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ɺɺɽɼɽʅʀɽ 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʩʪʝʧʝʥʴ ʝʝ ʨʘʟʨʘʙʦʪʘʥʥʦʩʪʠ. ɺ 

ʩʦʚʨʝʤʝʥʥʦʤ ʧʨʠʙʦʨʦʩʪʨʦʝʥʠʠ ʦʜʥʠʤʠ ʠʟ ʛʣʘʚʥʳʭ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ 

ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚʘʭ ʷʚʣʷʶʪʩʷ ʢʦʤʧʦʥʝʥʪʳ, ʧʨʠʥʮʠʧ ʨʘʙʦʪʳ ʢʦʪʦʨʳʭ ʦʩʥʦʚʘʥ ʥʘ 

ʥʝʣʠʥʝʡʥʦʤ ʭʘʨʘʢʪʝʨʝ ʧʨʦʮʝʩʩʦʚ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ/ʧʝʨʝʤʘʛʥʠʯʠʚʘʥʠʷ ʤʘʛʥʠʪʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ. ʐʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚ ʫʩʪʨʦʡʩʪʚʘʭ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʝʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʪʝʭʥʠʢʠ ʧʦʣʫʯʠʣʠ ʧʦʩʪʦʷʥʥʳʝ ʤʘʛʥʠʪʳ, ʧʦʩʢʦʣʴʢʫ ʦʥʠ ʦʙʣʘʜʘʶʪ 

ʨʷʜʦʤ ʧʨʝʠʤʫʱʝʩʪʚ: ʘʚʪʦʥʦʤʥʦʩʪʴ, ʢʦʤʧʘʢʪʥʦʩʪʴ, ʵʢʦʥʦʤʠʯʥʦʩʪʴ, ʚʳʩʦʢʘʷ ʥʘʜʝʞʥʦʩʪʴ ʠ 

ʜʦʣʛʠʡ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʡ ʩʨʦʢ [1-3].  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʫʱʝʩʪʚʫʶʪ ʜʚʘ ʪʠʧʘ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʤʘʛʥʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʜʣʷ ʧʦʩʪʦʷʥʥʳʭ ʤʘʛʥʠʪʦʚ ʥʘ ʦʩʥʦʚʝ ʩʧʣʘʚʦʚ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ (ʈɿʄ) ʵʣʝʤʝʥʪʦʚ ʠ 3d-

ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ: Sm-Co-ʤʘʛʥʠʪʳ (ʩʦʝʜʠʥʝʥʠʷ SmCo5, Sm2Co17), Nd-Fe-B-ʤʘʛʥʠʪʳ 

(ʩʦʝʜʠʥʝʥʠʝ Nd2Fe14B). ʂ ʪʨʝʙʦʚʘʥʠʷʤ, ʧʨʝʜʲʷʚʣʷʝʤʳʤ ʢ ʤʘʪʝʨʠʘʣʘʤ ʜʣʷ ʧʦʩʪʦʷʥʥʳʭ 

ʤʘʛʥʠʪʦʚ, ʦʪʥʦʩʷʪʩʷ: ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʢʦʵʨʮʠʪʠʚʥʦʡ ʩʠʣʳ ʅʉ, ʦʩʪʘʪʦʯʥʦʡ ʤʘʛʥʠʪʥʦʡ 

ʠʥʜʫʢʮʠʠ Br, ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʧʨʦʠʟʚʝʜʝʥʠʷ (BH)max, ʦʧʪʠʤʘʣʴʥʳʝ 

ʧʘʨʘʤʝʪʨʳ ʧʣʘʩʪʠʯʥʦʩʪʠ ʠ ʧʨʦʯʥʦʩʪʠ, ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʠ ʚʨʝʤʝʥʥʦʡ 

ʩʪʘʙʠʣʴʥʦʩʪʠ ʧʨʠʚʝʜʝʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ.  

ʌʠʟʠʯʝʩʢʘʷ ʧʨʠʨʦʜʘ ʚʳʩʦʢʦʢʦʵʨʮʠʪʠʚʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚ ʨʘʟʣʠʯʥʳʭ ʤʘʪʝʨʠʘʣʘʭ 

ʩʚʷʟʘʥʘ ʩ ʦʜʥʠʤ ʠʟ ʚʦʟʤʦʞʥʳʭ ʤʝʭʘʥʠʟʤʦʚ: 1) ʟʘʜʝʨʞʢʦʡ ʩʤʝʱʝʥʠʷ ʜʦʤʝʥʥʳʭ ʛʨʘʥʠʮ ʥʘ 

ʩʪʨʫʢʪʫʨʥʳʭ ʥʝʦʜʥʦʨʦʜʥʦʩʪʷʭ ʢʨʠʩʪʘʣʣʘ; 2) ʥʝʦʙʨʘʪʠʤʦʛʦ ʚʨʘʱʝʥʠʷ ʚʝʢʪʦʨʘ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ Ὅᴆ ʜʦʤʝʥʘ; 3) ʟʘʜʝʨʞʢʦʡ ʟʘʨʦʜʳʰʝʦʙʨʘʟʦʚʘʥʠʷ ʠ ʨʦʩʪʘ ʜʦʤʝʥʘ 

ʦʙʨʘʪʥʦʛʦ ʟʥʘʢʘ [4-5]. ʄʝʭʘʥʠʟʤ ʢʦʵʨʮʠʪʠʚʥʦʡ ʩʠʣʳ ʟʘʨʦʜʳʰʝʦʙʨʘʟʦʚʘʥʠʷ ʦʪʚʝʯʘʝʪ ʟʘ 

ʫʣʫʯʰʝʥʥʳʝ ʤʘʛʥʠʪʦʪʚʝʨʜʳʝ ʩʚʦʡʩʪʚʘ ʥʘʠʙʦʣʝʝ ʤʦʱʥʳʭ ʩʦʚʨʝʤʝʥʥʳʭ ʩʧʝʯʝʥʥʳʭ 

ʧʦʩʪʦʷʥʥʳʭ ʤʘʛʥʠʪʦʚ Nd-Fe-B. ʂʨʦʤʝ ʪʦʛʦ, ʠʟʚʝʩʪʥʦ, ʯʪʦ çʢʣʘʩʩʠʯʝʩʢʠʝè ʩʧʝʯʝʥʥʳʝ 

ʤʘʛʥʠʪʳ SmCo5 ʠ ʪʚʝʨʜʳʝ ʬʝʨʨʠʪʳ ʠʤʝʶʪ ʦʜʠʥʘʢʦʚʳʡ ʤʝʭʘʥʠʟʤ ʢʦʵʨʮʠʪʠʚʥʦʡ ʩʠʣʳ. ɺ 

ʪʘʢʠʭ ʤʘʛʥʠʪʘʭ ʨʘʟʤʘʛʥʠʯʠʚʘʥʠʝ ʟʝʨʝʥ ʤʘʪʨʠʯʥʦʡ ʬʘʟʳ ʨʘʟʤʝʨʦʤ 2ï20 ʤʢʤ 

ʠʥʠʮʠʠʨʫʝʪʩʷ ʚʥʫʪʨʠ ʧʨʠʤʳʢʘʶʱʝʛʦ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʥʝʙʦʣʴʰʦʛʦ ʟʘʨʦʜʳʰʝʚʦʛʦ ʦʙʲʸʤʘ 

ὺ, ʛʜʝ ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʝʤʘʛʥʠʯʠʚʘʥʠʝ ʟʘ ʩʯʝʪ ʪʝʧʣʦʚʳʭ ʬʣʫʢʪʫʘʮʠʡ ʠʣʠ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʚʥʫʪʨʝʥʥʝʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ. ɽʩʣʠ ʵʪʦʪ ʦʙʲʸʤ 

ʟʘʨʦʜʳʰʝʦʙʨʘʟʦʚʘʥʠʷ ὺ ʧʨʝʚʳʰʘʝʪ ʥʝʢʦʪʦʨʦʝ ʢʨʠʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ὺ̈́̑̏̅, ʵʪʦʪ 

ʥʦʚʦʦʙʨʘʟʦʚʘʥʥʳʡ ʤʘʛʥʠʪʥʳʡ ʜʦʤʝʥ ʙʫʜʝʪ ʚ ʜʘʣʴʥʝʡʰʝʤ ʨʘʩʰʠʨʷʪʴʩʷ ʠ 
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ʨʘʩʧʨʦʩʪʨʘʥʷʪʴʩʷ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʟʝʨʥʘ ʧʦ ʚʩʝʤʫ ʦʙʲʸʤʫ, ʯʪʦ ʧʨʠʚʝʜʝʪ ʢ 

ʨʘʟʤʘʛʥʠʯʠʚʘʥʠʶ ʚʩʝʛʦ ʟʝʨʥʘ. ʕʪʦʪ ʢʨʠʪʠʯʝʩʢʠʡ ʦʙʲʸʤ ὺ̈́̑̏̅ ʨʘʟʤʝʨʦʤ ʚ ʥʝʩʢʦʣʴʢʦ 

ʥʘʥʦʤʝʪʨʦʚ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʠʪʫʘʮʠʠ, ʢʦʛʜʘ çʚʳʠʛʨʳʰè ʚ ʦʙʲʸʤʥʦʡ ʯʘʩʪʠ ʩʚʦʙʦʜʥʦʡ 

ʵʥʝʨʛʠʠ ʟʘʨʦʜʳʰʘ ʨʘʚʝʥ çʧʦʪʝʨʝè ʤʝʞʬʘʟʥʦʡ ʵʥʝʨʛʠʠ ʟʘ ʩʯʝʪ ʦʙʨʘʟʦʚʘʥʠʷ ʜʦʤʝʥʥʦʡ 

ʩʪʝʥʢʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʦʵʨʮʠʪʠʚʥʘʷ ʩʠʣʘ ʵʪʠʭ ʚʘʞʥʳʭ ʢʣʘʩʩʦʚ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 

ʤʘʛʥʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚʦ ʤʥʦʛʦʤ ʦʧʨʝʜʝʣʷʝʪʩʷ ʤʘʛʥʠʪʥʳʤ ʩʦʩʪʦʷʥʠʝʤ ʪʦʥʢʦʛʦ 

ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʦʪʜʝʣʴʥʦʛʦ ʟʝʨʥʘ, ʠ ʙʦʣʝʝ ʛʣʫʙʦʢʦʝ ʧʦʥʠʤʘʥʠʝ ʧʨʦʮʝʩʩʦʚ, 

ʧʨʦʠʩʭʦʜʷʱʠʭ ʥʘ ʥʘʥʦʫʨʦʚʥʝ ʚʥʫʪʨʠ ʪʦʥʢʦʛʦ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ, ʤʦʛʣʦ ʙʳ ʧʦʤʦʯʴ 

ʜʘʣʴʥʝʡʰʝʤʫ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ ʧʝʨʝʜʦʚʳʭ ʤʘʛʥʠʪʦʪʚʝʨʜʳʭ ʤʘʪʝʨʠʘʣʦʚ.  

ʇʨʦʮʝʩʩʳ ʧʝʨʝʤʘʛʥʠʯʠʚʘʥʠʷ ʤʘʛʥʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚʦ ʤʥʦʛʦʤ ʟʘʚʠʩʷʪ ʦʪ ʩʚʦʡʩʪʚ 

ʠʭ ʜʦʤʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ (ɼʉ). ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʡ ʩʧʦʩʦʙ ʠʟʤʝʨʝʥʠʷ ʢʨʠʚʳʭ 

ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ, ʧʝʪʝʣʴ ʤʘʛʥʠʪʥʦʛʦ ʛʠʩʪʝʨʝʟʠʩʘ ʠ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ - ʤʝʪʦʜ ʚʠʙʨʘʮʠʦʥʥʦʛʦ ʤʘʛʥʠʪʦʤʝʪʨʘ. ɺ ʩʣʫʯʘʝ ʝʩʣʠ ʠʟʤʝʨʷʝʤʳʡ 

ʦʙʨʘʟʝʮ ʦʙʣʘʜʘʝʪ ʩʣʦʞʥʦʡ ʤʠʢʨʦʩʪʨʫʢʪʫʨʦʡ, ʪʦ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʞʝʪ ʙʳʪʴ 

ʟʥʘʯʠʪʝʣʴʥʦ ʟʘʪʨʫʜʥʝʥʘ. ɼʣʷ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ, ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʥʳʭ ʦʙʲʝʢʪʦʚ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʮʝʥʢʘ ʚʢʣʘʜʘ ʚ ʧʨʦʮʝʩʩʳ ʧʝʨʝʤʘʛʥʠʯʠʚʘʥʠʷ ʦʪ ʟʝʨʝʥ ʩ ʨʘʟʣʠʯʥʦʡ 

ʦʨʠʝʥʪʘʮʠʝʡ ʨʝʟʫʣʴʪʠʨʫʶʱʠʭ ʤʘʛʥʠʪʥʳʭ ʤʦʤʝʥʪʦʚ ʠʣʠ ʜʨʫʛʠʭ ʩʪʨʫʢʪʫʨʥʳʭ 

ʩʦʩʪʘʚʣʷʶʱʠʭ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʤʘʛʥʠʪʥʦʡ ʜʦʤʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ, 

ʵʬʬʝʢʪʠʚʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʣʦʢʘʣʴʥʦʛʦ ʤʠʢʨʦʤʘʛʥʠʪʥʦʛʦ ʘʥʘʣʠʟʘ ʤʘʛʥʠʪʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ, ʧʫʪʝʤ ʧʨʷʤʳʭ ʥʘʙʣʶʜʝʥʠʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʜʦʤʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʧʦ ʚʥʝʰʥʝʤ 

ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ [6, ɸ6]. 

ɺʚʠʜʫ ʚʳʰʝ ʩʢʘʟʘʥʥʦʛʦ, ʮʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʘʣʦ ʫʩʪʘʥʦʚʣʝʥʠʝ ʚʟʘʠʤʦʩʚʷʟʠ 

ʤʝʞʜʫ ʧʨʦʮʝʩʩʘʤʠ ʧʝʨʝʤʘʛʥʠʯʠʚʘʥʠʷ ʠ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʤʘʛʥʠʪʥʦʡ ʜʦʤʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ 

ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʚ ʦʙʲʸʤʝ ʤʘʛʥʠʪʦʦʜʥʦʦʩʥʳʭ ʤʘʛʥʝʪʠʢʦʚ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʤʘʛʥʠʪʥʳʭ 

ʠʟʤʝʨʝʥʠʡ, ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʝʪʦʜʘʤʠ ʦʧʪʠʯʝʩʢʦʡ ʠ ʤʘʛʥʠʪʥʦ-ʩʠʣʦʚʦʡ 

ʤʠʢʨʦʩʢʦʧʠʠ, ʘ ʪʘʢʞʝ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ.  

 ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʙʳʣʠ ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʠ ʨʝʰʝʥʳ ʩʣʝʜʫʶʱʠʝ 

ʟʘʜʘʯʠ: 

1. ʉʠʥʪʝʟʠʨʦʚʘʪʴ ʠ ʘʪʪʝʩʪʦʚʘʪʴ ʤʦʥʦʢʨʠʩʪʘʣʣʳ ʠʥʪʝʨʤʝʪʘʣʣʠʯʝʩʢʠʭ 

ʩʦʝʜʠʥʝʥʠʡ SmCo5 ʠ Nd2Fe14B.  
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2. ʈʘʟʨʘʙʦʪʘʪʴ ʠ ʩʦʟʜʘʪʴ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʤʝʪʦʜʠʢʠ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʪʨʘʥʩʬʦʨʤʘʮʠʡ ɼʉ ʧʨʠ ʧʝʨʝʤʘʛʥʠʯʠʚʘʥʠʠ ʚ ʢʚʘʟʠʩʪʘʪʠʯʝʩʢʠʭ ʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ, 

ʘ ʪʘʢʞʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʜʣʷ ʘʥʘʣʠʟʘ ʠʟʦʙʨʘʞʝʥʠʡ ɼʉ ʩ ʮʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʧʨʦʮʝʩʩʦʚ ʧʝʨʝʤʘʛʥʠʯʠʚʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʤʘʛʥʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

3.  ʇʨʦʚʝʩʪʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʧʝʨʝʤʘʛʥʠʯʠʚʘʥʠʷ ʤʘʛʥʠʪʦʦʜʥʦʦʩʥʳʭ 

ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʨʘʟʥʦʡ ʪʦʣʱʠʥʳ ʠ ʧʣʝʥʦʯʥʳʭ ʦʙʨʘʟʮʦʚ ʤʝʪʦʜʘʤʠ ʚʠʙʨʘʮʠʦʥʥʦʛʦ 

ʤʘʛʥʠʪʦʤʝʪʨʘ ʠ ʘʥʘʣʠʟʘ ʠʟʦʙʨʘʞʝʥʠʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʜʦʤʝʥʥʦʡ 

ʩʪʨʫʢʪʫʨʳ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ, ʚʳʷʚʣʝʥʥʦʡ ʤʝʪʦʜʘʤʠ ʦʧʪʠʯʝʩʢʦʡ (ʧʦʣʷʨʥʳʡ ʵʬʬʝʢʪ 

ʂʝʨʨʘ, ʠʥʜʠʢʘʪʦʨʥʦʡ ʧʣʝʥʢʠ) ʠ ʤʘʛʥʠʪʥʦ-ʩʠʣʦʚʦʡ ʤʠʢʨʦʩʢʦʧʠʡ. 

4. ʉ ʧʦʤʦʱʴʶ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʤʝʪʦʜʦʤ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ 

ʠʩʩʣʝʜʦʚʘʪʴ ʧʨʦʮʝʩʩʳ ʧʝʨʝʤʘʛʥʠʯʠʚʘʥʠʷ ʦʙʲʸʤʘ ʠ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʣʦʝʚ ʠʟʦʪʨʦʧʥʳʭ 

ʠ ʚʳʩʦʢʦʘʥʠʟʦʪʨʦʧʥʳʭ ʤʘʛʥʝʪʠʢʦʚ.  

5. ʇʨʦʚʝʩʪʠ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʣʝʡ ʨʘʩʩʝʷʥʠʷ 

ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʜʦʤʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʤʘʛʥʠʪʦʦʜʥʦʦʩʥʳʭ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ, ʧʦʣʫʯʝʥʥʳʭ 

ʤʝʪʦʜʘʤʠ ʤʘʛʥʠʪʥʦ-ʩʠʣʦʚʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʠ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʩ ʮʝʣʴʶ 

ʦʧʨʝʜʝʣʝʥʠʷ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʨʘʟʤʝʨʦʚ ʵʣʝʤʝʥʪʦʚ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʜʦʤʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ. 

 

ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʠ ʧʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʜʠʩʩʝʨʪʘʮʠʠ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʨʘʩʰʠʨʝʥʠʠ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʦ ʚʣʠʷʥʠʠ ʪʦʥʢʦʛʦ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʥʘ 

ʧʨʦʮʝʩʩʳ ʧʝʨʝʤʘʛʥʠʯʠʚʘʥʠʷ ʤʘʛʥʠʪʦʦʜʥʦʦʩʥʳʭ ʚʳʩʦʢʦʘʥʠʟʦʪʨʦʧʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ 

ʩʦʟʜʘʥʠʷ ʧʦʩʪʦʷʥʥʳʭ ʤʘʛʥʠʪʦʚ.  

ɺ ʨʘʙʦʪʝ ʨʘʟʨʘʙʦʪʘʥ ʨʷʜ ʫʥʠʢʘʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʤʝʪʦʜʠʢ ʧʦ ʥʘʙʣʶʜʝʥʠʶ 

ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʜʦʤʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʤʘʛʥʝʪʠʢʦʚ ʚ ʩʪʘʪʠʯʝʩʢʠʭ ʠ ʜʠʥʘʤʠʯʝʩʢʠʭ 

ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ, ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʘ ʫʩʪʘʥʦʚʢʘ ʠʟʤʝʨʝʥʠʷ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʤʝʪʦʜʦʤ 

ʚʠʙʨʘʮʠʦʥʥʦʛʦ ʤʘʛʥʠʪʦʤʝʪʨʘ, ʧʦʟʚʦʣʷʶʱʘʷ ʧʨʦʚʦʜʠʪʴ ʵʢʩʧʝʨʠʤʝʥʪʳ ʚ 

ʢʚʘʟʠʩʪʘʪʠʯʝʩʢʠʭ ʠ/ʠʣʠ ʧʝʨʝʤʝʥʥʳʭ ʧʦʣʷʭ.  

ɺʩʝ ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʙʳʣʠ ʜʦʩʪʠʛʥʫʪʳ ʚ ʧʨʦʮʝʩʩʝ ʚʳʧʦʣʥʝʥʠʷ 

ʩʣʝʜʫʶʱʠʭ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʨʘʙʦʪ: ʚ ʨʘʤʢʘʭ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ 

ʄʠʥʦʙʨʥʘʫʢʠ ʈʌ ʚ ʩʬʝʨʝ ʥʘʫʯʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʥʘ 2020 - 2022 ʛʛ: "ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ-

ʪʝʦʨʝʪʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʠ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʥʘʥʦʯʘʩʪʠʮ, 

ʧʨʦʮʝʩʩʦʚ ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʤʠʢʨʦ- ʠ ʥʘʥʦʩʪʨʫʢʪʫʨʳ ʢʨʠʩʪʘʣʣʦʚ, ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʣʦʝʚ 

ʪʚʝʨʜʳʭ ʪʝʣ, ʚʣʠʷʥʠʷ ʨʝʣʴʝʬʘ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘ ʦʪʨʘʞʝʥʠʝ ʠ ʧʨʦʧʫʩʢʘʥʠʝ ʩʚʝʪʘ 
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ʦʧʪʠʯʝʩʢʠʤʠ ʵʣʝʤʝʥʪʘʤʠ" (ʧʨʦʝʢʪ ˉ 0817-2020-0007), ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ 

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

ʦʩʥʦʚ ʧʦʣʫʯʝʥʠʷ ʩʪʘʙʠʣʴʥʳʭ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʥʘʥʦʯʘʩʪʠʮ ʠ ʥʘʥʦʩʠʩʪʝʤ, ʫʧʨʘʚʣʝʥʠʷ 

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

ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ: ʵʢʩʧʝʨʠʤʝʥʪ, ʘʪʦʤʠʩʪʠʯʝʩʢʦʝ ʠ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ" (ʧʨʦʝʢʪ ˉ 0817-2023-0006). ʈʝʟʫʣʴʪʘʪʳ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʦʛʫʪ ʙʳʪʴ ʚʦʩʪʨʝʙʦʚʘʥʳ ʚ ʢʫʨʩʘʭ ʣʝʢʮʠʡ ʧʦ ʤʘʛʥʠʪʥʳʤ ʤʘʪʝʨʠʘʣʘʤ ʚ 

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

 

ʄʝʪʦʜʦʣʦʛʠʷ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɺ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʩʦʚʨʝʤʝʥʥʳʝ 

ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʘʥʘʣʠʟʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ: ʠʥʜʫʢʮʠʦʥʥʦʡ ʤʝʪʦʜ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʫʜʝʣʴʥʦʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʥʘ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʤ ʚʠʙʨʘʮʠʦʥʥʦʤ 

ʤʘʛʥʠʪʦʤʝʪʨʝ, ʘʪʦʤʥʦ- ʠ ʤʘʛʥʠʪʥʦ-ʩʠʣʦʚʘʷ ʤʠʢʨʦʩʢʦʧʠʷ, ʩʢʘʥʠʨʫʶʱʘʷ ʵʣʝʢʪʨʦʥʥʘʷ 

ʤʠʢʨʦʩʢʦʧʠʷ, ʦʧʪʠʯʝʩʢʘʷ ʤʠʢʨʦʩʢʦʧʠʷ, ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʠ ʧʦʤʦʱʠ ʧʘʢʝʪʘ COMSOL 

Multiphysics. ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ ʨʘʙʦʪʳ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʠ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʳ ʤʝʪʦʜʳ 

ʥʘʙʣʶʜʝʥʠʷ ʜʦʤʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʚ ʰʠʨʦʢʦʤ ʠʥʪʝʨʚʘʣʝ ʧʦʣʝʡ, ʠʟʤʝʥʷʶʱʠʭʩʷ ʚ 

ʢʚʘʟʠʩʪʘʮʠʦʥʘʨʥʳʭ ʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ. ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ 

ʚʳʙʨʘʥʳ ʤʦʥʦʢʨʠʩʪʘʣʣʳ ʩʦʝʜʠʥʝʥʠʡ SmCo5 ʠ Nd2Fe14B ʠ ʵʧʠʪʘʢʩʠʘʣʴʥʘʷ Bi-ʩʦʜʝʨʞʘʱʘʷ 

ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʧʣʝʥʢʘ ʬʝʨʨʠʪ-ʛʨʘʥʘʪʦʚ (ɺʩ-ʄʇʌɻ) ʩʦʩʪʘʚʘ 

(Fe,Ga)5O12(Gd,Bi,Lu)3.  

 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ:  

1. ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʦʤʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ SmCo5 ʚ ʤʠʢʨʦʩʝʢʫʥʜʥʦʤ ʠʤʧʫʣʴʩʥʦʤ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʚ ʰʠʨʦʢʦʤ 

ʜʠʘʧʘʟʦʥʝ ʘʤʧʣʠʪʫʜ ʚʧʝʨʚʳʝ ʦʙʥʘʨʫʞʝʥʘ ʠ ʚʳʜʝʣʝʥʘ ʢʘʢ ʦʪʜʝʣʴʥʳʡ ʪʠʧ ʨʘʟʚʝʪʚʣʸʥʥʘʷ 

ʜʝʥʜʨʠʪʥʘʷ ʩʪʨʫʢʪʫʨʘ ʨʘʜʠʘʣʴʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʦʪ ʮʝʥʪʨʘ ʟʘʨʦʞʜʝʥʠʷ ʜʦʤʝʥʦʚ.  

2. ʇʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʧʝʨʝʤʘʛʥʠʯʠʚʘʥʠʷ ʤʘʛʥʠʪʦʦʜʥʦʦʩʥʳʭ 

ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʨʘʟʥʦʡ ʪʦʣʱʠʥʳ ʠ ʧʣʝʥʦʯʥʳʭ ʦʙʨʘʟʮʦʚ ʤʝʪʦʜʘʤʠ ʚʠʙʨʘʮʠʦʥʥʦʛʦ 

ʤʘʛʥʠʪʦʤʝʪʨʘ ʠ ʘʥʘʣʠʟʘ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʜʦʤʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʚ 

ʢʚʘʟʠʩʪʘʪʠʯʝʩʢʠʭ ʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʫʩʪʘʥʦʚʣʝʥʘ 

ʚʟʘʠʤʦʩʚʷʟʴ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʤʠʢʨʦʤʘʛʥʠʪʥʦʡ ʩʪʨʫʢʪʫʨ r ʚ ʦʙʲʸʤʝ ʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʲʝʢʪʦʚ ʩ ʧʨʦʮʝʩʩʘʤʠ ʠʭ ʧʝʨʝʤʘʛʥʠʯʠʚʘʥʠʷ.  
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3. ɺʧʝʨʚʳʝ ʚ ʭʦʜʝ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʤʝʪʦʜʦʤ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ 

ʜʣʷ ʠʟʦʪʨʦʧʥʳʭ ʠ ʚʳʩʦʢʦʘʥʠʟʦʪʨʦʧʥʳʭ ʤʘʛʥʝʪʠʢʦʚ ʩ ʧʦʤʦʱʴʶ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʤʦʜʝʣʠ 

ʠʥʜʫʢʮʠʦʥʥʦʛʦ ʧʨʠʥʮʠʧʘ ʠʟʤʝʨʝʥʠʷ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ (ʚʠʙʨʘʮʠʦʥʥʳʡ ʤʘʛʥʠʪʦʤʝʪʨ) ʜʣʷ 

ʦʙʨʘʟʮʦʚ ʨʘʟʣʠʯʥʦʡ ʬʦʨʤʳ ʧʦʩʪʨʦʝʥʳ ʢʨʠʚʳʝ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ, ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ, ʠʥʜʫʢʮʠʠ ʠ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʧʦʣʝʡ ʚʥʫʪʨʠ ʠ ʩʥʘʨʫʞʠ 

ʤʦʜʝʣʠʨʫʝʤʳʭ ʦʙʲʝʢʪʦʚ. ʅʘ ʦʩʥʦʚʝ ʨʘʩʩʯʠʪʘʥʥʳʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʚ ʦʙʲʸʤʝ ʧʦʩʪʨʦʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʬʘʢʪʦʨʘ ʨʘʟʤʘʛʥʠʯʠʚʘʥʠʷ ʦʪ 

ʧʨʠʚʝʜʝʥʥʦʡ ʢ ʟʥʘʯʝʥʠʶ ʧʨʠ ʥʘʩʳʱʝʥʠʠ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ. 

4. ɺʧʝʨʚʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʧʨʦʬʠʣʝʡ ʧʦʣʝʡ ʨʘʩʩʝʷʥʠʷ 

ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʜʦʤʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʤʘʛʥʠʪʦʦʜʥʦʦʩʥʳʭ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ, ʧʦʣʫʯʝʥʥʳʭ 

ʤʝʪʦʜʘʤʠ ʤʘʛʥʠʪʥʦ-ʩʠʣʦʚʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʠ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʦʧʨʝʜʝʣʝʥ r

ʣʠʥʝʡʥʳʝ ʨʘʟʤʝʨ rʤʠʥʠʤʘʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ɼʉ.  

 

ʆʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ.  

1. ʇʨʦʮʝʩʩ ʧʝʨʝʤʘʛʥʠʯʠʚʘʥʠʷ ʤʘʛʥʠʪʦʦʜʥʦʦʩʥʳʭ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ SmCo5 ʠ 

Nd2Fe14B ʥʘʯʠʥʘʝʪʩʷ ʩ ʦʙʨʘʟʦʚʘʥʠʷ ʟʘʨʦʜʳʰʝʡ ʥʦʚʦʡ ʤʘʛʥʠʪʥʦʡ ʬʘʟʳ, ʚʠʜ ʠ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʢʦʪʦʨʳʭ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʪʨʫʢʪʫʨʥʳʤ ʩʦʩʪʦʷʥʠʝʤ ʦʙʨʘʟʮʘ ʠ ʦʩʦʙʝʥʥʦ ʝʛʦ 

ʧʦʚʝʨʭʥʦʩʪʠ. ʀʟʤʝʥʝʥʠʝ ʢʦʥʬʠʛʫʨʘʮʠʠ ʜʦʤʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʤʘʩʩʠʚʥʳʭ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ 

ʚ ʧʨʦʮʝʩʩʝ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ ʟʘʚʠʩʠʪ ʦʪ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʦʙʨʘʟʮʦʚ ʠ ʫʩʣʦʚʠʡ 

ʧʨʠʣʦʞʝʥʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʨʘʚʥʦʚʝʩʥʦʡ ʜʦʤʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʟʘʜʘʥʥʦʤʫ ʟʥʘʯʝʥʠ ʁʧʦʩʪʦʷʥʥʦʛʦ ʧʦʣʷ, ʢ ʦʙʨʘʟʮʘʤ ʤʘʛʥʠʪʦʦʜʥʦʦʩʥʳʭ 

ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ, ʚ ʢʦʪʦʨʳʭ ʠʤʝʝʪ ʤʝʩʪʦ ʟʘʜʝʨʞʢʘ ʩʤʝʱʝʥʠʷ ʜʦʤʝʥʥʳʭ ʛʨʘʥʠʮ ʥʘ 

ʩʪʨʫʢʪʫʨʥʳʭ ʥʝʦʜʥʦʨʦʜʥʦʩʪʷʭ, ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʢʣʘʜʳʚʘʪʴ ʧʝʨʝʤʝʥʥʦʝ ʧʦʣʝ ʧʦʩʪʦʷʥʥʦʡ 

ʘʤʧʣʠʪʫʜʳ ʚ ʜʠʘʧʘʟʦʥʝ 30-60 ʤʊʣ ʩ ʯʘʩʪʦʪʦʡ 50 ɻʮ, ʩʦʦʩʥʦʝ ʦʩʠ ʣʝʛʢʦʛʦ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ.  

2. ʆʪʥʦʰʝʥʠʝ ʧʣʦʱʘʜʝʡ, ʟʘʥʠʤʘʝʤʳʭ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʘ ʤʘʛʥʠʪʥʳʤʠ 

ʜʦʤʝʥʘʤʠ ʩ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʡ ʦʨʠʝʥʪʘʮʠʝʡ ʚʝʢʪʦʨʘ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ, ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʣʦʢʘʣʴʥʦʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ, ʪʝʦʨʝʪʠʯʝʩʢʠ ʨʘʩʩʯʠʪʘʥʥʦʡ ʜʣʷ ʤʘʪʝʨʠʘʣʘ ʩ ʫʯʝʪʦʤ 

ʨʘʟʤʘʛʥʠʯʠʚʘʶʱʠʭ ʧʦʣʝʡ ʚʙʣʠʟʠ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʘ ʟʘʜʘʥʥʦʡ ʬʦʨʤʳ. ʂʘʢ ʩʣʝʜʩʪʚʠʝ, 

ʭʦʜ ʢʨʠʚʳʭ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ, ʧʦʣʫʯʝʥʥʳʭ ʠʟ ʘʥʘʣʠʟʘ ɼʉ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʤʘʛʥʠʪʦʦʜʥʦʦʩʥʳʭ ʤʘʩʩʠʚʥʳʭ ʢʨʠʩʪʘʣʣʦʚ, ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʡ 

ʤʝʪʦʜʘʤʠ, ʨʝʛʠʩʪʨʠʨʫʶʱʠʤʠ ʠʥʪʝʛʨʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʦʙʨʘʟʮʘ. ɼʣʷ 

ʪʦʥʢʦʧʣʝʥʦʯʥʳʭ ʦʙʨʘʟʮʦʚ, ʚ ʢʦʪʦʨʳʭ ʥʘʙʣʶʜʘʶʪʩʷ ʪʦʣʴʢʦ ʦʩʥʦʚʥʳʝ ʜʦʤʝʥʳ, 
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ʤʘʛʥʠʪʦʦʧʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʟʚʦʣʷʶʪ ʠʟʫʯʘʪʴ ʧʨʦʮʝʩʩʳ ʧʝʨʝʤʘʛʥʠʯʠʚʘʥʠʷ ʚʦ 

ʚʩʸʤ ʦʙʲʸʤʝ ʦʙʨʘʟʮʘ. 

3.  ʇʨʠ ʥʘʤʘʛʥʠʯʠʚʘʥʠʠ ʤʦʥʦʢʨʠʩʪʘʣʣʘ SmCo5 ʤʠʢʨʦʩʝʢʫʥʜʥʳʤ ʠʤʧʫʣʴʩʥʳʤ 

ʧʦʣʝʤ (ʩ ʜʣʠʪʝʣʴʥʦʩʪʴʶ ʩʧʘʜʘ ʠʤʧʫʣʴʩʥʦʛʦ ʩʠʛʥʘʣʘ ʜʦ 15 ʤʢʩ ʠ ʘʤʧʣʠʪʫʜʦʡ ʙʦʣʝʝ 1 ʊʣ), 

ʩʦʥʘʧʨʘʚʣʝʥʥʳʤ ʩ ʦʩʴʶ ʣʝʛʢʦʛʦ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ ʦʙʨʘʟʮʘ, ʥʘ ʙʘʟʠʩʥʦʡ ʧʣʦʩʢʦʩʪʠ 

ʦʙʨʘʟʫʝʪʩʷ ʥʝʨʘʚʥʦʚʝʩʥʘʷ ʨʘʟʚʝʪʚʣʝʥʥʘʷ ʜʝʥʜʨʠʪʥʘʷ ʩʪʨʫʢʪʫʨʘ ʜʦʤʝʥʦʚ - çʤʦʨʦʟʥʳʡ 

ʫʟʦʨè, ʘ ʚ ʦʙʲʤyʝ ʬʦʨʤʠʨʫʝʪʩʷ ʥʝʨʝʛʫʣʷʨʥʘʷ ʙʝʩʧʦʨʷʜʦʯʥʘʷ ɼʉ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ 

ʧʨʦʮʝʩʩʘʤʠ ʟʘʜʝʨʞʢʠ ʩʤʝʱʝʥʠʷ ʜʦʤʝʥʥʳʭ ʛʨʘʥʠʮ ʥʘ ʩʪʨʫʢʪʫʨʥʳʭ ʥʝʦʜʥʦʨʦʜʥʦʩʪʷʭ 

ʦʙʨʘʟʮʘ.  

4. ʌʦʨʤʘ ʠ ʣʠʥʝʡʥʳʝ ʨʘʟʤʝʨʳ ʵʣʝʤʝʥʪʦʚ ɼʉ ʦʜʥʦʟʥʘʯʥʦ ʦʧʨʝʜʝʣʷʶʪ ʧʨʦʬʠʣʠ 

ʧʦʣʝʡ ʨʘʩʩʝʷʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʜʦʤʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ, ʧʦʣʫʯʝʥʥʳʭ ʤʝʪʦʜʘʤʠ ʤʘʛʥʠʪʥʦ-

ʩʠʣʦʚʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʠ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ʄʠʥʠʤʘʣʴʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ 

ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʜʦʤʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʥʘ ʙʘʟʠʩʥʦʡ ʧʣʦʩʢʦʩʪʠ ʤʘʩʩʠʚʥʳʭ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ 

SmCo5 ʠ Nd2Fe14B ʷʚʣʷʶʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʢʦʥʫʩʦʦʙʨʘʟʥʳʝ ʜʦʤʝʥʳ ʩ ʜʠʘʤʝʪʨʦʤ 

ʦʩʥʦʚʘʥʠʷ 2,0 ʤʢʤ ʠ ʚʳʩʦʪʦʡ 2,0 ʤʢʤ, ʘ ʪʘʢʞʝ 0,6 ʤʢʤ ʠ ʚʳʩʦʪʦʡ 0,6 ʤʢʤ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  

 

ʉʪʝʧʝʥʴ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. ʈʝʟʫʣʴʪʘʪʳ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ 

ʜʠʩʩʝʨʪʘʮʠʠ, ʧʦʣʫʯʝʥʳ ʥʘ ʦʩʥʦʚʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʧʨʦʚʝʜʝʥʥʳʭ ʥʘ ʩʦʚʨʝʤʝʥʥʦʤ ʥʘʫʯʥʦʤ 

ʦʙʦʨʫʜʦʚʘʥʠʠ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʦʙʨʘʙʦʪʢʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʜʘʥʥʳʭ. ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʦʙʝʩʧʝʯʠʚʘʣʘʩʴ ʥʘʙʦʨʦʤ 

ʚʟʘʠʤʦʜʦʧʦʣʥʷʶʱʠʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʤʝʪʦʜʠʢ, ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʴʶ ʧʦʣʫʯʘʝʤʳʭ 

ʨʝʟʫʣʴʪʘʪʦʚ ʠ ʩʦʛʣʘʩʦʚʘʥʠʝʤ ʧʦʣʫʯʘʝʤʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʩ ʠʤʝʶʱʠʤʠʩʷ ʚ ʣʠʪʝʨʘʪʫʨʝ 

ʜʘʥʥʳʤʠ ʜʨʫʛʠʭ ʥʘʫʯʥʳʭ ʛʨʫʧʧ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ 

ʠʥʜʝʢʩʠʨʫʝʤʳʭ ʞʫʨʥʘʣʘʭ ʠ ʘʧʨʦʙʠʨʦʚʘʥʳ ʥʘ ʪʝʤʘʪʠʯʝʩʢʠʭ ʤʝʞʜʫʥʘʨʦʜʥʳʭ 

ʢʦʥʬʝʨʝʥʮʠʷʭ.  

 

ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ.  

ɺ ʜʠʩʩʝʨʪʘʮʠʠ ʠʟʣʦʞʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʧʨʷʤʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʠ ʢʦʤʧʴʶʪʝʨʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʧʦʣʫʯʝʥʥʳʝ ʠ ʦʙʨʘʙʦʪʘʥʥʳʝ ʣʠʯʥʦ ʘʚʪʦʨʦʤ ʠʣʠ ʧʨʠ ʝʛʦ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʤ ʫʯʘʩʪʠʠ.  ɸʚʪʦʨʦʤ ʣʠʯʥʦ ʧʨʦʚʝʜʝʥʳ ʨʘʙʦʪʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʨʘʟʨʘʙʦʪʢʦʡ 

ʠ ʩʦʟʜʘʥʠʝʤ ʠʩʧʦʣʴʟʫʝʤʳʭ ʫʥʠʢʘʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʤʝʪʦʜʠʢ. ʉʠʥʪʝʟ 

ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʦʙʨʘʟʮʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʦʩʪʘʥʦʚʢʘ ʮʝʣʠ ʠ ʢʣʶʯʝʚʳʭ ʟʘʜʘʯ, 
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ʦʙʩʫʞʜʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʠ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʬʦʨʤʫʣʠʨʦʚʢʘ 

ʚʳʚʦʜʦʚ ʚʳʧʦʣʥʷʣʠʩʴ ʘʚʪʦʨʦʤ ʩʦʚʤʝʩʪʥʦ ʩ ʥʘʫʯʥʳʤ ʨʫʢʦʚʦʜʠʪʝʣʝʤ.  ʇʦʜʛʦʪʦʚʢʘ 

ʧʫʙʣʠʢʘʮʠʡ ʠ ʥʘʫʯʥʳʭ ʜʦʢʣʘʜʦʚ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʨʘʤʢʘʭ 

ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʩʦʚʤʝʩʪʥʦ ʩ ʩʦʘʚʪʦʨʘʤʠ. 

 

ɸʧʨʦʙʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ.  

ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʙʳʣʠ ʥʝʦʜʥʦʢʨʘʪʥʦ ʧʨʝʜʩʪʘʚʣʝʥʳ ʘʚʪʦʨʦʤ ʚ ʬʦʨʤʝ ʫʩʪʥʳʭ 

ʜʦʢʣʘʜʦʚ ʥʘ ʥʘʫʯʥʳʭ ʢʦʥʬʝʨʝʥʮʠʷʭ ʠ ʩʝʤʠʥʘʨʘʭ: XXIII ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʧʦ 

ʬʠʟʠʢʝ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʢʦʚ. ʊʚʝʨʴ, 03-06 ʦʢʪʷʙʨʷ 2023, XXIII ʄʝʞʜʫʥʘʨʦʜʥʘʷ 

ʢʦʥʬʝʨʝʥʮʠʷ ʧʦ ʧʦʩʪʦʷʥʥʳʤ ʤʘʛʥʠʪʘʤ. ʉʫʟʜʘʣʴ, 27ï30 ʩʝʥʪʷʙʨʷ 2022 ʛʦʜʘ, XXVIII 

ʂʘʨʛʠʥʩʢʠʝ ʯʪʝʥʠʷ: ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʤʦʣʦʜʳʭ ʫʯʸʥʳʭ 

çʌʠʟʠʢʘ, ʭʠʤʠʷ ʠ ʥʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠè. ʊʚʝʨʴ, 31 ʤʘʨʪʘï01 ʘʧʨʝʣʷ 2022 ʛʦʜʘ, 

ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʩʪʫʜʝʥʪʦʚ, ʘʩʧʠʨʘʥʪʦʚ ʠ ʤʦʣʦʜʳʭ ʫʯʸʥʳʭ 

çʃʦʤʦʥʦʩʦʚ-2022è. ʄʦʩʢʚʘ, 11-22 ʘʧʨʝʣʷ 2022 ʛʦʜʘ, XXVII ʂʘʨʛʠʥʩʢʠʝ ʯʪʝʥʠʷ: 

ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʤʦʣʦʜʳʭ ʫʯʸʥʳʭ çʌʠʟʠʢʘ, ʭʠʤʠʷ ʠ 

ʥʦʚʝr ʪʝʭʥʦʣʦʛʠʠè. ʊʚʝʨʴ, 01-02 ʘʧʨʝʣʷ 2021 ʛʦʜʘ, ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ 

ʩʪʫʜʝʥʪʦʚ, ʘʩʧʠʨʘʥʪʦʚ ʠ ʤʦʣʦʜʳʭ ʫʯʸʥʳʭ çʃʦʤʦʥʦʩʦʚ-2021è. ʄʦʩʢʚʘ, 12-23 ʘʧʨʝʣʷ 2021 

ʛʦʜʘ, ʆʜʠʥʥʘʜʮʘʪʘʷ ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʭʠʤʠʯʝʩʢʘʷ ʪʝʨʤʦʜʠʥʘʤʠʢʘ ʠ 

ʢʠʥʝʪʠʢʘ. ɺʝʣʠʢʠʡ ʅʦʚʛʦʨʦʜ, 17ï21 ʤʘʷ 2021 ʛʦʜʘ, XXIV  ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ 

çʅʦʚʦʝ ʚ ʤʘʛʥʝʪʠʟʤʝ ʠ ʤʘʛʥʠʪʥʳʭ ʤʘʪʝʨʠʘʣʘʭè. ʄʦʩʢʚʘ, 1-8 ʠʶʣʷ 2021 ʛʦʜʘ., ɼʝʩʷʪʘʷ 

ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʭʠʤʠʯʝʩʢʘʷ ʪʝʨʤʦʜʠʥʘʤʠʢʘ ʠ ʢʠʥʝʪʠʢʘ. ɺʝʣʠʢʠʡ 

ʅʦʚʛʦʨʦʜ, 25ï29 ʤʘʷ 2020 ʛʦʜʘ, XXV ʂʘʨʛʠʥʩʢʠʝ ʯʪʝʥʠʷ ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʥʘʫʯʥʦ-

ʪʝʭʥʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʤʦʣʦʜʳʭ ʫʯʸʥʳʭ çʌʠʟʠʢʘ, ʭʠʤʠʷ ʠ ʥʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠè. ʊʚʝʨʴ, 

28 ʤʘʨʪʘ 2019 ʛʦʜʘ, ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʩʪʫʜʝʥʪʦʚ, ʘʩʧʠʨʘʥʪʦʚ ʠ 

ʤʦʣʦʜʳʭ ʫʯʸʥʳʭ çʃʦʤʦʥʦʩʦʚ-2019è. ʄʦʩʢʚʘ, 8-12 ʘʧʨʝʣʷ 2019 ʛʦʜʘ, ʄʝʞʜʫʥʘʨʦʜʥʘʷ 

ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ INTERMATIC ï 2018, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ, 19ï23 ʥʦʷʙʨʷ 

2018. 

ʇʦ ʤʘʪʝʨʠʘʣʘʤ ʜʠʩʩʝʨʪʘʮʠʠ ʦʧʫʙʣʠʢʦʚʘʥʦ 7 ʧʝʯʘʪʥʳʭ ʨʘʙʦʪ, ʠʟ ʥʠʭ 6 ʩʪʘʪʝʡ ʚ 

ʞʫʨʥʘʣʘʭ, ʠʥʜʝʢʩʠʨʫʝʤʳʭ ʚ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʙʘʟʘʭ ʜʘʥʥʳʭ, ʧʨʠʨʘʚʥʠʚʘʝʤʳʭ ʢ ʞʫʨʥʘʣʘʤ 

ʧʝʨʝʯʥʷ ɺɸʂ, ʠ 1 ʩʪʘʪʴ ̫ʚ ʜʨʫʛʠʭ ʨʝʮʝʥʟʠʨʫʝʤʳʭ ʠʟʜʘʥʠʷʭ.  
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ʉʦʦʪʚʝʪʩʪʚʠʝ ʜʠʩʩʝʨʪʘʮʠʠ ʧʘʩʧʦʨʪʫ ʩʧʝʮʠʘʣʴʥʦʩʪʠ.  

ɼʠʩʩʝʨʪʘʮʠʦʥʥʘʷ ʨʘʙʦʪʘ ɼʫʥʘʝʚʦʡ ɻ.ɻ. çɺʟʘʠʤʦʩʚʷʟʴ ʧʨʦʮʝʩʩʦʚ 

ʧʝʨʝʤʘʛʥʠʯʠʚʘʥʠʷ ʠ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʜʦʤʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʚ ʦʙʲyʤʝ 

ʤʘʛʥʠʪʦʦʜʥʦʩʥʳʭ ʤʘʛʥʝʪʠʢʦʚè ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʘʩʧʦʨʪʫ ʥʘʫʯʥʦʡ ʩʧʝʮʠʘʣʴʥʦʩʪʠ 1.3.12 

çʌʠʟʠʢʘ ʤʘʛʥʠʪʥʳʭ ʷʚʣʝʥʠʡè: ʦʙʣʘʩʪʷʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʘʩʧʦʨʪʘ ʩʧʝʮʠʘʣʴʥʦʩʪʠ, ʚ 

ʯʘʩʪʥʦʩʪʠ: ç3. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ ʠ ʩʦʩʪʦʷʥʠʡ 

ʚʝʱʝʩʪʚ ʨʘʟʣʠʯʥʳʤʠ ʤʝʪʦʜʘʤʠ, ʫʩʪʘʥʦʚʣʝʥʠʝ ʚʟʘʠʤʦʩʚʷʟʠ ʵʪʠʭ ʩʚʦʡʩʪʚ ʠ ʩʦʩʪʦʷʥʠʡ ʩ 

ʭʠʤʠʯʝʩʢʠʤ ʩʦʩʪʘʚʦʤ ʠ ʩʪʨʫʢʪʫʨʥʳʤ ʩʦʩʪʦʷʥʠʝʤ, ʚʳʷʚʣʝʥʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʠʭ 

ʠʟʤʝʥʝʥʠʷ ʧʦʜ ʚʣʠʷʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʚʥʝʰʥʠʭ ʚʦʟʜʝʡʩʪʚʠʡè ʠ ç6. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʩʚʦʡʩʪʚ 

ʠ ʬʠʟʠʯʝʩʢʠʭ ʷʚʣʝʥʠʡ ʚ ʤʘʪʝʨʠʘʣʘʭ ʩ ʨʘʟʣʠʯʥʳʤʠ ʚʠʜʘʤʠ ʤʘʛʥʠʪʥʦʛʦ ʫʧʦʨʷʜʦʯʝʥʠʷ, ʘ 

ʪʘʢʞʝ ʚ ʢʦʤʧʦʟʠʪʥʳʭ ʩʪʨʫʢʪʫʨʘʭ ʥʘ ʠʭ ʦʩʥʦʚʝè. 

 

ʉʪʨʫʢʪʫʨʘ ʠ ʦʙʲʸʤ ʜʠʩʩʝʨʪʘʮʠʠ  

ɼʠʩʩʝʨʪʘʮʠʦʥʥʘʷ ʨʘʙʦʪʘ ʩʦʩʪʦʠʪ ʠʟ ʚʚʝʜʝʥʠʷ, ʪʨʝʭ ʛʣʘʚ, ʦʩʥʦʚʥʳʭ ʚʳʚʦʜʦʚ ʠ ʩʧʠʩʢʘ 

ʠʩʧʦʣʴʟʦʚʘʥʥʦʡ ʣʠʪʝʨʘʪʫʨʳ, ʩʦʩʪʦʷʱʝʛʦ ʠʟ 110 ʠʩʪʦʯʥʠʢʦʚ. ʄʘʪʝʨʠʘʣ ʠʟʣʦʞʝʥ ʥʘ 166 

ʩʪʨʘʥʠʮʘʭ, ʚʢʣʶʯʘʝʪ 3 ʪʘʙʣʠʮ rʠ 101 ʨʠʩʫʥʦʢ. 
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1. ʂʈʀʉʊɸʃʃʀʏɽʉʂɸʗ ʉʊʈʋʂʊʋʈɸ ʀ ʄɸɻʅʀʊʅʓɽ ʉɺʆʁʉʊɺɸ 

ʄɸɻʅʀʊʆʆɼʅʆʆʉʅʓʍ ʄɸɻʅɽʊʀʂʆɺ 

1.1. ʉʦʝʜʠʥʝʥʠʝ SmCo5: ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ, ʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ 

ʇʦʣʫʯʝʥʠʝ ʚ 60-ʭ ʛʦʜʘʭ ʧʨʦʰʣʦʛʦ ʚʝʢʘ ʩʧʝʯʝʥʥʳʭ ʧʦʩʪʦʷʥʥʳʭ ʤʘʛʥʠʪʦʚ ʥʘ ʦʩʥʦʚʝ 

ʩʦʝʜʠʥʝʥʠʷ SmCo5 ʩʪʘʣʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʩʢʘʯʢʦʤ ʚ ʨʘʟʚʠʪʠʠ ʤʘʛʥʠʪʦʪʚʝʨʜʳʭ 

ʤʘʪʝʨʠʘʣʦʚ [7].  

ʀʥʪʝʨʤʝʪʘʣʣʠʯʝʩʢʦʝ ʩʦʝʜʠʥʝʥʠʝ SmCo5 ʠʤʝʝʪ ʛʝʢʩʘʛʦʥʘʣʴʥʫʶ ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ 

ʨʝʰʝʪʢʫ ʪʠʧʘ CaCu5, ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʛʨʫʧʧʘ ʩʠʤʤʝʪʨʠʠ P6/mmm (L66L26P||PṶC), 

ʪʦʯʝʯʥʘʷ ʛʨʫʧʧʘ ʩʠʤʤʝʪʨʠʠ D2d (Ğ42L22P). ʕʣʝʤʝʥʪʘʨʥʘʷ ʷʯʝʡʢʘ ʩ ʧʘʨʘʤʝʪʨʘʤʠ: a = b = 

4,99 , ʩ = 3,98 , Ŭ = ɓ = 90Á, ɔ = 120Á ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1.1. ʂʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ 

ʧʦʟʠʮʠʠ ʜʘʥʥʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʳ ʩʠʤʤʝʪʨʠʠ ʜʣʷ ʘʪʦʤʦʚ Sm (ʧʦʟʠʮʠʠ 

ɺʘʡʢʦʬʬʘ) ï 1a (0,0,0) ʜʣʷ ʘʪʦʤʦʚ Co ï 2c (
ρ

σ
ȟ
ς

σ
ȟ π), 3g (

ρ

ς
ȟ πȟ  ) [8].  

ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʤʘʛʥʠʪʥʦʡ ʩʪʨʫʢʪʫʨʳ, ʩʦʝʜʠʥʝʥʠʝ SmCo5 ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ 

ʤʘʛʥʠʪʥʳʭ ʧʦʜʨʝʰʝʪʦʢ: ʘʪʦʤʦʚ ʨʝʜʢʦʟʝʤʝʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ Sm ʠ ʘʪʦʤʦʚ ʧʝʨʝʭʦʜʥʦʛʦ 

ʤʝʪʘʣʣʘ Co, ʧʦʵʪʦʤʫ ʠʤʝʝʪ ʪʠʧʠʯʥʦʝ ʬʝʨʨʦʤʘʛʥʠʪʥʦʝ ʧʦʚʝʜʝʥʠʝ. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ 

ʦʙʤʝʥʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʩʧʠʥʘʤʠ ʘʪʦʤʦʚ Sm ʠ Co ʦʪʨʠʮʘʪʝʣʴʥʦ, 

ʨʝʟʫʣʴʪʠʨʫʶʱʠʡ ʤʘʛʥʠʪʥʳʡ ʤʦʤʝʥʪ ʘʪʦʤʘ Sm, ʧʦ ʧʨʘʚʠʣʫ ʍʫʥʜʘ, ʩʦʥʘʧʨʘʚʣʝʥ ʩʦ 

ʩʧʠʥʦʚʳʤ ʤʘʛʥʠʪʥʳʤ ʤʦʤʝʥʪʦʤ Co, ʧʦʵʪʦʤʫ ʨʝʟʫʣʴʪʠʨʫʶʱʘʷ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ 

ʩʢʣʘʜʳʚʘʝʪʩʷ ʠʟ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʟʥʘʯʝʥʠʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʧʦʜʨʝʰʝʪʦʢ ʘʪʦʤʦʚ Sm ʠ 

Co [9-13]. ɺʝʣʠʯʠʥʘ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʥʘʩʳʱʝʥʠʷ ʜʣʷ ʠʥʪʝʨʤʝʪʘʣʣʠʜʘ SmCo5 ʩʦʩʪʘʚʣʷʝʪ 

„ ρππ ̱Ͻ̍ Ͻ̋  ̄(Ὅ πȟψφ ̇ Ͻ̱̍ ). ʊʝʤʧʝʨʘʪʫʨʘ ʂʶʨʠ ʜʘʥʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ Ὕ

ρπςπ ὑ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʜʦʤʠʥʠʨʫʶʱʠʤ ʚʣʠʷʥʠʝʤ ʦʙʤʝʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ 

ʘʪʦʤʘʤʠ Co. SmCo5 ï ʚʳʩʦʢʦʘʥʠʟʦʪʨʦʧʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʩ ʤʘʛʥʠʪʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ 

ʘʥʠʟʦʪʨʦʧʠʝʡ ʪʠʧʘ çʣʝʛʢʘʷ ʦʩʴè ( Ὅᴆ || ʦʩʠ c), ʢʦʥʩʪʘʥʪʘ ʘʥʠʟʦʪʨʦʧʠʠ ὑ ρχȟς ̇ˑ Ͻ̇

̍  (ὑ φȟυ ̇ˑ Ͻ̇̍ , ὑ ρπȟχ ̇ˑ Ͻ̇̍ ); ʚʝʣʠʯʠʥʘ ʧʦʣʷ ʘʥʠʟʦʪʨʦʧʠʠ, 

ʚʥʝʰʥʝʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʥʝʦʙʭʦʜʠʤʦʛʦ ʜʣʷ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ ʜʦ ʥʘʩʳʱʝʥʠʷ ʦʙʨʘʟʮʘ ʠʟ 

ʤʘʪʝʨʠʘʣʘ SmCo5 ʚʜʦʣʴ ʪʨʫʜʥʦʡ ʦʩʠ (Ὅᴆ  ʦʩʠ c), ‘Ὄ ττ Ὕ̌ .  

ʇʨʠʤʝʥʝʥʠʝ ʩʧʣʘʚʦʚ Sm-Co ʚ ʢʘʯʝʩʪʚʝ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʦʩʪʦʷʥʥʳʭ 

ʤʘʛʥʠʪʦʚ ʦʙʫʩʣʦʚʣʝʥʦ ʪʝʤ, ʯʪʦ ʛʦʪʦʚʳʡ ʧʦʩʪʦʷʥʥʳʡ ʤʘʛʥʠʪ ʠʤʝʝʪ ʥʝʙʦʣʴʰʠʝ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʨʘʟʤʝʨʳ, ʥʦ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʠʝ ʟʥʘʯʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ 
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ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʧʨʦʠʟʚʝʜʝʥʠʷ  ὄὌ̍ ́̋̒ρππςππ ̋ˑϽ̇̍ , ʦʩʪʘʪʦʯʥʦʡ ʠʥʜʫʢʮʠʠ 

 ὄ πȟψ ρ Ὕ̌, ʢʦʵʨʮʠʪʠʚʥʦʡ ʩʠʣʳ ʧʦ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ Ὄ ρςππρψππ ̋ Ͻ̱̍ , 

ʧʦ ʠʥʜʫʢʮʠʠ Ὄ φςπχχπ ̋ Ͻ̱̍ , ʪʝʤʧʝʨʘʪʫʨʳ ʂʶʨʠ  Ὕ χυπ ̠. 

ʊʘʢʞʝ ʢ ʜʦʩʪʦʠʥʩʪʚʘʤ ʜʘʥʥʦʛʦ ʪʠʧʘ ʤʘʛʥʠʪʦʚ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʥʘʠʣʫʯʰʫʶ 

ʪʝʨʤʠʯʝʩʢʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ ʧʨʠ ʨʘʙʦʯʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ 250-350ÁC, ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ 

ʢʦʨʨʦʟʠʠ. ʆʜʥʘʢʦ ʦʙʣʘʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ Sm-Co-ʤʘʛʥʠʪʦʚ ʜʦʩʪʘʪʦʯʥʦ ʥʠʟʢʘʷ ʚ ʚʠʜʫ 

ʚʳʩʦʢʦʡ ʩʪʦʠʤʦʩʪʠ ʈɿʄ-ʩʦʩʪʘʚʣʷʶʱʠʭ. 

 

  

  

ʈʠʩʫʥʦʢ 1.1 ï ʕʣʝʤʝʥʪʘʨʥʘʷ ʷʯʝʡʢʘ ʠʥʪʝʨʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʩʦʝʜʠʥʝʥʠʷ SmCo5 (ɸ1-ɸ2), 

ʚʠʜ ʩʥʠʟʫ (ɹ1-ɹ2). ʆʙʦʟʥʘʯʝʥʠʷ: - ʘʪʦʤʳ Sm,  - ʘʪʦʤʳ Co, 

 - ʘʪʦʤʳ Co ʚ ʧʦʟʠʮʠʠ 2ʩ. 

1.2.  ʉʦʝʜʠʥʝʥʠʝ Nd2Fe14B: ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ, ʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ 

ɺʳʩʦʢʘʷ ʩʪʦʠʤʦʩʪʴ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʦʩʪʦʷʥʥʳʭ ʤʘʛʥʠʪʦʚ ʥʘ ʦʩʥʦʚʝ ʩʦʝʜʠʥʝʥʠʡ Sm-

Co ʩʪʘʣʘ ʧʨʠʯʠʥʦʡ ʧʦʠʩʢʘ ʥʦʚʳʭ ʤʘʛʥʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ.  ʂʨʠʪʝʨʠʝʤ ʦʪʙʦʨʘ ʩʣʫʞʠʣʦ 

ʪʘʢʦʝ ʞʝ ʟʥʘʯʝʥʠʝ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʧʨʦʠʟʚʝʜʝʥʠʷ, ʢʘʢ ʠ ʚ Sm-Co-

ʩʠʩʪʝʤʘʭ, ʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʘʷ ʩʪʦʠʤʦʩʪʴ. 

ɸ1) ɸ2) 

ɹ1) ɹ2) 
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ʀʥʪʝʨʤʝʪʘʣʣʠʯʝʩʢʦʝ ʩʦʝʜʠʥʝʥʠʝ Nd2Fe14B ʠʤʝʝʪ ʪʝʪʨʘʛʦʥʘʣʴʥʫʶ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʨʝʰʝʪʢʫ, ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʛʨʫʧʧʘ ʩʠʤʤʝʪʨʠʠ P42/mnm (L44L24P||PṶC). 

ʕʣʝʤʝʥʪʘʨʥʘʷ ʷʯʝʡʢʘ ʩ ʧʘʨʘʤʝʪʨʘʤʠ: a = b = 8,79 , ʩ = 12,18 , Ŭ = ɓ = ɔ = 90Á ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʥʘ ʨʠʩʫʥʢʝ 1.2. ʂʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ ʧʦʟʠʮʠʠ ʜʘʥʥʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʳ 

ʩʠʤʤʝʪʨʠʠ ʜʣʷ ʘʪʦʤʦʚ Nd (ʧʦʟʠʮʠʠ ɺʘʡʢʦʬʬʘ) ï 4f (0.357, 0.357, 0), 4g (0.770, 0.230, 0); 

ʜʣʷ ʘʪʦʤʦʚ Fe ï 4c (πȟ
ς
ȟ π), 8j1 (0.098, 0.098, 0.294), 16k1 (0.567, 0.225, 0.374), 4e (0, 0, 0.116), 

8j2 (0.318, 0.318, 0.225), 16k2 (0.124, 0.124, 0); ʜʣʷ ʘʪʦʤʦʚ B ï 4f (0.124, 0.124, 0) [8].  

