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ɺɺɽɼɽʅʀɽ 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʩʪʝʧʝʥʴ ʝʝ ʨʘʟʨʘʙʦʪʘʥʥʦʩʪʠ. ʄʘʪʝʨʠʘʣʳ 

ʜʣʷ ʧʦʩʪʦʷʥʥʳʭ ʤʘʛʥʠʪʦʚ (ʇʄ) ʩ ʚʳʩʦʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʦʩʪʘʪʦʯʥʦʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ Mr 

ʠ ʢʦʵʨʮʠʪʠʚʥʦʡ ʩʠʣʳ Hc, ʦʙʣʘʜʘʶʱʠʝ ʧʦʚʳʰʝʥʥʳʤʠ ʪʝʤʧʝʨʘʪʫʨʥʳʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ 

ʦʩʪʘʪʦʯʥʦʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ (a = dMr/dT) ʠ ʢʦʵʨʮʠʪʠʚʥʦʡ ʩʠʣʳ (b = dHc/dT), ʪʨʝʙʫʶʪʩʷ 

ʜʣʷ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʳʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʠ ʜʨʫʛʠʭ ʧʨʠʤʝʥʝʥʠʡ (ʵʣʝʢʪʨʦʤʦʙʠʣʠ, 

ʛʠʙʨʠʜʥʳʝ ʤʘʛʥʠʪʥʳʝ ʧʦʜʰʠʧʥʠʢʠ ʜʣʷ ʪʫʨʙʠʥʥʳʭ ʜʚʠʛʘʪʝʣʝʡ, ʛʠʨʦʩʢʦʧ r ʠ 

ʘʢʩʝʣʝʨʦʤʝʪʨʳ, ʜʚʠʛʘʪʝʣʠ-ʤʘʭʦʚʠʢʠ ʠ ʩʠʣʦʚʳʝ ʛʠʨʦʩʢʦʧʳ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʦʨʠʝʥʪʘʮʠʝʡ 

ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ) [1-10].  ɼʠʩʧʝʨʩʠʦʥʥʦ-ʪʚʝʨʜʝʶʱʠʝ ʤʘʛʥʠʪʥʳʝ ʤʘʪʝʨʠʘʣʳ ʥʘ 

ʦʩʥʦʚʝ ʩʧʣʘʚʦʚ Sm-Zr-Co-Cu-Fe ʷʚʣʷʶʪʩʷ ʚʘʞʥʦʡ ʛʨʫʧʧʦʡ ʤʘʪʝʨʠʘʣʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʧʦʩʢʦʣʴʢʫ ʚ ʦʪʣʠʯʠʝ ʦʪ ʧʦʩʪʦʷʥʥʳʭ ʤʘʛʥʠʪʦʚ ʥʘ ʦʩʥʦʚʝ ʩʠʩʪʝʤʳ Nd-

Fe-B ʦʥʠ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ ʂʶʨʠ (TC> 800 ʦʉ) ʠ ʤʘʛʥʠʪʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ 

ʘʥʠʟʦʪʨʦʧʠʝʡ [5-11]. ʋʥʠʢʘʣʴʥʳʝ ʤʘʛʥʠʪʦʪʚʝʨʜʳʝ ʩʚʦʡʩʪʚʘ ʜʝʣʘʶʪ ʤʘʛʥʠʪʳ ʪʠʧʘ 

Sm2Co17 ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʝʜʠʥʩʪʚʝʥʥʳʤ ʚʳʙʦʨʦʤ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʧʨʠ ʚʳʩʦʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʚ ʜʠʘʧʘʟʦʥʝ 300-500ÁC [1-3, 10]. ʇʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ 

ʩʧʣʘʚʦʚ Sm-Co, ʣʝʛʠʨʦʚʘʥʥʳʭ Cu, Fe ʠ Zr, ʤʦʞʝʪ ʙʳʪʴ ʦʙʝʩʧʝʯʝʥʦ ʯʘʩʪʠʯʥʳʤ ʠ ʧʦʣʥʳʤ 

ʟʘʤʝʱʝʥʠʝʤ ʩʘʤʘʨʠʷ ʪʷʞʝʣʳʤʠ ʨʝʜʢʦʟʝʤʝʣʴʥʳʤʠ ʤʝʪʘʣʣʘʤʠ (ʈɿʄ, R), ʪʘʢʠʤʠ ʢʘʢ 

ʛʘʜʦʣʠʥʠʡ (Gd) [12]. ʄʥʦʛʦʩʪʫʧʝʥʯʘʪʳʡ ʧʨʦʮʝʩʩ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ, ʠʩʧʦʣʴʟʫʝʤʳʡ ʧʨʠ 

ʧʨʦʠʟʚʦʜʩʪʚʝ ʫʢʘʟʘʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʥʝʦʙʭʦʜʠʤ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ çʷʯʝʠʩʪʦʡè 

ʥʘʥʦʩʪʨʫʢʪʫʨʳ, ʢʦʪʦʨʘʷ ʦʪʚʝʯʘʝʪ ʟʘ ʚʳʩʦʢʫʶ ʢʦʵʨʮʠʪʠʚʥʫʶ ʩʠʣʫ ʠ ʤʝʭʘʥʠʟʤ 

ʢʦʵʨʮʠʪʠʚʥʦʩʪʠ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʩʚʷʟʘʥʥʳʡ ʩ ʧʨʦʮʝʩʩʦʤ ʟʘʜʝʨʞʢʠ ʩʤʝʱʝʥʠʷ 

ʜʦʤʝʥʥʳʭ ʛʨʘʥʠʮ (ɼɻ) ʥʘ ʩʪʨʫʢʪʫʨʥʳʭ ʥʝʦʜʥʦʨʦʜʥʦʩʪʷʭ [5-13]. ʅʝʩʤʦʪʨʷ ʥʘ 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʙʦʪ [2-14], ʧʦʩʚʷʱʝʥʥʳʭ ʠʟʫʯʝʥʠʶ ʚʣʠʷʥʠʷ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ 

ʠ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʥʘ ʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʧʦʩʪʦʷʥʥʳʭ ʤʘʛʥʠʪʦʚ R-Zr-Co-Cu-Fe, 

ʩʠʩʪʝʤʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʦʟʚʦʣʷʶʱʠʝ ʧʦʩʪʨʦʠʪʴ ʜʝʪʘʣʴʥʫʶ ʢʘʨʪʠʥʫ ʧʨʦʮʝʩʩʦʚ 

ʧʝʨʝʤʘʛʥʠʯʠʚʘʥʠʷ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʚʥʝʰʥʝʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʠ ʪʝʤʧʝʨʘʪʫʨʳ, 

ʚʢʣʶʯʘʶʱʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʜʦʤʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ, ʦʩʪʘʶʪʩʷ 

ʥʝʤʥʦʛʦʯʠʩʣʝʥʥʳʤʠ. 

ʇʦʤʠʤʦ ʧʦʣʝʚʳʭ ʠ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʬʫʥʜʘʤʝʥʪʘʣʴʥʫʶ ʟʥʘʯʠʤʦʩʪʴ 

ʜʣʷ ʨʘʩʢʨʳʪʠʷ ʤʝʭʘʥʠʟʤʦʚ ʧʨʦʮʝʩʩʦʚ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ ʚ ʤʘʛʥʠʪʦʪʚʝʨʜʳʭ 

ʤʘʛʥʠʪʦʫʧʦʨʷʜʦʯʝʥʥʳʭ ʤʘʪʝʨʠʘʣʘʭ ʠʤʝʶʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʨʝʤʝʥʥʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ 
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ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ, ʩʚʷʟʘʥʥʳʝ ʩ ʵʬʬʝʢʪʦʤ ʤʘʛʥʠʪʥʦʡ ʚʷʟʢʦʩʪʠ (ʄɺ) (ʤʘʛʥʠʪʥʦʛʦ 

ʧʦʩʣʝʜʝʡʩʪʚʠʷ). ʄʘʛʥʠʪʥʦʝ ʧʦʩʣʝʜʝʡʩʪʚʠʝ ʠʛʨʘʝʪ ʟʥʘʯʠʪʝʣʴʥʫʶ ʨʦʣʴ ʚ ʧʨʦʮʝʩʩʘʭ 

ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ ʠ ʧʝʨʝʤʘʛʥʠʯʠʚʘʥʠʷ ʫʢʘʟʘʥʥʳʭ ʩʧʣʘʚʦʚ, ʠ ʠʟʫʯʝʥʠʝ ʵʪʦʛʦ ʷʚʣʝʥʠʷ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ ʜʣʷ ʚʳʷʩʥʝʥʠʷ ʪʦʥʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʠʭ ʛʠʩʪʝʨʝʟʠʩʥʳʭ ʧʨʦʮʝʩʩʦʚ ʠ 

ʚʦʟʤʦʞʥʦʩʪʝʡ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. ʇʦʜ ʤʘʛʥʠʪʥʦʡ ʚʷʟʢʦʩʪʴʶ ʧʦʥʠʤʘʶʪʩʷ 

ʷʚʣʝʥʠʷ, ʩʚʷʟʘʥʥʳʝ ʩ ʚʣʠʷʥʠʝʤ ʚʨʝʤʝʥʠ ʥʘ ʚʝʣʠʯʠʥʫ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʚ ʤʘʛʥʠʪʥʳʭ 

ʪʝʣʘʭ, ʟʘ ʩʣʝʜʫʶʱʠʤʠ ʠʩʢʣʶʯʝʥʠʷʤʠ: ʚʣʠʷʥʠʝ ʠʥʜʫʢʪʠʚʥʦʩʪʠ ʦʙʨʘʟʮʘ, ʚʠʭʨʝʚʳʝ ʪʦʢʠ, 

ʥʝʦʙʨʘʪʠʤʳʝ ʨʝʣʘʢʩʘʮʠʦʥʥʳʝ ʧʨʦʮʝʩʩʳ ʭʠʤʠʯʝʩʢʦʡ ʠʣʠ ʪʦʧʦʣʦʛʠʯʝʩʢʦʡ 

ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʠ ʷʚʣʝʥʠʷ ʨʝʣʘʢʩʘʮʠʠ ʩ ʭʘʨʘʢʪʝʨʥʳʤʠ ʚʨʝʤʝʥʥʳʤʠ ʤʘʩʰʪʘʙʘʤʠ ʤʝʥʝʝ 

10-5 c [15, 16]. ʂʘʩʘʪʝʣʴʥʦ ʧʦʩʪʦʷʥʥʳʭ ʤʘʛʥʠʪʦʚ, ʦʜʥʠʤ ʠʟ ʧʨʦʷʚʣʝʥʠʡ ʄɺ ʷʚʣʷʝʪʩʷ ʪʦ, 

ʯʪʦ ʧʨʠ ʥʘʤʘʛʥʠʯʠʚʘʥʠʠ ʠʣʠ ʧʝʨʝʤʘʛʥʠʯʠʚʘʥʠʠ ʦʙʨʘʟʮʦʚ, ʢʦʪʦʨʳʝ ʥʘʭʦʜʷʪʩʷ ʚ 

ʩʦʩʪʦʷʥʠʠ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʡ ʤʝʪʘʩʪʘʙʠʣʴʥʦʩʪʠ, ʨʘʚʥʦʚʝʩʥʦʝ ʟʥʘʯʝʥʠʝ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʧʨʠ ʥʝʠʟʤʝʥʥʦʤ ʚʥʝʰʥʝʤ ʧʦʣʝ ʜʦʩʪʠʛʘʝʪʩʷ ʥʝ ʩʨʘʟʫ, ʘ ʚ ʪʝʯʝʥʠʝ 

ʥʝʢʦʪʦʨʦʛʦ ʧʨʦʤʝʞʫʪʢʘ ʚʨʝʤʝʥʠ. ʌʝʥʦʤʝʥ ʚʨʝʤʝʥʥʦʡ ʟʘʜʝʨʞʢʠ ʫʩʪʘʥʦʚʣʝʥʠʷ 

ʨʘʚʥʦʚʝʩʥʦʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʧʦʩʣʝ ʠʟʤʝʥʝʥʠʷ ʚʥʝʰʥʝʛʦ ʧʦʣʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʧʨʷʤʦʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʩʚʠʜʝʪʝʣʴʩʪʚʦ ʩʣʦʞʥʦʡ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʤʘʪʝʨʠʘʣʘ, 

ʘ ʠʤʝʥʥʦ ï ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʤʥʦʞʝʩʪʚʘ ʤʝʪʘʩʪʘʙʠʣʴʥʳʭ ʩʦʩʪʦʷʥʠʡ, ʨʘʟʜʝʣʝʥʥʳʭ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʤʠ ʙʘʨʴʝʨʘʤʠ [15-18]. ɸʥʘʣʠʟ ʚʨʝʤʝʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ 

ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʠʟʫʯʠʪʴ ʜʠʥʘʤʠʢʫ ʧʨʦʮʝʩʩʦʚ ʧʝʨʝʤʘʛʥʠʯʠʚʘʥʠʷ, ʫʩʪʘʥʦʚʠʪʴ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʙʘʨʴʝʨʦʚ ʠ ʦʧʨʝʜʝʣʠʪʴ ʭʘʨʘʢʪʝʨʥʳʝ ʚʨʝʤʝʥʘ ʨʝʣʘʢʩʘʮʠʠ 

ʩʠʩʪʝʤʳ, ʯʪʦ ʩʦʩʪʘʚʣʷʝʪ ʦʜʥʫ ʠʟ ʢʣʶʯʝʚʳʭ ʟʘʜʘʯ ʬʠʟʠʢʠ ʤʘʛʥʠʪʥʳʭ ʷʚʣʝʥʠʡ. ʇʦʩʪʨʦʝʥʠʝ 

ʘʜʝʢʚʘʪʥʦʡ ʤʦʜʝʣʠ ʧʦʚʝʜʝʥʠʷ ʤʘʛʥʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚ ʧʝʨʝʤʝʥʥʳʭ ʧʦʣʷʭ ʷʚʣʷʝʪʩʷ 

ʥʝʚʦʟʤʦʞʥʳʤ ʙʝʟ ʜʝʪʘʣʴʥʦʛʦ ʧʦʥʠʤʘʥʠʷ ʫʢʘʟʘʥʥʳʭ ʨʝʣʘʢʩʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ.  

ʋʯʠʪʳʚʘʷ ʚʳʰʝʠʟʣʦʞʝʥʥʦʝ, ʮʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʩʪʘʣʦ ʢʦʤʧʣʝʢʩʥʦʝ 

ʠʟʫʯʝʥʠʝ ʧʨʦʮʝʩʩʦʚ ʧʝʨʝʤʘʛʥʠʯʠʚʘʥʠʷ, ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʚʝʜʝʥʠʷ ʠ 

ʨʝʣʘʢʩʘʮʠʦʥʥʳʭ ʷʚʣʝʥʠʡ ʰʠʨʦʢʦʡ ʛʨʫʧʧʳ ʩʧʣʘʚʦʚ (R,Zr)(Co,Cu,Fe)z c R = Sm ʠ Gd, ʥʘ 

ʦʩʥʦʚʝ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʜʘʥʥʳʭ ʤʘʛʥʠʪʥʳʭ ʠʟʤʝʨʝʥʠʡ, ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʠʢʨʦ- ʠ 

ʥʘʥʦʩʪʨʫʢʪʫʨʳ ʠ ʤʘʛʥʠʪʥʦʡ ʜʦʤʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ.  

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʙʳʣʠ ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

1. ʈʘʟʨʘʙʦʪʘʪʴ ʠ ʩʦʟʜʘʪʴ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʫʶ ʫʩʪʘʥʦʚʢʫ ʥʘ ʦʩʥʦʚʝ 

ʚʠʙʨʘʮʠʦʥʥʦʛʦ ʤʘʛʥʠʪʦʤʝʪʨʘ, ʦʩʥʘʱʝʥʥʫʶ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʧʨʠʩʪʘʚʢʦʡ, ʠ ʨʘʟʨʘʙʦʪʘʪʴ 
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ʢʦʤʧʣʝʢʪ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʮʝʩʩʦʤ ʠʟʤʝʨʝʥʠʡ, ʩʙʦʨʘ ʠ 

ʧʝʨʚʠʯʥʦʡ ʦʙʨʘʙʦʪʢʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ. 

2. ʄʝʪʦʜʦʤ ʠʥʜʫʢʮʠʦʥʥʦʡ ʧʣʘʚʢʠ ʩʠʥʪʝʟʠʨʦʚʘʪʴ ʩʝʨʠʶ ʠʥʪʝʨʤʝʪʘʣʣʠʯʝʩʢʠʭ 

ʩʧʣʘʚʦʚ ʥʘ ʦʩʥʦʚʝ ʩʠʩʪʝʤʳ R0,85Zr0,15(Co0,70Cu0,09Fe0,21)z, ʛʜʝ R = Sm ʠ Gd. ɼʣʷ ʚʩʝʭ 

ʧʦʣʫʯʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʧʨʦʚʝʩʪʠ ʦʧʪʠʤʘʣʴʥʫʶ ʪʝʨʤʠʯʝʩʢʫʶ ʦʙʨʘʙʦʪʢʫ, ʥʘʧʨʘʚʣʝʥʥʫʶ ʥʘ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʚʳʩʦʢʦʢʦʵʨʮʠʪʠʚʥʦʛʦ ʩʦʩʪʦʷʥʠʷ. 

3. ʄʝʪʦʜʘʤʠ ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʠʟʘ, ʦʧʪʠʯʝʩʢʦʡ, ʨʘʩʪʨʦʚʦʡ ʵʣʝʢʪʨʦʥʥʦʡ ʠ 

ʘʪʦʤʥʦ-ʩʠʣʦʚʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʧʨʦʚʝʩʪʠ ʘʪʪʝʩʪʘʮʠʶ ʭʠʤʠʯʝʩʢʦʛʦ ʠ ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ, 

ʤʠʢʨʦ- ʠ ʥʘʥʦʩʪʨʫʢʪʫʨʳ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʦʙʨʘʟʮʦʚ. 

4. ɺʳʧʦʣʥʠʪʴ ʢʦʤʧʣʝʢʩʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʧʝʨʝʤʘʛʥʠʯʠʚʘʥʠʷ, 

ʤʘʛʥʠʪʥʳʭ ʨʝʣʘʢʩʘʮʠʦʥʥʳʭ ʷʚʣʝʥʠʡ ʠ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ ʛʠʩʪʝʨʝʟʠʩʥʳʭ 

ʩʚʦʡʩʪʚ ʦʙʨʘʟʮʦʚ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʚʠʙʨʘʮʠʦʥʥʦʛʦ ʤʘʛʥʠʪʦʤʝʪʨʘ ʠ 

ʦʧʪʠʯʝʩʢʦʡ ʤʠʢʨʦʩʢʦʧʠʠ.  

5. ʇʨʦʚʝʩʪʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʫʩʣʦʚʠʡ ʧʦʣʥʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʛʠʩʪʝʨʝʟʠʩʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʙʨʘʟʮʦʚ Gd0,85Zr0,15(Co0,70Cu0,09Fe0,21)z ʧʦʩʣʝ ʥʘʛʨʝʚʘ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ 

800ÁC: ʦʧʨʝʜʝʣʠʪʴ ʤʠʥʠʤʘʣʴʥʫʶ ʢʨʠʪʠʯʝʩʢʫʶ ʤʘʩʩʫ ʦʙʨʘʟʮʘ ʠ ʨʝʞʠʤ ʪʝʤʧʝʨʘʪʫʨʥʦʡ 

ʦʙʨʘʙʦʪʢʠ.  

ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʠ ʧʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʜʠʩʩʝʨʪʘʮʠʠ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʨʘʩʰʠʨʝʥʠʠ ʟʥʘʥʠʡ ʦ ʧʨʦʮʝʩʩʘʭ ʧʝʨʝʤʘʛʥʠʯʠʚʘʥʠʷ, ʪʝʤʧʝʨʘʪʫʨʥʦʡ 

ʩʪʘʙʠʣʴʥʦʩʪʠ ʨʝʘʣʴʥʳʭ ʣʠʪʳʭ ʧʦʩʪʦʷʥʥʳʭ ʤʘʛʥʠʪʦʚ ʩʦ ʩʤʝʰʘʥʥʳʤ ʤʝʭʘʥʠʟʤʦʤ 

ʤʘʛʥʠʪʥʦʛʦ ʛʠʩʪʝʨʝʟʠʩʘ. ʈʘʩʢʨʳʪʠʝ ʧʨʠʨʦʜʳ ʤʘʛʥʠʪʥʦʡ ʚʷʟʢʦʩʪʠ ʚ ʪʦʤ ʯʠʩʣʝ ʧʨʠ 

ʧʦʚʳʰʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚ ʚʳʩʦʢʦʢʦʵʨʮʠʪʠʚʥʳʭ ʩʠʩʪʝʤʘʭ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ ʜʣʷ 

ʚʳʷʩʥʝʥʠʷ ʪʦʥʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʛʠʩʪʝʨʝʟʠʩʥʳʭ ʧʨʦʮʝʩʩʦʚ ʠ ʚʦʟʤʦʞʥʦʩʪʝʡ 

ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʘʪʝʨʠʘʣʦʚ (R,Zr)(Co,Cu,Fe)z ʚ ʢʘʯʝʩʪʚʝ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʣʠʪʳʭ ʇʄ. 

ɺʩʝ ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʙʳʣʠ ʜʦʩʪʠʛʥʫʪʳ ʚ ʧʨʦʮʝʩʩʝ ʚʳʧʦʣʥʝʥʠʷ 

ʩʣʝʜʫʶʱʠʭ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʨʘʙʦʪ: ʚ ʨʘʤʢʘʭ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ 

ʄʠʥʦʙʨʥʘʫʢʠ ʈʌ ʚ ʩʬʝʨʝ ʥʘʫʯʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʥʘ 2023 - 2025 ʛʛ: "ʈʘʟʨʘʙʦʪʢʘ ʥʘʫʯʥʳʭ 

ʦʩʥʦʚ ʧʦʣʫʯʝʥʠʷ ʩʪʘʙʠʣʴʥʳʭ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʥʘʥʦʯʘʩʪʠʮ ʠ ʥʘʥʦʩʠʩʪʝʤ, ʫʧʨʘʚʣʝʥʠʷ 

ʤʠʢʨʦ- ʠ ʥʘʥʦʩʪʨʫʢʪʫʨʦʡ ʦʙʲʝʤʥʳʭ ʬʘʟ ʠ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʣʦʝʚ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʩʧʣʘʚʦʚ, 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ: ʵʢʩʧʝʨʠʤʝʥʪ, ʘʪʦʤʠʩʪʠʯʝʩʢʦʝ ʠ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ" (ʧʨʦʝʢʪ ˉ 0817-2023-0006), ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ 
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ʟʘʜʘʥʠʷ ʄʠʥʦʙʨʥʘʫʢʠ ʈʌ ʚ ʩʬʝʨʝ ʥʘʫʯʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʥʘ 2026 - 2028 ʛʛ: "ʅʘʫʯʥʳʝ 

ʦʩʥʦʚʳ ʧʦʣʫʯʝʥʠʷ ʩʪʘʙʠʣʴʥʳʭ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʥʘʥʦʩʠʩʪʝʤ, ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʠʢʨʦ- ʠ 

ʥʘʥʦʩʪʨʫʢʪʫʨʳ ʦʙʲʝʤʥʳʭ ʬʘʟ ʠ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʣʦʝʚ ʤʝʪʘʣʣʠʯʝʩʢʠʭ, 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ: ʵʢʩʧʝʨʠʤʝʥʪ, 

ʪʝʦʨʠʷ, ʘʪʦʤʠʩʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ" (ʧʨʦʝʢʪ ˉ 0817-2026-0006).  ʈʝʟʫʣʴʪʘʪʳ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʦʛʫʪ ʙʳʪʴ ʚʦʩʪʨʝʙʦʚʘʥʳ ʚ ʢʫʨʩʘʭ ʣʝʢʮʠʡ ʧʦ ʤʘʛʥʠʪʥʳʤ ʤʘʪʝʨʠʘʣʘʤ ʚ 

ʊʚɻʋ, ʄɻʋ ʠʤ. ɺ.ʄ. ʃʦʤʦʥʦʩʦʚʘ, ʅʀʊʋ ʄʀʉʀʉ, ʋʨʌʋ ʠ ʜʨʫʛʠʭ ʫʥʠʚʝʨʩʠʪʝʪʘʭ. 

ʄʝʪʦʜʦʣʦʛʠʷ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɺ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʩʦʚʨʝʤʝʥʥʳʝ 

ʤʝʪʦʜʳ ʩʠʥʪʝʟʘ, ʪʝʨʤʠʯʝʩʢʠʭ ʦʙʨʘʙʦʪʦʢ, ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʘʥʘʣʠʟʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʨʝʟʫʣʴʪʘʪʦʚ: ʠʥʜʫʢʮʠʦʥʥʳʡ ʤʝʪʦʜ ʩʠʥʪʝʟʘ ʤʘʪʝʨʠʘʣʦʚ (ʚʘʢʫʫʤʥʘʷ ʠʥʜʫʢʮʠʦʥʥʘʷ ʧʝʯʴ, 

ʊʚɻʋ), ʤʝʪʦʜʳ ʜʣʠʪʝʣʴʥʦʡ ʨʝʛʫʣʠʨʫʝʤʦʡ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ ʤʘʪʝʨʠʘʣʦʚ (ʪʨʫʙʯʘʪʘʷ 

ʪʨʝʭʟʦʥʥʘʷ ʧʝʯʴ Carbolite TZF 15/610, ʊʚɻʋ), ʘʪʦʤʥʦ- ʠ ʤʘʛʥʠʪʥʦ-ʩʠʣʦʚʘʷ ʤʠʢʨʦʩʢʦʧʠʷ 

(ʟʦʥʜʦʚʳʝ ʤʠʢʨʦʩʢʦʧʳ NT-MDT Solver P47 ʠ Solver Next, ʊʚɻʋ), ʩʢʘʥʠʨʫʶʱʘʷ 

ʵʣʝʢʪʨʦʥʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ (ʨʘʩʪʨʦʚʳʡ ʵʣʝʢʪʨʦʥʥʳʡ ʤʠʢʨʦʩʢʦʧ JEOL JSM-6610LV, 

ʊʚɻʋ), ʦʧʪʠʯʝʩʢʘʷ ʤʠʢʨʦʩʢʦʧʠʷ (ʤʝʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʡ ʤʠʢʨʦʩʢʦʧ Neophot 30, ʊʚɻʋ), 

ʨʝʥʪʛʝʥʦʬʘʟʦʚʳʡ ʘʥʘʣʠʟ (ʨʝʥʪʛʝʥʦʚʩʢʦʤ ʘʧʧʘʨʘʪʝ çɼʈʆʅ-7è, ʆɸʆ ʅʇʎ 

çʊʚʝʨʴʛʝʦʬʠʟʠʢʘè). ɺ ʨʘʤʢʘʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ ʚ ʙʦʣʴʰʠʭ ʤʘʛʥʠʪʥʳʭ 

ʧʦʣʷʭ (ʜʦ 2,5 ʊʣ ʜʣʠʪʝʣʴʥʦ ʠ ʜʦ 4 ʊʣ ʢʨʘʪʢʦʚʨʝʤʝʥʥʦ) ʠ ʧʨʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ (ʜʦ 

730ʦʉ) ʩʦʟʜʘʥ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʡ ʚʠʙʨʘʮʠʦʥʥʳʡ ʤʘʛʥʠʪʦʤʝʪʨ, ʦʩʥʘʱʝʥʥʳʡ 

ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʧʨʠʩʪʘʚʢʦʡ.  

ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʚʳʙʨʘʥʳ ʜʚʝ ʛʨʫʧʧʳ ʩʧʣʘʚʦʚ 

(R,Zr)(Co,Cu,Fe)z, ʢʦʪʦʨʳʝ ʦʪʣʠʯʘʣʠʩʴ ʪʠʧʦʤ ʨʝʜʢʦʟʝʤʝʣʴʥʦʛʦ ʤʝʪʘʣʣʘ: 

1. Sm0,85Zr0,15(Co0,70ʉu0,09Fe0,21)z, ʛʜʝ z = 6,1; 6,4; 6,7;  

2. Gd0,85Zr0,15(Co0,70ʉu0,09Fe0,21)z, ʛʜʝ z = 5,2; 5,6; 6,0; 6,2; 6,4; 6,8; 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʨʘʙʦʪʳ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʣʝʜʫʶʱʠʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʡ, 

ʧʦʣʫʯʝʥʥʳʤʠ ʚʧʝʨʚʳʝ: 

1. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʥʠʟʢʦʘʥʠʟʦʪʨʦʧʥʳʭ ʦʙʣʘʩʪʷʭ ʩʦʩʪʘʚʣʷʶʱʝʡ ɺ (ʩʦ 

ʩʪʝʭʠʦʤʝʪʨʠʝʡ 2:17) ʩʧʣʘʚʦʚ R0,85Zr0,15(Co0,70Cu0,09Fe0,21)z, ʛʜʝ R = Sm ʠ Gd, ʢ ʢʦʪʦʨʳʤ 

ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʮʝʥʪʨʘʣʴʥʳʝ ʦʙʣʘʩʪʠ çʷʯʝʝʢè ʪʦʥʢʦʡ ʩʪʨʫʢʪʫʨʳ ʦʙʦʛʘʱʝʥʥʳʭ ʞʝʣʝʟʦʤ, 

ʥʘʨʷʜʫ ʩʦ ʩʤʝʱʝʥʠʝʤ ʜʦʤʝʥʥʳʭ ʛʨʘʥʠʮ ʧʨʦʠʩʭʦʜʷʪ ʧʨʦʮʝʩʩʳ ʢʘʢ ʦʙʨʘʪʠʤʦʛʦ, ʪʘʢ ʠ 



9 

 
ʥʝʦʙʨʘʪʠʤʦʛʦ ʚʨʘʱʝʥʠʷ ʚʝʢʪʦʨʘ ʩʧʦʥʪʘʥʥʦʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʚʦ ʚʥʝʰʥʝʤ ʤʘʛʥʠʪʥʦʤ 

ʧʦʣʝ.  

2. ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʦʮʝʩʩʦʚ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ ʩʧʣʘʚʦʚ 

R0,85Zr0,15(Co0,70Cu0,09Fe0,21)z, ʛʜʝ R= Gd, Sm, ʧʦ ʜʘʥʥʳʤ ʤʘʛʥʠʪʥʳʭ ʠʟʤʝʨʝʥʠʡ ʠ 

ʥʘʙʣʶʜʝʥʠʷ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʤʘʛʥʠʪʥʦʡ ʜʦʤʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ (ɼʉ) ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʭʦʜ 

ʢʨʠʚʳʭ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ ʠ ʢʦʥʬʠʛʫʨʘʮʠʷ ɼʉ ʩʫʱʝʩʪʚʝʥʥʳʤ ʦʙʨʘʟʦʤ ʟʘʚʠʩʠʪ ʦʪ 

ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ, ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʠ ʤʘʛʥʠʪʥʦʡ ʧʨʝʜʳʩʪʦʨʠʠ ʦʙʨʘʟʮʦʚ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʦʙʥʘʨʫʞʝʥʦ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʥʦ, ʯʪʦ ʢʨʠʚʳʝ 

ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ ʦʙʨʘʟʮʦʚ ʧʦʩʣʝ ʨʘʟʤʘʛʥʠʯʠʚʘʥʠʷ ʟʥʘʢʦʧʝʨʝʤʝʥʥʳʤ ʧʦʣʝʤ ʫʙʳʚʘʶʱʝʡ 

ʘʤʧʣʠʪʫʜʳ ʩʠʣʴʥʦ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʢʨʠʚʦʡ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ ʧʦʩʣʝ ʨʘʟʤʘʛʥʠʯʠʚʘʥʠʷ 

ʦʙʨʘʪʥʳʤ ʧʦʣʝʤ ʥʝ ʪʦʣʴʢʦ ʥʘʢʣʦʥʦʤ, ʥʦ ʠ ʯʝʪʢʦ ʨʘʟʣʠʯʠʤʳʤʠ ʧʝʨʝʛʠʙʘʤʠ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʟʘʜʘʚʘʝʤʳʤ ʟʥʘʯʝʥʠʷʤ ʧʦʣʝʡ ʚ ʟʘʟʦʨʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʘ ʚ ʧʨʦʮʝʩʩʝ 

ʨʘʟʤʘʛʥʠʯʠʚʘʥʠʷ. 

3. ʅʘ ʦʩʥʦʚʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ  ʤʘʛʥʠʪʥʳʭ 

ʛʠʩʪʝʨʝʟʠʩʥʳʭ ʩʚʦʡʩʪʚ ʩʧʣʘʚʦʚ R0,85Zr0,15(Co0,70Cu0,09Fe0,21)z, ʛʜʝ R= Gd, Sm, ʫʩʪʘʥʦʚʣʝʥʦ, 

ʯʪʦ ʨʘʙʦʯʠʝ ʛʠʩʪʝʨʝʟʠʩʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (ʦʩʪʘʪʦʯʥʘʷ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ ʠ ʢʦʵʨʮʠʪʠʚʥʘʷ 

ʩʠʣʘ) ʜʣʷ ʩʧʣʘʚʦʚ ʚ ʚʳʩʦʢʦʢʦʵʨʮʠʪʠʚʥʦʤ ʩʦʩʪʦʷʥʠʠ (Õ0ʅʩ > 0,5 ʊʣ) ʠʤʝʶʪ 

ʪʝʤʧʝʨʘʪʫʨʥʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ ʜʦ 280Áʉ ʚʢʣʶʯʠʪʝʣʴʥʦ ʠ ʠʭ ʪʝʨʤʦʮʠʢʣʠʨʦʚʘʥʠʝ ʚ 

ʜʠʘʧʘʟʦʥʝ ʦʪ 22Áʉ ʜʦ 400Áʉ ʥʝ ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʷʤ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ ʧʨʠ 

ʦʭʣʘʞʜʝʥʠʠ ʜʦ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ.  

4. ʆʧʨʝʜʝʣʝʥʦ ʟʥʘʯʝʥʠʝ ʢʨʠʪʠʯʝʩʢʦʡ ʤʘʩʩʳ (4-5 ʛʨʘʤʤ) ʦʙʨʘʟʮʦʚ ʣʠʪʳʭ 

ʧʦʩʪʦʷʥʥʳʭ ʤʘʛʥʠʪʦʚ ʥʘ ʦʩʥʦʚʝ ʩʧʣʘʚʦʚ Gd0,85Zr0,15(Co0,70Cu0,09Fe0,21)z, ʜʣʷ ʢʦʪʦʨʳʭ 

ʧʨʦʠʩʭʦʜʠʪ ʧʦʣʥʦʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʠʩʭʦʜʥʳʭ ʛʠʩʪʝʨʝʟʠʩʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʩʣʝ ʮʠʢʣʘ 

çʧʦʚʨʝʞʜʘʶʱʝʡè (ʥʘʛʨʝʚ ʜʦ 800ÁC ʠ ʚʳʜʝʨʞʢʠ ʚ ʪʝʯʝʥʠʝ 15 ʤʠʥʫʪ) ʠ 

çʚʦʩʩʪʘʥʘʚʣʠʚʘʶʱʝʡè ʪʝʨʤʠʯʝʩʢʠʭ ʦʙʨʘʙʦʪʦʢ (ʥʘʛʨʝʚ ʜʦ 800ʦʉ, ʦʭʣʘʞʜʝʥʠʝ ʩʦ 

ʩʢʦʨʦʩʪʴʶ 0,4 ʦʉ/ʤʠʥ ʜʦ 400ʦʉ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʦʭʣʘʞʜʝʥʠʝʤ ʜʦ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ 

ʩʦ ʩʢʦʨʦʩʪʴʶ 5ʦʉ/ʤʠʥ).  

5. ɺʳʧʦʣʥʝʥʳ ʧʦʣʝʚʳʝ ʠ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʵʬʬʝʢʪʘ ʤʘʛʥʠʪʥʦʡ 

ʚʷʟʢʦʩʪʠ (ʄɺ) ʩʧʣʘʚʦʚ R0,85Zr0,15(Co0,70Cu0,09Fe0,21)z, ʛʜʝ R= Gd, Sm. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʄɺ 

ʠʩʩʣʝʜʫʝʤʳʭ ʩʧʣʘʚʦʚ ʦʙʫʩʣʦʚʣʝʥʘ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʪʝʨʤʦʘʢʪʠʚʠʨʫʝʤʳʤ ʧʨʝʦʜʦʣʝʥʠʝʤ 

ʜʦʤʝʥʥʳʤʠ ʛʨʘʥʠʮʘʤʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʙʘʨʴʝʨʦʚ, ʩʦʟʜʘʚʘʝʤʳʭ ʙʣʘʛʦʜʘʨʷ ʠʭ ʩʣʦʞʥʦʡ 

ʥʘʥʦʩʪʨʫʢʪʫʨʦʡ, ʧʨʠ ʵʪʦʤ, ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʜʘʥʥʳʝ ʧʨʦʮʝʩʩʳ ʧʨʦʠʩʭʦʜʷʪ 
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ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʩʪʨʫʢʪʫʨʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʦʙʦʛʘʱʝʥʥʦʡ ʤʝʜʴʶ ʧʦ 

ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʦʤʫ ʩʦʦʪʥʦʰʝʥʠʶ ʙʣʠʟʢʦʡ ʢ 1:5, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʧʨʠ ʧʦʚʳʰʝʥʠʠ 

ʪʝʤʧʝʨʘʪʫʨʳ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʚʷʟʢʦʩʪʠ ʩʪʘʥʦʚʷʪʩʷ ʧʨʦʮʝʩʩʳ ʨʝʣʘʢʩʘʮʠʠ ʚ  

ʩʦʩʪʘʚʣʷʶʱʝʡ ʩʦ ʩʪʝʭʠʦʤʝʪʨʠʝʡ ʙʣʠʟʢʦʡ ʢ 2:17, ʩʚʷʟʘʥʥʳʝ ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʵʬʬʝʢʪʠʚʥʦʡ 

ʘʥʠʟʦʪʨʦʧʠʠ ʛʨʘʥʠʯʥʦʡ ʬʘʟʳ, ʨʘʟʜʝʣʷʶʱʝʡ çʷʯʝʡʢʠè ʪʦʥʢʦʡ ʩʪʨʫʢʪʫʨʳ ʫʢʘʟʘʥʥʦʡ 

ʩʦʩʪʘʚʣʷʶʱʝʡ. 

6. ʇʨʦʚʝʜʝʥʳ ʧʨʷʤʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʵʬʬʝʢʪʘ ʪʝʨʤʠʯʝʩʢʦʛʦ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ 

(ʊʅ) ʦʙʨʘʟʮʦʚ ʩʧʣʘʚʦʚ R0,85Zr0,15(Co0,70Cu0,09Fe0,21)z, ʛʜʝ R= Gd, Sm, ʤʝʪʦʜʘʤʠ ʤʘʛʥʠʪʥʳʭ 

ʠʟʤʝʨʝʥʠʡ ʠ ʥʘʙʣʶʜʝʥʠʷ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʜʦʤʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ. ʆʙʥʘʨʫʞʝʥʦ, ʯʪʦ 

ʤʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʵʬʬʝʢʪʘ ʊʅ ʥʘʙʣʶʜʘʪʁʩʷ ʚ ʦʙʨʘʟʮʘʭ ʩ ʙʦʣʴʰʠʤ z ʠ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʨʘʟʤʘʛʥʠʯʝʥʥʳʭ ʤʝʪʦʜʦʤ ʧʨʠʣʦʞʝʥʠʷ ʦʙʨʘʪʥʦʛʦ ʧʦʣʷ. ɼʘʥʥʦʝ 

ʧʦʚʝʜʝʥʠʝ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʩ ʨʦʩʪ ʧʘʨʘʤʝʪʨʘ z ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝʤ 

ʦʙʝ̡ʤʥʦʡ ʜʦʣʠ ʬʘʟʦʚʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʩʦ ʩʪʝʭʠʦʤʝʪʨʠʝʡ ʙʣʠʟʢʦʡ ʢ 2:17, 

ʥʠʟʢʦʢʦʵʨʮʠʪʠʚʥʳʝ ʮʝʥʪʨʘʣʴʥʳʝ ʦʙʣʘʩʪʠ ʢʦʪʦʨʦʡ ʠʛʨʘʶʪ ʦʧʨʝʜʝʣʷʶʱʫʶ ʨʦʣʴ ʚ 

ʧʨʦʮʝʩʩʝ ʊʅ. 

ʆʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ  

1.ɺʘʨʠʘʮʠʠ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʩʧʣʘʚʦʚ R0,85Zr0,15(Co0,70Cu0,09Fe0,21)z  , ʛʜʝ R= Gd, 

Sm, ʧʨʠʚʦʜʷʪ ʢ ʠʟʤʝʥʝʥʠʶ ʦʙʲʝʤʥʳʭ ʩʦʦʪʥʦʰʝʥʠʡ ʝʛʦ ʩʪʨʫʢʪʫʨʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ: 

ʩʦʩʪʘʚʣʷʶʱʝʡ 1:5 ʩʦ ʩʪʨʫʢʪʫʨʦʡ CaCu5  - ɸ ʠ ʩʦʩʪʘʚʣʷʶʱʝʡ 2:17 ʩʦ ʩʪʨʫʢʪʫʨʦʡ Th2Zn17  -  

ɺ. ʉʦʦʪʥʦʰʝʥʠʝ ʦʙʲʝʤʦʚ ɸ ʠ ɺ ʚ ʦʩʥʦʚʥʦʤ ʦʧʨʝʜʝʣʷʝʪ ʛʠʩʪʝʨʝʟʠʩʥʳʝ ʩʚʦʡʩʪʚʘ ʦʙʨʘʟʮʦʚ 

ʚ ʚʳʩʦʢʦʢʦʵʨʮʠʪʠʚʥʦʤ ʩʦʩʪʦʷʥʠʠ. ʄʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʥʘʩʳʱʝʥʠʷ 

ʠ ʢʦʵʨʮʠʪʠʚʥʦʡ ʩʠʣʳ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʩ ʚʳʩʦʢʦʡ ʧʨʷʤʦʫʛʦʣʴʥʦʩʪʴʶ ʧʝʪʝʣʴ ʛʠʩʪʝʨʝʟʠʩʘ 

ʜʦʩʪʠʛʘʶʪʩʷ ʥʘ ʩʧʣʘʚʘʭ ʩ ʙʣʠʟʢʠʤʠ ʦʙʲʝʤʘʤʠ ɸ ʠ ɺ.  

2. ɺ ʩʧʣʘʚʘʭ R0,85Zr0,15(Co0,70Cu0,09Fe0,21)z , ʛʜʝ R= Gd, Sm,  ʨʝʘʣʠʟʫʝʪʩʷ ʩʤʝʰʘʥʥʳʡ 

ʤʝʭʘʥʠʟʤ ʤʘʛʥʠʪʥʦʛʦ ʛʠʩʪʝʨʝʟʠʩʘ: ʥʘʨʷʜʫ ʩʦ ʩʤʝʱʝʥʠʝʤ ʜʦʤʝʥʥʳʭ ʛʨʘʥʠʮ ʧʨʦʠʩʭʦʜʷʪ 

ʧʨʦʮʝʩʩʳ ʢʘʢ ʦʙʨʘʪʠʤʦʛʦ, ʪʘʢ ʠ ʥʝʦʙʨʘʪʠʤʦʛʦ ʚʨʘʱʝʥʠʷ ʚʝʢʪʦʨʘ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʚ 

ʥʠʟʢʦʘʥʠʟʦʪʨʦʧʥʳʭ ʦʙʣʘʩʪʷʭ ʩʦʩʪʘʚʣʷʶʱʝʡ ɺ, ʢ ʢʦʪʦʨʳʤ ʦʪʥʦʩʷʪʩʷ ʮʝʥʪʨʘʣʴʥʳʝ 

ʦʙʣʘʩʪʠ çʷʯʝʝʢè ʪʦʥʢʦʡ ʩʪʨʫʢʪʫʨʳ ʩʧʣʘʚʦʚ ʧʦ ʩʪʝʭʠʦʤʝʪʨʠʠ ʙʣʠʟʢʠʝ ʢ 2:17 ʠ 

ʦʙʦʛʘʱʝʥʥʳʭ ʞʝʣʝʟʦʤ.  

3. ʈʘʙʦʯʠʝ ʛʠʩʪʝʨʝʟʠʩʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (ʦʩʪʘʪʦʯʥʘʷ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ ʠ 

ʢʦʵʨʮʠʪʠʚʥʘʷ ʩʠʣʘ) ʩʧʣʘʚʦʚ R0,85Zr0,15(Co0,70Cu0,09Fe0,21)z, ʛʜʝ R= Gd, Sm,  ʚ 
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ʚʳʩʦʢʦʢʦʵʨʮʠʪʠʚʥʦʤ ʩʦʩʪʦʷʥʠʠ (Õ0ʅʩ > 0,5 ʊʣ) ʠʤʝʶʪ ʪʝʤʧʝʨʘʪʫʨʥʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ ʜʦ 

280Áʉ ʚʢʣʶʯʠʪʝʣʴʥʦ ʠ ʠʭ ʪʝʨʤʦʮʠʢʣʠʨʦʚʘʥʠʝ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 22Áʉ ʜʦ 400Áʉ ʥʝ ʧʨʠʚʦʜʠʪ 

ʢ ʠʟʤʝʥʝʥʠʷʤ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ʇʦʣʥʦʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ 

ʠʩʭʦʜʥʳʭ ʛʠʩʪʝʨʝʟʠʩʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʧʣʘʚʦʚ ʧʦʩʣʝ ʥʘʛʨʝʚʘ ʜʦ 800ÁC ʧʨʠ ʧʦʚʪʦʨʝʥʠʠ 

ʧʦʩʣʝʜʥʝʛʦ ʵʪʘʧʘ ʧʝʨʚʦʥʘʯʘʣʴʥʦʡ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ (ʥʘʛʨʝʚ ʜʦ 800ʦʉ, ʦʭʣʘʞʜʝʥʠʝ ʩʦ 

ʩʢʦʨʦʩʪʴʶ 0,4ʦʉ/ʤʠʥ ʜʦ 400ʦʉ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʦʭʣʘʞʜʝʥʠʝʤ ʜʦ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ 

ʩʦ ʩʢʦʨʦʩʪʴʶ 5ʦʉ/ʤʠʥ) ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ ʤʘʩʩʝ ʦʙʨʘʟʮʘ ʥʝ ʤʝʥʝʝ 4ï5 ʛʨʘʤʤʦʚ. 

