradeep, S.K. Alla, A. Sharma, et al. // Inorg. Chem. Comm. ï 2022. ï 142. ï

109698. 

2. C. N. Yonti, P. K. Tsobnang, R. L. Fomekong, et al. // Nanomaterialsï 2021. ï 11. ï 2833.  

3. S. Senthia, V. Ratchagar, T. Thangeeswari, et al. // Digest J. Nanomat. Biostruc. ï 2023. ï 18.  

ï 1235-1247. 

4. J. Xie, C. Zhen, L. Xu, et al.  //Cryst. Eng. Comm. ï 2022. ï 24. ï 83-94. 

5.  S. Wang, H. Onoda, J. Harbovsky, et al. // J. Magn. Soc. Jpn. ï 2023. ï 47. ï 137-143. 
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ɸʥʥʦʪʘʮʠʷ. ʇʦʠʩʢ ʵʬʬʝʢʪʠʚʥʳʭ ʨʘʜʠʦʧʦʛʣʦʱʘʶʱʠʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʩʦʚʤʝʩʪʠʤʦʩʪʠ, ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ, ʘ ʪʘʢʞʝ ʪʝʭʥʦʣʦʛʠʡ 

ʩʢʨʳʪʥʦʩʪʠ ʠ ʤʘʣʦʟʘʤʝʪʥʦʩʪʠ ð ʘʢʪʫʘʣʴʥʘʷ ʟʘʜʘʯʘ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʣʘʩʴ 

ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʪʘʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʬʝʨʨʠʪ-ʧʦʣʠʤʝʨʥʳʝ ʢʦʤʧʦʟʠʪʳ. ɼʣʷ 

ʵʪʦʛʦ ʚ ʧʦʣʠʤʝʨʥʳʝ ʤʘʪʨʠʮʳ ʤʘʨʦʢ ʇʉ525, ʌ2ʄ, ʌ-42, ʇɺʉ ʚ ʨʘʟʣʠʯʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʠʥʪʝʛʨʠʨʦʚʘʣʠ ʯʘʩʪʠʮʳ Ni-Zn, Mn-Zn ʠ Li-Zn ʬʝʨʨʠʪʦʚ. ɹʳʣʠ ʠʟʤʝʨʝʥʳ ʨʘʜʠʦʧʦʛʣʦʱʘʶʱʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʣʫʯʝʥʥʳʭ ʢʦʤʧʦʟʠʪʦʚ: ʩʧʝʢʪʨʳ ʢʦʤʧʣʝʢʩʥʦʡ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʠ ʤʘʛʥʠʪʥʦʡ 

ʧʨʦʥʠʮʘʝʤʦʩʪʠ, ʢʦʵʬʬʠʮʠʝʥʪ ʦʪʨʘʞʝʥʠʷ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʠʩʩʣʝʜʫʝʤʳʝ ʢʦʤʧʦʟʠʪʳ ʤʦʛʫʪ 

ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʢʘʢ ʵʬʬʝʢʪʠʚʥʳʝ ʨʘʜʠʦʧʦʛʣʦʱʘʶʱʠʝ ʤʘʪʝʨʠʘʣʳ ʚ ʯʘʩʪʦʪʥʦʤ ʜʠʘʧʘʟʦʥʝ 

0,1-7 ɻɻʮ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʨʘʜʠʦʧʦʛʣʦʱʘʶʱʠʝ ʢʦʤʧʦʟʠʪʳ; Ni-Zn-ʬʝʨʨʠʪʳ-ʰʧʠʥʝʣʠ 2000ʅʅ; Mn-Zn-

ʬʝʨʨʠʪʳ-ʰʧʠʥʝʣʠ 2000ʅʄ; ʨʘʜʠʦʧʦʛʣʦʱʘʶʱʠʝ ʤʘʪʝʨʠʘʣʳ; ʤʘʪʨʠʮʘ; ʥʘʧʦʣʥʠʪʝʣʴ; 

ʤʘʛʥʠʪʥʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ; ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ; ʫʜʝʣʴʥʦʝ 

ʵʣʝʢʪʨʦʩʦʧʨʦʪʠʚʣʝʥʠʝ. 
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Annotation. The search for effective radio-absorbing materials to solve the problems of 

electromagnetic compatibility, electromagnetic pollution, as well as stealth and stealth technologies 

is an urgent task. In this work, we investigated the possibility of using ferrite-polymer composites as 

such materials. For this purpose, particles of Ni-Zn, Mn-Zn and Li-Zn ferrites were integrated into 

polymer matrices of the PS525, F2M, F-42, and PVA brands in various concentrations. The radio-

absorbing characteristics of the resulting composites were measured: spectra of complex dielectric 

and magnetic permeability, reflection coefficient. It has been established that the composites under 

study can be used as radio-absorbing materials in the frequency range 0.1-7 GHz. 

Keywords: radio-absorbing composites; Ni-Zn-ferrites-spinels 2000ʅʅ; Mn-Zn-ferrites-spinels 

2000NM; radio absorbing materials; matrix; filler; magnetic permeability; the dielectric constant; 

electrical resistivity. 

 

ɿʘʜʘʯʘ ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʛʥʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʘʢʪʫʘʣʴʥʘʷ ʚʩʣʝʜʩʪʚʠʝ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʫʥʠʢʘʣʴʥʳʤʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ 

[1,2]. ʆʜʥʠ ʠʟ ʜʦʤʠʥʠʨʫʶʱʠʭ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʠ ʠʟʫʯʝʥʠʠ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ï 

ʧʦʣʠʤʝʨʥʳʝ ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ (ʇʂʄ), ʚ ʢʦʪʦʨʳʭ ʚ ʢʘʯʝʩʪʚʝ ʤʘʪʨʠʮ ʚʳʩʪʫʧʘʶʪ 

ʧʦʣʠʤʝʨʳ, ʩʚʷʟʳʚʘʶʱʠʝ ʨʘʟʣʠʯʥʳʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʥʘʧʦʣʥʠʪʝʣʠ ʚ ʚʠʜʝ ʩʬʝʨ, ʵʣʣʠʧʩʦʠʜʦʚ, 

ʥʠʪʝʡ, ʧʣʘʩʪʠʥ, ʚʦʣʦʢʦʥ ʠ ʜʨ. [1-3]. ʆʩʦʙʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʨʘʟʨʘʙʦʪʢʘ 

ʨʘʜʠʦʧʦʛʣʦʱʘʶʱʠʭ ʧʦʣʠʤʝʨʥʳʭ ʢʦʤʧʦʟʠʪʦʚ, ʧʦʩʢʦʣʴʢʫ ʨʦʩʪ ʢʦʣʠʯʝʩʪʚʘ ʠʟʣʫʯʘʪʝʣʝʡ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʦʣʥ (ʕʄɺ) ʚ ʨʘʜʠʦ- ʠ ʉɺʏ-ʜʠʘʧʘʟʦʥʘʭ ʩʦʟʜʘʝʪ ʩʣʦʞʥʳʡ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʡ ʬʦʥ ʚ ʛʦʨʦʜʩʢʦʡ ʩʨʝʜʝ, ʞʠʣʳʭ ʠ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʦʤʝʱʝʥʠʷʭ. ʄʦʞʥʦ 

ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʚʩʣʝʜʩʪʚʠʝ ʩʠʣʴʥʦʛʦ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʬʦʥʘ ʩʬʦʨʤʠʨʦʚʘʥ ʥʦʚʳʡ ʚʠʜ 

ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ï ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ.  

ʌʫʥʢʮʠʦʥʘʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʨʘʜʠʦʧʦʛʣʦʱʘʶʱʠʭ ʇʂʄ ʚ ʉɺʏ-ʜʠʘʧʘʟʦʥʝ ʕʄɺ 

(ʦʩʣʘʙʣʝʥʠʝ, ʧʦʣʦʩʘ ʧʦʛʣʦʱʝʥʠʷ, ʧʠʢʦʚʦʝ ʟʥʘʯʝʥʠʝ ʦʩʣʘʙʣʝʥʠʷ) ʟʘʚʠʩʷʪ ʦʪ ʪʘʢʠʭ ʬʠʟʠʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ, ʢʘʢ ʢʦʤʧʣʝʢʩʥʳʝ ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ Ů* ʠ ʤʘʛʥʠʪʥʘʷ ɛ* ʧʨʦʥʠʮʘʝʤʦʩʪʠ, 

ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ ů. ʈʘʜʠʦʧʦʛʣʦʱʘʶʱʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʇʂʄ ʤʝʥʷʶʪʩʷ ʧʨʠ ʥʘʣʠʯʠʠ 

ʚʢʣʶʯʝʥʠʡ. ʊʘʢ, ʚʢʣʶʯʝʥʠʝ ʚ ʩʦʩʪʘʚ ʇʂʄ ʤʘʛʥʠʪʥʳʭ ʦʢʠʩʣʦʚ ï ʬʝʨʨʠʪʦʚ [4, 5] ï ʟʥʘʯʠʪʝʣʴʥʦ 

ʧʦʚʳʰʘʝʪ ʤʘʛʥʠʪʥʳʝ ʧʦʪʝʨʠ, ʦʩʦʙʝʥʥʦ ʧʨʠ ʯʘʩʪʦʪʝ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʬʝʨʨʦʤʘʛʥʠʪʥʦʛʦ 

ʨʝʟʦʥʘʥʩʘ. ʌʝʨʨʠʪʦʚʘʷ ʢʝʨʘʤʠʯʝʩʢʘʷ ʪʝʭʥʦʣʦʛʠʷ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʙʦʣʴʰʫʶ ʥʦʤʝʥʢʣʘʪʫʨʫ 

ʨʘʟʣʠʯʥʳʭ ʩʦʩʪʘʚʦʚ ʩ ʰʠʨʦʢʠʤ ʜʠʘʧʘʟʦʥʦʤ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ [6], ʯʪʦ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʩʦʟʜʘʚʘʪʴ ʦʛʨʦʤʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʜʠʦʧʦʛʣʦʱʘʶʱʠʭ ʢʦʤʧʦʟʠʪʦʚ (ʈʇʂ) ʩ ʚʢʣʶʯʝʥʠʷʤʠ ʠʟ 

ʬʝʨʨʠʪʦʚ. ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʝʨʘʤʠʯʝʩʢʦʡ ʪʝʭʥʦʣʦʛʠʠ ʤʦʛʫʪ ʧʨʦʠʟʚʦʜʠʪʴʩʷ ʢʘʢ ʧʦʨʦʰʢʠ, ʪʘʢ 

ʠ ʦʙʲʝʤʥʳʝ ʠʟʜʝʣʠʷ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʠʟʤʝʣʴʯʘʪʴ (ʥʘʧʨʠʤʝʨ, ʙʨʘʢʦʚʘʥʥʳʝ ʠʟʜʝʣʠʷ). 

ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʜʠʦʧʦʛʣʦʱʘʶʱʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʬʝʨʨʠʪ-ʧʦʣʠʤʝʨʥʳʭ ʢʦʤʧʦʟʠʪʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʬʝʨʨʠʪʦʚʳʝ ʥʘʧʦʣʥʠʪʝʣʠ (Ni-Zn, Mn-Zn ʠ Li-

Mn-Zn ʰʧʠʥʝʣʠ), ʠ ʧʦʣʠʤʝʨʥʳʝ ʤʘʪʨʠʮʳ (ʇʉ525, ʌ2ʄ, ʌ-42, ʇɺʉ).  

ɸʥʘʣʠʟ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʭ ʠ ʨʘʜʠʦʧʦʛʣʦʱʘʶʱʠʭ ʩʚʦʡʩʪʚ ʬʝʨʨʠʪ-ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ 

ʢʦʤʧʦʟʠʪʦʚ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʪʘʢʠʭ ʢʦʤʧʦʟʠʪʦʚ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ 

ʩʪʝʧʝʥʠ ʦʧʨʝʜʝʣʷʶʪʩʷ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʬʝʨʨʠʪʦʚʳʭ ʚʢʣʶʯʝʥʠʡ. ɺʤʝʩʪʝ ʩ ʪʝʤ 
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ʨʘʜʠʦʧʦʛʣʦʱʘʶʱʠʝ ʩʚʦʡʩʪʚʘ ʢʦʤʧʦʟʠʪʦʚ ʟʘʚʠʩʷʪ ʪʘʢʞʝ ʦʪ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʤʘʪʨʠʮʳ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʵʣʝʢʪʨʦʘʢʪʠʚʥʳʭ ʧʦʣʠʤʝʨʦʚ ʩ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʬʘʟʦʡ (ʌ2ʄ, ʌ-42) 

ʤʦʞʝʪ ʫʣʫʯʰʘʪʴ ʨʘʜʠʦʧʦʛʣʦʱʘʶʱʠʝ ʩʚʦʡʩʪʚʘ ʢʦʤʧʦʟʠʪʦʚ ʥʘ ʠʭ ʦʩʥʦʚʝ ʚ ʯʘʩʪʦʪʥʦʤ 

ʜʠʘʧʘʟʦʥʝ 2-7 ɻɻʮ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʢʦʤʧʦʟʠʪʳ ʩ ʤʘʪʨʠʮʝʡ ʌ-42 ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʙʦʣʴʰʠʤʠ 

ʟʥʘʯʝʥʠʷʤʠ ʪʘʥʛʝʥʩʘ ʫʛʣʘ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʪʝʨʴ tgŭŮ ʠ ʙʦʣʴʰʠʤʠ ʧʦ ʤʦʜʫʣʶ ʂʦʪʨ. 

 

 
ʈʠʩʫʥʦʢ 1. ʏʘʩʪʦʪʥʳʝ ʩʧʝʢʪʨʳ ʢʦʵʬʬʠʮʠʝʥʪʘ ʦʪʨʘʞʝʥʠʷ ʂʦʪʨ ʢʦʤʧʦʟʠʪʦʚ ʌ2ʄ/Mn-Zn (a), ʌ2ʄ/Ni-

Zn (ʙ), ʌ42/2000ʅʄ (ʚ), ʌ42/2000ʅʅ (ʛ) (ʢʦʥʮʝʥʪʨʘʮʠʷ ð 20 (1), 40 (2), 60 (3), 80% (4)), ʇʉ525/Mn-

Zn(ʜ), ʌ2ʄ/ LiMnZn (ʝ),  (ʢʦʥʮʝʥʪʨʘʮʠʷ 9 (1), 21 (2), 37 (3), 61% (4)) 
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ʆʮʝʥʢʘ ʨʘʜʠʦʧʦʛʣʦʱʘʶʱʠʭ ʩʚʦʡʩʪʚ ʬʝʨʨʠʪ-ʧʦʣʠʤʝʨʥʳʭ ʢʦʤʧʦʟʠʪʦʚ ʧʦ ʩʧʝʢʪʨʘʤ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʦʪʨʘʞʝʥʠʷ ʦʪ ʤʝʪʘʣʣʘ ʂʦʪʨ ʚʳʷʚʠʣʘ, ʯʪʦ ʧʦʣʫʯʝʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʦʙʣʘʜʘʶʪ 

ʚʳʨʘʞʝʥʥʳʤʠ ʨʘʜʠʦʧʦʛʣʦʱʘʶʱʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʚ ʯʘʩʪʦʪʥʦʤ ʜʠʘʧʘʟʦʥʝ 0,1-7 ɻɻʮ. 

ʄʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʂʦʪʨ ʠʤʝʣʠ ʦʙʨʘʟʮʳ, ʜʣʷ ʢʦʪʦʨʳʭ ʟʥʘʯʝʥʠʷ ʥʦʨʤʘʣʠʟʦʚʘʥʥʦʛʦ 

ʠʤʧʝʜʘʥʩʘ Zin/Zo ʙʳʣʠ ʙʣʠʟʢʠ ʢ 1. ɼʣʷ ʩʦʩʪʘʚʦʚ ʌ2ʄ/ʌ42/ʇɺʉ-Ni-Mn ʬʝʨʨʠʪ (ʢʦʥʮʝʥʪʨʘʮʠʠ 

9 ʠ 21%) ʂʦʪʨ ʥʘʭʦʜʠʣʩʷ ʚ ʜʠʘʧʘʟʦʥʝ 16-25 ʜɹ (ʩʨʝʜʥʷʷ ʰʠʨʠʥʘ ʧʦʛʣʦʱʝʥʠʷ (ʥʠʞʝ 10 ʜɹ) 2,5 

ɻɻʮ). ɺʤʝʩʪʝ ʩ ʪʝʤ ʜʣʷ ʌ2ʄ/ʌ42-Ni-Zn/Li -Mn-Zn ʰʧʠʥʝʣʴ ʩ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ ʬʝʨʨʠʪʘ 37 ʠ 

61% ʂʦʪʨ ʩʦʩʪʘʚʠʣ 15-44 ʜɹ (ʩʨʝʜʥʷʷ ʰʠʨʠʥʘ ʧʦʛʣʦʱʝʥʠʷ 3,41 ɻɻʮ). ʂʦʤʧʦʟʠʪʳ ʩ 

ʚʢʣʶʯʝʥʠʷʤʠ ʠʟ Mn-Zn ʬʝʨʨʠʪʘ ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʨʘʜʠʦʵʢʨʘʥʠʶʱʠʤʠ ʤʘʪʝʨʠʘʣʘʤʠ ʧʨʠ 

ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʬʝʨʨʠʪʘ ʙʦʣʝʝ 37%. 
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ɸʥʥʦʪʘʮʠʷ. ɸʤʦʨʬʥʳʝ ʤʠʢʨʦʧʨʦʚʦʜʘ, ʠʟʛʦʪʦʚʣʝʥʥʳʝ ʤʝʪʦʜʦʤ ʋʣʠʪʦʚʩʢʦʛʦ-ʊʝʡʣʦʨʘ ʠʤʝʶʪ 

ʥʝʦʜʥʦʨʦʜʥʦʝ ʧʦ ʨʘʜʠʫʩʫ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚʥʫʪʨʝʥʥʠʭ ʤʝʭʘʥʠʯʝʩʢʠʭ ʥʘʧʨʷʞʝʥʠʡ, ʢʦʪʦʨʦʝ ʚ 

ʩʣʫʯʘʝ ʘʤʦʨʬʥʳʭ ʤʠʢʨʦʧʨʦʚʦʜʦʚ ʥʘ ʦʩʥʦʚʝ ʞʝʣʝʟʘ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʩʢʦʨʦʩʪʝʡ 

ʟʘʨʦʞʜʝʥʠʷ ʠ ʨʦʩʪʘ ʥʘʥʦʢʨʠʩʪʘʣʣʦʚ ʚ ʦʙʣʘʩʪʠ ʜʝʡʩʪʚʠʷ ʩʠʣʴʥʳʭ ʩʞʠʤʘʶʱʠʭ ʥʘʧʨʷʞʝʥʠʡ, 

ʪ.ʝ. ʚ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ. ʈʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʠʟʫʯʝʥʠʶ ʚʣʠʷʥʠʷ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʦʛʦ 

ʘʤʦʨʬʥʦ-ʥʘʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʩʣʦʷ, ʩʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʧʨʠ ʪʝʨʤʦʦʙʨʘʙʦʪʢʝ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʥʝʦʜʥʦʨʦʜʥʳʭ ʚʥʫʪʨʝʥʥʠʭ ʤʝʭʘʥʠʯʝʩʢʠʭ ʥʘʧʨʷʞʝʥʠʡ, ʥʘ ʚʝʣʠʯʠʥʫ ʵʬʬʝʢʪʘ ʛʠʛʘʥʪʩʢʦʛʦ 

ʤʘʛʥʠʪʥʦʛʦ ʠʤʧʝʜʘʥʩʘ (ɻʄʀ) ʚ ʘʤʦʨʬʥʳʭ ʤʠʢʨʦʧʨʦʚʦʜʦʚ ʩʦʩʪʘʚʘ Fe77,5Si7,5B15 ʠ 

Fe73,8Si13B9,1Cu1Nb3,1. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʤʦʨʬʥʳʡ ʤʠʢʨʦʧʨʦʚʦʜ, ʥʘʥʦʢʨʠʩʪʘʣʣʠʟʘʮʠʷ, ʛʠʛʘʥʪʩʢʠʡ ʤʘʛʥʠʪʥʳʡ 

ʠʤʧʝʜʘʥʩ 

Influence of surface nanocrystallization in microwires of the composition Fe77,5Si7,5B15 

and Fe73,8Si13B9,1Cu1Nb3,1 on the magnitude of the giant magnetoimpedance effect 
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Annotation. Amorphous microwires manufactured by the Ulitovsky-Taylor method have a radially 

inhomogeneous distribution of internal mechanical stresses, which in the case of iron-based 

amorphous microwires leads to an increase in the rates of nucleation and growth of nanocrystals in 

the region of strong compressive stress, i.e. in the near-surface layer. The work is dedicated to 

studying the influence of a near-surface amorphous-nanocrystalline layer formed during heat 

treatment under the influence of inhomogeneous internal mechanical stresses on the magnitude of 

the giant magnetic impedance (GMI) effect in amorphous microwires of the composition Fe77.5Si7.5B15 

and Fe73.8Si13B9.1Cu1Nb3.1. 

Keywords: amorphous microwire, nanocrystallization, giant magnetoimpedance 

 

ʌʫʥʜʘʤʝʥʪʘʣʴʥʳʡ ʠ ʧʨʠʢʣʘʜʥʦʡ ʠʥʪʝʨʝʩ ʢ ʘʤʦʨʬʥʳʤ ʬʝʨʨʦʤʘʛʥʠʪʥʳʤ 

ʤʠʢʨʦʧʨʦʚʦʜʘʤ, ʧʦʢʨʳʪʳʤ ʩʪʝʢʣʷʥʥʦʡ ʦʙʦʣʦʯʢʦʡ, ʩʦ ʩʪʦʨʦʥʳ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʤʘʛʥʝʪʠʟʤʘ 

ʚʳʟʚʘʥ ʠʭ ʚʳʜʘʶʱʠʤʠʩʷ ʤʘʛʥʠʪʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ (ʤʘʛʥʠʪʥʘʷ ʤʷʛʢʦʩʪʴ, ʙʠʩʪʘʙʠʣʴʥʦʝ 

ʧʝʨʝʤʘʛʥʠʯʠʚʘʥʠʝ, ʵʬʬʝʢʪ ʛʠʛʘʥʪʩʢʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʠʤʧʝʜʘʥʩʘ (ɻʄʀ) ʠ ʝʩʪʝʩʪʚʝʥʥʳʡ 

ʬʝʨʨʦʤʘʛʥʠʪʥʳʡ ʨʝʟʦʥʘʥʩ). ɻʣʘʚʥʳʤʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ ʘʤʦʨʬʥʳʭ 

ʤʠʢʨʦʧʨʦʚʦʜʦʚ, ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʤʝʪʦʜʦʤ ʋʣʠʪʦʚʩʢʦʛʦ-ʊʝʡʣʦʨʘ, ʷʚʣʷʶʪʩʷ ʠʭ ʥʠʟʢʘʷ ʩʪʦʠʤʦʩʪʴ 

ʠ ʚʳʩʦʢʘʷ ʩʢʦʨʦʩʪʴ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʨʠ ʚʦʟʤʦʞʥʦʩʪʠ ʥʝʧʨʝʨʳʚʥʦʛʦ ʣʠʪʴʷ ʤʠʢʨʦʧʨʦʚʦʜʦʚ 

ʜʠʘʤʝʪʨʦʤ ʦʪ ʝʜʠʥʠʮ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʩʦʪʝʥ ʤʠʢʨʦʥ ʧʨʠ ʜʣʠʥʝ ʚ ʥʝʩʢʦʣʴʢʦ ʢʠʣʦʤʝʪʨʦʚ. 

ʉʦʯʝʪʘʥʠʝ ʚʳʜʘʶʱʠʭʩʷ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ ʩʦ ʩʨʘʚʥʠʪʝʣʴʥʦʡ ʧʨʦʩʪʦʪʦʡ ʠ 
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ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʦʧʨʝʜʝʣʠʣʦ ʦʩʥʦʚʥʫʶ ʦʙʣʘʩʪʴ ʧʨʠʤʝʥʝʥʠʷ 

ʘʤʦʨʬʥʳʭ ʤʠʢʨʦʧʨʦʚʦʜʦʚ ʚ ʢʘʯʝʩʪʚʝ ʤʠʥʠʘʪʶʨʥʳʭ ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʩʝʥʩʦʨʦʚ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ [1], ʤʝʭʘʥʠʯʝʩʢʠʭ ʥʘʧʨʷʞʝʥʠʡ [2], ʜʘʪʯʠʢʦʚ ʧʦʣʦʞʝʥʠʷ [3], ʟʘʱʠʪʥʳʭ 

ʤʘʛʥʠʪʥʳʭ ʤʝʪʦʢ [4] ʠ ʜʨ. 

ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʯʠʩʣʘ ʫʩʪʨʦʡʩʪʚ, ʠʤʝʶʱʠʭ ʚ ʢʘʯʝʩʪʚʝ ʩʝʥʩʦʨʘ 

ʘʤʦʨʬʥʳʝ ʤʠʢʨʦʧʨʦʚʦʜʘ, ʦʩʥʦʚʘʥ ʥʘ ʵʬʬʝʢʪʝ ɻʄʀ. ʕʪʦʪ ʵʬʬʝʢʪ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʫʚʝʣʠʯʝʥʠʠ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʠʤʧʝʜʘʥʩʘ ʤʠʢʨʦʧʨʦʚʦʜʘ ʚʦ ʚʥʝʰʥʝʤ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ. ʅʘʠʙʦʣʝʝ ʚʘʞʥʘʷ ʩ 

ʧʨʘʢʪʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʚʝʣʠʯʠʥʘ ʵʬʬʝʢʪʘ ɻʄʀ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

 

Ўὤὤϳ  ὤὌ ὤὌ ὤὌϳ      (1) 

 

ʛʜʝ Z(H) ï ʠʤʧʝʜʘʥʩ ʤʠʢʨʦʧʨʦʚʦʜʘ ʚʦ ʚʥʝʰʥʝʤ ʧʦʣʝ, Hmax ï ʤʘʢʩʠʤʘʣʴʥʦʝ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ, ʚ 

ʧʦʜʘʚʣʷʶʱʝʤ ʙʦʣʴʰʠʥʩʪʚʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʵʪʦ ʧʦʣʝ ʥʝ ʤʝʥʴʰʝ ʧʦʣʷ ʤʘʛʥʠʪʥʦʛʦ ʥʘʩʳʱʝʥʠʷ 

ʤʠʢʨʦʧʨʦʚʦʜʘ. 

 ɺ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʤʘʢʩʠʤʘʣʴʥʳʝ ʥʘʙʣʶʜʘʝʤʳʝ ʚʝʣʠʯʠʥʳ ɻʄʀ ʵʬʬʝʢʪʘ ʜʦʩʪʠʛʥʫʪʳ 

ʚ ʤʠʢʨʦʧʨʦʚʦʜʘʭ ʥʘ ʦʩʥʦʚʝ ʢʦʙʘʣʴʪʘ: ʦʪ 350 % ʚ ʤʠʢʨʦʧʨʦʚʦʜʘʭ, ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʤʝʪʦʜʦʤ çin-

rotating-waterè [5], ʜʦ 650 % ʚ ʤʠʢʨʦʧʨʦʚʦʜʘʭ, ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʤʝʪʦʜʦʤ ʋʣʠʪʦʚʩʢʦʛʦ-ʊʝʡʣʦʨʘ 

ʠ ʧʦʜʚʝʨʛʥʫʪʳʭ ʪʦʢʦʚʦʡ ʪʝʨʤʦʦʙʨʘʙʦʪʢʝ [6]. ɺ ʤʠʢʨʦʧʨʦʚʦʜʘʭ ʥʘ ʦʩʥʦʚʝ ʞʝʣʝʟʘ ʪʘʢʠʭ 

ʚʝʣʠʯʠʥ ʜʦʩʪʠʛʥʫʪʴ ʥʝ ʫʜʘʸʪʩʷ, ʤʘʢʩʠʤʘʣʴʥʘʷ ʚʝʣʠʯʠʥʘ ȹZ/Z ʩʦʩʪʘʚʠʣʘ 125 % ʚ 

ʤʠʢʨʦʧʨʦʚʦʜʘʭ ʠʟ ʩʧʣʘʚʘ Fe70,8Cu1Nb3,1Si14,5B10,6 ʧʦʩʣʝ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ ʧʨʠ 550  ʚ ʪʝʯʝʥʠʝ 

1 ʯʘʩʘ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʤʘʢʩʠʤʘʣʴʥʘʷ ʚʝʣʠʯʠʥʘ ʵʬʬʝʢʪʘ ʚʩʸ ʝʱʸ ʜʘʣʝʢʘ ʦʪ ʟʥʘʯʝʥʠʡ ʚ ʥʝʩʢʦʣʴʢʦ 

ʪʳʩʷʯ ʧʨʦʮʝʥʪʦʚ, ʧʨʝʜʩʢʘʟʘʥʥʳʭ ʪʝʦʨʠʝʡ. ʇʦʵʪʦʤʫ ʦʩʥʦʚʥʦʝ ʚʥʠʤʘʥʠʝ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ɻʄʀ 

ʚ ʤʠʢʨʦʧʨʦʚʦʜʘʭ ʚ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʩʦʩʨʝʜʦʪʦʯʝʥʦ ʥʘ ʦʧʪʠʤʠʟʘʮʠʠ ʚʝʣʠʯʠʥʳ ʵʬʬʝʢʪʘ ʧʨʠ 

ʨʘʟʣʠʯʥʳʭ ʧʘʨʘʤʝʪʨʘʭ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ, ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʚʥʝʰʥʝʛʦ ʨʘʩʪʷʞʝʥʠʷ ʠ 

ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ, ʪʦʢʦʚʳʭ ʦʪʞʠʛʘʭ, ʩʢʨʫʯʠʚʘʥʠʠ, ʘ ʪʘʢʞʝ ʧʨʠ ʦʪʩʣʝʞʠʚʘʥʠʠ ʧʘʨʘʤʝʪʨʦʚ 

ʦʙʣʘʩʪʠ ʩ ʧʝʨʝʭʦʜʥʳʤ ʭʠʤʠʯʝʩʢʠʤ ʩʦʩʪʘʚʦʤ ʤʝʞʜʫ ʩʪʝʢʣʷʥʥʦʡ ʦʙʦʣʦʯʢʦʡ ʠ ʤʝʪʘʣʣʠʯʝʩʢʦʡ 

ʩʝʨʜʮʝʚʠʥʦʡ ʤʠʢʨʦʧʨʦʚʦʜʘ. 

 ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʪʝʨʤʦʦʙʨʘʙʦʪʢʘ ʘʤʦʨʬʥʳʭ ʩʧʣʘʚʦʚ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ 

ʬʦʨʤʠʨʦʚʘʥʠʶ ʚ ʘʤʦʨʬʥʦʡ ʩʪʨʫʢʪʫʨʝ ʥʘʥʦʢʨʠʩʪʘʣʣʦʚ. ɺ ʩʧʣʘʚʘʭ ʩʠʩʪʝʤ Fe-Si-B ʠ Fe-Si-B-

Cu-Nb ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʜʣʠʪʝʣʴʥʦʩʪʠ ʦʪʞʠʛʘ ʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʤʦʛʫʪ, ʢʘʢ 

ʫʣʫʯʰʘʪʴʩʷ ʧʨʠ ʚʳʜʝʣʝʥʠʠ ʥʘʥʦʢʨʠʩʪʘʣʣʦʚ Ŭ-Fe(Si), ʪʘʢ ʠ ʫʭʫʜʰʘʪʴʩʷ ʧʨʠ ʧʦʩʣʝʜʫʶʱʝʤ 

ʚʳʜʝʣʝʥʠʠ ʥʘʥʦʢʨʠʩʪʘʣʣʦʚ Fe2B ʠ Fe3B [7]. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʣʦʪʥʦʩʪʴ ʚʳʜʝʣʷʶʱʠʭʩʷ 

ʥʘʥʦʢʨʠʩʪʘʣʣʦʚ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʧʣʦʪʥʦʩʪʠ ʦʩʪʘʚʰʝʡʩʷ ʘʤʦʨʬʥʦʡ ʤʘʪʨʠʮʳ (ʦʙʲʝʤʥʳʡ ʵʬʬʝʢʪ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ). ʇʨʠ ʵʪʦʤ ʨʘʥʝʝ ʥʝ ʫʯʠʪʳʚʘʣʦʩʴ ʚʣʠʷʥʠʝ ʥʝʦʜʥʦʨʦʜʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʚʥʫʪʨʝʥʥʠʭ ʤʝʭʘʥʠʯʝʩʢʠʭ ʥʘʧʨʷʞʝʥʠʡ ʥʘ ʧʨʦʮʝʩʩ ʬʦʨʤʠʨʦʚʘʥʠʷ ʥʘʥʦʢʨʠʩʪʘʣʣʦʚ ʚ ʘʤʦʨʬʥʳʭ 

ʤʠʢʨʦʧʨʦʚʦʜʘʭ. 

 ɺʥʫʪʨʝʥʥʠʝ ʤʝʭʘʥʠʯʝʩʢʠʝ ʥʘʧʨʷʞʝʥʠʷ ʚ ʤʠʢʨʦʧʨʦʚʦʜʘʭ ʠʥʜʫʮʠʨʫʶʪʩʷ ʚ ʧʨʦʮʝʩʩʝ 

ʠʟʛʦʪʦʚʣʝʥʠʷ. ʉʦʛʣʘʩʥʦ ʨʘʙʦʪʝ [8], ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʤʝʪʦʜʦʤ ʋʣʠʪʦʚʩʢʦʛʦ-ʊʝʡʣʦʨʘ 

ʠʩʪʦʯʥʠʢʘʤʠ ʥʘʧʨʷʞʝʥʠʡ ʷʚʣʷʝʪʩʷ ʦʭʣʘʞʜʝʥʠʝ ʨʘʩʧʣʘʚʘ ʩ ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʴʶ (ʥʝ ʤʝʥʝʝ 

106 ʂ/ʩ), ʚʳʪʷʞʢʘ ʤʠʢʨʦʧʨʦʚʦʜʘ ʚ ʧʦʣʝ ʪʷʞʝʩʪʠ, ʘ ʪʘʢʞʝ ʪʦ, ʯʪʦ ʩʪʝʢʣʷʥʥʘʷ ʦʙʦʣʦʯʢʘ ʠ 

ʤʝʪʘʣʣʠʯʝʩʢʘʷ ʩʝʨʜʮʝʚʠʥʘ ʠʤʝʶʪ ʨʘʟʣʠʯʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʩʰʠʨʝʥʠʷ ʠ, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʦʭʣʘʞʜʘʶʪʩʷ ʩ ʨʘʟʥʦʡ ʩʢʦʨʦʩʪʴʶ. ʇʨʠʧʦʚʝʨʭʥʦʩʪʥʘʷ ʦʙʣʘʩʪʴ ʤʠʢʨʦʧʨʦʚʦʜʘ 

ʧʦʜʚʝʨʞʝʥʘ ʚ ʦʩʥʦʚʥʦʤ ʜʝʡʩʪʚʠʶ ʦʩʝʚʳʭ ʩʞʠʤʘʶʱʠʭ ʥʘʧʨʷʞʝʥʠʡ, ʚʝʣʠʯʠʥʘ ʢʦʪʦʨʳʭ 

ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ ʝʜʠʥʠʮ ɻʇʘ. ʎʝʥʪʨʘʣʴʥʘʷ ʯʘʩʪʴ ʤʠʢʨʦʧʨʦʚʦʜʘ ʥʘʭʦʜʠʪʩʷ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʨʘʩʪʷʛʠʚʘʶʱʠʭ ʦʩʝʚʳʭ ʥʘʧʨʷʞʝʥʠʡ, ʜʦʩʪʠʛʘʶʱʠʭ ʥʝʩʢʦʣʴʢʠʭ ʩʦʪ ʄʇʘ. ʅʘ ʧʨʠʤʝʨʝ 

ʤʠʢʨʦʧʨʦʚʦʜʦʚ ʩʦʩʪʘʚʘ Fe73.8Si13B9.1Cu1Nb3.1 ʚ ʨʘʙʦʪʝ [9] ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʦʧʠʩʘʥʥʦʝ ʚʳʰʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʥʘʧʨʷʞʝʥʠʡ ʧʨʠ ʦʪʨʠʮʘʪʝʣʴʥʦʤ ʦʙʲʝʤʥʦʤ ʵʬʬʝʢʪʝ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ, ʢʦʛʜʘ 

ʧʣʦʪʥʦʩʪʴ ʚʳʜʝʣʷʶʱʠʭʩʷ ʥʘʥʦʢʨʠʩʪʘʣʣʦʚ ʙʦʣʴʰʝ ʧʣʦʪʥʦʩʪʠ ʘʤʦʨʬʥʦʡ ʤʘʪʨʠʮʳ, ʧʨʠʚʦʜʠʪ 

ʢ ʫʚʝʣʠʯʝʥʠʶ ʩʢʦʨʦʩʪʝʡ ʟʘʨʦʞʜʝʥʠʷ ʠ ʨʦʩʪʘ ʥʘʥʦʢʨʠʩʪʘʣʣʦʚ ʚ ʦʙʣʘʩʪʠ ʜʝʡʩʪʚʠʷ 

ʩʞʠʤʘʶʱʠʭ ʥʘʧʨʷʞʝʥʠʡ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʪʘʥʦʚʠʪʩʷ ʚʦʟʤʦʞʥʳʤ ʦʧʨʝʜʝʣʠʪʴ ʪʘʢʠʝ ʫʩʣʦʚʠʷ 

ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ, ʧʨʠ ʢʦʪʦʨʳʭ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʠʢʨʦʧʨʦʚʦʜʘ ʩʬʦʨʤʠʨʦʚʘʥ ʘʤʦʨʬʥʦ-
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ʥʘʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ ʩʣʦʡ ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʘʤʦʨʬʥʦʩʪʠ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ, ʯʪʦ ʠ ʙʳʣʦ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ ʚ ʨʘʙʦʪʝ [10].  

ʉʦʟʜʘʥʠʝ ʪʘʢʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʦʪʝʥʮʠʘʣʴʥʦ ʤʦʞʝʪ ʨʘʩʰʠʨʠʪʴ ʦʙʣʘʩʪʴ ʧʨʠʤʝʥʝʥʠʷ 

ʤʠʢʨʦʧʨʦʚʦʜʦʚ ʥʘ ʦʩʥʦʚʝ ʞʝʣʝʟʘ ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʳ ʩʝʥʩʦʨʦʚ ʥʘ ʵʬʬʝʢʪʝ ɻʄʀ. ʉ ʦʜʥʦʡ 

ʩʪʦʨʦʥʳ ʥʘ ʛʣʫʙʠʥʘʭ ʩʢʠʥ-ʩʣʦʷ, ʩʦʩʪʘʚʣʷʶʱʠʭ ʦʪ ʥʝʩʢʦʣʴʢʠʭ ʩʦʪ ʥʘʥʦʤʝʪʨʦʚ ʜʦ ʥʝʩʢʦʣʴʢʠʭ 

ʤʠʢʨʦʥ, ʙʫʜʝʪ ʩʦʟʜʘʥʘ ʘʤʦʨʬʥʦ-ʥʘʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʩ ʫʣʫʯʰʝʥʥʳʤʠ 

ʤʘʛʥʠʪʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʩʦʭʨʘʥʠʪʩʷ ʘʤʦʨʬʥʘʷ 

ʩʪʨʫʢʪʫʨʘ ʩ ʭʦʨʦʰʠʤʠ ʧʨʦʯʥʦʩʪʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʠ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʢ 

ʧʨʠʣʦʞʝʥʠʶ ʚʥʝʰʥʝʡ ʥʘʛʨʫʟʢʠ. ʉʪʦʠʪ ʪʘʢʞʝ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʨʘʥʝʝ ʚ ʧʫʙʣʠʢʘʮʠʷʭ ʨʘʟʣʠʯʥʳʭ 

ʘʚʪʦʨʦʚ ʧʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʚʣʠʷʥʠʷ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ ʥʘ ʚʝʣʠʯʠʥʫ ʵʬʬʝʢʪʘ ɻʄʀ  ʥʝ 

ʦʪʤʝʯʘʣʦʩʴ ʚʣʠʷʥʠʝ ʚʥʫʪʨʝʥʥʠʭ ʥʘʧʨʷʞʝʥʠʡ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʥʘʥʦʢʨʠʩʪʘʣʣʦʚ. ʕʪʦ ʤʦʛʣʦ 

ʙʳʪʴ ʧʨʠʯʠʥʦʡ ʪʦʛʦ, ʯʪʦ ʧʨʠ ʜʣʠʪʝʣʴʥʳʭ ʪʝʨʤʦʦʙʨʘʙʦʪʢʘʭ ʚ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʦʡ ʦʙʣʘʩʪʠ 

ʤʠʢʨʦʧʨʦʚʦʜʦʚ ʦʧʪʠʤʘʣʴʥʦʝ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ ʩʦʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ 

ʦʙʲʝʤʥʦʡ ʜʦʣʝʡ ʥʘʥʦʢʨʠʩʪʘʣʣʦʚ ʠ ʘʤʦʨʬʥʦʡ ʤʘʪʨʠʮʝʡ ʥʘʨʫʰʘʣʦʩʴ, ʯʪʦ, ʚʝʨʦʷʪʥʦ, ʤʦʛʣʦ 

ʧʨʠʚʝʩʪʠ ʢ ʫʤʝʥʴʰʝʥʠʶ ʥʘʙʣʶʜʘʝʤʳʭ ʚʝʣʠʯʠʥ ɻʄʀ ʵʬʬʝʢʪʘ.    

ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʠʩʩʣʝʜʦʚʘʥʠʶ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ ʠ ʵʬʬʝʢʪʘ ɻʄʀ ʚ 

ʤʠʢʨʦʧʨʦʚʦʜʘʭ ʩʦʩʪʘʚʘ Fe77,5Si7,5B15 ʠ Fe73,8Si13B9,1Cu1Nb3,1 ʩ ʯʘʩʪʠʯʥʦ ʢʨʠʩʪʘʣʣʠʟʦʚʘʥʥʳʤ 

ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʳʤ ʩʣʦʝʤ. ʀʟʤʝʨʝʥʠʷ ʠʤʧʝʜʘʥʩʘ ʦʩʫʱʝʩʪʚʣʷʣʠʩʴ ʧʨʠ ʧʦʣʫʯʝʥʠʠ ʧʘʨʘʤʝʪʨʘ 

ʦʪʨʘʞʝʥʠʷ S11 ʩ ʧʦʤʦʱʴʶ ʚʝʢʪʦʨʥʦʛʦ ʘʥʘʣʠʟʘʪʦʨʘ ʮʝʧʝʡ ʚ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ ʦʪ 100 ʢɻʮ ʜʦ 

1 ɻɻʮ. ʏʘʩʪʦʪʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʠʤʧʝʜʘʥʩʘ ʠʟʤʝʨʷʣʠʩʴ ʚ ʨʘʟʣʠʯʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ 

ʚʝʣʠʯʠʥʦʡ ʜʦ 10,7 ʢɸ/ʤ, ʩʦʟʜʘʚʘʝʤʳʭ ʧʘʨʦʡ ʢʘʪʫʰʝʢ ɻʝʣʴʤʛʦʣʴʮʘ. ʄʘʛʥʠʪʥʦʝ ʧʦʣʝ 

ʧʨʠʢʣʘʜʳʚʘʣʦʩʴ ʚʜʦʣʴ ʦʩʠ ʤʠʢʨʦʧʨʦʚʦʜʘ. 
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ɸʥʥʦʪʘʮʠʷ. ɺ ʨʘʙʦʪʝ ʠʩʩʣʝʜʫʝʪʩʷ ʚʣʠʷʥʠʝ ʟʘʢʘʣʢʠ ʥʘ ʩʪʨʫʢʪʫʨʥʳʝ, ʤʘʛʥʠʪʥʳʝ ʠ 

ʪʨʘʥʩʧʦʨʪʥʳʝ ʩʚʦʡʩʪʚʘ ʢʦʤʧʦʟʠʪʥʳʭ ʩʠʩʪʝʤ InSb-MnSb. ɺ ʩʨʘʚʥʝʥʠʠ ʩ ʢʨʠʩʪʘʣʣʘʤʠ, 

ʚʳʨʘʱʝʥʥʳʤʠ ʚ ʨʘʚʥʦʚʝʩʥʳʭ ʫʩʣʦʚʠʷʭ, ʟʘʢʘʣʸʥʥʳʝ ʦʙʨʘʟʮʳ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʩʫʱʝʩʪʚʝʥʥʦ 

ʤʝʥʴʰʠʡ ʤʘʩʰʪʘʙ ʬʘʟʦʚʦʛʦ ʨʘʩʩʣʦʝʥʠʷ, ʭʦʪʷ ʩʪʨʫʢʪʫʨʥʳʝ ʧʘʨʘʤʝʪʨʳ ʧʨʠ ʵʪʦʤ ʥʝ 

ʤʝʥʷʶʪʩʷ. ʄʘʛʥʠʪʥʳʝ ʠ ʤʘʛʥʠʪʦʦʧʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʢʦʤʧʦʟʠʪʦʚ ʦʧʨʝʜʝʣʷʶʪʩʷ ʬʘʟʦʡ 

MnSb. ʇʨʠ ʵʪʦʤ ʟʘʢʘʣʢʘ ʧʨʠʚʦʜʠʪ ʢ ʟʘʤʝʪʥʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ʢʦʵʨʮʠʪʠʚʥʦʡ ʩʠʣʳ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʩʠʩʪʝʤ, ʘ ʪʘʢʞʝ ʫʤʝʥʴʰʝʥʠʶ ʫʜʝʣʴʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ. ɸʥʘʣʠʟ 

ʤʘʛʥʠʪʦʪʨʘʥʩʧʦʨʪʥʳʭ ʜʘʥʥʳʭ ʫʢʘʟʳʚʘʝʪ ʥʘ ʥʘʣʠʯʠʝ ʨʘʩʪʚʦʨʸʥʥʳʭ ʘʪʦʤʦʚ ʤʘʨʛʘʥʮʘ ʚ 

ʤʘʪʨʠʮʝ InSb, ʩʚʦʡʩʪʚʘ ʢʦʪʦʨʳʭ ʧʨʦʷʚʣʷʶʪʩʷ ʪʦʣʴʢʦ ʧʨʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʬʝʨʨʦʤʘʛʥʠʪʥʳʝ ʢʦʤʧʦʟʠʪʳ, ʨʦʩʪ ʢʨʠʩʪʘʣʣʦʚ, ʤʘʛʥʠʪʥʳʝ ʠ 

ʤʘʛʥʠʪʦʦʧʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ, ʤʘʛʥʝʪʦʪʨʘʥʩʧʦʨʪ 
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Annotation. In this work we studied the effect of quenching on the structural, magnetic and transport 

properties of InSb-MnSb composite systems. As compared to crystals grown under equilibrium 

conditions, quenched samples demonstrate a significantly smaller scale of phase separation, 

although the structural parameters do not change. The magnetic and magneto-optical properties of 

composites are determined by the MnSb phase. Quenching leads to a noticeable increase in the 

coercive force of the systems under consideration, as well as a decrease in resistivity. Analysis of 

magnetotransport data indicates the presence of manganese atoms diluted in the InSb matrix, the 

properties of which manifest itself only at low temperatures. 

Keywords: ferromagnetic composites, crystal growth, magnetic and magneto-optical properties, 

magnetotransport 

 

ʌʫʥʢʮʠʦʥʘʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʢʦʤʧʦʟʠʪʥʳʭ ʩʠʩʪʝʤ ʠʤʝʶʪ ʩʣʦʞʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ 

ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʦʩʪʘʚʣʷʶʱʠʭ ʠʭ ʬʘʟ. ʇʨʠʤʝʥʝʥʠʝ ʟʘʢʘʣʢʠ ʧʨʠ 

ʧʦʣʫʯʝʥʠʠ ʢʨʠʩʪʘʣʣʘ ʤʦʞʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʪʴ ʥʘ ʤʠʢʨʦʩʪʨʫʢʪʫʨʥʳʝ ʧʘʨʘʤʝʪʨʳ ʩʠʩʪʝʤʳ, 

ʦʜʥʘʢʦ, ʚʚʠʜʫ ʢʦʤʧʣʝʢʩʥʦʛʦ ʭʘʨʘʢʪʝʨʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢʦʤʧʦʥʝʥʪ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʠʟʤʝʥʝʥʠʝ ʚ ʩʣʫʯʘʝ ʢʦʤʧʦʟʠʪʦʚ ʦʢʘʟʳʚʘʝʪʩʷ ʥʝʚʦʟʤʦʞʥʳʤ, ʯʪʦ 

ʘʢʪʫʘʣʠʟʠʨʫʝʪ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ ʩʠʩʪʝʤ. ʂʦʤʧʦʟʠʪʳ 

ʪʠʧʘ ʧʦʣʫʧʨʦʚʦʜʥʠʢ-ʬʝʨʨʦʤʘʛʥʝʪʠʢ (ʌʄ) ʧʨʝʜʩʪʘʚʣʷʶʪ ʟʥʘʯʠʪʝʣʴʥʳʡ ʠʥʪʝʨʝʩ ʜʣʷ 

ʩʧʠʥʪʨʦʥʥʳʭ ʧʨʠʣʦʞʝʥʠʡ, ʧʦʩʢʦʣʴʢʫ ʧʨʝʜʧʦʣʘʛʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʫʧʨʘʚʣʝʥʠʷ ʩʧʠʥ-
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ʧʦʣʷʨʠʟʦʚʘʥʥʳʤ ʪʦʢʦʤ ʧʦʩʨʝʜʩʪʚʦʤ ʚʥʝʰʥʠʭ ʚʦʟʜʝʡʩʪʚʠʡ. ɺ ʩʨʘʚʥʝʥʠʠ ʩ ʨʘʟʙʘʚʣʝʥʥʳʤʠ 

ʤʘʛʥʠʪʥʳʤʠ ʧʦʣʫʧʨʦʚʦʜʥʠʢʘʤʠ (ʈʄʇ), ʤʘʛʥʠʪʥʳʝ ʢʦʤʧʦʟʠʪʳ ʟʘʯʘʩʪʫʶ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʠʤʠ 

ʟʥʘʯʝʥʠʷʤʠ ʪʝʤʧʝʨʘʪʫʨʳ ʂʶʨʠ, ʯʪʦ ʜʝʣʘʝʪ ʠʭ ʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʧʨʠʣʦʞʝʥʠʡ. ɺ ʯʘʩʪʥʦʩʪʠ, MnSb ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʪʝʤʧʝʨʘʪʫʨʦʡ ʂʶʨʠ ʦʢʦʣʦ 600 ʂ [1], ʯʪʦ 

ʦʧʨʝʜʝʣʷʝʪ ʠʥʪʝʨʝʩ ʢ ʠʩʩʣʝʜʦʚʘʥʠʶ ʢʦʤʧʦʟʠʪʦʚ ʥʘ ʝʛʦ ʦʩʥʦʚʝ. 

ɺ ʨʘʤʢʘʭ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʢʦʤʧʦʟʠʪʥʳʝ ʢʨʠʩʪʘʣʣʳ  

(1-y)InSb+yĬMnSb, ʧʦʣʫʯʝʥʥʳʝ ʧʨʷʤʳʤ ʩʧʨʘʚʣʝʥʠʝʤ ʵʣʝʤʝʥʪʥʳʭ ʧʨʝʢʫʨʩʦʨʦʚ. ʈʘʩʩʤʦʪʨʝʥ 

ʜʠʘʧʘʟʦʥ ʩʦʩʪʘʚʦʚ y = 36-57 ʤʦʣ.% (ʬʨʘʢʮʠʦʥʥʘʷ ʜʦʣʷ MnSb ʚ ʢʦʤʧʦʟʠʪʝ ʧʝʨʝʩʯʠʪʳʚʘʣʘʩʴ ʚ 

ʚʝʩʦʚʳʝ ʠ ʦʙʲʝʤʥʳʝ ʧʨʦʮʝʥʪʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʘʙʣʠʯʥʳʭ ʟʥʘʯʝʥʠʡ ʤʦʣʷʨʥʳʭ ʤʘʩʩ ʠ 

ʧʣʦʪʥʦʩʪʝʡ ʙʠʥʘʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ InSb ʠ MnSb). ʀʩʩʣʝʜʦʚʘʣʠʩʴ ʢʘʢ ʨʘʚʥʦʚʝʩʥʳʝ (as-grown) 

ʢʨʠʩʪʘʣʣʳ (ʤʝʜʣʝʥʥʦʝ ʦʭʣʘʞʜʝʥʠʝ ʨʘʩʧʣʘʚʘ), ʪʘʢ ʠ ʟʘʢʘʣʸʥʥʳʝ ʠʟ ʨʘʩʧʣʘʚʘ (quenched). 

ʆʩʥʦʚʥʦʡ ʮʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʣʦʩʴ ʠʟʫʯʝʥʠʝ ʚʣʠʷʥʠʷ ʟʘʢʘʣʢʠ ʥʘ ʩʚʦʡʩʪʚʘ ʧʦʣʫʯʘʝʤʳʭ 

ʢʦʤʧʦʟʠʪʦʚ. ʈʝʥʪʛʝʥʦʜʠʬʨʘʢʮʠʦʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʜʪʚʝʨʞʜʘʶʪ ʦʞʠʜʘʝʤʳʡ ʬʘʟʦʚʳʡ 

ʩʦʩʪʘʚ ʨʘʚʥʦʚʝʩʥʳʭ ʢʨʠʩʪʘʣʣʦʚ. ʇʨʠ ʵʪʦʤ, ʜʣʷ ʟʘʢʘʣʸʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʥʘʙʣʶʜʘʝʪʩʷ ʦʪʣʠʯʠʝ 

ʚ ʠʥʪʝʥʩʠʚʥʦʩʪʷʭ ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʧʠʢʦʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʘʥʥʳʤʠ ʜʣʷ ʨʘʚʥʦʚʝʩʥʳʭ 

ʢʨʠʩʪʘʣʣʦʚ, ʦʜʥʘʢʦ, ʥʘʙʦʨ ʬʘʟ ʠ ʧʘʨʘʤʝʪʨʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʷʯʝʝʢ ʦʢʘʟʳʚʘʶʪʩʷ ʠʜʝʥʪʠʯʥʳ 

ʚ ʦʙʦʠʭ ʩʣʫʯʘʷʭ. ʅʘʠʙʦʣʝʝ ʷʨʢʠʤ ʵʬʬʝʢʪʦʤ ʟʘʢʘʣʢʠ ʜʣʷ ʠʩʩʣʝʜʫʝʤʦʡ ʩʠʩʪʝʤʳ ʷʚʣʷʝʪʩʷ 

ʩʫʱʝʩʪʚʝʥʥʦʝ ʫʤʝʥʴʰʝʥʠʝ ʤʘʩʰʪʘʙʦʚ ʬʘʟʦʚʦʛʦ ʨʘʩʩʣʦʝʥʠʷ. ʊʘʢ, ʭʘʨʘʢʪʝʨʥʳʝ ʨʘʟʤʝʨʳ 

ʯʝʨʝʜʫʶʱʠʭʩʷ ʦʙʣʘʩʪʝʡ InSb ʠ MnSb ʜʣʷ ʨʘʚʥʦʚʝʩʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʦʢʘʟʳʚʘʶʪʩʷ ʥʘ ʧʦʨʷʜʦʢ 

ʙʦʣʴʰʝ, ʯʝʤ ʚ ʩʣʫʯʘʝ ʟʘʢʘʣʸʥʥʳʭ ʦʙʨʘʟʮʦʚ. ʋʤʝʥʴʰʝʥʠʝ ʨʘʟʤʝʨʦʚ ʤʘʛʥʠʪʥʳʭ ʦʙʣʘʩʪʝʡ MnSb 

ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʜʘʥʥʳʤʠ ʂʝʨʨ-ʤʠʢʨʦʩʢʦʧʠʠ. ʇʨʠ ʵʪʦʤ ʩʧʝʢʪʨʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʤʘʛʥʠʪʦʦʧʪʠʯʝʩʢʦʛʦ ʦʪʢʣʠʢʘ ʢʨʠʩʪʘʣʣʦʚ InSb-MnSb ʧʦʜʪʚʝʨʞʜʘʶʪ ʜʦʤʠʥʘʥʪʥʫʶ ʨʦʣʴ ʬʘʟʳ 

MnSb ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ ʜʘʥʥʦʡ ʩʠʩʪʝʤʳ. 

 

 

ʈʠʩ. 1. (ʘ) ʂʦʤʧʦʟʠʮʠʦʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʥʘʩʳʱʝʥʠʷ ʟʘʢʘʣʸʥʥʳʭ (quenched) 

ʠ ʨʘʚʥʦʚʝʩʥʳʭ (as-grown) ʢʨʠʩʪʘʣʣʦʚ InSb-MnSb ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ; ʧʫʥʢʪʠʨʥʦʡ ʣʠʥʠʝʡ 

ʧʦʢʘʟʘʥʘ ʨʘʩʯʸʪʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪʢʣʠʢʘ ʥʘ ʦʩʥʦʚʝ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ [1]; (ʙ) ʢʦʤʧʦʟʠʮʠʦʥʥʘʷ 

ʟʘʚʠʩʠʤʦʩʪʴ ʢʦʵʨʮʠʪʠʚʥʦʡ ʩʠʣʳ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʦʚ. 

 

ʈʝʟʫʣʴʪʘʪʳ ʤʘʛʥʠʪʦʤʝʪʨʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʢʨʠʩʪʘʣʣʦʚ InSb-MnSb ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 1. ʀʟ ʨʠʩ. 1ʘ ʚʠʜʥʦ, ʯʪʦ ʚʝʣʠʯʠʥʘ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ 

ʥʘʩʳʱʝʥʠʷ ὓ  ʨʘʩʪʸʪ ʚʤʝʩʪʝ ʩ ʜʦʣʝʡ MnSb. ʀʟ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ [1] ʩʣʝʜʫʝʪ, ʯʪʦ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ ʥʘʩʳʱʝʥʠʷ ʯʠʩʪʦʛʦ MnSb ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʩʦʩʪʘʚʣʷʝʪ ʧʨʠʤʝʨʥʦ 

88 emu/g. ʇʦʣʘʛʘʷ ʣʠʥʝʡʥʫʶ ʢʦʨʨʝʣʷʮʠʶ ʩ ʩʦʩʪʘʚʦʤ, ʙʳʣʘ ʧʦʩʪʨʦʝʥʘ ʨʘʩʯʸʪʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ 

ὓ ώ, ʧʦʢʘʟʘʥʥʘʷ ʧʫʥʢʪʠʨʥʦʡ ʣʠʥʠʝʡ ʥʘ ʨʠʩ. 1ʘ. ʀʟ ʜʘʥʥʦʛʦ ʩʨʘʚʥʝʥʠʷ ʚʠʜʥʦ, ʯʪʦ ʚ ʩʣʫʯʘʝ 
ʤʠʥʠʤʘʣʴʥʦʛʦ y ʤʘʛʥʠʪʥʳʡ ʦʪʢʣʠʢ ʩʠʩʪʝʤʳ ʦʢʘʟʳʚʘʝʪʩʷ ʟʘʤʝʪʥʦ ʩʣʘʙʝʝ ʦʞʠʜʘʝʤʦʛʦ. ʕʪʦ 

ʤʦʞʝʪ ʫʢʘʟʳʚʘʪʴ ʢʘʢ ʥʘ ʯʘʩʪʠʯʥʫʶ ʜʝʢʦʤʧʦʟʠʮʠʶ ʬʘʟʳ MnSb ʚ ʩʣʫʯʘʝ ʤʘʣʦʛʦ ʩʦʜʝʨʞʘʥʠʷ, 

ʪʘʢ ʠ ʥʘ ʚʘʨʠʘʮʠʶ ʝʸ ʩʪʝʭʠʦʤʝʪʨʠʠ. ʊʘʢ, MnSb ʦʙʣʘʜʘʝʪ ʜʦʚʦʣʴʥʦ ʰʠʨʦʢʦʡ ʦʙʣʘʩʪʴʶ 

ʛʦʤʦʛʝʥʥʦʩʪʠ, ʘ ʠʟʙʳʪʦʢ ʘʪʦʤʦʚ ʤʘʨʛʘʥʮʘ ʦʙʳʯʥʦ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʦʩʣʘʙʣʝʥʠʝʤ ʤʘʛʥʠʪʥʦʛʦ 

ʦʪʢʣʠʢʘ, ʚ ʪʦʤ ʯʠʩʣʝ, ʚʝʣʠʯʠʥʳ ὓ . ʇʨʠ ʵʪʦʤ ʵʬʬʝʢʪ ʟʘʢʘʣʢʠ ʥʘ ʚʝʣʠʯʠʥʫ ὓ  ʦʢʘʟʳʚʘʝʪʩʷ 

ʥʝʦʜʥʦʟʥʘʯʥʳʤ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʝʩʣʠ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʚʘʨʠʘʮʠʶ ʢʦʵʨʮʠʪʠʚʥʦʡ ʩʠʣʳ 
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ʠʩʩʣʝʜʫʝʤʳʭ ʢʦʤʧʦʟʠʪʦʚ (ʨʠʩ. 1ʙ), ʪʦ ʚʧʦʣʥʝ ʦʯʝʚʠʜʥʦ, ʯʪʦ ʟʘʢʘʣʢʘ ʧʨʠʚʦʜʠʪ ʧʨʘʢʪʠʯʝʩʢʠ ʢ 

ʪʨʝʭʢʨʘʪʥʦʤʫ ʫʚʝʣʠʯʝʥʠʶ Ὄ. ʇʨʠ ʵʪʦʤ ʟʥʘʯʝʥʠʷ Ὄ  ʜʣʷ ʨʘʚʥʦʚʝʩʥʳʭ ʢʨʠʩʪʘʣʣʦʚ 

ʦʢʘʟʳʚʘʶʪʩʷ ʘʥʘʣʦʛʠʯʥʳ ʯʠʩʪʦʤʫ MnSb [2], ʘ ʟʥʘʯʝʥʠʷ ʜʣʷ ʟʘʢʘʣʸʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ, 

ʘʥʘʣʦʛʠʯʥʳ ʚʝʣʠʯʠʥʝ Ὄ  ʜʣʷ ʟʘʢʘʣʸʥʥʦʛʦ ʢʦʤʧʦʟʠʪʘ GaSb-MnSb [3]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʨʦʩʪ Ὄ  ʧʨʠ ʟʘʢʘʣʢʝ ʦʢʘʟʳʚʘʝʪʩʷ ʚʧʦʣʥʝ ʫʥʠʚʝʨʩʘʣʴʥʳʤ, ʭʦʪʷ ʝʛʦ 

ʦʙʲʷʩʥʝʥʠʝ ʥʘ ʜʘʥʥʦʤ ʵʪʘʧʝ ʟʘʪʨʫʜʥʠʪʝʣʴʥʦ. 

 

 

ʈʠʩ. 2. (ʘ) ʂʦʤʧʦʟʠʮʠʦʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʫʜʝʣʴʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʟʘʢʘʣʸʥʥʳʭ ʠ ʨʘʚʥʦʚʝʩʥʳʭ 

ʢʨʠʩʪʘʣʣʦʚ InSb-MnSb ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 85 ʂ; (ʙ) ʢʦʤʧʦʟʠʮʠʦʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪʥʦʩʠʪʝʣʴʥʦʡ 

ʘʤʧʣʠʪʫʜʳ ʠʟʤʝʥʝʥʠʷ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ‏” ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ ʜʣʷ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʦʚ. 

 

ɺʩʝ ʦʙʨʘʟʮʳ ʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʤʝʪʘʣʣʠʯʝʩʢʠʡ ʭʘʨʘʢʪʝʨ ʟʘʚʠʩʠʤʦʩʪʠ ”Ὕ. ʅʘ ʨʠʩ. 2ʘ 
ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʦʤʧʦʟʠʮʠʦʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʫʜʝʣʴʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ Ὕ  

85 ʂ, ʘ ʥʘ ʨʠʩ. 2ʙ ï ʢʦʤʧʦʟʠʮʠʦʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʘʤʧʣʠʪʫʜʳ ʠʟʤʝʥʝʥʠʷ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʦʧʨʝʜʝʣʷʝʤʦʡ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʢʘʢ ‏” ρππϷϽ”Ὕ ”Ὕ ”Ὕϳ  (Ὕ  

295 ʂ). ʀʟ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʜʘʥʥʳʭ ʚʠʜʥʦ ʪʨʠ ʦʩʥʦʚʥʳʭ ʨʝʟʫʣʴʪʘʪʘ. ɺʦ-ʧʝʨʚʳʭ, ʟʘʚʠʩʠʤʦʩʪʴ 

”ώ ʜʣʷ ʚʩʝʭ ʢʨʠʩʪʘʣʣʦʚ ʦʢʘʟʳʚʘʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʦ ʥʝʣʠʥʝʡʥʦʡ, ʠ ʜʘʞʝ ʥʝʤʦʥʦʪʦʥʥʦʡ, ʯʪʦ 

ʧʨʦʪʠʚʦʨʝʯʠʪ ʧʨʦʩʪʦʡ ʬʦʨʤʫʣʝ ʃʘʥʜʘʫʵʨʘ [4] ʠ ʧʨʝʜʧʦʣʘʛʘʝʪ ʩʦʧʫʪʩʪʚʫʶʱʫʶ ʚʘʨʠʘʮʠʶ 

ʧʘʨʘʤʝʪʨʦʚ ʢʦʤʧʦʥʝʥʪ ʢʦʤʧʦʟʠʪʘ (ʜʝʬʝʢʪʥʦʩʪʴ, ʩʪʨʫʢʪʫʨʘ ʛʨʘʥʠʮ ʢʨʠʩʪʘʣʣʠʪʦʚ). ɺʦ-ʚʪʦʨʳʭ, 

ʟʘʢʘʣʢʘ ʧʨʠʚʦʜʠʪ ʢ ʟʘʤʝʪʥʦʤʫ ʫʤʝʥʴʰʝʥʠʶ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ 

ʫʤʝʥʴʰʝʥʠʝʤ ʤʘʩʰʪʘʙʘ ʬʘʟʦʚʦʛʦ ʨʘʩʩʣʦʝʥʠʷ. ɺ-ʪʨʝʪʴʠʭ, ʟʘʢʘʣʢʘ ʧʨʠʚʦʜʠʪ ʢ ʥʝʢʦʪʦʨʦʤʫ 

ʫʚʝʣʠʯʝʥʠʶ ʘʤʧʣʠʪʫʜʳ ‏”, ʯʪʦ ʤʦʞʝʪ ʫʢʘʟʳʚʘʪʴ ʥʘ ʙʦʣʴʰʠʡ ʦʪʥʦʩʠʪʝʣʴʥʳʡ ʚʢʣʘʜ ʬʘʟʳ 
MnSb. ɼʦʧʦʣʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʤʘʛʥʝʪʦʪʨʘʥʩʧʦʨʪʥʳʭ ʜʘʥʥʳʭ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʠʩʩʣʝʜʫʝʤʳʝ 

ʢʨʠʩʪʘʣʣʳ InSb-MnSb ʢʘʯʝʩʪʚʝʥʥʦ ʘʥʘʣʦʛʠʯʥʳ ʢʦʤʧʦʟʠʪʘʤ GaSb-MnSb [3]. ʆʩʦʙʝʥʥʦʩʪʠ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʚʝʜʝʥʠʷ ʘʤʧʣʠʪʫʜʳ ʘʥʦʤʘʣʴʥʦʛʦ ʍʦʣʣʘ ʪʘʢʞʝ ʫʢʘʟʳʚʘʶʪ ʥʘ ʥʘʣʠʯʠʝ 

ʨʘʩʪʚʦʨʸʥʥʳʭ ʘʪʦʤʦʚ ʤʘʨʛʘʥʮʘ ʚ ʤʘʪʨʠʮʝ InSb. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʈʅʌ ˉ 21-73-20220. 
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ʋɼʂ 535.47: 535.514.9 

ʂʠʨʘʣʴʥʳʝ ʪʦʥʢʦʧʣʝʥʦʯʥʳʝ ʤʝʪʘʤʘʪʝʨʠʘʣʳ ʥʘ ʦʩʥʦʚʝ ʤʘʩʩʠʚʦʚ 

 ʢʦʙʘʣʴʪʦʚʳʭ ʥʘʥʦʩʧʠʨʘʣʝʡ  

ʊʨʫʰʠʥ ʆ.ʉ. 

ʜ.ʬ.-ʤ.ʥ., ʜʠʨʝʢʪʦʨ ʗʨʦʩʣʘʚʩʢʠʡ ʬʠʣʠʘʣ ʌʠʟʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ ʠʤ. 

ʂ.ɸ. ɺʘʣʠʝʚʘ 

ʌʘʪʪʘʭʦʚ ʀ.ʉ. 

ʤ.ʥ.ʩ., ʗʨʦʩʣʘʚʩʢʠʡ ʬʠʣʠʘʣ ʌʠʟʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ ʠʤ. ʂ.ɸ. ɺʘʣʠʝʚʘ 

ʌʝʜʦʨʦʚ ɸ.ʉ.  

ʤ.ʥ.ʩ., ʀʥʩʪʠʪʫʪ ʨʘʜʠʦʪʝʭʥʠʢʠ ʠ ʵʣʝʢʪʨʦʥʠʢʠ ʠʤ. ɺ.ɸ. ʂʦʪʝʣʴʥʠʢʦʚʘ ʈɸʅ, ʄʦʩʢʦʚʩʢʠʡ 

ʬʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ 

ʃʦʛʫʥʦʚ ʄ.ɺ.  

ʜ.ʬ.-ʤ.ʥ., ʧʨʦʬʝʩʩʦʨ, ʀʥʩʪʠʪʫʪ ʨʘʜʠʦʪʝʭʥʠʢʠ ʠ ʵʣʝʢʪʨʦʥʠʢʠ ʠʤ. ɺ.ɸ. ʂʦʪʝʣʴʥʠʢʦʚʘ ʈɸʅ, 

ʄʦʩʢʦʚʩʢʠʡ ʬʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ 

 

ɸʥʥʦʪʘʮʠʷ. ʇʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʢʠʨʘʣʴʥʳʭ 

ʧʣʝʥʦʯʥʳʭ ʩʪʨʫʢʪʫʨ ʥʘ ʦʩʥʦʚʝ ʤʘʩʩʠʚʦʚ ʢʦʙʘʣʴʪʦʚʳʭ ʥʘʥʦʩʧʠʨʘʣʝʡ, ʧʦʣʫʯʘʝʤʳʭ ʤʝʪʦʜʦʤ 

ʥʘʢʣʦʥʥʦʛʦ ʥʘʧʳʣʝʥʠʷ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʫʩʣʦʚʠʷʭ ʵʣʝʢʪʨʦʥʥʦ-ʣʫʯʝʚʦʛʦ ʠʩʧʘʨʝʥʠʷ ʥʘ 

ʚʨʘʱʘʶʱʫʶʩʷ ʥʘʢʣʦʥʥʫʶ ʧʦʜʣʦʞʢʫ ʬʦʨʤʠʨʫʝʪʩʷ ʤʘʩʩʠʚ ʥʘʥʦʩʧʠʨʘʣʝʡ, ʟʘʢʨʫʯʝʥʥʳʭ ʚ ʦʜʥʫ 

ʩʪʦʨʦʥʫ. ʀʟʤʝʥʷʷ ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ʧʦʜʣʦʞʢʠ, ʤʦʞʥʦ ʠʟʤʝʥʷʪʴ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʨʘʟʤʝʨʳ 

ʥʘʥʦʩʧʠʨʘʣʝʡ (ʰʘʛ ʠ ʨʘʜʠʫʩ ʩʧʠʨʘʣʠ). ʇʦʣʫʯʝʥʥʳʝ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʢʠʨʘʣʴʥʳʝ ʪʦʥʢʦʧʣʝʥʦʯʥʳʝ 

ʤʝʪʘʤʘʪʝʨʠʘʣʳ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʚʳʨʘʞʝʥʥʳʡ ʮʠʨʢʫʣʷʨʥʳʡ ʜʠʭʨʦʠʟʤ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʦ ʜʣʷ ʩʦʟʜʘʥʠʷ ʧʦʣʷʨʠʟʘʪʦʨʦʚ, ʦʧʪʠʯʝʩʢʠʭ ʠ ʤʘʛʥʠʪʦʦʧʪʠʯʝʩʢʠʭ ʬʠʣʴʪʨʦʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʠʨʘʣʴʥʳʝ ʤʝʪʘʤʘʪʝʨʠʘʣʳ, ʥʘʥʦʩʧʠʨʘʣʠ, ʮʠʨʢʫʣʷʨʥʳʡ ʜʠʭʨʦʠʟʤ 
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Annotation. The results of experimental studies of chiral film structures based on arrays of cobalt 

nanospirals obtained by inclined deposition are presented. It has been shown that under conditions 

of electron beam evaporation, the array of nanospirals twisted in one direction is formed on a rotating 

inclined substrate. By changing the speed of substrateôs rotation, one can change the geometric 
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dimensions of the nanospirals (spiral pitch, spiral radius). The chiral thin-film metamaterials 

obtained in this way exhibit pronounced circular dichroism, which can be used to create optical and 

magnetooptical polarizers and filters.  

Keywords: chiral metamaterials, nanospirals, circular dichroism 

ʆʧʪʠʯʝʩʢʠʝ ʤʝʪʘʤʘʪʝʨʠʘʣʳ ʠ ʪʝʭʥʦʣʦʛʠʠ ʠʭ ʧʦʣʫʯʝʥʠʷ ʥʘʭʦʜʷʪʩʷ ʚ ʬʦʢʫʩʝ ʚʥʠʤʘʥʠʷ 

ʚ ʩʦʚʨʝʤʝʥʥʦʡ ʥʘʫʯʥʦʡ ʣʠʪʝʨʘʪʫʨʝ. ɺʦʟʤʦʞʥʦʩʪʴ ʩʦʟʜʘʥʠʷ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ 

ʫʥʠʢʘʣʴʥʳʤʠ ʦʧʪʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʧʦʟʚʦʣʷʝʪ ʠʩʩʣʝʜʦʚʘʪʴ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ 

ʤʝʭʘʥʠʟʤʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʚʝʪʘ ʩ ʚʝʱʝʩʪʚʦʤ ʠ ʦʪʢʨʳʚʘʝʪ ʰʠʨʦʢʠʝ ʧʝʨʩʧʝʢʪʠʚʳ ʠʭ 

ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ [1-4]. ɺʘʞʥʳʤ ʧʨʠʤʝʨʦʤ ʪʘʢʦʛʦ ʨʦʜʘ ʷʚʣʷʶʪʩʷ ʢʠʨʘʣʴʥʳʝ 

ʧʣʝʥʦʯʥʳʝ ʩʪʨʫʢʪʫʨʳ [4]. ʊʘʢʠʝ ʩʪʨʫʢʪʫʨʳ ʩʦʩʪʦʷʪ ʠʟ ʧʝʨʠʦʜʠʯʝʩʢʠ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ 

ʧʣʦʩʢʦʡ ʧʦʜʣʦʞʢʝ ʦʜʠʥʘʢʦʚʳʭ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʬʦʨʤ (ʤʝʪʘʘʪʦʤʦʚ) ʩ ʪʠʧʠʯʥʳʤʠ ʨʘʟʤʝʨʘʤʠ, 

ʩʨʘʚʥʠʤʳʤʠ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ ʚʠʜʠʤʦʛʦ ʩʚʝʪʘ. ʉʫʱʝʩʪʚʝʥʥʳʤ ʩʚʦʡʩʪʚʦʤ ʪʘʢʠʭ ʬʦʨʤ ʷʚʣʷʝʪʩʷ 

ʥʘʨʫʰʝʥʠʝ ʟʝʨʢʘʣʴʥʦʡ ʩʠʤʤʝʪʨʠʠ, ʯʪʦ ʧʨʠʜʘʝʪ ʪʘʢʦʡ ʧʣʝʥʦʯʥʦʡ ʩʪʨʫʢʪʫʨʝ ʩʚʦʡʩʪʚʦ 

ʢʠʨʘʣʴʥʦʩʪʠ. ʕʪʦ ʩʚʦʡʩʪʚʦ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʦʧʪʠʯʝʩʢʠʭ ʷʚʣʝʥʠʷʭ ʚ ʚʠʜʝ ʨʘʟʣʠʯʥʦʛʦ ʭʘʨʘʢʪʝʨʘ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʪʘʢʦʛʦ ʤʘʪʝʨʠʘʣʘ ʩ ʧʨʘʚʦ- ʠ ʣʝʚʦ- ʮʠʨʢʫʣʷʨʥʦ ʧʦʣʷʨʠʟʦʚʘʥʥʳʤ ʩʚʝʪʦʤ. ʇʨʠ 

ʧʨʦʧʫʩʢʘʥʠʠ ʩʚʝʪʘ ʯʝʨʝʟ ʪʘʢʦʡ ʤʝʪʘʤʘʪʝʨʠʘʣ ʥʘʙʣʶʜʘʝʪʩʷ ʷʚʣʝʥʠʝ ʢʨʫʛʦʚʦʛʦ ʜʠʭʨʦʠʟʤʘ, ʘ 

ʧʨʠ ʦʪʨʘʞʝʥʠʠ ʦʪ ʪʘʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʦʠʩʭʦʜʠʪ ʠʟʤʝʥʝʥʠʝ ʩʦʩʪʦʷʥʠʷ ʧʦʣʷʨʠʟʘʮʠʠ ʠ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʚʝʪʘ. ʕʪʠ ʷʚʣʝʥʠʷ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʧʨʘʢʪʠʯʝʩʢʠʭ ʧʨʠʤʝʥʝʥʠʡ ʧʨʠ 

ʩʦʟʜʘʥʠʠ ʦʧʪʠʯʝʩʢʠʭ ʠ ʤʘʛʥʠʪʦʦʧʪʠʯʝʩʢʠʭ ʬʠʣʴʪʨʦʚ, ʧʦʣʷʨʠʟʘʪʦʨʦʚ ʠ ʩʝʥʩʦʨʦʚ ʨʘʟʥʦʛʦ ʪʠʧʘ 

[4]. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʣʷ ʩʦʟʜʘʥʠʷ ʢʠʨʘʣʴʥʳʭ ʤʝʪʘʤʘʪʝʨʠʘʣʦʚ ʠʩʧʦʣʴʟʫʶʪ ʚʝʱʝʩʪʚʘ ʩ 

ʨʘʟʥʦʡ ʧʨʠʨʦʜʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ: ʜʠʵʣʝʢʪʨʠʢʠ, ʧʦʣʫʧʨʦʚʦʜʥʠʢʠ ʠ ʤʝʪʘʣʣʳ. ɼʣʷ ʩʦʟʜʘʥʠʷ ʪʘʢʠʭ 

ʩʪʨʫʢʪʫʨ ʧʨʠʤʝʥʷʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʪʝʭʥʦʣʦʛʠʠ. ʅʘʠʙʦʣʝʝ ʩʦʚʝʨʰʝʥʥʳʝ ʧʦ ʬʦʨʤʝ ʠ ʦʜʠʥʘʢʦʚʳʝ 

ʧʦ ʨʘʟʤʝʨʘʤ ʥʘʥʦʩʪʨʫʢʪʫʨʳ ʧʦʣʫʯʘʶʪ ʤʝʪʦʜʘʤʠ ʥʘʥʦʣʠʪʦʛʨʘʬʠʠ ʠ ʥʘʥʦʧʝʯʘʪʠ [2,4]. ʆʜʥʘʢʦ 

ʚʳʩʦʢʘʷ ʩʪʦʠʤʦʩʪʴ ʪʘʢʠʭ ʤʝʪʦʜʦʚ ʧʨʝʧʷʪʩʪʚʫʝʪ ʰʠʨʦʢʦʤʫ ʧʨʘʢʪʠʯʝʩʢʦʤʫ ʧʨʠʤʝʥʝʥʠʶ 

ʧʦʣʫʯʘʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ. ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʠʨʘʣʴʥʳʭ ʤʝʪʘʤʘʪʝʨʠʘʣʦʚ ʰʠʨʦʢʦ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʝʜʦʨʦʛʦʡ ʤʝʪʦʜ ʥʘʢʣʦʥʥʦʛʦ ʥʘʧʳʣʝʥʠʷ ʩ ʚʨʘʱʝʥʠʝʤ ʧʦʜʣʦʞʢʠ (GLAD) [3,5]. 

ɺ ʨʘʤʢʘʭ ʵʪʦʛʦ ʤʝʪʦʜʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʤʘʩʩʠʚʦʚ ʥʘʥʦʩʧʠʨʘʣʝʡ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʫʩʣʦʚʠʷʭ 

ʵʣʝʢʪʨʦʥʥʦ-ʣʫʯʝʚʦʛʦ ʠʩʧʘʨʝʥʠʷ ʥʘ ʥʘʢʣʦʥʥʫʶ ʧʦʜʣʦʞʢʫ ʟʘ ʩʯʝʪ ʵʬʬʝʢʪʘ ʟʘʪʝʥʝʥʠʷ. ɼʘʥʥʳʡ 

ʵʬʬʝʢʪ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʢʨʠʩʪʘʣʣʠʪʳ, ʧʦʣʫʯʠʚʰʠʝ ʩʣʫʯʘʡʥʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ ʚ ʨʦʩʪʝ ʥʘ 

ʥʘʯʘʣʴʥʳʭ ʵʪʘʧʘʭ ʥʘʧʳʣʝʥʠʷ, ʚ ʜʘʣʴʥʝʡʰʝʤ ʟʘʪʝʥʷʶʪ ʩʦʩʝʜʝʡ, ʧʦʜʘʚʣʷʷ ʠʭ ʨʦʩʪ. ʊʝʤ ʩʘʤʳʤ 

ʚ ʨʘʩʪʫʱʝʡ ʧʣʝʥʢʝ ʦʙʨʘʟʫʶʪʩʷ ʧʦʨʳ ʠ ʬʦʨʤʠʨʫʝʪʩʷ ʤʘʩʩʠʚ ʦʪʜʝʣʴʥʳʭ ʥʘʥʦʚʦʣʦʢʦʥ. 

ɺʢʣʶʯʝʥʠʝ ʚʨʘʱʝʥʠʷ ʧʦʜʣʦʞʢʠ ʚʦʢʨʫʛ ʥʦʨʤʘʣʠ ʢ ʝʝ ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʧʨʦʮʝʩʩʝ ʨʦʩʪʘ ʧʨʠʚʦʜʠʪ 

ʢ ʧʦʩʪʝʧʝʥʥʦʤʫ ʩʤʝʱʝʥʠʶ ʦʙʣʘʩʪʠ ʪʝʥʠ ʠ ʬʦʨʤʠʨʦʚʘʥʠʶ ʥʘʥʦʩʧʠʨʘʣʝʡ. ʇʨʠ ʵʪʦʤ ʚʩʝ 

ʥʘʥʦʩʧʠʨʘʣʠ ʩʠʥʭʨʦʥʥʦ ʟʘʢʨʫʯʝʥʳ ʚ ʦʜʥʫ ʩʪʦʨʦʥʫ, ʯʪʦ ʧʨʠʜʘʝʪ ʩʚʦʡʩʪʚʦ ʢʠʨʘʣʴʥʦʩʪʠ ʚʩʝʡ 

ʤʝʪʘʧʦʚʝʨʭʥʦʩʪʠ. ʀʟʤʝʥʷʷ ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ʧʦʜʣʦʞʢʠ, ʤʦʞʥʦ ʠʟʤʝʥʷʪʴ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ 

ʨʘʟʤʝʨʳ ʥʘʥʦʩʧʠʨʘʣʝʡ (ʰʘʛ ʩʧʠʨʘʣʠ, ʨʘʜʠʫʩ ʩʧʠʨʘʣʠ ʠ ʜʨ.). ʇʦʜʭʦʜʷʱʝʡ ʪʝʭʥʦʣʦʛʠʝʡ ʜʣʷ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʥʘʢʣʦʥʥʦʤʫ ʥʘʧʳʣʝʥʠʶ ʷʚʣʷʝʪʩʷ ʵʣʝʢʪʨʦʥʥʦ-ʣʫʯʝʚʦʝ ʠʩʧʘʨʝʥʠʝ. ʕʪʦʪ 

ʤʝʪʦʜ ʩʦʯʝʪʘʝʪ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʠʡ ʨʘʙʦʯʠʡ ʚʘʢʫʫʤ ʠ ʦʜʥʦʨʦʜʥʳʡ ʧʦʪʦʢ ʨʘʩʧʳʣʷʝʤʦʛʦ 

ʤʘʪʝʨʠʘʣʘ. ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʥʘʧʳʣʝʥʠʶ ʧʣʝʥʦʢ ʢʦʙʘʣʴʪʘ ʥʘ ʥʘʢʣʦʥʥʫʶ 

ʧʦʜʣʦʞʢʫ ʧʨʦʚʦʜʠʣʠ ʥʘ ʫʩʪʘʥʦʚʢʝ ʵʣʝʢʪʨʦʥʥʦ-ʣʫʯʝʚʦʛʦ ʠʩʧʘʨʝʥʠʷ ʆʨʘʪʦʨʠʷ-9. ʋʩʣʦʚʠʷ 

ʥʘʧʳʣʝʥʠʷ ʙʳʣʠ ʩʣʝʜʫʶʱʠʝ: ʙʘʟʦʚʳʡ ʚʘʢʫʫʤ: 4Ξ10-6 ʤʤ.ʨʪ.ʩʪ; ʥʘʧʨʷʞʝʥʠʝ ʵʣʝʢʪʨʦʥʥʦʛʦ ʣʫʯʘ 

8 ʢɺ; ʪʦʢ 0.5 ɸ. ʇʣʝʥʢʠ ʢʦʙʘʣʴʪʘ ʥʘʧʳʣʷʣʠʩʴ ʥʘ ʩʪʝʢʣʷʥʥʫʶ ʧʦʜʣʦʞʢʫ ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʬʦʨʤʳ 

ʨʘʟʤʝʨʦʤ 20*20 ʤʤ. ʇʦʜʣʦʞʢʘ ʢʨʝʧʠʣʘʩʴ ʥʘ ʜʝʨʞʘʪʝʣʴ ʧʦʜ ʥʘʢʣʦʥʦʤ ʢ ʧʦʪʦʢʫ ʥʘʧʳʣʷʝʤʦʛʦ 

ʤʘʪʝʨʠʘʣʘ. ʂʨʦʤʝ ʪʦʛʦ, ʜʝʨʞʘʪʝʣʴ ʦʙʝʩʧʝʯʠʚʘʣ ʚʦʟʤʦʞʥʦʩʪʴ ʚʨʘʱʝʥʠʷ ʧʦʜʣʦʞʢʠ ʩ 

ʚʘʨʴʠʨʫʝʤʳʤʠ ʩʢʦʨʦʩʪʷʤʠ. ɺʩʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. 

ʉʢʦʨʦʩʪʴ ʨʦʩʪʘ ʧʣʝʥʦʢ ʚʘʨʴʠʨʦʚʘʣʘʩʴ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʛʣʘ ʥʘʢʣʦʥʘ ʧʦʜʣʦʞʢʠ ʦʪ 0.9 ʜʦ 1.5 

ʥʤ/ʩ. ɺʨʝʤʷ ʥʘʧʳʣʝʥʠʷ ʙʳʣʦ ʦʜʠʥʘʢʦʚʳʤ ʜʣʷ ʚʩʝʭ ʦʙʨʘʟʮʦʚ ʠ ʩʦʩʪʘʚʣʷʣʦ 5 ʤʠʥ. ʇʦʣʫʯʝʥʥʳʝ 

ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʧʣʝʥʢʠ ʜʘʣʝʝ ʧʦʜʚʝʨʛʘʣʠʩʴ ʨʘʟʣʠʯʥʳʤ ʚʠʜʘʤ ʘʥʘʣʠʟʦʚ. ʄʦʨʬʦʣʦʛʠʷ ʠ 

ʩʪʨʫʢʪʫʨʘ ʧʦʣʫʯʘʝʤʳʭ ʧʣʝʥʦʢ ʙʳʣʘ ʠʩʩʣʝʜʦʚʘʥʘ ʤʝʪʦʜʦʤ ʩʢʘʥʠʨʫʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ 

ʤʠʢʨʦʩʢʦʧʠʠ SEM (SUPRA-40). ʆʧʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʟʤʝʨʷʣʠʩʴ ʥʘ CD ʩʧʝʢʪʨʦʤʝʪʨʝ 



ʅʄʄʄ-2024 1-20 ʉʝʢʮʠʷ 1. 

 
J-1500. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʨʘʥʝʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʧʪʠʤʘʣʴʥʳʝ 

ʫʩʣʦʚʠʷ ʜʣʷ ʥʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʠʷ ʧʣʝʥʦʢ ʢʦʙʘʣʴʪʘ ʨʝʘʣʠʟʫʶʪʩʷ ʧʨʠ ʫʛʣʘʭ ʥʘʢʣʦʥʘ 

ʧʦʜʣʦʞʢʠ q > 80Ü [6]. ʆʧʪʠʤʘʣʴʥʳʤʠ, ʚ ʜʘʥʥʦʤ ʢʦʥʪʝʢʩʪʝ, ʷʚʣʷʶʪʩʷ ʫʩʣʦʚʠʷ ʥʘʧʳʣʝʥʠʷ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʥʘʠʙʦʣʝʝ ʯʝʪʢʦ ʚʳʨʘʞʝʥʥʦʝ ʥʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʠʝ, ʢʦʛʜʘ ʧʣʝʥʢʘ ʩʦʩʪʦʠʪ ʠʟ 

ʦʪʜʝʣʴʥʳʭ ʥʘʥʦʚʦʣʦʢʦʥ, ʨʘʟʜʝʣʝʥʥʳʭ ʧʦʨʘʤʠ. ɺ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʬʦʨʤʠʨʫʝʪʩʷ ʤʘʩʩʠʚ 

ʥʘʥʦʢʦʣʦʥʥ c ʫʛʣʦʤ ʥʘʢʣʦʥʘ ʦʢʦʣʦ 60Ü. ʂʘʞʜʘʷ ʥʘʥʦʢʦʣʦʥʥʘ ʠʤʝʝʪ ʧʦʧʝʨʝʯʥʳʝ ʨʘʟʤʝʨʳ ʤʝʥʝʝ 

30 ʥʤ ʠ ʜʣʠʥʫ ʦʢʦʣʦ 400 ʥʤ. ʂʘʨʪʠʥʘ ʨʦʩʪʘ ʩʠʣʴʥʦ ʠʟʤʝʥʠʪʩʷ, ʝʩʣʠ ʦʩʪʘʚʠʪʴ ʪʦʪ ʞʝ ʫʛʦʣ 

ʥʘʢʣʦʥʘ ʧʦʜʣʦʞʢʠ, ʥʦ ʥʘʯʘʪʴ ʤʝʥʷʪʴ ʝʝ ʦʨʠʝʥʪʘʮʠʶ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʧʘʜʘʶʱʝʤʫ ʥʘ ʥʝʝ 

ʧʦʪʦʢʫ ʚʝʱʝʩʪʚʘ. ɼʣʷ ʵʪʦʛʦ ʙʳʣʦ ʚʢʣʶʯʝʥʦ ʚʨʘʱʝʥʠʝ ʧʦʜʣʦʞʢʠ. ʂʘʨʪʠʥʳ ʨʦʩʪʘ ʧʣʝʥʦʢ ʧʨʠ 

ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʧʦʜʣʦʞʢʠ 0.3 ʦʙ/ʤʠʥ ʠ ʫʛʣʝ ʥʘʢʣʦʥʘ q=85Ü ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ SEM 

ʠʟʦʙʨʘʞʝʥʠʷʭ ʥʘ ʨʠʩ.1. ʂʘʢ ʚʠʜʥʦ ʠʟ ʘʥʘʣʠʟʘ ʵʪʠʭ ʨʠʩʫʥʢʦʚ, ʧʨʠ ʚʢʣʶʯʝʥʠʠ ʚʨʘʱʝʥʠʷ 

ʧʦʜʣʦʞʢʠ ʚ ʧʨʦʮʝʩʩʝ ʨʦʩʪʘ ʧʣʝʥʢʠ ʬʦʨʤʠʨʫʝʪʩʷ ʤʘʩʩʠʚ ʥʘʥʦʩʧʠʨʘʣʝʡ (ʛʝʣʠʢʦʥʦʚ). 

ʇʨʦʚʝʜʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʠʟʤʝʥʷʝʪʩʷ ʰʘʛ 

ʩʧʠʨʘʣʠ ʠ ʝʝ ʨʘʜʠʫʩ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʘʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦʢʘʟʳʚʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʵʬʬʝʢʪʠʚʥʦ ʫʧʨʘʚʣʷʪʴ ʪʝʢʩʪʫʨʦʡ ʨʦʩʪʘ ʧʫʪʝʤ ʠʟʤʝʥʝʥʠʷ ʫʩʣʦʚʠʡ ʥʘʧʳʣʝʥʠʷ. 

  

          ʘ)          ʙ) 

ʈʠʩ. 1. ʄʠʢʨʦʩʢʦʧʠʯʝʩʢʠʝ ʠʟʦʙʨʘʞʝʥʠʷ ʥʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʧʣʝʥʦʢ Co, ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ 

ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʧʦʜʣʦʞʢʠ 0.3 rpm. ʘ) ʧʦʧʝʨʝʯʥʳʡ ʩʨʝʟ ʠ ʙ) ʚʠʜ ʩʚʝʨʭʫ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʂʘʢ ʤʳ ʚʠʜʝʣʠ ʨʘʥʝʝ, ʧʨʠ ʚʢʣʶʯʝʥʠʠ ʚʨʘʱʝʥʠʷ ʧʦʜʣʦʞʢʠ ʚ ʧʨʦʮʝʩʩʝ ʨʦʩʪʘ ʧʣʝʥʢʠ 

ʧʨʦʠʩʭʦʜʠʪ ʬʦʨʤʠʨʦʚʘʥʠʝ ʤʘʩʩʠʚʘ ʥʘʥʦʩʧʠʨʘʣʝʡ. ɺʩʝ ʵʪʠ ʥʘʥʦʩʧʠʨʘʣʠ ʟʘʢʨʫʯʝʥʳ ʚ ʦʜʥʫ ʠ ʪʫ 

ʞʝ ʩʪʦʨʦʥʫ, ʯʪʦ ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʘʧʨʘʚʣʝʥʠʝʤ ʚʨʘʱʝʥʠʷ ʦʙʨʘʟʮʘ. ʊʘʢʘʷ ʤʦʨʬʦʣʦʛʠʷ ʨʦʩʪʘ 

ʧʨʠʚʦʜʠʪ ʢ ʥʘʨʫʰʝʥʠʶ ʩʠʤʤʝʪʨʠʠ ʚ ʧʣʦʩʢʦʩʪʠ ʧʣʝʥʢʠ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʟʝʨʢʘʣʴʥʳʤ 

ʦʪʨʘʞʝʥʠʷʤ. ʕʪʦ ʩʚʦʡʩʪʚʦ ʧʦʣʫʯʠʣʦ ʥʘʟʚʘʥʠʝ ʢʠʨʘʣʴʥʦʩʪʴ. ʀʩʭʦʜʷ ʠʟ ʦʙʱʠʭ ʩʦʦʙʨʘʞʝʥʠʡ 

ʩʠʤʤʝʪʨʠʠ ʤʦʞʥʦ ʦʞʠʜʘʪʴ, ʯʪʦ ʢʠʨʘʣʴʥʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʠ ʤʦʞʝʪ ʧʨʦʷʚʠʪʴʩʷ ʚ ʦʧʪʠʯʝʩʢʠʭ 

ʷʚʣʝʥʠʷʭ, ʥʘʧʨʠʤʝʨ, ʝʩʣʠ ʩʚʝʪʦʚʘʷ ʚʦʣʥʘ ʦʙʣʘʜʘʝʪ ʮʠʨʢʫʣʷʨʥʦʡ ʧʦʣʷʨʠʟʘʮʠʝʡ. ɺ 

ʦʧʨʝʜʝʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ, ʚʠʜʠʤʦ, ʮʠʨʢʫʣʷʨʥʦ ʧʦʣʷʨʠʟʦʚʘʥʥʳʡ ʩʚʝʪ ʙʫʜʝʪ ʧʦ-ʨʘʟʥʦʤʫ 

ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ ʥʘʥʦʩʧʠʨʘʣʷʤʠ, ʟʘʢʨʫʯʝʥʥʳʤʠ ʥʘʧʨʘʚʦ ʠ ʥʘʣʝʚʦ. ʇʨʠ ʵʪʦʤ ʤʦʞʥʦ 

ʦʞʠʜʘʪʴ, ʯʪʦ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʨʘʟʤʝʨʳ ʥʘʥʦʩʧʠʨʘʣʠ (ʚʝʣʠʯʠʥʘ ʰʘʛʘ ʠ ʝʝ ʨʘʜʠʫʩ) ʜʦʣʞʥʳ 

ʚʣʠʷʪʴ ʥʘ ʧʦʣʷʨʠʟʘʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʩʪʨʫʢʪʫʨʳ. ɼʣʷ ʧʨʦʚʝʨʢʠ ʵʪʠʭ ʧʨʝʜʧʦʣʦʞʝʥʠʡ ʙʳʣʠ 

ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʵʬʬʝʢʪʘ ʮʠʨʢʫʣʷʨʥʦʛʦ ʜʠʭʨʦʠʟʤʘ ʥʘ ʧʦʣʫʯʝʥʥʳʭ ʦʙʨʘʟʮʘʭ. ʅʘ ʨʠʩ. 2 

ʧʦʢʘʟʘʥʳ ʩʧʝʢʪʨʳ ʮʠʨʢʫʣʷʨʥʦʛʦ ʜʠʭʨʦʠʟʤʘ ʜʣʷ ʦʙʨʘʟʮʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʨʘʟʥʳʭ ʩʢʦʨʦʩʪʷʭ 

ʚʨʘʱʝʥʠʷ ʧʦʜʣʦʞʢʠ ï ʦʪ 0.3 ʜʦ 0.6 ʦʙ/ʤʠʥ. ɸʥʘʣʠʟ ʧʨʠʚʝʜʝʥʥʳʭ ʜʘʥʥʳʭ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ 

ʢʠʨʘʣʴʥʳʝ ʧʣʝʥʦʯʥʳʝ ʩʪʨʫʢʪʫʨʳ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʚʳʨʘʞʝʥʥʳʡ ʵʬʬʝʢʪ ʮʠʨʢʫʣʷʨʥʦʛʦ 

ʜʠʭʨʦʠʟʤʘ ʚʝʣʠʯʠʥʦʡ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʛʨʘʜʫʩʦʚ. ʇʨʠ ʵʪʦʤ ʧʦʣʫʯʝʥʥʳʝ ʩʧʝʢʪʨʳ ʩʫʱʝʩʪʚʝʥʥʳʤ 

ʦʙʨʘʟʦʤ ʟʘʚʠʩʷʪ ʦʪ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʨʘʟʤʝʨʦʚ ʥʘʥʦʩʧʠʨʘʣʝʡ (ʰʘʛʘ ʩʧʠʨʘʣʠ). ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ 

ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʧʦʜʣʦʞʢʠ ʫʤʝʥʴʰʘʝʪʩʷ ʰʘʛ ʩʧʠʨʘʣʠ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʤʠʥʠʤʫʤ ʠ 

ʤʘʢʩʠʤʫʤ ʥʘ ʩʧʝʢʪʨʝ ʩʤʝʱʘʝʪʩʷ ʚ ʦʙʣʘʩʪʴ ʤʝʥʴʰʠʭ ʜʣʠʥ ʚʦʣʥ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʟʤʝʥʷʷ 

ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ʧʦʜʣʦʞʢʠ, ʤʦʞʥʦ ʥʘʧʨʘʚʣʝʥʥʦ ʠʟʤʝʥʷʪʴ ʦʧʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʧʣʝʥʢʠ. ʆʪʤʝʪʠʤ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʙʘʣʴʪʘ ʚ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʜʣʷ 
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ʥʘʥʦʩʧʠʨʘʣʝʡ ʧʨʠʚʦʜʠʪ ʪʘʢʞʝ ʢ ʚʦʟʤʦʞʥʦʩʪʠ ʨʝʘʣʠʟʘʮʠʠ ʤʘʛʥʠʪʥʦʛʦ ʮʠʨʢʫʣʷʨʥʦʛʦ 

ʜʠʭʨʦʠʟʤʘ. ʋʯʠʪʳʚʘʷ ʟʥʘʯʠʪʝʣʴʥʫʶ ʢʦʵʨʮʠʪʠʚʥʫʶ ʩʠʣʫ ʤʘʩʩʠʚʘ ʥʘʥʦʩʧʠʨʘʣʝʡ ʠ ʚʳʩʦʢʦʝ 

ʧʦʣʝ ʥʘʩʳʱʝʥʠʷ (~10 ʢʕ, [6]), ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʢʦʨʨʝʢʮʠʠ ʧʘʨʘʤʝʪʨʦʚ 

ʦʧʪʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʥʘ ʙʘʟʝ ʥʘʥʦʩʧʠʨʘʣʝʡ.   

 
ʈʠʩ. 2.  ʉʧʝʢʪʨʳ ʮʠʨʢʫʣʷʨʥʦʛʦ ʜʠʭʨʦʠʟʤʘ (CD) ʜʣʷ ʦʙʨʘʟʮʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʨʘʟʥʳʭ ʩʢʦʨʦʩʪʷʭ 

ʚʨʘʱʝʥʠʷ ʧʦʜʣʦʞʢʠ (0.3-0.6 ʦʙ/ʤʠʥ). 