ʄʘʛʥʠʪʥʘʷ ʩʪʨʫʢʪʫʨʘ ʩʦʝʜʠʥʝʥʠʷ Nd2Fe14B ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘʣʠʯʠʝʤ ʜʚʫʭ 

ʤʘʛʥʠʪʥʳʭ ʧʦʜʨʝʰʝʪʦʢ: ʧʦʜʨʝʰʝʪʢʠ ʘʪʦʤʦʚ Nd ʠ ʧʦʜʨʝʰʝʪʢʠ ʘʪʦʤʦʚ Fe. ɸʥʘʣʦʛʠʯʥʦ Sm-

Co, ʦʨʠʝʥʪʘʮʠʷ ʩʧʠʥʦʚʳʭ ʤʦʤʝʥʪʦʚ ʘʪʦʤʦʚ Nd ʠ Fe ʘʥʪʠʧʘʨʘʣʣʝʣʴʥʘ, ʧʦʵʪʦʤʫ 

ʨʝʟʫʣʴʪʠʨʫʶʱʝʝ ʟʥʘʯʝʥʠʝ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʩʢʣʘʜʳʚʘʝʪʩʷ ʠʟ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʟʥʘʯʝʥʠʡ 

ʢʘʞʜʦʡ ʠʟ ʧʦʜʨʝʰʝʪʦʢ. ʅʘʤʘʛʥʠʯʝʥʥʦʩʪʴ ʥʘʩʳʱʝʥʠʷ ʩʦʝʜʠʥʝʥʠʷ Nd2Fe14B „ ρφυ ̱Ͻ

̍ Ͻ̋  ̄ (Ὅ ρȟςψ ̇ Ͻ̱̍ ). ʊʝʤʧʝʨʘʪʫʨʘ ʂʶʨʠ Ὕ υψψ ̠. ʀʥʪʝʨʤʝʪʘʣʣʠʯʝʩʢʦʝ 

  

    

ʈʠʩʫʥʦʢ 1.2 ï ʕʣʝʤʝʥʪʘʨʥʘʷ ʷʯʝʡʢʘ ʠʥʪʝʨʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʩʦʝʜʠʥʝʥʠʷ Nd2Fe14B (ɸ1-

ɸ2), ʚʠʜ ʩʥʠʟʫ (ɹ1-ɹ2).  

ʆʙʦʟʥʘʯʝʥʠʷ:  - ʘʪʦʤʳ Nd,   - ʘʪʦʤʳ Fe, - ʘʪʦʤʳ B. 

 

ɸ1) ɸ2) 

ɹ2) ɹ1) 
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ʩʦʝʜʠʥʝʥʠʝ Nd2Fe14B ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʤʘʛʥʠʪʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʘʥʠʟʦʪʨʦʧʠʝʡ ʪʠʧʘ 

çʣʝʛʢʘʷ ʦʩʴè ( Ὅᴆ || ʦʩʠ c), ʢʦʥʩʪʘʥʪʘ ʘʥʠʟʦʪʨʦʧʠʠ ὑ τȟω ̇ˑ Ͻ̇̍  (ὑ ρȟρ ̇ˑ Ͻ̇

̍ , ὑ σȟψ ̇ˑ Ͻ̇̍ ); ʚʝʣʠʯʠʥʘ ʧʦʣʷ ʘʥʠʟʦʪʨʦʧʠʠ, ʚʥʝʰʥʝʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, 

ʥʝʦʙʭʦʜʠʤʦʛʦ ʜʣʷ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ ʜʦ ʥʘʩʳʱʝʥʠʷ ʦʙʨʘʟʮʘ ʠʟ ʤʘʪʝʨʠʘʣʘ Nd2Fe14B ʚʜʦʣʴ 

ʪʨʫʜʥʦʡ ʦʩʠ (Ὅᴆ  ʦʩʠ c), ‘Ὄ χȟχ Ὕ̌  [14-18].  

ɺʧʝʨʚʳʝ ʟʥʘʯʝʥʠʝ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʧʨʦʠʟʚʝʜʝʥʠʷ  ὄὌ̍́̋̒

ττπ ̋ˑϽ̇̍  ʙʳʣʦ ʜʦʩʪʠʛʥʫʪʦ ʚ ʤʘʛʥʠʪʘʭ Nd-Fe-B. ʆʜʥʘʢʦ, ʜʘʥʥʦʝ ʟʥʘʯʝʥʠʝ ʤʦʞʝʪ 

ʙʳʪʴ ʫʚʝʣʠʯʝʥʦ, ʩʦʛʣʘʩʥʦ ʪʝʦʨʝʪʠʯʝʩʢʠʤ ʦʮʝʥʢʘʤ, ʜʦ  ὄὌ̍ ́̋̒υρς ̋ˑϽ̇̍ . 

ʊʝʭʥʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʧʦʩʪʦʷʥʥʳʭ ʤʘʛʥʠʪʦʚ ʥʘ ʦʩʥʦʚʝ Nd-Fe-B: ʦʩʪʘʪʦʯʥʘʷ 

ʠʥʜʫʢʮʠʠ  ὄ πȟψ ρȟς Ὕ̌, ʢʦʵʨʮʠʪʠʚʥʘʷ ʩʠʣʘ ʧʦ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ Ὄ τππ

ρυππ ̋ Ͻ̱̍ , ʧʦ ʠʥʜʫʢʮʠʠ Ὄ τππρσππ ̋ Ͻ̱̍ , ʪʝʤʧʝʨʘʪʫʨʳ ʂʶʨʠ  Ὕ τςπ ̠. 

ʂ ʥʝʜʦʩʪʘʪʢʘʤ Nd-Fe-B-ʤʘʛʥʠʪʦʚ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʚʳʩʦʢʫʶ ʨʘʙʦʯʫʶ 

ʪʝʤʧʝʨʘʪʫʨʫ (ʜʦ 150Áʉ), ʥʝʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʘʛʨʝʩʩʠʚʥʳʤ ʨʘʟʨʫʰʘʶʱʠʤ ʩʨʝʜʘʤ, ʧʦʵʪʦʤʫ 

ʧʦʚʝʨʭʥʦʩʪʴ ʛʦʪʦʚʳʭ ʤʘʛʥʠʪʦʚ ʧʦʢʨʳʚʘʝʪʩʷ ʮʠʥʢʦʤ, ʤʝʜʴʶ, ʥʠʢʝʣʝʤ. 

1.3.  ɼʦʤʝʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʬʝʨʨʦʤʘʛʥʝʪʠʢʦʚ: ʧʦʥʷʪʠʝ, ʧʨʠʯʠʥʘ ʦʙʨʘʟʦʚʘʥʠʷ ʚ 

ʤʘʛʥʝʪʠʢʘʭ 

ʆʙʱʝʧʨʠʥʷʪʦ ʧʦʜ ʪʝʨʤʠʥʦʤ ʤʘʛʥʠʪʥʘʷ ʜʦʤʝʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʧʦʥʠʤʘʪʴ 

ʤʠʢʨʦʤʘʛʥʠʪʥʫʶ ʩʪʨʫʢʪʫʨʫ ʩ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʤʘʛʥʠʪʥʳʭ ʤʦʤʝʥʪʦʚ ʚ 

ʦʙʲʸʤʝ ʦʙʨʘʟʮʘ. ʌʦʨʤʘ ʜʦʤʝʥʦʚ, ʠʭ ʨʘʟʤʝʨ, ʚʟʘʠʤʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʜʦʤʝʥʦʚ ʠ ʜʦʤʝʥʥʳʭ 

ʛʨʘʥʠʮ (ʩʪʝʥʦʢ) ð ʚʩʝ ʵʪʦ ʚʭʦʜʠʪ ʚ ʧʦʥʷʪʠʝ çʜʦʤʝʥʥʘʷ ʩʪʨʫʢʪʫʨʘè (ɼʉ) ʤʘʛʥʝʪʠʢʘ [19].  

ʌʝʨʨʦʤʘʛʥʠʪʥʳʡ ʜʦʤʝʥ ï ʥʝʙʦʣʴʰʘʷ, ʥʦ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʘʷ ʦʙʣʘʩʪʴ ʩʧʦʥʪʘʥʥʦʡ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ, ʚʥʫʪʨʠ ʢʦʪʦʨʦʡ ʤʘʛʥʠʪʥʳʝ ʤʦʤʝʥʪʳ ʘʪʦʤʦʚ ʥʘʧʨʘʚʣʝʥʳ ʧʘʨʘʣʣʝʣʴʥʦ 

ʜʨʫʛ ʜʨʫʛʫ, ʙʣʘʛʦʜʘʨʷ ʥʘʣʠʯʠʶ ʦʩʦʙʦʡ ʬʦʨʤʳ ʢʫʣʦʥʦʚʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ï ʦʙʤʝʥʥʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ɼʦʤʝʥʥʘʷ ʛʨʘʥʠʮʘ (ʩʪʝʥʢʘ) - ʩʣʦʡ ʩ ʥʝʧʘʨʘʣʣʝʣʴʥʳʤʠ ʤʘʛʥʠʪʥʳʤʠ 

ʤʦʤʝʥʪʘʤʠ, ʢʦʪʦʨʳʝ ʨʘʟʜʝʣʷʶʪ ʜʦʤʝʥʳ ʩ ʨʘʟʣʠʯʥʦʡ ʦʨʠʝʥʪʘʮʠʝʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ.  

 ɺʧʝʨʚʳʝ ʠʜʝʷ ʦ ʩʫʱʝʩʪʚʦʚʘʥʠʠ ʚʥʫʪʨʠ ʬʝʨʨʦʤʘʛʥʠʪʥʦʛʦ ʪʝʣʘ ʦʩʦʙʦʛʦ 

çʤʦʣʝʢʫʣʷʨʥʦʛʦ ʧʦʣʷè ʙʳʣʘ ʚʳʩʢʘʟʘʥʘ ʚ 1892 ʛ. ʨʫʩʩʢʠʤ ʬʠʟʠʢʦʤ ɹ. ʃ. ʈʦʟʠʥʛʦʤ, 

ʢʦʪʦʨʳʡ ʥʘʟʳʚʘʣ ʵʪʦ ʧʦʣʝ çʯʘʩʪʠʯʥʦʡ ʤʘʛʥʠʪʥʦʡ ʩʠʣʦʡè, ʚʳʟʳʚʘʝʤʦʡ çʤʘʛʥʠʪʥʳʤ 

ʜʚʠʞʝʥʠʝʤè [20]. ʇʝʨʚʘʷ ʢʦʣʠʯʝʩʪʚʝʥʥʘʷ ʪʝʦʨʠʷ, ʦʧʠʩʳʚʘʚʰʘʷ ʩʚʦʡʩʪʚʘ 

ʬʝʨʨʦʤʘʛʥʝʪʠʢʦʚ, ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ɺʝʡʩʩʦʤ ʚ 1907 ʛʦʜʫ [21]. ʆʥ ʚʳʜʚʠʥʫʣ ʜʚʝ ʛʠʧʦʪʝʟʳ: 



17 

 
1) ʚ ʬʝʨʨʦʤʘʛʥʝʪʠʢʘʭ ʩʫʱʝʩʪʚʫʝʪ ʚʥʫʪʨʝʥʥʝʝ ʤʘʛʥʠʪʥʦ-ʤʦʣʝʢʫʣʷʨʥʦʝ ʧʦʣʝ, ʢʦʪʦʨʦʝ 

ʫʧʦʨʷʜʦʯʠʚʘʝʪ ʵʣʝʤʝʥʪʘʨʥʳʝ ʤʘʛʥʠʪʥʳʝ ʤʦʤʝʥʪʳ ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ  π Ὕ

Ὕ  , ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ, ʚ ʦʪʩʫʪʩʪʚʠʝ ʚʥʝʰʥʝʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ ʬʝʨʨʦʤʘʛʥʝʪʠʢʘʭ 

ʚʦʟʥʠʢʘʝʪ ʩʧʦʥʪʘʥʥʘʷ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ Ὅᴆ, ʦʙʫʩʣʦʚʣʝʥʥʘʷ ʦʙʤʝʥʥʳʤ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ; 

2) ʚʩʷʢʠʡ ʬʝʨʨʦʤʘʛʥʝʪʠʢ ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ π Ὕ Ὕ ʨʘʟʙʠʚʘʝʪʩʷ ʥʘ 

ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʠʝ ʦʙʣʘʩʪʠ (ʤʘʛʥʠʪʥʳʝ ʜʦʤʝʥʳ), ʚ ʢʘʞʜʦʡ ʠʟ ʢʦʪʦʨʳʭ ʩʫʱʝʩʪʚʫʝʪ 

ʥʝʥʫʣʝʚʘʷ ʩʧʦʥʪʘʥʥʘʷ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ Ὅᴆ ʚ ʦʪʩʫʪʩʪʚʠʝ ʚʥʝʰʥʝʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʥʦ 

ʥʘʧʨʘʚʣʝʥʠʝ ʚʝʢʪʦʨʦʚ  Ὅᴆ  ʚ ʨʘʟʣʠʯʥʳʭ ʜʦʤʝʥʘʭ ʨʘʟʣʠʯʥʦ. 

ʇʦʟʜʥʝʝ ʚ 1919 ʛ.  ɻ.ɹʘʨʢʛʘʫʟʝʥ [22] ʦʙʥʘʨʫʞʠʣ, ʯʪʦ ʥʘʤʘʛʥʠʯʠʚʘʥʠʝ 

ʬʝʨʨʦʤʘʛʥʝʪʠʢʘ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʤʥʦʛʦʯʠʩʣʝʥʥʳʤʠ ʩʢʘʯʢʘʤʠ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ - ɻ ʬʬʝʢʪ, 

ʧʦʣʫʯʠʚʰʠʡ ʥʘʟʚʘʥʠʝ ʵʬʬʝʢʪʘ ɹʘʨʢʛʘʫʟʝʥʘ [23]. ɺ ʨʘʙʦʪʝ [24] ʉʠʢʩʪʫʩʫ ʠ ʊʦʥʢʩʫ ʫʜʘʣʦʩʴ 

ʧʦʣʫʯʠʪʴ ʢʨʫʧʥʳʝ ʤʘʛʥʠʪʥʳʝ ʜʦʤʝʥʳ, ʧʨʠʢʣʘʜʳʚʘʷ ʨʘʩʪʷʛʠʚʘʶʱʝʝ ʥʘʧʨʷʞʝʥʠʝ ʢ 

ʦʙʨʘʟʮʫ ʚ ʚʠʜʝ ʧʨʦʚʦʣʦʢʠ ʠʟ ʧʝʨʤʘʣʣʦʷ (ʞʝʣʝʟʦʥʠʢʝʣʝʚʦʛʦ ʩʧʣʘʚʘ). ʕʢʩʧʝʨʠʤʝʥʪʳ, 

ʚʳʧʦʣʥʝʥʥʳʝ ʧʦ ʠʭ ʤʝʪʦʜʠʢʝ, ʧʦʜʪʚʝʨʜʠʣʠ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʤʘʛʥʠʪʥʳʭ ʜʦʤʝʥʦʚ. 

ʈʝʘʣʠʟʦʚʘʪʴ ʧʦʧʳʪʢʫ ʫʚʠʜʝʪʴ ʜʦʤʝʥʥʫʶ ʩʪʨʫʢʪʫʨʫ ʩ ʧʦʤʦʱʴʶ ʤʠʢʨʦʩʢʦʧʘ ʧʦʧʨʦʙʦʚʘʣʠ 

ʧʝʨʚʳʤʠ, ʥʝʟʘʚʠʩʠʤʦ ʜʨʫʛ ʦʪ ʜʨʫʛʘ, ʚ 1932 ʛ. ʌ. ɹʠʪʪʝʨ ʠ ʪʘʥʜʝʤ ʍʘʤʦʩʘ ʠ ʊʠʩʩʝʥʘ. ɺ 

ʩʚʦʠʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ [25], [26] ʦʥʠ ʥʘʥʦʩʠʣʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʬʝʨʨʦʤʘʛʥʝʪʠʢʘ ʩʫʩʧʝʥʟʠʶ 

ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʤʝʣʢʠʭ ʚʟʚʝʰʝʥʥʳʭ ʬʝʨʨʦʤʘʛʥʠʪʥʳʭ ʯʘʩʪʠʮ, ʘ ʩ ʧʦʤʦʱʴʶ ʤʠʢʨʦʩʢʦʧʘ 

ʨʘʩʩʤʘʪʨʠʚʘʣʠ ʧʦʣʫʯʝʥʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʜʦʤʝʥʦʚ.  ʊʝʦʨʝʪʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ ʜʦʤʝʥʥʦʡ 

ʩʪʨʫʢʪʫʨʳ, ʧʨʠʯʠʥ ʝʸ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʚ ʤʘʛʥʠʪʥʦʤ ʤʘʪʝʨʠʘʣʝ ʚʧʝʨʚʳʝ ʧʨʝʜʩʪʘʚʠʣʠ ʚ 1935 

ʛʦʜʫ ʩʦʚʝʪʩʢʠʝ ʫʯʝʥʳʝ ʃ. ɼ. ʃʘʥʜʘʫ ʠ ɽ. ʄ. ʃʠʬʰʠʮ [27]. 

 ʇʝʨʚʳʝ ʨʘʩʯʸʪʳ ʜʦʤʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʩ ʫʯʸʪʦʤ ʤʘʛʥʠʪʦʩʪʘʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʙʳʣʠ 

ʧʨʦʚʝʜʝʥʳ ʅʝʝʣʝʤ ʚ 1944 ʛ. [28], ʢʦʪʦʨʳʝ ʙʳʣʠ ʧʦʜʪʚʝʨʞʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʤʠ 

ʋʠʣʴʷʤʩʘ, ɹʦʟʦʨʪʘ ʠ ʐʦʢʣʠ [29]. ʀʟ-ʟʘ ʥʝʜʦʩʪʘʪʢʘ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ, 

ʥʝʚʦʟʤʦʞʥʦʩʪʠ ʨʝʰʝʥʠʷ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʟʘʜʘʯʠ ʦ ʜʦʤʝʥʥʦʡ ʩʪʨʫʢʪʫʨʝ ʚ ʦʙʱʝʤ ʚʠʜʝ 

ʚʳʩʦʢʠʤʠ ʪʝʤʧʘʤʠ ʨʘʟʚʠʚʘʣʠʩʴ ʪʝʭʥʦʣʦʛʠʠ ʠ ʤʝʪʦʜʠʢʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ɼʉ ʤʘʛʥʝʪʠʢʦʚ.  

 ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʢ ʦʩʥʦʚʥʳʤ ʤʝʪʦʜʘʤ ʥʘʙʣʶʜʝʥʠʷ ʜʦʤʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʤʦʞʥʦ 

ʦʪʥʝʩʪʠ: 

1. ʄʝʪʦʜ ɸʢʫʣʦʚʘ-ɹʠʪʪʝʨʘ (ʤʝʪʦʜ ʧʦʨʦʰʢʦʚʳʭ ʬʠʛʫʨ), ʪʝʭʥʠʢʘ ʢʦʪʦʨʦʛʦ ʟʘʢʣʶʯʘʝʪʩʷ 

ʚ ʥʘʥʝʩʝʥʠʠ ʪʦʥʢʦʛʦ ʩʣʦʷ ʢʦʣʣʦʠʜʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʰʣʠʬʘ. ʌʝʨʨʦʤʘʛʥʠʪʥʳʝ ʯʘʩʪʠʮʳ 
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ʩʦʙʠʨʘʶʪʩʷ ʥʘʜ ʜʦʤʝʥʥʳʤʠ ʛʨʘʥʠʮʘʤʠ, ʧʦʪʦʤʫ ʯʪʦ ʠʤʝʥʥʦ ʪʘʤ ʥʘʙʣʶʜʘʝʪʩʷ ʥʘʠʙʦʣʴʰʠʡ 

ʛʨʘʜʠʝʥʪ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ɼʘʥʥʳʡ ʤʝʪʦʜ ʷʚʣʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ, 

ʧʦʩʢʦʣʴʢʫ ʤʦʞʥʦ ʠʩʩʣʝʜʦʚʘʪʴ ʣʶʙʳʝ ʦʙʨʘʟʮʳ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʦʨʠʝʥʪʘʮʠʠ ʧʦʚʝʨʭʥʦʩʪʠ 

ʰʣʠʬʘ, ʝʛʦ ʢʘʯʝʩʪʚʘ ʠ ʪʠʧʘ ʘʥʠʟʦʪʨʦʧʠʠ. ʆʜʥʘʢʦ ʩʫʱʝʩʪʚʝʥʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʷʚʣʷʝʪʩʷ ʪʦ, 

ʯʪʦ ʥʝʣʴʟʷ ʧʨʷʤʦ ʦʧʨʝʜʝʣʠʪʴ ʥʘʧʨʘʚʣʝʥʠʝ ʚʝʢʪʦʨʘ ʩʧʦʥʪʘʥʥʦʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ  Ὅᴆ  ʚ 

ʜʦʤʝʥʝ. 

2. ʄʘʛʥʠʪʦʦʧʪʠʯʝʩʢʠʡ ʤʝʪʦʜ ʥʘʙʣʶʜʝʥʠʷ ʜʦʤʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ 

ʵʬʬʝʢʪʝ ʂʝʨʨʘ. ʆʥ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʠʟʦʙʨʘʞʝʥʠʡ ɼʉ. ɽʛʦ 

ʩʫʪʴ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ, ʝʩʣʠ ʣʠʥʝʡʥʦ ʧʦʣʷʨʠʟʦʚʘʥʥʳʡ ʣʫʯ ʩʚʝʪʘ ʧʘʜʘʝʪ ʥʘ 

ʬʝʨʨʦʤʘʛʥʝʪʠʢ, ʦʙʣʘʜʘʶʱʠʡ ʥʝʢʦʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴʶ, ʧʣʦʩʢʦʩʪʴ ʧʦʣʷʨʠʟʘʮʠʠ 

ʦʪʨʘʞʝʥʥʦʛʦ ʣʫʯʘ ʧʦʚʦʨʘʯʠʚʘʝʪʩʷ ʥʘ ʫʛʦʣ, ʟʘʚʠʩʷʱʠʡ ʦʪ ʥʘʧʨʘʚʣʝʥʠʷ ʠ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳʡ ʚʝʣʠʯʠʥʝ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ  Ὅᴆ  ʜʦʤʝʥʘ. 

3. ʆʧʪʠʯʝʩʢʠʡ ʤʝʪʦʜ ʥʘ ʦʩʥʦʚʝ ʵʬʬʝʢʪʘ ʌʘʨʘʜʝʷ. ʕʪʦʪ ʤʝʪʦʜ ʥʝʢʠʡ ʘʥʘʣʦʛ 

ʧʨʝʜʳʜʫʱʝʛʦ, ʧʦʩʢʦʣʴʢʫ ʪʘʢʞʝ ʩʚʷʟʘʥ ʩ ʧʦʚʦʨʦʪʦʤ ʧʣʦʩʢʦʩʪʠ ʧʦʣʷʨʠʟʘʮʠʠ ʩʚʝʪʘ, ʥʦ ʧʨʠ 

ʧʨʦʭʦʞʜʝʥʠʠ ʩʚʝʪʘ ʯʝʨʝʟ ʬʝʨʨʦʤʘʛʥʠʪʥʫʶ ʩʨʝʜʫ. ʋʛʦʣ ʧʦʚʦʨʦʪʘ ʟʘʚʠʩʠʪ ʦʪ ʚʝʣʠʯʠʥʳ ʠ 

ʥʘʧʨʘʚʣʝʥʠʷ ʚʝʢʪʦʨʘ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ  Ὅᴆ, ʦʧʪʠʯʝʩʢʦʡ ʜʣʠʥʳ ʧʫʪʠ ʠ ʜʣʠʥʳ ʚʦʣʥʳ 

ʧʘʜʘʶʱʝʛʦ ʩʚʝʪʘ. ʅʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʘʢʠʤ ʩʧʦʩʦʙʦʤ ʤʦʛʫʪ ʙʳʪʴ ʧʨʦʚʝʜʝʥʳ ʪʦʣʴʢʦ ʜʣʷ 

ʧʨʦʟʨʘʯʥʳʭ ʤʘʛʥʝʪʠʢʦʚ. ʏʘʱʝ ʚʩʝʛʦ ʦʥ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩ ʧʣʸʥʢʘʤʠ 

ʬʝʨʨʠʪʦʚ-ʛʨʘʥʘʪʦʚ ï R3Fe5O12. 

4. ʅʝʡʪʨʦʥʦʛʨʘʬʠʷ ʦʪʥʦʩʠʪʩʷ ʢ ʜʠʬʨʘʢʮʠʦʥʥʳʤ ʤʝʪʦʜʘʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʳ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ. ʇʦ ʢʘʨʪʠʥʘʤ ʜʠʬʨʘʢʮʠʠ ʪʝʧʣʦʚʳʭ ʥʝʡʪʨʦʥʦʚ (ʥʝʡʪʨʦʥ ʠʤʝʝʪ 

ʤʘʛʥʠʪʥʳʡ ʤʦʤʝʥʪ) ʥʘ ʢʨʠʩʪʘʣʣʘʭ ʬʝʨʨʦʤʘʛʥʝʪʠʢʦʚ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʤʘʛʥʠʪʥʳʭ ʤʦʤʝʥʪʦʚ, ʘ ʪʘʢʞʝ ʠʩʩʣʝʜʦʚʘʪʴ ʜʦʤʝʥʥʫʶ ʩʪʨʫʢʪʫʨʫ. 

5. ʄʝʪʦʜ ʣʦʨʝʥʮʦʚʩʢʦʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ. ɼʘʥʥʳʡ ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ 

ʥʘʙʣʶʜʘʪʴ ɼʉ ʪʦʥʢʠʭ ʤʘʛʥʠʪʥʳʭ ʧʣʸʥʦʢ ʩ ʧʦʤʦʱʴʶ ʵʣʝʢʪʨʦʥʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ. 

ʕʣʝʢʪʨʦʥʥʳʡ ʧʫʯʦʢ, ʧʨʦʭʦʜʷ ʯʝʨʝʟ ʧʣʸʥʢʫ, ʧʦʜ ʚʣʠʷʥʠʝʤ ʩʠʣʳ ʃʦʨʝʥʮʘ ʦʪʢʣʦʥʷʝʪʩʷ ʚ 

ʨʘʟʥʳʭ ʜʦʤʝʥʘʭ ʥʘ ʨʘʟʣʠʯʥʳʝ ʫʛʣʳ. ɺ ʬʦʢʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʧʨʦʝʢʮʠʦʥʥʦʡ ʵʣʝʢʪʨʦʥʥʦʡ 

ʣʠʥʟʳ ʧʦʷʚʣʷʝʪʩʷ ʠʟʦʙʨʘʞʝʥʠʝ ʜʦʤʝʥʥʳʭ ʩʪʝʥʦʢ ʚ ʚʠʜʝ ʯʸʨʥʳʭ ʠʣʠ ʩʚʝʪʣʳʭ ʣʠʥʠʡ [23]. 

ʆʛʨʘʥʠʯʝʥʠʝʤ ʤʝʪʦʜʘ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʠʩʩʣʝʜʫʝʤʳʝ ʦʙʨʘʟʮʳ ʜʦʣʞʥʳ ʠʤʝʪʴ ʥʝʙʦʣʴʰʫʶ 

ʪʦʣʱʠʥʫ, ʯʪʦʙʳ ʩʢʚʦʟʴ ʥʠʭ ʤʦʛ ʧʨʦʭʦʜʠʪʴ ʵʣʝʢʪʨʦʥʥʳʡ ʧʫʯʦʢ. 



19 

 
 ʅʘ ʨʠʩʫʥʢʝ 1.3 ʧʨʝʜʩʪʘʚʣʝʥʳ ʠʟʦʙʨʘʞʝʥʠʷ, ʧʦʣʫʯʝʥʥʳʝ ʨʘʟʣʠʯʥʳʤʠ ʤʝʪʦʜʘʤʠ 

ʥʘʙʣʶʜʝʥʠʷ ʜʦʤʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ.    

 

 

ʈʠʩʫʥʦʢ 1.3 - ʘ) ʇʨʦʩʪʘʷ ʜʦʤʝʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʚ ʤʦʥʦʢʨʠʩʪʘʣʣʝ Si-Fe. ʀʟʦʙʨʘʞʝʥʠʝ 

ʧʦʣʫʯʝʥʦ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʤʘʛʥʠʪʥʳʭ ʧʦʨʦʰʢʦʚʳʭ ʩʪʨʫʢʪʫʨ. ʙ) ɼʦʤʝʥʥʘʷ ʩʪʨʫʢʪʫʨʘ 

ʤʘʩʩʠʚʥʦʛʦ ʤʘʛʥʠʪʦʦʜʥʦʦʩʥʦʛʦ ʢʨʠʩʪʘʣʣʘ ʥʘ ʧʣʦʩʢʦʩʪʠ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʡ ʆʃʅ, 

ʚʳʷʚʣʝʥʥʦʡ ʩ ʧʦʤʦʱʴʶ ʵʬʬʝʢʪʘ ʂʝʨʨʘ [19]. ʚ) ʜʦʤʝʥʥʳʝ ʛʨʘʥʠʮʳ ʨʘʟʣʠʯʥʦʛʦ ʪʠʧʘ, 

ʚʳʷʚʣʷʝʤʳʝ ʩ ʧʦʤʦʱʴʶ ʃʦʨʝʥʮʝʚʩʢʦʡ ʤʠʢʨʦʩʢʦʧʠʠ [30]. 

 

ɺʳʩʦʢʠʡ ʪʝʤʧ ʨʘʟʚʠʪʠʷ ʪʝʭʥʦʣʦʛʠʡ ʠ ʤʝʪʦʜʠʢ ʠʩʩʣʝʜʦʚʘʥʠʷ ɼʉ ʤʘʛʥʝʪʠʢʦʚ (ʤʝʪʦʜ 

ʧʦʨʦʰʢʦʚʳʭ ʬʠʛʫʨ, ʤʘʛʥʠʪʦʦʧʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʥʘ ʦʩʥʦʚʝ ʵʬʬʝʢʪʦʚ ʂʝʨʨʘ ʠ ʌʘʨʘʜʝʷ, 

ʥʝʡʪʨʦʥʦʛʨʘʬʠʷ, ʤʝʪʦʜ ʣʦʨʝʥʮʦʚʩʢʦʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ) ʧʦʟʚʦʣʠʣ ʧʦʣʫʯʠʪʴ 

ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ, ʧʦʜʪʚʝʨʞʜʘʶʱʠʭ ʛʠʧʦʪʝʟʳ ɺʝʡʩʩʘ. 

ʆʜʥʘʢʦ ʠʟ-ʟʘ ʥʝʜʦʩʪʘʪʢʘ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ ʥʘʡʪʠ ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʚʳʨʘʞʝʥʠʝ ʜʣʷ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʝʢʪʦʨʦʚ ʩʧʦʥʪʘʥʥʦʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ  Ὅᴆ ʚ ʦʙʱʝʤ ʚʠʜʝ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ 

ʥʝʚʦʟʤʦʞʥʦ.  

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʟʘʜʘʯʠ ʦ ʨʘʟʤʝʨʘʭ ʠ ʬʦʨʤʝ ʜʦʤʝʥʦʚ, ʦ ʩʪʨʫʢʪʫʨʝ 

ʜʦʤʝʥʥʳʭ ʛʨʘʥʠʮ, ʦ ʚʣʠʷʥʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʜʨʫʛʠʭ ʬʘʢʪʦʨʦʚ ʥʘ 

ʜʦʤʝʥʥʫʶ ʩʪʨʫʢʪʫʨʫ ʤʦʞʥʦ ʨʝʰʠʪʴ ʯʠʩʪʦ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠ, ʦʩʥʦʚʳʚʘʷʩʴ ʥʘ ʵʥʝʨʛʠʷʭ, 

ʩʚʷʟʘʥʥʳʭ ʩ ʨʘʟʣʠʯʥʳʤʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤʠ ʚ ʬʝʨʨʦʤʘʛʥʝʪʠʢʝ.  ɺ 1935 ʛʦʜʫ ʃ.ɼ. ʃʘʥʜʘʫ 

ʠ ɽ.ʄ. ʃʠʬʰʠʮ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʢʦʥʢʫʨʝʥʮʠʷ ʤʝʞʜʫ ʚʢʣʘʜʘʤʠ ʚ ʧʦʣʥʫʶ ʵʥʝʨʛʠʶ 

ʬʝʨʨʦʤʘʛʥʠʪʥʦʛʦ ʦʙʨʘʟʮʘ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʜʦʤʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ [27].  ɼʣʷ 

ʨʘʚʥʦʚʝʩʥʦʡ ʤʘʛʥʠʪʥʦʡ ʩʪʨʫʢʪʫʨʳ ʚʳʧʦʣʥʷʝʪʩʷ ʫʩʣʦʚʠʝ ʤʠʥʠʤʫʤʘ ʧʦʣʥʦʡ ʵʥʝʨʛʠʠ 

ʦʙʨʘʟʮʘ ʚ ʮʝʣʦʤ, ʫʯʠʪʳʚʘʷ ʪʘʢʞʝ ʝʛʦ ʬʦʨʤʫ ʠ ʨʘʟʤʝʨʳ.  

 

 



20 

 
 ʇʦʣʥʘʷ ʵʥʝʨʛʠʷ Ὁ ʠʩʩʣʝʜʫʝʤʦʛʦ ʬʝʨʨʦʤʘʛʥʝʪʠʢʘ ʩʢʣʘʜʳʚʘʝʪʩʷ ʠʟ: 

1. ʆʙʤʝʥʥʦʡ ʵʥʝʨʛʠʠ Ὁ̏ ̂ ̍ï ʵʥʝʨʛʠʠ ʢʚʘʥʪʦʚʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʩʧʠʥʦʚʳʤʠ 

ʤʘʛʥʠʪʥʳʤʠ ʤʦʤʝʥʪʘʤʠ ʩʦʩʝʜʥʠʭ ʘʪʦʤʦʚ, ʷʚʣʷʶʱʝʡʩʷ ʧʨʠʯʠʥʦʡ ʦʙʨʘʟʦʚʘʥʠʷ 

ʩʧʦʥʪʘʥʥʦʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ  Ὅᴆ.  

ɺʳʨʘʞʝʥʠʝ ʜʣʷ ʥʘʭʦʞʜʝʥʠʷ ʦʙʤʝʥʥʦʡ ʵʥʝʨʛʠʠ: 

                                             Ὁ̏ ̂̍ ςὐВ ὛᴆϽὛᴆ                                                 (1) 

ὐ ï ʦʙʤʝʥʥʳʡ ʠʥʪʝʛʨʘʣ, ʚʝʣʠʯʠʥʘ ʢʦʪʦʨʦʛʦ ʟʘʚʠʩʠʪ ʦʪ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʘʪʦʤʘʤʠ i ʠ j, 

Ὓᴆ , Ὓᴆ ï ʩʧʠʥʦʚʳʝ ʤʘʛʥʠʪʥʳʝ ʤʦʤʝʥʪʳ ʘʪʦʤʦʚ i ʠ j. ɼʣʷ ʦʮʝʥʢʠ ʧʣʦʪʥʦʩʪʠ ʦʙʤʝʥʥʦʡ 

ʵʥʝʨʛʠʠ ʩʦʩʝʜʥʠʭ ʩʧʠʥʦʚʳʭ ʤʦʤʝʥʪʦʚ Ὓ ʚ ʨʝʰʸʪʢʝ, ʢʦʛʜʘ ʫʛʦʣ ű ʤʝʞʜʫ ʥʠʤʠ ʜʦʩʪʘʪʦʯʥʦ 

ʤʘʣ: 

                                               ̏̂ ̍  ςὐὛὧέί•                                                      (2)   

ɼʣʷ ʧʨʠʤʝʨʘ: ʦʙʲʸʤʥʘʷ ʧʣʦʪʥʦʩʪʴ ʵʥʝʨʛʠʠ ʢʫʙʠʯʝʩʢʦʛʦ ʢʨʠʩʪʘʣʣʘ ʧʨʠ ʫʩʣʦʚʠʠ ʨʘʚʝʥʩʪʚʘ 

ʩʧʠʥʦʚ ʙʫʜʝʪ ʨʘʚʥʘ: 

                                 Ὁ̏ ̂̍ ὃ ᶯθ ᶯθ ᶯθ ,                             (3)   

ʛʜʝ -ɳ ʛʨʘʜʠʝʥʪ,  θ- ʥʘʧʨʘʚʣʷʶʱʠʡ ʢʦʩʠʥʫʩ ʩʧʠʥʘ Ὓ, ὃ - ʦʙʤʝʥʥʳʡ ʧʘʨʘʤʝʪʨ, ʟʘʚʠʩʷʱʠʡ 

ʦʪ ʪʠʧʘ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʸʪʢʠ. 

ɺ ʬʝʨʨʦʤʘʛʥʝʪʠʢʘʭ ʵʪʘ ʵʥʝʨʛʠʷ ʤʠʥʠʤʘʣʴʥʘ, ʢʦʛʜʘ ʚʩʝ ʤʘʛʥʠʪʥʳʝ ʤʦʤʝʥʪʳ ʘʪʦʤʦʚ 

ʧʘʨʘʣʣʝʣʴʥʳ ʜʨʫʛ ʜʨʫʛʫ. 

2. ʕʥʝʨʛʠʠ ʤʘʛʥʠʪʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʘʥʠʟʦʪʨʦʧʠʠ (ʄʂɸ) Ὁ ï ʵʥʝʨʛʠʷ, ʟʘʚʠʩʷʱʘʷ ʦʪ 

ʥʘʧʨʘʚʣʝʥʠʷ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ ʣʝʛʢʦʛʦ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ. ɺ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʦʙʨʘʟʮʘʭ ʩʫʱʝʩʪʚʫʶʪ ʦʩʠ ʣʝʛʢʦʛʦ ʠ ʪʨʫʜʥʦʛʦ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ (ʆʃʅ ʠ 

ʆʊʅ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). ɺʝʢʪʦʨ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ Ὅᴆ ʩʪʨʝʤʠʪʩʷ ʩʦʨʠʝʥʪʠʨʦʚʘʪʴʩʷ ʚʜʦʣʴ 

ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʆʃʅ, ʧʦʩʢʦʣʴʢʫ ʜʣʷ 

ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ ʢʨʠʩʪʘʣʣʘ ʚʜʦʣʴ ʜʨʫʛʠʭ ʥʘʧʨʘʚʣʝʥʠʡ ʧʦʪʨʝʙʫʝʪʩʷ ʧʨʠʣʦʞʠʪʴ ʙʦʣʝʝ 

ʩʠʣʴʥʳʝ ʤʘʛʥʠʪʥʳʝ ʧʦʣʷ.  ʅʘ ʨʠʩʫʥʢʝ 1.4 ʧʨʠʚʝʜʝʥʳ ʵʣʝʤʝʥʪʘʨʥʳʝ ʷʯʝʡʢʠ ʜʣʷ Fe, Ni ʠ 

Co ʩ ʫʢʘʟʘʥʠʝʤ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʭ ʥʘʧʨʘʚʣʝʥʠʡ ʠ ʢʨʠʚʳʝ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ 

ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʚʜʦʣʴ ʵʪʠʭ ʥʘʧʨʘʚʣʝʥʠʡ.  

ʕʥʝʨʛʠʷ ʄʂɸ ï ʵʪʦ ʨʘʙʦʪʘ ʚʥʝʰʥʝʛʦ ʧʦʣʷ, ʢʦʪʦʨʫʶ ʥʝʦʙʭʦʜʠʤʦ ʟʘʪʨʘʪʠʪʴ ʜʣʷ 

ʧʦʚʦʨʦʪʘ ʚʝʢʪʦʨʘ ʩʧʦʥʪʘʥʥʦʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ  Ὅᴆ  ʠʟ ʧʦʣʦʞʝʥʠʷ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ 

ʆʃʅ, ʚ ʧʦʣʦʞʝʥʠʝ, ʧʘʨʘʣʣʝʣʴʥʦʝ ʥʘʧʨʘʚʣʝʥʠʶ ʚʥʝʰʥʝʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ɺ ʦʙʱʝʤ ʚʠʜʝ 

ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʵʪʦʡ ʵʥʝʨʛʠʠ ʟʘʧʠʩʳʚʘʝʪʩʷ ʚ ʚʠʜʝ: 
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                                             Ὁ  ὑ ȟ ȟ ᶿ ᶿ ᶿ                                                (4)  

ʛʜʝ ὑ ȟ ȟ - ʢʦʥʩʪʘʥʪʳ ʄʂɸ, ᶿ ȟθ ȟθ  ï ʥʘʧʨʘʚʣʷʶʱʠʝ ʢʦʩʠʥʫʩʳ ʚʝʢʪʦʨʘ 

ʩʧʦʥʪʘʥʥʦʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ  Ὅᴆ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʝʡ ʜʝʢʘʨʪʦʚʦʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ. 

 

ʈʠʩʫʥʦʢ 1.4 - ʂʨʠʚʳʝ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʞʝʣʝʟʘ (Fe), ʥʠʢʝʣʷ (Ni), 

ʢʦʙʘʣʴʪʘ (Co) ʚʜʦʣʴ ʛʣʘʚʥʳʭ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʭ ʥʘʧʨʘʚʣʝʥʠʡ [31]. 

  

ɺʝʨʥʝʤʩʷ ʢ ʧʨʠʤʝʨʫ ʧʨʦ ʢʫʙʠʯʝʩʢʠʡ ʢʨʠʩʪʘʣʣ, ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʵʥʝʨʛʠʷ ʄʂɸ ʤʦʞʝʪ 

ʙʳʪʴ ʟʘʧʠʩʘʥʘ ʚ ʚʠʜʝ: 

Ὁ  ὑ  ὑ ᶿ θ ᶿ ᶿ ᶿ θ  

                      ὑ ᶿ θ ᶿ ὑ ᶿ  θ ᶿ  θ ᶿ  θ Ễ                           (5) 

 ὑȟὑȟὑȟὑ  ʢʦʥʩʪʘʥʪʳ ʄʂɸ, ᶿȟθ ȟθ  ï ʥʘʧʨʘʚʣʷʶʱʠʝ ʢʦʩʠʥʫʩʳ ʚʝʢʪʦʨʘ 

ʩʧʦʥʪʘʥʥʦʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ Ὅᴆ, ʩʫʤʤʘ ʢʚʘʜʨʘʪʦʚ ʢʦʪʦʨʳʭ ʨʘʚʥʘ ʝʜʠʥʠʮʝ: 

                                                      ᶿ ᶿ ᶿ ρ                                                           (6) 

ʄʠʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʵʥʝʨʛʠʠ ʤʘʛʥʠʪʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʘʥʠʟʦʪʨʦʧʠʠ ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ 

ʦʨʠʝʥʪʘʮʠʠ ʚʝʢʪʦʨʘ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʚʜʦʣʴ ʦʩʠ ʣʝʛʢʦʛʦ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ. 

3. ʄʘʛʥʠʪʦʩʪʘʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ Ὁ̍ ̒ ̓ï ɻ ʥʝʨʛʠʠ ʧʦʣʝʡ ʨʘʩʩʝʷʥʠʷ. ʆʙʲʸʤʥʘʷ ʧʣʦʪʥʦʩʪʴ 

ʵʥʝʨʛʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʬʝʨʨʦʤʘʛʥʝʪʠʢʘ ʩ ʩʦʙʩʪʚʝʥʥʳʤ ʨʘʟʤʘʛʥʠʯʠʚʘʶʱʠʤ ʧʦʣʝʤ 

ʨʘʚʥʘ: 

                                                   Ὁ̍ ̒̓ ὌᴆϽὍᴆ                                              (7) 
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 Ὄᴆ ï ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʩʦʙʩʪʚʝʥʥʦʛʦ ʨʘʟʤʘʛʥʠʯʠʚʘʶʱʝʛʦ ʧʦʣʷ, Ὅᴆ ï ʚʝʢʪʦʨ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ 

ʬʝʨʨʦʤʘʛʥʝʪʠʢʘ. ʉʦʩʪʦʷʥʠʝ ʦʜʥʦʨʦʜʥʦʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʤʦʞʝʪ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥʦ 

ʪʦʣʴʢʦ ʜʣʷ ʦʙʨʘʟʮʦʚ ʚ ʬʦʨʤʝ ʵʣʣʠʧʩʦʠʜʘ. ʅʘʧʨʷʞʝʥʥʦʩʪʴ ʩʦʙʩʪʚʝʥʥʦʛʦ ʧʦʣʷ 

ʨʘʟʤʘʛʥʠʯʠʚʘʥʠʷ ʩʚʷʟʘʥʘ ʩ ʚʝʢʪʦʨʦʤ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ Ὅᴆ ʢʦʵʬʬʠʮʠʝʥʪʦʤ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʩʪʠ N, ʢʦʪʦʨʳʡ ʥʦʩʠʪ ʥʘʟʚʘʥʠʝ ï ʨʘʟʤʘʛʥʠʯʠʚʘʶʱʠʡ ʬʘʢʪʦʨ (ʬʘʢʪʦʨ 

ʬʦʨʤʳ) ʬʝʨʨʦʤʘʛʥʝʪʠʢʘ. 

                                                        Ὄᴆ  ὔὍᴆ                                               (8) 

 ʇʨʠʯʠʥʘ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʜʦʤʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ï ʫʤʝʥʴʰʝʥʠʝ ʤʘʛʥʠʪʦʩʪʘʪʠʯʝʩʢʦʡ 

ʵʥʝʨʛʠʠ ʦʙʨʘʟʮʘ ʟʘ ʩʯʸʪ ʚʦʟʥʠʢʘʶʱʠʭ ʧʦʣʝʡ ʨʘʩʩʝʷʥʠʷ.  

ʈʘʟʜʝʣʝʥʠʝ ʥʘ ʜʦʤʝʥʳ (ʨʠʩʫʥʦʢ 1.5) ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʚʦʟʥʠʢʥʦʚʝʥʠʝʤ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ 

ʜʦʤʝʥʥʳʭ ʛʨʘʥʠʮ. ʈʘʟʙʠʝʥʠʝ ʟʘʢʘʥʯʠʚʘʝʪʩʷ ʪʦʛʜʘ, ʢʦʛʜʘ ʟʘʪʨʘʪʳ ʵʥʝʨʛʠʠ ʥʘ ʩʦʟʜʘʥʠʝ 

ʧʝʨʝʭʦʜʥʦʡ ʦʙʣʘʩʪʠ ʤʦʛʫʪ ʢʦʤʧʝʥʩʠʨʦʚʘʪʴʩʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʫʤʝʥʴʰʝʥʠʝʤ 

ʤʘʛʥʠʪʦʩʪʘʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ. ʄʘʛʥʠʪʦʩʪʘʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʥʘʠʙʦʣʝʝ ʧʨʦʩʪʘ ʩ ʪʦʯʢʠ 

ʟʨʝʥʠʷ ʬʠʟʠʢʠ ʠ, ʥʘʧʨʦʪʠʚ, ʦʯʝʥʴ ʪʨʫʜʥʘ ʚ ʧʣʘʥʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ. 

 

ʈʠʩʫʥʦʢ 1.5 - ʉʭʝʤʘ ʧʨʦʮʝʩʩʘ ʨʘʟʙʠʝʥʠʷ ʬʝʨʨʦʤʘʛʥʝʪʠʢʘ ʥʘ ʜʦʤʝʥʳ. ʂʨʘʡʥʷʷ 

ʢʦʥʬʠʛʫʨʘʮʠʷ ɼʉ ʥʦʩʠʪ ʥʘʟʚʘʥʠʝ ʩʪʨʫʢʪʫʨʳ ʃʘʥʜʘʫ ʠ ʃʠʬʰʠʮʘ. 

 

4. ʋʧʨʫʛʦʡ Ὁɣ ʠ ʤʘʛʥʠʪʦʫʧʨʫʛʦʡ ʵʥʝʨʛʠʠ Ὁ. ɺʪʦʨʘʷ ʩʚʷʟʘʥʘ ʩ ʷʚʣʝʥʠʝʤ 

ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʠ, ʪ.ʝ. ʠʟʤʝʥʝʥʠʝʤ ʧʨʠ ʥʘʤʘʛʥʠʯʠʚʘʥʠʠ ʦʙʨʘʟʮʘ ʝʛʦ ʬʦʨʤʳ ʠ ʨʘʟʤʝʨʦʚ. 

ʆʜʥʘʢʦ ʫʚʝʣʠʯʝʥʠʶ ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʦʥʥʦʡ ʜʝʬʦʨʤʘʮʠʠ ʧʨʝʧʷʪʩʪʚʫʝʪ ʚʦʟʨʘʩʪʘʥʠʝ 

ʫʧʨʫʛʦʡ ʵʥʝʨʛʠʠ Ὁɣ. ɽy  ʦʙʲʸʤʥʘʷ ʧʣʦʪʥʦʩʪʴ ʨʘʚʥʘ: 

                                                   Ὁɣ ρȾς˞ ὩὩ                                                     (9) 

 ˞  ï ʪʝʥʟʦʨ ʫʧʨʫʛʠʭ ʢʦʥʩʪʘʥʪ 4 ʨʘʥʛʘ (81 ʢʦʤʧʦʥʝʥʪʘ), ὩȟὩ - ʜʝʬʦʨʤʘʮʠʠ.  

ʄʘʛʥʠʪʦʫʧʨʫʛʘʷ ʵʥʝʨʛʠʷ ʦʧʨʝʜʝʣʷʝʪ ʚʠʜ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʜʦʤʝʥʦʚ. ɼʣʷ ʢʫʙʠʯʝʩʢʦʛʦ 
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ʢʨʠʩʪʘʣʣʘ ʩ ʫʯʸʪʦʤ ʧʝʨʚʳʭ ʪʨʝʭ ʯʣʝʥʦʚ ʨʘʟʣʦʞʝʥʠʷ ʚ ʨʷʜ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʤʘʛʥʠʪʦʫʧʨʫʛʦʡ 

ʵʥʝʨʛʠʠ ʧʨʠʥʠʤʘʝʪ ʚʠʜ: 

Ὁ̍ ̔ ὦ Ὡ Ὡ Ὡ ὦ ᶿ
ρ

σ
Ὡ ᶿ

ρ

σ
Ὡ ᶿ

ρ

σ
Ὡ  

ὦ ᶿᶿ Ὡ Ὡ ᶿᶿ Ὡ Ὡ ᶿᶿ Ὡ Ὡ                      (10) 

 ᶿȟθ ȟθ  ï ʥʘʧʨʘʚʣʷʶʱʠʝ ʢʦʩʠʥʫʩʳ ʚʝʢʪʦʨʘ Ὅᴆ, Ὡȟ ï ʜʝʬʦʨʤʘʮʠʠ, ὦȟὦȟὦ - ʢʦʥʩʪʘʥʪʳ 

ʤʘʛʥʠʪʦʫʧʨʫʛʦʡ ʩʚʷʟʠ. 

5. ʕʥʝʨʛʠʠ ʚʦ ʚʥʝʰʥʝʤ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ  Ὁ, ʢʦʪʦʨʘʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʬʦʨʤʫʣʦʡ: 

                                                      Ὁ ὌᴆϽὍᴆ                                              (11) 

  Ὄᴆ - ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʚʥʝʰʥʝʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, Ὅᴆ ï ʚʝʢʪʦʨ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ 

ʬʝʨʨʦʤʘʛʥʝʪʠʢʘ.  ʋʩʣʦʚʠʝ ʤʠʥʠʤʫʤʘ ʜʣʷ ʵʪʦʛʦ ʚʢʣʘʜʘ ʵʥʝʨʛʠʠ ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ 

ʧʘʨʘʣʣʝʣʴʥʦʡ ʦʨʠʝʥʪʘʮʠʠ ʚʝʢʪʦʨʦʚ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ  Ὄᴆ ʠ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʦʙʨʘʟʮʘ Ὅᴆ.  

1.4.  ʇʨʦʮʝʩʩ ʧʝʨʝʤʘʛʥʠʯʠʚʘʥʠʷ ʤʘʛʥʝʪʠʢʦʚ 

ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ ʪʦʛʦ, ʯʪʦ ʚ ʤʘʛʥʠʪʥʦʤ ʤʘʪʝʨʠʘʣʝ ʧʨʦʠʩʭʦʜʠʪ ʨʘʟʙʠʝʥʠʝ ʥʘ ʜʦʤʝʥʳ, 

ʧʦʟʚʦʣʠʣʦ ʦʧʨʝʜʝʣʠʪʴ ʪʠʧʳ ʧʨʦʮʝʩʩʦʚ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ ʚ ʬʝʨʨʦʤʘʛʥʝʪʠʢʘʭ. ʉʫʱʝʩʪʚʫʶʪ 

ʜʚʘ ʤʝʭʘʥʠʟʤʘ, ʢʦʪʦʨʳʝ ʠʛʨʘʶʪ ʦʩʥʦʚʥʫʶ ʨʦʣʴ ʚ ʵʪʦʤ ʧʨʦʮʝʩʩʝ: ʩʤʝʱʝʥʠʝ ʜʦʤʝʥʥʳʭ 

ʛʨʘʥʠʮ ʠ ʧʦʚʦʨʦʪ ʚʝʢʪʦʨʘ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ  Ὅᴆ.  

ʅʘ ʨʠʩʫʥʢʝ 1.6 ʧʨʝʜʩʪʘʚʣʝʥʦ ʩʭʝʤʘʪʠʯʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʢʨʠʚʦʡ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ 

ὍὌ  ʩ ʚʳʜʝʣʝʥʥʳʤ ʫʢʘʟʘʥʠʝʤ ʫʯʘʩʪʢʦʚ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʭʦʜ ʜʘʥʥʦʡ ʢʨʠʚʦʡ. 

 
ʈʠʩʫʥʦʢ 1.6 - ʉʭʝʤʘʪʠʯʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʢʨʠʚʦʡ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ. ʋʯʘʩʪʦʢ I 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʙʣʘʩʪʠ ʧʝʨʚʦʥʘʯʘʣʴʥʦʛʦ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ; II  ï ʦʙʣʘʩʪʴ ʈʵʣʝʷ; III  ï 

ʦʙʣʘʩʪʴ ʥʘʠʙʦʣʴʰʠʭ ʧʨʦʥʠʮʘʝʤʦʩʪʝʡ; IV ï ʦʙʣʘʩʪʴ ʧʨʠʙʣʠʞʝʥʠʷ ʢ ʥʘʩʳʱʝʥʠʶ;  

V ï ʦʙʣʘʩʪʴ ʧʘʨʘʧʨʦʮʝʩʩʘ. 
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ɼʣʷ ʦʙʣʘʩʪʠ ʥʘʯʘʣʴʥʦʛʦ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ (ʨʠʩʫʥʦʢ 1.6(I)) ʭʘʨʘʢʪʝʨʥʘ ʣʠʥʝʡʥʘʷ 

ʟʘʚʠʩʠʤʦʩʪʴ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʦʪ ʚʥʝʰʥʝʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ʇʦʩʪʦʷʥʥʳʤ 

ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʤʘʛʥʠʪʥʘʷ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʴ  c.  ɼʘʥʥʘʷ 

ʦʙʣʘʩʪʴ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʫʯʘʩʪʢʫ ʦʙʨʘʪʠʤʳʭ ʧʨʦʮʝʩʩʦʚ ʧʝʨʝʤʘʛʥʠʯʠʚʘʥʠʷ: ʠʟʤʝʥʝʥʠʝ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ЎὍ ʧʨʠ ʚʦʟʨʘʩʪʘʥʠʠ ʠʣʠ ʫʙʳʚʘʥʠʠ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ Ὄ 

ʧʨʷʤʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʵʪʦʤʫ ʠʟʤʝʥʝʥʠʶ ЎὌ. ɼʣʷ ʤʘʛʥʠʪʦʤʷʛʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʜʘʥʥʦʤ 

ʵʪʘʧʝ ʥʘʤʘʛʥʠʯʠʚʘʥʠʝ ʦʙʫʩʣʦʚʣʝʥʦ ʧʨʦʮʝʩʩʘʤʠ ʦʙʨʘʪʠʤʦʛʦ ʩʤʝʱʝʥʠʷ ʜʦʤʝʥʥʳʭ ʛʨʘʥʠʮ, 

ʥʦ ʦʥʦ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ, ʝʩʣʠ ʤʘʪʝʨʠʘʣ ʦʙʣʘʜʘʝʪ ʩʠʣʴʥʦ ʚʳʨʘʞʝʥʥʦʡ ʦʜʥʦʦʩʥʦʡ 

ʤʘʛʥʠʪʥʦʡ ʘʥʠʟʦʪʨʦʧʠʝʡ. ɼʣʷ ʤʘʛʥʠʪʦʪʚʸʨʜʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʥʘʦʙʦʨʦʪ, ʨʝʰʘʶʱʝʝ 

ʟʥʘʯʝʥʠʝ ʠʤʝʶʪ ʧʨʦʮʝʩʩʳ ʚʨʘʱʝʥʠʷ ʚʝʢʪʦʨʘ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ Ὅᴆ ʚ ʜʦʤʝʥʘʭ [32].   

ɺ ʦʙʣʘʩʪʠ ʈʵʣʝʷ (ʨʠʩʫʥʦʢ 1.6(II)) ʚ ʘʥʘʣʠʪʠʯʝʩʢʦʡ  ʟʘʚʠʩʠʤʦʩʪʠ ὍὌ  ʜʦʙʘʚʣʷʝʪʩʷ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʩʣʘʛʘʝʤʦʝ: ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ ʦʙʨʘʟʮʘ ʢʚʘʜʨʘʪʠʯʥʦ  ʚʦʟʨʘʩʪʘʝʪ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʠʟʤʝʥʝʥʠʷ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʚʥʝʰʥʝʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ: 

                                                       Ὅ c̎Ὄ ὙὌ                                                        (12)  

Ὑ ï ʧʦʩʪʦʷʥʥʘʷ ʈʵʣʝʷ. ʅʘʤʘʛʥʠʯʠʚʘʥʠʝ ʥʘ ʜʘʥʥʦʤ ʵʪʘʧʝ ʚ ʦʩʥʦʚʥʦʤ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʟʘ 

ʩʯʸʪ, ʢʘʢ ʦʙʨʘʪʠʤʳʭ, ʪʘʢ ʠ ʥʝʦʙʨʘʪʠʤʳʭ ʧʨʦʮʝʩʩʦʚ ʩʤʝʱʝʥʠʷ ʜʦʤʝʥʥʳʭ ʛʨʘʥʠʮ. ʅʘ 

ʫʯʘʩʪʢʝ ʥʘʠʙʦʣʴʰʠʭ ʧʨʦʥʠʮʘʝʤʦʩʪʝʡ (ʨʠʩ. 1.6(III)) ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ ʟʥʘʯʠʪʝʣʴʥʳʡ ʨʦʩʪ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʤʘʛʥʝʪʠʢʘ. ɺʝʣʠʯʠʥʘ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ 

ʜʦʩʪʠʛʘʝʪ ʤʘʢʩʠʤʫʤʘ:  

         cˑ ὨὍ
ὨὌ                                          (13)  

ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʚʥʝʰʥʝʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʥʘ ʵʪʦʤ ʫʯʘʩʪʢʝ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ ʦʙʨʘʟʮʘ ʙʫʜʝʪ ʠʩʧʳʪʳʚʘʪʴ ʩʪʫʧʝʥʯʘʪʦʝ ʠʟʤʝʥʝʥʠʝ, ʪʘʢ ʥʘʟʳʚʘʝʤʳʡ 

çʵʬʬʝʢʪ ɹʘʨʢʛʘʫʟʝʥʘè, ʢʦʪʦʨʳʡ ʩʚʷʟʘʥ ʩ ʥʝʦʙʨʘʪʠʤʳʤ ʩʤʝʱʝʥʠʝʤ ʜʦʤʝʥʥʳʭ ʛʨʘʥʠʮ ʚ 

ʦʙʨʘʟʮʝ, ʪʦ ʝʩʪʴ ʨʦʩʪʝ ʜʦʤʝʥʦʚ çʦʜʥʦʛʦ ʟʥʘʢʘè ʟʘ ʩʯʸʪ ʫʙʳʣʠ ʜʦʤʝʥʦʚ çʜʨʫʛʦʛʦè. ɿʜʝʩʴ 

ʥʘʙʣʶʜʘʝʪʩʷ ʠ ʪʘʢʦʝ ʷʚʣʝʥʠʝ ʢʘʢ ʤʘʛʥʠʪʥʘʷ ʚʷʟʢʦʩʪʴ, ʩʚʷʟʘʥʥʦʝ ʩ ʟʘʧʘʟʜʳʚʘʥʠʝʤ ʚʦ 

ʚʨʝʤʝʥʠ ʠʟʤʝʥʝʥʠʷ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ЎὍ ʦʪʥʦʩʠʪʝʣʴʥʦ ʠʟʤʝʥʝʥʠʷ ʧʦʣʷ ЎὌ. ʂʦʥʝʯʥʦʡ 

ʛʨʘʥʠʮʝʡ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʪʝ ʟʥʘʯʝʥʠʷ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ, ʧʨʠ ʢʦʪʦʨʳʭ 

ʤʘʛʥʠʪʥʘʷ ʚʦʩʧʠʠʤʯʠʚʦʩʪʴ, ʜʦʩʪʠʛʥʫʚ ʤʘʢʩʠʤʫʤʘ, ʠʩʧʳʪʳʚʘʝʪ ʩʠʣʴʥʳʡ ʨʝʛʨʝʩʩ. ɿʜʝʩʴ 

ʟʥʘʯʠʪʝʣʴʥʫʶ ʨʦʣʴ ʠʛʨʘʶʪ ʧʨʦʮʝʩʩʳ ʚʨʘʱʝʥʠʷ ʚʝʢʪʦʨʘ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʚ ʜʦʤʝʥʝ.  
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ʇʨʠ ʧʨʠʙʣʠʞʝʥʠʠ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ Ὅ  ʢ ʥʘʩʳʱʝʥʠʶ ʥʘʯʠʥʘʝʪʩʷ ʦʙʣʘʩʪʴ IV 

(ʨʠʩʫʥʦʢ 1.6(IV)). ʀʟʤʝʥʝʥʠʝ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʬʝʨʨʦʤʘʛʥʝʪʠʢʘ ʚʦʟʤʦʞʥʦ ʣʠʰʴ ʧʫʪʝʤ 

ʧʦʚʦʨʦʪʘ ʚʝʢʪʦʨʘ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ Ὅᴆ  ʚʜʦʣʴ ʥʘʧʨʘʚʣʝʥʠʷ ʚʥʝʰʥʝʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ Ὄᴆ. 

ʅʝʨʝʜʢʦ ʧʨʠ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʠʭ ʧʦʣʷʭ ʤʦʞʥʦ ʫʚʠʜʝʪʴ ʥʝʟʥʘʯʠʪʝʣʴʥʳʡ ʨʦʩʪ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʦʙʨʘʟʮʘ. ɼʘʥʥʳʡ ʫʯʘʩʪʦʢ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʘʨʘʧʨʦʮʝʩʩʫ (ʨʠʫʥʦʢ 1.6(V)). 

ʕʪʦ ʷʚʣʝʥʠʝ ʩʚʷʟʘʥʦ ʩ ʚʳʩʪʨʘʠʚʘʥʠʝʤ ʵʣʝʤʝʥʪʘʨʥʳʭ ʤʘʛʥʠʪʥʳʭ ʤʦʤʝʥʪʦʚ, ʦʪʢʣʦʥʷʝʤʳʭ 

ʪʝʧʣʦʚʳʤ ʜʚʠʞʝʥʠʝʤ, ʚʜʦʣʴ ʚʝʢʪʦʨʘ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ Ὄᴆ. 

ʂʦʣʠʯʝʩʪʚʝʥʥʳʡ ʧʨʠʨʦʩʪ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʤʘʣ. 

ɼʣʷ ʧʨʦʮʝʩʩʦʚ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ ʬʝʨʨʦʤʘʛʥʝʪʠʢʦʚ ʚ ʦʩʥʦʚʥʦʤ ʭʘʨʘʢʪʝʨʥʘ ʠʭ 

ʥʝʦʙʨʘʪʠʤʦʩʪʴ. ʆʜʥʦʤʫ ʠ ʪʦʤʫ ʞʝ ʟʥʘʯʝʥʠʶ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʤʦʛʫʪ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ 

ʨʘʟʣʠʯʥʳʝ ʟʥʘʯʝʥʠʷ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ. ʕʪʘ ʦʩʦʙʝʥʥʦʩʪʴ ʧʦʚʝʜʝʥʠʷ ʤʘʛʥʠʪʥʦʛʦ ʚʝʱʝʩʪʚʘ 

ʥʘʟʳʚʘʝʪʩʷ ʛʠʩʪʝʨʝʟʠʩʦʤ (ʨʠʩʫʥʦʢ 1.7). 