4. ʄʘʛʥʠʪʥʘʷ ʚʷʟʢʦʩʪʴ ʚ ʩʧʣʘʚʘʭ (R,Zr)(Co,Cu,Fe)z, ʛʜʝ R= Gd, Sm, ʦʙʫʩʣʦʚʣʝʥʘ ʚ 

ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʪʝʨʤʦʘʢʪʠʚʠʨʫʝʤʳʤ ʧʨʝʦʜʦʣʝʥʠʝʤ ʜʦʤʝʥʥʳʤʠ ʛʨʘʥʠʮʘʤʠ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʙʘʨʴʝʨʦʚ, ʩʦʟʜʘʚʘʝʤʳʭ ʙʣʘʛʦʜʘʨʷ ʠʭ ʩʣʦʞʥʦʡ ʥʘʥʦʩʪʨʫʢʪʫʨʝ, ʧʨʠ ʵʪʦʤ 

ʜʘʥʥʳʝ ʧʨʦʮʝʩʩʳ ʧʨʦʠʩʭʦʜʷʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʩʪʨʫʢʪʫʨʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ɸ 

ʦʙʦʛʘʱʝʥʥʦʡ ʤʝʜʴʶ. ʄʝʪʘʩʪʘʙʠʣʴʥʳʝ ʩʦʩʪʦʷʥʠʷ ʜʦʤʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʚʙʣʠʟʠ ʙʘʨʴʝʨʦʚ ʠ 

ʠʭ çʚʳʩʚʦʙʦʞʜʝʥʠʝè ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʪʝʧʣʦʚʳʭ ʬʣʫʢʪʫʘʮʠʡ ʧʨʠʚʦʜʷʪ ʢ ʥʘʙʣʶʜʘʝʤʦʤʫ 

ʤʝʜʣʝʥʥʦʤʫ ʠʟʤʝʥʝʥʠʶ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʚʦ ʚʨʝʤʝʥʠ ʧʦʩʣʝ ʠʟʤʝʥʝʥʠʷ ʚʥʝʰʥʝʛʦ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʠ/ʠʣʠ ʪʝʤʧʝʨʘʪʫʨʳ. 

ʉʪʝʧʝʥʴ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. ʈʝʟʫʣʴʪʘʪʳ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ 

ʚ ʜʠʩʩʝʨʪʘʮʠʠ, ʧʦʣʫʯʝʥʳ ʥʘ ʦʩʥʦʚʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʧʨʦʚʝʜʝʥʥʳʭ ʥʘ ʩʦʚʨʝʤʝʥʥʦʤ 

ʥʘʫʯʥʦʤ ʦʙʦʨʫʜʦʚʘʥʠʠ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʦʙʨʘʙʦʪʢʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ. ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʦʙʝʩʧʝʯʠʚʘʣʘʩʴ 

ʥʘʙʦʨʦʤ ʚʟʘʠʤʦʜʦʧʦʣʥʷʶʱʠʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʤʝʪʦʜʠʢ, ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʴʶ 

ʧʦʣʫʯʘʝʤʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʠ ʩʦʛʣʘʩʦʚʘʥʠʝʤ ʧʦʣʫʯʘʝʤʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʩ ʠʤʝʶʱʠʤʠʩʷ ʚ 

ʣʠʪʝʨʘʪʫʨʝ ʜʘʥʥʳʤʠ ʜʨʫʛʠʭ ʥʘʫʯʥʳʭ ʛʨʫʧʧ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ ʠʥʜʝʢʩʠʨʫʝʤʳʭ ʞʫʨʥʘʣʘʭ ʠ ʘʧʨʦʙʠʨʦʚʘʥʳ ʥʘ ʪʝʤʘʪʠʯʝʩʢʠʭ 

ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʢʦʥʬʝʨʝʥʮʠʷʭ.  

ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ.  

ɺ ʜʠʩʩʝʨʪʘʮʠʠ ʠʟʣʦʞʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʧʨʷʤʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, 

ʧʦʣʫʯʝʥʥʳʝ ʠ ʦʙʨʘʙʦʪʘʥʥʳʝ ʣʠʯʥʦ ʘʚʪʦʨʦʤ ʠʣʠ ʧʨʠ ʝʛʦ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʤ ʫʯʘʩʪʠʠ.  

ɸʚʪʦʨʦʤ ʣʠʯʥʦ ʧʨʦʚʝʜʝʥ ʩʠʥʪʝʟ ʠ ʪʝʨʤʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʠʩʩʣʝʜʫʝʤʳʭ ʩʧʣʘʚʦʚ, ʘ ʪʘʢʞʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʠ ʧʦʣʝʚʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʛʠʩʪʝʨʝʟʠʩʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ.   

ʈʘʟʨʘʙʦʪʢʘ ʠ ʩʦʟʜʘʥʠʝ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʚʠʙʨʘʮʠʦʥʥʦʛʦ ʤʘʛʥʠʪʦʤʝʪʨʘ ʙʳʣʠ 

ʚʳʧʦʣʥʝʥʳ ʩʦʚʤʝʩʪʥʦ ʩ ʟʘʚʝʜʫʶʱʠʤ ʦʪʜʝʣʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʣʘʩʪʦʚʳʭ ʧʨʦʮʝʩʩʦʚ ʆɸʆ 
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ʅʇʎ çʊʚʝʨʴʛʝʦʬʠʟʠʢʘè ɸʡʨʠʷʥʦʤ ʕ.ʃ. ʠ ʚʝʜʫʱʠʤ ʠʥʞʝʥʝʨʦʤ 10/5 ʩʝʢʪʦʨʘ ʨʘʟʨʘʙʦʪʢʠ 

ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚ ʀʥʩʪʠʪʫʪʘ ʭʠʤʠʯʝʩʢʦʛʦ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ ʀʚʘʥʦʚʳʤ ʈ.ʇ.  

ʕʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ ʧʦʚʝʨʭʥʦʩʪʠ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʤʝʪʦʜʦʤ ʕɼɸ ʦʙʨʘʟʮʦʚ 

ʠʩʩʣʝʜʫʝʤʳʭ ʩʧʣʘʚʦʚ, ʚʳʧʦʣʥʝʥ ʜʦʮʝʥʪʦʤ ʢʘʬʝʜʨʳ ʧʨʠʢʣʘʜʥʦʡ ʬʠʟʠʢʠ ʌɻɹʆʋ ɺʆ 

çʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè ʢ. ʬ.-ʤ. ʥ. , ʜʦʮʝʥʪʦʤ ɸ.ʀ. ʀʚʘʥʦʚʦʡ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʨʝʥʪʛʝʥʦʛʨʘʤʤʳ ʧʦʣʫʯʝʥʳ ʟʘʚʝʜʫʶʱʠʤ ʦʪʜʝʣʦʤ ʛʝʦʣʦʛʦ-

ʣʠʪʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʪʜʝʣʝʥʠʷ ʧʝʪʨʦʬʠʟʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʆɸʆ ʅʇʎ 

çʊʚʝʨʴʛʝʦʬʠʟʠʢʘè ʢ. ʬ.-ʤ. ʥ. ɻʨʫʰʠʯʝʚʳʤ ɸ. ɻ. 

ʈʘʩʯʝʪʥʳʝ ʨʝʥʪʛʝʥʦʛʨʘʤʤʳ ʦʙʨʘʟʮʦʚ, ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʦʤʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ, ʤʠʢʨʦ- 

ʠ ʥʘʥʦʩʪʨʫʢʪʫʨʳ, ʧʦʩʪʘʥʦʚʢʘ ʮʝʣʠ ʠ ʢʣʶʯʝʚʳʭ ʟʘʜʘʯ, ʦʙʩʫʞʜʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʠ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʬʦʨʤʫʣʠʨʦʚʢʘ ʚʳʚʦʜʦʚ ʚʳʧʦʣʥʷʣʠʩʴ 

ʘʚʪʦʨʦʤ ʩʦʚʤʝʩʪʥʦ ʩ ʥʘʫʯʥʳʤ ʨʫʢʦʚʦʜʠʪʝʣʝʤ.  ʇʦʜʛʦʪʦʚʢʘ ʧʫʙʣʠʢʘʮʠʡ ʠ ʥʘʫʯʥʳʭ 

ʜʦʢʣʘʜʦʚ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʨʘʤʢʘʭ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ 

ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʩʦʚʤʝʩʪʥʦ ʩ ʩʦʘʚʪʦʨʘʤʠ. 

ɸʧʨʦʙʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ.  

ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʙʳʣʠ ʥʝʦʜʥʦʢʨʘʪʥʦ ʧʨʝʜʩʪʘʚʣʝʥʳ ʘʚʪʦʨʦʤ ʚ ʬʦʨʤʝ ʫʩʪʥʳʭ 

ʜʦʢʣʘʜʦʚ ʥʘ ʥʘʫʯʥʳʭ ʢʦʥʬʝʨʝʥʮʠʷʭ ʠ ʩʝʤʠʥʘʨʘʭ: ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ 

ʩʪʫʜʝʥʪʦʚ, ʘʩʧʠʨʘʥʪʦʚ ʠ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ çʃʦʤʦʥʦʩʦʚ-2025è (ʄʦʩʢʚʘ, 11-25 ʘʧʨʝʣʷ 2025 

ʛʦʜʘ), XXʍI ʂʘʨʛʠʥʩʢʠʝ ʯʪʝʥʠʷ: ʝʞʝʛʦʜʥʘʷ ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʘʷ 

ʢʦʥʬʝʨʝʥʮʠʷ ʩʪʫʜʝʥʪʦʚ ʠ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ çʌʠʟʠʢʘ, ʭʠʤʠʷ ʠ ʥʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠè (ʊʚʝʨʴ, 

27ï29 ʤʘʨʪʘ 2025 ʛʦʜʘ, I ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çʇʦʩʪʦʷʥʥʳʝ 

ʤʘʛʥʠʪʳ: ʅʘʫʢʘ ʠ ʊʝʭʥʦʣʦʛʠʠ. ʇʨʦʠʟʚʦʜʩʪʚʦ. ʇʨʠʤʝʥʝʥʠʝè (ʉʫʟʜʘʣʴ, 24-27 ʩʝʥʪʷʙʨʷ 

2024 ʛʦʜʘ), XXIII ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʧʦ ʬʠʟʠʢʝ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʢʦʚ (ʊʚʝʨʴ, 03-

06 ʦʢʪʷʙʨʷ 2023 ʛʦʜʘ), ʏʝʨʥʦʛʦʣʦʚʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʧʦ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ 

(ʏʝʨʥʦʛʦʣʦʚʢʘ, 16 ï 19 ʠʶʥʷ 2025 ʛʦʜʘ), VI International Baltic Conference on Magnetism: 

focus on magnetooptics, smart materials and biomedicine, (ʂʘʣʠʥʠʥʛʨʘʜ, 17 -21 ʘʚʛʫʩʪʘ 2025 

ʛʦʜʘ), II ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çʇʦʩʪʦʷʥʥʳʝ ʤʘʛʥʠʪʳ: ʅʘʫʢʘ 

ʠ ʊʝʭʥʦʣʦʛʠʠ. ʇʨʦʠʟʚʦʜʩʪʚʦ. ʇʨʠʤʝʥʝʥʠʝè (ʄʦʩʢʚʘ, 13-15 ʦʢʪʷʙʨʷ 2025 ʛʦʜʘ). 

ʇʦ ʤʘʪʝʨʠʘʣʘʤ ʜʠʩʩʝʨʪʘʮʠʠ ʦʧʫʙʣʠʢʦʚʘʥʦ 6 ʥʘʫʯʥʳʭ ʨʘʙʦʪ, ʠʟ ʥʠʭ 4 ʩʪʘʪʴʠ ʚ 

ʞʫʨʥʘʣʘʭ, ʠʥʜʝʢʩʠʨʫʝʤʳʭ ʚ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʙʘʟʘʭ ʜʘʥʥʳʭ, ʧʨʠʨʘʚʥʠʚʘʝʤʳʭ ʢ ʞʫʨʥʘʣʘʤ 
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ʧʝʨʝʯʥʷ ɺɸʂ, 1 ʩʚʠʜʝʪʝʣʴʩʪʚʦ ʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʨʝʛʠʩʪʨʘʮʠʠ ʧʨʦʛʨʘʤʤʳ ʜʣʷ ʕɺʄ ʠ 1 

ʧʘʪʝʥʪ ʥʘ ʧʦʣʝʟʥʫʶ ʤʦʜʝʣʴ. 

ʉʦʦʪʚʝʪʩʪʚʠʝ ʜʠʩʩʝʨʪʘʮʠʠ ʧʘʩʧʦʨʪʫ ʩʧʝʮʠʘʣʴʥʦʩʪʠ.  

ɼʠʩʩʝʨʪʘʮʠʦʥʥʘʷ ʨʘʙʦʪʘ ʈʘʢʫʥʦʚʘ ʇ.ɸ. çʆʩʦʙʝʥʥʦʩʪʠ ʧʨʦʮʝʩʩʦʚ 

ʧʝʨʝʤʘʛʥʠʯʠʚʘʥʠʷ ʠ ʪʝʤʧʝʨʘʪʫʨʥʘʷ ʩʪʘʙʠʣʴʥʦʩʪʴ ʚʳʩʦʢʦʢʦʵʨʮʠʪʠʚʥʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʛʝʪʝʨʦʛʝʥʥʳʭ ʩʧʣʘʚʦʚ R-Zr-Co-Cu-Fe (R = Sm, Gd)è ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʘʩʧʦʨʪʫ ʥʘʫʯʥʦʡ 

ʩʧʝʮʠʘʣʴʥʦʩʪʠ 1.3.12 çʌʠʟʠʢʘ ʤʘʛʥʠʪʥʳʭ ʷʚʣʝʥʠʡè: ʦʙʣʘʩʪʷʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʘʩʧʦʨʪʘ 

ʩʧʝʮʠʘʣʴʥʦʩʪʠ, ʚ ʯʘʩʪʥʦʩʪʠ: ç3. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ ʠ 

ʩʦʩʪʦʷʥʠʡ ʚʝʱʝʩʪʚ ʨʘʟʣʠʯʥʳʤʠ ʤʝʪʦʜʘʤʠ, ʫʩʪʘʥʦʚʣʝʥʠʝ ʚʟʘʠʤʦʩʚʷʟʠ ʵʪʠʭ ʩʚʦʡʩʪʚ ʠ 

ʩʦʩʪʦʷʥʠʡ ʩ ʭʠʤʠʯʝʩʢʠʤ ʩʦʩʪʘʚʦʤ ʠ ʩʪʨʫʢʪʫʨʥʳʤ ʩʦʩʪʦʷʥʠʝʤ, ʚʳʷʚʣʝʥʠʝ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʠʭ ʠʟʤʝʥʝʥʠʷ ʧʦʜ ʚʣʠʷʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʚʥʝʰʥʠʭ ʚʦʟʜʝʡʩʪʚʠʡè ʠ ç4. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʠʟʤʝʥʝʥʠʡ ʨʘʟʣʠʯʥʳʭ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʚʝʱʝʩʪʚʘ, ʩʚʷʟʘʥʥʳʭ ʩ 

ʠʟʤʝʥʝʥʠʝʤ ʠʭ ʤʘʛʥʠʪʥʳʭ ʩʦʩʪʦʷʥʠʡ ʠ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚè. 

ʉʪʨʫʢʪʫʨʘ ʠ ʦʙʲʝʤ ʜʠʩʩʝʨʪʘʮʠʠ  

ɼʠʩʩʝʨʪʘʮʠʦʥʥʘʷ ʨʘʙʦʪʘ ʩʦʩʪʦʠʪ ʠʟ ʚʚʝʜʝʥʠʷ, ʯʝʪʳʨʝʭ ʛʣʘʚ, ʟʘʢʣʶʯʝʥʠʷ ʠ ʩʧʠʩʢʘ 

ʠʩʧʦʣʴʟʦʚʘʥʥʦʡ ʣʠʪʝʨʘʪʫʨʳ, ʩʦʩʪʦʷʱʝʛʦ ʠʟ 111 ʠʩʪʦʯʥʠʢʦʚ. ʄʘʪʝʨʠʘʣ ʠʟʣʦʞʝʥ ʥʘ 157 

ʩʪʨʘʥʠʮʘʭ, ʚʢʣʶʯʘʝʪ 10 ʪʘʙʣʠʮ ʠ 92 ʨʠʩʫʥʢʘ. 
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1. ʄɸɻʅʀʊʅʓɽ ʉɺʆʁʉʊɺɸ ʉʇʃɸɺʆɺ ʅɸ ʆʉʅʆɺɽ ʈɿʄ ʀ Co 

1.1. ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ, ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʠ ʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ 

ʩʧʣʘʚʦʚ (R,Zr)(Co,Cu,Fe)z 

ʉʧʣʘʚʳ ʥʘ ʦʩʥʦʚʝ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʤʝʪʘʣʣʦʚ (ʈɿʄ, R) ʠ ʢʦʙʘʣʴʪʘ ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʩʦʙʦʡ ʢʣʘʩʩʠʯʝʩʢʠʝ ʠ ʥʘʠʙʦʣʝʝ ʠʟʫʯʝʥʥʳʝ ʦʙʲʝʢʪʳ ʚ ʬʠʟʠʢʝ ʤʘʛʥʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

ʋʥʠʢʘʣʴʥʦʝ ʩʦʯʝʪʘʥʠʝ ʚʳʩʦʢʦʡ ʤʘʛʥʠʪʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʘʥʠʟʦʪʨʦʧʠʠ, ʚʥʦʩʠʤʦʡ 

ʘʪʦʤʘʤʠ ʨʝʜʢʦʟʝʤʝʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ, ʠ ʟʥʘʯʠʪʝʣʴʥʦʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʥʘʩʳʱʝʥʠʷ, 

ʦʙʝʩʧʝʯʠʚʘʝʤʦʡ ʧʦʜʨʝʰʝʪʢʦʡ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ (Co, Fe), ʧʦʩʣʫʞʠʣʦ ʦʩʥʦʚʘʥʠʝʤ ʜʣʷ 

ʩʦʟʜʘʥʠ ̫ʥʘ ʠʭ ʦʩʥʦʚʝ ʩʝʤʝʡʩʪʚʘ ʧʦʩʪʦʷʥʥʳʭ ʤʘʛʥʠʪʦʚ ʩ ʨʝʢʦʨʜʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ 

[1-14]. ʌʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʦʩʥʦʚʦʡ ʜʣʷ ʧʦʥʠʤʘʥʠʷ ʠ ʫʧʨʘʚʣʝʥʠʷ ʩʚʦʡʩʪʚʘʤʠ ʢʘʢ 

ʨʘʚʥʦʚʝʩʥʳʭ, ʪʘʢ ʠ ʤʝʪʘʩʪʘʙʠʣʴʥʳʭ ʩʧʣʘʚʦʚ (ʚʢʣʶʯʘʷ ʩʠʩʪʝʤʳ ʩ ʣʝʛʠʨʫʶʱʠʤʠ 

ʜʦʙʘʚʢʘʤʠ, ʪʘʢʠʝ ʢʘʢ R-Zr-Co-Cu-Fe) ʩʣʫʞʘʪ ʙʘʟʦʚʳʝ ʜʠʘʛʨʘʤʤʳ ʩʦʩʪʦʷʥʠʷ ʜʚʦʡʥʳʭ 

ʩʠʩʪʝʤ RïCo ʠ ʢʨʠʩʪʘʣʣʦʭʠʤʠʷ ʬʦʨʤʠʨʫʶʱʠʭʩʷ ʚ ʥʠʭ ʠʥʪʝʨʤʝʪʘʣʣʠʯʝʩʢʠʭ ʬʘʟ. 

  

ʈʠʩʫʥʦʢ 1.1 - ɼʠʘʛʨʘʤʤʳ ʩʦʩʪʦʷʥʠʷ ʩʧʣʘʚʦʚ ʩʠʩʪʝʤ Gd-Co ʠ Sm-Co [19]. 

 

ʌʘʟʦʚʘʷ ʜʠʘʛʨʘʤʤʘ ʩʠʩʪʝʤ RïCo ʦʪʣʠʯʘʝʪʩʷ ʚʳʩʦʢʦʡ ʩʣʦʞʥʦʩʪʴʶ ʠ ʚʢʣʶʯʘʝʪ 

ʤʥʦʞʝʩʪʚʦ ʠʥʪʝʨʤʝʪʘʣʣʠʯʝʩʢʠʭ ʬʘʟ (ʨʠʩʫʥʦʢ 1.1.) [19]. ɼʣʷ ʣʝʛʢʠʭ ʈɿʄ (ʥʘʧʨʠʤʝʨ, Sm, 

Nd) ʠ ʠʪʪʨʠʷ ʫʩʪʘʥʦʚʣʝʥʦ ʥʘʣʠʯʠʝ ʬʘʟ: R3Co, R2Co3, RCo2, RCo3, R2Co7, R5Co19, RCo5 ʠ 

R2Co17. ɿʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʪʘʢʠʝ ʢʘʢ RCo5, R2Co7, RCo3, RCo2 ʠ R9Co4, 
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ʬʦʨʤʠʨʫʝʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʧʝʨʠʪʝʢʪʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʬʘʟʳ R3Co ʠ R2Co17 

ʦʙʨʘʟʫʶʪʩʷ ʢʦʥʛʨʫʵʥʪʥʦ [20]. ʇʨʘʢʪʠʯʝʩʢʠʡ ʠʥʪʝʨʝʩ ʜʣʷ ʩʦʟʜʘʥʠʷ ʚʳʩʦʢʦʵʥʝʨʛʦʝʤʢʠʭ 

ʧʦʩʪʦʷʥʥʳʭ ʤʘʛʥʠʪʦʚ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʜʚʫʤʷ ʩʦʝʜʠʥʝʥʠʷʤʠ ʩ ʚʳʩʦʢʠʤ 

ʩʦʜʝʨʞʘʥʠʝʤ ʢʦʙʘʣʴʪʘ ï RCo5 ʠ R2Co17 [21-22]. 

ʉʦʝʜʠʥʝʥʠʝ RCo5 ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʚ ʛʝʢʩʘʛʦʥʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʝ ʪʠʧʘ CaCu5 

(ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʛʨʫʧʧʘ P6/mmm) (ʨʠʩʫʥʦʢ 1.2) [9]. ʇʘʨʘʤʝʪʨʳ ʨʝʰʝʪʢʠ ʜʣʷ ʢʣʶʯʝʚʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʩʦʩʪʘʚʣʷʶʪ: ʜʣʷ SmCo5 a = 5,002 ¡, c = 3,974 ¡, c/a å 0,794 [23]; ʜʣʷ 

GdCo5 a*  å 4,996 ¡, c å 3,970 ¡ [23]. ʀʟ ʩʪʨʫʢʪʫʨʳ CaCu5 ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʚʩʝ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ, ʢʦʪʦʨʳʝ ʚʩʪʨʝʯʘʶʪʩʷ ʚ ʩʠʩʪʝʤʘʭ R-Co, ʩ ʧʦʤʦʱʴʶ 

ʧʝʨʝʤʝʱʝʥʠʷ ʘʪʦʤʦʚ ʠ ʩʜʚʠʛʦʚ ʘʪʦʤʥʳʭ ʩʣʦʝʚ.  

ʉʦʝʜʠʥʝʥʠʝ R2Co17 ʩʫʱʝʩʪʚʫʝʪ ʚ ʜʚʫʭ ʧʦʣʠʤʦʨʬʥʳʭ ʤʦʜʠʬʠʢʘʮʠʷʭ (ʨʠʩʫʥʦʢ 1.2): 

ʛʝʢʩʘʛʦʥʘʣʴʥʦʡ (ʪʠʧ Th2Ni17, ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʛʨʫʧʧʘ P63/mmc) ʠ ʨʦʤʙʦʵʜʨʠʯʝʩʢʦʡ (ʪʠʧ 

Th2Zn17, ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʛʨʫʧʧʘ Rσm) [23]. ʆʥʠ ʨʘʟʣʠʯʘʶʪʩʷ ʪʠʧʦʤ ʯʝʨʝʜʦʚʘʥʠʷ 

ʛʘʥʪʝʣʝʡ ʢʦʙʘʣʴʪʘ ʠ ʘʪʦʤʦʚ R ʚʜʦʣʴ c-ʦʩʠ. ɺʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʬʦʨʤʦʡ ʜʣʷ 

ʙʦʣʴʰʠʥʩʪʚʘ ʈɿʄ ʷʚʣʷʝʪʩʷ ʛʝʢʩʘʛʦʥʘʣʴʥʘʷ, ʢʦʪʦʨʘʷ ʧʨʠ ʧʦʥʠʞʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ 

ʧʝʨʝʭʦʜʠʪ ʚ ʨʦʤʙʦʵʜʨʠʯʝʩʢʫʶ. ɼʣʷ ʩʘʤʘʨʠʷ ʩʪʘʙʠʣʴʥʦʡ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 

ʷʚʣʷʝʪʩʷ ʠʤʝʥʥʦ ʨʦʤʙʦʵʜʨʠʯʝʩʢʘʷ ʤʦʜʠʬʠʢʘʮʠʷ Sm2Co17 ʩ ʧʘʨʘʤʝʪʨʘʤʠ ʨʝʰʝʪʢʠ: a = 

8,554¡, c = 12,429 ¡ [23]. ʉʪʨʫʢʪʫʨʘ Th2Zn17 ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥʘ ʠʟ ʩʪʨʫʢʪʫʨʳ CaCu5 

ʟʘʤʝʥʦʡ ʢʘʞʜʦʡ ʪʨʝʪʴʝʡ ʧʘʨʳ ʘʪʦʤʦʚ ʈɿʄ ʚ ʙʘʟʦʚʳʭ ʩʣʦʷʭ RCo5 ʥʘ ʧʘʨʳ ʢʦʙʘʣʴʪʘ. ʕʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʙʦʣʝʝ ʚʳʩʦʢʦʤʫ ʩʦʜʝʨʞʘʥʠʶ ʢʦʙʘʣʴʪʘ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʢ ʙʦʣʴʰʝʡ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʥʘʩʳʱʝʥʠʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ RCo5.  

 

ʈʠʩʫʥʦʢ 1.2 - ʆʩʥʦʚʥʳʝ ʪʠʧʳ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ʩʦʝʜʠʥʝʥʠʡ R-Co [9]. 
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ɹʦʣʴʰʠʥʩʪʚʦ ʩʦʝʜʠʥʝʥʠʡ R-Co ʦʪʥʦʩʷʪʩʷ ʢ ʢʦʣʣʠʥʝʘʨʥʳʤ ʬʝʨʨʦ- ʠ 

ʬʝʨʨʠʤʘʛʥʝʪʠʢʘʤ [21], ʤʘʛʥʠʪʥʘʷ ʩʪʨʫʢʪʫʨʘ ʢʦʪʦʨʳʭ ʦʙʨʘʟʦʚʘʥʘ ʠʟ ʜʚʫʭ ʵʣʝʢʪʨʦʥʥʳʭ 

ʧʦʜʨʝʰʝʪʦʢ, ʛʜʝ ʤʘʛʥʠʪʥʳʝ ʵʣʝʢʪʨʦʥʳ 3d- ʠ 4f-ʵʣʝʢʪʨʦʥʥʳʭ ʦʙʦʣʦʯʝʢ ʠʦʥʦʚ Co ʠ R 

ʥʘʭʦʜʷʪʩʷ ʚ ʫʟʣʘʭ. ʍʘʨʘʢʪʝʨ ʤʘʛʥʠʪʥʦʛʦ ʫʧʦʨʷʜʦʯʝʥʠʷ ʩʦʝʜʠʥʝʥʠʡ R-Co ʦʙʫʩʣʦʚʣʝʥ 

ʪʨʝʤʷ ʪʠʧʘʤʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ: R-R, R-Co ʠ Co-Co [13, 14]. ʉʘʤʦʝ ʩʠʣʴʥʦʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ï ʧʨʷʤʦʝ Co-Co. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ R-Co ï ʢʦʩʚʝʥʥʦʝ, ʜʦʢʘʟʘʥʦ, ʯʪʦ ʦʥʦ 

ʧʨʠʚʦʜʠʪ ʢ ʘʥʪʠʧʘʨʘʣʣʝʣʴʥʦʤʫ ʚʳʩʪʨʘʠʚʘʥʠʶ ʨʝʟʫʣʴʪʠʨʫʶʱʠʭ ʩʧʠʥʦʚʳʭ ʤʦʤʝʥʪʦʚ 

ʧʦʜʨʝʰʝʪʦʢ R ʠ Co. ʂʦʩʚʝʥʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ R-R ʷʚʣʷʝʪʩʷ ʩʘʤʳʤ ʩʣʘʙʳʤ.  

ʄʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ RCo5 ʦʧʨʝʜʝʣʷʶʪʩʷ ʩʠʣʴʥʳʤ ʦʙʤʝʥʥʳʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ 

ʚʥʫʪʨʠ ʧʦʜʨʝʰʝʪʢʠ ʢʦʙʘʣʴʪʘ (TC ʜʣʷ YCo5 ʩʦʩʪʘʚʣʷʝʪ ~714ʦC [24]) ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ R-

Co. ʅʘʤʘʛʥʠʯʝʥʥʦʩʪʴ ʥʘʩʳʱʝʥʠʷ ʬʦʨʤʠʨʫʝʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʚʢʣʘʜʦʤ ʢʦʙʘʣʴʪʘ, ʢʦʪʦʨʳʡ ʚ 

ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʷʭ ʦʙʣʘʜʘʝʪ ʩʦʙʩʪʚʝʥʥʳʤ ʤʘʛʥʠʪʥʳʤ ʤʦʤʝʥʪʦʤ ~1,5ï1,7 ɛɹ/ʘʪʦʤ [26]. ɼʣʷ 

SmCo  ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʤ ʩʚʦʡʩʪʚʦʤ ʷʚʣʷʝʪʩʷ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʚʳʩʦʢʘʷ ʦʜʥʦʦʩʥʘʷ 

ʤʘʛʥʠʪʦʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʘʥʠʟʦʪʨʦʧʠʷ. ʇʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʢʦʥʩʪʘʥʪʘ 

ʘʥʠʟʦʪʨʦʧʠʠ ʩʦʩʪʘʚʣʷʝʪ ʂ1 = 1,93Ö107 ɼʞ/ʤ3, ʘ ʧʦʣʝ ʘʥʠʟʦʪʨʦʧʠʠ Õ0ʅɸ = 44 ʊʣ [23]. 

ʆʜʥʘʢʦ ʫʚʝʣʠʯʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ Co ʚ ʙʠʥʘʨʥʳʭ ʩʦʝʜʠʥʝʥʠʷʭ R-Co ʩʥʠʞʘʝʪ 

ʢʦʥʮʝʥʪʨʘʮʠʶ ʈɿʄ. ʂʦʥʩʪʘʥʪʘ ʘʥʠʟʦʪʨʦʧʠʠ Sm2Co17 (K1 ~ 3,3Ŀ105 ɼʞ/ʤ3) ʩʫʱʝʩʪʚʝʥʥʦ 

ʤʝʥʴʰʝ, ʯʝʤ ʫ SmCo5 [23]. ʅʝʩʤʦʪʨʷ ʥʘ ʵʪʦ, ʩʦʝʜʠʥʝʥʠʝ Sm2Co17 ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʦʡ ʜʣʷ 

ʧʨʦʤʳʰʣʝʥʥʳʭ ʚʳʩʦʢʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʤʘʛʥʠʪʦʚ ʩʝʨʠʠ Sm(Co,Fe,Cu,Zr) ʙʣʘʛʦʜʘʨʷ 

ʚʦʟʤʦʞʥʦʩʪʠ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʣʝʛʠʨʦʚʘʥʠʷ ʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʣʦʞʥʦʡ ʚʳʩʦʢʦʢʦʵʨʮʠʪʠʚʥʦʡ 

ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ [13]. ʊʝʤʧʝʨʘʪʫʨʘ ʂʶʨʠ ʩʦʝʜʠʥʝʥʠʷ R2Co17 ʚʳʰʝ, ʯʝʤ ʫ RCo5: ʜʣʷ 

Sm2Co17 Tʩ å 917ʦC [23] (SmCo5 Tʩ å 720ʦC), ʜʣʷ Gd2Co17 Tʩ ~ 977ʦC [23] (GdCo5 Tʩ å 750ʦC). 

ʕʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʣʫʯʰʫʶ ʪʝʨʤʦʩʪʘʙʠʣʴʥʦʩʪʴ ʧʦʩʪʦʷʥʥʳʭ ʤʘʛʥʠʪʦʚ ʥʘ ʠʭ ʦʩʥʦʚʝ. 

ɸʥʠʟʦʪʨʦʧʠʷ ʜʣʷ Gd2Co17 (K1 ~ -0,8Ŀ106 ɼʞ/ʤ3) ʤʝʥʴʰʝ, ʯʝʤ ʜʣʷ GdCo5 (K1 ~ -7,2Ŀ106 

ɼʞ/ʤ3), ʥʦ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʰʝ: 9,8 ɛɹ ʠ 1,0 ɛɹ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʌʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʚʦʡʥʳʭ ʩʠʩʪʝʤ RïCo ʟʘʣʦʞʠʣʠ ʦʩʥʦʚʫ ʜʣʷ 

ʩʦʟʜʘʥʠʷ ʧʝʨʚʳʭ ʧʨʦʤʳʰʣʝʥʥʳʭ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʧʦʩʪʦʷʥʥʳʭ ʤʘʛʥʠʪʦʚ ʥʘ ʦʩʥʦʚʝ SmCo5 

ʠ Sm2Co17. ʆʜʥʘʢʦ ʜʘʣʴʥʝʡʰʠʡ ʧʨʦʛʨʝʩʩ ʚ ʫʚʝʣʠʯʝʥʠʠ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ 

ʧʨʦʠʟʚʝʜʝʥʠʷ (BH)max ʠ, ʯʪʦ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʦ, ʚ ʧʦʚʳʰʝʥʠʠ ʢʦʵʨʮʠʪʠʚʥʦʡ ʩʠʣʳ, ʘ ʪʘʢʞʝ 

ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ, ʦʢʘʟʘʣʩʷ ʥʝʚʦʟʤʦʞʝʥ ʙʝʟ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦʛʦ ʣʝʛʠʨʦʚʘʥʠʷ 

ʵʪʠʭ ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʚ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ. ʀʩʪʦʨʠʯʝʩʢʠʡ ʧʫʪʴ, ʧʨʠʚʝʜʰʠʡ ʢ 

ʬʦʨʤʠʨʦʚʘʥʠʶ ʢʣʘʩʩʘ ʩʧʣʘʚʦʚ ʩʦʩʪʘʚʘ R-Zr-Co-Cu-Fe (ʛʜʝ R = Sm, Gd), ʧʨʝʜʩʪʘʚʣʷʝʪ 
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ʩʦʙʦʡ ʷʨʢʠʡ ʧʨʠʤʝʨ ʪʦʛʦ, ʢʘʢ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ ʨʝʰʝʥʠʝ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʧʨʦʙʣʝʤ 

ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ ʯʝʨʝʟ ʢʦʥʪʨʦʣʠʨʫʝʤʦʝ ʣʝʛʠʨʦʚʘʥʠʝ ʧʨʠʚʝʣʦ ʢ ʩʦʟʜʘʥʠʶ ʤʘʪʝʨʠʘʣʦʚ ʩ 

ʫʥʠʢʘʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ [13, 4]. ɺʘʞʥʦ ʧʦʜʯʝʨʢʥʫʪʴ, ʯʪʦ ʜʘʥʥʘʷ ʵʚʦʣʶʮʠʷ ʠʟʥʘʯʘʣʴʥʦ 

ʧʨʦʠʩʭʦʜʠʣʘ ʚ ʢʦʥʪʝʢʩʪʝ ʨʘʟʨʘʙʦʪʢʠ ʩʧʝʯʝʥʥʳʭ ʤʘʛʥʠʪʦʚ, ʦʜʥʘʢʦ ʧʦʣʫʯʝʥʥʳʝ ʟʥʘʥʠʷ ʦ 

ʨʦʣʠ ʢʘʞʜʦʛʦ ʣʝʛʠʨʫʶʱʝʛʦ ʵʣʝʤʝʥʪʘ ʦʢʘʟʘʣʠʩʴ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʮʝʥʥʳʤʠ ʜʣʷ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʣʠʪʳʭ ʩʧʣʘʚʦʚ ʩ ʚʳʩʦʢʠʤʠ ʤʘʛʥʠʪʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʙʝʟ 

ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʦʚ ʧʦʨʦʰʢʦʚʦʡ ʤʝʪʘʣʣʫʨʛʠʠ.  

ʇʝʨʚʳʤ ʠ ʥʘʠʙʦʣʝʝ ʦʯʝʚʠʜʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʤʦʜʠʬʠʢʘʮʠʠ ʙʳʣʦ ʧʦʚʳʰʝʥʠʝ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʥʘʩʳʱʝʥʠʷ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʧʨʝʜʝʣʘ (BH)max. 

ʇʦʩʢʦʣʴʢʫ ʤʘʛʥʠʪʥʳʡ ʤʦʤʝʥʪ ʘʪʦʤʘ Fe ʚ ʠʥʪʝʨʤʝʪʘʣʣʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʷʭ (ʦʢʦʣʦ 

2,2 ɛɹ/ʘʪʦʤ) ʚʳʰʝ, ʯʝʤ ʫ Co (~1,7 ɛɹ/ʘʪʦʤ), ʯʘʩʪʠʯʥʦʝ ʟʘʤʝʱʝʥʠʝ ʢʦʙʘʣʴʪʘ ʞʝʣʝʟʦʤ ʩʪʘʣʦ 

ʝʩʪʝʩʪʚʝʥʥʳʤ ʨʝʰʝʥʠʝʤ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʩʠʩʪʝʤʳ SmïCoïFe ʧʦʢʘʟʘʣʠ, ʯʪʦ ʞʝʣʝʟʦ 

ʩʧʦʩʦʙʥʦ ʠʟʦʤʦʨʬʥʦ ʟʘʤʝʱʘʪʴ ʢʦʙʘʣʴʪ ʚ ʨʝʰʝʪʢʘʭ ʢʘʢ ʬʘʟʳ 1:5, ʪʘʢ ʠ 2:17 ʚ 

ʟʥʘʯʠʪʝʣʴʥʳʭ ʢʦʣʠʯʝʩʪʚʘʭ [8]. ɺʚʝʜʝʥʠʝ Fe ʧʨʠʚʦʜʠʪ ʢ ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʨʦʩʪʫ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʥʘʩʳʱʝʥʠʷ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʂʶʨʠ ʩʦʝʜʠʥʝʥʠʷ Sm2(Co,Fe)17. ʅʘʧʨʠʤʝʨ, 

ʧʨʠ ʟʘʤʝʱʝʥʠʠ 20 ʘʪ.% Co ʥʘ Fe ʚ Sm2Co17 ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ ʥʘʩʳʱʝʥʠʷ ʚʦʟʨʘʩʪʘʝʪ ʥʘ 

10ï15%, ʘ Tʩ ʧʦʚʳʰʘʝʪʩʷ ʩ ~1190 K ʜʦ ~1300 K [13]. 

ʆʜʥʘʢʦ ʫ ʵʪʦʛʦ ʧʦʜʭʦʜʘ ʦʙʥʘʨʫʞʠʣʠʩʴ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ: 

1. ʉʥʠʞʝʥʠʝ ʤʘʛʥʠʪʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʘʥʠʟʦʪʨʦʧʠʠ. ʀʦʥ Fe, ʚ ʦʪʣʠʯʠʝ ʦʪ Co, 

ʚʥʦʩʠʪ ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʚʢʣʘʜ ʚ ʢʦʥʩʪʘʥʪʫ ʦʜʥʦʦʩʥʦʡ ʘʥʠʟʦʪʨʦʧʠʠ. ʇʨʠ ʧʨʝʚʳʰʝʥʠʠ 

ʦʧʨʝʜʝʣʝʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ Fe (ʧʨʠʤʝʨʥʦ 20ï25% ʦʪ ʦʙʱʝʛʦ ʯʠʩʣʘ ʘʪʦʤʦʚ ʧʝʨʝʭʦʜʥʳʭ 

ʤʝʪʘʣʣʦʚ) ʘʥʠʟʦʪʨʦʧʠʷ ʤʦʞʝʪ ʩʤʝʥʠʪʴ ʟʥʘʢ ʩ ʦʜʥʦʦʩʥʦʡ ʥʘ ʣʝʛʢʦʧʣʦʩʢʦʩʪʥʫʶ, ʯʪʦ 

ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʠ ʩʥʠʞʘʝʪ ʢʦʵʨʮʠʪʠʚʥʫʶ ʩʠʣʫ [8, 27]. 

2. ʆʙʨʘʟʦʚʘʥʠʝ ʤʘʛʥʠʪʦʤʷʛʢʦʡ ʬʘʟʳ FeïCo. ʇʨʠ ʚʳʩʦʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ Fe ʠ 

ʦʧʨʝʜʝʣʝʥʥʳʭ ʨʝʞʠʤʘʭ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʚʦʟʤʦʞʥʦ ʚʳʜʝʣʝʥʠʝ ʦʙʲʝʤʥʦʡ 

ʤʷʛʢʦʤʘʛʥʠʪʥʦʡ ʬʘʟʳ ʥʘ ʦʩʥʦʚʝ Ŭ-Fe(Co), ʢʦʪʦʨʘʷ, ʩʦʟʜʘʚʘʷ ʩʠʣʴʥʳʝ ʤʘʛʥʠʪʥʳʝ ʩʚʷʟʠ 

ʤʝʞʜʫ ʞʝʩʪʢʠʤʠ ʟʝʨʥʘʤʠ, ʨʝʟʢʦ ʩʥʠʞʘʝʪ ʢʦʵʨʮʠʪʠʚʥʦʩʪʴ ʧʦ ʤʝʭʘʥʠʟʤʫ ʨʦʩʪʘ ʟʘʨʦʜʳʰʝʡ 

ʜʦʤʝʥʦʚ ʦʙʨʘʪʥʦʛʦ ʟʥʘʢʘ [28]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʣʝʛʠʨʦʚʘʥʠʝ ʙʠʥʘʨʥʳʭ ʩʦʩʪʘʚʦʚ ʘʪʦʤʘʤʠ 

Fe ʵʬʬʝʢʪʠʚʥʦ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʥʘʩʳʱʝʥʠʷ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʂʶʨʠ, ʥʦ 

ʪʨʝʙʫʝʪ ʩʪʨʦʛʦʛʦ ʢʦʥʪʨʦʣʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʜʣʷ ʩʦʭʨʘʥʝʥʠʷ ʚʳʩʦʢʦʡ 

ʘʥʠʟʦʪʨʦʧʠʠ. 
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ʅʝʩʤʦʪʨʷ ʥʘ ʚʳʩʦʢʫʶ ʪʝʤʧʝʨʘʪʫʨʫ ʂʶʨʠ ʊC ~ 800ʦC, ʧʦʩʪʦʷʥʥʳʝ ʤʘʛʥʠʪʳ SmCo5 

ʠʤʝʶʪ ʥʝʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʢʦʵʨʮʠʪʠʚʥʦʡ ʩʠʣʳ ~0,10 ʊʣ, ʯʪʦ ʠ ʦʛʨʘʥʠʯʠʚʘʝʪ ʠʭ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʝ ʧʨʠʤʝʥʝʥʠʷ [29]. ɼʣʷ ʫʩʪʨʘʥʝʥʠʷ ʦʛʨʘʥʠʯʝʥʠʡ ʧʨʦʚʦʜʠʣʠʩʴ 

ʧʦʠʩʢʠ ʟʘʤʝʱʝʥʠʷ ʢʦʙʘʣʴʪʘ. ʈʝʟʫʣʴʪʘʪʳ ʙʳʣʠ ʜʦʩʪʠʛʥʫʪʳ ʜʣʷ ʩʧʣʘʚʦʚ Sm(Co,Cu)5 [30], ʘ 

ʪʘʢʞʝ ʚ ʬʝʨʨʠʤʘʛʥʠʪʥʳʭ ʤʦʥʦʢʨʠʩʪʘʣʣʘʭ Gd(Co,Cu)5 ʙʳʣ ʦʙʥʘʨʫʞʝʥ ʛʠʛʘʥʪʩʢʠʡ ʨʦʩʪ 

ʢʦʵʨʮʠʪʠʚʥʦʡ ʩʠʣʳ ʚʙʣʠʟʠ ʪʦʯʢʠ ʢʦʤʧʝʥʩʘʮʠʠ [31]. 

ʌʠʟʠʯʝʩʢʘʷ ʩʫʪʴ ʷʚʣʝʥʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ: 

1. ʄʝʜʴ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʨʘʩʪʚʦʨʷʝʪʩʷ ʚ ʦʩʥʦʚʥʳʭ ʤʘʛʥʠʪʥʳʭ ʬʘʟʘʭ (2:17, 1:5) ʧʨʠ 

ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʥʦ ʠʤʝʝʪ ʦʛʨʘʥʠʯʝʥʥʫʶ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʧʨʠ ʚʳʩʦʢʠʭ. 

2. ɺ ʨʝʟʫʣʴʪʘʪʝ ʟʘʢʘʣʢʠ ʬʠʢʩʠʨʫʝʪʩʷ ʧʝʨʝʩʳʱʝʥʥʳʡ ʪʚʝʨʜʳʡ ʨʘʩʪʚʦʨ. 

3. ʇʨʠ ʧʦʩʣʝʜʫʶʱʝʤ ʦʪʞʠʛʝ ʚ ʜʠʘʧʘʟʦʥʝ 800ï900 ÁC ʬʦʨʤʠʨʫʶʪʩʷ ʦʙʦʛʘʱʝʥʥʳʝ 

ʤʝʜʴʶ ʦʙʣʘʩʪʠ (ʙʫʜʫʱʠʝ ʛʨʘʥʠʮʳ ʷʯʝʝʢ) ʠ ʦʙʝʜʥʝʥʥʳʝ ʤʝʜʴʶ ʦʙʣʘʩʪʠ (ʙʫʜʫʱʠʝ ʷʯʝʡʢʠ 

ʦʩʥʦʚʥʦʡ ʬʘʟʳ) [32]. 

4.  ɼʘʣʴʥʝʡʰʠʡ ʦʪʞʠʛ ʧʨʠ ʙʦʣʝʝ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ (400ï500 ÁC) ʧʨʠʚʦʜʠʪ ʢ 

ʫʧʦʨʷʜʦʯʝʥʠʶ ʠ ʦʢʦʥʯʘʪʝʣʴʥʦʤʫ ʬʦʨʤʠʨʦʚʘʥʠʶ çʷʯʝʠʩʪʦʡ ʩʪʨʫʢʪʫʨʳè. [32]. 

ʀʤʝʥʥʦ ʤʝʞʬʘʟʥʳʝ ʛʨʘʥʠʮʳ, ʦʙʣʘʜʘʶʱʠʝ ʚʳʩʦʢʦʡ ʧʣʦʪʥʦʩʪʴʶ ʠ 

ʥʝʧʨʝʨʳʚʥʦʩʪʴʶ, ʩʣʫʞʘʪ ʵʬʬʝʢʪʠʚʥʳʤʠ ʮʝʥʪʨʘʤʠ ʟʘʜʝʨʞʢʠ ʩʤʝʱʝʥʠʷ ʜʦʤʝʥʥʳʭ ʛʨʘʥʠʮ, 

ʧʨʝʧʷʪʩʪʚʫʷ ʠʭ ʜʚʠʞʝʥʠʶ ʠ ʦʙʝʩʧʝʯʠʚʘʷ ʚʳʩʦʢʫʶ ʢʦʵʨʮʠʪʠʚʥʫʶ ʩʠʣʫ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʤʝʜʴ ʩʪʘʣʘ ʥʝ ʧʨʦʩʪʦ ʣʝʛʠʨʫʶʱʝʡ ʜʦʙʘʚʢʦʡ, ʘ ʢʣʶʯʝʚʳʤ ʵʣʝʤʝʥʪʦʤ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʤ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʥʝʦʙʭʦʜʠʤʦʡ ʜʣʷ ʚʳʩʦʢʦʡ ʢʦʵʨʮʠʪʠʚʥʦʡ ʩʠʣʳ ʥʘʥʦʨʘʟʤʝʨʥʦʡ 

ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ. 