ʊʘʢ ʢʘʢ ʧʨʦʮʝʩʩʳ ʨʦʩʪʘ ʧʣʝʥʦʢ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʫʩʣʦʚʠʷʭ ʥʦʩʷʪ ʩʪʦʭʘʩʪʠʯʝʩʢʠʡ 

ʭʘʨʘʢʪʝʨ, ʬʦʨʤʠʨʫʝʤʳʡ ʤʘʩʩʠʚ ʥʘʥʦʩʧʠʨʘʣʝʡ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʳʤ ʨʘʟʙʨʦʩʦʤ ʧʦ 

ʨʘʟʤʝʨʘʤ ʠ ʬʦʨʤʝ. ʆʜʥʘʢʦ, ʩʫʤʤʘʨʥʦʝ ʜʝʡʩʪʚʠʝ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʥʘʥʦʩʧʠʨʘʣʝʡ ʩʦʟʜʘʝʪ ʵʬʬʝʢʪ 

ʢʠʨʘʣʴʥʦʡ ʩʨʝʜʳ ʠ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʩʫʱʝʩʪʚʝʥʥʫʶ ʘʩʠʤʤʝʪʨʠʶ ʦʧʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʧʦʣʫʯʘʝʤʳʭ ʩʪʨʫʢʪʫʨ. ʇʨʠ ʫʩʣʦʚʠʠ ʜʘʣʴʥʝʡʰʠʭ ʨʘʙʦʪ ʧʦ ʦʧʪʠʤʠʟʘʮʠʠ ʪʝʭʥʦʣʦʛʠʠ ʠ 

ʫʣʫʯʰʝʥʠʶ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʣʫʯʘʝʤʳʭ ʩʪʨʫʢʪʫʨ ʜʘʥʥʳʝ ʵʬʬʝʢʪʳ ʤʦʛʫʪ 

ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʠ ʩʦʟʜʘʥʠʠ ʦʧʪʠʯʝʩʢʠʭ ʠ ʤʘʛʥʠʪʦʦʧʪʠʯʝʩʢʠʭ ʬʠʣʴʪʨʦʚ, ʧʦʣʷʨʠʟʘʪʦʨʦʚ 

ʠ ʨʘʟʣʠʯʥʳʭ ʦʧʪʠʯʝʩʢʠʭ ʩʝʥʩʦʨʦʚ. 
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Annotation. Additive manufacturing is currently used in industrial production to create structural 

materials, and its applications are constantly expanding. However, functional materials are not 

commonly produced using these methods due to the strong dependence of their properties on 

structural features. The current study focuses on the preparation of samples of magnetically hard 

materials by selective laser sintering, the investigation of their hysteresis magnetic properties, the 

proposal of a method for obtaining the thickness distribution of properties based on magnetometric 

studies, and the construction of a model of heat transfer in a powder layer. 
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ʄʘʛʥʠʪʥʳʝ ʛʠʩʪʝʨʝʟʠʩʥʳʝ ʩʚʦʡʩʪʚʘ (ʦʩʪʘʪʦʯʥʘʷ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ ʠ ʤʘʢʩʠʤʘʣʴʥʦʝ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʝ ʧʨʦʠʟʚʝʜʝʥʠʝ) ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʤʘʛʥʠʪʦʪʚʝʨʜʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʠʟʛʦʪʦʚʣʝʥʥʳʭ 

ʠʟ ʥʠʭ ʧʦʩʪʦʷʥʥʳʭ ʤʘʛʥʠʪʦʚ ʧʨʘʢʪʠʯʝʩʢʠ ʜʦʩʪʠʛʣʠ ʩʚʦʝʛʦ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʧʨʝʜʝʣʘ, ʯʪʦ 

ʦʛʨʘʥʠʯʠʚʘʝʪ ʜʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ ʪʝʭʥʠʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚ, ʚ ʩʦʩʪʘʚʝ ʢʦʪʦʨʳʭ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʧʦʩʪʦʷʥʥʳʝ ʤʘʛʥʠʪʳ. ɺʳʭʦʜʦʤ ʠʟ ʩʣʦʞʠʚʰʝʡʩʷ ʩʠʪʫʘʮʠʠ ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʘʜʜʠʪʠʚʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ, ʢʦʪʦʨʳʝ ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʘʪʴ ʧʦʩʪʦʷʥʥʳʝ ʤʘʛʥʠʪʳ ʩʣʦʞʥʦʡ 

ʬʦʨʤʳ, ʘ ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʧʦʟʚʦʣʷʶʪ ʫʧʨʘʚʣʷʪʴ ʤʘʛʥʠʪʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʧʨʝʜʦʩʪʘʚʣʷʶʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʣʦʢʘʣʴʥʦ ʫʧʨʘʚʣʷʪʴ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʤʘʪʝʨʠʘʣʘ ʚ ʠʟʜʝʣʠʠ ʟʘ ʩʯʝʪ 

ʚʘʨʴʠʨʦʚʘʥʠʷ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʠ ʧʘʨʘʤʝʪʨʦʚ ʘʜʜʠʪʠʚʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʪʘʢʠʭ ʢʘʢ 

ʤʦʱʥʦʩʪʴ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʜʠʘʤʝʪʨ ʧʷʪʥʘ ʣʘʟʝʨʥʦʛʦ ʧʫʯʢʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʩʪʨʦʝʥʠʷ, 

ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʮʝʥʪʨʘʤʠ ʩʦʩʝʜʥʠʭ ʧʨʦʭʦʜʦʚ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ 

ʧʦʩʪʨʦʝʥʠʷ, ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʧʷʪʥʘ ʣʘʟʝʨʥʦʛʦ ʧʫʯʢʘ, ʪʦʣʱʠʥʘ ʩʣʦʷ ʥʘʩʳʧʢʠ ʧʦʨʦʰʢʘ, 

ʬʨʘʢʮʠʦʥʥʳʡ ʩʦʩʪʘʚ ʧʦʨʦʰʢʘ ʠ ʜʨ. ʕʪʦʪ ʥʘʙʦʨ ʚʦʟʤʦʞʥʦʩʪʝʡ ʧʦʪʝʥʮʠʘʣʴʥʦ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʠʟʛʦʪʦʚʣʝʥʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʯʘʩʪʝʡ ʫʩʪʨʦʡʩʪʚ ʟʘ ʦʜʥʫ ʦʧʝʨʘʮʠʶ ʩ ʦʜʠʥʘʢʦʚʳʤʠ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. 

ʆʩʥʦʚʥʘʷ ʧʨʦʙʣʝʤʘ ʤʘʩʩʦʚʦʛʦ ʚʥʝʜʨʝʥʠʷ 3D-ʧʝʯʘʪʠ ʚ ʧʨʦʠʟʚʦʜʩʪʚʦ ʦʙʫʩʣʦʚʣʝʥʘ 

ʩʠʣʴʥʦʡ ʟʘʚʠʩʠʤʦʩʪʴʶ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʚʦʡʩʪʚ ʦʪ ʤʠʢʨʦʩʪʨʫʢʪʫʨʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʤʘʪʝʨʠʘʣʘ. 

ʇʦʩʪʦʷʥʥʳʝ ʤʘʛʥʠʪʳ ʩʝʡʯʘʩ ʧʦʣʫʯʘʶʪ ʠʩʧʦʣʴʟʫʷ ʥʝʩʢʦʣʴʢʦ ʪʠʧʦʚ ʘʜʜʠʪʠʚʥʳʭ ʧʨʦʮʝʩʩʦʚ. 

ʅʘʠʙʦʣʴʰʫʶ ʧʦʧʫʣʷʨʥʦʩʪʴ ʧʦʣʫʯʠʣ ʧʨʦʮʝʩʩ ʵʢʩʪʨʫʟʠʠ ʤʘʪʝʨʠʘʣʘ, ʧʨʠ ʢʦʪʦʨʦʤ ʚ ʧʦʣʠʤʝʨ 

ʧʦʤʝʱʘʶʪ ʤʘʛʥʠʪʥʳʝ ʯʘʩʪʠʮʳ ʩʦ ʩʬʦʨʤʠʨʦʚʘʥʥʳʤʠ ʤʘʛʥʠʪʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. ɺ ʧʨʦʮʝʩʩʝ 

ʧʝʯʘʪʠ ʧʦʣʠʤʝʨ ʩ ʥʘʧʦʣʥʠʪʝʣʝʤ ʣʦʢʘʣʴʥʦ ʨʘʟʦʛʨʝʚʘʝʪʩʷ ʚ ʧʝʯʘʪʘʶʱʝʡ ʛʦʣʦʚʢʝ ʠ ʩʣʦʡ ʟʘ ʩʣʦʝʤ 

ʥʘʥʦʩʠʪʩʷ ʚ ʥʫʞʥʳʭ ʤʝʩʪʘʭ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʧʦʣʫʯʘʝʪʩʷ ʥʝʦʙʭʦʜʠʤʘʷ ʬʦʨʤʘ ʠʟʜʝʣʠʷ. ɺʚʠʜʫ 

ʙʦʣʴʰʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʧʦʣʠʤʝʨʘ, ʜʦʩʪʠʛʘʶʱʝʛʦ ʧʦʣʦʚʠʥʳ ʦʪ ʟʘʥʠʤʘʝʤʦʛʦ ʦʙʲʝʤʘ, ʤʘʛʥʠʪʥʳʝ 
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ʩʚʦʡʩʪʚʘ ʪʘʢʠʭ ʠʟʜʝʣʠʡ ʟʥʘʯʠʪʝʣʴʥʦ ʫʩʪʫʧʘʶʪ ʧʦʩʪʦʷʥʥʳʤ ʤʘʛʥʠʪʘʤ ʠ ʤʘʛʥʠʪʥʳʤ ʩʠʩʪʝʤʘʤ, 

ʠʟʛʦʪʘʚʣʠʚʘʝʤʳʤ ʧʦ ʪʨʘʜʠʮʠʦʥʥʳʤ ʪʝʭʥʦʣʦʛʠʷʤ. ʅʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʪʠʧʦʤ ʧʨʦʮʝʩʩʘ ʚ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʩʝʣʝʢʪʠʚʥʦʝ ʣʘʟʝʨʥʦʝ ʩʧʝʢʘʥʠʝ, ʧʦʩʢʦʣʴʢʫ ʦʥʦ ʥʝ ʪʨʝʙʫʝʪ 

ʦʙʷʟʘʪʝʣʴʥʦʛʦ ʥʘʣʠʯʠʷ ʩʚʷʟʫʶʱʝʛʦ ʠʣʠ ʪʨʝʙʫʝʪ ʝʛʦ ʚ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʠʭ ʢʦʣʠʯʝʩʪʚʘʭ.  

ʇʨʝʜʣʦʞʝʥʥʳʡ ʥʘʤʠ ʧʦʜʭʦʜ [1,2] ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʤʝʩʠ ʧʦʨʦʰʢʦʚ, 

ʩʦʩʪʦʷʱʝʡ ʠʟ ʦʩʥʦʚʥʦʛʦ ʧʦʨʦʰʢʘ ʩ ʥʘʥʦʨʘʟʤʝʨʥʳʤʠ ʚʳʜʝʣʝʥʠʷʤʠ ʚʳʩʦʢʦʘʥʠʟʦʪʨʦʧʥʦʡ ʬʘʟʳ 

ʪʠʧʘ Nd2Fe14B ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʵʚʪʝʢʪʠʯʝʩʢʦʛʦ ʩʧʣʘʚʘ Nd75(Cu0,25Co0,75)25. ʇʦʩʣʝʜʥʠʡ 

ʨʝʰʘʝʪ ʪʨʠ ʟʘʜʘʯʠ: ʟʘ ʩʯʝʪ ʩʢʨʳʪʦʡ ʪʝʧʣʦʪʳ ʧʣʘʚʣʝʥʠʷ ʧʨʝʜʦʪʚʨʘʱʘʝʪ ʧʝʨʝʛʨʝʚ ʠ 

ʥʝʢʦʥʪʨʦʣʠʨʫʝʤʳʡ ʨʦʩʪ ʢʨʠʩʪʘʣʣʠʪʦʚ ʦʩʥʦʚʥʦʛʦ ʧʦʨʦʰʢʘ, ʚʳʩʪʫʧʘʝʪ ʩʚʷʟʫʶʱʠʤ ʜʣʷ 

ʞʠʜʢʦʬʘʟʥʦʛʦ ʩʧʝʢʘʥʠʷ ʠ ʠʥʬʠʣʴʪʨʫʶʱʝʡ ʜʦʙʘʚʢʦʡ ʜʣʷ ʫʤʝʥʴʰʝʥʠʷ ʤʝʞʟʝʨʝʥʥʦʛʦ 

ʦʙʤʝʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠ ʫʚʝʣʠʯʝʥʠʷ ʢʦʵʨʮʠʪʠʚʥʦʡ ʩʠʣʳ. 

ʆʧʠʩʘʥʥʳʤ ʤʝʪʦʜʦʤ ʧʦʣʫʯʝʥʳ ʦʙʨʘʟʮʳ ʤʘʛʥʠʪʦʪʚʝʨʜʳʭ ʤʘʪʝʨʠʘʣʦʚ. ɺ ʧʨʦʮʝʩʩʝ 

ʠʟʛʦʪʦʚʣʝʥʠʷ ʢʘʣʠʙʨʦʚʘʥʥʦʡ ʢʘʤʝʨʦʡ ʩʦ ʩʧʝʮʠʘʣʴʥʦ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʦʧʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʦʡ 

ʧʦʣʫʯʝʥʳ ʠʟʦʙʨʘʞʝʥʠʷ ʦʙʣʘʩʪʠ ʜʚʠʞʝʥʠʷ ʣʘʟʝʨʥʦʛʦ ʧʫʯʢʘ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʩʪʨʦʝʥʠʷ. 

ʇʦʣʫʯʝʥʘ ʦʮʝʥʢʘ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʚʝʨʭʥʦʩʪʠ. ʆʧʨʝʜʝʣʝʥʘ ʪʦʣʱʠʥʘ ʩʧʝʯʝʥʥʦʛʦ ʩʣʦʷ. 

ʀʩʩʣʝʜʦʚʘʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʢʦʵʨʮʠʪʠʚʥʦʡ ʩʠʣʳ ʤʘʪʝʨʠʘʣʘ ʧʨʠ ʤʝʭʘʥʠʯʝʩʢʦʤ ʫʤʝʥʴʰʝʥʠʠ ʝʛʦ 

ʪʦʣʱʠʥʳ ʢʘʢ ʩʦ ʩʪʦʨʦʥʳ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʩʪʨʦʝʥʠʷ, ʪʘʢ ʠ ʩ ʦʙʨʘʪʥʦʡ ʩʪʦʨʦʥʳ. ʅʘ ʦʩʥʦʚʘʥʠʠ 

ʧʦʣʫʯʝʥʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʧʦʩʪʨʦʝʥʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʘʪʝʨʠʘʣʘ ʧʦ ʢʦʵʨʮʠʪʠʚʥʦʩʪʠ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʛʣʫʙʠʥʳ ʨʘʩʧʦʣʦʞʝʥʠʷ ʩʣʦʷ. ʄʝʪʦʜʦʤ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʧʦʩʪʨʦʝʥʳ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨ ʧʨʠ ʥʘʛʨʝʚʝ ʠ ʦʮʝʥʝʥʳ ʧʘʨʘʤʝʪʨʳ ʪʝʧʣʦʧʝʨʝʥʦʩʘ ʚ ʧʦʨʦʰʢʦʚʦʤ 

ʩʣʦʝ ʩ ʫʯʝʪʦʤ ʧʦʣʫʯʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʨʝʟʫʣʴʪʘʪʦʚ. 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʈʅʌ ˉ 21-72-10104. 
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ʋɼʂ 537.6 

ʉʠʥʪʝʟ ʠ ʠʟʫʯʝʥʠʝ ʩʚʦʡʩʪʚ ʤʘʛʥʠʪʦʛʨʘʥʫʣʠʨʦʚʘʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʠʟ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʘ (GaSb), ʤʘʛʥʠʪʦʞʝʩʪʢʦʛʦ (GaMn) ʠ ʤʘʛʥʠʪʦʤʷʛʢʦʛʦ 

(MnSb) ʬʝʨʨʦʤʘʛʥʝʪʠʢʦʚ, ʢʘʢ ʧʝʨʩʧʝʢʪʠʚʥʳʡ ʤʘʪʝʨʠʘʣ ʜʣʷ ʫʩʪʨʦʡʩʪʚ 

ʩʧʠʥʪʨʦʥʠʢʠ 

ɼʞʘʣʦʣʠʜʜʠʥʟʦʜʘ ʄ. 

ɸʩʧʠʨʘʥʪ 4-ʛʦ ʢʫʨʩʘ ʢʘʬʝʜʨʳ ʪʝʭʥʦʣʦʛʠʠ ʤʘʪʝʨʠʘʣʦʚ ʵʣʝʢʪʨʦʥʠʢʠ ʅʀʊʋ çʄʀʉʀʉè 

ɹʠʢʪʝʝʚ ɸ.ɸ. 

ʩʪʫʜʝʥʪ 2-ʛʦ ʢʫʨʩʘ ʅʀʗʋ çʄʀʌʀè 

ʄʘʨʝʥʢʠʥ ʉ.ʌ. 

ʜ.ʭ.ʥ., ʧʨʦʬʝʩʩʦʨ ʠʥʩʪʠʪʫʪʘ ʦʙʱʝʡ ʠ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ʅ.ʉ. ʂʫʨʥʘʢʦʚʘ ʈɸʅ 

 

ɸʥʥʦʪʘʮʠʷ. ʄʘʛʥʠʪʦʛʨʘʥʫʣʠʨʦʚʘʥʥʳʝ ʩʪʨʫʢʪʫʨʳ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʘʢ ʧʝʨʩʧʝʢʪʠʚʥʳʝ 

ʤʘʪʝʨʠʘʣʳ ʜʣʷ ʩʦʟʜʘʥʠʷ ʫʩʪʨʦʡʩʪʚ ʩʧʠʥʪʨʦʥʠʢʠ, ʪʘʢʠʭ ʢʘʢ ʩʧʠʥʦʚʳʭ ʚʝʥʪʠʣʝʡ. ɺʤʝʩʪʦ 

ʩʚʝʨʭʨʝʰʝʪʦʢ ʚʦʟʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʘʛʥʠʪʥʳʭ ʛʨʘʥʫʣʠʨʦʚʘʥʥʳʭ ʩʪʨʫʢʪʫʨ, ʩʦʩʪʦʷʱʠʝ 

ʠʟ ʥʝʤʘʛʥʠʪʥʦʡ ʤʘʪʨʠʮʳ ʠ ʬʝʨʨʦʤʘʛʥʠʪʥʳʭ ʥʘʥʦʢʣʘʩʪʝʨʦʚ. ʆʜʥʠʤ ʠʟ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ 

ʪʘʢʠʭ ʩʪʨʫʢʪʫʨ ʷʚʣʷʝʪʩʷ ʢʦʤʧʦʟʠʪ ʩʠʩʪʝʤʳ GaSb-MnSb-GaMn. 

ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʵʪʘʧʦʚ: - ʠʩʩʣʝʜʦʚʘʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠ ʤʘʛʥʠʪʥʳʭ 

ʩʚʦʡʩʪʚ ʩʠʩʪʝʤʳ ʧʦʣʫʧʨʦʚʦʜʥʠʢ-ʬʝʨʨʦʤʘʛʥʝʪʠʢ GaSb-MnSb ʠ ʠʭ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʢʦʨʦʩʪʠ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ; - ʩʠʥʪʝʟ ʠ ʠʟʫʯʝʥʠʝ ʩʚʦʡʩʪʚ ʛʨʘʥʫʣʠʨʦʚʘʥʥʦʡ ʩʪʨʫʢʪʫʨʳ, ʩʦʩʪʦʷʱʝʡ ʠʟ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʘ (GaSb), ʤʘʛʥʠʪʦʞʝʩʪʢʦʛʦ (GaMn) ʠ ʤʘʛʥʠʪʦʤʷʛʢʦʛʦ (MnSb) 

ʬʝʨʨʦʤʘʛʥʝʪʠʢʦʚ ʢʘʢ ʧʦʪʝʥʮʠʘʣʴʥʳʡ ʤʘʪʝʨʠʘʣ ʩʧʠʥʦʚʳʭ ʚʝʥʪʠʣʝʡ. 

ɺ ʧʦʣʫʯʝʥʥʳʭ ʢʦʤʧʦʟʠʪʘʭ ʩʠʩʪʝʤʳ GaSb-MnSb ʫʚʝʣʠʯʝʥʠʝ ʩʢʦʨʦʩʪʴ ʦʭʣʘʞʜʝʥʠʷ 

ʧʨʠʚʝʣʦ ʢ ʧʘʜʝʥʠʶ ʪʝʤʧʝʨʘʪʫʨʳ ʂʶʨʠ ʠ ʧʦʷʚʣʝʥʠʶ ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʤʘʛʥʝʪʦʩʦʧʨʦʪʠʚʣʝʥʠʷ, 

ʚʝʣʠʯʠʥʘ ʢʦʪʦʨʦʛʦ ʫʚʝʣʠʯʠʚʘʣʘʩʴ ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʨʘʟʤʝʨʘ ʚʢʣʶʯʝʥʠʡ ʬʝʨʨʦʤʘʛʥʠʪʥʦʡ ʬʘʟʳ 

MnSb. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʉʧʠʥʪʨʦʥʠʢʘ, ʬʝʨʨʦʤʘʛʥʝʪʠʢ, ʧʦʣʫʧʨʦʚʦʜʥʠʢ, ʢʦʤʧʦʟʠʪ, 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʷ. 
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Annotation. Magnetogranular structures are considered promising materials for creating 

spintronics devices, such as spin valves. Instead of superlattices, it is possible to use magnetic 

granular structures consisting of a non-magnetic matrix and ferromagnetic nanoclusters. One of the 

representatives of such structures is the composite of the GaSb-MnSb-GaMn system. 

This work consists of two stages: - study of the electrical and magnetic properties of the GaSb-MnSb 

semiconductor-ferromagnet system and their dependence on the crystallization rate; - synthesis and 

study of the properties of a granular structure consisting of a semiconductor (GaSb), magnetically 

hard (GaMn) and magnetically soft (MnSb) ferromagnets as a potential material for spin valves. 

In the resulting composites of the GaSb-MnSb system, an increase in the cooling rate led to a drop 

in the Curie temperature and the appearance of negative magnetoresistance, the value of which 

increased with a decrease in the size of inclusions of the ferromagnetic MnSb phase. 

Keywords: Spintronics, ferromagnet, semiconductor, composite, crystallization. 

 

ɺ ʢʘʯʝʩʪʚʝ ʤʘʪʝʨʠʘʣʦʚ ʩʧʠʥʪʨʦʥʠʢʠ ʠʩʧʦʣʴʟʫʶʪ ʤʫʣʴʪʠʩʣʦʠ, ʦʙʨʘʟʦʚʘʥʥʳʝ 

ʩʦʯʝʪʘʥʠʝʤ ʥʘʥʦʩʣʦʝʚ ʬʝʨʨʦʤʘʛʥʝʪʠʢʘ ʠ ʥʝʤʘʛʥʝʪʠʢʘ [1]. ɺ ʪʘʢʠʭ ʤʫʣʴʪʠʩʣʦʷʭ ʠʤʝʶʪ ʤʝʩʪʦ 

ʵʬʬʝʢʪʳ ʛʠʛʘʥʪʩʢʦʛʦ ʤʘʛʥʝʪʦʩʦʧʨʦʪʠʚʣʝʥʠʷ (ɻʄʉ) ʠ ʪʫʥʥʝʣʴʥʦʛʦ ʤʘʛʥʝʪʦʩʦʧʨʦʪʠʚʣʝʥʠʷ 

(ʊʄʉ). ʄʫʣʴʪʠʩʣʦʠ ʧʦʣʫʯʘʶʪ ʤʝʪʦʜʦʤ ʤʦʣʝʢʫʣʷʨʥʦʡ ʵʧʠʪʘʢʩʠʠ. ʕʪʦʪ ʤʝʪʦʜ ʜʦʚʦʣʴʥʦ 

ʦʛʨʘʥʠʯʝʥ ʠ ʪʨʫʜʦʝʤʦʢ. ʇʦʵʪʦʤʫ ʙʦʣʴʰʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʛʨʘʥʫʣʠʨʦʚʘʥʥʳʤ ʩʪʨʫʢʪʫʨʘʤ, 

ʢʦʪʦʨʳʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʘʣʴʪʝʨʥʘʪʠʚʘ ʤʫʣʴʪʠʩʣʦʝʚ. ɼʣʷ ʛʨʘʥʫʣʠʨʦʚʘʥʥʳʭ ʩʪʨʫʢʪʫʨ ʪʘʢ 

ʞʝ ʭʘʨʘʢʪʝʨʥʳ ʵʬʬʝʢʪʳ ɻʄʉ ʠ ʊʄʉ [2]. 

ʄʘʛʥʠʪʦʪʚʝʨʜʳʡ GaMn ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʧʝʨʩʧʝʢʪʠʚʥʳʡ ʤʘʪʝʨʠʘʣ ʜʣʷ ʧʦʩʪʦʷʥʥʳʭ 

ʤʘʛʥʠʪʦʚ. ʇʦʩʪʦʷʥʥʳʝ ʤʘʛʥʠʪʳ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʨʘʟʣʠʯʥʳʭ ʩʦʚʨʝʤʝʥʥʳʭ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʫʩʪʨʦʡʩʪʚʘʭ, ʪʘʢʠʭ ʢʘʢ ʤʦʩʪʳ ʜʣʷ ʟʚʫʢʦʚʳʭ ʢʘʪʫʰʝʢ, ʜʣʷ ʞʝʩʪʢʠʭ ʜʠʩʢʦʚ, 

ʜʚʠʛʘʪʝʣʝʡ ʠ ʪ.ʜ. [3]. ʉʧʣʘʚʳ Mn-Ga ʧʨʠʚʣʝʢʘʶʪ ʙʦʣʴʰʦʝ ʚʥʠʤʘʥʠʝ ʙʣʘʛʦʜʘʨʷ ʤʘʛʥʠʪʥʳʤ 

ʩʚʦʡʩʪʚʘʤ, ʢʦʪʦʨʳʝ ʧʦʜʭʦʜʷʪ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ ʩʧʠʥʪʨʦʥʠʢʝ [4]. ʀʥʪʝʨʝʩʥʳʤʠ ʤʘʛʥʠʪʥʳʤʠ 

ʩʚʦʡʩʪʚʘʤʠ ʵʪʠʭ ʩʧʣʘʚʦʚ ʷʚʣʷʶʪʩʷ ʩʠʣʴʥʘʷ ʤʘʛʥʠʪʦʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʘʥʠʟʦʪʨʦʧʠʷ, ʛʠʙʢʘʷ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ ʥʘʩʳʱʝʥʠʷ, ʪʝʤʧʝʨʘʪʫʨʘ ʂʶʨʠ ʚʳʰʝ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ, ʥʠʟʢʘʷ 

ʧʦʩʪʦʷʥʥʘʷ ʤʘʛʥʠʪʥʦʛʦ ʟʘʪʫʭʘʥʠʷ ʠ ʩʧʠʥ-ʧʦʣʷʨʠʟʦʚʘʥʥʘʷ ʧʣʦʪʥʦʩʪʴ ʩʦʩʪʦʷʥʠʡ ʥʘ ʫʨʦʚʥʝ 

ʌʝʨʤʠ [5]. 

ɸʥʪʠʤʦʥʠʜ ʤʘʨʛʘʥʮʘ ʩʦʛʣʘʩʥʦ ʜʠʘʛʨʘʤʤʝ ʩʦʩʪʦʷʥʠʷ, ʦʙʣʘʜʘʝʪ ʰʠʨʦʢʦʡ ʦʙʣʘʩʪʴʶ 

ʛʦʤʦʛʝʥʥʦʩʪʠ ʠ ʦʙʨʘʟʫʝʪ ʜʚʝ ʧʦʣʠʤʦʨʬʥʳʝ ʤʦʜʠʬʠʢʘʮʠʠ: ʛʝʢʩʘʛʦʥʘʣʴʥʫʶ ʠ ʪʝʪʨʘʛʦʥʘʣʴʥʫʶ. 

ʇʝʨʚʘʷ ʤʦʜʠʬʠʢʘʮʠʷ ʷʚʣʷʝʪʩʷ ʤʷʛʢʠʤ ʬʝʨʨʦʤʘʛʥʝʪʠʢʦʤ ʩ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ ʂʶʨʠ (TC). 

ʊʝʤʧʝʨʘʪʫʨʘ ʂʶʨʠ ʘʥʪʠʤʦʥʠʜʘ ʤʘʨʛʘʥʮʘ ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʷʝʪʩʷ ʚ ʦʙʣʘʩʪʠ ʛʦʤʦʛʝʥʥʦʩʪʠ ʦʪ 

300 ʜʦ 587 K ʠ ʟʘʚʠʩʠʪ ʦʪ ʩʦʜʝʨʞʘʥʠʷ ʤʘʨʛʘʥʮʘ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʝ (P63/mmc) ʦʪ 55 

ʜʦ 50 ʘʪ. % Mn. ʅʘʠʙʦʣʴʰʝʡ ʪʝʤʧʝʨʘʪʫʨʦʡ ʂʶʨʠ ʦʙʣʘʜʘʶʪ ʩʦʩʪʘʚʳ 50 ʘʪ. % Mn ʠ Sb [6]. 

ɼʣʷ ʥʘʯʘʣʘ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʠʥʪʝʟ ʠ ʠʟʫʯʝʥʠʷ ʩʚʦʡʩʪʚ ʩʠʩʪʝʤʳ ʧʦʣʫʧʨʦʚʦʜʥʠʢ-

ʬʝʨʨʦʤʘʛʥʝʪʠʢ GaSb-MnSb ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʵʪʘʧʦʚ ʧʦʣʫʯʝʥʠʷ ʤʘʛʥʠʪʦʛʨʘʥʫʣʠʨʦʚʘʥʥʳʭ 

ʩʪʨʫʢʪʫʨ. ʇʦʵʪʦʤʫ, ʩ ʮʝʣʴʶ ʠʟʫʯʝʥʠʷ ʚʣʠʷʥʠʷ ʩʢʦʨʦʩʪʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʥʘ ʩʚʦʡʩʪʚʘ 

ʢʦʤʧʦʟʠʪʘ, ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʵʚʪʝʢʪʠʯʝʩʢʠʡ ʠ ʟʘ ʵʚʪʝʢʪʠʯʝʩʢʠʡ ʩʦʩʪʘʚʳ ʩʠʩʪʝʤʳ GaSb-

MnSb ʩ ʨʘʟʥʦʡ ʩʢʦʨʦʩʪʴʶ ʦʭʣʘʞʜʝʥʠʷ. ɹʳʣʦ ʠʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ ʜʠʩʧʝʨʩʥʦʩʪʠ ʥʘ 

ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʠ ʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʠ ʫʩʪʘʥʦʚʣʝʥʘ ʢʦʨʨʝʣʷʮʠʷ ʨʘʟʤʝʨʦʚ ʬʝʨʨʦʤʘʛʥʠʪʥʦʡ 

ʬʘʟʳ ʥʘ ʪʝʤʧʝʨʘʪʫʨʫ ʂʶʨʠ. ʋʤʝʥʴʰʝʥʠʝ ʨʘʟʤʝʨʦʚ MnSb ʧʨʠʚʦʜʠʣʦ ʢ ʧʘʜʝʥʠʶ ʪʝʤʧʝʨʘʪʫʨʳ 

ʂʶʨʠ, ʠ ʧʦʷʚʣʝʥʠʶ ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʤʘʛʥʝʪʦʩʦʧʨʦʪʠʚʣʝʥʠʷ. 

ʅʘ ʨʠʩ. 1 ʠ 2 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʈʌɸ ʠ ʜʘʥʥʳʝ ʤʠʢʨʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ. 



ʅʄʄʄ-2024 1-27 ʉʝʢʮʠʷ 1. 

 

 
ʈʠʩ. 1 (ʘ) ʈʝʥʪʛʝʥʦʛʨʘʤʤʘ ʦʙʨʘʟʮʘ ʩʦʩʪʘʚʘ 59 ʤʦʣ% GaSb ï 41 ʤʦʣ% MnSb:  

(I) v(ʦʭʣ) = 0.1 ʦ/ʩ, (II) v(ʦʭʣ) = 60 Ü/ʩ.; (ʙ) ʫʚʝʣʠʯʝʥʥʳʡ ʬʨʘʛʤʝʥʪ ʚ ʦʙʣʘʩʪʠ 40 ʛʨʘʜ. 2ɗ 

 
ʈʠʩ. 2 (ʘ, ʙ) ʄʠʢʨʦʩʪʨʫʢʪʫʨʳ ʦʙʨʘʟʮʦʚ ʩʦʩʪʘʚʘ 59 ʤʦʣ% GaSb ï 41 ʤʦʣ% MnSb:  

ʘ) ʧʨʠ v(ʦʭʣ) =0.1 ʦ/ʩ ʙ) ʧʨʠ v(ʦʭʣ) = 60 ʦ/ʩ 

 

ʉʦʛʣʘʩʥʦ ʧʦʣʫʯʝʥʥʳʤ ʜʘʥʥʳʤ ʈʌɸ ʠ ʤʠʢʨʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ, ʫʚʝʣʠʯʝʥʠʝ 

ʩʢʦʨʦʩʪʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʧʨʠʚʝʣʦ ʢ ʫʤʝʥʴʰʝʥʠʶ ʨʘʟʤʝʨʦʚ ʬʘʟ ʩ ʙʦʣʝʝ ʠʭ ʨʘʚʥʦʤʝʨʥʳʤ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ. ʕʪʦ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʢʦʤʧʦʟʠʪʦʚ ʢʘʢ 

ʧʨʝʢʫʨʩʦʨʳ ʜʣʷ ʩʦʟʜʘʥʠʷ ʤʘʛʥʠʪʦʛʨʘʥʫʣʠʨʦʚʘʥʥʳʭ ʩʪʨʫʢʪʫʨ.  

ʅʘ ʩʣʝʜʫʶʱʝʤ ʵʪʘʧʝ ʙʳʣ ʧʨʦʚʝʜʝʥ ʩʠʥʪʝʟ ʛʨʘʥʫʣʠʨʦʚʘʥʥʦʡ ʩʪʨʫʢʪʫʨʳ, ʩʦʩʪʦʷʱʝʡ ʠʟ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʘ (GaSb), ʤʘʛʥʠʪʦʞʝʩʪʢʦʛʦ (GaMn) ʠ ʤʘʛʥʠʪʦʤʷʛʢʦʛʦ (MnSb) ʬʝʨʨʦʤʘʛʥʝʪʠʢʦʚ 

ʢʘʢ ʧʦʪʝʥʮʠʘʣʴʥʳʡ ʤʘʪʝʨʠʘʣ ʩʧʠʥʦʚʳʭ ʚʝʥʪʠʣʝʡ.  

ɺ ʢʘʯʝʩʪʚʝ ʧʨʝʢʫʨʩʦʨʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʚʳʩʦʢʦʯʠʩʪʳʝ ʵʣʝʤʝʥʪʳ Ga, Mn ʠ Sb 

ʩʦʜʝʨʞʘʥʠʝʤ ʧʨʠʤʝʩʝʡ 10-3 ʤʘʩʩ.%. ʇʝʨʝʜ ʩʠʥʪʝʟʦʤ Mn ʙʳʣ ʧʦʜʚʝʨʛʥʫʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ 

ʦʯʠʩʪʢʝ, ʧʝʨʝʩʫʙʣʠʤʘʮʠʝʡ ʚ ʚʘʢʫʫʤʝ. ʉʠʥʪʝʟ ʧʨʦʚʦʜʠʣʠ ʚ ʢʚʘʨʮʝʚʳʭ ʘʤʧʫʣʘʭ ʚʘʢʫʫʤʥʦ-

ʘʤʧʫʣʴʥʳʤ ʤʝʪʦʜʦʤ. ʅʘ ʨʠʩ.3 ʧʨʝʜʩʪʘʚʣʝʥʘ ʨʝʥʪʛʝʥʦʛʨʘʤʤʘ, ʘʥʘʣʠʟ ʢʦʪʦʨʦʡ ʧʦʢʘʟʘʣ, ʯʪʦ 

ʩʧʣʘʚ ʩʦʩʪʦʷʣ ʠʟ ʪʨʝʭ ʬʘʟ, ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʘʥʪʠʤʦʥʠʜʫ ʛʘʣʣʠʷ (GaSb), ʘʥʪʠʤʦʥʠʜʫ ʤʘʨʛʘʥʮʘ 

(MnSb) ʠ ʤʘʛʥʠʪʦʪʚʝʨʜʦʛʦ ʤʘʛʥʝʪʠʢʘ (GaMn). 
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Si(111) ʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʘʛʥʠʪʦʪʨʘʥʩʧʦʨʪʥʳʭ ʩʚʦʡʩʪʚ 
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ʇʦʣʫʧʨʦʚʦʜʥʠʢʦʚʘʷ ʩʧʠʥʪʨʦʥʠʢʘ, ʩʦʯʝʪʘʶʱʘʷ ʚ ʩʝʙʝ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʝ ʠ 

ʬʝʨʨʦʤʘʛʥʠʪʥʳʝ ʤʝʪʘʣʣʳ ʤʦʞʝʪ ʧʨʠʚʥʝʩʪʠ ʚ ʩʦʚʨʝʤʝʥʥʫʶ ʵʣʝʢʪʨʦʥʠʢʫ, ʦʩʥʦʚʦʡ ʢʦʪʦʨʦʡ 

ʷʚʣʷʶʪʩʷ ʩʪʨʫʢʪʫʨʳ ʤʝʪʘʣʣ/ʧʦʣʫʧʨʦʚʦʜʥʠʢ, ʵʥʝʨʛʦʥʝʟʘʚʠʩʠʤʦʩʪʴ, ʧʨʠʨʦʩʪ ʙʳʩʪʨʦʜʝʡʩʪʚʠʷ ʠ, 

ʚʦʟʤʦʞʥʦ, ʥʦʚʫʶ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ, ʩʚʷʟʘʥʥʫʶ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʧʠʥʘ ʵʣʝʢʪʨʦʥʘ. 

ɹʦʣʴʰʠʥʩʪʚʦ ʧʨʦʪʦʪʠʧʦʚ ʙʘʟʦʚʳʭ ʵʣʝʤʝʥʪʦʚ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʦʡ ʩʧʠʥʪʨʦʥʠʢʠ, ʪʘʢʠʭ ʢʘʢ 

ʩʧʠʥʦʚʳʝ ʜʠʦʜʳ, ʪʨʘʥʟʠʩʪʦʨʳ ʠ ʚʝʥʪʠʣʠ ʷʚʣʷʶʪʩʷ ʧʣʘʥʘʨʥʳʤʠ ʩʪʨʫʢʪʫʨʘʤʠ. ɼʣʷ ʨʘʩʰʠʨʝʥʠʷ 

ʚʦʟʤʦʞʥʦʩʪʝʡ ʠʥʪʝʛʨʘʮʠʠ ʥʦʚʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʪʨʘʜʠʮʠʦʥʥʫʶ ʵʣʝʢʪʨʦʥʠʢʫ, ʘ ʪʘʢʞʝ ʜʣʷ 

ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʩʦʟʜʘʥʠʷ ʪʨʝʭʤʝʨʥʳʭ ʧʣʘʥʘʨʥʦ-ʚʝʨʪʠʢʘʣʴʥʳʭ ʤʦʥʦʣʠʪʥʳʭ 

ʯʠʧʦʚ, ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʚʠʚʘʪʴ ʪʝʭʥʦʣʦʛʠʠ ʩʠʥʪʝʟʘ ʚʝʨʪʠʢʘʣʴʥʳʭ ʛʠʙʨʠʜʥʳʭ ʩʪʨʫʢʪʫʨ 

ʬʝʨʨʦʤʘʛʥʝʪʠʢ/ʧʦʣʫʧʨʦʚʦʜʥʠʢ/ʬʝʨʨʦʤʘʛʥʝʪʠʢ (ʌʄ/ʇʇ/ʌʄ) [1,2]. ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥ ʩʠʥʪʝʟ ʪʨʸʭʩʣʦʡʥʳʭ ʩʪʨʫʢʪʫʨ Fe3Si/Ge/Mn5Ge3 ʥʘ ʧʦʜʣʦʞʢʘʭ Si(111) ʠ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʘʛʥʠʪʦʪʨʘʥʩʧʦʨʪʥʳʭ ʩʚʦʡʩʪʚ ʧʨʦʩʪʝʡʰʠʭ 

ʚʝʨʪʠʢʘʣʴʥʳʭ ʩʪʨʫʢʪʫʨ ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʥʘ ʠʭ ʦʩʥʦʚʝ ʣʠʪʦʛʨʘʬʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ. 

ʉʪʨʫʢʪʫʨʳ Fe3Si/Ge/Mn5Ge3 ʙʳʣʠ ʚʳʨʘʱʝʥʳ ʤʝʪʦʜʦʤ ʤʦʣʝʢʫʣʷʨʥʦ-ʣʫʯʝʚʦʡ ʵʧʠʪʘʢʩʠʠ 

ʥʘ ʚʳʩʦʢʦʣʝʛʠʨʦʚʘʥʥʳʭ ʧʦʜʣʦʞʢʘʭ n-Si(111) ʩ ʫʜʝʣʴʥʳʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ 20-40 ʤʆʤ*ʩʤ ʜʣʷ 

ʦʙʝʩʧʝʯʝʥʠʷ ʥʠʞʥʝʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʢʦʥʪʘʢʪʘ ʢ ʥʠʞʥʝʡ ʧʣʝʥʢʝ. ʉʠʥʪʝʟ ʧʨʦʚʦʜʠʣʩʷ ʥʘ 

ʫʩʪʘʥʦʚʢʝ çɸʥʛʘʨʘè, ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʙʘʟʦʚʳʡ ʚʘʢʫʫʤ 10-8 ʇʘ ʠ ʦʩʥʘʱʝʥʥʦʡ ʜʠʬʨʘʢʮʠʝʡ 

ʦʪʨʘʞʝʥʥʳʭ ʙʳʩʪʨʳʭ ʵʣʝʢʪʨʦʥʦʚ (ɼʆɹʕ). ʉʦʛʣʘʩʥʦ ɼʆɹʕ, ʧʝʨʚʳʡ ʩʣʦʡ, Mn5Ge3 ʪʦʣʱʠʥʦʡ 

100 ʥʤ, ʷʚʣʷʝʪʩʷ ʵʧʠʪʘʢʩʠʘʣʴʥʳʤ ʩ ʛʝʢʩʘʛʦʥʘʣʴʥʦʡ ʩʠʤʤʝʪʨʠʝʡ ʩ ʦʩʴʶ c ʥʘʧʨʘʚʣʝʥʥʦʡ ʚʜʦʣʴ 

ʥʦʨʤʘʣʠ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʝʥʢʠ. ʉʣʦʡ Ge ʪʦʣʱʠʥʦʡ ʦʢʦʣʦ 12 ʥʤ ʠ ʩʣʦʡ Fe3Si ʪʦʣʱʠʥʦʡ ʦʢʦʣʦ 

50 ʥʤ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʧʣʝʥʢʠ ʩ ʢʫʙʠʯʝʩʢʦʡ ʩʠʤʤʝʪʨʠʝʡ, ʪʝʢʩʪʫʨʠʨʦʚʘʥʥʳʝ ʥʘ ʦʩʴ [111] 

ʩʦʥʘʧʨʚʣʝʥʥʦʡ ʩ Si[111]. ʀʩʩʣʝʜʦʚʘʥʠʝ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ ʪʨʝʭʩʣʦʡʥʳʭ ʩʪʨʫʢʪʫʨ ʧʦʢʘʟʘʣʦ, 

ʯʪʦ ʧʨʠ ʩʥʠʞʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʥʠʞʝ 300 ʂ ʚ ʜʦʧʦʣʥʝʥʠʝ ʢ ʬʝʨʨʦʤʘʛʥʠʪʥʦʤʫ ʩʠʛʥʘʣʫ ʦʪ Fe3Si 

ʧʨʦʷʚʣʷʝʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʩʠʛʥʘʣ, ʯʪʦ ʭʦʨʦʰʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʝʤʧʝʨʘʪʫʨʝ ʂʶʨʠ TC=300 ʂ 

ʜʣʷ ʦʪ Mn5Ge3 [3,4].  

ʇʦʩʣʝ ʩʪʨʫʢʪʫʨʥʦʡ ʠ ʤʘʛʥʠʪʥʦʡ ʭʘʨʘʢʪʝʨʠʟʘʮʠʠ ʦʙʨʘʟʮʦʚ ʙʳʣʠ ʠʟʛʦʪʦʚʣʝʥʳ 

ʚʝʨʪʠʢʘʣʴʥʳʝ ʩʪʨʫʢʪʫʨʳ Fe3Si/Ge/Mn5Ge3 ʩ ʧʦʤʦʱʴʶ ʦʧʪʠʯʝʩʢʦʡ ʣʠʪʦʛʨʘʬʠʠ ʠ ʩʫʭʦʛʦ 

ʪʨʘʚʣʝʥʠʷ. ʆʥʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʪʦʣʙʠʢʠ ʩ ʢʚʘʜʨʘʪʦʤ ʚ ʦʩʥʦʚʘʥʠʠ ʩʦ ʩʪʦʨʦʥʦʡ 100 ʤʢʤ, 

ʦʧʪʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʢʦʪʦʨʳʭ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 1(ʘ). ʉʭʝʤʘʪʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ 

ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʫʩʪʨʦʡʩʪʚʘ ʠ ʩʭʝʤʘ ʧʦʜʢʣʶʯʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʢʦʥʪʘʢʪʦʚ ʧʦʢʘʟʘʥʳ ʥʘ 

ʨʠʩ. 1(ʙ). ʀʟʤʝʨʝʥʠʷ ʤʘʛʥʠʪʦʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʨʦʚʦʜʠʣʘʩʴ ʩ ʧʦʤʦʱʴʶ ʟʦʥʜʦʚʦʡ ʩʪʘʥʮʠʠ 

Lakeshore EMPX-HF 2 ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʝʮʠʟʠʦʥʥʦʛʦ ʤʫʣʴʪʠʤʝʪʨʘ Keithley 2634b 
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SourceMeter. ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʥʠʞʝ TC ʜʣʷ Mn5Ge3 ʥʘ ʧʦʣʝʚʳʭ ʟʘʚʠʩʠʤʦʩʪʷʭ R(H) 

ʥʘʙʣʶʜʘʝʪʩʷ ʵʬʬʝʢʪ ʤʘʛʥʠʪʦʩʧʨʦʪʠʚʣʝʥʠʷ (ʄʉ) (ʣʝʚʘʷ ʧʘʥʝʣʴ ʥʘ ʨʠʩ. 1(ʩ)).  

 

 
ʈʠʩ. 1. ʆʧʪʠʯʝʩʢʦʝ (ʘ) ʠ ʩʭʝʤʘʪʠʯʝʩʢʦʝ (ʙ) ʠʟʦʙʨʘʞʝʥʠʝ ʩʪʨʫʢʪʫʨ Fe3Si/Ge/Mn5Ge3. (ʩ) ʇʦʣʝʚʳʝ 

ʟʘʚʠʩʠʤʦʩʪʠ ʵʣʝʢʪʨʦʩʦʧʨʦʪʠʚʣʝʥʠʷ R (ʣʝʚʘʷ ʧʘʥʝʣʴ) ʠ ʢʚʘʜʨʘʪʘ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ M2 (ʧʨʘʚʘʷ 

ʧʘʥʝʣʴ) ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʥʠʞʝ TC ʜʣʷ Mn5Ge3. ʉʪʨʝʣʢʘʤʠ ʩʭʝʤʘʪʠʯʥʦ ʧʦʢʘʟʘʥʳ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʳʝ 

ʦʨʠʝʥʪʘʮʠʠ ʚʝʢʪʦʨʘ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʬʝʨʨʦʤʘʛʥʠʪʥʳʭ ʩʣʦʝʚ ʩʪʨʫʢʪʫʨʳ. 

 

ʅʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʦ, ʵʬʬʝʢʪ ʄʉ ʠʤʝʝʪ 2 ʚʢʣʘʜʘ, (1) ʄʉ ʚ ʬʝʨʨʦʤʘʛʥʠʪʥʦʤ ʩʣʦʝ Mn5Ge3 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳʡ ʢʚʘʜʨʘʪʫ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ M2 (ʧʨʘʚʘʷ ʧʘʥʝʣʴ ʥʘ ʨʠʩ. 1 (ʩ)), (2) ʩʧʠʥ-

ʟʘʚʠʩʠʤʦʝ ʨʘʩʩʝʷʥʠʝ ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʘ ʚ ʩʣʦʝ Fe3Si (Mn5Ge3) ʠʥʞʝʢʪʠʨʦʚʘʥʥʳʭ ʠʟ Mn5Ge3 

(Fe3Si) ʚ Ge ʧʨʠ ʧʨʷʤʦʤ (ʦʙʨʘʪʥʦʤ) ʧʨʦʪʝʢʘʥʠʠ ʪʦʢʘ. Fe3Si ʧʝʨʝʤʘʛʥʠʯʠʚʘʝʪʩʷ ʚ ʧʦʣʷʭ ʤʝʥʝʝ 

100 ʕ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ, ʧʦʣʝ ʥʘʩʳʱʝʥʠʷ MS ʜʣʷ Mn5Ge3 ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 2.5 ʢʕ. ʂʨʦʤʝ ʪʦʛʦ, 

Mn5Ge3 ʠʤʝʝʪ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʫʶ ʤʘʛʥʠʪʥʫʶ ʘʥʠʟʦʪʨʦʧʠʶ, ʣʝʛʢʘʷ ʦʩʴ ʩʦʥʘʧʨʘʚʣʝʥʘ ʩ ʦʩʴʶ c 

ʛʝʢʩʘʛʦʥʘʣʴʥʦʛʦ ʢʨʠʩʪʘʣʣʘ, ʢʦʪʦʨʘʷ ʦʨʠʝʥʪʠʨʦʚʘʥʘ ʥʦʨʤʘʣʴʥʦ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʸʥʢʠ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ, ʚ ʧʦʣʷʭ ʜʦ 2.5 ʢʕ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ ʩʣʦʝʚ ʥʝ ʧʘʨʘʣʣʝʣʴʥʘ ʜʨʫʛ ʢ ʜʨʫʛʫ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʧʨʝʜʧʦʣʘʛʘʪʴ, ʯʪʦ ʚ ʚʝʨʪʠʢʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʝ ʨʝʘʣʠʟʫʝʪʩʷ ʩʧʠʥ-ʚʝʥʪʠʣʴʥʳʡ 

ʵʬʬʝʢʪ ʩ ʠʥʞʝʢʮʠʝʡ ʠ ʩʦʭʨʘʥʝʥʠʝʤ ʩʧʠʥʦʚʦʡ ʧʦʣʷʨʠʟʘʮʠʠ ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʘ ʚ ʩʣʦʝ ʛʝʨʤʘʥʠʷ. 

ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʦʡ ʣʠʪʝʨʘʪʫʨʳ: 
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3. I. Yakovlev, I. Tarasov, A. Lukyanenko, et al. Sublayer-Enhanced Growth of Highly 

Ordered Mn5Ge3 Thin Film on Si(111)// Nanomaterials 2022, 12, 4365. 

4. A. S. Tarasov, A. V. Lukyanenko, I. A. Yakovlev, et al. // Bulletin of the Russian Academy 

of Sciences: Physics, 2023, Vol. 87, Suppl. 1, pp. S127ïS140. 
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ʤʝʪʦʜʦʤ ʉʃʉ/ʉʃʄ. 
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ʤʘʛʥʠʪʳ, ʤʘʛʥʠʪʥʳʝ ʛʠʩʪʝʨʝʟʠʩʥʳʝ ʩʚʦʡʩʪʚʘ 
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Annotation. Additive manufacturing of functional materials has advantages over the sintering: the 

possibility of creating any shape and local formation of properties. The influence of synthesis 

parameters on the phase composition and magnetic hysteresis properties of single-layer permanent 

magnets based on Nd2Fe14B compounds synthesized by SLS/SLM was investigated in this work. 
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ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʦʙʱʝʩʪʚʝ ʩʫʱʝʩʪʚʫʝʪ ʪʝʥʜʝʥʮʠʷ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ 

ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ, ʧʦʚʳʰʝʥʥʫʶ ʟʘʙʦʪʫ ʦʙ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ. ʕʪʦ 

ʫʩʢʦʨʷʝʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ. ʀʟ-ʟʘ ʠʭ ʧʦʚʩʝʤʝʩʪʥʦʩʪʠ, 

ʤʘʛʥʠʪʥʳʝ ʤʘʪʝʨʠʘʣʳ ʠʛʨʘʶʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʧʦʚʳʰʝʥʠʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʪʘʢʠʭ ʫʩʪʨʦʡʩʪʚ. ʄʘʛʥʠʪʦʪʚʝʨʜʳʝ ʤʘʪʝʨʠʘʣʳ ʠ ʠʟʛʦʪʦʚʣʝʥʥʳʝ ʠʟ ʥʠʭ 

ʧʦʩʪʦʷʥʥʳʝ ʤʘʛʥʠʪʳ ʥʘʭʦʜʷʪ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚʘʭ 

ʚ ʢʘʯʝʩʪʚʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʤʝʭʘʥʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʚ ʵʣʝʢʪʨʠʯʝʩʢʫʶ, ʜʣʷ ʩʦʟʜʘʥʠʷ ʤʘʛʥʠʪʥʳʭ 

ʧʦʣʝʡ ʨʘʟʣʠʯʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ʠ ʢʘʢ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʚ 

ʤʝʭʘʥʠʯʝʩʢʫʶ. ʕʣʝʢʪʨʠʯʝʩʢʠʝ ʜʚʠʛʘʪʝʣʠ ʚ ʪʝʯʝʥʠʝ ʧʦʩʣʝʜʥʝʛʦ ʩʪʦʣʝʪʠʷ ʨʘʩʧʨʦʩʪʨʘʥʠʣʠʩʴ 

ʧʦʚʩʝʤʝʩʪʥʦ. ɼʚʠʛʘʪʝʣʠ ʤʦʱʥʦʩʪʴʶ ʦʪ ʥʝʩʢʦʣʴʢʠʭ ʚʘʪʪ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʩʦʪʝʥ ʢʠʣʦʚʘʪʪ ʰʠʨʦʢʦ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʦʬʠʩʥʦʡ ʠ ʙʳʪʦʚʦʡ ʪʝʭʥʠʢʝ, ʪʨʘʥʩʧʦʨʪʥʦʤ ʩʝʢʪʦʨʝ ʠ ʧʨʦʤʳʰʣʝʥʥʳʭ 
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ʧʨʠʚʦʜʘʭ. ɼʘʞʝ ʥʝʙʦʣʴʰʦʝ ʧʦʚʳʰʝʥʠʝ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʡ ʤʦʞʝʪ ʠʤʝʪʴ 

ʙʦʣʴʰʫʶ ʵʢʦʥʦʤʠʶ ʬʠʥʘʥʩʦʚʳʭ ʩʨʝʜʩʪʚ ʧʨʠ ʠʭ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʦʭʨʘʥʳ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. 

ɽʩʣʠ ʩʨʘʚʥʠʚʘʪʴ ʦʙʳʯʥʳʝ ʘʩʠʥʭʨʦʥʥʳʝ ʠ ʜʚʠʛʘʪʝʣʠ ʩ ʧʦʩʪʦʷʥʥʳʤʠ ʤʘʛʥʠʪʘʤʠ, ʂʇɼ ʧʝʨʚʦʛʦ 

ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 75%, ʘ ʚʪʦʨʦʛʦ ï ʧʦʯʪʠ 88%. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʩʠʥʭʨʦʥʥʳʡ ʜʚʠʛʘʪʝʣʴ 

ʧʦʪʨʝʙʣʷʝʪ ʧʦʯʪʠ 2000 ɺʪ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʘ ʜʚʠʛʘʪʝʣʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʦʩʪʦʷʥʥʳʭ 

ʤʘʛʥʠʪʦʚ ʧʦʪʨʝʙʣʷʝʪ ʪʦʣʴʢʦ 1704 ɺʪ ʧʨʠ ʦʜʠʥʘʢʦʚʦʡ ʚʳʭʦʜʥʦʡ ʤʦʱʥʦʩʪʠ. ʕʢʦʥʦʤʠʷ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʩʦʩʪʘʚʣʷʝʪ 296 ɺʪ (ʠʣʠ å 15%) ʥʘ ʜʚʠʛʘʪʝʣʴ. ʂʨʦʤʝ ʪʦʛʦ, ʜʚʠʛʘʪʝʣʠ ʥʘ 

ʧʦʩʪʦʷʥʥʳʭ ʤʘʛʥʠʪʘʭ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʘʩʠʥʭʨʦʥʥʳʤʠ, ʧʨʝʚʦʩʭʦʜʷʪ ʠʭ ʧʦ ʤʦʱʥʦʩʪʠ ʧʨʠ 

ʤʝʥʴʰʠʭ ʛʘʙʘʨʠʪʘʭ ʠ ʤʘʩʩʝ [1]. 

ʇʦʤʠʤʦ ʵʪʦʛʦ, ʧʦʩʪʦʷʥʥʳʝ ʤʘʛʥʠʪʳ ʥʘʭʦʜʷʪ ʩʚʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʵʣʝʢʪʨʦʥʥʳʭ 

ʫʩʪʨʦʡʩʪʚʘʭ, ʢʦʪʦʨʳʝ ʦʢʨʫʞʘʶʪ ʥʘʩ ʢʘʞʜʳʡ ʜʝʥʴ, ʥʘʧʨʠʤʝʨ, ʩʤʘʨʪʬʦʥʳ, ʞʝʩʪʢʠʝ ʜʠʩʢʠ 

ʢʦʤʧʴʶʪʝʨʦʚ. ʀʟ-ʟʘ ʩʪʨʝʤʣʝʥʠʷ ʫʤʝʥʴʰʠʪʴ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʨʘʟʤʝʨʳ ʫʩʪʨʦʡʩʪʚ ʚ ʮʝʣʦʤ, 

ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʟʥʘʯʠʪʝʣʴʥʦ ʫʤʝʥʴʰʘʪʴ ʧʦʩʪʦʷʥʥʳʝ ʤʘʛʥʠʪʳ ʠ ʤʘʛʥʠʪʥʳʝ ʩʠʩʪʝʤʳ, 

ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʪʘʢʠʭ ʫʩʪʨʦʡʩʪʚʘʭ. ʆʪʨʘʙʦʪʘʥʥʳʝ ʛʦʜʘʤʠ ʪʝʭʥʦʣʦʛʠʠ ʧʦʣʫʯʝʥʠʷ ʤʘʛʥʠʪʦʚ ʥʝ 

ʚʩʝʛʜʘ ʦʢʘʟʳʚʘʶʪʩʷ ʩʧʦʩʦʙʥʳ ʩʦʭʨʘʥʠʪʴ ʪʘʢʠʝ ʞʝ ʤʘʛʥʠʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʠ 

ʫʤʝʥʴʰʝʥʠʠ ʨʘʟʤʝʨʦʚ, ʣʠʙʦ ʥʝ ʫʜʘʝʪʩʷ ʟʘʜʘʚʘʪʴ ʥʝʦʙʭʦʜʠʤʫʶ ʢʦʥʬʠʛʫʨʘʮʠʶ ʤʘʛʥʠʪʦʚ ʧʨʠ 

ʤʠʥʠʘʪʶʨʠʟʘʮʠʠ. 

ʆʜʠʥ ʠʟ ʚʘʨʠʘʥʪʦʚ ʩʦʟʜʘʥʠʷ ʤʘʛʥʠʪʦʚ ʩʣʦʞʥʳʭ ʬʦʨʤ ʙʝʟ ʧʦʪʝʨʴ ʠʭ ʤʘʛʥʠʪʥʳʭ 

ʛʠʩʪʝʨʝʟʠʩʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ï ʧʨʠʤʝʥʝʥʠʝ ʪʝʭʥʦʣʦʛʠʡ ʘʜʜʠʪʠʚʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʚ 

ʯʘʩʪʥʦʩʪʠ, ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʩʚʷʟʫʶʱʝʛʦ ï ʤʝʪʦʜʘʤʠ ʩʝʣʝʢʪʠʚʥʦʛʦ ʣʘʟʝʨʥʦʛʦ 

ʩʧʝʢʘʥʠʷ ʠ ʧʣʘʚʣʝʥʠʷ [2]. ʉʝʣʝʢʪʠʚʥʦʝ ʣʘʟʝʨʥʦʝ ʧʣʘʚʣʝʥʠʝ (ʉʃʇ) ʩʯʠʪʘʝʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤ 

ʤʝʪʦʜʦʤ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʧʦʩʪʦʷʥʥʳʭ ʤʘʛʥʠʪʦʚ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʝʜʫʪʩʷ ʨʘʟʨʘʙʦʪʢʠ 

ʧʦʜʭʦʜʦʚ ʢ ʘʜʜʠʪʠʚʥʦʤʫ ʧʨʦʠʟʚʦʜʩʪʚʫ ʧʦʩʪʦʷʥʥʳʭ ʤʘʛʥʠʪʦʚ ʠʟ ʩʧʣʘʚʦʚ Nd-Fe-B ʠ Sm-Co 

[3,4]. ʆʜʥʦʡ ʠʟ ʩʫʱʝʩʪʚʝʥʥʳʭ ʧʨʦʙʣʝʤ ʵʪʦʡ ʪʝʭʥʦʣʦʛʠʠ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʚʩʝ ʦʩʥʦʚʥʳʝ 

ʧʨʦʮʝʩʩʳ ʧʝʯʘʪʠ, ʚʣʠʷʶʱʠʝ ʥʘ ʩʪʨʫʢʪʫʨʫ ʠ ʩʚʦʡʩʪʚʘ ʤʘʛʥʠʪʦʚ, ʷʚʣʷʶʪʩʷ ʥʝʨʘʚʥʦʚʝʩʥʳʤʠ. 

ʉʢʦʨʦʩʪʴ ʦʭʣʘʞʜʝʥʠʷ ʨʘʩʧʣʘʚʘ ʚ ʧʨʦʮʝʩʩʝ ʉʃʇ ʥʠʞʝ, ʯʝʤ ʧʨʠ ʩʧʠʥʥʠʥʛʦʚʘʥʠʠ ʨʘʩʧʣʘʚʘ. ɼʣʷ 

ʩʦʟʜʘʥʠʷ ʚʳʩʦʢʦʢʦʵʨʮʠʪʠʚʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʤʘʛʥʠʪʦʚ ʨʝʞʠʤ ʘʜʜʠʪʠʚʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʤʦʞʝʪ 

ʙʳʪʴ ʥʘʩʪʨʦʝʥ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ ʤʠʥʠʤʘʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚ ʩʪʨʫʢʪʫʨʝ ʠ 

ʢʦʵʨʮʠʪʠʚʥʦʡ ʩʠʣʝ ʦʙʨʘʟʮʦʚ. ʇʦʵʪʦʤʫ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʜʚʘ ʤʝʪʦʜʘ 

ʘʜʜʠʪʠʚʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʦʙʨʘʟʮʦʚ, ʪ.ʝ. ʠʟ ʧʦʨʦʰʢʘ ʦʩʥʦʚʥʦʡ ʬʘʟʳ ʤʘʨʢʠ MQA 

(Magnequench Int.) ʠ ʠʟ ʩʤʝʩʠ ʦʩʥʦʚʥʦʡ ʬʘʟʳ ʠ ʣʝʛʢʦʧʣʘʚʢʦʡ ʜʦʙʘʚʢʠ. 

ɺ ʜʦʢʣʘʜʝ ʙʫʜʫʪ ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʧʦʩʦʙʳ ʧʦʣʫʯʝʥʠʷ ʚʳʩʦʢʦʢʦʵʨʮʠʪʠʚʥʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʧʦʩʪʦʷʥʥʳʭ ʤʘʛʥʠʪʦʚ ʧʨʠ ʩʝʣʝʢʪʠʚʥʦʤ ʣʘʟʝʨʥʦʤ ʩʧʝʢʘʥʠʠ, ʘ ʪʘʢʞʝ ʨʘʩʩʢʘʟʘʥʦ ʦ ʧʦʣʫʯʝʥʥʳʭ 

ʨʝʟʫʣʴʪʘʪʘʭ ʤʘʛʥʠʪʥʳʭ ʛʠʩʪʝʨʝʟʠʩʥʳʭ ʩʚʦʡʩʪʚ ʦʙʨʘʟʮʦʚ. 
 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʈʅʌ ˉ 21-72-10104. 
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ʊʝʭʥʦʣʦʛʠʷ ʩʠʥʪʝʟʘ ʠ ʥʝʣʠʥʝʡʥʦʩʪʴ ʵʣʝʢʪʨʦʥʥʳʭ ʩʚʦʡʩʪʚ ʧʣʝʥʦʢ 

ʘʣʤʘʟʦʧʦʜʦʙʥʦʛʦ ʫʛʣʝʨʦʜʘ, ʣʝʛʠʨʦʚʘʥʥʳʭ ʞʝʣʝʟʦʤ 
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ɸʥʥʦʪʘʮʠʷ. ʋʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʘ ʤʝʪʦʜʠʢʘ ʩʠʥʪʝʟʘ ʧʣʝʥʦʢ ʣʝʛʠʨʦʚʘʥʥʦʛʦ ʞʝʣʝʟʦʤ 

ʘʣʤʘʟʦʧʦʜʦʙʥʦʛʦ ʫʛʣʝʨʦʜʘ (DLC) ʧʫʪʝʤ ʨʘʩʧʳʣʝʥʠʷ ʞʝʣʝʟʥʦʛʦ ʢʘʪʦʜʘ ʠ ʧʣʘʟʤʦʭʠʤʠʯʝʩʢʦʛʦ 

ʦʩʘʞʜʝʥʠʷ DLC ʚ ʨʘʟʨʷʜʝ ʩ ʧʦʣʳʤ ʢʘʪʦʜʦʤ. ʇʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʠʩʩʣʝʜʦʚʘʥʳ 

ʟʘʚʠʩʠʤʦʩʪʠ ʩʠʣʳ ʧʦʧʝʨʝʯʥʦʛʦ ʪʦʢʘ ʦʪ ʚʨʝʤʝʥʠ ʠ ʧʨʠʣʦʞʝʥʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʚ ʦʙʨʘʟʮʘʭ 

W/DLC/W ʩ ʪʦʣʱʠʥʦʡ DLC 50, 100 ʥʤ ʠ ʢʦʥʮʝʥʪʨʘʮʠʝʡ Fe 20 ʘʪ%, ʚ ʢʦʪʦʨʳʭ Fe 

ʩʪʠʤʫʣʠʨʫʝʪ ʠʟʤʝʥʝʥʠʝ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʪʠʧʘ ʛʠʙʨʠʜʠʟʘʮʠʠ ʚ 

ʚʳʩʦʢʦʦʤʥʳʭ sp3 ʧʨʦʤʝʞʫʪʢʘʭ, ʨʘʟʜʝʣʷʶʱʠʭ ʥʠʟʢʦʦʤʥʳʝ sp2 ʦʙʣʘʩʪʠ (ʥʘʥʦʢʣʘʩʪʝʨʳ), 

ʤʝʞʜʫ ʢʦʪʦʨʳʤʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʳʞʢʦʚʳʡ ʧʝʨʝʥʦʩ ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʘ. ʅʝʣʠʥʝʡʥʦʩʪʴ 

ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʠʟʫʯʘʝʤʳʭ ʧʣʝʥʦʢ DLC(Fe), ʦʙʥʘʨʫʞʝʥʥʘʷ ʚ ʧʦʣʷʭ Ó 105 ɺ/ʩʤ, 

ʩʚʷʟʳʚʘʝʪʩʷ ʢʘʢ ʩ ʧʝʨʝʭʦʜʘʤʠ sp3Ÿ sp2 ʚ sp3 ʧʨʦʤʝʞʫʪʢʘʭ, ʪʘʢ ʠ ʩ ʧʦʣʝʚʳʤʠ ʵʬʬʝʢʪʘʤʠ ʚ 

ʫʩʣʦʚʠʷʭ ʧʨʳʞʢʦʚʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ ʤʝʟʦʩʢʦʧʠʯʝʩʢʠʭ ʨʘʟʫʧʦʨʷʜʦʯʝʥʥʳʭ ʵʣʝʢʪʨʦʥʥʳʭ ʩʠʩʪʝʤ. 
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Annotation. The synthesis method of iron-doped diamond-like carbon (DLC) films by sputtering an 

iron cathode and plasma-chemical deposition of DLC in a hollow cathode discharge was developed. 

The dependences of the transverse current on time and applied voltage were studied at room 

temperature for W/DLC/W samples with DLC thickness of 50 - 100 nm and Fe concentration of 

20 at%. The Fe impurity stimulates changing under the electric field of the hybridization type in high-

resistivity sp3 areas, separated by low-resistivity sp2 regions (nanoclusters), between which hopping 

transfer realised. The nonlinearity of the electrical properties DLC(Fe) films, observed in fields 

Ó 105 V/cm, is associated both with sp3-to-sp2 transitions in sp3 areas and with field effects under 

conditions of hopping conduction of mesoscopic disordered electronic systems. 

Keywords: diamond-like carbon, plasma-chemical deposition, physico-chemical synthesis, 

hybridization, percolation, hopping conductivity 

 

ɸʣʤʘʟʦʧʦʜʦʙʥʳʡ ʫʛʣʝʨʦʜ (DLC) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʝʪʘʩʪʘʙʠʣʴʥʫʶ ʬʦʨʤʫ 

ʘʤʦʨʬʥʦʛʦ ʫʛʣʝʨʦʜʘ, ʵʣʝʢʪʨʦʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʢʦʪʦʨʦʛʦ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʩʤʝʩʴ ʭʘʦʪʠʯʝʩʢʠ 

ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ sp2 ʠ sp3 ʩʚʷʟʝʡ. ɸʪʦʤʳ ʫʛʣʝʨʦʜʘ, ʩʚʷʟʘʥʥʳʝ sp3-ʛʠʙʨʠʜʥʳʤʠ ʦʨʙʠʪʘʣʷʤʠ, 

ʬʦʨʤʠʨʫʶʪ ʠʟʦʣʠʨʫʶʱʠʝ çʘʣʤʘʟʥʳʝè ʦʙʣʘʩʪʠ, ʪʦʛʜʘ ʢʘʢ ʘʪʦʤʳ ʫʛʣʝʨʦʜʘ, ʩʚʷʟʘʥʥʳʝ sp2- 

ʦʨʙʠʪʘʣʷʤʠ, ï ʧʨʦʚʦʜʷʱʠʝ çʛʨʘʬʠʪʦʚʳʝè ʦʙʣʘʩʪʠ [1]. ʕʣʝʢʪʨʠʯʝʩʢʦʝ ʧʦʣʝ ʤʦʞʝʪ ʚʳʟʳʚʘʪʴ 

ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ ʤʝʞʜʫ ʧʨʦʚʦʜʷʱʠʤʠ sp2 ʠ ʠʟʦʣʠʨʫʶʱʠʤʠ sp3 ʦʙʣʘʩʪʷʤʠ ʠ, ʪʝʤ ʩʘʤʳʤ, ï 

ʥʝʣʠʥʝʡʥʦʩʪʴ ʵʣʝʢʪʨʦʥʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʚ DLC. ʇʨʠʤʝʩʴ ʞʝʣʝʟʘ ʚ DLC ʩʥʠʞʘʝʪ ʵʥʝʨʛʠʶ 

ʘʢʪʠʚʘʮʠʠ ʧʝʨʝʭʦʜʦʚ sp3Ÿ sp2 ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ [2].  

ɺ ʨʘʙʦʪʝ ʥʘʥʝʩʝʥʠʝ ʜʦʧʠʨʦʚʘʥʥʳʭ ʞʝʣʝʟʦʤ ʘʣʤʘʟʦʧʦʜʦʙʥʳʭ ʧʣʝʥʦʢ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʝ ʩ ʨʘʥʝʝ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʤʝʪʦʜʠʢʦʡ ʥʘʥʝʩʝʥʠʷ, ʚʢʣʶʯʘʶʱʝʡ ʚ ʩʝʙʷ 

ʧʣʘʟʤʦʭʠʤʠʯʝʩʢʦʝ ʦʩʘʞʜʝʥʠʝ (PECVD) ʘʣʤʘʟʦʧʦʜʦʙʥʦʡ ʧʣʝʥʢʠ ʠʟ ʛʘʟʦʚʦʡ ʬʘʟʳ ʩ ʧʦʤʦʱʴʶ 

ʨʘʟʨʷʜʘ ʩ ʧʦʣʳʤ ʢʘʪʦʜʦʤ ʥʘ ʩʤʝʩʠ ʨʝʘʢʮʠʦʥʥʦʛʦ ʛʘʟʘ (ʧʨʦʧʘʥʘ) ʠ ʧʣʘʟʤʦʦʙʨʘʟʫʶʱʝʛʦ ʛʘʟʘ 

(ʘʨʛʦʥʘ) ʩ ʧʘʨʘʣʣʝʣʴʥʳʤ ʬʠʟʠʯʝʩʢʠʤ ʨʘʩʧʳʣʝʥʠʝʤ (PVD) ʧʦʚʝʨʭʥʦʩʪʠ ʞʝʣʝʟʥʦʛʦ ʢʘʪʦʜʘ [3]. 

ʉʣʦʠ DLC(Fe) ʩʠʥʪʝʟʠʨʦʚʘʣʠʩʴ ʚ ʚʘʢʫʫʤʥʦʤ ʩʪʝʥʜʝ ʦʙʲʝʤʦʤ 5 ʣʠʪʨʦʚ, ʦʪʢʘʯʠʚʘʝʤʦʤ ʜʦ 

ʧʨʝʜʝʣʴʥʦʛʦ ʦʩʪʘʪʦʯʥʦʛʦ ʜʘʚʣʝʥʠʷ 10-3 ʇʘ. ʕʣʝʢʪʨʦʜʥʘʷ ʩʠʩʪʝʤʘ ʨʘʟʨʷʜʘ ʩ ʧʦʣʳʤ ʢʘʪʦʜʦʤ 

ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʮʠʣʠʥʜʨʠʯʝʩʢʠʡ ʞʝʣʝʟʥʳʡ ʢʘʪʦʜ ʩ ʚʥʫʪʨʝʥʥʠʤ ʜʠʘʤʝʪʨʦʤ 18 ʤʤ ʠ ʜʣʠʥʦʡ 

35 ʤʤ; ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʢʘʪʦʜʦʤ ʠ ʧʦʜʣʦʞʢʦʡ ʩʦʩʪʘʚʣʷʣʦ 40 ʤʤ; ʘʥʦʜʦʤ ʩʣʫʞʠʣʘ ʩʪʝʥʢʘ 

ʚʘʢʫʫʤʥʦʡ ʢʘʤʝʨʳ. ʉʠʥʪʝʟ DLC ʧʨʦʚʦʜʠʣʩʷ ʧʨʠ ʥʘʧʨʷʞʝʥʠʠ ʨʘʟʨʷʜʘ 500 ɺ ʠ ʪʦʢʝ ï 200 ʤɸ; 

ʜʘʚʣʝʥʠʝ ʨʘʙʦʯʝʡ ʩʤʝʩʠ ʛʘʟʦʚ (ʧʨʦʧʘʥʘ ʠ ʘʨʛʦʥʘ) ʩʦʩʪʘʚʣʷʣʦ 65 ʇʘ. ʂʦʥʮʝʥʪʨʘʮʠʷ ʧʨʠʤʝʩʠ 

ʞʝʣʝʟʘ ʚ DLC (ʦʪ 40 ʜʦ 1 ʘʪ. %) ʟʘʜʘʚʘʣʘʩʴ  ʧʘʨʮʠʘʣʴʥʳʤ ʜʘʚʣʝʥʠʝʤ ʧʨʦʧʘʥʘ, ʚʘʨʴʠʨʫʝʤʳʤ ʚ 

ʧʨʝʜʝʣʘʭ ʦʪ 0,03 ʜʦ 0,1 ʇʘ. ɺ ʢʘʯʝʩʪʚʝ ʧʦʜʣʦʞʝʢ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʣʘʩʪʠʥʳ ʦʢʠʩʣʝʥʥʦʛʦ Si(100) 

c ʥʘʧʳʣʝʥʥʳʤ ʩʣʦʝʤ ʚʦʣʴʬʨʘʤʘ ʪʦʣʱʠʥʦʡ 500 ʥʤ (ʥʠʞʥʠʡ ʵʣʝʢʪʨʦʜ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʩʭʝʤʳ).  

ɼʣʷ ʠʟʤʝʨʝʥʠʡ ʟʘʚʠʩʠʤʦʩʪʠ ʩʠʣʳ ʧʦʧʝʨʝʯʥʦʛʦ ʪʦʢʘ I ʦʪ ʚʨʝʤʝʥʠ ʠ ʧʨʠʣʦʞʝʥʥʦʛʦ 

ʥʘʧʨʷʞʝʥʠʷ U ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ DLC ʙʳʣʠ ʥʘʧʳʣʝʥʳ ʚʦʣʴʬʨʘʤʦʚʳʝ ʧʣʦʱʘʜʢʠ ʜʠʘʤʝʪʨʦʤ 3 ʤʤ 

ʠ ʪʦʣʱʠʥʦʡ 200 ʥʤ. ʇʦʧʝʨʝʯʥʦʝ ʥʘʧʨʷʞʝʥʠʝ U ʟʘʜʘʚʘʣʦʩʴ ʛʝʥʝʨʘʪʦʨʦʤ ʧʠʣʦʦʙʨʘʟʥʦʛʦ 

ʥʘʧʨʷʞʝʥʠʷ Tektronix AFG3252, ʢʦʪʦʨʦʝ ʠʟʤʝʨʷʣʠ 16 ʙʠʪʥʳʤ ɸʎʇ ʚ ʩʦʩʪʘʚʝ ʤʦʜʫʣʷ ʚʚʦʜʘ-

ʚʳʚʦʜʘ ICP DAS ET 7026. ʏʘʩʪʦʪʘ ʨʘʟʚʝʨʪʢʠ ʩʦʩʪʘʚʣʷʣʘ 0,01 ɻʮ, ʘ ʘʤʧʣʠʪʫʜʥʦʝ ʟʥʘʯʝʥʠʝ 

ʥʘʧʨʷʞʝʥʠʷ ï ʦʪ 1 ʜʦ 10 ɺ. ʉʠʣʫ ʪʦʢʘ I ʨʝʛʠʩʪʨʠʨʦʚʘʣʠ ʧʠʢʦʘʤʧʝʨʤʝʪʨʦʤ Keithley 6485. 

ɿʘʚʠʩʠʤʦʩʪʴ ʩʠʣʳ ʪʦʢʘ I ʦʪ ʚʨʝʤʝʥʠ t ʜʣʷ ʧʣʝʥʢʠ DLC(Fe) ʠʟʤʝʨʷʣʘʩʴ ʧʨʠ ʮʠʢʣʠʯʝʩʢʦʤ 

ʧʠʣʦʦʙʨʘʟʥʦʤ ʠʟʤʝʥʝʥʠʠ ʧʦʧʝʨʝʯʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ U ʩʦ ʩʢʦʨʦʩʪʴʶ 0,4 ɺ/ʩ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ -10 

ʜʦ +10 ɺ. ɿʘʚʠʩʠʤʦʩʪʴ I ʦʪ t ʦʙʥʘʨʫʞʠʚʘʝʪ ʨʝʟʢʦʝ ʚʦʟʨʘʩʪʘʥʠʝ ʪʦʢʘ ʚ ʧʦʣʷʭ Ó 2 105 ɺ/ʩʤ ʩ 

ʧʦʩʣʝʜʫʶʱʠʤ ʥʘʩʳʱʝʥʠʝʤ ʧʨʠ t Ó 20 c (ʩʤ. ʨʠʩʫʥʦʢ 1). 
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ʘ) ʙ)  

ʈʠʩ. 1. ɿʘʚʠʩʠʤʦʩʪʴ ʩʠʣʳ ʧʦʧʝʨʝʯʥʦʛʦ ʪʦʢʘ ʦʪ ʚʨʝʤʝʥʠ ʜʣʷ DLC(Fe) ʪʦʣʱʠʥʦʡ 100 ʥʤ ʩ 

ʢʦʥʮʝʥʪʨʘʮʠʝʡ Fe 20 ʘʪ.% ʧʨʠ ʧʠʣʦʦʙʨʘʟʥʦʡ ʨʘʟʚʝʨʪʢʝ ʥʘʧʨʷʞʝʥʠʷ ʩʦ ʩʢʦʨʦʩʪʴʶ 0,4 ɺ/ʩ (ʘ) ʠ (ʙ) ʚ 

ʦʙʣʘʩʪʠ ʤʘʢʩʠʤʫʤʦʚ (ʘ). 

ʅʝʣʠʥʝʡʥʦʩʪʴ ʵʣʝʢʪʨʦʥʥʳʭ ʩʚʦʡʩʪʚ DLC ʩʚʷʟʳʚʘʶʪ ʩ ʠʟʤʝʥʝʥʠʝʤ ʪʠʧʘ ʛʠʙʨʠʜʠʟʘʮʠʠ 

ʚ ʝʛʦ ʣʦʢʘʣʴʥʳʭ ʦʙʣʘʩʪʷʭ, ʩ ʧʝʨʝʭʦʜʘʤʠ sp3Ÿsp2 ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ 

Ó 105 ɺ/ʩʤ [2]. ʉʯʠʪʘʝʪʩʷ, ʯʪʦ DLC ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʘʥʩʘʤʙʣʴ ʥʠʟʢʦʦʤʥʳʭ sp2 ʚʢʣʶʯʝʥʠʡ 

(ʥʘʥʦʢʣʘʩʪʝʨʦʚ) ʚ ʠʟʦʣʠʨʫʶʱʝʡ sp3 ʤʘʪʨʠʮʝ. ʕʪʠ ʚʢʣʶʯʝʥʠʷ, ʨʘʟʜʝʣʝʥʥʳʝ ʠʟʦʣʠʨʫʶʱʠʤʠ sp3 

ʧʨʦʤʝʞʫʪʢʘʤʠ, ʬʦʨʤʠʨʫʶʪ ʮʝʧʦʯʢʠ, ʧʦ ʢʦʪʦʨʳʤ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʳʞʢʦʚʳʡ ʧʝʨʝʥʦʩ 

ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʘ. ʅʝʣʠʥʝʡʥʦʝ ʧʦʚʝʜʝʥʠʝ ʚʦʣʴʪʘʤʧʝʨʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ (ɺɸʍ), ʩʚʷʟʘʥʥʦʝ ʩ 

ʠʟʤʝʥʝʥʠʝʤ ʪʠʧʘ ʛʠʙʨʠʜʠʟʘʮʠʠ, ʥʘʙʣʶʜʘʣʦʩʴ ʨʘʥʝʝ ʚ ʩʣʦʷʭ ʥʝʣʝʛʠʨʦʚʘʥʥʦʛʦ DLC, ʥʦ ʚ ʙʦʣʝʝ 

ʩʠʣʴʥʳʭ ʧʦʣʷʭ, ~ 106 ɺ/ʩʤ [4]. 

ʅʝʣʠʥʝʡʥʦʩʪʴ ɺɸʍ ʚ ʫʩʣʦʚʠʷʭ ʧʨʳʞʢʦʚʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʤʦʞʝʪ ʠʤʝʪʴ ʠʥʫʶ ʧʨʠʨʦʜʫ. 

ʇʦʧʝʨʝʯʥʘʷ ʧʨʳʞʢʦʚʘʷ ʧʨʦʚʦʜʠʤʦʩʪʴ ʪʦʥʢʠʭ ʧʣʝʥʦʢ ʟʥʘʯʠʪʝʣʴʥʦ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʤʝʟʦʩʢʦʧʠʯʝʩʢʠʤʠ ʵʬʬʝʢʪʘʤʠ ï ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʧʝʨʢʦʣʷʮʠʦʥʥʳʭ ʮʝʧʦʯʝʢ ʠʟ ʮʝʥʪʨʦʚ ʩ 

ʥʘʠʙʦʣʝʝ ʫʟʢʠʤʠ ʤʝʞʮʝʥʪʨʦʚʳʤʠ (ʚ ʥʘʰʝʤ ʩʣʫʯʘʝ ʤʝʞʢʣʘʩʪʝʨʥʳʤʠ) ʧʦʪʝʥʮʠʘʣʴʥʳʤʠ 

ʙʘʨʴʝʨʘʤʠ [5], ʚ ʢʦʪʦʨʳʭ ʜʦʩʪʠʛʘʝʪʩʷ ʤʘʢʩʠʤʘʣʴʥʘʷ ʚʝʣʠʯʠʥʘ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ. 

ʕʣʝʢʪʨʦʥʥʳʡ ʧʝʨʝʥʦʩ ʚ ʥʝʦʤʠʯʝʩʢʦʤ ʨʝʞʠʤʝ ʚ ʫʩʣʦʚʠʷʭ ʧʝʨʢʦʣʷʮʠʦʥʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ 

ʨʘʩʩʤʦʪʨʝʥ ʚ [5], ʛʜʝ, ʚ ʯʘʩʪʥʦʩʪʠ, ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʠʣʴʥʳʭ ʧʦʣʷʭ 

eFa > kBT(kBT/V0)
ɜ ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʝʭʦʜ ʢ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ I(U). ʇʨʠ ʵʪʦʤ ɺɸʍ 

ʧʨʠʦʙʨʝʪʘʝʪ ʚʠʜ, ʧʦʜʦʙʥʳʡ ʟʘʢʦʥʫ ʌʨʝʥʢʝʣʷïʇʫʣʘ: I  θexp(ŬF1/2/kBT ), ʛʜʝ Ŭ = (eaV0)
1/2, 

F ï ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ, ɜ å 1 ï  ʢʨʠʪʠʯʝʩʢʠʡ ʠʥʜʝʢʩ ʪʝʦʨʠʠ ʧʨʦʪʝʢʘʥʠʷ, 

kB ï ʧʦʩʪʦʷʥʥʘʷ ɹʦʣʴʮʤʘʥʘ, T ï ʪʝʤʧʝʨʘʪʫʨʘ, V0 ʠ a ï ʘʤʧʣʠʪʫʜʘ ʠ ʭʘʨʘʢʪʝʨʥʳʡ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʡ ʤʘʩʰʪʘʙ ʬʣʫʢʪʫʘʮʠʡ ʧʦʪʝʥʮʠʘʣʘ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺ ʥʘʰʝʤ ʩʣʫʯʘʝ 

ʬʣʫʢʪʫʘʮʠʦʥʥʳʡ ʧʦʪʝʥʮʠʘʣ ʝʩʪʝʩʪʚʝʥʥʦ ʩʚʷʟʳʚʘʪʴ ʩ ʭʘʦʪʠʯʝʩʢʠʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʟʘʨʷʜʘ, 

ʣʦʢʘʣʠʟʦʚʘʥʥʦʛʦ ʥʘ ʵʣʝʢʪʨʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʜʝʬʝʢʪʘʭ ʚ ʤʘʪʨʠʮʝ DLC. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ 

ʟʘʚʠʩʠʤʦʩʪʴ log(I) ʦʪ V1/2 (ʩʤ. ʨʠʩʫʥʦʢ 2) ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʣʠʥʝʡʥʳʝ ʫʯʘʩʪʢʠ, ʧʦ ʥʘʢʣʦʥʫ 

ʢʦʪʦʨʳʭ, Öln(I)/Ö(V1/2), ʧʦʣʘʛʘʷ ÖF/ÖV Ḑ 1/d, ʛʜʝ d ï ʪʦʣʱʠʥʘ DLC, ʥʝʪʨʫʜʥʦ ʦʮʝʥʠʪʴ 

ʩʦʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ d ʠ ʨʘʜʠʫʩʦʤ ʢʦʨʨʝʣʷʮʠʠ ʧʝʨʢʦʣʷʮʠʦʥʥʦʛʦ ʢʣʘʩʪʝʨʘ 

L0 å a(eV0/kBT)ɜ å a(eV0/kBT): L0/d å [Öln(I)/Ö(V1/2)]2(kBT)/Ce ~ 1, ʛʜʝ C ï ʯʠʩʣʝʥʥʳʡ 

ʢʦʵʬʬʠʮʠʝʥʪ (C å 0,3). 
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ʈʠʩ. 2  ɿʘʚʠʩʠʤʦʩʪʴ ʩʠʣʳ ʪʦʢʘ I ʦʪ V1/2 ʧʨʠ ʪʦʣʱʠʥʝ DLC(Fe) 50 ʥʤ ʠ ʢʦʥʮʝʥʪʨʘʮʠʠ Fe 20 ʘʪ.%. 

ʇʦʵʪʦʤʫ ʠʟʫʯʘʝʤʳʝ ʩʠʩʪʝʤʳ ʩʣʝʜʫʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʤʝʟʦʩʢʦʧʠʯʝʩʢʠʝ, ʚ ʢʦʪʦʨʳʭ 

ʧʨʳʞʢʦʚʳʡ ʧʝʨʝʥʦʩ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦ ʦʜʠʥʦʯʥʳʤ ʮʝʧʦʯʢʘʤ ʠʟ sp2 

ʥʘʥʦʢʣʘʩʪʝʨʦʚ, ʛʜʝ ʜʦʩʪʠʛʘʝʪʩʷ ʨʝʟʢʦʝ ʫʩʠʣʝʥʠʝ, ʢʘʢ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ, ʪʘʢ ʠ ʣʦʢʘʣʴʥʦʡ 

ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʙʥʘʨʫʞʝʥʥʘʷ ʚ ʧʦʣʷʭ Ó 105 ɺ/ʩʤ ʥʝʣʠʥʝʡʥʦʩʪʴ ʵʣʝʢʪʨʦʥʥʳʭ 

ʩʚʦʡʩʪʚ ʠʟʫʯʘʝʤʳʭ ʧʣʝʥʦʢ DLC(Fe) ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʘ ʢʘʢ ʩ ʠʟʤʝʥʝʥʠʝʤ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʪʠʧʘ ʛʠʙʨʠʜʠʟʘʮʠʠ ʚ ʚʳʩʦʢʦʦʤʥʳʭ sp3 ʧʨʦʤʝʞʫʪʢʘʭ, ʨʘʟʜʝʣʷʶʱʠʭ 

ʥʠʟʢʦʦʤʥʳʝ sp2 ʦʙʣʘʩʪʠ, ʤʝʞʜʫ ʢʦʪʦʨʳʤʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʳʞʢʦʚʳʡ ʧʝʨʝʥʦʩ ʥʦʩʠʪʝʣʝʡ 

ʟʘʨʷʜʘ, ʪʘʢ ʠ ʩ ʧʦʣʝʚʳʤʠ ʵʬʬʝʢʪʘʤʠ ʚ ʫʩʣʦʚʠʷʭ ʧʨʳʞʢʦʚʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ ʤʝʟʦʩʢʦʧʠʯʝʩʢʠʭ 

ʨʘʟʫʧʦʨʷʜʦʯʝʥʥʳʭ ʵʣʝʢʪʨʦʥʥʳʭ ʩʠʩʪʝʤ. 
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ʈʦʣʴ ʤʘʨʛʘʥʮʘ ʚ ʩʪʘʙʠʣʠʟʘʮʠʠ ʤʘʛʥʠʪʦʢʘʣʦʨʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʩʧʣʘʚʦʚ 

LaFe11.2-xMn xCo0.7Si1.1 ʚ ʮʠʢʣʠʯʝʩʢʠʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ 
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ɸʣʠʝʚ ɸ.ʄ. 
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ɸʥʥʦʪʘʮʠʷ. ʇʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʘʛʥʠʪʦʧʦʣʝʚʦʡ ʠ ʪʝʤʧʝʨʘʪʫʨʥʦʡ 

ʟʘʚʠʩʠʤʦʩʪʠ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ, ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʠ ʠ ʤʘʛʥʠʪʦʢʘʣʦʨʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ ʚ 

ʟʘʤʝʱʝʥʥʳʭ ʦʙʨʘʟʮʘʭ ʩʧʣʘʚʘ LaFe11.2-ʭMnxCo0.7Si1.1 (x=0.1, 0.2, 0.3) ʚ ʠʤʧʫʣʴʩʥʳʭ ʜʦ (180 ʢʕ) ʠ 

ʚ ʧʝʨʝʤʝʥʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ (18 ʠ 12 ʢʕ). ɿʘʤʝʱʝʥʠʝ ʘʪʦʤʦʚ Fe ʘʪʦʤʘʤʠ Mn ʩʜʚʠʛʘʝʪ TC 

ʚ ʩʪʦʨʦʥʫ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʙʝʟ ʟʘʤʝʪʥʦʛʦ ʫʭʫʜʰʝʥʠʷ ʤʘʛʥʠʪʢʘʣʦʨʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

ʆʙʥʘʨʫʞʝʥʘ ʢʦʨʨʝʣʷʮʠʷ ʤʝʞʜʫ ʩʪʨʫʢʪʫʨʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʄʂʕ ʠ ʯʘʩʪʦʪʥʦʡ 

ʩʪʘʙʠʣʴʥʦʩʪʴʶ æTaʜ ʚ ʮʠʢʣʠʯʝʩʢʠʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ ï ʫʚʝʣʠʯʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʘʨʛʘʥʮʘ 

ʧʨʠʚʦʜʠʪ ʢ ʤʝʥʴʰʝʡ ʟʘʚʠʩʠʤʦʩʪʠ æTaʜ ʦʪ ʯʘʩʪʦʪʳ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ɼʦʣʛʦʚʨʝʤʝʥʥʦʝ 

ʚʦʟʜʝʡʩʪʚʠʝ ʮʠʢʣʠʯʝʩʢʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ 12 ʢʕ ʧʦʢʘʟʳʚʘʝʪ ʩʪʘʙʠʣʴʥʦʩʪʴ æTaʜ (ʙʝʟ 

ʧʨʠʟʥʘʢʦʚ ʜʝʛʨʘʜʘʮʠʠ) ʚʧʣʦʪʴ ʜʦ 60000 ʮʠʢʣʦʚ ʚʢʣ/ʚʳʢʣ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ, ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʷ, ʤʘʛʥʠʪʦʢʘʣʦʨʠʯʝʩʢʠʡ ʵʬʬʝʢʪ, 

ʮʠʢʣʠʯʝʩʢʦʝ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ, ʜʝʛʨʘʜʘʮʠʷ, ʯʘʩʪʦʪʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ  
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Annotation. The results of a study of the magnetic field and temperature dependence of 

magnetization, magnetostriction and the magnetocaloric effect in substituted samples of the LaFe11.2-

ʭMnxCo0.7Si1.1 (x=0.1, 0.2, 0.3) in pulsed up to (180 kOe) and in alternating magnetic fields (18 and 

12 kOe) are presented. The substitution of Fe atoms with Mn atoms shifts TC towards low 

temperatures without a noticeable deterioration in the magnetocaloric characteristics. A correlation 

was found between the structural component of FEM and frequency stability æTaʜ in cyclic magnetic 

fields ï an increase in the concentration of manganese leads to a lower dependence of Tad on the 

frequency of the magnetic field. Long-term exposure to a cyclic magnetic field of 12 kOe shows 

stability of æTaʜ (without signs of degradation) up to 60,000 cycles of on/off magnetic field. 

Keywords: magnetocaloric effect, cyclic magnetic fields, degradation, frequency dependence  

 

ʀʜʝʷ ʩʦʟʜʘʥʠʷ ʪʚʝʨʜʦʪʝʣʴʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʭʦʣʦʜʠʣʴʥʠʢʘ, ʨʘʙʦʪʘʶʱʝʛʦ ʧʨʠ ʢʦʤʥʘʪʥʳʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ, ʜʘʚʥʦ ʧʨʠʚʣʝʢʘʝʪ ʚʥʠʤʘʥʠʝ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʚʦ ʚʩʝʤ ʤʠʨʝ. ʀ ʵʪʦʪ ʠʥʪʝʨʝʩ ʚ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʪʦʣʴʢʦ ʨʘʩʪʝʪ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʚʦʟʨʘʩʪʘʶʱʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʥʘʫʯʥʳʭ 

ʧʫʙʣʠʢʘʮʠʡ, ʧʦʩʚʷʱʝʥʥʳʭ ʧʦʠʩʢʫ ʠ ʠʩʩʣʝʜʦʚʘʥʠʶ ʤʘʪʝʨʠʘʣʦʚ ʩ ʤʘʛʥʠʪʦʢʘʣʦʨʠʯʝʩʢʠʤ 

ʵʬʬʝʢʪʦʤ (ʄʂʕ) ʚ ʦʙʣʘʩʪʠ ʢʦʤʥʘʪʥʳʭ ʪʝʤʧʝʨʘʪʫʨ. ɼʦʩʪʠʛʥʫʪʳ ʟʥʘʯʠʪʝʣʴʥʳʝ ʫʩʧʝʭʠ ʚ 

ʧʦʣʫʯʝʥʠʠ ʤʘʪʝʨʠʘʣʦʚ, ʦʙʣʘʜʘʶʱʠʭ ʚʳʩʦʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʄʂʕ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʚʧʣʦʪʥʫʶ 

ʧʨʠʩʪʫʧʠʪʴ ʢ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʶ ʠ ʩʦʟʜʘʥʠʶ ʤʘʛʥʠʪʥʳʭ ʭʦʣʦʜʠʣʴʥʠʢʦʚ ʦʙʣʘʜʘʶʱʠʭ ʨʷʜʦʤ 

ʧʨʝʠʤʫʱʝʩʪʚ ʧʝʨʝʜ ʦʙʳʯʥʳʤʠ ʭʦʣʦʜʠʣʴʥʠʢʘʤʠ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʵʢʦʣʦʛʠʯʝʩʢʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ, 

ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʪʝʭʥʦʣʦʛʠʯʥʦʩʪʴ ʠ ʪ.ʜ. ɺ ʢʘʯʝʩʪʚʝ ʨʘʙʦʯʝʛʦ ʪʝʣʘ ʤʘʛʥʠʪʥʳʭ 

ʭʦʣʦʜʠʣʴʥʠʢʦʚ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʘʟʥʳʝ ʢʣʘʩʩʳ ʤʘʛʥʠʪʦʢʘʣʦʨʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ. 

ʆʜʥʠʤʠ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʷʚʣʷʶʪʩʷ ʩʧʣʘʚʳ La-Fe-Co-Si, ʚ ʢʦʪʦʨʳʭ ʥʘʙʣʶʜʘʶʪʩʷ 

ʛʠʛʘʥʪʩʢʠʝ ʟʥʘʯʝʥʠʷ ʄʂʕ ʚʙʣʠʟʠ ʢʦʤʥʘʪʥʳʭ ʪʝʤʧʝʨʘʪʫʨ. ʉʧʣʘʚʳ La-Fe-Co-Si ʫʞʝ ʜʘʚʥʦ 

ʧʨʠʚʣʝʢʘʶʪ ʚʥʠʤʘʥʠʝ ʩʧʝʮʠʘʣʠʩʪʦʚ [1-6]. ʇʨʠ ʵʪʦʤ ʤʘʛʥʠʪʦʢʘʣʦʨʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʪʘʢʠʭ 

ʩʧʣʘʚʦʚ ʚ ʦʩʥʦʚʥʦʤ ʠʩʩʣʝʜʦʚʘʥʳ ʢʦʩʚʝʥʥʳʤʠ ʤʝʪʦʜʘʤʠ. ɺ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʤʘʛʥʠʪʥʳʡ ʧʝʨʝʭʦʜ 

ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʩʪʨʫʢʪʫʨʥʳʤʠ ʠʟʤʝʥʝʥʠʷʤʠ, ʢʦʩʚʝʥʥʳʝ ʦʮʝʥʢʠ ʄʂʕ ʤʦʛʫʪ ʜʘʪʴ ʙʦʣʴʰʫʶ 

ʧʦʛʨʝʰʥʦʩʪʴ. ʅʦ ʜʘʞʝ ʧʨʷʤʳʝ ʠʟʤʝʨʝʥʠʷ ʧʨʠ ʨʘʟʦʚʳʭ ʮʠʢʣʘʭ ʠʟʤʝʥʝʥʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʥʝ 

ʤʦʛʫʪ ʜʘʪʴ ʧʦʣʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ ʧʝʨʩʧʝʢʪʠʚʘʭ ʪʝʭ ʠʣʠ ʠʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ɺ ʤʘʪʝʨʠʘʣʘʭ ʩ 

ʤʘʛʥʠʪʦʩʪʨʫʢʪʫʨʥʳʤʠ ʬʘʟʦʚʳʤʠ ʧʝʨʝʭʦʜʘʤʠ ʤʘʛʥʠʪʦʢʘʣʦʨʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʚ ʧʦʩʪʦʷʥʥʳʭ ʠ 

ʚ ʮʠʢʣʠʯʝʩʢʠʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ (ʘ ʠʤʝʥʥʦ ʧʦʩʣʝʜʥʠʝ ʙʫʜʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʭʦʣʦʜʠʣʴʥʳʭ 

ʤʘʰʠʥʘʭ) ʤʦʛʫʪ ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʪʴʩʷ ʜʨʫʛ ʦʪ ʜʨʫʛʘ.  

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʠʚʦʜʷʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʤʝʱʝʥʠʷ Mn ʚ ʩʠʩʪʝʤʝ 

LaFe11.2-ʭMnxCo0.7Si1.1 (x=0.1, 0.2, 0.3) ʥʘ ʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʠ ʥʘ ʩʪʘʙʠʣʴʥʦʩʪʴ 

ʘʜʠʘʙʘʪʠʯʝʩʢʦʛʦ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʮʠʢʣʠʯʝʩʢʠʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ. ɺ ʯʘʩʪʥʦʩʪʠ, 

ʧʨʠʚʦʜʷʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʠ ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʠ ʚ ʠʤʧʫʣʴʩʥʳʭ 

ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ ʜʦ 180 kOe. ʇʨʷʤʳʝ ʠʟʤʝʨʝʥʠʷ ʘʜʠʘʙʘʪʠʯʝʩʢʦʛʦ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ 

ȹʊad ʚ ʮʠʢʣʠʯʝʩʢʠʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ: ʚʣʠʷʥʠʝ ʯʘʩʪʦʪʳ ʮʠʢʣʠʯʝʩʢʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʥʘ 

ʚʝʣʠʯʠʥʫ ȹʊad, ʠ ʚʣʠʷʥʠʝ ʜʦʣʛʦʚʨʝʤʝʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʮʠʢʣʠʯʝʩʢʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʥʘ 

ʚʝʣʠʯʠʥʫ ʠ ʩʪʘʙʠʣʴʥʦʩʪʴ ȹʊad. 

