
ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ʥʘʫʢʠ 

ʀʥʩʪʠʪʫʪ ʬʠʟʠʢʠ ʤʝʪʘʣʣʦʚ ʠʤ. ʄ.ʅ. ʄʠʭʝʝʚʘ 

ʋʨʘʣʴʩʢʦʛʦ ʦʪʜʝʣʝʥʠʷ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ 

 

 

 

ʅʘ ʧʨʘʚʘʭ ʨʫʢʦʧʠʩʠ 

 

 

 

 

ɺɸʋʃʀʅ ɸʈʊɪʄ ɸʃɽʂʉɸʅɼʈʆɺʀʏ 

 

 

 

ʅɽʉʆʀɿʄɽʈʀʄʓɽ ʄɸɻʅʀʊʅʓɽ ʉʊʈʋʂʊʋʈʓ ʀ ɹʃʀɾʅʀʁ 

ʄɸɻʅʀʊʅʓʁ ʇʆʈʗɼʆʂ ɺ ʈɽɼʂʆɿɽʄɽʃʔʅʓʍ ʀʅʊɽʈʄɽʊɸʃʃʀɼɸʍ 

Ho3Co, Ho7Rh3 ʠ R5Pd2 (R = Ho, Er) 

 

 

 

 

1.3.12. ʌʠʟʠʢʘ ʤʘʛʥʠʪʥʳʭ ʷʚʣʝʥʠʡ 

 

ɼʀʉʉɽʈʊɸʎʀʗ 

ʥʘ ʩʦʠʩʢʘʥʠʝ ʫʯʸʥʦʡ ʩʪʝʧʝʥʠ 

ʢʘʥʜʠʜʘʪʘ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ 

 

 

 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: 

ʢʘʥʜʠʜʘʪ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ, 

ɻʫʙʢʠʥ ɸʥʜʨʝʡ ʌʸʜʦʨʦʚʠʯ 

 

 

 

 

ɽʢʘʪʝʨʠʥʙʫʨʛ ï 2023  
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ɺɺɽɼɽʅʀɽ 

 

ʄʘʛʥʠʪʥʳʝ ʬʘʟʦʚʳʝ ʧʝʨʝʭʦʜʳ ʧʨʝʜʩʪʘʚʣʷʪʁ ʟʥʘʯʠʪʝʣʴʥʳʡ ʠʥʪʝʨʝʩ ʜʣʷ 

ʬʠʟʠʢʠ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʧʦʩʢʦʣʴʢʫ ʠʭ ʠʟʫʯʝʥʠʝ ʧʦʟʚʦʣʷʝʪ 

ʫʩʪʘʥʦʚʠʪʴ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʧʦʚʝʜʝʥʠʷ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʤʘʛʥʠʪʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʠ ʦʮʝʥʠʪʴ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʘʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʨʠ 

ʨʝʰʝʥʠʠ ʧʨʠʢʣʘʜʥʳʭ ʟʘʜʘʯ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʠʟʤʝʥʝʥʠʝ ʤʘʛʥʠʪʥʳʭ, ʪʝʧʣʦʚʳʭ ʠ 

ʵʣʝʢʪʨʦʥʥʳʭ ʩʚʦʡʩʪʚ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʚ ʧʨʠ ʤʘʛʥʠʪʥʳʭ ʬʘʟʦʚʳʭ 

ʧʨʠʭʦʜʘʭ ʷʚʣʷʶʪʩʷ ʦʜʥʦʡ ʠʟ ʥʘʠʙʦʣʝʝ ʛʦʨʷʯʠʭ ʠ ʘʢʪʫʘʣʴʥʳʭ ʪʝʤ ʬʠʟʠʢʠ 

ʤʘʛʥʠʪʥʳʭ ʷʚʣʝʥʠʡ. ʈʘʩʪʫʱʠʝ ʧʦʪʨʝʙʥʦʩʪʠ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ XX-ʛʦ ʚʝʢʘ ʚ 

ʧʦʩʪʦʷʥʥʳʭ ʤʘʛʥʠʪʘʭ ʥʘ ʦʩʥʦʚʝ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʤʝʪʘʣʣʦʚ ʩʧʨʦʚʦʮʠʨʦʚʘʣʠ ʙʫʨʥʳʡ 

ʨʦʩʪ ʢʦʣʠʯʝʩʪʚʘ ʥʘʫʯʥʳʭ ʨʘʙʦʪ, ʧʦʩʚʷʱʝʥʥʳʭ ʠʟʫʯʝʥʠʶ ʠʥʪʝʨʤʝʪʘʣʣʠʯʝʩʢʠʭ 

ʩʠʩʪʝʤ, ʯʴʠ ʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʦʧʨʝʜʝʣʷʶʪʩʷ 4f-3d/4d ʢʦʩʚʝʥʥʳʤ ʦʙʤʝʥʥʳʤ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʈʫʜʝʨʤʘʥʘ-ʂʠʪʪʝʣʷ-ʂʘʩʫʠ-ʀʦʩʠʜʳ (ʈʂʂʀ). ɿʘ ɻʪʦ ʚʨʝʤʷ ʙʳʣʦ 

ʥʘʢʦʧʣʝʥʦ ʤʥʦʞʝʩʪʚʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ, ʧʦʩʪʨʦʝʥʘ ʪʝʦʨʠʷ ʦʩʥʦʚʥʳʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ, ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʟʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ 

ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʚ ʥʘ ʦʩʥʦʚʝ 4f-3d/4d ʤʝʪʘʣʣʦʚ. ɻʦʨʘʟʜʦ ʤʝʥʴʰʝ 

ʚʥʠʤʘʥʠʷ ʙʳʣʦ ʫʜʝʣʝʥʦ ʨʝʜʢʦʟʝʤʝʣʴʥʳʤ ʠʥʪʝʨʤʝʪʘʣʣʠʜʘʤ, ʛʜʝ ʦʧʨʝʜʝʣʷʶʱʫʶ 

ʨʦʣʴ ʠʛʨʘʶʪ ʣʦʢʘʣʠʟʦʚʘʥʥʳʝ 4f-ʵʣʝʢʪʨʦʥʳ ʠ ʢʦʩʚʝʥʥʳʡ 4f-4f ʦʙʤʝʥ ʯʝʨʝʟ 

ʜʝʣʦʢʘʣʠʟʦʚʘʥʥʳʝ s, p, d ʵʣʝʢʪʨʦʥʳ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʠʦʥʦʚ. ɺ ʧʦʜʦʙʥʳʭ ʩʠʩʪʝʤʘʭ 

ʤʦʛʫʪ ʥʘʙʣʶʜʘʪʴʩʷ ʵʢʟʦʪʠʯʥʳʝ ʤʘʛʥʠʪʥʳʝ ʩʦʩʪʦʷʥʠʷ ʠ ʩʣʦʞʥʳʝ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ 

ʵʬʬʝʢʪʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʩʪʨʫʢʪʫʨʥʦʡ, ʤʘʛʥʠʪʥʦʡ ʠ ʵʣʝʢʪʨʦʥʥʦʡ 

ʧʦʜʩʠʩʪʝʤ [1]. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʈʂʂʀ ʦʙʤʝʥʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʤʘʛʥʠʪʥʳʤʠ 

ʤʦʤʝʥʪʘʤʠ ʣʦʢʘʣʠʟʦʚʘʥʥʳʭ 4f-ʵʣʝʢʪʨʦʥʦʚ ʠ ʦʩʦʙʝʥʥʦʩʪʠ ʛʝʦʤʝʪʨʠʠ ʧʦʚʝʨʭʥʦʩʪʠ 

ʌʝʨʤʠ ʜʝʣʦʢʘʣʠʟʦʚʘʥʥʳʭ s, p, d ɻ ʣʝʢʪʨʦʥʦʚ ʚ ʧʦʜʦʙʥʳʭ ʩʠʩʪʝʤʘʭ ʤʦʛʫʪ ʧʨʠʚʦʜʠʪʴ 

ʢ ʩʣʦʞʥʳʤ ʤʘʛʥʠʪʥʳʤ ʬʘʟʦʚʳʤ ʜʠʘʛʨʘʤʤʘʤ ʠ ʰʠʨʦʢʦʤʫ ʤʥʦʛʦʦʙʨʘʟʠʶ 

ʜʣʠʥʥʦʧʝʨʠʦʜʠʯʥʳʭ ʤʘʛʥʠʪʥʳʭ ʩʪʨʫʢʪʫʨ ʥʝʩʦʠʟʤʝʨʠʤʳʭ ʩ ʢʨʠʩʪʘʣʣʦʭʠʤʠʯʝʩʢʦʡ 

ʷʯʝʡʢʦʡ [2-4]. ʂ ʜʘʥʥʦʤʫ ʢʣʘʩʩʫ ʩʦʝʜʠʥʝʥʠʡ ʦʪʥʦʩʷʪʩʷ ʠ ʙʠʥʘʨʥʳʝ 

ʨʝʜʢʦʟʝʤʝʣʴʥʳʝ ʠʥʪʝʨʤʝʪʘʣʣʠʜʳ ʩ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʨʝʜʢʦʟʝʤʝʣʴʥʦʛʦ 

ʵʣʝʤʝʥʪʘ ʚʠʜʘ RnTm (R-ʨʝʜʢʦʟʝʤʝʣʴʥʳʡ ʵʣʝʤʝʥʪ, T-ʘʪʦʤ ʧʝʨʝʭʦʜʥʦʛʦ ʤʝʪʘʣʣʘ 

 ὲḊά ςḊρ). ʇʦʩʢʦʣʴʢʫ ʧʨʷʤʦʡ d-d ʦʙʤʝʥ ʚ ʧʦʜʦʙʥʳʭ ʩʠʩʪʝʤʘʭ ʩʣʘʙ, ʪʦ 

ʢʨʠʪʝʨʠʡ ʉʪʦʥʝʨʘ ʜʣʷ d-ʟʦʥʳ ʥʝ ʚʳʧʦʣʥʷʝʪʩʷ, d-ʟʦʥʘ ʥʝ ʨʘʩʱʝʧʣʝʥʘ, ʠ ʧʦʜʨʝʰʝʪʢʘ 

ʧʝʨʝʭʦʜʥʦʛʦ ʤʝʪʘʣʣʘ ʥʝ ʦʙʣʘʜʘʝʪ ʤʘʛʥʠʪʥʳʤʠ ʤʦʤʝʥʪʘʤʠ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʩʠʣʴʥʳʡ 

f-d ʦʙʤʝʥ ʚ ʩʦʝʜʠʥʝʥʠʷʭ ʩ ʨʝʜʢʦʟʝʤʝʣʴʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʩ ʚʳʩʦʢʠʤ ʟʥʘʯʝʥʠʝʤ 

ʩʧʠʥʘ (Gd, Tb, Dy, Ho) ʤʦʞʝʪ ʠʥʜʫʮʠʨʦʚʘʪʴ ʩʧʠʥʦʚʳʝ ʬʣʫʢʪʫʘʮʠʠ ʚ d-ʟʦʥʝ 

ʧʝʨʝʭʦʜʥʦʛʦ ʤʝʪʘʣʣʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʥʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʵʬʬʝʢʪʳ ʤʘʛʥʠʪʥʦʛʦ 

ʫʧʦʨʷʜʦʯʝʥʠʷ ʚ ʧʦʜʦʙʥʳʭ ʩʠʩʪʝʤʘʭ ʩʚʷʟʘʥʳ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʩ ʤʘʛʥʠʪʥʳʤʠ 

ʤʦʤʝʥʪʘʤʠ ʣʦʢʘʣʠʟʦʚʘʥʥʳʭ 4f-ʵʣʝʢʪʨʦʥʦʚ, ʧʦʜʨʝʰʝʪʢʘ ʧʝʨʝʭʦʜʥʦʛʦ ʤʝʪʘʣʣʘ 

ʦʢʘʟʳʚʘʝʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʤʘʛʥʠʪʥʳʝ ʠ ʥʝʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʜʘʥʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ. 



6 

 

 

ɺ ʜʘʥʥʳʭ ʩʠʩʪʝʤʘʭ ʥʘʙʣʶʜʘʝʪʩʷ ʨʷʜ ʩʚʦʡʩʪʚ ʠ ʷʚʣʝʥʠʡ ʠʥʪʝʨʝʩʥʳʭ ʩ ʪʦʯʢʠ 

ʟʨʝʥʠʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʠ ʧʨʠʢʣʘʜʥʦʡ ʥʘʫʢʠ: ʥʝʦʙʳʯʥʘʷ ʩʚʝʨʭʧʨʦʚʦʜʠʤʦʩʪʴ  

[5, 6], ʚʦʣʥʘ ʟʘʨʷʜʦʚʦʡ ʧʣʦʪʥʦʩʪʠ [7], ʛʠʛʘʥʪʩʢʠʡ ʤʘʛʥʠʪʦʨʝʟʠʩʪʠʚʥʳʡ ʵʬʬʝʢʪ [8, 

9], ʤʫʣʴʪʠʢʦʤʧʦʥʝʥʪʥʳʝ ʤʘʛʥʠʪʥʳʝ ʩʪʨʫʢʪʫʨʳ ʜʣʷ ʢʦʪʦʨʳʭ ʭʘʨʘʢʪʝʨʥʦ 

ʩʦʩʫʱʝʩʪʚʦʚʘʥʠʝ ʩʦʠʟʤʝʨʠʤʦʡ ʠ ʥʝʩʦʠʟʤʝʨʠʤʦʡ ʢʦʤʧʦʥʝʥʪʳ [10-12], 

ʠʥʜʫʮʠʨʦʚʘʥʥʳʝ ʤʘʛʥʠʪʥʳʤ ʧʦʣʝʤ ʬʘʟʦʚʳʝ ʧʝʨʝʭʦʜʳ [11-15], ʛʠʛʘʥʪʩʢʠʡ 

ʤʘʛʥʠʪʦʢʘʣʦʨʠʯʝʩʢʠʡ ʵʬʬʝʢʪ [16-19]. ɹʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʜʦʤʠʥʠʨʦʚʘʥʠʝ 

ʥʝʧʨʷʤʦʛʦ 4f-5d-5d-4f ʦʙʤʝʥʘ ʤʝʞʜʫ ʨʝʜʢʦʟʝʤʝʣʴʥʳʤʠ ʠʦʥʘʤʠ ʥʘʜ ʈʂʂʀ ʦʙʤʝʥʦʤ 

ʯʝʨʝʟ ʠʦʥʳ 3d ʧʝʨʝʭʦʜʥʦʛʦ ʤʝʪʘʣʣʘ 4f-5d-3d-5d-4f ʚ ʙʠʥʘʨʥʳʭ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ 

ʠʥʪʝʨʤʝʪʘʣʣʠʜʘʭ Tb3Co ʠ Tb3Ni ʧʨʠʚʦʜʠʪ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʙʣʠʞʥʝʛʦ ʤʘʛʥʠʪʥʦʛʦ 

ʧʦʨʷʜʢʘ, ʢʦʪʦʨʳʡ ʩʦʭʨʘʥʷʝʪʩʷ ʚʧʣʦʪʴ ʜʦ ʪʝʤʧʝʨʘʪʫʨ, ʚ 5-6 ʨʘʟ ʧʨʝʚʳʰʘʶʱʠʭ 

ʪʝʤʧʝʨʘʪʫʨʫ ʅʝʝʣʷ [20]. ʂʦʥʢʫʨʝʥʮʠʷ ʈʂʂʀ-ʦʙʤʝʥʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʠ ʜʝʡʩʪʚʠʝ 

ʥʠʟʢʦʩʠʤʤʝʪʨʠʯʥʦʛʦ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʧʦʣʷ ʧʨʠʚʦʜʷʪ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʚʦ ʤʥʦʛʠʭ 

ʠʥʪʝʨʤʝʪʘʣʣʠʜʘʭ RnTm ὲḊά ςḊρ ʩʣʦʞʥʳʭ ʥʝʩʦʠʟʤʝʨʠʤʳʭ ʤʘʛʥʠʪʥʳʭ ʬʘʟ ʚ 

ʦʙʣʘʩʪʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ [12, 20]. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʥʝʩʤʦʪʨʷ ʥʘ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ ʜʘʥʥʳʭ ʦ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚʘʭ ʙʠʥʘʨʥʳʭ 

ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʚ ʚʠʜʘ RnTm ὲḊά ςḊρ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ 

ʤʘʣʦ ʯʪʦ ʠʟʚʝʩʪʥʦ ʦʙ ʠʭ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚʘʭ ʥʘ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʦʤ ʫʨʦʚʥʝ ʠ, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʦ ʨʦʣʠ, ʢʦʪʦʨʫʶ ʠʛʨʘʶʪ ʵʬʬʝʢʪʳ ʤʘʛʥʠʪʥʦʛʦ ʫʧʦʨʷʜʦʯʝʥʠʷ ʚ 

ʘʥʦʤʘʣʴʥʦʤ ʧʦʚʝʜʝʥʠʠ ʤʘʛʥʠʪʥʳʭ, ʪʝʧʣʦʚʳʭ ʠ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʜʘʥʥʳʭ 

ʩʠʩʪʝʤ. 

ʎʝʣʠ ʠ ʟʘʜʘʯʠ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ. 

ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʧʦʣʥʦʝ ʢʦʣʠʯʝʩʪʚʝʥʥʦʝ ʦʧʠʩʘʥʠʝ 

ʥʝʩʦʠʟʤʝʨʠʤʳʭ ʤʘʛʥʠʪʥʳʭ ʬʘʟ ʠ ʫʩʪʘʥʦʚʣʝʥʠʝ ʠʭ ʚʣʠʷʥʠʷ ʥʘ ʤʘʛʥʠʪʥʳʝ 

ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʠ ʪʝʧʣʦʚʳʝ ʩʚʦʡʩʪʚʘ ʯʝʪʳʨʝʭ ʙʠʥʘʨʥʳʭ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ 

ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʚ ʩ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʨʝʜʢʦʟʝʤʝʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ: Ho3Co, 

Ho7Rh3, Ho5Pd2 ʠ Er5Pd2. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʚ ʨʘʙʦʪʝ ʨʝʰʘʣʠʩʴ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

1. ʉʠʥʪʝʟ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʦʙʨʘʟʮʦʚ ʙʠʥʘʨʥʳʭ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ 

ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʚ Ho3Co, Ho7Rh3, Ho5Pd2, ʠ Er5Pd2, (Lu1-ʭGdx)5Pd2. ʉʠʥʪʝʟ 

ʤʦʥʦʢʨʠʩʪʘʣʣʘ Ho5Pd2. 

2. ɸʪʪʝʩʪʘʮʠʷ ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ ʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ 

ʦʙʨʘʟʮʦʚ ʤʝʪʦʜʘʤʠ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʜʠʬʨʘʢʮʠʠ, ʤʘʛʥʠʪʦʤʝʪʨʠʠ, ʤʝʪʘʣʣʦʛʨʘʬʠʠ. 

3. ʅʝʡʪʨʦʥ-ʜʠʬʨʘʢʮʠʦʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʠ ʧʦʣʥʦʝ ʢʦʣʠʯʝʩʪʚʝʥʥʦʝ ʦʧʠʩʘʥʠʝ 

ʥʝʩʦʠʟʤʝʨʠʤʦʡ ʤʘʛʥʠʪʥʦʡ ʩʪʨʫʢʪʫʨʳ ʚ Ho3Co ʧʨʠ ʧʦʤʦʱʠ ʬʦʨʤʘʣʠʟʤʘ ʤʘʛʥʠʪʥʳʭ 

ʩʫʧʝʨʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʛʨʫʧʧ. ʋʩʪʘʥʦʚʣʝʥʠʝ ʤʝʭʘʥʠʟʤʘ ʧʦʷʚʣʝʥʠʷ ʩʣʘʙʦʛʦ 

ʬʝʨʨʦʤʘʛʥʝʪʠʟʤʘ ʚ Ho3Co. 
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4. ʅʝʡʪʨʦʥ-ʜʠʬʨʘʢʮʠʦʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʠ ʧʦʣʥʦʝ ʢʦʣʠʯʝʩʪʚʝʥʥʦʝ ʦʧʠʩʘʥʠʝ 

ʥʝʩʦʠʟʤʝʨʠʤʦʡ ʤʘʛʥʠʪʥʦʡ ʩʪʨʫʢʪʫʨʳ ʚ Ho7Rh3 ʧʨʠ ʧʦʤʦʱʠ ʬʦʨʤʘʣʠʟʤʘ 

ʤʘʛʥʠʪʥʳʭ ʩʫʧʝʨʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʛʨʫʧʧ. ʀʟʫʯʝʥʠʝ ʚʟʘʠʤʦʩʚʷʟʠ ʤʝʞʜʫ 

ʤʘʛʥʠʪʥʳʤʠ, ʪʝʧʣʦʚʳʤʠ ʠ ʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ Ho7Rh3. 

5. ʅʝʡʪʨʦʥ-ʜʠʬʨʘʢʮʠʦʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʤʘʛʥʠʪʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʩʦʝʜʠʥʝʥʠʷ 

Ho5Pd2. ʀʟʫʯʝʥʠʝ ʚʣʠʷʥʠʷ ʚʥʝʰʥʝʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʥʘ ʤʘʛʥʠʪʥʫʶ, ʩʪʨʫʢʪʫʨʥʫʶ 

ʠ ʵʣʝʢʪʨʦʥʥʫʶ ʧʦʜʩʠʩʪʝʤʫ Ho5Pd2. 

6. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʪʝʧʣʦʝʤʢʦʩʪʠ ʚ 

ʩʦʝʜʠʥʝʥʠʠ Er4.8Pd2. ʀʟʫʯʝʥʠʝ ʚʟʘʠʤʦʩʚʷʟʠ ʤʝʞʜʫ ʤʘʛʥʠʪʥʳʤʠ, ʪʝʧʣʦʚʳʤʠ ʠ 

ʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʩʦʝʜʠʥʝʥʠʷ Er5Pd2. 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʙʫʩʣʦʚʣʝʥʘ ʪʝʤ, ʯʪʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʙʦʣʴʰʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ ʜʘʥʥʳʭ ʦ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚʘʭ ʩʦʝʜʠʥʝʥʠʡ 

ʙʠʥʘʨʥʳʭ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʚ ʚʠʜʘ RnTm ὲḊά ςḊρ, ʥʘ 

ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʤʘʣʦ ʯʪʦ ʠʟʚʝʩʪʥʦ ʦʙ ʠʭ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚʘʭ ʥʘ 

ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʦʤ ʫʨʦʚʥʝ. ʆʩʥʦʚʥʘʷ ʧʨʠʯʠʥʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʯʘʩʪʦ ʚ 

ʜʘʥʥʳʭ ʩʠʩʪʝʤʘʭ ʨʝʘʣʠʟʫʶʪʩʷ ʩʣʦʞʥʳʝ ʥʝʩʦʠʟʤʝʨʠʤʳʝ ʤʘʛʥʠʪʥʳʝ ʬʘʟʳ, ʯʴʠ 

ʪʨʘʥʩʬʦʨʤʘʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʦʧʠʩʳʚʘʶʪʩʷ ʠʣʠ ʜʚʫʤʝʨʥʳʤʠ ʥʝʧʨʠʚʦʜʠʤʳʤʠ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷʤʠ ʠʣʠ ʩʫʧʝʨʧʦʟʠʮʠʝʡ ʜʚʫʭ ʘʢʪʠʚʥʳʭ ʥʝʧʨʠʚʦʜʠʤʳʭ 

ʧʨʝʜʩʪʘʚʣʝʥʠʡ, ʦʧʠʩʳʚʘʶʱʠʭ ʩʦʠʟʤʝʨʠʤʫʶ ʠ ʥʝʩʦʠʟʤʝʨʠʤʫʶ ʢʦʤʧʦʥʝʥʪʳ 

ʤʘʛʥʠʪʥʦʡ ʩʪʨʫʢʪʫʨʳ. ʂʦʣʠʯʝʩʪʚʝʥʥʦʝ ʦʧʠʩʘʥʠʝ ʧʦʜʦʙʥʳʭ ʤʘʛʥʠʪʥʳʭ ʩʪʨʫʢʪʫʨ ʚ 

ʨʘʤʢʘʭ ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʘʧʧʘʨʘʪʘ ʐʫʙʥʠʢʦʚʩʢʠʭ ʛʨʫʧʧ ʤʘʛʥʠʪʥʦʡ ʩʠʤʤʝʪʨʠʠ 

ʥʝʚʦʟʤʦʞʥʦ ʧʦʩʢʦʣʴʢʫ ʥʝʩʦʠʟʤʝʨʠʤʳʝ ʤʘʛʥʠʪʥʳʝ ʬʘʟʳ ʥʝʩʦʚʤʝʩʪʠʤʳ ʩ 

ʦʧʝʨʘʮʠʷʤʠ ʪʨʘʥʩʣʷʮʠʦʥʥʦʡ ʩʠʤʤʝʪʨʠʠ ʤʘʛʥʠʪʥʦʛʦ ʢʨʠʩʪʘʣʣʘ. ʇʦʣʫʯʠʚʰʠʡ 

ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʜʭʦʜ ʢ ʦʧʠʩʘʥʠʶ ʤʘʛʥʠʪʥʳʭ ʩʪʨʫʢʪʫʨ ʚ ʨʘʤʢʘʭ 

ʧʨʝʜʩʪʘʚʣʝʥʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʧʨʠ ʧʦʤʦʱʠ ʣʠʥʝʡʥʦʡ ʢʦʤʙʠʥʘʮʠʠ ʙʘʟʠʩʥʳʭ ʚʝʢʪʦʨʦʚ 

ʘʢʪʠʚʥʦʛʦ ʥʝʧʨʠʚʦʜʠʤʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʤʦʞʝʪ ʫʩʧʝʰʥʦ ʧʨʠʤʝʥʷʪʴʩʷ ʜʣʷ 

ʦʧʠʩʘʥʠʷ ʥʝʩʦʠʟʤʝʨʠʤʳʭ ʤʘʛʥʠʪʥʳʭ ʩʪʨʫʢʪʫʨ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʜʘʥʥʳʡ ʧʦʜʭʦʜ 

ʦʙʣʘʜʘʝʪ ʨʷʜʦʤ ʦʛʨʘʥʠʯʝʥʠʡ ʠ ʥʝʜʦʩʪʘʪʢʦʚ, ʚ ʩʣʫʯʘʝ, ʢʦʛʜʘ, ʘʢʪʠʚʥʦʝ 

ʥʝʧʨʠʚʦʜʠʤʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʠʤʝʝʪ ʨʘʟʤʝʨʥʦʩʪʴ ʙʦʣʴʰʝ ʝʜʠʥʠʮʳ, ʘ ʪʘʢʞʝ ʚ 

ʩʣʫʯʘʝ, ʢʦʛʜʘ ʤʘʛʥʠʪʥʦʝ ʩʦʩʪʦʷʥʠʝ ʦʧʠʩʳʚʘʝʪʩʷ ʩʫʧʝʨʧʦʟʠʮʠʝʡ ʥʝʩʢʦʣʴʢʠʭ 

ʥʝʧʨʠʚʦʜʠʤʳʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ. 

ʆʪʤʝʪʠʤ ʪʘʢʞʝ, ʯʪʦ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʠʥʮʠʧʦʤ ʅʝʡʤʘʥʘ ʬʠʟʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ ʢʨʠʩʪʘʣʣʘ ʜʦʣʞʥʳ ʩʦʭʨʘʥʷʪʴ ʩʚʦʶ ʠʥʚʘʨʠʘʥʪʥʦʩʪʴ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʩʠʤʤʝʪʨʠʠ, ʧʨʠʥʘʜʣʝʞʘʱʠʭ ʪʦʯʝʯʥʦʡ ʛʨʫʧʧʝ ʩʠʤʤʝʪʨʠʠ 

ʢʨʠʩʪʘʣʣʘ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʦʧʝʨʘʮʠʠ ʩʠʤʤʝʪʨʠʠ ʪʦʯʝʯʥʦʡ ʤʘʛʥʠʪʥʦʡ ʛʨʫʧʧʳ 

ʢʨʠʩʪʘʣʣʘ ʥʘʢʣʘʜʳʚʘʶʪ ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

ʥʝʩʦʠʟʤʝʨʠʤʳʭ ʤʘʛʥʠʪʥʳʭ ʬʘʟ, ʦʧʠʩʳʚʘʝʤʳʝ ʪʝʥʟʦʨʘʤʠ ʨʘʟʣʠʯʥʳʭ ʨʘʥʛʦʚ. 

ʌʫʥʜʘʤʝʥʪʘʣʴʥʳʡ ʥʝʜʦʩʪʘʪʦʢ ʤʝʪʦʜʘ ʧʨʝʜʩʪʘʚʣʝʥʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 
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ʪʦʤ, ʯʪʦ, ʦʧʨʝʜʝʣʷʷ ʣʠʥʝʡʥʫʶ ʢʦʤʙʠʥʘʮʠʶ ʙʘʟʠʩʥʳʭ ʚʝʢʪʦʨʦʚ ʘʢʪʠʚʥʦʛʦ 

ʥʝʧʨʠʚʦʜʠʤʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ, ʦʧʠʩʳʚʘʶʱʫʶ ʥʝʩʦʠʟʤʝʨʠʤʫʶ ʤʘʛʥʠʪʥʫʶ 

ʩʪʨʫʢʪʫʨʫ, ʠʩʩʣʝʜʦʚʘʪʝʣʴ ʥʝ ʠʤʝʝʪ ʠʥʬʦʨʤʘʮʠʠ ʦ ʤʘʛʥʠʪʥʦʡ ʪʦʯʝʯʥʦʡ ʛʨʫʧʧʝ 

ʢʨʠʩʪʘʣʣʘ. ɹʦʣʝʝ ʪʦʛʦ, ʤʘʛʥʠʪʥʘʷ ʪʦʯʝʯʥʘʷ ʛʨʫʧʧʘ ʢʨʠʩʪʘʣʣʘ ʤʦʞʝʪ ʧʨʦʠʟʚʦʣʴʥʦ 

ʤʝʥʷʪʴʩʷ ʚ ʧʨʦʮʝʩʩʝ ʧʦʜʛʦʥʢʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʩʤʝʰʠʚʘʥʠʷ ʣʠʥʝʡʥʦʡ ʢʦʤʙʠʥʘʮʠʠ 

ʙʘʟʠʩʥʳʭ ʚʝʢʪʦʨʦʚ ʧʨʠ ʫʪʦʯʥʝʥʠʠ ʤʘʛʥʠʪʥʦʡ ʩʪʨʫʢʪʫʨʳ ʢʨʠʩʪʘʣʣʘ ʧʦ ʤʝʪʦʜʫ 

ʈʠʪʚʝʣʴʜʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʝʟ ʫʩʪʘʥʦʚʣʝʥʠʷ ʤʘʛʥʠʪʥʦʡ ʩʫʧʝʨʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ 

ʛʨʫʧʧʳ ʜʣʷ ʥʝʩʦʠʟʤʝʨʠʤʦʡ ʤʘʛʥʠʪʥʦʡ ʬʘʟʳ, ʝʸ ʦʧʠʩʘʥʠʝ ʚ ʪʝʨʤʠʥʘʭ ʣʠʥʝʡʥʦʡ 

ʢʦʤʙʠʥʘʮʠʠ ʙʘʟʠʩʥʳʭ ʚʝʢʪʦʨʦʚ ʘʢʪʠʚʥʦʛʦ ʥʝʧʨʠʚʦʜʠʤʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʷʚʣʷʝʪʩʷ 

ʥʝʧʦʣʥʳʤ. ʇʦʵʪʦʤʫ ʬʦʨʤʘʣʠʟʤ ʤʘʛʥʠʪʥʳʭ ʩʫʧʝʨʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʛʨʫʧʧ ʩʪʘʣ 

ʦʩʥʦʚʥʳʤ ʤʝʪʦʜʦʤ ʦʧʠʩʘʥʠʷ ʥʝʩʦʠʟʤʝʨʠʤʳʭ ʤʘʛʥʠʪʥʳʭ ʬʘʟ ʠ ʩʝʛʦʜʥʷ ʷʚʣʷʝʪʩʷ 

ʩʪʘʥʜʘʨʪʥʳʤ ʬʦʨʤʘʪʦʤ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʜʘʥʥʳʭ ʚ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʙʘʟʝ ʜʘʥʥʳʭ 

ʤʘʛʥʠʪʥʳʭ ʩʪʨʫʢʪʫʨ ʤʘʪʝʨʠʘʣʦʚ MAGNDATA . 

ʆʪʤʝʪʠʤ ʪʘʢʞʝ, ʯʪʦ ʧʦʜʭʦʜ ʤʘʛʥʠʪʥʳʭ ʩʫʧʝʨʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʛʨʫʧʧ 

ʥʠʢʦʛʜʘ ʨʘʥʝʝ ʥʝ ʧʨʠʤʝʥʷʣʩʷ ʜʣʷ ʠʟʫʯʝʥʠʷ ʥʝʩʦʠʟʤʝʨʠʤʳʭ ʤʘʛʥʠʪʥʳʭ ʬʘʟ ʚ 

ʙʠʥʘʨʥʳʭ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʠʥʪʝʨʤʝʪʘʣʣʠʜʘʭ ʚʠʜʘ RnTm ὲḊά ςḊρ. ʇʦʵʪʦʤʫ 

ʩʫʱʝʩʪʚʫʶʱʘʷ ʚ ʥʘʫʯʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʠʥʬʦʨʤʘʮʠʷ ʦ ʤʘʛʥʠʪʥʳʭ ʩʪʨʫʢʪʫʨʘʭ ʜʘʥʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʣʠʙʦ ʢʘʯʝʩʪʚʝʥʥʳʤ ʦʧʠʩʘʥʠʝʤ ʚ ʪʝʨʤʠʥʘʭ ʚʦʣʥʦʚʳʭ 

ʚʝʢʪʦʨʦʚ ʤʘʛʥʠʪʥʳʭ ʩʪʨʫʢʪʫʨ, ʣʠʙʦ ʢʦʣʠʯʝʩʪʚʝʥʥʳʤ ʦʧʠʩʘʥʠʝʤ ʥʘʠʙʦʣʝʝ ʧʨʦʩʪʳʭ 

ʩʪʨʫʢʪʫʨ ʚ ʪʝʨʤʠʥʘʭ ʣʠʥʝʡʥʦʡ ʢʦʤʙʠʥʘʮʠʠ ʙʘʟʠʩʥʳʭ ʚʝʢʪʦʨʦʚ ʘʢʪʠʚʥʦʛʦ 

ʥʝʧʨʠʚʦʜʠʤʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʯʘʱʝ ʚʩʝʛʦ, ʚ ʣʠʪʝʨʘʪʫʨʝ ʚʦʦʙʱʝ ʥʝʪ 

ʜʘʥʥʳʭ ʦ ʥʝʩʦʠʟʤʝʨʠʤʳʭ ʤʘʛʥʠʪʥʳʭ ʬʘʟʘʭ ʚ ʜʘʥʥʳʭ ʩʠʩʪʝʤʘʭ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʜʭʦʜʘ ʤʘʛʥʠʪʥʳʭ ʩʫʧʝʨʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʛʨʫʧʧ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʧʦʣʥʦʛʦ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʦʧʠʩʘʥʠ ̫ʥʝʩʦʠʟʤʝʨʠʤʳʭ ʤʘʛʥʠʪʥʳʭ ʬʘʟ ʚ ʩʦʝʜʠʥʝʥʠʷʭ 

RnTm ὲḊά ςḊρ, ʘ ʪʘʢʞʝ ʫʩʪʘʥʦʚʣʝʥʠʝ ʨʦʣʠ ʥʝʩʦʠʟʤʝʨʠʤʳʭ ʤʘʛʥʠʪʥʳʭ ʬʘʟ ʚ 

ʘʥʦʤʘʣʴʥʦʤ ʧʦʚʝʜʝʥʠʠ ʤʘʛʥʠʪʥʳʭ, ʪʝʧʣʦʚʳʭ ʠ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʜʘʥʥʳʭ 

ʩʠʩʪʝʤ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ. 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ. 

ʆʩʥʦʚʥʦʡ ʬʘʢʪʦʨ, ʦʧʨʝʜʝʣʷʶʱʠʡ ʥʘʫʯʥʫʶ ʥʦʚʠʟʥʫ ʪʝʤʳ ʠcʩʣʝʜʦʚʘʥʠʷ, 

ʩʚʷʟʘʥ ʩ ʪʝʤ, ʯʪʦ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʣʠʪʝʨʘʪʫʨʝ ʠʤʝʝʪʩʷ ʦʯʝʥʴ ʤʘʣʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʧʨʠʤʝʨʦʚ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʬʦʨʤʘʣʠʟʤʘ ʤʘʛʥʠʪʥʳʭ ʩʫʧʝʨʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʛʨʫʧʧ 

ʜʣʷ ʘʥʘʣʠʟʘ ʠ ʦʧʠʩʘʥʠʷ ʩʣʦʞʥʳʭ ʥʝʩʦʠʟʤʝʨʠʤʳʭ ʤʘʛʥʠʪʥʳʭ ʬʘʟ. ʌʦʨʤʘʣʠʟʤ 

ʤʘʛʥʠʪʥʳʭ ʩʫʧʝʨʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʛʨʫʧʧ ʙʳʣ ʠʤʧʣʝʤʝʥʪʠʨʦʚʘʥ ʚ ʧʦʧʫʣʷʨʥʳʝ 

ʧʨʦʛʨʘʤʤʥʳʝ ʧʘʢʝʪʳ ʜʣʷ ʫʪʦʯʥʝʥʠʷ ʥʝʡʪʨʦʥ-ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʜʘʥʥʳʭ ʧʦ ʤʝʪʦʜʫ 

ʈʠʪʚʝʣʴʜʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʜʘʚʥʦ ʠ ʧʦʵʪʦʤʫ ʝʱʝ ʥʠʢʦʛʜʘ ʥʝ ʧʨʠʤʝʥʷʣʩʷ ʜʣʷ ʘʥʘʣʠʟʘ 

ʤʘʛʥʠʪʥʳʭ ʠ ʩʪʨʫʢʪʫʨʥʳʭ ʩʚʦʡʩʪʚ ʙʠʥʘʨʥʳʭ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʚ ʩ 

ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʨʝʜʢʦʟʝʤʝʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ RnTm ὲḊά ςḊρȢ ʕʪʦ 

ʦʟʥʘʯʘʝʪ, ʯʪʦ ʥʝ ʠʟʚʝʩʪʥʳ ʥʠ ʤʘʛʥʠʪʥʳʝ ʩʫʧʝʨʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʛʨʫʧʧʳ, ʥʠ 

ʪʦʯʝʯʥʳʝ ʤʘʛʥʠʪʥʳʝ ʛʨʫʧʧʳ, ʦʧʠʩʳʚʘʶʱʠʝ ʥʝʩʦʠʟʤʝʨʠʤʳʝ ʤʘʛʥʠʪʥʳʝ ʬʘʟʳ 
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ʜʘʥʥʳʭ ʩʠʩʪʝʤ. ɹʦʣʝʝ ʪʦʛʦ, ʜʣʷ ʚʩʝʭ ʠʩʩʣʝʜʫʝʤʳʭ ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʩʦʝʜʠʥʝʥʠʡ 

ʚʦʦʙʱʝ ʥʝ ʩʫʱʝʩʪʚʫʝʪ ʦʧʠʩʘʥʠʷ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʥʝʩʦʠʟʤʝʨʠʤʳʭ ʤʘʛʥʠʪʥʳʭ 

ʬʘʟ, ʥʝ ʫʩʪʘʥʦʚʣʝʥʳ ʠʭ ʤʘʛʥʠʪʥʳʝ ʬʘʟʦʚʳʝ ʜʠʘʛʨʘʤʤʳ ʠ ʧʦʵʪʦʤʫ ʥʝʪ ʦʜʥʦʟʥʘʯʥʳʭ 

ʦʙʲʷʩʥʝʥʠʡ ʤʝʭʘʥʠʟʤʦʚ ʘʥʦʤʘʣʴʥʦʛʦ ʧʦʚʝʜʝʥʠʷ ʤʘʛʥʠʪʥʳʭ, ʪʝʧʣʦʚʳʭ ʠ 

ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʚ ʦʙʣʘʩʪʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ, ʛʜʝ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʠʛʨʘʶʪ 

ʵʬʬʝʢʪʳ ʤʘʛʥʠʪʥʦʛʦ ʫʧʦʨʷʜʦʯʝʥʠʷ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʧʨʦʚʝʜʝʥʠʝ ʧʦʣʥʦʛʦ 

ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʦʧʠʩʘʥʠʷ ʥʝʩʦʠʟʤʝʨʠʤʳʭ ʤʘʛʥʠʪʥʳʭ ʬʘʟ ʠ ʫʩʪʘʥʦʚʣʝʥʠʝ 

ʤʘʛʥʠʪʥʳʭ ʩʫʧʝʨʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʛʨʫʧʧ ʚ Ho3Co ʠ Ho7Rh3 ʙʝʟʫʩʣʦʚʥʦ ʷʚʣʷʝʪʩʷ 

ʥʦʚʳʤ ʨʝʟʫʣʴʪʘʪʦʤ. ʈʝʰʝʥʠʝ ʟʘʛʘʜʢʠ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʩʧʦʥʪʘʥʥʦʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ 

ʚ ʦʙʣʘʩʪʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʚ Ho3Co ʠ Ho7Rh3 ʙʳʣʦ ʥʝʚʦʟʤʦʞʥʦ ʙʝʟ ʧʦʩʪʨʦʝʥʠʷ 

ʧʦʣʥʦʡ ʤʦʜʝʣʠ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʤʘʛʥʠʪʥʦʡ ʩʪʨʫʢʪʫʨʳ. ʇʦʵʪʦʤʫ ʜʘʥʥʳʝ 

ʨʝʟʫʣʴʪʘʪʳ ʪʘʢʞʝ ʷʚʣʷʶʪʩʷ ʥʦʚʳʤʠ. ʉʫʱʝʩʪʚʦʚʘʥʠʝ ʙʣʠʞʥʝʛʦ 

ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʨʷʜʢʘ ʚ Ho7Rh3 ʠ Gd7Rh3 ʚ ʰʠʨʦʢʦʤ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 

ʧʨʝʜʩʢʘʟʳʚʘʣʦʩʴ ʨʘʥʝʝ ʥʘ ʦʩʥʦʚʘʥʠʠ ʢʦʩʚʝʥʥʳʭ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ 

ʤʘʛʥʠʪʥʳʭ ʠʟʤʝʨʝʥʠʷʭ ʥʘ ʤʦʥʦʢʨʠʩʪʘʣʣʝ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʧʨʷʤʳʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ, ʜʦʢʘʟʳʚʘʶʱʠʝ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʙʣʠʞʥʝʛʦ ʤʘʛʥʠʪʥʦʛʦ 

ʧʦʨʷʜʢʘ ʚ Ho7Rh3, ʧʦʣʫʯʝʥʳ ʚʧʝʨʚʳʝ. ɺʧʝʨʚʳʝ ʙʳʣʦ ʠʟʫʯʝʥʦ ʚʣʠʷʥʠʝ ʚʥʝʰʥʝʛʦ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʥʘ ʤʘʛʥʠʪʥʳʝ, ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʠ ʩʪʨʫʢʪʫʨʥʳʝ ʩʚʦʡʩʪʚʘ 

ʠʥʪʝʨʤʝʪʘʣʣʠʜʘ Ho5Pd2 ʧʨʠ ʧʦʤʦʱʠ ʥʝʡʪʨʦʥʥʦʡ ʜʠʬʨʘʢʮʠʠ. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ 

ʪʝʧʣʦʚʳʝ ʩʚʦʡʩʪʚʘ ʩʦʝʜʠʥʝʥʠʡ R5Pd2 ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʨʷʜʦʤ ʘʚʪʦʨʦʚ, ʜʝʪʘʣʴʥʦʛʦ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʝʧʣʦʝʤʢʦʩʪʠ ʩʦʝʜʠʥʝʥʠʷ Er4.8Pd2 ʥʝ ʧʨʦʚʦʜʠʣʦʩʴ. ʇʦʵʪʦʤʫ 

ʦʪʢʨʳʪʠʝ ʠ ʦʙʲʷʩʥʝʥʠʝ ʙʦʣʴʰʦʡ ʦʙʲʝʤʥʦʡ ʪʝʧʣʦʝʤʢʦʩʪʠ ʚ ʦʙʣʘʩʪʠ ʥʠʟʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨ ʚ ʩʦʝʜʠʥʝʥʠʠ Er4.8Pd2 ʥʝʩʦʤʥʝʥʥʦ ʷʚʣʷʝʪʩʷ ʥʦʚʳʤ ʠ ʷʨʢʠʤ ʨʝʟʫʣʴʪʘʪʦʤ 

ʩ ʭʦʨʦʰʠʤ ʧʦʪʝʥʮʠʘʣʦʤ ʧʨʠʤʝʥʝʥʠʷ ʚ ʢʨʠʦʛʝʥʥʦʡ ʪʝʭʥʠʢʝ. 

ʉʪʝʧʝʥʴ ʨʘʟʨʘʙʦʪʘʥʥʦʩʪʠ ʪʝʤʳ. 

ʈʘʥʝʝ ʚ ʨʘʙʦʪʝ [21] ʜʣʷ ʩʦʝʜʠʥʝʥʠʷ Ho3Co ʧʨʦʚʝʜʸʥʥʳʝ ʤʘʛʥʠʪʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘ ʤʦʥʦʢʨʠʩʪʘʣʣʝ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ ʥʠʞʝ ʪʝʤʧʝʨʘʪʫʨʳ 

ʅʝʝʣʷ Ὕ ςς K ʨʝʘʣʠʟʫʝʪʩʷ ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʦʝ (ɸʌʄ) ʩʦʩʪʦʷʥʠʝ ʩ 

ʥʝʢʦʤʧʣʘʥʘʨʥʦʡ ʤʘʛʥʠʪʥʦʡ ʩʪʨʫʢʪʫʨʦʡ. ɺʤʝʩʪʝ ʩ ʪʝʤ, ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ ʥʠʞʝ 

ʪʝʤʧʝʨʘʪʫʨʳ Ὕ º ρπ K ʧʨʠ ʥʘʤʘʛʥʠʯʠʚʘʥʠʠ ʠ ʨʘʟʤʘʛʥʠʯʠʚʘʥʠʠ ʚʜʦʣʴ 

ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ a, ʙʳʣ ʦʙʥʘʨʫʞʝʥ ʩʣʘʙʳʡ ʬʝʨʨʦʤʘʛʥʝʪʠʟʤ 

(ʉʌʄ). ʇʨʦʚʝʜʝʥʥʳʡ ʚ ʨʘʙʦʪʝ [10] ʥʝʡʪʨʦʥ-ʜʠʬʨʘʢʮʠʦʥʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ ʥʘ 

ʧʦʨʦʰʢʦʚʦʤ ʦʙʨʘʟʮʝ Ho3ʉo ʧʦʢʘʟʘʣ, ʯʪʦ ʤʘʛʥʠʪʥʘʷ ʩʪʨʫʢʪʫʨʘ ʜʝʡʩʪʚʠʪʝʣʴʥʦ 

ʷʚʣʷʝʪʩʷ ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʦʡ ʠ ʥʝʩʦʠʟʤʝʨʠʤʦʡ ʩ ʢʨʠʩʪʘʣʣʦʭʠʤʠʯʝʩʢʦʡ ʷʯʝʡʢʦʡ 

ʚʦ ʚʩʝʡ ʦʙʣʘʩʪʠ ʪʝʤʧʝʨʘʪʫʨ ʥʠʞʝ ʪʝʤʧʝʨʘʪʫʨʳ ʅʝʝʣʷ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʧʦʧʳʪʢʘ 

ʧʦʣʫʯʠʪʴ ʢʦʣʠʯʝʩʪʚʝʥʥʦʝ ʦʧʠʩʘʥʠʝ ʥʝʩʦʠʟʤʝʨʠʤʦʡ ʤʘʛʥʠʪʥʦʡ ʩʪʨʫʢʪʫʨʳ 

ʩʦʝʜʠʥʝʥʠʷ Ho3Co ʫʩʧʝʭʦʤ ʥʝ ʫʚʝʥʯʘʣʘʩʴ ʚ ʩʚʷʟʠ ʩ ʥʝʦʙʭʦʜʠʤʦʩʪʴ  ʁʧʦʩʪʨʦʝʥʠʷ 

ʩʣʦʞʥʦʡ ʤʦʜʝʣʠ ʜʣʷ ʩʫʧʝʨʧʦʟʠʮʠʠ ʜʚʫʭ ʥʝʧʨʠʚʦʜʠʤʳʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʚʦʣʥʦʚʳʭ 



10 

 

 

ʚʝʢʪʦʨʦʚ ▓ π ʠ ▓╘╒ πȢρυυ π πȢ ɺʚʠʜʫ ʦʪʩʫʪʩʪʚʠʷ ʤʦʜʝʣʠ ʤʘʛʥʠʪʥʦʡ 

ʩʪʨʫʢʪʫʨʳ ʤʝʭʘʥʠʟʤ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʩʣʘʙʦʛʦ ʬʝʨʨʦʤʘʛʥʝʪʠʟʤʘ ʚ Ho3ʉo ʥʝʠʟʚʝʩʪʝʥ. 

ɼʣʷ ʩʦʝʜʠʥʝʥʠʷ Ho7Rh3 ʚ ʣʠʪʝʨʘʪʫʨʝ ʠʤʝʶʪʩʷ ʜʘʥʥʳʝ ʤʘʛʥʠʪʥʳʭ ʠʟʤʝʨʝʥʠʡ 

ʥʘ ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʤ ʦʙʨʘʟʮʝ, ʢʦʪʦʨʳʝ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʯʪʦ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ 

ʥʠʞʝ ʪʝʤʧʝʨʘʪʫʨʳ ʅʝʝʣʷ Ὕ σς K ʨʝʘʣʠʟʫʝʪʩʷ ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʦʝ ʩʦʩʪʦʷʥʠʝ ʩ 

ʥʝʢʦʤʧʣʘʥʘʨʥʦʡ ʤʘʛʥʠʪʥʦʡ ʩʪʨʫʢʪʫʨʦʡ [22, 23]. ɺʤʝʩʪʝ ʩ ʪʝʤ, ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ 

ʥʠʞʝ ʪʝʤʧʝʨʘʪʫʨʳ Ὕ º ρπ K ʧʨʠ ʥʘʤʘʛʥʠʯʠʚʘʥʠʠ ʠ ʨʘʟʤʘʛʥʠʯʠʚʘʥʠʠ ʚ ʙʘʟʠʩʥʦʡ 

ʧʣʦʩʢʦʩʪʠ ʥʘʙʣʶʜʘʝʪʩʷ ʥʘʣʠʯʠʝ ʩʧʦʥʪʘʥʥʦʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ. ʊʝʤʧʝʨʘʪʫʨʥʳʝ 

ʟʘʚʠʩʠʤʦʩʪʠ ʵʣʝʢʪʨʦʩʦʧʨʦʪʠʚʣʝʥʠʷ Ho7Rh3 ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʘʥʦʤʘʣʴʥʦʝ ʧʦʚʝʜʝʥʠʝ 

ʚ ʰʠʨʦʢʦʤ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ ʥʠʞʝ ʠ ʚʳʰʝ ʪʝʤʧʝʨʘʪʫʨʳ ʅʝʝʣʷ. ɺʳʩʢʘʟʘʥʘ 

ʛʠʧʦʪʝʟʘ ʦ ʩʫʱʝʩʪʚʦʚʘʥʠʠ ʚ Ho7Rh3 ʢʦʨʨʝʣʷʮʠʡ ʙʣʠʞʥʝʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʨʷʜʢʘ ʚ 

ʰʠʨʦʢʦʤ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚʳʰʝ ʪʝʤʧʝʨʘʪʫʨʳ ʅʝʝʣʷ. ʇʨʦʚʝʜʝʥʥʳʡ ʚ ʨʘʙʦʪʝ 

[24] ʥʝʡʪʨʦʥ-ʜʠʬʨʘʢʮʠʦʥʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ ʥʘ ʧʦʨʦʰʢʦʚʦʤ ʠ 

ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʤ ʦʙʨʘʟʮʘʭ Ho7Rh3 ʧʦʢʘʟʘʣʠ, ʯʪʦ ʤʘʛʥʠʪʥʘʷ ʩʪʨʫʢʪʫʨʘ 

ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʷʚʣʷʝʪʩʷ ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʦʡ ʠ ʥʝʩʦʠʟʤʝʨʠʤʦʡ ʩ 

ʢʨʠʩʪʘʣʣʦʭʠʤʠʯʝʩʢʦʡ ʷʯʝʡʢʦʡ ʚʦ ʚʩʝʡ ʦʙʣʘʩʪʠ ʪʝʤʧʝʨʘʪʫʨ ʥʠʞʝ ʪʝʤʧʝʨʘʪʫʨʳ 

ʅʝʝʣʷ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʧʦʧʳʪʢʘ ʧʦʣʫʯʠʪʴ ʢʦʣʠʯʝʩʪʚʝʥʥʦʝ ʦʧʠʩʘʥʠʝ ʥʝʩʦʠʟʤʝʨʠʤʦʡ 

ʤʘʛʥʠʪʥʦʡ ʩʪʨʫʢʪʫʨʳ ʩʦʝʜʠʥʝʥʠʷ Ho7Rh3 ʫʩʧʝʭʦʤ ʥʝ ʫʚʝʥʯʘʣʘʩʴ ʚ ʩʚʷʟʠ ʩ ʙʦʣʴʰʠʤ 

ʢʦʣʠʯʝʩʪʚʦʤ ʫʪʦʯʥʷʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ ʜʣʷ ʜʚʫʤʝʨʥʦʛʦ ʥʝʧʨʠʚʦʜʠʤʦʛʦ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ, ʦʧʠʩʳʚʘʶʱʝʛʦ ʪʨʘʥʩʬʦʨʤʘʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʤʘʛʥʠʪʥʦʡ 

ʩʪʨʫʢʪʫʨʳ ʥʠʞʝ ʪʝʤʧʝʨʘʪʫʨʳ ʅʝʝʣʷ. ɹʦʣʝʝ ʪʦʛʦ, ʜʣʷ ʫʪʦʯʥʝʥʠʷ ʤʘʛʥʠʪʥʳʭ 

ʩʪʨʫʢʪʫʨ ʜʨʫʛʠʭ ʩʦʝʜʠʥʝʥʠʡ ʩʝʤʝʡʩʪʚʘ R7Rh3 ʦʙʳʯʥʦ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʤʦʜʝʣʠ ʥʘ 

ʦʩʥʦʚʝ ʢʦʤʙʠʥʘʮʠʠ ʦʜʥʦʤʝʨʥʳʭ ʠ ʜʚʫʤʝʨʥʳʭ ʥʝʧʨʠʚʦʜʠʤʳʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʩ 

ʦʛʨʦʤʥʳʤ ʯʠʩʣʦʤ ʫʪʦʯʥʷʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ. ɺʚʠʜʫ ʦʪʩʫʪʩʪʚʠʷ ʜʦʩʪʦʚʝʨʥʦʡ ʤʦʜʝʣʠ 

ʤʘʛʥʠʪʥʦʡ ʩʪʨʫʢʪʫʨʳ ʤʝʭʘʥʠʟʤ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʩʧʦʥʪʘʥʥʦʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʚ 

ʙʘʟʠʩʥʦʡ ʧʣʦʩʢʦʩʪʠ ʚ Ho7Rh3 ʥʝʠʟʚʝʩʪʝʥ. 

ʇʨʦʚʝʜʝʥʥʳʝ ʚ ʨʘʙʦʪʝ [25] ʤʘʛʥʠʪʥʳʝ ʠ ʥʝʡʪʨʦʥʦʛʨʘʬʠʯʝʩʢʠʝ ʠʟʤʝʨʝʥʠʷ ʥʘ 

ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʦʤ ʦʙʨʘʟʮʝ Ho5Pd2 ʚʳʷʚʠʣʠ ʤʘʛʥʠʪʥʦʝ ʩʦʩʪʦʷʥʠʝ ʪʠʧʘ 

ʢʣʘʩʪʝʨʥʦʛʦ ʩʪʝʢʣʘ. ʉʜʝʣʘʥ ʚʳʚʦʜ ʦ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ʧʨʦʚʝʜʝʥʠʷ 

ʥʝʡʪʨʦʥʦʛʨʘʬʠʯʝʩʢʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʥʘ ʤʦʥʦʢʨʠʩʪʘʣʣʝ ʩ ʮʝʣʴʶ ʧʦʜʪʚʝʨʞʜʝʥʠʷ 

ʥʝʩʦʠʟʤʝʨʠʤʦʛʦ ʭʘʨʘʢʪʝʨʘ ʙʣʠʞʥʝʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʨʷʜʢʘ ʚ ʩʠʩʪʝʤʝ Ho5Pd2. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʢʦʨʨʝʣʷʮʠʠ ʙʣʠʞʥʝʛʦ ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʨʷʜʢʘ ʩʦʭʨʘʥʷʶʪʩʷ 

ʜʦ ʪʝʤʧʝʨʘʪʫʨ ʚ 2-3 ʨʘʟʘ ʧʨʝʚʳʰʘʶʱʠʭ ʪʝʤʧʝʨʘʪʫʨʫ ʟʘʤʝʨʟʘʥʠʷ Ὕ ςχ ʂ. 

ʆʙʥʘʨʫʞʝʥʦ ʘʥʦʤʘʣʴʥʦʝ ʧʦʚʝʜʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ 

ʵʣʝʢʪʨʦʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚ ʙʠʥʘʨʥʳʭ ʠʥʪʝʨʤʝʪʘʣʣʠʜʘʭ R5Pd2. ʉʜʝʣʘʥʦ 

ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦ ʪʦʤ, ʵʬʬʝʢʪ ʩʣʘʙʦʡ ʣʦʢʘʣʠʟʘʮʠʠ ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʘ ʚ ʷʚʣʷʝʪʩʷ 

ʧʨʠʯʠʥʦʡ ʘʥʦʤʘʣʴʥʦʛʦ ʧʦʚʝʜʝʥʠʷ ʵʣʝʢʪʨʦʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚ ʩʠʩʪʝʤʘʭ R5Pd2. ʆʜʥʘʢʦ, 

ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʥʝʪ ʜʘʥʥʳʭ ʦ ʚʣʠʷʥʠʠ ʚʥʝʰʥʝʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʥʘ 

ʤʘʛʥʠʪʥʦʝ ʩʦʩʪʦʷʥʠʝ, ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʠ ʩʪʨʫʢʪʫʨʥʫʶ ʧʦʜʩʠʩʪʝʤʫ Ho5Pd2. 
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ɺ ʣʠʪʝʨʘʪʫʨʝ ʠʤʝʶʪʩʷ ʜʘʥʥʳʝ ʤʘʛʥʠʪʥʳʭ ʠʟʤʝʨʝʥʠʡ, ʧʦʜʪʚʝʨʞʜʘʶʱʠʝ 

ʨʝʘʣʠʟʘʮʠʶ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʪʠʧʘ çʢʣʘʩʪʝʨʥʦʝ ʩʪʝʢʣʦè 

ʚ Er5Pd2 [26]. ʂʦʩʚʝʥʥʳʤʠ ʤʝʪʦʜʘʤʠ ʦʙʥʘʨʫʞʝʥʳ ʧʨʷʤʦʡ ʤʘʛʥʠʪʦʢʘʣʦʨʠʯʝʩʢʠʡ 

ʵʬʬʝʢʪ ʚ ʦʙʣʘʩʪʠ ʪʝʤʧʝʨʘʪʫʨ ʯʫʪʴ ʚʳʰʝ ʪʝʤʧʝʨʘʪʫʨʳ ʟʘʤʝʨʟʘʥʠʷ ʠ ʦʙʨʘʪʥʳʡ 

ʤʘʛʥʠʪʦʢʘʣʦʨʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʚ ʦʙʣʘʩʪʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ. ʂʘʢ ʠ ʚ ʩʣʫʯʘʝ ʩ 

Ho5Pd2, ʚ ʣʠʪʝʨʘʪʫʨʝ ʥʝʪ ʜʘʥʥʳʭ ʦ ʚʣʠʷʥʠʠ ʚʥʝʰʥʝʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʥʘ 

ʤʘʛʥʠʪʥʦʝ ʩʦʩʪʦʷʥʠʝ, ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʠ ʪʝʧʣʦʚʳʝ ʩʚʦʡʩʪʚʘ Er5Pd2. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʘʚʪʦʨʦʤ ʚ ʨʘʙʦʪʝ, ʧʦʟʚʦʣʠʣʠ 

ʫʩʪʨʘʥʠʪʴ ʵʪʦʪ ʨʷʜ ʩʫʱʝʩʪʚʦʚʘʚʰʠʭ ʜʦ ʩʝʛʦʜʥʷʰʥʝʛʦ ʜʥʷ ʧʨʦʙʝʣʦʚ ʚ ʧʦʥʠʤʘʥʠʠ 

ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʠ ʫʩʪʘʥʦʚʠʪʴ ʤʘʛʥʠʪʥʫʶ ʩʪʨʫʢʪʫʨʫ ʥʘʟʚʘʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

ʇʨʘʢʪʠʯʝʩʢʘʷ ʠ ʪʝʦʨʝʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ. 

ʄʦʜʝʣʴ ʤʘʛʥʠʪʥʦʡ ʩʪʨʫʢʪʫʨʳ ʩʦʝʜʠʥʝʥʠʷ Ho7Rh3 ʧʦʩʪʨʦʝʥʥʘʷ ʚ ʨʘʤʢʘʭ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʬʦʨʤʘʣʠʟʤʘ ʤʘʛʥʠʪʥʳʭ ʩʫʧʝʨʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʛʨʫʧʧ ʙʳʣʘ 

ʦʬʦʨʤʣʝʥʘ ʚ ʚʠʜʝ ʢʘʨʪʦʯʢʠ ʧʦ ʩʪʘʥʜʘʨʪʠʟʠʨʦʚʘʥʥʦʡ ʬʦʨʤʝ ʠ ʚʥʝʩʝʥʘ ʚ 

ʤʝʞʜʫʥʘʨʦʜʥʫʶ ʙʘʟʫ ʜʘʥʥʳʭ ʤʘʛʥʠʪʥʳʭ ʩʪʨʫʢʪʫʨ MAGNDATA  ʥʘ 

ʂʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʤ ʩʝʨʚʝʨʝ ʋʥʠʚʝʨʩʠʪʝʪʘ ɹʠʣʴʙʘʦ. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʵʪʦ 

ʝʜʠʥʩʪʚʝʥʥʘʷ ʢʘʨʪʦʯʢʘ ʤʘʛʥʠʪʥʦʡ ʩʪʨʫʢʪʫʨʳ ʩʦʝʜʠʥʝʥʠʡ ʩʝʤʝʡʩʪʚʘ R7Rh3 ʚ ʙʘʟʝ 

ʜʘʥʥʳʭ MAGNDATA. ɼʘʥʥʘʷ ʢʘʨʪʦʯʢʘ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʜʘʣʴʥʝʡʰʠʭ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʵʬʬʝʢʪʦʚ ʤʘʛʥʠʪʥʦʛʦ 

ʫʧʦʨʷʜʦʯʝʥʠʷ ʚ ʩʦʝʜʠʥʝʥʠʷʭ ʩʝʤʝʡʩʪʚʘ R7Rh3. 

ɺ ʨʘʙʦʪʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʩʦʝʜʠʥʝʥʠʝ Er4.8Pd2, ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʦʡ ʪʝʧʣʦʝʤʢʦʩʪʴʶ 

ʚ ʦʙʣʘʩʪʠ ʪʝʤʧʝʨʘʪʫʨ ʥʠʞʝ 50 K. ɹʣʘʛʦʜʘʨʷ ʵʪʦʤʫ ʦʙʩʪʦʷʪʝʣʴʩʪʚʫ, ʩʦʝʜʠʥʝʥʠʝ 

Er4.8Pd2 ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʨʝʛʝʥʝʨʘʪʦʨʦʚ ʜʣʷ 

ʨʝʬʨʠʞʝʨʘʪʦʨʦʚ ʟʘʤʢʥʫʪʦʛʦ ʮʠʢʣʘ, ʨʘʙʦʪʘʶɦʠʭ ʚ ʦʙʣʘʩʪʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ. 

ʆʩʦʙʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʟʛʦʪʦʚʣʝʥʠʝ ʢʦʤʧʦʟʠʪʥʦʛʦ ʤʘʪʝʨʠʘʣʘ Er3Ni + 

Er4.8Pd2 ʧʦʩʢʦʣʴʢʫ Er3Ni ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʧʠʢ ʥʘ ʪʝʧʣʦʝʤʢʦʩʪʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ Ὕ

φ +, ʘ Er4.8Pd2 ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʨʘʟʤʘʟʘʥʥʳʡ ʤʘʢʩʠʤʫʤ ʚ ʰʠʨʦʢʦʤ ʠʥʪʝʨʚʘʣʝ 

ʪʝʤʧʝʨʘʪʫʨ ʥʠʞʝ 50 ʂ. 

ʆʙʲʝʢʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ɺ ʨʘʙʦʪʝ ʠʟʫʯʘʶʪʩʷ ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʪʨʝʭ ʩʝʤʝʡʩʪʚ ʙʠʥʘʨʥʳʭ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ 

ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʚ ʩ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʨʝʜʢʦʟʝʤʝʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ: R3Co, R5Pd2 

ʠ R7Rh3. ʍʘʨʘʢʪʝʨʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʧʦʜʦʙʥʳʭ ʩʠʩʪʝʤ ʷʚʣʷʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝ 

ʫʧʦʨʷʜʦʯʝʥʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ ʥʘ 3d(4d) ʧʦʜʨʝʰʝʪʢʝ ʚʩʣʝʜʩʪʚʠʝ ʟʘʧʦʣʥʝʥʠʷ 

d-ʟʦʥʳ ʧʝʨʝʭʦʜʥʦʛʦ ʤʝʪʘʣʣʘ ʚʥʝʰʥʠʤʠ ʵʣʝʢʪʨʦʥʘʤʠ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʠʦʥʦʚ. ɺ 

ʨʘʙʦʪʝ ʩʜʝʣʘʥ ʫʧʦʨ ʥʘ ʠʩʩʣʝʜʦʚʘʥʠʝ ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʚ ʩ ʨʝʜʢʦʟʝʤʝʣʴʥʳʤ ʠʦʥʦʤ  

R = Ho: Ho3Co, Ho7Rh3, Ho5Pd2, ʧʦʩʢʦʣʴʢʫ ʛʦʣʴʤʠʡ ʷʚʣʷʝʪʩʷ ʥʝʢʨʘʤʝʨʩʦʚʳʤ ʠʦʥʦʤ 

ʩ ʩʠʥʛʣʝʪʥʳʤ ʦʩʥʦʚʥʳʤ ʩʦʩʪʦʷʥʠʝʤ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʚ ʙʠʥʘʨʥʳʭ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ 

ʠʥʪʝʨʤʝʪʘʣʣʠʜʘʭ ʤʘʛʥʝʪʠʟʤ ʛʦʣʴʤʠʝʚʦʡ ʧʦʜʨʝʰʝʪʢʠ ʩʦʭʨʘʥʷʝʪʩʷ ʚʧʣʦʪʴ ʜʦ ʩʘʤʳʭ 
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ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ, ʫʢʘʟʳʚʘʷ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʝʨʠʦʜʠʯʥʳʤ ʦʙʤʝʥʥʳʤ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʪʠʧʘ ʈʂʂʀ ʢʚʘʟʠʜʫʙʣʝʪʥʦʛʦ ʩʦʩʪʦʷʥʠʷ. ʇʦʵʪʦʤʫ ʚ ʧʦʜʦʙʥʳʭ 

ʩʠʩʪʝʤʘʭ ʩ ʥʝʢʨʘʤʝʨʩʦʚʳʤʠ ʠʦʥʘʤʠ ʯʘʩʪʦ ʥʘʙʣʶʜʘʶʪʩʷ ʙʦʛʘʪʳʝ ʤʘʛʥʠʪʥʳʝ 

ʬʘʟʦʚʳʝ ʜʠʘʛʨʘʤʤʳ ʠ ʩʣʦʞʥʳʝ ʥʝʩʦʠʟʤʝʨʠʤʳʝ ʤʘʛʥʠʪʥʳʝ ʩʪʨʫʢʪʫʨʳ, 

ʩʦʭʨʘʥʷʶʱʠʝ ʩʚʦʶ ʥʝʩʦʠʟʤʝʨʠʤʦʩʪʴ ʚʧʣʦʪʴ ʜʦ ʩʘʤʳʭ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ. ʀʥʪʝʨʝʩ 

ʢ ʩʦʝʜʠʥʝʥʠʶ Er4.8Pd2, ʠʟʫʯʘʝʤʦʤʫ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ, ʩʚʷʟʘʥ, ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ, ʩ ʝʛʦ 

ʥʝʦʙʳʯʥʳʤʠ ʪʝʧʣʦʚʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʢʦʪʦʨʳʝ ʠ ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ. 

ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ʆʩʥʦʚʥʦʡ ʤʝʪʦʜ ʠʩʩʣʝʜʦʚʘʥʠʷ ʵʬʬʝʢʪʦʚ ʤʘʛʥʠʪʥʦʛʦ ʫʧʦʨʷʜʦʯʝʥʠʷ ʚ 

ʙʠʥʘʨʥʳʭ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʠʥʪʝʨʤʝʪʘʣʣʠʜʘʭ Ho3Co, Ho7Rh3, Ho5Pd2 ï ʜʠʬʨʘʢʮʠʷ 

ʤʝʜʣʝʥʥʳʭ ʥʝʡʪʨʦʥʦʚ ʥʘ ʧʦʨʦʰʢʦʚʳʭ ʠ ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʦʙʨʘʟʮʘʭ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʦʚʨʝʤʝʥʥʳʭ ʜʠʬʨʘʢʪʦʤʝʪʨʦʚ ʢʨʫʧʥʳʭ ʤʝʞʜʫʥʘʨʦʜʥʳʭ 

ʥʝʡʪʨʦʥʥʳʭ ʮʝʥʪʨʦʚ. ʂʦʤʧʣʝʤʝʥʪʘʨʥʳʝ ʜʘʥʥʳʝ ʦ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚʘʭ Ho3Co, 

Ho7Rh3, Ho5Pd2, Er4.8Pd2 ʧʦʣʫʯʝʥʳ ʧʨʠ ʧʦʤʦʱʠ ʠʟʤʝʨʝʥʠʡ ʥʘ ʉʂɺʀɼ-

ʤʘʛʥʠʪʦʤʝʪʨʝ (MPMS-XL-5) ʠ ʥʘ ʫʥʠʚʝʨʩʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʝ ʜʣʷ ʠʟʤʝʨʝʥʠʡ 

ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ (PPMS-9). ʀʩʩʣʝʜʦʚʘʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ Ho5Pd2 ʠ 

Er4.8Pd2 ʧʨʦʚʦʜʠʣʦʩʴ ʥʘ ʫʩʪʘʥʦʚʢʝ PPMS ʩʪʘʥʜʘʨʪʥʳʤ ʯʝʪʳʨʝʭʢʦʥʪʘʢʪʥʳʤ 

ʤʝʪʦʜʦʤ ʚ ʨʝʞʠʤʝ AC. ʀʩʩʣʝʜʦʚʘʥʠʝ ʪʝʧʣʦʚʳʭ ʩʚʦʡʩʪʚ Ho7Rh3 ʠ Er4.8Pd2 

ʧʨʦʚʦʜʠʣʦʩʴ ʥʘ ʫʩʪʘʥʦʚʢʝ PPMS ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʪʘʥʜʘʨʪʥʦʡ ʦʧʮʠʠ ʜʣʷ 

ʠʟʤʝʨʝʥʠʷ ʪʝʧʣʦʝʤʢʦʩʪʠ ʠ ʥʝʩʪʘʥʜʘʨʪʥʦʡ ʦʧʮʠʠ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʪʝʧʣʦʚʦʛʦ 

ʨʘʩʰʠʨʝʥʠʷ ʦʪ Kuechler innovative measurement technology. 

ʉʪʝʧʝʥʴ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʠ ʘʧʨʦʙʘʮʠ ̫ʨʝʟʫʣʴʪʘʪʦʚ. 

ʆʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ ʜʠʩʩʝʨʪʘʮʠʠ ʜʦʢʣʘʜʳʚʘʣʠʩʴ ʥʘ ʨʦʩʩʠʡʩʢʠʭ ʠ 

ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʢʦʥʬʝʨʝʥʮʠʷʭ: IX ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʤʦʣʦʜʝʞʥʘʷ ʰʢʦʣʘ-ʩʝʤʠʥʘʨ ʧʦ 

ʧʨʦʙʣʝʤʘʤ ʬʠʟʠʢʠ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚʝʱʝʩʪʚʘ (ʉʇʌʂʉ-19), (ʛ. 

ɽʢʘʪʝʨʠʥʙʫʨʛ, 2018); ʂʦʥʬʝʨʝʥʮʠʠ ʧʦ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʨʘʩʩʝʷʥʠʷ ʥʝʡʪʨʦʥʦʚ ʚ 

ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʭ ʩʨʝʜʘʭ (ʈʅʀʂʉ-2018), (ʛ. ɻʘʪʯʠʥʘ, 2018); European Conference 

on Neutron Scattering (ECNS 2019), (ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, 2019); VII  Euro-Asian 

Symposium çTrends in MAGnetismè (EASTMAG-2019), (ʛ. ɽʢʘʪʝʨʠʥʙʫʨʛ, 2019); XX 

ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʤʦʣʦʜʝʞʥʘʷ ʰʢʦʣʘ-ʩʝʤʠʥʘʨ ʧʦ ʧʨʦʙʣʝʤʘʤ ʬʠʟʠʢʠ 

ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚʝʱʝʩʪʚʘ (ʉʇʌʂʉ-20), (ʛ. ɽʢʘʪʝʨʠʥʙʫʨʛ, 2019); 54-

ʷ ʐʢʦʣʳ ʇʀʗʌ ʧʦ ʌʠʟʠʢʝ ʂʦʥʜʝʥʩʠʨʦʚʘʥʥʦʛʦ ʉʦʩʪʦʷʥʠʷ (ʐʢʦʣʘ ʌʂʉ-2020), (ʛ. 

ʉʝʩʪʨʦʨʝʮʢ 2020); XXI ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʰʢʦʣʳ-ʩʝʤʠʥʘʨʘ ʧʦ ʧʨʦʙʣʝʤʘʤ ʬʠʟʠʢʠ 

ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚʝʱʝʩʪʚʘ (ʉʇʌʂʉ-21), (ʛ. ɽʢʘʪʝʨʠʥʙʫʨʛ 2020); 

ʂʦʥʬʝʨʝʥʮʠʠ ʧʦ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʨʘʩʩʝʷʥʠʷ ʥʝʡʪʨʦʥʦʚ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ 

ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʭ ʩʨʝʜ (ʈʅʀʂʉ-2021), (ʛ. ɽʢʘʪʝʨʠʥʙʫʨʛ 2021); XXV  International 

Union of Crystallography Congress (XXV  IUCr Congress 2021), (ʛ. ʇʨʘʛʘ, ʏʝʭʠʷ 2021); 
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VIII  Euro-Asian Symposium çTrends in MAGnetismè (EASTMAG-2022), (ʛ. ʂʘʟʘʥʴ 

2022). 

ʇʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ. 

1. ʇʨʠ ʦʭʣʘʞʜʝʥʠʠ ʥʠʞʝ ʪʝʤʧʝʨʘʪʫʨʳ ʅʝʝʣʷ Ὕ ςς + ʚ Ho3Co ʨʝʘʣʠʟʫʝʪʩʷ 

ʘʤʧʣʠʪʫʜʥʦ-ʤʦʜʫʣʠʨʦʚʘʥʥʘʷ ʥʝʩʦʠʟʤʝʨʠʤʘʷ ʤʘʛʥʠʪʥʘʷ ʩʪʨʫʢʪʫʨʘ ʪʠʧʘ ʚʦʣʥʳ 

ʩʧʠʥʦʚʦʡ ʧʣʦʪʥʦʩʪʠ, ʦʧʠʩʳʚʘʝʤʦʡ ʢʦʤʙʠʥʘʮʠʝʡ ʜʚʫʭ ʚʦʣʥʦʚʳʭ ʚʝʢʪʦʨʦʚ ▓

πȢρυυ π π ʠ ▓ π ʠ ʤʘʛʥʠʪʥʦʡ ʩʫʧʝʨʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʦʡ 

ὖάὧὲππὫπππ. ʕʚʦʣʶʮʠʷ ʛʘʨʤʦʥʠʯʝʩʢʦʡ ʩʧʠʥʦʚʦʡ ʚʦʣʥʳ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʢ 

ʤʘʛʥʠʪʥʦʡ ʩʪʨʫʢʪʫʨʝ ʪʠʧʘ çʘʥʪʠʬʘʟʥʳʭ ʜʦʤʝʥʦʚè ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ ʥʠʞʝ Ὕ 

 ρρ + ʧʦʨʦʞʜʘʝʪ ʬʘʟʫ çʩʧʠʥʦʚʦʛʦ ʧʨʦʩʢʘʣʴʟʳʚʘʥʠʷè ʩ ʨʘʩʢʦʤʧʝʥʩʘʮʠʝʡ 

ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʦʡ ʧʦʜʨʝʰʝʪʢʠ. 

2. ʇʨʠ ʦʭʣʘʞʜʝʥʠʠ ʥʠʞʝ ʪʝʤʧʝʨʘʪʫʨʳ ʅʝʝʣʷ Ὕ σς + ʚ Ho7Rh3 ʨʝʘʣʠʟʫʝʪʩʷ 

ʤʘʛʥʠʪʥʘʷ ʩʪʨʫʢʪʫʨʘ ʪʠʧʘ ʚʦʣʥ r ʩʧʠʥʦʚʦʡ ʧʣʦʪʥʦʩʪʠ ʩ ʚʦʣʥʦʚʳʤ ʚʝʢʪʦʨʦʤ  

▓ π π πȢσψψ ʠ ʤʘʛʥʠʪʥʦʡ ʩʫʧʝʨʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʦʡ 

ὅάὧςȢρȭππὫπίίί. 

3. ʇʨʠ ʥʘʛʨʝʚʘʥʠʠ ʚʳʰʝ ʪʝʤʧʝʨʘʪʫʨʳ ʅʝʝʣʷ Ὕ σς + ʚ ʩʦʝʜʠʥʝʥʠʠ Ho7Rh3 

ʩʦʭʨʘʥʷʝʪʩʷ ʙʣʠʞʥʠʡ ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʳʡ ʧʦʨʷʜʦʢ ʚʧʣʦʪʴ ʜʦ ʪʝʤʧʝʨʘʪʫʨ, 

ʜʚʫʢʨʘʪʥʦ ʧʨʝʚʳʰʘʶʱʠʭ ʪʝʤʧʝʨʘʪʫʨʫ ʅʝʝʣʷ. ʆʙʥʘʨʫʞʝʥʥʳʡ ʙʣʠʞʥʠʡ 

ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʳʡ ʧʦʨʷʜʦʢ ʷʚʣʷʝʪʩʷ ʧʨʠʯʠʥʦʡ ʘʥʦʤʘʣʴʥʦʛʦ ʧʦʚʝʜʝʥʠʷ 

ʵʣʝʢʪʨʦʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠ ʪʝʧʣʦʚʦʛʦ ʨʘʩʰʠʨʝʥʠʷ, ʥʘʙʣʶʜʘʝʤʳʭ ʚ Ho7Rh3 ʠ ʠʥʳʭ 

ʧʨʝʜʩʪʘʚʠʪʝʣʷʭ ʩʝʤʝʡʩʪʚʘ R7Rh3 ʚ ʰʠʨʦʢʦʤ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ ʚʳʰʝ 

ʪʝʤʧʝʨʘʪʫʨʳ ʅʝʝʣʷ. 

4. ʇʨʠʣʦʞʝʥʠʝ ʚʥʝʰʥʝʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʜʦ 50 ʢʕ ʚ Ho5Pd2 ʧʨʠʚʦʜʠʪ ʢ 

ʤʘʛʥʠʪʦʩʪʨʫʢʪʫʨʥʦʤʫ ʬʘʟʦʚʦʤʫ ʧʝʨʝʭʦʜʫ ʚ ʩʦʩʪʦʷʥʠʝ ʩ ʜʘʣʴʥʠʤ ʬʝʨʨʦʤʘʛʥʠʪʥʳʤ 

ʧʦʨʷʜʢʦʤ ʠ ʨʦʤʙʦʵʜʨʠʯʝʩʢʦʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʦʡ, ʦʧʠʩʳʚʘʝʤʦʡ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʦʡ R-3m. ʕʪʦʪ ʧʝʨʝʭʦʜ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ 

ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʭʘʨʘʢʪʝʨʘ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʚ ʦʙʣʘʩʪʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ. 

5. ʉʦʝʜʠʥʝʥʠʝ Er4.8Pd2 ʦʙʣʘʜʘʝʪ ʨʝʢʦʨʜʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʦʙʲʝʤʥʦʡ ʪʝʧʣʦʝʤʢʦʩʪʠ ʚ 

ʦʙʣʘʩʪʠ ʪʝʤʧʝʨʘʪʫʨ ʥʠʞʝ 50 K. ʇʨʠʯʠʥʘ ʚʳʩʦʢʠʭ ʟʥʘʯʝʥʠʡ ʪʝʧʣʦʝʤʢʦʩʪʠ ʚ ʜʘʥʥʦʤ 

ʩʦʝʜʠʥʝʥʠʠ ʩʚʷʟʘʥʘ ʩ ʢʦʤʙʠʥʘʮʠʝʡ ʵʬʬʝʢʪʘ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʧʦʣʷ ʠ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʥʝʦʜʥʦʨʦʜʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʪʠʧʘ çʢʣʘʩʪʝʨʥʦʛʦ ʩʪʝʢʣʘè. 

 

ʇʫʙʣʠʢʘʮʠʠ. 

ʄʘʪʝʨʠʘʣʳ ʜʠʩʩʝʨʪʘʮʠʠ ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ 15 ʧʝʯʘʪʥʳʭ ʨʘʙʦʪʘʭ: ʚ 5 ʩʪʘʪʴʷʭ ʚ 

ʥʘʫʯʥʳʭ ʨʝʮʝʥʟʠʨʫʝʤʳʭ ʞʫʨʥʘʣʘʭ, ʚʭʦʜʷʱʠʭ ʚ ʧʝʨʝʯʝʥʴ ɺɸʂ ʠ ʚ 10 ʪʝʟʠʩʘʭ 

ʜʦʢʣʘʜʦʚ ʥʘ ʨʦʩʩʠʡʩʢʠʭ ʠ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʢʦʥʬʝʨʝʥʮʠʷʭ. 
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ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ. 