ʉʣʝʜʫʶʱʠʤ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳʤ ʰʘʛʦʤ ʩʪʘʣʦ ʚʚʝʜʝʥʠʝ ʮʠʨʢʦʥʠʷ ʚ ʩʠʩʪʝʤʫ Smï

CoïCuïFe. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ Zr ʚʳʧʦʣʥʷʝʪ ʥʝʩʢʦʣʴʢʦ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ 

ʬʫʥʢʮʠʡ: 

1. ʉʪʘʙʠʣʠʟʘʮʠʷ ʨʦʤʙʦʵʜʨʠʯʝʩʢʦʡ ʬʘʟʳ 2:17. ʎʠʨʢʦʥʠʡ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʩʪʘʙʠʣʠʟʘʮʠʠ ʠʤʝʥʥʦ ʨʦʤʙʦʵʜʨʠʯʝʩʢʦʡ ʤʦʜʠʬʠʢʘʮʠʠ Sm2(Co,Fe)17 ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ, ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦʡ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʚʳʩʦʢʠʭ ʤʘʛʥʠʪʥʳʭ 

ʩʚʦʡʩʪʚ [33]. 

2. ɺʚʝʜʝʥʠʝ Zr ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʙʦʣʝʝ ʤʝʣʢʫʶ ʠ ʦʜʥʦʨʦʜʥʫʶ ʷʯʝʠʩʪʫʶ 

ʩʪʨʫʢʪʫʨʫ. ʈʘʟʤʝʨ ʷʯʝʡʢʠ ʫʤʝʥʴʰʘʝʪʩʷ ʩ ~500 ʥʤ ʚ ʩʧʣʘʚʘʭ ʙʝʟ Zr ʜʦ ~50ï100 ʥʤ ʚ 

ʣʝʛʠʨʦʚʘʥʥʳʭ Zr ʩʧʣʘʚʘʭ [34].  
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3. ʌʦʨʤʠʨʦʚʘʥʠʝ ʧʣʘʩʪʠʥʯʘʪʳʭ Zr-ʦʙʦʛʘʱʝʥʥʳʭ ʬʘʟ. ɺ ʦʧʪʠʤʘʣʴʥʦ 

ʪʝʨʤʠʯʝʩʢʠ ʦʙʨʘʙʦʪʘʥʥʳʭ ʩʧʣʘʚʘʭ Zr ʩʧʦʩʦʙʩʪʚʫʝʪ ʦʙʨʘʟʦʚʘʥʠʶ ʪʦʥʢʠʭ ʧʣʘʩʪʠʥʯʘʪʳʭ 

ʚʳʜʝʣʝʥʠʡ. ʕʪʠ ʧʣʘʩʪʠʥʳ, ʪʘʢʞʝ ʦʙʦʛʘʱʝʥʥʳʝ Sm, Co ʠ Zr, ʧʨʦʥʠʟʳʚʘʶʪ ʷʯʝʠʩʪʫʶ 

ʩʪʨʫʢʪʫʨʫ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʫʧʨʦʯʥʷʶʪ ʝʝ, ʩʦʟʜʘʚʘʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʙʘʨʴʝʨʳ ʜʣʷ 

ʜʦʤʝʥʥʳʭ ʩʪʝʥʦʢ [33, 35].  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʠʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʜʝʡʩʪʚʠʷ Cu ʠ Zr ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʦʧʪʠʤʘʣʴʥʦʝ 

ʩʦʯʝʪʘʥʠʝ ʵʣʝʤʝʥʪʦʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʝ ʨʝʢʦʨʜʥʦʝ ʩʦʯʝʪʘʥʠʝ ʚʳʩʦʢʠʭ ʟʥʘʯʝʥʠʡ 

ʢʦʵʨʮʠʪʠʚʥʦʡ ʩʠʣʳ (ʙʦʣʝʝ 3 ʊʣ) ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʧʨʦʠʟʚʝʜʝʥʠʷ. 

ʆʧʠʩʘʥʥʳʝ ʚʳʰʝ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʦʪʢʨʳʪʠʷ, ʩʜʝʣʘʥʥʳʝ ʚ ʨʘʤʢʘʭ ʪʝʭʥʦʣʦʛʠʠ 

ʩʧʝʯʝʥʥʳʭ ʤʘʛʥʠʪʦʚ, ʩʬʦʨʤʠʨʦʚʘʣʠ ʯʝʪʢʦʝ ʧʦʥʠʤʘʥʠʝ ʨʦʣʠ ʢʘʞʜʦʛʦ ʣʝʛʠʨʫʶʱʝʛʦ 

ʵʣʝʤʝʥʪʘ. ʕʪʦ ʧʦʥʠʤʘʥʠʝ ʣʝʛʣʦ ʚ ʦʩʥʦʚʫ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʧʦʣʫʯʝʥʠʝ 

ʚʳʩʦʢʦʢʦʵʨʮʠʪʠʚʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʘʣʴʪʝʨʥʘʪʠʚʥʳʤʠ ʤʝʪʦʜʘʤʠ ð ʧʫʪʝʤ ʙʳʩʪʨʦʛʦ 

ʦʭʣʘʞʜʝʥʠʷ ʠʟ ʨʘʩʧʣʘʚʘ ʠ ʧʦʩʣʝʜʫʶʱʝʡ ʢʦʥʪʨʦʣʠʨʫʝʤʦʡ ʟʘʢʘʣʢʠ, ʘ ʪʘʢʞʝ ʣʠʪʴʝ ʠ 

ʛʦʤʦʛʝʥʠʟʘʮʠʶ. ɿʘʜʘʯʘ ʟʘʢʣʶʯʘʣʘʩʴ ʚ ʪʦʤ, ʯʪʦʙʳ ʚʦʩʧʨʦʠʟʚʝʩʪʠ ʘʥʘʣʦʛʠʯʥʫʶ ʩʣʦʞʥʫʶ 

ʥʘʥʦʨʘʟʤʝʨʥʫʶ ʤʠʢʨʦʩʪʨʫʢʪʫʨʫ ʥʝ ʚ ʧʨʦʮʝʩʩʝ ʩʧʝʢʘʥʠʷ ʠ ʜʣʠʪʝʣʴʥʦʛʦ ʦʪʞʠʛʘ ʩʧʝʯʝʥʥʦʡ 

ʢʦʤʧʘʢʪʥʦʡ ʤʘʩʩʳ, ʘ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʦʙʲʝʤʝ ʩʧʣʘʚʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʠʟ ʞʠʜʢʦʡ ʬʘʟʳ [36]. 

ɼʣʷ ʩʠʩʪʝʤ ʥʘ ʦʩʥʦʚʝ Gd ʣʦʛʠʢʘ ʣʝʛʠʨʦʚʘʥʠʷ ʩʦʭʨʘʥʷʝʪʩʷ, ʥʦ ʩ ʚʘʞʥʦʡ 

ʩʧʝʮʠʬʠʢʦʡ: ʧʦʩʢʦʣʴʢʫ Gd ʥʝ ʜʘʝʪ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʚʢʣʘʜʘ ʚ ʘʥʠʟʦʪʨʦʧʠʶ, ʦʩʥʦʚʥʘʷ ʮʝʣʴ 

ʣʝʛʠʨʦʚʘʥʠʷ Fe, Cu, Zr ʫʚʝʣʠʯʝʥʠʝ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʥʘʩʳʱʝʥʠʷ (ʘʪʦʤʳ Fe) ʠ 

çʫʧʨʘʚʣʝʥʠʝè ʤʠʢʨʦʩʪʨʫʢʪʫʨʦʡ (ʘʪʦʤʳ Cu, Zr) ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʚʳʩʦʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʟʘ ʩʯʝʪ ʤʝʭʘʥʠʟʤʘ ʟʘʜʝʨʞʢʠ ʩʤʝʱʝʥʠʷ ʜʦʤʝʥʥʳʭ ʛʨʘʥʠʮ. ʂʨʦʤʝ ʪʦʛʦ, ʬʝʨʨʠʤʘʛʥʠʪʥʳʝ 

ʩʧʣʘʚʳ ʥʘ ʦʩʥʦʚʝ Gd ʧʨʠʚʣʝʢʘʶʪ ʚʥʠʤʘʥʠʝ ʠʟ-ʟʘ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʥʦʡ 

ʩʪʘʙʠʣʴʥʦʩʪʠ ʛʠʩʪʝʨʝʟʠʩʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ [37]. 

ɺ ʧʝʨʚʳʭ ʧʦʩʪʦʷʥʥʳʭ ʤʘʛʥʠʪʘʭ Sm(Co,Cu,Fe,Zr)z ʩʦʜʝʨʞʘʣʦʩʴ ʦʢʦʣʦ 1,5 ʚʝʩ.% 

ʮʠʨʢʦʥʠʷ ʠ ʜʦʩʪʠʛʘʣʠʩʴ ʥʝʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʢʦʵʨʮʠʪʠʚʥʦʡ ʩʠʣʳ Õ0HcI = 0,6ï0,7 ʊʣ ʠ 

(ɺʅ)max ʜʦ 238 ʢɼʞ/ʤ3 (30 ʄɻʩĿʕ) [38-40]. ɺʚʝʜʝʥʠʝ ʚ ʩʧʣʘʚʳ ʮʠʨʢʦʥʠʷ ʜʦ 3 ʚʝʩ.% 

ʧʦʟʚʦʣʠʣʦ ʫʚʝʣʠʯʠʪʴ ʩʦʜʝʨʞʘʥʠʝ ʞʝʣʝʟʘ ʜʦ 20 ʚʝʩ.% ʠ ʫʤʝʥʴʰʠʪʴ ʩʦʜʝʨʞʘʥʠʝ ʤʝʜʠ ʜʦ 4 

ʚʝʩ.%, ʘ ʪʘʢʞʝ ʧʦʣʫʯʠʪʴ ʚʝʣʠʯʠʥʫ (ɺʅ)max = 262 ʢɼʞ/ʤ3 (33 ʄɻʩ.ʕ) ʧʨʠ Õ0HcI = 2ï2,5 ʊʣ 

[41ï44]. 

ʅʘ ʦʩʥʦʚʝ ʩʧʣʘʚʦʚ ʪʠʧʘ (Sm,ʊʈɿʄ,Zr)(Co,Cu,Fe)z ʩ ʯʘʩʪʠʯʥʳʤ ʟʘʤʝʱʝʥʠʝʤ 

ʩʘʤʘʨʠʷ ʥʘ ʪʷʞʝʣʳʝ ʨʝʜʢʦʟʝʤʝʣʴʥʳʝ ʤʝʪʘʣʣʳ ï ʊʈɿʄ = Gd, Er, Tb, Dy ʧʦʣʫʯʝʥʳ 
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ʧʦʩʪʦʷʥʥʳʝ ʤʘʛʥʠʪʳ ʩ ʥʫʣʝʚʳʤ ʪʝʤʧʝʨʘʪʫʨʥʳʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʦʙʨʘʪʠʤʳʭ ʠʟʤʝʥʝʥʠʡ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ ʦʪ ʢʦʤʥʘʪʥʦʡ ʜʦ 100ï200ʦʉ [45ï47].  

ɺ ʦʪʜʝʣʴʥʦʡ ʛʨʫʧʧʝ ʜʘʥʥʳʭ ʩʧʣʘʚʦʚ ʩ ʛʘʜʦʣʠʥʠʝʤ (Gd,Zr)(Co,Cu,Fe)z ʨʝʘʣʠʟʦʚʘʥ 

ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʨʦʩʪ ʥʝ ʪʦʣʴʢʦ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʥʘʩʳʱʝʥʠʷ, ʥʦ ʠ ʤʘʢʩʠʤʘʣʴʥʦʛʦ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʧʨʦʠʟʚʝʜʝʥʠʷ [48ï50]. 

ɺ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʠʥʪʝʨʝʩ ʢ ʩʧʣʘʚʘʤ (Sm,Zr)(Co,Cu,Fe)z ʩʫʱʝʩʪʚʝʥʥʦ 

ʚʦʟʨʦʩ, ʪʘʢ ʢʘʢ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʥʦʚʳʝ ʩʦʩʪʘʚʳ ʩ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʤʝʜʠ, ʥʘ 

ʢʦʪʦʨʳʭ ʧʨʠ ʥʝʢʦʪʦʨʦʤ ʩʥʠʞʝʥʠʠ ʠʥʜʫʢʮʠʠ ʥʘʩʳʱʝʥʠʷ ʩʦʭʨʘʥʷʶʪʩʷ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ 

ʢʦʵʨʮʠʪʠʚʥʦʡ ʩʠʣʳ ʚʧʣʦʪʴ ʜʦ 500ʦʉ [45-49, 55ï60]. 

1.2. ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʩʧʣʘʚʦʚ (R,Zr)(Co,Cu,Fe)z  

ʂʣʶʯʝʚʳʤ ʤʝʭʘʥʠʟʤʦʤ ʜʦʩʪʠʞʝʥʠʷ ʚʳʩʦʢʦʡ ʢʦʵʨʮʠʪʠʚʥʦʡ ʩʠʣʳ ʚ ʩʧʣʘʚʘʭ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʪʠʧʘ ʷʚʣʷʝʪʩʷ ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʧʝʮʠʬʠʯʝʩʢʦʡ ʥʘʥʦʨʘʟʤʝʨʥʦʡ 

ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ, ʵʬʬʝʢʪʠʚʥʦ ʩʜʝʨʞʠʚʘʶʱʝʡ ʩʤʝʱʝʥʠʷ ʜʦʤʝʥʥʳʭ ʛʨʘʥʠʮ. ɺ ʩʧʣʘʚʘʭ 

(R,Zr)(Co,Cu,Fe)z, ʧʦʣʫʯʝʥʥʳʭ ʤʝʪʦʜʘʤʠ ʣʠʪʴʷ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʛʦʤʦʛʝʥʠʟʘʮʠʝʡ ʠ 

ʜʣʠʪʝʣʴʥʳʤ ʤʥʦʛʦʩʪʫʧʝʥʯʘʪʳʤ ʦʪʞʠʛʦʤ, ʪʘʢʘʷ ʤʠʢʨʦ- ʠ ʥʘʥʦʩʪʨʫʢʪʫʨʘ ʬʦʨʤʠʨʫʝʪʩʷ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʩʣʦʞʥʳʭ ʧʨʦʮʝʩʩʦʚ ʬʘʟʦʚʦʛʦ ʨʘʩʧʘʜʘ ʧʝʨʝʩʳʱʝʥʥʳʭ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ. 

ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʩʧʣʘʚʦʚ (R,Zr)(Co,Cu,Fe)z ʩ R = Sm, Gd ʚ ʚʳʩʦʢʦʢʦʵʨʮʠʪʠʚʥʦʤ 

ʩʦʩʪʦʷʥʠʠ ʠʤʝʝʪ ʚʳʨʘʞʝʥʥʳʡ ʘʥʠʟʦʪʨʦʧʥʳʡ ʭʘʨʘʢʪʝʨ ʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʨʝʛʫʣʷʨʥʦʝ 

ʯʝʨʝʜʦʚʘʥʠʝ ʦʙʣʘʩʪʝʡ, ʨʘʟʜʝʣʝʥʥʳʭ ʯʝʪʢʠʤʠ ʛʨʘʥʠʮʘʤʠ. ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ 

ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʦʙʨʘʟʮʦʚ ʩʧʣʘʚʦʚ (R,Zr)(Co,Cu,Fe)z ʩ R = Sm ʠ Gd ʚ 

ʚʳʩʦʢʦʢʦʵʨʮʠʪʠʚʥʦʤ ʩʦʩʪʦʷʥʠʠ ʤʝʪʦʜʘʤʠ ʦʧʪʠʯʝʩʢʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʙʳʣʠ ʚʳʷʚʣʝʥʳ ʪʨʠ 

ʩʪʨʫʢʪʫʨʥʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ, ʫʩʣʦʚʥʦ ʦʙʦʟʥʘʯʝʥʥʳʝ ɸ, ɺ ʠ ʉ [5, 60-64] (ʨʠʩʫʥʦʢ 1.3).  

ʉʦʩʪʘʚʣʷʶʱʘʷ ɸ ʦʙʦʛʘʱʝʥʘ ʤʝʜʴʶ ʠ ʨʝʜʢʦʟʝʤʝʣʴʥʳʤ ʵʣʝʤʝʥʪʦʤ, ʙʣʠʟʢʘ ʢ 

ʩʦʩʪʘʚʫ ʬʘʟʳ ʪʠʧʘ 1:5. ʉʦʩʪʘʚʣʷʶʱʘʷ ɺ,  ʟʘʥʠʤʘʶʱʘʷ ʥʘʨʷʜʫ ʩ ɸ ʦʩʥʦʚʥʦʡ ʦʙʲʝʤ 

ʤʘʪʝʨʠʘʣʘ (ʜʦ 85ï95%) ʦʙʦʛʘʱʝʥʘ ʞʝʣʝʟʦʤ ʠ ʙʣʠʟʢʘ ʧʦ ʩʦʩʪʘʚʫ ʢ ʬʘʟʝ ʪʠʧʘ 2:17. 

ʉʦʩʪʘʚʣʷʶʱʘʷ ʉ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʪʦʥʢʠʝ ʧʣʘʩʪʠʥʯʘʪʳʝ (ʣʘʤʝʣʴʥʳʝ) ʚʳʜʝʣʝʥʠʷ, 

ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʝ ʩʪʨʦʛʦ ʧʘʨʘʣʣʝʣʴʥʦ ʙʘʟʠʩʥʦʡ ʧʣʦʩʢʦʩʪʠ ʦʙʨʘʟʮʦʚ. ʆʥʘ ʚʩʝʛʜʘ 

ʣʦʢʘʣʠʟʦʚʘʥʘ ʚʥʫʪʨʠ ʩʦʩʪʘʚʣʷʶʱʝʡ ɸ. ʍʠʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʦʢʘʟʳʚʘʝʪ ʝʝ ʦʙʦʛʘʱʝʥʠʝ 

ʮʠʨʢʦʥʠʝʤ. ɺʘʞʥʦ ʧʦʜʯʝʨʢʥʫʪʴ, ʯʪʦ ʵʪʠ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʠʝ ʩʦʩʪʘʚʣʷʶʱʠʝ ʥʝ ʷʚʣʷʶʪʩʷ 

ʛʦʤʦʛʝʥʥʳʤʠ ʬʘʟʘʤʠ ʚ ʢʣʘʩʩʠʯʝʩʢʦʤ ʧʦʥʠʤʘʥʠʠ. ʂʘʞʜʘʷ ʠʟ ʥʠʭ ʧʨʝʜʩʪʘʚʣʷʝʪ 
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ʩʦʙʦʡ ʤʠʢʨʦʛʝʪʝʨʦʛʝʥʥʫʶ ʩʠʩʪʝʤʫ ʩʦ ʩʚʦʝʡ ʩʦʙʩʪʚʝʥʥʦʡ ʚʥʫʪʨʝʥʥʝʡ ʥʘʥʦʨʘʟʤʝʨʥʦʡ 

ʩʪʨʫʢʪʫʨʦʡ.  

 

ʈʠʩʫʥʦʢ 1.3 - ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʥʘ ʧʨʠʟʤʘʪʠʯʝʩʢʦʡ ʧʣʦʩʢʦʩʪʠ 

ʧʩʝʚʜʦʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʦʙʨʘʟʮʦʚ ʩʧʣʘʚʘ Sm0,85Zr0,15(Co0,702Cu0,088Fe0,210)6,4 ʚ (ʘ) 

ʣʠʪʦʤ ʩʦʩʪʦʷʥʠʠ, (ʙ) ʧʦʩʣʝ ʛʦʤʦʛʝʥʠʟʘʮʠʠ ʠ (ʚ) ʧʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʮʠʢʣʘ 

ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ (ʦʧʪʠʯʝʩʢʠʡ ʤʠʢʨʦʩʢʦʧ, ʪʨʘʚʣʝʥʠʝ 5%-ʥʳʤ ʩʧʠʨʪʦʚʳʤ ʨʘʩʪʚʦʨʦʤ 

HNO3). ʆʩʴ ʣʝʛʢʦʛʦ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ ʨʘʩʧʦʣʦʞʝʥʘ ʚ ʧʣʦʩʢʦʩʪʠ ʠʟʦʙʨʘʞʝʥʠʷ ʠ ʩʪʨʦʛʦ 

ʛʦʨʠʟʦʥʪʘʣʴʥʘ [5]. 
 

ʅʘ ʨʠʩʫʥʢʝ 1.4 ʧʨʝʜʩʪʘʚʣʝʥʳ ʪʠʧʠʯʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ 

ʢʦʵʨʮʠʪʠʚʥʦʡ ʩʠʣʳ (HcI) ʠ ʦʙʲʝʤʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʩʦʩʪʘʚʣʷʶʱʠʭ (VC) ʜʣʷ ʩʠʩʪʝʤʳ        

Gd1-xZrx(Co0,70Cu0,09Fe0,21)z.  

ʂʦʵʨʮʠʪʠʚʥʘʷ ʩʠʣʘ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʤʘʢʩʠʤʫʤ ʚʙʣʠʟʠ ʟʥʘʯʝʥʠʷ z = zʢ, ʧʨʠ ʢʦʪʦʨʦʤ 

ʦʙʲʝʤʥʳʝ ʜʦʣʠ ʩʦʩʪʘʚʣʷʶʱʠʭ ɸ ʠ ɺ ʩʪʘʥʦʚʷʪʩʷ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʨʘʚʥʳʤʠ. ʕʪʦʪ ʬʘʢʪ 

ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʳʤ ʜʣʷ ʧʦʥʠʤʘʥʠʷ ʤʝʭʘʥʠʟʤʘ ʢʦʵʨʮʠʪʠʚʥʦʩʪʠ. ʆʧʪʠʤʘʣʴʥʦʝ ʩʦʯʝʪʘʥʠʝ 

ʚʳʩʦʢʠʭ HcI ʠ ʧʨʷʤʦʫʛʦʣʴʥʦʩʪʠ ʧʝʪʣʠ ʛʠʩʪʝʨʝʟʠʩʘ ʜʦʩʪʠʛʘʝʪʩʷ ʠʤʝʥʥʦ ʧʨʠ ʪʘʢʦʤ ʙʘʣʘʥʩʝ. 

ʇʨʠ z<zʢ ʜʦʤʠʥʠʨʫʝʪ ʩʦʩʪʘʚʣʷʶʱʘʷ ɸ, ʦʙʦʛʘʱʝʥʥʘʷ ʤʝʜʴʶ. ʇʨʠ z>zʢ ʧʨʝʦʙʣʘʜʘʝʪ 

ʩʦʩʪʘʚʣʷʶʱʘʷ ɺ [62, 63].  

ʂʦʤʧʣʝʢʩʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʤʝʪʦʜʘʤʠ ʧʨʦʩʚʝʯʠʚʘʶʱʝʡ 

ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʧʦʟʚʦʣʠʣʦ ʦʙʥʘʨʫʞʠʪʴ çʷʯʝʠʩʪʫ èʁ ʩʪʨʫʢʪʫʨʫ (ʨʠʩʫʥʦʢ 1.5) 

[13], ʢʦʪʦʨʘʷ ʩʦʩʪʦʠʪ ʠʟ ʬʘʟʳ ʚʥʫʪʨʠ çʷʯʝʝʢè (B), ʛʨʘʥʠʯʥʳʭ ʬʘʟ (A) ʠ ʧʣʘʩʪʠʥʯʘʪʳʭ 

(ʣʘʤʝʣʴʥʳʭ) ʚʳʜʝʣʝʥʠʡ (C) (ʨʠʩʫʥʦʢ 1.5) [13]. 
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ʈʠʩʫʥʦʢ 1.4 - ʂʦʥʮʝʥʪʨʘʮʠʦʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʢʦʵʨʮʠʪʠʚʥʦʡ ʩʠʣʳ ʅʩI ʠ ʦʙʲʝʤʥʦʛʦ 

ʩʦʜʝʨʞʘʥʠʷ ʩʦʩʪʘʚʣʷʶʱʠʭ VC ʦʙʨʘʟʮʦʚ ʩʧʣʘʚʦʚ Gd1ïxZrx(Co0,70Cu0,09Fe0,21)z [5]. 

 

 

ʈʠʩʫʥʦʢ 1.5 - ʀʟʦʙʨʘʞʝʥʠʷ ʧʨʦʩʚʝʯʠʚʘʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʩʧʝʯʝʥʥʦʛʦ 

ʤʘʛʥʠʪʘ Sm(Co0,784Fe0,100Cu0,088Zr0,028)7,19 ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ(ʩʣʝʚʘ) ʠ ʧʘʨʘʣʣʝʣʴʥʦʡ 

(ʩʧʨʘʚʘ) ʦʩʠ ʪʝʢʩʪʫʨʳ [13]. 
 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʦʡ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʧʨʠ 

ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʦʙʨʘʟʮʦʚ ʩʧʝʯʝʥʥʳʭ ʧʦʩʪʦʷʥʥʳʭ ʤʘʛʥʠʪʦʚ ʩʦʩʪʘʚʘ 

Sm(Co0,925-xFexCu0,05Zr0,025)7,74 (x = 0,27 ʠ 0,31) ʥʘ ʧʨʦʩʚʝʯʠʚʘʶʱʝʤ ʵʣʝʢʪʨʦʥʥʦʤ 

ʤʠʢʨʦʩʢʦʧʝ (ʨʠʩʫʥʦʢ 1.6), ʧʨʦʚʝʜʝʥʥʳʝ ʘʚʪʦʨʘʤʠ [65], ʧʦʟʚʦʣʠʣʠ ʦʧʨʝʜʝʣʠʪʴ 

ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʵʣʝʤʝʥʪʦʚ ʪʦʥʢʦʡ ʩʪʨʫʢʪʫʨʳ ʤʘʪʝʨʠʘʣʦʚ. 



23 

 

 

ʈʠʩʫʥʦʢ 1.6 -  ʍʠʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʵʣʝʤʝʥʪʦʚ ʪʦʥʢʦʡ ʩʪʨʫʢʪʫʨʳ ʩʧʝʯʝʥʥʳʭ 
ʧʦʩʪʦʷʥʥʳʭ ʤʘʛʥʠʪʦʚ Sm(Co0,925-xFexCu0,05Zr0,025)7,74 (x = 0,27 ʠ 0,31) [65]. 

 

ʇʦ ʜʘʥʥʳʤ [65], ʦʙʣʘʩʪʠ ʚʥʫʪʨʠ ʷʯʝʝʢ ʦʙʦʛʘʱʝʥʳ ʞʝʣʝʟʦʤ. ʆʥʠ ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʩʦʙʦʡ ʬʘʟʫ ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʪʠʧʘ Th2Zn17 ï R2(Co,Fe)17. ʕʪʘ ʬʘʟʘ ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʦʡ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴʶ ʥʘʩʳʱʝʥʠʷ, ʥʦ ʦʪʥʦʩʠʪʝʣʴʥʦ ʫʤʝʨʝʥʥʦʡ ʢʦʥʩʪʘʥʪʦʡ ʘʥʠʟʦʪʨʦʧʠʠ. 

ɻʨʘʥʠʮʳ ʷʯʝʝʢ ʧʨʝʜʩʪʘʚʣʷʶʪ ʪʦʥʢʫʶ ʩʝʪʢʫ, ʦʢʨʫʞʘʶʱʫʶ ʷʯʝʡʢʠ. ɻʨʘʥʠʮʳ 

ʦʙʦʛʘʱʝʥʳ ʤʝʜʴʶ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʧʦ ʩʪʨʫʢʪʫʨʝ ʬʘʟʝ ʪʠʧʘ CaCu5 ï R(Co,Cu)5. ʕʪʘ ʬʘʟʘ 

ʠʤʝʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʢʦʥʩʪʘʥʪʫ ʤʘʛʥʠʪʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʘʥʠʟʦʪʨʦʧʠʠ, ʥʦ 

ʤʝʥʴʰʫʶ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ [14]. 

ʇʣʘʩʪʠʥʯʘʪʳʝ (ʣʘʤʝʣʴʥʳʝ) ʚʳʜʝʣʝʥʠʷ ï ʪʦʥʢʠʝ ʧʣʘʩʪʠʥʳ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʝ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʦʩʠ ʩ ʤʘʪʨʠʯʥʦʡ ʬʘʟʳ. ʆʥʠ ʧʨʦʥʠʟʳʚʘʶʪ ç̫ ʯʝʠʩʪʫʶè ʩʪʨʫʢʪʫʨʫ ʠ 

ʠʤʝʶʪ ʦʙʦʛʘʱʝʥʥʫʶ ʮʠʨʢʦʥʠʝʤ ʩʪʨʫʢʪʫʨʫ, ʙʣʠʟʢʫʶ ʢ ʛʝʢʩʘʛʦʥʘʣʴʥʦʡ Th2Ni17 [27, 70].  

ʀʩʩʣʝʜʦʚʘʥʠʷʤ ʪʦʥʢʦʡ ʩʪʨʫʢʪʫʨʳ ʠ ʝʝ ʨʦʣʠ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ 

ʚʳʩʦʢʦʢʦʵʨʮʠʪʠʚʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʧʦʩʪʦʷʥʥʳʭ ʤʘʛʥʠʪʦʚ (Sm,Zr)(Co,Cu,Fe)z ʧʦʩʚʷʱʝʥʦ 

ʙʦʣʴʰʦʝ ʯʠʩʣʦ ʨʘʙʦʪ [66ï72]. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʟʘ ʟʘʜʝʨʞʢʫ ʩʤʝʱʝʥʠʷ ʜʦʤʝʥʥʳʭ ʛʨʘʥʠʮ 

ʦʪʚʝʯʘʝʪ ʛʨʘʥʠʯʥʘʷ ʬʘʟʘ Sm(ʉʦ,Cu)5. ʎʝʥʪʨʘʣʴʥʘʷ ʬʘʟʘ çʷʯʝʝʢè Sm2(Co,Fe)17 ʠʤʝʝʪ ʙʦʣʝʝ 

ʚʳʩʦʢʫʶ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ ʠ ʤʝʥʴʰʫʶ ʢʦʥʩʪʘʥʪʫ ʘʥʠʟʦʪʨʦʧʠʠ, ʯʝʤ ʛʨʘʥʠʯʥʘʷ ʬʘʟʘ 
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Sm(Co,Cu)5. ɿʘ ʩʯʝʪ ʵʪʦʛʦ ʥʘ ʛʨʘʥʠʮʝ çʷʯʝʝʢè ʚʦʟʥʠʢʘʝʪ ʙʘʨʴʝʨ ʜʣʷ ʩʤʝʱʝʥʠʷ ʜʦʤʝʥʥʳʭ 

ʛʨʘʥʠʮ.  

ʀʩʩʣʝʜʦʚʘʥʠʷ ʩ ʚʳʩʦʢʠʤ ʨʘʟʨʝʰʝʥʠʝʤ (ʘʪʦʤʥʦ-ʩʠʣʦʚʘʷ ʤʠʢʨʦʩʢʦʧʠʷ, 

ʚʳʩʦʢʦʨʘʟʨʝʰʘʶʱʘ ̫ʉʕʄ) ʧʦʢʘʟʘʣʠ, ʯʪʦ ʩʦʩʪʘʚʣʷʶʱʘʷ ɸ ʪʘʢʞʝ ʦʙʣʘʜʘʝʪ ʚʥʫʪʨʝʥʥʝʡ 

ʷʯʝʠʩʪʦʡ ʦʨʛʘʥʠʟʘʮʠʝʡ, ʥʦ ʢʘʯʝʩʪʚʝʥʥʦ ʠʥʦʡ [60]. ʗʯʝʡʢʠ ʚ ʩʦʩʪʘʚʣʷʶʱʝʡ ɸ ʠʤʝʶʪ 

ʤʝʥʴʰʠʡ ʨʘʟʤʝʨ (20ï50 ʥʤ ʧʨʦʪʠʚ 50ï100 ʥʤ ʚ ɺ) ʠ ʙʦʣʝʝ ʦʢʨʫʛʣʫʶ, ʠʟʦʤʝʪʨʠʯʥʫʶ 

ʬʦʨʤʫ (ʨʠʩʫʥʦʢ 1.7). ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʟʜʝʩʴ ʚʳʛʣʷʜʠʪ ʙʦʣʝʝ çʨʘʚʥʦʚʝʩʥʦʡè ʠ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʳʩʦʢʦʡ ʧʣʦʪʥʦʩʪʴʶ ʤʝʣʢʠʭ ʩʬʝʨʠʯʝʩʢʠʭ ʚʳʜʝʣʝʥʠʡ. ʕʪʘ ʨʘʟʥʠʮʘ 

ʦʙʲʷʩʥʷʝʪʩʷ ʨʘʟʣʠʯʥʳʤ ʭʠʤʠʯʝʩʢʠʤ ʩʦʩʪʘʚʦʤ: ʚʳʩʦʢʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ Cu ʚ ʩʦʩʪʘʚʣʷʶʱʝʡ 

ɸ ʩʧʦʩʦʙʩʪʚʫʝʪ ʙʦʣʝʝ ʙʳʩʪʨʦʡ ʜʠʬʬʫʟʠʠ ʠ ʩʬʝʨʠʜʠʟʘʮʠʠ ʚʳʜʝʣʝʥʠʡ.  

ʇʣʘʩʪʠʥʯʘʪʘ ̫ Zr-ʦʙʦʛʘʱʝʥʥʘ ̫ ʬʘʟʘ ʠʛʨʘʝʪ ʢʨʠʪʠʯʝʩʢʫ  ʁ ʚʘʞʥʫʶ ʨʦʣʴ ʚ 

ʬʦʨʤʠʨʦʚʘʥʠʠ ʚʩʝʡ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ. ʉʯʠʪʘʝʪʩʷ, ʯʪʦ ʦʥʘ: 

1. ʉʣʫʞʠʪ ʙʳʩʪʨʳʤʠ ʧʫʪʷʤʠ ʜʠʬʬʫʟʠʠ ʜʣʷ ʘʪʦʤʦʚ ʤʝʜʠ, ʦʙʝʩʧʝʯʠʚʘʷ ʝʝ 

ʪʨʘʥʩʧʦʨʪ ʦʪ ʚʥʫʪʨʝʥʥʠʭ ʦʙʣʘʩʪʝʡ ʙʫʜʫʱʠʭ ʷʯʝʝʢ ʢ ʬʦʨʤʠʨʫʶʱʠʤʩʷ ʛʨʘʥʠʮʘʤ. 

2. ʉʦʟʜʘʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʮʝʥʪʨʳ ʟʘʜʝʨʞʢʠ ʩʤʝʱʝʥʠʷ ʜʦʤʝʥʥʳʭ ʛʨʘʥʠʮ, 

ʦʩʦʙʝʥʥʦ ʵʬʬʝʢʪʠʚʥʳʝ ʧʨʦʪʠʚ ʠʭ ʩʤʝʱʝʥʠʷ ʚ ʥʘʧʨʘʚʣʝʥʠʠ, ʧʘʨʘʣʣʝʣʴʥʦʤ ʧʣʘʩʪʠʥʘʤ 

[73]. 

ɺʳʩʦʢʘʷ ʢʦʵʨʮʠʪʠʚʥʘʷ ʩʠʣʘ ʚ ʩʧʣʘʚʘʭ ʩ ʷʯʝʠʩʪʦʡ ʩʪʨʫʢʪʫʨʦʡ ʦʙʲʷʩʥʷʝʪʩʷ 

ʤʝʭʘʥʠʟʤʦʤ ʟʘʜʝʨʞʢʠ ʩʤʝʱʝʥʠʷ ʜʦʤʝʥʥʳʭ ʛʨʘʥʠʮ ʥʘ ʤʝʞʬʘʟʥʳʭ ʛʨʘʥʠʮʘʭ (interface 

domain wall pinning) [74, 75]. ɼʦʤʝʥʥʘʷ ʛʨʘʥʠʮʘ, ʩʪʨʝʤʷʱʘʷʩʷ ʧʨʦʡʪʠ ʯʝʨʝʟ ʦʙʲʝʤ ʩʧʣʘʚʘ, 

ʚʩʪʨʝʯʘʝʪ ʥʘ ʩʚʦʝʤ ʧʫʪʠ ʩʝʪʢʫ ʛʨʘʥʠʮ ʷʯʝʝʢ. ʅʘ ʛʨʘʥʠʮʝ ʤʝʞʜʫ ʷʯʝʡʢʦʡ (ʬʘʟʘ 2:17, 

ʚʳʩʦʢʘʷ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ, ʤʝʥʴʰʘʷ ʢʦʥʩʪʘʥʪʘ ʘʥʠʟʦʪʨʦʧʠʠ) ʠ ʛʨʘʥʠʮʘ (ʬʘʟʘ 1:5, ʙʦʣʝʝ 

ʥʠʟʢʘʷ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ, ʦʯʝʥʴ ʚʳʩʦʢʘʷ ʢʦʥʩʪʘʥʪʘ ʘʥʠʟʦʪʨʦʧʠʠ) ʚʦʟʥʠʢʘʝʪ ʨʝʟʢʠʡ 

ʛʨʘʜʠʝʥʪ ʤʘʛʥʠʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʢʦʥʩʪʘʥʪʳ ʘʥʠʟʦʪʨʦʧʠʠ K. ɼʣʷ ʪʦʛʦ 

ʯʪʦʙʳ ʧʨʦʥʠʢʥʫʪʴ ʚ ʬʘʟʫ 1:5, ʜʦʤʝʥʥʦʡ ʛʨʘʥʠʮʝ ʥʝʦʙʭʦʜʠʤʦ ʧʨʝʦʜʦʣʝʪʴ ʟʥʘʯʠʪʝʣʴʥʳʡ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʙʘʨʴʝʨ, ʩʚʷʟʘʥʥʳʡ ʩ ʚʳʩʦʢʦʡ ʘʥʠʟʦʪʨʦʧʠʝʡ ʵʪʦʡ ʬʘʟʳ. ɺ ʨʘʙʦʪʝ [70] ʙʳʣʦ 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʦʚʳʰʝʥʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʤʝʜʠ ʚ ʛʨʘʥʠʯʥʦʡ ʬʘʟʝ ʩʫʱʝʩʪʚʝʥʥʦ 

ʫʚʝʣʠʯʠʚʘʝʪ ʨʘʟʥʠʮʫ ʟʥʘʯʝʥʠʡ K ʤʝʞʜʫ ʷʜʨʦʤ ʠ ʦʙʦʣʦʯʢʦʡ çʷʯʝʡʢʠè, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʩʠʣʴʥʦʤʫ ʟʘʢʨʝʧʣʝʥʠʶ ʜʦʤʝʥʥʦʡ ʛʨʘʥʠʮʳ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʢ ʙʦʣʝʝ ʚʳʩʦʢʦʡ HcI. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʤʝʭʘʥʠʟʤʘ ʟʘʜʝʨʞʢʠ ʩʤʝʱʝʥʠʷ ʜʦʤʝʥʥʳʭ ʛʨʘʥʠʮ ʥʘʧʨʷʤʫʶ 

ʟʘʚʠʩʠʪ ʦʪ: ʨʝʟʢʦʩʪʠ ʭʠʤʠʯʝʩʢʦʛʦ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʤʘʛʥʠʪʥʦʛʦ ʢʦʥʪʨʘʩʪʘ ʥʘ ʛʨʘʥʠʮʝ 
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ʷʯʝʡʢʘ/ʦʙʦʣʦʯʢʘ, ʥʝʧʨʝʨʳʚʥʦʩʪʠ ʠ ʪʦʣʱʠʥʳ ʛʨʘʥʠʮʳ, ʘ ʪʘʢʞʝ ʨʘʟʤʝʨʘ ʷʯʝʝʢ ï ʙʦʣʝʝ 

ʤʝʣʢʠʝ ʷʯʝʡʢʠ ʩʦʟʜʘʶʪ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʧʣʦʪʥʦʩʪʴ ʙʘʨʴʝʨʦʚ. 

  

ʘ) ʙ) 

ʈʠʩʫʥʦʢ 1.7 - ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʩʦʩʪʘʚʣʷʶʱʠʭ ɸ (ʘ) ʠ ɺ (ʙ) ʥʘ ʧʨʠʟʤʘʪʠʯʝʩʢʦʡ 

ʧʣʦʩʢʦʩʪʠ ʦʙʨʘʟʮʘ Sm0,85Zr0,15(Co0,70Cu0,09Fe0,21)6,4. ʈʘʟʤʝʨ ʢʘʜʨʦʚ 500 ʭ 500 ʥʤ [53]. 

 

ʇʣʘʩʪʠʥʯʘʪʳʝ ʚʳʜʝʣʝʥʠʷ ʩʣʘʙʦ ʚʣʠʷʶʪ ʥʘ ʚʝʣʠʯʠʥʫ HcI ʥʘʧʨʷʤʫʶ, ʥʦ ʠʛʨʘʶʪ 

ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʦʧʪʠʤʘʣʴʥʦʡ ʛʝʦʤʝʪʨʠʠ ʷʯʝʠʩʪʦʡ ʩʪʨʫʢʪʫʨʳ (ʨʘʟʤʝʨ, 

ʦʜʥʦʨʦʜʥʦʩʪʴ), ʦʙʝʩʧʝʯʠʚʘʷ ʪʝʤ ʩʘʤʳʤ ʫʩʣʦʚʠʷ ʜʣʷ ʟʘʜʝʨʞʢʠ ʩʤʝʱʝʥʠʷ ʜʦʤʝʥʥʳʭ 

ʛʨʘʥʠʮ [70, 76]. 

1.4. ɼʦʤʝʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʠ ʧʨʦʮʝʩʩʳ ʧʝʨʝʤʘʛʥʠʯʠʚʘʥʠʷ ʚ ʩʧʣʘʚʘʭ (R,Zr)(Co,Cu,Fe)z 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʜʦʤʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʷʚʣʷʶʪʩʷ ʧʨʷʤʳʤ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ 

ʤʝʪʦʜʦʤ ʚʠʟʫʘʣʠʟʘʮʠʠ ʧʨʦʮʝʩʩʦʚ ʧʝʨʝʤʘʛʥʠʯʠʚʘʥʠʷ ʠ ʧʦʟʚʦʣʷʶʪ ʫʩʪʘʥʦʚʠʪʴ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʫʶ ʩʚʷʟʴ ʤʝʞʜʫ ʩʣʦʞʥʦʡ ʠʝʨʘʨʭʠʯʝʩʢʦʡ ʤʠʢʨʦʩʪʨʫʢʪʫʨʦʡ ʩʧʣʘʚʦʚ 

(R,Zr)(Co,Cu,Fe)z ʠ ʠʭ ʤʘʛʥʠʪʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʧʨʝʞʜʝ ʚʩʝʛʦ ʢʦʵʨʮʠʪʠʚʥʦʡ ʩʠʣʦʡ 

[77, 78]. ʇʦʩʢʦʣʴʢʫ ʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʦʧʨʝʜʝʣʷʶʪʩʷ ʥʝ ʫʩʨʝʜʥʝʥʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʘ 

ʧʦʚʝʜʝʥʠʝʤ ʜʦʤʝʥʥʳʭ ʛʨʘʥʠʮ ʚ ʢʦʥʢʨʝʪʥʦʡ ʥʝʦʜʥʦʨʦʜʥʦʡ ʩʨʝʜʝ, ʠʟʫʯʝʥʠʝ ʵʚʦʣʶʮʠʠ 

ʜʦʤʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʚ ʨʘʟʤʘʛʥʠʯʠʚʘʶʱʠʭ ʧʦʣʷʭ ʜʘʝʪ ʢʣʶʯʝʚʦʝ ʧʦʥʠʤʘʥʠʝ ʤʝʭʘʥʠʟʤʦʚ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʚʳʩʦʢʦʢʦʵʨʮʠʪʠʚʥʦʛʦ ʩʦʩʪʦʷʥʠʷ.  

ʉʠʩʪʝʤʘʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʝʨʝʩʪʨʦʡʢʠ ʜʦʤʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʙʳʣʠ 

ʚʳʧʦʣʥʝʥʳ ʥʘ ʣʠʪʳʭ ʠ ʪʝʨʤʠʯʝʩʢʠ ʦʙʨʘʙʦʪʘʥʥʳʭ ʦʙʨʘʟʮʘʭ ʩʧʣʘʚʦʚ 

(Gd0,85Zr0,15)(Co0,70Cu0,09Fe0,21)z (z = 5,6 ï 6,8) [79]. ʀʩʧʦʣʴʟʦʚʘʣʠʩʴ ʤʝʪʦʜʳ 

ʤʘʛʥʠʪʦʦʧʪʠʯʝʩʢʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʥʘ ʦʜʥʦʤ ʠ ʪʦʤ ʞʝ ʫʯʘʩʪʢʝ ʧʦʣʠʨʦʚʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, 
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ʯʪʦ ʧʦʟʚʦʣʷʣʦ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʦʦʪʥʦʩʠʪʴ ʦʩʦʙʝʥʥʦʩʪʠ ʜʦʤʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʩ 

ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʠʤʠ ʩʪʨʫʢʪʫʨʥʳʤʠ ʩʦʩʪʘʚʣʷʶʱʠʤʠ ɸ ʠ ɺ, ʥʘʙʣʶʜʘʝʤʳʤʠ ʚ ʦʧʪʠʯʝʩʢʠʡ 

ʤʝʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʡ ʤʠʢʨʦʩʢʦʧ (ʨʠʩʫʥʢʠ 1.8ʘ ï 1.11ʘ). ʆʙʨʘʟʮʳ ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʚ 

ʩʦʩʪʦʷʥʠʠ ʦʩʪʘʪʦʯʥʦʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʧʦʩʣʝ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘʤʘʛʥʠʯʠʚʘʶʱʝʛʦ ʧʦʣʷ 

(+3 ʊʣ) ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ ʧʨʠʣʦʞʝʥʠʷ ʨʘʟʤʘʛʥʠʯʠʚʘʶʱʠʭ ʧʦʣʝʡ ʚʦʟʨʘʩʪʘʶʱʝʡ ʚʝʣʠʯʠʥʳ. 

   

ʘ) ʙ) 

  

ʚ) ʛ) 

ʈʠʩʫʥʦʢ 1.8 - ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ (ʘ) ʠ ʜʦʤʝʥʥʘʷ ʩʪʨʫʢʪʫʨʘ (ʙïʛ) ʦʙʨʘʟʮʘ 

Gd0,85Zr0,15(Co0,70Cu0,09Fe0,21)5,6 ʧʦʩʣʝ ʚʦʟʜʝʡʩʪʚʠʷ ʧʦʣʝʡ -0,1 (ʙ), -0,3 (ʚ), -0,5 ʊʣ (ʛ) [79]. 

 

ɸʥʘʣʠʟ ʩʝʨʠʡ ʩʥʠʤʢʦʚ (ʨʠʩʫʥʢʠ 1.8ï1.11) ʚʳʷʚʠʣ ʯʝʪʢʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʢʘʢ ʚʠʜʘ 

ʬʦʨʤʠʨʫʶʱʝʡʩʷ ʜʦʤʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ, ʪʘʢ ʠ ʚʝʣʠʯʠʥʳ ʧʦʣʷ ʧʝʨʝʤʘʛʥʠʯʠʚʘʥʠʷ ʦʪ 

ʧʘʨʘʤʝʪʨʘ z ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʦʪ ʪʠʧʘ ʧʨʝʦʙʣʘʜʘʶʱʝʡ ʩʪʨʫʢʪʫʨʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ. 