ʉʣʘʙʦʝ ʟʘʤʝʱʝʥʠʝ ʘʪʦʤʦʚ Fe ʘʪʦʤʘʤʠ Mn ʚ ʩʧʣʘʚʘʭ LaFe11.2-ʭMnxCo0.7Si1.1 (ʭ=0.1, 0.2, 

0.3) ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʪʝʤʧʝʨʘʪʫʨʳ ʂʶʨʠ TC ʦʪ 247 ʜʦ 198 K ʠ ʥʝ ʚʳʟʳʚʘʝʪ 

ʩʫʱʝʩʪʚʝʥʥʳʭ ʠʟʤʝʥʝʥʠʡ ʚ ʧʦʚʝʜʝʥʠʠ ʤʘʛʥʠʪʥʳʭ ʠ ʤʘʛʥʠʪʦʢʘʣʦʨʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. 

ʄʘʛʥʠʪʦʧʦʣʝʚʘʷ ʠ ʪʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʠ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʚʙʣʠʟʠ TC ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʬʘʟʦʚʦʤʫ ʧʝʨʝʭʦʜʫ ʚʪʦʨʦʛʦ ʨʦʜʘ [8]. 

ʉʨʘʚʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʷʤʳʭ ʠʟʤʝʨʝʥʠʡ ʠ ʢʦʩʚʝʥʥʳʭ ʦʮʝʥʦʢ æTaʜ ʠ æSM ʚ ʩʧʣʘʚʘʭ 

LaFe11.2-ʭMnxCo0.7Si1.1 (ʭ=0, 0.1, 0.2, 0.3) ʧʦʣʫʯʝʥʥʳʝ ʠʟ ʜʘʥʥʳʭ ʧʦ ʪʝʧʣʦʝʤʢʦʩʪʠ, ʥʘʭʦʜʷʪʩʷ ʚ 

ʭʦʨʦʰʝʤ ʩʦʛʣʘʩʠʠ ʩʦ ʟʥʘʯʝʥʠʷʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʧʨʷʤʳʤ ʤʝʪʦʜʦʤ ʚ ʧʝʨʝʤʝʥʥʳʭ ʤʘʛʥʠʪʥʳʭ 

ʧʦʣʷʭ ʤʘʣʦʡ ʯʘʩʪʦʪʳ ʠ ʠʟ ʜʘʥʥʳʭ ʧʦ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʚ ʠʤʧʫʣʴʩʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʏʠʩʣʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʠʟʦʪʝʨʤʠʯʝʩʢʦʛʦ ʠʟʤʝʥʝʥʠʷ ʵʥʪʨʦʧʠʠ æSM ʚ ʩʧʣʘʚʘʭ 

LaFe11.2-xMnʭCo0.7Si1.1 ʚ ʧʦʣʝ 180 ʢʕ ʨʘʚʥʳ 38 ɼʞ/(ʢʛĀʂ), 30 ɼʞ/(ʢʛĀʂ) ʠ 32 ɼʞ/(ʢʛĀʂ) ʜʣʷ x = 

0.1, 0.2, 0.3 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʉʪʘʙʠʣʴʥʦʩʪʴ ʚʝʣʠʯʠʥʳ ʤʘʛʥʠʪʦʢʘʣʦʨʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ ʚ 
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ʜʦʣʛʦʚʨʝʤʝʥʥʦ ʧʨʠʣʦʞʝʥʥʳʭ ʧʝʨʝʤʝʥʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ, ʚ ʩʦʝʜʠʥʝʥʠʷʭ 

LaFe11.2-ʭMnxCo0.7Si1.1 (ʭ= 0.1, 0.2, 0.3) ʜʣʠʪʝʣʴʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʮʠʢʣʠʯʝʩʢʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ 

ʯʘʩʪʦʪʦʡ ʜʦ 10 ɻʮ (ʜʦ 100 ʪʳʩʷʯ ʮʠʢʣʦʚ ʚʢʣʶʯʝʥʠʷ ʠ ʚʳʢʣʶʯʝʥʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ) ʥʝ 

ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ ʚʝʣʠʯʠʥʳ æTʘʜ [9]. 

ʏʘʩʪʦʪʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʤʘʛʥʠʪʦʢʘʣʦʨʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ: ʚ ʩʧʣʘʚʘʭ 

LaFe11.2-ʭMnxCo0.7Si1.1 (ʭ= 0.1, 0.2, 0.3) ʚ ʧʦʣʝ 6.2 ʢʕ ʥʘʙʣʶʜʘʝʪʩʷ ʩʣʘʙʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʄʂʕ ʦʪ 

ʯʘʩʪʦʪʳ ʠʟʤʝʥʝʥʠʷ ʧʦʣʷ (ʠʟʤʝʥʝʥʠʝ æTaʜ ʤʝʥʝʝ 5% ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʯʘʩʪʦʪʳ ʦʪ 2 ʜʦ 20 ɻʮ), ʚ ʪʦ 

ʚʨʝʤʷ ʢʘʢ ʚ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ 12 ʢʕ ʯʘʩʪʦʪʥʘʷ ʀʩʩʣʝʜʦʚʘʥʠʷ ʯʘʩʪʦʪʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʄʂʕ 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚ ʩʧʣʘʚʘʭ LaFe11.2-ʭMnxCo0.7Si1.1 ʚ ʧʦʣʝ 6.2 ʢʕ ʥʘʙʣʶʜʘʝʪʩʷ ʩʣʘʙʘʷ ʟʘʚʠʩʠʤʦʩʪʴ 

ʄʂʕ ʦʪ ʯʘʩʪʦʪʳ ʠʟʤʝʥʝʥʠʷ ʧʦʣʷ (ʠʟʤʝʥʝʥʠʝ æTʘʜ ʤʝʥʝʝ 5% ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʯʘʩʪʦʪʳ ʦʪ 2 ʜʦ 20 

ɻʮ), ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ 12 ʢʕ ʯʘʩʪʦʪʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ æTʘʜ ʩʫʱʝʩʪʚʝʥʥʦ ʩʠʣʴʥʝʝ 

(ʜʦ 17 %)[10]. ʆʮʝʥʢʠ ʯʘʩʪʦʪʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʦʭʣʘʞʜʘʶʱʝʡ ʤʦʱʥʦʩʪʠ ʠ 

ʭʣʘʜʦʝʤʢʦʩʪʠ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʚʝʨʭʥʠʡ ʧʨʝʜʝʣ ʨʘʙʦʯʠʭ ʯʘʩʪʦʪ ʤʘʛʥʠʪʥʳʭ ʭʦʣʦʜʠʣʴʥʠʢʦʚ 

ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ ʥʝʩʢʦʣʴʢʠʭ ʜʝʩʷʪʢʦʚ ʛʝʨʮ. ʉʪʘʙʠʣʴʥʦʩʪʴ ʚʝʣʠʯʠʥʳ ʄʂʕ ʚ ʜʦʣʛʦʚʨʝʤʝʥʥʦ 

ʧʨʠʣʦʞʝʥʥʳʭ ʧʝʨʝʤʝʥʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ: ʚ ʩʦʝʜʠʥʝʥʠʷʭ LaFe11.2-ʭMnxCo0.7Si1.1 ʜʣʠʪʝʣʴʥʦʝ 

ʚʦʟʜʝʡʩʪʚʠʝ ʮʠʢʣʠʯʝʩʢʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʯʘʩʪʦʪʦʡ ʜʦ 10 ɻʮ (ʜʦ 100 ʪʳʩ. ʮʠʢʣʦʚ ʚʢʣ/ʚʳʢʣ. 

ʧʦʣʷ) ʥʝ ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ ʚʝʣʠʯʠʥʳ æTʘʜ. 
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ʅʝʫʩʪʦʡʯʠʚʦʩʪʴ ʩʪʨʫʢʪʫʨʥʦʛʦ ʠ ʤʘʛʥʠʪʥʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʥʝʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʦʛʦ ʪʝʣʣʫʨʠʜʘ ʢʦʙʘʣʴʪʘ 
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ʍʘʣʴʢʦʛʝʥʠʜʳ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ (ʍʇʄ) ʦʙʣʘʜʘʶʪ ʰʠʨʦʢʠʤ ʩʧʝʢʪʨʦʤ ʨʘʟʣʠʯʥʳʭ 

ʩʚʦʡʩʪʚ, ʯʪʦ ʧʨʠʚʣʝʢʘʝʪ ʟʥʘʯʠʪʝʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʪʝʨʝʩ. ɺ ʩʦʝʜʠʥʝʥʠʷʭ ʍʇʄ ʢʘʢ 

ʩʦʨʪ ʘʪʦʤʘ ʢʘʪʠʦʥʘ ʠʣʠ ʘʥʠʦʥʘ, ʪʘʢ ʠ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʚʘʢʘʥʩʠʡ ʠ ʠʭ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʝ ʠʛʨʘʶʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʩʚʦʡʩʪʚ. ʂʘʢ ʩʣʝʜʩʪʚʠʝ, 

ʚʥʠʤʘʥʠʝ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʦʙʨʘʱʝʥʳ ʥʘ ʟʘʤʝʱʝʥʥʳʝ ʢʘʪʠʦʥ-ʜʝʬʠʮʠʪʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʪʠʧʘ 

(M,Mô)1-ŭ(Ch,Chô) (M, Mô ï ʧʝʨʝʭʦʜʥʳʡ ʤʝʪʘʣʣ, Ch, Chô ï ʭʘʣʴʢʦʛʝʥ). ɺ ʨʘʙʦʪʝ [1] ʧʦʢʘʟʘʥʦ, 

ʯʪʦ ʟʘʤʝʱʝʥʠʝ ʚ ʬʝʨʨʠʤʘʛʥʠʪʥʦʤ ʩʦʝʜʠʥʝʥʠʠ Fe7Ch8 ʞʝʣʝʟʘ ʢʦʙʘʣʴʪʦʤ ʠʣʠ ʪʠʪʘʥʦʤ ʧʨʠʚʦʜʠʪ 

ʢ ʫʤʝʥʴʰʝʥʠʶ ʪʝʤʧʝʨʘʪʫʨʳ ʤʘʛʥʠʪʥʦʛʦ ʫʧʦʨʷʜʦʯʝʥʠʷ ʠ ʚ ʩʣʫʯʘʝ ʩ ʢʦʙʘʣʴʪʦʤ ʢ ʠʩʯʝʟʥʦʚʝʥʠʶ 

ʜʘʣʴʥʝʛʦ ʤʘʛʥʠʪʥʦʛʦ ʫʧʦʨʷʜʦʯʝʥʠʷ ʠ ʧʝʨʝʭʦʜʫ ʢ ʧʘʨʘʤʘʛʥʠʪʥʦʤʫ ʧʘʫʣʝʚʩʢʦʤʫ ʩʦʩʪʦʷʥʠʶ. ɺ 

ʧʨʝʜʳʜʫʱʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ [2] ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʩʠʩʪʝʤʝ Co7(S1-ySey)8 ʧʨʠ ʟʘʤʝʱʝʥʠʠ ʩʝʨʳ 

ʩʝʣʝʥʦʤ ʧʨʦʠʩʭʦʜʠʪ ʘʥʠʟʦʪʨʦʧʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʙʝʟ 

ʠʟʤʝʥʝʥʠʷ ʤʘʛʥʠʪʥʦʛʦ ʩʦʩʪʦʷʥʠʷ. ʉʦʛʣʘʩʥʦ ʥʘʰʠʤ ʠʩʩʣʝʜʦʚʘʥʠʷʤ, ʟʘʤʝʱʝʥʠʝ ʩʝʣʝʥʘ 

ʪʝʣʣʫʨʦʤ ʚ Co7(Se1-yTey)8 ʪʘʢʞʝ ʧʨʠʚʦʜʠʪ ʢ ʘʥʠʟʦʪʨʦʧʥʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ʧʘʨʘʤʝʪʨʦʚ, ʢ 

ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʬʘʟʦʚʦʡ ʥʝʩʪʘʙʠʣʴʥʦʩʪʠ ʠ ʥʝ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʷ ʥʘ ʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ. 

ʀʥʪʝʨʝʩʥʳʤ ʷʚʣʷʝʪʩʷ ʥʘʙʣʶʜʘʝʤʳʡ ʧʘʨʘʤʘʛʥʝʪʠʟʤ ʇʘʫʣʠ ʚ ʩʦʝʜʠʥʝʥʠʷʭ ʩʠʩʪʝʤʳ Co7Ch8. 
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ɺʝʨʦʷʪʥʦ, ʫʤʝʥʴʰʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʦʙʘʣʴʪʘ ʤʦʞʥʦ ʙʫʜʝʪ ʜʦʩʪʠʯʴ ʟʥʘʯʠʪʝʣʴʥʦʛʦ 

ʠʟʤʝʥʝʥʠʷ ʚ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚʘʭ, ʥʘʧʨʠʤʝʨ, ʢʘʢ ʚ ʬʝʨʨʦʤʘʛʥʠʪʥʦʤ CoS2 [3]. ɺ ʩʚʷʟʠ ʩ ʯʝʤ, 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ ʚʳʷʩʥʠʪʴ ʚʣʠʷʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʘʢʘʥʩʠʡ ʥʘ ʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ 

Co7Te8. 

ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ, ʬʘʟʦʚʦʡ 

ʩʪʘʙʠʣʴʥʦʩʪʠ ʠ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ Co7-ŭTe8. ʇʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʦʙʨʘʟʮʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

ʤʝʪʦʜʦʤ ʪʚʝʨʜʦʬʘʟʥʦʛʦ ʘʤʧʫʣʴʥʦʛʦ ʩʠʥʪʝʟʘ ʩ ʟʘʢʘʣʢʦʡ ʦʪ ʊ = 1000 oʉ. ʈʝʥʪʛʝʥʦʛʨʘʬʠʯʝʩʢʫʶ 

ʘʪʪʝʩʪʘʮʠʶ ʧʨʦʚʦʜʠʣʠ ʥʘ ʜʠʬʨʘʢʪʦʤʝʪʨʝ Bruker D8 ADVANCE ʚ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ 

298 Kï750 ʂ. ʀʟʤʝʨʝʥʠʷ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʧʨʦʚʦʜʠʣʠ ʥʘ PPMS DynaCool ʊ9 ʚ ʜʠʘʧʘʟʦʥʝ 

ʪʝʤʧʝʨʘʪʫʨ 4 Kï300 K ʚ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ ʜʦ 90 ʢʕ ʠ ʚʠʙʨʘʮʠʦʥʥʦʤ ʤʘʛʥʠʪʦʤʝʪʨʝ Lake Shore 

VSM 7407 ʚ ʠʥʪʝʨʚʘʣʝ 300 K ï1273 ʂ ʠ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ ʜʦ 17 ʢʕ. ʀʟʤʝʨʝʥʠʷ ʗʄʈ ʥʘ ʷʜʨʘʭ 
59ʉʦ ʚʳʧʦʣʥʷʣʠ ʥʘ ʩʧʝʢʪʨʦʤʝʪʨʝ Bruker Avance 500. 

ʈʝʥʪʛʝʥʦʚʩʢʘʷ ʘʪʪʝʩʪʘʮʠʷ ʧʦʢʘʟʘʣ, ʯʪʦ ʩʦʝʜʠʥʝʥʠʷ ʥʝʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ Co7-

ŭTe8 (ŭ = 0, 0.32, 0.5) ʦʜʥʦʬʘʟʥʳ ʠ ʢʨʠʩʪʘʣʣʠʟʫʶʪʩʷ ʚ ʛʝʢʩʘʛʦʥʘʣʴʥʦʡ ʩʠʥʛʦʥʠʠ ʩʦ ʩʪʨʫʢʪʫʨʦʡ 

ʪʠʧʘ NiAs. ʆʜʥʘʢʦ ʥʘ ʤʘʛʥʠʪʥʳʭ ʠʟʤʝʨʝʥʠʷʭ ʜʣʷ Co7Te8 ʦʙʥʘʨʫʞʝʥʦ ʥʘʣʠʯʠʝ ʤʘʛʥʠʪʥʦʡ 

ʧʨʠʤʝʩʪʠ, ʩʦʜʝʨʞʘʥʠʝ ʢʦʪʦʨʦʡ ʟʘʚʠʩʠʪ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʦʪʞʠʛʘ ʠ ʚʘʨʴʠʨʫʝʪʩʷ ʦʪ ~ 2 % ʜʦ 4 %. 

ʉ ʧʦʤʦʱʴʶ ʗʄʈ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʪʦʨʦʡ ʬʘʟʦʡ ʷʚʣʷʝʪʩʷ ʤʝʪʘʣʣʠʯʝʩʢʠʡ 

ʢʦʙʘʣʴʪ, ʘ ʢʦʙʘʣʴʪ ʚ ʦʩʥʦʚʥʦʡ ʬʘʟʝ Co7Te8 ʥʘʭʦʜʠʪʩʷ ʚ ʧʘʨʘʤʘʛʥʠʪʥʦ ʧʘʫʣʝʚʩʢʦʤ ʩʦʩʪʦʷʥʠʠ. 

ɺ ʩʣʫʯʘʝ ʩʦʩʪʘʚʘ Co6.68Te8 ʘʥʘʣʠʟ ʤʘʛʥʠʪʥʳʭ ʢʨʠʚʳʭ ʪʘʢ ʞʝ ʚʳʷʚʠʣ ʥʘʣʠʯʠʝ ʤʘʛʥʠʪʥʦʡ ʬʘʟʳ, 

ʢʦʪʦʨʘʷ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʝʪʘʣʣʠʯʝʩʢʠʡ ʢʦʙʘʣʴʪ. ʉʦʜʝʨʞʘʥʠʝ ʚʪʦʨʦʡ ʬʘʟʳ 

ʚ Co6.68Te8 ʧʦʨʷʜʢʘ 1 % ʠ ʪʘʢ ʞʝ ʟʘʚʠʩʠʪ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʦʪʞʠʛʘ. ɺ ʩʦʩʪʘʚʝ Co6.5Te8 ʩʣʝʜʦʚ 

ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʢʦʙʘʣʴʪʘ ʥʝ ʦʙʥʘʨʫʞʠʚʘʝʪʩʷ. ʆʜʥʘʢʦ ʧʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʤʘʛʥʠʪʥʳʭ 

ʠʟʤʝʨʝʥʠʡ ʫʢʘʟʳʚʘʶʪ ʥʘ ʚʦʟʤʦʞʥʦʝ ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʦʝ ʫʧʦʨʷʜʦʯʝʥʠʝ ʚ ʜʘʥʥʦʤ 

ʩʦʝʜʠʥʝʥʠʠ. ɺ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ ʦʪ 600 ʂ ʜʦ 750 K ʚ ʦʙʨʘʟʮʘʭ ʧʨʦʠʩʭʦʜʠʪ ʘʥʦʤʘʣʴʥʳʡ 

ʩʢʘʯʦʢ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ, ʯʪʦ ʥʦʩʠʪ ʦʙʨʘʪʠʤʳʡ ʭʘʨʘʢʪʝʨ. ʀʟ ʜʘʥʥʳʭ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ 

ʪʝʨʤʦʨʝʥʪʛʝʥʦʛʨʘʬʠʠ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʜʘʥʥʦʤ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʠʥʪʝʨʚʘʣʝ ʧʨʦʠʩʭʦʜʠʪ 

ʬʘʟʦʚʦʝ ʨʘʩʩʣʦʝʥʠʝ ʩ ʚʳʜʝʣʝʥʠʝʤ ʚʪʦʨʦʡ ʬʘʟʳ ʥʘ ʦʩʥʦʚʝ CoTe2. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ (ʧʨʦʝʢʪ ˉ 22-12-

00220). 
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ʀʥʜʫʮʠʨʦʚʘʥʥʳʝ ʣʘʟʝʨʥʳʤ ʥʘʛʨʝʚʦʤ ʪʝʨʤʠʯʝʩʢʠʝ ʧʨʝʚʨʘʱʝʥʠʷ 

ʬʝʨʨʦʮʝʥʘ Fe(C5H5)2 ʧʨʠ ʜʘʚʣʝʥʠʠ 10 ɻʇʘ ʚ ʢʘʤʝʨʝ ʩ ʘʣʤʘʟʥʳʤʠ 

ʥʘʢʦʚʘʣʴʥʷʤʠ  

ɿʘʷʭʘʥʦʚ ɺ.ɸ. 

ʀʥʩʪʠʪʫʪ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʠ ʠʤ. ɸ.ɺ. ʐʫʙʥʠʢʦʚʘ, ʂʫʨʯʘʪʦʚʩʢʠʡ ʢʦʤʧʣʝʢʩ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʠ ʠ 

ʬʦʪʦʥʠʢʠ, ʅʀʎ çʂʫʨʯʘʪʦʚʩʢʠʡ ʠʥʩʪʠʪʫʪè 

ʉʪʘʨʯʠʢʦʚ ʉ.ʉ. 

ʢ.ʬ.-ʤ.ʥ., ʀʥʩʪʠʪʫʪ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʠ ʠʤ. ɸ.ɺ. ʐʫʙʥʠʢʦʚʘ, ʂʫʨʯʘʪʦʚʩʢʠʡ ʢʦʤʧʣʝʢʩ 

ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʠ ʠ ʬʦʪʦʥʠʢʠ, ʅʀʎ çʂʫʨʯʘʪʦʚʩʢʠʡ ʠʥʩʪʠʪʫʪè 

ʊʨʦʷʥ ʀ.ɸ. 

ʢ.ʬ.-ʤ.ʥ., ʀʥʩʪʠʪʫʪ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʠ ʠʤ. ɸ.ɺ. ʐʫʙʥʠʢʦʚʘ, ʂʫʨʯʘʪʦʚʩʢʠʡ ʢʦʤʧʣʝʢʩ 

ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʠ ʠ ʬʦʪʦʥʠʢʠ, ʅʀʎ çʂʫʨʯʘʪʦʚʩʢʠʡ ʠʥʩʪʠʪʫʪè 

ɹʳʢʦʚ ɸ.ɸ. 

ʢ.ʬ.-ʤ.ʥ., ʅʘʫʯʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʮʝʥʪʨ ʫʥʠʢʘʣʴʥʦʛʦ ʧʨʠʙʦʨʦʩʪʨʦʝʥʠʷ ʈɸʅ 

ɹʫʣʘʪʦʚ ʂ.ʄ. 

ʢ.ʬ.-ʤ.ʥ., ʅʘʫʯʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʮʝʥʪʨ ʫʥʠʢʘʣʴʥʦʛʦ ʧʨʠʙʦʨʦʩʪʨʦʝʥʠʷ ʈɸʅ 

ɺʘʩʠʣʴʝʚ ɸ.ʃ. 

ʢ.ʬ.-ʤ.ʥ., ʀʥʩʪʠʪʫʪ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʠ ʠʤ. ɸ.ɺ. ʐʫʙʥʠʢʦʚʘ, ʂʫʨʯʘʪʦʚʩʢʠʡ ʢʦʤʧʣʝʢʩ 

ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʠ ʠ ʬʦʪʦʥʠʢʠ, ʅʀʎ çʂʫʨʯʘʪʦʚʩʢʠʡ ʠʥʩʪʠʪʫʪè 

ʉʥʝʛʠʨʝʚ ʅ.ʀ. 

ʢ.ʬ.-ʤ.ʥ., ʀʥʩʪʠʪʫʪ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʠ ʠʤ. ɸ.ɺ. ʐʫʙʥʠʢʦʚʘ, ʂʫʨʯʘʪʦʚʩʢʠʡ ʢʦʤʧʣʝʢʩ 

ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʠ ʠ ʬʦʪʦʥʠʢʠ, ʅʀʎ çʂʫʨʯʘʪʦʚʩʢʠʡ ʠʥʩʪʠʪʫʪè 

ɼʘʚʳʜʦʚ ɺ.ɸ. 

ʜ.ʭ.ʥ., ʧʨʦʬʝʩʩʦʨ, ʀʥʩʪʠʪʫʪ ʬʠʟʠʢʠ ʚʳʩʦʢʠʭ ʜʘʚʣʝʥʠʡ ʠʤ. ʃ.ʌ. ɺʝʨʝʱʘʛʠʥʘ ʈɸʅ 

ʃʶʙʫʪʠʥ ʀ.ʉ. 

ʜ.ʬ.-ʤ.ʥ., ʧʨʦʬʝʩʩʦʨ, ʈʦʩʩʠʷ, ʀʥʩʪʠʪʫʪ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʠ ʠʤ. ɸ.ɺ. ʐʫʙʥʠʢʦʚʘ, ʂʫʨʯʘʪʦʚʩʢʠʡ 

ʢʦʤʧʣʝʢʩ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʠ ʠ ʬʦʪʦʥʠʢʠ, ʅʀʎ çʂʫʨʯʘʪʦʚʩʢʠʡ ʠʥʩʪʠʪʫʪè 

 

ɸʥʥʦʪʘʮʠʷ. ɺʳʧʦʣʥʝʥʘ ʩʝʨʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʦʜʫʢʪʦʚ ʨʘʟʣʦʞʝʥʠʷ ʬʝʨʨʦʮʝʥʘ Fe(C5H5)2 ʧʦʜ 

ʚʦʟʜʝʡʩʪʚʠʝʤ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ ʜʦ 10 ɻʇʘ, ʩʦʟʜʘʚʘʝʤʦʛʦ ʚ ʢʘʤʝʨʘʭ ʩ ʘʣʤʘʟʥʳʤʠ 

ʥʘʢʦʚʘʣʴʥʷʤʠ, ʚ ʫʩʣʦʚʠʷʭ ʣʘʟʝʨʥʦʛʦ ʥʘʛʨʝʚʘ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ 2200 K. ʇʦʣʫʯʝʥʳ ʢʘʨʪʳ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʦʙʨʘʟʮʝ ʚ ʧʨʦʮʝʩʩʝ ʥʘʛʨʝʚʘ. ʉʪʨʫʢʪʫʨʘ ʠ ʩʚʦʡʩʪʚʘ 

ʧʦʣʫʯʝʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠʟʫʯʝʥʳ ʤʝʪʦʜʘʤʠ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʬʘʟʦʚʦʛʦ ʘʥʘʣʠʟʘ, 

ʧʨʦʩʚʝʯʠʚʘʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʠ ʤʸʩʩʙʘʫʵʨʦʚʩʢʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ. ʋʩʪʘʥʦʚʣʝʥʦ, 

ʯʪʦ ʧʨʦʜʫʢʪʘʤʠ ʨʘʟʣʦʞʝʥʠʷ ʬʝʨʨʦʮʝʥʘ ʷʚʣʷʶʪʩʷ ʥʘʥʦʯʘʩʪʠʮʳ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʬʘʟ 

ʢʘʨʙʠʜʘ ʞʝʣʝʟʘ Fe7C3 ʠ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʞʝʣʝʟʘ Ŭ-Fe, ʜʠʩʧʝʨʛʠʨʦʚʘʥʥʳʝ ʚ ʫʛʣʝʨʦʜʥʦʡ 

ʤʘʪʨʠʮʝ. ʆʪʤʝʪʠʤ, ʯʪʦ ʨʘʥʝʝ ʥʝ ʥʘʙʣʶʜʘʣʦʩʴ ʧʨʠʩʫʪʩʪʚʠʝ Ŭ-Fe ʚ ʧʨʦʜʫʢʪʘʭ ʪʝʨʤʠʯʝʩʢʠʭ 

ʧʨʝʚʨʘʱʝʥʠʡ ʬʝʨʨʦʮʝʥʘ ʧʨʠ ʚʳʩʦʢʠʭ ʜʘʚʣʝʥʠʷʭ. ɺʦʟʤʦʞʥʳʝ ʤʝʭʘʥʠʟʤʳ ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ 

ʦʙʨʘʟʦʚʘʥʠʷ ʵʪʠʭ ʥʘʥʦʯʘʩʪʠʮ ʚ ʧʨʦʮʝʩʩʘʭ ʧʨʝʚʨʘʱʝʥʠʷ ʬʝʨʨʦʮʝʥʘ ʦʙʩʫʞʜʘʶʪʩʷ ʚ ʨʘʙʦʪʝ. 
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Annotation. A series of studies of the decomposition products of ferrocene Fe(C5H5)2 under the 

influence of high pressure up to 10 GPa created in diamond anvil cells under laser heating conditions 

to a temperature of 2200 K was carried out. Maps of the temperature distribution on the sample 

during the heating process were obtained. The structure and properties of the resulting materials 

were studied using X-ray phase analysis, transmission electron microscopy and Mºssbauer 

spectroscopy. It has been established that the products of ferrocene decomposition are nanoparticles 

of crystalline phases of iron carbide Fe7C3 and metallic iron Ŭ-Fe, dispersed in a carbon matrix. The 

presence of Ŭ-Fe in the products of thermal transformations of ferrocene at high pressures has not 

been observed before. Possible mechanisms of simultaneous formation of these nanoparticles in 
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ferrocene transformation processes are discussed 

Keywords: ferrocene, diamond anvil cell, nanocomposites, nanoparticles core@shell, Mºssbauer 

spectroscopy, iron carbides, Fe7C3. 

ɾʝʣʝʟʦʩʦʜʝʨʞʘʱʠʝ ʥʘʥʦʯʘʩʪʠʮʳ ʥʘʰʣʠ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ, 

ʪʘʢʠʭ ʢʘʢ ʢʘʪʘʣʠʟ, ʩʠʥʪʝʟ ʌʠʰʝʨʘ-ʊʨʦʧʰʘ, ʭʨʘʥʝʥʠʝ ʜʘʥʥʳʭ, ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʧʨʠʤʝʥʝʥʠʷ, 

ʟʘʱʠʪʘ ʦʪ ʢʦʨʨʦʟʠʠ, ʙʠʦʤʝʜʠʮʠʥʘ. ʅʘʥʦʯʘʩʪʠʮʳ ʢʘʨʙʠʜʘ ʞʝʣʝʟʘ ʚ ʫʛʣʝʨʦʜʥʳʭ ʦʙʦʣʦʯʢʘʭ 

ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ ʙʠʦʩʦʚʤʝʩʪʠʤʦʩʪʴʶ ʠ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴʶ ʥʘʩʳʱʝʥʠʷ, ʯʪʦ ʚʘʞʥʦ ʜʣʷ 

ʙʠʦʤʝʜʠʮʠʥʩʢʠʭ ʧʨʠʤʝʥʝʥʠʡ, ʥʘʧʨʠʤʝʨ, ʧʨʠ ʣʝʯʝʥʠʠ ʨʘʢʦʚʳʭ ʦʧʫʭʦʣʝʡ ʩ ʧʦʤʦʱʴʶ 

ʛʠʧʝʨʪʝʨʤʠʠ ʠ ʚ ʢʘʯʝʩʪʚʝ ʛʠʙʨʠʜʥʳʭ ʥʘʥʦʥʦʩʠʪʝʣʝʡ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʩʨʝʜʩʪʚ [1].  

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʚʝʜʝʥʠʷ ʬʝʨʨʦʮʝʥʘ ʧʨʠ ʚʳʩʦʢʦʤ ʜʘʚʣʝʥʠʠ ʠ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 

(ɺɼɺʊ) ʧʦʢʘʟʘʣʠ, ʯʪʦ ʜʦ 8 ɻʇʘ ʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʜʦ 1600 Áʉ ʧʨʦʜʫʢʪʘʤʠ ʧʨʝʚʨʘʱʝʥʠʡ ʤʦʛʫʪ 

ʙʳʪʴ ʢʘʢ ʘʤʦʨʬʥʳʝ ʥʘʥʦʯʘʩʪʠʮʳ ʢʘʨʙʠʜʦʚ ʞʝʣʝʟʘ ʧʝʨʝʤʝʥʥʦʛʦ ʩʦʩʪʘʚʘ FexCy, ʪʘʢ ʠ 

ʩʫʧʝʨʧʘʨʘʤʘʛʥʠʪʥʳʝ ʠ ʬʝʨʨʦʤʘʛʥʠʪʥʳʝ ʥʘʥʦʯʘʩʪʠʮʳ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʬʘʟ ʢʘʨʙʠʜʦʚ  Fe7C3 ʠ  

Fe3C, ʥʝ ʠʥʢʘʧʩʫʣʠʨʦʚʘʥʥʳʝ ʠ ʠʥʢʘʧʩʫʣʠʨʦʚʘʥʥʳʝ ʚ ʫʛʣʝʨʦʜʥʳʝ  ʠʣʠ ʙʦʣʝʝ ʩʣʦʞʥʳʝ ʧʦ 

ʩʚʦʝʤʫ ʩʦʩʪʘʚʫ ʤʥʦʛʦʩʣʦʡʥʳʝ ʦʙʦʣʦʯʢʠ [2]. ʄʘʛʥʠʪʦʫʧʨʘʚʣʷʝʤʳʝ ʥʘʥʦʯʘʩʪʠʮʳ ʢʘʨʙʠʜʦʚ 

ʞʝʣʝʟʘ, ʠʥʢʘʧʩʫʣʠʨʦʚʘʥʥʳʝ ʚ ʫʛʣʝʨʦʜʥʳʝ ʦʙʦʣʦʯʢʠ ʠ ʦʙʣʘʜʘʶʱʠʝ ʚʳʩʦʢʦʡ 

ʙʠʦʩʦʚʤʝʩʪʠʤʦʩʪʴʶ, ʧʨʝʜʩʪʘʚʣʷʶʪ, ʚ ʯʘʩʪʥʦʩʪʠ, ʥʦʚʳʡ ʪʠʧ ʙʘʟʦʚʳʭ ʧʣʘʪʬʦʨʤ ʜʣʷ 

ʙʠʦʤʝʜʠʮʠʥʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ [3]. 

ʉʦʛʣʘʩʥʦ ʬʘʟʦʚʦʡ ʜʠʘʛʨʘʤʤʝ ʜʚʫʭʢʦʤʧʦʥʝʥʪʥʦʡ ʩʠʩʪʝʤʳ Fe-C ʧʨʠ 10 ɻʇʘ [4], ʦʙʣʘʩʪʴ 

ʩʦʩʪʘʚʦʚ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʫʛʣʝʨʦʜʘ ʚʳʰʝ 8.4 ʤʘʩʩ.% ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʜʦ 2000 Áʉ ʦʪʚʝʯʘʝʪ 

ʦʙʣʘʩʪʠ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʙʠʥʘʨʥʦʡ ʩʤʝʩʠ ʢʘʨʙʠʜʘ ʞʝʣʝʟʘ Fe7C3 ʠ ʘʣʤʘʟʘ. ɺ ʪʨʝʭʢʦʤʧʦʥʝʥʪʥʦʡ 

Fe-C-H ʩʠʩʪʝʤʝ, ʢ ʢʦʪʦʨʦʡ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʬʝʨʨʦʮʝʥ, ʫʢʘʟʘʥʥʘʷ P, T ʦʙʣʘʩʪʴ ʝʱʝ ʥʝ 

ʠʩʩʣʝʜʦʚʘʣʘʩʴ. ʕʪʘ ʦʙʣʘʩʪʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʡ ʠ ʧʨʠʢʣʘʜʥʦʡ ʠʥʪʝʨʝʩ. ʇʦʷʚʣʝʥʠʝ 

ʥʘʥʦʨʘʟʤʝʨʥʳʭ ʘʣʤʘʟʦʚ ʚ ʩʦʩʪʘʚʝ ʧʨʦʜʫʢʪʦʚ ɺɼɺʊ ʧʨʝʚʨʘʱʝʥʠʷ ʬʝʨʨʦʮʝʥʘ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ 

ʢ ʷʨʢʦ ʚʳʨʘʞʝʥʥʳʤ ʦʧʪʠʯʝʩʢʠʤ (ʣʶʤʠʥʝʩʮʝʥʪʥʳʤ) ʩʚʦʡʩʪʚʘʤ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʜʣʷ ʙʠʦʤʝʜʠʮʠʥʩʢʠʭ ʧʨʠʤʝʥʝʥʠʡ. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣʦ ʠʟʫʯʝʥʠʝ ʧʨʝʚʨʘʱʝʥʠʷ ʬʝʨʨʦʮʝʥʘ Fe(C5H5)2 ʧʨʠ 10 ɻʇʘ ʠ 

ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʜʦ 2200 K ʜʦʩʪʠʛʘʝʤʳʭ ʩ ʧʦʤʦʱʴʶ ʣʘʟʝʨʥʦʛʦ ʥʘʛʨʝʚʘ ʚ ʢʘʤʝʨʘʭ 

ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ ʩ ʘʣʤʘʟʥʳʤʠ ʥʘʢʦʚʘʣʴʥʷʤʠ (ʂɺɼ). ʉʪʨʫʢʪʫʨʘ ʠ ʩʚʦʡʩʪʚʘ ʧʦʣʫʯʝʥʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʠʟʫʯʝʥʳ ʤʝʪʦʜʘʤʠ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʬʘʟʦʚʦʛʦ ʘʥʘʣʠʟʘ, ʧʨʦʩʚʝʯʠʚʘʶʱʝʡ 

ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʠ ʤʸʩʩʙʘʫʵʨʦʚʩʢʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ. ʅʘ ʨʠʩʫʥʢʝ 1 ʧʦʢʘʟʘʥʳ 

ʬʦʪʦʛʨʘʬʠʠ ʬʝʨʨʦʮʝʥʘ ʜʦ ʠ ʧʦʩʣʝ ʣʘʟʝʨʥʦʛʦ ʥʘʛʨʝʚʘ, ʘ ʪʘʢʞʝ ʇʕʄ ʠʟʦʙʨʘʞʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ 

ʤʘʛʥʠʪʥʳʭ ʥʘʥʦʯʘʩʪʠʮ. 

  

ʈʠʩ. 1. ʆʧʪʠʯʝʩʢʠʝ ʬʦʪʦʛʨʘʬʠʠ ʢʘʣʝʪʪʳ ʘʣʤʘʟʥʦʡ ʥʘʢʦʚʘʣʴʥʠ ʠ ʬʝʨʨʦʮʝʥʘ Fe(C5H5)2 ʜʦ (ʘ) 

ʠ ʧʦʩʣʝ (ʙ) ʣʘʟʝʨʥʦʛʦ ʥʘʛʨʝʚʘ. (ʚ) ʇʕʄ ʠʟʦʙʨʘʞʝʥʠʝ ʥʘʥʦʯʘʩʪʠʮ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʧʨʦʮʝʩʩʝ ʧʨʝʚʨʘʱʝʥʠʡ 

ʬʝʨʨʦʮʝʥʘ ʧʨʠ ɺɼɺʊ.   
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ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʦʜʫʢʪʘʤʠ ʨʘʟʣʦʞʝʥʠʷ ʬʝʨʨʦʮʝʥʘ ʷʚʣʷʶʪʩʷ ʥʘʥʦʯʘʩʪʠʮʳ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʬʘʟ ʢʘʨʙʠʜʘ ʞʝʣʝʟʘ Fe7C3 ʠ ʞʝʣʝʟʘ Ŭ-Fe, ʜʠʩʧʝʨʛʠʨʦʚʘʥʥʳʝ ʚ ʫʛʣʝʨʦʜʥʦʡ 

ʤʘʪʨʠʮʝ, ʩʦʩʪʦʷʱʝʡ ʠʟ ʘʤʦʨʬʥʦʛʦ ʠ ʛʨʘʬʠʪʦʧʦʜʦʙʥʦʛʦ ʫʛʣʝʨʦʜʘ. ʅʘʥʦʯʘʩʪʠʮʳ 

ʠʥʢʘʧʩʫʣʠʨʦʚʘʥʳ ʚ ʦʙʦʣʦʯʢʠ ʠʟ ʘʤʦʨʬʥʦʛʦ ʫʛʣʝʨʦʜʘ ʠ ʛʨʘʬʝʥʦʚʳʭ ʩʣʦʝʚ. ʆʜʥʦʚʨʝʤʝʥʥʦʝ 

ʦʙʨʘʟʦʚʘʥʠʝ ʥʘʥʦʯʘʩʪʠʮ ʢʘʨʙʠʜʘ ʞʝʣʝʟʘ ʠ ʞʝʣʝʟʘ ʨʘʥʝʝ ʥʝ ʥʘʙʣʶʜʘʣʦʩʴ ʧʨʠ ɺɼɺʊ ʦʙʨʘʙʦʪʢʝ 

ʬʝʨʨʦʮʝʥʘ. ɺʦʟʤʦʞʥʳʝ ʤʝʭʘʥʠʟʤʳ ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʵʪʠʭ ʥʘʥʦʯʘʩʪʠʮ ʚ ʧʨʦʮʝʩʩʘʭ 

ʧʨʝʚʨʘʱʝʥʠʷ ʬʝʨʨʦʮʝʥʘ ʦʙʩʫʞʜʘʶʪʩʷ ʚ ʨʘʙʦʪʝ. 

ɸʚʪʦʨʳ ʚʳʨʘʞʘʶʪ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʚ ʨʘʙʦʪʝ ʜ.ʭ.ʥ. ʇʝʨʝʢʘʣʠʥʫ ɼ.ʉ. ʠ ʢ.ʭ.ʥ. ɽ.ʉ. 

ʂʫʣʠʢʦʚʦʡ ʟʘ ʧʦʤʦʱʴ ʥʘ ʨʘʟʥʳʭ ʵʪʘʧʘʭ ʨʘʙʦʪʳ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ (ʇʨʦʝʢʪ ˉ22-72-

00060) ʚ ʯʘʩʪʠ ʧʦʜʛʦʪʦʚʢʠ ʢʘʤʝʨʳ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ, ʘʪʪʝʩʪʘʮʠʠ ʬʝʨʨʦʮʝʥʘ, ʧʨʦʚʝʜʝʥʠʷ 

ʤʸʩʩʙʘʫʵʨʦʚʩʢʠʭ ʠ ʨʘʤʘʥʦʚʩʢʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʦʙʨʘʙʦʪʢʝ ʠ ʘʥʘʣʠʟʫ ʨʝʟʫʣʴʪʘʪʦʚ. ʃʘʟʝʨʥʳʡ 

ʥʘʛʨʝʚ ʠ ʠʟʤʝʨʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʋʥʠʢʘʣʴʥʦʡ ʥʘʫʯʥʦʡ ʫʩʪʘʥʦʚʢʝ çʃʘʟʝʨʥʳʡ 

ʥʘʛʨʝʚ ʚ ʷʯʝʡʢʘʭ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷè ʥʘ ʙʘʟʝ ʅʊʎ ʋʇ ʈɸʅ [507563, https://unu.ntcup.ru/]. 

 

ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ: 

1. Yu J. et al. Magnetic Reactive Oxygen Species Nanoreactor for Switchable Magnetic 

Resonance Imaging Guided Cancer Therapy Based on pH-Sensitive Fe5C2@Fe3O4 

Nanoparticles // ACS Nano. ï 2019. ï Vol. 13, ï ˉ 9. ï P. 10002ï10014. 

2. Starchikov S.S. et al. Evolution of the phase composition, crystal structure and magnetic 

properties of core@shell nanoparticles obtained during conversion of ferrocene at high pressure 

and high temperature // Appl. Surf. Sci. ï 2023. ï Vol. 615. ï P. 156269. 

3. Davydov V. et al. Solid state synthesis of carbon-encapsulated iron carbide nanoparticles 

and their interaction with living cells // J. Mater. Chem. B. ï 2014. ï Vol. 2, ï ̄  27. ï P. 4250ï

4261. 

4. Lord O.T. et al. Melting in the FeïC system to 70 GPa // Earth Planet. Sci. Lett. ï 2009. 

ï Vol. 284, ï ˉ 1ï2. ï P. 157ï167. 
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ʋɼʂ 537.9 

ʉʧʦʥʪʘʥʥʳʝ ʠ ʠʥʜʫʮʠʨʫʝʤʳʝ ʧʦʣʝʤ ʤʘʛʥʠʪʥʳʝ ʬʘʟʦʚʳʝ ʧʝʨʝʭʦʜʳ ʚ 

ʤʦʥʦʢʨʠʩʪʘʣʣʝ  ʬʝʨʨʠʤʘʛʥʝʪʠʢʘ Fe6.5Cr 0.5Se8 

ʄʦʟʛʦʚʳʭ ʉ.ʅ. 

ɸʩʧʠʨʘʥʪ 1 ʛ/ʦ, ʤ.ʥ.ʩ., ʀʥʩʪʠʪʫʪ ʝʩʪʝʩʪʚʝʥʥʳʭ ʥʘʫʢ ʠ ʤʘʪʝʤʘʪʠʢʠ,  

ʋʨʘʣʴʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ɽʢʘʪʝʨʠʥʙʫʨʛ, ʈʦʩʩʠʷ 

 ʐʝʨʦʢʘʣʦʚʘ ɽ.ʄ. 

ʢ.ʬ.ʤ.ʥ., ʜʦʮʝʥʪ, ʀʥʩʪʠʪʫʪ ʝʩʪʝʩʪʚʝʥʥʳʭ ʥʘʫʢ ʠ ʤʘʪʝʤʘʪʠʢʠ,  

ʋʨʘʣʴʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ɽʢʘʪʝʨʠʥʙʫʨʛ, ʈʦʩʩʠʷ 

 ʂʘʟʘʥʮʝʚ ɺ.ɸ. 

ʢ.ʬ.-ʤ.ʥ., ʩ.ʥ.ʩ., ʀʥʩʪʠʪʫʪ ʬʠʟʠʢʠ ʤʝʪʘʣʣʦʚ ʠʤ. ʄ.ʅ. ʄʠʭʝʝʚʘ ʋʨʆ ʈɸʅ,  

ɽʢʘʪʝʨʠʥʙʫʨʛ, ʈʦʩʩʠʷ 

 ʅʝʟʥʘʭʠʥ ɼ.ʉ. 

ʢ.ʬ.ʤ.ʥ., ʥ.ʩ., ʀʥʩʪʠʪʫʪ ʝʩʪʝʩʪʚʝʥʥʳʭ ʥʘʫʢ ʠ ʤʘʪʝʤʘʪʠʢʠ,  

ʋʨʘʣʴʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ɽʢʘʪʝʨʠʥʙʫʨʛ, ʈʦʩʩʠʷ 

 ʉʝʣʝʟʥʝʚʘ ʅ.ɺ. 

ʢ.ʬ.ʤ.ʥ., ʜʦʮʝʥʪ, ʀʥʩʪʠʪʫʪ ʝʩʪʝʩʪʚʝʥʥʳʭ ʥʘʫʢ ʠ ʤʘʪʝʤʘʪʠʢʠ,  

ʋʨʘʣʴʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ɽʢʘʪʝʨʠʥʙʫʨʛ, ʈʦʩʩʠʷ 

 ɹʘʨʘʥʦʚ ʅ.ɺ. 

ʜ.ʬ.ʤ.ʥ., ʛ.ʥ.ʩ., ʀʥʩʪʠʪʫʪ ʬʠʟʠʢʠ ʤʝʪʘʣʣʦʚ ʠʤ. ʄ.ʅ. ʄʠʭʝʝʚʘ ʋʨʆ ʈɸʅ,  

ɽʢʘʪʝʨʠʥʙʫʨʛ, ʈʦʩʩʠʷ 

ɸʥʥʦʪʘʮʠʷ. ɺ ʨʘʙʦʪʝ ʠʟʫʯʝʥʦ ʪʝʧʣʦʚʦʝ ʨʘʩʰʠʨʝʥʠʝ ʠ ʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʤʦʥʦʢʨʠʩʪʘʣʣʘ 

ʩʣʦʠʩʪʦʛʦ ʩʦʝʜʠʥʝʥʠʷ Fe6.5Cr0.5Se8, ʚ ʢʦʪʦʨʦʤ ʘʪʦʤʳ ʞʝʣʝʟʘ ʯʘʩʪʠʯʥʦ ʟʘʤʝʱʝʥʳ ʭʨʦʤʦʤ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʯʘʩʪʠʯʥʦʝ ʟʘʤʝʱʝʥʠʝ ʧʨʠʚʝʣʦ ʢ ʠʟʤʝʥʝʥʠʶ ʪʝʤʧʝʨʘʪʫʨʳ 

ʬʝʨʨʠʤʘʛʥʠʪʥʦʛʦ ʫʧʦʨʷʜʦʯʝʥʠʷ (TC = 440 K) ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʩʧʠʥʦʚʦʡ ʧʝʨʝʦʨʠʝʥʪʘʮʠʠ (Tsr ~ 

150 ʂ) ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʩʭʦʜʥʳʤ ʩʦʝʜʠʥʝʥʠʝʤ Fe7Se8, ʜʣʷ ʢʦʪʦʨʦʛʦ TC = 450 K ʠ Tsr ~ 120 ʂ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʫʩʪʘʥʦʚʣʝʥʠʝ ʜʘʣʴʥʝʛʦ ʬʝʨʨʠʤʘʛʥʠʪʥʦʛʦ ʧʦʨʷʜʢʘ ʚ Fe6.5Cr0.5Se8 

ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʩʧʦʥʪʘʥʥʦʡ ʦʙʲʝʤʥʦʡ ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʝʡ ɤs ~ ï 2.35 10-3. ʅʠʞʝ Tsr ʧʨʠ 

ʧʨʠʣʦʞʝʥʠʠ ʧʦʣʷ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʧʣʦʩʢʦʩʪʠ ʩʣʦʝʚ ʦʙʥʘʨʫʞʝʥʳ ʥʝʦʙʳʯʥʳʝ ʤʝʪʘʤʘʛʥʠʪʥʦʛʦ 

ʚʠʜʘ ʧʦʣʝʚʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʭʘʣʴʢʦʛʝʥʠʜʳ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ, ʩʣʦʠʩʪʘʷ ʩʪʨʫʢʪʫʨʘ, 

ʬʝʨʨʠʤʘʛʥʝʪʠʟʤ, ʩʧʠʥʦʚʘʷ ʧʝʨʝʦʨʠʝʥʪʘʮʠʷ, ʩʧʦʥʪʘʥʥʘʷ ʦʙʲʝʤʥʘʷ ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʷ. 
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Annotation. In the present work the thermal expansion and magnetic properties of a single crystal of 

the layered compound Fe6.5Cr0.5Se8, in which iron atoms are partially replaced by chromium, were 

studied. It was established that partial substitution led to a change in the temperature of ferrimagnetic 

ordering (TC = 440 K) and the temperature of spin reorientation (Tsr ~ 150 K) compared to the initial 

compound Fe7Se8, for which TC = 450 K and Tsr ~ 120 K. It was shown that the appearance of long-

range ferrimagnetic order in Fe6.5Cr0.5Se8 is accompanied by spontaneous volume magnetostriction 

ɤs ~ ï 2.35 Ĭ 10-3. Below Tsr, when the field is applied perpendicular to the plane of the layers, 

unusual field dependences of the magnetization of a metamagnetic type are revealed. 

. 

Keywords: chalcogenides transition metals, layered structure, ferrimagnetism, spin reorientation, 

metamagnetism, spontaneous volume magnetostriction. 

 

ɺ ʩʣʦʠʩʪʦʤ ʛʝʢʩʘʛʦʥʘʣʴʥʦʤ ʩʦʝʜʠʥʝʥʠʠ Fe7Se8 ʧʨʦʠʩʭʦʜʠʪ ʯʝʨʝʜʦʚʘʥʠʝ ʩʣʦʝʚ ʞʝʣʝʟʘ ʠ 

ʩʝʣʝʥʘ. ɿʘ ʩʯʝʪ ʩʧʝʮʠʬʠʯʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʘʪʦʤʦʚ ʞʝʣʝʟʘ ʨʝʘʣʠʟʫʝʪʩʷ ʩʣʦʞʥʘʷ 

ʬʝʨʨʠʤʘʛʥʠʪʥʘʷ ʩʪʨʫʢʪʫʨʘ, ʚ ʢʦʪʦʨʦʡ ʤʘʛʥʠʪʥʳʝ ʤʦʤʝʥʪʳ ʘʪʦʤʦʚ ʞʝʣʝʟʘ ʚ ʩʣʦʝ ʫʧʦʨʷʜʦʯʝʥʳ 

ʬʝʨʨʦʤʘʛʥʠʪʥʦ, ʘ ʤʝʞʜʫ ʩʦʩʝʜʥʠʤʠ ʩʣʦʷʤʠ ʨʝʘʣʠʟʫʝʪʩʷ ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʦʝ ʫʧʦʨʷʜʦʯʝʥʠʝ. 

ɿʘ ʩʯʝʪ ʧʨʠʩʫʪʩʪʚʠʷ ʚʘʢʘʥʩʠʡ ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʨʘʟʣʠʯʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʤʘʛʥʠʪʥʳʭ ʘʪʦʤʦʚ ʚ 

ʩʣʦʷʭ ʚ ʩʦʝʜʠʥʝʥʠʠ ʦʪʩʫʪʩʪʚʫʝʪ ʢʦʤʧʝʥʩʘʮʠʷ ʤʘʛʥʠʪʥʳʭ ʤʦʤʝʥʪʦʚ ʩʦʩʝʜʥʠʭ ʩʣʦʝʚ ʞʝʣʝʟʘ, ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʩʦʝʜʠʥʝʥʠʝ ʦʙʣʘʜʘʝʪ ʬʝʨʨʠʤʘʛʥʠʪʥʳʤ ʧʦʨʷʜʢʦʤ. ʊʝʤʧʝʨʘʪʫʨʘ ʂʶʨʠ Fe7Se8 

ʩʨʘʚʥʠʪʝʣʴʥʦ ʚʳʩʦʢʘ ʠ ʩʦʩʪʘʚʣʷʝʪ ʚʝʣʠʯʠʥʫ Tʉ ~ 450 ʂ. ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʢ ʦʩʥʦʚʥʦʤʫ ʬʘʟʦʚʦʤʫ 

ʧʝʨʝʭʦʜʫ, ʩʚʷʟʘʥʥʦʤʫ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʤʘʛʥʠʪʥʦʛʦ ʧʦʨʷʜʢʘ, ʩʫʱʝʩʪʚʫʝʪ ʤʘʛʥʠʪʥʳʡ ʬʘʟʦʚʳʡ 

ʧʝʨʝʭʦʜ, ʩʚʷʟʘʥʥʳʡ ʩ ʠʟʤʝʥʝʥʠʝʤ ʪʠʧʘ ʤʘʛʥʠʪʥʦʡ ʘʥʠʟʦʪʨʦʧʠʠ. ʂʘʢ ʫʩʪʘʥʦʚʣʝʥʦ, ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʚʳʰʝ Tsr ~ 120 ʂ ʥʘʙʣʶʜʘʝʪʩʷ ʘʥʠʟʦʪʨʦʧʠʷ ʪʠʧʘ çʧʣʦʩʢʦʩʪʴ ʦʩʝʡ ʣʝʛʢʦʛʦ 

ʥʘʤʘʛʥʠʯʠʚʘʥʠʷè ʠ ʤʘʛʥʠʪʥʳʝ ʤʦʤʝʥʪʳ ʨʘʩʧʦʣʦʞʝʥʳ ʧʘʨʘʣʣʝʣʴʥʦ ʧʣʦʩʢʦʩʪʠ ʩʣʦʝʚ, ʘ ʧʨʠ 

ʧʦʥʠʞʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʥʠʞʝ Tsr ʧʨʦʠʩʭʦʜʠʪ ʩʧʠʥʦʚʘʷ ʧʝʨʝʦʨʠʝʥʪʘʮʠʷ ʚ ʥʘʧʨʘʚʣʝʥʠʠ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʤ ʧʣʦʩʢʦʩʪʠ ʩʣʦʝʚ ʧʫʪʝʤ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ 1-ʛʦ ʨʦʜʘ. ʅʠʞʝ Tsr ʤʘʛʥʠʪʥʳʝ 

ʤʦʤʝʥʪʳ Fe ʦʙʨʘʟʫʶʪ ʢʦʥʫʩ ʦʩʝʡ ʣʝʛʢʦʛʦ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ ʠ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʧʦʜ ʫʛʣʦʤ ʦʢʦʣʦ 
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20̄  ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʦʩʠ ʩ. ʇʨʠ ʵʪʦʤ ʧʝʨʝʭʦʜʝ ʥʝ ʧʨʦʠʩʭʦʜʠʪ ʩʤʝʥʳ ʪʠʧʘ ʤʘʛʥʠʪʥʦʛʦ 

ʫʧʦʨʷʜʦʯʝʥʠʷ ʠ ʩʦʝʜʠʥʝʥʠʝ ʦʩʪʘʝʪʩʷ ʬʝʨʨʠʤʘʛʥʝʪʠʢʦʤ. ɺ ʣʠʪʝʨʘʪʫʨʝ [1,2,3] ʠʩʩʣʝʜʦʚʘʣʦʩʴ 

ʚʣʠʷʥʠʝ ʟʘʤʝʱʝʥʠʷ ʯʘʩʪʠ ʘʪʦʤʦʚ ʞʝʣʝʟʘ ʥʘ ʘʪʦʤʳ ʜʨʫʛʠʭ 3d ʤʝʪʘʣʣʦʚ. ʆʢʘʟʘʣʦʩʴ, ʯʪʦ ʜʘʞʝ 

ʧʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʟʘʤʝʱʝʥʠʝ ʤʦʞʝʪ ʦʢʘʟʳʚʘʪʴ ʩʠʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʩʧʠʥ-

ʧʝʨʝʦʨʠʝʥʪʘʮʠʦʥʥʳʡ ʧʝʨʝʭʦʜ.  

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʙʳʣʦ ʚʳʧʦʣʥʝʥʦ ʢʦʤʧʣʝʢʩʥʦʝ ʠʟʫʯʝʥʠʝ ʨʘʟʣʠʯʥʳʭ ʩʚʦʡʩʪʚ 

ʩʦʝʜʠʥʝʥʠʷ Fe6.5Cr0.5Se8. ʄʦʜʠʬʠʮʠʨʦʚʘʥʥʳʤ ʤʝʪʦʜʦʤ ɹʨʠʜʞʤʝʥʘ ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

ʤʦʥʦʢʨʠʩʪʘʣʣʳ Fe6.5Cr0.5Se8, ʦʨʠʝʥʪʘʮʠʷ ʢʦʪʦʨʳʭ ʦʧʨʝʜʝʣʷʣʘʩʴ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʃʘʫʵ ʥʘ 

ʦʪʨʘʞʝʥʠʝ. ʄʘʛʥʠʪʥʳʝ ʠʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʚʠʙʨʦʤʘʛʥʝʪʦʤʝʪʨʝ 7407 VSM (Lake Shore, 

USA) ʚ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʠʥʪʝʨʚʘʣʝ 300 ï 550 ʂ ʚ ʧʦʣʷʭ ʜʦ 17 ʢʕ, ʠ ʥʘ ʫʩʪʘʥʦʚʢʝ PPMS DynaCool 

ʚ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʠʥʪʝʨʚʘʣʝ 4 ï 300 ʂ ʚ ʧʦʣʷʭ ʜʦ 90 ʢʕ. ʂʨʦʤʝ ʪʦʛʦ, ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʠʟʤʝʨʝʥʠʷ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʚ ʠʤʧʫʣʴʩʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ ʜʦ 270 ʢʕ. ʅʘ ʤʦʥʦʢʨʠʩʪʘʣʣʝ Fe6.5Cr0.5Se8 

ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʵʣʝʢʪʨʦʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ 4 

ï 300 ʂ, ʘ ʪʘʢʞʝ ʠʟʤʝʨʝʥʘ ʧʦʣʝʚʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʵʣʝʢʪʨʦʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʨʠ T = 5 ʂ ʚ ʧʦʣʷʭ ʜʦ 

90 ʢʕ. ʅʘ ʜʠʣʘʪʦʤʝʪʨʝ DL-1500 RHP ʢʦʤʧʘʥʠʠ ULVAC-SINKU RIKO (ʗʧʦʥʠʷ) ʚ ʠʥʪʝʨʚʘʣʝ 

ʪʝʤʧʝʨʘʪʫʨ ʦʪ 80 ʂ ʜʦ 700 ʂ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʠʟʤʝʨʝʥʠʷ ʪʝʧʣʦʚʦʛʦ ʨʘʩʰʠʨʝʥʠʷ. 

ʆʢʘʟʘʣʦʩʴ, ʯʪʦ ʪʝʤʧʝʨʘʪʫʨʘ ʂʶʨʠ ʩʣʘʙʦ ʠʟʤʝʥʠʣʘʩʴ ʧʨʠ ʟʘʤʝʱʝʥʠʠ ʘʪʦʤʦʚ ʞʝʣʝʟʘ ʥʘ 

ʭʨʦʤ ʠ ʧʦʥʠʟʠʣʘʩʴ ʜʦ Tʉ ~ 440 ʂ. ʇʨʦʮʝʩʩ ʩʧʠʥʦʚʦʡ ʧʝʨʝʦʨʠʝʥʪʘʮʠʠ ʚ ʟʘʤʝʱʝʥʥʦʤ 

ʩʦʝʜʠʥʝʥʠʠ ʥʘʦʙʦʨʦʪ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ Tsr ~ 150 ʂ. ʆʙʘ ʤʘʛʥʠʪʥʳʭ 

ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʘ ʩʦʧʨʦʚʦʞʜʘʶʪʩʷ ʘʥʠʟʦʪʨʦʧʥʳʤʠ ʜʝʬʦʨʤʘʮʠʷʤʠ ʨʝʰʝʪʢʠ. ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 

ʂʶʨʠ ʥʘʙʣʶʜʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʦʪ ʟʘʢʦʥʘ ɼʝʙʘʷ-ɻʨʶʥʘʡʟʝʥʘ ʚ 

ʤʘʛʥʠʪʦʫʧʦʨʷʜʦʯʝʥʥʦʡ ʦʙʣʘʩʪʠ, ʦʙʫʩʣʦʚʣʝʥʥʦʝ ʥʘʣʠʯʠʝʤ ʦʙʲʝʤʥʦʡ ʩʧʦʥʪʘʥʥʦʡ 

ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʝʡ ʚʝʣʠʯʠʥʘ ʢʦʪʦʨʦʡ ʜʦʩʪʠʛʘʝʪ ɤs ~ ï 2.35 Ĭ 10-3. ɺ ʤʘʛʥʠʪʦʫʧʦʨʷʜʦʯʝʥʥʦʡ 

ʦʙʣʘʩʪʠ ʚ ʧʣʦʩʢʦʩʪʠ ab ʥʘʙʣʶʜʘʝʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʩʞʘʪʠʝ, ʦʪʥʦʩʠʪʝʣʴʥʦ ʯʠʩʪʦ ʬʦʥʦʥʥʦʛʦ 

ʚʢʣʘʜʘ. ɺʜʦʣʴ ʦʩʠ ʩ ʥʘʙʣʶʜʘʝʪʩʷ ʠʥʚʘʨʥʳʡ ɻ ʬʬʝʢʪ, ʧʨʠ ʢʦʪʦʨʦʤ ʧʨʠ ʧʦʥʠʞʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ 

ʧʨʦʠʩʭʦʜʠʪ ʫʚʝʣʠʯʝʥʠʝ ʜʣʠʥʳ ʦʙʨʘʟʮʘ.  

 ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʥʠʞʝ Tsr ʚʜʦʣʴ ʦʩʠ ʩ ʥʘʙʣʶʜʘʝʪʩʷ ʤʝʪʘʤʘʛʥʠʪʥʳʡ ʚʠʜ ʧʦʣʝʚʳʭ 

ʟʘʚʠʩʠʤʦʩʪʝʡ ʧʨʠ ʧʨʠʣʦʞʝʥʠʠ ʧʦʣʷ ʚʳʰʝ ʢʨʠʪʠʯʝʩʢʦʛʦ ʟʥʘʯʝʥʠʷ ʅcr ~ 10 ʢʕ ʧʦʣʝʤ, ʯʪʦ 

ʩʚʷʟʘʥʦ ʩ ʧʨʦʮʝʩʩʘʤʠ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ ʚ ʜʦʤʝʥʘʭ, ʠʤʝʶʱʠʭ ʧʨʦʝʢʮʠʠ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ 

ʨʘʟʥʦʛʦ ʟʥʘʢʘ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʧʘʨʘʣʣʝʣʴʥʦ ʦʩʠ ʩ. ʅʘʣʠʯʠʝ ʤʝʪʘʤʘʛʥʠʪʥʦʛʦ ʚʠʜʘ ʧʝʪʝʣʴ 

ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʧʨʠ ʠʟʤʝʨʝʥʠʷʭ ʚ ʠʤʧʫʣʴʩʥʳʭ ʧʦʣʷʭ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʦʮʝʩʩ 

ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ ʚʜʦʣʴ ʦʩʠ ʩ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʘʥʦʤʘʣʠʷʤʠ ʥʘ ʧʦʣʝʚʳʭ ʟʘʚʠʩʠʤʦʩʪʷʭ  

ʤʘʛʥʠʪʦʩʦʧʨʦʪʠʚʣʝʥʠʷ. 

 ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ (ʛʨʘʥʪ No 

22-13-00158). 
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ɸʥʥʦʪʘʮʠʷ. ʊʝʭʥʦʣʦʛʠʷ HDDR ʷʚʣʷʝʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʦʡ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʝʨʝʨʘʙʦʪʢʠ 

ʧʦʩʪʦʷʥʥʳʭ ʤʘʛʥʠʪʦʚ, ʧʦʣʫʯʝʥʠʷ ʦʙʤʝʥʥʦ-ʩʚʷʟʘʥʥʳʭ ʤʘʛʥʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʘ ʪʘʢʞʝ 

ʠʟʛʦʪʦʚʣʝʥʠʷ ʤʘʛʥʠʪʥʳʭ ʧʦʨʦʰʢʦʚ ʧʨʠʛʦʜʥʳʭ ʜʣʷ ʘʜʜʠʪʠʚʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. ɺ ʜʘʥʥʦʡ 

ʨʘʙʦʪʝ ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ HDDR-ʧʦʨʦʰʢʦʚ 

ʧʦʣʫʯʝʥʥʳʭ ʜʚʫʤʷ ʨʘʟʣʠʯʥʳʤʠ ʚʘʨʠʘʥʪʘʤʠ ʧʨʦʮʝʜʫʨʳ; ʧʦʢʘʟʘʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʤʘʛʥʠʪʥʳʭ 

ʩʚʦʡʩʪʚ ʦʪ ʩʦʜʝʨʞʘʥʠʷ ʥʝʦʜʠʤʘ ʚ ʩʧʣʘʚʝ; ʠʩʩʣʝʜʦʚʘʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʢʦʵʨʮʠʪʠʚʥʦʡ ʩʠʣʳ ʦʪ 

ʚʨʝʤʝʥʠ ʨʘʟʤʦʣʘ ʯʘʩʪʠʮ ʚ ʨʘʟʣʠʯʥʳʭ ʩʨʝʜʘʭ; ʧʦʣʫʯʝʥʳ ʫʛʣʦʚʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʢʦʵʨʮʠʪʠʚʥʦʡ 

ʩʠʣʳ ʠ ʨʝʣʘʢʩʘʮʠʦʥʥʦʡ ʢʦʵʨʮʠʪʠʚʥʦʡ ʩʠʣʳ. 
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ɺ 1989 ʛ. ʊ. ʊʘʢʝʰʠʪʦʡ ʠ ʅ. ʅʘʢʘʷʤʦʡ ʙʳʣ ʦʪʢʨʳʪ ʧʨʦʮʝʩʩ ʚʦʜʦʨʦʜʥʦʛʦ ʩʠʥʪʝʟʘ 

ʚʳʩʦʢʦʢʦʵʨʮʠʪʠʚʥʳʭ ʤʘʛʥʠʪʦʪʚʸʨʜʳʭ ʧʦʨʦʰʢʦʚ ʥʘ ʦʩʥʦʚʝ ʠʥʪʝʨʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʩʦʝʜʠʥʝʥʠʷ 

Nd2Fe14B [1]. ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʪʝʭʥʦʣʦʛʠʷ ʠʟʚʝʩʪʥʘ ʢʘʢ HDDR-ʧʨʦʮʝʩʩ ï ʧʦ ʧʝʨʚʳʤ ʙʫʢʚʘʤ 
ʦʩʥʦʚʥʳʭ ʧʨʦʪʝʢʘʶʱʠʭ ʨʝʘʢʮʠʡ: Hydrogenation-Disproportionation-Desorption-Recombination 

(ʛʠʜʨʠʨʦʚʘʥʠʝ, ʜʠʩʧʨʦʧʦʨʮʠʦʥʠʨʦʚʘʥʠʝ, ʜʝʩʦʨʙʮʠʷ ʠ ʨʝʢʦʤʙʠʥʘʮʠʷ), ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ 

ʦʧʠʩʘʥʳ ʦʙʨʘʪʠʤʦʡ ʨʝʘʢʮʠʝʡ [2,3]: 

Nd2Fe14B+xH2ź2NdHx+12Ŭ-Fe+Fe2B, 

ʛʜʝ x ï ʧʘʨʘʤʝʪʨ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ ʚʥʝʜʨʝʥʠʝ ʚʦʜʦʨʦʜʘ ʚ ʤʝʞʜʦʫʟʣʠʷ ʨʝʰʸʪʢʠ Nd2Fe14B ʠ 

ʦʧʨʝʜʝʣʷʶʱʠʡʩʷ ʫʩʣʦʚʠʷʤʠ ʧʨʦʪʝʢʘʥʠʷ ʨʝʘʢʮʠʠ (ʜʘʚʣʝʥʠʝ ʚʦʜʦʨʦʜʘ ʠ ʪʝʤʧʝʨʘʪʫʨʘ ʩʧʣʘʚʘ) 

[2]. ʇʨʷʤʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʨʝʘʢʮʠʠ ʥʘʟʳʚʘʶʪ HD-ʩʪʘʜʠʝʡ, ʚ ʝʸ ʭʦʜʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʨʘʩʧʘʜ 

ʛʠʜʨʠʜʘ ʦʩʥʦʚʥʦʡ ʬʘʟʳ, ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠ ʥʝʩʪʘʙʠʣʴʥʦʛʦ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ, ʧʨʝʚʳʰʘʶʱʝʡ 

650 . ʕʚʦʣʶʮʠʷ ʩʪʨʫʢʪʫʨʳ ʥʘ ʜʘʥʥʦʤ ʵʪʘʧʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʟ ʩʝʙʷ ʧʨʦʨʘʩʪʘʥʠʝ ʧʣʘʩʪʠʥʯʘʪʳʭ 

ʬʘʟ NdHx ʠ Fe2B ʚ ʤʘʪʨʠʮʫ Ŭ-Fe ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʠʩʭʦʜʥʦʡ ʛʨʘʥʠʮʝ. ʇʨʠʯʸʤ ʵʪʦ ʧʨʦʨʘʩʪʘʥʠʝ 

ʣʦʢʘʣʠʟʦʚʘʥʦ ʚʥʫʪʨʠ ʛʠʜʨʠʨʦʚʘʥʥʦʡ ʧʦʜʦʙʣʘʩʪʠ ʠʩʭʦʜʥʦʛʦ ʟʝʨʥʘ. ɺ ʢʦʥʮʝ ʩʪʘʜʠʠ ʠʟ ʧʣʘʩʪʠʥ 

ʦʙʨʘʟʫʶʪʩʷ ʵʥʝʨʛʝʪʠʯʝʩʢʠ ʙʦʣʝʝ ʚʳʛʦʜʥʳʝ (ʫʤʝʥʴʰʘʝʪʩʷ ʧʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ) ʩʬʝʨʳ. ɺ 

ʠʪʦʛʝ HD-ʵʪʘʧʘ ʢʨʫʧʥʳʝ ʟʸʨʥʘ ʨʘʟʙʠʚʘʶʪʩʷ ʥʘ ʨʷʜ ʤʝʣʢʠʭ ʛʠʜʨʠʨʦʚʘʥʥʳʭ ʦʙʣʘʩʪʝʡ. ʇʨʠ 

ʚʘʢʫʫʤʠʨʦʚʘʥʠʠ ʩʠʩʪʝʤʳ ʠʥʠʮʠʘʣʠʟʠʨʫʝʪʩʷ ʧʨʦʮʝʩʩ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʨʦʩʪʘ ʟʘʨʦʜʳʰʝʡ ʬʘʟʳ 

Nd2Fe14B (DR-ʩʪʘʜʠʷ). ɺ ʢʦʥʮʝ ʜʘʥʥʦʛʦ ʵʪʘʧʘ ʦʙʨʘʟʫʝʪʩʷ ʥʘʥʦʢʣʘʩʪʝʨʥʘʷ ʩʪʨʫʢʪʫʨʘ, 

ʧʨʝʜʩʪʘʚʣʷʶʱʘʷ ʠʟ ʩʝʙʷ ʩʫʙʤʠʢʨʦʥʥʳʝ ʟʸʨʥʘ ʬʘʟʳ Nd2Fe14B (~300 ʥʤ), ʨʘʟʜʝʣʸʥʥʳʝ ʪʦʥʢʦʡ 

(~2 ʥʤ) Nd-ʦʙʦʛʘʱʸʥʥʦʡ ʧʘʨʘʤʘʛʥʠʪʥʦʡ ʧʨʦʩʣʦʡʢʦʡ. 
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ʊʝʭʥʦʣʦʛʠʷ HDDR, ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ, ʩʯʠʪʘʝʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʦʡ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʧʝʨʝʨʘʙʦʪʢʠ ʧʦʩʪʦʷʥʥʳʭ ʤʘʛʥʠʪʦʚ [2], ʦʜʥʘʢʦ ʪʘʢʞʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ ʩʠʥʪʝʟ ʤʘʛʥʠʪʥʳʭ 

ʧʦʨʦʰʢʦʚ, ʢʦʪʦʨʳʝ, ʥʘʧʨʠʤʝʨ, ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʘʜʜʠʪʠʚʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. 

ɺ ʜʘʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʨʝʘʣʠʟʦʚʘʥʳ ʜʚʘ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʳʭ ʧʦʜʭʦʜʘ ʢ 

HDDR-ʧʨʦʮʝʩʩʫ, ʧʦʟʚʦʣʷʶʱʠʝ ʧʦʣʫʯʘʪʴ ʘʥʠʟʦʪʨʦʧʥʳʝ ʤʘʛʥʠʪʦʪʚʸʨʜʳʝ ʧʦʨʦʰʢʠ:  

1) dynamic (d-HDDR) [2], ʚ ʭʦʜʝ ʢʦʪʦʨʦʛʦ ʩʧʣʘʚ ʥʘʛʨʝʚʘʣʩʷ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ T1 ʚ 

ʚʦʜʦʨʦʜʥʦʡ ʩʨʝʜʝ ʩ ʘʙʩʦʣʶʪʥʳʤ ʜʘʚʣʝʥʠʝʤ ʚʦʜʦʨʦʜʘ 20, 30 ʠʣʠ 40 ʢʇʘ, ʧʦʩʣʝ ʯʝʛʦ 

ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʚʳʜʝʨʞʢʘ ʠ ʥʘʛʨʝʚ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ T2, ʯʪʦ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʘʙʦʪʦʡ 

[2], ʜʦʣʞʥʦ ʧʨʠʚʦʜʠʪʴ ʢ ʫʚʝʣʠʯʝʥʠʶ ʢʦʵʨʮʠʪʠʚʥʦʡ ʩʠʣʳ. ʂʨʦʤʝ ʪʦʛʦ, ʥʘ ʵʪʘʧʝ DR 

ʧʨʦʚʦʜʠʪʩʷ ʚʳʜʝʨʞʢʘ ʛʠʜʨʠʨʦʚʘʥʥʦʛʦ ʩʧʣʘʚʘ ʧʨʠ ʘʙʩʦʣʶʪʥʦʤ ʜʘʚʣʝʥʠʠ ʚʦʜʦʨʦʜʘ 

10 ʢʇʘ, ʧʦʟʚʦʣʷʶʱʘʷ ʟʘʤʝʜʣʠʪʴ ʵʥʜʦʪʝʨʤʠʯʝʩʢʫʶ ʨʝʘʢʮʠʶ ʨʝʢʦʤʙʠʥʘʮʠʠ; 

2) solid (s-HDDR), ʚ ʭʦʜʝ ʢʦʪʦʨʦʛʦ ʩʧʣʘʚ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʥʘʛʨʝʚʘʶʪ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ, 

ʧʨʝʚʳʰʘʶʱʝʡ 800 , ʧʦʩʣʝ ʯʝʛʦ ʚ ʩʠʩʪʝʤʫ ʟʘ 70 ʤʠʥʫʪ ʚʚʦʜʠʪʩʷ ʚʦʜʦʨʦʜ ʜʦ 

ʘʙʩʦʣʶʪʥʦʛʦ ʜʘʚʣʝʥʠʷ 70, 90, 110 ʠ 130 ʢʇʘ. ʅʘ ʩʪʘʜʠʠ DR ʦʪʢʘʯʠʚʘʥʠʝ ʚʦʜʦʨʦʜʘ 

ʚʝʜʝʪʩʷ ʧʦʵʪʘʧʥʦ, ʩ ʚʳʜʝʨʞʢʦʡ ʚ ʪʦʯʢʘʭ 60 % ʠ 10 % ʦʪ ʘʙʩʦʣʶʪʥʦʛʦ ʜʘʚʣʝʥʠʷ 

ʚʦʜʦʨʦʜʘ ʥʘ ʩʪʘʜʠʠ HD. 

ʊʝʤʧʝʨʘʪʫʨʘ ʠ ʚʨʝʤʝʥʘ ʚʳʜʝʨʞʢʠ ʚ ʭʦʜʝ ʧʨʦʪʝʢʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʚʳʙʨʘʥʳ ʥʘ ʦʩʥʦʚʝ 

ʘʧʨʠʦʨʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʠ ʥʝ ʠʟʤʝʥʷʣʠʩʴ. 

ɻʠʜʨʠʨʦʚʘʥʠʶ ʧʦʜʚʝʨʛʘʶʪʩʷ ʩʧʣʘʚʳ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʥʝʦʜʠʤʘ 27, 33 ʠ 36 % ʤʘʩʩ., 

ʧʦʣʫʯʝʥʥʳʝ ʤʝʪʦʜʦʤ ʠʥʜʫʢʮʠʦʥʥʦʛʦ ʧʣʘʚʣʝʥʠʷ ʠ ʧʦʜʚʝʨʛʥʫʪʳʝ ʛʦʤʦʛʝʥʠʟʘʮʠʠ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 1000  ʚ ʪʝʯʝʥʠʝ 24 ʯʘʩʦʚ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚʥʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʜʝʨʞʘʥʠʷ ʥʝʦʜʠʤʘ ʚ ʠʩʭʦʜʥʦʤ ʩʧʣʘʚʝ ʧʦʨʦʰʢʠ, 

ʧʦʣʫʯʝʥʥʳʝ ʤʝʪʦʜʦʤ d-HDDR, ʧʦ ʚʝʣʠʯʠʥʝ ʢʦʵʨʮʠʪʠʚʥʦʡ ʩʠʣʳ ʠ ʦʪʥʦʰʝʥʠʶ ůr/ůs ʫʩʪʫʧʘʶʪ 

ʧʦʨʦʰʢʘʤ, ʧʦʣʫʯʝʥʥʳʤ ʤʝʪʦʜʦʤ s-HDDR, ʯʪʦ ʤʦʞʝʪ ʦʙʲʷʩʥʷʪʴʩʷ ʩʠʣʴʥʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ 

ʧʝʨʚʦʛʦ ʪʠʧʘ ʧʨʦʮʝʩʩʘ ʢ ʜʘʚʣʝʥʠʶ ʚʦʜʦʨʦʜʘ ʠ ʚʨʝʤʝʥʘʤ ʚʳʜʝʨʞʢʠ ʥʘ ʢʘʞʜʦʤ ʠʟ ʵʪʘʧʦʚ. ʉ 

ʵʪʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʠʥʪʝʨʝʩ, ʪʘʢʞʝ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʟʫʯʝʥʠʝ ʢʨʠʚʳʭ ʜʠʩʧʨʦʧʦʨʮʠʦʥʠʨʦʚʘʥʠʷ 

ʧʨʦʮʝʩʩʘ d-HDDR. 

 ɺ ʨʘʙʦʪʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ HD-ʩʪʘʜʠʠ ʧʨʠʚʦʜʠʪ ʢ 

ʧʨʝʞʜʝʚʨʝʤʝʥʥʦʡ ʜʝʩʦʨʙʮʠʠ ʚʦʜʦʨʦʜʘ ʠʟ ʩʧʣʘʚʘ, ʚʥʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʳʙʨʘʥʥʦʛʦ ʜʘʚʣʝʥʠʷ, 

ʥʦ ʧʨʠ ʜʘʚʣʝʥʠʠ, ʙʣʠʟʢʦʤ ʢ ʦʧʪʠʤʘʣʴʥʦʤʫ ʜʣʷ ʜʘʥʥʦʛʦ ʩʧʣʘʚʘ, ʩʢʦʨʦʩʪʴ ʜʝʩʦʨʙʮʠʠ 

ʫʤʝʥʴʰʘʝʪʩʷ ʠ ʨʝʘʢʮʠʷ ʥʦʩʠʪ ʢʦʣʝʙʘʪʝʣʴʥʳʡ ʭʘʨʘʢʪʝʨ, ʯʪʦ ʨʘʥʝʝ ʥʠʛʜʝ ʥʝ ʦʪʤʝʯʘʣʦʩʴ. 

ʉ ʧʦʤʦʱʴʶ ʤʘʛʥʠʪʥʳʭ ʠʟʤʝʨʝʥʠʡ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʩʦʜʝʨʞʘʥʠʝ ʥʝʦʜʠʤʘ ʠʛʨʘʝʪ ʢʣʶʯʝʚʫʶ 

ʨʦʣʴ ʚ ʧʦʣʫʯʝʥʠʠ ʚʳʩʦʢʦʵʨʮʠʪʠʚʥʦʛʦ ʩʦʩʪʦʷʥʠʷ HDDR-ʧʦʨʦʰʢʦʚ, ʯʪʦ ʦʙʲʷʩʥʷʝʪʩʷ 

ʫʚʝʣʠʯʝʥʠʝʤ ʪʦʣʱʠʥʳ ʧʘʨʘʤʘʛʥʠʪʥʦʡ ʧʨʦʩʣʦʡʢʠ, ʩʣʫʞʘʱʝʡ ʤʝʩʪʦʤ ʧʠʥʠʥʛʦʚʘʥʠʷ ʜʦʤʝʥʥʦʡ 

ʩʪʝʥʢʠ. ʀʟʤʝʨʝʥʠʷ ʦʩʫʱʝʩʪʚʣʷʣʠʩʴ ʩ ʧʦʤʦʱʴʶ ʚʠʙʨʘʤʘʛʥʝʪʦʤʝʪʨʘ ʂɺɸʅʉ-1 ʚ ʤʘʛʥʠʪʥʦʤ 

ʧʦʣʝ ʜʦ 26 ʢʕ; ʘ ʪʘʢʞʝ ʩ ʧʦʤʦʱʴʶ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ PPMS DynaCool, ʦʙʦʨʫʜʦʚʘʥʥʦʡ 

ʤʦʜʫʣʝʤ VSM, ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʜʦ 90 ʢʕ. ʈʘʟʤʦʣ ʛʠʜʨʠʨʦʚʘʥʥʳʭ ʩʧʣʘʚʦʚ ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʚ 

ʧʣʘʥʝʪʘʨʥʦʡ ʰʘʨʦʚʦʡ ʤʝʣʴʥʠʮʝ ʧʨʠ ʩʦʦʪʥʦʰʝʥʠʠ ʤʘʩʩʳ ʩʧʣʘʚʘ ʠ ʰʘʨʦʚ 1:16. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʢʦʵʨʮʠʪʠʚʥʘʷ ʩʠʣʘ HDDR-ʧʦʨʦʰʢʦʚ ʟʥʘʯʠʪʝʣʴʥʦ ʫʤʝʥʴʰʘʝʪʩʷ ʩ 

ʫʚʝʣʠʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʨʘʟʤʦʣʘ, ʯʪʦ, ʥʘʧʨʠʤʝʨ, ʥʝ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʙʳʩʪʨʦʟʘʢʘʣʸʥʥʳʭ ʩʧʣʘʚʦʚ 

ʠ ʤʦʞʝʪ ʦʙʲʷʩʥʷʪʴʩʷ ʫʚʝʣʠʯʝʥʠʝʤ ʯʠʩʣʘ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʜʝʬʝʢʪʦʚ ʠ ʙʦʣʝʝ ʩʣʦʞʥʳʤ 

ʤʝʭʘʥʠʟʤʦʤ ʧʝʨʝʤʘʛʥʠʯʠʚʘʥʠʷ, ʯʝʤ ʟʘʜʝʨʞʢʘ ʩʤʝʱʝʥʠʷ ʜʦʤʝʥʥʳʭ ʩʪʝʥʦʢ ʥʘ ʛʨʘʥʠʮʘʭ 

ʵʣʝʤʝʥʪʦʚ ʥʘʥʦʢʣʘʩʪʝʨʦʚ. ʈʘʟʤʦʣ ʠʩʭʦʜʥʦʛʦ ʩʧʣʘʚʘ, ʧʨʦʚʦʜʠʤʳʡ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʨʦʮʝʩʩʫ 

HDDR, ʪʘʢʞʝ ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʢʦʵʨʮʠʪʠʚʥʦʡ ʩʠʣʳ, ʦʜʥʘʢʦ ʧʦʟʚʦʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦ 

ʩʥʠʟʠʪʴ ʚʨʝʤʷ ʨʘʟʤʦʣʘ ʩʧʣʘʚʘ ʧʦʩʣʝ ʛʠʜʨʠʨʦʚʘʥʠʷ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʧʦʨʦʰʢʠ ʩ ʨʘʟʤʝʨʦʤ 

ʯʘʩʪʠʮ 30-40 ʤʢʤ, ʧʨʠʛʦʜʥʳʝ ʜʣʷ ʘʜʜʠʪʠʚʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʠʤʝʶʪ ʢʦʵʨʮʠʪʠʚʥʫʶ ʩʠʣʫ 

ʩʨʘʚʥʠʤʫʶ ʩ ʢʦʵʨʮʠʪʠʚʥʦʡ ʩʠʣʦʡ ʠʩʭʦʜʥʳʭ ʯʘʩʪʠʮ HDDR-ʧʦʨʦʰʢʘ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʩʨʝʜʘ 

ʨʘʟʤʦʣʘ (ʵʪʠʣʦʚʳʡ ʩʧʠʨʪ, ʪʦʣʫʦʣ, ʪʝʭʥʠʯʝʩʢʠʡ ʘʮʝʪʦʥ ʠ ʛʝʢʩʘʥ) ʥʝ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʤʘʛʥʠʪʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ, ʧʨʠ ʦʜʠʥʘʢʦʚʳʭ ʨʘʟʤʝʨʘʭ ʯʘʩʪʠʮ, ʥʦ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ʥʘ ʦʜʥʦʨʦʜʥʦʩʪʴ 

ʨʘʟʤʦʣʘ. 

ʇʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʢʦʵʨʮʠʪʠʚʥʦʡ ʩʠʣʳ ʠ ʨʝʣʘʢʩʘʮʠʦʥʥʦʡ 

ʢʦʵʨʮʠʪʠʚʥʦʡ ʩʠʣʳ ʦʪ ʫʛʣʘ ʧʨʠʣʦʞʝʥʠʷ ʚʥʝʰʥʝʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ 
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ʪʝʢʩʪʫʨʳ ʧʦʨʦʰʢʘ. ʍʘʨʘʢʪʝʨʥʳʡ ʚʠʜ ʧʦʣʫʯʝʥʥʳʭ ʢʨʠʚʳʭ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʪʝʦʨʠʠ 1/cosɗ 

ʂʦʥʜʦʨʩʢʦʛʦ: ʥʝʣʠʥʝʡʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʚ ʜʠʘʧʘʟʦʥʝ ʫʛʣʦʚ ʦʪ 0Á ʜʦ 80Á, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ 

ʦʩʥʦʚʥʦʡ ʚʢʣʘʜ ʟʘʜʝʨʞʢʫ ʩʤʝʱʝʥʠʷ ʜʦʤʝʥʥʦʡ ʩʪʝʥʢʠ ʢʘʢ ʦʩʥʦʚʥʦʡ ʤʝʭʘʥʠʟʤ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʚʳʩʦʢʦʢʦʵʨʮʠʪʠʚʥʦʛʦ ʩʦʩʪʦʷʥʠʷ. 

 

ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʦʡ ʣʠʪʝʨʘʪʫʨʳ: 

1. T. Takeshita and R. Nakayama, ñMagnetic properties and microstructures of the NdFeB 

magnet powder produced by hydrogen treatment,ò Proceedings of the 10th International 

Workshop on Rare-Earth Magnets and Their Applications, Kyoto, Japan, pp. 551, 1989. 

2. Poenaru I. et al. HDDR as advanced processing method and recycling technology to 

address the rare-earth resource criticality in high performance Nd2Fe14B magnets 

production //Journal of Magnetism and Magnetic Materials. ï 2023. ï ʉ. 170777. 

3. Habibzadeh A., Kucuker M. A., Gºkelma M. Review on the Parameters of Recycling 

NdFeB Magnets via a Hydrogenation Process //ACS omega. ï 2023. 
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 ʉr1-ŭTe 

ʐʝʨʦʢʘʣʦʚʘ ɽ.ʄ. 

ʢ.ʬ.ʤ.ʥ., ʜʦʮʝʥʪ, ʀʥʩʪʠʪʫʪ ʝʩʪʝʩʪʚʝʥʥʳʭ ʥʘʫʢ ʠ ʤʘʪʝʤʘʪʠʢʠ,  

ʋʨʘʣʴʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ɽʢʘʪʝʨʠʥʙʫʨʛ, ʈʦʩʩʠʷ 

ʂʣʶʯʘʨʝʚ ʄ.ɼ. 

ʘʩʧʠʨʘʥʪ, ʤ.ʥ.ʩ., ʀʥʩʪʠʪʫʪ ʝʩʪʝʩʪʚʝʥʥʳʭ ʥʘʫʢ ʠ ʤʘʪʝʤʘʪʠʢʠ, 

ʋʨʘʣʴʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ɽʢʘʪʝʨʠʥʙʫʨʛ, ʈʦʩʩʠʷ 

ɻʦʨʙʦʚ ʃ.ɽ. 

ʩʪʫʜʝʥʪ, ʀʥʩʪʠʪʫʪ ʝʩʪʝʩʪʚʝʥʥʳʭ ʥʘʫʢ ʠ ʤʘʪʝʤʘʪʠʢʠ,  

ʋʨʘʣʴʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ɽʢʘʪʝʨʠʥʙʫʨʛ, ʈʦʩʩʠʷ 

ʐʠʰʢʠʥ ɼ.ɸ. 

ʢ.ʬ.-ʤ.ʥ., ʩ.ʥ.ʩ., ʀʥʩʪʠʪʫʪ ʬʠʟʠʢʠ ʤʝʪʘʣʣʦʚ ʠʤ. ʄ.ʅ. ʄʠʭʝʝʚʘ ʋʨʆ ʈɸʅ,  

ɽʢʘʪʝʨʠʥʙʫʨʛ, ʈʦʩʩʠʷ 

ʉʝʣʝʟʥʝʚʘ ʅ.ɺ. 

ʢ.ʬ.ʤ.ʥ., ʜʦʮʝʥʪ, ʀʥʩʪʠʪʫʪ ʝʩʪʝʩʪʚʝʥʥʳʭ ʥʘʫʢ ʠ ʤʘʪʝʤʘʪʠʢʠ,  

ʋʨʘʣʴʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ɽʢʘʪʝʨʠʥʙʫʨʛ, ʈʦʩʩʠʷ 

ɹʘʨʘʥʦʚ ʅ.ɺ. 

ʜ.ʬ.ʤ.ʥ., ʛ.ʥ.ʩ., ʀʥʩʪʠʪʫʪ ʬʠʟʠʢʠ ʤʝʪʘʣʣʦʚ ʠʤ. ʄ.ʅ. ʄʠʭʝʝʚʘ ʋʨʆ ʈɸʅ,  

ɽʢʘʪʝʨʠʥʙʫʨʛ, ʈʦʩʩʠʷ 

 

ɸʥʥʦʪʘʮʠʷ. ʉʠʥʪʝʟʠʨʦʚʘʥʘ ʩʝʨʠʷ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʦʙʨʘʟʮʦʚ ʉr1-ŭTe (0.25 Ò ŭ Ò - 0.125), 

ʯʘʩʪʴ ʠʟ ʢʦʪʦʨʳʭ ʧʦʣʫʯʝʥʘ ʚʧʝʨʚʳʝ. ʇʨʦʚʝʜʝʥʘ ʘʪʪʝʩʪʘʮʠʷ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩ 

ʧʦʤʦʱʴʶ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʜʠʬʨʘʢʮʠʠ, ʘ ʪʘʢʞʝ ʚʳʧʦʣʥʝʥʳ ʠʟʤʝʨʝʥʠʷ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʠ 

ʵʣʝʢʪʨʦʩʦʧʨʦʪʠʚʣʝʥʠʷ. ʇʦʣʫʯʝʥʳ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʭ 
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ʧʘʨʘʤʝʪʨʦʚ, ʪʝʤʧʝʨʘʪʫʨʳ ʤʘʛʥʠʪʥʦʛʦ ʫʧʦʨʷʜʦʯʝʥʠʷ, ʵʬʬʝʢʪʠʚʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ 

ʭʨʦʤʘ, ʠʟ ʤʘʛʥʠʪʥʳʭ ʜʘʥʥʳʭ ʩʜʝʣʘʥʘ ʦʮʝʥʢʘ ʤʘʛʥʠʪʦʢʘʣʦʨʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ (ʄʂʕ). 

ʇʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʚʘʨʠʘʮʠʠ ʚʝʣʠʯʠʥʳ ʄʂʕ ʠ ʨʘʙʦʯʝʛʦ ʠʥʪʝʨʚʘʣʘ ʪʝʤʧʝʨʘʪʫʨ ʧʫʪʝʤ 

ʠʟʤʝʥʝʥʠʷ ʩʦʦʪʥʦʰʝʥʠʷ Cr:Te ʠ ʪʝʨʤʦʦʙʨʘʙʦʪʢʘʤʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʭʘʣʴʢʦʛʝʥʠʜʳ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ, ʩʣʦʠʩʪʘʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ, 

ʬʝʨʨʦʤʘʛʥʝʪʠʟʤ, ʤʘʛʥʠʪʦʢʘʣʦʨʠʯʝʩʢʠʡ ʵʬʬʝʢʪ. 
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ɹʠʥʘʨʥʳʝ ʭʘʣʴʢʦʛʝʥʠʜʳ ʭʨʦʤʘ ʉr1-ŭTe ï ʵʪʦ ʩʣʦʠʩʪʳʝ ʩʦʝʜʠʥʝʥʠʷ ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʪʠʧʘ 

NiAs, ʚ ʢʦʪʦʨʳʭ ʘʪʦʤʳ ʭʨʦʤʘ ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʧʦʟʠʮʠʷʭ ʩ ʦʢʪʘʵʜʨʠʯʝʩʢʠʤ ʦʢʨʫʞʝʥʠʝʤ, ʘ ʚ 

ʢʘʞʜʦʤ ʚʪʦʨʦʤ ʤʝʪʘʣʣʠʯʝʩʢʦʤ ʩʣʦʝ ʠʤʝʶʪʩʷ ʚʘʢʘʥʩʠʠ, ʢʦʪʦʨʳʝ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ 

ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʩʣʫʯʘʡʥʦ [1]. ʊʝʣʣʫʨʠʜʳ ʭʨʦʤʘ ʚʙʣʠʟʠ ʵʢʚʠʘʪʦʤʥʦʛʦ ʩʦʩʪʘʚʘ ʤʦʛʫʪ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ ʢʚʘʟʠʜʚʫʤʝʨʥʳʝ ʤʘʛʥʠʪʥʳʝ ʩʠʩʪʝʤʳ ʩ ʫʧʦʨʷʜʦʯʝʥʠʝʤ ʤʘʛʥʠʪʥʳʭ 



ʅʄʄʄ-2024 1-57 ʉʝʢʮʠʷ 1. 

 
ʤʦʤʝʥʪʦʚ ʘʪʦʤʦʚ ʭʨʦʤʘ. ɺʝʣʠʯʠʥʘ ʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ ʭʨʦʤʘ, ʢʘʢ ʦʢʘʟʘʣʦʩʴ, ʤʦʞʝʪ ʙʳʪʴ 

ʨʘʟʥʦʡ ʚ ʩʣʦʷʭ ʩ ʚʘʢʘʥʩʠʷʤʠ ʠ ʚ ʧʦʣʥʦʩʪʴʶ ʟʘʧʦʣʥʝʥʥʳʭ ʩʣʦʷʭ [1]. ɺʘʨʴʠʨʫʷ ʢʦʥʮʝʥʪʨʘʮʠʶ 

ʭʨʦʤʘ ʚ ʪʘʢʠʭ ʩʦʝʜʠʥʝʥʠʷʭ, ʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ ʨʷʜ ʩʪʨʫʢʪʫʨʥʳʭ ʠ ʤʘʛʥʠʪʥʳʭ ʧʝʨʝʭʦʜʦʚ ʧʨʠ 

ʨʘʟʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ [1,2]. ɺ ʠʥʪʝʨʚʘʣʝ 0 Ò ŭ Ò 0.4 ʩʦʝʜʠʥʝʥʠʷ ʉr1-ŭTe ʷʚʣʷʶʪʩʷ 

ʬʝʨʨʦʤʘʛʥʝʪʠʢʘʤʠ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ ʂʶʨʠ ʦʪ (160 ï 180) ʂ (ŭ ~ 0.4) ʜʦ (325 ï 350) ʂ (ŭ Ò 0.25) 

[3,4] ʠ ʠʤʝʶʪ ʤʝʪʘʣʣʠʯʝʩʢʠʡ ʪʠʧ ʧʨʦʚʦʜʠʤʦʩʪʠ [5]. ɺ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʩʫʱʝʩʪʚʫʝʪ 

ʙʦʣʴʰʦʡ ʨʘʟʙʨʦʩ ʧʦ ʩʚʦʡʩʪʚʘʤ ʉr1-ŭTe, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʨʘʟʥʳʤʠ ʘʚʪʦʨʘʤʠ, ʯʪʦ ʧʦ-ʚʠʜʠʤʦʤʫ, 

ʦʙʫʩʣʦʚʣʝʥʦ ʨʘʟʥʳʤ ʩʦʦʪʥʦʰʝʥʠʝʤ Cr:Te ʚ ʦʙʨʘʟʮʘʭ ʩ ʙʣʠʟʢʠʤ ʥʦʤʠʥʘʣʴʥʳʤ ʩʦʩʪʘʚʦʤ, 

ʨʘʟʥʳʤʠ ʤʝʪʦʜʘʤʠ ʧʦʣʫʯʝʥʠʷ, ʘ ʪʘʢʞʝ ʩʪʨʫʢʪʫʨʥʦʡ ʥʝʩʪʘʙʠʣʴʥʦʩʪʴʶ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ. 

ʍʘʨʘʢʪʝʨʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʥʝʩʪʝʭʠʦʤʝʪʨʠʯʥʳʭ ʪʝʣʣʫʨʠʜʦʚ ʭʨʦʤʘ ʷʚʣʷʝʪʩʷ ʩʠʣʴʥʦʝ ʚʣʠʷʥʠʝ 

ʪʝʨʤʦʦʙʨʘʙʦʪʦʢ ʥʘ ʫʧʦʨʷʜʦʯʝʥʠʝ ʚʘʢʘʥʩʠʡ ʚʥʫʪʨʠ ʩʣʦʝʚ [3]. ʉ ʧʨʠʢʣʘʜʥʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʪʝʣʣʫʨʠʜʳ ʭʨʦʤʘ ʚ ʪʦʥʢʦʧʣʝʥʦʯʥʦʤ ʩʦʩʪʦʷʥʠʠ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʘʢ ʧʝʨʩʧʝʢʪʠʚʥʳʝ 

ʤʘʪʝʨʠʘʣʳ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ ʩʧʠʥʪʨʦʥʠʢʝ, ʘ ʚ ʤʘʩʩʠʚʥʦʤ ʩʦʩʪʦʷʥʠʠ ʦʥʠ ʠʤʝʶʪ ʧʦʪʝʥʮʠʘʣ ʜʣʷ 

ʧʨʠʤʝʥʝʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʨʘʙʦʯʠʭ ʪʝʣ ʜʣʷ ʤʘʛʥʠʪʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ. ʉʦʛʣʘʩʥʦ ʧʨʦʚʝʜʝʥʥʳʤ 

ʥʝʜʘʚʥʦ ʠʩʩʣʝʜʦʚʘʥʠʷʤ, ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʠʟʤʝʥʝʥʠʷ ʤʘʛʥʠʪʥʦʛʦ ʚʢʣʘʜʘ ʚ ʵʥʪʨʦʧʠʶ ʚ 

ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʦʤ ʩʦʝʜʠʥʝʥʠʠ ʉrTe ʜʦʩʪʠʛʘʝʪ 40% ʚʝʣʠʯʠʥʳ, ʥʘʙʣʶʜʘʝʤʦʡ ʚ ʯʠʩʪʦʤ 

ʛʘʜʦʣʠʥʠʠ ʧʨʠ ʪʦʤ ʞʝ ʟʥʘʯʝʥʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ [4]. ʇʦʵʪʦʤʫ ʪʝʣʣʫʨʠʜʳ ʭʨʦʤʘ ʤʦʛʫʪ 

ʦʢʘʟʘʪʴʩʷ ʨʝʘʣʴʥʳʤʠ ʢʦʥʢʫʨʝʥʪʘʤʠ ʤʘʛʥʠʪʦʢʘʣʦʨʠʯʝʩʢʠʤ ʤʘʪʝʨʠʘʣʘʤ, ʩʦʜʝʨʞʘʱʠʤ ʨʝʜʢʠʝ 

ʟʝʤʣʠ.  

ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʩʠʥʪʝʟ ʦʙʨʘʟʮʦʚ ʪʝʣʣʫʨʠʜʘ ʭʨʦʤʘ ʢʘʢ ʩ ʥʝʜʦʩʪʘʪʢʦʤ, 

ʪʘʢ ʠ ʠʟʙʳʪʢʦʤ ʭʨʦʤʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʵʢʚʠʘʪʦʤʥʦʛʦ ʩʦʩʪʘʚʘ CrTe, ʘʪʪʝʩʪʘʮʠʷ ʦʙʨʘʟʮʦʚ ʩ 

ʧʦʤʦʱʴʶ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʜʠʬʨʘʢʮʠʠ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʠʭ ʤʘʛʥʠʪʦʪʝʧʣʦʚʳʭ ʠ ʵʣʝʢʪʨʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ. ʉʦʝʜʠʥʝʥʠʷ ʉr1-ŭTe (0.25 Ò ŭ Ò -0.125 ʩ ʰʘʛʦʤ 0.06), ʠʩʩʣʝʜʦʚʘʥʥʳʝ ʚ ʥʘʩʪʦʷʱʝʡ 

ʨʘʙʦʪʝ, ʧʦʣʫʯʝʥʳ ʤʝʪʦʜʦʤ ʪʚʝʨʜʦʬʘʟʥʳʭ ʨʝʘʢʮʠʡ ʚ ʚʘʢʫʫʤʠʨʦʚʘʥʥʳʭ ʢʚʘʨʮʝʚʳʭ ʘʤʧʫʣʘʭ ʠʟ 

ʯʠʩʪʳʭ ʵʣʝʤʝʥʪʦʚ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1200 ʂ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʦʭʣʘʞʜʝʥʠʝʤ ʩ ʨʘʟʣʠʯʥʦʡ 

ʩʢʦʨʦʩʪʴʶ. ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʤʝʪʦʜ ʧʦʨʦʰʢʦʚʦʡ 

ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʜʠʬʨʘʢʮʠʠ ʥʘ ʜʠʬʨʘʢʪʦʤʝʪʨʝ Bruker D8 ADVANCE. ʂʘʯʝʩʪʚʝʥʥʳʡ ʬʘʟʦʚʳʡ 

ʘʥʘʣʠʟ ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʧʦʤʦʱʠ ʢʘʨʪʦʪʝʢʠ ʨʝʥʪʛʝʥʦʛʨʘʤʤ PDF-2. ʉʪʨʫʢʪʫʨʫ ʩʦʝʜʠʥʝʥʠʡ 

ʫʪʦʯʥʷʣʠ ʤʝʪʦʜʦʤ ʈʠʪʚʝʣʴʜʘ ʚ ʧʨʦʛʨʘʤʤʥʦʤ ʧʘʢʝʪʝ Fullprof. ʀʟʤʝʨʝʥʠʷ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʚʝʣʠʯʠʥʳ ʧʨʠʣʦʞʝʥʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʦʩʫʱʝʩʪʚʣʷʣʠʩʴ ʥʘ 

ʚʠʙʨʘʮʠʦʥʥʦʤ ʤʘʛʥʠʪʦʤʝʪʨʝ Lake Shore VSM 7407 ʚ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʠʥʪʝʨʚʘʣʝ (80 - 400) K ʠ 

ʚ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ ʜʦ 15 ʢʕ. ʊʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʵʣʝʢʪʨʦʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠʟʤʝʨʷʣʠʩʴ 

ʩʪʘʥʜʘʨʪʥʳʤ ʯʝʪʳʨʸʭʟʦʥʜʦʚʳʤ ʤʝʪʦʜʦʤ ʥʘ ʧʦʩʪʦʷʥʥʦʤ ʪʦʢʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʚʪʦʥʦʤʥʦʛʦ 

ʢʨʠʦʩʪʘʪʘ ʟʘʤʢʥʫʪʦʛʦ ʮʠʢʣʘ CryoFree 204 ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ (15 - 300) ʂ. ʆʮʝʥʢʘ 

ʚʝʣʠʯʠʥʳ ʤʘʛʥʠʪʦʢʘʣʦʨʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ (ʄʂʕ) ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʧʦ ʜʘʥʥʳʤ ʠʟʦʧʦʣʝʚʳʭ 

ʢʨʠʚʳʭ M(T) ʚ ʨʘʟʣʠʯʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʢʦʤʧʣʝʢʩʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʳʝ 

ʟʘʚʠʩʠʤʦʩʪʠ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʪʝʤʧʝʨʘʪʫʨʳ ʤʘʛʥʠʪʥʦʛʦ ʫʧʦʨʷʜʦʯʝʥʠʷ, 

ʵʬʬʝʢʪʠʚʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ ʘʪʦʤʘ ʭʨʦʤʘ, ʠ ʠʟ ʜʘʥʥʳʭ ʧʦ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʩʜʝʣʘʥʘ 

ʦʮʝʥʢʘ ʠʟʤʝʥʝʥʠʡ ʤʘʛʥʠʪʥʦʛʦ ʚʢʣʘʜʘ ʚ ʵʥʪʨʦʧʠʶ |æSM|. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʪʝʤʧʝʨʘʪʫʨʘ ʂʶʨʠ 

ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠʟʤʝʥʷʝʪʩʷ ʚ ʠʥʪʝʨʚʘʣʝ ʦʪ 290 ʂ ʜʦ 350 ʂ. ʆʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʥʘ 

ʚʝʣʠʯʠʥʫ ʄʂʕ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʦʢʘʟʳʚʘʶʪ ʫʩʣʦʚʠʷ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ ʦʙʨʘʟʮʦʚ ʧʦʩʣʝ 

ʩʠʥʪʝʟʘ. ʊʘʢ, ʜʣʷ ʦʙʨʘʟʮʦʚ CrTe, Cr1.0625Te, Cr1.125Te ʧʦʩʣʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʟʘʢʘʣʢʠ ʚ ʩʤʝʩʠ 

ʚʦʜʳ ʩʦ ʣʴʜʦʤ ʧʦʣʫʯʝʥʦ ʫʚʝʣʠʯʝʥʠʝ |æSM| ʥʘ (10 - 15) % ʦʪʥʦʩʠʪʝʣʴʥʦ ʟʥʘʯʝʥʠʡ, ʠʟʤʝʨʝʥʥʳʭ 

ʜʦ ʟʘʢʘʣʢʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʢʘʟʘʣʦ ʚʦʟʤʦʞʥʦʩʪʴ ʤʦʜʠʬʠʢʘʮʠʠ 

ʤʘʛʥʠʪʦʪʝʧʣʦʚʳʭ ʩʚʦʡʩʪʚ ʪʝʣʣʫʨʠʜʘ ʭʨʦʤʘ ʧʫʪʝʤ ʚʳʙʦʨʘ ʦʪʥʦʰʝʥʠʷ Cr:Te ʚ ʦʙʨʘʟʮʘʭ ʠ 

ʫʩʣʦʚʠʡ ʠʭ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʈʅʌ (ʛʨʘʥʪ ˉ 22-13-00158). 
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ʄʘʢʨʦʩʢʦʧʠʯʝʩʢʦʝ ʧʨʦʷʚʣʝʥʠʝ ʤʘʛʥʠʪʦʩʪʘʪʠʯʝʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʤʝʞʜʫ ʤʠʢʨʦʦʙʲʝʤʘʤʠ ʚ ʧʨʦʮʝʩʩʘʭ ʧʝʨʝʤʘʛʥʠʯʠʚʘʥʠʷ ʚ ʤʘʛʥʠʪʦʪʚʝʨʜʳʭ 

ʩʧʣʘʚʘʭ ʥʘ ʦʩʥʦʚʝ ʈɿʄ 

 

ʃʠʣʝʝʚ ɸ.ʉ.  

ʧʨʦʬʝʩʩʦʨ, ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ çʄʀʉʠʉè  

 

ɸʥʥʦʪʘʮʠʷ. ʅʘʠʙʦʣʝʝ ʷʨʢʦ ʤʘʛʥʠʪʦʩʪʘʪʠʯʝʩʢʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʤʠʢʨʦʦʙʲʝʤʘʤʠ 

ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʵʬʬʝʢʪʝ çʪʝʨʤʠʯʝʩʢʦʛʦ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷè, ʥʘʙʣʶʜʘʝʤʦʛʦ ʚ ʩʧʣʘʚʘʭ ʥʘ ʦʩʥʦʚʝ 

ʩʦʝʜʠʥʝʥʠʡ SmCo5 ʠ Nd2Fe14B. ʗʚʣʝʥʠʝ çʪʝʨʤʠʯʝʩʢʦʛʦ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷè ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ,  

ʤʘʛʥʠʪʳ, ʨʘʟʤʘʛʥʠʯʝʥʥʳʝ ʦʪʨʠʮʘʪʝʣʴʥʳʤ ʧʦʣʝʤ, ʥʝʦʙʨʘʪʠʤʦ ʥʘʤʘʛʥʠʯʠʚʘʶʪʩʷ ʚ 

ʦʪʩʫʪʩʪʚʠʠ ʚʥʝʰʥʝʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʧʨʠ ʠʭ ʥʘʛʨʝʚʝ ʜʦ ʪʝʤʧʝʨʘʪʫʨ, ʥʝ ʧʨʝʚʳʰʘʶʱʠʭ 

ʪʦʯʢʫ ʂʶʨʠ.  ʗʚʣʝʥʠʝ ʦʙʫʩʣʦʚʣʝʥʦ ʤʘʛʥʠʪʦʩʪʘʪʠʯʝʩʢʠʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʠ ʨʘʟʣʠʯʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʘʚʠʩʠʤʦʩʪʴʶ ʧʝʨʝʤʘʛʥʠʯʝʥʥʦʡ ʠ ʥʝʧʝʨʝʤʘʛʥʠʯʝʥʥʦʡ ʯʘʩʪʷʤʠ ʤʘʪʝʨʠʘʣʘ. 

ʀʥʦʝ ʧʨʦʷʚʣʝʥʠʝ ʤʘʛʥʠʪʦʩʪʘʪʠʯʝʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʥʘʙʣʶʜʘʣʠ ʚ ʤʘʛʥʠʪʘʭ ʠʟ ʩʧʣʘʚʦʚ 

ʪʠʧʘ Sm (Co, Cu, Fe, Zr)7.5, ʚ ʢʦʪʦʨʳʭ ʢʦʵʨʮʠʪʠʚʥʘʷ ʩʠʣʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʟʘʢʨʝʧʣʝʥʠʝʤ 

ʜʦʤʝʥʥʦʡ ʛʨʘʥʠʮʳ ʥʘ ʚʪʦʨʦʡ ʬʘʟ ʠ ʚ ʢʦʪʦʨʳʭ ʩʦʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ ʤʘʛʥʠʪʦʩʪʘʪʠʯʝʩʢʠʤ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʟʘʢʨʝʧʣʝʥʠʷ ʜʦʤʝʥʥʦʡ ʩʪʝʥʢʠ ʦʧʨʝʜʝʣʷʝʪ ʨʘʟʤʝʨʳ 

ʜʦʤʝʥʦʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ:  ʤʘʛʥʠʪʦʩʪʘʪʠʯʝʩʢʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ, ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʜʦʤʝʥʥʘʷ 

ʩʪʨʫʢʪʫʨʘ, ʧʨʦʮʝʩʩʳ ʧʝʨʝʤʘʛʥʠʯʠʚʘʥʠʷ, ʪʝʨʤʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ, ʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ,  

ʢʦʵʨʮʠʪʠʚʥʘʷ ʩʠʣʘ. 

 
ʄʘʛʥʠʪʦʩʪʘʪʠʯʝʩʢʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʤʠʢʨʦʦʙʲʝʤʘʤʠ ʤʘʪʝʨʠʘʣʘ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ 

ʠʟ ʩʣʦʞʥʳʭ ʚʦʧʨʦʩʦʚ, ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʠʩʩʣʝʜʦʚʘʥʠʶ ʧʨʦʮʝʩʩʦʚ ʧʝʨʝʤʘʛʥʠʯʠʚʘʥʠʷ 

ʚʳʩʦʢʦʘʥʠʟʦʪʨʦʧʥʳʭ ʤʘʪʝʨʠʘʣʦʚ.  

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ ʫʩʪʘʥʦʚʠʪʴ ʚʟʘʠʤʦʩʚʷʟʴ ʤʝʞʫ ʢʦʥʢʨʝʪʥʳʤʠ  

ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʤʘʪʝʨʠʘʣʘ ʠ ʧʦʣʷʤʠ ʚʥʫʪʨʝʥʥʝʛʦ ʤʘʛʥʠʪʦʩʪʘʪʠʯʝʩʢʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʚʦʟʥʠʢʘʶʱʠʤʠ ʤʝʞʜʫ ʤʠʢʨʦʦʙʲʝʤʘʤʠ ʤʘʪʝʨʠʘʣʘ, ʯʪʦ ʠ ʷʚʣʷʝʪʩʷ ʮʝʣʴʶ 

ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ.  
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ʆʜʥʠʤ ʠʟ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʠʭ ʧʨʦʷʚʣʝʥʠʡ, ʩʚʷʟʘʥʥʳʤ ʩ ʚʥʫʪʨʝʥʥʠʤʠ ʧʦʣʷʤʠ 

ʤʘʛʥʠʪʦʩʪʘʪʠʯʝʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʩʣʝʜʫʝʪ ʩʯʠʪʘʪʴ ʵʬʬʝʢʪ ʪʝʨʤʠʯʝʩʢʦʛʦ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ 

[1].  

ʇʝʨʝʜ ʨʘʩʩʤʦʪʨʝʥʠʝʤ ʵʪʦʛʦ ʷʚʣʝʥʠʷ ʩʣʝʜʫʝʪ ʦʩʪʘʥʦʚʠʪʴʩʷ ʥʘ ʘʥʘʣʠʟʝ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʤʘʛʥʠʪʥʦʡ ʩʪʨʫʢʪʫʨʳ ʧʦʩʣʝ ʨʘʟʣʠʯʥʳʭ ʩʧʦʩʦʙʦʚ ʨʘʟʤʘʛʥʠʯʠʚʘʥʠʷ. 

ʇʝʨʚʳʡ ʩʧʦʩʦʙ ï ʥʘʛʨʝʚ ʜʦ ʪʝʤʧʝʨʘʪʫʨ ʚʳʰʝ ʪʝʤʧʝʨʘʪʫʨʳ ʂʶʨʠ ï ʪʝʨʤʠʯʝʩʢʦʝ 

ʨʘʟʤʘʛʥʠʯʠʚʘʥʠʝ. ɺʪʦʨʦʡ ʩʧʦʩʦʙ ï ʧʫʪʝʤ ʧʨʠʣʦʞʝʥʠʷ ʟʥʘʢʦʧʝʨʝʤʝʥʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʩ 

ʫʙʳʚʘʶʱʝʡ ʘʤʧʣʠʪʫʜʦʡ ï ʮʠʢʣʠʯʝʩʢʦʝ ʨʘʟʤʘʛʥʠʯʠʚʘʥʠʝ. ʊʨʝʪʠʡ ʩʧʦʩʦʙ ï ʧʨʠʣʦʞʝʥʠʝ 

ʦʪʨʠʮʘʪʝʣʴʥʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʧʦʩʣʝ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ ʜʦ ʥʘʩʳʱʝʥʠʷ ʚ ʧʦʣʦʞʠʪʝʣʴʥʦʤ ʧʦʣʝ. 

ʂʘʞʜʳʡ ʠʟ ʵʪʠʭ ʩʧʦʩʦʙʦʚ ʨʘʟʤʘʛʥʠʯʠʚʘʥʠʷ ʩʦʟʜʘʝʪ ʩʚʦʶ ʦʧʨʝʜʝʣʝʥʥʫʶ ʤʘʛʥʠʪʥʫʶ 

ʩʪʨʫʢʪʫʨʫ ʚ ʤʘʪʝʨʠʘʣʝ. ʇʨʠ ʨʘʟʤʘʛʥʠʯʠʚʘʥʠʠ ʧʝʨʚʳʤʠ ʜʚʫʤʷ ʩʧʦʩʦʙʘʤʠ ʚ ʪʝʢʩʪʫʨʦʚʘʥʥʦʤ 

ʚʳʩʦʢʦʘʥʠʟʦʪʨʦʧʥʦʤ ʤʘʪʝʨʠʘʣʝ ʩʦʟʜʘʝʪʩʷ ʦʜʠʥʘʢʦʚʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʤʠʢʨʦʦʙʲʝʤʦʚ ʧʦ 

ʢʦʵʨʮʠʪʠʚʥʦʩʪʠ ʤʠʢʨʦʦʙʲʝʤʦʚ ʩ ʥʘʧʨʘʚʣʝʥʠʝʤ  ʤʘʛʥʠʪʥʦʛʦ  ʤʦʤʝʥʪʘ ʚ ʧʦʣʦʞʠʪʝʣʴʥʦʤ ʠ 

ʦʪʨʠʮʘʪʝʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. ʇʨʠ ʨʘʟʤʘʛʥʠʯʠʚʘʥʠʠ ʦʪʨʠʮʘʪʝʣʴʥʳʤ ʧʦʣʝʤ, ʨʘʚʥʳʤ 

ʢʦʵʨʮʠʪʠʚʥʦʡ ʩʠʣʝ Jʅʩ, ʧʝʨʝʤʘʛʥʠʯʝʥʥʳʤʠ ʤʠʢʨʦʦʙʲʝʤʘʤʠ ʩ ʤʝʥʴʰʝʡ ʢʦʵʨʮʠʪʠʚʥʦʡ ʩʠʣʦʡ, 

ʯʝʤ ʤʠʢʨʦʦʙʲʝʤʳ, ʦʩʪʘʚʰʠʝʩʷ ʥʝʧʝʨʝʤʘʛʥʠʯʝʥʥʳʤʠ. ʄʘʪʝʨʠʘʣ ʦʢʘʟʳʚʘʝʪʩʷ ʨʘʟʜʝʣʝʥʥʳʤ ʥʘ 

ʜʚʝ ʯʘʩʪʠ: ʦʜʥʘ (ʧʝʨʝʤʘʛʥʠʯʝʥʥʘʷ) ʩʦʩʪʦʠʪ ʠʟ ʤʠʢʨʦʦʙʲʝʤʦʚ ʩ ʤʘʣʦʡ ʢʦʵʨʮʠʪʠʚʥʦʡ ʩʠʣʦʡ, 

ʜʨʫʛʘʷ (ʥʝʧʝʨʝʤʘʛʥʠʯʝʥʥʘʷ) ʩ ʙʦʣʴʰʝʡ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʧʨʠ ʥʘʛʨʝʚʝ ʪʘʢʠʭ ʤʘʪʝʨʠʘʣʦʚ, ʢʘʢ 

SmCo5 ʠ Nd2Fe14B ʢʦʵʨʮʠʪʠʚʥʘʷ ʩʠʣʘ ʫʤʝʥʴʰʘʝʪʩʷ ʪʝʤ ʙʳʩʪʨʝʝ, ʯʝʤ ʦʥʘ ʤʝʥʴʰʝ. ʋʤʝʥʴʰʝʥʠʝ 

ʢʦʵʨʮʠʪʠʚʥʦʩʪʠ ʚ ʧʝʨʝʤʘʛʥʠʯʝʥʥʦʡ ʯʘʩʪʠ ʧʦʟʚʦʣʷʝʪ ʧʦʣʶ ʤʘʛʥʠʪʦʩʪʘʪʠʯʝʩʢʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʨʠʤʘʛʥʠʪʠʪʴ ʵʪʠ ʤʠʢʨʦʦʙʲʝʤʳ ʚ ʦʙʨʘʪʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ, ʯʪʦ ʧʨʠʚʝʜʝʪ ʢ 

ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʥʝ ʩʢʦʤʧʝʥʩʠʨʦʚʘʥʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ ʚʦ ʚʩʝʤ ʦʙʨʘʟʮʝ, ʪʦ ʝʩʪʴ ʢ 

çʪʝʨʤʠʯʝʩʢʦʤʫ ʥʘʤʘʛʥʠʯʠʚʘʥʠʶè.  

ʂʨʦʤʝ ʵʬʬʝʢʪʘ çʪʝʨʤʠʯʝʩʢʦʛʦ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷè, ʤʘʛʥʠʪʦʩʪʘʪʠʯʝʩʢʠʤ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʚʳʟʚʘʥʦ ʫʢʨʫʧʥʝʥʠʝ ʤʘʛʥʠʪʥʳʭ ʜʦʤʝʥʦʚ (çʜʦʤʝʥʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷè) ʚ 

ʛʦʨʷʯʝʜʝʬʦʨʤʠʨʦʚʘʥʥʳʭ ʦʙʨʘʟʮʘʭ Nd2Fe14B ʧʨʠ ʦʙʨʘʟʦʚʘʥʠʠ ʚ ʥʠʭ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʪʝʢʩʪʫʨʳ 

ʟʘ ʩʯʝʪ ʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ, ʦʧʠʩʘʥʥʦʝ ʚ  ʨʘʙʦʪʝ [2]. 

ɽʱʝ ʦʜʥʦ ʧʨʦʷʚʣʝʥʠʝ  ʜʝʡʩʪʚʠʷ ʧʦʣʷ ʤʘʛʥʠʪʦʩʪʘʪʠʯʝʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʪʦ, ʯʪʦ 

ʧʝʨʝʤʘʛʥʠʯʠʚʘʥʠʝ ʚ ʪʝʢʩʪʫʨʦʚʘʥʥʦʤ ʦʜʥʦʦʩʥʦʤ ʤʘʪʝʨʠʘʣʝ ʧʨʦʠʩʭʦʜʠʪ ʙʣʘʛʦʜʘʨʷ 

ʚʦʟʥʠʢʥʦʚʝʥʠʶ çʢʘʥʘʣʦʚ ʧʝʨʝʤʘʛʥʠʯʠʚʘʥʠʷè, ʪʦ ʝʩʪʴ ʧʝʨʝʤʘʛʥʠʯʝʥʥʳʡ ʤʠʢʨʦʦʙʲʝʤ ʩʚʦʠʤ 

ʧʦʣʝʤ ʧʝʨʝʤʘʛʥʠʯʠʚʘʝʪ ʩʦʩʝʜʥʶʶ ʦʙʣʘʩʪʴ [3]. 

ʇʨʦʷʚʣʝʥʠʝ ʤʘʛʥʠʪʦʩʪʘʪʠʯʝʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʥʘʙʣʶʜʘʣʠ ʚ ʤʘʛʥʠʪʘʭ ʠʟ ʩʧʣʘʚʦʚ 

ʪʠʧʘ Sm (Co, Cu, Fe, Zr)7.5, ʚ ʢʦʪʦʨʳʭ ʢʦʵʨʮʠʪʠʚʥʘʷ ʩʠʣʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʟʘʢʨʝʧʣʝʥʠʝʤ ʜʦʤʝʥʥʦʡ 

ʛʨʘʥʠʮʳ ʥʘ ʚʪʦʨʦʡ ʬʘʟ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʟʘʢʨʝʧʣʝʥʠʷ ʜʦʤʝʥʥʦʡ ʛʨʘʥʠʮʳ 

ʤʘʣʘ, ʪʦ ʜʦʤʝʥʥʘʷ ʛʨʘʥʠʮʘ ʩʤʝʱʘʝʪʩʷ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʧʦʣʷ ʤʘʛʥʠʪʦʩʪʘʪʠʯʝʩʢʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠ ʝʸ ʨʘʚʥʦʚʝʩʥʦʝ ʧʦʣʦʞʝʥʠʝ ʙʫʜʝʪ ʦʧʨʝʜʝʣʷʪʴʩʷ ʩʦʦʪʥʦʰʝʥʠʝʤ ʤʝʞʜʫ ʧʦʣʝʤ 

ʤʘʛʥʠʪʦʩʪʘʪʠʯʝʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠ ̫ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʟʘʢʨʝʧʣʝʥʠʷ ʜʦʤʝʥʥʦʡ ʩʪʝʥʢʠ, ʪʘʢʠʤ 

ʦʙʨʘʟʦʤ ʦʧʨʝʜʝʣʷʷ ʨʘʟʤʝʨ ʜʦʤʝʥʦʚ. 
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ɸʥʥʦʪʘʮʠʷ. ɺʳʩʦʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʵʢʦʣʦʛʠʯʥʦʩʪʴ ʤʘʛʥʠʪʦʢʘʣʦʨʠʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚ 

ʚʳʟʳʚʘʶʪ ʚʳʩʦʢʠʡ ʠʥʪʝʨʝʩ ʩʨʝʜʠ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ, ʢʘʢ ʧʝʨʝʜʦʚʦʝ ʥʘʧʨʘʚʣʝʥʠʝ. ɺ ʜʘʥʥʦʡ 

ʨʘʙʦʪʝ ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʠ ʠʟʫʯʝʥʳ ʠʥʪʝʨʤʝʪʘʣʣʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ GdMn1-xRuxSi, ʘ 

ʪʘʢʞʝ GdMn1-xVxSi ʠ GdCr0.4Mn0.6-xFexSi. ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ ʠʟʤʝʥʝʥʠʷ 

ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʂʶʨʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʜʝʨʞʘʥʠʷ ʨʫʪʝʥʠʷ ʚ GdMn1-

xRuxSi, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʩʞʠʞʝʥʠʷ ʛʘʟʦʚ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 78.3ï320 

ʂ. ʕʣʝʢʪʨʦʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʠ ʤʘʛʥʠʪʥʳʝ ʤʦʤʝʥʪʳ ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ ʤʝʪʦʜʦʤ DFT+U, 

ʧʦʜʪʚʝʨʞʜʘʷ ʠ ʜʦʧʦʣʥʷʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʫʢʘʟʳʚʘʶʪ 

ʥʘ ʧʦʪʝʥʮʠʘʣ ʩʦʝʜʠʥʝʥʠʡ Gd(TM)Si ʚ ʤʘʛʥʠʪʦʢʘʣʦʨʠʯʝʩʢʠʭ ʧʨʠʣʦʞʝʥʠʷʭ, ʦʩʦʙʝʥʥʦ ʜʣʷ 

ʩʞʠʞʝʥʠʷ ʛʘʟʦʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʨʝʜʢʦʟʝʤʝʣʴʥʳʝ ʩʦʝʜʠʥʝʥʠʷ, ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ, ʤʘʛʥʠʪʥʳʝ 

ʠʟʤʝʨʝʥʠʷ, ʤʘʛʥʠʪʦʢʘʣʦʨʠʯʝʩʢʠʡ ʵʬʬʝʢʪ, ʵʣʝʢʪʨʦʥʥʘʷ ʩʪʨʫʢʪʫʨʘ 
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Annotation. The high efficiency and environmental friendliness of magnetocaloric devices are of 

great interest among researchers as an advanced field. In this work, the intermetallic GdMn1-xRuxSi 

compounds, as well as GdMn1-xVxSi and GdCr0.4Mn0.6-xFexSi were synthesized and studied. Our 

investigations showed changes in the magnetic properties and Curie temperature depending on the 

ruthenium content in GdMn1-xRuxSi, which can be used for liquefaction of gases at temperatures of 

78.3ï320 K. The electronic structure and magnetic moments were calculated using the DFT+U 

method, confirming and supplementing the experimental data. The results obtained indicate the 

potential of Gd(TM)Si in magnetocaloric applications, especially for liquefaction of gases. 
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ʊʨʦʡʥʳʝ ʠʥʪʝʨʤʝʪʘʣʣʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʛʘʜʦʣʠʥʠʷ ʩ ʧʝʨʝʭʦʜʥʳʤʠ 

ʤʝʪʘʣʣʘʤʠ ʦʪʣʠʯʘʶʪʩʷ ʚʳʩʦʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʤʘʛʥʠʪʦʢʘʣʦʨʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ (ʄʂʕ) ʠ 

ʤʘʛʥʠʪʦʩʦʧʨʦʪʠʚʣʝʥʠʷ [1], ʯʪʦ ʜʝʣʘʝʪ ʠʭ ʠʜʝʘʣʴʥʳʤʠ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʨʘʟʣʠʯʥʳʭ 

ʧʝʨʝʜʦʚʳʭ, ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʳʭ ʠ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʷʭ. ʂ ʧʨʠʤʝʨʫ, ʪʝʭʥʦʣʦʛʠʷ 

ʤʘʛʥʠʪʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʤʘʛʥʠʪʦʢʘʣʦʨʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ ʤʦʞʝʪ ʩʪʘʪʴ ʵʢʦʣʦʛʠʯʝʩʢʠ 

ʫʩʪʦʡʯʠʚʳʤ ʤʝʪʦʜʦʤ ʜʣʷ ʩʞʠʞʝʥʠʷ ʘʟʦʪʘ, ʘ ʪʘʢʞʝ ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʝʛʦ ʠʩʧʘʨʝʥʠʷ ʧʨʠ 

ʭʨʘʥʝʥʠʠ. ɾʠʜʢʠʡ ʘʟʦʪ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʯʘʩʪʦ ʧʨʠʤʝʥʷʝʪʩʷ ʢʘʢ ʦʢʦʥʯʘʪʝʣʴʥʳʡ ʦʭʣʘʜʠʪʝʣʴ 

ʜʣʷ ʩʞʠʞʝʥʥʦʛʦ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 111 ʂ.  
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ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʥʦʚʳʝ ʠʥʪʝʨʤʝʪʘʣʣʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ  

GdMn1-xRuxSi [1,2], GdMn1-xVxSi ʠ GdCr0.4Mn0.6-xFexSi ʩ ʪʝʪʨʘʛʦʥʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʪʠʧʘ 

CeFeSi (P4/nmm). ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʩʦʜʝʨʞʘʥʠʷ Ru ʧʘʨʘʤʝʪʨ ʨʝʰʝʪʢʠ c ʙʳʩʪʨʦ ʫʤʝʥʴʰʘʝʪʩʷ 

ʚʧʣʦʪʴ ʜʦ 8.5%, ʘ ʧʘʨʘʤʝʪʨ a ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʥʘ 4.4%. ʉʫʱʝʩʪʚʝʥʥʦʝ ʠʟʤʝʥʝʥʠʝ 

ʧʘʨʘʤʝʪʨʘ ʩ ʦʙʲʷʩʥʷʝʪʩʷ ʠʟʤʝʥʝʥʠʝʤ ʛʝʦʤʝʪʨʠʠ ʨʝʰʝʪʢʠ, ʢʦʪʦʨʘʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʩʣʦʠʩʪʫʶ ʩʪʨʫʢʪʫʨʫ.  

ɼʣʷ GdMn1-xRuxSi ʪʝʤʧʝʨʘʪʫʨʘ ʂʶʨʠ TC ʙʳʣʘ ʦʧʨʝʜʝʣʝʥʘ ʠʟ ʤʠʥʠʤʫʤʘ ʧʨʦʠʟʚʦʜʥʦʡ 

ʟʘʚʠʩʠʤʦʩʪʠ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ M(T) ʚ ʧʦʣʝ 100 ʕ. ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ ʨʝʟʢʦʝ 

ʧʘʜʝʥʠʝ TC ʩ 320 ʂ ʜʦ 78.3 ʂ [2] ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʩʦʜʝʨʞʘʥʠʷ ʤʘʨʛʘʥʮʘ. ʀʟ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ 

ʧʦʣʫʯʝʥʥʳʭ ʢʨʠʚʳʭ ʨʘʟʤʘʛʥʠʯʠʚʘʥʠʷ ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ ʥʘʩʳʱʝʥʠʷ ʠ 

ʤʘʛʥʠʪʦʢʘʣʦʨʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʄʂʕ, ʢʦʪʦʨʳʝ ʠʟʤʝʥʷʶʪʩʷ ʥʝʤʦʥʦʪʦʥʥʦ ʩ ʧʨʦʚʘʣʦʤ ʧʨʠ ʨʘʚʥʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ x=0.5, ʯʪʦ ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʩʚʷʟʘʥʦ ʩʦ ʩʢʦʰʝʥʥʦʡ 

ʬʝʨʨʠʤʘʛʥʠʪʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʩʦʝʜʠʥʝʥʠʡ GdMn1-xRuxSi. ʀʟʤʝʥʝʥʠʝ ʄʂʕ ʧʨʦʠʩʭʦʜʠʪ ʚ 

ʠʥʪʝʨʚʘʣʝ ʦʪ 1.84 ɼʞ/ʢʛʂ (ʭ=0) ʜʦ 4.94 ɼʞ/ʢʛʂ (ʭ=1) ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ 0ï17 ʢʕ. 

ʆʩʦʙʝʥʥʦʩʪʴʶ ʠʩʩʣʝʜʫʝʤʦʛʦ ʩʦʝʜʠʥʝʥʠʷ GdMn1-xRuxSi ʷʚʣʷʝʪʩʷ ʄʂʕ, ʢʦʪʦʨʳʡ ʨʝʘʣʠʟʫʝʪʩʷ 

ʧʨʠ ʬʘʟʦʚʦʤ ʧʝʨʝʭʦʜʝ ʚʪʦʨʦʛʦ ʨʦʜʘ ʠ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ ʦʪ 78.3 ʂ ʜʦ 320 ʂ, ʯʪʦ 

ʥʘʭʦʜʠʪʩʷ ʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʙʣʠʟʦʩʪʠ ʢ ʪʝʤʧʝʨʘʪʫʨʝ ʢʠʧʝʥʠʷ ʞʠʜʢʦʛʦ ʘʟʦʪʘ 77.4 ʂ [2]. 

ʈʘʩʯʝʪ ʵʣʝʢʪʨʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʠ ʤʘʛʥʠʪʥʳʭ ʤʦʤʝʥʪʦʚ ʩʠʩʪʝʤʳ GdMn1-xRuxSi ʙʳʣ 

ʧʨʦʚʝʜʝʥ ʚ ʨʘʤʢʘʭ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ DFT+U. ʇʦʜʜʝʨʞʠʚʘʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ, 

ʨʘʩʩʯʠʪʘʥʥʳʝ ʧʦʣʥʳʝ ʤʘʛʥʠʪʥʳʝ ʤʦʤʝʥʪʳ GdMn1-xRuxSi ʪʘʢʞʝ ʩʥʠʞʝʥʳ ʚ ʩʦʩʪʘʚʘʭ ʩ 

ʟʘʤʝʱʝʥʠʝʤ. ʂʨʦʤʝ ʪʦʛʦ, ʙʳʣʠ ʧʦʩʪʨʦʝʥʳ ʧʣʦʪʥʦʩʪʠ ʵʣʝʢʪʨʦʥʥʳʭ ʩʦʩʪʦʷʥʠʡ (DOS) ʜʣʷ ʚʩʝʭ 

ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. ʉʦʩʪʦʷʥʠʷ ʤʘʨʛʘʥʮʘ ʩʦʜʝʨʞʘʪ ʩʠʣʴʥʦ ʧʦʣʷʨʠʟʦʚʘʥʥʳʝ 

ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʳʝ ʧʠʢʠ ʠ ʥʝʙʦʣʴʰʫʶ ʧʣʦʪʥʦʩʪʴ ʩʦʩʪʦʷʥʠʡ ʚʙʣʠʟʠ ʫʨʦʚʥʷ ʌʝʨʤʠ. ɼʣʷ 

ʵʣʝʢʪʨʦʥʥʳʭ ʩʦʩʪʦʷʥʠʡ ʨʫʪʝʥʠʷ ʭʘʨʘʢʪʝʨʥʦ ʙʦʣʝʝ ʨʘʚʥʦʤʝʨʥʦʝ ʠ ʩʠʤʤʝʪʨʠʯʥʦʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦ ʵʥʝʨʛʠʷʤ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʚʳʩʦʢʠʤ ʧʦʣʥʳʤ ʟʥʘʯʝʥʠʷʤ DOS ʥʘ ʫʨʦʚʥʝ 

ʌʝʨʤʠ, ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʚ ʩʦʩʪʘʚ ʠʦʥʦʚ ʨʫʪʝʥʠʷ. ʄʠʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ DOS ʥʘ ʫʨʦʚʥʝ ʌʝʨʤʠ 

2.05 ʩʦʩʪ./ʵɺ/ʬ.ʝʜ. ʨʘʩʩʯʠʪʘʥʦ ʚ GdMnSi, ʘ ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʠʝ 2.77 ʠ 3.31 ʩʦʩʪ./ʵɺ/ʬ.ʝʜ. ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ ʚ ʨʘʩʯʝʪʘʭ ʜʣʷ GdMn0.5Ru0.5Si ʠ GdRuSi ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ [2].  

ʇʦʣʫʯʝʥʥʳʝ ʥʘʤʠ ʨʝʟʫʣʴʪʘʪʳ ʛʦʚʦʨʷʪ ʦ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʦʝʜʠʥʝʥʠʡ 

Gd(TM)Si, ʚ ʯʘʩʪʥʦʩʪʠ, ʩʝʨʠʠ ʩʦʝʜʠʥʝʥʠʡ GdMn1-xRuxSi, ʜʣʷ ʤʘʛʥʠʪʦʢʘʣʦʨʠʯʝʩʢʠʭ 

ʧʨʠʣʦʞʝʥʠʡ, ʚ ʦʩʦʙʝʥʥʦʩʪʠ ʜʣʷ ʩʞʠʞʝʥʠʷ ʛʘʟʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʥʪʝʨʤʝʪʘʣʣʠʜʳ ʩʝʨʠʠ 

Gd(TM)Si ʤʦʛʫʪ ʙʳʪʴ ʵʬʬʝʢʪʠʚʥʳʤʠ ʤʘʛʥʠʪʦʢʘʣʦʨʠʯʝʩʢʠʤʠ ʤʘʪʝʨʠʘʣʘʤʠ, ʧʦʜʭʦʜʷʱʠʤʠ ʜʣʷ 

ʩʞʠʞʝʥʠʷ ʘʟʦʪʘ ʠ ʜʨʫʛʠʭ ʛʘʟʦʚ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʈʦʩʩʠʡʩʢʦʛʦ 

ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ ˉ 24-22-00066, https://rscf.ru/project/24-22-00066/, ʀʥʩʪʠʪʫʪ ʬʠʟʠʢʠ ʤʝʪʘʣʣʦʚ 

ʠʤ. ʄ.ʅ. ʄʠʭʝʝʚʘ ʋʨʘʣʴʩʢʦʛʦ ʦʪʜʝʣʝʥʠʷ ʈɸʅ. 
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ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ɺ.ʅ. ʊʘʪʠʱʝʚʘ 

 

ɸʥʥʦʪʘʮʠʷ. ʇʨʠʚʝʜʝʥʳ ʜʘʥʥʳʝ ʦ ʩʪʨʫʢʪʫʨʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ, ʤʘʛʥʠʪʥʳʭ ʠ 

ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʘʭ ʢʝʨʘʤʠʯʝʩʢʠʭ ʦʙʨʘʟʮʦʚ ʣʘʥʪʘʥ-ʩʪʨʦʥʮʠʝʚʳʭ ʤʘʥʛʘʥʠʪʦʚ, 

ʣʝʛʠʨʦʚʘʥʥʳʭ ʧʘʨʦʡ ʠʦʥʦʚ Ce4+(5p6) ʠ ʉʦ2+(3d7), ʩ ʨʘʟʣʠʯʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʢʠʩʣʦʨʦʜʘ. 

ʇʦʣʫʯʝʥ ʤʘʥʛʘʥʠʪ, ʩʦʜʝʨʞʘʱʠʡ ʦʜʥʦʟʘʨʷʜʥʳʝ ʠʦʥʳ ʢʠʩʣʦʨʦʜʘ ʧʦʩʣʝ ʦʪʞʠʛʘ ʚ ʛʣʫʙʦʢʦʤ 

ʚʘʢʫʫʤʝ. ʆʙʨʘʟʮʳ, ʩʧʝʯʝʥʥʳʝ ʥʘ ʚʦʟʜʫʭʝ ʧʨʠ 1523 ʂ, ʦʙʣʘʜʘʶʱʠʝ ʘʥʠʦʥʥʳʤʠ ʚʘʢʘʥʩʠʷʤʠ, 

ʧʨʦʷʚʣʷʶʪ N-ʦʙʨʘʟʥʳʝ ʚʦʣʴʪ-ʘʤʧʝʨʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (ɺɸʍ) ʚ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ 

120ï280 ʂ. ʄʘʥʛʘʥʠʪ, ʦʪʦʞʞʝʥʥʳʡ ʚ ʢʠʩʣʦʨʦʜʝ ʠ ʩʦʜʝʨʞʘʱʠʡ ʢʘʪʠʦʥʥʳʝ ʚʘʢʘʥʩʠʠ, 

ʦʙʣʘʜʘʝʪ S-ʦʙʨʘʟʥʳʤʠ ɺɸʍ. ɺ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ 0,92 ʊʣ ʫʯʘʩʪʢʠ ɺɸʍ ʩ ʦʪʨʠʮʘʪʝʣʴʥʳʤ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʥʝ ʦʙʥʘʨʫʞʠʚʘʶʪʩʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʣʝʛʠʨʫʶʱʠʝ ʠʦʥʳ, ʩʦʜʝʨʞʘʥʠʝ ʢʠʩʣʦʨʦʜʘ, ʤʠʢʨʦʥʝʦʜʥʦʨʦʜʥʦʩʪʠ, 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ, ʪʦʯʢʘ ʂʶʨʠ, ʪʠʧʳ ʧʨʦʚʦʜʠʤʦʩʪʠ, ʚʦʣʴʪ-ʘʤʧʝʨʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 
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Annotation. Data on the structural characteristics, magnetic and electrical parameters of ceramic 

samples of lanthanum-strontium manganites doped with a pair of Ce4+(5p6) and Co2+(3d7) ions, with 

different oxygen contents, are presented. Manganite containing single-charged oxygen ions was 

obtained after annealing in high vacuum. Samples sintered in air at 1523 K, having anionic 

vacancies, exhibit N-shaped current-voltage (I-V) characteristics in the temperature range of 120ï

280 K. Manganite annealed in oxygen and containing cationic vacancies has S-shaped I-V 

characteristics. In magnetic field of 0.92 Tl, the sections with negative differential resistance on I-V 

characteristics are not detected. 
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ʇʝʨʦʚʩʢʠʪʦʧʦʜʦʙʥʳʝ ʤʘʥʛʘʥʠʪʳ, ʦʙʣʘʜʘʶʱʠʝ ʩʠʣʴʥʦʡ ʚʟʘʠʤʦʩʚʷʟʴʶ ʤʘʛʥʠʪʥʳʭ ʠ 

ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ, ʧʝʨʝʢʣʶʯʘʪʝʣʴʥʳʤʠ ʚʦʣʴʪ-ʘʤʧʝʨʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ (ɺɸʍ), 

ʜʨʫʛʠʤʠ ʘʢʪʫʘʣʴʥʳʤʠ ʜʣʷ ʪʝʭʥʠʯʝʩʢʠʭ ʧʨʠʣʦʞʝʥʠʡ ʧʘʨʘʤʝʪʨʘʤʠ [1ï2], ʘʢʪʠʚʥʦ ʠʩʩʣʝʜʫʶʪʩʷ 

ʢʘʢ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʤʘʪʝʨʠʘʣʳ ʠ ʷʚʣʷʶʪʩʷ ʠʥʪʝʨʝʩʥʳʤʠ ʦʙʲʝʢʪʘʤʠ 

ʬʠʟʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʆʜʥʦʡ ʠʟ ʚʘʞʥʳʭ ʠ ʥʝʜʦʩʪʘʪʦʯʥʦ ʠʟʫʯʝʥʥʳʭ ʧʨʦʙʣʝʤ ʦʩʪʘʝʪʩʷ 

ʫʩʪʘʥʦʚʣʝʥʠʝ ʚʣʠʷʥʠʷ ʣʝʛʠʨʫʶʱʠʭ ʨʘʟʥʦʚʘʣʝʥʪʥʳʭ ʠʦʥʦʚ (ʦʩʦʙʝʥʥʦ ʚʚʦʜʠʤʳʭ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʚ ʨʘʟʥʳʝ ʧʦʜʨʝʰʝʪʢʠ) ʠ ʜʝʬʝʢʪʦʚ ʥʝʩʪʝʭʠʦʤʝʪʨʠʠ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ɺɸʍ ʩ 

ʦʪʨʠʮʘʪʝʣʴʥʳʤ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ (ʆɼʉ) ʨʘʟʣʠʯʥʦʛʦ ʪʠʧʘ. 

ʅʝʢʦʪʦʨʳʝ ʘʩʧʝʢʪʳ ʵʪʦʡ ʧʨʦʙʣʝʤʳ ʨʘʩʩʤʦʪʨʝʥʳ ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʨʠ ʠʟʫʯʝʥʠʠ 

ɺɸʍ ʢʝʨʘʤʠʯʝʩʢʠʭ ʦʙʨʘʟʮʦʚ ʤʘʥʛʘʥʠʪʦʚ La0.60Sr0.35Ce0.05Mn0.95ʉʦ0.05O3+ɔ ʩ ʨʘʟʣʠʯʥʳʤ 

ʩʦʜʝʨʞʘʥʠʝʤ ʢʠʩʣʦʨʦʜʘ ʚʦ ʚʟʘʠʤʦʩʚʷʟʠ ʩ ʠʭ ʩʪʨʫʢʪʫʨʥʳʤʠ ʠ ʤʘʛʥʠʪʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. ɿʜʝʩʴ 

ʚ ʩʦʩʪʘʚ ʤʘʥʛʘʥʠʪʘ ʙʘʟʦʚʦʡ ʣʘʥʪʘʥ-ʩʪʨʦʥʮʠʝʚʦʡ ʩʠʩʪʝʤʳ ʚʚʝʜʝʥʳ ʯʝʪʳʨʝʭʚʘʣʝʥʪʥʳʡ ʠ 

ʜʚʫʭʚʘʣʝʥʪʥʳʡ ʠʦʥʳ, ʷʚʣʷʶʱʠʝʩʷ ʜʦʥʦʨʘʤʠ ʠ ʘʢʮʝʧʪʦʨʘʤʠ: Ce4+(5p6) ï ʚ ʨʝʜʢʦʟʝʤʝʣʴʥʫʶ 

ʧʦʜʨʝʰʝʪʢʫ, ʘ ʠʦʥʳ ʉʦ2+(3d7) ï ʚ ʧʦʜʨʝʰʝʪʢʫ ʤʘʨʛʘʥʮʘ. 

ʉʧʝʢʘʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʦʙʨʘʟʮʦʚ ʙʳʣʦ ʦʩʫʱʝʩʪʚʣʝʥʦ ʥʘ ʚʦʟʜʫʭʝ ʧʨʠ 1523 ʂ, 

ʟʘʪʝʤ ʦʙʨʘʟʮʳ ʦʭʣʘʞʜʘʣʠʩʴ ʩ ʧʝʯʴʶ. ʇʦʣʫʯʝʥʠʝ ʤʘʥʛʘʥʠʪʦʚ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʢʠʩʣʦʨʦʜʘ ɔ < 0, 

ɔ = 0 ʠʣʠ ɔ > 0 ʜʦʩʪʠʛʘʣʦʩʴ ʩ ʧʦʤʦʱʴʶ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ ʩʧʝʯʝʥʥʳʭ (ʠʩʭʦʜʥʳʭ) ʦʙʨʘʟʮʦʚ ʚ 

ʘʪʤʦʩʬʝʨʘʭ ʩ ʧʘʨʮʠʘʣʴʥʳʤ ʜʘʚʣʝʥʠʝʤ ʢʠʩʣʦʨʦʜʘ (ʈO2) 10ï8 ʇʘ, 10ï1 ʇʘ ʠʣʠ 105 ʇʘ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1223 ʂ. ɹʳʣʦ ʥʘʡʜʝʥʦ, ʯʪʦ ʫ ʠʩʭʦʜʥʳʭ ʦʙʨʘʟʮʦʚ ɔ = -0,019, 

ʫ ʦʪʦʞʞʝʥʥʳʭ ʚ ʢʠʩʣʦʨʦʜʝ (ʧʨʠ ʈO2 = 105 ʇʘ) ɔ = 0,008; ʤʘʥʛʘʥʠʪ, ʦʪʦʞʞʝʥʥʳʡ ʚ ʛʣʫʙʦʢʦʤ 

ʚʘʢʫʫʤʝ (ʧʨʠ PO2 = 10ï8 ʇʘ), ʩʦʜʝʨʞʠʪ ʦʜʥʦʟʘʨʷʜʥʳʝ ʠʦʥʳ ʢʠʩʣʦʨʦʜʘ: 

La0.600Sr0.35Ce0.050Mn0.950ʉʦ0.050O
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2,874ʆ-0.126. ʆʙʨʘʟʝʮ, ʦʙʨʘʙʦʪʘʥʥʳʡ ʧʨʠ PO2 = 10ï1 ʇʘ, ï 

ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʡ. ʉʪʨʫʢʪʫʨʘ ʚʩʝʭ ʧʦʣʫʯʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ï ʦʜʥʦʬʘʟʥʘʷ, ʨʦʤʙʦʵʜʨʠʯʝʩʢʘʷ. 

ɺ ʪʘʙʣʠʮʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʪʨʫʢʪʫʨʥʳʝ ʠ ʤʘʛʥʠʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʥʛʘʥʠʪʦʚ, 

ʧʦʣʫʯʝʥʥʳʭ ʚ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ. 

 
ʊʘʙʣʠʮʘ 1. ʆʙʲʝʤ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ (V), ʩʨʝʜʥʷʷ ʚʝʣʠʯʠʥʘ ʤʠʢʨʦʠʩʢʘʞʝʥʠʡ ʧʦ ʉʪʦʢʩʫ-ʋʠʣʩʦʥʫ 

(Ů), ʫʜʝʣʴʥʘʷ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ (ů) ʧʨʠ 80 ʂ, ʪʦʯʢʘ ʂʶʨʠ (Tc), ʰʠʨʠʥʘ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʠʥʪʝʨʚʘʣʘ 

ʧʝʨʝʭʦʜʘ çʬʝʨʨʦʤʘʛʥʝʪʠʢ-ʧʘʨʘʤʘʛʥʝʪʠʢè (DT) ʤʘʥʛʘʥʠʪʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʣʦʚʠʡ 

ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ: ʀ ï ʠʩʭʦʜʥʳʡ ʦʙʨʘʟʝʮ; I ï ʦʪʞʠʛ ʧʨʠ PO2 = 10ï1 ʇʘ; II  ï PO2 = 10ï8 ʇʘ;  

III  ï PO2 = 105 ʇʘ 

ʋʩʣʦʚʠʷ ʦʙʨʘʙʦʪʢʠ V ³ 103, ʥm3 Ů Ĭ 104, ʨʘʜ. ů, ɸ ³ ʤ2/ʢʛ Tc, K DT, K 

ʀ 347,807 2,78 81,3 365 13 

I 347,524 2,57 82,9 370 10 

II  347,317 4,02 82,1 370 16 

III  347,263 2,23 81,9 367 11 

 

ʄʘʥʛʘʥʠʪ, ʦʪʦʞʞʝʥʥʳʡ ʧʨʠ PO2 = 10ï8 ʇʘ, ʦʪʣʠʯʘʝʪʩʷ ʩʘʤʦʡ ʚʳʩʦʢʦʡ ʚʝʣʠʯʠʥʦʡ 

ʤʠʢʨʦʠʩʢʘʞʝʥʠʡ, ʦʯʝʚʠʜʥʦ, ʚʩʣʝʜʩʪʚʠʝ ʙʦʣʴʰʦʛʦ ʨʘʟʣʠʯʠʷ ʠʦʥʥʳʭ ʨʘʜʠʫʩʦʚ ʘʥʠʦʥʦʚ O2- ʠ 

O-. ʀʤʝʝʪ ʤʝʩʪʦ ʢʦʨʨʝʣʷʮʠʷ ʚʝʣʠʯʠʥʳ ʤʠʢʨʦʠʩʢʘʞʝʥʠʡ ʩ ʰʠʨʠʥʦʡ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʠʥʪʝʨʚʘʣʘ 

ʧʝʨʝʭʦʜʘ çʬʝʨʨʦʤʘʛʥʝʪʠʢ-ʧʘʨʘʤʘʛʥʝʪʠʢè. ʋʰʠʨʝʥʠʝ ʤʘʛʥʠʪʥʦʛʦ ʧʝʨʝʭʦʜʘ ʦʙʫʩʣʦʚʣʝʥʦ 

ʥʘʣʠʯʠʝʤ ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ (ʢʣʘʩʪʝʨʦʚ) ʩ ʨʘʟʣʠʯʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʢʦʪʦʨʳʭ 

ʩʪʠʤʫʣʠʨʫʝʪʩʷ ʚʚʝʜʝʥʠʝʤ ʚ ʩʦʩʪʘʚ ʤʘʥʛʘʥʠʪʘ ʨʘʟʥʦʚʘʣʝʥʪʥʳʭ ʢʘʪʠʦʥʦʚ (ʜʦʥʦʨʦʚ ʠ 

ʘʢʮʝʧʪʦʨʦʚ) ʠ ʥʝʩʪʝʭʠʦʤʝʪʨʠʝʡ [3] (ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ, Ce4+, ʉʦ2+, ʆ2ï,  

ʆï). 
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ʉʨʝʜʥʠʡ ʨʘʟʤʝʨ ʢʨʠʩʪʘʣʣʠʪʦʚ ʠʩʭʦʜʥʦʛʦ ʦʙʨʘʟʮʘ ʤʘʥʛʘʥʠʪʘ ʩʦʩʪʘʚʣʷʝʪ 6,6 ° 2 ʤʢʤ, 

ʧʨʠʯʝʤ ʚ ʦʙʨʘʟʮʝ ʚʩʪʨʝʯʘʶʪʩʷ ʟʝʨʥʘ-ʛʠʛʘʥʪʳ ʜʠʘʤʝʪʨʦʤ 10ï12 ʤʢʤ. ʇʦʩʣʝ ʦʪʞʠʛʦʚ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ ʥʘ 300 ʂ ʙʦʣʝʝ ʥʠʟʢʦʡ, ʯʝʤ ʪʝʤʧʝʨʘʪʫʨʘ ʩʧʝʢʘʥʠʷ, ʧʘʨʘʤʝʪʨʳ ʤʠʢʨʦʩʪʨʫʢʪʫʨ 

ʠʟʤʝʥʠʣʠʩʴ ʥʝʟʥʘʯʠʪʝʣʴʥʦ. ʇʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʢʨʠʩʪʘʣʣʠʪʳ ʠʤʝʶʪ ʩʣʦʠʩʪʫʶ ʧʦʣʦʩʯʘʪʫʶ 

ʢʚʘʟʠʧʝʨʠʦʜʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ ʪʠʧʘ ʤʦʜʫʣʠʨʦʚʘʥʥʳʭ ʩʪʨʫʢʪʫʨ ʩ ʧʝʨʠʦʜʦʤ ʦʪ 350 ʜʦ 400 ʥʤ. 

ʆʪʦʙʨʘʞʝʥʠʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʨʘʩʪʝʢʘʥʠʷ ʪʦʢʘ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʤʘʥʛʘʥʠʪʦʚ, ʧʦʣʫʯʝʥʥʦʝ ʩ 

ʧʦʤʦʱʴʶ ʩʢʘʥʠʨʫʶʱʝʡ ʪʫʥʥʝʣʴʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ, ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʠʤʝʝʪ ʤʝʩʪʦ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʧʝʨʠʦʜʠʯʝʩʢʦʝ ʠʟʤʝʥʝʥʠʝ ʣʦʢʘʣʴʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ ʫʯʘʩʪʢʦʚ. ʄʦʞʥʦ 

ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʥʘʙʣʶʜʘʝʤʳʝ ʩʣʦʠ ʦʪʣʠʯʘʶʪʩʷ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʨʘʟʥʦʚʘʣʝʥʪʥʳʭ ʠʦʥʦʚ 

ʤʘʨʛʘʥʮʘ, ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʩ ʜʦʧʠʨʫʶʱʠʤʠ ʠʦʥʘʤʠ ʠ ʜʝʬʝʢʪʘʤʠ ʥʝʩʪʝʭʠʦʤʝʪʨʠʠ. 

ʅʘʤʘʛʥʠʯʝʥʥʦʩʪʴ ʠ ʪʦʯʢʘ ʂʶʨʠ ʦʙʨʘʟʮʦʚ ʦʪʣʠʯʘʶʪʩʷ ʥʝʩʫʱʝʩʪʚʝʥʥʦ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ 

ʦʙʫʩʣʦʚʣʝʥʦ ʢʦʥʢʫʨʠʨʫʶʱʠʤʠ ʵʬʬʝʢʪʘʤʠ ʠʟʤʝʥʝʥʠʷ ʚʘʣʝʥʪʥʦʛʦ ʠ ʩʧʠʥʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʠʦʥʦʚ ʤʘʨʛʘʥʮʘ ʠ ʢʦʙʘʣʴʪʘ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʩʧʠʥʦʚʳʝ ʤʘʛʥʠʪʥʳʝ ʤʦʤʝʥʪʳ ʠʦʥʦʚ Co2+ ʠ Mn4+ 

ʨʘʚʥʳ 3 ÕB, ʠʦʥʳ Co3+ ʠ Mn3+ ʠʤʝʶʪ ʤʦʤʝʥʪʳ, ʨʘʚʥʳʝ 4 ÕB. ɽʩʣʠ ʧʨʠ 

ʦʢʠʩʣʝʥʠʠ/ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ʤʘʥʛʘʥʠʪʘ ʚʝʨʦʷʪʥʳ ʧʨʝʚʨʘʱʝʥʠʷ (Co2+,Mn3+) ź (Co3+,Mn4+), ʪʦ 

ʝʛʦ ʤʘʛʥʠʪʥʳʝ ʧʘʨʘʤʝʪʨʳ ʤʦʛʫʪ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʟʤʝʥʷʪʴʩʷ, ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ ʠʦʥʳ ʢʦʙʘʣʴʪʘ 

ʫʯʘʩʪʚʫʶʪ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʬʝʨʨʦʤʘʛʥʠʪʥʦʛʦ ʫʧʦʨʷʜʦʯʝʥʠʷ ʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʤʘʥʛʘʥʠʪʘ. 

ɺʦʣʴʪ-ʘʤʧʝʨʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩ ʫʯʘʩʪʢʘʤʠ ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʨʘʟʣʠʯʥʦʛʦ ʪʠʧʘ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʫ ʠʩʭʦʜʥʦʛʦ ʦʙʨʘʟʮʘ ʠ ʫ ʤʘʥʛʘʥʠʪʘ, 

ʦʪʦʞʞʝʥʥʦʛʦ ʚ ʢʠʩʣʦʨʦʜʝ. 

ʀʩʭʦʜʥʳʡ ʦʙʨʘʟʝʮ ʤʘʥʛʘʥʠʪʘ, ʩʦʜʝʨʞʘʱʠʡ ʘʥʠʦʥʥʳʝ ʚʘʢʘʥʩʠʠ, ʚ ʦʙʣʘʩʪʠ ʪʝʤʧʝʨʘʪʫʨ 

ʦʪ 120 ʂ ʜʦ 280 ʂ ʜʝʤʦʥʩʪʨʠʨʫʝʪ N-ʦʙʨʘʟʥʳʝ ʚʦʣʴʪ-ʘʤʧʝʨʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚ ʦʪʩʫʪʩʪʚʠʝ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ (ʨʠʩ. 1(ʘ)). ʇʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʩ ʠʥʜʫʢʮʠʝʡ 0,92 ʊʣ ʫʯʘʩʪʢʠ ʩ 

ʆɼʉ ʥʘ ɺɸʍ ʦʪʩʫʪʩʪʚʫʶʪ (ʨʠʩ. 1(ʙ)). ʊʝʤʧʝʨʘʪʫʨʘ ʧʝʨʝʭʦʜʘ çʤʝʪʘʣʣ-ʧʦʣʫʧʨʦʚʦʜʥʠʢè (Tms) ʫ 

ʵʪʦʛʦ ʦʙʨʘʟʮʘ ʚʳʰʝ 290 ʂ. 

 

 

      ʘ)       ʙ) 

ʈʠʩ. 1. ɺʦʣʴʪ-ʘʤʧʝʨʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʩʭʦʜʥʦʛʦ ʦʙʨʘʟʮʘ ʤʘʥʛʘʥʠʪʘ ʧʨʠ ʨʘʟʣʠʯʥʳʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ: ʘ ï ʚ ʦʪʩʫʪʩʪʚʠʝ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ; ʙ ï ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ 0,92 ʊʣ 

N-ʦʙʨʘʟʥʳʡ ʫʯʘʩʪʦʢ ɺɸʍ ʤʦʞʝʪ ʚʦʟʥʠʢʘʪʴ ʚ ʨʝʟʫʣʴʪʘʪʝ ʪʫʥʥʝʣʠʨʦʚʘʥʠʷ ʥʦʩʠʪʝʣʝʡ 

ʟʘʨʷʜʘ ʤʝʞʜʫ ʩʦʩʫʱʝʩʪʚʫʶʱʠʤʠ ʥʝʦʜʥʦʨʦʜʥʦʩʪʷʤʠ ʩ ʨʘʟʣʠʯʥʦʡ ʧʣʦʪʥʦʩʪʴʶ ʟʘʥʷʪʳʭ ʠ 

ʩʚʦʙʦʜʥʳʭ ʩʦʩʪʦʷʥʠʡ ʚ ʦʙʣʘʩʪʷʭ, ʠʤʝʶʱʠʭ ʨʘʟʣʠʯʥʳʡ ʪʠʧ ʧʨʦʚʦʜʠʤʦʩʪʠ [4, 5].  

ʄʘʥʛʘʥʠʪ, ʦʪʦʞʞʝʥʥʳʡ ʧʨʠ PO2 = 105 ʇʘ, ʩʦʜʝʨʞʘʱʠʡ ʢʘʪʠʦʥʥʳʝ ʚʘʢʘʥʩʠʠ, ʠʤʝʝʪ S-

ʦʙʨʘʟʥʳʝ ʚʦʣʴʪ-ʘʤʧʝʨʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʦʪ 150 ʂ ʜʦ 210 ʂ, ʧʨʠʯʝʤ 

ʤʦʜʫʣʴ ʆɼʉ ʩʥʘʯʘʣʘ ʚʦʟʨʘʩʪʘʝʪ, ʘ ʟʘʪʝʤ ʫʤʝʥʴʰʘʝʪʩʷ (ʨʠʩ. 2). ʌʦʨʤʠʨʦʚʘʥʠʝ ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ 
ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ S-ʪʠʧʘ ʚ ʜʘʥʥʦʤ ʤʘʥʛʘʥʠʪʝ, ʠʤʝʶʱʝʤ ʤʝʪʘʣʣʠʯʝʩʢʠʡ ʪʠʧ 

ʧʨʦʚʦʜʠʤʦʩʪʠ ʚ ʠʩʩʣʝʜʦʚʘʥʥʦʤ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ (Tms = 275 ʂ), ʤʦʞʥʦ ʩʚʷʟʘʪʴ ʩ 

ʧʨʠʤʝʩʥʳʤ ʬʘʟʦʚʳʤ ʨʘʩʩʣʦʝʥʠʝʤ, ʧʨʠ ʢʦʪʦʨʦʤ ʚ ʤʘʪʨʠʯʥʦʡ ʬʝʨʨʦʤʘʛʥʠʪʥʦʡ ʤʝʪʘʣʣʠʯʝʩʢʦʡ 
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ʬʘʟʝ ʧʨʠʩʫʪʩʪʚʫʶʪ ʚʢʣʶʯʝʥʠʷ ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʦʡ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʬʘʟʳ. ɺʙʣʠʟʠ ʪʘʢʠʭ 

ʤʠʢʨʦʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʣʦʢʘʣʴʥʳʡ ʧʝʨʝʛʨʝʚ ʤʘʥʛʘʥʠʪʘ ʧʨʦʪʝʢʘʶʱʠʤ 

ʪʦʢʦʤ [6], ʧʨʠʚʦʜʷʱʠʡ ʢ ʨʘʟʨʫʰʝʥʠʶ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʬʘʟʳ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ 

ʦʙʨʘʟʮʘ ʜʦʣʞʥʦ ʫʤʝʥʴʰʘʪʴʩʷ. 

 

 

     ʘ)       ʙ) 

ʈʠʩ. 2. ɺʦʣʴʪ-ʘʤʧʝʨʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ (ʘ) ʠ ʪʝʤʧʝʨʘʪʫʨʥʘʷ 

ʟʘʚʠʩʠʤʦʩʪʴ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʤʦʜʫʣʷ ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ (ʙ) ʦʙʨʘʟʮʘ 

ʤʘʥʛʘʥʠʪʘ, ʦʪʦʞʞʝʥʥʦʛʦ ʧʨʠ PO2 = 105 ʇʘ 

ʅʘʧʨʷʞʝʥʠʝ ʧʝʨʝʢʣʶʯʝʥʠʷ ʵʪʦʛʦ ʤʘʥʛʘʥʠʪʘ ʤʦʥʦʪʦʥʥʦ ʚʦʟʨʘʩʪʘʝʪ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ 

ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ. 

ʄʘʛʥʠʪʥʦʝ ʧʦʣʝ ʫʤʝʥʴʰʘʝʪ ʤʦʜʫʣʴ ʆɼʉ ʥʘ ʚʩʝʭ ʧʨʠʚʝʜʝʥʥʳʭ ɺɸʍ, ʠ ʚ ʧʦʣʝ ʩ 

ʠʥʜʫʢʮʠʝʡ 0,92 ʊʣ ʫʯʘʩʪʢʠ ʩ ʆɼʉ ʠʩʯʝʟʘʶʪ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʟʘ ʩʯʝʪ ʛʨʘʥʪʘ ʈʅʌ ˉ 23-22-10005. 
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ɸʥʥʦʪʘʮʠʷ. ʀʟ ʠʩʭʦʜʥʳʭ ʢʦʤʧʦʥʝʥʪ ʧʨʠ ʚʳʩʦʢʦʤ ʜʘʚʣʝʥʠʠ ʠ ʪʝʤʧʝʨʘʪʫʨʝ (T) ʚ ʢʘʤʝʨʝ 

ʪʠʧʘ çʪʦʨʦʠʜè ʙʳʣ ʩʠʥʪʝʟʠʨʦʚʘʥ NdRh2 ʚ ʩʪʨʫʢʪʫʨʝ ʢʫʙʠʯʝʩʢʦʡ ʉ15 ʃʘʚʝʩ ʬʘʟʳ. ɺ ʜʘʥʥʦʡ 

ʨʘʙʦʪʝ ʙʳʣʘ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠ ʠʟʤʝʨʝʥʘ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ M(Õ0H,T) ʧʦʣʫʯʝʥʥʦʛʦ NdRh2 ʚ 

ʧʦʣʷʭ Õ0H Ò 9 ʊ ʠ 2 Ò T Ò 80 K. ʇʦʣʫʯʝʥʥʘʷ ʚʝʣʠʯʠʥʘ ʤʘʛʥʠʪʦʢʘʣʦʨʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ ʧʨʠ 

ȹÕ0H = 5 ʊ ʩʦʩʪʘʚʣʷʝʪ 4.8 ɼʞ/(ʢʛ ʂ), ʤʘʢʩʠʤʫʤ ʥʘʭʦʜʠʪʩʷ ʧʨʠ T = 10.5 K. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʘʛʥʠʪʦʢʘʣʦʨʠʯʝʩʢʠʡ ʵʬʬʝʢʪ, ʬʘʟʘ ʃʘʚʝʩʘ, ʩʠʥʪʝʟ ʧʨʠ ʚʳʩʦʢʦʤ ʜʘʚʣʝʥʠʠ 
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Annotation. From the initial components in a çtoroidè-type high-pressure-high-temperature (T) 

apparatus, NdRh2 was synthesized in the structure of the cubic C15 Laves phase. In this work, the 

magnetization M(Õ0H,T) of the resulting NdRh2 was systematically measured in fields Õ0H Ò 9 T 

and 2 Ò T Ò 80 K. The obtained value of the magnetocaloric effect at ȹÕ0H = 5 T is 4.8 J/(kg K), 

the maximum is at T = 10.5 K. 
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ʍʦʨʦʰʦ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʩʦʝʜʠʥʝʥʠʝ NdRh2 ʷʚʣʷʝʪʩʷ ʬʝʨʨʦʤʘʛʥʝʪʠʢʦʤ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ 

ʫʧʦʨʷʜʦʯʝʥʠʷ TC ~ 8.1 K [1]. ɺ ʩʚʷʟʠ ʩ ʜʦʩʪʘʪʦʯʥʦ ʥʠʟʢʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ (T) ʫʧʦʨʷʜʦʯʝʥʠʷ 

ʜʘʥʥʳʡ ʤʘʪʝʨʠʘʣ ʤʦʞʝʪ ʧʨʝʜʩʪʘʚʣʷʪʴ ʠʥʪʝʨʝʩ ʜʣʷ ʩʦʟʜʘʥʠʷ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ 

ʦʭʣʘʜʠʪʝʣʷ ʚ ʢʘʯʝʩʪʚʝ ʤʘʛʥʠʪʦʢʘʣʦʨʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʨʠ T < 15 K ʚ ʦʙʣʘʩʪʠ, ʛʜʝ 

ʪʨʘʜʠʮʠʦʥʥʳʝ ʛʘʟʦʚʳʝ ʢʨʠʦʢʫʣʣʝʨʳ ʠʤʝʶʪ ʥʠʟʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ [2]. 

ʀʟ ʠʩʭʦʜʥʳʭ ʢʦʤʧʦʥʝʥʪ ï ʧʦʨʦʰʢʦʚ Nd ʠ Rh ʧʨʠ ʚʳʩʦʢʦʤ ʜʘʚʣʝʥʠʠ ʠ ʪʝʤʧʝʨʘʪʫʨʝ ʚ 

ʢʘʤʝʨʝ ʪʠʧʘ çʪʦʨʦʠʜè ʚ ʀʌɺɼ ʈɸʅ ʙʳʣ ʩʠʥʪʝʟʠʨʦʚʘʥ NdRh2 ʚ ʩʪʨʫʢʪʫʨʝ ʢʫʙʠʯʝʩʢʦʡ ʉ15 

ʃʘʚʝʩ ʬʘʟʳ. ʆʜʥʦʬʘʟʥʦʩʪʴ ʧʦʣʫʯʝʥʥʦʛʦ ʦʙʨʘʟʮʘ ʙʳʣʘ ʫʩʪʘʥʦʚʣʝʥʘ ʩ ʧʦʤʦʱʴʶ 

ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʠʟʘ. ʅʘ ʫʩʪʘʥʦʚʢʝ PPMS Quantum Design ʚ ʀʌɺɼ ʈɸʅ ʙʳʣʘ 

ʩʠʩʪʝʤʘʪʠʯʝʩʢʠ ʠʟʤʝʨʝʥʘ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ M(Õ0H,T) ʧʦʣʫʯʝʥʥʦʛʦ ʦʙʨʘʟʮʘ NdRh2 ʚ ʧʦʣʷʭ 

Õ0H Ò 9 ʊ ʠ ʧʨʠ 2 Ò T Ò 80 K. 

ʅʘ ʨʠʩ. 1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʦʣʫʯʝʥʥʳʝ ʧʦʣʝʚʳʝ ʟʘʚʠʩʠʤʦʩʪʠ M(Õ0H) ʜʣʷ ʨʷʜʘ 

ʪʝʤʧʝʨʘʪʫʨ T ʚ ʧʝʨʝʩʯʝʪʝ ʥʘ ʬʦʨʤʫʣʴʥʫʶ ʝʜʠʥʠʮʫ (f.u.). ʇʨʠ ʊ = 2 K ʙʳʣ ʦʧʨʝʜʝʣʝʥ 

ʩʧʦʥʪʘʥʥʳʡ ʤʘʛʥʠʪʥʳʡ ʤʦʤʝʥʪ MS = 1.7 ÕB f.u.-1, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʥʠʞʝ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ 

ʟʥʘʯʝʥʠʷ ʤʦʤʝʥʪʘ ʩʚʦʙʦʜʥʦʛʦ ʠʦʥʘ Nd3+ (g = 8/11, J = 9/2) Õ(Nd3+) = gJ = 3.27 ÕB. ʇʦ-

ʚʠʜʠʤʦʤʫ, ʵʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʯʘʩʪʠʯʥʦʤ ʛʘʰʝʥʠʠ / ʢʦʤʧʝʥʩʘʮʠʠ ʦʨʙʠʪʘʣʴʥʦʛʦ 

ʤʘʛʥʠʪʥʦʤ ʤʦʤʝʥʪʘ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʳʣʘ ʧʨʠʤʝʥʝʥʘ ʩʪʘʥʜʘʨʪʥʘʷ ʤʝʪʦʜʠʢʘ, ʠʟʣʦʞʝʥʥʘʷ ʚ [3]: ʩ ʧʦʤʦʱʴʶ 

ʩʦʦʪʥʦʰʝʥʠʷ ʄʘʢʩʚʝʣʣʘ ʠʟ ʧʦʣʫʯʝʥʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ M(Õ0H) ʙʳʣʦ ʦʧʨʝʜʝʣʝʥʳ 

ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʵʥʪʨʦʧʠʠ ȹSm(T) ʜʣʷ ʨʘʟʥʳʭ ʠʟʤʝʥʝʥʠʡ ʤʘʛʥʠʪʥʦʛʦ 

ʧʦʣʷ ȹÕ0H. ʅʘ ʨʠʩ. 2 ʧʨʝʜʩʪʘʚʣʝʥ ʧʦʣʫʯʝʥʥʳʡ ʨʝʟʫʣʴʪʘʪ -ȹSm(T) ʧʨʠ ʠʟʤʝʥʝʥʠʠ Õ0H ʦʪ 0 ʜʦ 

1, 3, 5, 7 ʠ 9 ʊ. ʅʘ ʚʩʪʘʚʢʝ ʨʠʩʫʥʢʘ 2 ʧʦʢʘʟʘʥʦ ʧʦʚʝʜʝʥʠʝ ʤʘʢʩʠʤʫʤʘ ʢʨʠʚʦʡ -ȹSm(T) ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʝʣʠʯʠʥʳ ʠʟʤʝʥʝʥʠʷ ʧʦʣʷ ȹÕ0H. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʘʛʥʠʪʦʢʘʣʦʨʠʯʝʩʢʠʡ 

ʵʬʬʝʢʪ ʧʨʠ ȹÕ0H = 5 ʊ ʜʦʩʪʠʛʘʝʪ ʤʘʢʩʠʤʘʣʴʥʦʡ ʚʝʣʠʯʠʥʳ ʧʨʠ T = 10.5 K ʠ ʩʦʩʪʘʚʣʷʝʪ 4.8 

ɼʞ/(ʢʛ ʂ). ɺʝʣʠʯʠʥʘ ʵʬʬʝʢʪʘ ʩʨʘʚʥʠʤʘ ʩ ʪʘʢʦʚʦʡ, ʥʘʧʨʠʤʝʨ, ʜʣʷ NdRu2, ʢʦʪʦʨʘʷ ʩʦʩʪʘʚʣʷʝʪ 

5.9 ɼʞ/(ʢʛ ʂ) ʧʨʠ T = 26 K [4]. ʂʦʤʙʠʥʠʨʫʷ ʜʘʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʤʦʞʥʦ ʩʦʟʜʘʚʘʪʴ ʤʘʪʝʨʠʘʣʳ 

ʥʘ ʦʩʥʦʚʝ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ ʃʘʚʝʩ ʬʘʟʳ Nd(Ru1-xRhx)2 ʩ ʪʨʝʙʫʝʤʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ 

ʤʘʛʥʠʪʦʢʘʣʦʨʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ ʩ ʤʘʢʩʠʤʘʣʴʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʚ ʦʙʣʘʩʪʠ 10 Ò T Ò 26 K. 
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ʈʠʩ. 1 ʇʦʣʝʚʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ M(Õ0H) NdRh2 ʜʣʷ ʨʷʜʘ ʪʝʤʧʝʨʘʪʫʨ ʚ ʜʠʘʧʘʟʦʥʝ 

2 Ò T Ò 80 K. 
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ɺʦʣʴʪ-ʘʤʧʝʨʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ La-Sr ʤʘʥʛʘʥʠʪʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʵʣʝʢʪʨʦʥʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ʟʘʤʝʱʘʶʱʠʭ ʤʘʨʛʘʥʝʮ ʠʦʥʦʚ ʠ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʢʠʩʣʦʨʦʜʘ 

ʂʘʨʧʘʩʶʢ ɺ.ʂ. 

ʜ.ʬ-ʤ.ʥ., ʧʨʦʬʝʩʩʦʨ, ʛʣʘʚʥʳʡ ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ, ɸʩʪʨʘʭʘʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ 

ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ɺ.ʅ. ʊʘʪʠʱʝʚʘ  

ɹʘʜʝʣʠʥ ɸ.ɻ. 

ʢ.ʬ-ʤ.ʥ., ʚʝʜʫʱʠʡ ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ, ɸʩʪʨʘʭʘʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʠʤ. ɺ.ʅ. ʊʘʪʠʱʝʚʘ  

ʕʩʪʝʤʠʨʦʚʘ ʉ.ʍ. 

ʢ.ʭ.ʥ., ʩʪʘʨʰʠʡ ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ, ʀʥʩʪʠʪʫʪ ʤʝʪʘʣʣʫʨʛʠʠ ʋʨʆ ʈɸʅ, ɸʩʪʨʘʭʘʥʩʢʠʡ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ɺ.ʅ. ʊʘʪʠʱʝʚʘ 

 

ɸʥʥʦʪʘʮʠʷ. ʀʩʩʣʝʜʦʚʘʥʳ ʩʪʨʫʢʪʫʨʥʳʝ, ʤʘʛʥʠʪʥʳʝ ʠ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ La-Sr 

ʤʘʥʛʘʥʠʪʦʚ ʩ ʟʘʤʝʱʝʥʠʝʤ ʤʘʨʛʘʥʮʘ ʢʦʤʙʠʥʘʮʠʷʤʠ ʠʦʥʘ ʞʝʣʝʟʘ ʩ ʠʦʥʘʤʠ ʩʢʘʥʜʠʷ (Sc3+(3p6)) 

ʠʣʠ ʢʦʙʘʣʴʪʘ (ʉʦ2+(3d7)) ʧʨʠ ʨʘʟʣʠʯʥʦʤ ʩʦʜʝʨʞʘʥʠʠ ʢʠʩʣʦʨʦʜʘ. ʇʦʣʫʯʝʥʳ ʤʘʥʛʘʥʠʪʳ, 

ʧʨʦʷʚʣʷʶʱʠʝ S-ʦʙʨʘʟʥʳʝ ʚʦʣʴʪ-ʘʤʧʝʨʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (ɺɸʍ) ʚ ʦʧʨʝʜʝʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ. 

ʆʧʨʝʜʝʣʝʥʳ ʧʘʨʘʤʝʪʨʳ ɺɸʍ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʠ ʙʝʟ ʥʝʛʦ ʧʨʠ ʨʘʟʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. ʅʘʡʜʝʥʦ, 

ʯʪʦ (Fe,Sc)-ʟʘʤʝʱʝʥʥʳʡ ʤʘʥʛʘʥʠʪ ʩ ʠʟʙʳʪʦʯʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʢʠʩʣʦʨʦʜʘ ʧʨʠ 190ï200 ʂ 

ʧʨʦʷʚʣʷʝʪ ʵʬʬʝʢʪ ʩʪʘʙʠʣʠʟʘʮʠʠ ʥʘʧʨʷʞʝʥʠʷ. ʈʘʩʩʤʦʪʨʝʥʳ ʤʝʭʘʥʠʟʤʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ɺɸʍ 

ʨʘʟʣʠʯʥʦʛʦ ʪʠʧʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʟʘʤʝʱʝʥʥʳʝ ʤʘʥʛʘʥʠʪʳ, ʵʣʝʢʪʨʦʥʥʳʝ ʦʙʦʣʦʯʢʠ, ʥʝʩʪʝʭʠʦʤʝʪʨʠʷ, 

ʤʠʢʨʦʩʪʨʫʢʪʫʨʘ, ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ, ʤʘʛʥʠʪʥʳʝ ʧʘʨʘʤʝʪʨʳ, ʪʠʧʳ ʚʦʣʴʪ-ʘʤʧʝʨʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ 
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Annotation. Structural, magnetic and electrical characteristics of La-Sr manganites with manganese 

substitution by combinations of iron ion with scandium (Sc3+(3p6)) or cobalt (ʉʦ2+(3d7)) ions at 

different oxygen contents have been studied. Manganites exhibiting S-shaped current-voltage (I-V) 

characteristics under certain conditions have been obtained. Parameters of I-V characteristics in 
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magnetic field and without it at different temperatures are determined. It was found that (Fe,Sc)-

substituted manganite with an excess oxygen content at 190ï200 K exhibits voltage stabilization 

effect. Mechanisms of the formation of various types of I-V characteristics are considered. 

Keywords: substituted manganites, electron shells, nonstoichiometry, microstructure, 

inhomogeneities, magnetic parameters, types of current-voltage characteristics 

 

ʗʚʣʝʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʝʨʝʢʣʶʯʝʥʠʷ, ʦʙʫʩʣʦʚʣʠʚʘʶʱʝʝ ʬʦʨʤʠʨʦʚʘʥʠʝ ʚʦʣʴʪ-

ʘʤʧʝʨʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ (ɺɸʍ) ʩ ʫʯʘʩʪʢʘʤʠ ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ S- ʠʣʠ N-ʪʠʧʘ, ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʨʘʟʣʠʯʥʳʭ ʤʘʪʝʨʠʘʣʘʭ, ʚ ʪʦʤ ʯʠʩʣʝ ʚ 

ʣʝʛʠʨʦʚʘʥʥʳʭ ʤʘʥʛʘʥʠʪʘʭ ʩ ʧʝʨʦʚʩʢʠʪʦʧʦʜʦʙʥʦʡ ʩʪʨʫʢʪʫʨʦʡ [1ï3]. 

ʅʘʩʪʦʷʱʘʷ ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʠʩʩʣʝʜʦʚʘʥʠʶ ʚʣʠʷʥʠʷ ʢʦʥʬʠʛʫʨʘʮʠʠ ʵʣʝʢʪʨʦʥʥʳʭ 

ʦʙʦʣʦʯʝʢ ʢʘʪʠʦʥʦʚ, ʟʘʤʝʱʘʶʱʠʭ ʤʘʨʛʘʥʝʮ, ʩʦʜʝʨʞʘʥʠʷ ʢʠʩʣʦʨʦʜʘ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʥʘ ʪʠʧ ʠ ʧʘʨʘʤʝʪʨʳ ɺɸʍ ʤʘʥʛʘʥʠʪʦʚ ʩʠʩʪʝʤʳ La0.7Sr0.3Mn0.9Fe0.05Me0.05O3+ɔ 

(Me = Sc, ʉʦ; ɔ < 0, ɔ = 0, ɔ > 0). ʉʦʧʦʩʪʘʚʣʝʥʳ ʪʘʢʞʝ ʠʭ ʤʘʛʥʠʪʥʳʝ ʧʘʨʘʤʝʪʨʳ. ɺ ʜʘʥʥʳʭ 

ʩʠʩʪʝʤʘʭ ʤʘʨʛʘʥʝʮ ʟʘʤʝʱʘʝʪʩʷ ʢʦʤʙʠʥʘʮʠʷʤʠ ʠʦʥʘ ʞʝʣʝʟʘ Fe3+(3d5) ʩ ʠʦʥʘʤʠ Sc3+(3p6) ʠʣʠ 

ʉʦ2+(3d7), ʠʤʝʶʱʠʤʠ ʨʘʟʣʠʯʥʫʶ ʢʦʥʬʠʛʫʨʘʮʠʶ, ʥʦ ʦʜʠʥʘʢʦʚʳʝ ʟʥʘʯʝʥʠʷ ʠʦʥʥʳʭ ʨʘʜʠʫʩʦʚ 

(0,745 ¡). ʈʘʜʠʫʩʳ ʠʦʥʦʚ Fe3+ ʠ Mn3+ (0,645 ¡) ʪʘʢʞʝ ʩʦʚʧʘʜʘʶʪ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʠʟʫʯʠʪʴ 

ʚʣʠʷʥʠʝ ʵʣʝʢʪʨʦʥʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ʫʢʘʟʘʥʥʳʭ p- ʠ d-ʠʦʥʦʚ ʚ ʯʠʩʪʦʤ ʚʠʜʝ. 

ʄʘʥʛʘʥʠʪʳ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʧʦ ʦʙʳʯʥʦʡ ʢʝʨʘʤʠʯʝʩʢʦʡ ʪʝʭʥʦʣʦʛʠʠ ʩ ʟʘʚʝʨʰʘʶʱʝʡ 

ʦʧʝʨʘʮʠʝʡ ʩʧʝʢʘʥʠʷ, ʚʳʧʦʣʥʝʥʥʦʡ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1523 ʂ ʥʘ ʚʦʟʜʫʭʝ, ʩ ʧʦʩʣʝʜʫʶʱʠʤ 

ʦʭʣʘʞʜʝʥʠʝʤ ʦʙʨʘʟʮʦʚ ʚʤʝʩʪʝ ʩ ʧʝʯʴʶ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʤʘʥʛʘʥʠʪʦʚ ʩ ɔ < 0, ɔ = 0 ʠʣʠ ɔ > 0 

ʩʧʝʯʝʥʥʳʝ (ʠʩʭʦʜʥʳʝ) ʦʙʨʘʟʮʳ ʦʪʦʞʞʝʥʳ ʧʨʠ 1223 ʂ ʠ ʨʘʟʣʠʯʥʦʤ ʧʘʨʮʠʘʣʴʥʦʤ ʜʘʚʣʝʥʠʠ 

ʢʠʩʣʦʨʦʜʘ (ʈO2) ʚ ʛʘʟʦʚʦʡ ʬʘʟʝ: ʈO2 = 10ï8 ʇʘ, 10ï1 ʇʘ, 105 ʇʘ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ɺʩʝ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʝ ʠ ʦʪʦʞʞʝʥʥʳʝ ʦʙʨʘʟʮʳ ʤʘʥʛʘʥʠʪʦʚ ʷʚʣʷʶʪʩʷ ʦʜʥʦʬʘʟʥʳʤʠ ʩ 

ʨʦʤʙʦʵʜʨʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʦʡ (ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʛʨʫʧʧʘ Ὑσὧ). ʀʭ ʩʪʨʫʢʪʫʨʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʜʘʥʥʳʝ ʦ ʩʦʜʝʨʞʘʥʠʠ ʢʠʩʣʦʨʦʜʘ, ʤʘʛʥʠʪʥʳʭ ʧʘʨʘʤʝʪʨʘʭ ʠ ʧʝʨʝʭʦʜʝ çʤʝʪʘʣʣ-

ʧʦʣʫʧʨʦʚʦʜʥʠʢè ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʈO2 ʧʨʠ ʦʪʞʠʛʝ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 1.  

 
ʊʘʙʣʠʮʘ 1. ʆʙʲʝʤ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ (V), ʩʨʝʜʥʷʷ ʚʝʣʠʯʠʥʘ ʤʠʢʨʦʠʩʢʘʞʝʥʠʡ ʧʦ ʉʪʦʢʩʫ-ʋʠʣʩʦʥʫ 

(Ů), ʠʥʜʝʢʩ ʢʠʩʣʦʨʦʜʥʦʡ ʥʝʩʪʝʭʠʦʤʝʪʨʠʠ (ɔ), ʫʜʝʣʴʥʘʷ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ (ů) ʧʨʠ 80 ʂ, ʪʦʯʢʘ ʂʶʨʠ 
(Tc), ʪʝʤʧʝʨʘʪʫʨʘ ʧʝʨʝʭʦʜʘ çʤʝʪʘʣʣ-ʧʦʣʫʧʨʦʚʦʜʥʠʢè (Tms) ʤʘʥʛʘʥʠʪʦʚ 

ʉʦʩʪʘʚ 
PO2, 

ʇʘ 
V ³ 103, 

ʥʤ3 

Ů Ĭ 104, 

ʨʘʜ. 
g 

ů, 

ɸ ³ ʤ2/ʢʛ 
Tc, K Tms, K 

La0.7Sr0.3Mn0.9Fe0.05Sc0.05O3+ɔ 

10ï1  352,148 3,18 0 69,9 228 127 

10ï8 352,341 3,57 ï0,013 68,4 228 132 

105 352,130 2,25 0,0005 71,0 225 137 

La0.7Sr0.3Mn0.9Fe0.05ʉʦ0.05O3+ɔ 

10ï1  349,931 3,02 0 80,1 273 246 

10ï8 350,196 3,38 ï0,018 78,6 272 243 

105 349,809 1,87 0,0007 78,4 273 252 

 

(Fe,Sc)-ʩʦʜʝʨʞʘʱʠʝ ʤʘʥʛʘʥʠʪʳ ʠʤʝʶʪ ʙʦʣʝʝ ʥʠʟʢʠʝ ʟʥʘʯʝʥʠʷ ʤʘʛʥʠʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʠ 

ʩʫʱʝʩʪʚʝʥʥʦ ʙʦʣʝʝ ʥʠʟʢʫʶ ʪʝʤʧʝʨʘʪʫʨʫ ʧʝʨʝʭʦʜʘ çʤʝʪʘʣʣ-ʧʦʣʫʧʨʦʚʦʜʥʠʢè ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʩʦʜʝʨʞʘʱʠʤʠ ʞʝʣʝʟʦ ʠ ʢʦʙʘʣʴʪ. 

ʄʠʢʨʦʠʩʢʘʞʝʥʠʷ ʚʳʟʚʘʥʳ ʨʘʟʣʠʯʠʝʤ ʨʘʜʠʫʩʦʚ ʠʦʥʦʚ ʚ ʵʢʚʠʚʘʣʝʥʪʥʳʭ ʧʦʟʠʮʠʷʭ, 

ʩʫʱʝʩʪʚʦʚʘʥʠʝʤ ʜʝʬʝʢʪʦʚ ʠ ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ. ʅʘʠʙʦʣʝʝ ʚʳʩʦʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ Ů ʦʙʣʘʜʘʶʪ 

ʦʙʨʘʟʮʳ, ʦʪʦʞʞʝʥʥʳʝ ʧʨʠ PO2 = 10-8 ʇʘ, ʩʦʜʝʨʞʘʱʠʝ ʘʥʠʦʥʥʳʝ ʚʘʢʘʥʩʠʠ. ɺ ʮʝʣʦʤ, ʚʝʣʠʯʠʥʘ 

ʤʠʢʨʦʠʩʢʘʞʝʥʠʡ ʥʝ ʚʝʣʠʢʘ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʦʙʲʷʩʥʝʥʦ ʩʥʷʪʠʝʤ ʫʧʨʫʛʠʭ ʥʘʧʨʷʞʝʥʠʡ ʟʘ ʩʯʝʪ 

ʦʙʨʘʟʦʚʘʥʠʷ ʤʦʜʫʣʠʨʦʚʘʥʥʳʭ ʩʪʨʫʢʪʫʨ ʚ ʢʨʠʩʪʘʣʣʠʪʘʭ, ʢʦʪʦʨʳʝ ʥʘʙʣʶʜʘʣʠʩʴ ʤʝʪʦʜʘʤʠ 

ʵʣʝʢʪʨʦʥʥʦʡ ʠ ʩʢʘʥʠʨʫʶʱʝʡ ʪʫʥʥʝʣʴʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ. ʇʝʨʠʦʜ ʤʦʜʫʣʠʨʦʚʘʥʥʳʭ ʩʪʨʫʢʪʫʨ 

ʩʦʩʪʘʚʣʷʝʪ ʧʦʨʷʜʢʘ 130ï200 ʥʤ ʫ (Fe,Sc)-ʩʦʜʝʨʞʘʱʝʛʦ ʦʙʨʘʟʮʘ ʠ ʦʢʦʣʦ 250ï300 ʥʤ ʫ 
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ʤʘʥʛʘʥʠʪʘ, ʩʦʜʝʨʞʘʱʝʛʦ ʞʝʣʝʟʦ ʠ ʢʦʙʘʣʴʪ. ʇʦʩʣʝ ʦʪʞʠʛʘ ʚ ʢʠʩʣʦʨʦʜʝ ʧʝʨʠʦʜ ʩʪʨʫʢʪʫʨ 

ʫʤʝʥʴʰʘʝʪʩʷ, ʠ ʦʥʠ ʤʝʥʝʝ ʚʳʨʘʞʝʥʳ, ʘ ʫ ʦʪʦʞʞʝʥʥʳʭ ʚ ʛʣʫʙʦʢʦʤ ʚʘʢʫʫʤʝ ʦʙʨʘʟʮʘʭ ʧʝʨʠʦʜ, 

ʢʘʢ ʧʨʘʚʠʣʦ, ʫʚʝʣʠʯʠʚʘʝʪʩʷ. ʕʪʦ ʨʘʟʣʠʯʠʝ, ʦʯʝʚʠʜʥʦ, ʦʙʫʩʣʦʚʣʝʥʦ ʩʪʦʢʦʤ ʘʥʠʦʥʥʳʭ ʚʘʢʘʥʩʠʡ 

ʢ ʤʝʞʟʝʨʝʥʥʳʤ ʛʨʘʥʠʮʘʤ ʠ ʫʩʢʦʨʝʥʥʦʡ ʜʠʬʬʫʟʠʝʡ ʠʦʥʦʚ ʚʜʦʣʴ ʛʨʘʥʠʮ. 

ʋ ʞʝʣʝʟʦ-ʩʢʘʥʜʠʝʚʦʛʦ ʤʘʥʛʘʥʠʪʘ ʩʨʝʜʥʠʡ ʨʘʟʤʝʨ ʢʨʠʩʪʘʣʣʠʪʦʚ dʩʨ = 3,9 ° 1,6 ʤʢʤ, ʫ 

(Fe,Co)-ʟʘʤʝʱʝʥʥʦʛʦ ʤʘʥʛʘʥʠʪʘ dʩʨ = 3,1 ° 1,3 ʤʢʤ. ʇʦʩʣʝ ʦʪʞʠʛʘ ʧʘʨʘʤʝʪʨʳ ʤʠʢʨʦʩʪʨʫʢʪʫʨ 

ʠʟʤʝʥʠʣʠʩʴ ʥʝʩʫʱʝʩʪʚʝʥʥʦ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʩʭʦʜʥʳʤʠ ʦʙʨʘʟʮʘʤʠ. 

ʅʘ ʨʠʩʫʥʢʝ 1 ʩʦʧʦʩʪʘʚʣʝʥʳ ɺɸʍ ʤʘʥʛʘʥʠʪʦʚ La0.7Sr0.3Mn0.9Fe0.05Sc0.05O3+ɔ ʠ 

La0.7Sr0.3Mn0.9Fe0.05ʉʦ0.05O3+ɔ, ʦʪʦʞʞʝʥʥʳʭ ʧʨʠ ʧʘʨʮʠʘʣʴʥʦʤ ʜʘʚʣʝʥʠʠ ʢʠʩʣʦʨʦʜʘ 10-8 ʇʘ, ʧʨʠ 

ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. ʋ (Fe,Sc)-ʩʦʜʝʨʞʘʱʝʛʦ ʦʙʨʘʟʮʘ ʥʠʞʝ 140 ʂ ʦʪʨʠʮʘʪʝʣʴʥʦʝ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ (ʆɼʉ) ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ, ʟʘʪʝʤ ʧʦʷʚʣʷʶʪʩʷ ʫʯʘʩʪʢʠ ʩ dU/dI = 

Rd < 0, |Rd| ʩʥʘʯʘʣʘ ʧʦʚʳʰʘʝʪʩʷ, ʜʦʩʪʠʛʘʝʪ 27 ʆʤ, ʟʘʪʝʤ ʧʦʩʪʝʧʝʥʥʦ ʩʥʠʞʘʝʪʩʷ, ʘ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ ʚʳʰʝ 220 ʂ ʆɼʉ ʩʥʦʚʘ ʥʝ ʧʨʦʷʚʣʷʝʪʩʷ. ʄʘʛʥʠʪʥʦʝ ʧʦʣʝ çʩʛʣʘʞʠʚʘʝʪè 

ʥʝʣʠʥʝʡʥʦʩʪʴ ɺɸʍ, ʫʤʝʥʴʰʘʷ ʤʦʜʫʣʴ ʆɼʉ. ʋ ʤʘʥʛʘʥʠʪʘ, ʩʦʜʝʨʞʘʱʝʛʦ ʢʦʙʘʣʴʪ, |Rd| 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ ʧʦʚʳʰʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʧʨʠ ʧʨʠʣʦʞʝʥʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. 

ʄʘʢʩʠʤʘʣʴʥʘʷ ʚʝʣʠʯʠʥʘ |Rd| ʩʦʩʪʘʚʣʷʝʪ 9 ʆʤ. 

  
  

         ʘ)          ʙ) 

ʈʠʩ. 1. ɺʦʣʴʪ-ʘʤʧʝʨʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʥʛʘʥʠʪʦʚ La0.7Sr0.3Mn0.9Fe0.05Sc0.05O3+ɔ (ʘ) ʠ 

La0.7Sr0.3Mn0.9Fe0.05ʉʦ0.05O3+ɔ (ʙ), ʦʪʦʞʞʝʥʥʳʭ ʧʨʠ PO2 = 10ï8 ʇʘ 

ʂʚʘʜʨʘʪ ʧʦʨʦʛʦʚʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʧʝʨʝʢʣʶʯʝʥʠʷ (Usw) (Fe,Sc)-ʟʘʤʝʱʝʥʥʦʛʦ ʤʘʥʛʘʥʠʪʘ 

ʧʨʘʢʪʠʯʝʩʢʠ ʣʠʥʝʡʥʦ ʫʙʳʚʘʝʪ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʝʧʣʦʚʦʤ ʤʝʭʘʥʠʟʤʝ 

ʧʝʨʝʢʣʶʯʝʥʠʷ ʚ ʤʦʜʝʣʠ çʢʨʠʪʠʯʝʩʢʦʡ ʪʝʤʧʝʨʘʪʫʨʳè [4]. ʅʝ ʠʩʢʣʶʯʝʥ ʪʘʢʞʝ ʵʬʬʝʢʪ 

ʦʙʨʘʟʦʚʘʥʠʷ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʬʝʨʨʦʤʘʛʥʠʪʥʳʭ ʢʘʥʘʣʦʚ. 

ʋ ʤʘʥʛʘʥʠʪʘ, ʩʦʜʝʨʞʘʱʝʛʦ Fe ʠ ʉʦ, ʚʝʣʠʯʠʥʘ Usw ʠʟʤʝʥʷʝʪʩʷ ʥʝʤʦʥʦʪʦʥʥʦ ʩ 

ʧʦʚʳʰʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ, ʧʨʦʭʦʜʷ ʯʝʨʝʟ ʤʘʢʩʠʤʫʤ ʚʙʣʠʟʠ ʪʝʤʧʝʨʘʪʫʨʳ ʧʝʨʝʭʦʜʘ çʤʝʪʘʣʣ-

ʧʦʣʫʧʨʦʚʦʜʥʠʢè. ʆʯʝʚʠʜʥʦ, ʚ (Fe,ʉʦ)-ʩʦʜʝʨʞʘʱʠʭ ʤʘʥʛʘʥʠʪʘʭ ʧʨʠ ʵʪʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 

ʧʨʦʠʩʭʦʜʠʪ ʩʤʝʥʘ ʤʝʭʘʥʠʟʤʘ ʬʦʨʤʠʨʦʚʘʥʠʷ S-ʦʙʨʘʟʥʳʭ ɺɸʍ, ʩʚʷʟʘʥʥʦʛʦ ʩ ʧʨʠʤʝʩʥʳʤ 

ʬʘʟʦʚʳʤ ʨʘʩʩʣʦʝʥʠʝʤ [5], ʥʘ ʪʝʧʣʦʚʦʡ ʤʝʭʘʥʠʟʤ. 

ʆʪʤʝʯʝʥʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʧʦʨʦʛʦʚʦʛʦ ʥʘʧʨʷʞʝʥʠʷ 

ʧʝʨʝʢʣʶʯʝʥʠʷ ʦʪʥʦʩʷʪʩʷ ʪʘʢʞʝ ʢ ʦʙʨʘʟʮʘʤ, ʦʪʦʞʞʝʥʥʳʤ ʧʨʠ PO2 = 10ï1 ʇʘ. 

ɺʦʣʴʪ-ʘʤʧʝʨʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (Fe,Sc)-ʩʦʜʝʨʞʘʱʝʛʦ ʦʙʨʘʟʮʘ, ʦʪʦʞʞʝʥʥʦʛʦ ʚ 

ʢʠʩʣʦʨʦʜʝ, ʚ ʦʙʣʘʩʪʠ ʪʝʤʧʝʨʘʪʫʨ 190ï200 ʂ ʧʨʦʷʚʣʷʶʪ ʵʬʬʝʢʪ ʩʪʘʙʠʣʠʟʘʮʠʠ ʥʘʧʨʷʞʝʥʠʷ 

(ʨʠʩ. 2(ʘ)). ʊʘʢʦʡ ʵʬʬʝʢʪ ʥʘʙʣʶʜʘʣʩʷ ʥʘʤʠ ʪʘʢʞʝ ʚ ʤʘʥʛʘʥʠʪʘʭ, ʩʦʜʝʨʞʘʱʠʭ ʠʦʥ Mg2+(2p6) [6]. 