ɸʚʪʦʨ ʩʦʚʤʝʩʪʥʦ ʩ ʥʘʫʯʥʳʤ ʨʫʢʦʚʦʜʠʪʝʣʝʤ ʫʯʘʩʪʚʦʚʘʣ ʚ ʦʙʩʫʞʜʝʥʠʠ ʮʝʣʠ ʠ 

ʟʘʜʘʯ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɸʚʪʦʨʦʤ ʚʳʧʦʣʥʝʥʘ ʧʦʜʛʦʪʦʚʢʘ ʢʦʤʧʦʥʝʥʪʦʚ ʢ ʩʠʥʪʝʟʫ ʠ 

ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʦʙʨʘʟʮ r Ho3Co, Ho7Rh3, Lu5Pd2 ʠ  

(Lu1-ʭGdx)5Pd2. ɸʚʪʦʨʦʤ ʧʨʦʚʝʜʝʥʘ ʬʘʟʦʚʘ ̫ʠ ʩʪʨʫʢʪʫʨʥʘ ̫ʘʪʪʝʩʪʘʮʠʷ ʦʙʨʘʟʮʦʚ 

ʤʝʪʦʜʘʤʠ ʥʝʡʪʨʦʥʦʛʨʘʬʠʠ ʠ ʨʝʥʪʛʝʥʦʛʨʘʬʠʠ ʧʨʠ ʧʦʤʦʱʠ ʧʨʦʛʨʘʤʤʥʳʭ ʧʘʢʝʪʦʚ 

FullProf Suite ʠ JANA2006 ʜʣʷ ʦʙʨʘʟʮʦʚ Ho3Co, Ho7Rh3, Ho5Pd2, Er5Pd2, Lu5Pd2 ʠ  

(Lu1-ʭGdx)5Pd2. ɸʚʪʦʨʦʤ ʣʠʯʥʦ ʚʳʧʦʣʥʝʥʘ ʧʦʜʛʦʪʦʚʢʘ ʦʙʨʘʟʮʦʚ ʜʣʷ ʠʟʤʝʨʝʥʠʡ ʠʭ 

ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʨʘʟʣʠʯʥʳʤʠ ʤʝʪʦʜʘʤʠ, ʧʨʦʚʝʜʝʥʘ ʦʙʨʘʙʦʪʢʘ ʠ ʘʥʘʣʠʟ 

ʨʝʟʫʣʴʪʘʪʦʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ. ɸʚʪʦʨ ʧʨʠʥʠʤʘʣ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ 

ʫʯʘʩʪʠʝ ʚ ʥʝʡʪʨʦʥ-ʜʠʬʨʘʢʮʠʦʥʥʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ ʥʘ ʦʙʨʘʟʮʝ Ho5Pd2 ʚ ɹʝʨʣʠʥʩʢʦʤ 

ʮʝʥʪʨʝ ʨʘʩʩʝʷʥʠʷ ʥʝʡʪʨʦʥʦʚ HZB, ʠʟʤʝʨʝʥʠʷʭ ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ, 

ʫʜʝʣʴʥʦʡ ʪʝʧʣʦʸʤʢʦʩʪʠ ʠ ʵʣʝʢʪʨʦʩʦʧʨʦʪʠʚʣʝʥʠʷ ʥʘ ʫʩʪʘʥʦʚʢʘʭ MPMS ʠ PPMS, 

ʫʯʘʩʪʚʦʚʘʣ ʧʫʩʢʦ-ʥʘʣʘʜʦʯʥʳʭ ʨʘʙʦʪʘʭ, ʘʪʪʝʩʪʘʮʠʠ ʠ ʵʢʩʧʝʨʠʤʝʥʪʝ ʥʘ 

ʜʠʣʘʪʦʤʝʪʨʠʯʝʩʢʦʡ ʦʧʮʠʠ ʜʣʷ ʫʩʪʘʥʦʚʢʠ PPMS. ɸʚʪʦʨʦʤ ʨʘʟʨʘʙʦʪʘʥ ʢʦʜ ʚ ʩʨʝʜʝ 

Python ʜʣʷ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʠʟʤʝʨʝʥʠʡ ʪʝʧʣʦʝʤʢʦʩʪʠ ʠ ʪʝʧʣʦʚʦʛʦ ʨʘʩʰʠʨʝʥʠʷ. 

ɸʚʪʦʨʦʤ ʧʨʦʚʝʜʝʥʦ ʫʪʦʯʥʝʥʠʝ ʤʦʜʝʣʝʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʠ ʤʘʛʥʠʪʥʦʡ 

ʩʪʨʫʢʪʫʨʳ ʧʦ ʜʘʥʥʳʤ ʥʝʡʪʨʦʥʥʦʡ ʠ ʩʠʥʭʨʦʪʨʦʥʥʦʡ ʜʠʬʨʘʢʮʠʠ ʧʨʠ ʧʦʤʦʱʠ 

ʧʨʦʛʨʘʤʤʥʳʭ ʧʘʢʝʪʦʚ FullProf Suite ʠ JANA2006. ɸʚʪʦʨ ʧʨʠʥʠʤʘʣ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ ʫʯʘʩʪʠʝ ʚ ʦʙʩʫʞʜʝʥʠʠ ʨʝʟʫʣʴʪʘʪʦʚ, ʥʘʧʠʩʘʥʠʠ ʩʪʘʪʝʡ ʠ ʪʝʟʠʩʦʚ 

ʜʦʢʣʘʜʦʚ, ʧʨʝʜʩʪʘʚʣʷʣ ʨʝʟʫʣʴʪʘʪʳ ʥʘ ʨʦʩʩʠʡʩʢʠʭ ʠ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʢʦʥʬʝʨʝʥʮʠʷʭ. 

ʉʦʦʪʚʝʪʩʪʚʠʝ ʜʠʩʩʝʨʪʘʮʠʠ ʧʘʩʧʦʨʪʫ ʩʧʝʮʠʘʣʴʥʦʩʪʠ. 

ʉʦʜʝʨʞʘʥʠʝ ʜʠʩʩʝʨʪʘʮʠʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʫʥʢʪʫ 3 çʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ 

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, ʧʫʥʢʪʫ 4 çʀʩʩʣʝʜʦʚʘʥʠʝ ʠʟʤʝʥʝʥʠʡ ʨʘʟʣʠʯʥʳʭ 

ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʚʝʱʝʩʪʚʘ, ʩʚʷʟʘʥʥʳʭ ʩ ʠʟʤʝʥʝʥʠʝʤ ʠʭ ʤʘʛʥʠʪʥʳʭ ʩʦʩʪʦʷʥʠʡ ʠ 

ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚè ʠ ʧʫʥʢʪʫ 5 çʀʩʩʣʝʜʦʚʘʥʠʝ ʷʚʣʝʥʠʡ, ʩʚʷʟʘʥʥʳʭ ʩ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʨʘʟʣʠʯʥʦʛʦ ʨʦʜʘ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʠʟʣʫʯʝʥʠʡ ʠ ʧʦʪʦʢʦʚ 

ʵʣʝʤʝʥʪʘʨʥʳʭ ʯʘʩʪʠʮ ʩ ʤʘʛʥʠʪʥʳʤʠ ʤʦʤʝʥʪʘʤʠ ʚʝʱʝʩʪʚʘ ʠʣʠ ʝʛʦ ʩʪʨʫʢʪʫʨʥʳʭ 

ʩʦʩʪʘʚʣʷʶʱʠʭ: ʘʪʦʤʦʚ, ʘʪʦʤʥʳʭ ʷʜʝʨ, ʵʣʝʢʪʨʦʥʦʚ (ʧʘʨʘʤʘʛʥʠʪʥʳʡ, 

ʬʝʨʨʦʤʘʛʥʠʪʥʳʡ, ʷʜʝʨʥʳʡ ʤʘʛʥʠʪʥʳʡ, ʷʜʝʨʥʳʡ ʛʘʤʤʘ ʨʝʟʦʥʘʥʩʳ ʠ ʜʨ.)è ʧʘʩʧʦʨʪʘ 

ʩʧʝʮʠʘʣʴʥʦʩʪʠ 1.3.12. ʌʠʟʠʢʘ ʤʘʛʥʠʪʥʳʭ ʷʚʣʝʥʠʡ. 

ʉʪʨʫʢʪʫʨʘ ʠ ʦʙʲʝʤ ʜʠʩʩʝʨʪʘʮʠʠ. 

ɼʠʩʩʝʨʪʘʮʠʷ ʩʦʩʪʦʠʪ ʠʟ ʦʛʣʘʚʣʝʥʠʷ, ʚʚʝʜʝʥʠʷ, 6 ʛʣʘʚ, ʟʘʢʣʶʯʝʥʠʷ, ʩʧʠʩʢʘ 

ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʦʙʦʟʥʘʯʝʥʠʡ ʠ ʩʦʢʨʘʱʝʥʠʡ, ʩʧʠʩʢʘ ʧʫʙʣʠʢʘʮʠʡ ʘʚʪʦʨʘ ʧʦ ʪʝʤʝ 

ʜʠʩʩʝʨʪʘʮʠʠ, ʙʣʘʛʦʜʘʨʥʦʩʪʝʡ ʠ ʩʧʠʩʢʘ ʠʩʧʦʣʴʟʫʝʤʦʡ ʣʠʪʝʨʘʪʫʨʳ. ʆʙʱʠʡ ʦʙʲʝʤ 
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ʜʠʩʩʝʨʪʘʮʠʠ ʩʦʩʪʘʚʣʷʝʪ 195 ʩʪʨʘʥʠʮ,r 79 ʨʠʩʫʥʢʦʚ, 22 ʪʘʙʣʠʮ.r ʉʧʠʩʦʢ 

ʣʠʪʝʨʘʪʫʨʳ ʩʦʜʝʨʞʠʪ 175 ʥʘʠʤʝʥʦʚʘʥʠʡ ʥʘ 14 ʩʪʨʘʥʠʮʘʭ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʩʣʝʜʫʶʱʠʭ ʧʨʦʛʨʘʤʤ ʠ ʛʨʘʥʪʦʚ. 

ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʟʘʜʘʥʠʝ ʄʀʅʆɹʈʅɸʋʂʀ ʈʦʩʩʠʠ (çʇʆʊʆʂè, ˉ 22021000031-8), 

ʈʅʌ (ʧʨʦʝʢʪ ˉ 18-72-10022), ʈʌʌʀ (ʧʨʦʝʢʪ ˉ 20-32-90047).  
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1 ʃʀʊɽʈɸʊʋʈʅʓʁ ʆɹɿʆʈ 

 

1.1 ʂʦʩʚʝʥʥʦʝ ʦʙʤʝʥʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʚ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʠʥʪʝʨʤʝʪʘʣʣʠʜʘʭ 

 

ɺ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʤʝʪʘʣʣʘʭ (ʈɿʄ) ʠ ʠʭ ʩʧʣʘʚʘʭ ʩ ʧʝʨʝʭʦʜʥʳʤʠ ʤʝʪʘʣʣʘʤʠ 

ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʦʙʦʣʦʯʢʘʤʠ 4f-ʵʣʝʢʪʨʦʥʦʚ, ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʟʘ ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʥʝʩʢʦʤʧʝʥʩʠʨʦʚʘʥʥʳʭ ʤʘʛʥʠʪʥʳʭ ʤʦʤʝʥʪʦʚ, ʩʦʩʝʜʥʠʭ ʘʪʦʤʦʚ ʩʣʠʰʢʦʤ ʚʝʣʠʢʦ ʜʣʷ 

ʫʩʪʘʥʦʚʣʝʥʠʷ ʧʨʷʤʦʛʦ ʦʙʤʝʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʟʘ ʩʯʝʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ 

ʧʝʨʝʢʨʳʪʠʷ 4f ʚʦʣʥʦʚʳʭ ʬʫʥʢʮʠʡ (ʩʨʝʜʥʠʡ ʨʘʜʠʫʩ 4f-ʦʙʦʣʦʯʢʠ ʩʦʩʪʘʚʣʷʝʪ πͯȢρ 

ʤʝʞʠʦʥʥʦʛʦ ʨʘʩʩʪʦʷʥʠʷ). ʆʪʩʫʪʩʪʚʠʝʤ ʧʨʷʤʦʛʦ ʦʙʤʝʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ 

ʤʘʛʥʠʪʥʳʤʠ ʠʦʥʘʤʠ ʤʦʛʫʪ ʦʙʲʷʩʥʷʪʴʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʠʝ (ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʧʝʨʝʭʦʜʥʳʤʠ ʤʝʪʘʣʣʘʤʠ) ʪʝʤʧʝʨʘʪʫʨʳ ʤʘʛʥʠʪʥʦʛʦ ʫʧʦʨʷʜʦʯʝʥʠʷ ʚ ʯʠʩʪʳʭ ʈɿʄ ʠ 

ʠʭ ʩʧʣʘʚʘʭ ʩ 3d/4d-ʤʝʪʘʣʣʘʤʠ. ʌʦʨʤʠʨʦʚʘʥʠʝ ʤʘʛʥʠʪʥʦʛʦ ʧʦʨʷʜʢʘ ʚ ʪʘʢʠʭ ʩʧʣʘʚʘʭ 

ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʟʘ ʩʯʝʪ ʢʦʩʚʝʥʥʦʛʦ ʦʙʤʝʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʯʝʨʝʟ ʵʣʝʢʪʨʦʥʳ 

ʧʨʦʚʦʜʠʤʦʩʪʠ [27-32]. 

ʉʦʛʣʘʩʥʦ ʤʦʜʝʣʠ s-f-ʦʙʤʝʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚ ʤʘʛʥʠʪʥʳʭ ʚʝʱʝʩʪʚʘʭ 

ʩʫʱʝʩʪʚʫʶʪ ʜʚʝ ʛʨʫʧʧʳ ʵʣʝʢʪʨʦʥʦʚ: ʣʦʢʘʣʠʟʦʚʘʥʥʳʝ ʵʣʝʢʪʨʦʥʳ ʥʝʟʘʩʪʨʦʝʥʥʳʭ d- 

ʠʣʠ f-ʦʙʦʣʦʯʝʢ, ʚʥʦʩʷʱʠʝ ʦʩʥʦʚʥʦʡ ʚʢʣʘʜ ʚ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ, ʠ 

ʢʦʣʣʝʢʪʠʚʠʟʠʨʦʚʘʥʥʳʝ ʵʣʝʢʪʨʦʥʳ ʚʘʣʝʥʪʥʳʭ (s, p, é) ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʫʨʦʚʥʝʡ, 

ʦʪʚʝʪʩʪʚʝʥʥʳʝ ʟʘ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ. ʊʘʢ, ʚ ʯʘʩʪʥʦʩʪʠ, ʜʣʷ ʯʠʩʪʦʛʦ Gd (ὒ π) 

ʛʘʤʠʣʴʪʦʥʠʘʥ s-f-ʦʙʤʝʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʚ ʚʠʜʝ [27, 30]: 

 Ὄ ςВ Ὅ ὶ Ὑ ίὛȟ ȟ  (1.1) 

ʛʜʝ Ὅ ὶ Ὑ  - ʠʥʪʝʛʨʘʣ s-f-ʦʙʤʝʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, r i-ʨʘʜʠʫʩ-ʚʝʢʪʦʨ i-ʛʦ 

ʵʣʝʢʪʨʦʥʘ ʧʨʦʚʦʜʠʤʦʩʪʠ, Rn ï ʨʘʜʠʫʩ-ʚʝʢʪʦʨ n-ʛʦ ʘʪʦʤʘ ʨʝʰʝʪʢʠ, si ʠ Sn ï ʩʧʠʥʳ 

ʵʣʝʢʪʨʦʥʦʚ ʧʨʦʚʦʜʠʤʦʩʪʠ ʠ ʩʧʠʥʳ 4f-ʠʦʥʦʚ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʇʦʜ ʜʝʡʩʪʚʠʝʤ s-f-ʦʙʤʝʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʧʠʥʳ ʵʣʝʢʪʨʦʥʦʚ 

ʧʨʦʚʦʜʠʤʦʩʪʠ ʧʦʣʷʨʠʟʫʶʪʩʷ ʣʦʢʘʣʠʟʦʚʘʥʥʳʤʠ f-ʵʣʝʢʪʨʦʥʘʤʠ. ʇʦʩʢʦʣʴʢʫ 

ʛʘʤʠʣʴʪʦʥʠʘʥ Hsf ʟʘʚʠʩʠʪ ʦʪ ʥʘʧʨʘʚʣʝʥʠʷ ʩʧʠʥʦʚ, ʪʦ ʵʣʝʢʪʨʦʥʳ ʧʨʦʚʦʜʠʤʦʩʪʠ ʩ 

ʨʘʟʣʠʯʥʦʡ ʦʨʠʝʥʪʘʮʠʝʡ ʩʧʠʥʦʚ, ʧʦ-ʨʘʟʥʦʤʫ ʨʝʘʛʠʨʫʶʪ ʥʘ s-f-ʦʙʤʝʥ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, 

ʵʣʝʢʪʨʦʥʳ ʩʦ ʩʧʠʥʘʤʠ ί ʥʘʧʨʘʚʣʝʥʥʳʤʠ ʦʜʠʥʘʢʦʚʦ ʩ Ὓ, ʧʨʝʜʧʦʯʠʪʘʶʪ 

ʥʘʭʦʜʠʪʴʩʷ ʚʙʣʠʟʠ n-ʛʦ ʫʟʣʘ, ʪʦʛʜʘ ʢʘʢ ʵʣʝʢʪʨʦʥʳ ʩ ʦʙʨʘʪʥʳʤ ʩʧʠʥʦʤ ʫʜʘʣʷʶʪʩʷ 

ʦʪ ʥʝʛʦ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʝʨʠʦʜʠʯʝʩʢʦʤʫ ʠʟʤʝʥʝʥʠʶ ʧʣʦʪʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʵʣʝʢʪʨʦʥʦʚ ʩ ʟʘʜʘʥʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʩʧʠʥʦʚ ʧʨʠ ʫʜʘʣʝʥʠʠ ʧʦ ʨʘʜʠʫʩʫ r ʦʪ ʠʦʥʘ n. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, s-f-ʦʙʤʝʥ ʚʳʟʳʚʘʝʪ ʧʦʣʷʨʠʟʘʮʠʶ ʩʧʠʥʦʚ ʵʣʝʢʪʨʦʥʦʚ ʧʨʦʚʦʜʠʤʦʩʪʠ 

ʦʩʮʠʣʣʷʮʠʦʥʥʦʛʦ ʭʘʨʘʢʪʝʨʘ. 

ʉʧʠʥ ʦʜʥʦʛʦ 4f-ʘʪʦʤʘ, ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʚ ʪʦʯʢʝ Rn, ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ʥʘ ʩʧʠʥ 

ʜʨʫʛʦʛʦ 4f-ʘʪʦʤʘ ʚ ʪʦʯʢʝ Rm ʟʘ ʩʯʸʪ ʧʦʣʷʨʠʟʘʮʠʠ ʵʣʝʢʪʨʦʥʦʚ ʧʨʦʚʦʜʠʤʦʩʪʠ. 
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ɻʘʤʠʣʴʪʦʥʠʘʥ ʵʪʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʦʛʣʘʩʥʦ ʈʫʜʝʨʤʘʥʫ, ʂʠʪʪʝʣʶ, ʂʘʩʫʝ ʠ 

ʀʦʩʠʜʝ (ʈʂʂʀ) [30,31] ʚʳʨʘʞʘʝʪʩʷ ʢʘʢ: 

 Ὄȟ В ὍὙȟ ὛὛȟ ȟ (1.2) 

ʛʜʝ Ὓ ʠ Ὓ  ï ʩʧʠʥʳ 4f-ʵʣʝʢʪʨʦʥʦʚ ʫ ʘʪʦʤʦʚ n ʠ m, I(Rn,m) ïʠʟʦʪʨʦʧʥʳʡ ʠʥʪʝʛʨʘʣ 

ʢʦʩʚʝʥʥʦʛʦ ʦʙʤʝʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʥʘ ʨʘʩʩʪʦʷʥʠʠ Ὑȟ  ʤʝʞʜʫ ʘʪʦʤʘʤʠ n ʠ m. 

ʈʘʩʯʝʪ ʜʣʷ ʧʨʦʩʪʦʛʦ ʩʣʫʯʘʷ ʩʬʝʨʠʯʝʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʌʝʨʤʠ ʜʘʝʪ ʩʣʝʜʫʶʱʝʝ 

ʚʳʨʘʞʝʥʠʝ ʜʣʷ I(Rn,m): 

 ὍὙȟ
 

ὊςὯὙȟ ȟ (1.3) 

ʟʜʝʩʴ ὔ ï ʧʦʣʥʦʝ ʯʠʩʣʦ ʵʣʝʢʪʨʦʥʦʚ ʧʨʦʚʦʜʠʤʦʩʪʠ ʚ ʦʙʲʝʤʝ ʢʨʠʩʪʘʣʣʘ, 

ʩʦʜʝʨʞʘʱʝʤ N-ʘʪʦʤʦʚ, ‐ ï ʵʥʝʨʛʠʷ ʌʝʨʤʠ ʠ Ὧ ï ʌʝʨʤʠ-ʠʤʧʫʣʴʩ ʵʣʝʢʪʨʦʥʘ. 

ʌʫʥʢʮʠʷ F ʥʦʩʠʪ ʦʩʮʠʣʣʠʨʫʶʱʠʡ ʭʘʨʘʢʪʝʨ: 

 Ὂὼ ȟ (1.4) 

ʛʜʝ ὼ ςὯὙȟ . 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʦʙʤʝʥʥʦʛʦ ʈʂʂʀ-ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʳʜʝʣʷʶʪʩʷ ʦʩʥʦʚʥʳʝ 

ʦʩʦʙʝʥʥʦʩʪʠ: 

1) ʈʂʂʀ-ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʷʚʣʷʝʪʩʷ ʜʘʣʴʥʦʜʝʡʩʪʚʫʶʱʠʤ, ʫʙʳʚʘʝʪ ʧʦ ʩʪʝʧʝʥʥʦʤʫ 

ʟʘʢʦʥʫ (ʩʤʦʪʨʠ ʫʨʘʚʥʝʥʠʝ (1.4)) ʠ ʦʙʫʩʣʦʚʣʝʥʦ ʵʣʝʢʪʨʦʥʘʤʠ ʧʨʦʚʦʜʠʤʦʩʪʠ, 

ʜʚʠʞʫʱʠʤʠʩʷ ʧʦ ʚʩʝʡ ʨʝʰʝʪʢʝ; 

2) ʈʂʂʀ-ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʥʦʩʠʪ ʦʩʮʠʣʣʠʨʫʶʱʠʡ ʭʘʨʘʢʪʝʨ; ʢʘʞʜʳʡ 4f-ʘʪʦʤ ʩʚʷʟʘʥ 

ʩʦ ʩʚʦʠʤʠ ʙʣʠʞʘʡʰʠʤʠ ʩʦʩʝʜʷʤʠ ʠ ʧʦʩʣʝʜʫʶʱʠʤʠ ʧʦʧʝʨʝʤʝʥʥʦ ʬʝʨʨʦ- ʠ 

ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʳʤ ʦʙʨʘʟʦʤ. 

ʊʝʦʨʠʷ ʈʂʂʀ ʧʨʝʜʧʦʣʘʛʘʝʪ ʧʦʣʷʨʠʟʘʮʠʶ ʵʣʝʢʪʨʦʥʦʚ ʧʨʦʚʦʜʠʤʦʩʪʠ, 

ʣʝʞʘʱʠʭ ʚʙʣʠʟʠ ʫʨʦʚʥʷ ʌʝʨʤʠ, ʣʦʢʘʣʠʟʦʚʘʥʥʳʤʠ 4f-ʵʣʝʢʪʨʦʥʘʤʠ, ʪʝʤ ʩʘʤʳʤ, 

ʧʦʣʷʨʠʟʦʚʘʥʥʳʝ ʵʣʝʢʪʨʦʥʳ ʧʨʦʚʦʜʠʤʦʩʪʠ ʦʪʚʝʯʘʶʪ ʟʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ 

ʨʝʜʢʦʟʝʤʝʣʴʥʳʤʠ ʠʦʥʘʤʠ. ʊʝʦʨʠʷ ʈʂʂʀ ʦʙʤʝʥʘ ʪʘʢʞʝ ʧʨʠʤʝʥʠʤʘ ʢ 

ʨʝʜʢʦʟʝʤʝʣʴʥʳʤ ʠʥʪʝʨʤʝʪʘʣʣʠʯʝʩʢʠʤ ʩʦʝʜʠʥʝʥʠʷʤ R-T (R ï ʨʝʜʢʦʟʝʤʝʣʴʥʳʡ 

ʤʝʪʘʣʣ, T ï ʧʝʨʝʭʦʜʥʳʡ ʤʝʪʘʣʣ). ʊʘʢ, ʚ ʨʘʤʢʘʭ ʪʝʦʨʠʠ ʈʂʂʀ ʙʳʣʦ ʧʦʣʫʯʝʥʦ 

ʦʙʲʷʩʥʝʥʠʝ ʘʥʪʠʧʘʨʘʣʣʝʣʴʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʩʧʠʥʘʤʠ ʨʝʜʢʦʟʝʤʝʣʴʥʦʛʦ 

ʠʦʥʘ ʠ 3d-ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ. ʊʘʢ ʞʝ, ʧʦʩʢʦʣʴʢʫ ʦʙʤʝʥʥʦʝ ʈʂʂʀ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʠʤʝʝʪ ʛʝʡʟʝʥʙʝʨʛʦʚʩʢʫʶ ʬʦʨʤʫ ʝ yʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʨʘʤʢʘʭ 

ʪʝʦʨʠʠ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʧʦʣʷ ɺʝʡʩʩʘ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʧʘʨʘʤʘʛʥʠʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ 

ʂʶʨʠ: 

 — Ὣ ρ ὐὐ ρВ ὊςὯὙȟ ȟ (1.5) 
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ʛʜʝ Ὣ ï ʬʘʢʪʦʨ ʃʘʥʜʝ, ὐ ï ʧʦʣʥʳʡ ʫʛʣʦʚʦʡ ʤʦʤʝʥʪ R ʠʦʥʘ. ɺʳʨʘʞʝʥʠʝ 

Ὣ ρ ὐὐ ρ ï ʪʘʢ ʞʝ ʥʦʩʠʪ ʥʘʟʚʘʥʠʝ ʬʘʢʪʦʨʘ ʜʝ ɾʝʥʥʘ. 

ʆʜʥʘʢʦ, ʥʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʦʩʪʘʷ ʤʦʜʝʣʴ ʈʂʂʀ ʦʙʣʘʜʘʝʪ ʨʷʜʦʤ 

ʥʝʜʦʩʪʘʪʢʦʚ: ʧʦʚʝʨʭʥʦʩʪʴ ʌʝʨʤʠ ʚ ʨʝʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʘʭ ʜʘʣʝʢʘ ʦʪ ʩʬʝʨʠʯʝʩʢʦʡ; 

ʤʦʜʝʣʴ ʈʂʂʀ ʥʝ ʫʯʠʪʳʚʘʝʪ Isf ʨʘʟʥʠʮʳ ʤʝʞʜʫ s ʠ d-ʵʣʝʢʪʨʦʥʘʤʠ ʧʨʦʚʦʜʠʤʦʩʪʠ, ʘ 

ʟʥʘʯʝʥʠʝ Isf ʥʝʦʧʨʘʚʜʘʥʥʦ ʚʝʣʠʢʦ ʜʣʷ ʜʘʥʥʦʡ ʤʦʜʝʣʠ. ɹʦʣʝʝ ʧʦʟʜʥʠʡ ʚʘʨʠʘʥʪ 

ʤʦʜʝʣʠ ʈʂʂʀ ʫʯʠʪʳʚʘʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 4f-ʦʙʦʣʦʯʢʠ ʩʦ ʚʩʝʤʠ ʪʠʧʘʤʠ ʵʣʝʢʪʨʦʥʦʚ 

ʧʨʦʚʦʜʠʤʦʩʪʠ ʠ ʧʦ-ʧʨʝʞʥʝʤʫ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʦʩʮʠʣʣʠʨʫʶʱʝʝ ʧʦʚʝʜʝʥʠʝ [33]. 

ɺʘʞʥʫʶ ʨʦʣʴ ʚ ʤʘʛʥʝʪʠʟʤʝ ʈɿʄ ʠ ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʚ ʥʘ ʦʩʥʦʚʝ ʈɿʄ ʠ 

ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʠʛʨʘʝʪ f-d-ʦʙʤʝʥʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ. ʄʝʭʘʥʠʟʤ ʜʘʥʥʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʦʧʠʩʘʥ ʚ ʤʦʜʝʣʠ ʀ. ʂʵʤʧʙʝʣʣʘ [32], ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʡ ʩʧʠʥʳ 4f-

ʵʣʝʢʪʨʦʥʦʚ ʨʝʜʢʦʟʝʤʝʣʴʥʦʛʦ ʠʦʥʘ ʧʦʣʷʨʠʟʫʶʪ 5d-ʵʣʝʢʪʨʦʥʳ ʵʪʦʛʦ ʞʝ ʠʦʥʘ 

ʧʦʩʨʝʜʩʪʚʦʤ ʣʦʢʘʣʴʥʦʛʦ, ʢʦʨʦʪʢʦʜʝʡʩʪʚʫʶʱʝʛʦ ʦʙʤʝʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠ ̫

Ὅ  . ɺ ʩʣʫʯʘʝ ʯʠʩʪʳʭ ʈɿʄ, ʧʦʩʢʦʣʴʢʫ 5d-ʦʙʦʣʦʯʢʘ ʥʝ ʷʚʣʷʝʪʩʷ ʣʦʢʘʣʠʟʦʚʘʥʥʦʡ 

ʠ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʩʦʩʝʜʥʠʤʠ ʤʘʛʥʠʪʥʳʤʠ ʠʦʥʘʤʠ ʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʧʝʨʝʢʨʳʪʠʷ 

ʵʣʝʢʪʨʦʥʥʳʭ ʦʙʣʘʢʦʚ, ʚʦʟʤʦʞʝʥ ʧʨʷʤʦʡ d-d ʦʙʤʝʥ. ɺ ʩʣʫʯʘʝ ʞʝ ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʚ 

ʥʘ ʦʩʥʦʚʝ ʈɿʄ ʩ ʧʝʨʝʭʦʜʥʳʤ ʤʝʪʘʣʣʘʤʠ, ʧʦʣʷʨʠʟʦʚʘʥʥʳʝ 5d-ʵʣʝʢʪʨʦʥʳ 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʩ 3d/4d-ʵʣʝʢʪʨʦʥʘʤʠ T ʠʦʥʦʚ. ʅʘ ʧʨʠʤʝʨʝ ʩʦʝʜʠʥʝʥʠʡ RFe2 ʀ. 

ʂʵʤʧʙʝʣʣ ʫʩʪʘʥʦʚʠʣ, ʯʪʦ ʧʘʨʘʤʝʪʨ ʚʥʫʪʨʠʘʪʦʤʥʦʛʦ ʦʙʤʝʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

Ὅ   ʷʚʣʷʝʪʩʷ ʧʦʣʦʞʠʪʝʣʴʥʳʤ. 

ɺʩʣʝʜʩʪʚʠʝ ʣʦʢʘʣʠʟʦʚʘʥʥʦʛʦ ʭʘʨʘʢʪʝʨʘ 4f-ʦʙʦʣʦʯʢʠ, ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ 

4f-ʵʣʝʢʪʨʦʥʘʤʠ ʠ ʵʣʝʢʪʨʦʥʘʤʠ ʧʨʦʚʦʜʠʤʦʩʪʠ ʤʦʞʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʯʝʨʝʟ 

ʣʦʢʘʣʴʥʦʝ ʦʙʤʝʥʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ, ʦʧʠʩʳʚʘʝʤʦʝ ʦʙʤʝʥʥʳʤʠ ʠʥʪʝʛʨʘʣʘʤʠ 

Ὅ  , Ὅ   ʠ Ὅ  . ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʦʛʣʘʩʥʦ ʨʘʙʦʪʝ [34] 

ʜʦʤʠʥʠʨʫʶʱʠʤ ʷʚʣʷʝʪʩʷ ʢʦʨʦʪʢʦʜʝʡʩʪʚʫʶʱʝʝ ʦʙʤʝʥʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ Ὅ  , ʘ 

ʤʦʜʝʣʴ ʈʂʂʀ ʧʨʝʜʧʦʣʘʛʘʝʪ ʜʦʤʠʥʠʨʦʚʘʥʠʝ Ὅ   ʦʙʤʝʥʥʦʛʦ ʠʥʪʝʛʨʘʣʘ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ ʬʦʨʤʠʨʦʚʘʥʠʝ ʤʘʛʥʝʪʠʟʤʘ ʚ ʈɿʄ ʠ ʠʭ ʩʧʣʘʚʘʭ ʩ ʧʝʨʝʭʦʜʥʳʤʠ ʤʝʪʘʣʣʘʤʠ 

ʦʧʠʩʳʚʘʶʪʩʷ ʜʚʫʤʷ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʤʠ ʤʦʜʝʣʷʤʠ: ʦʩʥʦʚʘʥʥʫʶ ʥʘ 

ʢʦʨʦʪʢʦʜʝʡʩʪʚʫʶʱʝʤ ʦʙʤʝʥʥʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ Ὅ   ʠ ʧʨʷʤʦʤ d-d ʦʙʤʝʥʝ, ʠ ʥʘ 

ʜʘʣʴʥʦʜʝʡʩʪʚʫʶʱʝʤ ʠ ʦʩʮʠʣʣʠʨʫʶʱʝʤ ʦʙʤʝʥʝ Ὅ  . ɼʣʷ ʯʠʩʪʳʭ ʈɿʄ ʙʳʣʦ 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 5d-5d-ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʷʚʣʷʝʪʩʷ ʬʝʨʨʦʤʘʛʥʠʪʥʳʤ, ʠ, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʵʬʬʝʢʪʠʚʥʘʷ ʩʚʷʟʴ ʤʝʞʜʫ f-ʩʧʠʥʘʤʠ ʵʣʝʢʪʨʦʥʦʚ ʪʘʢʞʝ ʙʫʜʝʪ 

ʬʝʨʨʦʤʘʛʥʠʪʥʦʡ [32]. ʈʘʩʯʝʪʳ ʩʧʠʥ-ʧʦʣʷʨʠʟʦʚʘʥʥʳʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʟʦʥ ʜʣʷ 

ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ Gd [35] ʠ ʜʣʷ ʨʷʜʘ ʩʦʝʜʠʥʝʥʠʡ RFe2 (R = Ce, Lu) [34, 36] 

ʧʦʜʪʚʝʨʜʠʣʠ ʘʥʪʠʧʘʨʘʣʣʝʣʴʥʦʩʪʴ 4f-3d/4d ʩʧʠʥʦʚ ʠ ʫʩʪʘʥʦʚʠʣʠ, ʯʪʦ ʧʦʣʷʨʠʟʘʮʠʷ 

5d-ʵʣʝʢʪʨʦʥʦʚ ʩʧʠʥʘʤʠ ʣʦʢʘʣʠʟʦʚʘʥʥʳʭ 4f-ʵʣʝʢʪʨʦʥʦʚ ʚʦʟʤʦʞʥʘ ʣʠʰʴ ʚ ʩʣʫʯʘʝ 

3d/4d-5d ʛʠʙʨʠʜʠʟʘʮʠʠ [37]. 
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ʅʘ ʨʠʩʫʥʢʝ 1.1 ʩʭʝʤʘʪʠʯʝʩʢʠ ʧʨʝʜʩʪʘʚʣʝʥ ʤʝʭʘʥʠʟʤ R-T ʦʙʤʝʥʥʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ [37, 38]. ʀʟ ʩʭʝʤʳ ʚʠʜʥʦ, ʯʪʦ ʟʘ ʩʯʝʪ 3d-5d-ʛʠʙʨʠʜʠʟʘʮʠʠ ʤʝʞʜʫ 

ʩʧʠʥʘʤʠ 3d-5d(4f)-ʵʣʝʢʪʨʦʥʦʚ ʚʦʟʥʠʢʘʝʪ ʬʝʨʨʠʤʘʛʥʠʪʥʦʝ ʫʧʦʨʷʜʦʯʝʥʠʝ. ɼʘʥʥʳʡ 

ʵʬʬʝʢʪ ʧʨʠʚʦʜʠʪ ʢ ʧʘʨʘʣʣʝʣʴʥʦʤʫ ʠʣʠ ʘʥʪʠʧʘʨʘʣʣʝʣʴʥʦʤʫ ʫʧʦʨʷʜʦʯʝʥʠʶ 

ʤʦʤʝʥʪʦʚ MT ʠ MR ʜʣʷ ʣʝʛʢʠʭ ʠ ʪʷʞʝʣʳʭ ʣʘʥʪʘʥʠʜʦʚ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  

 

ʉʦʛʣʘʩʥʦ ʠʟʣʦʞʝʥʥʦʤʫ ʚʳʰʝ, ʦʙʤʝʥʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ R-T ʚ 

ʠʥʪʝʨʤʝʪʘʣʣʠʜʘʭ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʦ ʢʘʢ 4f-5d-3d(4d)-5d-4f ʦʙʤʝʥ 

(ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʡ ʩ 4f-6s-3d(4d)-6s-4f ʠ 4f-6p-3d(4d)-6p-4f ʦʙʤʝʥʦʤ), ʘ ʚ ʩʣʫʯʘʝ R-

R, ʢʘʢ 4f-5d-5d-4f ʦʙʤʝʥ (ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʡ ʩ 4f-6s-6s-4f ʠ 4f-6p-6p-4f ʦʙʤʝʥʦʤ). 

ʀʟʤʝʥʝʥʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚ ʨʘʤʢʘʭ ʨʷʜʘ R-T ʠ R-R ʦʧʨʝʜʝʣʷʝʪʩʷ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ 

ʚʥʫʪʨʠʘʪʦʤʥʳʤ ʦʙʤʝʥʥʳʤ ʠʥʪʝʛʨʘʣʦʤ ʨʝʜʢʦʟʝʤʝʣʴʥʦʛʦ ʘʪʦʤʘ (ʩ ʤʘʣʳʤ ʚʢʣʘʜʦʤ 

ʦʪ Ὅ  ʠ Ὅ  ). ʊʘʢ, ʥʘ ʧʨʠʤʝʨʝ ʩʦʝʜʠʥʝʥʠʡ R2Fe14B ʜʣʷ R3+ ʠʦʥʘ ʚ 

ʧʨʠʙʣʠʞʝʥʠʠ ʣʦʢʘʣʴʥʦʡ ʩʧʠʥʦʚʦʡ ʧʣʦʪʥʦʩʪʠ ʚ ʨʘʙʦʪʝ [39] ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ 

ʟʥʘʯʝʥʠʷ ʚʥʫʪʨʠʘʪʦʤʥʳʭ ʦʙʤʝʥʥʳʭ ʠʥʪʝʛʨʘʣʦʚ Ὅ  , Ὅ   ʠ Ὅ   ʠ 

ʧʦʜʪʚʝʨʞʜʝʥʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʀ. ʂʵʤʧʙʝʣʣʘ ʦ ʚʝʜʫʱʝʡ ʨʦʣʠ Ὅ  . ʊʘʢʞʝ ʙʳʣʦ 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʟʥʘʯʝʥʠʷ ʚʩʝʭ ʪʨʝʭ ʦʙʤʝʥʥʳʭ ʠʥʪʝʛʨʘʣʦʚ ʫʤʝʥʴʰʘʶʪʩʷ ʩ ʨʦʩʪʦʤ 

ʧʦʨʷʜʢʦʚʦʛʦ ʥʦʤʝʨʘ R ʚʩʣʝʜʩʪʚʠʝ ʵʬʬʝʢʪʘ ʣʘʥʪʘʥʦʠʜʥʦʛʦ ʩʞʘʪʠʷ. 

 

ʈʠʩʫʥʦʢ 1.1 ï ʉʭʝʤʘʪʠʯʝʩʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ f-d-ʦʙʤʝʥʘ ʚ ʠʥʪʝʨʤʝʪʘʣʣʠʜʘʭ ʥʘ 

ʦʩʥʦʚʝ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʠ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ. ɺʦʣʥʠʩʪʦʡ ʣʠʥʠʝʡ ʫʢʘʟʘʥʘ 3d-

5d ʛʠʙʨʠʜʠʟʘʮʠʷ; ʧʨʷʤʘʷ ʣʠʥʠʷ ʫʢʘʟʳʚʘʝʪ ʥʘ ʚʥʫʪʨʝʥʥʠʡ f-d-ʦʙʤʝʥ ʩ Ὅ  Ƞ 

ʧʨʝʨʳʚʠʩʪʘʷ ʣʠʥʠʷ ʫʢʘʟʳʚʘʝʪ ʥʘ ʩʧʠʥ-ʦʨʙʠʪʘʣʴʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ LS 
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ɼʣʷ ʈɿʄ ʩʧʣʘʚʦʚ, ʩʠʣʴʥʦ ʨʘʟʙʘʚʣʝʥʥʳʭ ʧʝʨʝʭʦʜʥʳʤ ʤʝʪʘʣʣʦʤ ʚʢʣʘʜ ʦʪ R-R 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʷʚʣʷʝʪʩʷ ʧʨʝʥʝʙʨʝʞʠʤʦ ʤʘʣʳʤ. ʊʘʢ R-R ʚʢʣʘʜ ʚ ʦʙʤʝʥ ʜʣʷ 

ʩʦʝʜʠʥʝʥʠʡ ʩʦ ʩʪʝʭʠʦʤʝʪʨʠʝʡ R2T17, ʢʘʢ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʚ ʨʘʙʦʪʝ [40], ʩʦʩʪʘʚʣʷʝʪ 

ʦʢʦʣʦ  ͯυϷ. ʅʘʧʨʦʪʠʚ, ʚ ʯʠʩʪʳʭ ʨʝʜʢʠʭ ʟʝʤʣʷʭ ʠ ʩʦʝʜʠʥʝʥʠʷʭ ʙʦʛʘʪʳʭ ʨʝʜʢʦʡ 

ʟʝʤʣʸʡ ʚʣʠʷʥʠʝ R-R ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʦʟʨʘʩʪʘʝʪ. 

ʆʩʮʠʣʣʠʨʫʶʱʠʝ ʦʙʤʝʥʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʪʠʧʘ ʈʂʂʀ ʚ R-T ʩʧʣʘʚʘʭ, 

ʩʦʛʣʘʩʥʦ [41] ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʚʠʜʝ ʌʫʨʴʝ-ʦʙʨʘʟʘ Ὅ▓, ʛʜʝ k - ʚʦʣʥʦʚʦʡ 

ʚʝʢʪʦʨ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʙʳʪʴ ʥʝʩʦʠʟʤʝʨʠʤ ʩ ʦʙʨʘʪʥʦʡ ʢʨʠʩʪʘʣʣʦʭʠʤʠʯʝʩʢʦʡ 

ʷʯʝʡʢʦʡ. ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ, ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʥʠʞʝ ʤʘʛʥʠʪʥʦʛʦ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ, 

ʚʦʟʤʦʞʥʦ ʬʦʨʤʠʨʦʚʘʥʠʝ ʥʝʩʦʠʟʤʝʨʠʤʦʡ ʤʘʛʥʠʪʥʦʡ ʩʪʨʫʢʪʫʨ.r ʇʨʠ ʵʪʦʤ, ʚ 

ʜʘʥʥʦʤ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʠʥʪʝʨʚʘʣʝ ʧʝʨʠʦʜʠʯʥʦʩʪʴ ʤʘʛʥʠʪʥʦʡ ʩʪʨʫʢʪʫʨʳ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʦʣʥʦʚʳʤ ʚʝʢʪʦʨʦʤ ʤʘʛʥʠʪʥʦʡ ʩʪʨʫʢʪʫʨʳ k, ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʤ 

ʫʩʣʦʚʠʶ ʤʘʢʩʠʤʫʤʘ Ὅ▓ [41]. ʇʦʜʦʙʥʳʝ ʩʪʨʫʢʪʫʨʳ ʥʘʟʳʚʘʶʪ ʛʘʨʤʦʥʠʯʝʩʢʠ 

ʤʦʜʫʣʠʨʦʚʘʥʥʳʤʠ ʤʘʛʥʠʪʥʳʤʠ ʩʪʨʫʢʪʫʨʘʤʠ ʠ ʙʦʣʝʝ ʧʦʜʨʦʙʥʦ ʙʫʜʫʪ ʦʧʠʩʘʥʳ 

ʥʠʞʝ ʚ ʛʣʘʚʝ 1.3. ʅʘʠʙʦʣʝʝ ʠʟʚʝʩʪʥʳʤʠ ʧʨʠʤʝʨʘʤʠ ʧʦʜʦʙʥʳʭ ʩʪʨʫʢʪʫʨ ʷʚʣʷʶʪʩʷ 

ʛʝʣʠʢʦʠʜʘʣʴʥʳʝ ʤʘʛʥʠʪʥʳʝ ʩʪʨʫʢʪʫʨʳ ʯʠʩʪʳʭ ʤʝʪʘʣʣʠʯʝʩʢʠʭ Tb, Dy, Ho ʩ 

ʘʥʠʟʦʪʨʦʧʠʝʡ ʪʠʧʘ ʣʝʛʢʘʷ ʧʣʦʩʢʦʩʪʴ [42, 43]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʜʫʣʠʨʦʚʘʥʥʘʷ 

ʤʘʛʥʠʪʥʘʷ ʩʪʨʫʢʪʫʨʘ ʷʚʣʷʝʪʩʷ ʩʣʝʜʩʪʚʠʝʤ ʢʦʤʧʨʦʤʠʩʩʘ ʤʝʞʜʫ ʦʙʤʝʥʥʳʤ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʠ ʤʘʛʥʠʪʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʘʥʠʟʦʪʨʦʧʠʝʡ.  
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1.2 ʕʬʬʝʢʪ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʧʦʣʷ ʚ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʠʥʪʝʨʤʝʪʘʣʣʠʜʘʭ 

 

ʂʨʠʩʪʘʣʣʠʯʝʩʢʦʝ ʧʦʣʝ (ʂʇ) ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʭ ʬʘʢʪʦʨʦʚ, 

ʦʧʨʝʜʝʣʷʶʱʠʭ ʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʥʘ ʦʩʥʦʚʝ 

ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ. ɺ ʧʦʜʦʙʥʳʭ ʩʠʩʪʝʤʘʭ ʨʝʜʢʦʟʝʤʝʣʴʥʳʝ ʠʦʥ rʦʙʳʯʥʦ 

ʦʙʣʘʜʘʶʪ ʩʪʝʧʝʥʴʶ ʦʢʠʩʣʝʥʠʷ R3+. ʕʣʝʢʪʨʦʥʥʫʶ ʢʦʥʬʠʛʫʨʘʮʠʶ ʨʝʜʢʦʟʝʤʝʣʴʥʦʛʦ 

ʠʦʥʘ ʚ ʦʩʥʦʚʥʦʤ ʩʦʩʪʦʷʥʠʠ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʚ ʚʠʜʝ ὢὩȡτὪφί, ʛʜʝ x ʧʨʦʙʝʛʘʝʪ 

ʠʥʪʝʨʚʘʣ ʟʥʘʯʝʥʠʡ ʦʪ 1 ʜʣʷ La ʜʦ 14 ʜʣʷ Yb. ʊʦʛʜʘ ʜʣʷ ʪʨʝʭʚʘʣʝʥʪʥʦʛʦ ʠʦʥʘ R3+ 

ʨʝʘʣʠʟʫʝʪʩʷ ʵʣʝʢʪʨʦʥʥʘʷ ʢʦʥʬʠʛʫʨʘʮʠʷ ὢὩȡτὪ . ʀʩʢʣʶʯʝʥʠʷʤʠ ʠʟ ʵʪʦʛʦ 

ʧʨʘʚʠʣʘ ʷʚʣʷʶʪʩʷ Eu ʠ Yb, ʜʣʷ ʢʦʪʦʨʳʭ ʚ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ ʨʝʘʣʠʟʫʝʪʩʷ 

ʩʦʩʪʦʷʥʠʝ R2+ ʠ Ce, ʜʣʷ ʢʦʪʦʨʦʛʦ ʚ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ ʥʘʙʣʶʜʘʶʪʩʷ 

ʩʦʩʪʦʷʥʠʷ R3+ ʠ R4+. ʇʨʠ ʵʪʦʤ φί ʠ υὨ ɻ ʣʝʢʪʨʦʥʳ ʨʝʜʢʦʟʝʤʝʣʴʥʦʛʦ ʠʦʥʘ ʬʦʨʤʠʨʫʶʪ 

ʟʦʥʫ ʧʨʦʚʦʜʠʤʦʩʪʠ ʚ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ [44]. ɺ ʦʪʣʠʯʠʝ υὨ ̉ φί ʵʣʝʢʪʨʦʥʦʚ 

ʨʘʜʠʘʣʴʥʳʝ ʚʦʣʥʦʚʳʝ ʬʫʥʢʮʠʠ τὪ ʵʣʝʢʪʨʦʥʦʚ ʚʩʪʨʦʝʥʳ ʚʥʫʪʨʠ ʵʣʝʢʪʨʦʥʥʦʡ 

ʦʙʦʣʦʯʢʠ ʠʦʥʘ (ʩʤʦʪʨʠʪʝ ʨʠʩʫʥʦʢ 1.2). ʇʦʵʪʦʤʫ υὨ ̉ φί ʵʣʝʢʪʨʦʥʳ ʵʢʨʘʥʠʨʫʶʪ 

ʭʦʨʦʰʦ ʣʦʢʘʣʠʟʦʚʘʥʥʳʝ ʵʣʝʢʪʨʦʥʳ τὪ-ʦʙʦʣʦʯʢʠ, c ʵʥʝʨʛʠʝʡ ʟʥʘʯʠʪʝʣʴʥʦ ʥʠʞʝ, 

ʯʝʤ ʵʥʝʨʛʠ ̫ʌʝʨʤʠ. 

 
ɼʣʷ 3d ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ c ʯʘʩʪʠʯʥʦ ʟʘʧʦʣʥʝʥʥʦʡ 3d ʦʙʦʣʦʯʢʦʡ ʵʥʝʨʛʠʷ 

ʩʧʠʥ-ʦʨʙʠʪʘʣʴʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ELS ʤʝʥʴʰʝ ʵʥʝʨʛʠʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʧʦʣʷ 

Eʂʇ, ʪ.ʝ. ʚʳʧʦʣʥʷʝʪʩʷ ʩʦʦʪʥʦʰʝʥʠʝ Eʂʇ > ELS > EH, ʛʜʝ EH ï ʵʥʝʨʛʠʷ ʧʨʠʣʦʞʝʥʥʦʛʦ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ʊʦʛʜʘ ʚʣʠʷʥʠʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʧʦʣʷ ʥʘ ʦʨʙʠʪʘʣʴʥʳʡ ʤʦʤʝʥʪ 

ʥʘʩʪʦʣʴʢʦ ʚʝʣʠʢʦ, ʯʪʦ ʧʦʩʣʝʜʥʠʡ ʧʨʠʦʙʨʝʪʘʝʪ ʬʠʢʩʠʨʦʚʘʥʥʫʶ ʦʨʠʝʥʪʘʮʠʶ ʚ 

ʨʝʰʸʪʢʝ (çʟʘʤʦʨʦʞʝʥè). ʇʦʪʦʤʫ ʧʨʠʣʦʞʝʥʠʝ ʚʥʝʰʥʝʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚʳʟʳʚʘʝʪ 

 

ʈʠʩʫʥʦʢ 1.2 ï ʉʭʝʤʘ ʨʘʜʠʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʚ 

ʘʪʦʤʝ ʛʘʜʦʣʠʥʠʷ ʥʘʯʠʥʘʷ ʩ ʚʥʝʰʥʠʭ ʵʣʝʢʪʨʦʥʥʳʭ ʩʣʦʝʚ ʩʦʛʣʘʩʥʦ ʢʚʘʥʪʦʚʦ-

ʤʝʭʘʥʠʯʝʩʢʠʤ ʨʘʩʯʝʪʘʤ ʧʦ ʤʝʪʦʜʫ ʍʘʨʪʨʠ-ʌʦʢʘ [45] 
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ʧʦʚʦʨʦʪ ʩʧʠʥʦʚʦʛʦ ʤʦʤʝʥʪʘ S ʢ ʥʘʧʨʘʚʣʝʥʠʶ ʧʦʣʷ ʥʝ ʟʘʚʠʩʠʤʦ ʦʪ ʦʨʙʠʪʘʣʴʥʦʛʦ 

ʤʦʤʝʥʪʘ L . ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʜʣʷ 4f ɻ ʣʝʢʪʨʦʥʥʳʭ ʦʙʦʣʦʯʝʢ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʠʦʥʦʚ 

ʠ 5f ʦʙʦʣʦʯʝʢ ʘʢʪʠʥʠʜʦʚ ʚʳʧʦʣʥʷʝʪʩʷ ʩʦʦʪʥʦʰʝʥʠʝ ELS > Eʂʇ > EH. ɺ ʵʪʦʤ ʩʣʫʯʘʝ 

ʚʣʠʷʥʠʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʧʦʣʷ ʥʘ ʵʣʝʢʪʨʦʥʳ τὪ-ʦʙʦʣʦʯʢʠ ʵʢʚʠʚʘʣʝʥʪʥʦ ʜʝʡʩʪʚʠʶ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʦʧʨʝʜʝʣʝʥʥʦʡ ʩʠʤʤʝʪʨʠʠ, ʦʙʨʘʟʦʚʘʥʥʦʛʦ ʟʘʨʷʜʦʚʳʤ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʚʦʢʨʫʛ ʨʝʜʢʦʟʝʤʝʣʴʥʦʛʦ ʠʦʥʘ. ʊʦʛʜʘ ʵʬʬʝʢʪ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ 

ʧʦʣʷ ʤʦʞʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ ʚʦʟʤʫʱʝʥʠʝ, ʩʥʠʤʘʶʱʝʝ ʚʳʨʦʞʜʝʥʠʝ ʧʦ 2J+1 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʩʦʩʪʦʷʥʠʡ (ʵʬʬʝʢʪ ʐʪʘʨʢʘ), ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ 

ʫʨʦʚʥʝʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʧʦʣʷ. 

ɺ ʢʘʯʝʩʪʚʝ ʤʦʜʝʣʠ ʜʣʷ ʨʘʩʯʸʪʘ ʧʦʪʝʥʮʠʘʣʘ ʚʥʫʪʨʠʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʧʦʣʷ ʚ 

ʨʷʜʝ ʩʣʫʯʘʝʚ ʤʦʞʥʦ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʪʦʯʝʯʥʦʡ ʤʦʜʝʣʴʶ, ʚ ʢʦʪʦʨʦʡ ʣʠʛʘʥʜʳ 

ʟʘʤʝʥʝʥʳ ʟʘʨʷʜʘʤʠ, ʥʘʭʦʜʷʱʠʤʠʩʷ ʚ ʚʝʨʰʠʥʘʭ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʦʣʠʵʜʨʦʚ 

ʩʪʨʫʢʪʫʨʳ. ʊʘʢʘʷ ʤʦʜʝʣʴ ʧʨʘʚʠʣʴʥʦ ʦʪʨʘʞʘʝʪ ʛʣʘʚʥʫʶ ʦʪʣʠʯʠʪʝʣʴʥʫʶ 

ʦʩʦʙʝʥʥʦʩʪʴ ʟʘʜʘʯʠ ï ʩʠʤʤʝʪʨʠʶ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʧʦʣʷ. ʇʦʩʢʦʣʴʢʫ ʚ ʵʪʦʡ ʤʦʜʝʣʠ 

4f-ʵʣʝʢʪʨʦʥʥʳʝ ʩʦʩʪʦʷʥʠʷ ʮʝʥʪʨʘʣʴʥʦʛʦ ʠʦʥʘ ʠ ʣʠʛʘʥʜʦʚ ʥʝ ʧʝʨʝʢʨʳʚʘʶʪʩʷ, ʪʦ ʜʣʷ 

ʧʦʪʝʥʮʠʘʣʘ ὠ̠˜ὶ  ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʫʨʘʚʥʝʥʠʝ ʃʘʧʣʘʩʘ Ўὠ̠˜ π. ʊʦʛʜʘ ʧʦʪʝʥʮʠʘʣ 

ὠ̠˜ὶ  ʤʦʞʥʦ ʨʘʟʣʦʞʠʪʴ ʚ ʨʷʜ ʧʦ ʩʬʝʨʠʯʝʩʢʠʤ ʛʘʨʤʦʥʠʢʘʤ ὣ —ȟ•  [46]: 

 ὠ̠˜ὶ В ὥὶὣ —ȟ• ,  (1.6) 

ʛʜʝ ὥ  ï ʢʦʵʬʬʠʮʠʝʥʪʳ ʨʘʟʣʦʞʝʥʠʷ, ὶ, —, • ʢʦʦʨʜʠʥʘʪʳ i-ʛʦ ʵʣʝʢʪʨʦʥʘ. ɺ ʤʦʜʝʣʠ 

ʪʦʯʝʯʥʳʭ ʟʘʨʷʜʦʚ ʛʘʤʠʣʴʪʦʥʠʘʥ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʧʦʣʷ Hʂʇ ʤʫʣʴʪʠʧʣʝʪʘ 

ʦʩʥʦʚʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ: 

 Ὄ̠ ˜ В Ὡὠ̠˜ὶ ВВ ὃ ὶὣ —ȟ• , (1.7) 

ʛʜʝ ὃ Ὡὥ . 

ʀʩʧʦʣʴʟʫʷ ʤʝʪʦʜ ʵʢʚʠʚʘʣʝʥʪʥʳʭ ʦʧʝʨʘʪʦʨʦʚ ʉʪʠʚʝʥʩʘ, ʛʘʤʠʣʴʪʦʥʠʘʥ Ὄ̠  ̃

ʤʦʞʝʪ ʙʳʪʴ ʚʳʨʘʞʝʥ ʥʝ ʯʝʨʝʟ ʩʬʝʨʠʯʝʩʢʠʝ ʛʘʨʤʦʥʠʢʠ ὣ —ȟ• , ʘ ʯʝʨʝʟ 

ʵʢʚʠʚʘʣʝʥʪʥʳʝ ʠʤ ʥʝʧʨʠʚʦʜʠʤʳʝ ʪʝʥʟʦʨʥʳʝ ʦʧʝʨʘʪʦʨʳ ὣ ὐ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ 

ʬʫʥʢʮʠʷʤʠ ʦʧʝʨʘʪʦʨʘ ʧʦʣʥʦʛʦ ʤʦʤʝʥʪʘ J ʥʘ ʤʥʦʛʦʦʙʨʘʟʠʠ ʚʦʣʥʦʚʳʭ ʬʫʥʢʮʠʡ 

ȿὐὓȢ 

 Ὄ̠ ˜ ВВ ὃ ὶὣ —ȟ• В ὃ ὥộὶỚὣ ὐ,  (1.8) 

ʛʜʝ ὥ ï ʢʦʵʬʬʠʮʠʝʥʪʳ ʉʪʠʚʝʥʩʘ, ʫʩʪʘʥʘʚʣʠʚʘʶʱʠʝ ʩʚʷʟʴ ʤʝʞʜʫ ὣ —ȟ•  ʠ 

ὣ ὐ ʥʘ ʚʦʣʥʦʚʳʭ ʬʫʥʢʮʠʷʭ ʜʘʥʥʦʛʦ ʤʫʣʴʪʠʧʣʝʪʘ. ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʨʘʩʯʝʪʦʚ 

ʦʙʳʯʥʦ ʠʩʧʦʣʴʟʫʶʪ ʙʦʣʝʝ ʫʜʦʙʥʳʝ ʵʢʚʠʚʘʣʝʥʪʥʳʝ ʦʧʝʨʘʪʦʨʳ ὕ  ʠ ɱ , 

ʟʘʧʠʩʘʥʥʳʝ ʜʣʷ ʯʝʪʥʳʭ n ʠ m (ʩʤʦʪʨʠ ʜʝʪʘʣʠ ʚ [46]. ʊʦʛʜʘ ʛʘʤʠʣʴʪʦʥʠʘʥ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʧʦʣʷ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʚ ʧʨʠʥʷʪʦʡ ʚ ʬʦʨʤʘʣʠʟʤʝ ʵʢʚʠʚʘʣʝʥʪʥʳʭ 

ʦʧʝʨʘʪʦʨʦʚ ʉʪʠʚʝʥʩʘ ʬʦʨʤʝ: 

 Ὄ̠ ˜ В ὥὄὕ В В ὥ ὄ ὕ ὄ ɱ ȟ (1.9) 
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ʛʜʝ ὄ QộὶỚὃ  ï ʚʝʱʝʩʪʚʝʥʥʳʝ ʧʘʨʘʤʝʪʨʳ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʧʦʣʷ, ʚʝʣʠʯʠʥʘ 

QộὶỚ ï ʩʚʷʟʘʥʘ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩ 4f-ʠʦʥʦʤ, ʘ ʯʣʝʥ ὃ  ʩʚʷʟʘʥ ʩʠʤʤʝʪʨʠʝʡ 

ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʧʦʣʷ ʣʠʛʘʥʜʦʚ, ὕ ὐ-ʦʧʠʩʳʚʘʝʪ ʫʛʣʦʚʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 4f-

ʵʣʝʢʪʨʦʥʥʦʡ ʦʙʦʣʦʯʢʠ. 

ʉʠʤʤʝʪʨʠʷ ʧʦʟʠʮʠʠ, ʟʘʥʠʤʘʝʤʦʡ ʨʝʜʢʦʟʝʤʝʣʴʥʳʤ ʠʦʥʦʤ ʚ ʢʨʠʩʪʘʣʣʝ, 

ʦʧʨʝʜʝʣʷʝʪ ʭʘʨʘʢʪʝʨ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʩʧʝʢʪʨʘ ʠ ʚʠʜ ʚʦʣʥʦʚʳʭ ʬʫʥʢʮʠʡ ʠʦʥʘ; ʫʯʸʪ 

ʵʪʦʡ ʩʠʤʤʝʪʨʠʠ ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʯʠʩʣʘ ʥʝʟʘʚʠʩʠʤʳʭ ʧʘʨʘʤʝʪʨʦʚ ʚ 

ʛʘʤʠʣʴʪʦʥʠʘʥʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʧʦʣʷ Hʂʇ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʚ ʩʦʝʜʠʥʝʥʠʷʭ ʩ 

ʢʫʙʠʯʝʩʢʦʡ ʩʠʤʤʝʪʨʠʝʡ ʪʠʧʘ RAl 2, ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʝ ʧʦʣʝ ʦʧʠʩʳʚʘʝʪʩʷ ʪʦʣʴʢʦ 

ʜʚʫʤʷ ʧʘʨʘʤʝʪʨʘʤʠ B4 ʠ B6: 

 Ὄ̠ ˜  ὄ ὕ υὕ ὄ ὕ ςρὕ Ȣ (1.10) 

ʊʦʛʜʘ ʢʘʢ ʜʣʷ ʩʦʝʜʠʥʝʥʠʡ ʩ ʦʨʪʦʨʦʤʙʠʯʝʩʢʦʡ ʩʠʤʤʝʪʨʠʝʡ ʥʝʦʙʭʦʜʠʤʦ 

ʫʯʠʪʳʚʘʪʴ 9 ʧʘʨʘʤʝʪʨʦʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʧʦʣʷ: 

 Ὄ̠ ˜  ὄὕ ὄὕ ὄὕ ὄὕ ὄὕ  

 ὄὕ ὄὕ ὄὕ ὄὕȢ (1.11) 

ʊʠʧʠʯʥʦʝ ʧʦʣʥʦʝ ʨʘʩʱʝʧʣʝʥʠʝ ʫʨʦʚʥʝʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʧʦʣʷ ʚ 

ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʠʥʪʝʨʤʝʪʘʣʣʠʜʘʭ ʩʦʩʪʘʚʣʷʝʪ 20 ʤʵɺ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʪʝʤʧʝʨʘʪʫʨʝ ʦʢʦʣʦ 220 ʂ. ʈʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʫʨʦʚʥʷʤʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʧʦʣʷ 

ʩʦʩʪʘʚʣʷʶʪ ʧʨʠʤʝʨʥʦ 5.5 ʤʵɺ (60 ʂ) ʠ ʦʢʘʟʳʚʘʶʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ 

ʬʠʟʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʠ ʩʚʦʡʩʪʚʘ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʚ. ʕʪʦʪ ʵʬʬʝʢʪ 

ʥʘʟʳʚʘʝʪʩʷ çʵʬʬʝʢʪʦʤ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʧʦʣʷè. ʇʨʷʤʳʤʠ ʤʝʪʦʜʘʤʠ ʦʧʨʝʜʝʣʝʥʠʷ 

ʩʭʝʤʳ ʨʘʩʱʝʧʣʝʥʠʷ ʫʨʦʚʥʝʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʤ ʧʦʣʝʤ ʷʚʣʷʶʪʩʷ ʦʧʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ, 

ʷʜʝʨʥʳʡ ʤʘʛʥʠʪʥʳʡ ʨʝʟʦʥʘʥʩ ʠ ʥʝʫʧʨʫʛʦʝ ʨʘʩʩʝʷʥʠʝ ʥʝʡʪʨʦʥʦʚ. ʊʝʤ ʥʝ ʤʝʥʝʝ, 

ʢʦʩʚʝʥʥʳʝ ʚʳʚʦʜʳ ʦ ʧʦʣʦʞʝʥʠʠ ʫʨʦʚʥʝʡ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʠ ʠʟ ʠʟʤʝʨʝʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ: ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʝʧʣʦʚʦʛʦ 

ʨʘʩʰʠʨʝʥʠʷ (ʂʊʈ), ʪʝʧʣʦʝʤʢʦʩʪʠ ʠ ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ. ɺ ʯʘʩʪʥʦʩʪʠ, ʥʘ 

ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʟʘʚʠʩʠʤʦʩʪʷʭ ʫʜʝʣʴʥʦʡ ʪʝʧʣʦʝʤʢʦʩʪʠ ʠ ʂʊʈ ʵʬʬʝʢʪ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʧʦʣʷ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʚʠʜʝ ʰʠʨʦʢʦʡ ʘʥʦʤʘʣʠʠ ʐʦʪʪʢʠ.  

 ʊʝʧʣʦʚʳʝ ʩʚʦʡʩʪʚʘ ʤʘʛʥʠʪʥʦʡ ʩʠʩʪʝʤʳ ʥʝʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ 

ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʠʦʥʦʚ ʩ ʫʯʝʪʦʤ ʨʘʩʱʝʧʣʝʥʠʷ ʦʩʥʦʚʥʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʤʘʛʥʠʪʦʘʢʪʠʚʥʳʭ ʠʦʥʦʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʤ ʧʦʣʝʤ, ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʠʟ 

ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʩʚʦʙʦʜʥʦʡ ʵʥʝʨʛʠʠ F: 

 Ὂ  ὯὝὔ ÌÎВ ὩὼὴὉː Ὧ Ὕϳȟ , (1.12) 

 

ʛʜʝ N ï ʯʠʩʣʦ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʠʦʥʦʚ ʥʘ ʝʜʠʥʠʮʫ ʦʙʲʝʤʘ, ː ï ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ 

ʠʥʜʝʢʩ ʫʨʦʚʥʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʧʦʣʷ. 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʦʛʣʘʩʥʦ ʦʩʥʦʚʥʳʤ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʤ ʧʨʠʥʮʠʧʘʤ, 

ʠʟʤʝʥʝʥʠʝ ʪʝʧʣʦʸʤʢʦʩʪʠ ʠ ʂʊʈ ʷʚʣʷʶʪʩʷ ʯʘʩʪʥʳʤʠ ʧʨʦʠʟʚʦʜʥʳʤʠ ʦʪ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ F ʠ ʚʳʨʘʞʘʶʪʩʷ ʢʘʢ: 

 Ўὅ̋ Ὕ̐ Ὕ ộὉỚ ộὉỚ , (1.13) 

 Ў‍̋ Ὕ̐ ‖ ộὉ‎Ớ ộὉ‎ỚộὉỚ,  (1.14) 

ʛʜʝ ‖- ʢʦʵʬʠʮʠʝʥʪ ʩʞʠʤʘʝʤʦʩʪʠ. 

ʈʘʩʧʠʩʳʚʘʷ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʩʫʤʤʳ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʫʨʘʚʥʝʥʠ ̫ ʤʦʞʥʦ 

ʧʨʝʜʩʪʘʚʠʪʴ ʢʘʢ: 

 Ўὅ̋ Ὕ̐  ВὫ‏ÅØÐ ВὫ‏ÅØÐ ,  (1.15) 

Ў‍̋ Ὕ̐
‖ὔὯ

Ὕ

ρ

ὤ
‎Ὣ‏Ὡὼὴ

‏

Ὕ
ȣ 

 В‎Ὣ‏Ὡὼὴ ВὫ‏Ὡὼὴ  , (1.16) 

ʛʜʝ Z ï ʩʪʘʪʠʩʪʠʯʝʩʢʘʷ ʩʫʤʤʘ ὤ ВὫὩὼὴ‏ ὯὝϳ  ð ʵʥʝʨʛʠʷ, ʚʳʨʘʞʝʥʥʘʷ ‏ ,

ʚ ʝʜʠʥʠʮʘʭ ʘʙʩʦʣʶʪʥʦʡ ʰʢʘʣʳ ʪʝʤʧʝʨʘʪʫʨ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʫʨʦʚʥʶ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʧʦʣʷ ʩ ʚʳʨʦʞʜʝʥʠʝʤ Ὣ, ʘ ώ ‬  ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ 

ʧʘʨʘʤʝʪʨ ɻʨʶʥʘʡʟʝʥʘ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʧʦʣʷ. 

ʋʨʘʚʥʝʥʠʷ (1.15) ʠ (1.16) ʙʫʜʫʪ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʩʭʝʤʳ ʨʘʩʱʝʧʣʝʥʠʷ ʫʨʦʚʥʝʡ ʤʫʣʴʪʠʧʣʝʪʘ ʨʝʜʢʦʟʝʤʝʣʴʥʦʛʦ ʠʦʥʘ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʤ ʧʦʣʝʤ ʠʟ ʜʘʥʥʳʭ ʪʝʧʣʦʤyʢʦʩʪʠ ʠ ʪʝʧʣʦʚʦʛʦ ʨʘʩʰʠʨʝʥʠʷ. 
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1.3 ʇʦʜʭʦʜ ʤʘʛʥʠʪʥʳʭ ʩʫʧʝʨʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʛʨʫʧʧ ʢ ʘʥʘʣʠʟʫ ʩʣʦʞʥʳʭ 

ʥʝʩʦʠʟʤʝʨʠʤʳʭ ʤʘʛʥʠʪʥʳʭ ʩʪʨʫʢʪʫʨ 

 

1.3.1 ʌʦʨʤʘʣʠʟʤ ʚʦʣʥʦʚʦʛʦ ʚʝʢʪʦʨʘ ʠ ʧʨʝʜʩʪʘʚʣʝʥʯʝʩʢʠʡ ʘʥʘʣʠʟ ʤʘʛʥʠʪʥʳʭ 

ʩʪʨʫʢʪʫʨ 

 

ʊʨʘʥʩʣʷʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʤʘʛʥʠʪʥʦʡ ʩʪʨʫʢʪʫʨʳ ʢʨʠʩʪʘʣʣʘ ʤʦʛʫʪ ʙʳʪʴ 

ʦʧʠʩʘʥʳ ʚ ʨʘʤʢʘʭ ʬʦʨʤʘʣʠʟʤʘ ʚʦʣʥʦʚʦʛʦ ʚʝʢʪʦʨʘ ʤʘʛʥʠʪʥʦʡ ʩʪʨʫʢʪʫʨʳ. ɺ ʵʪʦʤ 

ʩʣʫʯʘʝ ʚʤʝʩʪʦ ʧʦʩʪʨʦʝʥʠʷ ʤʘʛʥʠʪʥʦʡ ʷʯʝʡʢʠ ʢʨʠʩʪʘʣʣʘ ʧʨʠʥʷʪʦ ʦʧʝʨʠʨʦʚʘʪʴ 

ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʦʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʠ ʪʘʢ ʥʘʟʳʚʘʝʤʳʤ çʚʦʣʥʦʚʳʤ 

ʚʝʢʪʦʨʦʤè ʤʘʛʥʠʪʥʦʡ ʩʪʨʫʢʪʫʨʳ. ɺʦʣʥʦʚʦʡ ʚʝʢʪʦʨ ʦʧʨʝʜʝʣʷʝʪ ʩʦʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ 

ʦʨʠʝʥʪʘʮʠʷʤʠ ʤʘʛʥʠʪʥʳʭ ʤʦʤʝʥʪʦʚ ʩʠʤʤʝʪʨʠʡʥʦ ʵʢʚʠʚʘʣʝʥʪʥʳʭ ʤʘʛʥʠʪʥʳʭ 

ʘʪʦʤʦʚ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʨʘʟʣʠʯʥʳʭ ʵʣʝʤʝʥʪʘʨʥʳʭ ʷʯʝʡʢʘʭ. ɺ ʯʘʩʪʥʦʩʪʠ, ʬʫʥʢʮʠʷ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʘʛʥʠʪʥʳʭ ʤʦʤʝʥʪʦʚ □  ʧʦ ʘʪʦʤʘʤ ʚ ʧʦʟʠʮʠʠ j ʣʶʙʦʡ ʧʝʨʠʦʜʠʯʥʦʡ 

ʤʘʛʥʠʪʥʦʡ ʩʪʨʫʢʪʫʨʳ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʚʠʜʝ ʨʘʟʣʦʞʝʥʠʷ ʚ ʨʷʜ ʌʫʨʴʝ: 

 □ В ⱶ Ὡ ▓◄ȟ (1.17) 

ʛʜʝ k ï ʚʦʣʥʦʚʦʡ ʚʝʢʪʦʨ ʤʘʛʥʠʪʥʦʡ ʩʪʨʫʢʪʫʨʳ, t ʪʨʘʥʩʣʷʮʠʷ, ʩʚʷʟʳʚʘʶʱʘʷ 0-ʶ ʠ n-

ʶ ʷʯʝʡʢʫ ʢʨʠʩʪʘʣʣʘ, ⱶ  ï ʢʦʤʧʣʝʢʩʥʳʡ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ çʙʘʟʠʩʥʳʡ ʚʝʢʪʦʨè ʚ 

ʧʨʷʤʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʢʦʪʦʨʳʡ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʧʨʦʝʢʮʠʠ ʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ ʥʘ 

ʦʩʥʦʚʥʳʝ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ ʥʘʧʨʘʚʣʝʥʠʷ a, b ʠ c ʜʣʷ ʘʪʦʤʘ ʚ ʧʦʟʠʮʠʠ j ʚ 

ʥʫʣʝʚʦʡ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʝ ʢʨʠʩʪʘʣʣʘ. ɺ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʙʘʟʠʩʥʳʡ ʚʝʢʪʦʨ ʷʚʣʷʝʪʩʷ 

ʚʝʱʝʩʪʚʝʥʥʳʤ, ʝʛʦ ʢʦʤʧʦʥʝʥʪʳ ʧʨʷʤʦ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʧʨʦʝʢʮʠʷʤ ʚʝʢʪʦʨʘ 

ʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ ʥʘ ʦʩʥʦʚʥʳʝ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ ʥʘʧʨʘʚʣʝʥʠʷ. ʅʘʧʨʠʤʝʨ, 

ʜʣʷ ʤʘʛʥʠʪʥʦʡ ʩʪʨʫʢʪʫʨʳ ʩ ʤʘʛʥʠʪʥʳʤʠ ʤʦʤʝʥʪʘʤʠ, ʣʝʞʘʱʠʤʠ ʩʪʨʦʛʦ ʚʜʦʣʴ 

ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ c, ʙʘʟʠʩʥʳʡ ʚʝʢʪʦʨ ʟʘʧʠʩʳʚʘʝʪʩʷ ʚ ʚʠʜʝ ‪

π π ρ. ʉʫʤʤʠʨʦʚʘʥʠʝ ʟʘʜʘʥʦ ʧʦ ʚʩʝʤ ʣʫʯʘʤ ʟʚʝʟʜʳ ʚʦʣʥʦʚʳʭ ʚʝʢʪʦʨʦʚ k ʚ ʧʝʨʚʦʡ 

ʟʦʥʝ ɹʨʠʣʣʶʵʥʘ ʢʨʠʩʪʘʣʣʘ. ɽʩʣʠ ʤʳ ʠʤʝʝʤ ʜʝʣʦ ʩ ʦʜʥʦʣʫʯʝʚʦʡ ʤʘʛʥʠʪʥʦʡ 

ʩʪʨʫʢʪʫʨʦʡ, ʪʦ ʚʳʨʘʞʝʥʠʝ (1.17) ʫʧʨʦʱʘʝʪʩʷ ʜʦ 

 □ ⱶὩ ▓◄. (1.18) 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʨʘʚʥʝʥʠʝ (1.18) ʦʧʠʩʳʚʘʝʪ ʪʨʘʥʩʣʷʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ 

ʢʦʤʧʣʝʢʩʥʦʛʦ ʚʝʢʪʦʨʘ ⱶ. ʆʯʝʥʴ ʯʘʩʪʦ ʧʨʦʝʢʮʠʠ ʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ ʥʘ ʦʩʥʦʚʥʳʝ 

ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ ʥʘʧʨʘʚʣʝʥʠʷ ʦʧʠʩʳʚʘʶʪʩʷ ʥʝ ʦʜʥʠʤ ʙʘʟʠʩʥʳʤ ʚʝʢʪʦʨʦʤ, ʘ 

ʣʠʥʝʡʥʦʡ ʢʦʤʙʠʥʘʮʠʝʡ ʙʘʟʠʩʥʳʭ ʚʝʢʪʦʨʦʚ: 

 ‪ В ὅ‪ . (1.19) 
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ʈʘʩʢʣʘʜʳʚʘʷ ʵʢʩʧʦʥʝʥʪʫ ʚ ʫʨʘʚʥʝʥʠʠ (1.18) ʧʦ ʬʦʨʤʫʣʝ ʕʡʣʝʨʘ, ʤʦʞʥʦ 

ʧʦʣʫʯʠʪʴ ʚʳʨʘʞʝʥʠʝ: 

 □ ⱶ ÃÏÓς“▓◄ ὭϽÓÉÎ ς“▓◄ .  (1.20) 

ʇʨʠ ʜʝʡʩʪʚʠʪʝʣʴʥʦʤ ʭʘʨʘʢʪʝʨʝ ʙʘʟʠʩʥʳʭ ʚʝʢʪʦʨʦʚ ⱶ  ʫʨʘʚʥʝʥʠʝ (1.20) 

ʧʨʠʥʠʤʘʝʪ ʚʠʜ: 

 □ ⱶ ÃÏÓς“▓◄. (1.21) 

ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʜʣʷ ʧʨʦʩʪʳʭ ʚʦʣʥʦʚʳʭ ʚʝʢʪʦʨʦʚ ʪʠʧʘ ▓ π, ▓ π π ρȾς ʠ 

ʪ.ʜ. ʨʝʘʣʠʟʫʶʪʩʷ ʧʨʦʩʪʳʝ ʤʘʛʥʠʪʥʳʝ ʩʪʨʫʢʪʫʨʳ ʪʠʧʘ ʬʝʨʨʦʤʘʛʥʝʪʠʢ ʠʣʠ 

ʘʥʪʠʬʝʨʨʦʤʘʛʥʝʪʠʢ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɽʩʣʠ ʞʝ ʚʦʣʥʦʚʦʡ ʚʝʢʪʦʨ ʥʝ ʧʨʠʥʘʜʣʝʞʠʪ 

ʩʠʤʤʝʪʨʠʯʥʦʡ ʪʦʯʢʝ ʧʝʨʚʦʡ ʟʦʥʳ ɹʨʠʣʣʶʵʥʘ ʠʣʠ ʷʚʣʷʝʪʩʷ ʥʝʩʦʠʟʤʝʨʠʤʳʤ, ʪʦ 

ʫʨʘʚʥʝʥʠʝ (1.21) ʦʧʠʩʳʚʘʝʪ ʤʘʛʥʠʪʥʫʶ ʩʪʨʫʢʪʫʨʫ ʪʠʧʘ ʩʧʠʥʦʚʘʷ ʚʦʣʥʘ. 

ʊʝʤ ʥʝ ʤʝʥʝʝ, ʝʩʣʠ ʚʝʢʪʦʨʳ ⱶ  ʠʤʝʶʪ ʢʦʤʧʣʝʢʩʥʳʡ ʚʠʜ ʠ sin-ʢʦʤʧʦʥʝʥʪʘ ʚ 

ʫʨʘʚʥʝʥʠʠ (1.20) ʥʝ ʨʘʚʥʘ ʥʫʣʶ, ʪʦ ʚʦʟʥʠʢʘʝʪ ʧʨʦʙʣʝʤʘ ʩ ʦʧʠʩʘʥʠʝʤ ʢʦʥʬʠʛʫʨʘʮʠʠ 

ʤʘʛʥʠʪʥʳʭ ʤʦʤʝʥʪʦʚ □, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʜʝʡʩʪʚʠʪʝʣʴʥʳʤʠ ʘʢʩʠʘʣʴʥʳʤʠ 

ʚʝʢʪʦʨʘʤʠ. ʈʝʰʝʥʠʝ ʧʨʦʙʣʝʤʳ ʦʧʠʩʘʥʠʷ ʜʝʡʩʪʚʠʪʝʣʴʥʳʭ ʚʝʢʪʦʨʦʚ ʤʘʛʥʠʪʥʳʭ 

ʤʦʤʝʥʪʦʚ □  ʧʨʠ ʧʦʤʦʱʠ ʢʦʤʧʣʝʢʩʥʳʭ ʢʦʤʧʦʥʝʥʪ ʨʘʟʣʦʞʝʥʠʷ ʚ ʨʷʜ ʌʫʨʴʝ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʠ ʧʦʤʦʱʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʚʫʭ ʚʦʣʥʦʚʳʭ ʚʝʢʪʦʨʦʚ k ʠ ïk, 

ʷʚʣʷʶʱʠʭʩʷ ʣʫʯʘʤʠ ʦʜʥʦʡ ʟʚʝʟʜʳ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʨʘʟʣʦʞʝʥʠʝ (1.18) ʧʨʠʥʠʤʘʝʪ ʚʠʜ: 

 □ ⱶὩ ▓◄ ⱶ Ὡ ▓◄, (1.22) 

ʛʜʝ ⱶ ⱶ
ᶻ
. 