 

 

ʈʠʩʫʥʦʢ 1.7 - ʉʭʝʤʘʪʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʧʝʪʣʠ ʛʠʩʪʝʨʝʟʠʩʘ.1) ʧʝʨʚʦʥʘʯʘʣʴʥʦʝ 

ʥʘʤʘʛʥʠʯʠʚʘʥʠʝ ʚʥʝʰʥʠʤ ʤʘʛʥʠʪʥʳʤ ʧʦʣʝʤ ʜʦ ʟʥʘʯʝʥʠʷ Ὄ̍ ́̋;̒ 2) ʧʦʩʣʝʜʫʶʱʝʝ 

ʫʤʝʥʴʰʝʥʠʝ ʧʦʣʷ ʜʦ ʟʥʘʯʝʥʠʷ, ʨʘʚʥʦʛʦ Ὄ̍ ́̋;̒ 3) ʩʣʝʜʫʶʱʝʝ ʚʦʟʨʘʩʪʘʥʠʝ ʧʦʣʷ; 4) 

ʫʤʝʥʴʰʝʥʠʝ ʟʥʘʯʝʥʠʷ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʜʦ ʥʫʣʷ. 

   

ʆʪʣʠʯʠʝ ʚ ʭʦʜʝ ʢʨʠʚʳʭ ʩʚʷʟʘʥʦ ʩ ʥʝʫʩʪʘʥʦʚʠʚʰʠʤʩʷ ʮʠʢʣʦʤ ʧʝʨʝʤʘʛʥʠʯʠʚʘʥʠʷ. 

ʇʦʩʣʝ ʥʝʩʢʦʣʴʢʠʭ ʧʦʚʪʦʨʝʥʠʡ, ʠʟʤʝʥʝʥʠʷ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʚ ʢʘʞʜʦʤ ʮʠʢʣʝ ʙʫʜʫʪ 

ʧʦʚʪʦʨʷʪʴʩʷ. 
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1.5. ʆʩʦʙʝʥʥʦʩʪʠ ʧʨʦʮʝʩʩʦʚ ʧʝʨʝʤʘʛʥʠʯʠʚʘʥʠʷ ʚʳʩʦʢʦʘʥʠʟʦʪʨʦʧʥʳʭ 

ʤʘʛʥʠʪʦʦʜʥʦʦʩʥʳʭ ʤʘʛʥʝʪʠʢʦʚ 

ɿʥʘʥʠʝ ʤʝʭʘʥʠʟʤʦʚ ʧʨʦʮʝʩʩʦʚ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ ʠ ʧʝʨʝʤʘʛʥʠʯʠʚʘʥʠʷ, ʧʦʥʠʤʘʥʠʝ 

ʧʨʠʯʠʥ ʤʘʛʥʠʪʥʦʛʦ ʛʠʩʪʝʨʝʟʠʩʘ ʧʦʟʚʦʣʷʶʪ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦ ʠʟʤʝʥʷʪʴ ʩʚʦʡʩʪʚʘ 

ʤʘʛʥʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʥʝʧʨʝʨʳʚʥʦ ʧʦʚʳʰʘʪʴ ʫʨʦʚʝʥʴ ʚʘʞʥʝʡʰʠʭ ʪʝʭʥʠʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ. [33] 

ʄʝʭʘʥʠʟʤ ʢʦʵʨʮʠʪʠʚʥʦʩʪʠ ʚ ʢʦʤʤʝʨʯʝʩʢʠ ʜʦʩʪʫʧʥʳʭ ʤʠʢʨʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ 

ʩʧʝʯʝʥʥʳʭ ʤʘʛʥʠʪʘʭ, ʥʘʧʨʠʤʝʨ, Nd-Fe-B, SmCo5, Sm2Co17 ʠʣʠ ʬʝʨʨʠʪʘʭ, ʦʙʳʯʥʦ ʜʝʣʠʪʩʷ 

ʥʘ ʜʚʘ ʩʝʤʝʡʩʪʚʘ: ʟʘʨʦʜʳʰʝʦʙʨʘʟʦʚʘʥʠʷ ʜʦʤʝʥʦʚ ʦʙʨʘʪʥʦʛʦ ʟʥʘʢʘ ʠ ʟʘʜʝʨʞʢʠ ʩʤʝʱʝʥʠʷ 

ɼɻ ʥʘ ʩʪʨʫʢʪʫʨʥʳʭ ʥʝʦʜʥʦʨʦʜʥʦʩʪʷʭ [35-39].  

ʄʝʭʘʥʠʟʤ ʢʦʵʨʮʠʪʠʚʥʦʡ ʩʠʣʳ ʟʘʨʦʜʳʰʝʦʙʨʘʟʦʚʘʥʠʷ ʦʪʚʝʯʘʝʪ ʟʘ ʫʣʫʯʰʝʥʥʳʝ 

ʤʘʛʥʠʪʦʪʚʝʨʜʳʝ ʩʚʦʡʩʪʚʘ ʥʘʠʙʦʣʝʝ ʤʦʱʥʳʭ ʩʦʚʨʝʤʝʥʥʳʭ ʩʧʝʯʝʥʥʳʭ ʧʦʩʪʦʷʥʥʳʭ 

ʤʘʛʥʠʪʦʚ. ɺ ʪʘʢʠʭ ʤʘʛʥʠʪʘʭ ʨʘʟʤʘʛʥʠʯʠʚʘʥʠʝ ʟʝʨʝʥ ʤʘʪʨʠʯʥʦʡ ʬʘʟʳ ʨʘʟʤʝʨʦʤ 2-20 ʤʢʤ 

ʠʥʠʮʠʠʨʫʝʪʩʷ ʚʥʫʪʨʠ ʧʨʠʤʳʢʘʶʱʝʛʦ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʥʝʙʦʣʴʰʦʛʦ ʟʘʨʦʜʳʰʝʚʦʛʦ ʦʙʲʸʤʘ, 

ʛʜʝ ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʝʤʘʛʥʠʯʠʚʘʥʠʝ ʟʘ ʩʯʝʪ ʪʝʧʣʦʚʳʭ ʬʣʫʢʪʫʘʮʠʡ ʠʣʠ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʚʥʫʪʨʝʥʥʝʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʛʦ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʥʘʧʨʘʚʣʝʥʠʷ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʢʦʵʨʮʠʪʠʚʥʘʷ ʩʠʣʘ ʵʪʠʭ ʚʘʞʥʳʭ ʢʣʘʩʩʦʚ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʘʛʥʠʪʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʚʦ ʤʥʦʛʦʤ ʦʧʨʝʜʝʣʷʝʪʩʷ ʤʘʛʥʠʪʥʳʤ ʩʦʩʪʦʷʥʠʝʤ ʪʦʥʢʦʛʦ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ 

ʦʪʜʝʣʴʥʦʛʦ ʟʝʨʥʘ, ʠ ʙʦʣʝʝ ʛʣʫʙʦʢʦʝ ʧʦʥʠʤʘʥʠʝ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʥʘ ʥʘʥʦʫʨʦʚʥʝ 

ʚʥʫʪʨʠ ʪʦʥʢʦʛʦ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ, ʤʦʛʣʦ ʙʳ ʧʦʤʦʯʴ ʜʘʣʴʥʝʡʰʝʤʫ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ 

ʩʦʚʨʝʤʝʥʥʳʭ ʤʘʛʥʠʪʦʪʚʝʨʜʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

ʊʝʨʤʠʥ "ʟʘʨʦʜʳʰʝʦʙʨʘʟʦʚʘʥʠʝ" ʦʪʥʦʩʠʪʩʷ ʢ ʷʚʣʝʥʠʶ, ʚ ʢʦʪʦʨʦʤ ʧʦʩʣʝ 

ʦʙʨʘʟʦʚʘʥʠʷ ʟʘʨʦʜʳʰʘ (ʜʦʤʝʥʘ ʩ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʚʝʢʪʦʨʘ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ) ʧʝʨʝʤʘʛʥʠʯʠʚʘʥʠʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʙʝʟ ʟʘʜʝʨʞʝʢ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʚʳʚʦʜʫ ʦʙ ʦʪʩʫʪʩʪʚʠʠ ʚ ʦʙʲʸʤʝ ʦʙʨʘʟʮʘ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʟʘʢʨʝʧʣʝʥʠʷ ʜʦʤʝʥʥʦʡ ʛʨʘʥʠʮʳ. 

ʏʪʦ ʢʘʩʘʝʪʩʷ ʜʨʫʛʦʛʦ ʤʝʭʘʥʠʟʤʘ, ʪʦ ʜʚʠʞʝʥʠʝ ʜʦʤʝʥʥʦʡ ʩʪʝʥʢʠ ʬʠʢʩʠʨʫʝʪʩʷ ʠʟ-ʟʘ 

ʣʦʢʘʣʴʥʳʭ ʠʟʤʝʥʝʥʠʡ ʚʥʫʪʨʝʥʥʠʭ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ, ʘ ʠʤʝʥʥʦ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ, 

ʦʙʤʝʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠ ʤʘʛʥʠʪʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʘʥʠʟʦʪʨʦʧʠʠ, ʢʦʪʦʨʳʝ ʧʨʠʚʦʜʷʪ ʢ 

ʧʦʩʪʝʧʝʥʥʳʤ ʠʣʠ ʨʝʟʢʠʤ ʢʦʣʝʙʘʥʠʷʤ ʵʥʝʨʛʠʠ ʜʦʤʝʥʥʦʡ ʩʪʝʥʢʠ ʠ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʩʦʟʜʘʶʪ ʩʠʣʳ ʦʪʪʘʣʢʠʚʘʥʠʷ ʠʣʠ ʧʨʠʪʷʞʝʥʠʷ, ʧʨʝʧʷʪʩʪʚʫʶʱʠʝ ʜʚʠʞʝʥʠʶ ʤʘʛʥʠʪʥʦʡ 

ʜʦʤʝʥʥʦʡ ʩʪʝʥʢʠ [34]. ʈʘʥʝʝ [40] ʫʢʘʟʳʚʘʣʦʩʴ, ʯʪʦ ʤʦʞʥʦ ʧʨʝʜʫʩʤʦʪʨʝʪʴ ʤʥʦʞʝʩʪʚʦ 
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ʪʠʧʦʚ ʜʝʬʝʢʪʦʚ, ʚʢʣʶʯʘʷ ʨʘʟʣʠʯʥʳʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ, ʭʠʤʠʯʝʩʢʠʝ ʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ 

ʥʝʨʦʚʥʦʩʪʠ, ʢʦʪʦʨʳʝ ʠʟʤʝʥʷʶʪ ʣʦʢʘʣʴʥʳʝ ʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ. ʕʪʠ ʜʝʬʝʢʪʳ ʟʘʪʝʤ 

ʚʣʠʷʶʪ ʥʘ ʤʘʛʥʠʪʥʦʝ ʧʦʚʝʜʝʥʠʝ ʚʩʝʡ ʯʘʩʪʠʮʳ, ʦʙʨʘʟʫʷ ʫʯʘʩʪʢʠ, ʚ ʢʦʪʦʨʳʭ ʦʙʣʝʛʯʘʝʪʩʷ 

ʟʘʨʦʞʜʝʥʠʝ ʧʨʦʮʝʩʩʘ ʧʝʨʝʤʘʛʥʠʯʠʚʘʥʠʷ. 

ʇʨʦʮʝʩʩʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʜʦʤʝʥʥʦʡ ʩʪʝʥʢʠ ʦʙʳʯʥʦ ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ ʜʚʘ 

ʢʨʠʪʠʯʝʩʢʠʭ ʧʦʣʷ: 1) ʧʦʣʝ ʟʘʨʦʞʜʝʥʠʷ (Ὄ̈), ʢʦʪʦʨʦʝ ʦʪʚʝʯʘʝʪ ʟʘ ʧʦʷʚʣʝʥʠʝ ʜʦʤʝʥʘ 

ʦʙʨʘʪʥʦʛʦ ʟʥʘʢʘ ʚ ʦʙʨʘʟʮʝ ʚ ʩʦʩʪʦʷʥʠʠ ʤʘʛʥʠʪʥʦʛʦ ʥʘʩʳʱʝʥʠʷ, ʠ 2) ʧʦʣʝ ʜʝ-ʧʠʥʥʠʥʛʘ 

(ʦʪʢʨʝʧʣʝʥʠʷ) (Ὄ̏ )̓, ʥʝʦʙʭʦʜʠʤʦʝ ʜʣʷ ʚʳʩʚʦʙʦʞʜʝʥʠʷ ʟʘʬʠʢʩʠʨʦʚʘʥʥʦʡ ʜʦʤʝʥʥʦʡ 

ʛʨʘʥʠʮʳ ʦʪ ʝʝ ʤʝʩʪ ʟʘʢʨʝʧʣʝʥʠʷ [41]. ʆʜʥʘʢʦ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ 

ʠʥʦʛʜʘ ʪʨʫʜʥʦ ʦʪʣʠʯʠʪʴ ʠʩʪʠʥʥʳʡ ʧʨʦʮʝʩʩ ʟʘʨʦʜʳʰʝʦʙʨʘʟʦʚʘʥʠʷ ʦʪ ʣʦʢʘʣʴʥʦʛʦ 

çʦʪʢʨʝʧʣʝʥʠʷè ʫʞʝ ʩʫʱʝʩʪʚʫʶʱʝʡ ʜʦʤʝʥʥʦʡ ʩʪʝʥʢʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʟʘʨʦʜʳʰʝʤ ʤʦʞʝʪ 

ʥʘʟʳʚʘʪʴʩʷ ʣʶʙʘʷ ʥʝʙʦʣʴʰʘʷ ʦʙʣʘʩʪʴ, ʠʟ ʢʦʪʦʨʦʡ ʧʝʨʝʤʘʛʥʠʯʠʚʘʥʠʝ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʥʘ 

ʢʦʥʝʯʥʫʶ ʚʝʣʠʯʠʥʫ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʦʤ ʧʦʩʪʦʷʥʥʦʤ ʚʥʫʪʨʝʥʥʝʤ ʧʦʣʝ. ɿʥʘʯʝʥʠʝ ʜʘʥʥʦʛʦ 

ʧʦʣʷ ʧʨʝʚʳʰʘʝʪ ʢʦʵʨʮʠʪʠʚʥʦʩʪʴ ʩʚʦʙʦʜʥʦ ʜʚʠʞʫʱʝʡʩʷ ʜʦʤʝʥʥʦʡ ʛʨʘʥʠʮʳ.  

ɺ ʨʘʙʦʪʝ [42] ʘʚʪʦʨ ʜʝʣʠʪ ʪʘʢʠʝ ʦʙʣʘʩʪʠ ʥʘ ʜʚʘ ʚʠʜʘ. ɺ ʧʨʝʜʣʦʞʝʥʥʦʡ ʤʦʜʝʣʠ 

ʟʘʨʦʜʳʰʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʷʜʨʘ, ʥʠ ʦʜʥʦ ʠʟ ʢʦʪʦʨʳʭ ʥʝ ʦʙʣʘʜʘʝʪ ʢʘʢʠʤʠ-ʣʠʙʦ 

ʥʝʦʙʳʯʥʳʤʠ ʠʣʠ ʥʝʩʠʤʤʝʪʨʠʯʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. ɼʘʥʥʳʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʦʧʠʩʘʪʴ 

ʙʦʣʴʰʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʷʚʣʝʥʠʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʟʘʚʠʩʠʤʦʩʪʴʶ ʢʦʵʨʮʠʪʠʚʥʦʡ ʩʠʣʳ ʦʪ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ ʧʦʨʦʰʢʦʦʙʨʘʟʥʳʭ ʤʘʪʝʨʠʘʣʘʭ ʠ ʧʦʣʝʤ ʟʘʨʦʜʳʰʝʦʙʨʘʟʦʚʘʥʠʷ Ὄ̈ ʚ 

ʦʪʜʝʣʴʥʳʭ ʯʘʩʪʠʮʘʭ ʚʳʩʦʢʦʘʥʠʟʦʪʨʦʧʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

ɿʘʨʦʜʳʰʝʤ I ʪʠʧʘ ʥʘʟʳʚʘʝʪʩʷ ʥʝʙʦʣʴʰʘʷ ʦʙʣʘʩʪʴ ʦʙʨʘʪʥʦʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ, 

ʦʢʨʫʞʝʥʥʘʷ ʣʦʢʘʣʴʥʦ ʟʘʢʨʝʧʣʝʥʥʦʡ ʛʨʘʥʠʮʝʡ ʜʦʤʝʥʘ, ʩʯʠʪʘʝʪʩʷ ʷʜʨʦʤ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʧʨʠʚʝʜʝʥʥʳʤ ʚʳʰʝ ʦʧʨʝʜʝʣʝʥʠʝʤ. ʂʘʢ ʪʦʣʴʢʦ ʣʦʢʘʣʴʥʦʝ ʧʦʣʝ ʟʘʢʨʝʧʣʝʥʠʷ Ὄ̈ ʙʫʜʝʪ 

ʧʨʝʚʳʰʝʥʦ, ʩʪʝʥʢʘ ʙʫʜʝʪ ʙʳʩʪʨʦ ʧʝʨʝʤʝʱʘʪʴʩʷ, ʯʪʦ ʧʨʠʚʝʜʝʪ ʢ ʩʢʘʯʢʫ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ. 

ʄʘʩʩʦʚʦʝ ʟʘʢʨʝʧʣʝʥʠʝ ʩʪʝʥʢʠ, ʚ ʩʤʳʩʣʝ ʚʤʝʰʘʪʝʣʴʩʪʚʘ ʚ ʜʚʠʞʝʥʠʝ ʩʪʝʥʢʠ ʧʨʘʢʪʠʯʝʩʢʠ 

ʧʦʩʪʦʷʥʥʦʡ ʧʣʦʱʘʜʠ ʠʟ-ʟʘ ʨʘʩʩʝʠʚʘʥʠʷ ʤʥʦʞʝʩʪʚʘ ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ, ʟʜʝʩʴ ʥʝ 

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ, ʥʦ ʫʯʠʪʳʚʘʝʪʩʷ ʚ ʢʦʵʨʮʠʪʠʚʥʦʩʪʠ ʩʪʝʥʢʠ. ʃʦʢʘʣʴʥʦʝ ʟʘʢʨʝʧʣʝʥʠʝ 

ʤʦʞʝʪ ʙʳʪʴ ʚʳʟʚʘʥʦ ʦʜʥʠʤ ʠʣʠ ʦʯʝʥʴ ʥʝʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʜʝʬʝʢʪʦʚ. ɼʚʠʞʫʱʘʷʩʷ 

ʜʦʤʝʥʥʘʷ ʛʨʘʥʠʮʘ ʤʦʞʝʪ ʦʩʪʘʚʣʷʪʴ ʧʦʩʣʝ ʩʝʙʷ ʬʨʘʛʤʝʥʪʳ ʚ ʤʝʩʪʘʭ ʣʦʢʘʣʴʥʦʛʦ 

ʟʘʢʨʝʧʣʝʥʠʷ, ʢʦʪʦʨʳʝ, ʩʢʦʨʝʝ ʚʩʝʛʦ, ʥʘʭʦʜʷʪʩʷ, ʚ ʦʩʥʦʚʥʦʤ, ʚʙʣʠʟʠ ʧʦʚʝʨʭʥʦʩʪʠ. ʊʘʢʦʡ 

ʟʘʨʦʜʳʰ ʷʚʣʷʝʪʩʷ ʷʜʨʦʤ ʧʝʨʚʦʛʦ ʪʠʧʘ. ʆʥ ʚʳʡʜʝʪ ʠʟ ʩʚʦʝʛʦ ʣʦʢʘʣʴʥʦʛʦ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ 

ʤʠʥʠʤʫʤʘ ʚ ʣʁ ʙʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʚ ʧʦʣʝ, ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʤ, ʯʪʦʙʳ ʩʤʝʩʪʠʪʴ ʝʛʦ, ʚ 
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ʦʜʥʦʤ ʩʣʫʯʘʝ ʩʥʦʚʘ ʠʟʤʝʥʠʚ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ, ʚ ʜʨʫʛʦʤ ʩʣʫʯʘʝ, ʧʦʣʥʦʩʪʴʶ ʠʩʯʝʟʥʫʚ. ɺ 

ʜʘʣʴʥʝʡʰʝʤ, ʚʝʣʠʯʠʥʘ ʵʪʦʛʦ ʣʦʢʘʣʴʥʦʛʦ ʧʦʣʷ ʩʯʠʪʘʝʪʩʷ ʦʜʠʥʘʢʦʚʦʡ ʜʣʷ ʦʙʦʠʭ 

ʥʘʧʨʘʚʣʝʥʠʡ ʜʚʠʞʝʥʠʷ. ʕʪʦ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʨʦʩʪʝʡʰʫʶ ʬʠʟʠʯʝʩʢʫʶ ʩʠʪʫʘʮʠʶ ʠ ʚʦ 

ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ ʧʨʠʚʦʜʠʪ ʢ ʚʧʦʣʥʝ ʨʘʟʫʤʥʳʤ ʢʦʣʠʯʝʩʪʚʝʥʥʳʤ ʧʨʦʛʥʦʟʘʤ. 

ɼʝʬʝʢʪ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʟʘʨʦʜʳʰʘ II  ʪʠʧʘ ʧʝʨʝʤʘʛʥʠʯʠʚʘʥʠʷ ʧʨʠ 

ʝʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʣʦʢʘʣʴʥʦʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴʶ. ʅʘʧʨʠʤʝʨ, ʩʠʣʴʥʳʝ ʣʦʢʘʣʴʥʳʝ 

ʨʘʟʤʘʛʥʠʯʠʚʘʶʱʠʝ ʧʦʣʷ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʨʠʩʫʪʩʪʚʦʚʘʪʴ ʚ ʫʛʣʘʭ [43], ʫʛʣʫʙʣʝʥʠʷʭ [44] 

ʠʣʠ ʥʝʤʘʛʥʠʪʥʳʭ ʚʢʣʶʯʝʥʠʷʭ [45], ʩʧʦʩʦʙʩʪʚʫʶʪ ʦʙʨʘʟʦʚʘʥʠʶ ʥʝʙʦʣʴʰʦʡ ʦʙʣʘʩʪʠ 

ʦʙʨʘʪʥʦʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ. ʅʝʦʜʥʦʨʦʜʥʦʩʪʠ ʩ ʨʘʟʣʠʯʥʳʤʠ ʢʦʥʩʪʘʥʪʘʤʠ ʘʥʠʟʦʪʨʦʧʠʠ 

ʠʣʠ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʤʦʛʫʪ ʚʳʟʳʚʘʪʴ ʪʦ ʞʝ ʩʘʤʦʝ. ʆʧʷʪʴ ʞʝ, ʣʦʢʘʣʴʥʘʷ ʜʝʟʦʨʠʝʥʪʘʮʠʷ 

ʨʝʰʝʪʢʠ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʯʘʩʪʠʯʥʦʤʫ ʦʙʨʘʟʦʚʘʥʠʶ ʜʦʤʝʥʥʦʡ ʩʪʝʥʢʠ. ɺ ʣʶʙʦʤ ʩʣʫʯʘʝ, 

ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʤʦʞʝʪ ʫʜʘʣʠʪʴ ʦʙʣʘʩʪʴ ʪʘʢʦʛʦ ʪʠʧʘ ʚʦ 

ʚʨʝʤʷ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ, ʥʦ ʚ ʢʘʢʦʡ-ʪʦ ʤʦʤʝʥʪ ʚʦ ʚʨʝʤʷ ʝʛʦ ʫʤʝʥʴʰʝʥʠʷ ʦʙʣʘʩʪʴ 

ʦʙʨʘʟʫʝʪʩʷ ʩʥʦʚʘ, ʠ ʚ ʢʘʢʦʡ-ʪʦ ʦʧʨʝʜʝʣʝʥʥʳʡ ʤʦʤʝʥʪ ʙʫʜʝʪ ʠʥʠʮʠʠʨʦʚʘʥʦ 

ʩʢʘʯʢʦʦʙʨʘʟʥʦʝ ʠʟʤʝʥʝʥʠʝ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʦʤ ʟʥʘʯʝʥʠʠ ʤʘʛʥʠʪʥʦʛʦ 

ʧʦʣʷ. ʇʦʩʣʝ ʠʟʤʝʥʝʥʠʷ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʟʘʨʦʜʳʰ ʩʥʦʚʘ ʙʫʜʝʪ ʧʨʠʩʫʪʩʪʚʦʚʘʪʴ, ʥʦ ʩ 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʚʝʢʪʦʨʘ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ. ʉʫʱʝʩʪʚʝʥʥʦʝ ʦʪʣʠʯʠʝ ʵʪʦʛʦ 

ʪʠʧʘ ʟʘʨʦʜʳʰʘ ʦʪ ʟʘʨʦʜʳʰʘ I ʪʠʧʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʟʘʨʦʜʳʰ II  ʪʠʧʘ ʥʝ ʤʦʞʝʪ ʙʳʪʴ 

ʜʝʘʢʪʠʚʠʨʦʚʘʥ. ʆʥ "ʩʨʘʙʘʪʳʚʘʝʪ" ʧʨʠ ʩʚʦʝʤ ʩʦʙʩʪʚʝʥʥʦʤ ʟʥʘʯʝʥʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, 

ʢʦʪʦʨʦʝ ʘʙʩʦʣʶʪʥʦ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʧʨʝʜʳʩʪʦʨʠʠ.  ɽʛʦ ʧʦʚʝʜʝʥʠʝ çʩʠʤʤʝʪʨʠʯʥʦè ʚ ʪʦʤ 

ʩʤʳʩʣʝ, ʯʪʦ ʦʥ ʧʨʠʩʫʪʩʪʚʫʝʪ ʜʣʷ ʣʶʙʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ ʩ ʦʜʠʥʘʢʦʚʦʡ 

ʚʝʣʠʯʠʥʦʡ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʩʢʘʯʢʘ. ɽʩʣʠ ʚ ʦʜʥʦʡ ʯʘʩʪʠʮʝ ʧʨʠʩʫʪʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʪʘʢʠʭ 

ʜʝʬʝʢʪʦʚ, ʪʦʪ, ʢʦʪʦʨʳʡ ʘʢʪʠʚʠʨʫʝʪʩʷ ʣʝʛʯʝ ʚʩʝʛʦ, ʟʘʬʠʢʩʠʨʫʝʪ ʟʥʘʯʝʥʠʝ ʧʦʣʷ ʩʢʘʯʢʘ, 

ʢʦʪʦʨʦʝ ʢʦʛʜʘ-ʣʠʙʦ ʤʦʞʝʪ ʙʳʪʴ ʜʦʩʪʠʛʥʫʪʦ ʚ ʵʪʦʡ ʯʘʩʪʠʮʝ, ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʪʦʛʦ, ʥʘʩʢʦʣʴʢʦ 

ʙʦʣʴʰʦʝ ʧʦ ʚʝʣʠʯʠʥʝ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʧʨʠʢʣʘʜʳʚʘʝʪʩʷ. 

ʀʩʧʦʣʴʟʫʷ ʧʦʥʷʪʠʷ ʜʘʥʥʳʭ ʜʚʫʭ ʪʠʧʦʚ ʟʘʨʦʜʳʰʝʡ, ʘʚʪʦʨʳ [42] ʦʧʨʝʜʝʣʠʣʠ ʩʚʷʟʴ 

ʤʝʞʜʫ ʧʨʦʮʝʩʩʦʤ ʜʚʠʞʝʥʠʷ ʜʦʤʝʥʥʦʡ ʩʪʝʥʢʠ ʠ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ. ɽʩʣʠ ʚ ʦʙʨʘʟʮʝ 

ʧʨʠʩʫʪʩʪʚʫʝʪ ʩʚʦʙʦʜʥʦ ʜʚʠʞʫʱʘʷʩʷ ʩʪʝʥʢʘ, ʢʨʠʚʘʷ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ὓ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʧʨʠʣʦʞʝʥʥʦʛʦ ʧʦʣʷ Ὄ ʧʨʠʥʠʤʘʝʪʩʷ ʪʘʢʦʡ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 1.8. Ὄ̑ ́̈ ̍ - ʵʪʦ 

ʩʦʙʩʪʚʝʥʥʦʝ ʧʦʣʝ ʨʘʟʤʘʛʥʠʯʠʚʘʥʠʷ, ʦʙʫʩʣʦʚʣʝʥʥʦʝ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʬʦʨʤʦʡ ʦʙʨʘʟʮʘ; 

ʜʚʠʞʝʥʠʝ ʩʪʝʥʢʠ ʙʝʩʢʦʥʝʯʥʦ ʣʝʛʢʦʝ, ʥʘʢʣʦʥʥʘʷ ʣʠʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʫʣʝʚʦʤʫ 

ʚʥʫʪʨʝʥʥʝʤʫ ʧʦʣʶ Ὄ̃  ̎ ʥʘ ʩʪʝʥʢʝ. ʅʘ ʧʨʘʢʪʠʢʝ ʪʘʢʠʝ ʧʝʪʣʠ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʥʝʢʦʪʦʨʦʝ 
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ʦʪʢʣʦʥʝʥʠʝ ʦʪ ʵʪʠʭ ʠʜʝʘʣʠʟʘʮʠʡ, ʙʫʜʫʯʠ ʩʣʝʛʢʘ ʠʟʦʛʥʫʪʳʤʠ ʠ ʠʤʝʷ ʤʘʣʫʶ, ʥʦ ʥʝʥʫʣʝʚʫʶ 

ʰʠʨʠʥʫ. 

 

ʈʠʩʫʥʦʢ 1.8 - ʇʦʚʝʜʝʥʠʝ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ὓ ʢʘʢ ʬʫʥʢʮʠʠ ʧʨʠʣʦʞʝʥʥʦʛʦ ʧʦʣʷ Ὄ  ʜʣʷ 

ʯʘʩʪʠʮʳ, ʩʦʜʝʨʞʘʱʝʡ ʩʚʦʙʦʜʥʦ ʜʚʠʞʫʱʫʶʩʷ ʩʪʝʥʢʫ. 

 

ʂʦʛʜʘ ʩʪʝʥʢʘ ʜʚʠʞʝʪʩʷ, ʦʥʘ ʦʩʪʘʚʣʷʝʪ ʧʦʩʣʝ ʩʝʙʷ ʟʘʨʦʜʳʰʠ ʚ ʦʙʣʘʩʪʷʭ ʩ ʚʳʩʦʢʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʜʝʬʝʢʪʦʚ, ʚ ʦʩʥʦʚʥʦʤ ʚʙʣʠʟʠ ʧʦʚʝʨʭʥʦʩʪʠ. ʕʪʦ ʩʭʝʤʘʪʠʯʝʩʢʠ ʧʦʢʘʟʘʥʦ ʥʘ 

ʨʠʩʫʥʢʝ 1.9. ʂʘʨʪʠʥʘ, ʟʘʬʠʢʩʠʨʦʚʘʥʥʘʷ ʧʦʩʣʝ ʜʚʠʞʝʥʠʷ ʩʪʝʥʢʠ ʚ ʦʜʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ, 

ʦʙʷʟʘʪʝʣʴʥʦ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʢʘʨʪʠʥʳ, ʧʦʣʫʯʝʥʥʦʡ ʚ ʨʝʟʫʣʴʪʘʪʝ ʝʝ ʜʚʠʞʝʥʠʷ ʚ 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. ʊʘʢʠʝ ʦʙʣʘʩʪʠ ʷʚʣʷʶʪʩʷ ʟʘʨʦʜʳʰʘʤʠ I ʪʠʧʘ. 

ʂʦʥʬʠʛʫʨʘʮʠʠ A ʠ E ʥʘ ʨʠʩʫʥʢʝ 1.9 ʩʦʦʪʚʝʪʩʪʚʫʶʪ ˙̏ ̒,̓ ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʦʯʝʥʴ ʤʘʣʦʡ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʩʘʤʠʭ ʟʘʨʦʜʳʰʝʡ. ɼʘʣʴʥʝʡʰʝʝ ʫʚʝʣʠʯʝʥʠʝ ʧʨʠʣʦʞʝʥʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ 

ʧʦʣʷ ʧʨʠʚʝʣʦ ʙʳ ʢ ʧʝʨʝʤʘʛʥʠʯʠʚʘʥʠʶ ʟʘʨʦʜʳʰʝʡ (ʠʭ ʠʩʯʝʟʥʦʚʝʥʠʶ) ʦʜʠʥ ʟʘ ʜʨʫʛʠʤ. ʉ 

ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʧʨʠ ʫʤʝʥʴʰʝʥʠʠ ʚʥʝʰʥʝʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʟʘʨʦʜʳʰʠ ʩ 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʚʝʢʪʦʨʘ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʫʚʝʣʠʯʠʣʠ ʙʳ ʩʚʦʶ ʧʣʦʱʘʜʴ. 

ʇʦ ʤʝʨʝ ʩʚʦʝʛʦ ʜʚʠʞʝʥʠʷ ʦʥʠ çʫʥʠʯʪʦʞʠʣʠè ʙʳ ʦʩʪʘʚʰʠʝʩʷ ʟʘʨʦʜʳʰʠ ʪʦʛʦ ʞʝ ʟʥʘʢʘ ʠ 

ʦʩʪʘʚʠʣʠ ʙʳ ʧʦʩʣʝ ʩʝʙʷ ʜʨʫʛʫʶ ʢʘʨʪʠʥʫ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʘʛʥʠʪʥʳʭ ʤʦʤʝʥʪʦʚ. ʉʣʝʜʫʝʪ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʟʘʨʦʜʳʰʠ II  ʪʠʧʘ ʧʨʠʩʫʪʩʪʚʫʶʪ ʚ ʦʜʥʦʤ ʠ ʪʦʤ ʞʝ ʤʝʩʪʝ ʜʣʷ ʣʶʙʦʛʦ ʟʥʘʢʘ 

ʣʦʢʘʣʴʥʦʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ. ɼʘʥʥʳʡ ʩʣʫʯʘʡ ʧʦʢʘʟʘʥ ʚ ʩʦʩʪʦʷʥʠʷʭ A1 ʠ ɼ1 ʥʘ ʨʠʩʫʥʢʝ 

1.9. 
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ʈʠʩʫʥʦʢ 1.9 - ʉʭʝʤʘʪʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʢʦʥʬʠʛʫʨʘʮʠʠ ʜʦʤʝʥʦʚ, ʢʦʛʜʘ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ M ʤʝʥʷʝʪʩʷ ʩ ʦʜʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ (ʩʦʩʪʦʷʥʠʝ A) ʥʘ 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʝ (ʩʦʩʪʦʷʥʠʝ ɼ). ɿʘʨʦʜʳʰ II  ʪʠʧʘ ʧʦʢʘʟʘʥ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʚ 

ʩʦʩʪʦʷʥʠʷʭ A1 ʠ ɼ1 ʧʫʥʢʪʠʨʥʦʡ ʣʠʥʠʝʡ (ʟʘʨʦʜʳʰ ʚ ʬʦʨʤʝ ʰʠʧʘ ʩʧʨʘʚʘ). 

 

ʇʦʚʝʜʝʥʠʝ, ʦʙʫʩʣʦʚʣʝʥʥʦʝ ʥʘʣʠʯʠʝʤ ʟʘʨʦʜʳʰʝʡ I ʪʠʧʘ, ʦʧʠʩʳʚʘʝʪʩʷ ʩ ʧʦʤʦʱʴʶ 

ʨʠʩʫʥʢʘ 1.10. ɼʦʤʝʥʥʘʷ ʩʪʝʥʢʘ, ʜʚʠʞʫʱʘʷʩʷ ʧʦ ʦʙʨʘʟʮʫ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʚʥʝʰʥʝʛʦ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʦʩʪʘʥʦʚʠʪʩʷ ʚ ʪʦʯʢʝ Ὄ̑ ́̈,̍ ʧʨʠ ʵʪʦʤ ʦʙʨʘʟʝʮ ʥʝ ʙʫʜʝʪ ʧʦʣʥʦʩʪʴʶ 

ʥʘʩʳʱʝʥ. ʆʩʪʘʚʰʠʝʩʷ ʜʦʤʝʥʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʣʦʢʘʣʴʥʳʤ ʧʦʣʝʤ Ὄ  ʜʣʷ ʜʚʠʞʝʥʠʷ ʚ 

ʣʶʙʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. ɽʩʣʠ ʧʨʠʣʦʞʝʥʥʦʝ ʧʦʣʝ ʙʫʜʝʪ ʫʚʝʣʠʯʠʚʘʪʴʩʷ ʝʱʝ ʙʦʣʴʰʝ, ʜʦʤʝʥʥʘʷ 

ʛʨʘʥʠʮʘ ʧʨʠ ʧʦʣʝ, ʨʘʚʥʦʤ Ὄ̑ ́̈̍ Ὄ ȟ ʧʦʢʠʥʝʪ ʦʙʨʘʟʝʮ. ʅʝʙʦʣʴʰʦʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ 

ʫʚʝʣʠʯʝʥʠʝ ˙̏ ̒̓ ʦʧʫʱʝʥʦ ʜʣʷ ʧʨʦʩʪʦʪʳ. ʉʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʜʦʤʝʥ ʦʙʨʘʪʥʦʛʦ ʟʥʘʢʘ 

ʙʦʣʴʰʝ ʥʝ ʷʚʣʷʝʪʩʷ ʟʘʨʦʜʳʰʝʤ ʧʝʨʝʤʘʛʥʠʯʠʚʘʥʠʷ. 

ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʝʩʣʠ ʟʥʘʯʝʥʠʝ ʚʥʝʰʥʝʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ Ὄ ʫʤʝʥʴʰʠʪʴ ʦʪ 

ʟʥʘʯʝʥʠʷ ʤʝʞʜʫ Ὄ̑ ́̈ ̍ ʠ Ὄ̑ ́̈̍ Ὄ ȟ  ʩʪʝʥʢʘ ʚʳʨʚʝʪʩʷ ʧʨʠ ʟʥʘʯʝʥʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ 

ʩʢʘʯʢʘ Ὄ̒ ̋ Ὄ̑ ́̈̍ Ὄ  ʠ ʙʳʩʪʨʦ ʥʘʯʥʝʪ ʜʚʠʛʘʪʴʩʷ ʜʦ ὓ ὓ. ɺ ʵʪʦʡ ʪʦʯʢʝ ʦʥʘ 

ʦʩʪʘʥʦʚʠʪʩʷ, ʧʦʩʢʦʣʴʢʫ ʣʦʢʘʣʴʥʦʝ ʧʦʣʝ ʨʘʚʥʦ ʥʫʣʶ. ɼʘʣʴʥʝʡʰʠʝ ʠʟʤʝʥʝʥʠʷ Ὄ 

ʧʝʨʝʤʝʩʪʷʪ ʩʪʝʥʢʫ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ Ὄ̃ ̎ π . ɽʩʣʠ ʙʳ ʟʥʘʯʝʥʠʝ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ 

ʚʝʨʥʫʣʦʩʴ ʢ Ὄ ʤʝʞʜʫ Ὄ̑ ́̈ ̍ ʠ Ὄ̑ ́̈̍ Ὄ , ʘ ʟʘʪʝʤ ʫʤʝʥʴʰʠʣʦʩʴ, ʩʢʘʯʦʢ ʧʨʦʠʟʦʰʝʣ ʙʳ ʝʱʝ 

ʨʘʟ ʧʨʠ Ὄ̒ ̋.  ʇʨʠ Ὄ Ὄ̑ ́̈̍ Ὄ  ʟʘʨʦʜʳʰ ˉ1 ʙʫʜʝʪ ʧʝʨʝʤʘʛʥʠʯʝʥ.  

ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʜʨʫʛʦʡ ʟʘʨʦʜʳʰ ˉ2 ʩ ʭʘʨʘʢʪʝʨʥʳʤ ʣʦʢʘʣʴʥʳʤ ʧʦʣʝʤ Ὄ  ʪʘʢ ʞʝ 

ʥʘʙʣʶʜʘʣʩʷ ʙʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʘ ʧʦʩʣʝ ʧʨʦʮʝʩʩʘ ʜʚʠʞʝʥʠʷ ʜʦʤʝʥʥʦʡ ʛʨʘʥʠʮʳ. 

ʊʦʛʜʘ ʜʣʷ ʟʥʘʯʝʥʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ Ὄ ʤʝʞʜʫ Ὄ̑ ́̈̍Ὄ  ʠ Ὄ̑ ́̈̍ Ὄ  ʧʦʣʝ ʩʢʘʯʢʘ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʦʪ ˙̏ ̒̓ ʢ ̇  ʙʳʣʦ ʨʘʚʥʦ Ὄ̒ ̋ Ὄ̑ ́̈̍ Ὄ. ʊʝ ʞʝ ʩʦʦʙʨʘʞʝʥʠʷ 
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ʧʨʠʤʝʥʠʤʳ ʢ ʩʝʨʠʠ ʨʘʟʣʠʯʥʳʭ ʢʦʥʬʠʛʫʨʘʮʠʡ ʜʦʤʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ, ʥʘʙʣʶʜʘʝʤʳʝ ʧʦʩʣʝ 

ʩʤʝʱʝʥʠʷ ʜʦʤʝʥʥʦʡ ʛʨʘʥʠʮʳ, ʜʚʠʞʫʱʝʡʩʷ ʚ ʜʨʫʛʦʤ ʥʘʧʨʘʚʣʝʥʠʠ, ʧʦʢʘ ὓ ὓ̏ ̒̓ ʧʨʠ 

Ὄ Ὄ̑ ́̈̍.  

 

ʈʠʩʫʥʦʢ 1.10 - ɼʠʘʛʨʘʤʤʘ ʧʦʚʝʜʝʥʠʷ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʚ ʧʨʠʣʦʞʝʥʥʦʤ ʚʥʝʰʥʝʤ 

ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʩ ʫʯʝʪʦʤ ʧʨʠʩʫʪʩʪʚʠʷ ʟʘʨʦʜʳʰʝʡ I ʪʠʧʘ 

 

ʊʘʢ ʞʝ ʤʦʞʥʦ ʧʨʝʜʩʢʘʟʘʪʴ ʤʘʛʥʠʪʥʦʝ ʧʦʚʝʜʝʥʠʝ ʦʙʨʘʟʮʘ, ʚ ʢʦʪʦʨʦʤ ʥʘʙʣʶʜʘʶʪʩʷ 

ʟʘʨʦʜʳʰʠ ʨʘʟʥʳʭ ʪʠʧʦʚ. ʕʪʦ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 1.11 ʜʣʷ ʦʙʨʘʟʮʘ ʩ ʯʝʪʳʨʴʤʷ 

ʟʘʨʦʜʳʰʘʤʠ ʚ ʜʚʫʭ ʥʘʧʨʘʚʣʝʥʠʷʭ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ.  

ɺ ʧʨʦʮʝʩʩʝ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ-ʨʘʟʤʘʛʥʠʯʠʚʘʥʠʷ ʚ ʢʘʢʦʡ-ʪʦ ʤʦʤʝʥʪ ʧʨʦʠʩʭʦʜʠʪ 

ʚʥʝʟʘʧʥʦʝ ʧʘʜʝʥʠʝ ʜʦ ʧʦʩʪʦʷʥʥʦʛʦ ʟʥʘʯʝʥʠʷ ʧʦʣʷ ʩʢʘʯʢʘ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ Ὄ̒ ,̋ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʩʨʘʙʘʪʳʚʘʥʠʶ ʥʘʠʙʦʣʝʝ ʘʢʪʠʚʥʦʛʦ ʧʨʠʩʫʪʩʪʚʫʶʱʝʛʦ ʟʘʨʦʜʳʰʘ II  

ʪʠʧʘ. ʅʘ ʨʠʩʫʥʢʝ 1.11 ʪʘʢʞʝ ʧʨʦʠʣʣʶʩʪʨʠʨʦʚʘʥʳ ʪʨʠ ʨʘʟʣʠʯʥʳʭ ʪʠʧʘ ʧʨʝʜʝʣʴʥʦʛʦ 

ʧʦʚʝʜʝʥʠʷ ʟʘʨʦʜʳʰʝʡ II  ʪʠʧʘ. ʇʦʢʘʟʘʥʳ ʪʨʠ ʪʘʢʠʭ ʚʦʟʤʦʞʥʳʭ ʟʘʨʦʜʳʰʘ, ʠʤʝʶʱʠʭ 

ʭʘʨʘʢʪʝʨʥʳʝ ʧʦʣʷ Ὄ̑ ́̈̍ Ὄȟ Ὄ̑ ́̈̍ Ὄȟ Ὄ̑ ́̈̍ Ὄ. ɺ ʢʘʞʜʦʤ ʩʣʫʯʘʝ ʪʘʢʦʡ ʟʘʨʦʜʳʰ 

ʫʩʪʘʥʘʚʣʠʚʘʝʪ ʧʨʝʜʝʣ ʜʣʷ ʧʦʣʷ ʩʢʘʯʢʘ Ὄ̒ .̋ ʉʢʘʯʢʠ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʥʝ ʤʦʛʫʪ 

ʧʨʦʠʩʭʦʜʠʪʴ ʚʥʝ ʦʧʨʝʜʝʣʷʝʤʦʡ ʠʤ ʧʝʪʣʠ. ɼʣʷ ʟʘʨʦʜʳʰʘ ὢ  ʵʪʠ ʧʨʝʜʝʣʴʥʳʝ ʩʢʘʯʢʠ 

ʧʨʦʠʩʭʦʜʷʪ ʧʨʠ Ὄ Ὄ̑ ́̈̍Ὄ  ʩʧʨʘʚʘ ʠ Ὄ Ὄ̑ ́̈̍Ὄ  ʩʣʝʚʘ. ɼʣʷ ὣ ʦʥʠ 

ʥʘʙʣʶʜʘʶʪʩʷ ʧʨʠ Ὄ Ὄ̑ ́̈̍Ὄ  ʩʧʨʘʚʘ ʠ Ὄ Ὄ̑ ́̈̍Ὄ  ʩʣʝʚʘ. ɼʣʷ ὤ ʦʥʠ 

ʚʦʟʥʠʢʘʶʪ ʚʩʷʢʠʡ ʨʘʟ, ʢʦʛʜʘ Ὄ ʨʘʚʥʦ ʠʣʠ ʙʦʣʴʰʝ ʧʦʣʷ ʩʢʘʯʢʘ. ʕʪʠ ʪʨʠ ʷʜʨʘ, ʢʦʥʝʯʥʦ, 

ʠʣʣʶʩʪʨʠʨʫʶʪ ʪʨʠ ʦʪʜʝʣʴʥʳʝ ʦʛʨʘʥʠʯʠʚʘʶʱʠʝ ʚʦʟʤʦʞʥʦʩʪʠ. 
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ʈʠʩʫʥʦʢ 1.11 - ɼʠʘʛʨʘʤʤʘ ʧʝʪʝʣʴ ʛʠʩʪʝʨʝʟʠʩʘ ʜʣʷ ʦʙʨʘʟʮʘ, ʩʦʜʝʨʞʘʱʝʛʦ ʚʦʩʝʤʴ 

ʟʘʨʦʜʳʰʝʡ I ʪʠʧʘ, ʧʦ ʯʝʪʳʨʝ ʚ ʢʘʞʜʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ. ʇʦʣʷ 

ʦʙʦʟʥʘʯʝʥʳ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 1' ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʦʣʶ  Ὄ Ὄ̑ ́̈̍Ὄ , 1 - Ὄ

Ὄ̑ ́̈̍Ὄ  ʠ ʪ. ʜ. ʊʘʢʞʝ ʧʦʢʘʟʘʥʳ ʪʨʠ ʩʢʘʯʢʘ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʚ ʦʙʨʘʟʮʝ ʩ 

ʟʘʨʦʜʳʰʘʤʠ II  ʪʠʧʘ ʚ ʧʦʣʷʭ Ὄ , Ὄ, ʠ Ὄ . 

 

ɽʩʣʠ ʙʳ ʚʩʝ ʪʨʠ ʠʟ ʥʠʭ ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʨʠʩʫʪʩʪʚʦʚʘʣʠ ʚ ʦʜʥʦʡ ʯʘʩʪʠʮʝ, ʪʦ ʪʦʣʴʢʦ 

ʧʝʪʣʷ, ʦʙʫʩʣʦʚʣʝʥʥʘʷ ʟʘʨʦʜʳʰʝʤ ὢ, ʢʦʛʜʘ-ʣʠʙʦ ʧʦʷʚʠʣʘʩʴ ʙʳ. ɽʩʣʠ ʙʳ ʝʛʦ ʫʜʘʣʠʣʠ, 

ʥʘʧʨʠʤʝʨ, ʚ ʧʨʦʮʝʩʩʝ ʪʨʘʚʣʝʥʠʷ, ʪʦ ʦʛʨʘʥʠʯʠʚʘʶʱʠʤ ʧʦʣʝʤ ʩʢʘʯʢʘ Ὄ̒  ̋ ʩʪʘʣ ʙʳ 

ʟʘʨʦʜʳʰ ὣ, ʪʠʧ ʧʦʚʝʜʝʥʠʷ ʢʦʪʦʨʳʡ ʥʘʙʣʶʜʘʣʩʷ ʚ ʨʘʙʦʪʝ [46]. 

ɼʘʥʥʘʷ ʧʨʦʩʪʘʷ ʤʦʜʝʣʴ, ʚʢʣʶʯʘʶʱʘʷ ʜʚʘ ʪʠʧʘ ʟʘʨʦʜʳʰʝʡ, ʥʠ ʦʜʥʦ ʠʟ ʢʦʪʦʨʳʭ ʥʝ 

ʦʙʣʘʜʘʝʪ ʢʘʢʠʤʠ-ʣʠʙʦ ʥʝʦʙʳʯʥʳʤʠ ʠʣʠ ʥʝʩʠʤʤʝʪʨʠʯʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʤʦʞʝʪ ʦʧʠʩʘʪʴ 

ʙʦʣʴʰʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʷʚʣʝʥʠʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʟʘʚʠʩʠʤʦʩʪʴʶ ʢʦʵʨʮʠʪʠʚʥʦʡ ʩʠʣʳ ʦʪ 

ʚʥʝʰʥʝʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ ʧʦʨʦʰʢʦʦʙʨʘʟʥʳʭ ʤʘʪʝʨʠʘʣʘʭ ʠ ʟʘʨʦʜʳʰʝʦʙʨʘʟʫʶʱʠʭ 

ʧʦʣʝʡ ʚ ʦʪʜʝʣʴʥʳʭ ʯʘʩʪʠʮʘʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʚʳʩʦʢʦʡ ʘʥʠʟʦʪʨʦʧʠʝʡ, ʚʢʣʶʯʘʷ ʦʨʪʦʬʝʨʨʠʪʳ 

ʠ ʛʝʢʩʘʛʦʥʘʣʴʥʳʝ ʦʢʩʠʜʳ, ʘ ʪʘʢʞʝ ʢʦʙʘʣʴʪ-ʨʝʜʢʦʟʝʤʝʣʴʥʳʝ ʵʣʝʤʝʥʪʳ. 

ɺ ʩʧʝʯʝʥʥʳʭ ʤʘʛʥʠʪʘʭ ʪʠʧʘ Nd2Fe14B ʠʣʠ SmCo5 ʧʨʦʮʝʩʩ ʧʝʨʝʤʘʛʥʠʯʠʚʘʥʠʷ 

ʦʙʳʯʥʦ ʩʚʷʟʘʥ ʩ ʟʘʨʦʞʜʝʥʠʝʤ ʜʦʤʝʥʦʚ ʧʝʨʝʤʘʛʥʠʯʠʚʘʥʠʷ ʥʘ ʜʝʬʝʢʪʝ ʧʦʚʝʨʭʥʦʩʪʠ 

ʦʪʜʝʣʴʥʳʭ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʟʝʨʝʥ, ʛʜʝ ʣʦʢʘʣʴʥʘʷ ʢʦʥʩʪʘʥʪʘ ʘʥʠʟʦʪʨʦʧʠʠ ὑ ʤʦʞʝʪ ʙʳʪʴ 

ʨʝʟʢʦ ʩʥʠʞʝʥʘ [47ï50]. ɿʘʨʦʞʜʝʥʠʝ ʤʦʞʝʪ ʚʦʟʥʠʢʘʪʴ ʠʟ-ʟʘ ʚʳʩʦʢʠʭ ʣʦʢʘʣʴʥʳʭ 

ʨʘʟʤʘʛʥʠʯʠʚʘʶʱʠʭ ʧʦʣʝʡ ʠʟ-ʟʘ ʥʝʨʦʚʥʦʩʪʝʡ ʧʦʚʝʨʭʥʦʩʪʠ (ʦʩʪʨʳʝ ʫʛʣʳ ʠʣʠ ʷʤʢʠ) ʠʣʠ 

ʚʢʣʶʯʝʥʠʡ. ʂʨʦʤʝ ʪʦʛʦ, ʩʪʨʫʢʪʫʨʥʳʝ ʜʝʬʝʢʪʳ (ʜʝʬʝʢʪ ʫʧʘʢʦʚʢʠ, ʘʥʪʠʬʘʟʥʳʝ ʛʨʘʥʠʮʳ ʠ 

ʪ. ʜ.) ʠ ʣʦʢʘʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʩʪʝʭʠʦʤʝʪʨʠʠ ʪʘʢʞʝ ʤʦʛʫʪ ʧʨʠʚʦʜʠʪʴ ʢ ʨʝʟʢʦʤʫ ʩʥʠʞʝʥʠʶ 

ʣʦʢʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʢʦʥʩʪʘʥʪʳ ὑ [51]. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʚʝʨʭʥʦʩʪʠ, ʚ 
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ʯʘʩʪʥʦʩʪʠ ʰʝʨʦʭʦʚʘʪʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʠ ʦʪʜʝʣʴʥʳʭ ʟʝʨʝʥ/ʢʨʠʩʪʘʣʣʦʚ, ʤʦʛʫʪ ʦʢʘʟʳʚʘʪʴ 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʧʨʦʮʝʩʩ ʧʝʨʝʤʘʛʥʠʯʠʚʘʥʠʷ. ʆʜʥʘʢʦ ʪʨʘʜʠʮʠʦʥʥʳʝ ʩʧʝʯʝʥʥʳʝ 

ʤʘʛʥʠʪʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʚʝʩʴʤʘ ʩʣʦʞʥʳʝ ʦʙʲʝʢʪʳ, ʯʘʩʪʦ ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝʩʷ 

ʥʝʩʢʦʣʴʢʠʤʠ ʬʘʟʘʤʠ, ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʡ ʪʝʢʩʪʫʨʦʡ, ʛʨʘʥʠʮʘʤʠ ʟʝʨʝʥ, ʤʘʛʥʠʪʥʳʤʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤʠ ʤʝʞʜʫ ʟʝʨʥʘʤʠ, ʨʘʟʣʠʯʥʳʤʠ ʨʘʟʤʝʨʘʤʠ ʠ ʬʦʨʤʘʤʠ ʟʝʨʝʥ ʠ ʪ. ʜ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʦʥʠʤʘʥʠʝ ʚʣʠʷʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʜʝʬʝʢʪʦʚ ʥʘ ʧʝʨʝʤʘʛʥʠʯʠʚʘʥʠʝ ʚ 

ʩʣʫʯʘʝ ʵʪʠʭ ʦʙʲʝʢʪʦʚ ʩʪʘʥʦʚʠʪʩʷ ʢʨʘʡʥʝ ʩʣʦʞʥʦʡ ʟʘʜʘʯʝʡ, ʫʯʠʪʳʚʘʷ ʤʥʦʞʝʩʪʚʦ ʬʘʢʪʦʨʦʚ, 

ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʦʙʨʘʟʦʚʘʥʠʶ ʮʝʥʪʨʦʚ ʟʘʨʦʜʳʰʝʦʙʨʘʟʦʚʘʥʠʷ. 

ɼʣʷ ʫʩʪʨʘʥʝʥʠʷ ʵʪʦʛʦ ʦʛʨʘʥʠʯʝʥʠʷ ʵʬʬʝʢʪʠʚʥʳʤ ʧʦʜʭʦʜʦʤ ʷʚʣʷʝʪʩʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʦʩʪʳʭ ʤʦʜʝʣʴʥʳʭ ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ. ɹʦʣʝʝ ʨʘʥʥʠʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʧʦʩʪʦʷʥʥʳʭ ʤʘʛʥʠʪʦʚ ʚʳʷʚʠʣʠ, ʯʪʦ ʫʣʫʯʰʝʥʠʝ 

ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʫʩʣʦʚʠʡ ʧʦʩʨʝʜʩʪʚʦʤ ʭʠʤʠʯʝʩʢʦʡ ʧʦʣʠʨʦʚʢʠ ʧʨʠʚʦʜʠʪ ʢ ʩʫʱʝʩʪʚʝʥʥʦʤʫ 

ʧʦʚʳʰʝʥʠʶ ʠʭ ʢʦʵʨʮʠʪʠʚʥʦʡ ʩʠʣʳ [52ï66]. 

ʄʦʥʦʢʨʠʩʪʘʣʣʳ ʩʯʠʪʘʶʪʩʷ ʧʨʦʩʪʝʡʰʠʤʠ ʦʙʨʘʟʦʚʘʥʠʷʤʠ ʠ ʚ ʠʜʝʘʣʝ ʥʝ ʠʤʝʶʪ 

ʛʨʘʥʠʮ ʟʝʨʝʥ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʜʥʦʡ ʬʘʟʫ ʠ ʧʦʣʥʦʩʪʴʶ ʫʩʪʨʘʥʷʷ ʵʬʬʝʢʪ ʨʘʟʤʝʨʘ 

ʟʝʨʥʘ. ʆʜʥʘʢʦ ʢʨʫʧʥʳʝ ʤʦʥʦʢʨʠʩʪʘʣʣʳ ʤʦʛʫʪ ʩʦʜʝʨʞʘʪʴ ʚʥʫʪʨʝʥʥʠʝ ʩʪʨʫʢʪʫʨʥʳʝ 

ʜʝʬʝʢʪʳ, ʪʘʢʠʝ ʢʘʢ ʧʫʩʪʦʪʳ, ʩʫʙʟʝʨʝʥʥʳʝ ʛʨʘʥʠʮʳ (ʤʘʣʦʫʛʣʦʚʳʝ ʛʨʘʥʠʮʳ ʟʝʨʝʥ) ʠ ʪ. ʜ. 

ʊʝʤ ʥʝ ʤʝʥʝʝ, ʢʘʢ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʚ ʧʨʝʜʳʜʫʱʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ [65,67], ʚʩʝ ʧʨʦʮʝʩʩʳ 

ʟʘʨʦʜʳʰʝʦʙʨʘʟʦʚʘʥʠʷ ʚ ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʧʦʩʪʦʷʥʥʳʭ ʤʘʛʥʠʪʘʭ ʦʙʳʯʥʦ ʧʨʦʠʩʭʦʜʷʪ 

ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʥʠ ʩʣʫʞʘʪ ʧʨʝʢʨʘʩʥʳʤʠ ʤʦʜʝʣʴʥʳʤʠ ʦʙʲʝʢʪʘʤʠ ʜʣʷ 

ʠʟʫʯʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʜʝʬʝʢʪʦʚ ʠ ʠʭ ʚʣʠʷʥʠʷ ʥʘ ʢʦʵʨʮʠʪʠʚʥʫʶ ʩʠʣʫ. 

ʊʘʢ, ʚ ʨʘʙʦʪʝ [68] ʙʳʣʠ ʠʟʫʯʝʥʳ ʩʚʦʡʩʪʚʘ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ SmCo5. ɹʳʣʦ 

ʟʘʬʠʢʩʠʨʦʚʘʥʦ, ʯʪʦ ʧʨʦʮʝʩʩ ʧʝʨʝʤʘʛʥʠʯʠʚʘʥʠʷ ʜʘʥʥʦʛʦ ʦʙʨʘʟʮʘ ʙʳʣ ʯʨʝʟʚʳʯʘʡʥʦ 

ʯʫʚʩʪʚʠʪʝʣʝʥ ʢ ʩʦʩʪʦʷʥʠʶ ʧʦʚʝʨʭʥʦʩʪʠ. ʊʘʢʞʝ ʩʜʝʣʘʥ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʚ ʧʨʦʮʝʩʩʝ 

ʧʝʨʝʤʘʛʥʠʯʠʚʘʥʠʷ ʜʣʷ ʩʬʝʨ ʩ ʰʝʨʦʭʦʚʘʪʳʤʠ ʧʦʚʝʨʭʥʦʩʪʷʤʠ ʜʦʤʠʥʠʨʦʚʘʣ ʤʝʭʘʥʠʟʤ 

ʩʤʝʱʝʥʠʷ ʜʦʤʝʥʥʳʭ ʛʨʘʥʠʮ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʥʘʤʘʛʥʠʯʠʚʘʥʠʝ ʜʣʷ ʩʬʝʨ ʩ ʛʣʘʜʢʠʤʠ 

ʧʦʚʝʨʭʥʦʩʪʷʤʠ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʧʦʩʨʝʜʩʪʚʦʤ ʩʢʘʯʢʘ ʠʟ ʥʘʤʘʛʥʠʯʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʩ 

ʚʝʢʪʦʨʦʤ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ Ὅᴆȟ  ʥʘʧʨʘʚʣʝʥʥʳʤ ʫʩʣʦʚʥʦ ʚʚʝʨʭ ʚ ʩʦʩʪʦʷʥʠʝ c Ὅᴆ, 

ʥʘʧʨʘʚʣʝʥʥʳʤ ʚ ʦʙʨʘʪʥʫʶ ʩʪʦʨʦʥʫ. 

ʈʘʙʦʪʳ ɹʝʢʢʝʨʘ [69] ʠ ɿʝʡʣʩʪʨʳ [70] ʧʦʢʘʟʘʣʠ, ʯʪʦ ʩʧʦʩʦʙʥʦʩʪʴ ʤʝʣʢʠʭ ʯʘʩʪʠʮ 

SmCo5 ʨʝʘʣʠʟʦʚʳʚʘʪʴ ʙʦʣʴʰʫʶ ʢʦʵʨʮʠʪʠʚʥʫʶ ʩʠʣʫ ʟʘʚʠʩʠʪ ʦʪ ʨʘʟʤʝʨʘ ʯʘʩʪʠʮ ʠ/ʠʣʠ 

ʩʦʩʪʦʷʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ. ʇʦʵʪʦʤʫ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ 
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ʧʨʦʚʦʜʠʣʠʩʴ ʜʣʷ ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʬʝʨ ʩ ʜʠʘʤʝʪʨʘʤʠ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 0,2 ʩʤ ʜʦ 0,02 

ʩʤ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʣʦʩʴ ʚʝʣʠʯʠʥʝ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʥʘʩʳʱʝʥʠʷ Ὅȟ ʘ ʪʘʢʞʝ 

ʚʣʠʷʥʠʶ ʥʘ ʝʝ ʟʥʘʯʝʥʠʝ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʦʚ. ɼʣʷ 

ʦʙʲʷʩʥʝʥʠʷ ʧʨʦʮʝʩʩʘ ʧʝʨʝʤʘʛʥʠʯʠʚʘʥʠʷ ʚ ʤʘʣʳʭ ʯʘʩʪʠʮʘʭ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ [68] ʙʳʣʠ 

ʨʘʟʨʘʙʦʪʘʥʳ ʜʚʝ ʤʦʜʝʣʠ: ʤʦʜʝʣʴ ʩ ʜʦʤʠʥʠʨʫʶʱʝʤ ʚʢʣʘʜʦʤ ʤʝʭʘʥʠʟʤʘ 

ʟʘʨʦʜʳʰʝʦʙʨʘʟʦʚʘʥʠʷ ʠ ʤʦʜʝʣʴ ʩ ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʧʠʥʥʠʥʛʘ (ʟʘʢʨʝʧʣʝʥʠʷ ʜʦʤʝʥʥʳʭ 

ʛʨʘʥʠʮ ʥʘ ʩʪʨʫʢʪʫʨʥʳʭ ʠ ʭʠʤʠʯʝʩʢʠʭ ʥʝʦʜʥʦʨʦʜʥʦʩʪʷʭ). ʇʝʨʚʘʷ ʤʦʜʝʣʴ ʧʨʝʜʧʦʣʘʛʘʝʪ, 

ʯʪʦ ʧʣʦʪʥʦʩʪʴ ʜʝʬʝʢʪʦʚ ʜʦʣʞʥʘ ʙʳʪʴ ʫʤʝʥʴʰʝʥʘ, ʘ ʚʪʦʨʘʷ, ʯʪʦ ʧʣʦʪʥʦʩʪʴ ʜʝʬʝʢʪʦʚ 

ʜʦʣʞʥʘ ʙʳʪʴ ʫʚʝʣʠʯʝʥʘ, ʯʪʦ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʨʠʚʝʜʝʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʢʦʵʨʮʠʪʠʚʥʦʡ ʩʠʣʳ 

Ὄ . ʆʯʝʚʠʜʥʦ, ʯʪʦ ʜʣʷ ʛʨʘʤʦʪʥʦʛʦ ʠʟʛʦʪʦʚʣʝʥʠʷ ʧʦʩʪʦʷʥʥʳʭ ʤʘʛʥʠʪʦʚ ʚʘʞʥʦ ʦʧʨʝʜʝʣʠʪʴ, 

ʢʘʢʦʡ ʧʨʦʮʝʩʩ ʷʚʣʷʝʪʩʷ ʜʦʤʠʥʠʨʫʶʱʠʤ.  