ʉʫʱʝʩʪʚʦʚʘʥʠʝ ʫʯʘʩʪʢʘ ʩʪʘʙʠʣʠʟʘʮʠʠ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ɺɸʍ ʚ ʨʘʙʦʪʝ [7] ʩʚʷʟʳʚʘʝʪʩʷ ʩʦ 

ʩʢʘʯʢʘʤʠ ʠʦʥʦʚ ʢʠʩʣʦʨʦʜʘ ʚ ʦʙʣʘʩʪʠ ʢʦʥʪʘʢʪʦʚ ʤʝʪʘʣʣ-ʧʦʣʫʧʨʦʚʦʜʥʠʢ. ɺʦʟʥʠʢʥʦʚʝʥʠʶ 

ʜʘʥʥʦʛʦ ʵʬʬʝʢʪʘ ʤʦʛʫʪ ʙʣʘʛʦʧʨʠʷʪʩʪʚʦʚʘʪʴ ʤʘʣʳʡ ʨʘʟʤʝʨ ʢʨʠʩʪʘʣʣʠʪʦʚ ʠ ʛʠʙʨʠʜʠʟʘʮʠʷ p-

ʫʨʦʚʥʝʡ ʟʘʤʝʱʘʶʱʝʛʦ ʠʦʥʘ ʩ d-ʫʨʦʚʥʷʤʠ ʤʘʨʛʘʥʮʘ. 
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          ʘ)         ʙ) 

ʈʠʩ. 2. ɺʦʣʴʪ-ʘʤʧʝʨʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʙʨʘʟʮʦʚ ʤʘʥʛʘʥʠʪʦʚ: La0.7Sr0.3Mn0.9Fe0.05Sc0.05O3+ɔ, 

ʦʪʦʞʞʝʥʥʦʛʦ ʧʨʠ PO2 = 105 ʇʘ (ʘ); La0.7Sr0.3Mn0.9Fe0.05ʉʦ0.05O3+ɔ, ʦʪʦʞʞʝʥʥʦʛʦ ʧʨʠ PO2 = 10ï1 ʇʘ, 

ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ (ʙ) 

ʅʘ ʨʠʩʫʥʢʝ 2(ʙ) ʧʨʝʜʩʪʘʚʣʝʥʳ ʚʦʣʴʪ-ʘʤʧʝʨʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʥʛʘʥʠʪʘ ʩʦʩʪʘʚʘ 

La0.7Sr0.3Mn0.9Fe0.05ʉʦ0.05O3+ɔ, ʦʪʦʞʞʝʥʥʦʛʦ ʧʨʠ PO2 = 10ï1 ʇʘ, ʠʟʤʝʨʝʥʥʳʝ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʩ 

ʠʥʜʫʢʮʠʝʡ 0,92 ʊʣ, ʩʦʜʝʨʞʘʱʠʝ ʜʚʘ ʫʯʘʩʪʢʘ ʩ ʆɼʉ. ʇʨʠʚʝʜʝʥʳ ʤʘʢʩʠʤʘʣʴʥʳʝ (ʧʦ ʤʦʜʫʣʶ) 

ʟʥʘʯʝʥʠʷ Rd. 

ɺɸʍ, ʠʟʤʝʨʝʥʥʳʝ ʙʝʟ ʚʦʟʜʝʡʩʪʚʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʩʦʜʝʨʞʘʪ ʧʦ ʦʜʥʦʤʫ ʫʯʘʩʪʢʫ ʩ 

ʆɼʉ, ʥʦ ʠʤʝʶʪ ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ |Rd| (ʜʦ 7ï14 ʆʤ).  
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ʎʝʣʴ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ï ʠʟʫʯʝʥʠʝ ʚʣʠʷʥʠʷ ʟʘʤʝʱʝʥʠʷ ʪʨʝʭʚʘʣʝʥʪʥʳʭ ʢʘʪʠʦʥʦʚ 

ʚʠʩʤʫʪʘ Bi3+ ʪʨʝʭʚʘʣʝʥʪʥʳʤʠ ʨʝʜʢʦʟʝʤʝʣʴʥʳʤʠ ʢʘʪʠʦʥʦʤ ʥʝʦʜʠʤʘ Nd3+ ʥʘ ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ 

ʩʪʨʫʢʪʫʨʫ, ʧʘʨʘʤʝʪʨʳ ʩʚʝʨʭʪʦʥʢʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʷʜʝʨ 57Fe ʠ ʘʥʛʘʨʤʦʥʠʯʥʫʶ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ ʩʧʠʥ-ʤʦʜʫʣʠʨʦʚʘʥʥʫʶ ʩʪʨʫʢʪʫʨʫ (ʇʉʄʉ) ʮʠʢʣʦʠʜʥʦʛʦ ʪʠʧʘ, ʘ ʪʘʢʞʝ  ʥʘ 

ʣʦʢʘʣʴʥʳʝ ʤʘʛʥʠʪʥʳʝ ʩʦʩʪʦʷʥʠʷ ʢʘʪʠʦʥʦʚ Fe3+ ʚ ʤʫʣʴʪʠʬʝʨʨʦʠʢʘʭ Bi1-ʭNdxFeO3 (x = 0 ï 0.09) 

ʩ ʨʦʤʙʦʵʜʨʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʦʡ R3c ʤʝʪʦʜʘʤʠ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʜʠʬʨʘʢʪʦʤʝʪʨʠʠ ʠ 

ʤʸʩʩʙʘʫʵʨʦʚʩʢʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʥʘ ʷʜʨʘʭ 57Fe.  

ʆʙʨʘʟʮʳ ʤʫʣʴʪʠʬʝʨʨʦʠʢʦʚ Bi1-ʭNdxFeO3 c x = 0, 0.025, 0.05. 0.075, 0.09 ʧʨʠʛʦʪʦʚʣʝʥʳ 

ʠʟ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʭ ʩʤʝʩʝʡ Bi2O3 (ʯʠʩʪʦʪʦʡ 99.999 %), Fe2O3 (99.999 %), 57Fe2O3 (ʩ 95.5 % 

ʦʙʦʛʘʱʝʥʠʝʤ 57Fe) ʚ ʢʦʣʠʯʝʩʪʚʝ 10 ʤʦʣ.% ʠ Nd2O3 (ʯʠʩʪʦʪʦʡ 99.99 %). ʉʠʥʪʝʟ ʦʙʨʘʟʮʦʚ 

ʧʨʦʚʦʜʠʣʩʷ ʧʦʜ ʚʳʩʦʢʠʤ ʜʘʚʣʝʥʠʝʤ 6ɻʇʘ. ʈʝʥʪʛʝʥʦʛʨʘʬʠʯʝʩʢʠʝ ʠʟʤʝʨʝʥʠʷ ʚʳʧʦʣʥʝʥʳ ʧʨʠ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʥʘ ʜʠʬʨʘʢʪʦʤʝʪʨʝ RIGAKU Ultima III ʚ ʠʥʪʝʨʚʘʣʝ ʫʛʣʦʚ ʜʠʬʨʘʢʮʠʠ 

0 ï 80Á ʩ ʰʘʛʦʤ 0.02 ̄ʠ ʚʨʝʤʝʥʝʤ ʨʝʛʠʩʪʨʘʮʠʠ 2 ï 10 ʩ/ʰʘʛ. ʄʝʩʩʙʘʫʵʨʦʚʩʢʠʝ ʩʧʝʢʪʨʳ (ʄʉ) ʥʘ 

ʷʜʨʘʭ 57Fe ʠʟʤʝʨʷʣʠʩʴ ʧʨʠ 295 K ʩ ʧʦʤʦʱʴʶ ʩʧʝʢʪʨʦʤʝʪʨʘ MS1104Em. ʆʙʨʘʙʦʪʢʘ ʠ ʘʥʘʣʠʟ 

ʩʧʝʢʪʨʦʚ ʧʨʦʚʦʜʠʣʠʩʴ ʤʝʪʦʜʘʤʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʚʝʨʭʪʦʥʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʠ 

ʨʘʩʰʠʬʨʦʚʢʠ ʚ ʨʘʤʢʘʭ ʤʦʜʝʣʠ ʘʥʛʘʨʤʦʥʠʯʝʩʢʦʡ ʩʧʠʥʦʚʦʡ ʤʦʜʫʣʷʮʠʠ (ɸʉʄ) ʮʠʢʣʦʠʜʥʦʛʦ 

ʪʠʧʘ, ʨʝʘʣʠʟʦʚʘʥʥʳʭ ʚ ʧʨʦʛʨʘʤʤʝ SpectrRelax [1].  

ʅʘ ʨʠʩ. 1 ʧʨʠʚʝʜʝʥʳ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʧʘʨʘʤʝʪʨʦʚ ʨʝʰʝʪʢʠ 

ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʬʝʨʨʠʪʦʚ.  

 

ʈʠʩ. 1. ʂʦʥʮʝʥʪʨʘʮʠʦʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ 

ʧʘʨʘʤʝʪʨʦʚ ʨʝʰʝʪʢʠ ʠʩʩʣʝʜʫʝʤʳʭ ʬʝʨʨʠʪʦʚ. 

 

ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ ʨʠʩʫʥʢʘ, ʧʨʠ ʜʦʧʠʨʦʚʘʥʠʠ 

ʢʘʪʠʦʥʘʤʠ Nd3+ ʬʝʨʨʠʪʘ ʚʠʩʤʫʪʘ ʧʘʨʘʤʝʪʨ ʘ 

ʩʣʘʙʦ ʠʟʤʝʥʷʝʪʩʷ, ʘ ʧʘʨʘʤʝʪʨ ʩ ʫʤʝʥʴʰʘʪʩʷ. 

ʋʤʝʥʴʰʝʥʠʝ ʧʘʨʘʤʝʪʨʘ ʨʝʰʝʪʢʠ c ʚ 

ʤʫʣʴʪʠʬʝʨʨʦʠʢʘʭ Bi1-ʭNdxFeO3 ʦʙʫʩʣʦʚʣʝʥʦ 
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ʤʝʥʴʰʠʤ ʵʬʬʝʢʪʠʚʥʳʤ ʠʦʥʥʳʤ ʨʘʜʠʫʩʦʤ R(Nd3+) = 1.27 ¡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʵʬʬʝʢʪʠʚʥʳʤ 

ʠʦʥʥʳʤ ʨʘʜʠʫʩʦʤ R(Bi3+) = 1.5143 ¡ [2] ʧʨʠ ʙʣʠʞʘʡʰʝʤ 12 ʢʨʘʪʥʦʤ ʢʠʩʣʦʨʦʜʥʦʤ ʦʢʨʫʞʝʥʠʠ. 

ʋʤʝʥʴʰʝʥʠʝ ʧʘʨʘʤʝʪʨʘ c ʨʝʰʝʪʢʠ ʧʨʠ ʟʘʤʝʱʝʥʠʠ Bi3+ ʥʘ Nd3+ ʧʨʠʚʦʜʠʪ ʢ ʝʝ ʩʞʘʪʠʶ ʠ 

ʠʩʢʘʞʝʥʠʶ 

ɼʣʷ ʨʘʩʰʠʬʨʦʚʢʠ ʄʉ ʚ ʨʘʤʢʘʭ ʤʦʜʝʣʠ ɸʉʄ ʮʠʢʣʦʠʜʥʦʛʦ ʪʠʧʘ (ʜʝʪʘʣʴʥʦʝ ʦʧʠʩʘʥʠʝ 

ʤʦʜʝʣʠ ʠʟʣʦʞʝʥʦ ʚ [3]) ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʚʟʘʠʤʦʩʚʷʟʴ ʫʛʣʘ (ᵻx) ʤʝʞʜʫ ʚʝʢʪʦʨʦʤ 

ʘʥʪʠʬʝʨʨʦʤʘʛʥʝʪʠʟʤʘ ʠ ʦʩʴʶ ʩʠʤʤʝʪʨʠʠ ʚ ʩʪʨʫʢʪʫʨʝ ʬʝʨʨʠʪʘ ʚʠʩʤʫʪʘ BiFeO3 ʠ ʢʦʦʨʜʠʥʘʪʳ x 

ʘʪʦʤʦʚ Fe ʚʜʦʣʴ ʥʘʧʨʘʚʣʝʥʠʷ ʩʧʠʥʦʚʦʡ ʤʦʜʫʣʷʮʠʠ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʟʥʘʢʘ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʵʬʬʝʢʪʠʚʥʦʡ ʤʘʛʥʠʪʥʦʡ ʘʥʠʟʦʪʨʦʧʠʠ Ⱦɻ ʬ ʵʪʘ ʚʟʘʠʤʦʩʚʷʟʴ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʫʨʘʚʥʝʥʠʷʤʠ: 

 

4 ( )
cos ( ) sn ,

ɚ

K m
x x m

å õ
J = æ ö

ç ÷
  ʧʨʠ  Ⱦɻ ʬ > 0                                                                           (1) 

4 ( )
sin ( ) sn ,

K m
x x m

å õ
J = æ ö

lç ÷
  ʧʨʠ  Ⱦɻ ʬ > 0                                                                           (2) 

 

ʛʜʝ ɚ ï ʜʣʠʥʘ ʚʦʣʥʳ (ʧʝʨʠʦʜ) ʩʧʠʥʦʚʦʡ ʤʦʜʫʣʷʮʠʠ, 0 Ò m Ò 1 ï ʧʘʨʘʤʝʪʨ (ʘʥʛʘʨʤʦʥʠʟʤʘ) 

ʵʣʣʠʧʪʠʯʝʩʢʦʡ ʬʫʥʢʮʠʠ ʗʢʦʙʠ sn(x,m), K(m) ï ʧʦʣʥʳʡ ʵʣʣʠʧʪʠʯʝʩʢʠʡ ʠʥʪʝʛʨʘʣ ʧʝʨʚʦʛʦ ʨʦʜʘ.  

ʅʘ ʨʠʩ. 2 ʚ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʰʠʬʨʦʚʢʠ ʤʝʩʩʙʘʫʵʨʦʚʩʢʠʭ 

ʩʧʝʢʪʨʦʚ ʷʜʝʨ 57Fe ʚ ʤʫʣʴʪʠʬʝʨʨʦʠʢʘʭ BiFeO3 ʠ Bi0.0925Nd0.075FeO3 ʚ ʨʘʤʢʘʭ ʤʦʜʝʣʠ ɸʉʄ. ɺ 

ʣʝʚʦʡ ʯʘʩʪʠ ʨʠʩʫʥʢʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʩʧʝʢʪʨʳ (ʪʦʯʢʠ), ʠʭ ʤʦʜʝʣʴʥʳʝ 

ʦʛʠʙʘʶʱʠʝ (ʩʧʣʦʰʥʳʝ ʣʠʥʠʠ) ʠ ʨʘʟʥʦʩʪʥʳʝ ʩʧʝʢʪʨʳ (ʣʦʤʘʥʥʳʝ ʣʠʥʠʠ), ʚ ʧʨʘʚʦʡ ʯʘʩʪʠ ï 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ p(Hn) ʩʚʝʨʭʪʦʥʢʠʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ Hn, ʧʦʣʫʯʝʥʥʳʝ ʚ ʨʘʤʢʘʭ ʤʦʜʝʣʠ 

(ʩʧʣʦʰʥʳʝ ʣʠʥʠʠ ʩ ʟʘʢʨʘʰʝʥʥʳʤʠ ʦʙʣʘʩʪʷʤʠ) ʠ ʤʝʪʦʜʦʤ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʩʚʝʨʭʪʦʥʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʩʧʝʢʪʨʘ (ʪʦʯʢʠ ʩʦ ʩʪʘʥʜʘʨʪʥʳʤʠ ʦʪʢʣʦʥʝʥʠʷʤʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ 

ʦʰʠʙʦʢ). ɺ ʮʝʥʪʨʝ ï ʬʦʨʤʘ ʘʥʛʘʨʤʦʥʠʯʝʩʢʦʡ ʩʧʠʥʦʚʦʡ ʚʦʣʥʳ ʚ ʚʠʜʝ ʟʘʚʠʩʠʤʦʩʪʠ sin(◒) ʦʪ 

ʢʦʦʨʜʠʥʘʪʳ x ʘʪʦʤʦʚ Fe ʚʜʦʣʴ ʥʘʧʨʘʚʣʝʥʠʷ ʩʧʠʥʦʚʦʡ ʚʦʣʥʳ (q = 2ˊ/ɚ ï ʚʦʣʥʦʚʦʝ ʯʠʩʣʦ).  

 

 

ʈʠʩ. 2. ʄʝʩʩʩʙʘʫʵʨʦʚʩʢʠʝ ʩʧʝʢʪʨʳ ʷʜʝʨ 57Fe ʚ ʤʫʣʴʪʠʬʝʨʨʦʠʢʘʭ BiFeO3 ʠ Bi0.0925Nd0.075FeO3 

ʠ ʨʝʟʫʣʴʪʘʪʳ ʠʭ ʦʙʨʘʙʦʪʢʠ ʚ ʨʘʤʢʘʭ ʤʦʜʝʣʠ ɸʉʄ ʮʠʢʣʦʠʜʘʣʴʥʦʛʦ ʪʠʧʘ. 

 
ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʘʩʰʠʬʨʦʚʢʠ ʄʉ ʬʝʨʨʠʪʦʚ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʯʪʦ ʧʨʠ ʊ = 295 ʂ ʚ ʬʝʨʨʠʪʝ 

ʚʠʩʤʫʪʘ BiFeO3 (ʭ = 0) ʥʘʠʣʫʯʰʝʝ ʩʦʦʪʚʝʪʩʪʚʠʝ ʤʦʜʝʣʴʥʦʛʦ ʩʧʝʢʪʨʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤʫ 

ʜʦʩʪʠʛʘʣʦʩʴ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʬʦʨʤʫʣʳ (1), ʢʦʪʦʨʘʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʫʱʝʩʪʚʦʚʘʥʠʝʤ 
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ʵʬʬʝʢʪʠʚʥʦʡ ʤʘʛʥʠʪʥʦʡ ʘʥʠʟʦʪʨʦʧʠʠ ʩ Ⱦu > 0 (ʪʠʧʘ ñʣʝʛʢʘʷ ʦʩʴò). ɺ ʤʫʣʴʪʠʬʝʨʨʦʠʢʘʭ  

Bi1-ʭNdFexFeO3 ʩ x = 0.025, 0.05. 0.075, 0.09 ʤʝʩʩʙʘʫʵʨʦʚʩʢʠʝ ʩʧʝʢʪʨʳ ʥʘʠʣʫʯʰʠʤ ʦʙʨʘʟʦʤ 

ʦʧʠʩʳʚʘʣʠʩʴ ʧʦ ʬʦʨʤʫʣʝ (2), ʛʜʝ ʢʦʥʩʪʘʥʪʘ Ⱦɻ ʬ < 0 ʠ ʨʝʘʣʠʟʫʝʪʩʷ ʤʘʛʥʠʪʥʘʷ ʘʥʠʟʦʪʨʦʧʠʷ ʪʠʧʘ 

ñʣʝʛʢʘʷ ʧʣʦʩʢʦʩʪʴò. ʇʨʠ ʦʙʨʘʙʦʪʢʝ ʄʉ ʚ ʤʦʜʝʣʠ ASM ʮʠʢʣʦʠʜʥʦʛʦ ʪʠʧʘ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ 

ʪʘʢʞʝ ʠʟʦʤʝʨʥʳʝ ʩʜʚʠʛʠ ʩʧʝʢʪʨʦʚ ŭ, ʨʝʰʝʪʦʯʥʳʡ Ůlat ʠ ʤʘʛʥʠʪʥʳʡ ʚʢʣʘʜʳ Ům ʚ ʢʚʘʜʨʫʧʦʣʴʥʦʝ 

ʩʤʝʱʝʥʠʝ Ů ʨʝʟʦʥʘʥʩʥʳʭ ʣʠʥʠʡ ʩʧʝʢʪʨʦʚ, ʠʟʦʪʨʦʧʥʦʝ His ʠ ʘʥʠʟʦʪʨʦʧʥʦʝ Han ʩʚʝʨʭʪʦʥʢʠʝ 

ʤʘʛʥʠʪʥʳʝ ʧʦʣʷ. ɺ ʧʨʘʚʦʡ ʯʘʩʪʠ ʨʠʩ. 2 ʚʠʜʥʦ, ʯʪʦ ʜʣʷ BiFeO3 ʫ ʨʘʩʧʨʝʜʝʣʝʥʠʷ p(Hn) ʣʝʚʳʡ 

ʣʦʢʘʣʴʥʳʡ ʤʘʢʩʠʤʫʤ ʥʝʩʢʦʣʴʢʦ ʤʝʥʴʰʝ ʧʨʘʚʦʛʦ (ʪʠʧ ʘʥʠʟʦʪʨʦʧʠʠ ñʣʝʛʢʘʷ ʦʩʴò), ʘ ʬʫʥʢʮʠʷ 

sin(◒(x)) ʧʦʯʪʠ ʛʘʨʤʦʥʠʯʝʩʢʘʷ ʩ ʧʘʨʘʤʝʪʨʦʤ ʘʥʠʟʦʪʨʦʧʠʠ m = 0.12(2). ɼʣʷ Bi0.0925Nd0.075FeO3 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʨʘʚʦʛʦ ʤʘʢʩʠʤʫʤʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ p(Hn) ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ ʣʝʚʦʛʦ (ʪʠʧ 

ʘʥʠʟʦʪʨʦʧʠʠ ñʣʝʛʢʘʷ ʧʣʦʩʢʦʩʪʴò), ʘ ʬʫʥʢʮʠʷ sin(◒(x)) ʩʪʘʥʦʚʠʪʩʷ ʟʘʤʝʪʥʦ ʙʦʣʝʝ 

ʘʥʛʘʨʤʦʥʠʯʝʩʢʦʡ ʩ m = 0.60(3).  

ʅʘ ʨʠʩ. 3 ʧʨʝʜʩʪʘʚʣʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʧʘʨʘʤʝʪʨʘ ʘʥʛʘʨʤʦʥʠʟʤʘ m ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ Nd ʚ 

ʤʫʣʴʪʠʬʝʨʨʦʠʢʘʭ Bi1-xNdxFeO3. 

 

 

ʈʠʩ. 3. ʂʦʥʮʝʥʪʨʘʮʠʦʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʧʘʨʘʤʝʪʨʘ ʘʥʛʘʨʤʦʥʠʟʤʘ m ʚ ʤʫʣʴʪʠʬʝʨʨʦʠʢʘʭ  

Bi1-xNdxFeO3 ʧʨʠ 295 ʂ. 

 
ʅʘ ʨʠʩʫʥʢʝ ʚʠʜʥʦ, ʯʪʦ ʟʘʤʝʱʝʥʠʝ ʢʘʪʠʦʥʦʚ Bi3+ ʢʘʪʠʦʥʘʤʠ Nd3+ ʧʨʠ ʭ = 0.02 ʧʘʨʘʤʝʪʨ 

ʘʥʛʘʨʤʦʥʠʟʤʘ m = 0 ʠ ʢʦʥʩʪʘʥʪʘ ʤʘʛʥʠʪʥʦʡ ʘʥʠʟʦʪʨʦʧʠʠ Ⱦɻ ʬ ʤʝʥʷʝʪ ʟʥʘʢ ʩ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʥʘ 

ʦʪʨʠʮʘʪʝʣʴʥʳʡ. ʇʨʠ ʵʪʦʤ ʩʦʩʪʘʚʝ ʇʉʄʉ ʩʪʘʥʦʚʠʪʩʷ ʛʘʨʤʦʥʠʯʝʩʢʦʡ. ʄʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, 

ʯʪʦ ʪʘʢʘʷ ʩʤʝʥʘ ʟʥʘʢʘ Ⱦɻ ʬ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʦʙʫʩʣʦʚʣʝʥʘ ʨʘʟʣʠʯʥʳʤʠ 

ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʳʤʠ ʟʘʚʠʩʠʤʦʩʪʷʤʠ ʜʚʫʭ ʢʦʥʢʫʨʠʨʫʶʱʠʭ ʚʢʣʘʜʦʚ ʚ ʵʬʬʝʢʪʠʚʥʫʶ ʢʦʥʩʪʘʥʪʫ 

ʤʘʛʥʠʪʥʦʡ ʘʥʠʟʦʪʨʦʧʠʠ, ʦʜʠʥ ʠʟ ʢʦʪʦʨʳʭ ʩʚʦʡʩʪʚʝʥʝʥ ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʦʡ ʩʠʩʪʝʤʝ ʙʝʟ ʫʯʝʪʘ 

ʩʢʦʩʘ ʤʘʛʥʠʪʥʳʭ ʧʦʜʨʝʰʝʪʦʢ (ʧʨʝʦʙʣʘʜʘʝʪ ʧʨʠ ʭ < 0.2), ʘ ʜʨʫʛʦʡ ʚʢʣʘʜ ʦʪ ʩʣʘʙʦʛʦ 

ʬʝʨʨʦʤʘʛʥʝʪʠʟʤʘ, ʦʙʫʩʣʦʚʣʝʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ɼʟʷʣʦʰʠʥʩʢʦʛʦ-ʄʦʨʠʠ, ʦʧʨʝʜʝʣʷʶʱʝʛʦ 

ʩʢʦʩ ʤʘʛʥʠʪʥʳʭ ʧʦʜʨʝʰʝʪʦʢ, (ʧʨʝʦʙʣʘʜʘʝʪ ʧʨʠ ʭ>0.02).  

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʄʠʥʠʩʪʝʨʩʪʚʘ ʥʘʫʢʠ ʠ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ 

ʈʌ (ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʟʘʜʘʥʠʝ ʜʣʷ ʫʥʠʚʝʨʩʠʪʝʪʦʚ ˉ ʌɻʌɿ-2023-0005), ʘ ʪʘʢʞʝ ʧʨʦʛʨʘʤʤʳ 

ʨʘʟʚʠʪʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʧʨʠʙʦʨʥʦʡ ʙʘʟʳ ʄʦʩʢʦʚʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ 

ʠʤ. ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ. 
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3. Sosnowska I., Zvezdin A.K. Origin of the long period magnetic ordering in BiFeO3 // J. Magn. 

Magn. Mater. ï 1995. ï V. 140ï144. ï P. 167ï168. 
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ʋɼʂ 537.621.4 

ʇʘʨʘʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʭʨʦʤʠʪʘ  FeCr2O4 ʠ ʪʠʪʘʥʦʤʘʛʥʝʪʠʪʘ TiFe2O4 

ʧʨʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ 

ʂʫʚʘʥʜʠʢʦʚ ʆ.ʂ. 

ʜ.ʬ.-ʤ. ʥ., ʧʨʦʬʝʩʩʦʨ ʢʘʬʝʜʨʳ ʦʙʱʘʷ ʬʠʟʠʢʠ, ʀʥʩʪʠʪʫʪ ʠʥʞʝʥʝʨʥʦʡ ʬʠʟʠʢʠ ʉʘʤɻʋ 

ʐʦʜʠʝʚ ɿ.ʄ. 

ʢ.ʬ.-ʤ. ʥ., ʜʦʮʝʥʪ ʢʘʬʝʜʨʳ ʦʙʱʘʷ ʬʠʟʠʢʠ, ʀʥʩʪʠʪʫʪ ʠʥʞʝʥʝʨʥʦʡ ʬʠʟʠʢʠ ʉʘʤɻʋ 

ʍʘʩʘʥʦʚ ʍ.ɹ. 

ʘʩʩʠʩʪʝʥʪ ʢʘʬʝʜʨʳ ʦʙʱʘʷ ʬʠʟʠʢʠ,  ʀʥʩʪʠʪʫʪ ʠʥʞʝʥʝʨʥʦʡ ʬʠʟʠʢʠ ʉʘʤɻʋ 

ʍʘʡʨʫʣʣʘʝʚ ɹ.ɸ. 

ʘʩʩʠʩʪʝʥʪ ʢʘʬʝʜʨʳ ʦʙʱʘʷ ʬʠʟʠʢʠ,  ʀʥʩʪʠʪʫʪ ʠʥʞʝʥʝʨʥʦʡ ʬʠʟʠʢʠ ʉʘʤɻʋ 

ɸʭʪʘʤʦʚ ɾ.ʐ. 

ʜʦʢʪʦʨʘʥʪ ʢʘʬʝʜʨʳ ʦʙʱʘʷ ʬʠʟʠʢʠ  ʀʥʩʪʠʪʫʪ ʠʥʞʝʥʝʨʥʦʡ ʬʠʟʠʢʠ ʉʘʤɻʋ 

 

ɸʥʥʦʪʘʮʠʷ. ʀʩʩʣʝʜʦʚʘʥʘ ʪʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ   

ʭʨʦʤʠʪʘ  FeCr2O4 ʠ ʪʠʪʘʥʦʤʘʛʥʝʪʠʪʘ TiFe2O4 ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 300-1300 ʂ. ʇʦ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʟʘʚʠʩʠʤʦʩʪʷʤ ʚʳʯʠʩʣʝʥʳ ʤʘʛʥʠʪʥʳʝ ʧʘʨʘʤʝʪʨʳ ʦʙʨʘʟʮʦʚ: 

ʪʝʤʧʝʨʘʪʫʨʘ ʂʶʨʠ, ʧʦʩʪʦʷʥʥʘʷ ʂʶʨʠ-ɺʝʡʩʩʘ, ʵʬʬʝʢʪʠʚʥʳʡ ʤʘʛʥʠʪʥʳʡ ʤʦʤʝʥʪ, 

ʧʨʠʭʦʜʷʱʠʡʩʷ ʥʘ ʦʜʠʥ ʤʘʛʥʠʪʥʳʡ ʠʦʥ ʩʦʝʜʠʥʝʥʠʷ, ʠ ʤʘʛʥʠʪʥʳʡ ʤʦʤʝʥʪ, ʧʨʠʭʦʜʷʱʠʡʩʷ ʥʘ 

ʬʦʨʤʫʣʴʥʫʶ ʝʜʠʥʠʮʫ ʦʙʨʘʟʮʘ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʚ ʩʚʝʪʝ 

ʩʫʱʝʩʪʚʫʶʱʠʭ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʘʛʥʠʪʥʘʷ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʴ, ʭʨʦʤʠʪ, ʪʠʪʘʥʦʤʘʛʥʝʪʠʪ,  ʤʘʛʥʠʪʥʳʡ 

ʤʦʤʝʥʪ, ʧʘʨʘʤʘʛʥʠʪʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʂʶʨʠ, ʧʦʩʪʦʷʥʥʘʷ ʂʶʨʠ-ɺʝʡʩʩʘ. 
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I. ɺʚʝʜʝʥʠʝ 

ʌʠʟʠʢʘ ʤʘʛʥʝʪʠʟʤʘ ʩʧʦʩʦʙʥʘ ʧʨʝʜʩʢʘʟʘʪʴ ʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʤʘʪʝʨʠʘʣʦʚ ʧʦ ʠʭ 

ʩʪʨʫʢʪʫʨʝ; ʵʪʦ ʦʪʥʦʩʠʪʩʷ ʠ ʢ ʛʦʨʥʳʤ ʧʦʨʦʜʘʤ. ʆʜʥʘʢʦ ʪʘʢʦʡ ʧʦʜʭʦʜ ʥʝ ʦʧʪʠʤʘʣʝʥ: ʦʥ ʪʨʝʙʫʝʪ 

ʛʣʫʙʦʢʦʛʦ ʠʟʫʯʝʥʠʷ ʩʪʨʫʢʪʫʨʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʝʱʝʩʪʚʘ, ʯʪʦ ʟʘʪʨʫʜʥʝʥʦ ʚ ʛʝʦʬʠʟʠʯʝʩʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʷʭ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʠʟʤʝʨʝʥʠʷ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ ʛʦʨʥʳʭ ʧʦʨʦʜ ʥʝ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʦʩʦʙʳʭ ʟʘʪʨʫʜʥʝʥʠʡ ʜʘʞʝ ʧʨʠ ʙʦʣʴʰʦʤ ʯʠʩʣʝ ʦʙʨʘʟʮʦʚ [1]. ʇʨʠʨʦʜʘ ʤʘʛʥʝʪʠʟʤʘ 

ʛʦʨʥʳʭ ʧʦʨʦʜ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʬʘʢʪʦʨʦʚ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ ʨʘʟʣʠʯʥʳʭ ʛʦʨʥʳʭ ʧʦʨʦʜ, ʥʝʦʙʭʦʜʠʤʦ ʜʦʧʦʣʥʠʪʴ ʵʤʧʠʨʠʯʝʩʢʠʤʠ 

ʜʘʥʥʳʤʠ ʜʣʷ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʤʠʥʝʨʘʣʦʚ ʛʦʨʥʳʭ ʧʦʨʦʜ ʠ ʨʫʜ, ʢʦʪʦʨʳʝ ʚʳʟʳʚʘʶʪ 

ʤʘʛʥʠʪʥʳʝ ʘʥʦʤʘʣʠʠ [2].  

ʄʘʛʥʠʪʥʳʝ ʩʦʩʪʦʷʥʠʷ ʛʦʨʥʳʭ ʧʦʨʦʜ ʠ ʨʫʜ ʧʨʝʜʩʪʘʚʣʷʶʪ ʦʪʜʝʣʴʥʳʡ ʠʥʪʝʨʝʩ ʜʣʷ 

ʬʠʟʠʢʠ ʤʘʛʥʠʪʥʳʭ ʷʚʣʝʥʠʡ, ʪʘʢ ʢʘʢ, ʚ ʩʚʷʟʠ ʩʦ ʩʣʦʞʥʦʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʦʡ, 

ʤʘʛʥʠʪʥʳʝ ʩʪʨʫʢʪʫʨʳ ʵʪʠʭ ʤʠʥʝʨʘʣʦʚ ʥʝʦʙʭʦʜʠʤʳ ʜʣʷ ʧʦʥʠʤʘʥʠʷ ʠʭ ʢʣʶʯʝʚʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ 

[3]. ʀʤʝʝʪʩʷ ʤʘʣʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʦ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚʘʭ ʠ ʵʣʝʢʪʨʦʥʥʦʡ 

ʩʪʨʫʢʪʫʨʝ ʤʠʥʝʨʘʣʦʚ ʛʦʨʥʳʭ ʧʦʨʦʜ ʧʨʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ.  

ʄʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʵʪʠʭ ʤʠʥʝʨʘʣʦʚ ʢ  ʩʝʛʦʜʥʷʰʥʝʤʫ ʜʥʶ ʠʟʫʯʝʥʳ ʚ ʦʩʥʦʚʥʦʤ ʚ ʠʭ 

ʤʘʛʥʠʪʦʫʧʦʨʷʜʦʯʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʘ ʠʭ ʧʘʨʘʤʘʛʥʠʪʥʦʝ ʩʦʩʪʦʷʥʠʝ ʧʦʯʪʠ ʥʝ ʠʟʫʯʝʥʦ [4]. 

ʎʝʣʴ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ï ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʟʫʯʝʥʠʝ ʟʘʚʠʩʠʤʦʩʪʠ    ʞʝʣʝʟʦʩʦʜʝʨʞʘʱʠʭ 

ʤʠʥʝʨʘʣʦʚ ʭʨʦʤʠʪʘ ʠ ʪʠʪʘʥʦʤʘʛʥʝʪʠʪʘ ʚʭʦʜʷʱʠʭ ʚ ʩʦʩʪʘʚ ʛʦʨʥʳʭ ʧʦʨʦʜ ʋʟʙʝʢʠʩʪʘʥʘ. 

ɿʘʚʠʩʠʤʦʩʪʠ   ʠʟʤʝʨʷʣʠ ʤʝʪʦʜʦʤ ʌʘʨʘʜʝʷ ʩ ʧʦʤʦʱʴʶ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʚʝʨʪʠʢʘʣʴʥʦ ï 

ʤʘʷʪʥʠʢʦʚʳʭ ʚʝʩʦʚ ʚ ʪʠʛʣʷʭ ʠʟ Al2O3 ʠ ʚ ʠʟʙʳʪʦʯʥʦʡ ʘʪʤʦʩʬʝʨʝ ʦʯʠʱʝʥʥʦʛʦ ʛʝʣʠʷ ʚ ʠʥʪʝʨʚʘʣʝ 

ʪʝʤʧʝʨʘʪʫʨ 300-1300 K. ʄʘʢʩʠʤʘʣʴʥʘʷ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʦʰʠʙʢʘ ʠʟʤʝʨʝʥʠʷ   ʥʝ ʧʨʝʚʳʰʘʣʘ 3% 

[5].   

II.  ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ 

ɿʘʚʠʩʠʤʦʩʪʠ ʜʣʷ ʭʨʦʤʠʪʘ  ʠʟʤʝʨʷʣʠ ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 300 ï 1200 K ʘ 

ʪʠʪʘʥʦʤʘʛʥʝʪʠʪʘ 900-1300 K (ʨʠʩ. 1).  

ʀʟ ʨʠʩ.1. ʚʠʜʥʦ, ʯʪʦ ʟʘʚʠʩʠʤʦʩʪʠ   ʦʙʨʘʟʮʦʚ ʭʨʦʤʠʪʘ ʠ ʪʠʪʘʥʦʤʘʛʥʝʪʠʪʘ ʚ ʠʩʩʣʝʜʫʝʤʦʤ 

ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ ʠʤʝʶʪ ʥʝʣʠʥʝʡʥʳʡ ʩʣʦʞʥʳʡ ʭʘʨʘʢʪʝʨ: ʥʘʢʣʦʥ ʟʘʚʠʩʠʤʦʩʪʠ   ʜʣʷ 

ʭʨʦʤʠʪʘ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 823 K ʨʝʟʢʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʘ ʧʨʠ 933 K 

ʫʤʝʥʴʰʘʝʪʩʷ, ʜʣʷ ʪʠʪʘʥʦʤʘʛʥʝʪʠʪʘ ʧʨʠ 1043 K ʨʝʟʢʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʘ ʧʨʠ 1173 K 

ʫʤʝʥʴʰʘʝʪʩʷ. ɿʘʚʠʩʠʤʦʩʪʴ   ʜʣʷ ʭʨʦʤʠʪʘ  ʚ ʠʥʪʝʨʚʘʣʘʭ ʪʝʤʧʝʨʘʪʫʨ 300-823K ʠ 933-1173 K, ʘ 

ʜʣʷ ʪʠʪʘʥʦʤʘʛʥʝʪʠʪʘ 923-1043 K ʠ 1183-1273 K ʠʤʝʶʪ ʣʠʥʝʡʥʳʡ ʭʘʨʘʢʪʝʨ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʚ ʚʠʜʝ ʟʘʚʠʩʠʤʦʩʪʠ )(1 ʊ-c  ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ. 1. 

ʃʠʥʝʡʥʳʡ ʭʘʨʘʢʪʝʨ ʟʘʚʠʩʠʤʦʩʪʠ )(1 T-c  ʚ ʚʳʩʰʝʝ ʫʢʘʟʘʥʥʳʭ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʵʪʠ ʟʘʚʠʩʠʤʦʩʪʠ ʧʦʜʯʠʥʷʶʪʩʷ ʟʘʢʦʥʫ ʂʶʨʠ-ɺʝʡʩʩʘ.  

…                                         (1) 

ʛʜʝ ʉ-ʧʦʩʪʦʷʥʥʘʷ ʂʶʨʠ-ɺʝʡʩʩʘ, —-ʧʘʨʘʤʘʛʥʠʪʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʂʶʨʠ.  



ʅʄʄʄ-2024 1-80 ʉʝʢʮʠʷ 1. 

 
 

 

ʈʠʩ. 1. ɿʘʚʠʩʠʤʦʩʪʠ   ʠʟʫʯʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʭʨʦʤʠʪʘ ï FeCr2O4   

ʠ ʪʠʪʘʥʦʤʘʛʥʝʪʠʪʘ ï TiFe2O4. 

 ʀʟʤʝʥʝʥʠʷ ʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʟʘʚʠʩʠʤʦʩʪʷʭ )(1 T-c  ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʦʚ ʤʦʞʥʦ 

ʦʙʲʷʩʥʠʪʴ ʚʳʰʝʦʧʠʩʘʥʥʳʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʣʷ ʯʠʩʪʦʛʦ ʞʝʣʝʟʘ. ʉʣʦʞʥʳʡ ʭʘʨʘʢʪʝʨ 

ʟʘʚʠʩʠʤʦʩʪʠ )(1 T-c  ʯʠʩʪʦʛʦ ʞʝʣʝʟʘ ʩʚʦʝʦʙʨʘʟʥʦ ʦʪʨʘʞʘʝʪʩʷ ʠ ʥʘ ʟʘʚʠʩʠʤʦʩʪʷʭ )(1 T-c  

ʠʟʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʥʘ ʦʩʥʦʚʝ ʞʝʣʝʟʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʩʦʩʪʘʚʘ 

ʥʝʤʘʛʥʠʪʥʳʭ ʵʣʝʤʝʥʪʦʚ (ʆ).    

  ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʠʟʤʝʥʝʥʠʷ ʥʘ ʟʘʚʠʩʠʤʦʩʪʷʭ )(1 T-c  ʠʟʫʯʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʧʨʦʠʩʭʦʜʷʪ ʠʟ-ʟʘ 

ʤʘʛʥʠʪʥʳʭ ʠ ʩʪʨʫʢʪʫʨʥʳʭ (ʧʦʣʠʤʦʨʬʥʳʭ) ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʚ ʥʠʭ ʧʨʠ 

ʦʧʨʝʜʝʣʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ [6]. ɺ ʭʨʦʤʠʪʝ ʧʨʠ 823 K ʘ ʪʠʪʘʥʦʤʘʛʥʝʪʠʪa ʧʨʠ 1043 K 

ʧʨʦʠʩʭʦʜʠʪ ʩʪʨʫʢʪʫʨʥʳʡ ʧʝʨʝʭʦʜ ʚ ʝʛʦ ʢʫʙʠʯʝʩʢʦʡ ʨʝʰʝʪʢʝ ɻʎʂŸʆʎʂ. ʕʪʠ ʬʘʟʦʚʳʝ 

ʧʝʨʝʭʦʜʳ ʦʪʨʘʞʘʶʪʩʷ ʥʘ ʟʘʚʠʩʠʤʦʩʪʠ )(1 T-c  ʭʨʦʤʠʪʘ-FeCr2O4 ʠ ʪʠʪʘʥʦʤʘʛʥʝʪʠʪʘ-TiFe2O4 

(ʨʠʩ. 1.) ʚ ʚʠʜʝ ʩʢʘʯʢʦʚ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʵʪʠʭ ʧʝʨʝʭʦʜʦʚ. ʀʟʤʝʥʝʥʠʷ ʟʘʚʠʩʠʤʦʩʪʠ )(1 T-c  ʚ 

ʠʟʫʯʝʥʥʳʭ ʦʙʨʘʟʮʦʚ, ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʪʦʣʴʢʦ ʩʪʨʫʢʪʫʨʥʳʤʠ (ʧʦʣʠʤʦʨʬʥʳʤʠ) ʧʝʨʝʭʦʜʘʤʠ, 

ʧʨʦʠʩʭʦʜʷʱʠʝ ʧʨʠ ʚʳʩʰʝʝ ʫʢʘʟʘʥʥʳʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʧʦʜʨʝʰʝʪʢʠ ʞʝʣʝʟʳ ʵʪʠʭ ʦʙʨʘʟʮʦʚ .    

 ʀʟ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ )(1 T-c  ʨʘʩʩʯʠʪʳʚʘʣʠ ʠʭ ʦʩʥʦʚʥʳʝ 

ʧʘʨʘʤʘʛʥʠʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ: ʧʦʩʪʦʷʥʥʳʝ ʂʶʨʠ-ɺʝʡʩʩʘ- ,ʉ  ʧʘʨʘʤʘʛʥʠʪʥʳʝ ʪʝʤʧʝʨʘʪʫʨʳ 

ʂʶʨʠ- ʨq  ʠ ʤʘʛʥʠʪʥʳʝ ʤʦʤʝʥʪʳ, ʧʨʠʭʦʜʷʱʠʝʩʷ ʥʘ ʭʠʤʠʯʝʩʢʫʶ ʬʦʨʤʫʣʫ ʤʠʥʝʨʘʣʘ- ʬʦʨm . 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ. ɸʥʘʣʠʟ ʪʘʙʣʠʮʳ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʤʘʛʥʠʪʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (ʨqʠ ʬʦʨm )
 
ʠʟʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʤʝʥʴʰʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʤʘʛʥʠʪʥʳʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʯʠʩʪʦʛʦ ʞʝʣʝʟʘ.  

ʊʘʙʣʠʮʘ 1. 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ 

 

ʄʠʥʝʨʘʣʳ 

ʀʥʪʝʨʚʘʣ 

ʪʝʤʧʝʨʘʪʫʨ, K 
ʂʈ,q  ʂʛʩʤʉ ÖÖ-13410,  ɹʬʦʨmm ,  

ʍʨʦʤʠʪ-FeCr2O4 
300-820 63 1 300 16 

930-1170 520                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                            72 3,6 

920-1040 850 250 7,5 
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ʊʠʪʘʥʦʤʘʛʥʝʪʠʪ-

TiFe2O4 
1180-1270 910 56 3,5 

 

ʕʪʦ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʫʚʝʣʠʯʝʥʠʝʤ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʤʘʛʥʠʪʥʳʤʠ ʠʦʥʘʤʠ ʞʝʣʝʟʘ, 

ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʫʟʣʘʭ ʧʦʜʨʝʰʝʪʢʠ, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʫʤʝʥʴʰʘʝʪʩʷ ʤʘʛʥʠʪʥʦʝ ʦʙʤʝʥʥʦʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʵʣʝʢʪʨʦʥʦʚ 3d- ʦʙʦʣʦʯʢʠ ʠʦʥʦʚ ʞʝʣʝʟʘ ʦʪʚʝʪʩʪʚʝʥʥʦʝ ʟʘ ʚʦʟʥʠʢʥʦʚʝʥʠʝ 

ʤʘʛʥʠʪʥʦʛʦ ʫʧʦʨʷʜʦʯʝʥʠʷ. ʨq  ʷʚʣʷʝʪʩʷ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʤʝʨʦʡ ʦʙʤʝʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ʀʟ 

ʪʘʙʣʠʮʳ ʚʠʜʥʦ, ʯʪʦ ʟʥʘʯʝʥʠʷ ʨq  ʜʣʷ ʠʟʫʯʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʤʝʥʴʰʝ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʟʥʘʯʝʥʠʷʤ 

ʜʣʷ ʯʠʩʪʦʛʦ ʞʝʣʝʟʘ (1043P Kq= ). ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ, ʝʩʣʠ ʯʘʩʪʠʯʥʦ ʠʣʠ ʧʦʣʥʦʩʪʴʶ 

ʟʘʤʝʩʪʠʪʴ ʠʦʥʳ Fe3+ ʠʦʥʘʤʠ Cr3+ ʠ Ti4+ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʝ ʦʙʨʘʟʮʦʚ, ʢʦʪʦʨʳʝ ʚ ʦʙʝʠʭ 

ʩʪʨʫʢʪʫʨʘʭ ʧʨʦʷʚʣʷʶʪ ʩʠʣʴʥʫʶ ʪʝʥʜʝʥʮʠʶ ʢ ʟʘʥʷʪʠʶ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʧʦʟʠʮʠʡ, ʪʦ ʵʪʦ 

ʧʨʠʚʝʜʝʪ ʢ ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʧʦʥʠʞʝʥʠʶ ʪʝʤʧʝʨʘʪʫʨʳ ʂʶʨʠ. 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʢʘʪʠʦʥʦʚ ʤʝʞʜʫ ʦʢʪʘʵʜʨʠʯʝʩʢʠʤʠ ʠ ʪʝʪʨʘʵʜʨʠʯʝʩʢʠʤʠ ʧʦʟʠʮʠʷʤʠ ʚ 

ʨʝʰʝʪʢʝ ʪʠʪʘʥʦʤʘʛʥʝʪʠʪʘ ʧʦʩʣʫʞʠʣʦ ʧʨʝʜʤʝʪʦʤ ʰʠʨʦʢʦʡ ʜʠʩʢʫʩʩʠʠ [7]. ʇʦ ʜʘʥʥʳʤ 

ʥʝʡʪʨʦʥʥʦʡ ʜʠʬʨʘʢʮʠʠ, ʙʦʣʴʰʠʥʩʪʚʦ ʠʦʥʦʚ Ti4+ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʧʦʟʠʮʠʷʭ. 

ʉʧʠʥʦʚʳʝ ʤʦʤʝʥʪʳ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʠ ʪʝʪʨʘʵʜʨʠʯʝʩʢʠʭ ʠʦʥʦʚ ʥʘʧʨʘʚʣʝʥʳ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦ. ʉ 

ʫʚʝʣʠʯʝʥʠʝʤ ʯʠʩʣʘ ʠʦʥʦʚ Ti4+ ʪʦʯʢʘ ʅʝʝʣʷ ʩʥʠʞʘʝʪʩʷ. Fe3+ ʦʪʜʘʝʪ ʧʨʝʜʧʦʯʪʝʥʠʝ 

ʦʢʪʘʵʜʨʠʯʝʩʢʠʤ ʧʦʟʠʮʠʷʤ, ʬʘʢʪʠʯʝʩʢʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʤʝʞʜʫ ʦʢʪʘʵʜʨʠʯʝʩʢʠʤʠ ʠ 

ʪʝʪʨʘʵʜʨʠʯʝʩʢʠʤʠ ʧʦʟʠʮʠʷʤʠ ʤʦʞʝʪ ʟʘʚʠʩʝʪʴ ʢʘʢ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ, ʪʘʢ ʠ ʦʪ ʩʦʩʪʘʚʘ.  

III.  ɺʳʚʦʜʳ 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ. 

 ʇʨʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʠʟʤʝʨʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ )(1 T-c  ʞʝʣʝʟʦʩʦʜʝʨʞʘʱʠʭ ʦʙʨʘʟʮʦʚ 

- ʭʨʦʤʠʪʘ FeCr2O4 ʠ ʪʠʪʘʥʦʤʘʛʥʝʪʠʪʘ TiFe2O4. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʵʪʠ ʟʘʚʠʩʠʤʦʩʪʠ )(1 T-c  

ʧʦʜʯʠʥʷʶʪʩʷ ʢʣʘʩʩʠʯʝʩʢʦʤʫ ʟʘʢʦʥʫ ʂʶʨʠ ï ɺʝʡʩʩʘ.  

ʇʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʟʘʚʠʩʠʤʦʩʪʷʤ ʠʟʫʯʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʦʧʨʝʜʝʣʝʥʳ ʠʭ ʦʩʥʦʚʥʳʝ 

ʧʘʨʘʤʘʛʥʠʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ.  
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ʋɼʂ 537.622.4 

ɺʣʠʷʥʠʝ ʘʪʦʤʦʚ ʮʝʨʠʷ ʥʘ ʩʪʨʫʢʪʫʨʥʳʝ ʠ ʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʚ 

ʤʦʥʦʢʨʠʩʪʘʣʣʘʭ (Lu xʉe1-x)2Co7 (xÒ0.2) 

ɻʦʚʦʨʠʥʘ ɺ.ɺ. 

ʣʘʙʦʨʘʥʪ-ʠʩʩʣʝʜʦʚʘʪʝʣʴ ʦʪʜʝʣʘ ʤʘʛʥʝʪʠʟʤʘ ʪʚʸʨʜʳʭ ʪʝʣ ʅʀʀ ʌʇʄ ʀɽʅʠʄ ʋʨʌʋ 

ʉʝʣʝʟʥʝʚʘ ʅ.ɺ. 

ʢ.ʬ.-ʤ. ʥ., ʜʦʮʝʥʪ ʢʘʬʝʜʨʳ ʬʠʟʠʢʠ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʠ ʥʘʥʦʨʘʟʤʝʨʥʳʭ 

ʩʠʩʪʝʤ ʀɽʅʠʄ ʋʨʌʋ 

ɸʥʜʨʝʝʚ ʉ.ɺ. 

ʢ.ʬ.-ʤ. ʥ., ʩʪʘʨʰʠʡ ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ ʦʪʜʝʣʘ ʤʘʛʥʝʪʠʟʤʘ ʪʚʸʨʜʳʭ ʪʝʣ ʅʀʀ ʌʇʄ 

ʀɽʅʠʄ ʋʨʌʋ 

ʅʝʟʥʘʭʠʥ ɼ.ʉ. 

ʢ.ʬ.-ʤ. ʥ., ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ ʦʪʜʝʣʘ ʤʘʛʥʝʪʠʟʤʘ ʪʚʸʨʜʳʭ ʪʝʣ ʅʀʀ ʌʇʄ ʀɽʅʠʄ 

ʋʨʌʋ 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʩʩʣʝʜʫʶʪʩʷ ʩʪʨʫʢʪʫʨʥʳʝ ʠ ʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ 

ʢʚʘʟʠʙʠʥʘʨʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ (Lu1-xCex)2Co7 ʧʨʠ x = (0.05, 0.10, 0.15, 0.20). ʇʦʜʦʙʨʘʥʳ 

ʦʧʪʠʤʘʣʴʥʳʝ ʨʝʞʠʤʳ ʩʠʥʪʝʟʘ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ (Lu1-xCex)2Co7 ʩ ʨʘʟʣʠʯʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ x. 

ʀʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ ʟʘʤʝʥʳ ʘʪʦʤʦʚ Lu ʘʪʦʤʘʤʠ Ce ʥʘ ʚʝʣʠʯʠʥʫ ʪʦʯʢʠ ʂʶʨʠ, 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʥʘʩʳʱʝʥʠʷ, ʢʦʥʩʪʘʥʪ ʤʘʛʥʠʪʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʘʥʠʟʦʪʨʦʧʠʠ ʠ ʧʦʣʷ 

ʘʥʠʟʦʪʨʦʧʠʠ ʚ ʰʠʨʦʢʦʤ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ. ɺ ʜʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʷʭ ʥʘʙʣʶʜʘʝʪʩʷ ʷʚʣʝʥʠʝ 

ʘʥʠʟʦʪʨʦʧʠʠ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʥʘʩʳʱʝʥʠʷ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʟʚʦʣʷʶʪ ʣʫʯʰʝ 

ʧʦʥʷʪʴ ʚʣʠʷʥʠʝ ʟʘʤʝʱʝʥʠʷ ʘʪʦʤʦʚ ʥʘ ʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʩʦʝʜʠʥʝʥʠʡ ʠ ʠʭ ʧʦʪʝʥʮʠʘʣʴʥʦʝ 

ʧʨʠʤʝʥʝʥʠʝ ʚ ʦʙʣʘʩʪʠ ʩʦʟʜʘʥʠʷ ʚʳʩʦʢʦʘʥʠʟʦʪʨʦʧʥʳʭ ʤʘʛʥʠʪʦʪʚʸʨʜʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʨʝʜʢʦʟʝʤʝʣʴʥʳʝ ʤʘʛʥʝʪʠʢʠ, ʤʦʥʦʢʨʠʩʪʘʣʣʳ, ʘʥʠʟʦʪʨʦʧʠʷ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʥʘʩʳʱʝʥʠʷ 
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Annotation. In this work, the structural and magnetic properties of the quasi-binary compound (Lu1-

xCex)2Co7 at x = (0.05, 0.10, 0.15, 0.20) are investigated. The optimal synthesis modes of (Lu1-

xCex)2Co7 single crystals with different values of x have been found.. The influence of replacement of 

Lu atoms by Ce atoms on the Curie point value, saturation magnetization, magnetocrystalline 

anisotropy constants and anisotropy field in a wide temperature range has been investigated. 

Anisotropy of the saturation magnetization is observed. The results provide a better understanding 

of the effect of atom substitution on the magnetic properties of the compounds and their potential 

applications in the field of creating highly anisotropic hard-magnetic materials. 

 

Keywords: rare-earth magnetics, single crystals, saturation magnetization anisotropy 

 

ɹʠʥʘʨʥʦʝ ʩʦʝʜʠʥʝʥʠʝ Lu2Co7 ʷʚʣʷʝʪʩʷ ʦʜʥʦʦʩʥʳʤ ʬʝʨʨʦʤʘʛʥʝʪʠʢʦʤ ʩ ʚʳʩʦʢʠʤ 

ʟʥʘʯʝʥʠʝʤ ʧʦʣʷ ʘʥʠʟʦʪʨʦʧʠʠ. ʊʦʯʢʘ ʂʶʨʠ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 550 ʂ. ɺ ʜʘʥʥʦʤ ʩʦʝʜʠʥʝʥʠʠ 

ʥʘʙʣʶʜʘʝʪʩʷ ʷʚʣʝʥʠʝ ʘʥʠʟʦʪʨʦʧʠʠ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʥʘʩʳʱʝʥʠʷ, ʢʦʛʜʘ ʚʳʰʝ ʧʦʣʷ 

ʘʥʠʟʦʪʨʦʧʠʠ MS ʚʜʦʣʴ ʦʩʠ ʣʝʛʢʦʛʦ ʠ ʪʨʫʜʥʦʛʦ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ ʥʝ ʩʦʚʧʘʜʘʶʪ. ʇʦʩʢʦʣʴʢʫ ʚ 

ʢʘʯʝʩʪʚʝ ʨʝʜʢʦʟʝʤʝʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʘʛʥʠʪʦʥʝʘʢʪʠʚʥʳʡ ʘʪʦʤ Lu, ʚʩʝ ʤʘʛʥʠʪʥʳʝ 

ʩʚʦʡʩʪʚʘ ʚ ʜʘʥʥʦʤ ʩʦʝʜʠʥʝʥʠʠ ʩʚʷʟʘʥʳ ʩ ʘʪʦʤʘʤʠ ʢʦʙʘʣʴʪʘ. ɿʘʤʝʥʘ ʦʜʥʦʛʦ 

ʤʘʛʥʠʪʦʥʝʘʢʪʠʚʥʦʛʦ ʘʪʦʤʘ ʜʨʫʛʠʤ ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ ʦʩʥʦʚʥʳʭ ʤʘʛʥʠʪʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʪʘʢʠʭ ʢʘʢ ʪʦʯʢʘ ʂʶʨʠ, ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ ʥʘʩʳʱʝʥʠʷ, ʧʦʣʝ ʘʥʠʟʦʪʨʦʧʠʠ, 

ʟʥʘʯʝʥʠʝ ʢʦʥʩʪʘʥʪ ʤʘʛʥʠʪʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʘʥʠʟʦʪʨʦʧʠʠ. ʕʪʦ ʭʦʨʦʰʦ ʚʠʜʥʦ ʧʨʠ ʘʥʘʣʠʟʝ 

ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ ʩʦʝʜʠʥʝʥʠʡ Y2Co7 [1] ʠ La2Co7 [2], ʚ ʢʦʪʦʨʳʭ Y ʠ La ʪʘʢʞʝ ʷʚʣʷʶʪʩʷ 

ʤʘʛʥʠʪʦʥʝʘʢʪʠʚʥʳʤʠ ʘʪʦʤʘʤʠ. ʋʢʘʟʘʥʥʳʝ ʨʘʟʣʠʯʠʷ ʦʙʫʩʣʦʚʣʝʥʳ ʦʙʤʝʥʥʳʤ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʘʪʦʤʦʚ ʢʦʙʘʣʴʪʘ ʠ ʥʘʧʨʷʤʫʶ ʩʚʷʟʘʥʳ ʩ ʧʘʨʘʤʝʪʨʘʤʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ 

ʨʝʰʝʪʢʠ. 

ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚʳʩʦʢʦʘʥʠʟʦʪʨʦʧʥʳʭ ʧʦʩʪʦʷʥʥʳʭ ʤʘʛʥʠʪʦʚ ʩ 

ʚʳʩʦʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʪʦʯʢʠ ʂʶʨʠ ʠʩʧʦʣʴʟʫʶʪ ʩʧʣʘʚʳ ʥʘ ʦʩʥʦʚʝ Co. ʉ ʮʝʣʴʶ ʫʜʝʰʝʚʣʝʥʠʷ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʤʘʛʥʠʪʦʪʚʸʨʜʳʭ ʤʘʪʝʨʠʘʣʦʚ ʨʷʜʦʤ ʘʚʪʦʨʦʚ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ 

ʢʘʯʝʩʪʚʝ ʜʦʙʘʚʢʠ ʘʪʦʤʳ ʉʝ. ʈʝʜʢʦʟʝʤʝʣʴʥʳʝ ʵʣʝʤʝʥʪʳ ʤʦʛʫʪ ʦʙʨʘʟʦʚʳʚʘʪʴ ʩ ʢʦʙʘʣʴʪʦʤ ʜʦ 6 

ʨʘʟʣʠʯʥʳʭ ʙʠʥʘʨʥʳʭ ʬʘʟ ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʝʜʢʦʟʝʤʝʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ ʤʝʥʝʝ 50 ʘʪ. % [3]. 

ʆʜʥʦʡ ʠʟ ʩʪʘʙʠʣʴʥʳʭ ʬʘʟ ʷʚʣʷʝʪʩʷ ʬʘʟʘ Ce2Co7 ʩ ʪʦʯʢʦʡ ʂʶʨʠ 123 ʂ. ʉʦʝʜʠʥʝʥʠʝ Ce2Co7 

ʦʙʨʘʟʫʝʪʩʷ ʧʦ ʧʝʨʠʪʝʢʪʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ, ʘ ʮʝʨʠʡ ʷʚʣʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʘʢʪʠʚʥʳʤ ʠ ʣʝʪʫʯʠʤ 

ʭʠʤʠʯʝʩʢʠʤ ʵʣʝʤʝʥʪʦʤ, ʚ ʩʚʷʟʠ ʩ ʵʪʠʤ ʩʠʥʪʝʟ ʦʜʥʦʬʘʟʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʟʘʪʨʫʜʥʠʪʝʣʝʥ, ʠ, ʧʦ-

ʚʠʜʠʤʦʤʫ, ʠʟ-ʟʘ ʵʪʦʛʦ ʚ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʚ ʣʠʪʝʨʘʪʫʨʝ ʦʪʩʫʪʩʪʚʫʝʪ ʘʥʘʣʠʟ ʤʘʛʥʠʪʥʳʭ 

ʩʚʦʡʩʪʚ ʜʘʥʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ. 

ɸʪʦʤ ʮʝʨʠʷ ʷʚʣʷʝʪʩʷ ʤʘʛʥʠʪʦʘʢʪʠʚʥʳʤ, ʘ ʝʛʦ ʠʦʥʥʳʡ ʨʘʜʠʫʩ ʙʦʣʴʰʝ ʠʦʥʥʦʛʦ ʨʘʜʠʫʩʘ 

ʣʶʪʝʮʠʷ [4]. ɺ ʩʚʷʟʠ ʩ ʚʳʰʝʩʢʘʟʘʥʥʳʤ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ ʠʩʩʣʝʜʦʚʘʥʠʝ ʤʘʛʥʠʪʥʳʭ 

ʩʚʦʡʩʪʚ ʢʚʘʟʠʙʠʥʘʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ (Lu1-xCex)2Co7. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʤʦʥʦʢʨʠʩʪʘʣʣʳ (Lu1-xCex)2Co7 ʠʟ ʚʳʩʦʢʦʯʠʩʪʳʭ Lu, Ce 

ʠ Co ʧʫʪʸʤ ʦʭʣʘʞʜʝʥʠʷ ʨʘʩʧʣʘʚʘ, ʧʨʠʛʦʪʦʚʣʝʥʥʦʛʦ ʚ ʠʥʜʫʢʮʠʦʥʥʦʡ ʧʝʯʠ, x = (0,05, 0,10, 0,15, 

0,20). ʈʘʟʤʝʨ ʧʦʣʫʯʝʥʥʳʭ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʩʦʩʪʘʚʠʣ ʦʢʦʣʦ 2 ʤʤ ʚ ʜʠʘʤʝʪʨʝ, ʪʦʣʱʠʥʘ ʦʢʦʣʦ 0,5 

ʤʤ. ʆʨʠʝʥʪʠʨʦʚʘʥʠʝ ʦʙʨʘʟʮʦʚ ʧʨʦʚʝʜʝʥʦ ʩ ʧʦʤʦʱʴʶ ʃʘʫʵ-ʜʠʬʨʘʢʪʦʤʝʪʨʠʠ. ʄʝʪʦʜʦʤ 
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ʧʦʨʦʰʢʦʚʦʡ ʜʠʬʨʘʢʮʠʠ ʫʜʘʣʦʩʴ ʫʩʪʘʥʦʚʠʪʴ, ʯʪʦ ʧʦʣʫʯʝʥʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʠʤʝʝʪ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ ʛʨʫʧʧʫ ʩʠʤʤʝʪʨʠʠ R-3m, ʯʪʦ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʩʦʝʜʠʥʝʥʠʡ ʪʠʧʘ R2Co7 [3], 

ʫʩʪʘʥʦʚʣʝʥʳ ʧʘʨʘʤʝʪʨʳ ʨʝʰʸʪʢʠ ʧʨʠ ʨʘʟʥʳʭ ʟʥʘʯʝʥʠʷʭ x. ʄʘʛʥʠʪʥʳʝ ʠʟʤʝʨʝʥʠʷ ʚʳʧʦʣʥʝʥʳ 

ʩ ʧʦʤʦʱʴʶ ʫʩʪʘʥʦʚʢʠ PPMS DynaCool (Quantum Design) ʩ ʦʧʮʠʝʡ Vibrating Sample 

Magnetometer ʚ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʠʥʪʝʨʚʘʣʝ 5-350 K, ʚ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ ʥʘʧʨʷʞʝʥʥʦʩʪʴʶ ʜʦ 90 

ʢʕ. ʈʘʥʝʝ ʘʚʪʦʨʘʤʠ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʘʥʘʣʠʟʘ ʢʨʠʚʳʭ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ ʙʳʣʠ ʫʩʪʘʥʦʚʣʝʥʳ 

ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʧʦʣʷ ʘʥʠʟʦʪʨʦʧʠʠ ʠ ʢʦʥʩʪʘʥʪ ʤʘʛʥʠʪʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ 

ʘʥʠʟʦʪʨʦʧʠʠ K1 ʠ K2, ʨʘʩʩʯʠʪʘʥʥʳʭ ʤʝʪʦʜʦʤ ʉʘʢʩʤʠʪʘ-ʊʦʤʧʩʦʥʘ, ʜʣʷ Lu2Co7. ʊʦ ʞʝ ʙʳʣʦ 

ʧʨʦʜʝʣʘʥʦ ʠ ʜʣʷ ʩʦʩʪʘʚʦʚ ʩ ʟʘʤʝʱʝʥʠʝʤ ʮʝʨʠʝʤ, ʧʨʦʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ 

ʨʝʟʫʣʴʪʘʪʦʚ. ʋʩʪʘʥʦʚʣʝʥʘ ʪʦʯʢʘ ʂʶʨʠ ʩʦʝʜʠʥʝʥʠʡ ʩ ʟʘʤʝʱʝʥʠʝʤ ʩ ʧʦʤʦʱʴʶ ʪʝʤʧʝʨʘʪʫʨʥʳʭ 

ʠʟʤʝʨʝʥʠʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ. 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʈʅʌ ˉ 24-22-00313. 
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ɺʣʠʷʥʠʝ ʢʨʠʩʪʘʣʣʦʭʠʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʨʦʩʪʘ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ 

ʪʨʠʛʦʥʘʣʴʥʳʭ ʬʝʨʨʦʙʦʨʘʪʦʚ Ho0,5Nd0,5Fe3(BO3)4 ʥʘ ʠʭ ʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ 
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ɸʥʥʦʪʘʮʠʷ. ʄʦʥʦʢʨʠʩʪʘʣʣʳ Ho0,5Nd0,5Fe3(BO3)4 ʚʳʨʘʱʠʚʘʣʠ ʠʟ ʜʚʫʭ ʚʠʜʦʚ ʨʘʩʪʚʦʨʦʚ-

ʨʘʩʧʣʘʚʦʚ ï ʥʘ ʦʩʥʦʚʝ Bi2Mo3O12 ʠ ʥʘ ʦʩʥʦʚʝ Li2WO4. ʇʨʠʚʦʜʷʪʩʷ ʩʦʦʪʥʦʰʝʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ 

ʨʘʩʪʚʦʨʘ-ʨʘʩʧʣʘʚʘ, ʫʩʣʦʚʠʷ ʠ ʨʝʞʠʤʳ ʨʦʩʪʘ. ʇʨʦʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ 

ʢʨʠʩʪʘʣʣʦʚ, ʚʳʨʘʱʝʥʥʳʭ ʠʟ ʨʘʟʥʳʭ ʨʘʩʪʚʦʨʦʚ ʨʘʩʧʣʘʚʦʚ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʨʦʩʪ ʢʨʠʩʪʘʣʣʦʚ, ʘʥʪʠʬʝʨʨʦʤʘʛʥʝʪʠʢʠ, ʤʫʣʴʪʠʬʝʨʨʦʠʢʠ 
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Annotation. Ho0,5Nd0,5Fe3(BO3)4 single crystals were grown from two types of melt solutions - based 

on Bi2Mo3O12 and based on Li2WO4. The ratios of solution-melt components, growth conditions and 

modes are given. A comparison was made of the magnetic properties of crystals grown from different 

melt solutions. 
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ʉʦʚʨʝʤʝʥʥʳʡ ʫʨʦʚʝʥʴ ʨʘʟʚʠʪʠʷ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ ʪʨʝʙʫʝʪ ʤʘʪʝʨʠʘʣʳ ʩ ʚʳʩʦʢʠʤ 

ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʤ ʩʦʚʝʨʰʝʥʩʪʚʦʤ ʠ ʯʠʩʪʦʪʦʡ. ʇʝʨʩʧʝʢʪʠʚʥʳʤ ʢʣʘʩʩʦʤ ʦʙʲʝʢʪʦʚ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ ʨʝʜʢʦʟʝʤʝʣʴʥʳʝ ʬʝʨʨʦʙʦʨʘʪʳ ʩ ʦʙʱʝʡ ʬʦʨʤʫʣʦʡ RFe3(BO3)4 ʩ 
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ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʦʡ, ʠʟʦʤʦʨʬʥʦʡ ʩʪʨʫʢʪʫʨʝ ʤʠʥʝʨʘʣʘ ʭʘʥʪʠʪʘ CaMg3(CO3)4. ɺʦ ʚʩʝʭ 

ʧʨʝʜʩʪʘʚʠʪʝʣʷʭ ʵʪʦʛʦ ʢʣʘʩʩʘ (ʩ R=Y, Pr õ Er) ʦʙʥʘʨʫʞʝʥ ʤʘʛʥʠʪʦʵʣʝʢʪʨʠʯʝʩʢʠʡ ʵʬʬʝʢʪ, ʠʟ 

ʯʝʛʦ ʩʣʝʜʫʝʪ, ʯʪʦ ʵʪʠ ʢʨʠʩʪʘʣʣʳ ʧʨʠʥʘʜʣʝʞʘʪ ʢ ʛʨʫʧʧʝ ʤʫʣʴʪʠʬʝʨʨʦʠʢʦʚ, ʠʟʫʯʝʥʠʝ ʢʦʪʦʨʳʭ 

ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʚʘʞʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʚ ʩʦʚʨʝʤʝʥʥʦʡ ʬʠʟʠʢʝ ʪʚʝʨʜʦʛʦ ʪʝʣʘ. [1-4]. 

ɺ ʤʘʛʥʠʪʥʦʤ ʦʪʥʦʰʝʥʠʠ ʬʝʨʨʦʙʦʨʘʪʳ ʷʚʣʷʶʪʩʷ ʘʥʪʠʬʝʨʨʦʤʘʛʥʝʪʠʢʘʤʠ ʩ ʜʚʫʤʷ 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʤʠ ʤʘʛʥʠʪʥʳʤʠ ʧʦʜʩʠʩʪʝʤʘʤʠ (ʨʝʜʢʦʟʝʤʝʣʴʥʦʡ ʠ ʞʝʣʝʟʥʦʡ). ɾʝʣʝʟʥʘʷ 

ʧʦʜʩʠʩʪʝʤʘ ʫʧʦʨʷʜʦʯʠʚʘʝʪʩʷ ʧʨʠ TN = 30ï40 K. ʈʝʜʢʦʟʝʤʝʣʴʥʘʷ ʧʦʜʩʠʩʪʝʤʘ ʧʦʜʤʘʛʥʠʯʝʥʘ f-d 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʠ ʜʘʝʪ ʩʫʱʝʩʪʚʝʥʥʳʡ ʚʢʣʘʜ ʚ ʤʘʛʥʠʪʥʫʶ ʘʥʠʟʦʪʨʦʧʠʶ ʠ ʦʨʠʝʥʪʘʮʠʶ 

ʤʘʛʥʠʪʥʳʭ ʤʦʤʝʥʪʦʚ.  

ʀʩʩʣʝʜʦʚʘʥʠʝʤ ʪʘʢʠʭ ʢʨʠʩʪʘʣʣʦʚ ʟʘʥʠʤʘʶʪʩʷ ʜʝʩʷʪʢʠ ʣʘʙʦʨʘʪʦʨʠʡ ʚʦ ʚʩʝʤ ʤʠʨʝ, 

ʦʜʥʘʢʦ ʪʝʭʥʦʣʦʛʠʠ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʛʦ ʧʦʣʫʯʝʥʠʷ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʭ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʜʦ ʩʠʭ 

ʧʦʨ ʥʝʪ. ʎʝʣʴ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ï ʧʦʢʘʟʘʪʴ ʧʨʠʤʝʨ ʨʘʟʨʘʙʦʪʢʠ ʪʝʭʥʦʣʦʛʠʠ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʛʦ 

ʚʳʨʘʱʠʚʘʥʠʷ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʥʘ ʧʨʠʤʝʨʝ Ho0,5Nd0,5Fe3(BO3)4 ʠʟ ʜʚʫʭ ʨʘʟʣʠʯʥʳʭ ʨʘʩʪʚʦʨʦʚ 

ʨʘʩʧʣʘʚʦʚ: ʪʨʠʤʦʣʠʙʜʘʪʘ ʚʠʩʤʫʪʘ Bi2Mo3O12 ï B2O3 ʠ ʚʦʣʴʬʨʘʤʘʪʘ ʣʠʪʠʷ Li2WO4ïB2O3. 

ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʥʝʦʙʭʦʜʠʤʦ ʙʳʣʦ ʦʧʨʝʜʝʣʠʪʴ ʢʦʣʠʯʝʩʪʚʝʥʥʳʡ ʩʦʩʪʘʚ ʨʘʩʪʚʦʨ-

ʨʘʩʧʣʘʚʦʚ. ʕʪʦ ʜʝʡʩʪʚʠʝ ʩʦʩʪʦʷʣʦ ʠʟ ʩʣʝʜʫʶʱʠʭ ʰʘʛʦʚ: 

1. ʇʨʠʛʦʪʦʚʣʝʥʠʝ ʨʘʩʪʚʦʨʘ-ʨʘʩʧʣʘʚʘ ʩʦ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʤ ʩʦʦʪʥʦʰʝʥʠʝʤ 

ʢʨʠʩʪʘʣʣʦʦʙʨʘʟʫʶʱʠʭ ʦʢʠʩʣʦʚ. 

2. ʆʧʨʝʜʝʣʝʥʠʝ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʢʨʠʩʪʘʣʣʠʟʫʶʱʝʡ ʬʘʟʳ ʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 

ʬʘʟ (Ŭ-Fe2O3, FeBO3 + Fe3BO6). 

3. ʇʦʧʦʣʥʝʥʠʝ çʜʝʬʠʮʠʪʥʳʤè ʦʢʠʩʣʦʤ. 

4. ʇʦʣʫʯʝʥʠʝ ʪʨʝʙʫʝʤʦʡ ʬʘʟʳ Ho0,5Nd0,5Fe3(BO3)4. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʪʘʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʣʷ ʚʳʨʘʱʠʚʘʥʠʷ ʢʨʠʩʪʘʣʣʦʚ Ho0,5Nd0,5Fe3(BO3)4 

ʙʳʣʠ ʚʳʙʨʘʥʳ ʨʘʩʪʚʦʨʳ-ʨʘʩʧʣʘʚʳ: 80% ʚʝʩ. {Bi2Mo3O12 + 3B2O3 + 0,5(Nd2O3 + Ho2O3)} + 20% 

ʚʝʩ. Ho0,5Nd0,5Fe3(BO3)4. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʜʣʷ 100 ʛ ʨʘʩʪʚʦʨʘ-ʨʘʩʧʣʘʚʘ ʙʳʣʠ ʥʘʧʣʘʚʣʝʥʳ: ɺ2ʆ3 ï 

16,2 ʛ, Bi2O3 ï 25,6 ʛ, ʄʦʆ3 ï 24,0 ʛ, Fe2O3 ï 8,6 ʛ, Nd2O3 ï 11,82 ʛ, Ho2O3 ï 13,78 ʛ. 

ɺʪʦʨʦʡ ʨʘʩʪʚʦʨ-ʨʘʩʧʣʘʚ:  78% ʚʝʩ. {Li 2WO4 + 3,3 B2O3 + 0,5(Nd2O3 + Ho2O3)} + 22% ʚʝʩ. 

Ho0,5Nd0,5Fe3(BO3)4 (Li 2WO4 ï 24,05 ʛ, B2O3 ï 26,62 ʛ, Ho2O3 ï 21,09 ʛ, Nd2O3 ï 18,78 ʛ, Fe2O3 ï 

9,45 ʛ). 

ʆʙʣʘʩʪʠ ʩʪʘʙʠʣʴʥʦʩʪʠ ʢʨʠʩʪʘʣʣʦʚ Ho0,5Nd0,5Fe3(BO3)4 ʦʧʨʝʜʝʣʝʥʳ ʤʝʪʦʜʦʤ ʧʨʷʤʦʛʦ 

ʬʘʟʦʚʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ. ʉʘʤʘ ʤʝʪʦʜʠʢʘ ʚʳʨʘʱʠʚʘʥʠʷ ʦʜʠʥʘʢʦʚʘ ʜʣʷ ʦʙʦʠʭ ʪʠʧʦʚ ʨʘʩʪʚʦʨʦʚ-

ʨʘʩʧʣʘʚʦʚ. ɻʦʤʦʛʝʥʠʟʘʮʠʷ ʨʘʩʪʚʦʨʘ-ʨʘʩʧʣʘʚʘ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʧʨʠ ʊ=1000Áʉ ʚ ʪʝʯʝʥʠʝ 5-10 

ʯʘʩʦʚ ʩ ʧʦʛʨʫʞʝʥʥʳʤ ʚ ʥʝʛʦ ʠ ʚʨʘʱʘʶʱʠʤʩʷ (ɤ = 30 ʦʙ/ʤʠʥ) ʩʪʝʨʞʥʝʚʳʤ 

ʢʨʠʩʪʘʣʣʦʜʝʨʞʘʪʝʣʝʤ. ʇʨʝʜʚʘʨʠʪʝʣʴʥʳʡ ʧʦʠʩʢ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʩʳʱʝʥʠʷ ʧʨʦʚʦʜʠʣʩʷ ʧʦ 

ʥʘʙʣʶʜʝʥʠʷʤ ʟʘ ʦʙʨʘʟʦʚʘʥʠʝʤ ʥʘ ʢʨʠʩʪʘʣʣʦʜʝʨʞʘʪʝʣʝ ʩʧʦʥʪʘʥʥʳʭ ʢʨʠʩʪʘʣʣʠʢʦʚ. ʇʦʩʣʝ 

ʧʦʚʪʦʨʥʦʡ ʛʦʤʦʛʝʥʠʟʘʮʠʠ ʊʥʘʩ ʫʪʦʯʥʷʣʘʩʴ ʚ ʧʨʝʜʝʣʘʭ Ñ2Áʉ ʩ ʧʦʤʦʱʴʶ ʫʞʝ ʧʦʣʫʯʝʥʥʳʭ 

ʢʨʠʩʪʘʣʣʠʢʦʚ. ʆʙʳʯʥʦ ʥʘ ʩʪʝʨʞʥʝʚʦʤ ʜʝʨʞʘʪʝʣʝ ʟʘʢʨʝʧʣʷʣʦʩʴ 4 ñʪʦʯʝʯʥʳʭò ʟʘʪʨʘʚʦʢ - 

ʢʘʯʝʩʪʚʝʥʥʳʝ ʢʨʠʩʪʘʣʣʠʢʠ ʨʘʟʤʝʨʦʤ ~1 ʤʤ. 
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ʊʝʤʧʝʨʘʪʫʨʘ ʥʘʩʳʱʝʥʠʷ ʩʦʩʪʘʚʠʣʘ 960 ʦʉ ʜʣʷ ʧʝʨʚʦʛʦ ʠ 980 ʦʉ ʜʣʷ ʚʪʦʨʦʛʦ ʨʘʩʪʚʦʨʘ-

ʨʘʩʧʣʘʚʘ. ʐʠʨʠʥʘ ʤʝʪʘʩʪʘʙʠʣʴʥʦʡ ʟʦʥʳ æʊʤʝʪå12Áʉ ʦʧʨʝʜʝʣʷʣʘʩʴ ʢʘʢ ʤʘʢʩʠʤʘʣʴʥʦʝ 

ʧʝʨʝʦʭʣʘʞʜʝʥʠʝ, ʧʨʠ ʢʦʪʦʨʦʤ ʥʝ ʙʳʣʦ ʟʘʨʦʞʜʝʥʠʷ ʟʘ 20-ʪʠ ʯʘʩʦʚʦʡ ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ. 

ʇʦʩʣʝ ʧʝʨʝʛʨʝʚʘ ʨʘʩʪʚʦʨʘ-ʨʘʩʧʣʘʚʘ ʧʨʠ ʊ=1000Áʉ ʚ ʪʝʯʝʥʠʝ 2-4 ʯʘʩʦʚ 

ʢʨʠʩʪʘʣʣʦʜʝʨʞʘʪʝʣʴ ʩ ʟʘʪʨʘʚʢʘʤʠ ʧʦʜʚʝʰʠʚʘʣʩʷ ʥʘʜ ʨʘʩʪʚʦʨʦʤ-ʨʘʩʧʣʘʚʦʤ, ʠ ʪʝʤʧʝʨʘʪʫʨʘ ʚ 

ʧʝʯʠ ʧʦʥʠʞʘʣʘʩʴ ʜʦ ʊ=ʊʥʘʩ + 7Áʩ.ɿʘʪʝʤ ʢʨʠʩʪʘʣʣʦʜʝʨʞʘʪʝʣʴ ʧʦʛʨʫʞʘʣʩʷ ʚ ʨʘʩʪʚʦʨ-ʨʘʩʧʣʘʚ ʥʘ 

ʛʣʫʙʠʥʫ 15-20 ʤʤ ʠ ʚʢʣʶʯʘʣʦʩʴ ʨʝʚʝʨʩʠʚʥʦʝ (ʩ ʧʝʨʠʦʜʦʤ 1 ʤʠʥ) ʚʨʘʱʝʥʠʝ ʩʦ ʩʢʦʨʦʩʪʴʶ 30 

ʦʙ/ʤʠʥ. ʏʝʨʝʟ 15 ʤʠʥ ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʥʠʞʘʣʘʩʴ ʜʦ ʩʪʘʨʪʦʚʦʡ ʊ=ʊʥʘʩ ï 7Áʉ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʩʝʨʝʜʠʥʝ ʤʝʪʘʩʪʘʙʠʣʴʥʦʡ ʟʦʥʳ. ɼʘʣʝʝ ʪʝʤʧʝʨʘʪʫʨʘ ʨʘʩʪʚʦʨʘ-ʨʘʩʧʣʘʚʘ ʧʣʘʚʥʦ ʩʥʠʞʘʣʘʩʴ ʧʦ 

ʧʨʦʛʨʘʤʤʝ ʩ ʥʘʨʘʩʪʘʶʱʠʤ ʪʝʤʧʦʤ 1-2Áʉ/ʩʫʪ, ʨʘʩʩʯʠʪʘʥʥʳʤ ʥʘ ʩʢʦʨʦʩʪʠ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʦʚ ʥʝ 

ʙʦʣʝʝ 1 ʤʤ/ʩʫʪ. 

ʇʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʧʨʦʮʝʩʩʘ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʦʜʝʨʞʘʪʝʣʴ ʧʨʠʧʦʜʥʠʤʘʣʩʷ ʥʘʜ ʨʘʩʪʚʦʨʦʤ-

ʨʘʩʧʣʘʚʦʤ ʠ ʦʭʣʘʞʜʘʣʩʷ ʜʦ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʠ ʦʪʢʣʶʯʝʥʥʦʤ ʧʠʪʘʥʠʠ ʧʝʯʠ. 

ʈʘʩʪʚʦʨʳ ʨʘʩʧʣʘʚʳ ʟʘ 10-15 ʩʫʪʦʯʥʳʡ ʮʠʢʣ ʦʙʳʯʥʦ ʪʝʨʷʣʠ ʟʘ ʩʯʸʪ ʠʩʧʘʨʝʥʠʷ ʥʝ ʙʦʣʝʝ 2% 

ʤʘʩʩʳ. ʇʦʩʣʝ ʧʦʧʦʣʥʝʥʠʷ ʢʨʠʩʪʘʣʣʦʦʙʨʘʟʫʶʱʠʤʠ ʦʢʠʩʣʘʤʠ ʚ ʢʦʣʠʯʝʩʪʚʝ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ 

ʤʘʩʩʝ ʠʟʚʣʝʯʸʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ, ʦʥʠ ʠʤʝʣʠ ʊʥʘʩ ʙʣʠʟʢʠʝ ʢ ʠʩʭʦʜʥʳʤ ʠ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ 

ʧʦʚʪʦʨʥʦ. 

ɺʳʨʘʱʝʥʥʳʝ ʤʦʥʦʢʨʠʩʪʘʣʣʳ Ho0,5Nd0,5Fe3(BO3)4 ʧʦʣʫʯʠʣʠʩʴ ʨʘʟʤʝʨʦʤ ʧʦʨʷʜʢʘ 5-8 ʤʤ, 

ʠ ʠʤʝʣʠ ʩʠʣʴʥʦ ʚʳʨʘʞʝʥʥʳʡ ʟʝʣʝʥʳʡ ʦʪʪʝʥʦʢ. ʆʥʠ ʦʪʙʠʨʘʣʠʩʴ ʜʣʷ ʠʟʤʝʨʝʥʠʡ ʩ ʫʯʝʪʦʤ 

ʚʦʟʤʦʞʥʦʩʪʠ ʠʭ ʦʨʠʝʥʪʠʨʦʚʘʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʥʦʚʥʳʭ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʭ ʦʩʝʡ. 

ʄʘʛʥʠʪʥʳʝ ʠʟʤʝʨʝʥʠʷ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʥʘ ʫʩʪʘʥʦʚʢʝ Physical Properties Measurement 

System (Quantum Design) ʚ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʠʥʪʝʨʚʘʣʝ 2ï300 ʂ ʠ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ ʜʦ 9 ʊʣ. 

ʅʘ ʨʠʩ. 1 ʧʨʠʚʝʜʝʥʳ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ 

Ho0.5Nd0.5Fe3(BO3)4. ʀʟʤʝʨʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ M|| ʠ M  ̂

ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ 0.1 ʊʣ, ʥʘʧʨʘʚʣʝʥʥʦʤ ʚʜʦʣʴ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʡ ʩ-ʦʩʠ ʠ 

ʚ ʙʘʟʠʩʥʦʡ ʧʣʦʩʢʦʩʪʠ ʚʜʦʣʴ a-ʦʩʠ. 

 

ʈʠʩ.1. ʊʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ Ho0.5Nd0.5Fe3(BO3)4(Li2WO4) (ʯʝʨʥʘʷ ʣʠʥʠʷ) ʠ 

Ho0.5Nd0.5Fe3(BO3)4(Bi2Mo3O12) (ʢʨʘʩʥʘʷ ʣʠʥʠʷ), ʠʟʤʝʨʝʥʥʳʝ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ 1 kOe ʠ ʚ ʛʝʦʤʝʪʨʠʠ 

H||c (a) ʠ H ĉ (b). ʅʘ ʚʩʪʘʚʢʘʭ ʪʦʞʝ ʩʘʤʦʝ ʚ ʜʨʫʛʦʤ ʤʘʩʰʪʘʙʝ. 
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ʈʝʟʢʠʡ ʠʟʣʦʤ ʥʘ ʢʨʠʚʳʭ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ ʚ ʨʘʡʦʥʝ 8 ʂ ʫʢʘʟʳʚʘʝʪ ʥʘ ʩʧʠʥ-

ʧʝʨʝʦʨʠʝʥʪʘʮʠʦʥʳʡ ʧʝʨʝʭʦʜ ʪʠʧʘ çʣʝʛʢʘʷ ʧʣʦʩʢʦʩʪʴè ï çʣʝʛʢʘʷ ʦʩʴè. ʀʟ ʛʨʘʬʠʢʦʚ ʥʘ ʚʩʪʘʚʢʘʭ 

ʚʠʜʥʦ, ʯʪʦ ʥʘʣʠʯʠʝ ʧʨʠʤʝʩʠ ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʪʝʤʧʝʨʘʪʫʨʳ ʧʝʨʝʭʦʜʘ.  

ɺ ʧʘʨʘʤʘʛʥʠʪʥʦʡ ʦʙʣʘʩʪʠ ʜʣʷ ʦʙʦʠʭ ʩʦʩʪʘʚʦʚ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ ʧʨʘʢʪʠʯʝʩʢʠ ʠʟʦʪʨʦʧʥʘ 

ʠ ʧʦʜʯʠʥʷʝʪʩʷ ʟʘʢʦʥʫ ʂʶʨʠ-ɺʝʡʩʘ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʥʘʡʜʝʥʥʳʝ ʧʘʨʘʤʘʛʥʠʪʥʳʝ 

ʪʝʤʧʝʨʘʪʫʨʳ ʂʶʨʠ ʦʪʣʠʯʘʶʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʠ ʨʘʚʥʳ q=-67.7 ʂ ʜʣʷ 

Ho0.5Nd0.5Fe3(BO3)4(Li2WO4) ʠ q=-47.6 ʂ ʜʣʷ Ho0.5Nd0.5Fe3(BO3)4(Bi2Mo3O12). ʆʪʨʠʮʘʪʝʣʴʥʳʡ 

ʟʥʘʢ ʧʘʨʘʤʘʛʥʠʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʂʶʨʠ q ʛʦʚʦʨʠʪ ʦ ʥʘʣʠʯʠʠ ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʦʛʦ 

ʦʙʤʝʥʝʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚ ʤʘʛʥʠʪʥʦʡ ʩʠʩʪʝʤʝ, ʯʪʦ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʚʩʝʭ ʬʝʨʨʦʙʦʨʘʪʦʚ ʩʦ 

ʩʪʨʫʢʪʫʨʦʡ ʭʘʥʪʠʪʘ. ɺʠʜʥʦ, ʯʪʦ ʚʝʣʠʯʠʥʘ q ʠʤʝʝʪ ʤʝʥʴʰʝʝ ʟʥʘʯʝʥʠʝ (ʧʦ ʘʙʩʦʣʶʪʥʦʡ 

ʚʝʣʠʯʠʥʝ) ʜʣʷ Ho0.5Nd0.5Fe3(BO3)4(Bi2Mo3O12). ʆʪʩʶʜʘ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʧʨʠʩʫʪʩʪʚʠʠ 

ʥʝʤʘʛʥʠʪʥʳʭ ʧʨʠʤʝʩʝʡ ʚ ʤʦʥʦʢʨʠʩʪʘʣʣʝ, ʚʳʨʘʱʝʥʥʦʤ ʠʟ ʨʘʩʪʚʦʨʠʪʝʣʷ ʥʘ ʦʩʥʦʚʝ ʚʠʩʤʫʪʘ.  

ʕʬʬʝʢʪʠʚʥʳʡ ʤʘʛʥʠʪʥʳʡ ʤʦʤʝʥʪ ʦʜʥʦʡ ʩʪʨʫʢʪʫʨʥʦʡ ʝʜʠʥʠʮʳ ʙʳʣ ʨʘʩʩʯʠʪʘʥ ʜʣʷ ʚʩʝʭ 

ʩʦʩʪʘʚʦʚ ʠ ʨʘʚʝʥ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 12.9 mɺ ʜʣʷ Ho0.5Nd0.5Fe3(BO3)4(Li 2WO4) ʠ 12.5 mɺ ʜʣʷ 

Ho0.5Nd0.5Fe3(BO3)4(Bi2Mo3O12). ɺʠʜʥʦ, ʯʪʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ GdFe3(BO3)4 

ʦʢʘʟʘʣʦʩʴ ʨʘʚʥʦ ʚ ʪʦʯʥʦʩʪʠ ʪʝʦʨʝʪʠʯʝʩʢʦʤʫ ʟʥʘʯʝʥʠʶ ɛeff. 

ʀʩʭʦʜʷ ʠʟ ʚʳʰʝ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʜʘʥʥʳʭ, ʥʘʧʨʘʰʠʚʘʝʪʩʷ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʬʝʨʨʦʙʦʨʘʪ 

Ho0.5Nd0.5Fe3(BO3)4, ʚʳʨʘʱʝʥʥʳʡ ʠʟ ʚʦʣʴʬʨʦʤʘʪ-ʣʠʪʠʝʚʦʛʦ ʨʘʩʪʚʦʨʠʪʝʣʷ ʥʝ ʩʦʜʝʨʞʠʪ 

ʧʨʠʤʝʩʝʡ. ʌʝʨʨʦʙʦʨʘʪ, ʚʳʨʘʱʝʥʥʳʡ ʠʟ ʚʠʩʤʫʪ-ʤʦʣʠʙʜʘʪʥʦʛʦ ʨʘʩʪʚʦʨʠʪʝʣʷ ʠʤʝʝʪ 

ʵʬʬʝʢʪʠʚʥʳʡ ʤʘʛʥʠʪʥʳʡ ʤʦʤʝʥʪ ʦʜʥʦʡ ʩʪʨʫʢʪʫʨʥʦʡ ʝʜʠʥʠʮʳ 12.5 mɺ, ʯʪʦ ʥʝʤʥʦʛʦ ʤʝʥʴʰʝ 

ʪʝʦʨʝʪʠʯʝʩʢʠ ʥʘʡʜʝʥʥʦʛʦ ʟʥʘʯʝʥʠʷ ɛeff. ɽʩʣʠ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʠʦʥʳ Ho3+ ʠ Nd3+ ʟʘʤʝʱʘʶʪʩʷ 

ʠʦʥʘʤʠ Bi3+ ʠ ʠʩʧʦʣʴʟʫʷ ʨʘʟʥʦʩʪʴ ʚ ʚʝʣʠʯʠʥʘʭ ɛeff ʜʣʷ Ho0.5Nd0.5Fe3(BO3)4(Li2WO4) ʠ 

Ho0.5Nd0.5Fe3(BO3)4(Bi2Mo3O12) ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʦʮʝʥʢʫ ʧʨʠʤʝʩʠ Bi3+. ɺ ʥʘʰʝʤ ʩʣʫʯʘʝ 

ʧʦʣʫʯʘʝʪʩʷ, ʯʪʦ ʚ Ho0.5Nd0.5Fe3(BO3)4(Bi2Mo3O12)ʧʨʠʩʫʪʩʪʚʫʶʪ ʠʦʥʳ Bi3+ ʚ ʢʦʣʠʯʝʩʪʚʝ 4 % at. 

ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ: 

1. ɸ.ʄ. ʂʘʜʦʤʮʝʚʘ, ʖ.ʌ. ʇʦʧʦʚ, ɻ.ʇ. ɺʦʨʦʙʴʝʚ, ɸ.ʇ. ʇʷʪʘʢʦʚ, ʉ.ʉ. ʂʨʦʪʦʚ, ʂ.ʀ. ʂʘʤʠʣʦʚ, 

ɺ.ʖ. ʀʚʘʥʦʚ, ɸ.ɸ. ʄʫʭʠʥ, ɸ.ʂ. ɿʚʝʟʜʠʥ, ɸ.ʄ. ʂʫʟʴʤʝʥʢʦ, ʃ.ʅ. ɹʝʟʤʘʪʝʨʥʳʭ, ʀ.ɸ. ɻʫʜʠʤ, ɺ.ʃ. 

ʊʝʤʝʨʦʚ // ʌʅʊ. ï 2010. ï T. 36. ï ɺʳʧ. 6. ï C. 640-653. 

2. ɸ.ʇ. ʇʷʪʘʢʦʚ, ɸ.ʂ. ɿʚʝʟʜʠʥ. ʄʘʛʥʠʪʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʤʘʪʝʨʠʘʣʳ ʠ ʤʫʣʴʪʠʬʝʨʨʦʠʢʠ // ʋʌʅ. 
ï 2012. ï T. 182. ï C. 593-620. 

3. ɺ.ʀ. ɿʠʥʝʥʢʦ, ʄ.ʉ. ʇʘʚʣʦʚʩʢʠʡ, ɸ.ʉ. ʂʨʳʣʦʚ, ʀ.ɸ. ɻʫʜʠʤ, ɽ.ɺ. ɽʨʝʤʠʥ. ʂʦʣʝʙʘʪʝʣʴʥʳʝ 

ʩʧʝʢʪʨʳ, ʫʧʨʫʛʠʝ, ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʠ ʤʘʛʥʠʪʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʢʨʠʩʪʘʣʣʦʚ 

HoFe3(BO3)4 ʠ HoAl3(BO3)4 // ɾʕʊʌ. ï 2013. ï ʊ. 144, ï ʉ 1174-1183. 

4. ʖ.ʌ. ʇʦʧʦʚ, ɸ.ʇ. ʇʷʪʘʢʦʚ, ɸ.ʄ. ʂʘʜʦʤʮʝʚʘ, ɻ.ʇ. ɺʦʨʦʙʴʝʚ, ɸ.ʂ. ɿʚʝʟʜʠʥ, ɸ.ɸ. ʄʫʭʠʥ, 

ɺ.ʖ. ʀʚʘʥʦʚ, ʀ.ɸ. ɻʫʜʠʤ // ɾʕʊʌ. ï 2010. ï T. 138. ï C. 226-230. 
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ʋɼʂ 537.9 

ɺʣʠʷʥʠʝ ʵʣʝʢʪʨʦʥʥʦʛʦ ʜʦʧʠʨʦʚʘʥʠʷ ʥʘ ʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʟʦʥʥʦʛʦ 

ʤʘʛʥʝʪʠʢʘ MnSi ï ʩʣʫʯʘʡ Mn 1-xRhxSi (x Ò 0.05) 

ʂʨʘʩʥʦʨʫʩʩʢʠʡ ɺ.ʅ. 

ʥ.ʩ., ʀʥʩʪʠʪʫʪ ʬʠʟʠʢʠ ʚʳʩʦʢʠʭ ʜʘʚʣʝʥʠʡ ʈɸʅ 

ɹʦʢʦʚ ɸ.ɺ. 

ʤ.ʥ.ʩ., ʀʥʩʪʠʪʫʪ ʬʠʟʠʢʠ ʚʳʩʦʢʠʭ ʜʘʚʣʝʥʠʡ ʈɸʅ 

ʉʢʘʥʯʝʥʢʦ ɼ.ʆ. 

ʘʩʧʠʨʘʥʪ, ʀʌɺɼ ʈɸʅ, ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʠʥʩʪʠʪʫʪ ʷʜʝʨʥʦʡ ʬʠʟʠʢʠ ʅʀʎ çʂʫʨʯʘʪʦʚʩʢʠʡ 

ʠʥʩʪʠʪʫʪè 

ɸʣʪʳʥʙʘʝʚ ɸ.ɺ. 

ʢ.ʬ.-ʤ. ʥ., ʀʌɺɼ ʈɸʅ, ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʠʥʩʪʠʪʫʪ ʷʜʝʨʥʦʡ ʬʠʟʠʢʠ ʅʀʎ çʂʫʨʯʘʪʦʚʩʢʠʡ 

ʠʥʩʪʠʪʫʪè, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ɸʣʬʝʨʴʝʚ ʀ. 

ʩʪʫʜʝʥʪ, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʉʘʣʘʤʘʪʠʥ ɼ.ɸ. 

ʢ.ʬ.-ʤ. ʥ., ʀʥʩʪʠʪʫʪ ʬʠʟʠʢʠ ʚʳʩʦʢʠʭ ʜʘʚʣʝʥʠʡ ʈɸʅ 

ɺʦʣʢʦʚʘ ɿ.ʅ. 

ʢ.ʬ.-ʤ. ʥ., ʀʌɺɼ ʈɸʅ, ʀʥʩʪʠʪʫʪ ʬʠʟʠʢʠ ʤʝʪʘʣʣʦʚ ʋʨʆ ʈɸʅ 

ɻʝʨʘʱʝʥʢʦ ɸ.ʇ. 

ʜ.ʬ.-ʤ. ʥ., ʀʌɺɼ ʈɸʅ, ʀʥʩʪʠʪʫʪ ʬʠʟʠʢʠ ʤʝʪʘʣʣʦʚ ʋʨʆ ʈɸʅ 

ʉʝʤʝʥʦ ɸ.ɺ. 

ʢ.ʬ.-ʤ. ʥ., ʀʌɺɼ ʈɸʅ, ʀʥʩʪʠʪʫʪ ʦʙʱʝʡ ʬʠʟʠʢʠ ʈɸʅ 

ʉʠʜʦʨʦʚ ɺ.ɸ. 

ʢ.ʬ.-ʤ. ʥ., ʀʥʩʪʠʪʫʪ ʬʠʟʠʢʠ ʚʳʩʦʢʠʭ ʜʘʚʣʝʥʠʡ ʈɸʅ 

ɹʨʘʞʢʠʥ ɺ.ɺ. 

ʘʢʘʜʝʤʠʢ ʈɸʅ, ʜʠʨʝʢʪʦʨ ʀʥʩʪʠʪʫʪʘ, ʀʥʩʪʠʪʫʪ ʬʠʟʠʢʠ ʚʳʩʦʢʠʭ ʜʘʚʣʝʥʠʡ ʈɸʅ 

ʎʚʷʱʝʥʢʦ ɸ.ɺ. 