ɺʳʨʘʞʝʥʠʝ (1.22) ʤʦʞʥʦ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʪʴ, ʢʘʢ ʜʝʡʩʪʚʠʪʝʣʴʥʫʶ ʬʫʥʢʮʠʶ 

ʩʪʦʷʯʝʡ ʚʦʣʥʳ □, ʷʚʣʷʶʱʫʶʩʷ ʩʫʤʤʦʡ ʜʚʫʭ ʢʦʤʧʣʝʢʩʥʳʭ ʚʦʣʥ k ʠ ïk, ʢʦʪʦʨʳʝ 

ʨʘʩʧʨʦʩʪʨʘʥʷʶʪʩʷ ʚ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷʭ ʚ ʢʨʠʩʪʘʣʣʝ. 

ʈʘʟʣʦʞʝʥʠʝ ʵʢʩʧʦʥʝʥʪ ʚ ʫʨʘʚʥʝʥʠʠ (1.22) ʧʦ ʬʦʨʤʫʣʝ ʕʡʣʝʨʘ ʧʨʠʚʦʜʠʪ ʢ 

ʠʟʚʝʩʪʥʦʤʫ ʚʳʨʘʞʝʥʠʶ ʜʣʷ ʦʧʠʩʘʥʠʷ ʩʣʦʞʥʳʭ ʥʝʩʦʠʟʤʝʨʠʤʳʭ ʤʘʛʥʠʪʥʳʭ 

ʩʪʨʫʢʪʫʨ, ʢʦʪʦʨʦʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʫʪʦʯʥʝʥʠʷ ʤʘʛʥʠʪʥʳʭ ʩʪʨʫʢʪʫʨ ʧʦ ʤʝʪʦʜʫ 

ʈʠʪʚʝʣʴʜʘ [47] ʚ ʧʦʧʫʣʷʨʥʳʭ ʧʨʦʛʨʘʤʤʥʳʭ ʧʘʢʝʪʘʭ ʪʠʧʘ Fullprof ʠ ʪ.ʜ.: 

 □ ςὙὩⱶ ÃÏÓ ς“▓◄ ςὍάⱶ ÓÉÎ ς“▓◄.  (1.23) 

ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʝʩʣʠ ʚʦʣʥʦʚʦʡ ʚʝʢʪʦʨ ʤʘʛʥʠʪʥʦʡ ʩʪʨʫʢʪʫʨʳ ʥʝʩʦʠʟʤʝʨʠʤ ʩ 

ʢʨʠʩʪʘʣʣʦʭʠʤʠʯʝʩʢʦʡ ʷʯʝʡʢʦʡ, ⱶ  ï ʢʦʤʧʣʝʢʩʥʘʷ ʚʝʣʠʯʠʥʘ, ὙὩⱶ  ʠ Ὅάⱶ  

ʨʘʚʥʳ ʧʦ ʤʦʜʫʣʶ ʠ ʚʟʘʠʤʥʦ ʦʨʪʦʛʦʥʘʣʴʥʳ, ʪʦ ʠʤʝʝʪ ʤʝʩʪʦ ʤʘʛʥʠʪʥʘʷ ʩʪʨʫʢʪʫʨʘ 

ʪʠʧʘ ʧʨʦʩʪʘʷ ʩʧʠʨʘʣʴ. 
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1.3.2 ʌʦʨʤʘʣʠʟʤ ʤʘʛʥʠʪʥʳʭ ʩʫʧʝʨʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʛʨʫʧʧ 

 

ʉʫʱʝʩʪʚʫʝʪ ʜʚʘ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʧʦʜʭʦʜʘ ʢ ʦʧʠʩʘʥʠʶ ʤʘʛʥʠʪʥʳʭ ʩʪʨʫʢʪʫʨ 

ʤʘʪʝʨʠʘʣʦʚ: ʧʦʜʭʦʜ ʛʨʫʧʧ ʤʘʛʥʠʪʥʦʡ ʩʠʤʤʝʪʨʠʠ ʠ ʧʨʝʜʩʪʘʚʣʝʥʯʝʩʢʠʡ ʧʦʜʭʦʜ ʥʘ 

ʙʘʟʝ ʪʝʦʨʠʠ ʛʨʫʧʧ [48]. ʇʨʝʜʩʪʘʚʣʝʥʯʝʩʢʠʡ ʧʦʜʭʦʜ ʠ ʬʦʨʤʘʣʠʟʤ ʚʦʣʥʦʚʦʛʦ ʚʝʢʪʦʨʘ 

ʧʦʟʚʦʣʷʪʁ ʦʧʠʩʘʪʴ ʪʨʘʥʩʬʦʨʤʘʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʢʦʥʬʠʛʫʨʘʮʠʠ ʤʘʛʥʠʪʥʳʭ 

ʤʦʤʝʥʪʦʚ □  ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʢʨʠʩʪʘʣʣʘ ʧʨʠ ʜʝʡʩʪʚʠʠ ʥʘ ʥʝʸ ʵʣʝʤʝʥʪʦʚ 

ʩʠʤʤʝʪʨʠʠ, ʚʭʦʜʷʱʠʭ ʚ ʛʨʫʧʧʫ ʚʦʣʥʦʚʦʛʦ ʚʝʢʪʦʨʘ [48]. ʌʦʨʤʘʣʠʟʤ ʛʨʫʧʧ 

ʤʘʛʥʠʪʥʦʡ ʩʠʤʤʝʪʨʠʠ ʦʩʥʦʚʘʥ ʥʘ ʠʜʝʝ ʠʥʚʘʨʠʘʥʪʥʦʩʪʠ ʢʦʥʬʠʛʫʨʘʮʠʠ ʤʘʛʥʠʪʥʳʭ 

ʤʦʤʝʥʪʦʚ ʢʨʠʩʪʘʣʣʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʝʡʩʪʚʠʷ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʥʘʙʦʨʘ ʵʣʝʤʝʥʪʦʚ 

ʩʠʤʤʝʪʨʠʠ ʠ ʘʥʪʠʩʠʤʤʝʪʨʠʠ, ʦʙʨʘʟʫʶʱʠʭ ʐʫʙʥʠʢʦʚʩʢʫʶ ʛʨʫʧʧʫ ʤʘʛʥʠʪʥʦʡ 

ʩʠʤʤʝʪʨʠʠ [49]. ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʵʪʠʭ ʜʚʫʭ ʧʦʜʭʦʜʦʚ ʚʳʟʚʘʣʦ ʙʫʨʥʫʶ ʜʠʩʢʫʩʩʠʶ ʚ 

ʣʠʪʝʨʘʪʫʨʝ [48]. ɺ ʯʘʩʪʥʦʩʪʠ, ʦʜʥʠʤ ʠʟ ʛʣʘʚʥʳʭ ʦʛʨʘʥʠʯʝʥʠʡ ʬʦʨʤʘʣʠʟʤʘ 

ʐʫʙʥʠʢʦʚʩʢʠʭ ʛʨʫʧʧ ʷʚʣʷʝʪʩʷ ʥʝʚʦʟʤʦʞʥʦʩʪʴ ʦʧʠʩʘʥʠʷ ʤʘʛʥʠʪʥʳʭ ʩʪʨʫʢʪʫʨ 

ʥʝʩʦʠʟʤʝʨʠʤʳʭ ʩ ʪʨʘʥʩʣʷʮʠʦʥʥʦʡ ʩʠʤʤʝʪʨʠʝʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ. ʉ 

ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʩʠʤʤʝʪʨʠʡʥʦʝ ʦʧʠʩʘʥʠʝ ʥʝʩʦʠʟʤʝʨʠʤʳʭ ʤʘʛʥʠʪʥʳʭ ʩʪʨʫʢʪʫʨ ʚ 

ʨʘʤʢʘʭ ʧʨʝʜʩʪʘʚʣʝʥʯʝʩʢʦʛʦ ʧʦʜʭʦʜʘ ʪʘʢʞʝ ʤʦʞʝʪ ʙʳʪʴ ʥʝʧʦʣʥʳʤ [50]. 

ʈʝʰʝʥʠʝʤ ʧʨʦʙʣʝʤʳ ʦʧʠʩʘʥʠʷ ʥʝʩʦʠʟʤʝʨʠʤʳʭ ʤʘʛʥʠʪʥʳʭ ʩʪʨʫʢʪʫʨ ʤʦʞʝʪ 

ʙʳʪʴ ʧʦʜʭʦʜ ʤʘʛʥʠʪʥʳʭ ʩʫʧʝʨʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʛʨʫʧʧ (ʄʉɻ) [51], ʦʩʥʦʚʘʥʥʳʡ ʥʘ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʪʝʦʨʠʠ ʩʫʧʝʨ-ʧʨʦʩʪʨʘʥʩʪʚʘ [52]. ʂʘʢ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʚ ʨʘʙʦʪʘʭ [50, 

53], ʩʦʚʨʝʤʝʥʥʳʡ ʬʦʨʤʘʣʠʟʤ ʩʫʧʝʨʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʛʨʫʧʧ ʤʘʛʥʠʪʥʦʡ ʩʠʤʤʝʪʨʠʠ 

ʦʙʲʝʜʠʥʷʝʪ ʚ ʩʝʙʝ ʧʨʝʜʩʪʘʚʣʝʥʯʝʩʢʠʡ ʧʦʜʭʦʜ ʠ ʧʦʜʭʦʜ ʐʫʙʥʠʢʦʚʩʢʠʭ ʛʨʫʧʧ 

ʤʘʛʥʠʪʥʦʡ ʩʠʤʤʝʪʨʠʠ, ʧʦʟʚʦʣʷʷ ʥʘʠʙʦʣʝʝ ʧʦʣʥʦ ʦʧʠʩʳʚʘʪʴ ʩʠʤʤʝʪʨʠʡʥʳʝ 

ʩʚʦʡʩʪʚʘ ʥʝʩʦʠʟʤʝʨʠʤʳʭ ʤʘʛʥʠʪʥʳʭ ʩʪʨʫʢʪʫʨ. ɼʝʪʘʣʴʥʳʡ ʦʙʟʦʨ ʧʦʜʭʦʜʘ 

ʤʘʛʥʠʪʥʳʭ ʩʫʧʝʨʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʛʨʫʧʧ ʦʧʫʙʣʠʢʦʚʘʥ ʚ ʨʘʙʦʪʘʭ [50, 53]. ɺ 

ʜʘʥʥʦʤ ʧʘʨʘʛʨʘʬʝ ʤʳ ʧʨʠʚʝʜʝʤ ʣʠʰʴ ʦʩʥʦʚʥʳʝ ʪʝʟʠʩʳ ʠ ʨʘʙʦʯʠʝ ʬʦʨʤʫʣʳ, 

ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʄʉɻ ʥʝʩʦʠʟʤʝʨʠʤʳʭ ʬʘʟ, ʠʩʩʣʝʜʫʝʤʳʭ ʚ ʜʘʥʥʦʡ 

ʨʘʙʦʪʝ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʜʭʦʜʘ ʄʉɻ ʧʨʝʜʧʦʣʘʛʘʝʪ ʚʚʝʜʝʥʠʝ ʤʦʜʫʣʠʨʫʶʱʠʭ 

ʬʫʥʢʮʠʡ ʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ ʩ ʧʝʨʠʦʜʦʤ ʨʘʚʥʳʤ ʝʜʠʥʠʮʝ ╜ ὼ ╜ ὼ ρ. 

ʄʘʛʥʠʪʥʳʡ ʤʦʤʝʥʪ ʥʘ ʘʪʦʤʝ ɛ ʚ ʧʦʟʠʮʠʠ ʩ ʢʦʦʨʜʠʥʘʪʦʡ ► ʚ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʝ, 

ʩʜʚʠʥʫʪʦʡ ʥʘ ʪʨʘʥʩʣʷʮʠʶ l ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʫʣʝʚʦʡ ʷʯʝʡʢʠ, ʟʘʜʘʝʪʩʷ ʟʥʘʯʝʥʠʝʤ 

ʤʦʜʫʣʠʨʫʶʱʝʡ ʬʫʥʢʮʠʠ ╜  ʚ ʪʦʯʢʝ ʩ ʢʦʦʨʜʠʥʘʪʦʡ  ὼ ▓Ͻ►  ʧʨʠ ʧʦʤʦʱʠ 

ʫʨʘʚʥʝʥʠʷ: 

 ╜ ╜ ὼ ▓Ͻ► , (1.24) 

ʛʜʝ ► ■ ►. ʊʦʛʜʘ ʧʝʨʠʦʜʠʯʥʫʶ ʤʦʜʫʣʠʨʫʶʱʫʶ ʬʫʥʢʮʠʶ ʤʘʛʥʠʪʥʦʛʦ 

ʤʦʤʝʥʪʘ ʤʦʞʥʦ ʨʘʟʣʦʞʠʪʴ ʚ ʨʷʜ ʌʫʨʴʝ: 
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 ╜ ὼ ╜ В ╜ ȟ ÓÉÎς“ὲὼ ╜ ȟ ÃÏÓς“ὲὼȟȣ . (1.25) 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʦʧʠʩʘʥʠʷ ʥʝʩʦʠʟʤʝʨʠʤʦʡ (ʘʧʝʨʠʦʜʠʯʥʦʡ) ʤʘʛʥʠʪʥʦʡ 

ʩʪʨʫʢʪʫʨʳ ʢʨʠʩʪʘʣʣʘ ʪʨʝʙʫʝʪʩʷ ʟʘʜʘʪʴ ʙʘʟʦʚʫʶ ʧʝʨʠʦʜʠʯʥʫʶ ʩʪʨʫʢʪʫʨʫ ʚ 3D-

ʧʨʦʩʪʨʘʥʩʪʚʝ ► , ʚʦʣʥʦʚʦʡ ʚʝʢʪʦʨ ʤʘʛʥʠʪʥʦʡ ʩʪʨʫʢʪʫʨʳ k ʠ ʥʘʙʦʨ ʤʦʜʫʣʠʨʫʶʱʠʭ 

ʬʫʥʢʮʠʡ ╜ ὼ . 

ʇʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʣʶʙʦʡ ʦʧʝʨʘʮʠʠ ʩʠʤʤʝʪʨʠʠ ╡ȟ— ȿ ◄ (— ρ ʠʣʠ ɀρ) ʥʘ 

ʥʝʩʦʠʟʤʝʨʠʤʫʶ ʤʘʛʥʠʪʥʫʶ ʩʪʨʫʢʪʫʨʫ ʙʫʜʝʪ ʧʦʣʫʯʝʥʘ ʥʦʚʘʷ ʥʝʩʦʠʟʤʝʨʠʤʘʷ 

ʤʘʛʥʠʪʥʘʷ ʩʪʨʫʢʪʫʨʘ ʥʘ ʪʦʤ ʞʝ ʙʘʟʠʩʝ ► . ʄʦʜʫʣʠʨʫʶʱʠʝ ʬʫʥʢʮʠʠ 

ʧʨʝʦʙʨʘʟʦʚʘʥʥʦʡ ʤʘʛʥʠʪʥʦʡ ʩʪʨʫʢʪʫʨʳ ʧʦʣʫʯʘʪ ʦʙʱʫʶ ʪʨʘʥʩʣʷʮʠʶ † ʧʦ 

ʢʦʦʨʜʠʥʘʪʝ ὼ ʪʘʢʫʶ, ʯʪʦ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʫʨʘʚʥʝʥʠʝ: 

 ╜ ὼ ╜ ὼ †. (1.26) 

ɿʥʘʯʝʥʠʝ ʪʨʘʥʩʣʷʮʠʠ † ʮʝʣʠʢʦʤ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʠʜʦʤ ʦʧʝʨʘʮʠʠ ʩʠʤʤʝʪʨʠʠ 

╡ȟ— ȿ ◄. ʊʦʛʜʘ ʠʟ ʧʨʝʦʙʨʘʟʦʚʘʥʥʦʡ ʥʝʩʦʠʟʤʝʨʠʤʦʡ ʤʘʛʥʠʪʥʦʡ ʩʪʨʫʢʪʫʨʳ ʤʦʞʥʦ 

ʚʦʩʩʪʘʥʦʚʠʪʴ ʧʝʨʚʦʥʘʯʘʣʴʥʫʶ ʩʪʨʫʢʪʫʨʫ, ʧʨʠʤʝʥʠʚ ʚʦʟʚʨʘʪʥʫʶ ʪʨʘʥʩʣʷʮʠʶ † 

ʚʜʦʣʴ ʢʦʦʨʜʠʥʘʪʳ ʚʥʫʪʨʝʥʥʝʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ὼ ʠʣʠ, ʠʥʳʤʠ ʩʣʦʚʘʤʠ, ʦʩʫʱʝʩʪʚʠʚ 

ʩʜʚʠʛ ʬʘʟʳ ʜʣʷ ʤʦʜʫʣʠʨʫʶʱʠʭ ʬʫʥʢʮʠʡ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʤʦʞʥʦ ʚʚʝʩʪʠ 

ʨʘʩʰʠʨʝʥʥʫʶ ʦʧʝʨʘʮʠʶ ʩʠʤʤʝʪʨʠʠ ╡ȟ—ȿ◄ †, ʦʧʨʝʜʝʣʝʥʥʫʶ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʩ 

ʨʘʟʤʝʨʥʦʩʪʴʶ 4, ʛʜʝ ʯʝʪʚʝʨʪʦʝ ʠʟʤʝʨʝʥʠʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʨʦʩʪʨʘʥʩʪʚʫ ʬʘʟ 

ʤʦʜʫʣʠʨʫʶʱʠʭ ʬʫʥʢʮʠʡ ὼ. ɺʝʢʪʦʨʳ ʚ ʩʫʧʝʨʧʨʦʩʪʨʘʥʩʪʚʝ ʠʤʝʶʪ 3+D ʢʦʤʧʦʥʝʥʪʳ 

ʠ ʤʦʛʫʪ ʙʳʪʴ ʟʘʧʠʩʘʥʳ ʚ ʬʦʨʤʝ ○ ○ȟ○ , ʛʜʝ ○  ï ʚʝʢʪʦʨ ʚ ʙʘʟʦʚʦʤ 

ʪʨʝʭʤʝʨʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʢʦʪʦʨʦʝ ʥʘʟʳʚʘʶʪ çʚʥʝʰʥʠʤè, ʘ ○ ï ʚʝʢʪʦʨ ʚ 

ʧʨʦʩʪʨʘʥʩʪʚʝ ʬʘʟ ʤʦʜʫʣʠʨʫʶʱʠʭ ʬʫʥʢʮʠʡ ʩ ʨʘʟʤʝʨʥʦʩʪʴʶ D, ʥʘʟʳʚʘʝʤʳʤ 

çʚʥʫʪʨʝʥʥʠʤè ʧʨʦʩʪʨʘʥʩʪʚʦʤ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʫʧʝʨʧʨʦʩʪʨʘʥʩʪʚʦ ╥ ʝʩʪʴ 

ʢʦʤʙʠʥʘʮʠʷ ʜʚʫʭ ʦʨʪʦʛʦʥʘʣʴʥʳʭ ʧʦʜʧʨʦʩʪʨʘʥʩʪʚ ╥ ╥ἅ╥. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ 

 

ʈʠʩʫʥʦʢ 1.3 ï ɺʠʟʫʘʣʠʟʘʮʠʷ ʟʘʜʘʯʠ ʦʧʠʩʘʥʠʷ ʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ ʚ ʥʝʥʫʣʝʚʦʡ 

ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʝ 



29 

 

 

ʜʣʷ ʦʧʠʩʘʥʠʷ ʥʝʩʦʠʟʤʝʨʠʤʳʭ ʤʘʛʥʠʪʥʳʭ ʩʪʨʫʢʪʫʨ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʥʦ 

ʩʫʧʝʨʧʨʦʩʪʨʘʥʩʪʚʦ ʩ ʨʘʟʤʝʨʥʦʩʪʴʶ σ ρ ʧʦʩʢʦʣʴʢʫ ʠʟʫʯʘʝʤʳʝ ʤʘʛʥʠʪʥʳʝ 

ʩʪʨʫʢʪʫʨʳ ʦʧʠʩʳʚʘʶʪʩʷ ʦʜʥʠʤ ʥʝʩʦʠʟʤʝʨʠʤʳʤ ʚʦʣʥʦʚʳʤ ʚʝʢʪʦʨʦʤ. 

ɻʨʫʧʧʘ ʩʠʤʤʝʪʨʠʠ, ʦʧʠʩʳʚʘʶʱʘʷ ʩʠʤʤʝʪʨʠʡʥʳʝ ʩʚʦʡʩʪʚʘ ʤʘʛʥʠʪʥʦʡ 

ʧʦʜʩʠʩʪʝʤʳ, ʤʦʞʝʪ ʙʳʪʴ ʩʦʩʪʘʚʣʝʥʘ ʠʟ ʵʣʝʤʝʥʪʦʚ ʩʠʤʤʝʪʨʠʠ, ʯʴʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ 

ʤʘʛʥʠʪʥʫʶ ʧʦʜʩʠʩʪʝʤʫ ʩʦʭʨʘʥʷʝʪ ʦʙʤʝʥʥʳʡ ʛʘʤʠʣʴʪʦʥʠʘʥ ʠ ʢʦʥʬʠʛʫʨʘʮʠʶ 

ʤʘʛʥʠʪʥʳʭ ʤʦʤʝʥʪʦʚ ʠʥʚʘʨʠʘʥʪʥʳʤʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʛʨʫʧʧʘ ʤʘʛʥʠʪʥʦʡ 

ʩʠʤʤʝʪʨʠʠ ʜʣʷ ʩʦʠʟʤʝʨʠʤʦʡ ʤʘʛʥʠʪʥʦʡ ʬʘʟʳ ʷʚʣʷʝʪʩʷ ʧʦʜʛʨʫʧʧʦʡ ʨʦʜʠʪʝʣʴʩʢʦʡ 

ʛʨʫʧʧʳ, ʩʦʩʪʦʷʱʝʡ ʠʟ ʧʦʚʦʨʦʪʥʳʭ, ʠʥʚʝʨʩʠʦʥʥʦ-ʧʦʚʦʨʦʪʥʳʭ ʠ ʪʨʘʥʩʣʷʮʠʦʥʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ʩʠʤʤʝʪʨʠʠ, ʢʦʪʦʨʳʝ ʩʦʭʨʘʥʷʶʪ ʦʙʤʝʥʥʳʡ ʛʘʤʠʣʴʪʦʥʠʘʥ ʠʥʚʘʨʠʘʥʪʥʳʤ. 

ɸʥʘʣʦʛʠʯʥʦ ʜʣʷ ʥʝʩʦʠʟʤʝʨʠʤʳʭ ʤʘʛʥʠʪʥʳʭ ʬʘʟ ʛʨʫʧʧʘ ʤʘʛʥʠʪʥʦʡ ʩʠʤʤʝʪʨʠʠ (ʪ.ʥ. 

ʤʘʛʥʠʪʥʘʷ ʩʫʧʝʨʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʛʨʫʧʧʘ) ʷʚʣʷʝʪʩʷ ʧʦʜʛʨʫʧʧʦʡ ʛʨʫʧʧʳ 

ʦʙʤʝʥʥʦʛʦ ʛʘʤʠʣʴʪʦʥʠʘʥʘ, ʚʢʣʶʯʘʶʱʝʡ ʧʦʤʠʤʦ ʧʦʚʦʨʦʪʥʳʭ, ʠʥʚʝʨʩʠʦʥʥʦ-

ʧʦʚʦʨʦʪʥʳʭ ʠ ʪʨʘʥʩʣʷʮʠʦʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʩʠʤʤʝʪʨʠʠ ʦʧʝʨʘʮʠʶ ʩʜʚʠʛʘ ʬʘʟʳ ʚʦʣʥʳ 

ʥʝʩʦʠʟʤʝʨʠʤʦʡ ʤʘʛʥʠʪʥʦʡ ʩʪʨʫʢʪʫʨʳ. ʊʦʛʜʘ ʤʘʛʥʠʪʥʘʷ ʩʫʧʝʨʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ 

ʛʨʫʧʧʘ ʩʦʩʪʦʠʪ ʠʟ ʵʣʝʤʝʥʪʦʚ ʩʠʤʤʝʪʨʠʠ ╡ȟ—ȿ◄ †, ʯʴʝ ʜʝʡʩʪʚʠʝ ʥʘ ʥʝʩʦʠʟʤʝʨʠʤʫʶ 

ʤʘʛʥʠʪʥʫʶ ʩʪʨʫʢʪʫʨʫ ʩʦʭʨʘʥʷʝʪ ʢʦʥʬʠʛʫʨʘʮʠʶ ʤʘʛʥʠʪʥʳʭ ʤʦʤʝʥʪʦʚ 

ʠʥʚʘʨʠʘʥʪʥʦʡ. ʂʘʢ ʧʦʢʘʟʘʥʦ ʚ ʨʘʙʦʪʝ [54] ʩʠʤʤʝʪʨʠʷ ʥʝʩʦʠʟʤʝʨʠʤʦʡ ʬʘʟʳ, 

ʭʘʨʘʢʪʝʨʠʟʫʝʤʘʷ ʩʫʧʝʨʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʦʡ, ʷʚʣʷʝʪʩʷ çʩʪʘʙʠʣʴʥʦʡè 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʡ ʬʘʟʳ ʚ ʪʦʤ ʩʤʳʩʣʝ, ʯʪʦ ʥʘʨʫʰʝʥʠʝ ʵʪʦʡ 

ʩʠʤʤʝʪʨʠʠ ʚʦʟʤʦʞʥʦ ʪʦʣʴʢʦ ʯʝʨʝʟ ʤʝʭʘʥʠʟʤ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʧʦʜʭʦʜ ʩʫʧʝʨʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʛʨʫʧʧ ʷʚʣʷʝʪʩʷ ʦʙʦʙʱʝʥʠʝʤ ʩʠʤʤʝʪʨʠʠ ʜʣʷ ʩʣʫʯʘʷ 

ʥʝʩʦʠʟʤʝʨʠʤʳʭ ʤʘʛʥʠʪʥʳʭ ʬʘʟ ʠ ʥʝ ʧʨʦʪʠʚʦʨʝʯʠʪ ʪʝʨʤʦʜʠʥʘʤʠʢʝ ʬʘʟʦʚʳʭ 

ʧʝʨʝʭʦʜʦʚ. 

ɽʩʣʠ ʵʣʝʤʝʥʪ ʩʠʤʤʝʪʨʠʠ ╡ȟ—ȿ◄ † ʧʨʠʥʘʜʣʝʞʠʪ ʤʘʛʥʠʪʥʦʡ 

ʩʫʧʝʨʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʝ, ʦʧʠʩʳʚʘʶʱʝʡ ʥʝʩʦʠʟʤʝʨʠʤʫʶ ʬʘʟʫ, ʪʦ ʜʝʡʩʪʚʠʝ 

ʤʘʪʨʠʮʳ ╡ ʥʘ ʚʦʣʥʦʚʦʡ ʚʝʢʪʦʨ ʤʘʛʥʠʪʥʦʡ ʩʪʨʫʢʪʫʨʳ ▓ ʧʝʨʝʚʦʜʠʪ ʝʛʦ ʚ 

ʵʢʚʠʚʘʣʝʥʪʥʳʡ ʚʝʢʪʦʨ ▓ ʠʣʠ ʚ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʡ ɀ▓: 

 ▓╡ Ὑ▓ ╗ ,  (1.27) 

ʛʜʝ Ὑ ρ ʠʣʠ ï1 ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʠʜʘ ╡, ╗  ï ʚʝʢʪʦʨ ʦʙʨʘʪʥʦʡ ʨʝʰʝʪʢʠ, 

ʢʦʪʦʨʳʡ ʧʨʠʥʠʤʘʝʪ ʥʝʥʫʣʝʚʦʝ ʟʥʘʯʝʥʠʝ ʪʦʣʴʢʦ ʝʩʣʠ ʚʦʣʥʦʚʦʡ ʚʝʢʪʦʨ ▓ ʩʦʜʝʨʞʠʪ 

ʩʦʠʟʤʝʨʠʤʫʶ ʢʦʤʧʦʥʝʥʪʫ. 

ɼʣʷ ʥʝʩʦʠʟʤʝʨʠʤʦʡ ʤʘʛʥʠʪʥʦʡ ʩʪʨʫʢʪʫʨʳ ʩ ʚʦʣʥʦʚʳʤ ʚʝʢʪʦʨʦʤ ▓ ʩʚʷʟʴ 

ʤʦʜʫʣʠʨʫʶʱʠʭ ʬʫʥʢʮʠʡ ʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ ╜  ʠ ╜  ʜʚʫʭ ʘʪʦʤʦʚ ʩ 

ʢʦʦʨʜʠʥʘʪʘʤʠ ► ʠ ►, ʩʚʷʟʘʥʥʳʭ ʦʧʝʨʘʮʠʝʡ ʩʠʤʤʝʪʨʠʠ (╡ȿ◄ ʪʘʢʦʡ, 

ʯʪʦ ╡ȿ ◄ȡ►  ►  ■, ʟʘʜʘʝʪʩʷ ʫʨʘʚʥʝʥʠʝʤ  

 ╜ Ὑὼ † ╗╡Ͻ► — ÄÅÔ╡╡Ͻ╜ ὼ . (1.28) 
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ɿʜʝʩʴ † † ▓◄, Ὑ ʨʘʚʥʦ 1 ʜʣʷ ʦʧʝʨʘʮʠʠ, ʩʦʭʨʘʥʷʶʱʝʡ ʚʦʣʥʦʚʦʡ ʚʝʢʪʦʨ ▓ 

ʠʥʚʘʨʠʘʥʪʥʳʤ, ʠ ï1 ʜʣʷ ʦʧʝʨʘʮʠʠ, ʧʨʝʦʙʨʘʟʫʶʱʝʡ ▓ ʚ ɀ▓, ʋʨʘʚʥʝʥʠʝ (1.28) 

ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ ʜʣʷ ʦʧʠʩʘʥʠʷ ʥʝʩʦʠʟʤʝʨʠʤʦʡ ʤʘʛʥʠʪʥʦʡ ʩʪʨʫʢʪʫʨʳ ʤʘʪʝʨʠʘʣʘ 

ʜʦʩʪʘʪʦʯʥʦ ʟʥʘʪʴ ʤʦʜʫʣʠʨʫʶʱʠʝ ʬʫʥʢʮʠʠ ʙʘʟʠʩʥʳʭ ʘʪʦʤʦʚ, ʥʝ ʩʚʷʟʘʥʥʳʭ 

ʵʣʝʤʝʥʪʘʤʠ ʩʠʤʤʝʪʨʠʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʳ. ɼʣʷ ʩʣʫʯʘʷ ‘  ’ (ʘʪʦʤ 

ʥʘʭʦʜʠʪʩʷ ʚ ʯʘʩʪʥʦʡ ʧʦʟʠʮʠʠ) ʫʨʘʚʥʝʥʠʝ (1.28) ʤʦʞʝʪ ʥʘʢʣʘʜʳʚʘʪʴ ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ 

ʚʦʟʤʦʞʥʳʝ ʦʨʠʝʥʪʘʮʠʠ ʤʦʜʫʣʠʨʫʶʱʠʭ ʬʫʥʢʮʠʡ ʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ. 

ɺʩʝ ʵʣʝʤʝʥʪʘʨʥʳʝ ʪʨʘʥʩʣʷʮʠʠ ʙʘʟʦʚʦʡ 3D ʩʪʨʫʢʪʫʨʳ ʚ ʢʦʤʙʠʥʘʮʠʠ ʩ 

ʬʘʟʦʚʳʤʠ ʩʜʚʠʛʘʤʠ ȟρȿ◄ȟ▓◄ (ʛʜʝ  ï ʝʜʠʥʠʯʥʘʷ ʤʘʪʨʠʮʘ) ʧʨʠʥʘʜʣʝʞʘʪ ʢ 

ʤʘʛʥʠʪʥʦʡ ʩʫʧʝʨʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʝ ʠ ʬʦʨʤʠʨʫʶʪ ʤʘʛʥʠʪʥʫʶ ʷʯʝʡʢʫ ʚ 

ʧʨʦʩʪʨʘʥʩʪʚʝ ʩ ʨʘʟʤʝʨʥʦʩʪʴʶ (3+1). ɺ ʯʘʩʪʥʦʩʪʠ, ʝʩʣʠ ▓ ὯȟὯȟὯ , ʪʦ ʯʝʪʳʨʝ 

ʵʣʝʤʝʥʪʘʨʥʳʝ ʪʨʘʥʩʣʷʮʠʠ ʤʘʛʥʠʪʥʦʡ ʷʯʝʡʢʠ ʚ ʩʫʧʝʨʧʨʦʩʪʨʘʥʩʪʚʝ ʟʘʧʠʩʳʚʘʶʪʩʷ 

ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ȟρȿρππȟὯ , ȟρπρπȟὯ , ȟρȿππρȟὯ  ʠ 

ȟρȿπππȟρ. ʊʦʛʜʘ ʦʧʝʨʘʮʠʷ ʩʠʤʤʝʪʨʠʠ ʤʘʛʥʠʪʥʦʡ ʩʫʧʝʨʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ 

ʛʨʫʧʧʳ ╡ȟ—ȿ◄ † ʚ ʩʫʧʝʨʧʨʦʩʪʨʘʥʩʪʚʝ ʩ ʨʘʟʤʝʨʥʦʩʪʴʶ (3+1) ʤʦʞʝʪ ʙʳʪʴ ʟʘʧʠʩʘʥʘ 

ʚ ʩʪʘʥʜʘʨʪʥʦʡ ʬʦʨʤʝ ╡ȟ— ȿ ◄, ʛʜʝ ◄ ʯʝʪʳʨʝʭʢʦʤʧʦʥʝʥʪʥʳʡ ʚʝʢʪʦʨ ʪʨʘʥʩʣʷʮʠʠ 

ʚ ʩʫʧʝʨʧʨʦʩʪʨʘʥʩʪʚʝ, ʘ ╡  ï ʤʘʪʨʠʮʘ ʨʘʟʤʝʨʥʦʩʪʴʶ 4³4, ʧʨʝʦʙʨʘʟʫʶʱʘʷ ʪʦʯʢʫ ʩ 

ʢʦʦʨʜʠʥʘʪʘʤʠ ὼȟὼȟὼȟὼ : 

 ╡

Ὑ Ὑ Ὑ π
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, (1.29) 

ʛʜʝ Ὑ  ʵʣʝʤʝʥʪʳ ʤʘʪʨʠʮʳ ʧʦʚʦʨʦʪʥʦʡ ʯʘʩʪʠ ʪʨʝʭʤʝʨʥʦʛʦ ʵʣʝʤʝʥʪʘ ʩʠʤʤʝʪʨʠʠ 

ʤʘʛʥʠʪʥʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʳ ʢʨʠʩʪʘʣʣʘ ╡ȟ— ȿ ◄, Ὄ ȟὌ ȟὌ  ï 

ʢʦʤʧʦʥʝʥʪʳ ʚʝʢʪʦʨʘ ʦʙʨʘʪʥʦʡ ʨʝʰʝʪʢʠ, ʦʧʨʝʜʝʣʷʝʤʦʛʦ ʫʨʘʚʥʝʥʠʝʤ (1.27), Ὑ ρ 

ʠʣʠ -1 (ʩʤʦʪʨʠ ʫʨʘʚʥʝʥʠʝ (1.27)). 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʵʣʝʤʝʥʪʳ ʩʠʤʤʝʪʨʠʠ ʩʫʧʝʨʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʳ 

╡ȟ— ȿ ◄  ʙʫʜʫʪ ʟʘʧʠʩʳʚʘʪʴʩʷ ʚ ʦʙʦʙʱʝʥʥʦʡ ʬʦʨʤʝ ɿʝʡʪʮʘ ╡ȟ— ȿ ◄, ʛʜʝ ʚʝʢʪʦʨ 

◄ ὸȟὸȟὸȟ†  ʩ † † ▓◄, ʘ ʤʘʪʨʠʮʘ R ʩ ʨʘʟʤʝʨʥʦʩʪʴʶ 3³3 ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʧʦʚʦʨʦʪʥʦʡ ʯʘʩʪʠ ╡ȟ— ȿ ◄. ʌʠʛʫʨʥʳʝ ʩʢʦʙʢʠ {} ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʫʶʪʩʷ, 

ʯʪʦʙʳ ʦʪʣʠʯʘʪʴ ʬʦʨʤʫ ʟʘʧʠʩʠ, ʚ ʢʦʪʦʨʦʡ ʤʳ ʦʧʫʩʢʘʝʤ ʧʨʠʩʫʪʩʪʚʫʶʱʫʶ ʚʩʝʛʜʘ 

ʢʦʤʧʦʥʝʥʪʫ ɀ▓◄. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʚʝ ʬʦʨʤʳ ʟʘʧʠʩʠ ʵʣʝʤʝʥʪʦʚ ʩʠʤʤʝʪʨʠʠ 

ʤʘʛʥʠʪʥʦʡ ʩʫʧʝʨʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʳ ╡ȟ— ȿὸὸὸȟ† ╡ȟ—ȿὸὸὸȟ†  

ʵʢʚʠʚʘʣʝʥʪʥʳ. ʅʘʧʨʠʤʝʨ, ʵʣʝʤʝʥʪ ʩʠʤʤʝʪʨʠʠ ╡ȟ— π π ȟ   ‎ ʢɻʚʠʚʘʣʝʥʪʝʥ 

ʦʧʝʨʘʪʦʨʫ ╡ȟ—ȿπ π   ʩ ʚʦʣʥʦʚʳʤ ʚʝʢʪʦʨʦʤ ▓ ‎╬ᶻ. 
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1.3.3 ʇʦʜʭʦʜ ʤʘʛʥʠʪʥʳʭ ʩʫʧʝʨʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʛʨʫʧʧ ʠ ʥʝʧʨʠʚʦʜʠʤʳʝ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ 

 

ʌʝʥʦʤʝʥʦʣʦʛʠʯʝʩʢʘʷ ʪʝʦʨʠʷ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ 2-ʛʦ ʨʦʜʘ ʃʘʥʜʘʫ [55] 

ʚʚʦʜʠʪ ʧʦʥʷʪʠʝ ʚʝʢʪʦʨʘ ʧʘʨʘʤʝʪʨʘ ʧʦʨʷʜʢʘ – ʜʣʷ ʦʧʠʩʘʥʠʷ ʧʨʦʮʝʩʩʘ ʩʧʦʥʪʘʥʥʦʛʦ 

ʥʘʨʫʰʝʥʠʷ ʩʠʤʤʝʪʨʠʠ ʧʨʠ ʬʘʟʦʚʦʤ ʧʝʨʝʭʦʜʝ. ɺʝʢʪʦʨ ʧʘʨʘʤʝʪʨʘ ʧʦʨʷʜʢʘ çʩʚʷʟʘʥè 

ʩ ʥʝʧʨʠʚʦʜʠʤʳʤ ʧʨʝʜʩʪʘʚʣʝʥʠʝʤ (ʅʇ), ʧʦ ʢʦʪʦʨʦʤʫ ʠʜʝʪ ʬʘʟʦʚʳʡ ʧʝʨʝʭʦʜ ʚ ʪʦʤ 

ʩʤʳʩʣʝ, ʯʪʦ ʚʳʧʦʣʥʷʝʪʩʷ ʩʦʦʪʥʦʰʝʥʠʝ: 

 Ὣ– ВὈ Ὣ –, (1.30) 

ʛʜʝ Ὀ Ὣ ï ʤʘʪʨʠʮʘ, ʥʘ ʢʦʪʦʨʫʶ ʥʝʧʨʠʚʦʜʠʤʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ɜ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʳ G ʢʨʠʩʪʘʣʣʘ ʦʪʦʙʨʘʞʘʝʪ ʵʣʝʤʝʥʪ ʩʠʤʤʝʪʨʠʠ ὫᶰὋ. 

ɺʳʰʝ ʪʝʤʧʝʨʘʪʫʨʳ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʚ ʨʦʜʠʪʝʣʴʩʢʦʡ ʬʘʟʝ ʚʩʝ ʢʦʤʧʦʥʝʥʪʳ 

ʚʝʢʪʦʨʘ ʧʘʨʘʤʝʪʨʘ ʧʦʨʷʜʢʘ – ʨʘʚʥʳ ʥʫʣʶ. ɺ ʪʦʯʢʝ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʢʘʢ ʤʠʥʠʤʫʤ 

ʦʜʥʘ ʠʟ ʢʦʤʧʦʥʝʥʪ ʚʝʢʪʦʨʘ ʧʘʨʘʤʝʪʨʘ ʧʦʨʷʜʢʘ ʩʪʘʥʦʚʠʪʩʷ ʥʝʥʫʣʝʚʦʡ. ʂʦʥʢʨʝʪʥʦʝ 

ʥʘʧʨʘʚʣʝʥʠʝ ʚʝʢʪʦʨʘ ʧʘʨʘʤʝʪʨʘ ʧʦʨʷʜʢʘ – ʦʧʨʝʜʝʣʷʝʪ ʛʨʫʧʧʫ ʩʠʤʤʝʪʨʠʠ 

ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʬʘʟʳ Ὃ. ɻʨʫʧʧʘ Ὃ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʷʚʣʷʝʪʩʷ ʠʟʦʪʨʦʧʥʦʡ 

ʧʦʜʛʨʫʧʧʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʳ G ʠ ʩʦʩʪʦʠʪ ʠʟ ʚʩʝʭ ʵʣʝʤʝʥʪʦʚ ὫᶰὋ, 

ʩʦʭʨʘʥʷʶʱʠʭ ʜʘʥʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʚʝʢʪʦʨʘ ʧʘʨʘʤʝʪʨʘ ʧʦʨʷʜʢʘ ʠʥʚʘʨʠʘʥʪʥʳʤ ὫⱢ

Ɫ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʳʧʦʣʥʷʝʪʩʷ ʩʦʦʪʥʦʰʝʥʠʝ: 

 – ВὈ Ὣ –.  (1.31) 

ʂʦʥʮʝʧʮʠʷ ʦʜʥʦʛʦ ʥʝʧʨʠʚʦʜʠʤʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʃʘʥʜʘʫ ʜʣʷ ʬʘʟʦʚʳʭ 

ʧʝʨʝʭʦʜʦʚ 2-ʛʦ ʨʦʜʘ ʫʪʚʝʨʞʜʘʝʪ, ʯʪʦ ʩʠʤʤʝʪʨʠʡʥʳʝ ʩʚʦʡʩʪʚʘ ʤʘʛʥʠʪʥʦʡ ʩʪʨʫʢʪʫʨʳ 

ʥʠʞʝ ʪʝʤʧʝʨʘʪʫʨʳ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʦʧʨʝʜʝʣʷʶʪʩʷ ʝʜʠʥʩʪʚʝʥʥʳʤ ʥʝʧʨʠʚʦʜʠʤʳʤ 

ʧʨʝʜʩʪʘʚʣʝʥʠʝʤ ʩʝʨʦʡ ʧʘʨʘʤʘʛʥʠʪʥʦʡ ʛʨʫʧʧʳ ɱ, ʦʧʠʩʳʚʘʶʱʝʡ ʩʠʤʤʝʪʨʠʶ 

ʧʘʨʘʤʘʛʥʠʪʥʦʡ ʬʘʟʳ. ʇʘʨʘʤʘʛʥʠʪʥʘʷ ʛʨʫʧʧʘ ɱ  ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʥʘʙʦʨʦʚ ʵʣʝʤʝʥʪʦʚ 

ʩʠʤʤʝʪʨʠʠ ɱ Ὃ ρȿπππὋ, ʛʜʝ Ὃ  ï ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʛʨʫʧʧʘ ʢʨʠʩʪʘʣʣʘ 

ʩʦʩʪʦʷʱʘʷ ʠʟ ʦʧʝʨʘʮʠʡ (R, +1|t), ʘ ʚʪʦʨʦʡ ʥʘʙʦʨ ρȿπππὋ  ʩʦʩʪʦʠʪ ʠʟ ʪʘʢʦʛʦ ʞʝ 

ʢʦʣʠʯʝʩʪʚʘ ʰʪʨʠʭʦʚʘʥʥʳʭ ʦʧʝʨʘʮʠʡ (R, -1|t). ʅʝʧʨʠʚʦʜʠʤʳʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ɱ  

ʪʨʠʚʠʘʣʴʥʳʤ ʦʙʨʘʟʦʤ ʩʚʷʟʘʥʳ ʩ ʥʝʧʨʠʚʦʜʠʤʳʤʠ ʧʨʝʜʩʪʘʚʣʝʥʠʷʤʠ Ὃ : ʜʣʷ 

ʢʘʞʜʦʛʦ ʥʝʧʨʠʚʦʜʠʤʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ Ὃ  ʩʫʱʝʩʪʚʫʝʪ 2 ʥʝʧʨʠʚʦʜʠʤʳʭ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ ɱ. ʆʜʥʦ ʠʟ ʥʠʭ ʦʪʦʙʨʘʞʘʝʪ ʦʧʝʨʘʮʠʶ ʠʥʚʝʨʩʠʠ ʚʨʝʤʝʥʠ ʥʘ 

ʝʜʠʥʠʯʥʫʶ ʤʘʪʨʠʮʫ 1 (ʥʝʤʘʛʥʠʪʥʦʝ ʥʝʧʨʠʚʦʜʠʤʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ), ʦʙʦʟʥʘʯʘʝʪʩʷ 

ʙʫʢʚʦʡ çTè ʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʨʝʰʝʪʦʯʥʳʝ ʩʪʝʧʝʥʠ ʩʚʦʙʦʜʳ. ɺʪʦʨʦʝ ʥʝʧʨʠʚʦʜʠʤʦʝ 

ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦʪʦʙʨʘʞʘʝʪ ʦʧʝʨʘʮʠʶ ʠʥʚʝʨʩʠʠ ʚʨʝʤʝʥʠ ʥʘ ʤʘʪʨʠʮʫ -1 (ʤʘʛʥʠʪʥʦʝ 

ʥʝʧʨʠʚʦʜʠʤʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ) ʠ ʦʙʦʟʥʘʯʘʝʪʩʷ ʙʫʢʚʘʤʠ çmTè. ʇʦʩʢʦʣʴʢʫ ʦʧʝʨʘʮʠʷ 

ʠʥʚʝʨʩʠʠ ʚʨʝʤʝʥʠ ʤʝʥʷʝʪ ʥʘʧʨʘʚʣʝʥʠʷ ʚʩʝʭ ʤʘʛʥʠʪʥʳʭ ʤʦʤʝʥʪʦʚ, ʪʦ ʤʘʛʥʠʪʥʳʝ 

ʤʦʜʳ ʧʨʝʦʙʨʘʟʫʶʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʤʘʛʥʠʪʥʳʤʠ ʥʝʧʨʠʚʦʜʠʤʳʤʠ 
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ʧʨʝʜʩʪʘʚʣʝʥʠʷʤʠ. ɺ ʜʘʣʴʥʝʡʰʝʤ ʤʳ ʙʫʜʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʘʨʢʠʨʦʚʢʫ çmTè ʧʨʠ 

ʥʘʧʠʩʘʥʠʠ ʥʝʧʨʠʚʦʜʠʤʳʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ, ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʟʘ ʤʘʛʥʠʪʥʳʝ ʬʘʟʦʚʳʝ 

ʧʝʨʝʭʦʜʳ ʚ ʠʟʫʯʘʝʤʳʭ ʩʠʩʪʝʤʘʭ. 

ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʥʝʩʦʠʟʤʝʨʠʤʘʷ ʤʘʛʥʠʪʥʘʷ ʩʪʨʫʢʪʫʨʘ, ʦʧʠʩʳʚʘʝʤʘʷ ʦʜʥʠʤ 

ʚʦʣʥʦʚʳʤ ʚʝʢʪʦʨʦʤ k, ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ, ʢʘʢ ʢʦʤʙʠʥʘʮʠʷ ʥʝʩʢʦʣʴʢʠʭ 

ʤʘʛʥʠʪʥʳʭ ʤʦʜ, ʯʴʠ ʩʠʤʤʝʪʨʠʡʥʳʝ ʩʚʦʡʩʪʚʘ ʦʧʨʝʜʝʣʷʶʪʩʷ ʨʘʟʥʳʤʠ ʤʘʛʥʠʪʥʳʤʠ 

ʥʝʧʨʠʚʦʜʠʤʳʤʠ ʧʨʝʜʩʪʘʚʣʝʥʠʷʤʠ. ɺ ʨʘʤʢʘʭ ʧʦʜʭʦʜʘ ʧʨʝʜʩʪʘʚʣʝʥʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ 

ʧʦ ʤʝʪʦʜʫ ʕ. ɹʝʨʪʦ ï ʖ.ɸ. ʀʟʶʤʦʚʘ [48, 56] ʢʦʥʬʠʛʫʨʘʮʠʷ ʤʘʛʥʠʪʥʳʭ ʤʦʤʝʥʪʦʚ 

ʧʘʨʘʤʝʪʨʠʟʫʝʪʩʷ ʧʨʠ ʧʦʤʦʱʠ ʣʠʥʝʡʥʦʡ ʢʦʤʙʠʥʘʮʠʠ ʙʘʟʠʩʥʳʭ ʚʝʢʪʦʨʦʚ ʘʢʪʠʚʥʳʭ 

ʥʝʧʨʠʚʦʜʠʤʳʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʚʳʙʦʨʝ ʘʢʪʠʚʥʦʛʦ 

ʥʝʧʨʠʚʦʜʠʤʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʚʝʢʪʦʨʘ ʧʘʨʘʤʝʪʨʘ ʧʦʨʷʜʢʘ 

ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʥʘʙʦʨ ʦʛʨʘʥʠʯʝʥʠʡ ʥʘ ʚʦʟʤʦʞʥʳʝ ʢʦʥʬʠʛʫʨʘʮʠʠ ʤʘʛʥʠʪʥʳʭ 

ʤʦʤʝʥʪʦʚ, ʠʥʜʫʮʠʨʦʚʘʥʥʳʭ ʩʠʤʤʝʪʨʠʝʡ ʩʠʩʪʝʤʳ. ɺ ʧʨʝʜʳʜʫʱʝʤ ʧʘʨʘʛʨʘʬʝ ʙʳʣʦ 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʦʜʭʦʜ ʤʘʛʥʠʪʥʳʭ ʩʫʧʝʨʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʛʨʫʧʧ ʪʘʢʞʝ ʧʦʟʚʦʣʷʝʪ 

ʫʩʪʘʥʦʚʠʪʴ ʥʘʙʦʨ ʩʠʤʤʝʪʨʠʡʥʳʭ ʦʛʨʘʥʠʯʝʥʠʡ ʥʘ ʤʦʜʫʣʠʨʫʶʱʠʝ ʬʫʥʢʮʠʠ 

ʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ. ɼʚʘ ʵʪʠʭ ʥʘʙʦʨʘ ʦʛʨʘʥʠʯʝʥʠʡ ʙʣʠʟʢʦ ʩʚʷʟʘʥʳ ʠ ʯʘʱʝ ʚʩʝʛʦ 

ʷʚʣʷʶʪʩʷ ʵʢʚʠʚʘʣʝʥʪʥʳʤʠ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ, ʧʦʜʭʦʜ ʤʘʛʥʠʪʥʳʭ 

ʩʫʧʝʨʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʛʨʫʧʧ ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʠ ʥʘʢʣʘʜʳʚʘʝʪ ʙʦʣʝʝ 

ʞʝʩʪʢʠʝ ʦʛʨʘʥʠʯʝʥʠʷ, ʟʘʪʨʘʛʠʚʘʷ ʚʩʝ ʩʪʝʧʝʥʠ ʩʚʦʙʦʜʳ ʠʩʩʣʝʜʫʝʤʦʡ ʩʠʩʪʝʤʳ. 

ʀʤʝʥʥʦ ʵʪʦ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʥʦ ʧʨʠ ʘʥʘʣʠʟʝ ʩʣʦʞʥʳʭ 

ʥʝʩʦʠʟʤʝʨʠʤʳʭ ʤʘʛʥʠʪʥʳʭ ʬʘʟ ʙʠʥʘʨʥʳʭ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʚ, 

ʠʟʫʯʘʝʤʳʭ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ. ʇʦʢʘʞʝʤ ʩʚʷʟʴ ʤʝʞʜʫ ʜʚʫʤʷ ʵʪʠʤʠ ʥʘʙʦʨʘʤʠ 

ʦʛʨʘʥʠʯʝʥʠʡ ʚ ʩʣʝʜʫʶʱʝʤ ʧʘʨʘʛʨʘʬʝ. 
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1.3.4 ʇʘʨʘʤʝʪʨ ʧʦʨʷʜʢʘ ʠ ʦʙʱʝʝ ʫʨʘʚʥʝʥʠʝ ʠʥʚʘʨʠʘʥʪʥʦʩʪʠ 

 

ʈʘʩʩʤʦʪʨʠʤ ʥʝʩʦʠʟʤʝʨʠʤʫʶ ʤʘʛʥʠʪʥʫʶ ʩʪʨʫʢʪʫʨʫ, ʦʧʠʩʳʚʘʝʤʫʶ ʟʚʝʟʜʦʡ 

ʚʦʣʥʦʚʳʭ ʚʝʢʪʦʨʦʚ ▓ȟ▓ ʠ ʦʜʥʠʤ ʤʘʣʳʤ (ʧʦ ʪʝʨʤʠʥʦʣʦʛʠʠ, ʠʩʧʦʣʴʟʫʝʤʦʡ ʚ [48]) 

ʥʝʧʨʠʚʦʜʠʤʳʤ ʧʨʝʜʩʪʘʚʣʝʥʠʝʤ ʩ ʨʘʟʤʝʨʥʦʩʪʴʶ N, ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ ʜʣʷ ʚʦʣʥʦʚʦʛʦ 

ʚʝʢʪʦʨʘ ▓. ʊʦʛʜʘ ʩ ʫʯʝʪʦʤ ʜʚʫʭ ʣʫʯʝʡ ʟʚʝʟʜʳ ʚʦʣʥʦʚʳʭ ʚʝʢʪʦʨʦʚ ʨʘʟʤʝʨʥʦʩʪʴ 

ʥʝʧʨʠʚʦʜʠʤʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ, ʢʘʢ ς ὔ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ 

ʢʦʥʬʠʛʫʨʘʮʠʷ ʤʘʛʥʠʪʥʳʭ ʤʦʤʝʥʪʦʚ, ʦʧʠʩʳʚʘʝʤʘʷ ʟʚʝʟʜʦʡ ʚʦʣʥʦʚʳʭ ʚʝʢʪʦʨʦʚ 

▓ȟ▓ ʠ ʦʜʥʠʤ ʥʝʧʨʠʚʦʜʠʤʳʤ ʧʨʝʜʩʪʘʚʣʝʥʠʝʤ mT ʤʦʞʝʪ ʦʧʠʩʳʚʘʪʴʩʷ 

ʨʘʟʣʠʯʥʳʤʠ ʤʘʛʥʠʪʥʳʤʠ ʩʫʧʝʨʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤʠ ʛʨʫʧʧʘʤʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʥʘʧʨʘʚʣʝʥʠʷ, ʢʦʪʦʨʦʝ ʧʨʠʥʠʤʘʝʪ ʚʝʢʪʦʨ ʧʘʨʘʤʝʪʨʘ ʧʦʨʷʜʢʘ (ɺʇʇ) ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ 

ʥʝʧʨʠʚʦʜʠʤʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʩ ʨʘʟʤʝʨʥʦʩʪʴʶ ς ὔ. ʆʪʤʝʪʠʤ, ʯʪʦ ʧʦʩʢʦʣʴʢʫ 

ʢʦʥʬʠʛʫʨʘʮʠʷ ʤʘʛʥʠʪʥʳʭ ʤʦʤʝʥʪʦʚ ὓ‘ȟ■ ̫ ʚʣʷʝʪʩʷ ʜʝʡʩʪʚʠʪʝʣʴʥʦʡ ʬʫʥʢʮʠʝʡ, ʪʦ 

mT ʷʚʣʷʝʪʩʷ ʬʠʟʠʯʝʩʢʠ ʥʝʧʨʠʚʦʜʠʤʳʤ ʧʨʝʜʩʪʘʚʣʝʥʠʝʤ (ʌʅʇ), ʩʦʩʪʦʷʱʠʤ ʠʟ 

ʢʦʤʧʣʝʢʩʥʦʡ ʠ ʢʦʤʧʣʝʢʩʥʦ-ʩʦʧʨʷʞʝʥʥʦʡ ʢʦʤʧʦʥʝʥʪ. ʊʦʛʜʘ ʢʦʥʬʠʛʫʨʘʮʠʷ 

ʤʘʛʥʠʪʥʳʭ ʤʦʤʝʥʪʦʚ ʟʘʜʘʝʪʩʷ ʬʫʥʢʮʠʝʡ 

 ὓ‘ȟ■  В Ὓ▓□ ‘Ὡ ▓■►
ȟȣȟ Ὓ ▓□ᶻ‘Ὡ ▓■► , (1.32) 

ʛʜʝ Ὓ▓ ʠ Ὓ ▓ ʢʦʤʧʣʝʢʩʥʘʷ ʠ ʢʦʤʧʣʝʢʩʥʦ-ʩʦʧʨʷʞʝʥʥʘʷ ʢʦʤʧʦʥʝʥʪʳ ʧʘʨʘʤʝʪʨʘ 

ʧʦʨʷʜʢʘ, ʜʣʷ ʢʦʪʦʨʳʭ ʚʳʧʦʣʥʷʝʪʩʷ ʩʦʦʪʥʦʰʝʥʠʝ Ὓ ▓= Ὓᶻ▓), ‘ ï ʥʦʤʝʨ 

ʤʘʛʥʠʪʥʦʛʦ ʘʪʦʤʘ ʚ ʷʯʝʡʢʝ, □ ‘ ï ʥʦʨʤʘʣʠʟʦʚʘʥʥʳʡ ʚʝʢʪʦʨ ʧʦʣʷʨʠʟʘʮʠʠ, 

ʢʦʪʦʨʳʡ ʦʧʨʝʜʝʣʷʝʪ ʩʚʷʟʴ ʤʝʞʜʫ ʤʘʛʥʠʪʥʳʤʠ ʤʦʤʝʥʪʘʤʠ ʩʠʤʤʝʪʨʠʡʥʦ ʩʚʷʟʘʥʥʳʭ 

ʘʪʦʤʦʚ ʢʘʞʜʦʡ ʠʟ N ʩʧʠʥʦʚʳʭ ʚʦʣʥ. 

ʇʫʩʪʴ ʦʧʝʨʘʮʠʷ ʩʠʤʤʝʪʨʠʠ ╡ȟ—ȿ◄ ʚʭʦʜʠʪ ʚ ʩʦʩʪʘʚ ʩʝʨʦʡ ʧʘʨʘʤʘʛʥʠʪʥʦʡ 

ʛʨʫʧʧʳ ʠ ʩʦʭʨʘʥʷʝʪ ʚʦʣʥʦʚʦʡ ʚʝʢʪʦʨ ʤʘʛʥʠʪʥʦʡ ʩʪʨʫʢʪʫʨʳ k ʠʥʚʘʨʠʘʥʪʥʳʤ ʠʣʠ 

ʧʝʨʝʚʦʜʠʪ ʝʛʦ ʚ ïk. ʊʦʛʜʘ ʚʩʝ ʦʧʝʨʘʮʠʠ ╡ȟ—ȿ◄, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʵʪʠʤ ʢʨʠʪʝʨʠʷʤ 

ʦʙʨʘʟʫʶʪ ʧʦʜʛʨʫʧʧʫ ʩʝʨʦʡ ʧʘʨʘʤʘʛʥʠʪʥʦʡ ʛʨʫʧʧ r ɱ, ʢʦʪʦʨʘʷ ʥʘʟʳʚʘʝʪʩʷ 

ʨʘʩʰʠʨʝʥʥʦʡ ʛʨʫʧʧʦʡ ʚʦʣʥʦʚʦʛʦ ʚʝʢʪʦʨʘ:  

 ɱȟ▓ȟ▓ ɱȟ▓ ɱȟ▓, (1.33) 

ʛʜʝ ɱȟ▓ ï ʛʨʫʧʧʘ ʚʦʣʥʦʚʦʛʦ ʚʝʢʪʦʨʘ, ʩʦʩʪʦʷʱʘʷ ʠʟ ʦʧʝʨʘʮʠʡ ʢʦʪʦʨʳʝ ʩʦʭʨʘʥʷʶʪ 

ʚʦʣʥʦʚʦʡ ʚʝʢʪʦʨ ʤʘʛʥʠʪʥʦʡ ʩʪʨʫʢʪʫʨʳ k ʠʥʚʘʨʠʘʥʪʥʳʤ, ʘ ɱȟ▓ ï ʚʪʦʨʦʡ ʢʦʩʝʪ, 

ʩʦʩʪʦʷʱʠʡ ʠʟ ʦʧʝʨʘʮʠʡ, ʢʦʪʦʨʳʝ ʧʝʨʝʚʦʜʷʪ k ʚ ïk. ʊʦʛʜʘ ʜʝʡʩʪʚʠʝ ʣʶʙʦʡ ʦʧʝʨʘʮʠʠ 

╡ȟ—ȿ◄ ʠʟ ʨʘʩʰʠʨʝʥʥʦʡ ʛʨʫʧʧʳ ʚʦʣʥʦʚʦʛʦ ʚʝʢʪʦʨʘ ʥʘ ʢʦʥʬʠʛʫʨʘʮʠʶ ʤʘʛʥʠʪʥʳʭ 

ʤʦʤʝʥʪʦʚ ὓ‘ȟ■, ʦʧʠʩʳʚʘʝʤʫʶ ʫʨʘʚʥʝʥʠʝʤ (1.32), ʧʦʨʦʞʜʘʝʪ ʥʦʚʫʶ 

ʢʦʥʬʠʛʫʨʘʮʠʶ ʤʘʛʥʠʪʥʳʭ ʤʦʤʝʥʪʦʚ, ʦʧʠʩʳʚʘʝʤʳʭ ʪʘʢʠʤ ʞʝ ʫʨʘʚʥʝʥʠʝʤ ʠ ʪʝʤʠ 

ʞʝ ʚʝʢʪʦʨʘʤʠ □ ‘, ʥʦ ʩ ʥʦʚʳʤʠ ʘʤʧʣʠʪʫʜʘʤʠ Ὓ▓ ʠ Ὓ ▓ ʪʘʢʠʤʠ, ʯʪʦ: 
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, (1.34) 

ʛʜʝ ά╣╡ȟ—ȿ◄ ï ʤʘʪʨʠʮʘ ʩ ʨʘʟʤʝʨʥʦʩʪʴʶ ςὔ ςὔ, ʥʘ ʢʦʪʦʨʫʶ ʥʝʧʨʠʚʦʜʠʤʦʝ 

ʧʨʝʜʩʪʘʚʣʝʥʠʝ mT ʦʪʦʙʨʘʞʘʝʪ ʵʣʝʤʝʥʪ ʩʠʤʤʝʪʨʠʠ ╡ȟ—ȿ◄. 

ʉʜʚʠʛ ʚʦʣʥʳ ʤʘʛʥʠʪʥʦʡ ʩʪʨʫʢʪʫʨʳ ʧʦ ʬʘʟʝ ‌ ʧʨʠ ʜʝʡʩʪʚʠʠ ʥʘ ʥʝʝ ʵʣʝʤʝʥʪʘ 

ʩʠʤʤʝʪʨʠʠ ʨʘʩʰʠʨʝʥʥʦʡ ʛʨʫʧʧʦʡ ʚʦʣʥʦʚʦʛʦ ʚʝʢʪʦʨʘ ╡ȟ—ȿ◄ ʧʨʝʦʙʨʘʟʫʝʪ 

ʢʦʤʧʦʥʝʥʪʳ ʧʘʨʘʤʝʪʨʘ ʧʦʨʷʜʢʘ Ὓ▓ȟὛ ▓  ʚ ʥʦʚʳʝ ʟʘ ʩʯʝʪ ʜʦʙʘʚʢʠ ʬʘʟʦʚʦʛʦ 

ʬʘʢʪʦʨʘ Ὡ Ὓ▓ȟὩ Ὓ ▓ . ʇʦʵʪʦʤʫ ʜʣʷ ʢʦʥʬʠʛʫʨʘʮʠʠ ʤʘʛʥʠʪʥʳʭ ʤʦʤʝʥʪʦʚ ʩ 

ʢʦʤʧʦʥʝʥʪʘʤʠ ʧʘʨʘʤʝʪʨʘ ʧʦʨʷʜʢʘ Ὓ▓ȟὛ ▓ , ʦʧʠʩʳʚʘʝʤʦʡ ʫʨʘʚʥʝʥʠʝʤ (1.32), 

ʩʫʱʝʩʪʚʫʝʪ ʦʧʝʨʘʮʠʷ ʤʘʛʥʠʪʥʦʡ ʩʫʧʝʨʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʳ ╡ȟ—ȿ◄ † ʪʦʣʴʢʦ 

ʝʩʣʠ ʚʳʧʦʣʥʷʝʪʩʷ ʫʩʣʦʚʠʝ: 

 
Ὓ▓
Ὓ ▓

ϽὩ
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ά╣╡ȟ—ȿ◄
Ὓ▓
Ὓ ▓

, (1.35) 

ʛʜʝ 1 ʠ 0 ï ʝʜʠʥʠʯʥʘʷ ʠ ʥʫʣʝʚʘʷ ʤʘʪʨʠʮʳ ʨʘʟʤʝʨʥʦʩʪʴʶ N Ĭ N, ά╣╡ȟ—ȿ◄ ï ʤʘʪʨʠʮʘ 

ʬʠʟʠʯʝʩʢʠ ʥʝʧʨʠʚʦʜʠʤʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʨʘʟʤʝʨʥʦʩʪʴʶ 2N Ĭ 2N, ʢʦʪʦʨʘʷ ʤʦʞʝʪ 

ʙʳʪʴ ʚʳʨʘʞʝʥʘ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

 ά╣╡ȟ—ȿ◄
—╓ ╡ ϽὩ ▓◄

—╓ᶻ╡ ϽὩ ▓◄
. (1.36) 

ɿʜʝʩʴ ╓ ╡  ï ʤʘʪʨʠʮʳ ʧʨʦʝʢʪʠʚʥʳʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʨʘʟʤʝʨʥʦʩʪʠ N Ĭ N, 

ʪʘʙʫʣʠʨʦʚʘʥʥʳʝ ʚ ʩʧʨʘʚʦʯʥʠʢʝ [57]. ʊʦʛʜʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʝʨʤʠʥʦʣʦʛʠʝʡ ʖ.ɸ. 

ʀʟʶʤʦʚʘ [49] —╓ ╡ ϽὩ  ï ʤʘʣʳʝ ʥʝʧʨʠʚʦʜʠʤʳʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʛʨʫʧʧʳ 

ʚʦʣʥʦʚʦʛʦ ʚʝʢʪʦʨʘ k, ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʪʨʘʜʠʮʠʦʥʥʦʤ ʧʨʝʜʩʪʘʚʣʝʥʯʝʩʢʦʤ ʘʥʘʣʠʟʝ ʧʦ 

ʤʝʪʦʜʫ ʕ. ɹʝʨʪʦ ï ʖ.ɸ. ʀʟʶʤʦʚʘ. ʌʘʢʪʦʨ ɗ ʫʯʠʪʳʚʘʝʪ ʤʘʛʥʠʪʥʳʡ ʭʘʨʘʢʪʝʨ ʅʇ mT 

ʠ ʨʘʚʥʷʝʪʩʷ ï1 ʜʣʷ ʚʩʝʭ ʵʣʝʤʝʥʪʦʚ ʩʠʤʤʝʪʨʠʠ, ʛʜʝ ʧʨʠʩʫʪʩʪʚʫʝʪ ʦʧʝʨʘʮʠʷ ʠʥʚʝʨʩʠʠ 

ʚʨʝʤʝʥʠ. 

ʌʘʢʪʠʯʝʩʢʠ ʫʨʘʚʥʝʥʠʝ ʠʥʚʘʨʠʘʥʪʥʦʩʪʠ (1.35) ʦʟʥʘʯʘʝʪ, ʯʪʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ 

ʢʦʥʬʠʛʫʨʘʮʠʠ ʤʘʛʥʠʪʥʳʭ ʤʦʤʝʥʪʦʚ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʥʝʸ ʵʣʝʤʝʥʪʘ ʩʠʤʤʝʪʨʠʠ 

ʨʘʩʰʠʨʝʥʥʦʡ ʛʨʫʧʧʳ ʚʦʣʥʦʚʦʛʦ ʚʝʢʪʦʨʘ ʤʦʞʝʪ ʙʳʪʴ ʩʢʦʤʧʝʥʩʠʨʦʚʘʥʦ ʩʜʚʠʛʦʤ 

ʚʦʣʥʳ ʤʘʛʥʠʪʥʦʡ ʩʪʨʫʢʪʫʨʳ ʧʦ ʬʘʟʝ †, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʩʦʭʨʘʥʠʪʴ ʜʘʥʥʫʶ 

ʢʦʥʬʠʛʫʨʘʮʠʶ ʠʥʚʘʨʠʘʥʪʥʦʡ. ʀʟ ʫʨʘʚʥʝʥʠʷ (1.35) ʤʦʞʥʦ ʥʘʡʪʠ ʚʩʝ ʚʦʟʤʦʞʥʳʝ 

ʤʘʛʥʠʪʥʳʝ ʩʫʧʝʨʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʛʨʫʧʧʳ, ʢʦʪʦʨʳʝ ʦʧʠʩʳʚʘʶʪ ʩʠʤʤʝʪʨʠʶ ʚʩʝʭ 

ʚʦʟʤʦʞʥʳʭ ʢʦʥʬʠʛʫʨʘʮʠʡ ʤʘʛʥʠʪʥʳʭ ʤʦʤʝʥʪʦʚ, ʦʧʠʩʳʚʘʝʤʳʭ ʟʚʝʟʜʦʡ ʚʦʣʥʦʚʳʭ 

ʚʝʢʪʦʨʦʚ ▓ȟ▓, ʯʴʠ ʪʨʘʥʩʬʦʨʤʘʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʦʧʠʩʳʚʘʶʪʩʷ ʦʜʥʠʤ 

ʬʠʟʠʯʝʩʢʠ ʥʝʧʨʠʚʦʜʠʤʳʤ ʧʨʝʜʩʪʘʚʣʝʥʠʝʤ mT. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʨʝʰʝʥʠʝ ʵʪʦʡ 
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ʟʘʜʘʯʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʦ ʠ ʨʝʘʣʠʟʦʚʘʥʦ ʚ ʚʠʜʝ ʘʣʛʦʨʠʪʤʦʚ ʚ ʧʨʦʛʨʘʤʤʘʭ 

ISODISTORT [58] ʠ JANA2020 [59]. ʂʨʦʤʝ ʪʦʛʦ, ʠʟ ʫʨʘʚʥʝʥʠʷ (1.35) ʩʣʝʜʫʝʪ, ʯʪʦ 

ʜʣʷ ʩʣʫʯʘʷ ʤʘʣʳʭ ʅʇ ʩ ʨʘʟʤʝʨʥʦʩʪʴʶ ὔ  ρ ʢʘʞʜʦʤʫ ʬʠʟʠʯʝʩʢʠ ʥʝʧʨʠʚʦʜʠʤʦʤʫ 

ʧʨʝʜʩʪʘʚʣʝʥʠʶ mT ʤʦʞʥʦ ʧʦʩʪʘʚʠʪʴ ʚ ʩʦʦʪʚʝʪʩʪʚʠʝ ʪʦʣʴʢʦ ʦʜʥʫ ʄʉɻ, ʩʦʩʪʦʷʱʫʶ 

ʠʟ ʚʩʝʭ ʵʣʝʤʝʥʪʦʚ ʨʘʩʰʠʨʝʥʥʦʡ ʛʨʫʧʧʳ ʚʦʣʥʦʚʦʛʦ ʚʝʢʪʦʨʘ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʧʦʜʭʦʜ 

ʤʘʛʥʠʪʥʳʭ ʩʫʧʝʨʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʛʨʫʧʧ ʵʢʚʠʚʘʣʝʥʪʝʥ ʧʨʝʜʩʪʘʚʣʝʥʯʝʩʢʦʤʫ 

ʘʥʘʣʠʟʫ ʧʦ ʤʝʪʦʜʫ ʕ. ɹʝʨʪʦ ï ʖ.ɸ. ʀʟʶʤʦʚʘ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʧʨʠ ὔ  ρ ʨʝʰʝʥʠʝ 

ʫʨʘʚʥʝʥʠʷ (1.35) ʟʘʚʠʩʠʪ ʦʪ ʢʦʥʢʨʝʪʥʦʛʦ ʚʠʜʘ N-ʢʦʤʧʦʥʝʥʪʥʦʛʦ ʚʝʢʪʦʨʘ 

Ὓ ▓ȟȣȟὛ ▓ . ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʜʣʷ ʦʜʥʦʛʦ ʬʠʟʠʯʝʩʢʠ ʥʝʧʨʠʚʦʜʠʤʦʛʦ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ mT ʤʦʞʥʦ ʥʘʡʪʠ ʩʝʨʠʶ ʄʉɻ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʭ ʫʨʘʚʥʝʥʠʶ (1.35) ʠ 

ʩʦʜʝʨʞʘʱʠʭ ʤʝʥʴʰʝ ʵʣʝʤʝʥʪʦʚ ʩʠʤʤʝʪʨʠʠ, ʯʝʤ ʚʭʦʜʠʪ ʚ ʨʘʩʰʠʨʝʥʥʫʶ ʛʨʫʧʧʫ 

ʚʦʣʥʦʚʦʛʦ ʚʝʢʪʦʨʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʜʭʦʜ ʤʘʛʥʠʪʥʳʭ ʩʫʧʝʨʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ 

ʛʨʫʧʧ ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʤʝʪʦʜʦʤ ʘʥʘʣʠʟʘ ʤʘʛʥʠʪʥʳʭ ʩʪʨʫʢʪʫʨ 

ʙʠʥʘʨʥʳʭ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʚ, ʛʜʝ ʨʝʘʣʠʟʫʶʪʩʷ ʥʝʩʦʠʟʤʝʨʠʤʳʝ 

ʤʘʛʥʠʪʥʳʝ ʬʘʟʳ, ʯʴʷ ʩʠʤʤʝʪʨʠʷ ʦʧʠʩʳʚʘʝʪʩʷ ʜʚʫʤʝʨʥʳʤʠ ʤʘʣʳʤʠ 

ʥʝʧʨʠʚʦʜʠʤʳʤʠ ʧʨʝʜʩʪʘʚʣʝʥʠʷʤʠ ʠʣʠ ʩʫʧʝʨʧʦʟʠʮʠʝʡ ʥʝʧʨʠʚʦʜʠʤʳʭ 

ʧʨʝʜʩʪʘʚʣʝʥʠʡ.  
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1.4 ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʠ ʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʩʦʝʜʠʥʝʥʠʡ R3T 

 

1.4.1 ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʩʦʝʜʠʥʝʥʠʡ R3T 

 

ʉʧʣʘʚʳ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʤʝʪʘʣʣʦʚ (R) ʠ 3d/4d ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ (T) 

ʦʙʨʘʟʫʶʪ ʙʦʣʴʰʦʡ ʥʘʙʦʨ ʠʥʪʝʨʤʝʪʘʣʣʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ. ɺ ʯʘʩʪʥʦʩʪʠ, ʙʠʥʘʨʥʳʝ 

ʩʦʝʜʠʥʝʥʠʷ R3T ʦʙʨʘʟʫʶʪʩʷ ʩ ʧʝʨʝʭʦʜʥʳʤʠ ʤʝʪʘʣʣʘʤʠ ʩ ʧʦʯʪʠ ʟʘʧʦʣʥʝʥʥʦʡ d-

ʟʦʥʦʡ (3d ï Co, Ni; 4d ï Ru, Rh) ʩʦ ʚʩʝʤʠ ʨʝʜʢʦʟʝʤʝʣʴʥʳʤʠ ʤʝʪʘʣʣʘʤʠ. ʅʘ ʨʠʩʫʥʢʝ 

1.4 ʧʨʝʜʩʪʘʚʣʝʥʘ ʬʘʟʦʚʘʷ ʜʠʘʛʨʘʤʤʘ ʙʠʥʘʨʥʳʭ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʚ 

ʚ ʨʷʜʝ Ho-Co. ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ 1.4, ʩʦʝʜʠʥʝʥʠʝ Ho3Co ʦʙʣʘʜʘʝʪ ʥʘʠʚʳʩʰʠʤ 

ʩʦʜʝʨʞʘʥʠʝʤ ʨʝʜʢʦʡ ʟʝʤʣʠ ʚ ʨʷʜʝ Ho-Co ʠ ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʧʫʪʸʤ ʧʝʨʠʪʝʢʪʠʯʝʩʢʦʡ 

ʨʝʘʢʮʠʠ. ʇʨʠ ʵʪʦʤ, ʜʣʷ ʩʦʩʪʘʚʘ Ho3Co ʦʪʩʫʪʩʪʚʫʝʪ ʦʙʣʘʩʪʴ ʛʦʤʦʛʝʥʥʦʩʪʠ, ʯʪʦ 

ʟʘʪʨʫʜʥʷʝʪ ʧʦʣʫʯʝʥʠʝ ʦʜʥʦʬʘʟʥʳʭ ʦʙʨʘʟʮʦʚ. 

 

ʉʦʝʜʠʥʝʥʠʷ R3T ʢʨʠʩʪʘʣʣʠʟʫʶʪʩʷ ʚ ʨʦʤʙʠʯʝʩʢʫʶ ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ 

ʩʪʨʫʢʪʫʨʫ ʪʠʧʘ Fe3Co, ʦʧʠʩʳʚʘʝʤʫʶ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʦʡ Pnma [61, 62]. 

ʕʣʝʤʝʥʪʘʨʥʘʷ ʷʯʝʡʢʘ ʩʦʝʜʠʥʝʥʠʡ R3T ʦʙʨʘʟʦʚʘʥʘ 12 ʘʪʦʤʘʤʠ ʨʝʜʢʦʡ ʟʝʤʣʠ, 

ʟʘʥʠʤʘʶʱʠʤʠ ʜʚʝ ʥʝʵʢʚʠʚʘʣʝʥʪʥʳʝ ʧʦʟʠʮʠʠ 4c ʠ 8d, ʘ ʪʘʢʞʝ ʯʝʪʳʨʴʤʷ ʘʪʦʤʘʤʠ 

ʧʝʨʝʭʦʜʥʦʛʦ ʤʝʪʘʣʣʘ ʚ ʧʦʟʠʮʠʠ 4ʩ. ʂʨʠʩʪʘʣʣʠʯʝʩʢʫ  ʁʩʪʨʫʢʪʫʨʫ ʩʦʝʜʠʥʝʥʠʡ R3T 

ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ ʪʨʠʛʦʥʘʣʴʥʳʭ ʧʨʠʟʤ (ʨʠʩʫʥʦʢ 1.5), ʚ ʚʝʨʰʠʥʘʭ ʢʦʪʦʨʳʭ 

 

ʈʠʩʫʥʦʢ 1.4 ï ʌʘʟʦʚʘ ̫ʜʠʘʛʨʘʤʤʘ ʙʠʥʘʨʥʦʡ ʩʠʩʪʝʤ rHo-Co [60] 
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ʥʘʭʦʜʷʪʩʷ ʨʝʜʢʦʟʝʤʝʣʴʥʳʝ ʘʪʦʤʳ, ʘ ʘʪʦʤʳ ʧʝʨʝʭʦʜʥʦʛʦ ʤʝʪʘʣʣʘ ʟʘʢʣʶʯʝʥʳ ʚʥʫʪʨʠ 

ʜʘʥʥʳʭ ʧʨʠʟʤ. ɺ ʪʘʢʦʡ ʩʪʨʫʢʪʫʨʝ ʘʪʦʤʳ ʧʝʨʝʭʦʜʥʦʛʦ ʤʝʪʘʣʣʘ ʥʘʭʦʜʷʪʩʷ ʥʘ 

ʟʥʘʯʠʪʝʣʴʥʦʤ ʫʜʘʣʝʥʠʠ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʦʢʦʣʦ τ B. ʀʟ ʣʠʪʝʨʘʪʫʨʳ ʠʟʚʝʩʪʥʦ, ʯʪʦ 

ʩʪʝʧʝʥʴ ʠʟʦʣʷʮʠʠ ʘʪʦʤʦʚ ʧʝʨʝʭʦʜʥʦʛʦ ʤʝʪʘʣʣʘ ʠ ʩʪʝʧʝʥʴ ʩʚʷʟʥʦʩʪʠ ʪʨʝʫʛʦʣʴʥʳʭ 

ʧʨʠʟʤ ʚ ʧʦʜʦʙʥʳʭ ʩʠʩʪʝʤʘʭ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʩʚʷʟʠ (ʂʉ) [63]. ʊʘʢ, 

ʜʣʷ ʩʝʤʝʡʩʪʚʘ ʩʦʝʜʠʥʝʥʠʡ R3T, ʢʦʵʬʬʠʮʠʝʥʪ ʩʚʷʟʠ ʨʘʚʝʥ ˗ ˞  ς ʠ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʠ ʠʟʦʣʷʮʠʠ ʦʜʠʥʦʯʥʳʭ T-ʘʪʦʤʦʚ ʚʥʫʪʨʠ 

ʪʨʠʛʦʥʘʣʴʥʳʭ ʧʨʠʟʤ ʥʘ ʦʩʥʦʚʝ R ʘʪʦʤʦʚ. 