ʆʙʨʘʙʦʪʢʘ ʧʦʚʝʨʭʥʦʩʪʝʡ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʤʝʪʦʜʦʤ ʵʣʝʢʪʨʦʧʦʣʠʨʦʚʢʠ ʚ ʩʤʝʩʠ 

ʬʦʩʬʦʨʥʦʡ ʢʠʩʣʦʪʳ ʠ ʪʨʠʦʢʩʠʜʘ ʭʨʦʤʘ. ʇʨʠʣʦʞʝʥʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʚʘʨʴʠʨʦʚʘʣʦʩʴ ʦʪ 0 ʜʦ 

40 ʚʦʣʴʪ. ʄʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʦʙʨʘʟʮʦʚ ʙʳʣʠ ʯʨʝʟʚʳʯʘʡʥʦ ʯʫʚʩʪʚʠʪʝʣʴʥʳ ʢ ʩʦʩʪʦʷʥʠʶ 

ʧʦʚʝʨʭʥʦʩʪʠ. ɼʣʷ ʦʙʨʘʟʮʦʚ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʧʦʛʨʫʞʝʥʳ ʚ ʧʦʣʠʨʦʚʘʣʴʥʳʡ ʨʘʩʪʚʦʨ ʜʘʞʝ ʥʘ 

ʜʦʣʶ ʩʝʢʫʥʜʳ ʩ ʧʨʠʣʦʞʝʥʥʳʤ ʥʘʧʨʷʞʝʥʠʝʤ 40 ʚʦʣʴʪ, ʧʨʦʮʝʩʩ ʧʝʨʝʤʘʛʥʠʯʠʚʘʥʠʷ 

ʧʨʦʠʩʭʦʜʠʣ ʩʢʘʯʢʦʦʙʨʘʟʥʦ ʠʟ ʧʦʣʥʦʩʪʴʶ ʥʘʤʘʛʥʠʯʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚ ʩʦʩʪʦʷʥʠʝ ʩ 

ʤʝʥʴʰʝʡ ʵʥʝʨʛʠʝʡ. ʀʟʥʘʯʘʣʴʥʘʷ ʧʝʪʣʷ ʛʠʩʪʝʨʝʟʠʩʘ ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʘʩʴ ʥʝʙʦʣʴʰʠʤʠ 

ʟʥʘʯʝʥʠʷʤʠ ʢʦʵʨʮʠʪʠʚʥʦʡ ʩʠʣʳ. ɺ ʮʝʣʦʤ, ʦʪʧʦʣʠʨʦʚʘʥʥʳʝ ʧʦʚʝʨʭʥʦʩʪʠ ʩ ʤʝʥʴʰʠʤ 

ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʙʳʣʠ ʩʚʷʟʘʥʳ ʩ ʩʘʤʳʤʠ ʤʘʣʝʥʴʢʠʤʠ ʩʬʝʨʠʯʝʩʢʠʤʠ 

ʦʙʨʘʟʮʘʤʠ, ʧʦʩʢʦʣʴʢʫ ʦʥʠ ʧʦʜʚʝʨʛʘʣʠʩʴ ʧʨʦʮʝʩʩʫ ʧʦʣʠʨʦʚʢʠ ʜʦʣʴʰʝ ʚʩʝʛʦ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʧʦʣʫʯʝʥʥʳʡ ʨʝʟʫʣʴʪʘʪ ʥʝ ʤʦʛ ʧʦʜʪʚʝʨʜʠʪʴ, ʚʳʟʚʘʥ ʣʠ ʵʬʬʝʢʪ çʨʘʩʰʠʨʝʥʠʷè 

ʧʝʪʣʠ ʛʠʩʪʨʝʟʠʩʘ ʠʟʤʝʥʝʥʠʝʤ ʩʦʩʪʦʷʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʠʣʠ ʨʘʟʤʝʨʦʤ ʦʙʨʘʟʮʘ. ʊʘʢ ʞʝ ʙʳʣʦ 

ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʩʘʤʳʝ ʚʳʩʦʢʠʝ ʥʘʧʨʷʞʝʥʠʷ ʩʦʟʜʘʚʘʣʠ ʩʘʤʳʝ ʛʣʘʜʢʠʝ ʧʦʚʝʨʭʥʦʩʪʠ. 

ʆʜʥʘʢʦ, ʯʪʦʙʳ ʦʪʜʝʣʠʪʴ ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʵʬʬʝʢʪʳ ʦʪ ʨʘʟʤʝʨʥʳʭ, ʦʙʨʘʟʝʮ ʧʦʧʝʨʝʤʝʥʥʦ 

ʧʦʣʠʨʦʚʘʣʠ, ʘ ʟʘʪʝʤ ʧʦʜʚʝʨʛʘʣʠ ʪʨʘʚʣʝʥʠʶ, ʠʩʧʦʣʴʟʫʷ ʚʳʩʦʢʦʝ (ὠ > 30 ʚʦʣʴʪ), ʘ ʟʘʪʝʤ 

ʥʠʟʢʦʝ (ὠ < 10 ʚʦʣʴʪ) ʥʘʧʨʷʞʝʥʠʝ. ʈʝʟʫʣʴʪʘʪʦʤ ʙʳʣʦ ʪʦ, ʯʪʦ ʧʦ ʤʝʨʝ ʪʦʛʦ, ʢʘʢ ʦʙʨʘʟʝʮ 

ʤʦʥʦʪʦʥʥʦ ʫʤʝʥʴʰʘʣʩʷ ʚ ʨʘʟʤʝʨʝ, ʦʥ ʦʩʪʘʚʘʣʩʷ ʩ ʧʦʧʝʨʝʤʝʥʥʦ ʛʣʘʜʢʦʡ ʠʣʠ ʰʝʨʦʭʦʚʘʪʦʡ 

ʧʦʚʝʨʭʥʦʩʪʴʶ. ʉʦʛʣʘʩʥʦ ʧʦʣʫʯʝʥʥʳʤ ʟʘʚʠʩʠʤʦʩʪʷʤ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʤ ʥʘ ʨʠʩʫʥʢʝ 1.12 

ʚʝʣʠʯʠʥʘ ʧʦʣʷ ʩʢʘʯʢʘ Ὄ̒  ̋ ʩʤʝʱʘʣʘʩʴ ʚ ʦʙʣʘʩʪʴ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʧʫʪʝʤ 

ʯʝʨʝʜʦʚʘʥʠʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ "ʩʪʝʧʝʥʠ" ʛʣʘʜʢʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ ʠ 

ʨʘʟʤʝʨʘ ʦʙʨʘʟʮʘ. ʅʝʯʝʪʥʳʝ ʢʨʠʚʳʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʛʨʫʙʳʤ ʧʨʦʪʨʘʚʣʝʥʥʳʤ 
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ʧʦʚʝʨʭʥʦʩʪʷʤ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʯʝʪʥʳʝ ʢʨʠʚʳʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʛʣʘʜʢʠʤ ʧʦʣʠʨʦʚʘʥʥʳʤ 

ʧʦʚʝʨʭʥʦʩʪʷʤ.  

ʉʦʛʣʘʩʥʦ ʘʥʘʣʠʟʫ ʜʘʥʥʦʡ ʜʠʘʛʨʘʤʤʳ, ʥʘʣʠʯʠʝ Ὄ̒  ̋ ʦʙʫʩʣʦʚʣʝʥʦ ʟʘʨʦʞʜʝʥʠʝʤ 

ʜʦʤʝʥʥʳʭ ʩʪʝʥʦʢ ʠʣʠ ʠʭ ʟʘʢʨʝʧʣʝʥʠʝʤ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʘ. ʄʝʩʪʘ 

ʟʘʨʦʞʜʝʥʠʷ/ʟʘʢʨʝʧʣʝʥʠʷ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʚʦʟʥʠʢʘʶʪ ʠʟ-ʟʘ ʬʠʟʠʯʝʩʢʦʛʦ ʥʘʣʠʯʠʷ ʩʘʤʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ, ʘ ʥʝ ʧʦʷʚʣʷʶʪʩʷ ʩʣʫʯʘʡʥʳʤ ʦʙʨʘʟʦʤ ʧʦ ʤʝʨʝ ʫʤʝʥʴʰʝʥʠʷ ʨʘʟʤʝʨʘ ʦʙʨʘʟʮʘ. 

Ὄ̒ ,̋ ʩʚʷʟʘʥʥʦʝ ʩ ʥʘʠʙʦʣʝʝ ʛʣʘʜʢʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ, ʫʭʫʜʰʘʝʪʩʷ ʩʦ ʚʨʝʤʝʥʝʤ (ʚʝʨʦʷʪʥʦ, ʠʟ-

ʟʘ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦʛʦ ʦʢʠʩʣʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʚʙʣʠʟʠ ʜʝʬʝʢʪʦʚ ʦʙʨʘʟʮʘ). 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʜʪʚʝʨʞʜʘʶʪ ʤʦʜʝʣʴ ʟʘʨʦʜʳʰʝʦʙʨʘʟʦʚʘʥʠʷ ʜʣʷ 

ʧʝʨʝʤʘʛʥʠʯʠʚʘʥʠʷ ʜʘʥʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ. ʆʜʥʘʢʦ ʩʯʠʪʘʝʪʩʷ, ʯʪʦ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʡ 

ʧʨʦʮʝʩʩ ʧʝʨʝʤʘʛʥʠʯʠʚʘʥʠʷ ʩʣʦʞʥʝʝ ʣʶʙʦʡ ʤʦʜʝʣʠ, ʧʨʝʜʣʦʞʝʥʥʦʡ ʜʦ ʩʠʭ ʧʦʨ. 

 

ʈʠʩʫʥʦʢ 1.12 ï ɼʠʘʛʨʘʤʤʘ, ʜʝʤʦʥʩʪʨʠʨʫʶʱʘʷ ʵʬʬʝʢʪ ʧʦʧʝʨʝʤʝʥʥʦʛʦ ʧʨʠʜʘʥʠʷ 

ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʠ ʩʛʣʘʞʠʚʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ [68]. 

 

ɺ ʨʘʙʦʪʝ [56] ʪʘʢʞʝ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ ʩʠʣʴʥʦʝ ʚʣʠʷʥʠʝ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʫʩʣʦʚʠʡ 

ʥʘ ʢʦʵʨʮʠʪʠʚʥʫʶ ʩʠʣʫ ʦʙʨʘʟʮʦʚ SmCo5 ʩ ʜʠʘʤʝʪʨʦʤ ʧʨʠʤʝʨʥʦ 0,5 ʤʤ. ʊʘʢʞʝ ʦʪʤʝʯʝʥʦ, 

ʯʪʦ ʧʨʦʮʝʩʩ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʡ ʧʦʣʠʨʦʚʢʠ, ʚʝʨʦʷʪʥʦ, ʚʦʟʜʝʡʩʪʚʫʝʪ ʥʘ ʪʦʯʝʯʥʳʝ ʜʝʬʝʢʪʳ, 

ʪ. ʝ. ʣʦʢʘʣʠʟʦʚʘʥʥʳʝ ʥʝʩʦʚʝʨʰʝʥʩʪʚʘ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʝ. ʕʪʠ ʥʝʩʦʚʝʨʰʝʥʩʪʚʘ ʚ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʝ ʙʦʣʝʝ ʧʦʜʚʝʨʞʝʥʳ ʢʦʨʨʦʟʠʠ ʠʣʠ ʤʝʭʘʥʠʯʝʩʢʠʤ 

ʧʦʚʨʝʞʜʝʥʠʷʤ ʠ ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʠʛʨʘʶʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʧʦʚʝʨʭʥʦʩʪʥʳʭ 

ʷʤʦʢ ʠ ʚʳʩʪʫʧʦʚ. ʈʦʣʴ ʵʪʠʭ ʜʝʬʝʢʪʦʚ ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʩʪʨʫʢʪʫʨʝ ʤʘʛʥʠʪʥʳʭ ʜʦʤʝʥʦʚ ʙʳʣʘ 

ʠʩʩʣʝʜʦʚʘʥʘ ʧʫʪʝʤ ʢʦʤʙʠʥʠʨʦʚʘʥʠʷ ʤʝʪʦʜʦʚ ʘʪʦʤʥʦ-ʩʠʣʦʚʦʡ (ɸʉʄ) ʠ ʤʘʛʥʠʪʥʦ-ʩʠʣʦʚʦʡ 

ʤʠʢʨʦʩʢʦʧʠʠ (ʄʉʄ) ʚ ʣʦʢʘʣʠʟʦʚʘʥʥʦʡ ʦʙʣʘʩʪʠ. ʅʘ ʧʦʣʫʯʝʥʥʳʭ ɸʉʄ ʠ ʄʉʄ-
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ʠʟʦʙʨʘʞʝʥʠʷʭ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʩʫʙʜʦʤʝʥʥʳʝ ʩʪʨʫʢʪʫʨʳ ʥʘ ʙʘʟʠʩʥʦʡ ʧʣʦʩʢʦʩʪʠ 

ʦʙʨʘʟʮʦʚ. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʘ ʜʦʤʝʥʥʫʶ ʩʪʨʫʢʪʫʨʫ, ʚʳʷʚʣʝʥʥʫʶ ʩ ʧʦʤʦʱʴʶ ʄʉʄ, 

ʤʦʛʫʪ ʚʣʠʷʪʴ ʨʝʟʢʠʝ ʠʟʤʝʥʝʥʠʷ ʪʦʧʦʛʨʘʬʠʠ ʧʦʚʝʨʭʥʦʩʪʠ; ʪʝʤ ʥʝ ʤʝʥʝʝ, ʙʳʣʠ 

ʟʘʬʠʢʩʠʨʦʚʘʥʳ ʩʫʙʜʦʤʝʥʳ ʚ ʦʙʣʘʩʪʷʭ, ʛʜʝ ʪʦʧʦʛʨʘʬʠʷ ʥʝ ʧʦʢʘʟʳʚʘʝʪ ʪʘʢʦʛʦ ʨʦʜʘ 

ʦʩʦʙʝʥʥʦʩʪʠ ʚ ʪʦʤ ʞʝ ʤʘʩʰʪʘʙʝ, ʯʪʦ ʠ ʜʦʤʝʥ.  

ʉʦʛʣʘʩʥʦ ʤʥʝʥʠʶ ʘʚʪʦʨʦʚ, ʧʨʦʮʝʩʩ ʨʘʟʤʘʛʥʠʯʠʚʘʥʠʷ, ʚʝʨʦʷʪʥʦ, ʥʘʯʥʝʪʩʷ ʚ ʤʝʩʪʝ 

ʨʘʩʧʦʣʦʞʝʥʠʷ ʵʪʠʭ ʩʫʙʜʦʤʝʥʦʚ, ʠ ʠʭ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʟʘʨʦʜʳʰʠ ʜʣʷ 

ʧʝʨʝʤʘʛʥʠʯʠʚʘʥʠʷ. ʆʜʥʘʢʦ ʚʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ çʦʩʥʦʚʥʳʤè ʩʦʩʪʦʷʥʠʝʤ 

ʵʪʠ ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʦʙʣʘʩʪʠ ʩ ʜʝʬʝʢʪʘʤʠ ʧʦʢʘʟʳʚʘʶʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʛʣʘʜʢʠʝ ʫʛʣʳ, 

ʮʘʨʘʧʠʥʳ ʠ ʥʝʨʦʚʥʦʩʪʠ. ɼʝʬʝʢʪʳ ʧʦʚʝʨʭʥʦʩʪʠ ʤʦʞʥʦ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʫʤʝʥʴʰʠʪʴ 

ʧʫʪʝʤ ʙʦʣʝʝ ʪʱʘʪʝʣʴʥʦʡ ʧʦʣʠʨʦʚʢʠ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʛʦʨʘʟʜʦ ʙʦʣʝʝ ʛʣʘʜʢʦʡ ʧʦʚʝʨʭʥʦʩʪʴ ʩ 

ʤʝʣʢʠʤʠ ʷʤʢʘʤʠ ʠ ʚʳʩʪʫʧʘʤʠ. ʀʟʦʙʨʘʞʝʥʠʷ ɸʉʄ ʠ ʄʉʄ ʜʣʷ ʵʪʦʛʦ ʦʙʨʘʟʮʘ ʧʦʢʘʟʘʣʠ 

ʯʝʪʢʫʶ ʠ ʦʜʥʦʟʥʘʯʥʫʶ ʜʦʤʝʥʥʫʶ ʩʪʨʫʢʪʫʨʫ ʙʝʟ ʦʯʝʚʠʜʥʦʡ ʩʫʙʜʦʤʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʜʦʤʝʥʦʚ. ʕʪʘ ʫʣʫʯʰʝʥʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʧʨʠʚʝʣʘ ʢ ʜʘʣʴʥʝʡʰʝʤʫ 

ʫʚʝʣʠʯʝʥʠʶ ʢʦʵʨʮʠʪʠʚʥʦʡ ʩʠʣʳ. ʇʨʠʤʝʯʘʪʝʣʴʥʦ, ʯʪʦ ʚ ʵʪʦʡ ʨʘʙʦʪʝ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ 

ʢʘʢ ʵʣʝʢʪʨʦʣʠʪʠʯʝʩʢʠʡ, ʪʘʢ ʠ ʭʠʤʠʯʝʩʢʠʡ ʤʝʪʦʜʳ ʧʦʣʠʨʦʚʢʠ, ʠ ʦʙʘ ʧʦʜʭʦʜʘ ʜʘʣʠ ʫʨʦʚʥʠ 

ʢʦʵʨʮʠʪʠʚʥʦʡ ʩʠʣʳ ʙʣʠʟʢʦʡ ʚʝʣʠʯʠʥʳ. ʕʪʦ ʝʱʝ ʨʘʟ ʧʦʜʪʚʝʨʞʜʘʝʪ, ʯʪʦ ʢʣʶʯʝʚʳʤ 

ʬʘʢʪʦʨʦʤ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʤ ʚʳʩʦʢʦʡ ʢʦʵʨʮʠʪʠʚʥʦʡ ʩʠʣʝ, ʷʚʣʷʝʪʩʷ ʛʣʘʜʢʦʩʪʴ ʠ ʢʘʯʝʩʪʚʦ 

ʧʦʚʝʨʭʥʦʩʪʠ. 

1.6. ɿʘʢʣʶʯʝʥʠʝ ʧʦ ʦʙʟʦʨʫ ʣʠʪʝʨʘʪʫʨʳ ʠ ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ɼʣʷ ʫʩʧʝʰʥʦʛʦ ʚʥʝʜʨʝʥʠʷ ʧʦʩʪʦʷʥʥʳʭ ʤʘʛʥʠʪʦʚ (ʇʄ) ʚ ʨʘʩʪʫʱʝʤ ʩʝʢʪʦʨʝ 

ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʦʡ ʵʥʝʨʛʝʪʠʢʠ ʠ ʚ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʧʨʠʣʦʞʝʥʠʷʭ ʥʝʦʙʭʦʜʠʤʦ 

ʦʙʝʩʧʝʯʠʪʴ ʚʳʩʦʢʫʶ ʢʦʵʨʮʠʪʠʚʥʫʶ ʩʠʣʫ. ʆʜʥʘʢʦ ʪʝʢʫʱʠʝ ʟʥʘʯʝʥʠʷ ʢʦʵʨʮʠʪʠʚʥʦʡ ʩʠʣʳ, 

ʧʦʣʫʯʝʥʥʳʝ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʇʄ, ʚʩʝ ʝʱʝ ʟʥʘʯʠʪʝʣʴʥʦ ʥʠʞʝ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʚʝʨʭʥʝʛʦ 

ʧʨʝʜʝʣʘ ʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʜʦʩʪʠʛʘʶʪ ʣʠʰʴ 25% ʦʪ ʠʭ ʚʥʫʪʨʝʥʥʝʛʦ ʧʦʪʝʥʮʠʘʣʘ. ʕʪʦ 

ʥʝʩʦʦʪʚʝʪʩʪʚʠʝ ʠʟʚʝʩʪʥʦ ʢʘʢ ʧʘʨʘʜʦʢʩ ɹʨʘʫʥʘ, ʢʦʪʦʨʳʡ ʧʦ-ʧʨʝʞʥʝʤʫ ʷʚʣʷʝʪʩʷ ʚʘʞʥʦʡ 

ʪʝʤʦʡ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ. ʏʪʦʙʳ ʧʨʝʦʜʦʣʝʪʴ ʵʪʦʪ ʧʦʨʦʛ ʠ ʫʜʦʚʣʝʪʚʦʨʠʪʴ 

ʨʘʩʪʫʱʠʡ ʩʧʨʦʩ ʥʘ ʤʘʛʥʠʪʳ ʩ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʢʦʵʨʮʠʪʠʚʥʦʡ ʩʠʣʦʡ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ 

ʧʨʠʤʝʥʝʥʠʷ, ʢʨʘʡʥʝ ʚʘʞʥʦ ʧʦʥʷʪʴ ʧʨʠʯʠʥʫ ʪʘʢʦʡ ʙʦʣʴʰʦʡ ʨʘʟʥʠʮʳ.  

 ʂʦʵʨʮʠʪʠʚʥʘʷ ʩʠʣʘ ʤʘʛʥʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚʦ ʤʥʦʛʦʤ ʦʧʨʝʜʝʣʷʝʪʩʷ ʤʘʛʥʠʪʥʳʤ 

ʩʦʩʪʦʷʥʠʝʤ ʪʦʥʢʦʛʦ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʦʪʜʝʣʴʥʦʛʦ ʟʝʨʥʘ, ʠ ʙʦʣʝʝ ʛʣʫʙʦʢʦʝ ʧʦʥʠʤʘʥʠʝ 
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ʧʨʦʮʝʩʩʦʚ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʥʘ ʥʘʥʦʫʨʦʚʥʝ ʚʥʫʪʨʠ ʪʦʥʢʦʛʦ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ, ʤʦʛʣʦ ʙʳ 

ʧʦʤʦʯʴ ʜʘʣʴʥʝʡʰʝʤʫ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ ʧʝʨʝʜʦʚʳʭ ʤʘʛʥʠʪʦʪʚʝʨʜʳʭ ʤʘʪʝʨʠʘʣʦʚ.  ɺʩʝ 

ʵʪʦ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʘʢʪʫʘʣʴʥʦʩʪʴ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ, ʮʝʣʴʶ ʢʦʪʦʨʦʡ ʷʚʣʷʣʦʩʴ 

ʫʩʪʘʥʦʚʣʝʥʠʝ ʚʟʘʠʤʦʩʚʷʟʠ ʤʝʞʜʫ ʧʨʦʮʝʩʩʘʤʠ ʧʝʨʝʤʘʛʥʠʯʠʚʘʥʠʷ ʠ ʪʨʘʥʩʬʦʨʤʘʮʠʠ 

ʤʘʛʥʠʪʥʦʡ ʜʦʤʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʚ ʦʙʲʸʤʝ ʤʘʛʥʠʪʦʦʜʥʦʦʩʥʳʭ 

ʤʘʛʥʝʪʠʢʦʚ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʤʘʛʥʠʪʥʳʭ ʠʟʤʝʨʝʥʠʡ, ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʤʝʪʦʜʘʤʠ ʦʧʪʠʯʝʩʢʦʡ ʠ ʤʘʛʥʠʪʥʦ-ʩʠʣʦʚʦʡ ʤʠʢʨʦʩʢʦʧʠʠ, ʘ ʪʘʢʞʝ ʢʦʤʧʴʶʪʝʨʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ.  

 ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʦʩʥʦʚʥʳʝ ʟʘʜʘʯʠ 

ʠʩʩʣʝʜʦʚʘʥʠʷ: 

1. ʉʠʥʪʝʟʠʨʦʚʘʪʴ ʠ ʘʪʪʝʩʪʦʚʘʪʴ ʤʦʥʦʢʨʠʩʪʘʣʣʳ ʠʥʪʝʨʤʝʪʘʣʣʠʯʝʩʢʠʭ 

ʩʦʝʜʠʥʝʥʠʡ SmCo5 ʠ Nd2Fe14B.  

2. ʈʘʟʨʘʙʦʪʘʪʴ ʠ ʩʦʟʜʘʪʴ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʤʝʪʦʜʠʢʠ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʪʨʘʥʩʬʦʨʤʘʮʠʡ ɼʉ ʧʨʠ ʧʝʨʝʤʘʛʥʠʯʠʚʘʥʠʠ ʚ ʢʚʘʟʠʩʪʘʪʠʯʝʩʢʠʭ ʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ, 

ʘ ʪʘʢʞʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʜʣʷ ʘʥʘʣʠʟʘ ʠʟʦʙʨʘʞʝʥʠʡ ɼʉ ʩ ʮʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʧʨʦʮʝʩʩʦʚ ʧʝʨʝʤʘʛʥʠʯʠʚʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʤʘʛʥʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

3.  ʇʨʦʚʝʩʪʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʧʝʨʝʤʘʛʥʠʯʠʚʘʥʠʷ ʤʘʛʥʠʪʦʦʜʥʦʦʩʥʳʭ 

ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʨʘʟʥʦʡ ʪʦʣʱʠʥʳ ʠ ʧʣʝʥʦʯʥʳʭ ʦʙʨʘʟʮʦʚ ʤʝʪʦʜʘʤʠ ʚʠʙʨʘʮʠʦʥʥʦʛʦ 

ʤʘʛʥʠʪʦʤʝʪʨʘ ʠ ʘʥʘʣʠʟʘ ʠʟʦʙʨʘʞʝʥʠʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʜʦʤʝʥʥʦʡ 

ʩʪʨʫʢʪʫʨʳ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ, ʚʳʷʚʣʝʥʥʦʡ ʤʝʪʦʜʘʤʠ ʦʧʪʠʯʝʩʢʦʡ (ʧʦʣʷʨʥʳʡ ʵʬʬʝʢʪ 

ʂʝʨʨʘ, ʠʥʜʠʢʘʪʦʨʥʦʡ ʧʣʝʥʢʠ) ʠ ʤʘʛʥʠʪʥʦ-ʩʠʣʦʚʦʡ ʤʠʢʨʦʩʢʦʧʠʠ. 

4. ʉ ʧʦʤʦʱʴʶ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʤʝʪʦʜʦʤ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ 

ʠʩʩʣʝʜʦʚʘʪʴ ʧʨʦʮʝʩʩʳ ʧʝʨʝʤʘʛʥʠʯʠʚʘʥʠʷ ʦʙʲʸʤʘ ʠ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʣʦʝʚ ʠʟʦʪʨʦʧʥʳʭ 

ʠ ʚʳʩʦʢʦʘʥʠʟʦʪʨʦʧʥʳʭ ʤʘʛʥʝʪʠʢʦʚ.  

5. ʇʨʦʚʝʩʪʠ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʣʝʡ ʨʘʩʩʝʷʥʠʷ 

ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʜʦʤʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʤʘʛʥʠʪʦʦʜʥʦʦʩʥʳʭ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ, ʧʦʣʫʯʝʥʥʳʭ 

ʤʝʪʦʜʘʤʠ ʤʘʛʥʠʪʥʦ-ʩʠʣʦʚʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʠ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʩ ʮʝʣʴʶ 

ʦʧʨʝʜʝʣʝʥʠʷ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʨʘʟʤʝʨʦʚ ʵʣʝʤʝʥʪʦʚ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʜʦʤʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ. 
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2. ʆɹʒɽʂʊʓ ʀʉʉʃɽɼʆɺɸʅʀʗ ʀ ʄɽʊʆɼʀʂɸ ʇʈʆɺɽɼɽʅʀʗ 

ʕʂʉʇɽʈʀʄɽʅʊɸ 

2.1. ʆʙʲʝʢʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʚʳʙʨʘʥʳ ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʦʙʲʸʤʥʳʝ ʠ 

ʧʣʝʥʦʯʥʳʝ ʦʙʨʘʟʮʳ ʤʘʛʥʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭʩʷ 

ʤʘʛʥʠʪʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʘʥʠʟʦʪʨʦʧʠʝʡ ʪʠʧʘ çʣʝʛʢʘʷ ʦʩʴè, ʚ ʩʚʷʟʠ ʩ ʯʝʤ ʟʥʘʯʝʥʠʝ 

ʧʦʣʷʨʥʦʛʦ ʵʬʬʝʢʪʘ ʂʝʨʨʘ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʠʭ ɼʉ ʤʘʢʩʠʤʘʣʴʥʦ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʵʢʚʘʪʦʨʠʘʣʴʥʳʤ ʠʣʠ ʤʝʨʠʜʠʦʥʘʣʴʥʳʤ ʪʠʧʘʤʠ [71, 72]. 

2.1.1. ʄʦʥʦʢʨʠʩʪʘʣʣʳ ʩʦʝʜʠʥʝʥʠʡ SmCo5 ʠ Nd2Fe14B ʩ ʦʜʥʦʦʩʥʦʡ ʤʘʛʥʠʪʥʦʡ 

ʘʥʠʟʦʪʨʦʧʠʝʡ 

ʀʩʭʦʜʥʳʝ ʩʧʣʘʚʳ ʩʦʝʜʠʥʝʥʠʡ SmCo5 ʠ Nd2Fe14B ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʠʟ ʚʳʩʦʢʦʯʠʩʪʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʤʝʪʦʜʦʤ ʠʥʜʫʢʮʠʦʥʥʦʡ ʧʣʘʚʢʠ ʚ ʘʪʤʦʩʬʝʨʝ ʘʨʛʦʥʘ. ʀʩʭʦʜʥʳʝ ʤʝʪʘʣʣʳ ʠʤʝʣʠ 

ʚʳʩʦʢʫʶ ʩʪʝʧʝʥʴ ʯʠʩʪʦʪʳ Sm ï 99,76%, Co ï 99,99%, Nd ï 99,82%, Fe ï 99,99 %, B ï 

99,98%.  

 ɼʣʷ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʰʠʭʪʳ ʠʩʭʦʜʥʳʝ ʤʝʪʘʣʣʳ ʠʟʤʝʣʴʯʘʣʠʩʴ ʥʘ ʢʫʩʢʠ ʤʘʩʩʦʡ 1ï5 ʛ, 

ʠʭ ʧʦʚʝʨʭʥʦʩʪʴ ʦʯʠʱʘʣʘʩʴ ʦʪ ʦʢʠʩʣʦʚ ʠ ʦʙʝʟʞʠʨʠʚʘʣʘʩʴ. ʄʝʪʘʣʣʳ, ʚʭʦʜʷʱʠʝ ʚ ʩʦʩʪʘʚ 

ʰʠʭʪʳ, ʚʟʚʝʰʠʚʘʣʠʩʴ ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ ° 0,1 ʤʛ ʥʘ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʚʝʩʘʭ ɺʃ-120. 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʩʣʠʪʢʦʚ ʧʨʠʤʝʥʷʣʩʷ ʤʝʪʦʜ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʡ ʠʥʜʫʢʮʠʦʥʥʦʡ ʧʣʘʚʢʠ 

(ʨʠʩʫʥʦʢ 2.1ʘ). ʇʣʘʚʢʘ ʧʨʦʚʦʜʠʣʘʩʴ ʚ ʘʪʤʦʩʬʝʨʝ ʯʠʩʪʦʛʦ ʘʨʛʦʥʘ ʧʨʠ ʜʘʚʣʝʥʠʠ 0,7 ʘʪʤ, 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʨʘʙʦʯʘʷ ʢʘʤʝʨʘ ʦʙʝʟʛʘʞʠʚʘʣʘʩʴ ʜʦ ʚʘʢʫʫʤʘ 10ï3 ʤʤ ʨʪ. ʩʪ. ʄʘʩʩʘ ʩʣʠʪʢʘ 

ʩʦʩʪʘʚʣʷʣʘ 100 ʛ. 

ɼʣʷ ʚʳʨʘʱʠʚʘʥʠʷ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ SmCo5 ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʝ ʩʣʠʪʢʠ ʤʘʩʩʦʡ 50 ʛ 

ʙʳʣʠ ʟʘʚʝʨʥʫʪʳ ʚ ʪʘʥʪʘʣʦʚʫʶ ʬʦʣʴʛʫ, ʟʘʧʘʷʥʳ ʚ ʚʘʢʫʫʤʠʨʦʚʘʥʥʦʡ ʢʚʘʨʮʝʚʦʡ ʪʨʫʙʢʝ ʠ 

ʦʪʦʞʞʝʥʳ ʚ ʨʝʟʠʩʪʠʚʥʦʡ ʧʝʯʠ ʧʨʠ 1323 K ʚ ʪʝʯʝʥʠʝ 15 ʜʥʝʡ ʠ ʦʢʦʥʯʘʪʝʣʴʥʦ ʟʘʢʘʣʝʥʳ ʚ 

ʚʦʜʝ (ʨʠʩʫʥʦʢ 2.1ʙ). ʀʟ ʦʪʦʞʞʝʥʥʳʭ ʩʣʠʪʢʦʚ SmCo5 ʙʳʣʠ ʠʟʚʣʝʯʝʥʳ 

ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʟʝʨʥʘ ʨʘʟʤʝʨʦʤ 2-3 ʤʤ. 

ʄʦʥʦʢʨʠʩʪʘʣʣʳ Nd2Fe14B ʚʳʨʘʱʠʚʘʣʠʩʴ ʤʝʪʦʜʦʤ çʨʘʩʪʚʦʨ-ʨʘʩʧʣʘʚè, ʠʩʧʦʣʴʟʫʷ 

ʠʟʙʳʪʦʢ Nd ʚ ʢʘʯʝʩʪʚʝ ʨʘʩʪʚʦʨʘ. ʉʧʣʘʚ Nd25Fe70B5 ʙʳʣ ʧʦʣʫʯʝʥ ʠʟ ʚʳʩʦʢʦʯʠʩʪʳʭ 

ʤʝʪʘʣʣʦʚ ʚ ʠʥʜʫʢʮʠʦʥʥʦʡ ʧʝʯʠ ʚ ʘʪʤʦʩʬʝʨʝ ʯʠʩʪʦʛʦ ʘʨʛʦʥʘ. ʇʦʣʫʯʝʥʥʳʡ ʩʣʠʪʦʢ ʙʳʣ 

ʧʦʤʝʱʸʥ ʚ ʪʠʛʝʣʴ ʠʟ ʜʠʦʢʩʠʜʘ ʮʠʨʢʦʥʠʷ, ʛʝʨʤʝʪʠʟʠʨʦʚʘʥ ʚ ʚʘʢʫʫʤʠʨʦʚʘʥʥʦʡ ʢʚʘʨʮʝʚʦʡ 
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ʪʨʫʙʢʝ ʠ ʦʪʦʞʞʝʥ ʚ ʨʝʟʠʩʪʠʚʥʦʡ ʧʝʯʠ ʚ ʪʝʯʝʥʠʝ 20 ʩʫʪʦʢ, ʩ ʧʦʩʪʝʧʝʥʥʳʤ ʩʥʠʞʝʥʠʝʤ 

ʪʝʤʧʝʨʘʪʫʨʳ ʩ 1623 ʂ ʜʦ 1173 ʂ, ʠ, ʥʘʢʦʥʝʮ, ʢʚʘʨʮʝʚʘʷ ʪʨʫʙʢʘ ʩʦ ʩʣʠʪʢʦʤ ʙʳʣʘ ʟʘʢʘʣʝʥʘ 

ʚ ʚʦʜʝ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ. ʉʣʠʪʦʢ ʙʳʣ ʨʘʩʢʦʣʦʪ ʠ ʠʟ ʥʝʛʦ ʠʟʚʣʝʯʝʥʦ ʥʝʩʢʦʣʴʢʦ ʟʝʨʝʥ 

ʨʘʟʤʝʨʦʤ 2 ʤʤ.  

ʇʦʩʣʝ ʤʝʭʘʥʠʯʝʩʢʠʭ ʦʙʨʘʙʦʪʦʢ (ʫʜʘʣʝʥʠʝ ʦʢʠʩʣʦʚ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʩʧʣʘʚʘ, ʩʥʷʪʠʝ 

ʤʝʭʘʥʠʯʝʩʢʠʭ ʥʘʧʨʷʞʝʥʠʡ) ʦʙʨʘʟʮʘʤ ʧʨʠʜʘʚʘʣʘʩʴ ʩʬʝʨʠʯʝʩʢʘʷ ʬʦʨʤʘ. 

 

 

 

ʘ) ʙ) 

ʈʠʩʫʥʦʢ 2.1 - ʌʦʪʦʛʨʘʬʠʠ ʠʥʜʫʢʮʠʦʥʥʦʡ ʧʝʯʠ (ʘ), ʧʝʯʠ Carbolite TZF 15/610 ʠ 

ʢʚʘʨʮʝʚʦʡ ʪʨʫʙʢʦʡ ʩ ʦʙʨʘʟʮʘʤʠ (ʙ). 

 

2.1.2. ʇʣʝʥʢʘ ʬʝʨʨʠʪ-ʛʨʘʥʘʪʦʚ ʩ ʦʜʥʦʦʩʥʦʡ ʤʘʛʥʠʪʥʦʡ ʘʥʠʟʦʪʨʦʧʠʝʡ 

ɺ ʢʘʯʝʩʪʚʝ ʧʣʝʥʦʯʥʦʛʦ ʤʘʛʥʠʪʦʦʜʥʦʦʩʥʦʛʦ ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʘ ʚʳʙʨʘʥʘ 

ʵʧʠʪʘʢʩʠʘʣʴʥʘʷ Bi-ʩʦʜʝʨʞʘʱʘʷ ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʧʣʝʥʢʘ ʬʝʨʨʠʪ-ʛʨʘʥʘʪʦʚ (ɺʩ-

ʄʇʌɻ) ʩʦʩʪʘʚʘ (Fe,Ga)5O12(Gd,Bi,Lu)3, ʚʳʨʘʱʝʥʥʘʷ ʤʝʪʦʜʦʤ ʞʠʜʢʦʬʘʟʥʦʡ ʵʧʠʪʘʢʩʠʠ ʥʘ 

ʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʜʣʦʞʢʠ ʜʠʘʤʝʪʨʦʤ 76 ʤʤ ʠʟ ʛʘʜʦʣʠʥʠʡ-ʛʘʣʠʝʚʦʛʦ ʛʨʘʥʘʪʘ 

Gd3Ga5O12 ʩ ʦʨʠʝʥʪʘʮʠʝʡ (111). ʇʣʝʥʢʘ ʌɻ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʚ ʂʨʳʤʩʢʦʤ ʬʝʜʝʨʘʣʴʥʦʤ 

ʫʥʠʚʝʨʩʠʪʝʪʝ ʠʤ. ɺ.ʀ. ɺʝʨʥʘʜʩʢʦʛʦ. ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ, ʪʦʣʱʠʥʘ ʧʣʝʥʢʠ 

ʚʘʨʴʠʨʫʝʪʩʷ ʦʪ 4 ʜʦ 6 ʤʢʤ, ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ ʥʘʩʳʱʝʥʠʷ Isº135  103 ɸ/ʤ.  
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2.2. ʈʝʥʪʛʝʥʦʬʘʟʦʚʳʡ ʘʥʘʣʠʟ 

ʌʘʟʦʚʳʡ ʩʦʩʪʘʚ ʦʙʨʘʟʮʦʚ ʦʧʨʝʜʝʣʷʣʩʷ ʥʘ ʨʝʥʪʛʝʥʦʚʩʢʦʤ ʘʧʧʘʨʘʪʝ çɼʈʆʅ-7è 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʩʠʩʪʝʤʦʡ ʙʳʩʪʨʦʡ ʨʝʛʠʩʪʨʘʮʠʠ ʥʘ ʦʩʥʦʚʝ ʣʠʥʝʡʥʦʛʦ ʩʪʨʠʧʦʚʦʛʦ 

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

ʐʚʝʡʮʘʨʠʷ) (ʆɸʆ ʅʇʎ çʊʚʝʨʴʛʝʦʬʠʟʠʢʘè). ɼʘʥʥʘʷ ʩʠʩʪʝʤʘ ʫʚʝʣʠʯʠʚʘʝʪ 

ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ ʧʨʠʙʦʨʘ ʥʘ ʜʚʘ ʧʦʨʷʜʢʘ ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʫʛʣʦʚʦʛʦ ʨʘʟʨʝʰʝʥʠʷ. ɺʳʩʦʢʦʝ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʝ ʨʘʟʨʝʰʝʥʠʝ ʜʝʪʝʢʪʦʨʘ, ʧʦʜʘʚʣʷʶʱʝʝ ʚʪʦʨʠʯʥʳʡ ʨʝʥʪʛʝʥʬʣʫʦʨʝʩʮʝʥʪʥʳʡ 

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

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

ʚ ʦʙʨʘʟʮʝ.  

ʑʝʣʝʚʘʷ ʩʠʩʪʝʤʘ ʛʦʥʠʦʤʝʪʨʘ ʩʦʩʪʦʠʪ ʠʟ ʚʭʦʜʥʦʛʦ ʠ ʚʳʭʦʜʥʦʛʦ ʱʝʣʝʚʳʭ ʫʩʪʨʦʡʩʪʚ, 

ʜʘʶʱʠʭ ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʨʝʟʘʪʴ ʧʝʨʚʠʯʥʳʡ ʠ ʦʪʨʘʞʸʥʥʳʡ ʧʫʯʦʢ ʪʨʝʙʫʝʤʦʡ ʬʦʨʤʳ ʠ 

ʨʘʟʤʝʨʦʚ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʬʦʪʦʛʨʘʬʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ ʜʠʬʨʘʢʮʠʦʥʥʘʷ ʢʘʨʪʠʥʘ 

ʨʝʛʠʩʪʨʠʨʫʝʪʩʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʧʦ ʤʝʨʝ ʚʨʘʱʝʥʠʷ ʦʙʨʘʟʮʘ ʠ ʩʯʸʪʯʠʢʘ. ʇʦʵʪʦʤʫ 

ʥʝʦʙʭʦʜʠʤʦ, ʯʪʦʙʳ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠʟʣʫʯʝʥʠʷ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʪʨʫʙʢʠ ʙʳʣʘ ʧʦʩʪʦʷʥʥʦʡ; 

ʛʝʦʤʝʪʨʠʷ ʩʲʸʤʢʠ ʜʦʣʞʥʘ ʙʳʪʴ ʬʦʢʫʩʠʨʫʶʱʝʡ, ʘ ʨʘʟʤʝʨʳ ʦʙʨʘʟʮʘ ʩʨʘʚʥʠʪʝʣʴʥʦ 

ʙʦʣɹh ʠʤʠ. 

ɺ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʨʝʥʪʛʝʥʦʚʩʢʘʷ 

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

ʦʧʨʝʜʝʣʷʣʠʩʴ ʧʦ ʦʪʨʘʞʝʥʠʷʤ ʚ ʦʙʣʘʩʪʠ ʫʛʣʦʚ 2q=15-1050. 

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

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

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʤʝʪʦʜʠʢʘʤʠ ʜʠʬʨʘʢʪʦʤʝʪʨʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ.  

ʂʶʚʝʪʘ ʩ ʦʙʨʘʟʮʦʤ ʧʦʤʝʱʘʣʘʩʴ ʧʦʜ ʨʝʥʪʛʝʥʦʚʩʢʠʡ ʧʫʯʦʢ ʜʠʬʨʘʢʪʦʤʝʪʨʘ ʠ ʚ 

ʢʦʦʨʜʠʥʘʪʘʭ: ʫʛʦʣ ɹʨʵʛʛʦʚʩʢʦʛʦ ʦʪʨʘʞʝʥʠʷ - ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʦʪʨʘʞʝʥʠʷ ʟʘʧʠʩʳʚʘʝʪʩʷ 

ʜʠʬʨʘʢʪʦʛʨʘʤʤʘ.  

ɼʠʬʨʘʢʪʦʛʨʘʤʤʳ ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ʧʦʣʥʦʡ ʧʨʦʮʝʜʫʨʳ ʧʦʜʛʦʥʢʠ ʩʧʝʢʪʨʘ 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ Powder Cell 2.4. ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

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

ʥʘʠʣʫʯʰʠʝ ʨʝʟʫʣʴʪʘʪʳ ʙʳʣʠ ʚʳʙʨʘʥʳ ʥʘ ʦʩʥʦʚʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʩʦʛʣʘʩʠʷ ʠ ʩʪʘʙʠʣʴʥʦʩʪʠ 

ʫʪʦʯʥʝʥʠʷ. ʌʘʟʦʚʳʡ ʩʦʩʪʘʚ ʦʙʨʘʟʮʘ ʠʩʩʣʝʜʦʚʘʣʩʷ ʩ ʧʦʤʦʱʴʶ ʈʠʪʚʝʣʴʜ ʘʥʘʣʠʟʘ. 
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ʘ) ʙ) 

ʈʠʩʫʥʦʢ 2.2 - ʈʝʥʪʛʝʥʦʚʩʢʠʝ ʜʠʬʨʘʢʪʦʛʨʘʤʤʳ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ 

 SmCo5 (a) ʠ Nd2Fe14B (ʙ). 

 

ʅʘ ʨʠʩʫʥʢʘʭ 2.2 ʘ-ʙ ʧʨʠʩʪʘʚʣʝʥʳ ʜʠʬʨʘʢʪʦʛʨʘʤʤʳ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ SmCo5 ʠ 

Nd2Fe14B, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʍʦʨʦʰʦ ʚʠʜʥʦ, ʯʪʦ ʚʩʝ ʨʝʬʣʝʢʩʳ ʥʘ ʨʝʥʪʛʝʥʦʛʨʘʬʠʯʝʩʢʠʭ 

ʩʧʝʢʪʨʘʭ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʠʩʢʦʤʳʤ ʬʘʟʘʤ ʪʠʧʘ CaCu5 (ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʛʨʫʧʧʘ ˉ191, 

ʛʝʢʩʘʛʦʥʘʣʴʥʘʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ, ʧʘʨʘʤʝʪʨʳ ʨʝʰʝʪʢʠ a=b=0,4957 ʥʤ ʠ 

c=0,3998 ʥʤ) ʜʣʷ ʤʦʥʦʢʨʠʩʪʘʣʣʘ SmCo5 ʠ ʪʠʧʘ Nd2Fe14B (ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʛʨʫʧʧʘ ˉ136, 

ʪʝʪʨʘʛʦʥʘʣʴʥʘʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ, ʧʘʨʘʤʝʪʨʳ ʨʝʰʝʪʢʠ a=b=0,8799 ʥʤ ʠ 

c=1,2188 ʥʤ) ʜʣʷ ʤʦʥʦʢʨʠʩʪʘʣʣʘ Nd2Fe14B.  

2.3. ʉʪʨʫʢʪʫʨʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

2.3.1. ʇʦʜʛʦʪʦʚʢʘ ʤʝʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʭ ʰʣʠʬʦʚ 

ɼʣʷ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʛʦʪʦʚʠʣʠʩʴ 

ʤʝʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ ʰʣʠʬʳ ʥʘ ʙʘʟʠʩʥʦʡ ʧʣʦʩʢʦʩʪʠ ʦʙʨʘʟʮʦʚ ʠʩʩʣʝʜʫʝʤʳʭ ʩʧʣʘʚʦʚ.  

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʦʧʨʝʜʝʣʝʥʥʦʡ ʦʨʠʝʥʪʘʮʠʠ ʧʦʚʝʨʭʥʦʩʪʠ ʰʣʠʬʘ ʧʨʠʤʝʥʷʣʘʩʴ 

ʩʣʝʜʫʶʱʘʷ ʤʝʪʦʜʠʢʘ. ʉʬʝʨʠʯʝʩʢʠʝ ʦʙʨʘʟʮʳ ʧʦʤʝʱʘʣʠʩʴ ʚ ʩʠʣʠʢʦʥʦʚʳʝ ʦʧʨʘʚʢʠ ʚ ʬʦʨʤʝ 

ʮʠʣʠʥʜʨʦʚ ʜʠʘʤʝʪʨʦʤ 20 ʤʤ ʠ ʚʳʩʦʪʦʡ 15 ʤʤ ʠ ʟʘʣʠʚʘʣʠʩʴ ʩʪʦʤʘʪʦʣʦʛʠʯʝʩʢʦʡ 

ʧʣʘʩʪʤʘʩʩʦʡ ɹʝʣʘʢʨʠʣ ï ʄ. ʆʙʨʘʟʮʳ ʚ ʦʧʨʘʚʢʝ ʫʩʪʘʥʘʚʣʠʚʘʣʠʩʴ ʚ ʦʨʠʝʥʪʠʨʫʶʱʝʝ 

ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʧʦʩʪʦʷʥʥʦʛʦ ʤʘʛʥʠʪʘ, ʪʘʢ ʯʪʦʙʳ ʦʩʴ ʣʝʛʢʦʛʦ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ ʦʙʨʘʟʮʘ 

ʩʦʚʧʘʜʘʣʘ ʩ ʥʘʧʨʘʚʣʝʥʠʝ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʧʦʩʪʦʷʥʥʦʛʦ ʤʘʛʥʠʪʘ, ʠ ʚʳʜʝʨʞʠʚʘʣʠʩʴ ʚ ʧʦʣʝ 

ʜʦ ʧʦʣʥʦʛʦ ʟʘʪʚʝʨʜʝʚʘʥʠʷ ʧʣʘʩʪʤʘʩʩʳ.  

ɼʘʣʴʥʝʡʰʝʝ ʰʣʠʬʦʚʘʥʠʝ ʠ ʧʦʣʠʨʦʚʢʘ ʦʙʨʘʟʮʦʚ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʧʨʠ ʧʦʤʦʱʠ 

ʰʣʠʬʦʚʘʣʴʥʦ-ʧʦʣʠʨʦʚʘʣʴʥʦʛʦ ʩʪʘʥʢʘ Metapol 160E (ʨʠʩʫʥʦʢ 2.3). ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʩ  
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ʧʦʤʦʱʴʶ ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ 

ʧʣʦʩʢʦʧʘʨʘʣʣʝʣʴʥʦʛʦ ʰʣʠʬʦʚʘʥʠʷ 

ʥʘ ʰʣʠʬʦʚʘʣʴʥʦʡ ʚʣʘʛʦʩʪʦʡʢʦʡ 

ʘʙʨʘʟʠʚʥʦʡ ʙʫʤʘʛʝ ʩ ʟʝʨʥʠʩʪʦʩʪʴʶ 

120 ʚʳʚʦʜʠʣʘʩʴ ʧʣʦʩʢʦʩʪʴ ʰʣʠʬʘ. 

ɼʘʣʴʥʝʡʰʝʝ ʰʣʠʬʦʚʘʥʠʝ ʦʙʨʘʟʮʦʚ 

ʧʨʦʚʦʜʠʣʦʩʴ ʚ ʜʚʝ ʩʪʫʧʝʥʠ ʩ 

ʧʦʩʪʝʧʝʥʥʳʤ ʫʤʝʥʴʰʝʥʠʝʤ 

ʟʝʨʥʠʩʪʦʩʪʠ ʤʘʪʝʨʠʘʣʘ 

ʰʣʠʬʦʚʘʣʴʥʦʡ ʚʣʘʛʦʩʪʦʡʢʦʡ 

ʘʙʨʘʟʠʚʥʦʡ ʙʫʤʘʛʠ (320, 600, 1200). 

ʇʨʠ ʧʨʦʮʝʩʩʝ ʰʣʠʬʦʚʢʠ 

ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʧʨʦʪʦʯʥʘʷ ʚʦʜʘ ʚ ʢʘʯʝʩʪʚʝ ʩʤʘʟʢʠ ʠ ʩ ʮʝʣʴʶ ʦʙʝʩʧʝʯʝʥʠʷ ʦʭʣʘʞʜʝʥʠʷ. 

ʇʦʣʠʨʦʚʢʘ ʦʙʨʘʟʮʘ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʣʤʘʟʥʳʭ ʩʫʩʧʝʥʟʠʡ ʩ ʨʘʟʤʝʨʦʤ 

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

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

ʚ ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʚʘʥʥʝ.  

 ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʦʙʨʘʟʮʦʚ ʚʳʷʚʣʷʣʘʩʴ ʤʝʪʦʜʦʤ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʛʦ ʪʨʘʚʣʝʥʠʷ, 

ʧʨʦʚʦʜʠʤʦʛʦ ʤʝʪʦʜʦʤ ʵʣʝʢʪʨʦʣʠʟʘ ʚ ʥʘʩʳʱʝʥʥʦʤ ʨʘʩʪʚʦʨʝ ʭʨʦʤʦʚʦʛʦ ʘʥʛʠʜʨʠʜʘ ʚ 

ʦʨʪʦʬʦʩʬʦʨʥʦʡ ʢʠʩʣʦʪʝ ʧʨʠ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ 5ï10 ɸĀʩʤ-2 ʚ ʪʝʯʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʩʝʢʫʥʜ. 

ʇʝʨʝʜ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʤ ʪʨʘʚʣʝʥʠʝʤ ʦʙʨʘʟʮʳ ʦʯʠʱʘʣʠʩʴ ʦʪ ʧʣʘʩʪʤʘʩʩʳ. 

ʇʨʦʪʨʘʚʣʝʥʥʳʝ ʰʣʠʬʳ ʧʨʦʤʳʚʘʣʠʩʴ ʧʦʜ ʩʪʨʫʝʡ ʭʦʣʦʜʥʦʡ ʚʦʜʳ, ʦʙʝʟʞʠʨʠʚʘʣʠʩʴ 

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

ʣhʠʬʘ ʥʝ ʧʨʦʪʠʨʘʣʘʩʴ, ʯʪʦʙʳ ʥʝ ʥʘʨʫʰʠʪʴ ʢʘʨʪʠʥʫ ʪʨʘʚʣʝʥʠʷ. 

2.3.1. ʈʘʩʪʨʦʚʘʷ ʵʣʝʢʪʨʦʥʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʬʘʟʦʚʦʛʦ ʠ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʩʧʣʘʚʦʚ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ 

ʧʦʣʠʨʦʚʘʥʥʳʭ ʧʦʚʝʨʭʥʦʩʪʷʭ ʦʙʨʘʟʮʦʚ ʥʘ ʨʘʩʪʨʦʚʦʤ ʵʣʝʢʪʨʦʥʥʦʤ ʤʠʢʨʦʩʢʦʧʝ JEOL JSM-

6610LV. ʇʨʠ ʨʘʙʦʪʝ ʵʣʝʢʪʨʦʥʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ ʧʫʯʦʢ ʵʣʝʢʪʨʦʥʦʚ ʚʳʭʦʜʠʪ ʠʟ ʠʩʪʦʯʥʠʢʘ 

(ʵʣʝʢʪʨʦʥʥʦʡ ʧʫʰʢʠ) ʠ ʫʩʢʦʨʷʝʪʩʷ ʚʳʩʦʢʠʤ ʥʘʧʨʷʞʝʥʠʝʤ. ʇʨʠ ʧʦʧʘʜʘʥʠʠ ʥʘ ʦʙʨʘʟʝʮ 

ʯʘʩʪʴ ʵʣʝʢʪʨʦʥʦʚ ʨʘʩʩʝʠʚʘʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʦʨʷʜʢʦʚʦʛʦ ʥʦʤʝʨʘ ʵʣʝʤʝʥʪʘ 

(ʦʪʨʘʞʝʥʥʳʝ ʠʣʠ ʦʙʨʘʪʥʦ-ʨʘʩʩʝʷʥʥʳʝ ʵʣʝʢʪʨʦʥʳ), ʯʘʩʪʴ ʵʣʝʢʪʨʦʥʦʚ ʵʤʠʪʠʨʫʝʪʩʷ 

 

ʈʠʩʫʥʦʢ 2.3 -  ʌʦʪʦʛʨʘʬʠʷ ʰʣʠʬʦʚʘʣʴʥʦ-

ʧʦʣʠʨʦʚʘʣʴʥʦʛʦ ʩʪʘʥʢʘ Metapol 160E 
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ʤʠʰʝʥʴʶ ʧʨʠ ʙʦʤʙʘʨʜʠʨʦʚʢʝ ʝʸ ʧʝʨʚʠʯʥʳʤ ʵʣʝʢʪʨʦʥʥʳʤ ʧʫʯʢʦʤ (ʚʪʦʨʠʯʥʳʝ 

ʵʣʝʢʪʨʦʥʳ), ʯʘʩʪʴ ʠʦʥʠʟʠʨʫʝʪ ʘʪʦʤʳ ʚʝʱʝʩʪʚʘ ʦʙʨʘʟʮʘ, ʚʳʟʳʚʘʷ ʧʨʠ ʵʪʦʤ ʵʤʠʩʩʠʶ 

ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʪʦʧʦʛʨʘʬʠʠ ʦʙʨʘʟʮʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʨʝʞʠʤ ʚʪʦʨʠʯʥʳʭ ʵʣʝʢʪʨʦʥʦʚ 

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

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

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

ʦʪʨʘʞʝʥʥʳʭ ʵʣʝʢʪʨʦʥʦʚ ʧʦʟʚʦʣʷʝʪ ʨʘʟʣʠʯʘʪʴ ʤʘʪʝʨʠʘʣ ʦʙʨʘʟʮʘ. ʂʦʤʧʦʟʠʮʠʦʥʥʳʡ 

ʢʦʥʪʨʘʩʪ ʩʦʟʜʘʝʪʩʷ ʦʪʨʘʞʝʥʥʳʤʠ ʵʣʝʢʪʨʦʥʘʤʠ ʠ ʦʙʫʩʣʦʚʣʝʥ ʩʣʦʞʥʳʤ ʬʘʟʦʚʳʤ ʠ 

ʘʪʦʤʥʳʤ ʩʦʩʪʘʚʦʤ ʤʠʰʝʥʠ. ʂʦʵʬʬʠʮʠʝʥʪ ʦʪʨʘʞʝʥʠʷ ʵʣʝʢʪʨʦʥʦʚ ʟʘʚʠʩʠʪ ʦʪ ʘʪʦʤʥʦʛʦ 

ʥʦʤʝʨʘ ʠ ʨʘʩʪʝʪ ʩ ʨʦʩʪʦʤ ʧʦʩʣʝʜʥʝʛʦ. ʇʦʵʪʦʤʫ ʥʘ ʵʢʨʘʥʝ ʤʦʥʠʪʦʨʘ ʈʕʄ ʦʙʣʘʩʪʠ, 

ʩʦʜʝʨʞʘʱʠʝ ʵʣʝʤʝʥʪʳ ʩ ʚʳʩʦʢʠʤ ʘʪʦʤʥʳʤ ʥʦʤʝʨʦʤ, ʙʫʜʫʪ ʠʤʝʪʴ ʙʦʣʝʝ ʩʚʝʪʣʳʡ ʢʦʥʪʨʘʩʪ 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʵʣʝʤʝʥʪʘʤʠ ʩ ʤʝʥʴʰʠʤ ʘʪʦʤʥʳʤ ʥʦʤʝʨʦʤ. 

ʈʝʥʪʛʝʥʦʚʩʢʠʡ ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʳʡ ʘʥʘʣʠʟ (ʕɼɸ) ʦʩʥʦʚʘʥ ʥʘ ʜʝʪʝʢʪʠʨʦʚʘʥʠʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʛʦ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʛʝʥʝʨʠʨʫʝʤʦʛʦ ʚ ʟʦʥʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʧʝʨʚʠʯʥʦʛʦ ʧʫʯʢʘ ʫʩʢʦʨʝʥʥʳʭ ʵʣʝʢʪʨʦʥʦʚ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʦʙʨʘʟʮʘ. ʕʥʝʨʛʠʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʛʦ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ʟʘʚʠʩʠʪ ʦʪ ʘʪʦʤʥʦʛʦ ʥʦʤʝʨʘ Z ʜʘʥʥʦʛʦ 

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

ʕʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʳʡ ʜʝʪʝʢʪʦʨ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʡ ʜʠʦʜ (Si). 

ʇʦʧʘʜʘʥʠʝ ʢʚʘʥʪʘ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ʥʘ ʜʠʦʜ ʧʨʠʚʦʜʠʪ ʢ ʛʝʥʝʨʘʮʠʠ ʠʤʧʫʣʴʩʘ 

ʪʦʢʘ, ʘʤʧʣʠʪʫʜʘ ʢʦʪʦʨʦʛʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʵʥʝʨʛʠʠ ʢʚʘʥʪʘ. ʀʥʪʝʥʩʠʚʥʦʩʪʴ 

ʚʦʟʙʫʞʜʝʥʥʦʛʦ ʚ ʦʙʲʝʢʪʝ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ʵʣʝʤʝʥʪʘ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʝʛʦ 

ʚʝʩʦʚʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ. ʕɼɸ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʦʙʨʘʟʮʘ ʚ 

ʠʥʪʝʨʚʘʣʝ ʢʦʥʮʝʥʪʨʘʮʠʡ ʦʪ 0,1 ʜʦ 100% ʩ ʪʦʯʥʦʩʪʴʶ Ñ1%. 

ʊʘʙʣʠʮʘ 1.1. ʂʦʥʮʝʥʪʨʘʮʠʷ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʦʙʲʝʢʪʘʭ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʆʙʨʘʟʝʮ ʉʦʜʝʨʞʘʥʠʝ ʚ ʘʪ. % 

(Fe,Ga)5O12(Gd,Bi,Lu)3 
O Fe Ga Gd Lu Bi 

65,93 0,1 21 12,91 0,05 0,02 

SmCo5 
Sm Co 

 
83,2 16,8 

Nd2Fe14B 
Nd Fe  B 

 
14,2 81,1 5,6 
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ʅʘ ʨʠʩʫʥʢʘʭ 2.4 ʘ-ʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʈʕʄ- ʠʟʦʙʨʘʞʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʩʧʝʢʪʨʳ 

ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʦʙʦʟʥʘʯʝʥʥʳʤ 

ʦʙʣʘʩʪʷʤ ʥʘ ʤʠʢʨʦʬʦʪʦʛʨʘʬʠʷʭ, ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ SmCo5 (ʨʠʩʫʥʢʠ 2.4 ʘ-ʙ) ʠ Nd2Fe14B 

(ʨʠʩʫʥʢʠ 2.4 ʚ-ʛ), ʘ ʪʘʢʞʝ ɺʩ-ʄʇʌɻ (Fe,Ga)5O12(Gd,Bi,Lu)3 (ʨʠʩʫʥʢʠ 2.4 ʜ-ʝ). ʈʝʟʫʣʴʪʘʪʳ 

ʭʠʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ (ʘʪʦʤʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ) ʜʣʷ ʚʩʝʭ ʪʨʝʭ 

ʦʙʲʝʢʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 1.1. 