ɺ ʦʙʨʘʟʮʝ ʩ z = 5,6 ʧʦʯʪʠ ʚʝʩʴ ʦʙʲʝʤ ʟʘʥʠʤʘʝʪ ʩʦʩʪʘʚʣʷʶʱʘʷ ɸ (ʪʝʤʥʳʝ ʦʙʣʘʩʪʠ 

ʥʘ ʨʠʩʫʥʢʝ 1.8ʘ). ɽʝ ʧʝʨʝʤʘʛʥʠʯʠʚʘʥʠʝ ʥʘʯʠʥʘʝʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʩʨʘʟʫ ʧʦʩʣʝ ʩʥʷʪʠʷ 

ʥʘʤʘʛʥʠʯʠʚʘʶʱʝʛʦ ʧʦʣʷ ʠ ʧʨʦʠʩʭʦʜʠʪ ʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʣʘʙʳʭ ʧʦʣʷʭ (ʜʦ ~0,8 ʊʣ) ʧʫʪʝʤ 

ʨʘʟʚʠʪʠʷ ʜʦʤʝʥʦʚ ʥʝʨʘʚʥʦʚʝʩʥʦʡ çʧʘʧʦʨʦʪʥʠʢʦʦʙʨʘʟʥʦʡè ʢʦʥʬʠʛʫʨʘʮʠʠ (ʨʠʩʫʥʦʢ 1.8 ʙï

ʛ). ʕʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʥʠʟʢʫʶ ʢʦʵʨʮʠʪʠʚʥʦʩʪʴ ʜʦʤʝʥʥʳʭ ʛʨʘʥʠʮ ʚ ʵʪʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʧʨʠ 

ʜʘʥʥʦʤ ʩʦʩʪʘʚʝ, ʯʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʝʝ ʙʦʣʝʝ ʨʘʚʥʦʚʝʩʥʦʡ ʠ ʤʝʣʢʦʤʘʩʰʪʘʙʥʦʡ ʚʥʫʪʨʝʥʥʝʡ 
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ç̫ ʯʝʠʩʪʦʡè ʩʪʨʫʢʪʫʨʦʡ. ʉʦʩʪʘʚʣʷʶʱʘʷ ɺ, ʟʘʥʠʤʘʶʱʘʷ ʤʘʣʳʡ ʦʙʲʝʤ, ʧʝʨʝʤʘʛʥʠʯʠʚʘʝʪʩʷ 

ʧʨʠ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʧʦʣʷʭ (~1,2 ʊʣ). 

  

ʘ) ʙ) 

  

ʚ) ʛ) 

ʈʠʩʫʥʦʢ 1.9 - ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ (ʘ) ʠ ʜʦʤʝʥʥʘʷ ʩʪʨʫʢʪʫʨʘ (ʙïʛ) ʦʙʨʘʟʮʘ 

Gd0,85Zr0,15(Co0,70Cu0,09Fe0,21)6,0 ʧʦʩʣʝ ʚʦʟʜʝʡʩʪʚʠʷ ʧʦʣʝʡ -0,08 (ʙ), -1,2 (ʚ), -1,6 ʊʣ (ʛ) 

[79]. 

 

ɺ ʦʙʨʘʟʮʘʭ ʩ z = 6,0 (ʨʠʩʫʥʦʢ 1.9) ʠ z = 6,4 (ʨʠʩʫʥʦʢ 1.10) ʥʘʙʣʶʜʘʪʁʩʷ ʨʘʟʥʳʝ 

ʩʪʨʫʢʪʫʨʥʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ, ʢʦʪʦʨʳʝ ʧʝʨʝʤʘʛʥʠʯʠʚʘʶʪʩʷ ʧʦ-ʨʘʟʥʦʤʫ: ʚ ʩʦʩʪʘʚʣʷʶʱʝʡ ɺ 

(ʦʙʦʛʘʱʝʥʥʦʡ Fe, ʬʘʟʘ 2:17) ʧʨʦʮʝʩʩ ʧʝʨʝʤʘʛʥʠʯʠʚʘʥʠʷ ʥʦʩʠʪ ʧʨʦʛʨʝʩʩʠʚʥʳʡ, 

ʨʘʩʧʨʝʜʝʣʝʥʥʳʡ ʚʦ ʚʨʝʤʝʥʠ ʠ ʧʦʣʝ ʭʘʨʘʢʪʝʨ. ʇʝʨʚʳʝ ʜʦʤʝʥʳ ʦʙʨʘʪʥʦʛʦ ʟʥʘʢʘ 

ʧʦʷʚʣʷʶʪʩʷ ʚ ʚʠʜʝ ʦʯʝʥʴ ʪʦʥʢʠʭ ʠʟʚʠʣʠʩʪʳʭ ʧʦʣʦʩʦʢ (ʥʠʪʝʚʠʜʥʳʭ ʜʦʤʝʥʦʚ) ʫʞʝ ʚ ʧʦʣʷʭ 

~0,5ï0,8 ʊʣ. ʉ ʨʦʩʪʦʤ ʨʘʟʤʘʛʥʠʯʠʚʘʶʱʝʛʦ ʧʦʣʷ ʵʪʠ ʜʦʤʝʥʳ ʥʝ ʨʘʩʰʠʨʷʶʪʩʷ, ʘ ʠʭ 

ʧʣʦʪʥʦʩʪʴ ʧʦʩʪʝʧʝʥʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʟʘʧʦʣʥʷʷ ʚʝʩʴ ʦʙʲʝʤ ʩʦʩʪʘʚʣʷʶʱʝʡ ɺ ʧʣʦʪʥʦʡ 

ʩʝʪʢʦʡ ʢ ʧʦʣʷʤ ~1,6ï2,4 ʊʣ (ʨʠʩʫʥʢʠ 1.9 ʚ,ʛ; 1.10 ʚ,ʛ). ʊʘʢʦʝ ʧʦʚʝʜʝʥʠʝ ʷʚʣʷʝʪʩʷ 

ʢʣʘʩʩʠʯʝʩʢʠʤ ʧʨʠʟʥʘʢʦʤ ʟʘʜʝʨʞʢʠ ʩʤʝʱʝʥʠʷ ʜʦʤʝʥʥʳʭ ʛʨʘʥʠʮ ʥʘ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ 

ʥʘʥʦʨʘʟʤʝʨʥʳʭ ʧʨʝʧʷʪʩʪʚʠʷʭ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʵʪʦ ʛʨʘʥʠʮʳ ʷʯʝʠʩʪʦʡ ʩʪʨʫʢʪʫʨʳ. ʂʘʞʜʘʷ 

ʪʦʥʢʘʷ ʜʦʤʝʥʥʘʷ ʛʨʘʥʠʮʘ ʟʘʢʨʝʧʣʝʥʘ ʥʘ ʤʥʦʞʝʩʪʚʝ ʮʝʥʪʨʦʚ ʟʘʜʝʨʞʢʠ, ʠ ʜʣʷ ʝʝ ʜʚʠʞʝʥʠʷ 
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ʪʨʝʙʫʝʪʩʷ ʧʨʝʦʜʦʣʝʥʠʝ ʣʦʢʘʣʴʥʳʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʙʘʨʴʝʨʦʚ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʰʠʨʦʢʦʤʫ 

ʠʥʪʝʨʚʘʣʫ ʧʦʣʝʡ ʧʝʨʝʤʘʛʥʠʯʠʚʘʥʠʷ. 

  

ʘ) ʙ) 

  

ʚ) ʛ) 

ʈʠʩʫʥʦʢ 1.10 - ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ (ʘ) ʠ ʜʦʤʝʥʥʘʷ ʩʪʨʫʢʪʫʨʘ (ʙïʛ) ʦʙʨʘʟʮʘ 

Gd0,85Zr0,15(Co0,70Cu0,09Fe0,21)6,4 ʧʦʩʣʝ ʚʦʟʜʝʡʩʪʚʠʷ ʧʦʣʝʡ -0,8 (ʙ), -1,2 (ʚ), -1,6 ʊʣ (ʛ) [79]. 

 

ɺ ʩʦʩʪʘʚʣʷʶʱʝʡ ɸ ʭʘʨʘʢʪʝʨ ʧʝʨʝʤʘʛʥʠʯʠʚʘʥʠʷ ʤʝʥʷʝʪʩʷ ʩ ʨʦʩʪʦʤ z. ʇʨʠ z = 6,0 

ʥʘʙʣʶʜʘʝʪʩʷ ʨʘʟʚʠʪʠʝ çʧʘʧʦʨʦʪʥʠʢʦʦʙʨʘʟʥʦʡè ʜʦʤʝʥʥʦʡ ʩʪʨʫʢʪʫʨ rʚ ʫʟʢʦʤ ʠʥʪʝʨʚʘʣʝ 

ʧʦʣʝʡ (0,8ï1,6 ʊʣ). ʇʨʠ z = 6,4, ʢʦʛʜʘ ʦʙʲʝʤ ɸ ʤʝʥʴʰʝ, ʚ ʥʝʡ ʬʦʨʤʠʨʫʶʪʩʷ ʫʟʢʠʝ 

ʣʘʤʝʣʴʥʳʝ (ʧʣʘʩʪʠʥʯʘʪʳʝ) ʜʦʤʝʥʳ, ʢʦʪʦʨʳʝ ʩ ʨʦʩʪʦʤ ʧʦʣʷ ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʧʦ ʰʠʨʠʥʝ 

(ʨʠʩʫʥʢʠ 1.10 ʙïʛ). ʕʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʧʦʚʳʰʝʥʠʠ ʵʬʬʝʢʪʠʚʥʦʡ ʢʦʵʨʮʠʪʠʚʥʦʩʪʠ 

ʩʦʩʪʘʚʣʷʶʱʝʡ ɸ ʧʨʠ ʫʤʝʥʴʰʝʥʠʠ ʝʝ ʦʙʲʝʤʥʦʡ ʜʦʣʠ. 

ɺ ʦʙʨʘʟʮʝ ʩ z = 6,8 (ʨʠʩʫʥʦʢ 1.11), ʛʜʝ ʧʨʘʢʪʠʯʝʩʢʠ ʚʝʩʴ ʦʙʲʝʤ ʟʘʥʠʤʘʝʪ 

ʩʦʩʪʘʚʣʷʶʱʘʷ ɺ, ʧʦ ʧʦʚʝʜʝʥʠʶ ʜʦʤʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʝʝ ʥʘʥʦʩʪʨʫʢʪʫʨʳ. ʎʝʥʪʨʘʣʴʥʳʝ ʦʙʣʘʩʪʠ ɺ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʦʯʝʥʴ 

ʥʠʟʢʫʶ ʢʦʵʨʮʠʪʠʚʥʦʩʪʴ: ʜʦʤʝʥʳ çʧʘʧʦʨʦʪʥʠʢʦʦʙʨʘʟʥʦʡè ʢʦʥʬʠʛʫʨʘʮʠʠ ʚʦʟʥʠʢʘʶʪ ʜʘʞʝ 

ʧʦʩʣʝ ʩʥʷʪʠʷ ʥʘʤʘʛʥʠʯʠʚʘʶʱʝʛʦ ʧʦʣʷ, ʘ ʧʦʩʣʝ ʚʦʟʜʝʡʩʪʚʠʷ ʩʠʣʴʥʦʛʦ ʨʘʟʤʘʛʥʠʯʠʚʘʶʱʝʛʦ 

ʧʦʣʷ ʧʦʷʚʣʷʶʪʩʷ ʜʦʤʝʥʳ ʧʝʨʚʦʥʘʯʘʣʴʥʦʡ ʦʨʠʝʥʪʘʮʠʠ. ʕʪʦ ʤʦʞʝʪ ʫʢʘʟʳʚʘʪʴ ʥʘ 
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ʥʝʧʦʣʥʦʪʫ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʧʪʠʤʘʣʴʥʦʡ ʷʯʝʠʩʪʦʡ ʩʪʨʫʢʪʫʨʳ ʠʣʠ ʥʘ ʥʘʣʠʯʠʝ ʢʨʫʧʥʳʭ, 

ʩʣʘʙʦʟʘʢʨʝʧʣʝʥʥʳʭ ʜʦʤʝʥʥʳʭ ʩʪʝʥʦʢ ʚ ʦʙʲʝʤʝ ʷʯʝʝʢ ʬʘʟʳ 2:17. ɺ ʪʦ ʞʝ ʚʨʝʤʷ 

ʧʨʠʛʨʘʥʠʯʥʳʝ ʦʙʣʘʩʪʠ ɺ ʧʝʨʝʤʘʛʥʠʯʠʚʘʶʪʩʷ ʧʦ ʤʝʭʘʥʠʟʤʫ ʨʘʟʚʠʪʠʷ ʩʝʪʢʠ ʪʦʥʢʠʭ 

ʜʦʤʝʥʦʚ. ɺ ʩʦʩʪʘʚʣʷʶʱʝʡ ɸ ʦʙʨʘʟʮʘ ʨʘʟʚʠʚʘʶʪʩʷ ʣʘʤʝʣʴʥʳʝ ʜʦʤʝʥʳ ʚ ʠʥʪʝʨʚʘʣʝ ʧʦʣʝʡ 

1,2ï2,0 ʊʣ. 

  

ʘ) ʙ) 

  

ʚ) ʛ) 

ʈʠʩʫʥʦʢ 1.11 - ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ (ʘ) ʠ ʜʦʤʝʥʥʘʷ ʩʪʨʫʢʪʫʨʘ (ʙïʛ) ʦʙʨʘʟʮʘ 

Gd0,85Zr0,15(Co0,70Cu0,09Fe0,21)6,8 ʧʦʩʣʝ ʚʦʟʜʝʡʩʪʚʠʷ ʧʦʣʝʡ 0 (ʙ), -0,6 (ʚ), -1,4 ʊʣ (ʛ) [79]. 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʦʤʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʥʘʛʣʷʜʥʦ ʧʦʜʪʚʝʨʞʜʘʶʪ, ʯʪʦ 

ʚʳʩʦʢʦʢʦʵʨʮʠʪʠʚʥʦʝ ʩʦʩʪʦʷʥʠʝ ʚ ʩʧʣʘʚʘʭ (R,Zr)(Co,Cu,Fe)z ʷʚʣʷʝʪʩʷ ʨʝʟʫʣʴʪʘʪʦʤ 

ʩʣʦʞʥʦʛʦ ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʧʦʚʝʜʝʥʠʷ ʩʠʩʪʝʤʳ ʜʦʤʝʥʥʳʭ ʛʨʘʥʠʮ ʚ ʥʝʦʜʥʦʨʦʜʥʦʡ ʩʨʝʜʝ, 

ʩʦʟʜʘʥʥʦʡ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʳʤ ʣʝʛʠʨʦʚʘʥʠʝʤ ʠ ʪʝʨʤʦʦʙʨʘʙʦʪʢʦʡ.  

1.5. ʄʝʭʘʥʠʟʤʳ ʤʘʛʥʠʪʥʦʛʦ ʛʠʩʪʝʨʝʟʠʩʘ ʠ ʠʭ ʧʨʦʷʚʣʝʥʠʝ ʚ ʩʧʣʘʚʘʭ R-Zr -Co-Cu-Fe 

ɸʢʪʠʚʥʦʝ ʠʟʫʯʝʥʠʝ ʤʦʜʝʣʝʡ ʧʨʦʮʝʩʩʦʚ ʧʝʨʝʤʘʛʥʠʯʠʚʘʥʠʷ ʠ ʧʨʠʨʦʜʳ 

ʚʳʩʦʢʦʢʦʵʨʮʠʪʠʚʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʤʘʛʥʠʪʦʪʚʝʨʜʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚʝʜʝʪʩʷ ʩ 1930-ʭ ʛʦʜʦʚ, ʯʪʦ 

ʥʘʰʣʦ ʦʪʨʘʞʝʥʠʝ ʚ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʥʘʫʯʥʳʭ ʪʨʫʜʘʭ ɽ. ʀ. ʂʦʥʜʦʨʩʢʦʛʦ [80], ʄ. ʂʝʨʩʪʝʥʘ 
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[81], ʃ. ʅʝʝʣʷ [82], ʌ. ɹʣʦʭʘ [83], ʉ. ɺ. ɺʦʥʩʦʚʩʢʦʛʦ ʠ ʗ. ʉ. ʐʫʨʘ [84], ʏ. ʂʠʪʪʝʣʷ [85, 

86], ʌ. ɹ. ɹʨʘʫʥʘ [87] ʠ ʜʨʫʛʠʭ [88, 89]. 

ɺ ʪʝʯʝʥʠʝ ʜʦʣʛʦʛʦ ʚʨʝʤʝʥʠ ʩʯʠʪʘʣʦʩʴ ʦʙʱʝʧʨʠʥʷʪʳʤ, ʯʪʦ ʚ ʩʧʣʘʚʘʭ ʠ ʩʧʝʯʝʥʥʳʭ 

ʤʘʛʥʠʪʘʭ ʩʠʩʪʝʤʳ (R,Zr)(Co,Cu,Fe)z ʧʨʠʯʠʥʦʡ ʤʘʛʥʠʪʥʦʛʦ ʛʠʩʪʝʨʝʟʠʩʘ ʷʚʣʷʝʪʩʷ ʟʘʜʝʨʞʢʘ 

ʩʤʝʱʝʥʠʷ ʜʦʤʝʥʥʳʭ ʛʨʘʥʠʮ ʥʘ ʩʪʨʫʢʪʫʨʥʳʭ ʥʝʦʜʥʦʨʦʜʥʦʩʪʷʭ [90]. ɺ ʨʘʤʢʘʭ ʵʪʦʡ ʤʦʜʝʣʠ 

ʧʨʦʮʝʩʩ ʧʝʨʝʤʘʛʥʠʯʠʚʘʥʠʷ ʦʧʠʩʳʚʘʝʪʩʷ ʢʘʢ ʧʨʝʦʜʦʣʝʥʠʝ ʜʦʤʝʥʥʦʡ ʛʨʘʥʠʮʝʡ 

ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʙʘʨʴʝʨʦʚ, ʩʦʟʜʘʚʘʝʤʳʭ ʦʙʣʘʩʪʴʶ ʩ ʧʦʚʳʰʝʥʥʦʡ ʘʥʠʟʦʪʨʦʧʠʝʡ (ʛʨʘʥʠʮʳ 

ʬʘʟʳ 1:5). ʕʪʘ ʤʦʜʝʣʴ ʭʦʨʦʰʦ ʦʙʲʷʩʥʷʝʪ ʧʦʚʝʜʝʥʠʝ ʦʙʨʘʟʮʦʚ ʧʨʠ ʥʘʤʘʛʥʠʯʠʚʘʥʠʠ ʧʦʣʝʤ, 

ʥʘʧʨʘʚʣʝʥʥʳʤ ʚʜʦʣʴ ʦʩʠ ʣʝʛʢʦʛʦ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ. ʆʜʥʘʢʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʮʝʩʩʦʚ 

ʧʝʨʝʤʘʛʥʠʯʠʚʘʥʠʷ ʚ ʧʦʣʷʭ ʧʨʦʠʟʚʦʣʴʥʦʡ ʦʨʠʝʥʪʘʮʠʠ ʚʳʷʚʠʣʠ ʩʝʨʴʝʟʥʳʝ ʘʥʦʤʘʣʠʠ, ʥʝ 

ʫʢʣʘʜʳʚʘʶʱʠʝʩʷ ʚ ʨʘʤʢʠ ʢʣʘʩʩʠʯʝʩʢʦʡ ʪʝʦʨʠʠ ʟʘʜʝʨʞʢʠ ʩʤʝʱʝʥʠʷ ʜʦʤʝʥʥʳʭ ʛʨʘʥʠʮ. 

ɸʥʘʣʠʟ ʫʛʣʦʚʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʢʦʵʨʮʠʪʠʚʥʦʡ ʩʠʣʳ Hc(ű) ʩʪʘʣ ʢʣʶʯʝʚʳʤ ʤʝʪʦʜʦʤ ʜʣʷ 

ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʜʦʤʠʥʠʨʫʶʱʝʛʦ ʤʝʭʘʥʠʟʤʘ ʛʠʩʪʝʨʝʟʠʩʘ ʠ ʚʳʷʚʣʝʥʠʷ ʚʢʣʘʜʘ ʜʨʫʛʠʭ 

ʧʨʦʮʝʩʩʦʚ, ʪʘʢʠʭ ʢʘʢ ʥʝʦʙʨʘʪʠʤʦʝ ʚʨʘʱʝʥʠʝ ʚʝʢʪʦʨʘ ʩʧʦʥʪʘʥʥʦʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ. 

ʂʘʢ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʚ ʧʨʝʜʳʜʫʱʠʭ ʨʘʟʜʝʣʘʭ, ʤʠʢʨʦʩʪʨʫʢʪʫʨʘ ʩʧʣʘʚʦʚ 

(R,Zr)(Co,Cu,Fe)z ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʣʦʞʥʫʶ ʩʠʩʪʝʤʫ, ʘ ʠʭ ʫʛʣʦʚʳʝ ʟʘʚʠʩʠʤʦʩʪʠ 

ʢʦʵʨʮʠʪʠʚʥʦʡ ʩʠʣʳ Hc(q) ʥʦʩʷʪ ʘʥʦʤʘʣʴʥʳʡ, ʵʢʩʪʨʝʤʘʣʴʥʳʡ ʭʘʨʘʢʪʝʨ, ʥʝ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʢʣʘʩʩʠʯʝʩʢʠʤ ʤʦʜʝʣʷʤ. ɼʣʷ ʢʦʨʨʝʢʪʥʦʡ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʵʪʠʭ ʜʘʥʥʳʭ ʠ 

ʧʦʥʠʤʘʥʠʷ ʧʨʠʨʦʜʳ ʚʳʩʦʢʦʢʦʵʨʮʠʪʠʚʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚ ʜʘʥʥʳʭ ʤʘʪʝʨʠʘʣʘʭ ʥʝʦʙʭʦʜʠʤʦ 

ʦʙʨʘʪʠʪʴʩʷ ʢ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʤ ʪʝʦʨʠʷʤ ʤʘʛʥʠʪʥʦʛʦ ʛʠʩʪʝʨʝʟʠʩʘ. ɺ ʣʠʪʝʨʘʪʫʨʝ ʦʧʠʩʘʥʳ 

ʪʨʠ ʦʩʥʦʚʥʳʭ ʤʝʭʘʥʠʟʤʘ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʢʦʵʨʮʠʪʠʚʥʫʶ ʩʠʣʫ ʚ ʤʘʛʥʠʪʥʳʭ ʤʘʪʝʨʠʘʣʘʭ 

[91-93].  

1. ɻʠʩʪʝʨʝʟʠʩ, ʦʙʫʩʣʦʚʣʝʥʥʳʡ ʟʘʜʝʨʞʢʦʡ ʩʤʝʱʝʥʠʷ ʜʦʤʝʥʥʳʭ ʛʨʘʥʠʮ. 

ʇʨʠʣʦʞʝʥʠʝ ʚʥʝʰʥʝʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʢ ʨʘʟʤʘʛʥʠʯʝʥʥʦʤʫ ʤʘʛʥʝʪʠʢʫ ʚʳʟʳʚʘʝʪ 

ʩʤʝʱʝʥʠʝ ʜʦʤʝʥʥʳʭ ʛʨʘʥʠʮ. ɺ ʠʜʝʘʣʴʥʦʤ, ʙʝʟʜʝʬʝʢʪʥʦʤ ʢʨʠʩʪʘʣʣʝ ʵʪʦ ʩʤʝʱʝʥʠʝ 

ʦʙʨʘʪʠʤʦ, ʠ ʛʠʩʪʝʨʝʟʠʩ ʦʪʩʫʪʩʪʚʫʝʪ. ʅʘʣʠʯʠʝ ʜʝʬʝʢʪʦʚ (ʜʠʩʣʦʢʘʮʠʡ, ʚʢʣʶʯʝʥʠʡ ʚʪʦʨʦʡ 

ʬʘʟʳ, ʛʨʘʥʠʮ ʟʝʨʝʥ ʠ ʩʫʙʟʝʨʝʥ) ʜʝʣʘʝʪ ʩʤʝʱʝʥʠʝ ʩʫʱʝʩʪʚʝʥʥʦ ʥʝʦʙʨʘʪʠʤʳʤ. ʕʪʦ ʩʚʷʟʘʥʦ 

ʩ ʪʝʤ, ʯʪʦ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʜʝʬʝʢʪʦʚ ʵʬʬʝʢʪʠʚʥʳʝ ʟʥʘʯʝʥʠʷ ʦʩʥʦʚʥʳʭ ʤʘʛʥʠʪʥʳʭ ʢʦʥʩʪʘʥʪ 

ð ʢʦʥʩʪʘʥʪʳ ʘʥʠʟʦʪʨʦʧʠʠ K ʠ ʦʙʤʝʥʥʦʛʦ ʧʘʨʘʤʝʪʨʘ A ð ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʠʭ ʚʝʣʠʯʠʥ ʚ 

ʩʦʚʝʨʰʝʥʥʦʡ ʯʘʩʪʠ ʢʨʠʩʪʘʣʣʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʚʝʨʭʥʦʩʪʥʘʷ ʧʣʦʪʥʦʩʪʴ ʵʥʝʨʛʠʠ ʜʦʤʝʥʥʳʭ 

ʛʨʘʥʠʮ g ~ Ѝ!+ ʩʪʘʥʦʚʠʪʩʷ ʨʘʟʣʠʯʥʦʡ ʧʦ ʚʝʣʠʯʠʥʝ ʚ ʩʦʚʝʨʰʝʥʥʦʡ ʠ ʜʝʬʝʢʪʥʦʡ ʯʘʩʪʠ 
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ʢʨʠʩʪʘʣʣʘ. ʂʨʠʪʠʯʝʩʢʘʷ ʚʝʣʠʯʠʥʘ ʧʦʣʷ ʅk ʥʝʦʙʭʦʜʠʤʘʷ ʜʣʷ ʦʪʨʳʚʘ 180ʦ-ʥʦʡ ʜʦʤʝʥʥʦʡ 

ʛʨʘʥʠʮʳ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʥʦʨʤʘʣʠ n ʢ ʥʝʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʝʣʠʯʠʥʦʡ ʤʘʢʩʠʤʘʣʴʥʦʛʦ 

ʛʨʘʜʠʝʥʪʘ ʵʥʝʨʛʠʠ ʜʦʤʝʥʥʳʭ ʛʨʘʥʠʮ ʠ, ʚ ʩʫʱʥʦʩʪʠ, ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʚʝʣʠʯʠʥʫ 

ʢʦʵʨʮʠʪʠʚʥʦʡ ʩʠʣʳ: 

Ὄ ,                                                        (1) 

ʋʛʣʦʚʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʢʦʵʨʮʠʪʠʚʥʦʡ ʩʠʣʳ ʦʙʨʘʟʮʦʚ, ʧʝʨʝʤʘʛʥʠʯʠʚʘʥʠʝ ʢʦʪʦʨʳʭ 

ʧʨʦʠʩʭʦʜʠʪ ʧʦ ʤʝʭʘʥʠʟʤʫ ʟʘʜʝʨʞʢʠ ʩʤʝʱʝʥʠʷ ʜʦʤʝʥʥʳʭ ʛʨʘʥʠʮ, ʧʦʜʯʠʥʷʶʪʩʷ ʟʘʢʦʥʫ 

(ʨʠʩʫʥʦʢ 1.12 ʢʨʘʩʥʘʷ ʢʨʠʚʘʷ) (ʤʦʜʝʣʴ ʂʦʥʜʦʨʩʢʦʛʦ): 

Ὄ —
 
 ,                                                            (2) 

ʛʜʝ q ï ʫʛʦʣ ʤʝʞʜʫ ʆʃʅ ʦʙʨʘʟʮʘ ʠ ʥʘʧʨʘʚʣʝʥʠʝʤ ʧʦʣʷ. 

2. ɻʠʩʪʝʨʝʟʠʩ, ʦʙʫʩʣʦʚʣʝʥʥʳʡ ʥʝʦʙʨʘʪʠʤʳʤ ʚʨʘʱʝʥʠʝʤ ʚʝʢʪʦʨʘ ʩʧʦʥʪʘʥʥʦʡ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ. 

ʕʪʦʪ ʪʠʧ ʛʠʩʪʝʨʝʟʠʩʘ ʨʝʘʣʠʟʫʝʪʩʷ ʚ ʯʠʩʪʦʤ ʚʠʜʝ, ʢʦʛʜʘ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʟʘʨʦʜʳʰʝʡ 

ʦʙʨʘʪʥʦʡ ʤʘʛʥʠʪʥʦʡ ʬʘʟʳ ʟʘʪʨʫʜʥʝʥʦ, ʣʠʙʦ ʢʦʛʜʘ ʨʘʟʤʝʨ ʤʘʛʥʝʪʠʢʘ ʤʝʥʴʰʝ ʢʨʠʪʠʯʝʩʢʦʛʦ 

ʨʘʟʤʝʨʘ ʦʜʥʦʜʦʤʝʥʥʦʡ ʯʘʩʪʠʮʳ. ɺ ʵʪʠʭ ʩʣʫʯʘʷʭ ʥʘʤʘʛʥʠʯʠʚʘʥʠʝ ʠ ʧʝʨʝʤʘʛʥʠʯʠʚʘʥʠʝ 

ʦʩʫʱʝʩʪʚʣʷʶʪʩʷ ʧʫʪʝʤ ʦʜʥʦʨʦʜʥʦʛʦ ʢʦʛʝʨʝʥʪʥʦʛʦ ʚʨʘʱʝʥʠʷ ʚʝʢʪʦʨʘ ʩʧʦʥʪʘʥʥʦʡ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ Is ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. 

ɺʨʘʱʝʥʠʝ ʚʝʢʪʦʨʘ IS ʤʦʞʝʪ ʙʳʪʴ ʢʘʢ ʦʙʨʘʪʠʤʳʤ, ʪʘʢ ʠ ʥʝʦʙʨʘʪʠʤʳʤ. ɺ ʩʣʫʯʘʝ 

ʦʙʨʘʪʠʤʦʛʦ ʚʨʘʱʝʥʠʷ, ʚʝʢʪʦʨ IS ʧʦʚʦʨʘʯʠʚʘʝʪʩʷ ʦʪ ʆʃʅ ʦʙʨʘʟʮʘ ʢ ʥʘʧʨʘʚʣʝʥʠʶ ʚʥʝʰʥʝʛʦ 

ʧʦʣʷ ʅ, ʥʦ ʧʦʩʣʝ ʩʥʷʪʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʦʥ ʚʦʟʚʨʘʱʘʝʪʩʷ ʢ ʩʚʦʝʤʫ ʧʝʨʚʦʥʘʯʘʣʴʥʦʤʫ 

ʧʦʣʦʞʝʥʠʶ ʚʜʦʣʴ ʆʃʅ. 

ʈʘʩʩʤʦʪʨʠʤ ʙʦʣʝʝ ʧʦʜʨʦʙʥʦ ʧʨʦʮʝʩʩ ʥʝʦʙʨʘʪʠʤʦʛʦ ʚʨʘʱʝʥʠʷ ʚʝʢʪʦʨʘ IS ʚ ʦʙʨʘʟʮʝ 

ʩ ʦʜʥʦʦʩʥʦʡ ʘʥʠʟʦʪʨʦʧʠʝʡ. ʇʫʩʪʴ ʢʨʠʩʪʘʣʣ ʠʛʦʣʴʯʘʪʦʡ ʬʦʨʤʳ ʩ ʵʬʬʝʢʪʠʚʥʦʡ ʢʦʥʩʪʘʥʪʦʡ 

ʘʥʠʟʦʪʨʦʧʠʠ ʂu ʦʨʠʝʥʪʠʨʦʚʘʥ ʚʦ ʚʥʝʰʥʝʤ ʧʦʣʝ ʅ ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʦʢ 1.13. 

ʈʘʩʯʝʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʝʩʣʠ ʤʝʜʣʝʥʥʦ ʫʚʝʣʠʯʠʚʘʪʴ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʅ, ʪʦ ʚʝʢʪʦʨ IS 

ʙʫʜʝʪ ʧʦʩʪʝʧʝʥʥʦ ʧʦʚʦʨʘʯʠʚʘʪʴʩʷ, ʘ ʫʛʦʣ j ï ʨʘʩʪʠ. ʅʘʯʠʥʘʷ ʩ ʥʝʢʦʪʦʨʦʛʦ ʧʦʣʷ ʅsw 

(switching field) ʦʨʠʝʥʪʘʮʠʷ IS ʩʪʘʥʝʪ ʥʝʫʩʪʦʡʯʠʚʦʡ ʠ ʧʨʦʠʟʦʡʜʝʪ ʝʛʦ ʥʝʦʙʨʘʪʠʤʳʡ 

ʧʦʚʦʨʦʪ ʢ ʥʘʧʨʘʚʣʝʥʠʶ ʧʦʣʷ. 



32 

 

 

ʈʠʩʫʥʦʢ 1.12 - ʋʛʣʦʚʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʢʦʵʨʮʠʪʠʚʥʦʡ ʩʠʣʳ ʜʣʷ ʤʝʭʘʥʠʟʤʦʚ ʟʘʜʝʨʞʢʠ 
ʩʤʝʱʝʥʠʷ ʜʦʤʝʥʥʳʭ ʛʨʘʥʠʮ (ʢʨʘʩʥʘʷ ʢʨʠʚʘʷ) ʠ ʥʝʦʙʨʘʪʠʤʦʛʦ ʚʨʘʱʝʥʠʷ IS (ʩʠʥʷʷ 

ʢʨʠʚʘʷ). ɼʣʷ ʤʦʜʝʣʠ ʥʝʦʙʨʘʪʠʤʦʛʦ ʚʨʘʱʝʥʠʷ ʪʘʢʞʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʫʛʣʦʚʘʷ ʟʘʚʠʩʠʤʦʩʪʴ 

ʧʦʣʷ ʩʢʘʯʢʘ Hsw(q). 
 

ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʚʝʣʠʯʠʥʳ ʧʦʣʷ ʅsw ʥʝʦʙʨʘʪʠʤʦʛʦ ʩʢʘʯʢʘ ʚʝʢʪʦʨʘ IS ʦʪ ʫʛʣʘ q 

ʤʝʞʜʫ ʥʘʧʨʘʚʣʝʥʠʝʤ ʧʦʣʷ ʠ ʆʃʅ ʦʙʨʘʟʮʘ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʦʢ 1.12 ʟʝʣʝʥʦʡ ʣʠʥʠʝʡ. 

ʇʦʣʝ ʩʢʘʯʢʘ ʤʠʥʠʤʘʣʴʥʦ Hsw = KU/IS ʧʨʠ q = 45ʦ ʠ ʤʘʢʩʠʤʘʣʴʥʦ Hsw= 2 KU/IS ʧʨʠ q = 0 ʠʣʠ 

90ʦ. 

ʋʛʣʦʚʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʢʦʵʨʮʠʪʠʚʥʦʡ ʩʠʣʳ ʜʣʷ ʜʘʥʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʛʠʩʪʝʨʝʟʠʩʘ 

ʦʧʠʩʳʚʘʝʪʩʷ ʢʨʠʚʦʡ ʉʪʦʥʝʨʘ-ɺʦʣʴʬʘʨʪʘ (ʨʠʩʫʥʦʢ 1.12 ʩʠʥʷʷ ʢʨʠʚʘʷ). ɺ ʣʠʪʝʨʘʪʫʨʝ 

ʪʝʨʤʠʥʳ ʧʦʣʷ ʩʢʘʯʢʘ ʠ ʢʦʵʨʮʠʪʠʚʥʦʡ ʩʠʣʳ ʯʘʩʪʦ ʚʟʘʠʤʦʟʘʤʝʥʷʝʤʳ, ʦʜʥʘʢʦ ʩʫʱʝʩʪʚʫʝʪ 

ʨʘʟʥʠʮʘ: ʧʦʣʝ ʅʩ ï ʧʦʣʝ, ʧʨʠ ʢʦʪʦʨʦʤ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ ʤʘʪʝʨʠʘʣʘ ʨʘʚʥʘ ʥʫʣʶ, ʚ ʪʦ ʚʨʝʤʷ 

ʢʘr ʧʦʣʝ Hsw ï ʧʦʣʝ, ʧʨʠ ʢʦʪʦʨʦʤ ʧʨʦʠʩʭʦʜʠʪ ʥʝʦʙʨʘʪʠʤʳʡ ʩʢʘʯʝʢ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ. ʇʨʠ 

ʤʘʣʳʭ ʟʥʘʯʝʥʠʷʭ ʫʛʣʘ  q < 45ʦ ʫʛʣʦʚʳʝ ʟʘʚʠʩʠʤʦʩʪʠ Hc(q) ʠ Hsw(q) ʩʦʚʧʘʜʘʶʪ, ʦʜʥʘʢʦ ʧʨʠ 

q >45ʦ ʟʥʘʯʝʥʠʷ Hsw ʧʨʝʚʦʩʭʦʜʷʪ Hc (ʨʠʩʫʥʦʢ 1.12 ʠ 1.14). ʇʨʝʜʧʦʣʘʛʘʷ ʠʜʝʘʣʴʥʳʝ 

ʫʩʣʦʚʠʷ, ʧʨʝʜʣʦʞʝʥʥʳʝ ʚ ʤʦʜʝʣʠ ʉʪʦʥʝʨʘ-ɺʦʣʴʬʘʨʪʘ, ʧʦʣʝ ʘʥʠʟʦʪʨʦʧʠʠ HA ʩʯʠʪʘʝʪʩʷ 

ʚʝʨʭʥʠʤ ʪʝʦʨʝʪʠʯʝʩʢʠʤ ʧʨʝʜʝʣʦʤ ʢʦʵʨʮʠʪʠʚʥʦʡ ʩʠʣʳ.  
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ʈʠʩʫʥʦʢ 1.13 - ɺʨʘʱʝʥʠʝ ʚʝʢʪʦʨʘ IS ʚ 

ʯʘʩʪʠʮʝ ʠʛʦʣʴʯʘʪʦʡ ʬʦʨʤʳ. 

ʈʠʩʫʥʦʢ 1.14 - ɼʚʝ ʧʝʪʣʠ ʛʠʩʪʝʨʝʟʠʩʘ ʩ 
ʦʜʠʥʘʢʦʚʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʧʦʣʷ ʩʢʘʯʢʘ Hsw 

ʠ ʨʘʟʥʳʤʠ ʧʦʣʷʤʠ Hc. 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ 1.12 ʫʛʣʦʚʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʢʦʵʨʮʠʪʠʚʥʦʡ ʩʠʣʳ ʜʣʷ 

ʤʝʭʘʥʠʟʤʦʚ ʟʘʜʝʨʞʢʠ ʩʤʝʱʝʥʠʷ ʜʦʤʝʥʥʳʭ ʛʨʘʥʠʮ ʠ ʥʝʦʙʨʘʪʠʤʦʛʦ ʚʨʘʱʝʥʠʷ ʚʝʢʪʦʨʘ IS 

ʨʘʟʣʠʯʥʳ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʦ ʚʠʜʫ ʵʪʠʭ ʢʨʠʚʳʭ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʢʘʢʠʝ ʧʨʦʮʝʩʩʳ 

ʦʙʫʩʣʘʚʣʠʚʘʶʪ ʤʘʛʥʠʪʥʳʡ ʛʠʩʪʝʨʝʟʠʩ. 

3. ɻʠʩʪʝʨʝʟʠʩ, ʦʙʫʩʣʦʚʣʝʥʥʳʡ ʟʘʜʝʨʞʢʦʡ ʨʦʩʪʘ ʟʘʨʦʜʳʰʝʡ ʦʙʨʘʪʥʦʡ ʤʘʛʥʠʪʥʦʡ 

ʬʘʟʳ. 

ɺ ʤʘʛʥʝʪʠʢʝ, ʥʘʤʘʛʥʠʯʝʥʥʦʤ ʜʦ ʥʘʩʳʱʝʥʠʷ, ʜʦʤʝʥʥʳʝ ʛʨʘʥʠʮʳ ʦʪʩʫʪʩʪʚʫʶʪ. ʇʨʠ 

ʧʝʨʝʤʘʛʥʠʯʠʚʘʥʠʠ ʟʘʨʦʜʳʰʠ ʦʙʨʘʪʥʦʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʚʦʟʥʠʢʘʶʪ ʚ ʦʙʣʘʩʪʷʭ ʚʙʣʠʟʠ 

ʜʝʬʝʢʪʦʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ (ʩʢʦʧʣʝʥʠʷ ʪʦʯʝʯʥʳʭ ʜʝʬʝʢʪʦʚ, ʜʠʩʣʦʢʘʮʠʠ, 

ʚʢʣʶʯʝʥʠʷ ʜʨʫʛʠʭ ʬʘʟ, ʛʨʘʥʠʮʳ ʟʝʨʝʥ, ʚʥʝʰʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ). ɺ ʦʙʣʘʩʪʠ ʜʝʬʝʢʪʘ 

ʥʘʙʣʶʜʘʝʪʩʷ ʩʥʠʞʝʥʠʝ ʧʦʣʷ ʘʥʠʟʦʪʨʦʧʠʠ, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʤʦʛʫʪ ʧʦʷʚʣʷʪʴʩʷ ʤʘʛʥʠʪʥʳʝ 

ʤʦʤʝʥʪʳ ʥʝ ʧʘʨʘʣʣʝʣʴʥʳʝ ʆʃʅ, ʠʟ ʢʦʪʦʨʳʭ ʠ ʦʙʨʘʟʫʶʪʩʷ ʟʘʨʦʜʳʰʠ ʦʙʨʘʪʥʦʡ ʤʘʛʥʠʪʥʦʡ 

ʬʘʟʳ. ɼʘʥʥʳʡ ʪʠʧ ʛʠʩʪʝʨʝʟʠʩʘ ʩʚʷʟʘʥ ʩ ʪʝʤ, ʯʪʦ, ʪʦʣʴʢʦ ʥʘʯʠʥʘʷ ʩ ʥʝʢʦʪʦʨʦʛʦ 

ʢʨʠʪʠʯʝʩʢʦʛʦ ʨʘʟʤʝʨʘ ʟʘʨʦʜʳʰʝʡ ʦʥʠ ʩʧʦʩʦʙʥʳ ʥʝʦʙʨʘʪʠʤʦ ʫʚʝʣʠʯʠʚʘʪʴ ʩʚʦʠ ʨʘʟʤʝʨʳ ʚ 

ʥʝʢʦʪʦʨʦʤ ʧʦʣʝ ʩʪʘʨʪʘ ʅ0. ɼʦʩʪʘʪʦʯʥʦ ʦʜʥʦʛʦ ʪʘʢʦʛʦ ʟʘʨʦʜʳʰʘ, ʯʪʦʙʳ ʚ ʧʦʣʝ ʅ0 ʟʘ ʩʯʝʪ 

ʩʤʝʱʝʥʠʷ ʜʦʤʝʥʥʳʭ ʛʨʘʥʠʮ ʧʨʦʠʟʦʰʣʦ ʧʦʣʥʦʝ ʧʝʨʝʤʘʛʥʠʯʠʚʘʥʠʝ ʦʙʨʘʟʮʘ.  

ɺ ʨʘʙʦʪʘʭ [51-43] ʧʦʢʘʟʘʥʳ, ʯʪʦ ʫʛʣʦʚʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʢʦʵʨʮʠʪʠʚʥʦʡ ʩʠʣʳ ʦʙʨʘʟʮʦʚ 

(Sm,Zr)(Co,Cu,Fe)z ʠʤʝʶʪ ʘʥʦʤʘʣʴʥʳʡ ʭʘʨʘʢʪʝʨ ʠ ʚʳʩʢʘʟʘʥʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦ 

ʩʤʝʰʘʥʥʦʤ ʭʘʨʘʢʪʝʨʝ ʤʘʛʥʠʪʥʦʛʦ ʛʠʩʪʝʨʝʟʠʩʘ ʚ ʩʧʣʘʚʘʭ ʜʘʥʥʦʛʦ ʪʠʧʘ.  
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1.7. ʊʝʤʧʝʨʘʪʫʨʥʘʷ ʩʪʘʙʠʣʴʥʦʩʪʴ ʠ ʤʘʛʥʠʪʥʘʷ ʚʷʟʢʦʩʪʴ ʩʧʣʘʚʦʚ R-Zr -Co-Cu-Fe 

ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʚʘʞʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʧʦʩʪʦʷʥʥʳʭ 

ʤʘʛʥʠʪʦʚ ʷʚʣʷʝʪʩʷ ʠʭ ʪʝʤʧʝʨʘʪʫʨʥʘʷ ʩʪʘʙʠʣʴʥʦʩʪʴ. ʂʘʢ ʧʨʘʚʠʣʦ, ʦʪʜʝʣʴʥʦ ʨʘʩʩʤʘʪʨʠʚʘʶʪ 

ʪʝʤʧʝʨʘʪʫʨʥʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ (ʠʥʜʫʢʮʠʠ) ʠ ʢʦʵʨʮʠʪʠʚʥʦʡ ʩʠʣʳ. 

ʀʟʚʝʩʪʥʦ [12], ʯʪʦ ʩʦʝʜʠʥʝʥʠʷ R-Co c ʣʝʛʢʠʤʠ ʈɿʄ ʦʙʣʘʜʘʶʪ ʬʝʨʨʦʤʘʛʥʠʪʥʳʤ 

ʭʘʨʘʢʪʝʨʦʤ ʫʧʦʨʷʜʦʯʝʥʠʷ ʧʦʜʨʝʰʝʪʦʢ ʢʦʙʘʣʴʪʘ ʠ ʈɿʄ, ʘ ʩʦʝʜʠʥʝʥʠʷ c ʪʷʞʝʣʳʤʠ ʈɿʄ 

(ʊʈɿʄ) ï ʬʝʨʨʠʤʘʛʥʠʪʥʳʤ.  

ʀʟ ʨʠʩʫʥʢʘ 1.15 ʚʠʜʥʦ, ʯʪʦ ʚ ʩʧʣʘʚʘʭ Sm1ïxGdxCo5 ʩ ʨʘʟʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʩʘʤʘʨʠʷ 

ʠ ʛʘʜʦʣʠʥʠʷ ʤʦʞʥʦ ʨʝʘʣʠʟʦʚʘʪʴ ʨʘʟʣʠʯʥʳʡ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʭʦʜ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ 

ʥʘʩʳʱʝʥʠʷ [94]. ɼʣʷ ʭ = 0,45 ʥʘʙʣʶʜʘʝʪʩʷ ʩʪʘʙʠʣʴʥʦʩʪʴ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʜʦ ʪʝʤʧʝʨʘʪʫʨ 

~600 K, ʧʨʠ ʭ > 0,45 ï ʨʦʩʪ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʜʦ ~650 K, ʜʣʷ ʭ < 0,45 ï ʝʝ ʧʘʜʝʥʠʝ ʚʦ ʚʩʝʤ 

ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ. 

 
ʈʠʩʫʥʦʢ 1.15 - ʊʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʫʜʝʣʴʥʦʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ 

ʥʘʩʳʱʝʥʠʷ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ Sm1ïʭGdʭCo5 [94]. 

 

ɸʥʘʣʦʛʠʯʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʨʝʘʣʠʟʦʚʘʥʳ ʠ ʚ ʩʧʣʘʚʘʭ ʪʠʧʘ (Sm,ʊʈɿʄ,Zr)(Co,Cu,Fe)z ʩ ʯʘʩʪʠʯʥʳʤ 

ʟʘʤʝʱʝʥʠʝʤ ʩʘʤʘʨʠʷ ʥʘ ʊʈɿʄ = Gd, Er, Tb, Dy, Tm, Ho (ʨʠʩʫʥʢʠ 1.16 ʘ-ʙ).  