 

  

 

ʈʠʩʫʥʦʢ 1.5 ï ɺʠʟʫʘʣʠʟʘʮʠʷ ʦʨʪʦʨʦʤʙʠʯʝʩʢʦʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ 

ʩʦʝʜʠʥʝʥʠʡ ʪʠʧʘ R3T. ɸʪʦʤʳ ʨʝʜʢʦʟʝʤʝʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ, ʟʘʥʠʤʘʶʱʠʝ ʧʦʟʠʮʠʠ 

8d ʠ 4c, ʥʘʭʦʜʷʪʩʷ ʚ ʚʝʨʰʠʥʘʭ ʪʨʠʛʦʥʘʣʴʥʳʭ ʧʨʠʟʤ. ɸʪʦʤʳ ʧʝʨʝʭʦʜʥʦʛʦ 

ʤʝʪʘʣʣʘ, ʟʘʥʠʤʘʶʱʠʝ ʧʦʟʠʮʠʶ 4ʩ, ʥʘʭʦʜʷʪʩʷ ʚ ʮʝʥʪʨʝ ʧʨʠʟʤ 
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1.4.2 ʄʘʛʥʠʪʥʘʷ ʩʪʨʫʢʪʫʨʘ ʠ ʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʩʦʝʜʠʥʝʥʠʡ Ho3Co 

 

ʂʘʢ ʙʳʣʦ ʦʪʤʝʯʝʥʦ ʚ ʧʘʨʘʛʨʘʬʝ ʚʳʰʝ, ʠʦʥ ʧʝʨʝʭʦʜʥʦʛʦ ʤʝʪʘʣʣʘ ʚ ʨʝʰʝʪʢʝ 

ʪʠʧʘ Fe3C ʦʢʨʫʞʝʥ ʨʝʜʢʦʟʝʤʝʣʴʥʳʤʠ ʠʦʥʘʤʠ ʠ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʘʪʦʤʘʤʠ 

ʧʝʨʝʭʦʜʥʦʛʦ ʤʝʪʘʣʣʘ ʚ ʩʠʩʪʝʤʘʭ R3T ʚʝʣʠʢʦ. ʊʘʢʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ R ʠ T ʠʦʥʦʚ 

ʧʨʠʚʦʜʠʪ ʢ ʛʠʙʨʠʜʠʟʘʮʠʠ 5d(R)-3d/4d(T) ʵʣʝʢʪʨʦʥʦʚ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʢ ʩʠʣʴʥʦʤʫ 

ʚʣʠʷʥʠʶ 4f-ʦʙʦʣʦʯʢʠ R-ʠʦʥʘ ʥʘ d-ʦʙʦʣʦʯʢʫ ʠʦʥʘ ʧʝʨʝʭʦʜʥʦʛʦ ʤʝʪʘʣʣʘ. 

ʋʤʝʥʴʰʝʥʠʝ ʟʥʘʯʝʥʠʷ ʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ ʥʘ d-ʠʦʥʝ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʝʜʢʦʟʝʤʝʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ ʚ ʨʷʜʝ R-T ʤʦʞʝʪ ʙʳʪʴ ʦʙʫʩʣʦʚʣʝʥʦ 

ʟʘʧʦʣʥʝʥʠʝʤ 3d(4d) - ʟʦʥʳ ʘʪʦʤʦʚ ʧʝʨʝʭʦʜʥʦʛʦ ʤʝʪʘʣʣʘ ʚʥʝʰʥʠʤʠ 6s ʠ 5d (4d ʚ 

ʩʣʫʯʘʝ ʠʪʪʨʠʷ) ʵʣʝʢʪʨʦʥʘʤʠ ʨʝʜʢʦʟʝʤʝʣʴʥʦʛʦ ʠʦʥʘ. ʂʨʦʤʝ ʪʦʛʦ, ʙʦʣʴʰʠʝ 

ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʙʣʠʞʘʡʰʠʤʠ ʘʪʦʤʘʤʠ ʧʝʨʝʭʦʜʥʦʛʦ ʤʝʪʘʣʣʘ ʦʙʫʩʣʘʚʣʠʚʘʶʪ 

ʩʣʘʙʦʝ ʧʝʨʝʢʨʳʪʠʝ 3d(4d) ʚʦʣʥʦʚʳʭ ʬʫʥʢʮʠʡ, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʢʨʠʪʝʨʠʡ ʉʪʦʥʝʨʘ 

ʜʣʷ dïʟʦʥʳ ʥʝ ʚʳʧʦʣʥʷʝʪʩʷ [64]. ʋʢʘʟʘʥʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ 

ʩʪʨʫʢʪʫʨʳ ʙʠʥʘʨʥʳʭ ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʚ R3T ʧʨʠʚʦʜʷʪ ʢ ʪʦʤʫ, ʯʪʦ ʘʪʦʤʳ 

ʧʝʨʝʭʦʜʥʦʛʦ ʤʝʪʘʣʣʘ ʥʝ ʦʙʣʘʜʘʶʪ ʫʧʦʨʷʜʦʯʝʥʥʳʤ ʤʘʛʥʠʪʥʳʤ ʤʦʤʝʥʪʦʤ [65-67], 

ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʨʝʟʫʣʴʪʘʪʘʤʠ ʥʝʡʪʨʦʥʦʛʨʘʬʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʘʛʥʠʪʥʳʭ 

ʩʪʨʫʢʪʫʨ ʩʦʝʜʠʥʝʥʠʡ ʨʷʜʘ R3T [12, 14]. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʨʦʣʴ 

ʧʝʨʝʭʦʜʥʦʛʦ ʤʝʪʘʣʣʘ ʚ ʩʦʝʜʠʥʝʥʠʷʭ R3T ʩʚʦʜʠʪʩʷ ʥʝ ʪʦʣʴʢʦ ʢ ʫʯʘʩʪʠʶ ʚ 

ʬʦʨʤʠʨʦʚʘʥʠʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ. ʇʦʜʩʠʩʪʝʤʘ ʢʦʣʣʝʢʪʠʚʠʟʠʨʦʚʘʥʥʳʭ d 

ʵʣʝʢʪʨʦʥʦʚ ʫʯʘʩʪʚʫʝʪ ʚ ʦʙʤʝʥʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʭ ʠ ʦʢʘʟʳʚʘʝʪ ʩʠʣʴʥʦʝ ʚʣʠʷʥʠʝ 

ʥʘ ʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ [68]. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ ʩʦʝʜʠʥʝʥʠʷ Ho3Co ʤʝʪʦʜʘʤʠ 

ʤʘʛʥʠʪʦʤʝʪʨʠʠ ʠ ʤʘʛʥʠʪʥʦʡ ʥʝʡʪʨʦʥʥʦʡ ʜʠʬʨʘʢʮʠʠ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ 

ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʠ ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʦʙʨʘʟʮʘʭ ʥʘʯʠʥʘʷ ʩ 1970-ʭ ʛʦʜʦʚ. ɺ 

ʯʘʩʪʥʦʩʪʠ, ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ 

ʦʙʨʘʟʮʘ Ho3Co (ʩʤʦʪʨʠʪʝ ʨʠʩʫʥʦʢ 1.6), ʠʟʤʝʨʝʥʥʳʝ ʚʜʦʣʴ ʛʣʘʚʥʳʭ 

ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʭ ʦʩʝʡ a, b ʠ c ʧʨʠ ʧʦʥʠʞʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʜʝʤʦʥʩʪʨʠʨʫʶʪ 

ʘʥʦʤʘʣʠʶ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ Ὕ ͯ ςς ʂ, ʧʨʠʧʠʩʳʚʘʝʤʫʶ ʤʘʛʥʠʪʥʦʤʫ ʬʘʟʦʚʦʤʫ 

ʧʝʨʝʭʦʜʫ ʚʪʦʨʦʛʦ ʨʦʜʘ ʠʟ ʧʘʨʘʤʘʛʥʠʪʥʦʛʦ ʚ ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʦʝ ʩʦʩʪʦʷʥʠʝ [21]. 

ʊʘʢ, ʧʦ ʜʘʥʥʳʤ ʥʝʡʪʨʦʥʦʛʨʘʬʠʠ [10], ʥʠʞʝ ʪʝʤʧʝʨʘʪʫʨʳ ʅʝʝʣʷ Ὕ ςς ʂ ʚ 

ʩʦʝʜʠʥʝʥʠʠ Ho3Co ʬʦʨʤʠʨʫʝʪʩʷ ʤʦʜʫʣʠʨʦʚʘʥʥʘʷ, ʥʝʩʦʠʟʤʝʨʠʤʘʷ ʩ 

ʢʨʠʩʪʘʣʣʦʭʠʤʠʯʝʩʢʦʡ ʷʯʝʡʢʦʡ ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʘʷ ʩʪʨʫʢʪʫʨʘ, ʢʦʪʦʨʘʷ 

ʦʧʠʩʳʚʘʝʪʩʷ ʢʦʤʙʠʥʘʮʠʝʡ ʜʚʫʭ ʚʦʣʥʦʚʳʭ ʚʝʢʪʦʨʦʚ: ʩʦʠʟʤʝʨʠʤʳʤ ʚʦʣʥʦʚʳʤ 

ʚʝʢʪʦʨʦʤ ▓ π ʠ ʥʝʩʦʠʟʤʝʨʠʤʳʤ ʚʦʣʥʦʚʳʤ ʚʝʢʪʦʨʦʤ ▓ ‘ὦ, ʛʜʝ ‘ πȢρυ. 

ɼʘʣʴʥʝʡʰʝʝ ʦʭʣʘʞʜʝʥʠʝ ʧʨʠʚʦʜʠʪ ʢ ʬʘʟʦʚʦʤʫ ʧʝʨʝʭʦʜʫ ʪʠʧʘ ʧʦʨʷʜʦʢ-ʧʦʨʷʜʦʢ ʧʨʠ 

Ὕ ͯ ψ ʂ [10, 21]. 
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ɺ ʨʘʙʦʪʝ [21] ʧʦʢʘʟʘʥʦ, ʯʪʦ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʙʨʘʪʥʦʡ 

ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ, ʠʟʤʝʨʝʥʥʳʝ ʥʘ ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʤ ʦʙʨʘʟʮʝ Ho3Co 

ʦʪʢʣʦʥʷʶʪʩʷ ʦʪ ʟʘʢʦʥʘ ʂʶʨʠ-ɺʝʡʩʩʘ (ʨʠʩʫʥʦʢ 1.6(ʙ)). ʇʦʜʦʙʥʳʡ ʵʬʬʝʢʪ 

ʥʘʙʣʶʜʘʣʩʷ ʠ ʜʣʷ ʜʨʫʛʠʭ ʩʦʝʜʠʥʝʥʠʡ R3T: Gd3Co [69], Gd3Rh [68], Tb3Ni [12], Tb3Rh 

[70]. ɸʥʦʤʘʣʴʥʦʝ ʧʦʚʝʜʝʥʠʝ ʦʙʨʘʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʚ ʩʦʝʜʠʥʝʥʠʠ Ho3Co ʠ 

ʘʥʠʟʦʪʨʦʧʠʶ ʟʥʘʯʝʥʠʡ ʵʬʬʝʢʪʠʚʥʳʭ ʤʘʛʥʠʪʥʳʭ ʤʦʤʝʥʪʦʚ ʠ ʧʘʨʘʤʘʛʥʠʪʥʳʭ 

 

ʈʠʩʫʥʦʢ 1.6 ï (ʘ) ʊʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ, (ʙ) 

ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʙʨʘʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʠ (ʚ) ʧʦʣʝʚʳʝ 

ʟʘʚʠʩʠʤʦʩʪʠ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ Ὕ  ρȢυ K 

ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʩʦʝʜʠʥʝʥʠʷ Ho3Co ʠʟʤʝʨʝʥʥʳʝ ʚʜʦʣʴ ʦʩʥʦʚʥʳʭ 

ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʭ ʥʘʧʨʘʚʣʝʥʠʡ a, b ʠ c [21] 
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ʪʝʤʧʝʨʘʪʫʨ ʂʶʨʠ, ʧʦʣʫʯʝʥʥʳʭ ʠʟ ʠʟʤʝʨʝʥʠʡ ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ Ho3Co 

ʚʜʦʣʴ ʨʘʟʥʳʭ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʭ ʥʘʧʨʘʚʣʝʥʠʡ, ʘʚʪʦʨʳ ʦʙʲʷʩʥʷʶʪ ʵʬʬʝʢʪʦʤ 

ʩʠʣʴʥʦʛʦ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʧʦʣʷ [21]. 

ɼʣʷ ʩʦʝʜʠʥʝʥʠʷ Ho3Co ʘʚʪʦʨʘʤʠ ʨʘʙʦʪ r [21] ʫʩʪʘʥʦʚʣʝʥʳ ʟʘʚʳʰʝʥʥʳʝ 

ʟʥʘʯʝʥʠ ̫ ʵʬʬʝʢʪʠʚʥʳʭ ʤʘʛʥʠʪʥʳʭ ʤʦʤʝʥʪʦʚ, ʦʮʝʥʸʥʥʳʭ ʠʟ ʪʝʤʧʝʨʘʪʫʨʥʦʡ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʙʨʘʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʧʦ ʟʘʢʦʥʫ ʂʶʨʠ-ɺʝʡʩʘ (‘  ρπȢψω ‘ , 

‘  ρπȢωφ  ‘   ʠ ‘  ρρȢρρ ‘ ) ʦʪʥʦʩʠʪʝʣʴʥʦ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʟʥʘʯʝʥʠʷ 

‘  ρπȢφρ ‘. ɿʘʚʳʰʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʵʬʬʝʢʪʠʚʥʳʭ ʤʘʛʥʠʪʥʳʭ ʤʦʤʝʥʪʦʚ ʪʘʢʞʝ 

ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʜʣʷ ʩʦʝʜʠʥʝʥʠʡ R3Co [71], R3Ni [72] ʠ R3Rh [73] ʠ 

ʜʝʤʦʥʩʪʨʠʨʫʶʪ ̫ ʚʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʚʝʣʠʯʠʥʳ ʩʧʠʥʘ R ʠʦʥʘ. ɸʚʪʦʨʳ ʨʘʙʦʪʳ [21] 

ʩʚʷʟʳʚʘʶʪ ʧʨʝʚʳʰʝʥʠʝ ʟʥʘʯʝʥʠʷ ‘  ʩ ʚʢʣʘʜʦʤ ʦʪ ʩʧʠʥʦʚʳʭ ʬʣʫʢʪʫʘʮʠʡ, 

ʦʙʫʩʣʦʚʣʝʥʥʳʭ f-d ʦʙʤʝʥʥʳʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʚ 3d-ʵʣʝʢʪʨʦʥʥʦʡ ʧʦʜʩʠʩʪʝʤʝ 

ʧʝʨʝʭʦʜʥʦʛʦ ʤʝʪʘʣʣʘ. 

ʇʦ ʜʘʥʥʳʤ ʧʦʣʝʚʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʩʦʝʜʠʥʝʥʠʷ Ho3Co, ʚ 

ʠʤʧʫʣʴʩʥʳʭ ʧʦʣʷʭ, ʠʟʤʝʨʝʥʥʳʭ ʚʜʦʣʴ ʦʩʥʦʚʥʳʭ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʭ 

ʥʘʧʨʘʚʣʝʥʠʡ ʧʨʠ Ὕ  ρȢυ ʂ [21], ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʤʘʛʥʠʪʥʳʡ ʤʦʤʝʥʪ, 

ʧʨʠʭʦʜʷʱʠʡʩʷ ʥʘ ʠʦʥ ʅʦ, ʥʝ ʜʦʩʪʠʛʘʝʪ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʟʥʘʯʝʥʠʷ ‘  ρπ ‘ ʜʣʷ 

ʩʚʦʙʦʜʥʦʛʦ ʠʦʥʘ Ho3+ ʜʘʞʝ ʚ ʤʘʢʩʠʤʘʣʴʥʦʤ ʧʦʣʝ 42 ʊʣ ʜʣʷ ʚʩʝʭ ʥʘʧʨʘʚʣʝʥʠʡ, ʯʪʦ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʥʘʣʠʯʠʠ ʩʣʦʞʥʦʡ ʥʝʢʦʣʣʠʥʝʘʨʥʦʡ ʤʘʛʥʠʪʥʦʡ ʩʪʨʫʢʪʫʨ r ʠ 

ʚʳʩʦʢʦʡ ʤʘʛʥʠʪʥʦʡ ʘʥʠʟʦʪʨʦʧʠʠ. 

ɺ ʦʙʣʘʩʪʠ ʩʣʘʙʳʭ ʧʦʣʝʡ ʢʨʠʚʳʝ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ ʠʤʝʶʪ ʤʝʪʘʤʘʛʥʠʪʥʳʡ 

ʭʘʨʘʢʪʝʨ: ʫʚʝʣʠʯʝʥʠʝ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʜʦ ʢʨʠʪʠʯʝʩʢʠʭ ʟʥʘʯʝʥʠʡ ʧʨʠʚʦʜʠʪ ʢ 

ʨʝʟʢʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ. ʊʘʢʦʝ ʧʦʚʝʜʝʥʠʝ ʩʚʷʟʳʚʘʶʪ ʩ ʬʘʟʦʚʳʤʠ 

ʧʝʨʝʭʦʜʘʤʠ ʧʝʨʚʦʛʦ ʨʦʜʘ ʠʟ ʠʩʭʦʜʥʦʛʦ ɸʌʄ ʩʦʩʪʦʷʥʠʷ ʚ ʠʥʜʫʮʠʨʦʚʘʥʥʳʝ ʧʦʣʝʤ 

ʥʝʢʦʣʣʠʥʝʘʨʥʳʝ ʬʝʨʨʦʤʘʛʥʠʪʥʳʝ ʩʦʩʪʦʷʥʠʷ ʩ ʨʝʟʫʣʴʪʠʨʫʶʱʠʤʠ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʷʤʠ ʚʜʦʣʴ ʦʩʝʡ a, b ʠ c ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺ ʯʘʩʪʥʦʩʪʠ, ʧʨʠ 

ʥʘʤʘʛʥʠʯʠʚʘʥʠʠ ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʦʙʨʘʟʮʘ Ho3Co ʧʨʠ Ὕ τȢς ʂ ʚʜʦʣʴ 

ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ c ʥʘʙʣʶʜʘʝʪʩʷ ʧʝʨʝʭʦʜ ʠʟ ʠʩʭʦʜʥʦʛʦ ɸʌʄ 

ʩʦʩʪʦʷʥʠʷ ʚ ʥʝʢʦʣʣʠʥʝʘʨʥʦʝ ʤʝʪʘʩʪʘʙʠʣʴʥʦʝ ʌʄ ʩʦʩʪʦʷʥʠʝ (ʩʤʦʪʨʠ ʨʠʩʫʥʦʢ 

1.7(ʘ)). ʇʨʠ ʵʪʦʤ ʥʘʙʣʶʜʘʝʪʩʷ ʛʠʛʘʥʪʩʢʦʝ ʠʟʤʝʥʝʥʠʝ ʤʘʛʥʠʪʦʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʦ 

 ͯςω Ϸ. ʇʦʩʣʝʜʫʶʱʝʝ ʧʝʨʝʤʘʛʥʠʯʠʚʘʥʠʝ ʦʙʨʘʟʮʘ ʚ ʠʥʜʫʮʠʨʦʚʘʥʥʦʡ ʌʄ ʬʘʟʝ 

ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʤʘʛʥʠʪʦʨʝʟʠʩʪʠʚʥʳʤ ʵʬʬʝʢʪʦʤ ʦʢʦʣʦ 4 %. ʅʘʤʘʛʥʠʯʠʚʘʥʠʝ 

Ho3Co ʚʜʦʣʴ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ b ʪʘʢ ʞʝ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ 

ʬʘʟʦʚʳʤ ʧʝʨʝʭʦʜʦʤ ʪʠʧʘ ʧʦʨʷʜʦʢ-ʧʦʨʷʜʦʢ ʠʥʜʫʮʠʨʫʝʤʳʤ ʤʘʛʥʠʪʥʳʤ ʧʦʣʝʤ ʚ 

ʤʝʪʘʩʪʘʙʠʣʴʥʦʝ ʌʄ ʩʦʩʪʦʷʥʠʝ (ʩʤʦʪʨʠ ʨʠʩʫʥʦʢ 1.7(ʙ)). ʇʨʠ ʵʪʦʤ, ʜʘʥʥʳʡ ʧʝʨʝʭʦʜ 

ʷʚʣʷʝʪʩʷ ʥʝʦʙʨʘʪʠʤʳʤ: ʚʳʢʣʶʯʝʥʠʝ ʧʦʣʷ ʧʨʠʚʦʜʠʪ Ho3Co ʚ ʥʦʚʦʝ ʤʝʪʘʩʪʘʙʠʣʴʥʦʝ 

ɸʌʄ ʩʦʩʪʦʷʥʠʝ ʠ ʥʘʙʣʶʜʘʝʪʩʷ ʙʦʣʴʰʦʝ ʦʩʪʘʪʦʯʥʦʝ ʤʘʛʥʠʪʦʩʦʧʨʦʪʠʚʣʝʥʠʝ 

ͯ ρχ Ϸ. ʇʨʠ ʥʘʤʘʛʥʠʯʠʚʘʥʠʠ ʠ ʨʘʟʤʘʛʥʠʯʠʚʘʥʠʠ ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ 

ʦʙʨʘʟʮʘ Ho3Co ʚʜʦʣʴ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ a ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ 
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ʥʘʣʠʯʠʝ ʩʣʘʙʦʡ ʦʩʪʘʪʦʯʥʦʡ ʬʝʨʨʦʤʘʛʥʠʪʥʦʡ ʢʦʤʧʦʥʝʥʪʳ ḐπȢτ ‘  ʠ ʜʚʘ 

ʠʥʜʫʮʠʨʦʚʘʥʥʳʭ ʚʥʝʰʥʠʤ ʤʘʛʥʠʪʥʳʤ ʧʦʣʝʤ ʤʘʛʥʠʪʥʳʭ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʘ. ɹʦʣʝʝ 

ʪʦʛʦ, ʧʦ ʜʘʥʥʳʤ ʧʦʣʝʚʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ, ʠʟʤʝʨʝʥʥʳʭ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ςȢχ ̠ Ὕ ςτ ̠ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʥʝʙʦʣʴʰʘʷ ʩʧʦʥʪʘʥʥʘʷ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ ʦʙʥʘʨʫʞʠʚʘʝʪʩʷ ʪʦʣʴʢʦ ʚ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʬʘʟʝ ʥʠʞʝ Ὕ ͯ ψ 

ʂ. ʄʝʪʘʤʘʛʥʠʪʥʳʝ ʧʝʨʝʭʦʜʳ ʚʜʦʣʴ ʦʩʠ a (ʩʤʦʪʨʠ ʨʠʩʫʥʦʢ 1.7(ʩ)) ʧʨʠ ʢʨʠʪʠʯʝʩʢʠʭ 

ʧʦʣʷʭ Ḑς ˟  ̌ʠ ḐςȢψ ˟  ̌ʪʘʢʞʝ ʩʦʧʨʦʚʦʞʜʘʶʪʩʷ ʤʘʛʥʠʪʦʨʝʟʠʩʪʠʚʥʳʤ ʵʬʬʝʢʪʦʤ 

ʨʘʟʣʠʯʥʦʡ ʚʝʣʠʯʠʥʳ. ʆʩʪʘʪʦʯʥʦʝ ʤʘʛʥʠʪʦʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʦʩʣʝ ʧʦʣʥʦʛʦ ʮʠʢʣʘ 

ʧʝʨʝʤʘʛʥʠʯʠʚʘʥʠʷ ʜʣʷ ʵʪʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʧʦʣʷ ʜʦʩʪʘʪʦʯʥʦ ʤʘʣʦ ḐρȢυ Ϸ . 

ɻʠʛʘʥʪʩʢʠʡ ʤʘʛʥʠʪʦʨʝʟʠʩʪʠʚʥʳʡ ʵʬʬʝʢʪ σπ Ϸ ʧʨʠ ʠʥʜʫʮʠʨʦʚʘʥʥʳʭ ʚʥʝʰʥʠʤ 

ʤʘʛʥʠʪʥʳʤ ʧʦʣʝʤ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʘʭ ʠʟ ɸʌʄ ʩʦʩʪʦʷʥʠʷ ʚ ʠʥʜʫʮʠʨʦʚʘʥʥʦʝ ʌʄ 

ʩʦʩʪʦʷʥʠʝ, ʥʘʙʣʶʜʘʝʤʳʡ ʚ Ho3Co, ʩʚʷʟʳʚʘʶʪ ʩ ʵʬʬʝʢʪʦʤ ʤʘʛʥʠʪʥʦʡ ʩʫʧʝʨʟʦʥʳ, 

ʧʨʦʷʚʣʷʶʱʠʤʩʷ ʚ ʧʦʷʚʣʝʥʠʠ ʱʝʣʠ ʚ ʩʧʝʢʪʨʝ ʵʣʝʢʪʨʦʥʥʳʭ ʩʦʩʪʦʷʥʠʡ ʥʘ ʛʨʘʥʠʮʝ 

ʤʘʛʥʠʪʥʦʡ ʩʫʧʝʨʟʦʥʳ ɹʨʠʣʣʶʵʥʘ [74-77]. ʅʘʣʠʯʠʝ ʥʝʦʙʨʘʪʠʤʳʭ ʤʝʪʘʤʘʛʥʠʪʥʳʭ 

ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ ʩ ʥʠʟʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʢʨʠʪʠʯʝʩʢʠʭ ʧʦʣʝʡ ʧʝʨʝʭʦʜʦʚ 

ʧʦʟʚʦʣʷʶʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʥʝʩʤʦʪʨʷ ʥʘ ʩʠʣʴʥʫʶ ʤʘʛʥʠʪʦʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ 

ʘʥʠʟʦʪʨʦʧʠʶ ʜʣʷ ʩʦʝʜʠʥʝʥʠʷ Ho3Co ʩʫʱʝʩʪʚʫʶʪ ʥʝʩʢʦʣʴʢʦ ʤʘʛʥʠʪʥʳʭ ʩʪʨʫʢʪʫʨ ʩ 

ʙʣʠʟʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʩʚʦʙʦʜʥʦʡ ʵʥʝʨʛʠʷ. 

 

 

ʈʠʩʫʥʦʢ 1.7 ï ʇʦʣʝʚʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʠ ʧʨʦʜʦʣʴʥʦʛʦ 

ʤʘʛʥʠʪʦʩʦʧʨʦʪʠʚʣʝʥʠʷ ʩʦʝʜʠʥʝʥʠʷ Ho3Co, ʠʟʤʝʨʝʥʥʳʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 

Ὕ  τȢς ʂ. ʚʜʦʣʴ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʭ c-ʦʩʠ (ʘ), b-ʦʩʠ (ʙ) ʠ a-ʦʩʠ (ʚ) ʅʘ ʚʩʪʘʚʢʝ 

ʧʝʨʜʩʪʘʚʣʝʥʳ ʥʠʟʢʦʧʦʣʝʚʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʥʘʤʘʛʥʠʯʝʥʦʩʪʠ [21] 
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ɹr ʣʦ ʩʜʝʣʘʥʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʥʘʣʠʯʠʝ ʥʝʙʦʣʴʰʦʡ ʩʧʦʥʪʘʥʥʦʡ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ (ʨʠʩʫʥʦʢ 1.8), ʥʘʙʣʶʜʘʝʤʦʝ ʧʨʠ ʥʘʤʘʛʥʠʯʠʚʘʥʠʠ ʠ ʧʦʩʣʝʜʫʶʱʝʤ 

ʨʘʟʤʘʛʥʠʯʠʚʘʥʠʠ ʚʜʦʣʴ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʘ ʤʦʥʦʢʨʠʩʪʘʣʣʘ 

Ho3Co ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʥʠʞʝ Ὕ  ψ K ʦʙʫʩʣʦʚʣʝʥʦ ʨʘʩʢʦʤʧʝʥʩʘʮʠʝʡ ʩʣʦʞʥʦʡ 

ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʦʡ ʤʘʛʥʠʪʥʦʡ ʩʪʨʫʢʪʫʨʳ, ʥʦ ʤʝʭʘʥʠʟʤ ʧʦʷʚʣʝʥʠʷ 

ʨʘʩʢʦʤʧʝʥʩʘʮʠʠ ʥʝʠʟʚʝʩʪʝʥ [21]. ɺ ʨʘʙʦʪʝ [78] ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʠʟʤʝʨʝʥʠʝ 

ʠʟʦʪʝʨʤʠʯʝʩʢʠʭ ʢʨʠʚʳʭ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʩʦʝʜʠʥʝʥʠʷ 

Ho3Co. ʊʘʢ, ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʥʘʢʣʦʥ ʛʨʘʬʠʢʦʚ ɸʨʨʦʪʪʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʥʠʞʝ Ὕ 

ʫʢʘʟʳʚʘʝʪ ʥʘ ʠʥʜʫʮʠʨʦʚʘʥʥʳʡ ʧʦʣʝʤ ʬʘʟʦʚʳʡ ʧʝʨʝʭʦʜ ɸʌʄ-ʌʄ ʧʝʨʚʦʛʦ ʨʦʜʘ. 

ʊʘʢ ʞʝ, ʜʣʷ ʩʦʝʜʠʥʝʥʠ ̫Ho3Co ʦʙʥʘʨʫʞʝʥ ʧʨʷʤʦʡ ʤʘʛʥʠʪʦʢʘʣʦʨʠʯʝʩʢʠʡ ʵʬʬʝʢʪ 

ЎὛ̍ Ὕ ˟̌ ρτȢυ ˑ  ̇̍̏̌  ̝̠  ʩ ʭʣʘʜʦʝʤʢʦʩʪʴʶ Ὑὅ  ττπ ˑ Ⱦ̇̋ .̄ ɺʳʩʦʢʦʝ 

ʟʥʘʯʝʥʠʝ ʦʭʣʘʞʜʘʶʱʝʡ ʤʦʱʥʦʩʪʠ ʘʚʪʦʨʳ ʨʘʙʦʪʳ [78] ʩʚʷʟʳʚʘʶʪ ʩ 

ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʤ ʚʢʣʘʜʦʤ ʩʧʠʥ-ʧʝʨʝʦʨʠʝʥʪʘʮʠʦʥʥʦʛʦ ʧʝʨʝʭʦʜʘ ʧʨʠ ʧʨʠʣʦʞʝʥʠʠ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʠ ʧʝʨʝʭʦʜʘ ʪʠʧʘ ʧʦʨʷʜʦʢ-ʙʝʩʧʦʨʷʜʦʢ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʅʝʝʣʷ. 

 

 

ʈʠʩʫʥʦʢ 1.8 ï (ʘ) ʇʦʣʝʚʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ Ho3Co, ʠʟʤʝʨʝʥʥʳʝ 

ʚʜʦʣʴ ʦʩʠ ʘ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʠ (ʙ) ʧʦʣʝʚʳʝ ʟʘʚʠʩʠʤʦʩʪʠ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ, ʠʟʤʝʨʝʥʥʳʝ ʚʜʦʣʴ ʦʩʝʡ ʘ, b ʠ ʩ ʧʨʠ Ὕ  ρυ ̠ [21] 
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ʂʘʢ ʫʞʝ ʦʪʤʝʯʘʣʦʩʴ ʚʳʰʝ, ʥʝʡʪʨʦʥʦʛʨʘʬʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʤʘʛʥʠʪʥʦʡ 

ʩʪʨʫʢʪʫʨʳ ʩʦʝʜʠʥʝʥʠʷ Ho3Co ʨʘʥʝʝ ʧʨʦʚʦʜʠʣʦʩʴ ʚ ʨʘʙʦʪʝ [10]. ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ 

ʥʝʡʪʨʦʥʦʛʨʘʬʠʠ ʥʘ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʦʤ ʠ ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʤ ʦʙʨʘʟʮʝ, ʥʠʞʝ 

ʪʝʤʧʝʨʘʪʫʨʳ ʅʝʝʣʷ Ὕ  ςς ʂ ʚ Ho3Co ʬʦʨʤʠʨʫʝʪʩʷ ɸʌʄ ʤʦʜʫʣʠʨʦʚʘʥʥʘʷ 

ʩʪʨʫʢʪʫʨʘ, ʦʧʠʩʳʚʘʝʤʘʷ ʜʚʫʤʷ ʚʦʣʥʦʚʳʤʠ ʚʝʢʪʦʨʘʤʠ: ʩʦʠʟʤʝʨʠʤʳʤ ʩ 

ʢʨʠʩʪʘʣʣʦʭʠʤʠʯʝʩʢʦʡ ʷʯʝʡʢʦʡ ʚʝʢʪʦʨʦʤ ▓  π π π ʠ ʥʝʩʦʠʟʤʝʨʠʤʳʤ 

ʚʦʣʥʦʚʳʤ ʚʝʢʪʦʨʦʤ ▓   ‘ π π, ʛʜʝ ‘ ͯ 0.15. ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʝ Ὕ  ρȢυ ʂ ʙʳʣʠ 

ʦʙʥʘʨʫʞʝʥʳ ɹʨʵʛʛʦʚʩʢʠʝ ʧʠʢʠ, ʠʥʜʝʢʩʠʨʫʝʤʳʝ ʙʦʣʝʝ ʚʳʩʦʢʠʤʠ ʛʘʨʤʦʥʠʢʘʤʠ 

ς▓  ʠ σ▓  (ʨʠʩʫʥʦʢ 1.9). ʊʝʤ ʥʝ ʤʝʥʝʝ, ʘʚʪʦʨʘʤ ʨʘʙʦʪʳ [10] ʥʝ ʫʜʘʣʦʩʴ ʧʦʣʫʯʠʪʴ 

ʢʦʣʠʯʝʩʪʚʝʥʥʦʝ ʦʧʠʩʘʥʠʝ ʩʣʦʞʥʦʡ ʥʝʩʦʠʟʤʝʨʠʤʦʡ ʤʘʛʥʠʪʥʦʡ ʩʪʨʫʢʪʫʨʳ 

ʩʦʝʜʠʥʝʥʠʷ Ho3Co ʥʠ ʧʨʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʯʫʪʴ ʥʠʞʝ ʪʝʤʧʝʨʘʪʫʨʳ ʅʝʝʣʷ 

Ὕ  ςς ʂ, ʥʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʥʠʞʝ ʪʦʯʢʠ ʧʝʨʝʭʦʜʘ ʧʨʠ Ὕ  ψ K. ɹʝʟ 

ʫʩʪʘʥʦʚʣʝʥʠʷ ʢʦʨʨʝʢʪʥʦʡ ʤʦʜʝʣʠ ʤʘʛʥʠʪʥʦʡ ʩʪʨʫʢʪʫʨʳ ʥʝʚʦʟʤʦʞʥʦ ʜʦʩʪʦʚʝʨʥʦ 

ʫʩʪʘʥʦʚʠʪʴ ʤʝʭʘʥʠʟʤ ʧʦʷʚʣʝʥʠʷ ʥʝʙʦʣʴʰʦʡ ʩʧʦʥʪʘʥʥʦʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ, 

ʥʘʙʣʶʜʘʝʤʦʡ ʚ ʘʥʪʠʬʝʨʨʦʤʘʛʥʝʪʠʢʝ Ho3Co ʧʨʠ ʥʘʤʘʛʥʠʯʠʚʘʥʠʠ ʠ ʧʦʩʣʝʜʫʶʱʝʤ 

ʨʘʟʤʘʛʥʠʯʠʚʘʥʠʠ ʤʦʥʦʢʨʠʩʪʘʣʣʘ ʚʜʦʣʴ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ a.  

 

  

 

ʈʠʩʫʥʦʢ 1.9 ï ʇʦʨʦʰʢʦʚʳʝ ʥʝʡʪʨʦʥʦʛʨʘʤʤʳ, ʠʟʤʝʨʝʥʥʳʝ ʥʘ ʤʦʥʦʭʨʦʤʘʪʠʯʥʦʤ 

ʧʫʯʢʝ ʥʝʡʪʨʦʥʦʚ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ ‗ τȢςπ B ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 50 ʂ, 15 ʂ ʠ 1.5 

ʂ. ʅʘ ʚʩʪʘʚʢʝ ʧʦʢʘʟʘʥ ʧʝʨʚʳʡ ʥʝʩʦʠʟʤʝʨʠʤʳʡ ʧʠʢ ʥʫʣʝʚʦʛʦ ʩʘʪʝʣʣʠʪʘ [10] 
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1.5 ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʠ ʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʩʦʝʜʠʥʝʥʠʡ R7Rh3 

 

1.5.1 ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʩʦʝʜʠʥʝʥʠʡ R7T3 

 

ɹʠʥʘʨʥʳʝ ʨʝʜʢʦʟʝʤʝʣʴʥʳʝ ʠʥʪʝʨʤʝʪʘʣʣʠʜʳ ʩ ʧʝʨʝʭʦʜʥʳʤʠ ʤʝʪʘʣʣʘʤʠ T = Ir, 

Ni, Pd, Pt ʦʙʨʘʟʫʶʪ ʬʘʟʫ R7T3 ʪʦʣʴʢʦ ʩ ʣʝʛʢʠʤʠ ʨʝʜʢʦʟʝʤʝʣʴʥʳʤʠ ʠʦʥʘʤʠ (R = La, 

Ce, Pr, Nd, Sm), ʘ ʪʘʢʞʝ ʩ Gd [79]. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʩʦʝʜʠʥʝʥʠʷ R7Rh3 ʦʙʨʘʟʫʶʪʩʷ ʧʦʯʪʠ 

ʩʦ ʚʩʝʤ ʨʷʜʦʤ ʣʘʥʪʘʥʦʠʜʦʚ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʪʫʣʠʷ ʠ ʠʪʪʝʨʙʠʷ [79]. ʅʘ ʨʠʩʫʥʢʝ 1.10 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʬʘʟʦʚʘʷ ʜʠʘʛʨʘʤʤʘ ʨʷʜʘ Ho-Rh, ʠʟ ʢʦʪʦʨʦʡ ʚʠʜʥʦ, ʯʪʦ ʙʠʥʘʨʥʳʝ 

ʠʥʪʝʨʤʝʪʘʣʣʠʜʳ Ho7Rh3 ʦʙʨʘʟʫʶʪʩʷ ʧʫʪʸʤ ʢʦʥʛʨʫʵʥʪʥʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ. 

ʉʦʝʜʠʥʝʥʠʝ Ho7Rh3 ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʠʤ, ʥʦ ʥʝ ʤʘʢʩʠʤʘʣʴʥʳʤ ʩʦʜʝʨʞʘʥʠʝ 

ʨʝʜʢʦʟʝʤʝʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ, ʫʩʪʫʧʘʷ ʬʘʟʝ Ho3Rh. ʂʘʢ ʠ ʜʣʷ ʩʦʝʜʠʥʝʥʠʡ ʪʠʧʘ R3T, 

ʟʜʝʩʴ ʧʨʘʢʪʠʯʝʩʢʠ ʦʪʩʫʪʩʪʚʫʝʪ ʦʙʣʘʩʪʴ ʛʦʤʦʛʝʥʥʦʩʪʠ, ʯʪʦ ʟʘʪʨʫʜʥʷʝʪ ʧʦʣʫʯʝʥʠʝ 

ʦʜʥʦʬʘʟʥʳʭ ʦʙʨʘʟʮʦʚ. ʀʟ ʣʠʪʝʨʘʪʫʨʳ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʠʥʪʝʨʤʝʪʘʣʣʠʯʝʩʢʠʝ 

ʩʦʝʜʠʥʝʥʠʷ ʩʝʤʝʡʩʪʚʘ R7T3 ʢʨʠʩʪʘʣʣʠʟʫʶʪʩʷ ʚ ʥʝʮʝʥʪʨʦʩʠʤʤʝʪʨʠʯʥʫʶ 

ʛʝʢʩʘʛʦʥʘʣʴʥʫʶ ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ ʪʠʧʘ Th7Fe3, ʦʧʠʩʳʚʘʝʤʫʶ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʘ ὖφάὧ [79]. ɺ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʝ ʩʦʝʜʠʥʝʥʠʷ R7T3 14 

ʘʪʦʤʦʚ ʨʝʜʢʦʡ ʟʝʤʣʠ ʟʘʥʠʤʘʶʪ ʪʨʠ ʥʝʵʢʚʠʚʘʣʝʥʪʥʳʝ ʧʦʟʠʮʠʠ: 2 ʘʪʦʤʘ ʨʝʜʢʦʡ 

ʟʝʤʣʠ ʟʘʥʠʤʘʶʪ ʯʘʩʪʥʫʶ ʧʦʟʠʮʠʶ 2b (ʧʦʟʠʮʠʷ Ho1 ʥʘ ʨʠʩʫʥʢʝ 1.11); 12 ʘʪʦʤʦʚ 

ʨʝʜʢʦʡ ʟʝʤʣʠ ʟʘʥʠʤʘʶʪ ʜʚʝ ʯʘʩʪʥʳʝ ʧʦʟʠʮʠʠ 6ʩ (ʧʦʟʠʮʠʷ Ho2 ʠ Ho3 ʥʘ ʨʠʩʫʥʢʝ 

1.11). ɸʪʦʤ ʧʝʨʝʭʦʜʥʦʛʦ ʤʝʪʘʣʣʘ ʟʘʥʠʤʘʝʪ ʝʱʸ ʦʜʥʫ ʯʘʩʪʥʫʶ ʧʦʟʠʮʠʶ 6ʩ. ʇʦʜʦʙʥʦ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʝ ʩʦʝʜʠʥʝʥʠʡ R3T ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ ʩʝʤʝʡʩʪʚʘ 

R7T3 ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ ʪʨʠʛʦʥʘʣʴʥʳʭ ʧʨʠʟʤ, ʚ ʚʝʨʰʠʥʘʭ ʢʦʪʦʨʳʭ 

ʥʘʭʦʜʷʪʩʷ ʨʝʜʢʦʟʝʤʝʣʴʥʳʝ ʘʪʦʤʳ, ʘ ʘʪʦʤʳ ʧʝʨʝʭʦʜʥʦʛʦ ʤʝʪʘʣʣʘ ʟʘʢʣʶʯʝʥʳ ʚʥʫʪʨʠ 

ʧʨʠʟʤ. ʊʘʢʘʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʦʣʴʰʦʝ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ 

ʘʪʦʤʘʤʠ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʠ ʠʭ ʠʟʦʣʷʮʠʶ ʚʥʫʪʨʠ ʪʨʝʫʛʦʣʴʥʳʭ ʧʨʠʟʤ. 

ʂʦʵʬʬʠʮʠʝʥʪ ʩʚʷʟʠ ʜʣʷ ʩʝʤʝʡʩʪʚʘ ʩʦʝʜʠʥʝʥʠʡ R7T3 ʨʘʚʝʥ ʂʉ = 18/7 ʠ ʪʘʢʞʝ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʭʦʨʦʰʝʡ ʠʟʦʣʷʮʠʠ ʦʜʠʥʦʯʥʳʭ ʘʪʦʤʦʚ ʧʝʨʝʭʦʜʥʦʛʦ ʤʝʪʘʣʣʘ 

ʚʥʫʪʨʠ ʪʨʠʛʦʥʘʣʴʥʳʭ ʧʨʠʟʤ ʥʘ ʦʩʥʦʚʝ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʘʪʦʤʦʚ [63]. ʊʝʤ ʥʝ ʤʝʥʝʝ, 

ʩʪʝʧʝʥʴ ʠʟʦʣʷʮʠʠ ʘʪʦʤʦʚ ʧʝʨʝʭʦʜʥʦʛʦ ʤʝʪʘʣʣʘ ʚ ʩʦʝʜʠʥʝʥʠʷʭ R7T3 ʩʣʘʙʝʝ, ʯʝʤ ʚ 

ʩʦʝʜʠʥʝʥʠʷʭ R3T, ʛʜʝ ʢʦʵʬʬʠʮʠʝʥʪ ʩʚʷʟʠ ʠʤʝʝʪ ʤʠʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ #̠ ς. 
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ɺ ʪʘʙʣʠʮʝ 1.1 ʧʨʠʚʝʜʝʥʳ ʧʘʨʘʤʝʪʨʳ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʜʣʷ ʨʷʜʘ 

ʩʦʝʜʠʥʝʥʠʡ R7T3. ʀʟ ʪʘʙʣʠʮʳ ʚʠʜʥʦ, ʯʪʦ ʩ ʨʦʩʪʦʤ ʧʦʨʷʜʢʦʚʦʛʦ ʥʦʤʝʨʘ 

ʨʝʜʢʦʟʝʤʝʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ ʧʘʨʘʤʝʪʨʳ ʨʝʰʝʪʢʠ ʫʤʝʥʴʰʘʶʪʩʷ ʚʩʣʝʜʩʪʚʠʝ ʵʬʬʝʢʪʘ 

ʣʘʥʪʘʥʦʠʜʥʦʛʦ ʩʞʘʪʠʷ. 

 

 

ʈʠʩʫʥʦʢ 1.10 ï ʌʘʟʦʚʘ ̫ʜʠʘʛʨʘʤʤʘ ʙʠʥʘʨʥʦʡ ʩʠʩʪʝʤ rHo-Rh [60] 

 

ʈʠʩʫʥʦʢ 1.11 ï ɺʠʟʫʘʣʠʟʘʮʠʷ ʛʝʢʩʘʛʦʥʘʣʴʥʦʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ 

ʩʦʝʜʠʥʝʥʠʡ Ho7Rh3 
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ʊʘʙʣʠʮʘ 1.1 ï ʇʘʨʘʤʝʪʨʳ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʩʦʝʜʠʥʝʥʠʡ R7T3[79] 

ʉʦʝʜʠʥʝʥʠʝ 
ʊʠʧ 

ʩʪʨʫʢʪʫʨʳ 

ʇʘʨʘʤʝʪʨʳ ʷʯʝʡʢʠ B ʆʙʲʝʤ 

ʵʣʝʤʝʥʪʘʨʥʦʡ 

ʷʯʝʡʢʠ (B 
ὥ ὧ ὧȾὥ 

La7Rh3 Th7Fe3 10.192 6.498 0.638 584.5 

Ce7Rh3 Th7Fe3 10.023 6.376 0.636 554.7 

Pr7Rh3 Th7Fe3 10.012 6.346 0.634 550.9 

Nd7Rh3 Th7Fe3 9.977 6.310 0.632 543.9 

Sm7Rh3 Th7Fe3 9.893 6.245 0.631 529.3 

Gd7Rh3 Th7Fe3 9.854 6.178 0.627 519.6 

Tb7Rh3 Th7Fe3 9.789 6.158 0.629 511.1 

Dy7Rh3 Th7Fe3 9.749 6.107 0.626 502.7 

Ho7Rh3 Th7Fe3 9.694 6.098 0.629 496.3 

Er7Rh3 Th7Fe3 9.659 6.063 0.628 489.9 
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1.5.2 ʄʘʛʥʠʪʥʘʷ ʩʪʨʫʢʪʫʨʘ ʠ ʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʩʦʝʜʠʥʝʥʠʡ R7Rh3 

 

ʇʨʠ ʦʙʩʫʞʜʝʥʠʠ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ ʩʝʤʝʡʩʪʚʘ ʩʦʝʜʠʥʝʥʠʡ R7Rh3 ʥʝʣʴʟʷ ʥʝ 

ʧʨʦʚʝʩʪʠ ʥʝʢʦʪʦʨʳʭ ʧʘʨʘʣʣʝʣʝʡ, ʦʙʱʠʭ ʜʣʷ ʚʩʝʭ ʩʦʝʜʠʥʝʥʠʡ ʩ ʚʳʩʦʢʠʤ 

ʩʦʜʝʨʞʘʥʠʝʤ ʨʝʜʢʦʟʝʤʝʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ. ʇʦʜʦʙʥʦ ʩʦʝʜʠʥʝʥʠʷʤ ʪʠʧʘ R3T ʚ 

ʩʝʤʝʡʩʪʚʝ ʩʦʝʜʠʥʝʥʠʡ R7Rh3 ʠʦʥʳ ʧʝʨʝʭʦʜʥʦʛʦ ʤʝʪʘʣʣʘ ʥʘʭʦʜʷʪʩʷ ʥʘ 

ʟʥʘʯʠʪʝʣʴʥʦʤ ʫʜʘʣʝʥʠʠ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʠ ʦʢʨʫʞʝʥʳ R ʠʦʥʘʤʠ. ʂʨʘʪʯʘʡʰʝʝ 

ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʘʪʦʤʘʤʠ Rh, ʥʘʭʦʜʷʱʠʤʠʩʷ ʚ ʩʦʩʝʜʥʠʭ ʪʨʝʫʛʦʣʴʥʳʭ ʧʨʠʟʤʘʭ 

ʩʦʩʪʘʚʣʷʝʪ ὶ τȢσψρ ᴠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʦʣʴʰʠʝ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ 

ʙʣʠʞʘʡʰʠʤʠ ʘʪʦʤʘʤʠ ʧʝʨʝʭʦʜʥʦʛʦ ʤʝʪʘʣʣʘ ʦʙʫʩʣʘʚʣʠʚʘʶʪ ʩʣʘʙʦʝ ʧʝʨʝʢʨʳʪʠʝ 4d 

ʚʦʣʥʦʚʳʭ ʬʫʥʢʮʠʡ, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʢʨʠʪʝʨʠʡ ʉʪʦʥʝʨʘ ʜʣʷ 4d-ʟʦʥʳ ʥʝ 

ʚʳʧʦʣʥʷʝʪʩʷ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʢʨʘʪʯʘʡʰʠʝ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʠʦʥʘʤʠ ʨʝʜʢʦʡ 

ʟʝʤʣʠ ʚ ʩʠʩʪʝʤʘʭ R7Rh3 ʩʦʩʪʘʚʣʷʶʪ ὶ σȢτψυ ᴠ, ὶ σȢστρ ᴠ, 

ὶ σȢφρχ ᴠ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚ ʯʠʩʪʦʤ ʤʝʪʘʣʣʠʯʝʩʢʦʤ Ho ʢʨʘʪʯʘʡʰʠʝ 

ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʠʦʥʘʤʠ ὶ σȢτψφ ᴠ. ʋʢʘʟʘʥʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʙʠʥʘʨʥʳʭ ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʚ R7Rh3 ʧʨʠʚʦʜʷʪ ʢ ʪʦʤʫ, 

ʯʪʦ ʘʪʦʤʳ Rh ʠ ʜʨʫʛʠʭ ʧʨʠʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʚ ʩʪʨʫʢʪʫʨʝ R7T3 ʥʝ ʦʙʣʘʜʘʶʪ 

ʤʘʛʥʠʪʥʳʤ ʤʦʤʝʥʪʦʤ [65-67]. ʄʦʜʝʣʴ ʢʦʩʚʝʥʥʦʛʦ ʦʙʤʝʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʀ. 

ʂʵʤʧʙʝʣʣʘ [32] ʧʨʝʜʧʦʣʘʛʘʝʪ, ʯʪʦ ʚʥʫʪʨʠʘʪʦʤʥʳʡ 4f-5d-ʦʙʤʝʥ ʩ ʧʦʩʣʝʜʫʶʱʝʡ 

ʤʝʞʘʪʦʤʥʦʡ 5d-5d-ʛʠʙʨʠʜʠʟʘʮʠʝʡ ʤʝʞʜʫ ʩʦʩʝʜʥʠʤʠ ʘʪʦʤʘʤʠ R ʧʨʠʚʦʜʷʪ ʢ 

ʤʝʭʘʥʠʟʤʫ ʢʦʩʚʝʥʥʦʛʦ ʦʙʤʝʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʠʜʘ 4f-5d-5d-4f, ʢʦʪʦʨʳʡ 

ʭʦʨʦʰʦ ʠʟʚʝʩʪʝʥ ʜʣʷ ʯʠʩʪʳʭ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʤʝʪʘʣʣʦʚ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʚ ʙʠʥʘʨʥʳʭ 

ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʠʥʪʝʨʤʝʪʘʣʣʠʜʘʭ ʪʠʧʘ RnTm ʛʠʙʨʠʜʠʟʘʮʠʷ 5d-3d(4d) ʵʣʝʢʪʨʦʥʦʚ ʠ, 

ʚʣʠʷʥʠʝ 4f-ʦʙʦʣʦʯʢʠ ʨʝʜʢʦʟʝʤʝʣʴʥʦʛʦ ʠʦʥʘ ʥʘ 3d(4d)-ʦʙʦʣʦʯʢʫ ʠʦʥʘ ʧʝʨʝʭʦʜʥʦʛʦ 

ʤʝʪʘʣʣʘ ʦʢʘʟʳʚʘʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʳʤ. ʇʦʵʪʦʤʫ ʧʦʜʩʠʩʪʝʤʘ ʢʦʣʣʝʢʪʠʚʠʟʠʨʦʚʘʥʥʳʭ 

d-ʵʣʝʢʪʨʦʥʦʚ ʫʯʘʩʪʚʫʝʪ ʚ ʦʙʤʝʥʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʭ ʠ ʦʢʘʟʳʚʘʝʪ ʩʠʣʴʥʦʝ ʚʣʠʷʥʠʝ 

ʥʘ ʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʙʠʥʘʨʥʳʭ 

ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʠʥʪʝʨʤʝʪʘʣʣʠʜʘʭ ʪʠʧʘ RnTm ʩʫʱʝʩʪʚʫʝʪ ʘʣʴʪʝʨʥʘʪʠʚʥʳʡ ʤʝʭʘʥʠʟʤ 

ʦʙʤʝʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 4f-5d-3d(4d)-5d-4f, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʢʦʥʢʫʨʝʥʮʠʠ ʜʚʫʭ 

ʪʠʧʦʚ ʢʦʩʚʝʥʥʳʭ ʦʙʤʝʥʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ. ʂʦʥʢʫʨʝʥʮʠʷ ʢʦʩʚʝʥʥʳʭ ʦʙʤʝʥʥʳʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʠ ʵʬʬʝʢʪ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʧʦʣʷ ʧʨʠʚʦʜʷʪ ʢ ʨʝʘʣʠʟʘʮʠʠ ʩʣʦʞʥʳʭ 

ʥʝʩʦʠʟʤʝʨʠʤʳʭ ʤʘʛʥʠʪʥʳʭ ʩʪʨʫʢʪʫʨ ʠ ʩʣʦʞʥʳʭ ʤʘʛʥʠʪʥʳʭ ʬʘʟʦʚʳʭ ʜʠʘʛʨʘʤʤ ʚ 

ʙʦʣʴʰʠʥʩʪʚʝ ʩʦʝʜʠʥʝʥʠʡ R7T3. 

ʄʘʢʨʦʩʢʦʧʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ ʩʦʝʜʠʥʝʥʠʡ R7Rh3 ʙʳʣʦ ʫʜʝʣʝʥʦ ʟʥʘʯʠʪʝʣʴʥʦʝ 

ʚʥʠʤʘʥʠʝ [23, 24, 80-87]. ɺ ʯʘʩʪʥʦʩʪʠ, ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʙʦʣʴʰʠʥʩʪʚʦ ʩʦʝʜʠʥʝʥʠʡ 

ʩʝʤʝʡʩʪʚʘ R7Rh3 ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʧʝʨʝʭʦʜ ʚ ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʦʝ ʩʦʩʪʦʷʥʠʝ ʧʨʠ 

ʦʭʣʘʞʜʝʥʠʠ ʥʠʞʝ ʪʝʤʧʝʨʘʪʫʨʳ ʅʝʝʣʷ [22, 88]. ɼʘʣʴʥʝʡʰʝʝ ʦʭʣʘʞʜʝʥʠʝ ʯʘʱʝ ʚʩʝʛʦ 

ʚʳʟʳʚʘʝʪ ʩʝʨʠʠ ʩʧʠʥ-ʨʝʦʨʠʪʘʮʠʦʥʥʳʭ ʧʝʨʝʭʦʜʦʚ, ʦʪʨʘʞʘʶʱʠʭ ʩʣʦʞʥʳʡ ʭʘʨʘʢʪʝʨ 

ʤʘʛʥʠʪʥʦʡ ʬʘʟʦʚʦʡ ʜʠʘʛʨʘʤʤʳ ʩʦʝʜʠʥʝʥʠʡ ʩʝʤʝʡʩʪʚʘ R7Rh3. ɺʤʝʩʪʝ ʩ ʪʝʤ 
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ʧʦʢʘʟʘʥʦ, ʯʪʦ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʚ R7Rh3 

ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʘʥʦʤʘʣʴʥʦʝ ʧʦʚʝʜʝʥʠʝ ʩ ʥʝʤʝʪʘʣʣʠʯʝʩʢʠʤ ʭʦʜʦʤ ʪʝʤʧʝʨʘʪʫʨʥʦʡ 

ʟʘʚʠʩʠʤʦʩʪʠ ʵʣʝʢʪʨʦʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚ ʰʠʨʦʢʦʤ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ ʥʠʞʝ ʠ ʚʳʰʝ 

ʪʝʤʧʝʨʘʪʫʨʳ ʅʝʝʣʷ (ʩʤʦʪʨʠ ʨʠʩʫʥʦʢ 1.12) [22, 88]. 

 

ʕʪʦ ʦʪʢʨʳʪʠʝ ʩʧʨʦʚʦʮʠʨʦʚʘʣʦ ʠʥʪʝʥʩʠʚʥʫʶ ʜʠʩʢʫʩʩʠʶ ʚ ʣʠʪʝʨʘʪʫʨʝ ʦ 

ʧʨʠʨʦʜʝ ʘʥʦʤʘʣʴʥʦʛʦ ʧʦʚʝʜʝʥʠʷ ʵʣʝʢʪʨʦʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚ ʩʦʝʜʠʥʝʥʠʷʭ ʩʝʤʝʡʩʪʚʘ 

R7Rh3. ɺ ʯʘʩʪʥʦʩʪʠ, ʙʳʣʠ ʚʳʩʢʘʟʘʥʳ ʛʠʧʦʪʝʟʳ ʦ ʧʦʣʫʤʝʪʘʣʣʠʯʝʩʢʦʤ ʭʘʨʘʢʪʝʨʝ 

ʧʝʨʝʢʨʳʪʠʷ ʟʦʥʳ ʧʨʦʚʦʜʠʤʦʩʪʠ ʠ ʚʘʣʝʥʪʥʦʡ ʟʦʥʳ ʠ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʱʝʣʠ ʚ 

ʵʣʝʢʪʨʦʥʥʦʤ ʩʧʝʢʪʨʝ ʧʨʠ ʣʘʥʪʘʥʦʠʜʥʦʤ ʩʞʘʪʠʠ ʚ ʩʦʝʜʠʥʝʥʠʷʭ ʩʝʤʝʡʩʪʚʘ R7Rh3 

[22] ʠ ʪʘʠʥʩʪʚʝʥʥʦʤ ʵʬʬʝʢʪʝ ʤʘʛʥʠʪʥʦʡ ʧʨʠʨʦʜʳ [89]. ʂʦʤʧʣʝʢʩʥʳʝ ʤʘʛʥʠʪʥʳʝ 

ʠʟʤʝʨʝʥʠʷ ʠ ʠʟʤʝʨʝʥʠʷ ɻ ʣʝʢʪʨʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʥʘ ʤʦʥʦʢʨʠʩʪʘʣʣʘʭ ʚ ʧʦʣʷʭ ʜʦ 10 ʊʣ 

ʧʦʟʚʦʣʠʣʠ ʧʨʝʜʧʦʣʦʞʠʪʴ ʚ R7Rh3 ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʢʣʘʩʪʝʨʦʚ ʩ ʙʣʠʞʥʠʤ 

 

ʈʠʩʫʥʦʢ 1.12 ï ʊʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʫʜʝʣʴʥʦʛʦ ʵʣʝʢʪʨʦʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ʩʦʝʜʠʥʝʥʠʡ R7Rh3 (R = Gd, Tb, Er, Ho, Dy ʠ Y) [22] 
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ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʳʤ ʧʦʨʷʜʢʦʤ ʚ ʰʠʨʦʢʦʤ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ ʚʳʰʝ 

ʪʝʤʧʝʨʘʪʫʨʳ ʅʝʝʣʷ (ʩʤʦʪʨʠ ʨʠʩʫʥʦʢ 1.13) [23, 82]. 

ʅʝʩʤʦʪʨʷ ʥʘ ʩʪʦʣʴ ʧʨʠʩʪʘʣʴʥʦʝ ʚʥʠʤʘʥʠʝ ʢ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ 

ʩʦʝʜʠʥʝʥʠʡ R7T3 ʢ ʥʘʩʪʦʷʱʝʤʫ ʤʦʤʝʥʪʫ ʚ ʣʠʪʝʨʘʪʫʨʝ ʠʤʝʶʪʩʷ ʤʘʣʦ ʜʘʥʥʳʭ ʦ 

ʩʦʩʪʦʷʥʠʠ ʤʘʛʥʠʪʥʦʡ ʧʦʜʩʠʩʪʝʤʳ ʜʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʥʘ ʤʠʢʨʦʫʨʦʚʥʝ. ɺ 

ʯʘʩʪʥʦʩʪʠ, ʝʩʪʴ ʥʝʩʢʦʣʴʢʦ ʥʝʡʪʨʦʥ-ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʨʘʙʦʪ, ʚ ʢʦʪʦʨʳʭ ʧʨʦʚʝʜʝʥʦ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʵʬʬʝʢʪʦʚ ʤʘʛʥʠʪʥʦʛʦ ʫʧʦʨʷʜʦʯʝʥʠʷ ʚ ʪʝʨʤʠʥʘʭ ʪʝʤʧʝʨʘʪʫʨʥʳʭ 

ʟʘʚʠʩʠʤʦʩʪʝʡ ʚʦʣʥʦʚʳʭ ʚʝʢʪʦʨʦʚ ʤʘʛʥʠʪʥʦʡ ʩʪʨʫʢʪʫʨʳ [90-92]. ʂʨʦʤʝ ʪʦʛʦ, ʝʩʪʴ 

ʥʝʩʢʦʣʴʢʦ ʨʘʙʦʪ, ʛʜʝ ʩʜʝʣʘʥʘ ʧʦʧʳʪʢʘ ʧʨʦʚʝʩʪʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦʝ ʦʧʠʩʘʥʠʝ 

ʤʘʛʥʠʪʥʦʡ ʩʪʨʫʢʪʫʨʳ ʩʦʝʜʠʥʝʥʠʡ R7T3 ʧʨʠ ʧʦʤʦʱʠ ʧʦʜʭʦʜʘ ʧʨʝʜʩʪʘʚʣʝʥʯʝʩʢʦʛʦ 

ʘʥʘʣʠʟʘ [93-95]. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʚ ʨʘʙʦʪʝ [93] ʠʩʩʣʝʜʫʝʪʩʷ ʩʣʦʞʥʘʷ ʥʝʩʦʠʟʤʝʨʠʤʘʷ 

ʤʘʛʥʠʪʥʘʷ ʩʪʨʫʢʪʫʨʘ ʩʦʝʜʠʥʝʥʠʷ Ce7Ni3. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ ʥʠʞʝ 

ʪʝʤʧʝʨʘʪʫʨʳ ʅʝʝʣʷ Ὕ  ʚ Ce7Ni3 ʨʝʘʣʠʟʫʝʪʩʷ ʥʝʩʦʠʟʤʝʨʠʤʘʷ ʤʘʛʥʠʪʥʘʷ ʩʪʨʫʢʪʫʨʘ 

ʩ ʚʦʣʥʦʚʳʤ ʚʝʢʪʦʨʦʤ ▓ π π ‘, ʘ ʧʨʠ ʜʘʣʴʥʝʡʰʝʤ ʦʭʣʘʞʜʝʥʠʠ ʥʠʞʝ Ὕ  

ʚʦʟʥʠʢʘʪʁ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʧʠʢʠ, ʠʥʜʝʢʩʠʨʫʝʤʳʝ ʚʦʣʥʦʚʳʤ ʚʝʢʪʦʨʦʤ 

 

 

ʈʠʩʫʥʦʢ 1.13 ï ʊʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʫʜʝʣʴʥʦʛʦ ʵʣʝʢʪʨʦʩʦʧʨʦʪʠʚʣʝʥʠʷ 

Ho7Rh3 ʠʟʤʝʨʝʥʥʦʝ ʚʜʦʣʴ ʩ-ʦʩʠ ʢʨʠʩʪʘʣʣʘ ʧʨʠ ʥʫʣʝʚʦʤ ʠ ʚʥʝʰʥʝʤ ʤʘʛʥʠʪʥʦʤ 

ʧʦʣʝ 100 ʢʕ, ʧʨʠʣʦʞʝʥʥʦʤ ʚʜʦʣʴ ʥʘʧʨʘʚʣʝʥʠʷ ʩ-ʦʩʠ. ʈʘʟʥʦʩʪʥʘʷ ʢʨʠʚʘʷ 

ʫʜʝʣʴʥʦʛʦ ʵʣʝʢʪʨʦʩʦʧʨʦʪʠʚʣʝʥʠʷ [82] 
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▓ π π . ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʘʷ ʤʘʛʥʠʪʥʘʷ ʩʪʨʫʢʪʫʨʘ 

ʦʧʠʩʳʚʘʝʪʩʷ ʤʦʜʝʣʴʶ ʚʦʣʥʳ ʩʧʠʥʦʚʦʡ ʧʣʦʪʥʦʩʪʠ, ʯʴʠ ʪʨʘʥʩʬʦʨʤʘʮʠʦʥʥʳʝ 

ʩʚʦʡʩʪʚʘ ʦʧʨʝʜʝʣʷʶʪʩʷ ʩʣʝʜʫʶʱʝʡ ʢʦʤʙʠʥʘʮʠʝʡ ʥʝʧʨʠʚʦʜʠʤʳʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ: 

ʜʚʘ ʦʜʥʦʤʝʨʥʳʭ ʥʝʧʨʠʚʦʜʠʤʳʭ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ɝ ʠ ɝ ʦʧʨʝʜʝʣʷʶʪ ʢʦʤʧʦʥʝʥʪʫ 

ʤʘʛʥʠʪʥʦʡ ʩʪʨʫʢʪʫʨʳ ʚʜʦʣʴ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʡ ʦʩʠ c ʛʝʢʩʘʛʦʥʘʣʴʥʦʡ 

ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ, ʠ ʝʱʝ ʜʚʘ ʜʚʫʤʝʨʥʳʭ ʥʝʧʨʠʚʦʜʠʤʳʭ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ɝ ʠ ɝ 

ʦʧʨʝʜʝʣʷʶʪ ʢʦʤʧʦʥʝʥʪʫ ʤʘʛʥʠʪʥʦʡ ʩʪʨʫʢʪʫʨʳ ʚ ʙʘʟʠʩʥʦʡ ʧʣʦʩʢʦʩʪʠ. ɼʚʘ 

ʥʝʧʨʠʚʦʜʠʤʳʭ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ɝ ʠ ɝ ʢʦʤʙʠʥʠʨʦʚʘʣʠʩʴ ʧʨʠ ʫʪʦʯʥʝʥʠʠ ʤʦʜʝʣʠ 

ʤʘʛʥʠʪʥʦʡ ʩʪʨʫʢʪʫʨʳ ʜʣʷ ʦʧʠʩʘʥʠʷ ʤʘʛʥʠʪʥʳʭ ɹʨʵʛʛʦʚʩʢʠʭ ʧʠʢʦʚ ʪʠʧʘ π π ὰ ‘ 

ʩ l ʯʝʪʥʳʤʠ ʠ ʥʝʯʝʪʥʳʤʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺ ʜʨʫʛʦʡ ʨʘʙʦʪʝ [94] ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ 

ʩʦʝʜʠʥʝʥʠʠ Nd7Rh3 ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ ʥʠʞʝ ʪʝʤʧʝʨʘʪʫʨʳ ʅʝʝʣʷ Ὕ  ʨʝʘʣʠʟʫʝʪʩʷ 

ʥʝʩʦʠʟʤʝʨʠʤʘʷ ʤʘʛʥʠʪʥʘʷ ʩʪʨʫʢʪʫʨʘ ʪʠʧʘ ʧʦʧʝʨʝʯʥʘʷ ʩʧʠʥʦʚʘʷ ʚʦʣʥʘ, 

ʦʧʠʩʳʚʘʝʤʘʷ ʚʦʣʥʦʚʳʤ ʚʝʢʪʦʨʦʤ ▓ π π ‘ (ʩʤʦʪʨʠ ʨʠʩʫʥʦʢ 1.14(ʘ)). ʇʨʠ 

ʜʘʣʴʥʝʡʰʝʤ ʦʭʣʘʞʜʝʥʠʠ ʥʠʞʝ ʪʝʤʧʝʨʘʪʫʨʳ Ὕ  ʦʙʨʘʟʝʮ ʧʝʨʝʭʦʜʠʪ ʚ ʩʤʝʰʘʥʥʦʝ 

ʜʚʫʭʬʘʟʥʦʝ ʩʦʩʪʦʷʥʠʝ, ʛʜʝ ʧʦʤʠʤʦ ʩʧʠʥʦʚʦʡ ʚʦʣʥʳ ʧʨʠʩʫʪʩʪʚʫʝʪ ʩʦʠʟʤʝʨʠʤʘʷ 

ʬʘʟʘ ʩ ʚʦʣʥʦʚʳʤ ʚʝʢʪʦʨʦʤ ▓ π (ʩʤʦʪʨʠ ʨʠʩʫʥʦʢ 1.14(ʙ)). ɺʥʦʚʴ ʜʣʷ 

ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʦʧʠʩʘʥʠʷ ʢʦʥʬʠʛʫʨʘʮʠʠ ʤʘʛʥʠʪʥʳʭ ʤʦʤʝʥʪʦʚ ʚ ʙʘʟʠʩʥʦʡ 

ʧʣʦʩʢʦʩʪʠ ʧʨʠʤʝʥʷʣʩʷ ʧʨʝʜʩʪʘʚʣʝʥʯʝʩʢʠʡ ʧʦʜʭʦʜ ʠ ʧʘʨʘʤʝʪʨʠʟʘʮʠʷ ʤʘʛʥʠʪʥʦʡ 

ʩʪʨʫʢʪʫʨʳ ʙʘʟʠʩʥʳʤʠ ʚʝʢʪʦʨʘʤʠ ʜʚʫʤʝʨʥʳʭ ʥʝʧʨʠʚʦʜʠʤʳʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ɝ ʠ 

ɝ. ʅʘʢʦʥʝʮ, ʚ ʪʨʝʪʴʝʡ ʨʘʙʦʪʝ [95] ʤʝʪʦʜʘʤʠ ʥʝʡʪʨʦʥʥʦʡ ʠ ʩʠʥʭʨʦʪʨʦʥʥʦʡ 

ʜʠʬʨʘʢʮʠʠ ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʤʘʛʥʠʪʥʳʝ ʠ ʩʪʨʫʢʪʫʨʥʳʝ ʩʚʦʡʩʪʚʘ ʩʦʝʜʠʥʝʥʠʷ Nd7Pd3. 

ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ Nd7Pd3 ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ ʥʠʞʝ ʪʝʤʧʝʨʘʪʫʨʳ ʅʝʝʣʷ Ὕ  

ʨʝʘʣʠʟʫʝʪʩʷ ʥʝʩʦʠʟʤʝʨʠʤʘʷ ʤʘʛʥʠʪʥʘʷ ʩʪʨʫʢʪʫʨʘ ʪʠʧʘ ʧʦʧʝʨʝʯʥʘʷ ʩʧʠʥʦʚʘʷ ʚʦʣʥʘ, 

ʦʧʠʩʳʚʘʝʤʘʷ ʚʦʣʥʦʚʳʤ ʚʝʢʪʦʨʦʤ ▓ π π ‘ (ʩʤʦʪʨʠ ʨʠʩʫʥʦʢ 1.15(ʘ)). ʇʨʠ 

ʜʘʣʴʥʝʡʰʝʤ ʦʭʣʘʞʜʝʥʠʠ ʥʠʞʝ TC ʥʘʙʣʶʜʘʝʪʩʷ ʤʘʛʥʠʪʥʳʡ ʬʘʟʦʚʳʡ ʧʝʨʝʭʦʜ ʠʟ 

ʥʝʩʦʠʟʤʝʨʠʤʦʡ ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʦʡ ʬʘʟʳ ʚ ʬʝʨʨʦʤʘʛʥʠʪʥʫʶ ʬʘʟʫ, ʢʦʪʦʨʳʡ 

ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʧʦʥʠʞʝʥʠʝʤ ʩʠʤʤʝʪʨʠʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ P63mc ­ 

Cmc21 (ʩʤʦʪʨʠ ʨʠʩʫʥʦʢ 1.15(ʙ)). ɺʥʦʚʴ ʜʣʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʦʧʠʩʘʥʠʷ 

ʢʦʥʬʠʛʫʨʘʮʠʠ ʤʘʛʥʠʪʥʳʭ ʤʦʤʝʥʪʦʚ ʚ ʙʘʟʠʩʥʦʡ ʧʣʦʩʢʦʩʪʠ ʧʨʠʤʝʥʷʣʩʷ 

ʧʨʝʜʩʪʘʚʣʝʥʯʝʩʢʠʡ ʧʦʜʭʦʜ ʠ ʧʘʨʘʤʝʪʨʠʟʘʮʠʷ ʤʘʛʥʠʪʥʦʡ ʩʪʨʫʢʪʫʨʳ ʙʘʟʠʩʥʳʤʠ 

ʚʝʢʪʦʨʘʤʠ ʜʚʫʤʝʨʥʳʭ ʥʝʧʨʠʚʦʜʠʤʳʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ɝ ʠ ɝ. ʄʘʛʥʠʪʥʘʷ ʩʪʨʫʢʪʫʨʘ 

ʩʦʝʜʠʥʝʥʠʷ Ho7Rh3 ʠʟʫʯʘʣʘʩʴ ʊ. ʊʩʫʪʘʦʢʘ ʠ ʩʦʘʚʪʦʨʘʤʠ ʚ ʨʘʙʦʪʘʭ [23, 24] ʧʨʠ 

ʧʦʤʦʱʠ ʤʘʛʥʠʪʥʳʭ ʠʟʤʝʨʝʥʠʡ ʠ ʥʝʡʪʨʦʥʦʛʨʘʬʠʯʝʩʢʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʥʘ ʧʦʨʦʰʢʝ 

ʠ ʤʦʥʦʢʨʠʩʪʘʣʣʘʭ. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʩʦʝʜʠʥʝʥʠʝ Ho7Rh3 ʠʤʝʝʪ ʩʣʦʞʥʫʶ 

ʤʘʛʥʠʪʥʫʶ ʬʘʟʦʚʫʶ ʜʠʘʛʨʘʤʤʫ ʠ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʥʘʙʦʨ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ 

ʤʘʛʥʠʪʥʳʭ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ ʧʨʠ Ὕ  σς ʂ, Ὕ   ςσȢυ ʂ ʠ Ὕ   ω ʂ. 
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ɺ ʯʘʩʪʥʦʩʪʠ, ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʥʠʞʝ Ὕ  σς ʂ ʚ Ho7Rh3 ʨʝʘʣʠʟʫʝʪʩʷ 

ʥʝʩʦʠʟʤʝʨʠʤʘʷ ʩ ʢʨʠʩʪʘʣʣʦʭʠʤʠʯʝʩʢʦʡ ʷʯʝʡʢʦʡ ʬʘʟʘ, ʦʧʠʩʳʚʘʝʤʘʷ ʚʦʣʥʦʚʳʤ 

ʚʝʢʪʦʨʦʤ ▓   π π ‘ ʩ ‘ πȢσψ. ʕʪʘ ʬʘʟʘ ʩʦʭʨʘʥʷʝʪʩʷ ʚʧʣʦʪʴ ʜʦ ʩʘʤʳʭ ʥʠʟʢʠʭ 

 

 

ʈʠʩʫʥʦʢ 1.14 ï ɺʠʟʫʘʣʠʟʘʮʠʷ ʤʘʛʥʠʪʥʦʡ ʩʪʨʫʢʪʫʨ r Nd7Rh3 (ʘ) 

ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʦʡ ʬʘʟʳ ʪʠʧʘ ʧʦʧʝʨʝʯʥʘʷ ʩʧʠʥʦʚʘʷ ʚʦʣʥʘ ʠ (ʙ) 

ʬʝʨʨʦʤʘʛʥʠʪʥʦʡ ʬʘʟʳ. ʂʨʘʩʥʳʤʠ ʠ ʩʠʥʠʤʠ ʩʪʨʝʣʢʘʤʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʤʘʛʥʠʪʥʳʝ 

ʤʦʤʝʥʪʳ ʜʣʷ ʯʘʩʪʥʳʭ ʧʦʟʠʮʠʡ ʘʪʦʤʦʚ Nd 2b ʠ 6ʩ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ [94] 

 

ʈʠʩʫʥʦʢ 1.15 ï ɺʠʟʫʘʣʠʟʘʮʠʷ ʤʘʛʥʠʪʥʦʡ ʩʪʨʫʢʪʫʨʳ Nd7Pd3 (ʘ) 

ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʦʡ ʬʘʟʳ ʪʠʧʘ ʧʦʧʝʨʝʯʥʘʷ ʩʧʠʥʦʚʘʷ ʚʦʣʥʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ 

ʛʨʫʧʧʳ P63mc. ʂʨʘʩʥʳʤʠ ʠ ʩʠʥʠʤʠ ʩʪʨʝʣʢʘʤʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʤʘʛʥʠʪʥʳʝ 

ʤʦʤʝʥʪʳ ʜʣʷ ʯʘʩʪʥʳʭ ʧʦʟʠʮʠʡ ʘʪʦʤʦʚ Nd 2b ʠ 6ʩ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. (ʙ) 

ɺʠʟʫʘʣʠʟʘʮʠʷ ʬʝʨʨʦʤʘʛʥʠʪʥʦʡ ʤʘʛʥʠʪʥʦʡ ʩʪʨʫʢʪʫʨʳ ʩ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ 

ʛʨʫʧʧʦʡ Cmc21 [95] 
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ʪʝʤʧʝʨʘʪʫʨ 1.5 ʂ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʢʦʣʠʯʝʩʪʚʝʥʥʳʡ ʘʥʘʣʠʟ ʤʘʛʥʠʪʥʦʡ ʩʪʨʫʢʪʫʨʳ ʚ 

Ho7Rh3 ʧʨʦʚʝʜʝʥ ʥʝ ʙʳʣ. 

ʆʪʤʝʪʠʤ, ʯʪʦ ʜʚʫʤʝʨʥʳʡ ʭʘʨʘʢʪʝʨ ʥʝʧʨʠʚʦʜʠʤʳʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ɝ ʠ ɝ 

ʧʨʠʚʣʝʢʘʝʤʳʭ ʜʣʷ ʦʧʠʩʘʥʠʷ ʤʘʛʥʠʪʥʳʭ ʩʪʨʫʢʪʫʨ ʩʦʝʜʠʥʝʥʠʡ R7Rh3 ʫʢʘʟʳʚʘʝʪ ʥʘ 

ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʬʦʨʤʘʣʠʟʤʘ ʤʘʛʥʠʪʥʳʭ ʩʫʧʝʨʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ 

ʛʨʫʧʧ ʜʣʷ ʘʥʘʣʠʟʘ ʠ ʨʝʚʠʟʠʠ ʚʦʟʤʦʞʥʳʭ ʢʦʥʬʠʛʫʨʘʮʠʡ ʤʘʛʥʠʪʥʦʛʦ ʫʧʦʨʷʜʦʯʝʥʠʷ 

ʚ ʜʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʷʭ. ɹʦʣʝʝ ʪʦʛʦ, ʬʦʨʤʘʣʠʟʤ ʤʘʛʥʠʪʥʳʭ ʩʫʧʝʨʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ 

ʛʨʫʧʧ ʷʚʣʷʝʪʩʷ ʫʜʦʙʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʘʥʘʣʠʟʘ ʤʘʛʥʠʪʥʳʭ ʠ ʩʪʨʫʢʪʫʨʥʳʭ 

ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ ʚ ʩʠʩʪʝʤʘʭ, ʛʜʝ ʤʘʛʥʠʪʥʘʷ ʧʦʜʩʠʩʪʝʤʘ ʷʚʣʷʝʪʩʷ ʪʨʠʛʛʝʨʦʤ 

ʩʪʨʫʢʪʫʨʥʳʭ ʧʨʝʚʨʘʱʝʥʠʡ [50]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʚʠʜʠʪʩʷ 

ʧʨʦʚʝʜʝʥʠʝ ʥʝʡʪʨʦʥ-ʜʠʬʨʘʢʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʘʛʥʠʪʥʦʡ ʬʘʟʦʚʦʡ 

ʜʠʘʛʨʘʤʤʳ ʦʜʥʦʛʦ ʠʟ ʯʣʝʥʦʚ ʩʝʤʝʡʩʪʚʘ R7Rh3 ʠ ʧʦʩʣʝʜʫʶʱʝʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʬʦʨʤʘʣʠʟʤ ʤʘʛʥʠʪʥʳʭ ʩʫʧʝʨʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʛʨʫʧʧ ʜʣʷ ʦʧʠʩʘʥʠʷ 

ʥʝʩʦʠʟʤʝʨʠʤʳʭ ʬʘʟ ʠ ʚʦʟʤʦʞʥʳʭ ʩʪʨʫʢʪʫʨʥʳʭ ʧʨʝʚʨʘʱʝʥʠʡ. ɽʱʝ ʦʜʥʘ ʟʘʜʘʯʘ, 

ʢʦʪʦʨʫʶ ʤʦʞʝʪ ʨʝʰʠʪʴ ʥʝʡʪʨʦʥ-ʜʠʬʨʘʢʮʠʦʥʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ ï ʜʠʘʛʥʦʩʪʠʢʘ 

ʢʣʘʩʪʝʨʦʚ ʩ ʙʣʠʞʥʠʤ ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʳʤ ʧʦʨʷʜʢʦʤ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚʳʰʝ 

ʪʝʤʧʝʨʘʪʫʨʳ ʅʝʝʣʷ, ʯʴʝ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʙʳʣʦ ʧʨʝʜʧʦʣʦʞʝʥʦ ʥʘ ʦʩʥʦʚʘʥʠʠ 

ʢʦʩʚʝʥʥʳʭ ʜʘʥʥʳʭ ʤʘʛʥʠʪʥʳʭ ʠʟʤʝʨʝʥʠʡ ʥʘ ʤʦʥʦʢʨʠʩʪʘʣʣʘʭ [82, 83].   
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1.6 ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʠ ʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʩʦʝʜʠʥʝʥʠʡ R5Pd2 

 

1.6.1 ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʩʦʝʜʠʥʝʥʠʡ R5Pd2 

 

ʅʘ ʨʠʩʫʥʢʝ 1.16 ʧʨʠʚʝʜʝʥʘ ʬʘʟʦʚʳʝ ʜʠʘʛʨʘʤʤʳ ʜʣʷ ʙʠʥʘʨʥʳʭ 

ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʚ ʨʷʜʘ Er-Pd ʠ ʨʷʜʘ Ho-Pd [60]. ʀʟ ʨʠʩʫʥʢʘ ʚʠʜʥʦ, 

ʯʪʦ ʩʦʝʜʠʥʝʥʠʷ ʪʠʧʘ R5Pd2 ʦʙʣʘʜʘʶʪ ʤʘʢʩʠʤʘʣʴʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʨʝʜʢʦʟʝʤʝʣʴʥʦʛʦ 

ʵʣʝʤʝʥʪʘ ʚ ʨʷʜʝ R-Pd. ʉʪʨʫʢʪʫʨʥʘʷ ʬʘʟʘ ʪʠʧʘ R5Pd2 ʦʙʨʘʟʫʝʪʩʷ ʪʦʣʴʢʦ ʩ ʪʷʞʝʣʳʤʠ 

ʨʝʜʢʦʟʝʤʝʣʴʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ R = Tb, Dy, Ho, Er, Tm, Lu ʧʫʪʝʤ ʢʦʥʛʨʫʵʥʪʥʦʡ (R = 

Tb, Dy, Er) ʠʣʠ ʥʝʢʦʥʛʨʫʵʥʪʥʦʡ (R = Ho) ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ. ʀʥʪʝʨʤʝʪʘʣʣʠʯʝʩʢʠʝ 

ʩʦʝʜʠʥʝʥʠʷ ʪʠʧʘ R5Pd2 ̫ ʚʣʷʶʪʩʷ ʥʝʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ ʠ ʦʙʨʘʟʫʶʪ 

ʪʚʝʨʜʳʝ ʨʘʩʪʚʦʨʳ ʚʠʜʘ R5+xPd2 ʩ ʛʨʘʥʝʮʝʥʪʨʠʨʦʚʘʥʥʦʡ ʢʫʙʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʦʡ ʪʠʧʘ 

Dy5Pd2 (ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʛʨʫʧʧʘ Fd-3m) ʚ ʦʙʣʘʩʪʠ ʢʦʥʮʝʥʪʨʘʮʠʡ πȢσ ὼ πȢτ 

[96, 97]. 