ʘ) 

 

ʙ) 

 

ʚ) 

 

ʛ) 

 

ʜ) 

 

ʝ) 

 

ʈʠʩʫʥʢʦʢ 2.4 - ʈʕʄ- ʠʟʦʙʨʘʞʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʩʧʝʢʪʨʳ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ 

ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʦʙʦʟʥʘʯʝʥʥʳʤ ʦʙʣʘʩʪʷʤ ʥʘ 

ʤʠʢʨʦʬʦʪʦʛʨʘʬʠʷʭ, ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ SmCo5 (ʘ-ʙ) ʠ Nd2Fe14B (ʚ-ʛ), ɺʩ-ʄʇʌɻ 

(Fe,Ga)5O12(Gd,Bi,Lu)3 (ʜ-ʝ). 
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2.3.2. ɸʪʦʤʥʦ-ʩʠʣʦʚʘʷ ʤʠʢʨʦʩʢʦʧʠʷ 

ʆʜʥʠʤ ʠʟ ʵʬʬʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʣʦʢʘʣʴʥʳʭ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ 

ʤʘʛʥʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʷʚʣʷʝʪʩʷ ʤʘʛʥʠʪʥʦ-ʩʠʣʦʚʘʷ ʤʠʢʨʦʩʢʦʧʠʷ. ʀʟʦʙʨʘʞʝʥʠʷ, 

ʧʦʣʫʯʘʝʤʳʝ ʩ ʧʦʤʦʱʴʶ ʤʘʛʥʠʪʥʦ-ʩʠʣʦʚʦʡ ʤʠʢʨʦʩʢʦʧʠʠ, ʦʪʨʘʞʘʶʪ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʘʨʘʤʝʪʨʘ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʛʦ ʤʘʛʥʠʪʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʟʦʥʜʦʤ ʠ 

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

ʟʦʥʜʘ [73-74].  ʄʝʪʦʜ ʤʘʛʥʠʪʥʦ-ʩʠʣʦʚʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʨʝʘʣʠʟʦʚʘʥ ʚ ʩʢʘʥʠʨʫʶʱʝʤ 

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

 

ʈʠʩʫʥʦʢ 2.5 - ʌʦʪʦʛʨʘʬʠʷ ʩʢʘʥʠʨʫʶʱʝʛʦ ʟʦʥʜʦʚʦʛʦ ʤʠʢʨʦʩʢʦʧʘ 

 Solver Next (NT-MDT) 

ɺ ʢʘʯʝʩʪʚʝ ʤʘʛʥʠʪʥʦʛʦ ʟʦʥʜʦʚʦʛʦ ʜʘʪʯʠʢʘ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʢʘʥʪʠʣʝʚʝʨ ʩʝʨʠʠ MFM10 

(ʨʠʩʫʥʦʢ 2.6). ɼʣʷ ʜʘʥʥʦʛʦ ʢʘʥʪʠʣʝʚʝʨʘ ʪʠʧʠʯʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ: ʦʙʱʘʷ ʬʦʨʤʘ ʠʛʣʳ ï 

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

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

ʦʪʨʘʞʘʶʱʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʢʘʥʪʠʣʝʚʝʨʘ ʧʦʢʨʳʪʘ Al, ʪʦʨʮʝʚʘʷ ʩʪʦʨʦʥʘ ʪʠʧʘ CoCr.  

ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʩʢʘʥʠʨʦʚʘʥʠʷ ʤʘʛʥʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʝʦʙʭʦʜʠʤʦ ʚʳʜʝʣʠʪʴ 

ʠʟʦʙʨʘʞʝʥʠʝ ʤʘʛʥʠʪʥʦʡ ʜʦʤʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʠʟʦʙʨʘʞʝʥʠʷ ʨʝʣʴʝʬʘ 

ʚʳʙʨʘʥʥʦʛʦ ʫʯʘʩʪʢʘ ʧʦʚʝʨʭʥʦʩʪʠ ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʨʘʟʮʘ. ʈʝʛʠʩʪʨʘʮʠʷ ʧʦʣʝʡ ʨʘʩʩʝʷʥʠʷ 

ʧʨʦʚʦʜʠʪʩʷ ʧʦ ʜʚʫʭʧʨʦʭʦʜʥʦʡ ʤʝʪʦʜʠʢʝ (ʨʠʩʫʥʦʢ 2.7).  
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ʈʠʩʫʥʦʢ 2.6 - ʀʟʦʙʨʘʞʝʥʠʝ ʢʘʥʪʠʣʝʚʝʨʘ ʜʣʷ ʄʉʄ ʩʝʨʠʠ MFM-10. 

 

ʇʨʠ ʧʝʨʚʦʤ ʧʨʦʭʦʜʝ ʚ ʧʦʣʫʢʦʥʪʘʢʪʥʦʤ ʨʝʞʠʤʝ ʨʝʛʠʩʪʨʠʨʫʝʪʩʷ ʨʝʣʴʝʬ 

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

ʵʪʦʤ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʢʦʥʮʦʤ ʟʘʢʨʝʧʣʝʥʥʦʛʦ ʢʘʥʪʠʣʝʚʝʨʘ ʠ ʫʯʘʩʪʢʦʤ ʠʩʩʣʝʜʫʝʤʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʦʩʪʘʝʪʩʷ ʧʦʩʪʦʷʥʥʳʤ ʥʘ ʢʘʞʜʦʡ ʣʠʥʠʠ ʩʢʘʥʠʨʦʚʘʥʠʷ. ɺʳʙʠʨʘʝʤʦʝ ʟʥʘʯʝʥʠʝ 

ʚʳʩʦʪʳ ʜʦʣʞʥʦ ʙʳʪʴ ʪʘʢʠʤ, ʯʪʦʙʳ ʩʠʣʦʡ ɺʘʥ-ʜʝʨ-ɺʘʘʣʴʩʘ ʤʦʞʥʦ ʙʳʣʦ ʧʨʝʥʝʙʨʝʯʴ, ʠ ʥʘ 

ʢʘʥʪʠʣʝʚʝʨ ʦʢʘʟʳʚʘʣʘ ʚʣʠʷʥʠʝ ʪʦʣʴʢʦ ʩʠʣʘ ʝʛʦ ʤʘʛʥʠʪʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʤʘʛʥʠʪʥʳʤ 

ʤʘʪʝʨʠʘʣʦʤ. 

 

ʈʠʩʫʥʦʢ 2.7 - ʉʭʝʤʘʪʠʯʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʜʚʫʭʧʨʦʚʦʜʥʦʡ ʤʝʪʦʜʠʢʠ ʤʘʛʥʠʪʥʦ-ʩʠʣʦʚʦʡ 

ʤʠʢʨʦʩʢʦʧʠʠ [75]. 

 

2.4. ʄʘʛʥʠʪʥʳʝ ʠʟʤʝʨʝʥʠʷ 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʧʝʨʝʤʘʛʥʠʯʠʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʠʟʤʝʨʝʥʠʝ ʤʘʛʥʠʪʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʙʲʝʢʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʚ ʦʪʢʨʳʪʦʡ ʤʘʛʥʠʪʥʦʡ ʮʝʧʠ 

ʤʝʪʦʜʦʤ ʚʠʙʨʘʮʠʦʥʥʦʛʦ ʤʘʛʥʠʪʦʤʝʪʨʘ. ɺ ʦʩʥʦʚʫ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʩʭʝʤʳ 

ʚʠʙʨʦʤʘʛʥʠʪʦʤʝʪʨʘ ʧʦʣʦʞʝʥ ʠʥʜʫʢʮʠʦʥʥʦ-ʥʝʧʨʝʨʳʚʥʳʡ ʤʝʪʦʜ, ʢʦʪʦʨʳʡ ʦʩʥʦʚʘʥ ʥʘ 
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ʠʟʤʝʨʝʥʠʠ ʕɼʉ ʠʥʜʫʢʮʠʠ, ʚʦʟʥʠʢʘʶʱʝʡ ʚ ʩʠʩʪʝʤʝ ʩʧʝʮʠʘʣʴʥʳʭ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʢʘʪʫʰʝʢ 

ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʪʦʢʘ, ʩʦʟʜʘʚʘʝʤʦʛʦ ʦʙʨʘʟʮʦʤ.  

ʅʘ ʨʠʩʫʥʢʝ 2.8 ʧʨʝʜʩʪʘʚʣʝʥʘ ʧʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʫʩʪʘʥʦʚʢʠ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʚʠʙʨʘʮʠʦʥʥʦʛʦ ʤʘʛʥʠʪʦʤʝʪʨʘ. 

ʆʩʥʦʚʥʦʝ ʠʟʤʝʨʝʥʠʝ ʩʦʚʝʨʰʘʣʦʩʴ ʧʦʩʨʝʜʩʪʚʦʤ ʢʦʣʝʙʘʥʠʷ ʦʙʨʘʟʮʘ ʚʙʣʠʟʠ 

ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʢʘʪʫʰʝʢ ʠ ʩʠʥʭʨʦʥʥʦʤʫ ʦʧʨʝʜʝʣʝʥʠʶ ʠʥʜʫʮʠʨʦʚʘʥʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ. 

ʀʩʧʦʣʴʟʫʷ ʢʦʤʧʘʢʪʥʫʶ ʩʠʩʪʝʤʫ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʢʘʪʫʰʝʢ, ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʦʣʴʰʠʭ 

ʢʦʣʝʙʘʥʠʡ ʘʤʧʣʠʪʫʜʳ ʩ ʯʘʩʪʦʪʦʡ 37 ɻʮ, ʩʠʩʪʝʤʘ ʩʧʦʩʦʙʥʘ ʦʧʨʝʜʝʣʠʪʴ ʠʟʤʝʥʝʥʠʝ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʜʦ 0,01 ɸĿʤ2/ʢʛ. 

 

ʀʟʤʝʨʝʥʠʷ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʨʘʟʮʘ ʥʘ ʤʘʛʥʠʪʦʤʝʪʨʝ ʧʨʦʚʦʜʷʪʩʷ 

ʧʫʪʝʤ ʩʨʘʚʥʝʥʠʷ ʩ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴʶ ʵʪʘʣʦʥʥʦʛʦ ʦʙʨʘʟʮʘ ʦʪʦʞʞʝʥʥʦʛʦ ʥʠʢʝʣʷ ʤʘʩʩʦʡ 

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

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

ʄʘʢʩʠʤʘʣʴʥʘʷ ʧʦʛʨʝʰʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ ʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ ʝʜʠʥʠʮʳ ʤʘʩʩʳ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ 

ŭM = ŭʉʆ + ŭʀʋ, 

 

ʈʠʩʫʥʦʢ 2.8 - ʉʭʝʤʘ ʫʩʪʘʥʦʚʢʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʚʠʙʨʘʮʠʦʥʥʦʛʦ ʤʘʛʥʠʪʦʤʝʪʨʘ. 
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ʛʜʝ ŭʉʆ ï ʧʦʛʨʝʰʥʦʩʪʴ ʘʪʪʝʩʪʘʮʠʠ ʵʪʘʣʦʥʥʦʛʦ ʦʙʨʘʟʮʘ, ʘ ŭʀʋ ï ʧʦʛʨʝʰʥʦʩʪʴ 

ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ. ɺ ʩʚʷʟʠ ʩ ʦʪʩʫʪʩʪʚʠʝʤ ʘʪʪʝʩʪʦʚʘʥʥʳʭ ʩʪʘʥʜʘʨʪʥʳʭ ʦʙʨʘʟʮʦʚ 

ʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ, ʧʦʛʨʝʰʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ ʦʮʝʥʠʚʘʝʪʩʷ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʵʪʘʣʦʥʥʦʤʫ 

ʦʙʨʘʟʮʫ ʠ ʥʝ ʧʨʝʚʳʰʘʝʪ 1,5 %.  

ʊʦʯʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ ʧʝʨʝʤʘʛʥʠʯʠʚʘʶʱʝʛʦ ʧʦʣʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚ ʦʩʥʦʚʥʦʤ 

ʧʘʨʘʤʝʪʨʘʤʠ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʍʦʣʣʘ ʠ ʥʝ ʧʨʝʚʳʰʘʝʪ 2,5 %. 

ʅʘʤʘʛʥʠʯʠʚʘʶʱʝʝ ʫʩʪʨʦʡʩʪʚʦ ʤʘʛʥʠʪʦʤʝʪʨʘ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪ 

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

ʧʨʦʛʨʘʤʤʠʨʫʝʤʳʡ ʠʩʪʦʯʥʠʢ ʪʦʢʘ.  

ʋʩʪʘʥʦʚʢʘ ʧʦʟʚʦʣʷʣʘ ʠʟʤʝʨʷʪʴ ʚʝʣʠʯʠʥʫ ʫʜʝʣʴʥʦʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ, ʧʦʣʥʳʝ ʠ 

ʯʘʩʪʥʳʝ ʧʝʪʣʠ ʛʠʩʪʝʨʝʟʠʩʘ. ʊʝʤʧʝʨʘʪʫʨʥʘʷ ʧʨʠʩʪʘʚʢʘ ʢ ʚʠʙʨʘʮʠʦʥʥʦʤʫ ʤʘʛʥʠʪʦʤʝʪʨʫ 

ʧʦʟʚʦʣʷʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴ ʤʘʛʥʠʪʥʳʝ ʠʟʤʝʨʝʥʠʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʦʪ -190ʦʉ ʜʦ 750ʦʉ. 

ʐʪʦʢ ʚʠʙʨʘʮʠʦʥʥʦʛʦ ʤʘʛʥʠʪʦʤʝʪʨʘ, ʢ ʢʦʪʦʨʦʤʫ ʢʨʝʧʠʣʠʩʴ ʠʩʩʣʝʜʫʝʤʳʝ ʦʙʨʘʟʮʳ, 

ʧʨʝʜʩʪʘʚʣʷʣ ʩʦʙʦʡ ʢʚʘʨʮʝʚʫʶ ʪʨʫʙʢʫ ʜʠʘʤʝʪʨʦʤ 4,9 ʤʤ.  

ʀʟʤʝʨʷʝʤʳʝ ʦʙʨʘʟʮʳ ʠʤʝʣʠ ʬʦʨʤʫ ʢʘʢ ʩʬʝʨ, ʜʣʷ ʢʦʪʦʨʦʡ ʠʟʚʝʩʪʝʥ 

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

ʆʨʠʝʥʪʘʮʠʷ ʦʙʨʘʟʮʦʚ ʚʜʦʣʴ ʦʩʠ ʣʝʛʢʦʛʦ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ ʧʨʦʚʦʜʠʣʘʩʴ ʚ ʜʚʘ ʵʪʘʧʘ. 

ʉʥʘʯʘʣʘ ʦʙʨʘʟʮʳ ʫʩʪʘʥʘʚʣʠʚʘʣʠ ʥʘ ʢʚʘʨʮʝʚʳʡ ʠʟʤʝʨʠʪʝʣʴʥʳʡ ʰʪʦʢ ʠ ʦʨʠʝʥʪʠʨʦʚʘʣʠ ʚ 

ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ, ʩʦʟʜʘʚʘʝʤʦʤ ʜʚʫʤʷ ʧʦʩʪʦʷʥʥʳʤʠ ʤʘʛʥʠʪʘʤʠ, ʧʦʚʪʦʨʷʶʱʠʤʠ 

ʥʘʧʨʘʚʣʝʥʠʝ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʘ. ʌʠʢʩʘʮʠʷ ʦʙʨʘʟʮʦʚ ʥʘ ʰʪʦʢʝ ʧʨʦʠʩʭʦʜʠʣʘ 

ʩ ʧʦʤʦʱʴʶ ʧʠʮʝʠʥʘ.  ʇʦʩʣʝ ʪʦʛʦ, ʢʘʢ ʰʪʦʢ ʩ ʦʙʨʘʟʮʦʤ ʫʩʪʘʥʘʚʣʠʚʘʣʩʷ ʚ 

ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʠʡ ʚʠʙʨʘʪʦʨ, ʩ ʧʦʤʦʱʴʶ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʚʳʧʦʣʥʷʣʘʩʴ 

ʦʨʠʝʥʪʘʮʠʷ ʦʙʨʘʟʮʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʟʥʘʯʝʥʠʝʤ ʩʠʛʥʘʣʘ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʩ ʪʦʯʥʦʩʪʴʶ 

0,1o.  

ʈʝʛʠʩʪʨʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʷ ʥʘ ʫʩʪʘʥʦʚʢʝ ʧʨʦʠʩʭʦʜʠʣʘ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʩ 

ʧʦʤʦʱʴʶ ʩʧʝʮʠʘʣʴʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, ʧʦʟʚʦʣʷʶʱʝʛʦ ʧʨʦʚʦʜʠʪʴ ʠʟʤʝʨʝʥʠʷ 

ʟʘʚʠʩʠʤʦʩʪʝʡ ʫʜʝʣʴʥʦʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʦʪ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʚʥʝʰʥʝʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ 

ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʧʦʩʪʦʷʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦ ʚʥʝʰʥʝʤ ʧʦʩʪʦʷʥʥʦʤ 

ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ. 

ɼʣʷ ʠʟʤʝʨʝʥʠʷ ʢʨʠʚʳʭ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ ʦʙʨʘʟʮʦʚ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ, 

ʧʨʝʜʩʪʘʚʣʷʶʱʝʤ ʩʦʙʦʡ ʩʫʧʝʨʧʦʟʠʮʠʶ ʧʦʩʪʦʷʥʥʦʛʦ ʠ ʧʝʨʝʤʝʥʥʦʛʦ ʧʦʣʝʡ, ʙʳʣʘ 

ʠʟʛʦʪʦʚʣʝʥʘ ʚʩʪʘʚʢʘ ʜʣʷ ʚʠʙʨʘʮʠʦʥʥʦʛʦ ʤʘʛʥʠʪʦʤʝʪʨʘ, ʩʭʝʤʘ ʢʦʪʦʨʦʡ ʧʦʢʘʟʘʥʘ ʥʘ 
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ʨʠʩʫʥʢʝ 2.9ʘ. ʆʙʱʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʚʩʪʘʚʢʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʵʣʝʢʪʨʦʤʘʛʥʠʪ ʩ ʜʚʫʤʷ 

ʩʝʨʜʝʯʥʠʢʘʤʠ ʠʟʛʦʪʦʚʣʝʥʥʳʤʠ ʠʟ ʧʝʨʤʝʥʜʶʨʘ, ʠ ʥʘʤʘʛʥʠʯʠʚʘʶʱʠʭ ʢʘʪʫʰʝʢ, ʧʦ 

ʢʦʪʦʨʳʤ ʧʨʦʧʫʩʢʘʣʩʷ ʪʦʢ ʜʦ 6 ɸ ʯʘʩʪʦʪʦʡ 50 ɻʮ (ʰʠʨʠʥʘ ʵʣʝʢʪʨʦʤʘʛʥʠʪʘ 21 ʤʤ). 

ʇʦʩʢʦʣʴʢʫ ʜʘʥʥʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʨʘʟʤʝʱʘʣʘʩʴ ʚʥʫʪʨʠ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʢʘʪʫʰʝʢ 

ʤʘʛʥʠʪʦʤʝʪʨʘ, ʪʦ ʤʘʛʥʠʪʥʳʡ ʧʦʪʦʢ ʦʪ ʥʘʤʘʛʥʠʯʝʥʥʦʛʦ ʚʠʙʨʠʨʫʶʱʝʛʦ ʦʙʨʘʟʮʘ ʟʘʤʳʢʘʣʩʷ 

ʥʘ ʩʝʨʜʝʯʥʠʢʘʭ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʙʳʣʦ ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ ʠʟʛʦʪʦʚʠʪʴ ʦʪʜʝʣʴʥʳʝ 

ʠʟʤʝʨʠʪʝʣʴʥʳʝ ʢʘʪʫʰʢʠ, ʢʦʪʦʨʳʝ ʨʘʩʧʦʣʘʛʘʣʠʩʴ ʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʙʣʠʟʦʩʪʠ ʦʪ ʦʙʨʘʟʮʘ 

ʥʘ ʧʦʣʶʩʘʭ ʚʥʫʪʨʝʥʥʝʛʦ ʵʣʝʢʪʨʦʤʘʛʥʠʪʘ. ʇʦʩʢʦʣʴʢʫ ʯʘʩʪʦʪʘ ʢʦʣʝʙʘʥʠʷ ʦʙʨʘʟʮʘ 

ʩʦʩʪʘʚʣʷʣʘ 37 ɻʮ, ʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʝʣʝʢʪʠʚʥʳʭ ʥʘʥʦʚʦʣʴʤʝʪʨʦʚ SR830, ʧʦʟʚʦʣʠʣʦ 

ʢʘʯʝʩʪʚʝʥʥʦ ʠʟʤʝʨʠʪʴ ʩʠʛʥʘʣ ʦʪ ʦʙʨʘʟʮʘ ʙʝʟ ʫʯʝʪʘ ʤʘʛʥʠʪʥʦʛʦ ʧʦʪʦʢʘ ʦʪ 

ʧʝʨʝʤʘʛʥʠʯʠʚʘʶʱʠʭʩʷ ʩʝʨʜʝʯʥʠʢʦʚ. ʋʩʪʘʥʦʚʢʘ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʵʣʝʢʪʨʦʤʘʛʥʠʪʘ ʚ 

ʤʝʞʧʦʣʶʩʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʤʘʛʥʠʪʦʤʝʪʨʘ ʧʦʟʚʦʣʠʣʘ ʫʚʝʣʠʯʠʪʴ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʜʦ 3.1 

ʊʣ. ʅʘ ʨʠʩʫʥʢʝ 2.8ʙ ʧʨʠʚʝʜʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʠʥʜʫʢʮʠʠ ʧʝʨʝʤʝʥʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʦʪ 

ʚʝʣʠʯʠʥʳ ʪʦʢʘ, ʧʨʦʪʝʢʘʶʱʝʛʦ ʯʝʨʝʟ ʦʙʤʦʪʢʫ ʥʘʤʘʛʥʠʯʠʚʘʶʱʠʭ ʢʘʪʫʰʝʢ. ʄʘʢʩʠʤʘʣʴʥʦʝ 

ʟʥʘʯʝʥʠʝ ʠʥʜʫʢʮʠʠ ʧʝʨʝʤʝʥʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʧʨʠ ʪʦʢʝ 6ɸ ʩʦʩʪʘʚʠʣʦ 64 ʤʊʣ.  

 
 

ʘ) ʙ) 

ʈʠʩʫʥʦʢ 2.9 - ʘ) ʊʝʭʥʠʯʝʩʢʠʡ ʨʠʩʫʥʦʢ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʷʯʝʡʢʠ ʚʩʪʘʚʢʠ ʧʦ ʠʟʤʝʨʝʥʠʶ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʚ ʧʝʨʝʤʝʥʥʦʤ ʧʦʣʝ; ʙ) ʟʘʚʠʩʠʤʦʩʪʴ ʠʥʜʫʢʮʠʠ ʧʝʨʝʤʝʥʥʦʛʦ ʧʦʣʷ ʚ 

ʟʘʟʦʨʝ ʤʘʛʥʠʪʥʦʡ ʩʠʩʪʝʤʳ ʦʪ ʚʝʣʠʯʠʥʳ ʪʦʢʘ. 
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2.5. ʄʝʪʦʜʠʢʘ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚ ʩʨʝʜʝ COMSOL Multiphysics 

 ɺʩʝ ʯʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʟʘʜʘʯ, ʦʧʠʩʳʚʘʶʱʠʭʩʷ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ, ʙʳʣʦ 

ʧʨʦʠʟʚʝʜʝʥʦ ʚ ʧʨʦʛʨʘʤʤʝ COMSOL Multiphysics. ʇʦʜʨʦʙʥʳʝ ʦʧʠʩʘʥʠʷ ʬʠʟʠʯʝʩʢʠʭ 

ʠʥʪʝʨʬʝʡʩʦʚ, ʘ ʪʘʢʞʝ ʯʠʩʣʝʥʥʳʭ ʤʝʪʦʜʦʚ, ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʜʣʷ ʨʝʰʝʥʠʷ ʢʦʥʢʨʝʪʥʳʭ 

ʬʠʟʠʯʝʩʢʠʭ ʟʘʜʘʯ, ʧʨʠʚʝʜʝʥʳ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʨʘʟʜʝʣʘʭ ʚ ʪʨʝʪʴʝʡ ʛʣʘʚʝ. 

 COMSOL Multiphysics ï ʵʪʦ ʧʨʦʛʨʘʤʤʘ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʨʝʰʝʥʠʷ ʚʩʝʭ ʪʠʧʦʚ 

ʥʘʫʯʥʳʭ ʠ ʠʥʞʝʥʝʨʥʳʭ ʟʘʜʘʯ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʷʭ ʚ ʯʘʩʪʥʳʭ 

ʧʨʦʠʟʚʦʜʥʳʭ (PDE) ʤʝʪʦʜʦʤ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ. ʕʪʘ ʧʨʦʛʨʘʤʤʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʠʥʪʝʛʨʠʨʦʚʘʥʥʫʶ ʩʨʝʜʫ ʩ ʩʦʟʜʘʪʝʣʝʤ ʤʦʜʝʣʠ (Model Builder), ʚ ʢʦʪʦʨʦʤ ʩʦʙʨʘʥʳ ʚʩʝ 

ʜʘʥʥʳʝ ʧʨʦʝʢʪʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʫʧʨʘʚʣʷʪʴ ʠ ʜʦʙʘʚʣʷʪʴ ʥʦʚʳʝ ʬʫʥʢʮʠʠ, ʠʩʧʦʣʴʟʫʷ ʣʠʙʦ 

ʘʥʘʣʠʪʠʯʝʩʢʫʶ (ʚ ʚʠʜʝ ʬʦʨʤʫʣ ʚ ʯʘʩʪʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ), ʣʠʙʦ ʯʠʩʣʝʥʥʫʶ (ʚ ʚʠʜʝ ʤʘʪʨʠʮ, 

ʛʨʘʬʦʚ, ʘʣʛʦʨʠʪʤʦʚ ʠ ʤʝʪʦʜʦʚ ʦʧʪʠʤʠʟʘʮʠʡ) ʤʦʜʝʣʴ ʠ ʜʘʝʪ ʧʦʣʥʳʡ ʦʙʟʦʨ ʤʦʜʝʣʠ ʠ ʜʦʩʪʫʧ 

ʢʦ ʚʩʝʤ ʬʫʥʢʮʠʷʤ. 

 

ʈʠʩʫʥʦʢ 2.10 - ʀʥʪʝʨʬʝʡʩʳ ʚ COMSOL Multiphysics 

ʉ ʧʦʤʦʱʴʶ ʚʩʪʨʦʝʥʥʳʭ ʬʠʟʠʯʝʩʢʠʭ ʠʥʪʝʨʬʝʡʩʦʚ (Physics Interfaces) (ʨʠʩʫʥʦʢ 2.10) 

ʠ ʨʘʩʰʠʨʝʥʥʦʡ ʧʦʜʜʝʨʞʢʠ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʦʚ, ʤʦʞʥʦ ʩʦʟʜʘʪʴ ʤʦʜʝʣʠ, ʦʧʠʩʳʚʘʝʤʳʝ 

ʪʘʢʠʤʠ ʨʘʟʥʦʦʙʨʘʟʥʳʤʠ ʬʠʟʠʯʝʩʢʠʤʠ ʚʝʣʠʯʠʥʘʤʠ, ʢʘʢ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʪʝʨʠʘʣʦʚ - 

ʧʣʦʪʥʦʩʪʴ, ʫʧʨʫʛʦʩʪʴ; ʥʘʛʨʫʟʢʠ; ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ; ʠʩʪʦʯʥʠʢʠ ʪʝʧʣʘ ʠ ʪʝʧʣʦʚʳʝ ʧʦʪʦʢʠ. 

ʄʦʞʥʦ ʧʨʠʤʝʥʠʪʴ ʧʝʨʝʤʝʥʥʳʝ, ʚʳʨʘʞʝʥʠʷ ʠʣʠ ʟʘʜʘʥʥʳʝ ʢʦʥʩʪʘʥʪʳ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ 

ʦʙʣʘʩʪʷʭ ʪʚʝʨʜʳʭ ʠ ʞʠʜʢʠʭ ʪʝʣ, ʥʘ ʛʨʘʥʠʮʘʭ, ʨʝʙʨʘʭ ʠ ʪʦʯʢʘʭ, ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʩʝʪʢʠ 
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ʨʘʟʙʠʝʥʠʷ. ʇʦʩʣʝ ʵʪʦʛʦ Comsol ʢʦʤʧʠʣʠʨʫʝʪ ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʚʩʶ 

ʤʦʜʝʣʴ. 

ɺ COMSOL Multiphisycs ʤʦʞʥʦ ʚʳʧʦʣʥʷʪʴ ʨʘʟʣʠʯʥʳʝ ʚʠʜʳ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʚ ʪʦʤ 

ʯʠʩʣʝ: 

¶ ʨʘʩʯʝʪ ʫʩʪʘʥʦʚʠʚʰʝʛʦʩʷ ʠ ʟʘʚʠʩʷʱʝʛʦ ʦʪ ʚʨʝʤʝʥʠ ʧʝʨʝʭʦʜʥʦʛʦ ʧʨʦʮʝʩʩʘ; 

¶ ʣʠʥʝʡʥʳʝ ʠ ʥʝʣʠʥʝʡʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ; 

¶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʙʩʪʚʝʥʥʳʭ ʯʘʩʪʦʪ, ʪʠʧʦʚ ʚʦʣʥ ʠ ʯʘʩʪʦʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

ʇʨʦʛʨʘʤʤʘ ʦʩʥʦʚʘʥʘ ʥʘ ʩʠʩʪʝʤʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʚ ʯʘʩʪʥʳʭ 

ʧʨʦʠʟʚʦʜʥʳʭ. ʉʫʱʝʩʪʚʫʝʪ ʪʨʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʩʧʦʩʦʙʘ ʟʘʜʘʥʠʷ ʪʘʢʠʭ ʩʠʩʪʝʤ: 

¶ ʢʦʵʬʬʠʮʠʝʥʪʥʘʷ ʬʦʨʤʘ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʘʷ ʜʣʷ ʣʠʥʝʡʥʳʭ ʠ ʙʣʠʟʢʠʭ ʢ ʣʠʥʝʡʥʳʤ 

ʫʨʘʚʥʝʥʠʷʤ ʤʦʜʝʣʝʡ; 

¶ ʛʝʥʝʨʘʣʴʥʘʷ ʬʦʨʤʘ, ʠʩʧʦʣʴʟʫʝʤʘʷ ʜʣʷ ʥʝʣʠʥʝʡʥʳʭ ʤʦʜʝʣʝʡ; 

¶ ʩʣʘʙʘʷ ʬʦʨʤʘ (weak form), ʜʣʷ ʤʦʜʝʣʝʡ ʩ PDE ʥʘ ʛʨʘʥʠʮʘʭ, ʨʝʙʨʘʭ ʠʣʠ ʜʣʷ ʤʦʜʝʣʝʡ, 

ʠʩʧʦʣʴʟʫʶʱʠʭ ʫʩʣʦʚʠʷ ʩʦ ʩʤʝʰʘʥʥʳʤʠ ʠ ʧʨʦʠʟʚʦʜʥʳʤʠ ʧʦ ʚʨʝʤʝʥʠ. 

ʀʩʧʦʣʴʟʫʷ ʵʪʠ ʩʧʦʩʦʙʳ, ʤʦʞʥʦ ʠʟʤʝʥʷʪʴ ʪʠʧʳ ʘʥʘʣʠʟʘ, ʚʢʣʶʯʘʷ: 

¶ ʩʪʘʮʠʦʥʘʨʥʳʡ ʠ ʧʝʨʝʭʦʜʥʳʡ ʘʥʘʣʠʟ; 

¶ ʣʠʥʝʡʥʳʡ ʠ ʥʝʣʠʥʝʡʥʳʡ ʘʥʘʣʠʟ; 

¶ ʤʦʜʘʣʴʥʳʡ ʘʥʘʣʠʟ ʠ ʘʥʘʣʠʟ ʩʦʙʩʪʚʝʥʥʳʭ ʯʘʩʪʦʪ. 

ɼʣʷ ʨʝʰʝʥʠʷ PDE COMSOL Multiphysics ʠʩʧʦʣʴʟʫʝʪ ʤʝʪʦʜ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ 

(FEM), ʢʦʪʦʨʳʡ ʦʪʥʦʩʠʪʩʷ ʢ ʯʠʩʣʝʥʥʳʤ ʤʝʪʦʜʘʤ ʨʝʰʝʥʠʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ 

ʩ ʯʘʩʪʥʳʤʠ ʧʨʦʠʟʚʦʜʥʳʤʠ, ʘ ʪʘʢʞʝ ʠʥʪʝʛʨʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ, ʚʦʟʥʠʢʘʶʱʠʭ ʧʨʠ ʨʝʰʝʥʠʠ 

ʟʘʜʘʯ ʧʨʠʢʣʘʜʥʦʡ ʬʠʟʠʢʠ. ʇʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʟʘʧʫʩʢʘʝʪ ʢʦʥʝʯʥʦʵʣʝʤʝʥʪʥʳʡ 

ʘʥʘʣʠʟ ʚʤʝʩʪʝ ʩ ʩʝʪʢʦʡ, ʫʯʠʪʳʚʘʶʱʝʡ ʛʝʦʤʝʪʨʠʯʝʩʢʫʶ ʢʦʥʬʠʛʫʨʘʮʠʶ ʪʝʣ ʠ ʢʦʥʪʨʦʣʝʤ 

ʦʰʠʙʦʢ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʯʠʩʣʝʥʥʳʭ ʨʝʰʘʪʝʣʝʡ. ʊʘʢ ʢʘʢ ʤʥʦʛʠʝ 

ʬʠʟʠʯʝʩʢʠʝ ʟʘʢʦʥʳ ʚʳʨʘʞʘʶʪʩʷ ʚ ʬʦʨʤʝ PDE, ʩʪʘʥʦʚʠʪʩʷ ʚʦʟʤʦʞʥʳʤ ʤʦʜʝʣʠʨʦʚʘʪʴ 

ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʥʘʫʯʥʳʭ ʠ ʠʥʞʝʥʝʨʥʳʭ ʷʚʣʝʥʠʡ ʠʟ ʤʥʦʛʠʭ ʦʙʣʘʩʪʝʡ ʬʠʟʠʢʠ ʪʘʢʠʭ ʢʘʢ: 

ʘʢʫʩʪʠʢʘ, ʭʠʤʠʯʝʩʢʠʝ ʨʝʘʢʮʠʠ, ʜʠʬʬʫʟʠʷ, ʵʣʝʢʪʨʦʤʘʛʥʝʪʠʟʤ, ʛʠʜʨʦʜʠʥʘʤʠʢʘ, 

ʬʠʣʴʪʨʦʚʘʥʠʝ, ʪʝʧʣʦʤʘʩʩʦʧʝʨʝʥʦʩ, ʦʧʪʠʢʘ, ʢʚʘʥʪʦʚʘʷ ʤʝʭʘʥʠʢʘ, ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʝ 

ʫʩʪʨʦʡʩʪʚʘ, ʩʦʧʨʦʤʘʪ ʠ ʤʥʦʛʠʭ ʜʨʫʛʠʭ. 

ʂʨʦʤʝ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʦʛʦ, ʧʨʦʛʨʘʤʤʘ ʧʦʟʚʦʣʷʝʪ ʩ ʧʦʤʦʱʴʶ ʧʝʨʝʤʝʥʥʳʭ ʩʚʷʟʠ 

(coupling variables) ʦʙʲʝʜʠʥʷʪʴ ʤʦʜʝʣʠ ʩ ʨʘʟʣʠʯʥʦʡ ʛʝʦʤʝʪʨʠʝʡ ʠ ʨʘʟʤʝʨʥʦʩʪʴ .ʁ 
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2.6. ʄʝʪʦʜʠʢʘ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʨʝʛʠʩʪʨʘʮʠʠ ʠʟʦʙʨʘʞʝʥʠʡ ʜʦʤʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʚʦ 

ʚʥʝʰʥʝʤ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ  

2.6.1. ʇʦʩʪʦʷʥʥʦʝ ʧʦʣʝ 

 ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʝʢʪʦʨʘ ʩʧʦʥʪʘʥʥʦʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ Ὅᴆ  

ʬʝʨʨʦʤʘʛʥʝʪʠʢʘ ʥʘ ʝʛʦ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʚ ʦʙʲʸʤʝ ʦʙʨʘʟʮʘ ʥʘʙʣʶʜʝʥʠʝ ʜʦʤʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ 

ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʤʠʢʨʦʤʘʛʥʠʪʥʦʛʦ ʘʥʘʣʠʟʘ [6]. ʀʥʬʦʨʤʘʮʠʷ, 

ʧʦʣʫʯʝʥʥʘʷ ʚ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʷʚʣʝʥʥʦʡ ʢʘʨʪʠʥʳ ʜʦʤʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ, ʦʯʝʥʴ ʚʘʞʥʘ 

ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʣʦʢʘʣʴʥʳʭ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʦʙʨʘʟʮʘ. ʆʙʱʘʷ 

ʩʭʝʤʘ ʤʝʪʦʜʠʢʠ ʜʣʷ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʨʝʛʠʩʪʨʘʮʠʠ ʠʟʦʙʨʘʞʝʥʠʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʜʦʤʝʥʥʦʡ 

ʩʪʨʫʢʪʫʨʳ ʤʘʛʥʝʪʠʢʦʚ ʚʦ ʚʥʝʰʥʝʤ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 2.11.  

 

ʈʠʩʫʥʦʢ 2.11 - ʆʙʱʘʷ ʩʭʝʤʘ ʤʝʪʦʜʠʢʠ ʥʘʙʣʶʜʝʥʠʷ ʠ ʨʝʛʠʩʪʨʘʮʠʠ ʠʟʦʙʨʘʞʝʥʠʡ 

ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʜʦʤʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʤʘʛʥʝʪʠʢʦʚ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ. 

 

 ʈʘʟʣʠʯʘʶʪ ʪʨʠ ʪʠʧʘ ʤʘʛʥʠʪʦʦʧʪʠʯʝʩʢʠʭ ʵʬʬʝʢʪʦʚ ʂʝʨʨʘ: ʧʦʣʷʨʥʳʡ, 

ʤʝʨʠʜʠʦʥʘʣʴʥʳʡ, ʵʢʚʘʪʦʨʠʘʣʴʥʳʡ. ʈʘʟʥʠʮʘ ʠʭ ʟʘʢʣʶʯʘʝʪʩʷ ʚʦ ʚʟʘʠʤʥʦʤ ʨʘʩʧʦʣʦʞʝʥʠʠ 
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ʚʝʢʪʦʨʘ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ Ὅᴆ, ʧʣʦʩʢʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʨʘʟʮʘ ʠ ʧʣʦʩʢʦʩʪʠ 

ʧʘʜʝʥʠʷ ʩʚʝʪʘ.  

 

ʈʠʩʫʥʦʢ 2.12 - ʊʨʠ ʪʠʧʘ ʤʘʛʥʠʪʦʦʧʪʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ ʂʝʨʨʘ: ʘ) ʧʦʣʷʨʥʳʡ, ʙ) 

ʤʝʨʠʜʠʦʥʘʣʴʥʳʡ, ʚ) ʵʢʚʘʪʦʨʠʘʣʴʥʳʡ. 

 

 ɺ ʩʣʫʯʘʝ ʧʦʣʷʨʥʦʛʦ ʪʠʧʘ ʵʬʬʝʢʪʘ ʂʝʨʨʘ ʚʝʢʪʦʨ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ Ὅᴆ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʝʥ ʧʣʦʩʢʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʘ ʠ ʧʘʨʘʣʣʝʣʝʥ ʧʣʦʩʢʦʩʪʠ ʧʘʜʝʥʠʷ ʩʚʝʪʘ 

(ʨʠʩʫʥʦʢ 2.12ʘ); ʤʝʨʠʜʠʦʥʘʣʴʥʦʛʦ ï ʚʝʢʪʦʨ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ Ὅᴆ ʧʘʨʘʣʣʝʣʝʥ ʢʘʢ ʧʣʦʩʢʦʩʪʠ 

ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʲʝʢʪʘ, ʪʘʢ ʠ ʧʣʦʩʢʦʩʪʠ ʧʘʜʝʥʠʷ ʩʚʝʪʘ (ʨʠʩʫʥʦʢ 2.12ʙ); ʵʢʚʘʪʦʨʠʘʣʴʥʦʛʦ ï 

ʚʝʢʪʦʨ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ Ὅᴆ ʧʘʨʘʣʣʝʣʝʥ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʘ ʠ ʧʝʨʧʝʥʜʠʢʫʣʷʨʝʥ 

ʧʣʦʩʢʦʩʪʠ ʧʘʜʝʥʠʷ ʩʚʝʪʘ (ʨʠʩʫʥʦʢ 2.12ʚ). ɽʩʣʠ ʥʘʧʨʘʚʣʝʥʠʝ ʧʘʜʝʥʠʷ ʩʚʝʪʘ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʢ ʧʣʦʩʢʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʘ, ʪʦ ʧʦʣʷʨʥʳʡ ʵʬʬʝʢʪ ʂʝʨʨʘ ʷʚʣʷʝʪʩʷ 

ʤʘʢʩʠʤʘʣʴʥʳʤ, ʘ ʤʝʨʠʜʠʦʥʘʣʴʥʳʡ ʠ ʵʢʚʘʪʦʨʠʘʣʴʥʳʡ ʥʝ ʥʘʙʣʶʜʘʶʪʩʷ. 

 ʉʚʝʪ, ʠʩʧʫʩʢʘʝʤʳʡ ʛʘʣʦʛʝʥʦʚʦʡ ʣʘʤʧʦʡ, ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʚ ʦʧʪʠʯʝʩʢʦʤ ʤʠʢʨʦʩʢʦʧʝ, 

ʩʯʠʪʘʝʪʩʷ ʝʩʪʝʩʪʚʝʥʥʳʤ, ʪʦ ʝʩʪʴ ʥʝ ʦʙʣʘʜʘʝʪ ʧʦʣʷʨʠʟʘʮʠʝʡ. ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʩʚʝʪ ʩʪʘʣ 

ʧʦʣʷʨʠʟʦʚʘʥʥʳʤ, ʢʦʣʝʙʘʥʠʷ ʚʝʢʪʦʨʘ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ Ὁᴆ ʜʦʣʞʥʳ 

ʩʦʚʝʨʰʘʪʴʩʷ ʚʜʦʣʴ ʚʳʜʝʣʝʥʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ. ʉʨʝʜʩʪʚʦʤ ʜʦʩʪʠʞʝʥʠʷ ʵʪʦʡ ʮʝʣʠ ʷʚʣʷʶʪʩʷ 

ʧʦʣʷʨʠʟʘʮʠʦʥʥʳʝ ʬʠʣʴʪʨʳ ʚ ʚʠʜʝ ʩʪʝʢʣʷʥʥʳʭ ʧʣʘʩʪʠʥʦʢ ʩ ʥʘʭʦʜʷʱʝʡʩʷ ʤʝʞʜʫ ʥʠʤʠ 

ʧʣʸʥʢʦʡ ï ʘʮʝʪʠʣʮʝʣʣʶʣʦʟʦʡ. ɺ ʧʦʣʷʨʠʟʘʮʠʦʥʥʦʤ ʦʧʪʠʯʝʩʢʦʤ ʤʠʢʨʦʩʢʦʧʝ NEOPHOT-30 

ʧʝʨʝʜ ʢʦʥʜʝʥʩʦʨʦʤ ï ʟʝʨʢʘʣʴʥʦ-ʣʠʥʟʦʚʦʡ ʦʧʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʦʡ, ʩʦʙʠʨʘʶʱʝʡ  ʣʫʯʠ ʩʚʝʪʘ 

ʦʪ ʠʩʪʦʯʥʠʢʘ ʠʟʣʫʯʝʥʠʷ ʠ ʥʝʦʙʭʦʜʠʤʦʡ ʜʣʷ ʥʘʧʨʘʚʣʝʥʠʷ ʠʭ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʠʩʧʳʪʫʝʤʦʛʦ 

ʦʙʨʘʟʮʘ, ʧʦʤʝʱʘʝʪʩʷ ʧʦʣʷʨʠʟʘʪʦʨ, ʟʘ ʦʢʫʣʷʨʦʤ ï ʘʥʘʣʠʟʘʪʦʨ. ʇʦʩʢʦʣʴʢʫ ʢʦʥʩʪʨʫʢʮʠʷ 

ʤʠʢʨʦʩʢʦʧʘ ʫʩʪʨʦʝʥʘ ʪʘʢ, ʯʪʦ ʥʘʧʨʘʚʣʝʥʠʝ ʩʚʝʪʘ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʧʣʦʩʢʦʩʪʠ 

ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʜʣʷ ʥʘʙʣʶʜʝʥʠʷ ʜʦʤʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʤʦʞʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʣʠʰʴ ʧʦʣʷʨʥʳʡ ʵʬʬʝʢʪʘ ʂʝʨʨʘ. ɹʦʣʴʰʠʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ 

ʥʘʙʣʶʜʝʥʠʷ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʝʨʝʩʪʨʦʡʢʠ ʜʦʤʝʥʦʚ ʚʦ ʚʥʝʰʥʝʤ 

ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ.  
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 ʉʦʛʣʘʩʥʦ ʦʙʱʝʡ ʩʭʝʤʝ ʤʝʪʦʜʠʢʠ (ʨʠʩʫʥʦʢ 2.11), ʝʩʪʝʩʪʚʝʥʥʳʡ ʩʚʝʪ ʧʨʠ 

ʧʨʦʭʦʞʜʝʥʠʠ ʧʦʣʷʨʠʟʘʪʦʨʘ ʩʪʘʥʦʚʠʪʩʷ ʣʠʥʝʡʥʦ ʧʦʣʷʨʠʟʦʚʘʥʥʳʤ, ʧʨʠ ʧʦʤʦʱʠ 

ʧʦʣʫʧʨʦʟʨʘʯʥʦʛʦ ʟʝʨʢʘʣʘ ʧʘʜʘʝʪ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʰʣʠʬʘ ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʨʘʟʮʘ. ʇʨʠ 

ʧʘʜʝʥʠʠ ʣʠʥʝʡʥʦ ʧʦʣʷʨʠʟʦʚʘʥʥʦʛʦ ʩʚʝʪʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʬʝʨʨʦʤʘʛʥʝʪʠʢʘ ʧʣʦʩʢʦʩʪʴ 

ʧʦʣʷʨʠʟʘʮʠʠ ʦʪʨʘʞʝʥʥʦʛʦ ʣʫʯʘ ʧʦʚʝʨʥʝʪʩʷ ʥʘ ʫʛʦʣ, ʟʘʚʠʩʷʱʠʡ ʦʪ ʥʘʧʨʘʚʣʝʥʠʷ ʠ 

ʚʝʣʠʯʠʥʳ ʚʝʢʪʦʨʘ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ Ὅᴆ ʚ ʢʘʞʜʦʤ ʜʦʤʝʥʝ. ɺʳʷʚʣʝʥʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ 

ʯʝʨʝʜʦʚʘʥʠʷ çʩʚʝʪʣʳʭè ʠ çʪʸʤʥʳʭè ʫʯʘʩʪʢʦʚ ï ʜʦʤʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʯʝʨʝʟ ʦʧʪʠʯʝʩʢʠʡ 

ʢʘʥʘʣ ʤʠʢʨʦʩʢʦʧʘ ʚʳʚʦʜʠʪʩʷ ʥʘ ʮʠʬʨʦʚʫʶ ʢʘʤʝʨʫ Levenhuk M800PLUS. ɽʸ ʪʝʭʥʠʯʝʩʢʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ: ʤʘʢʩʠʤʘʣʴʥʦʝ ʨʘʟʨʝʰʝʥʠʝ: 3624ʭ2448, ʯʠʩʣʦ ʤʝʛʘʧʠʢʩʝʣʝʡ: 8, ʬʦʨʤʘʪ 

ʠʟʦʙʨʘʞʝʥʠʡ: *.jpg, *.bmp, *.png, *.tif, ʢʘʜʨʦʚʘʷ ʯʘʩʪʦʪʘ: 1,9 ʢʘʜʨʦʚ ʚ ʩʝʢʫʥʜʫ ʧʨʠ 

ʤʘʢʩʠʤʘʣʴʥʦʤ ʨʘʟʨʝʰʝʥʠʠ, 8 ʢʘʜʨʦʚ ʚ ʩʝʢʫʥʜʫ ʧʨʠ ʨʘʟʨʝʰʝʥʠʠ 1600ʭ1200, 27 ʢʘʜʨʦʚ ʚ 

ʩʝʢʫʥʜʫ ʧʨʠ ʨʘʟʨʝʰʝʥʠʠ 800ʭ600, ʚʨʝʤʷ ʚʳʜʝʨʞʢʠ: 0,4-2000 ʤʩ, ʧʠʪʘʥʠʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʯʝʨʝʟ ʢʘʙʝʣʴ USB 2.0. ɼʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʩʚʷʟʠ ʩ ʢʦʤʧʴʶʪʝʨʦʤ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ Levenhuk.  

 ɺ ʜʘʥʥʦʡ ʤʝʪʦʜʠʢʝ ʚ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪ ï ʫʩʪʨʦʡʩʪʚʦ, ʢʦʪʦʨʦʝ ʩʦʟʜʘʸʪ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʪʦʢʘ 

ʯʝʨʝʟ ʥʝʛʦ. ʅʘ ʨʠʩʫʥʢʝ 2.13 ʧʨʝʜʩʪʘʚʣʝʥ ʪʝʭʥʠʯʝʩʢʠʡ ʨʠʩʫʥʦʢ ʠʩʧʦʣʴʟʫʝʤʦʛʦ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʘ ʩ ʫʩʪʘʥʦʚʣʝʥʥʳʤ ʦʙʨʘʟʮʦʤ ʠ ʧʦʜʚʝʜʝʥʥʳʤ ʦʙʲʝʢʪʠʚʦʤ.  

ʆʥ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʘʪʫʰʢʫ, ʚ ʢʦʪʦʨʫʶ ʧʦʤʝʱʸʥ ʬʝʨʨʦʤʘʛʥʠʪʥʳʡ ʩʝʨʜʝʯʥʠʢ. 

ʇʦʩʢʦʣʴʢʫ ʚʝʩ ʵʣʝʢʪʨʦʤʘʛʥʠʪʘ ʥʝ ʧʦʟʚʦʣʷʝʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʨʘʩʧʦʣʦʞʠʪʴ ʝʛʦ ʥʘ ʩʪʦʣʠʢʝ 

ʦʧʪʠʯʝʩʢʦʛʦ ʤʝʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʛʦ ʤʠʢʨʦʩʢʦʧʘ, ʜʣʷ ʝʛʦ ʢʨʝʧʣʝʥʠʷ ʥʘʜ ʦʙʲʝʢʪʠʚʦʤ ʙʳʣʘ 

ʠʟʛʦʪʦʚʣʝʥʘ ʩʪʘʥʠʥʘ ʠʟ ʘʣʶʤʠʥʠʝʚʦʛʦ ʧʨʦʬʠʣʷ, ʦʩʥʦʚʘʥʠʝ ʢʦʪʦʨʦʡ ʞʸʩʪʢʦ ʟʘʢʨʝʧʣʝʥʦ. 

ʇʨʠ ʧʨʦʪʝʢʘʥʠʠ ʪʦʢʘ ʧʦ ʧʨʦʚʦʜʥʠʢʫ ʚ ʢʘʪʫʰʢʝ ʩʦʟʜʘʸʪʩʷ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ, ʩʠʣʦʚʳʝ ʣʠʥʠʠ 

ʢʦʪʦʨʦʛʦ ʧʨʦʥʠʟʳʚʘʶʪ ʩʝʨʜʝʯʥʠʢ. ɼʣʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʠʣʦʚʳʭ ʣʠʥʠʡ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, 

ʩʦʟʜʘʥʥʦʛʦ ʵʣʝʢʪʨʦʤʘʛʥʠʪʦʤ, ʚ ʢʦʥʩʪʨʫʢʮʠʠ ʧʨʝʜʫʩʤʦʪʨʝʥʦ ʷʨʤʦ ʩ ʦʪʚʝʨʩʪʠʝʤ, ʜʠʘʤʝʪʨ 

ʢʦʪʦʨʦʛʦ ʨʘʚʝʥ ʜʠʘʤʝʪʨʫ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʫʩʠʣʠʪʝʣʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʪʦʢʘ (ʢʦʥʮʝʥʪʨʘʪʦʨʘ). 

 ɻʣʘʚʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʢʦʥʩʪʨʫʢʮʠʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʘ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ 

ʥʘʙʣʶʜʝʥʠʷ ɼʉ ʥʘ ʙʘʟʠʩʥʦʡ ʧʣʦʩʢʦʩʪʠ ʧʨʠ ʥʘʤʘʛʥʠʯʠʚʘʥʠʠ ʦʙʨʘʟʮʘ ʚʜʦʣʴ ʆʃʅ. ɼʣʷ 

ʵʪʦʛʦ ʚ ʥʠʞʥʝʤ ʢʦʥʮʝʥʪʨʘʪʦʨʝ ʠʤʝʝʪʩʷ ʦʪʚʝʨʩʪʠʝ, ʯʝʨʝʟ ʢʦʪʦʨʦʝ ʩʚʝʪ ʧʘʜʘʝʪ ʥʘ 

ʠʩʩʣʝʜʫʝʤʳʡ ʦʙʲʝʢʪ. ʅʘ ʨʠʩʫʥʢʝ 2.14 ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʨʠʚʘʷ ʟʘʚʠʩʠʤʦʩʪʠ ʠʥʜʫʢʮʠʠ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ ʟʘʟʦʨʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʘ ʦʪ ʚʳʭʦʜʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ/ʪʦʢʘ, ʧʦʜʘʚʘʝʤʦʛʦ ʥʘ 

ʢʘʪʫʰʢʫ. 



55 

 

 

ʈʠʩʫʥʦʢ 2.13 - ʊʝʭʥʠʯʝʩʢʠʡ ʨʠʩʫʥʦʢ ʵʣʝʢʪʨʦʤʘʛʥʠʪʘ ʜʣʷ ʥʘʙʣʶʜʝʥʠʷ ʪʨʘʥʩʬʦʨʤʘʮʠʠ 

ɼʉ ʥʘ ʙʘʟʠʩʥʦʡ ʧʣʦʩʢʦʩʪʠ ʦʙʨʘʟʮʦʚ. 

 

ʇʨʠ ʧʦʜʘʯʝ ʥʘʧʨʷʞʝʥʠʷ ʜʦ ʟʥʘʯʝʥʠʷ å 40 ɺ ʟʘʚʠʩʠʤʦʩʪʴ ʠʤʝʝʪ ʣʠʥʝʡʥʳʡ ʭʘʨʘʢʪʝʨ. 

ʅʘ ʜʘʥʥʦʤ ʵʪʘʧʝ ʨʦʩʪ ʧʦʣʷ ʦʙʲʷʩʥʷʝʪʩʷ ʧʨʦʮʝʩʩʦʤ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ ʩʝʨʜʝʯʥʠʢʘ. 

ʅʘʩʳʱʝʥʠʝ ʷʨʤʘ, ʩʝʨʜʝʯʥʠʢʘ, ʧʦʣʶʩʦʚ ʵʣʝʢʪʨʦʤʘʛʥʠʪʘ ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʨʦʩʪʘ 

ʠʥʜʫʢʮʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ ʟʘʟʦʨʝ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʥʘʧʨʷʞʝʥʠʷ. ʅʘ ʵʪʦʤ ʫʯʘʩʪʢʝ 

ʚʦʣʴʪʦʚʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʩʥʦʚʥʦʡ ʚʢʣʘʜ ʚ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʚʥʦʩʠʪ ʦʙʤʦʪʢʘ. 

ʄʘʢʩʠʤʘʣʴʥʦʝ ʧʦʣʝ, ʢʦʪʦʨʦʝ ʚʦʟʤʦʞʥʦ ʜʦʩʪʠʯʴ ʧʨʠ ʚʳʭʦʜʥʦʤ ʥʘʧʨʷʞʝʥʠʠ 120 ɺ ʚ ʟʘʟʦʨʝ 

1 ʤʤ ʨʘʚʥʦ 1,9 ʊʣ.  

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʨʝʛʫʣʠʨʦʚʘʪʴ ʩʦʟʜʘʚʘʝʤʦʝ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʦʤ, 

ʫʚʝʣʠʯʠʚʘʷ ʥʘʧʨʷʞʝʥʠʝ/ʪʦʢ, ʠʩʧʦʣʴʟʫʝʪʩʷ ʠʤʧʫʣʴʩʥʳʡ ʧʨʦʛʨʘʤʤʠʨʫʝʤʳʡ ʠʩʪʦʯʥʠʢ 

ʧʠʪʘʥʠʷ ɸʂʀʇ-1143. ɼʠʘʧʘʟʦʥ ʚʳʭʦʜʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ: 0-300ɺ, ʚʳʭʦʜʥʦʛʦ ʪʦʢʘ: 0-10ɸ. 

ɼʠʩʢʨʝʪʥʦʩʪʴ, ʨʘʚʥʘʷ 100ʤɺ/10ʤɸ, ʧʦʟʚʦʣʷʝʪ ʩ ʜʦʩʪʘʪʦʯʥʦʡ ʪʦʯʥʦʩʪʴʶ ʫʧʨʘʚʣʷʪʴ ʧʦʣʝʤ. 

ɺʦ ʚʨʝʤʷ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʚʝʣʠʯʠʥʘ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʠʟʤʝʨʷʝʪʩʷ ʧʨʠ ʧʦʤʦʱʠ  
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ʈʠʩʫʥʦʢ 2.14 - ɿʘʚʠʩʠʤʦʩʪʴ ʠʥʜʫʢʮʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ ʟʘʟʦʨʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʘ ʦʪ 

ʚʳʭʦʜʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ/ʪʦʢʘ. 

 

 

ʜʘʪʯʠʢʘ ʍʦʣʣʘ, ʟʘʢʨʝʧʣʝʥʥʦʛʦ ʚ ʩʧʝʮʠʘʣʴʥʦ ʠʟʛʦʪʦʚʣʝʥʥʦʤ ʢʦʨʧʫʩʝ ʠ ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʧʦʣʶʩʥʦʤ ʥʘʢʦʥʝʯʥʠʢʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʘ. ɼʘʪʯʠʢ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʫʶ ʧʨʷʤʦʫʛʦʣʴʥʫʶ ʧʣʘʩʪʠʥʫ ʩ ʯʝʪʳʨʴʤʷ ʢʦʥʪʘʢʪʘʤʠ: ʧʝʨʚʘʷ ʧʘʨʘ 

ʢʦʥʪʘʢʪʦʚ ʷʚʣʷʝʪʩʷ ʪʦʢʦʚʦʡ, ʚʪʦʨʘʷ ï ʧʦʪʝʥʮʠʘʣʴʥʦʡ. ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʦʩʥʦʚʘʥ ʥʘ 

ʵʬʬʝʢʪʝ ʍʦʣʣʘ. ɽʩʣʠ ʧʨʦʧʫʩʪʠʪʴ ʚʜʦʣʴ ʧʣʘʩʪʠʥʳ ʧʦʩʪʦʷʥʥʳʡ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʪʦʢ, ʘ ʣʠʥʠʠ 

ʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ ʙʫʜʫʪ ʥʘʧʨʘʚʣʝʥʳ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʦʚʦʜʥʠʢʘ, ʥʦ ʥʘ 

ʙʦʢʦʚʳʭ ʛʨʘʥʷʭ ʚʦʟʥʠʢʥʝʪ ʪʘʢ ʥʘʟʳʚʘʝʤʘʷ ʍʦʣʣʦʚʩʢʘʷ ʨʘʟʥʦʩʪʴ ʧʦʪʝʥʮʠʘʣʦʚ Ὗ̖ ̏̌. 

ʀʤʝʥʥʦ ʝʸ ʬʠʢʩʠʨʫʝʪ ʚʦʣʴʪʤʝʪʨ ɺ7-78/3. ɺʝʣʠʯʠʥʘ ʪʦʢʘ, ʧʦʜʘʚʘʝʤʘʷ ʩ ʠʩʪʦʯʥʠʢʘ 

ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʨʘʚʥʘ 100 ʤɸ. ɺʘʞʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʜʘʪʯʠʢʘ ʍʦʣʣʘ ʷʚʣʷʝʪʩʷ ʝʛʦ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ‎. 

ɼʣʷ ʥʘʭʦʞʜʝʥʠʷ ʚʝʣʠʯʠʥʳ ʠʥʜʫʢʮʠʠ ʚʥʝʰʥʝʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʠʩʧʦʣʴʟʫʶʪ 

ʬʦʨʤʫʣʫ: 

ὄᴆ Ὗ̖ ̏Ⱦ̌‎                                                        (14) 

ʏʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʜʘʪʯʠʢʘ ʍʦʣʣʘ, ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʚ ʜʘʥʥʦʡ ʤʝʪʦʜʠʢʝ ʨʘʚʥʘ 0,63 ʤʢɺ/ʤʊʣ. 

ʏʪʦʙʳ ʥʘʡʪʠ ʚʝʣʠʯʠʥʫ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ ʩʠʩʪʝʤʝ ʉɻʉ ʥʝʦʙʭʦʜʠʤʦ 

ʧʦʣʫʯʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʠʥʜʫʢʮʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʫʤʥʦʞʠʪʴ ʥʘ 10000.  
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ɺʩʝ ʠʟʤʝʨʠʪʝʣʴʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʯʝʨʝʟ ʨʘʟʣʠʯʥʳʝ ʠʥʪʝʨʬʝʡʩʳ ʠʤʝʶʪ ʩʚʷʟʴ ʩ ʢʦʤʧʴʶʪʝʨʦʤ. 

ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʝʨʝʩʪʨʦʡʢʠ ʜʦʤʝʥʦʚ ʤʘʛʥʠʪʥʳʭ ʦʙʨʘʟʮʦʚ 

ʧʦʣʥʦʩʪʴʶ ʚ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ [A6-A7].  

ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʦʛʣʘʩʥʦ ʩʭʝʤʝ ʤʝʪʦʜʠʢʠ (ʨʠʩʫʥʦʢ 2.11) ʜʘʪʯʠʢ ʍʦʣʣʘ 

ʫʩʪʘʥʦʚʣʝʥ ʚ ʝʜʠʥʩʪʚʝʥʥʦʤ ʚʦʟʤʦʞʥʦʤ ʤʝʩʪʝ ʥʘ ʵʣʝʢʪʨʦʤʘʛʥʠʪʝ ʚʦʟʣʝ ʚʝʨʭʥʝʛʦ 

ʢʦʥʮʝʥʪʨʘʪʦʨʘ, ʯʪʦ ʧʦʟʚʦʣʷʣʦ ʥʘʙʣʶʜʘʪʴ ɼʉ. ɺʩʝ ʚʳʰʝʧʨʠʚʝʜʝʥʥʳʝ ʜʘʥʥʳʝ ʧʦ ʚʝʣʠʯʠʥʝ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ ʩʠʩʪʝʤʝ ʧʨʠʚʝʜʝʥʳ ʠʤʝʥʥʦ ʜʣʷ ʜʘʥʥʦʛʦ ʩʣʫʯʘʷ. ʅʝʩʤʦʪʨʷ ʥʘ ʥʘʣʠʯʠʝ 

ʟʘʤʳʢʘʶʱʝʛʦ ʤʘʛʥʠʪʥʳʡ ʧʦʪʦʢ ʷʨʤʘ ʠ ʙʣʠʟʦʩʪʴ ʢʦʥʮʝʥʪʨʘʪʦʨʦʚ ʠʩʩʣʝʜʫʝʤʦʤʫ ʦʙʨʘʟʮʫ, 

ʥʘʣʠʯʠʝ ʦʪʚʝʨʩʪʠʷ ʚ ʥʠʞʥʝʤ ʢʦʥʮʝʥʪʨʘʪʦʨʝ ʜʣʷ ʧʨʦʭʦʞʜʝʥʠʷ ʩʚʝʪʘ ʧʨʠʚʝʣʦ ʢ ʩʠʣʴʥʦʤʫ 

ʛʨʘʜʠʝʥʪʫ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ ʟʘʟʦʨʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʘ, ʯʪʦ ʦʙʷʟʘʪʝʣʴʥʦ ʥʝʦʙʭʦʜʠʤʦ 

ʫʯʠʪʳʚʘʪʴ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʧʦʣʝʚʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʠʟ ʜʘʥʥʳʭ 

ʪʨʘʥʩʬʦʨʤʘʮʠʠ ɼʉ. ʅʘ ʨʠʩʫʥʢʘʭ 2.15 ʘðʙ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʢʦʤʧʴʶʪʝʨʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ ʩʨʝʜʝ COMSOL Multiphysics ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠʥʜʫʢʮʠʠ ʚ ʠʩʧʦʣʴʟʫʝʤʦʤ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʝ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʥʠʞʥʝʛʦ ʢʦʥʮʝʥʪʨʘʪʦʨʘ ʠ ʙʝʟ ʥʝʛʦ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

  

 

ʈʠʩʫʥʦʢ 2.15 - ʈʝʟʫʣʴʪʘʪʳ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʘʛʥʠʪʥʦʡ 

ʠʥʜʫʢʮʠʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʘ ʩ ʥʠʞʥʠʤ ʢʦʥʮʝʥʪʨʘʪʦʨʦʤ (ʘ) ʠ ʙʝʟ ʢʦʥʮʝʥʪʨʘʪʦʨʘ (ʙ) ʧʨʠ 

ʦʜʠʥʘʢʦʚʦʤ ʪʦʢʝ ʚ ʦʙʤʦʪʢʝ 0,68 ɸ. 