ʢ.ʬ.-ʤ. ʥ., ʀʥʩʪʠʪʫʪ ʬʠʟʠʢʠ ʚʳʩʦʢʠʭ ʜʘʚʣʝʥʠʡ ʈɸʅ 

ɸʥʥʦʪʘʮʠʷ. ʇʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʦʙʨʘʟʮʳ Mn1-xRhxSi (x = 0.0125, 0.02, 0.025, 0.05) 

ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʧʨʠ ʚʳʩʦʢʦʤ ʜʘʚʣʝʥʠʠ ʠ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʢʫʙʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʝ B20. ɺ 

ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ 2 Ò T Ò 400 K ʠ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ Õ0H Ò 9 ʊ ʙʳʣʠ ʜʝʪʘʣʴʥʦ 

ʠʟʤʝʨʝʥʘ ʠʭ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ, ʧʦʣʫʯʝʥʳ ʩʧʝʢʪʨʳ ʗʄʈ (T = 4.2 K) ʠ ʤʘʣʦʫʛʣʦʚʦʛʦ ʨʘʩʩʝʷʥʠʷ 

ʥʝʡʪʨʦʥʦʚ (x = 0.02). ʅʘ ʦʩʥʦʚʝ ʦʩʦʙʝʥʥʦʩʪʝʡ ʥʘ ʧʨʦʠʟʚʦʜʥʦʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʧʦ 

ʤʘʛʥʠʪʥʦʤʫ ʧʦʣʶ ʙʳʣʘ ʚʦʩʩʪʘʥʦʚʣʝʥʘ ʤʘʛʥʠʪʥʘʷ ʬʘʟʦʚʘʷ ʜʠʘʛʨʘʤʤʘ ʧʦʣʫʯʝʥʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʜʦʧʠʨʦʚʘʥʠʝ ʟʦʥʥʦʛʦ ʤʘʛʥʝʪʠʢʘ MnSi ʵʣʝʢʪʨʦʥʘʤʠ ʧʨʠʚʦʜʠʪ ʢ 

ʫʤʝʥʴʰʝʥʠʶ ʪʝʤʧʝʨʘʪʫʨʳ ʤʘʛʥʠʪʥʦʛʦ ʫʧʦʨʷʜʦʯʝʥʠʷ, ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ʦʙʣʘʩʪʠ 

ʩʫʱʝʩʪʚʦʚʘʥʠʷ ɸ-ʬʘʟʳ, ʧʦʷʚʣʝʥʠʶ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʬʘʟʳ TC ~ 200 K 

ʥʘʯʠʥʘʷ ʩ x Ó 0.025. 
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ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʟʦʥʥʳʡ ʤʘʛʥʝʪʠʟʤ, ɻ ʣʝʢʪʨʦʥʥʦʝ ʜʦʧʠʨʦʚʘʥʠʝ, ʩʠʥʪʝʟ ʧʨʠ ʚʳʩʦʢʦʤ ʜʘʚʣʝʥʠʠ 
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Annotation. In this work, polycrystalline samples of Mn1-xRhxSi (x = 0.0125, 0.02, 0.025, 0.05) were 

synthesized at high pressure in the cubic B20 structure. Magnetization in fields Õ0H Ò 9 T over a wide 

temperature range of 2 Ò T Ò 400 K was measured in detail, NMR spectra at T = 4.2 K and small 

angle neutron scattering (x = 0.02) were obtained. The magnetic phase diagram of these compounds 

was constructed based on features on the magnetic field derivative of the magnetization. It is shown 
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that doping of MnSi itinerant magnet with electrons leads to a decrease in the temperature of 

magnetic ordering, a significant increase in the region of existence of the A-phase, and the 

appearance of an additional high-temperature phase TC ~ 200 K starting from x Ó 0.025. 

Keywords: itinerant magnetism, electron-doping effects, high-pressure synthesis 

 

ɿʦʥʥʳʝ ʬʝʨʨʦʤʘʛʥʝʪʠʢʠ (ʌʄ) ʚ ʦʪʣʠʯʠʝ ʦʪ ʩʠʣʴʥʳʭ ʌʄ (Fe, Co, Ni) ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ ʫʧʦʨʷʜʦʯʝʥʠʷ TC, ʤʘʣʝʥʴʢʠʤ ʩʧʦʥʪʘʥʥʳʤ ʤʘʛʥʠʪʥʳʤ 

ʤʦʤʝʥʪʦʤ ʥʘ ʘʪʦʤ ÕS, ʢʦʪʦʨʳʡ ʚ ʨʘʟʳ ʤʝʥʴʰʝ ʧʘʨʘʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ, ʦʪʩʫʪʩʪʚʠʝʤ 

ʥʘʩʳʱʝʥʠʷ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʚ ʙʦʣʴʰʠʭ ʧʦʣʷʭ ʧʨʠ T < TC, ʙʦʣʴʰʠʤ ʧʘʜʝʥʠʝʤ TC ʩ 

ʧʨʠʣʦʞʝʥʠʝʤ ʜʘʚʣʝʥʠʷ, ʘ ʪʘʢʞʝ ʙʦʣʴʰʦʡ ʟʘʚʠʩʠʤʦʩʪʴʶ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ ʦʪ 

ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʭ ʠ ʭʠʤʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ. ʀʥʪʝʨʤʝʪʘʣʣʠʯʝʩʢʦʝ ʩʦʝʜʠʥʝʥʠʝ MnSi ʩ TC 

~ 30 ʂ ʠ ÕS = 0.4 ÕB ʷʚʣʷʝʪʩʷ ʪʠʧʠʯʥʳʤ ʧʨʠʤʝʨʦʤ ʪʘʢʦʛʦ ʩʣʘʙʦʛʦ ʟʦʥʥʦʛʦ ʤʘʛʥʝʪʠʢʘ. 

ɺ ʨʘʙʦʪʝ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠ ʠʩʩʣʝʜʦʚʘʥʳ ʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ 

ʦʙʨʘʟʮʦʚ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ ʟʘʤʝʱʝʥʠʷ Mn1-xRhxSi (x Ò 0.05), ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʧʨʠ ʚʳʩʦʢʦʤ 

ʜʘʚʣʝʥʠʠ ʠ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʢʘʤʝʨʝ ʪʠʧʘ çʪʦʨʦʠʜè ʚ ʀʌɺɼ ʈɸʅ. ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ 

ʧʦʣʫʯʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ï ʢʫʙʠʯʝʩʢʘʷ B20 (ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʛʨʫʧʧʘ P213) ʙʝʟ ʮʝʥʪʨʘ 

ʠʥʚʝʨʩʠʠ, ʢʘʢ ʠ ʫ ʤʘʪʝʨʠʥʩʢʦʛʦ MnSi. ɺ ʪʘʢʠʭ ʩʪʨʫʢʪʫʨʘʭ ʨʝʘʣʠʟʫʝʪʩʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ɼʟʷʣʦʰʠʥʩʢʦʛʦ-ʄʦʨʠʠ (ɼʄ), ʢʦʪʦʨʦʝ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʤʦʥʦʢʠʨʘʣʴʥʦʡ 

ʛʝʣʠʢʦʠʜʘʣʴʥʦʡ ʤʘʛʥʠʪʥʦʡ ʩʪʨʫʢʪʫʨʳ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ T < TC. ʊʘʢʠʤ ʤʦʥʦʢʠʨʘʣʴʥʳʤ 

ʩʦʝʜʠʥʝʥʠʷʤ ʩʚʦʡʩʪʚʝʥʥʦ ʦʙʨʘʟʦʚʘʥʠʝ ʥʝʦʙʳʯʥʦʛʦ ʫʧʦʨʷʜʦʯʝʥʠʷ - ɸ-ʬʘʟʳ (ʪʦʧʦʣʦʛʠʯʝʩʢʠ 

ʩʪʘʙʠʣʴʥʦʡ ʩʧʠʥ-ʚʠʭʨʝʚʦʡ ʩʪʨʫʢʪʫʨʳ ʩ ʚʦʣʥʦʚʳʤ ʚʝʢʪʦʨʦʤ k ƍ H, ʩʢʠʨʤʠʦʥʥʦʡ ʨʝʰʝʪʢʠ) 

ʚʙʣʠʟʠ TC. ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʷ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ 

2 Ò T Ò 400 K ʚ ʧʦʣʷʭ H Ò 90 ʢʕ, ʩʧʝʢʪʨʳ ʗʄʈ 29Si ʠ 55Mn (T = 4.2 K, H = 0) ʠ ʤʘʣʦʫʛʣʦʚʦʛʦ 

ʨʘʩʩʝʷʥʠʷ ʥʝʡʪʨʦʥʦʚ (ʄʋʈʅ) (ʜʣʷ x = 0.02). ʀʟʤʝʨʝʥʠʷ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ 

ʚ ʀʌɺɼ ʈɸʅ ʥʘ ʫʩʪʘʥʦʚʢʝ PPMS Quantum Design, ʩʧʝʢʪʨʳ ʗʄʈ ʧʦʣʫʯʝʥʳ ʚ ʀʌʄ ʋʨʆ ʈɸʅ. 

ʅʘ ʦʩʥʦʚʝ ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʦʣʝʚʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʧʨʦʠʟʚʦʜʥʦʡ dM/dH ʙʳʣʘ 

ʚʦʩʩʪʘʥʦʚʣʝʥʘ ʬʘʟʦʚʘʷ ʜʠʘʛʨʘʤʤʘ ʩʣʝʜʫʶʱʠʭ ʩʦʩʪʘʚʦʚ x = 0.0125, 0.02, 0.025, 0.05. ɼʣʷ 

ʩʦʩʪʘʚʘ x = 0.02 ʬʘʟʦʚʘʷ ʜʠʘʛʨʘʤʤʘ, ʧʦʣʫʯʝʥʥʘʷ ʠʟ dM/dH, ʙʳʣʘ ʩʦʧʦʩʪʘʚʣʝʥʘ ʩ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʄʋʈʅ, ʦʧʨʝʜʝʣʝʥʳ ʧʘʨʘʤʝʪʨʳ ɼʄ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠ ʩʧʠʥʦʚʦʡ ʞʝʩʪʢʦʩʪʠ. 

ɿʥʘʯʝʥʠʷ ʫʢʘʟʘʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʧʨʠ 

ʟʘʤʝʱʝʥʠʠ Mn ʥʘ Co ʠʣʠ ʥʘ Ir1. ʇʨʠ ʵʪʦʤ ʥʘʙʣʶʜʘʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʦʙʣʘʩʪʠ 

ʩʪʘʙʠʣʴʥʦʩʪʠ ɸ-ʬʘʟʳ ʜʣʷ ʚʩʝʭ ʠʩʩʣʝʜʫʝʤʳʭ ʩʦʩʪʘʚʦʚ. 

ʇʦʤʠʤʦ ʵʪʦʛʦ, ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʟʘʤʝʱʝʥʠʝ Mn ʠʦʥʘʤʠ Rh ʩ 4d ʥʝʟʘʧʦʣʥʝʥʥʦʡ 

ʟʦʥʦʡ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʜʦʧʠʨʦʚʘʥʠʷ 3d ʠ/ʠʣʠ 5d ʤʝʪʘʣʣʘʤʠ, ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʤʘʛʥʠʪʥʦʡ ʬʘʟʳ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʡʩʷ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʤ ʦʙʤʝʥʦʤ c T ~ 

200 K ʜʣʷ ʩʦʩʪʘʚʦʚ ʥʘʯʠʥʘʷ ʩ x Ó 0.025. ɼʘʥʥʘʷ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʘʷ ʬʘʟʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʥʘʣʠʯʠʝʤ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʛʦ ʗʄʈ ʩʠʛʥʘʣʘ ʥʘ ʷʜʨʘʭ 55Mn ʩ ʯʘʩʪʦʪʘʤʠ ~ 180 ʠ 310 ʄɻʮ, ʯʪʦ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʤʘʛʥʠʪʥʦʤʫ ʤʦʤʝʥʪʫ ~ 1.3 ʠ 2.2 ÕB / Mn. ʆʪʤʝʪʠʤ, ʯʪʦ ʵʪʦʪ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʡ 

ʩʠʛʥʘʣ ʷʚʣʷʝʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʢ ʦʩʥʦʚʥʦʤʫ ʥʠʟʢʦʯʘʩʪʦʪʥʦʤʫ, ʭʘʨʘʢʪʝʨʥʦʤʫ ʜʣʷ 

ʛʝʣʠʢʦʠʜʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʳ ʠ ʥʘʙʣʶʜʘʚʰʝʤʫʩʷ ʧʨʝʞʜʝ2 ʥʘ ʯʠʩʪʦʤ MnSi. ɼʣʷ ʩʦʩʪʘʚʘ 

x = 0.0125 ʦʥ ʚʠʜʝʥ ʧʨʠ ~ 50 ʄɻʮ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ~ 0.31 ÕB / Mn. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʧʨʦʝʢʪʘ ʈʅʌ 22-12-00008. 
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ʐʠʧʢʦʚʘ ɽ.ɼ. 

 

ɸʩʧʠʨʘʥʪ ʢʘʬʝʜʨʳ ʤʘʛʥʝʪʠʟʤʘ ʄʦʩʢʦʚʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ 

ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ, ʬʠʟʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

ʂʫʣʤʘʪʦʚʘ ɻ.A. 

 

ʜʦʢʪʦʨʘʥʪ (PhD) ʢʘʬʝʜʨʳ ʦʙʱʝʡ ʬʠʟʠʢʠ ʉʘʤʘʨʢʘʥʜʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ 

ʫʥʠʚʝʨʩʠʪʝʪʘ ʠʤʝʥʠ ʐʘʨʦʬʘ ʈʘʰʠʜʦʚʘ, ʉʘʤʘʨʢʘʥʜ, ʋʟʙʝʢʠʩʪʘʥ 

 

ɸʥʥʦʪʘʮʠʷ: ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ ʛʘʤʤʘ-ʦʙʣʫʯʝʥʠʷ ʠ ʵʣʝʢʪʨʦʥʥʦʛʦ 

ʦʙʣʫʯʝʥʠʷ ʥʘ ʚʦʟʜʫʭʝ ʧʨʠ 320 ʂ ʥʘ ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ ʠ ʤʘʛʥʠʪʥʝr ʩʚʦʡʩʪʚʘ 

ʛʝʢʩʘʬʝʨʨʠʪʘ ʙʘʨʠʷ BaFe12O19. ʆʙʣʫʯʝʥʠʷ ʚʳʟʚʘʣʠ ʠʟʤʝʥʝʥʠʷ ʩʦʦʪʥʦʰʝʥʠʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ 

ʬʘʟ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʝʩʣʠ ʜʦ ʦʙʣʫʯʝʥʠʷ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ ʥʘʩʳʱʝʥʠʷ ʩʦʩʪʘʚʣʷʣʘ 1.2 emu/g, ʪʦ 

ʧʦʩʣʝ ɔ-ʦʙʫʯʝʥʠʠ ʦʙʨʘʟʮʘ ʜʦʟʦʡ 2³107 ʈ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ ʥʘʩʳʱʝʥʠʷ (ʠʟʤʝʨʝʥʥʘʷ ʧʨʠ 300 ʂ) 

ʜʦʩʪʠʛʣʘ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ~34 emu/g. 
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Annotation: In this work, the effect of gamma irradiation and electron irradiation in air at 320 

K on the crystal structure and magnetic properties of barium hexaferrite BaFe12O19 was studied.  The 

irradiations caused crystal phase transformations It was shown that before irradiation their 

magnetization is 1.2 emu/g, and after ɔ-training of the sample with a dose of 2³107 R, the saturation 

magnetization (measured at 300 K) reaches its maximum value (~34 emu/g).  

Keywords: barium hexaferrite, gamma irradiation, electron irradiation, crystal structure, 

saturation magnetization. 

 

ʇʦʚʳʰʝʥʥʳʡ ʠʥʪʝʨʝʩ ʢ ʛʝʢʩʘʬʝʨʨʠʪʫ ʙʘʨʠʷ (BaFe12O19) ʠ ʬʝʨʨʠʪʘʤ ʥʘ ʝʛʦ ʦʩʥʦʚʝ 

ʦʙʫʩʣʦʚʣʝʥ ʠʭ ʚʳʩʦʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʪʝʤʧʝʨʘʪʫʨʳ ʂʶʨʠ,  ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ  ʥʘʩʳʱʝʥʠʷ, 

ʤʘʛʥʠʪʥʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ, ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʘ ʪʘʢʞʝ ʠʭ ʢʦʨʨʦʟʠʦʥʥʦʡ ʠ 

ʭʠʤʠʯʝʩʢʦʡ ʩʪʦʡʢʦʩʪʴʶ ʠ ʜʨ.,  ʯʪʦ ʜʝʣʘʝʪ ʵʪʠ ʤʘʛʥʠʪʥʳʝ ʤʘʪʝʨʠʘʣʳ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʜʣʷ  

ʧʨʠʤʝʥʝʥʠʡ ʚ ʨʘʟʣʠʯʥʳʭ ʫʩʪʨʦʡʩʪʚʘʭ ʩʚʝʨʭʚʳʩʦʢʦʯʘʩʪʦʪʥʦʡ ʵʣʝʢʪʨʦʥʠʢʠ (ʬʝʨʨʠʪʦʚʳʝ 

ʧʦʛʣʦʪʠʪʝʣʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʦʣʥ, ʘʥʪʝʥʥʳ, ʩʝʨʜʝʯʥʠʢʠ, ʵʣʝʤʝʥʪʳ ʧʘʤʷʪʠ ʠ ʜʨ.) [1]. ʈʘʙʦʪʘ 
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ʪʘʢʠʭ ʫʩʪʨʦʡʩʪʚ ʚ ʫʩʣʦʚʠʷʭ ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʪʨʝʙʫʝʪ ʜʝʪʘʣʴʥʦʛʦ ʧʦʥʠʤʘʥʠʷ 

ʚʣʠʷʥʠʷ ʛʘʤʤʘ-ʦʙʣʫʯʝʥʠʷ, ʦʙʣʫʯʝʥʠʷ ʵʣʝʢʪʨʦʥʘʤʠ ʠ ʥʝʡʪʨʦʥʘʤʠ ʥʘ ʠʭ ʪʝʭʥʠʯʝʩʢʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʨʘʜʠʘʮʠʦʥʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʧʦʟʚʦʣʷʝʪ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦ 

ʠʟʤʝʥʷʪʴ ʩʪʨʫʢʪʫʨʥʳʝ ʠ ʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʬʝʨʨʠʪʦʚ ʢʘʢ ʚ ʧʨʦʮʝʩʩʝ, ʪʘʢ ʠ ʧʦʩʣʝ 

ʠʟʛʦʪʦʚʣʝʥʠʷ ʬʝʨʨʠʪʦʚ,  

ʎʝʣʴ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ð ʠʟʫʯʝʥʠʝ ʚʣʠʷʥʠʷ ʛʘʤʤʘ-ʦʙʣʫʯʝʥʠʷ ʠ ʵʣʝʢʪʨʦʥʥʦʛʦ 

ʦʙʣʫʯʝʥʠʷ ʥʘ ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ ʠ ʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʛʝʢʩʘʬʝʨʨʠʪʘ ʙʘʨʠʷ. ʆʙʲʝʢʪʳ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʟʛʦʪʦʚʣʝʥʳ ʚ ʖʞʥʦ-ʋʨʘʣʴʩʢʦʤ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤ ʫʥʠʚʝʨʩʠʪʝʪʝ 

(ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʈʦʩʩʠʷ), ʧʦ ʤʝʪʦʜʠʢʝ, ʦʧʠʩʘʥʥʦʡ ʚ [2, 3]. 

ʉʪʨʫʢʪʫʨʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʧʦʣʥʷʣʠʩʴ ʜʦ ʠ ʧʦʩʣʝ ʦʙʣʫʯʝʥʠʷ ʩ ʧʦʤʦʱʴʶ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ 

ʜʠʬʨʘʢʪʦʤʝʪʨʘ (PANalytic, ʅʠʜʝʨʣʘʥʜʳ). ʆʙʨʘʟʮʳ ʧʣʦʱʘʜʴʶ 1 ʩʤ2, ʪʦʣʱʠʥʦʡ 1°0,05 ʠ 8°0,1 

ʤʤ ʦʙʣʫʯʘʣʠʩʴ ʚ g-ʧʦʣʝ 60Co ʩ ʠʟʦʪʨʦʧʥʦʡ 4p-ʛʝʦʤʝʪʨʠʝʡ ʧʨʠ ʤʦʱʥʦʩʪʠ ʜʦʟʳ 84 ʈ/ʩ ʥʘ ʚʦʟʜʫʭʝ 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 323 ʂ. (ʀʥʩʪʠʪʫʪ ʷʜʝʨʥʦʡ ʬʠʟʠʢʠ ɸʅ ʋʟʙʝʢʠʩʪʘʥʘ, ʀʗʌ).ʆʙʣʫʯʝʥʠʝ ʛʘʤʤʘ-

ʢʚʘʥʪʘʤʠ ʩ ʵʥʝʨʛʠʝʡ 1,17 ʠ 1,33 ʄʵɺ ʜʦʩʪʘʪʦʯʥʦ, ʯʪʦʙʳ ʚʦʟʙʫʜʠʪʴ ʷʜʨʘ Ba, Fe, O ʠ ʪʝʤ ʩʘʤʳʤ 

ʚʳʟʚʘʪʴ ʩʤʝʱʝʥʠʷ ʘʪʦʤʦʚ ʠʟ ʫʟʣʦʚ ʨʝʰʝʪʢʠ. ʀʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʧʦʩʣʝ ʜʣʠʪʝʣʴʥʦʡ 

ʨʝʣʘʢʩʘʮʠʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ ʦʙʨʘʟʮʦʚ ʧʦʩʣʝ ʦʙʨʘʟʦʚʘʥʠʷ ʠʟʥʘʯʘʣʴʥʦ ʥʝʩʪʘʙʠʣʴʥʳʭ 

ʜʝʬʝʢʪʦʚ. ʆʙʣʫʯʝʥʠʝ ʵʣʝʢʪʨʦʥʘʤʠ ʧʨʦʚʦʜʠʣʦʩʴ ʥʘ ʫʩʢʦʨʠʪʝʣʝ  ʧʨʠ ʤʦʱʥʦʩʪʠ ʵʥʝʨʛʠʠ 

ʵʣʝʢʪʨʦʥʦʚ 5 ʄʵɺ. ʀʟʤʝʨʝʥʠʷ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʚʳʧʦʣʥʝʥʳ ʩ ʧʦʤʦʱʴʶ ɻʘʫʩʩʤʝʪʨʘ 

(Gaussmeter Model GM2). 

ʇʨʠ ʚʦʟʙʫʞʜʝʥʠʠ ʩ ʵʥʝʨʛʠʷʤʠ ʚʳʰʝ ʧʦʨʦʛʘ 1,02 ʄʵɺ ʦʙʨʘʟʫʶʪʩʷ ʵʣʝʢʪʨʦʥ-ʧʦʟʠʪʨʦʥʥʳʝ 

ʧʘʨʳ, ʚʣʠʷʶʱʠʝ ʥʘ ʵʣʝʢʪʨʦʥʥʫʶ ʩʪʨʫʢʪʫʨʫ. ʇʨʠ ʦʙʣʫʯʝʥʠʠ ʩʭʦʜʷʱʠʤʩʷ ʥʘ ʦʙʨʘʟʝʮ ɔ-ʧʫʯʢʦʤ 

ʜʦʩʪʠʛʘʝʪʩʷ ʥʘʠʙʦʣʴʰʘʷ ʧʣʦʪʥʦʩʪʴ ɔ-ʦʙʣʫʯʝʥʠʷ, ʚ ʨʝʟʫʣʴʪʘʪʝ  ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʨʝʰʝʪʢʘ 

ʧʦʚʨʝʞʜʘʝʪʩʷ ʠ ʥʘʛʨʝʚʘʝʪʩʷ, ʯʪʦ ʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʩʪʨʫʢʪʫʨʥʦ-ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ. ɸʥʘʣʠʟ 

ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʭ ʠʟʤʝʨʝʥʠʡ ʛʝʢʩʘʬʝʨʨʠʪʘ ʙʘʨʠʷ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ɔ-ʦʙʣʫʯʝʥʠʝ ʜʦʟʦʡ 2³107 

ʈ ʚʳʟʳʚʘʣʦ ʫʚʝʣʠʯʝʥʠʝ ʦʩʥʦʚʥʦʡ ʩʪʨʫʢʪʫʨʥʦʡ ʬʘʟʳ BaFe12O19 ʟʘ ʩʯʝʪ ʫʤʝʥʴʰʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ 

ʬʘʟʳ Ba2Fe30O46. ʇʨʠ ʵʪʦʤ ʦʙʲʝʤʥʦʝ ʩʦʜʝʨʞʘʥʠʝ  ʬʘʟ Fe2O3 ʠ Fe2.957O4 ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ 

ʠʟʤʝʥʠʣʦʩʴ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ ɺʘ-ʛʝʢʩʘʬʝʨʨʠʪʘ ʧʨʠ 300 ʂ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʜʦ 

ʦʙʣʫʯʝʥʠʷ ʠʭ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ ʩʦʩʪʘʚʣʷʣʘ 1.2 emu/g, ʘ ʧʦʩʣʝ ɔ-ʦʙʣʫʯʝʥʠʷ ʦʙʨʘʟʮʘ ʜʦʟʦʡ 2³107 

ʈ ʥʘʩʳʱʝʥʥʘʷ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ ʜʦʩʪʠʛʣʘ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ (~34 emu/g). 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʯʘʩʪʠʯʥʦʡ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʉʇʙɻʋ 103751372. 
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ɸʥʥʦʪʘʮʠʷ. ʉʠʥʪʝʟʠʨʦʚʘʥʳ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʦʙʨʘʟʮʳ Fe0.25TiS2-ySey ʭʘʣʴʢʦʛʝʥʠʜʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ, ʢʦʪʦʨʳʝ ʠʩʩʣʝʜʦʚʘʥʳ ʩ ʧʦʤʦʱʴʶ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʜʠʬʨʘʢʮʠʠ, ʠʟʤʝʨʝʥʠʡ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʠ ʤʘʛʥʠʪʦʩʦʧʨʦʪʠʚʣʝʥʠʷ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʟʘʤʝʱʝʥʠʝ ʧʦ ʘʥʠʦʥʥʦʡ 

ʧʦʜʨʝʰʝʪʢʝ ʧʨʠʚʦʜʠʪ ʢ ʥʝʤʦʥʦʪʦʥʥʦʤʫ ʠʟʤʝʥʝʥʠʶ ʪʝʤʧʝʨʘʪʫʨʳ ʤʘʛʥʠʪʥʦʛʦ ʫʧʦʨʷʜʦʯʝʥʠʷ. 

ʀʟ-ʟʘ ʫʚʝʣʠʯʝʥʠʷ ʤʝʞʘʪʦʤʥʳʭ ʨʘʩʩʪʦʷʥʠʡ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʩʦʜʝʨʞʘʥʠʷ ʩʝʣʝʥʘ ʚ ʩʠʩʪʝʤʝ 

Fe0.25TiS2-ySey ʧʨʦʠʩʭʦʜʠʪ ʩʥʠʞʝʥʠʝ ʤʘʛʥʠʪʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʘʥʠʟʦʪʨʦʧʠʠ ʠ ʧʝʨʝʭʦʜ ʦʪ 

ʧʦʚʝʜʝʥʠʷ, ʭʘʨʘʢʪʝʨʥʦʛʦ ʜʣʷ ʠʟʠʥʛʦʚʩʢʠʭ ʤʘʛʥʝʪʠʢʦʚ ʢ ʛʘʡʟʝʥʙʝʨʛʦʚʩʢʠʤ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʍʘʣʴʢʦʛʝʥʠʜʳ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ, ʩʣʦʠʩʪʘʷ ʩʪʨʫʢʪʫʨʘ, ʠʟʦʚʘʣʝʥʪʥʦʝ 
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ʤʘʛʥʠʪʥʘʷ ʘʥʠʟʦʪʨʦʧʠʷ, ʤʘʛʥʠʪʥʳʡ ʛʠʩʪʝʨʝʟʠʩ. 
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Polycrystalline samples of Fe0.25TiS2-ySey chalcogenide compounds were synthesized and studied 

using X-ray diffraction, magnetization and magnetoresistance measurements. It is shown that 

substitution along the anion sublattice leads to a non-monotonic change in the temperature of 

magnetic ordering. Due to an increase in interatomic distances with an increase in selenium content, 

the magnetocrystalline anisotropy decreases and a transition from behavior characteristic of Ising 

magnets to Heisenberg ones occurs. 
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ʉʨʝʜʠ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠʤʝʝʪʩʷ ʨʷʜ ʝʩʪʝʩʪʚʝʥʥʳʭ ʘʥʘʣʦʛʦʚ ʤʫʣʴʪʠʩʣʦʝʚ ʠ 

ʢʚʘʟʠʜʚʫʤʝʨʥʳʭ ʤʘʛʥʝʪʠʢʦʚ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʠʜʝʘʣʴʥʳʝ ʤʦʥʦʘʪʦʤʥʳʝ 

ʤʫʣʴʪʠʩʣʦʡʥʳʝ ʩʪʨʫʢʪʫʨʳ, ʷʚʣʷʶʱʠʝʩʷ ʫʥʠʢʘʣʴʥʳʤʠ ʤʦʜʝʣʴʥʳʤʠ ʦʙʲʝʢʪʘʤʠ ʜʣʷ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʬʠʟʠʯʝʩʢʠʭ ʷʚʣʝʥʠʡ, ʧʨʠʩʫʱʠʭ ʤʫʣʴʪʠʩʣʦʷʤ ʠ ʢʚʘʟʠʜʚʫʤʝʨʥʳʤ ʩʪʨʫʢʪʫʨʘʤ. ʂ 

ʪʘʢʠʤ ʩʦʝʜʠʥʝʥʠʷʤ ʦʪʥʦʩʷʪʩʷ, ʚ ʯʘʩʪʥʦʩʪʠ, ʜʠʭʘʣʴʢʦʛʝʥʠʜʳ ʪʠʪʘʥʘ TiX2 (ʍ = S, Se, Te), 

ʠʥʪʝʨʢʘʣʠʨʦʚʘʥʥʳʝ ʘʪʦʤʘʤʠ 3d ʤʝʪʘʣʣʦʚ ʤʝʞʜʫ ʪʨʝʭʩʣʦʡʥʳʤʠ ʙʣʦʢʘʤʠ X-Ti-X, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʧʦʣʫʯʘʪʴ ʩʪʨʫʢʪʫʨʳ, ʩʦʩʪʦʷʱʠʝ ʠʟ ʩʣʦʝʚ ʤʘʛʥʠʪʥʳʭ ʘʪʦʤʦʚ, ʨʘʟʜʝʣʝʥʥʳʭ ʥʝʤʘʛʥʠʪʥʳʤʠ 

ʧʨʦʩʣʦʡʢʘʤʠ. ʎʝʣʝʥʘʧʨʘʚʣʝʥʥʦʝ ʠʟʤʝʥʝʥʠʝ ʩʦʨʪʘ ʠ ʢʦʥʮʝʥʪʨʘʮʠʠ 3d ʘʪʦʤʦʚ, ʚʥʝʜʨʝʥʥʳʭ ʚ 

ʤʝʞʩʣʦʝʚʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʩʦʝʜʠʥʝʥʠʡ TiX2, ʧʦʟʚʦʣʷʝʪ ʚ ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ ʚʘʨʴʠʨʦʚʘʪʴ 

ʚʝʣʠʯʠʥʫ ʚʥʫʪʨʠʩʣʦʝʚʳʭ ʠ ʤʝʞʩʣʦʝʚʳʭ ʦʙʤʝʥʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʠ ʧʦʣʫʯʘʪʴ ʩʣʦʠʩʪʳʝ 

ʤʘʛʥʠʪʥʳʝ ʩʠʩʪʝʤʳ ʩ ʨʘʟʣʠʯʥʳʤ ʭʘʨʘʢʪʝʨʦʤ ʤʘʛʥʠʪʥʦʛʦ ʫʧʦʨʷʜʦʯʝʥʠʷ. ɺ ʯʘʩʪʥʦʩʪʠ, ʚ 

ʩʠʩʪʝʤʝ FexTiS2 ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʩʦʜʝʨʞʘʥʠʷ Fe ʨʝʘʣʠʟʫʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʤʘʛʥʠʪʥʳʝ ʩʦʩʪʦʷʥʠʷ: 

ʩʧʠʥʦʚʦʝ ʠ ʢʣʘʩʪʝʨʥʦʝ ʩʪʝʢʣʦ ʧʨʠ x < 0.25, ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʦʝ ʫʧʦʨʷʜʦʯʝʥʠʝ ʧʨʠ x º 0.25, 

ʢʣʘʩʪʝʨʥʦʝ ʩʪʝʢʣʦ ʧʨʠ x º 0.33, ʟʘʪʝʤ ʩʥʦʚʘ ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʦʝ ʩʦʩʪʦʷʥʠʝ ʧʨʠ x º 0.50, 

ʢʦʪʦʨʦʝ ʧʝʨʝʭʦʜʠʪ ʚ ʬʝʨʨʠʤʘʛʥʠʪʥʳʡ ʧʦʨʷʜʦʢ ʧʨʠ x > 0.50 [1]. ɸʥʠʦʥʥʘʷ ʧʦʜʨʝʰʝʪʢʘ ʪʘʢʞʝ 

ʠʛʨʘʝʪ ʩʫʱʝʩʪʚʝʥʥʫʶ ʨʦʣʴ ʚ ʫʩʪʘʥʦʚʣʝʥʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʨʷʜʢʘ. ʅʘʧʨʠʤʝʨ, ʚ ʩʦʝʜʠʥʝʥʠʷʭ 

Fe0.5TiS2-ySʝy ʧʨʠ ʥʠʟʢʠʭ ʩʦʜʝʨʞʘʥʠʷʭ ʩʝʣʝʥʘ (y < 0.5) ʧʨʦʠʩʭʦʜʠʪ ʩʧʠʥ-ʬʣʠʧ ʧʝʨʝʭʦʜ ʠʟ 

ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʦʛʦ (ɸʌ)  ʩʦʩʪʦʷʥʠʷ  ʚ ʤʝʪʘʩʪʘʙʠʣʴʥʦʝ ʬʝʨʨʦʤʘʛʥʠʪʥʦʝ (ʌ) ʩʦʩʪʦʷʥʠʝ, 

ʢʦʪʦʨʳʡ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʥʝʦʙʳʯʥʦ ʙʦʣʴʰʠʤ ʛʠʩʪʝʨʝʟʠʩʦʤ (Hc ~ 60 ʢʕ ʧʨʠ T = 2 K) ʠ 

ʛʠʛʘʥʪʩʢʠʤ ʤʘʛʥʠʪʦʩʦʧʨʦʪʠʚʣʝʥʠʝʤ. ʋʚʝʣʠʯʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʩʝʣʝʥʘ (y > 0.5) ʧʨʠʚʦʜʠʪ ʢ 

ʧʝʨʝʭʦʜʘʤ ʪʠʧʘ ʩʧʠʥ-ʬʣʦʧ ʩ ʢʨʠʪʠʯʝʩʢʠʤ ʧʦʣʷʤʠ ʜʦ  450 ʢʕ [2]. ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʞʝʣʝʟʘ ʚ ʩʦʝʜʠʥʝʥʠʷʭ ʜʦ ʭ = 0.66 ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʚʝʜʝʥʠʝ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ, 

ʭʘʨʘʢʪʝʨʥʦʝ ʜʣʷ ʚʳʩʦʢʦʘʥʠʟʦʪʨʦʧʥʳʭ ʬʝʨʨʠʤʘʛʥʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʟʘʤʝʱʝʥʠʝ 

ʩʝʨʳ ʥʘ ʩʝʣʝʥ FeʭTiS2īySey ʧʨʠʚʦʜʠʪ ʢ ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʦʤʫ ʧʦʚʝʜʝʥʠʶ [3].  

ʅʘʩʪʦʷʱʘʷ ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʧʦʣʫʯʝʥʠʶ ʠ ʠʩʩʣʝʜʦʚʘʥʠʶ ʟʘʤʝʱʝʥʥʳʭ 
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ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʳʭ ʩʦʝʜʠʥʝʥʠʡ Fe0.25TiS2-ySey ʩ ʮʝʣʴʶ ʫʩʪʘʥʦʚʣʝʥʠʷ ʨʦʣʠ ʭʘʣʴʢʦʛʝʥʘ ʚ 

ʬʦʨʤʠʨʦʚʘʥʠʠ ʤʘʛʥʠʪʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʩʦʝʜʠʥʝʥʠʡ ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʩʦʜʝʨʞʘʥʠʷ ʘʪʦʤʦʚ ʞʝʣʝʟʘ. 

ʉ ʧʦʤʦʱʴʶ ʪʚʝʨʜʦʬʘʟʥʦʛʦ ʩʠʥʪʝʟʘ ʧʦʣʫʯʝʥʳ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʦʙʨʘʟʮʳ Fe0.25TiS2-ySey (0 

Ò y Ò 2), ʧʨʦʚʝʜʝʥʘ ʠʭ ʨʝʥʪʛʝʥʦʛʨʘʬʠʯʝʩʢʘʷ ʘʪʪʝʩʪʘʮʠʷ ʠ ʠʟʤʝʨʝʥʠʷ ʤʘʛʥʠʪʥʳʭ ʠ 

ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. ʉʦʝʜʠʥʝʥʠʝ Fe0.25TiS2 ʦʪʥʦʩʠʪʩʷ ʢ ʩʪʨʫʢʪʫʨʥʦʤʫ ʪʠʧʫ M5X8 ʚ ʢʦʪʦʨʦʤ 

ʘʪʦʤʳ ʞʝʣʝʟʘ ʠ ʚʘʢʘʥʩʠʠ ʫʧʦʨʷʜʦʯʝʥʳ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʚʝʨʭʩʪʨʫʢʪʫʨʳ ςЍσὥ  ςὥ ςὧ  

(a0 ʠ c0 ð ʧʘʨʘʤʝʪʨʳ ʨʝʰʝʪʢʠ-ʤʘʪʨʠʮʳ TiS2) ʚ ʤʦʥʦʢʣʠʥʥʦʡ ʩʠʥʛʦʥʠʠ (ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ 

ʛʨʫʧʧʘ ʉ 2/m).  ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʝʣʝʥʘ ʙʦʣʴʰʝ ʫ = 0.1 

ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʝʭʦʜ ʢ ʩʪʨʫʢʪʫʨʝ ʪʠʧʘ CdI2 ( 13mP ), ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʦʪʩʫʪʩʪʚʠʝ ʫʧʦʨʷʜʦʯʝʥʠʷ 

ʘʪʦʤʦʚ Fe, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʧʦʟʠʮʠʷʭ ʤʝʞʜʫ ʪʨʦʡʥʳʤʠ ʩʣʦʷʤʠ XïFeïX. ʇʨʠ 

ʟʘʤʝʱʝʥʠʠ ʚ ʘʥʠʦʥʥʦʡ ʧʦʜʨʝʰʝʪʢʝ ʧʨʦʠʩʭʦʜʠʪ ʧʨʘʢʪʠʯʝʩʢʠ ʠʟʦʪʨʦʧʥʦʝ ʫʚʝʣʠʯʝʥʠʝ 

ʧʘʨʘʤʝʪʨʦʚ ʨʝʰʝʪʢʠ ʠʟ-ʟʘ ʨʘʟʣʠʯʠʷ ʠʦʥʥʳʭ ʨʘʜʠʫʩʦʚ ʩʝʨʳ ʠ ʩʝʣʝʥʘ. 

ʅʘ ʨʠʩ. 1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʠ 

ʵʣʝʢʪʨʦʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠ ʧʦʣʝʚʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʠ ʤʘʛʥʠʪʦʩʦʧʨʦʪʠʚʣʝʥʠʝ ʜʣʷ 

ʩʦʝʜʠʥʝʥʠʡ Fe0.25TiS2-ySey ʩ ʨʘʟʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʩʝʣʝʥʘ. ʈʦʩʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʝʣʝʥʘ ʧʨʠʚʦʜʠʪ ʢ 

ʥʝʤʦʥʦʪʦʥʥʦʤʫ ʠʟʤʝʥʝʥʠʶ ʪʝʤʧʝʨʘʪʫʨʳ ʤʘʛʥʠʪʥʦʛʦ ʫʧʦʨʷʜʦʯʝʥʠʷ ʚ ʧʨʝʜʝʣʘʭ 35ï55 ʂ ʠ 

ʩʫʱʝʩʪʚʝʥʥʦ ʤʦʜʠʬʠʮʠʨʫʝʪ ʧʦʚʝʜʝʥʠʝ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʠ ʵʣʝʢʪʨʦʩʦʧʨʦʪʠʚʣʝʥʠʷ. ʇʨʠ ʤʘʣʳʭ 

ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʩʝʣʝʥʘ (y < 0.5) ʥʘʙʣʶʜʘʶʪʩʷ ʠʥʜʫʮʠʨʫʝʤʳʝ ʧʦʣʝʤ ʧʝʨʝʭʦʜʳ ʠʟ ɸʌ ʩʦʩʪʦʷʥʠʷ 

ʚ ʤʝʪʘʩʪʘʙʠʣʴʥʦʝ ʌ. ʇʝʨʝʤʘʛʥʠʯʠʚʘʥʠʝ ʚ ʌ ʩʦʩʪʦʷʥʠʝ ʚ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʷʭ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ 

ʙʦʣʴʰʠʤ ʛʠʩʪʝʨʝʟʠʩʦʤ (Hc ʜʦ 55 ʢʕ ʧʨʠ ʊ = 2 ʂ). ʊʘʢʦʝ ʧʦʚʝʜʝʥʠʝ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʠʟʠʥʛʦʚʩʢʠʭ 

ʩʠʩʪʝʤ. ɺ ʪʘʢʠʭ ʤʘʛʥʝʪʠʢʘʭ ʤʘʛʥʠʪʦʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʘʥʠʟʦʪʨʦʧʠʷ ʧʨʝʚʦʩʭʦʜʠʪ ʧʦ ʚʝʣʠʯʠʥʝ 

ʵʥʝʨʛʠʠ ʦʙʤʝʥʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ. ɹʦʣʴʰʘʷ ʤʘʛʥʠʪʦʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʘʥʠʟʦʪʨʦʧʠʷ 

ʦʙʫʩʣʦʚʣʝʥʘ ʩʫʱʝʩʪʚʦʚʘʥʠʝʤ ʙʦʣʴʰʦʛʦ ʥʝʟʘʤʦʨʦʞʝʥʥʦʛʦ ʦʨʙʠʪʘʣʴʥʦʛʦ ʤʦʤʝʥʪʘ ʘʪʦʤʦʚ Fe 

[4].  ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʝʣʝʥʘ ʚʳʰʝ y = 0.5 ɸʌ-ʌ ʧʝʨʝʭʦʜ ʚ ʠʩʧʦʣʴʟʫʝʤʦʤ ʥʘʤʠ 

ʜʠʘʧʘʟʦʥʝ ʧʦʣʝʡ ʥʝ ʚʳʷʚʣʝʥ, ʪʘʢ ʢʘʢ ʜʣʷ ʨʘʟʨʫʰʝʥʠʷ ɸʌ ʩʪʨʫʢʪʫʨʳ ʚ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʷʭ 

ʪʨʝʙʫʶʪʩʷ ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʤʘʛʥʠʪʥʳʝ ʧʦʣʷ.  
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ʈʠʩ. 1. ʊʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʠ ʵʣʝʢʪʨʦʩʦʧʨʦʪʠʚʣʝʥʠʷ (ʩʣʝʚʘ)ʠ 

ʧʦʣʝʚʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʠ ʤʘʛʥʠʪʦʩʦʧʨʦʪʠʚʣʝʥʠʝ (ʩʧʨʘʚʘ) ʜʣʷ ʩʦʝʜʠʥʝʥʠʡ Fe0.25TiS2-

ySey ʩ ʨʘʟʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʩʝʣʝʥʘ.
 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʟʚʦʣʷʶʪ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʚ ʩʦʝʜʠʥʝʥʠʷʭ Fe0.25TiS2-ySey ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʫʚʝʣʠʯʝʥʠʷ ʤʝʞʘʪʦʤʥʳʭ ʨʘʩʩʪʦʷʥʠʡ ʧʨʦʠʩʭʦʜʠʪ ʩʥʠʞʝʥʠʝ ʤʘʛʥʠʪʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ 

ʘʥʠʟʦʪʨʦʧʠʠ ʠ ʧʝʨʝʭʦʜ ʦʪ ʧʦʚʝʜʝʥʠʷ, ʭʘʨʘʢʪʝʨʥʦʛʦ ʜʣʷ ʠʟʠʥʛʦʚʩʢʠʭ ʤʘʛʥʝʪʠʢʦʚ ʢ 

ʛʘʡʟʝʥʙʝʨʛʦʚʩʢʠʤ. ʂʨʦʩʩʦʚʝʨ ʦʪ ʠʟʠʥʛʦʚʩʢʦʛʦ ʧʦʚʝʜʝʥʠʷ ʢ ʛʝʡʟʝʥʙʝʨʛʦʚʩʢʦʤʫ ʧʨʠ ʟʘʤʝʱʝʥʠʠ 

ʧʨʦʠʩʭʦʜʠʪ ʚ ʦʙʨʘʟʮʘʭ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʩʝʣʝʥʘ 0.5 < y < 1.5. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʈʅʌ (ʛʨʘʥʪ ˉ 22-13-00158). 
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ɸʥʥʦʪʘʮʠʷ. ɺ ʩʠʩʪʝʤʘʭ R-T-Ga(Ge) (R = Tb, Dy, T = Cr, Mn) ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʥʦʚʳʝ 

ʠʥʪʝʨʤʝʪʘʣʣʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ, RTŭ(Ga,Ge)3, ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʩʦʙʦʡ ʬʘʟʳ ʚʥʝʜʨʝʥʠʷ, 

ʧʨʦʠʟʚʦʜʥʳʝ ʦʪ ʬʘʟ RGa3. ɼʘʥʥʳʝ ʬʘʟʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʫʥʠʢʘʣʴʥʫʶ ʚʦʟʤʦʞʥʦʩʪʴ 

ʧʨʦʩʣʝʜʠʪʴ ʚʣʠʷʥʠʝ ʧʦʜʨʝʰʝʪʢʠ T ʤʝʪʘʣʣʘ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʤʘʛʥʠʪʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ 

ʤʝʞʜʫ R ʠ T ʧʦʜʩʪʨʫʢʪʫʨʘʤʠ ʠ ,ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʨʦʷʚʣʷʝʤʳʭ ʠʤʠ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ. 

. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʥʪʝʨʤʝʪʘʣʣʠʜʳ ʈɿʕ, ʩʚʝʨʭʩʪʨʫʢʪʫʨʥʳʝ ʬʘʟʳ, ʤʘʛʥʠʪʥʦʝ ʫʧʦʨʷʜʦʯʝʥʠʝ    
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Annotation. In R-T-Ga(Ge) (R = rare earth elements, T = transition metal) systems, new 

intermetallic compounds RTŭ(Ga,Ge)3, filled derivatives of RGa3 phases, were obtained. These 

phases present a unique opportunity to explore effects of guest T atoms on the formation of magnetic 

interactions between R and T substructures and magnetic properties the compounds demonstrate.   
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ɺ ʩʠʩʪʝʤʘʭ R-T-(Ga,Ge), ʛʜʝ R = Sm, Tb, Dy, ʘ T = Cr ʠ Mn ʥʘʤʠ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʥʦʚʳʝ 

ʠʥʪʝʨʤʝʪʘʣʣʠʯʝʩʢʠʝ ʬʘʟʳ RTxGa3-yGey, R4T1-xGa12-yGey. ɼʘʥʥʳʝ ʬʘʟʳ ʧʨʠʥʘʜʣʝʞʘʪ ʢ 

ʩʝʤʝʡʩʪʚʫ ʬʘʟ RTŭGa3, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʧʨʦʠʟʚʦʜʥʳʤʠ ʦʪ RGa3 (ʪʠʧ AuCu3). ʉʦʝʜʠʥʝʥʠʷ 

RTŭGa3 ʦʙʨʘʟʫʶʪʩʷ ʟʘ ʩʯʝʪ ʟʘʧʦʣʥʝʥʠʷ ʯʘʩʪʠ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʧʫʩʪʦʪ (ŭ) Ga6 ʘʪʦʤʘʤʠ 

ʧʝʨʝʭʦʜʥʦʛʦ ʤʝʪʘʣʣʘ (T). ʇʫʩʪʦʪʳ ʤʦʛʫʪ ʟʘʧʦʣʥʷʪʴʩʷ ʥʝʫʧʦʨʷʜʦʯʝʥʥʦ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʬʘʟ 

RTxGa3 [1, 2] ʠʣʠ ʫʧʦʨʷʜʦʯʝʥʥʦ ʧʦ ʤʦʪʠʚʫ ʆʎʂ (R4TGa12) [3, 4]. RTxGa3-yGey, R4T1-xGa12-yGey 

ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚ ʚʠʜʝ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʠʟ ʨʘʩʧʣʘʚʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʟʙʳʪʢʘ Ga ʚ ʢʘʯʝʩʪʚʝ 

ʬʣʶʩʘ. ʉʠʥʪʝʟ ʧʨʦʚʦʜʠʣʠ ʧʦ ʩʪʘʥʜʘʨʪʥʦʡ ʘʤʧʫʣʴʥʦʡ ʤʝʪʦʜʠʢʝ. ɼʦʙʘʚʣʝʥʠʝ Ge ʚ ʠʩʭʦʜʥʫʶ 
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ʩʤʝʩʴ ʩʧʦʩʦʙʩʪʚʫʶʪ ʫʚʝʣʠʯʝʥʠʶ ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʪʦʤʦʚ T, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʝʨʝʭʦʜʫ ʦʪ ʬʘʟ 

RTxGa3-yGey ʢ R4T1-xGa12-yGey. 

ʈʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʬʘʟʳ RTxGa3-yGey (R = Tb, Dy) ʤʦʞʥʦ 

ʦʧʠʩʘʪʴ ʚ ʨʘʤʢʘʭ ʩʪʨʫʢʪʫʨʳ ʧʝʨʦʚʩʢʠʪʘ ABO3, ʛʜʝ ʘʪʦʤʳ T ʯʘʩʪʠʯʥʦ ʟʘʩʝʣʷʝʪ ʧʦʟʠʮʠʶ B 

ʢʘʪʠʦʥʘ. ʏʘʩʪʠʯʥʦʝ ʟʘʤʝʱʝʥʠʝ Ga ʥʘ Ge ʧʨʠʚʦʜʠʪ ʢ ʧʦʣʫʯʝʥʠʶ ʬʘʟ ʩ ʙʦʣʴʰʠʤ ʩʦʜʝʨʞʘʥʠʝʤ 

T ʠ ʝʛʦ ʫʧʦʨʷʜʦʯʝʥʠʶ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʝ (R4T1-xGa12-yGey ʩʪʨʫʢʪʫʨʥʦʛʦ ʪʠʧʘ 

Y4PdGa12). 

ʀʟʤʝʨʝʥʠʷ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʦʢʘʟʘʣʠ ʟʥʘʯʠʪʝʣʴʥʳʝ ʨʘʟʣʠʯʠʷ ʚ ʧʦʚʝʜʝʥʠʠ ʠ 

ʚʣʠʷʥʠʠ Cr ʠ Mn ʥʘ ʤʘʛʥʠʪʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʷʭ. ʉ ʫʚʝʣʠʯʝʥʠʝʤ 

ʩʦʜʝʨʞʘʥʠʷ Cr ʚ ʬʘʟʘʭ ʫʩʠʣʠʚʘʝʪʩʷ ʝʛʦ ʚʣʠʷʥʠʝ ʥʘ ʧʦʜʨʝʰʝʪʢʫ ʨʝʜʢʦʟʝʤʝʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ, ʯʪʦ 

ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʥʝʢʦʣʣʠʥʝʘʨʥʦʤ ʘʥʪʠʬʝʨʨʦʤʘʛʥʝʪʠʟʤʝ R (R = Tb, Dy) ʚ ʩʚʝʨʭʩʪʨʫʢʪʫʨʥʳʭ 

ʬʘʟʘʭ R4Cr1-xGa12-yGey, ʦ ʯʝʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʧʦʷʚʣʝʥʠʝ ʛʠʩʪʝʨʝʟʠʩʘ ʧʨʠ ʥʠʟʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ.      

ɺ ʬʘʟʘʭ ʩ Mn ʧʦʜʨʝʰʝʪʢʘ Mn ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʬʝʨʨʦʤʘʛʥʠʪʥʦʝ ʫʧʦʨʷʜʦʯʝʥʠʝ, ʧʨʠʯʝʤ 

ʥʘʙʣʶʜʘʝʪʩʷ ʪʝʥʜʝʥʮʠʷ ʢ ʫʚʝʣʠʯʝʥʠʶ TC ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʩʦʜʝʨʞʘʥʠʷ Mn, ʪ.ʝ. ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ 

ʥʝʫʧʦʨʷʜʦʯʝʥʥʳʭ ʬʘʟ RMnxGa3 ʢ ʩʚʝʨʭʩʪʨʫʢʪʫʨʥʳʤ R4Mn1-xGa12-yGey. ʇʦʜʨʝʰʝʪʢʘ Mn 

ʟʘʤʝʪʥʦ ʚʣʠʷʝʪ ʥʘ ʧʦʜʨʝʰʝʪʢʫ R (R = Tb ʠ Dy), ʚʳʟʳʚʘʷ ʝʝ ʯʘʩʪʠʯʥʦʝ ʬʝʨʨʦʤʘʛʥʠʪʥʦʝ 

ʫʧʦʨʷʜʦʯʝʥʠʝ ʥʠʞʝ TC, ʘ ʧʨʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʥʘʙʣʶʜʘʝʪʩʷ ʥʝʢʦʣʣʠʥʝʘʨʥʳʡ 

ʘʥʪʠʬʝʨʨʦʤʘʛʥʝʪʠʟʤ, ʩʚʷʟʘʥʥʳʡ ʩ ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʳʤ ʫʧʦʨʷʜʦʯʝʥʠʝʤ ʦʩʪʘʚʰʝʡʩʷ ʯʘʩʪʠ 

ʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ ʧʦʜʨʝʰʝʪʢʠ R. ʅʘʣʠʯʠʝ ʬʝʨʨʦʤʘʛʥʠʪʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʚ ʬʘʟʘʭ ʚʝʜʝʪ ʢ 

ʧʦʷʚʣʝʥʠʶ ʤʘʛʥʠʪʥʦʛʦ ʛʠʩʪʝʨʝʟʠʩʘ, ʧʨʠʯʝʤ ʥʘʙʣʶʜʘʝʤʘʷ ʢʦʵʨʮʠʪʠʚʥʘʷ ʩʠʣʘ ʟʘʚʠʩʠʪ ʢʘʢ ʦʪ 

ʧʨʠʨʦʜʳ ʘʪʦʤʘ R, ʪʘʢ ʠ ʦʪ ʩʦʜʝʨʞʘʥʠʷ Mn, ʯʴʝ ʫʚʝʣʠʯʝʥʠʝ ʚʝʜʝʪ ʢ ʩʥʠʞʝʥʠʶ ʢʦʵʨʮʠʪʠʚʥʦʡ 

ʩʠʣʳ.  
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ɸʥʥʦʪʘʮʠʷ. ɺ ʨʘʙʦʪʝ ʦʙʩʫʞʜʘʶʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʭʘʨʘʢʪʝʨʠʟʘʮʠʠ ʩʚʦʡʩʪʚ ʢʨʠʩʪʘʣʣʦʚ MnSb 

ʠ ʢʦʤʧʦʟʠʪʘ MnSb-GaSb. ʉʪʨʫʢʪʫʨʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʜʪʚʝʨʞʜʘʶʪ ʩʦʭʨʘʥʝʥʠʝ 

ʧʘʨʘʤʝʪʨʦʚ ʬʘʟʳ MnSb ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ GaSb. ʄʘʛʥʠʪʥʳʝ ʠ ʤʘʛʥʠʪʦʦʧʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʩʠʩʪʝʤ ʪʘʢʞʝ ʦʢʘʟʳʚʘʶʪ ʘʥʘʣʦʛʠʯʥʳ. ɸʥʘʣʠʟ ʤʘʛʥʝʪʦʪʨʘʥʩʧʦʨʪʥʳʭ 

ʜʘʥʥʳʭ ʚʳʷʚʣʷʝʪ ʨʘʟʣʠʯʠʷ ʚ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʵʚʦʣʶʮʠʠ ʢʨʠʚʳʭ ʤʘʛʥʝʪʦʩʧʦʨʦʪʠʚʣʝʥʠʷ, ʘ 

ʪʘʢʞʝ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʘʤʧʣʠʪʫʜʳ ʘʥʦʤʘʣʴʥʦʛʦ ʵʬʬʝʢʪʘ ʍʦʣʣʘ ʜʣʷ ʢʨʠʩʪʘʣʣʘ 

MnSb ʠ ʢʦʤʧʦʟʠʪʘ MnSb-GaSb. ɼʘʥʥʦʝ ʧʦʚʝʜʝʥʠʝ ʩʚʷʟʳʚʘʝʪʩʷ ʩ ʥʘʣʠʯʠʝʤ ʨʘʩʪʚʦʨʸʥʥʳʭ 

ʘʪʦʤʦʚ ʤʘʨʛʘʥʮʘ ʚ ʤʘʪʨʠʮʝ GaSb. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʝ ʬʝʨʨʦʤʘʛʥʝʪʠʢʠ, ʬʝʨʨʦʤʘʛʥʠʪʥʳʝ ʢʦʤʧʦʟʠʪʳ, 

ʤʘʛʥʠʪʥʳʝ ʠ ʤʘʛʥʠʪʦʦʧʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ, ʤʘʛʥʝʪʦʪʨʘʥʩʧʦʨʪ 
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Annotation. In this work we disucuss the results of characterizing the properties of MnSb crystals 

and the MnSb-GaSb composite. Structural studies confirm the preservation of the parameters of the 

MnSb phase upon addition of GaSb. Magnetic and magneto-optical properties of systems under study 

are also similar. Analysis of magnetotransport data reveals differences in the temperature evolution 

of magnetoresistance curves, as well as the temperature dependence of the anomalous Hall effect 

amplitude for the MnSb crystal and the MnSb-GaSb composite. This behavior is associated with the 

presence of diluted manganese atoms in the GaSb matrix. 
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ʈʝʘʣʠʟʘʮʠʷ ʬʝʨʨʦʤʘʛʥʠʪʥʦʛʦ (ʌʄ) ʩʦʩʪʦʷʥʠʷ ʚ ʨʘʤʢʘʭ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʦʡ ʩʠʩʪʝʤʳ 

ʩʦʩʪʘʚʣʷʝʪʩʷ ʦʜʥʫ ʠʟ ʢʣʶʯʝʚʳʭ ʢʦʥʮʝʧʮʠʡ ʨʘʩʰʠʨʝʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ ʩʧʠʥʪʨʦʥʥʳʭ 

ʫʩʪʨʦʡʩʪʚ. ʈʦʣʴ ʌʄ ʢʦʤʧʦʥʝʥʪʳ ʚ ʪʘʢʦʡ ʩʠʩʪʝʤʝ ʩʚʦʜʠʪʩʷ ʢ ʩʧʠʥʦʚʦʡ ʧʦʣʷʨʠʟʘʮʠʠ ʥʦʩʠʪʝʣʝʡ 

ʟʘʨʷʜʘ ʚ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʦʡ ʤʘʪʨʠʮʝ, ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʦʡ ʧʣʦʪʥʦʩʪʴʶ ʢʦʪʦʨʳʭ ʤʦʞʥʦ 

ʵʬʬʝʢʪʠʚʥʦ ʫʧʨʘʚʣʷʪʴ ʚʥʝʰʥʠʤʠ ʚʦʟʜʝʡʩʪʚʠʷʤʠ. ʇʦʵʪʦʤʫ ʢʣʶʯʝʚʳʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ ʢ 

ʧʦʜʦʙʥʳʤ ʤʘʪʝʨʠʘʣʘʤ ʷʚʣʷʶʪʩʷ ʥʘʣʠʯʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʘʛʥʠʪʥʦʡ ʠ ʧʨʦʚʦʜʷʱʝʡ 

ʧʦʜʩʠʩʪʝʤ, ʘ ʪʘʢʞʝ ʚʳʩʦʢʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʌʄ ʫʧʦʨʷʜʦʯʝʥʠʷ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʧʝʨʩʧʝʢʪʠʚʫ 

ʧʨʠʤʝʥʝʥʠʷ ʧʦʜʦʙʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʧʨʘʢʪʠʢʝ. ʉʦʟʜʘʥʠʝ ʜʚʫʭʢʦʤʧʦʥʝʥʪʥʳʭ ʢʦʤʧʦʟʠʪʥʳʭ 

ʩʠʩʪʝʤ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʘʪʝʨʠʘʣʳ ʩ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ ʂʶʨʠ, ʦʜʥʘʢʦ, ʥʘʣʠʯʠʝ 

ʵʬʬʝʢʪʠʚʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʘ ʚ ʤʘʪʨʠʮʝ ʩ ʌʄ ʚʢʣʶʯʝʥʠʷʤʠ ʟʘʚʠʩʠʪ ʦʪ 

ʤʥʦʞʝʩʪʚʘ ʘʩʧʝʢʪʦʚ ʢʦʥʢʨʝʪʥʦʡ ʩʠʩʪʝʤʳ, ʯʪʦ ʘʢʪʫʘʣʠʟʠʨʫʝʪ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ. ɸʥʪʠʤʦʥʠʜ ʤʘʨʛʘʥʮʘ (MnSb) ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʳʩʦʢʦʡ 



ʅʄʄʄ-2024 1-104 ʉʝʢʮʠʷ 1. 

 
ʪʝʤʧʝʨʘʪʫʨʦʡ ʂʶʨʠ, ʘ ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ ʩʪʨʫʢʪʫʨʥʦ ʩʦʚʤʝʩʪʠʤʳʤ ʩ ʢʣʘʩʩʠʯʝʩʢʠʤʠ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʘʤʠ AIIIBV, ʯʪʦ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʠʥʪʝʨʝʩ ʢ ʜʘʥʥʦʤʫ ʩʦʝʜʠʥʝʥʠʶ. ʆʜʥʘʢʦ, 

ʥʝʩʤʦʪʨʷ ʥʘ ʜʦʚʦʣʴʥʦ ʧʦʜʨʦʙʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʝʛʦ ʤʘʛʥʠʪʥʦʛʦ ʦʪʢʣʠʢʘ [1], 

ʤʘʛʥʝʪʦʪʨʘʥʩʧʦʨʪʥʳʝ ʩʚʦʡʩʪʚʘ MnSb ʧʣʦʭʦ ʠʟʫʯʝʥʳ [2], ʯʪʦ ʦʛʨʘʥʠʯʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦ 

ʘʥʘʣʠʟʫ ʩʚʦʡʩʪʚ ʢʦʤʧʦʟʠʪʦʚ ʥʘ ʝʛʦ ʦʩʥʦʚʝ. 

ɺ ʨʘʤʢʘʭ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʘʥʘʣʠʟʨʦʚʘʣʘʩʴ ʩʚʷʟʴ ʤʝʞʜʫ ʤʘʛʥʝʪʦʪʨʘʥʩʧʦʨʪʥʳʤʠ 

ʩʚʦʡʩʪʚʘʤʠ ʢʨʠʩʪʘʣʣʘ MnSb ʠ ʢʦʤʧʦʟʠʪʘ MnSb-GaSb ʩ ʚʳʩʦʢʦʡ ʜʦʣʝʡ ʌʄ ʢʦʤʧʦʥʝʥʪʳ (70%). 

ʂʨʦʤʝ ʪʦʛʦ, ʧʨʦʚʦʜʠʣʘʩʴ ʧʦʜʨʦʙʥʘʷ ʭʘʨʘʢʪʝʨʠʟʘʮʠʷ ʠʭ ʩʪʨʫʢʪʫʨʥʳʭ ʠ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ. 

ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʦʣʫʯʝʥʠʝ ʢʨʠʩʪʘʣʣʦʚ MnSb ʦʩʣʦʞʥʷʝʪʩʷ ʜʦʚʦʣʴʥʦ ʙʦʣʴʰʦʡ ʦʙʣʘʩʪʴʶ 

ʛʦʤʦʛʝʥʥʦʩʪʠ ʜʘʥʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ, ʯʪʦ ʟʘʯʘʩʪʫʶ ʧʨʠʚʦʜʠʪ ʢ ʩʝʛʨʝʛʘʮʠʠ ʬʘʟʳ Sb. ʉʣʝʜʳ ʵʪʦʡ 

ʬʘʟʳ ʥʘʙʣʶʜʘʣʠʩʴ ʚ ʠʩʩʣʝʜʫʝʤʦʤ ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʢʨʠʩʪʘʣʣʝ MnSb, ʯʪʦ ʩʦʧʨʦʚʦʞʜʘʣʦʩʴ 

ʥʝʙʦʣʴʰʠʤ ʠʟʙʳʪʢʦʤ ʤʘʨʛʘʥʮʘ ʚ ʦʩʥʦʚʥʦʡ ʬʘʟʝ, ʦʜʥʘʢʦ, ʜʣʷ ʢʦʤʧʦʟʠʪʥʦʛʦ ʦʙʨʘʟʮʘ 

ʜʝʪʝʢʪʠʨʦʚʘʣʠʩʴ ʪʦʣʴʢʦ ʜʚʝ ʮʝʣʝʚʳʝ ʬʘʟʳ GaSb ʠ MnSb. ʄʠʢʨʦʩʪʨʫʢʪʫʨʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʢʦʤʧʦʟʠʪʘ MnSb-GaSb ʧʦʢʘʟʘʣʠ ʜʦʚʦʣʴʥʦ ʦʜʥʦʨʦʜʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʬʘʟ, 

ʩ ʭʘʨʘʢʪʝʨʥʳʤʠ ʨʘʟʤʝʨʘʤʠ ʦʙʣʘʩʪʝʡ MnSb ʧʦʨʷʜʢʘ 10 ʤʢʤ. ɿʘʤʝʪʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʚ ʜʘʥʥʦʤ 

ʩʣʫʯʘʝ ʷʚʣʷʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝ ʚʠʜʠʤʳʭ ʩʣʝʜʦʚ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʧʝʨʢʦʣʠʨʫʶʱʝʡ ʦʙʣʘʩʪʠ MnSb, 

ʧʦʩʢʦʣʴʢʫ ʟʸʨʥʘ MnSb ʚʩʝʛʜʘ ʦʢʨʫʞʝʥʳ ʤʘʪʨʠʮʝʡ GaSb. ɹʦʣʝʝ ʜʝʪʘʣʴʥʳʡ ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ 

ʥʘʣʠʯʠʝ ʦʪʜʝʣʴʥʳʭ ʟʸʨʝʥ MnSb ʨʘʟʤʝʨʦʤ ʧʦʨʷʜʢʘ 1 ʤʢʤ ʚ ʦʙʣʘʩʪʷʭ GaSb. ʄʘʛʥʠʪʦʦʧʪʠʯʝʩʢʠʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʩʧʝʢʪʨʳ ʜʣʷ ʢʨʠʩʪʘʣʣʘ MnSb ʠ ʢʦʤʧʦʟʠʪʘ MnSb-GaSb 

ʢʘʯʝʩʪʚʝʥʥʦ ʧʨʘʢʪʠʯʝʩʢʠ ʠʜʝʥʪʠʯʥʳ, ʯʪʦ ʦʧʨʝʜʝʣʷʝʪ ʜʦʤʠʥʘʥʪʥʫʶ ʨʦʣʴ ʬʘʟʳ MnSb ʚ 

ʬʦʨʤʠʨʦʚʘʥʠʠ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ ʢʦʤʧʦʟʠʪʘ MnSb-GaSb. ɺʝʣʠʯʠʥʳ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ 

ʥʘʩʳʱʝʥʠʷ, ʘ ʪʘʢʞʝ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʂʶʨʠ (550-570 ʂ), ʫʢʘʟʳʚʘʶʪ ʥʘ ʪʦ, ʯʪʦ 

ʵʣʝʤʝʥʪʥʳʡ ʩʦʩʪʘʚ ʬʘʟʳ MnSb ʚ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʦʙʨʘʟʮʘʭ ʙʣʠʟʦʢ ʢ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʦʤʫ 

ʩʦʦʪʥʦʰʝʥʠʶ, ʪʦ ʝʩʪʴ, ʣʠʰʴ ʤʘʣʳʡ ʠʟʙʳʪʦʢ ʘʪʦʤʦʚ ʤʘʨʛʘʥʮʘ. 

 

 
ʈʠʩ. 1. ʂʨʠʚʳʝ ʤʘʛʥʝʪʦʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʜʣʷ (ʘ) ʢʨʠʩʪʘʣʣʘ MnSb 

ʠ (ʙ) ʢʦʤʧʦʟʠʪʘ MnSb-GaSb. 

 

ʊʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʣʷ ʦʙʦʠʭ ʦʙʨʘʟʮʦʚ ʜʝʤʦʥʩʪʨʠʨʫʶʪ 

ʚʳʨʘʞʝʥʥʳʡ ʤʝʪʘʣʣʠʯʝʩʢʠʡ ʭʘʨʘʢʪʝʨ, ʦʜʥʘʢʦ, ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʢʦʤʧʦʟʠʪʘ ʦʢʘʟʳʚʘʝʪʩʷ ʟʘʤʝʪʥʦ 

ʚʳʰʝ ʠʟ-ʟʘ ʚʢʣʘʜʘ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʦʡ ʤʘʪʨʠʮʳ GaSb. ʇʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʧʨʦʚʦʜʠʤʦʩʪʠ 

ʢʦʤʧʦʟʠʪʘ ʥʝ ʤʦʛʫʪ ʙʳʪʴ ʦʧʠʩʘʥʳ ʚ ʨʘʤʢʘʭ ʧʨʦʩʪʦʡ ʬʦʨʤʫʣʳ ʃʘʥʜʘʫʵʨʘ [3], ʯʪʦ ʤʦʞʝʪ 

ʦʙʲʷʩʥʷʪʴʩʷ ʚʦʟʤʦʞʥʦʩʪʴʶ ʬʦʨʤʠʨʦʚʘʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʙʘʨʴʝʨʦʚ ʥʘ ʛʨʘʥʠʮʘʭ ʬʘʟ 

GaSb/MnSb ʠʣʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʟʸʨʝʥ MnSb. ʂʨʠʚʳʝ 

ʤʘʛʥʝʪʦʩʦʧʨʦʪʠʚʣʝʥʠʷ (ʄʉ) ʜʣʷ ʠʩʩʣʝʜʫʝʤʳʭ ʢʨʠʩʪʘʣʣʦʚ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩ. 1. ɺʠʜʥʦ, ʯʪʦ ʜʣʷ 

MnSb (ʨʠʩ. 1ʘ) ʧʨʠ ʛʝʣʠʝʚʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʥʘʙʣʶʜʘʝʪʩʷ ʦʪʯʝʪʣʠʚʳʡ ʚʢʣʘʜ ʢʣʘʩʩʠʯʝʩʢʦʛʦ 

ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʄʉ, ʘ ʧʨʠ ʧʦʚʳʰʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʦʷʚʣʷʝʪʩʷ ʦʪʨʠʮʘʪʝʣʴʥʦʝ ʄʉ (ʆʄʉ), 

ʩʚʷʟʳʚʘʝʤʦʝ ʩʦ ʚʢʣʘʜʦʤ ʩʧʠʥ-ʟʘʚʠʩʠʤʦʛʦ ʨʘʩʩʝʷʥʠʷ. ʆʪʩʫʪʩʪʚʠʝ ʆʄʉ ʧʨʠ ʥʠʟʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʦʩʥʦʚʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ 



ʅʄʄʄ-2024 1-105 ʉʝʢʮʠʷ 1. 

 
ʨʘʩʩʝʷʥʠʷ ʷʚʣʷʝʪʩʷ ʤʘʛʥʠʪʥʳʡ ʙʝʩʧʦʨʷʜʦʢ, ʧʦʨʦʞʜʘʝʤʳʡ ʪʝʧʣʦʚʳʤʠ ʬʣʫʢʪʫʘʮʠʷʤʠ. ɼʣʷ 

ʢʦʤʧʦʟʠʪʘ MnSb-GaSb (ʨʠʩ. 1ʙ) ʄʉ ʦʢʘʟʳʚʘʝʪʩʷ ʦʪʨʠʮʘʪʝʣʴʥʳʤ ʧʨʘʢʪʠʯʝʩʢʠ ʚʦ ʚʩʝʤ 

ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʜʠʘʧʘʟʦʥʝ. ʆʜʥʘʢʦ, ʘʤʧʣʠʪʫʜʘ ʆʄʉ ʥʘʯʠʥʘʝʪ ʟʘʤʝʪʥʦ ʫʚʝʣʠʯʠʚʘʪʴʩʷ ʪʦʣʴʢʦ 

ʥʠʞʝ 25 ʂ. ʇʦʜʦʙʥʦʝ ʦʪʣʠʯʠʝ ʚ ʧʦʚʝʜʝʥʠʠ ʫʢʘʟʳʚʘʝʪ ʥʘ ʩʫʱʝʩʪʚʝʥʥʳʡ ʚʢʣʘʜ ʤʘʪʨʠʮʳ GaSb ʚ 

ʥʘʙʣʶʜʘʝʤʳʭ ʵʬʬʝʢʪʘʭ. 

 

 
ʈʠʩ. 2. ʊʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ (ʘ) ʢʦʵʬʬʠʮʠʝʥʪʘ ʥʦʨʤʘʣʴʥʦʛʦ ʵʬʬʝʢʪʘ ʍʦʣʣʘ Ὑ ʠ  

(ʙ) ʘʤʧʣʠʪʫʜʳ ʘʥʦʤʘʣʴʥʦʛʦ ʵʬʬʝʢʪʘ ʍʦʣʣʘ ʜʣʷ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʦʚ. ɿʥʘʯʝʥʠʷ Ὑ ʜʣʷ ʢʨʠʩʪʘʣʣʘ 

MnSb ʙʳʣʠ ʫʤʥʦʞʝʥʳ ʥʘ 30 ʜʣʷ ʙʦʣʴʰʝʡ ʠʣʣʶʩʪʨʘʪʠʚʥʦʩʪʠ. 

 

ʇʦʣʝʚʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʭʦʦʣʦʚʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ”  ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʦʚ 

ʦʢʘʟʳʚʘʶʪʩʷ ʟʘʤʝʪʥʦ ʥʝʣʠʥʝʡʥʳʤʠ, ʯʪʦ ʩʚʷʟʳʚʘʝʪʩʷ ʩ ʥʘʣʠʯʠʝʤ ʚʢʣʘʜʘ ʘʥʦʤʘʣʴʥʦʛʦ ʵʬʬʝʢʪʘ 

ʍʦʣʣʘ (ɸʕʍ). ɼʣʷ ʦʮʝʥʢʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʵʬʬʝʢʪʦʚ ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʩʪʘʥʜʘʨʪʥʦʝ 

ʧʨʝʜʩʪʘʚʣʝʥʠʝ ” ὄ Ὑὄ Ὑὓ, ʚ ʢʦʪʦʨʦʤ ʧʝʨʚʦʝ ʩʣʘʛʘʝʤʦʝ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʚʢʣʘʜ 

ʥʦʨʤʘʣʴʥʦʛʦ ʵʬʬʝʢʪʘ ʍʦʣʣʘ (ʅʕʍ), ʘ ʚʪʦʨʦʝ ï ʚʢʣʘʜ ɸʕʍ. ʊʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʅʕʍ (ʨʠʩ. 2ʘ) ʢʘʯʝʩʪʚʝʥʥʦ ʩʭʦʞʠ ʜʣʷ ʢʨʠʩʪʘʣʣʘ MnSb ʠ ʢʦʤʧʦʟʠʪʘ ʠ 

ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʨʦʩʪ ʚʝʣʠʯʠʥʳ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ. ʆʜʥʘʢʦ ʟʥʘʯʝʥʠʷ Ὑ ʜʣʷ MnSb 

ʦʢʘʟʳʚʘʶʪʩʷ ʙʦʣʝʝ ʯʝʤ ʥʘ ʧʦʨʷʜʦʢ ʥʠʞʝ, ʯʝʤ ʚ ʢʦʤʧʦʟʠʪʥʦʤ ʦʙʨʘʟʮʝ, ʯʪʦ ʷʚʥʦ ʫʢʘʟʳʚʘʝʪ ʥʘ 

ʥʘʣʠʯʠʝ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʚʢʣʘʜʘ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʦʡ ʤʘʪʨʠʮʳ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʟʥʘʯʝʥʠʷ 

ʘʤʧʣʠʪʫʜʳ ɸʕʍ (ʨʠʩ. 2ʙ) ʚ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʘʭ ʦʢʘʟʳʚʘʶʪʩʷ ʙʣʠʟʢʠ ʚʧʣʦʪʴ ʜʦ ʥʠʟʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨ. ʕʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʧʨʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ɸʕʍ ʚ ʢʦʤʧʦʟʠʪʝ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʬʘʟʦʡ MnSb. ʆʜʥʘʢʦ ʨʘʩʭʦʞʜʝʥʠʝ ʢʨʠʚʳʭ ʥʠʞʝ 25 ʂ ʫʢʘʟʳʚʘʝʪ 

ʥʘ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʚʢʣʘʜʘ ʚ ʢʦʤʧʦʟʠʪʝ. ʊʘʢ, ʜʣʷ ʢʨʠʩʪʘʣʣʘ MnSb ʘʤʧʣʠʪʫʜʘ 

ɸʕʍ ʫʤʝʥʴʰʘʝʪʩʷ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ ʚʚʠʜʫ ʢʦʨʨʝʣʷʮʠʠ ʵʪʦʡ ʚʝʣʠʯʠʥʳ ʩ ʫʜʝʣʴʥʳʤ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʩʠʩʪʝʤʳ, ʥʦ ʚʳʭʦʜʠʪ ʥʘ ʥʝʢʦʪʦʨʦʝ ʧʣʘʪʦ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʚ ʢʦʤʧʦʟʠʪʝ 

ʘʤʧʣʠʪʫʜʘ ɸʕʍ ʧʨʦʜʦʣʞʘʝʪ ʤʝʥʷʪʴʩʷ ʠ ʜʘʞʝ ʩʪʘʥʦʚʠʪʩʷ ʦʪʨʠʮʘʪʝʣʴʥʦʡ. ʋʯʠʪʳʚʘʷ ʦʧʠʩʘʥʥʳʝ 

ʦʩʦʙʝʥʥʦʩʪʠ ʄʉ ʠ ʵʬʬʝʢʪʘ ʍʦʣʣʘ ʚ ʢʦʤʧʦʟʠʪʝ, ʧʨʠʯʠʥʦʡ ʥʘʙʣʶʜʘʝʤʦʛʦ ʧʦʚʝʜʝʥʠʷ ʧʦʣʘʛʘʝʪʩʷ 

ʥʘʣʠʯʠʝ ʨʘʩʪʚʦʨʸʥʥʳʭ ʘʪʦʤʦʚ ʤʘʨʛʘʥʮʘ ʚ ʤʘʪʨʠʮʝ GaSb, ʢʦʪʦʨʳʝ ʥʠʞʝ 25 ʂ ʬʦʨʤʠʨʫʶʪ 

ʢʦʨʨʝʣʠʨʦʚʘʥʥʦʝ ʤʘʛʥʠʪʥʦʝ ʩʦʩʪʦʷʥʠʝ, ʧʦ ʘʥʘʣʦʛʠʠ ʩ ʨʘʟʙʘʚʣʝʥʥʳʤʠ ʤʘʛʥʠʪʥʳʤʠ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʘʤʠ.  
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ʋɼʂ 537.632 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʪʘʙʠʣʴʥʦʩʪʠ ʠ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ ʬʝʨʨʦʤʘʛʥʠʪʥʦʡ ʬʘʟʳ 

ʩʧʣʘʚʘ Mn-Al -Ga ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʨʝʤʝʥʠ ʠʟʤʝʣʴʯʝʥʠʷ  

ʅʝʯʘʝʚ ʂ.ʉ. 

ʤʘʛʠʩʪʨʘʥʪ, ʠʥʞʝʥʝʨ ʥʘʫʯʥʦʛʦ ʧʨʦʝʢʪʘ, 

ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʄʀʉʀʉ  

ɺʘʞʠʥʩʢʠʡ ʅ.ʄ. 

ʤʘʛʠʩʪʨʘʥʪ, ʠʥʞʝʥʝʨ ʥʘʫʯʥʦʛʦ ʧʨʦʝʢʪʘ, 

ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʄʀʉʀʉ  

ʌʦʨʪʫʥʘ ɸ.ʉ. 

ʘʩʧʠʨʘʥʪʢʘ, ʘʩʩʠʩʪʝʥʪ ʢʘʬʝʜʨʳ ʬʠʟʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ, 

ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʄʀʉʀʉ  

ɻʦʨʰʝʥʢʦʚ ʄ.ɺ. 

ʢ. ʪ. ʥ., ʜʦʮʝʥʪ ʢʘʬʝʜʨʳ ʬʠʟʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ, 

ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʄʀʉʀʉ 

 

ɸʥʥʦʪʘʮʠʷ. ʉʧʣʘʚ ʩʦʩʪʘʚʘ Mn54,1Al37,6Ga8,3 ʙʳʣ ʠʟʤʝʣʴʯʝʥ ʧʫʪʝʤ ʫʜʘʨʥʦʛʦ ʤʝʭʘʥʠʯʝʩʢʦʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʠʩʪʠʨʘʥʠʝʤ ʚ ʘʛʘʪʦʚʦʡ ʩʪʫʧʢʝ. ɼʘʣʴʥʝʡʰʝʝ ʠʟʤʝʣʴʯʝʥʠʝ 

ʧʨʦʭʦʜʠʣʦ ʚ ʧʣʘʥʝʪʘʨʥʦʡ ʰʘʨʦʚʦʡ ʤʝʣʴʥʠʮʝ ʚ ʪʝʯʝʥʠʝ 1, 3 ʠ 6 ʯʘʩʦʚ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʧʦʚʝʨʭʥʦʩʪʥʦ-ʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ, ʚ ʩʚʷʟʠ ʩ ʯʝʤ ʜʘʥʥʳʡ ʨʝʞʠʤ ʙʳʣ ʥʘʟʚʘʥ çʩʫʭʠʤè. ɼʣʷ 

ʧʨʦʚʝʨʢʠ ʪʝʨʤʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ ʧʦʨʦʰʢʘ ʚ ʥʘʧʨʷʞʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʦʙʨʘʟʝʮ ʧʦʩʣʝ 6 

ʯʘʩʦʚ ʧʦʤʦʣʘ ʙʳʣ ʦʪʦʞʞʝʥ ʧʨʠ 700 ÁC ʚ ʪʝʯʝʥʠʝ 20 ʤʠʥʫʪ. ʇʦ ʜʘʥʥʳʤ ʧʦʣʫʯʝʥʥʳʤ ʧʦʩʣʝ 

ʢʘʞʜʦʡ ʩʪʘʜʠʠ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʠʟʤʝʣʴʯʝʥʠʷ ʠ ʦʪʞʠʛʘ ʙʳʣʠ ʫʩʪʘʥʦʚʣʝʥʳ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ 

ʠʟʤʝʥʝʥʠʷ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ ʠ ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ ʦʙʨʘʟʮʘ, ʨʘʟʤʝʨʘ ʠ ʬʦʨʤʳ ʯʘʩʪʠʮ, ʘ 

ʪʘʢʞʝ ʧʘʨʘʤʝʪʨʦʚ ʨʝʰʝʪʢʠ ʠ ʩʪʝʧʝʥʠ ʪʝʪʨʘʛʦʥʘʣʴʥʦʩʪʠ Ű-ʬʘʟʳ. ʇʦʢʘʟʘʥʘ ʚʳʩʦʢʘʷ 

ʤʝʭʘʥʠʯʝʩʢʘʷ ʩʪʘʙʠʣʴʥʦʩʪʴ ʬʝʨʨʦʤʘʛʥʠʪʥʦʡ ʬʘʟʳ ʧʨʠ ʚʳʙʨʘʥʥʳʭ ʨʝʞʠʤʘʭ ʠʟʤʝʣʴʯʝʥʠʷ. ʅʘ 

ʦʩʥʦʚʘʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʚʳʜʚʠʥʫʪʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʤʝʭʘʥʠʯʝʩʢʦʝ ʠʟʤʝʣʴʯʝʥʠʝ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴʶ ʙʦʣʝʝ 3 ʯʘʩʦʚ ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ ʧʘʨʘʤʝʪʨʦʚ ʨʝʰʝʪʢʠ ʠ ʩʪʝʧʝʥʠ 

ʪʝʪʨʘʛʦʥʘʣʴʥʦʩʪʠ ʟʘ ʩʯʝʪ ʭʠʤʠʯʝʩʢʦʛʦ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʚ Ű-ʬʘʟʝ ʠ 

ʨʘʚʥʦʚʝʩʥʦʡ ʬʘʟʝ ɓ-Mn, ʯʪʦ ʪʘʢʞʝ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ ʧʦʩʣʝʜʫʶʱʝʤ ʦʪʞʠʛʝ. ɼʘʥʥʦʝ 

ʠʟʤʝʥʝʥʠʝ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʟʥʘʯʝʥʠʡ Imax ʠ Ir, ʧʦʥʠʞʘʷ ʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʩʧʣʘʚʘ. 

ʆʪʞʠʛ, ʩʥʠʤʘʷ ʚʥʫʪʨʝʥʥʠʝ ʥʘʧʨʷʞʝʥʠʷ, ʫʤʝʥʴʰʘʝʪ ʚʢʣʘʜ ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʘʪʦʤʦʚ Mn, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʦʚʳʰʝʥʠʶ ʟʥʘʯʝʥʠʡ Imax ʠ Ir. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: MnAl, Mn-Al-Ga, ʤʘʛʥʠʪʦʪʚʝʨʜʳʝ ʤʘʪʝʨʠʘʣʳ, ʤʠʢʨʦʩʪʨʫʢʪʫʨʘ, ʬʘʟʦʚʳʝ 

ʧʨʝʚʨʘʱʝʥʠʷ, ʧʦʤʦʣ 

 

Investigation of stability and magnetic properties ferromagnetic phase of Mn-Al -Ga 

alloy depending on milling time 
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Annotation. The alloy composition Mn54,1Al37,6Ga8,3 was crushed by mechanical impact followed by 

abrasion in an agate mortar. Further grinding took place in a planar ball mill for 1, 3 and 6 hours 

without the use of surfactants, and therefore this mode was called çdryè. To check the thermal 

stability of the powder in the stressed state, the sample was annealed at 700 ÁC for 20 minutes after 

6 hours of milling. According to the data obtained after each stage of mechanical milling and 

annealing, patterns of changes in magnetic properties and phase composition of the sample, particle 

size and shape, as well as lattice parameters and the degree of tetragonality of the Ű-phase were 

established. The high mechanical stability of the ferromagnetic phase is shown under the selected 

milling mode. Based on obtained data, it is assumed that mechanical milling lasting more than 3 

hours leads to change in the lattice parameters and tetragonality due to the chemical redistribution 

of components in Ű-phase and equilibrium phase of ɓ-Mn, which is also observed during subsequent 

annealing. This change leads to decrease in Imax and Ir values, reducing the magnetic properties of 

the alloy. By removing internal stresses, the ignition reduces the contribution of the antiferromagnetic 

interaction of Mn atoms, which leads to an increase in Imax and Ir values. 

Keywords: Mn-Al, Mn-Al-Ga  hard magnetic materials, microstructure, phase transitions, milling 

 

ɻʣʦʙʘʣʴʥʦʝ ʠʟʤʝʥʝʥʠʝ ʢʣʠʤʘʪʘ ʧʨʠʚʦʜʠʪ ʢ ʨʘʟʚʠʪʠʶ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ 

ʵʥʝʨʛʠʠ ʠ ʦʪʢʘʟʫ ʦʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ɼɺʉ. ʉ ʢʘʞʜʳʤ ʛʦʜʦʤ ʧʦʷʚʣʷʝʪʩʷ ʤʥʦʞʝʩʪʚʦ ʥʦʚʳʭ 

ʵʣʝʢʪʨʦʤʘʰʠʥ ʠʩʧʦʣʴʟʫʶʱʠʭ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʡ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʬʦʨʤʠʨʫʝʪʩʷ ʚʳʩʦʢʠʡ ʩʧʨʦʩ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʵʣʝʢʪʨʦʤʦʪʦʨʦʚ, ʥʝʦʪʲʝʤʣʝʤʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ 

ʢʦʪʦʨʳʭ ʷʚʣʷʶʪʩʷ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʝ ʧʦʩʪʦʷʥʥʳʝ ʤʘʛʥʠʪʳ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʦʩʥʦʚʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʭ ʧʦʩʪʦʷʥʥʳʭ ʤʘʛʥʠʪʦʚ 

ʷʚʣʷʶʪʩʷ ʨʝʜʢʦʟʝʤʝʣʴʥʳʝ ʵʣʝʤʝʥʪʳ, ʢʦʪʦʨʳʝ ʚʭʦʜʷʪ ʚ ʩʧʠʩʦʢ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʦʛʦ ʩʳʨʴʷ [1]. 

ʂ ʥʝʜʦʩʪʘʪʢʘʤ ʈɿʄ ʧʦʩʪʦʷʥʥʳʭ ʤʘʛʥʠʪʦʚ, ʪʘʢʠʭ ʢʘʢ Nd-Fe-B ʠ Sm-Co ʤʦʞʥʦ ʦʪʥʝʩʪʠ 

ʪʦʢʩʠʯʥʦʩʪʴ ʜʦʙʳʯʠ ʠ ʧʝʨʝʨʘʙʦʪʢʠ, ʥʝʫʩʪʦʡʯʠʚʫʶ ʛʝʦʧʦʣʠʪʠʯʝʩʢʫʶ ʩʠʪʫʘʮʠʶ ʠ ʚʳʩʦʢʫʶ 

ʮʝʥʫ ʈɿʄ ʵʣʝʤʝʥʪʦʚ, ʯʪʦ ʧʦʚʳʰʘʝʪ ʘʢʪʫʘʣʴʥʦʩʪʴ ʧʦʠʩʢʘ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʭ 

ʧʦʩʪʦʷʥʥʳʭ ʤʘʛʥʠʪʦʚ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

ʉʧʣʘʚʳ ʩʠʩʪʝʤʳ Mn-Al ʧʨʝʜʩʪʘʚʣʷʶʪ ʦʩʦʙʳʡ ʠʥʪʝʨʝʩ ʚ ʢʘʯʝʩʪʚʝ ʧʦʪʝʥʮʠʘʣʴʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʵʣʝʤʝʥʪʦʚ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʭ ʤʘʰʠʥ ʚʚʠʜʫ ʦʪʩʫʪʩʪʚʠʷ ʪʨʝʙʦʚʘʥʠʡ ʢ 



ʅʄʄʄ-2024 1-108 ʉʝʢʮʠʷ 1. 

 
ʤʠʥʠʘʪʶʨʠʟʘʮʠʠ ʠ ʥʠʟʢʦʡ ʩʪʦʠʤʦʩʪʠ ʢʦʤʧʦʥʝʥʪʦʚ [2]. ʊʘʢ, ʤʝʪʘʩʪʘʙʠʣʴʥʘʷ ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ʬʝʨʨʦʤʘʛʥʠʪʥʘʷ Ű-ʬʘʟʘ L10 (P4/mmm) ʩʠʩʪʝʤʳ Mn-Al ʷʚʣʷʝʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤ 

ʤʘʛʥʠʪʦʪʚʝʨʜʳʤ ʤʘʪʝʨʠʘʣʦʤ ʩ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʠʤ ʪʝʦʨʝʪʠʯʝʩʢʠʤ ʟʥʘʯʝʥʠʝʤ ʧʦʣʷ 

ʘʥʠʟʦʪʨʦʧʠʠ ~5,7 ʊʣ. ɼʘʥʥʘʷ ʬʘʟʘ ʠʤʝʝʪ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ ʥʘʩʳʱʝʥʠʷ Is=600 ʢɸ/ʤ, ʢʦʥʩʪʘʥʪʫ 

ʤʘʛʥʠʪʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʘʥʠʟʦʪʨʦʧʠʠ K1=1,7Ĭ10
6 ʄɼʞ/ʤ3, ʪʝʤʧʝʨʘʪʫʨʫ ʂʶʨʠ TC = 650 K  ʠ 

ʧʦʪʝʥʮʠʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʨʦʠʟʚʝʜʝʥʠʷ (BH)maxå112 ʢɼʞ/ʤ
3 [3]. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʤʘʛʥʠʪʥʳʭ ʩʧʣʘʚʦʚ MnAl ʦʩʣʦʞʥʷʝʪʩʷ ʥʠʟʢʦʡ ʪʝʨʤʠʯʝʩʢʦʡ 

ʩʪʘʙʠʣʴʥʦʩʪʴʶ Ű-ʬʘʟʳ. ɺ ʩʪʘʪʴʝ [4] ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʣʝʛʠʨʦʚʘʥʠʝ ʙʠʥʘʨʥʦʛʦ ʩʧʣʘʚʘ 

ʫʛʣʝʨʦʜʦʤ ʚ ʢʦʣʠʯʝʩʪʚʝ 3 ʘʪ.% ʧʨʠʚʦʜʠʪ ʢ ʧʦʚʳʰʝʥʠʶ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ 

ʬʝʨʨʦʤʘʛʥʠʪʥʦʡ ʬʘʟʳ. ɺʦʟʤʦʞʥʦʝ ʦʙʲʷʩʥʝʥʠʝ ʜʘʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ 

ʘʪʦʤʳ ʫʛʣʝʨʦʜʘ, ʦʙʨʘʟʫʷ ʨʘʩʪʚʦʨ ʚʥʝʜʨʝʥʠʷ, ʧʦʥʠʞʘʶʪ ʜʠʬʬʫʟʠʦʥʥʫʶ ʧʦʜʚʠʞʥʦʩʪʴ ʘʪʦʤʦʚ 

Mn ʠ Al, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʙʦʣʝʝ ʤʝʜʣʝʥʥʦʤʫ ʧʨʦʭʦʞʜʝʥʠʶ ʨʘʩʧʘʜʘ ʤʝʪʘʩʪʘʙʠʣʴʥʦʡ ʬʘʟʳ ʥʘ 

ʨʘʚʥʦʚʝʩʥʳʝ. ʆʜʥʘʢʦ ʫʚʝʣʠʯʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʫʛʣʝʨʦʜʘ ʚ ʩʧʣʘʚʝ ʚʝʜʝʪ ʢ ʧʦʥʠʞʝʥʠʶ 

ʟʥʘʯʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʂʶʨʠ ʠ ʢʦʥʩʪʘʥʪʳ ʤʘʛʥʠʪʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʘʥʠʟʦʪʨʦʧʠʠ. 

ʃʝʛʠʨʦʚʘʥʠʝ ʩʧʣʘʚʦʚ Mn-Al 5ï9 ʘʪ.% Ga ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʫʶ 

ʩʪʘʙʠʣʴʥʦʩʪʴ Ű-ʬʘʟʳ, ʟʘʤʝʜʣʷʷ ʧʨʦʮʝʩʩ ʨʘʩʧʘʜʘ [5]. ʉʪʘʙʠʣʠʟʘʮʠʷ ʧʨʦʠʩʭʦʜʠʪ ʙʣʘʛʦʜʘʨʷ 

ʬʦʨʤʠʨʦʚʘʥʠʶ ʜʚʫʭ ʬʘʟ ʩʦ ʩʪʨʫʢʪʫʨʥʳʤ ʪʠʧʦʤ ʨʝʰʝʪʢʠ L10. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ 

ʧʨʦʮʝʩʩ ʨʘʩʧʘʜʘ ʬʝʨʨʦʤʘʛʥʠʪʥʦʡ ʬʘʟʳ ʚ ʪʨʦʡʥʳʭ ʩʧʣʘʚʘʭ Mn-Al-Ga ʧʨʦʠʩʭʦʜʠʪ ʟʥʘʯʠʪʝʣʴʥʦ 

ʤʝʜʣʝʥʥʝʝ, ʯʝʤ ʚ ʜʚʦʡʥʳʭ ʩʧʣʘʚʘʭ Mn-Al [6]. ɹʦʣʝʝ ʪʦʛʦ, ʣʝʛʠʨʦʚʘʥʠʝ Ga ʥʝ ʚʳʟʳʚʘʝʪ ʧʘʜʝʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨʳ ʂʶʨʠ ʠ ʢʦʥʩʪʘʥʪʳ ʤʘʛʥʠʪʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʘʥʠʟʦʪʨʦʧʠʠ, ʢʘʢ ʵʪʦ ʥʘʙʣʶʜʘʝʪʩʷ 

ʚ ʩʣʫʯʘʝ ʣʝʛʠʨʦʚʘʥʠʷ ʫʛʣʝʨʦʜʦʤ, ʚ ʩʚʷʟʠ ʩ ʯʝʤ ʠʩʩʣʝʜʦʚʘʥʠʝ ʪʨʦʡʥʦʡ ʩʠʩʪʝʤʳ Mn-Al-Ga 

ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ. ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʟʘʚʠʩʠʤʦʩʪʴ ʩʪʘʙʠʣʴʥʦʩʪʠ Ű-ʬʘʟʳ ʪʨʦʡʥʦʡ 

ʩʠʩʪʝʤʳ Mn-Al-Ga ʦʪ ʤʝʭʘʥʠʯʝʩʢʠʭ ʚʦʟʜʝʡʩʪʚʠʡ ʥʝ ʫʩʪʘʥʦʚʣʝʥʘ. ɺ ʩʚʷʟʠ ʩ ʯʝʤ, ʮʝʣʴʶ ʜʘʥʥʦʡ 

ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʪʘʙʠʣʴʥʦʩʪʠ ʠ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ ʬʝʨʨʦʤʘʛʥʠʪʥʦʡ Ű-ʬʘʟʳ 

ʩʠʩʪʝʤʳ Mn-Al-Ga ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʠʷ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʚ ʧʣʘʥʝʪʘʨʥʦʡ ʰʘʨʦʚʦʡ 

ʤʝʣʴʥʠʮʝ ʚ ʪʝʯʝʥʠʝ 1, 3 ʠ 6 ʯʘʩʦʚ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʘʙʦʪʳ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʧʨʦʮʝʩʩʝ çʩʫʭʦʛʦè ʥʠʟʢʦʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ 

ʧʦʤʦʣʘ ʢʦʣʠʯʝʩʪʚʦ ʬʝʨʨʦʤʘʛʥʠʪʥʦʡ Ű-ʬʘʟʳ ʥʝ ʧʨʝʪʝʨʧʝʣʦ ʟʥʘʯʠʤʳʭ ʠʟʤʝʥʝʥʠʡ, ʯʪʦ ʛʦʚʦʨʠʪ 

ʦ ʝʝ ʩʪʘʙʠʣʴʥʦʩʪʠ ʧʨʠ ʚʳʙʨʘʥʥʳʭ ʨʝʞʠʤʘʭ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ. ʇʦʨʦʰʦʢ ʧʦʩʣʝ 

ʠʟʤʝʣʴʯʝʥʠʷ ʚ ʩʪʫʧʢʝ ʠʤʝʣ ʬʘʟʦʚʳʡ ʩʦʩʪʘʚ 88,9 % Ű-ʬʘʟʳ, 9,5 % ɔ2-ʬʘʟʳ ʠ 1,6 % ʬʘʟʳ ɓ-Mn 

ʧʦ ʦʙʲʝʤʥʦʡ ʜʦʣʝ. ʇʦʩʣʝ ʠʟʤʝʣʴʯʝʥʠʷ ʚ ʪʝʯʝʥʠʝ 6 ʯʘʩʦʚ ï 85,2 % Ű-ʬʘʟʳ, 8,5 % ɔ2-ʬʘʟʳ ʠ 6,3 

% ʬʘʟʳ ɓ-Mn ʧʦ ʦʙʲʝʤʥʦʡ ʜʦʣʝ. ʀʟʤʝʥʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʨʘʚʥʦʚʝʩʥʦʡ ɔ2-ʬʘʟʳ ʥʘʭʦʜʠʪʩʷ ʚ 

ʧʨʝʜʝʣʘʭ ʦʰʠʙʢʠ. ʈʦʩʪ ʢʦʣʠʯʝʩʪʚʘ ʬʘʟʳ ɓ-Mn ʤʦʞʝʪ ʙʳʪʴ ʦʙʫʩʣʦʚʣʝʥ ʪʝʤ, ʯʪʦ ʚʳʜʝʣʷʶʱʝʡʩʷ 

ʚ ʧʨʦʮʝʩʩʝ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʠʟʤʝʣʴʯʝʥʠʷ ʵʥʝʨʛʠʠ ʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʧʨʦʪʝʢʘʥʠʷ ʧʨʦʮʝʩʩʘ ʨʘʩʧʘʜʘ 

ʤʝʪʘʩʪʘʙʠʣʴʥʦʡ Ű-ʬʘʟʳ. ʇʦʨʦʰʦʢ ʧʦʩʣʝ ʧʦʤʦʣʘ ʚ ʪʝʯʝʥʠʝ 6 ʯʘʩʦʚ ʙʳʣ ʧʦʜʚʝʨʛʥʫʪ ʦʪʞʠʛʫ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 700 Áʉ ʚ ʪʝʯʝʥʠʝ 20 ʤʠʥʫʪ ʜʣʷ ʧʨʦʚʝʨʢʠ ʪʝʨʤʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ ʩʧʣʘʚʘ ʚ 

ʥʘʧʨʷʞʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʪʦʛʦ ʬʘʟʦʚʳʡ ʩʦʩʪʘʚ ʠʟʤʝʥʠʣʩʷ ʠ ʩʦʩʪʘʚʠʣ 68,4 %  

Ű-ʬʘʟʳ, 0,4 % ɔ2-ʬʘʟʳ, 28,2 % ʬʘʟʳ ɓ-Mn ʠ 3,0 % ʬʘʟʳ Mn2O3 ʧʦ ʦʙʲʝʤʥʦʡ ʜʦʣʝ. ʆʙʨʘʟʦʚʘʥʠʝ 

ʦʢʩʠʜʘ ʩʚʷʟʘʥʦ ʩ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ ʦʪʞʠʛʘ ʧʦʨʦʰʢʦʚʦʛʦ ʦʙʨʘʟʮʘ ʥʘ ʚʦʟʜʫʭʝ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʘʥʘʣʠʟʘ ʠʟʤʝʥʝʥʠʷ ʧʝʨʠʦʜʦʚ ʨʝʰʝʪʢʠ Ű-ʬʘʟʳ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʤʝʭʘʥʠʯʝʩʢʦʝ 

ʠʟʤʝʣʴʯʝʥʠʝ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴʶ ʙʦʣʝʝ 3 ʯʘʩʦʚ ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ ʧʘʨʘʤʝʪʨʦʚ ʨʝʰʝʪʢʠ 

ʠ ʩʪʝʧʝʥʠ ʪʝʪʨʘʛʦʥʘʣʴʥʦʩʪʠ ʟʘ ʩʯʝʪ ʭʠʤʠʯʝʩʢʦʛʦ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʚ Ű-ʬʘʟʝ ʠ 

ʨʘʚʥʦʚʝʩʥʦʡ ʬʘʟʝ ɓ-Mn, ʯʪʦ ʪʘʢʞʝ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ ʧʦʩʣʝʜʫʶʱʝʤ ʦʪʞʠʛʝ. 