ʕʣʝʤʝʥʪʘʨʥʘʷ ʷʯʝʡʢʘ ʩʦʝʜʠʥʝʥʠʷ R5Pd2 ʩʦʩʪʦʠʪ ʠʟ 48 ʘʪʦʤʦʚ 

ʨʝʜʢʦʟʝʤʝʣʴʥʦʛʦ ʤʝʪʘʣʣʘ, ʧʦʣʥʦʩʪʴʶ ʟʘʥʠʤʘʶʱʠʭ ʯʘʩʪʥʫʶ ʧʦʟʠʮʠʶ 48f, 16 

ʘʪʦʤʦʚ ʨʝʜʢʦʡ ʟʝʤʣʠ, ʟʘʥʠʤʘʶʱʠʭ ʧʦʟʠʮʠʶ 32e c ʬʘʢʪʦʨʦʤ ʟʘʩʝʣʸʥʥʦʩʪʠ 50% ʠ 4 

ʘʪʦʤʦʚ ʨʝʜʢʦʡ ʟʝʤʣʠ, ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʧʝʨʝʤʝʰʘʥʥʳʭ ʩ 28 ʘʪʦʤʘʤʠ ʧʘʣʣʘʜʠʷ, 

ʟʘʥʠʤʘʶʱʠʤʠ ʝʱʸ ʦʜʥʫ ʧʦʟʠʮʠʶ 32ʝ ʩ ʬʘʢʪʦʨʦʤ ʟʘʩʝʣʝʥʥʦʩʪʠ 100%. ʉʪʨʫʢʪʫʨʘ 

ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʚ ʪʠʧʘ R5Pd2 ʧʦʭʦʞʘ ʥʘ ʩʪʨʫʢʪʫʨʫ ʩʦʝʜʠʥʝʥʠʡ ʧʝʨʝʭʦʜʥʳʭ 

ʤʝʪʘʣʣʦʚ ʪʠʧʘ Ti2Ni, ʢʦʪʦʨʘʷ ʪʘʢʞʝ ʦʧʠʩʳʚʘʝʪʩʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʦʡ Fd-3m, 

ʥʦ ʩ ʪʨʝʤʷ ʯʘʩʪʥʳʤʠ ʧʦʟʠʮʠʷʤʠ 48f, 16c ʠ 32e ʧʦʣʥʦʩʪʴʶ ʟʘʧʦʣʥʝʥʥʳʤʠ ʘʪʦʤʘʤʠ 

Ti ʠ Ni. ɺ ʩʣʫʯʘʝ ʩʦʝʜʠʥʝʥʠʡ ʪʠʧʘ R5Pd2 ʯʘʩʪʥʘʷ ʧʦʟʠʮʠʷ 32e ʧʦ ʚʩʝʡ ʚʠʜʠʤʦʩʪʠ, 

ʦʙʨʘʟʦʚʘʥʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʩʱʝʧʣʝʥʠʷ ʯʘʩʪʥʦʡ ʧʦʟʠʮʠʠ 16c ʩ ʢʦʦʨʜʠʥʘʪʘʤʠ π π π 

ʥʘ ʜʚʝ ʧʦʟʠʮʠʠ ὼ ὼ ὼ ʠ ὼ  ̖ ὼ ʩ ʤʘʣʳʤ ʟʥʘʯʝʥʠʝʤ x ʠ ʧʦʵʪʦʤʫ ʟʘʩʝʣʝʥʘ 

ʘʪʦʤʘʤʠ ʨʝʜʢʦʟʝʤʝʣʴʥʦʛʦ ʤʝʪʘʣʣʘ ʥʘ 50%. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʵʣʝʤʝʥʪʘʨʥʳʝ ʷʯʝʡʢʠ 

ʩʦʝʜʠʥʝʥʠʡ ʪʠʧʘ R5Pd2 ʠ Ti2Ni ʩʦʜʝʨʞʘʪ 96 ʘʪʦʤʦʚ, ʥʦ ʚ ʩʪʨʫʢʪʫʨʥʦʤ ʪʠʧʝ Ti2Ni 

ʘʪʦʤʳ ʧʦʣʥʦʩʪʴʶ ʫʧʦʨʷʜʦʯʝʥʳ ʧʦ ʧʦʟʠʮʠʷʤ, ʘ ʚ ʨʝʜʢʦʟʝʤʝʣʴʥʦʤ ʠʥʪʝʨʤʝʪʘʣʣʠʜʝ 

R5Pd2 ʩʪʘʪʠʩʪʠʯʝʩʢʘʷ ʟʘʩʝʣʝʥʥʦʩʪʴ 32ʝ ʧʦʟʠʮʠʡ ʧʨʠʚʦʜʠʪ ʢ ʩʪʨʫʢʪʫʨʥʦʤʫ 

ʙʝʩʧʦʨʷʜʢʫ ʠ ʩʪʘʥʦʚʠʪʩʷ ʧʨʠʯʠʥʦʡ ʥʝʩʪʝʭʠʦʤʝʪʨʠʯʥʦʩʪʠ ʩʦʝʜʠʥʝʥʠʷ [96]. ʅʘ 

ʨʠʩʫʥʢʝ 1.17 ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʩʦʝʜʠʥʝʥʠʡ ʪʠʧʘ R5Pd2 ʚ 

ʚʠʜʝ ʜʚʫʭ ʚʟʘʠʤʦʧʨʦʥʠʢʘʶʱʠʭ ʠ ʥʝʧʝʨʝʩʝʢʘʶʱʠʭʩʷ ʧʦʜʨʝʰʝʪʦʢ: ʧʦʜʨʝʰʝʪʢʘ 

ʦʢʪʘʵʜʨʦʚ R6 (ʨʠʩʫʥʦʢ 1.17(ʘ)) ʩ ʦʙʱʠʤʠ ʚʝʨʰʠʥʘʤʠ ʦʙʨʘʟʦʚʘʥʥʳʤʠ ʘʪʦʤʘʤʠ R ʚ 

ʯʘʩʪʥʦʡ ʧʦʟʠʮʠʠ 48f; ʧʦʜʨʝʰʝʪʢʘ ʦʢʪʘʵʜʨʦʚ RPd6 (ʨʠʩʫʥʦʢ 1.17(ʙ)) ʩ ʦʙʱʠʤʠ 

ʨʝʙʨʘʤʠ, ʦʙʨʘʟʦʚʘʥʥʳʭ ʘʪʦʤʘʤʠ R ʠ Pd, ʟʘʥʠʤʘʶʱʠʤʠ ʜʚʝ ʥʝʵʢʚʠʚʘʣʝʥʪʥʳʝ 

ʧʦʟʠʮʠʠ 32e. 
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ʈʝʚʠʟʠʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʩʦʝʜʠʥʝʥʠʡ ʪʠʧʘ R5+ʭPd2 ʩ R = Er ʙʳʣʘ 

ʧʨʦʚʝʜʝʥʘ ʚ ʨʘʙʦʪʝ [98] ʧʨʠ ʧʦʤʦʱʠ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʜʠʬʨʘʢʮʠʠ ʥʘ ʤʦʥʦʢʨʠʩʪʘʣʣʝ. 

 

ʈʠʩʫʥʦʢ 1.16 ï ʌʘʟʦʚʳʝ ʜʠʘʛʨʘʤʤʳ ʙʠʥʘʨʥʳʭ ʩʠʩʪʝʤ (a) Er-Pd ʠ (ʙ) Ho-Pd [60] 
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ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʘʣʴʪʝʨʥʘʪʠʚʥʘʷ ʟʘʧʠʩʴ ʭʠʤʠʯʝʩʢʦʡ ʬʦʨʤʫʣʳ ʚʠʜʘ 

Er2+xPd1-x ὼ  πȢρρ. ɸʚʪʦʨʘʤʠ ʧʦʣʫʯʝʥʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʧʦʜʪʚʝʨʞʜʝʥʠʝ 

ʧʨʘʚʠʣʴʥʦʩʪʠ ʩʫʱʝʩʪʚʫʶʱʝʡ ʤʦʜʝʣʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ. ʂʨʦʤʝ ʪʦʛʦ, 

ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʵʣʝʤʝʥʪʘʨʥʘʷ ʷʯʝʡʢʘ ʨʝʜʢʦʟʝʤʝʣʴʥʦʛʦ ʠʥʪʝʨʤʝʪʘʣʣʠʜʘ  

Er2+xPd1-x ʤʦʞʝʪ ʙʳʪʴ ʦʧʠʩʘʥʘ, ʠʩʧʦʣʴʟʫʷ ʘʧʧʘʨʘʪ ʧʦʣʠʠʢʦʩʘʵʜʨʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʦʚ 

ʪʠʧʘ g-ʣʘʪʫʥʠ ʚʠʜʘ {Pd4Er22} (ʩʤʦʪʨʠ ʨʠʩʫʥʦʢ 1.17 (ʚ) ʠ (ʛ)). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʩʦʝʜʠʥʝʥʠʷ R5Pd2 ʦʪʥʦʩʷʪʩʷ ʢ ʛʨʫʧʧʝ ʩʣʦʞʥʳʭ ʠʥʪʝʨʤʝʪʘʣʣʠʯʝʩʢʠʭ ʩʧʣʘʚʦʚ, 

ʦʙʣʘʜʘʶʱʠʭ ʢʣʘʩʪʝʨʠʟʘʮʠʝʡ ʧʦ ʪʠʧʫ ɔ-ʣʘʪʫʥʠ, ʜʣʷ ʢʦʪʦʨʳʭ ʭʘʨʘʢʪʝʨʥʦ ʙʦʣʴʰʠʝ 

ʵʣʝʤʝʥʪʘʨʥʳʝ ʷʯʝʡʢʠ ʩ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʘʪʦʤʦʚ. ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʠʟʙʝʞʘʪʴ 

ʧʫʪʘʥʠʮʳ ʩ ʤʘʨʢʠʨʦʚʢʦʡ ʚ ʜʘʣʴʥʝʡʰʝʤ ʤʳ ʙʫʜʝʤ ʦʙʦʟʥʘʯʘʪʴ ʠʥʪʝʨʤʝʪʘʣʣʠʯʝʩʢʠʝ 

ʩʦʝʜʠʥʝʥʠʷ, ʦʙʲʝʜʠʥʸʥʥʳʝ ʦʙʱʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʩʠʤʤʝʪʨʠʠ ʩʪʨʫʢʪʫʨʥʦʛʦ ʪʠʧʘ 

Dy5Pd2, ʢʘʢ R5Pd2.  

 

ɺ ʪʘʙʣʠʮʝ 1.2 ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʘʨʘʤʝʪʨʳ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʩʝʨʠʠ R5Pd2 ʧʨʠ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ [96]. ʀʟ ʪʘʙʣʠʮʳ ʚʠʜʥʦ, ʯʪʦ ʩ ʨʦʩʪʦʤ ʧʦʨʷʜʢʦʚʦʛʦ ʥʦʤʝʨʘ 

 

ʈʠʩʫʥʦʢ 1.17 ï (ʘ) ʇʦʜʨʝʰʝʪʢʘ ʠʟ ʦʢʪʘʵʜʨʦʚ R6, ʦʙʨʘʟʦʚʘʥʥʳʭ ʘʪʦʤʘʤʠ R 

ʟʘʥʠʤʘʶʱʠʤʠ ʧʦʟʠʮʠʶ 48f ʚ ʚʝʨʰʠʥʘʭ. (ʙ) ʇʦʜʨʝʰʝʪʢʘ ʠʟ ʦʢʪʘʵʜʨʦʚ RPd6, 

ʦʙʨʘʟʦʚʘʥʥʳʝ ʘʪʦʤʘʤʠ R ʠ Pd, ʟʘʥʠʤʘʶʱʠʤʠ ʜʚʝ ʥʝʵʢʚʠʚʘʣʝʥʪʥʳʝ ʧʦʟʠʮʠʠ 32e. 

(ʚ) ɺʠʟʫʘʣʠʟʘʮʠʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ R5Pd2 ʚ ʚʠʜʝ ʧʦʣʠʠʢʦʩʘʵʜʨʠʯʝʩʢʠʭ 

ʢʣʘʩʪʝʨʦʚ {Pd4R22}. (ʛ) ɺʠʟʫʘʣʠʟʘʮʠʷ ʧʦʣʠʠʢʦʩʘʵʜʨʠʯʝʩʢʦʛʦ ʢʣʘʩʪʝʨʘ {Pd4R22} 

ʪʠʧʘ ɔ-ʣʘʪʫʥʠ [98] 
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ʨʝʜʢʦʟʝʤʝʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ R ʧʘʨʘʤʝʪʨ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʫʤʝʥʴʰʘʝʪʩʷ. ɼʘʥʥʦʝ 

ʷʚʣʝʥʠʝ ʦʙʲʷʩʥʷʝʪʩʷ ʧʨʦʷʚʣʝʥʠʝʤ ʵʬʬʝʢʪʘ ʣʘʥʪʘʥʦʠʜʥʦʛʦ ʩʞʘʪʠʷ. 

ʊʘʙʣʠʮʘ 1.2 ï ʇʘʨʘʤʝʪʨʳ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʩʦʝʜʠʥʝʥʠʡ R5Pd2 [96] 

ʉʦʝʜʠʥʝʥʠʝ 
ʊʠʧ 

ʩʪʨʫʢʪʫʨʳ 

ʇʘʨʘʤʝʪʨʳ ʷʯʝʡʢʠ B ʆʙʲʝʤ 

ʵʣʝʤʝʥʪʘʨʥʦʡ 

ʷʯʝʡʢʠ (B ρπ ὥ  ὦ  ὧ 

Tb5Pd2 Dy5Pd2 13.607 ¡ 2.519 

Dy5Pd2 Dy5Pd2 13.529 ¡ 2.476 

Ho5Pd2 Dy5Pd2 13.450 ¡ 2.433 

Er5Pd2 Dy5Pd2 13.368 ¡ 2.388 

Tm5Pd2 Dy5Pd2 13.290 ¡ 2.347 

Lu5Pd2 Dy5Pd2 13.241 ¡ 2.321 

Y5Pd2 Dy5Pd2 13.625 ¡ 2.529 
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1.6.2 ʄʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʩʦʝʜʠʥʝʥʠʡ R5Pd2 

 

ʂʘʢ ʠ ʜʣʷ ʩʦʝʜʠʥʝʥʠʡ ʪʠʧʘ R3T, ʚ ʩʝʤʝʡʩʪʚʝ ʩʦʝʜʠʥʝʥʠʡ R5Pd2 ʘʪʦʤʘʤʠ 

ʧʝʨʝʭʦʜʥʦʛʦ ʤʝʪʘʣʣʘ ʥʘʭʦʜʷʪʩʷ ʥʘ ʟʥʘʯʠʪʝʣʴʥʦʤ ʫʜʘʣʝʥʠʠ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʠ 

ʦʢʨʫʞʝʥʳ R ʠʦʥʘʤʠ. ʂʨʘʪʯʘʡʰʝʝ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʘʪʦʤʘʤʠ Pd ʚʥʫʪʨʠ ʦʜʥʦʛʦ 

ʧʦʣʠʠʢʦʩʘʵʜʨʘ {Pd4Er22} ʩʦʩʪʘʚʣʷʝʪ ὶ σȢφτπ ᴠ. ʂʨʘʪʯʘʡʰʝʝ ʨʘʩʩʪʦʷʥʠʝ 

ʤʝʞʜʫ ʘʪʦʤʘʤʠ Pd ʠʟʦʣʠʨʦʚʘʥʥʳʤʠ ʚ ʩʦʩʝʜʥʠʭ ʧʦʣʠʠʢʦʩʘʵʜʨʘʭ {Pd4Er22} 

ʩʦʩʪʘʚʣʷʝʪ ὶ τȢχωτχ ᴠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʦʣʴʰʠʝ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ 

ʙʣʠʞʘʡʰʠʤʠ ʘʪʦʤʘʤʠ ʧʝʨʝʭʦʜʥʦʛʦ ʤʝʪʘʣʣʘ ʦʙʫʩʣʘʚʣʠʚʘʶʪ ʩʣʘʙʦʝ ʧʝʨʝʢʨʳʪʠʝ 

3d(4d) ʚʦʣʥʦʚʳʭ ʬʫʥʢʮʠʡ, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʢʨʠʪʝʨʠʡ ʉʪʦʥʝʨʘ ʜʣʷ dïʟʦʥʳ ʥʝ 

ʚʳʧʦʣʥʷʝʪʩʷ. ʋʢʘʟʘʥʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʙʠʥʘʨʥʳʭ 

ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʚ R5Pd2 ʧʨʠʚʦʜʷʪ ʢ ʪʦʤʫ, ʯʪʦ ʘʪʦʤʳ Pd ʥʝ ʦʙʣʘʜʘʶʪ 

ʫʧʦʨʷʜʦʯʝʥʥʳʤ ʤʘʛʥʠʪʥʳʤ ʤʦʤʝʥʪʦʤ [65-67]. ʊʘʢ ʢʘʢ, ʚ ʙʠʥʘʨʥʳʭ 

ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʠʥʪʝʨʤʝʪʘʣʣʠʜʘʭ ʪʠʧʘ RnTm ʩʫʱʝʩʪʚʫʝʪ ʘʣʴʪʝʨʥʘʪʠʚʥʳʡ ʤʝʭʘʥʠʟʤ 

ʦʙʤʝʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 4f-5d-3d(4d)-5d-4f, ʵʪʦ ʧʨʠʚʦʜʠʪ ʢ ʢʦʥʢʫʨʝʥʮʠʠ ʜʚʫʭ 

ʪʠʧʦʚ ʢʦʩʚʝʥʥʳʭ ʦʙʤʝʥʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ. ʂʦʥʢʫʨʝʥʮʠʷ ʦʙʤʝʥʦʚ ʠ ʙʝʩʧʦʨʷʜʦʢ 

ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʝ ʩʦʝʜʠʥʝʥʠʡ R5Pd2 ʧʦʜʘʚʣʷʶʪ ʜʘʣʴʥʠʡ ʤʘʛʥʠʪʥʳʡ 

ʧʦʨʷʜʦʢ ʠ ʧʨʠʚʦʜʷʪ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʢʦʨʨʝʣʷʮʠʡ ʙʣʠʞʥʝʛʦ ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʦʛʦ 

ʧʦʨʷʜʢʘ, ʩʦʭʨʘʥʷʶʱʠʭʩʷ ʚ ʰʠʨʦʢʦʤ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ [25, 26, 99, 100]. 

ʆʩʥʦʚʥʳʝ ʤʘʛʥʠʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʦʝʜʠʥʝʥʠʡ R5Pd2 ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 1.3. 

ɼʘʣʝʝ ʙʫʜʫʪ ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʨʘʪʢʠʝ ʩʚʝʜʝʥʠʷ ʦ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚʘʭ ʩʦʝʜʠʥʝʥʠʡ 

R5Pd2. 

ʇʦ ʜʘʥʥʳʤ ʠʩʩʣʝʜʦʚʘʥʠʡ [25, 26, 100] ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ ʚ ʩʠʩʪʝʤʘʭ R5Pd2 

ʨʝʘʣʠʟʫʝʪʩʷ ʵʬʬʝʢʪ ʩʪʝʢʦʣʴʥʦʛʦ ʟʘʤʝʨʟʘʥʠʷ ʩʠʩʪʝʤʳ ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʳʭ 

ʢʣʘʩʪʝʨʦʚ ʥʠʞʝ ʭʘʨʘʢʪʝʨʥʳʭ ʪʝʤʧʝʨʘʪʫʨ ʟʘʤʝʨʟʘʥʠʷ, ʧʨʦʷʚʣʷʶʱʠʭʩʷ ʚ ʚʠʜʝ 

ʘʥʦʤʘʣʠʡ ʥʘ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʟʘʚʠʩʠʤʦʩʪʷʭ AC ʠ DC ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ Ὕ φπ ʂ ʜʣʷ Tb5Pd2, Ὕ ςχ ʂ ʜʣʷ Ho5Pd2, Ὕ σψ ʂ ʜʣʷ 

Dy5Pd2 ʠ Ὕ ρχȢς ʂ ʜʣʷ Er5Pd2. ɼʣʷ ʧʨʠʤʝʨʘ ʥʘ ʨʠʩʫʥʢʝ 1.18 ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʤʘʛʥʠʪʥʦʡ AC ʠ DC ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʩʦʝʜʠʥʝʥʠʡ 

Ho5Pd2 ʠ Tb5Pd2. 
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ʊʘʙʣʠʮʘ 1.3 ï ɿʥʘʯʝʥʠʷ ʧʘʨʘʤʘʛʥʠʪʥʳʭ ʪʝʤʧʝʨʘʪʫʨ ʂʶʨʠ, ʪʝʤʧʝʨʘʪʫʨʳ 

ʤʘʛʥʠʪʥʦʛʦ ʫʧʦʨʷʜʦʯʝʥʠʷ, ʵʬʬʝʢʪʠʚʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ ʨʝʜʢʦʟʝʤʝʣʴʥʦʛʦ 

ʠʦʥʘ, ʧʦʣʫʯʝʥʥʳʝ ʠʟ ʨʘʩʯʸʪʦʚ ʜʣʷ ʩʚʦʙʦʜʥʦʛʦ ʠʦʥʘ R3+ ʠ ʠʟ ʠʟʤʝʨʝʥʠʡ 

ʧʘʨʘʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʩʦʝʜʠʥʝʥʠʡ R5Pd2. 

ʉʦʝʜʠʥʝʥʠʝ ɗp, K TN/Tf, K Ὢ — Ὕϳ ̞‘ Ὕ‏  ̕̕
̞̋̒̐, ‘  ‘̞ ̕̕

̓̆̏̑
, ‘  

Tb5Pd2 

65.3[100] 

 

84.1[25] 

63.5[100] 

60[101] 

60[25] 

 

 

1.4[25] 

 

 

0.011[25] 

10.63[100] 

 

10.1[25] 

9.72 

Dy5Pd2 

39[100] 

 

50[99] 

38[100] 

40[101] 

38[99] 

 

 

1.3[99] 

 

 

0.017[99] 

11.38[100] 

 

11.43[99] 

10.63 

Ho5Pd2 

31[100] 

 

34[102] 

31.3[25] 

22.5[100] 

27[101] 

28[102] 

27[25] 

 

 

 

1.2[25] 

 

 

 

0.008[25] 

11.48[100] 

 

11.54[102] 

11.4[25] 

10.61 

Er5Pd2 

17[100] 

 

21[26] 

15[100] 

18[101] 

17.2[26] 

 

 

1.2[26] 

 

 

0.02[26] 

9.77[100] 

 

10.2[26] 

9.59 

Tm5Pd2 4.5[100] 7[100]   7.46[100] 7.57 

 

ʆʪʢʣʦʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʦʙʨʘʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʦʪ 

ʟʘʢʦʥʘ ʂʶʨʠ-ɺʝʡʩʘ ʥʘʙʣʶʜʘʣʠ ʥʘ ʩʦʝʜʠʥʝʥʠʷʭ R5Pd2 (R = Tb, Dy, Ho) ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʘʭ, ʧʨʝʚʳʰʘʶʱʠʭ ʪʝʤʧʝʨʘʪʫʨʳ ʟʘʤʝʨʟʘʥʠʷ Ὕ ʚ 2-3 ʨʘʟʘ. ɺʝʣʠʯʠʥʳ 

ʵʬʬʝʢʪʠʚʥʳʭ ʤʘʛʥʠʪʥʳʭ ʤʦʤʝʥʪʦʚ (ʩʤʦʪʨʠ ʪʘʙʣʠʮʫ 1.7), ʨʘʩʩʯʠʪʘʥʥʳʝ ʠʟ 

ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʦʙʨʘʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ, ʧʨʝʚʳʰʘʶʪ 

ʪʝʦʨʝʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʩʚʦʙʦʜʥʳʭ ʠʦʥʦʚ ʜʣʷ ʚʩʝʭ ʩʦʝʜʠʥʝʥʠʡ R5Pd2 ʢʨʦʤʝ 

ʩʦʝʜʠʥʝʥʠʷ ʩ Tm. ɹʳʣ ʩʜʝʣʘʥ ʚʳʚʦʜ, ʯʪʦ ʟʘʚʳʰʝʥʠʝ ʟʥʘʯʝʥʠʡ ʵʬʬʝʢʪʠʚʥʳʭ 

ʤʘʛʥʠʪʥʳʭ ʤʦʤʝʥʪʦʚ, ʦʧʨʝʜʝʣʝʥʥʳʭ ʠʟ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʩʚʷʟʘʥʦ ʩ ʩʫʱʝʩʪʚʦʚʘʥʠʝʤ 

ʙʣʠʞʥʝʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʨʷʜʢʘ, ʩʦʭʨʘʥʷʶʱʝʛʦʩʷ ʚʧʣʦʪʴ ʜʦ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ, 

ʧʨʝʚʳʰʘʶʱʠʭ ʪʝʤʧʝʨʘʪʫʨʳ ʟʘʤʝʨʟʘʥʠʷ Ὕ ʚ 2-3 ʨʘʟʘ. ɼʘʥʥʳʡ ʚʳʚʦʜ 

ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʦʨʦʰʢʦʚʦʡ ʜʠʬʨʘʢʮʠʠ ʥʝʡʪʨʦʥʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʥʘ 

ʩʦʝʜʠʥʝʥʠʷʭ Ho5Pd2 ʠ Tb5Pd [25, 26]. ʂʨʦʤʝ ʪʦʛʦ, ʩʧʠʥʦʚʳʝ ʬʣʫʢʪʫʘʮʠʠ, 

ʠʥʜʫʮʠʨʦʚʘʥʥʳʤʠ f-d ʦʙʤʝʥʥʳʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʚ 4d-ʟʦʥʝ Pd ʤʦʛʫʪ ʪʘʢʞʝ 

ʧʨʠʚʦʜʠʪʴ ʢ ʟʘʚʳʰʝʥʠʶ ʟʥʘʯʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ [68]. ɼʣʷ 

ʚʩʝʭ ʠʥʪʝʨʤʝʪʘʣʣʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ R5Pd2 ʫʩʪʘʥʦʚʣʝʥʦ ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʟʥʘʯʝʥʠʝ 

ɗp (ʩʤʦʪʨʠ ʪʘʙʣʠʮʫ 1.3), ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʢʦʥʢʫʨʝʥʮʠʶ ʦʙʤʝʥʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ 

ʨʘʟʥʳʭ ʟʥʘʢʦʚ ʠ ʧʨʝʦʙʣʘʜʘʥʠʝ ʬʝʨʨʦʤʘʛʥʠʪʥʳʭ ʦʙʤʝʥʦʚ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʧʘʨʘʤʝʪʨʳ 

ʬʨʫʩʪʨʘʮʠʠ Ὢ — Ὕϳ  ʜʣʷ ʩʦʝʜʠʥʝʥʠʡ R5Pd2 (R = Tb, Dy, Ho, Er) ʦʢʘʟʘʣʠʩʴ 
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ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ ʟʥʘʯʝʥʠʡ ʜʣʷ ʪʠʧʠʯʥʳʭ ʥʝʤʝʪʘʣʣʠʯʝʩʢʠʭ ʬʨʫʩʪʨʠʨʦʚʘʥʥʳʭ 

ʤʘʛʥʝʪʠʢʦʚ [104]. 

 

ɸʚʪʦʨʳ ʨʘʙʦʪʳ [25] ʦʙʲʷʩʥʷʶʪ ʵʪʦ ʜʝʡʩʪʚʠʝʤ ʚʟʘʠʤʥʦʡ ʢʦʥʢʫʨʝʥʮʠʠ ʌʄ ʠ 

ɸʌʄ ʦʙʤʝʥʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʚ ʤʘʛʥʠʪʥʦʡ ʧʦʜʩʠʩʪʝʤʝ. ʊʘʢ ʞʝ, ʚ ʨʘʙʦʪʝ [97] 

ʘʚʪʦʨʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʩʦʜʝʨʞʘʥʠʷ Ho ʚ ʪʚʸʨʜʦʤ ʨʘʩʪʚʦʨʝ Ho5+xPd2  

πȢτ  ὼ  πȢτ ʠʜʸʪ ʪʝʥʜʝʥʮʠʷ ʨʦʩʪʘ ʟʥʘʯʝʥʠʡ ʵʬʬʝʢʪʠʚʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ 

ʤʦʤʝʥʪʘ ‘  ʠ ʧʘʨʘʤʘʛʥʠʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʂʶʨʠ. ɸʚʪʦʨʳ ʟʘʢʣʶʯʘʶʪ ʯʪʦ ʨʦʩʪ 

ʟʥʘʯʝʥʠʷ ɗp ʩʚʷʟʘʥ ʩ ʫʩʠʣʝʥʠʝʤ ʬʝʨʨʦʤʘʛʥʠʪʥʦʡ ʩʚʷʟʠ ʤʝʞʜʫ ʢʦʨʨʝʣʠʨʦʚʘʥʥʳʤʠ 

ʩʧʠʥʘʤʠ. 

ʅʘ ʨʠʩʫʥʢʝ 1.19 ʧʦʢʘʟʘʥʳ ʧʦʣʝʚʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ Ho5Pd2 ʠ 

Er5Pd2, ʦʧʫʙʣʠʢʦʚʘʥʥʳʝ ʚ ʨʘʙʦʪʘʭ [25, 26]. ɸʚʪʦʨʳ ʦʪʤʝʯʘʶʪ, ʯʪʦ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ 

ʥʝ ʜʦʩʪʠʛʘʝʪ ʥʘʩʳʱʝʥʠʷ ʜʘʞʝ ʚ ʩʠʣʴʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ ʜʦ 90 ʢʕ. ʇʨʦʚʝʜʝʥʥʘʷ 

ʦʮʝʥʢʘ ʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ ʥʘ ʨʝʜʢʦʟʝʤʝʣʴʥʳʡ ʠʦʥ Ho3+ ʧʦ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʚ 

ʤʘʢʩʠʤʘʣʴʥʦʤ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ 90 ʢʕ ʩʦʩʪʘʚʠʣʘ  ͯψȢψ ‘, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʴʰʝ 

ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʟʥʘʯʝʥʠʷ Ὣὐ(Ï ρπ ‘. ɸʥʘʣʦʛʠʯʥʳʡ ʨʝʟʫʣʴʪʘʪ ʧʦʣʫʯʝʥ ʠ ʜʣʷ 

ʠʦʥʘ Er3+. ɸʚʪʦʨʳ ʩʚʷʟʳʚʘʶʪ ʦʪʩʫʪʩʪʚʠʝ ʥʘʩʳʱʝʥʠʷ ʚ ʙʦʣʴʰʠʭ ʧʦʣʷʭ ʩ ʧʨʦʮʝʩʩʦʤ 

ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ ʚ ʩʠʩʪʝʤʝ ʪʠʧʘ ʢʣʘʩʪʝʨʥʦʛʦ ʩʪʝʢʣʘ ʩ ʜʦʩʪʘʪʦʯʥʦ ʩʠʣʴʥʦʡ 

 

ʈʠʩʫʥʦʢ 1.18 ï ʊʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ 

ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʦʙʨʘʟʮʦʚ (ʘ) Ho5Pd2 ʠ (ʙ) Tb5Pd2, ʠʟʤʝʨʝʥʥʳʝ ʚ ʧʦʣʝ 1 ʢʕ. 

ʊʝʤʧʝʨʘʪʫʨʥʘ ̫ʟʘʚʠʩʠʤʦʩʪ ɹ(ʚ) ʨʝʘʣʴʥʦʡ ʠ (ʛ) ʤʥʠʤʦʡ ʢʦʤʧʦʥʝʥʪ ʤʘʛʥʠʪʥʦʡ 

ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʩʦʝʜʠʥʝʥʠʷ Ho5Pd2 ʚ ʦʩʮʠʣʣʠʨʫʶʱʝʤ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ [25] 
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ʩʣʫʯʘʡʥʦʡ ʤʘʛʥʠʪʥʦʡ ʘʥʠʟʦʪʨʦʧʠʝʡ (ʉʄɸ). ɺ ʩʣʫʯʘʝ ʉʄɸ, ʥʝʦʙʭʦʜʠʤʦ ʙʦʣʴʰʦʝ 

ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʜʣʷ ʧʨʝʦʜʦʣʝʥʠʷ ʧʦʪʝʥʮʠʘʣʴʥʦʛʦ ʙʘʨʴʝʨʘ ʩʣʫʯʘʡʥʦ 

ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʣʦʢʘʣʴʥʳʭ ʣʝʛʢʠʭ ʦʩʝʡ, ʯʪʦʙʳ ʧʦʣʥʦʩʪʴʶ ʥʘʩʳʪʠʪʴ ʚʩʝ ʢʣʘʩʪʝʨʳ 

ʚʜʦʣʴ ʥʘʧʨʘʚʣʝʥʠʷ ʚʥʝʰʥʝʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ʇʦʭʦʞʝʝ ʧʦʚʝʜʝʥʠʝ ʥʘʙʣʶʜʘʣʦʩʴ ʠ 

ʚ ʩʠʩʪʝʤʝ ʥʘ ʦʩʥʦʚʝ Dy c ʟʘʤʝʱʝʥʠʝʤ ʧʦ ʧʦʜʨʝʰʝʪʢʝ ʧʝʨʝʭʦʜʥʦʛʦ ʤʝʪʘʣʣʘ  

Dy5Pd2-xNix [99] ʠ ʚ ʩʠʩʪʝʤʘʭ ʢʣʘʩʪʝʨʥʦʛʦ ʩʪʝʢʣʘ CeNi1īxCux [105]. ɸʚʪʦʨʳ ʨʘʙʦʪ 

[26] ʪʘʢʞʝ ʫʢʘʟʳʚʘʶʪ ʥʘ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʵʬʬʝʢʪʘ çʧʘʤʷʪʠè, ʥʘʙʣʶʜʘʝʤʦʛʦ ʥʘ ZFC-

ʢʨʠʚʳʭ ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʩʦʝʜʠʥʝʥʠʷ Er5Pd2. ɼʘʥʥʳʡ ʵʬʬʝʢʪ ʷʚʣʷʝʪʩʷ 

ʭʘʨʘʢʪʝʨʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʩʧʠʥ-ʩʪʝʢʦʣʴʥʳʭ ʩʠʩʪʝʤ ʠ ʦʪʨʘʞʘʝʪ ʠʝʨʘʨʭʠʯʥʦʩʪʴ 

ʤʥʦʛʦʦʙʨʘʟʠʷ ʤʘʛʥʠʪʥʳʭ ʤʝʪʘʩʪʘʙʠʣʴʥʳʭ ʩʦʩʪʦʷʥʠʡ, ʷʚʣʷʶʱʠʭʩʷ ʬʫʥʢʮʠʝʡ 

ʪʝʤʧʝʨʘʪʫʨʳ. ʂʘʢ ʫʞʝ ʫʧʦʤʠʥʘʣʦʩʴ ʚʳʰʝ, ʜʣʷ ʧʨʦʚʝʨʢʠ ʦʪʩʫʪʩʪʚʠʷ ʜʘʣʴʥʝʛʦ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʨʷʜʢʘ ʥʘ ʩʦʝʜʠʥʝʥʠʷʭ Ho5Pd2 ʠ Tb5Pd2 ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ 

ʥʝʡʪʨʦʥʦʛʨʘʬʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚ ʰʠʨʦʢʦʤ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ [25]. 

 

 

 

ʈʠʩʫʥʦʢ 1.19 ï ʂʨʠʚʘʷ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʦʙʨʘʟʮʦʚ (ʘ) 

Ho5Pd2 ʠ (ʙ) Er5Pd2 [25, 26] 

 

 

ʈʠʩʫʥʦʢ 1.20 ï ʅʝʡʪʨʦʥʦʛʨʘʤʤʳ ʩʥʷʪʳʝ ʩ ʠʟʤʝʥʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨ ʦʪ 2 ʂ ʜʦ 140 

ʂ ʜʣʷ (ʘ) Ho5Pd2 ʠ ʜʣʷ (ʙ) Tb5Pd2 [25] 
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ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʥʝʡʪʨʦʥʦʛʨʘʬʠʠ (ʩʤʦʪʨʠ ʨʠʩʫʥʦʢ 1.20) ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 

ʚʳʰʝ ʪʝʤʧʝʨʘʪʫʨʳ ʟʘʤʝʨʟʘʥʠʷ Ὕ ʜʣʷ ʦʙʦʠʭ ʩʦʝʜʠʥʝʥʠʡ ʥʘʙʣʶʜʘʝʪʩʷ ʰʠʨʦʢʠʡ 

ʜʠʬʬʫʟʥʳʡ ʤʘʢʩʠʤʫʤ ʚ ʦʙʣʘʩʪʠ ʤʘʣʳʭ ʧʝʨʝʜʘʥʥʳʭ ʠʤʧʫʣʴʩʦʚ. ɸʚʪʦʨʳ ʨʘʙʦʪʳ 

ʩʚʷʟʳʚʘʶʪ ʜʘʥʥʳʡ ʤʘʢʩʠʤʫʤ ʩ ʟʘʨʦʞʜʝʥʠʝʤ ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʳʭ ʢʣʘʩʪʝʨʦʚ, 

ʢʦʪʦʨʳʝ ʩʦʭʨʘʥʷʶʪʩʷ ʚʧʣʦʪʴ ʜʦ ʩʘʤʳʭ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʳ Ὕ  ς K. ʇʨʠ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʥʠʞʝ Ὕ σπ ʂ ʥʘ ʥʝʡʪʨʦʥʦʛʨʘʤʤʘʭ ʥʘʙʣʶʜʘʝʪʩʷ ʨʝʟʢʠʡ ʨʦʩʪ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʬʦʥʘ ʦʢʦʣʦ ς—ͯ σȢυЈ ʠ ʧʦʷʚʣʝʥʠʝ ʥʫʣʝʚʦʛʦ ʩʘʪʝʣʣʠʪʘ πππ. 

ɸʚʪʦʨʳ ʫʢʘʟʳʚʘʶʪ, ʯʪʦ ʫʛʣʦʚʦʝ ʧʦʣʦʞʝʥʠʝ ʥʫʣʝʚʦʛʦ ʩʘʪʝʣʣʠʪʘ ʦʧʠʩʳʚʘʝʪʩʷ 

ʚʦʣʥʦʚʳʤ ʚʝʢʪʦʨʦʤ ▓ ‘ ‘ ‘, ʛʜʝ ‘ πȢρψ, ʦʜʥʘʢʦ ʧʨʠ ʵʪʦʤ ʜʨʫʛʠʝ ʜʠʬʬʫʟʥʳʝ 

ʤʘʛʥʠʪʥʳʝ ʧʠʢʠ ʥʝʚʦʟʤʦʞʥʦ ʦʧʠʩʘʪʴ ʜʘʥʥʳʤ ʚʦʣʥʦʚʳʤ ʚʝʢʪʦʨʦʤ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʥʝʡʪʨʦʥ-ʜʠʬʨʘʢʮʠʦʥʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ ʥʘ ʧʦʨʦʰʢʝ ʦʢʘʟʳʚʘʝʪʩʷ ʤʘʣʦʠʥʬʦʨʤʘʪʠʚʝʥ 

ʠ ʘʚʪʦʨʳ ʜʝʣʘʶʪ ʚʳʚʦʜ ʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʨʦʚʝʜʝʥʠʷ ʥʝʡʪʨʦʥ-ʜʠʬʨʘʢʮʠʦʥʥʦʛʦ 

ʵʢʩʧʝʨʠʤʝʥʪʘ ʥʘ ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʤ ʦʙʨʘʟʮʝ. 

  



62 

 

 

1.6.3 ʊʝʧʣʦʚʳʝ ʩʚʦʡʩʪʚʘ ʩʦʝʜʠʥʝʥʠʡ R5Pd2 

 

ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʙʠʥʘʨʥʳʝ ʨʝʜʢʦʟʝʤʝʣʴʥʳʝ ʠʥʪʝʨʤʝʪʘʣʣʠʜʳ ʩʦ 

ʩʣʦʞʥʳʤʠ ʤʘʛʥʠʪʥʳʤʠ ʬʘʟʦʚʳʤʠ ʜʠʘʛʨʘʤʤʘʤʠ ʷʚʣʷʶʪʩʷ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʤʠ 

ʦʙʲʝʢʪʘʤʠ ʜʣʷ ʤʘʛʥʠʪʦʢʨʠʦʛʝʥʥʦʡ ʪʝʭʥʠʢʠ, ʧʦʩʢʦʣʴʢʫ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ 

ʧʣʦʪʥʦʩʪʴʶ ʤʘʛʥʠʪʦʘʢʪʠʚʥʳʭ ʘʪʦʤʦʚ ʠ ʙʦʣʴʰʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʤʘʛʥʠʪʥʳʭ 

ʤʦʤʝʥʪʦʚ [16, 26, 83, 97, 99, 103, 106-116]. ʉʦʝʜʠʥʝʥʠʷ R5Pd2 ʥʝ ʷʚʣʷʶʪʩʷ 

ʠʩʢʣʶʯʝʥʠʝʤ ʠ ʧʦʤʠʤʦ ʫʢʘʟʘʥʥʳʭ ʬʘʢʪʦʨʦʚ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʠʭ 

ʤʘʛʥʠʪʦʪʝʧʣʦʚʳʝ ʩʚʦʡʩʪʚʘ ʦʢʘʟʳʚʘʝʪ ʥʘʣʠʯʠʝ ʢʣʘʩʪʝʨʦʚ ʩ ʙʣʠʞʥʠʤ 

ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʳʤ ʧʦʨʷʜʢʦʤ, ʚ ʰʠʨʦʢʦʤ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ, ʦʪʩʫʪʩʪʚʠʝ 

ʜʘʣʴʥʝʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʨʷʜʢʘ ʠ ʟʥʘʯʠʪʝʣʴʥʳʡ ʪʝʨʤʦʤʘʛʥʠʪʥʳʡ ʛʠʩʪʝʨʝʟʠʩ ʚ 

ʦʙʣʘʩʪʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ. ɹʣʘʛʦʜʘʨʷ ʧʦʜʦʙʥʦʤʫ ʩʦʯʝʪʘʥʠʶ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ 

ʧʦʜʦʙʥʳʝ ʩʠʩʪʝʤʳ ʷʚʣʷʶʪʩʷ ʭʦʨʦʰʠʤʠ ʢʦʥʢʫʨʝʥʪʘʤʠ ʪʨʘʜʠʮʠʦʥʥʳʤ 

ʧʘʨʘʤʘʛʥʠʪʥʳʤ ʩʠʩʪʝʤʘʤ, ʠʩʧʦʣʴʟʫʝʤʳʤ ʚ ʤʘʛʥʠʪʦʢʨʠʦʛʝʥʥʦʡ ʪʝʭʥʠʢʝ ʜʣʷ 

ʦʭʣʘʞʜʝʥʠʷ ʚ ʦʙʣʘʩʪʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ. ɺ ʯʘʩʪʥʦʩʪʠ, T. ʉʘʤʘʥʪʘ ʠ ʩʦʘʚʪʦʨʳ 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʥʘ ʩʦʝʜʠʥʝʥʠʠ Ho5Pd2 ʥʘʙʣʶʜʘʝʪʩʷ ʛʠʛʘʥʪʩʢʠʡ ʤʘʛʥʠʪʦʢʘʣʦʨʠʯʝʩʢʠʡ 

ʵʬʬʝʢʪ ʩ ʨʝʢʦʨʜʥʦʡ ʭʣʘʜʦʝʤʢʦʩʪʴʶ ʚ ʦʙʣʘʩʪʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ [103]. ʅʘ ʨʠʩʫʥʢʝ 

1.21 ʧʨʝʜʩʪʘʚʣʝʥʳ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʠʟʦʪʝʨʤʠʯʝʩʢʦʛʦ ʠʟʤʝʥʝʥʠʷ 

ʤʘʛʥʠʪʥʦʡ ʵʥʪʨʦʧʠʠ Ho5Pd2 ʚ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ ʜʦ 7 ʊʣ. ʈʘʩʩʯʠʪʘʥʥʘʷ ʚʝʣʠʯʠʥʘ 

ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʦʭʣʘʞʜʘʶʱʝʡ ʤʦʱʥʦʩʪʠ ʩʦʩʪʘʚʣʷʝʪ 6.32 ɼʞ/ʩʤ3 ʜʣʷ ʠʟʤʝʥʝʥʠʷ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ 5 ʊʣ, ɺ ʨʘʙʦʪʝ [97] ʘʚʪʦʨʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚʝʣʠʯʠʥʘ ʭʣʘʜʦʝʤʢʦʩʪʠ 

ʤʝʥʷʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʜʝʨʞʘʥʠʷ ʨʝʜʢʦʟʝʤʝʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ R ʚ 

ʥʝʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʦʤ ʪʚʝʨʜʦʤ ʨʘʩʪʚʦʨʝ Ho5+xPd2, ʠ ʧʨʠ ʠʟʙʳʪʦʯʥʦʤ ʩʦʜʝʨʞʘʥʠʠ 

Ho (ὼ  πȢτ) ʜʦʩʪʠʛʘʝʪ ʙʦʣʝʝ ʚʳʩʦʢʦʛʦ ʟʥʘʯʝʥʠʷ 7.6 ɼʞ/ʩʤ3. ɻʠʛʘʥʪʩʢʠʡ 

ʤʘʛʥʠʪʦʢʘʣʦʨʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʚ Ho5+xPd2 ʩ ʙʦʣʴʰʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ὼ ʘʚʪʦʨʳ 

ʩʚʷʟʳʚʘʶʪ ʩ ʫʩʠʣʝʥʠʝʤ ʬʝʨʨʦʤʘʛʥʠʪʥʦʛʦ ʦʙʤʝʥʘ ʤʝʞʜʫ ʩʦʩʝʜʥʠʤʠ ʘʪʦʤʘʤʠ R. 

ɺ ʨʘʙʦʪʝ ʄ. ʐʘʨʤʘ ʠ ʩʦʘʚʪʦʨʳ [26] ʧʦʢʘʟʘʣʠ, ʯʪʦ ʩʦʝʜʠʥʝʥʠʝ Er5Pd2 

ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʛʠʛʘʥʪʩʢʠʡ ʤʘʛʥʠʪʦʢʘʣʦʨʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʚ ʰʠʨʦʢʦʤ ʠʥʪʝʨʚʘʣʝ 

ʪʝʤʧʝʨʘʪʫʨ. ʈʘʩʩʯʠʪʘʥʥʦʝ ʤʘʢʩʠʤʘʣʴʥʦʝ ʠʟʤʝʥʝʥʠʝ ʠʟʦʪʝʨʤʠʯʝʩʢʦʡ ʤʘʛʥʠʪʥʦʡ 

ʵʥʪʨʦʧʠʠ ʩʦʩʪʘʚʠʣʦ ЎὛ̍ ρωȢψ ˑ  ̠̇Ⱦ̋  ̄ʜʣʷ ʠʟʤʝʥʝʥʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʜʦ 7 

ʊʣ. ʇʨʠ ʵʪʦʤ, ʚʝʣʠʯʠʥʘ RC ʦʮʝʥʝʥʘ ʢʘʢ ψȢχσ ˑ Ⱦ̇̒ .̍ ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ 1.22, 

ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʠʟʦʪʝʨʤʠʯʝʩʢʦʛʦ ʠʟʤʝʥʝʥʠʷ ʵʥʪʨʦʧʠʠ ʜʝʤʦʥʩʪʨʠʨʫʶʪ 

ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʥʠʞʝ 8 ʂ. ɸʚʪʦʨʳ ʨʘʙʦʪʳ ʩʚʷʟʳʚʘʶʪ 

ʪʘʢʦʝ ʧʦʚʝʜʝʥʠʝ ʩ ʥʝʙʦʣʴʰʠʤ ʦʙʨʘʪʥʳʤ ʤʘʛʥʠʪʦʢʘʣʦʨʠʯʝʩʢʠʤ ʵʬʬʝʢʪʦʤ, 

ʚʦʟʥʠʢʘʶʱʠʤ ʠʟ-ʟʘ ʧʝʨʝʩʪʨʦʡʢʠ ʩʫʧʝʨʩʧʠʥʦʚʦʛʦ (ʢʣʘʩʪʝʨʥʦʛʦ) ʫʧʦʨʷʜʦʯʝʥʠʷ. 
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ʈʠʩʫʥʦʢ 1.21 ï (ʘ) ʊʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʠʟʦʪʝʨʤʠʯʝʩʢʦʛʦ ʠʟʤʝʥʝʥʠʷ 

ʤʘʛʥʠʪʥʦʡ ʵʥʪʨʦʧʠʠ ЎὛ̍ Ὕ ʨʘʩʩʯʠʪʘʥʥʳʭ ʚ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ ʜʦ 7 ʊʣ. ʅʘ 

ʚʩʪʘʚʢʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ 

ʠʟʦʪʝʨʤʠʯʝʩʢʦʛʦ ʠʟʤʝʥʝʥʠʷ ʤʘʛʥʠʪʥʦʡ ʵʥʪʨʦʧʠʠ ЎὛ  ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʜʣʷ Ho5Pd2, ʯʠʩʪʦʛʦ Gd ʠ Gd5Si2Ge2. (ʙ) ɿʥʘʯʝʥʠʷ ʦʭʣʘʞʜʘʶʱʝʡ 

ʤʦʱʥʦʩʪʠ RC ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ Tm ʜʣʷ Ho5Pd2 ʠ ʜʨʫʛʠʭ ʥʘʠʙʦʣʝʝ ʠʟʚʝʩʪʥʳʭ 

ʤʘʪʝʨʠʘʣʘʭ [103] 

 

ʈʠʩʫʥʦʢ 1.22 ï ʊʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʤʘʛʥʠʪʥʦʡ ʵʥʪʨʦʧʠʠ ЎὛ̍ Ὕ 

ʩʦʝʜʠʥʝʥʠʷ Er5Pd2 ʨʘʩʩʯʠʪʘʥʥʳʭ ʚ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ ʜʦ 7 ʊʣ (ʨʘʩʩʯʠʪʘʥʥʳʝ ʧʦ 

ʠʟʦʪʝʨʤʘʤ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ). ʅʘ ʚʩʪʘʚʢʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʧʦʣʝʚʘʷ ʟʘʚʠʩʠʤʦʩʪʴ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʦʭʣʘʞʜʘʶʱʝʡ ʤʦʱʥʦʩʪʠ [26] 



64 

 

 

ʊʝʨʤʦʜʠʥʘʤʠʢʘ ʤʘʛʥʠʪʦʢʘʣʦʨʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ ʚ ʤʘʪʝʨʠʘʣʘʭ ʦʧʠʩʘʥʘ ʚ 

ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʨʘʙʦʪʝ [117]. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʳʝ 

ʠʟʤʝʥʝʥʠʷ ʪʝʧʣʦʝʤʢʦʩʪʠ ʧʨʠ ʧʨʠʣʦʞʝʥʠʠ ʚʥʝʰʥʝʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʧʨʠʚʦʜʷʪ ʢ 

ʙʦʣʴʰʦʡ ʚʝʣʠʯʠʥʝ ʠʟʦʪʝʨʤʠʯʝʩʢʦʛʦ ʠʟʤʝʥʝʥʠʷ ʵʥʪʨʦʧʠʠ ЎὛ Ὕ. ʉ ʜʨʫʛʦʡ 

ʩʪʦʨʦʥʳ, ʚʳʩʦʢʘʷ ʘʙʩʦʣʶʪʥʘʷ ʪʝʧʣʦʝʤʢʦʩʪʴ ʷʚʣʷʝʪʩʷ ʥʝʛʘʪʠʚʥʳʤ ʬʘʢʪʦʨʦʤ, 

ʧʦʩʢʦʣʴʢʫ ʫʤʝʥʴʰʘʝʪ ʚʝʣʠʯʠʥʫ ʘʜʠʘʙʘʪʠʯʝʩʢʦʛʦ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ЎὝ Ὕ 

ʧʨʠ ʤʘʛʥʠʪʦʢʘʣʦʨʠʯʝʩʢʦʤ ʵʬʬʝʢʪʝ. ʆʪʤʝʪʠʤ ʪʘʢʞʝ, ʯʪʦ ʚ ʨʘʙʦʪʝ ʂ. ɻʰʥʘʡʜʥʝʨ ʠ 

ʩʦʘʚʪʦʨʦʚ [118] ʚʳʜʝʣʷʶʪ ʯʝʪʳʨʝ ʦʩʥʦʚʥʳʭ ʬʘʢʪʦʨʘ, ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʟʘ ʚʝʣʠʯʠʥʫ 

ʤʘʛʥʠʪʥʦʡ ʪʝʧʣʦʸʤʢʦʩʪʠ ʚʙʣʠʟʠ ʪʝʤʧʝʨʘʪʫʨʳ ʤʘʛʥʠʪʥʦʛʦ ʫʧʦʨʷʜʦʯʝʥʠʷ:  

¶ ʚʝʣʠʯʠʥʘ ʤʘʛʥʠʪʥʦʡ ʵʥʪʨʦʧʠʠ ʪʝʦʨʝʪʠʯʝʩʢʠ ʜʦʩʪʫʧʥʦʡ ʚ ʤʘʛʥʠʪʥʦʡ 

ʧʦʜʩʠʩʪʝʤʝ ʤʘʪʝʨʠʘʣʘ Ὓ ὯϽÌÎ ςὐ ρ; 

¶ ʚʝʣʠʯʠʥʘ ʬʘʢʪʦʨʘ ʜʝ ɾʝʥʥʘ; 

¶ ʬɻʬʝʢʪ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʧʦʣʷ, ʚʳʨʘʞʘʶʱʠʡʩʷ ʚ ʚʠʜʝ ʰʠʨʦʢʦʡ ʘʥʦʤʘʣʠʠ 

ʐʦʪʪʢʠ ʥʘ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʪʝʧʣʦʝʤʢʦʩʪʠ; 

¶ ʜʘʣʴʥʦʜʝʡʩʪʚʫʶʱʝʝ ʢʦʩʚʝʥʥʦʝ ʦʙʤʝʥʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʪʠʧʘ ʈʂʂʀ, 

ʚʳʟʳʚʘʶʱʝʝ ʵʬʬʝʢʪʳ ʤʘʛʥʠʪʥʦʛʦ ʫʧʦʨʷʜʦʯʝʥʠʷ ʚ ʤʘʛʥʠʪʥʳʭ ʤʘʪʝʨʠʘʣʘʭ. 

ʀʩʭʦʜʷ ʠʟ ɻ ʪʠʭ ʫʩʣʦʚʠʡ, ʚ ʙʠʥʘʨʥʳʭ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʠʥʪʝʨʤʝʪʘʣʣʠʜʘʭ R5Pd2 

ʩ ʪʷʞʝʣʳʤʠ ʨʝʜʢʦʟʝʤʝʣʴʥʳʤʠ ʠʦʥʘʤʠ Ho, Er ʤʦʞʥʦ ʦʞʠʜʘʪʴ ʚʳʩʦʢʠʭ ʟʥʘʯʝʥʠʡ 

ʪʝʧʣʦʝʤʢʦʩʪʠ ʚ ʦʙʣʘʩʪʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ. ʆʪʤʝʪʠʤ ʪʘʢʞʝ, ʯʪʦ ʤʘʪʝʨʠʘʣʳ ʩ 

ʚʳʩʦʢʦʡ ʪʝʧʣʦʝʤʢʦʩʪʴʶ ʚ ʦʙʣʘʩʪʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʠʥʪʝʨʝʩʥʳ ʩʘʤʠ ʧʦ ʩʝʙʝ ʚʥʝ 

ʢʦʥʪʝʢʩʪʘ ʤʘʛʥʠʪʦʢʘʣʦʨʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ. ʇʦʜʦʙʥʳʝ ʤʘʪʝʨʠʘʣʳ ʚʦʩʪʨʝʙʦʚʘʥʳ ʧʨʠ 

ʩʦʟʜʘʥʠʠ ʨʝʛʝʥʝʨʘʪʦʨʦʚ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʭʦʣʦʜʠʣʴʥʳʭ ʫʩʪʘʥʦʚʢʘʭ, ʨʘʙʦʪʘʶʱʠʭ ʧʦ 

ʩʭʝʤʝ ʉʪʨʠʣʠʥʛʘ, ʧʦ ʩʭʝʤʝ ʩ ʧʫʣʴʩʠʨʫʶʱʝʡ ʪʨʫʙʦʡ ʠʣʠ ʧʦ ʩʭʝʤʝ ɻʠʬʬʦʨʜʘ-

ʄʘʢʤʘʛʦʥʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʥʠʞʝ 40 K. ɺ ʯʘʩʪʥʦʩʪʠ, ʚ ʪʘʢʠʭ ʨʝʬʨʠʞʝʨʘʪʦʨʘʭ 

ʨʘʙʦʯʠʡ ʛʘʟ ʧʨʠ ʚʳʩʦʢʦʤ ʜʘʚʣʝʥʠʠ ʜʚʠʞʝʪʩʷ ʯʝʨʝʟ ʧʦʨʠʩʪʫʶ ʩʪʨʫʢʪʫʨʫ 

ʨʝʛʝʥʝʨʘʪʦʨʘ, ʦʙʤʝʥʠʚʘʷʩʴ ʪʝʧʣʦʤ ʩ ʤʘʪʝʨʠʘʣʦʤ ʨʝʛʝʥʝʨʘʪʦʨʘ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ 

ʨʘʙʦʪʳ ʨʝʬʨʠʞʝʨʘʪʦʨʦʚ ʚ ʦʙʣʘʩʪʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʞʘʝʪʩʷ ʠʟ-

ʟʘ ʧʘʜʝʥʠʷ ʪʝʧʣʦʝʤʢʦʩʪʠ ʤʘʪʝʨʠʣʘ ʨʝʛʝʥʝʨʘʪʦʨʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʨʝʪʴʠʤ ʥʘʯʘʣʦʤ 

ʪʝʨʤʦʜʠʥʘʤʠʢʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʳʩʦʢʘʷ ʪʝʧʣʦʝʤʢʦʩʪʴ ʤʘʪʝʨʠʘʣʘ ʨʝʛʝʥʝʨʘʪʦʨʘ 

ʷʚʣʷʝʪʩʷ ʢʨʠʪʠʯʝʩʢʠʤ ʧʘʨʘʤʝʪʨʦʤ ʜʣʷ ʨʝʬʨʠʞʝʨʘʪʦʨʦʚ, ʨʘʙʦʪʘʶʱʠʭ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʘʭ Ὕ τπ + [119]. 

ʆʪʤʝʪʠʤ, ʯʪʦ ʜʝʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʪʝʧʣʦʝʤʢʦʩʪʠ ʩʦʝʜʠʥʝʥʠʡ R5Pd2 ʥʝ 

ʧʨʦʚʦʜʠʣʦʩʴ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʚ ʣʠʪʝʨʘʪʫʨʝ ʦʧʫʙʣʠʢʦʚʘʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʪʝʧʣʦʝʤʢʦʩʪʠ 

ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʜʣʷ ʩʠʩʪʝʤ ʩ R = Dy ʠ Ho [113, 120]. ɺ ʯʘʩʪʥʦʩʪʠ, ʚ ʨʘʙʦʪʝ [120] 

ʘʚʪʦʨʳ ʧʨʦʚʝʣʠ ʨʘʟʜʝʣʝʥʠʝ ʦʩʥʦʚʥʳʭ ʚʢʣʘʜʦʚ ʚ ʪʝʧʣʦʸʤʢʦʩʪʴ ʩʦʝʜʠʥʝʥʠʷ Dy5Pd2. 

ʊʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʪʝʧʣʦʸʤʢʦʩʪʠ ʙʳʣʘ ʦʧʠʩʘʥʘ ʢʦʤʙʠʥʘʮʠʝʡ ʪʨʝʭ 

ʚʢʣʘʜʦʚ: 
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 ὅὝ ‎Ὕ ὅ „ὝȾ . (1.37) 

ɸʧʧʨʦʢʩʠʤʘʮʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʚʳʨʘʞʝʥʠʝʤ (1.37) ʧʦʟʚʦʣʠʣʘ 

ʦʮʝʥʠʪʴ ʵʣʝʢʪʨʦʥʥʳʡ, ʨʝʰʝʪʦʯʥʳʡ ʠ ʤʘʛʥʠʪʥʳʡ ʚʢʣʘʜʳ ʚ ʪʝʧʣʦʝʤʢʦʩʪʴ. ɺ 

ʯʘʩʪʥʦʩʪʠ, ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ɿʦʤʤʝʨʬʝʣʴʜʘ ‎ χσρ ̍ˑȾ̇

̍̏̌ ̝̠ , ʪʝʤʧʝʨʘʪʫʨʳ ɼʝʙʘʷ ɡ ρσψ ʂ ʠ „ τω
̍ˑ̇

̝̠̍̏̌zȾ
. ɸʜʝʢʚʘʪʥʦʩʪʴ ʵʪʦʡ 

ʤʦʜʝʣʠ ʚʳʟʳʚʘʝʪ ʚʦʧʨʦʩʳ, ʧʦʩʢʦʣʴʢʫ ʩʪʦʣʴ ʚʳʩʦʢʦʝ ʟʥʘʯʝʥʠʝ ‎ χσρ ̍ˑȾ̇

̍̏̌ ̝̠  ʩʫʱʝʩʪʚʝʥʥʦ ʧʨʝʚʳʰʘʝʪ ʪʠʧʠʯʥʳʝ ʟʥʘʯʝʥʠʷ, ʥʘʙʣʶʜʘʝʤʳʝ ʚ ʙʠʥʘʨʥʳʭ 

ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʠʥʪʝʨʤʝʪʘʣʣʠʜʘʭ ʠ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʪʷʞʝʣʳʭ ʬʝʨʤʠʦʥʥʳʭ ʩʠʩʪʝʤ. 

ʊʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʪʝʧʣʦʝʤʢʦʩʪʠ ʦʧʫʙʣʠʢʦʚʘʥʳ ʜʣʷ ʩʦʝʜʠʥʝʥʠʡ ʩʝʨʠʠ 

Ho5Pd2-xNix ʚ ʨʘʙʦʪʝ [113]. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʘʚʪʦʨʳ ʦʛʨʘʥʠʯʠʣʠʩʴ ʣʠʰʴ ʢʘʯʝʩʪʚʝʥʥʳʤ 

ʘʥʘʣʠʟʦʤ ʜʘʥʥʳʭ ʠ ʜʝʪʘʣʴʥʳʡ ʢʦʣʠʯʝʩʪʚʝʥʥʳʡ ʘʥʘʣʠʟ ʩ ʨʘʟʜʝʣʝʥʠʝʤ ʚʢʣʘʜʦʚ ʚ 

ʪʝʧʣʦʝʤʢʦʩʪʴ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʥʝ ʧʨʦʚʦʜʠʣʩʷ. ʀʥʳʭ ʜʘʥʥʳʭ ʧʦ ʪʝʧʣʦʝʤʢʦʩʪʠ 

ʙʠʥʘʨʥʳʭ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʚ R5Pd2 ʚ ʣʠʪʝʨʘʪʫʨʝ ʥʝ ʦʙʥʘʨʫʞʝʥʦ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʦʣʠʯʝʩʪʚʝʥʥʳʡ ʘʥʘʣʠʟ ʩ ʨʘʟʜʝʣʝʥʠʝʤ ʚʢʣʘʜʦʚ ʚ ʪʝʧʣʦʝʤʢʦʩʪʴ 

ʩʦʝʜʠʥʝʥʠʷ Er5Pd2, ʘ ʪʘʢʞʝ ʠʟʫʯʝʥʠʝ ʚʣʠʷʥʠʷ ʚʥʝʰʥʝʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʥʘ 

ʚʝʣʠʯʠʥʫ ʪʝʧʣʦʝʤʢʦʩʪʠ ʚ ʦʙʣʘʩʪʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʷʚʣʷʝʪʩʷ ʠʥʪʝʨʝʩʥʦʡ ʠ 

ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ.  
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1.6.4 ʕʣʝʢʪʨʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʩʦʝʜʠʥʝʥʠʡ R5Pd2 

 

ʕʣʝʢʪʨʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʩʦʝʜʠʥʝʥʠʡ R5Pd2 ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʚ ʨʘʙʦʪʝ [102]. 

ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʵʣʝʢʪʨʦʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠʤʝʶʪ 

ʩʣʦʞʥʳʡ ʭʘʨʘʢʪʝʨ, ʜʝʤʦʥʩʪʨʠʨʫʷ ʘʥʦʤʘʣʠʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʩʦʚʧʘʜʘʶʱʠʭ ʩ 

ʪʝʤʧʝʨʘʪʫʨʘʤʠ ʭʘʨʘʢʪʝʨʥʳʭ ʘʥʦʤʘʣʠʡ ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʵʣʝʢʪʨʦʩʦʧʨʦʪʠʚʣʝʥʠʷ ʦʪʨʘʞʘʶʪ ʵʚʦʣʶʮʠʶ 

ʩʣʦʞʥʳʭ ʤʘʛʥʠʪʥʳʭ ʩʦʩʪʦʷʥʠʡ ʩʦʝʜʠʥʝʥʠʡ R5Pd2 ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ. ɺ 

ʨʘʙʦʪʝ ʩʜʝʣʘʥʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʵʬʬʝʢʪ ʤʘʛʥʠʪʥʦʡ ʩʫʧʝʨʟʦʥʳ, ʩʚʷʟʘʥʥʳʡ ʩ 

ʧʦʷʚʣʝʥʠʝʤ ʱʝʣʠ ʚ ʩʧʝʢʪʨʝ ʵʣʝʢʪʨʦʥʥʳʭ ʩʦʩʪʦʷʥʠʡ ʥʘ ʛʨʘʥʠʮʝ ʤʘʛʥʠʪʥʦʡ ʟʦʥʳ 

ɹʨʠʣʣʶʵʥʘ ʘʥʪʠʬʝʨʨʦʤʘʛʥʝʪʠʢʘ, ʤʦʞʝʪ ʦʢʘʟʳʚʘʪʴ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ 

ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʩʦʝʜʠʥʝʥʠʡ R5Pd2. 

 

 

ʈʠʩʫʥʦʢ 1.23 ï ʊʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʫʜʝʣʴʥʦʛʦ ʵʣʝʢʪʨʦʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ʠʥʪʝʨʤʝʪʘʣʣʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ R5Pd2 (R = Tb, Dy, Ho, Er) [102] 
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ɺ ʨʘʙʦʪʝ ʊ. ʇʘʨʘʤʘʥʠʢ ʠ ʩʦʘʚʪʦʨʦʚ [120] ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʠʟʤʝʨʝʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʵʣʝʢʪʨʦʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚ ʥʫʣʝʚʦʤ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʥʘ 

ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʦʤ ʦʙʨʘʟʮʝ ʩʦʝʜʠʥʝʥʠʷ Dy5Pd2. ɹʳʣʦ ʧʦʜʪʚʝʨʞʜʝʥʦ 

ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʤʠʥʠʤʫʤʘ ʥʘ rὝ (ʩʤʦʪʨʠʪʝ ʨʠʩʫʥʦʢ 1.24) ʠ ʧʨʝʜʣʦʞʝʥʘ 

ʘʣʴʪʝʨʥʘʪʠʚʥʘʷ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʘʥʦʤʘʣʴʥʦʛʦ ʧʦʚʝʜʝʥʠʷ ʵʣʝʢʪʨʦʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʣʷ 

ʩʦʝʜʠʥʝʥʠʡ R5Pd2. ɺ ʯʘʩʪʥʦʩʪʠ, ʙʳʣʦ ʧʨʝʜʧʦʣʦʞʝʥʦ, ʯʪʦ ʢʚʘʥʪʦʚʦʤʝʭʘʥʠʯʝʩʢʠʡ 

ʵʬʬʝʢʪ ʩʣʘʙʦʡ ʣʦʢʘʣʠʟʘʮʠʠ ʵʣʝʢʪʨʦʥʦʚ ʠ ʩʠʣʴʥʳʝ ʢʦʨʨʝʣʷʮʠʠ ʚ ʵʣʝʢʪʨʦʥʥʦʡ 

ʧʦʜʩʠʩʪʝʤʝ ʤʦʛʫʪ ʠʛʨʘʪʴ ʟʥʘʯʠʪʝʣʴʥʫʶ ʨʦʣʴ ʚ ʩʦʝʜʠʥʝʥʠʠ Dy5Pd2 ʠ ʧʨʠʚʦʜʠʪʴ ʢ 

ʩʥʠʞʝʥʠʶ ʵʣʝʢʪʨʦʩʦʧʨʦʪʠʚʣʝʥʠʷ ʩ ʨʦʩʪʦʤ ʪʝʤʧʝʨʘʪʫʨʳ ʜʦ 60 ʂ. 

 

ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʘʥʦʤʘʣʴʥʦʝ ʧʦʚʝʜʝʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʪʘʢ 

ʞʝ ʥʘʙʣʶʜʘʶʪʩʷ ʜʣʷ ʯʠʩʪʳʭ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʤʝʪʘʣʣʦʚ ʠ ʤʥʦʛʠʭ ʙʠʥʘʨʥʳʭ 

ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʚ ʩ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʨʝʜʢʦʟʝʤʝʣʴʥʦʛʦ 

ʵʣʝʤʝʥʪʘ. ɺ ʯʘʩʪʥʦʩʪʠ, ʤʘʢʩʠʤʫʤ ʥʘ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ 

ʵʣʝʢʪʨʦʩʦʧʨʦʪʠʚʣʝʥʠʷ ʥʘʙʣʶʜʘʣʩʷ ʜʣʷ ʪʷʞʝʣʳʭ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʤʝʪʘʣʣʦʚ Ho ʠ Dy 

ʚ ʨʘʙʦʪʝ ʠ ʙʳʣ ʦʙʲʷʩʥʝʥ ʚ ʪʝʨʤʠʥʘʭ ʵʬʬʝʢʪʘ ʤʘʛʥʠʪʥʦʡ ʩʫʧʝʨʟʦʥʳ [121]. ɼʣʷ 

ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʚ ʪʠʧʘ R3T ʠ R7Rh3 ʩ ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʳʤ 

ʫʧʦʨʷʜʦʯʝʥʠʝʤ ʵʬʬʝʢʪ ʤʘʛʥʠʪʥʦʡ ʩʫʧʝʨʟʦʥʳ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʘʥʦʤʘʣʠʷʤ ʥʘ 

ʵʣʝʢʪʨʦʩʦʧʨʦʪʠʚʣʝʥʠʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʅʝʝʣʷ [9, 12, 21, 82, 122]. ʇʨʠ ʵʪʦʤ, 

ʩʦʛʣʘʩʥʦ ʨʘʙʦʪʝ [12] ʢʦʨʨʝʣʷʮʠʠ ʙʣʠʞʥʝʛʦ ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʨʷʜʢʘ ʤʦʛʫʪ 

ʩʦʭʨʘʥʷʪʴʩʷ ʚ ʩʦʝʜʠʥʝʥʠʠ Tb3Ni ʜʦ ʪʝʤʧʝʨʘʪʫʨ ʚ 5-6 ʨʘʟ ʧʨʝʚʳʰʘʶʱʠʭ 

ʪʝʤʧʝʨʘʪʫʨʫ ʅʝʝʣʷ ʠ ʩʪʘʥʦʚʠʪʴʩʷ ʧʨʠʯʠʥʦʡ ʘʥʦʤʘʣʴʥʦʛʦ ʧʦʚʝʜʝʥʠʷ 

 

ʈʠʩʫʥʦʢ 1.24 ï ʊʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʫʜʝʣʴʥʦʛʦ ʵʣʝʢʪʨʦʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚ 

ʥʫʣʝʚʦʤ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʩʦʝʜʠʥʝʥʠʷ Dy5Pd2[120] 
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ʵʣʝʢʪʨʦʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚʳʰʝ ʪʝʤʧʝʨʘʪʫʨʳ ʤʘʛʥʠʪʥʦʛʦ 

ʫʧʦʨʷʜʦʯʝʥʠʷ ʯʝʨʝʟ ʤʝʭʘʥʠʟʤ ʨʘʩʩʝʷʥʠʝ ʵʣʝʢʪʨʦʥʦʚ ʥʘ ʤʘʛʥʠʪʥʳʭ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʷʭ ʠ ʤʝʭʘʥʠʟʤ ʤʘʛʥʠʪʥʦʡ ʩʫʧʝʨʟʦʥʳ. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ 

ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚʥʝʰʥʝʝ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʤʦʞʝʪ ʧʦʜʘʚʣʷʪʴ ʩʣʦʞʥʦʝ 

ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʝ ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʦʝ ʩʦʩʪʦʷʥʠʝ ʚ Tb3Ni, ʠʥʜʫʮʠʨʦʚʘʪʴ 

ʤʝʪʘʤʘʛʥʠʪʥʳʡ ʧʝʨʝʭʦʜ ʚ ʬʝʨʨʦʤʘʛʥʠʪʥʦʝ ʩʦʩʪʦʷʥʠʝ ʠ ʚʦʩʩʪʘʥʘʚʣʠʚʘʪʴ 

ʤʝʪʘʣʣʠʯʝʩʢʠʡ ʭʘʨʘʢʪʝʨ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʵʣʝʢʪʨʦʩʦʧʨʦʪʠʚʣʝʥʠʷ. 

ʉʫʤʤʠʨʫʷ ʚʳʰʝʩʢʘʟʘʥʥʦʝ ʤʦʞʥʦ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʚ ʣʠʪʝʨʘʪʫʨʝ ʩʫʱʝʩʪʚʫʝʪ 

ʜʚʝ ʧʨʦʪʠʚʦʨʝʯʠʚʳʭ ʤʦʜʝʣʠ, ʦʙʲʷʩʥʷʶʱʠʭ ʘʥʦʤʘʣʴʥʦʝ ʧʦʚʝʜʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʥʳʭ 

ʟʘʚʠʩʠʤʦʩʪʝʡ ʵʣʝʢʪʨʦʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚ ʩʦʝʜʠʥʝʥʠʷʭ R5Pd2. ʇʦʵʪʦʤʫ ʚʠʜʠʪʩʷ 

ʥʝʦʙʭʦʜʠʤʳʤ ʧʨʦʚʝʩʪʠ ʠʟʤʝʨʝʥʠʷ ʵʣʝʢʪʨʦʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚ ʧʨʠʣʦʞʝʥʥʳʭ 

ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ ʥʘ ʩʦʝʜʠʥʝʥʠʷʭ R5Pd2 ʩ (R = Ho, Er).  
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1.7 ʎʝʣʠ ʠ ʟʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ 

 

ʇʨʦʚʝʜʝʥʥʳʡ ʘʥʘʣʠʟ ʣʠʪʝʨʘʪʫʨʳ ʧʦʢʘʟʘʣ, ʯʪʦ ʢʦʥʢʫʨʠʨʫʶʱʠʝ ʦʙʤʝʥʥʳʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʪʠʧʘ ʈʂʂʀ ʠ ʵʬʬʝʢʪʳ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʧʦʣʷ ʚ ʙʠʥʘʨʥʳʭ 

ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʠʥʪʝʨʤʝʪʘʣʣʠʜʘʭ, ʦʙʣʘʜʘʶʱʠʭ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ 

ʨʝʜʢʦʟʝʤʝʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ, ʧʨʠʚʦʜʷʪ ʢ ʨʝʘʣʠʟʘʮʠʠ ʩʣʦʞʥʳʭ ʤʘʛʥʠʪʥʳʭ ʬʘʟʦʚʳʭ 

ʜʠʘʛʨʘʤʤ ʠ ʩʣʦʞʥʳʭ ʥʝʩʦʠʟʤʝʨʠʤʳʭ ʤʘʛʥʠʪʥʳʭ ʬʘʟ. ʄʘʛʥʠʪʥʳʝ ʩʪʨʫʢʪʫʨʳ 

ʜʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʯʘʩʪʦ ʣʠʙʦ ʥʝ ʦʧʠʩʘʥʳ ʚʦʦʙʱʝ, ʣʠʙʦ ʠʭ ʦʧʠʩʘʥʠʝ 

ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʣʠʰʴ ʢʘʯʝʩʪʚʝʥʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʜʭʦʜ 

ʤʘʛʥʠʪʥʳʭ ʩʫʧʝʨʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʛʨʫʧʧ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ 

ʢʦʨʨʝʢʪʥʦʛʦ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʦʧʠʩʘʥʠʷ ʥʝʩʦʠʟʤʝʨʠʤʳʭ ʤʘʛʥʠʪʥʳʭ ʬʘʟ ʚ 

ʙʠʥʘʨʥʳʭ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʠʥʪʝʨʤʝʪʘʣʣʠʜʘʭ ʚʠʜʘ R3T ʠ R7Rh3. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, 

ʚ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʠʥʪʝʨʤʝʪʘʣʣʠʜʘʭ ʚʠʜʘ R5Pd2 ʢʦʥʢʫʨʝʥʮʠʷ ʦʙʤʝʥʥʳʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʪʠʧʘ ʈʂʂʀ ʠ ʥʘʣʠʯʠʝ ʩʪʨʫʢʪʫʨʥʦʛʦ ʙʝʩʧʦʨʷʜʢʘ ʧʦʜʘʚʣʷʝʪ ʜʘʣʴʥʠʡ 

ʤʘʛʥʠʪʥʳʡ ʧʦʨʷʜʦʢ ʠ ʤʘʛʥʠʪʥʦʝ ʩʦʩʪʦʷʥʠʝ ʩʪʘʥʦʚʠʪʩʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ 

ʥʝʦʜʥʦʨʦʜʥʳʤ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʩʦʭʨʘʥʷʷ ʯʝʨʪʳ ʥʝʩʦʠʟʤʝʨʠʤʦʛʦ 

ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʦʛʦ ʫʧʦʨʷʜʦʯʝʥʠʷ ʚ ʤʘʛʥʠʪʥʳʭ ʢʣʘʩʪʝʨʘʭ. ɼʦʩʪʦʚʝʨʥʦ ʠʟʚʝʩʪʥʦ 

ʦ ʩʦʭʨʘʥʝʥʠʠ ʢʦʨʨʝʣʷʮʠʡ ʙʣʠʞʥʝʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʨʷʜʢʘ ʚ ʥʝʢʦʪʦʨʳʭ ʩʦʝʜʠʥʝʥʠʷʭ 

ʩʝʤʝʡʩʪʚʘ R5Pd2 ʚʧʣʦʪʴ ʜʦ ʪʝʤʧʝʨʘʪʫʨ ʚ 5-6 ʨʘʟ ʧʨʝʚʳʰʘʶʱʠʭ ʪʝʤʧʝʨʘʪʫʨʳ ʅʝʝʣʷ 

ʠ ʠʤʝʶʪʩʷ ʧʨʝʜʧʦʣʦʞʝʥʠʷ ʦ ʩʫʱʝʩʪʚʦʚʘʥʠʠ ʚ ʧʘʨʘʤʘʛʥʠʪʥʦʡ ʦʙʣʘʩʪʠ ʙʣʠʞʥʝʛʦ 

ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʨʷʜʢʘ ʚ ʩʠʩʪʝʤʘʭ R7Rh3. ʕʬʬʝʢʪʳ ʙʣʠʞʥʝʛʦ ʤʘʛʥʠʪʥʦʛʦ 

ʧʦʨʷʜʢʘ ʜʦʣʞʥʳ ʦʢʘʟʳʚʘʪʴ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʤʘʛʥʠʪʥʳʝ, ʪʝʧʣʦʚʳʝ ʠ 

ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʙʠʥʘʨʥʳʭ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʠʥʪʝʨʤʝʪʘʣʣʠʜʘʭ, ʦʙʣʘʜʘʶʱʠʭ 

ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʨʝʜʢʦʟʝʤʝʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʮʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʝ ʦʧʠʩʘʥʠʝ 

ʥʝʩʦʠʟʤʝʨʠʤʳʭ ʤʘʛʥʠʪʥʳʭ ʬʘʟ ʠ ʫʩʪʘʥʦʚʣʝʥʠʝ ʠʭ ʚʣʠʷʥʠʷ ʥʘ ʤʘʛʥʠʪʥʳʝ 

ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʠ ʪʝʧʣʦʚʳʝ ʩʚʦʡʩʪʚʘ ʯʝʪʳʨʝʭ ʙʠʥʘʨʥʳʭ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ 

ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʚ ʩ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʨʝʜʢʦʟʝʤʝʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ: Ho3Co, 

Ho7Rh3, Ho5Pd2 ʠ Er5Pd2. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʚ ʨʘʙʦʪʝ ʨʝʰʘʣʠʩʴ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

1. ʉʠʥʪʝʟ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʦʙʨʘʟʮʦʚ ʙʠʥʘʨʥʳʭ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ 

ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʚ Ho3Co, Ho7Rh3, Ho5Pd2, ʠ Er5Pd2, (Lu1-ʭGdx)5Pd2. ʉʠʥʪʝʟ 

ʤʦʥʦʢʨʠʩʪʘʣʣʘ Ho5Pd2. 

2. ɸʪʪʝʩʪʘʮʠʷ ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ ʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ 

ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʦʙʨʘʟʮʦʚ ʤʝʪʦʜʘʤʠ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʜʠʬʨʘʢʮʠʠ, ʤʘʛʥʠʪʦʤʝʪʨʠʠ, 

ʤʝʪʘʣʣʦʛʨʘʬʠʠ. 