 

ʅʘ ʨʠʩʫʥʢʝ 2.16 ʧʦʢʘʟʘʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʚʝʣʠʯʠʥʳ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ ʟʘʟʦʨʝ 2,9 ʤʤ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʘ ʚ ʦʙʦʠʭ ʩʣʫʯʘʷʭ. 
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ʈʠʩʫʥʦʢ.2.16 - ɿʘʚʠʩʠʤʦʩʪʴ ʠʥʜʫʢʮʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ ʟʘʟʦʨʝ 2,9 ʤʤ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʘ (ʪʦʢ ʦʙʤʦʪʢʠ 0,68 ɸ) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʥʮʝʥʪʨʘʪʦʨʘ (ʩʠʥʷʷ ʢʨʠʚʘ) ʠ 

ʙʝʟ ʢʦʥʮʝʥʪʨʘʪʦʨʘ (ʢʨʘʩʥʘʷ ʢʨʠʚʘʷ). 

 

ʉ ʮʝʣʴʶ ʢʦʨʨʝʢʮʠʠ ʠʟʤʝʨʷʝʤʦʛʦ ʧʦʣʷ ʚ ʫʩʪʘʥʦʚʢʝ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʯʠʩʣʝʥʥʳʝ ʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʅʘ ʨʠʩʫʥʢʝ 2.17ʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚʙʣʠʟʠ ʥʠʞʥʝʛʦ ʢʦʥʮʝʥʪʨʘʪʦʨʘ (ʦʙʣʘʩʪʴ ʨʘʩʧʦʣʦʞʝʥʠʷ ʦʙʨʘʟʮʘ) ʦʪ 

ʚʝʣʠʯʠʥʳ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚʙʣʠʟʠ ʚʝʨʭʥʝʛʦ ʢʦʥʮʝʥʪʨʘʪʦʨʘ (ʦʙʣʘʩʪʠ ʨʘʩʧʦʣʦʞʝʥʠʷ 

ʜʘʪʯʠʢʘ ʍʦʣʣʘ) ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʷʭ ʤʘʛʥʠʪʥʦʛʦ ʟʘʟʦʨʘ h.  ʍʦʨʦʰʦ ʚʠʜʥʦ, ʯʪʦ ʚʩʝ 

ʟʘʚʠʩʠʤʦʩʪʠ ʠʤʝʶʪ ʣʠʥʝʡʥʳʡ ʭʘʨʘʢʪʝʨ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʨʘʩʩʯʠʪʘʪʴ ʢʦʨʨʝʢʪʠʨʫʶʱʠʝ 

ʢʦʵʬʬʠʮʠʝʥʪʳ ʜʣʷ ʥʘʭʦʞʜʝʥʠʷ ʠʩʪʠʥʥʦʛʦ ʧʦʣʷ, ʚ ʢʦʪʦʨʦʤ ʥʘʭʦʜʠʪʩʷ ʠʩʩʣʝʜʫʝʤʳʡ 

ʦʙʨʘʟʝʮ (ʨʠʩʫʥʦʢ 2.17ʙ).  ʀʩʧʦʣʴʟʫʷ ʚʪʦʨʦʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʍʦʣʣʘ, ʫʜʘʣʦʩʴ ʧʦʣʫʯʠʪʴ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʧʦʣʝʡ ʚʙʣʠʟʠ ʚʝʨʭʥʝʛʦ ʠ ʥʠʞʥʝʛʦ ʢʦʥʮʝʥʪʨʘʪʦʨʦʚ ʜʣʷ 

ʟʘʟʦʨʘ 3,9 ʤʤ, ʧʨʝʜʩʪʘʚʣʝʥʥʫʶ ʥʘ ʨʠʩʫʥʢʝ 2.17ʘ ʢʨʘʩʥʦʡ ʢʨʠʚʦʡ. ʍʦʨʦʰʦ ʚʠʜʥʦ, ʯʪʦ 

ʨʘʩʯʪyʥʳʝ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʙʣʠʟʢʠ ʜʨʫʛ ʫ ʜʨʫʛʫ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ 

ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 
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ʘ) ʙ) 

ʈʠʩʫʥʦʢ 2.17 - (ʘ) ʈʝʟʫʣʴʪʘʪʳ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʚʠʩʠʤʦʩʪʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚʙʣʠʟʠ ʥʠʞʥʝʛʦ ʢʦʥʮʝʥʪʨʘʪʦʨʘ (ʦʙʣʘʩʪʴ 

ʨʘʩʧʦʣʦʞʝʥʠʷ ʦʙʨʘʟʮʘ) ʦʪ ʚʝʣʠʯʠʥʳ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚʙʣʠʟʠ ʚʝʨʭʥʝʛʦ ʢʦʥʮʝʥʪʨʘʪʦʨʘ 

(ʦʙʣʘʩʪʠ ʨʘʩʧʦʣʦʞʝʥʠʷ ʜʘʪʯʠʢʘ ʍʦʣʣʘ) ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʷʭ ʤʘʛʥʠʪʥʦʛʦ ʟʘʟʦʨʘ h; 

(ʙ) ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʨʨʝʢʪʠʨʫʶʱʝʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʦʪ ʤʘʛʥʠʪʥʦʛʦ ʟʘʟʦʨʘ. 

 

2.6.2. ʇʝʨʝʤʝʥʥʦʝ ʧʦʣʝ 

ɼʦʧʦʣʥʠʪʝʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʜʘʥʥʦʡ ʤʝʪʦʜʠʢʠ ʩʪʘʣʘ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʪʨʘʥʩʬʦʨʤʘʮʠʠ ɼʉ ʧʨʠ ʧʨʠʣʦʞʝʥʠʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʧʝʨʝʤʝʥʥʦʛʦ ʧʦʣʷ. ʉ ʵʪʦʡ ʮʝʣʴʶ 

ʥʘ ʚʝʨʭʥʠʡ ʢʦʥʮʝʥʪʨʘʪʦʨ ʫʩʪʘʥʘʚʣʠʚʘʣʘʩʴ ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʢʘʪʫʰʢʘ (ʨʠʩʫʥʦʢ 2.13), ʯʝʨʝʟ 

ʢʦʪʦʨʫʶ ʧʨʦʧʫʩʢʘʣʩʷ ʪʦʢ ʯʘʩʪʦʪʦʡ 50 ɻʮ ʠ ʘʤʧʣʠʪʫʜʦʡ ʜʦ 6,5 ɸ. ɺʝʣʠʯʠʥʘ ʧʝʨʝʤʝʥʥʦʛʦ 

ʧʦʣʷ, ʠʟʤʝʨʝʥʥʦʛʦ ʜʘʪʯʠʢʦʤ ʍʦʣʣʘ, ʨʘʩʧʦʣʦʞʝʥʥʦʤ ʚʙʣʠʟʠ ʚʝʨʭʥʝʛʦ ʢʦʥʮʝʥʪʨʘʪʦʨʘ, ʧʨʠ 

ʪʦʢʝ 1 ɸ ʩʦʩʪʘʚʠʣʘ 10,4 ʤʊʣ, ʧʨʠ 3,5 ɸ ï 37 ʤʊʣ, ʧʨʠ 6 ɸ ï 63 ʤʊʣ. 

2.6.3. ʀʤʧʫʣʴʩʥʦʝ ʧʦʣʝ 

ɺ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʚ ʦʙʣʘʩʪʠ ʨʘʩʧʦʣʦʞʝʥʠʷ ʦʙʨʘʟʮʘ ʧʨʠ 

ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ɼʉ ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʴʰʝ ʧʦʣʷ, ʠʟʤʝʨʷʝʤʦʛʦ ʜʘʪʯʠʢʦʤ 

ʍʦʣʣʘ, ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʚʙʣʠʟʠ ʚʝʨʭʥʝʛʦ ʢʦʥʮʝʥʪʨʘʪʦʨʘ, ʙʳʣʘ ʨʝʘʣʠʟʦʚʘʥʘ ʤʝʪʦʜʠʢʘ, ʧʨʠ 

ʢʦʪʦʨʦʡ ʢ ʧʦʩʪʦʷʥʥʦʤʫ ʧʦʣʶ, ʩʦʟʜʘʚʘʝʤʦʤʫ ʵʣʝʢʪʨʦʤʘʛʥʠʪʦʤ, ʜʦʙʘʚʣʷʣʦʩʴ ʠʤʧʫʣʴʩʥʦʝ 

ʧʦʣʝ.  

ʀʤʧʫʣʴʩʥʳʝ ʧʦʣʷ ʩʦʟʜʘʚʘʣʠʩʴ ʧʫʪʝʤ ʧʨʦʧʫʩʢʘʥʠʷ ʠʤʧʫʣʴʩʥʦʛʦ ʪʦʢʘ ʯʝʨʝʟ 

ʢʘʪʫʰʢʫ, ʩʦʟʜʘʚʘʝʤʦʛʦ ʩ ʧʦʤʦʱʴʶ ʪʨʘʥʟʠʩʪʦʨʥʦʛʦ ʠʤʧʫʣʴʩʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ. ʅʘ ʨʠʩʫʥʢʝ 

2.18ʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʬʦʪʦʛʨʘʬʠʷ ʠʤʧʫʣʴʩʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʩ ʧʦʜʢʣʶʯʝʥʥʦʡ 
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ʥʘʤʘʛʥʠʯʠʚʘʶʱʝʡ ʢʘʪʫʰʢʦʡ ʠ ʦʩʮʠʣʣʦʛʨʘʬʦʤ ʜʣʷ ʨʝʛʠʩʪʨʘʮʠʠ ʪʦʢʘ, ʧʨʦʪʝʢʘʶʱʝʛʦ 

ʯʝʨʝʟ ʢʘʪʫʰʢʫ.  ɺ ʦʩʥʦʚʫ ʛʝʥʝʨʘʪʦʨʘ ʧʦʣʦʞʝʥʘ ʢʣʘʩʩʠʯʝʩʢʘʷ ʩʭʝʤʘ, ʚ ʢʦʪʦʨʦʡ 

ʧʦʩʨʝʜʩʪʚʦʤ ʨʝʛʫʣʠʨʫʝʤʦʛʦ ʠʩʪʦʯʥʠʢʘ ʪʦʢʘ ʧʨʦʠʩʭʦʜʠʣʘ ʟʘʨʷʜʢʘ ʜʚʫʭ ʧʘʨʘʣʣʝʣʴʥʦ 

ʩʦʝʜʠʥʝʥʥʳʭ ʢʦʥʜʝʥʩʘʪʦʨʦʚ ʜʦ ʟʘʜʘʥʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ (Umax=300 ɺ). ɼʘʣʝʝ ʩ ʧʦʤʦʱʴʶ 

ʪʚʝʨʜʦʪʝʣʴʥʦʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ ʢʣʶʯʘ (ʪʨʘʥʟʠʩʪʦʨʘ) ʧʨʦʠʩʭʦʜʠʣʘ ʨʘʟʨʷʜʢʘ ʥʘʢʦʧʣʝʥʥʦʛʦ 

ʟʘʨʷʜʘ ʥʘ ʢʦʥʜʝʥʩʘʪʦʨʘʭ ʯʝʨʝʟ ʧʦʜʢʣʶʯʝʥʥʫʶ ʢʘʪʫʰʢʫ. ɺ ʩʭʝʤʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ 

ʢʘʪʫʰʢʝ ʙʳʣ ʧʦʜʢʣʁ ʯyʥ ʰʫʥʪʠʨʫʶʱʠʡ ʨʝʟʠʩʪʦʨ 1,93 ʤʆʤ, ʯʪʦ ʧʦʟʚʦʣʷʣʦ ʩ ʧʦʤʦʱʴʶ 

ʦʩʮʠʣʣʦʛʨʘʬʘ ʠʟʤʝʨʷʪʴ ʪʦʢ, ʧʨʦʪʝʢʘʶʱʠʡ ʯʝʨʝʟ ʢʘʪʫʰʢʫ. ʅʘ ʨʠʩʫʥʢʝ 2.18ʙ ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʬʦʪʦʛʨʘʬʠʷ ʵʢʨʘʥʘ ʦʩʮʠʣʣʦʛʨʘʬʘ, ʥʘ ʢʦʪʦʨʦʤ ʧʦʢʘʟʘʥ ʠʤʧʫʣʴʩʥʳʡ ʩʠʛʥʘʣ. ʇʨʠ 

ʟʘʨʷʞʘʶʱʝʤ ʥʘʧʨʷʞʝʥʠʠ 144 ɺ ʚʝʣʠʯʠʥʘ ʠʤʧʫʣʴʩʘ ʯʝʨʝʟ ʢʘʪʫʰʢʫ ʩʦʩʪʘʚʠʣʘ 4,1 ɺ, ʯʪʦ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ 2,12 ʢɸ, ʧʨʠ ʵʪʦʤ ʚʨʝʤʷ ʠʤʧʫʣʴʩʘ ʩʦʩʪʘʚʠʣʦ 40 ʤʢʩ. 

ʇʦʩʢʦʣʴʢʫ ʠʟʤʝʨʷʝʤʳʝ ʦʙʨʘʟʮʳ ʧʨʝʜʩʪʘʚʣʷʣʠ ʩʦʙʦʡ ʰʘʨʦʚʳʝ ʩʝʛʤʝʥʪʳ ʪʦʣʱʠʥʦʡ 

ʥʝ ʙʦʣʝʝ 2 ʤʤ, ʪʦ ʙʳʣʦ ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ ʠʟʛʦʪʦʚʠʪʴ ʧʣʦʩʢʫʶ ʢʘʪʫʰʢʫ ʠʟ ʤʝʜʥʦʛʦ ʧʨʦʚʦʜʘ 

ʜʠʘʤʝʪʨʦʤ 0,78 ʤʤ. ʇʦʩʢʦʣʴʢʫ ʙʦʣʴʰʘʷ ʠʥʜʫʢʪʠʚʥʦʩʪʴ ʢʘʪʫʰʢʠ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ 

ʫʚʝʣʠʯʝʥʠʶ ʝʝ ʨʝʘʢʪʠʚʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʧʨʝʧʷʪʩʪʚʫʝʪ 

ʧʨʦʭʦʞʜʝʥʠʶ ʯʝʨʝʟ ʥʝʸ ʧʝʨʝʤʝʥʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ, ʙʳʣʦ ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ 

ʠʟʛʦʪʦʚʠʪʴ 4-ʭ ʚʠʪʢʦʚʫʶ ʢʘʪʫʰʢʫ. 

 

 
 

ʘ) ʙ) 

ʈʠʩʫʥʦʢ 2.18 - ʌʦʪʦʛʨʘʬʠʠ ʫʩʪʘʥʦʚʢʠ ʧʦ ʩʦʟʜʘʥʠʶ ʠʤʧʫʣʴʩʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ (ʘ) ʠ 

ʵʢʨʘʥʘ ʦʩʮʠʣʣʦʛʨʘʬʘ, ʩ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʤ ʠʤʧʫʣʴʩʥʳʤ ʩʠʛʥʘʣʦʤ ʯʝʨʝʟ 

ʥʘʤʘʛʥʠʯʠʚʘʶʱʫʶ ʢʘʪʫʰʢʫ ʧʨʠ ʥʘʧʨʷʞʝʥʠʠ ʥʘ ʢʦʥʜʝʥʩʘʪʦʨʘʭ 144 ɺ.  
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 ʉ ʮʝʣʴʶ ʥʘʭʦʞʜʝʥʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ ʮʝʥʪʨʝ ʢʘʪʫʰʢʠ ʧʨʠ ʧʨʦʪʝʢʘʥʠʠ 

ʠʤʧʫʣʴʩʥʦʛʦ ʪʦʢʘ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʨʘʩʯʝʪʳ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ Coil 

v2.1, ʘ ʪʘʢʞʝ ʩʨʝʜʳ COMSOL Multiphysics.  

ʅʘ ʨʠʩʫʥʢʝ 2.19 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʘʩʯʝʪʳ, ʚʳʧʦʣʥʝʥʥʳʝ ʩ ʧʦʤʦʱʴʶ ʇʆ Coil v2.1, 

ʧʘʨʘʤʝʪʨʦʚ ʢʘʪʫʰʢʠ (ʚʢʣʶʯʘʷ ʟʥʘʯʝʥʠʝ ʜʝʡʩʪʚʫʶʱʝʛʦ ʪʦʢʘ, ʘ ʪʘʢʞʝ ʠʥʜʫʢʮʠʠ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ), ʢʦʪʦʨʘʷ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʧʨʠ ʵʢʩʧʝʨʠʤʝʥʪʝ, ʧʨʠ ʟʘʜʘʥʥʦʡ ʛʝʦʤʝʪʨʠʠ 

ʢʘʪʫʰʢʠ, ʯʘʩʪʦʪʝ ʠ ʥʘʧʨʷʞʝʥʠʷ ʠʤʧʫʣʴʩʥʦʛʦ ʩʠʛʥʘʣʘ. ʍʦʨʦʰʦ ʚʠʜʥʦ, ʯʪʦ ʨʘʩʯʝʪʳ 

ʚʝʣʠʯʠʥʳ ʜʝʡʩʪʚʫʶʱʝʛʦ ʪʦʢʘ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʠʟʤʝʨʝʥʥʳʤʠ 

ʟʥʘʯʝʥʠʷʤʠ. ɼʣʷ ʧʨʦʚʝʨʢʠ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʚʝʣʠʯʠʥʳ ʠʥʜʫʢʮʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ ʮʝʥʪʨʝ 

ʢʘʪʫʰʢʠ ʙʳʣʠ ʧʨʦʚʝʜʝʥʦ ʢʦʤʧʴʶʪʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚ ʩʨʝʜʝ COMSOL Multiphysics. 

ʅʘ ʨʠʩʫʥʢʘʭ 2.20 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʠʥʜʫʢʮʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ ʮʝʥʪʨʝ ʢʘʪʫʰʢʠ ʩʦʩʪʘʚʠʣʘ 1,18 ʊʣ, ʯʪʦ ʭʦʨʦʰʦ ʢʦʨʨʝʣʠʨʫʝʪ 

ʩʦ ʟʥʘʯʝʥʠʝʤ 1.143 ʊʣ, ʧʦʣʫʯʝʥʥʦʛʦ ʠʟ ʨʘʩʯʝʪʦʚ ʚ ʧʨʦʛʨʘʤʤʝ Coil v2.1. 

 

ʈʠʩʫʥʦʢ 2.19 - ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʚ ʧʨʦʛʨʘʤʤʝ Coil v2.1. ʧʘʨʘʤʝʪʨʦʚ ʠʟʛʦʪʦʚʣʝʥʥʦʡ 

ʢʘʪʫʰʢʠ ʧʨʠ ʟʘʜʘʥʥʦʡ ʛʝʦʤʝʪʨʠʠ ʢʘʪʫʰʢʠ, ʯʘʩʪʦʪʝ ʠ ʥʘʧʨʷʞʝʥʠʠ ʜʝʡʩʪʚʫʶʱʝʛʦ 

ʥʘʧʨʷʞʝʥʠʷ.  
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2.7. ʂʦʤʧʴʶʪʝʨʥʘʷ ʧʨʦʛʨʘʤʤʘ ʜʣʷ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʨʝʛʠʩʪʨʘʮʠʠ ʠʟʦʙʨʘʞʝʥʠʡ 

ʧʨʦʮʝʩʩʘ ʧʝʨʝʩʪʨʦʡʢʠ ʜʦʤʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ 

 ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʧʨʦʚʦʜʠʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʜʦʤʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ 

ʤʘʛʥʝʪʠʢʦʚ ʚʦ ʚʥʝʰʥʝʤ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʚ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ, ʙʳʣʘ ʥʘʧʠʩʘʥʘ 

ʢʦʤʧʴʶʪʝʨʥʘʷ ʧʨʦʛʨʘʤʤʘ NEOPHOT-30 Ultimate ʥʘ ʷʟʳʢʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ C# ʚ ʩʨʝʜʝ 

ʨʘʟʨʘʙʦʪʢʠ Microsoft Visual Studio. ʀʥʪʝʨʬʝʡʩ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 2.21.   

 ʆʙʱʠʡ ʙʣʦʢ ʫʩʪʨʦʡʩʪʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʤʝʪʦʜʠʢʘʭ, ʨʘʩʧʦʣʦʞʝʥ ʩʣʝʚʘ. ʅʝʦʙʭʦʜʠʤʦ 

ʦʪʩʣʝʞʠʚʘʪʴ ʩʚʷʟʴ ʩʦ ʚʩʝʤʠ ʧʨʠʙʦʨʘʤʠ: ʠʤʧʫʣʴʩʥʳʤ ʧʨʦʛʨʘʤʤʠʨʫʝʤʳʤ ʠʩʪʦʯʥʠʢʦʤ 

ʧʠʪʘʥʠʷ  ɸʂʀʇ-1143, ʚʦʣʴʪʤʝʪʨʦʤ B7-78/3 ʠ Arduino Nano ï ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʦʤ ʜʣʷ 

ʫʧʨʘʚʣʝʥʠʷ ʧʦʣʷʨʥʦʩʪʠ ʥʘʧʨʷʞʝʥʠʷ, ʧʦʜʘʚʘʝʤʦʛʦ ʚ ʨʝʞʠʤʝ ʧʦʣʝʚʳʭ ʠʟʤʝʨʝʥʠʡ ï ʥʘ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪ. ʇʨʠ ʧʦʜʢʣʶʯʝʥʠʠ ʢ ʧʨʠʙʦʨʘʤ, ʢʥʦʧʢʘ çʇʦʜʢʣʶʯʠʪʴè ʩʤʝʥʠʪ ʬʦʥʦʚʳʡ 

ʮʚʝʪ ʥʘ ʩʠʥʠʡ, ʯʪʦ ʦʙʣʝʛʯʘʝʪ ʨʘʙʦʪʫ ʧʦʣʴʟʦʚʘʪʝʣʷ ʠ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʫʩʪʨʦʡʩʪʚʘ ʛʦʪʦʚʳ ʢ 

ʧʨʦʚʝʜʝʥʠʶ ʵʢʩʧʝʨʠʤʝʥʪʘ. ɿʥʘʯʝʥʠʝ ʚʳʭʦʜʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʤʦʞʥʦ ʟʘʜʘʚʘʪʴ ʚ ʨʫʯʥʦʤ 

ʨʝʞʠʤʝ: ʧʦ ʪʠʧʫ ʩʯʸʪʯʠʢʘ, ʚʳʙʠʨʘʷ ʥʫʞʥʳʝ ʨʘʟʨʷʜʳ, ʤʘʢʩʠʤʫʤ ʨʘʚʝʥ 300,0ɺ.  ʂʨʫʛʦʚʘʷ 

ʜʠʘʛʨʘʤʤʘ ʧʦʢʘʟʳʚʘʝʪ ʚ ʧʨʦʮʝʥʪʥʦʤ ʦʪʥʦʰʝʥʠʠ ʟʥʘʯʝʥʠʝ ʧʦʜʘʥʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʢ 

ʤʘʢʩʠʤʘʣʴʥʦʤʫ. ɹʫʢʚʝʥʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ çOè ʠʣʠ çʇè ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦʙ ʦʙʨʘʪʥʦʡ ʠʣʠ 

ʧʨʷʤʦʡ ʧʦʣʷʨʥʦʩʪʠ ʧʦʜʘʚʘʝʤʦʛʦ ʥʘʧʨʷʞʝʥʠʷ.  

 ɼʣʷ ʧʦʣʝʚʳʭ ʠʟʤʝʨʝʥʠʡ ʚʦʟʤʦʞʥʳ ʜʚʘ ʪʠʧʘ: ʤʘʛʥʠʪ-ʙʘʟʠʩ ʠ ʤʘʛʥʠʪ-ʧʨʠʟʤʘ. ɺ 

ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʠʩʩʣʝʜʫʝʤʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʬʝʨʨʦʤʘʛʥʝʪʠʢʘ ʩʦʨʠʝʥʪʠʨʦʚʘʥʘ 

  

ʈʠʩʫʥʦʢ 2.20 - ʈʝʟʫʣʴʪʘʪʳ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ ʩʨʝʜʝ COMSOL 

Multiphysics ʠʥʜʫʢʮʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʩʦʟʜʘʚʘʝʤʦʛʦ ʢʘʪʫʰʢʦʡ ʧʨʠ ʪʦʢʝ 2,1 ʢɸ.   
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ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʦʩʠ ʣʝʛʢʦʛʦ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ ʦʙʨʘʟʮʘ, ʚʦ ʚʪʦʨʦʤ ï ʥʘʧʨʘʚʣʝʥʘ ʚʜʦʣʴ 

ʥʝʸ.  

 

ʈʠʩʫʥʦʢ 2.21 - ʀʥʪʝʨʬʝʡʩ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʜʣʷ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ 

ʨʝʛʠʩʪʨʘʮʠʠ ʠʟʦʙʨʘʞʝʥʠʡ ʜʦʤʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʚʦ ʚʥʝʰʥʝʤ ʠʟʤʝʥʷʶʱʝʤʩʷ 

ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ. 

 

 ɺ ʧʨʦʛʨʘʤʤʝ ʚʦʟʤʦʞʥʳ ʜʚʘ ʨʝʞʠʤʘ ʠʟʤʝʨʝʥʠʡ: ʨʫʯʥʦʡ ʠʣʠ ʘʚʪʦʤʘʪʠʯʝʩʢʠʡ. 

ʈʫʯʥʦʡ ʨʝʞʠʤ ʧʦʟʚʦʣʷʝʪ ʧʦʣʴʟʦʚʘʪʝʣʶ ʚʳʩʪʘʚʠʪʴ ʣʶʙʦʝ ʟʥʘʯʝʥʠʝ ʥʘʧʨʷʞʝʥʥʦʩʪʠ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ (ʜʦ ‘Ὄ̃ ̙̎̆ρȟωυ ˟. ɺ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ, ʟʘʜʘʚʘʷ ʛʨʘʥʠʮʳ 

ʟʥʘʯʝʥʠʡ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʨʝʛʠʩʪʨʘʮʠʷ ʠʟʦʙʨʘʞʝʥʠʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ 

ʜʦʤʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʙʫʜʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʩʦʛʣʘʩʥʦ ʩʝʢʚʝʥʮʠʠ. ɼʣʷ ʝʸ ʟʘʧʦʣʥʝʥʠʷ ʦʪ 

ʦʧʝʨʘʪʦʨʘ ʪʨʝʙʫʝʪʩʷ ʟʘʜʘʪʴ ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ 

Ὄ , ʢʦʣʠʯʝʩʪʚʦ ʩʥʠʤʢʦʚ. ɼʣʷ ʨʘʟʣʠʯʥʳʭ ʩʣʫʯʘʝʚ ʠʟʤʝʨʝʥʠʷ: ʢʨʠʚʦʡ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ, 
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ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ-ʨʘʟʤʘʛʥʠʯʠʚʘʥʠʷ, ʧʝʪʣʠ ʛʠʩʪʝʨʝʟʠʩʘ ʘʣʛʦʨʠʪʤ ʟʘʧʦʣʥʝʥʠʷ ʩʝʢʚʝʥʮʠʠ 

ʨʘʟʣʠʯʝʥ.   

ʇʨʠ ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʩʚʷʟʠ ʩʦ ʚʩʝʤʠ ʧʨʠʙʦʨʘʤʠ, ʠʟʤʝʨʝʥʠʷ ʤʦʞʥʦ ʟʘʧʫʩʢʘʪʴ. ɺ 

ʧʨʦʛʨʘʤʤʝ ʦʧʠʩʘʥʳ ʚʩʝ ʚʦʟʤʦʞʥʳʝ ʩʣʫʯʘʠ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʟʘʜʘʚʘʝʤʦʡ ʥʘʧʨʷʞʝʥʥʦʩʪʠ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʩ ʫʯʸʪʦʤ ʧʦʣʷʨʥʦʩʪʠ ʚʳʭʦʜʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ. ɿʥʘʯʝʥʠʝ ʥʘʧʨʷʞʝʥʥʦʩʪʠ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ ʟʘʟʦʨʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʘ ʚʳʚʦʜʠʪʩʷ ʥʘ ʧʨʘʚʫʶ ʧʘʥʝʣʴ ʧʦʣʝʚʦʛʦ ʙʣʦʢʘ 

ʠʟʤʝʨʝʥʠʡ. ʂʘʢ ʪʦʣʴʢʦ ʦʥʦ ʜʦʩʪʠʛʥʝʪ ʟʥʘʯʝʥʠʷ, ʫʢʘʟʘʥʥʦʛʦ ʚ ʩʝʢʚʝʥʮʠʠ, ʠʟʦʙʨʘʞʝʥʠʝ 

ʜʦʤʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʩ ʢʘʤʝʨʳ Levenhuk ʙʫʜʝʪ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʦ ʧʨʠ 

ʧʦʤʦʱʠ ʦʜʥʦʠʤʝʥʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ; ʢʘʞʜʘʷ ʠʟʤʝʨʠʪʝʣʴʥʘʷ ʪʦʯʢʘ ʚ ʩʧʠʩʢʝ 

ʚʳʜʝʣʷʝʪʩʷ ʩ ʫʢʘʟʘʥʠʝʤ ʪʦʯʥʦʛʦ ʟʥʘʯʝʥʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʥʘ ʤʦʤʝʥʪ ʩʲʸʤʢʠ ʢʘʨʪʠʥʳ 

ɼʉ. ʇʨʠ ʜʦʩʪʠʞʝʥʠʠ ʧʦʩʣʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʠʟʤʝʨʝʥʠʷ ʦʩʪʘʥʘʚʣʠʚʘʶʪʩʷ, 

ʧʨʦʠʩʭʦʜʠʪ ʘʚʪʦʤʘʪʠʯʝʩʢʠʡ ʩʙʨʦʩ ʧʦʜʘʚʘʝʤʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʜʦ ʥʫʣʷ. ɺʝʩʴ ʧʨʦʮʝʩʩ 

ʠʟʤʝʨʝʥʠʷ ʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ ʥʘ ʛʨʘʬʠʢʝ Ὄὸ, ʛʜʝ ὸ - ʚʨʝʤʷ.    

ʅʘ ʨʠʩʫʥʢʝ 2.22 ʧʨʝʜʩʪʘʚʣʝʥʘ ʬʦʪʦʛʨʘʬʠʷ ʧʨʦʛʨʘʤʤʥʦ-ʘʧʧʘʨʘʪʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

çʆʧʪʠʯʝʩʢʠʡ ʤʘʛʥʠʪʦʤʝʪʨè, ʨʝʘʣʠʟʦʚʘʥʥʦʛʦ ʥʘ ʢʘʬʝʜʨʝ ʌʠʟʠʢʠ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʊʚɻʋ. 

 

ʈʠʩʫʥʦʢ 2.22 - ʌʦʪʦʛʨʘʬʠʷ ʧʨʦʛʨʘʤʤʥʦ-ʘʧʧʘʨʘʪʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʜʣʷ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ 

ʨʝʛʠʩʪʨʘʮʠʠ ʠ ʘʥʘʣʠʟʘ ʠʟʦʙʨʘʞʝʥʠʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʜʦʤʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʚʦ ʚʥʝʰʥʝʤ 

ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ. 
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2.8. ɸʣʛʦʨʠʪʤ ʧʦʩʪʨʦʝʥʠʷ ʧʦʣʝʚʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʥʘ ʦʩʥʦʚʝ 

ʘʥʘʣʠʟʘ ʠʟʦʙʨʘʞʝʥʠʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʜʦʤʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʤʘʛʥʝʪʠʢʦʚ 

 ʄʘʛʥʠʪʥʘʷ ʜʦʤʝʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʷʚʣʷʝʪʩʷ ʠʥʜʠʚʠʜʫʘʣʴʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ 

ʤʘʛʥʠʪʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦ ʝʛʦ ʣʦʢʘʣʴʥʳʭ ʤʘʛʥʠʪʥʳʭ 

ʩʚʦʡʩʪʚʘʭ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʚʘʞʥʦʡ ʟʘʜʘʯʝʡ ʧʨʠ ʘʥʘʣʠʟʝ ʛʝʪʝʨʦʬʘʟʥʳʭ ʠ 

ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʦʙʨʘʟʮʦʚ [6, 71].  

 ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʤʝʪʦʜʠʢʠ ʧʦʩʪʨʦʝʥʠʷ ʧʦʣʝʚʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʥʘ 

ʦʩʥʦʚʝ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʠʟʦʙʨʘʞʝʥʠʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʜʦʤʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʙʳʣ 

ʨʘʟʨʘʙʦʪʘʥ ʧʨʦʛʨʘʤʤʥʳʡ ʧʨʦʜʫʢʪ. ʇʨʦʛʨʘʤʤʘ çʆʧʪʠʯʝʩʢʠʡ ʤʘʛʥʠʪʦʤʝʪʨè ʥʘʧʠʩʘʥʘ ʥʘ 

ʷʟʳʢʝ C# ʚ ʩʨʝʜʝ ʨʘʟʨʘʙʦʪʢʠ Microsoft Visual Studio. ʅʘ ʨʠʩʫʥʢʝ 2.23 ʧʨʝʜʩʪʘʚʣʝʥ 

ʠʥʪʝʨʬʝʡʩ ʜʘʥʥʦʡ ʧʨʦʛʨʘʤʤʳ, ʧʦʟʚʦʣʷʶʱʝʡ ʩʪʨʦʠʪʴ ʧʦʣʝʚʫʶ ʟʘʚʠʩʠʤʦʩʪʴ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʚ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʝʜʠʥʠʮʘʭ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʧʨʦʮʝʩʩʘ ʧʝʨʝʩʪʨʦʡʢʠ ɼʉ 

ʚʦ ʚʥʝʰʥʝʤ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ. 

 

ʈʠʩʫʥʦʢ.2.23 - ʀʥʪʝʨʬʝʡʩ ʧʨʦʛʨʘʤʤʳ, ʧʦʟʚʦʣʷʶʱʝʡ ʧʦ ʮʚʝʪʦʚʦʤʫ ʦʪʪʝʥʢʫ ʧʠʢʩʝʣʝʡ 

ʤʠʢʨʦʬʦʪʦʛʨʘʬʠʡ ʜʦʤʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʩʪʨʦʠʪʴ ʧʦʣʝʚʳʝ ʟʘʚʠʩʠʤʦʩʪʠ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʠʩʩʣʝʜʫʝʤʳʭ ʬʝʨʨʦʤʘʛʥʝʪʠʢʦʚ. 

 

 ʇʨʦʛʨʘʤʤʘ ʧʦʟʚʦʣʷʝʪ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʦʜʥʦʚʨʝʤʝʥʥʦ 15 ʤʠʢʨʦʬʦʪʦʛʨʘʬʠʡ 

ʜʦʤʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʠʩʩʣʝʜʫʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʘ. ʀʟʦʙʨʘʞʝʥʠʷ ʟʘʛʨʫʞʘʶʪʩʷ ʚ 

ʬʦʨʤʘʪʝ .*bmp. ʉʪʨʦʢʘ ʩʦʩʪʦʷʥʠʷ ʧʦʤʦʛʘʝʪ ʧʦʣʴʟʦʚʘʪʝʣʶ ʦʪʩʣʝʞʠʚʘʪʴ ʟʘʛʨʫʟʢʫ, ʧʦ 

ʦʢʦʥʯʘʥʠʠ ʦʪʦʙʨʘʞʘʝʪʩʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʢʦʣʠʯʝʩʪʚʝ ʩʥʠʤʢʦʚ, ʢʦʪʦʨʳʝ ʙʫʜʫʪ 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ. ɼʘʣʝʝ ʦʧʝʨʘʪʦʨ ʜʦʣʞʝʥ ʦʧʨʝʜʝʣʠʪʴʩʷ ʩ ʦʙʣʘʩʪʴʶ ʘʥʘʣʠʟʘ. ʕʪʦ ʤʦʞʥʦ 
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ʩʜʝʣʘʪʴ, ʚʳʙʨʘʚ ʤʝʥʶ çɸʥʘʣʠʟè, ʩʪʨʦʢʫ çɿʘʜʘʪʴ ʦʙʣʘʩʪʴ ʘʥʘʣʠʟʘè.  ɺʦʟʤʦʞʥʳ ʜʚʘ 

ʚʘʨʠʘʥʪʘ: ʧʨʷʤʦʫʛʦʣʴʥʘʷ ʠ ʧʦʣʠʛʦʥʘʣʴʥʘʷ ʬʠʛʫʨʘ, ʢʦʥʪʫʨ ʢʦʪʦʨʦʡ ʧʦʣʴʟʦʚʘʪʝʣʴ 

ʦʧʨʝʜʝʣʷʝʪ ʩʘʤ. ʂʘʞʜʳʡ ʚʳʙʨʘʥʥʳʡ ʧʘʨʘʤʝʪʨ ʜʣʷ ʧʨʦʮʝʩʩʘ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʪʨʘʥʩʬʦʨʤʘʮʠʠ ɼʉ ʥʝʦʙʭʦʜʠʤʦ ʩʦʭʨʘʥʠʪʴ: ʥʘʞʘʪʴ çɼʘè ʚ ʩʧʝʮʠʘʣʴʥʦʡ ʬʦʨʤʝ ʚ ʣʝʚʦʤ 

ʥʠʞʥʝʤ ʫʛʣʫ. 

 ʂʘʞʜʘʷ ʬʦʪʦʛʨʘʬʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʙʠʪʦʚʫʶ ʢʘʨʪʫ-ʤʘʪʨʠʮʫ, ʚ ʢʦʪʦʨʦʡ 

ʭʨʘʥʠʪʩʷ ʮʚʝʪ ʧʠʢʩʝʣʷ. ʇʦʩʢʦʣʴʢʫ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ/ʫʤʝʥʴʰʝʥʠʠ ʚʥʝʰʥʝʛʦ ʤʘʛʥʠʪʥʦʛʦ 

ʧʦʣʷ ʧʨʦʠʩʭʦʜʠʪ ʨʦʩʪ ʜʦʤʝʥʦʚ ʦʜʥʦʛʦ ʟʥʘʢʘ, ʟʘ ʩʯʸʪ ʫʙʳʣʠ ʜʦʤʝʥʘ ʜʨʫʛʦʛʦ ʟʥʘʢʘ, ʪʦ ʠ 

ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʧʠʢʩʝʣʝʡ ʢʘʞʜʦʡ ʬʦʪʦʛʨʘʬʠʠ ʙʫʜʝʪ ʨʘʟʣʠʯʥʦ. ɸʥʘʣʠʟʠʨʦʚʘʪʴ 

ʠʟʦʙʨʘʞʝʥʠʷ ʤʦʞʥʦ ʧʦ ʚʩʝʤ ʦʪʪʝʥʢʘʤ, ʧʦʜʩʯʠʪʳʚʘʷ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʦʪʪʝʥʢʘ ʦʙʣʘʩʪʠ, ʠ 

ʟʘʜʘʚʘʷ ʛʨʘʥʠʮʫ ʦʪʪʝʥʢʘ ʧʠʢʩʝʣʝʡ ʣʠʙʦ ʚʨʫʯʥʫʶ, ʣʠʙʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʝʪʦʜ ʆʮʫ [76], 

ʧʨʦʛʨʘʤʤʥʳʡ ʤʝʪʦʜ ʧʦʨʦʛʦʚʦʡ ʦʙʨʘʙʦʪʢʠ ʙʠʥʘʨʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ. ɺ ʧʝʨʚʦʤ ʚʘʨʠʘʥʪʝ, 

ʥʝʦʙʭʦʜʠʤʦ ʚʳʙʨʘʪʴ ʚ ʤʝʥʶ çɸʥʘʣʠʟè ʩʪʨʦʢʫ çʇʨʦʚʝʩʪʠ ʨʘʩʯʸʪè, ʚʦ ʚʪʦʨʦʤ - çɺʳʙʨʘʪʴ 

ʛʨʘʥʠʮʫ ʘʥʘʣʠʟʘ ʥʘ ʛʠʩʪʦʛʨʘʤʤʝè, ʟʘʜʘʪʴ ʝʸ, ʩʦʭʨʘʥʠʪʴ ʛʨʘʥʠʮʫ ʦʪʪʝʥʢʘ ʠ çʇʨʦʚʝʩʪʠ 

ʨʘʩʯʸʪè. ɽʩʣʠ ʦʪʪʝʥʦʢ ʧʠʢʩʝʣʷ ʧʨʠʥʘʜʣʝʞʠʪ ʚʳʙʨʘʥʥʦʤʫ ʠʥʪʝʨʚʘʣʫ, ʦʥ ʦʢʨʘʩʠʪʩʷ ʚ 

ʞʝʣʪʳʡ ʮʚʝʪ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʨʦʮʝʥʪʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʧʠʢʩʝʣʝʡ ʜʦʤʝʥʦʚ 

ʦʜʥʦʛʦ ʟʥʘʢʘ, ʢ ʦʙʱʝʤʫ ʢʦʣʠʯʝʩʪʚʫ ʧʠʢʩʝʣʝʡ ʬʦʪʦʛʨʘʬʠʠ (ʨʠʩʫʥʦʢ 2.24).   

ʅʘʞʠʤʘʷ çʇʨʦʚʝʩʪʠ ʨʘʩʯʸʪè, ʧʦʷʚʣʷʝʪʩʷ ʩʪʨʦʢʘ ʟʘʛʨʫʟʢʠ, ʠʥʬʦʨʤʠʨʫʶʱʘʷ ʦ 

ʩʦʩʪʦʷʥʠʠ ʟʘʧʫʱʝʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʘʥʘʣʠʟʘ. ʂʘʢ ʪʦʣʴʢʦ ʧʦʷʚʠʪʩʷ ʥʘʜʧʠʩʴ: çɸʥʘʣʠʟ 

ʟʘʚʝʨʰʸʥè, ʚʦ ʚʢʣʘʜʢʝ çɻʨʘʬʠʢè ʙʣʦʢʘ çʈʝʟʫʣʴʪʘʪè ʚ ʩʣʫʯʘʝ ʘʥʘʣʠʟʘ ʧʦ ʚʩʝʤ ʦʪʪʝʥʢʘʤ 

ʧʠʢʩʝʣʝʡ ʤʠʢʨʦʬʦʪʦʛʨʘʬʠʠ ʧʦʷʚʠʪʩʷ ʢʨʠʚʘʷ ʠʟʤʝʥʝʥʠʷ ʮʚʝʪʘ ʦʙʣʘʩʪʠ ʘʥʘʣʠʟʘ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʦʤʝʨʘ ʩʥʠʤʢʘ. ɺʦ ʚʢʣʘʜʢʝ çʊʘʙʣʠʮʘ ʜʘʥʥʳʭè - ʨʘʩʩʯʠʪʘʥʥʳʝ ʩʨʝʜʥʠʝ 

ʟʥʘʯʝʥʠʷ ʦʪʪʝʥʢʘ ʢʘʞʜʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʝʛʦ ʥʦʤʝʨʘ. ɼʣʷ ʘʥʘʣʠʟʘ 

ʬʦʪʦʛʨʘʬʠʡ ʧʦ ʚʳʙʨʘʥʥʦʡ ʛʨʘʥʠʮʝ ʥʘ ʛʠʩʪʦʛʨʘʤʤʝ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʦʤʝʨʘ ʩʥʠʤʢʘ 

ʩʪʨʦʠʪʩʷ ʢʦʣʠʯʝʩʪʚʦ ʩʚʝʪʣʦʡ ʬʘʟʳ ʚ ʧʨʦʮʝʥʪʥʦʤ ʩʦʜʝʨʞʘʥʠʠ ʢ ʦʙʱʝʤʫ ʯʠʩʣʫ ʧʠʢʩʝʣʝʡ 

ʬʦʪʦʛʨʘʬʠʡ.  

ʊʘʢ ʞʝ ʧʨʝʜʫʩʤʦʪʨʝʥʘ ʘʚʪʦʤʘʪʠʯʝʩʢʘʷ ʢʘʣʠʙʨʦʚʢʘ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ. 

ʇʦʣʴʟʦʚʘʪʝʣʴ ʜʦʣʞʝʥ ʚʳʙʨʘʪʴ çʎʚʝʪ ʧʠʢʩʝʣʷ ʤʠʥʠʤʘʣʴʥʦʡ/ʤʘʢʩʠʤʘʣʴʥʦʡ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠè, ʚʚʝʩʪʠ ʢʘʣʠʙʨʦʚʦʯʥʦʝ ʟʥʘʯʝʥʠʝ ʤʠʥʠʤʘʣʴʥʦʡ/ʤʘʢʩʠʤʘʣʴʥʦʡ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʚʦ ʚʩʧʣʳʚʘʶʱʝʤ ʦʢʥʝ. ʇʦʩʪʨʦʝʥʥʳʝ ʢʨʠʚʳʝ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʟʘʜʘʥʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʧʨʠ ʚʳʙʦʨʝ ʜʝʡʩʪʚʠʷ çʂʘʣʠʙʨʦʚʘʪʴè ʙʫʜʫʪ ʦʪʦʙʨʘʞʝʥʳ ʚ ʥʦʚʳʭ 

ʢʦʦʨʜʠʥʘʪʥʳʭ ʦʩʷʭ: ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʦʪ ʧʘʨʘʤʝʪʨʘ ʟʘʚʠʩʠʤʦʩʪʠ 
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(ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ ʟʘʟʦʨʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʘ ʧʨʠ ʧʦʣʝʚʳʭ ʠʟʤʝʨʝʥʠʷʭ). 

ʊʘʙʣʠʯʥʳʝ ʜʘʥʥʳʝ ʘʥʘʣʠʟʘ ʤʦʛʫʪ ʙʳʪʴ ʩʦʭʨʘʥʝʥʳ ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʧʨʠ ʥʘʞʘʪʠʠ ʚ çʄʝʥʶè 

ʜʝʡʩʪʚʠʷ çʉʦʭʨʘʥʠʪʴè.   

ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʢʨʠʚʦʡ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʚ ʧʨʦʛʨʘʤʤʝ ʜʣʷ ʯʠʩʣʝʥʥʦʛʦ 

ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʢʘʞʜʦʤʫ ʟʥʘʯʝʥʠʶ ʚʥʝʰʥʝʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ ʟʘʟʦʨʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʘ 

ʩʦʧʦʩʪʘʚʠʪʴ ʨʘʩʩʯʠʪʘʥʥʦʝ ʧʨʦʛʨʘʤʤʦʡ ʟʥʘʯʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ, 

ʧʦʩʢʦʣʴʢʫ ʠʟ-ʟʘ ʢʦʥʩʪʨʫʢʮʠʠ ʤʝʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʛʦ ʦʧʪʠʯʝʩʢʦʛʦ ʤʠʢʨʦʩʢʦʧʘ ʥʝʣʴʟʷ 

ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʩʚʷʟʘʪʴ ʪʘʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʢʘʢ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ ʜʦʤʝʥʘ ʠ ʢʦʥʪʨʘʩʪ 

ʠʟʦʙʨʘʞʝʥʠʷ.  

 ɺ ʨʘʙʦʪʝ [77] ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʘʥʘʣʦʛʠʯʥʳʡ ʩʧʦʩʦʙ ʧʦʩʪʨʦʝʥʠʷ ʧʦʣʝʚʦʡ 

ʟʘʚʠʩʠʤʦʩʪʠ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʠʟʦʙʨʘʞʝʥʠʡ ʧʝʨʝʩʪʨʦʡʢʠ ʜʦʤʝʥʦʚ 

ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʨʘʟʮʘ. ɸʣʛʦʨʠʪʤ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʦʜʩʯʝʪʝ ʩʫʤʤʘʨʥʦʡ ʧʣʦʱʘʜʠ ʯʸʨʥʳʭ 

ʦʙʣʘʩʪʝʡ ʠ ʨʘʟʥʦʩʪʠ ʤʝʞʜʫ ʧʣʦʱʘʜʷʤʠ ʯʝʨʥʳʭ ʠ ʙʝʣʳʭ ʦʙʣʘʩʪʝʡ ʚ ʦʪʥʦʩʠʪʝʣʴʥʳʭ 

ʝʜʠʥʠʮʘʭ, ʧʨʠʥʷʚ ʧʣʦʱʘʜʴ ʬʦʪʦʛʨʘʬʠʠ ʟʘ ʝʜʠʥʠʮʫ. ʆʜʥʘʢʦ ʜʘʥʥʘʷ ʤʝʪʦʜʠʢʘ ʤʦʞʝʪ ʙʳʪʴ 

ʧʨʠʤʝʥʝʥʘ ʪʦʣʴʢʦ ʜʣʷ ʪʦʥʢʠʭ ʧʣʸʥʦʢ, ʧʦʩʢʦʣʴʢʫ ʚ ʥʠʭ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ ʜʦʤʝʥʦʚ 

ʥʘʧʨʘʚʣʝʥʘ ʚ ʘʥʪʠʧʘʨʘʣʣʝʣʴʥʳʝ ʩʪʦʨʦʥʳ.  

 

 

ʈʠʩʫʥʦʢ 2.24 - ʈʝʟʫʣʴʪʘʪ ʨʘʩʯʝʪʘ ʧʨʦʮʝʥʪʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʧʠʢʩʝʣʝʡ ʩʝʨʦʛʦ ʮʚʝʪʘ ʢ 

ʦʙʱʝʤʫ ʢʦʣʠʯʝʩʪʚʫ ʧʠʢʩʝʣʝʡ ʬʦʪʦʛʨʘʬʠʡ, ʠʩʧʦʣʴʟʫʷ ʧʦʨʦʛʦʚʦʝ ʟʥʘʯʝʥʠʝ ʦʪʪʝʥʢʘ 

ʩʝʨʦʛʦ, ʨʘʩʩʯʠʪʘʥʥʦʛʦ ʤʝʪʦʜʦʤ ʆʮʫ. 
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3. ʀʉʉʃɽɼʆɺɸʅʀɽ ʇʈʆʎɽʉʉʆɺ ʇɽʈɽʄɸɻʅʀʏʀɺɸʅʀʗ 

ʄʆʅʆʂʈʀʉʊɸʃʃʀʏɽʉʂʀʍ ʆɼʅʆʆʉʅʓʍ ʄɸɻʅʀʊʅʓʍ ʄɸʊɽʈʀɸʃʆɺ: 

ʕʂʉʇɽʈʀʄɽʅʊ ʀ ʏʀʉʃɽʅʅʆɽ ʄʆɼɽʃʀʈʆɺɸʅʀɽ 

3.1. ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ ʠ ʜʦʤʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ 

ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ SmCo5 ʠ Nd2Fe14B ʚ ʠʟʤʝʥʷʶʱʝʤʩʷ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ 

3.1.1. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʣʝʚʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ  

ʇʦʩʣʝ ʤʝʭʘʥʠʯʝʩʢʠʭ ʦʙʨʘʙʦʪʦʢ (ʫʜʘʣʝʥʠʝ ʦʢʠʩʣʦʚ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʩʧʣʘʚʘ, ʩʥʷʪʠʝ 

ʤʝʭʘʥʠʯʝʩʢʠʭ ʥʘʧʨʷʞʝʥʠʡ ʧʫʪʝʤ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʛʦ ʪʨʘʚʣʝʥʠʷ) ʦʙʨʘʟʮʳ ʧʨʝʜʩʪʘʚʣʷʣʠ 

ʩʦʙʦʡ ʟʝʨʥʘ ʩʧʣʘʚʦʚ ʩʬʝʨʦʠʜʘʣʴʥʦʡ ʬʦʨʤʳ (ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʨʘʟʤʝʨʳ ʩʬʝʨʦʠʜʘ ʠʟ 

ʤʦʥʦʢʨʠʩʪʘʣʣʘ SmCo5: ʘ=b=0,92 ʤʤ, ʩ=1 ʤʤ; ʠʟ ʤʦʥʦʢʨʠʩʪʘʣʣʘ Nd2Fe14B - ʘ=b=c=1,05 

ʤʤ), ʥʘ ʦʩʥʦʚʝ ʢʦʪʦʨʳʭ ʠʟʛʦʪʘʚʣʠʚʘʣʠʩʴ ʰʣʠʬʳ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʯʸʪʢʠʭ ʠʟʦʙʨʘʞʝʥʠʡ 

ʜʦʤʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʘʛʥʠʪʦʦʧʪʠʯʝʩʢʦʛʦ ɻ ʬʬʝʢʪʘ ʂʝʨʨʘ, ʥʝʦʙʭʦʜʠʤʦ 

ʚʳʧʦʣʥʝʥʠʝ ʪʨʝʙʦʚʘʥʠʷ, ʩʚʷʟʘʥʥʦʛʦ ʩ ʚʳʩʦʢʠʤ ʢʘʯʝʩʪʚʦʤ ʰʣʠʬʘ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦ 

ʠʟʙʝʞʘʥʠʝ ʨʘʩʩʝʷʥʠʷ ʩʚʝʪʘ ʥʘ ʜʝʬʝʢʪʘʭ (ʮʘʨʘʧʠʥʘʭ, ʪʨʝʱʠʥʘʭ ʦʙʨʘʟʮʘ). ʆʨʠʝʥʪʘʮʠʷ 

ʧʦʚʝʨʭʥʦʩʪʝʡ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʡ ʦʩʠ ʣʝʛʢʦʛʦ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ (ʆʃʅ) ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʧʨʠ 

ʧʦʤʦʱʠ ʧʦʩʪʦʷʥʥʦʛʦ ʤʘʛʥʠʪʘ ʩ ʜʘʣʴʥʝʡʰʝʡ ʬʠʢʩʘʮʠʝʡ ʧʦʣʦʞʝʥʠʷ ʧʨʠ ʧʦʤʦʱʠ 

ʩʪʦʤʘʪʦʣʦʛʠʯʝʩʢʦʡ ʩʘʤʦʟʘʪʚʝʨʜʝʚʘʶʱʝʡ ʧʣʘʩʪʤʘʩʩʳ. ʇʦʜʛʦʪʦʚʣʝʥʥʳʝ ʰʣʠʬʳ 

ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʧʨʝʜʩʪʘʚʣʷʣʠ ʩʦʙʦʡ ʩʬʝʨʦʠʜʘʣʴʥʳʝ ʩʝʛʤʝʥʪʳ ʩ ʪʦʣʱʠʥʘʤʠ 1,35 ʤʤ ʠ 

0,62 ʤʤ ʜʣʷ SmCo5 ʠ Nd2Fe14B, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʅʘ ʨʠʩʫʥʢʘʭ 3.1 ʠ 3.2 ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʦʣʝʚʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʫʜʝʣʴʥʦʡ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʜʣʷ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ Nd2Fe14B ʠ SmCo5. ɼʣʷ ʦʙʦʠʭ ʩʦʩʪʘʚʦʚ ʧʨʠʚʝʜʝʥʳ 

ʢʨʠʚʳʝ ʚʜʦʣʴ ʆʃʅ ʜʣʷ ʠʩʭʦʜʥʳʭ ʩʬʝʨʦʠʜʘʣʴʥʳʭ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʙʝʟ ʫʯʝʪʘ ʬʘʢʪʦʨʘ 

ʨʘʟʤʘʛʥʠʯʠʚʘʥʠʷ (ʯʝʨʥʳʝ ʢʨʠʚʳʝ) ʠ ʝʛʦ ʫʯʝʪʦʤ (ʢʨʘʩʥʳʝ ʢʨʠʚʳʝ), ʘ ʪʘʢʞʝ ʢʨʠʚʳʝ ʜʣʷ 

ʧʦʜʛʦʪʦʚʣʝʥʥʳʭ ʰʣʠʬʦʚ (ʩʠʥʠʝ ʢʨʠʚʳʝ). ɼʣʷ ʪʨʫʜʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ 

(ʆʊʅ) ʧʨʠʚʝʜʝʥʳ ʢʨʠʚʳʝ ʜʣʷ ʠʩʭʦʜʥʳʭ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʩ ʫʯʝʪʦʤ ʬʘʢʪʦʨʘ 

ʨʘʟʤʘʛʥʠʯʠʚʘʥʠʷ ʦʙʨʘʟʮʦʚ (ʢʨʘʩʥʳʝ ʧʫʥʢʪʠʨʥʳʝ ʢʨʠʚʳʝ). ʇʦʩʢʦʣʴʢʫ ʧʦʜʛʦʪʦʚʣʝʥʥʳʝ 

ʤʦʥʦʢʨʠʩʪʘʣʣʳ ʠʤʝʣʠ ʬʦʨʤʫ ʩʬʝʨʦʠʜʦʚ, ʪʦ ʠʭ ʬʘʢʪʦʨʳ ʨʘʟʤʘʛʥʠʯʠʚʘʥʠʷ ʙʳʣʠ 

ʦʧʨʝʜʝʣʝʥʳ ʠʟ ʪʘʙʣʠʯʥʳʭ ʜʘʥʥʳʭ [8]. ʉʪʨʝʣʢʠ ʚʙʣʠʟʠ ʛʨʘʬʠʢʦʚ ʫʢʘʟʳʚʘʶʪ ʥʘ 

ʥʘʧʨʘʚʣʝʥʠʝ ʠʟʤʝʥʝʥʠʷ ʚʥʝʰʥʝʛʦ ʧʦʣʷ. ʅʘ ʚʩʪʘʚʢʝ ʢ ʨʠʩʫʥʢʘʤ ʧʦʢʘʟʘʥʳ ʧʦʣʝʚʳʝ  
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ʟʘʚʠʩʠʤʦʩʪʠ ʠʥʜʫʢʮʠʠ ʜʣʷ ʆʃʅ ʠ ʆʊʅ, ʧʦʩʪʨʦʝʥʥʳʝ ʠʟ ʜʘʥʥʳʭ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʩ 

ʫʯʝʪʦʤ ʨʘʟʤʘʛʥʠʯʠʚʘʶʱʝʛʦ ʬʘʢʪʦʨʘ. ɼʘʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʚ ʢʘʯʝʩʪʚʝ 

ʢʨʠʚʳʭ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʤʘʪʝʨʠʘʣʳ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ. 

ɺ ʙʦʣʴʰʠʭ ʧʦʣʷʭ ʠʟ ʟʘʚʠʩʠʤʦʩʪʝʡ s(H) ʦʧʨʝʜʝʣʝʥʳ ʟʥʘʯʝʥʠʷ ʫʜʝʣʴʥʦʡ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʥʘʩʳʱʝʥʠʷ ʜʣʷ ʦʙʦʠʭ ʩʦʩʪʘʚʦʚ, ʢʦʪʦʨʳʝ ʩʦʩʪʘʚʠʣʠ 165 ɸÖʤ2/ʢʛ ʠ 100 

ɸÖʤ2/ʢʛ ʜʣʷ Nd2Fe14B ʠ SmCo5, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʘʥʥʳʝ 

ʟʥʘʯʝʥʠʷ ʩʦʚʧʘʜʘʶʪ ʩ ʣʠʪʝʨʘʪʫʨʥʳʤʠ ʜʘʥʥʳʤʠ [8].  

ʂʨʠʚʳʝ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ ʜʣʷ ʤʦʥʦʢʨʠʩʪʘʣʣʘ Nd2Fe14B ʧʦʢʘʟʳʚʘʶʪ ʧʦʣʥʦʩʪʴʶ 

ʦʙʨʘʪʠʤʳʡ, ʙʝʟʛʠʩʪʝʨʝʟʠʩʥʳʡ ʭʘʨʘʢʪʝʨ, ʥʘʢʣʦʥ ʢʦʪʦʨʳʭ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʨʘʟʤʘʛʥʠʯʠʚʘʶʱʠʤ ʬʘʢʪʦʨʦʤ. ʏʘʩʪʴ ʧʝʪʣʠ ʤʘʛʥʠʪʥʦʛʦ ʛʠʩʪʝʨʝʟʠʩʘ ʩ Õ0Hmax=1.5 ʊʣ ʜʣʷ 

ʩʬʝʨʦʠʜʥʦʛʦ ʤʦʥʦʢʨʠʩʪʘʣʣʘ SmCo5 ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 3.2 (ʯʝʨʥʘʷ ʢʨʠʚʘʷ). ʇʨʠ 

ʦʨʠʝʥʪʘʮʠʠ ʦʩʠ ʩ (ʥʘʧʨʘʚʣʝʥʠʝ ʣʝʛʢʦʛʦ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ) ʚʜʦʣʴ ʥʘʧʨʘʚʣʝʥʠʷ ʧʦʣʷ 

ʥʘʩʳʱʝʥʠʝ ʜʦʩʪʠʛʘʝʪʩʷ ʧʦ ʣʠʥʝʡʥʦʡ ʢʨʠʚʦʡ ʩ ʥʘʢʣʦʥʦʤ, ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳʤ  

 

ʈʠʩʫʥʦʢ 3.1 - ʇʦʣʝʚʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʫʜʝʣʴʥʦʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʚʜʦʣʴ ʆʃʅ ʜʣʷ 

ʤʦʥʦʢʨʠʩʪʘʣʣʘ Nd2Fe14B ʚ ʠʩʭʦʜʥʦʤ ʩʦʩʪʦʷʥʠʠ (ʯʝʨʥʘʷ ʢʨʠʚʘʷ), ʢʦʨʨʝʢʮʠʝʡ ʬʘʢʪʦʨʘ 

ʨʘʟʤʘʛʥʠʯʠʚʘʥʠʷ (ʢʨʘʩʥʘʷ ʢʨʠʚʘʷ) ʠ ʧʦʜʛʦʪʦʚʣʝʥʥʦʤ ʰʣʠʬʝ (ʩʠʥʷʷ ʢʨʠʚʘʷ). ɼʣʷ ʆʊʅ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʨʠʚʘʷ ʜʣʷ ʠʩʭʦʜʥʦʛʦ ʤʦʥʦʢʨʠʩʪʘʣʣʘ ʩ ʫʯʝʪʦʤ ʬʘʢʪʦʨʘ ʨʘʟʤʘʛʥʠʯʠʚʘʥʠʷ 

(ʢʨʘʩʥʘʷ ʧʫʥʢʪʠʨʥʘʷ ʢʨʠʚʘʷ). ʅʘ ʚʩʪʘʚʢʝ ʧʨʠʚʝʜʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʠʥʜʫʢʮʠʠ ʚʜʦʣʴ 

ʆʃʅ ʠ ʆʊʅ, ʧʦʩʪʨʦʝʥʥʳʝ ʠʟ ʢʨʠʚʳʭ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʩ ʫʯʝʪʦʤ ʨʘʟʤʘʛʥʠʯʠʚʘʶʱʝʛʦ 

ʬʘʢʪʦʨʘ. 
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ʢʦʵʬʬʠʮʠʝʥʪʫ ʨʘʟʤʘʛʥʠʯʠʚʘʥʠʷ Nd, ʦʙʫʩʣʦʚʣʝʥʥʦʤʫ ʨʘʟʤʘʛʥʠʯʠʚʘʶʱʠʤ ʧʦʣʝʤ. ʇʝʪʣʷ 

ʛʠʩʪʝʨʝʟʠʩʘ ʠʤʝʝʪ ʪʘʢ ʥʘʟʳʚʘʝʤʫʶ çʧʝʨʝʪʷʥʫʪʫʶè ʬʦʨʤʫ. ʂʦʛʜʘ ʧʦʣʝ ʫʤʝʥʴʰʘʝʪʩʷ, 

ʥʘʙʣʶʜʘʝʪʩʷ ʟʘʤʝʪʥʦʝ ʨʝʟʢʦʝ ʠʟʤʝʥʝʥʠʝ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ. ʕʪʦʪ ʩʢʘʯʦʢ ʩʚʷʟʘʥ ʩ 

ʟʘʨʦʞʜʝʥʠʝʤ ʦʙʨʘʪʥʦʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ, ʢʦʪʦʨʘʷ ʚʦʟʥʠʢʘʝʪ ʚ ʧʦʣʝ ʟʘʨʦʞʜʝʥʠʷ 

(nucleation field) HN. ɺ ʜʘʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʜʣʷ ʥʘʩ ʫʜʦʙʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʟʥʘʯʝʥʠʝ 

ʚʥʝʰʥʝʛʦ ʧʦʣʷ H, ʚ ʢʦʪʦʨʦʤ ʥʘʙʣʶʜʘʝʪʩʷ ʩʢʘʯʦʢ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ, ʢʘʢ ʧʦʣʝ ʟʘʨʦʞʜʝʥʠʷ 

HN, ʪ.ʝ. ɛ0HN = 0,29 ʊʣ. ʇʨʠ ʜʘʣʴʥʝʡʰʝʤ ʫʤʝʥʴʰʝʥʠʠ ʧʨʠʣʦʞʝʥʥʦʛʦ ʧʦʣʷ ʦʙʨʘʟʝʮ 

ʧʝʨʝʭʦʜʠʪ ʚ ʤʥʦʛʦʜʦʤʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ, ʦ ʯʝʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʣʠʥʝʡʥʦʝ ʧʦʚʝʜʝʥʠʝ 

ʢʨʠʚʦʡ s(H) ʧʨʠ ʩʣʘʙʦʤ ʧʦʣʝ, ʯʪʦ ʦʙʳʯʥʦ ʦʙʲʷʩʥʷʝʪʩʷ ʧʝʨʝʤʝʱʝʥʠʝʤ ʜʦʤʝʥʥʳʭ ʛʨʘʥʠʮ. 