ɺ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʠʥʪʝʨʝʩ ʢ ʩʧʣʘʚʘʤ (Sm,Zr)(Co,Cu,Fe)z ʩʫʱʝʩʪʚʝʥʥʦ 

ʚʦʟʨʦʩ, ʪʘʢ ʢʘʢ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʥʦʚʳʝ ʩʦʩʪʘʚʳ ʩ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʤʝʜʠ, ʥʘ 

ʢʦʪʦʨʳʭ ʧʨʠ ʥʝʢʦʪʦʨʦʤ ʩʥʠʞʝʥʠʠ ʠʥʜʫʢʮʠʠ ʥʘʩʳʱʝʥʠʷ ʨʝʘʣʠʟʫʝʪʩʷ ʩʪʘʙʠʣʴʥʦʩʪʴ 
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ʢʦʵʨʮʠʪʠʚʥʦʡ ʩʠʣʳ ʚʧʣʦʪʴ ʜʦ 500ʦʉ [64]. ʇʦʚʳʰʝʥʥʘʷ ʪʝʤʧʝʨʘʪʫʨʥʘʷ ʩʪʘʙʠʣʴʥʦʩʪʴ 

ʩʧʣʘʚʦʚ ʪʘʢʦʛʦ ʪʠʧʘ ʦʙʲʷʩʥʷʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝʤ ʚ ʛʨʘʥʠʯʥʦʡ ʬʘʟʝ çʷʯʝʠʩʪʦʡè ʩʪʨʫʢʪʫʨʳ 

ʧʘʨʘʤʘʛʥʠʪʥʳʭ ʧʨʦʩʣʦʝʢ SmCu5, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤʠ ʮʝʥʪʨʘʤʠ ʟʘʜʝʨʞʢʠ 

ʜʦʤʝʥʥʳʭ ʛʨʘʥʠʮ ʧʨʠ ʧʦʚʳʰʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. 

  

ʈʠʩʫʥʦʢ 1.16 - ʊʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ (ʘ) ʠ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ 

ʢʦʵʬʬʠʮʠʝʥʪʘ Ŭ (ʙ) ʜʣʷ ʧʦʩʪʦʷʥʥʳʭ ʤʘʛʥʠʪʦʚ RE(Co,Fe0,14ï0,22Cu0,07ï0,09Zr0,03)7,4. [95] 

 

ɸʥʘʣʠʟ ʢʦʵʨʮʠʪʠʚʥʦʡ ʩʠʣʳ ʩʧʝʯʝʥʥʳʭ ʧʦʩʪʦʷʥʥʳʭ ʤʘʛʥʠʪʦʚ 

Sm(Co0,784Fe0,100Cu0,088Zr0,028)7,19 ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʧʦʩʣʝ ʠʟʤʝʨʝʥʠʡ ʧʨʠ 

ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʯʪʦ ʢʦʵʨʮʠʪʠʚʥʘʷ ʩʠʣʘ ʤʘʛʥʠʪʦʚ ʫʤʝʥʴʰʘʝʪʩʷ ʩ ʧʦʚʳʰʝʥʠʝʤ 

ʪʝʤʧʝʨʘʪʫʨʳ ʠʟʤʝʨʝʥʠʷ [96]. ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 550ÁC ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʢʦʵʨʮʠʪʠʚʥʘʷ ʩʠʣʘ 

ʜʦ 0,5 ʊʣ (ʨʠʩʫʥʦʢ 1.17 ʩʣʝʚʘ).  

ʇʦʩʣʝ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʠʟʤʝʨʝʥʠʡ (ʨʠʩʫʥʦʢ 1.17 ʩʧʨʘʚʘ) ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 

ʥʠʞʝ 400ÁC ʥʝ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʷʚʥʳʭ ʠʟʤʝʥʝʥʠʡ ʢʦʵʨʮʠʪʠʚʥʦʡ ʩʠʣʳ ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ. ʆʜʥʘʢʦ ʢʦʵʨʮʠʪʠʚʥʘʷ ʩʠʣʘ, ʠʟʤʝʨʝʥʥʘʷ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ (ʂʊ), 

ʥʘʯʠʥʘʝʪ ʩʥʠʞʘʪʴʩʷ ʧʦʩʣʝ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʠʟʤʝʨʝʥʠʡ ʚʳʰʝ 400ÁC, ʠ ʯʝʤ ʚʳʰʝ 

ʪʝʤʧʝʨʘʪʫʨʘ ʠʟʤʝʨʝʥʠʷ, ʪʝʤ ʙʦʣʴʰʝ ʧʦʪʝʨʷ ʢʦʵʨʮʠʪʠʚʥʦʡ ʩʠʣʳ ʧʨʠ ʂʊ. ʇʦʩʣʝ ʠʟʤʝʨʝʥʠʷ 

ʧʨʠ 550ÁC ʢʦʵʨʮʠʪʠʚʥʘʷ ʩʠʣʘ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʩʥʠʞʘʝʪʩʷ ʩ 2,8 ʜʦ 2,3 ʊʣ [97].  

ɹʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʥʘʙʣʶʜʘʝʤʦʝ ʩʥʠʞʝʥʠʝ ʢʦʵʨʮʠʪʠʚʥʦʡ ʩʠʣʳ ʧʨʠ ʥʘʛʨʝʚʝ ʚʳʰʝ 

400ÁC ʩʚʷʟʘʥʦ ʩ ʤʠʢʨʦʩʪʨʫʢʪʫʨʥʳʤʠ ʠʟʤʝʥʝʥʠʷʤʠ ʚ ʦʙʲʝʤʝ, ʘ ʥʝ ʩ ʜʝʛʨʘʜʘʮʠʝʡ 
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ʧʦʚʝʨʭʥʦʩʪʠ. ʇʦʪʝʨʠ ʢʦʵʨʮʠʪʠʚʥʦʡ ʩʠʣʳ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʥʦʩʪʴʶ ʚʦʩʩʪʘʥʦʚʣʝʥʳ ʧʨʠ 

ʧʦʚʪʦʨʝʥʠʠ ʧʦʩʣʝʜʥʝʛʦ ʵʪʘʧʘ ʧʝʨʚʦʥʘʯʘʣʴʥʦʡ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ ʤʘʛʥʠʪʘ (550-400ÁC ʧʨʠ 

0,7 ʂ/ʤʠʥ ʠ 3 ʯʘʩʘ ʧʨʠ 400ÁC) (ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 1.17 ʙ). ɸʚʪʦʨʳ [70] ʫʪʚʝʨʞʜʘʶʪ, 

ʯʪʦ ʤʝʜʣʝʥʥʦʝ ʦʭʣʘʞʜʝʥʠʝ ʧʨʠʚʦʜʠʪ ʢ ʨʘʩʰʠʨʝʥʠʶ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʨʘʢʪʠʯʝʩʢʠ ʣʶʙʦʛʦ 

ʵʣʝʤʝʥʪʘ ʚ ʦʙʣʘʩʪʠ ʣʦʢʘʣʠʟʘʮʠʠ ʬʘʟʳ 1:5 ï ʛʨʘʥʠʮʘ çʷʯʝʝʢè (ʨʠʩʫʥʦʢ 1.18 ʚ ʠ ʛ), ʢʦʪʦʨʘʷ 

ʷʚʣʷʝʪʩʷ ʤʝʩʪʦʤ ʬʠʢʩʘʮʠʠ ʜʦʤʝʥʥʦʡ ʛʨʘʥʠʮʳ. ʕʪʦ ʚʳʟʳʚʘʝʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʨʘʩʰʠʨʝʥʠʝ 

ʛʨʘʥʠʮ ʤʝʞʜʫ çʷʯʝʡʢʘʤʠè ʚ ʪʦʥʢʦʡ ʩʪʨʫʢʪʫʨʝ, ʯʪʦ ʦʯʝʥʴ ʚʘʞʥʦ, ʧʦʩʢʦʣʴʢʫ ʬʠʢʩʘʮʠʷ 

ʜʦʤʝʥʥʦʡ ʛʨʘʥʠʮʳ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʘ, ʢʦʛʜʘ ʨʘʟʤʝʨ ʵʪʦʡ ʦʙʣʘʩʪʠ ʩʨʘʚʥʠʤ ʩ ʪʦʣʱʠʥʦʡ 

ɼɻ. 

 
 

ʈʠʩʫʥʦʢ 1.17- ʂʨʠʚʳʝ ʨʘʟʤʘʛʥʠʯʠʚʘʥʠʷ ʩʧʝʯʝʥʥʦʛʦ ʤʘʛʥʠʪʘ 

Sm(Co0,784Fe0,100Cu0,088Zr0,028)7,19 ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ (ʩʣʝʚʘ); ʢʨʠʚʳʝ 

ʨʘʟʤʘʛʥʠʯʠʚʘʥʠʷ ʩʧʝʯʝʥʥʦʛʦ ʤʘʛʥʠʪʘ Sm(Co0,784Fe0,100Cu0,088Zr0,028)7,19 ʧʦʩʣʝ ʮʠʢʣʦʚ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʠʟʤʝʨʝʥʠʡ (ʩʧʨʘʚʘ) [13]. 

 

ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʳʩʦʢʘʷ ʢʦʵʨʮʠʪʠʚʥʘʷ ʩʠʣʘ ʩʧʣʘʚʦʚ (R,Zr)(Co,Cu,Fe)z, 

ʜʦʩʪʠʛʥʫʪʘʷ ʙʣʘʛʦʜʘʨʷ ʧʨʦʮʝʩʩʘʤ ʟʘʜʝʨʞʢʠ ɼɻ ʥʘ ç̫ ʯʝʠʩʪʦʡè ʩʪʨʫʢʪʫʨʝ, ʷʚʣʷʝʪʩʷ ʥʝ 

ʘʙʩʦʣʶʪʥʦʡ, ʘ ʤʝʪʘʩʪʘʙʠʣʴʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ. ʇʨʠ ʢʦʥʝʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʪʝʧʣʦʚʳʝ 

ʬʣʫʢʪʫʘʮʠʠ ʤʦʛʫʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʧʨʝʦʜʦʣʝʥʠʶ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʙʘʨʴʝʨʦʚ, ʯʪʦ ʧʨʠʚʦʜʠʪ 

ʢ ʤʝʜʣʝʥʥʳʤ, ʟʘʚʠʩʷʱʠʤ ʦʪ ʚʨʝʤʝʥʠ ʠʟʤʝʥʝʥʠʷʤ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ. ʕʪʦ ʷʚʣʝʥʠʝ, 

ʠʟʚʝʩʪʥʦʝ ʢʘʢ ʤʘʛʥʠʪʥʘʷ ʚʷʟʢʦʩʪʴ ʠʣʠ ʤʘʛʥʠʪʥʦʝ ʧʦʩʣʝʜʝʡʩʪʚʠʝ, ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʦ ʜʣʷ 

ʦʮʝʥʢʠ ʜʦʣʛʦʚʨʝʤʝʥʥʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ ʠ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʤʘʪʝʨʠʘʣʦʚ ʚ ʨʝʘʣʴʥʳʭ 

ʫʩʪʨʦʡʩʪʚʘʭ [16, 18, 98-100].  
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ʈʠʩʫʥʦʢ 1.18 - (a) ʠ (ʚ) 3D ʢʘʨʪʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʘʪʦʤʦʚ Sm, Zr, Fe ʠ Cu ʠ (ʙ) ʠ (ʛ) 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʨʦʬʠʣʠ ʩʦʩʪʘʚʣʷʶʱʠʭ ʵʣʝʤʝʥʪʦʚ, ʨʘʩʩʯʠʪʘʥʥʳʝ ʥʘ ʦʩʥʦʚʝ 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ 3D ʢʘʨʪ ʘʪʦʤʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʜʣʷ ʟʘʢʘʣʝʥʥʳʭ (ÕHc = 0,14 ʊʣ) ʠ 

ʤʝʜʣʝʥʥʦ ʦʭʣʘʞʜʝʥʥʳʭ (ÕHc = 2,56 ʊʣ) ʦʙʨʘʟʮʦʚ ʤʘʛʥʠʪʦʚ 

Sm(Co0,784Fe0,100Cu0,088Zr0,028)7,19 [70]. 

 

ʄʘʛʥʠʪʥʘʷ ʚʷʟʢʦʩʪʴ ʚ ʤʘʪʝʨʠʘʣʘʭ ʩ ʚʳʩʦʢʦʡ ʢʦʵʨʮʠʪʠʚʥʦʡ ʩʠʣʦʡ ʦʙʲʷʩʥʷʝʪʩʷ ʚ 

ʨʘʤʢʘʭ ʤʦʜʝʣʠ ʪʝʨʤʠʯʝʩʢʠ ʘʢʪʠʚʠʨʫʝʤʳʭ ʧʨʦʮʝʩʩʦʚ. ɼʚʠʞʝʥʠʝ ʜʦʤʝʥʥʦʡ ʛʨʘʥʠʮʳ, 

ʟʘʢʨʝʧʣʝʥʥʦʡ ʥʘ ʮʝʥʪʨʘʭ ʟʘʜʝʨʞʢʠ, ʪʨʝʙʫʝʪ ʧʨʝʦʜʦʣʝʥʠʷ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʙʘʨʴʝʨʘ. ʇʨʠ 

ʘʙʩʦʣʶʪʥʦʤ ʥʫʣʝ ʜʣʷ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʣʦʞʠʪʴ ʩʪʨʦʛʦ ʦʧʨʝʜʝʣʝʥʥʦʝ ʚʥʝʰʥʝʝ ʧʦʣʝ. 

ʆʜʥʘʢʦ ʧʨʠ ʣʶʙʦʡ ʢʦʥʝʯʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʩʫʱʝʩʪʚʫʝʪ ʚʝʨʦʷʪʥʦʩʪʴ, ʯʪʦ ʪʝʧʣʦʚʘʷ ʵʥʝʨʛʠʷ 

ʧʦʤʦʞʝʪ ʛʨʘʥʠʮʝ çʧʝʨʝʧʨʳʛʥʫʪʴè ʯʝʨʝʟ ʙʘʨʴʝʨ ʜʘʞʝ ʚ ʥʝʩʢʦʣʴʢʦ ʤʝʥʴʰʝʤ ʧʦʣʝ. ʕʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʥʘʙʣʶʜʘʝʤʘʷ ʢʦʵʨʮʠʪʠʚʥʘʷ ʩʠʣʘ ʩʪʘʥʦʚʠʪʩʷ ʬʫʥʢʮʠʝʡ ʥʝ ʪʦʣʴʢʦ 

ʧʦʣʷ, ʥʦ ʠ ʚʨʝʤʝʥʠ ʝʛʦ ʧʨʠʣʦʞʝʥʠʷ, ʘ ʪʘʢʞʝ ʪʝʤʧʝʨʘʪʫʨʳ. 

ʏʝʤ ʚʳʰʝ ʩʨʝʜʥʷʷ ʵʥʝʨʛʠʷ ʘʢʪʠʚʘʮʠʠ (ʚʝʣʠʯʠʥʘ ʙʘʨʴʝʨʦʚ) ʠ ʯʝʤ ʫʞʝ ʠʭ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ, ʪʝʤ ʩʣʘʙʝʝ ʧʨʦʷʚʣʷʝʪʩʷ ʤʘʛʥʠʪʥʘʷ ʚʷʟʢʦʩʪʴ ʠ ʪʝʤ ʩʪʘʙʠʣʴʥʝʝ 

ʢʦʵʨʮʠʪʠʚʥʘʷ ʩʠʣʘ ʧʨʠ ʥʘʛʨʝʚʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ 

ʢʦʵʨʮʠʪʠʚʥʦʡ ʩʠʣʳ ʠ ʧʘʨʘʤʝʪʨʳ ʤʘʛʥʠʪʥʦʡ ʚʷʟʢʦʩʪʠ ʩʣʫʞʘʪ ʧʨʷʤʳʤʠ ʠʥʜʠʢʘʪʦʨʘʤʠ 

çʢʘʯʝʩʪʚʘè ʪʦʥʢʦʡ ʩʪʨʫʢʪʫʨʳ. 

ʂʘʢ ʫʞʝ ʦʪʤʝʯʘʣʦʩʴ ʨʘʥʝʝ, ʢʣʶʯʝʚʳʤ ʮʝʥʪʨʦʤ ʟʘʜʝʨʞʢʠ ʩʤʝʱʝʥʠʷ ʜʦʤʝʥʥʳʭ 

ʛʨʘʥʠʮ ʷʚʣʷʝʪʩʷ ʨʝʟʢʠʡ ʭʠʤʠʯʝʩʢʠʡ ʠ çʤʘʛʥʠʪʥʳʡè ʢʦʥʪʨʘʩʪ ʥʘ ʛʨʘʥʠʮʝ ʤʝʞʜʫ ʬʘʟʦʡ 
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ʮʝʥʪʨʦʚ çʷʯʝʝʢè (ʬʘʟʘ 2:17, ʚʳʩʦʢʘʷ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ, ʫʤʝʨʝʥʥʘʷ ʘʥʠʟʦʪʨʦʧʠʷ) ʠ ʠʭ 

ʛʨʘʥʠʮʝʡ (ʬʘʟʘ 1:5, ʙʦʣʝʝ ʥʠʟʢʘʷ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ, ʦʯʝʥʴ ʚʳʩʦʢʘʷ ʘʥʠʟʦʪʨʦʧʠʷ). ʕʥʝʨʛʠʷ, 

ʥʝʦʙʭʦʜʠʤʘʷ ʜʣʷ ʧʨʝʦʜʦʣʝʥʠʷ ɼɻ ʪʘʢʦʡ ʛʨʘʥʠʮ,r ʠ ʬʦʨʤʠʨʫʝʪ ʦʩʥʦʚʥʦʡ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ 

ʙʘʨʴʝʨ. ɺ ʠʜʝʘʣʴʥʦ ʨʝʛʫʣʷʨʥʦʡ ʩʪʨʫʢʪʫʨʝ ʚʩʝ ʙʘʨʴʝʨʳ ʙʳʣʠ ʙʳ ʦʜʠʥʘʢʦʚʳ. ʆʜʥʘʢʦ 

ʨʝʘʣʴʥʘʷ ʤʠʢʨʦʩʪʨʫʢʪʫʨʘ ʚʩʝʛʜʘ ʦʙʣʘʜʘʝʪ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴʶ: ʬʣʫʢʪʫʘʮʠʠ ʰʠʨʠʥʳ 

ʛʨʘʥʠʮ, ʣʦʢʘʣʴʥʳʝ ʦʪʢʣʦʥʝʥʠʷ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʬʘʟ, ʥʘʣʠʯʠʝ ʜʝʬʝʢʪʦʚ, ʠʟʛʠʙʳ 

ʧʣʘʩʪʠʥʯʘʪʳʭ ʚʳʜʝʣʝʥʠʡ ʮʠʨʢʦʥʠʝʚʦʡ ʬʘʟʳ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʙʘʨʴʝʨʳ 

ʠʤʝʶʪ ʰʠʨʦʢʦʝ ʩʪʘʪʠʩʪʠʯʝʩʢʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦ ʚʳʩʦʪʝ. ɺ ʦʧʨʝʜʝʣʝʥʥʦʤ ʚʥʝʰʥʝʤ ʧʦʣʝ 

ʠ ʧʨʠ ʟʘʜʘʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʧʨʝʦʜʦʣʝʚʘʶʪʩʷ ʣʠʰʴ ʪʝ ʠʟ ʥʠʭ, ʵʬʬʝʢʪʠʚʥʘʷ ʚʳʩʦʪʘ 

ʢʦʪʦʨʳʭ ʩʪʘʥʦʚʠʪʩʷ ʩʦʠʟʤʝʨʠʤʦʡ ʩ ʵʥʝʨʛʠʝʡ ʪʝʧʣʦʚʳʭ ʬʣʫʢʪʫʘʮʠʡ. ʇʦʩʪʝʧʝʥʥʦʝ, 

ʧʦʵʪʘʧʥʦʝ ʧʨʝʦʜʦʣʝʥʠʝ ʙʘʨʴʝʨʦʚ ʨʘʟʥʦʡ ʚʳʩʦʪʳ ʠ ʥʘʙʣʶʜʘʝʪʩʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʢʘʢ 

ʤʘʛʥʠʪʥʘʷ ʚʷʟʢʦʩʪʴ. ʏʝʤ ʙʦʣʴʰʝ ʨʘʟʥʠʮʘ ʚ ʤʘʛʥʠʪʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʘʥʠʟʦʪʨʦʧʠʠ ʤʝʞʜʫ 

ʬʘʟʦʚʳʤʠ ʩʦʩʪʘʚʣʷʶʱʠʤʠ (ʯʪʦ ʜʦʩʪʠʛʘʝʪʩʷ, ʚ ʯʘʩʪʥʦʩʪʠ, ʦʧʪʠʤʘʣʴʥʳʤ ʣʝʛʠʨʦʚʘʥʠʝʤ 

ʤʝʜʴʶ), ʪʝʤ ʚʳʰʝ ʩʪʘʥʦʚʷʪʩʷ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʙʘʨʴʝʨʳ. ʕʪʦ ʥʝ ʪʦʣʴʢʦ ʫʚʝʣʠʯʠʚʘʝʪ 

ʢʦʵʨʮʠʪʠʚʥʫʶ ʩʠʣʫ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʥʦ ʠ ʩʥʠʞʘʝʪ ʤʘʛʥʠʪʥʫʶ ʚʷʟʢʦʩʪʴ, 

ʧʦʚʳʰʘʷ ʪʝʨʤʠʯʝʩʢʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ. 

ɺ ʨʘʙʦʪʝ [101] ʚʳʧʦʣʥʝʥʦ ʩʨʘʚʥʠʪʝʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʤʘʛʥʠʪʥʦʡ ʚʷʟʢʦʩʪʠ ʚ 

ʪʦʥʢʠʭ ʧʣʝʥʢʘʭ ʩʦʝʜʠʥʝʥʠʡ Sm(Co,Fe0,1Cu0,1Zr0,03)7,0 ʠ Sm(Co,Fe0,1Cu0,1Zr0,03)7,5 ʚ ʰʠʨʦʢʦʤ 

ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʜʠʘʧʘʟʦʥʝ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʷʟʢʦʩʪʥʳʝ ʩʚʦʡʩʪʚʘ ʚ 

ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʦʧʨʝʜʝʣʷʶʪʩʷ ʜʠʥʘʤʠʢʦʡ ʥʝʦʙʨʘʪʠʤʳʭ ʧʨʦʮʝʩʩʦʚ ʠʟʤʝʥʝʥʠʷ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʧʦʟʚʦʣʠʣʠ ʘʚʪʦʨʘʤ ʩʚʷʟʘʪʴ ʥʘʙʣʶʜʘʝʤʳʝ 

ʨʘʟʣʠʯʠʷ ʚ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʟʘʚʠʩʠʤʦʩʪʷʭ ʢʣʶʯʝʚʳʭ ʧʘʨʘʤʝʪʨʦʚ ʩ ʤʠʢʨʦʭʠʤʠʯʝʩʢʠʤʠ 

ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʛʨʘʥʠʯʥʦʡ ʬʘʟʳ. ɺ ʯʘʩʪʥʦʩʪʠ, ʙʳʣʦ ʧʨʝʜʧʦʣʦʞʝʥʦ, ʯʪʦ ʚʘʨʠʘʮʠʠ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʝʜʠ ʠ ʝʝ ʛʦʤʦʛʝʥʥʦʩʪʠ ʚ ʦʙʦʣʦʯʢʝ ʷʯʝʝʢ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʥʳʤ 

ʤʠʢʨʦʩʪʨʫʢʪʫʨʥʳʤ ʬʘʢʪʦʨʦʤ, ʢʦʥʪʨʦʣʠʨʫʶʱʠʤ ʢʘʢ ʚʝʣʠʯʠʥʫ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʙʘʨʴʝʨʦʚ, 

ʪʘʢ ʠ ʰʠʨʠʥʫ ʠʭ ʨʘʩʧʨʝʜʝʣʝʥʠʷ, ʯʪʦ ʚ ʠʪʦʛʝ ʠ ʦʪʨʘʞʘʝʪʩʷ ʥʘ ʪʝʨʤʦʩʪʘʙʠʣʴʥʦʩʪʠ ʠ 

ʢʠʥʝʪʠʢʝ ʧʝʨʝʤʘʛʥʠʯʠʚʘʥʠʷ. 

ʍʦʪʷ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʘʛʥʠʪʥʦʡ ʚʷʟʢʦʩʪʠ ʚ (Gd,Zr)(Co,Cu,Fe)z ʚ 

ʣʠʪʝʨʘʪʫʨʝ ʤʝʥʴʰʝ, ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʤʝʭʘʥʠʟʤʳ ʦʩʪʘʶʪʩʷ ʪʝʤʠ ʞʝ. ʆʜʥʘʢʦ 

ʬʝʨʨʠʤʘʛʥʠʪʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʦʜʨʝʰʝʪʦʢ Gd ʠ Co/Fe ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʠʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʥʘʩʳʱʝʥʠʷ, ʠ ʚʦʟʤʦʞʥʦ, ʥʘ ʧʘʨʘʤʝʪʨʳ 

ʚʷʟʢʦʩʪʠ ʯʝʨʝʟ ʠʟʤʝʥʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʛʦ ʧʦʣʷ ʘʥʠʟʦʪʨʦʧʠʠ. 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʧʨʘʚʣʝʥʠʝ ʤʘʛʥʠʪʥʦʡ ʚʷʟʢʦʩʪʴʶ ʠ ʪʝʨʤʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʴʶ 

ʩʚʦʜʠʪʩʷ ʢ ʫʧʨʘʚʣʝʥʠʶ ʤʠʢʨʦʩʪʨʫʢʪʫʨʦʡ ʥʘ ʥʘʥʦʫʨʦʚʥʝ. ʇʦʥʠʤʘʥʠʝ ʵʪʦʡ ʩʚʷʟʠ 

ʧʦʟʚʦʣʷʝʪ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʨʝʞʠʤʳ ʧʦʣʫʯʝʥʠʷ ʥʝ 

ʪʦʣʴʢʦ ʩʧʝʯʝʥʥʳʭ ʤʘʛʥʠʪʦʚ, ʥʦ ʠ ʣʠʪʳʭ ʠʩʩʣʝʜʫʝʤʳʭ ʩʧʣʘʚʦʚ ʜʣʷ ʧʨʠʤʝʥʝʥʠʡ, 

ʪʨʝʙʫʶʱʠʭ ʚʳʩʦʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ ʩʚʦʡʩʪʚ ʚʦ ʚʨʝʤʝʥʠ ʠ ʚ ʰʠʨʦʢʦʤ ʪʝʤʧʝʨʘʪʫʨʥʦʤ 

ʜʠʘʧʘʟʦʥʝ. 

1.8. ɿʘʢʣʶʯʝʥʠʝ ʧʦ ʦʙʟʦʨʫ ʣʠʪʝʨʘʪʫʨʳ ʠ ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʉʧʣʘʚʳ R-Zr-Co-Cu-Fe (R = Sm, Gd) ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʢʣʘʩʩʠʯʝʩʢʠʡ ʧʨʠʤʝʨ 

ʚʳʩʦʢʦʢʦʵʨʮʠʪʠʚʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʯʴʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʷʚʣʷʶʪʩʷ ʧʨʷʤʳʤ ʠ 

ʩʣʦʞʥʳʤ ʩʣʝʜʩʪʚʠʝʤ ʠʭ ʥʘʥʦʨʘʟʤʝʨʥʦʡ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ. ɼʦʩʪʠʞʝʥʠʝ ʨʝʢʦʨʜʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʦʟʤʦʞʥʦ ʪʦʣʴʢʦ ʧʨʠ ʩʠʥʝʨʛʝʪʠʯʝʩʢʦʤ ʩʦʯʝʪʘʥʠʠ ʪʦʯʥʦ ʚʳʚʝʨʝʥʥʦʛʦ 

ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ ʠ ʩʪʨʦʛʦ ʢʦʥʪʨʦʣʠʨʫʝʤʦʡ ʤʥʦʛʦʩʪʫʧʝʥʯʘʪʦʡ ʪʝʨʤʠʯʝʩʢʦʡ 

ʦʙʨʘʙʦʪʢʠ, ʥʘʧʨʘʚʣʝʥʥʦʡ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʦʧʪʠʤʘʣʴʥʦʡ ʷʯʝʠʩʪʦ-ʧʣʘʩʪʠʥʯʘʪʦʡ 

ʥʘʥʦʩʪʨʫʢʪʫʨʳ.  

ʅʝʩʤʦʪʨʷ ʥʘ ʧʦʣʫʚʝʢʦʚʫʶ ʠʩʪʦʨʠʶ ʠʟʫʯʝʥʠʷ, ʩʧʣʘʚʳ R-Zr-Co-Cu-Fe ʦʩʪʘʶʪʩʷ 

ʦʙʲʝʢʪʦʤ ʘʢʪʠʚʥʳʭ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʕʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʥʝʩʢʦʣʴʢʠʤʠ 

ʢʣʶʯʝʚʳʤʠ ʬʘʢʪʦʨʘʤʠ. ɺʳʷʚʣʝʥʥʳʡ ʩʤʝʰʘʥʥʳʡ ʤʝʭʘʥʠʟʤ ʢʦʵʨʮʠʪʠʚʥʦʩʪʠ, ʩʦʯʝʪʘʶʱʠʡ 

ʵʣʝʤʝʥʪʳ ʥʝʦʙʨʘʪʠʤʦʛʦ ʚʨʘʱʝʥʠʷ ʚʝʢʪʦʨʘ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʠ ʟʘʜʝʨʞʢʠ ʩʤʝʱʝʥʠʷ 

ʜʦʤʝʥʥʳʭ ʛʨʘʥʠʮ, ʩʪʘʚʠʪ ʥʦʚʳʝ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʟʘʜʘʯʠ. ʉʫʱʝʩʪʚʫʶʱʠʝ ʤʠʢʨʦʤʘʛʥʠʪʥʳʝ 

ʤʦʜʝʣʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʬʦʢʫʩʠʨʫʶʪʩʷ ʥʘ ʦʜʥʦʤ ʜʦʤʠʥʠʨʫʶʱʝʤ ʤʝʭʘʥʠʟʤʝ. ɼʣʷ 

ʘʜʝʢʚʘʪʥʦʛʦ ʦʧʠʩʘʥʠʷ ʧʝʨʝʤʘʛʥʠʯʠʚʘʥʠʷ ʚ ʨʝʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʝ ʜʘʥʥʳʭ ʩʧʣʘʚʦʚ 

ʪʨʝʙʫʶʪʩʷ ʙʦʣʝʝ ʩʣʦʞʥʳʝ ʤʥʦʛʦʤʘʩʰʪʘʙʥʳʝ ʤʦʜʝʣʠ, ʩʧʦʩʦʙʥʳʝ ʫʯʝʩʪʴ ʧʦʚʝʜʝʥʠʝ 

ʜʦʤʝʥʥʳʭ ʛʨʘʥʠʮ ʚ ʩʨʝʜʝ ʩ ʰʠʨʦʢʠʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʚʝʣʠʯʠʥʳ ʢʘʢ ʘʥʠʟʦʪʨʦʧʠʠ, ʪʘʢ ʠ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʙʘʨʴʝʨʦʚ. ʆʩʦʙʝʥʥʦ ʵʪʦ ʚʘʞʥʦ ʜʣʷ ʧʦʥʠʤʘʥʠʷ ʧʦʚʝʜʝʥʠʷ ʩʧʣʘʚʦʚ ʧʨʠ 

ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʠ ʚ ʠʤʧʫʣʴʩʥʳʭ ʧʦʣʷʭ, ʛʜʝ ʜʠʥʘʤʠʯʝʩʢʠʝ ʵʬʬʝʢʪʳ ʩʪʘʥʦʚʷʪʩʷ 

ʦʧʨʝʜʝʣʷʶʱʠʤʠ. 

ʂʨʦʤʝ ʪʦʛʦ, ʧʦʥʠʤʘʥʠʝ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʚʟʘʠʤʦʩʚʷʟʝʡ ʤʝʞʜʫ ʩʦʩʪʘʚʦʤ, 

ʬʘʟʦʦʙʨʘʟʦʚʘʥʠʝʤ, ʤʠʢʨʦʩʪʨʫʢʪʫʨʦʡ ʠ ʤʝʭʘʥʠʟʤʘʤʠ ʧʝʨʝʤʘʛʥʠʯʠʚʘʥʠʷ, ʠʟʣʦʞʝʥʥʦʝ ʚ 

ʜʘʥʥʦʡ ʛʣʘʚʝ, ʩʦʟʜʘʝʪ ʥʝʦʙʭʦʜʠʤʫʶ ʪʝʦʨʝʪʠʯʝʩʢʫʶ ʦʩʥʦʚʫ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʪʘʢʠʭ 

ʩʚʦʡʩʪʚ ʩʧʣʘʚʦʚ ʜʣʷ ʢʦʥʢʨʝʪʥʳʭ ʧʨʘʢʪʠʯʝʩʢʠʭ ʧʨʠʤʝʥʝʥʠʡ. 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʢʪʫʘʣʴʥʦʩʪʴ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʧʣʘʚʦʚ R-Zr-Co-Cu-Fe 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʧʝʨʝʭʦʜʘ ʦʪ ʬʝʥʦʤʝʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʧʠʩʘʥʠʷ ʢ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʶ ʩʚʦʡʩʪʚ ʥʘ ʦʩʥʦʚʝ ʜʝʪʘʣʴʥʦʛʦ ʧʦʥʠʤʘʥʠʷ ʘʪʦʤʥʦ-ʩʪʨʫʢʪʫʨʥʳʭ ʠ 

ʤʠʢʨʦʤʘʛʥʠʪʥʳʭ ʧʨʦʮʝʩʩʦʚ.  

ʋʯʠʪʳʚʘʷ ʚʳʰʝʠʟʣʦʞʝʥʥʦʝ, ʮʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʩʪʘʣʦ ʢʦʤʧʣʝʢʩʥʦʝ 

ʠʟʫʯʝʥʠʝ ʧʨʦʮʝʩʩʦʚ ʧʝʨʝʤʘʛʥʠʯʠʚʘʥʠʷ, ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʚʝʜʝʥʠʷ ʠ 

ʨʝʣʘʢʩʘʮʠʦʥʥʳʭ ʷʚʣʝʥʠʡ ʰʠʨʦʢʦʡ ʛʨʫʧʧʳ ʩʧʣʘʚʦʚ (R,Zr)(Co,Cu,Fe)z c R = Sm ʠ Gd, ʥʘ 

ʦʩʥʦʚʝ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʜʘʥʥʳʭ ʤʘʛʥʠʪʥʳʭ ʠʟʤʝʨʝʥʠʡ, ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʠʢʨʦ- ʠ 

ʥʘʥʦʩʪʨʫʢʪʫʨʳ ʠ ʤʘʛʥʠʪʥʦʡ ʜʦʤʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ.  

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʙʳʣʠ ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

1. ʈʘʟʨʘʙʦʪʘʪʴ ʠ ʩʦʟʜʘʪʴ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʫʶ ʫʩʪʘʥʦʚʢʫ ʥʘ ʦʩʥʦʚʝ 

ʚʠʙʨʘʮʠʦʥʥʦʛʦ ʤʘʛʥʠʪʦʤʝʪʨʘ, ʦʩʥʘʱʝʥʥʫʶ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʧʨʠʩʪʘʚʢʦʡ, ʠ ʨʘʟʨʘʙʦʪʘʪʴ 

ʢʦʤʧʣʝʢʪ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʮʝʩʩʦʤ ʠʟʤʝʨʝʥʠʡ, ʩʙʦʨʘ ʠ 

ʧʝʨʚʠʯʥʦʡ ʦʙʨʘʙʦʪʢʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ. 

2. ʄʝʪʦʜʦʤ ʠʥʜʫʢʮʠʦʥʥʦʡ ʧʣʘʚʢʠ ʩʠʥʪʝʟʠʨʦʚʘʪʴ ʩʝʨʠʶ ʠʥʪʝʨʤʝʪʘʣʣʠʯʝʩʢʠʭ 

ʩʧʣʘʚʦʚ ʥʘ ʦʩʥʦʚʝ ʩʠʩʪʝʤʳ R0,85Zr0,15(Co0,70Cu0,09Fe0,21)z, ʛʜʝ R = Sm ʠ Gd. ɼʣʷ ʚʩʝʭ 

ʧʦʣʫʯʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʧʨʦʚʝʩʪʠ ʦʧʪʠʤʘʣʴʥʫʶ ʪʝʨʤʠʯʝʩʢʫʶ ʦʙʨʘʙʦʪʢʫ, ʥʘʧʨʘʚʣʝʥʥʫʶ ʥʘ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʚʳʩʦʢʦʢʦʵʨʮʠʪʠʚʥʦʛʦ ʩʦʩʪʦʷʥʠʷ. 

3. ʄʝʪʦʜʘʤʠ ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʠʟʘ, ʦʧʪʠʯʝʩʢʦʡ, ʨʘʩʪʨʦʚʦʡ ʵʣʝʢʪʨʦʥʥʦʡ ʠ 

ʘʪʦʤʥʦ-ʩʠʣʦʚʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʧʨʦʚʝʩʪʠ ʘʪʪʝʩʪʘʮʠʶ ʭʠʤʠʯʝʩʢʦʛʦ ʠ ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ, 

ʤʠʢʨʦ- ʠ ʥʘʥʦʩʪʨʫʢʪʫʨʳ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʦʙʨʘʟʮʦʚ. 

4. ɺʳʧʦʣʥʠʪʴ ʢʦʤʧʣʝʢʩʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʧʝʨʝʤʘʛʥʠʯʠʚʘʥʠʷ, 

ʤʘʛʥʠʪʥʳʭ ʨʝʣʘʢʩʘʮʠʦʥʥʳʭ ʷʚʣʝʥʠʡ ʠ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ ʛʠʩʪʝʨʝʟʠʩʥʳʭ 

ʩʚʦʡʩʪʚ ʦʙʨʘʟʮʦʚ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʚʠʙʨʘʮʠʦʥʥʦʛʦ ʤʘʛʥʠʪʦʤʝʪʨʘ ʠ 

ʦʧʪʠʯʝʩʢʦʡ ʤʠʢʨʦʩʢʦʧʠʠ.  

5. ʇʨʦʚʝʩʪʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʫʩʣʦʚʠʡ ʧʦʣʥʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʛʠʩʪʝʨʝʟʠʩʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʙʨʘʟʮʦʚ Gd0,85Zr0,15(Co0,70Cu0,09Fe0,21)z ʧʦʩʣʝ ʥʘʛʨʝʚʘ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ 

800ÁC: ʦʧʨʝʜʝʣʠʪʴ ʤʠʥʠʤʘʣʴʥʫʶ ʢʨʠʪʠʯʝʩʢʫʶ ʤʘʩʩʫ ʦʙʨʘʟʮʘ ʠ ʨʝʞʠʤ ʪʝʤʧʝʨʘʪʫʨʥʦʡ 

ʦʙʨʘʙʦʪʢʠ.  
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2. ʆɹʒɽʂʊʓ ʀʉʉʃɽɼʆɺɸʅʀʗ ʀ ʄɽʊʆɼʀʂʀ ʇʈʆɺɽɼɽʅʀʗ 

ʕʂʉʇɽʈʀʄɽʅʊɸ 

ɼʘʥʥʘʷ ʛʣʘʚʘ ʧʦʩʚʷʱʝʥʘ ʦʧʠʩʘʥʠʶ ʦʩʥʦʚʥʳʭ ʤʝʪʦʜʦʚ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʦʙʨʘʟʮʦʚ, ʘ 

ʪʘʢʞʝ ʦʧʠʩʘʥʠʶ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʤʝʪʦʜʠʢ ʢʦʤʧʣʝʢʩʥʦʛʦ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ ʠ ʩʪʨʫʢʪʫʨʳ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʦʚ. 

2.1. ʆʙʲʝʢʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʳʣʠ ʚʳʙʨʘʥʳ ʜʚʝ ʛʨʫʧʧʳ 

ʩʧʣʘʚʦʚ (R,Zr)(Co,Cu,Fe)z, ʢʦʪʦʨʳʝ ʦʪʣʠʯʘʣʠʩʴ ʪʠʧʦʤ ʈɿʄ: 

1. Sm0,85Zr0,15(Co0,70ʉu0,09Fe0,21)z, ʛʜʝ z = 6,1; 6,4; 6,7; 

2. Gd0,85Zr0,15(Co0,70ʉu0,09Fe0,21)z, ʛʜʝ z = 5,2; 5,6; 6,0; 6,2; 6,4; 6,8; 

ɺʳʙʦʨ ʪʘʢʦʛʦ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʩʧʣʘʚʦʚ ʙʳʣ ʦʙʫʩʣʦʚʣʝʥ ʪʝʤ, 

ʯʪʦ ʚ ʫʢʘʟʘʥʥʦʤ ʠʥʪʝʨʚʘʣʝ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʭ ʩʦʦʪʥʦʰʝʥʠʡ z ʬʘʟʦʚʳʡ ʩʦʩʪʘʚ ʠ 

ʛʠʩʪʝʨʝʟʠʩʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʧʣʘʚʦʚ ʠʟʤʝʥʷʶʪʩʷ ʚ ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ [48-53]. 

ʉʧʣʘʚʳ ʧʝʨʚʦʡ ʛʨʫʧʧʳ ʩ ʣʝʛʢʠʤ R = Sm ʷʚʣʷʶʪʩʷ ʬʝʨʨʦʤʘʛʥʠʪʥʳʤʠ, ʚ ʥʠʭ 

ʨʝʘʣʠʟʫʶʪʩʷ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ, ʢʦʵʨʮʠʪʠʚʥʦʡ ʩʠʣʳ ʠ ʤʘʢʩʠʤʘʣʴʥʦʛʦ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʧʨʦʠʟʚʝʜʝʥʠʷ. ʕʪʠ ʩʧʣʘʚʳ ʥʘʭʦʜʷʪ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʢʘʢ ʤʘʪʝʨʠʘʣʳ 

ʜʣʷ ʚʳʩʦʢʦʵʥʝʨʛʦʝʤʢʠʭ ʧʦʩʪʦʷʥʥʳʭ ʤʘʛʥʠʪʦʚ. 

ʉʧʣʘʚʳ ʚʪʦʨʦʡ ʛʨʫʧʧʳ ʩ ʪʷʞʝʣʳʤ R = Gd ʠʤʝʶʪ ʬʝʨʨʠʤʘʛʥʠʪʥʦʝ ʫʧʦʨʷʜʦʯʝʥʠʝ, 

ʠʭ ʧʨʠʤʝʥʷʶʪ ʢʘʢ ʤʘʛʥʠʪʥʳʝ ʤʘʪʝʨʠʘʣʳ ʩ ʧʦʣʦʞʠʪʝʣʴʥʳʤ ʪʝʤʧʝʨʘʪʫʨʥʳʤ 

ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʠʥʜʫʢʮʠʠ. 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʩʣʠʪʢʦʚ ʚʳʙʠʨʘʣʠʩʴ ʠʩʭʦʜʥʳʝ ʤʝʪʘʣʣʳ ʩ ʤʘʢʩʠʤʘʣʴʥʦ ʚʳʩʦʢʦʡ 

ʩʪʝʧʝʥʴʶ ʯʠʩʪʦʪʳ. ɼʣʷ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʰʠʭʪʳ ʠʩʭʦʜʥʳʝ ʤʝʪʘʣʣʳ ʠʟʤʝʣʴʯʘʣʠʩʴ ʥʘ ʢʫʩʢʠ 

ʤʘʩʩʦʡ 1ï5 ʛ, ʠʭ ʧʦʚʝʨʭʥʦʩʪʴ ʦʯʠʱʘʣʘʩʴ ʦʪ ʦʢʠʩʣʦʚ ʠ ʦʙʝʟʞʠʨʠʚʘʣʘʩʴ. ʄʝʪʘʣʣʳ, 

ʚʭʦʜʷʱʠʝ ʚ ʩʦʩʪʘʚ ʰʠʭʪʳ, ʚʟʚʝʰʠʚʘʣʠʩʴ ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ ° 0,1 ʤʛ ʥʘ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʚʝʩʘʭ 

ɺʃ-120. 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʩʣʠʪʢʦʚ ʤʘʩʩʦʡ 100 ʛ ʧʨʠʤʝʥʷʣʩʷ ʤʝʪʦʜ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʡ 

ʠʥʜʫʢʮʠʦʥʥʦʡ ʧʣʘʚʢʠ (ʨʠʩʫʥʦʢ 2.1 ʘ). ʇʣʘʚʢʘ ʧʨʦʚʦʜʠʣʘʩʴ ʚ ʘʪʤʦʩʬʝʨʝ ʦʩʦʙʦ ʯʠʩʪʦʛʦ 

ʘʨʛʦʥʘ ʧʨʠ ʜʘʚʣʝʥʠʠ 0,7 ʘʪʤ, ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʨʘʙʦʯʘʷ ʢʘʤʝʨʘ ʦʙʝʟʛʘʞʠʚʘʣʘʩʴ ʜʦ ʚʘʢʫʫʤʘ    

10ï3 ʤʤ ʨʪ. ʩʪ. ʇʣʘʚʢʘ ʧʨʦʚʦʜʠʣʘʩʴ ʚ ʪʠʛʣʝ ʠʟ ʘʣʫʥʜʘ ʧʦ ʩʧʝʮʠʘʣʴʥʦʤʫ ʨʝʞʠʤʫ. ʉʥʘʯʘʣʘ 

ʚ ʪʠʛʣʝ ʨʘʩʧʣʘʚʣʷʣʠʩʴ Co, Fe ʠ Zr, ʟʘʪʝʤ ʚ ʨʘʩʧʣʘʚ ʦʜʥʦʚʨʝʤʝʥʥʦ ʜʦʙʘʚʣʷʣʠʩʴ ʈɿʄ ʠ Cu, 
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ʧʦʩʣʝ ʯʝʛʦ ʨʘʩʧʣʘʚ ʚ ʪʝʯʝʥʠʝ 1ï2 ʤʠʥʫʪ ʚʳʜʝʨʞʠʚʘʣʩʷ ʚ ʞʠʜʢʦʤ ʩʦʩʪʦʷʥʠʠ, ʯʪʦʙʳ 

ʧʨʦʰʣʦ ʧʦʣʥʦʝ ʧʝʨʝʤʝʰʠʚʘʥʠʝ, ʠ, ʥʘʢʦʥʝʮ, ʩʣʠʪʦʢ ʤʝʜʣʝʥʥʦ ʦʭʣʘʞʜʘʣʩʷ 2ʦʉ/ʩ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʘʣʠʩʴ ʢʨʫʧʥʦʟʝʨʥʠʩʪʳʝ ʩʣʠʪʢʠ ʩ ʨʘʟʤʝʨʘʤʠ ʟʝʨʝʥ ʜʦ 3 ʤʤ. 