3. ʅʝʡʪʨʦʥ-ʜʠʬʨʘʢʮʠʦʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʠ ʧʦʣʥʦʝ ʢʦʣʠʯʝʩʪʚʝʥʥʦʝ 

ʦʧʠʩʘʥʠʝ ʥʝʩʦʠʟʤʝʨʠʤʦʡ ʤʘʛʥʠʪʥʦʡ ʩʪʨʫʢʪʫʨʳ ʚ Ho3Co ʧʨʠ ʧʦʤʦʱʠ ʬʦʨʤʘʣʠʟʤʘ 
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ʤʘʛʥʠʪʥʳʭ ʩʫʧʝʨʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʛʨʫʧʧ. ʋʩʪʘʥʦʚʣʝʥʠʝ ʤʝʭʘʥʠʟʤʘ ʧʦʷʚʣʝʥʠʷ 

ʩʣʘʙʦʛʦ ʬʝʨʨʦʤʘʛʥʝʪʠʟʤʘ ʚ Ho3Co. 

4. ʅʝʡʪʨʦʥ-ʜʠʬʨʘʢʮʠʦʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʠ ʧʦʣʥʦʝ ʢʦʣʠʯʝʩʪʚʝʥʥʦʝ 

ʦʧʠʩʘʥʠʝ ʥʝʩʦʠʟʤʝʨʠʤʦʡ ʤʘʛʥʠʪʥʦʡ ʩʪʨʫʢʪʫʨʳ ʚ Ho7Rh3 ʧʨʠ ʧʦʤʦʱʠ ʬʦʨʤʘʣʠʟʤʘ 

ʤʘʛʥʠʪʥʳʭ ʩʫʧʝʨʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʛʨʫʧʧ. ʀʟʫʯʝʥʠʝ ʚʟʘʠʤʦʩʚʷʟʠ ʤʝʞʜʫ 

ʤʘʛʥʠʪʥʳʤʠ, ʪʝʧʣʦʚʳʤʠ ʠ ʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ Ho7Rh3. 

5. ʅʝʡʪʨʦʥ-ʜʠʬʨʘʢʮʠʦʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʤʘʛʥʠʪʥʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʩʦʝʜʠʥʝʥʠʷ Ho5Pd2. ʀʟʫʯʝʥʠʝ ʚʣʠʷʥʠʷ ʚʥʝʰʥʝʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʥʘ ʤʘʛʥʠʪʥʫʶ, 

ʩʪʨʫʢʪʫʨʥʫʶ ʠ ʵʣʝʢʪʨʦʥʥʫʶ ʧʦʜʩʠʩʪʝʤʫ Ho5Pd2. 

6. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʪʝʧʣʦʝʤʢʦʩʪʠ ʚ 

ʩʦʝʜʠʥʝʥʠʠ Er4.8Pd2. ʀʟʫʯʝʥʠʝ ʚʟʘʠʤʦʩʚʷʟʠ ʤʝʞʜʫ ʤʘʛʥʠʪʥʳʤʠ, ʪʝʧʣʦʚʳʤʠ ʠ 

ʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʩʦʝʜʠʥʝʥʠʷ Er5Pd2. 
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2 ʄɽʊʆɼʀʂɸ ʕʂʉʇɽʈʀʄɽʅʊɸ 

 

2.1 ʉʠʥʪʝʟ ʠ ʘʪʪʝʩʪʘʮʠʷ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʦʙʨʘʟʮʦʚ ʙʠʥʘʨʥʳʭ 

ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʚ 

 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʦʙʨʘʟʮʦʚ ʩʦʝʜʠʥʝʥʠʡ Ho3Co, Ho7Rh3, 

Ho5Pd2, ʠ Er5Pd2, (Lu1-ʭGdx)5Pd2 ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʩʣʝʜʫʶʱʠʝ ʢʦʤʧʦʥʝʥʪʳ: 

ʨʝʜʢʦʟʝʤʝʣʴʥʳʝ ʤʝʪʘʣʣʳ ʤʘʨʢʠ ʈɿʄ-1 ʩ ʯʠʩʪʦʪʦʡ 99,9% ʠ ʵʣʝʤʝʥʪʳ ʧʝʨʝʭʦʜʥʳʭ 

ʤʝʪʘʣʣʦʚ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʧʦʩʪʦʨʦʥʥʠʭ ʧʨʠʤʝʩʝʡ ʥʝ ʙʦʣʝʝ 0,01%. ɼʣʷ ʧʦʣʫʯʝʥʠʷ 

ʧʦʣʠʢʨʠʩʪʘʣʣʦʚ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʤʝʪʦʜ ʧʣʘʚʢʠ ʚ ʜʫʛʦʚʦʡ ʧʝʯʠ ʩ ʥʝʨʘʩʭʦʜʫʝʤʳʤ 

ʚʦʣʴʬʨʘʤʦʚʳʤ ʵʣʝʢʪʨʦʜʦʤ ʥʘ ʤʝʜʥʦʤ ʧʦʜʜʦʥʝ ʩ ʧʦʜʚʝʜʝʥʥʳʤ ʚʦʜʷʥʳʤ 

ʦʭʣʘʞʜʝʥʠʝʤ ʚ ʘʪʤʦʩʬʝʨʝ ʘʨʛʦʥʘ. ʇʣʘʚʢʘ ʦʙʨʘʟʮʦʚ ʧʨʦʚʦʜʠʣʘʩʴ ʚ ʣʘʙʦʨʘʪʦʨʠʠ 

ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʀʌʄ ʋʨʆ ʈɸʅ. ʉʭʝʤʘ ʜʘʥʥʦʡ ʜʫʛʦʚʦʡ ʧʝʯʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ 

ʨʠʩʫʥʢʝ 2.1. ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʦʜʥʦʨʦʜʥʦʩʪʠ ʩʣʠʪʢʘ ʦʙʨʘʟʝʮ ʧʝʨʝʚʦʨʘʯʠʚʘʣʩʷ ʠ 

ʧʝʨʝʧʣʘʚʣʷʣʩʷ ʧʦ 3-4 ʨʘʟʘ. ɺʚʠʜʫ ʩʠʣʴʥʦʛʦ ʠʩʧʘʨʝʥʠʷ ʨʝʜʢʦʟʝʤʝʣʴʥʦʛʦ 

ʢʦʤʧʦʥʝʥʪʘ, ʥʘʚʝʩʢʘ ʈɿʄ ʙʨʘʣʘʩʴ ʩ ʠʟʙʳʪʢʦʤ. ɼʦʙʘʚʢʘ ʨʝʜʢʦʟʝʤʝʣʴʥʦʛʦ 

ʢʦʤʧʦʥʝʥʪʘ ʧʦʜʙʠʨʘʣʘʩʴ ʵʤʧʠʨʠʯʝʩʢʠʤ ʧʫʪʝʤ ʠ ʩʦʩʪʘʚʣʷʣʘ ʧʨʠʤʝʨʥʦ πȢς ρ Ϸ 

ʦʪ ʤʘʩʩʳ ʈɿʄ. ʉʦʦʪʚʝʪʩʪʚʠʝ ʬʘʢʪʠʯʝʩʢʦʡ ʤʘʩʩʳ ʧʦʣʫʯʝʥʥʦʛʦ ʩʧʣʘʚʘ ʨʘʩʯʝʪʥʦʤʫ 

ʟʥʘʯʝʥʠʶ ʢʦʥʪʨʦʣʠʨʦʚʘʣʦʩʴ ʥʘ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʚʝʩʘʭ. ʌʘʟʦʚʳʡ ʩʦʩʪʘʚ ʧʦʩʣʝ ʧʣʘʚʢʠ 

ʢʦʥʪʨʦʣʠʨʦʚʘʣʩʷ ʤʝʪʦʜʦʤ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʜʠʬʨʘʢʮʠʠ. ɼʦʧʦʣʥʠʪʝʣʴʥʘʷ ʘʪʪʝʩʪʘʮʠʷ 

ʦʙʨʘʟʮʘ ʚ ʜʘʣʴʥʝʡʰʝʤ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʚ ʧʨʦʮʝʩʩʝ ʧʦʜʛʦʪʦʚʢʠ ʢ ʠʩʩʣʝʜʦʚʘʥʠʶ 

ʤʘʛʥʠʪʥʦʡ ʩʪʨʫʢʪʫʨʳ ʠ ʚʢʣʶʯʘʣʘ ʚ ʩʝʙʷ ʥʝʡʪʨʦʥʥʫʶ ʜʠʬʨʘʢʮʠʶ ʚ ʧʘʨʘʤʘʛʥʠʪʥʦʤ 

ʩʦʩʪʦʷʥʠʠ ʠ ʤʘʛʥʠʪʦʤʝʪʨʠʯʝʩʢʠʡ ʢʦʥʪʨʦʣʴ. ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʦʧʫʩʢʘʣʠʩʴ 

ʦʙʨʘʟʮʳ ʩ ʤʠʥʠʤʘʣʴʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʧʦʩʪʦʨʦʥʥʠʭ ʬʘʟ ʥʝ ʚʳʰʝ 5%. 

  

 

ʈʠʩʫʥʦʢ 2.1 ï ʉʭʝʤʘ ʜʫʛʦʚʦʡ ʧʝʯʠ 
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2.2 ʈʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʘʷ ʘʪʪʝʩʪʘʮʠʷ ʦʙʨʘʟʮʦʚ 

 

ɼʣʷ ʘʪʪʝʩʪʘʮʠʠ ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ ʠ ʫʪʦʯʥʝʥʠʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ 

ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʛʦ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʤʝʪʦʜ 

ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʥʘ ʧʦʨʦʰʢʦʚʳʭ ʤʘʪʝʨʠʘʣʘʭ. ʉʲʸʤʢʘ ʨʝʥʪʛʝʥʦʛʨʘʤʤ 

ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʜʠʬʨʘʢʪʦʤʝʪʨʝ Empyrean ʧʨʦʠʟʚʦʜʩʪʚʘ PANalytical ʚ ʎʝʥʪʨʝ 

ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʧʦʣʴʟʦʚʘʥʠʷ ʀʥʩʪʠʪʫʪʘ ʬʠʟʠʢʠ ʤʝʪʘʣʣʦʚ ʠʤʝʥʠ ʄ.ʅ. ʄʠʭʝʝʚʘ ʋʨʆ 

ʈɸʅ (ʠʟʣʫʯʝʥʠʝ CuKŬ1,2, ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʘʥʦʜʝ U = 40 ʢɺ, ʘʥʦʜʥʳʡ ʪʦʢ I = 40 ʤɸ). 

ɿʘʧʠʩʴ ʜʠʬʨʘʢʮʠʦʥʥʦʡ ʢʘʨʪʠʥʳ ʧʨʦʚʦʜʠʣʘʩʴ ʚ ʠʥʪʝʨʚʘʣʝ ʫʛʣʦʚ ρπЈ  ς—  ρςπЈ 

(ʰʘʛ ȹ2ɗ = 0.02Á) ʚʨʝʤʷ ʩʢʘʥʠʨʦʚʘʥʠʷ ʚ ʪʦʯʢʝ ʩʦʩʪʘʚʣʷʣʦ ʦʪ 2 ʜʦ 16 ʩʝʢʫʥʜ). 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʦʙʨʘʙʘʪʳʚʘʣʠ ʤʝʪʦʜʦʤ ʧʦʣʥʦʧʨʦʬʠʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʩ 

ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤ FullProf Suite [123] ʠ Jana2020 [59]. 
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2.3 ʄʘʛʥʠʪʥʳʝ ʠʟʤʝʨʝʥʠʷ 

 

ʄʘʛʥʠʪʥʳʝ ʠʟʤʝʨʝʥʠʷ ʚʢʣʶʯʘʣʠ ʚ ʩʝʙʷ ʧʦʣʫʯʝʥʠʝ ʧʦʣʝʚʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʚ ʢʚʘʟʠʩʪʘʮʠʦʥʘʨʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ, ʘ ʪʘʢʞʝ ʪʝʤʧʝʨʘʪʫʨʥʳʭ 

ʟʘʚʠʩʠʤʦʩʪʝʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʚ ʦʩʮʠʣʣʠʨʫʶʱʠʭ (AC) ʠ ʧʦʩʪʦʷʥʥʳʭ (DC) 

ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ ʥʘ ʫʩʪʘʥʦʚʢʘʭ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ PPMS-9 

(Physical Properties Measurements System, Quantum Design, USA) ʠ 

ʤʘʛʥʠʪʦʤʝʪʨʠʯʝʩʢʦʡ ʫʩʪʘʥʦʚʢʝ MPMS-XL-5 (Magnetic Properties Measurements 

System, Quantum Design, USA) ʚ ʦʪʜʝʣʝ ʤʘʛʥʠʪʥʳʭ ʠʟʤʝʨʝʥʠʡ ʀʌʄ ʋʨʆ ʈɸʅ. 

ʇʦʣʝʚʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʠʟʤʝʨʷʣʠʩʴ ʚ ʧʦʣʷʭ ʜʦ 9 ʊʣ ʥʘ ʫʩʪʘʥʦʚʢʝ 

PPMS ʠ ʚ ʧʦʣʷʭ ʜʦ 5 ʊʣ ʥʘ ʫʩʪʘʥʦʚʢʝ MPMS-XL-5 ʧʦ ʩʪʘʥʜʘʨʪʥʳʤ ʧʨʦʪʦʢʦʣʘʤ, 

ʦʧʠʩʘʥʥʳʤ ʚ ʠʥʩʪʨʫʢʮʠʷʭ ʢ ʫʩʪʘʥʦʚʢʘʤ. ʊʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʠʟʤʝʨʷʣʠʩʴ 

ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 2-350ʂ ʚ ʨʝʞʠʤʝ ʩʦ ʩʪʘʙʠʣʠʟʘʮʠʝʡ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʢʘʞʜʦʡ 

ʪʦʯʢʝ, ʣʠʙʦ ʚ ʪ.ʥ. çsweepè-ʨʝʞʠʤʝ, ʢʦʛʜʘ ʪʨʝʙʦʚʘʣʦʩʴ ʦʙʝʩʧʝʯʠʪʴ ʩʪʘʙʠʣʴʥʫʶ 

ʩʢʦʨʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ. ʆʙʨʘʟʮʳ ʞʝʩʪʢʦ ʢʨʝʧʠʣʠʩʴ ʚ ʩʧʝʮʠʘʣʴʥʳʝ 

ʜʠʘʤʘʛʥʠʪʥʳʝ ʧʦʣʠʧʨʦʧʠʣʝʥʦʚʳʝ ʪʨʫʙʢʠ. ʊʨʫʙʢʠ ʢʨʝʧʠʣʠʩʴ ʢ ʰʪʦʢʫ, ʢʦʪʦʨʳʡ 

ʚʚʦʜʠʣʩʷ ʚ ʨʘʙʦʯʠʡ ʦʙʲʝʤ ʚʥʫʪʨʠ ʩʦʣʝʥʦʠʜʘ. 

ɼʘʥʥʳʝ ʥʝʣʠʥʝʡʥʦʡ ɸʉ ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʧʦʣʫʯʝʥʳ ʥʘ PPMS-9 

(Quantum Design, ʉʐɸ). ɼʣʷ ʢʦʥʪʨʦʣʷ ʪʝʤʧʝʨʘʪʫʨʳ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʨʝʞʠʤ çsweep 

modeè ʩʦ ʩʢʦʨʦʩʪʴʶ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ 1 ʂ*ʤʠʥ-1. ʀʟʤʝʨʝʥʠʷ ʤʘʛʥʠʪʥʦʡ ɸʉ-

ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʧʨʦʚʦʜʠʣʠʩʴ ʩ ʘʤʧʣʠʪʫʜʦʡ ʦʩʮʠʣʣʠʨʫʶʱʝʛʦ ʧʦʣʷ Ὄ ς ˪ ʠ 

ʯʘʩʪʦʪʘʤʠ Ὢ  πȢχχχȟχȢχχȟχχȢχ ̉ χχχ ɻʮ. ʏʘʩʪʦʪʳ ʧʝʨʝʤʝʥʥʦʛʦ ʧʦʣʷ ʚʟʷʪʳ ʠʟ 

ʩʦʦʙʨʘʞʝʥʠʡ ʥʝʩʦʚʧʘʜʝʥʠʷ ʢʨʘʪʥʦʩʪʠ ʩ ʯʘʩʪʦʪʘʤʠ ʚ ʵʣʝʢʪʨʦʩʝʪʠ ʧʠʪʘʥʠʷ 

ʫʩʪʘʥʦʚʢʠ ʚʦ ʠʟʙʝʞʘʥʠʝ ʨʝʟʦʥʘʥʩʥʳʭ ʠ çʧʘʨʘʟʠʪʥʳʭè ɻ ʬʬʝʢʪʦʚ. ʅʘʤʘʛʥʠʯʝʥʥʦʩʪʴ 

ʩʠʩʪʝʤʳ ʦʪ ʚʨʝʤʝʥʠ ὓὸ ʧʨʠ ʜʝʡʩʪʚʠʠ ʚʥʝʰʥʝʛʦ ʦʩʮʠʣʣʠʨʫʶʱʝʛʦ ʤʘʛʥʠʪʥʦʛʦ 

ʧʦʣʷ Ὄ   Ὄ ÓÉÎ:‫ὸ ʚʳʨʘʞʘʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ 

ὓὸ ὓ ÓÉÎ‫ὸ — ὓ ÓÉÎς‫ὸ — ὓ ÓÉÎσ‫ὸ — Ễȟ (2.1) 

ʛʜʝ ‫ ς“Ὢ, ὓ  Ὄ …  n-ʷ ʛʘʨʤʦʥʠʢʘ ʜʣʷ ʮʝʣʦʛʦ ʯʠʩʣʘ ὲ  ρȟςȟσȟȣ, ʠ —  

ï ʬʘʟʦʚʳʡ ʩʜʚʠʛ ʢʘʞʜʦʡ ʢʦʤʧʦʥʝʥʪʳ ʦʪ ʠʜʝʘʣʴʥʦʛʦ ʦʪʣʠʢʘ, ʢʦʪʦʨʳʡ, ʚ ʩʚʦʶ 

ʦʯʝʨʝʜʴ, ʩʜʚʠʥʫʪ ʥʘ  ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʠʛʥʘʣʘ ʦʩʮʠʣʣʠʨʫʶʱʝʛʦ ʧʦʣʷ Ὄ  

 Ὄ ÓÉÎ‫ὸ. ὓ  ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʣʠʥʝʡʥʳʡ ʯʣʝʥ AC ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ. 

ɺʦʟʥʠʢʥʦʚʝʥʠʝ ʛʘʨʤʦʥʠʢ ὓ  (ὲ ςȟσȟȣ) ʦʪʨʘʞʘʝʪ ʠʩʢʘʞʝʥʠʝ ʠʜʝʘʣʴʥʦʛʦ 

ʩʠʥʫʩʦʠʜʘʣʴʥʦʛʦ ʩʠʛʥʘʣʘ ὓὸ ʠʟ-ʟʘ ʥʝʣʠʥʝʡʥʳʭ ʯʣʝʥʦʚ …  (ά  ρȟςȟσȟȣ) ʚ 

ʨʘʟʣʦʞʝʥʠʠ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʧʦ ʧʦʣʶ H [124]: 

 ὓὌ  …Ὄ …Ὄ …Ὄ Ễ. (2.2) 

ʏʝʪʥʳʝ ʛʘʨʤʦʥʠʢʠ ὓ  (ὲ  ςȟτȟȣ) ʚʦʟʥʠʢʘʶʪ ʧʨʠ ʥʘʨʫʰʝʥʠʠ ʩʠʤʤʝʪʨʠʠ 

ʦʙʨʘʱʝʥʠʷ ʚʨʝʤʝʥʠ ʠ ʩʯʠʪʘʶʪʩʷ ʧʨʠʟʥʘʢʦʤ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʩʧʦʥʪʘʥʥʦʡ 
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ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ. ʅʝʯʝʪʥʳʝ ʛʘʨʤʦʥʠʢʠ ὓ  (ὲ  σȟυȟȣ) ʩʚʷʟʘʥʳ ʩ ʥʘʨʫʰʝʥʠʝʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʩʠʤʤʝʪʨʠʠ ʧʨʠ ʤʘʛʥʠʪʥʦʤ ʬʘʟʦʚʦʤ ʧʝʨʝʭʦʜʝ ʚ 

ʤʘʛʥʠʪʦʫʧʦʨʷʜʦʯʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʠʣʠ ʧʨʠ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʩʧʠʥ-ʩʪʝʢʦʣʴʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ [124-127]. ɼʘʥʥʳʝ ʤʘʛʥʠʪʥʦʡ AC ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʠʜʝ ʢʦʤʙʠʥʘʮʠʠ ʜʝʡʩʪʚʠʪʝʣʴʥʦʡ ʠ ʤʥʠʤʦʡ ʢʦʤʧʦʥʝʥʪ …

… …  (ὲ  ρȟςȟσȟȣ).  
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2.4 ʀʟʤʝʨʝʥʠʷ ʪʝʧʣʦʝʤʢʦʩʪʠ 

 

ʊʝʧʣʦʝʤʢʦʩʪʴ ʩʦʝʜʠʥʝʥʠʷ Ho7Rh3 ʠʟʤʝʨʷʣʘʩʴ ʨʝʣʘʢʩʘʮʠʦʥʥʳʤ ʤʝʪʦʜʦʤ ʥʘ 

ʫʩʪʘʥʦʚʢʘʭ Quantum Design PPMS-9 ʚ ʊʝʭʥʠʯʝʩʢʦʤ ʫʥʠʚʝʨʩʠʪʝʪʝ ɼʘʨʤʰʪʘʜʪʘ 

(ɻʝʨʤʘʥʠʷ) ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ (2 ï 300) ʂ. ʆʜʥʦʡ ʠʟ ʩʪʘʥʜʘʨʪʥʳʭ ʦʧʮʠʡ 

ʜʘʥʥʦʡ ʫʩʪʘʥʦʚʢʠ ʷʚʣʷʝʪʩʷ ʢʘʣʦʨʠʤʝʪʨʠʯʝʩʢʘʷ ʷʯʝʡʢʘ, ʩʭʝʤʘ ʢʦʪʦʨʦʡ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 2.2(ʘ,ʙ). ʂʘʣʦʨʠʤʝʪʨʠʯʝʩʢʘʷ ʷʯʝʡʢʘ ʧʦʜʢʣʶʯʘʝʪʩʷ ʢ 

ʩʪʘʥʜʘʨʪʥʦʤʫ ʨʘʟʲʝʤʫ ʚ ʨʘʙʦʯʝʡ ʦʙʣʘʩʪʠ ʧʨʠʙʦʨʘ. ʆʙʨʘʟʝʮ ʤʦʥʪʠʨʫʝʪʩʷ ʥʘ 

ʧʣʘʪʬʦʨʤʝ, ʠʤʝʶʱʝʡ ʢʦʥʪʨʦʣʠʨʫʝʤʦʝ ʪʝʧʣʦʚʦʝ ʩʦʝʜʠʥʝʥʠʝ (çʪʝʧʣʦʚʦʡ ʢʦʥʪʘʢʪè) 

ʩ ʢʨʠʦʩʪʘʪʦʤ. ʅʘ ʵʪʦʡ ʞʝ ʧʣʘʪʬʦʨʤʝ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʥʘʛʨʝʚʘʪʝʣʴ ʠ ʪʝʨʤʦʤʝʪʨ. 

ʇʦʩʣʝ ʚʳʨʘʚʥʠʚʘʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʦʙʨʘʟʮʘ ʠ ʢʨʠʦʩʪʘʪʘ ʧʦʜʘʸʪʩʷ ʠʤʧʫʣʴʩ ʥʘʛʨʝʚʘ 

ʠ ʟʘʧʠʩʳʚʘʝʪʩʷ ʦʪʢʣʠʢ ʪʝʨʤʦʤʝʪʨʘ ʢʘʢ ʬʫʥʢʮʠʷ ʚʨʝʤʝʥʠ. ʅʘʣʠʯʠʝ 

ʢʦʥʪʨʦʣʠʨʫʝʤʦʛʦ ʪʝʧʣʦʚʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʧʦʟʚʦʣʷʝʪ ʠʟʙʝʞʘʪʴ ʩʣʦʞʥʦʡ ʟʘʜʘʯʠ 

ʘʜʠʘʙʘʪʠʯʝʩʢʦʡ ʠʟʦʣʷʮʠʠ ʦʙʨʘʟʮʘ ʠ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʪʴ ʜʦʩʪʘʪʦʯʥʦ ʛʠʙʢʫʶ ʩʠʩʪʝʤʫ, 

ʨʘʙʦʪʘʶʱʫʶ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ. ʇʦʛʨʝʰʥʦʩʪʴ ʚ ʠʟʤʝʨʝʥʠʠ 

ʪʝʧʣʦʝʤʢʦʩʪʠ ʥʘ ʜʘʥʥʦʡ ʫʩʪʘʥʦʚʢʝ ʩʦʩʪʘʚʣʷʣʘ 3 % ï 5 % ʚ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ (2 

ï 100) K ʠ ʤʝʥʴʰʝ 1% ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ (100 ï 300) K. 
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ʈʠʩʫʥʦʢ 2.2 ï (ʘ) ʉʭʝʤʘ çʪʝʧʣʦʚʦʛʦ ʢʦʥʪʘʢʪʘè ʧʘʢʘ ʩ ʠʩʩʣʝʜʫʝʤʳʤ ʦʙʨʘʟʮʦʤ ʜʣʷ 

ʧʨʦʚʝʜʝʥʠʷ ʠʟʤʝʨʝʥʠʡ ʪʝʧʣʦʸʤʢʦʩʪʠ. (ʙ) ʉʭʝʤʘ ʢʘʣʦʨʠʤʝʪʨʠʯʝʩʢʦʡ ʷʯʝʡʢʠ 

ʫʩʪʘʥʦʚʢʠ Quantum Design PPMS-9 
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2.5 ʀʟʤʝʨʝʥʠʷ ʪʝʧʣʦʚʦʛʦ ʨʘʩʰʠʨʝʥʠʷ 

 

ʊʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʩʰʠʨʝʥʠʷ (ʂʊʈ) 

ʠʟʤʝʨʷʣʘʩʴ ʚ ʎʝʥʪʨʝ ʤʘʛʥʠʪʦʤʝʪʨʠʠ ʀʌʄ ʋʨʆ ʈɸʅ ʥʘ ʫʩʪʘʥʦʚʢʝ PPMS-9 ʩ 

ʧʦʤʦʱʴʶ ʝʤʢʦʩʪʥʦʡ ʤʠʥʠ-ʜʠʣʘʪʦʤʝʪʨʠʯʝʩʢʦʡ ʷʯʝʡʢʠ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʠ (Kuechler 

Innovative Measurement Technology (ɻʝʨʤʘʥʠʷ) [128] ʚ ʜʠʥʘʤʠʯʝʩʢʦʤ ʨʝʞʠʤʝ 

ʥʘʛʨʝʚʘ/ʦʭʣʘʞʜʝʥʠʷ ʩ ʧʦʩʪʦʷʥʥʦʡ ʩʢʦʨʦʩʪʴʶ ʥʘʛʨʝʚʘ 0.3 K/ʤʠʥ ʥʘ ʧʦʜʛʦʪʦʚʣʝʥʥʦʤ 

ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʦʤ ʦʙʨʘʟʮʝ ʩ ʜʣʠʥʥʦʡ ὰ ρȢφτ ʤʤ. ʇʦʛʨʝʰʥʦʩʪʴ ʠʟʤʝʨʝʥʠʡ 

ʩʨʝʜʥʝʛʦ ʂʊʈ ʚʦ ʚʩʝʤ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ (2 ï 300 ʂ) ʩʦʩʪʘʚʣʷʣʘ ʥʝ ʙʦʣʝʝ Ñ 0.2 

10-6 K-1. ʀʟʤʝʨʝʥʠʷ ʥʘ ʜʠʣʘʪʦʤʝʪʨʠʯʝʩʢʦʡ ʷʯʝʡʢʝ ʦʩʥʦʚʘʥʳ ʥʘ ʧʨʠʥʮʠʧʝ ʇʦʪʪʘ-

ʐʝʬʯʠʢʘ ʟʘʢʣʶʯʘʶʱʝʤʩʷ ʚ ʠʟʤʝʥʝʥʠʠ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʜʚʫʤʷ ʧʘʨʘʣʣʝʣʴʥʳʤʠ 

ʧʣʦʩʢʠʤʠ ʧʣʘʩʪʠʥʘʤʠ ʢʦʥʜʝʥʩʘʪʦʨʘ ʚʩʣʝʜʩʪʚʠʝ ʠʟʤʝʥʝʥʠʷ ʣʠʥʝʡʥʳʭ ʨʘʟʤʝʨʦʚ 

ʠʩʩʣʝʜʫʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʧʦʤʝʱʝʥʥʦʛʦ ʤʝʞʜʫ ʥʠʤʠ. ʂʦʥʩʪʨʫʢʮʠʷ ʷʯʝʡʢʠ ʩʦʩʪʦʠʪ 

ʠʟ ʢʦʨʧʫʩʘ, ʠʟʛʦʪʦʚʣʝʥʥʦʛʦ ʠʟ ʮʝʣʴʥʦʛʦ ʢʫʩʢʘ ʩʚʝʨʭʯʠʩʪʦʡ ʙʝʨʠʣʣʠʝʚʦʡ ʙʨʦʥʟʳ 

ʜʣʷ ʫʤʝʥʴʰʝʥʠʷ ʚʠʭʨʝʚʳʭ ʪʦʢʦʚ, ʥʘʚʝʜʝʥʥʳʭ ʤʘʛʥʠʪʥʳʤ ʧʦʣʝʤ (ʨʠʩʫʥʦʢ 2.2). 

ʪʝʦʨʝʪʠʯʝʩʢʦʝ ʨʘʟʨʝʰʝʥʠʝ ʤʠʥʠ-ʜʠʣʘʪʦʤʝʪʨʠʯʝʩʢʦʡ ʷʯʝʡʢʠ ʩʦʩʪʘʚʣʷʝʪ Ўὰ

πȟπς B. 

ʂʦʵʬʬʠʮʠʝʥʪ ʣʠʥʝʡʥʦʛʦ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʘʩʰʠʨʝʥʠʷ (2.3) ʭʘʨʘʢʪʝʨʠʟʫʝʪ 

ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʠʟʤʝʥʝʥʠʝ ʣʠʥʝʡʥʳʭ ʨʘʟʤʝʨʦʚ ʪʝʣʘ, ʧʨʦʠʩʭʦʜʷʱʝʝ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʠʟʤʝʥʝʥʠʷ ʝʛʦ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ 1 K ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʜʘʚʣʝʥʠʠ 

 ‌  . (2.3)  
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ʈʠʩʫʥʦʢ 2.3 ï ʉʣʝʚʘ: ʨʠʩʫʥʦʢ ʟʦʥʜʘ PPMS ʩ ʧʦʟʦʣʦʯʝʥʥʳʤʠ ʪʝʨʤʦʷʢʦʨʷʤʠ (1 

ʠ 2) ʠ ʨʘʟʲʝʤʘʤʠ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʝʤʢʦʩʪʠ ʠ ʪʝʤʧʝʨʘʪʫʨʳ. ʉʧʨʘʚʘ: ʬʦʪʦʛʨʘʬʠʷ 

ʤʠʥʠ-ʜʠʣʘʪʦʤʝʪʨʘ ʚʥʫʪʨʠ ʟʦʥʜʘ PPMS [128] 
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2.6 ʈʝʥʪʛʝʥʦʚʩʢʘʷ ʜʠʬʨʘʢʮʠʷ ʥʘ ʩʠʥʭʨʦʪʨʦʥʥʦʤ ʠʩʪʦʯʥʠʢʝ 

 

ʀʟʤʝʨʝʥʠʷ ʩʠʥʭʨʦʪʨʦʥʥʦʡ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʜʠʬʨʘʢʮʠʠ ʥʘ 

ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʦʤ ʦʙʨʘʟʮʝ ʩʦʝʜʠʥʝʥʠʷ Ho7Rh3 ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʧʦʨʦʰʢʦʚʦʡ 

ʜʠʬʨʘʢʮʠʦʥʥʦʡ ʣʠʥʠʠ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ ID22 ʚ ɽʚʨʦʧʝʡʩʢʦʤ ʮʝʥʪʨʝ 

ʩʠʥʭʨʦʪʨʦʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ (ESRF, ʌʨʘʥʮʠʷ). ʈʝʥʪʛʝʥʦʛʨʘʤʤʳ ʩʥʠʤʘʣʠ ʧʨʠ ‗ 

 πȢσυτςπυτ ¡ ʥʘ ʧʦʨʦʰʢʦʚʦʤ ʦʙʨʘʟʮʝ, ʫʧʘʢʦʚʘʥʥʦʤ ʚ ʘʣʶʤʠʥʠʝʚʳʡ ʢʘʧʠʣʣʷʨ 

ʜʠʘʤʝʪʨʦʤ 0,3 ʤʤ. ʈʝʛʠʩʪʨʘʮʠʷ ʜʘʥʥʳʭ ʧʨʦʚʦʜʠʣʘʩʴ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ 

ʪʝʤʧʝʨʘʪʫʨ 4-300 ʂ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʨʠʦʩʪʘʪʘ, ʦʭʣʘʞʜʘʝʤʦʛʦ ʞʠʜʢʠʤ ʛʝʣʠʝʤ. 

ɺʳʩʦʢʦʠʥʪʝʥʩʠʚʥʦʝ ʨʝʥʪʛʝʥʦʚʩʢʦʝ ʠʟʣʝʯʝʥʠʝ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ ʦʪ 0,15 ʜʦ 2,07 ¡ 

ʛʝʥʝʨʠʨʫʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʥʘʙʦʨʘ ʚʘʢʫʫʤʥʳʭ ʦʥʜʫʣʷʪʦʨʦʚ U23 (ʜʣʠʥʘ 2 ʤ, 

ʤʠʥʠʤʘʣʴʥʳʡ ʟʘʟʦʨ 6 ʤʤ) ʠ U35 ʠʣʠ U19 (ʜʣʠʥʘ 1,6 ʤ, ʤʠʥʠʤʘʣʴʥʳʡ ʟʘʟʦʨ 11 ʤʤ). 

ɼʣʷ ʠʟʤʝʨʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʨʘʩʩʝʷʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʢʘʢ ʬʫʥʢʮʠʠ ʫʛʣʘ ʨʘʩʩʝʷʥʠʷ 

2ɗ, ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʘʙʦʨ ʠʟ 9 ʜʝʪʝʢʪʦʨʦʚ. ɼʝʪʝʢʪʦʨʫ ʧʨʝʜʰʝʩʪʚʫʝʪ ʢʨʠʩʪʘʣʣ-

ʘʥʘʣʠʟʘʪʦʨ Si (111), ʘ ʢʘʥʘʣʳ ʜʝʪʝʢʪʦʨʘ ʥʦʤʠʥʘʣʴʥʦ ʨʘʟʥʝʩʝʥʳ ʥʘ 2Á. ʕʢʩʧʝʨʠʤʝʥʪ 

ʧʨʦʚʦʜʠʣʩʷ ʚ ʜʠʩʪʘʥʮʠʦʥʥʦʤ ʨʝʞʠʤʝ. 

 

 

ʈʠʩʫʥʦʢ 2.4 ï ʇʦʨʦʰʢʦʚʳʡ ʜʠʬʨʘʢʪʦʤʝʪʨ ID22 (ʩʧʨʘʚʘ), ʩ ʨʦʙʦʪʦʤ ʜʣʷ ʩʤʝʥʳ 

ʦʙʨʘʟʮʘ (ʚ ʮʝʥʪʨʝ) ʠ ʢʨʠʦʧʦʪʦʢʦʤ (ʩʣʝʚʘ) 
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ʈʠʩʫʥʦʢ 2.5 ï ʉʭʝʤʘʪʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʩʪʦʣʠʢʘ ʤʫʣʴʪʠʘʥʘʣʠʟʘʪʦʨʘ [129] 
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2.7 ʅʝʡʪʨʦʥʦʛʨʘʬʠʯʝʩʢʠʝ ʠʟʤʝʨʝʥʠʷ 

 

ʅʝʡʪʨʦʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʦʤ ʦʙʨʘʟʮʝ Ho7Rh3 

ʧʨʦʚʝʜʝʥʳ ʧʨʦʬ. ʊ. ʊʩʫʪʘʦʢʘ ʥʘ ʚʳʩʦʢʦʨʘʟʨʝʰʘʶʱʝʤ ʥʝʡʪʨʦʥʥʦʤ ʜʠʬʨʘʢʪʦʤʝʪʨʝ 

HERMES ʩʤʦʥʪʠʨʦʚʘʥʥʦʤ ʥʘ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤ ʢʘʥʘʣʝ 

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʨʝʘʢʪʦʨʘ JRR-3M (ʊʦʢʘʡ, ʗʧʦʥʠʷ), ʚ ʗʧʦʥʩʢʦʤ ʥʘʫʯʥʦ-

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʤ ʠʥʩʪʠʪʫʪʝ ʘʪʦʤʥʦʡ ʵʥʝʨʛʠʠ (JAERI). ɼʣʷ ʵʢʩʧʝʨʠʤʝʥʪʘ 

ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʤʦʥʦʭʨʦʤʘʪʠʯʥʳʡ ʧʫʯʦʢ ʩ ʜʣʠʥʦʡ ɚ = 1.826 ¡. ɼʘʥʥʳʡ ʧʦʨʦʰʢʦʚʳʡ 

ʜʠʬʨʘʢʪʦʤʝʪʨ ʠʤʝʝʪ ʤʥʦʛʦʜʝʪʝʢʪʫʨʥʫʶ ʩʠʩʪʝʤʫ, ʩʦʩʪʦʷʱʫʶ ʠʟ 150 ʜʝʪʝʢʪʦʨʦʚ 

ʥʝʡʪʨʦʥʦʚ 3He. ʅʘʠʣʫʯʰʝʝ ʨʘʟʨʝʰʝʥʠʝ ʩʦʩʪʘʚʣʷʝʪ Ўς— ρψ ʠ  
Ў

σ ρπ  

ʅʝʡʪʨʦʥʦʛʨʘʤʤʳ ʩʥʷʪʳ ʚ ʫʛʣʦʚʳʭ ʠʥʪʝʨʚʘʣʘʭ σ ς— ρυςʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 70 

K, 50 K ʠ 4.5 K ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʛʝʣʠʝʚʦʛʦ ʢʨʠʦʩʪʘʪʘ. ʆʙʨʘʟʝʮ ʧʨʝʜʩʪʘʚʣʷʣ ʩʦʙʦʡ 

ʧʦʨʦʰʦʢ, ʫʧʣʦʪʥʝʥʥʳʡ ʚ ʚʘʥʘʜʠʝʚʦʤ ʢʦʥʪʝʡʥʝʨʝ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʦʨʦʰʢʦʚʦʛʦ ʦʙʨʘʟʮʘ Ho3Co ʧʨʦʚʦʜʠʣʦʩʴ ʚ ʀʥʩʪʠʪʫʪʝ ʇʘʫʣʷ 

ʐʝʨʨʝʨʘ (ʐʚʝʡʮʘʨʠʷ) ʩ ʧʦʤʦʱʴʶ ʜʠʬʨʘʢʪʦʤʝʪʨʘ ʥʘ ʭʦʣʦʜʥʳʭ ʥʝʡʪʨʦʥʘʭ DMC 

(ʩʤʦʪʨʠ ʨʠʩʫʥʦʢ 2.5) ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ ʥʘ ʠʩʪʦʯʥʠʢʝ ʥʝʡʪʨʦʥʦʚ çspallationè-ʪʠʧʘ 

SINQ (ʀʥʩʪʠʪʫʪ ʇʘʫʣʷ ʐʝʨʨʝʨʘ, ɺʠʣʣʠʛʝʥ, ʐʚʝʡʮʘʨʠʷ). ʇʨʠʙʦʨ ʦʩʥʘʱʝʥ 

ʤʥʦʛʦʜʝʪʝʢʪʦʨʥʦʡ ʩʠʩʪʝʤʦʡ, ʩʦʩʪʦʷʱʝʡ ʠʟ 400 ʩʯʝʪʯʠʢʦʚ ʚ ʜʠʘʧʘʟʦʥʝ ʫʛʣʦʚ ʜʦ 800 

ʩ ʰʘʛʦʤ 0.20. ʄʦʥʦʭʨʦʤʘʪʦʨ ï ʢʨʠʩʪʘʣʣ ʧʠʨʦʣʠʪʠʯʝʩʢʦʛʦ ʛʨʘʬʠʪʘ PG (002) ʠ 

ʛʝʨʤʘʥʠʷ Ge (311). ʅʝʡʪʨʦʥʥʳʝ ʠʟʤʝʨʝʥʠʷ ʧʦʨʦʰʢʦʚʦʛʦ ʦʙʨʘʟʮʘ ʩʦʝʜʠʥʝʥʠʷ 

Ho3Co ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʥʝʡʪʨʦʥʥʦʤ ʧʫʯʢʝ ʩ ʜʣʠʥʘʤʠ ʚʦʣʥ ‗ ςȢυφ ᴠ, 4.20 ᴠ ʚ 

ʠʥʪʝʨʚʘʣʘʭ ʪʝʤʧʝʨʘʪʫʨ ʦʪ 2 ʂ ʜʦ 50 ʂ. ʅʝʡʪʨʦʥʦʛʨʘʤʤʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩ 

ʧʦʩʪʦʷʥʥʳʤ ʫʛʣʦʚʳʤ ʰʘʛʦʤ Ўς— πȢςЈ ʧʨʠ ʩʲʸʤʢʝ ʩ ʜʣʠʥʦʡ ʚʦʣʥ r‗ τȢςπ ᴠ ʠ 

Ўς— πȢρЈ ʧʨʠ ʩʲʸʤʢʝ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ ‗ ςȢυφ ᴠ. ʆʙʣʫʯʘʝʤʳʡ ʦʙʨʘʟʝʮ 

ʧʨʝʜʩʪʘʚʣʷʣ ʩʦʙʦʡ ʧʦʨʦʰʦʢ, ʫʧʣʦʪʥʸʥʥʳʡ ʚ ʚʘʥʘʜʠʝʚʦʤ ʢʦʥʪʝʡʥʝʨʝ. 
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ʅʝʡʪʨʦʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʨʦʰʢʦʚʦʛʦ ʦʙʨʘʟʮʘ ʩʦʝʜʠʥʝʥʠʷ Ho5Pd2 ʚ 

ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʧʨʦʚʦʜʠʣʦʩʴ ʚ ɹʝʨʣʠʥʩʢʦʤ ʮʝʥʪʨʝ ʤʘʪʝʨʠʘʣʦʚ ʠ ʵʥʝʨʛʠʠ ʠʤʝʥʠ 

ɻʝʣʴʤʛʦʣʴʮʘ (ɻʝʨʤʘʥʠʷ) ʥʘ ʬʦʢʫʩʠʨʫʶʱʝʤ ʧʦʨʦʰʢʦʚʦʤ ʜʠʬʨʘʢʪʦʤʝʪʨʝ E6 ʩ 

ʥʝʡʪʨʦʥʥʤr ʧʫʯʢʦʤ ʩ ʜʣʠʥʦʡ ʚʦʣʥ r‗ ςȢτ ᴠ, ʫʩʪʘʥʦʚʣʝʥʥʦʤ ʥʘ ʢʘʥʘʣʝ ʊ4 

ʨʝʘʢʪʦʨʘ BER II  (ʩʤʦʪʨʠ ʨʠʩʫʥʦʢ 2.6). ɼʠʬʨʘʢʪʦʤʝʪʨ ʦʙʦʨʫʜʦʚʘʥ ʛʦʨʠʟʦʥʪʘʣʴʥʦ ʠ 

 

ʈʠʩʫʥʦʢ 2.5 ï ɼʠʬʨʘʢʪʦʤʝʪʨ DMC ʥʘ ʭʦʣʦʜʥʳʭ ʥʝʡʪʨʦʥʘʭ 

 

ʈʠʩʫʥʦʢ 2.6 ï ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʜʠʬʨʘʢʪʦʤʝʪʨʘ E6 
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ʚʝʨʪʠʢʘʣʴʥʦ ʬʦʢʫʩʠʨʫʶʱʠʤ ʤʦʥʦʭʨʦʤʘʪʦʨʦʤ, ʩʦʩʪʦʷʱʠʤ ʠʟ 105 ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ 

ʧʠʨʦʣʠʪʠʯʝʩʢʦʛʦ ʛʨʘʬʠʪʘ π π ς. ʅʘ ʜʠʬʨʘʢʪʦʤʝʪʨʝ ʫʩʪʘʥʦʚʣʝʥ ʧʣʘʥʘʨʥʳʡ 

ʜʝʪʝʢʪʦʨ ʨʘʟʤʝʨʥʦʩʪʴʶ σππσππ ʤʤ2. ʅʝʡʪʨʦʥʦʛʨʘʤʤʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚ 

ʫʛʣʦʚʦʤ ʠʥʪʝʨʚʘʣʝ σ ς— ρρς ʛʨʘʜʫʩʦʚ, ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 2 ʂ ʠ ʚʦ ʚʥʝʰʥʠʭ 

ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ ʜʦ 50 ʢʕ. 

ʄʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ ʦʙʨʘʟʝʮ Ho5Pd2 ʙʳʣ ʠʩʩʣʝʜʦʚʘʥ ʚ ɹʝʨʣʠʥʩʢʦʤ ʎʝʥʪʨʝ 

ʈʘʩʩʝʷʥʠʷ ʅʝʡʪʨʦʥʦʚ ʥʘ ʜʠʬʨʘʢʪʦʤʝʪʨʝ ʩ ʦʧʮʠʝʡ ʧʣʦʩʢʦʛʦ ʢʦʥʫʩʘ E2 (ʀʥʩʪʠʪʫʪ 

ɻʘʥʥʘ-ʄʝʡʪʥʝʨ, ɹʝʨʣʠʥ, ɻʝʨʤʘʥʠʷ). ɼʘʥʥʳʡ ʜʠʬʨʘʢʪʦʤʝʪʨ ʫʩʪʘʥʦʚʣʝʥ ʥʘ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʤ ʢʘʥʘʣʝ ʨʝʘʢʪʦʨʘ BER II . ɼʠʬʨʘʢʪʦʤʝʪʨ ʦʙʦʨʫʜʦʚʘʥ 

ʬʦʢʫʩʠʨʫʶʱʠʤ ʤʦʥʦʭʨʦʤʘʪʦʨʦʤ PG (002), ʚʳʨʝʟʘʶʱʠʤ ʠʟ ʤʘʢʩʚʝʣʣʦʚʩʢʦʛʦ 

ʩʧʝʢʪʨʘ ʨʝʘʢʪʦʨʘ ʥʝʡʪʨʦʥʥʳʡ ʧʫʯʦʢ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ 2.4 ¡. ʅʘ ʜʠʬʨʘʢʪʦʤʝʪʨʝ 

ʫʩʪʘʥʦʚʣʝʥʦ 4 ʜʚʫʭʢʦʦʨʜʠʥʘʪʥʳʭ ʜʝʪʝʢʪʦʨʘ, ʦʭʚʘʪʳʚʘʶʱʠʭ ʫʛʣʦʚʦʡ ʜʠʘʧʘʟʦʥ 

σ ς— ρρπ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʠ ςȢυ ς—̍ χȢυ ʚ 

ʚʝʨʪʠʢʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ. ɽʩʣʠ ʦʙʳʯʥʳʝ ʜʚʫʭʦʩʝʚʳʝ ʤʦʥʦʢʨʠʩʪʘʣʴʥʳʝ 

ʜʠʬʨʘʢʪʦʤʝʪʨʳ ʧʦʟʚʦʣʷʶʪ ʠʩʩʣʝʜʦʚʘʪʴ ʧʦʣʫʯʘʪʴ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʚ 

ʧʣʦʩʢʦʩʪʠ ʨʘʩʩʝʷʥʠʷ ʦʙʨʘʟʮʘ ʧʘʨʘʣʣʝʣʴʥʦʡ ʦʩʠ ʛʦʥʠʦʤʝʪʨʘ, ʠʟʤʝʨʷʷ 2D-ʢʘʨʪʫ 

ʦʙʨʘʪʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʪʦ ʦʧʮʠʷ çʧʣʦʩʢʦʛʦ ʢʦʥʫʩʘè ʠ ʜʚʫʭʢʦʦʨʜʠʥʘʪʥʳʡ 

ʜʝʪʝʢʪʦʨ ʧʦʟʚʦʣʷʶʪ ʠʟʫʯʘʪʴ 3D ʩʝʛʤʝʥʪ ʦʙʨʘʪʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʧʨʠʙʦʨ ʦʧʪʠʤʠʟʠʨʦʚʘʥ ʜʣʷ ʠʟʫʯʝʥʠʷ ʙʣʠʞʥʝʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʨʷʜʢʘ ʚ 

ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʦʙʨʘʟʮʘʭ. 

 

ʈʠʩʫʥʦʢ 2.7 ï ɼʠʬʨʘʢʪʦʤʝʪʨ ʩ ʦʧʮʠʝʡ çʧʣʦʩʢʦʛʦ ʢʦʥʫʩʘè E2 [130] 
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2.8 ʇʨʦʛʨʘʤʤʥʳʝ ʧʘʢʝʪʳ ʠ ʘʣʛʦʨʠʪʤʳ ʘʥʘʣʠʟʘ ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʜʘʥʥʳʭ 

 

ʇʨʠ ʦʙʨʘʙʦʪʢʝ ʜʘʥʥʳʭ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʠ ʥʝʡʪʨʦʥʥʦʡ ʜʠʬʨʘʢʮʠʠ 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʥʝʢʦʤʤʝʨʯʝʩʢʠʡ ʧʨʦʛʨʘʤʤʥʳʡ ʧʘʢʝʪ FullProf Suite [123] ʠ 

ʥʝʢʦʤʤʝʨʯʝʩʢʘ ̫ʧʨʦʛʨʘʤʤʘ JANA ʚʝʨʩʠʡ 2006 ʠ 2020 [59]. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʙʝ 

ʧʨʦʛʨʘʤʤʳ ʦʙʝʩʧʝʯʠʚʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʘʥʘʣʠʟʘ ʤʘʛʥʠʪʥʳʭ ʩʪʨʫʢʪʫʨ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ ʤʘʛʥʠʪʥʳʭ ʩʫʧʝʨʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ 

ʛʨʫʧʧ. 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʦ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʠ ʤʘʛʥʠʪʥʦʡ ʩʪʨʫʢʪʫʨʝ ʠʟ 

ʧʦʨʦʰʢʦʚʳʭ ʜʘʥʥʳʭ ʜʠʬʨʘʢʮʠʠ ʢʘʢ ʨʝʥʪʛʝʥʦʚʩʢʦʡ, ʪʘʢ ʠ ʥʝʡʪʨʦʥʥʦʡ, ʚ ʜʘʥʥʳʭ 

ʧʨʦʛʨʘʤʤʘʭ ʨʝʘʣʠʟʦʚʘʥʳ: 

¶ ʤʝʪʦʜ ɻ ʢʩʪʨʘʢʮʠʠ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʧʦ ʃʝ-ɹɻʡʣʫ [131], ʧʦʟʚʦʣʷʶʱʠʡ ʥʘʭʦʜʠʪ ɹ

ʠʥʪʝʛʨʘʣʴʥʳʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʙʨʵʛʛʦʚʩʢʠʭ ʦʪʨʘʞʝʥʠʡ Ihkl; 

¶ ʤʝʪʦʜ ʈʠʪʚʝʣʴʜʘ [47]. ɸʧʧʨʦʢʩʠʤʘʮʠʷ ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʜʘʥʥʳʭ ʧʦ ʤʝʪʦʜʫ 

ʈʠʪʚʝʣʴʜʘ ʧʦʟʚʦʣʷʝʪ ʫʪʦʯʥʠʪʴ ʧʘʨʘʤʝʪʨʳ ʤʦʜʝʣʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʠ 

ʤʦʜʝʣʠ ʤʘʛʥʠʪʥʦʡ ʩʪʨʫʢʪʫʨʳ. 

ɺʠʟʫʘʣʠʟʘʮʠʷ ʠ ʘʥʘʣʠʟ ʜʘʥʥʳʭ ʩ ʜʠʬʨʘʢʪʦʤʝʪʨʘ E2 ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʧʨʠ 

ʧʦʤʦʱʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʘʢʝʪʘ TVneXus [130, 133]. ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʘʧʧʨʦʢʩʠʤʘʮʠʷ 

ʠ ʘʥʘʣʠʟ ʜʘʥʥʳʭ ʪʝʧʣʦʚʦʛʦ ʨʘʩʰʠʨʝʥʠʷ ʠ ʪʝʧʣʦʝʤʢʦʩʪʠ ʦʩʫʱʝʩʪʚʣʷʣʠʩʴ ʚ ʩʨʝʜʝ 

Jupiter Notebook ʥʘ ʙʘʟʝ ʷʟʳʢʘ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ Python [133]. ɺʠʟʫʘʣʠʟʘʮʠʷ 

ʜʘʥʥʳʭ ʠ ʠʭ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʧʨʠ ʧʦʤʦʱʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʘʢʝʪʘ 

Origin 9.0 [134].  
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3 ʅɽʉʆʀɿʄɽʈʀʄɸʗ ʄɸɻʅʀʊʅɸʗ ʉʊʈʋʂʊʋʈɸ ʀ ʄɸɻʅʀʊʅʓɽ 

ʉɺʆʁʉʊɺɸ Ho3Co 

 

3.1 ʅʝʡʪʨʦʥʦʛʨʘʬʠʯʝʩʢʘʷ ʠ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʘʷ ʘʪʪʝʩʪʘʮʠʷ 

ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʦʙʨʘʟʮʘ Ho3Co 

 

ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʤʘʛʥʠʪʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʨʝʜʢʦʟʝʤʝʣʴʥʦʛʦ 

ʠʥʪʝʨʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʩʦʝʜʠʥʝʥʠʷ Ho3Co ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʚʘ 

ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʦʙʨʘʟʮʘ ʙʠʥʘʨʥʦʛʦ ʠʥʪʝʨʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʩʦʝʜʠʥʝʥʠʷ Ho3Co. 

ʇʝʨʚʳʡ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ ʦʙʨʘʟʝʮ Ho3Co (ʦʙʨʘʟʝʮ ˉ1) ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʜʣʷ 

ʧʨʦʚʝʜʝʥʠʷ ʥʝʡʪʨʦʥʦʛʨʘʬʠʯʝʩʢʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʘ ʚʪʦʨʦʡ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ 

ʦʙʨʘʟʝʮ Ho3Co (ʦʙʨʘʟʝʮ ˉ2) ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʤʘʛʥʠʪʥʳʭ ʠʟʤʝʨʝʥʠʡ. 

ʅʝʡʪʨʦʥʦʛʨʘʤʤʘ ʧʦʨʦʰʢʦʚʦʛʦ ʦʙʨʘʟʮʘ Ho3Co (ʦʙʨʘʟʝʮ ˉ 1), ʠʟʤʝʨʝʥʥʘʷ ʥʘ 

ʫʩʪʘʥʦʚʢʝ DMC ʥʘ ʥʝʡʪʨʦʥʥʦʤ ʧʫʯʢʝ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ ‗ ςȢυφ ᴠ ʚ ʧʘʨʘʤʘʛʥʠʪʥʦʤ 

ʩʦʩʪʦʷʥʠʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ Ὕ υπ ʂ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 3.1(a). 

ʇʨʦʚʝʜʝʥʥʳʡ ʘʥʘʣʠʟ ʜʘʥʥʳʭ ʥʝʡʪʨʦʥʥʦʡ ʜʠʬʨʘʢʮʠʠ ʤʝʪʦʜʦʤ ʈʠʪʚʝʣʴʜʘ ʧʦʢʘʟʘʣ, 

ʯʪʦ ʦʙʨʘʟʝʮ Ho3Co ̫ ʚʣʷʝʪʩʷ ʦʜʥʦʬʘʟʥʳʤ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʘʥʘʣʠʟʘ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʬʘʟʳ Ho3Co ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʤʦʜʝʣʠ ʦʨʪʦʨʦʤʙʠʯʝʩʢʦʡ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʩ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʦʡ ὖὲάὥ, ʦʧʫʙʣʠʢʦʚʘʥʥʦʡ ʚ 

ʣʠʪʝʨʘʪʫʨʝ [61, 62]. ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʤʦʜʝʣʠ ʙʳʣʠ ʫʩʪʘʥʦʚʣʝʥʳ ʢʦʦʨʜʠʥʘʪʳ 

ʙʘʟʠʩʥʳʭ ʘʪʦʤʦʚ, ʟʘʩʝʣʝʥʥʦʩʪʠ ʧʦʟʠʮʠʡ ʠ ʧʘʨʘʤʝʪʨʳ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ. 

ʇʦʣʫʯʝʥʥʳʝ ʩʪʨʫʢʪʫʨʥʳʝ ʧʘʨʘʤʝʪʨʳ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 3.1. ʀʟ ʨʠʩʫʥʢʘ 3.1 

ʦʪʯʸʪʣʠʚʦ ʚʠʜʥʦ, ʯʪʦ ʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤ ʩʧʝʢʪʨʝ ʧʨʠʩʫʪʩʪʚʫʝʪ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʚʳʩʦʢʦʠʥʪʝʥʩʠʚʥʳʡ ɹʨʵʛʛʦʚʩʢʠʡ ʧʠʢ ʧʨʠ ʙʦʣʴʰʦʤ ʫʛʣʝ 

ʨʘʩʩʝʷʥʠʷ ς— χψȢωЈ ʢʦʪʦʨʳʡ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʦʧʠʩʘʥ ʦʩʥʦʚʥʦʡ ʩʪʨʫʢʪʫʨʥʦʡ 

ʤʦʜʝʣʴʶ Ho3Co. ɼʘʥʥʳʡ ʨʝʬʣʝʢʩ ʩʚʷʟʘʥ ʩ ʨʘʩʩʝʷʥʠʝʤ ʦʪ ʩʠʩʪʝʤʳ ʦʢʨʫʞʝʥʠʷ 

ʦʙʨʘʟʮʘ ʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʘʩʩʝʷʥʠʶ ʦʪ ʧʣʦʩʢʦʩʪʠ ς π π ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ 

ʘʣʶʤʠʥʠʷ. ɸʥʘʣʠʟ ʥʝʡʪʨʦʥʦʛʨʘʤʤ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʧʦʢʘʟʘʣ, ʯʪʦ 

ʜʘʥʥʳʡ ʧʠʢ ʧʦʯʪʠ ʥʝ ʤʝʥʷʝʪ ʩʚʦʶ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʨʠ ʧʦʥʠʞʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ. ɺ 

ʜʘʣʴʥʝʡʰʝʤ, ʜʘʥʥʳʡ ʧʠʢ ʥʝ ʫʯʠʪʳʚʘʣʩʷ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʘʥʘʣʠʟʘ ʤʘʛʥʠʪʥʦʡ 

ʩʪʨʫʢʪʫʨʳ. ʅʘ ʨʠʩʫʥʢʝ 3.1(ʙ) ʧʨʝʜʩʪʘʚʣʝʥʘ ʨʝʥʪʛʝʥʦʛʨʘʤʤʘ ʧʦʨʦʰʢʦʚʦʛʦ ʦʙʨʘʟʮʘ 

Ho3Co (ʦʙʨʘʟʝʮ ˉ 2), ʠʟʤʝʨʝʥʥʘʷ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ʀʟ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ 

ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʜʠʬʨʘʢʮʠʠ ʤʝʪʦʜʦʤ ʈʠʪʚʝʣʴʜʘ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʙʨʘʟʝʮ Ho3Co 

ʦʜʥʦʬʘʟʝʥ. ʋʪʦʯʥʝʥʠʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʬʘʟʳ Ho3Co ʧʦʢʘʟʘʣʦ, ʯʪʦ 

ʤʦʜʝʣʴ ʦʨʪʦʨʦʤʙʠʯʝʩʢʦʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʩ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʦʡ 

ὖὲάὥ [61, 62] ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦ ʦʧʠʩʳʚʘʝʪ ʠʟʤʝʨʝʥʥʫʶ ʜʠʬʨʘʢʪʦʛʨʘʤʤʫ. 
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ʇʘʨʘʤʝʪʨʳ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ, ʧʦʣʫʯʝʥʥʳʝ ʠʟ ʫʪʦʯʥʝʥʠʷ, ʠʤʝʶʪ 

ʩʣʝʜʫʶʱʠʝ ʟʥʘʯʝʥʠʷ: ὥ φȢωυρρρ Bȟὦ ωȢςψπρτ Bȟ   ὧ  φȢςςυφψB. ʊʝʤ 

ʥʝ ʤʝʥʝʝ, ʢʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ 3.1(ʙ), ʥʘʙʣʶʜʘʝʪʩʷ ʥʝʙʦʣʴʰʦʝ ʨʘʩʭʦʞʜʝʥʠʝ ʤʝʞʜʫ 

ɹʨʵʛʛʦʚʩʢʠʤʠ ʧʠʢʘʤʠ ʨʘʩʯʸʪʥʦʛʦ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʧʨʦʬʠʣʝʡ. ʕʪʦ ʤʦʞʝʪ 

ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʚʣʠʷʥʠʝʤ ʵʬʬʝʢʪʘ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦʡ ʦʨʠʝʥʪʘʮʠʠ ʢʨʠʩʪʘʣʣʠʪʦʚ 

ʧʨʠ ʠʟʤʝʨʝʥʠʠ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʜʠʬʨʘʢʮʠʠ. 

ʊʘʙʣʠʮʘ 3.1 ï ʉʪʨʫʢʪʫʨʥʳʝ ʧʘʨʘʤʝʪʨʳ ʧʦʨʦʰʢʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ Ho3Co 

ʧʦʣʫʯʝʥʥʳʝ ʧʦ ʜʘʥʥʳʤ ʥʝʡʪʨʦʥʥʦʡ ʜʠʬʨʘʢʮʠʠ ʧʨʠ Ὕ υπ ʂ 

 ὼῳὼ ώῳώ ᾀῳᾀ 

Ho1(8d) 0.1805(1) 0.0759(3) 0.1804(9) 

Ho2(4c) 0.0465(1) 0.25 0.6128(5) 

Co(4c) 0.3729(1) 0.25 0.3830(8) 

ὥ φȢωτφωχ Bȟὦ ωȢςσρωρ Bȟ   ὧ  φȢςτρψσB, 

Ὑ ςȢσσ, c σȢρπ 

  

  

ʈʠʩʫʥʦʢ 3.1 ï (ʘ) ʇʦʨʦʰʢʦʚʘʷ ʥʝʡʪʨʦʥʦʛʨʘʤʤʘ Ho3Co (ʦʙʨʘʟʝʮ ˉ 1), ʩʥʷʪʘʷ ʧʨʠ 

Ὕ  υπ ʂ. (ʙ) ʇʦʨʦʰʢʦʚʘʷ ʨʝʥʪʛʝʥʦʛʨʘʤʤʘ Ho3Co (ʦʙʨʘʟʝʮ ˉ 2), ʧʦʣʫʯʝʥʥʘʷ 

ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ʂʨʘʩʥʳʝ ʩʠʤʚʦʣʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʩʧʝʢʪʨ, ʩʧʣʦʰʥʘʷ ʯʝʨʥʘʷ ʣʠʥʠʷ - ʨʘʩʯʸʪʥʳʡ ʩʧʝʢʪʨ, 

ʚʝʨʪʠʢʘʣʴʥʳʝ ʰʪʨʠʭʠ ï ʫʛʣʦʚʳʝ ʧʦʣʦʞʝʥʠʷ ʙʨʵʛʛʦʚʩʢʠʭ ʨʝʬʣʝʢʩʦʚ, ʩʧʣʦʰʥʘʷ 

ʩʠʥʷʷ ʣʠʥʠʷ ï ʨʘʟʥʦʩʪʥʘʷ ʢʨʠʚʘʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʠ ʨʘʩʯʝʪʥʦʛʦ ʧʨʦʬʠʣʷ. 

ɿʚʸʟʜʦʯʢʦʡ ʦʪʤʝʯʝʥ ʨʝʬʣʝʢʩ ʦʪ ʦʢʨʫʞʝʥʠʷ ʦʙʨʘʟʮʘ 
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3.2 DC ʠ AC ʤʘʛʥʠʪʥʘʷ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʴ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʦʙʨʘʟʮʘ Ho3Co 

 

ʅʘ ʨʠʩʫʥʢʝ 3.2(ʘ) ʧʨʝʜʩʪʘʚʣʝʥʳ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʤʘʛʥʠʪʥʦʡ 

ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ Ho3Co ʠʟʤʝʨʝʥʥʳʝ ʧʦ ʧʨʦʪʦʢʦʣʫ ʥʘʛʨʝʚ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʧʦʩʣʝ 

ʦʭʣʘʞʜʝʥʠʷ ʚ ʥʫʣʝʚʦʤ ʧʦʣʝ … Ὕ (ZFC-ʢʨʠʚʘʷ) ʠ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ ʚʦ ʚʥʝʰʥʝʤ 

ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ … Ὕ (FC-ʢʨʠʚʘʷ). ʀʟ ʨʠʩʫʥʢʘ ʚʠʜʥʦ, ʯʪʦ ʦʙʝ ʟʘʚʠʩʠʤʦʩʪʠ 

ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʷʨʢʦ ʚʳʨʘʞʝʥʥʳʡ ʧʠʢ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʅʝʝʣʷ Ὕ ςς +, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʤʘʛʥʠʪʥʦʤʫ ʬʘʟʦʚʦʤʫ ʧʝʨʝʭʦʜʫ ʠʟ ʇʄ ʚ ɸʌʄ ʩʦʩʪʦʷʥʠʝ. ʉ 

ʧʦʥʠʞʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʚʝʣʠʯʠʥʘ ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʦʙʝʠʭ ʢʨʠʚʳʭ 

ʩʧʘʜʘʝʪ, ʜʦʩʪʠʛʘʷ ʤʠʥʠʤʫʤʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʦʢʦʣʦ Ὕ ͯ ρφ ʂ. ɽʱʝ ʦʜʥʘ ʘʥʦʤʘʣʠʷ 

ʚ ʚʠʜʝ ʩʪʫʧʝʥʴʢʠ ʥʘʙʣʶʜʘʝʪʩʷ ʥʘ ZFC-FC ʢʨʠʚʳʭ ʧʨʠ Ὕ  ρυ ʂ. ɺ ʦʙʣʘʩʪʠ 

ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ Ὕ  ψ ʂ ʥʘ ZFC-FC ʢʨʠʚʳʭ ʥʘʙʣʶʜʘʝʪʩʷ ʪʝʨʤʦʤʘʛʥʠʪʥʳʡ 

ʛʠʩʪʝʨʝʟʠʩ. ɼʣʷ … Ὕ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʯʝʪʢʦ ʚʳʨʘʞʝʥʥʘʷ ʘʥʦʤʘʣʠʷ ʚ ʚʠʜʝ ʧʠʢʘ 

ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʧʨʠ Ὕ   ψ +, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ … Ὕ ʧʨʦʜʦʣʞʘʝʪ ʨʘʩʪʠ ʚʧʣʦʪʴ 

ʜʦ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ. ʇʠʢ ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʧʨʠ Ὕ   ψ + ʨʘʥʝʝ 

ʥʘʙʣʶʜʘʣʩʷ ʚ ʨʘʙʦʪʝ [21] ʧʨʠ ʤʘʛʥʠʪʥʳʭ ʠʟʤʝʨʝʥʠʷʭ ʥʘ ʤʦʥʦʢʨʠʩʪʘʣʣʝ Ho3Co ʠ 

ʧʨʠʧʠʩʳʚʘʣʩʷ ʠʥʜʫʮʠʨʦʚʘʥʥʦʤʫ ʪʝʤʧʝʨʘʪʫʨʦʡ ʤʘʛʥʠʪʥʦʤʫ ʬʘʟʦʚʦʤʫ ʧʝʨʝʭʦʜʫ 

ʪʠʧʘ ʧʦʨʷʜʦʢ-ʧʦʨʷʜʦʢ ʚʩʣʝʜʩʪʚʠʝ ʩʧʠʥʦʚʦʡ ʧʝʨʝʦʨʠʝʥʪʘʮʠʠ. ʄʘʛʥʠʪʥʳʝ ʬʘʟʦʚʳʝ 

ʧʝʨʝʭʦʜʳ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ Ὕ ςς + ʠ Ὕ   ψ + ʪʘʢʞʝ ʧʦʜʪʚʝʨʞʜʘʶʪʩʷ 

ʜʘʥʥʳʤʠ ʥʝʡʪʨʦʥʦʛʨʘʬʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘ ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʤ ʦʙʨʘʟʮʝ 

Ho3Co ʚ ʨʘʙʦʪʝ [10]. 

 

 

ʈʠʩʫʥʦʢ 3.2 ï (ʘ) ʊʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ 

ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʦʙʨʘʟʮʘ ʩʦʝʜʠʥʝʥʠʷ Ho3Co ʩʥʷʪʳʭ ʧʦ ʧʨʦʪʦʢʦʣʫ ZFC-

FC ʚ ʧʦʣʝ 100 ʕ. (ʙ) ʊʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʦʙʨʘʪʥʦʡ ʤʘʛʥʠʪʥʦʡ 

ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ρȾ…Ὕ. ʂʨʘʩʥʘʷ ʣʠʥʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʘʧʧʨʦʢʩʠʤʘʮʠʶ 

ʦʙʨʘʪʥʦʡ ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʧʦ ʟʘʢʦʥʫ ʂʶʨʠ-ɺʝʡʩʩʘ 



88 

 

 

ʊʝʤʧʝʨʘʪʫʨʥʘ ̫ʟʘʚʠʩʠʤʦʩʪ ɹʦʙʨʘʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ … Ὕ, ʠʟʤʝʨʝʥʥʘʷ 

ʚ ʧʦʣʝ Ὄ  ρ ̋ ,˪ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 3.2(ʙ). ɺʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʘʷ ʯʘʩʪʴ 

… Ὕ (Ὕ  ρυπ +) ʘʧʧʨʦʢʩʠʤʠʨʦʚʘʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʟʘʢʦʥʘ ʂʶʨʠ-ɺʝʡʩʩʘ (ʂ-

ɺ). ʇʦʩʢʦʣʴʢʫ ʨʘʩʩʤʘʪʨʠʚʘʝʤʘʷ ʤʘʛʥʠʪʥʘʷ ʩʠʩʪʝʤʘ ʩʦʩʪʦʠʪ ʠʟ ʤʘʛʥʠʪʥʳʭ ʠʦʥʦʚ 

Ho3+ ʩ ʙʦʣʴʰʠʤ ʟʥʘʯʝʥʠʝʤ ʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ, ʪʦ ʥʝʟʘʚʠʩʷʱʠʝ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ 

ʜʠʘʤʘʛʥʠʪʥʳʡ ʚʢʣʘʜ ʠ ʚʢʣʘʜ ʦʪ ʚʘʥ-ʬʣʝʢʦʚʩʢʦʛʦ ʧʘʨʘʤʘʛʥʝʪʠʟʤʘ ʷʚʣʷʶʪʩʷ 

ʧʨʝʥʝʙʨʝʞʠʤʦ ʤʘʣʳʤʠ. ɺʝʣʠʯʠʥʘ ʵʬʬʝʢʪʠʚʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ, 

ʨʘʩʩʯʠʪʘʥʥʘʷ ʠʟ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʦʙʨʘʪʥʦʡ 

ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʚ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʠʥʪʝʨʚʘʣʝ ρυπ ̠ Ὕ  σππ + ʦʮʝʥʝʥʘ ʢʘʢ 

‘ ρπȢφω ‘. ʕʪʦ ʟʥʘʯʝʥʠʝ ʧʦʯʪʠ ʩʦʚʧʘʜʘʝʪ ʩ ʪʝʦʨʝʪʠʯʝʩʢʠʤ ʟʥʘʯʝʥʠʝʤ ‘

ρπȢφρ ‘  ʜʣʷ ʩʚʦʙʦʜʥʦʛʦ ʠʦʥʘ Ho3+. ɺʝʣʠʯʠʥʘ ʧʘʨʘʤʘʛʥʠʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʂʶʨʠ, 

ʫʩʪʘʥʦʚʣʝʥʥʘʷ ʠʟ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʦʙʨʘʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʟʘʢʦʥʦʤ ʂʶʨʠ-

ɺʝʡʩʘ, ʩʦʩʪʘʚʣʷʝʪ —  στȢρ + ʠ ʥʝʩʢʦʣʴʢʦ ʚʳʰʝ ʟʥʘʯʝʥʠʡ, ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ 

ʧʨʠʣʦʞʝʥʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚʜʦʣʴ ʨʘʟʥʳʭ ʦʩʝʡ ʤʦʥʦʢʨʠʩʪʘʣʣʘ Ho3Co ʚ ʨʘʙʦʪʝ 

[21]. ʇʦʣʦʞʠʪʝʣʴʥʦʝ ʟʥʘʯʝʥʠʝ — ʧʨʠ ʪʦʤ, ʯʪʦ ʦʩʥʦʚʥʦʝ ʩʦʩʪʦʷʥʠʝ ʤʘʛʥʠʪʥʦʡ 

ʧʦʜʩʠʩʪʝʤʳ ʷʚʣʷʝʪʩʷ ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʳʤ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʢʦʥʢʫʨʝʥʮʠʠ 

ʬʝʨʨʦʤʘʛʥʠʪʥʳʭ ʠ ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʳʭ ʦʙʤʝʥʦʚ ʠ ʜʦʤʠʥʠʨʦʚʘʥʠʠ 

ʬʝʨʨʦʤʘʛʥʠʪʥʦʛʦ ʦʙʤʝʥʘ. ʆʪʢʣʦʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʦʙʨʘʪʥʦʡ 

ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʦʪ ʟʘʢʦʥʘ ʂʶʨʠ-ɺʝʡʩʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ Ὕ  ρςυ ʂ ʥʘʙʣʶʜʘʣʦʩʴ 

ʨʘʥʝʝ ʚ [21] ʠ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʵʬʬʝʢʪʦʤ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʧʦʣʷ [135]. 

ʅʘ ʨʠʩʫʥʢʝ 3.3 ʧʨʝʜʩʪʘʚʣʝʥʳ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʨʝʘʣʴʥʦʡ … Ὕ ʠ 

ʤʥʠʤʦʡ … Ὕ ʢʦʤʧʦʥʝʥʪ ʤʘʛʥʠʪʥʦʡ ɸʉ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ 

ʦʙʨʘʟʮʘ Ho3Co. ʈʝʘʣʴʥʘʷ ʢʦʤʧʦʥʝʥʪʘ … Ὕ ʥʘʧʦʤʠʥʘʝʪ ʪʝʤʧʝʨʘʪʫʨʥʫʶ 

ʟʘʚʠʩʠʤʦʩʪʴ ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʚ ʧʦʩʪʦʷʥʥʦʤ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ … Ὕ ʠ 

ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʰʠʨʦʢʠʡ ʧʠʢ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʅʝʝʣʷ Ὕ ςς ʂ, ʩʪʫʧʝʥʯʘʪʳʡ 

ʩʢʘʯʦʢ ʧʨʠ Ὕ ρφ  ʂ ʠ ʰʠʨʦʢʫʶ ʘʥʦʤʘʣʠʶ ʧʨʠ Ὕ ψ ʂ. ɺ ʠʥʪʝʨʚʘʣʝ 

ʪʝʤʧʝʨʘʪʫʨ Ὕ Ὕ Ὕ  ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʚʠʜʘ … Ὕ ʠ 

… Ὕ ʦʪ ʯʘʩʪʦʪʳ ʦʩʮʠʣʣʠʨʫʶʱʝʛʦ ʧʦʣʷ. ʅʘ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʤʥʠʤʦʡ 

ʢʦʤʧʦʥʝʥʪʳ … Ὕ ʧʨʠʩʫʪʩʪʚʫʝʪ ʝʜʚʘ ʟʘʤʝʪʥʘʷ ʘʥʦʤʘʣʠʷ ʚʙʣʠʟʠ ʪʝʤʧʝʨʘʪʫʨʳ 

ʅʝʝʣʷ, ʯʪʦ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʘʥʪʠʬʝʨʨʦʤʘʛʥʝʪʠʢʦʚ. ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʝ Ὕ  

ʥʘʙʣʶʜʘʶʪʩʷ ʤʘʢʩʠʤʫʤʳ ʥʘ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʟʘʚʠʩʠʤʦʩʪʷʭ ʨʝʘʣʴʥʦʡ ʠ ʤʥʠʤʦʡ 

ʢʦʤʧʦʥʝʥʪ. ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ 3.3, ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ ʥʠʞʝ Ὕ ρσ ʂ ʧʨʦʷʚʣʷʝʪʩʷ 

ʷʨʢʦ ʚʳʨʘʞʝʥʥʘʷ ʯʘʩʪʦʪʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ … Ὕ ʠ … Ὕ ɸʉ-ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ. ʊʘʢ, 

ʯʘʩʪʦʪʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʤʥʠʤʦʡ ʢʦʤʧʦʥʝʥʪʳ ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʥʠʞʝ 13 ʂ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʜʠʩʩʠʧʘʮʠʠ ʵʥʝʨʛʠʠ ʚ ʤʘʛʥʠʪʥʦʡ 

ʧʦʜʩʠʩʪʝʤʝ ʚʩʣʝʜʩʪʚʠʝ ʥʝʦʙʨʘʪʠʤʳʭ ʧʨʦʮʝʩʩʦʚ, ʚʦʟʥʠʢʘʶʱʠʭ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ 

ʦʩʮʠʣʣʠʨʫʶʱʝʛʦ ʩʠʛʥʘʣʘ. ʆʪʯʝʪʣʠʚʦ ʥʘʙʣʶʜʘʝʪʩʷ ʟʘʚʠʩʠʤʦʩʪʴ ʘʤʧʣʠʪʫʜʳ ʠ 

ʧʦʣʦʞʝʥʠʷ ʥʘʙʣʶʜʘʝʤʳʭ ʤʘʢʩʠʤʫʤʦʚ ʦʪ ʯʘʩʪʦʪʳ ʦʩʮʠʣʣʠʨʫʶʱʝʛʦ ʤʘʛʥʠʪʥʦʛʦ 

ʧʦʣʷ ʧʨʠ Ὕ. ʀʟ ʨʠʩʫʥʢʘ 3.3 ʚʠʜʥʦ, ʯʪʦ ʧʦʣʦʞʝʥʠʝ ʤʘʢʩʠʤʫʤʦʚ ʩʤʝʱʘʝʪʩʷ ʚ 
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ʩʪʦʨʦʥʫ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʯʘʩʪʦʪʳ ʦʩʮʠʣʣʠʨʫʶʱʝʛʦ 

ʧʦʣʷ, ʢʘʢ ʵʪʦ ʦʙʳʯʥʦ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʩʧʠʥ-ʩʪʝʢʦʣʴʥʳʭ ʩʠʩʪʝʤʘʭ [136]. ʂʘʢ ʤʦʞʥʦ 

ʚʠʜʝʪʴ ʠʟ ʨʠʩʫʥʢʘ, ʩ ʨʦʩʪʦʤ ʯʘʩʪʦʪʳ ʦʩʮʠʣʣʠʨʫʶʱʝʛʦ ʧʦʣʷ ʘʤʧʣʠʪʫʜʘ ʤʘʢʩʠʤʫʤʘ 

ʥʘ … Ὕ ʫʤʝʥʴʰʘʝʪʩʷ, ʘ ʘʤʧʣʠʪʫʜʘ ʤʥʠʤʦʡ ʢʦʤʧʦʥʝʥʪʳ ʨʘʩʪʸʪ. ʊʘʢʦʝ ʧʦʚʝʜʝʥʠʝ 

ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ɸʉ-ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʧʨʠ Ὕ  ʭʦʨʦʰʦ ʢʦʨʨʝʣʠʨʫʝʪ ʩ 

ʧʦʚʝʜʝʥʠʝʤ ʩʧʠʥ-ʩʪʝʢʦʣʴʥʳʭ ʩʠʩʪʝʤ. ʂʘʢ ʧʦʢʘʟʘʣ ɼʞ. ɸ. ʄʠʜʦʰ ʚ ʩʚʦʝʡ ʨʘʙʦʪʝ 

[137], ʦʜʥʠʤ ʠʟ ʧʨʠʟʥʘʢʦʚ ʤʘʛʥʠʪʥʳʭ ʩʠʩʪʝʤ ʩʦ ʩʧʠʥ-ʩʪʝʢʦʣʴʥʳʤ ʩʦʩʪʦʷʥʠʝʤ 

ʷʚʣʷʝʪʩʷ ʩʦʦʪʚʝʪʩʪʚʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʤʘʢʩʠʤʫʤʘ ʥʘ … Ὕ ʪʦʯʢʝ ʧʝʨʝʛʠʙʘ ʥʘ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʩʪʦʨʦʥʝ ʤʘʢʩʠʤʫʤʘ … Ὕ. ʀʟ ʨʠʩʫʥʢʘ 3.3 ʠ ʚʩʪʘʚʢʠ ʢ ʥʝʤʫ 

ʚʠʜʥʦ, ʯʪʦ ʜʣʷ ʩʦʝʜʠʥʝʥʠʷ Ho3Co ʵʪʦ ʫʩʣʦʚʠʝ ʥʝ ʚʳʧʦʣʥʷʝʪʩʷ.  