ʇʨʠ ʵʪʦʤ ʦʙʨʘʟʝʮ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʢʚʘʟʠʥʫʣʝʚʫʶ ʢʦʵʨʮʠʪʠʚʥʫʶ ʩʠʣʫ ɛ0Hʉ = 6 ʤʊʣ ʠʟ-ʟʘ 

ʰʝʨʦʭʦʚʘʪʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩ ʤʥʦʛʦʯʠʩʣʝʥʥʳʤʠ ʜʝʬʝʢʪʘʤʠ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʤʠ 

ʦʙʨʘʟʦʚʘʥʠʶ ʟʘʨʦʜʳʰʝʡ ʩ ʦʙʨʘʪʥʦʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴʶ. 

ʀʟʛʦʪʦʚʣʝʥʠʝ ʰʣʠʬʘ ʠʟ ʩʬʝʨʦʠʜʥʦʛʦ ʧʦ ʬʦʨʤʝ ʤʦʥʦʢʨʠʩʪʘʣʣʘ ʧʨʠʚʝʣʦ ʢ 

ʫʚʝʣʠʯʝʥʠʶ ʨʘʟʤʘʛʥʠʯʠʚʘʶʱʝʛʦ ʬʘʢʪʦʨʘ, ʦ ʯʝʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʠʟʤʝʥʝʥʠʝ ʥʘʢʣʦʥʘ 

 

ʈʠʩʫʥʦʢ 3.2 - ʇʦʣʝʚʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʫʜʝʣʴʥʦʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʚʜʦʣʴ ʆʃʅ ʜʣʷ 

ʤʦʥʦʢʨʠʩʪʘʣʣʘ SmCo5 ʚ ʠʩʭʦʜʥʦʤ ʩʦʩʪʦʷʥʠʠ (ʯʝʨʥʘʷ ʢʨʠʚʘʷ), ʢʦʨʨʝʢʮʠʝʡ ʬʘʢʪʦʨʘ 

ʨʘʟʤʘʛʥʠʯʠʚʘʥʠʷ (ʢʨʘʩʥʘʷ ʢʨʠʚʘʷ) ʠ ʧʦʜʛʦʪʦʚʣʝʥʥʦʤ ʰʣʠʬʝ (ʩʠʥʷʷ ʢʨʠʚʘʷ). ɼʣʷ ʆʊʅ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʨʠʚʘʷ ʜʣʷ ʠʩʭʦʜʥʦʛʦ ʤʦʥʦʢʨʠʩʪʘʣʣʘ ʩ ʫʯʝʪʦʤ ʬʘʢʪʦʨʘ ʨʘʟʤʘʛʥʠʯʠʚʘʥʠʷ 

(ʢʨʘʩʥʘʷ ʧʫʥʢʪʠʨʥʘʷ ʢʨʠʚʘʷ). ʅʘ ʚʩʪʘʚʢʝ ʧʨʠʚʝʜʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʠʥʜʫʢʮʠʠ ʚʜʦʣʴ 

ʆʃʅ ʠ ʆʊʅ, ʧʦʩʪʨʦʝʥʥʳʝ ʠʟ ʢʨʠʚʳʭ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʩ ʫʯʝʪʦʤ ʨʘʟʤʘʛʥʠʯʠʚʘʶʱʝʛʦ 

ʬʘʢʪʦʨʘ. 
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ʥʘʯʘʣʴʥʦʛʦ ʫʯʘʩʪʢʘ ʧʝʪʣʠ ʛʠʩʪʝʨʝʟʠʩʘ (ʩʠʥʷʷ ʢʨʠʚʘʷ ʥʘ ʨʠʩʫʥʢʝ 3.2). ʅʘ ʦʙʨʘʪʥʦʡ ʢʨʠʚʦʡ 

ʨʘʟʤʘʛʥʠʯʠʚʘʥʠʷ ʪʘʢʞʝ ʯʝʪʢʦ ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʣʝ ʟʘʨʦʞʜʝʥʠʷ ʦʙʣʘʩʪʠ ʦʙʨʘʪʥʦʡ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʩ   ɛ0HN = 0,34 ʊʣ.  

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʤʦʤʝʥʪ ʚ ʣʠʪʝʨʘʪʫʨʝ ʠʤʝʝʪʩʷ ʜʠʩʢʫʩʩʠʷ ʦʙ ʠʩʪʠʥʥʳʭ ʠʩʪʦʯʥʠʢʘʭ 

ʟʘʨʦʜʳʰʝʡ ʧʝʨʝʤʘʛʥʠʯʠʚʘʥʠʷ. ʆʙʱʝʧʨʠʥʷʪʳʤ ʧʦʜʭʦʜʦʤ ʷʚʣʷʝʪʩʷ ʪʦʪ, ʛʜʝ ʛʣʘʚʥʫʶ ʨʦʣʴ 

ʚ ʧʨʦʮʝʩʩʘʭ ʟʘʨʦʜʳʰʝʦʙʨʘʟʦʚʘʥʠʷ ʦʪʜʘʶʪ ʜʝʬʝʢʪʘʤ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ, ʚ 

ʦʢʨʝʩʪʥʦʩʪʠ ʢʦʪʦʨʳʭ ʨʝʟʢʦ ʩʥʠʞʝʥʦ ʵʬʬʝʢʪʠʚʥʦʝ ʧʦʣʝ ʘʥʠʟʦʪʨʦʧʠʠ [84]. ʊʘʢʠʤʠ 

ʜʝʬʝʢʪʘʤʠ ʤʦʛʫʪ ʙʳʪʴ: ʪʦʯʝʯʥʳʝ ʜʝʬʝʢʪʳ ʠ ʠʭ ʩʢʦʧʣʝʥʠʷ, ʜʠʩʣʦʢʘʮʠʠ, ʧʣʦʩʢʠʝ ʜʝʬʝʢʪʳ 

ʪʠʧʘ ʜʝʬʝʢʪʦʚ ʫʧʘʢʦʚʢʠ ʠ ʪ.ʜ. ʀʟ-ʟʘ ʥʘʣʠʯʠʷ ʫʧʨʫʛʠʭ ʥʘʧʨʷʞʝʥʠʡ ʠ 

ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʦʥʥʳʭ ʜʝʬʦʨʤʘʮʠʡ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʜʝʬʝʢʪʘ, ʣʦʢʘʣʴʥʘʷ ʚʝʣʠʯʠʥʘ 

ʢʦʥʩʪʘʥʪʳ ʤʘʛʥʠʪʥʦʡ ʘʥʠʟʦʪʨʦʧʠʠ ʤʦʞʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʪʴʩʷ ʦʪ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ 

ʂ ʧʦ ʚʩʝʤʫ ʦʙʲʸʤʫ ʢʨʠʩʪʘʣʣʘ.  

ɽʩʪʝʩʪʚʝʥʥʦ ʪʘʢʞʝ ʧʦʣʘʛʘʪʴ, ʯʪʦ ʟʘʨʦʜʳʰʠ ʧʝʨʝʤʘʛʥʠʯʠʚʘʥʠʷ ʤʦʛʫʪ ʚʦʟʥʠʢʘʪʴ ʚ 

ʦʙʣʘʩʪʠ ʨʘʟʣʠʯʥʦʛʦ ʨʦʜʘ ʜʝʬʝʢʪʦʚ ʨʝʘʣʴʥʦʛʦ ʢʨʠʩʪʘʣʣʘ. ʊʘʢʠʤʠ ʜʝʬʝʢʪʘʤʠ, ʥʘʧʨʠʤʝʨ, 

ʤʦʛʣʠ ʙʳ ʙʳʪʴ ʨʘʢʦʚʠʥʳ, ʤʠʢʨʦʪʨʝʱʠʥʳ ʠ ʪ.ʜ.ï ʜʝʬʝʢʪʳ ʬʦʨʤʳ ʢʨʠʩʪʘʣʣʘ. ʊʘʢ, 

ʥʘʧʨʠʤʝʨ, ʩʠʣʴʥʳʝ ʣʦʢʘʣʴʥʳʝ ʨʘʟʤʘʛʥʠʯʠʚʘʶʱʠʝ ʧʦʣʷ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʨʠʩʫʪʩʪʚʦʚʘʪʴ ʚ 

ʫʛʣʘʭ, ʫʛʣʫʙʣʝʥʠʷʭ ʠʣʠ ʥʝʤʘʛʥʠʪʥʳʭ ʚʢʣʶʯʝʥʠʷʭ, ʤʦʛʫʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʦʙʨʘʟʦʚʘʥʠʶ 

ʥʝʙʦʣʴʰʦʡ ʦʙʣʘʩʪʠ ʩ ʦʙʨʘʪʥʦʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴʶ. ʉʠʣʴʥʦʝ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʤʦʞʝʪ 

ʫʜʘʣʠʪʴ ʦʙʣʘʩʪʴ ʪʘʢʦʛʦ ʪʠʧʘ ʚʦ ʚʨʝʤʷ ʧʨʦʮʝʩʩʘ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ, ʥʦ ʚ ʢʘʢʦʡ-ʪʦ ʤʦʤʝʥʪ ʚʦ 

ʚʨʝʤʷ ʫʤʝʥʴʰʝʥʠʷ ʧʦʣʷ (ʧʨʦʮʝʩʩ ʨʘʟʤʘʛʥʠʯʠʚʘʥʠʷ) ʦʙʣʘʩʪʴ ʦʙʨʘʟʫʝʪʩʷ ʩʥʦʚʘ ʠ 

ʠʥʠʮʠʠʨʫʝʪ ʩʢʘʯʢʦʦʙʨʘʟʥʦʝ ʠʟʤʝʥʝʥʠʝ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ. ʆʜʥʘʢʦ ʚʩʪʘʝʪ ʚʦʧʨʦʩ ʦ 

ʢʦʣʠʯʝʩʪʚʝ ʪʘʢʠʭ ʦʙʣʘʩʪʝʡ ʠ ʧʦʣʷʭ ʠʭ ʜʝʘʢʪʠʚʘʮʠʠ. ʊʘʢ, ʘʚʪʦʨʳ [85] ʫʪʚʝʨʞʜʘʶʪ, ʯʪʦ ʩ 

ʫʤʝʥʴʰʝʥʠʝʤ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʵʨʮʠʪʠʚʥʘʷ ʩʠʣʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʜʦ ʪʦʛʦ 

ʤʦʤʝʥʪʘ, ʧʦʢʘ ʨʘʟʤʝʨ ʜʝʬʝʢʪʘ ʥʝ ʩʪʘʥʝʪ ʥʝ ʤʝʥʝʝ 1 ʤʠʢʨʦʤʝʪʨʘ. ɽʩʣʠ ʜʝʬʝʢʪʳ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʥʴʰʝ, ʢʦʵʨʮʠʪʠʚʥʘʷ ʩʠʣʘ ʥʝ ʫʚʝʣʠʯʠʚʘʝʪʩʷ. 

ʊʝʤ ʥʝ ʤʝʥʝʝ, ʢʘʢ ʧʦʢʘʟʘʣʠ ʧʨʝʜʳʜʫʱʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ [84,86,87] ʦ ʚʣʠʷʥʠʠ 

ʨʘʟʣʠʯʥʳʭ ʬʘʢʪʦʨʦʚ ʥʘ ʚʝʣʠʯʠʥʫ ʛʠʩʪʝʨʝʟʠʩʘ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ɼʉ, ʧʝʨʚʦʩʪʝʧʝʥʥʦʝ 

ʟʥʘʯʝʥʠʝ ʚ ʧʨʦʮʝʩʩʝ ʧʝʨʝʤʘʛʥʠʯʠʚʘʥʠʷ ʦʜʥʦʦʩʥʳʭ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʠʤʝʝʪ ʩʦʚʝʨʰʝʥʩʪʚʦ 

ʠʭ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʠ ʦʩʦʙʝʥʥʦ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʣʝʚʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʫʜʝʣʴʥʦʡ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʰʣʠʬʘ ʤʦʥʦʢʨʠʩʪʘʣʣʘ SmCo5, ʠʟʤʝʨʝʥʥʳʭ ʧʨʠ ʨʘʟʥʳʭ ʟʥʘʯʝʥʠʷʭ 

ʤʘʢʩʠʤʘʣʴʥʳʭ ʧʦʣʝʡ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ (ʨʠʩʫʥʦʢ 3.3). ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ 
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ʧʝʨʝʤʘʛʥʠʯʠʚʘʥʠʠ ʤʦʥʦʢʨʠʩʪʘʣʣʘ ʚ ʧʦʣʝ, ʧʘʨʘʣʣʝʣʴʥʦʤ ʆʃʅ, ʚʝʣʠʯʠʥʘ ʧʦʣʷ ʩʢʘʯʢʘ ʅN 

ʩʠʣʴʥʦ ʟʘʚʠʩʷʪ ʦʪ ʘʤʧʣʠʪʫʜʳ ʥʘʤʘʛʥʠʯʠʚʘʶʱʝʛʦ ʧʦʣʷ Hmax. ʇʨʠ ʤʘʢʩʠʤʘʣʴʥʳʭ ʧʦʣʷʭ 

Hmax ʨʘʚʥʳʭ 0,5 ʠ 0,7 ʊʣ, ʢʦʪʦʨʳʝ ʤʝʥʴʰʝ ʧʦʣʷ ʥʘʩʳʱʝʥʠʷ ʦʙʨʘʟʮʘ ʚ ʩʚʷʟʠ ʩ ʙʦʣʴʰʠʤʠ 

ʨʘʩʩʝʠʚʘʶʱʠʤʠ ʧʦʣʷʤʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʰʣʠʬʘ, ʠʟʤʝʨʝʥʥʳʝ ʧʝʪʣʠ ʛʠʩʪʝʨʝʟʠʩʘ 

ʧʦʢʘʟʳʚʘʶʪ ʧʦʯʪʠ ʦʙʨʘʪʠʤʳʡ ʭʘʨʘʢʪʝʨ ʠʟʤʝʥʝʥʠʷ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ. ʇʨʠ 

ʥʘʤʘʛʥʠʯʠʚʘʥʠʠ ʦʙʨʘʟʮʘ ʚ ʧʦʣʝ ʜʦ 1 ʊʣ ʥʘ ʦʙʨʘʪʥʦʤ ʭʦʜʝ ʧʝʪʣʠ ʛʠʩʪʝʨʝʟʠʩʘ ʥʘʙʣʶʜʘʝʪʩʷ 

ʩʣʘʙʳʡ ʩʢʘʯʦʢ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʚ ʧʦʣʝ ɛ0HN = 0,47 ʊʣ. ɺʠʜ ʧʝʪʝʣʴ ʛʠʩʪʝʨʝʟʠʩʘ ʧʨʠ 

ʤʘʢʩʠʤʘʣʴʥʳʭ ʧʦʣʷʭ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ ʩʚʳʰʝ 1,5 ʊʣ ʚʧʣʦʪʴ ʜʦ 2,3 ʊʣ ʦʩʪʘʚʘʣʩʷ 

ʥʝʠʟʤʝʥʥʳʤ, ʩ ʭʘʨʘʢʪʝʨʥʳʤ ʧʦʣʝʤ ɛ0HN = 0,34 ʊʣ. ʈʝʟʫʣʴʪʘʪʳ ʜʘʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʚ ʦʙʨʘʟʮʝ ʠʤʝʶʪʩʷ ʥʝʩʢʦʣʴʢʦ ʦʙʣʘʩʪʝʡ ʟʘʨʦʞʜʝʥʠʷ ʜʦʤʝʥʦʚ ʦʙʨʘʪʥʦʛʦ 

ʟʥʘʢʘ ʩ ʨʘʟʣʠʯʥʳʤʠ ʧʦʣʷʤʠ ʟʘʨʦʞʜʝʥʠʷ.  

ɼʦʢʘʟʘʪʝʣʴʩʪʚʦʤ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʤʘʛʥʠʪʥʦ-ʘʢʪʠʚʥʳʭ ʜʝʬʝʢʪʦʚ, ʚʙʣʠʟʠ ʢʦʪʦʨʳʭ 

ʦʙʨʘʟʫʶʪʩʷ ʟʘʨʦʜʳʰʠ ʧʝʨʝʤʘʛʥʠʯʠʚʘʥʠʷ, ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʦʧʳʪʳ ʧʦ ʥʘʙʣʶʜʝʥʠʶ ʮʝʥʪʨʦʚ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ɼʉ, ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʧʨʠʚʝʜʝʥʳ ʚ ʩʣʝʜʫʶʱʠʭ ʨʘʟʜʝʣʘʭ. 

 

 

ʈʠʩʫʥʦʢ 3.3 - ʇʦʣʝʚʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʫʜʝʣʴʥʦʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʰʣʠʬʘ ʤʦʥʦʢʨʠʩʪʘʣʣʘ 

SmCo5, ʠʟʤʝʨʝʥʥʳʝ ʧʨʠ ʨʘʟʥʳʭ ʟʥʘʯʝʥʠʷʭ ʤʘʢʩʠʤʘʣʴʥʳʭ ʧʦʣʝʡ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ.  
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3.1.2. ʂʦʤʧʴʶʪʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʢʨʠʚʳʭ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ ʠʟʦʪʨʦʧʥʳʭ ʠ 

ʚʳʩʦʢʦʘʥʠʟʦʪʨʦʧʥʳʭ ʤʘʛʥʠʪʦʦʜʥʦʦʩʥʳʭ ʤʘʛʥʝʪʠʢʦʚ.  

ɺ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʚ ʨʘʙʦʪʝ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʦʜʠʪʴ ʩʨʘʚʥʝʥʠʝ ʧʨʦʮʝʩʩʦʚ 

ʧʝʨʝʤʘʛʥʠʯʠʚʘʥʠʷ ʚ ʦʙʲʸʤʝ ʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʦʚ, ʯʪʦ ʚʦʟʤʦʞʥʦ ʪʦʣʴʢʦ ʧʨʠ 

ʧʦʜʛʦʪʦʚʢʝ ʤʝʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʛʦ ʰʣʠʬʘ, ʚʦʟʥʠʢʘʝʪ ʧʨʦʙʣʝʤʘ ʩ ʢʦʨʨʝʢʪʥʦʡ 

ʠʥʪʝʨʧʨʝʪʘʮʠʝʡ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʤʝʪʦʜʦʤ ʚʠʙʨʘʮʠʦʥʥʦʛʦ ʤʘʛʥʠʪʦʤʝʪʨʘ ʥʘ 

ʧʦʜʛʦʪʦʚʣʝʥʥʳʭ ʜʣʷ ʦʧʪʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ ʦʙʨʘʟʮʘʭ.  

ɺ ʦʩʥʦʚʝ ʤʝʪʦʜʠʢʠ ʚʠʙʨʘʮʠʦʥʥʦʛʦ ʤʘʛʥʠʪʦʤʝʪʨʘ ʣʝʞʠʪ ʠʥʜʫʢʮʠʦʥʥʳʡ ʩʧʦʩʦʙ 

ʠʟʤʝʨʝʥʠʷ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ. ʆʥ ʦʩʥʦʚʘʥ ʥʘ ʠʟʤʝʥʝʥʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʪʦʢʘ ʚ ʢʘʪʫʰʢʝ, 

ʢʦʛʜʘ ʚʙʣʠʟʠ ʥʝʝ ʚʠʙʨʠʨʫʝʪ ʥʘʤʘʛʥʠʯʝʥʥʳʡ ʦʙʨʘʟʝʮ. ʆʩʴ ʢʦʣʝʙʘʥʠʡ ʧʘʨʘʣʣʝʣʴʥʘ 

ʧʣʦʩʢʦʩʪʠ ʢʘʪʫʰʝʢ, ʘ ʤʘʛʥʠʪʥʳʡ ʤʦʤʝʥʪ ʦʙʨʘʟʮʘ, ʠʥʜʫʮʠʨʫʝʤʳʡ ʚʥʝʰʥʠʤ ʤʘʛʥʠʪʥʳʤ 

ʧʦʣʝʤ, ʦʨʠʝʥʪʠʨʦʚʘʥ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʧʣʦʩʢʦʩʪʠ ʢʘʪʫʰʝʢ. ʂʦʣʝʙʣʶʱʝʝʩʷ ʤʘʛʥʠʪʥʦʝ 

ʧʦʣʝ ʜʚʠʞʫʱʝʛʦʩʷ ʦʙʨʘʟʮʘ ʠʥʜʫʮʠʨʫʝʪ ʧʝʨʝʤʝʥʥʫʶ .ɻʜ.ʩ. ʚ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʢʘʪʫʰʢʘʭ, 

ʚʝʣʠʯʠʥʘ ʢʦʪʦʨʦʡ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʤʘʛʥʠʪʥʦʤʫ ʤʦʤʝʥʪʫ ʦʙʨʘʟʮʘ. ʕ.ʜ.ʩ. ʚ ʢʘʪʫʰʢʘʭ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦʪʦʢʦʩʮʝʧʣʝʥʠʝʤ ʩ ʦʙʨʘʟʮʦʤ, ʧʦʵʪʦʤʫ ʟʘʚʠʩʠʪ ʥʝ ʪʦʣʴʢʦ ʦʪ ʤʘʛʥʠʪʥʦʛʦ 

ʤʦʤʝʥʪʘ ʦʙʨʘʟʮʘ, ʥʦ ʠ ʦʪ ʛʝʦʤʝʪʨʠʠ ʢʘʪʫʰʝʢ, ʨʘʟʤʝʨʦʚ ʠ ʬʦʨʤʳ ʦʙʨʘʟʮʘ. ʅʝʦʙʭʦʜʠʤʦ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʠʟʤʝʨʷʝʪʩʷ ʠʥʪʝʛʨʘʣʴʥʘʷ ʚʝʣʠʯʠʥʘ 

ʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ ʦʪ ʚʩʝʭ ʯʘʩʪʝʡ ʦʙʨʘʟʮʘ, ʦʪʥʝʩʝʥʥʳʭ ʢ ʠʭ ʤʘʩʩʝ, ʚ ʩʚʷʟʠ ʩ ʯʝʤ, ʠʤʝʷ 

ʢʦʥʝʯʥʫʶ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ ʚʳʜʝʣʝʥʠʝ ʚʢʣʘʜʘ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ 

ʢʨʘʡʥʝ ʟʘʪʨʫʜʥʝʥʦ.  

ɺ ʨʘʙʦʪʝ ʚ ʩʠʩʪʝʤʝ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ COMSOL Multiphysics 

6.2 ʙʳʣʘ ʩʦʟʜʘʥʘ ʤʦʜʝʣʴ ʠʥʜʫʢʮʠʦʥʥʦʛʦ ʧʨʠʥʮʠʧʘ ʠʟʤʝʨʝʥʠʷ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ 

ʚʠʙʨʘʮʠʦʥʥʦʛʦ ʤʘʛʥʠʪʦʤʝʪʨʘ, ʧʦʟʚʦʣʷʶʱʘʷ ʩʪʨʦʠʪʴ ʧʦʣʝʚʳʝ ʟʘʚʠʩʠʤʦʩʪʠ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʠʟʦʪʨʦʧʥʳʭ ʠ ʚʳʩʦʢʦʘʥʠʟʦʪʨʦʧʥʳʭ ʤʘʛʥʠʪʦʦʜʥʦʦʩʥʳʭ ʤʘʛʥʝʪʠʢʦʚ. 

 

ʄʦʜʝʣʴ ʚʠʙʨʘʮʠʦʥʥʦʛʦ ʤʘʛʥʠʪʦʤʝʪʨʘ  

ʇʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʠʥʪʝʨʬʝʡʩ ʄʘʛʥʠʪʥʦʛʦ ʧʦʣʷ (Magnetic Fields, 

No Currents). ɺ ʤʘʛʥʠʪʦʩʪʘʪʠʯʝʩʢʠʭ ʟʘʜʘʯʘʭ, ʛʜʝ ʦʪʩʫʪʩʪʚʫʶʪ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʪʦʢʠ, ʤʦʞʥʦ 

ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʠ ʨʝʰʠʪʴ ʟʘʜʘʯʫ, ʠʩʧʦʣʴʟʫʷ ʩʢʘʣʷʨʥʳʡ ʤʘʛʥʠʪʥʳʡ ʧʦʪʝʥʮʠʘʣ Vm. ɺ ʪʝʭ 

ʦʙʣʘʩʪʷʭ, ʛʜʝ ʧʣʦʪʥʦʩʪʴ ʪʦʢʘ ʨʘʚʥʘ ʥʫʣʶ (d=0) ὶέὸ ╗  π ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʤʦʞʥʦ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʧʦʪʝʥʮʠʘʣʴʥʦʝ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʤʘʛʥʠʪʥʳʡ ʩʢʘʣʷʨʥʳʡ ʧʦʪʝʥʮʠʘʣ ὠ  



74 

 
ʤʦʞʝʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥ ʠʟ ʩʦʦʪʥʦʰʝʥʠʷ ╗  ὫὶὥὨ ὠ, ʯʪʦ ʘʥʘʣʦʛʠʯʥʦ ʦʧʨʝʜʝʣʝʥʠʶ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʜʣʷ ʩʪʘʪʠʯʝʩʢʠʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʣʝʡ. ʀʩʧʦʣʴʟʫʷ 

ʦʧʨʝʜʝʣʷʶʱʝʝ ʩʦʦʪʥʦʰʝʥʠʝ ║  ‘ ╗  ╜ , ʫʨʘʚʥʝʥʠʝ ὨὭὺ ║  π ʩʪʘʥʦʚʠʪʩʷ ʨʘʚʥʳʤ 

ÄÉÖ‘ÇὶὥὨὠ ‘╜ π                                                 (15) 

ʄʘʛʥʠʪʥʳʝ ʧʦʣʷ ʙʝʟ ʪʦʢʦʚʦʛʦ ʠʥʪʝʨʬʝʡʩʘ ʠʩʧʦʣʴʟʫʶʪ ʵʪʦ ʫʨʘʚʥʝʥʠʝ ʜʣʷ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʤʘʛʥʠʪʦʩʪʘʪʠʢʠ ʚ ʦʪʩʫʪʩʪʚʠʝ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʪʦʢʦʚ. 

ɺ ʧʣʦʩʢʦʤ ʜʚʫʤʝʨʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʜʠʥʘʤʠʯʝʩʢʠʝ ʬʦʨʤʫʣʳ ʪʘʢʞʝ ʚʢʣʶʯʘʶʪ 

ʪʦʣʱʠʥʫ d ʚ ʥʘʧʨʘʚʣʝʥʠʠ ᾀ: 

ὨὭὺὨ‘ ὠɳ ‘╜ π                                               (16) 

ʇʦʤʠʤʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʩʦʟʜʘʚʘʝʤʦʛʦ ʥʘʤʘʛʥʠʯʝʥʥʳʤ ʦʙʲʝʢʪʦʤ, ʚ ʠʥʪʝʨʬʝʡʩʝ 

ʠʤʝʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʟʘʜʘʚʘʪʴ ʬʦʥʦʚʦʝ (background) ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ Hb, ʪʝʤ ʩʘʤʳʤ 

ʦʙʱʝʝ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʧʨʠʥʠʤʘʝʪ ʚʠʜ: 

╗  ὫὶὥὨ ὠ Ὄ                                                   (17) 

ʆʙʱʘʷ ʛʝʦʤʝʪʨʠʷ ʤʦʜʝʣʠ, ʚ ʪʦʯʥʦʩʪʠ ʧʦʚʪʦʨʷʶʱʘʷ ʢʦʥʩʪʨʫʢʮʠʶ ʠʟʤʝʨʠʪʝʣʴʥʦʡ 

ʩʠʩʪʝʤʳ ʚʠʙʨʘʮʠʦʥʥʦʛʦ ʤʘʛʥʠʪʦʤʝʪʨʘ, ʧʦʜʨʦʙʥʦ ʦʧʠʩʘʥʥʦʛʦ ʚ ʛʣʘʚʝ 2 ʧʫʥʢʪ 2.4, 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 3.4 ʠ ʩʦʩʪʦʠʪ ʠʟ ʦʙʨʘʟʮʘ, ʧʘʨʳ ʢʘʪʫʰʝʢ ʠ ʜʚʫʭ ʧʦʚʝʨʭʥʦʩʪʝʡ, 

ʷʚʣʷʶʱʠʭʩʷ ʧʦʣʶʩʘʤʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʘ, ʜʣʷ ʢʦʪʦʨʳʭ ʟʘʜʘʝʪʩʷ ʚʝʣʠʯʠʥʘ ʧʨʦʥʠʟʳʚʘʶʱʝʛʦ 

ʠʭ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ Hb.  

ʈʘʩʩʤʦʪʨʠʤ ʦʩʥʦʚʥʳʝ ʫʨʘʚʥʝʥʠʷ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʜʣʷ ʨʘʩʯʝʪʘ ʵ.ʜ.ʩ., ʥʘʚʦʜʠʤʦʡ ʚ 

ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʢʘʪʫʰʢʘʭ, ʥʘ ʧʨʠʤʝʨʝ ʧʝʨʚʦʡ ʢʘʪʫʰʢʠ, ʦʙʦʟʥʘʯʝʥʥʦʡ ʩʠʥʝʡ ʦʙʣʘʩʪʴʶ ʥʘ 

ʨʠʩʫʥʢʝ 3.4ʙ (ʢʦʣʠʯʝʩʪʚʦ ʚʠʪʢʦʚ N=500, ʪʦʣʱʠʥʘ ʢʘʪʫʰʢʠ 1,5 ʤʤ).  

ʅʘʧʨʷʞʝʥʠʝ ʥʘ ʚʳʚʦʜʘʭ ʢʘʪʫʰʢʠ, ʧʦʤʝʱʝʥʥʦʡ ʚ ʧʝʨʝʤʝʥʥʦʝ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ, 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʟʘʢʦʥʦʤ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ ʌʘʨʘʜʝʷ: 

%                                                               (18) 

ʛʜʝ E ï ʥʘʧʨʷʞʝʥʠʝ (ʪʦʯʥʝʝ, ʵʣʝʢʪʨʦʜʚʠʞʫʱʘʷ ʩʠʣʘ ï ʵ.ʜ.ʩ.) ʥʘ ʚʳʚʦʜʘʭ ʢʘʪʫʰʢʠ, Y ï 

ʧʦʪʦʢʦʩʮʝʧʣʝʥʠʝ, ʷʚʣʷʶʱʘʷʩʷ ʩʫʤʤʘʨʥʳʤ ʤʘʛʥʠʪʥʳʤ ʧʦʪʦʢʦʤ ʯʝʨʝʟ ʧʦʚʝʨʭʥʦʩʪʴ, 

ʦʛʨʘʥʠʯʝʥʥʫʶ ʚʠʪʢʘʤʠ ʢʘʪʫʰʢʠ.  

ɺ ʩʣʫʯʘʝ ʝʩʣʠ ʚʠʪʢʠ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʢʘʪʫʰʢʠ ʧʨʦʥʠʟʳʚʘʶʪʩʷ ʦʜʥʠʤ ʠ ʪʝʤ ʞʝ 

ʤʘʛʥʠʪʥʳʤ ʧʦʪʦʢʦʤ, ʪʦ ʧʦʪʦʢʦʩʮʝʧʣʝʥʠʝ ʨʘʚʥʦ ʧʨʦʠʟʚʝʜʝʥʠʶ ʤʘʛʥʠʪʥʦʛʦ ʧʦʪʦʢʘ F ʥʘ 

ʯʠʩʣʦ ʚʠʪʢʦʚ N: 

 ɰ ɮϽὔ                                                              (19) 
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ʇʦʩʢʦʣʴʢʫ ʚ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʝ ʚʠʙʨʘʮʠʦʥʥʦʛʦ ʤʘʛʥʠʪʦʤʝʪʨʘ ʦʙʨʘʟʝʮ 

ʩʦʚʝʨʰʘʝʪ ʩʠʥʫʩʦʠʜʘʣʴʥʳʝ ʢʦʣʝʙʘʥʠʷ (ʩ ʯʘʩʪʦʪʦʡ f=37 ɻʮ) ʚʙʣʠʟʠ ʠʟʤʝʨʠʪʝʣʴʥʳʭ 

ʢʘʪʫʰʝʢ, ʪʦ, ʧʨʠʥʠʤʘʷ ʚ ʨʘʩʯʝʪ, ʯʪʦ ʠʥʜʫʢʮʠʷ ʧʝʨʝʤʝʥʥʦʛʦ ʧʦʣʷ ʦʪ ʦʙʨʘʟʮʘ ʠʟʤʝʥʷʝʪʩʷ 

ʧʦ ʟʘʢʦʥʫ B = B0cos(2ˊfÖt), ʠ ʧʨʦʚʦʜʷ ʠʥʪʝʛʨʠʨʦʚʘʥʠʝ ʧʦ ʧʣʦʱʘʜʠ Sn ʢʘʞʜʦʛʦ ʚʠʪʢʘ ʠ 

ʩʫʤʤʠʨʫʷ ʧʦ ʚʩʝʤ N ʚʠʪʢʘʤ, ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʚʳʚʦʜʘʭ ʢʘʪʫʰʢʠ ʤʦʞʥʦ ʚʳʨʘʟʠʪʴ 

ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

% В ᷿ ὄὛὨὛ ὔὛὄ‫ὸ ‫ÓÉÎ ς“ὪὔὛὄÓÉÎ ς“Ὢὸ   (20) 

ʛʜʝ N ï ʯʠʩʣʦ ʚʠʪʢʦʚ ʢʘʪʫʰʢʠ, S ï ʫʩʨʝʜʥʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʧʣʦʱʘʜʠ ʚʠʪʢʦʚ, f ï ʯʘʩʪʦʪʘ 

ʠʟʤʝʥʝʥʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ (w ï ʮʠʢʣʠʯʝʩʢʘʷ ʯʘʩʪʦʪʘ), B0 ï ʘʤʧʣʠʪʫʜʥʦʝ ʟʥʘʯʝʥʠʝ 

ʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ. 

 

ʈʠʩʫʥʦʢ 3.4 - ɻʝʦʤʝʪʨʠʷ ʤʦʜʝʣʠ (ʘ); ʛʝʦʤʝʪʨʠʷ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʢʘʪʫʰʝʢ, ʥʘ ʢʦʪʦʨʦʡ 

ʦʙʦʟʥʘʯʝʥʘ ʪʨʘʝʢʪʦʨʠʷ ʜʚʠʞʝʥʠʷ ʦʙʨʘʟʮʘ (ʙ). 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʧʨʷʞʝʥʠʝ E ʥʘ ʚʳʚʦʜʘʭ ʢʘʪʫʰʢʠ ʤʦʞʥʦ ʚʳʨʘʟʠʪʴ ʯʝʨʝʟ 

ʤʘʛʥʠʪʥʫʶ ʠʥʜʫʢʮʠʶ B ʧʦ ʬʦʨʤʫʣʝ: 

% ς“ὪὔὛὄ                                                           (21) 

ʆʩʦʙʝʥʥʦʩʪʴʶ ʢʦʤʤʫʪʘʮʠʠ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʢʘʪʫʰʝʢ ʚʠʙʨʘʮʠʦʥʥʦʛʦ ʤʘʛʥʠʪʦʤʝʪʨʘ, 

ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ ʧʦʣʶʩʘʭ, ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʚ ʧʘʨʘʭ ʢʘʪʫʰʢʠ ʩʦʝʜʠʥʝʥʳ çʚʩʪʨʝʯʥʦè, ʘ 

ʧʘʨʳ ʤʝʞʜʫ ʩʦʙʦʡ ï çʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦè. ʇʨʠ ʜʚʠʞʝʥʠʠ ʦʙʨʘʟʮʘ ʚʥʠʟ ʫʚʝʣʠʯʠʚʘʝʪʩʷ 

ʤʘʛʥʠʪʥʳʡ ʧʦʪʦʢ ʚ ʥʠʞʥʠʭ ʢʘʪʫʰʢʘʭ ʠ ʫʤʝʥʴʰʘʝʪʩʷ ʚ ʚʝʨʭʥʠʭ ʢʘʪʫʰʢʘʭ. ɺʦʟʥʠʢʘʶʱʠʝ 
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ʚ ʥʠʭ ʵ.ʜ.ʩ. ʠʤʝʶʪ ʨʘʟʥʳʝ ʟʥʘʢʠ, ʥʦ, ʙʣʘʛʦʜʘʨʷ ʚʩʪʨʝʯʥʦʤʫ ʚʢʣʶʯʝʥʠʶ ʢʘʪʫʰʝʢ, 

ʩʢʣʘʜʳʚʘʶʪʩʷ.  

ʋʯʠʪʳʚʘʷ ʚʩʝ ʚʳʰʝʧʨʠʚʝʜʝʥʥʦʝ, ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʦʩʥʦʚʥʳʝ ʫʨʘʚʥʝʥʠʷ, 

ʦʧʠʩʳʚʘʶʱʠʝ ʤʦʜʝʣʴ. ɼʣʷ ʨʘʩʯʝʪʘ ʤʘʛʥʠʪʥʦʛʦ ʧʦʪʦʢʘ, ʩʮʝʧʣʝʥʥʦʛʦ ʩ ʢʘʞʜʦʡ ʠʟ ʯʝʪʳʨʝʭ 

ʢʘʪʫʰʝʢ, ʚ ʤʦʜʝʣʠ ʟʘʜʘʚʘʣʠʩʴ ʧʦ ʜʚʝ ʠʥʪʝʛʨʠʨʫʶʱʠʝ ʦʙʣʘʩʪʠ, ʦʙʦʟʥʘʯʝʥʥʳʝ ʥʘ ʨʠʩʫʥʢʝ 

3.4ʙ ʦʙʣʘʩʪʷʤʠ coil 11 ʠ coil 12 (ʜʣʷ ʦʩʪʘʣʴʥʳʭ ʢʘʪʫʰʝʢ: coil 21 ʠ coil 22, coil 31 ʠ coil 32, 

coil 41 ʠ coil 42). ʇʦʩʢʦʣʴʢʫ ʜʣʷ ʨʘʩʯʝʪʘ ʤʘʛʥʠʪʥʦʛʦ ʧʦʪʦʢʘ ʥʝʦʙʭʦʜʠʤʦ ʨʘʩʩʯʠʪʘʪʴ 

ʦʙʲʸʤʥʳʡ ʠʥʪʝʛʨʘʣ ʧʦ ʦʙʲʸʤʫ ʢʘʞʜʦʡ ʢʘʪʫʰʢʠ ʦʥ ʙʳʣ ʟʘʤʝʥʝʥ ʥʘ ʧʣʦʩʢʠʡ ʠʥʪʝʛʨʘʣ, 

ʦʪʥʝʩʝʥʥʳʡ ʢ ʪʦʣʱʠʥʝ ʢʘʪʫʰʢʠ: 

ɮ
  

ϽȢ
                                          (22) 

ɮ
  

ϽȢ
                                           (23) 

ɮ
  

ϽȢ
                                         (24) 

ɮ
  

ϽȢ
                                         (25) 

ʛʜʝ redBz ï ʦʩʪʘʪʦʯʥʘʷ ʠʥʜʫʢʮʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʥʝ ʫʯʠʪʳʚʘʶʱʘʷ ʬʦʥʦʚʦʝ ʧʦʣʝ Hb, 

ʢʦʪʦʨʦʝ ʟʘʜʘʚʘʣʦʩʴ ʢʘʢ ʧʝʨʝʤʝʥʥʳʡ ʧʘʨʘʤʝʪʨ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʨʝʰʘʪʝʣʷ ʚ ʟʘʜʘʯʝ. 

 ʈʘʩʯʝʪ ʩʫʤʤʘʨʥʦʛʦ ʧʦʪʦʢʦʩʮʝʧʣʝʥʠʷ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʢʘʪʫʰʝʢ, ʫʯʠʪʳʚʘʷ ʠʭ 

ʢʦʥʬʠʛʫʨʘʮʠʶ ʠ ʫʨʘʚʥʝʥʠʝ (5), ʧʨʦʭʦʜʠʣ ʧʦ ʩʣʝʜʫʶʱʝʡ ʬʦʨʤʫʣʝ: 

ɰ ɮ ɮ ɮ ɮ ὔ                                          (26) 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʟʥʘʷ, ʩʫʤʤʘʨʥʦʝ ʧʦʪʦʢʦʩʮʝʧʣʝʥʠʝ ʩʦ ʚʩʝʤʠ 4-ʤʷ ʢʘʪʫʰʢʘʤʠ, 

ʢʦʣʠʯʝʩʪʚʦ ʚʠʪʢʦʚ ʚ ʢʘʞʜʦʡ ʢʘʪʫʰʢʝ ʠ ʯʘʩʪʦʪʫ ʩʠʥʫʩʦʠʜʘʣʴʥʳʭ ʢʦʣʝʙʘʥʠʡ ʩ ʦʙʨʘʟʮʘ, 

ʤʦʞʥʦ ʚʳʯʠʩʣʠʪʴ ʘʤʧʣʠʪʫʜʥʦʝ ʟʥʘʯʝʥʠʝ ʵ.ʜ.ʩ. ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʦʧʨʝʜʝʣʝʥʥʦʡ 

ʘʤʧʣʠʪʫʜʝ ʧʝʨʝʤʝʱʝʥʠʷ ʦʙʨʘʟʮʘ (ʚ ʤʦʜʝʣʠ ʧʝʨʝʤʝʱʝʥʠʝ ʩʦʩʪʘʚʣʷʣʦ 5 ʤʤ): 

% ɰϽς“Ὢ                                                       (27) 

ʇʦʩʢʦʣʴʢʫ ʧʨʷʤʳʝ ʠʟʤʝʨʝʥʠʷ ʘʙʩʦʣʶʪʥʳʭ ʟʥʘʯʝʥʠʡ ʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ 

(ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ) ʥʘ ʚʠʙʨʘʮʠʦʥʥʦʤ ʤʘʛʥʠʪʦʤʝʪʨʝ ʟʘʪʨʫʜʥʝʥʳ, ʪʦ, ʢʘʢ ʧʨʘʚʠʣʦ, 

ʠʩʧʦʣʴʟʫʶʪ ʤʝʪʦʜ ʩʨʘʚʥʝʥʠʷ ʩ ʵʪʘʣʦʥʥʳʤ ʦʙʨʘʟʮʦʤ, ʢʦʪʦʨʳʡ ʠʤʝʝʪ ʨʘʟʤʝʨʳ ʠ ʬʦʨʤʫ, 

ʙʣʠʟʢʫʶ ʢ ʠʩʩʣʝʜʫʝʤʦʤʫ ʦʙʨʘʟʮʫ ʠ ʠʟʚʝʩʪʥʳʝ ʤʘʛʥʠʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ɺ ʢʘʯʝʩʪʚʝ 

ʢʘʣʠʙʨʦʚʦʯʥʦʛʦ ʦʙʨʘʟʮʘ ʜʣʷ ʤʦʜʝʣʠ ʙʳʣ ʚʳʙʨʘʥ ʦʙʨʘʟʝʮ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ 

ʦʪʦʞʞʸʥʥʦʛʦ ʥʠʢʝʣʷ. ʅʘ ʨʠʩʫʥʢʝ 3.5 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʧʨʷʤʳʭ ʠʟʤʝʨʝʥʠʡ 

ʫʜʝʣʴʥʦʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʜʣʷ ʩʬʝʨʠʯʝʩʢʦʛʦ ʦʙʨʘʟʮʘ Ni (ʜʠʘʤʝʪʨ ʩʬʝʨʳ 2 ʤʤ). ɺ 
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ʜʘʣʴʥʝʡʰʝʤ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʙʳʣʠ ʩʢʦʨʨʝʢʪʠʨʦʚʘʥʳ ʩ ʫʯʝʪʦʤ ʬʘʢʪʦʨʘ 

ʨʘʟʤʘʛʥʠʯʠʚʘʥʠʷ (Nd=0,33) ʠ ʠʟ ʥʠʭ ʧʦʩʪʨʦʝʥʘ ʜʣʷ Ni ʟʘʚʠʩʠʤʦʩʪʴ ʠʥʜʫʢʮʠʠ B ʦʪ 

ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ H (ʚʩʪʘʚʢʘ ʥʘ ʨʠʩʫʥʢʝ 3.5), ʢʦʪʦʨʘʷ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʚ 

ʢʘʯʝʩʪʚʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʪʝʨʠʘʣʘ ʦʙʨʘʟʮʘ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ. 

ʅʘ ʚʩʪʘʚʢʝ ʢ ʨʠʩʫʥʢʫ 3.6 ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʝʨʚʠʯʥʳʭ ʜʘʥʥʳʭ 

ʧʦʣʝʚʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʤʘʛʥʠʪʥʦʛʦ ʧʦʪʦʢʘ, ʩʮʝʧʣʝʥʥʦʛʦ ʩ ʢʘʞʜʦʡ ʠʟ 4-ʭ ʢʘʪʫʰʝʢ.  ʍʦʨʦʰʦ 

ʚʠʜʥʦ, ʯʪʦ ʚ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʦʙʨʘʟʝʮ ʧʝʨʝʤʝʱʘʝʪʩʷ ʥʘ 5 ʤʤ ʚʥʠʟ ʠʟ 

ʧʦʣʦʞʝʥʠʷ ʤʝʞʜʫ ʧʘʨʦʡ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʢʘʪʫʰʝʢ (ʩʤ. ʨʠʩʫʥʦʢ 3.4 ʙ), ʪʦ ʚʝʣʠʯʠʥʘ ʠ ʟʥʘʢʠ 

ʤʘʛʥʠʪʥʳʭ ʧʦʪʦʢʦʚ ʚ ʢʘʪʫʰʢʘʭ 1-2 ʠ 3-4 ʦʪʣʠʯʘʶʪʩʷ, ʦʜʥʘʢʦ ʭʦʜ ʢʨʠʚʦʡ ʧʦʚʪʦʨʷʝʪ 

ʢʨʠʚʫʶ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ. ɼʘʣʴʥʝʡʰʠʝ ʨʘʩʯʝʪʳ ʩʫʤʤʘʨʥʦʛʦ ʧʦʪʦʢʦʩʮʝʧʣʝʥʠʷ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʫʨʘʚʥʝʥʠʝ (26) ʧʦʟʚʦʣʠʣʠ ʧʦʩʪʨʦʠʪʴ ʧʦʣʝʚʫʶ ʟʘʚʠʩʠʤʦʩʪʴ 

ʠʥʜʫʮʠʨʫʝʤʫ  ʁ ʵ.ʜ.ʩ. ʚʦ ʚʩʝʡ ʩʠʩʪʝʤʝ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʢʘʪʫʰʝʢ (ʫʨʘʚʥʝʥʠʝ (27)). 

ʇʨʝʜʩʪʘʚʣʝʥʥʘʷ ʥʘ ʨʠʩʫʥʢʝ 3.6 ʟʘʚʠʩʠʤʦʩʪʴ E(H) ʚ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʢʘʪʫʰʢʘʭ ʧʨʠ 

ʧʝʨʝʤʝʱʝʥʠʠ ʩʬʝʨʠʯʝʩʢʦʛʦ ʦʙʨʘʟʮʘ Ni (ʤʘʩʩʘ 37,27 ʤʛ) ʥʘ 5 ʤʤ ʧʦʟʚʦʣʠʣʘ ʧʦ ʚʝʣʠʯʠʥʝ 

ʵ.ʜ.ʩ., ʩʦʦʪʚʝʪʩʪʚʫʶʱʫ  ʁ ʩʦʩʪʦʷʥʠʶ ʥʘʩʳʱʝʥʠʷ ʤʘʪʝʨʠʘʣʘ, ʦʧʨʝʜʝʣʠʪʴ ʢʦʵʬʬʠʮʠʝʥʪ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʤʦʜʝʣʠ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʟʥʘʯʝʥʠʡ ʫʜʝʣʴʥʦʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ, ʢʦʪʦʨʳʡ 

ʩʦʩʪʘʚʠʣ 0.33778 ɸÖʤ2/(ʢʛÖɺ). 

 

ʈʠʩʫʥʦʢ 3.5 - ʇʦʣʝʚʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʫʜʝʣʴʥʦʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ 

ʦʙʨʘʟʮʘ Ni. ɺʩʪʘʚʢʘ: ʟʘʚʠʩʠʤʦʩʪʴ ʠʥʜʫʢʮʠʠ ʦʪ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʜʣʷ Ni.  
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʩʦʟʜʘʥʥʘʷ ʤʦʜʝʣʴ, ʧʦʟʚʦʣʠʣʘ ʧʨʦʚʦʜʠʪʴ ʯʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ 

ʢʨʠʚʳʭ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʤʘʛʥʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ʠʭ ʟʘʚʠʩʠʤʦʩʪʠ 

B(H). ʅʘ ʨʠʩʫʥʢʝ 3.7 ʧʨʠʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʧʦʣʝʚʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʫʜʝʣʴʥʦʡ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʦʙʨʘʟʮʘ Ni, ʧʦʣʫʯʝʥʥʳʭ ʚ ʭʦʜʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʟʤʝʨʝʥʠʡ ʥʘ ʚʠʙʨʘʮʠʦʥʥʦʤ ʤʘʛʥʠʪʦʤʝʪʨʝ (ʩʠʥʷʷ ʢʨʠʚʘʷ ʥʘ ʨʠʩʫʥʢʝ 

3.7) ʠ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʦʟʜʘʥʥʦʡ ʤʦʜʝʣʠ (ʟʝʣʝʥʘʷ ʢʨʠʚʘʷ ʥʘ 

ʨʠʩʫʥʢʝ 3.7). 

 

ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʦʟʤʦʞʥʦʩʪʠ ʉɸʇʈ Comsol Multiphysics ʧʦʟʚʦʣʷʣʠ 

ʧʨʦʚʦʜʠʪʴ ʨʘʩʯʪyʳ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʤʘʛʥʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚ ʩʦʟʜʘʥʥʦʡ ʤʦʜʝʣʠ ʢʘʢ ʧʦ 

ʜʘʥʥʳʤ ʠʥʜʫʮʠʨʫʝʤʦʡ ʵ.ʜ.ʩ. ʚ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʢʘʪʫʰʢʘʭ, ʪʘʢ ʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʤ 

ʦʧʨʝʜʝʣʝʥʠʝʤ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ ʤʦʜʫʣʷ ʚʝʢʪʦʨʘ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ (ʚʢʣʶʯʘʷ 3 ʧʨʦʝʢʮʠʠ 

ʚʝʢʪʦʨʘ) ʜʣʷ ʦʙʣʘʩʪʠ, ʦʧʨʝʜʝʣʷʶʱʫʶ ʦʙʨʘʟʝʮ. ɼʘʥʥʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ ʙʳʣʦ ʢʨʘʡʥʝ 

ʧʦʣʝʟʥʳʤ ʜʣʷ ʘʥʘʣʠʟʘ ʢʨʠʚʳʭ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ ʠʟʦʪʨʦʧʥʳʭ ʤʘʪʝʨʠʘʣʦʚ.  

 

ʄʦʜʝʣʴ ʘʥʠʟʦʪʨʦʧʥʦʛʦ ʤʘʛʥʝʪʠʢʘ 

ɺ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʠʩʩʣʝʜʫʝʤʳʝ ʚ ʨʘʙʦʪʝ ʤʘʪʝʨʠʘʣʳ ʷʚʣʷʶʪʩʷ 

ʚʳʩʦʢʦʘʥʠʟʦʪʨʦʧʥʳʤʠ ʦʜʥʦʦʩʥʳʤʠ ʤʘʛʥʝʪʠʢʘʤʠ, ʥʝʦʙʭʦʜʠʤʦ ʙʳʣʦ ʨʘʟʨʘʙʦʪʘʪʴ ʤʦʜʝʣʴ, 

 
 

ʈʠʩʫʥʦʢ 3.6 - ʇʦʣʝʚʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʵ.ʜ.ʩ. 

ʚ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʢʘʪʫʰʢʘʭ ʧʨʠ 

ʧʝʨʝʤʝʱʝʥʠʠ ʦʙʨʘʟʮʘ Ni ʥʘ 5 ʤʤ. 

ɺʩʪʘʚʢʘ: ʟʘʚʠʩʠʤʦʩʪʴ ʤʘʛʥʠʪʥʦʛʦ ʧʦʪʦʢʘ, 

ʩʮʝʧʣʝʥʥʦʛʦ ʩ ʢʘʞʜʦʡ ʠʟʤʝʨʠʪʝʣʴʥʦʡ 

ʢʘʪʫʰʢʦʡ ʦʪ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʤʘʛʥʠʪʥʦʛʦ 

ʧʦʣʷ.  

ʈʠʩʫʥʦʢ 3.7 - ʇʦʣʝʚʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʫʜʝʣʴʥʦʡ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ 

ʦʙʨʘʟʮʘ Ni, ʧʦʣʫʯʝʥʥʳʝ ʚ ʭʦʜʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʟʤʝʨʝʥʠʡ ʥʘ 

ʚʠʙʨʘʮʠʦʥʥʦʤ ʤʘʛʥʠʪʦʤʝʪʨʝ ʠ ʯʠʩʣʝʥʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ.  



79 

 
ʫʯʠʪʳʚʘʶʱʫʶ ʞʝʩʪʢʫʶ ʩʚʷʟʴ ʚʝʢʪʦʨʘ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʚ ʵʪʠʭ ʤʘʪʝʨʠʘʣʘʭ ʩ ʚʳʜʝʣʝʥʥʳʤ 

ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʤ ʥʘʧʨʘʚʣʝʥʠʝʤ. 

ɼʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʤʘʪʝʨʠʘʣʦʚ, ʧʦʣʝʚʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʢʦʪʦʨʳʭ, 

ʠʤʝʝʪ ʥʝ ʣʠʥʝʡʥʳʭ ʭʘʨʘʢʪʝʨ ʚ Comsol Multiphysics ʠʤʝʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ ʢʨʠʚʦʡ B(H), ʠʟ ʢʦʪʦʨʦʡ ʚ ʧʦʩʣʝʜʫʶʱʝʤ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ 

ʤʘʛʥʠʪʥʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ. ʇʨʠ ʵʪʦʤ ʟʘʜʘʚʘʷ ʟʘʚʠʩʠʤʦʩʪʴ B(H) ʜʣʷ ʤʘʪʝʨʠʘʣʘ, 

ʧʦʜʨʘʟʫʤʝʚʘʝʪʩʷ, ʯʪʦ ʦʥ ʷʚʣʷʝʪʩʷ ʠʟʦʪʨʦʧʥʳʤ, ʠ ʨʝʰʝʥʠʝ ʥʝʣʠʥʝʡʥʦʛʦ ʫʨʘʚʥʝʥʠʷ 

ʧʨʠʩʚʘʠʚʘʝʪʩʷ ʚʩʝʤ ʪʨʝʤ ʥʘʧʨʘʚʣʝʥʠʷʤʠ ʦʩʝʡ ʢʦʦʨʜʠʥʘʪ. ʆʜʥʘʢʦ ʚ ʘʥʠʟʦʪʨʦʧʥʦʤ 

ʤʘʛʥʝʪʠʢʝ ʢʨʠʚʳʝ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ ʚ ʨʘʟʣʠʯʥʳʭ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʭ ʥʘʧʨʘʚʣʝʥʠʷʭ 

ʦʪʣʠʯʘʶʪʩʷ ʚ ʩʚʷʟʠ ʩ ʯʝʤ,  ʜʣʷ ʦʜʥʦʦʩʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʥʝʦʙʭʦʜʠʤʦ ʟʘʜʘʚʘʪʴ ʟʘʚʠʩʠʤʦʩʪʠ 

B(H) ʜʣʷ ʢʘʞʜʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʚʜʦʣʴ ʦʩʝʡ ʢʦʦʨʜʠʥʘʪ. ʈʝʰʝʥʠʝ ʪʨʝʭ ʥʝʣʠʥʝʡʥʳʭ 

ʫʨʘʚʥʝʥʠʡ ʜʣʷ ʢʘʞʜʦʡ ʪʦʯʢʠ ʛʝʦʤʝʪʨʠʠ ʤʘʪʝʨʠʘʣʘ ʷʚʣʷʝʪʩʷ ʥʝʚʦʟʤʦʞʥʳʤ, ʦʜʥʘʢʦ 

ʨʝʰʝʥʠʝ ʜʚʫʭ ʣʠʥʝʡʥʳʭ ʠ ʦʜʥʦʛʦ ʥʝʣʠʥʝʡʥʦʛʦ ʫʨʘʚʥʝʥʠ ̫ʚʧʦʣʥʝ ʚʦʟʤʦʞʥʦ. ʇʦʩʢʦʣʴʢʫ 

ʠʩʩʣʝʜʫʝʤʳʝ ʤʘʪʝʨʠʘʣʳ ʷʚʣʷʶʪʩʷ ʚʳʩʦʢʦʘʥʠʟʦʪʨʦʧʥʳʤʠ ʤʘʛʥʝʪʠʢʘʤʠ ʩ ʧʦʣʷʤʠ 

ʘʥʠʟʦʪʨʦʧʠʠ Ba ʙʦʣʝʝ 7 ʊʣ (ʜʣʷ SmCo5 Baº44ʊʣ, ʜʣʷ Nd2Fe14B Baº7,7ʊʣ), ʘ ʧʦʣʷʨʠʟʘʮʠ ̫J 

(ʜʣʷ SmCo5 Jº1.07 ʊʣ, ʜʣʷ Nd2Fe14B Jº1,61 ʊʣ) ʚʤʝʩʪʝ ʩ ʚʥʝʰʥʠʤ ʧʦʣʝʤ ʜʦ 1,5 ʊʣ ʥʝ 

ʧʨʝʚʳʰʘʝʪ ʧʦʣʝʡ Ba, ʪʦ ʚʧʦʣʥʝ ʢʦʨʨʝʢʪʥʦ ʟʘʜʘʪɹ  ʩʚʦʡʩʪʚʘ ʪʘʢʦʛʦ ʤʘʪʝʨʠʘʣʘ ʯʝʨʝʟ 

ʤʘʪʨʠʮʫ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ: 

‘ π π
π ‘ π

π π ὄȿὌȿȾ‘ȿὌȿ
 

ʛʜʝ Õr ï ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʤʘʛʥʠʪʥʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʜʣʷ ʤʘʪʝʨʠʘʣʘ ʚʜʦʣʴ ʦʩʝʡ ʪʨʫʜʥʦʛʦ 

ʥʘʧʨʘʚʣʝʥʠʷ.  ɿʥʘʯʝʥʠʷ Õr ʜʣʷ ʤʦʜʝʣʠʨʫʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʠʟ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʠʟʤʝʨʝʥʥʳʭ ʢʨʠʚʳʭ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ ʚʜʦʣʴ ʪʨʫʜʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ (ʩʤ. 

ʨʠʩʫʥʢʠ 3.1 ʠ 3.2) ʠ ʩʦʩʪʘʚʠʣʠ 1,025 ʠ 1,35 ʜʣʷ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ SmCo5 ʠ Nd2Fe14B 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʅʘ ʨʠʩʫʥʢʘʭ 3.5ʘ-3.6ʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

(ʢʨʠʚʳʝ ʩ ʤʘʨʢʝʨʘʤʠ) ʠ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ (ʙʝʟʤʘʨʢʝʨʥʳʝ ʢʨʠʚʳʝ) ʧʦʣʝʚʳʭ 

ʟʘʚʠʩʠʤʦʩʪʝʡ ʫʜʝʣʴʥʦʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʩʬʝʨʠʯʝʩʢʠʭ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ SmCo5 ʠ 

Nd2Fe14B, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʧʦʣʷ ʦʪ 0 ʜʦ ʧʦʣʷ, ʧʨʠ ʢʦʪʦʨʦʤ ʜʦʩʪʠʛʘʝʪʩʷ 

ʥʘʩʳʱʝʥʠʝ ʦʙʨʘʟʮʦʚ), ʠ ʧʦʜʛʦʪʦʚʣʝʥʥʳʭ ʠʟ ʥʠʭ ʰʣʠʬʦʚ. ɻʝʦʤʝʪʨʠʯʝʩʢʠʝ ʤʦʜʝʣʠ 



80 

 
ʦʙʨʘʟʮʦʚ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʚ ʬʦʨʤʝ ʵʣʣʠʧʩʦʠʜʦʚ ʠ ʧʦʜʛʦʪʦʚʣʝʥʥʦʛʦ ʰʣʠʬʘ ʧʦʢʘʟʘʥʳ ʥʘ 

ʨʠʩʫʥʢʘʭ 3.8ʙ ʠ 3.9ʙ. ʍʦʨʦʰʦ ʚʠʜʥʦ ʩʦʚʧʘʜʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠ ʨʘʩʯʸʪʥʳʭ ʢʨʠʚʳʭ, 

ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʢʦʨʨʝʢʪʥʦʩʪʠ ʤʦʜʝʣʠ. ʅʘʠʙʦʣʝʝ ʚʘʞʥʳʤ ʨʝʟʫʣʴʪʘʪʦʤ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʠʟʫʯʝʥʠʷ ʚʙʣʠʟʠ ʦʙʣʘʩʪʠ ʥʘʩʳʱʝʥʠʷ ʭʦʜʘ ʢʨʠʚʳʭ 

ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ ʦʙʨʘʟʮʦʚ ʚ ʬʦʨʤʝ ʰʘʨʦʚʦʛʦ ʩʝʛʤʝʥʪʘ (ʰʣʠʬʘ), ʧʦʩʢʦʣʴʢʫ ʚʳʜʝʣʝʥʠʝ 

ʚʢʣʘʜʘ ʚ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ ʦʪ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʣʦʝʚ ʥʘ ʰʣʠʬʦʚʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘ 

ʨʝʘʣʴʥʦʤ ʤʘʛʥʠʪʦʤʝʪʨʝ ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʳʤ. ʇʦʤʠʤʦ ʵʪʦʛʦ, ʤʦʜʝʣʴ ʧʦʟʚʦʣʷʝʪ 

ʩʪʨʦʠʪʴ ʢʨʠʚʳʝ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ ʚ ʣʶʙʦʡ ʪʦʯʢʝ ʠʣʠ ʦʙʣʘʩʪʠ ʦʙʨʘʟʮʘ, ʯʪʦ ʜʘʝʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʩʩʯʠʪʘʪʴ ʢʨʠʚʳʝ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ, ʚ ʯʘʩʪʥʦʩʪʠ, ʮʝʥʪʨʘʣʴʥʦʡ ʦʙʣʘʩʪʠ 

ʧʦʚʝʨʭʥʦʩʪʠ ʰʣʠʬʘ (ʢʨʘʩʥʳʝ ʢʨʠʚʳʝ ʥʘ ʨʠʩʫʥʢʘʭ 3.8ʘ ʠ 3.9ʙ).  