ʊʝʨʤʠʯʝʩʢʠʝ ʦʙʨʘʙʦʪʢʠ (ʊʆ) ʩʧʣʘʚʦʚ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʪʨʫʙʯʘʪʦʡ ʪʨʝʭʟʦʥʥʦʡ ʧʝʯʠ 

TZF 15/610, ʦʩʥʘʱʝʥʥʦʡ ʚʦʩʴʤʠʩʝʛʤʝʥʪʥʳʤ ʪʝʤʧʝʨʘʪʫʨʥʳʤ ʧʨʦʛʨʘʤʤʘʪʦʨʦʤ 

(ɺʝʣʠʢʦʙʨʠʪʘʥʠʷ, Carbolite) (ʨʠʩʫʥʦʢ 2.1 ʙ). ʇʝʨʝʜ ʪʝʨʤʠʯʝʩʢʠʤʠ ʦʙʨʘʙʦʪʢʘʤʠ ʢʫʩʦʯʢʠ 

ʩʣʠʪʢʘ ʤʘʩʩʦʡ 10ï20 ʛ ʟʘʚʦʨʘʯʠʚʘʣʠʩʴ ʚ ʞʝʣʝʟʥʦ-ʥʠʢʝʣʠʚʫʶ ʬʦʣʴʛʫ ʠ ʧʦʤʝʱʘʣʠʩʴ ʚ 

ʢʚʘʨʮʝʚʫʶ ʘʤʧʫʣʫ, ʢʦʪʦʨʘʷ ʩʥʘʯʘʣʘ ʦʪʢʘʯʠʚʘʣʘʩʴ ʜʦ ʚʘʢʫʫʤʘ 10-7
 ʙʘʨ, ʥʘʧʦʣʥʷʣʘʩʴ 

ʘʨʛʦʥʦʤ ʜʦ ʜʘʚʣʝʥʠʷ 0,7 ʘʪʤ. ʠ ʛʝʨʤʝʪʠʯʝʩʢʠ ʟʘʢʨʳʚʘʣʘʩʴ (ʨʠʩʫʥʦʢ 2.1 ʙ). ʇʨʠ ʧʨʦʮʝʩʩʝ 

ʟʘʢʘʣʢʠ ʘʤʧʫʣʘ ʥʝ ʨʘʟʙʠʚʘʣʘʩʴ, ʘ ʧʦʤʝʱʘʣʘʩʴ ʚ ʚʦʜʫ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 10ʦʉ. ʅʘʣʠʯʠʝ ʚ 

ʘʤʧʫʣʝ ʠʥʝʨʪʥʦʛʦ ʛʘʟʘ ʘʨʛʦʥʘ ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ ʫʩʢʦʨʝʥʥʦʡ ʧʝʨʝʜʘʯʝ ʪʝʧʣʘ ʧʨʠ 

ʟʘʢʘʣʠʚʘʥʠʠ, ʘ ʪʘʢʞʝ ʧʨʝʜʦʪʚʨʘʱʘʣʦ ʠʩʧʘʨʝʥʠʝ ʢʦʤʧʦʥʝʥʪʦʚ ʩʧʣʘʚʘ ʚ ʧʨʦʮʝʩʩʝ ʦʪʞʠʛʘ. 

ʌʦʨʤʠʨʦʚʘʥʠʝ ʚʳʩʦʢʦʢʦʵʨʮʠʪʠʚʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʦʙʨʘʟʮʦʚ ʜʦʩʪʠʛʘʣʦʩʴ ʧʫʪʝʤ 

ʧʨʠʤʝʥʝʥʠʷ ʢʦʤʧʣʝʢʩʘ ʊʆ, ʢʦʪʦʨʳʝ ʚʢʣʶʯʘʣʠ ʥʝʩʢʦʣʴʢʠʭ ʵʪʘʧʦʚ. ʇʝʨʚʳʡ ʵʪʘʧ ʊʆ: 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʘʷ ʦʙʨʘʙʦʪʢʘ ï ʦʪʞʠʛ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 1180-1185Áʉ ʚ ʪʝʯʝʥʠʝ 3 ʯʘʩʦʚ 

ʩ ʟʘʢʘʣʢʦʡ ʜʦ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʪʘʢʦʛʦ ʛʦʤʦʛʝʥʠʟʠʨʫʶʱʝʛʦ ʦʪʞʠʛʘ 

(solid solution treatment ï ʦʙʨʘʙʦʪʢʘ ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ) ʧʨʦʠʩʭʦʜʠʪ 

ʚʳʨʘʚʥʠʚʘʥʠʝ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʧʦ ʦʙʲʝʤʫ ʩʧʣʘʚʦʚ ʠ ʬʦʨʤʠʨʫʶʪʩʷ ʧʝʨʝʩʳʱʝʥʥʳʝ 

ʪʚʝʨʜʳʝ ʨʘʩʪʚʦʨʳ ʚ ʩʪʨʫʢʪʫʨʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʦʙʨʘʟʮʦʚ. ɺʪʦʨʦʡ ʵʪʘʧ ʊʆ: 

ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʘʷ ʦʙʨʘʙʦʪʢʘ ï ʠʟʦʪʝʨʤʠʯʝʩʢʠʡ ʦʪʞʠʛ ʧʨʠ 800Áʉ ʜʣʠʪʝʣʴʥʦʩʪʴʶ 24 

ʯʘʩʘ ʩ ʤʝʜʣʝʥʥʳʤ ʦʭʣʘʞʜʝʥʠʝʤ ʩʦ ʩʢʦʨʦʩʪʴʶ ʧʦʨʷʜʢʘ 2Áʉ/ʤʠʥ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ 400Áʉ. ɺ 

ʧʨʦʮʝʩʩʝ ʵʪʦʛʦ ʦʪʞʠʛʘ ʚ ʩʧʣʘʚʘʭ ʧʨʦʠʩʭʦʜʠʪ ʨʘʩʧʘʜ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ ʠ ʬʦʨʤʠʨʫʝʪʩʷ 

ʩʣʦʞʥʘʷ ʩʪʨʫʢʪʫʨʘ ʬʘʟ, ʢʦʪʦʨʘʷ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʩʦʢʦʢʦʵʨʮʠʪʠʚʥʦʝ ʩʦʩʪʦʷʥʠʝ ʦʙʨʘʟʮʦʚ. 

ɺ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʧʦʩʣʝʜʥʠʤ ʵʪʘʧʦʤ ʊʆ ʙʳʣ 12-ʯʘʩʦʚʦʡ ʦʪʞʠʛ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 

400Áʉ, ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʦʭʣʘʞʜʝʥʠʝʤ ʜʦ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ, ʜʣʷ ʫʣʫʯʰʝʥʠʷ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ Fe ʠ Cu ʚ ʩʪʨʫʢʪʫʨʝ ʦʙʨʘʟʦʚ. 

ʊʦʯʥʳʝ ʜʘʥʥʳʝ ʦ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚʘʭ ʤʘʛʥʝʪʠʢʦʚ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʪʦʣʴʢʦ ʥʘ 

ʩʦʚʝʨʰʝʥʥʳʭ ʤʦʥʦʢʨʠʩʪʘʣʣʘʭ. ʉʧʣʘʚʳ (R,Zr)(Co,Cu,Fe)z ʠʤʝʶʪ ʩʣʦʞʥʫʶ ʛʝʪʝʨʦʛʝʥʥʫʶ 

ʩʪʨʫʢʪʫʨʫ, ʥʦ ʚʩʝ ʬʘʟʳ ʦʙʣʘʜʘʶʪ ʛʝʢʩʘʛʦʥʘʣʴʥʳʤʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʤʠ ʨʝʰʝʪʢʘʤʠ, 

ʢʦʪʦʨʳʝ ʚ ʦʙʲʝʤʝ ʦʙʨʘʟʮʦʚ ʢʦʛʝʨʝʥʪʥʦ ʩʚʷʟʘʥʳ. ʇʦʵʪʦʤʫ ʦʪʜʝʣʴʥʳʝ ʟʝʨʥʘ ʩʧʣʘʚʦʚ 

(R,Zr)(Co,Cu,Fe)z ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʧʩʝʚʜʦʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʦʙʨʘʟʮʳ. 
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ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠʟ ʢʨʫʧʥʦʟʝʨʥʠʩʪʳʭ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʣʠʪʢʦʚ 

ʚʳʢʘʣʳʚʘʣʠʩʴ ʦʪʜʝʣʴʥʳʝ ʟʝʨʥʘ. ɼʣʷ ʧʨʠʜʘʥʠʷ ʦʙʨʘʟʮʘʤ ʩʬʝʨʠʯʝʩʢʦʡ ʬʦʨʤʳ ʜʠʘʤʝʪʨʦʤ 

2ï3 ʤʤ ʟʝʨʥʘ ʦʙʢʘʪʳʚʘʣʠʩʴ ʚ ʩʧʝʮʠʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʝ ʥʘ ʘʙʨʘʟʠʚʥʦʤ ʢʨʫʛʝ. ʇʦ ʜʘʥʥʳʤ 

ʤʘʛʥʠʪʥʳʭ ʠʟʤʝʨʝʥʠʡ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʥʘ ʙʦʣʴʰʦʤ ʢʦʣʠʯʝʩʪʚʝ ʦʙʨʘʟʮʦʚ ʦʜʥʦʛʦ 

ʩʦʩʪʘʚʘ, ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʦʮʝʥʢʘ ʢʦʣʠʯʝʩʪʚʘ ʟʝʨʝʥ ʚ ʦʙʨʘʟʮʘʭ. ʆʪʙʠʨʘʣʠʩʴ ʪʦʣʴʢʦ ʦʙʨʘʟʮʳ, 

ʢʦʪʦʨʳʝ ʠʤʝʣʠ ʧʨʘʢʪʠʯʝʩʢʠ ʩʦʚʧʘʜʘʶʱʠʝ ʢʨʠʚʳʝ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ ʠ ʧʝʪʣʠ ʛʠʩʪʝʨʝʟʠʩʘ.  

 

 

 

ʘ) ʙ) 

ʈʠʩʫʥʦʢ 2.1 - ʀʥʜʫʢʮʠʦʥʥʘ ̫ʧʝʯɹ (ʘ) ʠ ʧʝʯɹ Carbolite TZF 15/610 ʠ ʢʚʘʨʮʝʚʦʡ 

ʪʨʫʙʢʦʡ ʩ ʦʙʨʘʟʮʘʤʠ (ʙ). 

2.2. ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʳ 

2.2.1. ʈʝʥʪʛʝʥʦʬʘʟʦʚʳʡ ʘʥʘʣʠʟ 

ʌʘʟʦʚʳʡ ʩʦʩʪʘʚ ʦʙʨʘʟʮʦʚ ʦʧʨʝʜʝʣʷʣʩʷ ʥʘ ʨʝʥʪʛʝʥʦʚʩʢʦʤ ʘʧʧʘʨʘʪʝ çɼʈʆʅ-7è 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʩʠʩʪʝʤʦʡ ʙʳʩʪʨʦʡ ʨʝʛʠʩʪʨʘʮʠʠ ʥʘ ʦʩʥʦʚʝ ʣʠʥʝʡʥʦʛʦ ʩʪʨʠʧʦʚʦʛʦ 

ʧʦʟʠʮʠʦʥʥʦ-ʯʫʚʩʪʚʠʪʝʣʴʥʦʛʦ ʜʝʪʝʢʪʦʨʘ Mythen 1K (ʧʨʦʠʟʚʦʜʠʪʝʣʴ ï ʬʠʨʤʘ Dectris Ltd., 

ʐʚʝʡʮʘʨʠʷ) (ʆɸʆ ʅʇʎ çʊʚʝʨʴʛʝʦʬʠʟʠʢʘè). ɼʘʥʥʘʷ ʩʠʩʪʝʤʘ ʫʚʝʣʠʯʠʚʘʝʪ 

ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ ʧʨʠʙʦʨʘ ʥʘ ʜʚʘ ʧʦʨʷʜʢʘ ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʫʛʣʦʚʦʛʦ ʨʘʟʨʝʰʝʥʠʷ. ɺʳʩʦʢʦʝ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʝ ʨʘʟʨʝʰʝʥʠʝ ʜʝʪʝʢʪʦʨʘ, ʧʦʜʘʚʣʷʶʱʝʝ ʚʪʦʨʠʯʥʳʡ ʨʝʥʪʛʝʥʬʣʫʦʨʝʩʮʝʥʪʥʳʡ 

ʬʦʥ, ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʟʥʘʯʠʪʝʣʴʥʦʝ ʫʣʫʯʰʝʥʠʝ ʦʪʥʦʰʝʥʠʷ ʩʠʛʥʘʣ/ʰʫʤ, ʪ.ʝ. ʙʦʣʝʝ 

ʚʳʩʦʢʫʶ ʢʦʥʪʨʘʩʪʥʦʩʪʴ ʩʧʝʢʪʨʘ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʙʦʣʝʝ ʥʠʟʢʠʡ ʧʨʝʜʝʣ ʦʙʥʘʨʫʞʝʥʠʷ ʬʘʟʳ 

ʚ ʦʙʨʘʟʮʝ.  



44 

 
ʑʝʣʝʚʘʷ ʩʠʩʪʝʤʘ ʛʦʥʠʦʤʝʪʨʘ ʩʦʩʪʦʠʪ ʠʟ ʚʭʦʜʥʦʛʦ ʠ ʚʳʭʦʜʥʦʛʦ ʱʝʣʝʚʳʭ 

ʫʩʪʨʦʡʩʪʚ, ʜʘʶʱʠʭ ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʨʝʟʘʪʴ ʧʝʨʚʠʯʥʳʡ ʠ ʦʪʨʘʞʝʥʥʳʡ ʧʫʯʦʢ ʪʨʝʙʫʝʤʦʡ 

ʬʦʨʤʳ ʠ ʨʘʟʤʝʨʦʚ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʬʦʪʦʛʨʘʬʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ ʜʠʬʨʘʢʮʠʦʥʥʘʷ ʢʘʨʪʠʥʘ 

ʨʝʛʠʩʪʨʠʨʫʝʪʩʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʧʦ ʤʝʨʝ ʚʨʘʱʝʥʠʷ ʦʙʨʘʟʮʘ ʠ ʩʯʝʪʯʠʢʘ. ʇʦʵʪʦʤʫ 

ʥʝʦʙʭʦʜʠʤʦ, ʯʪʦʙʳ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠʟʣʫʯʝʥʠʷ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʪʨʫʙʢʠ ʙʳʣʘ ʧʦʩʪʦʷʥʥʦʡ; 

ʛʝʦʤʝʪʨʠʷ ʩʲʝʤʢʠ ʙʳʣʘ ʬʦʢʫʩʠʨʫʶʱʝʡ, ʘ ʨʘʟʤʝʨʳ ʦʙʨʘʟʮʘ ʩʨʘʚʥʠʪʝʣʴʥʦ ʙʦʣʴʰʠʤʠ. 

ɺ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʨʝʥʪʛʝʥʦʚʩʢʘʷ 

ʪʨʫʙʢʘ ʩ CuKŬ-ʠʟʣʫʯʝʥʠʝʤ (ɚ = 0,1540598 ʥʤ). ʇʘʨʘʤʝʪʨʳ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ 

ʦʧʨʝʜʝʣʷʣʠʩʴ ʧʦ ʦʪʨʘʞʝʥʠʷʤ ʚ ʦʙʣʘʩʪʠ ʫʛʣʦʚ 2q = 15-105ʦ. 

ɼʣʷ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʦʙʨʘʟʮʘ: ʩʧʣʘʚ ʠʟʤʝʣʴʯʘʣʩʷ ʜʦ ʨʘʟʤʝʨʦʚ ʟʝʨʝʥ ʤʝʥʴʰʝ 10 ʤʢʤ 

ʠ ʚ ʚʠʜʝ ʪʦʥʢʦʛʦ ʨʦʚʥʦʛʦ ʩʣʦʷ ʥʘʥʦʩʠʣʩʷ ʥʘ ʧʣʦʩʢʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʢʚʘʨʮʝʚʦʡ ʢʶʚʝʪʳ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʤʝʪʦʜʠʢʘʤʠ ʜʠʬʨʘʢʪʦʤʝʪʨʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ.  

ʂʶʚʝʪʘ ʩ ʦʙʨʘʟʮʦʤ ʧʦʤʝʱʘʣʘʩʴ ʧʦʜ ʨʝʥʪʛʝʥʦʚʩʢʠʡ ʧʫʯʦʢ ʜʠʬʨʘʢʪʦʤʝʪʨʘ ʠ ʚ 

ʢʦʦʨʜʠʥʘʪʘʭ: ʫʛʦʣ ɹʨʵʛʛʦʚʩʢʦʛʦ ʦʪʨʘʞʝʥʠʷ ï ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʦʪʨʘʞʝʥʠʷ ʟʘʧʠʩʳʚʘʣʦʩʴ 

ʜʠʬʨʘʢʪʦʛʨʘʤʤʘ.  

ɼʠʬʨʘʢʪʦʛʨʘʤʤʳ ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ʧʦʣʥʦʡ ʧʨʦʮʝʜʫʨʳ ʧʦʜʛʦʥʢʠ ʩʧʝʢʪʨʘ 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ Powder Cell 2.4. ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʩʪʨʫʢʪʫʨʥʳʭ ʩʚʦʡʩʪʚ. ʂʘʞʜʘʷ ʩʪʨʫʢʪʫʨʥʘʷ ʤʦʜʝʣʴ ʙʳʣʘ ʫʪʦʯʥʝʥʘ ʜʦ ʩʭʦʜʠʤʦʩʪʠ, ʠ 

ʥʘʠʣʫʯʰʠʝ ʨʝʟʫʣʴʪʘʪʳ ʙʳʣʠ ʚʳʙʨʘʥʳ ʥʘ ʦʩʥʦʚʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʩʦʛʣʘʩʠʷ ʠ ʩʪʘʙʠʣʴʥʦʩʪʠ 

ʫʪʦʯʥʝʥʠʷ. ʌʘʟʦʚʳʡ ʩʦʩʪʘʚ ʦʙʨʘʟʮʘ ʠʩʩʣʝʜʦʚʘʣʩʷ ʩ ʧʦʤʦʱʴʶ ʈʠʪʚʝʣʴʜ ʘʥʘʣʠʟʘ. 

2.2.2. ʇʦʜʛʦʪʦʚʢʘ ʤʝʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʭ ʰʣʠʬʦʚ, ʦʧʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʠ ʤʘʛʥʠʪʥʦʡ ʜʦʤʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ 

ɼʣʷ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʠ ʤʘʛʥʠʪʥʦʡ ʜʦʤʝʥʥʦʡ 

ʩʪʨʫʢʪʫʨʳ ʛʦʪʦʚʠʣʠʩʴ ʤʝʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ ʰʣʠʬʳ ʥʘ ʙʘʟʠʩʥʦʡ ʧʣʦʩʢʦʩʪʠ ʦʙʨʘʟʮʦʚ 

ʠʩʩʣʝʜʫʝʤʦʛʦ ʩʧʣʘʚʘ.  

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʦʧʨʝʜʝʣʝʥʥʦʡ ʦʨʠʝʥʪʘʮʠʠ ʧʦʚʝʨʭʥʦʩʪʠ ʰʣʠʬʘ ʧʨʠʤʝʥʷʣʘʩʴ 

ʩʣʝʜʫʶʱʘʷ ʤʝʪʦʜʠʢʘ. ʉʬʝʨʠʯʝʩʢʠʝ ʦʙʨʘʟʮʳ ʧʦʤʝʱʘʣʠʩʴ ʚ ʩʠʣʠʢʦʥʦʚʳʝ ʦʧʨʘʚʢʠ ʚ ʬʦʨʤʝ 

ʮʠʣʠʥʜʨʦʚ ʜʠʘʤʝʪʨʦʤ 20 ʤʤ ʠ ʚʳʩʦʪʦʡ 15 ʤʤ ʠ ʟʘʣʠʚʘʣʠʩʴ ʩʪʦʤʘʪʦʣʦʛʠʯʝʩʢʦʡ 

ʧʣʘʩʪʤʘʩʩʦʡ ɹʝʣʘʢʨʠʣïʄ. ʆʙʨʘʟʮʳ ʚ ʦʧʨʘʚʢʝ ʫʩʪʘʥʘʚʣʠʚʘʣʠʩʴ ʚ ʦʨʠʝʥʪʠʨʫʶʱʝʝ 

ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʧʦʩʪʦʷʥʥʦʛʦ ʤʘʛʥʠʪʘ, ʪʘʢ ʯʪʦʙʳ ʦʩʴ ʣʝʛʢʦʛʦ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ (ʆʃʅ) 
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ʦʙʨʘʟʮʘ ʩʦʚʧʘʜʘʣʘ ʩ ʥʘʧʨʘʚʣʝʥʠʝ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʧʦʩʪʦʷʥʥʦʛʦ ʤʘʛʥʠʪʘ, ʠ 

ʚʳʜʝʨʞʠʚʘʣʠʩʴ ʚ ʧʦʣʝ ʜʦ ʧʦʣʥʦʛʦ ʟʘʪʚʝʨʜʝʚʘʥʠʷ ʧʣʘʩʪʤʘʩʩʳ. 

ɼʘʣʴʥʝʡʰʝʝ ʰʣʠʬʦʚʘʥʠʝ ʠ ʧʦʣʠʨʦʚʢʘ ʦʙʨʘʟʮʦʚ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʧʨʠ ʧʦʤʦʱʠ 

ʰʣʠʬʦʚʘʣʴʥʦ-ʧʦʣʠʨʦʚʘʣʴʥʦʛʦ ʩʪʘʥʢʘ Metapol 160E (ʨʠʩʫʥʦʢ 2.2). ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʩ 

ʧʦʤʦʱʴʶ ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ ʧʣʦʩʢʦʧʘʨʘʣʣʝʣʴʥʦʛʦ ʰʣʠʬʦʚʘʥʠʷ ʥʘ ʰʣʠʬʦʚʘʣʴʥʦʡ 

ʚʣʘʛʦʩʪʦʡʢʦʡ ʘʙʨʘʟʠʚʥʦʡ ʙʫʤʘʛʝ SiC P120 (ʘʙʨʘʟʠʚʥʳʡ ʤʠʥʝʨʘʣ - ʢʘʨʙʠʜ ʢʨʝʤʥʠʷ) 

ʧʣʦʩʢʦʩʪʴ ʰʣʠʬʘ. ɼʘʣʴʥʝʡʰʝʝ ʰʣʠʬʦʚʘʥʠʝ ʦʙʨʘʟʮʦʚ ʧʨʦʚʦʜʠʣʦʩʴ ʚ ʜʚʝ ʩʪʫʧʝʥʠ ʩ 

ʧʦʩʪʝʧʝʥʥʳʤ ʫʤʝʥʴʰʝʥʠʝʤ ʟʝʨʥʠʩʪʦʩʪʠ ʤʘʪʝʨʠʘʣʘ ʰʣʠʬʦʚʘʣʴʥʦʡ ʚʣʘʛʦʩʪʦʡʢʦʡ 

ʘʙʨʘʟʠʚʥʦʡ ʙʫʤʘʛʠ (P320, P600, P1200). ʇʨʠ ʧʨʦʮʝʩʩʝ ʰʣʠʬʦʚʢʠ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ 

ʧʨʦʪʦʯʥʘʷ ʚʦʜʘ ʚ ʢʘʯʝʩʪʚʝ ʩʤʘʟʢʠ ʠ ʩ ʮʝʣʴʶ ʦʙʝʩʧʝʯʝʥʠʷ ʦʭʣʘʞʜʝʥʠʷ. ʇʦʣʠʨʦʚʢʘ ʦʙʨʘʟʮʘ 

ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʣʤʘʟʥʳʭ ʩʫʩʧʝʥʟʠʡ ʩ ʢʨʫʧʥʦʩʪʴʶ ʘʙʨʘʟʠʚʥʳʭ ʯʘʩʪʠʮ 

3 ʤʢʤ ʠ 1 ʤʢʤ ʧʦ 10 ʤʠʥʫʪ ʥʘ ʢʘʞʜʦʡ ʩʪʘʜʠʠ. ʏʪʦʙʳ ʠʟʙʝʞʘʪʴ ʩʣʫʯʘʡʥʳʭ ʜʝʬʝʢʪʦʚ 

ʰʣʠʬʦʚ, ʧʦʩʣʝ ʢʘʞʜʦʡ ʩʤʝʥʳ ʩʫʩʧʝʥʟʠʠ ʦʙʨʘʟʮʳ ʦʯʠʱʘʣʠʩʴ ʚ ʵʪʠʣʦʚʦʤ ʩʧʠʨʪʝ ʚ 

ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʚʘʥʥʝ.  

ʀʩʩʣʝʜʦʚʘʥʠʷ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʠ ʜʦʤʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ 

ʤʝʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʤ ʤʠʢʨʦʩʢʦʧʝ Neophot 30 (ʨʠʩʫʥʦʢ 2.3).   

ɼʣʷ ʚʳʷʚʣʝʥʠʷ ʤʠʢʨʦ- ʠ ʥʘʥʦʩʪʨʫʢʪʫʨʳ ʦʙʨʘʟʮʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʤʝʪʦʜʳ (I) 

ʭʠʤʠʯʝʩʢʦʛʦ ʠ (II) ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʛʦ ʪʨʘʚʣʝʥʠʷ.  

(I) ʤʝʪʦʜ ʭʠʤʠʯʝʩʢʦʛʦ ʪʨʘʚʣʝʥʠʷ ʚ ʨʘʩʪʚʦʨʘʭ ʜʚʫʭ ʩʦʩʪʘʚʦʚ [102-103]: 

1) HNO3 ï 1ï5 ʤʘʩ.%, ʵʪʠʣʦʚʳʡ ʩʧʠʨʪ ï ʦʩʪʘʣʴʥʦʝ (ʥʠʪʘʣʴ).  

2) FeCl3 ï 5 ʤʘʩ.%, HCl ï 10 ʤʘʩ.%, ʵʪʠʣʦʚʳʡ ʩʧʠʨʪ ï 85 ʤʘʩ.%. 

 

ʈʠʩʫʥʦʢ 2.2 - ʐʣʠʬʦʚʘʣʴʥʦ-ʧʦʣʠʨʦʚʘʣʴʥʳʡ ʩʪʘʥʦʢ Metapol 160E. 
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ʇʨʠʤʝʥʷʣʩʷ, ʪʘʢ ʥʘʟʳʚʘʝʤʳʡ çʛʦʣʦʜʥʳʡè ʨʝʞʠʤ ʪʨʘʚʣʝʥʠʷ ï ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʪʝʯʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʩʝʢʫʥʜ ʧʦʚʝʨʭʥʦʩʪʴ ʰʣʠʬʘ ʧʨʦʪʠʨʘʣʘʩʴ ʚʘʪʥʳʤ 

ʪʘʤʧʦʥʦʤ, ʧʨʦʧʠʪʘʥʥʳʤ ʪʨʘʚʠʪʝʣʝʤ.  

(II)  ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʝ ʪʨʘʚʣʝʥʠʝ ʚ ʥʘʩʳʱʝʥʥʦʤ ʨʘʩʪʚʦʨʝ ʭʨʦʤʦʚʦʛʦ ʘʥʛʠʜʨʠʜʘ 

ʚ ʦʨʪʦʬʦʩʬʦʨʥʦʡ ʢʠʩʣʦʪʝ ʧʨʠ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ 1-2 ɸĿʩʤ-2 ʚ ʪʝʯʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʩʝʢʫʥʜ.  

ɺ ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʧʨʦʪʨʘʚʣʝʥʥʳʝ ʰʣʠʬʳ ʧʨʦʤʳʚʘʣʠʩʴ ʧʦʜ ʩʪʨʫʝʡ ʭʦʣʦʜʥʦʡ ʚʦʜʳ, 

ʦʙʝʟʞʠʨʠʚʘʣʠʩʴ ʚ ʵʪʠʣʦʚʦʤ ʩʧʠʨʪʝ ʚ ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʚʘʥʥʝ ʠ ʚʳʩʫʰʠʚʘʣʠʩʴ ʥʘ ʚʦʟʜʫʭʝ. 

ʇʦʚʝʨʭʥʦʩʪʴ ʰʣʠʬʘ ʥʝ ʧʨʦʪʠʨʘʣʘʩʴ, ʯʪʦʙʳ ʥʝ ʥʘʨʫʰʠʪʴ ʢʘʨʪʠʥʫ ʪʨʘʚʣʝʥʠʷ. 

ʋʚʝʣʠʯʝʥʠʝ ʩʥʠʤʢʦʚ ʦʧʨʝʜʝʣʷʣʦʩʴ ʧʦ ʬʦʪʦʛʨʘʬʠʷʤ ʦʙʲʝʢʪ-ʤʠʢʨʦʤʝʪʨʘ. 

ʆʧʨʝʜʝʣʝʥʠʝ ʦʙʲʝʤʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʩʪʨʫʢʪʫʨʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʧʨʦʚʦʜʠʣʦʩʴ ʥʘ 

ʙʘʟʠʩʥʳʭ ʠ ʧʨʠʟʤʘʪʠʯʝʩʢʠʭ ʧʣʦʩʢʦʩʪʷʭ ʦʙʨʘʟʮʦʚ ʪʦʯʝʯʥʳʤ ʤʝʪʦʜʦʤ ɸ.ɸ. ɻʣʘʛʦʣʝʚʘ 

[104].  

ɸʥʘʣʠʟʠʨʫʝʤʘʷ ʩʪʨʫʢʪʫʨʘ ʧʦʢʨʳʚʘʣʘʩʴ ʩʠʩʪʝʤʦʡ ʪʦʯʝʢ ʠ ʧʦʜʩʯʠʪʳʚʘʣʦʩʴ ʠʭ 

ʯʠʩʣʦ, ʧʦʧʘʚʰʝʝ ʥʘ ʢʘʞʜʫʶ ʠʟ ʩʪʨʫʢʪʫʨʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʚ ʦʪʜʝʣʴʥʦʩʪʠ. 

ʆʪʥʦʩʠʪʝʣʴʥʳʡ ʦʙʲʝʤ ʩʪʨʫʢʪʫʨʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʦʧʨʝʜʝʣʷʣʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

ὠ̒̒ ϽρππϷ ,                                                          (3) 

ʛʜʝ Vʩʩ ï ʦʙʲʝʤʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʩʪʨʫʢʪʫʨʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʚ ʩʧʣʘʚʝ ʚ ʦʙ.%, N ï ʧʦʣʥʦʝ 

ʯʠʩʣʦ ʪʦʯʝʢ ʩʝʪʢʠ, n ï ʯʠʩʣʦ ʪʦʯʝʢ ʩʝʪʢʠ, ʧʦʧʘʚʰʠʭ ʥʘ ʚʩʝ ʩʝʯʝʥʠʷ ʜʘʥʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ. 

 

 

ʈʠʩʫʥʦʢ 2.3 - ʇʨʦʛʨʘʤʤʥʦ-ʘʧʧʘʨʘʪʥʳʡ ʢʦʤʧʣʝʢʩ ʜʣʷ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʨʝʛʠʩʪʨʘʮʠʠ ʠ 

ʘʥʘʣʠʟʘ ʠʟʦʙʨʘʞʝʥʠʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʜʦʤʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʚʦ ʚʥʝʰʥʝʤ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ. 

 

ʈʠʩʫʥʦʢ 2.3.  ʌʦʪʦʛʨʘʬʠʷ ʤʝʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʛʦ ʤʠʢʨʦʩʢʦʧʘ Neophot-30 
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ʄʘʛʥʠʪʥʘʷ ʜʦʤʝʥʥʘʷ ʩʪʨʫʢʪʫʨʘ (ɼʉ) ʚʳʷʚʣʷʣʘʩʴ ʥʘ ʙʘʟʠʩʥʦʡ ʧʣʦʩʢʦʩʪʠ ʦʙʨʘʟʮʦʚ. 

ɺʳʷʚʣʝʥʥʳʝ ʢʘʨʪʠʥʳ ʩʪʨʫʢʪʫʨ ʩʦʭʨʘʥʷʣʠʩʴ ʚ ʮʠʬʨʦʚʦʤ ʬʦʨʤʘʪʝ ʩ ʧʦʤʦʱʴʶ ʚʠʜʝʦ 

ʢʘʤʝʨʳ Levenhuk M800PLUS. ɽʝ ʪʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ: ʤʘʢʩʠʤʘʣʴʥʦʝ 

ʨʘʟʨʝʰʝʥʠʝ: 3624ʭ2448, ʯʠʩʣʦ ʤʝʛʘʧʠʢʩʝʣʝʡ: 8, ʬʦʨʤʘʪ ʠʟʦʙʨʘʞʝʥʠʡ: *.jpg, *.bmp, *.png, 

*.tif, ʢʘʜʨʦʚʘʷ ʯʘʩʪʦʪʘ: 1,9 ʢʘʜʨʦʚ ʚ ʩʝʢʫʥʜʫ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦʤ ʨʘʟʨʝʰʝʥʠʠ, 8 ʢʘʜʨʦʚ ʚ 

ʩʝʢʫʥʜʫ ʧʨʠ ʨʘʟʨʝʰʝʥʠʠ 1600ʭ1200, 27 ʢʘʜʨʦʚ ʚ ʩʝʢʫʥʜʫ ʧʨʠ ʨʘʟʨʝʰʝʥʠʠ 800ʭ600, ʚʨʝʤʷ 

ʚʳʜʝʨʞʢʠ: 0,4-2000 ʤʩ, ʧʠʪʘʥʠʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʯʝʨʝʟ ʢʘʙʝʣʴ USB 2.0. ɼʣʷ 

ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʩʚʷʟʠ ʩ ʢʦʤʧʴʶʪʝʨʦʤ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ Levenhuk.  

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ɼʉ ʦʙʨʘʟʮʦʚ ʚ ʤʝʜʣʝʥʥʦ 

ʤʝʥʷʶʱʝʤʩʷ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʠ ʩʦʟʜʘʥ ʧʨʦʛʨʘʤʤʥʦ-ʘʧʧʘʨʘʪʥʳʡ ʢʦʤʧʣʝʢʩ 

ʥʘ ʦʩʥʦʚʝ ʤʠʢʨʦʩʢʦʧʘ Neophot 30 (ʨʠʩʫʥʦʢ 2.3). ʆʙʱʘʷ ʩʭʝʤʘ ʤʝʪʦʜʠʢʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ 

ʨʠʩʫʥʢʝ 2.4.  

ɺ ʠʩʧʦʣʴʟʦʚʘʥʥʦʤ ʧʦʣʷʨʠʟʘʮʠʦʥʥʦʤ ʦʧʪʠʯʝʩʢʦʤ ʤʠʢʨʦʩʢʦʧʝ ʧʝʨʝʜ ʢʦʥʜʝʥʩʦʨʦʤ 

ï ʟʝʨʢʘʣʴʥʦ-ʣʠʥʟʦʚʦʡ ʦʧʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʦʡ, ʩʦʙʠʨʘʶʱʝʡ ʣʫʯʠ ʩʚʝʪʘ ʦʪ ʠʩʪʦʯʥʠʢʘ 

ʠʟʣʫʯʝʥʠʷ ʠ ʥʝʦʙʭʦʜʠʤʦʡ ʜʣʷ ʥʘʧʨʘʚʣʝʥʠʷ ʠʭ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʠʩʧʳʪʫʝʤʦʛʦ ʦʙʨʘʟʮʘ, 

ʧʦʤʝʱʘʝʪʩʷ ʧʦʣʷʨʠʟʘʪʦʨ, ʟʘ ʦʢʫʣʷʨʦʤ ï ʘʥʘʣʠʟʘʪʦʨ. ʇʦʩʢʦʣʴʢʫ ʢʦʥʩʪʨʫʢʮʠʷ ʤʠʢʨʦʩʢʦʧʘ 

ʫʩʪʨʦʝʥʘ ʪʘʢ, ʯʪʦ ʥʘʧʨʘʚʣʝʥʠʝ ʩʚʝʪʘ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʧʣʦʩʢʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʲʝʢʪʘ 

ʠʩʩʣʝʜʦʚʘʥʠʷ, ʜʣʷ ʥʘʙʣʶʜʝʥʠʷ ʜʦʤʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʣʠʰʴ ʧʦʣʷʨʥʳʡ 

ʪʠʧ ʤʘʛʥʠʪʦʦʧʪʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ ʂʝʨʨʘ. ɹʦʣʴʰʠʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ 

ʥʘʙʣʶʜʝʥʠʷ ɼʉ ̫ʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʝʨʝʩʪʨʦʡʢʠ ʜʦʤʝʥʦʚ ʚʦ ʚʥʝʰʥʝʤ 

ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ.  

ʉʦʛʣʘʩʥʦ ʦʙʱʝʡ ʩʭʝʤʝ ʤʝʪʦʜʠʢʠ (ʨʠʩʫʥʦʢ 2.4), ʩʚʝʪ ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ 

ʧʦʣʷʨʠʟʘʪʦʨʘ ʩʪʘʥʦʚʠʪʩʷ ʣʠʥʝʡʥʦ ʧʦʣʷʨʠʟʦʚʘʥʥʳʤ, ʧʨʠ ʧʦʤʦʱʠ ʧʦʣʫʧʨʦʟʨʘʯʥʦʛʦ 

ʟʝʨʢʘʣʘ ʧʘʜʘʝʪ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʰʣʠʬʘ ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʨʘʟʮʘ. ʇʨʠ ʧʘʜʝʥʠʠ ʣʠʥʝʡʥʦ 

ʧʦʣʷʨʠʟʦʚʘʥʥʦʛʦ ʩʚʝʪʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʬʝʨʨʦʤʘʛʥʝʪʠʢʘ ʧʣʦʩʢʦʩʪʴ ʧʦʣʷʨʠʟʘʮʠʠ 

ʦʪʨʘʞʝʥʥʦʛʦ ʣʫʯʘ ʧʦʚʝʨʥʝʪʩʷ ʥʘ ʫʛʦʣ, ʟʘʚʠʩʷʱʠʡ ʦʪ ʥʘʧʨʘʚʣʝʥʠʷ ʠ ʚʝʣʠʯʠʥʳ ʚʝʢʪʦʨʘ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ Ὅᴆ ʚ ʢʘʞʜʦʤ ʜʦʤʝʥʝ. ʇʨʦʭʦʜʠʪ ʪʦʣʴʢʦ ʪʦʪ ʩʚʝʪ, ʧʣʦʩʢʦʩʪʴ ʧʦʣʷʨʠʟʘʮʠʠ 

ʢʦʪʦʨʦʛʦ ʩʦʚʧʘʜʘʝʪ ʩ ʧʣʦʩʢʦʩʪʴʶ ʧʨʦʧʫʩʢʘʥʠʷ ʘʥʘʣʠʟʘʪʦʨʘ. ʅʘ ʥʘʠʣʫʯʰʠʡ ʢʦʥʪʨʘʩʪ 

ʚʳʙʠʨʘʝʪʩʷ ʪʘʢʠʝ ʧʦʣʦʞʝʥʠʷ ʘʥʘʣʠʟʘʪʦʨʘ, ʯʪʦʙʳ ʧʨʦʭʦʜʠʣ ʩʚʝʪ ʪʦʣʴʢʦ ʦʪ ʦʜʥʦʡ ʩʠʩʪʝʤʳ 

ʜʦʤʝʥʦʚ. ɺʳʷʚʣʝʥʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ï ʯʝʨʝʜʦʚʘʥʠʝ çʩʚʝʪʣʳʭè ʠ çʪʝʤʥʳʭè ʫʯʘʩʪʢʦʚ ï 

ʜʦʤʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʯʝʨʝʟ ʦʧʪʠʯʝʩʢʠʡ ʢʘʥʘʣ ʤʠʢʨʦʩʢʦʧʘ ʚʳʚʦʜʠʪʩʷ ʥʘ ʮʠʬʨʦʚʫʶ 

ʢʘʤʝʨʫ.  
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ʈʠʩʫʥʦʢ 2.4 - ʆʙʱʘʷ ʩʭʝʤʘ ʤʝʪʦʜʠʢʠ ʥʘʙʣʶʜʝʥʠʷ ʠ ʨʝʛʠʩʪʨʘʮʠʠ ʠʟʦʙʨʘʞʝʥʠʡ 
ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʜʦʤʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʤʘʛʥʝʪʠʢʦʚ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ. 

 

ɺ ʜʘʥʥʦʡ ʤʝʪʦʜʠʢʝ ʚ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪ. ʇʦʩʢʦʣʴʢʫ ʤʘʩʩʘ ʵʣʝʢʪʨʦʤʘʛʥʠʪʘ ʥʝ ʧʦʟʚʦʣʷʣ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ 

ʨʘʩʧʦʣʦʞʠʪʴ ʝʛʦ ʥʘ ʩʪʦʣʠʢʝ ʦʧʪʠʯʝʩʢʦʛʦ ʤʝʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʛʦ ʤʠʢʨʦʩʢʦʧʘ, ʜʣʷ ʝʛʦ 

ʢʨʝʧʣʝʥʠʷ ʥʘʜ ʦʙʲʝʢʪʠʚʦʤ ʙʳʣʘ ʠʟʛʦʪʦʚʣʝʥʘ ʩʠʩʪʝʤʘ ʨʘʟʛʨʫʟʢʠ, ʩʦʩʪʦʷʱʘʷ ʠʟ ʩʪʘʥʠʥʳ ʠʟ 

ʘʣʶʤʠʥʠʝʚʦʛʦ ʧʨʦʬʠʣʷ, ʥʘʙʦʨʘ ʙʣʦʢʦʚ ʠ ʧʨʦʪʠʚʦʚʝʩʘ. ɻʣʘʚʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ 

ʢʦʥʩʪʨʫʢʮʠʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʘ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʥʘʙʣʶʜʝʥʠʷ ɼʉ ʥʘ ʙʘʟʠʩʥʦʡ 

ʧʣʦʩʢʦʩʪʠ ʧʨʠ ʥʘʤʘʛʥʠʯʠʚʘʥʠʠ ʦʙʨʘʟʮʘ ʚʜʦʣʴ ʆʃʅ. ɼʣʷ ʵʪʦʛʦ ʚ ʥʠʞʥʝʤ ʢʦʥʮʝʥʪʨʘʪʦʨʝ 

ʠʤʝʝʪʩʷ ʦʪʚʝʨʩʪʠʝ, ʯʝʨʝʟ ʢʦʪʦʨʦʝ ʩʚʝʪ ʧʘʜʘʝʪ ʥʘ ʠʩʩʣʝʜʫʝʤʳʡ ʦʙʲʝʢʪ.  

ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʦʛʣʘʩʥʦ ʩʭʝʤʝ ʤʝʪʦʜʠʢʠ (ʨʠʩʫʥʦʢ 2.4) ʜʘʪʯʠʢ ʍʦʣʣʘ, 

ʥʝʦʙʭʦʜʠʤʳʡ ʜʣʷ ʨʝʛʠʩʪʨʘʮʠʠ ʚʝʣʠʯʠʥʳ ʧʦʣʷ ʚ ʟʘʟʦʨʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʘ, ʫʩʪʘʥʦʚʣʝʥ ʚ 

ʝʜʠʥʩʪʚʝʥʥʦʤ ʚʦʟʤʦʞʥʦʤ ʤʝʩʪʝ ʥʘ ʵʣʝʢʪʨʦʤʘʛʥʠʪʝ ʚʦʟʣʝ ʚʝʨʭʥʝʛʦ ʢʦʥʮʝʥʪʨʘʪʦʨʘ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʥʘʣʠʯʠʝ ʟʘʤʳʢʘʶʱʝʛʦ ʤʘʛʥʠʪʥʳʡ ʧʦʪʦʢ ʷʨʤʘ ʠ ʙʣʠʟʦʩʪʴ ʢʦʥʮʝʥʪʨʘʪʦʨʦʚ 

ʠʩʩʣʝʜʫʝʤʦʤʫ ʦʙʨʘʟʮʫ, ʥʘʣʠʯʠʝ ʦʪʚʝʨʩʪʠʷ ʚ ʥʠʞʥʝʤ ʢʦʥʮʝʥʪʨʘʪʦʨʝ ʜʣʷ ʧʨʦʭʦʞʜʝʥʠʷ 

ʩʚʝʪʘ ʧʨʠʚʦʜʠʪ ʢ ʩʠʣʴʥʦʤʫ ʛʨʘʜʠʝʥʪʫ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ ʟʘʟʦʨʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʘ, ʯʪʦ 

ʫʯʠʪʳʚʘʣʦʩʴ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʧʦʣʝʚʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʠʟ ʜʘʥʥʳʭ 

ʪʨʘʥʩʬʦʨʤʘʮʠʠ ɼʉ ʩ ʧʦʤʦʱʴʶ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ ʉɸʇʈ Comsol Multiphysics. 
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2.2.3. ʉʢʘʥʠʨʫʶʱʘʷ ʵʣʝʢʪʨʦʥʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʬʘʟʦʚʦʛʦ ʠ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʩʧʣʘʚʦʚ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʷʭ ʦʙʨʘʟʮʦʚ ʥʘ ʨʘʩʪʨʦʚʦʤ ʵʣʝʢʪʨʦʥʥʦʤ ʤʠʢʨʦʩʢʦʧʝ JEOL JSM-6610LV. ʇʨʠ 

ʨʘʙʦʪʝ ʵʣʝʢʪʨʦʥʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ ʧʫʯʦʢ ʵʣʝʢʪʨʦʥʦʚ ʚʳʭʦʜʠʪ ʠʟ ʠʩʪʦʯʥʠʢʘ (ʵʣʝʢʪʨʦʥʥʦʡ 

ʧʫʰʢʠ) ʠ ʫʩʢʦʨʷʝʪʩʷ ʚʳʩʦʢʠʤ ʥʘʧʨʷʞʝʥʠʝʤ. ʇʨʠ ʧʦʧʘʜʘʥʠʠ ʥʘ ʦʙʨʘʟʝʮ ʯʘʩʪʴ ʵʣʝʢʪʨʦʥʦʚ 

ʨʘʩʩʝʠʚʘʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʦʨʷʜʢʦʚʦʛʦ ʥʦʤʝʨʘ ʵʣʝʤʝʥʪʘ (ʦʪʨʘʞʝʥʥʳʝ ʠʣʠ ʦʙʨʘʪʥʦ-

ʨʘʩʩʝʷʥʥʳʝ ʵʣʝʢʪʨʦʥʳ), ʯʘʩʪʴ ʵʣʝʢʪʨʦʥʦʚ ʵʤʠʪʠʨʫʝʪʩʷ ʤʠʰʝʥʴʶ ʧʨʠ ʙʦʤʙʘʨʜʠʨʦʚʢʝ ʝʝ 

ʧʝʨʚʠʯʥʳʤ ʵʣʝʢʪʨʦʥʥʳʤ ʧʫʯʢʦʤ (ʚʪʦʨʠʯʥʳʝ ʵʣʝʢʪʨʦʥʳ), ʯʘʩʪʴ ʠʦʥʠʟʠʨʫʝʪ ʘʪʦʤʳ 

ʚʝʱʝʩʪʚʘ ʦʙʨʘʟʮʘ, ʚʳʟʳʚʘʷ ʧʨʠ ʵʪʦʤ ʵʤʠʩʩʠʶ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʪʦʧʦʛʨʘʬʠʠ ʦʙʨʘʟʮʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʨʝʞʠʤ ʚʪʦʨʠʯʥʳʭ ʵʣʝʢʪʨʦʥʦʚ 

(SEI), ʪ.ʢ. ʢʦʣʠʯʝʩʪʚʦ ʪʘʢʠʭ ʵʣʝʢʪʨʦʥʦʚ ʟʘʚʠʩʠʪ ʦʪ ʫʛʣʘ ʩʪʦʣʢʥʦʚʝʥʠʷ ʵʣʝʢʪʨʦʥʥʦʛʦ ʧʫʯʢʘ 

ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʦʙʨʘʟʮʘ, ʪʦ ʝʩʪʴ ʦʪ ʪʦʧʦʛʨʘʬʠʠ, ʘ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʦʩʪʘʚʘ ʦʙʨʘʟʮʘ ï 

ʨʝʞʠʤ ʦʪʨʘʞʝʥʥʳʭ (ʦʙʨʘʪʥʦ-ʨʘʩʩʝʷʥʥʳʭ) ʵʣʝʢʪʨʦʥʦʚ (BEC). ɼʝʪʝʢʪʠʨʦʚʘʥʠʝ 

ʦʪʨʘʞʝʥʥʳʭ ʵʣʝʢʪʨʦʥʦʚ ʧʦʟʚʦʣʷʝʪ ʨʘʟʣʠʯʘʪʴ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʦʙʨʘʟʮʘ. 

ʂʦʤʧʦʟʠʮʠʦʥʥʳʡ ʢʦʥʪʨʘʩʪ ʩʦʟʜʘʝʪʩʷ ʦʪʨʘʞʝʥʥʳʤʠ ʵʣʝʢʪʨʦʥʘʤʠ ʠ ʦʙʫʩʣʦʚʣʝʥ ʩʣʦʞʥʳʤ 

ʬʘʟʦʚʳʤ ʠ ʘʪʦʤʥʳʤ ʩʦʩʪʘʚʦʤ ʤʠʰʝʥʠ. ʂʦʵʬʬʠʮʠʝʥʪ ʦʪʨʘʞʝʥʠʷ ʵʣʝʢʪʨʦʥʦʚ ʟʘʚʠʩʠʪ ʦʪ 

ʘʪʦʤʥʦʛʦ ʥʦʤʝʨʘ ʵʣʝʤʝʥʪʘ ʠ ʨʘʩʪʝʪ ʩ ʨʦʩʪʦʤ ʧʦʩʣʝʜʥʝʛʦ. ʇʦʵʪʦʤʫ ʥʘ ʵʢʨʘʥʝ ʤʦʥʠʪʦʨʘ 

ʉʕʄ ʦʙʣʘʩʪʠ, ʩʦʜʝʨʞʘʱʠʝ ʵʣʝʤʝʥʪʳ ʩ ʚʳʩʦʢʠʤ ʘʪʦʤʥʳʤ ʥʦʤʝʨʦʤ, ʙʫʜʫʪ ʠʤʝʪʴ ʙʦʣʝʝ 

ʩʚʝʪʣʳʡ ʢʦʥʪʨʘʩʪ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʙʣʘʩʪʷʤʠ ʩ ʙʦʣʝʝ ʣʝʛʢʠʤʠ ʵʣʝʤʝʥʪʘʤʠ. 

ʈʝʥʪʛʝʥʦʚʩʢʠʡ ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʳʡ ʘʥʘʣʠʟ (ʕɼɸ) ʦʩʥʦʚʘʥ ʥʘ ʜʝʪʝʢʪʠʨʦʚʘʥʠʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʛʦ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʛʝʥʝʨʠʨʫʝʤʦʛʦ ʚ ʟʦʥʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʧʝʨʚʠʯʥʦʛʦ ʧʫʯʢʘ ʫʩʢʦʨʝʥʥʳʭ ʵʣʝʢʪʨʦʥʦʚ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʦʙʨʘʟʮʘ. ʕʥʝʨʛʠʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʛʦ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ʟʘʚʠʩʠʪ ʦʪ ʘʪʦʤʥʦʛʦ ʥʦʤʝʨʘ ʜʘʥʥʦʛʦ 

ʘʪʦʤʘ ʠ ʦʪ ʵʥʝʨʛʠʠ ʢʚʘʥʪʦʚʳʭ ʫʨʦʚʥʝʡ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʜʘʥʥʦʤ ʵʣʝʢʪʨʦʥʥʦʤ ʧʝʨʝʭʦʜʝ. 

ʕʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʳʡ ʜʝʪʝʢʪʦʨ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʨʝʤʥʠʝʚʳʡ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʡ 

ʜʠʦʜ. ʇʦʧʘʜʘʥʠʝ ʢʚʘʥʪʘ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ʥʘ ʜʠʦʜ ʧʨʠʚʦʜʠʪ ʢ ʛʝʥʝʨʘʮʠʠ 

ʠʤʧʫʣʴʩʘ ʪʦʢʘ, ʘʤʧʣʠʪʫʜʘ ʢʦʪʦʨʦʛʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʵʥʝʨʛʠʠ ʢʚʘʥʪʘ. ʀʥʪʝʥʩʠʚʥʦʩʪʴ 

ʚʦʟʙʫʞʜʝʥʥʦʛʦ ʚ ʦʙʲʝʢʪʝ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ʵʣʝʤʝʥʪʘ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʝʛʦ 

ʤʘʩʩʦʚʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ. ʕɼɸ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʦʙʨʘʟʮʘ ʚ 

ʠʥʪʝʨʚʘʣʝ ʢʦʥʮʝʥʪʨʘʮʠʡ ʦʪ 0,1 ʜʦ 100% ʩ ʪʦʯʥʦʩʪʴʶ Ñ0,1%. 
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2.2.4. ɸʪʦʤʥʦ- ʠ ʤʘʛʥʠʪʥʦ-ʩʠʣʦʚʘʷ ʤʠʢʨʦʩʢʦʧʠʷ 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʪʦʥʢʦʡ ʩʪʨʫʢʪʫʨʳ (ʥʘʥʦʩʪʨʫʢʪʫʨʳ) ʦʙʨʘʟʮʦʚ ʧʨʦʚʦʜʠʣʦʩʴ 

ʢʦʥʪʘʢʪʥʳʤ ʤʝʪʦʜʦʤ ʘʪʦʤʥʦ-ʩʠʣʦʚʦʡ ʤʠʢʨʦʩʢʦʧʠʠ (ɸʉʄ) ʥʘ ʤʠʢʨʦʩʢʦʧʘʭ NT-MDT 

Solver P47 ʠ Solver Next (ʨʠʩʫʥʦʢ 2.5) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʘʥʪʠʣʝʚʝʨʘ ʤʘʨʢʠ CSG-01 ʩ 

ʨʘʜʠʫʩʦʤ ʟʘʢʨʫʛʣʝʥʠʷ ʠʛʣʳ 35 ʥʤ (ʨʠʩʫʥʦʢ 2.6).  

ɺ ʦʩʥʦʚʝ ʨʘʙʦʪʳ ɸʉʄ ʣʝʞʠʪ ʩʠʣʦʚʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʟʦʥʜʦʤ (ʦʩʪʨʦʡ 

ʠʛʣʦʡ ʢʘʥʪʠʣʝʚʝʨʘ) ʠ ʧʦʚʝʨʭʥʦʩʪʴʶ ʦʙʨʘʟʮʘ. ʉʠʣʘ, ʜʝʡʩʪʚʫʶʱʘʷ ʥʘ ʢʦʥʯʠʢ ʠʛʣʳ ʩʦ 

ʩʪʦʨʦʥʳ ʧʦʚʝʨʭʥʦʩʪʠ, ʧʨʠʚʦʜʠʪ ʢ ʠʟʛʠʙʫ ʢʦʥʩʦʣʠ. ʈʝʛʠʩʪʨʠʨʫʷ ʚʝʣʠʯʠʥʫ ʠʟʛʠʙʘ, ʤʦʞʥʦ 

ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʩʠʣʫ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠʛʣʳ ʠ ʧʦʚʝʨʭʥʦʩʪʴʶ. ʇʦʣʫʯʝʥʠʝ ɸʉʄ 

ʠʟʦʙʨʘʞʝʥʠʡ ʨʝʣʴʝʬʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʚʷʟʘʥʦ ʩ ʨʝʛʠʩʪʨʘʮʠʝʡ ʪʝʭ ʩʘʤʳʭ ʤʘʣʳʭ ʠʟʛʠʙʦʚ 

ʫʧʨʫʛʦʡ ʢʦʥʩʦʣʠ ʟʦʥʜʦʚʦʛʦ ʜʘʪʯʠʢʘ. ʆʩʪʨʠʝ ʢʘʥʪʠʣʝʚʝʨʘ ʤʦʞʝʪ ʥʘʭʦʜʠʪʴʩʷ ʚ ʢʦʥʪʘʢʪʝ ʩ 

ʦʙʨʘʟʮʦʤ (ʢʦʥʪʘʢʪʥʳʡ ʨʝʞʠʤ) ʠʣʠ ʞʝ ʤʦʞʝʪ ʩʦʚʝʨʰʘʪʴ ʢʦʣʝʙʘʥʠʷ ʥʘʜ ʧʦʚʝʨʭʥʦʩʪʴʶ 

ʦʙʨʘʟʮʘ (ʧʦʣʫʢʦʥʪʘʢʪʥʳʡ ʠʣʠ ʧʨʝʨʳʚʠʩʪʦ-ʢʦʥʪʘʢʪʥʳʡ ʨʝʞʠʤ). ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ 

ʧʦʚʝʨʭʥʦʩʪʝʡ ʦʙʨʘʟʮʦʚ ʙʳʣ ʧʨʠʤʝʥʝʥ ʤʝʪʦʜ ʨʘʩʩʦʛʣʘʩʦʚʘʥʠʷ (DFL).  

  

ʈʠʩʫʥʦʢ 2.5 - ʉʢʘʥʠʨʫʶʱʠʝ ʟʦʥʜʦʚʳʝ ʤʠʢʨʦʩʢʦʧ r

 Solver P47(ʩʣʝʚʘ) ʠ Solver Next (NT-MDT) (ʩʧʨʘʚʘ). 

 

ɺ ʧʨʦʮʝʩʩʝ ʩʢʘʥʠʨʦʚʘʥʠʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʝʣʴʝʬʦʤ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʘ 

ʠʟʤʝʥʷʝʪʩʷ ʚʝʣʠʯʠʥʘ ʠʟʛʠʙʘ ʢʘʥʪʠʣʝʚʝʨʘ. ʎʝʧʴ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ ʩʪʨʝʤʠʪʩʷ ʧʦʜʜʝʨʞʘʪʴ 

ʟʘʜʘʥʥʳʡ ʫʨʦʚʝʥʴ ʚʝʣʠʯʠʥʳ ʠʟʛʠʙʘ ʢʘʥʪʠʣʝʚʝʨʘ (SetPoint), ʪʦʯʥʝʝ, ʫʨʦʚʝʥʴ ʩʠʛʥʘʣʘ, 

ʩʚʷʟʘʥʥʦʛʦ ʩ ʠʟʛʠʙʦʤ (ʚ ʥʘʰʝʤ ʩʣʫʯʘʝ ʵʪʦ ʩʠʛʥʘʣ DFL). ʆʜʥʘʢʦ ʮʝʧʴ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ ʥʝ 

ʤʦʞʝʪ ʤʛʥʦʚʝʥʥʦ ʚʝʨʥʫʪʴ ʪʝʢʫʱʝʝ ʟʥʘʯʝʥʠʝ DFL ʢ ʟʘʜʘʥʥʦʤʫ ʫʨʦʚʥʶ, ʧʦʩʢʦʣʴʢʫ 

ʦʙʣʘʜʘʝʪ ʥʝʢʦʪʦʨʦʡ ʠʥʝʨʮʠʦʥʥʦʩʪʴʶ (ʭʘʨʘʢʪʝʨʠʟʫʝʤʦʡ ʧʦʩʪʦʷʥʥʦʡ ʚʨʝʤʝʥʠ). 
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ʈʠʩʫʥʦʢ 2.6 - ʉʭʝʤʘʪʠʯʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʨʘʙʦʪʳ ʟʦʥʜʦʚʦʛʦ ʜʘʪʯʠʢʘ ɸʉʄ ʚ 
ʢʦʥʪʘʢʪʥʦʤ ʤʝʪʦʜʝ ʠ ʩʥʠʤʦʢ, ʧʦʣʫʯʝʥʥʳʡ ʩ ʧʦʤʦʱʴʶ ʵʣʝʢʪʨʦʥʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ, 

ʢʦʥʪʘʢʪʥʦʛʦ ʢʘʥʪʠʣʝʚʝʨʘ CSG-01 ʠʟ ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʢʨʝʤʥʠʷ Si, 

ʜʦʧʠʨʦʚʘʥʥʦʛʦ ʩʫʨʴʤʦʡ Sb. 

 

ʇʨʠ ʩʢʘʥʠʨʦʚʘʥʠʠ ʪʝʢʫʱʝʝ ʟʥʘʯʝʥʠʝ ʩʠʛʥʘʣʘ DFL (ʩʠʛʥʘʣʘ, ʩʚʷʟʘʥʥʦʛʦ ʩ ʠʟʛʠʙʦʤ 

ʢʘʥʪʠʣʝʚʝʨʘ) ʷʚʣʷʝʪʩʷ ʩʠʛʥʘʣʦʤ ʨʘʩʩʦʛʣʘʩʦʚʘʥʠʷ ʮʝʧʠ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ ʠ ʩʦʜʝʨʞʠʪ 

ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʨʝʣʴʝʬʝ ʧʦʚʝʨʭʥʦʩʪʠ. ʕʪʦʪ ʩʠʛʥʘʣ ʤʦʞʝʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʙʦʣʝʝ ʪʦʯʥʦʛʦ ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʷ ʨʝʣʴʝʬʘ. ʄʝʪʦʜ, ʚ ʢʦʪʦʨʦʤ, 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʧʦʣʫʯʝʥʠʝʤ ʨʝʣʴʝʬʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʦʠʟʚʦʜʠʪʩʷ ʠʟʤʝʨʝʥʠʝ ʩʠʛʥʘʣʘ 

ʨʘʩʩʦʛʣʘʩʦʚʘʥʠʷ (ʚ ʥʘʰʝʤ ʩʣʫʯʘʝ ʩʠʛʥʘʣʘ DFL) ʥʘʟʳʚʘʝʪʩʷ ʢʦʥʪʘʢʪʥʳʤ ʤʝʪʦʜʦʤ 

ʨʘʩʩʦʛʣʘʩʦʚʘʥʠʷ. 

ʄʝʪʦʜ ʨʘʩʩʦʛʣʘʩʦʚʘʥʠʷ (DFL) ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʪʦʙʨʘʞʝʥʠʠ ʩʠʛʥʘʣʘ 

ʨʘʩʩʦʛʣʘʩʦʚʘʥʠʷ ʥʘ ʚʭʦʜʝ ʩʠʩʪʝʤʳ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ ʚ ʧʨʦʮʝʩʩʝ ʨʝʘʣʠʟʘʮʠʠ ʤʝʪʦʜʘ 

ʧʦʩʪʦʷʥʥʦʡ ʩʠʣʳ. ʄʝʪʦʜ ʨʘʩʩʦʛʣʘʩʦʚʘʥʠʷ ʧʨʠ ʢʦʥʪʘʢʪʥʦʤ ʩʢʘʥʠʨʦʚʘʥʠʠ ʧʦʚʝʨʭʥʦʩʪʠ 

ʦʙʨʘʟʮʘ ʧʦʟʚʦʣʷʝʪ ʚʳʷʚʠʪʴ ʤʘʣʦʨʘʟʤʝʨʥʳʝ ʜʝʪʘʣʠ ʨʝʣʴʝʬʘ ʧʦʚʝʨʭʥʦʩʪʠ. 

DFL ð ʩʠʛʥʘʣ, ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳʡ ʦʪʢʣʦʥʝʥʠʶ ʢʘʥʪʠʣʝʚʝʨʘ ʚ ʚʝʨʪʠʢʘʣʴʥʦʤ 

ʥʘʧʨʘʚʣʝʥʠʠ. 

LF ð ʩʠʛʥʘʣ, ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳʡ ʙʦʢʦʚʦʤʫ ʦʪʢʣʦʥʝʥʠʶ ʣʫʯʘ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ 

ʠʟʤʝʨʷʪʴ ʢʨʫʪʠʣʴʥʫʶ ʜʝʬʦʨʤʘʮʠʶ ʢʘʥʪʠʣʝʚʝʨʘ. 
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ʆʜʥʠʤ ʠʟ ʵʬʬʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʣʦʢʘʣʴʥʳʭ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ 

ʤʘʛʥʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʷʚʣʷʝʪʩʷ ʤʘʛʥʠʪʥʦ-ʩʠʣʦʚʘʷ ʤʠʢʨʦʩʢʦʧʠʷ. ʀʟʦʙʨʘʞʝʥʠʷ, 

ʧʦʣʫʯʘʝʤʳʝ ʩ ʧʦʤʦʱʴʶ ʤʘʛʥʠʪʥʦ-ʩʠʣʦʚʦʡ ʤʠʢʨʦʩʢʦʧʠʠ, ʦʪʨʘʞʘʶʪ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʘʨʘʤʝʪʨʘ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʛʦ ʤʘʛʥʠʪʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʟʦʥʜʦʤ ʠ 

ʦʙʨʘʟʮʦʤ, ʥʘʧʨʠʤʝʨ, ʩʠʣʫ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʘʤʧʣʠʪʫʜʫ ʠʣʠ ʬʘʟʫ ʢʦʣʝʙʘʥʠʡ ʤʘʛʥʠʪʥʦʛʦ 

ʟʦʥʜʘ. ʄʝʪʦʜ ʤʘʛʥʠʪʥʦ-ʩʠʣʦʚʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʨʝʘʣʠʟʦʚʘʥ ʚ ʩʢʘʥʠʨʫʶʱʝʤ ʟʦʥʜʦʚʦʤ 

ʤʠʢʨʦʩʢʦʧʝ Solver Next (NT-MDT) (ʨʠʩʫʥʦʢ 2.5).  

ɺ ʢʘʯʝʩʪʚʝ ʤʘʛʥʠʪʥʦʛʦ ʟʦʥʜʦʚʦʛʦ ʜʘʪʯʠʢʘ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʢʘʥʪʠʣʝʚʝʨ ʩʝʨʠʠ 

MFM10. ɼʣʷ ʜʘʥʥʦʛʦ ʢʘʥʪʠʣʝʚʝʨʘ ʪʠʧʠʯʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ: ʦʙʱʘʷ ʬʦʨʤʘ ʠʛʣʳ ï 

ʪʝʪʨʘʵʜʨ, ʜʣʠʥʘ 125 ʤʢʤ, ʚʳʩʦʪʘ 30 ʤʢʤ, ʪʦʣʱʠʥʘ 2 ʤʢʤ, ʩʠʣʦʚʘʷ ʢʦʥʩʪʘʥʪʘ 5,1 ˚Ͻ̍ , 

ʨʝʟʦʥʘʥʩʥʘʷ ʯʘʩʪʦʪʘ 150 ʢɻʮ. ɺʦ ʠʟʙʝʞʘʥʠʝ ʦʢʠʩʣʝʥʠʷ ʠ ʧʨʦʜʣʝʥʠʷ ʩʨʦʢʘ ʩʣʫʞʙʳ 

ʦʪʨʘʞʘʶʱʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʢʘʥʪʠʣʝʚʝʨʘ ʧʦʢʨʳʪʘ Al, ʪʦʨʮʝʚʘʷ ʩʪʦʨʦʥʘ ʯʠʧʘ CoCr.  

ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʩʢʘʥʠʨʦʚʘʥʠʷ ʤʘʛʥʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʝʦʙʭʦʜʠʤʦ ʚʳʜʝʣʠʪʴ 

ʠʟʦʙʨʘʞʝʥʠʝ ʤʘʛʥʠʪʥʦʡ ʜʦʤʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʠʟʦʙʨʘʞʝʥʠʷ ʨʝʣʴʝʬʘ 

ʚʳʙʨʘʥʥʦʛʦ ʫʯʘʩʪʢʘ ʧʦʚʝʨʭʥʦʩʪʠ ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʨʘʟʮʘ. ʈʝʛʠʩʪʨʘʮʠʷ ʧʦʣʝʡ ʨʘʩʩʝʷʥʠʷ 

ʧʨʦʚʦʜʠʪʩʷ ʧʦ ʜʚʫʭʧʨʦʭʦʜʥʦʡ ʤʝʪʦʜʠʢʝ (ʨʠʩʫʥʦʢ 2.7).  

 

ʈʠʩʫʥʦʢ 2.7 - ʉʭʝʤʘʪʠʯʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʜʚʫʭʧʨʦʚʦʜʥʦʡ ʤʝʪʦʜʠʢʠ ʤʘʛʥʠʪʥʦ-ʩʠʣʦʚʦʡ 

ʤʠʢʨʦʩʢʦʧʠʠ. 

 

ʇʨʠ ʧʝʨʚʦʤ ʧʨʦʭʦʜʝ ʚ ʧʦʣʫʢʦʥʪʘʢʪʥʦʤ ʨʝʞʠʤʝ ʨʝʛʠʩʪʨʠʨʫʝʪʩʷ ʨʝʣʴʝʬ 

ʧʦʚʝʨʭʥʦʩʪʠ. ʅʘ ʚʪʦʨʦʤ ʧʨʦʭʦʜʝ ʠʟʤʝʨʝʥʠʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʘ ʟʘʜʘʚʘʝʤʦʡ ʚʳʩʦʪʝ, ʧʨʠ 

ʵʪʦʤ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʢʦʥʮʦʤ ʟʘʢʨʝʧʣʝʥʥʦʛʦ ʢʘʥʪʠʣʝʚʝʨʘ ʠ ʫʯʘʩʪʢʦʤ ʠʩʩʣʝʜʫʝʤʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʦʩʪʘʝʪʩʷ ʧʦʩʪʦʷʥʥʳʤ ʥʘ ʢʘʞʜʦʡ ʣʠʥʠʠ ʩʢʘʥʠʨʦʚʘʥʠʷ. ɺʳʙʠʨʘʝʤʦʝ ʟʥʘʯʝʥʠʝ 

ʚʳʩʦʪʳ ʜʦʣʞʥʦ ʙʳʪʴ ʪʘʢʠʤ, ʯʪʦʙʳ ʩʠʣʦʡ ɺʘʥ-ʜʝʨ-ɺʘʘʣʴʩʘ ʤʦʞʥʦ ʙʳʣʦ ʧʨʝʥʝʙʨʝʯʴ, ʠ ʥʘ 
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ʢʘʥʪʠʣʝʚʝʨ ʦʢʘʟʳʚʘʣʘ ʚʣʠʷʥʠʝ ʪʦʣʴʢʦ ʩʠʣʘ ʝʛʦ ʤʘʛʥʠʪʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʤʘʛʥʠʪʥʳʤ 

ʤʘʪʝʨʠʘʣʦʤ. 

2.3. ʄʘʛʥʠʪʥʳʝ ʠʟʤʝʨʝʥʠʷ 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʧʝʨʝʤʘʛʥʠʯʠʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʠʟʤʝʨʝʥʠʝ ʤʘʛʥʠʪʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʙʲʝʢʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʚ ʦʪʢʨʳʪʦʡ ʤʘʛʥʠʪʥʦʡ ʮʝʧʠ ʥʘ 

ʚʠʙʨʘʮʠʦʥʥʦʤ ʤʘʛʥʠʪʦʤʝʪʨʝ.  

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʳʭ ʮʝʣʠ ʠ ʟʘʜʘʯ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣʘ 

ʨʘʟʨʘʙʦʪʘʥʘ ʠ ʩʦʟʜʘʥʘ ʫʩʪʘʥʦʚʢʘ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʚʠʙʨʘʮʠʦʥʥʦʛʦ ʤʘʛʥʠʪʦʤʝʪʨʘ ʩ 

ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʧʨʠʩʪʘʚʢʦʡ. ʅʘ ʨʠʩʫʥʢʝ 2.8 ʧʦʢʘʟʘʥʘ ʩʭʝʤʘ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ 

ʚʠʙʨʘʮʠʦʥʥʦʛʦ ʤʘʛʥʠʪʦʤʝʪʨʘ, ʩʦʟʜʘʥʥʦʛʦ ʥʘ ʢʘʬʝʜʨʝ ʬʠʟʠʢʠ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʊʚɻʋ. ʀʟʤʝʨʠʪʝʣʴʥʘʷ ʩʭʝʤʘ ʚʠʙʨʘʮʠʦʥʥʦʛʦ ʤʘʛʥʠʪʦʤʝʪʨʘ ʦʩʥʦʚʘʥʘ ʥʘ 

ʠʥʜʫʢʮʠʦʥʥʦ-ʥʝʧʨʝʨʳʚʥʦʤ ʤʝʪʦʜʝ. ʇʨʠ ʚʠʙʨʘʮʠʠ ʦʙʨʘʟʮʘ ʚ ʨʘʙʦʯʝʤ ʟʘʟʦʨʝ 

ʤʘʛʥʠʪʦʤʝʪʨʘ ʚʦʟʥʠʢʘʝʪ ʠʟʤʝʥʝʥʠʝ ʤʘʛʥʠʪʥʦʛʦ ʧʦʪʦʢʘ. ʀʟʤʝʨʷʝʪʩʷ ʕɼʉ ʠʥʜʫʢʮʠʠ ʚ 

ʩʧʝʮʠʘʣʴʥʳʭ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʢʘʪʫʰʢʘʭ. ʉʠʛʥʘʣ ʩ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʢʘʪʫʰʝʢ ʩʠʛʥʘʣ ʜʝʣʠʪʩʷ 

ʥʘ ʤʦʜʫʣʴ ʩʠʛʥʘʣʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʩ ʦʧʦʨʥʳʭ ʢʘʪʫʰʝʢ, ʚ ʩʚʷʟʠ ʩ ʵʪʠʤ ʧʨʦʧʘʜʘʝʪ 

ʟʘʚʠʩʠʤʦʩʪʴ ʠʟʤʝʨʷʝʤʦʡ ʚʝʣʠʯʠʥʳ ʦʪ ʯʘʩʪʦʪʳ ʠ ʘʤʧʣʠʪʫʜʳ ʩʠʛʥʘʣʦʚ ʩ ʢʘʪʫʰʝʢ. 

ʈʝʛʠʩʪʨʘʮʠʷ ʩʠʛʥʘʣʦʚ ʧʨʦʠʟʚʦʜʠʪʩʷ ʩ ʧʦʤʦʱʴʶ ʩʝʣʝʢʪʠʚʥʳʭ ʚʦʣʴʪʤʝʪʨʦʚ SR830 

ʢʦʤʧʘʥʠʠ Stanford Research System. ɺʠʙʨʘʮʠʷ ʰʪʦʢʘ ʩ ʦʙʨʘʟʮʦʤ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʩ 

ʧʦʤʦʱʴʶ ʚʩʪʨʦʝʥʥʦʛʦ ʚ SR830 ʚʳʩʦʢʦʪʦʯʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ, ʫʩʠʣʠʪʝʣʷ ʤʦʱʥʦʩʪʠ ʠ 

ʩʧʝʮʠʘʣʴʥʦ ʩʧʨʦʝʢʪʠʨʦʚʘʥʥʦʡ ʚʠʙʨʘʮʠʦʥʥʦʡ ʛʦʣʦʚʢʠ. ɿʥʘʢ ʫʜʝʣʴʥʦʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʘʟʝ ʩʠʛʥʘʣʘ ʩ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʢʘʪʫʰʝʢ.  

ʅʘʤʘʛʥʠʯʠʚʘʶʱʝʝ ʫʩʪʨʦʡʩʪʚʦ ʤʘʛʥʠʪʦʤʝʪʨʘ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪ 

ʥʘʢʣʦʥʥʦʛʦ ʪʠʧʘ ʩ ʤʘʢʩʠʤʘʣʴʥʦʡ ʚʝʣʠʯʠʥʦʡ ʧʦʣʷ Ñ2.5 ʊʣ ʚ ʨʘʙʦʯʝʤ ʟʘʟʦʨʝ 30 ʤʤ ʠ 

ʧʨʦʛʨʘʤʤʠʨʫʝʤʳʡ ʠʩʪʦʯʥʠʢ ʪʦʢʘ SGI 240-40. ʈʝʛʠʩʪʨʘʮʠʷ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʤʘʛʥʠʪʥʦʛʦ 

ʧʦʣʷ ʚ ʤʝʞʧʦʣʶʩʥʦʤ ʟʘʟʦʨʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʘ ʧʨʦʚʦʜʠʪʩʷ ʩ ʧʦʤʦʱʴʶ ʜʘʪʯʠʢʘ ʍʦʣʣʘ ʠ 

ʚʦʣʴʪʤʝʪʨʘ ɺ7/78-1. ʇʠʪʘʥʠʝ ʜʘʪʯʠʢʘ ʍʦʣʣʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʦʪ ʧʨʝʮʠʟʠʦʥʥʦʛʦ ʠʩʪʦʯʥʠʢʘ 

ʪʦʢʘ.   

ʀʩʧʦʣʴʟʫʷ ʢʦʤʧʘʢʪʥʫʶ ʩʠʩʪʝʤʫ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʢʘʪʫʰʝʢ, ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʦʣʴʰʠʭ 

ʢʦʣʝʙʘʥʠʡ ʘʤʧʣʠʪʫʜʳ ʩ ʯʘʩʪʦʪʦʡ 37 ɻʮ, ʩʠʩʪʝʤʘ ʩʧʦʩʦʙʥʘ ʦʧʨʝʜʝʣʠʪʴ ʠʟʤʝʥʝʥʠʝ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʜʦ 0,01 ɸĿʤ2/ʢʛ. 
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ʀʟʤʝʨʝʥʠʷ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʨʘʟʮʘ ʥʘ ʤʘʛʥʠʪʦʤʝʪʨʝ ʧʨʦʚʦʜʷʪʩʷ 

ʧʫʪʝʤ ʩʨʘʚʥʝʥʠʷ ʩ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴʶ ʵʪʘʣʦʥʥʦʛʦ ʦʙʨʘʟʮʘ ʦʪʦʞʞʝʥʥʦʛʦ ʥʠʢʝʣʷ ʤʘʩʩʦʡ 

100 Ñ 1 ʤʛ, ʜʣʷ ʢʦʪʦʨʦʛʦ ʤʘʛʥʠʪʥʳʡ ʤʦʤʝʥʪ ʝʜʠʥʠʮʳ ʤʘʩʩʳ ʠʟʚʝʩʪʝʥ ʩ ʜʦʩʪʘʪʦʯʥʦʡ 

ʪʦʯʥʦʩʪʴʶ ï 54,8 ɸĿʤ2/ʢʛ ʚ ʧʦʣʝ 1 ʊʣ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. 

ʄʘʢʩʠʤʘʣʴʥʘʷ ʧʦʛʨʝʰʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ ʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ ʝʜʠʥʠʮʳ ʤʘʩʩʳ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ 

ȹM = ŭʉʆ + ŭʀʋ,                                                        (4) 

ʛʜʝ ŭʉʆ ï ʧʦʛʨʝʰʥʦʩʪʴ ʘʪʪʝʩʪʘʮʠʠ ʵʪʘʣʦʥʥʦʛʦ ʦʙʨʘʟʮʘ, ʘ ŭʀʋ ï ʧʦʛʨʝʰʥʦʩʪʴ 

ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ. ɺ ʩʚʷʟʠ ʩ ʦʪʩʫʪʩʪʚʠʝʤ ʘʪʪʝʩʪʦʚʘʥʥʳʭ ʩʪʘʥʜʘʨʪʥʳʭ ʦʙʨʘʟʮʦʚ 

ʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ, ʧʦʛʨʝʰʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ ʦʮʝʥʠʚʘʝʪʩʷ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʵʪʘʣʦʥʥʦʤʫ 

ʦʙʨʘʟʮʫ ʠ ʥʝ ʧʨʝʚʳʰʘʝʪ 1,5 %.  

ʊʦʯʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ ʧʝʨʝʤʘʛʥʠʯʠʚʘʶʱʝʛʦ ʧʦʣʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚ ʦʩʥʦʚʥʦʤ 

ʧʘʨʘʤʝʪʨʘʤʠ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʍʦʣʣʘ ʠ ʥʝ ʧʨʝʚʳʰʘʝʪ 2,5 %. 

ʋʩʪʘʥʦʚʢʘ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʚʝʣʠʯʠʥ rʫʜʝʣʴʥʦʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ. 

ʊʝʤʧʝʨʘʪʫʨʥʘʷ ʧʨʠʩʪʘʚʢʘ ʢ ʚʠʙʨʘʮʠʦʥʥʦʤʫ ʤʘʛʥʠʪʦʤʝʪʨʫ ʧʦʟʚʦʣʷʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴ 

ʤʘʛʥʠʪʥʳʝ ʠʟʤʝʨʝʥʠʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʦʪ -190ʦʉ ʜʦ 750ʦʉ. ʂʦʥʩʪʨʫʢʪʠʚʥʦ ʧʨʠʩʪʘʚʢʘ 

ʷʚʣʷʝʪʩʷ ʧʝʯʴʶ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʦʩʥʘʱʝʥʥʦʡ ʚʦʟʜʫʰʥʦʡ ʨʫʙʘʰʢʦʡ, ʧʨʝʜʦʪʚʨʘʱʘʶʱʝʡ ʦʪ 

ʧʝʨʝʛʨʝʚʘ ʧʦʣʶʩʘ ʵʣʝʢʪʨʦʤʘʛʥʠʪʘ ʠ ʜʘʪʯʠʢʘ ʍʦʣʣʘ. ɺʥʫʪʨʠ ʛʝʨʤʝʪʠʯʥʦʡ ʪʨʫʙʢʠ ʠʟ 

ʣʘʪʫʥʠ ʨʘʟʤʝʱʝʥʘ ʣʘʪʫʥʥʘʷ ʪʨʫʙʢʘ ʤʝʥʴʰʝʛʦ ʜʠʘʤʝʪʨʘ ʩ ʙʠʬʠʣʷʨʥʦ ʥʘʤʦʪʘʥʥʦʡ 

ʥʠʭʨʦʤʦʚʦʡ ʧʨʦʚʦʣʦʢʦʡ. ʀʩʩʣʝʜʫʝʤʳʡ ʦʙʨʘʟʝʮ, ʟʘʢʨʝʧʣʝʥʥʳʡ ʥʘ ʰʪʦʢʝ, ʚʦ ʚʨʝʤʷ 

ʠʟʤʝʨʝʥʠʡ ʥʘʭʦʜʠʪʩʷ ʚ ʮʝʥʪʨʝ ʥʘʛʨʝʚʘʪʝʣʷ. ʀʟʤʝʨʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʦʠʟʚʦʜʠʪʩʷ ʩ 

ʧʦʤʦʱʴʶ ʭʨʦʤʝʣʴ-ʘʣʶʤʝʣʝʚʦʡ ʪʝʨʤʦʧʘʨʳ [B2]. ʅʘʛʨʝʚ ʦʙʨʘʟʮʘ ʧʨʦʠʩʭʦʜʠʪ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʧʨʦʧʫʩʢʘʥʠʷ ʯʝʨʝʟ ʥʘʛʨʝʚʘʪʝʣʴ ʧʦʩʪʦʷʥʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ, ʩʦʟʜʘʚʘʝʤʦʛʦ 

ʠʩʪʦʯʥʠʢʦʤ ʧʠʪʘʥʠʷ ɸʢʠʧ-1118. ɿʥʘʯʝʥʠʝ ʚʳʭʦʜʥʦʛʦ ʪʦʢʘ ʠʩʪʦʯʥʠʢʘ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ 

ʇʀɼ-ʨʝʛʫʣʷʪʦʨʦʤ, ʨʝʘʣʠʟʦʚʘʥʥʳʤ ʚ ʢʦʜʝ ʦʩʥʦʚʥʦʡ ʫʧʨʘʚʣʷʶʱʝʡ ʧʨʦʛʨʘʤʤʳ. 

ʅʘ ʫʩʪʘʥʦʚʢʝ ʪʘʢʞʝ ʨʝʘʣʠʟʦʚʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʚʦʜʠʪʴ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʝ ʪʦʣʴʢʦ ʚ ʘʪʤʦʩʬʝʨʝ ʚʦʟʜʫʭʘ, ʥʦ ʠ ʜʠʥʘʤʠʯʝʩʢʦʡ ʘʪʤʦʩʬʝʨʝ ʘʨʛʦʥʘ. ɼʣʷ 

ʵʪʦ ʠʤʝʝʪʩʷ ʩʠʩʪʝʤʘ, ʩʦʩʪʦʷʱʘʷ ʠʟ ʙʘʣʣʦʥʘ ʩ ʘʨʛʦʥʦʤ, ʨʝʜʫʢʪʦʨʘ, ʢʣʘʧʘʥʦʚ ʠ ʨʦʪʘʤʝʪʨʘ, 

ʧʦʟʚʦʣʷʶʱʘʷ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʧʦʪʦʢ ʧʨʦʜʫʚʘʝʤʦʛʦ ʛʘʟʘ. 

ʐʪʦʢ ʚʠʙʨʘʮʠʦʥʥʦʛʦ ʤʘʛʥʠʪʦʤʝʪʨʘ, ʢ ʢʦʪʦʨʦʤʫ ʢʨʝʧʠʣʠʩʴ ʠʩʩʣʝʜʫʝʤʳʝ ʦʙʨʘʟʮʳ, 

ʧʨʝʜʩʪʘʚʣʷʣ ʩʦʙʦʡ ʨʘʟʙʦʨʥʫʶ ʢʦʥʩʪʨʫʢʮʠʶ, ʩʦʩʪʦʷʱʫʶ ʠʟ ʢʘʨʙʦʥʦʚʦʡ ʪʨʫʙʢʠ 4 ʤʤ ʩ 

ʥʘʧʨʘʚʣʷʶʱʠʤʠ ï ʚʝʨʭʥʷʷ ʯʘʩʪʴ ʠ ʢʚʘʨʮʝʚʦʡ ʪʨʫʙʢʠ ʜʠʘʤʝʪʨʦʤ 4,9 ʤʤ ï ʥʠʞʥʷʷ ʯʘʩʪʴ. 
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ʀʟʤʝʨʷʝʤʳʝ ʦʙʨʘʟʮʳ ʠʤʝʣʠ ʬʦʨʤʫ ʢʘʢ ʩʬʝʨ,r ʜʣʷ ʢʦʪʦʨʦʡ ʠʟʚʝʩʪʝʥ 

ʨʘʟʤʘʛʥʠʯʠʚʘʶʱʠʡ ʬʘʢʪʦʨ N = 0,33, ʪʘʢ ʠ ʰʘʨʦʚʦʛʦ ʩʝʛʤʝʥʪʘ.  

ʇʝʨʝʜ ʠʟʤʝʨʝʥʠʷʤʠ ʧʦʣʥʳʭ ʧʝʪʝʣʴ ʛʠʩʪʝʨʝʟʠʩʘ ʦʙʨʘʟʮʳ ʥʘʤʘʛʥʠʯʠʚʘʣʠʩʴ ʚ 

ʠʤʧʫʣʴʩʥʦʤ ʧʦʣʝ ʜʦ 8 ʊʣ. ʆʨʠʝʥʪʘʮʠʷ ʦʙʨʘʟʮʦʚ ʚʜʦʣʴ ʦʩʠ ʣʝʛʢʦʛʦ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ 

ʧʨʦʚʦʜʠʣʘʩʴ ʚ ʜʚʘ ʵʪʘʧʘ. ʉʥʘʯʘʣʘ ʦʙʨʘʟʮʳ ʫʩʪʘʥʘʚʣʠʚʘʣʠ ʥʘ ʢʚʘʨʮʝʚʳʡ ʠʟʤʝʨʠʪʝʣʴʥʳʡ 

ʰʪʦʢ ʠ ʦʨʠʝʥʪʠʨʦʚʘʣʠ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ, ʩʦʟʜʘʚʘʝʤʦʤ ʜʚʫʤʷ ʧʦʩʪʦʷʥʥʳʤʠ ʤʘʛʥʠʪʘʤʠ ʠ 

ʧʦʚʪʦʨʷʶʱʝʛʦ ʢʦʥʬʠʛʫʨʘʮʠʶ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʘ. ʌʠʢʩʘʮʠʷ ʦʙʨʘʟʮʦʚ ʥʘ 

ʰʪʦʢʝ ʧʨʦʠʩʭʦʜʠʣʘ ʩ ʧʦʤʦʱʴʶ ʧʠʮʝʠʥʘ ʜʣʷ ʠʟʤʝʨʝʥʠʡ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʠ 

ʩʠʣʠʢʦʥʦʚʦʛʦ ʢʣʝʷ ʜʣʷ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʠʟʤʝʨʝʥʠʡ. ʇʦʩʣʝ ʪʦʛʦ, ʢʘʢ ʰʪʦʢ ʩ 

ʦʙʨʘʟʮʦʤ ʫʩʪʘʥʘʚʣʠʚʘʣʩʷ ʚ ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʠʡ ʚʠʙʨʘʪʦʨ, ʩ ʧʦʤʦʱʴʶ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ 

ʩʠʩʪʝʤʳ ʚʳʧʦʣʥʷʣʘʩʴ ʦʨʠʝʥʪʘʮʠʷ ʦʙʨʘʟʮʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʤʘʢʩʠʤʘʣʴʥʳʤ/ʤʠʥʠʤʘʣʴʥʳʤ 

ʟʥʘʯʝʥʠʝʤ ʩʠʛʥʘʣʘ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʩ ʪʦʯʥʦʩʪʴʶ 0,1o.  

ʈʝʛʠʩʪʨʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʷ ʥʘ ʫʩʪʘʥʦʚʢʝ ʧʨʦʠʩʭʦʜʠʣʘ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʩ 

ʧʦʤʦʱʴʶ ʩʧʝʮʠʘʣʴʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ. ʀʥʪʝʨʬʝʡʩ ʧʨʦʛʨʘʤʤʳ ʧʨʝʜʩʪʘʚʣʝʥ 

ʥʘ ʨʠʩʫʥʢʝ 2.9.  

 

 

ʈʠʩʫʥʦʢ 2.9 - ʀʥʪʝʨʬʝʡʩ ʧʨʦʛʨʘʤʤʳ ʜʣʷ ʫʩʪʘʥʦʚʢʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ 
ʚʠʙʨʘʮʠʦʥʥʦʛʦ ʤʘʛʥʠʪʦʤʝʪʨʘ. 
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ʇʨʦʛʨʘʤʤʘ ʨʘʟʨʘʙʦʪʘʥʘ ʚ ʩʨʝʜʝ Microsoft Visual Studio ʥʘ ʷʟʳʢʝ ʉ#. ɼʣʷ 

ʨʝʘʣʠʟʘʮʠʠ ʧʦʣʥʦʩʪʴʶ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʠʟʤʝʨʝʥʠʷ ʚ ʧʨʦʛʨʘʤʤʥʦ-

ʘʧʧʘʨʘʪʥʦʤ ʢʦʤʧʣʝʢʩʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʠʥʪʝʨʬʝʡʩʳ GPIB (IEEE-488) ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ 

ʩʝʣʝʢʪʠʚʥʳʤʠ ʥʘʥʦʚʦʣʴʪʤʝʪʨʘʤʠ SR830 ʠ ʚʦʣʴʪʤʝʪʨʦʤ ɸʢʠʧ ɺ7-78/1, ʠʥʪʝʨʬʝʡʩ RS-232 

ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʠʩʪʦʯʥʠʢʦʤ ʧʠʪʘʥʠʷ ɸʢʠʧ 1118, ʚʳʩʦʢʦʤʦʱʥʳʤ ʠʩʪʦʯʥʠʢʦʤ SGI 250/40, 

ʢʦʥʪʨʦʣʣʝʨʘʤʠ Arduino UNO ʠ NANO, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʨʘʙʦʪʫ ʵʣʝʢʪʨʦʥʥʳʭ ʨʝʣʝ ʠ 

ʰʘʛʦʚʦʛʦ ʜʚʠʛʘʪʝʣʷ, ʠʥʪʝʨʬʝʡʩ RS-485 ʜʣʷ ʨʝʛʠʩʪʨʘʮʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʩʨʝʜʩʪʚʦʤ 

ʪʝʨʤʦʨʝʛʫʣʷʪʦʨʘ ʊʈʄ 210 ʆɺɽʅ. 

ʈʘʟʨʘʙʦʪʘʥʥʦʝ ʇʆ ʧʦʟʚʦʣʠʣʦ ʚʳʧʦʣʥʷʪʴ ʚ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ ʩʣʝʜʫʶʱʠʝ 

ʠʟʤʝʨʝʥʠʷ: 

1) ʊʝʤʧʝʨʘʪʫʨʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʫʜʝʣʴʥʦʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ:  

ʇʘʨʘʤʝʪʨʳ ʠʟʤʝʨʝʥʠʷ: ʥʘʯʘʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ, ʢʦʥʝʯʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ, 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʧʦʩʪʦʷʥʥʳʭ ʧʦʣʝʡ ʜʣʷ ʠʟʤʝʨʝʥʠʡ, ʩʢʦʨʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ, 

ʩʢʦʨʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ɺʦʟʤʦʞʥʦʩʪʴ ʠʟʤʝʨʝʥʠʡ ʚ ʮʠʢʣʠʯʝʩʢʦʤ ʨʝʞʠʤʝ 

(ʥʘʛʨʝʚ-ʦʭʣʘʞʜʝʥʠʝ); 

2) ʇʦʣʝʚʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʫʜʝʣʴʥʦʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ: 

ʇʘʨʘʤʝʪʨʳ ʠʟʤʝʨʝʥʠʷ: ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ (ʩʝʢʚʝʥʮʠʷ) ʟʥʘʯʝʥʠʡ ʤʘʛʥʠʪʥʳʭ 

ʧʦʣʝʡ, ʢʦʪʦʨʦʝ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʣʦʞʠʪʴ ʢ ʦʙʨʘʟʮʫ ʚ ʧʨʦʮʝʩʩʝ ʠʟʤʝʨʝʥʠʡ, ʪʝʤʧʝʨʘʪʫʨʳ 

ʠʟʤʝʨʝʥʠʡ, ʫʛʣʳ ʧʦʚʦʨʦʪʘ ʦʙʨʘʟʮʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʘʧʨʘʚʣʝʥʠʷ ʚʥʝʰʥʝʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, 

ʩʢʦʨʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ, ʩʢʦʨʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ɼʘʥʥʳʡ ʨʝʞʠʤ 

ʧʦʟʚʦʣʷʣ ʠʟʤʝʨʷʪʴ ʢʨʠʚʳʝ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ, ʧʦʣʥʳʝ ʠ ʯʘʩʪʥʳʝ ʧʝʣʠ ʛʠʩʪʝʨʝʟʠʩʘ, ʘ ʪʘʢʞʝ 

ʧʨʦʚʦʜʠʪʴ ʨʘʟʤʘʛʥʠʯʠʚʘʥʠʝ ʦʙʨʘʟʮʘ ʦʙʨʘʪʥʳʤ ʧʦʣʝʤ (ʈʆʇ), ʧʨʠ ʢʦʪʦʨʦʤ  ʦʙʨʘʟʝʮ 

ʩʥʘʯʘʣʘ ʥʘʤʘʛʥʠʯʠʚʘʣʩʷ ʚʜʦʣʴ ʆʃʅ ʜʦ ʥʘʩʳʱʝʥʠʷ, ʟʘʪʝʤ ʧʦʣʝ ʫʤʝʥʴʰʘʣʦʩʴ ʜʦ ʥʫʣʷ ʠ 

ʫʚʝʣʠʯʠʚʘʣʦʩʴ ʚ ʧʨʦʪʠʚʦʧʦʣʦʞʥʫʶ ʩʪʦʨʦʥʫ ʜʦ ʚʝʣʠʯʠʥʳ ʥʝʤʥʦʛʦ ʙʦʣʴʰʝʡ ʢʦʵʨʮʠʪʠʚʥʦʡ 

ʩʠʣʳ, ʪʘʢʦʡ ʯʪʦʙʳ ʧʦʩʣʝ ʩʥʷʪʠʷ ʧʦʣʷ ʦʙʨʘʟʝʮ ʧʨʠʭʦʜʠʣ ʚ ʧʦʣʥʦʩʪʴʶ ʨʘʟʤʘʛʥʠʯʝʥʥʦʝ 

ʩʦʩʪʦʷʥʠʝ ʩ I = 0. ɺʦʟʤʦʞʥʦʩʪʴ ʟʘʜʘʥʠʷ ʫʛʣʘ ʦʨʠʝʥʪʘʮʠʠ ʦʙʨʘʟʮʘ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʥʘʧʨʘʚʣʝʥʠʷ ʧʦʣʷ ʧʦʟʚʦʣʷʣʦ ʠʟʤʝʨʷʪʴ ʫʛʣʦʚʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʢʦʵʨʮʠʪʠʚʥʦʡ ʩʠʣʳ. 