ɺ ʩʚʷʟʠ ʩ ʥʝʦʜʥʦʟʥʘʯʥʦʩʪʴʶ ʧʦʚʝʜʝʥʠʷ ʯʘʩʪʦʪʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʢʦʤʧʣʝʢʩʥʦʡ 

ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʙʳʣ ʧʨʦʠʟʚʝʜʝʥ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ. ɼʣʷ 

ʫʩʪʘʥʦʚʣʝʥʠʷ ʪʠʧʘ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚ Ho3Co ʙʳʣʘ 

ʧʨʦʚʝʜʝʥʘ ʦʮʝʥʢʘ ʧʘʨʘʤʝʪʨʘ ʄʠʜʦʰʘ ‏Ὕ ЎὝ Ὕϳ ЎÌÎὪ, ʢʦʪʦʨʳʡ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʜʣʷ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʤʘʛʥʠʪʥʳʭ ʩʠʩʪʝʤ ʩʪʝʢʦʣʴʥʦʛʦ ʪʠʧʘ [137]. ɼʘʥʥʳʡ ʧʘʨʘʤʝʪʨ 

ʠʤʝʝʪ ʭʘʨʘʢʪʝʨʥʳʝ ʦʙʣʘʩʪʠ ʟʥʘʯʝʥʠʡ ʩʚʦʡʩʪʚʝʥʥʳʝ ʢʘʥʦʥʠʯʝʩʢʠʤ ʩʧʠʥ-

ʩʪʝʢʦʣʴʥʳʤ ʩʠʩʪʝʤʘʤ ʠ ʤʘʛʥʠʪʥʳʤ ʩʠʩʪʝʤʘʤ ʥʘ ʦʩʥʦʚʝ ʥʝʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ 

(ʩʫʧʝʨʧʘʨʘʤʘʛʥʝʪʠʟʤ) ʠʣʠ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʤʘʛʥʠʪʥʳʭ ʢʣʘʩʪʝʨʦʚ, ʯʘʩʪʠʮ ʠ 

ʜʨʫʛʠʭ ʩʠʩʪʝʤ., ʛʜʝ ʥʘʙʣʶʜʘʶʪʩʷ ʵʬʬʝʢʪʳ ʙʣʦʢʠʨʦʚʢʠ. ʆʮʝʥʢʘ ʧʘʨʘʤʝʪʨʘ ʄʠʜʦʰʘ 

 

ʈʠʩʫʥʦʢ 3.3 ï ʊʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʨʝʘʣʴʥʦʡ … Ὕ ʠ ʤʥʠʤʦʡ (ʚʩʪʘʚʢʘ) 

… Ὕ ʢʦʤʧʦʥʝʥʪ AC ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ, ʠʟʤʝʨʝʥʥʳʭ ʚ 

ʦʩʮʠʣʣʠʨʫʶʱʝʤ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʩ ʘʤʧʣʠʪʫʜʦʡ Ὄ   ς ˪ ʠ ʯʘʩʪʦʪʘʤʠ Ὢ  πȢχχȟ

χȢχχȟχχȢχ ̉ χχχ ɻʮ. ʉʪʨʝʣʢʠ ʫʢʘʟʳʚʘʶʪ ʥʘʧʨʘʚʣʝʥʠʝ ʩʤʝʱʝʥʠʷ ʤʘʢʩʠʤʫʤʦʚ ʥʘ 

ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʟʘʚʠʩʠʤʦʩʪʷʭ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʯʘʩʪʦʪʳ ʦʪ ʥʠʟʢʦʡ ʢ ʚʳʩʦʢʦʡ 
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ʜʣʷ Ho3Co ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʧʦ ʤʘʢʩʠʤʫʤʫ ʥʘ … Ὕ, ʠ ʧʦʢʘʟʘʣʘ ʨʘʩʯʸʪʥʦʝ ʟʥʘʯʝʥʠʝ 

Ὕ‏ πȢπρχ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʮʝʥʝʥʥʘʷ ʚʝʣʠʯʠʥʘ ‏Ὕ ʧʦʧʘʜʘʝʪ ʚ ʠʥʪʝʨʚʘʣ 

ʟʥʘʯʝʥʠʡ 0.005ï0.018, ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʢʘʥʦʥʠʯʝʩʢʠʭ ʩʧʠʥʦʚʳʭ ʩʪʝʢʦʣ, ʠ ʙʣʠʟʢʘ ʢ 

ʚʝʨʭʥʝʡ ʛʨʘʥʠʮʝ [137]. ʊʘʢʞʝ ‏Ὕ ʙʣʠʟʢʘ ʢ ʟʥʘʯʝʥʠʷʤ, ʥʘʙʣʶʜʘʝʤʳʤ ʚ 

ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʠʥʪʝʨʤʝʪʘʣʣʠʜʘʭ, ʧʨʦʷʚʣʷʶʱʠʭ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʝ ʤʘʛʥʠʪʥʦʝ 

ʩʦʩʪʦʷʥʠʝ ʪʠʧʘ çʢʣʘʩʪʝʨʥʦʛʦ ʩʪʝʢʣʘè [25]. ʕʪʦ ʟʥʘʯʝʥʠʝ ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʴʰʝ, ʯʝʤ 

ʪʝ, ʯʪʦ ʥʘʙʣʶʜʘʶʪʩʷ ʚ ʩʫʧʝʨʧʘʨʘʤʘʛʥʠʪʥʳʭ ʩʠʩʪʝʤʘʭ, ʜʝʤʦʥʩʪʨʠʨʫʶʱʠʭ ʚʳʩʦʢʫʶ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʠʟʤʝʥʝʥʠʶ ʯʘʩʪʦʪʳ (‏Ὕ πȢρ) [139]. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʵʬʬʝʢʪʳ ʟʘʤʦʨʘʞʠʚʘʥʠʷ ʠ ʙʣʦʢʠʨʦʚʢʠ ʤʘʛʥʠʪʥʳʭ 

ʤʦʤʝʥʪʦʚ ï ʥʝ ʝʜʠʥʩʪʚʝʥʥʳʝ ʚʦʟʤʦʞʥʳʝ ʤʝʭʘʥʠʟʤʳ, ʦʙʲʷʩʥʷʶʱʠʝ ʪʘʢʦʝ 

ʧʦʚʝʜʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ɸʉ-ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ. ʊʘʢ, 

ʥʘʧʨʠʤʝʨ, ʩʦʦʙʱʘʣʦʩʴ, ʯʪʦ ʬʝʨʨʠʤʘʛʥʠʪʥʳʡ FeCr2S4 ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʧʦʚʝʜʝʥʠʝ, 

ʧʦʜʦʙʥʦʝ ʩʧʠʥʦʚʦʤʫ ʩʪʝʢʣʫ (‏Ὕ πȢπρυ) ʚʩʣʝʜʩʪʚʠʝ ʜʠʥʘʤʠʢʠ ʜʚʠʞʝʥʠʷ 

ʜʦʤʝʥʥʳʭ ʛʨʘʥʠʮ ʧʨʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ [140]. ɺ ʧʘʨʘʛʨʘʬʝ 1.3.2. ʦʪʤʝʯʘʣʦʩʴ, 

ʯʪʦ ʥʠʞʝ Ὕ ψ ʂ ʚʦʟʥʠʢʘʝʪ ʥʝʙʦʣʴʰʘʷ ʬʝʨʨʦʤʘʛʥʠʪʥʘʷ ʢʦʤʧʦʥʝʥʪʘ ʚʜʦʣʴ 

ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʡ a-ʦʩʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ ʨʘʩʢʦʤʧʝʥʩʘʮʠʠ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ 

ɸʌʄ ʩʪʨʫʢʪʫʨʳ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʢʘʟʘʥʥʘʷ ʚʳʰʝ ʩʠʣʴʥʘʷ ʯʘʩʪʦʪʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ 

ɸʉ-ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʚ ʦʙʣʘʩʪʠ ʪʝʤʧʝʨʘʪʫʨ Ὕ ψ ʂ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʘ ʩ 

ʧʦʷʚʣʝʥʠʝʤ ʩʧʦʥʪʘʥʥʦʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʠ ʜʦʤʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʩ ʫʟʢʠʤʠ 

ʜʦʤʝʥʥʳʤʠ ʛʨʘʥʠʮʘʤʠ, ʜʣʷ ʢʦʪʦʨʳʭ ʤʦʛʫʪ ʥʘʙʣʶʜʘʪʴʩʷ ʵʬʬʝʢʪʳ ʧʠʥʠʥʛʘ.  
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3.3 ʅʝʡʪʨʦʥʦʛʨʘʬʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʤʘʛʥʠʪʥʦʡ ʩʪʨʫʢʪʫʨʳ Ho3Co 

 

ɼʣʷ ʠʟʫʯʝʥʠʷ ʤʘʛʥʠʪʥʦʡ ʩʪʨʫʢʪʫʨʳ ʩʦʝʜʠʥʝʥʠʷ Ho3Co ʩ ʠʟʤʝʥʝʥʠʝʤ 

ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʤʠ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʥʝʡʪʨʦʥʦʛʨʘʬʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚ ʰʠʨʦʢʦʤ 

ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʠʥʪʝʨʚʘʣʝ 1.5 ʂ ï 50 ʂ. ɺ ʜʘʥʥʦʤ ʧʘʨʘʛʨʘʬʝ ʙʫʜʫʪ ʨʘʩʩʤʦʪʨʝʥʳ 

ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʩʦʙʝʥʥʦʩʪʝʡ ʜʘʣʴʥʝʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʨʷʜʢʘ ʚ Ho3Co. 

 

3.3.1 ʄʘʛʥʠʪʥʘʷ ʬʘʟʦʚʘʷ ʜʠʘʛʨʘʤʤʘ ʩʦʝʜʠʥʝʥʠʷ Ho3Co 

 

ʅʘ ʨʠʩʫʥʢʝ 3.4(ʘ,ʙ) ʠʟʦʙʨʘʞʝʥʳ ʥʝʡʪʨʦʥʦʛʨʘʤʤʳ ʠʟʤʝʨʝʥʥʳʝ ʥʘ 

ʤʦʥʦʭʨʦʤʘʪʠʯʥʦʤ ʧʫʯʢʝ ʥʝʡʪʨʦʥʦʚ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ ‗ τȢς ᴠ  ʚ ʠʥʪʝʨʚʘʣʝ 

ʪʝʤʧʝʨʘʪʫʨ ʦʪ 2 ʂ ʜʦ 26 ʂ ʩ ʰʘʛʦʤ ЎὝ ς +. ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ 3.4(ʘ), ʚ ʦʙʣʘʩʪʠ 

ʤʘʣʳʭ ʫʛʣʦʚ ʥʘʙʣʶʜʘʝʪʩʷ ʚʝʩʴʤʘ ʩʣʦʞʥʘʷ ʢʘʨʪʠʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ. 

ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 24 ʂ ʧʦʷʚʣʷʝʪʩʷ ɹʨʵʛʛʦʚʩʢʠʡ ʧʠʢ ʚ ʦʙʣʘʩʪʠ ʫʛʣʦʚ ʨʘʩʩʝʷʥʠʷ ς—

τȢχψЈ ʩ ʥʝʙʦʣʴʰʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʤʘʛʥʠʪʥʦʤʫ ʥʫʣʝʚʦʤʫ 

ʩʘʪʝʣʣʠʪʫ π π π , ʢʦʪʦʨʳʡ ʦʧʠʩʳʚʘʝʪʩʷ ʥʝʩʦʠʟʤʝʨʠʤʳʤ ʚʦʣʥʦʚʳʤ ʚʝʢʪʦʨʦʤ 

▓  ‘╫, ʩʦ ʟʥʘʯʝʥʠʝʤ ‘ πȢρ33, ὦ  ʠ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʧʦʷʚʣʝʥʠʠ 

ʥʝʩʦʠʟʤʝʨʠʤʦʡ ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʦʡ ʬʘʟʳ. ʅʘ ʨʠʩʫʥʢʝ 3.4(ʙ) ʚʠʜʥʦ, ʯʪʦ ʧʨʠ 

ʜʦʩʪʠʞʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ Ὕ  ςς ʂ ʪʘʢ ʞʝ ʧʦʷʚʣʷʝʪʩʷ ʥʝʙʦʣʴʰʘʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ 

ɹʨʵʛʛʦʚʩʢʦʛʦ ʧʠʢʘ ʦʪ ʧʣʦʩʢʦʩʪʠ π ρ π ʚ ʦʙʣʘʩʪʠ ʫʛʣʦʚ ʨʘʩʩʝʷʥʠʷ ς— ςφȢσρЈ. 

ɼʘʥʥʳʡ ʧʠʢ ʟʘʧʨʝʱʝʥ ʟʘʢʦʥʘʤʠ ʧʦʛʘʩʘʥʠʷ ʜʣʷ ʦʨʪʦʨʦʤʙʠʯʝʩʢʦʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ 

ʩʪʨʫʢʪʫʨʳ Ho3Co ʩ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʦʡ ὖὲάὥ ( Ὧ  ςὲ ρ ʜʣʷ π Ὧ π). 

ʆʪʨʘʞʝʥʠʝ ʦʪ ʧʣʦʩʢʦʩʪʠ π ρ π ʩʠʛʥʘʣʠʟʠʨʫʝʪ ʦ ʩʫʱʝʩʪʚʦʚʘʥʠʠ ʚ ʤʘʛʥʠʪʥʦʡ 

ʧʦʜʩʠʩʪʝʤʝ ʩʦʠʟʤʝʨʠʤʦʡ ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʦʡ ʢʦʤʧʦʥʝʥʪʳ, ʦʧʠʩʳʚʘʝʤʦʡ 

ʚʦʣʥʦʚʳʤ ʚʝʢʪʦʨʦʤ ▓ π. ʇʨʠ ʦʭʣʘʞʜʝʥʠʠ ʦʪ 22 ʂ ʜʦ 18.5 ʂ ʥʫʣʝʚʦʡ ʩʘʪʝʣʣʠʪ 

ʩʜʚʠʛʘʝʪʩʷ ʚ ʦʙʣʘʩʪʴ ʙʦʣʴʰʠʭ ʫʛʣʦʚ ʠ ʚʦʣʥʦʚʦʡ ʚʝʢʪʦʨ ʧʨʠʥʠʤʘʝʪ ʟʥʘʯʝʥʠʝ ‘

πȢρ53. ʇʨʠ ʵʪʦʤ ʥʘʙʣʶʜʘʝʪʩʷ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ: ʠʥʪʝʥʩʠʚʥʦʩʪʴ 

ʥʝʩʦʠʟʤʝʨʠʤʳʭ ʤʘʛʥʠʪʥʳʭ ʧʠʢʦʚ ʧʘʜʘʝʪ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʠʥʪʝʥʩʠʚʥʦʩʪʴ 

ʩʦʠʟʤʝʨʠʤʳʭ ʤʘʛʥʠʪʥʳʭ ʧʠʢʦʚ ʚʦʟʨʘʩʪʘʝʪ (ʩʤʦʪʨʠ ʨʠʩʫʥʦʢ 3.5(ʙ)). ʇʨʠ 

ʜʘʣʴʥʝʡʰʝʤ ʦʭʣʘʞʜʝʥʠʠ ʥʘʙʣʶʜʘʝʪʩʷ ʦʙʨʘʪʥʳʡ ʧʨʦʮʝʩʩ ï ʧʘʜʝʥʠʝ ʚʢʣʘʜʘ ʦʪ 

ʩʦʠʟʤʝʨʠʤʦʡ ʢʦʤʧʦʥʝʥʪʳ ʠ ʨʦʩʪ ʚʢʣʘʜʘ ʦʪ ʥʝʩʦʠʟʤʝʨʠʤʦʡ ʢʦʤʧʦʥʝʥʪʳ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʚ ʦʙʣʘʩʪʠ ʪʝʤʧʝʨʘʪʫʨ Ὕ ͯ ρφ ʂ ʥʘʙʣʶʜʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʘʷ ʧʝʨʝʩʪʨʦʡʢʘ 

ʢʦʥʬʠʛʫʨʘʮʠʠ ʤʘʛʥʠʪʥʳʭ ʤʦʤʝʥʪʦʚ, ʩʚʷʟʘʥʥʘʷ ʩ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʚʢʣʘʜʦʚ ʦʪ 

ʩʦʠʟʤʝʨʠʤʦʡ ʠ ʥʝʩʦʠʟʤʝʨʠʤʦʡ ʢʦʤʧʦʥʝʥʪ. 

ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʝ Ὕ  ρψȢ5 ʂ ʥʘʙʣʶʜʘʝʪʩʷ ʥʝʙʦʣʴʰʦʝ ʨʘʩʱʝʧʣʝʥʠʝ c 

ʧʦʷʚʣʝʥʠʝʤ ʚ ʤʘʣʳʭ ʫʛʣʘʭ ʧʨʠ ς— τȢσρ ʧʠʢʘ ʤʝʥʴʰʝʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ. ʇʦʜʦʙʥʘʷ 

ʘʩʠʤʤʝʪʨʠʷ ʥʫʣʝʚʦʛʦ ʩʘʪʝʣʣʠʪʘ ʷʚʣʷʝʪʩʷ ʧʨʦʷʚʣʝʥʠʝʤ ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʦʛʦ 
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çʟʦʥʪʠʯʥʦʛʦ ʵʬʬʝʢʪʘè, ʩʚʷʟʘʥʥʦʛʦ ʩ ʤʘʣʳʤ ʫʛʣʦʤ ʧʦʣʫʨʘʩʪʚʦʨʘ ʜʝʙʘʝʚʩʢʦʛʦ 

ʢʦʥʫʩʘ ς— ʠ ʢʦʥʝʯʥʳʤ ʨʘʟʤʝʨʦʤ ʦʢʥʘ ʜʝʪʝʢʪʦʨʘ. ɺ ʦʙʣʘʩʪʠ ʙʦʣʴʰʠʭ ʫʛʣʦʚ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʩʘʪʝʣʣʠʪʦʚ ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʪʝʭ, ʯʪʦ ʦʧʠʩʳʚʘʶʪʩʷ ʚʦʣʥʦʚʳʤ 

ʚʝʢʪʦʨʦʤ ▓  ʦʙʥʘʨʫʞʝʥʦ ʥʝ ʙʳʣʦ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʳ ʩʯʠʪʘʝʤ, ʯʪʦ ʧʠʢ ʧʨʠ ς—

τȢσρЈ ʚʙʣʠʟʠ ʥʘʧʨʘʚʣʝʥʠʷ ʧʨʷʤʦʛʦ ʧʫʯʢʘ ʷʚʣʷʝʪʩʷ ʘʨʪʝʬʘʢʪʦʤ ʵʢʩʧʝʨʠʤʝʥʪʘ ʠ ʧʨʠ 

ʜʘʣʴʥʝʡʰʝʤ ʘʥʘʣʠʟʝ ʜʘʥʥʳʭ ʥʝʡʪʨʦʥʥʦʡ ʜʠʬʨʘʢʮʠʠ ʫʯʠʪʳʚʘʪʴʩʷ ʥʝ ʙʫʜʝʪ. 

 

ʈʠʩʫʥʦʢ 3.4 ï ʅʝʡʪʨʦʥʦʛʨʘʤʤʳ ʩʥʷʪʳʝ ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ ‗ τȢς ᴠ  ʚ ʦʙʣʘʩʪʠ 

ʤʘʣʳʭ ʫʛʣʦʚ ʩ ʠʟʤʝʥʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʦʪ 2 ʂ ʜʦ 26 ʂ ʩ ʰʘʛʦʤ ЎͯὝ ς +: (ʘ) 
ʦʙʣʘʩʪʴ ʤʘʣʳʭ ʫʛʣʦʚ ʨʘʩʩʝʷʥʠʷ, (ʙ) ʦʙʣʘʩʪʴ ʙʦʣʴʰʠʭ ʫʛʣʦʚ ʨʘʩʩʝʷʥʠʷ 
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ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 11 ʂ ʠ ʥʠʞʝ ʥʘ ʥʝʡʪʨʦʥʦʛʨʘʤʤʘʭ ʥʘʙʣʶʜʘʝʪʩʷ ʤʘʛʥʠʪʥʳʝ 

ʧʠʢʠ, ʠʥʜʝʢʩʠʨʫʝʤʳʝ ʚʪʦʨʦʡ ʛʘʨʤʦʥʠʢʦʡ ς▓  ʠ ʧʷʪʦʡ ʛʘʨʤʦʥʠʢʦʡ υ▓ . ʇʨʠ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʥʠʞʝ 9 ʂ ʥʘ ʥʝʡʪʨʦʥʦʛʨʘʤʤʘʭ ʥʘʙʣʶʜʘʝʪʩʷ ʤʘʛʥʠʪʥʳʡ ʧʠʢ, 

ʠʥʜʝʢʩʠʨʫʝʤʳʡ ʪʨʝʪʴʝʡ ʠ ʯʝʪʚʝʨʪʦʡ ʛʘʨʤʦʥʠʢʘʤʠ σ▓  ʠ τ▓ . ʇʦʷʚʣʝʥʠʝ ʥʘ 

ʜʠʬʨʘʢʪʦʛʨʘʤʤʝ ʚʳʩʰʠʭ ʛʘʨʤʦʥʠʢ ʫʢʘʟʳʚʘʝʪ ʥʘ ʨʘʟʚʠʪʠʝ ʘʥʛʘʨʤʦʥʠʟʤʘ ʚʦʣʥʳ 

ʤʘʛʥʠʪʥʦʡ ʩʪʨʫʢʪʫʨʳ ʠ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʵʚʦʣʶʮʠʝʡ ʥʝʩʦʠʟʤʝʨʠʤʦʡ 

ʘʤʧʣʠʪʫʜʥʦ-ʤʦʜʫʣʠʨʦʚʘʥʥʦʡ ʤʘʛʥʠʪʥʦʡ ʩʪʨʫʢʪʫʨʳ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʢ ʤʘʛʥʠʪʥʦʡ 

ʩʪʨʫʢʪʫʨʝ ʩ ʨʘʚʥʳʤʠ ʤʘʛʥʠʪʥʳʤʠ ʤʦʤʝʥʪʘʤʠ ʪʠʧʘ çʘʥʪʠʬʘʟʥʳʭ ʜʦʤʝʥʦʚè. ʊʘʢʦʡ 

ʧʨʦʮʝʩʩ ʚ ʣʠʪʝʨʘʪʫʨʝ ʥʘʟʳʚʘʝʪʩʷ çsquaring-upè [141] ʠʣʠ ʚʳʨʘʚʥʠʚʘʥʠʝ ʤʘʛʥʠʪʥʳʭ 

ʤʦʤʝʥʪʦʚ ʘʤʧʣʠʪʫʜʥʦ-ʤʦʜʫʣʠʨʦʚʘʥʥʦʡ ʤʘʛʥʠʪʥʦʡ ʩʪʨʫʢʪʫʨʳ. ʄʳ ʚʝʨʥʝʤʩʷ ʢ 

ʵʪʦʤʫ ʚʦʧʨʦʩʫ ʧʦʟʞʝ ʧʨʠ ʘʥʘʣʠʟʝ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʤʘʛʥʠʪʥʦʡ ʩʪʨʫʢʪʫʨʳ 

Ho3Co. 

  

 

ʈʠʩʫʥʦʢ 3.5 ï (ʘ) ʊʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʢʦʤʧʦʥʝʥʪ ʚʦʣʥʦʚʳʭ ʚʝʢʪʦʨʦʚ ▓ , 

▓ , ς▓  ʠ σ▓ . (ʙ) ʊʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʢʚʘʜʨʘʪʘ ʩʪʨʫʢʪʫʨʥʦʛʦ ʬʘʢʪʦʨʘ 

ȿἐȿ ʤʘʛʥʠʪʥʦʛʦ ʨʝʬʣʝʢʩʘ πρπ ʠ ʩʘʪʝʣʣʠʪʦʚ π π π  ʥʝʩʦʠʟʤʝʨʠʤʳʭ ʚʦʣʥʦʚʳʭ 

ʚʝʢʪʦʨʦʚ ▓ , ς▓  ʠ σ▓ . ɺʝʣʠʯʠʥʘ ȿἐȿ ʩʘʪʝʣʣʠʪʘ π π π  ▓  ʫʤʝʥʴʰʝʥʘ ʚ 90 

ʨʘʟ, ʚʝʣʠʯʠʥʘ ȿἐȿ ʨʝʬʣʝʢʩʘ π ρ π ▓  ʫʤʝʥʴʰʝʥʘ ʚ 5 ʨʘʟ 
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3.3.2 ʋʪʦʯʥʝʥʠʝ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʤʘʛʥʠʪʥʦʡ ʩʪʨʫʢʪʫʨʳ ʧʨʠ Ὕ ρυ K ʧʦ 

ʤʝʪʦʜʫ ʈʠʪʚʝʣʴʜʘ 

 

ʇʨʠ ʙʦʣʴʰʦʡ ʜʣʠʥʝ ʚʦʣʥʳ ʥʝʡʪʨʦʥʦʚ ‗  τȢς B ʥʘ ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʜʘʥʥʳʭ 

ʧʦʣʫʯʘʝʪʩʷ ʜʦʙʠʪʴʩʷ ʦʯʝʥʴ ʭʦʨʦʰʝʛʦ ʨʘʟʨʝʰʝʥʠʷ ʚ ʦʙʣʘʩʪʠ ʤʘʣʳʭ ʟʥʘʯʝʥʠʡ 

ʧʝʨʝʜʘʥʥʦʛʦ ʠʤʧʫʣʴʩʘ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʦʩʥʦʚʥʘʷ ʤʘʩʩʘ ʩʪʨʫʢʪʫʨʥʳʭ ɹʨʵʛʛʦʚʩʢʠʭ 

ʧʠʢʦʚ ʦʪ ʦʨʪʦʨʦʤʙʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ Ho3Co ʥʘ ʜʠʬʨʘʢʪʦʛʨʘʤʤʫ ʥʝ ʧʦʧʘʜʘʝʪ. 

ʇʦʵʪʦʤʫ ʜʣʷ ʫʪʦʯʥʝʥʠʷ ʤʘʛʥʠʪʥʦʡ ʩʪʨʫʢʪʫʨʳ ʧʦ ʤʝʪʦʜʫ ʈʠʪʚʝʣʴʜʘ ʥʝʦʙʭʦʜʠʤʳ 

ʜʠʬʨʘʢʮʠʦʥʥʳʝ ʜʘʥʥʳʝ, ʠʟʤʝʨʝʥʥʳʝ ʩ ʤʝʥʴʰʝʡ ʜʣʠʥʥʦʡ ʚʦʣʥʳ ʥʝʡʪʨʦʥʥʦʛʦ 

ʧʫʯʢʘ. ɺ ʥʘʰʝʡ ʨʘʙʦʪʝ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʦʧʠʩʘʥʠʷ ʢʦʥʬʠʛʫʨʘʮʠʠ 

ʤʘʛʥʠʪʥʳʭ ʤʦʤʝʥʪʦʚ ʚ ʦʙʣʘʩʪʠ ʩʦʩʫʱʝʩʪʚʦʚʘʥʠʷ ʩʦʠʟʤʝʨʠʤʦʡ ʠ ʥʝʩʦʠʟʤʝʨʠʤʦʡ 

ʢʦʤʧʦʥʝʥʪ ʩʦʝʜʠʥʝʥʠʷ Ho3Co ʙʳʣ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʜʘʥʥʳʭ ʥʝʡʪʨʦʥʥʦʡ 

ʜʠʬʨʘʢʮʠʠ, ʠʟʤʝʨʝʥʥʳʭ ʥʘ ʥʝʡʪʨʦʥʥʦʤ ʧʫʯʢʝ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ ‗  ςȢυφ B ʧʦ 

ʤʝʪʦʜʫ ʈʠʪʚʝʣʴʜʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʦʜʭʦʜʘ ʤʘʛʥʠʪʥʳʭ ʩʫʧʝʨʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ 

ʛʨʫʧʧ. 

ʅʘ ʨʠʩʫʥʢʝ 3.6 ʧʨʠʚʝʜʝʥʳ ʥʝʡʪʨʦʥʦʛʨʘʤʤʳ ʧʦʨʦʰʢʦʚʦʛʦ ʦʙʨʘʟʮʘ Ho3Co, 

ʠʟʤʝʨʝʥʥʳʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ Ὕ  υπ ̉ ρυ + ʥʘ ʤʦʥʦʭʨʦʤʘʪʠʯʥʦʤ ʧʫʯʢʝ 

ʥʝʡʪʨʦʥʦʚ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ ‗  ςȢυφ B. ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ 3.6, ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ 

ʥʠʞʝ ʪʝʤʧʝʨʘʪʫʨʳ ʅʝʝʣʷ ʥʘ ʥʝʡʪʨʦʥʦʛʨʘʤʤʝ ʧʦʷʚʣʷʝʪʩʷ ʩʝʨʠʷ ʤʘʛʥʠʪʥʳʭ 

ɹʨʵʛʛʦʚʩʢʠʭ ʧʠʢʦʚ, ʦʪʩʫʪʩʪʚʫʶʱʠʭ ʥʘ ʥʝʡʪʨʦʥʦʛʨʘʤʤʝ, ʠʟʤʝʨʝʥʥʦʡ ʚ 

ʧʘʨʘʤʘʛʥʠʪʥʦʤ ʩʦʩʪʦʷʥʠʠ (ʩʤʦʪʨʠ ʨʠʩʫʥʦʢ 3.6). ɸʥʘʣʠʟ ʥʝʡʪʨʦʥʦʛʨʘʤʤʳ ʧʦ 

ʤʝʪʦʜʫ ʃʝ-ɹʝʡʣʘ [131] ʚ ʠʥʪʝʨʚʘʣʝ ʫʛʣʦʚ ʨʘʩʩʝʷʥʠʷ ςЈ  ς—  ψρȢψЈ ʧʦʟʚʦʣʠʣ 

ʦʧʨʝʜʝʣʠʪʴ ʚʦʣʥʦʚʳʝ ʚʝʢʪʦʨʘ ʤʘʛʥʠʪʥʦʡ ʩʪʨʫʢʪʫʨʳ ▓ π ʠ ▓ ‘╫, ʛʜʝ ╫

╪
 ʠ ‘  πȢρυυ, ʘ ʪʘʢʞʝ ʫʩʪʘʥʦʚʠʪʴ ʧʨʦʬʠʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʤʘʛʥʠʪʥʘʷ ʩʪʨʫʢʪʫʨʘ Ho3Co ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʥʠʞʝ ʪʝʤʧʝʨʘʪʫʨʳ ʅʝʝʣʷ ʦʙʣʘʜʘʝʪ 

ʩʦʠʟʤʝʨʠʤʦʡ ʠ ʥʝʩʦʠʟʤʝʨʠʤʦʡ ʢʦʤʧʦʥʝʥʪʘʤʠ, ʦʧʠʩʳʚʘʝʤʳʤʠ ʚʦʣʥʦʚʳʤʠ 

ʚʝʢʪʦʨʘʤʠ  ▓  ʠ ▓ . ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʝʡʪʨʦʥʥʦʡ ʜʠʬʨʘʢʮʠʠ ʥʘ ʤʦʥʦʢʨʠʩʪʘʣʣʝ Ho3Co [10]. ɺ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʦʙʱʝʧʨʠʥʷʪʳʤ ʩʪʘʥʜʘʨʪʦʤ ʦʙʦʟʥʘʯʝʥʠʡ, ʨʘʟʨʘʙʦʪʘʥʥʳʤ A. P. 

Cracknell, B. Davies, S. C. Miller , and W. F. Love (CDML-ʩʠʩʪʝʤʘ) [145], ʚʦʣʥʦʚʳʝ 

ʚʝʢʪʦʨʘ ▓ ‘ π π ʠ ▓ π ʩʦʦʪʚʝʪʩʪʚʫʶʪ S-ʣʠʥʠʠ ʠ ʩʠʤʤʝʪʨʠʯʥʦʡ G-ʪʦʯʢʝ 

ʧʝʨʚʦʡ ʟʦʥʳ ɹʨʠʣʣʶʵʥʘ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʦʩʢʦʣʴʢʫ ʤʘʛʥʠʪʦʫʧʦʨʷʜʦʯʝʥʥʦʝ 

ʩʦʩʪʦʷʥʠʝ Ho3Co ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʜʚʫʤʷ ʚʦʣʥʦʚʳʤʠ ʚʝʢʪʦʨʘʤʠ, ʢʦʪʦʨʳʝ ʥʝ 

ʧʨʠʥʘʜʣʝʞʘʪ ʦʜʥʦʡ ʟʚʝʟʜʝ ʚʦʣʥʦʚʳʭ ʚʝʢʪʦʨʦʚ (ʩʤʦʪʨʠ ʬʦʨʤʘʣʠʟʤ ʚʦʣʥʦʚʦʛʦ 

ʚʝʢʪʦʨʘ ʚ ʢʥʠʛʝ ʖ.ɸ. ʀʟʶʤʦʚʘ ʠ ʜʨ. çʅʝʡʪʨʦʥʦʛʨʘʬʠʷ ʤʘʛʥʝʪʠʢʦʚè [48]), ʪʦ, 

ʩʦʛʣʘʩʥʦ ʪʝʦʨʠʠ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ ʃ. ʃʘʥʜʘʫ [55], ʤʘʛʥʠʪʥʦʝ ʩʦʩʪʦʷʥʠʝ 

ʩʦʝʜʠʥʝʥʠʷ Ho3Co ʥʠʞʝ ʪʝʤʧʝʨʘʪʫʨʳ ʅʝʝʣʷ ʦʧʠʩʳʚʘʝʪʩʷ ʩʫʧʝʨʧʦʟʠʮʠʝʡ ʜʚʫʭ 

ʥʝʧʨʠʚʦʜʠʤʳʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ. 
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ʉʠʤʤʝʪʨʠʷ ʧʘʨʘʤʘʛʥʠʪʥʦʡ ʬʘʟʳ ʩʦʝʜʠʥʝʥʠʷ Ho3Co ʦʧʠʩʳʚʘʝʪʩʷ ʩʝʨʦʡ 

ʐʫʙʥʠʢʦʚʩʢʦʡ ʛʨʫʧʧʦʡ ὖάὲὥȢρ, ʫʢʘʟʘʥʥʦʡ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʥʦʚʦʡ 

ʫʥʠʬʠʮʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʦʡ ʦʙʦʟʥʘʯʝʥʠʡ ʛʨʫʧʧ ʤʘʛʥʠʪʥʦʡ ʩʠʤʤʝʪʨʠʠ [146]. 

ʆʧʝʨʘʮʠʠ ʩʠʤʤʝʪʨʠʠ ʪʦʯʝʯʥʦʡ ʩʝʨʦʡ ʛʨʫʧʧʳ άάάȢρ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 3.2. 

ʄʘʣʘʷ ʛʨʫʧʧʘ ʚʦʣʥʦʚʦʛʦ ʚʝʢʪʦʨʘ Ὃ▓  ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ 8 ʵʣʝʤʝʥʪʦʚ ʩʠʤʤʝʪʨʠʠ {E, 

ς, ά , ά , ρ, ς, ά , ά}, ʢʦʪʦʨʳʝ ʦʩʪʘʚʣʷʶʪ ʚʦʣʥʦʚʦʡ ʚʝʢʪʦʨ ▓ ‘ π π 

ʠʥʚʘʨʠʘʥʪʥʳʤ. ɿʚʝʟʜʘ ʚʦʣʥʦʚʦʛʦ ʚʝʢʪʦʨʘ ▓  ʚ ʪʘʢʦʤ ʩʣʫʯʘʝ ʠʤʝʝʪ ʜʚʘ ʣʫʯʘ. 

ʈʘʩʰʠʨʝʥʥʘʷ ʛʨʫʧʧʘ ʚʦʣʥʦʚʦʛʦ ʚʝʢʪʦʨʘ ɱ▓ ȟ▓  ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʚʩʝ ʦʧʝʨʘʮʠʠ 

ʩʠʤʤʝʪʨʠʠ ʤʘʣʦʡ ʛʨʫʧʧʳ Ὃ▓  ʠ, ʜʦʧʦʣʥʠʪʝʣʴʥʦ, ʪʝ ʦʧʝʨʘʮʠʠ, ʢʦʪʦʨʳʝ 

ʧʨʝʦʙʨʘʟʫʶʪ ʚʦʣʥʦʚʦʡ ʚʝʢʪʦʨ ▓  ʚ ▓ : {ς, ς, ά , ρ, ς, ς, ά , ρ}. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʨʘʩʰʠʨʝʥʥʘʷ ʛʨʫʧʧʘ ʚʦʣʥʦʚʦʛʦ ʚʝʢʪʦʨʘ ɱ▓ ȟ▓  ʩʦʜʝʨʞʠʪ ʚʩʝ 16 

ʦʧʝʨʘʮʠʡ ʩʠʤʤʝʪʨʠʠ ʩʝʨʦʡ ʧʘʨʘʤʘʛʥʠʪʥʦʡ ʛʨʫʧʧʳ. ɼʣʷ ʩʦʠʟʤʝʨʠʤʦʛʦ ʚʦʣʥʦʚʦʛʦ 

ʚʝʢʪʦʨʘ ▓ π ʤʘʣʘʷ ʛʨʫʧʧʘ ʚʦʣʥʦʚʦʛʦ ʚʝʢʪʦʨʘ Ὃ▓  ʩʦʚʧʘʜʘʝʪ ʩ ʪʦʯʝʯʥʦʡ 

ʧʘʨʘʤʘʛʥʠʪʥʦʡ ʛʨʫʧʧʦʡ, ʠ ʟʚʝʟʜʘ ʚʦʣʥʦʚʦʛʦ ʚʝʢʪʦʨʘ ▓  ʠʤʝʝʪ ʚʩʝʛʦ ʦʜʠʥ ʣʫʯ. 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 3.6 ï ʅʝʡʪʨʦʥʦʛʨʘʤʤʘ ʧʦʨʦʰʢʦʚʦʛʦ ʦʙʨʘʟʮʘ Ho3Co ʠʟʤʝʨʝʥʥʘʷ 

ʥʝʡʪʨʦʥʥʦʤ ʧʫʯʢʝ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ ‗  ςȢυφ B ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ Ὕ  υπ ̉ ρυ + 
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ʊʘʙʣʠʮʘ 3.2 ï ʆʧʝʨʘʮʠʠ ʩʠʤʤʝʪʨʠʠ ʪʦʯʝʯʥʦʡ ʛʨʫʧʧʳ άάάȢρ. ʇʦʣʥʳʡ ʥʘʙʦʨ 

ʵʣʝʤʝʥʪʦʚ ʩʠʤʤʝʪʨʠʠ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥ ʧʫʪʝʤ ʢʦʤʙʠʥʠʨʦʚʘʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ʩ ʦʧʝʨʘʮʠʝʡ ʠʥʚʝʨʩʠʠ ʚʨʝʤʝʥʠ ρȿπ π π 

 ̄
ʉʠʤʚʦʣʳ 

ɿʝʡʪʮʘ 

ʇʨʝʦʙʨʘʟʦʚʘʥʠʝ 

ʢʦʦʨʜʠʥʘʪ 

1 E ὼȟώȟᾀȟρ 

2 2x ὼȟɀώȟɀᾀȟρ 

3 2y ɀὼȟώȟɀᾀȟρ 

4 2z ɀὼȟɀώȟᾀȟρ 

5 ρ ɀὼȟɀώȟɀᾀȟρ 

6 mx ɀὼȟώȟᾀȟρ 

7 my ὼȟɀώȟᾀȟρ 

8 mz ὼȟώȟɀᾀȟρ 

 

ʇʦʠʩʢ ʥʝʧʨʠʚʦʜʠʤʳʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʨʘʩʰʠʨʝʥʥʦʡ ʛʨʫʧʧʳ ʚʦʣʥʦʚʦʛʦ 

ʚʝʢʪʦʨʘ ʜʣʷ ʥʝʩʦʠʟʤʝʨʠʤʦʡ ʢʦʤʧʦʥʝʥʪʳ ʩ ʚʦʣʥʦʚʳʤ ʚʝʢʪʦʨʦʤ ▓ ‘ π π ʠ 

ʥʝʧʨʠʚʦʜʠʤʳʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʛʨʫʧʧʳ ʚʦʣʥʦʚʦʛʦ ʚʝʢʪʦʨʘ ʜʣʷ ʩʦʠʟʤʝʨʠʤʦʡ 

ʢʦʤʧʦʥʝʥʪʳ ʩ ʚʦʣʥʦʚʳʤ ʚʝʢʪʦʨʦʤ  ▓ π ʙʳʣ ʧʨʦʚʝʜʝʥ ʧʨʠ ʧʦʤʦʱʠ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʘʢʝʪʘ ISODISTORT [58]. ɸʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʜʣʷ ʨʘʩʰʠʨʝʥʥʦʡ 

ʛʨʫʧʧʳ ʚʦʣʥʦʚʦʛʦ ʚʝʢʪʦʨʘ ɱ▓ ȟ▓  ʩʫʱʝʩʪʚʫʶʪ ʯʝʪʳʨʝ ʜʚʫʤʝʨʥʳʭ ʬʠʟʠʯʝʩʢʠ 

ʥʝʧʨʠʚʦʜʠʤʳʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ (ʌʅʇ) άɫ, άɫ, άɫ, άɫ.  ʌʠʟʠʯʝʩʢʠ 

ʥʝʧʨʠʚʦʜʠʤʳʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ άɫ, άɫ, άɫ, άɫ ʧʦʣʫʯʝʥʳ ʠʟ ʯʝʪʳʨʝʭ ʤʘʣʳʭ 

ʥʝʧʨʠʚʦʜʠʤʳʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ (ʄʅʇ) ʩ ʨʘʟʤʝʨʥʦʩʪʴʶ ὔ ρ ʟʘ ʩʯʝʪ ʜʦʙʘʚʢʠ 

ʢʦʤʧʣʝʢʩʥʦ-ʩʦʧʨʷʞʝʥʥʦʡ ʯʘʩʪʠ ʚ ʤʘʪʨʠʮʫ ʅʇ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʘʣʛʦʨʠʪʤʦʤ, 

ʠʟʣʦʞʝʥʥʳʤ ʚ ʨʘʙʦʪʝ [50]. ʋʯʠʪʳʚʘʷ, ʯʪʦ ʨʘʟʤʝʨʥʦʩʪʴ ʤʘʣʳʭ ʥʝʧʨʠʚʦʜʠʤʳʭ 

ʧʨʝʜʩʪʘʚʣʝʥʠʡ ὔ ρ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʢʘʞʜʦʤʫ ʌʅʇ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʦʣʴʢʦ ʦʜʥʘ ʤʘʛʥʠʪʥʘʷ ʩʫʧʝʨʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʛʨʫʧʧʘ, ʢʦʪʦʨʘʷ 

ʷʚʣʷʝʪʩʷ ʠʟʦʪʨʦʧʥʦʡ ʧʦʜʛʨʫʧʧʦʡ ʜʣʷ ʛʨʫʧʧʳ ʩʠʤʤʝʪʨʠʠ, ʦʧʠʩʳʚʘʶʱʝʡ 

ʧʘʨʘʤʘʛʥʠʪʥʫʶ ʬʘʟʫ. ɼʣʷ ʛʨʫʧʧʳ ʚʦʣʥʦʚʦʛʦ ʚʝʢʪʦʨʘ Ὃ▓  ʩʫʱʝʩʪʚʫʝʪ 8 ʦʜʥʦʤʝʨʥʳʭ 

ʌʅʇ ʪʠʧʘ άɜ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʪʦʣʴʢʦ ʧʷʪʴ ʠʟ ʥʠʭ: άɜ , άɜ , άɜ , άɜ , άɜ  

ʜʦʧʫʩʢʘʶʪ ʦʙʨʘʟʦʚʘʥʠʝ ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʦʛʦ ʫʧʦʨʷʜʦʯʝʥʠʷ ʤʘʛʥʠʪʥʳʭ ʤʦʤʝʥʪʦʚ. 

ʆʩʪʘʚʰʠʝʩʷ άɜ , άɜ , άɜ  ʟʘʜʘʶʪ ʬʝʨʨʦʤʘʛʥʠʪʥʦʝ ʫʧʦʨʷʜʦʯʝʥʠʝ ʚ 

ʥʘʧʨʘʚʣʝʥʠʠ ʪʨʝʭ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʭ ʦʩʝʡ a, b ʠ ʩ ʢʨʠʩʪʘʣʣʘ Ho3Co, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 
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ɼʣʷ ʨʦʜʠʪʝʣʴʩʢʠʭ ʛʨʫʧʧʳ ɱ▓ ȟ▓  ʠ Ὃ▓  ʤʦʛʫʪ ʙʳʪʴ ʫʩʪʘʥʦʚʣʝʥʳ ʘʢʪʠʚʥʳʝ 

ʥʝʧʨʠʚʦʜʠʤʳʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʠ ʩʚʷʟʘʥʥʳʝ ʩ ʥʠʤʠ ʠʟʦʪʨʦʧʥʳʝ ʧʦʜʛʨʫʧʧʳ, ʯʴʠ 

ʵʣʝʤʝʥʪʳ ʩʠʤʤʝʪʨʠʠ ʩʦʭʨʘʥʷʶʪ ʠʥʚʘʨʠʘʥʪʥʳʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʚʝʢʪʦʨ 

ʧʘʨʘʤʝʪʨʘ ʧʦʨʷʜʢʘ. ʊʦʛʜʘ ʩʫʧʝʨʧʦʟʠʮʠʷ ʜʚʫʭ ʥʝʧʨʠʚʦʜʠʤʳʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ 

ʦʟʥʘʯʘʝʪ, ʯʪʦ ʩʠʤʤʝʪʨʠʷ ʤʘʛʥʠʪʥʦʡ ʩʪʨʫʢʪʫʨʳ ʦʧʠʩʳʚʘʝʪʩʷ ʧʝʨʝʩʝʯʝʥʠʝʤ ʜʚʫʭ 

ʥʘʡʜʝʥʥʳʭ ʠʟʦʪʨʦʧʥʳʭ ʧʦʜʛʨʫʧʧ. ɼʣʷ ʥʝʩʦʠʟʤʝʨʠʤʦʡ ʢʦʤʧʦʥʝʥʪʳ ʚʝʢʪʦʨ 

ʧʘʨʘʤʝʪʨʘ ʧʦʨʷʜʢʘ ʠʤʝʝʪ ʨʘʟʤʝʨʥʦʩʪʴ ὔ ς (ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʘʟʤʝʨʥʦʩʪʠ ʌʅʇ 

άɫ) ʠ ʟʘʧʠʩʳʚʘʝʪʩʷ ʚ ʦʙʱʝʤ ʚʠʜʝ, ʢʘʢ ὥȟὦ. ɼʣʷ ʩʦʠʟʤʝʨʠʤʦʡ ʢʦʤʧʦʥʝʥʪʳ 

ʚʝʢʪʦʨ ʧʘʨʘʤʝʪʨʘ ʧʦʨʷʜʢʘ ʠʤʝʝʪ ʨʘʟʤʝʨʥʦʩʪʴ ὔ ρ (ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʘʟʤʝʨʥʦʩʪʠ 

ʌʅʇ άɜ) ʠ ʟʘʧʠʩʳʚʘʝʪʩʷ ʚ ʦʙʱʝʤ ʚʠʜʝ ʢʘʢ ὥ. ʇʦʣʥʳʡ ʩʧʠʩʦʢ ʠʟʦʪʨʦʧʥʳʭ 

ʧʦʜʛʨʫʧʧ ʜʣʷ ʩʦʠʟʤʝʨʠʤʦʡ ʠ ʥʝʩʦʠʟʤʝʨʠʤʦʡ ʢʦʤʧʦʥʝʥʪ, ʘ ʪʘʢʞʝ ʩʧʠʩʦʢ ʠʭ 

ʧʝʨʝʩʝʯʝʥʠʡ ʧʦʣʫʯʝʥ ʩ ʧʦʤʦʱʴʶ ISODISTORT ʠ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʪʘʙʣʠʮʘʭ 3.3, 3.4 ʠ 

3.5. ʇʨʠ ʵʪʦʤ ʥʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʦʠʩʢ ʧʝʨʝʩʝʯʝʥʠʡ ʤʘʛʥʠʪʥʳʭ 

ʩʫʧʝʨʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʛʨʫʧʧ, ʦʧʠʩʳʚʘʶʱʠʭ ʥʝʩʦʠʟʤʝʨʠʤʫʶ ʢʦʤʧʦʥʝʥʪʫ ʠ 

ʦʧʨʝʜʝʣʝʥʥʳʭ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʩ ʨʘʟʤʝʨʥʦʩʪʴʶ σ ρ, ʠ ʐʫʙʥʠʢʦʚʩʢʠʭ ʛʨʫʧʧ 

ʤʘʛʥʠʪʥʦʡ ʩʠʤʤʝʪʨʠʠ, ʦʧʠʩʳʚʘʶʱʠʭ ʩʦʠʟʤʝʨʠʤʫʶ ʢʦʤʧʦʥʝʥʪʫ ʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʚ 

ʧʨʦʩʪʨʘʥʩʪʚʝ ʩ ʨʘʟʤʝʨʥʦʩʪʴʶ σ, ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʧʨʠ ʧʦʤʦʱʠ ʘʣʛʦʨʠʪʤʘ, 

ʦʧʫʙʣʠʢʦʚʘʥʥʦʛʦ ʚ ʨʘʙʦʪʝ [147] ʠ ʠʤʧʣʝʤʝʥʪʠʨʦʚʘʥʥʦʛʦ ʚ ʧʨʦʛʨʘʤʤʥʳʡ ʧʘʢʝʪ 

ISODISTORT. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʳʣʦ ʥʘʡʜʝʥʦ 20 ʚʦʟʤʦʞʥʳʭ ʧʝʨʝʩʝʯʝʥʠʡ, ʢʘʞʜʦʝ 

ʠʟ ʢʦʪʦʨʳʭ ʦʧʠʩʳʚʘʝʪʩʷ ʧʦʜʛʨʫʧʧʦʡ ʩ ʠʥʜʝʢʩʦʤ Ὥ ς. ʉʧʠʩʦʢ ʚʩʝʭ ʚʦʟʤʦʞʥʳʭ 

ʧʝʨʝʩʝʯʝʥʠʡ ʜʘʥ ʚ ʪʘʙʣʠʮʝ 3.5 ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʪʘʥʜʘʨʪʥʦʡ ʫʩʪʘʥʦʚʢʠ. 

ʊʘʙʣʠʮʘ 3.3 ï ʌʠʟʠʯʝʩʢʠ ʥʝʧʨʠʚʦʜʠʤʳʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ άɫ, άɫ, άɫ, άɫ 

ʨʘʩʰʠʨʝʥʥʦʡ ʛʨʫʧʧʳ ʚʦʣʥʦʚʦʛʦ ʚʝʢʪʦʨʘ Ὃ▓ ȟ▓  ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʄʉɻ ʚ 

ʩʪʘʥʜʘʨʪʥʦʡ ʫʩʪʘʥʦʚʢʝ. ɼʣʷ ʄʉɻ ʫʢʘʟʘʥʳ ʠʥʜʝʢʩʳ ʧʦʜʛʨʫʧʧʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʝʨʦʡ 

ʐʫʙʥʠʢʦʚʩʢʦʡ ʛʨʫʧʧʳ ὖάὲὥȢρ, ʥʘʧʨʘʚʣʝʥʠʝ ʚʝʢʪʦʨʘ ʧʘʨʘʤʝʪʨʘ ʧʦʨʷʜʢʘ ʠ ʙʘʟʠʩ 

ʩʫʧʝʨʲʷʯʝʡʢʠ ʚ 4-ʭ ʤʝʨʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ 

ʌʅʇ 

ʀʥʜʝʢʩ 

ʧʦʜʛʨʫʧʧʳ 

i 

ʅʘʧʨʘʚʣʝʥʠʝ 

ɺʇʇ 
ɹʘʟʠʩ 

ʄʉɻ ʩʦʛʣʘʩʥʦ ISODISTORT ʚ 

ʩʪʘʥʜʘʨʪʥʦʡ ʫʩʪʘʥʦʚʢʝ 

άɫ 1 (a,0) πȟπȟπ ȟπ 
ὖάὧὲȢρππὫπππί Ο φςȢρȢωȢυȢάττςȢς 

╪ȟ╪ȟ╪ȟ╪  

άɫ 1 (a,0) πȟπȟπ ȟπ 
ὖάὧὲȢρππὫίππί Ο φςȢρȢωȢφȢάττςȢς 

╪ȟ╪ȟ╪ ╪ȟ╪  

άɫ 1 (a,0) πȟπȟπ ȟπ 
ὖάὧὲȢρππὫπππί Ο φςȢρȢωȢυȢάττςȢς 

╪ȟ╪ȟ╪ ╪ȟ╪  

άɫ 1 (a,0) πȟπȟπ ȟπ 
ὖάὧὲȢρππὫίππί Ο φςȢρȢωȢυȢάττςȢς 

╪ȟ╪ȟ╪ȟ╪  
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ʊʘʙʣʠʮʘ 3.4 ï ʌʠʟʠʯʝʩʢʠ ʥʝʧʨʠʚʦʜʠʤʳʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ άɜ , άɜ , άɜ , άɜ , 

άɜ  ʛʨʫʧʧʳ ʚʦʣʥʦʚʦʛʦ ʚʝʢʪʦʨʘ Ὃ▓  ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʐʫʙʥʠʢʦʚʩʢʠʝ ʛʨʫʧʧʳ ʚ 

ʩʪʘʥʜʘʨʪʥʦʡ ʫʩʪʘʥʦʚʢʝ. ɼʣʷ ʐʫʙʥʠʢʦʚʩʢʠʭ ʛʨʫʧʧ ʫʢʘʟʘʥʳ ʠʥʜʝʢʩʳ ʧʦʜʛʨʫʧʧʳ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʝʨʦʡ ʐʫʙʥʠʢʦʚʩʢʦʡ ʛʨʫʧʧʳ ὖάὲὥȢρ, ʥʘʧʨʘʚʣʝʥʠʝ ʚʝʢʪʦʨʘ 

ʧʘʨʘʤʝʪʨʘ ʧʦʨʷʜʢʘ ʠ ʙʘʟʠʩ ʷʯʝʡʢʠ ʚ 3-ʭ ʤʝʨʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ 

ʌʅʇ 
ʀʥʜʝʢʩ 

ʧʦʜʛʨʫʧʧʳ i 
ɺʇʇ ɹʘʟʠʩ 

ʄʉɻ ʩʦʛʣʘʩʥʦ ISODISTORT ʚ 

ʩʪʘʥʜʘʨʪʥʦʡ ʫʩʪʘʥʦʚʢʝ 

άɜ  2 (a) πȟπȟπ 
ὖὲάὥȢρ Ο φςȢττρ 

╪ȟ╪ȟ╪  

, 

άɜ  
2 (a) πȟπȟπ 

ὖὲάὥ Ο φςȢττω 

╪ȟ╪ȟ╪  

άɜ  2 (a) πȟπȟπ 
ὖὲάὥ Ο φςȢττυ 

╪ȟ╪ȟ╪  

άɜ  2 (a) πȟπȟπ 
ὖὲάὥ Ο φςȢττσ 

╪ȟ╪ȟ╪  

άɜ  2 (a) πȟπȟπ 
ὖὲάὥ Ο φςȢτττ 

╪ȟ╪ȟ╪  

 

ʊʘʙʣʠʮʘ 3.5 ï ɺʦʟʤʦʞʥʳʝ ʧʝʨʝʩʝʯʝʥʠʷ ʤʘʛʥʠʪʥʳʭ ʩʫʧʝʨʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʛʨʫʧʧ 

ʠ ʐʫʙʥʠʢʦʚʩʢʠʭ ʛʨʫʧʧ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʩʠʤʤʝʪʨʠʶ ʤʘʛʥʠʪʥʦʡ ʬʘʟʳ ʩ ʩʦʠʟʤʝʨʠʤʦʡ 

ʠ ʥʝʩʦʠʟʤʝʨʠʤʦʡ ʢʦʤʧʦʥʝʥʪʘʤʠ ʟʘʧʠʩʘʥʥʳʝ ʚ ʩʪʘʥʜʘʨʪʥʦʡ ʫʩʪʘʥʦʚʢʝ. ɼʣʷ ʄʉɻ 

ʫʢʘʟʘʥʳ ʠʥʜʝʢʩʳ ʧʦʜʛʨʫʧʧʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʝʨʦʡ ʛʨʫʧʧʳ ὖὲάὥȢρ, ʥʘʧʨʘʚʣʝʥʠʝ 

ʚʝʢʪʦʨʘ ʧʘʨʘʤʝʪʨʘ ʧʦʨʷʜʢʘ ʠ ʙʘʟʠʩ ʩʫʧʝʨʲʷʯʝʡʢʠ ʚ 4-ʭ ʤʝʨʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ 

ʌʅʇ 
ʀʥʜʝʢʩ 

ʧʦʜʛʨʫʧʧʳ i 
ɺʇʇ ɹʘʟʠʩ 

ʄʉɻ ʩʦʛʣʘʩʥʦ ISODISTORT ʚ 

ʩʪʘʥʜʘʨʪʥʦʡ ʫʩʪʘʥʦʚʢʝ 

άɜ άɫ 2 (a|b,0) πȟπȟπȟπ 
ὖάὧὲȢρππὫπππ Ο φςȢρȢωȢυȢάττρȢρ 

╪ȟ╪ȟ╪ȟ╪  

άɜ ά  2 (a|b,0) πȟπȟπȟρȾτ 
ὖάὧὲππὫίππ Ο φςȢρȢωȢφȢάττωȢρ 

╪ȟ╪ȟ╪ ╪ȟ╪  

άɜ ά  2 (a|b,0) πȟπȟπȟρȾτ 
ὖάὧὲππὫπππ Ο φςȢρȢωȢυȢάττυȢρ 

╪ȟ╪ȟ╪ ╪ȟ╪  

άɜ ά  2 (a|b,0) πȟπȟπȟρȾτ 
ὖάὧὲ ππὫπππ Ο φςȢρȢωȢυȢάττσȢρ 

╪ȟ╪ȟ╪ȟ╪  

άɜ άɫ 2 (a|b,0) πȟπȟπȟρȾτ 
ὖάὧάππὫίππ Ο φςȢρȢωȢφȢάτττȢρ 

╪ȟ╪ȟ╪ȟ╪  

άɜ άɫ 2 (a|b,0) πȟπȟπȟρȾτ 
ὖάὧὲȢρππὫίππ Ο φςȢρȢωȢφȢάττρȢρ 

╪ȟ╪ȟ╪ ╪ȟ╪  

άɜ ά  2 (a|b,0) πȟπȟπȟπ 
ὖάὧὲππὫπππ Ο φςȢρȢωȢυȢάττωȢρ 

╪ȟ╪ȟ╪ȟ╪  
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άɜ ά  2 (a|b,0) πȟπȟπȟπ 
ὖάὧὲππὫίππ Ο φςȢρȢωȢφȢάττυȢρ 

╪ȟ╪ȟ╪ȟ╪  

άɜ ά  2 (a|b,0) πȟπȟπȟπ 
ὖάὧὲ ππὫπππ Ο φςȢρȢωȢφȢάττσȢρ 

╪ȟ╪ȟ╪ ╪ȟ╪  

άɜ άɫ 2 (a|b,0) πȟπȟπȟπ 
ὖάὧὲππὫπππ Ο φςȢρȢωȢυȢάτττȢρ 

╪ȟ╪ȟ╪ ╪ȟ╪  

άɜ άɫ 2 (a|b,0) πȟπȟπȟπ 
ὖάὧὲȢρππὫπππ Ο φςȢρȢωȢυȢάττρȢρ 

╪ȟ╪ȟ╪ ╪ȟ╪  

άɜ ά  2 (a|b,0) πȟπȟπȟρȾτ 
ὖάὧὲππὫίππ Ο φςȢρȢωȢυȢάττωȢρ 

╪ȟ╪ȟ╪ȟ╪  

άɜ ά  2 (a|b,0) πȟπȟπȟρȾτ 
ὖάὧὲππὫπππ Ο φςȢρȢωȢυȢάττυȢρ 

╪ȟ╪ȟ╪ȟ╪  

άɜ ά  2 (a|b,0) πȟπȟπȟρȾτ 
ὖάὧὲππὫίππ Ο φςȢρȢωȢφȢάτττȢρ 

╪ȟ╪ȟ╪ ╪ȟ╪  

άɜ άɫ 2 (a|b,0) πȟπȟπȟρȾτ 
ὖάὧὲ ππὫπππ Ο φςȢρȢωȢυȢάττσȢρ 

╪ȟ╪ȟ╪ ╪ȟ╪  

άɜ άɫ 2 (a|b,0) πȟπȟπȟρȾτ 
ὖάὧὲȢρππὫίππ Ο φςȢρȢωȢφȢάττρȢρ 

╪ȟ╪ȟ╪ȟ╪  

άɜ ά  2 (a|b,0) πȟπȟπȟπ 
ὖάὧὲππὫπππ Ο φςȢρȢωȢυȢάττωȢρ 

╪ȟ╪ȟ╪ ╪ȟ╪  

άɜ ά  2 (a|b,0) πȟπȟπȟπ 
ὖάὧὲππὫίππ Ο φςȢρȢωȢφȢάττυȢρ 

╪ȟ╪ȟ╪ ╪ȟ╪  

άɜ ά  2 (a|b,0) πȟπȟπȟπ 
ὖάὧὲ ππὫίππ Ο φςȢρȢωȢφȢάττσȢρ 

╪ȟ╪ȟ╪ȟ╪  

άɜ άɫ 2 (a|b,0) πȟπȟπȟπ 
ὖάὧάππὫπππ Ο φςȢρȢωȢυȢάτττȢρ 

╪ȟ╪ȟ╪ȟ╪  

 

ɼʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʄʉɻ, ʦʧʠʩʳʚʘʶʱʝʡ ʤʘʛʥʠʪʥʫʶ ʩʪʨʫʢʪʫʨʫ ʩʦʝʜʠʥʝʥʠʷ 

Ho3Co ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 15 ʂ, ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʫʪʦʯʥʝʥʠʝ ʧʦ ʤʝʪʦʜʫ ʈʠʪʚʝʣʴʜʘ 

ʢʘʞʜʦʡ ʠʟ 20 ʚʦʟʤʦʞʥʳʭ ʤʦʜʝʣʝʡ ʤʘʛʥʠʪʥʦʡ ʩʪʨʫʢʪʫʨʳ ʧʨʠ ʧʦʤʦʱʠ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʧʘʢʝʪʘ JANA2020. ɸʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʥʘʠʣʫʯʰʘʷ ʩʭʦʜʠʤʦʩʪʴ ʤʝʞʜʫ ʤʦʜʝʣʴʥʳʤ 

ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʧʨʦʬʠʣʷʤʠ ʜʦʩʪʠʛʘʝʪʩʷ ʜʣʷ ʦʨʪʦʨʦʤʙʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʄʉɻ 

ὖάὧὲππὫπππ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʩʫʧʝʨʧʦʟʠʮʠʠ ʌʅʇ ▓ άɜ  ʠ ▓ άɫ ʯʴʠ 

ʵʣʝʤʝʥʪʳ ʩʠʤʤʝʪʨʠʠ ʩʦʭʨʘʥʷʶʪ ʠʥʚʘʨʠʘʥʪʥʳʤ ʩʣʝʜʫʶʱʝʝ ʥʘʧʨʘʚʣʝʥʠʝ ɺʇʇ 

ὥȿὦȟπ. 

ɺ ʪʘʙʣʠʮʝ 3.6 ʧʨʝʜʩʪʘʚʣʝʥ ʥʘʙʦʨ ʦʧʝʨʘʮʠʡ ʩʠʤʤʝʪʨʠʠ ʄʉɻ ὖάὧὲππὫπππ 

ʚ ʪʦʤ ʚʠʜʝ, ʢʦʪʦʨʳʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʢʘʨʪʦʯʢʘʭ ʩʠʤʤʝʪʨʠʠ ʚ ʧʨʦʛʨʘʤʤʝ JANA2020. 

ʅʘ ʨʠʩʫʥʢʝ 3.7 ʧʦʢʘʟʘʥ ʨʝʟʫʣʴʪʘʪ ʫʪʦʯʥʝʥʠʷ ʤʘʛʥʠʪʥʦʡ ʩʪʨʫʢʪʫʨʳ ʩʦʝʜʠʥʝʥʠʷ 
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Ho3Co ʧʨʠ Ὕ ρυ ʂ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʄʉɻ ὖάὧὲππὫπππ. ʉʦʛʣʘʩʥʦ 

ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʤʦʜʝʣʠ, ʤʘʛʥʠʪʥʘʷ ʩʪʨʫʢʪʫʨʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʢʦʰʝʥʥʳʝ 

ʩʧʠʥʦʚʳʝ ʚʦʣʥʳ, ʢʦʪʦʨʳʝ ʨʘʩʧʨʦʩʪʨʘʥʷʶʪʩʷ ʧʦ ʥʝʵʢʚʠʚʘʣʝʥʪʥʳʤ ʧʦʟʠʮʠʷʤ 8d ʠ 

4c ʚʜʦʣʴ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ c ʜʦʯʝʨʥʝʡ ʩʪʨʫʢʪʫʨʳ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʚ ʩʪʘʥʜʘʨʪʥʦʡ ʫʩʪʘʥʦʚʢʝ (ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʤʫ 

ʥʘʧʨʘʚʣʝʥʠʶ a ʚ ʨʦʜʠʪʝʣʴʩʢʦʡ ʩʪʨʫʢʪʫʨʝ). ʇʝʨʝʭʦʜ ʠʟ ʨʦʜʠʪʝʣʴʩʢʦʡ ʚ ʩʪʘʥʜʘʨʪʥʫʶ 

ʫʩʪʘʥʦʚʢʫ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʠ ʧʦʤʦʱʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠ:̫ 

 ὥ Ὕz ὥ, (3.1) 

ʛʜʝ ὥ В ὥ  ï ʙʘʟʠʩʥʳʡ ʚʝʢʪʦʨ ʚ 3+1 ʧʨʦʩʪʨʘʥʩʪʚʝ ʚ ʩʪʘʥʜʘʨʪʥʦʡ ʫʩʪʘʥʦʚʢʝ, 

ὥ В ὥ  - ʙʘʟʠʩʥʳʡ ʚʝʢʪʦʨ ʚ ʨʦʜʠʪʝʣʴʩʢʦʡ ʫʩʪʘʥʦʚʢʝ, T ï ʤʘʪʨʠʮʘ ʧʝʨʝʭʦʜʘ 

ʨʘʟʤʝʨʥʦʩʪʠ τ σ: 

 Ὕ

π ρ π
π π ρ
ρ π π
π π ρ

. (3.2) 

ɺʠʟʫʘʣʠʟʘʮʠʷ ʤʘʛʥʠʪʥʦʡ ʩʪʨʫʢʪʫʨʳ ʩʦʝʜʠʥʝʥʠʷ Ho3Co ʦʧʠʩʳʚʘʝʤʦʡ ʄʉɻ 

ὖάὧὲππὫπππ ʚ ʩʪʘʥʜʘʨʪʥʦʡ ʫʩʪʘʥʦʚʢʝ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 3.8 ʋʪʦʯʥʝʥʥʳʝ 

ʢʦʤʧʦʥʝʥʪʳ ʤʦʜʫʣʠʨʫʶʱʠʭ ʬʫʥʢʮʠʡ ʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ, ʦʧʠʩʳʚʘʝʤʳʭ 

ʫʨʘʚʥʝʥʠʝʤ (1.25) ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 3.7. 

ʊʘʙʣʠʮʘ 3.6 ï ʅʘʙʦʨ ʦʧʝʨʘʮʠʡ ʩʠʤʤʝʪʨʠʠ ʄʉɻ ὖάὧὲππὫπππ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʬʦʨʤʘʣʠʟʤʦʤ ʟʘʧʠʩʠ ʦʧʝʨʘʪʦʨʦʚ ʩʠʤʤʝʪʨʠʠ ʚ ʩʫʧʝʨʧʨʦʩʪʨʘʥʩʪʚʝ ʨʘʟʤʝʨʥʦʩʪʴʶ 

σ ρ, ʧʨʠʥʷʪʦʤ ʚ ʧʨʦʛʨʘʤʤʝ JANA2020 

 ̄ ʉʠʤʚʦʣʳ ɿʝʡʮʘ ʇʨʝʦʙʨʘʟʦʚʘʥʠʷ ʢʦʦʨʜʠʥʘʪ 

1 Ὁȿπ π π π ὼȟὼȟὼȟὼȟά 

2 ά      π ὼ ȟὼ ȟὼ ȟὼȟά 

3 ά  π    π ὼȟὼ ȟὼ ȟὼȟά 

4 ς   π π π ὼ ȟὼȟὼȟὼȟά 

5 ρȿπ π π π ὼȟὼȟὼȟὼȟά 

6 ς       π ὼ ȟὼ ȟὼ ȟὼȟά 

7 ς π    π ὼȟὼ ȟὼ ȟὼȟά 

8 ά    π π π ὼ ȟὼȟὼȟὼȟά 
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ʈʠʩʫʥʦʢ 3.7 ï ʇʦʨʦʰʢʦʚʘʷ ʥʝʡʪʨʦʥʦʛʨʘʤʤʘ Ho3Co ʠʟʤʝʨʝʥʥʘʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 

15 K. ʂʨʘʩʥʳʝ ʩʠʤʚʦʣʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʧʨʦʬʠʣʴ, ʘ 

ʩʧʣʦʰʥʘʷ ʯʝʨʥʘʷ ʣʠʥʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʤʦʜʝʣʴʥʳʡ ʧʨʦʬʠʣʴ. ʇʦʣʦʞʝʥʠʷ 

ʩʪʨʫʢʪʫʨʥʳʭ ʧʠʢʦʚ ʦʙʦʟʥʘʯʝʥʳ ʚʝʨʪʠʢʘʣʴʥʳʤʠ ʨʠʩʢʘʤʠ ʩ ʤʝʪʢʦʡ (1), 

ʤʘʛʥʠʪʥʳʭ ʨʝʬʣʝʢʩʦʚ ʠʥʜʝʢʩʠʨʫʝʤʳʭ ▓ , ʦʙʦʟʥʘʯʝʥʳ ʤʝʪʢʦʡ (2) ʧʦʣʦʞʝʥʠʷ 

ʤʘʛʥʠʪʥʳʭ ʨʝʬʣʝʢʩʦʚ ʠʥʜʝʢʩʠʨʫʝʤʳʭ ▓ ,ʦʙʦʟʥʘʯʝʥʳ ʤʝʪʢʦʡ (3). ɿʚʸʟʜʦʯʢʦʡ 

ʦʙʦʟʥʘʯʝʥ ʧʠʢ ʦʪ ʘʣʶʤʠʥʠʷ 
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ʊʘʙʣʠʮʘ 3.7 ï ʋʪʦʯʥʝʥʥʳʝ ʧʘʨʘʤʝʪʨʳ ʤʦʜʫʣʠʨʫʶʱʠʭ ʬʫʥʢʮʠʡ ʤʘʛʥʠʪʥʦʛʦ 

ʤʦʤʝʥʪʘ ὓ , ὓ  ʠ ὓ  ʚ ʝʜʠʥʠʮʘʭ ‘  ʜʣʷ ʩʠʤʤʝʪʨʠʡʥʥʦ ʥʝʵʢʚʠʚʘʣʝʥʪʥʳʭ 

ʤʘʛʥʠʪʥʳʭ ʘʪʦʤʦʚ Ho1 ʠ Ho2, ʧʦʣʫʯʝʥʥʳʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʦʜʝʣʠ ʄʉɻ 

ὖάὧὲππὫπππ. ɺ ʧʦʩʣʝʜʥʝʤ ʩʪʦʣʙʮʝ ʧʦʢʘʟʘʥʘ ʘʤʧʣʠʪʫʜʘ ʉʉɺ ʘʪʦʤʦʚ Ho 

ʇʦʟʠʮʠʷ  ὼ ώ ᾀ ȿὓȿ  

Ho1 

ὓ  1.546(57) 1.612(59) 0.604( 2.314(82) 

ὓ  4.598(12) 4.793(11) 1.796( 6.880(160) 

ὓ  0* 0* 0* 0 

Ho2 

ὓ  0 4.603(92) -4.526(1) 6.455(92) 

ὓ  0 4.852(111) -4.772(0) 6.805(111) 

ὓ  0) 3.819(93) -3.756(0) 5.356(93) 

Ὑ̠̅ σȢτω Ϸ, Ὑ υȢσυ Ϸ 

  

 

ʈʠʩʫʥʦʢ 3.8 ɺʠʟʫʘʣʠʟʘʮʠʷ ʥʝʩʦʠʟʤʝʨʠʤʦʡ ɸʌʄ ʩʪʨʫʢʪʫʨʳ Ho3Co ʧʦ ʜʘʥʥʳʤ 

ʥʝʡʪʨʦʥʥʦʡ ʜʠʬʨʘʢʮʠʠ ʩʥʷʪʳʤ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 15 ʂ, ʠʩʧʦʣʴʟʫʷ ʤʦʜʝʣʴ ʄʉɻ 

ὖάὧὲππὫπππ 
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3.4 ʆʙʩʫʞʜʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ 

 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʜʘʥʥʳʤʠ ʥʝʡʪʨʦʥʥʦʛʨʘʬʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʦʨʦʰʢʦʚʦʛʦ ʦʙʨʘʟʮʘ Ho3Co, ʥʝʩʦʠʟʤʝʨʠʤʘʷ ʩʪʨʫʢʪʫʨʘ ʥʠʞʝ ʪʝʤʧʝʨʘʪʫʨʳ ʅʝʝʣʷ 

Ὕ ςς + ʦʧʠʩʳʚʘʝʪʩʷ ʢʦʤʙʠʥʘʮʠʝʡ ʜʚʫʭ ʚʦʣʥʦʚʳʭ ʚʝʢʪʦʨʦʚ ▓ ‘ π π ʠ ▓

π, ʛʜʝ ‘ πȢρυυ. ʇʨʦʚʝʜʝʥʥʳʡ ʩʠʤʤʝʪʨʠʡʥʳʡ ʘʥʘʣʠʟ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʬʦʨʤʘʣʠʟʤʘ ʤʘʛʥʠʪʥʳʭ ʩʫʧʝʨʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʛʨʫʧʧ ʧʦʢʘʟʘʣ, ʯʪʦ ʩʫʧʝʨʧʦʟʠʮʠʷ 

ʬʠʟʠʯʝʩʢʠ ʥʝʧʨʠʚʦʜʠʤʳʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ▓ άɜ  ʠ ▓ άɫ ʧʨʠʚʦʜʠʪ ʢ 

ʨʝʘʣʠʟʘʮʠʠ ʚ Ho3Co ʧʨʠ Ὕ ρυ ʂ ʩʣʦʞʥʦʡ ʥʝʩʦʠʟʤʝʨʠʤʦʡ ʤʘʛʥʠʪʥʦʡ ʩʪʨʫʢʪʫʨʳ, 

ʦʧʠʩʳʚʘʝʤʦʡ ʤʘʛʥʠʪʥʦʡ ʩʫʧʝʨʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʦʡ ὖάὧὲππὫπππ. 

ʆʪʤʝʪʠʤ, ʯʪʦ ʛʨʫʧʧʘ ὖάὧὲππὫπππ ʩʦʩʪʦʠʪ ʠʟ ʵʣʝʤʝʥʪʦʚ ʩʠʤʤʝʪʨʠʠ, ʥʘʡʜʝʥʥʳʭ 

ʢʘʢ ʧʝʨʝʩʝʯʝʥʠʝ ʜʚʫʭ ʠʟʦʪʨʦʧʥʳʭ ʧʦʜʛʨʫʧʧ:  

¶ ʄʉɻ Ο φςȢρȢωȢφȢάττςȢς ὖάὧὲȢρᴂππὫίππί, ʙʘʟʠʩ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʠʩʪʝʤʳ 

ʢʦʦʨʜʠʥʘʪ ʨʦʜʠʪʝʣʴʩʢʦʡ ʧʘʨʘʤʘʛʥʠʪʥʦʡ ʩʪʨʫʢʪʫʨʳ 

πȟρȟπȟπȟπȟπȟρȟπȟρȟπȟπȟπȟπȟπȟπȟρ ȟ ʩʜʚʠʛ ʥʘʯʘʣʘ ʢʦʦʨʜʠʥʘʪ πȟπȟπȟρȾτ, ʯʴʠ 

ʵʣʝʤʝʥʪʳ ʩʠʤʤʝʪʨʠʠ ʩʦʭʨʘʥʷʶʪ ʠʥʚʘʨʠʘʥʪʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝ ʚʝʢʪʦʨʘ ʧʘʨʘʤʝʪʨʘ 

ʧʦʨʷʜʢʘ ὥȟπ ʘʢʪʠʚʥʦʛʦ ʥʝʧʨʠʚʦʜʠʤʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ▓ άɫ; 

¶ ʐʫʙʥʠʢʦʚʩʢʘʷ ʛʨʫʧʧʘ Ο φςȢτττ ὖὲάᴂὥ, ʙʘʟʠʩ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʠʩʪʝʤʳ 

ʢʦʦʨʜʠʥʘʪ ʨʦʜʠʪʝʣʴʩʢʦʡ ʧʘʨʘʤʘʛʥʠʪʥʦʡ ʩʪʨʫʢʪʫʨʳ 

ρȟπȟπȟπȟρȟπȟπȟπȟρ , ʩʜʚʠʛ ʥʘʯʘʣʦ ʢʦʦʨʜʠʥʘʪ πȟπȟπ, ʯʴʠ ʵʣʝʤʝʥʪʳ 

ʩʠʤʤʝʪʨʠʠ ʩʦʭʨʘʥʷʶʪ ʠʥʚʘʨʠʘʥʪʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝ ʚʝʢʪʦʨʘ ʧʘʨʘʤʝʪʨʘ ʧʦʨʷʜʢʘ 

ὥ ʘʢʪʠʚʥʦʛʦ ʥʝʧʨʠʚʦʜʠʤʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ▓ άɜ . 

ɸʣʛʦʨʠʪʤ ʥʘʭʦʞʜʝʥʠʷ ʤʘʛʥʠʪʥʦʡ ʩʫʧʝʨʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʳ, 

ʦʙʨʘʟʦʚʘʥʥʦʡ ʩʫʧʝʨʧʦʟʠʮʠʝʡ ʜʚʫʭ ʥʝʧʨʠʚʦʜʠʤʳʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ, ʦʜʥʦ ʠʟ ʢʦʪʦʨʳʭ 

ʦʧʠʩʳʚʘʝʪ ʥʝʩʦʠʟʤʝʨʠʤʫʶ ʢʦʤʧʦʥʝʥʪʫ ʤʘʛʥʠʪʥʦʡ ʩʪʨʫʢʪʫʨʳ, ʘ ʚʪʦʨʦʝ 

ʩʦʠʟʤʝʨʠʤʫʶ ʢʦʤʧʦʥʝʥʪʫ ʤʘʛʥʠʪʥʦʡ ʩʪʨʫʢʪʫʨʳ ʠʟʣʦʞʝʥ ʚ ʨʘʙʦʪʝ [147] ʠ 

ʠʤʧʣʝʤʝʥʪʠʨʦʚʘʥ ʚ ʧʨʦʛʨʘʤʤʥʳʡ ʧʘʢʝʪ ISODISTORT. 

ʆʪʤʝʪʠʤ ʪʘʢʞʝ, ʯʪʦ ʤʘʛʥʠʪʥʘʷ ʩʪʨʫʢʪʫʨʘ ʩʦʭʨʘʥʷʝʪ ʥʝʩʦʠʟʤʝʨʠʤʳʡ ʭʘʨʘʢʪʝʨ 

ʚʧʣʦʪʴ ʜʦ ʩʘʤʳʭ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ Ὕ ρȢυ K. ɼʣʷ ʩʦʝʜʠʥʝʥʠʷ Ho3Co ʩ 

ʥʝʢʨʘʤʝʨʩʦʚʳʤ ʨʝʜʢʦʟʝʤʝʣʴʥʳʤ ʠʦʥʦʤ Ho3+, ʦʙʣʘʜʘʶʱʠʤ ʩʠʥʛʣʝʪʥʳʤ ʦʩʥʦʚʥʳʤ 

ʩʦʩʪʦʷʥʠʝʤ, ʵʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʩʤʝʰʠʚʘʥʠʝʤ ʜʚʫʭ ʧʝʨʚʳʭ ʥʠʟʢʦʣʝʞʘʱʠʭ ʩʠʥʛʣʝʪʥʳʭ 

ʫʨʦʚʥʝʡ ʠ ʦʙʨʘʟʦʚʘʥʠʝʤ ʢʚʘʟʠʜʫʙʣʝʪʥʦʛʦ ʩʦʩʪʦʷʥʠʷ [141]. ʊʝʤ ʥʝ ʤʝʥʝʝ, 

ʘʤʧʣʠʪʫʜʥʦ-ʤʦʜʫʣʠʨʦʚʘʥʥʳʝ ʤʘʛʥʠʪʥʳʝ ʩʪʨʫʢʪʫʨʳ ʚ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ 

ʠʥʪʝʨʤʝʪʘʣʣʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʷʭ ʩ ʤʘʛʥʠʪʥʳʤʠ R ʠʦʥʘʤʠ, ʦʙʣʘʜʘʶʱʠʤʠ 

ʩʪʘʙʠʣʴʥʳʤ ʤʘʛʥʠʪʥʳʤ ʤʦʤʝʥʪʦʤ ʦʙʫʩʣʦʚʣʝʥʥʳʤ ʣʦʢʘʣʠʟʦʚʘʥʥʳʤʠ 4f-

ʵʣʝʢʪʨʦʥʘʤʠ, ʷʚʣʷʶʪʩʷ ʥʝʩʪʘʙʠʣʴʥʳʤʠ ʠ ʤʦʛʫʪ ʩʯʠʪʘʪʴʩʷ ʯʘʩʪʠʯʥʦ 

ʫʧʦʨʷʜʦʯʝʥʥʳʤʠ ʩʪʨʫʢʪʫʨʘʤʠ. ɽʩʪʝʩʪʚʝʥʥʳʤ ʤʝʭʘʥʠʟʤʦʤ ʤʠʥʠʤʠʟʘʮʠʠ ʵʥʪʨʦʧʠʠ 

ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ ʩʦʝʜʠʥʝʥʠʷ ʩ ʘʤʧʣʠʪʫʜʥʦ-ʤʦʜʫʣʠʨʦʚʘʥʥʦʡ ʩʪʨʫʢʪʫʨʦʡ 
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ʩʪʘʥʦʚʠʪʩʷ ʵʚʦʣʶʮʠʷ ʚʦʣʥʳ ʩʧʠʥʦʚʦʡ ʧʣʦʪʥʦʩʪʠ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʢ ʤʘʛʥʠʪʥʳʤ 

ʩʪʨʫʢʪʫʨʘʤ ʩ ʨʘʚʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʤʘʛʥʠʪʥʳʭ ʤʦʤʝʥʪʦʚ ʯʝʨʝʟ ʤʝʭʘʥʠʟʤ çlock-inè 

ʧʝʨʝʭʦʜʘ ʚ ʩʦʠʟʤʝʨʠʤʫʶ ʬʘʟʫ ʠʣʠ ʯʝʨʝʟ ʧʨʦʮʝʩʩ ʚʳʨʘʚʥʠʚʘʥʠʷ ʤʘʛʥʠʪʥʳʭ 

ʤʦʤʝʥʪʦʚ ʥʝʩʦʠʟʤʝʨʠʤʦʡ ʤʘʛʥʠʪʥʦʡ ʩʪʨʫʢʪʫʨʳ ʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤʳ 

ʘʥʪʠʬʘʟʥʳʭ ʜʦʤʝʥʦʚ. ʍʘʨʘʢʪʝʨʥʳʤ ʧʨʠʟʥʘʢʦʤ ʨʘʚʥʦʤʦʤʝʥʪʥʦʡ ʤʘʛʥʠʪʥʦʡ 

ʩʪʨʫʢʪʫʨʳ ʷʚʣʷʝʪʩʷ ʧʦʷʚʣʝʥʠʝ ʥʝʯʝʪʥʳʭ ʛʘʨʤʦʥʠʢ σ▓ ȟυ▓  ʥʘ ʥʝʡʪʨʦʥʦʛʨʘʤʤʘʭ 

ʚ ʦʙʣʘʩʪʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ. ɼʘʥʥʳʝ ʥʝʡʪʨʦʥʥʦʡ ʜʠʬʨʘʢʮʠʠ ʧʦʨʦʰʢʦʚʦʛʦ 

ʦʙʨʘʟʮʘ Ho3Co ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʥʠʞʝ 11 ʂ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʧʨʠʩʫʪʩʪʚʠʝ ʥʝʯʝʪʥʳʭ 

ʛʘʨʤʦʥʠʢ σ▓ ȟυ▓ , ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʨʝʘʣʠʟʘʮʠʠ ʤʝʭʘʥʠʟʤʘ ʚʳʨʘʚʥʠʚʘʥʠʷ 

ʚʦʣʥʳ ʩʧʠʥʦʚʦʡ ʧʣʦʪʥʦʩʪʠ ʚ ʩʦʝʜʠʥʝʥʠʠ Ho3Co ʚ ʦʙʣʘʩʪʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ. 