ɹʣʘʛʦʜʘʨʷ ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʫʜʘʣʦʩʴ ʫʩʪʘʥʦʚʠʪʴ, ʯʪʦ ʚ ʩʚʷʟʠ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʧʦʣʝʡ 

ʨʘʟʤʘʛʥʠʯʠʚʘʥʠʷ ʥʘ ʰʣʠʬʦʚʘʥʥʦʤ ʫʯʘʩʪʢʝ ʧʦʚʝʨʭʥʦʩʪʠ ʵʣʣʠʧʩʦʠʜʘʣʴʥʳʭ ʦʙʨʘʟʮʦʚ 

ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʚ ʦʪʣʠʯʠʝ ʦʪ ʦʙʲʸʤʘ ʭʦʜ ʢʨʠʚʳʭ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ ʚʩʝʛʦ ʦʙʨʘʟʮʘ ʠ 

ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʟʣʠʯʘʝʪʩʷ, ʦʜʥʘʢʦ ʧʦʣʝ ʥʘʩʳʱʝʥʠʷ ʚ ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʩʦʚʧʘʜʘʝʪ. ʇʦʤʠʤʦ 

ʵʪʦʛʦ, ʧʦʣʷ ʥʘʩʳʱʝʥʠʷ ʰʣʠʬʦʚʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʦʪʣʠʯʘʶʪʩʷ ʚ ʮʝʥʪʨʝ ʠ ʥʘ ʢʨʘʷʭ ʰʣʠʬʘ 

ʠ ʪʦʯʥʦ ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʦʣʷʤʠ ʨʘʩʩʝʠʚʘʥʠʷ ʵʪʠʭ ʫʯʘʩʪʢʦʚ. 

 

 

ʈʠʩʫʥʦʢ 3.8 - ʇʦʣʝʚʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʫʜʝʣʴʥʦʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʦʙʨʘʟʮʦʚ 

ʤʦʥʦʢʨʠʩʪʘʣʣʘ SmCo5, ʧʦʣʫʯʝʥʥʳʝ ʚ ʭʦʜʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʟʤʝʨʝʥʠʡ ʥʘ 

ʚʠʙʨʘʮʠʦʥʥʦʤ ʤʘʛʥʠʪʦʤʝʪʨʝ ʠ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ (a);  

ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʦʙʨʘʟʮʦʚ ʚ ʭʦʜʝ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩ ʫʢʘʟʘʥʠʝʤ ʦʩʠ 

ʣʝʛʢʦʛʦ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ (ʙ).  



81 

 
 ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʦʙʨʘʟʝʮ ʠʤʝʝʪ ʬʦʨʤʫ ʥʝ 

ʩʭʦʞʫʶ ʩ ʵʣʣʠʧʩʦʠʜʦʤ ʚʨʘʱʝʥʠʷ ʠʣʠ ʰʘʨʦʤ, ʥʘʧʨʠʤʝʨ, ʰʘʨʦʚʦʛʦ ʩʝʛʤʝʥʪʘ, ʢʦʠʤ 

ʷʚʣʷʝʪʩʷ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʤ ʧʦʜʛʦʪʦʚʣʝʥʥʳʡ ʰʣʠʬ, ʟʘʢʦʥ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʚ ʥʠʭ ʥʝʠʟʚʝʩʪʝʥ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʪʨʫʜʥʷʝʪ ʨʘʩʯʝʪ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʨʘʟʤʘʛʥʠʯʠʚʘʥʠʷ ʵʪʠʭ ʦʙʨʘʟʮʦʚ. ɺ ʩʚʷʟʠ ʩ ʚʳʰʝʩʢʘʟʘʥʥʳʤ ʚ ʜʘʣʴʥʝʡʰʝʤ ʚ ʨʘʙʦʪʝ ʙʳʣʦ 

ʧʨʦʚʝʜʝʥʦ ʢʦʤʧʴʶʪʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʠʟʦʪʨʦʧʥʳʭ ʠ ʚʳʩʦʢʦʘʥʠʟʦʪʨʦʧʥʳʭ ʦʙʨʘʟʮʦʚ 

ʨʘʟʣʠʯʥʦʡ ʬʦʨʤʳ ʩ ʮʝʣʴʶ ʨʘʩʯʝʪʘ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʨʘʟʤʘʛʥʠʯʠʚʘʥʠʷ, ʫʯʠʪʳʚʘʶʱʠʭ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʚ ʦʙʲʸʤʝ ʦʙʨʘʟʮʦʚ. 

 

ʈʘʩʯʝʪ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʨʘʟʤʘʛʥʠʯʠʚʘʥʠʷ ʪʝʣ ʨʘʟʣʠʯʥʦʡ ʬʦʨʤʳ 

ʀʟʤʝʨʝʥʠʷ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʥʘ ʚʠʙʨʘʮʠʦʥʥʳʭ ʤʘʛʥʠʪʦʤʝʪʨʘʭ ʧʨʦʚʦʜʷʪʩʷ ʚ 

ʨʘʟʦʤʢʥʫʪʳʭ ʤʘʛʥʠʪʥʳʭ ʮʝʧʷʭ, ʚ ʩʚʷʟʠ ʩ ʯʝʤ, ʧʝʨʝʜ ʠʩʩʣʝʜʦʚʘʪʝʣʝʤ ʩʪʦʠʪ ʟʘʜʘʯʘ, ʯʪʦʙʳ 

ʩʢʦʨʨʝʢʪʠʨʦʚʘʪʴ ʟʥʘʯʝʥʠʷ ʧʨʠʣʦʞʝʥʥʦʛʦ ʧʦʣʷ Hʘ ʥʘ ʟʥʘʯʝʥʠʷ ʠʩʪʠʥʥʦʛʦ ʧʦʣʷ Hi ʧʫʪʝʤ 

ʚʳʯʠʪʘʥʠʷ ʟʥʘʯʝʥʠʡ ʨʘʟʤʘʛʥʠʯʠʚʘʶʱʝʛʦ ʧʦʣʷ Hd. ʉʦʦʪʥʦʰʝʥʠʝ ʪʘʢʦʚʦ 

Ὄ Ὄ Ὄ                                                       (28) 

ʛʜʝ Hd = NdM, ʘ Nd ï ʨʘʟʤʘʛʥʠʯʠʚʘʶʱʠʡ ʬʘʢʪʦʨ ʠʣʠ ʢʦʵʬʬʠʮʠʝʥʪ ʨʘʟʤʘʛʥʠʯʠʚʘʥʠʷ. 

 

ʈʠʩʫʥʦʢ 3.9 - ʇʦʣʝʚʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʫʜʝʣʴʥʦʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʦʙʨʘʟʮʦʚ 

ʤʦʥʦʢʨʠʩʪʘʣʣʘ Nd2Fe14B, ʧʦʣʫʯʝʥʥʳʝ ʚ ʭʦʜʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʟʤʝʨʝʥʠʡ ʥʘ 

ʚʠʙʨʘʮʠʦʥʥʦʤ ʤʘʛʥʠʪʦʤʝʪʨʝ ʠ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ (a);  

ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʦʙʨʘʟʮʦʚ ʚ ʭʦʜʝ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩ ʫʢʘʟʘʥʠʝʤ ʦʩʠ 

ʣʝʛʢʦʛʦ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ (ʙ).  



82 

 
ɺʘʞʥʦ ʧʦʤʥʠʪʴ, ʯʪʦ ʨʘʟʤʘʛʥʠʯʠʚʘʶʱʝʝ ʧʦʣʝ ʚʩʝʛʜʘ ʥʘʧʨʘʚʣʝʥʦ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦ 

ʥʘʧʨʘʚʣʝʥʠʶ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ ʚ ʦʙʨʘʟʮʝ. ɽʩʣʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʦʣʫʯʝʥʳ 

ʟʥʘʯʝʥʠʷ M, ʪʦ ʢʦʨʨʝʢʪʠʨʦʚʢʘ ʧʨʦʩʪʘ: ʧʨʠ ʢʘʞʜʦʤ ʟʥʘʯʝʥʠʠ M ʨʘʟʤʘʛʥʠʯʠʚʘʶʱʝʝ ʧʦʣʝ 

ʚʳʯʠʩʣʷʝʪʩʷ ʧʦ ʫʨʘʚʥʝʥʠʶ 

Ὄ ὔὓ                                                         (29) 

ʠ ʨʘʟʤʘʛʥʠʯʠʚʘʶʱʝʝ ʧʦʣʝ ʚʳʯʠʪʘʝʪʩʷ ʠʟ ʧʨʠʣʦʞʝʥʥʦʛʦ ʧʦʣʷ (28) ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʠʩʪʠʥʥʦʛʦ ʧʦʣʷ, ʜʝʡʩʪʚʫʶʱʝʛʦ ʥʘ ʦʙʨʘʟʝʮ. ʇʦʧʨʘʚʢʠ ʚʥʦʩʷʪʩʷ ʧʨʠ ʬʠʢʩʠʨʦʚʘʥʥʳʭ 

ʟʥʘʯʝʥʠʷʭ M ʠ ʧʝʨʝʤʝʱʘʶʪ ʠʟʤʝʨʝʥʥʳʝ ʟʥʘʯʝʥʠʷ M ʧʘʨʘʣʣʝʣʴʥʦ ʦʩʠ H.  

 

ʈʠʩʫʥʦʢ 3.10 - ɻʨʘʬʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʨʘʟʤʘʛʥʠʯʠʚʘʶʱʠʭ ʧʦʣʝʡ. (ʘ) ɻʨʘʬʠʢ 

ʟʘʚʠʩʠʤʦʩʪʠ M(H), (ʙ) ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ B(H). 

 

ʇʦʩʢʦʣʴʢʫ ʨʘʟʤʘʛʥʠʯʠʚʘʶʱʝʝ ʧʦʣʝ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ, Hd ʤʦʞʥʦ 

ʧʨʝʜʩʪʘʚʠʪʴ ʣʠʥʠʝʡ OD ʥʘ ʨʠʩʫʥʢʝ 3.10ʘ, ʘ ʢʦʨʨʝʢʮʠʶ ʨʘʟʤʘʛʥʠʯʠʚʘʥʠʷ ʤʦʞʥʦ 

ʚʠʟʫʘʣʠʟʠʨʦʚʘʪʴ, ʧʦʚʦʨʘʯʠʚʘʷ ʣʠʥʠʶ OD ʧʨʦʪʠʚ ʯʘʩʦʚʦʡ ʩʪʨʝʣʢʠ ʚʦʢʨʫʛ ʥʘʯʘʣʘ 

ʢʦʦʨʜʠʥʘʪ O ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʦʥʘ ʥʝ ʩʦʚʧʘʜʝʪ ʩ ʦʩʴʶ y, ʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʝʨʝʤʝʱʘʷ ʢʘʞʜʦʝ 

ʠʟ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ M ʧʘʨʘʣʣʝʣʴʥʦ ʦʩʠ, ʩʦʭʨʘʥʷʷ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʣʠʥʠʝʡ 

OD ʠ ʟʥʘʯʝʥʠʝʤ M ʧʦʩʪʦʷʥʥʳʤ. ʀʥʦʛʜʘ ʜʘʥʥʫʶ ʦʧʝʨʘʮʠʶ ʥʘʟʳʚʘʶʪ ʢʦʨʨʝʢʮʠʝʡ ʩʜʚʠʛʘ. 

ʂʦʛʜʘ ʠʟʤʝʨʝʥʠʝ ʜʘʝʪ ʟʥʘʯʝʥʠʷ ʠʥʜʫʢʮʠʠ B, ʘ ʥʝ M, ʢʦʨʨʝʢʮʠʷ ʩʪʘʥʦʚʠʪʩʷ ʙʦʣʝʝ ʩʣʦʞʥʦʡ. 

M ʠ Hd ʦʮʝʥʠʚʘʶʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

" Ὄ τ“ὓ Ὄ ὔὓ τ“ὓ ˞ ː  ˞                                (30) 

"

‘
Ὄ ὓ Ὄ ὔὓ ὓ ˞  ̞

ʊʦʛʜʘ 

ὓ  ˞ ː ˞             ὓ  ˞  ̞                                 (31) 
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Ὄ ὔ  ˞ ː ˞      Ὄ ὔ  ˞  ̞                          (32) 

ʏʘʩʪʦ ʚʦʟʤʦʞʥʳ ʜʚʘ ʫʧʨʦʱʝʥʠʷ. ɺʦ-ʧʝʨʚʳʭ, ʝʩʣʠ Nd ʜʦʩʪʘʪʦʯʥʦ ʤʘʣ ʧʦ ʩʨʘʚʥʝʥʠʶ 

ʩ 4 ́(ʉɻʉ) ʠʣʠ 1 (ʉʀ), ʟʥʘʤʝʥʘʪʝʣʴ ʚ ʫʨʘʚʥʝʥʠʷʭ (31) ʠ (32) ʤʦʞʝʪ ʙʳʪʴ ʟʘʤʝʥʝʥ ʥʘ 4 ́

ʠʣʠ 1. ʇʦʤʥʷ, ʯʪʦ ʨʘʟʤʘʛʥʠʯʠʚʘʶʱʠʝ ʬʘʢʪʦʨʳ ʥʝ ʷʚʣʷʶʪʩʷ ʪʦʯʥʳʤʠ ʠʣʠ ʯʝʪʢʦ 

ʦʧʨʝʜʝʣʝʥʥʳʤʠ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʵʣʣʠʧʩʦʠʜʦʚ, ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʝʩʣʠ Nd ʩʦʩʪʘʚʣʷʝʪ 

ʤʝʥʝʝ 2% ʦʪ ʩʚʦʝʛʦ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ (4ˊ ʠʣʠ 1), ʪʦ ʠʤ ʤʦʞʥʦ ʧʨʝʥʝʙʨʝʯʴ. ʕʪʦ ʥʝ 

ʦʟʥʘʯʘʝʪ, ʯʪʦ ʨʘʟʤʘʛʥʠʯʠʚʘʶʱʠʤ ʧʦʣʝʤ ʤʦʞʥʦ ʧʨʝʥʝʙʨʝʯʴ, ʧʨʦʩʪʦ Nd ʤʦʞʥʦ ʧʨʝʥʝʙʨʝʯʴ 

ʚ ʵʪʦʤ ʟʥʘʤʝʥʘʪʝʣʝ. ɺʦ-ʚʪʦʨʳʭ, ʚʦ ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ ʧʨʠ ʠʟʤʝʨʝʥʠʠ ʤʘʛʥʠʪʦʤʷʛʢʠʭ 

ʤʘʪʝʨʠʘʣʦʚ ʟʥʘʯʝʥʠʝ Ha ʤʘʣʦ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ B (ʉɻʉ) ʠʣʠ B/Õ0 (ʉʀ). ɽʩʣʠ ʚʳʧʦʣʥʷʶʪʩʷ 

ʦʙʘ ʵʪʠ ʫʩʣʦʚʠʷ, ʫʨʘʚʥʝʥʠʝ (5) ʩʚʦʜʠʪʩʷ ʢ 

Ὄ ὔ  ˞ ː ˞      Ὄ ὔ  ˞  ̞                                   (33) 

ʂʦʛʜʘ ʧʦʣʝ, ʧʨʠʣʦʞʝʥʥʦʝ ʢ ʦʙʨʘʟʮʫ ʚ ʩʣʫʯʘʝ ʨʘʟʦʤʢʥʫʪʦʡ ʮʝʧʠ, ʫʤʝʥʴʰʘʝʪʩʷ ʜʦ 

ʥʫʣʷ, ʦʩʪʘʪʦʯʥʘʷ ʠʥʜʫʢʮʠʷ ʚʩʝʛʜʘ ʤʝʥʴʰʝ, ʯʝʤ ʚ ʢʦʣʴʮʝʚʦʤ ʦʙʨʘʟʮʝ, ʠʟ-ʟʘ 

ʨʘʟʤʘʛʥʠʯʠʚʘʶʱʝʛʦ ʧʦʣʷ. ʅʘ ʨʠʩʫʥʢʝ 3.10ʙ ʠʥʜʫʢʮʠʷ ʚ ʢʦʣʴʮʝʚʦʤ ʦʙʨʘʟʮʝ ʙʳʣʘ ʙ  rʨʘʚʥʘ 

Br, ʧʦʩʢʦʣʴʢʫ Hd = 0, ʘ Ha = H. ʅʦ ʚ ʦʙʨʘʟʮʝ ʚ ʨʘʟʦʤʢʥʫʪʦʡ ʤʘʛʥʠʪʥʦʡ ʮʝʧʠ ʦʩʪʘʪʦʯʥʘʷ 

ʠʥʜʫʢʮʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʝʨʝʩʝʯʝʥʠʝʤ ʣʠʥʠʠ ʨʘʟʤʘʛʥʠʯʠʚʘʥʠʷ OC ʠʣʠ OCô ʩʦ ʚʪʦʨʳʤ 

ʢʚʘʜʨʘʥʪʦʤ ʧʝʪʣʠ ʛʠʩʪʝʨʝʟʠʩʘ. ɽʩʣʠ ʦʙʨʘʟʝʮ ʜʣʠʥʥʳʡ ʠ ʪʦʥʢʠʡ, ʵʪʘ ʣʠʥʠʷ (OC) ʙʫʜʝʪ 

ʢʨʫʪʦʡ, ʘ ʦʩʪʘʪʦʯʥʘʷ ʠʥʜʫʢʮʠʷ B1 ʥʝ ʙʫʜʝʪ ʩʠʣʴʥʦ ʦʪʣʠʯʘʪʴʩʷ ʦʪ ʪʘʢʦʚʦʡ ʫ ʢʦʣʴʮʘ. ɽʩʣʠ 

ʦʙʨʘʟʝʮ ʢʦʨʦʪʢʠʡ ʠ ʪʦʣʩʪʳʡ, ʣʠʥʠʷ (OCô) ʙʫʜʝʪ ʥʘʩʪʦʣʴʢʦ ʧʣʦʩʢʦʡ, ʯʪʦ ʦʩʪʘʪʦʯʥʘʷ 

ʠʥʜʫʢʮʠʷ B2 ʙʫʜʝʪ ʦʯʝʥʴ ʤʘʣʘ. ʈʘʟʤʘʛʥʠʯʠʚʘʶʱʠʡ ʵʬʬʝʢʪ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ ʦʛʨʦʤʥʳʭ 

ʚʝʣʠʯʠʥ ʚ ʥʝʙʦʣʴʰʠʭ ʦʙʨʘʟʮʘʭ ʤʘʛʥʠʪʦʤʷʛʢʠʭ ʤʘʪʝʨʠʘʣʦʚ. 

ʈʘʟʤʘʛʥʠʯʠʚʘʶʱʠʡ ʬʘʢʪʦʨ Nd ʟʘʚʠʩʠʪ ʦʪ ʬʦʨʤʳ ʪʝʣʘ ʠ ʤʦʞʝʪ ʙʳʪʴ ʨʘʩʩʯʠʪʘʥ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠ ʪʦʯʥʦ ʪʦʣʴʢʦ ʜʣʷ ʦʜʥʦʨʦʜʥʦ ʥʘʤʘʛʥʠʯʝʥʥʳʭ ʪʝʣ ï ɻ ʣʣʠʧʩʦʠʜʦʚ, ʯʘʩʪʥʳʤʠ 

ʩʣʫʯʘʷʤʠ ʢʦʪʦʨʳʭ ʷʚʣʷʶʪʩʷ ʵʣʣʠʧʩʦʠʜ ʚʨʘʱʝʥʠʷ ʠ ʰʘʨ (ʨʠʩʫʥʦʢ 3.11ʘ). ʕʣʣʠʧʩʦʠʜ ʚʦ 

ʚʩʝʭ ʩʚʦʠʭ ʯʘʩʪʥʳʭ ʩʣʫʯʘʷʭ ï ʝʜʠʥʩʪʚʝʥʥʦʝ ʪʝʣʦ, ʢʦʪʦʨʦʝ ʚ ʦʜʥʦʨʦʜʥʦʤ ʧʦʣʝ 

ʧʦʣʷʨʠʟʫʝʪʩʷ ʩʪʨʦʛʦ ʦʜʥʦʨʦʜʥʦ, ʪ. ʝ. ʪʘʢ, ʯʪʦ ʢʘʞʜʳʡ ʵʣʝʤʝʥʪ ʦʙʲʸʤʘ ʠʤʝʝʪ ʦʜʥʫ ʠ ʪʫ ʞʝ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʦʣʷʨʠʟʘʮʠʠ. ʆʙʦʩʥʦʚʘʥʠʝ ʵʪʦʛʦ ʜʘʥʦ ʇʫʘʩʩʦʥʦʤ [88]. ʄʘʢʩʚʝʣʣ, ʩʣʝʜʫʷ 

ʤʝʪʦʜʫ ʇʫʘʩʩʦʥʘ, ʧʦʢʘʟʘʣ, ʯʪʦ ʧʨʠ ʦʜʥʦʨʦʜʥʦʡ ʠ ʧʘʨʘʣʣʝʣʴʥʦʡ ʚʥʝʰʥʝʡ ʤʘʛʥʠʪʥʦʡ ʩʠʣʝ 

ʤʘʛʥʠʪʥʘʷ ʩʠʣʘ, ʩʚʷʟʘʥʥʘʷ ʩ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴʶ, ʪʘʢʞʝ ʜʦʣʞʥʘ ʙʳʪʴ ʦʜʥʦʨʦʜʥʦʡ ʠ 

ʧʘʨʘʣʣʝʣʴʥʦʡ ʚʦ ʚʩʝʭ ʪʦʯʢʘʭ ʚʥʫʪʨʠ ʪʝʣʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʠʟʚʦʜʥʘʷ ʧʦʪʝʥʮʠʘʣʘ dV/dx 
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ʜʦʣʞʥʘ ʙʳʪʴ ʚʥʫʪʨʠ ʪʝʣʘ ʣʠʥʝʡʥʦʡ ʬʫʥʢʮʠʝʡ ʢʦʦʨʜʠʥʘʪ x, y, z. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʦʪʝʥʮʠʘʣ 

V ʜʦʣʞʝʥ ʙʳʪʴ ʢʚʘʜʨʘʪʠʯʥʦʡ ʬʫʥʢʮʠʝʡ ʵʪʠʭ ʢʦʦʨʜʠʥʘʪ. ʊʝʣʘʤʠ, V ʚʥʫʪʨʠ ʢʦʪʦʨʳʭ 

ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʢʚʘʜʨʘʪʠʯʥʦʡ ʬʫʥʢʮʠʝʡ ʢʦʦʨʜʠʥʘʪ, ʷʚʣʷʶʪʩʷ ʪʦʣʴʢʦ ʪʝʣʘ, ʦʛʨʘʥʠʯʝʥʥʳʝ 

ʧʦʚʝʨʭʥʦʩʪʴʶ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ. ɽʜʠʥʩʪʚʝʥʥʳʤ ʩʣʫʯʘʝʤ, ʢʦʛʜʘ ʪʘʢʦʝ ʪʝʣʦ ʦʙʣʘʜʘʝʪ 

ʦʛʨʘʥʠʯʝʥʥʳʤʠ ʨʘʟʤʝʨʘʤʠ, ʷʚʣʷʝʪʩʷ ʵʣʣʠʧʩʦʠʜ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʳʰʝʧʨʠʚʝʜʝʥʥʳʝ ʫʪʚʝʨʞʜʝʥʠʷ ʪʨʝʙʫʶʪ ʫʪʦʯʥʝʥʠʷ 

ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʬʝʨʨʦ- ʠ ʬʝʨʨʠʤʘʛʥʠʪʥʳʤ ʤʘʪʝʨʠʘʣʘʤ, ʧʦʩʢʦʣʴʢʫ ʦʥʠ ʩʦʩʪʦʷʪ ʠʟ 

ʜʦʤʝʥʦʚ ʠʣʠ ʥʝʙʦʣʴʰʠʭ ʦʙʣʘʩʪʝʡ, ʥʘʤʘʛʥʠʯʝʥʥʳʭ ʜʦ ʥʘʩʳʱʝʥʠʷ ʚ ʨʘʟʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷʭ. 

ɼʘʞʝ ʵʣʣʠʧʩʦʠʜʘʣʴʥʳʡ ʦʙʨʘʟʝʮ ʠʟ ʪʘʢʦʛʦ ʤʘʪʝʨʠʘʣʘ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʨʘʚʥʦʤʝʨʥʦ 

ʥʘʤʘʛʥʠʯʝʥ, ʭʦʪʷ ʫʩʣʦʚʠʝ ʨʘʚʥʦʤʝʨʥʦʛʦ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ ʜʦʩʪʠʛʘʝʪʩʷ ʧʦ ʤʝʨʝ ʪʦʛʦ, ʢʘʢ 

ʨʘʟʤʝʨ ʜʦʤʝʥʘ ʩʪʘʥʦʚʠʪʩʷ ʤʝʥʴʰʠʤ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʨʘʟʤʝʨʦʤ ʦʙʨʘʟʮʘ. 

 

ʘ) ʙ) 

ʈʠʩʫʥʦʢ 3.11 - ʉʠʣʦʚʳʝ ʣʠʥʠʠ ʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ ʚ ʰʘʨʝ (ʘ) ʠ ʮʠʣʠʥʜʨʝ (ʙ) ʠʟ 

ʬʝʨʨʦʤʘʛʥʠʪʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ 

 

ʉʫʤʤʘ ʨʘʟʤʘʛʥʠʯʠʚʘʶʱʠʭ ʬʘʢʪʦʨʦʚ ʚʜʦʣʴ ʪʨʝʭ ʦʨʪʦʛʦʥʘʣʴʥʳʭ ʦʩʝʡ ʵʣʣʠʧʩʦʠʜʘ 

ʷʚʣʷʝʪʩʷ ʧʦʩʪʦʷʥʥʦʡ ʚʝʣʠʯʠʥʦʡ: 

ὔ ὔ ὔ τ“ ˞ ː ˞      ὔ ὔ ὔ ρ  ˞  ̞                  (34) 

ɼʣʷ ʩʬʝʨʠʯʝʩʢʦʛʦ ʦʙʨʘʟʮʘ ʨʘʟʤʘʛʥʠʯʠʚʘʶʱʠʡ ʬʘʢʪʦʨʳ Na, Nb ʠ Nc ʜʦʣʞʥʳ ʙʳʪʴ 

ʨʘʚʥʳ 

ὔ̒ ̜̆̑̕τ“Ⱦσ ˞ ː ˞      ὔ̒ ̜̆̑̕ρȾσ  ˞  ̞                           (35) 

ʆʙʱʠʡ ʵʣʣʠʧʩʦʠʜ ʠʤʝʝʪ ʪʨʠ ʥʝʨʘʚʥʳʝ ʦʩʠ 2a, 2b, 2c, ʘ ʩʝʯʝʥʠʝ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʝ 

ʣʶʙʦʡ ʦʩʠ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʵʣʣʠʧʩ (ʨʠʩʫʥʦʢ 3.12). ɹʦʣʴʰʠʡ ʧʨʘʢʪʠʯʝʩʢʠʡ ʠʥʪʝʨʝʩ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʵʣʣʠʧʩʦʠʜ ʚʨʘʱʝʥʠʷ, ʠʣʠ ʩʬʝʨʦʠʜ. ɺʳʪʷʥʫʪʳʡ ʩʬʝʨʦʠʜ ʦʙʨʘʟʫʝʪʩʷ ʧʫʪʝʤ 

ʚʨʘʱʝʥʠʷ ʵʣʣʠʧʩʘ ʚʦʢʨʫʛ ʝʛʦ ʛʣʘʚʥʦʡ ʦʩʠ 2c; ʧʨʠ ʵʪʦʤ a=b<c, ʠ ʧʦʣʫʯʝʥʥʦʝ ʪʚʝʨʜʦʝ ʪʝʣʦ 
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ʧʨʠʦʙʨʝʪʘʝʪ ʩʠʛʘʨʦʦʙʨʘʟʥʫʶ ʬʦʨʤʫ. ɺʨʘʱʝʥʠʝ ʚʦʢʨʫʛ ʤʘʣʦʡ ʦʩʠ 2ʘ ʧʨʠʚʦʜʠʪ ʢ 

ʦʙʨʘʟʦʚʘʥʠʶ ʩʧʣʶʩʥʫʪʦʛʦ ʩʬʝʨʦʠʜʘ ʚ ʬʦʨʤʝ ʜʠʩʢʘ (a<b=c). ʄʘʢʩʚʝʣʣ ʥʘʟʳʚʘʣ ʵʪʦʪ 

ʩʬʝʨʦʠʜ ʧʣʘʥʝʪʘʨʥʳʤ ʩʬʝʨʦʠʜʦʤ. 

 

ʈʠʩʫʥʦʢ 3.12 - ɺʠʜʳ ʵʣʣʠʧʩʦʠʜʦʚ 

 

ʋʨʘʚʥʝʥʠʷ, ʪʘʙʣʠʯʥʳʝ ʜʘʥʥʳʝ ʠ ʛʨʘʬʠʢʠ ʜʣʷ ʨʘʟʤʘʛʥʠʯʠʚʘʶʱʠʭ ʬʘʢʪʦʨʦʚ ʦʙʱʠʭ 

ʵʣʣʠʧʩʦʠʜʦʚ ʧʨʠʚʝʜʝʥʳ ʚ [88-90]. ʅʘʠʙʦʣʝʝ ʚʘʞʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʟʘʢʣʶʯʘʶʪʩʷ ʚ 

ʩʣʝʜʫʶʱʝʤ (ʟʜʝʩʴ C3 =4 ́(ʉɻʉ); C3= 1 (ʉʀ)): 

1. ɺʳʪʷʥʫʪʳʡ ʩʬʝʨʦʠʜ ʠʣʠ ʩʪʨʝʞʝʥʴ. a=b<c. ʆʙʦʟʥʘʯʠʤ ʩ/ʘ=m 

ὔ̒
˞

Ѝ
ÌÎά Ѝά ρ ρ                          (36) 

ὔ ὔ
˞

                                                (37) 

ɺ ʩʣʫʯʘʝ ʩʠʣʴʥʦ ʚʳʪʷʥʫʪʦʛʦ ʩʬʝʨʦʠʜʘ (m>>1) 

ὔ̒
˞
ÌÎςά ρ                                                (38) 

ὔ ὔ
˞

                                                        (39) 

2. ʉʧʣʶʩʥʫʪʳʡ ʩʬʝʨʦʠʜ ʠʣʠ ʜʠʩʢ. a<b=c. ʆʙʦʟʥʘʯʠʤ ʩ/ʘ=m 

ὔ̒ ὔ
˞

Ѝ
ÁÒÃÓÉÎ

Ѝ
ρ                          (40) 

ὔ ˞ ςὔ                                                      (41) 

ɺ ʩʣʫʯʘʝ ʩʠʣʴʥʦ ʩʧʣʶʩʥʫʪʦʛʦ ʩʬʝʨʦʠʜʘ (m>>1) 

ὔ̒ ὔ ˞                                              (42) 

ὔ ˞ ρ                                                (43) 

ʏʘʩʪʦ ʚʩʪʨʝʯʘʶʱʠʝʩʷ ʥʘ ʧʨʘʢʪʠʢʝ ʬʦʨʤʳ ʦʙʨʘʟʮʦʚ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 

ʮʠʣʠʥʜʨʠʯʝʩʢʠʡ ʩʪʝʨʞʝʥʴ (ʨʠʩʫʥʦʢ 3.11ʙ), ʥʘʤʘʛʥʠʯʝʥʥʳʡ ʚʜʦʣʴ ʩʚʦʝʡ ʦʩʠ, ʠ ʜʠʩʢ, 

ʥʘʤʘʛʥʠʯʝʥʥʳʡ ʚ ʩʚʦʝʡ ʧʣʦʩʢʦʩʪʠ. ʇʦʩʢʦʣʴʢʫ ʵʪʦ ʥʝ ʵʣʣʠʧʩʦʠʜʳ, ʢʦʵʬʬʠʮʠʝʥʪʳ 

ʨʘʟʤʘʛʥʠʯʠʚʘʥʠʷ, ʨʘʩʩʯʠʪʘʥʥʳʝ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʝʜʳʜʫʱʠʤʠ ʬʦʨʤʫʣʘʤʠ, ʙʫʜʫʪ ʚ 
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ʥʝʢʦʪʦʨʦʡ ʩʪʝʧʝʥʠ ʦʰʠʙʦʯʥʳʤʠ. ʉʪʝʨʞʥʠ ʠ ʜʠʩʢʠ ʥʠʢʦʛʜʘ ʥʝ ʥʘʤʘʛʥʠʯʠʚʘʶʪʩʷ 

ʨʘʚʥʦʤʝʨʥʦ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʩʣʫʯʘʝʚ, ʢʦʛʜʘ ʦʥʠ ʧʦʣʥʦʩʪʴʶ ʥʘʤʘʛʥʠʯʝʥʳ. 

ʈʘʟʤʘʛʥʠʯʠʚʘʶʱʝʝ ʧʦʣʝ ʠʟʤʝʥʷʝʪʩʷ ʦʪ ʦʜʥʦʡ ʪʦʯʢʠ ʦʙʨʘʟʮʘ ʢ ʜʨʫʛʦʡ ʠ ʧʦʵʪʦʤʫ ʥʝ ʠʤʝʝʪ 

ʦʜʥʦʟʥʘʯʥʦʛʦ ʟʥʘʯʝʥʠʷ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʧʦʩʦʙʘ ʠʟʤʝʨʝʥʠʷ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʤʦʛʫʪ 

ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʳ ʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʚʘ ʢʦʥʢʨʝʪʥʳʭ ʵʬʬʝʢʪʠʚʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʨʘʟʤʘʛʥʠʯʠʚʘʥʠʷ. ɹʘʣʣʠʩʪʠʯʝʩʢʠʡ ʠʣʠ ʬʣʶʢʩʤʝʪʨʠʯʝʩʢʠʡ ʨʘʟʤʘʛʥʠʯʠʚʘʶʱʠʡ 

ʢʦʵʬʬʠʮʠʝʥʪ Nf - ʵʪʦ ʦʪʥʦʰʝʥʠʝ ʩʨʝʜʥʝʛʦ ʨʘʟʤʘʛʥʠʯʠʚʘʶʱʝʛʦ ʧʦʣʷ ʢ ʩʨʝʜʥʝʡ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ, ʦʙʘ ʟʥʘʯʝʥʠʷ ʚʟʷʪʳ ʚ ʩʨʝʜʥʝʡ ʧʣʦʩʢʦʩʪʠ ʦʙʨʘʟʮʘ. ʕʪʦʪ ʢʦʵʬʬʠʮʠʝʥʪ 

ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʠ ʠʟʤʝʨʝʥʠʠ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʩ ʧʦʤʦʱʴʶ ʥʝʙʦʣʴʰʦʡ 

ʢʘʪʫʰʢʠ, ʥʘʤʦʪʘʥʥʦʡ ʥʘ ʦʙʨʘʟʝʮ ʚ ʝʛʦ ʩʨʝʜʥʝʡ ʪʦʯʢʝ, ʩ ʧʦʤʦʱʴʶ ʙʘʣʣʠʩʪʠʯʝʩʢʦʛʦ 

ʛʘʣʴʚʘʥʦʤʝʪʨʘ ʠʣʠ ʬʣʶʢʩʤʝʪʨʘ. ʌʣʶʢʩʤʝʪʨʠʯʝʩʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʨʘʟʤʘʛʥʠʯʠʚʘʥʠʷ 

ʧʦʣʝʟʝʥ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʜʣʷ ʦʙʨʘʟʮʦʚ ʚ ʬʦʨʤʝ ʩʪʝʨʞʥʝʡ. ʄʘʛʥʠʪʦʤʝʪʨʠʯʝʩʢʠʡ 

ʢʦʵʬʬʠʮʠʝʥʪ ʨʘʟʤʘʛʥʠʯʠʚʘʥʠʷ Nm ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʪʥʦʰʝʥʠʝ ʩʨʝʜʥʝʛʦ 

ʨʘʟʤʘʛʥʠʯʠʚʘʶʱʝʛʦ ʧʦʣʷ ʢ ʩʨʝʜʥʝʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʚʩʝʛʦ ʦʙʨʘʟʮʘ. ʕʪʦʪ ʢʦʵʬʬʠʮʠʝʥʪ 

ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ, ʢʦʛʜʘ ʦʙʱʠʡ ʤʘʛʥʠʪʥʳʡ ʤʦʤʝʥʪ ʦʙʨʘʟʮʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩ 

ʧʦʤʦʱʴʶ ʚʠʙʨʘʮʠʦʥʥʦʛʦ ʤʘʛʥʠʪʦʤʝʪʨʘ. ʆʜʥʘʢʦ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ, ʩʪʨʦʛʦ ʛʦʚʦʨʷ, 

ʚʠʙʨʘʮʠʦʥʥʳʡ ʤʘʛʥʠʪʦʤʝʪʨ ʠʟʤʝʨʷʝʪ ʦʙʱʠʡ ʤʦʤʝʥʪ ʦʙʨʘʟʮʘ ʪʦʣʴʢʦ ʚ ʪʦʤ ʩʣʫʯʘʝ, ʝʩʣʠ 

ʦʙʨʘʟʝʮ ʜʦʩʪʘʪʦʯʥʦ ʤʘʣ (ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʘʟʤʝʨʦʚ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʢʘʪʫʰʢʠ), ʯʪʦʙʳ 

ʜʝʡʩʪʚʦʚʘʪʴ ʢʘʢ ʪʦʯʝʯʥʳʡ ʜʠʧʦʣʴ.  

ɸʚʪʦʨʘʤʠ [91] ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʠʩʪʦʨʠʷ ʨʘʩʯʝʪʦʚ ʢʦʵʬʬʠʮʠʝʥʪʘ ʨʘʟʤʘʛʥʠʯʠʚʘʥʠʷ 

ʠ ʚʳʚʦʜʷʪʩʷ ʥʦʚʳʝ ʟʥʘʯʝʥʠʷ Nf ʠ Nm ʜʣʷ ʦʙʨʘʟʮʦʚ ʩʪʝʨʞʥʝʡ. ɺ ʙʦʣʝʝ ʧʦʟʜʥʝʡ ʨʘʙʦʪʝ [92] 

ʜʘʪʁʩʷ ʫʣʫʯʰʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʜʣʷ ʩʪʝʨʞʥʝʚʳʭ ʦʙʨʘʟʮʦʚ ʠ ʜʦʙʘʚʣʷʶʪʩ ̫ ʥʝʢʦʪʦʨʳʝ 

ʨʘʩʯʝʪʥʳʝ ʟʥʘʯʝʥʠʷ Nm ʜʣʷ ʜʠʩʢʦʚʳʭ ʦʙʨʘʟʮʦʚ. ɸʥʘʣʦʛʠʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʜʣʷ 

ʧʨʷʤʦʫʛʦʣʴʥʳʭ ʧʨʠʟʤ ʧʨʠʚʝʜʝʥʳ ʪʝʤʠ ʞʝ ʘʚʪʦʨʘʤʠ [93]. ɺʩʝ ʪʨʠ ʵʪʠ ʩʪʘʪʴʠ ʩʦʜʝʨʞʘʪ 

ʨʝʟʫʣʴʪʘʪʳ ʜʣʷ ʜʠʘʧʘʟʦʥʘ ʟʥʘʯʝʥʠʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ, ʘ ʪʘʢʞʝ ʜʣʷ ʬʦʨʤʳ ʦʙʨʘʟʮʘ. 

ʇʦʜʨʦʙʥʳʡ ʩʦʚʨʝʤʝʥʥʳʡ ʘʥʘʣʠʟ ʠ ʬʦʨʤʫʣʳ ʜʣʷ ʨʘʩʯʝʪʘ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

ʨʘʟʤʘʛʥʠʯʠʚʘʥʠʷ ʪʝʣ ʨʘʟʥʳʭ ʬʦʨʤ ʧʨʦʚʝʜʝʥʳ ʚ [88]. 

ɺ ʩʣʫʯʘʝ ʥʝ ʵʣʣʠʧʩʦʠʜʘʣʴʥʳʭ ʦʙʨʘʟʮʦʚ ʫʞʝ ʥʝ ʦʙʷʟʘʪʝʣʴʥʦ ʚʝʨʥʦ, ʯʪʦ ʩʫʤʤʘ ʪʨʝʭ 

ʦʨʪʦʛʦʥʘʣʴʥʳʭ ʨʘʟʤʘʛʥʠʯʠʚʘʶʱʠʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʷʚʣʷʝʪʩʷ ʧʦʩʪʦʷʥʥʦʡ, ʧʦʵʪʦʤʫ 

ʫʨʘʚʥʝʥʠʷ (34) ʥʝ ʩʦʚʩʝʤ ʢʦʨʨʝʢʪʥʳ. ʈʘʩʯʝʪ ʢʦʵʬʬʠʮʠʝʥʪʘ ʨʘʟʤʘʛʥʠʯʠʚʘʥʠʷ ʵʪʠʭ 

ʦʙʨʘʟʮʦʚ ʟʘʪʨʫʜʥʝʥ ʪʝʤ, ʯʪʦ ʟʘʢʦʥ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʚ ʥʠʭ ʥʝʠʟʚʝʩʪʝʥ. ɺ 

ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʯʝʪ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʨʘʟʤʘʛʥʠʯʠʚʘʥʠʷ ʦʙʨʘʟʮʦʚ ʨʘʟʣʠʯʥʦʡ ʬʦʨʤʳ 
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(ʩʬʝʨʘ, ʵʣʣʠʧʩʦʠʜ, ʩʬʝʨʠʯʝʩʢʦʛʦ ʩʝʛʤʝʥʪ, ʮʠʣʠʥʜʨ, ʧʘʨʘʣʣʝʣʝʧʠʧʝʜ, ʢʦʥʫʩ) 

ʧʨʦʠʟʚʦʜʠʣʩʷ ʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʢʨʠʚʳʭ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ 

ʧʦʩʨʝʜʩʪʚʦʤ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʤʦʜʝʣʠ ʚ ʧʨʦʛʨʘʤʤʝ Comsol Multiphysics 6.2. ʇʦʤʠʤʦ ʵʪʦʛʦ 

ʧʦʢʘʟʘʥʦ, ʢʘʢ ʦʪʣʠʯʘʝʪʩʷ ʨʘʟʤʘʛʥʠʯʠʚʘʶʱʠʡ ʬʘʢʪʦʨ ʜʣʷ ʠʟʦʪʨʦʧʥʦʛʦ ʠ ʘʥʠʟʦʪʨʦʧʥʦʛʦ 

ʦʙʨʘʟʮʦʚ ʦʜʠʥʘʢʦʚʦʡ ʬʦʨʤʳ. 

ʅʘ ʨʠʩʫʥʢʘʭ 3.13 ï 3.18 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ: ʜʣʷ ʚʩʝʭ 

ʦʙʨʘʟʮʦʚ ʦʧʠʩʘʥʳ ʛʝʦʤʝʪʨʠʯʝʩʢʘʷ ʬʦʨʤʘ ʠ ʨʘʟʤʝʨʳ, ʧʦʢʘʟʘʥʳ ʛʝʦʤʝʪʨʠʯʝʩʢʘʷ ʤʦʜʝʣʴ 

ʦʙʨʘʟʮʘ, ʢʘʨʪʠʥʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ z-ʢʦʤʧʦʥʝʥʪʳ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʚ ʩʝʯʝʥʠʠ ʦʙʨʘʟʮʦʚ ʚ 

ʧʦʣʷʭ 0,2 ʠ 0,5 ʊʣ,  ʧʦʣʝʚʳʝ ʟʘʚʠʩʠʤʦʩʪʝʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʝʡ (ʚʩʪʘʚʢʘ: ʟʘʚʠʩʠʤʦʩʪʴ 

ʬʘʢʪʦʨʘ ʬʦʨʤʳ ʦʙʨʘʟʮʘ ʦʪ ʧʨʠʚʝʜʝʥʥʦʡ ʫʜʝʣʴʥʦʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ). ʅʝʦʙʭʦʜʠʤʦ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʦʣʝʚʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʫʜʝʣʴʥʦʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʨʠʚʳʤʠ, 

ʧʦʣʫʯʝʥʥʳʤʠ ʠʟ ʨʘʩʯʝʪʦʚ, ʤʦʜʝʣʠʨʫʶʱʠʭ ʠʟʤʝʨʝʥʠʝ ʚʠʙʨʘʮʠʦʥʥʦʛʦ ʤʘʛʥʠʪʦʤʝʪʨʘ 

(ʩʧʣʦʰʥʳʝ ʢʨʘʩʥʳʝ ʢʨʠʚʳʝ), ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ ʧʦ ʦʙʲʸʤʫ ʦʙʨʘʟʮʘ z-ʢʦʤʧʦʥʝʥʪʳ ʚʝʢʪʦʨʘ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ (ʩʧʣʦʰʥʘʷ ʩʠʥʷʷ ʢʨʠʚʘʷ), ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ ʧʦ ʦʙʲʸʤʫ ʦʙʨʘʟʮʘ ʤʦʜʫʣʷ 

ʚʝʢʪʦʨʘ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ (ʩʧʣʦʰʥʘʷ ʦʨʘʥʞʝʚʘ ̫ ʢʨʠʚʘʷ). ʂʨʦʤʝ ʵʪʦʛʦ, ʥʘ ʛʨʘʬʠʢʘʭ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʠʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ (ʢʨʘʩʥʘʷ ʧʫʥʢʪʠʨʥʘʷ ʢʨʠʚʘ)̫ ʠ 

ʜʘʥʥʳʝ ʤʦʜʝʣʠ ʚʠʙʨʘʮʠʦʥʥʦʛʦ ʤʘʛʥʠʪʦʤʝʪʨʘ ʩ ʢʦʨʨʝʢʮʠʝʡ ʬʘʢʪʦʨʘ ʨʘʟʤʘʛʥʠʯʠʚʘʥʠʷ, 

ʦʧʠʩʳʚʘʶʱʝʡʩʷ ʬʫʥʢʮʠʝʡ N(s/sS). ɺ ʢʘʯʝʩʪʚʝ ʤʘʪʝʨʠʘʣʘ ʙʳʣʦ ʚʳʙʨʘʥʦ ʩʦʝʜʠʥʝʥʠʝ 

SmCo5, ʜʣʷ ʢʦʪʦʨʦʛʦ ʙʳʣʘ ʟʘʛʨʫʞʝʥʘ ʢʨʠʚʘʷ B(H) (ʨʠʩʫʥʦʢ 3.2), ʧʨʠ ʵʪʦʤ ʤʦʜʝʣʠʨʦʚʘʣʦʩʴ 

ʢʘʢ ʠʟʦʪʨʦʧʥʦʝ, ʪʘʢ ʠ ʚʳʩʦʢʦʘʥʠʟʦʪʨʦʧʥʦʝ ʩʦʩʪʦʷʥʠʝ. ɺʦ ʚʩʝʭ ʨʘʩʯʸʪʘʭ ʧʦʣʝ 

ʧʨʠʢʣʘʜʳʚʘʣʦʩʴ ʚʜʦʣʴ ʦʩʠ z, ʩʦʚʧʘʜʘʶʱʝʡ ʩ ʦʩʴʶ ʩ ʚ ʩʣʫʯʘʝ ʘʥʠʟʦʪʨʦʧʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

ɺʝʣʠʯʠʥʘ ʨʘʟʤʘʛʥʠʯʠʚʘʶʱʝʛʦ ʬʘʢʪʦʨʘ ʨʘʩʩʯʠʪʳʚʘʣʘʩʴ ʚ ʩʧʝʮʠʘʣʴʥʦ ʨʘʟʨʘʙʦʪʘʥʥʦʤ 

ʧʨʦʛʨʘʤʤʥʦʤ ʦʙʝʩʧʝʯʝʥʠʠ ʤʝʪʦʜʦʤ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʢʨʠʚʳʭ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ ʦʙʨʘʟʮʦʚ ʠ 

ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ (ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ s(ʅ) ʜʣʷ ʩʬʝʨʠʯʝʩʢʦʛʦ ʦʙʨʘʟʮʘ).   

 ʇʝʨʚʦʥʘʯʘʣʴʥʦ ʨʘʩʯʝʪʳ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʜʣʷ ʩʬʝʨʠʯʝʩʢʦʛʦ ʠ ʵʣʣʠʧʩʦʠʜʘʣʴʥʦʛʦ 

ʦʙʨʘʟʮʦʚ. ʂʘʨʪʠʥʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʝʢʪʦʨʦʚ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʚʥʫʪʨʠ ʤʘʪʝʨʠʘʣʘ 

ʧʦʢʘʟʳʚʘʶʪ ʘʙʩʦʣʶʪʥʦ ʦʜʥʦʨʦʜʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʢʘʢ ʜʣʷ ʠʟʦʪʨʦʧʥʦʛʦ, ʪʘʢ ʠ 

ʘʥʠʟʦʪʨʦʧʥʦʛʦ ʩʦʩʪʦʷʥʠʡ. ʇʨʠ ʵʪʦʤ ʨʘʟʤʘʛʥʠʯʠʚʘʶʱʠʝ ʬʘʢʪʦʨʳ ʠʤʝʶʪ ʧʦʩʪʦʷʥʥʦʝ 

ʟʥʘʯʝʥʠʝ ʧʨʠ ʚʩʝʭ ʟʥʘʯʝʥʠʷʭ ʧʨʠʚʝʜʝʥʥʦʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʠ ʨʘʚʥʳ 0,33 ʜʣʷ 

ʩʬʝʨʠʯʝʩʢʦʛʦ ʠ 0,21 ʜʣʷ ʵʣʣʠʧʩʦʠʜʘʣʴʥʦʛʦ ʦʙʨʘʟʮʦʚ (ʩ/ʘ=3,33). ʇʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ N 

ʚ ʪʦʯʥʦʩʪʠ ʩʦʚʧʘʜʘʶʪ ʩʦ ʟʥʘʯʝʥʠʷʤʠ, ʨʘʩʩʯʠʪʘʥʥʳʤʠ ʧʦ ʬʦʨʤʫʣʝ (21). 
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ʇʦʩʢʦʣʴʢʫ ʚ ʨʘʙʦʪʝ ʥʝʦʙʭʦʜʠʤʦ ʙʳʣʦ ʠʩʩʣʝʜʦʚʘʪʴ ʪʨʘʥʩʬʦʨʤʘʮʠʶ ʜʦʤʝʥʥʦʡ 

ʩʪʨʫʢʪʫʨʫ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ, ʙʳʣʠ ʧʦʜʛʦʪʦʚʣʝʥʳ ʤʝʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ 

ʰʣʠʬʳ, ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʷʣʠ ʩʦʙʦʡ ʬʠʛʫʨʳ ʙʣʠʟʢʠʝ ʢ ʩʬʝʨʠʯʝʩʢʠʤ ʩʝʛʤʝʥʪʘʤ. 

ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠʟʦʪʨʦʧʥʳʭ ʠ ʘʥʠʟʦʪʨʦʧʥʳʭ ʦʙʨʘʟʮʦʚ ʚ ʬʦʨʤʝ ʩʬʝʨʠʯʝʩʢʦʛʦ 

ʩʝʛʤʝʥʪʘ (ʨʠʩʫʥʦʢ 3.15) ʦʢʘʟʘʣʠʩʴ ʦʪʣʠʯʥʳʤʠ ʦʪ ʩʣʫʯʘʷ ʵʣʣʠʧʩʦʠʜʦʚ ʚʨʘʱʝʥʠʷ. ʀʟ 

ʢʘʨʪʠʥ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʝʢʪʦʨʘ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʭʦʨʦʰʦ ʚʠʜʥʦ, ʯʪʦ ʚ ʩʣʫʯʘʝ ʠʟʦʪʨʦʧʥʦʛʦ 

ʦʙʨʘʟʮʘ ʚʝʢʪʦʨʳ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʚ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʣʦʷʭ ʰʣʠʬʦʚʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʩʣʝʜʫʶʪ ʚʜʦʣʴ ʣʠʥʠʡ ʨʘʟʤʘʛʥʠʯʠʚʘʶʱʝʛʦ ʧʦʣ̫, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ 

ʚʳʩʦʢʦʘʥʠʟʦʪʨʦʧʥʦʛʦ ʧʦʚʝʜʝʥʠʷ, ʧʨʠ ʢʦʪʦʨʦʤ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ ʦʨʠʝʥʪʠʨʦʚʘʥʘ ʩʪʨʦʛʦ ʧʦ 

ʥʘʧʨʘʚʣʝʥʠʶ ʆʃʅ (ʦʩʴ z). ʊʘʢʦʝ ʧʦʚʝʜʝʥʠʝ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʠʟʦʪʨʦʧʥʦʛʦ ʤʘʛʥʝʪʠʢʘ 

ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʥʘʩʳʱʝʥʠʝ ʦʙʨʘʟʮʘ ʥʝ ʜʦʩʪʠʛʘʝʪʩʷ ʜʘʞʝ ʚ ʧʦʣʷʭ ʧʣʦʪʴ ʜʦ 1.3 ʊʣ, ʚ 

ʪʦ ʚʨʝʤʷ ʢʘʢ ʘʥʠʟʦʪʨʦʧʥʳʡ ʦʙʨʘʟʝʮ ʥʘʩʳʱʘʝʪʩʷ ʚ ʧʦʣʷʭ 0,7 ʊʣ. ʂʨʘʡʥʝ ʙʦʣʴʰʦʡ ʠʥʪʝʨʝʩ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʚ ʘʥʠʟʦʪʨʦʧʥʦʤ ʦʙʨʘʟʮʝ ʚʙʣʠʟʠ 

ʰʣʠʬʦʚʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ʍʦʨʦʰʦ ʚʠʜʥʦ, ʯʪʦ ʚ ʩʚʷʟʠ ʩ ʥʝʦʜʥʦʨʦʜʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ 

ʨʘʟʤʘʛʥʠʯʠʚʘʶʱʠʭ ʧʦʣʝʡ ʚ ʮʝʥʪʨʝ ʠ ʢ ʢʨʘʷʤ ʰʣʠʬʘ, ʦʞʠʜʘʝʪʩʷ, ʯʪʦ ʧʨʠ ʥʘʙʣʶʜʝʥʠʷʭ 

ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʜʦʤʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʙʫʜʝʪ ʪʘʢ ʞʝ ʠʤʝʪʴ ʤʝʩʪʦ ʨʘʟʣʠʯʥʦʝ ʧʦʚʝʜʝʥʠʝ ɼʉ 

ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʦʙʣʘʩʪʠ ʥʘʙʣʶʜʝʥʠʷ. ɼʘʥʥʦʝ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʢʨʘʡʥʝ ʚʘʞʥʦ ʫʯʠʪʳʚʘʪʴ 

ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʢʨʠʚʳʭ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ ʧʦ ʩʥʠʤʢʘʤ ɼʉ. 

ɺ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʚ ʦʙʦʠʭ ʦʙʨʘʟʮʘʭ ʟʘʢʦʥ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ 

ʥʝʠʟʚʝʩʪʝʥ, ʪʦ ʜʘʪʴ ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʝʛʦ ʨʘʩʯʸʪʘ ʥʝʚʦʟʤʦʞʥʦ, ʦʜʥʘʢʦ 

ʨʝʟʫʣʴʪʘʪʳ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʟʚʦʣʷʶʪ ʪʦʯʥʦ ʦʧʨʝʜʝʣʠʪʴ ʟʘʚʠʩʠʤʦʩʪʴ 

ʨʘʟʤʘʛʥʠʯʠʚʘʶʱʝʛʦ ʬʘʢʪʦʨʘ ʦʪ ʧʨʠʚʝʜʝʥʥʦʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ, ʫʯʝʪ ʢʦʪʦʨʦʡ ʧʦʟʚʦʣʷʝʪ 

ʚ ʪʦʯʥʦʩʪʠ ʧʦʚʪʦʨʠʪʴ ʢʨʠʚʫʶ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ (ʯʝʨʥʘʷ ʧʫʥʢʪʠʨʥʘʷ ʣʠʥʠʷ ʥʘ 

ʨʠʩʫʥʢʝ 3.15), ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʧʦʜʩʪʘʥʦʚʢʘ ʚ ʫʨʘʚʥʝʥʠʝ (28) ʧʦʩʪʦʷʥʥʦʛʦ ʟʥʘʯʝʥʠʷ N, 

ʧʨʠʚʦʜʠʪ ʢ ʦʰʠʙʦʯʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ s(Hi) (ʬʠʦʣʝʪʦʚʳʝ ʧʫʥʢʪʠʨʥʳʝ ʢʨʠʚʳʝ ʥʘ ʨʠʩʫʥʢʘʭ 

3.15-3.18). ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʢʨʠʚʳʝ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ, ʧʦʩʪʨʦʝʥʥʳʝ ʜʣʷ 

ʘʥʠʟʦʪʨʦʧʥʦʛʦ ʤʘʛʥʝʪʠʢʘ ʚ ʩʣʫʯʘʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʵ.ʜ.ʩ. (ʚʠʙʨʘʮʠʦʥʥʳʡ ʤʘʛʥʠʪʦʤʝʪʨ) ʠ 

ʨʘʩʯʝʪʘ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ z-ʢʦʤʧʦʥʝʥʪʳ ʠ ʤʦʜʫʣʷ ʚʝʢʪʦʨʘ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʧʦ ʦʙʲʸʤʫ 

ʦʙʨʘʟʮʘ ʩʦʚʧʘʜʘʶʪ, ʦʜʥʘʢʦ ʜʣʷ ʠʟʦʪʨʦʧʥʦʛʦ ʩʣʫʯʘʷ - ʥʝʪ. ʇʦʩʢʦʣʴʢʫ ʧʨʠ ʠʟʤʝʨʝʥʠʷʭ ʥʘ 

ʚʠʙʨʘʮʠʦʥʥʦʤ ʤʘʛʥʠʪʦʤʝʪʨʝ ʦʩʥʦʚʥʦʡ ʚʢʣʘʜ ʚ ʵ.ʜ.ʩ., ʠʥʜʫʮʠʨʫʝʤʦʡ ʚ ʠʟʤʝʨʠʪʝʣʴʥʳʭ 

ʢʘʪʫʰʢʘʭ ʚʥʦʩʠʪ ʦʨʪʦʛʦʥʘʣʴʥʘʷ ʢ ʧʣʦʩʢʦʩʪʠ ʢʘʪʫʰʝʢ ʢʦʤʧʦʥʝʥʪʘ ʚʝʢʪʦʨʘ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ, ʪʦ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʠʟʦʪʨʦʧʥʳʭ ʦʙʨʘʟʮʦʚ ʩʣʦʞʥʦʡ ʬʦʨʤʳ 
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ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʜʘʥʥʳʡ ʬʘʢʪ, ʜʣʷ ʢʦʨʨʝʢʪʥʦʡ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʜʘʥʥʳʭ ʠʟʤʝʨʝʥʠʡ, 

ʚ ʪʦʤ ʯʠʩʣʝ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʟʘʚʠʩʠʤʦʩʪʝʡ N(s/sS).  

ɸʥʘʣʦʛʠʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʜʣʷ ʦʙʨʘʟʮʦʚ ʚ ʬʦʨʤʝ ʮʠʣʠʥʜʨʘ (ʨʠʩʫʥʦʢ 

3.16), ʧʘʨʘʣʣʝʣʝʧʠʧʝʜʘ (ʨʠʩʫʥʦʢ 3.17) ʠ ʢʦʥʫʩʘ (ʨʠʩʫʥʦʢ 3.18). ʆʩʦʙʝʥʥʦ ʠʥʪʝʨʝʩʥʳʤ 

ʨʝʟʫʣʴʪʘʪʦʤ ʜʘʥʥʳʭ ʨʘʩʯʪyʦʚ ʷʚʣʷʝʪʩʷ ʧʦʚʝʜʝʥʠʝ ʢʨʠʚʳʭ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ ʘʥʠʟʦʪʨʦʧʥʳʭ 

ʤʘʛʥʝʪʠʢʦʚ, ʢʦʪʦʨʳʝ ʚ ʦʪʣʠʯʠʝ ʦʪ ʧʨʝʜʳʜʫʱʠʭ ʩʣʫʯʘʝʚ ʧʦʢʘʟʳʚʘʶʪ ʦʪʣʠʯʥʳʡ ʦʪ 

ʣʠʥʝʡʥʦʛʦ ʭʘʨʘʢʪʝʨʘ ʥʘ ʥʘʯʘʣʴʥʦʡ ʯʘʩʪʠ ʢʨʠʚʦʡ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, 

ʯʪʦ ʥʘ  ʟʘʚʠʩʠʤʦʩʪʠ  N(s/sS) ʦʪʩʫʪʩʪʚʫʶʪ ʛʦʨʠʟʦʥʪʘʣʴʥʳʝ ʣʠʥʝʡʥʳʝ ʫʯʘʩʪʢʠ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʦʩʪʦʷʥʥʦʤʫ ʟʥʘʯʝʥʠʶ ʨʘʟʤʘʛʥʠʯʠʚʘʶʱʝʛʦ ʬʘʢʪʦʨʘ. 
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ʌʦʨʤʘ ʦʙʨʘʟʮʘ: ʩʬʝʨʘ 

ʈʘʟʤʝʨʳ: ʨʘʜʠʫʩ r=1 ʤʤ 

 

ʀʟʦʪʨʦʧʥʳʡ ʦʙʨʘʟʝʮ ɸʥʠʟʦʪʨʦʧʥʳʡ ʦʙʨʘʟʝʮ 

  

  

ʈʠʩʫʥʦʢ.3.13 - ʈʝʟʫʣʴʪʘʪʳ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʘʥʠʟʦʪʨʦʧʥʦʛʦ ʠ ʠʟʦʪʨʦʧʥʦʛʦ 

ʦʙʨʘʟʮʦʚ ʚ ʬʦʨʤʝ ʩʬʝʨʳ. ʂʘʨʪʠʥʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ z-ʢʦʤʧʦʥʝʥʪʳ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʚ 

ʩʝʯʝʥʠʠ ʦʙʨʘʟʮʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʧʦʣʷʭ 0,2 ʠ 0,5 ʊʣ. ʅʘ ʥʠʞʥʠʭ ʨʠʩʫʥʢʘʭ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʧʦʣʝʚʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʝʡ (ʚʩʪʘʚʢʘ: 

ʟʘʚʠʩʠʤʦʩʪʴ ʬʘʢʪʦʨʘ ʬʦʨʤʳ ʦʙʨʘʟʮʘ ʦʪ ʧʨʠʚʝʜʝʥʥʦʡ ʫʜʝʣʴʥʦʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ) 
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ʌʦʨʤʘ ʦʙʨʘʟʮʘ: ʵʣʣʠʧʩʦʠʜ 

ʈʘʟʤʝʨʳ: ʧʦʣʫʦʩʠ ʘ=0,6 ʤʤ,  

b = 0,6 ʤʤ, c=1 ʤʤ 

 

ʀʟʦʪʨʦʧʥʳʡ ʦʙʨʘʟʝʮ ɸʥʠʟʦʪʨʦʧʥʳʡ ʦʙʨʘʟʝʮ 

  

  

ʈʠʩʫʥʦʢ.3.14 - ʈʝʟʫʣʴʪʘʪʳ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʘʥʠʟʦʪʨʦʧʥʦʛʦ ʠ ʠʟʦʪʨʦʧʥʦʛʦ 

ʦʙʨʘʟʮʦʚ ʚ ʬʦʨʤʝ ʵʣʣʠʧʩʦʠʜʘ. ʂʘʨʪʠʥʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ z-ʢʦʤʧʦʥʝʥʪʳ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʚ 

ʩʝʯʝʥʠʠ ʦʙʨʘʟʮʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʧʦʣʷʭ 0,2 ʠ 0,5 ʊʣ. ʅʘ ʥʠʞʥʠʭ ʨʠʩʫʥʢʘʭ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʨʝʟʫʣʴʪʘʪʳ ʧʦʣʝʚʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʝʡ (ʚʩʪʘʚʢʘ: ʟʘʚʠʩʠʤʦʩʪʴ ʬʘʢʪʦʨʘ 

ʬʦʨʤʳ ʦʙʨʘʟʮʘ ʦʪ ʧʨʠʚʝʜʝʥʥʦʡ ʫʜʝʣʴʥʦʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ) 

 

 








































































































