ɸʥʘʣʠʟ ʠʟʦʙʨʘʞʝʥʠʡ, ʧʦʣʫʯʝʥʥʳʭ ʤʝʪʦʜʦʤ ʉʕʄ, ʦʪ ʧʦʨʦʰʢʘ ʥʘ ʨʘʟʥʳʭ ʩʪʘʜʠʷʭ 

ʧʦʤʦʣʘ ʧʦʢʘʟʘʣ, ʯʪʦ ʨʘʟʤʝʨ ʯʘʩʪʠʮ ʫʤʝʥʴʰʠʣʩʷ ʩ 50-300 ʤʢʤ ʜʦ 50-100 ʤʢʤ. ʇʦʩʣʝ 

ʠʟʤʝʣʴʯʝʥʠʷ ʯʘʩʪʠʮʳ ʧʨʠʦʙʨʝʣʠ ʯʝʰʫʡʯʘʪʫʶ ʬʦʨʤʫ, ʧʨʠʯʝʤ ʠʭ ʢʦʣʠʯʝʩʪʚʦ ʩ ʨʦʩʪʦʤ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʠʟʤʝʣʴʯʝʥʠʷ ʚʦʟʨʘʩʪʘʣʦ. 

ʇʝʨʝʜ ʠʩʩʣʝʜʦʚʘʥʠʝʤ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ ʚʦ ʚʥʝʰʥʝʤ ʧʦʣʝ ʚʝʣʠʯʠʥʦʡ ʜʦ 2 ʊʣ ʧʦʨʦʰʢʠ 

ʙʳʣʠ ʥʘʤʘʛʥʠʯʝʥʳ ʚ ʠʤʧʫʣʴʩʥʦʤ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʚʝʣʠʯʠʥʦʡ 8 ʊʣ, ʧʨʝʚʳʰʘʶʱʝʤ ʧʦʣʝ 
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ʘʥʠʟʦʪʨʦʧʠʠ. ʅʝʢʦʪʦʨʳʝ ʠʟ ʧʦʨʦʰʢʦʚ ʪʘʢʞʝ ʙʳʣʠ ʠ ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ. ɸʥʘʣʠʟ 

ʯʘʩʪʥʳʭ ʧʝʪʝʣʴ ʛʠʩʪʝʨʝʟʠʩʘ ʧʦʢʘʟʘʣ, ʯʪʦ Hc ʧʨʠ ʧʦʤʦʣʝ ʚʦʟʨʦʩʣʦ ʩ 125 ʜʦ 213 ʢɸ/ʤ (217 ʢɸ/ʤ 

ʜʣʷ ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʦʙʨʘʟʮʘ). Imax ʠ Ir ʧʦʩʣʝ ʧʦʤʦʣʘ ʚ ʩʪʫʧʢʝ ʨʘʚʥʷʣʠʩʴ 373 ʠ 173 ʢɸ/ʤ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʘ ʧʦʩʣʝ ʧʦʤʦʣʘ ʚ 6 ʯʘʩʦʚ ï 285  ʠ 137 ʢɸ/ʤ (332 ʠ 175 ʢɸ/ʤ ʜʣʷ 

ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʦʙʨʘʟʮʘ) ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺ ʨʘʙʦʪʝ [7] ʜʘʥʥʘʷ ʪʝʥʜʝʥʮʠʷ ʦʙʲʷʩʥʷʝʪʩʷ 

ʫʚʝʣʠʯʝʥʠʝʤ ʧʣʦʪʥʦʩʪʠ ʜʠʩʣʦʢʘʮʠʡ ʚ ʪʝʣʝ ʟʝʨʥʘ, ʧʨʠʚʦʜʷʱʠʤ ʢ ʣʦʢʘʣʴʥʦʤʫ ʠʟʤʝʥʝʥʠʶ 

ʧʘʨʘʤʝʪʨʦʚ ʨʝʰʝʪʢʠ ʠ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʘʪʦʤʘʤʠ Mn ʚ ʧʦʟʠʮʠʷʭ [000] ʠ [İİİ]. ʕʪʦʪ ʵʬʬʝʢʪ 

ʟʘʪʨʫʜʥʷʝʪ ʜʚʠʞʝʥʠʝ ʛʨʘʥʠʮ ʜʦʤʝʥʦʚ ʧʨʠ ʧʝʨʝʤʘʛʥʠʯʠʚʘʥʠʠ, ʫʚʝʣʠʯʠʚʘʷ Hc ʠ Ir. ʀʟʤʝʥʝʥʠʝ 

ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʘʪʦʤʘʤʠ Mn ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʤʝʞʜʫ ʥʠʤʠ ʠ ʫʤʝʥʴʰʝʥʠʶ Imax, ʯʪʦ ʠ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ ʧʦʤʦʣʝ. ɼʘʣʴʥʝʡʰʝʝ ʠʟʤʝʣʴʯʝʥʠʝ 

ʚʝʜʝʪ ʢ ʠʟʤʝʥʝʥʠʶ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʬʘʟ ʦʙʨʘʟʮʘ, ʚ ʩʚʷʟʠ ʩ ʯʝʤ Imax ʠ Ir ʫʤʝʥʴʰʘʶʪʩʷ. 

ʆʪʞʠʛ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʚʥʫʪʨʝʥʥʠʭ ʥʘʧʨʷʞʝʥʠʡ ʠ ʧʦʚʳʰʘʝʪ Imax ʜʦ ʟʥʘʯʝʥʠʡ, ʙʣʠʟʢʠʭ ʢ 

ʧʦʤʦʣʫ ʚ ʩʪʫʧʢʝ, ʥʝʩʤʦʪʨʷ ʥʘ ʟʥʘʯʠʤʦʝ ʫʤʝʥʴʰʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ Ű-ʬʘʟʳ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʈʅʌ 23-13-00161. 
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ɸʥʥʦʪʘʮʠʷ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʥʠʟʢʦʨʘʟʤʝʨʥʳʭ ʤʘʛʥʠʪʥʳʭ ʩʠʩʪʝʤ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ 

ʥʘʧʨʘʚʣʝʥʠʝʤ ʩʦʚʨʝʤʝʥʥʦʡ ʬʠʟʠʢʠ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ. ʆʜʠʥ ʠʟ ʥʘʠʙʦʣʝʝ 

ʠʥʪʝʨʝʩʥʳʭ ʧʨʠʤʝʨʦʚ ʪʘʢʠʭ ʩʠʩʪʝʤ ï ʦʜʥʦʨʦʜʥʳʝ ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʳʝ ʠʟʦʣʠʨʦʚʘʥʥʳʝ 

ʮʝʧʦʯʢʠ ʮʝʣʳʭ ʩʧʠʥʦʚ, ʦʧʠʩʳʚʘʝʤʳʝ ʤʦʜʝʣʴʶ ʍʦʣʜʝʡʥʘ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʩʩʣʝʜʫʝʪʩʷ ʨʝʜʢʠʡ 

ʧʨʠʤʝʨ ʪʘʢʠʭ ʍʦʣʜʝʡʥʦʚʩʢʠʭ ʮʝʧʦʯʝʢ ʥʘ ʙʘʟʝ ʠʦʥʦʚ ʚʘʥʘʜʠʷ V3+ ï NH4VPO4OH. ʂʘʢ 

ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʠʤʠ ʤʘʛʥʠʪʥʳʤʠ ʠʟʤʝʨʝʥʠʷʤʠ, ʪʘʢ ʠ ʗʄʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʝʡ ʫʙʝʜʠʪʝʣʴʥʦ 

ʧʦʢʘʟʘʥʦ ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʧʠʥʦʚʦʡ ʱʝʣʠ ʚ ʩʧʝʢʪʨʝ ʤʘʛʥʠʪʥʳʭ ʚʦʟʙʫʞʜʝʥʠʡ. ʊʘʢʞʝ 

ʠʩʩʣʝʜʦʚʘʥʦ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʝ ʧʦʚʝʜʝʥʠʝ ʜʘʥʥʦʡ ʩʠʩʪʝʤʳ, ʚ ʯʘʩʪʥʦʩʪʠ, ʫʩʪʘʥʦʚʣʝʥʦ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʦʩʪʦʷʥʠʷ ʪʠʧʘ ʩʧʠʥʦʚʦʛʦ ʩʪʝʢʣʘ ʥʠʞʝ ~ 10 ʂ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʥʠʟʢʦʨʘʟʤʝʨʥʳʡ ʤʘʛʥʝʪʠʟʤ, ʍʦʣʜʝʡʥʦʚʩʢʠʝ ʩʠʩʪʝʤʳ, ʩʧʠʥʦʚʦʝ ʩʪʝʢʣʦ, 
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Annotation. The study of low-dimensional magnetic systems is an important direction of modern 

condensed matter physics. One of the most interesting examples of such systems are homogeneous 

antiferromagnetic isolated chains of integer spins, described by the Haldane model. This work 

examines a rare example of such Haldane chains based on vanadium ions V3+ ï NH4VPO4OH. Both 

macroscopic magnetic measurements and NMR spectroscopy convincingly demonstrate the 

formation of a spin gap in the spectrum of magnetic excitations. The low-temperature behavior of 

this system was also studied, in particular, the formation of a spin glass type state was established 

below ~ 10 K. 
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ʅʠʟʢʦʨʘʟʤʝʨʥʳʝ ʤʘʛʥʠʪʥʳʝ ʩʪʨʫʢʪʫʨʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʫʜʦʙʥʫʶ ʧʣʘʪʬʦʨʤʫ ʜʣʷ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʚʘʥʪʦʚʦʡ ʟʘʧʫʪʘʥʥʦʩʪʠ, ʧʦʥʠʤʘʥʠʝ ʧʨʠʨʦʜʳ ʢʦʪʦʨʦʡ ʦʩʦʙʝʥʥʦ ʘʢʪʫʘʣʴʥʦ ʚ 

ʩʦʚʨʝʤʝʥʥʳʭ ʢʚʘʥʪʦʚʳʭ ʪʝʭʥʦʣʦʛʠʷʭ [1]. ɺʘʞʥʳʤ ʯʘʩʪʥʳʤ ʩʣʫʯʘʝʤ ʪʘʢʠʭ ʩʠʩʪʝʤ ʷʚʣʷʶʪʩʷ 

ʦʜʥʦʨʦʜʥʳʝ ʠʟʦʣʠʨʦʚʘʥʥʳʝ ʩʧʠʥʦʚʳʝ ʮʝʧʦʯʢʠ ʩ ʮʝʣʳʤʠ ʠʣʠ ʧʦʣʫʮʝʣʳʤʠ ʩʧʠʥʘʤʠ, 

ʩʚʷʟʘʥʥʳʤʠ ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʦ. ʇʨʠ ʵʪʦʤ ʚ ʦʪʣʠʯʠʝ ʦʪ ʩʣʫʯʘʷ ʧʦʣʫʮʝʣʳʭ ʩʧʠʥʦʚ, ʮʝʧʦʯʢʘ 

ʮʝʣʳʭ ʩʧʠʥʦʚ ʟʘʱʠʱʝʥʘ ʦʪ ʚʥʝʰʥʠʭ ʚʦʟʙʫʞʜʝʥʠʡ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʱʝʣʴʶ ȹ, ʯʪʦ ʜʝʣʘʝʪ 

ʦʩʥʦʚʥʦʝ ʤʘʛʥʠʪʥʦʝ ʩʦʩʪʦʷʥʠʝ ʪʘʢʦʡ ʩʠʩʪʝʤʳ ʜʦʩʪʘʪʦʯʥʦ ʫʩʪʦʡʯʠʚʳʤ [2]. 
ʂ ʩʦʞʘʣʝʥʠʶ, ʪʘʢʠʝ ʍʦʣʜʝʡʥʦʚʩʢʠʝ ʮʝʧʦʯʢʠ ʜʦʚʦʣʴʥʦ ʨʝʜʢʦ ʚʩʪʨʝʯʘʶʪʩʷ ʚ ʧʨʠʨʦʜʝ, ʠ 

ʙʦʣʴʰʠʥʩʪʚʦ ʠʟ ʠʟʚʝʩʪʥʳʭ ʧʦʩʪʨʦʝʥʦ ʥʘ ʤʘʛʥʠʪʥʳʭ ʠʦʥʘʭ Ni2+ (3d8) [3]. ʀʟʚʝʩʪʥʦ ʜʚʝ 

ʍʦʣʜʝʡʥʦʚʩʢʠʝ ʩʠʩʪʝʤʳ, ʧʦʩʪʨʦʝʥʥʳʝ ʥʘ ʠʦʥʘʭ V3+ (3d2) ʩʦ ʩʧʠʥʦʤ S = 1: AgVP2S6[19] ʠ 

Ba2V(VO4)2(OH) [20]. ʇʦʵʪʦʤʫ ʫʩʪʘʥʦʚʣʝʥʠʝ ʍʦʣʜʝʡʥʦʚʩʢʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʠ ʝʛʦ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʚ ʥʦʚʦʡ ʩʠʩʪʝʤʝ ʠʟ ʦʜʥʦʨʦʜʥʳʭ ʤʘʛʥʠʪʥʳʭ ʮʝʧʦʯʝʢ ʚʘʥʘʜʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʠʥʪʝʨʝʩ ʚ ʬʠʟʠʢʝ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʠ ʤʘʛʥʠʪʥʳʭ ʷʚʣʝʥʠʡ. 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʪʘʢʦʡ ʩʠʩʪʝʤʳ NH4VPO4OH, ʚ ʢʦʪʦʨʦʡ 

ʦʢʪʘʵʜʨʠʯʝʩʢʠ ʩʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʝ ʢʠʩʣʦʨʦʜʦʤ ʠʦʥʳ V3+ ʦʙʨʘʟʫʶʪ ʧʦʯʪʠ ʠʟʦʣʠʨʦʚʘʥʥʳʝ 

ʮʝʧʦʯʢʠ ʚʜʦʣʴ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʦʩʠ b. ɺ ʜʘʥʥʦʡ ʩʠʩʪʝʤʝ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ ʤʘʛʥʠʪʥʦʛʦ ʜʘʣʴʥʝʛʦ 

ʧʦʨʷʜʢʘ ʚʧʣʦʪʴ ʜʦ 1.5 ʂ. ʇʨʠ ʵʪʦʤ ʨʘʟʥʳʝ ʤʝʪʦʜʳ ʫʢʘʟʳʚʘʶʪ ʥʘ ʚʳʨʘʞʝʥʥʦʝ ʩʧʠʥ-ʱʝʣʝʚʦʝ 

ʩʦʩʪʦʷʥʠʝ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʦʮʝʥʢʠ ʩʧʠʥʦʚʦʡ ʱʝʣʠ ʠʟ ʗʄʈ, ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ 

ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʠ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʚ ʚʳʩʦʢʠʭ ʧʦʣʷʭ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʶʪʩʷ ʤʝʞʜʫ ʩʦʙʦʡ ʠ ʩ 

ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʦʮʝʥʢʦʡ ʚʥʫʪʨʠʮʝʧʦʯʝʯʥʦʛʦ ʠʥʪʝʛʨʘʣʘ J ~ 100 ʂ. 
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ʄʝʪʦʜʦʤ ʗʄʈ ʪʘʢʞʝ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʦʩʪʦʷʥʠʷ ʪʠʧʘ ʩʧʠʥʦʚʦʛʦ 

ʩʪʝʢʣʘ ʥʠʞʝ ~ 10 ʂ, ʢʦʪʦʨʦʝ ʤʦʞʥʦ ʩʚʷʟʘʪʴ ʩ ʢʦʥʮʝʚʳʤʠ ʩʧʠʥʘʤʠ ʍʦʣʜʝʡʥʦʚʩʢʠʭ ʮʝʧʦʯʝʢ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʧʨʦʩʪʫʶ ʬʦʨʤʫ ʣʠʥʠʠ ʗʄʈ 31P, ʥʘ ʢʨʠʚʳʭ ʷʜʝʨʥʦʡ ʩʧʠʥ-ʨʝʰʝʪʦʯʥʦʡ ʨʝʣʘʢʩʘʮʠʠ 

ʥʘʙʣʶʜʘʣʘʩʴ ʜʚʫʭʢʦʤʧʦʥʝʥʪʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʚʦ ʚʩʝʤ ʠʩʩʣʝʜʫʝʤʦʤ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ (4 ï 

300 ʂ), ʯʪʦ ʧʦʢʘ ʩʣʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʠ ʤʦʪʠʚʠʨʫʝʪ ʜʘʣʴʥʝʡʰʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʘʥʥʦʡ ʩʠʩʪʝʤʳ. 
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ʋɼʂ 537.6 

ʄʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʬʝʨʨʠʪʦʚ-ʰʧʠʥʝʣʝʡ CoyZnxNi1-x-yFe2O4 

ʐʠʧʢʦʚʘ ɽ.ɼ. 

ɸʩʧʠʨʘʥʪ ʢʘʬʝʜʨʳ ʤʘʛʥʝʪʠʟʤʘ ʄʦʩʢʦʚʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʠʤʝʥʠ 

ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ 

ʐʝʨʩʪʶʢ ɼ.ʇ. 

ʀʥʞʝʥʝʨ-ʠʩʩʣʝʜʦʚʘʪʝʣʴ ʣʘʙʦʨʘʪʦʨʠʠ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʦʚ ʖʞʥʦ-ʋʨʘʣʴʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ 

ʫʥʠʚʝʨʩʠʪʝʪʘ (ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ) 

ɺʠʥʥʠʢ ɼ.ɸ. 

ʜ.ʭ.ʥ., ʚʝʜʫʱʠʡ ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ-ʟʘʚʝʜʫʶʱʠʡ ʣʘʙʦʨʘʪʦʨʠʝʡ ʄʦʩʢʦʚʩʢʦʛʦ ʬʠʟʠʢʦ-

ʪʝʭʥʠʯʝʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ (ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ) 

ʜ.ʭ.ʥ., ʜʠʨʝʢʪʦʨ ʅʀʀ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʪʝʭʥʦʣʦʛʠʡ ʨʝʩʫʨʩʦʩʙʝʨʝʞʝʥʠʷ, 

ʟʘʚʝʜʫʶʱʠʡ ʢʘʬʝʜʨʦʡ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ ʠ ʬʠʟʠʢʦ-ʭʠʤʠʠ ʤʘʪʝʨʠʘʣʦʚ ʖʞʥʦ-ʋʨʘʣʴʩʢʦʛʦ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ (ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ) 

ʜ.ʭ.ʥ., ʧʨʦʬʝʩʩʦʨ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ 

ɾʠʚʫʣʠʥ ɺ.ɽ. 

ʢ.ʬ.-ʤ.ʥ. ɿʘʚʝʜʫʶʱʠʡ ʣʘʙʦʨʘʪʦʨʠʝʡ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʦʚ ʖʞʥʦ-ʋʨʘʣʴʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ 

ʫʥʠʚʝʨʩʠʪʝʪʘ (ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ) 

ʇʝʨʦʚ ʅ.ʉ. 

ʜ.ʬ.-ʤ. ʥ., ʧʨʦʬʝʩʩʦʨ ʢʘʬʝʜʨʳ ʤʘʛʥʝʪʠʟʤʘ ʄʦʩʢʦʚʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ 
ʫʥʠʚʝʨʩʠʪʝʪʘ ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ 

ɸʥʥʦʪʘʮʠʷ. ɺ ʨʘʙʦʪʝ ʙʳʣʠ ʠʟʫʯʝʥʳ ʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʬʝʨʨʠʪʦʚ-ʰʧʠʥʝʣʝʡ ʩ ʯʘʩʪʠʯʥʳʤ 

ʟʘʤʝʱʝʥʠʝʤ ʥʘ ʦʩʥʦʚʝ Ni, Zn ʠ ʉo. ʉʝʨʠʠ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʦʙʨʘʟʮʦʚ ʤʦʞʥʦ ʦʧʠʩʘʪʴ ʦʙʱʝʡ 

ʬʦʨʤʫʣʦʡ CoyZnxNi1-x-yFe2O4, ʧʨʠ y = 0,5 - 1 ʠ x = =0 - 0,5 c ʰʘʛʦʤ 0,1. ɺʳʙʨʘʥʥʳʝ ʩʪʝʧʝʥʠ 

ʟʘʤʝʱʝʥʠʷ ʠ ʤʘʣʳʡ ʰʘʛ ʦʙʝʩʧʝʯʠʚʘʶʪ ʩʦʟʜʘʥʠʝ ʤʘʪʝʨʠʘʣʦʚ, ʦʙʣʘʜʘʶʱʠʭ ʰʠʨʦʢʠʤ 

ʜʠʘʧʘʟʦʥʦʤ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʤʦʞʥʦ ʥʘʡʪʠ ʦʧʪʠʤʘʣʴʥʦʝ ʨʝʰʝʥʠʝ ʜʣʷ 

ʢʦʥʢʨʝʪʥʳʭ ʟʘʜʘʯ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʬʝʨʨʠʪʳ, ʰʧʠʥʝʣʠ, ʟʘʤʝʱʝʥʥʳʝ ʬʝʨʨʠʪʳ, NiZn ʬʝʨʨʠʪʳ, Co ʬʝʨʨʠʪʳ 
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 ʄʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʬʝʨʨʠʪʦʚ ʯʘʩʪʠʯʥʳʤ ʟʘʤʝʱʝʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʢʘʪʠʦʥʦʚ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʦʩʦʙʳʡ ʠʥʪʝʨʝʩ, ʪʘʢ ʢʘʢ ʷʚʣʷʶʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʩʪʳʤʠ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʠ ʚ 

ʢʦʥʝʯʥʦʤ ʨʝʟʫʣʴʪʘʪʝ ʦʙʣʘʜʘʶʪ ʰʠʨʦʢʠʤ ʜʠʘʧʘʟʦʥʦʤ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ. ʉʚʦʡʩʪʚʘ ʪʘʢʠʭ 

ʬʝʨʨʠʪʦʚ ʤʦʞʥʦ ʥʘʩʪʨʘʠʚʘʪʴ ʧʦʜ ʠʥʪʝʨʝʩʫʶʱʠʝ ʪʨʝʙʦʚʘʥʠʷ, ʯʘʩʪʠʯʥʦ ʠʣʠ ʧʦʣʥʦʩʪʴʶ 

ʟʘʤʝʱʘʷ ʚ ʥʠʭ ʠʩʭʦʜʥʳʝ ʘʪʦʤʳ ʵʣʝʤʝʥʪʘʤʠ ʜʨʫʛʠʭ. ɼʦʧʦʣʥʠʪʝʣʴʥʘʷ ʚʦʟʤʦʞʥʦʩʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʘʣʦʛʦ ʰʘʛʘ ʩʪʝʧʝʥʠ ʟʘʤʝʱʝʥʠʷ ʧʦʟʚʦʣʷʝʪ ʪʦʥʢʦ ʥʘʩʪʨʘʠʚʘʪʴ ʤʘʛʥʠʪʥʳʝ 

ʩʚʦʡʩʪʚʘ ʧʦʜ ʟʘʜʘʥʥʳʝ ʪʨʝʙʦʚʘʥʠʷ. 

 ɺ ʨʘʙʦʪʝ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʩʝʨʠʠ ʦʙʨʘʟʮʦʚ CoyZnxNi1-x-yFe2O4, ʛʜʝ ʭ ï ʩʪʝʧʝʥʴ 

ʟʘʤʝʱʝʥʠʷ ʠʦʥʘʤʠ Ni2+, ʧʨʠʥʠʤʘʶʱʘʷ ʟʥʘʯʝʥʠʷ ʚ ʜʠʘʧʘʟʦʥʝ [0..0,5] ʩ ʰʘʛʦʤ ʧʦ x = 0,1; y ï 

ʧʘʨʘʤʝʪʨ, ʧʨʠʥʠʤʘʶʱʠʡ ʟʥʘʯʝʥʠʷ ʦʪ 0 ʜʦ 0,5 ʩ ʰʘʛʦʤ 0,1. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʩʝʛʦ ʙʳʣʦ 

ʩʠʥʪʝʟʠʨʦʚʘʥʦ 6 ʩʝʨʠʡ ʦʙʨʘʟʮʦʚ: Co0,5Zn0,5-xNixFe2O4, Co0,6Zn0,4-xNixFe2O4, Co0,7Zn0,3-xNixFe2O4, 

Co0,8Zn0,2-xNixFe2O4, Co0,9Zn0,1-xNixFe2O4 ʠ CoNixFe2O4. 

 ʇʦʣʫʯʝʥʥʳʝ ʦʙʨʘʟʮʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʬʝʨʨʠʪʳ ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʰʧʠʥʝʣʠ. ʉʠʥʪʝʟ ʠ 

ʩʪʨʫʢʪʫʨʥʘʷ ʭʘʨʘʢʪʝʨʠʟʘʮʠʷ ʦʙʨʘʟʮʦʚ ʧʨʦʚʝʜʝʥʳ ʚ ʃʘʙʦʨʘʪʦʨʠʠ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʦʚ ʖʞʥʦ-

ʋʨʘʣʴʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ. 

 ʄʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʦʙʨʘʟʮʦʚ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʥʘ ʚʠʙʨʘʮʠʦʥʥʦʤ ʤʘʛʥʠʪʦʤʝʪʨʝ VSM 

ʩʝʨʠʠ LakeShore 7400. ʀʟ ʧʝʪʝʣʴ ʛʠʩʪʝʨʝʟʠʩʘ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʘʨʘʤʝʪʨʳ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ 

ʥʘʩʳʱʝʥʠʷ Ms ʠ ʢʦʵʨʮʠʪʠʚʥʳʡ ʩʠʣʳ Hc. ʂʦʥʮʝʥʪʨʘʮʠʦʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ Ms ʦʪ ʭʠʤʠʯʝʩʢʦʛʦ 

ʩʦʩʪʘʚʘ ʦʙʨʘʟʮʘ ʜʣʷ ʩʝʨʠʠ Co0,6Zn0,5-xNixFe2O4 ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1 ʥʠʞʝ.   
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ʀʟ ʘʥʘʣʠʟʘ ʟʘʚʠʩʠʤʦʩʪʠ Ms(x) ʚʠʜʥʦ, ʯʪʦ ʜʦ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʟʥʘʯʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʦʥʦʚ Ni2+ 

Ms ʨʘʩʪʝʪ, ʘ ʟʘʪʝʤ ʠʜʝʪ ʥʘ ʩʧʘʜ. ʕʪʦ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʢʘʪʠʦʥʦʚ ʤʝʞʜʫ 

ʩʪʨʫʢʪʫʨʥʳʤʠ ʧʦʟʠʮʠʷʤʠ ʰʧʠʥʝʣʠ. ʌʝʨʨʠʪʳ-ʰʧʠʥʝʣʠ ʠʤʝʶʪ 2 ʪʠʧʘ ʧʦʟʠʮʠʡ ï 

ʪʝʪʨʘʵʜʨʠʯʝʩʢʠʝ (ɸ) ʠ ʦʢʪʘʵʜʨʠʯʝʩʢʠʝ (B). ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʤʝʞʜʫ ʥʠʤʠ ʩʫʱʝʩʪʚʫʝʪ 3 ʪʠʧʘ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ï ʤʝʞʧʦʜʨʝʰʝʪʦʯʥʦʝ ɸɺ ï ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʠ ʚʥʫʪʨʠʨʝʰʝʪʦʯʥʳʝ ɸɸ ʠ ɺɺ-

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ʇʦ ʚʝʣʠʯʠʥʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʦʥʠ ʫʧʦʨʷʜʦʯʠʚʘʶʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: AB 

> BB >> ɸɸ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʠʦʥʳ ʥʝʢʦʪʦʨʳʭ ʵʣʝʤʝʥʪʦʚ ʚʳʨʘʞʘʶʪ ʧʨʝʜʧʦʯʪʝʥʠʝ ʟʘʥʠʤʘʪʴ ʪʝ 

ʠʣʠ ʠʥʳʝ ʧʦʟʠʮʠʠ. ʅʘʧʨʠʤʝʨ, ʠʦʥʳ Zn2+ ʩʪʨʝʤʷʪʩʷ ʟʘʥʠʤʘʪʴ ʧʦʟʠʮʠʠ ʪʠʧʘ ɸ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ 

ʠʦʥʳ Ni2+ ʧʨʝʜʧʦʯʠʪʘʶʪ ʟʘʥʠʤʘʪʴ ɺ-ʧʦʟʠʮʠʠ. ʀʦʥʳ Co2+ ʥʝ ʚʳʨʘʞʘʶʪ ʦʧʨʝʜʝʣʝʥʥʳʭ 

ʧʨʝʜʧʦʯʪʝʥʠʡ ʠ ʤʦʛʫʪ ʟʘʥʠʤʘʪʴ ʢʘʢ ɸ-ʧʦʟʠʮʠʠ, ʪʘʢ ʠ ɺ. ʋʯʠʪʳʚʘʷ ʵʪʠ ʦʩʦʙʝʥʥʦʩʪʠ ʠ ʪʦ, ʯʪʦ 

ʬʝʨʨʠʤʘʛʥʝʪʠʟʤ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʦʙʫʩʣʘʚʣʠʚʘʝʪʩʷ ʦʙʤʝʥʥʳʤ AB-ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ, ʤʦʞʥʦ 

ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ ʢʘʪʠʦʥʦʚ ʩʧʦʩʦʙʩʪʚʫʝʪ ʨʦʩʪʫ AB-ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʯʪʦ 

ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʫʚʝʣʠʯʝʥʠʝ Ms ʜʦ ʢʦʥʮʝʥʪʨʘʮʠʠ x = 0,1. ɼʘʣʝʝ ʥʘʙʣʶʜʘʝʪʩʷ ʩʧʘʜ Ms(x), 

ʢʦʪʦʨʳʡ ʚʝʨʦʷʪʥʦ ʦʙʫʩʣʦʚʣʝʥ ʫʤʝʥʴʰʝʥʠʝʤ ʤʝʞʧʦʜʨʝʰʝʪʦʯʥʦʛʦ ɸɺ-ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ʈʦʩʪ 

Hc(x) ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʫʚʝʣʠʯʝʥʠʝʤ ʤʘʛʥʠʪʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʘʥʠʟʦʪʨʦʧʠʠ ʧʦʜʨʝʰʝʪʦʢ.  

 ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʦʡ ʣʠʪʝʨʘʪʫʨʳ:  

1. D.A. Vinnik, D.P. Sherstyuk et al., Impact of the Zn-Co content on structural and 

magnetic characteristics of the Ni spinel ferrites// J. Ceramics International, 2022, Issue 13, 

p. 18124-18133 

2. D.P. Sherstyuk ʝt all., Effect of Co content on magnetic features and SPIN states IN Ni-

Zn spinel ferrites// J. Ceramics International, 2021, Issue 47, p. 12163-12169 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʯʘʩʪʠʯʥʦʡ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʉʇʙɻʋ 10375137. 

ʈʠʩ. 1. ʂʦʥʮʝʥʪʨʘʮʠʦʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ Ms ʦʪ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʦʙʨʘʟʮʘ ʜʣʷ ʩʝʨʠʠ  

CoyZnxNi1-x-yFe2O4  
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ʢ.ʭ.ʥ., ʩ.ʥ.ʩ. ʣʘʙʦʨʘʪʦʨʠʠ ʤʘʛʥʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʀʆʅʍ ʈɸʅ 

ɸʥʥʦʪʘʮʠʷ. ʉʠʥʪʝʟʠʨʦʚʘʥʳ ʪʚʝʨʜʳʝ ʨʘʩʪʚʦʨʳ Ga2/3(1-x)CoxCr2S4 ʩ ʭ= 0-0.3 ʠ ʠʟʫʯʝʥʳ 

ʟʘʚʠʩʠʤʦʩʪʠ ʠʭ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʠ ʜʠʥʘʤʠʯʝʩʢʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʚ ʧʦʩʪʦʷʥʥʦʤ ʠ 

ʧʝʨʝʤʝʥʥʦʤ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ. ʆʧʨʝʜʝʣʝʥʳ ʪʝʤʧʝʨʘʪʫʨʳ ʤʘʛʥʠʪʥʳʭ ʧʝʨʝʭʦʜʦʚ. ʇʦʣʫʯʝʥʥʳʝ 

ʨʝʟʫʣʴʪʘʪʳ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʥʳ ʩ ʧʦʤʦʱʴʶ ʢʣʘʩʪʝʨʥʦʡ ʤʦʜʝʣʠ ʦʙʨʘʟʦʚʘʥʠʷ ʥʦʚʳʭ 

ʤʘʛʥʠʪʦʘʢʪʠʚʥʳʭ ʬʘʟ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʭʘʣʴʢʦʛʝʥʠʜʥʘʷ ʰʧʠʥʝʣʴ, ʘʥʪʠʬʝʨʨʦʤʘʛʥʝʪʠʢ, ʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ 

Synthesis and magnetic properties of Ga2/3(1-x)CoxCr2S4  

solid solutions with x = 0-0.3 

Busheva E.V., 

Senior researcher Laboratory of Magnetic Materials, Kurnakov Institute of General and 

Inorganic Chemistry RAS 

Denishchenko A.D., 

Postgraduate student Moscow Institute of Steel and Alloys 

Shabunina G.G. 

Senior researcher Laboratory of Magnetic Materials, Kurnakov Institute of General and 

Inorganic Chemistry RAS 

 

Annotation. Ga2/3(1-x)CoxCr2S4 solid solutions with x = 0-0.3 were synthesized and the 

dependences of their magnetization and dynamic susceptibility in constant and alternating magnetic 

fields were studied. The temperatures of magnetic transitions have been determined. The results 

obtained are interpreted using a cluster model of the formation of new magnetically active phases. 
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ʈʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʧʦʣʫʯʝʥʠʶ ʠ ʠʩʩʣʝʜʦʚʘʥʠʶ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ ʧʝʨʩʧʝʢʪʠʚʥʳʭ 

ʤʘʛʥʠʪʥʦ-ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ï ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ ʤʝʞʜʫ ʭʘʣʴʢʦʛʝʥʠʜʥʳʤʠ 

ʰʧʠʥʝʣʷʤʠ CoCr2S4 ʠ Ga2/3Cr2S4, ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʷʶʪ ʙʦʣʴʰʦʡ ʠʥʪʝʨʝʩ ʩ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ 

ʪʦʯʢʠ ʟʨʝʥʠʷ ʠ ʘʢʪʫʘʣʴʥʳ ʜʣʷ ʧʨʠʣʦʞʝʥʠʡ ʙʣʘʛʦʜʘʨʷ ʥʝʦʙʳʯʥʳʤ ʤʘʛʥʠʪʥʳʤ ʵʬʬʝʢʪʘʤ, 

ʩʚʦʡʩʪʚʝʥʥʳʤ ʙʘʟʦʚʳʤ ʩʦʝʜʠʥʝʥʠʷʤ [1]. 

ʉʦʝʜʠʥʝʥʠʝ CʦCr2S4 ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʬʝʨʨʠʤʘʛʥʠʪʥʳʡ ʚʳʩʦʢʦʦʤʥʳʡ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ ʂʶʨʠ ʊʉ å 225 ʂ, ʧʘʨʘʤʘʛʥʠʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ ɗ å -452 ʂ ʠ 

ʤʘʛʥʠʪʥʳʤ ʤʦʤʝʥʪʦʤ ɛ å 3,6 ɛɺ ʥʘ ʬʦʨʤʫʣʴʥʫʶ ʝʜʠʥʠʮʫ. ʆʪʨʠʮʘʪʝʣʴʥʳʡ ʟʥʘʢ ʢʦʥʩʪʘʥʪʳ 
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ʂʶʨʠ-ɺʝʡʩʩʘ ɗʨ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʧʨʝʦʙʣʘʜʘʥʠʠ ʚ CoCr2S4 ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʳʭ ɸ-ʍ-ɺ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ, ʢʦʪʦʨʳʝ ʩʪʨʝʤʷʪʩʷ ʩʦʟʜʘʪʴ ʬʝʨʨʦʤʘʛʥʠʪʥʳʡ ʧʦʨʷʜʦʢ ʚ ʧʨʝʜʝʣʘʭ ʢʘʞʜʦʡ ʠʟ 

ʤʘʛʥʠʪʥʳʭ ʧʦʜʨʝʰʝʪʦʢ (ʢʘʢ ɸ, ʪʘʢ ʠ ɺ). ɺ ʠʪʦʛʝ ʧʦʜʨʝʰʝʪʢʠ ɸ ʠ ɺ ʙʫʜʫʪ ʦʨʠʝʥʪʠʨʦʚʘʥʳ 

ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʦ ʧʦ ʦʪʥʦʰʝʥʠʶ ʜʨʫʛ ʢ ʜʨʫʛʫ [2].  

ʉʦʝʜʠʥʝʥʠʝ Ga2/3Cr2S4 ʷʚʣʷʝʪʩʷ ʰʧʠʥʝʣʴʶ ʩ ʪʝʪʨʘʵʜʨʠʯʝʩʢʠʤʠ ɸ-ʫʟʣʘʤʠ, ʚ ʢʦʪʦʨʳʭ 

ʥʘʭʦʜʷʪʩʷ ʢʘʢ ʪʨʝʭʚʘʣʝʥʪʥʳʝ ʢʘʪʠʦʥʳ Ga, ʪʘʢ ʠ ʧʫʩʪʦʪʳ, ʚ ʩʦʦʪʥʦʰʝʥʠʠ 2:1. ʕʪʦ 

ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʩʪʨʫʢʪʫʨʥʦʛʦ ʫʧʦʨʷʜʦʯʝʥʠʷ ʚ ʧʦʜʦʙʥʳʭ ʩʦʝʜʠʥʝʥʠʷʭ. Ga2/3Cr2S4 

ʠʤʝʝʪ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʡ ʪʠʧ ʧʨʦʚʦʜʠʤʦʩʪʠ. ʆʪʥʦʩʠʪʝʣʴʥʦ ʤʘʛʥʠʪʥʦʡ ʩʪʨʫʢʪʫʨʳ Ga2/3Cr2S4 

ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʥʝ ʧʨʠʰʣʠ ʢ ʦʢʦʥʯʘʪʝʣʴʥʦʤʫ ʚʳʚʦʜʫ, ʦʧʠʩʳʚʘʷ ʝʝ ʣʠʙʦ ʢʘʢ 

ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʫʶ ʩ TN= 10-20 K, ʣʠʙʦ ʢʘʢ ʩʦʩʪʦʷʥʠʝ ʩʧʠʥʦʚʦʛʦ ʩʪʝʢʣʘ c Tf=4.5 K [3-4]. 

ʆʙʨʘʟʮʳ Ga2/3(1-x)CoxCr2S4 (ʭ=0-0.3) ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʤ ʩʠʥʪʝʟʦʤ ʠʟ 

ʵʣʝʤʝʥʪʦʚ ʤʝʪʦʜʦʤ ʪʚʝʨʜʦʬʘʟʥʳʭ ʨʝʘʢʮʠʡ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʦʜʥʦʬʘʟʥʳʭ ʦʙʨʘʟʮʦʚ ʪʨʝʙʦʚʘʣʦʩʴ 

ʧʨʦʚʝʩʪʠ ʪʨʠ ʩʝʨʠʠ ʦʪʞʠʛʦʚ. 

ʌʘʟʦʚʳʡ ʩʦʩʪʘʚ ʧʦʣʫʯʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʪʠʧʘ ʰʧʠʥʝʣʠ ʙʳʣ ʠʩʩʣʝʜʦʚʘʥ ʤʝʪʦʜʦʤ 

ʧʦʨʦʰʢʦʚʦʡ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʜʠʬʨʘʢʮʠʠ (ʈʌɸ). ʈʝʥʪʛʝʥʦʛʨʘʤʤʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʠʬʨʘʢʪʦʤʝʪʨʘ Bruker D8 ADVANCE (Cu-kŬ ʠʟʣʫʯʝʥʠʝ, ʚ ʜʠʘʧʘʟʦʥʝ 2ɗ = 10ï

103ę ʩ ʰʘʛʦʤ 0.01ę 2ɗ). ʉʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ ʧʨʦʚʦʜʠʣʩʷ ʤʝʪʦʜʦʤ ʈʠʪʚʝʣʴʜʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʧʨʦʛʨʘʤʤʳ GSAS-II . 

ɺʩʝ ʧʦʣʫʯʝʥʥʳʝ ʜʠʬʨʘʢʪʦʛʨʘʤʤʳ ʜʣʷ Ga2/3(1-x)CoxCr2S4 ʧʨʠ x = 0-0.3 ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ 

ʨʠʩ. 1. ɼʣʷ ʩʪʨʫʢʪʫʨʳ ʰʧʠʥʝʣʠ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʦʪʨʘʞʝʥʠʷ, ʦʪʚʝʯʘʶʱʠʝ ʠʥʜʝʢʩʘʤ (200), 

(420) ʜʣʷ ʚʩʝʭ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʚ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʝ Fτ3m. 

 
ʈʠʩ. 1. ɼʠʬʨʘʢʪʦʛʨʘʤʤʳ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ Ga2/3(1-x)CoxCr2S4 

ʇʘʨʘʤʝʪʨ ʨʝʰʝʪʢʠ (a) ʠ ʦʙʲʝʤ ʨʝʰʝʪʢʠ (V) ʣʠʥʝʡʥʦ ʚʦʟʨʘʩʪʘʶʪ ʩ ʫʚʝʣʠʯʝʥʠʝʤ 

ʢʦʥʮʝʥʪʨʘʮʠʠ Co, ʯʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʙʦʣʴʰʠʤ ʠʦʥʥʳʤ ʨʘʜʠʫʩʦʤ Co2+ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʦʥʥʳʤ 

ʨʘʜʠʫʩʦʤ Ga3+. ɺʦʟʨʘʩʪʘʥʠʝ ʧʘʨʘʤʝʪʨʘ ʨʝʰʝʪʢʠ ʠ ʦʙʲʝʤʘ ʫʢʘʟʳʚʘʝʪ ʥʘ ʥʝʧʨʝʨʳʚʥʦʩʪʴ ʨʷʜʘ.  

ʄʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʦʜʥʦʬʘʟʥʳʭ ʦʙʨʘʟʮʦʚ ʠʟʤʝʨʷʣʠ ʥʘ ʧʨʠʙʦʨʝ PPMS-9 çQuantum 

Designè ʚ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʠʥʪʝʨʚʘʣʝ 4ï300 ʂ ʚ ʧʦʩʪʦʷʥʥʳʭ ʠ ʧʝʨʝʤʝʥʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ. ɺ 

ʭʦʜʝ ZFC-ʠʟʤʝʨʝʥʠʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʦʭʣʘʞʜʝʥʠʝ ʚʝʣʠ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ ʞʠʜʢʦʛʦ ʛʝʣʠʷ ʚ 

ʥʫʣʝʚʦʤ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ, ʟʘʪʝʤ, ʤʝʜʣʝʥʥʦ ʧʦʜʥʠʤʘʷ ʪʝʤʧʝʨʘʪʫʨʫ, ʨʝʛʠʩʪʨʠʨʦʚʘʣʠ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ ʦʙʨʘʟʮʘ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ 50 ʠ 100 ʕ. ʀʟʤʝʨʝʥʠʷ FC-ʢʨʠʚʳʭ ʧʨʦʚʦʜʠʣʠ ʚ 

ʧʨʦʮʝʩʩʝ ʦʭʣʘʞʜʝʥʠʷ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʫʢʘʟʘʥʥʦʡ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʦʩʣʝ 

ʠʟʤʝʨʝʥʠʡ ZFC. 

ʇʦʣʫʯʝʥʥʳʝ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʜʣʷ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʦʙʨʘʟʮʦʚ ʧʨʠ x = 0 

ʠ x = 0.2 MFC ʠ MZFC ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 2.  
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ʈʠʩ. 2. ʊʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ Ga2/3(1-x)CoxCr2S4.  

ʅʘ ʚʩʪʘʚʢʝ: ʇʦʣʝʚʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ. 

ʅʘ ʧʦʣʫʯʝʥʥʳʭ FC/ZFC-ʢʨʠʚʳʭ ʥʘʙʣʶʜʘʝʪʩʷ ʧʝʨʝʭʦʜ ʧʨʠ TN = 19 K; 21 K; 25 K; 32 K 

ʜʣʷ x = 0-0.3, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʇʦʣʝʚʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʩʥʠʤʘʣʠʩʴ ʧʨʠ T = 4 K ʚ ʧʦʣʷʭ HDC ʦʪ -40 ʢʕ ʜʦ 

40 ʢʕ. ɿʘʚʠʩʠʤʦʩʪʠ ʠʤʝʶʪ ʧʨʘʢʪʠʯʝʩʢʠ ʣʠʥʝʡʥʳʡ ʭʘʨʘʢʪʝʨ, ʯʪʦ ʪʠʧʠʯʥʦ ʜʣʷ 

ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʚʝʜʝʥʠʷ. 

ʇʝʪʣʠ ʛʠʩʪʝʨʝʟʠʩʘ ʚʩʝʭ ʩʦʩʪʘʚʦʚ ʥʝ ʜʦʩʪʠʛʘʶʪ ʥʘʩʳʱʝʥʠʷ, ʠʤʝʶʪ ʙʦʣʴʰʫʶ 

ʢʦʵʨʮʠʪʠʚʥʫʶ ʩʠʣʫ, ʫʚʝʣʠʯʠʚʘʶʱʫʶʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʩʦʜʝʨʞʘʥʠʷ ʠʦʥʦʚ Co2+, ʢʘʢ ʠ 

ʦʩʪʘʪʦʯʥʘʷ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ. 

ɹʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʢʦʥʩʪʘʥʪʳ ʂʶʨʠ-ɺʝʡʩʩʘ ɗp ʜʣʷ x=0-0.3, ʢʦʪʦʨʳʝ ʜʣʷ ʚʩʝʭ ʩʦʩʪʘʚʦʚ 

ʠʤʝʶʪ ʙʦʣʴʰʦʝ ʦʪʨʠʮʘʪʝʣʴʥʦʝ ʟʥʘʯʝʥʠʝ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 

ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʦʝ ʦʙʤʝʥʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʫ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʩʦʩʪʘʚʦʚ. 

ʊʘʢʞʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʜʝʡʩʪʚʠʪʝʣʴʥʦʡ ʯʘʩʪʠ ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ 

(ɢ') ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʥʫʣʝʚʦʤ ʧʦʩʪʦʷʥʥʦʤ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ HDC = 0 ʕ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʯʘʩʪʦʪʘʭ. 

ɿʘʚʠʩʠʤʦʩʪʠ ʠʤʝʶʪ ʚʠʜ ʢʨʠʚʳʭ, ʪʠʧʠʯʥʳʡ ʜʣʷ ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʳʭ ʩʠʩʪʝʤ. 

ʇʦʩʢʦʣʴʢʫ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʩʦʝʜʠʥʝʥʠʷʭ ʥʝ ʚʳʷʚʣʝʥʳ ʧʨʠʟʥʘʢʠ ʩʧʠʥ-ʩʪʝʢʦʣʴʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ, ʪʦ, ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ, ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʝ ʥʘʤʠ ʩʦʝʜʠʥʝʥʠʷ ï ʵʪʦ ɸʌʄ ʩ 

ʧʨʠʩʫʪʩʪʚʠʝʤ ʬʝʨʨʦʤʘʛʥʠʪʥʳʭ ʢʣʘʩʪʝʨʦʚ, ʦʙʨʘʟʫʶʱʠʭʩʷ ʠʟ-ʟʘ ʥʘʣʠʯʠʷ ʫʧʦʨʷʜʦʯʝʥʥʳʭ 

ʧʫʩʪʦʪ ʚ A-ʧʦʟʠʮʠʠ. ʆʞʠʜʘʝʪʩʷ, ʯʪʦ ʚʦʟʨʘʩʪʘʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʠʦʥʦʚ Co ʙʫʜʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ 

ʨʦʩʪʫ ʯʠʩʣʘ ʠ ʨʘʟʤʝʨʦʚ ʬʝʨʨʠʤʘʛʥʠʪʥʳʭ ʢʣʘʩʪʝʨʦʚ ʩ ʜʘʣʴʥʝʡʰʠʤ ʦʙʨʘʟʦʚʘʥʠʝʤ ʤʘʛʥʠʪʥʳʭ 

ʩʪʨʫʢʪʫʨ ʪʠʧʘ ʩʧʠʥʦʚʦʛʦ ʩʪʝʢʣʘ. 
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ʋɼʂ 537.622.6; 537.622.4 

ɺʣʠʷʥʠʝ ʩʦʩʪʘʚʘ ʠʥʬʠʣʴʪʨʠʨʫʶʱʝʡ ʜʦʙʘʚʢʠ ʪʠʧʘ R-Cu-Co  

ʥʘ ʤʝʞʟʝʨʝʥʥʦʝ ʦʙʤʝʥʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʠ ʤʘʛʥʠʪʥʳʝ  

ʛʠʩʪʝʨʝʟʠʩʥʳʝ ʩʚʦʡʩʪʚʘ ʩʧʣʘʚʘ Nd-Fe-B 

ɻʦʣʫʙʷʪʥʠʢʦʚʘ ɸ.ɸ. 

ʃʘʙʦʨʘʥʪ-ʠʩʩʣʝʜʦʚʘʪʝʣʴ ʦʪʜʝʣʘ ʤʘʛʥʝʪʠʟʤʘ ʪʚʝʨʜʳʭ ʪʝʣ ʅʀʀ ʌʇʄ ʀɽʅʠʄ ʋʨʌʋ 

ʐʘʣʘʛʠʥʦʚ ɸ.ʅ. 

ʃʘʙʦʨʘʥʪ-ʠʩʩʣʝʜʦʚʘʪʝʣʴ ʦʪʜʝʣʘ ʤʘʛʥʝʪʠʟʤʘ ʪʚʝʨʜʳʭ ʪʝʣ ʅʀʀ ʌʇʄ ʀɽʅʠʄ ʋʨʌʋ 

ɸʥʜʨʝʝʚ ʉ.ɺ. 

ʉʪʘʨʰʠʡ ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ ʦʪʜʝʣʘ ʤʘʛʥʝʪʠʟʤʘ ʪʚʝʨʜʳʭ ʪʝʣ ʅʀʀ ʌʇʄ ʀɽʅʠʄ ʋʨʌʋ 

ɺʦʣʝʛʦʚ ɸ.ʉ. 

ʢ.ʬ.-ʤ. ʥ., ʜʦʮʝʥʪ ʢʘʬʝʜʨʳ ʤʘʛʥʝʪʠʟʤʘ ʠ ʤʘʛʥʠʪʥʳʭ ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ ʀɽʅʠʄ ʋʨʌʋ 

 

ɸʥʥʦʪʘʮʠʷ. ʇʨʦʮʝʩʩ ʟʝʨʥʦʛʨʘʥʠʯʥʦʡ ʠʥʬʠʣʴʪʨʘʮʠʠ ʷʚʣʷʝʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤ ʩʧʦʩʦʙʦʤ 

ʧʦʣʫʯʝʥʠʷ ʚʳʩʦʢʦʢʦʵʨʮʠʪʠʚʥʳʭ ʧʦʩʪʦʷʥʥʳʭ ʤʘʛʥʠʪʦʚ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ 

ʩʦʩʪʘʚʘ ʣʝʛʢʦʧʣʘʚʢʠʭ ʜʦʙʘʚʦʢ ʪʠʧʘ R-Cu-Co (ʛʜʝ R = La, Ce, Nd, Gd ʠ Tb) ʥʘ ʤʘʛʥʠʪʥʳʝ 

ʛʠʩʪʝʨʝʟʠʩʥʳʝ ʩʚʦʡʩʪʚʘ ʥʘʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʩʧʣʘʚʘ ʥʘ ʦʩʥʦʚʝ ʩʦʝʜʠʥʝʥʠʷ Nd2Fe14B. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʤʝʞʟʝʨʝʥʥʦʝ ʦʙʤʝʥʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʦʜʘʚʣʷʝʪʩʷ ʜʦʙʘʚʢʦʡ, ʩʦʜʝʨʞʘʱʝʡ 

ʣʶʙʦʡ ʈɿʄ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʢʦʵʨʮʠʪʠʚʥʦʡ ʩʠʣʳ. ʃʦʢʘʣʴʥʦʝ ʠʟʤʝʥʝʥʠʷ 

ʤʘʛʥʠʪʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʘʥʠʟʦʪʨʦʧʠʠ ʚʙʣʠʟʠ ʧʦʚʝʨʭʥʦʩʪʠ ʟʝʨʥʘ ʦʢʘʟʳʚʘʝʪ ʧʨʷʤʦʝ ʚʣʠʷʥʠʝ 

ʥʘ ʚʝʣʠʯʠʥʫ ʢʦʵʨʮʠʪʠʚʥʦʡ ʩʠʣʳ ʧʦʣʫʯʘʝʤʦʛʦ ʩʧʣʘʚʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: Nd2Fe14B, ʧʦʩʪʦʷʥʥʳʝ ʤʘʛʥʠʪʳ, ʢʦʵʨʮʠʪʠʚʥʘʷ ʩʠʣʘ, ʟʝʨʥʦʛʨʘʥʠʯʥʘʷ 

ʠʥʬʠʣʴʪʨʘʮʠʷ, ʦʙʤʝʥʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 

Influence of the infiltrating additives of R-Cu-Co type on inter -grain 

exchange interaction and magnetic hysteresis properties of the Nd-Fe-B alloy 
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Annotation. The process of grain boundary infiltration is an effective way to produce highly coercive 

permanent magnets. In this work, the influence of the composition of low-melting additives of R-Cu-

Co type (where R = La, Ce, Nd, Gd and Tb) on the magnetic hysteresis properties of nanocrystalline 

alloy based on Nd2Fe14B compound was investigated. It is shown that the inter-grain exchange 

interaction is suppressed by an additive containing any rare earth element. This leads to an increase 
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in the coercivity. Local changes in magnetocrystalline anisotropy near the grain surface have a direct 

effect on the coercivity of the resulting alloy. 

Keywords: Nd2Fe14B, permanent magnets, coercivity, grain boundary infiltration, exchange 

interaction 

ʄʘʛʥʠʪʳ ʥʘ ʦʩʥʦʚʝ ʩʦʝʜʠʥʝʥʠʷ Nd2Fe14B ʦʙʣʘʜʘʶʪ ʥʘʠʙʦʣʴʰʠʤʠ ʚʝʣʠʯʠʥʘʤʠ 

ʦʩʪʘʪʦʯʥʦʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʠ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʧʨʦʠʟʚʝʜʝʥʠʷ ʠʟ 

ʚʳʧʫʩʢʘʝʤʳʭ ʧʦʩʪʦʷʥʥʳʭ ʤʘʛʥʠʪʦʚ. ʆʜʥʘʢʦ ʠʭ ʩʫʱʝʩʪʚʝʥʥʳʤʠ ʥʝʜʦʩʪʘʪʢʘʤʠ ʷʚʣʷʶʪʩʷ 

ʥʠʟʢʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʂʶʨʠ ʬʘʟʳ Nd2Fe14B, ʩʦʩʪʘʚʣʷʶʱʘʷ 312 , ʠ ʚʳʩʦʢʠʝ ʪʝʤʧʝʨʘʪʫʨʥʳʝ 

ʢʦʵʬʬʠʮʠʝʥʪʳ ʦʩʪʘʪʦʯʥʦʡ ʠʥʜʫʢʮʠʠ ʠ ʢʦʵʨʮʠʪʠʚʥʦʡ ʩʠʣʳ, ʧʨʠʚʦʜʷʱʠʝ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ 

ʫʤʝʥʴʰʝʥʠʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʝʦʜʠʤʦʚʳʭ ʤʘʛʥʠʪʦʚ ʧʨʠ ʧʦʚʳʰʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ 

ʵʢʩʧʣʫʘʪʘʮʠʠ. ʕʪʦʪ ʬʘʢʪ ʜʝʣʘʝʪ ʟʘʪʨʫʜʥʠʪʝʣʴʥʳʤ ʠʣʠ ʜʘʞʝ ʥʝʚʦʟʤʦʞʥʳʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʥʝʦʜʠʤʦʚʳʭ ʤʘʛʥʠʪʦʚ ʚ ʩʠʣʴʥʳʭ ʨʘʟʤʘʛʥʠʯʠʚʘʶʱʠʭ ʧʦʣʷʭ ʧʨʠ ʚʳʩʦʢʦʡ ʨʘʙʦʯʝʡ ʪʝʤʧʝʨʘʪʫʨʝ, 

ʥʘʧʨʠʤʝʨ, ʚ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷʭ. ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʵʪʘ ʧʨʦʙʣʝʤʘ ʨʝʰʘʝʪʩʷ ʧʫʪʝʤ ʣʝʛʠʨʦʚʘʥʠʷ 

ʠʩʭʦʜʥʦʛʦ ʩʧʣʘʚʘ ʪʷʞʝʣʳʤʠ ʨʝʜʢʦʟʝʤʝʣʴʥʳʤʠ ʤʝʪʘʣʣʘʤʠ, ʪʘʢʠʤʠ ʢʘʢ Dy ʠ Tb, ʯʪʦ ʧʨʠʚʦʜʠʪ 

ʢ ʫʚʝʣʠʯʝʥʠʶ Hc ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʠ ʧʦʟʚʦʣʷʝʪ ʩʦʭʨʘʥʠʪʴ ʝʝ ʚʝʣʠʯʠʥʫ ʜʦʧʫʩʪʠʤʦʡ 

ʧʨʠ ʧʦʚʳʰʝʥʥʳʭ ʨʘʙʦʯʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʥʦ ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʚʘʝʪ ʩʪʦʠʤʦʩʪʴ ʠ ʧʨʠʚʦʜʠʪ ʢ 

ʫʤʝʥʴʰʝʥʠʶ ʚʝʣʠʯʠʥʳ ʦʩʪʘʪʦʯʥʦʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ. ɺʳʩʦʢʘʷ ʮʝʥʘ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ 

ʤʝʪʘʣʣʦʚ, ʯʪʦ ʦʩʦʙʝʥʥʦ ʢʘʩʘʝʪʩʷ ʪʷʞʝʣʳʭ ʵʣʝʤʝʥʪʦʚ, ʩʤʝʩʪʠʣʘ ʚʝʢʪʦʨ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʩʪʦʨʦʥʫ 

ʨʘʟʨʘʙʦʪʢʠ ʬʠʟʠʯʝʩʢʠʭ ʧʨʠʥʮʠʧʦʚ ʩʦʟʜʘʥʠʷ ʤʘʛʥʠʪʦʚ ʙʝʟ ʩʦʜʝʨʞʘʥʠʷ ʪʷʞʝʣʳʭ ʈɿʄ. ʆʜʠʥ ʠʟ 

ʩʧʦʩʦʙʦʚ ʧʦʣʫʯʝʥʠʷ ʚʳʩʦʢʦʢʦʵʨʮʠʪʠʚʥʳʭ ʧʦʩʪʦʷʥʥʳʭ ʤʘʛʥʠʪʦʚ, ʩ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʠʤ 

ʩʦʜʝʨʞʘʥʠʝʤ ʈɿʄ ï ʪɻʦ ʧʨʦʮʝʩʩ ʤʝʞʟʝʨʝʥʥʦʡ ʠʥʬʠʣʴʪʨʘʮʠʠ, ʧʨʠ ʢʦʪʦʨʦʡ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, 

ʧʨʦʠʩʭʦʜʠʪ ʫʪʦʣʱʝʥʠʝ ʟʝʨʥʦʛʨʘʥʠʯʥʦʡ ʬʘʟʳ, ʘ ʩ ʜʨʫʛʦʡ ï ʪʷʞʝʣʳʝ ʵʣʝʤʝʥʪʳ ʯʘʩʪʠʯʥʦ 

ʧʨʦʥʠʢʘʶʪ ʚʛʣʫʙʴ ʟʝʨʝʥ ʦʩʥʦʚʥʦʡ ʬʘʟʳ, ʦʙʨʘʟʫʷ ʩʪʨʫʢʪʫʨʫ ʷʜʨʦ-ʦʙʦʣʦʯʢʘ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʷ ʩʦʩʪʘʚʘ ʣʝʛʢʦʧʣʘʚʢʠʭ ʜʦʙʘʚʦʢ ʪʠʧʘ R-Cu-Co (ʛʜʝ 

R = La, Ce, Nd, Gd ʠ Tb) ʥʘ ʤʘʛʥʠʪʥʳʝ ʛʠʩʪʝʨʝʟʠʩʥʳʝ ʩʚʦʡʩʪʚʘ ʠ ʤʝʞʟʝʨʝʥʥʦʝ ʦʙʤʝʥʥʦʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʥʘʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʤʘʛʥʠʪʦʪʚʝʨʜʦʛʦ ʩʧʣʘʚʘ ʥʘ ʦʩʥʦʚʝ ʩʦʝʜʠʥʝʥʠʷ 

Nd2Fe14B. 

ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʘʣ ʧʨʦʤʳʰʣʝʥʥʦ ʚʳʧʫʩʢʘʝʤʳʡ ʩʧʣʘʚ ʤʘʨʢʠ MQP-B. 

ʃʝʛʢʦʧʣʘʚʢʠʝ ʜʦʙʘʚʢʠ ʧʦʣʫʯʝʥʳ ʧʫʪʝʤ ʧʣʘʚʢʠ ʯʠʩʪʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʜʫʛʦʚʦʡ ʧʝʯʠ ʩ 

ʘʨʛʦʥʦʚʦʡ ʩʨʝʜʦʡ. 

ʀʩʭʦʜʥʳʡ ʩʧʣʘʚ ʨʘʟʤʘʣʳʚʘʣʩʷ ʚ ʰʘʨʦʚʦʡ ʤʝʣʴʥʠʮʝ ʚ ʪʝʯʝʥʠʝ 5 ʤʠʥ ʙʝʟ ʜʦʙʘʚʢʠ, ʘ 

ʟʘʪʝʤ ʩʦʚʤʝʩʪʥʦ ʩ ʥʝʡ ʥʘ ʧʨʦʪʷʞʝʥʠʠ 5 ʤʠʥ (ʩʦʦʪʥʦʰʝʥʠʝ 5:1, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). ɺ ʢʘʯʝʩʪʚʝ 

ʩʨʝʜʳ ʨʘʟʤʦʣʘ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʵʪʠʣʦʚʳʡ ʩʧʠʨʪ. ɻʦʪʦʚʳʝ ʩʤʝʩʠ ʙʳʣʠ ʩʧʨʝʩʩʦʚʘʥʳ ʚ 

ʧʘʨʘʣʣʝʣʝʧʠʧʝʜʳ ʨʘʟʤʝʨʦʤ 0,5x0,5x0,5 ʤʤ3 ʠ ʧʦʜʛʦʪʦʚʣʝʥʳ ʢ ʦʪʞʠʛʫ. ʆʪʞʠʛ ʧʨʦʚʦʜʠʣʩʷ ʚ 

ʚʘʢʫʫʤʝ ʚ ʪʝʯʝʥʠʝ ʯʘʩʘ, ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 600-750 . ʇʨʝʜʝʣʴʥʳʝ ʧʝʪʣʠ ʤʘʛʥʠʪʥʦʛʦ 

ʛʠʩʪʝʨʝʟʠʩʘ ʠ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʦʪʦʞʞʝʥʥʳʭ 

ʦʙʨʘʟʮʦʚ ʠʟʤʝʨʷʣʠʩʴ ʧʦʩʨʝʜʩʪʚʦʤ ʫʩʪʘʥʦʚʢʠ PPMS DynaCool, ʩ ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʦʧʮʠʝʡ VSM. 

ɿʘʚʠʩʠʤʦʩʪʠ ʦʙʨʘʪʠʤʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʦʪ ʥʘʧʨʷʞʝʥʥʦʩʪʠ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʠʟʤʝʨʝʥʳ ʩ ʧʦʤʦʱʴʶ ʤʘʛʥʠʪʦʠʟʤʝʨʠʪʝʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ MPMS-XL-7 EC ʩ 

ʧʝʨʚʠʯʥʳʤ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʤ ʥʘ ʦʩʥʦʚʝ ʉʂɺʀɼʘ. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʠ 

ʟʘʚʠʩʠʤʦʩʪʝʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʢʦʥʩʪʘʥʪʘ ʤʝʞʟʝʨʝʥʥʦʛʦ 

ʦʙʤʝʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʫʤʝʥʴʰʠʣʘʩʴ, ʦʜʥʘʢʦ ʦʙʤʝʥʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʬʝʨʨʦʤʘʛʥʠʪʥʦʛʦ 

ʪʠʧʘ ʤʝʞʜʫ ʟʝʨʥʘʤʠ ʩʦʭʨʘʥʷʝʪʩʷ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʣʶʙʦʛʦ ʈɿʄ ʚ ʩʦʩʪʘʚʝ 

ʣʝʛʢʦʧʣʘʚʢʦʡ ʜʦʙʘʚʢʠ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʢʦʵʨʮʠʪʠʚʥʦʡ ʩʠʣʳ. ʇʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ Hc 

ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʩ ʧʦʤʦʱʴʶ ʙʦʣʝʝ ʜʝʰʝʚʳʭ ʈɿʄ (La, Ce ʠ Gd) ʤʦʞʥʦ ʜʦʙʠʪʴʩʷ ʫʚʝʣʠʯʝʥʠʷ 

ʢʦʵʨʮʠʪʠʚʥʦʡ ʩʠʣʳ ʥʘ 55 % ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʩʭʦʜʥʦʡ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʈʅʌ ˉ 21-72-10104. 
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ʄʘʛʥʠʪʦʩʪʨʫʢʪʫʨʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʩʦʢʦʵʥʪʨʦʧʠʡʥʳʭ ʩʧʣʘʚʦʚ 

FeCoNiP-Me (Me = Zn, Zr , W), ʧʦʣʫʯʝʥʥʳʭ ʤʝʪʦʜʦʤ  

ʭʠʤʠʯʝʩʢʦʛʦ ʦʩʘʞʜʝʥʠʷ 

ɼʝʥʠʩʦʚʘ ɽ.ɸ. 

ʢ.ʬ.-ʤ.ʥ., ʩʪʘʨʰʠʡ ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ, ʀʥʩʪʠʪʫʪ ʬʠʟʠʢʠ ʠʤ. ʃ.ɺ. ʂʠʨʝʥʩʢʦʛʦ ʉʠʙʠʨʩʢʦʛʦ 

ʦʪʜʝʣʝʥʠʷ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ ï ʦʙʦʩʦʙʣʝʥʥʦʝ ʧʦʜʨʘʟʜʝʣʝʥʠʝ ʌʀʎ ʂʅʎ ʉʆ ʈɸʅ 

ʏʝʢʘʥʦʚʘ ʃ.ɸ. 

ʢ.ʬ.-ʤ.ʥ., ʩʪʘʨʰʠʡ ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ, ʀʥʩʪʠʪʫʪ ʬʠʟʠʢʠ ʠʤ. ʃ.ɺ. ʂʠʨʝʥʩʢʦʛʦ ʉʠʙʠʨʩʢʦʛʦ 

ʦʪʜʝʣʝʥʠʷ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ ï ʦʙʦʩʦʙʣʝʥʥʦʝ ʧʦʜʨʘʟʜʝʣʝʥʠʝ ʌʀʎ ʂʅʎ ʉʆ ʈɸʅ 

ɺʘʞʝʥʠʥʘ ʀ.ɻ. 

ʢ.ʬ.-ʤ.ʥ., ʩʪʘʨʰʠʡ ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ, ʀʥʩʪʠʪʫʪ ʬʠʟʠʢʠ ʠʤ. ʃ.ɺ. ʂʠʨʝʥʩʢʦʛʦ ʉʠʙʠʨʩʢʦʛʦ 

ʦʪʜʝʣʝʥʠʷ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ ï ʦʙʦʩʦʙʣʝʥʥʦʝ ʧʦʜʨʘʟʜʝʣʝʥʠʝ ʌʀʎ ʂʅʎ ʉʆ ʈɸʅ 

ʂʦʤʦʛʦʨʮʝʚ ʉ.ɺ. 

ʜ.ʬ.-ʤ.ʥ., ʜʦʮʝʥʪ, ʟʘʚʝʜʫʶʱʠʡ ʣʘʙʦʨʘʪʦʨʠʝʡ ʌʠʟʠʢʠ ʤʘʛʥʠʪʥʳʭ ʧʣʝʥʦʢ,  

ʀʥʩʪʠʪʫʪ ʬʠʟʠʢʠ ʠʤ. ʃ.ɺ. ʂʠʨʝʥʩʢʦʛʦ ʉʠʙʠʨʩʢʦʛʦ ʦʪʜʝʣʝʥʠʷ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ ï 

ʦʙʦʩʦʙʣʝʥʥʦʝ ʧʦʜʨʘʟʜʝʣʝʥʠʝ ʌʀʎ ʂʅʎ ʉʆ ʈɸʅ 

ʀʩʭʘʢʦʚ ʈ.ʉ. 

ʜ.ʬ.-ʤ.ʥ., ʧʨʦʬʝʩʩʦʨ, ʛʣʘʚʥʳʡ ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ, ʀʥʩʪʠʪʫʪ ʬʠʟʠʢʠ ʠʤ. ʃ.ɺ. ʂʠʨʝʥʩʢʦʛʦ  
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ɸʥʥʦʪʘʮʠʷ. ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʠ 

ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ ʥʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʧʦʢʨʳʪʠʡ ʠʟ ʚʳʩʦʢʦʵʥʪʨʦʧʠʡʥʳʭ ʩʧʣʘʚʦʚ 

FeCoNiP-Me (Me = Zn, Zr, W), ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʤʝʪʦʜʦʤ ʭʠʤʠʯʝʩʢʦʛʦ ʦʩʘʞʜʝʥʠʷ. ʌʘʟʦʚʦ-

ʩʪʨʫʢʪʫʨʥʦʝ ʩʦʩʪʦʷʥʠʝ ʧʦʢʨʳʪʠʡ ʠʩʩʣʝʜʦʚʘʥʦ ʤʝʪʦʜʘʤʠ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʜʠʬʨʘʢʮʠʠ ʠ 

ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ. ʄʘʛʥʠʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

(ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ ʥʘʩʳʱʝʥʠʷ, ʢʦʵʨʮʠʪʠʚʥʘʷ ʩʠʣʘ, ʧʦʣʝ ʣʦʢʘʣʴʥʦʡ ʘʥʠʟʦʪʨʦʧʠʠ), ʠʩʩʣʝʜʦʚʘʥʳ 

ʢʘʢ ʬʫʥʢʮʠʠ ʩʦʜʝʨʞʘʥʠʷ Zn, Zr ʠʣʠ W ʚ ʩʧʣʘʚʝ FeCoNiP-Me. ʄʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ 

ʦʙʩʫʞʜʘʶʪʩʷ ʚ ʨʘʤʢʘʭ ʤʦʜʝʣʠ ʩʣʫʯʘʡʥʦʡ ʤʘʛʥʠʪʥʦʡ ʘʥʠʟʦʪʨʦʧʠʠ. ʆʧʨʝʜʝʣʝʥʳ ʛʨʘʥʠʯʥʳʝ 

ʟʥʘʯʝʥʠʷ ʵʥʪʨʦʧʠʠ ʠ ʵʥʪʘʣʴʧʠʠ ʩʤʝʰʝʥʠʷ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʝ ʬʦʨʤʠʨʦʚʘʥʠʶ 

ʥʝʫʧʦʨʷʜʦʯʝʥʥʦʛʦ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ ʧʨʠ ʧʦʣʫʯʝʥʠʠ ʚʳʩʦʢʦʵʥʪʨʦʧʠʡʥʳʭ ʩʧʣʘʚʦʚ ʥʘ ʦʩʥʦʚʝ 

FeCoNiP ʤʝʪʦʜʦʤ ʭʠʤʠʯʝʩʢʦʛʦ ʦʩʘʞʜʝʥʠʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʚʳʩʦʢʦʵʥʪʨʦʧʠʡʥʳʝ ʩʧʣʘʚʳ, ʭʠʤʠʯʝʩʢʦʝ ʦʩʘʞʜʝʥʠʝ, ʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ 
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Annotation. In this work, we describe experimental results concerning the microstructure and 

magnetic properties of FeCoNiP-Me high-entropy alloys (Me = Zn, Zr, W) nanostructured coatings 

produced by chemical deposition. The coatings were characterized by X-ray diffraction and electron 

microscopy. The magnetic characteristics of the synthesized materials (saturation magnetization, 

coercive force, local anisotropy field were studied as a function of the Zn, Zr or W content in the 

FeCoNiP-Me alloys. Magnetic properties are discussed within the framework of the random 

magnetic anisotropy model. The boundary values of entropy and enthalpy of mixing which favor the 

formation of a disordered solid solution during producing of high-entropy alloys based on FeCoNiP 

by chemical deposition are determined. 
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ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʥʠʤʘʥʠʝ ʧʨʠʚʣʝʢʘʶʪ ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ ʚʳʩʦʢʦ-ʵʥʪʨʦʧʠʡʥʳʝ 

ʩʧʣʘʚʳ (ɺʕʉ), ʦʧʨʝʜʝʣʷʝʤʳʝ ʢʘʢ ʩʧʣʘʚʳ, ʩʦʜʝʨʞʘʱʠʝ ʥʝ ʤʝʥʝʝ 5 ʦʩʥʦʚʥʳʭ ʵʣʝʤʝʥʪʦʚ 

(ʢʘʞʜʳʡ ʚ ʜʠʘʧʘʟʦʥʝ ʢʦʥʮʝʥʪʨʘʮʠʡ 5ï35 ʘʪ.%) [1]. ʊʘʢʠʝ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʝ ʩʧʣʘʚʳ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʧʦʚʳʰʝʥʥʦʡ ʵʥʪʨʦʧʠʝʡ ʩʤʝʰʝʥʠʷ, ʩʠʣʴʥʳʤʠ ʠʩʢʘʞʝʥʠʷʤʠ ʨʝʰʝʪʢʠ, 

ʦʩʣʘʙʣʝʥʥʦʡ ʜʠʬʬʫʟʠʝʡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʩʧʣʘʚʘʤʠ ʩ ʦʜʥʠʤ ʦʩʥʦʚʥʳʤ 

ʵʣʝʤʝʥʪʦʤ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʤʘʛʥʠʪʥʳʝ ʩʧʣʘʚʳ ʩ ʫʥʠʢʘʣʴʥʳʤ ʩʦʯʝʪʘʥʠʝʤ ʚʳʩʦʢʦʡ 

ʢʦʨʨʦʟʠʦʥʥʦʡ ʩʪʦʡʢʦʩʪʠ, ʧʨʦʯʥʦʩʪʠ, ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ ʠ ʤʘʛʥʠʪʦʤʷʛʢʠʭ ʩʚʦʡʩʪʚ [2]. ʀʟʚʝʩʪʥʦ, 

ʯʪʦ ʩʧʣʘʚʳ ʦʜʠʥʘʢʦʚʦʛʦ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ, ʧʦʣʫʯʝʥʥʳʝ ʨʘʟʣʠʯʥʳʤʠ ʤʝʪʦʜʘʤʠ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʨʘʟʣʠʯʥʦʡ ʤʠʢʨʦʩʪʨʫʢʪʫʨʦʡ, ʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠ ʩʚʦʡʩʪʚʘʤʠ [3]. ɺ ʥʘʰʝʡ 

ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʪʘʢʠʭ ʵʣʝʤʝʥʪʦʚ ʢʘʢ Zn, Zr ʠ W ʥʘ 

ʤʠʢʨʦʩʪʨʫʢʪʫʨʫ ʠ ʤʘʛʥʠʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʧʣʘʚʦʚ FeCoNiP-Me (Me = Zn, Zr, W), 
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ʧʦʣʫʯʝʥʥʳʭ ʤʝʪʦʜʦʤ ʭʠʤʠʯʝʩʢʦʛʦ ʦʩʘʞʜʝʥʠʷ. ʀʟʤʝʥʝʥʠʷ ʩʫʙʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʩʧʣʘʚʦʚ ʥʘ 

ʦʩʥʦʚʝ FeCoNiP ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ Zn, Zr ʠʣʠ W ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʢʦʩʚʝʥʥʳʤʠ 

ʤʘʛʥʠʪʦʩʪʨʫʢʪʫʨʥʳʤʠ ʤʝʪʦʜʘʤʠ.  

ʄʝʪʦʜʦʤ ʭʠʤʠʯʝʩʢʦʛʦ ʦʩʘʞʜʝʥʠʷ ʥʘ ʤʝʜʥʳʝ ʠ ʩʪʝʢʣʷʥʥʳʝ ʧʦʜʣʦʞʢʠ ʙʳʣʠ 

ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʪʨʠ ʩʝʨʠʠ ʧʦʢʨʳʪʠʡ (FeCoNiP)100-ʍʄʝʍ (0< x <22) ʄʝ=Zn (ʩʝʨʠʷ ɸ); ʄʝ=Zr 

(ʩʝʨʠʷ ɺ); ʄʝ=W (ʩʝʨʠʷ ʉ) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʛʠʧʦʬʦʩʬʠʪʘ ʥʘʪʨʠʷ ʚ ʢʘʯʝʩʪʚʝ ʚʦʩʩʪʘʥʦʚʠʪʝʣʷ. 

ɹʳʣʠ ʧʦʣʫʯʝʥʳ ʧʦʢʨʳʪʠʷ ʪʦʣʱʠʥʦʡ ʦʪ 0,6 ʜʦ 5 ʤʢʤ. ʉʠʥʪʝʟʠʨʦʚʘʥʥʳʝ ʦʙʨʘʟʮʳ ʠʩʩʣʝʜʦʚʘʣʠʩʴ 

ʤʝʪʦʜʘʤʠ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʠ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʜʠʬʨʘʢʮʠʠ. ɼʘʥʥʳʝ ɽDX ʘʥʘʣʠʟʘ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʨʘʚʥʦʤʝʨʥʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʵʣʝʤʝʥʪʦʚ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʩʝʯʝʥʠʠ 

ʦʙʨʘʟʮʦʚ. ɹʳʣʠ ʠʟʤʝʨʝʥʳ ʦʩʥʦʚʥʳʝ ʤʘʛʥʠʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʪʝʨʠʘʣʘ (ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ 

ʥʘʩʳʱʝʥʠʷ ʄ0, ʢʦʥʩʪʘʥʪʘ ʦʙʤʝʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ɸ, ʚʝʣʠʯʠʥʳ ʧʦʣʝʡ ʣʦʢʘʣʴʥʦʡ 

ʤʘʛʥʠʪʥʦʡ ʘʥʠʟʦʪʨʦʧʠʠ ʅʘ, ʭʘʨʘʢʪʝʨʥʳʝ ʨʘʟʤʝʨʳ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʤʘʛʥʠʪʥʦʡ ʘʥʠʟʦʪʨʦʧʠʠ 

RC) ʢʘʢ ʬʫʥʢʮʠʠ ʩʦʜʝʨʞʘʥʠʷ Zn, Zr ʠʣʠ W ʚ ʩʧʣʘʚʝ FeCoNiP-Me. ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʙʳʣʠ 

ʧʨʦʚʝʜʝʥʳ ʠʟʤʝʨʝʥʠʷ ʠʥʪʝʛʨʘʣʴʥʳʭ ʤʘʛʥʠʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ: ʰʠʨʠʥʳ ʣʠʥʠʠ 

ʬʝʨʨʦʤʘʛʥʠʪʥʦʛʦ ʨʝʟʦʥʘʥʩʘ (ʌʄʈ) ʠ ʢʦʵʨʮʠʪʠʚʥʦʡ ʩʠʣʳ, ʦʧʨʝʜʝʣʷʝʤʳʭ ʩʫʙʤʠʢʨʦʩʪʨʫʢʪʫʨʦʡ 

ʦʙʨʘʟʮʦʚ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʠʟʚʣʝʯʴ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦʙ ʬʦʨʤʠʨʦʚʘʥʠʠ 

ʥʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʬʘʟ ʚ ʧʨʦʮʝʩʩʝ ʭʠʤʠʯʝʩʢʦʛʦ ʦʩaʞʜʝʥʠʷ. 

ɼʘʥʥʳʝ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʜʠʬʨʘʢʮʠʠ, ʤʘʛʥʠʪʥʳʭ ʠʟʤʝʨʝʥʠʡ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ 

ʬʦʨʤʠʨʦʚʘʥʠʠ ʆʎʂ ʥʘʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ (FeCoNiP)100-XZnX, ʧʘʨʘʤʝʪʨʳ 

ʨʝʰʝʪʢʠ ʢʦʪʦʨʳʭ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʧʨʘʚʠʣʦʤ ɺʝʛʘʨʜʘ ʧʨʠ ʭ < 22 ʘʪ%. ʈʘʟʤʝʨ ʦʙʣʘʩʪʠ 

ʢʦʛʝʨʝʥʪʥʦʛʦ ʨʘʩʩʝʷʥʠʷ, ʦʮʝʥʝʥʥʳʡ ʧʦ ʬʦʨʤʫʣʝ ʐʝʨʨʝʨʘ, ʠʟʤʝʥʷʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 12-20 ʥʤ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʜʝʨʞʘʥʠʷ Zn. ʇʣʝʥʢʠ ʠ ʧʦʢʨʳʪʠʷ (FeCoNiP)100-XWX ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 

ʆʎʂ ʪʚʝʨʜʳʡ ʨʘʩʪʚʦʨ (ʊʈ) ʜʣʷ x <17 ʘʪ%. ɼʣʷ ʩʧʣʘʚʦʚ (FeCoNiP)100-XZrX ʫʚʝʣʠʯʝʥʠʝ 

ʢʦʥʮʝʥʪʨʘʮʠʠ Zr ʜʦ 7 ʘʪ% ʧʨʠʚʦʜʠʪ ʢ ʯʘʩʪʠʯʥʦʡ ʘʤʦʨʬʠʟʘʮʠʠ ʩʧʣʘʚʘ, ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʠ Zr 

ʩʚʳʰʝ 15 ʘʪ% ʩʧʣʘʚʳ ʩʝʨʠʠ ɺ ʨʝʥʪʛʝʥʦʘʤʦʨʬʥʳ. 

ɺ ʩʣʫʯʘʝ ɺʕʉ ʦʧʨʝʜʝʣʷʶʱʠʤʠ ʬʘʢʪʦʨʘʤʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ ʠʣʠ 

ʘʤʦʨʬʥʦʡ ʬʘʟʳ ʧʨʠ ʩʧʣʘʚʣʝʥʠʠ ʵʣʝʤʝʥʪʦʚ ʷʚʣʷʶʪʩʷ ʵʥʪʨʦʧʠʷ ʩʤʝʰʝʥʠʷ DSmix, ʵʥʪʘʣʴʧʠʷ 

ʩʤʝʰʝʥʠʷ  DHmix, ʨʘʟʣʠʯʠʝ ʚ ʨʘʟʤʝʨʘʭ ʘʪʦʤʦʚ d. ɿʥʘʯʝʥʠʷ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʭ ʚʝʣʠʯʠʥ ʜʣʷ 

ʩʧʣʘʚʦʚ ʚʩʝʭ ʩʝʨʠʡ ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ ʧʦ ʩʪʘʥʜʘʨʪʥʳʤ ʬʦʨʤʫʣʘʤ [1,2] ʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ 

ʨʠʩ. 1ʘ. ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʧʨʠʚʝʜʝʥʳ ʟʥʘʯʝʥʠʷ DSmix ʜʣʷ ʩʧʣʘʚʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʤʝʪʦʜʘʤʠ ʣʠʪʴʷ, 

ʥʘʧʳʣʝʥʠʷ ʠ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʩʧʣʘʚʣʝʥʠʷ [2]. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʬʘʟʦʚʘʷ ʧʣʦʩʢʦʩʪʴ ʤʦʞʝʪ ʙʳʪʴ 

ʨʘʟʜʝʣʝʥʘ ʥʘ ʪʨʠ ʦʙʣʘʩʪʠ, ʘ ʠʤʝʥʥʦ, ʧʝʨʚʘʷ ʦʙʣʘʩʪʴ ï ʵʪʦ ʦʙʣʘʩʪʴ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʥʝʫʧʦʨʷʜʦʯʝʥʥʳʭ ʆʎʂ ʊʈ, ʚʪʦʨʘʷ ï ʦʙʣʘʩʪʴ ʩʦʩʫʱʝʩʪʚʦʚʘʥʠʷ ʩʤʝʩʠ ʆʎʂ ʊʈ ʠ ʘʤʦʨʬʥʦʡ 

ʬʘʟʳ, ʚ 3-ʝʡ ʦʙʣʘʩʪʠ ʠʩʩʣʝʜʫʝʤʳʝ ʩʧʣʘʚʳ ʨʝʥʪʛʝʥʦʘʤʦʨʬʥʳ. ʆʮʝʥʢʘ ʚʣʠʷʥʠʷ DSmix, DHmix ʠ d 

ʥʘ ʬʘʟʦʚʳʡ ʩʦʩʪʘʚ ʧʦʢʨʳʪʠʡ ʠʟ ʠʩʩʣʝʜʫʝʤʳʭ ʩʧʣʘʚʦʚ ʧʦʢʘʟʘʣʘ, ʯʪʦ ʟʥʘʯʝʥʠʷ DHmix ʜʣʷ ʚʩʝʭ 

ʩʝʨʠʡ ʦʙʨʘʟʮʦʚ ʚʦ ʚʩʝʭ ʦʙʣʘʩʪʷʭ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʜʘʥʥʳʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʚ ʜʨʫʛʠʭ ʨʘʙʦʪʘʭ [2,3], 

ʪ.ʝ. ʣʝʞʘʪ ʚ ʧʨʝʜʝʣʘʭ ʠʥʪʝʨʚʘʣʘ ʟʥʘʯʝʥʠʡ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʭ ʬʦʨʤʠʨʦʚʘʥʠʶ ʦʜʥʦʬʘʟʥʦʛʦ 

ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ  (ï 22 < DHmix < 7 ʢɼʞ/ʤʦʣʴ). ʇʨʠ ʧʦʣʫʯʝʥʠʠ ɺʕʉ ʥʝʨʘʚʥʦʚʝʩʥʳʤ ʤʝʪʦʜʦʤ 

ʭʠʤʠʯʝʩʢʦʛʦ ʦʩʘʞʜʝʥʠʷ ʦʜʥʦʬʘʟʥʳʡ ʪʚʝʨʜʳʡ ʨʘʩʪʚʦʨ ʬʦʨʤʠʨʫʝʪʩʷ ʧʨʠ ʙʦʣʝʝ ʥʠʟʢʠʭ 

ʟʥʘʯʝʥʠʷʭ ʵʥʪʨʦʧʠʠ ʩʤʝʰʝʥʠʷ DSmix ~ 9 ɼʞ/(ʂȚʤʦʣʴ), ʯʝʤ ʧʨʠ ʧʦʣʫʯʝʥʠʠ ɺʕʉ ʜʨʫʛʠʤʠ 

ʤʝʪʦʜʘʤʠ (11 < DSmix < 19.5 ɼʞ/(ʂȚʤʦʣʴ)). 

ʂʨʠʚʳʝ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ ʙʦʣʴʰʠʭ ʧʦʣʝʡ (ʟʘʢʦʥ ʧʨʠʙʣʠʞʝʥʠʷ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʢ ʥʘʩʳʱʝʥʠʶ) ʜʣʷ ʚʩʝʭ ʚʝʣʠʯʠʥ ʭ ʠʩʩʣʝʜʫʝʤʳʭ ɺʕʉ ʭʦʨʦʰʦ ʩʣʝʜʫʶʪ 

ʠʟʚʝʩʪʥʦʤʫ ʟʘʢʦʥʫ ɸʢʫʣʦʚʘ (DM ~ ʅ-2), ʘ ʚ ʤʝʥʴʰʠʭ ʧʦʣʷʭ ʠʩʧʳʪʳʚʘʶʪ ʢʨʦʩʩʦʚʝʨ  

 (DM ~ ʅ-a). ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʦ ʦʩʦʙʝʥʥʦʩʪʷʤ ʢʨʠʚʳʭ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ ʜʦ ʥʘʩʳʱʝʥʠʷ ʦʙʣʘʩʪʴ 

ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʆʎʂ ʊʈ ʜʝʣʠʪʩʷ ʥʘ 2 ʧʦʜʦʙʣʘʩʪʠ, ʦʪʣʠʯʘʶʱʠʝʩʷ ʭʘʨʘʢʪʝʨʦʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʨʷʙʠ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʠʣʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʤʘʛʥʠʪʥʦʡ 

ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʬʫʥʢʮʠʠ. ɸ ʠʤʝʥʥʦ: ʚ ʦʙʣʘʩʪʠ x < 7 ʜʣʷ ʩʧʣʘʚʦʚ (FeCoNiP)100-XZnX 

ʥʘʙʣʶʜʘʝʪʩʷ ʜʚʫʭʤʝʨʥʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʢʦʨʦʪʢʦʚʦʣʥʦʚʦʡ ʨʷʙʠ (DM ~ ʅ-1), ʚ ʦʙʣʘʩʪʠ x > 15 

ʟʘʬʠʢʩʠʨʦʚʘʥʦ ʪʨʝʭʤʝʨʥʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʨʷʙʠ, ʦʙʫʩʣʘʚʣʠʚʘʶʱʝʝ ʬʫʥʢʮʠʦʥʘʣʴʥʫʶ 

ʟʘʚʠʩʠʤʦʩʪʴ DM ~ ʅ-1/2. ɿʥʘʯʝʥʠʷ ʅʘ ʠʟʤʝʥʷʶʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 0,5 ʜʦ 1 ʢʕ ʜʣʷ ʦʙʨʘʟʮʦʚ ʩʝʨʠʠ 
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ʉ, ʦʪ 0,1 ʜʦ 0,4 ʢʕ ʜʣʷ ʦʙʨʘʟʮʦʚ ʩʝʨʠʡ ɸ ʠ ɺ. ɺʝʣʠʯʠʥʳ Rc ʣʝʞʘʪ ʚ ʧʨʝʜʝʣʘʭ 6-22 ʥʤ ʜʣʷ 

ʧʦʢʨʳʪʠʡ ʚʩʝʭ ʩʝʨʠʡ. ʄʠʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʢʦʵʨʮʠʪʠʚʥʦʡ ʩʠʣʳ 20ʕ ʥʘʙʣʶʜʘeʪʩʷ ʧʨʠ 

ʤʘʢʩʠʤʘʣʴʥʦʤ ʟʥʘʯʝʥʠʠ Rʩ.  

ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʧʝʢʪʨʦʚ ʬʝʨʨʦʤʘʛʥʠʪʥʦʛʦ ʠ ʩʧʠʥ-ʚʦʣʥʦʚʦʛʦ ʨʝʟʦʥʘʥʩʦʚ ʧʦʟʚʦʣʠʣʦ 

ʧʦʣʫʯʠʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʬʘʟʦʦʙʨʘʟʦʚʘʥʠʠ ʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ 

ʦʙʨʘʟʮʦʚ ʚ ʧʨʦʮʝʩʩʝ ʩʠʥʪʝʟʘ ʚʳʩʦʢʦ ʵʥʪʨʦʧʠʡʥʳʭ ʩʧʣʘʚʦʚ ʤʝʪʦʜʦʤ ʭʠʤʠʯʝʩʢʦʛʦ ʦʩʘʞʜʝʥʠʷ. 

ʀʟ ʫʛʣʦʚʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʨʝʟʦʥʘʥʩʥʦʛʦ ʧʦʣʷ ʌʄʈ ʜʣʷ ʚʩʝʭ ʩʝʨʠʡ ʦʙʨʘʟʮʦʚ ʦʧʨʝʜʝʣʝʥʦ ʧʦʣʝ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʡ ʤʘʛʥʠʪʥʦʡ ʘʥʠʟʦʪʨʦʧʠʠ. ɺ ʩʣʫʯʘʝ ʘʤʦʨʬʥʳʭ ʩʧʣʘʚʦʚ ʚʠʜ ʩʧʝʢʪʨʦʚ ʌʄʈ 

ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʬʝʨʨʦʤʘʛʥʠʪʥʳʭ ʬʘʟ ʚ ʩʧʣʘʚʝ. ʊʘʢ ʠʟ ʩʧʝʢʪʨʦʚ ʌʄʈ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʥʘ ʨʠʩ. 1ʙ,ʚ, ʚʠʜʥʦ, ʯʪʦ ʚ ʩʧʣʘʚʝ (FeCoNiP)100-XZrX ʩ ʭ = 2 ʨʝʛʠʩʪʨʠʨʫʝʪʩʷ ʦʜʥʘ 

ʬʘʟʘ, ʘ ʜʣʷ ʭ = 20 ʤʦʞʥʦ ʫʪʚʝʨʞʜʘʪʴ ʦ ʩʦʩʫʱʝʩʪʚʦʚʘʥʠʠ 3-ʭ ʤʘʛʥʠʪʥʳʭ ʬʘʟ, ʯʪʦ ʙʳʣʦ 

ʥʝʚʦʟʤʦʞʥʦ ʫʩʪʘʥʦʚʠʪʴ ʧʦ ʩʧʝʢʪʨʫ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʜʠʬʨʘʢʮʠʠ (ʘʤʦʨʬʥʳʡ ʩʧʣʘʚ). ɼʣʷ ʩʧʣʘʚʘ 

(FʝCoNiP)86W16 ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥ ʩʧʝʢʪʨ ʩʧʠʥ-ʚʦʣʥʦʚʦʛʦ ʨʝʟʦʥʘʥʩʘ, ʜʣʷ ʢoʪʦʨʦʛʦ ʚʳʧʦʣʥʷʝʪʩʷ 

ʢʚʘʜʨʘʪʠʯʥʳʡ ʟʘʢʦʥ ʜʠʩʧʝʨʩʠʠ, ʯʪʦ ʝʱʝ ʨʘʟ ʧʦʜʪʚʝʨʞʜʘʝʪ ʦʜʥʦʨʦʜʥʦʩʪʴ ʩʧʣʘʚʘ. 

ʀʪʘʢ, ʦʧʨʝʜʝʣʝʥʦ ʚʣʠʷʥʠʝ ʭʠʤʠʯʝʩʢʦʛʦ ʠ ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ ʧʦʢʨʳʪʠʡ ʥʘ 

ʤʠʢʨʦʩʪʨʫʢʪʫʨʫ ʠ ʤʘʛʥʠʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʦʙʨʘʟʮʦʚ. ʀʟʫʯʝʥʳ ʧʘʨʘʤʝʪʨʳ 

ʤʘʛʥʠʪʥʦʡ ʥʘʥʦʩʪʨʫʢʪʫʨʳ (ʦʙʣʘʩʪʴ ʢʦʛʝʨʝʥʪʥʦʛʦ ʨʘʩʩʝʷʥʠʷ, ʚʝʣʠʯʠʥʘ ʣʦʢʘʣʴʥʦʡ ʤʘʛʥʠʪʥʦʡ 

ʘʥʠʟʦʪʨʦʧʠʠ ʠ ʝʝ ʢʦʨʨʝʣʷʮʠʦʥʥʳʡ ʨʘʜʠʫʩ) ʚʳʩʦʢʦʵʥʪʨʦʧʠʡʥʳʭ ʩʧʣʘʚʦʚ ʧʦʣʫʯʝʥʥʳʭ ʤʝʪʦʜʦʤ 

ʭʠʤʠʯʝʩʢʦʛʦ ʦʩʘʞʜʝʥʠʷ. ʆʙʥʘʨʫʞʝʥʘ ʢʦʨʨʝʣʷʮʠʷ ʩʪʨʫʢʪʫʨʥʳʭ ʠ ʤʘʛʥʠʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʬʦʨʤʠʨʦʚʘʥʠʝ ʦʜʥʦʬʘʟʥʦʛʦ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ ʚ ʩʧʣʘʚʘʭ FeCoNiP-ʄʝ (Me = 

Zn, Zr, W) ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ ʙʦʣʝʝ ʥʠʟʢʠʭ ʟʥʘʯʝʥʠʷʭ ʵʥʪʨʦʧʠʠ ʩʤʝʰʝʥʠʷ DSmix ~ 9 ɼʞ/(ʂȚʤʦʣʴ) 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʤʝʪʦʜʘʤʠ ʧʦʣʫʯʝʥʠʷ ɺʕʉ ʚʩʣʝʜʩʪʚʠʝ ʥʝʨʘʚʥʦʚʝʩʥʦʛʦ 

ʭʘʨʘʢʪʝʨʘ ʤʝʪʦʜʘ ʭʠʤʠʯʝʩʢʦʛʦ ʦʩʘʞʜʝʥʠʷ. 

 

 

                              ʘ)                                                                 ʙ)                                          ʚ) 

ʈʠʩ. 1. ɺʣʠʷʥʠʝ ʦʩʥʦʚʥʳʭ ʬʘʢʪʦʨʦʚ ȹSmix (ʟʘʧʦʣʥʝʥʥʳʝ ʩʠʤʚʦʣʳ), ȹHmix (ʥʝʟʘʧʦʣʥʝʥʥʳʝ 

         ʩʠʤʚʦʣʳ), ʥʘ ʬʘʟʦʚʳʡ ʩʦʩʪʘʚ ʧʦʢʨʳʪʠʡ ʠʟ ɺʕʉ (ʘ). ʊʨʝʫʛʦʣʴʥʠʢʠ- ʩʝʨʠʷ ɸ, ʢʨʫʞʢʠ - 

          ʩʝʨʠʷ ɺ, ʢʚʘʜʨʘʪʳ - ʩʝʨʠʷ ʉ, ʨʦʤʙʳ ʜʘʥʥʳʝ ʨʘʙʦʪʳ [2]. ʉʧʝʢʪʨʳ ʌʄʈ ʚ ʧʘʨʘʣʣʝʣʴʥʦʡ 

ʛʝʦʤʝʪʨʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘ ʜʣʷ ʧʣʝʥʦʢ FeCoNiP-Zr c ʨʘʟʣʠʯʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ Zr:  

 (ʙ)-2% Zr - ʦʜʥʦʬʘʟʥʘʷ ʧʣʝʥʢʘ,(ʚ)-20% Zr- ʤʥʦʛʦʬʘʟʥʳʡ ʩʧʣʘʚ (ʧʨʠʚʝʜʝʥ  

ʨʝʟʫʣʴʪʘʪ ʨʘʟʣʦʞʝʥʠʷ ʩʧʝʢʪʨʘ ʌʄʈ ʥʘ ʧʘʨʮʠʘʣʴʥʳʝ ʣʦʨʝʥʮʠʘʥʳ) 
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ʋɼʂ 537.9 

ʇʨʝʜʩʢʘʟʘʥʠʝ ʫʧʨʫʛʠʭ ʩʚʦʡʩʪʚ ʩʧʣʘʚʦʚ ɻʝʡʩʣʝʨʘ, ʧʦʣʥʦʩʪʴʶ ʩʦʩʪʦʷʱʠʭ ʠʟ 

ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ, ʚ ʨʘʤʢʘʭ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ 

ʄʦʠʩʝʝʚ ɼ.ʄ. 

ʩʪʫʜʝʥʪ 4-ʛʦ ʢʫʨʩʘ ʙʘʢʘʣʘʚʨʠʘʪʘ ʢʘʬʝʜʨʳ ʬʠʟʠʢʠ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ  

ʌɻɹʆʋ ɺʆ ñʏʝʣɻʋò 

ʉʦʢʦʣʦʚʩʢʠʡ ɺ.ɺ. 

ʜ.ʬ.-ʤ. ʥ., ʜʦʮʝʥʪ, ʧʨʦʬʝʩʩʦʨ ʢʘʬʝʜʨʳ ʬʠʟʠʢʠ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ  

ʌɻɹʆʋ ɺʆ ñʏʝʣɻʋò 

ɹʘʡʛʫʪʣʠʥ ɼ.ʈ. 

ʤʣʘʜʰʠʡ ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ ʢʘʬʝʜʨʳ ʬʠʟʠʢʠ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ  

ʌɻɹʆʋ ɺʆ ñʏʝʣɻʋò 

ɸʥʥʦʪʘʮʠʷ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʪʦʜʦʚ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ, ʚʢʣʶʯʘʷ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ, ʚ 

ʠʩʩʣʝʜʦʚʘʥʠʠ ʫʧʨʫʛʠʭ ʩʚʦʡʩʪʚ ʩʧʣʘʚʦʚ ɻʝʡʩʣʝʨʘ, ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʤʦʜʝʣʠ ʠ 

ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʵʪʠʭ ʫʥʠʢʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ, 

ʦʪʢʨʳʚʘʷ ʥʦʚʳʝ ʧʝʨʩʧʝʢʪʠʚʳ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʠ ʨʘʟʚʠʪʠʷ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ ʥʘʫʢʠ ʠ 

ʪʝʭʥʠʢʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʄʘʰʠʥʥʦʝ ʦʙʫʯʝʥʠʝ, ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ, ʩʧʣʘʚʳ ɻʝʡʩʣʝʨʘ. 
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ʄʥʦʛʠʝ ʦʙʣʘʩʪʠ ʥʘʫʢ ʦ ʤʘʪʝʨʠʘʣʘʭ ʪʨʝʙʫʶʪ ʦʧʪʠʤʠʟʘʮʠʠ ʬʫʥʢʮʠʡ, ʢʦʪʦʨʳʝ ʟʘʚʠʩʷʪ 

ʦʪ ʤʥʦʞʝʩʪʚʘ ʧʝʨʝʤʝʥʥʳʭ, ʢʦʪʦʨʳʝ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʩʚʷʟʘʥʳ ʤʝʞʜʫ ʩʦʙʦʡ ʧʦ ʩʣʦʞʥʳʤ 

ʟʘʢʦʥʘʤ.  ʆʜʥʘʢʦ, ʠʟʫʯʝʥʠʝ ʠ ʦʧʪʠʤʠʟʘʮʠʷ ʩʚʦʡʩʪʚ ʵʪʠʭ ʤʘʪʝʨʠʘʣʦʚ ʷʚʣʷʝʪʩʷ ʩʣʦʞʥʦʡ ʟʘʜʘʯʝʡ 

ʠʟ-ʟʘ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʠʭ ʩʦʩʪʘʚʦʚ. ʊʨʘʜʠʮʠʦʥʥʳʝ ʧʦʜʭʦʜʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʧʝʨʚʦʧʨʠʥʮʠʧʥʳʭ 

ʨʘʩʯʸʪʘʭ ʠʣʠ ʵʢʩʧʝʨʠʤʝʥʪʘʭ, ʤʦʛʫʪ ʙʳʪʴ ʪʨʫʜʦʝʤʢʠʤʠ ʠ ʚʨʝʤʷʟʘʪʨʘʪʥʳʤʠ. ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ 

ʤʘʰʠʥʥʦʝ ʦʙʫʯʝʥʠʝ ʠ ʤʝʪʦʜʳ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʩʪʘʣʠ ʤʦʱʥʳʤʠ ʠʥʩʪʨʫʤʝʥʪʘʤʠ ʚ 

ʦʙʣʘʩʪʠ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ. ʆʥʠ ʧʦʟʚʦʣʷʶʪ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʙʦʣʴʰʠʝ ʦʙʲʝʤʳ ʜʘʥʥʳʭ ʠ 

ʥʘʭʦʜʠʪʴ ʩʢʨʳʪʳʝ ʩʚʷʟʠ ʤʝʞʜʫ ʩʦʩʪʘʚʦʤ ʠ ʩʪʨʫʢʪʫʨʦʡ ʤʘʪʝʨʠʘʣʦʚ ʠ ʠʭ ʩʚʦʡʩʪʚʘʤʠ. 