3) ʈʘʟʤʘʛʥʠʯʠʚʘʥʠʝ ʟʥʘʢʦʧʝʨʝʤʝʥʥʳʤ ʫʙʳʚʘʶʱʠʤ ʧʦ ʚʝʣʠʯʠʥʝ ʧʦʣʝʤ (ʈʇʇ): 

ʇʘʨʘʤʝʪʨʳ ʠʟʤʝʨʝʥʠʷ: ʤʘʢʩʠʤʘʣʴʥʦʝ ʥʘʤʘʛʥʠʯʠʚʘʶʱʝʝ ʧʦʣʝ, ʰʘʛ ʫʤʝʥʴʰʝʥʠʷ 

ʥʘʤʘʛʥʠʯʠʚʘʶʱʠʭ ʧʦʣʝʡ, ʪʝʤʧʝʨʘʪʫʨʳ ʠʟʤʝʨʝʥʠʡ, ʩʢʦʨʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ, 

ʩʢʦʨʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ.  
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ɺ ʜʘʥʥʦʤ ʨʝʞʠʤʝ ʦʙʨʘʟʝʮ ʩʥʘʯʘʣʘ ʥʘʤʘʛʥʠʯʠʚʘʣʩʷ ʚʜʦʣʴ ʆʃʅ ʜʦ ʥʘʩʳʱʝʥʠʷ ʚ 

ʤʘʢʩʠʤʘʣʴʥʦʤ ʟʘʜʘʚʘʝʤʦʤ ʧʦʣʝ, ʟʘʪʝʤ ʧʝʨʝʤʘʛʥʠʯʠʚʘʣʩʷ ʚ ʦʪʨʠʮʘʪʝʣʴʥʦʤ ʧʦʣʝ ʧʦ 

ʚʝʣʠʯʠʥʝ ʤʝʥʴʰʝʡ ʥʘ ʟʘʜʘʥʥʳʡ ʰʘʛ ʦʪ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʧʦʣʷ ʠ ʪ.ʜ. ʇʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚ 

ʤʘʣʳʭ ʧʦʣʷʭ ʠʥʪʝʨʚʘʣ ʠʟʤʝʥʝʥʠʷ ʧʦʣʷ ʩʦʢʨʘʱʘʣʩʷ ʜʦ 0,05 ʊʣ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʙʨʘʟʝʮ 

ʧʨʠʭʦʜʠʣ ʚ ʧʦʣʥʦʩʪʴʶ ʨʘʟʤʘʛʥʠʯʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʩ s = 0. 

4) ʀʩʩʣʝʜʦʚʘʥʠʝ ʤʘʛʥʠʪʥʦʛʦ ʧʦʩʣʝʜʝʡʩʪʚʠʷ: 

ʇʘʨʘʤʝʪʨʳ ʠʟʤʝʨʝʥʠʷ: ʤʘʢʩʠʤʘʣʴʥʦʝ ʥʘʤʘʛʥʠʯʠʚʘʶʱʝʝ ʧʦʣʝ, ʢʦʵʨʮʠʪʠʚʥʘʷ ʩʠʣʘ 

ʦʙʨʘʟʮʘ, ʰʘʛ ʧʦ ʧʦʣʶ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʛʦ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ 16 ʟʥʘʯʝʥʠʡ ʧʦʣʝʡ (8 

ʟʥʘʯʝʥʠʡ ʤʝʥʴʰʝ ʅʩ ʠ 8 ʟʥʘʯʝʥʠʡ ʙʦʣʴʰʝ ʅʩ), ʚ ʢʦʪʦʨʳʭ ʧʨʦʭʦʜʠʣʠ ʠʟʤʝʨʝʥʠʷ ʚʨʝʤʝʥʥʳʭ 

ʟʘʚʠʩʠʤʦʩʪʝʡ ʫʜʝʣʴʥʳʭ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʝʡ, ʚʨʝʤʷ ʦʞʠʜʘʥʠʷ ʧʨʠ ʢʘʞʜʦʤ ʧʦʣʝ, ʩʢʦʨʦʩʪʴ 

ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ, ʩʢʦʨʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ʇʦʤʠʤʦ ʵʪʦʛʦ, ʜʘʥʥʳʡ 

ʨʝʞʠʤ ʧʦʟʚʦʣʷʣ ʧʨʦʚʦʜʠʪʴ ʠʟʤʝʨʝʥʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʩʣʝʜʝʡʩʪʚʠʷ ʧʨʠ ʚʨʘʱʝʥʠʠ ʦʙʨʘʟʮʘ 

ʥʘ ʟʘʜʘʥʥʳʡ ʫʛʦʣ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʘʧʨʘʚʣʝʥʠʷ ʚʥʝʰʥʝʛʦ ʧʦʣʷ. ɼʣʷ ʵʪʦʛʦ ʧʦʣʴʟʦʚʘʪʝʣʴ ʤʦʛ 

ʟʘʜʘʪʴ ʚʨʝʤʷ, ʧʦʩʣʝ ʢʦʪʦʨʦʛʦ ʥʘʯʠʥʘʣʦʩʴ ʚʨʘʱʝʥʠʝ ʦʙʨʘʟʮʘ, ʘ ʪʘʢʞʝ ʫʛʦʣ ʚʨʘʱʝʥʠʷ. 

5) ʄʝʪʦʜ ʧʦʚʳʰʝʥʥʦʡ ʪʦʯʥʦʩʪʠ: 

ɼʣʷ ʙʦʣʝʝ ʜʝʪʘʣʴʥʳʭ ʠ ʪʦʯʥʳʭ ʠʟʤʝʨʝʥʠʡ ʨʘʟʨʘʙʦʪʘʥ ʨʝʞʠʤ, ʚ ʢʦʪʦʨʦʤ 

ʧʦʣʴʟʦʚʘʪʝʣʴ ʤʦʞʝʪ ʟʘʜʘʪʴ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʧʦʣʝʡ ʠʟʤʝʨʝʥʠʡ ʫʜʝʣʴʥʦʡ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʠ ʢʦʣʠʯʝʩʪʚʦ ʪʦʯʝʢ ʚʳʙʦʨʢʠ, ʧʦʩʣʝ ʠʟʤʝʨʝʥʠʡ ʢʦʪʦʨʳʭ ʧʨʦʠʩʭʦʜʠʪ 

ʫʩʨʝʜʥʝʥʠʝ ʠʟʤʝʨʝʥʥʦʡ ʚʝʣʠʯʠʥʳ.  

ʇʘʨʘʤʝʪʨʳ ʠʟʤʝʨʝʥʠʷ: ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ (ʩʝʢʚʝʥʮʠʷ) ʟʥʘʯʝʥʠʡ ʤʘʛʥʠʪʥʳʭ 

ʧʦʣʝʡ, ʢʦʪʦʨʦʝ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʣʦʞʠʪʴ ʢ ʦʙʨʘʟʮʫ ʚ ʧʨʦʮʝʩʩʝ ʠʟʤʝʨʝʥʠʡ, ʢʦʣʠʯʝʩʪʚʦ 

ʠʟʤʝʨʝʥʠʡ ʫʜʝʣʴʥʦʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʧʨʠ ʢʘʞʜʦʤ ʟʥʘʯʝʥʠʠ ʧʦʣʷ, ʨʘʩʩʯʠʪʳʚʘʝʤʳʭ ʚ 

ʧʨʝʜʝʣʘʭ ʤʠʥʠʤʘʣʴʥʦʛʦ ʠ ʤʘʢʩʠʤʘʣʴʥʳʭ ʧʦʣʝʡ ʪʝʤʧʝʨʘʪʫʨʳ ʠʟʤʝʨʝʥʠʡ ʩ ʟʘʜʘʥʥʳʤ 

ʰʘʛʦʤ, ʩʢʦʨʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ, ʩʢʦʨʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. 

6) ʋʛʣʦʚʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ: 

ʇʘʨʘʤʝʪʨʳ ʠʟʤʝʨʝʥʠʷ: ʧʦʣʝ, ʚ ʢʦʪʦʨʦʤ ʩʥʠʤʘʝʪʩʷ ʫʛʣʦʚʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʫʜʝʣʴʥʦʡ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ, ʫʛʦʣ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʧʦʧʦʨʦʪʘ ʛʦʣʦʚʳ ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ 

ʚʠʙʨʘʪʦʨʘ, ʰʘʛ ʠʟʤʝʥʝʥʠʷ ʫʛʣʘ.  

7) ɺʳʩʦʢʦʧʦʣʝʚʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ: 

ɼʣʷ ʠʟʤʝʨʝʥʠʡ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʧʝʪʝʣʴ ʛʠʩʪʝʨʝʟʠʩʘ 

ʚʳʩʦʢʦʢʦʵʨʮʠʪʠʚʥʳʭ ʦʙʨʘʟʮʦʚ ʩ ʢʦʵʨʮʠʪʠʚʥʦʡ ʩʠʣʦʡ ʙʦʣʝʝ 2,5 ʊʣ ʤʝʞʧʦʣʶʩʥʦʝ 

ʧʨʦʩʪʨʘʥʩʪʚʦ ʵʣʝʢʪʨʦʤʘʛʥʠʪʘ ʫʤʝʥʴʰʘʣʦʩʴ ʜʦ 7 ʤʤ. ʕʪʦ ʧʦʟʚʦʣʷʣʦ ʧʨʠ ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʤ 

ʧʨʦʧʫʩʢʘʥʠʠ ʯʝʨʝʟ ʦʙʤʦʪʢʠ ʥʘʤʘʛʥʠʯʠʚʘʶʱʠʭ ʢʘʪʫʰʝʢ ʪʦʢʘ 35 ɸ ʜʦʩʪʠʛʘʪʴ ʧʦʣʝʡ ʜʦ 4 

ʊʣ.  
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3. ʇʈʆʎɽʉʉʓ ʇɽʈɽʄɸɻʅʀʏʀɺɸʅʀʗ ʉʇʃɸɺʆɺ 

(R,Zr )(Co,Cu,Fe)z (R=Sm, Gd) 

3.1. ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʠ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʩʧʣʘʚʦʚ (R,Zr)(Co,Cu,Fe)z  

ɺʝʣʠʯʠʥʘ ʠ ʪʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʢʦʵʨʮʠʪʠʚʥʦʡ ʩʠʣʳ ʩʧʣʘʚʦʚ ʪʠʧʘ 

(R,Zr)(Co,Cu,Fe)z ʦʧʨʝʜʝʣʷʝʪʩʷ ʤʠʢʨʦʩʪʨʫʢʪʫʨʦʡ ʠ ʵʣʝʤʝʥʪʥʳʤ ʩʦʩʪʘʚʦʤ ʬʘʟ, 

ʦʙʨʘʟʫʶʱʠʭʩʷ ʚ ʭʦʜʝ ʩʝʨʠʠ ʪʝʨʤʦʦʙʨʘʙʦʪʦʢ (ʊʆ). ʄʥʦʛʦʩʪʫʧʝʥʯʘʪʳʡ ʧʨʦʮʝʩʩ 

ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ ʧʨʠʚʦʜʠʪ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʚ ʩʪʨʫʢʪʫʨʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʩʧʣʘʚʘ 

çʷʯʝʠʩʪʦʡè ʥʘʥʦʩʪʨʫʢʪʫʨʳ, ʢʦʪʦʨʘʷ ʦʪʚʝʯʘʝʪ ʟʘ ʚʳʩʦʢʫʶ ʢʦʵʨʮʠʪʠʚʥʫʶ ʩʠʣʫ ʠ ʤʝʭʘʥʠʟʤ 

ʢʦʨɻʮʠʪʠʚʥʦʩʪʠ, ʢʦʪʦʨʳʡ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʩʚʷʟʘʥ ʩ ʧʨʦʮʝʩʩʦʤ ʟʘʜʝʨʞʢʠ ʩʤʝʱʝʥʠʷ 

ʜʦʤʝʥʥʳʭ ʛʨʘʥʠʮ ʥʘ ʩʪʨʫʢʪʫʨʥʳʭ ʥʝʦʜʥʦʨʦʜʥʦʩʪʷʭ. ɻʦʤʦʛʝʥʠʟʠʨʦʚʘʥʥʳʡ ʦʙʨʘʟʝʮ ʧʦʩʣʝ 

ʥʘʛʨʝʚʘ ʜʦ 1180ʦʉ ʠ ʧʨʦʮʝʩʩʘ ʟʘʢʘʣʢʠ ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʚ ʥʝʫʧʦʨʷʜʦʯʝʥʥʫʶ ʬʘʟʫ 1:5, 

ʢʦʪʦʨʫʶ ʦʙʳʯʥʦ ʠʜʝʥʪʠʬʠʮʠʨʫʶʪ ʢʘʢ ʤʝʪʘʩʪʘʙʠʣʴʥʫʶ ʬʘʟʫ ʪʠʧʘ TbCu7 (ʠʣʠ 1:7). 

ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʧʨʠʩʫʪʩʪʚʠʝ ʚ ʛʦʤʦʛʝʥʠʟʠʨʦʚʘʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʩʠʣʴʥʦ 

ʧʝʨʝʩʳʱʝʥʥʦʛʦ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ ʙʣʘʛʦʧʨʠʷʪʥʦ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʚʳʩʦʢʦʡ ʅc. ʅʝʦʙʭʦʜʠʤʦ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʩʣʫʯʘʝ ʛʝʪʝʨʦʛʝʥʥʦʛʦ ʩʧʣʘʚʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʩʦʩʪʘʚʘ ʦʧʪʠʤʘʣʴʥʘʷ 

ʛʦʤʦʛʝʥʠʟʘʮʠʷ ʧʨʠʚʦʜʠʪ ʢ ʦʜʥʦʨʦʜʥʦʤʫ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʵʣʝʤʝʥʪʦʚ ʪʦʣʴʢʦ ʚʥʫʪʨʠ 

ʬʘʟʦʚʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ, ʯʪʦ ʚ ʜʘʣʴʥʝʡʰʝʤ ʠ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʚʝʩʪʠ ʨʘʩʧʘʜ 

ʧʝʨʝʩʳʱʝʥʥʳʭ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ, ʪʦ ʝʩʪʴ ʤʘʛʥʠʪʥʦʝ ʪʚʝʨʜʝʥʠʝ ʢʘʞʜʦʡ ʠʭ 

ʩʦʩʪʘʚʣʷʶʱʠʭ. ɺ ʧʨʦʮʝʩʩʝ ʚʪʦʨʦʛʦ ʵʪʘʧʘ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ (ʠʟʦʪʝʨʤʠʯʝʩʢʠʡ ʦʪʞʠʛ 

ʧʨʠ 800-850ʦʉ) ʚ ʩʧʣʘʚʘʭ ʧʨʦʠʩʭʦʜʠʪ ʨʘʩʧʘʜ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ ʠ ʬʦʨʤʠʨʫʝʪʩʷ ʩʣʦʞʥʘʷ 

ʩʪʨʫʢʪʫʨʘ ʬʘʟ - ʬʘʟʘ 1:7 ʨʘʟʜʝʣʷʝʪʩʷ ʥʘ ʜʚʝ ʩʦʩʪʘʚʣʷʶʱʠʭ ʧʦʩʣʝ ʜʠʩʧʝʨʩʠʦʥʥʦʛʦ-

ʪʚʝʨʜʝʥʠʷ, ʪ.ʝ. ʬʘʟʦʚʫʶ ʩʦʩʪʘʚʣʷʶʱʫʶ 1:5 ʩʦ ʩʪʨʫʢʪʫʨʦʡ CaCu5 (ɸ) ʠ ʬʘʟʦʚʫʶ 

ʩʦʩʪʘʚʣʷʶʱʫʶ 2:17R ʩʦ ʩʪʨʫʢʪʫʨʦʡ Th2Zn17 (ɺ). ɼʦʧʦʣʥʠʪʝʣʴʥʦʡ ʩʪʨʫʢʪʫʨʥʦʡ 

ʩʦʩʪʘʚʣʷʶʱʝʡ ʚ ʣʠʪʳʭ ʠ ʛʦʤʦʛʝʥʠʟʠʨʦʚʘʥʥʳʭ ʦʙʨʘʟʮʘʭ ʩʧʣʘʚʦʚ ʷʚʣʷʝʪʩʷ ʦʙʦʛʘʱʝʥʥʘʷ Zr 

ʛʝʢʩʘʛʦʥʘʣʴʥʘʷ çʧʣʘʩʪʠʥʯʘʪʘʷè ʬʘʟʘ (ʣʘʤʝʣʠ) (ʉ). çʗʯʝʠʩʪʘʷè ʥʘʥʦʩʪʨʫʢʪʫʨʘ B 2:17 

ʦʙʨʘʟʫʝʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʩʧʘʜʘ ʠʟ ʬʘʟʳ 1:7. ʊʘʢ ʢʘʢ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʤʝʜʠ ʚ ʬʘʟʝ 2:17 ʧʨʠ 

800ʦʉ ʤʘʣʘ (4%), ʘ ʚ ʬʘʟʝ 1:5 ʤʘʢʩʠʤʘʣʴʥʘ ʧʨʠ ʵʪʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ (35%), ʪʦ ʚ ʧʨʦʮʝʩʩʝ 

ʨʘʩʧʘʜʘ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ ʧʨʠ 850ʦʉ ʧʦʯʪʠ ʚʩʷ ʤʝʜʴ ʩʦʙʝʨʝʪʩʷ ʚ ʚʳʜʝʣʝʥʠʷʭ ʬʘʟʳ 1:5. 

ɺʘʞʥʳʤ ʘʩʧʝʢʪʦʤ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʩʪʨʫʢʪʫʨʳ ʬʘʟ ʪʠʧʘ 1:7 ʠ 1:5 ʠʤʝʶʪ ʦʜʠʥʘʢʦʚʫʶ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ ʛʨʫʧʧʫ P6/mmm. ʇʨʠ ʤʝʜʣʝʥʥʦʤ ʦʭʣʘʞʜʝʥʠʠ ʦʪ 800Áʉ ʜʦ 400Áʉ ï 

ʪʨʝʪʠʡ ʵʪʘʧ ʊʆ ï ʚʳʜʝʣʝʥʠʷ ʤʦʛʫʪ ʦʢʘʟʘʪʴʩʷ ʧʨʝʩʳʱʝʥʥʳʤʠ ʤʝʜʴʶ ʠ ʘʪʦʤʳ ʤʝʜʠ ʙʫʜʫʪ 
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ʜʠʬʬʫʥʜʠʨʦʚʘʪʴ ʥʘ ʛʨʘʥʠʮʳ ʬʘʟ 1:5 ʠ 2:17, ʛʜʝ ʦʙʨʘʟʫʶʪʩʷ ʧʨʦʩʣʦʡʢʠ, ʦʙʦʛʘʱʝʥʥʳʝ 

ʤʝʜʴʶ ʪʦʣʱʠʥʦʡ ʨʘʟʤʝʨʦʤ 5-10 ʥʤ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ çʷʯʝʠʩʪʘʷè ʠ çʧʣʘʩʪʠʥʯʘʪʘʷè ʬʘʟʳ ʦʙʨʘʟʫʶʪʩ ̫ʚ ʧʨʦʮʝʩʩʝ ʧʝʨʚʳʭ 

ʜʚʫʭ ʵʪʘʧʦʚ ʊʆ, ʥʦ ʠʤʝʥʥʦ ʧʨʠ ʤʝʜʣʝʥʥʦʤ ʦʭʣʘʞʜʝʥʠʠ ʦʪ 800Áʉ ʜʦ 400Áʉ ʧʨʦʠʩʭʦʜʠʪ 

ʜʠʬʬʫʟʠʷ ʤʝʜʠ ʚ ʬʘʟʫ ʪʠʧʘ 1:5 ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ç̫ ʯʝʝʢè. ʉʯʠʪʘʝʪʩʷ, ʯʪʦ ʉ 

ʩʪʘʙʠʣʠʟʠʨʫʝʪ ç̫ ʯʝʠʩʪʫʶè ʥʘʥʦʩʪʨʫʢʪʫʨʫ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʫʪʠ ʜʠʬʬʫʟʠʠ Cu, Fe ʠ Co, 

ʪʝʤ ʩʘʤʳʤ ʠʟʤʝʥʷʷ ʢʠʥʝʪʠʢʫ ʬʘʟʦʚʦʛʦ ʫʧʦʨʷʜʦʯʝʥʠʷ [13, 77]. ɻʨʘʜʠʝʥʪ ʩʦʜʝʨʞʘʥʠʷ ʤʝʜʠ 

ʧʦ ʛʨʘʥʠʮʘʤ ʷʯʝʝʢ ʦʙʫʩʣʦʚʣʝʥ ʥʘʣʠʯʠʝʤ ʧʣʘʩʪʠʥʦʢ (ʣʘʤʝʣʝʡ), ʦʙʦʛʘʱʝʥʥʳʭ Zr, ʠ 

ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ ʛʨʘʥʠʯʥʦʡ ʬʘʟʳ, ʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʢ 

ʩʫʱʝʩʪʚʝʥʥʦʡ ʨʘʟʥʠʮʝ ʵʥʝʨʛʠʡ ʜʦʤʝʥʥʳʭ ʛʨʘʥʠʮ ʤʝʞʜʫ ʬʘʟʘʤʠ ʪʠʧʘ 2:17 ʠ 1:5. ʇʨʠ 

ʧʝʨʝʤʘʛʥʠʯʠʚʘʥʠʠ ʦʧʠʩʘʥʥʘʷ ʛʝʪʝʨʦʛʝʥʥʘʷ ʥʘʥʦʩʪʨʫʢʪʫʨʘ ʩʧʣʘʚʘ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʵʬʬʝʢʪʠʚʥʳʡ ʤʝʭʘʥʠʟʤ ʟʘʜʝʨʞʢʠ ʩʤʝʱʝʥʠʷ ʜʦʤʝʥʥʦʡ ʛʨʘʥʠʮʳ (ʟʘʢʨʝʧʣʝʥʠʝ) ʥʘ ʛʨʘʥʠʮʝ 

ʨʘʟʜʝʣʘ çʷʯʝʝʢè [5-13]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʜʣ ̫ʜʦʩʪʠʞʝʥʠʷ ʚʳʩʦʢʦʡ ʢʦʵʨʮʠʪʠʚʥʦʡ ʩʠʣʳ ʧʨʠ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʥʝʦʙʭʦʜʠʤʦ, ʯʪʦʙʳ ʧʦʩʣʝ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʦʪʞʠʛʘ 

ʧʦʩʣʝʜʦʚʘʣʦ ʤʝʜʣʝʥʥʦʝ ʦʭʣʘʞʜʝʥʠʝ ʩʧʣʘʚʘ. ʇʨʠ ʵʪʦʤ ʚʝʣʠʯʠʥʘ ʅʩ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚ 

ʦʩʥʦʚʥʦʤ ʛʨʘʜʠʝʥʪʦʤ ʧʘʨʘʤʝʪʨʦʚ ʦʙʤʝʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ʄʦʞʥʦ ʦʞʠʜʘʪʴ 

ʫʚʝʣʠʯʝʥʠʷ ʵʪʦʛʦ ʛʨʘʜʠʝʥʪʘ ʟʘ ʩʯʝʪ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʬʘʟ ʧʦ ʩʦʩʪʘʚʫ. 

ʉʧʣʘʚʳ Gd0,85Zr0,15(Co0,70Cu0,09Fe0,21)z, z = 5,6; 6,0; 6,2; 6,4 ʠ 6,8 

ʇʦ ʬʦʪʦʛʨʘʬʠʷʤ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʥʘ ʧʨʠʟʤʘʪʠʯʝʩʢʦʡ ʠ ʙʘʟʠʩʥʦʡ ʧʣʦʩʢʦʩʪʷʭ 

ʦʙʨʘʟʮʦʚ ʩʧʣʘʚʦʚ Gd0,85Zr0,15(Co0,70Cu0,09Fe0,21)z, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʥʘ ʨʠʩʫʥʢʝ 3.1, ʤʝʪʦʜʦʤ 

ʩʪʝʨʝʦʤʝʪʨʠʯʝʩʢʦʡ ʤʝʪʘʣʣʦʛʨʘʬʠʠ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʦʪʥʦʩʠʪʝʣʴʥʳʝ ʦʙʲʝʤʳ 

ʩʪʨʫʢʪʫʨʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ɸ, ɺ ʠ ʉ (ʪʘʙʣʠʮʘ 1). ʈʘʟʣʠʯʠʝ ʚ ʧʦʣʫʯʝʥʥʳʭ ʟʥʘʯʝʥʠʷʭ ʥʘ 

ʙʘʟʠʩʥʦʡ ʠ ʧʨʠʟʤʘʪʠʯʝʩʢʦʡ ʧʣʦʩʢʦʩʪʷʭ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʘʥʠʟʦʪʨʦʧʥʦʩʪʴʶ 

ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ. ʇʦ ʩʨʝʜʥʠʤ ʟʥʘʯʝʥʠʷʤ ʦʙʲʝʤʦʚ ʧʦʩʪʨʦʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʦʙʲʝʤʥʦʛʦ 

ʩʦʜʝʨʞʘʥʠʷ ʩʦʩʪʘʚʣʷʶʱʠʭ ʦʪ ʩʦʦʪʥʦʰʝʥʠʷ z (ʨʠʩʫʥʦʢ 3.2).  

ʅʘ ʨʠʩʫʥʢʝ 3.3 ʧʨʝʜʩʪʘʚʣʝʥʦ ʠʟʦʙʨʘʞʝʥʠʝ, ʧʦʣʫʯʝʥʥʦʝ ʤʝʪʦʜʦʤ ʉʕʄ ʥʘ ʙʘʟʠʩʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʟʝʨʥʘ ʩʧʣʘʚʘ Gd0,85Zr0,15(Co0,7Cu0,09Fe0,21)6,2 ʧʦʩʣʝ ʚʳʧʣʘʚʢʠ ʠ ʪʝʨʤʠʯʝʩʢʦʡ 

ʦʙʨʘʙʦʪʢʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʚʳʩʦʢʠʝ ʤʘʛʥʠʪʥʳʝ ʛʠʩʪʝʨʝʟʠʩʥʳʝ ʩʚʦʡʩʪʚʘ.  
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ʈʠʩʫʥʦʢ 3.1 - ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʥʘ ʧʨʠʟʤʘʪʠʯʝʩʢʠʭ (ʘ-ʜ) (ʨʘʟʤʝʨ ʩʥʠʤʢʘ 460ʭ340 ʤʢʤ) ʠ 

ʙʘʟʠʩʥʳʭ ʧʣʦʩʢʦʩʪʷʭ (ʝïʢ) (ʨʘʟʤʝʨ ʩʥʠʤʢʘ 280ʭ210 ʤʢʤ) ʦʙʨʘʟʮʦʚ 

Gd0,85Zr0,15(Co0,70Cu0,09Fe0,21)z ʩ z = 5,6 (ʘ,ʝ); 6,0 (ʙ,ʞ); 6,2(ʚ,ʟ); 6,4 (ʛ,ʠ); 6,8 (ʜ,ʢ). 

 

 

ʈʠʩʫʥʦʢ 3.2 - ɿʘʚʠʩʠʤʦʩʪʠ ʦʙʲʝʤʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʩʪʨʫʢʪʫʨʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ 

ʦʙʨʘʟʮʦʚ Gd0,85Zr0,15(Co0,70Cu0,09Fe0,21)z ʦʪ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ z. 

 

ʊʘʙʣʠʮʘ 1. ʆʪʥʦʩʠʪʝʣʴʥʦʝ ʦʙʲʝʤʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʩʪʨʫʢʪʫʨʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ɸ, ɺ ʠ ʉ ʚ 

ʦʙʨʘʟʮʘʭ Gd0,85Zr0,15(Co0,70Cu0,09Fe0,21)z  

z 

ʆʙʲʝʤ ʩʪʨʫʢʪʫʨʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ, ʦʙ. % 

ɸ ɺ ʉ 

ʙʘʟʠʩ ʧʨʠʟʤʘ ʩʨʝʜʥʝʝ ʙʘʟʠʩ ʧʨʠʟʤʘ ʩʨʝʜʥʝʝ ʙʘʟʠʩ ʧʨʠʟʤʘ ʩʨʝʜʥʝʝ 

5,6 85 71 78 7 19 13 8 10 9 

6,0 51 66 58,5 44 28 36 5 6 5,5 

6,2 45 49 47 49 49 49 4 4 4 

6,4 30 35 32,5 67 63 65 3 3 3 

6,8 12 14 13 86 85 85,5 2 2 2 

 

ʜ ʢ 
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ʍʦʨʦʰʦ ʚʠʜʥʦ, ʯʪʦ ʚ ʦʙʲʝʤʝ ʦʙʨʘʟʮʘ ʧʨʠʩʫʪʩʪʚʫʝʪ 3 ʬʘʟʦʚʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ, 

ʠʤʝʶʱʠʭ ʨʘʟʥʳʡ ʢʦʤʧʦʟʠʮʠʦʥʥʳʡ ʢʦʥʪʨʘʩʪ. ʕʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʳʡ ʘʥʘʣʠʟ, 

ʧʨʦʚʝʜʝʥʥʳʡ ʥʘ ʦʙʨʘʟʮʝ, ʧʦʟʚʦʣʠʣ ʦʧʨʝʜʝʣʠʪʴ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʢʘʞʜʦʡ ʠʟ ʬʘʟʦʚʳʭ 

ʩʦʩʪʘʚʣʷʶʱʠʭ ʩʧʣʘʚʘ, ʘ ʪʘʢʞʝ ʦʙʱʠʡ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʩʧʣʘʚʘ. 

 

 

ʅʘ ʨʠʩʫʥʢʝ 3.3 ʮʚʝʪʥʳʤʠ ʢʚʘʜʨʘʪʘʤʠ ʦʙʦʟʥʘʯʝʥʳ ʦʙʣʘʩʪʠ ʩʢʘʥʠʨʦʚʘʥʠʷ, ʥʘ 

ʢʦʪʦʨʳʭ ʦʧʨʝʜʝʣʷʣʦʩʴ ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ (ʚ ʘʪ.%) ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ. 

ʉʦʜʝʨʞʘʥʠʝ ʵʣʝʤʝʥʪʦʚ ʚ ʦʙʣʘʩʪʷʭ ʩʢʘʥʠʨʦʚʘʥʠʷ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 2. ʇʦʣʫʯʝʥʥʳʝ 

ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʦʩʥʦʚʥʦʡ ʦʙʲʝʤ ʦʙʨʘʟʮʘ ʟʘʥʠʤʘʝʪ ʩʦʩʪʘʚʣʷʶʱʘʷ, 

ʧʨʝʜʩʪʘʚʣʷʶʱʘʷ ʩʦʙʦʡ ʧʝʨʝʩʳʱʝʥʥʳʡ ʨʘʩʪʚʦʨ ʩʦ ʩʪʝʭʠʦʤʝʪʨʠʝʡ 1:5 (ʩʚʝʪʣʦ-ʩʝʨʳʝ 

ʦʙʣʘʩʪʠ ʥʘ ʨʠʩʫʥʢʝ 3.3) ï ɸ. ɺʪʦʨʦʡ ʧʦ ʦʙʲʝʤʥʦʤʫ ʩʦʜʝʨʞʘʥʠʶ ʚ ʩʧʣʘʚʝ ʷʚʣʷʝʪʩʷ ʦʙʣʘʩʪʴ, 

ʧʨʝʜʩʪʘʚʣʷʶʱʘʷ ʩʦʙʦʡ ʦʙʝʜʥʝʥʥʳʡ ʨʘʩʪʚʦʨ ʥʘ ʦʩʥʦʚʝ ʬʘʟʳ 2:17 (ʪʝʤʥʦ-ʩʝʨʳʝ ʦʙʣʘʩʪʠ ʥʘ 

ʨʠʩʫʥʢʝ 3.3) ï ɺ. ʊʨʝʪʴʷ ʩʪʨʫʢʪʫʨʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ - ʬʘʟʘ ʩʦ ʩʪʝʭʠʦʤʝʪʨʠʝʡ 2:7 (ʙʝʣʳʝ 

ʦʙʣʘʩʪʠ ʥʘ ʨʠʩʫʥʢʝ 3.3) ï ʉ. ʀʥʪʝʛʨʘʣʴʥʳʡ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʩʧʣʘʚʘ ʩʦʚʧʘʣ ʩʦ 

ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʤ ʩʦʩʪʘʚʦʤ ʰʠʭʪʳ. 

ʊʘʙʣʠʮʘ 2. ɸʪʦʤʥʳʝ ʧʨʦʮʝʥʪʳ ʩʦʜʝʨʞʘʥʠʷ ʵʣʝʤʝʥʪʦʚ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ 

ʩʢʘʥʠʨʦʚʘʥʠʷ, ʫʢʘʟʘʥʥʳʭ ʥʘ ʨʠʩʫʥʢʝ 3.3. 

ʉʧʝʢʪʨ Fe Co Cu Zr  Gd  

ʉʧʝʢʪʨ 1 16,60 57,60 11,60 2,20 12,00 ʇʝʨʝʩʳʱʝʥʥʳʝ ʨʘʩʪʚʦʨ 

ʥʘ ʦʩʥʦʚʝ ʬʘʟʳ 1:5 

ʉʧʝʢʪʨ 2 18,90 59,20 8,90 1,90 11,00 ʆʙʝʜʥʝʥʥʳʡ ʨʘʩʪʚʦʨ ʥʘ 

ʦʩʥʦʚʝ ʬʘʟʳ 2:17 

ʉʧʝʢʪʨ 3 11,70 56,00 10,30 9,40 12,60 ʌʘʟʘ 2:7 

 

ʈʠʩʫʥʦʢ 3.3 - ʉʕʄ-ʠʟʦʙʨʘʞʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʘ ʩʧʣʘʚʘ 

Gd0,85Zr0,15(Co0,70Cu0,09Fe0,21)6,2. 
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ʅʘ ʨʠʩʫʥʢʝ 3.4 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʕɼɸ ʧʦʚʝʨʭʥʦʩʪʠ ʰʣʠʬʘ 

ʚʳʩʦʢʦʢʦʵʨʮʠʪʠʚʥʦʛʦ ʩʧʣʘʚʘ Gd0,85Zr0,15(Co0,70Cu0,09Fe0,21)6,2 ʧʨʠ ʩʢʘʥʠʨʦʚʘʥʠʠ ʚʜʦʣʴ 

ʟʝʣʝʥʦʡ ʣʠʥʠʠ, ʧʦʢʘʟʘʥʥʦʡ ʥʘ ʨʠʩʫʥʢʝ. ʆʪʥʦʩʠʪʝʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʢʘʞʜʦʛʦ ʭʠʤʠʯʝʩʢʦʛʦ 

ʵʣʝʤʝʥʪʘ ʚʜʦʣʴ ʟʝʣʝʥʦʡ ʣʠʥʠʠ ʩʢʘʥʠʨʦʚʘʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʚʠʜʝ ʣʠʥʠʡ ʨʘʟʣʠʯʥʳʭ 

ʮʚʝʪʦʚ. 

 

ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʤʝʜʴʶ ʥʘʠʙʦʣʝʝ ʦʙʦʛʘʱʝʥʘ ʬʘʟʦʚʘʷ 

ʩʦʩʪʘʚʣʷʶʱʘʷ ʩʦ ʩʪʝʭʠʦʤʝʪʨʠʝʡ 1:5 (ʩʦʩʪʘʚʣʷʶʱʘʷ ɸ), ʥʘʙʦʣʴʰʝʝ ʩʦʜʝʨʞʘʥʠʝ ʮʠʨʢʦʥʠʷ 

ʠʤʝʝʪ ʬʘʟʘ 2:7 (ʩʦʩʪʘʚʣʷʶʱʘʷ ʉ), ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʤʘʢʩʠʤʘʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʞʝʣʝʟʘ 

ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʬʘʟʝ 2:17 (ʩʦʩʪʘʚʣʷʶʱʘʷ B). ɺʘʞʥʳʤ ʬʘʢʪʦʤ ʷʚʣʷʝʪʩʷ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ 

ʩʦʩʪʘʚʣʷʶʱʝʡ ɺ ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʢʦʙʘʣʴʪʘ ʠ ʤʝʜʠ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʢ ʨʘʟʥʠʮʝ 

ʢʦʵʨʮʠʪʠʚʥʦʩʪʠ ʜʦʤʝʥʥʳʭ ʛʨʘʥʠʮ ʨʘʟʥʳʭ ʦʙʣʘʩʪʝʡ.  

ɼʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʦ ʬʘʟʦʚʦʤ ʩʦʩʪʘʚʝ ʧʦʣʫʯʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʙʳʣ 

ʧʨʦʚʝʜʝʥ ʨʝʥʪʛʝʥʦʬʘʟʦʚʳʡ ʘʥʘʣʠʟ. ʅʘ ʨʠʩʫʥʢʝ 3.5 ʧʨʝʜʩʪʘʚʣʝʥʘ ʨʝʥʪʛʝʥʦʚʩʢʘʷ 

ʜʠʬʨʘʢʪʦʛʨʘʤʤʘ ʦʙʨʘʟʮʘ ʩʧʣʘʚʘ Gd0,85Zr0,15(Co0,7Cu0,09Fe0,21)6,2. ʅʘʣʦʞʝʥʠʝ ʨʘʩʯʝʪʥʳʭ 

ʩʧʝʢʪʨʦʚ ʠ ʧʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʘ ʈʠʪʚʝʣʴʜʘ ʧʦʟʚʦʣʠʣʦ ʨʘʩʩʯʠʪʘʪʴ ʢʦʣʠʯʝʩʪʚʝʥʥʦʝ 

ʩʦʜʝʨʞʘʥʠʝ ʬʘʟʦʚʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ: ʬʘʟʘ 1:5 ï 47,2% (ʛʨʫʧʧʘ P6/mmm ˉ191, ʘ=b= 0,4880 

ʥʤ, ʩ = 0,40769 ʥʤ),  ʬʘʟʘ 2:7 ï 4,2% (ʛʨʫʧʧʘ P6 /mmc ˉ194 ʘ=b=0,5022 ʥʤ, ʩ = 2,4618 ʥʤ) 

ʠ ʬʘʟʘ 2:17 ï 48,6 % (ʛʨʫʧʧʘ P6 /mmc ˉ194, ʘ=b= 0,8438 ʥʤ, ʩ = 0,8210 ʥʤ). ʈʘʩʰʠʨʝʥʥʳʝ 

 

ʈʠʩʫʥʦʢ 3.4 - ʕʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ ʰʣʠʬʘ ʩʧʣʘʚʘ Gd0,85Zr0,15(Co0,70Cu0,09Fe0,21)6,2. 
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ʧʠʢʠ ʥʘ ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʩʧʝʢʪʨʘʭ ʦʙʨʘʟʮʦʚ ʫʢʘʟʳʚʘʶʪ ʥʘ ʥʘʣʠʯʠʝ ʪʦʥʢʦʡ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ 

ʧʦʩʣʝ ʬʘʟʦʚʦʛʦ ʧʨʝʚʨʘʱʝʥʠʷ.   

 

ʈʠʩʫʥʦʢ 3.5 - ɼʘʥʥʳʝ ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ ʜʣʷ ʦʙʨʘʟʮʘ ʩʧʣʘʚʘ 

Gd0,85Zr0,15(Co0,70Cu0,09Fe0,21)6,2 ʩ ʦʙʦʟʥʘʯʝʥʥʳʤʠ ʨʝʬʣʝʢʩʘʤʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʬʘʟʘʤ 

1:5, 2:7 ʠ 2:17. 

ʇʦʩʢʦʣʴʢʫ ʛʠʩʪʝʨʝʟʠʩʥʳʝ ʩʚʦʡʩʪʚʘ ʠ ʩʪʘʙʠʣʴʥʦʩʪʴ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ ʚ ʰʠʨʦʢʦʤ 

ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ ʠʩʩʣʝʜʫʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ ʦʙʫʩʣʦʚʣʝʥʳ ʥʘʣʠʯʠʝʤ ʛʝʪʝʨʦʛʝʥʥʦʡ 

ç̫ ʯʝʠʩʪʦʡè ʥʘʥʦʩʪʨʫʢʪʫʨʳ, ʚ ʜʘʣʴʥʝʡʰʝʤ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʝʪʦʜʦʤ 

ʘʪʦʤʥʦ-ʩʠʣʦʚʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʚ ʢʦʥʪʘʢʪʥʦʤ ʨʝʞʠʤʝ ʩʢʘʥʠʨʦʚʘʥʠʷ ʤʝʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʭ 

ʰʣʠʬʦʚ, ʧʦʚʝʨʭʥʦʩʪʴ ʢʦʪʦʨʳʭ ʙʳʣʘ ʦʨʠʝʥʪʠʨʦʚʘʥʘ ʜʚʫʤʷ ʩʧʦʩʦʙʘʤʠ: ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ 

(ʙʘʟʠʩʥʘʷ ʧʣʦʩʢʦʩʪʴ) ʠ ʧʘʨʘʣʣʝʣʴʥʦ (ʧʨʠʟʤʘʪʠʯʝʩʢʘʷ ʧʣʦʩʢʦʩʪʴ) ʦʩʠ ʣʝʛʢʦʛʦ 

ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ ʦʙʨʘʟʮʘ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʝ ʦʙʨʘʙʦʪʢʠ ʧʨʠʚʦʜʷʪ ʢ 

ʬʦʨʤʠʨʦʚʘʥʠʶ çʷʯʝʠʩʪʦʡè ʥʘʥʦʩʪʨʫʢʪʫʨʳ ʚ ʩʦʩʪʘʚʣʷʶʱʠʭ ɸ ʠ ɺ (ʨʠʩʫʥʦʢ 3.6 ʘ ʠ ʚ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). ʇʨʠ ʵʪʦʤ ʨʘʟʤʝʨ ç̫ ʯʝʝʢè ʚ ʵʪʠʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʦʪʣʠʯʘʝʪʩʷ ʠ ʚʘʨʴʠʨʫʝʪʩʷ 

ʦʪ 40 ʜʦ 60 ʥʤ ʜʣʷ ɸ ʠ ʦʪ 100 ʜʦ 150 ʥʤ ʜʣʷ ɺ. ʂʨʦʤʝ ʪʦʛʦ, ʚ ɺ ʬʦʨʤʘ ʚʳʜʝʣʝʥʠʡ ʙʣʠʞʝ ʢ 

ʨʦʤʙʦʚʠʜʥʳʤ çʷʯʝʡʢʘʤè, ʘ ʚ ʩʦʩʪʘʚʣʷʶʱʝʡ ɸ ʜʝʪʘʣʠ ʨʝʣʴʝʬʘ ʙʦʣʝʝ ʦʢʨʫʛʣʦʡ ʬʦʨʤʫ ʢʘʢ 

ʙʳ ʚʳʩʪʨʘʠʚʘʶʪʩʷ ʚ ʮʝʧʦʯʢʠ. ɼʘʥʥʳʡ ʨʝʟʫʣʴʪʘʪ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʩʢʘʟʘʪʴ 

ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚʳʩʦʢʦʢʦʵʨʮʠʪʠʚʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚ ʠʩʩʣʝʜʫʝʤʳʭ 

ʤʘʪʝʨʠʘʣʘʭ ʚʘʞʥʦ ʥʘʣʠʯʠʝ ʫʧʦʨʷʜʦʯʝʥʥʦʡ çʷʯʝʠʩʪʦʡè ʥʘʥʦʩʪʨʫʢʪʫʨʳ ʩ ʦʧʨʝʜʝʣʝʥʥʳʤ 

ʭʠʤʠʯʝʩʢʠʤ ʩʦʩʪʘʚʦʤ, ʧʨʠ ʵʪʦʤ ʨʘʟʤʝʨ ʷʯʝʝʢ ʠʤʝʝʪ ʤʝʥʴʰʝʝ ʟʥʘʯʝʥʠʝ. ʅʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʰʣʠʬʘ ʚ ʦʙʣʘʩʪʠ ʩʦʩʪʘʚʣʷʶʱʝʡ ʉ çʷʯʝʠʩʪʘʷè ʥʘʥʦʩʪʨʫʢʪʫʨʘ ʥʝ ʚʳʷʚʣʷʝʪʩʷ (ʨʠʩʫʥʦʢ 3.6 

ʛ). ʅʘ ʧʨʠʟʤʘʪʠʯʝʩʢʦʡ ʧʣʦʩʢʦʩʪʠ ʧʦʤʠʤʦ çʷʯʝʠʩʪʦʡè ʥʘʥʦʩʪʨʫʢʪʫʨʳ ʥʘʙʣʶʜʘʝʪʩʷ ʯʝʪʢʘʷ, 

ʫʧʦʨʷʜʦʯʝʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʣʘʤʝʣʝʡ, ʦʙʨʘʟʦʚʘʥʥʘ ̫ʬʘʟʦʡ, ʦʙʦʛʘʱʝʥʥʦʡ Zr (ʨʠʩʫʥʦʢ 3.6 ʙ). 
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ʈʠʩʫʥʦʢ 3.6 -  ɸʉʄ-ʠʟʦʙʨʘʞʝʥʠʷ ʫʯʘʩʪʢʦʚ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʘ ʩʧʣʘʚʘ 

Gd0,85Zr0,15(Co0,70Cu0,09Fe0,21)6,2  ʧʦʩʣʝ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʛʦ ʪʨʘʚʣʝʥʠʷ, 

ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ (ʘ, ʚ, ʛ, ʜ, ʝ) ʠ ʧʘʨʘʣʣʝʣʴʥʦ (ʙ) ʆʃʅ: ʘ ï 

ʩʪʨʫʢʪʫʨʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ɸ, ʙ ï çʧʣʘʩʪʠʥʯʘʪʘʷè ʩʦʩʪʘʚʣʷʶʱʘʷ ʉ ʠ çʷʯʝʠʩʪʘʷè A, ʚ, 

ʜ, ʝ ï ʩʪʨʫʢʪʫʨʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ɺ, ʛ ï ʛʨʘʥʠʮʘ ʤʝʞʜʫ ʩʪʨʫʢʪʫʨʥʳʤʠ ʩʦʩʪʘʚʣʷʶʱʠʤʠ 

ɸ ʠ ʉ. 

ʘ ʙ 

ʚ ʛ 

ʜ ʝ 






































































































































