ʊʝʤ ʥʝ ʤʝʥʝʝ, ʧʦʤʠʤʦ ʥʝʯʝʪʥʳʭ ʛʘʨʤʦʥʠʢ ʥʘ ʥʝʡʪʨʦʥʦʛʨʘʤʤʘʭ ʧʨʠʩʫʪʩʪʚʫʶʪ 

ʠ ʯʝʪʥʳʝ ʛʘʨʤʦʥʠʢʠ ς▓ , τ▓ . ʆʜʥʠʤ ʠʟ ʚʦʟʤʦʞʥʳʭ ʦʙʲʷʩʥʝʥʠʡ ʧʦʷʚʣʝʥʠʷ 

ʯʝʪʥʳʭ ʛʘʨʤʦʥʠʢ ʷʚʣʷʝʪʩʷ ʩʣʦʞʥʳʡ ʤʘʛʥʠʪʦʩʪʨʫʢʪʫʨʥʳʡ ʧʝʨʝʭʦʜ, ʧʨʠ ʢʦʪʦʨʦʤ 

ʚʦʣʥʘ ʩʧʠʥʦʚʦʡ ʧʣʦʪʥʦʩʪʠ ʧʨʠʚʦʜʠʪ ʢ ʧʦʷʚʣʝʥʠʶ ʚ ʨʝʰʝʪʢʝ ʚʦʣʥʳ ʟʘʨʷʜʦʚʦʡ 

ʧʣʦʪʥʦʩʪʠ, ʢʘʢ ʵʪʦ ʧʨʦʠʩʭʦʜʠʪ, ʥʘʧʨʠʤʝʨ, ʚ ʯʠʩʪʦʤ ʤʝʪʘʣʣʠʯʝʩʢʦʤ Cr [148]. 

ʆʪʤʝʪʠʤ, ʯʪʦ ʵʬʬʝʢʪ ʚʦʣʥʳ ʟʘʨʷʜʦʚʦʡ ʧʣʦʪʥʦʩʪʠ ʙʳʣ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ 

ʧʦʜʪʚʝʨʞʜʝʥ ʚ ʠʟʦʩʪʨʫʢʪʫʨʥʦʤ ʩʦʝʜʠʥʝʥʠʠ Y3Co [7]. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʥʝʯʝʪʥʳʝ 

ʛʘʨʤʦʥʠʢʠ ʥʘ ʥʝʡʪʨʦʥʦʛʨʘʤʤʝ ʙʳʣʠ ʙʳ ʤʘʛʥʠʪʥʦʡ ʧʨʠʨʦʜʳ, ʘ ʯʝʪʥʳʝ ʛʘʨʤʦʥʠʢʠ 

ʙʳʣʠ ʙʳ ʨʝʟʫʣʴʪʘʪʦʤ ʷʜʝʨʥʦʛʦ ʨʘʩʩʝʷʥʠʷ ʥʝʡʪʨʦʥʦʚ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʜʘʥʥʳʡ 

ʤʝʭʘʥʠʟʤ ʥʝ ʦʙʲʷʩʥʷʝʪ ʥʘʣʠʯʠʝ ʛʠʩʪʝʨʝʟʠʩʘ ʥʘ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʟʘʚʠʩʠʤʦʩʪʷʭ 

ʤʘʛʥʠʪʥʦʡ ɸʉ-ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʚ ʦʙʣʘʩʪʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʠ ʥʝ ʦʙʲʷʩʥʷʝʪ 

ʧʦʷʚʣʝʥʠʝ ʥʝʙʦʣʴʰʦʡ ʩʧʦʥʪʘʥʥʦʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ, ʥʘʙʣʶʜʘʝʤʦʡ ʥʘ ʜʘʥʥʳʭ 

ʤʘʛʥʠʪʥʳʭ ʠʟʤʝʨʝʥʠʡ ʥʘ ʤʦʥʦʢʨʠʩʪʘʣʣʝ ʧʨʠ ʧʨʠʣʦʞʝʥʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚʜʦʣʴ 

ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ a [21]. 

ɸʣʴʪʝʨʥʘʪʠʚʥʳʡ ʤʝʭʘʥʠʟʤ ʧʨʝʜʧʦʣʘʛʘʝʪ ʤʘʛʥʠʪʥʳʡ ʭʘʨʘʢʪʝʨ ʩʘʪʝʣʣʠʪʦʚ ʦʪ 

ʯʝʪʥʳʭ ʛʘʨʤʦʥʠʢ ς▓ ȟτ▓  ʠ ʩʚʷʟʘʥ ʩ ʵʚʦʣʶʮʠʝʡ ʢ ʨʘʚʥʦʤʦʤʝʥʪʥʦʡ ʤʘʛʥʠʪʥʦʡ 

ʩʪʨʫʢʪʫʨʝ. ɼʣʷ ʦʙʲʷʩʥʝʥʠʷ ʵʪʦʛʦ ʤʝʭʘʥʠʟʤʘ ʥʘ ʨʠʩʫʥʢʝ 3.9(a) ʧʦʩʪʨʦʝʥʘ ʧʨʦʝʢʮʠʷ 

ʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ ʥʘ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʝ ʥʘʧʨʘʚʣʝʥʠʝ c ʜʦʯʝʨʥʝʡ ʩʪʨʫʢʪʫʨʳ 

(ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʘʧʨʘʚʣʝʥʠʶ a ʨʦʜʠʪʝʣʴʩʢʦʡ ʩʪʨʫʢʪʫʨʳ) ʜʣʷ ʮʝʧʦʯʝʢ ʘʪʦʤʦʚ Ho ʚ 

ʧʦʟʠʮʠʷʭ 4c ʠ 8d. ʂʘʞʜʘʷ ʮʝʧʦʯʢʘ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʘʪʦʤʦʚ, ʯʴʠ ʤʘʛʥʠʪʥʳʝ ʤʦʤʝʥʪʳ 

ʩʚʷʟʘʥʥʳ ʵʣʝʤʝʥʪʦʤ ʩʠʤʤʝʪʨʠʠ ά  π    π: ὼȟὼ ȟὼ ȟὼȟά. ʊʦʛʜʘ, 

ʚʦʩʧʦʣʴʟʦʚʘʚʰʠʩʴ ʫʨʘʚʥʝʥʠʝʤ (1.28) ʧʦʣʫʯʠʤ: 
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ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʧʨʦʝʢʮʠʠ ʤʘʛʥʠʪʥʳʭ ʤʦʤʝʥʪʦʚ ʥʘ ʥʘʧʨʘʚʣʝʥʠʝ c 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʳ, ʘ ʚʝʣʠʯʠʥʳ ʵʪʠʭ ʧʨʦʝʢʮʠʡ ʤʦʜʫʣʠʨʫʶʪʩʷ ʬʘʟʦʚʳʤ ʬʘʢʪʦʨʦʤ 

Ὡ ▓■►  ʠ ʤʦʞʥʦ ʛʦʚʦʨʠʪʴ, ʯʪʦ ʧʦ ʮʝʧʦʯʢʘʤ, ʦʙʨʘʟʦʚʘʥʥʳʤ ʪʨʘʥʩʣʷʮʠʝʡ 

ʢʘʞʜʦʛʦ ʘʪʦʤʘ ʠʟ ʵʪʦʡ ʧʘʨʳ, ʙʝʞʠʪ ʩʚʦʷ ʧʨʦʜʦʣʴʥʘʷ ʩʧʠʥʦʚʘʷ ʚʦʣʥʘ ʩʦ ʩʜʚʠʛʦʤ 

ʬʘʟʳ ɝ• “. ʊʦʛʜʘ, ʜʣʷ ʧʨʦʩʪʦʪʳ ʚʦʩʧʨʠʷʪʠʷ ʚʠʟʫʘʣʠʟʘʮʠʠ, ʨʘʟʚʝʨʥʝʤ ʤʘʛʥʠʪʥʳʝ 

ʤʦʤʝʥʪʳ ʥʘ ʦʜʥʦʡ ʪʘʢʦʡ ʮʝʧʦʯʢʝ, ʦʙʨʘʟʦʚʘʥʥʦʡ ʧʘʨʦʡ ʘʪʦʤʦʚ, ʥʘ 900 ʠ ʧʨʝʚʨʘʪʠʤ 

ʧʨʦʜʦʣʴʥʫʶ ʩʧʠʥʦʚʫʶ ʚʦʣʥʫ ʚ ʧʦʧʝʨʝʯʥʫʶ (ʩʤʦʪʨʠ ʨʠʩʫʥʦʢ 3.9(ʙ)). ʅʘ ʜʘʥʥʦʤ 

ʨʠʩʫʥʢʝ ʩʠʥʠʤ ʠ ʢʨʘʩʥʳʤ ʮʚʝʪʦʤ ʦʙʦʟʥʘʯʝʥʳ ʩʧʠʥʦʚʳʝ ʚʦʣʥʳ, ʧʨʦʙʝʛʘʶʱʠʝ ʧʦ 

ʧʘʨʝ ʘʪʦʤʦʚ ʩʚʷʟʘʥʥʳʭ ʵʣʝʤʝʥʪʦʤ ʩʠʤʤʝʪʨʠʠ ά  π    π: ὼȟὼ ȟὼ

 

ʈʠʩʫʥʦʢ 3.9 ï (ʘ) ʇʨʦʝʢʮʠʷ ʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ ʥʘ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʝ 

ʥʘʧʨʘʚʣʝʥʠʝ c ʜʦʯʝʨʥʝʡ ʩʪʨʫʢʪʫʨʳ (ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʘʧʨʘʚʣʝʥʠʶ a ʨʦʜʠʪʝʣʴʩʢʦʡ 

ʩʪʨʫʢʪʫʨʳ) ʜʣʷ ʮʝʧʦʯʝʢ ʘʪʦʤʦʚ Ho ʚ ʧʦʟʠʮʠʷʭ 4c ʠ 8d. (ʙ) ʇʦʧʝʨʝʯʥʘʷ ʩʧʠʥʦʚʘʷ 

ʚʦʣʥʘ, ʦʙʨʘʟʦʚʘʥʥʘʷ ʧʦʚʦʨʦʪʦʤ ʥʘ 900
 ʧʨʦʜʦʣʴʥʦʡ ʚʦʣʥʳ ʧʨʦʝʢʮʠʡ ʤʘʛʥʠʪʥʦʛʦ 

ʤʦʤʝʥʪʘ ʥʘ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʝ ʥʘʧʨʘʚʣʝʥʠʝ c (ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʘʧʨʘʚʣʝʥʠʶ a 

ʨʦʜʠʪʝʣʴʩʢʦʡ ʩʪʨʫʢʪʫʨʳ) ʜʣʷ ʮʝʧʦʯʢʠ ʘʪʦʤʦʚ Ho ʚ ʧʦʟʠʮʠʠ 8d. (ʚ) ɺʠʟʫʘʣʠʟʘʮʠʷ 

ʨʘʚʥʦʤʦʤʝʥʪʥʦʡ ʧʦʧʝʨʝʯʥʘʷ ʩʧʠʥʦʚʘʷ ʚʦʣʥʘ 
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ȟὼȟά. ʀʟ ʨʠʩʫʥʢʘ ʚʠʜʥʦ, ʯʪʦ ʜʚʘʞʜʳ ʟʘ ʧʝʨʠʦʜ ʚʦʣʥʳ ʨʘʚʥʳʡ Ὕ ͯ ρȾπȢρυυφȢυ 

ʧʘʨʘʤʝʪʨʦʚ ʢʨʠʩʪʘʣʣʦʭʠʤʠʯʝʩʢʦʡ ʷʯʝʡʢʠ ʚʦʟʥʠʢʘʝʪ ʩʠʪʫʘʮʠʷ, ʢʦʛʜʘ ʜʚʘ ʩʦʩʝʜʥʠʭ 

ʤʘʛʥʠʪʥʳʭ ʤʦʤʝʥʪʘ ʧʘʨʘʣʣʝʣʴʥʳ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚʦ ʚʩʝʭ ʦʩʪʘʣʴʥʳʭ ʩʣʫʯʘʷʭ 

ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʳʡ ʦʙʤʝʥ ʩʦʭʨʘʥʷʝʪ ʘʥʪʠʧʘʨʘʣʣʝʣʴʥʦʝ ʫʧʦʨʷʜʦʯʝʥʠʝ ʤʝʞʜʫ 

ʩʦʩʝʜʥʠʤʠ ʘʪʦʤʘʤʠ ʚ ʮʝʧʦʯʢʝ. ʇʨʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʩʠʩʪʝʤʘ ʤʘʛʥʠʪʥʳʭ 

ʤʦʤʝʥʪʦʚ ʤʠʥʠʤʠʟʠʨʫʝʪ ʩʚʦʶ ʵʥʝʨʛʠʶ, ʨʘʩʧʦʣʘʛʘʷ ʧʘʨʫ ʧʘʨʘʣʣʝʣʴʥʳʭ ʤʦʤʝʥʪʦʚ 

ʚ ʫʟʣʘʭ ʩʧʠʥʦʚʦʡ ʚʦʣʥʳ, ʛʜʝ ʘʤʧʣʠʪʫʜʳ ʤʦʤʝʥʪʦʚ, ʦʙʨʘʟʫʶʱʠʭ ʵʪʫ ʧʘʨʫ 

ʧʘʨʘʣʣʝʣʴʥʳʭ ʤʦʤʝʥʪʦʚ ʤʠʥʠʤʘʣʴʥʳ. ʇʨʠ ʦʭʣʘʞʜʝʥʠʠ ʦʙʨʘʟʮʘ ʥʘʯʠʥʘʝʪʩʷ 

ʧʨʦʮʝʩʩ ʚʳʨʘʚʥʠʚʘʥʠʷ ʤʘʛʥʠʪʥʳʭ ʤʦʤʝʥʪʦʚ ʘʤʧʣʠʪʫʜʥʦ-ʤʦʜʫʣʠʨʦʚʘʥʥʦʡ 

ʤʘʛʥʠʪʥʦʡ ʩʪʨʫʢʪʫʨʳ ʠ ʧʘʨʘ ʧʘʨʘʣʣʝʣʴʥʳʭ ʤʘʛʥʠʪʥʳʭ ʤʦʤʝʥʪʦʚ ʫʚʝʣʠʯʠʚʘʝʪ ʩʚʦʶ 

ʘʤʧʣʠʪʫʜʫ (ʩʤʦʪʨʠ ʨʠʩʫʥʦʢ 3.9(ʚ)). ʉʫʱʝʩʪʚʦʚʘʥʠʝ ʪʘʢʦʡ ʧʘʨʳ ʚ ʫʩʣʦʚʠʷʭ 

ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʦʛʦ ʦʙʤʝʥʘ ʤʝʞʜʫ ʙʣʠʞʘʡʰʠʤʠ ʩʦʩʝʜʷʤʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠ 

ʥʝʚʳʛʦʜʥʦ ʠ ʩʠʩʪʝʤʘ ʤʦʞʝʪ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʩʚʦʶ ʵʥʝʨʛʠʶ ʟʘ ʩʯʝʪ ʧʝʨʝʚʦʨʦʪʘ 

(spin-flip) ʦʜʥʦʛʦ ʠʟ ʦʙʨʘʟʫʶʱʠʭ ʧʘʨʫ ʩʧʠʥʦʚ. ɼʘʥʥʳʡ ʵʬʬʝʢʪ ʠʟʚʝʩʪʝʥ ʚ 

ʣʠʪʝʨʘʪʫʨʝ ʧʦʜ ʥʘʟʚʘʥʠʝʤ çʩʧʠʥʦʚʦʛʦ ʧʨʦʩʢʘʣʴʟʳʚʘʥʠʷè, ʘ ʤʘʛʥʠʪʥʘʷ ʬʘʟʘ, ʛʜʝ 

ʥʘʙʣʶʜʘʝʪʩʷ ʪʘʢʦʡ ʵʬʬʝʢʪ ʥʘʟʳʚʘʝʪʩʷ ʬʘʟʦʡ çʩʧʠʥʦʚʦʛʦ ʧʨʦʩʢʘʣʴʟʳʚʘʥʠʷè ʠʣʠ 

çspin-slipè ʬʘʟʦʡ [149-151]. ʇʝʨʠʦʜʠʯʥʦʩʪʴ ʵʪʦʛʦ ʜʝʬʝʢʪʘ ʩʦʚʧʘʜʘʝʪ ʩ ʧʝʨʠʦʜʦʤ 

ʚʦʣʥʳ ʤʘʛʥʠʪʥʦʡ ʩʪʨʫʢʪʫʨʳ ʠ ʧʨʠʚʦʜʠʪ ʢ ʧʦʷʚʣʝʥʠʶ ʯʝʪʥʳʭ ʛʘʨʤʦʥʠʢ ʥʘ 

ʥʝʡʪʨʦʥʦʛʨʘʤʤʘʭ, ʘ ʪʘʢʞʝ ʩʪʘʥʦʚʠʪʩʷ ʧʨʠʯʠʥʦʡ ʧʦʷʚʣʝʥʠʷ ʩʧʦʥʪʘʥʥʦʡ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʚ ʥʘʧʨʘʚʣʝʥʠʠ c ʜʦʯʝʨʥʝʡ ʩʪʨʫʢʪʫʨʳ (ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʥʘʧʨʘʚʣʝʥʠʶ a ʨʦʜʠʪʝʣʴʩʢʦʡ ʩʪʨʫʢʪʫʨʳ) ʩ ʚʝʣʠʯʠʥʦʡ ʨʘʚʥʦʡ ς‘(Ï̓ ̆̏Ⱦ̑φȢυ

σ ‘  ʥʘ ʦʜʠʥ ʧʝʨʠʦʜ ʚʦʣʥʳ ʜʣʷ ʦʜʥʦʡ ʮʝʧʦʯʢʠ. ɺʢʣʘʜ ʦʪ ʩʦʠʟʤʝʨʠʤʦʡ ʢʦʤʧʦʥʝʥʪʳ 

ʤʘʛʥʠʪʥʦʡ ʩʪʨʫʢʪʫʨʳ ʦʩʣʘʙʣʷʝʪ ʵʪʦʪ ʵʬʬʝʢʪ ʠ ʚ ʧʨʝʜʝʣʝ, ʢʦʛʜʘ ʚʝʣʠʯʠʥʘ ʧʨʦʝʢʮʠʠ 

ʥʘ ʥʘʧʨʘʚʣʝʥʠʝ c ʩʦʠʟʤʝʨʠʤʦʡ ʢʦʤʧʦʥʝʥʪʳ ʨʘʚʥʘ ʧʦ ʤʦʜʫʣʶ ʘʤʧʣʠʪʫʜʝ 

ʥʝʩʦʠʟʤʝʨʠʤʦʡ ʢʦʤʧʦʥʝʥʪʳ, ʧʘʨʘʣʣʝʣʴʥʳʝ ʧʘʨʳ ʠʩʯʝʟʘʶʪ ʧʦʣʥʦʩʪʴʶ ʠ 

ʩʧʦʥʪʘʥʥʘʷ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ ʧʨʦʧʘʜʘʝʪ. ʇʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚʢʣʘʜʦʚ ʦʪ 

ʩʦʠʟʤʝʨʠʤʦʡ ʠ ʥʝʩʦʠʟʤʝʨʠʤʦʡ ʢʦʤʧʦʥʝʥʪ ʧʨʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʧʨʠʚʦʜʠʪ ʢ 

ʧʦʜʘʚʣʝʥʠʶ ʩʦʠʟʤʝʨʠʤʦʡ ʢʦʤʧʦʥʝʥʪʳ ʠ ʜʦʤʠʥʠʨʦʚʘʥʠʶ ʥʝʩʦʠʟʤʝʨʠʤʦʡ 

ʢʦʤʧʦʥʝʥʪʳ. ʕʪʦʪ ʧʨʦʮʝʩʩ ʩʦʚʤʝʩʪʥʦ ʩ ʵʚʦʣʶʮʠʝʡ ʢ ʨʘʚʥʦʤʦʤʝʥʪʥʦʡ ʘʤʧʣʠʪʫʜʥʦ-

ʤʦʜʫʣʠʨʦʚʘʥʥʦʡ ʤʘʛʥʠʪʥʦʡ ʩʪʨʫʢʪʫʨʝ ʧʨʠʚʦʜʷʪ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʬʘʟʳ 

çʩʧʠʥʦʚʦʛʦ ʧʨʦʩʢʘʣʴʟʳʚʘʥʠʷè ʠ ʧʦʷʚʣʝʥʠʶ ʩʣʘʙʦʛʦ ʬʝʨʨʦʤʘʛʥʝʪʠʟʤʘ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʥʠʞʝ 11 ʂ.  
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3.5 ɺʳʚʦʜʳ ʢ ʛʣʘʚʝ 3 

 

ʇʨʠ ʧʦʤʦʱʠ ʤʝʪʦʜʘ ʤʘʛʥʠʪʥʳʭ ʩʫʧʝʨʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʛʨʫʧʧ ʠ ʥʝʡʪʨʦʥʥʦʡ 

ʜʠʬʨʘʢʮʠʠ ʥʘ ʧʦʨʦʰʢʦʚʦʤ ʦʙʨʘʟʮʝ ʚʧʝʨʚʳʝ ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʧʦʣʥʦʝ 

ʢʦʣʠʯʝʩʪʚʝʥʥʦʝ ʦʧʠʩʘʥʠʝ ʩʣʦʞʥʦʡ ʥʝʩʦʠʟʤʝʨʠʤʦʡ ʤʘʛʥʠʪʥʦʡ ʩʪʨʫʢʪʫʨʳ 

ʩʦʝʜʠʥʝʥʠʷ Ho3Co. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ ʥʠʞʝ ʪʝʤʧʝʨʘʪʫʨʳ ʅʝʝʣʷ Ὕ

ςς + ʚ Ho3Co ʨʝʘʣʠʟʫʝʪʩʷ ʘʤʧʣʠʪʫʜʥʦ-ʤʦʜʫʣʠʨʦʚʘʥʥʘʷ ʥʝʩʦʠʟʤʝʨʠʤʘʷ ʤʘʛʥʠʪʥʘʷ 

ʩʪʨʫʢʪʫʨʘ, ʦʧʠʩʳʚʘʝʤʘʷ ʢʦʤʙʠʥʘʮʠʝʡ ʜʚʫʭ ʚʦʣʥʦʚʳʭ ʚʝʢʪʦʨʦʚ ▓ ‘ π π ʠ 

▓ π, ʛʜʝ ‘ πȢρυυ ʠ ʤʘʛʥʠʪʥʦʡ ʩʫʧʝʨʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʦʡ 

ὖάὧὲππὫπππ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʘʣʴʥʝʡʰʝʝ ʦʭʣʘʞʜʝʥʠʝ ʥʠʞʝ Ὕ  ρρ + 

ʧʨʠʚʦʜʠʪ ʢ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʶ ʚʢʣʘʜʦʚ ʦʪ ʩʦʠʟʤʝʨʠʤʦʡ ʠ ʥʝʩʦʠʟʤʝʨʠʤʦʡ 

ʢʦʤʧʦʥʝʥʪ, ʵʚʦʣʶʮʠʠ ʢ ʨʘʚʥʦʤʦʤʝʥʪʥʦʡ ʘʤʧʣʠʪʫʜʥʦ-ʤʦʜʫʣʠʨʦʚʘʥʥʦʡ 

ʥʝʩʦʠʟʤʝʨʠʤʦʡ ʤʘʛʥʠʪʥʦʡ ʩʪʨʫʢʪʫʨʝ ʠ ʨʝʘʣʠʟʘʮʠʠ ʤʘʛʥʠʪʥʦʡ ʬʘʟʳ çʩʧʠʥʦʚʦʛʦ 

ʧʨʦʩʢʘʣʴʟʳʚʘʥʠʷè, ʜʝʤʦʥʩʪʨʠʨʫʶʱʝʡ ʩʣʘʙʳʡ ʬʝʨʨʦʤʘʛʥʝʪʠʟʤ ʚʩʣʝʜʩʪʚʠʝ 

ʨʘʩʢʦʤʧʝʥʩʘʮʠʠ ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʦʡ ʧʦʜʨʝʰʝʪʢʠ. 

ʈʝʟʫʣʴʪʘʪʳ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʜʘʥʥʦʡ ʛʣʘʚʝ, ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ ʨʘʙʦʪʘʭ  

[ɸ7, ɸ9]. 
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4 ʅɽʉʆʀɿʄɽʈʀʄɸʗ ʄɸɻʅʀʊʅɸʗ ʉʊʈʋʂʊʋʈɸ, ɹʃʀɾʅʀʁ 

ʄɸɻʅʀʊʅʓʁ ʇʆʈʗɼʆʂ ʀ ʌʀɿʀʏɽʉʂʀɽ ʉɺʆʁʉʊɺɸ Ho7Rh3 

 

4.1 ʅʝʡʪʨʦʥʦʛʨʘʬʠʯʝʩʢʘʷ ʠ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʘʷ ʘʪʪʝʩʪʘʮʠʷ 

ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʦʙʨʘʟʮʦʚ Ho7Rh3. 

 

ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʤʘʛʥʠʪʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʨʝʜʢʦʟʝʤʝʣʴʥʦʛʦ 

ʠʥʪʝʨʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʩʦʝʜʠʥʝʥʠʷ Ho7Rh3 ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʚʘ 

ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʦʙʨʘʟʮʘ. ʇʝʨʚʳʡ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ ʦʙʨʘʟʝʮ Ho7Rh3 

(ʦʙʨʘʟʝʮ ˉ 1) ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʥʝʡʪʨʦʥʦʛʨʘʬʠʯʝʩʢʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ, 

ʘ ʚʪʦʨʦʡ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ ʦʙʨʘʟʝʮ Ho7Rh3 (ʦʙʨʘʟʝʮ ˉ 2) ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʠ ʩʠʥʭʨʦʪʨʦʥʥʦʡ ʜʠʬʨʘʢʮʠʠ. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʫʪʦʯʥʝʥʠʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʧʝʨʚʦʛʦ ʦʙʨʘʟʮʘ 

(ʦʙʨʘʟʝʮ ˉ 1) ʤʝʪʦʜʦʤ ʈʠʪʚʝʣʴʜʘ ʦʧʨʝʜʝʣʝʥʦ, ʯʪʦ ʥʝʡʪʨʦʥʦʛʨʘʤʤʳ, ʩʥʷʪʳʝ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʘʭ Ὕ  50 ʂ ʠ 70 K, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʘʨʘʤʘʛʥʠʪʥʦʤʫ ʩʦʩʪʦʷʥʠʶ 

Ho7Rh3, ʦʧʠʩʳʚʘʶʪʩʷ ʤʦʜʝʣʴʶ ʛʝʢʩʘʛʦʥʘʣʴʥʦʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʩ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʦʡ ὖφάὧ [79]. ʊʘʢ ʞʝ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʝʨʚʳʡ ʦʙʨʘʟʝʮ 

Ho7Rh3 ʩʦʜʝʨʞʠʪ ʧʦʤʠʤʦ ʦʩʥʦʚʥʦʡ ʬʘʟʳ ʥʝʙʦʣʴʰʦʝ ʩʦʜʝʨʞʘʥʠʝ ʧʨʠʤʝʩʥʳʭ ʬʘʟ 

Ho5Rh3 ʠ Ho2O3 ʚʳʨʘʞʝʥʥʦʝ ʚ ʚʝʩʦʚʳʭ ʧʨʦʮʝʥʪʘʭ ~ 2% ʠ 4%, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʇʦʤʠʤʦ ʵʪʦʛʦ, ʦʙʥʘʨʫʞʝʥʳ ʜʚʘ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʠʥʪʝʥʩʠʚʥʳʭ ʙʨʵʛʛʦʚʩʢʠʭ ʧʠʢʘ 

ʧʨʠ ʫʛʣʘʭ ʨʘʩʩʝʷʥʠʷ ς— ττȢσЈ ʠ ς— φτȢσЈ ʢʦʪʦʨʳʝ ʥʝ ʤʦʛʫʪ ʙʳʪʴ ʦʧʠʩʘʥʳ 

ʦʩʥʦʚʥʦʡ ʩʪʨʫʢʪʫʨʥʦʡ ʤʦʜʝʣʴʶ Ho7Rh3 ʠ ʩʪʨʫʢʪʫʨʥʳʤʠ ʤʦʜʝʣʷʤʠ ʧʨʠʤʝʩʥʳʭ ʬʘʟ. 

ɼʘʥʥʳʝ ʧʠʢʠ ʩʚʷʟʘʥʳ ʩ ʦʢʨʫʞʝʥʠʝʤ ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʨʘʟʮʘ (ʘʣʶʤʠʥʠʝʚʳʡ 

ʢʦʥʪʝʡʥʝʨ, ʚ ʢʦʪʦʨʳʡ ʧʦʤʝʱʝʥ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ ʦʙʨʘʟʝʮ) ʠ ʥʝ ʤʝʥʷʶʪ ʩʚʦʶ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʨʠ ʧʦʥʠʞʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ. ʈʝʟʫʣʴʪʘʪʳ ʫʪʦʯʥʝʥʠʷ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʧʝʨʚʦʛʦ ʦʙʨʘʟʮʘ Ho7Rh3 ʩ ʫʩʪʘʥʦʚʣʝʥʥʳʤʠ 

ʩʪʨʫʢʪʫʨʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 4.1 ʠ ʚ ʪʘʙʣʠʮʝ 4.1. 
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ʊʘʙʣʠʮʘ 4.1 ï ʋʪʦʯʥʝʥʥʳʝ ʩʪʨʫʢʪʫʨʥʳʝ ʧʘʨʘʤʝʪʨʳ ʧʦʨʦʰʢʦʚʦʛʦ ʩʦʝʜʠʥʝʥʠʷ 

Ho7Rh3 (ʦʙʨʘʟʝʮ ˉ1), ʧʦʣʫʯʝʥʥʳʝ ʧʦ ʜʘʥʥʳʤ ʥʝʡʪʨʦʥʦʛʨʘʬʠʯʝʩʢʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ Ὕ χπ K 

 ὼῳὼ ώῳώ ᾀῳᾀ 

Ho1(2b) 1/3 2/3 0.0240(4) 

Ho2(6c) 0.8756(3) 0.1243(7) 0.3225(8) 

Ho3(6c) 0.5413(1) 0.4591(3) 0.0261(6) 

Rh(6c) 0.1879(6) 0.8120(4) 0.2551(1) 

ὥ  ὦ  ωȢφωπτψ B, 

ὧ  φȢπψχψφ B 

Ὑ  χȢτπ, c  τȢψω 

 

ʄʝʪʦʜʦʤ ʧʦʨʦʰʢʦʚʦʛʦ ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʠʟʘ ʧʨʦʚʝʜʝʥʘ ʘʪʪʝʩʪʘʮʠʷ 

ʚʪʦʨʦʛʦ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʦʙʨʘʟʮʘ Ho7Rh3 (ʦʙʨʘʟʝʮ ˉ 2) ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

 

ʈʠʩʫʥʦʢ 4.1 ï ʇʦʨʦʰʢʦʚʘʷ ʥʝʡʪʨʦʥʦʛʨʘʤʤʘ Ho7Rh3 (ʦʙʨʘʟʝʮ ˉ 1), ʠʟʤʝʨʝʥʥʘʷ ʚ 

ʧʘʨʘʤʘʛʥʠʪʥʦʤ ʩʦʩʪʦʷʥʠʠ ʧʨʠ Ὕ  χπ K. ʂʨʘʩʥʳʝ ʩʠʤʚʦʣʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 
ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʧʨʦʬʠʣʴ, ʘ ʩʧʣʦʰʥʘʷ ʯʝʨʥʘʷ ʣʠʥʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʨʝʟʫʣʴʪʘʪ 

ʫʪʦʯʥʝʥʠʷ. ʈʷʜʳ ʚʝʨʪʠʢʘʣʴʥʳʭ ʤʝʪʦʢ ʧʦʜ ʢʨʠʚʦʡ ʦʪʥʦʩʷʪʩʷ ʢ ʧʦʣʦʞʝʥʠʷʤ 

ʙʨʵʛʛʦʚʩʢʠʭ ʧʠʢʦʚ: (1) ʦʩʥʦʚʥʦʡ ʬʘʟʳ Ho7Rh3 ʠ ʧʨʠʤʝʩʥʳʭ ʬʘʟ (2) Ho5Rh3 ʠ (3) 

Ho2O3. ʈʘʟʥʦʩʪʥʘʷ ʢʨʠʚʘʷ ʤʝʞʜʫ ʨʘʩʩʯʠʪʘʥʥʦʡ ʠ ʥʘʙʣʶʜʘʝʤʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ 

ʧʦʢʘʟʘʥʘ ʚʥʠʟʫ. ɿʚʝʟʜʦʯʢʘʤʠ (*) ʦʪʤʝʯʝʥʳ ʧʠʢʠ ʦʪ ʦʢʨʫʞʝʥʠʷ ʦʙʨʘʟʮʘ 
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ʪʝʤʧʝʨʘʪʫʨʝ (ʨʠʩʫʥʦʢ 4.2). ɸʥʘʣʠʟ ʜʘʥʥʳʭ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʜʠʬʨʘʢʮʠʠ ʤʝʪʦʜʦʤ 

ʈʠʪʚʝʣʴʜʘ ʧʦʢʘʟʘʣ, ʯʪʦ ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʬʘʟʳ Ho7Rh3 ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʤʦʜʝʣʠ ʛʝʢʩʘʛʦʥʘʣʴʥʦʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʩ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʦʡ 

ὖφάὧ, ʦʧʫʙʣʠʢʦʚʘʥʥʦʡ ʚ ʣʠʪʝʨʘʪʫʨʝ [79]. ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʤʦʜʝʣʠ ʙʳʣʦ 

ʧʨʦʚʝʜʝʥʦ ʫʪʦʯʥʝʥʠʝ ʢʦʦʨʜʠʥʘʪ ʙʘʟʠʩʥʳʭ ʘʪʦʤʦʚ, ʟʘʩʝʣʝʥʥʦʩʪʠ ʧʦʟʠʮʠʡ ʠ 

ʧʘʨʘʤʝʪʨʦʚ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ. ʋʪʦʯʥʝʥʥʳʝ ʩʪʨʫʢʪʫʨʥʳʝ ʧʘʨʘʤʝʪʨʳ ʧʨʠʚʝʜʝʥʳ 

ʚ ʪʘʙʣʠʮʝ 4.2. 

 
 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 4.2 ï ʇʦʨʦʰʢʦʚʘʷ ʨʝʥʪʛʝʥʦʛʨʘʤʤʘ Ho7Rh3 ̏̂̑́̈̆ ̗Ος, ʠʟʤʝʨʝʥʥʘʷ 
ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ʂʨʘʩʥʳʝ ʩʠʤʚʦʣʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʧʨʦʬʠʣʴ, ʘ ʩʧʣʦʰʥʘʷ ʯʝʨʥʘʷ ʣʠʥʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʨʝʟʫʣʴʪʘʪ 

ʫʪʦʯʥʝʥʠʷ. ʈʷʜ ʚʝʨʪʠʢʘʣʴʥʳʭ ʤʝʪʦʢ ʧʦʜ ʢʨʠʚʦʡ ʦʪʥʦʩʷʪʩʷ ʢ ʧʦʣʦʞʝʥʠʷʤ 

ʙʨʵʛʛʦʚʩʢʠʭ ʧʠʢʦʚ ʦʩʥʦʚʥʦʡ ʬʘʟʳ Ho7Rh3 
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ʊʘʙʣʠʮʘ 4.2 ï ʋʪʦʯʥʝʥʥʳʝ ʩʪʨʫʢʪʫʨʥʳʝ ʧʘʨʘʤʝʪʨʳ ʧʦʨʦʰʢʦʚʦʛʦ ʩʦʝʜʠʥʝʥʠʷ 

Ho7Rh3 (̗̏̂̑́̈̆ Ος) ʧʦʣʫʯʝʥʥʘʷ ʧʦ ʜʘʥʥʳʤ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʜʠʬʨʘʢʮʠʠ ʧʨʠ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 

 ὼῳὼ ώῳώ ᾀῳᾀ 

Ho1(2b) 1/3 2/3 0.0252(4) 

Ho2(6c) 0.8759(3) 0.1240(2) 0.3211(2) 

Ho3(6c) 0.5403(4) 0.4600(7) 0.0196(8) 

Rh(6c) 0.1887(1) 0.8113(3) 0.2521(1) 

ὥ  ὦ  ωȢχπρτς Bȟ 

ὧ  φȢρπτφρ B 

Ὑ  ψȢςςȟ c  ψȢχρ 
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4.2 ʄʘʛʥʠʪʥʘʷ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʴ Ho7Rh3 ʚ ʧʦʩʪʦʷʥʥʳʭ ʠ ʧʝʨʝʤʝʥʥʳʭ 

ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ 

 

ʅʘ ʨʠʩʫʥʢʝ 4.3 ʧʨʝʜʩʪʘʚʣʝʥʳ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʤʘʛʥʠʪʥʦʡ 

ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ Ho7Rh3, ʩʥʷʪʳʝ ʚ ʩʪʘʮʠʦʥʘʨʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ, ʠʟʤʝʨʝʥʥʳʝ 

ʧʦ ʧʨʦʪʦʢʦʣʫ ʥʘʛʨʝʚ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʧʦʩʣʝ ʦʭʣʘʞʜʝʥʠʷ ʚ ʥʫʣʝʚʦʤ ʧʦʣʝ … Ὕ 

ʠ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ … Ὕ ʜʣʷ ʟʥʘʯʝʥʠʡ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ Ὄ

πȢρȟπȢυȟ̉ ρ ʢʕ. ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ, ʤʘʛʥʠʪʥʳʡ ʬʘʟʦʚʳʡ ʧʝʨʝʭʦʜ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ 

ʠʟ ʧʘʨʘʤʘʛʥʠʪʥʦʛʦ ʚ ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʦʝ ʩʦʩʪʦʷʥʠʝ ʧʨʠ Ὕ σς + ʤʦʞʥʦ 

ʥʘʙʣʶʜʘʪʴ ʚ ʚʠʜʝ ʝʜʚʘ ʟʘʤʝʪʥʦʡ ʘʥʦʤʘʣʠʠ …Ὕ ʠ ɚ-ʘʥʦʤʘʣʠʠ ʥʘ ʪʝʤʧʝʨʘʪʫʨʥʦʡ 

ʟʘʚʠʩʠʤʦʩʪʠ ʫʜʝʣʴʥʦʡ ʪʝʧʣʦʸʤʢʦʩʪʠ ὅ Ὕ ʥʘ ʚʩʪʘʚʢʝ ʢ ʨʠʩʫʥʢʫ 4.3(ʘ). ʊʘʢʞʝ, ʧʨʠ 

ʧʦʥʠʞʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʥʠʞʝ ʪʝʤʧʝʨʘʪʫʨʳ ʅʝʝʣʷ, ʜʣʷ ʚʩʝʭ ʟʘʚʠʩʠʤʦʩʪʝʡ 

ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʙʣʶʜʘʶʪʩʷ ʯʝʪʢʦ ʚʳʨʘʞʝʥʥʳʝ 

ʘʥʦʤʘʣʠʠ ʚ ʚʠʜʝ ʩʢʘʯʢʦʚ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʧʨʠ Ὕ ςρ +  ʠ Ὕ ω +. ɼʘʥʥʳʝ 

ʘʥʦʤʘʣʠʠ ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʨʘʥʝʝ ʥʘʙʣʶʜʘʣʠʩʴ ʚ ʨʘʙʦʪʘʭ ʊ. ʊʩʫʪʘʦʢʘ 

[22-24] ʧʨʠ ʤʘʛʥʠʪʥʳʭ ʠʟʤʝʨʝʥʠʷʭ ʥʘ ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʦʙʨʘʟʮʘʭ Ho7Rh3 ʠ 

ʧʨʠʧʠʩʳʚʘʣʠʩʴ ʠʥʜʫʮʠʨʦʚʘʥʥʳʤ ʪʝʤʧʝʨʘʪʫʨʦʡ ʬʘʟʦʚʳʤ ʧʝʨʝʭʦʜʘʤ ʩʚʷʟʘʥʥʳʭ ʩʦ 

ʩʧʠʥʦʚʦʡ ʧʝʨʝʦʨʠʝʥʪʘʮʠʝʡ. ʊʝʨʤʦʤʘʛʥʠʪʥʳʡ ʛʠʩʪʝʨʝʟʠʩ ʥʘʙʣʶʜʘʝʤʳʡ ʥʘ … Ὕ 

ʠ … Ὕ, ʠʟʤʝʨʝʥʥʳʭ ʚ ʧʨʠʣʦʞʝʥʥʦʤ ʧʦʣʝ 100 ʕ, ʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ ʚ ʦʙʣʘʩʪʠ 

ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ Ὕ ςρ + (ʩʤʦʪʨʠ ʨʠʩʫʥʦʢ 4.3(a)), ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚ ʠʥʪʝʨʚʘʣʝ 

ʪʝʤʧʝʨʘʪʫʨ Ὕ Ὕ Ὕ  ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ ʚʠʜʠʤʦʛʦ ʛʠʩʪʝʨʝʟʠʩʘ. ʅʝʟʥʘʯʠʪʝʣʴʥʦʝ 

ʫʚʝʣʠʯʝʥʠʝ ʚʥʝʰʥʝʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚʳʰʝ 500 ʕ ʧʦʜʘʚʣʷʝʪ ʥʘʙʣʶʜʘʝʤʫʶ 

ʥʝʦʙʨʘʪʠʤʦʩʪʴ … Ὕ ʠ … Ὕ. 

ʊʝʤʧʝʨʘʪʫʨʥʘ ̫ʟʘʚʠʩʠʤʦʩʪ ɹʦʙʨʘʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ … Ὕ, ʠʟʤʝʨʝʥʥʘʷ 

ʚ ʧʦʣʝ Ὄ  ρ ̋ ,˪ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 3.12(ʙ). ɺʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʘʷ ʯʘʩʪʴ 

… Ὕ (Ὕ  ρυπ +) ʘʧʧʨʦʢʩʠʤʠʨʦʚʘʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʟʘʢʦʥʘ ʂʶʨʠ-ɺʝʡʩʩʘ. 

ɺʝʣʠʯʠʥʘ ʵʬʬʝʢʪʠʚʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ, ʨʘʩʩʯʠʪʘʥʥʘʷ ʠʟ ʪʝʤʧʝʨʘʪʫʨʥʦʡ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʙʨʘʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʚ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʠʥʪʝʨʚʘʣʝ ρυπ ̠ Ὕ

σππ + ʦʮʝʥʝʥʘ ‘ ρρȢς ‘. ʕʪʦ ʟʥʘʯʝʥʠʝ ʥʝʩʢʦʣʴʢʦ ʧʨʝʚʳʰʘʝʪ ʪʝʦʨʝʪʠʯʝʩʢʦʝ 

ʟʥʘʯʝʥʠʝ  
 ‘ ρπȢυψ ‘  ʜʣʷ ʩʚʦʙʦʜʥʦʛʦ ʠʦʥʘ Ho3+. ʆʜʥʘʢʦ ʵʪʦ ʟʥʘʯʝʥʠʝ ʭʦʨʦʰʦ 

ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʪʝʤ, ʢʦʪʦʨʦʝ ʩʦʦʙʱʘʝʪ ʊʩʫʪʘʦʢʘ ʠ ʜʨ. ʚ ʨʘʙʦʪʝ [23]. ʇʨʝʚʳʰʝʥʠʝ 

ʩʦʩʪʘʚʣʷʝʪ Ў‘ πȢφς ‘  ʥʘ ʠʦʥ Ho3+ ʠ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʚʣʠʷʥʠʝʤ ʙʣʠʞʥʝʛʦ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʨʷʜʢʘ ʚʳʰʝ ʪʝʤʧʝʨʘʪʫʨʳ ʅʝʝʣʷ. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʨʘʙʦʪʘʭ [21, 23, 25, 

68, 100, 138] ʧʦʢʘʟʘʥʦ, ʯʪʦ ʩʧʠʥʦʚʳʝ ʬʣʫʢʪʫʘʮʠʠ, ʠʥʜʫʮʠʨʦʚʘʥʥʳʝ f-d ʦʙʤʝʥʥʳʤ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʚ d - ʵʣʝʢʪʨʦʥʥʦʡ ʧʦʜʩʠʩʪʝʤʝ ʤʦʛʫʪ ʧʨʠʚʦʜʠʪʴ ʢ ʟʘʚʳʰʝʥʥʦʡ 

ʦʮʝʥʢʝ ʚʝʣʠʯʠʥʳ ɻ ʬʬʝʢʪʠʚʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ ʚ ʙʠʥʘʨʥʳʭ ʠʥʪʝʨʤʝʪʘʣʣʠʜʘʭ 

ʩ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʨʝʜʢʦʟʝʤʝʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ. ɺʝʣʠʯʠʥʘ ʧʘʨʘʤʘʛʥʠʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʳ ʂʶʨʠ, ʫʩʪʘʥʦʚʣʝʥʥʘʷ ʠʟ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʦʙʨʘʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ 
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ʟʘʢʦʥʦʤ ʂʶʨʠ-ɺʝʡʩʘ, ʩʦʩʪʘʚʣʷʝʪ —  ςψ + ʧʨʝʜʧʦʣʘʛʘʝʪ ʧʨʝʦʙʣʘʜʘʥʠʝ 

ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʳʭ ʦʙʤʝʥʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʪʠʧʘ ʈʂʂʀ. 

 

ʅʘ ʨʠʩʫʥʢʝ 4.4 ʧʨʝʜʩʪʘʚʣʝʥʳ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʨʝʘʣʴʥʦʡ … Ὕ ʠ 

ʤʥʠʤʦʡ … Ὕ ʢʦʤʧʦʥʝʥʪ ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ. ʈʝʘʣʴʥʘʷ ʢʦʤʧʦʥʝʥʪʘ 

… Ὕ ʥʘʧʦʤʠʥʘʝʪ ʟʘʚʠʩʠʤʦʩʪʴ ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʚ 

ʧʦʩʪʦʷʥʥʦʤ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ (ZFC) ʠ ʠʤʝʝʪ ʝʜʚʘ ʟʘʤʝʪʥʫʶ ʩʪʫʧʝʥʴʢʫ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ ʅʝʝʣʷ Ὕ σς +, ʩʪʫʧʝʥʯʘʪʳʡ ʩʢʘʯʦʢ ʧʨʠ Ὕ ςρ + ʠ ʭʘʨʘʢʪʝʨʥʫʶ 

ʜʣʷ ʩʧʠʥʦʚʳʭ ʩʪʝʢʦʣ ʘʥʦʤʘʣʠʶ ʧʨʠ Ὕ ω +, ʧʝʨʝʢʨʳʚʘʶʱʫʶʩʷ ʩ 

ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʤ ʧʣʝʯʦʤ. ɺ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ Ὕ Ὕ Ὕ  ʥʝ 

ʥʘʙʣʶʜʘʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʚʠʜʘ … Ὕ ʠ … Ὕ ʦʪ ʯʘʩʪʦʪʳ 

ʦʩʮʠʣʣʠʨʫʶʱʝʛʦ ʧʦʣʷ. ʆʜʥʘʢʦ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ ʥʠʞʝ Ὕ  ʧʨʦʷʚʣʷʝʪʩʷ ʷʨʢʦ 

ʚʳʨʘʞʝʥʥʘʷ ʯʘʩʪʦʪʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʢʘʢ ʨʝʘʣʴʥʦʡ, ʪʘʢ ʠ ʤʥʠʤʦʡ ʢʦʤʧʦʥʝʥʪ 

ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʥʝʦʙʨʘʪʠʤʦʩʪʠ ʦʪʢʣʠʢʘ 

ʤʘʛʥʠʪʥʦʡ ʩʠʩʪʝʤʳ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʦʩʮʠʣʣʠʨʫʶʱʝʛʦ ʩʠʛʥʘʣʘ. ʅʘ ʟʘʚʠʩʠʤʦʩʪʠ 

ʤʥʠʤʦʡ ʢʦʤʧʦʥʝʥʪʳ … Ὕ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʦʪʩʫʪʩʪʚʫʝʪ ʘʥʦʤʘʣʠʷ ʚʙʣʠʟʠ 

ʪʝʤʧʝʨʘʪʫʨʳ ʅʝʝʣʷ, ʯʪʦ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʦʙʳʯʥʳʭ ʘʥʪʠʬʝʨʨʦʤʘʛʥʝʪʠʢʦʚ (ʩʤʦʪʨʠ 

ʨʠʩʫʥʦʢ 4.3(ʙ)). ʇʦʜʦʙʥʦ ʨʝʘʣʴʥʦʡ ʢʦʤʧʦʥʝʥʪʝ … Ὕ, ʤʥʠʤʘʷ ʢʦʤʧʦʥʝʥʪʘ … Ὕ 

ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʷʨʢʦ ʚʳʨʘʞʝʥʥʳʡ ʤʘʢʩʠʤʫʤ ʚʙʣʠʟʠ ʪʝʤʧʝʨʘʪʫʨʳ Ὕ, ʟʘ ʢʦʪʦʨʳʤ 

ʩʣʝʜʫʝʪ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʝ ʧʣʘʪʦ. ʇʨʠ ʜʘʣʴʥʝʡʰʝʤ ʧʦʥʠʞʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ 

ʥʠʞʝ Ὕ υ + ʨʝʘʣʴʥʘ ̫ ʠ ʤʥʠʤʘ ̫ ʢʦʤʧʦʥʝʥʪ r ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ 

 

ʈʠʩʫʥʦʢ 4.3 ï (ʘ) ʊʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ 

ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʦʙʨʘʟʮʘ ʩʦʝʜʠʥʝʥʠʷ Ho7Rh3 ʩʥʷʪʳʭ ʧʦ ʧʨʦʪʦʢʦʣʫ ZFC-FC 

ʚ ʨʘʟʣʠʯʥʳʭ ʩʪʘʮʠʦʥʘʨʥʳʭ ʧʦʣʷʭ. ʅʘ ʚʩʪʘʚʢʝ ʢ ʨʠʩʫʥʢʫ ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʪʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʫʜʝʣʴʥʦʡ ʪʝʧʣʦʸʤʢʦʩʪʠ ʩ ʭʘʨʘʢʪʝʨʥʦʡ l-ʘʥʦʤʘʣʠʝʡ 

ʧʨʠ TN (ʙ) ʊʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʦʙʨʘʪʥʦʡ ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ 

ρȾ…Ὕ. ʂʨʘʩʥʘʷ ʣʠʥʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʘʧʧʨʦʢʩʠʤʘʮʠʶ ʟʘʢʦʥʦʤ ʂʶʨʠ-

ɺʝʡʩʩʘ 



114 

 

 

ʩʧʘʜʘʶʪ ʩʢʘʯʢʦʤ. ʆʪʯʝʪʣʠʚʦ ʥʘʙʣʶʜʘʝʪʩʷ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʯʘʩʪʦʪʳ 

ʦʩʮʠʣʣʠʨʫʶʱʝʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʘʤʧʣʠʪʫʜʳ, ʪʘʢ ʠ ʧʦʣʦʞʝʥʠʷ ʥʘʙʣʶʜʘʝʤʳʭ 

ʤʘʢʩʠʤʫʤʦʚ ʧʨʠ Ὕ. ɺ ʯʘʩʪʥʦʩʪʠ, ʧʦʣʦʞʝʥʠʝ ʤʘʢʩʠʤʫʤʦʚ ʩʤʝʱʘʝʪʩʷ ʚ ʩʪʦʨʦʥʫ 

ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʯʘʩʪʦʪʳ ʦʩʮʠʣʣʠʨʫʶʱʝʛʦ ʧʦʣʷ (ʩʤʦʪʨʠ 

ʚʩʪʘʚʢʠ ʢ ʨʠʩʫʥʢʫ 4.4), ʢʘʢ ʵʪʦ ʦʙʳʯʥʦ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʩʧʠʥ-ʩʪʝʢʦʣʴʥʳʭ ʩʠʩʪʝʤʘʭ 

[136]. ʉ ʨʦʩʪʦʤ ʯʘʩʪʦʪʳ ʦʩʮʠʣʣʠʨʫʶʱʝʛʦ ʧʦʣʷ ʘʤʧʣʠʪʫʜʘ ʤʘʢʩʠʤʫʤʘ ʥʘ … Ὕ 

ʫʤʝʥʴʰʘʝʪʩʷ, ʯʪʦ ʭʦʨʦʰʦ ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʧʦʚʝʜʝʥʠʝʤ ɸʉ-ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʩʧʠʥ-

ʩʪʝʢʦʣʴʥʳʭ ʩʠʩʪʝʤ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʧʦʚʝʜʝʥʠʷ ʭʘʨʘʢʪʝʨʥʦʛʦ ʜʣʷ ʩʧʠʥ-

ʩʪʝʢʦʣʴʥʳʭ ʩʠʩʪʝʤ ʘʥʦʤʘʣʠʷ ʥʘ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʤʥʠʤʦʡ ʢʦʤʧʦʥʝʥʪʳ 

… Ὕ ʩʫʱʝʩʪʚʝʥʥʦ ʫʤʝʥʴʰʘʝʪ ʩʚʦʶ ʚʳʩʦʪʫ ʩ ʨʦʩʪʦʤ ʯʘʩʪʦʪʳ ʦʩʮʠʣʣʠʨʫʶʱʝʛʦ 

ʧʦʣʷ. ʂʘʢ ʧʦʢʘʟʘʣ ɼʞ. ʄʠʜʦʰ [137], ʪʝʤʧʝʨʘʪʫʨʘ ʤʘʢʩʠʤʫʤʘ ʥʘ … Ὕ ʜʦʣʞʥʘ 

ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʪʦʯʢʝ ʧʝʨʝʛʠʙʘ ʥʘ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʩʪʦʨʦʥʝ ʤʘʢʩʠʤʫʤʘ … Ὕ 

ʜʣʷ ʩʧʠʥʦʚʳʭ ʩʪʸʢʦʣ. ʅʘ ʚʩʪʘʚʢʘʭ ʢ ʨʠʩʫʥʢʫ 4.4 ʚʠʜʥʦ, ʯʪʦ ʜʣʷ ʩʦʝʜʠʥʝʥʠʷ Ho7Rh3 

ʵʪʦ ʫʩʣʦʚʠʝ ʥʝ ʚʳʧʦʣʥʷʝʪʩʷ.  

 

ɺ ʩʚʷʟʠ ʩ ʥʝʦʜʥʦʟʥʘʯʥʦʩʪʴʶ ʧʦʚʝʜʝʥʠʷ ʯʘʩʪʦʪʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʢʦʤʧʣʝʢʩʥʦʡ 

ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʙʳʣ ʚʳʧʦʣʥʝʥ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ. ɼʣʷ 

ʫʩʪʘʥʦʚʣʝʥʠʷ ʪʠʧʘ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚ Ho7Rh3 ʙʳʣʘ 

ʧʨʦʚʝʜʝʥʘ ʦʮʝʥʢʘ ʧʘʨʘʤʝʪʨʘ ʄʠʜʦʰʘ ‏Ὕ ЎὝ Ὕϳ ЎÌÎὪ, ʢʦʪʦʨʳʡ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʜʣʷ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʤʘʛʥʠʪʥʳʭ ʩʠʩʪʝʤ ʩʪʝʢʦʣʴʥʦʛʦ ʪʠʧʘ [137]. ɼʘʥʥʳʡ ʧʘʨʘʤʝʪʨ 

ʠʤʝʝʪ ʭʘʨʘʢʪʝʨʥʳʝ ʦʙʣʘʩʪʠ ʟʥʘʯʝʥʠʡ ʩʚʦʡʩʪʚʝʥʥʳʝ ʢʘʥʦʥʠʯʝʩʢʠʤ ʩʧʠʥ-

ʩʪʝʢʦʣʴʥʳʤ ʩʠʩʪʝʤʘʤ ʠ ʤʘʛʥʠʪʥʳʤ ʩʠʩʪʝʤʘʤ ʥʘ ʦʩʥʦʚʝ ʥʝʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ 

(ʩʫʧʝʨʧʘʨʘʤʘʛʥʝʪʠʟʤ) ʠʣʠ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʤʘʛʥʠʪʥʳʭ ʢʣʘʩʪʝʨʦʚ, ʯʘʩʪʠʮ ʠ ʪ. 

 

ʈʠʩʫʥʦʢ 4.4 ï ʊʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʨʝʘʣʴʥʦʡ (ʘ) … Ὕ ʠ ʤʥʠʤʦʡ (ʙ) 

… Ὕ ʢʦʤʧʦʥʝʥʪ AC ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ, ʠʟʤʝʨʝʥʥʳʭ ʧʨʠ Ὄ   ς ˪ ʠ 

Ὢ  πȢχχχȟχȢχχȟχχȢχ ̉ χχχ ɻʮ. ʅʘ ʚʩʪʘʚʢʘʭ ʧʦʢʘʟʘʥʳ ʫʚʝʣʠʯʝʥʥʳʝ ʧʠʢʠ ʧʨʠ 

Ὕ   ω ʂ. ʉʪʨʝʣʢʠ ʫʢʘʟʳʚʘʶʪ ʥʘʧʨʘʚʣʝʥʠʝ ʩʤʝʱʝʥʠʷ ʧʠʢʦʚ ʧʨʠ ʠʟʤʝʥʝʥʠʠ 
ʯʘʩʪʦʪʳ ʦʪ ʥʠʟʢʦʡ ʢ ʚʳʩʦʢʦʡ 
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ʜ., ʛʜʝ ʥʘʙʣʶʜʘʶʪʩʷ ʵʬʬʝʢʪʳ ʙʣʦʢʠʨʦʚʢʠ. ʆʮʝʥʢʘ ʧʘʨʘʤʝʪʨʘ ʄʠʜʦʰʘ ʜʣʷ Ho7Rh3 

ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʧʦ ʤʘʢʩʠʤʫʤʫ ʥʘ … Ὕ ʠ ʧʦʣʫʯʝʥʦ ʟʥʘʯʝʥʠʝ ‏Ὕ πȢπρυ. 

ʇʦʣʫʯʝʥʥʘʷ ʚʝʣʠʯʠʥʘ ‏Ὕ ʦʯʝʥʴ ʙʣʠʟʢʘ ʢ ʟʥʘʯʝʥʠʷʤ ʭʘʨʘʢʪʝʨʥʳʤ ʜʣʷ 

ʢʘʥʦʥʠʯʝʩʢʠʭ ʩʧʠʥʦʚʳʭ ʩʪʝʢʦʣ πȢππυɀπȢπρψ [137], ʘ ʪʘʢʞʝ ʢ ʟʥʘʯʝʥʠʷʤ, 

ʥʘʙʣʶʜʘʝʤʳʤ ʚ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʠʥʪʝʨʤʝʪʘʣʣʠʜʘʭ, ʧʨʦʷʚʣʷʶʱʠʭ 

ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʝ ʤʘʛʥʠʪʥʦʝ ʩʦʩʪʦʷʥʠʝ ʪʠʧʘ çʢʣʘʩʪʝʨʥʦʛʦ ʩʪʝʢʣʘè [25]. ʊʝʤ ʥʝ 

ʤʝʥʝʝ, ʵʪʦ ʟʥʘʯʝʥʠʝ ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʴʰʝ, ʯʝʤ ʪʝ, ʯʪʦ ʥʘʙʣʶʜʘʶʪʩʷ ʚ 

ʩʫʧʝʨʧʘʨʘʤʘʛʥʠʪʥʳʭ ʩʠʩʪʝʤʘʭ, ʜʝʤʦʥʩʪʨʠʨʫʶʱʠʭ ʚʳʩʦʢʫʶ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ 

ʠʟʤʝʥʝʥʠʶ ʯʘʩʪʦʪʳ (‏Ὕ πȢρ) [139]. ʆʜʥʘʢʦ ʵʬʬʝʢʪʳ ʟʘʤʦʨʘʞʠʚʘʥʠʷ ʠ 

ʙʣʦʢʠʨʦʚʢʠ ʤʘʛʥʠʪʥʳʭ ʤʦʤʝʥʪʦʚ ð ʥʝ ʝʜʠʥʩʪʚʝʥʥʳʝ ʚʦʟʤʦʞʥʳʝ ʤʝʭʘʥʠʟʤʳ, 

ʦʙʲʷʩʥʷʶʱʠʝ ʪʘʢʦʝ ʧʦʚʝʜʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ɸʉ-ʤʘʛʥʠʪʥʦʡ 

ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʩʦʦʙʱʘʣʦʩʴ, ʯʪʦ ʬʝʨʨʠʤʘʛʥʠʪʥʳʡ FeCr2S4 

ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʧʦʚʝʜʝʥʠʝ, ʧʦʜʦʙʥʦʝ ʩʧʠʥʦʚʦʤʫ ʩʪʝʢʣʫ (‏Ὕ πȢπρυ) ʚʩʣʝʜʩʪʚʠʝ 

ʜʠʥʘʤʠʢʠ ʜʚʠʞʝʥʠʷ ʜʦʤʝʥʥʳʭ ʛʨʘʥʠʮ ʧʨʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ [140]. ɺʣʠʷʥʠʝ 

ʚʥʝʰʥʝʛʦ ʧʦʩʪʦʷʥʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʥʘ ʨʝʘʣʴʥʫʶ … Ὕ ʠ ʤʥʠʤʫʶ … Ὕ 

ʢʦʤʧʦʥʝʥʪʳ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 4.5. ʀʟ ʨʠʩʫʥʢʘ ʚʠʜʥʦ, ʯʪʦ 

ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ 500 ʕ ʧʦʣʥʦʩʪʴʶ ʧʦʜʘʚʣʷʝʪ ʩʢʘʯʢʦʦʙʨʘʟʥʫʶ ʘʥʦʤʘʣʠʶ ʚʦʢʨʫʛ Ὕ  

ʠ ʤʘʢʩʠʤʫʤ ʚʙʣʠʟʠ Ὕ. ʇʦʣʝʚʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʢʦʤʧʦʥʝʥʪ … Ὕ ʠ … Ὕ ʠʟʤʝʨʝʥʥʘʷ 

ʧʨʠ Ὕ ω +, ʜʝʤʦʥʩʪʨʠʨʫʝʪ, ʯʪʦ ʩʪʝʢʦʣʴʥʳʝ ʵʬʬʝʢʪʳ ʚ Ho7Rh3 ʤʦʛʫʪ ʙʳʪʴ 

ʧʦʣʥʦʩʪʴʶ ʧʦʜʘʚʣʝʥʳ ʜʘʞʝ ʥʝʙʦʣʴʰʠʤ ʚʥʝʰʥʠʤ ʤʘʛʥʠʪʥʳʤ ʧʦʣʝʤ Ὄ ςππ ˪ 

(ʩʤʦʪʨʠ ʚʩʪʘʚʢʠ ʢ ʨʠʩʫʥʢʫ 4.5). 

 

 

ʈʠʩʫʥʦʢ 4.5 ï ʊʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʨʝʘʣʴʥʦʡ (ʘ) … Ὕ ʠ ʤʥʠʤʦʡ (ʙ) 

… Ὕ ʢʦʤʧʦʥʝʥʪ AC ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ, ʠʟʤʝʨʝʥʥʳʭ ʧʨʠ Ὄ   ς ˪ ʠ 

Ὢ  πȢχχχȟχȢχχȟχχȢχ ̉ χχχ ɻʮ ʚʦ ʚʥʝʰʥʝʤ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ Ὄ υππ ˪. ʅʘ 
ʚʩʪʘʚʢʘʭ ʧʦʢʘʟʘʥʳ ʧʦʣʝʚʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʨʝʘʣʴʥʦʡ ʠ ʤʥʠʤʦʡ ʢʦʤʧʦʥʝʥʪ ɸʉ-

ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ, ʠʟʤʝʨʝʥʥʳʝ ʧʨʠ Ὕ ω ʂ. ʉʪʨʝʣʢʠ ʫʢʘʟʳʚʘʶʪ ʥʘʧʨʘʚʣʝʥʠʝ 
ʩʤʝʱʝʥʠʷ ʧʠʢʦʚ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʯʘʩʪʦʪʳ ʦʪ ʥʠʟʢʦʡ ʢ ʚʳʩʦʢʦʡ 
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ʊʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʨʝʘʣʴʥʳʭ … Ὕʠ ʤʥʠʤʳʭ … Ὕ ʢʦʤʧʦʥʝʥʪ 

ʚʳʩʰʠʭ ʛʘʨʤʦʥʠʢ ὲ  ςȟσ ɸʉ-ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ, ʠʟʤʝʨʝʥʥʳʝ ʥʘ 

ʨʘʟʥʳʭ ʯʘʩʪʦʪʘʭ Ὢ  χχȟχχχ ̉ χχχχ ː  ̗ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩʫʥʢʝ 4.6. ʀʟ ʨʠʩʫʥʢʘ 

ʚʠʜʥʦ, ʯʪʦ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʅʝʝʣʷ Ὕ σς + ʥʘ … Ὕ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ ʘʥʦʤʘʣʠʡ. 

ʇʦʜʦʙʥʦʝ ʧʦʚʝʜʝʥʠʝ ʦʞʠʜʘʝʤʦ ʜʣʷ ʤʘʛʥʠʪʥʦʛʦ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʠʟ 

ʧʘʨʘʤʘʛʥʠʪʥʦʛʦ ʚ ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʦʝ ʩʦʩʪʦʷʥʠʝ. ʆʜʥʘʢʦ ʥʘ ʚʩʝʭ ʪʝʤʧʝʨʘʪʫʨʥʳʭ 

ʟʘʚʠʩʠʤʦʩʪʝʡ … Ὕ ʥʘʙʣʶʜʘʝʪʩʷ ʷʨʢʘʷ ʘʥʦʤʘʣʠʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ Ὕ ω +, 

ʫʢʘʟʳʚʘʶʱʘʷ ʥʘ ʧʦʥʠʞʝʥʠʝ ʩʠʤʤʝʪʨʠʠ ʤʘʛʥʠʪʥʦʡ ʧʦʜʩʠʩʪʝʤʳ, ʦʙʫʩʣʦʚʣʝʥʥʦʝ 

ʧʦʪʝʨʝʡ ʦʧʝʨʘʮʠʠ çʠʥʚʝʨʩʠʠ ʚʨʝʤʝʥʠè. ʊʘʢʦʝ ʧʦʚʝʜʝʥʠʝ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ 

ʤʘʛʥʠʪʥʳʭ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ ʚ ʩʦʩʪʦʷʥʠʝ ʩʦ ʩʧʦʥʪʘʥʥʦʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴʶ [124, 

127].  

 

 

ʈʠʩʫʥʦʢ 4.6 ï ʊʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ (ʘ,ʙ) ʨʝʘʣʴʥʳʭ … Ὕ ὲ  ςȟσ) ʠ 

(ʛ) ʤʥʠʤʦʡ … Ὕ ʢʦʤʧʦʥʝʥʪ AC-ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ, ʠʟʤʝʨʝʥʥʳʝ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʤʧʣʠʪʫʜʳ ʚʦʟʙʫʞʜʘʶʱʝʛʦ ʧʦʣʷ Ὄ   ς ˪ ʠ Ὢ 

 χχȟχχχ ̉ χχχχ ː  ̗. (ʚ) ʊʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʬʘʢʪʦʨʘ ʂʣʠʨʘ ὑ 

 ὓ Ⱦὓ  ʧʦʩʪʨʦʝʥʘ ʜʣʷ Ὢ  χχȟχχχ ̉ χχχχ ː  ̗
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ʊʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ 3-ʡ ʛʘʨʤʦʥʠʢʠ ɸʉ-ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ … Ὕ ʠ 

… Ὕ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʧʦʭʦʞʠʝ ʘʥʦʤʘʣʠʠ ʚ ʚʠʜʝ ʩʜʚʦʝʥʥʳʭ ʧʠʢʦʚ ʩ ʥʝʙʦʣʴʰʠʤ 

ʧʝʨʝʢʨʳʪʠʝʤ ʧʨʠ 8.5 K (ʩʤʦʪʨʠ ʨʠʩʫʥʦʢ 4.6(ʙ,ʛ)). ʅʘʣʠʯʠʝ 3-ʡ ʛʘʨʤʦʥʠʢʠ ɸʉ-

ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʫʢʘʟʳʚʘʝʪ ʥʘ ʤʘʛʥʠʪʥʳʡ ʬʘʟʦʚʳʡ ʧʝʨʝʭʦʜ ʩ ʥʘʨʫʰʝʥʠʝʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʩʠʤʤʝʪʨʠʠ ʤʘʛʥʠʪʥʦʡ ʩʠʩʪʝʤʳ. ʅʘʣʠʯʠʝ ʛʘʨʤʦʥʠʢ ʚʳʩʰʠʭ 

ʧʦʨʷʜʢʦʚ ʧʨʠ Ὕ  ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʦʪʩʪʘʚʘʥʠʝ ʦʪʢʣʠʢʘ ʤʘʛʥʠʪʥʦʡ ʩʠʩʪʝʤʳ ʦʪ 

ʠʜʝʘʣʴʥʦʛʦ (ʩʜʚʠʥʫʪ ʥʘ “Ⱦς ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʠʛʥʘʣʘ ʦʩʮʠʣʣʠʨʫʶʱʝʛʦ ʧʦʣʷ Ὄ ὸ), 

ʧʨʦʷʚʣʷʶʱʝʝʩʷ ʚ ʚʠʜʝ ʧʠʢʘ ʥʘ … Ὕ (ʩʤʦʪʨʠ ʨʠʩʫʥʦʢ 4.6), ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ 

ʠʩʢʘʞʝʥʠʝʤ ʠʜʝʘʣʴʥʦʛʦ ʛʘʨʤʦʥʠʯʝʩʢʦʛʦ ʦʪʢʣʠʢʘ ʤʘʛʥʠʪʥʦʡ ʧʦʜʩʠʩʪʝʤʳ ʚ ʦʪʚʝʪ ʥʘ 

ʛʘʨʤʦʥʠʯʝʩʢʠʡ ʩʠʛʥʘʣ ʦʩʮʠʣʣʠʨʫʶʱʝʛʦ ʧʦʣʷ. ʊʘʢʦʝ ʧʦʚʝʜʝʥʠʝ ʫʢʘʟʳʚʘʝʪ ʥʘ 

ʧʦʷʚʣʝʥʠʝ ʥʝʣʠʥʝʡʥʳʭ ʵʬʬʝʢʪʦʚ ʚ ʤʘʛʥʠʪʥʦʡ ʧʦʜʩʠʩʪʝʤʝ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ ʥʠʞʝ 

Ὕ . 

ʊʝʦʨʝʪʠʯʝʩʢʠ ʧʦʢʘʟʘʥʦ, ʯʪʦ 3-ʷ ʛʘʨʤʦʥʠʢʘ … Ὕ ʜʦʣʞʥʘ ʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ 

ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʤʠʥʠʤʫʤ ʜʣʷ ʤʘʛʥʠʪʥʳʭ ʩʠʩʪʝʤ ʩʦ ʩʧʠʥ-ʩʪʝʢʦʣʴʥʳʤ ʩʦʩʪʦʷʥʠʝʤ 

[126], ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʧʠʢ ʜʣʷ ʘʥʪʠʬʝʨʨʦʤʘʛʥʝʪʠʢʦʚ ʥʠʞʝ ʪʝʤʧʝʨʘʪʫʨʳ Ὕ  ʠʣʠ 

ʠʟʤʝʥʷʪʴ ʟʥʘʢ ʥʘ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʡ ʧʦ ʦʙʝ ʩʪʦʨʦʥʳ ʜʣʷ ʬʝʨʨʦʤʘʛʥʝʪʠʢʦʚ ʧʨʠ Ὕ˞ 

[126, 142]. ʆʜʥʘʢʦ, ʢʘʢ ʩʦʦʙʱʘʣʦʩʴ ʚ ʨʘʙʦʪʘʭ [143, 142], ʤʥʦʛʦʜʦʤʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ 

ʚ ʨʝʘʣʴʥʳʭ ʬʝʨʨʦʤʘʛʥʝʪʠʢʘʭ ʧʨʠʚʦʜʠʪ ʢ ʯʠʩʪʦ ʦʪʨʠʮʘʪʝʣʴʥʦʤʫ ʠʣʠ ʯʠʩʪʦ 

ʧʦʣʦʞʠʪʝʣʴʥʦʤʫ ʧʠʢʫ ʥʘ … Ὕ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʘʤʧʣʠʪʫʜʳ ʠ ʯʘʩʪʦʪʳ ʚʥʝʰʥʝʛʦ 

ʦʩʮʠʣʣʠʨʫʶʱʝʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ʊʘʢʞʝ ʥʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʘʤʧʣʠʪʫʜʘ 

ʧʠʢʘ ʥʘ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʤʥʠʤʦʡ ʢʦʤʧʦʥʝʥʪʳ … Ὕ ʩʫʱʝʩʪʚʝʥʥʦ 

ʚʳʰʝ, ʯʝʤ ʫ ʨʝʘʣʴʥʦʡ ʢʦʤʧʦʥʝʥʪʳ … Ὕ. ʇʦʜʦʙʥʦʝ ʧʦʚʝʜʝʥʠʝ ʨʘʥʝʝ 

ʥʘʙʣʶʜʘʣʦʩʴ ʚ ʯʠʩʪʦʤ ʬʝʨʨʦʤʘʛʥʠʪʥʦʤ Ni, ʛʜʝ ʧʨʦʠʩʭʦʜʠʪ ʘʢʪʠʚʘʮʠʷ ʜʚʠʞʝʥʠʷ 

ʜʦʤʝʥʥʳʭ ʛʨʘʥʠʮ ʥʠʞʝ ʪʝʤʧʝʨʘʪʫʨʳ ʤʘʛʥʠʪʥʦʛʦ ʫʧʦʨʷʜʦʯʝʥʠʷ [143]. 

ɼʣʷ ʦʮʝʥʢʠ ʩʪʝʧʝʥʠ ʥʝʣʠʥʝʡʥʦʩʪʠ ʤʘʛʥʠʪʥʦʛʦ ʦʪʢʣʠʢʘ ʚ ʦʙʨʘʟʮʝ Ho7Rh3 

ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʨʘʩʯʝʪ ʢʦʵʬʬʠʮʠʝʥʪʘ ʂʣʠʨʨʘ, ʦʧʨʝʜʝʣʷʝʤʳʡ ʢʘʢ ʦʪʥʦʰʝʥʠʝ ὑ 

 ὓ Ⱦὓ  [144]. ʊʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʬʘʢʪʦʨʘ ʂʣʠʨʨʘ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 

4.6(ʚ). ʀʟ ʨʠʩʫʥʢʘ ʚʠʜʥʦ, ʯʪʦ ʥʠʞʝ 10 ʂ ʤʘʛʥʠʪʥʳʡ ʦʪʢʣʠʢ Ho7Rh3 ʦʢʘʟʳʚʘʝʪʩʷ 

ʥʝʣʠʥʝʡʥʳʤ. ʌʘʢʪʦʨ ʂʣʠʨʘ ʠʤʝʝʪ ʚʳʩʦʢʦʝ ʟʥʘʯʝʥʠʝ ὑ  πȢς Ϸ ʧʨʠ ʥʠʟʢʦʡ 

ʯʘʩʪʦʪʝ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʠ ʨʝʟʢʦ ʩʧʘʜʘʝʪ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʯʘʩʪʦʪʳ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʥʝʣʠʥʝʡʥʦʩʪʴ ʤʘʛʥʠʪʥʦʛʦ ʦʪʢʣʠʢʘ ʚ Ho7Rh3 ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʦʙʣʘʩʪʠ ʥʠʟʢʠʭ ʯʘʩʪʦʪ, 

ʪʦʛʜʘ ʢʘʢ ʚ ʦʙʣʘʩʪʠ ʚʳʩʦʢʠʭ ʯʘʩʪʦʪ ʦʪʢʣʠʢ ʠʤʝʝʪ ʪʝʥʜʝʥʮʠʶ ʢ ʣʠʥʝʡʥʦʩʪʠ. 

ʋʯʠʪʳʚʘʷ ʩʦʛʣʘʩʦʚʘʥʥʦʝ ʧʦʚʝʜʝʥʠʝ ʣʠʥʝʡʥʦʡ ʢʦʤʧʦʥʝʥʪʳ … Ὕ, 2-ʡ ʠ 3-ʡ 

ʛʘʨʤʦʥʠʢ ɸʉ-ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʠ … Ὕ ὲ  ςȟσ), ʘ ʪʘʢʞʝ ʫʚʝʣʠʯʝʥʥʫʶ 

ʘʤʧʣʠʪʫʜʫ … Ὕ ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʧʨʠ Ὕ ω + ʩʦʝʜʠʥʝʥʠʝ Ho7Rh3 

ʧʨʝʪʝʨʧʝʚʘʝʪ ʤʘʛʥʠʪʥʳʡ ʬʘʟʦʚʳʡ ʧʝʨʝʭʦʜ ʠʟ ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʦʛʦ ʚ ʬʝʨʨʦ- ʠʣʠ 

ʬʝʨʨʠʤʘʛʥʠʪʥʦʝ ʩʦʩʪʦʷʥʠʝ ʩʦ ʩʧʦʥʪʘʥʥʦʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴʶ, ʢʦʪʦʨʳʡ 

ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ  ʚʦʟʥʠʢʥʦʚʝʥʠʝʤ ʜʦʤʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʠ ʘʢʪʠʚʘʮʠʝʡ ʜʚʠʞʝʥʠʷ 

ʜʦʤʝʥʥʳʭ ʛʨʘʥʠʮ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʦʩʮʠʣʣʠʨʫʶʱʝʛʦ ʧʦʣʷ.  
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4.3 ʅʝʡʪʨʦʥʦʛʨʘʬʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʤʘʛʥʠʪʥʳʭ 

ʩʪʨʫʢʪʫʨ ʚ Ho7Rh3 

 

ɼʣʷ ʠʟʫʯʝʥʠʷ ʤʘʛʥʠʪʥʦʡ ʩʪʨʫʢʪʫʨʳ Ho7Rh3 ʚ ʤʘʛʥʠʪʦʫʧʦʨʷʜʦʯʝʥʥʦʤ 

ʩʦʩʪʦʷʥʠʠ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʥʝʡʪʨʦʥʦʛʨʘʬʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 

Ὕ  ςψ + ʯʫʪʴ ʥʠʞʝ ʪʝʤʧʝʨʘʪʫʨʳ ʅʝʝʣʷ Ὕ σς K ʠ ʚ ʦʙʣʘʩʪʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ 

ʧʨʠ Ὕ  τȢυ + (ʥʠʞʝ ʪʝʤʧʝʨʘʪʫʨʳ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʧʨʠ Ὕ). ɺ ʜʘʥʥʦʤ ʧʘʨʘʛʨʘʬʝ 

ʙʫʜʫʪ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʥʝʡʪʨʦʥʦʛʨʘʬʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʘʛʥʠʪʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʩʦʝʜʠʥʝʥʠʷ Ho7Rh3 ʧʨʠ ʫʢʘʟʘʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ.  

 

ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʥʝʡʪʨʦʥʦʛʨʘʤʤ ʚ ʧʘʨʘʤʘʛʥʠʪʥʦʤ ʠ ʤʘʛʥʠʪʦʫʧʦʨʷʜʦʯʝʥʥʦʤ 

ʩʦʩʪʦʷʥʠʠ ʥʘ ʨʠʩʫʥʢʝ 4.7 ʧʨʠʚʝʜʝʥʳ ʥʝʡʪʨʦʥʦʛʨʘʤʤʳ ʧʦʨʦʰʢʦʚʦʛʦ ʦʙʨʘʟʮʘ 

Ho7Rh3, ʩʥʷʪʳʝ ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ ‗  ρȢψςφυ B ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ Ὕ 

 χπ +ȟυπ + ̉ ςψ +. ʀʟ ʨʠʩʫʥʢʘ ʚʠʜʥʦ, ʯʪʦ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ ʦʙʨʘʟʮʘ ʦʪ 70 ʜʦ 50 ʂ ʥʘ 

ʥʝʡʪʨʦʥʦʛʨʘʤʤʝ ʨʘʩʪʝʪ ʰʠʨʦʢʠʡ ʜʠʬʬʫʟʥʳʡ ʤʘʢʩʠʤʫʤ ʚ ʦʙʣʘʩʪʠ ʤʘʣʳʭ ʫʛʣʦʚ, 

ʫʢʘʟʳʚʘʶʱʠʡ ʥʘ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʚ ʦʙʨʘʟʮʝ ʢʦʨʨʝʣʷʮʠʡ ʙʣʠʞʥʝʛʦ ʤʘʛʥʠʪʥʦʛʦ 

ʧʦʨʷʜʢʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʳʰʘʶʱʠʭ ʪʝʤʧʝʨʘʪʫʨʫ ʅʝʝʣʷ Ὕ

Ὕ ςὝ. ʅʘʣʠʯʠʝ ʙʣʠʞʥʝʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʨʷʜʢʘ ʚ ʰʠʨʦʢʦʤ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 

ʚʳʰʝ ʪʝʤʧʝʨʘʪʫʨʳ ʅʝʝʣʷ ʨʘʥʝʝ ʥʘʙʣʶʜʘʣʦʩʴ ʚ ʜʨʫʛʠʭ ʙʠʥʘʨʥʳʭ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ 

ʠʥʪʝʨʤʝʪʘʣʣʠʜʘʭ ʩ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʨʝʜʢʦʟʝʤʝʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ [21, 20, 25, 26, 

 

ʈʠʩʫʥʦʢ 4.7 ï ʇʦʨʦʰʢʦʚʳʝ ʥʝʡʪʨʦʥʦʛʨʘʤʤʳ Ho7Rh3, ʠʟʤʝʨʝʥʥʳʝ ʧʨʠ Ὕ 

 χπȟυπ ̉ ςψ K 


































































































