ʇʨʠʤʝʥʝʥʠʝ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʧʦʟʚʦʣʷʝʪ ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʷ ʠ ʨʝʩʫʨʩʳ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʦʧʪʠʤʠʟʘʮʠʠ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʦʚ, ʘ ʪʘʢʞʝ ʩʫʱʝʩʪʚʝʥʥʦ ʩʫʟʠʪʴ ʦʙʣʘʩʪʴ 

ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ. 
ʄʝʪʦʜʳ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʫʞʝ ʧʦʢʘʟʘʣʠ ʩʚʦʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚ ʦʧʨʝʜʝʣʝʥʠʠ 

ʥʝʢʦʪʦʨʳʭ ʧʘʨʘʤʝʪʨʦʚ ʩʧʣʘʚʦʚ ɻʝʡʩʣʝʨʘ [1-3]. ʉʧʣʘʚʳ ɻʝʡʩʣʝʨʘ ï ʵʪʦ ʛʨʫʧʧʘ ʫʥʠʢʘʣʴʥʳʭ 

ʤʘʛʥʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʦʙʣʘʜʘʶʱʠʭ ʥʝʦʙʳʯʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʪʘʢʠʤʠ ʢʘʢ ʩʧʦʩʦʙʥʦʩʪʴ ʢ 

ʪʝʨʤʦʫʧʨʫʛʦʤʫ ʵʬʬʝʢʪʫ ʠ ʧʘʤʷʪʠ ʬʦʨʤʳ. ʀʭ ʩʚʦʡʩʪʚʘ ʚʘʨʴʠʨʫʶʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʩʪʘʚʘ 

ʧʨʠʤʝʩʠ, ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʜʘʚʣʝʥʠʷ. ʉʪʨʫʢʪʫʨʥʳʝ ʩʚʦʡʩʪʚʘ ʪʘʢʞʝ ʤʦʛʫʪ ʙʳʪʴ ʫʩʧʝʰʥʦ ʦʧʠʩʘʥʳ 

ʥʘ ʦʩʥʦʚʝ ʘʣʛʦʨʠʪʤʦʚ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ. ʈʘʙʦʪʘ [4] ʧʦʩʚʷʱʝʥʘ ʧʨʝʜʩʢʘʟʘʥʠʶ 

ʧʘʨʘʤʝʪʨʦʚ ʨʝʰʝʪʢʠ ʧʦʣʫ-ɻʝʡʩʣʝʨʦʚʩʢʠʭ ʩʧʣʘʚʦʚ. ɸʚʪʦʨʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʣʷ ʦʙʫʯʝʥʠʷ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʧʨʝʜʩʢʘʟʳʚʘʪʴ ʧʘʨʘʤʝʪʨ ʨʝʰʝʪʢʠ ʩʧʣʘʚʘ ʥʘ 

ʦʩʥʦʚʘʥʠʠ ʠʦʥʥʳʭ ʨʘʜʠʫʩʦʚ ʠ ʵʣʝʢʪʨʦʦʪʨʠʮʘʪʝʣʴʥʦʩʪʠ ʢʦʤʧʦʥʝʥʪʦʚ ʩ ʪʦʯʥʦʩʪʴʶ ʙʦʣʝʝ 99%. 
ɼʣʷ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʧʨʠʤʝʥʷʪʴ ʪʘʢʠʝ ʤʝʪʦʜʳ ʨʝʰʝʥʠʷ, ʢʘʢ 

ʘʣʛʦʨʠʪʤ ʩʣʫʯʘʡʥʦʛʦ ʣʝʩʘ ʠ ʤʝʪʦʜ ʣʠʥʝʡʥʦʡ ʨʝʛʨʝʩʩʠʠ, ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ 

ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʚ ʩʪʘʪʠʩʪʠʢʝ ʠ ʤʘʰʠʥʥʦʤ ʦʙʫʯʝʥʠʠ. ʎʝʣʴʶ 

ʤʝʪʦʜʘ ʣʠʥʝʡʥʦʡ ʨʝʛʨʝʩʩʠʠ ʷʚʣʷʝʪʩʷ ʧʦʩʪʨʦʝʥʠʝ ʣʠʥʝʡʥʦʡ ʤʦʜʝʣʠ, ʢʦʪʦʨʘʷ ʥʘʠʣʫʯʰʠʤ 

ʦʙʨʘʟʦʤ ʦʧʠʩʳʚʘʝʪ ʵʪʠ ʟʘʚʠʩʠʤʦʩʪʠ. ɸʣʛʦʨʠʪʤ ʩʣʫʯʘʡʥʦʛʦ ʣʝʩʘ ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʘʣʛʦʨʠʪʤʘʭ 

ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ, ʛʝʥʝʨʠʨʫʶʱʠʭ ʤʥʦʞʝʩʪʚʦ ʢʣʘʩʩʠʬʠʢʘʪʦʨʦʚ ʠ ʨʘʟʜʝʣʷʶʱʠʭ ʚʩʝ 

ʦʙʲʝʢʪʳ ʠʟ ʚʥʦʚʴ ʧʦʩʪʫʧʘʶʱʠʭ ʜʘʥʥʳʭ ʥʘ ʦʩʥʦʚʝ ʠʭ ʫʩʨʝʜʥʝʥʠʷ.  
ɼʣʷ ʩʦʟʜʘʥʠʷ ʜʝʩʢʨʠʧʪʦʨʦʚ ʠʩʧʦʣʴʟʦʚʘʥ ʦʪʢʨʳʪʳʡ ʢʦʜ Matminer [5]. ɺ ʢʘʯʝʩʪʚʝ 

ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ ʜʣʷ ʤʦʜʝʣʠ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʚʳʙʨʘʪʴ ʜʝʩʢʨʠʧʪʦʨʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ 

ʭʠʤʠʯʝʩʢʦʤ ʩʦʩʪʘʚʝ (ʢʦʣʠʯʝʩʪʚʦ ʢʘʞʜʦʛʦ ʵʣʝʤʝʥʪʘ) ʠ ʩʚʦʡʩʪʚʘʭ ʚʭʦʜʥʳʭ ʵʣʝʤʝʥʪʦʚ (ʯʠʩʣʦ 

ʚʘʣʝʥʪʥʳʭ ʵʣʝʢʪʨʦʥʦʚ, ʵʣʝʢʪʨʦʦʪʨʠʮʘʪʝʣʴʥʦʩʪʴ ʠ ʜʨʫʛʠʝ). ɺ ʩʣʫʯʘʝ ʥʝʚʦʟʤʦʞʥʦʩʪʠ ʪʦʯʥʦʛʦ 

ʦʧʠʩʘʥʠʷ ʮʝʣʝʚʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘ ʦʩʥʦʚʝ ʵʪʠʭ ʜʝʩʢʨʠʧʪʦʨʦʚ ʙʫʜʫʪ ʪʘʢʞʝ ʜʦʙʘʚʣʝʥʳ 

ʜʝʩʢʨʠʧʪʦʨʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʩʪʨʫʢʪʫʨʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ (ʪʠʧ ʩʠʤʤʝʪʨʠʠ, ʧʣʦʪʥʦʩʪʴ 

ʫʧʘʢʦʚʢʠ ʠ ʪ.ʜ.). ʇʦʣʥʳʡ ʩʧʠʩʦʢ ʜʝʩʢʨʠʧʪʦʨʦʚ ʜʦʩʪʫʧʝʥ ʥʘ ʩʪʨʘʥʠʮʝ Matminer 

https://hackingmaterials.lbl.gov/matminer/featurizer_summary.html.  
ʊʦʯʥʦʩʪʴ ʧʨʝʜʩʢʘʟʘʥʠʡ ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʩ ʧʦʤʦʱʴʶ ʩʪʘʥʜʘʨʪʥʦʛʦ ʦʪʢʣʦʥʝʥʠʷ S, ʘ ʪʘʢʞʝ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʜʝʪʝʨʤʠʥʘʮʠʠ R2. ʇʨʝʜʚʘʨʠʪʝʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʦʮʝʥʢʠ ʨʘʙʦʪʳ ʘʣʛʦʨʠʪʤʘ 

ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. ʏʝʤ ʙʣʠʞʝ R2 ʢ ʝʜʠʥʠʮʝ, ʪʝʤ ʣʫʯʰʝ ʤʦʜʝʣʴ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʜʘʥʥʳʤ. ʅʘ 

ʦʙʫʯʘʶʱʠʭ ʜʘʥʥʳʭ ʥʘʙʣʶʜʘʝʪʩʷ ʥʠʟʢʦʝ ʦʪʢʣʦʥʝʥʠʝ ʠ ʢʦʵʬʬʠʮʠʝʥʪ ʜʝʪʝʨʤʠʥʘʮʠʠ, ʙʣʠʟʢʠʡ ʢ 

1. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʘʣʛʦʨʠʪʤ ʩʣʫʯʘʡʥʦʛʦ ʣʝʩʘ ʧʦʢʘʟʳʚʘʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʣʫʯʰʠʝ ʨʝʟʫʣʴʪʘʪʳ, ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʣʠʥʝʡʥʦʡ ʨʝʛʨʝʩʩʠʝʡ.  

 
ʊʘʙʣʠʮʘ 1 ð ʆʮʝʥʢʘ ʪʦʯʥʦʩʪʠ ʧʨʝʜʩʢʘʟʘʥʠʡ 

ʇʘʨʘʤʝʪʨ ʦʮʝʥʢʠ ʃʠʥʝʡʥʘʷ ʨʝʛʨʝʩʩʠʷ ʉʣʫʯʘʡʥʳʡ ʣʝʩ 

R2 0.927 0.989 

S, ɻʇʘ 19.669 7.776 

 

https://hackingmaterials.lbl.gov/matminer/featurizer_summary.html
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ʏʪʦʙʳ ʫʙʝʜʠʪʴʩʷ, ʯʪʦ ʤʦʜʝʣʴ ʥʝ ʙʳʣʘ ʧʝʨʝʦʙʫʯʝʥʘ, ʧʨʦʚʝʜʝʥʘ ʧʝʨʝʢʨʸʩʪʥʘʷ ʧʨʦʚʝʨʢʘ 

(ʪʘʙʣʠʮʘ 2),  ʪ.ʝ. ʨʘʟʜʝʣʝʥʠʝ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʥʘ ʥʝʩʢʦʣʴʢʦ ʧʦʜʤʥʦʞʝʩʪʚ ʠ ʦʙʫʯʝʥʠʝ ʤʦʜʝʣʠ 

ʥʘ ʦʜʥʦʤ ʧʦʜʤʥʦʞʝʩʪʚʝ (ʥʘʟʳʚʘʝʤʦʤ ʦʙʫʯʘʶʱʠʤ ʥʘʙʦʨʦʤ), ʘ ʟʘʪʝʤ ʪʝʩʪʠʨʦʚʘʥʠʝ ʤʦʜʝʣʠ ʥʘ 

ʜʨʫʛʦʤ ʧʦʜʤʥʦʞʝʩʪʚʝ (ʥʘʟʳʚʘʝʤʦʤ ʪʝʩʪʦʚʳʤ ʥʘʙʦʨʦʤ).  ʉʣʫʯʘʡʥʳʡ ʣʝʩ ʧʦʢʘʟʘʣ ʩʝʙʷ ʦʯʝʥʴ 

ʭʦʨʦʰʦ ʧʨʠ ʦʙʫʯʝʥʠʠ, ʥʦ ʣʠʰʴ ʥʝʤʥʦʛʦ ʣʫʯʰʝ ʣʠʥʝʡʥʦʡ ʨʝʛʨʝʩʩʠʠ, ʧʨʠ ʧʝʨʝʢʨʸʩʪʥʦʡ 

ʧʨʦʚʝʨʢʝ. 

ʊʘʙʣʠʮʘ 2 ð ʈʝʟʫʣʴʪʘʪʳ ʧʝʨʝʢʨʸʩʪʥʦʡ ʧʨʦʚʝʨʢʠ 

ʇʘʨʘʤʝʪʨ ʦʮʝʥʢʠ ʃʠʥʝʡʥʘʷ ʨʝʛʨʝʩʩʠʷ ʉʣʫʯʘʡʥʳʡ ʣʝʩ 

R2  0.898 0.921 

S, ɻʇʘ 22.079 18.519 

 

ɿʥʘʯʝʥʠʷ ʧʨʝʜʩʢʘʟʘʥʥʦʛʦ ʠ ʨʘʩʩʯʠʪʘʥʥʦʛʦ ʩ ʧʦʤʦʱʴʶ ʪʝʦʨʠʠ ʬʫʥʢʮʠʦʥʘʣʘ ʧʣʦʪʥʦʩʪʠ 

(DFT) ʤʦʜʫʣʷ ʦʙʲʸʤʥʦʡ ʫʧʨʫʛʦʩʪʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʣʷ ʦʙʦʠʭ ʘʣʛʦʨʠʪʤʦʚ ʥʘ ʨʠʩʫʥʢʝ 1. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʘʣʛʦʨʠʪʤ ʩʣʫʯʘʡʥʦʛʦ ʣʝʩʘ ʠʤʝʝʪ ʤʝʥʴʰʠʡ ʨʘʟʙʨʦʩ. 

ʘ)            ʙ) 

ʈʠʩʫʥʦʢ 1 ð ʉʨʘʚʥʝʥʠʝ ʤʦʜʫʣʝʡ ʦʙʲʝʤʥʦʡ ʫʧʨʫʛʦʩʪʠ, ʧʦʣʫʯʝʥʥʳʭ ʧʫʪʝʤ DFT ʨʘʩʯʸʪʦʚ ʠ 

ʧʨʝʜʩʢʘʟʘʥʥʳʭ ʘʣʛʦʨʠʪʤʘʤʠ (ʘ ð ʤʝʪʦʜ ʣʠʥʝʡʥʦʡ ʨʝʛʨʝʩʩʠʠ, ʙ ð ʘʣʛʦʨʠʪʤ ʩʣʫʯʘʡʥʦʛʦ ʣʝʩʘ) 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʠ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʜʣʷ ʘʥʘʣʠʟʘ ʠ 

ʧʨʝʜʩʢʘʟʘʥʠʷ ʩʚʦʡʩʪʚ ʩʧʣʘʚʦʚ ɻʝʡʩʣʝʨʘ ʦʪʢʨʳʚʘʝʪ ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʨʘʟʚʠʪʠʷ 

ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ ʠ ʠʥʞʝʥʝʨʠʠ. ʕʪʠ ʪʝʭʥʦʣʦʛʠʠ ʧʦʟʚʦʣʷʶʪ ʟʥʘʯʠʪʝʣʴʥʦ ʫʣʫʯʰʠʪʴ ʧʨʦʮʝʩʩ 

ʩʦʟʜʘʥʠʷ ʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʞʝʣʘʝʤʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʨʘʟʚʠʪʠʶ 

ʠʥʥʦʚʘʮʠʡ ʠ ʫʣʫʯʰʝʥʠʶ ʢʘʯʝʩʪʚʘ ʧʨʦʜʫʢʮʠʠ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʟʘ ʩʯʝʪ ʛʨʘʥʪʘ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ  ʈʅʌ (ʧʨʦʝʢʪ  ̄24-12-

20016). 

Cʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʦʡ ʣʠʪʝʨʘʪʫʨʳ: 

1. A. Jain, et al. APL materials 1(1) (2013). 

2. S. Curtarolo, et al. Comput. Mater. Sci. 58, 218-226 (2012). 

3. J. Saal, et al. Jom 65, 1501-1509 (2013). 

4. F. Pedregosa, et al. JMLR. 12, 2825-2830 (2011). 

5. L. Ward, et al. Comput. Mater. Sci. 152, 60-69 (2018). 

  



ʅʄʄʄ-2024 1-128 ʉʝʢʮʠʷ 1. 

 
ʋɼʂ 537.9 

ʊʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʩʧʣʘʚʦʚ Me2FeNiSb2 (Me = Ti , Zr , Hf ) 

ʉʦʢʦʣ ɸ.ʉ. 

ʩʪʫʜʝʥʪʢʘ 4-ʛʦ ʢʫʨʩʘ ʙʘʢʘʣʘʚʨʠʘʪʘ ʢʘʬʝʜʨʳ ʬʠʟʠʢʠ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʌɻɹʆʋ ɺʆ ñʏʝʣɻʋò 

ʄʘʪʶʥʠʥʘ ʄ.ɺ. 

ʢ.ʬ.-ʤ. ʥ., ʜʦʮʝʥʪ ʢʘʬʝʜʨʳ ʬʠʟʠʢʠ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʌɻɹʆʋ ɺʆ ñʏʝʣɻʋò 

ɹʫʯʝʣʴʥʠʢʦʚ ɺ.ɼ. 

ʜ.ʬ.-ʤ. ʥ., ʧʨʦʬʝʩʩʦʨ, ʟʘʚʝʜʫʶʱʠʡ ʢʘʬʝʜʨʦʡ ʬʠʟʠʢʠ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʌɻɹʆʋ ɺʆ ñʏʝʣɻʋò 

ɸʥʥʦʪʘʮʠʷ. ʇʨʠ ʧʦʤʦʱʠ ʪʝʦʨʠʠ ʬʫʥʢʮʠʦʥʘʣʘ ʧʣʦʪʥʦʩʪʠ, ʨʝʘʣʠʟʦʚʘʥʥʦʡ ʚ ʧʨʦʛʨʘʤʤʥʦʤ 

ʧʘʢʝʪʝ VASP ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʜʚʦʡʥʳʭ ʧʦʣʫʩʧʣʘʚʦʚ 

ɻʝʡʩʣʝʨʘ Ti2FeNiSb2, Zr2FeNiSb2 ʠ Hf2FeNiSb2. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʥʘʠʤʝʥʴʰʝʡ ʨʝʰʝʪʦʯʥʦʡ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴʶ ‖ὒ = 2,62 ɺʪ/(ʤĀʂ) ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 300 ʂ ʦʙʣʘʜʘʝʪ ʩʧʣʘʚ Hf2FeNiSb2. 

ɺ ʩʧʣʘʚʘʭ Ti2FeNiSb2, Zr2FeNiSb2 ʚʝʣʠʯʠʥʘ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʩʦʩʪʘʚʣʷʝʪ 4,13, 4,03 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ, ʜʚʦʡʥʳʝ ʧʦʣʫʩʧʣʘʚʳ ɻʝʡʩʣʝʨʘ, ʪʝʦʨʠʷ 

ʬʫʥʢʮʠʦʥʘʣʘ ʧʣʦʪʥʦʩʪʠ. 

Thermoelectric properties of Me2FeNiSb2 (Me = Ti, Zr, Hf)  alloys 
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Annotation. Using the density functional theory implemented in the VASP software package, the 

thermoelectric properties of double half-Heusler compound Ti2FeNiSb2, Zr2FeNiSb2 and Hf2FeNiSb2 

were studies. It is shown that the alloy Hf2FeNiSb2 has the lowest lattice thermal conductivity ‖ὒ = 

2.62 W/(mĀK) at a temperature of 300 K. The thermal conductivity Ti2FeNiSb2 and Zr2FeNiSb2 alloys, 

is 4.13 and 4.03, respectively. 

Keywords: thermoelectric properties, Double Half-Heusler alloys, density functional theory. 

 

ʇʨʝʦʙʨʘʟʦʚʘʥʠʝ ʦʪʨʘʙʦʪʘʥʥʦʛʦ ʪʝʧʣʘ ʚ ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʵʥʝʨʛʠʶ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ 

ʠʥʪʝʨʝʩʥʝʡʰʠʭ ʟʘʜʘʯ ʩʦʚʨʝʤʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ, ʢʦʪʦʨʘʷ ʩʧʦʩʦʙʩʪʚʦʚʘʣʘ ʙʳ ʨʝʰʝʥʠʶ 

ʨʷʜʘ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ ʠ ʵʢʦʥʦʤʠʠ ʨʝʩʫʨʩʦʚ. ʉ ʧʦʤʦʱʴʶ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʭ 

ʤʘʪʝʨʠʘʣʦʚ ʤʦʞʥʦ ʧʨʝʚʨʘʪʠʪʴ ʠʟʙʳʪʦʯʥʫʶ ʪʝʧʣʦʚʫʶ ʵʥʝʨʛʠʶ ʚ ʵʣʝʢʪʨʠʯʝʩʪʚʦ ʠ ʥʘʦʙʦʨʦʪ. 

ʊʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʝ. ʊʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʦʣʦʚʠʥʥʳʭ ʩʧʣʘʚʦʚ ɻʝʡʩʣʝʨʘ 
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ʧʨʠʚʣʝʢʘʶʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʥʠʤʘʥʠʝ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ [1] ʙʣʘʛʦʜʘʨʷ ʩʚʦʠʤ ʠʩʢʣʶʯʠʪʝʣʴʥʳʤ 

ʵʣʝʢʪʨʦʪʨʘʥʩʧʦʨʪʥʳʤ ʩʚʦʡʩʪʚʘʤ. ʄʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʝ ʧʦʣʫʩʧʣʘʚʳ 

ɻʝʡʩʣʝʨʘ ʚ ʚʠʜʝ ʪʨʝʭʢʦʤʧʦʥʝʥʪʥʳʭ ʩʠʩʪʝʤ ʩ ʦʙʱʝʡ ʭʠʤʠʯʝʩʢʦʡ ʬʦʨʤʫʣʦʡ XYZ ʠ ʩ ʚʘʣʝʥʪʥʦ-

ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʳʤ ʩʦʩʪʘʚʦʤ ʰʠʨʦʢʦ ʠʟʫʯʝʥʳ, ʦʜʥʘʢʦ ʨʝʰʝʪʦʯʥʘʷ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ (‖ὒ) 
ʜʘʥʥʳʭ ʩʧʣʘʚʦʚ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʘʷ. ʅʘʧʨʠʤʝʨ, ʚ ZrCoBi ‖ὒ=10ɺʪ/(ʤĿʂ), ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ 

ʚʳʰʝ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ, ʥʘʧʨʠʤʝʨ, PbTe 

(‖ὒ=2ɺʪ/(ʤĿʂ)). ɸʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ ʷʚʣʷʝʪʩʷ ʧʦʠʩʢ ʥʦʚʳʭ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʵʣʝʢʪʨʦʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʧʦʣʫʩʧʣʘʚʦʚ ɻʝʡʩʣʝʨʘ, ʥʦ ʩ 

ʙʦʣʝʝ ʥʠʟʢʠʤ ʟʥʘʯʝʥʠʝʤ ‖ὒ. ɺ ʨʘʙʦʪʝ [2] ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ ʜʚʦʡʥʳʝ 
ʧʦʣʫʩʧʣʘʚʳ ɻʝʡʩʣʝʨʘ ʤʦʛʫʪ ʠʤʝʪʴ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʫʶ ʨʝʰʝʪʦʯʥʫʶ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ, ʯʝʤ 

ʪʨʦʡʥʳʝ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʘʪʦʤʦʚ ʚ ʠʭ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʝ.  

 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʤʝʪʦʜʦʤ ʪʝʦʨʠʠ ʬʫʥʢʮʠʦʥʘʣʘ ʧʣʦʪʥʦʩʪʠ [3,4] ʩ ʫʯʝʪʦʤ ʦʙʤʝʥʥʦ-

ʢʦʨʨʝʣʷʮʠʦʥʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʧʨʠ ʧʦʤʦʱʠ ʩʪʨʦʛʦ ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʩʧʝʮʠʘʣʴʥʳʤ ʦʙʨʘʟʦʤ 

ʥʦʨʤʠʨʦʚʘʥʥʦʛʦ ʬʫʥʢʮʠʦʥʘʣʘ SCAN [5] ʠʩʩʣʝʜʦʚʘʥʳ ʨʝʰʝʪʦʯʥʘʷ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ‖ὒ ʠ 
ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʩʧʣʘʚʦʚ Ti2FeNiSb2, Zr2FeNiSb2 ʠ Hf2FeNiSb2. ʅʘ ʨʠʩʫʥʢʝ 1 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʨʘʩʯʝʪʥʳʝ ʟʥʘʯʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ‖ὒ ʠʩʩʣʝʜʫʝʤʳʭ ʩʧʣʘʚʦʚ. 
ɺʠʜʥʦ, ʯʪʦ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 300 ʂ ʚʝʣʠʯʠʥʘ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʩʦʩʪʘʚʣʷʝʪ 4,13, 4,03 ʠ 2,62 

ɺʪ/(ʤĿʂ) ʚ ʩʧʣʘʚʘʭ Ti2FeNiSb2, Zr2FeNiSb2 ʠ Hf2FeNiSb2 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ 

ʟʥʘʯʠʪʝʣʴʥʦ ʥʠʞʝ ʥʘʡʜʝʥʥʳʭ ʚ ʩʧʣʘʚʝ ZrCoBi, ʠ ʥʘʭʦʜʷʪʩʷ ʚ ʭʦʨʦʰʝʤ ʩʦʛʣʘʩʠʠ ʩ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ [6]. ʇʨʠ ʧʦʚʳʰʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʨʝʰʝʪʦʯʥʘʷ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʫʙʳʚʘʝʪ, ʯʪʦ ʤʦʞʝʪ ʫʢʘʟʳʚʘʪʴ ʥʘ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʜʘʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚ 

ʢʘʯʝʩʪʚʝ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʨʠ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. 

 
ʈʠʩʫʥʦʢ 1 ï ʊʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʨʝʰʝʪʦʯʥʦʡ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʩʧʣʘʚʦʚ 

Ti2FeNiSb2, Zr2FeNiSb2 ʠ Hf2FeNiSb2. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʧʨʠʚʝʜʝʥʳ ʠʟ [6]. 

 

ʅʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʦʡ ʨʝʰʝʪʦʯʥʦʡ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʳʣʠ ʪʘʢʞʝ 

ʨʘʩʩʯʠʪʘʥʳ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʩʧʣʘʚʦʚ: ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ (ů), ʢʦʵʬʬʠʮʠʝʥʪ 

ɿʝʝʙʝʢʘ (s), ʬʘʢʪʦʨ ʤʦʱʥʦʩʪʠ (PF) ʠ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʘʷ ʜʦʙʨʦʪʥʦʩʪʴ (ZT). 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʈʅʌ ˉ22-12-20032. 
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ʩʣʦʞʥʦʩʪʴʶ ʠʭ ʥʝʦʙʳʯʥʦʡ ʩʧʠʨʘʣʴʥʦʡ ʤʘʛʥʠʪʥʦʡ ʩʪʨʫʢʪʫʨʳ, ʧʨʦʠʩʭʦʞʜʝʥʠʝ ʠ ʜʝʪʘʣʠ 

ʢʦʪʦʨʦʡ ʚʩʝ ʝʱʝ ʷʚʣʷʶʪʩʷ ʧʨʝʜʤʝʪʦʤ ʜʠʩʢʫʩʩʠʡ. ɺ ʥʘʰʠʭ ʨʘʥʥʠʭ ʨʘʙʦʪʘʭ ʙʳʣʘ ʧʦʜʨʦʙʥʘʦ 

ʠʩʩʣʝʜʦʚʘʥʘ ʤʘʛʥʠʪʥʘʷ ʩʪʨʫʢʪʫʨʘ FeP ʠ ʝʸ ʵʚʦʣʶʮʠʷ ʚʦ ʚʥʝʰʥʠʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ, ʙʳʣ 

ʦʙʥʘʨʫʞʝʥ ʠ ʦʧʠʩʘʥ ʩʧʠʥ-ʨʝʦʨʠʝʥʪʘʮʠʦʥʥʳʡ ʧʝʨʝʭʦʜ ʚ ʜʠʘʧʘʟʦʥʝ ʚʥʝʰʥʠʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ 

4-7 ʊʣ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʦ ʜʘʥʥʳʤ ʨʘʩʩʝʷʥʠʷ ʥʝʡʪʨʦʥʦʚ, ʚ ʟʘʤʝʱʝʥʥʦʤ ʩʦʝʜʠʥʝʥʠʠ FeP0.9As0.1 

ʦʙʨʘʟʦʚʘʥʠʝ ʛʝʣʠʢʦʠʜʳ ʙʦʣʝʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠ ʚʳʛʦʜʥʦ. ʅʘʤʠ ʙʳʣ ʩʠʥʪʝʟʠʨʦʚʘʥ ʯʠʩʪʳʡ 

ʦʙʨʘʟʝʮ FeP0.9As0.1 ʠ ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʤʘʛʥʠʪʥʦʡ ʩʪʨʫʢʪʫʨʳ ʤʝʪʦʜʦʤ ʗʄʈ 

ʩʧʝʢʪʨʦʩʢʦʧʠʠ. ʆʙʥʘʨʫʞʝʥʦ, ʯʪʦ, ʚ ʦʪʣʠʯʠʠ ʦʪ ʙʠʥʘʨʥʦʛʦ FeP, ʩʧʠʥ-ʨʝʦʨʠʝʥʪʘʮʠʦʥʥʳʡ 

ʧʝʨʝʭʦʜ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ ʚʧʣʦʪʴ ʜʦ ʚʥʝʰʥʠʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ 12 ʊʣ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʛʝʣʠʢʦʠʜʘʣʴʥʳʝ ʤʘʛʥʠʪʥʳʝ ʩʪʨʫʢʪʫʨʳ, ʗʄʈ ʩʧʝʢʪʨʦʩʢʦʧʠʷ, 

ʥʠʟʢʦʨʘʟʤʝʨʥʳʡ ʤʘʛʥʝʪʠʟʤ, ʤʘʛʥʠʪʥʳʝ ʬʨʫʩʪʨʘʮʠʠ 

Spin-reorientation transition suppression in the binary helimagnet FeP by substitution 

of arsenic for phosphorus as seen by NMR spectroscopy 

Zhurenko S.V. 

Ph.D. Student Solid State NMR Lab. P.N. Lebedev Physics Institute 

Low Temperature and Superconductivity Department Faculty of Physics M.V. Lomonosov 

Moscow State University 

Tkachev A.V. 

Ph.D. Senior Researcher Solid State NMR Lab. P.N. Lebedev Physics Institute 

Gunbin A.V. 

Junior Researcher Solid State NMR Lab. P.N. Lebedev Physics Institute  

Morozov I.V. 

D.Sc., Professor of the Department of inorganic chemistry, Chemical Faculty M.V. 

Lomonosov Moscow State University 

Silkin I.G.  

Ph.D. Student Department of inorganic chemistry, Chemical faculty M.V. Lomonosov 

Moscow State University 

Koshelev A.V. 

Ph.D. Junior Researcher Institute of Experimental Mineralogy RAS 

Gippius A.A. 

D.Sc., Professor of the Low Temperature and Superconductivity Department Faculty of 

Physics M.V. Lomonosov Moscow State University 

Head of Solid State NMR Lab. P.N. Lebedev Physics Institute. 

 

Annotation. The scientific interest in the family of isostructural compounds with a structure type of 

MnP (B31) CrAs, MnP, FeAs, and FeP is largely associated with the internal complexity of their 

unusual spiral magnetic structure, the origin and details of which are still a subject of debate. In our 

previous work, the magnetic structure of the binary FeP and its evolution in external magnetic fields 

were thoroughly investigated, and a spin reorientation transition was discovered and described in 

the range of external magnetic fields of 4-7 T. In turn, neutron scattering data indicate that the 
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formation of helicoid is more energetically favorable in substituted compound FeP0.9As0.1. A pure 

sample of FeP0.9As0.1 was synthesized by us, and the magnetic structure was studied using NMR 

spectroscopy. It was found that, unlike the FeP, the spin reorientation transition is not observed up 

to external magnetic fields of 12 T. 

Keywords: helical magnetic structures, NMR spectroscopy, low-dimensional magnetism, magnetic 

frustrations 

ʅʘʫʯʥʳʡ ʠʥʪʝʨʝʩ ʢ ʩʝʤʝʡʩʪʚʫ ʠʟʦʩʪʨʫʢʪʫʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʪʠʧʘ MnP 

(B31) CrAs, MnP, FeAs ʠ FeP ʚʦ ʤʥʦʛʦʤ ʩʚʷʟʘʥ ʩ ʚʥʫʪʨʝʥʥʝʡ ʩʣʦʞʥʦʩʪʴʶ ʠʭ ʥʝʦʙʳʯʥʦʡ 

ʩʧʠʨʘʣʴʥʦʡ ʤʘʛʥʠʪʥʦʡ ʩʪʨʫʢʪʫʨʳ, ʧʨʦʠʩʭʦʞʜʝʥʠʝ ʠ ʜʝʪʘʣʠ ʢʦʪʦʨʦʡ ʚʩʝ ʝʱʝ ʷʚʣʷʶʪʩʷ 

ʧʨʝʜʤʝʪʦʤ ʜʠʩʢʫʩʩʠʡ.[1,2] ʉʝʤʝʡʩʪʚʦ FeP ʠ FeAs, ʢʨʠʩʪʘʣʣʠʟʫʶʪʩʷ ʚ ʦʨʪʦʨʦʤʙʠʯʝʩʢʫʶ 

(Pnma) ʩʪʨʫʢʪʫʨʫ, ʛʜʝ ʢʘʞʜʳʡ ʘʪʦʤ ʞʝʣʝʟʘ ʦʢʨʫʞʝʥ ʦʢʪʘʵʜʨʠʯʝʩʢʠ ʰʝʩʪʴʶ ʘʪʦʤʘʤʠ ʬʦʩʬʦʨʘ, 

ʢʦʛʜʘ ʢʘʢ ʞʝʣʝʟʦʩʦʜʝʨʞʘʱʠʝ ʩʚʝʨʭʧʨʦʚʦʜʥʠʢʠ ʥʘ ʦʩʥʦʚʝ FeAs, ʪʘʢʠʝ ʢʘʢ LaFeAsO, NaFeAs 

ʠʤʝʶʪ ʩʣʦʠʩʪʫʶ ʩʪʨʫʢʪʫʨʫ P4/nmm, ʛʜʝ ʘʪʦʤ ʞʝʣʝʟʘ ʦʢʨʫʞʸʥ ʯʝʪʳʨʴʤʷ ʪʝʪʨʘʵʜʨʠʯʝʩʢʠʤʠ 

ʘʪʦʤʘʤʠ ʤʳʰʴʷʢʘ. ʆʜʥʘʢʦ, ʨʘʩʩʪʦʷʥʠʷ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ Fe-Fe ʦʯʝʥʴ ʙʣʠʟʢʠ: 2.919(1) ¡ ʠ 

2.797(1) ¡ ʜʣʷ FeAs, LaFeAsO å2.85 ¡, BaFe2As2 å2.80 ¡, NaFeAs å2.79 ¡, ʯʪʦ ʧʦʜʢʨʝʧʣʷʝʪ 

ʠʥʪʝʨʝʩ ʢ ʜʘʥʥʦʤʫ ʩʝʤʝʡʩʪʚʫ ʩʦʝʜʠʥʝʥʠʡ. ʂʨʦʤʝ ʪʦʛʦ, ʚ 2014 ʛʦʜʫ ʙʳʣʘ ʦʪʢʨʳʪʘ 

ʩʚʝʨʭʧʨʦʚʦʜʠʤʦʩʪʴ ʧʨʠ ʚʳʩʦʢʦʤ ʜʘʚʣʝʥʠʠ ʚ CrAs (Tc Ḑ 2.2 K ʧʨʠ 1 GPa) [3], ʘ ʚ 2015 ʚ MnP 

(Tc Ḑ 1 K ʧʨʠ 8 GPa).[4] ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʦʝʜʠʥʝʥʠʷ FeP ʠ FeAs, ʚ ʦʪʣʠʯʠʠ ʦʪ MnP ʠ CrAs, 

ʠʤʝʶʪ ʦʯʝʥʴ ʤʘʣʳʡ ʤʘʛʥʠʪʥʳʡ ʤʦʤʝʥʪ ʥʘ ʞʝʣʝʟʝ: å 0.37ÕB ʠ å 0.46ÕB ʚ FeP [1] ʠ å 0.5 ɛB ʜʣʷ 

ʦʙʦʠʭ ʛʝʣʠʢʦʠʜ ʚ FeAs [5,6] ʯʪʦ ʜʝʣʘʝʪ ʜʘʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʦʯʝʥʴ ʩʣʦʞʥʳʤ ʦʙʲʝʢʪʦʤ ʜʣʷ 

ʥʝʡʪʨʦʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʢʦʛʜʘ ʢʘʢ ʥʘʣʠʯʠʝ ʷʜʨʘ 31P ʩʦ ʩʧʠʥʦʤ 1/2 ʜʝʣʘʝʪ FeP ʫʜʦʙʥʳʤ 

ʦʙʲʝʢʪʦʤ ʜʣʷ ʗʄʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ. 

ʇʦ ʜʘʥʥʳʤ ʤʸʩʩʙʘʫʵʨʦʚʩʢʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ [2], ʤʘʛʥʠʪʥʘʷ ʩʪʨʫʢʪʫʨʘ FeP ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʦʜʠʥʘʨʥʫʶ ʛʝʣʠʢʦʠʜʫ ʩ ʙʦʣʴʰʠʤ ʪʝʤʧʝʨʘʪʫʨʥʦ-ʥʝʟʘʚʠʩʠʤʳʤ ʧʘʨʘʤʝʪʨʦʤ 

ʘʥʛʘʨʤʦʥʠʟʤʘ m å 0.96, ʪ.ʝ. ʷʚʣʷʝʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʢʦʣʣʠʥʝʘʨʥʦʡ ʤʘʛʥʠʪʥʦʡ ʩʪʨʫʢʪʫʨʦʡ. ɼʣʷ 

ʨʘʟʲʷʩʥʝʥʠʷ ʧʨʦʪʠʚʦʨʝʯʠʷ ʤʝʞʜʫ ʜʘʥʥʳʤʠ ʤʸʩʩʙʘʫʵʨʘ ʠ ʥʝʡʪʨʦʥʦʚ ʥʘʤʠ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ 

ʧʦʜʨʦʙʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ FeP ʤʝʪʦʜʦʤ ʗʄʈ ʥʘ ʷʜʨʘʭ 31P. [8, 9] ɼʘʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʙʳʣʦ 

ʧʝʨʚʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ FeP ʚ ʛʝʣʠʤʘʛʥʠʪʥʦʤ ʩʦʩʪʦʷʥʠʠ, ʚ ʧʘʨʘʤʘʛʥʠʪʥʦʤ ʩʦʩʪʦʷʥʠʠ ʚ 1966 ʛʦʜʫ 

ʙʳʣ ʥʘʡʜʝʥ ʩʜʚʠʛ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʠ ʘʟʦʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʘʭ. [10] ʉʧʝʢʪʨ ʗʄʈ ʚ ʥʫʣʝʚʦʤ 

ʚʥʝʰʥʝʤ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʣʦʢʘʣʴʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ ʥʘ 

ʷʜʨʘʭ 31P ʩʦ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʠʤ ʧʘʨʘʤʝʪʨʦʤ ʘʥʛʘʨʤʦʥʠʟʤʘ, ʯʝʤ ʠʟ ʄʸʩʩʙʫʵʨʦʚʩʢʦʡ 

ʩʧʝʢʪʨʦʩʢʦʧʠʠ [2]. ʆʙʥʘʨʫʞʝʥ ʩʧʠʥ-ʨʝʦʨʠʝʥʪʘʮʠʦʥʥʳʡ ʧʝʨʝʭʦʜ ʚ ʜʠʘʧʘʟʦʥʝ ʚʥʝʰʥʠʭ 

ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ 4ï7 ʊʣ. ʗʄʈ ʩʧʝʢʪʨʳ ʤʦʥʦʢʨʠʩʪʘʣʣʘ ʯʝʪʳʨʸʭʧʠʢʦʚʳʝ, ʯʪʦ ʤʦʞʥʦ ʦʧʠʩʘʪʴ 

ʜʚʫʤʷ ʧʘʨʘʤʠ ʤʘʛʥʠʪʥʦ-ʥʝʵʢʚʠʚʘʣʝʥʪʥʳʭ ʘʪʦʤʦʚ ʬʦʩʬʦʨʘ, ʯʪʦ ʣʫʯʰʝ ʩʦʦʪʥʦʩʠʪʩʷ ʩ ʜʘʥʥʳʤʠ 

ʨʘʩʩʝʷʥʠʷ ʥʝʡʪʨʦʥʦʚ [1]. 

ʇʦ ʜʘʥʥʳʡ ʨʘʩʩʝʷʥʠʷ ʥʝʡʪʨʦʥʦʚ [7] ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʧʨʠ 10% ʟʘʤʝʱʝʥʠʷ ʬʦʩʬʦʨʘ 

ʥʘ ʤʳʰʴʷʢ, ʥʝ ʩʤʦʪʨʷ ʥʘ ʫʚʝʣʠʯʠʚʰʠʡʩʷ ʦʙʲʸʤ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ, ʦʙʤʝʥʥʳʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʨʘʩʪʫʪ ʠ ʦʪʥʦʰʝʥʠʷ ʦʙʤʝʥʦʚ ʤʝʞʜʫ ʩʦʩʝʜʥʠʤʠ ʘʪʦʤʘʤʠ Fe ʠ ʯʝʨʝʟ ʦʜʥʦʛʦ 

ʣʝʞʘʪ ʜʘʣʴʰʝ ʦʪ ʢʚʘʥʪʦʚʦʡ ʢʨʠʪʠʯʝʩʢʦʡ ʪʦʯʢʠ ʦʙʨʘʟʦʚʘʥʠʷ ʛʝʣʠʢʦʠʜʳ, ʯʝʤ ʚ ʥʝʜʦʧʠʨʦʚʘʥʥʦʤ 

FeP ʠ ʙʣʠʞʝ ʢ FeAs ʧʦ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʰʢʘʣʝ.  

ɼʣʷ ʧʨʦʚʝʨʢʠ ʵʪʦʛʦ ʧʨʝʜʧʦʣʦʞʝʥʠʷ, ʥʘʤʠ ʙʳʣ ʩʠʥʪʝʟʠʨʦʚʘʥ ʧʦʨʦʰʦʢ FeP0.9As0.1 ʠ 

ʧʨʦʚʝʜʝʥʘ ʩʝʨʠʷ ʗʄʈ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʢʘʢ ʚ ʥʫʣʝʚʦʤ ʚʥʝʰʥʝʤ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ, ʪʘʢ ʠ ʚʦ 

ʚʥʝʰʥʠʭ ʧʦʣʷʭ ʚʧʣʦʪʴ ʜʦ 12 ʊʣ. ʀʟ ʜʘʥʥʳʭ ʩʧʝʢʪʨʦʚ ʦʧʨʝʜʝʣʝʥʦ ʟʥʘʯʝʥʠʝ ʣʦʢʘʣʴʥʦʛʦ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʥʘ ʷʜʨʘʭ ʬʦʩʬʦʨʘ: Bloc å 0.63 ʊʣ (ʈʠʩ.1), ʘ ʥʝʙʦʣʴʰʦʝ ʠʟʤʝʥʝʥʠʝ ʬʦʨʤʳ ʗʄʈ 

ʩʧʝʢʪʨʦʚ ʦʙʲʷʩʥʷʝʪʩʷ ʚʦʟʨʘʩʪʘʥʠʝʤ ʚʥʝʰʥʝʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ B ʦʪʥʦʩʠʪʝʣʴʥʦ ʣʦʢʘʣʴʥʳʭ 

Bloc.  

ʗʄʈ ʩʧʝʢʪʨʳ ʚ ʥʫʣʝʚʦʤ ʚʥʝʰʥʝʤ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʚʝʣʠʯʠʥʳ 

ʣʦʢʘʣʴʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ ʠ ʘʥʠʟʦʪʨʦʧʠʠ ʥʘ 31P ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʥʝʜʦʧʠʨʦʚʘʥʥʦʤ FeP ʥʝ 

ʠʟʤʝʥʠʣʠʩʴ. ʀʟ ʩʝʨʠʠ ʠʟʤʝʨʝʥʥʳʭ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʚʥʝʰʥʠʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ ʧʨʠ 

ʊ = 5 ʂ ʩʧʝʢʪʨʦʚ ʗʄʈ 31ʈ ʩʣʝʜʫʝʪ, ʯʪʦ ʩʧʠʥ-ʨʝʦʨʠʝʥʪʮʠʦʥʥʳʭ ʧʝʨʝʭʦʜ ʥʝ ʧʨʦʠʩʭʦʜʠʪ ʚʧʣʦʪʴ 
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ʜʦ 12 ʊʣ. ʅʦ ʧʘʨʘʤʝʪʨʳ ʛʝʣʠʢʦʠʜʳ, ʪʘʢʠʝ ʢʘʢ, ʧʘʨʘʤʝʪʨ ʘʥʛʘʨʤʦʥʠʟʤʘ, ʧʦ ʚʩʝʡ ʚʠʜʠʤʦʩʪʠ, 
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ʈʠʩ. 1. ʗʄʈ ʩʧʝʢʪʨ FeP0.9As0.1 ʥʘ ʷʜʨʘʭ 
31P, ʩʥʷʪʳʡ ʥʘ ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʯʘʩʪʦʪʝ 35 ʄɻʮ. ʏʝʨʥʳʝ ʪʦʯʢʠ   

ï ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ, ʢʨʘʩʥʘʷ ʢʨʠʚʘʷ ï ʩʠʤʫʣʷʮʠʷ, ʬʠʦʣʝʪʦʚʘʷ ʧʫʥʢʪʠʨʥʘʷ ʧʨʷʤʘʷ ï 

ʃʘʨʤʦʨʦʚʩʢʦʝ ʧʦʣʝ 31P ʥʘ ʜʘʥʥʦʡ ʯʘʩʪʦʪʝ. 
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ʇʝʨʝʩʪʨʦʡʢʘ ʦʩʥʦʚʥʳʭ ʜʦʤʝʥʦʚ ʚ ʤʦʥʦʢʨʠʩʪʘʣʣʝ Nd2Fe14B  

ʚ ʦʙʣʘʩʪʠ  ʩʧʠʥʦʚʦʡ ʧʝʨʝʦʨʠʝʥʪʘʮʠʠ  

ʂʦʩʦʣʘʧʦʚ ʅ.ɸ. 

ʘʩʧʠʨʘʥʪ, ʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ ʊʚɻʋ  

ʎʚʝʪʢʦʚ ɸ.ʀ. 

ʘʩʩʠʩʪʝʥʪ, ʄʘʪʝʤʘʪʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ ʊʚɻʋ 

ʇʘʩʪʫʰʝʥʢʦʚ ʖ.ɻ. 

ʜ.ʬ.-ʤ.ʥ, ʧʨʦʬʝʩʩʦʨ, ʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ ʊʚɻʋ 

ɸʥʥʦʪʘʮʠʷ. ʄʝʪʦʜʦʤ ʤʘʛʥʠʪʦʦʧʪʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ ʂʝʨʨʘ ʠ ʤʝʪʦʜʦʤ ʵʬʬʝʢʪʘ ʌʘʨʘʜʝʷ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʦʥʢʦʡ ʧʣʝʥʢʠ ʬʝʨʨʠʪʘ-ʛʨʘʥʘʪʘ ʠʟʫʯʝʥʘ ʧʝʨʝʩʪʨʦʡʢʘ ʜʦʤʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ 

ʥʘ ʙʘʟʠʩʥʦʡ ʠ ʧʨʠʟʤʘʪʠʯʝʩʢʠʭ ʧʣʦʩʢʦʩʪʷʭ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ Nd2Fe14B ʚ ʰʠʨʦʢʦʤ ʠʥʪʝʨʚʘʣʝ 

ʪʝʤʧʝʨʘʪʫʨ.  ɺʳʷʚʣʝʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʧʦʚʝʜʝʥʠʷ ʜʦʤʝʥʥʳʭ ʛʨʘʥʠʮ ʦʩʥʦʚʥʳʭ ʜʦʤʝʥʦʚ ʚ 

ʦʙʣʘʩʪʠ ʩʧʠʥ-ʧʝʨʝʦʨʠʝʥʪʘʮʠʦʥʥʦʛʦ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʣʝʛʢʘʷ ʦʩʴ ï ʣʝʛʢʠʡ ʢʦʥʫʩ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʧʠʥ-ʧʝʨʝʦʨʠʝʥʪʘʮʠʦʥʥʳʡ ʧʝʨʝʭʦʜ, ʤʘʛʥʠʪʥʘʷ ʜʦʤʝʥʥʘʷ ʩʪʨʫʢʪʫʨʘ, 

ʜʦʤʝʥʥʳʝ ʛʨʘʥʠʮʳ   

Main domains restructuring ʦf Nd2Fe14B single crystal  

in the spin reorientation region 

Kosolapov N.A. 

postgraduate student, Faculty of Physics and Technology of Tver State University  

Tsvetkov A.I. 

assistant, Faculty of Mathematics of Tver State University 

 Pastushenkov Y.G. 

Dr.Sc., professor, Faculty of Physics and Technology of Tver State University 

 

Summary. By the method of the magneto-optical Kerr effect and the Faraday effect by using a ferrite-

garnet thin film, the restructuring of the domain structure on the basal and prismatic planes of the 

Nd2Fe14B single crystals in wide temperature range were investigated. Peculiarities of behavior of 

domain walls of main domains in the area of spin-reorientation phase transition are revealed.  

Keywords: spin-reorientation transition, magnetic domain structure, domain walls  

ʍʘʨʘʢʪʝʨ ʧʝʨʝʩʪʨʦʡʢʠ ʤʘʛʥʠʪʥʦʡ ʜʦʤʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ (ɼʉ) ʩʦʝʜʠʥʝʥʠʷ Nd2Fe14B ʚ 

ʦʙʣʘʩʪʠ ʩʧʠʥ-ʧʝʨʝʦʨʠʝʥʪʘʮʠʦʥʥʦʛʦ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ (ʉʇʇ) ʠʩʩʣʝʜʦʚʘʥ ʨʘʥʝʝ ʚ ʨʘʙʦʪʘʭ [1-

3]. ʆʜʥʘʢʦ ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʧʦʷʚʠʣʠʩʴ ʠʩʩʣʝʜʦʚʘʥʠʷ [4], ʧʦʩʚʷʱʝʥʥʳʝ ʘʥʘʣʠʟʫ ʧʦʚʝʜʝʥʠʷ 

ɼʉ ʚ ʦʙʣʘʩʪʠ ʉʇʇ ʚ ʪʦʥʢʠʭ ʤʘʛʥʠʪʥʳʭ ʧʣʝʥʢʘʭ ʠ ʤʥʦʛʦʩʣʦʡʥʳʭ ʩʪʨʫʢʪʫʨʘʭ, ʚ ʢʦʪʦʨʳʭ 

ʦʪʩʫʪʩʪʚʫʶʪ ʨʘʟʚʠʪʳʝ ʩʠʩʪʝʤʳ ʟʘʤʳʢʘʶʱʠʭ ʜʦʤʝʥʦʚ, ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʤʘʩʩʠʚʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʙʦʣʝʝ ʜʝʪʘʣʴʥʦ ʨʘʩʩʤʦʪʨʝʪʴ ʧʨʦʮʝʩʩʳ ʧʝʨʝʩʪʨʦʡʢʠ ɼʉ ʚ ʦʙʣʘʩʪʠ 

ʉʇʇ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʥʘ ʧʨʠʤʝʨʝ ʩʦʝʜʠʥʝʥʠʷ Nd2Fe14B ʧʦʩʪʘʚʣʝʥʘ ʟʘʜʘʯʘ 

ʫʪʦʯʥʠʪʴ ʭʘʨʘʢʪʝʨ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʤʘʛʥʠʪʥʦʡ ʜʦʤʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ (ɼʉ) ʚ ʦʙʣʘʩʪʠ ʉʇʇ 

çʣʝʛʢʘʷ ʦʩʴ ï ʣʝʛʢʠʡ ʢʦʥʫʩè, ʩʜʝʣʘʚ ʘʢʮʝʥʪ ʥʘ ʧʦʚʝʜʝʥʠʝ 180-ʛʨʘʜʫʩʥʳʭ ɼɻ ʚ ʰʠʨʦʢʦʤ 

ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ, ʚʢʣʶʯʘʶʱʝʤ ʦʙʣʘʩʪʴ ʉʇʇ.  
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ʊʘʢʦʡ ʉʇʇ ʚ ʩʦʝʜʠʥʝʥʠʠ Nd2Fe14B ʧʨʦʠʩʭʦʜʠʪ ʚʙʣʠʟʠ ʪʝʤʧʝʨʘʪʫʨʳ 135 ʂ. ʂʨʦʤʝ 

ʚʳʧʦʣʥʝʥʥʳʭ ʨʘʥʝʝ ʤʝʪʦʜʦʤ ʤʘʛʥʠʪʦʦʧʪʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ ʂʝʨʨʘ ʥʘʙʣʶʜʝʥʠʡ ɼʉ [1-3], ʜʣʷ 

ʚʠʟʫʘʣʠʟʘʮʠʠ ɼʉ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʥ ʤʝʪʦʜ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʥʘʙʣʶʜʝʥʠʠ ɼʉ ʚ ʪʦʥʢʦʡ 

ʧʨʦʟʨʘʯʥʦʡ ʤʘʛʥʠʪʥʦʡ ʧʣʝʥʢʝ, ʧʦʤʝʱʝʥʥʦʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʨʘʟʮʘ [5]. 

ʆʩʦʙʝʥʥʦʩʪʴʶ ʧʨʠʤʝʥʝʥʥʦʛʦ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʣʝʥʦʯʥʦʛʦ ʠʥʜʠʢʘʪʦʨʘ (ʪʦʥʢʘʷ ʤʘʛʥʠʪʥʘʷ 

ʧʣʝʥʢʘ ʬʝʨʨʠʪʘ-ʛʨʘʥʘʪʘ (Bi,Lu)3(Fe,Ga)5O12 ʪʦʣʱʠʥʦʡ 10 ʤʢʤ) ʷʚʣʷʝʪʩʷ ʚʳʙʦʨ ʩʦʩʪʘʚʘ ʧʣʝʥʢʠ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʥʫʣʝʚʦʡ ʤʘʛʥʠʪʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʘʥʠʟʦʪʨʦʧʠʠ. ʊʘʢʘʷ ʧʣʝʥʢʘ ʠʤʝʝʪ 

ʧʣʘʥʘʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ, ʦʙʫʩʣʦʚʣʝʥʥʦʝ ʪʦʣʴʢʦ ʘʥʠʟʦʪʨʦʧʠʝʡ ʬʦʨʤʳ 

ʧʣʝʥʢʠ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʩʦʙʩʪʚʝʥʥʘʷ ɼʉ ʧʣʝʥʢʠ ʦʪʩʫʪʩʪʚʫʝʪ ʠ ʥʝ ʠʩʢʘʞʘʝʪ ʢʘʨʪʠʥʳ ɼʉ ʚ 

ʠʩʩʣʝʜʫʝʤʦʤ ʦʙʨʘʟʮʝ Nd2Fe14B, ʢʘʢ ʵʪʦ ʙʳʣʦ ʚ ʜʨʫʛʠʭ ʨʘʙʦʪʘʭ. 

 ʇʨʠʤʝʥʝʥʠʝ ʪʦʥʢʦʧʣʝʥʦʯʥʦʛʦ ʠʥʜʠʢʘʪʦʨʘ ɼʉ (ʢʦʥʪʨʘʩʪ ɼʉ ʦʙʫʩʣʦʚʣʝʥ ʵʬʬʝʢʪʦʤ 

ʌʘʨʘʜʝʷ) ʧʦʟʚʦʣʷʝʪ ʚʳʷʚʣʷʪʴ ɼʉ ʢʘʢ ʟʘ ʩʯʝʪ ʢʦʥʪʨʘʩʪʘ ʜʦʤʝʥʦʚ, ʪʘʢ ʠ ʢʦʥʪʨʘʩʪʘ ʠʭ ʜʦʤʝʥʥʳʭ 

ʛʨʘʥʠʮ ʧʨʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʫʩʪʘʥʦʚʢʝ ʧʦʣʦʞʝʥʠʡ ʧʦʣʷʨʠʟʘʪʦʨʘ ʠ ʘʥʘʣʠʟʘʪʦʨʘ, ʯʪʦ ʜʝʣʘʝʪ 

ʚʦʟʤʦʞʥʳʤ ʚʳʜʝʣʠʪʴ ʢʘʨʪʠʥʳ ʦʩʥʦʚʥʳʭ ʜʦʤʝʥʦʚ, ʬʦʨʤʠʨʫʶʱʠʭʩʷ ʚ ʦʙʲʝʤʝ ʦʙʨʘʟʮʘ. 

 ʅʘ ʨʠʩ.1 ʘ-ʛ ʧʦʢʘʟʘʥʳ ʢʘʨʪʠʥʳ ʦʩʥʦʚʥʳʭ ʜʦʤʝʥʦʚ, ʚʳʷʚʣʝʥʥʳʝ ʥʘ ʙʘʟʠʩʥʦʡ (ʨʠʩ. ʘ-ʙ) ʠ 

ʧʨʠʟʤʘʪʠʯʝʩʢʦʡ ʧʣʦʩʢʦʩʪʷʭ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ Nd2Fe14B ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 145 ʂ ʠ 10 ʂ. 
         ʘ)                                         ʙ)                                             ʚ)                                          ʛ) 

ʈʠʩ.1. ɼʦʤʝʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʥʘ ʙʘʟʠʩʥʦʡ (ʘ, ʙ) ʠ ʧʨʠʟʤʘʪʠʯʝʩʢʦʡ (ʚ, ʛ) ʧʣʦʩʢʦʩʪʷʭ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ 

Nd2Fe14B ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 145 (ʘ, ʚ) ʠ 10 ʂ (ʙ, ʛ), ʚʳʷʚʣʝʥʥʘʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʦʥʢʦʡ ʧʣʝʥʢʠ 

ʬʝʨʨʠʪʘ-ʛʨʘʥʘʪʘ. 

 

ʅʘʙʣʶʜʝʥʠʷ ʜʦʤʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʤʝʪʦʜʦʤ ʂʝʨʨʘ ʠ ʤʝʪʦʜʦʤ ʌʘʨʘʜʝʷ ʚʳʧʦʣʥʝʥʳ ʥʘ 

ʦʜʥʠʭ ʠ ʪʝʭ ʞʝ ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʦʙʨʘʟʮʘʭ ʚ ʚʠʜʝ ʜʠʩʢʦʚ ʜʠʘʤʝʪʨʦʤ 3ự5 ʤʤ ʚ ʦʙʣʘʩʪʠ 
ʪʝʤʧʝʨʘʪʫʨ 10 ï 300 ʂ. ʄʝʪʦʜʠʢʘ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʦʙʨʘʟʮʦʚ ʠ ʪʝʭʥʠʢʘ ʥʘʙʣʶʜʝʥʠʡ ʜʦʤʝʥʥʦʡ 

ʩʪʨʫʢʪʫʨʳ ʜʝʪʘʣʴʥʦ ʦʧʠʩʘʥʳ ʚ ʨʘʙʦʪʝ [1].  

ʆʩʥʦʚʥʦʝ ʚʥʠʤʘʥʠʝ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʫʜʝʣʝʥʦ ʧʦʚʝʜʝʥʠʶ ʚ ʦʙʣʘʩʪʠ ʉʇʇ ʜʦʤʝʥʥʳʭ 

ʛʨʘʥʠʮ (ɼɻ), ʨʘʟʜʝʣʷʶʱʠʭ ʦʩʥʦʚʥʳʝ ʜʦʤʝʥʳ ʠ ʬʦʨʤʠʨʫʶʱʠʭʩʷ ʚ ʠʩʩʣʝʜʫʝʤʦʤ ʩʦʝʜʠʥʝʥʠʠ 

ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ (RT), ʘ ʪʘʢʞʝ ʥʦʚʳʭ ʜʦʤʝʥʥʳʭ ʛʨʘʥʠʮ, ʧʦʷʚʣʷʶʱʠʭʩʷ ʚ 

ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʦʙʣʘʩʪʠ ʩ ʄʂɸ ʣʝʛʢʠʡ ʢʦʥʫʩ. ʕʪʠ ʥʦʚʳʝ ɼɻ ʧʘʨʘʣʣʝʣʴʥʳ ʙʘʟʠʩʥʦʡ 

ʧʣʦʩʢʦʩʪʠ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ Nd2Fe14B ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳ ɼɻ, ʨʘʟʜʝʣʷʶʱʠʤ 

ʦʩʥʦʚʥʳʝ ʜʦʤʝʥʳ ʚ ʦʙʣʘʩʪʠ ʄʂɸ çʣʝʛʘʷ ʦʩʴè.  

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʩʦʝʜʠʥʝʥʠʠ Nd2Fe14B, ʠʤʝʶʱʝʤ ʉʇʇ çʣʝʛʢʘʷ ʦʩʴ ï ʣʝʛʢʠʡ ʢʦʥʫʩè ʧʨʠ 

135 ʂ, ɼɻ ʦʩʥʦʚʥʳʭ ʜʦʤʝʥʦʚ, ʦʙʨʘʟʫʶʱʠʝ ʥʘ ʙʘʟʠʩʥʦʡ ʧʣʦʩʢʦʩʪʠ ʧʨʠ RT ʭʘʨʘʢʪʝʨʥʫʶ 

ʣʘʙʠʨʠʥʪʥʫʶ ʩʪʨʫʢʪʫʨʫ, ʧʨʠ ʧʦʥʠʞʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʜʦ 165 ʂ ʩʪʘʥʦʚʷʪʩʷ ʧʣʦʩʢʠʤʠ ʠ 

ʚʳʩʪʨʘʠʚʘʶʪʩʷ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʥʘʧʨʘʚʣʝʥʠʷʤ <100>, ʘ ʧʨʠ ʧʨʠʙʣʠʞʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʢ 

135 ʂ ʠʟʤʝʥʷʶʪ ʩʚʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʠ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʥʘʧʨʘʚʣʝʥʠʷʤ <110>, ʥʝ 

ʤʝʥʷʷ ʩʚʦʝʡ ʦʨʠʝʥʪʘʮʠʠ  ʚʦ ʚʩʝʡ ʦʙʣʘʩʪʠ ʪʝʤʧʝʨʘʪʫʨ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʪʠʧʫ ʄʂɸ çʣʝʛʢʠʡ 

ʢʦʥʫʩè. ʆʜʥʘʢʦ ʛʨʘʜʫʩʥʦʩʪʴ ʯʘʩʪʠ ʛʨʘʥʠʮ ʠʟʤʝʥʷʝʪʩʷ, ʪʘʢ ʢʘʢ ʚʤʝʩʪʦ ʦʜʥʦʡ ʦʩʠ ʣʝʛʢʦʛʦ 

ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ (ʆʃʅ), ʭʘʨʘʢʪʝʨʥʦʡ ʜʣʷ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʄʂɸ çʣʝʛʢʘʷ ʦʩʴè, ʚ 

ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʦʙʣʘʩʪʠ ʧʦʷʚʣʷʝʪʩʷ 4 ʆʃʅ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʥʫʩʘ ʚ 

ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʭ ʧʣʦʩʢʦʩʪʷʭ (110). 

ʅʘ ʜʘʥʥʦʤ ʵʪʘʧʝ ʨʘʙʦʪʳ ʠʟʫʯʘʣʘʩʴ ʚʦʟʤʦʞʥʦʩʪʴ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ 

ʦʮʝʥʢʠ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʧʣʦʪʥʦʩʪʠ ʵʥʝʨʛʠʠ g 180-ʛʨʘʜʫʩʥʳʭ ʜʦʤʝʥʥʳʭ ʛʨʘʥʠʮ  ʢʘʢ ʚ ʦʙʣʘʩʪʠ 
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(ʄʂɸ) ʪʠʧʘ çʣʝʛʢʘʷ ʦʩʴè (ʦʙʣʘʩʪʴ ʪʝʤʧʝʨʘʪʫʨ 135 K < T < 300 K), ʪʘʢ ʠ ʚ ʦʙʣʘʩʪʠ ʄʂɸ çʣʝʛʢʠʡ 

ʢʦʥʫʩè (ʦʙʣʘʩʪʴ ʪʝʤʧʝʨʘʪʫʨ 4,2 K < T < 135 K). ɼʣʷ ʦʮʝʥʢʠ g ɼɻ ʦʩʥʦʚʥʳʭ ʜʦʤʝʥʦʚ, 

ʚʳʷʚʣʝʥʥʳʭ ʤʝʪʦʜʦʤ ʠʥʜʠʢʘʪʦʨʥʦʡ ʧʣʝʥʢʠ, ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʬʦʨʤʫʣʘ ʂʠʪʪʝʣʷ Ὀ

Ͻ

ȟϽ

Ⱦ

(1) [6], ʜʣʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ɼʉ, ʧʦʣʫʯʝʥʥʳʭ ʤʝʪʦʜʦʤ ʂʝʨʨʘ, ʧʨʠʤʝʥʷʣʘʩʴ 

ʬʦʨʤʫʣʘ ɹʦʜʝʥʙʝʨʛʝʨʘ ʍʫʙʝʨʪʘ ὡ ρȟςτϽ“‎Ⱦὓ  (2) [7], ʛʜʝ L ï ʪʦʣʱʠʥʘ ʦʙʨʘʟʮʘ ʚ ʚʠʜʝ 

ʧʣʘʩʪʠʥʳ, ʣʝʛʢʘʷ ʦʩʴ ʢʦʪʦʨʦʡ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʘ ʝʝ ʧʦʚʝʨʭʥʦʩʪʠ, MS - ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ 

ʥʘʩʳʱʝʥʠʷ ʦʙʨʘʟʮʘ, D - ʰʠʨʠʥʘ ʦʩʥʦʚʥʳʭ ʜʦʤʝʥʦʚ, W ï ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʜʦʤʝʥʥʳʤʠ 

ʛʨʘʥʠʮʘʤʠ ʦʩʥʦʚʥʳʭ ʠ ʟʘʤʳʢʘʶʱʠʭ ʜʦʤʝʥʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʘʩʪʠʥʳ. ʇʦʣʫʯʝʥʥʳʝ 

ʨʝʟʫʣʴʪʘʪʳ ʪʘʢʞʝ ʩʦʧʦʩʪʘʚʣʝʥʳ ʩ ʦʮʝʥʢʘʤʠ g ʠʟ ʩʦʦʪʥʦʰʝʥʠʷ g τ Ͻ̱̠  (3) [8], ʛʜʝ ɸ ï 

ʦʙʤʝʥʥʘʷ ʢʦʥʩʪʘʥʪʘ, ʘ ʂ1 ï ʧʝʨʚʘʷ ʢʦʥʩʪʘʥʪʘ ʄʂɸ ʩʦʝʜʠʥʝʥʠʷ, ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ 

ʜʘʥʥʳʤʠ, ʠʤʝʶʱʠʤʠʩʷ ʚ ʣʠʪʝʨʘʪʫʨʝ [8, 9]. 

ɺ ʯʘʩʪʥʦʩʪʠ, ʜʣʷ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ (293 ʂ) ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʦʣʫʯʝʥʳ ʩʣʝʜʫʶʱʠʝ 

ʟʥʘʯʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʧʣʦʪʥʦʩʪʠ ʵʥʝʨʛʠʠ ʜʦʤʝʥʥʳʭ ʛʨʘʥʠʮ: 30 ʤɼʞ/ʤ2 (1), 25 ʤɼʞ/ʤ2 (2), 

26 ʤɼʞ/ʤ2 (3), ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʣʠʪʝʨʘʪʫʨʥʳʤ ʜʘʥʥʳʤ [8, 9]. 
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ʋɼʂ 548.3 

ɺʣʠʷʥʠʝ ʠʥʜʠʷ ʥʘ ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ TbCo2  

ʄʠʭʘʡʣʦʚʘ ɸ.ɹ.  
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ʄʦʨʦʟʦʚ ɼ.ɸ. 

 ʘʩʧʠʨʘʥʪ ʀʥʩʪʠʪʫʪʘ ʤʝʪʘʣʣʫʨʛʠʠ ʠ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ ʠʤ. ɸ. ɸ. ɹʘʡʢʦʚʘ ʈɸʅ 

ɻʘʥʠʥ ʄ.ɸ. 

ʤ.ʥ.ʩ. ʀʥʩʪʠʪʫʪʘ ʤʝʪʘʣʣʫʨʛʠʠ ʠ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ ʠʤ. ɸ.ɸ. ɹʘʡʢʦʚʘ ʈɸʅ 

ɸʥʥʦʪʘʮʠʷ. ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʤʝʪʦʜʘ ʈʠʪʚʝʣʴʜʘ ʠʟʫʯʝʥʘ ʩʪʨʫʢʪʫʨʘ ʠ 

ʬʘʟʦʚʳʡ ʩʦʩʪʘʚ ʤʘʛʥʠʪʥʳʭ ʩʧʣʘʚʦʚ ʥʘ ʦʩʥʦʚʝ TbCo2 ʧʦʩʣʝ ʜʦʧʠʨʦʚʘʥʠʷ ʘʪʦʤʘʤʠ ʠʥʜʠʷ ʚ 

ʨʘʟʣʠʯʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʦ  ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʠʥʜʠʷ, ʧʝʨʠʦʜ 

ʨʝʰʝʪʢʠ ʩʦʝʜʠʥʝʥʠʷ TbCo2 ʠʟʤʝʥʷʝʪʩʷ ʥʝ ʣʠʥʝʡʥʦ, ʝʝ ʢʦʣʠʯʝʩʚʦ ʫʤʝʥʴʰʘʝʪʩʷ ʠ ʬʦʨʤʠʨʫʝʪʩʷ 

ʬʘʟʘ Tb11Co4In9. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʌʘʟʳ ʃʘʚʝʩʘ, ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʷ, ʤʝʪʦʜ ʈʠʪʚʝʣʴʜʘ 
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Annotation. Using the Rietveld X-ray method, the structure and phase composition of magnetic alloys 
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shown that as the indium content increases, the lattice parameter of the TbCo2 compound changes 

significantly, its amount decreases, and the Tb11Co4In9 phase is formed. 
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ʇʨʦʙʣʝʤʘ ʩʦʟʜʘʥʠʷ ʤʘʛʥʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʦʙʣʘʜʘʶʱʠʭ ʚʳʩʦʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ 

ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʠ ʥʘʩʳʱʝʥʠʷ, ʘ ʪʘʢʞʝ ʚʳʩʦʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʦʥʥʦʡ 

ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʚ ʟʘʜʘʥʥʦʤ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ ʠ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ ʦʩʦʙʝʥʥʦ ʘʢʪʫʘʣʴʥʘ ʚ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ [1]. ʆʩʦʙʦʝ ʤʝʩʪʦ ʟʘʥʠʤʘʶʪ ʩʦʝʜʠʥʝʥʠʷ Rʊ2 (ʛʜʝ R ï ʈɿ ʵʣʝʤʝʥʪ, T = Fe, Co)  

ï ʬʘʟʳ ʃʘʚʝʩʘ ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʪʠʧʘ MgCu2, ʦʙʣʘʜʘʶʱʠʝ ʛʨʘʥʝʮʝʥʪʨʠʨʦʚʘʥʥʦʡ ʢʫʙʠʯʝʩʢʦʡ 

ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʦʡ [2] ʠ ʫʥʠʢʘʣʴʥʳʤ ʥʘʙʦʨʦʤ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ, ʦʙʫʩʣʦʚʣʝʥʥʳʭ ʪʘʢʠʤ 

ʩʪʨʦʝʥʠʝʤ. ʇʨʠ ʚʚʝʜʝʥʠʠ ʚ ʠʭ ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʨʝʰʝʪʢʫ ʧʦʩʪʦʨʦʥʥʠʭ ʘʪʦʤʦʚ, ʩ ʨʘʜʠʫʩʘʤʠ 

ʘʪʦʤʘ ʟʘʤʝʪʥʦ ʦʪʣʠʯʥʳʤʠ ʦʪ ʦʩʥʦʚʥʳʭ ʘʪʦʤʦʚ, ʧʨʦʠʩʭʦʜʠʪ ʠʟʤʝʥʝʥʠʝ ʜʣʠʥ ʩʚʷʟʝʡ, ʚʦʟʥʠʢʘʶʪ 

ʨʘʟʣʠʯʥʳʝ ʠʩʢʘʞʝʥʠʷ ʚ ʦʙʦʠʭ ʧʦʜʨʝʰʝʪʢʘʭ, ʦʙʨʘʟʫʶʪʩʷ ʜʝʬʝʢʪʳ [3], ʢʦʪʦʨʳʝ ʤʦʛʫʪ 
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ʨʘʟʣʠʯʥʳʤ ʦʙʨʘʟʦʤ ʚʣʠʷʪʴ ʥʘ ʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʪʘʢʠʭ ʩʦʝʜʠʥʝʥʠʡ. ʇʦʵʪʦʤʫ ʟʘʜʘʯʘ 

ʠʟʫʯʝʥʠʷ ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ, ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʠ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ ʩʦʝʜʠʥʝʥʠʷ 

TbCo2 ʚ ʩʣʫʯʘʝ ʜʦʧʠʨʦʚʘʥʠʷ ʠʥʦʨʦʜʥʳʤʠ ʘʪʦʤʘʤʠ, ʦʙʣʘʜʘʶʱʠʤʠ ʦʪʣʠʯʥʳʤ ʩʪʨʦʝʥʠʝʤ 

ʚʥʝʰʥʝʡ ʵʣʝʢʪʨʦʥʥʦʡ ʦʙʣʦʯʢʠ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʚʘʞʥʳʡ ʧʨʘʢʪʠʯʝʩʢʠʡ ʠʥʪʝʨʝʩ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʤʝʪʦʜʦʤ ʜʫʛʦʚʦʡ ʧʣʘʚʢʠ ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ 

ʦʙʨʘʟʮʳ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ ʩ ʦʙʱʝʡ ʬʦʨʤʫʣʦʡ TbCo(2-ʭ)Inʭ (ʭ = 0, 0.05, 0.1, 0.15, 0.2, 0.25, 0.30, 

0.35, 0.40).  

ʌʘʟʦʚʳʡ ʩʦʩʪʘʚ ʢʦʥʪʨʦʣʠʨʦʚʘʣʩʷ ʤʝʪʦʜʦʤ ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʠʟʘ ʧʦ ʜʘʥʥʳʤ, 

ʧʦʣʫʯʝʥʥʳʤ ʧʨʠ ʩʴʝʤʢʝ ʚ CuKŬ - ʠʟʣʫʯʝʥʠʠ ʥʘ ʜʠʬʨʘʢʪʦʤʝʪʨʝ Tongda (ʨʠʩ.1). ʉ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ ʈʠʪʚʝʣʴʜʘ [4] ʚʳʧʦʣʥʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʬʘʟʦʚʳʭ ʧʨʝʚʨʘʱʝʥʠʡ ʠ 

ʪʨʘʥʩʬʦʨʤʘʮʠʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ ʚ ʧʦʣʫʯʝʥʥʳʭ ʩʧʣʘʚʘʭ. 

 

ʈʠʩ.1. ʈʝʟʫʣʴʪʘʪʳ ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʠʟʘ ʩʧʣʘʚʘ TbCo1.75In0.25 

ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʚʚʝʜʝʥʠʠ ʠʥʜʠʷ, ʧʦʤʠʤʦ ʬʘʟʳ TbCo(2-ʭ)Inʭ  ʠ ʬʘʟʳ TbCo3 

ʬʦʨʤʠʨʫʝʪʩʷ ʬʘʟʘ Tb11Co4In9. ɽʝ ʩʦʜʝʨʞʘʥʠʝ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ ʨʦʩʪʦʤ ʩʦʜʝʨʞʘʥʠʷ ʠʥʜʠʷ, ʧʨʠ 

ʵʪʦʤ ʢʦʣʠʯʝʩʪʚʦ ʦʩʥʦʚʥʦʡ ʬʘʟʳ TbCo(2-ʭ)Inʭ  ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʫʤʝʥʴʰʘʝʪʩʷ (ʪʘʙʣ.1.).  

ʊʘʙʣʠʮʘ 1. ʌʘʟʦʚʳʡ ʩʦʩʪʘʚ ʤʘʛʥʠʪʥʳʭ ʩʧʣʘʚʦʚ Tbʉo(1-x)Inx. 

ʆʙʨʘʟʝʮ ʌʘʟʦʚʳʡ ʩʦʩʪʘʚ, ʤʘʩ%: 

TbCo2 TbCo3 Tb11Co4In9 

TbCo2 90.4 9.6 - 

TbCo1.95In0.05 85.1 9.0 5.9 

TbCo1.9In0.1 76.7, 12.9 10.4 

TbCo1.85In0.15 70.5 9.8 19.7 

TbCo1.8In0.2 62.1 6.3 31.6 

TbCo1.75In0.25 61.4 10.8 27.9 

TbCo1.7In0.3 50.5 14.2 35.3 
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ʇʦʤʠʤʦ ʠʟʤʝʥʝʥʠʷ ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ ʦʙʨʘʟʮʦʚ, ʥʘʙʣʶʜʘʝʪʩʷ ʥʝ ʣʠʥʝʡʥʦʝ ʠʟʤʝʥʝʥʠʝ 

ʧʝʨʠʦʜʘ ʨʝʰʝʪʢʠ ʦʩʥʦʚʥʦʡ ʬʘʟʳ TbCo(2-ʭ)Inʭ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʙʨʘʟʮʦʤ ʙʝʟ ʜʦʙʘʚʢʠ. ɼʣʷ 

ʦʙʨʘʟʮʦʚ TbCo1.95In0.05 ʠ TbCo1.9In0.1 ʧʨʦʠʩʭʦʜʠʪ ʝʛʦ ʟʘʤʝʪʥʦʝ ʫʚʝʣʠʯʝʥʠʝ, ʩʚʷʟʘʥʥʦʝ ʩ 

ʯʘʩʪʠʯʥʳʤ ʟʘʤʝʱʝʥʠʝʤ ʠʥʜʠʝʤ ʘʪʦʤʦʚ ʢʦʙʘʣʴʪʘ, ʘ ʟʘʪʝʤ ʨʘʟʤʝʨʳ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ 

ʥʘʯʠʥʘʶʪ ʫʤʝʥʴʰʘʪʴʩʷ, ʧʦʩʢʦʣʴʢʫ ʧʦʟʠʮʠʠ ʘʪʦʤʦʚ ʪʝʨʙʠʷ ʚ ʩʪʨʫʢʪʫʨʝ TbCo(2-ʭ)Inʭ ʪʘʢʞʝ 

ʯʘʩʪʠʯʥʦ ʟʘʤʝʱʘʶʪʩʷ ʘʪʦʤʘʤʠ ʠʥʜʠʷ, ʦʙʣʘʜʘʶʱʠʤʠ ʤʝʥʴʰʠʤ ʨʘʜʠʫʩʦʤ ʘʪʦʤʘ, ʯʪʦ 

ʩʦʛʣʘʩʫʝʤʩʷ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʦʣʫʯʝʥʥʳʤʠ ʚ ʨʘʙʦʪʝ [5].  

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤʫ ʟʘʜʘʥʠʶ ˉ 075-00320-24-00 

ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ: 
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3. Laves F. Vergleich von volumen und abstands kontraktionen in metallischen verbindungen.  

//Metallwirtschaft, 1936, v. 15, ˉ27, p.631-641 

4. Toby B.H. çR factors in Rietveld analysis: How good is good enough? è// Powder Diffraction 

2006, v. 21, no. 1, pp. 67 ï 70. 
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ʊʨʘʥʩʧʦʨʪʥʳʝ ʠ ʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ Mn0.75Co2.25BO5 

ʄʫʬʪʘʭʫʪʜʠʥʦʚ ɸ.ʈ. 

ɸʩʧʠʨʘʥʪ, ʀʥʩʪʠʪʫʪ ʌʠʟʠʢʠ ʂ(ʇ)ʌʋ 

ʄʘʢʘʨʯʝʥʢʦ ɸ.ʉ. 

ʄʣʘʜʰʠʡ ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ, ʂʌʊʀ ʌʀʎ ʂʘʟʅʎ ʈɸʅ 

ɽʨʝʤʠʥʘ ʈ.ʄ. 

ɺʝʜʫʱʠʡ ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ, ʂʌʊʀ ʌʀʎ ʂʘʟʅʎ ʈɸʅ 

ʌʘʟʣʠʞʘʥʦʚ ʀ.ʀ. 

ʉʪʘʨʰʠʡ ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ, ʂʌʊʀ ʌʀʎ ʂʘʟʅʎ ʈɸʅ 

ʄʦʰʢʠʥʘ ɽ.ʄ. 

ʅʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ, ʌʀʎ ʂʅʎ ʉʆ ʈɸʅ 

 

 

 

TbCo1.65In0.35 55.4 12.3 32.3 

TbCo1.6In0.4 36.7 21.9 41.4 



ʅʄʄʄ-2024 1-140 ʉʝʢʮʠʷ 1. 

 
ɸʥʥʦʪʘʮʠʷ. ʉʣʫʯʘʡʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʤʘʛʥʠʪʥʳʭ ʠʦʥʦʚ, ʩʤʝʰʘʥʥʘʷ ʚʘʣʝʥʪʥʦʩʪʴ, ʩʠʣʴʥʳʝ 

ʵʣʝʢʪʨʦʥʥʳʝ ʢʦʨʨʝʣʷʮʠʠ ʠ ʥʝʦʙʳʯʥʦʝ ʫʧʦʨʷʜʦʯʝʥʠʝ ʟʘʨʷʜʦʚ, ʚʝʜʫʱʠʝ ʢ ʥʝʦʙʳʯʥʳʤ 

ʦʩʦʙʝʥʥʦʩʪʷʤ ʤʘʛʥʠʪʥʦʛʦ ʫʧʦʨʷʜʦʯʝʥʠʷ ʚʳʟʳʚʘʶʪ ʥʘʫʯʥʳʡ ʠʥʪʝʨʝʩ ʢ ʦʙʨʘʟʮʘʤ ʣʶʜʚʠʛʠʪʦʚ. 

ʇʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʩʧʝʢʪʨʦʚ ʕʇʈ, ʪʝʨʤʦʵʜʩ ʠ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ 

ʵʣʝʢʪʨʦʩʦʧʨʦʪʠʚʣʝʥʠʷ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʣʶʜʚʠʛʠʪʳ, ʕʇʈ, ʵʬʬʝʢʪ ɿʝʝʙʝʢʘ, ʵʣʝʢʪʨʦʩʦʧʨʦʪʠʚʣʝʥʠʝ. 
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ɺʚʝʜʝʥʠʝ 

ʆʢʩʠʙʦʨʘʪʳ ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʣʶʜʚʠʛʠʪʘ ʩ ʬʦʨʤʫʣʦʡ M2MeBO5 ʛʜʝ M2 ʠ Me ʵʪʦ ʠʦʥʳ 

ʤʝʪʘʣʣʦʚ ʠʤʝʶʱʠʭ ʚʘʣʝʥʪʥʦʩʪʴ 2+ ʠ 3+ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʠʤʝʶʪ ʥʝʦʙʳʯʥʳʝ ʤʘʛʥʠʪʥʳʝ 

ʩʚʦʡʩʪʚʘ, ʚʢʣʶʯʘʶʱʠʝ ʚ ʩʝʙʷ ʚ ʪʦʤ ʯʠʩʣʝ ʩʣʫʯʘʡʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʤʘʛʥʠʪʥʳʭ ʠʦʥʦʚ, 

ʩʤʝʰʘʥʥʫʶ ʚʘʣʝʥʪʥʦʩʪʴ, ʩʠʣʴʥʳʝ ʵʣʝʢʪʨʦʥʥʳʝ ʢʦʨʨʝʣʷʮʠʠ ʠ ʥʝʦʙʳʯʥʦʝ ʫʧʦʨʷʜʦʯʝʥʠʝ 

ʟʘʨʷʜʦʚ. ʕʪʠ ʩʚʦʡʩʪʚʘ ʚʳʟʚʘʥʳ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʣʶʜʚʠʛʠʪʦʚ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ 

ʠʟʫʯʘʣʠʩʴ ʩʚʦʡʩʪʚʘ ʣʶʜʚʠʛʠʪʘ Mn0.75Co2.25BO5.  

ʈʘʥʝʝ ʫ ʜʘʥʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʠʟʫʯʘʣʘʩʴ ʪʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʚ 

ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʠ ʪʘʢʞʝ ʦʧʠʩʘʥ ʧʨʦʮʝʩʩ ʩʠʥʪʝʟʘ [1] ʚ ʜʨʫʛʦʡ ʩʪʘʪʴʝ ʫ ʜʘʥʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ 

ʧʦʤʠʤʦ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʠʟʫʯʘʣʘʩʴ ʪʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʪʝʧʣʦʝʤʢʦʩʪʠ ʚ ʥʠʟʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ [2]. ɼʘʥʥʳʝ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʧʦʜʪʚʝʨʞʜʘʶʪʩʷ ʚ ʩʪʘʪʴʝ [4] ʠ ʜʦʧʦʣʥʷʶʪʩʷ 

ʜʘʥʥʳʤʠ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʠ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʜʘʥʥʦʛʦ 

ʩʦʝʜʠʥʝʥʠʷ. ʆʜʥʘʢʦ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʝ ʩʚʦʡʩʪʚʘ ʩʦʝʜʠʥʝʥʠʷ Mn0.75Co2.25BO5 ʨʘʥʝʝ ʥʝ 

ʠʩʩʣʝʜʦʚʘʣʠʩʴ. 

ɺ ʩʪʘʪʴʝ [3] ʠʟʫʯʘʶʱʝʡ ʩʦʝʜʠʥʝʥʠʝ Co3BO5 ʥʘ ʛʨʘʬʠʢʘʭ ʟʘʚʠʩʠʤʦʩʪʠ ʪʝʧʣʦʝʤʢʦʩʪʠ ʦʪ 

ʪʝʤʧʝʨʘʪʫʨʳ ʪʘʢ ʞʝ ʥʘʙʣʶʜʘʝʪʩʷ ʦʪʢʣʦʥʝʥʠʝ ʦʪ ʬʦʥʦʥʥʦʛʦ ʚʢʣʘʜʘ ʚ ʦʙʣʘʩʪʠ 300-400 ʂ ʠ ʪʘʤ 

ʞʝ ʧʨʦʠʩʭʦʜʠʪ ʩʢʘʯʦʢ ʵʥʪʨʦʧʠʠ, ʯʪʦ ʩʦʚʧʘʜʘʝʪ ʩ ʪʦʯʢʘʤʠ ʧʝʨʝʭʦʜʘ, ʦʙʥʘʨʫʞʝʥʥʳʤʠ ʚ ʦʙʨʘʟʮʝ 

Mn0.75Co2.25BO5.  

ʈʝʟʫʣʴʪʘʪʳ 
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ɹʳʣʠ ʠʟʤʝʨʝʥʳ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʝ ʩʧʝʢʪʨʳ ʕʇʈ ʚ ʜʠʘʧʘʟʦʥʝ 293-420ʂ (ʨʠʩ. 1ɹ). 

ʀʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʧʨʠ ʥʘʛʨʝʚʝ ʦʙʨʘʟʮʦʚ ʚ ʜʠʘʧʘʟʦʥʝ ʧʦʣʝʡ 0 ï 10000 ʕ. ʇʦʣʫʯʝʥʥʳʝ 

ʜʘʥʥʳʝ ʙʳʣʠ ʦʙʨʘʙʦʪʘʥʳ ʚ ʧʨʦʛʨʘʤʤʥʦʤ ʧʘʢʝʪʝ MeasurementCommander. ɸʧʧʨʦʢʩʠʤʘʮʠʷ 

ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʜʚʫʤʷ ʣʠʥʠʷʤʠ ʨʝʟʦʥʘʥʩʘ, ʠʟ ʢʦʪʦʨʳʭ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʜʘʥʥʳʝ ʦ ʰʠʨʠʥʝ ʣʠʥʠʡ, 

ʠʭ ʧʦʣʦʞʝʥʠʠ ʠ ʩʧʝʢʪʨʘʣʴʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ. ʅʘ ʛʨʘʬʠʢʘʭ ʟʘʚʠʩʠʤʦʩʪʠ ʰʠʨʠʥʳ ʣʠʥʠʠ ʕʇʈ 

ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ (ʨʠʩ. 1ɸ) ʟʘʤʝʪʝʥ ʚʩʧʣʝʩʢ ʚ ʦʙʣʘʩʪʠ 330-350 ʂ. 

ɸ ɹ 

 

ɺ

 

ɻ 

 

 

ʈʠʩʫʥʦʢ 1 ɸ: ʨʝʟʫʣʴʪʘʪ ʦʙʨʘʙʦʪʢʠ ʩʧʝʢʪʨʦʚ ʕʇʈ ʢʨʘʩʥʳʤ ʦʙʦʟʥʘʯʝʥʳ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʧʝʨʚʦʡ ʣʠʥʠʠ, ʯʝʨʥʳʤ ï ʚʪʦʨʦʡ. ʆʩʠ ʦʨʜʠʥʘʪ ʢʘʞʜʦʡ ʠʟ ʣʠʥʠʡ ʥʝ ʩʦʚʧʘʜʘʶʪ ʠ ʦʙʦʟʥʘʯʝʥʳ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʮʚʝʪʘʤʠ. ɹ: ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʝ ʩʧʝʢʪʨʳ ʕʇʈ ʦʙʨʘʟʮʘ Mn3-

xCoxBO5. ɺ: ʊʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ ɿʝʝʙʝʢʘ. ʏʝʨʥʳʤ ʦʙʦʟʥʘʯʝʥʳ 

ʪʦʯʢʠ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʦʙʨʘʟʮʘ, ʢʨʘʩʥʳʤ ï ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ. ɻ: ʊʝʤʧʝʨʘʪʫʨʥʘʷ 

ʟʘʚʠʩʠʤʦʩʪʴ ʵʣʝʢʪʨʦʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚ ʣʦʛʘʨʠʬʤʠʯʝʩʢʦʡ ʰʢʘʣʝ. ʂʨʘʩʥʳʤ ʦʙʦʟʥʘʯʝʥʘ 

ʘʧʧʨʦʢʩʠʤʘʮʠʷ ʦʙʨʘʪʥʦʡ ʵʢʩʧʦʥʝʥʪʦʡ.  
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ʊʘʢʞʝ ʙʳʣʘ ʠʟʤʝʨʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ ɿʝʝʙʝʢʘ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʜʠʘʧʘʟʦʥʝ 

275-380ʂ. ʀʟʤʝʨʝʥʠʷ ʧʨʦʠʟʚʦʜʠʣʠʩʴ ʧʨʠ ʧʦʤʦʱʠ ʟʘʞʠʤʘ ʤʝʞʜʫ ʧʦʜʦʛʨʝʚʘʝʤʳʤʠ 

ʧʣʘʪʠʥʦʚʳʤʠ ʵʣʝʢʪʨʦʜʘʤʠ, ʨʘʟʥʠʮʘ ʪʝʤʧʝʨʘʪʫʨ ʤʝʞʜʫ ʛʦʨʷʯʠʤ ʠ ʭʦʣʦʜʥʳʤ ʩʧʘʝʤ ʚʝʟʜʝ 

ʩʦʩʪʘʚʣʷʝʪ 30 ʂ. ʊʝʤʧʝʨʘʪʫʨʘ ʥʘ ʨʠʩʫʥʢʝ 1ɺ ʷʚʣʷʝʪʩʷ ʪʝʤʧʝʨʘʪʫʨʦʡ ʭʦʣʦʜʥʦʛʦ ʩʧʘʷ. 

ʕʢʩʪʨʝʤʫʤ ʥʘ ʛʨʘʬʠʢʝ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʪʝʨʤʦʵʜʩ (ʨʠʩ. 1ɺ), ʩʦʚʧʘʜʘʶʱʠʡ ʧʦ 

ʪʝʤʧʝʨʘʪʫʨʝ ʩ ʚʩʧʣʝʩʢʘʤʠ ʥʘ ʛʨʘʬʠʢʘʭ, ʦʧʠʩʳʚʘʶʱʠʭ ʨʝʟʦʥʘʥʩʥʳʝ ʣʠʥʠʠ ʛʦʚʦʨʠʪ ʦ ʥʘʣʠʯʠʠ 

ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʚ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ. 

ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʙʳʣ ʠʟʤʝʨʝʥ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʵʣʝʢʪʨʦʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚ 

ʦʙʣʘʩʪʠ ʪʝʤʧʝʨʘʪʫʨ ʦʪ 300 ʜʦ 560ʂ. ʍʘʨʘʢʪʝʨ ʟʘʚʠʩʠʤʦʩʪʠ ʛʦʚʦʨʠʪ ʦ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʦʡ 

ʧʨʠʨʦʜʝ ʦʙʨʘʟʮʘ ʩ ʵʥʝʨʛʠʝʡ ʘʢʪʠʚʘʮʠʠ EA=8651,4 Ñ 272,2 ʂ. ʂʘʢʠʭ-ʣʠʙʦ ʟʘʤʝʪʥʳʭ ʦʪʢʣʦʥʝʥʠʡ 

ʦʪ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚ ʦʙʣʘʩʪʠ 330-350 ʂ ʥʝ ʦʙʥʘʨʫʞʝʥʦ ʯʪʦ 

ʭʦʨʦʰʦ ʚʠʜʥʦ ʥʘ ʛʨʘʬʠʢʝ ʟʘʚʠʩʠʤʦʩʪʠ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ, ʧʦʩʪʨʦʝʥʥʦʤ ʚ 

ʣʦʛʘʨʠʬʤʠʯʝʩʢʦʡ ʰʢʘʣʝ (ʨʠʩ. 1ɻ).   

 

ˤ·͍ͦ͒· 

ʆʙʥʘʨʫʞʝʥ ʬʘʟʦʚʳʡ ʧʝʨʝʭʦʜ ʚ ʦʙʣʘʩʪʠ 330-350 ʂ, ʦʪʨʘʞʘʶʱʠʡʩʷ ʥʘ ʤʘʛʥʠʪʥʳʭ ʠ 

ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʚʦʡʩʪʚʘʭ ʦʙʨʘʟʮʘ. ʆʙʨʘʟʝʮ ʦʙʣʘʜʘʝʪ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʤ ʪʠʧʦʤ 

ʧʨʦʚʦʜʠʤʦʩʪʠ, ʯʪʦ ʚʠʜʥʦ ʠʟ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʩʦʧʨʦʪʠʚʣʝʥʠʷ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʚ 

ʦʙʣʘʩʪʠ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʥʝ ʦʙʥʘʨʫʞʝʥʦ ʦʪʢʣʦʥʝʥʠʡ ʦʪ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ. ɼʣʷ 

ʫʪʦʯʥʝʥʠʷ ʧʨʠʨʦʜʳ ʜʘʥʥʦʛʦ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʟʤʝʨʠʪʴ ʪʝʤʧʝʨʘʪʫʨʥʫʶ 

ʟʘʚʠʩʠʤʦʩʪʴʶ ʪʝʧʣʦʝʤʢʦʩʪʠ ʠ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ. ʉʦʚʧʘʜʝʥʠʝ ʦʙʣʘʩʪʠ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʩ 

ʧʦʭʦʞʠʤ ʦʙʨʘʟʮʦʤ Co3BO5 ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʧʦʣʦʞʠʪʴ ʦ ʚʟʘʠʤʦʩʚʷʟʠ ʜʘʥʥʦʛʦ ʧʝʨʝʭʦʜʘ ʩ 

ʥʘʣʠʯʠʝʤ Co ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʝ.  

ˣ͎͙͊ͦ͒͊ͪͤͦͫͭ͡ 

ɼʘʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʙʳʣʦ ʧʦʜʜʝʨʞʘʥʦ ʈʦʩʩʠʡʩʢʠʤ ʥʘʫʯʥʳʤ ʬʦʥʜʦʤ (ʧʨʦʝʢʪ ˉ 23-

72-00047). 
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ʄʘʛʥʠʪʥʘʷ ɸʉ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʴ ʠ ʨʝʣʘʢʩʘʮʠʦʥʥʳʝ ʧʨʦʮʝʩʩʳ ʚ 

ʜʦʧʠʨʦʚʘʥʥʳʭ Y ʠ Bi ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʪʠʪʘʥʘʪʘʭ ʛʦʣʴʤʠʷ 

ʅʝʤʳʪʦʚʘ ʆ.ɺ.  

ʢ.ʪ.ʥ., ʩʪʘʨʰʠʡ ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ ʣʘʙʦʨʘʪʦʨʠʠ ʢʚʘʥʪʦʚʦʡ ʥʘʥʦʩʧʠʥʪʨʦʥʠʢʠ, ʀʥʩʪʠʪʫʪ 

ʬʠʟʠʢʠ ʤʝʪʘʣʣʦʚ ʠʤ. ʄ.ʅ. ʄʠʭʝʝʚʘ ʋʨʆ ʈɸʅ 

ʈʠʥʢʝʚʠʯ ɸ.ɹ. 

ʜ.ʬ.-ʤ.ʥ., ʯʣʝʥ-ʢʦʨʨʝʩʧʦʥʜʝʥʪ ʈɸʅ, ʛʣʘʚʥʳʡ ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ, ʨʫʢʦʚʦʜʠʪʝʣʴ ʩʝʢʪʦʨʘ 

ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʀʥʩʪʠʪʫʪ ʬʠʟʠʢʠ ʤʝʪʘʣʣʦʚ ʠʤ. ʄ.ʅ. ʄʠʭʝʝʚʘ ʋʨʆ ʈɸʅ 

ʇʝʨʦʚ ɼ.ɺ.  

ʢ.ʪ.ʥ., ʩʪʘʨʰʠʡ ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ ʣʘʙʦʨʘʪʦʨʠʠ ʢʚʘʥʪʦʚʦʡ ʥʘʥʦʩʧʠʥʪʨʦʥʠʢʠ, ʀʥʩʪʠʪʫʪ 

ʬʠʟʠʢʠ ʤʝʪʘʣʣʦʚ ʠʤ. ʄ.ʅ. ʄʠʭʝʝʚʘ ʋʨʆ ʈɸʅ 

ʇʠʡʨ ʀ.ɺ. 

ʜ.ʭ.ʥ., ʛʣʘʚʥʳʡ ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ ʣʘʙʦʨʘʪʦʨʠʠ ʢʝʨʘʤʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ, ʀʥʩʪʠʪʫʪ 

ʭʠʤʠʠ ʌʀʎ ʂʦʤʠ ʅʎ ʋʨʆ ʈɸʅ 

ʂʦʨʦʣʝʚʘ ʄ.ʉ. 

ʢ.ʭ.ʥ., ʩʪʘʨʰʠʡ ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ ʣʘʙʦʨʘʪʦʨʠʠ ʢʝʨʘʤʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ, ʀʥʩʪʠʪʫʪ 

ʭʠʤʠʠ ʌʀʎ ʂʦʤʠ ʅʎ ʋʨʆ ʈɸʅ 

ɸʥʥʦʪʘʮʠʷ. ʈʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʠʩʩʣʝʜʦʚʘʥʠʶ ʤʘʛʥʠʪʥʦʡ DC ʠ ɸʉ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ, ʘ 

ʪʘʢʞʝ ʘʥʘʣʠʟʫ ʩʧʠʥʦʚʦʡ ʜʠʥʘʤʠʢʠ (ʨʝʣʘʢʩʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ) ʜʦʧʠʨʦʚʘʥʥʳʭ ʠʪʪʨʠʝʤ ʠ 

ʚʠʩʤʫʪʦʤ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʪʠʪʘʥʘʪʦʚ ʛʦʣʴʤʠʷ. ʇʨʦʚʝʜʝʥʘ ʦʮʝʥʢʘ ʚʣʠʷʥʠʷ ʩʪʝʧʝʥʠ 

ʜʦʧʠʨʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʪʠʧʘ ʜʦʧʠʨʫʶʱʝʛʦ ʵʣʝʤʝʥʪʘ ʥʘ ʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʪʠʪʘʥʘʪʘ 

ʛʦʣʴʤʠʷ. ʀʟʤʝʨʝʥʳ ʢʨʠʚʳʝ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ ʠ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ. 

ɺʳʧʦʣʥʝʥʘ ʦʮʝʥʢʘ ʪʝʤʧʝʨʘʪʫʨʳ ʂʶʨʠ-ɺʝʡʩʩʘ ʜʣʷ ʜʦʧʠʨʦʚʘʥʥʳʭ ʠ ʥʝʜʦʧʠʨʦʚʘʥʥʳʭ 

ʪʠʪʘʥʘʪʦʚ ʛʦʣʴʤʠʷ. ʀʟʤʝʨʝʥʠʝ ʯʘʩʪʦʪʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ɸʉ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʧʦʟʚʦʣʠʣʦ 

ʧʨʦʚʝʩʪʠ ʘʥʘʣʠʟ ʩʧʠʥʦʚʦʡ ʜʠʥʘʤʠʢʠ ʠ ʦʮʝʥʠʪʴ ʭʘʨʘʢʪʝʨʥʳʝ ʚʨʝʤʝʥʘ ʤʘʛʥʠʪʥʦʡ ʨʝʣʘʢʩʘʮʠʠ 

ʚ ʠʩʩʣʝʜʫʝʤʳʭ ʩʠʩʪʝʤʘʭ.  
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